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ˆ§² £ ÕÉ¸Ö ³¥Éμ¤¨±  ¨ ·¥§Ê²ÓÉ ÉÒ Ô±¸¶¥·¨³¥´É  ¶μ μ¶·¥¤¥²¥´¨Õ ¸¶¥±É·  Ìμ²μ¤´ÒÌ ´¥°É·μ´μ¢
¨§ É¢¥·¤μ£μ ³¥§¨É¨²¥´  ¶·¨ É¥³¶¥· ÉÊ· Ì § ³¥¤²¨É¥²Ö 10Ä50 Š. � ¡μÉ  ¶·μ¢μ¤¨² ¸Ó ´  ¸¶¥±É·μ-
³¥É·¥ „ˆ�-2�ˆ ·¥ ±Éμ·  ˆ	�-2. –¥²ÓÕ · ¡μÉÒ ¡Ò²  ¶·μ¢¥·±  ¸¨¸É¥³Ò ±μ´¸É ´É, ¨¸¶μ²Ó§Ê¥³μ°
¶·¨ ³μ´É¥-± ·²μ-³μ¤¥²¨·μ¢ ´¨¨ ±·¨μ£¥´´ÒÌ § ³¥¤²¨É¥²¥° ´¥°É·μ´μ¢ ·¥ ±Éμ·  ˆ	�-2Œ,   É ±¦¥
¶μ²ÊÎ¥´¨¥ § ¢¨¸¨³μ¸É¨ ¨´É¥´¸¨¢´μ¸É¨ ¢ÒÌμ¤  Ìμ²μ¤´ÒÌ ´¥°É·μ´μ¢ μÉ É¥³¶¥· ÉÊ·Ò § ³¥¤²¨É¥²Ö.
�μ²ÊÎ¥´μ Ê¤μ¢²¥É¢μ·¨É¥²Ó´μ¥ ¸μ£² ¸¨¥ Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ ¨ · ¸Î¥É´ÒÌ ¸¶¥±É·μ¢ ´¥°É·μ´μ¢ ¶·¨
É¥³¶¥· ÉÊ·¥ ³¥§¨É¨²¥´  20 Š; μÉ´μÏ¥´¨¥ ¨´É¥´¸¨¢´μ¸É¥° Ìμ²μ¤´ÒÌ ´¥°É·μ´μ¢ ¶·¨ É¥³¶¥· ÉÊ·¥
10 ¨ 50 Š · ¢´μ ∼ 1,8.

The article is dedicated to methods and results of experimental determination of cold neutron spectra
from solid mesitylene at neutron moderator temperatures 10Ä50 K. Experiments were fulˇlled at DIN-
2PI spectrometer of the IBR-2 reactor. The main goals of this work were to examine a system of
constants for Monte Carlo calculation of cryogenic moderators of the IBR-2M reactor and to determine
the temperature dependence of cold neutron intensity from the moderator. A reasonable agreement
of experimental and calculation results for mesitylene at 20 K has been obtained. The cold neutron
intensity at temperature of moderator 10 K is about 1.8 times higher than at T = 50 K.

PACS: 29.25.Dz, 61.05.fg, 34.50.Ez, 28.41.i, 28.50.k

‚‚…„…�ˆ…

‚ ¶·μÍ¥¸¸¥ ¸μ§¤ ´¨Ö ±·¨μ£¥´´μ£μ § ³¥¤²¨É¥²Ö ¤²Ö ·¥ ±Éμ·  ˆ	�-2 ´  μ¸´μ¢¥ É¢¥·-
¤μ£μ ³¥§¨É¨²¥´  ¢ ± Î¥¸É¢¥ § ³¥¤²ÖÕÐ¥° ¸·¥¤Ò [1, 2] ¢μ§´¨± ¢μ¶·μ¸ μ¡ Ô±¸¶¥·¨³¥´É ²Ó-
´μ° ¶·μ¢¥·±¥ Ì · ±É¥·¨¸É¨± ÔÉμ£μ § ³¥¤²¨É¥²Ö, ¶μ²ÊÎ¥´´ÒÌ · ¸Î¥É´Ò³ ¶ÊÉ¥³ ³¥Éμ¤μ³
³μ´É¥-± ·²μ-³μ¤¥²¨·μ¢ ´¨Ö ¸ ¨¸¶μ²Ó§μ¢ ´¨¥³ ¶·μ£· ³³Ò ŒNCP ¨ ¡¨¡²¨μÉ¥±¨ ±μ´¸É ´É
¤²Ö ³¥§¨É¨²¥´ , · §· ¡μÉ ´´ÒÌ ¢ £·Ê¶¶¥ ¶·μË. �. ƒ· ´ ¤Ò [3] ¸ ¨¸¶μ²Ó§μ¢ ´¨¥³, ¢ Î ¸É-
´μ¸É¨, Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ ¤ ´´ÒÌ ¤-·  ˆ.� É± ´Í  [4]. “¶μ³Ö´ÊÉÊÕ ¶·μ¢¥·±Ê ¡Ò²μ
·¥Ï¥´μ ¶·μ¢¥¸É¨ ´  ¢·¥³Ö¶·μ²¥É´μ³ ¸¶¥±É·μ³¥É·¥ ´¥Ê¶·Ê£μ£μ · ¸¸¥Ö´¨Ö „ˆ�-2�ˆ [5].
�μ¸²¥ ¶·μ¢¥¤¥´¨Ö ·Ö¤  ¶·¥¤¢ ·¨É¥²Ó´ÒÌ Ô±¸¶¥·¨³¥´Éμ¢ ¨ ¸ ÊÎ¥Éμ³ ¨Ì ·¥§Ê²ÓÉ Éμ¢ ¡Ò²μ
·¥Ï¥´μ, ÎÉμ ´ ¨¡μ²¥¥ ¶·Ö³Ò³ ¨ ¶·¥¤¸É ¢¨É¥²Ó´Ò³ ¢ ·¨ ´Éμ³ É ±μ° ¶·μ¢¥·±¨ ¢ Ê¸²μ¢¨ÖÌ
¸¶¥±É·μ³¥É·  „ˆ�-2�ˆ ¡Ê¤¥É ¨§³¥·¥´¨¥ ¸¶¥±É·μ¢ ´¥°É·μ´μ¢, ¨¸¶Ê¸± ¥³ÒÌ ¶² ¸É¨´μ°,
¡²¨§±μ° ¶μ · §³¥· ³ ± ·¥ ²Ó´μ³Ê § ³¥¤²¨É¥²Õ, ´ ¶μ²´¥´´μ° ³¥§¨É¨²¥´μ³ ¢ ·Ó¨·Ê¥³μ°
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±·¨μ£¥´´μ° É¥³¶¥· ÉÊ·Ò, ¶·¨ μ¡²ÊÎ¥´¨¨ ¥£μ ³μ´μÌ·μ³ É¨Î¥¸±¨³¨ ´¥°É·μ´ ³¨ ´¥¸±μ²Ó-
±¨Ì É¥¶²μ¢ÒÌ Ô´¥·£¨°. �Éμ ¤ ¢ ²μ ¡Ò ¢μ§³μ¦´μ¸ÉÓ μÍ¥´¨ÉÓ ·¥ ²Ó´ÊÕ ÎÊ¢¸É¢¨É¥²Ó´μ¸ÉÓ
¸¶¥±É·  Ìμ²μ¤´ÒÌ ´¥°É·μ´μ¢, Ëμ·³¨·ÊÕÐ¨Ì¸Ö ¢ § ³¥¤²¨É¥²¥, μÉ´μ¸¨É¥²Ó´μ É¥³¶¥· ÉÊ·Ò,
  É ±¦¥ ¢²¨Ö´¨¥ ´  ÔÉμÉ ¸¶¥±É· · §²¨Î´ÒÌ Ô´¥·£¨° ´¥°É·μ´μ¢ ¨¸ÉμÎ´¨± , ¶ ¤ ÕÐ¨Ì ´ 
§ ³¥¤²¨É¥²Ó.

ˆÉ ±, § ¤ Î  ¤ ´´μ° · ¡μÉÒ ¸μ¸ÉμÖ²  ¢ Éμ³, ÎÉμ¡Ò:
Å ¶μ²ÊÎ¨¢ Ô±¸¶¥·¨³¥´É ²Ó´μ ·¥ ²Ó´Ò° ¸¶¥±É·, Ëμ·³¨·ÊÕÐ¨°¸Ö ¢ § ³¥¤²¨É¥²¥ ¶·¨

±·¨μ£¥´´ÒÌ É¥³¶¥· ÉÊ· Ì, ¸· ¢´¨ÉÓ ¥£μ ¸ · ¸Î¥Éμ³ ¨ É¥³ ¸ ³Ò³ oÍ¥´¨ÉÓ ´ ¤¥¦´μ¸ÉÓ
¸¨¸É¥³Ò ±μ´¸É ´É, ¨¸¶μ²Ó§Ê¥³ÒÌ ¤²Ö ¶·¥¤¸± § ´¨Ö Ì · ±É¥·¨¸É¨± ±·¨μ£¥´´μ£μ § ³¥¤²¨-
É¥²Ö;

Å ¶μ´ÖÉÓ ÎÊ¢¸É¢¨É¥²Ó´μ¸ÉÓ ´¨§±μÔ´¥·£¥É¨Î¥¸±μ° μ¡² ¸É¨ ¸¶¥±É·  ± É¥³¶¥· ÉÊ·¥ § -
³¥¤²¨É¥²Ö, ±μÉμ· Ö ¸ÊÐ¥¸É¢¥´´Ò³ μ¡· §μ³ § ¢¨¸¨É μÉ ·¥¦¨³  · ¡μÉÒ Ìμ²μ¤¨²Ó´μ° Ê¸É -
´μ¢±¨, ¨¸¶μ²Ó§Ê¥³μ° ¢ ¸¨¸É¥³¥ ±·¨μ£¥´´μ£μ § ³¥¤²¨É¥²Ö, ¨ É¥³ ¸ ³Ò³ ¸¤¥² ÉÓ ¢Ò¢μ¤Ò
μ¡ μ¶É¨³ ²Ó´μ³ ·¥¦¨³¥ ¨¸¶μ²Ó§μ¢ ´¨Ö ÔÉμ° ¸¨¸É¥³Ò.

1. �Š‘�…�ˆŒ…�’

�¡Ð Ö ¸Ì¥³  Ô±¸¶¥·¨³¥´É  ¶·¥¤¸É ¢²¥´  ´  ·¨¸. 1. �²Õ³¨´¨¥¢ Ö ± ¸¸¥É  · §³¥· ³¨
120 × 60 × 20 ³³ (´ ¶μ³´¨³: ÔÉμ ¡²¨§±μ ± · §³¥· ³ ·¥ ²Ó´μ£μ § ³¥¤²¨É¥²Ö), ´ ¶μ²-
´Ö¥³ Ö ³¥§¨É¨²¥´μ³, ¢³¥¸É¥ ¸ ±·¨μ£¥´´Ò³ Ê¸É·μ°¸É¢μ³ ¶μ³¥Ð ² ¸Ó ¢ Í¥´É·¥ ± ³¥·Ò
μ¡· §Í  ¸¶¥±É·μ³¥É·  ¨ · ¸¶μ² £ ² ¸Ó ¶μ¤ Ê£²μ³ 45◦ ± μ¸¨ ´¥°É·μ´´μ£μ ¶ÊÎ± . Œ¥§¨É¨-
²¥´ μÌ² ¦¤ ²¸Ö ¤μ ¦¥² ¥³μ° É¥³¶¥· ÉÊ·Ò. ‘¶¥±É·Ò, ¨§²ÊÎ ¥³Ò¥ ¶μ¢¥·Ì´μ¸ÉÓÕ ± ¸¸¥ÉÒ,
·¥£¨¸É·¨·μ¢ ²¨¸Ó ¤¥É¥±Éμ· ³¨, · ¸¶μ²μ¦¥´´Ò³¨ ¢ ´ ¶· ¢²¥´¨ÖÌ, ¡²¨§±¨Ì ± ´μ·³ ²¨ ±
¥¥ ¨§²ÊÎ ÕÐ¥° ¶μ¢¥·Ì´μ¸É¨.

‚ Ô±¸¶¥·¨³¥´É Ì ¡Ò²¨ ¨¸¶μ²Ó§μ¢ ´Ò Î¥ÉÒ·¥ §´ Î¥´¨Ö Ô´¥·£¨¨ ³μ´μÌ·μ³ É¨Î¥¸±¨Ì
´¥°É·μ´μ¢, ¶ ¤ ÕÐ¨Ì ´  ± ¸¸¥ÉÊ: 10, 30, 50 ¨ 100 ³Ô‚. �·¨ ± ¦¤μ° ¨§ ÔÉ¨Ì Ô´¥·£¨°

�¨¸. 1. �¡Ð Ö ¸Ì¥³  Ô±¸¶¥·¨³¥´É : 1 Å μ¸´μ¢´μ° ¶·¥·Ò¢ É¥²Ó; 2 Å ³μ´¨Éμ·´ Ö ± ³¥· ; 3 Å

¢ ±ÊÊ³¨·μ¢ ´´ Ö ± ³¥·  μ¡· §Í ; 4 Å ±·¨μ£¥´´μ¥ Ê¸É·μ°¸É¢μ; 5 Å ± ¸¸¥É  ¸ ³¥§¨É¨²¥´μ³; 6 Å

± ¸¸¥ÉÒ ¤¥É¥±Éμ·μ¢, ¢ ±μÉμ·ÒÌ ·¥£¨¸É·¨·ÊÕÉ¸Ö ´¥°É·μ´´Ò¥ ¸¶¥±É·Ò, ¨¸¶Ê¸± ¥³Ò¥ ³¥§¨É¨²¥´μ³
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¨§³¥·¥´¨Ö ¥¥ ¨§²ÊÎ ¥³ÒÌ ¸¶¥±É·μ¢ ¶·μ¢μ¤¨²¨¸Ó ¶·¨ É¥³¶¥· ÉÊ· Ì ± ¸¸¥ÉÒ 10, 30, 50,
100 Š (¤ ´´Ò¥ ¶·¨ 100 Š μ± § ²¨¸Ó ´¥¸±μ²Ó±μ μ£· ´¨Î¥´´Ò³¨).

�±¸¶¥·¨³¥´É ²Ó´ Ö ¶·μÍ¥¤Ê·  ¢±²ÕÎ ²  ¢ ¸¥¡Ö ¨§³¥·¥´¨Ö ¸¶¥±É·μ¢, ¨§²ÊÎ ¥³ÒÌ ± ¸-
¸¥Éμ° ¶Ê¸Éμ° ¨ ´ ¶μ²´¥´´μ° ³¥§¨É¨²¥´μ³,   É ±¦¥ ¸ ´¥°É·μ´´Ò³ ¶ÊÎ±μ³, ¶¥·¥±·ÒÉÒ³
¶² ¸É¨´μ° ± ¤³¨Ö. �É´μ¸¨É¥²Ó´ Ö ´μ·³¨·μ¢±  ¸¶¥±É·μ¢, ¶μ²ÊÎ¥´´ÒÌ ¢ · §²¨Î´ÒÌ Ô±¸-
¶¥·¨³¥´É ²Ó´ÒÌ Í¨±² Ì, ¶·μ¢μ¤¨² ¸Ó ´  μ¸´μ¢¥ ¤ ´´ÒÌ ³μ´¨Éμ·´μ° ± ³¥·Ò. �·¨ μ¡-
· ¡μÉ±¥ ·¥§Ê²ÓÉ Éμ¢ ¢ ¨§³¥·¥´´Ò¥ ¸¶¥±É·Ò ¡Ò²  ¢¢¥¤¥´  ¶μ¶· ¢±  ´  ÔËË¥±É¨¢´μ¸ÉÓ
¤¥É¥±Éμ·μ¢, É ± ÎÉμ ¢ ±μ´¥Î´μ³ ¨Éμ£¥ ³Ò ¨³¥²¨ ¢ ¸¢μ¥³ · ¸¶μ·Ö¦¥´¨¨ ¸¶¥±É·Ò ¶μÉμ± 
´¥°É·μ´μ¢, ¨§²ÊÎ ¥³ÒÌ ¶μ¢¥·Ì´μ¸ÉÓÕ ¨´É¥·¥¸ÊÕÐ¥£μ ´ ¸ § ³¥¤²¨É¥²Ö.

2. �…‡“‹œ’�’›

2.1. ‘¶¥±É·Ò, ¨§²ÊÎ ¥³Ò¥ § ³¥¤²¨É¥²¥³. �μ²ÊÎ¥´´Ò¥ ´ ³¨ ·¥§Ê²ÓÉ ÉÒ, É. ¥. ¸¶¥±-
É·Ò ´¥°É·μ´μ¢, ¨¸¶Ê¸± ¥³Ò¥ ± ¸¸¥Éμ°, ´ ¶μ²´¥´´μ° ³¥§¨É¨²¥´μ³ ¶·¨ · §²¨Î´ÒÌ ±·¨μ-
£¥´´ÒÌ É¥³¶¥· ÉÊ· Ì ¨ · §´ÒÌ ´ Î ²Ó´ÒÌ Ô´¥·£¨ÖÌ ´¥°É·μ´μ¢, μ¡²ÊÎ ÕÐ¨Ì ¥¥, ¶μ± § ´Ò
´  ·¨¸. 2.

ˆ§ ·¨¸Ê´±  ¢¨¤´  Ö¢´ Ö É¥³¶¥· ÉÊ·´ Ö § ¢¨¸¨³μ¸ÉÓ Ëμ·³Ò ¨  ³¶²¨ÉÊ¤Ò ´¨§±μÔ´¥·£¥-
É¨Î¥¸±μ° μ¡² ¸É¨ ¸¶¥±É·  ´¥°É·μ´μ¢, ¢ Éμ ¦¥ ¢·¥³Ö ÔÉ  μ¡² ¸ÉÓ ¸¶¥±É·  ¸² ¡μ § ¢¨¸¨É μÉ
Ô´¥·£¨¨ ´¥°É·μ´μ¢ ¨¸ÉμÎ´¨± . ˆ§ ·¨¸Ê´±  ¢¨¤´μ É ±¦¥, ÎÉμ ´¨§±μÔ´¥·£¥É¨Î¥¸± Ö μ¡² ¸ÉÓ
¸¶¥±É·  (E < 10 ³Ô‚) ´¥¶²μÌμ ¸μ¢¶ ¤ ¥É ¸ ±·¨¢μ°, · ¸¸Î¨É ´´μ° ¤²Ö ³¥§¨É¨²¥´  ¶·¨

�¨¸. 2. ‘¶¥±É·Ò, ¨¸¶Ê¸± ¥³Ò¥ Ìμ²μ¤´Ò³ ³¥§¨É¨²¥´μ³
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É¥³¶¥· ÉÊ·¥ 20 Š [6]. �·¨ ¡μ²¥¥ ¢Ò¸μ±¨Ì Ô´¥·£¨ÖÌ É ±μ£μ ¸μ£² ¸¨Ö Ê¦¥ ´¥É. ‚Ò¸μ±μ-
Ô´¥·£¥É¨Î¥¸± Ö Î ¸ÉÓ Ô±¸¶¥·¨³¥´É ²Ó´μ£μ ¸¶¥±É·  ¸¶ ¤ ¥É ±·ÊÎ¥, Î¥³ ÔÉμ ¶·¥¤¸± §Ò¢ ¥É
· ¸Î¥É, ¶·¨Î¥³ É¥³ ±·ÊÎ¥, Î¥³ ´¨¦¥ Ô´¥·£¨Ö ´¥°É·μ´μ¢ ¨¸ÉμÎ´¨± . Œμ¦´μ ¶·¥¤¶μ²μ-
¦¨ÉÓ, ÎÉμ ¢ Ê¸²μ¢¨ÖÌ ±·¨μ£¥´´ÒÌ É¥³¶¥· ÉÊ· ¶·¨ ¢Ò¡· ´´ÒÌ Ô´¥·£¨ÖÌ ´¥°É·μ´μ¢ ¨¸ÉμÎ-
´¨±  ¢¥·μÖÉ´μ¸ÉÓ ¤²Ö ´¨Ì ÊÎ ¸É¢μ¢ ÉÓ ¢ ¶·μÍ¥¸¸ Ì · ¸¸¥Ö´¨Ö ¸ ¶·¨μ¡·¥É¥´¨¥³ Ô´¥·£¨¨
±· °´¥ ³ ² .

‚μ ¢¸¥Ì Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ ±·¨¢ÒÌ ·¨¸. 2 ¢¨¤´Ò μ¸μ¡¥´´μ¸É¨, ¶·¨¸ÊÉ¸É¢ÊÕÐ¨¥ ¢
¸¶¥±É· Ì ¶·¨³¥·´μ ´  Ô´¥·£¨ÖÌ, ¸μμÉ¢¥É¸É¢ÊÕÐ¨Ì É ±μ¢Ò³ ¤²Ö ¶ ¤ ÕÐ¨Ì ´  ± ¸¸¥ÉÊ
´¥°É·μ´μ¢. �´¨ ¶·¥¤¸É ¢²ÖÕÉ ¸μ¡μ° μ¸É É±¨ ³μ´μ²¨´¨° ´¥°É·μ´μ¢, ¶·μÏ¥¤Ï¨Ì Î¥·¥§
§ ³¥¤²¨É¥²Ó ¸ ´¥¡μ²ÓÏ¨³ Î¨¸²μ³ · ¸¸¥Ö´¨° ¶μÎÉ¨ ¡¥§ μ¡³¥´  Ô´¥·£¨¥° ¸μ ¸·¥¤μ°. ’¥³
´¥ ³¥´¥¥ ¶μ ¸· ¢´¥´¨Õ ¸ ¶¥·¢¨Î´Ò³¨ ³μ´μ²¨´¨Ö³¨ μ´¨ μ± §Ò¢ ÕÉ¸Ö ÊÏ¨·¥´´Ò³¨ ¨, ±
¸μ¦ ²¥´¨Õ, § ³¥É´μ ¤¥Ëμ·³¨·ÊÕÉ ¥¸É¥¸É¢¥´´ÊÕ Ëμ·³Ê ¸¶¥±É·μ¢ ¢ μ±·¥¸É´μ¸ÉÖÌ ¸μμÉ-
¢¥É¸É¢ÊÕÐ¨Ì Ô´¥·£¨°.

•μÉÖ, ± ± μÉ³¥Î ²μ¸Ó ¢ÒÏ¥, Ëμ·³  ´¨§±μÔ´¥·£¥É¨Î¥¸±μ° μ¡² ¸É¨ ¸¶¥±É·  ´¥ ÎÊ¢-
¸É¢¨É¥²Ó´  ± Ô´¥·£¨¨ ´¥°É·μ´μ¢ ¨¸ÉμÎ´¨± , μ¤´ ±μ ³μ¦´μ ¶μ² £ ÉÓ, ÎÉμ ¸¶¥±É· ²Ó´μ°
± ·É¨´¥, ±μÉμ· Ö ¡Ê¤¥É ¨³¥ÉÓ ³¥¸Éμ ¢ ¸²ÊÎ ¥ ·¥ ²Ó´μ£μ § ³¥¤²¨É¥²Ö, ¡²¨¦¥ ¢¸¥£μ ¸¶¥±É·,
¸μμÉ¢¥É¸É¢ÊÕÐ¨° ¶ ¤ ÕÐ¥° Ô´¥·£¨¨ E0 = 50 ³Ô‚, É ± ± ± ÔÉ  Ô´¥·£¨Ö ´ ¨¡μ²¥¥ ¡²¨§±  ±
¶·¥¤¶μ² £ ¥³μ° ¸·¥¤´¥° Ô´¥·£¨¨ É¥¶²μ¢ÒÌ ´¥°É·μ´μ¢, ¶μ¸ÉÊ¶ ÕÐ¨Ì ¨§ ¶·¥¤§ ³¥¤²¨É¥²Ö
±μ³´ É´μ° É¥³¶¥· ÉÊ·Ò ¢ ±·¨μ£¥´´ÊÕ Î ¸ÉÓ § ³¥¤²¨É¥²Ö.

2.2. ” ±Éμ·Ò ¢Ò¨£·ÒÏ  (”‚). ” ±Éμ·Ò ¢Ò¨£·ÒÏ  μÍ¥´¨¢ ²¨¸Ó ¤¢Ê³Ö ¶ÊÉÖ³¨:
Å ± ± μÉ´μÏ¥´¨¥ ¨´É¥´¸¨¢´μ¸É¥° ¸¶¥±É·  ¶·¨ ±·¨μ£¥´´ÒÌ ¨ ±μ³´ É´μ° É¥³¶¥· ÉÊ-

· Ì (·¨¸. 3);

�¨¸. 3. ” ±Éμ· ¢Ò¨£·ÒÏ  I(T , ³¥§¨É¨²¥´) / I(300 Š, ³¥§¨É¨²¥´)
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�¨¸. 4. ” ±Éμ· ¢Ò¨£·ÒÏ  I(T , ³¥§¨É¨²¥´) / I(50 Š, ³¥§¨É¨²¥´)

Å ± ± μÉ´μÏ¥´¨¥ ¨´É¥´¸¨¢´μ¸É¥° ¸¶¥±É·μ¢ ¶·¨ 10 ¨ 20 Š ± ¨Ì ¨´É¥´¸¨¢´μ¸É¨ ¶·¨
50 Š (·¨¸. 4).

ˆ§ ·¨¸. 3 ¨ 4 ¸²¥¤Ê¥É ¸² ¡ Ö § ¢¨¸¨³μ¸ÉÓ Ë ±Éμ·  ¢Ò¨£·ÒÏ  (”‚) μÉ Ô´¥·£¨¨ ´¥°É·μ-
´μ¢ ¨¸ÉμÎ´¨±  (¸ ÊÎ¥Éμ³ ´¥μ¶·¥¤¥²¥´´μ¸É¥°, ¸¢Ö§ ´´ÒÌ ¸μ ¸É É¨¸É¨±μ°). ‘μ£² ¸´μ ·¨¸. 4
³ ±¸¨³ ²Ó´μ¥ §´ Î¥´¨¥ ”‚ ¢ μ¡² ¸É¨ ´¨§±¨Ì Ô´¥·£¨° (E ∼ 1−2 ³Ô‚) ¶·¨ T = 10 Š ¸μ-
¸É ¢²Ö¥É ∼ 10. ‚ Éμ ¦¥ ¢·¥³Ö ³ ±¸¨³ ²Ó´Ò° · ¸Î¥É´Ò° ”‚ ³¥§¨É¨²¥´μ¢μ£μ § ³¥¤²¨É¥²Ö
·¥ ±Éμ·  ˆ	�-2Œ ¶·¨ 20 Š μÉ´μ¸¨É¥²Ó´μ ¢μ¤Ö´μ£μ § ³¥¤²¨É¥²Ö ±μ³´ É´μ° É¥³¶¥· ÉÊ·Ò
·¥ ±Éμ·  ˆ	�-2 ¢ μ¡² ¸É¨ ¸¶¥±É·  ¶·¨ E ∼ 1 ³Ô‚ ¸μ¸É ¢²Ö¥É ∼ 16,8 [1]. „²Ö ±μ··¥±É´μ£μ
¸· ¢´¥´¨Ö ·¥§Ê²ÓÉ Éμ¢ Ô±¸¶¥·¨³¥´É  ¨ · ¸Î¥Éμ¢ ´¥μ¡Ìμ¤¨³μ ¢´¥¸É¨ ¶μ¶· ¢±Ê ¢ · ¸Î¥É-
´μ¥ §´ Î¥´¨¥ ”‚ §  ¸Î¥É Éμ£μ, ÎÉμ ¶²μÉ´μ¸ÉÓ ¶μÉμ±  ´¥°É·μ´μ¢ ¢ § ³¥¤²¨É¥²¥ ·¥ ±Éμ· 
ˆ	�-2Œ ¢ 1,7 · §  ¢ÒÏ¥, Î¥³ ¢ ·¥ ±Éμ·¥ ˆ	�-2. ‚ ÔÉμ³ ¸²ÊÎ ¥ · ¸Î¥É Ê¤μ¢²¥É¢μ·¨É¥²Ó´μ
¸μ£² ¸Ê¥É¸Ö ¸ Ô±¸¶¥·¨³¥´Éμ³.

‚ ¶·¨¢μ¤¨³μ° ´¨¦¥ É ¡²¨Í¥, ¸μ¸É ¢²¥´´μ° ´  μ¸´μ¢¥ ·¨¸. 4, ¶·¥¤¸É ¢²¥´Ò ¤ ´´Ò¥ ¶μ
É¥³¶¥· ÉÊ·´μ° § ¢¨¸¨³μ¸É¨ ¨´É¥´¸¨¢´μ¸É¨ ¸¶¥±É·  ´¥°É·μ´μ¢ ¢ μ¡² ¸É¨ Ô´¥·£¨° ´¥°É·μ-
´μ¢ μ±μ²μ 2 ³Ô‚ ¶·¨ ¶¥·¥Ìμ¤¥ ³¥¦¤Ê ´¥¸±μ²Ó±¨³¨ ±·¨μ£¥´´Ò³¨ É¥³¶¥· ÉÊ· ³¨. ‚¨¤´μ,
ÎÉμ ¶¥·¥Ìμ¤ 10 → 30 Š ¶μ´¨¦ ¥É ¨´É¥´¸¨¢´μ¸ÉÓ ´¥°É·μ´´μ£μ ¶μÉμ±  ´  ∼ 20%, Éμ-
£¤  ± ± ¶¥·¥Ìμ¤ 30 → 50 Š ¶·¨¢μ¤¨É ± ¶μÉ¥·¥ ∼ 30% ¨´É¥´¸¨¢´μ¸É¨. ’ ±¨³ μ¡· §μ³,
¢ μ¡² ¸É¨ É¥³¶¥· ÉÊ· ´¨¦¥ 30 Š ¶·μ¨§¢μ¤´ Ö dI/dT ³¥´¥¥ ±·ÊÉ Ö, Î¥³ ¢ μ¡² ¸É¨ 30Ä
50 Š. �Éμ μ¡¸ÉμÖÉ¥²Ó¸É¢μ ¶μ²¥§´μ ¨³¥ÉÓ ¢ ¢¨¤Ê ¶·¨ ¢Ò¡μ·¥ μ¶É¨³ ²Ó´μ£μ ·¥¦¨³  · ¡μÉÒ
±·¨μ£¥´´μ° ¸¨¸É¥³Ò § ³¥¤²¨É¥²Ö.
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�É´μÏ¥´¨¥ ¨´É¥´¸¨¢´μ¸É¥° ´¥°É·μ´´μ£μ ¶μÉμ±  ¶·¨ Ô´¥·£¨¨ ∼ 2 ³Ô‚ ¤²Ö ´¥¸±μ²Ó±¨Ì §´ Î¥´¨°
É¥³¶¥· ÉÊ·Ò ³¥§¨É¨²¥´μ¢μ£μ § ³¥¤²¨É¥²Ö

�´¥·£¨Ö ¶ ¤ ÕÐ¨Ì I(10 K)/I(30 K) I(30 K)/I(50 K) I(10 K)/I(50 K)
´¥°É·μ´μ¢ E0, ³Ô‚

10 1,23 1,40 1,75
30 1,20 1,50 1,80
50 1,25 1,40 1,75
100 1,21 1,40 1,70

‚›‚�„›

1. �μ²ÊÎ¥´´Ò¥ Ô±¸¶¥·¨³¥´É ²Ó´Ò¥ ¤ ´´Ò¥ ¶μ¤É¢¥·¤¨²¨ Ê¤μ¢²¥É¢μ·¨É¥²Ó´μ¥ ± Î¥¸É¢μ
¸¨¸É¥³Ò ±μ´¸É ´É, ¨¸¶μ²Ó§Ê¥³μ° ¶·¨ · ¸Î¥É¥ Ì · ±É¥·¨¸É¨± ±·¨μ£¥´´μ£μ ³¥§¨É¨²¥´μ¢μ£μ
§ ³¥¤²¨É¥²Ö ¸ É¥³¶¥· ÉÊ·μ° 20 Š ¤²Ö ·¥ ±Éμ·  ˆ	�-2Œ.

2. ’¥³¶¥· ÉÊ·´ Ö § ¢¨¸¨³μ¸ÉÓ Ìμ²μ¤´μ° Î ¸É¨ ´¥°É·μ´´μ£μ ¸¶¥±É· , Ëμ·³¨·ÊÕÐ¥-
£μ¸Ö ¢ ³¥§¨É¨²¥´¥ § ³¥¤²¨É¥²Ö, ¨ ¶· ±É¨Î¥¸±¨¥ ¢μ§³μ¦´μ¸É¨ ¨³¥ÕÐ¥°¸Ö ¢ · ¸¶μ·Ö¦¥´¨¨
Ìμ²μ¤¨²Ó´μ° Ê¸É ´μ¢±¨, ¡Ê¤ÊÎ¨ ¸μ¢³¥¸É´μ ¶·μ ´ ²¨§¨·μ¢ ´´Ò³¨, ¤ ¤ÊÉ ¢μ§³μ¦´μ¸ÉÓ ¢Ò-
¡· ÉÓ μ¶É¨³ ²Ó´Ò° ·¥¦¨³ · ¡μÉÒ ±·¨μ£¥´´μ£μ § ³¥¤²¨É¥²Ö.
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