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�  ¨³¶Ê²Ó¸´μ³ ·¥ ±Éμ·¥ ˆ	�-2 ‹ ¡μ· Éμ·¨¨ ´¥°É·μ´´μ° Ë¨§¨±¨ �ˆŸˆ
¸μ§¤ ´  Ê¸É ´μ¢±  ®�μ²Ö·¨§μ¢ ´´ Ö Ö¤¥·´ Ö ³¨Ï¥´Ó (“�Ÿ) ¤²Ö ´¥°É·μ´´ÒÌ ¨¸-
¸²¥¤μ¢ ´¨°¯. „²Ö Ê¸É ´μ¢±¨ ¶μ¸É·μ¥´ ±·¨μ¸É É · ¸É¢μ·¥´¨Ö 3He/4He ¸ ¸¢¥·Ì-
¶·μ¢μ¤ÖÐ¨³ ¸μ²¥´μ¨¤μ³. ’¥³¶¥· ÉÊ·  ´  μ¡· §Í¥ T = 23 ³K ¶·¨ ¸±μ·μ¸É¨ Í¨·-
±Ê²ÖÍ¨¨ 3He ṅ = 1, 07 ·10−3 ³μ²Ó/¸. Œ ±¸¨³ ²Ó´μ¥ ³ £´¨É´μ¥ ¶μ²¥ H = 6600 �.
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¨¸¶μ²Ó§ÊÖ ³¥Éμ¤ ®£·Ê¡μ° ¸¨²Ò¯. ‚ Ê¸É ´μ¢±¥ § ²μ¦¥´  É ±¦¥ ¢μ§³μ¦´μ¸ÉÓ ¤¨-
´ ³¨Î¥¸±μ° ¶μ²Ö·¨§ Í¨¨ Ö¤¥·.
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Facility ®Polarized Nuclear Target¯ (PNT) for Neutron Investigations

A facility ®Polarized Nuclear Target (PNT) for Neutron Irvestigations¯ has been
created at the IBR-2 pulsed reactor of the Frank Laboratory of Neutron Physics
of JINR. A 3He/4He dilution cryostat with a superconducting solenoid has been
constructed for the facility. The temperature at a sample is 23 mK at a 3He circulation
rate of 1.07 · 10−3 mol/s. Maximum magnetic ˇeld is H = 6600 Oe. The facility
makes it possible to orient nuclei in a wide range of mass numbers using the ®brute
force¯ method. Also, provision is made for the dynamical polarization of nuclei.

The investigation has been performed at the Frank Laboratory of Neutron Physics,
JINR.
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Ÿ¤¥·´Ò¥ ³¨Ï¥´¨ ´ §Ò¢ ÕÉ μ·¨¥´É¨·μ¢ ´´Ò³¨, ¥¸²¨ μ·¨¥´É Í¨Ö ¸¶¨´μ¢
Ö¤¥·  Éμ³μ¢ ³¨Ï¥´¨ μÉ²¨Î´  μÉ ¨§μÉ·μ¶´μ°. ‚ ¡μ²ÓÏ¨´¸É¢¥ ¸²ÊÎ ¥¢  Éμ³´Ò¥
Ö¤·  μ·¨¥´É¨·ÊÕÉ §  ¸Î¥É ¢§ ¨³μ¤¥°¸É¢¨Ö ¨Ì ¤¨¶μ²Ó´ÒÌ ³ £´¨É´ÒÌ ³μ³¥´Éμ¢
μ ¸ ³ £´¨É´Ò³ ¶μ²¥³ H .

�·μ¥±Í¨Ö m ¸¶¨´  Ö¤·  I ´  § ¤ ´´ÊÕ μ¸Ó ±¢ ´Éμ¢ ´¨Ö ³μ¦¥É ¶·¨´¨-
³ ÉÓ 2I + 1 ¤¨¸±·¥É´ÒÌ §´ Î¥´¨° μÉ −I ¤μ +I ¸ Ï £μ³, · ¢´Ò³ 1. ‚ ¸²ÊÎ ¥
 ±¸¨ ²Ó´μ° ¸¨³³¥É·¨¨ μ·¨¥´É¨·ÊÕÐ¥£μ ¶μ²Ö μÉ´μ¸¨É¥²Ó´μ μ¸¨ ±¢ ´Éμ¢ ´¨Ö
¸¶¨´μ¢μ¥ ¸μ¸ÉμÖ´¨¥ Ö¤¥· ³¨Ï¥´¨, μÎ¥¢¨¤´μ, ³μ¦¥É ¡ÒÉÓ § ¤ ´μ 2I + 1 §´ -
Î¥´¨Ö³¨ ¢¥·μÖÉ´μ¸É¨ Wm μ¡´ ·Ê¦¨ÉÓ Ö¤·  ³¨Ï¥´¨ ¢ ¸μ¸ÉμÖ´¨¨ ¸ § ¤ ´´Ò³
m. ‚ ¸¨²Ê Ê¸²μ¢¨Ö ´μ·³¨·μ¢±¨ Wm ¤²Ö ÔÉμ£μ ¤μ¸É ÉμÎ´μ § ¤ ´´ÒÌ 2I §´ -
Î¥´¨° Wm ¨²¨ μ¶·¥¤¥²¥´´ÒÌ ¸ ¨Ì ¨¸¶μ²Ó§μ¢ ´¨¥³ ¤·Ê£¨Ì 2I ´¥§ ¢¨¸¨³ÒÌ
¶ · ³¥É·μ¢. ‚ Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ ¨¸¸²¥¤μ¢ ´¨ÖÌ μ¡ÒÎ´μ ¨¸¶μ²Ó§ÊÕÉ¸Ö É. ´.
¶ · ³¥É·Ò μ·¨¥´É Í¨¨ fi, · ¢´Ò¥ 0 ¶·¨ ¨§μÉ·μ¶´μ° μ·¨¥´É Í¨¨ ¸¶¨´μ¢ ¨ 1
¶·¨ μ·¨¥´É Í¨¨ ¸¶¨´μ¢ ¢¤μ²Ó μ¸¨ ±¢ ´Éμ¢ ´¨Ö.

‚ ¡μ²ÓÏ¨´¸É¢¥ Ô±¸¶¥·¨³¥´Éμ¢ ¸ μ·¨¥´É¨·μ¢ ´´Ò³¨ Ö¤· ³¨ ¢ ¦´Ò ¤¢ 
¶¥·¢ÒÌ ¶ · ³¥É·  μ·¨¥´É Í¨¨ Å ¶μ²Ö·¨§ Í¨Ö f1 ¨ ¢Ò¸É·μ¥´´μ¸ÉÓ f2. �´¨
¸¢Ö§ ´Ò ¸ Wm ¸²¥¤ÊÕÐ¨³¨ ¸μμÉ´μÏ¥´¨Ö³¨ [1]:
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£¤¥ k Å ¶μ¸ÉμÖ´´ Ö 	μ²ÓÍ³ ´ . ‚Ò¸É·μ¥´´μ¸ÉÓ f2 ¤ ¥É¸Ö ¡μ²¥¥ ¸²μ¦´Ò³
¢Ò· ¦¥´¨¥³.

�Î¥¢¨¤´μ, ÎÉμ ´ ¨¡μ²¥¥ Ê´¨¢¥·¸ ²Ó´Ò³ ³¥Éμ¤μ³ μ·¨¥´É Í¨¨ Ö¤¥· Ö¢²Ö-
¥É¸Ö ³¥Éμ¤ ®£·Ê¡μ° ¸¨²Ò¯, ±μ£¤  ³¨Ï¥´Ó μÌ² ¦¤ ¥É¸Ö ¢ ¶μ¸ÉμÖ´´μ³ ¸¨²Ó´μ³
³ £´¨É´μ³ ¶μ²¥. „²Ö μÍ¥´±¨ ¢μ§³μ¦´μ¸É¥° ÔÉμ£μ ³¥Éμ¤  · ¸¸³μÉ·¨³ £¨¶μ-
É¥É¨Î¥¸±¨¥ Ö¤·  ¸μ ¸¶¨´μ³ I = 1 ¨ ³ £´¨É´Ò³ ³μ³¥´Éμ³, · ¢´Ò³ μ¤´μ³Ê
Ö¤¥·´μ³Ê ³ £´¥Éμ´Ê, ¶·¨ ¤μ¸É¨¦¨³ÒÌ ¶μ²ÖÌ H ≈ 10 T² ¨ É¥³¶¥· ÉÊ· Ì
T ≈ 10−2 K. ‚ ÔÉμ³ ¸²ÊÎ ¥ ¢ÒÎ¨¸²¥´¨Ö ¤ ÕÉ f1 ≈ 0,25 ¨ f2 ≈ 0,04, É. ¥.
§´ Î¥´¨Ö, ¤ ²¥±¨¥ μÉ ¶·¥¤¥²Ó´ÒÌ. ‘²¥¤Ê¥É É ±¦¥ μÉ³¥É¨ÉÓ, ÎÉμ ¶·¨ É ±¨Ì
¶μ²ÖÌ ¨ É¥³¶¥· ÉÊ· Ì ¢ ´¥³¥É ²²¨Î¥¸±¨Ì ¤¨ ³ £´¨É´ÒÌ ³¨Ï¥´ÖÌ ¢·¥³¥´ 
Ê¸É ´μ¢²¥´¨Ö É¥¶²μ¢μ£μ · ¢´μ¢¥¸¨Ö ¢ ¸¨¸É¥³¥ Ö¤¥·´ÒÌ ¸¶¨´μ¢ μ± §Ò¢ ÕÉ¸Ö
´¥¶·¨¥³²¥³μ ¡μ²ÓÏ¨³¨.

	μ²¥¥ ÔËË¥±É¨¢´Ò³¨ μ± §Ò¢ ÕÉ¸Ö ³¥Éμ¤Ò μ·¨¥´É Í¨¨ Ö¤¥· ¸ ¨¸¶μ²Ó§μ-
¢ ´¨¥³ ¡μ²ÓÏ¨Ì ¢´ÊÉ·¥´´¨Ì ¶μ²¥° ´  Ö¤· Ì, ¨³¥ÕÐ¨Ì¸Ö ¢ ´¥±μÉμ·ÒÌ ¢¥Ð¥-
¸É¢ Ì,   É ±¦¥ ´¥¸É Í¨μ´ ·´Ò¥ ¤¨´ ³¨Î¥¸±¨¥ ³¥Éμ¤Ò, ¢ ±μÉμ·ÒÌ ¤²Ö μ·¨¥´-
É Í¨¨ ¸¶¨´μ¢ · §²¨Î´Ò³¨ ¸¶μ¸μ¡ ³¨ ´ ·ÊÏ ÕÉ ¡μ²ÓÍ³ ´μ¢¸±μ¥ · ¸¶·¥¤¥²¥-
´¨¥ ¢¥·μÖÉ´μ¸É¥° Wm. ‘ÊÐ¥¸É¢¥´´Ò³ ´¥¤μ¸É É±μ³ É ±¨Ì ³¥Éμ¤μ¢ Ö¢²Ö¥É¸Ö
¨Ì ´¥Ê´¨¢¥·¸ ²Ó´μ¸ÉÓ.

�¶¨¸ ´´ Ö ´¨¦¥ Ê¸É ´μ¢±  “�Ÿ ¸μ¸Éμ¨É ¨§:
Å ±·¨μ¸É É  ¸ 4�¥,
Å ¸¨¸É¥³Ò Í¨·±Ê²ÖÍ¨¨ 3�¥ ¨ ¸ÉÊ¶¥´¨ · ¸É¢μ·¥´¨Ö 3�¥ ¢ 4�¥,
Å ¸¢¥·Ì¶·μ¢μ¤ÖÐ¥£μ ¸μ²¥´μ¨¤ ,
Å ¸¨¸É¥³Ò ±μ´É·μ²Ö É¥³¶¥· ÉÊ·Ò,
Å ¸¨¸É¥³Ò ¶¨É ´¨Ö ¨ Ê¶· ¢²¥´¨Ö ¸¢¥·Ì¶·μ¢μ¤ÖÐ¥£μ ¸μ²¥´μ¨¤ .

1. Š�ˆ�‘’�’ ‘ 4�¥

ƒ¥²¨¥¢Ò° ±·¨μ¸É É (·¨¸. 1) ¸μ¸Éμ¨É ¨§  §μÉ´μ° ¢ ´´Ò 4 ¨ ¤¢ÊÌ £¥²¨¥¢ÒÌ
¢ ´´ 6 ¨ 8. ‚¸¥ É·¨ ¢ ´´Ò ¨§£μÉμ¢²¥´Ò ¨§ ´¥·¦ ¢¥ÕÐ¥° ¸É ²¨ ¨ ¸³μ´-
É¨·μ¢ ´Ò ´  Í¥´É· ²Ó´μ° É·Ê¡¥ 3 μÉ± Î±¨ 3�¥. Š  §μÉ´μ° ¢ ´´¥ 4 (μ¡Ñ¥³
V = 18,5 ²) ¶·¨¸μ¥¤¨´¥´ £¥·³¥É¨Î´Ò° É·¥Ì¸¥±Í¨μ´´Ò° ³¥¤´Ò°  §μÉ´Ò°
Ô±· ´ 5, · §¤¥²ÖÕÐ¨° ¢ ±ÊÊ³´μ¥ ¶·μ¸É· ´¸É¢μ ±·¨μ¸É É  ´  ¢´¥Ï´ÕÕ ¨ ¢´Ê-
É·¥´´ÕÕ Î ¸É¨. ‚μ ¢´ÊÉ·¥´´¥° ¢ ±ÊÊ³´μ° Î ¸É¨ ±·¨μ¸É É  ´ Ìμ¤¨É¸Ö £¥²¨¥-
¢ Ö ¢ ´´  6 (μ¡Ñ¥³ V = 13 ²), · ¡μÉ ÕÐ Ö ¶·¨ 4,2 Š, ¸ £¥²¨¥¢Ò³ Ô±· ´μ³ 7.
‚´ÊÉ·¨ Ô±· ´  7 ´ Ìμ¤¨É¸Ö £¥²¨¥¢ Ö ¢ ´´  8 (μ¡Ñ¥³ V = 14 ²), μÉ± Î¨¢ ¥³ Ö
¶μ μÎ¥·¥¤¨ ¢ ±ÊÊ³´Ò³¨  £·¥£ É ³¨ �‚�-150(1) ¨²¨ ABP-150(2) ¤μ É¥³¶¥· -
ÉÊ·Ò 1,15 Š. Š ¢ ´´¥ 8 ¶·¨¸μ¥¤¨´¥´ ±μ¦ÊÌ ¸¢¥·Ì¶·μ¢μ¤ÖÐ¥£μ ¸μ²¥´μ¨¤  11.
‹¥£±μ · §¡¨· ¥³Ò¥ ¨´¤¨¥¢Ò¥ Ê¶²μÉ´¥´¨Ö ¶μ§¢μ²ÖÕÉ § ³¥´Ê ¸μ²¥´μ¨¤μ¢ ¢ § -
¢¨¸¨³μ¸É¨ μÉ É·¥¡μ¢ ´¨° Ô±¸¶¥·¨³¥´É .

ƒ¥²¨¥¢Ò¥ ¢ ´´Ò 6 ¨ 8 ¸μ¥¤¨´¥´Ò ³¥¦¤Ê ¸μ¡μ° Î¥·¥§ ¨£μ²ÓÎ ÉÒ° ¢¥´-
É¨²Ó 10, ·¥£Ê²¨·ÊÕÐ¨° ±μ²¨Î¥¸É¢μ ¶¥·¥²¨¢ ¥³μ£μ ¦¨¤±μ£μ £¥²¨Ö ¨§ ¢ ´´Ò 6
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¢ ¢ ´´Ê 8. Š ¢ ´´¥ 8 Î¥·¥§ ¨´¤¨¥¢μ¥ Ê¶²μÉ´¥´¨¥ ¶·¨±·¥¶²¥´ ³¥¤´Ò° ¢ ±ÊÊ³-
´Ò° Ô±· ´ 9 (¢ ±ÊÊ³´Ò° ¸É ± ´ ‚‘), Ö¢²ÖÕÐ¨°¸Ö ¢ ±ÊÊ³´μ° ·Ê¡ Ï±μ° ¤²Ö
¸ÉÊ¶¥´¨ · ¸É¢μ·¥´¨Ö.

� ·Ê¦´Ò° ±μ¦yx 2 ±·¨μ¸É É , ¨§£μÉμ¢²¥´´Ò° ¨§ ´¥·¦ ¢¥ÕÐ¥° ¸É ²¨, Å
· §¡μ·´Ò°, É·¥Ì¸¥±Í¨μ´´Ò°. ‘ Í¥²ÓÕ Ê³¥´ÓÏ¥´¨Ö ¶μÉ¥·¨ ´¥°É·μ´μ¢ ¢ ±·¨μ-

�¨¸. 1. ‘Ì¥³  ±·¨μ¸É É  · ¸É¢μ·¥´¨Ö 3He ¢ 4He ¸μ ¸¢¥·Ì¶·μ¢μ¤ÖÐ¨³ ¸μ²¥´μ¨¤μ³:
1 Å μ¸´μ¢´μ° Ë² ´¥Í; 2 Å ¢ ±ÊÊ³´Ò° ±μ¦ÊÌ; 3 Å Í¥´É· ²Ó´ Ö É·Ê¡  μÉ± Î±¨ 3He;
4 Å  §μÉ´ Ö ¢ ´´ ; 5 Å  §μÉ´Ò° Ô±· ´; 6 Å £¥²¨¥¢ Ö ¢ ´´ ; 7 Å £¥²¨¥¢Ò° Ô±· ´;
8 Å μÉ± Î¨¢ ¥³ Ö £¥²¨¥¢ Ö ¢ ´´ ; 9 Å £¥²¨¥¢Ò° Ô±· ´ ¸ÉÊ¶¥´¨ · ¸É¢μ·¥´¨Ö; 10 Å
±·¨μ¢¥´É¨²Ó; 11 Å ¸¢¥·Ì¶·μ¢μ¤ÖÐ¨° ¸μ²¥´μ¨¤; 12 Å  §μÉ´ Ö ²μ¢ÊÏ±  ¡Ê¸É¥·´μ£μ ´ -
¸μ¸  �‚	Œ-2,5; 13 Å ³ ¸²Ö´Ò° Ë¨²ÓÉ·; 14 Å ´ ¸μ¸ �‚ƒ-2; 15 Å Ê£μ²Ó´ Ö ²μ¢ÊÏ± ;
16 Å ¡ ²²μ´ ¤²Ö Ì· ´¥´¨Ö 3He; 17 Å ¡ ²²μ´ ¤²Ö Ì· ´¥´¨Ö ¸³¥¸¨ 3�¥Ä4�¥ ; 18 Å
¢ ´´  ¨¸¶ ·¥´¨Ö (‚ˆ); 19 Å É¥¶²μμ¡³¥´´¨±¨; 20 Å ¢ ´´  · ¸É¢μ·¥´¨Ö (‚�)
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¸É É¥ Ê¸É ´μ¢²¥´Ò £¥·³¥É¨Î´Ò¥ μ±´  ¨§ ¶² ¸É¨´μ± ´¥·¦ ¢¥ÕÐ¥° ¸É ²¨ Éμ²-
Ð¨´μ° 0,2 ³³ ¨ ¤¢ÊÌ Ë² ´Í¥¢ ¨§ ¸¶² ¢   ²Õ³¨´¨Ö �„, Ê³¥´ÓÏ¥´´ÒÌ ´  ¶ÊÉ¨
´¥°É·μ´μ¢ ¤μ Éμ²Ð¨´Ò 0,5 ³³.

�·¥¤¢ ·¨É¥²Ó´μ¥ μÌ² ¦¤¥´¨¥ ±·¨μ¸É É  μ¸ÊÐ¥¸É¢²Ö¥É¸Ö § ¶μ²´¥´¨¥³ ¢¸¥Ì
μ¡Ñ¥³μ¢ ¦¨¤±¨³  §μÉμ³, ±μÉμ·Ò° Ê¤ ²Ö¥É¸Ö ¶μ¸²¥ § Ìμ² ¦¨¢ ´¨Ö ¢¸¥Ì É¥¶²μ-
¢ÒÌ Ô±· ´μ¢ ¶¥·¥¤ ´ Î ²μ³ £¥²¨¥¢μ° § ²¨¢±¨. �§μÉ´μ¥ μÌ² ¦¤¥´¨¥ ±·¨μ¸É É 
±μ´É·μ²¨·Ê¥É¸Ö Ê£μ²Ó´Ò³¨ ·¥§¨¸Éμ· ³¨ É¨¶  ’‚� [2]. „²Ö μÌ² ¦¤¥´¨Ö ±·¨μ-
¸É É  ¤μ  §μÉ´μ° É¥³¶¥· ÉÊ·Ò É·¥¡Ê¥É¸Ö 80 ² ¦¨¤±μ£μ  §μÉ  ¨ 8 Î ¢·¥³¥´¨.
� ¸Ìμ¤ ¦¨¤±μ£μ  §μÉ  ¢ · ¡μÎ¥³ ·¥¦¨³¥ ±·¨μ¸É É  Å 0,8 ²/Î. „²Ö μÌ² ¦¤¥-
´¨Ö ±·¨μ¸É É  ¤μ £¥²¨¥¢μ° É¥³¶¥· ÉÊ·Ò É·¥¡Ê¥É¸Ö 40 ² ¦¨¤±μ£μ �¥ ¨ 6 Î
¢·¥³¥´¨. � ¸Ìμ¤ ¦¨¤±μ£μ 4�¥ ¢ ¸É Í¨μ´ ·´μ³ ·¥¦¨³¥ · ¡μÉÒ ±·¨μ¸É É  Å
0,8 ²/Î. „²Ö μÌ² ¦¤¥´¨Ö ¸ÉÊ¶¥´¨ · ¸É¢μ·¥´¨Ö ¤μ £¥²¨¥¢μ° É¥³¶¥· ÉÊ·Ò ¨¸-
¶μ²Ó§Ê¥É¸Ö μ¡³¥´´Ò° £ § �¥ ¶μ¤ ¤ ¢²¥´¨¥³ 20 �  ¨ É·¥¡Ê¥É¸Ö 15 Î ¢·¥³¥´¨.
�¥·¥¤ ´ Î ²μ³ ±μ´¤¥´¸ Í¨¨ ¸³¥¸¨ 3He/4He μ¡³¥´´Ò° £ § Ê¤ ²Ö¥É¸Ö ¨§ ‚‘.

’¥³¶¥· ÉÊ·  ¢ μ¤´μ£· ¤Ê¸´μ° £¥²¨¥¢μ° ¢ ´´¥ μ¶·¥¤¥²Ö¥É¸Ö ±μ³¶·¥¸¸¨μ´-
´Ò³ ³ ´μ³¥É·μ³ Œ ±-‹¥μ¤ . “·μ¢¥´Ó ¦¨¤±μ£μ 4�¥ ¢ £¥²¨¥¢ÒÌ ¢ ´´ Ì μ¶·¥-
¤¥²Ö¥É¸Ö ¸ ¨¸¶μ²Ó§μ¢ ´¨¥³ Ê£μ²Ó´ÒÌ ¸μ¶·μÉ¨¢²¥´¨° �ll¥n Bradley, ¸μ¡· ´´ÒÌ
¶μ ¸Ì¥³¥ ‹ ¢·¥´ÉÓ¥¢ Ä—Ê· ±μ¢  [3].

2. ‘ˆ‘’…Œ� –ˆ�Š“‹Ÿ–ˆˆ 3�¥
ˆ ‘’“�…�ˆ ��‘’‚��…�ˆŸ 3�¥ ‚ 4�¥

‘¨¸É¥³  Í¨·±Ê²ÖÍ¨¨ 3�¥ ¸μ¡· ´  ´  ¡ §¥ ¢ ±ÊÊ³´μ£μ ¡Ê¸É¥·´μ£μ ¶ -
·μ³ ¸²Ö´μ£μ ´ ¸μ¸  �‚	Œ-2,5 ¶·μ¨§¢μ¤¨É¥²Ó´μ¸ÉÓÕ 2500 ²/¸, ¢ ±ÊÊ³´μ£μ
·μÉ Í¨μ´´μ£μ  £·¥£ É  �‚�-50 ¶·μ¨§¢μ¤¨É¥²Ó´μ¸ÉÓÕ 50 ²/¸ ¨ £¥·³¥É¨Î´μ£μ
³¥Ì ´¨Î¥¸±μ£μ ´ ¸μ¸  �‚ƒ-2, ¢±²ÕÎ¥´´ÒÌ ¶μ¸²¥¤μ¢ É¥²Ó´μ (·¨¸. 1). �É  ´ -
¸μ¸´ Ö £·Ê¶¶  μ¡¥¸¶¥Î¨¢ ¥É ¸±μ·μ¸ÉÓ Í¨·±Ê²ÖÍ¨¨ 3He ṅ = 1, 07 ·10−3 ³μ²Ó/¸.
„²Ö ¶·¥¤μÉ¢· Ð¥´¨Ö ¶μ¶ ¤ ´¨Ö ³ ¸²  μÉ ´ ¸μ¸  �‚	Œ-2,5 ¢ Ìμ²μ¤´ÊÕ Î ¸ÉÓ
É· ±É  μÉ± Î±¨ 3�¥ ¨¸¶μ²Ó§Ê¥É¸Ö  §μÉ´ Ö ²μ¢ÊÏ±  12, · ¸¶μ²μ¦¥´´ Ö ´¥-
¶μ¸·¥¤¸É¢¥´´μ ´ ¤ ¢Ìμ¤´Ò³ Ë² ´Í¥³ ´ ¸μ¸  �‚	Œ-2,5. „²Ö μÎ¨¸É±¨ ¢μ§-
¢· Ð ¥³μ£μ ¢ ±·¨μ¸É É μÉ ¶ ·μ¢ ¶·μ¤Ê±Éμ¢ · §²μ¦¥´¨Ö ³ ¸²  ¨ ´¥¡μ²ÓÏμ£μ
±μ²¨Î¥¸É¢  ¢μ§¤ÊÌ , ¶μ¶ ¤ ÕÐ¥£μ ¢ ¸¨¸É¥³Ê ¨§-§  ¢μ§³μ¦´μ° ´¥£¥·³¥É¨Î´μ-
¸É¨, ¸²Ê¦ É μÌ² ¦¤¥´´ Ö ¦¨¤±¨³  §μÉμ³ ¢´¥Ï´ÖÖ Ê£μ²Ó´ Ö ²μ¢ÊÏ±  13,  
É ±¦¥ Ë¨²ÓÉ·Ò ¨§ ¸¶¥Î¥´´μ£μ ³¥¤´μ£μ ¶μ·μÏ±  ´  ²¨´¨ÖÌ ¶μ¤ Î¨ 3�¥, Ê¸É -
´μ¢²¥´´Ò¥ ³¥¦¤Ê ¢ ´´ ³¨ 6 ¨ 8. ’ ± Ö ¸¨¸É¥³  μÎ¨¸É±¨ ¶·¥¤μÉ¢· Ð ¥É
¡²μ±¨·μ¢ ´¨¥ ²¨´¨¨ ¢μ§¢· É  3�¥.

�μ¸²¥ μ±μ´Î ´¨Ö Í¨±²  · ¡μÉÒ ¸³¥¸Ó 3He/4He ¤²Ö Ì· ´¥´¨Ö § ± Î¨¢ ¥É¸Ö
¢ ¡ ²²μ´ 17 Î¥·¥§ Ê£μ²Ó´ÊÕ ²μ¢ÊÏ±Ê 15 £¥·³¥É¨§¨·μ¢ ´´Ò³ ´ ¸μ¸μ³ �‚ƒ-2.

ƒ §μμ¡· §´Ò° 3�¥ ¶μ¸ÉÊ¶ ¥É ¢ ±·¨μ¸É É ¶μ ¤¢Ê³ ´¥§ ¢¨¸¨³Ò³ ²¨´¨Ö³
¢μ§¢· É  I ¨ II (·¨¸. 2). �μ ²¨´¨Ö³ ¢μ§¢· É  3�¥ ¶·μÌμ¤¨É Î¥·¥§ É·Ê¡Î -
ÉÒ¥ É¥¶²μμ¡³¥´´¨±¨, · ¸¶μ²μ¦¥´´Ò¥ ´  ¤μ´ÓÖÌ  §μÉ´μ£μ 4 ¨ £¥²¨¥¢ÒÌ 6
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¨ 8 ¢ ´´ (·¨¸. 1). „¨ ³¥É· ³¥¤´ÒÌ É·Ê¡μ± É¥¶²μμ¡³¥´´¨±μ¢ 6×0, 5; 4×0, 5 ¨
3×0, 3 ³³ ¸μμÉ¢¥É¸É¢¥´´μ. �μ¸²¥ ±μ´¤¥´¸ Í¨¨ ¢ É·Ê¡Î ÉÒÌ É¥¶²μμ¡³¥´´¨± Ì
¢ ´´Ò 8 3�¥ ¶·μÌμ¤¨É Î¥·¥§ ¤·μ¸¸¥²¨ D1 ¨ D2 ¨ ¶μ¸ÉÊ¶ ¥É ¢ É¥¶²μμ¡³¥´-
´¨±, ¶μ³¥Ð¥´´Ò° ´  ¤´¥ ¢ ´´Ò ¨¸¶ ·¥´¨Ö (·¨¸. 2). ˆ³¶¥¤ ´¸ ¤·μ¸¸¥²Ö D1

z = 109 ¸³−3,   ¤·μ¸¸¥²Ö D2 Å z = 1011 ¸³−3. �·¨ ±μ´¤¥´¸ Í¨¨ ¸³¥¸¨
¨¸¶μ²Ó§ÊÕÉ¸Ö μ¡¥ ²¨´¨¨ ¶μ¤ Î¨ 3�¥, ¶μ¸²¥ Î¥£μ ²¨´¨Ö I ¶¥·¥±·Ò¢ ¥É¸Ö.

‚ ¢ ´´¥ ¨¸¶ ·¥´¨Ö ¶μ³¥Ð¥´Ò ´ £·¥¢ É¥²Ó, ¸²Ê¦ Ð¨° ¤²Ö ·¥£Ê²¨·μ¢±¨
¸±μ·μ¸É¨ Í¨·±Ê²ÖÍ¨¨ 3�¥, ¨ É¥·³μ³¥É·Ò ¤²Ö ¨§³¥·¥´¨Ö É¥³¶¥· ÉÊ·Ò ¢ ´´Ò.
„²Ö ¶μ¤ ¢²¥´¨Ö ¸¢¥·ÌÉ¥±ÊÎ¥° ¶²¥´±¨ 4�¥ ´  ¢ÒÌμ¤¥ ¢ ´´Ò ¨¸¶ ·¥´¨Ö ¶·¨¶ -
Ö´  ¶μ²¨·μ¢ ´´ Ö ¤¨ Ë· £³  ¨§ ´¥·¦ ¢¥ÕÐ¥° ¸É ²¨. ‚ÒÌμ¤Ö ¨§ É¥¶²μμ¡³¥´-
´¨±  ¢ ´´Ò ¨¸¶ ·¥´¨Ö, 3�¥ ¶μ¸ÉÊ¶ ¥É ¢ ¸¨¸É¥³Ê ´¥¶·¥·Ò¢´ÒÌ ¨ ¤¨¸±·¥É´ÒÌ
É¥¶²μμ¡³¥´´¨±μ¢ (·¨¸. 2,  , ¡). ‚ ·¥Ë·¨¦¥· Éμ·¥ ¨¸¶μ²Ó§μ¢ ´Ò Ï¥¸ÉÓ É¥¶²μ-
μ¡³¥´´¨±μ¢,  ´ ²μ£¨Î´ÒÌ μ¶¨¸ ´´Ò³ ¢ [4]: ´¥¶·¥·Ò¢´Ò¥ ¢¨ÉÒ¥ É¥¶²μμ¡³¥´-

�¨¸. 2. ‘Ì¥³  ( ) ¨ μ¡Ð¨° ¢¨¤ (¡) ¸ÉÊ¶¥´¨ · ¸É¢μ·¥´¨Ö 3�¥ ¢ 4�¥. 1 Å ¢ ´´  ¨¸¶ ·¥-
´¨Ö; 2 Å É¥¶²μμ¡³¥´´¨± ¢ ´´Ò ¨¸¶ ·¥´¨Ö; 3 Å ´¥¶·¥·Ò¢´Ò° É·Ê¡Î ÉÒ° É¥¶²μμ¡³¥´-
´¨±; 4 Å ´¥¶·¥·Ò¢´Ò° ¸¶¥Î¥´´Ò° É¥¶²μμ¡³¥´´¨±; 5 Å ¤¨¸±·¥É´Ò° É¥¶²μμ¡³¥´´¨± ¨§
¸¶¥Î¥´´μ£μ ³¥¤´μ£μ ¶μ·μÏ± ; 6 Å ¤¨c±·¥É´Ò¥ É¥¶²μμ¡³¥´´¨±¨ ¨§ ¸¶¥Î¥´´μ£μ ¸¥·¥-
¡·Ö´μ£μ ¶μ·μÏ± ; 7 Å ¢ ´´  · ¸É¢μ·¥´¨Ö; 8 Å Ë¥··μ³ £´¨É´Ò° ·¥§μ´ Éμ· ´¥°É·μ´μ¢
¸ ¶μ²Ö·¨§μ¢ ´´μ° Ö¤¥·´μ° ³¨Ï¥´ÓÕ
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´¨±¨ 3 ¨ 4 (É·Ê¡Î ÉÒ° ¨ ¸¶¥Î¥´´Ò°), ¤¨¸±·¥É´Ò° É¥¶²μμ¡³¥´´¨± 5 ¨§ ¸¶¥-
Î¥´´μ£μ ³¥¤´μ£μ ¶μ·μÏ± , É·¨ ¤¨¸±·¥É´ÒÌ É¥¶²μμ¡³¥´´¨±  6 ¨§ ¸¶¥Î¥´´μ£μ
¸¥·¥¡·Ö´μ£μ ¶μ·μÏ±  (·¨¸. 3,  , ¡).

�¨¸. 3. ‘Ì¥³  ( ) ¨ μ¡Ð¨° ¢¨¤ (¡) ¤¨¸±·¥É´μ£μ ¸¥·¥¡·Ö´μ£μ É¥¶²μμ¡³¥´´¨± 

„¨¸±·¥É´Ò¥ É¥¶²μμ¡³¥´´¨±¨ ±μ³¶ ±É´Ò¥, ¨³¥ÕÉ ¡μ²ÓÏÊÕ ¶²μÐ ¤Ó É¥-
¶²μμ¡³¥´  ¨ ³ ²Ò° ¨³¶¥¤ ´¸ z. ‚¸¥ μ´¨ ¸μ¡· ´Ò ¨§ ¤¥É ²¥° Ê´¨Ë¨Í¨·μ¢ ´-
´μ° ±μ´¸É·Ê±Í¨¨: ¤¨¸±  ¨ ¤¢ÊÌ ±·ÒÏ¥± ¨§ ¡¥¸±¨¸²μ·μ¤´μ° ³¥¤¨, ¸¶ Ö´´ÒÌ
³¥¦¤Ê ¸μ¡μ° μ²μ¢Ö´´Ò³ ¶·¨¶μ¥³. ‚ É¥¶²μμ¡³¥´´¨±¥ 5 ´  μ¡¥ ¸Éμ·μ´Ò ¤¨¸± 
´ ¶¥Î¥´ ³¥¤´Ò° ¶μ·μÏμ± (· §³¥· §¥·´  10Ä40 ³±³) ¸²μ¥³ 2 ³³, ÎÉμ ¸μμÉ¢¥É-
¸É¢Ê¥É · ¸Î¥É´μ° ¶²μÐ ¤¨ É¥¶²μμ¡³¥´  0,75 ³2 ¸ ± ¦¤μ° ¸Éμ·μ´Ò. ‚ É¥¶²μ-
μ¡³¥´´¨± Ì 6 ¨¸¶μ²Ó§μ¢ ´ ¸¥·¥¡·Ö´Ò° ¶μ·μÏμ± ¸ · §³¥·μ³ §¥·¥´ 0,15 ³±³
(Î¨¸ÉμÉ  99,99 %). Œ¥´ÖÖ £¥μ³¥É·¨Î¥¸±¨¥ · §³¥·Ò ¨ Éμ²Ð¨´Ê ´ ¶¥Î¥´´μ£μ
¸²μÖ ¶μ·μÏ± , ³μ¦´μ ¶μ²ÊÎ ÉÓ É¥¶²μμ¡³¥´´¨±¨ ¸ · §´μ° ¶²μÐ ¤ÓÕ É¥¶²μμ¡-
³¥´ . ‚ ¨§£μÉμ¢²¥´´ÒÌ É¥¶²μμ¡³¥´´¨± Ì 6 · ¸Î¥É´ Ö ¶²μÐ ¤Ó ¶μ¢¥·Ì´μ¸É¨
´ ¶¥Î¥´´μ£μ ¶μ·μÏ±  ´  ± ¦¤μ° ¸Éμ·μ´¥ ¤¨¸±  ¸μ¸É ¢²Ö¥É 5; 7,5 ¨ 10 ³2.

ˆ§ ¶μ¸²¥¤´¥£μ É¥¶²μμ¡³¥´´¨±  3�¥ ¶μ¸ÉÊ¶ ¥É ¢ ¢ ´´Ê · ¸É¢μ·¥´¨Ö 7, £¤¥
¶·μ¨¸Ìμ¤¨É ¶¥·¥Ìμ¤  Éμ³μ¢ 3�¥ ¨§ ±μ´Í¥´É·¨·μ¢ ´´μ° Ë §Ò ¢ · ¸É¢μ· 3�¥Ä
4�¥, É. ¥. ¶·μ¨¸Ìμ¤¨É · ¸É¢μ·¥´¨¥ 3�¥ ¢ 4�¥, ¸μ¶·μ¢μ¦¤ ¥³μ¥ ¶μ£²μÐ¥´¨¥³
É¥¶² . �μ¤ ¤¥°¸É¢¨¥³ · §´μ¸É¨ μ¸³μÉ¨Î¥¸±¨Ì ¤ ¢²¥´¨° 3�¥ ¤¨ËËÊ´¤¨·Ê¥É
Î¥·¥§ É¥¶²μμ¡³¥´´¨±¨ μÉ ± ³¥·Ò · ¸É¢μ·¥´¨Ö 7 ± ± ³¥·¥ ¨¸¶ ·¥´¨Ö 2, ¨§
±μÉμ·μ° ¶·μ¨§¢μ¤¨É¸Ö ¥£μ μÉ± Î± .

‚ ´´  · ¸É¢μ·¥´¨Ö ¶μ³¥Ð¥´  ¢ · ¡μÎ¥³ μ¡Ñ¥³¥ ¸¢¥·Ì¶·μ¢μ¤ÖÐ¥£μ ¸μ²¥-
´μ¨¤  ¨ ¸ ¶μ³μÐÓÕ É¥±¸Éμ²¨Éμ¢ÒÌ ¨£μ²μ± ¨§μ²¨·μ¢ ´  μÉ ¸É¥´μ± ¸μ²¥´μ¨¤ .
Šμ´¸É·Ê±Í¨Ö ¢ ´´Ò · ¸É¢μ·¥´¨Ö (·¨¸. 4) ²¥£±μ · §¡¨· ¥³ Ö. ‡ £²ÊÏ±  2 ¸
¶μ³μÐÓÕ ¨´¤¨¥¢μ£μ Ê¶²μÉ´¥´¨Ö £¥·³¥É¨§¨·Ê¥É ¢´ÊÉ·¥´´¨° μ¡Ñ¥³ ¢ ´´Ò. ‚
¢ ´´¥ ¸μ¡· ´Ò: Ë¥··μ³ £´¨É´Ò° ·¥§μ´ Éμ· ´¥°É·μ´μ¢ ¸ μ¡· §Íμ³ 6, ·¥§μ´ -
Éμ· ŸŒ� 5, É¥³¶¥· ÉÊ·´Ò¥ ¤ ÉÎ¨±¨ 4 ¨ ´ £·¥¢ É¥²Ó 7. 	² £μ¤ ·Ö ¸¨²ÓËμ´Ê 3
§ £²ÊÏ±¨ ¶·¨¦¨³ ÕÉ¸Ö ± μ¡· §ÍÊ, μ¡¥¸¶¥Î¨¢ Ö ´¥§´ Î¨É¥²Ó´Ò¥ ¶μÉ¥·¨ ¨´-
É¥´¸¨¢´μ¸É¨ ´¥°É·μ´μ¢ ¨§-§  ¨Ì ¶μ£²μÐ¥´¨Ö Ö¤· ³¨ 3�¥. ’ ± ± ± μ¡· §¥Í
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�¨¸. 4. ‘Ì¥³  ¢ ´´Ò · ¸É¢μ·¥´¨Ö: 1 Å § £²ÊÏ± ; 2 Å ±μ·¶Ê¸; 3 Å ¸¨²ÓËμ´; 4 Å É¥³-
¶¥· ÉÊ·´Ò¥ ¤ ÉÎ¨±¨; 5 Å ŸŒ�-·¥§μ´ Éμ·; 6 Å Ë¥··μ³ £´¨É´Ò° ·¥§μ´ Éμ· ´¥°É·μ´μ¢
¸ μ¡· §Íμ³; 7 Å ´ £·¥¢ É¥²Ó; 8 Å Í¥´É·ÊÕÐ Ö É·Ê¡ -§ £²ÊÏ± 

´ Ìμ¤¨É¸Ö ¢ · ¸É¢μ·¥, μ´ ¨³¥¥É É¥³¶¥· ÉÊ·Ê · ¸É¢μ·  (μÉ¸ÊÉ¸É¢Ê¥É ¸± Îμ±
Š ¶¨ÍÒ, ¶μ¸±μ²Ó±Ê ¢ μ¡· §Í¥ ´¥É § ³¥É´μ£μ É¥¶²μ¢Ò¤¥²¥´¨Ö).

’¥³¶¥· ÉÊ·  ¢ ¢ ´´¥ · ¸É¢μ·¥´¨Ö T = 23 ³Š ¶·¨ ¸±μ·μ¸É¨ Í¨·±Ê²ÖÍ¨¨
3�¥ ṅ = 1,07 · 10−3 ³μ²Ó/¸. �  ·¨¸. 5 ¶μ± § ´  § ¢¨¸¨³μ¸ÉÓ Ìμ²μ¤μ¶·μ¨§-
¢μ¤¨É¥²Ó´μ¸É¨ ·¥Ë·¨¦¥· Éμ·  · ¸É¢μ·¥´¨Ö μÉ É¥³¶¥· ÉÊ·Ò, ¨§³¥·¥´´ Ö ¶·¨
¸±μ·μ¸É¨ Í¨·±Ê²ÖÍ¨¨ 3He ṅ = 1,07 · 10−3 ³μ²Ó/¸.

�¨¸. 5. ‡ ¢¨¸¨³μ¸ÉÓ Ìμ²μ¤μ¶·μ¨§¢μ¤¨É¥²Ó´μ¸É¨ ±·¨μ¸É É  μÉ É¥³¶¥· ÉÊ·Ò ¶·¨ ¸±μ·μ-
¸É¨ Í¨·±Ê²ÖÍ¨¨ 3He ṅ = 1,07 · 10−3 ³μ²Ó/¸

3. ‘‚…�•���‚�„Ÿ™ˆ… ‘�‹…��ˆ„›

„²Ö Ê¸É ´μ¢±¨ ¸μ§¤ ´Ò ¨ ¨¸¶ÒÉ ´Ò ¤¢  ¸¢¥·Ì¶·μ¢μ¤ÖÐ¨Ì ¸μ²¥´μ¨¤ , ±μ-
Éμ·Ò¥ ¶μμÎ¥·¥¤´μ Î¥·¥§ ¨´¤¨¥¢Ò¥ Ê¶²μÉ´¥´¨Ö ²¥£±μ ³μ¦´μ ¶·¨¸μ¥¤¨´¨ÉÓ ±
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μ¤´μ£· ¤Ê¸´μ° £¥²¨¥¢μ° ¢ ´´¥ 8 ±·¨μ¸É É  (·¨¸. 1). ‚ § ¢¨¸¨³μ¸É¨ μÉ É·¥¡μ-
¢ ´¨Ö Ô±¸¶¥·¨³¥´É  Ê¸É ´ ¢²¨¢ ¥É¸Ö ´Ê¦´Ò° ¸μ²¥´μ¨¤. �´¨ μÉ²¨Î ÕÉ¸Ö ¶μ
¢¥²¨Î¨´¥ ´ ¶·Ö¦¥´´μ¸É¨ ³ £´¨É´μ£μ ¶μ²Ö H ¨ μ¤´μ·μ¤´μ¸É¨ ¶μ²Ö ΔH/H .
“¸²μ¢´μ ¨Ì μ¡μ§´ Î¨³ Î¥·¥§ I ¨ II.

‘μ²¥´μ¨¤ I ¸ ±μ··¥±É¨·ÊÕÐ¨³¨ ± ÉÊÏ± ³¨ (·¨¸. 6) ´ ³μÉ ´ ¨§ ¸¢¥·Ì-
¶·μ¢μ¤ÖÐ¥£μ ± ¡¥²Ö ³ ·±¨ ‘�’…-2 ¤¨ ³¥É·μ³ 0,51 ³³. ‘¢¥·Ì¶·μ¢μ¤ÖÐ Ö
± ÉÊÏ±  ¶μ³¥Ð¥´  ¢ £¥·³¥É¨Î´μ³ ±μ·¶Ê¸¥ ¨§ ´¥·¦ ¢¥ÕÐ¥° ¸É ²¨.

� · ³¥É·Ò ¸μ²¥´μ¨¤ :
Å ¶μ¸ÉμÖ´´ Ö ¸μ²¥´μ¨¤  K = 622, 8 �/�,
Å ¶·¨ É¥³¶¥· ÉÊ·¥ T = 1,18 Š ±·¨É¨Î¥¸±¨° Éμ± Ic = 96,5 A, Î¥³Ê ¸μμÉ¢¥É-
¸É¢Ê¥É ³ £´¨É´μ¥ ¶μ²¥ H = 60023 �;
Å μ¤´μ·μ¤´μ¸ÉÓ ³ £´¨É´μ£μ ¶μ²Ö ¢ Í¥´É·¥ ¸μ²¥´μ¨¤  ¢ ¸Ë¥·¥ ¤¨ ³¥É·μ³
14 ³³ ΔH/H = 2, 4 · 10−4.

�¨¸. 6. ‘Ì¥³  ¸¢¥·Ì¶·μ¢μ¤ÖÐ¥£μ ¸μ²¥´μ¨¤  I

‘μ²¥´μ¨¤ II ¸ ±μ··¥±É¨·ÊÕÐ¨³¨ ± ÉÊÏ± ³¨ (·¨¸. 7) ´ ³μÉ ´ ¨§ ¸¢¥·Ì-
¶·μ¢μ¤ÖÐ¥° ¶·μ¢μ²μ±¨ ³ ·±¨ �’-50 ¤¨ ³¥É·μ³ 0,7 ³³.

‘¢¥·Ì¶·μ¢μ¤ÖÐ Ö ± ÉÊÏ±  ¶μ³¥Ð¥´  ¢ £¥·³¥É¨Î´μ³ ±μ·¶Ê¸¥ ¨§ ¸¶² ¢ 
 ²Õ³¨´¨Ö �„.

� · ³¥É·Ò ¸μ²¥´μ¨¤ :
Å ¶μ¸ÉμÖ´´ Ö ¸μ²¥´μ¨¤  K = 440 �/�;
Å ¶·¨ É¥³¶¥· ÉÊ·¥ T = 4,2 Š ±·¨É¨Î¥¸±¨° Éμ± Ic=151,6 A ¨, ¸μμÉ¢¥É¸É¢¥´´μ,
´ ¶·Ö¦¥´´μ¸ÉÓ ³ £´¨É´μ£μ ¶μ²Ö H = 6600 �. ‘ μÉ± Î±μ° ¶ ·μ¢ £¥²¨Ö ´ ¶·Ö-
¦¥´´μ¸ÉÓ ³ £´¨É´μ£μ ¶μ²Ö ³μ¦¥É ¡ÒÉÓ Ê¢¥²¨Î¥´ .
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�¨¸. 7. ‘Ì¥³  ¸¢¥·Ì¶·μ¢μ¤ÖÐ¥£μ ¸μ²¥´μ¨¤  II

4. ‘ˆ‘’…Œ� Š��’��‹Ÿ ’…Œ�…��’“�›, �ˆ’��ˆŸ ˆ
“���‚‹…�ˆŸ ‘‚…�•���‚�„Ÿ™…ƒ� ‘�‹…��ˆ„�

„²Ö ±μ´É·μ²Ö É¥³¶¥· ÉÊ·Ò ¢ ‚� Ê¸É ´μ¢²¥´Ò É¥³¶¥· ÉÊ·´Ò¥ ¤ ÉÎ¨±¨:
Å £· ¤Ê¨·μ¢ ´´Ò° É¥·³μ³¥É· ¨§ μ±¸¨¤  ·ÊÉ¥´¨Ö RX-202A-AA Ë¨·³Ò Lace Shore;
Å £· ¤Ê¨·μ¢ ´´μ¥ Ê£μ²Ó´μ¥ ¸μ¶·μÉ¨¢²¥´¨¥ Speer R = 100Ω;
Å ´¥£· ¤Ê¨·μ¢ ´´Ò° É¥·³μ³¥É· Ë¨·³Ò Mitsubhiti.

‚ ‚� Ê¸É ´μ¢²¥´ É ±¦¥ ´ £·¥¢ É¥²Ó ¤²Ö ¡Ò¸É·μ£μ Ê¤ ²¥´¨Ö · ¸É¢μ·  ¨
¤²Ö μ¶·¥¤¥²¥´¨Ö Ìμ²μ¤μ¶·μ¨§¢μ¤¨É¥²Ó´μ¸É¨ ·¥Ë·¨¦¥· Éμ· .

�  ¢ÒÌμ¤¥ É¥¶²μμ¡³¥´´¨±μ¢ Ê¸É ´μ¢²¥´μ £· ¤Ê¨·μ¢ ´´μ¥ Ê£μ²Ó´μ¥ ¸μ¶·μ-
É¨¢²¥´¨¥ Speer R = 100Ω. ‚ ‚ˆ Ê¸É ´μ¢²¥´Ò ´¥£· ¤Ê¨·μ¢ ´´Ò° ·¥§¨¸Éμ·
�ll¥n Bradley ¨ £· ¤Ê¨·μ¢ ´´Ò° Ê£μ²Ó´Ò° ·¥§¨¸Éμ· ³ ·±¨ 28
-42.
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„²Ö ±μ´É·μ²Ö É¥³¶¥· ÉÊ·Ò ¸μ§¤ ´ ³´μ£μ± ´ ²Ó´Ò° ¨§³¥·¨É¥²Ó ¸μ¶·μÉ¨-
¢²¥´¨° ´¨§±μÉ¥³¶¥· ÉÊ·´ÒÌ É¥·³μ·¥§¨¸Éμ·μ¢. ˆ§³¥·¨É¥²Ó ¢Ò¶μ²´¥´ ¢ ¸É ´-
¤ ·É¥ Š�Œ�Š ¨ Ê¶· ¢²Ö¥É¸Ö ¶¥·¸μ´ ²Ó´Ò³ ±μ³¶ÓÕÉ¥·μ³.

’¥Ì´¨Î¥¸±¨¥ Ì · ±É¥·¨¸É¨±¨ ¨§³¥·¨É¥²Ö:
Å Î¨¸²μ ¨§³¥·Ö¥³ÒÌ ± ´ ²μ¢ 12
Å · ¡μÎ¨° ¤¨ ¶ §μ´ ¨§³¥·Ö¥³ÒÌ ¸μ¶·μÉ¨¢²¥´¨°, �³ 102−106

Å ¤¨ ¶ §μ´ ¨§³¥·¨É¥²Ó´ÒÌ Éμ±μ¢, � 10−7−10−10

Å ¶μ£·¥Ï´μ¸ÉÓ ¨§³¥·¥´¨Ö ¸μ¶·μÉ¨¢²¥´¨Ö ¢ · ¡μÎ¥³
¤¨ ¶ §μ´¥ ¶·¨ ¶μ¤¢μ¤¨³μ° ³μÐ´μ¸É¨, %

10−10 ‚É 2
10−12 ‚É 3
10−14 ‚É 5

Å ¢·¥³Ö ¨§³¥·¥´¨Ö ¶μ μ¤´μ³Ê ± ´ ²Ê, ³¸ 60
„²Ö ¶¨É ´¨Ö ¸¢¥·Ì¶·μ¢μ¤ÖÐ¨Ì ¸μ²¥´μ¨¤μ¢ ¸μ§¤ ´ ¸É ¡¨²¨§¨·μ¢ ´´Ò° ¨¸-

ÉμÎ´¨± ¶μ¸ÉμÖ´´μ£μ Éμ±  �ˆ‘’-110, ±μÉμ·Ò° Ê¶· ¢²Ö¥É¸Ö Î¥·¥§ ¶μ¸²¥¤μ-
¢ É¥²Ó´Ò° ¶μ·É ¶¥·¸μ´ ²Ó´μ£μ ±μ³¶ÓÕÉ¥· . ‚¸É·μ¥´´Ò° ¢ ¨¸ÉμÎ´¨± ³μ¤Ê²Ó
Ê¶· ¢²¥´¨Ö ¶μ§¢μ²Ö¥É ¨§³¥´ÖÉÓ ¢ÒÌμ¤´μ° Éμ± ¨¸ÉμÎ´¨±  ¢ ¤¨ ¶ §μ´¥ 0Ä110 �
¸ ÉμÎ´μ¸ÉÓÕ 5 ³�.

‡�Š‹�—…�ˆ…

‚ § ±²ÕÎ¥´¨¥ ³μ¦´μ ±μ´¸É É¨·μ¢ ÉÓ, ÎÉμ ¸μ§¤ ´  Ê¸É ´μ¢±  ®�μ²Ö·¨-
§μ¢ ´´ Ö Ö¤¥·´ Ö ³¨Ï¥´Ó¯, ¶μ§¢μ²ÖÕÐ Ö μ·¨¥´É¨·μ¢ ÉÓ Ö¤·  ¡μ²ÓÏ¨´¸É¢ 
Ô²¥³¥´Éμ¢ ¶¥·¨μ¤¨Î¥¸±μ° ¸¨¸É¥³Ò.

�¢Éμ·Ò ¢Ò· ¦ ÕÉ ¡² £μ¤ ·´μ¸ÉÓ 
. ƒ. �¡μ¢Ê ¨ ‚.‹.�±¸¥´μ¢Ê §  ¶μ-
¸ÉμÖ´´μ¥ ¢´¨³ ´¨¥ ± · ¡μÉ¥ ¨ Ë¨´ ´¸μ¢ÊÕ ¶μ¤¤¥·¦±Ê. ŒÒ ¡² £μ¤ ·¨³
	.�. �μ¤¨μ´μ¢ , ‘.ˆ.�¥£μ¢¥²μ¢ , 
. „. Œ ·¥¥¢ , ’. ‹.�¨±¥²Ó´¥·,
ˆ.Œ.‘ ² ³ É¨´ , �.”.�·ÊÉ±μ£²Ö¤ , ‚.Œ.Œ¨Ï Î¥¢ , 
.ˆ.Šμ·μÉ ¥¢ , μ± -
§ ¢Ï¨Ì ¡μ²ÓÏÊÕ ¶μ³μÐÓ ¢ ¸μ§¤ ´¨¨ Ê¸É ´μ¢±¨.

� ¡μÉ  ¢Ò¶μ²´¥´  ¶·¨ Ë¨´ ´¸μ¢μ° ¶μ¤¤¥·¦±¥ £· ´É  INTAS Ref. No.: 00-
00043 ¨ ´ ¶· ¢²¥´¨Ö ®�¥°É·μ´´Ò¥ ¨¸¸²¥¤μ¢ ´¨Ö¯ ƒ�’� ®�±ÉÊ ²Ó´Ò¥ ´ ¶· -
¢²¥´¨Ö ¢ Ë¨§¨±¥ ±μ´¤¥´¸¨·μ¢ ´´ÒÌ ¸·¥¤¯.

‹ˆ’…��’“��
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