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 („‰Â å – ˘Â-
ÎÓ˜ÌÓÁÂÏÂÎ¸Ì˚È ̋ ÎÂÏÂÌÚ) ÒÓ ÒÚÛÍÚÛÓÈ ‰ÂÙÂÍÚÌÓ-
„Ó ÔÂÓ‚ÒÍËÚ‡, Ó·Î‡‰‡˛˘ËÂ ˝ÙÙÂÍÚÓÏ „Ë„‡ÌÚÒÍÓ„Ó
Ï‡„ÌËÚÓÒÓÔÓÚË‚ÎÂÌËfl, ‚˚Á˚‚‡˛Ú ÁÌ‡˜ËÚÂÎ¸Ì˚È
ËÌÚÂÂÒ ËÒÒÎÂ‰Ó‚‡ÚÂÎÂÈ. ùÚÓ Ò‚flÁ‡ÌÓ Ò ÛÌËÍ‡Î¸Ì˚Ï
ÒÓ˜ÂÚ‡ÌËÂÏ ÒÚÛÍÚÛÌ˚ı, ˝ÎÂÍÚË˜ÂÒÍËı Ë Ï‡„ÌËÚ-
Ì˚ı Ò‚ÓÈÒÚ‚ [1, 2]. å‡„ÌËÚÌ˚Â Ë ˝ÎÂÍÚÓÙËÁË˜Â-
ÒÍËÂ Ò‚ÓÈÒÚ‚‡ ‰‡ÌÌ˚ı Ï‡ÚÂË‡ÎÓ‚ ˜Û‚ÒÚ‚ËÚÂÎ¸Ì˚
Í ÓÒÓ·ÂÌÌÓÒÚflÏ ÏËÍÓÒÚÛÍÚÛ˚ (‡ÁÏÂ ÁÂÌ‡,
ÔÓËÒÚÓÒÚ¸ Ë ‰.), ‡ Ú‡ÍÊÂ Í ‚Ë‰Û Ï‡ÚÂË‡Î‡: Ó·˙-
ÂÏÌÓÏÛ ËÎË ÔÎÂÌÓ˜ÌÓÏÛ [3]. èÂ‚˚Â ËÒÒÎÂ‰Ó‚‡-
ÌËfl ‚ Ó·Î‡ÒÚË ÒËÌÚÂÁ‡ Ë ËÁÛ˜ÂÌËfl ˝ÎÂÍÚÓÙËÁË˜Â-
ÒÍËı Ò‚ÓÈÒÚ‚ Ó·˙ÂÏÌ˚ı Ï‡ÚÂË‡ÎÓ‚ ·˚ÎË ÔÓ‚Â-
‰ÂÌ˚ ‚ [4–6], ‡ Ï‡„ÌËÚÌ˚ı ÔÎÂÌÓÍ – ‚ [7]. ç‡
ÒÂ„Ó‰Ìfl¯ÌËÈ ‰ÂÌ¸ ‚ ÎËÚÂ‡ÚÛÂ ÓÔËÒ‡Ì fl‰ ÏÂÚÓ-
‰Ó‚ ÔÓÎÛ˜ÂÌËfl ÔÎÂÌÓÍ Ï‡Ì„‡ÌËÚÓ‚, ‡ ËÏÂÌÌÓ: Ï‡„-
ÌÂÚÓÌÌÓÂ Ì‡Ô˚ÎÂÌËÂ [8], Î‡ÁÂÌÓÂ Ì‡Ô˚ÎÂÌËÂ
PLD [9], ÒÔÂÈ-ÔËÓÎËÁ MOCVD [10], ÁÓÎ¸–„ÂÎ¸-
ÏÂÚÓ‰ [11]. ä‡Í ÔÓÍ‡Á‡Î ‡Ì‡ÎËÁ ÎËÚÂ‡ÚÛ˚, ÏËÍ-
ÓÒÚÛÍÚÛ‡ ÔÎÂÌÓÍ Ï‡Ì„‡ÌËÚÓ‚ Ë Ëı ˝ÎÂÍÚÓÙË-
ÁË˜ÂÒÍËÂ Ò‚ÓÈÒÚ‚‡ ÒËÎ¸ÌÓ Á‡‚ËÒflÚ ÓÚ ÔËÓ‰˚ ÔÓ‰-
ÎÓÊÍË [12]. äÓÏÂ ÚÓ„Ó, ‚ ÔÎÂÌÍ‡ı Ï‡Ì„‡ÌËÚÓ‚ ÔÓ
Ò‡‚ÌÂÌË˛ Ò Ó·˙ÂÏÌ˚ÏË Ó·‡Áˆ‡ÏË Ï‡„ÌËÚÓÂÁË-
ÒÚË‚Ì˚È ˝ÙÙÂÍÚ ÏÓÊÂÚ ÔÓfl‚ÎflÚ¸Òfl ÒËÎ¸ÌÂÂ [13].

Ç ÔÓÒÎÂ‰ÌÂÂ ‚ÂÏfl ‚ÓÁÌËÍ ËÌÚÂÂÒ Í ÒÓÁ‰‡ÌË˛
ÏÌÓ„ÓÒÎÓÈÌ˚ı ÒÚÛÍÚÛ, ‚ ÍÓÚÓ˚ı Ó‰ÌÓ‚ÂÏÂÌÌÓ
ÔÓfl‚ÎflÎËÒ¸ ·˚ Ò‚ÓÈÒÚ‚‡ Í‡Í Ï‡„ÌËÚÌÓÈ ÔÎÂÌÍË,
Ú‡Í Ë ÔÓ‰ÎÓÊÍË [14]. èÓÎÛ˜ÂÌËÂ Ú‡ÍËı ÒÚÛÍÚÛ
ÔÓÁ‚ÓÎËÎÓ ·˚ ÒÓÁ‰‡‚‡Ú¸ ÌÓ‚˚Â ÚËÔ˚ ÛÒÚÓÈÒÚ‚, ‚
ÍÓÚÓ˚ı Ò‚ÓÈÒÚ‚‡ÏË Ó‰ÌÓ„Ó Ï‡ÚÂË‡Î‡ ÏÓÊÌÓ ·˚-
ÎÓ ·˚ ÛÔ‡‚ÎflÚ¸, ËÁÏÂÌflfl Ò‚ÓÈÒÚ‚‡ ‰Û„Ó„Ó.

ñÂÎ¸˛ ‰‡ÌÌÓÈ ‡·ÓÚ˚ fl‚ÎflÂÚÒfl ÒËÌÚÂÁ Ë ËÒÒÎÂ-
‰Ó‚‡ÌËÂ ÍËÒÚ‡ÎÎÓ„‡ÙË˜ÂÒÍËı Ë Ï‡„ÌËÚÓÂÁË-
ÒÚË‚Ì˚ı Ò‚ÓÈÒÚ‚ ÔÎÂÌÓÍ La
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, Ì‡ÌÂÒÂÌ-
Ì˚ı ÏÂÚÓ‰ÓÏ Ú‡Ù‡ÂÚÌÓÈ ÔÂ˜‡ÚË Ì‡ ÔÓ‰ÎÓÊÍË ËÁ
ÔÓÎËÍÓ‡ (
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) Ë ÍÓÏÔÎÂÍÒÌÓ ÎÂ„ËÓ‚‡ÌÌ˚ı

ÒÓÂ‰ËÌÂÌËÈ Ì‡ ÓÒÌÓ‚Â ÚËÚ‡Ì‡Ú‡ ·‡Ëfl, Ò‚ÓÈÒÚ‚‡ÏË
ÍÓÚÓ˚ı ÏÓÊÌÓ ÛÔ‡‚ÎflÚ¸ Ò ÔÓÏÓ˘¸˛ ˝ÎÂÍÚË-
˜ÂÒÍÓ„Ó ÔÓÎfl.
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 ÏÂÚÓ‰ÓÏ
Ú‡Ù‡ÂÚÌÓÈ ÔÂ˜‡ÚË ÔÂ‰‚‡ËÚÂÎ¸ÌÓ ÒËÌÚÂÁËÓ‚‡-
ÎË ÏÂÚÓ‰ÓÏ Ú‚Â‰ÓÙ‡ÁÌ˚ı Â‡ÍˆËÈ ÏÂÎÍÓ‰ËÒÔÂÒ-
Ì˚È ÔÓÓ¯ÓÍ ‰‡ÌÌÓ„Ó ÒÓÒÚ‡‚‡, ÍÓÚÓ˚È ÔÓ‰‚Â„‡ÎË
ÔÓÏÓÎÛ Ë ÛÎ¸Ú‡Á‚ÛÍÓ‚ÓÏÛ ‰ËÒÔÂ„ËÓ‚‡ÌË˛ Ò ËÒ-
ÔÓÎ¸ÁÓ‚‡ÌËÂÏ ÛÒÚ‡ÌÓ‚ÍË ìáÑç-2í. ÑÎfl ÔÓÎÛ˜ÂÌËfl
„ÓÏÓ„ÂÌÌÓ„Ó ÍÓÎÎÓË‰ÌÓ„Ó ‡ÒÚ‚Ó‡ ‰Îfl Ì‡ÌÂÒÂÌËfl
ÔÎÂÌÓÍ ËÒÔÓÎ¸ÁÓ‚‡ÎË ÔÓÎÛ˜ÂÌÌ˚È ÏÂÎÍÓ‰ËÒÔÂÒ-
Ì˚È ÔÓÓ¯ÓÍ Ë ˝ÚËÎÂÌ„ÎËÍÓÎ¸ Í‡Í ÍÓÎÎÓË‰Ì˚È
‡ÒÚ‚ÓËÚÂÎ¸. èÎÂÌÍË La
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 Ì‡ÌÓÒËÎË
Ì‡ ÔÓ‰ÎÓÊÍË ÚÓÎ˘ËÌÓÈ 200 ÏÍÏ ÏÂÚÓ‰ÓÏ Ú‡Ù‡ÂÚ-
ÌÓÈ ÔÂ˜‡ÚË [15] Ò ÔÓÒÎÂ‰Û˛˘ÂÈ ÚÂÏÓÓ·‡·ÓÚÍÓÈ
ÔË ÚÂÏÔÂ‡ÚÛÂ 1440 ä ‚ ÚÂ˜ÂÌËÂ 2 ˜.

Ç Í‡˜ÂÒÚ‚Â ÔÓ‰ÎÓÊÂÍ ËÒÔÓÎ¸ÁÓ‚‡ÎË ÍÂ‡ÏËÍÛ
Ì‡ ÓÒÌÓ‚Â ÚËÚ‡Ì‡Ú‡ ·‡Ëfl, Ó·Î‡‰‡˛˘Û˛ ÌÂÎËÌÂÈ-
Ì˚ÏË ‰Ë˝ÎÂÍÚË˜ÂÒÍËÏË Ë ÒÂ„ÌÂÚÓ˝ÎÂÍÚË˜ÂÒÍË-
ÏË ÔÓÎÛÔÓ‚Ó‰ÌËÍÓ‚˚ÏË Ò‚ÓÈÒÚ‚‡ÏË. å‡ÚÂË‡Î
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 ı‡‡ÍÚÂËÁÛÂÚÒfl ÌÂÎËÌÂÈÌ˚-
ÏË Ò‚ÓÈÒÚ‚‡ÏË (ÌÂÎËÌÂÈÌ‡fl Á‡‚ËÒËÏÓÒÚ¸ ‰Ë˝ÎÂÍ-
ÚË˜ÂÒÍÓÈ ÔÓÌËˆ‡ÂÏÓÒÚË ÓÚ ˝ÎÂÍÚË˜ÂÒÍÓ„Ó ÔÓ-
Îfl) [16]. å‡ÚÂË‡Î˚ Ì‡ ÓÒÌÓ‚Â Ba
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 ÔÓfl‚Îfl˛Ú ÒÂ„ÌÂÚÓ˝ÎÂÍ-
ÚË˜ÂÒÍËÂ ÔÓÎÛÔÓ‚Ó‰ÌËÍÓ‚˚Â Ò‚ÓÈÒÚ‚‡ (Ó·Î‡‰‡-
˛Ú ÔÓÎÓÊËÚÂÎ¸Ì˚Ï ÚÂÏÔÂ‡ÚÛÌ˚Ï ÍÓ˝ÙÙËˆË-
ÂÌÚÓÏ ÒÓÔÓÚË‚ÎÂÌËfl) Ë ËÏÂ˛Ú ‡ÁÎË˜Ì˚Â ÒÓÔÓ-
ÚË‚ÎÂÌËÂ ÔË ÍÓÏÌ‡ÚÌÓÈ ÚÂÏÔÂ‡ÚÛÂ Ë
ÚÂÏÔÂ‡ÚÛÛ Ù‡ÁÓ‚Ó„Ó ÔÂÂıÓ‰‡ [17]. Ç Í‡˜ÂÒÚ‚Â
˝Ú‡ÎÓÌÌÓÈ ÔÓ‰ÎÓÊÍË ·˚Î ‚˚·‡Ì ÔÓÎËÍÓ 
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 Í‡Í ÌÂÔÓ‚Ó‰fl˘ËÈ Ï‡ÚÂË‡Î, ÌÂ Ó·Î‡‰‡˛-
˘ËÈ ÌÂÎËÌÂÈÌ˚ÏË Ò‚ÓÈÒÚ‚‡ÏË.
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 ÏÂÚÓ‰ÓÏ Ú‡Ù‡ÂÚÌÓÈ ÔÂ˜‡ÚË Ì‡ ÔÓ‰-
ÎÓÊÍ‡ı ‡ÁÎË˜ÌÓ„Ó ÚËÔ‡ (Al
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). àÁÛ˜ÂÌ˚ ˝ÎÂÍÚÓÙËÁË˜ÂÒÍËÂ Ò‚ÓÈÒÚ‚‡ ÔÓÎÛ˜ÂÌÌ˚ı ÔÎÂÌÓÍ Ë ÔÓ‚Â‰ÂÌ
Ò‡‚ÌËÚÂÎ¸Ì˚È ‡Ì‡ÎËÁ Ò‚ÓÈÒÚ‚ Ó·˙ÂÏÌ˚ı Ï‡ÚÂË‡ÎÓ‚ Ë ÔÎÂÌÓÍ, ÔÓÎÛ˜ÂÌÌ˚ı Ì‡ ÔÓ‰ÎÓÊÍ‡ı ‡ÁÎË˜-
ÌÓ„Ó ÚËÔ‡. èÓÍ‡Á‡ÌÓ ‚ÎËflÌËÂ ÒÚÛÍÚÛÌ˚ı Ò‚ÓÈÒÚ‚ ÔÓ‰ÎÓÊÍË Ì‡ ˝ÎÂÍÚÓÙËÁË˜ÂÒÍËÂ Ò‚ÓÈÒÚ‚‡ ÔÓÎÛ-
˜ÂÌÌ˚ı ÔÎÂÌÓÍ. 
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êÂÌÚ„ÂÌÓ‚ÒÍËÂ ËÒÒÎÂ‰Ó‚‡ÌËfl ‚ÒÂı ÒËÒÚÂÏ ÔÓ-
‚Ó‰ËÎË Ì‡ ‰ËÙ‡ÍÚÓÏÂÚÂ Ñêéç-4-07 (Cu
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α

 

-ËÁÎÛ-
˜ÂÌËÂ) ‚ ËÌÚÂ‚‡ÎÂ 2

 

θ

 

 = 10–150°. ëÚÛÍÚÛÌ˚Â Ô‡-
‡ÏÂÚ˚ ÛÚÓ˜ÌflÎË ÏÂÚÓ‰ÓÏ ÔÓÎÌÓÔÓÙËÎ¸ÌÓ„Ó
‡Ì‡ÎËÁ‡ êËÚ‚ÂÎ¸‰‡. íÓÎ˘ËÌÛ ÔÎÂÌÍË ÓÔÂ‰ÂÎflÎË Ò
ÔÓÏÓ˘¸˛ ÒÍ‡ÌËÛ˛˘Â„Ó ˝ÎÂÍÚÓÌÌÓ„Ó ÏËÍÓÒÍÓ-
Ô‡ Superprobe 733 (JEOL, üÔÓÌËfl). ùÎÂÍÚÓÒÓÔÓ-
ÚË‚ÎÂÌËÂ ÔÎÂÌÓÍ ËÁÏÂflÎË ˜ÂÚ˚ÂıÁÓÌ‰Ó‚˚Ï ÏÂ-
ÚÓ‰ÓÏ ‚ ËÌÚÂ‚‡ÎÂ 77–350 ä. ëÂÂ·flÌ˚Â ÍÓÌÚ‡Í-
Ú˚ Ì‡ÌÓÒËÎË ÏÂÚÓ‰ÓÏ Ï‡„ÌÂÚÓÌÌÓ„Ó Ì‡Ô˚ÎÂÌËfl.
å‡„ÌËÚÓÒÓÔÓÚË‚ÎÂÌËÂ (MR) ËÁÏÂflÎË ‚ Ï‡„ÌËÚ-
Ì˚ı ÔÓÎflı ‰Ó 1200 ÍÄ/Ï Ë ‚˚˜ËÒÎflÎË, ËÒÔÓÎ¸ÁÛfl
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êÂÁÛÎ¸Ú‡Ú˚ ÂÌÚ„ÂÌÓÙ‡ÁÓ‚Ó„Ó ‡Ì‡ÎËÁ‡ ÔÓÍ‡Á‡-
ÎË, ˜ÚÓ Ó·‡Áˆ˚ ÒÓÒÚ‡‚‡ La
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ÏË Ë ı‡‡ÍÚÂËÁÛ˛ÚÒfl ÓÏ·Ó˝‰Ë˜ÂÒÍÓÈ ÒÚÛÍÚÛÓÈ

ÔÂÓ‚ÒÍËÚ‡ Ò Ô. „. 
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ÔÓÎ¸ÁÓ‚‡ÎËÒ¸ ‚ Í‡˜ÂÒÚ‚Â ÔÓ‰ÎÓÊÂÍ ÔË Ì‡ÌÂÒÂÌËË
ÔÎÂÌÍË Ï‡Ì„‡ÌËÚ‡, Ú‡ÍÊÂ fl‚Îfl˛ÚÒfl Ó‰ÌÓÙ‡ÁÌ˚ÏË Ë
ı‡‡ÍÚÂËÁÛ˛ÚÒfl ÒÚÛÍÚÛÓÈ ÚÂÚ‡„ÓÌ‡Î¸ÌÓ„Ó ÔÂ-
Ó‚ÒÍËÚ‡ Ò Ô. „. 
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ÄÌ‡ÎËÁ ÂÌÚ„ÂÌÓ„‡ÏÏ ËÒÒÎÂ‰Ó‚‡ÌÌ˚ı Ó·‡ÁˆÓ‚
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˜ÂÌÌ˚Â Ì‡ ÔÓ‰ÎÓÊÍ‡ı ‡ÁÎË˜ÌÓ„Ó ıËÏË˜ÂÒÍÓ„Ó ÒÓ-
ÒÚ‡‚‡ Ë ÒÚÛÍÚÛ˚, fl‚Îfl˛ÚÒfl Ó‰ÌÓÙ‡ÁÌ˚ÏË, Ó‰Ì‡ÍÓ
ı‡‡ÍÚÂËÁÛ˛ÚÒfl ‡ÁÎË˜ÌÓÈ ÔÓÒÚ‡ÌÒÚ‚ÂÌÌÓÈ ÓË-
ÂÌÚ‡ˆËÂÈ ÍËÒÚ‡ÎÎË˜ÂÒÍÓÈ Â¯ÂÚÍË. ç‡ ËÒ. 2 (ÍË-
‚‡fl 

 

1

 

) ÔË‚Â‰ÂÌ Ù‡„ÏÂÌÚ ÂÌÚ„ÂÌÓ„‡ÏÏ˚ Ó·˙ÂÏ-
ÌÓ„Ó Ó·‡Áˆ‡ La

 

0.775

 

Sr

 

0.225

 

MnO

 

3

 

, Ì‡ ÍÓÚÓÓÏ ÔÓÍ‡Á‡-
Ì˚ ÂÙÎÂÍÒ˚ 110 Ë 104, ËÏÂ˛˘ËÂ ·ÎËÁÍËÂ ÁÌ‡˜ÂÌËfl
ËÌÚÂÌÒË‚ÌÓÒÚË, ˜ÚÓ ÒÓÓÚ‚ÂÚÒÚ‚ÛÂÚ ‡Ò˜ÂÚÌ˚Ï ‰‡Ì-
Ì˚Ï. ÑÎfl ÔÎÂÌÓÍ La

 

0.775

 

Sr

 

0.225

 

MnO

 

3

 

, Ì‡ÌÂÒÂÌÌ˚ı Ì‡
ÔÓ‰ÎÓÊÍË ËÁ Al

 

2

 

O

 

3

 

 Ë Ba

 

0.996

 

Y

 

0.004

 

Ti

 

0.65

 

Sn

 

0.35

 

O

 

3

 

 (ÍË-
‚˚Â 

 

2

 

, 

 

3

 

), ÓËÂÌÚ‡ˆËfl ÔÓËÒıÓ‰ËÚ ‚ Ì‡Ô‡‚ÎÂÌËË
[001], ˜ÚÓ ÔË‚Ó‰ËÚ Í ÛÒËÎÂÌË˛ ÂÙÎÂÍÒÓ‚ ÓÚ
ÍËÒÚ‡ÎÎÓ„‡ÙË˜ÂÒÍÓÈ ÔÎÓÒÍÓÒÚË (104) Ë ·ÎËÁ-
ÍËı Í ÌÂÈ. ÑÎfl ÓÒÚ‡Î¸Ì˚ı ÒËÒÚÂÏ, Í‡Í ‚Ë‰ÌÓ ËÁ
ËÒ. 2 (ÍË‚˚Â 

 

4–6

 

), ËÌÚÂÌÒË‚ÌÓÒÚË ÔËÍÓ‚ ÔÂÂ‡Ò-
ÔÂ‰ÂÎÂÌ˚, ˜ÚÓ ÛÍ‡Á˚‚‡ÂÚ Ì‡ ÒÛ˘ÂÒÚ‚Ó‚‡ÌËÂ ÔÂ-
ËÏÛ˘ÂÒÚ‚ÂÌÌÓÈ ÓËÂÌÚ‡ˆËË, Ì‡Ô‡‚ÎÂÌÌÓÈ ‚‰ÓÎ¸
ÍËÒÚ‡ÎÎÓ„‡ÙË˜ÂÒÍÓÈ ÔÎÓÒÍÓÒÚË (110). ä‡Í ËÁ-
‚ÂÒÚÌÓ, Ô‡‡ÏÂÚ ÚÂÍÒÚÛ˚ ÏÓÊÂÚ ÛÍ‡Á˚‚‡Ú¸ Ì‡
Ì‡ÎË˜ËÂ ÔÂËÏÛ˘ÂÒÚ‚ÂÌÌÓÈ ÓËÂÌÚ‡ˆËË (ÔË 

 

G

 

0

 

 Ë

 

G

 

1

 

) ËÎË Ì‡ ÂÂ ÓÚÒÛÚÒÚ‚ËÂ (ÔË 

 

G

 

 ≠ 0 Ë G ≠ 1) [18].
Ç Ú‡·Î. 1, 2 ÔË‚Â‰ÂÌ˚ ÍËÒÚ‡ÎÎÓ„‡ÙË˜ÂÒÍËÂ

Ô‡‡ÏÂÚ˚, ‡ÒÒ˜ËÚ‡ÌÌ˚Â ÔÓ ÏÂÚÓ‰Û êËÚ‚ÂÎ¸‰‡
‰Îfl Ó·˙ÂÏÌ˚ı Ó·‡ÁˆÓ‚ Ë ÔÎÂÌÓÍ, ÔÓÎÛ˜ÂÌÌ˚ı
ÏÂÚÓ‰ÓÏ Ú‡Ù‡ÂÚÌÓÈ ÔÂ˜‡ÚË. ÑÎfl ÔÓÎÛ˜ÂÌËfl
ÍÓÂÍÚÌ˚ı ‰‡ÌÌ˚ı ÔË ‡Ò˜ÂÚÂ Ô‡‡ÏÂÚÓ‚ ÔÎÂ-
ÌÓÍ ÔÓ‚Ó‰ËÎË Ó‰ÌÓ‚ÂÏÂÌÌÓ ÛÚÓ˜ÌÂÌËÂ Ô‡‡ÏÂÚ-

3
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2θ, „‡‰.
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30 40 50

êËÒ. 1. ÑËÙ‡ÍÚÓ„‡ÏÏ˚ Ó·˙ÂÏÌ˚ı Ó·‡ÁˆÓ‚ BaTi0.85Zr0.11Sn0.04O3 (1); La0.775Sr0.225MnO3 (2); ÔÎÂÌÍË
La0.775Sr0.225MnO3, Ì‡ÌÂÒÂÌÌÓÈ Ì‡ ÔÓ‰ÎÓÊÍÛ BaTi0.85Zr0.11Sn0.04O3, ÔËÍË ÍÓÚÓÓÈ Ó·ÓÁÌ‡˜ÂÌ˚ ÒÚÂÎÍ‡ÏË (3).
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Ó‚ ÒÚÛÍÚÛ˚ ÔÎÂÌÍË Ë ÔÓ‰ÎÓÊÍË. ä‡Í ‚Ë‰ÌÓ ËÁ
ÔÂ‰ÒÚ‡‚ÎÂÌÌÓÈ Ú‡·ÎËˆ˚, ÍËÒÚ‡ÎÎÓ„‡ÙË˜ÂÒÍËÂ
Ô‡‡ÏÂÚ˚ ÔÓ‰ÎÓÊÍË ‚ÎËfl˛Ú Í‡Í Ì‡ ÔÂËÏÛ˘Â-
ÒÚ‚ÂÌÌÛ˛ ÓËÂÌÚ‡ˆË˛ ÔÎÂÌÍË, Ú‡Í Ë Ì‡ ÂÂ ÍËÒÚ‡Î-
ÎÓ„‡ÙË˜ÂÒÍËÂ Ô‡‡ÏÂÚ˚. ìÏÂÌ¸¯ÂÌËÂ ÍËÒÚ‡Î-

ÎÓ„‡ÙË˜ÂÒÍËı Ô‡‡ÏÂÚÓ‚ ÔÓ‰ÎÓÊÍË ÔË‚Ó‰ËÚ Í
ÛÏÂÌ¸¯ÂÌË˛ ÍËÒÚ‡ÎÎÓ„‡ÙË˜ÂÒÍËı Ô‡‡ÏÂÚÓ‚
ÔÎÂÌÓÍ. ùÚÓ ÏÓÊÌÓ Ó·˙flÒÌËÚ¸ ÍËÒÚ‡ÎÎËÁ‡ˆËÂÈ
ÔÎÂÌÓÍ ‚ Ì‡Ô‡‚ÎÂÌËË ÓËÂÌÚ‡ˆËË ÔÎÓÒÍÓÒÚË ÔÓ‰-
ÎÓÊÍË. 

ÑÎfl ÓÔÂ‰ÂÎÂÌËfl ÚÓÎ˘ËÌ˚ ÔÓÎÛ˜ÂÌÌ˚ı ÔÎÂ-
ÌÓÍ ·˚ÎË ÔÓ‚Â‰ÂÌ˚ ˝ÎÂÍÚÓÌÌÓ-ÏËÍÓÒÍÓÔË˜Â-
ÒÍËÂ ËÒÒÎÂ‰Ó‚‡ÌËfl (ËÒ. 3). êÂÁÛÎ¸Ú‡Ú˚ ËÒÒÎÂ‰Ó‚‡-
ÌËÈ ÔÓÍ‡Á‡ÎË, ˜ÚÓ ÚÓÎ˘ËÌ‡ ‚ÒÂı ÔÓÎÛ˜ÂÌÌ˚ı ÔÎÂ-
ÌÓÍ ÒÓÒÚ‡‚ÎflÂÚ �100 ÏÍÏ.

ç‡ ËÒ. 4 ÔÓÍ‡Á‡Ì˚ ÚÂÏÔÂ‡ÚÛÌ˚Â Á‡‚ËÒËÏÓ-
ÒÚË ÒÓÔÓÚË‚ÎÂÌËfl Ó·˙ÂÏÌÓ„Ó Ó·‡Áˆ‡ Ë ÔÎÂÌÓÍ
ÒÓÒÚ‡‚‡ La0.775Sr0.225MnO3, Ì‡ÌÂÒÂÌÌ˚ı Ì‡ ‡ÁÎË˜-
Ì˚Â ÔÓ‰ÎÓÊÍË. ÑÎfl ÔÎÂÌÍË, ÔÓÎÛ˜ÂÌÌÓÈ Ì‡ ÔÓ‰-
ÎÓÊÍÂ ËÁ ÔÓÎËÍÓ‡ (ÍË‚‡fl 2), ÚÂÏÔÂ‡ÚÛ‡, ÔË
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êËÒ. 2. î‡„ÏÂÌÚ ‰ËÙ‡ÍÚÓ„‡ÏÏ˚ La0.775Sr0.225MnO3
‚ ‚Ë‰Â Ó·˙ÂÏÌÓ„Ó Ó·‡Áˆ‡ (1) Ë ÔÎÂÌÍË, Ì‡ÌÂÒÂÌÌÓÈ Ì‡
α-Al2O3 (2), Ba0.996Y0.004Ti0.65Sn0.35O3 (3),
Ba0.996Y0.004TiO3 + 0.04% Mn (4), BaTi0.85Zr0.11Sn0.04O3
(5), Ba0.996Y0.004TiO3 (6).

20 ÏÍÏ

α-Al2O3

La0.775Sr0.225MnO3

êËÒ. 3. ùÎÂÍÚÓÌÌ‡fl ÏËÍÓÙÓÚÓ„‡ÙËfl ÔÎÂÌÍË
La0.775Sr0.225MnO3, Ì‡ÌÂÒÂÌÌÓÈ Ì‡ ÔÓ‰ÎÓÊÍÛ α-Al2O3.

í‡·ÎËˆ‡ 1.  è‡‡ÏÂÚ˚ ˝ÎÂÏÂÌÚ‡ÌÓÈ fl˜ÂÈÍË Ó·˙ÂÏÌ˚ı Ó·‡ÁˆÓ‚

ëÓÒÚ‡‚ è. „. Z a, Å c, Å V, Å3 G [hkl]

La0.775Sr0.225MnO3 R c 6 5.502(4) 13.349(6) 350.0(4) 0

Al2O3 R c 6 4.754(1) 12.982(1) 254.1(1) 1.61 [001]

Ba0.996Y0.004TiO3 + 0.04%Mn P4mm 1 3.9940(8) 4.029(1) 64.28(2) 0.38 [110]

Ba0.996Y0.004TiO3 P4mm 1 3.9969(2) 4.0341(3) 64.448(8) 1.17 [110]

BaTi0.85Zr0.11Sn0.04O3 P4mm 1 4.0304(2) 4.0368(3) 65.576(6) 0.95 [110]

Ba0.996Y0.004Ti0.65Sn0.35O3 P4mm 1 4.0418(6) 4.0516(7) 66.19(1) 0.23 [001]

3

3
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ëÓÎÓÔ‡Ì Ë ‰.

ÍÓÚÓÓÈ Ì‡·Î˛‰‡ÂÚÒfl Ï‡ÍÒËÏÛÏ ˝ÎÂÍÚË˜ÂÒÍÓ„Ó
ÒÓÔÓÚË‚ÎÂÌËfl (Tmax), ÒÌËÊ‡ÂÚÒfl ÔÓ Ò‡‚ÌÂÌË˛ Ò
Ó·˙ÂÏÌ˚Ï Ó·‡ÁˆÓÏ La0.775Sr0.225MnO3 (ÍË‚‡fl 1).
Ç ÚÓ ÊÂ ‚ÂÏfl ‰Îfl ÔÎÂÌÓÍ, Ì‡ÌÂÒÂÌÌ˚ı Ì‡ ÔÓ‰ÎÓÊ-
ÍË ËÁ BaTi0.85Zr0.11Sn0.04O3, Ba0.996Y0.004TiO3 +
+ 0.04%Mn Ë Ba0.996Y0.004Ti0.65Sn0.35O3, Ï‡ÍÒËÏÛÏ
ÒÓÔÓÚË‚ÎÂÌËfl ÒÏÂ˘‡ÂÚÒfl ‚ Ó·Î‡ÒÚ¸ ·ÓÎÂÂ ‚˚ÒÓ-
ÍËı ÚÂÏÔÂ‡ÚÛ ÔÓ Ò‡‚ÌÂÌË˛ Ò ÍÂ‡ÏËÍÓÈ (ÍË-
‚˚Â 3–5). Ñ‡ÌÌ˚È ˝ÙÙÂÍÚ ÏÓÊÂÚ ·˚Ú¸ ‚˚Á‚‡Ì ËÁ-
ÏÂÌÂÌËÂÏ Ì‡Ô‡‚ÎÂÌËfl ÔÂËÏÛ˘ÂÒÚ‚ÂÌÌÓÈ ÓËÂÌ-
Ú‡ˆËË ÍËÒÚ‡ÎÎÓ„‡ÙË˜ÂÒÍËı ÔÎÓÒÍÓÒÚÂÈ ÔÎÂÌÍË
ÔÓ ÓÚÌÓ¯ÂÌË˛ Í ÔÓ‰ÎÓÊÍÂ [19]. äÓÏÂ ÚÓ„Ó, Ì‡
˝ÎÂÍÚÓÒÓÔÓÚË‚ÎÂÌËÂ ÔÎÂÌÓÍ ‚ÎËfl˛Ú ı‡‡ÍÚÂË-
ÒÚËÍË ˜‡ÒÚËˆ, ‚ ˜‡ÒÚÌÓÒÚË, ÒÚÛÍÚÛÌ‡fl Ë Ï‡„ÌËÚ-
Ì‡fl ‡ÁÛÔÓfl‰Ó˜ÂÌÌÓÒÚ¸, ‡ Ú‡ÍÊÂ ÓÚÍÎÓÌÂÌËfl ıË-
ÏË˜ÂÒÍÓ„Ó ÒÓÒÚ‡‚‡ ÓÚ ÌÓÏËÌ‡Î¸ÌÓ„Ó ÔÓ „‡ÌËˆ‡Ï
ÁÂÂÌ [20]. ëÎÂ‰ÛÂÚ Ú‡ÍÊÂ Û˜ËÚ˚‚‡Ú¸, ˜ÚÓ ÌÂÓ‰ÌÓ-
Ó‰Ì‡fl ÛÔÛ„‡fl ‰ÂÙÓÏ‡ˆËfl ÔÎÂÌÓÍ Ï‡Ì„‡ÌËÚÓ‚
Û‚ÂÎË˜Ë‚‡ÂÚ ‡Á·ÓÒ ‚ ÁÌ‡˜ÂÌËflı ˝ÙÙÂÍÚË‚ÌÓÈ
‰ÎËÌ˚ Ò‚flÁÂÈ ÏÂÊ‰Û ËÓÌ‡ÏË Ï‡„‡Ìˆ‡ Ë ÍËÒÎÓÓ‰‡,
˜ÚÓ Ú‡ÍÊÂ ‚ÌÓÒËÚ ‚ÍÎ‡‰ ‚ ËÁÏÂÌÂÌËÂ Tmax [13, 14].

ç‡ ËÒ. 5 ÔÓÍ‡Á‡Ì˚ ÚÂÏÔÂ‡ÚÛÌ˚Â Á‡‚ËÒËÏÓÒÚË
Ï‡„ÌËÚÓÒÓÔÓÚË‚ÎÂÌËfl, ËÁÏÂÂÌÌÓ„Ó ‚ ÔÓÎÂ H =
= 1200 ÍÄ/Ï ‰Îfl Ó·‡ÁˆÓ‚ La0.775Sr0.225MnO3 ‚ ÔÓÎË-
ÍËÒÚ‡ÎÎË˜ÂÒÍÓÏ Ë ÔÎÂÌÓ˜ÌÓÏ ‚Ë‰Â. Ç ÒÓÓÚ‚ÂÚÒÚ‚ËË
Ò ÎËÚÂ‡ÚÛÌ˚ÏË ‰‡ÌÌ˚ÏË [21, 22], Ï‡„ÌËÚÓÒÓÔÓ-
ÚË‚ÎÂÌËÂ ÏÓÌÓÍËÒÚ‡ÎÎË˜ÂÒÍËı Ó·‡ÁˆÓ‚ Ï‡Ì„‡ÌË-
ÚÓ‚ ËÏÂÂÚ Ï‡ÍÒËÏÛÏ ‚·ÎËÁË ÚÂÏÔÂ‡ÚÛ˚ ÔÂÂıÓ‰‡
ÏÂÚ‡ÎÎË˜ÂÒÍËÈ ÙÂÓÏ‡„ÌÂÚËÍ–‰Ë˝ÎÂÍÚË˜ÂÒÍËÈ
Ô‡‡Ï‡„ÌÂÚËÍ (ÚÂÏÔÂ‡ÚÛ˚ ä˛Ë TC). Ç ÔÓÎËÍË-
ÒÚ‡ÎÎË˜ÂÒÍËı Ó·‡Áˆ‡ı ‚ ÌËÁÍÓÚÂÏÔÂ‡ÚÛÌÓÈ Ó·-
Î‡ÒÚË (T < TC) ÔÓfl‚ÎflÂÚÒfl ‰ÓÔÓÎÌËÚÂÎ¸Ì˚È ‚ÍÎ‡‰
‚ MR, ÍÓÚÓ˚È ÏÓÌÓÚÓÌÌÓ ‚ÓÁ‡ÒÚ‡ÂÚ Ò ÔÓÌËÊÂ-
ÌËÂÏ ÚÂÏÔÂ‡ÚÛ˚. èÓfl‚ÎÂÌËÂ ‰ÓÔÓÎÌËÚÂÎ¸ÌÓ„Ó
‚ÍÎ‡‰‡ Ò‚flÁ˚‚‡˛Ú ÒÓ ÒÔËÌ-Á‡‚ËÒËÏ˚Ï ‡ÒÒÂflÌËÂÏ
ÌÓÒËÚÂÎÂÈ Á‡fl‰‡ ‚ ÏÂÊÁÂÂÌÌÓÈ Ó·Î‡ÒÚË [21] ËÎË
ÒÔËÌ-ÔÓÎflËÁÓ‚‡ÌÌ˚Ï ÚÛÌÌÂÎËÓ‚‡ÌËÂÏ ˜ÂÂÁ
ÏÂÊÁÂÂÌÌ˚Â „‡ÌËˆ˚ [20]. Ç Ó·˙ÂÏÌÓÏ Ó·‡ÁˆÂ
La0.775Sr0.225MnO3, ‡ Ú‡ÍÊÂ ‚ ÔÎÂÌÍ‡ı, Ì‡ÌÂÒÂÌÌ˚ı
Ì‡ ÔÓ‰ÎÓÊÍË ËÁ ÎÂ„ËÓ‚‡ÌÌÓ„Ó ÚËÚ‡Ì‡Ú‡ ·‡Ëfl,
ıÓÓ¯Ó ‚Ë‰Ì˚ Ó·‡ ‚ÍÎ‡‰‡ ‚ Ï‡„ÌËÚÓÒÓÔÓÚË‚ÎÂ-
ÌËÂ (ÒÏ. ËÒ. 5), ˜ÚÓ ÔÓÁ‚ÓÎflÂÚ Ì‡‰ÂÊÌÓ ÓÔÂ‰Â-
ÎËÚ¸ TC ˝ÚËı Ó·‡ÁˆÓ‚ Í‡Í ÚÂÏÔÂ‡ÚÛÛ ÔËÍ‡ Ì‡
ÍË‚ÓÈ MR(T). á‡‚ËÒËÏÓÒÚ¸ MR(T) ‰Îfl ÔÎÂÌÍË Ì‡
ÔÓ‰ÎÓÊÍÂ ËÁ ÔÓÎËÍÓ‡ ËÏÂÂÚ ‚Ë‰, ÍÓÚÓ˚È ı‡‡Í-
ÚÂÂÌ ‰Îfl Ó·‡ÁˆÓ‚ Ò ÒËÎ¸ÌÓ Û¯ËÂÌÌ˚Ï Ù‡ÁÓ-

í‡·ÎËˆ‡ 2.  è‡‡ÏÂÚ˚ ̋ ÎÂÏÂÌÚ‡ÌÓÈ fl˜ÂÈÍË ÔÎÂÌÍË La0.775Sr0.225MnO3, Ì‡ÌÂÒÂÌÌÓÈ Ì‡ ÔÓ‰ÎÓÊÍË ‡ÁÌÓ„Ó ÒÓÒÚ‡‚‡

ëÓÒÚ‡‚ ÔÓ‰ÎÓÊÍË a, Å c, Å V, Å3 G [hkl]

Al2O3 5.5223(6) 13.372(1) 353.16(7) 0.15 [001]

Ba0.996Y0.004TiO3 + 0.04%Mn 5.5227(1) 13.3700(2) 353.162(9) 0.04 [110]

Ba0.996Y0.004TiO3 5.5195(1) 13.3654(4) 352.63(1) 0.14 [110]

BaTi0.85Zr0.11Sn0.04O3 5.5208(2) 13.3679(7) 352.86(2) 0.11 [110]

Ba0.996Y0.004Ti0.65Sn0.35O3 5.5236(2) 13.3770(7) 353.45(3) 0.03 [001]
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êËÒ. 4. íÂÏÔÂ‡ÚÛÌ˚Â Á‡‚ËÒËÏÓÒÚË ÌÓÏËÓ‚‡ÌÌÓ„Ó
ÒÓÔÓÚË‚ÎÂÌËfl ‰Îfl Ó·˙ÂÏÌÓ„Ó Ó·‡Áˆ‡
La0.775Sr0.225MnO3 (1) Ë ÔÎÂÌÍË La0.775Sr0.225MnO3, Ì‡-
ÌÂÒÂÌÌÓÈ Ì‡ α-Al2O3 (2), Ba0.996Y0.004Ti0.65Sn0.35O3
(3), BaTi0.85Zr0.11Sn0.04O3 (4), Ba0.996Y0.004TiO3 +
0.04% Mn (5).
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êËÒ. 5. íÂÏÔÂ‡ÚÛÌ˚Â Á‡‚ËÒËÏÓÒÚË Ï‡„ÌËÚÓÒÓÔÓ-
ÚË‚ÎÂÌËfl ‰Îfl Ó·˙ÂÏÌÓ„Ó Ó·‡Áˆ‡ La0.775Sr0.225MnO3
(1) Ë ÔÎÂÌÍË La0.775Sr0.225MnO3 Ì‡ÌÂÒÂÌÌÓÈ Ì‡ α-Al2O3
(2) Ë BaTi0.85Zr0.11Sn0.04O3 (3).
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‚˚Ï ÔÂÂıÓ‰ÓÏ, Ì‡·Î˛‰‡˛˘ËÏÒfl ‚ ÌÂÓ‰ÌÓÓ‰-
Ì˚ı ËÎË Ì‡ÔflÊÂÌÌ˚ı Ï‡Ì„‡ÌËÚ‡ı [14]. í‡ÍËÏ Ó·-
‡ÁÓÏ, ÔÓÎÛ˜ÂÌÌ˚Â Ì‡ÏË ‰‡ÌÌ˚Â ÔÓÍ‡Á˚‚‡˛Ú,
˜ÚÓ ÚÂÏÔÂ‡ÚÛ˚ Ù‡ÁÓ‚˚ı ÔÂÂıÓ‰Ó‚ ‰Îfl ÔÎÂÌÓÍ,
ÔÓÎÛ˜ÂÌÌ˚ı Ì‡ ÔÓ‰ÎÓÊÍÂ ËÁ ÔÓÎËÍÓ‡ Ë ÎÂ„ËÓ-
‚‡ÌÌ˚ı ÒÓÂ‰ËÌÂÌËÈ Ì‡ ÓÒÌÓ‚Â ÚËÚ‡Ì‡Ú‡ ·‡Ëfl,
‡ÁÎË˜Ì˚, ˜ÚÓ, Ó˜Â‚Ë‰ÌÓ, Ò‚flÁ‡ÌÓ Ò ‡ÁÎË˜ËÂÏ ‚
ÔÓÒÚ‡ÌÒÚ‚ÂÌÌÓÈ ÓËÂÌÚ‡ˆËË ÍËÒÚ‡ÎÎÓ„‡ÙË-
˜ÂÒÍËı ÔÎÓÒÍÓÒÚÂÈ ÔÎÂÌÍË ÔÓ ÓÚÌÓ¯ÂÌË˛ Í ÔÓ‰-
ÎÓÊÍÂ [23].

Ç ‡·ÓÚÂ [14] Ó·ÒÛÊ‰‡ÂÚÒfl ÔÂÒÔÂÍÚË‚ÌÓÒÚ¸
ËÒÔÓÎ¸ÁÓ‚‡ÌËfl ÔÎÂÌÓ˜Ì˚ı ÍÓÏÔÓÁËÚÓ‚ Ì‡ ÓÒÌÓ‚Â
ÒÚÛÍÚÛ “Á‡ÏÂ˘ÂÌÌ˚È Ï‡Ì„‡ÌËÚ Î‡ÌÚ‡Ì‡ – ÎÂ„Ë-
Ó‚‡ÌÌ˚È ÚËÚ‡Ì‡Ú ·‡Ëfl” ‚ ÛÒÚÓÈÒÚ‚‡ı, Ï‡„ÌËÚ-
Ì˚ÏË ËÎË Ï‡„ÌËÚÓÂÁËÒÚË‚Ì˚ÏË Ò‚ÓÈÒÚ‚‡ÏË ÍÓÚÓ-
˚ı ÏÓÊÌÓ ÛÔ‡‚ÎflÚ¸ Ò ÔÓÏÓ˘¸˛ ˝ÎÂÍÚË˜ÂÒÍÓ„Ó
ÔÓÎfl. Ç Í‡˜ÂÒÚ‚Â ÏÂı‡ÌËÁÏÓ‚ Ï‡„ÌËÚÓ˝ÎÂÍÚË˜Â-
ÒÍÓÈ Ò‚flÁË ‡ÒÒÏ‡ÚË‚‡˛ÚÒfl Ó·‡ÚÌ˚È Ô¸ÂÁÓ˝ÎÂÍ-
ÚË˜ÂÒÍËÈ ˝ÙÙÂÍÚ Ë ˝ÙÙÂÍÚ, Ò‚flÁ‡ÌÌ˚È Ò Ó·‡ÁÓ-
‚‡ÌËÂÏ ËÁ·˚ÚÓ˜ÌÓ„Ó Á‡fl‰‡ Ì‡ „‡ÌËˆÂ ‡Á‰ÂÎ‡
ÔÎÂÌÍ‡/ÔÓ‰ÎÓÊÍ‡ [14]. ÑÎfl ÔÓ‚ÂÍË ‚ÓÁÏÓÊÌÓ-
ÒÚË ÔÓfl‚ÎÂÌËfl ÔÓ‰Ó·Ì˚ı ˝ÙÙÂÍÚÓ‚ ‚ ÒÚÛÍÚÛ-
‡ı, ÒËÌÚÂÁËÓ‚‡ÌÌ˚ı Ì‡ÏË, Ï˚ ÔÓ‚ÂÎË ˝ÍÒÔÂË-
ÏÂÌÚ˚ ÔÓ ËÁÛ˜ÂÌË˛ ‚ÎËflÌËfl ˝ÎÂÍÚË˜ÂÒÍÓ„Ó ÔÓ-
Îfl Ì‡ Ò‚ÓÈÒÚ‚‡ ÔÎÂÌÓÍ Á‡ÏÂ˘ÂÌÌÓ„Ó Ï‡Ì„‡ÌËÚ‡
Î‡ÌÚ‡Ì‡. 

ç‡ ËÒ. 6 ÔÓÍ‡Á‡Ì‡ ÒÚÛÍÚÛ‡ ÔÎÂÌÍË Ì‡ ÔÓ‰ÎÓÊ-
ÍÂ, ÍÓÚÓ‡fl ËÒÔÓÎ¸ÁÓ‚‡Î‡Ò¸ ‰Îfl ËÁÛ˜ÂÌËfl ‚ÎËflÌËfl
ÌÂÎËÌÂÈÌ˚ı Ò‚ÓÈÒÚ‚ ÔÓ‰ÎÓÊÍË BaTi0.85Zr0.11Sn0.04O3,
‡ Ú‡ÍÊÂ ÒÂ„ÌÂÚÓ˝ÎÂÍÚË˜ÂÒÍËı ÔÓÎÛÔÓ‚Ó‰ÌËÍÓ‚˚ı
Ò‚ÓÈÒÚ‚ ÔÓ‰ÎÓÊÂÍ Ba0.996Y0.004TiO3, Ba0.996Y0.004TiO3 +
+ 0.04%Mn Ba0.996Y0.004Ti0.65Sn0.35O3 Ì‡ Ò‚ÓÈÒÚ‚‡ ÔÎÂÌ-
ÍË Ï‡Ì„‡ÌËÚ‡. ùÎÂÍÚË˜ÂÒÍÓÂ ÒÓÔÓÚË‚ÎÂÌËÂ Ë Ï‡„-
ÌËÚÓÒÓÔÓÚË‚ÎÂÌËÂ ÔÎÂÌÓÍ ÓÔÂ‰ÂÎflÎË, ËÒÔÓÎ¸ÁÛfl
˝ÎÂÍÚÓ‰˚ 4 Ë 5. èË ̋ ÚÓÏ ËÁÏÂÂÌËfl ÔÓ‚Ó‰ËÎË Í‡Í
ÔË Ì‡ÎÓÊÂÌËË ‚ÌÂ¯ÌÂ„Ó Ï‡„ÌËÚÌÓ„Ó Ë/ËÎË ˝ÎÂÍ-
ÚË˜ÂÒÍÓ„Ó ÔÓÎfl, Ú‡Í Ë ·ÂÁ ÔÓÎfl. ç‡ ËÒ. 7 ÔË‚Â‰ÂÌ
ÔËÏÂ Á‡‚ËÒËÏÓÒÚË ̋ ÎÂÍÚË˜ÂÒÍÓ„Ó ÒÓÔÓÚË‚ÎÂÌËfl
ÓÚ ÚÂÏÔÂ‡ÚÛ˚ Ë ÔËÎÓÊÂÌÌÓ„Ó ‚ÌÂ¯ÌÂ„Ó ̋ ÎÂÍÚË-
˜ÂÒÍÓ„Ó ÔÓÎfl ‰Îfl ÔÎÂÌÍË La0.775Sr0.225MnO3, Ì‡ÌÂÒÂÌ-
ÌÓÈ Ì‡ ÔÓ‰ÎÓÊÍÛ Ba0.996Y0.004TiO3 + 0.04%Mn. ä‡Í
‚Ë‰ÌÓ, ÔË ÓÚÒÛÚÒÚ‚ËË Ì‡ÔflÊÂÌËfl Ë ÔË ÔÓ‰‡˜Â Ì‡-
ÔflÊÂÌËfl ÏÂÊ‰Û ˝ÎÂÍÚÓ‰‡ÏË 2 Ë 3 Ì‡·Î˛‰‡ÂÚÒfl
ÂÁÍÓÂ ËÁÏÂÌÂÌËÂ Ì‡ÍÎÓÌ‡ ÍË‚ÓÈ R(T) ‚·ÎËÁË
Ù‡ÁÓ‚Ó„Ó ÔÂÂıÓ‰‡ (ÍË‚˚Â 2, 3). èË ÔÓ‰‡˜Â Ì‡-
ÔflÊÂÌËfl ÏÂÊ‰Û ˝ÎÂÍÚÓ‰‡ÏË 1 Ë 2 (ÍË‚‡fl 1)

ÔÓËÒıÓ‰ËÚ ÒÏÂ˘ÂÌËÂ Ù‡ÁÓ‚Ó„Ó ÔÂÂıÓ‰‡, ‡ Ú‡Í-
ÊÂ ÒÌËÊÂÌËÂ ÒÓÔÓÚË‚ÎÂÌËfl ÔÎÂÌÍË. Ñ‡ÌÌ˚Â Á‡-
ÍÓÌÓÏÂÌÓÒÚË ÏÓÊÌÓ Ó·˙flÒÌËÚ¸ ˜Û‚ÒÚ‚ËÚÂÎ¸ÌÓ-
ÒÚ¸˛ ÎÂ„ËÓ‚‡ÌÌÓ„Ó ÚËÚ‡Ì‡Ú‡ ·‡Ëfl Í ‚ÌÂ¯ÌÂÏÛ
˝ÎÂÍÚË˜ÂÒÍÓÏÛ ÔÓÎ˛ Ë Ï‡„ÌËÚÓ˝ÎÂÍÚË˜ÂÒÍÓÈ
Ò‚flÁ¸˛ ÏÂÊ‰Û ÒÎÓflÏË, ÍÓÚÓ‡fl ÓÒÛ˘ÂÒÚ‚ÎflÂÚÒfl
ÔÓÒÂ‰ÒÚ‚ÓÏ ÏÂı‡ÌËÁÏÓ‚, ÓÔËÒ‡ÌÌ˚ı ‚˚¯Â. ëÏÂ-
˘ÂÌËÂ Ï‡ÍÒËÏÛÏ‡ Ù‡ÁÓ‚Ó„Ó ÔÂÂıÓ‰‡ ‚ ÔÎÂÌÍÂ

ùÎÂÍÚÓÓ‰

èÎÂÌÍ‡ La0.775Sr0.225MnO3

èÓ‰ÎÓÊÍ‡

1

2
4 5

3

êËÒ. 6. ëÚÛÍÚÛ‡ Ì‡ ÓÒÌÓ‚Â ÔÎÂÌÍË
La0.775Sr0.225MnO3, Ì‡ÌÂÒÂÌÌÓÈ Ì‡ ‡ÁÎË˜Ì˚Â ÔÓ‰-
ÎÓÊÍË: 1–3 – ˝ÎÂÍÚÓ‰˚, Ì‡ÌÂÒÂÌÌ˚Â Ì‡ ÔÓ‰ÎÓÊÍÛ; 4,
5 – ˝ÎÂÍÚÓ‰˚ Ì‡ ÔÎÂÌÍÂ.

16

300

R, éÏ

T, K

20

320 340 360

18

22

1

2
3

êËÒ. 7. íÂÏÔÂ‡ÚÛÌ˚Â Á‡‚ËÒËÏÓÒÚË ÒÓÔÓÚË‚ÎÂÌËfl
ÔÎÂÌÍË La0.775Sr0.225MnO3, Ì‡ÌÂÒÂÌÌÓÈ Ì‡ ÔÓ‰ÎÓÊÍÛ
Ba0.996Y0.004TiO3 + 0.04% Mn, ÔË ÔËÎÓÊÂÌËË ‚ÌÂ¯-
ÌÂ„Ó ˝ÎÂÍÚË˜ÂÒÍÓ„Ó ÔÓÎfl U = 30 Ç ÏÂÊ‰Û ˝ÎÂÍÚÓ‰‡-
ÏË 1 Ë 2 (1), 2 Ë 3 (2), ·ÂÁ ‚ÌÂ¯ÌÂ„Ó ̋ ÎÂÍÚË˜ÂÒÍÓ„Ó ÔÓ-
Îfl (3).

25

20
300

R, éÏ

T, K

3
4

320 340 360

30 1

2

êËÒ. 8. íÂÏÔÂ‡ÚÛÌ˚Â Á‡‚ËÒËÏÓÒÚË ÒÓÔÓÚË‚ÎÂÌËfl
ÔÎÂÌÍË La0.775Sr0.225MnO3, Ì‡ÌÂÒÂÌÌÓÈ Ì‡ ÔÓ‰ÎÓÊÍÛ
Ba0.996Y0.004Ti0.65Sn0.35O3, ÔË ÔËÎÓÊÂÌËË ‚ÌÂ¯ÌËı
˝ÎÂÍÚË˜ÂÒÍÓ„Ó Ë Ï‡„ÌËÚÌÓ„Ó ÔÓÎÂÈ: H = 1200 ÍÄ/Ï,
U = 0 Ç (1), H = 1200 ÍÄ/Ï, U = 20 Ç ÏÂÊ‰Û ˝ÎÂÍÚÓ‰‡-
ÏË 1 Ë 2 (2), H = 0 ÍÄ/Ï, U = 0 Ç (3), H = 0 ÍÄ/Ï, U =
= 20 Ç ÏÂÊ‰Û ˝ÎÂÍÚÓ‰‡ÏË 1 Ë 2 (4).
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ëÓÎÓÔ‡Ì Ë ‰.

Ï‡Ì„‡ÌËÚ‡ (ÍË‚‡fl 1), ÔÓ-‚Ë‰ËÏÓÏÛ, Ó·˙flÒÌflÂÚÒfl
·ÓÎ¸¯ÂÈ Ì‡ÔflÊÂÌÌÓÒÚ¸˛ ˝ÎÂÍÚË˜ÂÒÍÓ„Ó ÔÓÎfl,
ÔËÍÎ‡‰˚‚‡ÂÏÓ„Ó Í ÔÓ‰ÎÓÊÍÂ (E = U/d, „‰Â d –
‡ÒÒÚÓflÌËÂ ÏÂÊ‰Û ˝ÎÂÍÚÓ‰‡ÏË).

ç‡ ËÒ. 8 ÔË‚Â‰ÂÌ˚ Á‡‚ËÒËÏÓÒÚË ÒÓÔÓÚË‚ÎÂ-
ÌËfl ÓÚ ÚÂÏÔÂ‡ÚÛ˚ ÔË ÔËÎÓÊÂÌËË ‚ÌÂ¯ÌËı
˝ÎÂÍÚË˜ÂÒÍÓ„Ó Ë Ï‡„ÌËÚÌÓ„Ó ÔÓÎÂÈ ‰Îfl ÔÎÂÌÍË
La0.775Sr0.225MnO3, Ì‡ÌÂÒÂÌÌÓÈ Ì‡ ÔÓ‰ÎÓÊÍÛ
Ba0.996Y0.004Ti0.65Sn0.35O3. ä‡Í ‚Ë‰ÌÓ, ‚ÓÁ‰ÂÈÒÚ‚ËÂ
‚ÌÂ¯ÌÂ„Ó ˝ÎÂÍÚË˜ÂÒÍÓ„Ó ÔÓÎfl, ÔËÎÓÊÂÌÌÓ„Ó Í
ÔÓ‰ÎÓÊÍÂ, ÒÎ‡·Ó ‚ÎËflÂÚ Ì‡ ÒÓÔÓÚË‚ÎÂÌËÂ ÔÎÂÌ-
ÍË, ‚ ÚÓ ‚ÂÏfl Í‡Í ÔË ‰ÂÈÒÚ‚ËË ‚ÌÂ¯ÌÂ„Ó Ï‡„ÌËÚ-
ÌÓ„Ó ÔÓÎfl ÒÓÔÓÚË‚ÎÂÌËÂ ÔÎÂÌÍË ÒÌËÊ‡ÂÚÒfl (ÍË-
‚˚Â 1, 2), ˜ÚÓ ı‡‡ÍÚÂÌÓ ‰Îfl Ï‡Ì„‡ÌËÚÓ‚ [13, 14].
Ç ‰‡ÌÌÓÏ ÒÎÛ˜‡Â ÒÎ‡·ÓÂ ‚ÎËflÌËÂ ˝ÎÂÍÚË˜ÂÒÍÓ„Ó
ÔÓÎfl Ì‡ Ò‚ÓÈÒÚ‚‡ ÒËÒÚÂÏ˚ “Á‡ÏÂ˘ÂÌÌ˚È Ï‡Ì„‡ÌËÚ
Î‡ÌÚ‡Ì‡–ÎÂ„ËÓ‚‡ÌÌ˚È ÚËÚ‡Ì‡Ú ·‡Ëfl”, ‚ÓÁÏÓÊ-
ÌÓ, Ò‚flÁ‡ÌÓ Ò ·ÓÎÂÂ ÒÎ‡·ÓÈ ˜Û‚ÒÚ‚ËÚÂÎ¸ÌÓÒÚ¸˛
Ò‚ÓÈÒÚ‚ Ba0.996Y0.004Ti0.65Sn0.35O3 Í ˝ÎÂÍÚË˜ÂÒÍÓÏÛ
ÔÓÎ˛.

áÄäãûóÖçàÖ

èÓÍ‡Á‡Ì‡ ‚ÓÁÏÓÊÌÓÒÚ¸ ÔÓÎÛ˜ÂÌËfl ÔÎÂÌÓÍ Ï‡Ì-
„‡ÌËÚÓ‚ La0.775Sr0.225MnO3 Ì‡ ÍÂ‡ÏË˜ÂÒÍËı ÔÓ‰-
ÎÓÊÍ‡ı ‡ÁÎË˜ÌÓ„Ó ÒÓÒÚ‡‚‡ ÏÂÚÓ‰ÓÏ Ú‡Ù‡ÂÚ-
ÌÓÈ ÔÂ˜‡ÚË. éÔÂ‰ÂÎÂÌÓ, ˜ÚÓ Ô‡‡ÏÂÚ˚ ˝ÎÂÏÂÌ-
Ú‡ÌÓÈ fl˜ÂÈÍË ÔÓ‰ÎÓÊÂÍ Ë Ëı ÔÂËÏÛ˘ÂÒÚ‚ÂÌÌ‡fl
ÓËÂÌÚ‡ˆËfl ‚ÎËfl˛Ú Ì‡ Ô‡‡ÏÂÚ˚ ˝ÎÂÏÂÌÚ‡ÌÓÈ
fl˜ÂÈÍË ÔÎÂÌÓÍ, ̃ ÚÓ ‚ Ò‚Ó˛ Ó˜ÂÂ‰¸ ÔË‚Ó‰ËÚ Í ËÁ-
ÏÂÌÂÌË˛ ˝ÎÂÍÚË˜ÂÒÍËı Ë Ï‡„ÌËÚÓÂÁËÒÚË‚Ì˚ı
Ò‚ÓÈÒÚ‚ ÔÎÂÌÍË. Ç ÂÁÛÎ¸Ú‡ÚÂ ÔÓ‚Â‰ÂÌÌ˚ı ËÒÒÎÂ-
‰Ó‚‡ÌËÈ ÛÒÚ‡ÌÓ‚ÎÂÌÓ, ˜ÚÓ ËÒÔÓÎ¸ÁÓ‚‡ÌËÂ ‚ Í‡˜Â-
ÒÚ‚Â ÔÓ‰ÎÓÊÂÍ BaTi0.85Zr0.11Sn0.04O3,
Ba0.996Y0.004TiO3, Ba0.996Y0.004TiO3 + 0.04%Mn
Ba0.996Y0.004Ti0.65Sn0.35O3 ‰Îfl Ì‡ÌÂÒÂÌËfl ÔÎÂÌÓÍ
Ï‡Ì„‡ÌËÚÓ‚ ÔÓÁ‚ÓÎflÂÚ ÔÓ‚˚ÒËÚ¸ Ëı ÚÂÏÔÂ‡ÚÛÛ
Ù‡ÁÓ‚Ó„Ó ÔÂÂıÓ‰‡. èÓÍ‡Á‡ÌÓ, ˜ÚÓ ÔË ÒÓÓÚ‚ÂÚ-
ÒÚ‚Û˛˘ÂÏ ‚˚·ÓÂ ÒÓÒÚ‡‚‡ ÔÓ‰ÎÓÊÍË ÏÓÊÌÓ ÒËÌ-
ÚÂÁËÓ‚‡Ú¸ ÒÚÛÍÚÛ˚ “Á‡ÏÂ˘ÂÌÌ˚È Ï‡Ì„‡ÌËÚ
Î‡ÌÚ‡Ì‡ – ÎÂ„ËÓ‚‡ÌÌ˚È ÚËÚ‡Ì‡Ú ·‡Ëfl”, Ï‡„ÌË-
ÚÓÂÁËÒÚË‚Ì˚ÏË Ò‚ÓÈÒÚ‚‡ÏË ÍÓÚÓ˚ı ÏÓÊÌÓ
ÛÔ‡‚ÎflÚ¸ Ò ÔÓÏÓ˘¸˛ ˝ÎÂÍÚË˜ÂÒÍÓ„Ó ÔÓÎfl.
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