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�·¨¢¥¤¥´Ò ·¥§Ê²ÓÉ ÉÒ Ô±¸¶¥·¨³¥´Éμ¢ ´  ¨¸¶ÒÉ É¥²Ó´μ³ ¸É¥´¤¥ Ìμ²μ¤´μ£μ § ³¥¤²¨É¥²Ö ¢ ´ -
¶· ¢²¥´¨¨ ¶ÊÎ±μ¢ º1, 4Ä6 ¨ 9 ¶μ ¨¸¸²¥¤μ¢ ´¨Õ ¶·¨´Í¨¶¨ ²Ó´μ° ¢μ§³μ¦´μ¸É¨ § £·Ê§±¨ ¥£μ ± ³¥·Ò
§ ³μ·μ¦¥´´Ò³¨ Ï ·¨± ³¨ ¤¨ ³¥É·μ³ 3,5Ä3,8 ³³ ¶μ ±·¨μ£¥´´μ³Ê É·Ê¡μ¶·μ¢μ¤Ê ¸²μ¦´μ° ±μ´Ë¨-
£Ê· Í¨¨ ¸ ÊÎ ¸É±μ³ ¶μ¤Ñ¥³  ´  Ê£μ² 50◦ ¨ ¤²¨´μ° 4 ³. �¶·¥¤¥²¥´Ò ¸²¥¤ÊÕÐ¨¥ μ¶É¨³ ²Ó´Ò¥
¶ · ³¥É·Ò, É·¥¡Ê¥³Ò¥ ¤²Ö Ê¸¶¥Ï´μ° § £·Ê§±¨ ± ³¥·Ò § ³¥¤²¨É¥²Ö: ³ ¸¸μ¢Ò° · ¸Ìμ¤ É· ´¸¶μ·-
É¨·ÊÕÐ¥£μ £ §  (£¥²¨Ö) 2 £/¸, É¥³¶¥· ÉÊ·  ¸É¥´μ± É· ´¸¶μ·É´μ£μ É·Ê¡μ¶·μ¢μ¤  ¨ £¥²¨Ö 79Ä85 Š,
Ê£²μ¢ Ö ¸±μ·μ¸ÉÓ ¤¨¸±  ¸ Ï ·¨± ³¨ ¢´ÊÉ·¨ ¸¶¥Í¨ ²Ó´μ£μ ¤μ§¨·ÊÕÐ¥£μ Ê¸É·μ°¸É¢  3,6◦/0,5 ¸, ¸±μ-
·μ¸ÉÓ ¶μ¤ Î¨ Ï ·¨±μ¢ ¢ É·Ê¡μ¶·μ¢μ¤ ¨§ ¤μ§ Éμ·  8 ÏÉ./¸, ³ ±¸¨³ ²Ó´μ¥ ¢·¥³Ö § £·Ê§±¨ ± ³¥·Ò 6 Î.
‚ ¶·μÍ¥¸¸¥ ¸μ§¤ ´¨Ö ¸É¥´¤  ±·¨μ¸É É § ³¥´¥´ ´  ´μ¢Ò° ±·¨μ¸É É ¸ ¤¢Ê³Ö £ §μ¤Ê¢± ³¨, ´¥μ¡Ìμ¤¨³Ò°
¤²Ö μ¡¥¸¶¥Î¥´¨Ö ´¨§±μ° É¥³¶¥· ÉÊ·Ò ¢ ¤¢ÊÌ ´¥§ ¢¨¸¨³ÒÌ ±μ´ÉÊ· Ì μÌ² ¦¤¥´¨Ö (¤²Ö ¤¢ÊÌ Ìμ²μ¤´ÒÌ
§ ³¥¤²¨É¥²¥° ²¨¡μ ¤²Ö Ìμ²μ¤´μ£μ § ³¥¤²¨É¥²Ö ¨ ¨¸¶ÒÉ É¥²Ó´μ£μ ¸É¥´¤ ),   É ±¦¥ ³μ¤¨Ë¨Í¨·μ¢ ´μ
¶·μ£· ³³´μ¥ μ¡¥¸¶¥Î¥´¨¥ ¤²Ö ±μ´É·μ²Ö ¶ · ³¥É·μ¢ ¢μ ¢·¥³Ö · ¡μÉÒ.

This paper presents the results of experiments performed on the test stand of the cold moderator
for beams 1, 4Ä6, and 9. It studies the possibility of loading the moderator chamber with frozen pellets
(beads) 3.5Ä3.8 mm in diameter through a cryogenic complex pipeline with a 4-m high section ascending
at 50◦. The following parameters required for an effective loading of the moderator chamber have been
determined as optimal: the mass 	ow rate of the carrier gas (helium) Å 2 g/s, the temperature of the
pipe walls and helium Å 79Ä85 K, the angular velocity of the dispenser disc containing pellets Å
3.6◦/0.5 s, the rate of pellet ejection from the dispenser into the pipe Å 8 pcs/s, the maximum loading
time Å 6 h. In the process of the test stand construction, the old cryostat has been replaced with a
new one, having two gas blowers and required to ensure low temperature in two independent cooling
circuits (for two cold moderators or for a cold moderator and a test stand). In addition, the software
controlling the operation parameters has been modiˇed.
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‚ ¸μ¸É ¢ ±μ³¶²¥±¸  § ³¥¤²¨É¥²¥° ³μ¤¥·´¨§¨·μ¢ ´´μ£μ ¨¸¸²¥¤μ¢ É¥²Ó¸±μ£μ ·¥ ±Éμ· 
ˆ
�-2 („Ê¡´ , �μ¸¸¨Ö) ¶μ³¨³μ § ³¥¤²¨É¥²¥° ´  μ¸´μ¢¥ ¢μ¤Ò ±μ³´ É´μ° É¥³¶¥· ÉÊ·Ò ¢Ìμ-
¤ÖÉ É·¨ Ê´¨± ²Ó´ÒÌ Ï ·¨±μ¢ÒÌ Ìμ²μ¤´ÒÌ § ³¥¤²¨É¥²Ö ´  μ¸´μ¢¥ ¸³¥¸¨  ·μ³ É¨Î¥¸±¨Ì
Ê£²¥¢μ¤μ·μ¤μ¢ ³¥§¨É¨²¥´  ¨ ³-±¸¨²μ² , μ±·Ê¦ ÕÐ¨Ì  ±É¨¢´ÊÕ §μ´Ê. �¥·¢Ò° Ìμ²μ¤´Ò°
§ ³¥¤²¨É¥²Ó [1Ä5] ¨³¥¥É ¶·μ¥±É´Ò° ´μ³¥· Š‡202 ¨ · ¡μÉ ¥É ¢ ·¥¦¨³¥ É¥¸Éμ¢μ° Ô±¸-
¶²Ê É Í¨¨ ´  Ë¨§¨Î¥¸±¨° Ô±¸¶¥·¨³¥´É ¢ ´ ¶· ¢²¥´¨¨ ¨¸¸²¥¤μ¢ É¥²Ó¸±¨Ì ¶ÊÎ±μ¢ º7, 8,
10 ¨ 11 [6, 7], ·¨¸. 1. �¸É ²Ó´Ò¥ ¤¢  § ³¥¤²¨É¥²Ö, ±μÉμ·Ò¥ ¡Ê¤ÊÉ · ¸¶μ² £ ÉÓ¸Ö ¢ ´ -
¶· ¢²¥´¨¨ ¶ÊÎ±μ¢ º2, 3 ¨ ¶ÊÎ±μ¢ º1, 4Ä6, 9, ¢ ´ ¸ÉμÖÐ¥¥ ¢·¥³Ö ´ Ìμ¤ÖÉ¸Ö ¢ ¸É ¤¨¨
· §· ¡μÉ±¨.

‚μ§³μ¦´μ¸ÉÓ ¡¥¸¶¥·¥¡μ°´μ° § £·Ê§±¨ · ¡μÎ¥£μ ¢¥Ð¥¸É¢  ¢ ¢¨¤¥ § ³μ·μ¦¥´´ÒÌ Ï ·¨-
±μ¢ ¤¨ ³¥É·μ³ 3,5Ä3,8 ³³ ¨§ ¸³¥¸¨  ·μ³ É¨Î¥¸±¨Ì Ê£²¥¢μ¤μ·μ¤μ¢ (³¥§¨É¨²¥´ ¨ ³-±¸¨²μ²)
¢ ± ³¥·Ê Ìμ²μ¤´μ£μ § ³¥¤²¨É¥²Ö ¶μÉμ±μ³ £¥²¨Ö ¶·¨ É¥³¶¥· ÉÊ·¥ 30 Š ¶μ ±·¨μ£¥´´μ³Ê
É· ´¸¶μ·É´μ³Ê É·Ê¡μ¶·μ¢μ¤Ê ¸²μ¦´μ° ±μ´Ë¨£Ê· Í¨¨ ¡Ò²  ¤μ± § ´  ¸´ Î ²  ´  ¸¶¥Í¨-
 ²Ó´μ³ ¸É¥´¤¥ [8, 9],   § É¥³ ¨ ¢μ ¢·¥³Ö Ô±¸¶²Ê É Í¨¨ § ³¥¤²¨É¥²Ö. ‡  ¢·¥³Ö É¥¸Éμ¢μ°
Ô±¸¶²Ê É Í¨¨ Ï ·¨±μ¢Ò° Ìμ²μ¤´Ò° § ³¥¤²¨É¥²Ó ¡¥§ ¢ ·¨°´μ μÉ· ¡μÉ ² 11 Í¨±²μ¢ ´ 
³μÐ´μ¸É¨ ·¥ ±Éμ·  ¢ 2 Œ‚É. Œ ±¸¨³ ²Ó´ Ö ¤²¨É¥²Ó´μ¸ÉÓ Í¨±²  · ¡μÉÒ § ³¥¤²¨É¥²Ö
¸μ¸É ¢²Ö¥É 10,5 ¸ÊÉ (510 Œ‚É · Î).

‚ ¦´Ò³ Ô²¥³¥´Éμ³ Ìμ²μ¤´μ£μ § ³¥¤²¨É¥²Ö, · ¡μÉ ÕÐ¥£μ ¢ ´ ¶· ¢²¥´¨¨ ¨¸¸²¥¤μ¢ -
É¥²Ó¸±¨Ì ¢Ò¢¥¤¥´´ÒÌ ¶ÊÎ±μ¢ º1, 4Ä6 ¨ 9 (§ ³¥¤²¨É¥²Ö ®Í¥´É· ²Ó´μ£μ ´ ¶· ¢²¥´¨Ö¯,
¶·μ¥±É´Ò° ´μ³¥· Š‡201) Ö¢²Ö¥É¸Ö ±·¨μ£¥´´Ò° É· ´¸¶μ·É´Ò° É·Ê¡μ¶·μ¢μ¤, ±μÉμ·Ò°
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�¨¸. 1. Šμ³¶²¥±¸ § ³¥¤²¨É¥²¥° ³μ¤¥·´¨§¨·μ¢ ´´μ£μ ·¥ ±Éμ·  ˆ
�-2. I Å Ìμ²μ¤´Ò¥ § ³¥¤²¨É¥²¨:

Š‡201 Å ¢ ´ ¶· ¢²¥´¨¨ ¶ÊÎ±μ¢ º1, 4Ä6, 9, Š‡202 Å ¢ ´ ¶· ¢²¥´¨¨ ¶ÊÎ±μ¢ º7, 8, 10, 11,
Š‡203 Å ¢ ´ ¶· ¢²¥´¨¨ ¶ÊÎ±μ¢ 2, 3; II Å  ±É¨¢´ Ö §μ´  ·¥ ±Éμ· : CO Å ±μ´É·μ²¨·ÊÕÐ¨¥

μ·£ ´Ò ·¥ ±Éμ· ; 1Ä11 Å ´¥°É·μ´´Ò¥ ¶ÊÎ±¨



1160 �¥²Ö±μ¢ �. �. ¨ ¤·.

(¢ μÉ²¨Î¨¥ μÉ É ±μ£μ ¦¥ É·Ê¡μ¶·μ¢μ¤  Š‡202) ¨³¥¥É ¡μ²ÓÏμ° Ê£μ² ¶μ¤Ñ¥³ , · ¢´Ò°
50◦. �¥·¥¶ ¤ ¢Ò¸μÉ ³¥¦¤Ê ¸ ³μ° ´¨§±μ° ¨ ¸ ³μ° ¢Ò¸μ±μ° ÉμÎ± ³¨ É·Ê¡μ¶·μ¢μ¤  ¸μ-
¸É ¢²Ö¥É 4 ³. „ ´´Ò° ÊÎ ¸Éμ± ¶μ¤Ñ¥³  ¶μÖ¢¨²¸Ö ¶·¨ ¶·μ¥±É¨·μ¢ ´¨¨ § ³¥¤²¨É¥²Ö ¨§-§ 
μ¸μ¡¥´´μ¸É¥° £¥μ³¥É·¨¨ ·¥ ±Éμ·  ˆ
�-2 ¨ ¥£μ ¡¨μ²μ£¨Î¥¸±μ° § Ð¨ÉÒ.

•μ²μ¤´Ò° § ³¥¤²¨É¥²Ó Š‡202 ´¥ ¨³¥¥É ÊÎ ¸É±μ¢ ¸ É ±¨³¨ ¡μ²ÓÏ¨³¨ Ê£² ³¨ ¶μ¤Ñ¥³ 
(³ ±¸¨³ ²Ó´Ò° Ê£μ² ¶μ¤Ñ¥³  ¸μ¸É ¢²Ö¥É 30◦,   ¶¥·¥¶ ¤ ¢Ò¸μÉ ¢¸¥£μ 0,5 ³). �μÔÉμ³Ê ¤²Ö
¶·μ¢¥·±¨ ¢μ§³μ¦´μ¸É¨ § £·Ê§±¨ ´  Ê£μ² ¶μ¤Ñ¥³  50◦ ¨ ¢Ò¸μÉÊ 4 ³ ¡Ò² · §· ¡μÉ ´ ¨
¸μ§¤ ´ ¶μ²´μ³ ¸ÏÉ ¡´Ò° ¨¸¸²¥¤μ¢ É¥²Ó¸±¨° ¸É¥´¤, ¶μ²´μ¸ÉÓÕ ¶μ¢Éμ·ÖÕÐ¨° · §³¥·Ò
·¥ ²Ó´μ£μ Ìμ²μ¤´μ£μ § ³¥¤²¨É¥²Ö ¸ ÊÎ ¸É±μ³ ¶μ¤Ñ¥³  ¢ ³ ¸ÏÉ ¡¥ 1:1.

1. ��ˆ�–ˆ� ����’› ˆ‘�›’�’…‹œ��ƒ� ‘’…�„� Š‡201
‘ “—�‘’Š�Œ ��„š…Œ�. ‘ˆ‘’…Œ� Š��’��‹Ÿ

…ƒ� �‘��‚�›• ����Œ…’��‚ ‚� ‚�…ŒŸ ����’›

‘ 2012 ¶μ 2015 £. É¥¸Éμ¢ Ö Ô±¸¶²Ê É Í¨Ö Ìμ²μ¤´μ£μ § ³¥¤²¨É¥²Ö Š‡202 μ¸ÊÐ¥¸É¢²Ö-
² ¸Ó ¸ ±·¨μ¸É Éμ³ ¸ μ¤´¨³ £¥²¨¥¢Ò³ ´ ¸μ¸μ³ (£ §μ¤Ê¢±μ°), μ¡¥¸¶¥Î¨¢ ÕÐ¨³ μÌ² ¦¤¥´¨¥
¨ É· ´¸¶μ·É Ï ·¨±μ¢ Éμ²Ó±μ ¢ ±·¨μ£¥´´μ³ É·Ê¡μ¶·μ¢μ¤¥ Š‡202. �¤´ ±μ ¶μ ¶·μ¥±ÉÊ
±μ³¶²¥±¸  § ³¥¤²¨É¥²¥° ˆ
�-2 Ô±¸¶²Ê É¨·Ê¥³Ò° Š‡202 ¨ § ³¥¤²¨É¥²Ó ¢ ´ ¶· ¢²¥´¨¨
¶ÊÎ±μ¢ º2, 3 ¤μ²¦´Ò · ¡μÉ ÉÓ ¸ μ¡Ð¨³ ±·¨μ¸É Éμ³ ¨ ±·¨μ£¥´´μ° £¥²¨¥¢μ° Ê¸É ´μ¢-
±μ° (Šƒ“) ¸ ¢μ§³μ¦´μ¸ÉÓÕ Ô±¸¶²Ê É Í¨¨ ¢ μ¤´μ¢·¥³¥´´μ³ ·¥¦¨³¥ μÌ² ¦¤¥´¨Ö. �μ¸±μ²Ó-
±Ê Ìμ²μ¤´Ò° § ³¥¤²¨É¥²Ó ¢ ´ ¶· ¢²¥´¨¨ ¶ÊÎ±μ¢ º2, 3 (¶·μ¥±É´μ¥ μ¡μ§´ Î¥´¨¥ Š‡203)
´ Ìμ¤¨É¸Ö ¢ ¸É ¤¨¨ · §· ¡μÉ±¨, ±·¨μ¸É É ¸ μ¤´μ° £ §μ¤Ê¢±μ° ¡Ò² § ³¥´¥´ ´  ±·¨μ¸É É ¸
¤¢Ê³Ö £ §μ¤Ê¢± ³¨ ¤²Ö § ³¥¤²¨É¥²Ö Š‡202 ¨ ¨¸¶ÒÉ É¥²Ó´μ£μ ¸É¥´¤  Š‡201.

‡D-³μ¤¥²Ó ¨¸¶ÒÉ É¥²Ó´μ£μ ¸É¥´¤  ¸ ÊÎ ¸É±μ³ ¶μ¤Ñ¥³  ¶·¨¢¥¤¥´  ´  ·¨¸. 2, É¥Ì´μ-
²μ£¨Î¥¸± Ö ¸Ì¥³  Å ´  ·¨¸. 3. ˆ¸¶ÒÉ É¥²Ó´Ò° ¸É¥´¤ ¨³¥¥É μ¡Ð¨° É¥¶²μμ¡³¥´´¨± ¸
Ìμ²μ¤´Ò³ § ³¥¤²¨É¥²¥³ Š‡202, · ¸¶μ²μ¦¥´´Ò° ¢ ±·¨μ¸É É¥ ¸ ¤¢Ê³Ö £ §μ¤Ê¢± ³¨. ’·Ê¡μ-
¶·μ¢μ¤Ò ¶μ¤¢μ¤  £¥²¨Ö ± ± ³¥·¥-¨³¨É Éμ·Ê ¨ μÉ¢μ¤  £¥²¨Ö μÉ ± ³¥·Ò-¨³¨É Éμ·  ¸É¥´¤ 
¨ ± ³¥·Ò § ³¥¤²¨É¥²Ö ´¥ ¸μ¥¤¨´¥´Ò ³¥¦¤Ê ¸μ¡μ° ¨ Ö¢²ÖÕÉ¸Ö μÉ¤¥²Ó´Ò³¨ ¸ ³μ¸ÉμÖÉ¥²Ó-
´Ò³¨ Ê§² ³¨. �Ì² ¦¤¥´¨¥ ± ± § ³¥¤²¨É¥²Ö Š‡202, É ± ¨ ¸É¥´¤  Š‡201 μ¸ÊÐ¥¸É¢²Ö¥É¸Ö
¶·¨ ¶μ³μÐ¨ Šƒ“, ±μÉμ· Ö ¶·μ¨§¢μ¤¨É £¥²¨° ¸ É¥³¶¥· ÉÊ·μ° 20Ä25 Š ¨ ¶μ¤ ¥É ¥£μ ¢
É¥¶²μμ¡³¥´´¨± ±·¨μ¸É É  ¶μ É·Ê¡μ¶·μ¢μ¤ ³ ¶μ¤¢μ¤  ¨ μÉ¢μ¤  £¥²¨Ö. �¥¦¨³ · ¡μÉÒ
Šƒ“ ¶·¥¤Ê¸³ É·¨¢ ¥É ± ± μ¤´μ¢·¥³¥´´μ¥ § Ìμ² ¦¨¢ ´¨¥ § ³¥¤²¨É¥²Ö ¨ ¸É¥´¤ , É ± ¨
μÌ² ¦¤¥´¨¥ ¨Ì ¶μ μÉ¤¥²Ó´μ¸É¨.

Š·¨μ£¥´´Ò° É· ´¸¶μ·É´Ò° É·Ê¡μ¶·μ¢μ¤ ¢´ÊÉ·¥´´¨³ ¤¨ ³¥É·μ³ 16 ³³ ¨³¥¥É Ô±· ´´μ-
¢ ±ÊÊ³´ÊÕ ¨§μ²ÖÍ¨Õ, μ¡¥¸¶¥Î¨¢ ÕÐÊÕ É¥¶²μ¶·¨Éμ± ´  Ê·μ¢´¥ 3 ‚É/³ ¶·¨ ¢ ±ÊÊ³¥ ¢ ¨§μ-
²¨·ÊÕÐ¥³ ±μ¦ÊÌ¥ ¶μ·Ö¤±  10−5 ’μ··. �μ± § ´¨Ö ¢ ±ÊÊ³  ±μ´É·μ²¨·ÊÕÉ¸Ö ¶·¨ ¶μ³μÐ¨
¢ ±ÊÊ³´ÒÌ ¤ ÉÎ¨±μ¢ MicroPirani MKS 901 ¨ MKS925 [6].

ƒ¥²¨¥¢Ò¥ £ §μ¤Ê¢±¨ μ¡¥¸¶¥Î¨¢ ÕÉ ³ ±¸¨³ ²Ó´Ò° ³ ¸¸μ¢Ò° · ¸Ìμ¤ £¥²¨Ö ¸ É¥³¶¥· ÉÊ-
·μ° 30 Š ¤μ 6 £/¸ ¶·¨ ¸μ¶·μÉ¨¢²¥´¨¨ ±μ´ÉÊ·  ´¥ ¢ÒÏ¥ 7 ±� . ‡´ Î¥´¨Ö É¥³¶¥· ÉÊ·Ò
¸É¥´μ± É·Ê¡, ¤μ§ Éμ·  ¨ ± ³¥·Ò-¨³¨É Éμ·  ·¥£¨¸É·¨·ÊÕÉ¸Ö É¥·³μ¤¨μ¤ ³¨ É¨¶  DT670
¨ · ¤¨ Í¨μ´´μ ¸Éμ°±¨³¨ É¥·³μ¶ · ³¨ É¨¶  ’•�. � ¸Ìμ¤ £¥²¨Ö ¨§³¥·Ö¥É¸Ö É·Ê¡±μ°
�¨Éμ ¨ ¶·¥μ¡· §μ¢ É¥²Ö³¨ ¶¥·¥¶ ¤  ´¨§±μ£μ ¤ ¢²¥´¨Ö DXLdp, ±μÉμ·Ò¥ É ±¦¥ Ë¨±¸¨·ÊÕÉ
¶·μÌμ¦¤¥´¨¥ Ï ·¨±μ¢ ¶μ ±·¨μ£¥´´μ³Ê É·Ê¡μ¶·μ¢μ¤Ê ¨ μ¡· §μ¢ ´¨¥ ¢ ´¥³ ¢μ§³μ¦´ÒÌ
§ Éμ·μ¢. „ ÉÎ¨±¨ Ê¸É ´μ¢²¥´Ò ¢ ¤¢ÊÌ ³¥¸É Ì: ¸· §Ê ´  ¢ÒÌμ¤¥ ¨§ ¤μ§¨·ÊÕÐ¥£μ Ê¸É·μ°¸É¢ 
¨ ¶¥·¥¤ ÊÎ ¸É±μ³ ¶μ¤Ñ¥³ .
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�¨¸. 2. 3D-³μ¤¥²Ó ¨¸¶ÒÉ É¥²Ó´μ£μ ¸É¥´¤  Ìμ²μ¤´μ£μ § ³¥¤²¨É¥²Ö Š‡201 ·¥ ±Éμ·  ˆ
�-2: 1 Å

± ³¥· -¨³¨É Éμ· ¢ ¢ ±ÊÊ³´μ³ Í¨²¨´¤·¨Î¥¸±μ³ ±μ¦ÊÌ¥; 2 Å É·Ê¡μ¶·μ¢μ¤ ¶μ¤¢μ¤  £¥²¨Ö ± ± ³¥·¥-
¨³¨É Éμ·Ê; 3 Å É·Ê¡μ¶·μ¢μ¤ μÉ¢μ¤  £¥²¨Ö μÉ ± ³¥·Ò-¨³¨É Éμ· ; 4, 7 Å ¢Ò¢μ¤Ò ¤²Ö ¤ ÉÎ¨±μ¢

¤¨ËË¥·¥´Í¨ ²Ó´μ£μ ¤ ¢²¥´¨Ö, μÉ¸²¥¦¨¢ ÕÐ¨Ì ¤¢¨¦¥´¨¥ Ï ·¨±μ¢ ¢ É·Ê¡μ¶·μ¢μ¤¥; 5 Å É·Ê¡±¨
�¨Éμ; 6 Å ¤μ§¨·ÊÕÐ¥¥ Ê¸É·μ°¸É¢μ; 8 Å É·Ê¡μ¶·μ¢μ¤Ò Šƒ“ ¤²Ö ¶μ¤¢μ¤  ¨ μÉ¢μ¤  £¥²¨Ö; 9 Å

±·¨μ¸É É ¸ É¥¶²μμ¡³¥´´¨±μ³; 10 Å É·Ê¡μ¶·μ¢μ¤Ò ¶μ¤¢μ¤  ¨ μÉ¢μ¤  £¥²¨Ö § ³¥¤²¨É¥²Ö Š‡202;

11 Å £¥²¨¥¢Ò¥ £ §μ¤Ê¢±¨

Š ³¥· -¨³¨É Éμ· ¸É¥´¤  ¸ ±·¨μ£¥´´Ò³¨ É·Ê¡μ¶·μ¢μ¤ ³¨ μ¡· §Ê¥É ¶¥·¢Ò° ±μ´ÉÊ·
μÌ² ¦¤¥´¨Ö,   Šƒ“ ¸ ±·¨μ£¥´´Ò³¨ É·Ê¡μ¶·μ¢μ¤ ³¨ Å ¢Éμ·μ° ±μ´ÉÊ· μÌ² ¦¤¥´¨Ö.

�·¨´Í¨¶ · ¡μÉÒ ¨¸¶ÒÉ É¥²Ó´μ£μ ¸É¥´¤  Š‡201 ¨¤¥´É¨Î¥´ ¶·¨´Í¨¶Ê · ¡μÉÒ Ìμ²μ¤-
´μ£μ § ³¥¤²¨É¥²Ö Š‡202. �μ¸²¥ ¤μ¸É¨¦¥´¨Ö É¥³¶¥· ÉÊ· ¢μ ¢¸¥Ì μ¸´μ¢´ÒÌ Ê§² Ì ¨ ¸¨¸-
É¥³ Ì ¶¥·¢μ£μ ¨ ¢Éμ·μ£μ ±μ´ÉÊ·μ¢ μÌ² ¦¤¥´¨Ö ≈ 80Ä85 K ´ Î¨´ ¥É¸Ö ¶·μÍ¥¸¸ § £·Ê§±¨
Ï ·¨±μ¢ ¢ ± ³¥·Ê-¨³¨É Éμ·. ‡´ Î¥´¨¥ É¥³¶¥· ÉÊ·Ò, ¶·¨ ±μÉμ·μ° ¶·μ¨¸Ìμ¤¨É § £·Ê§± ,
¤μ²¦´μ ¡ÒÉÓ ´¥³´μ£μ ¢ÒÏ¥, Î¥³ É¥³¶¥· ÉÊ·  § ³¥·§ ´¨Ö ¦¨¤±μ£μ  §μÉ , ±μÉμ·Ò° ¨§-
§  É¥Ì´μ²μ£¨Î¥¸±¨Ì μ¸μ¡¥´´μ¸É¥° ¨§£μÉμ¢²¥´¨Ö Ï ·¨±μ¢ ³μ¦¥É ¶μ¶ ¸ÉÓ ¢ ¶´¥¢³μÉ· ¸¸Ê
¢³¥¸É¥ ¸ Ï ·¨± ³¨. ‡ £·Ê§±  ¶·¨ ¡μ²¥¥ ´¨§±μ° É¥³¶¥· ÉÊ·¥ ³μ¦¥É ¶·¨¢¥¸É¨ ± ¥£μ § -
³¥·§ ´¨Õ ¢ É¥¶²μμ¡³¥´´¨±¥, ±μÉμ·Ò³ ¸¢Ö§ ´Ò ¶¥·¢Ò° ¨ ¢Éμ·μ° ±μ´ÉÊ·Ò μÌ² ¦¤¥´¨Ö,
¶μÉ¥·¥ · ¸Ìμ¤  ¢ ¶´¥¢³μÉ· ´¸¶μ·É´μ³ É·Ê¡μ¶·μ¢μ¤¥ ¨, ± ± ¸²¥¤¸É¢¨¥, ± ¶·¥±· Ð¥´¨Õ
μÌ² ¦¤¥´¨Ö. �Ì² ¦¤¥´¨¥ ¢Éμ·μ£μ ±μ´ÉÊ·  ¤μ ´¨§±¨Ì É¥³¶¥· ÉÊ· μ¡¥¸¶¥Î¨¢ ¥É¸Ö Í¨·-
±Ê²ÖÍ¨¥° £¥²¨Ö ¶μ É·Ê¡μ¶·μ¢μ¤ ³ μÉ Šƒ“ ± É¥¶²μμ¡³¥´´¨±Ê ¨ μ¡· É´μ. �Ì² ¦¤¥´¨¥
¶¥·¢μ£μ ±μ´ÉÊ·  ¶·μ¨¸Ìμ¤¨É §  ¸Î¥É Í¨·±Ê²ÖÍ¨¨ ¢ ´¥³ £¥²¨Ö ¨ ¶·μÌμ¦¤¥´¨Ö ¥£μ Î¥·¥§
É¥¶²μμ¡³¥´´¨±, ´ Ìμ¤ÖÐ¨°¸Ö ¢ ±·¨μ¸É É¥ ¸ ¢ ±ÊÊ³´μ° ¨§μ²ÖÍ¨¥°. �μ¸ÉμÖ´´μ¥ ¤ ¢²¥´¨¥
¢´ÊÉ·¨ É· ´¸¶μ·É´μ£μ É·Ê¡μ¶·μ¢μ¤  ¸μ¸É ¢²Ö¥É 1,01  É³ ¨ ¶μ¤¤¥·¦¨¢ ¥É¸Ö ¶·¨ ¶μ³μÐ¨
£ §£μ²Ó¤¥· .

‡ · ´¥¥ ¶·¨£μÉμ¢²¥´´Ò¥ § ³μ·μ¦¥´´Ò¥ Ï ·¨±¨ ¶μ·Í¨Ö³¨ ¶μ 250 ³² ¶μ³¥Ð ÕÉ ¢´ÊÉ·Ó
¤μ§¨·ÊÕÐ¥£μ Ê¸É·μ°¸É¢  [8], ¨§ ±μÉμ·μ£μ μ´¨ ¶¥·¨μ¤¨Î¥¸±¨, ¶μ·Í¨Ö³¨ ¶μ ´¥¸±μ²Ó±μ
ÏÉÊ±, ¶μ¶ ¤ ÕÉ ¢μ ¢´ÊÉ·¥´´ÕÕ É·Ê¡Ê ¶´¥¢³μÉ· ¸¸Ò.

ˆ§ ¤μ§ Éμ·  ¶μÉμ±μ³ Ìμ²μ¤´μ£μ £¥²¨Ö Ï ·¨±¨ É· ´¸¶μ·É¨·ÊÕÉ¸Ö ± ± ³¥·¥-¨³¨É -
Éμ·Ê (18× 18× 4 ¸³), Ê¸É ´μ¢²¥´´μ° ¢ ¢ ±ÊÊ³´μ³ ±μ¦ÊÌ¥ (·¨¸. 4). …¥ £ ¡ ·¨É´Ò¥ · §-
³¥·Ò ¢ ÉμÎ´μ¸É¨ ¶μ¢Éμ·ÖÕÉ ¶·μ¥±É´Ò¥ · §³¥·Ò ± ³¥·Ò Ìμ²μ¤´μ£μ § ³¥¤²¨É¥²Ö ·¥ ±Éμ· 
ˆ
�-2.
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�¨¸. 3. ’¥Ì´μ²μ£¨Î¥¸± Ö ¸Ì¥³  ¨¸¶ÒÉ É¥²Ó´μ£μ ¸É¥´¤  Š‡201 ¨ Ìμ²μ¤´μ£μ § ³¥¤²¨É¥²Ö Š‡202

¸ ¤¢Ê³Ö £ §μ¤Ê¢± ³¨, μ¡Ð¨³ É¥¶²μμ¡³¥´´¨±μ³ ¨ Šƒ“. DT Å ¤ ÉÎ¨±¨ É¥³¶¥· ÉÊ·Ò, É¥·³μ¤¨μ¤Ò

DT670; ’ Å · ¤¨ Í¨μ´´μ ¸Éμ°±¨¥ É¥·³μ¶ ·Ò É¨¶  ’X�; P Å ¢ ±ÊÊ³´Ò¥ ¤ ÉÎ¨±¨ MicroPirani
MKS 901 ¨ MKS925; KGU Å ±·¨μ£¥´´ Ö £¥²¨¥¢ Ö Ê¸É ´μ¢± ; ‚1 ¨ ‚2 Å £ §μ¤Ê¢±¨; D1 ¨ D2 Å

¤μ§¨·ÊÕÐ¨¥ Ê¸É·μ°¸É¢ ; DP Å ¤ ÉÎ¨±¨ ¤¨ËË¥·¥´Í¨ ²Ó´μ£μ ¤ ¢²¥´¨Ö É¨¶  DXLdp; v1 ¨ v2 Å

¢¥´É¨²¨ ¤²Ö ¸²¨¢  μÉ· ¡μÉ ´´μ° ¸³¥¸¨ ³¥§¨É¨²¥´  ¨ ³¥É ±¸¨²μ² ; GH Å £ §£μ²Ó¤¥·; HEX Å
É¥¶²μμ¡³¥´´¨±; CR Å ±·¨μ¸É É
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�¨¸. 4. ’·¥Ì³¥·´μ¥ ¨§μ¡· ¦¥´¨¥ ± ³¥·Ò-¨³¨É Éμ·  (· §·¥§): 1 Å ¸É¥±²Ö´´Ò¥ ¢¸É ¢±¨; 2 Å ¤·¥-

´ ¦´ Ö ¸¨¸É¥³ ; 3 Å ·¥Ï¥É± ; 4 Å ± ³¥· -¨³¨É Éμ·; 5 Å É·Ê¡μ¶·μ¢μ¤ ¶μ¤¢μ¤  £¥²¨Ö ¨ Ï ·¨±μ¢;
6 Å É·Ê¡μ¶·μ¢μ¤ μÉ¢μ¤  £¥²¨Ö; 7 Å ¸É¥±²Ö´´ Ö ¸É¥´±  ± ³¥·Ò-¨³¨É Éμ· 

‡ ³μ·μ¦¥´´Ò¥ Ï ·¨±¨ ¶μ¸ÉÊ¶ ÕÉ ¢ ± ³¥·Ê-¨³¨É Éμ· ¨, § ¤¥·¦¨¢ Ö¸Ó ´  ¥¥ ·¥Ï¥É±¥,
¶μ¸É¥¶¥´´μ § ¶μ²´ÖÕÉ ± ³¥·Ê. �·¨ ÔÉμ³ ¶·μÍ¥¸¸ § £·Ê§±¨ ³μ¦´μ ´ ¡²Õ¤ ÉÓ ¶·¨ ¶μ³μÐ¨
Ê¸É ´μ¢²¥´´μ° ¸´ ·Ê¦¨ ¢¨¤¥μ± ³¥·Ò Î¥·¥§ ¸¶¥Í¨ ²Ó´Ò¥ μ±´ , ¸μ¸ÉμÖÐ¨¥ ¨Ì É·¥Ì ¸É¥±μ²,
¤¢  ¨§ ±μÉμ·ÒÌ Å ±¢ ·Í¥¢Ò¥ Éμ²Ð¨´μ° 10 ³³.

�μ¸²¥ μ±μ´Î ´¨Ö § £·Ê§±¨ ± ³¥·Ò-¨³¨É Éμ·  ¸É¥´¤  μ¸É ´ ¢²¨¢ ÕÉ ±·¨μ£¥´´ÊÕ £¥-
²¨¥¢ÊÕ Ê¸É ´μ¢±Ê (Šƒ“), ¢Ò±²ÕÎ ÕÉ £ §μ¤Ê¢±Ê ¨ ¢ ±ÊÊ³´Ò¥ ´ ¸μ¸Ò, ÎÉμ ¶·¨¢μ¤¨É ±
μÉμ£·¥¢Ê ¶¥·¢μ£μ ¨ ¢Éμ·μ£μ ±μ´ÉÊ·μ¢ μÌ² ¦¤¥´¨Ö ¨ · ¸¶² ¢²¥´¨Õ Ï ·¨±μ¢.

� ¸¶² ¢²¥´´ Ö ¸³¥¸Ó Ê¤ ²Ö¥É¸Ö ¨§ ± ³¥·Ò Î¥·¥§ ¸¶¥Í¨ ²Ó´ÊÕ ¤·¥´ ¦´ÊÕ ¸¨¸É¥³Ê,
¶μ¸²¥ Î¥£μ ¸É¥´¤ ¶μ¤£μÉ ¢²¨¢ ÕÉ ± ¶μ¢Éμ·´μ³Ê ¶·μ¢¥¤¥´¨Õ Ô±¸¶¥·¨³¥´Éμ¢.

‘¨¸É¥³  ±μ´É·μ²Ö ¶ · ³¥É·μ¢ · ¡μÉÒ, · §· ¡μÉ ´´ Ö ¤²Ö Ìμ²μ¤´μ£μ § ³¥¤²¨É¥²Ö
Š‡202 ¸ ±·¨μ¸É Éμ³ ¨ μ¤´μ° £ §μ¤Ê¢±μ° [6], ¡Ò²  ³μ¤¨Ë¨Í¨·μ¢ ´  ¤²Ö ±·¨μ¸É É  ¸ ¤¢Ê³Ö
£ §μ¤Ê¢± ³¨ ¤²Ö ¸É¥´¤  ¨ § ³¥¤²¨É¥²Ö. �μ¢ Ö ¸¨¸É¥³  Ê¶· ¢²¥´¨Ö ¨ ±μ´É·μ²Ö μ¸´μ¢ ´  ´ 
±μ³¶ÓÕÉ¥·´μ° ¶·μ£· ³³¥ Cold Moderator ¨²¨ CM. �´  · §¤¥²¥´  ´  É·¨ Î ¸É¨, ± ¦¤ Ö
¨§ ±μÉμ·ÒÌ μÉ¢¥Î ¥É §  ¶·¨¥³ ¨ μ¡· ¡μÉ±Ê ¨´Ëμ·³ Í¨¨ ¸ Šƒ“ (KGU Viewer, ·¨¸. 5),
¸É¥´¤  Š‡201 (CM 201) ¨ § ³¥¤²¨É¥²Ö Š‡202 (CM 202). Š ¦¤ Ö ¶·μ£· ³³  ¨³¥¥É ¸¢μ°
±μ´Ë¨£Ê· Í¨μ´´Ò° Ë °², μ¶·¥¤¥²ÖÕÐ¨°, ± ±ÊÕ ¨´Ëμ·³ Í¨Õ μ ¶ · ³¥É· Ì · ¡μÉÒ ´¥-
μ¡Ìμ¤¨³μ ¨§¢²¥ÎÓ. �·¨ ÔÉμ³ ¨´Ëμ·³ Í¨Ö μ ¶ · ³¥É· Ì Šƒ“ (¶·μ£· ³³  KGU Viewer)
μÉμ¡· ¦ ¥É¸Ö É ±¦¥ ¨ ¢ ¶·μ£· ³³ Ì CM 201 ¨ CM 202.

�·μ£· ³³  CM 201 ¨¤¥´É¨Î´  ¶·μ£· ³³¥ CM 202 ¨ ¶·¥¤¸É ¢²Ö¥É ¸μ¡μ° ³´¥³μ¸Ì¥³Ê
(·¨¸. 6) ´  μ¸´μ¢¥ É¥Ì´μ²μ£¨Î¥¸±μ° ¸Ì¥³Ò. ‚ ´¥° ¶·¥¤¸É ¢²¥´  ¨´Ëμ·³ Í¨Ö μ ¤ ¢²¥´¨¨,
É¥³¶¥· ÉÊ·¥, · ¸Ìμ¤¥ £¥²¨Ö, ±μ²¨Î¥¸É¢¥ £¥²¨Ö ¢ £ §£μ²Ó¤¥·¥ ¨ Î ¸ÉμÉ¥ ¢· Ð¥´¨Ö ¢ ² 
£ §μ¤Ê¢±¨. ‚¸Ö ¨´Ëμ·³ Í¨Ö § ¶¨¸Ò¢ ¥É¸Ö ¢ Ë °²Ò ¤²Ö ¶·μ¸³μÉ·  ¨  ´ ²¨§ . �¢ ·¨°´Ò¥
¸¨ÉÊ Í¨¨, É ±¨¥ ± ± ¶μÉ¥·Ö · ¸Ìμ¤  £ § , ·μ¸É É¥³¶¥· ÉÊ·Ò, ¨§³¥´¥´¨¥ ¤ ¢²¥´¨Ö ¨ É. ¶.
¸μ¶·μ¢μ¦¤ ÕÉ¸Ö ¸¢¥Éμ§¢Ê±μ¢μ° ¸¨£´ ²¨§ Í¨¥°.
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�¨¸. 5. Šμ³¶ÓÕÉ¥·´ Ö ¶·μ£· ³³  KGU Viewer ¨¸¶ÒÉ É¥²Ó´μ£μ ¸É¥´¤  Š‡201
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�¨¸. 6. Œ´¥³μ¸Ì¥³  ±μ³¶ÓÕÉ¥·´μ° ¶·μ£· ³³Ò CM 201 ´  μ¸´μ¢¥ É¥Ì´μ²μ£¨Î¥¸±μ° ¸Ì¥³Ò ¨¸¶Ò-

É É¥²Ó´μ£μ ¸É¥´¤ 
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�¨¸. 7. �·μ£· ³³  Balls movement control (BMC) ¨¸¶ÒÉ É¥²Ó´μ£μ ¸É¥´¤  Š‡201. ‚ ¢¥·Ì´¥° Î ¸É¨

·¨¸Ê´±  ¢¨¤´Ò ³ ±¸¨³Ê³Ò, ¢μ§´¨± ÕÐ¨¥ ¢μ ¢·¥³Ö ¶·μÌμ¦¤¥´¨Ö Ï ·¨±μ¢, Gm Å · ¸Ìμ¤ £¥²¨Ö

�·μ£· ³³  Balls movement control (BMC) μÉμ¡· ¦ ¥É ¤¢¨¦¥´¨¥ Ï ·¨±μ¢ ¶μ ¶´¥¢³μ-
É· ¸¸¥ ¢ ¢¨¤¥ £· Ë¨Î¥¸±¨Ì ³ ±¸¨³Ê³μ¢ ¨ μ¡¥¸¶¥Î¨¢ ¥É ¢¨§Ê ²¨§ Í¨Õ É¥±ÊÐ¨Ì ¶ · ³¥É-
·μ¢ ´  ¤¨¸¶²¥¥, £¥´¥· Í¨Õ ¶·¥¤Ê¶·¥¦¤ ÕÐ¨Ì ¸¨£´ ²μ¢ ¨ § ¶¨¸Ó ¨´Ëμ·³ Í¨¨ ¢ Ë °²Ò
(·¨¸. 7). ‚ ¸²ÊÎ ¥ ¢μ§´¨±´μ¢¥´¨Ö § Éμ·  ¨§ Ï ·¨±μ¢ · ¸Ìμ¤ £¥²¨Ö (Gm) ¢ ¸¨¸É¥³¥ ¶ ¤ ¥É,
¨ ¶·μ£· ³³  ¢Ò¤ ¥É ¶·¥¤Ê¶·¥¦¤ ÕÐ¨° ¸¢¥Éμ§¢Ê±μ¢μ° ¸¨£´ ².

2. �…‡“‹œ’�’› �Š‘�…�ˆŒ…�’� ˆ ˆ• ��‘“†„…�ˆ…

�  ¸É¥´¤¥ ¡Ò²¨ ¶·μ¢¥¤¥´Ò Ô±¸¶¥·¨³¥´ÉÒ ¶μ ¨¸¸²¥¤μ¢ ´¨Õ ¢μ§³μ¦´μ¸É¨ § £·Ê§±¨
± ³¥·Ò-¨³¨É Éμ·  § ³¥¤²¨É¥²Ö, μ¶·¥¤¥²¥´Ò μ¶É¨³ ²Ó´Ò¥ ¶ · ³¥É·Ò ¢μ ¢·¥³Ö § £·Ê§±¨
Ï ·¨±μ¢, É ±¨¥ ± ± É¥³¶¥· ÉÊ·  ±·¨μ£¥´´ÒÌ É·Ê¡μ¶·μ¢μ¤μ¢, ¤ ¢²¥´¨¥, ³ ¸¸μ¢Ò° · ¸Ìμ¤
É· ´¸¶μ·É¨·ÊÕÐ¥£μ £ §  (£¥²¨Ö) ¨ ¸±μ·μ¸ÉÓ ¢Ò¡·μ¸  Ï ·¨±μ¢ ¨§ ¤μ§¨·ÊÕÐ¥£μ Ê¸É·μ°¸É¢ ,
μ¶·¥¤¥²ÖÕÐ Ö ¢·¥³Ö § £·Ê§±¨ ± ³¥·Ò. ’ ±¦¥ ¡Ò² ¨¸¶ÒÉ ´ ·¥¦¨³ μ¤´μ¢·¥³¥´´μ£μ μÌ-
² ¦¤¥´¨Ö § ³¥¤²¨É¥²Ö ¨ ¸É¥´¤  ¸ ¨³¥ÕÐ¥°¸Ö ±·¨μ£¥´´μ° £¥²¨¥¢μ° ³ Ï¨´μ° Šƒ“700/15
³μÐ´μ¸ÉÓÕ 700 ‚É.

�  ¨¸¶ÒÉ É¥²Ó´μ³ ¸É¥´¤¥ Ìμ²μ¤´μ£μ § ³¥¤²¨É¥²Ö Š‡201 ¡Ò²¨ ¶·μ¢¥¤¥´Ò 3 Ô±¸¶¥·¨-
³¥´É  ¶μ § £·Ê§±¥ ± ³¥·Ò-¨³¨É Éμ·  § ³μ·μ¦¥´´Ò³¨ Ï ·¨± ³¨ ¢ ±μ²¨Î¥¸É¢¥ ¤μ 500 ³²
(1/2 ± ³¥·Ò). ‚μ ¢¸¥Ì É·¥Ì Ô±¸¶¥·¨³¥´É Ì ¢¸¥ Ï ·¨±¨ ¨§ ¤μ§¨·ÊÕÐ¥£μ Ê¸É·μ°¸É¢  ¡Ò²¨
§ £·Ê¦¥´Ò ¢ ± ³¥·Ê-¨³¨É Éμ· ¸ Ê¸¶¥Ï´Ò³ ¶·¥μ¤μ²¥´¨¥³ ¶μ¤Ñ¥³ . ‡ £·Ê¦¥´´Ò¥ Ï ·¨±¨
¢ ± ³¥·¥ ¶μ± § ´Ò ´  ·¨¸. 8.

�±¸¶¥·¨³¥´ÉÒ ¶μ μ¤´μ¢·¥³¥´´μ³Ê § Ìμ² ¦¨¢ ´¨Õ ¸É¥´¤  ¨ § ³¥¤²¨É¥²Ö ¶μ± § ²¨,
ÎÉμ ¸·¥¤´¨¥ ³¨´¨³ ²Ó´Ò¥ É¥³¶¥· ÉÊ·Ò ± ³¥·Ò § ³¥¤²¨É¥²Ö ¨ ± ³¥·Ò-¨³¨É Éμ·  ¸É¥´¤ ,
±μÉμ·ÒÌ Ê¤ ²μ¸Ó ¤μ¸É¨ÎÓ ¶·¨ ¶μ³μÐ¨ ¨¸¶μ²Ó§Ê¥³μ° ±·¨μ£¥´´μ° ³ Ï¨´Ò Šƒ“700/15,
¸μ¸É ¢¨²¨ 60 Š, Éμ£¤  ± ± ¶·μ¥±É´μ¥ §´ Î¥´¨¥ É¥³¶¥· ÉÊ·Ò ± ³¥·Ò § ³¥¤²¨É¥²Ö ¸μ¸É ¢-
²Ö¥É 30 Š.



1166 �¥²Ö±μ¢ �. �. ¨ ¤·.

�¨¸. 8. ‡ ³μ·μ¦¥´´Ò¥ Ï ·¨±¨, § £·Ê¦¥´´Ò¥ ¢ ± ³¥·Ê-¨³¨É Éμ· ¨¸¶ÒÉ É¥²Ó´μ£μ ¸É¥´¤  Š‡201

�±¸¶¥·¨³¥´ÉÒ ´  ¸É¥´¤¥ ¸ ÊÎ ¸É±μ³ ¶μ¤Ñ¥³  ¶μ§¢μ²¨²¨ μ¶·¥¤¥²¨ÉÓ ¸²¥¤ÊÕÐ¨¥ · ¡μ-
Î¨¥ ¶ · ³¥É·Ò ¤²Ö § £·Ê§±¨ Ï ·¨±μ¢ ¢ ± ³¥·Ê-¨³¨É Éμ· ¸É¥´¤ .

1. ’¥³¶¥· ÉÊ·  ¢´ÊÉ·¨ ±·¨μ£¥´´μ£μ É· ´¸¶μ·É´μ£μ É·Ê¡μ¶·μ¢μ¤  ¶¥·¢μ£μ ±μ´ÉÊ· 
μÌ² ¦¤¥´¨Ö ¸É¥´¤  ¶·¨ § £·Ê§±¥ Ï ·¨±μ¢ ¤μ²¦´  ´ Ìμ¤¨ÉÓ¸Ö ´  Ê·μ¢´¥ 79Ä85 Š. �¥¦¨³
´¨§±μ° É¥³¶¥· ÉÊ·Ò ¢ ±·¨μ£¥´´μ³ É· ´¸¶μ·É´μ³ É·Ê¡μ¶·μ¢μ¤¥ ¶μ¤¤¥·¦¨¢ ¥É¸Ö §  ¸Î¥É
¶μ²ÊÎ¥´¨Ö ¢ ±ÊÊ³  ¢ ¨§μ²¨·ÊÕÐ¥³ ¶·μ¸É· ´¸É¢¥ ´  Ê·μ¢´¥ 10−5 ’μ··.

2. Œ¨´¨³ ²Ó´Ò° ³ ¸¸μ¢Ò° · ¸Ìμ¤ £¥²¨Ö ¢μ ¢·¥³Ö ¶´¥¢³μÉ· ´¸¶μ·É  ´¥ ¤μ²¦¥´ ¡ÒÉÓ
³¥´ÓÏ¥ 2 £/¸ ¶·¨ Î ¸ÉμÉ¥ ¢· Ð¥´¨Ö ¢ ²  £ §μ¤Ê¢±¨ 375 ƒÍ. “¸É ´μ¢²¥´´Ò° ³ ±¸¨³ ²Ó´Ò°
· ¸Ìμ¤ £¥²¨Ö ¸μ¸É ¢²Ö¥É 6 £/¸. ˆ§¡ÒÉμÎ´μ¥ ¤ ¢²¥´¨¥ ¢ É·Ê¡μ¶·μ¢μ¤¥ ¶·¨ ¤ ´´μ³ · ¸Ìμ¤¥
¸μ¸É ¢²Ö¥É 780Ä790 ’μ··.

3. �¥¦¨³ § £·Ê§±¨ Ï ·¨±μ¢ ¢ É·Ê¡μ¶·μ¢μ¤ ¡Ò² ¢Ò¡· ´ É ±¨³ μ¡· §μ³, ÎÉμ¡Ò, ¸ μ¤´μ°
¸Éμ·μ´Ò, ¢·¥³Ö § £·Ê§±¨ ¡Ò²μ ³¨´¨³ ²Ó´Ò³,   ¸ ¤·Ê£μ° Å Ê ¶μ¤Ñ¥³  É·Ê¡μ¶·μ¢μ¤ 
¸É¥´¤  ´¥ ¢μ§´¨± ²μ § Éμ·μ¢. � ¨³¥´ÓÏ¥¥ ¢·¥³Ö § £·Ê§±¨ ¤μ¸É¨£ ¥É¸Ö ¶ÊÉ¥³ Ï £μ¢μ£μ
¢· Ð¥´¨Ö ¤¨¸±  ¤μ§ Éμ·  Ï £μ¢Ò³ ¤¢¨£ É¥²¥³ ¢ ¨³¶Ê²Ó¸´μ³ ·¥¦¨³¥ ¸ Ê£²μ¢μ° ¸±μ·μ¸ÉÓÕ
3,6◦ §  0,5 ¸. ‚·¥³Ö ³¥¦¤Ê ¨³¶Ê²Ó¸ ³¨ ¸μ¸É ¢²Ö¥É É ±¦¥ 0,5 ¸. �μ ³¥·¥ Ê³¥´ÓÏ¥´¨Ö
±μ²¨Î¥¸É¢  Ï ·¨±μ¢ ¢ ¤μ§ Éμ·¥ Ê£²μ¢ Ö ¸±μ·μ¸ÉÓ Ê¢¥²¨Î¨¢ ¥É¸Ö ¢ 2Ä3 · § . ‘ É ±μ°
Ê£²μ¢μ° ¸±μ·μ¸ÉÓÕ ¶μ²´ Ö ¢Ò£·Ê§±  μ¤´μ° ¶ ·É¨¨ Ï ·¨±μ¢ ¨§ ¤μ§ Éμ·  μ¡Ñ¥³μ³ 250Ä
350 ³² ¶·μ¨¸Ìμ¤¨É §  ¢·¥³Ö 1,5Ä2 Î. ‘±μ·μ¸ÉÓ ¢Ò¸Ò¶ ´¨Ö Ï ·¨±μ¢ ¨§ ¤μ§ Éμ·  ¶·¨ ÔÉμ³
¸μ¸É ¢²Ö¥É 8 ÏÉ./¸.

‚¸¥ ¶μ²ÊÎ¥´´Ò¥ ´  ¨¸¶ÒÉ É¥²Ó´μ³ ¸É¥´¤¥ ¶ · ³¥É·Ò ¸μμÉ¢¥É¸É¢ÊÕÉ · ¡μÎ¨³ ¶ · ³¥É-
· ³ Ìμ²μ¤´μ£μ § ³¥¤²¨É¥²Ö Š‡202, § Ë¨±¸¨·μ¢ ´´Ò³ ¢μ ¢·¥³Ö É¥¸Éμ¢μ° Ô±¸¶²Ê É Í¨¨
§ ³¥¤²¨É¥²Ö. ‚ ·¥¦¨³¥ μ¤´μ¢·¥³¥´´μ£μ § Ìμ² ¦¨¢ ´¨Ö § ³¥¤²¨É¥²Ö ¨ ¸É¥´¤  (  ¢ ¡Ê-
¤ÊÐ¥³ ¨ ¤¢ÊÌ § ³¥¤²¨É¥²¥° Š‡202 ¨ Š‡203) ´¥ Ê¤ ¥É¸Ö ¤μ¸É¨ÎÓ ´¥μ¡Ìμ¤¨³μ° ¤²Ö · -
¡μÉÒ É¥³¶¥· ÉÊ·Ò ± ³¥·Ò ¢ 30 Š. �Éμ μ¡ÑÖ¸´Ö¥É¸Ö ³ ²μ° Ìμ²μ¤μ¶·μ¨§¢μ¤¨É¥²Ó´μ¸ÉÓÕ
±·¨μ£¥´´μ° £¥²¨¥¢μ° ³ Ï¨´Ò Šƒ“700/15. �μÔÉμ³Ê ¢ ¶·μÍ¥¸¸ ·¥ ²¨§ Í¨¨ ¶·μ¥±É  ¶μ
¸μ§¤ ´¨Õ ±μ³¶²¥±¸  Ìμ²μ¤´ÒÌ § ³¥¤²¨É¥²¥° Šƒ“700/15 ¡Ê¤¥É · ¡μÉ ÉÓ ´  μÌ² ¦¤¥´¨¥
Éμ²Ó±μ § ³¥¤²¨É¥²Ö Š‡201,   ¤²Ö § ³¥¤²¨É¥²¥° Š‡202 ¨ Š‡203 ¡Ê¤¥É ¶·¨μ¡·¥É¥´  ´μ¢ Ö
±·¨μ£¥´´ Ö Ê¸É ´μ¢±  Refrigerator 1200/10 Ë¨·³Ò Linde ³μÐ´μ¸ÉÓÕ 1200 ‚É.
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�±¸¶¥·¨³¥´ÉÒ ¶μ ³μ¤¥²¨·μ¢ ´¨Õ ´  ¨¸¶ÒÉ É¥²Ó´μ³ ¸É¥´¤¥ Ìμ²μ¤´μ£μ § ³¥¤²¨É¥²Ö
Š‡201 ·¥ ±Éμ·  ˆ
�-2 ¤μ± § ²¨ ¢μ§³μ¦´μ¸ÉÓ § £·Ê§±¨ § ³μ·μ¦¥´´ÒÌ Ï ·¨±μ¢ ¨§ ¸³¥¸¨
³¥§¨É¨²¥´  ¨ ³-±¸¨²μ²  ¢ ± ³¥·Ê ¶μ ¸²μ¦´μ³Ê ±·¨μ£¥´´μ³Ê É·Ê¡μ¶·μ¢μ¤Ê ¸ ÊÎ ¸É±μ³
¶μ¤Ñ¥³  ´  Ê£μ² 50◦ ¨ ¢Ò¸μÉÊ 4 ³,   É ±¦¥ ¶μ§¢μ²¨²¨ μÉ· ¡μÉ ÉÓ ³¥Éμ¤¨±Ê ¶·μ¢¥¤¥´¨Ö
É ±¨Ì Ô±¸¶¥·¨³¥´Éμ¢. �¡μ¸´μ¢ ´ ¨ ¢Ò¡· ´ ·¥¦¨³ § £·Ê§±¨ ± ³¥·Ò Ìμ²μ¤´μ£μ § ³¥¤²¨-
É¥²Ö, ±μÉμ·Ò° ¶μ§¢μ²Ö¥É ¶·μ¨§¢μ¤¨ÉÓ ¶μ²´ÊÕ § £·Ê§±Ê ± ³¥·Ò § ³¥¤²¨É¥²Ö §  ¢·¥³Ö μ±μ²μ
4Ä5 Î ¶·¨ ³ ¸¸μ¢μ³ · ¸Ìμ¤¥ £¥²¨Ö ¨ ¥£μ É¥³¶¥· ÉÊ·¥ 2 £/¸ ¨ 79Ä85 Š ¸μμÉ¢¥É¸É¢¥´´μ.
“£²μ¢ Ö ¸±μ·μ¸ÉÓ ¢· Ð¥´¨Ö ¤¨¸±  ¤μ§¨·ÊÕÐ¥£μ Ê¸É·μ°¸É¢  ¸μ¸É ¢²Ö¥É 3,6◦ §  0,5 ¸. „¨¸±
¤¢¨£ ¥É¸Ö ¢ ·¥¦¨³¥ ¶·¥·Ò¢¨¸Éμ£μ ¤¢¨¦¥´¨Ö. ‘±μ·μ¸ÉÓ ¶μ¤ Î¨ Ï ·¨±μ¢ ¨§ ¤μ§¨·ÊÕÐ¥£μ
Ê¸É·μ°¸É¢  ¢ ±·¨μ£¥´´Ò° É·Ê¡μ¶·μ¢μ¤ ¶·¨ ¤ ´´μ° Ê£²μ¢μ° ¸±μ·μ¸É¨ ¸μ¸É ¢²Ö¥É μ±μ²μ
8 ÏÉ./¸.

�¥§Ê²ÓÉ ÉÒ ¨¸¸²¥¤μ¢ ´¨Ö ´  ¸É¥´¤¥,   É ±¦¥ · §· ¡μÉ ´´ Ö ´  ¥£μ μ¸´μ¢¥  ·Ì¨É¥±-
ÉÊ·  Ê¶· ¢²¥´¨Ö ¨ ±μ´É·μ²Ö ¢¸¥Ì ¸¨¸É¥³ Ìμ²μ¤´μ£μ § ³¥¤²¨É¥²Ö ¶μ§¢μ²Ö¥É, ¢μ-¶¥·¢ÒÌ,
Ê¸¶¥Ï´μ Ô±¸¶²Ê É¨·μ¢ ÉÓ § ³¥¤²¨É¥²Ó ®Í¥´É· ²Ó´μ£μ ´ ¶· ¢²¥´¨Ö¯ Š‡201 ¸ ±·¨μ£¥´´μ°
£¥²¨¥¢μ° ³ Ï¨´μ° Šƒ“700/15 ¨, ¢μ-¢Éμ·ÒÌ, Ô±¸¶²Ê É¨·μ¢ ÉÓ ±·¨μ¸É É ¸ ¤¢Ê³Ö £ §μ¤Ê¢-
± ³¨ ¨ · ¡μÉ ÕÐ¨¥ ´  ¥£μ μ¸´μ¢¥ Ìμ²μ¤´Ò¥ § ³¥¤²¨É¥²¨ ¢ ·¥¦¨³¥ ²¨¡μ μ¤´μ¢·¥³¥´´μ£μ,
²¨¡μ · §¤¥²Ó´μ£μ μÌ² ¦¤¥´¨Ö ¸ ±·¨μ£¥´´μ° £¥²¨¥¢μ° Ê¸É ´μ¢±μ° Refrigerator 1200/10.
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