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äËÒÎÓÓ‰Ó‰ÂÙËˆËÚÌ˚Â ÔÂÓ‚ÒÍËÚ˚ fl‚Îfl˛ÚÒfl
Î‡ÏÂÎÎflÌ˚ÏË ÓÍÒË‰‡ÏË Ò ÒËÎ¸ÌÓÈ ÍÓÂÎflˆËÂÈ
ÏÂÊ‰Û ÒÚÛÍÚÛÓÈ, Ï‡„ÌËÚÌ˚ÏË Ë ˝ÎÂÍÚÓÚ‡ÌÒ-
ÔÓÚÌ˚ÏË Ò‚ÓÈÒÚ‚‡ÏË. ëËÎ¸ÌÓÂ ÔÂÂÍ˚‚‡ÌËÂ ÌÂÁ‡-
ÔÓÎÌÂÌÌ˚ı 3

 

d

 

-˝ÎÂÍÚÓÌÌ˚ı Ó·ËÚ‡ÎÂÈ Í‡ÚËÓÌÓ‚ ÔÂ-
ÂıÓ‰Ì˚ı ÏÂÚ‡ÎÎÓ‚ Ë 2

 

p

 

-Ó·ËÚ‡ÎÂÈ ‡ÌËÓÌÓ‚ ÍËÒÎÓ-
Ó‰‡ Ë„‡ÂÚ ÍÎ˛˜Â‚Û˛ ÓÎ¸ ‚ ÔÓ‚Â‰ÂÌËË ˝ÚËı
ÓÍÒË‰Ó‚, ÔÂ‰ÒÚ‡‚ËÚÂÎflÏË ÍÓÚÓ˚ı fl‚Îfl˛ÚÒfl Ò‚Âı-
ÔÓ‚Ó‰fl˘ËÂ ÍÛÔ‡Ú˚ 
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δ
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 [2],
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δ
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δ

 

 [4], ÙÂÓÍÛÔ‡Ú˚ 

 

LnBaCuFeO

 

5 + 

 

δ

 

 [5, 6]
Ë ÍÛÔÓÍÓ·‡Î¸ÚËÚ˚ 

 

LnBaCuCoO
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δ

 

 (

 

Ln

 

 = 

 

Y

 

 [7],

 

La

 

 [8]).

ëÓÂ‰ËÌÂÌËÂ 

 

YBaCuCoO

 

5

 

 ÓÚÌÓÒËÚÒfl Í ÚÂÚ‡„Ó-
Ì‡Î¸ÌÓÈ ÒËÌ„ÓÌËË (Ô. „. 

 

P

 

4/

 

mmm

 

) Ò Ô‡‡ÏÂÚ‡ÏË

 

a

 

 = 0.38679(1), 

 

c

 

 = 0.75674(2) ÌÏ [7] Ë fl‚ÎflÂÚÒfl ‡ÌÚË-
ÙÂÓÏ‡„ÌÂÚËÍÓÏ, ÚÂÏÔÂ‡ÚÛ‡ çÂÂÎfl ÍÓÚÓÓ„Ó
ÒÓÒÚ‡‚ÎflÂÚ 536 [7], 515 

 

K

 

 [9]. äÛÔÓÍÓ·‡Î¸ÚËÚ Î‡Ì-
Ú‡Ì‡-·‡Ëfl 

 

LaBaCuCoO

 

5.6

 

 ËÏÂÂÚ ÓÚÓÓÏ·Ë˜ÂÒÍÛ˛
ÒÚÛÍÚÛÛ (Ô. „. 

 

Pmmm

 

) Ò Ô‡‡ÏÂÚ‡ÏË fl˜ÂÈÍË

 

a

 

 = 0.39223(3), 

 

b

 

 = 0.39360(3), 

 

c

 

 = 1.17073(8) ÌÏ [8].
ÄÌÚËÙÂÓÏ‡„ÌËÚÌÓÂ ÛÔÓfl‰Ó˜ÂÌËÂ Ï‡„ÌËÚÌ˚ı
ÏÓÏÂÌÚÓ‚ Í‡ÚËÓÌÓ‚ ÏÂ‰Ë Ë ÍÓ·‡Î¸Ú‡ ‚ Ù‡ÁÂ

 

LaBaCuCoO

 

5.6

 

 Ì‡·Î˛‰‡ÂÚÒfl ÌËÊÂ 205 ä [8].

ñÂÎ¸ Ì‡ÒÚÓfl˘ÂÈ ‡·ÓÚ˚ – ËÒÒÎÂ‰Ó‚‡ÌËÂ ÍËÒÚ‡Î-
ÎË˜ÂÒÍÓÈ ÒÚÛÍÚÛ˚, ÚÂÏË˜ÂÒÍÓ„Ó ‡Ò¯ËÂÌËfl,
˝ÎÂÍÚÓÔÓ‚Ó‰ÌÓÒÚË Ë ÚÂÏÓ˝ÎÂÍÚÓ‰‚ËÊÛ˘ÂÈ ÒË-
Î˚ ÒÎÓËÒÚ˚ı ÍÛÔÓÍÓ·‡Î¸ÚËÚÓ‚ 
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(˜.‰.‡.) Ë 

 

CuO

 

 (ÓÒ.˜. 9-2) Ì‡ ‚ÓÁ‰ÛıÂ ÔË 1173 ä ‚ ÚÂ˜Â-
ÌËÂ 40 ˜. ÑÎfl ËÁÛ˜ÂÌËfl ÙËÁËÍÓ-ıËÏË˜ÂÒÍËı Ò‚ÓÈÒÚ‚
ËÁ ÔÓÎÛ˜ÂÌÌ˚ı ÔÓÓ¯ÍÓ‚ ÔÂÒÒÓ‚‡ÎË Ú‡·ÎÂÚÍË ‰Ë‡-
ÏÂÚÓÏ 10 ÏÏ Ë ÚÓÎ˘ËÌÓÈ 3–5 ÏÏ Ë ·ÛÒÍË ‡ÁÏÂÓÏ
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 30 ÏÏ, ÍÓÚÓ˚Â Á‡ÚÂÏ ÒÔÂÍ‡ÎË Ì‡ ‚ÓÁ‰ÛıÂ ÔË
1223–1233 ä ‚ ÚÂ˜ÂÌËÂ 5–10 ˜.

êÂÌÚ„ÂÌÓÙ‡ÁÓ‚˚È ‡Ì‡ÎËÁ (

 

êîÄ

 

) Ó·‡ÁˆÓ‚ ÔÓ-
‚Ó‰ËÎË Ì‡ ‰ËÙ‡ÍÚÓÏÂÚÂ 

 

Bruker

 

 

 

D

 

8 

 

XRD

 

 (

 

Cu

 

K

 

α

 

-ËÁ-
ÎÛ˜ÂÌËÂ). ëÓ‰ÂÊ‡ÌËÂ ‚ Ó·‡Áˆ‡ı ËÁ·˚ÚÓ˜ÌÓ„Ó ÍËÒ-
ÎÓÓ‰‡ (

 

δ

 

) ÍÓÌÚÓÎËÓ‚‡ÎË ÔË ÔÓÏÓ˘Ë ËÓ‰ÓÏÂÚËË
(

 

∆δ

 

 = 

 

±

 

0.01). àÌÙ‡Í‡ÒÌ˚Â ÒÔÂÍÚ˚ ÔÓ„ÎÓ˘ÂÌËfl
ÔÓÓ¯ÍÓ‚ Á‡ÔËÒ˚‚‡ÎË ‚ Ú‡·ÎÂÚËÓ‚‡ÌÌ˚ı ÒÏÂÒflı Ò

 

KBr

 

 (ı.˜.) Ì‡ îÛ¸Â-ÒÔÂÍÚÓÏÂÚÂ 

 

Nexus

 

 ÙËÏ˚

 

ThermoNicolet

 

 ‚ ËÌÚÂ‚‡ÎÂ ˜‡ÒÚÓÚ 300–1500 ÒÏ

 

–1

 

.
èÓ„Â¯ÌÓÒÚ¸ ÓÔÂ‰ÂÎÂÌËfl ˜‡ÒÚÓÚ ÍÓÎÂ·‡ÌËÈ ÌÂ
ÔÂ‚˚¯‡Î‡ 

 

±

 

2 ÒÏ

 

–1

 

. 
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Ó·‡ÁˆÓ‚ ËÒÒÎÂ‰Ó‚‡ÎË Ì‡ ‚ÓÁ‰ÛıÂ ‚ ËÌÚÂ‚‡ÎÂ ÚÂÏ-
ÔÂ‡ÚÛ 300–1100 ä ÔÓ ÏÂÚÓ‰ËÍ‡Ï [6, 10]. èÓÎÛ˜ÂÌ-
Ì˚Â ˝ÍÒÔÂËÏÂÌÚ‡Î¸ÌÓ ÁÌ‡˜ÂÌËfl ˝ÎÂÍÚÓÔÓ‚Ó‰ÌÓ-
ÒÚË ÔÂÂÒ˜ËÚ˚‚‡ÎË Ì‡ ÌÛÎÂ‚Û˛ ÔÓËÒÚÓÒÚ¸ [10, 11].
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ÒÚÛÍÚÛ˚, Ì‡ ‚ÓÁ‰ÛıÂ ‚ ËÌÚÂ‚‡ÎÂ ÚÂÏÔÂ‡ÚÛ 300–1100 ä ËÁÛ˜ÂÌ˚ Ëı ÚÂÏË˜ÂÒÍÓÂ ‡Ò¯ËÂÌËÂ, ˝ÎÂÍ-
ÚÓÔÓ‚Ó‰ÌÓÒÚ¸ Ë ÚÂÏÓ˝ÎÂÍÚÓ‰‚ËÊÛ˘‡fl ÒËÎ‡. ëÓÂ‰ËÌÂÌËfl ÍËÒÚ‡ÎÎËÁÛ˛ÚÒfl ‚ ÚÂÚ‡„ÓÌ‡Î¸ÌÓÈ ÒËÌ„Ó-
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3

 

 ‰Îfl 

 

YBaCuCoO
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 Ë 

 

a

 

 = 0.3872(2), 

 

c = 0.7562(7) ÌÏ, V = 113.4(2) × 10–3 ÌÏ3 ‰Îfl DyBaCuCoO5.01
Ë fl‚Îfl˛ÚÒfl ÔÓÎÛÔÓ‚Ó‰ÌËÍ‡ÏË p-ÚËÔ‡. ÇÂÎË˜ËÌ‡ ˝ÎÂÍÚÓÔÓ‚Ó‰ÌÓÒÚË DyBaCuCoO5 + δ ÌÂÒÍÓÎ¸ÍÓ ÌËÊÂ,
‡ ÍÓ˝ÙÙËˆËÂÌÚ‡ ÚÂÏÓ-ùÑë ‚ 1.5–2 ‡Á‡ ‚˚¯Â, ˜ÂÏ ‰Îfl YBaCuCoO5 + δ, ˜ÚÓ, ‚Ë‰ËÏÓ, Ó·ÛÒÎÓ‚ÎÂÌÓ ‡Á-
ÎË˜ËflÏË ‚ ˝ÎÂÍÚÓÌÌÓÈ ÍÓÌÙË„Û‡ˆËË ‚ıÓ‰fl˘Ëı ‚ ÒÓÒÚ‡‚ LnBaCuCoO5 + δ Í‡ÚËÓÌÓ‚ êáù (4d0 ‰Îfl Y3+

Ë 4f 9 ‰Îfl Dy3+). ëÓ„Î‡ÒÌÓ ‰ËÎ‡ÚÓÏÂÚË˜ÂÒÍËÏ ‰‡ÌÌ˚Ï, ‚ ËÌÚÂ‚‡ÎÂ ÚÂÏÔÂ‡ÚÛ 300–1100 ä Ù‡Á˚
LnBaCuCoO5 + δ ÌÂ ÔÂÚÂÔÂ‚‡˛Ú ÒÚÛÍÚÛÌ˚ı Ù‡ÁÓ‚˚ı ÔÂ‚‡˘ÂÌËÈ, ‡ ‚ÂÎË˜ËÌ‡ Ëı ÍÓ˝ÙÙËˆËÂÌÚ‡
ÎËÌÂÈÌÓ„Ó ÚÂÏË˜ÂÒÍÓ„Ó ‡Ò¯ËÂÌËfl ÒÓÒÚ‡‚ÎflÂÚ 14.3 × 10–6 ä–1 ‰Îfl Ln = Y Ë 14.7 × 10–6 ä–1 ‰Îfl Ln = Dy.

ìÑä 54–31:546.66:536.413:537.31/.32
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ˆËÂÌÚ‡ ÎËÌÂÈÌÓ„Ó ÚÂÏË˜ÂÒÍÓ„Ó ‡Ò¯ËÂÌËfl
(äãíê, α) Ó·‡ÁˆÓ‚ ÌÂ ÔÂ‚˚¯‡Î‡ 5%.

êÖáìãúíÄíõ à àï éÅëìÜÑÖçàÖ

èÓÒÎÂ Á‡ÍÎ˛˜ËÚÂÎ¸ÌÓÈ ÒÚ‡‰ËË ÓÚÊË„‡ ÔË
1233 ä Ó·‡Áˆ˚ ÍÛÔÓÍÓ·‡Î¸ÚËÚÓ‚ ·˚ÎË ‚ ÔÂ‰ÂÎ‡ı
ÔÓ„Â¯ÌÓÒÚË êîÄ Ó‰ÌÓÙ‡ÁÌ˚ÏË Ë ËÏÂÎË ÚÂÚ‡„Ó-
Ì‡Î¸ÌÛ˛ ÒÚÛÍÚÛÛ (Ô. „. P4/mmm (ËÒ. 1)), Ô‡‡-
ÏÂÚ˚ ÍÓÚÓÓÈ Û‚ÂÎË˜Ë‚‡ÎËÒ¸ (Ú‡·Î. 1) Ò ÓÒÚÓÏ ËÓÌ-
ÌÓ„Ó ‡‰ËÛÒ‡ êáù (  = 0.1015 ÌÏ,  = 0.103 ÌÏ

‰Îfl äó = 8 [12]). ç‡È‰ÂÌÌ˚Â Ì‡ÏË ÁÌ‡˜ÂÌËfl Ô‡‡ÏÂÚ-
Ó‚ ˝ÎÂÏÂÌÚ‡ÌÓÈ fl˜ÂÈÍË ÍÛÔÓÍÓ·‡Î¸ÚËÚ‡ ËÚÚËfl-

R
Y3+ R

Dy3+

·‡Ëfl Ì‡ıÓ‰flÚÒfl ‚ ıÓÓ¯ÂÏ ÒÓ„Î‡ÒËË Ò ÎËÚÂ‡ÚÛÌ˚-
ÏË ‰‡ÌÌ˚ÏË [7].

ëÓ„Î‡ÒÌÓ ‰‡ÌÌ˚Ï ËÓ‰ÓÏÂÚËË, ÒÓ‰ÂÊ‡ÌËÂ ÍËÒ-
ÎÓÓ‰‡ ‚ Ù‡Á‡ı LnBaCuCoO5 + δ ÒÓÒÚ‡‚ËÎÓ 5 + δ = 4.98
‰Îfl Ln = Y Ë 5 + δ = 5.01 ‰Îfl Ln = Dy. Ç [9] ·˚ÎÓ ÛÒÚ‡-
ÌÓ‚ÎÂÌÓ, ˜ÚÓ ÏÂ‰¸ ‚ YBaCuCoO5 Ì‡ıÓ‰ËÚÒfl ‚ ‚Ë‰Â
Cu2+, ‡ ÍÓ·‡Î¸Ú – ‚ ‚Ë‰Â Co2+ (‚ ‚˚ÒÓÍÓÒÔËÌÓ‚ÓÏ (Çë)

ÒÓÒÚÓflÌËË ( )) Ë Co3+ (‚ ÔÓÏÂÊÛÚÓ˜ÌÓÒÔËÌÓ‚ÓÏ

(èë) ÒÓÒÚÓflÌËË ( )). ëÓÔÓÒÚ‡‚Îflfl Ì‡¯Ë ‰‡ÌÌ˚Â Ò
ÂÁÛÎ¸Ú‡Ú‡ÏË [8], ÏÓÊÌÓ Á‡ÍÎ˛˜ËÚ¸, ˜ÚÓ ÒÚÂÔÂÌ¸
ÓÍËÒÎÂÌËfl ÍÓ·‡Î¸Ú‡ ÒÓÒÚ‡‚ÎflÂÚ +2.96 ‰Îfl
YBaCuCoO4.98 Ë +3.02 ‰Îfl DyBaCuCoO5.01, ‡ ÍÓ·‡Î¸Ú
‚ ˝ÚËı Ù‡Á‡ı Ì‡ıÓ‰ËÚÒfl ‚ ÓÒÌÓ‚ÌÓÏ ‚ ‚Ë‰Â Co3+ (èë)
Ë ˜‡ÒÚË˜ÌÓ ‚ ‚Ë‰Â Co2+ (Çë) Ë Co4+ (èë)
(‚ YBaCuCoO4.98 Ë DyBaCuCoO5.01 ÒÓÓÚ‚ÂÚÒÚ‚ÂÌÌÓ).

Ç àä-ÒÔÂÍÚ‡ı ÔÓ„ÎÓ˘ÂÌËfl ÍÛÔÓÍÓ·‡Î¸ÚË-
ÚÓ‚ (ËÒ. 1) Ì‡·Î˛‰‡˛ÚÒfl ÚË ÔÓÎÓÒ˚ ÔÓ„ÎÓ˘ÂÌËfl
Ò Ï‡ÍÒËÏÛÏ‡ÏË ÔË 372–378 (ν1), 565–569 (ν2)
Ë 663–665 (ν3) ÒÏ–1, ÓÚ‚Â˜‡˛˘ËÂ ‚‡ÎÂÌÚÌ˚Ï (ν2)
Ë ‰ÂÙÓÏ‡ˆËÓÌÌ˚Ï (ν1) ÍÓÎÂ·‡ÌËflÏ Ò‚flÁÂÈ ÏÂÚ‡ÎÎ–
ÍËÒÎÓÓ‰ ‚ ÔÎÓÒÍÓÒÚflı [Cu(Co)O2], ‡ Ú‡ÍÊÂ ‚‡ÎÂÌÚ-
Ì˚Ï ÍÓÎÂ·‡ÌËflÏ ‡ÔËÍ‡Î¸ÌÓ„Ó ÍËÒÎÓÓ‰‡ Cu–O–Co
Ò‚flÁÂÈ (ν3) ‚ ÒÚÛÍÚÛÂ ˝ÚËı Ù‡Á [6, 13]. ä‡Í ‚Ë‰ÌÓ
(ËÒ. 1), ÁÌ‡˜ÂÌËfl (ν1–ν3) ‰Îfl Ù‡Á LnBaCuCoO5 + δ
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êËÒ. 1. èÓÓ¯ÍÓ‚‡fl ÂÌÚ„ÂÌÓ„‡ÏÏ‡ DyBaCuCoO5.01 (1) (CuKα-ËÁÎÛ˜ÂÌËÂ), ÂÙÎÂÍÒ˚ (200) Ë (004) (2, 3) Ë àä-ÒÔÂÍÚ˚
ÔÓ„ÎÓ˘ÂÌËfl (4, 5) Ù‡Á DyBaCuCoO5.01 (2, 4) Ë YBaCuCoO4.98 (3, 5).

í‡·ÎËˆ‡ 1.  áÌ‡˜ÂÌËfl Ô‡‡ÏÂÚÓ‚ (‡, Ò), Ó·˙ÂÏ‡ (V) Ë ÒÚÂ-
ÔÂÌË ÚÂÚ‡„ÓÌ‡Î¸ÌÓ„Ó ËÒÍ‡ÊÂÌËfl ˝ÎÂÏÂÌÚ‡ÌÓÈ fl˜ÂÈÍË
(η = c/2a) ‰Îfl ÍÛÔÓÍÓ·‡Î¸ÚËÚÓ‚ LnBaCuCoO5 + δ

é·‡ÁÂˆ ‡, ÌÏ c, ÌÏ 103 × V, ÌÏ3 η

DyBaCuCuO5.01 0.3872(2) 0.7562(7) 113.4(2) 0.9765

YBaCuCoO4.98 0.3867(2) 0.7550(7) 112.9(2) 0.9762
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(Ln = Y, Dy) ·ÎËÁÍË, ËÁ ̃ Â„Ó ÒÎÂ‰ÛÂÚ, ̃ ÚÓ ·ÎËÁÍË Ú‡Í-
ÊÂ ‚ÂÎË˜ËÌ˚ ˝ÌÂ„ËË ÏÂÚ‡ÎÎ-ÍËÒÎÓÓ‰Ì˚ı ‚Á‡ËÏÓ-
‰ÂÈÒÚ‚ËÈ ‚ ÒÚÛÍÚÛÂ ˝ÚËı Ù‡Á.

á‡‚ËÒËÏÓÒÚË ∆l/l0 = f(T) ‰Îfl ÍÛÔÓÍÓ·‡Î¸ÚËÚÓ‚
ËÚÚËfl(‰ËÒÔÓÁËfl)-·‡Ëfl ·˚ÎË ÎËÌÂÈÌ˚ÏË, ˜ÚÓ
ÛÍ‡Á˚‚‡ÂÚ Ì‡ ÓÚÒÛÚÒÚ‚ËÂ ÒÚÛÍÚÛÌ˚ı Ù‡ÁÓ‚˚ı ÔÂ-
ÂıÓ‰Ó‚ Û ˝ÚËı Ù‡Á ‚ ËÒÒÎÂ‰Ó‚‡ÌÌÓÏ ËÌÚÂ‚‡ÎÂ ÚÂÏ-
ÔÂ‡ÚÛ. ÉËÒÚÂÂÁËÒ Ì‡ Á‡‚ËÒËÏÓÒÚflı ∆l/l0 = f(T)
(‡ Ú‡ÍÊÂ σ = f(T), S = f(T)), ÔÓÎÛ˜ÂÌÌ˚ı ‚ ÂÊËÏ‡ı Ì‡-
„Â‚‡ÌËfl–ÓıÎ‡Ê‰ÂÌËfl, Ô‡ÍÚË˜ÂÒÍË ÓÚÒÛÚÒÚ‚Ó‚‡Î, ‡
ÂÁÛÎ¸Ú‡Ú˚, ÔÓÎÛ˜ÂÌÌ˚Â ‚ ÂÁÛÎ¸Ú‡ÚÂ ÌÂÓ‰ÌÓÍ‡Ú-
ÌÓ„Ó ÚÂÏÓˆËÍÎËÓ‚‡ÌËfl Ó·‡ÁˆÓ‚, ‚ÓÒÔÓËÁ‚Ó‰Ë-
ÎËÒ¸ ‚ ÔÂ‰ÂÎ‡ı ÔÓ„Â¯ÌÓÒÚË ˝ÍÒÔÂËÏÂÌÚ‡, ˜ÚÓ
ÛÍ‡Á˚‚‡ÂÚ Ì‡ Ó·‡ÚËÏÓÒÚ¸ ÔÓˆÂÒÒÓ‚, ÔÓÚÂÍ‡˛-
˘Ëı ‚ Ó·‡Áˆ‡ı. áÌ‡˜ÂÌËfl äãíê (α) ÒÓÂ‰ËÌÂÌËÈ
LnBaCuCoO5 + δ (Ln = Y, Dy) ÔÂ‰ÒÚ‡‚ÎÂÌ˚ ‚ Ú‡·Î. 2.

ä‡Í ‚Ë‰ÌÓ ËÁ ËÒ. 2, Ù‡Á  ̊LnBaCuCoO5 + δ (Ln = Y,
Dy) fl‚Îfl˛ÚÒfl ÔÓÎÛÔÓ‚Ó‰ÌËÍ‡ÏË -ÚËÔ‡, ‚ÂÎË˜ËÌ‡
˝ÎÂÍÚÓÔÓ‚Ó‰ÌÓÒÚË DyBaCuCoO5 + δ ÌÂÒÍÓÎ¸ÍÓ ÌËÊÂ,
‡ ÍÓ˝ÙÙËˆËÂÌÚ ÚÂÏÓ-ùÑë ÁÌ‡˜ËÚÂÎ¸ÌÓ (‚ 1.5–2 ‡Á‡)
‚˚¯Â, ̃ ÂÏ ‰Îfl YBaCuCoO5 + δ, ÔË ̋ ÚÓÏ ÔÓÒÎÂ‰ÌÂÂ, ‚Â-
ÓflÚÌÓ, Ó·ÛÒÎÓ‚ÎÂÌÓ ‡ÁÎË˜ËflÏË ‚ ˝ÎÂÍÚÓÌÌÓÈ ÍÓÌ-
ÙË„Û‡ˆËË ‚ıÓ‰fl˘Ëı ‚ ÒÓÒÚ‡‚ LnBaCuCoO5 + δ Í‡ÚËÓ-
ÌÓ‚ êáù (4d0 ‰Îfl Y3+ Ë 4f 9 ‰Îfl Dy3+). å‡ÍÒËÏÛÏ Ì‡ Á‡-
‚ËÒËÏÓÒÚflı S = f(T) ‚·ÎËÁË 500 ä (ËÒ. 2, ‡) ‰Îfl
ËÒÒÎÂ‰Ó‚‡ÌÌ˚ı ÍÛÔÓÍÓ·‡Î¸ÚËÚÓ‚ ‚˚Á‚‡Ì, ‚Ë‰ËÏÓ,
ËÁÏÂÌÂÌËÂÏ ÒÔËÌÓ‚Ó„Ó ÒÓÒÚÓflÌËfl ‚ıÓ‰fl˘Ëı ‚ ÒÓÒÚ‡‚
˝ÚËı Ù‡Á Í‡ÚËÓÌÓ‚ ÍÓ·‡Î¸Ú‡ ‡Ì‡ÎÓ„Ë˜ÌÓ ÒÔËÌÓ‚˚Ï
ÔÂÂıÓ‰‡Ï Co3+ ‚ RCoO3 [14].

ÑÎfl ‚Â˘ÂÒÚ‚ Ò ÔÓÎflÓÌÌ˚Ï ı‡‡ÍÚÂÓÏ ÔÂÂÌÓÒ‡
Á‡fl‰‡ ÚÂÏÔÂ‡ÚÛÌ˚Â Á‡‚ËÒËÏÓÒÚË ˝ÎÂÍÚÓÔÓ‚Ó‰-
ÌÓÒÚË Ë ÚÂÏÓ-ùÑë ÓÔËÒ˚‚‡˛ÚÒfl ÒÓÓÚÌÓ¯ÂÌËflÏË 

 

„‰Â Eσ = (ES + Em) Ë ES – ÒÓÓÚ‚ÂÚÒÚ‚ÂÌÌÓ ˝ÌÂ„ËË ‡Í-
ÚË‚‡ˆËË ˝ÎÂÍÚÓÔÓ‚Ó‰ÌÓÒÚË Ë ÚÂÏÓ-ùÑë [15]. ÇÂ-
ÎË˜ËÌ‡ ES ÒÓÓÚ‚ÂÚÒÚ‚ÛÂÚ ̋ ÌÂ„ËË ‚ÓÁ·ÛÊ‰ÂÌËfl ÔÓÎfl-
ÓÌ‡, ‡ Ô‡‡ÏÂÚ Em – ̋ ÌÂ„ËË Â„Ó ÔÂÂÌÓÒ‡ (ÔË ·ÂÁ-
‡ÍÚË‚‡ˆËÓÌÌÓÏ ÔÂÂÌÓÒÂ Á‡fl‰‡ ÔÓÎflÓÌ‡ÏË
·ÓÎ¸¯Ó„Ó ‡‰ËÛÒ‡ (èÅê) Em ≈ 0; ÂÒÎË Em > 0, ÚÓ ÔÂÂ-
ÌÓÒ Á‡fl‰‡ ÚÂÏË˜ÂÒÍË ‡ÍÚË‚ËÓ‚‡Ì Ë ÓÒÛ˘ÂÒÚ‚ÎflÂÚ-
Òfl ÔÓÎflÓÌ‡ÏË Ï‡ÎÓ„Ó ‡‰ËÛÒ‡ (èåê) ÔÓ Ô˚ÊÍÓ‚Ó-
ÏÛ ÏÂı‡ÌËÁÏÛ). 

σ A
T
---

Eσ

kT
------–⎝ ⎠

⎛ ⎞ ,exp= S
k
e
--

ES

kT
------– B+⎝ ⎠

⎛ ⎞ ,=

áÌ‡˜ÂÌËfl Ô‡‡ÏÂÚÓ‚ Eσ, ES Ë Em ÓÍÒË‰Ó‚
LnBaCuCoO5 + δ (Ln = Y, Dy), ÓÔÂ‰ÂÎÂÌÌ˚Â ËÁ ÎËÌÂÈ-
Ì˚ı Û˜‡ÒÚÍÓ‚ Á‡‚ËÒËÏÓÒÚÂÈ ln(σT) = f(1/T) Ë S = f(1/T),
ÔË‚Â‰ÂÌ˚ ‚ Ú‡·Î. 2. ä‡Í ‚Ë‰ÌÓ, ÔÓ‚˚¯ÂÌËÂ ÚÂÏÔÂ-
‡ÚÛ˚ ÔË‚Ó‰ËÚ Í ËÁÏÂÌÂÌË˛ ÏÂı‡ÌËÁÏ‡ ÔÂÂÌÓÒ‡
Á‡fl‰‡ ‚ DyBaCuCoO5 + δ: ÔË T < 775 K ̋ ÎÂÍÚÓÚ‡ÌÒ-
ÔÓÚ ‚ ˝ÚÓÈ Ù‡ÁÂ ÓÒÛ˘ÂÒÚ‚ÎflÂÚÒfl ÔÂÂÌÓÒÓÏ èåê, ‡
ÔË T > 775 K – èÅê (Em ≈ 0). ùÌÂ„Ëfl ‚ÓÁ·ÛÊ‰ÂÌËfl Ë
ÔÂÂÌÓÒ‡ èåê ‚ YBaCuCoO5 ÔË·ÎËÁËÚÂÎ¸ÌÓ Ì‡
20% ‚˚¯Â, ̃ ÂÏ ‚ DyBaCuCoO5 + δ (Ú‡·Î. 2), ̃ ÚÓ, ‚ÂÓ-
flÚÌÓ, Ó·ÛÒÎÓ‚ÎÂÌÓ ‡ÁÏÂÌ˚Ï Ù‡ÍÚÓÓÏ (‚ÂÎË˜ËÌ‡
fl˜ÂÈÍË YBaCuCoO5 ÌÂÒÍÓÎ¸ÍÓ ÏÂÌ¸¯Â, ˜ÂÏ
DyBaCuCoO5 + δ), ‡ÁÎË˜ËflÏË ‚ Á‡fl‰Ó‚ÓÏ ÒÓÒÚÓflÌËË
ËÓÌÓ‚ ÍÓ·‡Î¸Ú‡ ‚ ˝ÚËı Ù‡Á‡ı (Co2+/Co3+ ‰Îfl
YBaCuCoO4.98 Ë Co3+/Co4+ ‰Îfl DyBaCuCoO5.01), ‡ Ú‡Í-
ÊÂ ÚÂÏ, ˜ÚÓ ‚ ÙÓÏËÓ‚‡ÌËË Ú‡ÌÒÔÓÚÌ˚ı Ò‚ÓÈÒÚ‚

í‡·ÎËˆ‡ 2.  ÇÂÎË˜ËÌ˚ äãíê (α) Ë ̋ ÌÂ„ËÈ ‡ÍÚË‚‡ˆËË ÔÓˆÂÒÒÓ‚ ̋ ÎÂÍÚÓÔÂÂÌÓÒ‡ (Eσ, ES = Ep, Em) ‰Îfl ÒÎÓËÒÚ˚ı ÍÛÔÓ-
ÍÓ·‡Î¸ÚËÚÓ‚ LnBaCuCoO5 + δ

é·‡ÁÂˆ α × 106, ä–1 Eσ, ˝Ç ES, ˝Ç Em, ˝Ç

DyBaCuCoO5 + δ 14.7 0.285 0.133 (T < 775 K) 0.152 (T < 775 K)

0.282 (T > 775 K) 0.003 (T > 775 K)

YBaCuCoO5 + δ 14.3 0.352 0.168 0.184
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êËÒ. 2. íÂÏÔÂ‡ÚÛÌ˚Â Á‡‚ËÒËÏÓÒÚË ÚÂÏÓ-ùÑë (‡) Ë
˝ÎÂÍÚÓÔÓ‚Ó‰ÌÓÒÚË (·) ÍÛÔÓÍÓ·‡Î¸ÚËÚÓ‚
DyBaCuCoO5 + δ (1), YBaCuCoO5 + δ (2).
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äÎ˚Ì‰˛Í

ÍÛÔÓÍÓ·‡Î¸ÚËÚ‡ ‰ËÒÔÓÁËfl-·‡Ëfl ÏÓ„ÛÚ ÔËÌËÏ‡Ú¸
Û˜‡ÒÚËÂ 4f-˝ÎÂÍÚÓÌ˚ Í‡ÚËÓÌ‡ Dy3+.

ê‡·ÓÚ‡ ‚˚ÔÓÎÌÂÌ‡ ÔË ÔÓ‰‰ÂÊÍÂ Éäèçà
“äËÒÚ‡ÎÎË˜ÂÒÍËÂ Ë ÏÓÎÂÍÛÎflÌ˚Â ÒÚÛÍÚÛ˚”
(Á‡‰‡ÌËÂ 33).
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