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� ² ÏμÕ Œ. ¨ ¤·. P14-2007-21
ˆ¸¸²¥¤μ¢ ´¨¥ ³ £´¨É´ÒÌ ¸¢μ°¸É¢ Ë¥··μ¦¨¤±μ¸É¨
μSR-³¥Éμ¤μ³ ´  Ë §μÉ·μ´¥ ‹Ÿ� �ˆŸˆ

‚¶¥·¢Ò¥ ¤²Ö ¨§ÊÎ¥´¨Ö ¸¢μ°¸É¢ ³ £´¨É´ÒÌ ¦¨¤±μ¸É¥° ¶·¨³¥´¥´ μSR-³¥Éμ¤.
ˆ¸¸²¥¤μ¢ ´  Ë¥··μ¦¨¤±μ¸ÉÓ ´  μ¸´μ¢¥ Fe3O4 ¢ ¤¨ ¶ §μ´¥ É¥³¶¥· ÉÊ· 114Ä300 Š
¢ ´Ê²¥¢μ³ ¨ ¶μ¶¥·¥Î´μ³ ¸¶¨´Ê ³Õμ´  ³ £´¨É´μ³ ¶μ²¥. �· ±É¨Î¥¸±¨ ¢μ ¢¸¥Ì
¸²ÊÎ ÖÌ ´ ¡²Õ¤ ² ¸Ó §´ Î¨É¥²Ó´ Ö ·¥² ±¸ Í¨Ö ¸¶¨´ . ‚ ¸²ÊÎ ¥ μÉ¸ÊÉ¸É¢¨Ö ¢´¥Ï-
´¥£μ ³ £´¨É´μ£μ ¶μ²Ö ´ ¡²Õ¤ ¥É¸Ö ¶ ¤¥´¨¥ ¸±μ·μ¸É¨ ·¥² ±¸ Í¨¨ ¨ ¶μ²Ö·¨§ Í¨¨
¸¶¨´  ³Õμ´  ¤μ ´Ê²¥¢μ£μ §´ Î¥´¨Ö ¶·¨ É¥³¶¥· ÉÊ·¥ 230 Š,   § É¥³ ·¥§±¨° ·μ¸É
¶μ²Ö·¨§ Í¨¨ ¢ ¤¨ ¶ §μ´¥ 240Ä255 Š.

� ¡μÉ  ¢Ò¶μ²´¥´  ¢ ‹ ¡μ· Éμ·¨¨ Ö¤¥·´ÒÌ ¶·μ¡²¥³ ¨³. ‚.�. „¦¥²¥¶μ¢ 
�ˆŸˆ.

‘μμ¡Ð¥´¨¥ �¡Ñ¥¤¨´¥´´μ£μ ¨´¸É¨ÉÊÉ  Ö¤¥·´ÒÌ ¨¸¸²¥¤μ¢ ´¨°. „Ê¡´ , 2007

Balasoiu M. et al. P14-2007-21
Magnetic Property Investigation of the Ferro	uid
by μSR-Spectroscopy on the DLNP JINR Phasotron

The μSR-method was applied to the study of the magnetic 	uid properties for
the ˇrst time. The ferro	uid on the Fe3O4 basis was investigated in the temperature
range from 114 to 300 K at the zero and transverse magnetic ˇeld conditions. The
distinct μSR-signal was observed in both cases. In zero ˇeld measurements the drop
in the relaxation rate and polarization at T = 230 K to zero-level followed by fast
increasing of the latter in the temperature interval from 240 to 255 K were observed.

The investigation has been performed at the Dzhelepov Laboratory of Nuclear
Problems, JINR.

Communication of the Joint Institute for Nuclear Research. Dubna, 2007



‚‚…„…�ˆ…

‚ ´ ¸ÉμÖÐ¥¥ ¢·¥³Ö §´ Î¨É¥²Ó´μ¥ ¢´¨³ ´¨¥ Ê¤¥²Ö¥É¸Ö ¨¸¸²¥¤μ¢ ´¨Õ
¸¢μ°¸É¢ ³ £´¨É´ÒÌ ¦¨¤±μ¸É¥°, · §· ¡μÉ±¥ ³¥Éμ¤μ¢ ¨Ì ¶μ²ÊÎ¥´¨Ö ¨ ¨¸¶μ²Ó§μ-
¢ ´¨Õ ¢ ¶· ±É¨Î¥¸±¨Ì Í¥²ÖÌ [1]. Œ £´¨É´Ò¥ ¦¨¤±μ¸É¨ ¶·¥¤¸É ¢²ÖÕÉ ¸μ¡μ°
¢Ò¸μ±μ¤¨¸¶¥·¸´Ò¥ ±μ²²μ¨¤Ò Ë¥··μ- ¨²¨ Ë¥··¨³ £´¨É´ÒÌ ´ ´μÎ ¸É¨Í, ¤¨¸-
¶¥·£¨·μ¢ ´´ÒÌ ¢ · §²¨Î´ÒÌ ¦¨¤±μ¸ÉÖÌ. �μ¢¥¤¥´¨¥ ³ £´¨É´ÒÌ ´ ´μÎ ¸É¨Í
¸ÊÐ¥¸É¢¥´´μ μÉ²¨Î ¥É¸Ö μÉ ¶μ¢¥¤¥´¨Ö ³ ±·μ¸±μ¶¨Î¥¸±¨Ì ³ £´¨É´ÒÌ μ¡· §-
Íμ¢. 
Éμ ¸¢Ö§ ´μ ¸ É¥³, ÎÉμ ´ ´μÎ ¸É¨ÍÒ Ö¢²ÖÕÉ¸Ö ¶μ£· ´¨Î´Ò³¨ μ¡Ñ¥±É ³¨
³¥¦¤Ê μ¡Ñ¥³´Ò³¨ ¸¨¸É¥³ ³¨ ¨ μÉ¤¥²Ó´Ò³¨  Éμ³ ³¨, ¢ ´¨Ì ¢μ§· ¸É ¥É ·μ²Ó
¶μ¢¥·Ì´μ¸É´ÒÌ ÔËË¥±Éμ¢, ÎÉμ ¶·¨¢μ¤¨É ± ¶μÖ¢²¥´¨Õ ´μ¢ÒÌ ¸¢μ°¸É¢.

‘¢μ°¸É¢  ³ £´¨É´ÒÌ ³ É¥·¨ ²μ¢ μ¶·¥¤¥²ÖÕÉ¸Ö ¶μ¢¥¤¥´¨¥³ μ¡· §ÊÕÐ¨Ì¸Ö
¢ ´¨Ì ¤μ³¥´μ¢ ¨ ¤μ³¥´´ÒÌ ¸É¥´μ±. �¤´ ±μ ¥¸²¨ · §³¥· ³ £´¨É´μ° Î ¸É¨ÍÒ
³¥´ÓÏ¥ ´¥±μÉμ·μ° ±·¨É¨Î¥¸±μ° ¢¥²¨Î¨´Ò, Ëμ·³¨·μ¢ ´¨¥ ¤μ³¥´μ¢ ¸É ´μ¢¨É¸Ö
Ô´¥·£¥É¨Î¥¸±¨ ´¥¢Ò£μ¤´Ò³, ¨ Î ¸É¨Í  ¸ÊÐ¥¸É¢Ê¥É ¢ ¢¨¤¥ ¥¤¨´¨Î´μ£μ ¤μ³¥´ .
„²Ö É ±¨Ì Î ¸É¨Í Ì · ±É¥·´μ Ö¢²¥´¨¥ ¸Ê¶¥·¶ · ³ £´¥É¨§³ . ˆ¸¸²¥¤μ¢ ´¨¥
¸Ê¶¥·¶ · ³ £´¨É´ÒÌ ´ ´μÎ ¸É¨Í ¢ ¦´μ ´¥ Éμ²Ó±μ ¤²Ö ¶μ´¨³ ´¨Ö ËÊ´¤ ³¥´-
É ²Ó´ÒÌ ¸¢μ°¸É¢ ³ £´¥É¨§³ , ´μ ¨ ¤²Ö ¶·¨³¥´¥´¨Ö ³ £´¨É´ÒÌ ¦¨¤±μ¸É¥° ¢
¶· ±É¨Î¥¸±¨Ì Í¥²ÖÌ É ±¨Ì, ± ± ¸μ§¤ ´¨¥ ´ ±μ¶¨É¥²¥° ¨´Ëμ·³ Í¨¨ ¢Ò¸μ±μ°
¶²μÉ´μ¸É¨, ¨¸¶μ²Ó§μ¢ ´¨¥ ¢ ³¥¤¨Í¨´¥ ¤²Ö ´ ¶· ¢²¥´´μ° É· ´¸¶μ·É¨·μ¢±¨ ²¥-
± ·¸É¢¥´´ÒÌ ¸·¥¤¸É¢ ¨ ³´μ£¨Ì ¤·Ê£¨Ì É¥Ì´¨Î¥¸±¨Ì ¶·¨²μ¦¥´¨ÖÌ.

”¥··¨ÉÒ-Ï¶¨´¥²¨ (MeF2O4, £¤¥ Me Å Fe, Mg, Zn, Co, Ni, Mn ¨ ¤·.),
´  μ¸´μ¢¥ ±μÉμ·ÒÌ ¶·¨£μÉ ¢²¨¢ ÕÉ¸Ö ³´μ£¨¥ ³ £´¨É´Ò¥ ¦¨¤±μ¸É¨, Ö¢²ÖÕÉ¸Ö
´ ¨¡μ²¥¥ ¨§ÊÎ¥´´Ò³¨ ¸μ¥¤¨´¥´¨Ö³¨, ¸²Ê¦ Ð¨³¨ ¤²Ö ¶μ´¨³ ´¨Ö ¨ ±μ´É·μ²Ö
¸Ê¶¥·¶ · ³ £´¨É´ÒÌ ¸¢μ°¸É¢ ³ £´¨É´ÒÌ ¦¨¤±μ¸É¥° [2]. •μ·μÏμ ¨§ÊÎ¥´´μ°
Ö¢²Ö¥É¸Ö ³ £´¨É´ Ö ¸É·Ê±ÉÊ·  ³ £´¥É¨É  (Fe3O4) [3].

‘É·Ê±ÉÊ·´Ò¥ ¨ ³ £´¨É´Ò¥ ¸¢μ°¸É¢  Ë¥··μ¦¨¤±μ¸É¥° ¢ § ¢¨¸¨³μ¸É¨ μÉ
· §³¥·μ¢ ´ ´μÎ ¸É¨Í ¨§ÊÎ ²¨¸Ó ³´μ£¨³¨ ³¥Éμ¤ ³¨, ¢ Éμ³ Î¨¸²¥ ¸ ¨¸¶μ²Ó§μ-
¢ ´¨¥³ ±¢ ´Éμ¢ÒÌ ³ £´¨Éμ³¥É·μ¢ (SQUID), ¸¶¥±É·μ¸±μ¶¨¨ Œ¥¸¸¡ ÊÔ·  [2],
³¥Éμ¤  ³ ²μÊ£²μ¢μ£μ · ¸¸¥Ö´¨Ö ´¥°É·μ´μ¢ [4Ä6]. ‚ ´ ¸ÉμÖÐ¥° · ¡μÉ¥ ¤²Ö
¨§ÊÎ¥´¨Ö ³ £´¨É´ÒÌ ¸¢μ°¸É¢ Ë¥··μ¦¨¤±μ¸É¨ ¢¶¥·¢Ò¥ ¨¸¶μ²Ó§ÊÕÉ¸Ö ¶μ²Ö·¨-
§μ¢ ´´Ò¥ ¶μ²μ¦¨É¥²Ó´Ò¥ ³Õμ´Ò (μSR-³¥Éμ¤ [7]). ˆ§¢¥¸É´μ, ÎÉμ ¨³¶² ´-
É¨·μ¢ ´´Ò° ¢ ¸·¥¤Ê ¶μ²μ¦¨É¥²Ó´Ò° ³Õμ´ Ö¢²Ö¥É¸Ö μÎ¥´Ó ÎÊ¢¸É¢¨É¥²Ó´Ò³
§μ´¤μ³ ¤²Ö ¨§ÊÎ¥´¨Ö ³ £´¨É´ÒÌ ¸¢μ°¸É¢ ¢¥Ð¥¸É¢ . ‚¸²¥¤¸É¢¨¥ ´¥¸μÌ· ´¥´¨Ö
¶·μ¸É· ´¸É¢¥´´μ° Î¥É´μ¸É¨ ¢ ¸² ¡ÒÌ ¢§ ¨³μ¤¥°¸É¢¨ÖÌ ¶μ²ÊÎ ¥³Ò¥ ´  Ê¸±μ-
·¨É¥²ÖÌ ³Õμ´Ò μÉ · ¸¶ ¤  π+ → μ+ + νμ ¶μ²Ö·¨§μ¢ ´Ò ¢¤μ²Ó ´ ¶· ¢²¥´¨Ö
¸¢μ¥£μ ¨³¶Ê²Ó¸ , ¨ ¶·μ¸É· ´¸É¢¥´´μ¥ · ¸¶·¥¤¥²¥´¨¥ ¶μ§¨É·μ´μ¢ μÉ ¨Ì · ¸¶ ¤ 
μ+ → e+ + νe + ν̃μ Ö¢²Ö¥É¸Ö  ¸¨³³¥É·¨Î´Ò³ ¶μ μÉ´μÏ¥´¨Õ ± ´ ¶· ¢²¥´¨Õ
´ Î ²Ó´μ° ¶μ²Ö·¨§ Í¨¨ ¶μ²μ¦¨É¥²Ó´ÒÌ ³Õμ´μ¢. ‚ ¸·¥¤¥ ¶μ²Ö·¨§ Í¨Ö ³Õμ´ 
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§ ¢¨¸¨É μÉ ¢§ ¨³μ¤¥°¸É¢¨Ö ¥£μ ³ £´¨É´μ£μ ³μ³¥´É  ¸ ²μ± ²Ó´Ò³¨ ³ £´¨É´Ò³¨
¶μ²Ö³¨ ¸·¥¤Ò. ˆ§³¥´¥´¨¥ ¢ ¶μ²Ö·¨§ Í¨¨ ³Õμ´  ¢ É¥Î¥´¨¥ ¥£μ ¢·¥³¥´¨ ¦¨§´¨
¢ ¸·¥¤¥ ³μ¦¥É ¡ÒÉÓ Ô±¸¶¥·¨³¥´É ²Ó´μ ¶·μ¸²¥¦¥´μ ¶ÊÉ¥³ ´ ¡²Õ¤¥´¨Ö § ¢¨¸Ö-
Ð¥° μÉ ¢·¥³¥´¨  ¸¨³³¥É·¨¨ μ+ → e+ · ¸¶ ¤ . „·Ê£μ° ¨§³¥·Ö¥³μ° ¢¥²¨Î¨´μ°
¢ μSR-³¥Éμ¤¥ Ö¢²Ö¥É¸Ö Î ¸ÉμÉ  ¶·¥Í¥¸¸¨¨ ¸¶¨´  ³Õμ´ , ¸ ¶μ³μÐÓÕ ±μÉμ·μ°
³μ¦¥É ¡ÒÉÓ μ¶·¥¤¥²¥´  ¢¥²¨Î¨´  ²μ± ²Ó´μ£μ ³ £´¨É´μ£μ ¶μ²Ö, ¤¥°¸É¢ÊÕÐ¥£μ
´  ³Õμ´ ¢ ¸·¥¤¥.

1. ˆ‡Œ…�…�ˆŸ ˆ ��…„‚��ˆ’…‹œ�›… �…‡“‹œ’�’›

ˆ¸¸²¥¤Ê¥³ Ö Ë¥··μ¦¨¤±μ¸ÉÓ ¶·¥¤¸É ¢²Ö²  ¸μ¡μ° · ¸É¢μ· ´ ´μ¤¨¸¶¥·¸-
´μ£μ ³ £´¥É¨É  (Fe3O4) ¢ ¤¥°É¥·¨·μ¢ ´´μ° ¢μ¤¥, ¸É ¡¨²¨§¨·μ¢ ´´μ£μ ¤μ¤¥-
Í¨²¡¥´§μ²¸Ê²ÓË ´ Éμ¢μ° ±¨¸²μÉμ° (Fe3O4/2DBS/D2O) c μ¡Ñ¥³´μ° ±μ´Í¥´-
É· Í¨¥° ³ £´¨É´ÒÌ Î ¸É¨Í 4,7 %. Œ £´¨É´Ò¥ Î ¸É¨ÍÒ, μ±·Ê¦¥´´Ò¥ ¸É ¡¨-
²¨§¨·ÊÕÐ¥° ±¨¸²μÉμ°, ¨³¥²¨ ¸·¥¤´¨° ¤¨ ³¥É· d = 118,9 �A ¸μ ¸É ´¤ ·É´Ò³
μÉ±²μ´¥´¨¥³ σ = 26,7 �A.

ˆ§³¥·¥´¨Ö ¶·μ¢μ¤¨²¨¸Ó ´  ³Õμ´´μ³ ± ´ ²¥ Ë §μÉ·μ´  ‹Ÿ� �ˆŸˆ
´  Ê¸É ´μ¢±¥ Œ�‘�ˆ� ¢ ¶μ¶¥·¥Î´μ³ ¸¶¨´Ê ³Õμ´  ³ £´¨É´μ³ ¶μ²¥
(TF-Ô±¸¶¥·¨³¥´É) ¨ ¢ μÉ¸ÊÉ¸É¢¨¥ ¢´¥Ï´¥£μ ¶μ²Ö (ZF-Ô±¸¶¥·¨³¥´É). Œ £-
´¨É´μ¥ ¶μ²¥ ‡¥³²¨ ¨ · ¸¸¥Ö´´μ¥ ¶μ²¥ μÉ Ê¸±μ·¨É¥²Ö ´  ³¥¸É¥ · ¸¶μ²μ¦¥-
´¨Ö μ¡· §Í  ±μ³¶¥´¸¨·μ¢ ²¨¸Ó ¸ ÉμÎ´μ¸ÉÓÕ ²ÊÎÏ¥ Î¥³ 0,05 
. �¡· §¥Í ¡Ò²
Ê¶ ±μ¢ ´ ¢ ±Õ¢¥ÉÊ ¨§ ³¥¤¨, Éμ²Ð¨´  ¸É¥´μ± ±Õ¢¥ÉÒ ¢ ´ ¶· ¢²¥´¨¨ ¶ÊÎ± 
³Õμ´μ¢ ¸μ¸É ¢²Ö²  100 ³±³. ’μ²Ð¨´  μ¡· §Í  ¢¤μ²Ó μ¸¨ ¶ÊÎ±  ³Õμ´μ¢ ¸μ-
¸É ¢²Ö²  μ±μ²μ 1 £/¸³2. �Ì² ¦¤¥´¨¥ μ¡· §Í , · §³¥Ð¥´´μ£μ ¢ ±·¨μ¸É É¥,
¶·μ¨§¢μ¤¨²μ¸Ó ¶ · ³¨ ¦¨¤±μ£μ  §μÉ . ’¥³¶¥· ÉÊ·  μ¡· §Í  ¸É ¡¨²¨§¨·μ¢ -
² ¸Ó ¸ ÉμÎ´μ¸ÉÓÕ ´¥ ÌÊ¦¥ 0,2 Š. ˆ§³¥·¥´¨Ö ¶·μ¢μ¤¨²¨¸Ó ¢ ¨´É¥·¢ ²¥ É¥³-
¶¥· ÉÊ· 114Ä300 Š. �μ§¨É·μ´Ò μÉ · ¸¶ ¤  μ+, μ¸É ´μ¢¨¢Ï¨Ì¸Ö ¢ μ¡· §Í¥,
·¥£¨¸É·¨·μ¢ ²¨¸Ó ¤¢Ê³Ö É¥²¥¸±μ¶ ³¨ ¨§ ¸Í¨´É¨²²ÖÍ¨μ´´ÒÌ ¸Î¥ÉÎ¨±μ¢, · ¸-
¶μ²μ¦¥´´ÒÌ ¤μ (BW-É¥²¥¸±μ¶) ¨ ¶μ¸²¥ (FW-É¥²¥¸±μ¶) μ¡· §Í . �·¨ ± ¦¤μ³
§´ Î¥´¨¨ É¥³¶¥· ÉÊ·Ò ¢ £¨¸Éμ£· ³³Ò ¢·¥³¥´´μ£μ · ¸¶·¥¤¥²¥´¨Ö ¶μ§¨É·μ´μ¢
μ+ → e+ · ¸¶ ¤  ¡Ò²μ ´ ¡· ´μ ¶·¨³¥·´μ 3 · 106 ¸μ¡ÒÉ¨°.

ˆ§³¥·¥´¨Ö ¶μ± § ²¨, ÎÉμ ¢ Ë¥··μ¦¨¤±μ¸É¨ ´ ¡²Õ¤ ¥É¸Ö ¸ÊÐ¥¸É¢¥´´Ò°
μSR-¸¨£´ ² ¢ Ê¸²μ¢¨ÖÌ ± ± ’F-, É ± ¨ ZF-Ô±¸¶¥·¨³¥´É . �  ·¨¸. 1 ¸¨£´ ² ¶·¥-
Í¥¸¸¨¨ ¸¶¨´  ³Õμ´  ¶·¨¢¥¤¥´ ¢ ¸· ¢´¥´¨¨ ¸ É ±¨³ ¦¥ ¸¨£´ ²μ³ ¤²Ö μ¡· §Í 
¨§ ³¥¤¨ ¶·¨ É¥³¶¥· ÉÊ·¥ 300 Š ¨ ¢´¥Ï´¥³ ³ £´¨É´μ³ ¶μ²¥ 400 
. Œ¥¤´Ò°
μ¡· §¥Í ¨¸¶μ²Ó§Ê¥É¸Ö ¢ ± Î¥¸É¢¥ ±μ´É·μ²Ó´μ£μ μ¡· §Í , ¢ ±μÉμ·μ³ ·¥² ±¸ Í¨Ö
¸¶¨´  ³Õμ´  ¶·¨ ±μ³´ É´ÒÌ É¥³¶¥· ÉÊ· Ì ´¥ ´ ¡²Õ¤ ¥É¸Ö [8]. Š ± ¸²¥¤Ê¥É
¨§ ·¨¸. 1, ¢ Ë¥··μ¦¨¤±μ¸É¨ ¨³¥¥É ³¥¸Éμ § ÉÊÌ ´¨¥ (·¥² ±¸ Í¨Ö) ¶μ²Ö·¨§ Í¨¨
¸¶¨´  ³Õμ´  ¸μ ¢·¥³¥´¥³. �·¨ Ê¢¥²¨Î¥´¨¨ ¢´¥Ï´¥£μ ³ £´¨É´μ£μ ¶μ²Ö μÉ 100
¤μ 700 
 ¶·¨ É¥³¶¥· ÉÊ·¥ 300 Š ¶·μ¨¸Ìμ¤¨É Ê¢¥²¨Î¥´¨¥ ¸±μ·μ¸É¨ ·¥² ±¸ -
Í¨¨ ¸¶¨´  ³Õμ´  μÉ 0,3 ¤μ 0,8 ³±¸−1. ‚ ¶μ¶¥·¥Î´μ³ ¸¶¨´Ê ³Õμ´  ³ £´¨É´μ³
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�¨¸. 1. μSR-¸¶¥±É·Ò, ¨¸¶· ¢²¥´´Ò¥ ¸ ÊÎ¥Éμ³ Ëμ´  ¨ ¢·¥³¥´¨ ¦¨§´¨ ³Õμ´ , ¤²Ö ³¥¤¨
¨ Ë¥··μ¦¨¤±μ¸É¨ ¢ ¶μ¶¥·¥Î´μ³ ¸¶¨´Ê ³Õμ´  ¢´¥Ï´¥³ ³ £´¨É´μ³ ¶μ²¥

¶μ²¥ ´ ¡²Õ¤ ¥É¸Ö É ±¦¥ ¸¤¢¨£ Î ¸ÉμÉÒ ¶·¥Í¥¸¸¨¨ ¸¶¨´  ³Õμ´  (ω − ω0)/ω0

¶μ μÉ´μÏ¥´¨Õ ± Î ¸Éμ¥ ¶·¥Í¥¸¸¨¨ ω0 ¢ ³¥¤¨.
�¥§Ê²ÓÉ ÉÒ ¨§³¥·¥´¨° ¢ Ê¸²μ¢¨ÖÌ ZF ¶·¨ ´¥¸±μ²Ó±¨Ì É¥³¶¥· ÉÊ· Ì ¶·¥¤-

¸É ¢²¥´Ò ´  ·¨¸. 2. Š ± ¢¨¤´μ ¨§ ·¨¸Ê´± , ¶·¨ É¥³¶¥· ÉÊ·¥ 114 Š ¨ ¢ÒÏ¥
230 Š ´ ¡²Õ¤ ¥É¸Ö ¡Ò¸É· Ö ·¥² ±¸ Í¨Ö ¶μ²Ö·¨§ Í¨¨ ³Õμ´ . ‚ μÉ¸ÊÉ¸É¢¨¥
·¥² ±¸ Í¨¨ ¸¶¨´  ³Õμ´ , ´ ¶·¨³¥·, ¶·¨ T = 230 Š, Ô±¸¶¥·¨³¥´É ²Ó´Ò¥
ÉμÎ±¨ ¸²ÊÎ °´Ò³ μ¡· §μ³ · ¸¶·¥¤¥²¥´Ò ¶μ μ¡¥ ¸Éμ·μ´Ò ´Ê²¥¢μ° ²¨´¨¨. �·¨
μÉ²¨Î´μ° μÉ ´Ê²Ö ¸±μ·μ¸É¨ ·¥² ±¸ Í¨¨ ¤ ´´Ò¥ ¤²Ö FW- ¨ BW-É¥²¥¸±μ¶μ¢
μÉ±²μ´ÖÕÉ¸Ö ¢ · §´Ò¥ ¸Éμ·μ´Ò μÉ ´Ê²¥¢μ° ²¨´¨¨, ± ± ¨ ¸²¥¤μ¢ ²μ μ¦¨-
¤ ÉÓ ¨§  ¸¨³³¥É·¨¨ ¶·μ¸É· ´¸É¢¥´´μ£μ · ¸¶·¥¤¥²¥´¨Ö ¶μ§¨É·μ´μ¢ μÉ · ¸¶ ¤ 
¶·μ¤μ²Ó´μ-¶μ²Ö·¨§μ¢ ´´ÒÌ ³Õμ´μ¢.

‚·¥³¥´´μ¥ · ¸¶·¥¤¥²¥´¨¥ ¶μ§¨É·μ´μ¢ μ+ → e+ · ¸¶ ¤   ¶¶·μ±¸¨³¨·μ-
¢ ²μ¸Ó ËÊ´±Í¨¥° N(t) = N0 · [1 + P (t)] · exp (−t/τμ) + Ëμ´, £¤¥ ¤²Ö ËÊ´±Í¨¨
P (t) ¢ ¸²ÊÎ ¥ ¨§³¥·¥´¨° ¢μ ¢´¥Ï´¥³ ³ £´¨É´μ³ ¶μ²¥ ¨¸¶μ²Ó§μ¢ ²μ¸Ó ¢Ò· -
¦¥´¨¥ PTF(t) = P0 · exp (−σt) · cos (ωt + φ),   ¤²Ö ¸²ÊÎ Ö μÉ¸ÊÉ¸É¢¨Ö ¶μ²Ö Å
PZF(t) = P0 · exp (−(σt)k).

‚μ ¢¸¥³ É¥³¶¥· ÉÊ·´μ³ ¤¨ ¶ §μ´¥ ¤²Ö Ë¨É¨·μ¢ ´¨Ö Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ
¤ ´´ÒÌ, ¶μ²ÊÎ¥´´ÒÌ ¶·¨ ´Ê²¥¢μ³ ³ £´¨É´μ³ ¶μ²¥, ´ ¨²ÊÎÏ¨³ μ¡· §μ³ ¶μ¤-
Ìμ¤¨É ËÊ´±Í¨Ö ZF(t) c k = 1. �¤´ ±μ §´ Î¨É¥²Ó´μ¥ μÉ²¨Î¨¥ χ2 ¶·¨ Ë¨É¨·μ-
¢ ´¨¨ ËÊ´±Í¨¥° ¸ k = 1 μÉ ¸²ÊÎ ¥¢ ¸ k = 1/2 ¨ k = 2 ´ ¡²Õ¤ ¥É¸Ö ²¨ÏÓ ¶·¨
É¥³¶¥· ÉÊ· Ì 240, 250 ¨ 255 Š.

�  ·¨¸. 3 ¶·¥¤¸É ¢²¥´Ò É¥³¶¥· ÉÊ·´Ò¥ § ¢¨¸¨³μ¸É¨ ¶μ²Ö·¨§ Í¨¨ ¨ ¸±μ-
·μ¸É¨ ·¥² ±¸ Í¨¨ ¸¶¨´  ³Õμ´ , ¶μ²ÊÎ¥´´Ò¥ ¢ Ê¸²μ¢¨ÖÌ ZF. Š ± ¢¨¤´μ, ¨³¥-
¥É¸Ö ¤μ¸É ÉμÎ´μ ¸²μ¦´ Ö § ¢¨¸¨³μ¸ÉÓ  ³¶²¨ÉÊ¤Ò ¶μ²Ö·¨§ Í¨¨ P0 ¨ ¸±μ·μ¸É¨
·¥² ±¸ Í¨¨ σ μÉ É¥³¶¥· ÉÊ·Ò. �¸μ¡μ ¢Ò¤¥²ÖÕÉ¸Ö ·μ¸É ¶μ²Ö·¨§ Í¨¨ ¶·¨
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�¨¸. 2. μSR-¸¶¥±É·Ò, ¨¸¶· ¢²¥´´Ò¥ ¸ ÊÎ¥Éμ³ Ëμ´  ¨ ¢·¥³¥´¨ ¦¨§´¨ ³Õμ´ , ¤²Ö
Ë¥··μ¦¨¤±μ¸É¨ ¢ μÉ¸ÊÉ¸É¢¨¥ ¢´¥Ï´¥£μ ³ £´¨É´μ£μ ¶μ²Ö

T = 240Ä255 Š ¨ ¶ ¤¥´¨¥ ¸±μ·μ¸É¨ ·¥² ±¸ Í¨¨ ¨  ³¶²¨ÉÊ¤Ò ¶μ²Ö·¨§ Í¨¨ ¤μ
´Ê²Ö ¶·¨ T = 240 Š. �Î¥¢¨¤´μ, ÎÉμ É·¥¡Ê¥É¸Ö ¡μ²¥¥ ¤¥É ²Ó´μ¥ ¨¸¸²¥¤μ¢ ´¨¥
¢ μ¡² ¸É¨ É¥³¶¥· ÉÊ· 100Ä150 Š, 200Ä250 Š ¨ ¢ÒÏ¥ 270 Š. � ´¥¥ μ¸μ¡¥´-
´μ¸É¨ ¢ ¶μ¢¥¤¥´¨¨ ¶μ²Ö·¨§ Í¨¨ ¶μ²μ¦¨É¥²Ó´ÒÌ ³Õμ´μ¢ ¶·¨ É¥³¶¥· ÉÊ· Ì
120 ¨ 250 Š ´ ¡²Õ¤ ²¨¸Ó ¤²Ö ³ ¸¸¨¢´μ£μ μ¡· §Í  Fe3O4 [9],   ¡μ²¥¥ ¤¥-
É ²Ó´μ¥ ¨§ÊÎ¥´¨¥ ¶¥·¥Ìμ¤  ‚¥·¢Ó¥ ¡Ò²μ ¶·μ¢¥¤¥´μ ¨ ¢ ³μ´μ±·¨¸É ²²¨Î¥¸±μ³
μ¡· §Í¥ [10].

4



�¨¸. 3. ’¥³¶¥· ÉÊ·´Ò¥ § ¢¨¸¨³μ¸É¨ ¶μ²Ö·¨§ Í¨¨ ¨ ¸±μ·μ¸É¨ ·¥² ±¸ Í¨¨ ¸¶¨´  ³Õμ´ 
¢ Ë¥··μ¦¨¤±μ¸É¨ ¢ μÉ¸ÊÉ¸É¢¨¥ ³ £´¨É´μ£μ ¶μ²Ö

Œ £´¨É´μ¥ ¶μ²¥ ´  ³Õμ´¥ ¢ ¸·¥¤¥ μ¡Ê¸²μ¢²¥´μ ³ £´¨É´Ò³¨ ³μ³¥´-
É ³¨ ´ ´μÎ ¸É¨Í, ¸²ÊÎ °´μ · ¸¶·¥¤¥²¥´´ÒÌ ¢ μ¡Ñ¥³¥ · ¸É¢μ· . …¸²¨ ¶μ² -
£ ÉÓ, ÎÉμ ¢ · ¸¸³ É·¨¢ ¥³μ³ ¤¨ ¶ §μ´¥ É¥³¶¥· ÉÊ· ¤¨ËËÊ§¨Ö ³Õμ´  μÉ¸ÊÉ-
¸É¢Ê¥É (μ´ ´ Ìμ¤¨É¸Ö ¢ Ì¨³¨Î¥¸±¨ ¸¢Ö§ ´´μ³ ¸μ¸ÉμÖ´¨¨) ¨ ³ £´¨É´Ò¥ ³μ-
³¥´ÉÒ ´ ´μÎ ¸É¨Í ¶·¨ T < 300 Š ®§ ³μ·μ¦¥´Ò¯, Éμ, ¨¸Ìμ¤Ö ¨§ ¸±μ·μ-
¸É¨ ·¥² ±¸ Í¨¨ ¸¶¨´  ³Õμ´ , ³μ¦´μ μÍ¥´¨ÉÓ ¸·¥¤´ÕÕ ¤¨¸¶¥·¸¨Õ ¶μ²Ö ´ 
³Õμ´¥ ± ± δB = σ/γμ (γμ = 13,55 ±ƒÍ/ƒ¸). ‘μμÉ¢¥É¸É¢¥´´μ ¨§ ´ ¸ÉμÖ-
Ð¨Ì ¤ ´´ÒÌ ¸²¥¤Ê¥É, ÎÉμ ´  ³Õμ´¥ ¨³¥¥É¸Ö ³ £´¨É´μ¥ ¶μ²¥ ¸ ¤¨¸¶¥·¸¨¥°
δB = 0,5 · 106/(13,55 · 103) ≈ 37 ƒ¸ ¸μ ¸·¥¤´¨³ §´ Î¥´¨¥³, · ¢´Ò³ ´Ê²Õ.

� ²¨Î¨¥ ³ £´¨É´μ£μ ¶μ²Ö ´  ³Õμ´¥ ¸¢¨¤¥É¥²Ó¸É¢Ê¥É μ Éμ³, ÎÉμ ³ £´¨É´Ò¥
³μ³¥´ÉÒ Î ¸É¨Í ®§ ³μ·μ¦¥´Ò¯ ¨²¨, ¶μ ±· °´¥° ³¥·¥, ¸±μ·μ¸ÉÓ ¨Ì ·¥² ±¸ Í¨¨
¸· ¢´¨³  ¨²¨ ³¥´¥¥ 1/τμ. � ¢¥´¸É¢μ ´Ê²Õ ¸·¥¤´¥£μ §´ Î¥´¨Ö ¶μ²Ö ´  ³Õμ´¥
³μ¦¥É ¡ÒÉÓ ¢ Éμ³ ¸²ÊÎ ¥, ¥¸²¨ ³ £´¨É´Ò¥ ³μ³¥´ÉÒ ´ ´μÎ ¸É¨Í μ·¨¥´É¨·μ-
¢ ´Ò ¢ ¶·μ¸É· ´¸É¢¥ ¸²ÊÎ °´Ò³ μ¡· §μ³, Éμ ¥¸ÉÓ Ê¶μ·Ö¤μÎ¥´¨¥ ³ £´¨É´ÒÌ
³μ³¥´Éμ¢ μÉ¸ÊÉ¸É¢Ê¥É.
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�¥μ¡Ìμ¤¨³μ μÉ³¥É¨ÉÓ, ÎÉμ μSR-³¥Éμ¤ ¶μ³¨³μ ¸É É¨Î¥¸±¨Ì ¶·μÍ¥¸¸μ¢
¶·¨³¥´¨³ ¤²Ö ¨§ÊÎ¥´¨Ö ¤¨´ ³¨Î¥¸±¨Ì ¶·μÍ¥¸¸μ¢ ¢ ¡μ²ÓÏμ³ ¤¨ ¶ §μ´¥ Î -
¸ÉμÉ: 105Ä109 ƒÍ. ’ ±¨³ μ¡· §μ³, ¨´É¥·¢ ² ±μ··¥²ÖÍ¨μ´´ÒÌ ¢·¥³¥´, ¨§Ê-
Î ¥³Ò° μSR-³¥Éμ¤μ³, § ¶μ²´Ö¥É Ï¨·μ±¨° ¶·μ³¥¦ÊÉμ±, ´¥¤μ¸ÉÊ¶´Ò° ¤²Ö ¨¸-
¸²¥¤μ¢ ´¨° ¸ ¶μ³μÐÓÕ ³¥¸¸¡ ÊÔ·μ¢¸±μ° ¸¶¥±É·μ¸±μ¶¨¨ ¨ ³¥Éμ¤  ¨§³¥·¥´¨°
³ £´¨É´μ° ¢μ¸¶·¨¨³Î¨¢μ¸É¨ ´  ¶¥·¥³¥´´μ³ Éμ±¥ (¸³. É ¡²¨ÍÊ). �¤´μ° ¨§
¢ ¦´ÒÌ Ì · ±É¥·¨¸É¨± ¸Ê¶¥·¶ · ³ £´¨É´μ° ¸¨¸É¥³Ò Ö¢²Ö¥É¸Ö É¥³¶¥· ÉÊ· 
¡²μ±¨·μ¢±¨ TB. Š ± ¶μ± §Ò¢ ÕÉ ·¥§Ê²ÓÉ ÉÒ ¨§³¥·¥´¨° ÔÉμ£μ ¶ · ³¥É· 
(´ ¶·¨³¥·, ¢ ³ £´¨É´μ° ¦¨¤±μ¸É¨ ´  μ¸´μ¢¥ CoFe2O3 [2]) ³¥¸¸¡ ÊÔ·μ¢¸±μ°
¸¶¥±É·μ¸±μ¶¨¥° ¨ ¸ ¶μ³μÐÓÕ ±¢ ´Éμ¢μ£μ ³ £´¨Éμ³¥É·  (SQUID), ¶μ²ÊÎ¥´´Ò¥
§´ Î¥´¨Ö TB μÉ²¨Î ÕÉ¸Ö ¡μ²¥¥ Î¥³ ¢ ¤¢  · § .

„¨ ¶ §μ´Ò ¢·¥³¥´ ¸¶¨´μ¢μ° ±μ··¥²ÖÍ¨¨, ¤μ¸ÉÊ¶´Ò¥ ¤²Ö ¨¸¸²¥¤μ¢ ´¨° · §²¨Î´Ò³¨
³¥Éμ¤ ³¨

Œ¥Éμ¤ ¨§³¥·¥´¨Ö Šμ··¥²ÖÍ¨μ´´μ¥ ¢·¥³Ö, ¸

� ¸¸¥Ö´¨¥ ´¥°É·μ´μ¢ < 10−10

‘¶¥±É·μ¸±μ¶¨Ö Œ¥¸¸¡ ÊÔ·  10−10Ä10−8

μSR-³¥Éμ¤, ’F-Ê¸²μ¢¨Ö 10−11Ä10−5

μSR-³¥Éμ¤, ZF-Ê¸²μ¢¨Ö 10−11Ä10−4

ˆ§³¥·¥´¨¥ ³ £´¨É´μ° ¢μ¸¶·¨¨³Î¨¢μ¸É¨ 10−4Ä100

´  ¶¥·¥³¥´´μ³ Éμ±¥

�·¨¢¥¤¥´´Ò¥ ¢ ´ ¸ÉμÖÐ¥° · ¡μÉ¥ ·¥§Ê²ÓÉ ÉÒ ¸¢¨¤¥É¥²Ó¸É¢ÊÕÉ μ Éμ³, ÎÉμ
¡μ²¥¥ ¤¥É ²Ó´Ò¥ ¨¸¸²¥¤μ¢ ´¨Ö μSR-³¥Éμ¤μ³ ¶μ§¢μ²ÖÉ ¶μ²ÊÎ¨ÉÓ ´μ¢ÊÕ ¨´Ëμ·-
³ Í¨Õ μ ¸¢μ°¸É¢ Ì ¸Ê¶¥·¶ · ³ £´¨É´ÒÌ Ë¥··μ¦¨¤±μ¸É¥°.

�¢Éμ·Ò ¡² £μ¤ ·´Ò ±μ²²¥±É¨¢Ê Ë §μÉ·μ´  �ˆŸˆ §  ´ ¤¥¦´ÊÕ · ¡μÉÊ
Ê¸±μ·¨É¥²Ö.

ˆ¸¸²¥¤μ¢ ´¨Ö ¶μ¤¤¥·¦¨¢ ÕÉ¸Ö £· ´Éμ³ ¶μ²´μ³μÎ´μ£μ ¶·¥¤¸É ¢¨É¥²Ö �Ê-
³Ò´¨¨ ¢ �ˆŸˆ.

‹ˆ’…��’“��

1. Odenbach S. // J. Phys.: Cond. Matt. 2004. V. 16. P. R1135.

2. Vestal Ch.H., Zhang Z. J. // Int. J. of Nanotechnology. 2004. V. 1. P. 240.

3. Shull C.G., Wollan E. O., Koehler W. C. // Phys. Rev. 1951. V. 84. P. 912.

4. Aksenov V. et al. // Appl. Phys. A. 2002. V. 74. Suppl. P. S943.

6



5. Aksenov V. L. et al. // J. Magn. Magn. Mat. 2003. V. 258Ä259. P. 452.

6. Avdeev M. V. et al. // J. Magn. Magn. Mat. 2004. V. 270. P. 371.

7. Schenck A. Muon Spin Rotation Spectroscopy, Adam Hilger Ltd., Bristol, England,
1985.

8. ƒ·¥¡¨´´¨± B .ƒ. ¨ ¤·. // †
’”. 1975. T. 68. C. 1584.

9. Boekema C. et al. // Phys. Rev. 1986. V. 33. P. 210.

10. Bimbi M. et al. // Physica B. 2006. V. 374. P. 51.

�μ²ÊÎ¥´μ 6 Ë¥¢· ²Ö 2007 £.



�¥¤ ±Éμ· Œ. ˆ. ‡ ·Ê¡¨´ 

�μ¤¶¨¸ ´μ ¢ ¶¥Î ÉÓ 19.03.2007.
”μ·³ É 60× 90/16. �Ê³ £  μË¸¥É´ Ö. �¥Î ÉÓ μË¸¥É´ Ö.

“¸². ¶¥Î. ². 0,62. “Î.-¨§¤. ². 1,21. ’¨· ¦ 295 Ô±§. ‡ ± § º 55685.

ˆ§¤ É¥²Ó¸±¨° μÉ¤¥² �¡Ñ¥¤¨´¥´´μ£μ ¨´¸É¨ÉÊÉ  Ö¤¥·´ÒÌ ¨¸¸²¥¤μ¢ ´¨°
141980, £. „Ê¡´ , Œμ¸±μ¢¸± Ö μ¡²., Ê².†μ²¨μ-ŠÕ·¨, 6.

E-mail: publish@pds.jinr.ru
www.jinr.ru/publish/


