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í‚Â‰˚Â ‡ÒÚ‚Ó˚  ÓÍËÒÎÓ‚ ÒÓ
ÒÚÛÍÚÛÓÈ ÔÂÓ‚ÒÍËÚ‡ ÛÊÂ ‚ ÚÂ˜ÂÌËÂ ÏÌÓ„Ëı ‰ÂÒfl-
ÚËÎÂÚËÈ ÔË‚ÎÂÍ‡ÂÚ ‚ÌËÏ‡ÌËÂ ËÒÒÎÂ‰Ó‚‡ÚÂÎÂÈ.
ùÚË ‚Â˘ÂÒÚ‚‡ ÔÂ‰ÒÚ‡‚Îfl˛Ú ËÌÚÂÂÒ Í‡Í Ò ÔË-
ÍÎ‡‰ÌÓÈ, Ú‡Í Ë Ò ÙÛÌ‰‡ÏÂÌÚ‡Î¸ÌÓÈ ÚÓ˜ÂÍ ÁÂÌËfl
‚ÒÎÂ‰ÒÚ‚ËÂ Ëı ÌÂÓ·˚˜Ì˚ı ˝ÎÂÍÚÓÏÂı‡ÌË˜ÂÒÍËı
Ò‚ÓÈÒÚ‚ [1]. ëÂ‰Ë ÏÌÓ„Ó˜ËÒÎÂÌÌ˚ı Ú‚Â‰˚ı ‡Ò-
Ú‚ÓÓ‚  ‚‡ÊÌ˚È ÍÎ‡ÒÒ ÒÓÒÚ‡‚Îfl˛Ú „Â-
ÚÂÓ‚‡ÎÂÌÚÌ˚Â ÒÔÎ‡‚˚, Ú.Â. ‡ÒÚ‚Ó˚ Ò ˝ÎÂÏÂÌÚ‡-
ÏË B' Ë B'', ÔËÌ‡‰ÎÂÊ‡˘ËÏ ‡ÁÌ˚Ï ÒÚÓÎ·ˆ‡Ï ÔÂË-
Ó‰Ë˜ÂÒÍÓÈ ÒËÒÚÂÏ˚. ç‡·Î˛‰‡ÂÏ˚Â ÙËÁË˜ÂÒÍËÂ
Ò‚ÓÈÒÚ‚‡ Ú‚Â‰˚ı ‡ÒÚ‚ÓÓ‚ , ‚ ˜‡ÒÚÌÓ-
ÒÚË ÒÂ„ÌÂÚÓ˝ÎÂÍÚË˜ÂÒÍËÈ Ù‡ÁÓ‚˚È ÔÂÂıÓ‰ Ë Ò‚fl-
Á‡ÌÌ˚Â Ò ÌËÏ ‡ÌÓÏ‡ÎËË ˝ÎÂÍÚÓÏÂı‡ÌË˜ÂÒÍËı
Ò‚ÓÈÒÚ‚ ÒÛ˘ÂÒÚ‚ÂÌÌ˚Ï Ó·‡ÁÓÏ Á‡‚ËÒflÚ ÓÚ ÒÚÂÔÂÌË
B-Í‡ÚËÓÌÌÓ„Ó ÛÔÓfl‰Ó˜ÂÌËfl [1, 2].

Ç ‰‡ÌÌÓÈ ‡·ÓÚÂ ËÒÒÎÂ‰Û˛ÚÒfl ÒÂ„ÌÂÚÓ˝ÎÂÍÚË-
˜ÂÒÍËÂ Ù‡ÁÓ‚˚Â ÔÂÂıÓ‰˚ ‚ ÔÓÎÌÓÒÚ¸˛ ÌÂÛÔÓfl‰Ó-
˜ÂÌÌ˚ı Ú‚Â‰˚ı ‡ÒÚ‚Ó‡ı PbSc1/2Ta1/2O3 Ë
PbSc1/2Nb1/2O3. í‚Â‰˚Â ‡ÒÚ‚Ó˚ PbSc1/2Ta1/2O3 Ë
PbSc1/2Nb1/2O3 ÔË ‚˚ÒÓÍËı ÚÂÏÔÂ‡ÚÛ‡ı ËÏÂ˛Ú
ÒÚÛÍÚÛÛ ÔÂÓ‚ÒÍËÚ‡, ‡ ÔË ÌËÁÍËı ÚÂÏÔÂ‡ÚÛ‡ı –
ÓÏ·Ó˝‰Ë˜ÂÒÍÛ˛ ÒÚÛÍÚÛÛ [3]. ê‡ÌÂÂ Ì‡ÏË ·˚Î‡
ËÒÒÎÂ‰Ó‚‡Ì‡ ‰ËÌ‡ÏËÍ‡ Â¯ÂÚÍË ˝ÚËı ÒÓÂ‰ËÌÂÌËÈ ‚
ÍÛ·Ë˜ÂÒÍÓÈ Ù‡ÁÂ [4]. Ç Ú‡·Î. 1 ÔÓÍ‡Á‡Ì˚ ‡ÒÒ˜ËÚ‡Ì-
Ì˚Â Ô‡‡ÏÂÚ˚ Â¯ÂÚÍË, ‰Ë˝ÎÂÍÚË˜ÂÒÍËÂ ÔÓÌË-

ABx' B1 x–'' O3

ABx' B1 x–'' O3

ABx' B1 x–'' O3

ˆ‡ÂÏÓÒÚË Ë ˝ÙÙÂÍÚË‚Ì˚Â Á‡fl‰˚ ÅÓÌ‡ ‰Îfl ‡Ò-
ÒÏ‡ÚË‚‡ÂÏ˚ı ÒÓÂ‰ËÌÂÌËÈ.

ÑÎfl ÓÔÂ‰ÂÎÂÌËfl ÚÂÏÔÂ‡ÚÛ˚ ÒÂ„ÌÂÚÓ˝ÎÂÍÚË-
˜ÂÒÍËı Ù‡ÁÓ‚˚ı ÔÂÂıÓ‰Ó‚ Ë ÓÔËÒ‡ÌËfl ÚÂÏÓ‰ËÌ‡-
ÏË˜ÂÒÍËı Ò‚ÓÈÒÚ‚ ‚ ‡ÈÓÌÂ Ù‡ÁÓ‚Ó„Ó ÔÂÂıÓ‰‡ ÌÂ-
ÛÔÓfl‰Ó˜ÂÌÌ˚ı Ú‚Â‰˚ı ‡ÒÚ‚ÓÓ‚ PbSc1/2Ta1/2O3 Ë
PbSc1/2Nb1/2O3 ËÒÔÓÎ¸ÁÓ‚‡Ì ˝ÙÙÂÍÚË‚Ì˚È „‡ÏËÎ¸-
ÚÓÌË‡Ì, ÔÂ‰ÎÓÊÂÌÌ˚È ‚ [5, 6]. ëÂ„ÌÂÚÓ˝ÎÂÍÚË˜Â-
ÒÍËÂ Ù‡ÁÓ‚˚Â ÔÂÂıÓ‰˚ ÚËÔ‡ ÒÏÂ˘ÂÌËfl Ò‚flÁ‡Ì˚ Ò
‰‚ËÊÂÌËÂÏ ËÓÌÓ‚ ÔÓ ÒÓ·ÒÚ‚ÂÌÌÓÏÛ ‚ÂÍÚÓÛ “Ïfl„-
ÍÓÈ” ÒÂ„ÌÂÚÓ˝ÎÂÍÚË˜ÂÒÍÓÈ ÏÓ‰˚ Â¯ÂÚÓ˜Ì˚ı ÍÓ-
ÎÂ·‡ÌËÈ, ÔÓ˝ÚÓÏÛ ‰Îfl Û‰Ó‚ÎÂÚ‚ÓËÚÂÎ¸ÌÓ„Ó ÓÔËÒ‡-
ÌËfl Ù‡ÁÓ‚Ó„Ó ÔÂÂıÓ‰‡ ‰ÓÒÚ‡ÚÓ˜ÌÓ Ó‰ÌÓÈ “ÎÓÍ‡Î¸-
ÌÓÈ ÏÓ‰˚”, ÓÔÂ‰ÂÎflÂÏÓÈ ˝ÚËÏË ÒÏÂ˘ÂÌËflÏË:

(1)

„‰Â α = x, y, z; u – ‡ÏÔÎËÚÛ‰‡ “ÎÓÍ‡Î¸ÌÓÈ ÏÓ‰˚”;
ξiα – ÒÓ·ÒÚ‚ÂÌÌ˚È ‚ÂÍÚÓ ÏÓ‰˚ ÍÓÎÂ·‡ÌËÈ Â¯ÂÚ-
ÍË (ÒÏ. Ú‡·Î. 2). 

ÑÎfl ËÒÒÎÂ‰Ó‚‡ÌËfl ÒÂ„ÌÂÚÓ˝ÎÂÍÚË˜ÂÒÍÓ„Ó Ù‡-
ÁÓ‚Ó„Ó ÔÂÂıÓ‰‡ ‚ Í‡Ê‰˚È ÛÁÂÎ ÔÓÒÚÓÈ ÍÛ·Ë˜Â-
ÒÍÓÈ fl˜ÂÈÍË ÔÓÏÂ˘‡ÂÚÒfl ÚÂıÍÓÏÔÓÌÂÌÚÌ‡fl “ÎÓ-
Í‡Î¸Ì‡fl ÏÓ‰‡” (1). ùÙÙÂÍÚË‚Ì˚È „‡ÏËÎ¸ÚÓÌË‡Ì ‚
˝ÚÓÏ ÒÎÛ˜‡Â Á‡ÔËÒ˚‚‡ÂÚÒfl ÒÎÂ‰Û˛˘ËÏ Ó·‡ÁÓÏ [5]:

Sα u ξ iα ,
i

∑=
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í‡·ÎËˆ‡ 1.  è‡‡ÏÂÚ˚ Â¯ÂÚÍË (‡.Â.), ‰Ë˝ÎÂÍÚË˜Â-
ÒÍ‡fl ÔÓÌËˆ‡ÂÏÓÒÚ¸, ˝ÙÙÂÍÚË‚Ì˚Â Á‡fl‰˚ ÅÓÌ‡ ÍË-
ÒÚ‡ÎÎÓ‚ PbSc1/2Nb1/2O3 (PSN) Ë PbSc1/2í‡1/2O3 (PST)

ëÓÂ‰Ë-
ÌÂÌËÂ A0 ε∞ Z˝Ù, Pb Z˝Ù, 〈B〉 Z˝Ù, O1 Z˝Ù, O3

PSN 7.45 3.49 2.72 5.15 –4.10 –1.89

PST 7.62 3.31 2.65 3.94 –2.31 –2.14

í‡·ÎËˆ‡ 2.  ëÓ·ÒÚ‚ÂÌÌ˚Â ‚ÂÍÚÓ˚ ÒÂ„ÌÂÚÓ˝ÎÂÍÚË˜Â-
ÒÍÓÈ ÏÓ‰˚ ÍÓÎÂ·‡ÌËÈ Ë ÂÂ ˝ÙÙÂÍÚË‚Ì˚È Á‡fl‰ (‡.Â.)

ëÓÂ‰Ë-
ÌÂÌËÂ ξPb ξ 〈B〉 ξ O1 ξ O3 Z*

PSN 0.77 0.21 –0.15 –0.41 5.35

PST 0.79 0.07 0.01 –0.44 4.20
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(2)

èÂ‚ÓÂ ÒÎ‡„‡ÂÏÓÂ ‚ ˝ÙÙÂÍÚË‚ÌÓÏ „‡ÏËÎ¸ÚÓÌË‡ÌÂ
(2) ÔÂ‰ÒÚ‡‚ÎflÂÚ ̋ ÌÂ„Ë˛ ËÁÓÎËÓ‚‡ÌÌ˚ı “ÎÓÍ‡Î¸-
Ì˚ı” ÏÓ‰:

(3)

A, B Ë C – Ó‰ÌÓÛÁÂÎ¸Ì˚Â ÍÓÌÒÚ‡ÌÚ˚ ‚Á‡ËÏÓ‰ÂÈ-
ÒÚ‚ËÈ.

ÇÚÓÓÂ ÒÎ‡„‡ÂÏÓÂ – ˝ÌÂ„Ëfl ‚Á‡ËÏÓ‰ÂÈÒÚ‚Ëfl
ÏÂÊ‰Û “ÎÓÍ‡Î¸Ì˚ÏË” ÏÓ‰‡ÏË:

(4)

Etot Eanhar Si{ }( ) Eshort Si{ } S j{ },( ) ++=

+ Edip Si{ } S j{ },( ).

Eanhar S{ }( ) ASi
2 BSi

4 ++(
i

∑=

+ C Si
x2Si

y2 Si
x2Si

z2 Si
y2Si

z2+ +( ) ),

Eshort Si{ } S j{ },( ) 1
2
--- Jij αβ, Si

αS j
β,

αβ
∑

i j≠
∑=

Jij, αβ – ÍÓÌÒÚ‡ÌÚ˚ ÏÂÊÛÁÂÎ¸Ì˚ı ‚Á‡ËÏÓ‰ÂÈÒÚ‚ËÈ.
èÓÒÍÓÎ¸ÍÛ ‚ ‰‡ÌÌÓÏ ÒÎÛ˜‡Â ÒËÏÏÂÚËfl ÍËÒÚ‡ÎÎÓ‚
ÍÛ·Ë˜ÂÒÍ‡fl Ë Û˜ÚÂÌ˚ ‚Á‡ËÏÓ‰ÂÈÒÚ‚Ëfl Ò ÔÂ‚˚ÏË,
‚ÚÓ˚ÏË Ë ÚÂÚ¸ËÏË ÒÓÒÂ‰flÏË, ËÏÂÂÚÒfl ÚÓÎ¸ÍÓ
cÂÏ¸ ÌÂÁ‡‚ËÒËÏ˚ı ÍÓÌÒÚ‡ÌÚ [5, 6]: j1 Ë j2 ÓÔËÒ˚‚‡˛Ú
‚Á‡ËÏÓ‰ÂÈÒÚ‚Ëfl Ò ÔÂ‚˚ÏË ÒÓÒÂ‰flÏË, j3, j4, j5 – ÒÓ
‚ÚÓ˚ÏË, j6, j7 – Ò ÚÂÚ¸ËÏË.

èÓÒÎÂ‰ÌÂÂ ÒÎ‡„‡ÂÏÓÂ ‚ ˝ÙÙÂÍÚË‚ÌÓÏ „‡ÏËÎ¸-
ÚÓÌË‡ÌÂ (2) ÔÂ‰ÒÚ‡‚ÎflÂÚ ‰‡Î¸ÌÓ‰ÂÈÒÚ‚Û˛˘ÂÂ ‰Ë-
ÔÓÎ¸-‰ËÔÓÎ¸ÌÓÂ (ÑÑ) ‚Á‡ËÏÓ‰ÂÈÒÚ‚ËÂ ÏÂÊ‰Û “ÎÓ-
Í‡Î¸Ì˚ÏË” ÏÓ‰‡ÏË

(5)

„‰Â Z* =  – ÏÓ‰Ó‚˚È Á‡fl‰ (Ú‡·Î. 2),  –

ÚÂÌÁÓ ˝ÙÙÂÍÚË‚ÌÓ„Ó Á‡fl‰‡ ÅÓÌ‡ k-ÚÓ„Ó ËÓÌ‡, ε∞ –

Edip Si{ } S j{ },( ) 3 Z*( )2

ε∞ 2+
----------------- Qij

αβSi
αS j

β,
ij αβ,
∑=

Z˝Ù
αkξkα

αk

∑ Z˝Ù
k

í‡·ÎËˆ‡ 3.  Ç˚‡ÊÂÌËfl ˝ÌÂ„ËÈ ˜ÂÂÁ ÍÓÌÒÚ‡ÌÚ˚ ‚Á‡ËÏÓ‰ÂÈÒÚ‚ËÈ {J} Ë ‚˚˜ËÒÎÂÌÌ˚Â ÁÌ‡˜ÂÌËfl ˝ÌÂ„ËÈ (‡.Â.) ‰Ë-
ÔÓÎ¸-‰ËÔÓÎ¸Ì˚ı Ë ÍÓÓÚÍÓ‰ÂÈÒÚ‚Û˛˘Ëı ‚Á‡ËÏÓ‰ÂÈÒÚ‚ËÈ

‹ äÓÌÒÚ‡ÌÚ˚ ‚Á‡ËÏÓ‰ÂÈÒÚ‚Ëfl
PbSc1/2Nb1/2O3 PbSc1/2Ta1/2O3

Eshort Edip Eshort Edip

1 2j1 + j2 + 4j3 + 2j4 + 4j6 –0.0031406 –0.027210 –0.000303 –0.004195

2 2j1 – j2 – 4j3 + 2j4 – 4j6 0.0188037 0.062928 0.003996 0.009702

3 j2 – 2j4 – 4j6 0.0001699 –0.031464 0.000713 –0.004851

4 –j2 – 2j4 + 4j6 0.0095878 0.017388 0.002930 0.002680

5 –2j1 + j2 – 4j3 + 2j4 + 4j6 0.0003145 –0.034776 0.000465 –0.005361

6 –2j1 – j2 + 4j3 + 2j4 – 4j6 0.0074552 0.0 0.002248 0.0

7 j1 – 2j5 – 4j7 0.0075199 0.019047 0.001654 0.000380

8 –j1 – 2j5 + 4j7 0.0009676 –0.003021 0.000614 –0.000465

í‡·ÎËˆ‡ 4.  è‡‡ÏÂÚ˚ ˝ÙÙÂÍÚË‚ÌÓ„Ó „‡ÏËÎ¸ÚÓÌË‡Ì‡ ‰Îfl Ú‚Â‰˚ı ‡ÒÚ‚ÓÓ‚ PbSc1/2Ta1/2O3 Ë PbSc1/2Nb1/2O3

PbSc1/2Nb1/2O3 PbSc1/2Ta1/2O3

·ÂÁ ‚˚‰ÂÎÂÌËfl
ÑÑ-‚Á‡ËÏÓ‰ÂÈÒÚ‚ËÈ

Ò ‚˚‰ÂÎÂÌËÂÏ
ÑÑ-‚Á‡ËÏÓ‰ÂÈÒÚ‚ËÈ

·ÂÁ ‚˚‰ÂÎÂÌËfl
ÑÑ-‚Á‡ËÏÓ‰ÂÈÒÚ‚ËÈ

Ò ‚˚‰ÂÎÂÌËÂÏ
ÑÑ-‚Á‡ËÏÓ‰ÂÈÒÚ‚ËÈ

é‰ÌÓÛÁÂÎ¸Ì˚Â ÍÓÌÒÚ‡ÌÚ˚ ‚Á‡ËÏÓ‰ÂÈÒÚ‚ËÈ (‡.Â.)

Ä = 0.01491 Ä = 0.02436 Ä = 0.01902 Ä = 0.02484

Ç = 0.01376 Ç = 0.01376 Ç = 0.01811 Ç = 0.01811

ë = 0.01819 ë = 0.01819 ë = 0.01210 ë = 0.01210

åÂÊÛÁÂÎ¸Ì˚Â ÍÓÌÒÚ‡ÌÚ˚ ‚Á‡ËÏÓ‰ÂÈÒÚ‚Ëfl (‡.Â.)

J1 = 0.00274 J1 = –0.02171 J1 = 0.00136 J1 = –0.01373

J2 = –0.01664 J2 = 0.06069 J2 = –0.01460 J2 = 0.03306

J3 = –0.00257 J3 = 0.00704 J3 = –0.00175 J3 = 0.00418

J4 = 0.00068 J4 = –0.00437 J4 = –0.00061 J4 = –0.00373

J5 = –0.00217 J5 = 0.00976 J5 = –0.00154 J5 = 0.00677

J6 = –0.00089 J6 = 0.00147 J6 = –0.00057 J6 = 0.00088

J7 = –0.00159 J7 = 0.00073 J7 = –0.00110 J7 = –0.00001

6*
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Á‡ÏÍÓ‚‡ Ë ‰.

‰Ë˝ÎÂÍÚË˜ÂÒÍ‡fl ÔÓÌËˆ‡ÂÏÓÒÚ¸ (ÒÏ. Ú‡·Î. 1),

 – ÒÚÛÍÚÛÌ˚Â ÍÓÌÒÚ‡ÌÚ˚, Á‡‚ËÒfl˘ËÂ ÓÚ „ÂÓ-
ÏÂÚËË Â¯ÂÚÍË Ë ‡ÒÒ˜ËÚ‡ÌÌ˚Â ÏÂÚÓ‰ÓÏ ù‚‡Î¸-
‰‡. á‰ÂÒ¸ ÒÎÂ‰ÛÂÚ Á‡ÏÂÚËÚ¸, ˜ÚÓ Ï˚ ËÒÔÓÎ¸ÁÛÂÏ
ËÌÓÂ, ˜ÂÏ ‚ [5, 6], ‚˚‡ÊÂÌËÂ ‰Îfl ˝ÌÂ„ËË ÑÑ- ‚Á‡-
ËÏÓ‰ÂÈÒÚ‚ËÈ. ä‡Í ·˚ÎÓ ÔÓÍ‡Á‡ÌÓ ‚ ‡·ÓÚÂ ä‚flÚ-
ÍÓ‚ÒÍÓ„Ó [7], ‚˚‡ÊÂÌËÂ ‰Îfl ‰ËÔÓÎ¸ÌÓÈ ˝ÌÂ„ËË,
ËÒÔÓÎ¸ÁÛÂÏÓÂ ‚ [5, 6], ÔË‚Ó‰ËÚ Í ÒÛ˘ÂÒÚ‚ÂÌÌÓÏÛ
Á‡ÌËÊÂÌË˛ (‚ ε∞ + 2)/3ε∞ ‡Á) ÑÑ-‚ÍÎ‡‰‡.

è‡‡ÏÂÚ˚ ̋ ÙÙÂÍÚË‚ÌÓ„Ó „‡ÏËÎ¸ÚÓÌË‡Ì‡ ÓÔÂ-
‰ÂÎÂÌ˚ ËÁ ‡Ò˜ÂÚ‡ ˝ÌÂ„ËÈ ‡ÁÎË˜Ì˚ı ËÒÍ‡ÊÂÌ-
Ì˚ı ÒÚÛÍÚÛ ‚ ‡ÏÍ‡ı Ó·Ó·˘ÂÌÌÓÈ ÏÓ‰ÂÎË ÉÓ‰Ó-
Ì‡–äËÏ‡ ‰Îfl ËÓÌÌÓ„Ó ÍËÒÚ‡ÎÎ‡ Ò Û˜ÂÚÓÏ ‰ÂÙÓÏË-
ÛÂÏÓÒÚË, ‰ËÔÓÎ¸Ì˚ı Ë Í‚‡‰ÛÔÓÎ¸Ì˚ı ËÒÍ‡ÊÂÌËÈ
˝ÎÂÍÚÓÌÌÓÈ ÔÎÓÚÌÓÒÚË ËÓÌÓ‚ [8]. èË ‡Ò˜ÂÚÂ

Qij
αβ

˝ÌÂ„ËÈ ËÒÔÓÎ¸ÁÓ‚‡ÎË ÔË·ÎËÊÂÌËÂ ‚ËÚÛ‡Î¸ÌÓ„Ó
ÍËÒÚ‡ÎÎ‡ [4]. ê‡Ò˜ÂÚ˚ ÔÓ‚Ó‰ËÎË Ì‡ ˝ÍÒÔÂËÏÂÌ-
Ú‡Î¸ÌÓÏ Ô‡‡ÏÂÚÂ Â¯ÂÚÍË, ÍÓÚÓ˚È ÔËÏÂÌÓ
Ó‰ËÌ‡ÍÓ‚ ‰Îfl Ó·ÓËı Ú‚Â‰˚ı ‡ÒÚ‚ÓÓ‚ Ë ‡‚ÂÌ
7.70 ‡.Â. [3]. é‰ÌÓÛÁÂÎ¸Ì˚Â ÍÓÌÒÚ‡ÌÚ˚ A, B, C ‚˚-
˜ËÒÎflÎË ÏÂÚÓ‰ÓÏ Ì‡ËÏÂÌ¸¯Ëı Í‚‡‰‡ÚÓ‚ ËÁ Á‡‚Ë-
ÒËÏÓÒÚÂÈ ÔÓÎÌÓÈ ˝ÌÂ„ËË ÍËÒÚ‡ÎÎ‡ ÓÚ ‡ÏÔÎËÚÛ‰˚
u ÚÂıÍÓÏÔÓÌÂÌÚÌÓ„Ó ‚ÂÍÚÓ‡ S (ËÒ. 1). 

Ç Ó·ÓËı Ú‚Â‰˚ı ‡ÒÚ‚Ó‡ı Ì‡Ë·ÓÎÂÂ ‚˚„Ó‰ÌÓÈ
ÓÍ‡Á˚‚‡ÂÚÒfl ÒÚÛÍÚÛ‡ ÒÓ ÒÏÂ˘ÂÌËflÏË ËÓÌÓ‚ ‚ Ì‡-
Ô‡‚ÎÂÌËË [111]. í‡ÍËÂ ÒÏÂ˘ÂÌËfl ÔË‚Ó‰flÚ Í ÓÏ-
·Ó˝‰Ë˜ÂÒÍÓÏÛ ËÒÍ‡ÊÂÌË˛ Â¯ÂÚÍË, ˜ÚÓ ÒÓÓÚ‚ÂÚ-
ÒÚ‚ÛÂÚ ˝ÍÒÔÂËÏÂÌÚ‡Î¸ÌÓÈ ÒËÚÛ‡ˆËË [3].

í‡·ÎËˆ‡ 5.  íÂÏÔÂ‡ÚÛ˚ ÒÂ„ÌÂÚÓ˝ÎÂÍÚË˜ÂÒÍËı Ù‡ÁÓ‚˚ı ÔÂÂıÓ‰Ó‚ Ú‚Â‰˚ı ‡ÒÚ‚ÓÓ‚ PbSc1/2Ta1/2O3 Ë PbSc1/2Nb1/2O3

íÂÏÔÂ‡ÚÛ‡ Ù‡ÁÓ‚Ó„Ó ÔÂÂıÓ‰‡, ä ëÔÓÌÚ‡ÌÌ‡fl ÔÓÎflËÁ‡ˆËfl, äÎ · Ï–2

äËÒÚ‡ÎÎ c ‚˚‰ÂÎÂÌËÂÏ
ÑÑ-‚Á‡ËÏÓ‰ÂÈÒÚ‚ËÈ 

·ÂÁ ‚˚‰ÂÎÂÌËfl
ÑÑ-‚Á‡ËÏÓ‰ÂÈÒÚ‚ËÈ ˝ÍÒÔÂËÏÂÌÚ ‡Ò˜ÂÚ ˝ÍÒÔÂËÏÂÌÚ

PbSc1/2Nb1/2O3 670 620 ~350–370 [3] 0.27 0.25 [10]

PbSc1/2Ta1/2O3 250 220 ~250–280 [3] 0.13
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êËÒ. 1. á‡‚ËÒËÏÓÒÚË ˝ÌÂ„ËÈ (‡.Â.) ÓÚ ‡ÏÔÎËÚÛ‰˚ “ÎÓ-
Í‡Î¸ÌÓÈ” ÏÓ‰˚ ‚ ‡ÁÎË˜Ì˚ı Ì‡Ô‡‚ÎÂÌËflı; E0 – ˝ÌÂ-
„Ëfl ÍÛ·Ë˜ÂÒÍÓÈ ÒÚÛÍÚÛ˚.

êËÒ. 2. íÂÏÔÂ‡ÚÛÌ˚Â Á‡‚ËÒËÏÓÒÚË Ô‡‡ÏÂÚ‡ ÔÓfl‰-
Í‡ ‰Îfl Ú‚Â‰˚ı ‡ÒÚ‚ÓÓ‚ PbSc1/2Nb1/2O3 (·ÂÎ˚Â ÒËÏ-
‚ÓÎ˚) Ë PbSc1/2Ta1/2O3 (˜ÂÌ˚Â ÒËÏ‚ÓÎ˚): ‡ – ·ÂÁ ‚˚‰Â-
ÎÂÌËfl ÑÑ-‚Á‡ËÏÓ‰ÂÈÒÚ‚ËÈ; · – Ò ‚˚‰ÂÎÂÌËÂÏ ÑÑ-‚Á‡Ë-
ÏÓ‰ÂÈÒÚ‚ËÈ. ê‡ÁÌ˚Â ÒËÏ‚ÓÎ˚ ÒÓÓÚ‚ÂÚÒÚ‚Û˛Ú ÚÂÏ
ÍÓÏÔÓÌÂÌÚ‡Ï ‚ÂÍÚÓ‡ “ÎÓÍ‡Î¸ÌÓÈ” ÏÓ‰˚ S.
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ÑÎfl ÓÔÂ‰ÂÎÂÌËfl ÏÂÊÛÁÂÎ¸Ì˚ı ÍÓÌÒÚ‡ÌÚ ‚Á‡Ë-
ÏÓ‰ÂÈÒÚ‚ËÈ {Ji} ËÒÔÓÎ¸ÁÓ‚‡Ì˚ ˝ÌÂ„ËË ÒÂÏË ‡Á-
ÎË˜Ì˚ı ÛÔÓfl‰Ó˜ÂÌÌ˚ı ÒÚÛÍÚÛ, ÔË‚Â‰ÂÌÌ˚ı
‚ [5]. ÑÎfl ‡Á‰ÂÎÂÌËfl ÍÓÌÒÚ‡ÌÚ j5 Ë j7 Ì‡ÏË ·˚Î‡ ‰Ó-
·‡‚ÎÂÌ‡ Â˘Â Ó‰Ì‡ ÒÚÛÍÚÛ‡, ÍÓÚÓ‡fl ÔÓÎÛ˜ÂÌ‡ ÔÛ-
ÚÂÏ Û‰‚ÓÂÌËfl ˝ÎÂÏÂÌÚ‡ÌÓÈ fl˜ÂÈÍË ÒÚÛÍÚÛ˚ 7
‚ [5]. Ç Ú‡·Î. 3 ÔË‚Â‰ÂÌ˚ ‚˚‡ÊÂÌËfl ‰Îfl ÍÓÓÚÍÓ-
‰ÂÈÒÚ‚Û˛˘ÂÈ ˜‡ÒÚË ˝ÌÂ„ËË ÛÔÓfl‰Ó˜ÂÌÌ˚ı ÒÚÛÍ-
ÚÛ (ÍÓÎÓÌÍ‡ 2) Ë Ëı ˜ËÒÎÂÌÌ˚Â ÁÌ‡˜ÂÌËfl, ‡ Ú‡ÍÊÂ
‚ÂÎË˜ËÌ˚ ‰ËÔÓÎ¸Ì˚ı ˝ÌÂ„ËÈ. 

ÑÎfl ÚÓ„Ó ˜ÚÓ·˚ ÓÔÂ‰ÂÎËÚ¸, Í‡Í ‚ÎËfl˛Ú ‰‡Î¸-
ÌÓ‰ÂÈÒÚ‚Û˛˘ËÂ ÑÑ-‚Á‡ËÏÓ‰ÂÈÒÚ‚Ëfl Ì‡ ÚÂÏÔÂ‡ÚÛ-
Û ÒÂ„ÌÂÚÓ˝ÎÂÍÚË˜ÂÒÍÓ„Ó Ù‡ÁÓ‚Ó„Ó ÔÂÂıÓ‰‡,
Ï˚ ‚˚˜ËÒÎËÎË ‰‚‡ Ì‡·Ó‡ ÍÓÌÒÚ‡ÌÚ ‚Á‡ËÏÓ‰ÂÈ-
ÒÚ‚Ëfl: ·ÂÁ fl‚ÌÓ„Ó ‚˚‰ÂÎÂÌËfl ‰‡Î¸ÌÓ‰ÂÈÒÚ‚Û˛˘Ëı
ÑÑ-‚Á‡ËÏÓ‰ÂÈÒÚ‚ËÈ Ë Ò ‚˚‰ÂÎÂÌËÂÏ. é·‡ Ì‡·Ó‡
ÍÓÌÒÚ‡ÌÚ ÔË‚Â‰ÂÌ˚ ‚ Ú‡·Î. 4. 

íÂÏÔÂ‡ÚÛÌÓÂ ÔÓ‚Â‰ÂÌËÂ ÒËÒÚÂÏ˚ Ë ÚÂÏÔÂ‡-
ÚÛ˚ ÒÂ„ÌÂÚÓ˝ÎÂÍÚË˜ÂÒÍËı Ù‡ÁÓ‚˚ı ÔÂÂıÓ‰Ó‚
ÓÔÂ‰ÂÎflÎË ÏÂÚÓ‰ÓÏ åÓÌÚÂ-ä‡ÎÓ. å˚ ËÒÔÓÎ¸ÁÓ-
‚‡ÎË Ó·˚˜Ì˚È ‡Î„ÓËÚÏ åÂÚÓÔÓÎËÒ‡ [9] ‰Îfl ÔÓ-
ÒÚÓÈ ÍÛ·Ë˜ÂÒÍÓÈ Â¯ÂÚÍË 10 × 10 × 10 Ò ÔÂËÓ‰Ë˜Â-
ÒÍËÏË „‡ÌË˜Ì˚ÏË ÛÒÎÓ‚ËflÏË. èÂ‚˚Â 80000 ¯‡-
„Ó‚ ‰Îfl Í‡Ê‰ÓÈ ÚÂÏÔÂ‡ÚÛ˚ ÓÚ·‡Ò˚‚‡ÎËÒ¸ Ë ÌÂ
Û˜‡ÒÚ‚Ó‚‡ÎË ‚ ÛÒÂ‰ÌÂÌËË. ëÂ‰ÌËÂ ÁÌ‡˜ÂÌËfl ̋ ÌÂ-
„ËË, Ô‡‡ÏÂÚÓ‚ ÔÓfl‰Í‡ Ë ÚÂÔÎÓÂÏÍÓÒÚË ‚˚˜ËÒÎfl-
ÎË ‚ ‰‚‡ ˝Ú‡Ô‡. èÓÒÎÂ Í‡Ê‰˚ı 50 ¯‡„Ó‚ ‚˚˜ËÒÎflÎË
„ÛÔÔÓ‚˚Â ÒÂ‰ÌËÂ, ‡ Á‡ÚÂÏ ÔÓ‚Ó‰ËÎË ÛÒÂ‰ÌÂÌËÂ
ÔÓ 200 „ÛÔÔ‡Ï. íÂÏÔÂ‡ÚÛÛ Ù‡ÁÓ‚Ó„Ó ÔÂÂıÓ‰‡
ÓÔÂ‰ÂÎflÎË ËÁ ÚÂÏÔÂ‡ÚÛÌ˚ı Á‡‚ËÒËÏÓÒÚÂÈ ˝ÌÂ-
„ËË Ë Ô‡‡ÏÂÚ‡ ÔÓfl‰Í‡. Ç Í‡˜ÂÒÚ‚Â Ì‡˜‡Î¸Ì˚ı
ÚÂÏÔÂ‡ÚÛ ·‡ÎË Í‡Í ‚˚ÒÓÍËÂ (1000 ä), Ú‡Í Ë ÌËÁ-
ÍËÂ (50 ä) ÚÂÏÔÂ‡ÚÛ˚. èË ÔÓÌËÊÂÌËË ÚÂÏÔÂ‡-
ÚÛ˚ ÔÓËÒıÓ‰ËÚ ‡ÁÛÔÓfl‰Ó˜ÂÌËÂ ‚ÒÂı ÚÂı ÍÓÏ-
ÔÓÌÂÌÚ “ÎÓÍ‡Î¸ÌÓÈ” ÏÓ‰˚. ç‡ ËÒ. 2 ÔË‚Â‰ÂÌ˚

ÚÂÏÔÂ‡ÚÛÌ˚Â Á‡‚ËÒËÏÓÒÚË Ô‡‡ÏÂÚ‡ ÔÓfl‰Í‡, ‡ ‚
Ú‡·Î. 5 – ‚˚˜ËÒÎÂÌÌ˚Â ÚÂÏÔÂ‡ÚÛ˚ ÒÂ„ÌÂÚÓ˝ÎÂÍÚ-
Ë˜ÂÒÍËı Ù‡ÁÓ‚˚ı ÔÂÂıÓ‰Ó‚ ‚ ÌÂÛÔÓfl‰Ó˜ÂÌÌ˚ı
Ú‚Â‰˚ı ‡ÒÚ‚Ó‡ı PbSc1/2Ta1/2O3 Ë PbSc1/2Nb1/2O3.
ä‡Í ‚Ë‰ÌÓ ËÁ Ú‡·Î. 5 Ë ËÒ. 2, ‚˚˜ËÒÎÂÌÌ˚Â ÚÂÏÔÂ-
‡ÚÛ˚ ÒÂ„ÌÂÚÓ˝ÎÂÍÚË˜ÂÒÍËı Ù‡ÁÓ‚˚ı ÔÂÂıÓ‰Ó‚
Ò ‚˚‰ÂÎÂÌËÂÏ Ë ·ÂÁ ‚˚‰ÂÎÂÌËfl ‰‡Î¸ÌÓ‰ÂÈÒÚ‚Û˛-
˘Ëı ÑÑ-‚Á‡ËÏÓ‰ÂÈÒÚ‚ËÈ Ô‡ÍÚË˜ÂÒÍË ÌÂ ‡ÁÎË˜‡-
˛ÚÒfl Ë Í‡˜ÂÒÚ‚ÂÌÌÓ ÒÓ„Î‡ÒÛ˛ÚÒfl Ò ˝ÍÒÔÂËÏÂÌ-
Ú‡Î¸Ì˚ÏË ‰‡ÌÌ˚ÏË [3].

ê‡·ÓÚ‡ ‚˚ÔÓÎÌÂÌ‡ ÔË ÔÓ‰‰ÂÊÍÂ îÓÌ‰‡ ÒÓ‰ÂÈ-
ÒÚ‚Ëfl ÓÚÂ˜ÂÒÚ‚ÂÌÌÓÈ Ì‡ÛÍÂ, êîîà, „‡ÌÚ ‹ 06-02-
16091, Ë „‡ÌÚ‡ èÂÁË‰ÂÌÚ‡ êî åä-4140.2006.2.
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