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�·¨¢µ¤ÖÉ¸Ö ·¥§Ê²ÓÉ ÉÒ ¨§³¥·¥´¨Ö ¸¶¥±É·µ¢ ±µ³¡¨´ Í¨µ´´µ£µ · ¸¸¥Ö´¨Ö ¨ ¸¶¥±É·µ¢ µÉ· ¦¥´¨Ö
¢ ¤¨ ¶ §µ´¥ 50Ä5000 ¸³−1 ¸¥£´¥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 = 4 ¨ 8%,  
É ±¦¥ ¶·¨ ¥e µ¡²ÊÎ¥´¨¨ ¸¨²Ó´µÉµÎ´Ò³ ¨³¶Ê²Ó¸´Ò³ ¶ÊÎ±µ³ Ô²¥±É·µ´µ¢ ¸ Ô´¥·£¨¥° Ee = 250 ±Ô‚,
Éµ±µ³ Ie = 1000 �, ¤²¨É¥²Ó´µ¸ÉÓÕ τ = 300 ´¸. �µ²ÊÎ¥´Ò § ¢¨¸¨³µ¸É¨ ·¥ ²Ó´µ° ε′ ¨ ³´¨³µ°
ε′′ Î ¸É¥° ¤¨Ô²¥±É·¨Î¥¸±µ° ¶·µ´¨Í ¥³µ¸É¨ µÉ Î ¸ÉµÉÒ ± ± ³¥Éµ¤µ³ Š· ³¥·¸ ÄŠ·µ´¨£ , É ± ¨ ¸
¶µ³µÐÓÕ ³µ¤¥²¨ ²µ·¥´Íe¢¸±¨Ì µ¸Í¨²²ÖÉµ·µ¢. ˆ§ ·¥´É£¥´µ¸É·Ê±ÉÊ·´ÒÌ ¤ ´´ÒÌ µ¡´ ·Ê¦¥´ ÔËË¥±É
¶¥·¥¸É·µ°±¨ ¶¥·µ¢¸±¨É´µ° �‚�3-¸É·Ê±ÉÊ·Ò µ¡²ÊÎe´´µ° PLZT-±¥· ³¨±¨ ¨ ± ± ¸²¥¤¸É¢¨¥ ÔÉµ£µ Å
¸³¥Ð¥´¨¥ ¶µ¶¥·¥Î´ÒÌ ¨ ¶·µ¤µ²Ó´ÒÌ Ëµ´µ´´ÒÌ ³µ¤, ¨§³¥´¥´¨¥ ¸¨² µ¸Í¨²²ÖÉµ·µ¢, ¢¥²¨Î¨´Ò ¨Ì
§ ÉÊÌ ´¨Ö, ¨´É¥´¸¨¢´µ¸É¨ · ³ ´µ¢¸±¨Ì Î ¸ÉµÉ, ¶µ²ÊÎ¥´´ÒÌ ´  µ¸´µ¢¥ ¤ ´´ÒÌ ¨´Ë· ±· ¸´µ° ¸¶¥±-
É·µ¸±µ¶¨¨ ¨ ±µ³¡¨´ Í¨µ´´µ£µ · ¸¸¥Ö´¨Ö ¸¢¥É . �´ ²¨§¨·ÊÕÉ¸Ö ³¥Ì ´¨§³Ò ÔËË¥±É  ¨³¶Ê²Ó¸´µ£µ
Ô²¥±É·µ´´µ£µ ¢µ§¤¥°¸É¢¨Ö (µ¡²ÊÎ¥´¨Ö) ± ± ¤²Ö ®¦e¸É±µ£µ ¸¥£´¥ÉµÔ²¥±É·¨± ¯ PLZT 4/65/35, É ± ¨
¤²Ö ·¥² ±¸µ·  PLZT 8/65/35.

The results of measurements of Raman and infrared re�ectivity spectra in the region of 50Ä
5000 ¸m−1 obtained on (Pb(1−x)Lax)(Zr0.65Ti0.35)1−x/4O3 ceramics with x = 4 and 8% and on
the same ceramics but irradiated by a high-current pulsed electron beam, are given in this paper. The
beam parameters were: Ee = 250 ±eV, beam current Ie = 1000 �, pulse duration τ = 300 ns. The
real ε′ and imaginary ε′′ parts of permittivity were obtained by using the KramersÄKronig method and
the Lorenz oscillators model. The reconstruction effect of perovskite ABO3 structure of the irradiated
PLZT ceramics has been found by means of X-ray diffraction measurements and as a consequence the
changes of transverse and longitudinal phonon modes, oscillators strength, damping of the modes, the
intensity of Raman frequencies have been registered by using the IR and Raman spectroscopy data. The
mechanisms of the pulsed electron in�uence effect for ®hard ferroelectrics¯ PLZT 4/65/35 and 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¢ ´´µ£µ ² ´-
É ´µ³ (–’‘‹ x/65/35; x Å ¸µ¤¥·¦ ´¨¥ ² ´É ´  ¢  Éµ³ ·´ÒÌ ¶·µÍ¥´É Ì, 65/35 Å
µÉ´µÏ¥´¨¥ 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
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¨¸¸²¥¤µ¢ ´¨° ¶·¥¤¸É ¢²ÖÕÉ ¸µ¥¤¨´¥´¨Ö PLZT-±¥· ³¨±¨ ¸ ¸µ¤¥·¦ ´¨¥³ ² ´É ´  µÉ 6 ¤µ
12  É. %, ±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° ¤¨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¨. ’ ±µ¥ · §´µµ¡· §¨¥ ¸¢µ°¸É¢ PLZT-±¥· ³¨±¨
¸¢Ö§Ò¢ ÕÉ ¸ ¶·¨¸ÊÉ¸É¢¨¥³ ¢ ´¥° ¶µ²Ö·´ÒÌ ´ ´µµ¡² ¸É¥°, ±µÉµ·Ò¥ Ö¢²ÖÕÉ¸Ö ¶·¨Î¨´µ°
¢µ§´¨±´µ¢¥´¨Ö ¸¶µ´É ´´µ° ¶µ²Ö·¨§ Í¨¨. Š¨´¥É¨±  ¶µ²Ö·´ÒÌ ´ ´µ±² ¸É¥·µ¢ ¢µ ¢´¥Ï´¨Ì
Ô²¥±É·¨Î¥¸±¨Ì ¶µ²ÖÌ µ¶·¥¤¥²Ö¥É ¶·¨·µ¤Ê Ë §µ¢µ£µ ¶¥·¥Ìµ¤  µÉ Ë¥··µÔ²¥±É·¨Î¥¸±µ£µ
¶µ²Ö·´µ£µ ± ¶ · Ô²¥±É·¨Î¥¸±µ³Ê ´¥¶µ²Ö·´µ³Ê ¸µ¸ÉµÖ´¨Õ [3]. ˆ¸¸²¥¤µ¢ ´¨Ö µ¶É¨Î¥¸±¨Ì
¸¢µ°¸É¢ ·¥² ±¸µ·´µ° (PLZT 8Ä9.75/65/35)-±¥· ³¨±¨ ¶·¨ · §´ÒÌ É¥³¶¥· ÉÊ· Ì ¢ Ï¨·µ-
±µ° µ¡² ¸É¨ ¸¶¥±É·  (20 ƒÍÄ100 ’ƒÍ) ¡Ò²¨ ¶·µ¢¥¤¥´Ò ¢ · ¡µÉ Ì [2, 4Ä6]. �´¨ ¶µ§¢µ²¨²¨
¶µ²ÊÎ¨ÉÓ § ¢¨¸¨³µ¸É¨ ¢·¥³e´ ·¥² ±¸ Í¨¨ ¶µ²Ö·´ÒÌ ´ ´µ±² ¸É¥·µ¢ µÉ É¥³¶¥· ÉÊ·Ò, ¢Ò-
¤¥²¨ÉÓ ¶·µ¤µ²Ó´Ò¥ ωL ¨ ¶µ¶¥·¥Î´Ò¥ ωT Ëµ´µ´´Ò¥ ³µ¤Ò, ¨¤¥´É¨Ë¨Í¨·µ¢ ÉÓ ³µ¤Ò,  ±-
É¨¢´Ò¥ ¢ · ³ ´µ¢¸±µ³ · ¸¸¥Ö´¨¨ [6]. �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´¨°. Š É ±µ³Ê ¢µ§¤¥°¸É¢¨Õ ³µ¦´µ µÉ´¥¸É¨ ÔËË¥±ÉÒ · ¤¨ Í¨µ´-
´µ£µ µ¡²ÊÎ¥´¨Ö Î ¸É¨Í ³¨ ¸ · §´µ° ¨µ´¨§¨·ÊÕÐ¥° ¸¶µ¸µ¡´µ¸ÉÓÕ: γ-±¢ ´ÉÒ, Ô²¥±É·µ´Ò,
³´µ£µ§ ·Ö¤´Ò¥ ¨µ´Ò, ´¥°É·µ´Ò [7, 8]. ‚ § ¢¨¸¨³µ¸É¨ µÉ ¸µ·É  Î ¸É¨Í ¸µ§¤ ÕÉ¸Ö · §²¨Î-
´Ò¥ ¤¥Ë¥±ÉÒ ¢ Ô²¥³¥´É ·´µ° ÖÎ¥°±¥, ¨§ÊÎ Ö ¢²¨Ö´¨¥ ±µÉµ·ÒÌ ´  Ë¥··µÔ²¥±É·¨Î¥¸±¨¥
¸¢µ°¸É¢ , ³µ¦´µ ¢Ò¤¥²¨ÉÓ ³¥Ì ´¨§³Ò ¢µ§¡Ê¦¤¥´¨Ö ¨ · §·ÊÏ¥´¨Ö ²µ± ²Ó´ÒÌ ¶µ²Ö·´ÒÌ
³¨±·µµ¡² ¸É¥°. �¡²ÊÎ¥´¨¥ ¶·µ§· Î´ÒÌ PLZT-±¥· ³¨± ¸É Í¨µ´ ·´Ò³¨ · ¤¨ Í¨µ´´Ò³¨
¶µ²Ö³¨, É ±¨³¨ ± ± γ-±¢ ´ÉÒ, Ô²¥±É·µ´Ò [9], ³´µ£µ§ ·Ö¤´Ò¥ ¨µ´Ò [10], ´¥°É·µ´Ò ¢
Í¥²µ³ ´¥ ¨§³¥´Ö¥É ¸É·Ê±ÉÊ·´Ò¥ ¸¢µ°¸É¢ ,   ¢¥¤¥É ± ¶µÖ¢²¥´¨Õ ¨´É¥´¸¨¢´µ£µ ¶µ£²µÐ¥-
´¨Ö ¢ ¢¨¤¨³µ° µ¡² ¸É¨ ¸¶¥±É·  0,3Ä0,8 ³±³,   É ±¦¥ ± Ê¢¥²¨Î¥´¨Õ · §³ÒÉ¨Ö Ë §µ¢µ£µ
¶¥·¥Ìµ¤ , µ¶·¥¤¥²Ö¥³µ£µ ¶µ § ¢¨¸¨³µ¸É¨ ¤¨Ô²¥±É·¨Î¥¸±µ° ¶µ¸ÉµÖ´´µ° µÉ É¥³¶¥· ÉÊ·Ò
ε ∼ f(T ) [8]. �¤´ ±µ ¶·¨ µ¡²ÊÎ¥´¨¨ ¨³¶Ê²Ó¸´Ò³¨ ¶ÊÎ± ³¨ Ô²¥±É·µ´µ¢ ¨ ¨µ´µ¢ PLZT-
±¥· ³¨±¨ ¢¶¥·¢Ò¥ ¢ · ¡µÉ¥ [11] ¡Ò² µ¡´ ·Ê¦¥´ ÔËË¥±É ¸É·Ê±ÉÊ·´ÒÌ ¨§³¥´¥´¨° ±·¨¸É ²-
²¨Î¥¸±µ° ·¥ÏeÉ±¨. � ¡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
¨³¶Ê²Ó¸´µ£µ Ô²¥±É·µ´´µ£µ ¶ÊÎ±  ´  ¸É·Ê±ÉÊ·´Ò¥ ¨ µ¶É¨Î¥¸±¨¥ ¸¢µ°¸É¢  –’‘‹ x/65/35
(x = 4, 8 %) ±¥· ³¨±. �¤´¨³¨ ¨§ ´ ¨¡µ²¥¥ ÔËË¥±É¨¢´ÒÌ ¨ ¨´Ëµ·³ É¨¢´ÒÌ ³¥Éµ¤µ¢
¨§ÊÎ¥´¨Ö ³¥Ì ´¨§³µ¢ ¢§ ¨³µ¤¥°¸É¢¨Ö ¨³¶Ê²Ó¸´µ£µ ¨§²ÊÎ¥´¨Ö ¸ µ¡· §Íµ³ Ö¢²ÖÕÉ¸Ö ·¥´É-
£¥´µ¢¸± Ö ¤¨Ë· ±Í¨Ö, ±µ³¡¨´ Í¨µ´´µ¥ · ¸¸¥Ö´¨¥ ¸¢¥É  ¨ ˆŠ-¸¶¥±É·µ¸±µ¶¨Ö. „ ´´Ò¥
³¥Éµ¤Ò ¶µ§¢µ²ÖÕÉ ¶µ²ÊÎ¨ÉÓ ´ ¨¡µ²¥¥ ¶µ²´ÊÕ ¨´Ëµ·³ Í¨Õ ± ± µ ¤¥Ëµ·³ Í¨¨ ¸É·Ê±ÉÊ·Ò
±·¨¸É ²²¨Î¥¸±µ° ·¥ÏeÉ±¨, É ± ¨ µ ¤¨´ ³¨±¥ ¶µ²Ö·´ÒÌ ´ ´µ¤µ³¥´´ÒÌ µ¡² ¸É¥°.

1. �Š‘�…�ˆŒ…�’�‹œ��Ÿ —�‘’œ

�¡· §ÍÒ ±¥· ³¨±¨ ¨§ PLZT [(Pb(1−x)Lax)(Zr0,65Ti0,35)1−x/4O3] ¸ ¸µ¤¥·¦ ´¨¥³ La
µÉ 2 ¤µ 9,75  É. % ¡Ò²¨ ¨§£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¢. ‘¶¥±É·Ò µÉ· ¦¥´¨Ö ¢ Ï¨·µ±µ° µ¡² ¸É¨
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’ ¡²¨Í  1.

‘µ·É Î ¸É¨Í �´¥·£¨Ö Î ¸É¨Í, �²µÉ´µ¸ÉÓ Éµ± , „²¨É¥²Ó´µ¸ÉÓ �µ²´ Ö �·µ¡¥£
±Ô‚ �/¸³2 ¨³¶Ê²Ó¸ , ¸ Ô´¥·£¨Ö, „¦ Î ¸É¨Í, ¸³

�²¥±É·µ´Ò 250 1000 3 · 10−7 15 2 · 10−2

ˆµ´Ò 250 200 3 · 10−7 3 1 · 10−4

¨§³¥·Ö²¨¸Ó ´  ËÊ·Ó¥-¸¶¥±É·µ³¥É·¥ Bruker IFS66V ¶·¨ ±µ³´ É´µ° É¥³¶¥· ÉÊ·¥ c · §·¥-
Ï¥´¨¥³ 1 ¸³−1. ‘¶¥±É·Ò ±µ³¡¨´ Í¨µ´´µ£µ · ¸¸¥¨¢ ´¨Ö ¡Ò²¨ ¶µ²ÊÎ¥´Ò ´  · ³ ´µ¢-
¸±µ³ ³¨±·µ¸±µ¶¥ Ë¨·³Ò ®Joben Ivon¯ c ¨¸¶µ²Ó§µ¢ ´¨¥³ ¨§²ÊÎ¥´¨Ö  ·£µ´µ¢µ£µ ² §¥· 
(λ = 514, 5 ´³). �·¨ ¨§³¥·¥´¨ÖÌ ¸¶¥±É·µ¢ ±µ³¡¨´ Í¨µ´´µ£µ · ¸¸¥Ö´¨Ö · §·¥Ï¥´¨¥ ¶µ
¤²¨´ ³ ¢µ²´ ¸µµÉ¢¥É¸É¢Ê¥É É ±¦¥ 1 ¸³−1. �¥´É£¥´µ¸É·Ê±ÉÊ·´Ò¥ ¨§³¥·¥´¨Ö ¶·µ¢µ¤¨²¨¸Ó
´   ¢Éµ³ É¨§¨·µ¢ ´´µ³ ¤¨Ë· ±Éµ³¥É·¥ „��	-2Œ ¸ ¨¸¶µ²Ó§µ¢ ´¨¥³ ²¨´¨° Cu Ka1Ka2-
¨§²ÊÎ¥´¨Ö [13]. �¡²ÊÎ¥´¨¥ Ô²¥±É·µ´ ³¨ ¨ ¨µ´ ³¨ ¶·µ¢µ¤¨²µ¸Ó ´  Ê¸É ´µ¢±¥, ¶·¥¤¸É -
¢²¥´´µ° ¢ [11]. � · ³¥É·Ò ¶ÊÎ±µ¢ § ·Ö¦¥´´ÒÌ Î ¸É¨Í ¤ ´Ò ¢ É ¡². 1.

2. �…‡“‹œ’�’› �Š‘�…�ˆŒ…�’�

�¥§Ê²ÓÉ ÉÒ ¨§³¥·¥´¨° ¸¶¥±É·µ¢ µÉ· ¦¥´¨Ö ¸¥£´¥Éµ±¥· ³¨± ¶·¨ T = 295 Š ¸ · §²¨Î-
´Ò³ ¸µ¤¥·¦ ´¨¥³ ² ´É ´  PLZT 4/65/35 ¨ PLZT 8/65/35, ¸µµÉ¢¥É¸É¢¥´´µ, ¶·¥¤¸É ¢²¥´Ò
´  ·¨¸. 1,  , ¡. 	  ÔÉµ³ ¦¥ ·¨¸Ê´±¥ ¶µ± § ´Ò ·¥§Ê²ÓÉ ÉÒ µ¡²ÊÎ¥´¨Ö ¨³¶Ê²Ó¸´Ò³ ¶ÊÎ±µ³
Ô²¥±É·µ´µ¢ ¸ ¨´É¥£· ²Ó´µ° ¤µ§µ° Ne = 2 · 1014 Ô²¥±É·µ´/¸³2.

„²Ö ¶µ²ÊÎ¥´¨Ö ¶µ²´µ° ¨´Ëµ·³ Í¨¨ µ ±µ²¥¡ É¥²Ó´ÒÌ ³µ¤ Ì, ¶·¨¸ÊÉ¸É¢ÊÕÐ¨Ì ¢ ¨¸-
¸²¥¤Ê¥³ÒÌ µ¡· §Í Ì, ¡Ò²¨ ¨§³¥·¥´Ò · ³ ´µ¢¸±¨¥ ¸¶¥±É·Ò (·¨¸. 2).

�¨¸. 1. ‘¶¥±É·Ò µÉ· ¦¥´¨Ö µ¡²ÊÎe´´ÒÌ (1) ¨ ´¥µ¡²ÊÎe´´ÒÌ (2) PLZT 4/65/35- (a) ¨ PLZT 8/65/35-
±¥· ³¨± (¡)
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�¨¸. 2. � ³ ´µ¢¸±¨¥ ¸¶¥±É·Ò µ¡²ÊÎe´´ÒÌ (1) ¨ ´¥µ¡²ÊÎe´´ÒÌ (2) PLZT 4/65/35- (a) ¨ PLZT
8/65/35-±¥· ³¨± (¡)

„²Ö ¢ÒÖ¸´¥´¨Ö ¸¢Ö§¨ ¨§³¥´¥´¨Ö Ëµ´µ´´ÒÌ ³µ¤ ¶·¨ · ¤¨ Í¨µ´´µ³ ¢µ§¤¥°¸É¢¨¨ ¸o
¸É É¨Î¥¸±¨³¨ · ¢´µ¢¥¸´Ò³¨ ±µ´Ë¨£Ê· Í¨Ö³¨ ¨µ´µ¢ ¢ ±·¨¸É ²²¨Î¥¸±µ° ·¥ÏeÉ±¥ ¡Ò²¨
¶·µ¢¥¤¥´Ò ·¥´É£¥´µ¸É·Ê±ÉÊ·´Ò¥ ¨¸¸²¥¤µ¢ ´¨Ö PLZT-¸¥£´¥Éµ±¥· ³¨±¨ ¸ · §²¨Î´Ò³ ¸µ-
¤¥·¦ ´¨¥³ ² ´É ´  ¤²Ö µ¡²ÊÎe´´ÒÌ ¨ ´¥µ¡²ÊÎe´´ÒÌ µ¡· §Íµ¢. 	  ·¨¸. 3 ¶µ± § ´Ò ´¥-
±µÉµ·Ò¥ Ë· £³¥´ÉÒ ¤¨Ë· ±Í¨µ´´ÒÌ ¸¶¥±É·µ¢ PLZT 4/65/35- ¨ PLZT 8/65/35-±¥· ³¨±.
�µ£·¥Ï´µ¸ÉÓ ¶·¥¤¸É ¢²¥´´ÒÌ Ô±¸¶¥·¨³¥´Éµ¢ · ¢´  ±0, 002 £· ¤Ê¸ .

‚ É ¡². 2 ¶·¨¢µ¤ÖÉ¸Ö ¶ · ³¥É·Ò µ¸´µ¢´ÒÌ ·¥Ë²¥±¸µ¢, µÉ¢¥É¸É¢¥´´ÒÌ §  ¨¸± ¦¥´¨Ö
±·¨¸É ²²¨Î¥¸±µ° ·¥ÏeÉ±¨ ¨ ¨§³¥´¥´¨¥ ¶¥·¥· ¸¶·¥¤¥²¥´¨Ö ¢ ± ´¸¨° ¢ ¶µ¤·¥ÏeÉ± Ì A ¨
B ¶¥·µ¢¸±¨É´µ° ¸É·Ê±ÉÊ·Ò �‚�3.

Š ± ¢¨¤´µ ¨§ É ¡². 2 ¨ ·¨¸. 2, µ¡²ÊÎ¥´¨¥ ¶·¨¢µ¤¨É ± ¸¤¢¨£Ê µ¸´µ¢´ÒÌ ·¥Ë²¥±¸µ¢ ¢
¸Éµ·µ´Ê ³¥´ÓÏ¨Ì Ê£²µ¢,  ´ ²µ£¨Î´µ Éµ³Ê, ÎÉµ ³Ò ´ ¡²Õ¤ ²¨ ¢ · ¡µÉ¥ [11]. �¥´É£¥´µ-
¸É·Ê±ÉÊ·´Ò¥ ¨¸¸²¥¤µ¢ ´¨Ö ¶µ± § ²¨, ÎÉµ ¶·¨ µ¡²ÊÎ¥´¨¨ ¨³¶Ê²Ó¸´Ò³¨ Ô²¥±É·µ´ ³¨ ¶·µ-
¨¸Ìµ¤¨É ¨§³¥´¥´¨¥ µ¸´µ¢´ÒÌ ¶ · ³¥É·µ¢ ±·¨¸É ²²¨Î¥¸±µ° ÖÎ¥°±¨,   É ±¦¥ Ê¢¥²¨Î¥´¨¥
¥e µ¡Ñe³ . �¤´ ±µ Ê¢¥²¨Î¥´¨¥ µÉ´µÏ¥´¨Ö ¨´É¥£· ²Ó´ÒÌ ¨´É¥´¸¨¢´µ¸É¥° ¤¨Ë· ±Í¨µ´-

�¨¸. 3. �É¤¥²Ó´Ò¥ ¤¨Ë· ±Í¨µ´´Ò¥ ²¨´¨¨ µ¡²ÊÎe´´ÒÌ (2, 3) ¨ ´¥µ¡²ÊÎe´´ÒÌ (1, 4) PLZT 4/65/35-
(1, 2) ¨ PLZT 8/65/35-±¥· ³¨± (3, 4)
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’ ¡²¨Í  2.

PLZT 4/65/35 PLZT 8/65/35

	¥µ¡²ÊÎ¥´´Ò¥ �¡²ÊÎ¥´´Ò¥ 	¥µ¡²ÊÎ¥´´Ò¥ �¡²ÊÎ¥´´Ò¥

HKL Position 2Q Int. Position 2Q Int. Position 2Q Int. Position 2Q Int.

100 21,634 1775 21,571 1505 21,545 892 21,498 972
110 30,823 9480 30,755 5761 30,729 2850 30,705 3591
200 44,198 2525 44,117 1556 44,107 554 44,095 687
210 49,682 653 49,625 412 49,661 117 49,629 162
211 54,945 2815 54,871 1850 54,814 997 54,816 1175
220 64,443 873 64,363 551 64,266 431 64,311 431

�¨¸. 4. �¥ ²Ó´Ò¥ (a, ¡) ¨ ³´¨³Ò¥ (¢, £, ¤, ¥) Î ¸É¨ ¤¨Ô²¥±É·¨Î¥¸±µ° ¶·µ´¨Í ¥³µ¸É¨ µ¡²ÊÎe´´ÒÌ
(1) ¨ ´¥µ¡²ÊÎe´´ÒÌ (2) µ¡· §Íµ¢ PLZT 4/65/35- (a, ¢, ¤) ¨ PLZT 8/65/35-±¥· ³¨± (¡, £, ¥)
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’ ¡²¨Í  3.

PLZT 4/65/35

º 	¥µ¡²ÊÎ¥´´Ò¥ �¡²ÊÎ¥´´Ò¥

¶/¶ ωTO γTO ωLO γLO ∆ε ωTO γTO ωLO γLO ∆ε

1 50 52 50 53 8
2 97 19 113 9 58 98 21 112 54
3 198 47 320 251 201 49 316 244

(200) (50) (1094) (200) (51) (1034)
4 305 52 414 18 280 309 56 411 19 271

(304) (55) (415) (23) (437) (307) (60) (413) (24) (448)
5 530 41 542 17 113 535 43 539 19 65

(529) (44) (543) (15) (559) (531) (45) (540) (17) (550)
6 567 30 692 21 396 574 33 687 23 377

(565) (32) (694) (20) (524) (569) (34) (690) (21) (489)

�·¨³¥Î ´¨¥. ‚ ¸±µ¡± Ì Ê± § ´Ò §´ Î¥´¨Ö, ¶µ²ÊÎ¥´´Ò¥ c ¨¸¶µ²Ó§µ¢ ´¨¥³ ³µ¤¥²¨
²µ·¥´Í¥¢¸±¨Ì µ¸Í¨²²ÖÉµ·µ¢.

’ ¡²¨Í  4.

PLZT 8/65/35

º 	¥µ¡²ÊÎ¥´´Ò¥ �¡²ÊÎ¥´´Ò¥

¶/¶ ωTO γTO ωLO γLO ∆ε ωTO γTO ωLO γLO ∆ε

1 53 52 55 53
2 100 19 121 8 68 103 21 120 8 61
3 203 23 310 43 234 207 24 308 44 228
4 308 37 415 20 278 311 39 414 19 273
5 536 24 561 32 165 539 25 559 33 148
6 570 18 688 22 385 572 20 685 21 376

´ÒÌ ²¨´¨° ¸ · §²¨Î´Ò³ Î¨¸²µ³ ÎeÉ´ÒÌ ¨´¤¥±¸µ¢, ´ ¶·¨³¥· I210/I211, ¶·¥¤¶µ²µ¦¨É¥²Ó´µ
³µ¦´µ ¸¢Ö§ ÉÓ ¸ Ê¢¥²¨Î¥´¨¥³ Ì · ±É¥·  ¢ ± ´¸¨µ´´µ£µ · ¸¶·¥¤¥²¥´¨Ö ¢ ¶µ¤·¥ÏeÉ±¥ ‚
[14]. „²Ö µ¶·¥¤¥²¥´¨Ö ¤¥°¸É¢¨É¥²Ó´µ° ε′ ¨ ³´¨³µ° ε′′ Î ¸É¥° ¤¨Ô²¥±É·¨Î¥¸±µ° ¶·µ-
´¨Í ¥³µ¸É¨ ¨¸¶µ²Ó§µ¢ ²¸Ö ³¥Éµ¤ Š· ³¥·¸ ÄŠ·µ´¨£ . •µ·µÏµ ¨§¢¥¸É´µ, ÎÉµ ¢ ¸²ÊÎ ¥
·¥ÏeÉµÎ´µ£µ µÉ· ¦¥´¨Ö ³ ±¸¨³Ê³Ò § ¢¨¸¨³µ¸É¥° ω Im (−ε−1) = f ′(ω) ¨ ω Re (ε) µ¶·¥-
¤¥²ÖÕÉ Î ¸ÉµÉÒ ¶·µ¤µ²Ó´ÒÌ LO ¨ ¶µ¶¥·¥Î´ÒÌ TO Ëµ´µ´µ¢,   ¶µ²ÊÏ¨·¨´Ò ±·¨¢ÒÌ Å
¶ · ³¥É·Ò ¨Ì § ÉÊÌ ´¨Ö γLO ¨ γTO ¸µµÉ¢¥É¸É¢¥´´µ. ˆ³¥Ö ¨§³¥·¥´´ÊÕ ¢¥²¨Î¨´Ê µÉ· ¦ -
É¥²Ó´µ° ¸¶µ¸µ¡´µ¸É¨ R(ω), ¶µ¶¥·¥Î´Ò¥ ³µ¤Ò, ¶ · ³¥É·Ò § ÉÊÌ ´¨Ö ¨ ¸¨²Ê µ¸Í¨²²ÖÉµ·µ¢
¶µ²ÊÎ¨²¨ ¸ ¶µ³µÐÓÕ ¤¨¸¶¥·¸¨µ´´µ£µ  ´ ²¨§ , ¨¸¶µ²Ó§ÊÖ ³µ¤¥²Ó ²µ·¥´Í¥¢¸±¨Ì µ¸Í¨²-
²ÖÉµ·µ¢. „ ²Ó´µ¤¥°¸É¢ÊÕÐ¨¥ ±Ê²µ´µ¢¸±¨¥ ¸¨²Ò ¢ ¸¥£´¥Éµ±¥· ³¨±¥ ¸ Î ¸É¨Î´µ ¨µ´´µ°
¸¢Ö§ÓÕ ¶·¨¢µ¤ÖÉ ± · ¸Ð¥¶²¥´¨Õ Î ¸ÉµÉÒ ± ¦¤µ£µ µ¸Í¨²²ÖÉµ·  ´  ¤¢¥: ωLj ¨ ωTj . � §-
´µ¸ÉÓ Î ¸ÉµÉ ωLj − ωTj µÉ· ¦ ¥É ¸É¥¶¥´Ó ¨µ´´µ¸É¨ ±¥· ³¨±¨, É. ¥. ¸¨²Ê µ¸Í¨²²ÖÉµ· 
∆ε = (ω2

Lj − ω2
Tj)/ω2

Tj , ±µÉµ· Ö, ¢ ¸¢µÕ µÎ¥·¥¤Ó, Ì · ±É¥·¨§Ê¥É ¸¶µ¸µ¡´µ¸ÉÓ µ¡· §Í 
¶µ£²µÐ ÉÓ ¸¢¥É ´  Ì · ±É¥·´µ° Î ¸ÉµÉ¥ µ¸Í¨²²ÖÉµ· . 	  ·¨¸. 4 ¶·¨¢¥¤¥´Ò § ¢¨¸¨³µ¸É¨
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Re (ε), Im (ε) ¨ Im (−ε−1) o¡²ÊÎe´´µ° ¨ ´¥µ¡²ÊÎe´´µ° PLZT-±¥· ³¨±¨ c ¸µ¤¥·¦ ´¨¥³
² ´É ´  4 ¨ 8 % ¸µµÉ¢¥É¸É¢¥´´µ.

‚ É ¡². 3 ¨ 4 ¸¢¥¤¥´Ò µ¸´µ¢´Ò¥ µ¶É¨Î¥¸±¨¥ ¨ ¤¨´ ³¨Î¥¸±¨¥ ±µ´¸É ´ÉÒ ¤²Ö Ê± § ´´ÒÌ
¢ÒÏ¥ µ¡· §Íµ¢.

3. ���‹ˆ‡ �Š‘�…�ˆŒ…�’�‹œ�›• „���›•

Š ± ¢¨¤´µ ¨§ É ¡². 2Ä4, ¨§³¥´¥´¨¥ ¸µ¤¥·¦ ´¨Ö ² ´É ´  ¢ µ¡· §Í Ì PLZT µÉ 4 ¤µ
8 % ¶·¨¢µ¤¨É ± ´¥§´ Î¨É¥²Ó´µ³Ê ¸¤¢¨£Ê ¶µ¶¥·¥Î´ÒÌ Ëµ´µ´´ÒÌ ³µ¤ ¢ ¢Ò¸µ±µÎ ¸ÉµÉ-
´ÊÕ µ¡² ¸ÉÓ, Éµ£¤  ± ± ¶·µ¤µ²Ó´ÒÌ Å ¢ ¸Éµ·µ´Ê ³¥´ÓÏ¨Ì Î ¸ÉµÉ. �¡²ÊÎ¥´¨¥ µ¡· §Íµ¢
PLZT ¨³¶Ê²Ó¸´Ò³ Ô²¥±É·µ´´Ò³ ¶ÊÎ±µ³ ¶·¨¢µ¤¨É ± ¸¤¢¨£Ê ¶µ¶¥·¥Î´ÒÌ Ëµ´µ´´ÒÌ ³µ¤
¢ ¸Éµ·µ´Ê ¡µ²ÓÏ¨Ì Î ¸ÉµÉ ¶µ·Ö¤±  2Ä7 ¸³−1, ¶·µ¤µ²Ó´ÒÌ Å ¢ ´¨§±µÎ ¸ÉµÉ´ÊÕ µ¡² ¸ÉÓ
¶·¨³¥·´µ ´  1Ä4 ¸³−1, ¶·¨Îe³ ¸¤¢¨£ Î ¸ÉµÉ ¤²Ö µ¡· §Í  ¸ ¸µ¤¥·¦ ´¨¥³ ² ´É ´  8 %
´¥¸±µ²Ó±µ ³¥´ÓÏ¥, Î¥³ ¤²Ö µ¡· §Í  ¸ 4 % ¸µ¤¥·¦ ´¨¥³ ² ´É ´ . �¤´µ¢·¥³¥´´µ ¸ ¸¤¢¨-
£ ³¨ ¶µ¶¥·¥Î´ÒÌ ¨ ¶·µ¤µ²Ó´ÒÌ ³µ¤ ´ ¡²Õ¤ ¥É¸Ö Ê³¥´ÓÏ¥´¨¥ ¸¨²Ò µ¸Í¨²²ÖÉµ·µ¢, ÎÉµ
³µ¦¥É ¨´É¥·¶·¥É¨·µ¢ ÉÓ¸Ö ± ± ¶µÖ¢²¥´¨¥ ¤µ¶µ²´¨É¥²Ó´µ£µ · §Ê¶µ·Ö¤µÎ¨¢ ´¨Ö ¸É·Ê±-
ÉÊ·Ò ¶·¨ µ¡²ÊÎ¥´¨¨. ”µ´µ´´Ò¥ ³µ¤Ò,  ±É¨¢´Ò¥ ¢ ¨´Ë· ±· ¸´µ³ ¤¨ ¶ §µ´¥, µÉ´µ¸ÖÉ¸Ö
± ¤¢¨¦¥´¨Õ ¨µ´µ¢ Zr, Ti, O ¢´ÊÉ·¨ µ±É Ô¤· , É. ¥. ± ±µ²¥¡ ´¨Ö³ ¸¦ É¨Ö-· ¸ÉÖ¦¥´¨Ö,
±·ÊÉ¨²Ó´Ò³ ¨ ¨§£¨¡´Ò³,   É ±¦¥ ·¥ÏeÉµÎ´Ò³ ±µ²¥¡ ´¨Ö³ [15]. ’ ±, ´ ¶·¨³¥·, ±µ²¥-
¡ ´¨¥ ¶·¨ 567 ¸³−1 ¸µµÉ¢¥É¸É¢Ê¥É · ¸ÉÖ¦¥´¨Õ (TiÄO)- ¨ (ZrÄO)-¸¢Ö§¥°, 305 ¸³−1 Å
±·ÊÎ¥´¨Õ (Ti(Zr)ÄO3), ¢¥²¨Î¨´  198 ¸³−1 ¶·¨´ ¤²¥¦¨É ¨§£¨¡´µ³Ê (OÄTiÄO)-±µ²¥¡ ´¨Õ,
  97 ¸³−1 ¸µµÉ¢¥É¸É¢Ê¥É ·¥ÏeÉµÎ´µ° ± É¨µ´ÄTiO3-³µ¤¥. �´ ²¨§ ·¥´É£¥´µ¢¸±¨Ì ¸¶¥±É·µ¢
(É ¡². 2, 3 ¨ ·¨¸. 3) ¶µ± §Ò¢ ¥É, ÎÉµ ¢µ§¤¥°¸É¢¨¥ ¨³¶Ê²Ó¸´µ£µ Ô²¥±É·µ´´µ£µ ¶ÊÎ±  ´ 
µ¡· §ÍÒ ¸ · §²¨Î´Ò³ ¸µ¤¥·¦ ´¨¥³ ² ´É ´  ¶·¨¢µ¤¨É ± ¸¤¢¨£Ê µ¸´µ¢´ÒÌ ·¥Ë²¥±¸µ¢ ¢
¸Éµ·µ´Ê ³ ²ÒÌ Ê£²µ¢, ÎÉµ Ê± §Ò¢ ¥É ´  Ê¢¥²¨Î¥´¨¥ µ¡Ñe³  Ô²¥³¥´É ·´µ° ÖÎ¥°±¨. �¤-
´ ±µ ¨´É¥´¸¨¢´µ¸É¨ ¤¨Ë· ±Í¨µ´´ÒÌ ¶¨±µ¢ µ¡²ÊÎe´´µ£µ ®¦e¸É±µ£µ ¸¥£´¥ÉµÔ²¥±É·¨± ¯
PLZT 4/65/35 Ê³¥´ÓÏ ÕÉ¸Ö µ¤´µ¢·¥³¥´´µ ¸ ¸Ê¦¥´¨¥³ ¨Ì ¶µ²ÊÏ¨·¨´ (·¨¸. 3). ‚ ·¥² ±-
¸µ·¥ PLZT 8/65/35 ¶·µ¨¸Ìµ¤¨É µ¡· É´Ò° ÔËË¥±É Å Ê¢¥²¨Î¥´¨¥ ¨´É¥£· ²Ó´ÒÌ ¨´É¥´¸¨¢-
´µ¸É¥° ¤¨Ë· ±Í¨µ´´ÒÌ ²¨´¨°. �µ¸²¥¤´¥¥, ¢¥·µÖÉ´µ, ¸¢Ö§ ´µ ¸ ¨§³¥´¥´¨¥³ § ·Ö¤  ¨µ´µ¢,
¶¥·¥· ¸¶·¥¤¥²¥´¨¥³ ¢ ± ´¸¨° ¢ �- ¨ ‚-¶µ¤·¥ÏeÉ± Ì,   É ±¦¥ ¸ ¨µ´´Ò³ Ê¶µ·Ö¤µÎ¥´¨¥³
¢ ¶µ¤·¥ÏeÉ±¥ ‚. ‚ ²¨É¥· ÉÊ·¥ µÉ¸ÊÉ¸É¢ÊÕÉ ·¥§Ê²ÓÉ ÉÒ ¶µ µ¡²ÊÎ¥´¨Õ PLZT-±¥· ³¨±
¸¨²Ó´µÉµÎ´Ò³¨ ¨³¶Ê²Ó¸´Ò³¨ ¶ÊÎ± ³¨ § ·Ö¦¥´´ÒÌ Î ¸É¨Í, ÎÉµ ± ¸ ¥É¸Ö ¸É Í¨µ´ ·´µ£µ
µ¡²ÊÎ¥´¨Ö, Éµ, ± ± ¸²¥¤Ê¥É ¨§ · ¡µÉ [7, 8, 10], µ¡²ÊÎ¥´¨¥ Ô²¥±É·µ´ ³¨, ´¥°É·µ´ ³¨, γ-
±¢ ´É ³¨ ´¥ ¶·¨¢µ¤¨É ± ¶µ¤µ¡´Ò³ ¸É·Ê±ÉÊ·´Ò³ ¨§³¥´¥´¨Ö³, ±µÉµ·Ò¥ ³Ò ´ ¡²Õ¤ ¥³ ¢
¸²ÊÎ ¥ ¨³¶Ê²Ó¸´µ£µ µ¡²ÊÎ¥´¨Ö ¸ ¤²¨É¥²Ó´µ¸ÉÓÕ τ = 300 ´¸. Œµ¦´µ ¢Ò¸± § ÉÓ ¶·¥¤¶µ-
²µ¦¥´¨¥ µ ¢µ§³µ¦´µ³ ³¥Ì ´¨§³¥ ¸É·Ê±ÉÊ·´ÒÌ ¨§³¥´¥´¨°, ¸¢Ö§ ´´ÒÌ ¸ É¥³, ÎÉµ ¢·¥³Ö
¦¨§´¨ Ô²¥±É·µ´µ¢, µ¡· §µ¢ ¢Ï¨Ì¸Ö ¢ ·¥§Ê²ÓÉ É¥ ¨µ´¨§ Í¨µ´´ÒÌ ¶µÉ¥·Ó ¶¥·¢¨Î´µ£µ ¶ÊÎ± 
Ô²¥±É·µ´µ¢ ¶·¨ ¶·µÌµ¦¤¥´¨¨ Î¥·¥§ ¨¸¸²¥¤Ê¥³ÊÕ PLZT-±¥· ³¨±Ê, ¸· ¢´¨³µ ¸ ¤²¨É¥²Ó-
´µ¸ÉÓÕ ¶ÊÎ± . ‚ ÔÉµ³ ¸²ÊÎ ¥ ¶·µ¨¸Ìµ¤¨É ´ ±µ¶²¥´¨¥ Ô²¥±É·µ´µ¢ ¢ µ¡· §Í¥. “Î¨ÉÒ¢ Ö,
ÎÉµ ¶·µ¡¥£ Ô²¥±É·µ´µ¢ R ¸ Ô´¥·£¨¥° E = 250 ±Ô‚ ¸µ¸É ¢²Ö¥É 200 ³±³,   É ±¦¥ · §³´µ-
¦¥´¨¥ Ô²¥±É·µ´µ¢ §  ¸ÎeÉ ¨µ´¨§ Í¨µ´´ÒÌ ¶µÉ¥·Ó, ³µ¦´µ µÍ¥´¨ÉÓ ¶²µÉ´µ¸ÉÓ Ô²¥±É·µ´µ¢,
¢µ§´¨±Ï¨Ì ¶·¨ ¶·µÌµ¦¤¥´¨¨ ¶¥·¢¨Î´µ£µ ¶ÊÎ± . �´  ¸µ¸É ¢²Ö¥É ¤²Ö ¨³¶Ê²Ó¸  Ô²¥±É·µ-
´µ¢ ¸ Éµ±µ³ Ie = 1000 A, τ = 300 ´¸, ne = (5−10) · 1021 Ô²¥±É·µ´/¸³3, ÎÉµ ³µ¦¥É
¡ÒÉÓ ¸· ¢´¨³µ ¸ ¶²µÉ´µ¸ÉÓÕ ¤¥Ë¥±Éµ¢ ¢ ·¥ÏeÉ±¥ PLZT-±¥· ³¨±¨. ‚²¨Ö´¨¥ ¸µ¤¥·¦ ´¨Ö
² ´É ´  ´  ¸É·Ê±ÉÊ·´ÊÕ ¶¥·¥¸É·µ°±Ê ¶·¨ ¨³¶Ê²Ó¸´µ³ µ¡²ÊÎ¥´¨¨ ³µ¦¥É § ±²ÕÎ ÉÓ¸Ö ¢



46 ‚¨´µ£· ¤µ¢ …. �. ¨ ¤·.

¨§³¥´¥´¨¨ ¢·¥³¥´¨ ¦¨§´¨ ´µ¸¨É¥²¥° § ·Ö¤  [2] ¨ ¶µÔÉµ³Ê ¶·¨¢µ¤¨É ± · §´µ° ¶²µÉ´µ¸É¨
´ ± ¶²¨¢ ¥³µ£µ § ·Ö¤ , ÎÉµ ¢¥¤eÉ ¸µµÉ¢¥É¸É¢¥´´µ ± ¶µÖ¢²¥´¨Õ ¢´ÊÉ·¥´´¨Ì Ô²¥±É·¨Î¥¸-
±¨Ì ¶µ²¥° ¢ Ë¥··µÔ²¥±É·¨±¥. 	 ¨¡µ²¥¥ ÎÊ¢¸É¢¨É¥²Ó´µ° Ì · ±É¥·¨¸É¨±µ° ± ¶·µÍ¥¸¸Ê µ¡-
²ÊÎ¥´¨Ö Ö¢²Ö¥É¸Ö ¨´É¥´¸¨¢´µ¸ÉÓ ²¨´¨° · ³ ´µ¢¸±¨Ì ¸¶¥±É·µ¢ ·¨¸. 2. ‚ · ¡µÉ¥ [16] ¨¤¥´-
É¨Ë¨Í¨·Ê¥É¸Ö ¸¶¥±É· ±µ³¡¨´ Í¨µ´´µ£µ · ¸¸¥¨¢ ´¨Ö ¤²Ö PLZT 9/65/35-±¥· ³¨±¨. Œµ¤Ò
TO2 = 210 ¸³−1, TO3 = 290 ¸³−1, TO4 = 550 ¸³−1 ¸µµÉ¢¥É¸É¢ÊÕÉ ±µ²¥¡ ´¨Ö³ ¶µ-
²Ö·´ÒÌ ¤µ³¥´µ¢, Éµ£¤  ± ± TO2 + TO4 = 750 ¸³−1 ³µ¤  µÉ¢¥É¸É¢¥´´  §  ¸É É¨Î¥¸±¨¥
´ ¶·Ö¦¥´¨Ö ¨ Ì¨³¨Î¥¸±¨¥ ´¥µ¤´µ·µ¤´µ¸É¨ ¢ µ¡· §Í¥ ¨ Ö¢²Ö¥É¸Ö  ±É¨¢´µ° ¢ · ³ ´µ¢¸±¨Ì
¸¶¥±É· Ì ¢Éµ·µ£µ ¶µ·Ö¤± , ¶µÔÉµ³Ê µ´  ´¥ ³¥´Ö¥É ¸¢µ¥° ¨´É¥´¸¨¢´µ¸É¨ ¤ ¦¥ ¢ ´¥¶µ-
²Ö·´µ° ¶ · Ô²¥±É·¨Î¥¸±µ° Ë §¥, ¢ ±µÉµ·µ° ¸¶¥±É·Ò Š� § ¶·¥Ð¥´Ò ¶µ ¶· ¢¨²Ê µÉ¡µ· .
“¢¥²¨Î¥´¨¥ É¥³¶¥· ÉÊ·Ò µ¡· §Í  ¶·¨¢µ¤¨É ± Ê³¥´ÓÏ¥´¨Õ ¨´É¥´¸¨¢´µ¸É¨ ¶µ²Ö·´ÒÌ ³µ¤
TO2, TO3 ¨ TO4. Š ± ¢¨¤´µ ¨§ ·¨¸. 2, ¢µ§¤¥°¸É¢¨¥ ¨³¶Ê²Ó¸´µ£µ Ô²¥±É·µ´´µ£µ ¶ÊÎ± 
¸¢µ¤¨É¸Ö ± §´ Î¨É¥²Ó´µ³Ê Ê³¥´ÓÏ¥´¨Õ ¨´É¥´¸¨¢´µ¸É¨ ¢¸¥Ì · ³ ´µ¢¸±¨Ì ³µ¤, µ¤´ ±µ
¸¤¢¨£µ¢ ¶µ Î ¸ÉµÉ¥ ¶·¨ ÔÉµ³ ´¥ ´ ¡²Õ¤ ¥É¸Ö. ˆ´É¥·¥¸´Ò³ Ö¢²Ö¥É¸Ö ·¥§Ê²ÓÉ É µ¡²ÊÎ¥´¨Ö
PLZT-±¥· ³¨±¨ ¸ ¸µ¤¥·¦ ´¨¥³ ² ´É ´  8 % µ¤´¨³ ¨³¶Ê²Ó¸µ³ Ô²¥±É·µ´µ¢ ´  ²¨´¥°´µ³
¨´¤Ê±Í¨µ´´µ³ Ê¸±µ·¨É¥²¥ (‹ˆ“) ¸ Éµ±µ³ Ie = 200 A, τ = 300 ´¸ ¨ Ee = 1 ŒÔ‚. 	 
·¨¸. 5 ¶·¥¤¸É ¢²¥´ · ³ ´µ¢¸±¨° ¸¶¥±É· ÔÉµ£µ µ¡²ÊÎe´´µ£µ µ¡· §Í .

�¨¸. 5. � ³ ´µ¢¸±¨¥ ¸¶¥±É·Ò PLZT 8/65/35-

±¥· ³¨±¨, µ¡²ÊÎe´´µ° (1) ¨ ´¥ µ¡²ÊÎe´-
´µ° (2) ¨³¶Ê²Ó¸´Ò³ Ô²¥±É·µ´´Ò³ ¶ÊÎ±µ³ ¸

Éµ±µ³ Ie = 200 A, τ = 300 ´¸ ¨ Ee = 1 ŒÔ‚

ˆ§ ·¨¸Ê´±  ¢¨¤´µ, ÎÉµ ¸Ê³³ ·´ Ö ³µ¤  TO5
´¥ ¨§³¥´Ö¥É¸Ö, ³µ¤  TO4 ¸¤¢¨£ ¥É¸Ö ´  5 ¸³−1

¢ ¸Éµ·µ´Ê ³¥´ÓÏ¨Ì Î ¸ÉµÉ,   ¨´É¥´¸¨¢´µ¸ÉÓ
¶µ²Ö·´ÒÌ ³µ¤ TO2 ¨ TO4 ¶·¨ µ¡²ÊÎ¥´¨¨ ¢µ§-
· ¸É ¥É. �Éµ ¶µ§¢µ²Ö¥É ¸¤¥² ÉÓ ¶·¥¤¶µ²µ¦¥-
´¨¥, ÎÉµ ¶·¨ µ¤´µ±· É´µ³ ¨³¶Ê²Ó¸´µ³ µ¡²ÊÎ¥-
´¨¨ ¶·µ¨¸Ìµ¤¨É Î ¸É¨Î´ Ö ¶µ²Ö·¨§ Í¨Ö ´  £²Ê-
¡¨´Ê ¶·µ´¨±´µ¢¥´¨Ö ¨³¶Ê²Ó¸´µ£µ Ô²¥±É·µ´-
´µ£µ ¶ÊÎ± . �·¨ Ê¢¥²¨Î¥´¨¨ ¶²µÉ´µ¸É¨ Ô²¥±-
É·µ´µ¢ ¢ µ¡· §Í¥ §  ¸ÎeÉ Ê³¥´ÓÏ¥´¨Ö ¨Ì ¶·µ-
¡¥£  ¨ Ê¢¥²¨Î¥´¨Ö ¨´É¥£· ²Ó´µ£µ ¶µÉµ±  ´ -
·Ö¤Ê ¸ ¶·µÍ¥¸¸µ³ Ê¶µ·Ö¤µÎ¥´¨Ö ¶µ²Ö·´ÒÌ ´ -
´µ¤µ³¥´µ¢ ³µ£ÊÉ ¶·µ¨¸Ìµ¤¨ÉÓ ¶·µÍ¥¸¸Ò ¤¥-
Ë¥±Éµµ¡· §µ¢ ´¨Ö, ±µÉµ·Ò¥ ¡Ê¤ÊÉ ¶·¥¢ ²¨·µ-
¢ ÉÓ ´ ¤ Ê¶µ·Ö¤µÎ¥´¨¥³ ´ ´µ¤µ³¥´´ÒÌ µ¡² -
¸É¥°, ÎÉµ ¶·¨¢µ¤¨É ± §´ Î¨É¥²Ó´µ³Ê Ê³¥´ÓÏ¥-
´¨Õ ± ± ¨´É¥´¸¨¢´µ¸É¨ · ³ ´µ¢¸±¨Ì Î ¸ÉµÉ,

É ± ¨ ¸¨² µ¸Í¨²²ÖÉµ·µ¢ Ëµ´µ´´ÒÌ ³µ¤ ¢ ¸¶¥±É· Ì ˆŠ-µÉ· ¦¥´¨Ö ¨ ¤¨Ë· ±Í¨µ´´ÒÌ
²¨´¨° ¢ ·¥´É£¥´µ¸É·Ê±ÉÊ·´ÒÌ ¨¸¸²¥¤µ¢ ´¨ÖÌ. ‚ ´ ¸ÉµÖÐ¥¥ ¢·¥³Ö ¶² ´¨·Ê¥É¸Ö ¨§ÊÎ¥-
´¨¥ ¤¨Ô²¥±É·¨Î¥¸±¨Ì, Ô²¥±É·¨Î¥¸±¨Ì ¸¢µ°¸É¢ µ¡²ÊÎe´´µ° ±¥· ³¨±¨,   É ±¦¥ ¶·µ¢¥¤¥-
´¨¥ ¨¸¸²¥¤µ¢ ´¨° ¶µ ÊÉµÎ´¥´¨Õ ¸É·Ê±ÉÊ·Ò ±¨¸²µ·µ¤´µ£µ µ±É Ô¤·  ¶¥·µ¢¸±¨É´µ° �‚�3-
¸É·Ê±ÉÊ·Ò PLZT-µ¡· §Íµ¢ ¸ ¶µ³µÐÓÕ ´¥°É·µ´´µ° ¤¨Ë· ±Í¨¨, ±µÉµ· Ö Ê¤ Î´µ ¤µ¶µ²´Ö¥É
·¥§Ê²ÓÉ ÉÒ, ¶µ²ÊÎ¥´´Ò¥ ¸ ¶µ³µÐÓÕ ·¥´É£¥´µ¸É·Ê±ÉÊ·´ÒÌ ¨¸¸²¥¤µ¢ ´¨°.
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