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�·¨¢µ¤ÖÉ¸Ö ·¥§Ê²ÓÉ ÉÒ ¨§³¥·¥´¨Ö ¸¶¥±É·µ¢ ±µ³¡¨´ Í¨µ´´µ£µ · ¸¸¥Ö´¨Ö (Š�‘) ´  λ = 441,6
¨ λ = 1060 ´³ ²¨´¨ÖÌ ¢µ§¡Ê¦¤¥´¨Ö ·¥² ±¸µ·´µ° ¸¥£´¥Éµ±¥· ³¨±¨ ¨§ Í¨·±µ´ É , É¨É ´ É  ¸¢¨´Í ,
³µ¤¨Ë¨Í¨·µ¢ ´´µ£µ ² ´É ´µ³ (Pb(1−x)Lax)(Zr0,65Ti0,35)1−x/4O3 c ³µ²Ö·´Ò³ ¸µ¤¥·¦ ´¨¥³ ² ´É ´ 
x = 8%, ¶·¨ ¥e µ¡²ÊÎ¥´¨¨ ´  ²¨´¥°´µ³ ¨´¤Ê±Í¨µ´´µ³ Ê¸±µ·¨É¥²¥ (‹ˆ“) ¸¨²Ó´µÉµÎ´Ò³ ¨³¶Ê²Ó¸-
´Ò³ ¶ÊÎ±µ³ Ô²¥±É·µ´µ¢ (ˆ‘��) ¸ Ô´¥·£¨¥° Ee = 800 ±Ô‚, ¶²µÉ´µ¸ÉÓÕ Éµ±  Ie = 200 �/¸³2 ¨
¤²¨É¥²Ó´µ¸ÉÓÕ τ = 200 ´¸. �µ²ÊÎ¥´Ò É·¥Ì³¥·´Ò¥ ¨§µ¡· ¦¥´¨Ö ´¥µ¡²ÊÎ¥´´µ° ¨ µ¡²ÊÎ¥´´µ° Î ¸É¥°
µ¡· §Í  ´  · ³ ´- ±É¨¢´µ° ³µ¤¥ ν2 = 217 ¸³−1. ‚ µ¡²ÊÎ¥´´µ³ µ¡· §Í¥ µ¡´ ·Ê¦¥´Ò ¶·µ¸É· ´-
¸É¢¥´´Ò¥ µ¡² ¸É¨ ¸  ´µ³ ²Ó´µ ¢Ò¸µ±µ° ¨´É¥´¸¨¢´µ¸ÉÓÕ ν2-³µ¤Ò. � ¸¸³ É·¨¢ ÕÉ¸Ö ¢µ§³µ¦´Ò¥
³¥Ì ´¨§³Ò ÔËË¥±É  ¢²¨Ö´¨Ö ¸¨²Ó´µÉµÎ´µ£µ ¨³¶Ê²Ó¸´µ£µ Ô²¥±É·µ´´µ£µ µ¡²ÊÎ¥´¨Ö ´  ·¥² ±¸µ·
–’‘‹ 8/65/35.

The results of measurements of Raman spectra on unirradiated and irradiated relaxor
(Pb(1−x)Lax)(Zr0.65Ti0.35)1−x/4O3 ceramics with x = 8% by a linear inductive accelerator (LIA)
are given in this paper. The parameters of the high-current pulsed electron beam (PHEB) were: energy
Ee = 800 ±eV, beam current density Ie = 200 �/cm2, pulse duration τ = 200 ns. The 3D pictures for
unirradiated and irradiated parts of the sample were obtained using Raman-active mode ν2 = 217 cm−1

(excitation line λ = 441.6 nm). The regions with anomalous-high intensity of Raman-active mode ν2

have been found. The mechanisms of the pulsed electron in�uence effect for the relaxor PLZT 8/65/35
are analyzed.

‚‚…„…�ˆ…

�·µ§· Î´ Ö ¸¥£´¥Éµ±¥· ³¨±  Í¨·±µ´ É -É¨É ´ É  ¸¢¨´Í , ³µ¤¨Ë¨Í¨·µ¢ ´´ Ö ² ´É -
´µ³ (–’‘‹ x/65/35; x Å ¸µ¤¥·¦ ´¨¥ ² ´É ´  ¢  Éµ³´ÒÌ ¶·µÍ¥´É Ì, 65/35 Å µÉ´µ-
Ï¥´¨¥ Í¨·±µ´¨°ÄÉ¨É ´), Ö¢²Ö¥É¸Ö µ¤´¨³ ¨§ ¨´É¥´¸¨¢´µ ¨§ÊÎ ¥³ÒÌ µ¡Ñ¥±Éµ¢ ¡² £µ¤ ·Ö
· §´µµ¡· §´µ³Ê ´ ¡µ·Ê µ¶É¨Î¥¸±¨Ì, ¤¨Ô²¥±É·¨Î¥¸±¨Ì, Ô²¥±É·µµ¶É¨Î¥¸±¨Ì ¨ ¶Ó¥§µÔ²¥±-
É·¨Î¥¸±¨Ì ¸¢µ°¸É¢. �¸µ¡Ò° ¨´É¥·¥¸ ± ± ¤²Ö ¶·¨±² ¤´ÒÌ, É ± ¨ ËÊ´¤ ³¥´É ²Ó´ÒÌ ¨¸-
¸²¥¤µ¢ ´¨° ¶·¥¤¸É ¢²ÖÕÉ ¸µ¥¤¨´¥´¨Ö ±¥· ³¨±¨ –’‘‹ ¸ ¸µ¤¥·¦ ´¨¥³ ² ´É ´  µÉ 6 ¤µ
12 %, ±µÉµ·Ò¥ ¶·µÖ¢²ÖÕÉ Í¥²Ò° ·Ö¤  ´µ³ ²Ó´ÒÌ ¸¢µ°¸É¢, ¸¢Ö§ ´´ÒÌ ¸ ·¥² ±¸µ·´Ò³ ¶µ-
¢¥¤¥´¨¥³, Ì · ±É¥·¨§ÊÕÐ¨³¸Ö Ï¨·µ±¨³ Î ¸ÉµÉ´µ-§ ¢¨¸ÖÐ¨³ ³ ±¸¨³Ê³µ³ ±µ³¶²¥±¸´µ°
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¤¨Ô²¥±É·¨Î¥¸±µ° ¶·µ´¨Í ¥³µ¸É¨ [1] ¨ ¸²µ¦´µ° Ë §µ¢µ° ¤¨ £· ³³µ° [2], µ¡Ê¸²µ¢²¥´-
´µ° ³µ·ËµÉ·µ¶´µ° Ë §µ¢µ° £· ´¨Í¥° ³¥¦¤Ê ¢Ò¸µ±µ- (FR(HT)) ¨ ´¨§±µÉ¥³¶¥· ÉÊ·´µ°
(FR(LT)) ·µ³¡µÔ¤·¨Î¥¸±¨³¨ Ë § ³¨. 	µ²ÓÏµ£µ ¢´¨³ ´¨Ö § ¸²Ê¦¨¢ ¥É ¨¸¸²¥¤µ¢ ´¨¥ ¢²¨-
Ö´¨Ö ´  Ë §µ¢Ò¥ ¶¥·¥Ìµ¤Ò · §²¨Î´ÒÌ ¢´¥Ï´¨Ì ¢µ§¤¥°¸É¢¨°, ¶·¨¢µ¤ÖÐ¨Ì ± ¨§³¥´¥´¨Õ
³¥É ¸É ¡¨²Ó´ÒÌ ¸µ¸ÉµÖ´¨°. �¡²ÊÎ¥´¨¥ ¶·µ§· Î´ÒÌ ±¥· ³¨± –’‘‹ ¸É Í¨µ´ ·´Ò³¨ · -
¤¨ Í¨µ´´Ò³¨ ¶µ²Ö³¨, É ±¨³¨ ± ± γ-±¢ ´ÉÒ [3], Ô²¥±É·µ´Ò [4, 5], ³´µ£µ§ ·Ö¤´Ò¥ ¨µ´Ò
[6], ´¥°É·µ´Ò [7], ¢ Í¥²µ³ ´¥ ¨§³¥´Ö¥É ¸É·Ê±ÉÊ·Ê ³ É¥·¨ ² ,   ²¨ÏÓ ¢¥¤¥É ± ¶µÖ¢²¥´¨Õ
´¥±µÉµ·µ£µ ®· §³ÒÉ¨Ö¯ ¢¡²¨§¨ ±· Ö ËÊ´¤ ³¥´É ²Ó´µ£µ ¶µ£²µÐ¥´¨Ö, ± ¶µ¢ÒÏ¥´¨Õ 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¨¨ [8]. �¤´ ±µ, ± ± ´¥¤ ¢´µ ¡Ò²µ µ¡´ ·Ê¦¥´µ [9Ä11], ¶·¨ µ¡-
²ÊÎ¥´¨¨ ¸¨²Ó´µÉµÎ´Ò³¨ ¨³¶Ê²Ó¸´Ò³¨ ¶ÊÎ± ³¨ Ô²¥±É·µ´µ¢ ¨ ¨µ´µ¢ ±¥· ³¨±¨ –’‘‹
¢µ§´¨± ¥É ÔËË¥±É ¸É·Ê±ÉÊ·´ÒÌ ¨§³¥´¥´¨° ±·¨¸É ²²¨Î¥¸±µ° ·¥ÏeÉ±¨ ¨, ± ± ¸²¥¤¸É¢¨¥
ÔÉµ£µ, ¸³¥Ð¥´¨¥ Ëµ´µ´´ÒÌ ³µ¤, ¨§³¥´¥´¨¥ ¶ · ³¥É·µ¢ ¨Ì § ÉÊÌ ´¨Ö ¨ ¸¨² ¸µµÉ¢¥É¸É¢Ê-
ÕÐ¨Ì µ¸Í¨²²ÖÉµ·µ¢. � ¡µÉÒ, ¶·µ¢µ¤¨³Ò¥ ¢ ÔÉµ³ ´ ¶· ¢²¥´¨¨, ¨³¥ÕÉ ¡µ²ÓÏµ¥ §´ Î¥´¨¥
´¥ Éµ²Ó±µ ¸  ± ¤¥³¨Î¥¸±µ° ÉµÎ±¨ §·¥´¨Ö, ´µ ¶·¥¤¸É ¢²ÖÕÉ §´ Î¨É¥²Ó´Ò° ¶· ±É¨Î¥¸±¨°
¨´É¥·¥¸, ¶µ¸±µ²Ó±Ê · ¤¨ Í¨µ´´µ¥ ²¥£¨·µ¢ ´¨¥, · ¤¨ Í¨µ´´µ-Ê¶· ¢²Ö¥³ Ö ¤¨ËËÊ§¨Ö ¨
·Ö¤ ¤·Ê£¨Ì · ¤¨ Í¨µ´´ÒÌ ³¥Éµ¤µ¢ ¸É ²¨ ´¥§ ³¥´¨³Ò³¨ ³¥Éµ¤ ³¨ ¶µ²ÊÎ¥´¨Ö ³ É¥·¨ ²µ¢
¸ § ¤ ´´Ò³¨ ¸¢µ°¸É¢ ³¨ [12].

–¥²Ó ´ ¸ÉµÖÐ¥° · ¡µÉÒ Å ¨¸¸²¥¤µ¢ ´¨¥ ¢²¨Ö´¨Ö ¸¨²Ó´µÉµÎ´µ£µ ¨³¶Ê²Ó¸´µ£µ Ô²¥±-
É·µ´´µ£µ ¶ÊÎ±  ´  µ¶É¨Î¥¸±¨¥ ¸¢µ°¸É¢  ·¥² ±¸µ·  –’‘‹ 8/65/35 ¸ ¶µ³µÐÓÕ Ê´¨± ²Ó´µ£µ
¸¶¥±É· ²Ó´µ£µ ±µ³¶²¥±¸ , ² §¥·´µ£µ ¸± ´¨·ÊÕÐ¥£µ ±µ´Ëµ± ²Ó´µ£µ ³¨±·µ¸±µ¶  (‹Š‘Œ),
¸µ§¤ ´´µ£µ ¡¥²µ·Ê¸¸±µ-Ö¶µ´¸±¨³ ¶·¥¤¶·¨ÖÉ¨¥³ ‘�‹�� ’ˆˆ.

1. �Š‘�…�ˆŒ…�’�‹œ��Ÿ —�‘’œ

�¡· §ÍÒ ±¥· ³¨±¨ ¨§ –’‘‹ ¸ ¸µ¤¥·¦ ´¨¥³ La 8  Éµ³´ÒÌ ¶·µÍ¥´Éµ¢ ¡Ò²¨ ¨§£µ-
Éµ¢²¥´Ò ³¥Éµ¤µ³ ¤¢ÊÌ¸É ¤¨°´µ£µ £µ·ÖÎ¥£µ ¶·¥¸¸µ¢ ´¨Ö ¨§ ¨¸Ìµ¤´ÒÌ Ì¨³¨Î¥¸±¨ Î¨¸ÉÒÌ

�¨¸. 1. �¡Ð¨° ¢¨¤ ‹Š‘Œ

³ É¥·¨ ²µ¢. „ ²¥¥ µ´¨ ¡Ò²¨ µÉ¶µ²¨·µ¢ ´Ò
¤µ ´¥µ¡Ìµ¤¨³µ£µ µ¶É¨Î¥¸±µ£µ ± Î¥¸É¢ . ’µ²-
Ð¨´  µ¡· §Íµ¢ ¸µ¸É ¢²Ö²  0,7 ³³. ‘¶¥±-
É·Ò ±µ³¡¨´ Í¨µ´´µ£µ · ¸¸¥Ö´¨Ö (KP) ¨§³¥-
·¥´Ò ´  ¤¢ÊÌ Ê¸É ´µ¢± Ì ¸ · §´Ò³¨ ¨¸ÉµÎ-
´¨± ³¨ ¢µ§¡Ê¦¤¥´¨Ö ´  ¤²¨´ Ì ¢µ§¡Ê¦¤ Õ-
Ð¨Ì ¢µ²´ λ = 1060 ¨ 441,6 ´³. ‚ ¶¥·-
¢µ³ ¸²ÊÎ ¥ ¨§³¥·¥´¨Ö ¶·µ¢µ¤¨²¨¸Ó ´  ËÊ·Ó¥-
· ³ ´-¸¶¥±É·µ³¥É·¥ RFS100 Ë¨·³Ò ®Bruk-
er¯ ¸µ ¸¶¥±É· ²Ó´Ò³ · §·¥Ï¥´¨¥³ ∆ν =
4 ¸³−1 ¢ ·¥¦¨³¥ ¶·µÌµ¦¤¥´¨Ö ² §¥·´µ£µ ¨§-
²ÊÎ¥´¨Ö ¢¸¥° Éµ²Ð¨´Ò µ¡· §Í  (£¥µ³¥É·¨Ö
µ¡· É´µ£µ · ¸¸¥Ö´¨Ö). „¨ ³¥É· ¶ÖÉ´  ¨§²ÊÎ¥-
´¨Ö 100 ³±³. ‚µ ¢Éµ·µ³ ¸²ÊÎ ¥ ¸¶¥±É·Ò ±µ³-
¡¨´ Í¨µ´´µ£µ · ¸¸¥Ö´¨Ö ¨ ¨§µ¡· ¦¥´¨¥ ¶µ-
¢¥·Ì´µ¸É¨ ¢ ÔÉµ³ ¸¢¥É¥ ¡Ò²¨ ¢Ò¶µ²´¥´Ò ´ 
‹Š‘Œ (·¨¸. 1) ¸µ ¸¶¥±É· ²Ó´Ò³ · §·¥Ï¥´¨¥³ ∆ν = 8 ¸³−1 c ¨¸¶µ²Ó§µ¢ ´¨¥³ ¨§²ÊÎ¥´¨Ö
�¥-‘d-² §¥·  (λ = 441,6 ´³) ¸ ¤¨ ³¥É·µ³ ²ÊÎ  ² §¥·  ´  ³¨Ï¥´¨ 0,8 ³±³.
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�¨¸. 2. �¶É¨Î¥¸± Ö ¸Ì¥³  ‹Š‘Œ

�  ·¨¸. 2 ¶·¨¢¥¤¥´  ¡²µ±-¸Ì¥³  ±µ´Ëµ± ²Ó´µ£µ · ³ ´µ¢¸±µ£µ ³¨±·µ¸±µ¶ . ‹ÊÎ ¸¢¥É 
¸ ¤²¨´µ° ¢µ²´Ò λ = 441,6 ´³, ¨¸¶Ê¸± ¥³Ò° ² §¥·µ³ (1), ¶µ¶ ¤ ¥É ¢ µ¡Ñ¥±É¨¢ (2). �¡Ñ-
¥±É¨¢ ¸µ§¤ ¥É ¶ · ²²¥²Ó´Ò° ¶ÊÎµ± ¸¢¥É , ±µÉµ·Ò° ¶·¨Ìµ¤¨É ´  ¶µ²Ê¶·µ§· Î´µ¥ §¥·± ²µ-
Ë¨²ÓÉ· (3) ¨ ¶µ¶ ¤ ¥É ´  £ ²Ó¢ ´µ§¥·± ²  (4), ±µÉµ·Ò¥ ¶·¥¤´ §´ Î¥´Ò ¤²Ö ¶¥·¥³¥Ð¥´¨Ö
ÉµÎ±¨ Ëµ±Ê¸¨·µ¢±¨ ¶ÊÎ±  µ¡Ñ¥±É¨¢µ³ ³¨±·µ¸±µ¶  (6) ¶·¨ ¶µ¢¥·Ì´µ¸É´µ³ ¸± ´¨·µ¢ ´¨¨
µ¡· §Í . � §³¥· ÉµÎ±¨ ¨§²ÊÎ¥´¨Ö ´  µ¡· §Í¥ ¸µ¸É ¢²Ö¥É 0,8 ³±³. �  ¶·¨¡µ·¥ Ê¸É ´µ-
¢²¥´Ò µ¡Ñ¥±É¨¢Ò ×100 ¨ ×10. � ¸¸¥Ö´´Ò° µ¡· §Íµ³ ¸¢¥É ¢ 180◦ £¥µ³¥É·¨¨ ¸µ¡¨· ¥É¸Ö
É¥³ ¦¥ µ¡Ñ¥±É¨¢µ³ ³¨±·µ¸±µ¶  ¨, ¶·µÌµ¤Ö Î¥·¥§ ¤¥²¨É¥²Ó ¶ÊÎ±  (3), ¶µ¶ ¤ ¥É ´  ¢Éµ-
·µ° notch-Ë¨²ÓÉ·, ¶µ£²µÐ ÕÐ¨° ¤²¨´Ê ¢µ²´Ò, ¸µµÉ¢¥É¸É¢ÊÕÐÊÕ ² §¥·´µ° ²¨´¨¨. „ ²¥¥
¶ÊÎµ± ¶·µÌµ¤¨É Î¥·¥§ ¶µ²Ö·¨§ Éµ· (7) ¨ ´¥°É· ²Ó´Ò° ¸¢¥ÉµË¨²ÓÉ· (8) ´  ¸µ¡¨· ÕÐÊÕ
²¨´§Ê (9). ”µ±Ê¸ ²¨´§Ò (9) ´ Ìµ¤¨É¸Ö ´  ¨§³¥´Ö¥³µ° ÉµÎ¥Î´µ° ¤¨ Ë· £³¥ (10). ’ -
±¨³ µ¡· §µ³, ¨§µ¡· ¦¥´¨¥ ¨§ ÉµÎ±¨ Ëµ±Ê¸  µ¡Ñ¥±É¨¢  ³¨±·µ¸±µ¶  ®¶¥·¥´µ¸¨É¸Ö¯ ´ 
¤¨ Ë· £³Ê (10),   ¨§µ¡· ¦¥´¨Ö ¸µ¸¥¤´¨Ì ÉµÎ¥± ®µÉ¸¥± ÕÉ¸Ö¯, ÎÉµ ¶µ§¢µ²Ö¥É ¶µ²ÊÎ¨ÉÓ
¢Ò¸µ±µ¥ ¶·µ¸É· ´¸É¢¥´´µ¥ · §·¥Ï¥´¨¥. „ ²¥¥ ¸¢¥É ¶µ¶ ¤ ¥É ´  ¸³¥´´ÊÕ ¤¨Ë· ±Í¨µ´-
´ÊÕ ·¥Ï¥É±Ê Å ³µ´µÌ·µ³ Éµ· (11) Å ¨ ´  ¤¥É¥±Éµ· (12). ‚ ± Î¥¸É¢¥ ¤¥É¥±Éµ·  ¨¸-
¶µ²Ó§Ê¥É¸Ö ËµÉµÔ²¥±É·µ´´Ò° Ê³´µ¦¨É¥²Ó ²¨¡µ ¤¢ÊÌ±µµ·¤¨´ É´Ò° ¶µ²Ê¶·µ¢µ¤´¨±µ¢Ò°
¤¥É¥±Éµ· 2048× 512 ¶¨±¸¥²¥°. �·µ¶Ê¸± ´¨¥ µ¶É¨Î¥¸±µ° ¸¨¸É¥³Ò ¡µ²¥¥ 25 %.

�·¨¡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. �¡²ÊÎ¥´¨¥ µ¡· §Íµ¢ ¶·µ¨§¢µ¤¨²µ¸Ó ´  ²¨´¥°´µ³ Ê¸±µ·¨É¥²¥ ‹ˆ“-3000
[13] ¨³¶Ê²Ó¸ ³¨ Ô²¥±É·µ´µ¢ ¸ Éµ±µ³ Ie = 200 �, Ô´¥·£¨¥° Ee = 800 ±Ô‚, ¤²¨É¥²Ó´µ¸ÉÓ
¨³¶Ê²Ó¸  ¸µ¸É ¢²Ö¥É τ = 200 ´¸. �¡²ÊÎ ¥³Ò° µ¡· §¥Í ´ Ìµ¤¨²¸Ö ¢ ¢ ±ÊÊ³´µ° ± ³¥·¥
¸ ¤ ¢²¥´¨¥³ µ¸É ÉµÎ´µ£µ £ §  P ≈ 10−6 Éµ··. �¡²ÊÎ¥´¨¥ ¶·µ¢µ¤¨²µ¸Ó ¢ ·¥¦¨³¥ µ¤-
´µ±· É´µ£µ µ¡²ÊÎ¥´¨Ö ¸ ¤µ§µ° 5 · 1014 Ô²¥±É·µ´/¸³2. — ¸ÉÓ µ¡· §Í  ¡Ò²  Ô±· ´¨·µ¢ ´ 
¸¢¨´Íµ¢µ° ¶² ¸É¨´µ°. �·µ¡¥£ Ô²¥±É·µ´µ¢ ¢ µ¡· §Í¥ ¸µ¸É ¢²Ö¥É ¤²Ö ÔÉµ° Ô´¥·£¨¨ 0,5 ³³
[11]. �É¦¨£ µ¡²ÊÎ¥´´µ£µ µ¡· §Í  ¶·µ¢µ¤¨²¸Ö ¶·¨ 200 ◦‘ ¢ É¥Î¥´¨¥ Î ¸ .

2. �Š‘�…�ˆŒ…�’�‹œ�›… �…‡“‹œ’�’›

�  ·¨¸. 3 ¤²Ö ´¥µ¡²ÊÎ¥´´µ° ¨ µ¡²ÊÎ¥´´µ° Î ¸É¥° µ¡· §Í  ¶·¥¤¸É ¢²¥´ ¸¶¥±É· ±µ³¡¨-
´ Í¨µ´´µ£µ · ¸¸¥Ö´¨Ö ¸¢¥É  (Š�‘) ¸ ¢µ§¡Ê¦¤ ÕÐ¥° ²¨´¨¥° λ = 1060 ´³. �  ·¨¸. 4 ¶·¨¢¥-
¤¥´ ¸¶¥±É·, ¶µ²ÊÎ¥´´Ò° ¸ ¶µ³µÐÓÕ ‹Š‘Œ ´  ¤²¨´¥ ¢µ§¡Ê¦¤ ÕÐ¥° ¢µ²´Ò λ = 441,6 ´³.
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�¨¸. 3. ‘¶¥±É·Ò Š�‘ ´¥µ¡²ÊÎ¥´´µ° (1),

µ¡²ÊÎ¥´´µ° (2) ¨ µÉµ¦¦¥´´µ° (3) Î ¸É¥°
µ¡· §Í  –’‘‹ 8/65/35 ´  ¤²¨´¥ ¢µ²´Ò ¢µ§-

¡Ê¦¤¥´¨Ö 1060 ´³

�¨¸. 4. ‘¶¥±É·Ò Š�‘ ´¥µ¡²ÊÎ¥´´µ° (1) ¨

µ¡²ÊÎ¥´´ÒÌ Î ¸É¥° µ¡· §Í  –’‘‹ 8/65/35

(2 Å ¸¢¥É² Ö µ¡² ¸ÉÓ; 3 Å É¥³´ Ö) ´  ¤²¨´¥
¢µ²´Ò ¢µ§¡Ê¦¤¥´¨Ö 441,6 ´³

‘²¥¤Ê¥É µÉ³¥É¨ÉÓ, ÎÉµ ¶·¨ ±µ³´ É´µ° É¥³¶¥· ÉÊ·¥ ±¥· ³¨±  –’‘‹ 8/65/35 ´ Ìµ¤¨É¸Ö
¢ ±Ê¡¨Î¥¸±µ° Ë §¥ (¶·µ¸É· ´¸É¢¥´´ Ö £·Ê¶¶  Pm-3m, Z = 1), ¶µÔÉµ³Ê ¶µ²µ¸Ò ¢ Š�‘
Ö¢²ÖÕÉ¸Ö § ¶·¥Ð¥´´Ò³¨. �¤´ ±µ ¤²Ö ´¥Ê¶µ·Ö¤µÎ¥´´ÒÌ (¸É¥±²µ¶µ¤µ¡´ÒÌ) ¸¨¸É¥³, ¸Ìµ¤-
´ÒÌ ¸ –’‘‹ 8/65/35, ± ± ¨§¢¥¸É´µ ¨§ [14], ¸¶¥±É·Ò Š�‘ ¶·µ¶µ·Í¨µ´ ²Ó´Ò ¶²µÉ´µ¸É¨
±µ²¥¡ É¥²Ó´ÒÌ ¸µ¸ÉµÖ´¨°.

‚ É ¡²¨Í¥ ¶·¨¢¥¤¥´Ò · ³ ´µ¢¸±¨¥ ³µ¤Ò µ¡²ÊÎ¥´´µ° ¨ ´¥µ¡²ÊÎ¥´´µ° Î ¸É¥° µ¡· §Í 
–’‘‹ 8/65/35-±¥· ³¨±¨. Šµ²¥¡ ´¨¥ ν4 ¸µµÉ¢¥É¸É¢Ê¥É · ¸ÉÖ¦¥´¨Õ (¸¦ É¨Õ) ¸¢Ö§¥°
Zr(Ti)ÄO, ν3 Å ±·ÊÎ¥´¨Õ µ±É Ô¤·  [Zr(Ti)O6], ν2 Å ¤¥Ëµ·³ Í¨µ´´Ò³ ±µ²¥¡ ´¨Ö³
OÄZr(Ti)ÄO; ±µ²¥¡ ´¨¥ LO µÉ´µ¸¨É¸Ö ± ¶·µ¤µ²Ó´µ³Ê [12].

ˆ§ ·¨¸. 3 ¨ É ¡²¨ÍÒ ¢¨¤´µ, ÎÉµ ¨´É¥´¸¨¢´µ¸É¨ ²¨´¨° ¢ Š�‘ µ¡²ÊÎ¥´´µ° Î ¸É¨ µ¡· §Í 
·¥§±µ ¢µ§·µ¸²¨,   ´¥±µÉµ·Ò¥ ¨§ ´¨Ì ¸¤¢¨´Ê²¨¸Ó ¢ ¤²¨´´µ¢µ²´µ¢ÊÕ ¨´Ë· ±· ¸´ÊÕ (ˆŠ)
µ¡² ¸ÉÓ,   É ±¦¥ ¸É ²¨ ¡µ²¥¥ Ê§±¨³¨ ¨ ¸¨³³¥É·¨Î´Ò³¨. �¤´ ±µ ¨§-§  ¡µ²¥¥ ´¨§±µ£µ
· §·¥Ï¥´¨Ö ‹Š‘Œ ¶µ²µ¸Ò ¢ Š�‘ (·¨¸. 4) ´¥ Ê¤ ¥É¸Ö ´ ¡²Õ¤ ÉÓ É ±¨Ì ¨§³¥´¥´¨°.

— ¸ÉµÉÒ
� ³ ´µ¢¸±¨¥ ³µ¤Ò Î ¸É¥° µ¡· §Í , ¸³−1

�¥µ¡²ÊÎ¥´´Ò° �¡²ÊÎ¥´´Ò° �Éµ¦¦¥´´Ò°
ν2 217 212 212
ν3 264 260 260
ν6 Å 446 446
ν4 544 537 537
ν5 Å 680 680
LO 745 745 745

	Ò²¨ ¶·µ¢¥¤¥´Ò ¨§³¥·¥´¨Ö · ¸¶·¥¤¥²¥´¨Ö ¨´É¥´¸¨¢´µ¸É¨ · ³ ´µ¢¸±µ° ³µ¤Ò ν2 =
217 ¸³−1 ¶µ ¶µ¢¥·Ì´µ¸É¨ µ¡· §Í  (2D-¨§³¥·¥´¨Ö),   É ±¦¥ É·¥Ì³¥·´Ò¥ ¶µ ¥£µ £²Ê¡¨´¥.

�¥¦¨³ ¶µ²ÊÎ¥´¨Ö ¨§µ¡· ¦¥´¨Ö ¶µ ¶µ¢¥·Ì´µ¸É¨ µ¸ÊÐ¥¸É¢²Ö¥É¸Ö ¸± ´¨·µ¢ ´¨¥³ ²ÊÎ 
² §¥·  ¸ ¶µ³µÐÓÕ £ ²Ó¢ ´µ§¥·± ² ¸ Î ¸ÉµÉµ° f = 10 ±ƒÍ.
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�¨¸. 5. ˆ§µ¡· ¦¥´¨Ö ¶µ¢¥·Ì´µ¸É¨ µ¡· §Í  –’‘‹ · §³¥·µ³ 50 × 50 ³±³, ¶µ²ÊÎ¥´´Ò¥ ¸ ¶µ³µ-

ÐÓÕ ¢¨¤¥µ± ³¥·Ò. a) �¥µ¡²ÊÎ¥´´Ò° µ¡· §¥Í; ¡) ¢¥·Ì´ÖÖ ²¥¢ Ö Î ¸ÉÓ Å ´¥µ¡²ÊÎ¥´´ Ö, ´¨¦´ÖÖ

¶· ¢ Ö Å µ¡²ÊÎ¥´´ Ö Ô²¥±É·µ´ ³¨; ¢) µ¡²ÊÎ¥´´Ò° Ô²¥±É·µ´ ³¨ µ¡· §¥Í (¸´¨³µ± ¸¤¥² ´ ´  ¶¥·¨-
Ë¥·¨¨ µ¡· §Í )

�¨¸. 6. a) ˆ§µ¡· ¦¥´¨¥ µ¡²ÊÎ¥´´µ° ¶µ¢¥·Ì´µ¸É¨ µ¡· §Í  · §³¥·µ³ 100 × 100 ³±³ ¢ ¸¶¥±É·¥

±µ³¡¨´ Í¨µ´´µ£µ · ¸¸¥Ö´¨Ö ´  Î ¸ÉµÉ¥ 210 ¸³−1. ¡) ’µ ¦¥ ¸ ³µ¥ ´  £²Ê¡¨´¥, ¸µµÉ¢¥É¸É¢ÊÕÐ¥°

7 ³±³. ¢) ’µ ¦¥ ¸ ³µ¥ ´  £²Ê¡¨´¥, ¸µµÉ¢¥É¸É¢ÊÕÐ¥° 21 ³±³. £) � ¸¶·¥¤¥²¥´¨¥ ¨´É¥´¸¨¢´µcÉ¥°
· ³ ´µ¢¸±µ° ³µ¤Ò ¢¤µ²Ó µ¸¨ X
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�  ·¨¸. 5, aÄ¢ ¶·¥¤¸É ¢²¥´Ò ¨§µ¡· ¦¥´¨Ö ¸ ÊÎ ¸É±µ¢ ¶µ¢¥·Ì´µ¸É¨ · §³¥·µ³ 50 ×
50 ³±³ ¤µ ¨ ¶µ¸²¥ µ¡²ÊÎ¥´¨Ö µ¡· §Í , ¶µ²ÊÎ¥´´Ò¥ ¸ ¶µ³µÐÓÕ ¢¨¤¥µ± ³¥·Ò. ˆ§ ·¨¸Ê´±µ¢
¢¨¤´µ, ÎÉµ ´  µ¡²ÊÎ¥´´µ° ¶µ¢¥·Ì´µ¸É¨ ¶µÖ¢²ÖÕÉ¸Ö µ¡² ¸É¨ ¸ ´¥µ¤´µ·µ¤´Ò³ ·¥²Ó¥Ëµ³.

�  ·¨¸. 6, aÄ£ ¶·¥¤¸É ¢²¥´Ò ¤¢Ê³¥·´Ò¥ · ¸¶·¥¤¥²¥´¨Ö ¨´É¥´¸¨¢´µ¸É¨ ³µ¤Ò ν3 ¶µ ¶µ-
¢¥·Ì´µ¸É¨ ¨ ´  £²Ê¡¨´ Ì h = 7; 14 ¨ 21 ³±³. ˆ§³¥·¥´¨Ö ´  £²Ê¡¨´¥ µ¡· §Í  ¶·µ¢µ¤¨²¨¸Ó

�¨¸. 7. ‘¶¥±É· ²Ó´Ò¥ § ¢¨¸¨³µ¸É¨ ±µÔËË¨Í¨¥´-
Éµ¢ ¶µ£²µÐ¥´¨Ö ¤²Ö ´¥µ¡²ÊÎ¥´´µ° (1), µ¡²ÊÎ¥´-

´µ° (2) ¨ µÉµ¦¦¥´´µ° (3) Î ¸É¥° µ¡· §Í  –’‘‹

8/65/35

¶¥·¥¸É·µ°±µ° Ëµ±Ê¸  µ¡Ñ¥±É¨¢  ³¨±·µ-
¸±µ¶  ¸ ¶µ³µÐÓÕ ¶Ó¥§µ¶·¨¢µ¤ . 	µ²¥¥
¸¢¥É²Ò¥ ÊÎ ¸É±¨ ¶µ¢¥·Ì´µ¸É¨ ¸µµÉ¢¥É-
¸É¢ÊÕÉ ¡µ²ÓÏ¥° ¨´É¥´¸¨¢´µ¸É¨ · ³ ´µ¢-
¸±µ° ³µ¤Ò. �Ö¤µ³ ¸ ¨§µ¡· ¦¥´¨¥³ ¶µ-
¢¥·Ì´µ¸É¨ ¶·¨¢µ¤ÖÉ¸Ö µ¤´µ³¥·´Ò¥ ¶·µ-
Ë¨²¨ ¶µ ±µµ·¤¨´ É¥ X (·¨¸. 6, £), ¨§ ±µÉµ-
·ÒÌ ¢¨¤¥´ ³ ¸ÏÉ ¡ µ¡² ¸É¥° ¶µ¢ÒÏ¥´´µ°
Ö·±µ¸É¨. � §³¥· ¶µ X ÔÉµ° µ¡² ¸É¨ ¸µ¸É -
¢²Ö¥É ¶·¨³¥·´µ 20 ³±³. ˆ´É¥·¥¸´µ µÉ³¥-
É¨ÉÓ, ÎÉµ ´  £²Ê¡¨´¥ h � 14 ³±³ ¨§µ¡· -
¦¥´¨¥ ¸É ´µ¢¨É¸Ö µ¤´µ·µ¤´Ò³. „²Ö ÊÉµÎ-
´¥´¨Ö ¢µ§³µ¦´µ£µ ³¥Ì ´¨§³  ¢§ ¨³µ¤¥°-
¸É¢¨Ö ¶ÊÎ±  Ô²¥±É·µ´µ¢ ¸ µ¡· §Íµ³ ¡Ò²¨
¨§³¥·¥´Ò ¸¶¥±É·Ò ¶µ£²µÐ¥´¨Ö ´¥µ¡²Ê-
Î¥´´µ°, µ¡²ÊÎ¥´´µ° ¨ µÉµ¦¦¥´´µ° Î ¸É¥°
µ¡· §Í  ´  ¸¶¥±É·µËµÉµ³¥É·¥ ¢ ¡²¨¦´¥°
ˆŠ- ¨ ¢¨¤¨³µ° µ¡² ¸ÉÖÌ. �  ·¨¸. 7 ¶·¥¤-
¸É ¢²¥´Ò § ¢¨¸¨³µ¸É¨ ±µÔËË¨Í¨¥´É  ¶µ-
£²µÐ¥´¨Ö µÉ Ô´¥·£¨¨ µ¶É¨Î¥¸±¨Ì ±¢ ´Éµ¢.
‚¨¤´µ, ÎÉµ µ¡²ÊÎ¥´¨¥ ¶·¨¢µ¤¨É ± ¸¤¢¨£Ê
ËÊ´¤ ³¥´É ²Ó´µ£µ ±· Ö ¶µ£²µÐ¥´¨Ö ´  ∆E ≈ 0,09 Ô‚ ¢ ¸Éµ·µ´Ê ³¥´ÓÏ¨Ì Ô´¥·£¨° ¨
± ·µ¸ÉÊ ¢¥²¨Î¨´Ò ±µÔËË¨Í¨¥´É  ¶µ£²µÐ¥´¨Ö, ³ ±¸¨³Ê³ ±µÉµ·µ£µ ´ Ìµ¤¨É¸Ö ¢ ¸¶¥±-
É· ²Ó´µ° µ¡² ¸É¨ 1Ä2,5 Ô‚. ‘²¥¤Ê¥É µÉ³¥É¨ÉÓ, ÎÉµ µÉ¦¨£ µ¡²ÊÎ¥´´µ£µ µ¡· §Í  Î ¸É¨Î´µ
¢µ¸¸É ´µ¢¨² §´ Î¥´¨¥ ±µÔËË¨Í¨¥´É  ¶µ£²µÐ¥´¨Ö ¨ ±· Ö ËÊ´¤ ³¥´É ²Ó´µ£µ ¶µ£²µÐ¥´¨Ö
¤µ ¢¥²¨Î¨´Ò ´¥µ¡²ÊÎ¥´´µ£µ (·¨¸. 7, ¢¸É ¢± ).

3. ���‹ˆ‡ �Š‘�…�ˆŒ…�’�‹œ�›• „���›•

ˆ¸¸²¥¤µ¢ ´¨Ö ¶·µ¸É· ´¸É¢¥´´µ£µ · ¸¶·¥¤¥²¥´¨Ö ¨´É¥´¸¨¢´µ¸É¨ · ³ ´µ¢¸±µ£µ ¨§²ÊÎ¥-
´¨Ö ¸ Î ¸ÉµÉµ° ν2 = 217 ¸³−1 ´  µ¡²ÊÎ¥´´µ³ µ¡· §Í¥ ¶·¨¢¥²¨ ± µ¡´ ·Ê¦¥´¨Õ µ¡² ¸É¥°
¸ ¶µ¢ÒÏ¥´´µ° Ö·±µ¸ÉÓÕ (·¨¸. 6). �É¨ µ¡² ¸É¨ ´ Ìµ¤ÖÉ¸Ö ¢¡²¨§¨ Ë¨£Ê· ‹¨ÌÉ¥´¡¥·£ , ±µ-
Éµ·Ò¥, µÎ¥¢¨¤´µ, ¸µµÉ¢¥É¸É¢ÊÕÉ ¨¸±·µ¢µ³Ê ¶·µ¡µÕ, §  ¸Î¥É ´ ±µ¶²¥´´µ£µ ¶·¨ µ¡²ÊÎ¥´¨¨
¶·µ¸É· ´¸É¢¥´´µ£µ § ·Ö¤  (∼ 10−5 Š²) ¢´ÊÉ·¨ ¸¥£´¥ÉµÔ²¥±É·¨± . ˆÌ · §³¥· ¸µ¸É ¢²Ö¥É ¢
¶²µ¸±µ¸É¨ XY µ±µ²µ 20 ³±³, ¶µ £²Ê¡¨´¥ ∆z � 20 ³±³. ˆ§ ²¨É¥· ÉÊ·Ò ¨§¢¥¸É´µ, ÎÉµ ¶·¨
µ¡²ÊÎ¥´¨¨ ³´µ£¨Ì ¤¨Ô²¥±É·¨±µ¢ Ô²¥±É·µ´´Ò³¨ ¶ÊÎ± ³¨ µ¡· §ÊÕÉ¸Ö µÉ·¨Í É¥²Ó´µ § ·Ö-
¦¥´´Ò¥ ¸²µ¨ [15], ±µÉµ·Ò¥ ¶·¨¢µ¤ÖÉ ± ¨¸±·µ¢Ò³ ¶·µ¡µÖ³ ± ± ´  ¶µ¢¥·Ì´µ¸É¨, É ± ¨ ¢
£²Ê¡¨´¥ ¤¨Ô²¥±É·¨± . �µÔÉµ³Ê ¢´ÊÉ·¥´´¨¥ Ô²¥±É·¨Î¥¸±¨¥ ¶µ²Ö, ¢µ§´¨± ÕÐ¨¥ ¢ µ¡· §Í¥,
³µ£ÊÉ ¶·¨¢µ¤¨ÉÓ ± ¸ÊÐ¥¸É¢¥´´Ò³ ¸É·Ê±ÉÊ·´Ò³ ¨§³¥´¥´¨Ö³, ± ± ¸²¥¤¸É¢¨¥ ÔÉµ£µ ¶µÖ¢²Ö-
ÕÉ¸Ö µ¡² ¸É¨ ¸ ¢µ§·µ¸Ï¥° ¨´É¥´¸¨¢´µ¸ÉÓÕ ¶µ²µ¸ Š�‘ [14, 16]. ‚ ´¥µ¡²ÊÎ¥´´µ³ µ¡· §Í¥
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¨Ì ¨´É¥´¸¨¢´µ¸ÉÓ ¶µ ¶µ¢¥·Ì´µ¸É¨ µ¤´µ·µ¤´  (·¨¸. 5,  ). �´ ²¨§ ·¥´É£¥´µ¸É·Ê±ÉÊ·´ÒÌ
¸¶¥±É·µ¢ ¶µ± § ², ÎÉµ ¶·¨ µ¤´µ±· É´µ³ µ¡²ÊÎ¥´¨¨ ¨³¶Ê²Ó¸´Ò³¨ Ô²¥±É·µ´ ³¨ ¶·µ¨¸-
Ìµ¤¨É É· ´¸Ëµ·³ Í¨Ö ¸É·Ê±ÉÊ·Ò ¨§ ±Ê¡¨Î¥¸±µ° Ë §Ò (¶·µ¸É· ´¸É¢¥´´ Ö £·Ê¶¶  Pm-3m,
Z = 1) ¢ µ·Éµ·µ³¡¨Î¥¸±ÊÕ (¶·µ¸É· ´¸É¢¥´´ Ö £·Ê¶¶  Pmmm, Z = 1) ¸ ³¥´ÓÏ¨³ µ¡Ñ-
¥³µ³ Ô²¥³¥´É ·´µ° ÖÎ¥°±¨ [17]. �  ¶µ´¨¦¥´¨¥ ¸¨³³¥É·¨¨ µ¡²ÊÎ¥´´µ£µ µ¡· §Í  É ±¦¥
Ê± §Ò¢ ¥É ·¥§±¨° ·µ¸É ¨´É¥´¸¨¢´µ¸É¥° ¶µ²µ¸ ν2, ν3 ¨ ν4 ¢ Š�‘ ¨ ¶µÖ¢²¥´¨¥ ¤¢ÊÌ ´µ¢ÒÌ
(É ¡²¨Í , ·¨¸. 3 ¨ 4).

‚Éµ·¨Î´Ò¥ Ô²¥±É·µ´Ò, ¢µ§´¨± ÕÐ¨¥ ¢ ·¥§Ê²ÓÉ É¥ Éµ·³µ¦¥´¨Ö ¨´¦¥±É¨·µ¢ ´´µ£µ
¶ÊÎ± , ³µ£ÊÉ § Ì¢ ÉÒ¢ ÉÓ¸Ö ¨¸± ¦¥´¨Ö³¨ ±·¨¸É ²²¨Î¥¸±µ° ·¥Ï¥É±¨, µ¡· §ÊÖ ¶µ²Ö·µ´Ò.
�µ¤É¢¥·¦¤¥´¨¥³ µ¡· §µ¢ ´¨Ö ¶µ²Ö·µ´µ¢ Ö¢²Ö¥É¸Ö Ê³¥´ÓÏ¥´¨¥ § ¶·¥Ð¥´´µ° §µ´Ò ´ 
0,09 Ô‚ (·¨¸. 7),   É ±¦¥ ¶µÖ¢²¥´¨¥ Ï¨·µ±µ£µ ³ ±¸¨³Ê³  ±µÔËË¨Í¨¥´É  ¶µ£²µÐ¥´¨Ö
¢ µ¡² ¸É¨ 1Ä2,5 Ô‚ (·¨¸. 7, ¢¸É ¢± ). �µ¤µ¡´Ò¥ ÔËË¥±ÉÒ ¢µ§´¨± ÕÉ ¢ ¨µ´´ÒÌ ±·¨¸É ²² Ì
´¨µ¡ É  ²¨É¨Ö ¶·¨ ¤µ¶¨·µ¢ ´¨¨ ³ £´¨¥³ [18].

�¢Éµ·Ò ¢Ò· ¦ ÕÉ ¡² £µ¤ ·´µ¸ÉÓ �. Š. Š ³¨´¸±µ³Ê ¨ ¥£µ ±µ²²¥£ ³ §  ¶·¥¤µ¸É ¢²¥´-
´ÊÕ ¢µ§³µ¦´µ¸ÉÓ ¶·µ¢¥¸É¨ µ¡²ÊÎ¥´¨¥ ´  ‹ˆ“-3000.
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