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�·¨¢μ¤ÖÉ¸Ö ·¥§Ê²ÓÉ ÉÒ ¨§³¥·¥´¨Ö ¸¶¥±É·μ¢ ±μ³¡¨´ Í¨μ´´μ£μ · ¸¸¥Ö´¨Ö (Š�‘) ¸ ¶μ³μÐÓÕ ² -
§¥·´μ£μ ¸± ´¨·ÊÕÐ¥£μ ±μ´Ëμ± ²Ó´μ£μ ³¨±·μ¸±μ¶  (‹Š‘Œ) ´  λ = 441,6 ´³ ²¨´¨¨ ¢μ§¡Ê¦¤¥´¨Ö
·¥² ±¸μ·´μ° ¸¥£´¥Éμ±¥· ³¨±¨ –’‘‹ 8/65/35 ¶·¨ ¥¥ μ¡²ÊÎ¥´¨¨ ² §¥·´Ò³ ¨ ¸¨²Ó´μÉμÎ´Ò³ ¨³-
¶Ê²Ó¸´Ò³ ¶ÊÎ±μ³ Ô²¥±É·μ´μ¢ (ˆ‘��) ¸ · §²¨Î´Ò³¨ ¤μ§ ³¨. �μ²ÊÎ¥´Ò ¤¢Ê³¥·´Ò¥ ¨§μ¡· ¦¥´¨Ö
¨ ¤ ´´Ò¥ ¸± ´¨·μ¢ ´¨Ö ¶μ ¸²μÖ³ ´¥μ¡²ÊÎ¥´´μ° ¨ μ¡²ÊÎ¥´´μ° Î ¸É¥° μ¡· §Í  ´  · ³ ´- ±É¨¢´μ°
³μ¤¥ νTO4 = 536 ¸³−1. ‚ μ¡²ÊÎ¥´´μ³ μ¡· §Í¥ μ¡´ ·Ê¦¥´Ò ¶·μ¸É· ´¸É¢¥´´Ò¥ μ¡² ¸É¨ ¸  ´μ-
³ ²Ó´μ ¢Ò¸μ±μ° ¨´É¥´¸¨¢´μ¸ÉÓÕ νTO4 -³μ¤Ò. � ¸¸³ É·¨¢ ÕÉ¸Ö ¢μ§³μ¦´Ò¥ ³¥Ì ´¨§³Ò ÔËË¥±É 
¸¨²Ó´μÉμÎ´μ£μ ¨³¶Ê²Ó¸´μ£μ Ô²¥±É·μ´´μ£μ μ¡²ÊÎ¥´¨Ö ´  –’‘‹ 8/65/35.

The results of the Raman measurements using the laser scanning confocal microscope (LSCM) with
the excitation line λ = 441.6 nm on the unirradiated and irradiated relaxor PLZT 8/65/35 ceramics
by means of laser and high-current pulse electron irradiation are given. Two-dimensional pictures and
layered scanning of unirradiated and irradiated parts of the sample have been obtained using the Raman-
active mode νTO4 = 536 cm−1. The appearance of the regions with the anomaluosly high intensity
Raman-active mode νTO4 has been found. The mechanisms of the pulsed electron in�uence effect for
the PLZT 8/65/35 are discussed.
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‚²¨Ö´¨¥ μ¡²ÊÎ¥´¨Ö Ô²¥±É·μ´ ³¨, ´¥°É·μ´ ³¨, γ-²ÊÎ ³¨ ´  ¸É·Ê±ÉÊ·Ê ¨ Ë¨§¨Î¥¸±¨¥
¸¢μ°¸É¢  · §²¨Î´ÒÌ ¢¥Ð¥¸É¢ [1Ä3] Ï¨·μ±μ ¨¸¸²¥¤Ê¥É¸Ö, ¶μ¸±μ²Ó±Ê · ¤¨ Í¨μ´´μ¥ ²¥£¨-
·μ¢ ´¨¥, · ¤¨ Í¨μ´´μ-Ê¶· ¢²Ö¥³ Ö ¤¨ËËÊ§¨Ö ¨ ¤·Ê£¨¥ · ¤¨ Í¨μ´´Ò¥ ¢μ§¤¥°¸É¢¨Ö ¸É ²¨
´¥§ ³¥´¨³Ò³¨ ³¥Éμ¤ ³¨ ¶μ²ÊÎ¥´¨Ö ³ É¥·¨ ²μ¢ ¸ § ¤ ´´Ò³¨ ¸¢μ°¸É¢ ³¨ [4] ¨ ¨§ÊÎ¥´¨Ö
¨Ì · ¤¨ Í¨μ´´μ° ¸Éμ°±μ¸É¨.

ˆ§¢¥¸É´μ, ÎÉμ μ¡²ÊÎ¥´¨¥ ¶·μ§· Î´ÒÌ ±¥· ³¨± (Pb1−x Lax) (Zr0,65 Ti0,35)O3 (–’‘‹
x/65/35) ¸É Í¨μ´ ·´Ò³¨ · ¤¨ Í¨μ´´Ò³¨ ¶μ²Ö³¨, É ±¨³¨ ± ± γ-±¢ ´ÉÒ [5], Ô²¥±É·μ´Ò
[6, 7], ³´μ£μ§ ·Ö¤´Ò¥ ¨μ´Ò [8], ´¥°É·μ´Ò [9] ¢ Í¥²μ³ ´¥ ¨§³¥´ÖÕÉ ±·¨¸É ²²¨Î¥¸±ÊÕ
¸É·Ê±ÉÊ·Ê ³ É¥·¨ ² ,   ²¨ÏÓ ¢¥¤ÊÉ ± ¶μÖ¢²¥´¨Õ ´¥±μÉμ·μ£μ ®· §³ÒÉ¨Ö¯ ¢¡²¨§¨ ±· Ö
ËÊ´¤ ³¥´É ²Ó´μ£μ ¶μ£²μÐ¥´¨Ö, ÊÏ¨·¥´¨Ö Ë §μ¢μ£μ ¶¥·¥Ìμ¤ , μ¶·¥¤¥²Ö¥³μ£μ ¶μ ³ ±¸¨-
³Ê³Ê § ¢¨¸¨³μ¸É¨ ¤¨Ô²¥±É·¨Î¥¸±μ° ¶μ¸ÉμÖ´´μ° μÉ É¥³¶¥· ÉÊ·Ò ε ∼ f(T ),   É ±¦¥ ±
§´ Î¨É¥²Ó´μ³Ê ¶μ´¨¦¥´¨Õ ¢¥²¨Î¨´Ò ¸¶μ´É ´´μ° ¶μ²Ö·¨§ Í¨¨ ¨ ±μÔ·Í¨É¨¢´μ£μ ¶μ²Ö
[10]. �¤´ ±μ ´¥¤ ¢´μ ¸ ¶μ³μÐÓÕ ·¥´É£¥´μ¢¸±μ° ¶μ·μÏ±μ¢μ° ¤¨Ë· ±Éμ³¥É·¨¨ [11Ä13]
¶·¨ μ¡²ÊÎ¥´¨¨ ±¥· ³¨±¨ –’‘‹ 8/65/35 ¸¨²Ó´μÉμÎ´Ò³ ¨³¶Ê²Ó¸´Ò³ Ô²¥±É·μ´´Ò³ ¶ÊÎ±μ³
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¸ · §²¨Î´Ò³¨ ¤μ§ ³¨ ¡Ò² μ¡´ ·Ê¦¥´ ÔËË¥±É ¸É·Ê±ÉÊ·´ÒÌ ¨§³¥´¥´¨° ±·¨¸É ²²¨Î¥¸±μ°
·¥Ï¥É±¨. ‚¸²¥¤¸É¢¨¥ ÔÉμ£μ ¶μÖ¢²Ö¥É¸Ö ¸³¥Ð¥´¨¥ Ëμ´μ´´ÒÌ ³μ¤, §´ Î¨É¥²Ó´μ¥ ¨§³¥´¥´¨¥
¨Ì ¨´É¥´¸¨¢´μ¸É¨,   É ±¦¥ ´μ¢Ò¥ Î ¸ÉμÉÒ.

–¥²Ó ´ ¸ÉμÖÐ¥° · ¡μÉÒ Å ¨¸¸²¥¤μ¢ ´¨¥ ¢²¨Ö´¨Ö ¸¨²Ó´μÉμÎ´μ£μ ¨³¶Ê²Ó¸´μ£μ Ô²¥±-
É·μ´´μ£μ ¶ÊÎ±  ¡μ²ÓÏ¨Ì ¤μ§ ¨ ² §¥·´μ£μ ¨§²ÊÎ¥´¨Ö ´  μ¶É¨Î¥¸±¨¥ ¸¢μ°¸É¢ , ³μ·Ëμ²μ£¨Õ
¶μ¢¥·Ì´μ¸É¨ ¨ μ¡Ñ¥³´ÊÕ ¸É·Ê±ÉÊ·Ê ±¥· ³¨±¨ –’‘‹ 8/65/35 ¸ ¶μ³μÐÓÕ ² §¥·´μ£μ ±μ´-
Ëμ± ²Ó´μ£μ ¸± ´¨·ÊÕÐ¥£μ ³¨±·μ¸±μ¶  (‹Š‘Œ).

Œ…’�„ˆŠ�

�¡· §ÍÒ ±¥· ³¨±¨ –’‘‹ ¨§£μÉμ¢²¥´Ò ³¥Éμ¤μ³ ¤¢ÊÌ¸É ¤¨°´μ£μ £μ·ÖÎ¥£μ ¶·¥¸¸μ¢ ´¨Ö
¨§ ¨¸Ìμ¤´ÒÌ Ì¨³¨Î¥¸±¨ Î¨¸ÉÒÌ ³ É¥·¨ ²μ¢ ¨ μÉ¶μ²¨·μ¢ ´Ò ¤μ ´¥μ¡Ìμ¤¨³μ£μ μ¶É¨Î¥-
¸±μ£μ ± Î¥¸É¢ . ’μ²Ð¨´  μ¡· §Íμ¢ Å 0,6 ³³ [5].

�¡²ÊÎ¥´¨¥ μ¡· §Íμ¢ ±¥· ³¨±¨ –’‘‹ 8/65/35 ¶·μ¢μ¤¨²μ¸Ó ´  ²¨´¥°´μ³ ¨´¤Ê±Í¨μ´-
´μ³ Ê¸±μ·¨É¥²¥ ‹ˆ“-3000 [14] ¸¨²Ó´μÉμÎ´Ò³ ¨³¶Ê²Ó¸´Ò³ Ô²¥±É·μ´´Ò³ ¶ÊÎ±μ³ ¸ Éμ±μ³
Ie = 200 �, Ô´¥·£¨¥° Ee = 800 ±Ô‚, ¤²¨É¥²Ó´μ¸ÉÓÕ ¨³¶Ê²Ó¸  τ = 200 ´¸. �¡²ÊÎ ¥³Ò°
μ¡· §¥Í ´ Ìμ¤¨²¸Ö ¢ ¢ ±ÊÊ³´μ° ± ³¥·¥ ¸ ¤ ¢²¥´¨¥³ μ¸É ÉμÎ´μ£μ £ §  P ≈ 10−6 ’μ··.
�·¨³¥´Ö²¸Ö ·¥¦¨³ μ¤´μ±· É´μ£μ μ¡²ÊÎ¥´¨Ö ¸ ¤μ§μ° k = 5 · 1014 Ô²¥±É·μ´ · ¸³−2 (1 ¨³-
¶Ê²Ó¸),   É ±¦¥ 5 · 1015 ¨ 5 · 1016 Ô²¥±É·μ´ · ¸³−2 (10 ¨ 100 ¨³¶Ê²Ó¸μ¢ ¸μμÉ¢¥É¸É¢¥´´μ).
�¡· §¥Í ¡Ò² ¶μ³¥Ð¥´ ³¥¦¤Ê ¶·μ¢μ¤ÖÐ¨³¨ Ô±· ´ ³¨, ±μÉμ·Ò¥ ´ Ìμ¤¨²¨¸Ó ¶μ¤ ¶μÉ¥´Í¨-
 ²μ³ §¥³²¨, ÎÉμ ¨¸±²ÕÎ ²μ ´ ±μ¶²¥´¨¥ ¶·μ¸É· ´¸É¢¥´´μ£μ § ·Ö¤ . �·μ¡¥£ Ô²¥±É·μ´μ¢ ¢
μ¡· §Í¥ ¸μ¸É ¢²Ö¥É ¤²Ö ÔÉμ° Ô´¥·£¨¨ 0,5 ³³ [12].

‘¶¥±É·Ò (Š�C) ¨§³¥·¥´Ò ´  ‹Š‘Œ ¸ ¨¸¶μ²Ó§μ¢ ¨¥³ ¨§²ÊÎ¥´¨Ö 	¥Ä‘d-² §¥·  (λ =
441,6 ´³), ¸μ ¸¶¥±É· ²Ó´Ò³ · §·¥Ï¥´¨¥³ Δν = 4 ¸³−1 ¨ ¤¨ ³¥É·μ³ ²ÊÎ  ² §¥·  ´ 
³¨Ï¥´¨ 0,8 ³±³ [15]. �·¨¡μ· ¶μ§¢μ²Ö¥É ¶·μ¨§¢μ¤¨ÉÓ ¸± ´¨·μ¢ ´¨¥ ¨¸¸²¥¤Ê¥³μ£μ ¶·μ-
§· Î´μ£μ μ¡Ñ¥±É  ¶μ μ¡Ñ¥³Ê 100×100×80 ³±³ ¸ · §·¥Ï¥´¨¥³ ¤μ 200 ´³ ¶μ μ¸Ö³ X ¨
Y , ¤μ 500 ´³ Å ¶μ μ¸¨ Z,   É ±¦¥ ¸± ´¨·μ¢ ´¨¥ ¶μ ¤²¨´ ³ ¢μ²´ μÉ 265 ¤μ 1000 ´³
¸μ ¸¶¥±É· ²Ó´Ò³ · §·¥Ï¥´¨¥³ 0,1 ´³. ˆ§ÊÎ¥´¨¥ ´  ‹Š‘Œ ¢²¨Ö´¨Ö μ¡²ÊÎ¥´¨Ö ³ ²Ò³¨
¤μ§ ³¨ (μ¤´μ±· É´μ¥ μ¡²ÊÎ¥´¨¥) ¨¸¸²¥¤μ¢ ²μ¸Ó ´ ³¨ · ´¥¥ [15].

‚ · ¡μÉ¥ ¶·¥¤¸É ¢²¥´Ò ·¥§Ê²ÓÉ ÉÒ ¨§³¥·¥´¨°, ¢Ò¶μ²´¥´´ÒÌ ´   Éμ³´μ-¸¨²μ¢μ³ ³¨-
±·μ¸±μ¶¥ (ACM) SOLVER P-47 (NT-MDT, ‡¥²¥´μ£· ¤, �μ¸¸¨Ö), · ¡μÉ ÕÐ¥³ ¢ ¶μ²Ê¶·μ-
¢μ¤ÖÐ¥³ ·¥¦¨³¥.

“Î¨ÉÒ¢ Ö ¸²μ¦´Ò° Ì · ±É¥· ¢μ§¤¥°¸É¢¨Ö ˆ‘��, ¢±²ÕÎ ÕÐ¨° ¢ ¸¥¡Ö · ¤¨ Í¨μ´´μ¥,
É¥¶²μ¢μ¥ ¨ Ê¤ ·´μ¥ ¢μ§¤¥°¸É¢¨¥ [16], ¸ Í¥²ÓÕ ¢Ò¤¥²¥´¨Ö É¥¶²μ¢μ£μ ¨ Ê¤ ·´μ£μ ÔËË¥±É 
¶·¨´Ö²¨ ·¥Ï¥´¨¥ ¶·μ¢¥¸É¨ μ¡²ÊÎ¥´¨¥ –’‘‹ 8/65/35 ² §¥·μ³ ¸ λ = 1060 ´³, ³μÐ´μ¸ÉÓÕ
1 Œ‚É, ¤²¨É¥²Ó´μ¸ÉÓÕ ¨³¶Ê²Ó¸  τ = 10 ´¸.

�Š‘�…�ˆŒ…�’�‹œ��Ÿ —�‘’œ

	  ·¨¸. 1 ¶·¥¤¸É ¢²¥´Ò ¸¶¥±É·Ò ±μ³¡¨´ Í¨μ´´μ£μ · ¸¸¥Ö´¨Ö ´¥μ¡²ÊÎ¥´´μ° ¨ μ¡²Ê-
Î¥´´μ° · §´Ò³¨ ¤μ§ ³¨ ˆ‘��,   É ±¦¥ ¶μ¤¢¥·£´ÊÉμ° ² §¥·´μ³Ê μ¡²ÊÎ¥´¨Õ ±¥· ³¨±¨.
Š² ¸¸¨Ë¨± Í¨Ö  ±É¨¢´ÒÌ ³μ¤ ¢ –’‘‹-±¥· ³¨±¥ ¶·μ¢¥¤¥´  ¢ [17, 18]. ˆ§³¥´¥´¨¥ ¨´É¥´-
¸¨¢´μ¸É¥° ¨ · ¸Ð¥¶²¥´¨¥ Ëμ´μ´´ÒÌ ³μ¤ (’�2, ’�3) ¸¢Ö§ ´μ ¸ É· ´¸Ëμ·³ Í¨¥° ±·¨¸É ²-
²¨Î¥¸±μ° ¸É·Ê±ÉÊ·Ò. ’�4 Ä ¤¥Ëμ·³ Í¨μ´´μ¥ ±μ²¥¡ ´¨¥ ¢¸²¥¤¸É¢¨¥ · ¸ÉÖ¦¥´¨Ö (¸¦ É¨Ö)
BÄO ¶¥·μ¢¸±¨É´μ° ¸É·Ê±ÉÊ·Ò �‚�3 [17].
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�¨¸. 1. “¸·¥¤´¥´´Ò¥ ¶μ ¶²μÐ ¤¨ μ¡· §Í  ¸¶¥±É·Ò Š�‘ ´¥μ¡²ÊÎ¥´´μ° ¨ μ¡²ÊÎ¥´´μ° · §²¨Î´Ò³¨

¤μ§ ³¨ ˆ‘�� ¨ ² §¥·μ³ Î ¸É¥° μ¡· §Í  ´  ¤²¨´¥ ¢μ²´Ò ¢μ§¡Ê¦¤¥´¨Ö, · ¢´μ° 1060 ´³

�¨¸. 2. ‘± ´¨·μ¢ ´¨¥ μ¡Ñ¥³  μ¡· §Í , μ¡²ÊÎ¥´´μ£μ ¤μ§μ° 10 k, ¢ ³μ¤¥ Š�‘ 536 ¸³−1, Ï £ ¶μ μ¸Ö³
X, Y Å 147 ´³, ¶μ μ¸¨ Z Å 0,5 ³±³, ± ¦¤ Ö ± ·É¨´±  100×100 Ï £μ¢

�·¨ ¸± ´¨·μ¢ ´¨¨ ¢ · ³ ´μ¢¸±μ° ³μ¤¥ ¶μ ±μμ·¤¨´ É ³ X, Y ¨ ¶μ ¸²μÖ³ (·¨¸. 2)
μ¡²ÊÎ¥´´μ£μ ¤μ§μ° 10 k μ¡· §Í  ´  £²Ê¡¨´¥ 4Ä6 ³±³ ¢ μ¡· §Í¥ ´ ¡²Õ¤ ÕÉ¸Ö ¸¢¥É²Ò¥
¶ÖÉ´  ¤¨ ³¥É·μ³ ∼2,8 ³±³ ¤μ £²Ê¡¨´Ò ∼2,8 ³±³. ˆ§³¥·¥´¨Ö ´  ‹Š‘Œ ¢Ò¶μ²´¥´Ò ´ 
Ëμ´μ´´μ° ³μ¤¥ ’�4 = 536 ¸³−1. ‘²¥¤Ê¥É μÉ³¥É¨ÉÓ, ÎÉμ ¶μ¢¥·Ì´μ¸É¨ ´¥μ¡²ÊÎ¥´´ÒÌ
μ¡· §Íμ¢ μ¤´μ·μ¤´Ò ¨ ¢Ò£²Ö¤ÖÉ  ´ ²μ£¨Î´μ ¨§μ¡· ¦¥´´Ò³ ´  ·¨¸. 2, a.

	  ·¨¸. 3 ¶·¥¤¸É ¢²¥´Ò ËμÉμ£· Ë¨¨ ¶μ¢¥·Ì´μ¸É¨ ¨ ¸ £²Ê¡¨´Ò 15 ³±³ μ¡²ÊÎ¥´´μ£μ
¤μ§μ° 10 k μ¡· §Í ,   É ±¦¥ ¸± ´¨·μ¢ ´¨Ö ´  Î ¸ÉμÉ¥ 536 ¸³−1 ±μ²¥¡ ´¨Ö ’�4. 	 
·¨¸. 3, ¡ ¶·¨¢¥¤¥´  μ¤´  ¨§ Í¥¶μÎ¥± ¤¥Ë¥±Éμ¢ (¶·¥¤¶μ²μ¦¨É¥²Ó´μ ¸¢Ö§ ´´ÒÌ ¸ ·¥² ±¸ -
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�¨¸. 3. ˆ§μ¡· ¦¥´¨Ö μ¡· §Í , μ¡²ÊÎ¥´´μ£μ ¤μ§μ° 10 k;  ) ËμÉμ£· Ë¨Ö ¶μ¢¥·Ì´μ¸É¨ μ¡· §Í  · §³¥-

·μ³ 40×34 ³±³, ¡) ËμÉμ£· Ë¨Ö μ¡· §Í  · §³¥·μ³ 40×34 ³±³; £²Ê¡¨´  15 ³±³; ¢) ¸± ´¨·μ¢ ´¨¥
μ¡· §Í  ´  £²Ê¡¨´¥ 15 ³±³ ¢ ³μ¤¥ Š�‘ 536 ¸³−1, Ï £ 100 ´³, 198×198 Ï £μ¢

Í¨¥° ¶·μ¸É· ´¸É¢¥´´μ£μ § ·Ö¤ ). Š ¦¤ Ö Í¥¶μÎ±  ²¥¦¨É ¢ μ¤´μ° ¶²μ¸±μ¸É¨, ¶ · ²²¥²Ó´μ
¶μ¢¥·Ì´μ¸É¨ μ¡· §Í , ´  ´¥±μÉμ·μ° ¥£μ £²Ê¡¨´¥. –¥¶μÎ±¨ § ´¨³ ÕÉ, ¶μ ±· °´¥° ³¥·¥,
¶μ²μ¢¨´Ê ¶²μÐ ¤¨ ¸²μÖ ¨ ´¥ ¶¥·¥±·Ò¢ ÕÉ¸Ö. “ ¶μ¢¥·Ì´μ¸É¨ μ¡· §Í  ¸ μ¡¥¨Ì ¸Éμ·μ´
¶μ¤μ¡´ÒÌ Í¥¶μÎ¥± ´¥ ´ ¡²Õ¤ ¥É¸Ö. ˆ§ ·¨¸. 3, ¢ ¢¨¤´μ, ÎÉμ ´¨ É·¥Ð¨´Ò, ´¨ ®Í¥¶μÎ±¨¯
´¥ ®¸¢¥ÉÖÉ¸Ö¯ ¢ ³μ¤ Ì Š�‘.

‘· ¢´¨¢ Ö ·¨¸. 2 ¨ 4, ³μ¦´μ Ê¢¨¤¥ÉÓ μÉ²¨Î¨¥ ³¥¦¤Ê ¶μ¢¥·Ì´μ¸ÉÖ³¨ μ¡· §Íμ¢, μ¡²Ê-
Î¥´´ÒÌ ¤μ§ ³¨ 10 ¨ 100 k Å ¢ ¶μ¸²¥¤´¥³ ´ ¡²Õ¤ ¥É¸Ö Ê±·Ê¶´¥´¨¥ É¥³´ÒÌ ¶ÖÉ¥´, ¶·¨
¸± ´¨·μ¢ ´¨¨ ¢ ³μ¤ Ì Š�‘ (·¨¸. 4, ¢) ¢¨¤´μ, ÎÉμ ¨Ì · §³¥·Ò ¸μ¸É ¢²ÖÕÉ ∼ 5 ³±³ ¨
¡μ²¥¥.

�¨¸. 4.  ) ”μÉμ£· Ë¨Ö ¶μ¢¥·Ì´μ¸É¨ μ¡· §Í  · §³¥·μ³ 40×34 ³±³, μ¡²ÊÎ¥´´μ£μ ¤μ§μ° 100 k;

¡) ¸± ´¨·μ¢ ´¨¥ ¶μ¢¥·Ì´μ¸É¨ μ¡· §Í  ¢ ³μ¤¥ Š�‘ 536 ¸³−1, Ï £ 100 ´³, 200×200 Ï £μ¢; ¢) · ¸-

¶·¥¤¥²¥´¨¥ ¨´É¥´¸¨¢´μ¸É¨ ³μ¤Ò Š�‘ 536 ¸³−1 ¢¤μ²Ó £μ·¨§μ´É ²Ó´μ° ¶·Ö³μ°, ¶·μÌμ¤ÖÐ¥° Î¥·¥§
¸¢¥É²μ¥ ¶ÖÉ´μ

�·¨ ¸± ´¨·μ¢ ´¨¨ ¶μ ¸²μÖ³ μ¡· §Í  (·¨¸. 5) ³μ¦´μ Ê¸É ´μ¢¨ÉÓ · §³¥·Ò ¶ÖÉ¥´, μ´¨
¸μ¸É ¢¨²¨: ¢ ¤¨ ³¥É·¥ ∼ 8Ä10 ³±³,   ¶μ £²Ê¡¨´¥ ∼ 3Ä4 ³±³. 	  ·¨¸. 6 ¶·¥¤¸É ¢²¥´μ
¸± ´¨·μ¢ ´¨¥ μ¡· §Í  ¸ ¶μ³μÐÓÕ �‘Œ. 	 ¤ μ¡Ð¥° ¶μ¢¥·Ì´μ¸ÉÓÕ μ¡· §Í  ´ ¡²Õ¤ ¥É¸Ö
μ¡· §μ¢ ´¨¥ ±² ¸É¥·μ¢ ¸ Ëμ·³μ°, ¡²¨§±μ° ± Í¨²¨´¤·¨Î¥¸±μ°, ¢Ò¸μÉμ° ∼ 0,5 ³±³.

	  ·¨¸. 7 ¶·¥¤¸É ¢²¥´Ò ËμÉμ£· Ë¨¨ ¶μ¢¥·Ì´μ¸É¥° μ¡· §Í , μ¡²ÊÎ¥´´μ° ² §¥·μ³ ¨
¶·μÉ¨¢μ¶μ²μ¦´μ°. ‘²¥¤Ê¥É μÉ³¥É¨ÉÓ, ÎÉμ Í¥¶μÎ±¨ ¶μ ¸²μÖ³ ´¥ ¢μ§´¨± ÕÉ ¢ ¸²ÊÎ ¥ μ¡-
²ÊÎ¥´¨Ö ² §¥·μ³ (± ± ¶·¨ μ¡²ÊÎ¥´¨¨ 10 k (·¨¸. 3)). ˆ§ ·¨¸. 7 ³μ¦´μ Ê¢¨¤¥ÉÓ, ÎÉμ μ¡²Ê-
Î¥´´ Ö ¸Éμ·μ´  ¨³¥¥É ´¥μ¤´μ·μ¤´ÊÕ ¸É·Ê±ÉÊ·Ê ¨ ¸μ¸Éμ¨É ¨§ ¶·μ¶² ¢²¥´´ÒÌ ±² ¸É¥·μ¢
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�¨¸. 5. ‘± ´¨·μ¢ ´¨¥ μ¡Ñ¥³  μ¡· §Í  ¢ ³μ¤¥ Š�‘ 536 ¸³−1, Ï £ ¶μ μ¸Ö³ X, Y Å 100 ´³, Z Å
1 ³±³, 100×100 Ï £μ¢

�¨¸. 6. ˆ§μ¡· ¦¥´¨¥ ¶μ¢¥·Ì´μ¸É¨ μ¡· §Í , μ¡²ÊÎ¥´´μ£μ ¤μ§μ° 100 k, ¶μ²ÊÎ¥´´μ¥ ¸ ¶μ³μÐÓÕ �‘Œ

�¨¸. 7. ‚´¥Ï´¨° ¢¨¤ ¶μ¢¥·Ì´μ¸É¨ μ¡²ÊÎ¥´´μ£μ ² §¥·μ³ μ¡· §Í , ¶μ²ÊÎ¥´´Ò° ¸ ¶μ³μÐÓÕ ¢¨¤¥μ± -

³¥·Ò:  ) μ¡²ÊÎ¥´´ Ö ¸Éμ·μ´ ; ¡) μ¡· É´ Ö ¸Éμ·μ´ 

¸ · §³¥· ³¨ ∼ 2 ³±³. �·μ¶² ¢²¥´¨¥ ¨³¥¥É ³¥¸Éμ ¶· ±É¨Î¥¸±¨ ´  ¢¸Õ £²Ê¡¨´Ê, μ¤´ ±μ
¶·μÉ¨¢μ¶μ²μ¦´ Ö ¸Éμ·μ´  μ¡²ÊÎ¥´´μ£μ μ¡· §Í  ¨¸¶ÒÉÒ¢ ¥É ´ £·¥¢ ¢ ³¥´ÓÏ¥° ¸É¥¶¥´¨ ¨
¶μÔÉμ³Ê ³¥´ÓÏ¥ ¶·μ¶² ¢²¥´ .

	  ·¨¸. 8 ¶·¥¤¸É ¢²¥´Ò 2D-¸¶¥±É·Ò Š�‘ ÔÉμ° ¦¥ ¶μ¢¥·Ì´μ¸É¨, ¨§ ±μÉμ·ÒÌ ¢¨¤´ 
±² ¸É¥·¨§ Í¨Ö ¶μ¢¥·Ì´μ¸É¨ μ¡²ÊÎ¥´´μ£μ ² §¥·μ³ μ¡· §Í , · ¸¶·μ¸É· ´ÖÕÐ Ö¸Ö ´  ¢¸Õ
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�¨¸. 8. ‘± ´¨·μ¢ ´¨¥ ¢ ³μ¤¥ 536 ¸³−1 ¶μ¢¥·Ì´μ¸É¥° μ¡· §Í , μ¡²ÊÎ¥´´μ£μ ² §¥·μ³:  ) μ¡²ÊÎ¥´´ Ö
¸Éμ·μ´ ; ¡) ¶·μÉ¨¢μ¶μ²μ¦´ Ö ¸Éμ·μ´ 

¥£μ £²Ê¡¨´Ê, ´μ ¸²¥¤Ê¥É μÉ³¥É¨ÉÓ, ÎÉμ ±μ²¨Î¥¸É¢μ ±² ¸É¥·μ¢ ¸ £²Ê¡¨´μ° Ê¡Ò¢ ¥É ¨§-§ 
£· ¤¨¥´É  É¥³¶¥· ÉÊ·Ò.

�…‡“‹œ’�’› ˆ ˆ• ��‘“†„…�ˆ…

�μ³¨³μ ¶·¨¢¥¤¥´´ÒÌ ¢ÒÏ¥ μ¶É¨Î¥¸±¨Ì ¨§³¥·¥´¨°, ´  ÔÉ¨Ì ¦¥ μ¡· §Í Ì ¡Ò²¨ ¶·μ-
¢¥¤¥´Ò ·¥´É£¥´μ¸É·Ê±ÉÊ·´Ò¥ ¨¸¸²¥¤μ¢ ´¨Ö ´  ¤²¨´¥ ¢μ²´Ò CuKα. ‡ ¢¨¸¨³μ¸ÉÓ μÉ ¤μ§Ò
μ¡²ÊÎ¥´¨Ö μ¸´μ¢´ÒÌ ¶ · ³¥É·μ¢ Ô²¥³¥´É ·´μ° ÖÎ¥°±¨ Ô²¥±É·μμ¶É¨Î¥¸±μ° ±¥· ³¨±¨ ¶·¨-
¢¥¤¥´  ´  ·¨¸. 9.

ˆ§ ·¨¸. 9 ¢¨¤´μ, ÎÉμ Ì · ±É¥· ¨§³¥´¥´¨Ö É ±¨Ì ¢¥²¨Î¨´, ± ± Δd/d, Δω/ω, ΔI/I ,
μÉ²¨Î ¥É¸Ö. �·¨ D = 5 · 1014 Ô²¥±É·μ´ · ¸³−2¶·μ¨¸Ìμ¤¨É Ê¢¥²¨Î¥´¨¥ ¨´É¥´¸¨¢´μ¸É¨
Š�‘-³μ¤Ò ’�4, ¸¤¢¨£ ÔÉμ° Î ¸ÉμÉÒ ¢ ¸Éμ·μ´Ê ³¥´ÓÏ¨Ì Î ¸ÉμÉ ¨ ¤¥Ëμ·³ Í¨Ö ÖÎ¥°±¨:
Ê³¥´ÓÏ¥´¨¥ · §³¥· , Ê¢¥²¨Î¥´¨¥ É¥É· £μ´ ²Ó´ÒÌ ¨¸± ¦¥´¨°. �·¨ μ¡²ÊÎ¥´¨¨ C�� ¤μ-
§ ³¨ 10 ¨ 100 k ¶·μ¨¸Ìμ¤ÖÉ ¤·Ê£¨¥ ¸É·Ê±ÉÊ·´Ò¥ ¨§³¥´¥´¨Ö (Ê¢¥²¨Î¥´¨¥ ÖÎ¥°±¨, ·¥§±μ¥
Ê³¥´ÓÏ¥´¨¥ ¨´É¥´¸¨¢´μ¸É¨ ³μ¤ Š�‘ ¨ ¶μÖ¢²¥´¨¥ μ¡² ¸É¥° ´¥μ¤´μ·μ¤´μ¸É¥° ¸ Ê¢¥²¨Î¥´-
´μ° ¨´É¥´¸¨¢´μ¸ÉÓÕ ³μ¤Ò 536 ¸³−1).
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�¨¸. 9. ‡ ¢¨¸¨³μ¸É¨ μ¸´μ¢´ÒÌ ¶ · ³¥É·μ¢ –’‘‹ μÉ ¤μ§Ò μ¡²ÊÎ¥´¨Ö: 1 Å Δd/d, 10−3 (d Å
³¥¦¶²μ¸±μ¸É´μ¥ · ¸¸ÉμÖ´¨¥); 2 Å Δω/ω0 Å ¸¤¢¨£ Î ¸ÉμÉÒ ³μ¤Ò ω0 (ω0 Å Î ¸ÉμÉ  Š�‘, ¸μμÉ-

¢¥É¸É¢ÊÕÐ Ö ³μ¤¥ ’�4); 3 Å ΔI/I , 2 · 10−2 (I Å ¨´É¥´¸¨¢´μ¸ÉÓ Š�‘, ¸μμÉ¢¥É¸É¢ÊÕÐ Ö ³μ¤¥

’�4)

�·¨ ¢§ ¨³μ¤¥°¸É¢¨¨ ¨³¶Ê²Ó¸´μ£μ ¶ÊÎ±  Ô²¥±É·μ´μ¢ ¸ μ¡· §Íμ³ μ¤´μ¢·¥³¥´´μ ¨²¨
¶· ±É¨Î¥¸±¨ μ¤´μ¢·¥³¥´´μ ³μ£ÊÉ ¶·μ¨¸Ìμ¤¨ÉÓ ¸²¥¤ÊÕÐ¨¥ ¶·μÍ¥¸¸Ò:

1) ¨³¶Ê²Ó¸´Ò° ´ £·¥¢ ¸μ ¸±μ·μ¸ÉÓÕ ∼ 109 Š/¸;
2) μ¡· §μ¢ ´¨¥ ¨ · ¸¶·μ¸É· ´¥´¨¥ Ê¤ ·´μ° ¢μ²´Ò ¢ μ¡· §Í¥;
3) ¨´¦¥±Í¨Ö ¶·μ¸É· ´¸É¢¥´´μ£μ § ·Ö¤  ¢ £²Ê¡Ó μ¡· §Í .
‚¥²¨Î¨´  ¨´¦¥±É¨·μ¢ ´´μ£μ Ô²¥±É·μ´´μ£μ § ·Ö¤ , ¸μ¸É ¢²ÖÕÐ Ö Q ∼ 4 · 10−5 Š²

(¶·¨ ¶²μÉ´μ¸É¨ Ô²¥±É·μ´μ¢ 10−5 Š²/¸³2 ¨ · §³¥·¥ μ¡· §Í  S = 4 ¸³2), ¶·¨¢μ¤¨É ±
¶μÖ¢²¥´¨Õ Ô²¥±É·¨Î¥¸±μ£μ ¶μ²Ö ¸ ³ ±¸¨³ ²Ó´μ° ´ ¶·Ö¦¥´´μ¸ÉÓÕ E ≈ 108 ‚/¸³ ¤²Ö
ε = 1. ‘ÊÐ¥¸É¢¥´´Ò³ μ¡¸ÉμÖÉ¥²Ó¸É¢μ³ ¤²Ö Ëμ·³¨·μ¢ ´¨Ö Ô²¥±É·¨Î¥¸±μ£μ ¶μ²Ö ¢´ÊÉ·¨
¸¥£´¥ÉμÔ²¥±É·¨±  Ö¢²Ö¥É¸Ö ¶μ¢¥¤¥´¨¥ ε ± ± ËÊ´±Í¨¨ μÉ É¥³¶¥· ÉÊ·Ò. ‘ Ê¢¥²¨Î¥´¨¥³
Î¨¸²  ¨³¶Ê²Ó¸μ¢ É¥³¶¥· ÉÊ·  μ¡· §Í  ¶μ¸É¥¶¥´´μ · ¸É¥É. �μ μ±μ´Î ´¨¨ ¢μ§¤¥°¸É¢¨Ö
¶ÊÎ±  Ô²¥±É·μ´μ¢ É¥³¶¥· ÉÊ·  ³μ¦¥É §´ Î¨É¥²Ó´μ ¢μ§· ¸É¨. �·¨ ÔÉμ³ ¶·μ¨¸Ìμ¤¨É Ê³¥´Ó-
Ï¥´¨¥ ε, ¨, ¸μμÉ¢¥É¸É¢¥´´μ, Ê¢¥²¨Î¥´¨¥ §´ Î¥´¨Ö ´ ¶·Ö¦¥´´μ¸É¨ ¶μ²Ö ¢´ÊÉ·¨ μ¡· §Í .
�μÖ¢²¥´¨¥ Ô²¥±É·¨Î¥¸±μ£μ ¶μ²Ö ¢ £²Ê¡¨´¥ μ¡· §Í  ³μ¦¥É ¶·¨¢¥¸É¨ ± ¤¥Ëμ·³ Í¨¨ ±·¨-
¸É ²²¨Î¥¸±μ° ·¥Ï¥É±¨, ¢ÒÉÖ£¨¢ ´¨Õ ¥¥ ¢¤μ²Ó Ez . …¸²¨ ¶·¨ ÔÉμ³ É¥¶²μ¢μ³ ¢μ§¤¥°¸É¢¨¨ ¨
¶μÖ¢²Ö¥É¸Ö · ¸¶² ¢ ´  ¶μ¢¥·Ì´μ¸É¨, Éμ ¢ Ô²¥±É·¨Î¥¸±μ³ ¶μ²¥ μ´ ¸³μ¦¥É ¶μ²Ö·¨§μ¢ ÉÓ¸Ö
¨ ±·¨¸É ²²¨§μ¢ ÉÓ¸Ö ¢ ¢¨¤¥ ´¨É¥°, ±² ¸É¥·μ¢ Í¨²¨´¤·¨Î¥¸±μ° Ëμ·³Ò. �·μ¸É· ´¸É¢¥´-
´μ¥ · ¸¶·¥¤¥²¥´¨¥ Ô²¥±É·¨Î¥¸±μ£μ ¶μ²Ö ¢ μ¡· §Í¥ μ¡²ÊÎ¥´´μ° ±¥· ³¨±¨ Ëμ·³¨·Ê¥É¸Ö
É¥³¶¥· ÉÊ·´Ò³ ¶μ²¥³ T (x, y, z), μ¶·¥¤¥²ÖÕÐ¨³ ´ ¶·Ö¦¥´´μ¸ÉÓ E(x, y, z). ‚ ÉμÎ± Ì ¸
³ ±¸¨³ ²Ó´Ò³ §´ Î¥´¨¥³ ¶μ²Ö ¡Ê¤ÊÉ ´ ¡²Õ¤ ÉÓ¸Ö ³ ±¸¨³ ²Ó´Ò¥ ¸É·Ê±ÉÊ·´Ò¥ ¨§³¥´¥´¨Ö,
¶·¨¢μ¤ÖÐ¨¥ ± ¨§³¥´¥´¨Õ ¨´É¥´¸¨¢´μ¸É¨ ³μ¤Ò Š�‘ TO4. ˆ³¶Ê²Ó¸´μ¥ μ¡²ÊÎ¥´¨¥ ´ ·Ö¤Ê
¸ ¢μ§¤¥°¸É¢¨¥³ Ô²¥±É·¨Î¥¸±μ£μ ¶μ²Ö μ¡² ¤ ¥É ¨ É¥¶²μ¢Ò³ ³¥Ì ´¨§³μ³, ¨ ¶·¨ ¶μ¸²¥-
¤μ¢ É¥²Ó´μ³ μ¡²ÊÎ¥´¨¨ μ¡· §Í  ¶·μ¨¸Ìμ¤¨É É¥³¶¥· ÉÊ·´Ò° ´ £·¥¢,   ¶μ¸±μ²Ó±Ê ³¥¦¤Ê
¨³¶Ê²Ó¸ ³¨ É¥³¶¥· ÉÊ·  μ¡· §Í  ´¥ Ê¸¶¥¢ ¥É ·¥² ±¸¨·μ¢ ÉÓ ¤μ ´ Î ²Ó´μ£μ ¸μ¸ÉμÖ´¨Ö, ¨
¶·μ¨¸Ìμ¤¨É ¶μ¸ÉμÖ´´Ò° ·μ¸É É¥³¶¥· ÉÊ·Ò μ¡· §Í . �Éμ ³μ¦¥É ¶·¨¢μ¤¨ÉÓ ± Éμ³Ê, ÎÉμ
´ Î¨´ ¥É ¶·¥¢ ²¨·μ¢ ÉÓ É¥¶²μ¢μ¥ ¢μ§¤¥°¸É¢¨¥ Å ¨³¶Ê²Ó¸´μ¥ ¨ ¸É Í¨μ´ ·´μ¥. ‚ ·¥§Ê²Ó-
É É¥ ¤¥°¸É¢¨Ö ÔÉ¨Ì Ë ±Éμ·μ¢ ¢ μ¡· §Í¥ μ¡· §ÊÕÉ¸Ö Í¨²¨´¤·¨Î¥¸±¨¥ ±² ¸É¥·Ò ¸ μÉ²¨Î´μ°
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μÉ ³ É·¨ÍÒ ¸É·Ê±ÉÊ·μ°. � §³¥· ÔÉ¨Ì ±² ¸É¥·μ¢, ¨Ì £²Ê¡¨´  § ²¥£ ´¨Ö § ¢¨¸ÖÉ μÉ ¤μ§Ò
μ¡²ÊÎ¥´¨Ö. �·¨ ¡μ²ÓÏμ° É¥³¶¥· ÉÊ·¥ ¨ ¤μ§¥ μ¡²ÊÎ¥´¨Ö 100 k ÔÉ¨ ±² ¸É¥·Ò ¢ÒÌμ¤ÖÉ ´ 
¶μ¢¥·Ì´μ¸ÉÓ (·¨¸. 6). ‘· ¢´¥´¨¥ ·¥§Ê²ÓÉ Éμ¢ μ¡²ÊÎ¥´¨Ö ² §¥·´Ò³ ¶ÊÎ±μ³ ¨ μ¡²ÊÎ¥´¨Ö
Ô²¥±É·μ´ ³¨ ¤ ¥É ´ ³ ¢μ§³μ¦´μ¸ÉÓ ¢Ò¤¥²¨ÉÓ ®É¥¶²μ¢μ° ÔËË¥±É ¨ Ê¤ ·´ÊÕ ¢μ²´Ê¯. • -
· ±É¥· ¶μ¢¥¤¥´¨Ö ¤¢Ê³¥·´ÒÌ · ¸¶·¥¤¥²¥´¨° Š�‘ ¶μ ¶μ¢¥·Ì´μ¸É¨ ¨ £²Ê¡¨´¥ · §²¨Î¥´ ¢
μ¡· §Í Ì, μ¡²ÊÎ¥´´ÒÌ · §´Ò³¨ ¸¶μ¸μ¡ ³¨. �·¨ ² §¥·´μ³ μ¡²ÊÎ¥´¨¨ ¶·μ¨¸Ìμ¤¨É μ¡· §μ-
¢ ´¨¥ ´  ¶μ¢¥·Ì´μ¸É¨ ¦¨¤±μ° Ë §Ò, ±μÉμ· Ö § É¥³ ±·¨¸É ²²¨§Ê¥É¸Ö ± ± ´  ¶μ¢¥·Ì´μ¸É¨,
É ± ¨ ´  £²Ê¡¨´¥ ¢ ¢¨¤¥ ±·¨¸É ²²μ¢ ¸ · §³¥· ³¨ ∼ 2 ³±³. �·¨Î¥³ ÔÉ¨ ±² ¸É¥·Ò ´ ¡²Õ-
¤ ÕÉ¸Ö ¶μ ¢¸¥° Éμ²Ð¨´¥ μ¡· §Í  (É. ¥. ¨ ´  ¶·μÉ¨¢μ¶μ²μ¦´μ° (´¥μ¡²ÊÎ¥´´μ°) ¸Éμ·μ´¥
μ¡· §Í ). ˆÌ ±μ²¨Î¥¸É¢μ ¸ £²Ê¡¨´μ° Ê³¥´ÓÏ ¥É¸Ö.

�´ ²¨§ ¤¢Ê³¥·´ÒÌ · ¸¶·¥¤¥²¥´¨° Š�‘ ¶μ £²Ê¡¨´¥ μ¡· §Íμ¢, μ¡²ÊÎ¥´´ÒÌ Ô²¥±É·μ-
´ ³¨, ¶μ± §Ò¢ ¥É, ÎÉμ ¸É·Ê±ÉÊ·´Ò¥ ¨§³¥´¥´¨Ö ¢μ ¢¸¥Ì ¸²ÊÎ ÖÌ ´ ¡²Õ¤ ÕÉ¸Ö ¤μ £²Ê¡¨´Ò
10Ä15 ³±³. 
μ²¥¥ £²Ê¡μ±¨¥ ¸²μ¨ ¤ ÕÉ μ¤´μ·μ¤´μ¥ · ¸¶·¥¤¥²¥´¨¥ ¨´É¥´¸¨¢´μ¸É¨ Š�‘.
‚ μ¡· §Í¥, μ¡²ÊÎ¥´´μ³ ¨³¶Ê²Ó¸´Ò³ ² §¥·μ³, ´ ¡²Õ¤ ÕÉ¸Ö ¨§³¥´¥´¨Ö ¸É·Ê±ÉÊ·Ò ¶μ ¢¸¥°
£²Ê¡¨´¥ μ¡· §Í . ’ ± Ö  ´μ³ ²Ó´μ ³ ² Ö £²Ê¡¨´  ¸É·Ê±ÉÊ·´ÒÌ ¨§³¥´¥´¨° ¶·¨ μ¡²ÊÎ¥-
´¨¨ Ô²¥±É·μ´ ³¨ ¸ Ô´¥·£¨¥° Ee = 800 ±Ô‚ ¸¢¨¤¥É¥²Ó¸É¢Ê¥É μ ¢μ§³μ¦´μ³ ÔËË¥±É¨¢´μ³
Éμ·³μ¦¥´¨¨ Ô²¥±É·μ´μ¢ §  ¸Î¥É μ¡· §μ¢ ¢Ï¥£μ¸Ö ¢´ÊÉ·¨ ¸¥£´¥ÉμÔ²¥±É·¨±  ¸μ¡¸É¢¥´´μ£μ
Ô²¥±É·¨Î¥¸±μ£μ ¶μ²Ö. ’¥³ ¸ ³Ò³ ÔËË¥±É¨¢´Ò° ¶·μ¡¥£ Ô²¥±É·μ´μ¢ ³μ¦¥É §´ Î¨É¥²Ó´μ
Ê³¥´ÓÏ¨ÉÓ¸Ö ¢¶²μÉÓ ¤μ 10 ³±³.

�¢Éμ·Ò ¢Ò· ¦ ÕÉ ¡² £μ¤ ·´μ¸ÉÓ �.Š.Š ³¨´¸±μ³Ê ¨ ¥£μ £·Ê¶¶¥ §  ¶·¥¤μ¸É ¢²¥´´ÊÕ
¢μ§³μ¦´μ¸ÉÓ ¶·μ¢¥¸É¨ μ¡²ÊÎ¥´¨¥ ´  ‹ˆ“-3000.
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