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�¡áã¦¤ îâáï ¢¥«¨ç¨ë â¥¬¯¥à âãà �îà¨ ¢¨á¬ãâá®¤¥à¦ é¨å á«®¨áâëå á¥£¥â®í«¥ªâà¨ª®¢ ¨

¤¥ä®à¬ æ¨© ¯á¥¢¤®¯¥à®¢áª¨â®¢®© ïç¥©ª¨, ¢ë¤¥«¥®© ¢ ¯¥à®¢áª¨â®¯®¤®¡®¬ á«®¥ íâ¨å á®¥¤¨¥¨©.
�®ª §   ¢ ¦ ï à®«ì ¯¥à®¢áª¨â®¯®¤®¡ëå á«®¥¢ ¢ ¢®§¨ª®¢¥¨¨ á¥£¥â®í«¥ªâà¨ç¥áª®£® á®áâ®ï-
¨ï.

�à¨áâ ««¨ç¥áª ï à¥è¥âª  á¥£¥â®í«¥ªâà¨ª®¢ â¨-
¯  Am−1Bi2MmO3m+3 á â¥âà £® «ì®© ¨«¨ ¯á¥¢-
¤®â¥âà £® «ì®© (à®¬¡¨ç¥áª®©) á«®¨áâ®© ¯¥à®¢-
áª¨â®¯®¤®¡®© áâàãªâãà®© á®áâ®¨â ¨§ ç¥à¥¤ãî-
é¨åáï ¯® ®á¨ c ¢¨á¬ãâ®ª¨á«®à®¤ëå (��) á«®-
¥¢ (BiO3−

3 )v ¨ ¯¥à®¢áª¨â®¯®¤®¡ëå (��) á«®¥¢

[(Bi0.5Am−1Bi0.5)MmO3+
3m]v [1,2]. �®«é¨  ¯®á«¥¤¨å

®¯à¥¤¥«ï¥âáï ¢¥«¨ç¨®© m. �¥¬ ¡®«ìè¥ m, â¥¬

¡®«ìè¥ ç¨á«® á«®¥¢ â®«é¨®© ¢ ®¤¨ ®ªâ í¤à MO6

¢å®¤¨â ¢ ��-á«®©. �ç¥¢¨¤®, çâ® á®áâ ¢ ¨ â®«é¨ 

��-á«®ï ¤®«¦ë ¢«¨ïâì   á¥£¥â®í«¥ªâà¨ç¥áª¨¥

á¢®©áâ¢  á«®¨áâëå á®¥¤¨¥¨©, ® íâ®â ¢®¯à®á ¤® á¨å
¯®à ¥ ¨§ãç «áï.

�¥£¥â®í«¥ªâà¨ª¨ íâ®£® â¨¯  ¬®£ãâ ¨¬¥âì á®-
áâ ¢«ïîé¨¥ á¯®â ®© ¯®«ïà¨§ æ¨¨ Ps ¨ ¢¤®«ì

â¥âà £® «ì®© ®á¨ c (Ps(c)), ¨ ¯¥à¯¥¤¨ªã«ïà®

¥© — ¯® à®¬¡¨ç¥áª®© ®á¨ b0, â. ¥. ¯® ¯á¥¢¤®â¥âà -
£® «ì®¬ã  ¯à ¢«¥¨î [110] (Ps(b0)) [3]. �á«¨

¢ ��-á«®¥ ¢ë¤¥«¨âì ¯á¥¢¤®¯¥à®¢áª¨â®¢ãî ïç¥©ªã

(A(m−1)/mB1/m)MO3, ® , ª ª ¯à ¢¨«®, ¡ã¤¥â ¨¬¥âì
®¤®¢à¥¬¥® ¨ â¥âà £® «ì®¥, ¨ à®¬¡¨ç¥áª®¥ ¨áª -
¦¥¨ï ®â ªã¡¨ç¥áª®© ä®à¬ë (δc′ ¨ δb0 á®®â¢¥âáâ¢¥-
®).

� [4] à ááç¨â ë δc′ = (c′− a)/ā ¨ δb0 = (b0− a0)a0,
£¤¥ ā = (a0 + b0a)/(2

√
2),   a0 ¨ b0 — ¯¥à¨®¤ë à®¬-

¡¨ç¥áª®© à¥è¥âª¨. �¥«¨ç¨  c′ ¬®¦¥â ¡ëâì  ©¤¥ 
¨§ à ¢¥áâ¢  c = 2mc′+ 2cBi−O, £¤¥ cBi−O — â®«é¨ 

��-á«®ï, ¯à¨¨¬ ¥¬ ï ¢ [4] à ¢®© (4/3)c′.
� ¤ ç¥© ¤ ®© à ¡®âë ¡ë«® ¨§ãç¥¨¥ § ¢¨á¨¬®áâ¨

â¥¬¯¥à âãà �îà¨ à §«¨çëå á«®¨áâëå á®¥¤¨¥¨© ®â

å à ªâ¥à¨áâ¨ª ��-á«®ï ¢§ ¨¬®© á¢ï§¨ á®áâ ¢«ïî-
é¨å ¤¥ä®à¬ æ¨¨ ¯á¥¢¤®¯¥à®¢áª¨â®¢®© ïç¥©ª¨.

�¨á. 1 ¯®ª §ë¢ ¥â â¥¬¯¥à âãàë �îà¨ Tc à §ëå
á®¥¤¨¥¨© ¯à¨ à §«¨çëå â®«é¨ å ��-á«®¥¢ (¢¥-
«¨ç¨ å m). �§ íâ®£® à¨áãª  á«¥¤ã¥â, çâ® «¨¨ï,
®£¨¡ îé ï ¯®«ãç¥®¥ ®¡« ª® â®ç¥ª, á®®â¢¥âáâ¢ãî-
é ï ¬ ªá¨¬ «ìë¬ Tc, ®â¢¥ç ¥â á®¥¤¨¥¨ï¬ á ¨®®¬
A = Bi3+. �¢¥«¨ç¥¨¥ â®«é¨ë ��-á«®ï ¯à¨ m,
¢®§à áâ îé¥¬ ¤® 3.5, ¯®¨¦ ¥â ¢¥àåîî £à ¨æã Tc.
�à¨ ¡®«ìè¥© ¢¥«¨ç¨¥ m ¯®«®¦¥¨¥ íâ®© £à ¨æë

áâ ¡¨«¨§¨àã¥âáï.

�¥à¢® ç «ì®¥ ¯®¨¦¥¨¥ ¢¥àå¥© £à ¨æë Tc
á à®áâ®¬ m ¬®¦® á¢ï§ âì á ¯®áâ¥¯¥®© ãâà â®©

 ªâ¨¢®© ¨ ®¯à¥¤¥«ïîé¥© à®«¨ ��-á«®¥¢ ¯® ¬¥à¥ ã¢¥-
«¨ç¥¨ï â®«é¨ë ��-á«®¥¢. � á¢®î ®ç¥à¥¤ì ��-á«®¨
¯à¨®¡à¥â îâ ¢á¥ ¡®«ìè¥¥ ¢«¨ï¨¥. �®§à áâ ¨¥ ¨å

à®«¨ ¯®¤ç¥àª¨¢ ¥âáï ¯®¢¥¤¥¨¥¬ Tc á®¥¤¨¥¨© àï¤ 

Bi4Ti3O12 + nBiFeO3 (â®çª¨ 1–5   à¨á. 1), ã ª®â®-
àëå Tc ¯®¢ëè ¥âáï á à®áâ®¬ ª®æ¥âà æ¨¨ ä¥àà¨â 

¢¨á¬ãâ  ¢ ��-á«®¥ ¨ ¯à¨¡«¨¦ ¥âáï ª Tc BiFeO3

(1123 K). �®§à áâ ¨¥ à®«¨ ��-á«®¥¢ ¯®¤â¢¥à¦¤ ¥â-
áï â ª¦¥ ¯®¢¥¤¥¨¥¬ á®¥¤¨¥¨© Bi4Ti3O12 +nSrTiO3

(â®çª¨ 1, 6–8 ), â¥¬¯¥à âãà  �îà¨ ª®â®àëå á ã¢¥-
«¨ç¥¨¥¬ n ¨ m ¯®¨¦ ¥âáï ¨ ãáâà¥¬«ï¥âáï ª Tc
SrTiO3 (∼ 0 K). �â¨ à¥§ã«ìâ âë ¯®§¢®«ïîâ ¯®« £ âì,
çâ® â¥¬¯¥à âãàã �îà¨ á«®¨áâ®£® á®¥¤¨¥¨ï ®¯à¥-
¤¥«ï¥â ¯à¥¦¤¥ ¢á¥£® á®áâ ¢ ��-á«®¥¢ (¯® ªà ©¥©

¬¥à¥, ¯à¨ ¡®«ìè®© ¨å â®«é¨¥). �¡à §® £®¢®àï, ¯à¨
¡®«ìè¨å m, áª®«ì ¡ë  ªâ¨¢ë¬¨ ¨ ¡ë«¨ ��-á«®¨,
¨¬ ¥ ã¤ ¥âáï ”¢ª«îç¨âì” á¯®â ãî ¯®«ïà¨§ æ¨î

¢ ��-á«®ïå ¨ ¢® ¢á¥¬ ªà¨áâ ««¥, ¯®ª  ��-á«®¨ ¯à¨

¯®¨¦¥¨¨ â¥¬¯¥à âãàë ¥ ”á®§à¥îâ” ¤«ï íâ®£®.

� áá¬®âà¨¬ â¥¯¥àì § ¢¨á¨¬®áâì â¥âà £® «ì®©

¤¥ä®à¬ æ¨¨ δc′ ¯á¥¢¤®¯¥à®¢áª¨â®¢®© ïç¥©ª¨ ®â ¥¥

à®¬¡¨ç¥áª®© á®áâ ¢«ïîé¥© δb0 (à¨á. 2). �§ íâ®£®

à¨áãª  ¢¨¤®, çâ® ¢ ®¡« áâïå δb0 = 0.12−0.20% ¨

0.55–0.65%  ¡«î¤ ¥âáï  ®¬ «ì®¥ ¯®¢¥¤¥¨¥ δc′. �
á®¦ «¥¨î, ®¡êïá¨âì ¯à¨ç¨ë íâ®£® ¥ ã¤ ¥âáï.

�®¢®àï ® ¤¥ä®à¬ æ¨¨ ¯á¥¢¤®¯¥à®¢áª¨â®¢®© ïç¥©ª¨,
á«¥¤ã¥â ¨¬¥âì ¢ ¢¨¤ã, çâ® à®¬¡¨ç¥áª ï ¤¥ä®à¬ æ¨ï

δb0 ¢á¥£¤  ¨¬¥¥â á¥£¥â®í«¥ªâà¨ç¥áªãî ¯à¨à®¤ã, ¥á«¨
á®¥¤¨¥¨¥ â¥âà £® «ì® ¢ëè¥ Tc. �®-¨®¬ã ®¡áâ®-
¨â ¤¥«® á â¥âà £® «ì®© á®áâ ¢«ïîé¥© ¤¥ä®à¬ æ¨¨

δc′. �¥«® ¢ â®¬, çâ® ¯á¥¢¤®¯¥à®¢áª¨â®¢ ï ïç¥©ª 

á®¢¥àè¥® ¥ ®¡ï§ â¥«ì® ¤®«¦  ¡ëâì ªã¡¨ç¥áª®©

¢ëè¥ Tc: â¥âà £® «ì®áâì ¯ à í«¥ªâà¨ç¥áª®© ä §ë
¥ âà¥¡ã¥â íâ®£®. � à¥§ã«ìâ â¥ δc′ ï¢«ï¥âáï áã¬-
¬®© á¥£¥â®í«¥ªâà¨ç¥áª®© â¥âà £® «ì®© ¤¥ä®à¬ -
æ¨¨ δc′F = Q33P

2
5(c) +Q31P

2
5(b0), £¤¥ Q — ª®íää¨æ¨¥â

í«¥ªâà®áâà¨ªæ¨¨, ¨ ¥á¥£¥â®í«¥ªâà¨ç¥áª®© ¤¥ä®à-
¬ æ¨¨, ª®â®à ï áãé¥áâ¢®¢ «  ¡ë ¯à¨ ª®¬ â®© â¥¬-
¯¥à âãà¥, ¥á«¨ ¡ë á¥£¥â®í«¥ªâà¨ç¥áª®£® ä §®¢®£®

¯¥à¥å®¤  ¥ ¡ë«®. � §¤¥«¨âì íâ¨ ¤¢¥ ª®¬¯®¥âë

¤¥ä®à¬ æ¨¨ ¬®¦® ¡ë«® ¡ë ¯ãâ¥¬ íªáâà ¯®«ïæ¨¨

§ ¢¨á¨¬®áâ¨ δc′(T ),  ¡«î¤ îé¥©áï ¢ ¯ à í«¥ªâà¨-
ç¥áª®¬ á®áâ®ï¨¨, ¤® ª®¬ â®© â¥¬¯¥à âãàë. �â®¡ë
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�¨á. 1. �¥¬¯¥à âãàë �îà¨ ¢¨á¬ãâá®¤¥à¦ é¨å á«®¨áâëå á®¥¤¨¥¨© ¯à¨ à §ëå â®«é¨ å ¯¥à®¢áª¨â®¯®¤®¡®£® á«®ï.
�¨¨¨ á® áâà¥«ª ¬¨ ¯à®å®¤ïâ ç¥à¥§ â®çª¨, ®â®áïé¨¥áï ª àï¤ ¬ Bi4Ti3O12 + nABO3, £¤¥ ABO3 = BiFeO3, SrTiO3.
a — Bi2WO6, b — Bi3TiNbO9, c — Bi7Ti4NbO21, 1 — Bi4Ti3O12, 2 — Bi9FeTi6O27, 3 — Bi5FeTi3O15, 4 — Bi6Fe2Ti3O18,
5 — Bi9Fe5Ti3O27, 6 — SrBi8Ti7O27, 7 — SrBi4Ti4O15, 8 — Sr2Bi4Ti5O18.

�¨á. 2. � ¢¨á¨¬®áâì â¥âà £® «ì®© ¤¥ä®à¬ æ¨¨ ¯á¥¢¤®¯¥à®¢áª¨â®¢®© ïç¥©ª¨ ®â ¥¥ à®¬¡¨ç¥áª®© ¤¥ä®à¬ æ¨¨ ¤«ï

á®¥¤¨¥¨© á à §«¨ç®© â®«é¨®© ¯¥à®¢áª¨â®¯®¤®¡ëå á«®¥¢. 1 — Bi3TiTaO9, 2 — K1/6Bi17/6Ti2/3Nb4/3O9, 3 —
Na0.5Bi2.5Nb2O9, 4 — Bi4Ti3O12, 5 — PrBi3Ti3O12, 6 — Na0.5Bi4.5Ti4O15, 7 — Bi5GaTi3O15, 8 — BaBi4Ti4O15, 9 —
Na3CaBi2Nb5O18.

à §¤¥«¨âì ª®¬¯®¥âë á¥£¥â®í«¥ªâà¨ç¥áª®© â¥âà -
£® «ì®© á¯®â ®© ¤¥ä®à¬ æ¨¨ ®â ¯à®¥ªæ¨© P5  

®á¨ c ¨ b0, ã¦® § âì ¢¥«¨ç¨ë íâ¨å ¯à®¥ªæ¨© ¨

á®®â¢¥âáâ¢ãîé¨¥ í«¥ªâà®áâà¨ªæ¨®ë¥ ª®íää¨æ¨¥-
âë. � á®¦ «¥¨î, ®¨ ¥¨§¢¥áâë.
�®¤¢®¤ï ¨â®£¨, ¬®¦® § ¬¥â¨âì, çâ® ¢ å®¤¥ ¯à®¢¥-

¤¥®£® à áá¬®âà¥¨ï ã¤ «®áì ¢ëï¢¨âì ¢ ¦ãî à®«ì

��-á«®¥¢ ¢ ¢®§¨ª®¢¥¨¨ á¥£¥â®í«¥ªâà¨ç¥áâ¢ ,  
â ª¦¥ ¥¯®ïâ®¥ ¯®ª  çâ® ¯®¢¥¤¥¨¥ â¥âà £® «ì®©

¤¥ä®à¬ æ¨¨ ¯á¥¢¤®¯¥à®¢áª¨â®¢®© ïç¥©ª¨ ¯à¨ ®¯à¥¤¥-
«¥ëå § ç¥¨ïå ¥¥ à®¬¡¨ç¥áª®© ¤¥ä®à¬ æ¨¨.
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