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Ç ‡·ÓÚ‡ı [1–4] Ì‡ÏË ËÒÒÎÂ‰Ó‚‡Ì‡ ÒÚÛÍÚÛ‡ ÌÂ-
‡‚ÌÓ‚ÂÒÌ˚ı Ù‡Á, ‚ÓÁÌËÍ‡˛˘Ëı ÔÓÒÎÂ ‚Á˚‚ÌÓÈ
ÍËÒÚ‡ÎÎËÁ‡ˆËË ‚ Ì‡ÌÓÍËÒÚ‡ÎÎË˜ÂÒÍËı ÔÎÂÌÍ‡ı
Fe–Tb, Fe–C, Co–C, Co–Pd Ë ‰. ‚ ÂÁÛÎ¸Ú‡ÚÂ ‚ÓÁ-
‰ÂÈÒÚ‚ËÈ ̋ ÎÂÍÚÓÌÌÓ„Ó ÔÛ˜Í‡, ÚÂÔÎÓ‚Ó„Ó Ì‡„Â‚‡,
ÏÂı‡ÌË˜ÂÒÍÓ„Ó Û‰‡‡. èÓÒÎÂ ‚Á˚‚ÌÓÈ ÍËÒÚ‡Î-
ÎËÁ‡ˆËË ÒÚÛÍÚÛ‡ ÔÎÂÌÓÍ ‚ÒÂı ÔÂÂ˜ËÒÎÂÌÌ˚ı
Ï‡ÚÂË‡ÎÓ‚ Ë‰ÂÌÚËÙËˆËÓ‚‡Ì‡ Í‡Í Ù‡ÌÍ-Í‡ÒÔÂ-
Ó‚ÒÍ‡fl, ÚÂÚ‡˝‰Ë˜ÂÒÍË ÔÎÓÚÌÓÛÔ‡ÍÓ‚‡ÌÌ‡fl ÚË-
Ô‡ FK16 + FK12 (Ù‡Á‡ ã‡‚ÂÒ‡).

Ç [2, 3] ÔÓÍ‡Á‡ÌÓ, ˜ÚÓ ÔÓˆÂÒÒ ‚Á˚‚ÌÓÈ ÍË-
ÒÚ‡ÎÎËÁ‡ˆËË Ì‡ÌÓÍËÒÚ‡ÎÎË˜ÂÒÍËı ÔÎÂÌÓÍ ÏÓÊÂÚ
Û‰Ó‚ÎÂÚ‚ÓËÚÂÎ¸ÌÓ ÓÔËÒ˚‚‡Ú¸Òfl ÚÂÓËÂÈ Ò‰‚Ë„Ó-
‚ÓÈ Ú‡ÌÒÙÓÏ‡ˆËÓÌÌÓÈ ÁÓÌ˚ [5] ‚ ÒÎÛ˜‡Â ÏÂı‡-
ÌË˜ÂÒÍÓ„Ó Û‰‡‡. Ç ÒÎÛ˜‡Â ÚÂÔÎÓ‚Ó„Ó ‚ÓÁ‰ÂÈÒÚ‚Ëfl
‰Îfl ÓÔËÒ‡ÌËfl ·ÓÎ¸¯Â ÔÓ‰ıÓ‰ËÚ ÚÂÓËfl ÍËÒÚ‡ÎÎË-
Á‡ˆËË ËÁ ‡ÒÔÎ‡‚‡ [6]. ùÚ‡ ÚÂÓËfl ÏÓÊÂÚ ‡ÒÒÏ‡Ú-
Ë‚‡Ú¸Òfl Í‡Í ˜‡ÒÚÌ˚È ÒÎÛ˜‡È ÚÂÓËË Ò‰‚Ë„Ó‚ÓÈ
Ú‡ÌÒÙÓÏ‡ˆËÓÌÌÓÈ ÁÓÌ˚.

èÓˆÂÒÒ˚ ÍËÒÚ‡ÎÎËÁ‡ˆËË ÔÎÂÌÓÍ ËÁ ËÒıÓ‰ÌÓ-
„Ó ÂÌÚ„ÂÌÓ‡ÏÓÙÌÓ„Ó ÒÓÒÚÓflÌËfl ·˚ÎË ËÒÒÎÂ‰Ó-
‚‡Ì˚ ‚ [7] Ò ÔÓÏÓ˘¸˛ ÔÓÒ‚Â˜Ë‚‡˛˘ÂÈ ̋ ÎÂÍÚÓÌ-
ÌÓÈ ÏËÍÓÒÍÓÔËË Ë ̋ ÎÂÍÚÓÌÌÓÈ ‰ËÙ‡ÍˆËË. áÌ‡-
˜ËÚÂÎ¸Ì˚È ‚ÌÛÚÂÌÌËÈ ËÁ„Ë· ÍËÒÚ‡ÎÎË˜ÂÒÍÓÈ
Â¯ÂÚÍË (~100 „‡‰/ÏÍÏ) ‡‚ÚÓ ‡Ì‡ÎËÁËÛÂÚ Ò
ÚÓ˜ÍË ÁÂÌËfl ÚÂÓËË ÛÔÛ„ÓÒÚË. é‰Ì‡ÍÓ ‚ ÚÂÓËË
ÛÔÛ„ÓÒÚË ‰ÓÔÛÒÍ‡ÂÚÒfl ÌÂ·ÓÎ¸¯ÓÈ ËÁ„Ë· (ÔË ÍÓ-
ÚÓÓÏ ‚ÂÎË˜ËÌ‡ Û„Î‡ ÌÂ ÔÂ‚˚¯‡ÂÚ ÁÌ‡˜ÂÌËfl ÒË-
ÌÛÒ‡ ËÎË Ú‡Ì„ÂÌÒ‡). Ç Ó·ÁÓÂ [8] ÔÂ‰Î‡„‡ÂÚÒfl ÔÂ-
ÂÒÏÓÚÂÚ¸ ÔÓ‰ıÓ‰ Ò ÚÓ˜ÍË ÁÂÌËfl ÚÂÓËË ÛÔÛ„Ó-
ÒÚË Í ÒÚÛÍÚÛÓÓ·‡ÁÓ‚‡ÌË˛ ‚ ÌÂ‡‚ÌÓ‚ÂÒÌ˚ı
ÔÎÂÌÍ‡ı. ùÍÒÔÂËÏÂÌÚ‡Î¸Ì˚Â ÂÁÛÎ¸Ú‡Ú˚ ‡·ÓÚ˚
[3] ÔÓ‰ÂÏÓÌÒÚËÓ‚‡ÎË ‚ÓÁÏÓÊÌÓÒÚ¸ Ó·˙flÒÌÂÌËfl
‡ÁÎË˜Ì˚ı ÙÓÏ ËÁÓ„ÌÛÚ˚ı ÍËÒÚ‡ÎÎÓ‚ ÌÂÔÓÚË‚Ó-
Â˜Ë‚ÓÈ Ë ‰ÓÔÓÎÌfl˛˘ÂÈ ‰Û„ ‰Û„‡ ÒÓ‚ÓÍÛÔÌÓÒÚ¸˛

ÚÂÓËÈ: ÚÂÓËË Ò‰‚Ë„Ó‚˚ı Ú‡ÌÒÙÓÏ‡ˆËÓÌÌ˚ı ÁÓÌ
[5] Ë ÚÂÓËË ·ËÙÛÍ‡ˆËË ‡ÚÓÏÌÓÈ Â¯ÂÚÍË [9].

á‡‰‡˜‡ ‰‡ÌÌÓÈ ‡·ÓÚ˚ – ÔÓÍ‡Á‡Ú¸, ˜ÚÓ ‚ÌÛÚ-
ÂÌÌËÈ ËÁ„Ë· ÍËÒÚ‡ÎÎË˜ÂÒÍÓÈ Â¯ÂÚÍË ÔË Â-
ÍËÒÚ‡ÎÎËÁ‡ˆËË Ì‡ÌÓÍËÒÚ‡ÎÎË˜ÂÒÍËı ÏÂÚ‡ÎÎË-
˜ÂÒÍËı ÔÎÂÌÓÍ fl‚ÎflÂÚÒfl ÂÁÛÎ¸Ú‡ÚÓÏ ˝ÙÙÂÍÚÓ‚,
ÔÓ‰Ó·Ì˚ı „Ë‰Ó‰ËÌ‡ÏË˜ÂÒÍËÏ, Ë ÏÓÊÂÚ ‡ÒÒÏ‡Ú-
Ë‚‡Ú¸Òfl Ò ÚÓ˜ÍË ÁÂÌËfl ÚÂÓËË ‚flÁÍÓÈ ÌÂÒÊËÏ‡-
ÂÏÓÈ ÊË‰ÍÓÒÚË. í‡ÍÓÈ ÔÓ‰ıÓ‰ ÔÓÁ‚ÓÎËÚ ÒÌflÚ¸ fl‰
‚ÓÔÓÒÓ‚, ‚ÓÁÌËÍ‡˛˘Ëı ÔË ÒÓÔÓÒÚ‡‚ÎÂÌËË ÚÂÓ-
ËË Ò‰‚Ë„Ó‚˚ı Ú‡ÌÒÙÓÏ‡ˆËÓÌÌ˚ı ÁÓÌ Ë ÚÂÓËË
·ËÙÛÍ‡ˆËË ‡ÚÓÏÌÓÈ Â¯ÂÚÍË. 

é·‡Áˆ˚ Ë ÏÂÚÓ‰˚ ËÒÒÎÂ‰Ó‚‡ÌËfl

àÒÒÎÂ‰Ó‚‡Ì‡ ÍËÒÚ‡ÎÎËÁ‡ˆËfl ÔÎÂÌÓÍ ëÓ–ë Ë
Co–Pd ˝Í‚Ë‡ÚÓÏÌÓ„Ó ÒÓÒÚ‡‚‡. èÎÂÌÍË ÍÓ·‡Î¸Ú‡ Ò
ÔËÏÂÒ¸˛ Û„ÎÂÓ‰‡ ÔÓÎÛ˜ÂÌ˚ ÔÓ ÚÂıÌÓÎÓ„ËË ËÓÌ-
ÌÓ-ÔÎ‡ÁÏÂÌÌÓ„Ó ËÒÔ‡ÂÌËfl [10] ‚ Ì‡ÌÓÍËÒÚ‡ÎÎË-
˜ÂÒÍÓÏ ÒÓÒÚÓflÌËË. éÒÓ·ÂÌÌÓÒÚ¸˛ ËÒÔÓÎ¸ÁÛÂÏÓ„Ó
ÏÂÚÓ‰‡ ÔÓÎÛ˜ÂÌËfl fl‚ÎflÂÚÒfl ‚˚ÒÓÍ‡fl ËÏÔÛÎ¸ÒÌ‡fl
ÒÍÓÓÒÚ¸ ÍÓÌ‰ÂÌÒ‡ˆËË (‰Ó 10 ÏÍÏ/Ò) ÔË ‰ÎËÚÂÎ¸-
ÌÓÒÚË ËÏÔÛÎ¸Ò‡ 1 ÌÒ Ë ÒÍÓÓÒÚË ÓıÎ‡Ê‰ÂÌËfl ÍÓÌ-
‰ÂÌÒ‡Ú‡ ‰Ó 108 ä/Ò. ëÓ„Î‡ÒÌÓ ‰‡ÌÌ˚Ï ÓÊÂ-ÒÔÂÍÚÓ-
ÒÍÓÔËË, ÒÓ‰ÂÊ‡ÌËÂ Û„ÎÂÓ‰‡ ‚ ÔÎÂÌÍ‡ı ‰ÓÒÚË„‡ÎÓ
20 ‡Ú. %. èÎÂÌÍË Co–Pd ÔÓÎÛ˜ÂÌ˚ ‚ Ì‡ÌÓÍËÒÚ‡Î-
ÎË˜ÂÒÍÓÏ ÒÓÒÚÓflÌËË Ó·˚˜Ì˚Ï ÚÂÏË˜ÂÒÍËÏ Ì‡-
Ô˚ÎÂÌËÂÏ ÒÓ ÒÍÓÓÒÚ¸˛ ~150 Å/Ò.

é·‡Áˆ˚ ËÒÒÎÂ‰Ó‚‡ÎË ÏÂÚÓ‰‡ÏË ÔÓÒ‚Â˜Ë‚‡˛-
˘ÂÈ ˝ÎÂÍÚÓÌÌÓÈ ÏËÍÓÒÍÓÔËË (èùå) Ë ‰ËÙ‡Í-
ˆËË ˝ÎÂÍÚÓÌÓ‚, ‚ÍÎ˛˜‡fl ÏÂÚÓ‰ ËÁ„Ë·Ì˚ı ˝ÍÒ-
ÚËÌÍˆËÓÌÌ˚ı ÍÓÌÚÛÓ‚. ÇÌÛÚÂÌÌËÈ ËÁ„Ë· ÍË-
ÒÚ‡ÎÎË˜ÂÒÍÓÈ Â¯ÂÚÍË ‚˚˜ËÒÎflÎË ÔÓ ÂÁÛÎ¸Ú‡Ú‡Ï
ËÁÏÂÂÌËÈ ‡ÒÒÚÓflÌËÈ ÏÂÊ‰Û ËÁ„Ë·Ì˚ÏË ÍÓÌÚÛ-
‡ÏË (ÒÓÓÚ‚ÂÚÒÚ‚Û˛˘ËÏË ÔÓÚË‚ÓÔÓÎÓÊÌ˚Ï Â-
ÙÎÂÍÒ‡Ï) Ì‡ ÏËÍÓÙÓÚÓ„‡ÙËË. ì„ÓÎ Á‡ÍÛ˜Ë‚‡-
ÌËfl Θ ÔÎÓÒÍÓÒÚË ÍËÒÚ‡ÎÎ‡ Ò ÏÂÊÔÎÓÒÍÓÒÚÌ˚Ï
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ùÍÒÔÂËÏÂÌÚ‡Î¸ÌÓ ËÒÒÎÂ‰Ó‚‡Ì ÓÒÚ ËÁÓ„ÌÛÚ˚ı ÍËÒÚ‡ÎÎÓ‚ ‚ Ì‡ÌÓÍËÒÚ‡ÎÎË˜ÂÒÍËı ÔÎÂÌÍ‡ı Co–C,
Co–Pd. éˆÂÌÍË ‡‰ËÛÒ‡ ÍË‚ËÁÌ˚ ‚ÌÛÚÂÌÌÂ„Ó ËÁ„Ë·‡ ÍËÒÚ‡ÎÎË˜ÂÒÍÓÈ Â¯ÂÚÍË ÔÓÍ‡Á‡ÎË, ˜ÚÓ Ì‡-
·Î˛‰‡ÂÏ˚Â ˝ÙÙÂÍÚ˚ ÏÓÊÌÓ Ó·˙flÒÌËÚ¸ Ò ÚÓ˜ÍË ÁÂÌËfl ÚÂÓËË ‚flÁÍÓÈ ÌÂÒÊËÏ‡ÂÏÓÈ ÊË‰ÍÓÒÚË. ç‡-
·Î˛‰‡ÂÚÒfl ÏÌÓ„ÓÓ·‡ÁËÂ ÏÓÙÓÎÓ„Ë˜ÂÒÍËı ÙÓÏ ËÁÓ„ÌÛÚ˚ı ÍËÒÚ‡ÎÎÓ‚, ‚˚ÓÒ¯Ëı ‚ ÔÓˆÂÒÒÂ
‚Á˚‚ÌÓÈ ÍËÒÚ‡ÎÎËÁ‡ˆËË. ç‡ ˝ÎÂÍÚÓÌÌÓ-ÏËÍÓÒÍÓÔË˜ÂÒÍËı ÒÌËÏÍ‡ı ÔÓËÎÎ˛ÒÚËÓ‚‡Ì ÔÂÂıÓ‰
ÓÚ Ì‡ÌÓÍËÒÚ‡ÎÎË˜ÂÒÍÓÈ Í Ù‡ÍÚ‡Î¸ÌÓÈ ÒÚÛÍÚÛÂ ˜ÂÂÁ ÚÂıÏÂÌ˚È “ÏÓÌÓÍËÒÚ‡ÎÎË˜ÂÒÍËÈ” ÚÓ,
˜ÚÓ ÒÓÓÚ‚ÂÚÒÚ‚ÛÂÚ Ó‰ÌÓÏÛ ËÁ ‚ÓÁÏÓÊÌ˚ı ÔÛÚÂÈ ÔÂÂıÓ‰‡ Í ÔÓÒÚ‡ÌÒÚ‚ÂÌÌÓ-‚ÂÏÂÌÌÓÏÛ ı‡ÓÒÛ.
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‡ÒÒÚÓflÌËÂÏ dhkl ÓÔÂ‰ÂÎflÎË ÔÓ ¯ËËÌÂ ÒÓÓÚ‚ÂÚ-
ÒÚ‚Û˛˘Ëı ËÁ„Ë·Ì˚ı ÍÓÌÚÛÓ‚ W [7]: 

(1)

ÑÎËÌ‡ ‚ÓÎÌ˚ ˝ÎÂÍÚÓÌÓ‚ λ ‚ ÂÊËÏÂ ÔÓÒÏÓÚ‡
ÒÓÒÚ‡‚ÎflÎ‡ 0.037 Å, ‡‰ËÛÒ ÍË‚ËÁÌ˚ r Ì‡ıÓ‰ËÎË
ÔÓ ÙÓÏÛÎÂ [11]:

(2)

ì„ÓÎ Á‡ÍÛ˜Ë‚‡ÌËfl Ë ‡‰ËÛÒ ÍË‚ËÁÌ˚ ÍËÒÚ‡ÎÎ‡
ÏÓÊÌÓ Ò‚flÁ‡Ú¸ ÒÓÓÚÌÓ¯ÂÌËÂÏ:

(3)

ùÍÒÔÂËÏÂÌÚ

ç‡·Î˛‰‡ÂÚÒfl ·ÓÎ¸¯ÓÂ ‡ÁÌÓÓ·‡ÁËÂ ÏÓÙÓ-
ÎÓ„ËË ‰ËÒÒËÔ‡ÚË‚Ì˚ı ÒÚÛÍÚÛ, Ó·‡ÁÓ‚‡ÌÌ˚ı ‚
ÔÓˆÂÒÒÂ ‚Á˚‚ÌÓÈ ÍËÒÚ‡ÎÎËÁ‡ˆËË. ç‡ ËÒ. 1‡
ÔÓÍ‡Á‡Ì ÍËÒÚ‡ÎÎ ÚÓÓË‰‡Î¸ÌÓÈ ÙÓÏ˚, ‚˚ÓÒ-
¯ËÈ ‚ Ì‡ÌÓÍËÒÚ‡ÎÎË˜ÂÒÍÓÈ ÔÎÂÌÍÂ Co–C. ÇË‰Ì˚
ËÁ„Ë·Ì˚Â ÍÓÌÚÛ˚, Ò‚Ë‰ÂÚÂÎ¸ÒÚ‚Û˛˘ËÂ Ó ·ÓÎ¸-
¯ÓÏ ‚ÌÛÚÂÌÌÂÏ ËÁ„Ë·Â ‡ÚÓÏÌ˚ı ÔÎÓÒÍÓÒÚÂÈ, ‰Ó-
ÒÚË„‡˛˘ÂÏ ‰ÂÒflÚÍÓ‚ „‡‰ÛÒÓ‚. é·Ì‡ÛÊÂÌÌ‡fl Ì‡
ÓÒÌÓ‚‡ÌËË ‡Ò¯ËÙÓ‚ÍË ‰ËÙ‡ÍˆËÓÌÌ˚ı Í‡ÚËÌ
(ËÒ. 1·) Ù‡ÌÍ-Í‡ÒÔÂÓ‚ÒÍ‡fl ÒÚÛÍÚÛ‡ (Ù‡Á‡ ã‡-
‚ÂÒ‡) Ì‡ ‚ÒÂı ËÒÒÎÂ‰Ó‚‡ÌÌ˚ı Ó·‡Áˆ‡ı Ò ËÁ„Ë·Ì˚ÏË
ÍÓÌÚÛ‡ÏË ‰ÓÔÛÒÍ‡ÂÚ ËÁÏÂÌÂÌËfl Ó·˙ÂÏ‡ ˝ÎÂÏÂÌ-
Ú‡ÌÓÈ fl˜ÂÈÍË ‰Ó 30% [12]. ç‡ ËÒ. 2 ÔÂ‰ÒÚ‡‚ÎÂÌ‡
˝‚ÓÎ˛ˆËfl ÒÚÛÍÚÛ˚ ÔË ‰‡Î¸ÌÂÈ¯ÂÏ ‡Á‚ËÚËË
ÔÓˆÂÒÒ‡ ‚Á˚‚ÌÓÈ ÍËÒÚ‡ÎÎËÁ‡ˆËË. á‰ÂÒ¸ ÔÓËÎ-
Î˛ÒÚËÓ‚‡Ì ÔÛÚ¸ ÙÓÏËÓ‚‡ÌËfl ı‡ÓÒ‡ ‚ ÚÓÌÍÓÈ
ÔÎÂÌÍÂ Co–C. å˚ ÏÓÊÂÏ ‚Ë‰ÂÚ¸ ÔÓÒÚ‡ÌÒÚ‚ÂÌ-
ÌÓ-‚ÂÏÂÌÌÓÈ ÒˆÂÌ‡ËÈ ÙÓÏËÓ‚‡ÌËfl ı‡ÓÒ‡:
ÚÂıÏÂÌ˚È ÚÓ, Ù‡ÍÚ‡Î¸Ì‡fl ÒÚÛÍÚÛ‡, ‡ÁÛ-
¯ÂÌËÂ ÔÎÂÌÓ˜ÌÓ„Ó Ï‡ÚÂË‡Î‡.

é·Ì‡ÛÊÂÌÌ‡fl Ì‡ÏË ‚ ‡·ÓÚÂ [13] ˝ÍÒÔÓÌÂÌˆË-
‡Î¸Ì‡fl Á‡‚ËÒËÏÓÒÚ¸ ÍË‚ËÁÌ˚ ÍËÒÚ‡ÎÎË˜ÂÒÍÓÈ
Â¯ÂÚÍË ËÁÓ„ÌÛÚ˚ı ÍËÒÚ‡ÎÎÓ‚ ëÓ-êd ÓÚ ÍÓ˝Ù-
ÙËˆËÂÌÚ‡ ÚÂÔÎÓÔÓ‚Ó‰ÌÓÒÚË ÍËÒÚ‡ÎÎÓ‚-ÔÓ‰ÎÓ-
ÊÂÍ ÔË‚Â‰ÂÌ‡ ÌËÊÂ: 

(4)

„‰Â r – ‡‰ËÛÒ ÍË‚ËÁÌ˚ ‚ÌÛÚÂÌÌÂ„Ó ËÁ„Ë·‡ ÍË-
ÒÚ‡ÎÎ‡, ‚˚ÓÒ¯Â„Ó ‚ ÔÎÂÌÍÂ Co–Pd; r0 – ÌÂ Á‡‚ËÒfl-
˘‡fl ÓÚ ÔÓ‰ÎÓÊÍË ̃ ‡ÒÚ¸ ‡‰ËÛÒ‡ ‚ÌÛÚÂÌÌÂ„Ó ËÁ„Ë·‡
ÔÎÂÌÓ˜ÌÓ„Ó ÍËÒÚ‡ÎÎ‡; χ – ÍÓ˝ÙÙËˆËÂÌÚ ÚÂÔÎÓÔÓ-
‚Ó‰ÌÓÒÚË ÔÓ‰ÎÓÊÍË; κ – ÍÓ˝ÙÙËˆËÂÌÚ ÚÂÔÎÓÔÓ-
‚Ó‰ÌÓÒÚË ÔÎÂÌÍË, ÔËÌflÚ˚È ‡‚Ì˚Ï Â‰ËÌËˆÂ; A1 Ë
A2 – ÔÓ‰„ÓÌÓ˜Ì˚Â ÍÓ˝ÙÙËˆËÂÌÚ˚. áÌ‡˜ÂÌËfl ‚Â-
ÎË˜ËÌ: r0 = –34 ÏÍÏ; κ = 1.0 ÇÚ/Ï · ä; A1 = 13 ÏÍÏ;
A2 = 0.63 ÏÍÏ. áÌ‡˜ÂÌËÂ κ ‚ÁflÎË ‡‚Ì˚Ï Â‰ËÌËˆÂ Ò
ÚÓÈ ˆÂÎ¸˛, ˜ÚÓ·˚ Ò‰ÂÎ‡Ú¸ ·ÂÁ‡ÁÏÂÌ˚Ï ÔÓÍ‡Á‡-
ÚÂÎ¸ ÒÚÂÔÂÌË. ùÚ‡ ‚ÂÎË˜ËÌ‡ ·ÎËÁÍ‡ Í Â‡Î¸ÌÓÈ,
Ú‡Í Í‡Í ÚÓÎ˘ËÌ‡ ÔÎÂÌÍË ‡‚Ì‡ ≈100 ÌÏ, ̃ ÚÓ Ì‡ ‰‚‡
ÔÓfl‰Í‡ ÏÂÌ¸¯Â ÚÓÎ˘ËÌ˚ ÔÓ‰ÎÓÊÍË. èÓÒÍÓÎ¸ÍÛ

Θ 360/πW( ) λ /2d( ).arcsin=

r
Wdhkl

λ
--------------.=

Θ
360dhkl

πrλ
----------------- λ

2d
------.arcsin=

r r0 A1 κχ 0.01–( )exp A2 κχ 6–( ),exp+ +=

ÔÎÂÌÍ‡ ‚ÒÂ„‰‡ ÓÒ‡Ê‰‡ÂÚÒfl Ì‡ ÔÓ‰ÎÓÊÍÛ, ÔÓ‚Â-
ËÚ¸ ÁÌ‡˜ÂÌËÂ r0 Á‡ÚÛ‰ÌËÚÂÎ¸ÌÓ. èËÌflÚÓÂ ÁÌ‡-
˜ÂÌËÂ r0 ÒÓÓÚ‚ÂÚÒÚ‚ÛÂÚ Ú‡ÍÓÏÛ ËÁ„Ë·Û, ÍÓÚÓ˚È
Ô‡ÍÚË˜ÂÒÍË ÌÂ ÒÓÁ‰‡ÂÚ Á‡ÏÂÚÌÓ„Ó ÍÓÌÚ‡ÒÚ‡ Ì‡
˝ÎÂÍÚÓÌÌÓ-ÏËÍÓÒÍÓÔË˜ÂÒÍÓÏ ËÁÓ·‡ÊÂÌËË, Ë
Â„Ó ‚ÎËflÌËÂ ÏÓÊÌÓ ÌÂ Û˜ËÚ˚‚‡Ú¸.

é·ÒÛÊ‰ÂÌËÂ ÂÁÛÎ¸Ú‡ÚÓ‚

êÂ¯ÂÌËÂ Û‡‚ÌÂÌËfl ÚÂÔÎÓÔÓ‚Ó‰ÌÓÒÚË 

(5)

Ó·˚˜ÌÓ ËÏÂÂÚ ‚Ë‰ ‰‚ÓÈÌÓÈ ˝ÍÒÔÓÌÂÌÚ˚ [14].
á‰ÂÒ¸ δik – Â‰ËÌË˜Ì˚È ÚÂÌÁÓ Ì‡ÔflÊÂÌËÈ ‰Îfl

ÒÛÒÔÂÌÁËÈ; ρ – ÔÎÓÚÌÓÒÚ¸; S – ˝ÌÚÓÔËfl; χ – ÚÂÔÎÓ-
ÔÓ‚Ó‰ÌÓÒÚ¸; η Ë η' – ÔÂ‚˚È Ë ‚ÚÓÓÈ ÍÓ˝ÙÙËˆË-
ÂÌÚ˚ ‚flÁÍÓÒÚË; v – ÒÍÓÓÒÚ¸ ÔÓÚÓÍ‡ ÚÂÔÎ‡.

éÒÓ·ÂÌÌÓÒÚ¸ Ì‡¯ÂÈ ˝ÍÒÔÂËÏÂÌÚ‡Î¸ÌÓÈ ÍË-
‚ÓÈ Á‡ÍÎ˛˜‡ÂÚÒfl ‚ ÚÓÏ, ˜ÚÓ ÓÌ‡ ÚÓÊÂ ÒÓ‰ÂÊËÚ
‰‚Â ˝ÍÒÔÓÌÂÌÚ˚. ùÚÓ ÌÂ ÔÓÚË‚ÓÂ˜ËÚ Û‡‚ÌÂÌË˛
ÚÂÔÎÓÔÓ‚Ó‰ÌÓÒÚË (5), ÂÒÎË Û˜ËÚ˚‚‡Ú¸ ‰‚‡ ÍÓ˝Ù-
ÙËˆËÂÌÚ‡ ‚flÁÍÓÒÚË.

Ç ‡·ÓÚÂ [15] ÔÂ‰Î‡„‡ÂÚÒfl ‡ÒÒÏ‡ÚË‚‡Ú¸ Í‚‡-
ÁËÊË‰ÍÓÂ ÚÂ˜ÂÌËÂ Ú‚Â‰˚ı Ï‡ÚÂË‡ÎÓ‚ ‚ ÏÂÎÍÓ-
‰ËÒÔÂÒÌÓÏ ÒÓÒÚÓflÌËË Ì‡ ˝Ú‡ÔÂ ·˚ÒÚÓ„Ó ‰ËÌ‡ÏË-
˜ÂÒÍÓ„Ó Ì‡„ÛÊÂÌËfl (ÔË ‚˚ÒÓÍÓÏ ‰‡‚ÎÂÌËË ‚
ÛÒÚ‡ÌÓ‚ÍÂ ÅË‰ÊÏÂÌ‡) ‚ ‡ÏÍ‡ı „Ë‰Ó‰ËÌ‡ÏË˜Â-

ρT
∂S
∂t
------ v∇ S+ 

   =

=  div χ∇ T( ) η
2
---

∂v i

∂xk

--------
∂v k

∂xi

---------
2
3
---δik

∂v l

∂xl

--------–+ 
 

2

η' divv( )2
+ +

0.4 ÏÍÏ

êËÒ. 1. åËÍÓÙÓÚÓ„‡ÙËfl “ÏÓÌÓÍËÒÚ‡ÎÎ‡” ÚÓÓË-
‰‡Î¸ÌÓÈ ÙÓÏ˚, ‚˚ÓÒ¯Â„Ó ‚ ‡ÏÓÙÌÓÈ ÔÎÂÌÍÂ ëÓ–ë
ÔÓ‰ ‚ÓÁ‰ÂÈÒÚ‚ËÂÏ ̋ ÎÂÍÚÓÌÌÓ„Ó ÔÛ˜Í‡ ·ÂÁ ÍÓÌ‰ÂÌÒÓ-
ÌÓÈ ‰Ë‡Ù‡„Ï˚. àÁ„Ë·Ì˚Â ˝ÍÒÚËÌÍˆËÓÌÌ˚Â ÍÓÌÚÛ˚
‚ ‚Ë‰Â Ô‡‡ÎÎÂÎ¸Ì˚ı ÔÓÎÓÒÓÍ, ‡ÒÔÓÎÓÊÂÌÌ˚Â ÔÓ ‚ÒÂ-
ÏÛ “ÏÓÌÓÍËÒÚ‡ÎÎÛ”, ÒÓÓÚ‚ÂÚÒÚ‚Û˛Ú ‚ÌÛÚÂÌÌÂÏÛ ËÁ„Ë-
·Û ÓÚ 70 ‰Ó 100 „‡‰/ÏÍÏ. (ëÌËÏÓÍ ‚˚ÔÓÎÌÂÌ Ë Î˛·ÂÁÌÓ
ÔÂ‰ÓÒÚ‡‚ÎÂÌ ë.å. Ü‡ÍÓ‚˚Ï) (‡); ÏËÍÓ‰ËÙ‡ÍˆËÓ-
Ì‡fl Í‡ÚËÌ‡ ÒÚÛÍÚÛ˚ î‡ÌÍ‡–ä‡ÒÔÂ‡ îä12 + îä16
(ÔÓÎÛ˜ÂÌ‡ Ò Û˜‡ÒÚÍ‡, ‚˚‰ÂÎÂÌÌÓ„Ó ÓÍÛÊÌÓÒÚ¸˛) (·).

(‡) (·)
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ÒÍÓ„Ó ÂÊËÏ‡. Ç [16, 17] ÔÓ‰Ó·ÌÓ ÓÔËÒ˚‚‡ÂÚÒfl
Ú‡Í Ì‡Á˚‚‡ÂÏ˚È ÍÛÏÛÎflÚË‚Ì˚È ˝ÙÙÂÍÚ. ëÛÚ¸ Â„Ó
‚ ÚÓÏ, ̃ ÚÓ ÔË ‰‡‚ÎÂÌËË ÔÓfl‰Í‡ ‰ÂÒflÚÍÓ‚ Éè‡ ÏÂ-
Ú‡ÎÎË˜ÂÒÍÓÂ ÔÓÍ˚ÚËÂ ÔËÓ·ÂÚ‡ÂÚ Ò‚ÓÈÒÚ‚‡ ÌÂ-
ÒÊËÏ‡ÂÏÓÈ ÊË‰ÍÓÒÚË ÔË ÚÂÏÔÂ‡ÚÛÂ ‚ ÌÂÒÍÓÎ¸-
ÍÓ ‡Á ÏÂÌ¸¯ÂÈ ÚÂÏÔÂ‡ÚÛ˚ ÔÎ‡‚ÎÂÌËfl. Ä‚ÚÓ‡-
ÏË [16] ‡ÒÒÏ‡ÚË‚‡ÂÚÒfl ÚÂÓËfl ‚ËıÂÈ ‚
Ë‰Â‡Î¸ÌÓÈ ÊË‰ÍÓÒÚË. ÑÎfl Ú‡ÍÓÈ ÊË‰ÍÓÒÚË ‚‚Ó‰ËÚ-
Òfl ÔÓÌflÚËÂ ÚÛ·ÛÎÂÌÚÌÓÈ ‚flÁÍÓÒÚË η(t), ÍÓÚÓ‡fl
Ò‚flÁ‡Ì‡ ÒÓ ÒÍÓÓÒÚ¸˛ v(t) Ë ‡‰ËÛÒÓÏ ‚Ëıfl R(t)
‚˚‡ÊÂÌËÂÏ:

(6)

„‰Â ÍÓ˝ÙÙËˆËÂÌÚ λ – ÔÓÒÚÓflÌÌ‡fl, ‚ÂÎË˜ËÌ‡ ÍÓÚÓ-
ÓÈ ‰ÓÎÊÌ‡ ÓÔÂ‰ÂÎflÚ¸Òfl Ò‡‚ÌÂÌËÂÏ ÂÁÛÎ¸Ú‡-
ÚÓ‚ ‡Ò˜ÂÚ‡ Ò ˝ÍÒÔÂËÏÂÌÚÓÏ; t – ‚ÂÏfl. ëÓ„Î‡ÒÌÓ
‡·ÓÚÂ [18], ‚ ‚ÓÁ·ÛÊ‰ÂÌÌÓÏ ÒÓÒÚÓflÌËË ‚ ÍÓÌ‰ÂÌ-
ÒËÓ‚‡ÌÌÓÈ ÒÂ‰Â ÒÌËÊ‡˛ÚÒfl ÚÂÏÔÂ‡ÚÛ‡ Ë ‰‡‚-
ÎÂÌËÂ Ù‡ÁÓ‚Ó„Ó ÔÂÂıÓ‰‡.

àÁ‚ÂÒÚÌ˚ ÒÓÓÚÌÓ¯ÂÌËfl ‰Îfl ÍÓÏÔÓÌÂÌÚ ÚÂÌÁÓ-
‡ Ì‡ÔflÊÂÌËÈ ‚ ÊË‰ÍÓÒÚË [14]:

(7)

„‰Â p – ‰‡‚ÎÂÌËÂ; η Ë η' – ÍÓ˝ÙÙËˆËÂÌÚ˚ ‚flÁÍÓÒÚË;
eij – ÍÓÏÔÓÌÂÌÚ‡ ÚÂÌÁÓ‡ ‰ÂÙÓÏ‡ˆËË; τ – ÒÍÓ-
ÓÒÚ¸ Ó·˙ÂÏÌÓÈ ‰ÂÙÓÏ‡ˆËË.

Ç ‡·ÓÚÂ [19] ‰Îfl ÔÎÂÌÓÍ Fe–Tb ÚÓÎ˘ËÌÓÈ h =
= 100 ÌÏ ÔÓ‚Â‰ÂÌ‡ ÓˆÂÌÍ‡ ‰‡‚ÎÂÌËfl p Ë ËÁÏÂÌÂ-
ÌËfl ÚÂÏÔÂ‡ÚÛ˚ ∆T Í‡Í ÓÒÌÓ‚Ì˚ı ÚÂÏÓ‰ËÌ‡ÏË-
˜ÂÒÍËı Ô‡‡ÏÂÚÓ‚ Ò ËÒÔÓÎ¸ÁÓ‚‡ÌËÂÏ Û‡‚ÌÂÌËfl
ÚÂÔÎÓÔÓ‚Ó‰ÌÓÒÚË ·ÂÁ fl‚ÌÓ„Ó Û˜ÂÚ‡ ‚flÁÍÓÒÚË. ÑÎfl
ÒÎÛ˜‡fl t = 30 × 10–12 Ò, ∆U = 5 × 10–12 ÑÊ (∆U – ÏË-
ÌËÏ‡Î¸Ì‡fl ̋ ÌÂ„Ëfl, ÌÂÓ·ıÓ‰ËÏ‡fl ‰Îfl ÓÒÛ˘ÂÒÚ‚ÎÂ-
ÌËfl ÛÔÛ„Ó-Ï‡„ÌËÚÌÓÈ Á‡ÔËÒË, Ú.Â. ‰Îfl ÎÓÍ‡Î¸ÌÓ„Ó

η t( ) λv t( )R t( ),=

pij – p 2η ėij
2
3
---η η '– 

  τ ,–+=

ÔÓ‚ÓÓÚ‡ ‚ÂÍÚÓ‡ Ì‡Ï‡„ÌË˜ÂÌÌÓÒÚË) ÏËÌËÏ‡Î¸-
ÌÓÂ ‰‡‚ÎÂÌËÂ, ÌÂÓ·ıÓ‰ËÏÓÂ ‰Îfl ÓÒÛ˘ÂÒÚ‚ÎÂÌËfl
ÛÔÛ„Ó-Ï‡„ÌËÚÌÓÈ Á‡ÔËÒË ‚ ÔÎÂÌÍÂ Fe–Tb, ÒÓÒÚ‡‚-
ÎflÎÓ 0.04 Éè‡. ÑÎËÚÂÎ¸ÌÓÒÚ¸ Î‡ÁÂÌÓ„Ó ËÏÔÛÎ¸Ò‡
t = 10–10–10–13 Ò. Ä‚ÚÓ˚ Ò˜ËÚ‡˛Ú, ̃ ÚÓ ‡ÁÓ„Â‚ Ó·-
ÎÛ˜‡ÂÏÓ„Ó Ó·˙ÂÏ‡ ÏÓÊÂÚ ÔË‚ÂÒÚË Í ËÁÏÂÌÂÌË˛
‰‡‚ÎÂÌËfl p(r, t), ÔË ˝ÚÓÏ ÔÎÓÚÌÓÒÚ¸ ρ(r, t) ÒÛ˘Â-
ÒÚ‚ÂÌÌÓ ÌÂ ÏÂÌflÂÚÒfl. éˆÂÌÍ‡ Ô‡‡ÏÂÚÓ‚ ‰Îfl ‡Á-
Ì˚ı ÔÓˆÂÒÒÓ‚ ‰‡ÂÚ ÒÎÂ‰Û˛˘ËÂ ÁÌ‡˜ÂÌËfl: ‰Îfl ËÁÓ-
ıÓË˜ÂÒÍÓ„Ó ÔÓˆÂÒÒ‡ ∆T = 20°C, p = 0.06 Éè‡. Ç ÒÎÛ-
˜‡Â ËÁÓ·‡Ë˜ÂÒÍÓ„Ó ÔÓˆÂÒÒ‡ p = const, ∆T = 20°C.
ÑÎfl ÒÎÛ˜‡fl ËÁÓÚÂÏË˜ÂÒÍÓ„Ó ÔÓˆÂÒÒ‡ T = T0,
p = 6 Éè‡. Ä‚ÚÓ‡ÏË ÛÒÚ‡ÌÓ‚ÎÂÌÓ, ˜ÚÓ ˝ÌÂ„ÂÚË-
˜ÂÒÍ‡fl ˜Û‚ÒÚ‚ËÚÂÎ¸ÌÓÒÚ¸ ÒÂ‰˚ ‰Îfl ÓÒÛ˘ÂÒÚ‚ÎÂ-
ÌËfl ÛÔÛ„Ó-Ï‡„ÌËÚÌÓÈ Á‡ÔËÒË ÚÂÏ ‚˚¯Â, ˜ÂÏ ÍÓ-
Ó˜Â ËÏÔÛÎ¸Ò Ô‡‰‡˛˘Â„Ó Ì‡ ÔÎÂÌÍÛ ËÁÎÛ˜ÂÌËfl.

ëÓÔÓÒÚ‡‚ËÏ ˝ÚË ÂÁÛÎ¸Ú‡Ú˚ Ò Û‡‚ÌÂÌËÂÏ ã‡‚-
ÂÌÚ¸Â‚‡ ‰Îfl ÚÛ·ÛÎÂÌÚÌÓÈ ‚flÁÍÓÒÚË (6), ‚ ÍÓÚÓ-
ÓÏ ÒÍÓÓÒÚ¸ ‰‚ËÊÂÌËfl ‚Ëıfl ÔËÏÂÏ ‡‚ÌÓÈ
v(t) = h/t, ‡ λ ÔË‡‚ÌflÂÏ Í ÔÎÓÚÌÓÒÚË Ï‡ÚÂË‡Î‡,
Ú.Â. λ ≈ 104 Í„/Ï3. ÖÒÎË ‡‰ËÛÒ ‚ÌÛÚÂÌÌÂ„Ó ËÁ„Ë·‡
‰Îfl ÍËÒÚ‡ÎÎË˜ÂÒÍÓÈ Â¯ÂÚÍË r Ò˜ËÚ‡Ú¸ ‡‚Ì˚Ï
‡‰ËÛÒÛ ‚Ëıfl R, ÚÓ ÔÓÎÛ˜ËÚÒfl ÒÎÂ‰Û˛˘ÂÂ ‚˚‡-
ÊÂÌËÂ ‰Îfl r: 

(8)

Ç Ú‡·ÎËˆÂ ÔÂ‰ÒÚ‡‚ÎÂÌ˚ ÂÁÛÎ¸Ú‡Ú˚ ÓˆÂÌÍË ‡-
‰ËÛÒ‡ ‚ÌÛÚÂÌÌÂ„Ó ËÁ„Ë·‡ ÍËÒÚ‡ÎÎË˜ÂÒÍÓÈ Â-
¯ÂÚÍË r ÔË ËÁÏÂÌÂÌËË ‚ÂÏÂÌË ‰ÂÈÒÚ‚Ëfl Ì‡„ÛÁ-
ÍË. ÇÂÎË˜ËÌ‡ ‰ËÌ‡ÏË˜ÂÒÍÓÈ ‚flÁÍÓÒÚË η ≈ 1 è‡ · Ò,
ı‡‡ÍÚÂÌ‡fl ‰Îfl Ï‡ÎÓ‚flÁÍËı ÊË‰ÍÓÒÚÂÈ, Ì‡È‰ÂÌ‡ ‚
‡·ÓÚÂ [15] ‰Îfl Ú‚Â‰˚ı Ï‡ÚÂË‡ÎÓ‚ ‚ ÛÒÎÓ‚Ëflı
„Ë‰Ó‰ËÌ‡ÏË˜ÂÒÍÓ„Ó ÂÊËÏ‡. èÓÎÛ˜ÂÌÌ˚Â ÁÌ‡˜Â-

r
η

λh
t
---

------.=

êËÒ. 2. åËÍÓÙÓÚÓ„‡ÙËË, ÔÓÎÛ˜ÂÌÌ˚Â ÓÚ ÔÎÂÌÍË Co–C Ì‡ ÔÓÒÎÂ‰Û˛˘Ëı ÒÚ‡‰Ëflı ‚ÓÁ‰ÂÈÒÚ‚Ëfl ̋ ÎÂÍÚÓÌÌÓ„Ó ÔÛ˜Í‡ ·ÂÁ
ÍÓÌ‰ÂÌÒÓÌÓÈ ‰Ë‡Ù‡„Ï˚: ‡ – ÒÚ‡‰Ëfl, ÒÎÂ‰Û˛˘‡fl Á‡ Ì‡˜‡Î¸ÌÓÈ (ÔÓÍ‡Á‡ÌÌÓÈ Ì‡ ËÒ. 1‡), ‚Ë‰ÂÌ ÓÒÚ Ù‡ÍÚ‡ÎÓ‚ ËÁ ÚÓ-
ÓË‰‡Î¸ÌÓ„Ó ÍËÒÚ‡ÎÎ‡; · – ÍÓÌÂ˜Ì‡fl ÒÚ‡‰Ëfl, ‡ÁÛ¯ÂÌËÂ ÔÎÂÌÍË ÔÓ‰ ‚ÓÁ‰ÂÈÒÚ‚ËÂÏ ˝ÎÂÍÚÓÌÌÓ„Ó ÔÛ˜Í‡.
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ÌËfl r Í‡˜ÂÒÚ‚ÂÌÌÓ ÒÓ„Î‡ÒÛ˛ÚÒfl Ò Ì‡¯ËÏË ̋ ÍÒÔÂË-
ÏÂÌÚ‡Î¸Ì˚ÏË ‰‡ÌÌ˚ÏË [13]. 

Ç ÏÓÌÓ„‡ÙËË òÛÒÚÂ‡ [20] ÔÓÍ‡Á‡ÌÓ, ˜ÚÓ
ÙÓÏËÓ‚‡ÌËÂ ı‡ÓÒ‡ ‚ ÏÂÚ‡ÎÎË˜ÂÒÍËı ÔÎÂÌÍ‡ı
Â‡ÎËÁÛÂÚÒfl ˜ÂÂÁ ÔÂÂÏÂÊ‡ÂÏÓÒÚ¸. Ç Ì‡¯ÂÈ ‡-
·ÓÚÂ Ï˚ ‰ÂÏÓÌÒÚËÛÂÏ ‰Û„ÓÈ ÔÛÚ¸: ÓÚ ÚÂıÏÂ-
ÌÓ„Ó Â‡Î¸ÌÓ„Ó (ÌÂÙ‡ÁÓ‚Ó„Ó) ÔÓÒÚ‡ÌÒÚ‚ÂÌÌÓ„Ó
ÚÓ‡ Í Ù‡ÍÚ‡Î¸ÌÓÈ ÒÚÛÍÚÛÂ Ë ‰‡ÎÂÂ Í ÔÓÎÌÓÏÛ
‡ÁÛ¯ÂÌË˛ ˝ÚÓÈ ÒÚÛÍÚÛ˚ (ËÒ. 1‡, ËÒ. 2‡, ·).

Ç˚‚Ó‰˚

í‡ÍËÏ Ó·‡ÁÓÏ, ˝ÙÙÂÍÚ˚ ‚ÌÛÚÂÌÌÂ„Ó ËÁ„Ë·‡
ÍËÒÚ‡ÎÎË˜ÂÒÍÓÈ Â¯ÂÚÍË ‚ ÍËÒÚ‡ÎÎ‡ı, ÔÓÎÛ˜ÂÌ-
Ì˚ı ‚Á˚‚ÌÓÈ ÍËÒÚ‡ÎÎËÁ‡ˆËÂÈ, ÏÓ„ÛÚ Û‰Ó‚ÎÂÚ‚Ó-
ËÚÂÎ¸ÌÓ ÓÔËÒ˚‚‡Ú¸Òfl „Ë‰Ó‰ËÌ‡ÏË˜ÂÒÍÓÈ ÚÂÓË-
ÂÈ ‰Îfl ‚flÁÍËı ÌÂÒÊËÏ‡ÂÏ˚ı ÊË‰ÍÓÒÚÂÈ. Ç ‡·ÓÚÂ
˝ÍÒÔÂËÏÂÌÚ‡Î¸ÌÓ ÔÓËÎÎ˛ÒÚËÓ‚‡Ì ÔÓÒÚ‡Ì-
ÒÚ‚ÂÌÌÓ-‚ÂÏÂÌÌÓÈ ÚÂıÏÂÌ˚È ÚÓ ‚ Â‡Î¸ÌÓÏ
ÔÓÒÚ‡ÌÒÚ‚Â, ÔÓÒÎÂ‰Ó‚‡ÚÂÎ¸ÌÓ ÔÂÂÒÚ‡Ë‚‡˛˘ËÈ-
Òfl ‚Ó Ù‡ÍÚ‡Î¸ÌÛ˛ ÒÚÛÍÚÛÛ ‚ ÔÓˆÂÒÒÂ ÂÍËÒÚ‡Î-
ÎËÁ‡ˆËË Ì‡ÌÓÍËÒÚ‡ÎÎË˜ÂÒÍÓÈ ÔÎÂÌÍÍË ëÓ–ë Ò ÔÓ-
‚˚¯ÂÌÌ˚Ï ÒÓ‰ÂÊ‡ÌËÂÏ Û„ÎÂÓ‰‡.

Ä‚ÚÓ˚ ·Î‡„Ó‰‡flÚ ÒÓÚÛ‰ÌËÍÓ‚ ËÌÒÚËÚÛÚ‡
ÙËÁËÍË ëÂÂ‰ÍËÌ‡ Ç.Ä., ÜË„‡ÎÓ‚‡ Ç.ë., Ü‡ÍÓ‚‡
ë.å., Å‡Î‡Â‚‡ Ä.Ñ. Á‡ ÌÂÓˆÂÌËÏÛ˛ ÔÓÏÓ˘¸ ‚ ÔÓ-
‚Â‰ÂÌËË ˝ÍÒÔÂËÏÂÌÚ‡.

ê‡·ÓÚ‡ ‚˚ÔÓÎÌÂÌ‡ ÔË ˜‡ÒÚË˜ÌÓÈ ÔÓ‰‰ÂÊÍÂ
„‡ÌÚ‡ INTAS – 00-100.
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Nature of Regular Internal Bending of Lattice Planes during Crystal Formation 

in Amorphous Films of Transition Metal Alloys

L. I. Kveglis, A. V. Kuzovnikov

The experimental investigations of bended crystals growing in amorphous Co–C, Co–Pd films are presented.
Qualitative analysis of curvature radius of crystal lattice internal bend shows that observed effects can be ex-
plained on the base of viscous incompressible liquid theory. The crystallization of films proceeds in an explo-
sive way, and different morphology of bent crystals is revealed. The way of transition from nanocrystalline
structure to fractal one occurs through the three dimensional monocrystalline torus formation, which is present-
ed on electron microscopy image. This result can be considered as corroboration of possible way for transition
to spatio-temporal chaos.

á‡‚ËÒËÏÓÒÚ¸ ‡‰ËÛÒ‡ ‚ÌÛÚÂÌÌÂ„Ó ËÁ„Ë·‡ ÍËÒÚ‡ÎÎË-
˜ÂÒÍÓÈ Â¯ÂÚÍË r ÓÚ ÒÍÓÓÒÚË ‰‚ËÊÂÌËfl ‚Ëıfl v(t)

η, è‡ · Ò h × 10–7, Ï t, c v, Ï/Ò r, ÏÍÏ

1 1 10–8 10 10

1 1 10–9 100 1

1 1 10–10 1000 0.1


