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1. ÇÇÖÑÖçàÖ

 

Ç˚ÒÓÍËÈ ËÌÚÂÂÒ Í Ï‡ÚÂË‡Î‡Ï, ËÒÔÓÎ¸ÁÛÂ-
Ï˚Ï ‚ ÌÓÒËÚÂÎflı Ï‡„ÌËÚÌÓÈ Á‡ÔËÒË, ÏÓÊÌÓ ÓÚÌÂ-
ÒÚË Ë Í Ï‡ÚÂË‡Î‡Ï, ÔÂ‰ÒÚ‡‚ÎÂÌÌ˚Ï ÒËÒÚÂÏ‡ÏË
„ÂÚÂÓ„ÂÌÌ˚ı ˜‡ÒÚËˆ. ùÍÒÔÂËÏÂÌÚ‡Î¸Ì˚Â ËÒÒÎÂ-
‰Ó‚‡ÌËfl Ì‡Ë·ÓÎÂÂ ÔËÂÏÎÂÏ˚ı ‰Îfl Ï‡„ÌËÚÌÓÈ Á‡-
ÔËÒË ÒÓ˜ÂÚ‡ÌËÈ ˝ÎÂÏÂÌÚÓ‚ ÓÒÌÓ‚ÌÓÈ Ë ÔÓ‚ÂıÌÓ-
ÒÚÌÓÈ Ù‡Á ÔÓ‚Ó‰ËÎËÒ¸ Ì‡ ‚Â˘ÂÒÚ‚‡ı, ÒÓÒÚÓfl˘Ëı,
Ì‡ÔËÏÂ, ËÁ ˜‡ÒÚËˆ 

 

γ

 

-

 

Fe
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O

 

3

 

, ÔÓÍ˚Ú˚ı ÍÓ·‡Î¸-
ÚÓÏ [1, 2] ËÎË ÏÓÎË·‰ÂÌÓÏ [3], ˜‡ÒÚËˆ ÊÂÎÂÁ‡ [4]
ËÎË ÍÓ·‡Î¸Ú‡ [5, 6], ÔÓÍ˚Ú˚ı ÒÓ·ÒÚ‚ÂÌÌ˚ÏË
ÓÍËÒÎ‡ÏË.

àÒÒÎÂ‰Ó‚‡ÌËfl ˝ÍÒÔÂËÏÂÌÚ‡ÚÓÓ‚ ÌÂ ÓÒÚ‡ÎËÒ¸
·ÂÁ ‚ÌËÏ‡ÌËfl ÚÂÓÂÚËÍÓ‚. í‡Í, 

 

Stavn

 

 Ë 

 

Morrish

 

 [7]
Ó·Ó·˘ËÎË ÏÓ‰ÂÎ¸ „ÓÏÓ„ÂÌÌÓÈ ˜‡ÒÚËˆ˚ [8], ‡Ò-
ÒÏÓÚÂ‚ Ì‡Ï‡„ÌË˜Ë‚‡ÌËÂ ˝ÎÎËÔÒÓË‰‡Î¸Ì˚ı ˜‡Ò-
ÚËˆ ÊÂÎÂÁ‡, ÔÓÍ˚Ú˚ı 
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. 

 

Yang

 

 Ë 

 

Chang

 

 [9]
ÛÚÓ˜ÌËÎË ÏÓ‰ÂÎ¸ ‰‚ÛıÍÓÏÔÓÌÂÌÚÌ˚ı ˜‡ÒÚËˆ [7],
‚ÍÎ˛˜Ë‚ ‚ ÌÂÂ ÏÂÊÙ‡ÁÌÓÂ Ó·ÏÂÌÌÓÂ ‚Á‡ËÏÓ‰ÂÈ-
ÒÚ‚ËÂ. Ñ‡Î¸ÌÂÈ¯ÂÂ ‡Á‚ËÚËÂ ÏÓ‰ÂÎË ‰‚ÛıÍÓÏÔÓ-
ÌÂÌÚÌ˚ı ˜‡ÒÚËˆ ÔÓ¯ÎÓ ÔÓ ÔÛÚË ÓÚÍ‡Á‡ ÓÚ ÛÒÎÓ‚Ëfl
Ó‰ÌÓÓ‰ÌÓÒÚË Ì‡Ï‡„ÌË˜ÂÌÌÓÒÚË ‚ Ó·˙ÂÏÂ ÁÂÌ‡.
êÂ¯ÂÌËÂ Á‡‰‡˜Ë Ó ‡ÒÔÂ‰ÂÎÂÌËË Ï‡„ÌËÚÌÓ„Ó ÏÓ-
ÏÂÌÚ‡ ‚ ‰‚ÛıÍÓÏÔÓÌÂÌÚÌÓÏ ÁÂÌÂ ÔÓ‚Ó‰ËÎÓÒ¸ ÔÛ-
ÚÂÏ ÎËÌÂ‡ËÁ‡ˆËË Û‡‚ÌÂÌËÈ ÏËÍÓÏ‡„ÌÂÚËÁÏ‡,
˜ÚÓ ÓÍ‡Á‡ÎÓÒ¸ ‚ÓÁÏÓÊÌ˚Ï ÎË¯¸ ‰Îfl ·ÂÒÍÓÌÂ˜ÌÓ
‚˚ÚflÌÛÚ˚ı ˆËÎËÌ‰Ë˜ÂÒÍËı ˜‡ÒÚËˆ [10–12], Ò ÔÓ-
ÏÓ˘¸˛ ÚÂıÏÂÌÓ„Ó ÏÓ‰ÂÎËÓ‚‡ÌËfl [13] ÎË·Ó
ÏÂÚÓ‰ÓÏ ÏËÌËÏËÁ‡ˆËË ÙÛÌÍˆËÓÌ‡Î‡ ‚ ÍÎ‡ÒÒÂ Á‡-
‰‡ÌÌ˚ı ÙÛÌÍˆËÈ [14, 15].

èÓ Ì‡¯ÂÏÛ ÏÌÂÌË˛, ÒÛ˘ÂÒÚ‚ÂÌÌ˚Ï ÌÂ‰ÓÒÚ‡Ú-
ÍÓÏ ÔÂ‰Î‡„‡ÂÏ˚ı ÏÓ‰ÂÎÂÈ fl‚ÎflÂÚÒfl ÔÂ‰ÔÓÎÓ-
ÊÂÌËÂ Ó ÌÂÒÛ˘ÂÒÚ‚ÂÌÌÓÒÚË ‚ÎËflÌËfl ÚÂÔÎÓ‚˚ı
ÙÎÛÍÚÛ‡ˆËÈ Ì‡ Ï‡„ÌËÚÌ˚È ÏÓÏÂÌÚ ÁÂÌ‡, ‚ ÚÓ
‚ÂÏfl Í‡Í ‡ÁÏÂ˚ ˜‡ÒÚËˆ, ËÒÔÓÎ¸ÁÛÂÏ˚Â ‚ Ï‡ÚÂ-
Ë‡Î‡ı ‰Îfl Ï‡„ÌËÚÌÓÈ Á‡ÔËÒË, ‰ÓÒÚ‡ÚÓ˜ÌÓ Ï‡Î˚.
àı ÏÓÊÌÓ Ò˜ËÚ‡Ú¸ Ó‰ÌÓ‰ÓÏÂÌÌ˚ÏË. ç‡ÔËÏÂ,
˜‡ÒÚËˆ˚ 
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Fe
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, ÔÓÍ˚Ú˚Â ÍÓ·‡Î¸ÚÓÏ, ËÏÂ˛Ú
‰Ë‡ÏÂÚ ~40 ÌÏ, ÒÓËÁÏÂËÏ˚È Ò ‡ÁÏÂÓÏ 

 

a

 

T

 

, ÔË
ÍÓÚÓÓÏ ÚÂÔÎÓ‚˚Â ÙÎÛÍÚÛ‡ˆËË ÒÛ˘ÂÒÚ‚ÂÌÌÓ ‚ÎË-
fl˛Ú Ì‡ ÔÓˆÂÒÒ Ì‡Ï‡„ÌË˜Ë‚‡ÌËfl. ÑÂÈÒÚ‚ËÚÂÎ¸ÌÓ,

‚ÂÓflÚÌÓÒÚ¸ ÔÂÂıÓ‰‡ Ï‡„ÌËÚÌÓ„Ó ÏÓÏÂÌÚ‡ ÁÂÌ‡
ËÁ Ó‰ÌÓ„Ó ÒÓÒÚÓflÌËfl ‚ ‰Û„ÓÂ 

 

W
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„‰Â 

 

∆

 

E

 

 = 

 

H

 

c
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 – ‚˚ÒÓÚ‡ ÔÓÚÂÌˆË‡Î¸ÌÓ„Ó ·‡¸Â‡;

 

H

 

c

 

 – ÍÓ˝ˆËÚË‚Ì‡fl ÒËÎ‡; 

 

I

 

s

 

 – ÒÔÓÌÚ‡ÌÌ‡fl Ì‡Ï‡„ÌË-
˜ÂÌÌÓÒÚ¸; 

 

a

 

 – ‡ÁÏÂ ˜‡ÒÚËˆ˚; 

 

f
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 ~ 10

 

10

 

 Ò

 

–1

 

 – ˜‡Ò-
ÚÓÚÌ˚È Ù‡ÍÚÓ. èÓÎ‡„‡fl 

 

H

 

c
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s

 

 (Ì‡ÔËÏÂ,
ÍÓÌÒÚ‡ÌÚ‡ ÍËÒÚ‡ÎÎÓ„‡ÙË˜ÂÒÍÓÈ ‡ÌËÁÓÚÓÔËË
‰Îfl 
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 ˝„/ÒÏ
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), ÏÓÊÌÓ ÓˆÂÌËÚ¸ 

 

a

 

T

 

(1)

ÑÎfl ‰ÓÒÚ‡ÚÓ˜ÌÓ ¯ËÓÍÓ„Ó ‰Ë‡Ô‡ÁÓÌ‡ “‚ÂÏÂÌ
ÊËÁÌË” Ï‡„ÌËÚÌÓ„Ó ÏÓÏÂÌÚ‡ ÁÂÌ‡ ‚ Ó‰ÌÓÏ ËÁ ÒÓ-
ÒÚÓflÌËÈ (

 

τ 

 

~ 1/

 

W

 

 ~ 1–10

 

10

 

) Ò ÔÓÎÛ˜‡ÂÏ 

 

a

 

T

 

 ~ 20–30 ÌÏ.
ìÍ‡Á‡ÌÌ˚È ‰Ë‡Ô‡ÁÓÌ ËÁÏÂÌÂÌËfl 

 

a

 

T

 

, ‚ÓÓ·˘Â „Ó‚Ó-
fl, ÓÔÂ‰ÂÎflÂÚÒfl ÒÛÏÏ‡ÌÓÈ ‡ÌËÁÓÚÓÔËÂÈ, ÍÓÚÓ-
‡fl ÒÍÎ‡‰˚‚‡ÂÚÒfl ËÁ ‡ÌËÁÓÚÓÔËË ÙÓÏ˚, ÍËÒ-
Ú‡ÎÎÓ„‡ÙË˜ÂÒÍÓÈ Ë Ó·ÏÂÌÌÓÈ ‡ÌËÁÓÚÓÔËÈ.

ç‡Ï ÔÂ‰ÒÚ‡‚ÎflÂÚÒfl ‚ÓÁÏÓÊÌ˚Ï Ì‡ ÓÒÌÓ‚Â
ÛÒÓ‚Â¯ÂÌÒÚ‚Ó‚‡ÌÌÓÈ ÏÓ‰ÂÎË [16] ÓˆÂÌËÚ¸ ‚ÎËfl-
ÌËÂ ÚÂÔÎÓ‚˚ı ÙÎÛÍÚÛ‡ˆËÈ Ë ÏÂÊÙ‡ÁÌÓ„Ó ‚Á‡ËÏÓ-
‰ÂÈÒÚ‚Ëfl Ì‡ „ËÒÚÂÂÁËÒÌ˚Â ı‡‡ÍÚÂËÒÚËÍË ˜‡Ò-
ÚËˆ 
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Fe
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, ÔÓÍ˚Ú˚ı ÍÓ·‡Î¸ÚÓÏ.

 

2. ëÚ‡ÚË˜ÂÒÍËÂ Ï‡„ÌËÚÌ˚Â 
ÒÓÒÚÓflÌËfl ÌÂÓ‰ÌÓÓ‰Ì˚ı ˜‡ÒÚËˆ

 

í‡Í ÊÂ Í‡Í Ë ‚ ‡·ÓÚÂ [16], ·Û‰ÂÏ Ò˜ËÚ‡Ú¸, ˜ÚÓ
‰‚ÛıÙ‡ÁÌ‡fl ˜‡ÒÚËˆ‡ ÔÂ‰ÒÚ‡‚ÎflÂÚ ÒÓ·ÓÈ Ô‡‡ÎÎÂ-
ÎÂÔËÔÂ‰ Ò ÓÒÌÓ‚‡ÌËÂÏ 

 

a

 

2

 

 Ë ‚˚ÒÓÚÓÈ 

 

qa

 

, ‡Á‰ÂÎÂÌ-
Ì˚È ÔÎÓÒÍÓÈ „‡ÌËˆÂÈ Ì‡ ‰‚Â ÙÂÓÏ‡„ÌËÚÌ˚Â
Ù‡Á˚ Ò ÓÚÌÓÒËÚÂÎ¸Ì˚ÏË Ó·˙ÂÏ‡ÏË 1 – 

 

ε

 

 Ë 

 

ε

 

, ÒÔÓÌ-
Ú‡ÌÌ˚ÏË Ì‡Ï‡„ÌË˜ÂÌÌÓÒÚflÏË 
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, ·ÂÁ‡ÁÏÂ-
Ì˚ÏË ÍÓÌÒÚ‡ÌÚ‡ÏË Ó‰ÌÓÓÒÌÓÈ ‡ÌËÁÓÚÓÔËË 
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/ . éÚÍ‡ÊÂÏÒfl ÓÚ Ó„‡ÌË˜ÂÌËfl
ÏÓ‰ÂÎË [16], Ò‚flÁ‡ÌÌÓ„Ó Ò ÔÂÌÂ·ÂÊÂÌËÂÏ ÏÂÊ-
Ù‡ÁÌ˚Ï Ó·ÏÂÌÌ˚Ï ‚Á‡ËÏÓ‰ÂÈÒÚ‚ËÂÏ. ëÓ„Î‡ÒÌÓ
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ÄîêÖåéÇ, èÄçéÇ

 

[9], ˝ÌÂ„Ë˛ Ó·ÏÂÌÌÓ„Ó ‚Á‡ËÏÓ‰ÂÈÒÚ‚Ëfl ˜ÂÂÁ
„‡ÌËˆÛ ÏÓÊÌÓ ÔÂ‰ÒÚ‡‚ËÚ¸ ‚ ‚Ë‰Â

(2)Eex

2Ain

δa
---------- θ1 θ2–( )qa

3
,cos–=

 

„‰Â 

 

A

 

in

 

 – ÍÓÌÒÚ‡ÌÚ‡ Ó·ÏÂÌÌÓ„Ó ‚Á‡ËÏÓ‰ÂÈÒÚ‚Ëfl ˜Â-
ÂÁ „‡ÌËˆÛ ‡Á‰ÂÎ‡; 

 

δ

 

 – ¯ËËÌ‡ ÔÂÂıÓ‰ÌÓÈ Ó·-
Î‡ÒÚË, ËÏÂ˛˘‡fl ÔÓfl‰ÓÍ ÔÓÒÚÓflÌÌÓÈ Â¯ÂÚÍË; 

 

θ1
Ë θ2 – Û„Î˚ ÏÂÊ‰Û ‚ÂÍÚÓ‡ÏË Ì‡Ï‡„ÌË˜ÂÌÌÓÒÚË
Ù‡Á Is1 Ë Is2 Ë Û‰ÎËÌÂÌÌ˚Ï Â·ÓÏ ˜‡ÒÚËˆ˚ qa.

ë‚Ó·Ó‰Ì‡fl ˝ÌÂ„Ëfl ÁÂÌ‡ F, Ì‡ıÓ‰fl˘Â„ÓÒfl ‚Ó
‚ÌÂ¯ÌÂÏ ÔÓÎÂ H ÔË ÌÛÎÂ‚ÓÈ ‡·ÒÓÎ˛ÚÌÓÈ ÚÂÏÔÂ-
‡ÚÛÂ (T = 0), ÏÓÊÂÚ ·˚Ú¸ ÔÂ‰ÒÚ‡‚ÎÂÌ‡ ÒÛÏÏÓÈ

(3)

„‰Â ˝ÌÂ„ËË ÍËÒÚ‡ÎÎÓ„‡ÙË˜ÂÒÍÓÈ ‡ÌËÁÓÚÓÔËË
Ea, Ï‡„ÌËÚÓÒÚ‡ÚË˜ÂÒÍ‡fl ˝ÌÂ„Ëfl Em Ë ˝ÌÂ„Ëfl Ï‡„-
ÌËÚÌÓ„Ó ÏÓÏÂÌÚ‡ ‚Ó ‚ÌÂ¯ÌÂÏ ÔÓÎÂ EH ÓÔÂ‰ÂÎÂ-
Ì˚ ‚ ‡·ÓÚÂ [16] ÒÓÓÚÌÓ¯ÂÌËflÏË (1)–(3).

åËÌËÏËÁ‡ˆËfl Ò‚Ó·Ó‰ÌÓÈ ˝ÌÂ„ËË (3) ÔÓ Û„Î‡Ï
θ1 Ë θ2 ÔË‚Ó‰ËÚ Í ÒËÒÚÂÏÂ Û‡‚ÌÂÌËÈ

(4)

„‰Â a1 = 2N11 + k1(1 – ε), a2 = 2N22 + k2ε, j = Is2/Is1,

 = N12 – A*,  = N21 – A*; A* = ; Nik –

‡ÁÏ‡„ÌË˜Ë‚‡˛˘ËÂ ÍÓ˝ÙÙËˆËÂÌÚ˚.
ÄÌ‡ÎËÁ ÒËÒÚÂÏ˚ (4) ÔÓÍ‡Á˚‚‡ÂÚ, ˜ÚÓ, Ú‡Í ÊÂ

Í‡Í Ë ‚ ÓÚÒÛÚÒÚ‚ËÂ ÏÂÊÙ‡ÁÌÓ„Ó Ó·ÏÂÌÌÓ„Ó ‚Á‡Ë-
ÏÓ‰ÂÈÒÚ‚Ëfl, ÔË H = 0 ˜‡ÒÚËˆ˚ ÏÓ„ÛÚ Ì‡ıÓ‰ËÚ¸Òfl
‚ Ó‰ÌÓÏ ËÁ ˜ÂÚ˚Âı ÒÓÒÚÓflÌËÈ:

1. θ1 = 0, θ2 = 0; 2. θ1 = 0, θ2 = π; 3. θ1 = π, θ2 = π;
4. θ1 = π, θ2 = 0.

Ç Á‡‚ËÒËÏÓÒÚË ÓÚ ÒÓÓÚÌÓ¯ÂÌËfl ÏÂÊ‰Û ˝ÌÂ„Ë-
flÏË ÏÂÊÙ‡ÁÌÓ„Ó Ï‡„ÌËÚÓÒÚ‡ÚË˜ÂÒÍÓ„Ó Ë Ó·ÏÂÌ-
ÌÓ„Ó ‚Á‡ËÏÓ‰ÂÈÒÚ‚ËÈ ÏÂÚ‡ÒÚ‡·ËÎ¸Ì˚ÏË ÏÓ„ÛÚ
·˚Ú¸ ÒÓÒÚÓflÌËfl Ò Ô‡‡ÎÎÂÎ¸ÌÓÈ ÎË·Ó ‡ÌÚËÔ‡‡Î-
ÎÂÎ¸ÌÓÈ ÓËÂÌÚ‡ˆËÂÈ Ì‡Ï‡„ÌË˜ÂÌÌÓÒÚÂÈ Ù‡Á. ÖÒ-
ÎË Ï‡„ÌËÚÓÒÚ‡ÚË˜ÂÒÍÓÂ ‚Á‡ËÏÓ‰ÂÈÒÚ‚ËÂ ÏÂÊ‰Û
Ù‡Á‡ÏË ÔÂÓ·Î‡‰‡ÂÚ Ì‡‰ Ó·ÏÂÌÌ˚Ï (  > 0), ÚÓ
ÔÂ‚ÓÂ Ë ÚÂÚ¸Â ÒÓÒÚÓflÌËfl ÏÂÚ‡ÒÚ‡·ËÎ¸Ì˚, Ú‡Í
Í‡Í Ò‚Ó·Ó‰Ì‡fl ˝ÌÂ„Ëfl ÁÂÌ‡ F = Is1Is2qa3 ‚
˝ÚËı ÒÓÒÚÓflÌËflı ·ÓÎ¸¯Â, ÌÂÊÂÎË ‚Ó ‚ÚÓÓÏ Ë ˜ÂÚ-
‚ÂÚÓÏ, „‰Â F = – Is1Is2qa3. Ç ÔÓÚË‚ÌÓÏ ÒÎÛ˜‡Â

(  < 0) ÏÂÚ‡ÒÚ‡·ËÎ¸Ì˚ ‚ÚÓÓÂ Ë ˜ÂÚ‚ÂÚÓÂ ÒÓ-
ÒÚÓflÌËfl.

ÇÓ ‚ÌÂ¯ÌÂÏ ÔÓÎÂ H Ï‡„ÌËÚÌ˚Â ÒÓÒÚÓflÌËfl ˜‡Ò-
ÚËˆ ÏÓ„ÛÚ ËÁÏÂÌflÚ¸Òfl. í‡ÍËÂ ËÁÏÂÌÂÌËfl ‚ÓÁÏÓÊ-
Ì˚ ÎË¯¸ ÔË ‰ÓÒÚËÊÂÌËË ÚÂı ËÎË ËÌ˚ı ÍËÚË˜ÂÒ-
ÍËı ÔÓÎÂÈ, ÒÔÂÍÚ ÍÓÚÓ˚ı ÒÓ‚Ô‡‰‡ÂÚ Ò ÔÓ‰Ó·ÌÓ
ËÒÒÎÂ‰Ó‚‡ÌÌ˚Ï ‚ ‡·ÓÚÂ [16]. Ç˚‡ÊÂÌËfl ‰Îfl

F Ea Em Eex EH,+ + +=

a1 θ1cos θ1sin N12* j θ1cos θ2 –sin+

– N21* j θ2cos θ1sin
H
Is1
------ 1 ε–( ) θ1sin+ 0;=

a2 j θ2cos θ2sin N12* θ2cos θ1 –sin+

– N21* θ1cos θ2sin
H
Is1
------ε θ2sin+ 0;=
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2Ain
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êËÒ. 1. ÑË‡„‡ÏÏ˚ Ï‡„ÌËÚÌ˚ı ÒÓÒÚÓflÌËÈ {ε, q} ÒËÒÚÂ-
Ï˚ ˜‡ÒÚËˆ γ-Fe2O3, ÔÓÍ˚Ú˚ı ÍÓ·‡Î¸ÚÓÏ. Is1 = Is2 =
= 350 ÉÒ; k1 = 0.38; k2 = 4.08; A* = 0 (‡), 0.2 (·);  1 (‚). ó‡-
ÒÚËˆ˚, ËÁÓ·‡Ê‡˛˘ËÂ ÚÓ˜ÍË, ÍÓÚÓ˚Â ÔÓÔ‡ÎË ‚ Ó·-
Î‡ÒÚ¸ I, ÏÓ„ÛÚ Ì‡ıÓ‰ËÚ¸Òfl ‚ Ó‰ÌÓÏ ËÁ ̃ ÂÚ˚Âı ÒÓÒÚÓflÌËÈ,
Ó·Î‡ÒÚË II Ë III ÒÓÓÚ‚ÂÚÒÚ‚Û˛Ú ˜‡ÒÚËˆ‡Ï, Ï‡„ÌËÚÌ˚Â ÏÓ-
ÏÂÌÚ˚ Ù‡Á ÍÓÚÓ˚ı ÓËÂÌÚËÓ‚‡Ì˚ ÚÓÎ¸ÍÓ ‡ÌÚËÔ‡‡Î-
ÎÂÎ¸ÌÓ Ë Ô‡‡ÎÎÂÎ¸ÌÓ ÒÓÓÚ‚ÂÚÒÚ‚ÂÌÌÓ.
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ÍËÚË˜ÂÒÍËı ÔÓÎÂÈ ‡ÁÎË˜‡˛ÚÒfl ÎË¯¸ ÔÂÂÓÔÂ-
‰ÂÎÂÌËÂÏ ÍÓ˝ÙÙËˆËÂÌÚÓ‚ N12 Ë N21 Ì‡ ,  ‚
ÍÓÚÓ˚Â ‚ıÓ‰ËÚ ÍÓÌÒÚ‡ÌÚ‡ ÏÂÊÙ‡ÁÌÓ„Ó Ó·ÏÂÌÌÓ-
„Ó ‚Á‡ËÏÓ‰ÂÈÒÚ‚Ëfl Ain. ç‡ÔËÏÂ, ÍËÚË˜ÂÒÍÓÂ
ÔÓÎÂ ÔÂÂıÓ‰‡ ËÁ ÔÂ‚Ó„Ó ÒÓÒÚÓflÌËfl ‚ ˜ÂÚ‚ÂÚÓÂ
ÓÔÂ‰ÂÎflÂÚÒfl ÒÎÂ‰Û˛˘ËÏ ÒÓÓÚÌÓ¯ÂÌËÂÏ:

(5)

ÍÓÚÓÓÂ ÒÓ‚Ô‡‰‡ÂÚ Ò ÔÓÎÛ˜ÂÌÌ˚Ï ‚ [16] Ò ÚÓ˜ÌÓÒ-
Ú¸˛ ‰Ó N21.

èÂ‰ÒÚ‡‚ÎÂÌÌ˚Â Ì‡ ËÒ. 1 Ù‡ÁÓ‚˚Â ‰Ë‡„‡ÏÏ˚
ËÎÎ˛ÒÚËÛ˛Ú ‚ÎËflÌËÂ Ó·ÏÂÌÌÓ„Ó ‚Á‡ËÏÓ‰ÂÈÒÚ-
‚Ëfl ˜ÂÂÁ „‡ÌËˆÛ Ì‡ ÒÚ‡·ËÎ¸ÌÓÒÚ¸ Ï‡„ÌËÚÌ˚ı ÒÓ-
ÒÚÓflÌËÈ ‰‚ÛıÙ‡ÁÌ˚ı ˜‡ÒÚËˆ. ì‚ÂÎË˜ÂÌËÂ ÏÂÊ-
Ù‡ÁÌÓ„Ó Ó·ÏÂÌÌÓ„Ó ‚Á‡ËÏÓ‰ÂÈÒÚ‚Ëfl ‰Ó A* = 0.2
ÔË‚Ó‰ËÚ Í ÓËÂÌÚ‡ˆËÓÌÌ˚Ï ÔÂÂıÓ‰‡Ï ËÁ ÒÓÒÚÓ-
flÌËÈ Ò ‡ÌÚËÔ‡‡ÎÎÂÎ¸ÌÓÈ ÓËÂÌÚ‡ˆËÂÈ ‚ ÒÓÒÚÓfl-
ÌËfl Ò Ô‡‡ÎÎÂÎ¸ÌÓÈ ÓËÂÌÚ‡ˆËÂÈ Ï‡„ÌËÚÌ˚ı ÏÓ-
ÏÂÌÚÓ‚ Ù‡Á (Ó·Î‡ÒÚ¸ III Ì‡ ËÒ. 1·). Ñ‡Î¸ÌÂÈ¯ËÈ
ÓÒÚ ÏÂÊÙ‡ÁÌÓ„Ó Ó·ÏÂÌÌÓ„Ó ‚Á‡ËÏÓ‰ÂÈÒÚ‚Ëfl
(A* = 1) ÔË‚Ó‰ËÚ Í ÔÂÂıÓ‰‡Ï ‚ ÒÓÒÚÓflÌËfl Ò Ô‡-
‡ÎÎÂÎ¸Ì˚Ï Ì‡Ô‡‚ÎÂÌËÂÏ Ì‡Ï‡„ÌË˜ÂÌÌÓÒÚÂÈ
Ù‡Á Á‡ Ò˜ÂÚ ‡ÌÚËÔ‡‡ÎÎÂÎ¸Ì˚ı.

3. ç‡Ï‡„ÌË˜Ë‚‡ÌËÂ ‡ÌÒ‡Ï·Îfl 
‰‚ÛıÙ‡ÁÌ˚ı ˜‡ÒÚËˆ

ê‡ÒÒÏÓÚËÏ ‡ÌÒ‡Ï·Î¸ Ï‡Î˚ı (‡ÁÏÂÓÏ ~15–
80 ÌÏ) ˜‡ÒÚËˆ γ-Fe2O3, ˝ÔËÚ‡ÍÒË‡Î¸ÌÓ ÔÓÍ˚Ú˚ı
ÍÓ·‡Î¸ÚÓÏ. èÓ ÏÌÂÌË˛ [11, 13], ÔÓÍ˚ÚËÂ γ-Fe2O3
ÔÂ‰ÒÚ‡‚ÎflÂÚ ÒÓ·ÓÈ ÍÓ·‡Î¸ÚÓ‚˚È ÙÂËÚ. ç‡Ë·Ó-
ÎÂÂ ‚ÂÓflÚÌÓ, ˜ÚÓ ÒÓÒÚ‡‚ ÙÂËÚ‡ ·ÎËÁÓÍ Í
CoFe2O4, ÒÔÓÌÚ‡ÌÌ‡fl Ì‡Ï‡„ÌË˜ÂÌÌÓÒÚ¸ Is2 ÍÓÚÓÓ-
„Ó ÔËÌËÏ‡Î‡Ò¸ ‡‚ÌÓÈ Ì‡Ï‡„ÌË˜ÂÌÌÓÒÚË γ-Fe2O3
Is1 = 350 ÉÒ. äÓÌÒÚ‡ÌÚ‡ ÍËÒÚ‡ÎÎÓ„‡ÙË˜ÂÒÍÓÈ
‡ÌËÁÓÚÓÔËË CoFe2O4 K2 ‚ ÒÓÓÚ‚ÂÚÒÚ‚ËË Ò ‰‡ÌÌ˚-
ÏË ‡ÁÌ˚ı ‡‚ÚÓÓ‚ [2, 9, 17] Á‡‰‡‚‡Î‡Ò¸ ‚ ÔÂ‰ÂÎ‡ı
(0.5–3) × 106 ˝„/ÒÏ3, ˜ÚÓ „Ó‡Á‰Ó ·ÓÎ¸¯Â ÍÓÌÒÚ‡Ì-
Ú˚ ÍËÒÚ‡ÎÎÓ„‡ÙË˜ÂÒÍÓÈ ‡ÌËÁÓÚÓÔËË γ-Fe2O3,
‰Îfl ÍÓÚÓÓ„Ó K1 = 4.6 × 104 ˝„/ÒÏ3. ÇÂÎË˜ËÌ‡ Ó·-
ÏÂÌÌÓÈ ÍÓÌÒÚ‡ÌÚ˚ Ain ÓˆÂÌË‚‡Î‡Ò¸ ÎË¯¸ ÚÂÓÂÚË-
˜ÂÒÍË, ÒÓ„Î‡ÒÌÓ [9], Ain = 5.87 × 10–8 ̋ „/ÒÏ. ó‡ÒÚÓÚ-
Ì˚È Ù‡ÍÚÓ f0 ÔÓÎ‡„‡ÎÒfl ‡‚Ì˚Ï 1010 c–1. å‡„ÌËÚÓ-
ÒÚ‡ÚË˜ÂÒÍÓÂ ‚Á‡ËÏÓ‰ÂÈÒÚ‚ËÂ ÏÂÊ‰Û ˜‡ÒÚËˆ‡ÏË ÌÂ
ÔËÌËÏ‡ÎÓÒ¸ ‚ ‡Ò˜ÂÚ.

ç‡ ËÒ. 3–7 ÔÂ‰ÒÚ‡‚ÎÂÌ‡ Á‡‚ËÒËÏÓÒÚ¸ ÍÓ˝ˆË-
ÚË‚ÌÓÈ ÒËÎ˚ Hc ÓÚ ‡ÁÎË˜Ì˚ı ı‡‡ÍÚÂËÒÚËÍ ˜‡Ò-
ÚËˆ, ‡ÒÒ˜ËÚ‡ÌÌ‡fl ‚ ÂÁÛÎ¸Ú‡ÚÂ ÏÓ‰ÂÎËÓ‚‡ÌËfl ÔÂ-
ÚÂÎ¸ „ËÒÚÂÂÁËÒ‡ (ËÒ. 2) Ì‡ ÓÒÌÓ‚Â ‡Á‡·ÓÚ‡ÌÌÓÈ
Ì‡ÏË ÏÓ‰ÂÎË ‡ÌÒ‡Ï·Îfl ‰‚ÛıÙ‡ÁÌ˚ı ˜‡ÒÚËˆ [16].

èÓ‚Â‰ÂÌËÂ ÍÓ˝ˆËÚË‚ÌÓÈ ÒËÎ˚ Hc ‚ Á‡‚ËÒËÏÓ-
ÒÚË ÓÚ ÓÚÌÓÒËÚÂÎ¸ÌÓ„Ó Ó·˙ÂÏ‡ (Ó·˙ÂÏÌÓÈ ÍÓÌ-
ˆÂÌÚ‡ˆËË) ÍÓ·‡Î¸ÚÓ‚Ó„Ó ÙÂËÚ‡ ε ÒÛ˘ÂÒÚ‚ÂÌÌÓ
ÓÔÂ‰ÂÎflÂÚÒfl ‚ÂÎË˜ËÌÓÈ Ó·ÏÂÌÌÓ„Ó ‚Á‡ËÏÓ‰ÂÈÒÚ-
‚Ëfl ˜ÂÂÁ „‡ÌËˆÛ. ÖÒÎË ÔË A* = 0 Ò ÓÒÚÓÏ ε ÍÓ-
˝ˆËÚË‚Ì‡fl ÒËÎ‡ ˜‡ÒÚËˆ Ô‡‰‡ÂÚ, ‡ Á‡ÚÂÏ ‚˚ıÓ‰ËÚ
Ì‡ Ì‡Ò˚˘ÂÌËÂ (ËÒ. 3‡, 4), ÚÓ ÔË A* > 1.5 Hc ‚ÓÁ-

N12* N21*

Hc1
↑↑( )

k1Is1

2N11Is1 N21* Is2–
1 ε–

--------------------------------------- ,+=
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12.24
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4.08
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24.49

êËÒ. 2. èÂÚÎË „ËÒÚÂÂÁËÒ‡ ‡ÌÒ‡Ï·Îfl ˜‡ÒÚËˆ γ-Fe2O3 Ò
ÔÓÍ˚ÚËÂÏ Co:
q = 1.5, Tl = 2 × 103 Ò, Hmax = 104 ù, Ain = 4.09 × 10–8

˝„/ÒÏ, δ = 8.35 × 10–8 ÒÏ, k2 = 16.3, ε = 0.25; a = 40 ÌÏ
(ÍË‚‡fl 1), a = 20 ÌÏ (ÍË‚‡fl 2), a = 15 ÌÏ (ÍË‚‡fl 3).

êËÒ. 3. ÇÎËflÌËÂ ÍÓÌÒÚ‡ÌÚ˚ ‡ÌËÁÓÚÓÔËË Ì‡ Á‡‚ËÒË-
ÏÓÒÚ¸ ÍÓ˝ˆËÚË‚ÌÓÈ ÒËÎ˚ ÓÚ ÓÚÌÓÒËÚÂÎ¸ÌÓ„Ó Ó·˙ÂÏ‡
Ù‡Á˚ CoFe2O4:
‡ÁÏÂ˚ ˜‡ÒÚËˆ a = 40 ÌÏ, q = 1.5, Tl = 2 × 103 c, Hmax =
= 104 ù, A* = 0 (‡), 2 (·).

2*

k2 =

k2 =
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‡ÒÚ‡ÂÚ ÔË ‚ÒÂı ε (ËÒ. 3·, 4). äÓÏÂ ÚÓ„Ó, Ó·ÏÂÌ-
ÌÓÂ ‚Á‡ËÏÓ‰ÂÈÒÚ‚ËÂ ÌÂÒÍÓÎ¸ÍÓ Á‡ÌËÊ‡ÂÚ Ï‡ÍÒË-
Ï‡Î¸ÌÓÂ ÁÌ‡˜ÂÌËÂ Hc, ÍÓÚÓÓÂ Ì‡‡ÒÚ‡ÂÚ Ò Û‚ÂÎË-
˜ÂÌËÂÏ ÍÓÌÒÚ‡ÌÚ˚ ÍËÒÚ‡ÎÎÓ„‡ÙË˜ÂÒÍÓÈ
‡ÌËÁÓÚÓÔËË ÙÂËÚ‡ ÍÓ·‡Î¸Ú‡ k2.

í‡ÍÓÏÛ ÔÓ‚Â‰ÂÌË˛ Hc = Hc(ε) ÏÓÊÌÓ ‰‡Ú¸ ÒÎÂ-
‰Û˛˘Û˛ ËÌÚÂÔÂÚ‡ˆË˛: ‰Ó ÚÂı ÔÓ ÔÓÍ‡ Ï‡„ÌË-
ÚÓÒÚ‡ÚË˜ÂÒÍÓÂ ‚Á‡ËÏÓ‰ÂÈÒÚ‚ËÂ ÏÂÊ‰Û Ù‡Á‡ÏË
ÔÂ‚‡ÎËÛÂÚ Ì‡‰ Ó·ÏÂÌÌ˚Ï, ÍÓ˝ˆËÚË‚Ì‡fl ÒËÎ‡
ÓÔÂ‰ÂÎflÂÚÒfl ÏËÌËÏ‡Î¸Ì˚Ï ÍËÚË˜ÂÒÍËÏ ÔÓÎÂÏ

, ÍÓÚÓÓÂ ÛÏÂÌ¸¯‡ÂÚÒfl Ò ÓÒÚÓÏ ‚ÚÓÓÈ Ù‡-Hc1
↑↑( )

Á˚. Ç ÒÎÛ˜‡Â, ÍÓ„‰‡ Ó·ÏÂÌÌÓÂ ‚Á‡ËÏÓ‰ÂÈÒÚ‚ËÂ
ÔÂÓ·Î‡‰‡ÂÚ Ì‡‰ Ï‡„ÌËÚÓÒÚ‡ÚË˜ÂÒÍËÏ (A* > N21),
Ù‡Á˚ ÔÂÂÏ‡„ÌË˜Ë‚‡˛ÚÒfl ÍÓ„ÂÂÌÚÌÓ (ÍË‚‡fl 4
Ì‡ ËÒ. 4 „Î‡‰Í‡fl). é·ÏÂÌÌÓÂ ‚Á‡ËÏÓ‰ÂÈÒÚ‚ËÂ Û‚Â-

ÎË˜Ë‚‡ÂÚ ÍËÚË˜ÂÒÍÓÂ ÔÓÎÂ  Ë ÌÂ ‚ÎËflÂÚ Ì‡
ÔÓÎÂ ÍÓ„ÂÂÌÚÌÓ„Ó ÔÂÂÏ‡„ÌË˜Ë‚‡ÌËfl ˜‡ÒÚËˆ˚

. éÚÏÂ˜ÂÌÌÓÂ ‚˚¯Â Ô‡‰ÂÌËÂ Hc ÌÂ Ì‡·Î˛‰‡-
ÎÓÒ¸ ‚ ‡·ÓÚ‡ı [7] Ë [9], ˜ÚÓ Ò‚flÁ‡ÌÓ Ò ÒËÏÏÂÚË˜-
Ì˚Ï ‡ÒÔÓÎÓÊÂÌËÂÏ Ù‡Á, ÔË ÍÓÚÓÓÏ ÏÂÊÙ‡Á-
ÌÓÂ Ï‡„ÌËÚÓÒÚ‡ÚË˜ÂÒÍÓÂ ‚Á‡ËÏÓ‰ÂÈÒÚ‚ËÂ ÓÚÒÛÚÒÚ-
‚ÛÂÚ.
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êËÒ. 4. ÇÎËflÌËÂ Ó·ÏÂÌÌÓ„Ó ‚Á‡ËÏÓ‰ÂÈÒÚ‚Ëfl ˜ÂÂÁ „‡-
ÌËˆÛ Ì‡ Á‡‚ËÒËÏÓÒÚ¸ ÍÓ˝ˆËÚË‚ÌÓÈ ÒËÎ˚ ÓÚ ÓÚÌÓÒË-
ÚÂÎ¸ÌÓ„Ó Ó·˙ÂÏ‡ Ù‡Á˚ CoFe2O4:
‡ÁÏÂ˚ ˜‡ÒÚËˆ a = 40 ÌÏ, q = 1.5, Tl = 2 × 103 Ò, Hmax =
= 104 ù, k2 = 4.08; A* = 0 (1), 0.1 (2), 1 (3), >1.5 (4).
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êËÒ. 5. ÇÎËflÌËÂ ‚˚ÚflÌÛÚÓÒÚË Ì‡ Á‡‚ËÒËÏÓÒÚ¸ ÍÓ˝ˆË-
ÚË‚ÌÓÈ ÒËÎ˚ ÓÚ ÓÚÌÓÒËÚÂÎ¸ÌÓ„Ó Ó·˙ÂÏ‡ Ù‡Á˚
CoFe2O4:
‡ÁÏÂ˚ ˜‡ÒÚËˆ a = 40 ÌÏ, Tl = 103 Ò, Hmax = 104 ù,
A* = 1, k2 = 4.08.
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êËÒ. 6. ÇÎËflÌËÂ ‡ÁÏÂÓ‚ ˜‡ÒÚËˆ Ì‡ Á‡‚ËÒËÏÓÒÚ¸ ÍÓ-
˝ˆËÚË‚ÌÓÈ ÒËÎ˚ ÓÚ ÓÚÌÓÒËÚÂÎ¸ÌÓ„Ó Ó·˙ÂÏ‡ Ù‡Á˚
CoFe2O4:
q = 1.5, Tl = 1 Ò, Hmax = 104 ù, k2 = 4.08, Ain = 2.05 ×
× 10–8 ˝„/ÒÏ, δ = 8.35 × 10–8 ÒÏ.
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êËÒ. 7. ÇÎËflÌËÂ ÔÂËÓ‰‡ ËÁÏÂÌÂÌËfl ÔÓÎfl Tl Ì‡ Á‡‚ËÒË-
ÏÓÒÚ¸ ÍÓ˝ˆËÚË‚ÌÓÈ ÒËÎ˚ ÓÚ ÓÚÌÓÒËÚÂÎ¸ÌÓ„Ó Ó·˙ÂÏ‡
Ù‡Á˚ CoFe2O4:
q = 1.5, Hmax = 104 ù, k2 = 4.08, Ain = 2.05 × 10–8 ˝„/ÒÏ,
δ = 8.35 × 10–8 ÒÏ, + ÒÓÓÚ‚ÂÚÒÚ‚Û˛Ú Tl = 1 Ò, � – Tl = 104 Ò.

q =

a, ÌÏ a, ÌÏ
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á‡ÏÂÚËÏ, ̃ ÚÓ ÔË ε > 0.5 ÍÓ˝ˆËÚË‚Ì‡fl ÒËÎ‡ ÒË-
ÒÚÂÏ˚ ̃ ‡ÒÚËˆ Ò ÍÓÌÒÚ‡ÌÚÓÈ Ó·ÏÂÌÌÓ„Ó ‚Á‡ËÏÓ‰ÂÈ-
ÒÚ‚Ëfl ˜ÂÂÁ „‡ÌËˆÛ A* = 1 ËÏÂÂÚ ÏÂÌ¸¯ÂÂ ÁÌ‡˜Â-
ÌËÂ, ÌÂÊÂÎË Ò A* > 1.5 (ÒÏ. ÍË‚˚Â 3 Ë 4 Ì‡ ËÒ. 4).
ùÚÓ ‚˚Á‚‡ÌÓ ‡ÁÎË˜ËÂÏ ‚ ÏÂı‡ÌËÁÏ‡ı ÔÂÂÏ‡„ÌË-
˜Ë‚‡ÌËfl Ù‡Á: ‚ ÔÂ‚ÓÏ ÒÎÛ˜‡Â Ï‡„ÌËÚÌ˚Â ÏÓÏÂÌ-
Ú˚ Ù‡Á ÏÂÌfl˛Ú Ò‚ÓÂ Ì‡Ô‡‚ÎÂÌËÂ ÒËÌıÓÌÌÓ, ÔÂ-
Ó‰ÓÎÂ‚‡fl ÔÓÚÂÌˆË‡Î¸Ì˚Â ·‡¸Â˚ E13, E31
(ÒÏ. [16]), ‡ ˜‡ÒÚËˆ‡ ÔÂÂıÓ‰ËÚ ËÁ ÔÂ‚Ó„Ó ÒÓÒÚÓfl-
ÌËfl ‚ ÚÂÚ¸Â, ‚Ó ‚ÚÓÓÏ ÒÎÛ˜‡Â ‚ÓÁÏÓÊÌÓ Í‡Í ÍÓ-
„ÂÂÌÚÌÓÂ, Ú‡Í Ë ÌÂÁ‡‚ËÒËÏÓÂ ÔÂÂÏ‡„ÌË˜Ë‚‡ÌËÂ
Ù‡Á.

ç‡ ËÒ. 5 ÔÓËÎÎ˛ÒÚËÓ‚‡ÌÓ ‚ÎËflÌËÂ ‚˚Úfl-
ÌÛÚÓÒÚË ÁÂÌ‡ Ì‡ Â„Ó ÍÓ˝ˆËÚË‚ÌÛ˛ ÒËÎÛ. èË
·ÓÎ¸¯Ëı q ‡ÒÒ˜ËÚ‡ÌÌ˚Â ÁÌ‡˜ÂÌËfl ÍÓ˝ˆËÚË‚ÌÓÈ
ÒËÎ˚ ÓÚÎË˜‡˛ÚÒfl ÓÚ ˝ÍÒÔÂËÏÂÌÚ‡Î¸Ì˚ı, ˜ÚÓ
Ò‚flÁ‡ÌÓ Ò ÔÂ‰ÔÓÎÓÊÂÌËÂÏ Ó· Ó‰ÌÓÓ‰ÌÓÏ ÔÂÂ-
Ï‡„ÌË˜Ë‚‡ÌËË Ï‡„ÌËÚÌÓ„Ó ÏÓÏÂÌÚ‡ ÁÂÌ‡.

ÖÒÚÂÒÚ‚ÂÌÌ˚Ï Ó„‡ÌË˜ÂÌËÂÏ ÛÏÂÌ¸¯ÂÌËfl ‡Á-
ÏÂ‡ ˜‡ÒÚËˆ, ËÒÔÓÎ¸ÁÛÂÏ˚ı ‚ ÌÓÒËÚÂÎflı Ï‡„ÌËÚ-
ÌÓÈ Á‡ÔËÒË, fl‚ÎflÂÚÒfl ÌÂÒÚ‡·ËÎ¸ÌÓÒÚ¸ ÓÒÚ‡ÚÓ˜ÌÓÈ
Ì‡Ï‡„ÌË˜ÂÌÌÓÒÚË. ÇÓÁ‡ÒÚ‡˛˘‡fl Ò ÛÏÂÌ¸¯ÂÌËÂÏ
‡ÁÏÂÓ‚ ÁÂÂÌ ÓÎ¸ ÚÂÏË˜ÂÒÍËı ÙÎÛÍÚÛ‡ˆËÈ
ÔË‚Ó‰ËÚ Í ÛÏÂÌ¸¯ÂÌË˛ Hc, ˜ÚÓ Ë ÔÓÍ‡Á‡ÌÓ Ì‡
ËÒ. 6. ä Ú‡ÍÓÏÛ ÊÂ ‚˚‚Ó‰Û ÔË‚Ó‰ËÚ Ò‡‚ÌÂÌËÂ
ÍËÚË˜ÂÒÍËı ÔÓÎÂÈ, ÓÔÂ‰ÂÎfl˛˘Ëı ÔÂÂıÓ‰ ËÁ
Ó‰ÌÓ„Ó ÒÓÒÚÓflÌËfl ‚ ‰Û„ÓÂ, Ò ÍÓ˝ˆËÚË‚ÌÓÈ ÒËÎÓÈ.
í‡Í, Ì‡ÔËÏÂ, ‰Îfl ˜‡ÒÚËˆ ‡ÁÏÂÓÏ a = 40 ÌÏ

Hc = 1.2 Íù, ‡ ÍËÚË˜ÂÒÍÓÂ ÔÓÎÂ  = 1.4 Íù; ‡Ì-
Ò‡Ï·Î¸ ˜‡ÒÚËˆ Ò a = 20 ÌÏ ËÏÂÂÚ Hc = 1.1 Íù Ë

 = 2.1 Íù (ÒÏ. ËÒ. 2). 

êÂÎ‡ÍÒ‡ˆËÓÌÌ˚Â ˝ÙÙÂÍÚ˚ ÏÓ„ÛÚ ÒÍ‡Á‡Ú¸Òfl Ì‡
ÔÓˆÂÒÒÂ Ì‡Ï‡„ÌË˜Ë‚‡ÌËfl Ï‡Î˚ı ˜‡ÒÚËˆ. í‡Í,
Û‚ÂÎË˜ÂÌËÂ ‚ÂÏÂÌË Ì‡Ï‡„ÌË˜Ë‚‡ÌËfl (‡ÁÏ‡„ÌË-
˜Ë‚‡ÌËfl) Tl ÔË‚Ó‰ËÚ Í ÛÏÂÌ¸¯ÂÌË˛ Hc (ËÒ. 7).

ä‡˜ÂÒÚ‚ÂÌÌÓÂ Ò‡‚ÌÂÌËÂ ÂÁÛÎ¸Ú‡ÚÓ‚ ‡Ò˜ÂÚÓ‚
Ò ‡Ì‡ÎÓ„Ë˜Ì˚ÏË ‡Ò˜ÂÚ‡ÏË, ÔÂ‰ÒÚ‡‚ÎÂÌÌ˚ÏË ‚
‡·ÓÚ‡ı [9, 11, 12], ÔÓÍ‡Á˚‚‡ÂÚ, ˜ÚÓ, Ú‡Í ÊÂ Í‡Í Ë
‚ ÛÍ‡Á‡ÌÌ˚ı ‡·ÓÚ‡ı, Ò ÓÒÚÓÏ Ó·˙ÂÏ‡ Ù‡Á˚
CoFe2O4 ÍÓ˝ˆËÚË‚Ì‡fl ÒËÎ‡ Ì‡‡ÒÚ‡ÂÚ ‰Ó Ì‡Ò˚˘Â-
ÌËfl. Ç ‡·ÓÚ‡ı [9, 11, 12] ÛÓ‚ÂÌ¸ Ì‡Ò˚˘ÂÌËfl ÓÔ-
Â‰ÂÎflÂÚÒfl ‚ ÓÒÌÓ‚ÌÓÏ ‚ÂÎË˜ËÌÓÈ ÍÓÌÒÚ‡ÌÚ˚ Ó·-
ÏÂÌÌÓ„Ó ‚Á‡ËÏÓ‰ÂÈÒÚ‚Ëfl, ‡ ÍÓÌÒÚ‡ÌÚ‡ ‡ÌËÁÓÚÓ-
ÔËË K2 ‚ÎËflÂÚ „Î‡‚Ì˚Ï Ó·‡ÁÓÏ Ì‡ Ì‡˜‡Î¸Ì˚È
Ì‡ÍÎÓÌ ÍË‚ÓÈ Hc ÓÚ R2/R1, „‰Â R2, R1 – ‡‰ËÛÒ˚ ̂ Ë-
ÎËÌ‰Ë˜ÂÒÍËı ÔÓ‚ÂıÌÓÒÚÂÈ, Ó„‡ÌË˜Ë‚‡˛˘Ëı
Ù‡Á˚. îÓÏ‡ ˝ÚÓÈ ÍË‚ÓÈ ËÏÂÂÚ ÏÓÌÓÚÓÌÌ˚È ı‡-
‡ÍÚÂ (‚ ‡·ÓÚÂ [9] ÚÓÎ¸ÍÓ ‰Îfl ·ÓÎ¸¯Ëı ÁÌ‡˜Â-
ÌËÈ A), ÔË˜ÂÏ Á‡‚ËÒËÏÓÒÚ¸ Hc ÓÚ 1 – (B1/B2)3 [9]
ËÎË 1 – (R1/R2)2 [11, 12], ÍÓÚÓ˚Â fl‚Îfl˛ÚÒfl ‡Ì‡ÎÓ-
„ÓÏ ε, ËÏÂÂÚ ÌÂÎËÌÂÈÌ˚È ı‡‡ÍÚÂ. Ç Ì‡¯Ëı ‡Ò-
˜ÂÚ‡ı ÛÓ‚ÂÌ¸ Ì‡Ò˚˘ÂÌËfl Á‡‚ËÒËÚ ‚ ÓÒÌÓ‚ÌÓÏ ÓÚ
ÍÓÌÒÚ‡ÌÚ˚ ‡ÌËÁÓÚÓÔËË ÙÂËÚ‡ ÍÓ·‡Î¸Ú‡, ‡ Ó·-
ÏÂÌÌÓÂ ‚Á‡ËÏÓ‰ÂÈÒÚ‚ËÂ ˜ÂÂÁ ÔÂÂıÓ‰Ì˚È ÒÎÓÈ
ÓÔÂ‰ÂÎflÂÚ ‚ ÓÒÌÓ‚ÌÓÏ ÙÓÏÛ ÍË‚ÓÈ Hc(ε). èË
Ï‡Î˚ı ÁÌ‡˜ÂÌËflı A* ÍË‚‡fl Hc(ε) ËÏÂÂÚ ÌÂÏÓÌÓ-

Hc1
↑↑( )

Hc3
↑↑( )

ÚÓÌÌ˚È ı‡‡ÍÚÂ, ˜ÚÓ Ò‚flÁ‡ÌÓ Ò ‚˚·‡ÌÌ˚Ï ‚Á‡-
ËÏÌ˚Ï ‡ÒÔÓÎÓÊÂÌËÂÏ Ù‡Á.

ÇõÇéÑõ

1. èÓ‚Â‰ÂÌÓ ËÒÒÎÂ‰Ó‚‡ÌËÂ ‚ÎËflÌËfl ÏÂÊÙ‡Á-
ÌÓ„Ó Ó·ÏÂÌÌÓ„Ó ‚Á‡ËÏÓ‰ÂÈÒÚ‚Ëfl Ì‡ Ï‡„ÌËÚÌ˚Â ÒÓ-
ÒÚÓflÌËfl ˜‡ÒÚËˆ γ-Fe2O3, ÔÓÍ˚Ú˚ı ÍÓ·‡Î¸ÚÓÏ.

2. èÓÍ‡Á‡ÌÓ, ˜ÚÓ ÒÓÓÚÌÓ¯ÂÌËÂ ÏÂÊ‰Û ÏÂÊ-
Ù‡ÁÌ˚Ï Ï‡„ÌËÚÓÒÚ‡ÚË˜ÂÒÍËÏ Ë Ó·ÏÂÌÌ˚Ï ‚Á‡Ë-
ÏÓ‰ÂÈÒÚ‚ËflÏË ÒÛ˘ÂÒÚ‚ÂÌÌÓ ‚ÎËflÂÚ Ì‡ Á‡‚ËÒË-
ÏÓÒÚ¸ ÍÓ˝ˆËÚË‚ÌÓÈ ÒËÎ˚ ÒËÒÚÂÏ˚ Ï‡Î˚ı ˜‡ÒÚËˆ
γ-Fe2O3 ÓÚ ÓÚÌÓÒËÚÂÎ¸ÌÓ„Ó Ó·˙ÂÏ‡ ÍÓ·‡Î¸ÚÓ‚Ó„Ó
ÔÓÍ˚ÚËfl.

3. êÓÒÚ ÍËÒÚ‡ÎÎÓ„‡ÙË˜ÂÒÍÓÈ ‡ÌËÁÓÚÓÔËË
ÍÓ·‡Î¸ÚÓ‚Ó„Ó ÔÓÍ˚ÚËfl ÔË‚Ó‰ËÚ Í ÓÒÚÛ ÍÓ˝-
ˆËÚË‚ÌÓÈ ÒËÎ˚ ‡ÌÒ‡Ï·Îfl ËÒÒÎÂ‰ÛÂÏ˚ı ˜‡ÒÚËˆ.
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