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Ç‚Â‰ÂÌËÂ

 

í‚Â‰˚Â ‡ÒÚ‚Ó˚ 

 

Sr

 

y

 

Ba

 

1 – 

 

y

 

Nb

 

2

 

O

 

6

 

 (

 

SBN

 

), ÓÚÌÓ-
Òfl˘ËÂÒfl Í ÍÎ‡ÒÒÛ ÂÎ‡ÍÒÓÌ˚ı ÒÂ„ÌÂÚÓ˝ÎÂÍÚËÍÓ‚,
ÔÂ‰ÒÚ‡‚Îfl˛Ú ÁÌ‡˜ËÚÂÎ¸Ì˚È ËÌÚÂÂÒ ÔË ‡Á‡-
·ÓÚÍÂ ÔËÓ˝ÎÂÍÚË˜ÂÒÍËı ‰‡Ú˜ËÍÓ‚, ˝ÎÂÍÚÓÓÔÚË-
˜ÂÒÍËı Ë Ô¸ÂÁÓ˝ÎÂÍÚË˜ÂÒÍËı ÛÒÚÓÈÒÚ‚ [1, 2].
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 Ó·‡ÁÛ˛ÚÒfl ‚
ËÌÚÂ‚‡ÎÂ ÍÓÌˆÂÌÚ‡ˆËÈ 0.1 

 

≤

 

 

 

y

 

 

 

≤

 

 0.8 Ë ËÏÂ˛Ú ÒÚÛÍ-
ÚÛÛ Ú‡Í Ì‡Á˚‚‡ÂÏÓÈ ÌÂÁ‡ÔÓÎÌÂÌÌÓÈ ÚÂÚ‡„ÓÌ‡Î¸-
ÌÓÈ ‚ÓÎ¸Ù‡ÏÓ‚ÓÈ ·ÓÌÁ˚ (

 

íÇÅ

 

) [3, 4]. ùÎÂÏÂÌÚ‡-
Ì‡fl fl˜ÂÈÍ‡ 

 

SBN

 

 ÏÓÊÂÚ ·˚Ú¸ ÓÔËÒ‡Ì‡ Ó·˘ÂÈ ÒÚÛÍ-
ÚÛÌÓÈ ÙÓÏÛÎÓÈ [(

 

A

 

(1)

 

2

 

(

 

A

 

(2))

 

4

 

C

 

4

 

][(

 

B

 

(1))

 

2

 

(

 

B

 

(2))

 

8

 

]

 

O

 

30

 

,
„‰Â 

 

A

 

(1) – 12-ÍÓÓ‰ËÌËÓ‚‡ÌÌ˚Â ÔÓÁËˆËË, Ì‡ıÓ‰fl-
˘ËÂÒfl ‚ ˜ÂÚ˚ÂıÛ„ÓÎ¸Ì˚ı (‚ ÔÎÓÒÍÓÒÚË 

 

ab

 

) ÒÚÛÍ-
ÚÛÌ˚ı Í‡Ì‡Î‡ı, 

 

A

 

(2) – 15-ÍÓÓ‰ËÌËÓ‚‡ÌÌ˚Â ÔÓÁË-
ˆËË ‚ ÔflÚËÛ„ÓÎ¸Ì˚ı Í‡Ì‡Î‡ı, ‡ 

 

C

 

 – 9-ÍÓÓ‰ËÌËÓ-
‚‡ÌÌ˚Â ÔÓÁËˆËË ‚ ÚÂÛ„ÓÎ¸Ì˚ı Í‡Ì‡Î‡ı, ÍÓÚÓ˚Â
‰Îfl 

 

SBN

 

 ‚‡Í‡ÌÚÌ˚. éÒÓ·ÂÌÌÓÒÚ¸˛ ÒÚÛÍÚÛ˚ 

 

SBN

 

fl‚ÎflÂÚÒfl ‡ÒÔÂ‰ÂÎÂÌËÂ ËÓÌÓ‚ ÒÚÓÌˆËfl Ë ·‡Ëfl
ÔÓ ‰‚ÛÏ ˜‡ÒÚË˜ÌÓ ‚‡Í‡ÌÚÌ˚Ï ÔÓÁËˆËflÏ 

 

A

 

(1) Ë

 

A

 

(2). Ç ÚÓ ‚ÂÏfl Í‡Í ˜ÂÚ˚ÂıÛ„ÓÎ¸Ì˚Â ÔÓÁËˆËË

 

A

 

(1) Á‡ÌflÚ˚ ÚÓÎ¸ÍÓ ‡ÚÓÏ‡ÏË ÒÚÓÌˆËfl, ÔflÚË-
Û„ÓÎ¸Ì˚Â ÔÓÁËˆËË 

 

A

 

(2) ÒÚ‡ÚËÒÚË˜ÂÒÍË Á‡ÔÓÎÌfl-
˛ÚÒfl ÓÒÚ‡‚¯ËÏËÒfl ‡ÚÓÏ‡ÏË ÒÚÓÌˆËfl Ë ·‡Ëfl. ëÓ
ÒÚÂÔÂÌ¸˛ ‡ÁÛÔÓfl‰Ó˜ÂÌËfl ‡ÚÓÏÓ‚ ÔÓ‰Â¯ÂÚÍË 

 

A

 

ÔÓ ‰‚ÛÏ ÍËÒÚ‡ÎÎÓ„‡ÙË˜ÂÒÍËÏ ÔÓÁËˆËflÏ Ò‚flÁ˚-
‚‡˛Ú ËÁÏÂÌÂÌËÂ ˝ÎÂÍÚÓÙËÁË˜ÂÒÍËı Ò‚ÓÈÒÚ‚ 

 

SBN

 

,
‚ ˜‡ÒÚÌÓÒÚË ÂÎ‡ÍÒÓÌ˚È ı‡‡ÍÚÂ ÚÂÏÔÂ‡ÚÛ-
ÌÓÈ Á‡‚ËÒËÏÓÒÚË ‰Ë˝ÎÂÍÚË˜ÂÒÍÓÈ ÔÓÌËˆ‡ÂÏÓ-
ÒÚË 

 

ε

 

(

 

T

 

) [5, 6]. ì‚ÂÎË˜ÂÌËÂ ÒÓÓÚÌÓ¯ÂÌËfl [

 

Sr

 

] : [

 

Ba

 

]
‚ ÒÓÒÚ‡‚Â 

 

SBN

 

 ÔË‚Ó‰ËÚ Í ÒÏÂ˘ÂÌË˛ ÚÂÏÔÂ‡ÚÛ-
˚ Ù‡ÁÓ‚Ó„Ó ÔÂÂıÓ‰‡ ‚ Ó·Î‡ÒÚ¸ ÌËÁÍËı ÚÂÏÔÂ‡-
ÚÛ, Û‚ÂÎË˜ÂÌË˛ ‰Ë˝ÎÂÍÚË˜ÂÒÍÓÈ ÔÓÌËˆ‡ÂÏÓ-
ÒÚË, ‡ Ú‡ÍÊÂ Í ÛÒËÎÂÌË˛ Ëı ÂÎ‡ÍÒÓÌ˚ı Ò‚ÓÈÒÚ‚,
˜ÚÓ ÔÓfl‚ÎflÂÚÒfl ‚ ÒÏÂ˘ÂÌËË ÚÂÏÔÂ‡ÚÛÌÓ„Ó ÔÓ-
ÎÓÊÂÌËfl Ï‡ÍÒËÏÛÏ‡ ‰Ë˝ÎÂÍÚË˜ÂÒÍÓÈ ÔÓÌËˆ‡Â-
ÏÓÒÚË Ò Û‚ÂÎË˜ÂÌËÂÏ ˜‡ÒÚÓÚ˚ ËÁÏÂÂÌËÈ [7]. ëÎÂ-
‰ÛÂÚ ÓÚÏÂÚËÚ¸, ˜ÚÓ, ÌÂÁ‡‚ËÒËÏÓ ÓÚ ÒÓÓÚÌÓ¯ÂÌËfl

[

 

Sr

 

] : [

 

Ba

 

], 1/6 ÍËÒÚ‡ÎÎÓ„‡ÙË˜ÂÒÍËı ÔÓÁËˆËÈ ‚
ÔÓ‰Â¯ÂÚÍÂ 

 

A

 

 ÒÚÛÍÚÛ˚ 

 

SBN

 

 ÌÂ Á‡ÔÓÎÌÂÌ˚. Ç ÚÓ
ÊÂ ‚ÂÏfl ÍÓÎË˜ÂÒÚ‚Ó Ë ı‡‡ÍÚÂ ‡ÒÔÂ‰ÂÎÂÌËfl
Í‡ÚËÓÌÌ˚ı ‚‡Í‡ÌÒËÈ ‚ ÒÚÛÍÚÛÂ íÇÅ ÏÓÊÂÚ Ú‡Í-
ÊÂ ‚ ÁÌ‡˜ËÚÂÎ¸ÌÓÈ ÒÚÂÔÂÌË ‚ÎËflÚ¸ Ì‡ ˝ÎÂÍÚÓÙË-
ÁË˜ÂÒÍËÂ Ò‚ÓÈÒÚ‚‡ Ï‡ÚÂË‡ÎÓ‚, Í‡Í ˝ÚÓ ÔÓÍ‡Á‡ÌÓ
Ì‡ ÔËÏÂÂ Ú‚Â‰˚ı ‡ÒÚ‚ÓÓ‚ 

 

Ba

 

6 – 

 

x

 

Ln

 

8 + 2

 

x

 

/3

 

Ti

 

18

 

O

 

54

 

[8, 9].
ÇÎËflÌËÂ ÍÓÎË˜ÂÒÚ‚‡ Í‡ÚËÓÌÌ˚ı ‚‡Í‡ÌÒËÈ Ì‡

ÒÚÛÍÚÛÛ Ë ˝ÎÂÍÚÓÙËÁË˜ÂÒÍËÂ Ò‚ÓÈÒÚ‚‡ Ú‚Â-
‰˚ı ‡ÒÚ‚ÓÓ‚ 

 

SBN

 

 ‡ÌÂÂ ÌÂ ‡ÒÒÏ‡ÚË‚‡ÎÓÒ¸.
ì˜ËÚ˚‚‡fl ÚÓ, ˜ÚÓ ÒËÌÚÂÁ Ï‡ÚÂË‡ÎÓ‚ Ì‡ ÓÒÌÓ‚Â
ÒÎÓÊÌ˚ı ÓÍÒË‰Ì˚ı ÒËÒÚÂÏ, Í‡Í Ô‡‚ËÎÓ, fl‚ÎflÂÚÒfl
ÏÌÓ„ÓÒÚ‡‰ËÈÌ˚Ï ÔÓˆÂÒÒÓÏ, ̂ ÂÎÂÒÓÓ·‡ÁÌ˚Ï ÔÂ‰-
ÒÚ‡‚ÎflÎÓÒ¸ ËÒÒÎÂ‰Ó‚‡Ú¸ ÔÓÒÎÂ‰Ó‚‡ÚÂÎ¸ÌÓÒÚ¸ Ú‚Â-
‰ÓÙ‡ÁÌ˚ı Â‡ÍˆËÈ, ÔË‚Ó‰fl˘Ëı Í Ó·‡ÁÓ‚‡ÌË˛

 

SBN

 

, ‰Îfl ÓÔÚËÏËÁ‡ˆËË ÔÓˆÂÒÒ‡ Â„Ó ÔÓÎÛ˜ÂÌËfl.
ñÂÎ¸˛ ‰‡ÌÌÓÈ ‡·ÓÚ˚ fl‚ÎflÎÓÒ¸ ËÁÛ˜ÂÌËÂ

ÛÒÎÓ‚ËÈ ÒËÌÚÂÁ‡, ÍËÒÚ‡ÎÎÓ„‡ÙË˜ÂÒÍËı ÓÒÓ·ÂÌ-
ÌÓÒÚÂÈ Ë ˝ÎÂÍÚÓÙËÁË˜ÂÒÍËı Ò‚ÓÈÒÚ‚ Ú‚Â‰˚ı
‡ÒÚ‚ÓÓ‚ 

 

SBN

 

, ‚ ÍÓÚÓ˚ı ÍÓÎË˜ÂÒÚ‚Ó ‚‡Í‡ÌÒËÈ ‚
ÔÓ‰Â¯ÂÚÍÂ 

 

A

 

 ËÁÏÂÌflÂÚÒfl Á‡ Ò˜ÂÚ „ÂÚÂÓ‚‡ÎÂÌÚ-
ÌÓ„Ó Á‡ÏÂ˘ÂÌËfl ÒÚÓÌˆËfl Ì‡ÚËÂÏ ÒÓ„Î‡ÒÌÓ ÙÓ-
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åÂÚÓ‰ËÍ‡ ˝ÍÒÔÂËÏÂÌÚ‡

 

Ç Í‡˜ÂÒÚ‚Â ËÒıÓ‰Ì˚ı Â‡„ÂÌÚÓ‚ ËÒÔÓÎ¸ÁÓ‚‡ÎË
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). ëÏÂ¯Ë‚‡ÌËÂ Ë ÔÓÏÓÎ ÔÓ‚Ó‰ËÎË ‚ ‡ˆÂ-
ÚÓÌÂ ‚ ‡„‡ÚÓ‚˚ı ·‡‡·‡Ì‡ı Ò ı‡ÎˆÂ‰ÓÌÓ‚˚ÏË ̄ ‡‡-
ÏË Ì‡ ‚Ë·ÓÏÂÎ¸ÌËˆÂ 
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-16. íÂÏË˜ÂÒÍËÂ ˝Ù-
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 0.3) Ë ËÁÛ˜ÂÌ‡ ÔÓÒÎÂ‰Ó‚‡ÚÂÎ¸ÌÓÒÚ¸ Ù‡ÁÓ‚˚ı ÔÂ‚‡˘ÂÌËÈ ÔË
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ÌÓÏ Ë ÚÂÏÔÂ‡ÚÛÌÓÏ ‰Ë‡Ô‡ÁÓÌÂ. èÓÍ‡Á‡ÌÓ, ˜ÚÓ Û‚ÂÎË˜ÂÌËÂ ÍÓÌˆÂÌÚ‡ˆËË Ì‡ÚËfl, ÍÓÚÓÓÂ ÒÓÔÓ-
‚ÓÊ‰‡ÂÚÒfl ÛÏÂÌ¸¯ÂÌËÂÏ ÍÓÌˆÂÌÚ‡ˆËË ‚‡Í‡ÌÒËÈ ‚ ÔÓ‰Â¯ÂÚÍÂ 

 

A

 

 ÒÚÛÍÚÛ˚ íÇÅ, ÔË‚Ó‰ËÚ Í
ÛÏÂÌ¸¯ÂÌË˛ ÂÎ‡ÍÒ‡ˆËË ‰Ë˝ÎÂÍÚË˜ÂÒÍËı Ò‚ÓÈÒÚ‚.
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åË˘ÛÍ 

 

Ë ‰

 

.

 

Ì˚ı ÔÓÓ¯ÍÓ‚ Ò ‰Ó·‡‚ÍÓÈ ÔÎ‡ÒÚËÙËÍ‡ÚÓ‡ ÔÂÒ-
ÒÓ‚‡ÎË Á‡„ÓÚÓ‚ÍË ‚ ÙÓÏÂ ‰ËÒÍÓ‚, ÍÓÚÓ˚Â ÒÔÂÍ‡-
ÎË ‚ ËÌÚÂ‚‡ÎÂ ÚÂÏÔÂ‡ÚÛ 1300–1350°

 

C

 

.

à‰ÂÌÚËÙËÍ‡ˆË˛ Ù‡Á ÔÓ‚Ó‰ËÎË ÔÓ ‰ËÙ‡ÍÚÓ-
„‡ÏÏ‡Ï, ÒÌflÚ˚Ï Ì‡ ÂÌÚ„ÂÌÓ‚ÒÍÓÏ ‰ËÙ‡ÍÚÓÏÂÚ-
Â Ñêéç-4-07 (

 

Cu

 

Kα-ËÁÎÛ˜ÂÌËÂ; 40 ÍÇ, 20 ÏÄ). è‡-
‡ÏÂÚ˚ ÍËÒÚ‡ÎÎË˜ÂÒÍÓÈ ÒÚÛÍÚÛ˚ ÛÚÓ˜ÌflÎË
ÔÓ ÏÂÚÓ‰Û ÔÓÎÌÓÔÓÙËÎ¸ÌÓ„Ó ‡Ì‡ÎËÁ‡ êËÚ‚ÂÎ¸‰‡.
ë˙ÂÏÍÛ ‰ËÙ‡ÍÚÓ„‡ÏÏ ÔÓ‚Ó‰ËÎË ‚ ËÌÚÂ‚‡ÎÂ
Û„ÎÓ‚ 2θ = 10°–150° ‚ ÔÓ¯‡„Ó‚ÓÏ ÂÊËÏÂ Ò ¯‡„ÓÏ
∆2θ = 0.02° Ë ˝ÍÒÔÓÁËˆËÂÈ ‚ Í‡Ê‰ÓÈ ÚÓ˜ÍÂ 10 Ò.
Ç Í‡˜ÂÒÚ‚Â ‚ÌÂ¯ÌËı ÒÚ‡Ì‰‡ÚÓ‚ ËÒÔÓÎ¸ÁÓ‚‡ÎËÒ¸
SiO2 (ÒÚ‡Ì‰‡Ú 2θ) Ë NIST SRM1976–Al2O3 (ÒÂÚË-
ÙËˆËÓ‚‡ÌÌ˚È ÒÚ‡Ì‰‡Ú ËÌÚÂÌÒË‚ÌÓÒÚË) [10].

ÑË˝ÎÂÍÚË˜ÂÒÍÛ˛ ÔÓÌËˆ‡ÂÏÓÒÚ¸ (ε) Ë ‰Ë˝ÎÂÍ-
ÚË˜ÂÒÍËÂ ÔÓÚÂË ( ) ÍÂ‡ÏË˜ÂÒÍËı Ó·‡ÁˆÓ‚
Ì‡ ˜‡ÒÚÓÚ‡ı 105–106 Éˆ ËÁÏÂflÎË Ò ÔÓÏÓ˘¸˛ Q-
ÏÂÚ‡ Çà560, ‡ ÔË 109 Éˆ – Ò ÔÓÏÓ˘¸˛ ÏÂÚÓ‰‡
ÍÓ‡ÍÒË‡Î¸Ì˚ı ÎËÌËÈ. ÑÎfl ËÁÏÂÂÌËfl ËÒÔÓÎ¸ÁÓ‚‡-
ÎË Ó·‡Áˆ˚ ‚ ‚Ë‰Â ˆËÎËÌ‰Ó‚ ‰Ë‡ÏÂÚÓÏ 2 Ë ÚÓÎ-
˘ËÌÓÈ 2 ÏÏ. ùÎÂÍÚÓ‰˚ Ì‡ÌÓÒËÎË ÏÂÚÓ‰ÓÏ ‚ÊË-
„‡ÌËfl ÒÂÂ·flÌÓÈ Ô‡ÒÚ˚.

êÂÁÛÎ¸Ú‡Ú˚ Ë Ëı Ó·ÒÛÊ‰ÂÌËÂ

î‡ÁÓ‚˚Â ÔÂ‚‡˘ÂÌËfl, ÍÓÚÓ˚Â ËÏÂ˛Ú ÏÂÒÚÓ
ÔË ÒËÌÚÂÁÂ ÏÂÚÓ‰ÓÏ Ú‚Â‰ÓÙ‡ÁÌ˚ı Â‡ÍˆËÈ
Ú‚Â‰˚ı ‡ÒÚ‚ÓÓ‚ Sr0.6 – xBa0.4Na2xNb2O6, ËÁÛ˜‡ÎË
‰Îfl ÁÌ‡˜ÂÌËfl 2x = 0.2, ˜ÚÓ ÒÓÓÚ‚ÂÚÒÚ‚ÛÂÚ ÒÓÒÚ‡‚Û
Sr0.5Ba0.4Na0.2Nb2O6. ëÓ„Î‡ÒÌÓ ÂÁÛÎ¸Ú‡Ú‡Ï êîÄ Ë
ÚÂÏË˜ÂÒÍÓ„Ó ‡Ì‡ÎËÁ‡, ÛÒÚ‡ÌÓ‚ÎÂÌÓ, ˜ÚÓ Ó·‡ÁÓ-
‚‡ÌËÂ ÔÓËÒıÓ‰ËÚ ˜ÂÂÁ ÒÎÂ‰Û˛˘ËÂ ÔÓÏÂÊÛÚÓ˜-
Ì˚Â ÔÓ‰ÛÍÚ˚: NaNbO3, Ba5Nb4O15, Sr5Nb4O15,
BaNb2O6, SrNb2O6, Ba2NbNb5O15. ùÚÓ ÔÓÁ‚ÓÎËÎÓ
ÓÔÚËÏËÁËÓ‚‡Ú¸ ÛÒÎÓ‚Ëfl ÒËÌÚÂÁ‡, ËÒÔÓÎ¸ÁÛfl ‚ Í‡-
˜ÂÒÚ‚Â ÔÂÍÛÒÓÓ‚ ÒÓÂ‰ËÌÂÌËfl NaNbO3, BaNb2O6
Ë SrNb2O6.

èÓ‚Â‰ÂÌÌ˚Â ËÒÒÎÂ‰Ó‚‡ÌËfl ÔÓÍ‡Á‡ÎË, ˜ÚÓ Ú‚Â-
‰˚Â ‡ÒÚ‚Ó˚ Sr0.6 – xBa0.4Na2xNb2O6 ÒÓ ÒÚÛÍÚÛÓÈ
íÇÅ (Ô. „. Pb4m) Ó·‡ÁÛ˛ÚÒfl ‚ ¯ËÓÍÓÏ ËÌÚÂ-
‚‡ÎÂ ÁÌ‡˜ÂÌËÈ x. èË Û‚ÂÎË˜ÂÌËË ÍÓÌˆÂÌÚ‡ˆËË
Ì‡ÚËfl (2x ≥ 0.3) Ó·‡ÁÛÂÚÒfl ‰ÓÔÓÎÌËÚÂÎ¸Ì‡fl Ù‡Á‡
Na3NbO4.

ëÚÛÍÚÛÌ˚Â Ô‡‡ÏÂÚ˚ ÔÓÎËÍËÒÚ‡ÎÎË˜ÂÒÍËı
Ó·‡ÁˆÓ‚ Sr0.6 – xBa0.4Na2xNb2O6 ÔÂ‰ÒÚ‡‚ÎÂÌ˚ ‚
Ú‡·ÎËˆÂ 1. Ç Í‡˜ÂÒÚ‚Â ËÒıÓ‰Ì˚ı ·˚ÎË ‚ÁflÚ˚ ÍÓÓ-

δtg

7.872

0 0.1

a, Å

2x0 0.2 0.3

7.876

7.880

7.884

1218

1219

1220

122112,47

12,46

12,45

12,44

c, Å

V

a

c

V, Å

êËÒ. 1. äÓÌˆÂÌÚ‡ˆËÓÌÌ˚Â Á‡‚ËÒËÏÓÒÚË Ô‡‡ÏÂÚÓ‚
˝ÎÂÏÂÌÚ‡ÌÓÈ fl˜ÂÈÍË Ú‚Â‰˚ı ‡ÒÚ‚ÓÓ‚
Sr0.6 − xBa0.4Na2xNb2O6.
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êËÒ. 2. íÂÏÔÂ‡ÚÛÌ˚Â Á‡‚ËÒËÏÓÒÚË ‰Ë˝ÎÂÍÚË˜ÂÒÍÓÈ ÔÓÌËˆ‡ÂÏÓÒÚË (1–3) Ë ‰Ë˝ÎÂÍÚË˜ÂÒÍËı ÔÓÚÂ¸ (1'–3') ÔË ‡Á-
ÎË˜ÌÓÏ ÒÓ‰ÂÊ‡ÌËË Ì‡ÚËfl ‚ Ó·‡Áˆ‡ı Sr0.6 – xBa0.4Na2xNb2O6: 2x = 0 (‡); 0.1 (·); 0.2 (‚) Ë ˜‡ÒÚÓÚÂ ËÁÏÂÂÌËfl 105 (1, 1');
106 (2, 2'); 109 Éˆ (3, 3').
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äËÒÚ‡ÎÎÓ„‡ÙË˜ÂÒÍËÂ Ô‡‡ÏÂÚ˚ ÔÓÎËÍËÒÚ‡ÎÎË˜ÂÒÍËı Ó·‡ÁˆÓ‚ Sr0.6 – xBa0.4Na2xNb2O6

é·‡ÁÂˆ Sr0.6Ba0.4Nb2O6 [11] Sr0.57Ba0.4Na0.006Nb2O6 Sr0.55Ba0.4Na0.1Nb2O6 Sr0.5Ba0.4Na0.2Nb2O6

è‡‡ÏÂÚ˚ ˝ÎÂÏÂÌÚ‡ÌÓÈ fl˜ÂÈÍË

a, Å 12.4566(9) 12.4521(2) 12.4489(2) 12.4417(2)

c, Å 7.8698(6) 7.8712(1) 7.8734(2) 7.8786(2)

V, Å 1221.1(2) 1220.47(3) 1220.18(4) 1219.57(4)

ρÂÌÚ, „/ÒÏ3 5.286(1) 5.272(1) 5.262(2) 5.236(2)

äÓÓ‰ËÌ‡Ú˚ ËÓÌÓ‚

Nb(1)(2b)*: z 0.00268(19) 0.005(4) 0.010(6) 0.010(5)

Nb(2)(8d): x 0.07451(3) 0.0741(1) 0.0736(2) 0.0750(2)

y 0.21161(3) 0.2115(1) 0.2115(2) 0.2111(2)

z –0.00708(17) –0.010(9) –0.010(8) –0.010(8)

Na/Sr(1)(2a)*: z 0.2382(2) 0.245(4) 0.240(4) 0.263(4)

Ba/Sr(2)(4c): x 0.17227(3) 0.1621(4) 0.1611(5) 0.1603(6)

y 0.67227(3) 0.6747(4) 0.6850(5) 0.6836(6)

z 0.24093 0.225(4) 0.251(8) 0.250(4)

O(1)(8d): x 0.2179(3) 0.2203(9) 0.226(1) 0.223(1)

y 0.2821(3) 0.2788(9) 0.273(1) 0.276(1)

z –0.0150(15) 0.025(4) 0.055(4) 0.069(3)

O(2)(8d): x 0.1389(4) 0.139(1) 0.141(1) 0.151(3)

y 0.0695(3) 0.072(2) 0.070(2) 0.077(3)

z –0.0254(11) –0.025(5) –0.025(5) –0.010(5)

O(3)(2b): x –0.0065(4) –0.018(2) –0.006(1) –0.018(2)

y 0.3441(3) 0.336(3) 0.336(2) 0.348(3)

z 0.0229(14) 0.030(9) 0.025(9) 0.046(3)

O(4)(4c)*: z 0.2340(14) 0.236(4) 0.240(4) 0.240(3)

O(5)(8d): x 0.0838(9) 0.081(2) 0.093(2) 0.093(3)

y 0.2005(6) 0.204(2) 0.212(2) 0.221(2)

z 0.2299(9) 0.255(4) 0.256(4) 0.260(3)

á‡ÒÂÎÂÌÌÓÒÚË ÔÓÁËˆËÈ

4-Û„ÓÎ¸Ì˚Â Í‡Ì‡Î˚ (ÔÓÁËˆËfl 2‡)

Na 0.00 0.15 0.25 0.50

Sr(1) 0.71(5) 0.68(1) 0.67(1) 0.65(2)

5-Û„ÓÎ¸Ì˚Â Í‡Ì‡Î˚ (ÔÓÁËˆËfl 4Ò)

Sr(2) 0.450(16) 0.41(1) 0.38(1) 0.30(1)

Ba 0.442(20) 0.487 0.487 0.487

î‡ÍÚÓ˚ ‰ÓÒÚÓ‚ÂÌÓÒÚË

RB , % 3.3 7.05 9.59 9.90

Rf , % 4.5 6.52 8.03 9.11

ÄˆÂÌÚË˜ÌÓÒÚ¸ Nb(1)- Ë Nb(2)-ÓÍÚ‡˝‰Ó‚

∆[Nb(1)–O(4)], Å 0.29 0.30 0.31 0.31

∆[Nb(2)–O(5)], Å 0.20 0.24 0.25 0.31

* èÓÁËˆËfl 2a: 00z; 2b: 01/2z; 4c: x1/2 + xz.
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åË˘ÛÍ Ë ‰.

‰ËÌ‡Ú˚ ÒÓÓÚ‚ÂÚÒÚ‚Û˛˘Ëı ‡ÚÓÏÓ‚ ‚ ÒÚÛÍÚÛÂ
Sr0.61Ba0.39Nb2O6 [11].

äÓÌˆÂÌÚ‡ˆËÓÌÌ˚Â Á‡‚ËÒËÏÓÒÚË Ô‡‡ÏÂÚ-
Ó‚ ˝ÎÂÏÂÌÚ‡ÌÓÈ fl˜ÂÈÍË Ú‚Â‰˚ı ‡ÒÚ‚ÓÓ‚
Sr0.6 – xBa0.4Na2xNb2O6 ÔË‚Â‰ÂÌ˚ Ì‡ ËÒ. 1. ÇË‰ÌÓ,
˜ÚÓ ‚ ËÒÒÎÂ‰ÛÂÏÓÏ ËÌÚÂ‚‡ÎÂ ÍÓÌˆÂÌÚ‡ˆËÈ Ì‡-
ÚËfl Ô‡‡ÏÂÚ˚ ËÁÏÂÌfl˛ÚÒfl ÎËÌÂÈÌÓ, ÔÓ‰˜ËÌflflÒ¸
Ô‡‚ËÎÛ ÇÂ„‡‰‡. èË ˝ÚÓÏ Ò Û‚ÂÎË˜ÂÌËÂÏ ÒÓ‰Â-
Ê‡ÌËfl Ì‡ÚËfl (Ë, ÒÓÓÚ‚ÂÚÒÚ‚ÂÌÌÓ, ÛÏÂÌ¸¯ÂÌËÂÏ
ÒÓ‰ÂÊ‡ÌËfl ÒÚÓÌˆËfl) Ô‡‡ÏÂÚ a ÛÏÂÌ¸¯‡ÂÚÒfl, ‡
Ô‡‡ÏÂÚ c Û‚ÂÎË˜Ë‚‡ÂÚÒfl.

Ç ÚÓ ÊÂ ‚ÂÏfl ‰Îfl Ú‚Â‰˚ı ‡ÒÚ‚ÓÓ‚
Sr1 − yBayNb2O6 ·ÂÁ Ì‡ÚËfl ÔË ÛÏÂÌ¸¯ÂÌËË ÒÓ‰Â-
Ê‡ÌËfl ÒÚÓÌˆËfl ÔÓËÒıÓ‰ËÚ Û‚ÂÎË˜ÂÌËÂ Í‡Í Ô‡‡-

ÏÂÚ‡ a, Ú‡Í Ë Ô‡‡ÏÂÚ‡ c [12]. èË ˝ÚÓÏ Û‚ÂÎË˜Â-
ÌËÂ Ô‡‡ÏÂÚ‡ c Ò‚flÁ‡ÌÓ Ò ‡ÒÚflÊÂÌËÂÏ ÓÍÚ‡˝‰Ó‚
NbO6 ‚ Ì‡Ô‡‚ÎÂÌËË [001], ˜ÚÓ ÒÓÔÓ‚ÓÊ‰‡ÂÚÒfl
ÒÏÂ˘ÂÌËÂÏ Nb ËÁ ˆÂÌÚÓÒËÏÏÂÚË˜Ì˚ı ÔÓÁËˆËÈ
ÍËÒÎÓÓ‰Ì˚ı ÓÍÚ‡˝‰Ó‚ Ë ÔË‚Ó‰ËÚ Í Û‚ÂÎË˜Â-
ÌË˛ Ëı ‡ˆÂÌÚË˜ÌÓÒÚË [4]. ì‚ÂÎË˜ÂÌËÂ Ô‡‡ÏÂÚ‡
a Ò‚flÁ‡ÌÓ Ò Û‚ÂÎË˜ÂÌËÂÏ ÒÂ‰ÌÂ„Ó ËÓÌÌÓ„Ó ‡‰ËÛ-
Ò‡ (  = αRSr + βRBa, „‰Â α Ë β – ÏÓÎ¸Ì˚Â ‰ÓÎË
ÒÚÓÌˆËfl Ë ·‡Ëfl ÒÓÓÚ‚ÂÚÒÚ‚ÂÌÌÓ) ÔË Á‡ÏÂ˘ÂÌËË
ÒÚÓÌˆËfl ·‡ËÂÏ ‚ ÔflÚËÛ„ÓÎ¸Ì˚ı Í‡Ì‡Î‡ı, ÍÓÚÓ-
˚È ËÏÂÂÚ ·ÓÎ¸¯ËÈ ËÓÌÌ˚È ‡‰ËÛÒ.

Ç Ú‚Â‰˚ı ‡ÒÚ‚Ó‡ı Sr0.6 – xBa0.4Na2xNb2O6 Û‚Â-
ÎË˜ÂÌËÂ ÒÓ‰ÂÊ‡ÌËfl Ì‡ÚËfl Ú‡ÍÊÂ ÔË‚Ó‰ËÚ Í
Û‚ÂÎË˜ÂÌË˛ Ô‡‡ÏÂÚ‡ c (ËÒ. 1) Ë ‡ˆÂÌÚË˜ÌÓÒÚË
ÓÍÚ‡˝‰Ó‚ NbO6 (Ú‡·ÎËˆ‡). é‰Ì‡ÍÓ ÔË ̋ ÚÓÏ Ô‡‡-
ÏÂÚ a ÛÏÂÌ¸¯‡ÂÚÒfl, ̃ ÚÓ ÏÓÊÌÓ Ó·˙flÒÌËÚ¸ ÛÏÂÌ¸-
¯ÂÌËÂÏ ÒÂ‰ÌÂ„Ó ‡‰ËÛÒ‡ ËÓÌÓ‚ ‚ ÔflÚËÛ„ÓÎ¸Ì˚ı
Í‡Ì‡Î‡ı ËÁ-Á‡ ÛÏÂÌ¸¯ÂÌËfl Á‡ÒÂÎÂÌÌÓÒÚË ÒÚÓÌˆË-
ÂÏ ÔÓÁËˆËÈ 4c (ÒÏ. Ú‡·ÎËˆÛ). ä‡Í ‚Ë‰ÌÓ ËÁ Ú‡·ÎË-
ˆ‡, Û‚ÂÎË˜ÂÌËÂ ÒÓ‰ÂÊ‡ÌËfl Ì‡ÚËfl ÓÚ 2x = 0 ‰Ó
2x = 0.2 ÔË‚Ó‰ËÚ Í ÔÂÂ‡ÒÔÂ‰ÂÎÂÌË˛ Á‡ÒÂÎÂÌ-
ÌÓÒÚË ÔÓÁËˆËÈ ‚ ˜ÂÚ˚Âı- Ë ÔflÚËÛ„ÓÎ¸Ì˚ı Í‡Ì‡-
Î‡ı: Á‡ÒÂÎÂÌÌÓÒÚ¸ ‰‚ÛÍ‡ÚÌ˚ı ÔÓÁËˆËÈ ‚ ˜ÂÚ˚-
ÂıÛ„ÓÎ¸Ì˚ı Í‡Ì‡Î‡ı Û‚ÂÎË˜Ë‚‡ÂÚÒfl ÓÚ 0.71 ‰Ó
1.15, ‚ ÚÓ ‚ÂÏfl Í‡Í Á‡ÒÂÎÂÌÌÓÒÚ¸ ˜ÂÚ˚ÂıÍ‡Ú-
Ì˚ı ÔÓÁËˆËÈ ‚ ÔflÚËÛ„ÓÎ¸Ì˚ı Í‡Ì‡Î‡ı ÛÏÂÌ¸¯‡ÂÚ-
Òfl ÓÚ 0.89 ‰Ó 0.79. ç‡ÚËÈ ‚ıÓ‰ËÚ ‚ ˜ÂÚ˚ÂıÛ„ÓÎ¸-
Ì˚Â Í‡Ì‡Î˚, ‡ ÍÓÏÔÂÌÒ‡ˆËfl ÔÓÎÓÊËÚÂÎ¸ÌÓ„Ó Á‡-
fl‰‡ ÔÓËÒıÓ‰ËÚ Á‡ Ò˜ÂÚ ÛÏÂÌ¸¯ÂÌËfl ÍÓÎË˜ÂÒÚ‚‡
ÒÚÓÌˆËfl ‚ ÔflÚËÛ„ÓÎ¸Ì˚ı Í‡Ì‡Î‡ı.

ÑË˝ÎÂÍÚË˜ÂÒÍËÂ ı‡‡ÍÚÂËÒÚËÍË Ó·‡ÁˆÓ‚
Sr0.6 – xBa0.4Na2xNb2O6 ·˚ÎË ËÁÛ˜ÂÌ˚ ‚ ˜‡ÒÚÓÚÌÓÏ
‰Ë‡Ô‡ÁÓÌÂ 105–109 Éˆ. ä‡Í ‚Ë‰ÌÓ ËÁ ËÒ. 2, ‰Îfl ËÒ-
ıÓ‰ÌÓ„Ó ÒÓÒÚ‡‚‡ (2x = 0) ı‡‡ÍÚÂÌ‡ ÁÌ‡˜ËÚÂÎ¸-
Ì‡fl ÂÎ‡ÍÒ‡ˆËfl ‰Ë˝ÎÂÍÚË˜ÂÒÍÓÈ ÔÓÌËˆ‡ÂÏÓÒÚË.
èË ˝ÚÓÏ ‚ ËÒÒÎÂ‰Ó‚‡ÌÌÓÏ ‰Ë‡Ô‡ÁÓÌÂ ˜‡ÒÚÓÚ εmax
ÒÏÂ˘‡ÂÚÒfl Ì‡ 30°ë. èË Û‚ÂÎË˜ÂÌËË ÍÓÌˆÂÌÚ‡-
ˆËË Ì‡ÚËfl, ÍÓÚÓÓÂ ÒÓÔÓ‚ÓÊ‰‡ÂÚÒfl ÛÏÂÌ¸¯ÂÌË-
ÂÏ ÍÓÌˆÂÌÚ‡ˆËË ‚‡Í‡ÌÒËÈ ‚ ÔÓ‰Â¯ÂÚÍÂ A, ÒÏÂ-
˘ÂÌËÂ εmax(t) (∆tmax ÛÏÂÌ¸¯‡ÂÚÒfl (ËÒ. 3). ùÚÓ ÔÓÁ-
‚ÓÎflÂÚ ÔÂ‰ÔÓÎÓÊËÚ¸, ˜ÚÓ ÍÓÌˆÂÌÚ‡ˆËfl ‚‡Í‡ÌÒËÈ
‚ ÔÓ‰Â¯ÂÚÍÂ A Ú‚Â‰˚ı ‡ÒÚ‚ÓÓ‚ Ar1 – yBayNb2O6
ÒÓ ÒÚÛÍÚÛÓÈ íÇÅ ÒÛ˘ÂÒÚ‚ÂÌÌÓ ‚ÎËflÂÚ Ì‡ Ëı
˝ÎÂÍÚÓÙËÁË˜ÂÒÍËÂ Ò‚ÓÈÒÚ‚‡. ä‡Í ÔÓÍ‡Á˚‚‡˛Ú
ÔÓ‚Â‰ÂÌÌ˚Â ËÒÒÎÂ‰Ó‚‡ÌËfl, ÛÏÂÌ¸¯ÂÌËÂ ÍÓÌˆÂÌ-
Ú‡ˆËË ‚‡Í‡ÌÒËÈ ‚ Í‡ÚËÓÌÌ˚ı ÔÓ‰Â¯ÂÚÍ‡ı ÒÓ-
ÔÓ‚ÓÊ‰‡ÂÚÒfl ÛÏÂÌ¸¯ÂÌËÂÏ ÂÎ‡ÍÒ‡ˆËË ‰Ë˝ÎÂÍ-
ÚË˜ÂÒÍËı Ò‚ÓÈÒÚ‚.

ëÏÂ˘ÂÌËÂ ÚÂÏÔÂ‡ÚÛ˚ Ï‡ÍÒËÏÛÏ‡ Ì‡ Á‡‚ËÒË-
ÏÓÒÚË ‰Ë˝ÎÂÍÚË˜ÂÒÍÓÈ ÔÓÌËˆ‡ÂÏÓÒÚË (Tmax) Ò
ÓÒÚÓÏ ˜‡ÒÚÓÚ˚ ÏÓÊÌÓ ÔÓ‡Ì‡ÎËÁËÓ‚‡Ú¸, ËÒ-
ÔÓÎ¸ÁÛfl Û‡‚ÌÂÌËÂ ÄÂÌËÛÒ‡ [13]:

„‰Â f – ˜‡ÒÚÓÚ‡ ËÁÏÂÂÌËfl, f0 – ˜‡ÒÚÓÚ‡ ÔÓÔ˚ÚÓÍ
ÔÂÂÒÍÓÍ‡, ÓÚÌÓÒfl˘‡flÒfl Í ËÓÌÌ˚Ï ÍÓÎÂ·‡ÌËflÏ
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êËÒ. 3. á‡‚ËÒËÏÓÒÚË ÒÏÂ˘ÂÌËfl ÚÂÏÔÂ‡ÚÛ˚ Ï‡ÍÒËÏÛ-
Ï‡ ‰Ë˝ÎÂÍÚË˜ÂÒÍÓÈ ÔÓÌËˆ‡ÂÏÓÒÚË ÓÚ ˜‡ÒÚÓÚ˚ ÔË
‡ÁÎË˜ÌÓÏ ÒÓ‰ÂÊ‡ÌËË Ì‡ÚËfl ‚ Ó·‡Áˆ‡ı
Sr0.6 − xBa0.4Na2xNb2O6: 2x = 0 (1), 0.1 (2), 0.2 (3).
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êËÒ. 4. ÄÂÌËÛÒÓ‚ÒÍËÈ „‡ÙËÍ ˜‡ÒÚÓÚ˚ ËÁÏÂÂÌËfl
‰Îfl Ó·‡ÁˆÓ‚ Sr0.6 – xBa0.4Na2xNb2O6 Ò 2x = 0 (1), 0.1 (2).
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ÍËÒÚ‡ÎÎË˜ÂÒÍÓÈ Â¯ÂÚÍË Ë ÒÓÒÚ‡‚Îfl˛˘‡fl f0 ≈
≈ 1013 Éˆ [14], Ea – ˝ÌÂ„Ëfl ‡ÍÚË‚‡ˆËË ÂÎ‡ÍÒ‡ˆËË
‰Ë˝ÎÂÍÚË˜ÂÒÍÓÈ ÔÓÌËˆ‡ÂÏÓÒÚË, Tmax – ‡·ÒÓÎ˛Ú-
Ì‡fl ÚÂÏÔÂ‡ÚÛ‡ Ï‡ÍÒËÏÛÏ‡ ‰Ë˝ÎÂÍÚË˜ÂÒÍÓÈ ÔÓ-
ÌËˆ‡ÂÏÓÒÚË Ë k – ÍÓÌÒÚ‡ÌÚ‡ ÅÓÎ¸ˆÏ‡Ì‡. ç‡ ËÒ. 4
ÔÓÍ‡Á‡Ì‡ Á‡‚ËÒËÏÓÒÚ¸ ÎÓ„‡ËÙÏ‡ ˜‡ÒÚÓÚ˚ ËÁÏÂ-
ÂÌËfl ÓÚ Ó·‡ÚÌÓÈ ÚÂÏÔÂ‡ÚÛ˚, ÔË ÍÓÚÓÓÈ Ì‡-
·Î˛‰‡ÂÚÒfl Ï‡ÍÒËÏÛÏ ‰Ë˝ÎÂÍÚË˜ÂÒÍÓÈ ÔÓÌËˆ‡Â-
ÏÓÒÚË. àÁ Ì‡ÍÎÓÌ‡ ̋ ÚÓÈ Á‡‚ËÒËÏÓÒÚË ÏÓÊÌÓ ÓÔÂ-
‰ÂÎËÚ¸ ̋ ÌÂ„Ë˛ ‡ÍÚË‚‡ˆËË. ê‡Ò˜ÂÚ˚ ÔÓÍ‡Á˚‚‡˛Ú,
˜ÚÓ ‰Îfl Ó·‡ÁˆÓ‚ Sr0.6 – xBa0.4Na2xNb2O6 ˝ÌÂ„Ëfl ‡Í-
ÚË‚‡ˆËË Û‚ÂÎË˜Ë‚‡ÂÚÒfl Ò Û‚ÂÎË˜ÂÌËÂÏ ÒÓ‰ÂÊ‡ÌËfl
Ì‡ÚËfl: ‚ Ó·‡ÁˆÂ Ò 2x = 0 Ea = 3.00(8) ˝Ç, Ò 2x = 0.1
Ea = 6.04(3) ˝Ç, ‡ ‚ Ó·‡ÁˆÂ Ò 2x = 0.2 ÂÎ‡ÍÒ‡ˆËfl
ÓÚÒÛÚÒÚ‚ÛÂÚ, ˜ÚÓ ÒÓÓÚ‚ÂÚÒÚ‚ÛÂÚ ·ÂÒÍÓÌÂ˜ÌÓÏÛ
ÁÌ‡˜ÂÌË˛ ˝ÌÂ„ËË ‡ÍÚË‚‡ˆËË.

á‡ÍÎ˛˜ÂÌËÂ
ìÒÚ‡ÌÓ‚ÎÂÌÓ, ˜ÚÓ Ó·‡ÁÓ‚‡ÌËÂ Ú‚Â‰˚ı ‡ÒÚ‚Ó-

Ó‚ Sr0.6 – xBa0.4Na2xNb2O6 fl‚ÎflÂÚÒfl ÏÌÓ„ÓÒÚ‡‰ËÈ-
Ì˚Ï ÔÓˆÂÒÒÓÏ, ÔÓÏÂÊÛÚÓ˜Ì˚ÏË Ù‡Á‡ÏË ÍÓÚÓ-
Ó„Ó fl‚Îfl˛ÚÒfl NaNbO3, Ba5Nb4PO15, Sr5Nb4O15,
BaNb2O6, SrNb2O6, Ba2NaNb5O15. èÓÍ‡Á‡ÌÓ, ˜ÚÓ „Â-
ÚÂÓ‚‡ÎÂÌÚÌÓÂ Á‡ÏÂ˘ÂÌËÂ ËÓÌÓ‚ ÒÚÓÌˆËfl ËÓÌ‡ÏË
Ì‡ÚËfl, ÍÓÚÓÓÂ ÒÓÔÓ‚ÓÊ‰‡ÂÚÒfl ÛÏÂÌ¸¯ÂÌËÂÏ
ÍÓÌˆÂÌÚ‡ˆËË ‚‡Í‡ÌÒËÈ ‚ ÔÓ‰Â¯ÂÚÍÂ A, ÔË‚Ó‰ËÚ
Í ÎËÌÂÈÌÓÏÛ ËÁÏÂÌÂÌË˛ Ô‡‡ÏÂÚÓ‚ ˝ÎÂÏÂÌÚ‡-
ÌÓÈ fl˜ÂÈÍË ‚Ó ‚ÒÂÏ ËÒÒÎÂ‰Ó‚‡ÌÌÓÏ ‰Ë‡Ô‡ÁÓÌÂ x
(0 ≤ 2x ≤ 0.3), ‡ Ú‡ÍÊÂ Í ÛÏÂÌ¸¯ÂÌË˛ ÂÎ‡ÍÒ‡ˆËË
‰Ë˝ÎÂÍÚË˜ÂÒÍËı Ò‚ÓÈÒÚ‚.
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