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1. Ç‚Â‰ÂÌËÂ

 

åÓÒÍÓÈ ÎÂ‰flÌÓÈ ÔÓÍÓ‚ ÔÂ‰ÒÚ‡‚ÎflÂÚ ÒÓ·ÓÈ
ÏÌÓ„ÓÍÓÏÔÓÌÂÌÚÌÛ˛ ‰ËÌ‡ÏË˜ÂÒÍÛ˛ ÒËÒÚÂÏÛ, „‰Â
‚ÌÂ¯ÌÂÂ ‚ÓÁ‰ÂÈÒÚ‚ËÂ ÓÔÂ‰ÂÎflÂÚÒfl ÚÂÏÔÂ‡ÚÛÓÈ
‚ÓÁ‰Ûı‡, ‡ Ú‡ÍÊÂ ‚ÓÁ‰ÂÈÒÚ‚ËÂÏ ‚ÂÚ‡ Ë ÏÓÒÍËÏË
ÚÂ˜ÂÌËflÏË. Ç ÏÓ‰ÂÎflı ˝‚ÓÎ˛ˆËË ÒËÒÚÂÏ˚ ÂÂ Ó·˙-
ÂÍÚ‡ÏË fl‚Îfl˛ÚÒfl, Í‡Í Ô‡‚ËÎÓ, ÏÌÓ„ÓÎÂÚÌËÂ ÔÓ-
ÍÓ‚˚ ÏÓÂÈ ÄÍÚË˜ÂÒÍÓ„Ó ·‡ÒÒÂÈÌ‡ [1–5]. Ä‰‡Ô-
Ú‡ˆËfl ˝ÚËı ÏÓ‰ÂÎÂÈ ‰Îfl ÔÓÍÓ‚‡ ÏÓÂÈ ÒÂÁÓÌÌÓ„Ó
ÔËÒÛÚÒÚ‚Ëfl Î¸‰‡ ÒÓÔflÊÂÌ‡ Ò fl‰ÓÏ ÚÛ‰ÌÓÒÚÂÈ
ÔËÌˆËÔË‡Î¸ÌÓ„Ó ı‡‡ÍÚÂ‡. í‡Í, ÓÚÎË˜Ëfl Ó·˙ÂÍ-
ÚÓ‚ ÔË‚Ó‰flÚ Í ÚÓÏÛ, ˜ÚÓ ‚ ‡ÏÍ‡ı ÏÓ‰ÂÎÂÈ ÓÚÒÛÚ-
ÒÚ‚ÛÂÚ ‡ÒÒÏÓÚÂÌËÂ ̋ ‚ÓÎ˛ˆËË ÔÓÍÓ‚‡ ÓÚ ÏÓÏÂÌ-
Ú‡ Ì‡˜‡Î¸ÌÓ„Ó ÙÓÏËÓ‚‡ÌËfl Ë ‰Ó ÏÓÏÂÌÚ‡ Â„Ó
ÍÓÌÂ˜ÌÓ„Ó ‡ÁÛ¯ÂÌËfl. ÄÍÚÛ‡Î¸ÌÓÒÚ¸ ÔÓ‰Ó·ÌÓ„Ó
ËÁÛ˜ÂÌËfl ÔÓÍÓ‚‡ üÔÓÌÒÍÓ„Ó ÏÓfl Ó·ÛÒÎÓ‚ÎÂÌ‡
ÔÓÚÂ·ÌÓÒÚ¸˛ ÒÓÒÚ‡‚ÎÂÌËfl Ì‡Û˜ÌÓ-Ó·ÓÒÌÓ‚‡ÌÌÓ-
„Ó ÔÓ„ÌÓÁ‡ Â„Ó ÒÓÒÚÓflÌËfl ‰Îfl Ó·ÂÒÔÂ˜ÂÌËfl ·ÂÁ-
ÓÔ‡ÒÌÓÒÚË ÊËÁÌÂ‰ÂflÚÂÎ¸ÌÓÒÚË Ì‡ÒÂÎÂÌËfl ‚ ÔË-
·ÂÊÌ˚ı ‡ÈÓÌ‡ı Ë ·ÂÁÓÔ‡ÒÌÓÒÚË ÏÓÂÔÎ‡‚‡ÌËfl,
ÍÓÏÔÎÂÍÒ‡ ‡·ÓÚ ÔÓ ÓÒ‚ÓÂÌË˛ ‚˚fl‚ÎÂÌÌ˚ı Ì‡
¯ÂÎ¸ÙÂ ÏÓfl ÏÂÒÚÓÓÊ‰ÂÌËÈ ÌÂÙÚË Ë „‡Á‡, ÔÓ-
Ï˚ÒÎÓ‚˚ı ‡·ÓÚ ÓÒ‚ÓÂÌËfl ·ËÓÂÒÛÒÓ‚ Ë Ú.‰. 

éÒÓ·ÂÌÌÓÒÚ¸˛ Ì‡ÒÚÓfl˘Â„Ó ‡ÒÒÏÓÚÂÌËfl ˝‚Ó-
Î˛ˆËË ÔÓÍÓ‚‡ fl‚ÎflÂÚÒfl fl‚Ì˚È Û˜ÂÚ ‚ Û‡‚ÌÂÌËflı
ÏÓ‰ÂÎË ÔÓÒÚ‡ÌÒÚ‚ÂÌÌÓÈ Ó„‡ÌË˜ÂÌÌÓÒÚË ‚ÏÂ-
˘‡˛˘ÂÈ ÔÓÍÓ‚ ÏÓÒÍÓÈ ÒÂ‰˚ Ë ÔËÒÛÚÒÚ‚ËÂ ‚
ÒËÒÚÂÏÂ fl‰‡ ÎËÏËÚËÛ˛˘Ëı ÂÂ ˝‚ÓÎ˛ˆË˛ Ù‡Í-
ÚÓÓ‚. ç‡ ÓÒÌÓ‚‡ÌËË ˝ÚËı ÔÓÎÓÊÂÌËÈ ÙÓÏÛÎËÛ-
˛ÚÒfl ÏÓ‰ÂÎË ÚÂÏË˜ÂÒÍÓÈ ˝‚ÓÎ˛ˆËË ÚÓÎ˘ËÌ˚ Ë
ÔÎÓ˘‡‰Ë ÓÚ‰ÂÎ¸ÌÓÈ Î¸‰ËÌ˚. Ñ‡ÎÂÂ ÙÓÏÛÎËÛÂÚÒfl
ÔÓÒÚ‡ÌÒÚ‚ÂÌÌÓ-‚ÂÏÂÌÌ‡fl ÏÓ‰ÂÎ¸ ‡ÒÔÂ‰ÂÎÂ-
ÌËfl ÚÓÎ˘ËÌ Î¸‰‡. è‡‡ÏÂÚË˜ÂÒÍ‡fl Ë‰ÂÌÚËÙËÍ‡-
ˆËfl ÏÓ‰ÂÎÂÈ Ë ÓˆÂÌÍ‡ Ëı ‡‰ÂÍ‚‡ÚÌÓÒÚË ‚˚ÔÓÎÌÂÌ‡
Ì‡ ÓÒÌÓ‚‡ÌËË ÒÚ‡ÚËÒÚË˜ÂÒÍËı ‚˚·ÓÓÍ, ÔÂ‰Ó-

ÒÚ‡‚ÎÂÌÌ˚ı ÔÓÙ. Ç.Ç. èÎÓÚÌËÍÓ‚˚Ï Ë ÔÓÙ.
Ç.è. íÛÌÂ„ÓÎÓ‚ˆÓÏ. 

 

2. àÒıÓ‰Ì˚Â ‰‡ÌÌ˚Â

 

àÒÔÓÎ¸ÁÛÂÏ˚Â Á‰ÂÒ¸ ËÒıÓ‰Ì˚Â ‰‡ÌÌ˚Â ı‡‡Í-
ÚÂËÁÛ˛Ú ‰ÂÍ‡‰Ì˚Â ÒÓÒÚÓflÌËfl ÔÓÍÓ‚‡ Á‡ ÔÂËÓ‰
1961–1989 „. ‚ ÓÚ‰ÂÎ¸Ì˚ı ‡ÈÓÌ‡ı ‡Í‚‡ÚÓËË ÏÓfl,
„‰Â Í‡Ê‰˚È ËÁ ÌËı fl‚ÎflÂÚÒfl ‰ÓÒÚ‡ÚÓ˜ÌÓ Ó‰ÌÓÓ‰-
Ì˚Ï ÔÓ Ò‚ÓËÏ ÎÂ‰Ó‚˚Ï ÛÒÎÓ‚ËflÏ. Ç ÒÂ‚ÂÌÓÈ ˜‡ÒÚË
ÏÓfl ·˚ÎÓ ‚˚‰ÂÎÂÌÓ 114 Ú‡ÍËı ‡ÈÓÌÓ‚. ÄÍ‚‡ÚÓËfl
ÏÓfl ·˚Î‡ ÔÓÍ˚Ú‡ ÔflÏÓÛ„ÓÎ¸ÌÓÈ ÒÂÚÍÓÈ, ‡ÁÏÂ
˝ÎÂÏÂÌÚ‡ÌÓÈ fl˜ÂÈÍË ÍÓÚÓÓÈ 60 ÍÏ 

 

×

 

 58 ÍÏ ÓÔÂ-
‰ÂÎflÂÚÒfl ‡ÁÏÂÓÏ ‡ÈÓÌ‡ ÓÚÍ˚ÚÓÈ ˜‡ÒÚË ÏÓfl
(‚ ÔË·ÂÊÌ˚ı ‡ÈÓÌ‡ı ˜‡ÒÚ¸ ÔÎÓ˘‡‰Ë Á‡ÌflÚ‡ ÒÛ-
¯ÂÈ). ÑÎfl ÓÚ‰ÂÎ¸ÌÓ„Ó „Ó‰‡ Ì‡·Î˛‰ÂÌËÈ ÒÓÒÚÓflÌËÂ
ÎÂ‰flÌÓ„Ó ÔÓÍÓ‚‡ ÔÂ‰ÒÚ‡‚ÎÂÌÓ ‚˚·ÓÍ‡ÏË ‰Â-
Í‡‰Ì˚ı ‡ÒÔÂ‰ÂÎÂÌËÈ ÒÔÎÓ˜ÂÌÌÓÒÚË, ÚÓÎ˘ËÌ ÔÓ-
ÍÓ‚‡, ÔÂÓ·Î‡‰‡˛˘Â„Ó ‡ÁÏÂ‡ Î¸‰ËÌ Ë ı‡‡ÍÚÂ-
ËÒÚËÍÓÈ ‚ÓÁ‡ÒÚ‡ ÚÓÓÒÓ‚. îÓÏËÓ‚‡ÌËÂ ‚˚·Ó-
ÓÍ ‚˚ÔÓÎÌflÎÓÒ¸ Ì‡ ÓÒÌÓ‚‡ÌËË Í‡Ú ÎÂ‰Ó‚˚ı
‡‚Ë‡‡Á‚Â‰ÓÍ, Ï‡ÒÒË‚Ó‚ ‰‡ÌÌ˚ı ÔË·ÂÊÌ˚ı „Ë‰-
ÓÏÂÚÂÓÓÎÓ„Ë˜ÂÒÍËı ÒÚ‡ÌˆËÈ Ë ÔÓÒÚÓ‚. àÒÔÓÎ¸-
ÁÓ‚‡Î‡Ò¸ Ú‡ÍÊÂ ‰ÓÔÓÎÌËÚÂÎ¸Ì‡fl ËÌÙÓÏ‡ˆËfl (‡-
‰ËÓÎÓÍ‡ˆËÓÌÌ˚Â Ë ‚ÂÚÓÎÂÚÌ˚Â Ì‡·Î˛‰ÂÌËfl Á‡
Î¸‰ÓÏ, ÔÓÔÛÚÌ˚Â ÒÛ‰Ó‚˚Â Ì‡·Î˛‰ÂÌËfl Ë Ú.‰.). ùÚË
Ù‡„ÏÂÌÚ˚ Í‡Ú ÎÂ‰Ó‚ÓÈ Ó·ÒÚ‡ÌÓ‚ÍË ËÒÔÓÎ¸ÁÓ‚‡-
ÎËÒ¸ ‰Îfl ÔÓÒÚÓÂÌËfl ÒÂ‰ÌËı ‰ÂÍ‡‰Ì˚ı Í‡Ú ‰Îfl
Í‡Ê‰ÓÈ ‰ÂÍ‡‰˚ ‚ ÓÚ‰ÂÎ¸ÌÓÏ ‡ÈÓÌÂ. èÓ Ú‡ÍËÏ
Í‡Ú‡Ï ÓˆÂÌË‚‡ÎËÒ¸ ÛÒÂ‰ÌÂÌÌ˚Â ÁÌ‡˜ÂÌËfl ÎÂ‰Ó-
‚˚ı ı‡‡ÍÚÂËÒÚËÍ Ë ‰‡ÎÂÂ ÓÌË ÔÂ‰ÔËÒ˚‚‡ÎËÒ¸
ˆÂÌÚÛ ‡ÈÓÌ‡ [6]. 

íÂÏÔÂ‡ÚÛÌ˚È Ë ‚ÂÚÓ‚ÓÈ ÂÊËÏ˚ ‚ÓÁ‰Ûı‡ ‚
ˆÂÌÚ‡ı ‡ÈÓÌÓ‚ Á‡‰‡˛ÚÒfl Ëı ‚ÂÏÂÌÌ ÏË ‡Ò-
ÔÂ‰ÂÎÂÌËflÏË Ò ̄ ‡„ÓÏ Ó‰ÌË ÒÛÚÍË Ì‡ ÒÚ‡Ì‰‡ÚÌ˚ı
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Ç ‡·ÓÚÂ ÔÂ‰Î‡„‡˛ÚÒfl ÔÓÒÚ˚Â Ï‡ÚÂÏ‡ÚË˜ÂÒÍËÂ ÏÓ‰ÂÎË ÚÂÏË˜ÂÒÍÓÈ ‰ËÌ‡ÏËÍË ÚÓÎ˘ËÌ˚ ÔÓÍÓ‚‡
Ë ÚÂÏË˜ÂÒÍÓÈ ‰ËÌ‡ÏËÍË ÔÎÓ˘‡‰Ë ÓÚ‰ÂÎ¸ÌÓÈ Î¸‰ËÌ˚. Ç Û‡‚ÌÂÌËflı ÏÓ‰ÂÎÂÈ fl‚ÌÓ Û˜ËÚ˚‚‡ÂÚÒfl ÔÓ-
ÒÚ‡ÌÒÚ‚ÂÌÌ‡fl Ó„‡ÌË˜ÂÌÌÓÒÚ¸ ‚ÏÂ˘‡˛˘ÂÈ ÔÓÍÓ‚ ÏÓÒÍÓÈ ÒÂ‰˚. ç‡ ÓÒÌÓ‚‡ÌËË „‡ÁÓ‰ËÌ‡ÏË˜Â-
ÒÍÓ„Ó ÔÓ‰ıÓ‰‡ ÙÓÏÛÎËÛÂÚÒfl ÍËÌÂÚË˜ÂÒÍ‡fl ÏÓ‰ÂÎ¸ ˝‚ÓÎ˛ˆËË ‡ÒÔÂ‰ÂÎÂÌËfl ÔÎÓ˘‡‰ÂÈ Ë ÚÓÎ˘ËÌ
Î¸‰‡. àÌÚÂ„ËÓ‚‡ÌËÂ Û‡‚ÌÂÌËÈ ̋ ÚÓÈ ÏÓ‰ÂÎË ÔÓ ÔÎÓ˘‡‰flÏ ÓÚ‰ÂÎ¸Ì˚ı Î¸‰ËÌ ı‡‡ÍÚÂËÁÛÂÚ ‡ÒÔÂ-
‰ÂÎÂÌËÂ ÔÎÓ˘‡‰ÂÈ ÔÓÍÓ‚‡ ÔÓ ÚÓÎ˘ËÌÂ. Ç˚ÔÓÎÌÂÌÓ ‡Ì‡ÎËÚË˜ÂÒÍÓÂ ËÒÒÎÂ‰Ó‚‡ÌËÂ ˜‡ÒÚÌ˚ı ÒÎÛ˜‡Â‚.
ê‡ÒÒÏÓÚÂÌ˚ ‚ÓÔÓÒ˚ ÓˆÂÌÍË ‡‰ÂÍ‚‡ÚÌÓÒÚË ÏÓ‰ÂÎË. èË‚Ó‰flÚÒfl ÂÁÛÎ¸Ú‡Ú˚ ‚˚˜ËÒÎËÚÂÎ¸Ì˚ı ˝ÍÒ-
ÔÂËÏÂÌÚÓ‚. 
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óÂÚ˚·ÓˆÍËÈ

 

Ì‡‰ÎÂ‰Ì˚ı „ÓËÁÓÌÚ‡ı (2-ı ÏÂÚÓ‚˚È „ÓËÁÓÌÚ ‰Îfl
ÚÂÏÔÂ‡ÚÛ˚ Ë 10-ÚË ÏÂÚÓ‚˚È „ÓËÁÓÌÚ ‰Îfl ÒÍÓÓ-
ÒÚË ‚ÂÚ˚). èÂËÓ‰ Ì‡·Î˛‰ÂÌËÈ – Ò 1960 ÔÓ 2001 „.
êÂÁÛÎ¸Ú‡Ú˚ ÒÚ‡ÚËÒÚË˜ÂÒÍÓ„Ó ‡Ì‡ÎËÁ‡ ÛÒÂ‰ÌÂÌ-
Ì˚ı Á‡ ‚ÂÒ¸ ÔÂËÓ‰ ÛÍ‡Á‡ÌÌ˚ı Ì‡·Î˛‰ÂÌËÈ ÔÓÍ‡-
Á˚‚‡˛Ú, ̃ ÚÓ ‰Îfl ÎÂ‰Ó‚Ó„Ó ÂÊËÏ‡ üÔÓÌÒÍÓ„Ó ÏÓfl
ËÏÂÂÚ ÏÂÒÚÓ ÒÚ‡ÚËÒÚË˜ÂÒÍÓÂ ÒÓ‚Ô‡‰ÂÌËÂ ‰ÂÍ‡‰Ì˚ı
ÚÂÏÔÂ‡ÚÛ ‚ÓÁ‰Ûı‡ ÔË Ì‡˜‡Î¸ÌÓÏ ÙÓÏËÓ‚‡-
ÌËË ÔÓÍÓ‚‡ Ë ÔË Â„Ó Ì‡˜‡Î¸ÌÓÏ Ú‡flÌËË. í‡Í,
ÒÂ‰Ìflfl ÚÂÏÔÂ‡ÚÛ‡ ‚ÓÁ‰Ûı‡ Á‡ ÔÂ‰¯ÂÒÚ‚Û˛-
˘Û˛ ‰ÂÍ‡‰Û ÔÂ‚Ë˜ÌÓ„Ó ÔËÒÛÚÒÚ‚Ëfl Î¸‰‡ ‡‚Ì‡

 

T

 

0

 

 = –(8.4 

 

±

 

 4.2)°

 

C

 

, ‡ ‚ ÏÓÏÂÌÚ ÔÂ‚Ë˜ÌÓ„Ó ‡ÁÛ¯Â-
ÌËfl ÒÔÎÓ˜ÂÌÌÓÒÚË (ÔÂÂıÓ‰ ˜ÂÂÁ Ï‡ÍÒËÏÛÏ ÂÂ ÁÌ‡-
˜ÂÌËÈ) – 

 

T

 

S

 

1

 

 = –(9.1 

 

±

 

 4.7)°

 

C

 

. ÖÒÎË Á‡ ÏÓÏÂÌÚ Ì‡-
˜‡Î¸ÌÓ„Ó Ú‡flÌËfl ÔËÌflÚ¸ ‰ÂÍ‡‰Û ÔÂÂıÓ‰‡ ˜ÂÂÁ
Ï‡ÍÒËÏÛÏ ÚÓÎ˘ËÌ˚ ÔÓÍÓ‚‡, ÚÓ 

 

T

 

h

 

1

 

 = –(7.8 

 

±

 

 4.3)°

 

C

 

(‰Îfl ‡ÁÎË˜Ëfl ‚ÂÎË˜ËÌ ËÏ ÔËÔËÒ‡Ì ÒÓÓÚ‚ÂÚÒÚ‚Û-
˛˘ËÈ ËÌ‰ÂÍÒ). ëÓ„Î‡ÒÌÓ ÍËÚÂË˛ ëÚ¸˛‰ÂÌÚ‡,
ÏÂÊ‰Û ˝ÚËÏË ‚ÂÎË˜ËÌ‡ÏË ÓÚÒÛÚÒÚ‚Û˛Ú ÒÚ‡ÚËÒÚË-
˜ÂÒÍË ÁÌ‡˜ËÏ˚Â ÓÚÎË˜Ëfl.

 

3. íÂÏË˜ÂÒÍ‡fl ˝‚ÓÎ˛ˆËfl ÚÓÎ˘ËÌ˚ 
ÎÂ‰flÌÓ„Ó ÔÓÍÓ‚‡

 

àÁÏÂÌÂÌËÂ ÚÓÎ˘ËÌ˚ ÔÓÍÓ‚‡ ÓÔÂ‰ÂÎflÂÚÒfl
ÔÓÚÓÍ‡ÏË ÚÂÔÎ‡ Í ‚ÂıÌÂÈ Ë ÌËÊÌÂÈ ÔÓ‚ÂıÌÓ-
ÒÚflÏ ÚÓÎ˘Ë. ì‡‚ÌÂÌËÂ ÚÂÔÎÓ‚Ó„Ó ·‡Î‡ÌÒ‡ ÏÓÊÂÚ
·˚Ú¸ Á‡ÔËÒ‡ÌÓ ‚ ‚Ë‰Â

(1)

„‰Â 

 

ρ, λ

 

, 

 

h

 

 – ÔÎÓÚÌÓÒÚ¸ Î¸‰‡, Â„Ó ÒÍ˚Ú‡fl ÚÂÔÎÓÚ‡

ÔÎ‡‚ÎÂÌËfl Ë ÚÓÎ˘ËÌ‡;  

 

�

 

 

 

dh

 

/

 

dt

 

; 

 

q

 

I

 

 – ÔÓÚÓÍ ÚÂÔÎ‡
˜ÂÂÁ Â‰ËÌË˜ÌÛ˛ ÔÎÓ˘‡‰ÍÛ ÌËÊÌÂÈ ÔÓ‚ÂıÌÓÒÚË
ÚÓÎ˘Ë Í Â‰ËÌË˜ÌÓÈ ÔÎÓ˘‡‰ÍÂ ÂÂ ‚ÂıÌÂÈ ÔÓ‚Âı-
ÌÓÒÚË; 

 

g

 

WI

 

 – ÔÓÚÓÍ ÚÂÔÎ‡ ËÁ ‚Ó‰˚ Í Â‰ËÌË˜ÌÓÈ ÔÎÓ-
˘‡‰ÍÂ ÌËÊÌÂÈ ÔÓ‚ÂıÌÓÒÚË. èÓÒÍÓÎ¸ÍÛ ‰Îfl ÔÓ-
ÍÓ‚‡ üÔÓÌÒÍÓ„Ó ÏÓfl Á‡ÏÂÚÌ˚ı ÏÂı‡ÌË˜ÂÒÍËı
ËÁÏÂÌÂÌËÈ 

 

h

 

 ÌÂ ÔÓËÒıÓ‰ËÚ [7], ÚÓ ‚ ‰‡Î¸ÌÂÈ¯ÂÏ

ÌËÊÌËÈ ËÌ‰ÂÍÒ Û  ÓÔÛÒÍ‡ÂÚÒfl.

ÖÒÎË ‚ (1) ÔÓÎ‡„‡ÂÚÒfl ÎËÌÂÈÌÓÒÚ¸ ‚ÂÚËÍ‡Î¸ÌÓ-
„Ó ÔÓÙËÎfl ÚÂÏÔÂ‡ÚÛ˚ ‚ ÚÓÎ˘Â Î¸‰‡ 

 

q

 

I

 

 = 

 

k

 

(

 

T

 

m 

 

–

 

− 

 

T

 

)/

 

h

 

, 

 

q

 

WI

 

 = 0 Ë ÔÓÎ‡„‡ÂÚÒfl ÒÓ‚Ô‡‰ÂÌËÂ ÚÂÏÔÂ‡ÚÛ-
˚ ÒÌÂ„‡ Ë ‚ÓÁ‰Ûı‡, ÚÓ

(2)

„‰Â  

 

≡

 

 

 

(2

 

k

 

/

 

ρλ

 

)

 

1/2

 

; 

 

k 

 

– ÍÓ˝ÙÙËˆËÂÌÚ ÚÂÔÎÓÔÓ‚Ó‰-
ÌÓÒÚË Î¸‰‡; 

 

T

 

m

 

 – ÚÂÏÔÂ‡ÚÛ‡ ÌËÊÌÂÈ ÔÓ‚ÂıÌÓ-
ÒÚË Î¸‰‡ (ÒÎÂ‰Ûfl [8], 

 

T

 

m

 

 = –1.8°

 

C

 

); 

 

T

 

 – ÚÂÏÔÂ‡ÚÛ‡
‚ÓÁ‰Ûı‡; 

 

t

 

0

 

 – ÏÓÏÂÌÚ Ì‡˜‡Î¸ÌÓ„Ó ÔËÒÛÚÒÚ‚Ëfl Î¸‰‡
[9]. ëÓ„Î‡ÒÌÓ (2), Ì‡ ÍÓÌÂ˜ÌÓÈ ÒÚ‡‰ËË ÁÂÎÓ„Ó ÒÓ-
ÒÚÓflÌËfl ÔÓÍÓ‚‡ 

 

T

 

m

 

 – 

 

T

 

 

 

≥

 

 0 Ë ÔÓ˝ÚÓÏÛ ÓÚÒÛÚÒÚ‚ÛÂÚ
ÒÚ‡·ËÎËÁ‡ˆËfl ÚÓÎ˘ËÌ˚. ÑÎfl ÔÓÍÓ‚‡ ÄÍÚË˜Â-
ÒÍËı ÏÓÂÈ ˝ÚÓ ÏÓÊÂÚ ÔË‚ÂÒÚË Í Á‡‚˚¯ÂÌË˛
‡Ò˜ÂÚÌÓÈ ÚÓÎ˘ËÌ˚. 

ρλ ḣΦ qI qWI,–=

ḣ

ḣ

h t( ) µ Tm T–( ) td

t0

t

∫
1/2

,=

µ̇

 

ç‡ ˝Ú‡ÔÂ ÙÓÏËÓ‚‡ÌËÂ – ÁÂÎÓÂ ÒÓÒÚÓflÌËÂ
ÔÓÍÓ‚‡ ÓÒÚ ÚÓÎ˘ËÌ˚ Î¸‰‡ Ë ÒÌÂ„‡ ÔË‚Ó‰ËÚ Í
ÒÌËÊÂÌË˛ ‚ÂÎË˜ËÌ˚ 

 

q

 

I

 

 Ë ÔÓ‚˚¯ÂÌË˛ 

 

q

 

WI

 

 „Î‡‚Ì˚Ï
Ó·‡ÁÓÏ ‚ ÂÁÛÎ¸Ú‡ÚÂ ÏË„‡ˆËË ËÁÓ Î¸‰‡ ‚ ‚Ó‰Û
‡ÒÒÓÎ‡ (ÊË‰ÍÓÈ Ù‡Á˚ Ò ‚˚ÒÓÍÓÈ ÍÓÌˆÂÌÚ‡ˆËÂÈ
ÒÓÎÂÈ). ÑÂÈÒÚ‚ËÚÂÎ¸ÌÓ, ÏË„‡ˆËfl ‡ÒÒÓÎ‡ ÔË‚Ó-
‰ËÚ Í ÓÒÓÎÓÌÂÌË˛ Ë, ÒÚ‡ÎÓ ·˚Ú¸, ÔÓ‚˚¯ÂÌË˛
ÔÎÓÚÌÓÒÚË ÔÓ‰ÎÂ‰Ì˚ı ‚Ó‰. ùÚÓ fl‚ÎflÂÚÒfl ÔË˜ËÌÓÈ
ÍÓÌ‚ÂÍÚË‚ÌÓ„Ó ÔÂÂÏÂ¯Ë‚‡ÌËfl ‚Ó‰: Ì‡ ÒÏÂÌÛ ÛÊÂ
ÓıÎ‡Ê‰ÂÌÌ˚Ï Ë ·ÓÎÂÂ ÒÓÎÂÌ˚Ï ‚Ó‰‡Ï ÔÓ‰ÌËÏ‡-
˛ÚÒfl ·ÓÎÂÂ ÚÂÔÎ˚Â „ÎÛ·ËÌÌ˚Â ‚Ó‰˚, Û‚ÂÎË˜Ë‚‡˛-
˘ËÂ ÔÓÚÓÍ ÚÂÔÎ‡ Í ÌËÊÌÂÈ ÔÓ‚ÂıÌÓÒÚË Î¸‰‡. äÓ-
„‰‡ 

 

q

 

I

 

 ‚˚ıÓ‰ËÚ Ì‡ ÛÓ‚ÂÌ¸ 

 

q

 

WI

 

, ÔÓËÒıÓ‰ËÚ ÒÚ‡·Ë-
ÎËÁ‡ˆËfl ÚÓÎ˘ËÌ˚ ÔÓÍÓ‚‡. 

ê‡ÒÒÏÓÚÂÌÌ˚Â Ù‡ÍÚ˚ ÛÍ‡Á˚‚‡˛Ú, ˜ÚÓ 

 

q

 

I

 

 – 

 

q

 

WI

 

ÓÔÂ‰ÂÎflÂÚÒfl ÚÂÏÔÂ‡ÚÛÓÈ ‚ÓÁ‰Ûı‡, ÚÂÍÛ˘ÂÈ
ÚÓÎ˘ËÌÓÈ ÔÓÍÓ‚‡ 

 

h

 

 Ë Ï‡ÍÒËÏ‡Î¸ÌÓ ‚ÓÁÏÓÊÌÓÈ
‰Îfl ÍÓÌÍÂÚÌÓ„Ó ‡ÈÓÌ‡ ‡Í‚‡ÚÓËË ÚÓÎ˘ËÌÓÈ
Î¸‰‡ 

 

H

 

* (‰Îfl ÏÂÎÍÓ‚Ó‰Ì˚ı ‚Ó‰ÓÂÏÓ‚ ÓÌ‡ ‡‚Ì‡
Â„Ó „ÎÛ·ËÌÂ, ‡ ‚ ‰Û„Ëı ÒÎÛ˜‡flı – Ï‡ÍÒËÏ‡Î¸ÌÓÂ
Ì‡·Î˛‰‡ÂÏÓÂ ÁÌ‡˜ÂÌËÂ Á‡ ÏÌÓ„ÓÎÂÚÌËÈ ÔÂËÓ‰).
èÓÌflÚÌÓ, ̃ ÚÓ ÔË ÓÚÒÛÚÒÚ‚ËË Î¸‰‡ 

 

q

 

I

 

 = 

 

q

 

WI

 

. ç‡ ̋ Ú‡ÔÂ
ÔÂ‚Ë˜ÌÓ„Ó ÙÓÏËÓ‚‡ÌËfl ÔÓÍÓ‚‡, ÍÓ„‰‡ 

 

h

 

 Ï‡ÎÓ,

 

q

 

I

 

 – 

 

q

 

WI

 

 fl‚ÎflÂÚÒfl ÌÂÓÚËˆ‡ÚÂÎ¸ÌÓÈ ÙÛÌÍˆËÂÈ 

 

h

 

. Ç
ÁÂÎÓÏ ÒÓÒÚÓflÌËË, ÍÓ„‰‡ ‚ÂÒ¸ ÂÒÛÒ 

 

H

 

* – 

 

h

 

 ÛÊÂ
“ËÁ‡ÒıÓ‰Ó‚‡Ì”, 

 

q

 

I

 

 = 

 

q

 

WI

 

. ëÓ„Î‡ÒÌÓ ÒÍ‡Á‡ÌÌÓÏÛ Ë
ÔËÌflÚ˚Ï ‚ ÒËÒÚÂÏÂ “ÂÒÛÒ–ÔÓÚÂ·ËÚÂÎ¸” ÔÓÎÓ-

ÊÂÌËflÏ [10–12], ‡ÔÔÓÍÒËÏ‡ˆËfl  Ì‡ ˝Ú‡ÔÂ ÙÓ-
ÏËÓ‚‡ÌËfl ÔÓÍÓ‚‡ ÏÓÊÂÚ ·˚Ú¸ Á‡ÔËÒ‡Ì‡ ‚ ‚Ë‰Â 

(3)

„‰Â 

 

f

 

h

 

(

 

T

 

) 

 

≥

 

 0 fl‚ÎflÂÚÒfl ÓÚÌÓÒËÚÂÎ¸Ì˚Ï ËÁÏÂÌÂÌËÂÏ

 

h

 

 Á‡ Â‰ËÌËˆÛ ‚ÂÏÂÌË, ÍÓÚÓÓÂ ÒÓÓÚÌÂÒÂÌÓ Í Â‰ËÌË-
ˆÂ ‰ÓÒÚÛÔÌÓ„Ó ‰Îfl Î¸‰‡ ÂÒÛÒ‡ ÏÓÒÍÓÈ ‚Ó‰˚ [13,
14]. ç‡ ˝Ú‡ÔÂ Ú‡flÌËfl ÔÓÍÓ‚‡ ÂÒÛÒ Ë Â„Ó “ÔÓÚÂ-
·ËÚÂÎ¸” ÏÂÌfl˛ÚÒfl Ò‚ÓËÏË ÏÂÒÚ‡ÏË, ÂÒÎË ÔË ÙÓ-
ÏËÓ‚‡ÌËË ÔÓÍÓ‚‡ ÂÒÛÒÓÏ ‰Îfl Î¸‰‡ fl‚ÎflÂÚÒfl
ÒÎÓÈ ‚ÂıÌÂ„Ó Í‚‡ÁËÓ‰ÌÓÓ‰ÌÓ„Ó ÒÎÓfl (Çäë), ÚÓ ÔË
Ú‡flÌËË ÛÊÂ ÎÂ‰ ‚˚ÒÚÛÔ‡ÂÚ ‚ Í‡˜ÂÒÚ‚Â ÂÒÛÒ‡ ÏÓ-

ÒÍÓÈ ‚Ó‰˚. íÓ„‰‡ 

 

W

 

 = 

 

ψ

 

h

 

(

 

T

 

)(

 

H

 

* – 

 

h

 

W

 

)

 

h

 

W

 

, „‰Â 

 

h

 

W

 

 –
ÚÓÎ˘ËÌ‡ ÒÎÓfl ‚Ó‰˚ ‚ ‚ÂıÌÂÈ ÚÓÎ˘Â 

 

H

 

* ÏÓfl;

 

ψ

 

h

 

(

 

T

 

) – ÓÚÌÓÒËÚÂÎ¸ÌÓÂ ËÁÏÂÌÂÌËÂ 

 

h

 

W

 

 Á‡ Â‰ËÌËˆÛ
‚ÂÏÂÌË, ÍÓÚÓÓÂ ÒÓÓÚÌÂÒÂÌÓ Í Â‰ËÌËˆÂ ‰ÓÒÚÛÔ-
ÌÓ„Ó ‰Îfl ‚Ó‰˚ ÂÂ ÂÒÛÒ‡ Î¸‰‡. èÓÒÎÂ ÔÓ‰ÒÚ‡ÌÓ‚-

ÍË hW ≡ H* – h ‚ Û‡‚ÌÂÌËÂ ‰Îfl W, ÒÌÓ‚‡ ÙÓÏ‡Î¸-
ÌÓ ÔËıÓ‰ËÏ Í (3). çÓ ‚ ˝ÚÓÏ ÒÎÛ˜‡Â fh(T) ≤ 0.

èË Á‡‰‡ÌÌ˚ı ‰ËÌ‡ÏË˜ÂÒÍËı ÔÂÂÏÂÌÌ˚ı ‚ÓÁ-
‰ÂÈÒÚ‚Ëfl ‚ÌÂ¯ÌÂÈ ÒÂ‰˚ (ÚÓÎ˘ËÌ‡ ÒÌÂ„‡, ‡Î¸·Â‰Ó
ÔÓ‚ÂıÌÓÒÚË ÒÌÂ„‡ Ë Ú.‰.) ‡ÔÔÓÍÒËÏ‡ˆËÂÈ fh ÏÓ-
ÊÂÚ ÒÎÛÊËÚ¸ ÎËÌÂÈÌ‡fl ÙÛÌÍˆËfl ˝ÚËı ÔÂÂÏÂÌ-
Ì˚ı. ÑÎfl ÓˆÂÌÍË ÒÓÓÚ‚ÂÚÒÚ‚Û˛˘Ëı ÍÓ˝ÙÙËˆËÂÌ-
ÚÓ‚ ÒÎÂ‰ÛÂÚ ËÒÔÓÎ¸ÁÓ‚‡Ú¸ ‰ÓÒÚ‡ÚÓ˜ÌÓ ÔÓ‰Ó·Ì˚Â
ÏÌÓ„ÓÎÂÚÌËÂ fl‰˚ Ì‡·Î˛‰ÂÌËÈ. é‰Ì‡ÍÓ ‰Îfl ÔÓ-
ÍÓ‚‡ üÔÓÌÒÍÓ„Ó ÏÓfl ÔÓ‰Ó·Ì˚Â Ì‡·Î˛‰ÂÌËfl
ËÏÂ˛Ú Ù‡„ÏÂÌÚ‡Ì˚È ı‡‡ÍÚÂ. èÓ˝ÚÓÏÛ Á‰ÂÒ¸
Ë ‚ÂÁ‰Â ‰‡ÎÂÂ ‡ÒÒÏ‡ÚË‚‡ÂÚÒfl ˜‡ÒÚÌ˚È ÒÎÛ˜‡È,

ḣ

ḣ f h T( ) H* h–( )h,=

ḣ

ḣ
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ÍÓ„‰‡ ‚ÌÂ¯ÌÂÂ ‚ÓÁ‰ÂÈÒÚ‚ËÂ Ì‡ ÚÓÎ˘ËÌÛ ÔÓÍÓ‚‡
ÓÔÂ‰ÂÎflÂÚÒfl ÚÂÏÔÂ‡ÚÛÓÈ ‚ÓÁ‰Ûı‡ ÔË ÙËÍÒËÓ-
‚‡ÌÌ˚ı ÁÌ‡˜ÂÌËflı ÓÒÚ‡Î¸Ì˚ı ‰ËÌ‡ÏË˜ÂÒÍËı ÔÂÂ-
ÏÂÌÌ˚ı. ÖÒÎË ÔËÌËÏ‡ÂÚÒfl ‰ÓÔÛ˘ÂÌËÂ Ó ÒÓ‚Ô‡‰Â-
ÌËË ÚÂÏÔÂ‡ÚÛ ‚ÓÁ‰Ûı‡ ÔË Ì‡˜‡Î¸ÌÓÏ ÙÓÏËÓ-
‚‡ÌËË ÔÓÍÓ‚‡ Ë ÔË Â„Ó Ì‡˜‡Î¸ÌÓÏ ‡ÁÛ¯ÂÌËË,

ÚÓ ‡ÔÔÓÍÒËÏ‡ˆËfl  ÏÓÊÂÚ ·˚Ú¸ Á‡ÔËÒ‡Ì‡ ‚ ‚Ë‰Â 

(4)

„‰Â T* – ÚÂÏÔÂ‡ÚÛ‡ ‚ÓÁ‰Ûı‡ ÔË Ì‡˜‡Î¸ÌÓÏ ÙÓ-
ÏËÓ‚‡ÌËË ÔÓÍÓ‚‡; Θ(z) – ÙÛÌÍˆËfl ïÂ‚ËÒ‡È‰‡,
‡‚Ì‡fl 1 ÔË z > 0, ‚ ËÌÓÏ ÒÎÛ˜‡Â – 0; αh,  ÌÂÓÚË-
ˆ‡ÚÂÎ¸Ì˚Â ÍÓ˝ÙÙËˆËÂÌÚ˚ ÔÓÔÓˆËÓÌ‡Î¸ÌÓÒÚË.
ÇÂÏÂÌÌóÈ ¯‡„ ‚ ‡ÒÒÏ‡ÚË‚‡ÂÏ˚ı ÏÓ‰ÂÎflı ÓÔÂ-
‰ÂÎflÂÚÒfl Á‡‰‡ÌÌÓÈ ‚ÂÏÂÌÌÓÈ ‰ËÒÍÂÚÌÓÒÚ¸˛ ‡Ò-
ÔÂ‰ÂÎÂÌËÈ ÚÂÏÔÂ‡ÚÛ˚ ‚ÓÁ‰Ûı‡ (Ó‰ÌË ÒÛÚÍË). àı
‡ÁÏÂÌÓÒÚ¸ – (Ï × °C × ÒÛÚÍË)–1, Ú.Â. Ëı ˜ËÒÎÂÌÌÓÂ
ÁÌ‡˜ÂÌËÂ ÓÔÂ‰ÂÎflÂÚ ÒÓÓÚÌÂÒÂÌÌÓÂ Í Â‰ËÌËˆÂ ‰Ó-
ÒÚÛÔÌÓ„Ó ÂÒÛÒ‡ ÚÓÎ˘ËÌ˚ ÒÛÚÓ˜ÌÓÂ ÓÚÌÓÒËÚÂÎ¸-
ÌÓÂ ËÁÏÂÌÂÌËÂ ÚÓÎ˘ËÌ˚ ÔÓÍÓ‚‡ ÔË ËÁÏÂÌÂÌËË
ÚÂÏÔÂ‡ÚÛ˚ ‚ÓÁ‰Ûı‡ Ì‡ 1°ë. èÂÂÏÂÌ‡ ÁÌ‡Í‡ Ô‡-
‚ÓÈ ˜‡ÒÚË (4) ÔÓËÒıÓ‰ËÚ ÚÓ„‰‡, ÍÓ„‰‡ ÚÂÏÔÂ‡ÚÛ‡
‚ÓÁ‰Ûı‡ ÔÂ‚˚¯‡ÂÚ T*. áÌ‡˜ÂÌËÂ T* ı‡‡ÍÚÂËÁÛÂÚ
Á‰ÂÒ¸ ÓÔÂ‰ÂÎÂÌÌÓÂ ÒÓ˜ÂÚ‡ÌËÂ ‚ÌÂ¯ÌËı ÛÒÎÓ‚ËÈ,
ÔË ÍÓÚÓ˚ı Ì‡˜ËÌ‡ÂÚÒfl ÔÂ‚Ë˜ÌÓÂ ÎÂ‰ÓÓ·‡ÁÓ‚‡-
ÌËÂ Ë ÔÂ‚Ë˜ÌÓÂ Ú‡flÌËÂ Î¸‰‡. é˜Â‚Ë‰ÌÓ ÓÚÎË˜ËÂ T*
ÓÚ ÚÂÏÔÂ‡ÚÛ˚ Ì‡˜‡Î¸ÌÓ„Ó ÙÓÏËÓ‚‡ÌËfl ÔË-
Ô‡fl Ë Â„Ó Ú‡flÌËfl . ÑÂÈÒÚ‚ËÚÂÎ¸ÌÓ, ‚ ÔË·ÂÊ-
Ì˚ı ‡ÈÓÌ‡ı ‚Ó‰˚ Û˜‡ÒÚÍÓ‚ ‡ÒÔÓÎÓÊÂÌËfl ÔËÔ‡fl
fl‚Îfl˛ÚÒfl ÓÚÌÓÒËÚÂÎ¸ÌÓ ÌÂ„ÎÛ·ÓÍËÏË Ë ·ÓÎÂÂ ÔÂÒ-
Ì˚ÏË ‚ÒÎÂ‰ÒÚ‚ËÂ ÓÔÂÒÌÂÌËfl Ëı Â˜Ì˚ÏË ‚Ó‰‡ÏË Ë
ÒÚÓÍ‡ÏË ÔÓÏ˚¯ÎÂÌÌ˚ı ÔÂ‰ÔËflÚËÈ. à ÔÓ˝ÚÓÏÛ
ÎÂ‰ÓÓ·‡ÁÓ‚‡ÌËÂ ‚ ÓÚÍ˚Ú˚ı Û˜‡ÒÚÍ‡ı ÏÓfl Ì‡-
˜ËÌ‡ÂÚÒfl ÔË ·ÓÎÂÂ ÌËÁÍËı ÚÂÏÔÂ‡ÚÛ‡ı ‡ÚÏÓ-
ÒÙÂ˚, ˜ÂÏ ‚ Û˜‡ÒÚÍ‡ı ‡ÒÔÓÎÓÊÂÌËfl ÔËÔ‡fl. í‡-
flÌËÂ Î¸‰‡ Ì‡ ÓÚÍ˚Ú˚ı Û˜‡ÒÚÍ‡ı Ì‡˜ËÌ‡ÂÚÒfl ÔË
·ÓÎÂÂ ÌËÁÍËı ÚÂÏÔÂ‡ÚÛ‡ı – ‚ ̋ ÚÓÚ ÔÂËÓ‰ ‡ÍÚË‚-
ÌÓ ÔÓfl‚ÎflÂÚ ÒÂ·fl ÒÓ˜ÂÚ‡ÌËÂ ‚ÓÁ‰ÂÈÒÚ‚Ëfl ÒÓÎÌÂ˜-
ÌÓÈ ‡‰Ë‡ˆËË Ë ÚÂÔÎ˚ı ÚÂ˜ÂÌËÈ ÏÓfl [15]. 

ëÓÔÓÒÚ‡‚ÎÂÌËÂ ÏÓ‰ÂÎÂÈ (2) Ë (4) Ì‡„Îfl‰ÌÓ ‚˚-
ÔÓÎÌËÚ¸ ‰Îfl T = const. ÖÒÎË T < (aT* – Tm)/(a – 1),

„‰Â a = (4/27)H*3αh/µ, ÚÓ Ì‡ Ù‡ÁÓ‚ÓÈ ÔÎÓÒÍÓÒÚË {h, }
ÒÓÓÚ‚ÂÚÒÚ‚Û˛˘ËÂ (2) Ë (4) Ù‡ÁÓ‚˚Â Ú‡ÂÍÚÓËË
ÔÂÂÒÂÍ‡˛ÚÒfl ‚ ‰‚Ûı ÚÓ˜Í‡ı (ÁÌ‡˜ÂÌËÂ ÚÓÎ˘ËÌ˚ ‚
˝ÚËı ÚÓ˜Í‡ı Ó·ÓÁÌ‡˜ËÏ hA Ë hB, hA < hB). àÁ Ëı ÔÂ-
ÂÒÂ˜ÂÌËfl ÒÎÂ‰ÛÂÚ, ˜ÚÓ (αh/µ)(H* – h)h2 = (Tm –
− T)/(T* – T). çÂ‡‚ÂÌÒÚ‚Ó ‰Îfl T ‚˚ÚÂÍ‡ÂÚ ËÁ ÚÓ„Ó,
˜ÚÓ Ï‡ÍÒËÏÛÏ (αh/µ)(H* – h)h2 ‰ÓÒÚË„‡ÂÚÒfl ÔË h =
= (2/3)H*. èÓÌflÚÌÓ, ̃ ÚÓ 0 < hA < (2/3)H* Ë (2/3)H* <
< hB < H*. ÖÒÎË tA Ë tB – ÒÓÓÚ‚ÂÚÒÚ‚Û˛˘ËÂ hA Ë hB

ÏÓÏÂÌÚ˚ ‚ÂÏÂÌË, ÚÓ ÔË t ∈  [ tA, tB] ÚÓÎ˘ËÌ˚ ÔÓ
(4) ÔÂ‚ÓÒıÓ‰flÚ ÚÓÎ˘ËÌ˚ ÔÓ (2). Ç ÓÒÚ‡Î¸Ì˚ı ÒÎÛ-
˜‡flı ËÏÂÂÚ ÏÂÒÚÓ Ó·‡ÚÌ‡fl ÒËÚÛ‡ˆËfl. 

ḣ

ḣ t T*,( ) T* T–( ) αhΘ T* T–( ) +[=

+ αh' Θ T* T–( ) ] H* h–( )h,

αh'

TF*

ḣ

êÂ¯ÂÌËÂ (4) ‰Îfl ˝Ú‡Ô‡ ÙÓÏËÓ‚‡ÌËfl ÔÓÍÓ‚‡
ÓÔÂ‰ÂÎflÂÚÒfl ‚˚‡ÊÂÌËÂÏ

„‰Â  =  – ÚÂÍÛ˘‡fl ÒÂ‰Ìflfl ÚÂÏÔÂ‡ÚÛ-

‡ ‚ÓÁ‰Ûı‡; h0 > 0 – ÚÓÎ˘ËÌ‡ Ì‡˜‡Î¸Ì˚ı Ó·‡ÁÓ‚‡-
ÌËÈ Î¸‰‡ (ÔÂ‚Ë˜Ì˚ı Î¸‰ËÌ); t0 = t0(x, y) – ÏÓÏÂÌÚ
Ì‡˜‡Î¸ÌÓ„Ó ÙÓÏËÓ‚‡ÌËfl (ÙÛÌÍˆËfl „ÂÓ„‡ÙË˜Â-
ÒÍËı ÍÓÓ‰ËÌ‡Ú). ÑÎfl ˝Ú‡Ô‡ Ú‡flÌËfl ÒÎÂ‰ÛÂÚ ‚˚-
ÔÓÎÌËÚ¸ Á‡ÏÂÌÛ αh  . èËÒÛÚÒÚ‚ËÂ ËÌÚÂ„‡-
Î‡ ÓÚ ÚÂÏÔÂ‡ÚÛ˚ ‰ÓÔÛÒÍ‡ÂÚ ÔÓÒÚÛ˛ ËÌÚÂÔÂ-
Ú‡ˆË˛: ˝ÚÓÚ ˜ÎÂÌ ÓÚ‡Ê‡ÂÚ ËÌÂˆË˛ ÒËÒÚÂÏ˚ ‚
ÓÚ‚ÂÚ Ì‡ ÚÂÏË˜ÂÒÍÓÂ ‚ÓÁ‰ÂÈÒÚ‚ËÂ ‚ÓÁ‰Ûı‡. íÓ˜Í‡

ÔÂÂ„Ë·‡ h(t) ÓÚÒÛÚÒÚ‚ÛÂÚ ÔË – ( )/[T* –

− T( )]2 > αhH*/2, ˜ÚÓ ÒÓÓÚ‚ÂÚÒÚ‚ÛÂÚ ·˚ÒÚÓÏÛ
Ì‡‡ÒÚ‡ÌË˛ ÚÓÎ˘ËÌ˚ ÔÓÍÓ‚‡. Ç ËÌÓÏ ÒÎÛ˜‡Â h(t)

‚ ÏÓÏÂÌÚ t =  ËÏÂÂÚ ÚÓ˜ÍÛ ÔÂÂ„Ë·‡

íÓ„‰‡ ÒÛ˘ÂÒÚ‚ÛÂÚ ÓÔÂ‰ÂÎÂÌÌ˚È “ËÌÍÛ·‡ˆËÓÌ-

Ì˚È ÔÂËÓ‰” , ‚ ÚÂ˜ÂÌËÂ ÍÓÚÓÓ„Ó ÔÓÌËÊÂÌËÂ
T ÔË‚Ó‰ËÚ Í ÙÓÏËÓ‚‡ÌË˛ ÔÓÍÓ‚‡ ÚÓÌÍÓ„Ó
Î¸‰‡. Ç Â‡Î¸Ì˚ı ÛÒÎÓ‚Ëflı Ì‡ÎË˜ËÂ ˝ÚÓ„Ó ÔÂËÓ-
‰‡ Ó·ÛÒÎÓ‚ÎÂÌÓ ÒÎÂ‰Û˛˘ËÏ: Ì‡ ÔÂ‰‚‡ËÚÂÎ¸ÌÓÏ
˝Ú‡ÔÂ ˝‚ÓÎ˛ˆËË ÔÓÍÓ‚‡ Ó·‡ÁÛ˛ÚÒfl ÓÚ‰ÂÎ¸Ì˚Â
ÒÍÓÔÎÂÌËfl Á‡Ó‰˚¯ÂÈ Î¸‰‡; ÔÓËÒıÓ‰ËÚ Ëı ‡„Â-
„‡ˆËfl Ë ÒÎËÔ‡ÌËÂ; ‡Í‚‡ÚÓËfl ‡ÈÓÌ‡ ÔÓÍ˚‚‡ÂÚÒfl
ÚÓÌÍÓÈ ÔÎÂÌÍÓÈ Î¸‰‡, Ë ÂÂ ÚÓÎ˘ËÌ‡ Ô‡ÍÚË˜ÂÒÍË
ÌÂ ËÁÏÂÌflÂÚÒfl; ‡ ‰‡ÎÂÂ ÒÎÂ‰ÛÂÚ ÛÒÍÓÂÌÌ˚È ÓÒÚ
ÚÓÎ˘ËÌ˚ ‰Ó ÂÂ ÔÂ‰ÂÎ¸ÌÓ„Ó ÁÌ‡˜ÂÌËfl.

4. äËÌÂÚË˜ÂÒÍ‡fl ÏÓ‰ÂÎ¸ ˝‚ÓÎ˛ˆËË 
ÔÎÓ˘‡‰ÂÈ Ë ÚÓÎ˘ËÌ Î¸‰‡

èË ÔÓÒÚÓÂÌËË ÏÓ‰ÂÎË ÔËÌËÏ‡˛ÚÒfl ÒÎÂ‰Û˛-
˘ËÂ ‰ÓÔÛ˘ÂÌËfl: 1) ‚ Á‡‚ËÒËÏÓÒÚË ÓÚ T Á‡ Â‰ËÌËˆÛ
‚ÂÏÂÌË Ó·‡ÁÛ˛ÚÒfl (‚˚·˚‚‡˛Ú) Î¸‰ËÌ˚ Ò ÚÓÎ-
˘ËÌÓÈ h0; 2) ËÏÂÂÚ ÏÂÒÚÓ ‰ËÙÙÛÁËÓÌÌÓÂ ‚˚‡‚ÌË-
‚‡ÌËÂ ÚÓÎ˘ËÌ; 3) ‚ ÔË·ÂÊÌ˚ı ‡ÈÓÌ‡ı ÔË ÙÓ-
ÏËÓ‚‡ÌËË ÔÓÍÓ‚‡ ˜‡ÒÚ¸ Î¸‰ËÌ ÓÚÍ˚ÚÓÈ ˜‡ÒÚË
ÔÂÂıÓ‰ËÚ ‚ Î¸‰˚ ÔËÔ‡fl, ‡ ÔË Ú‡flÌËË ËÏÂÂÚ ÏÂ-
ÒÚÓ Ó·‡ÚÌ‡fl ÒËÚÛ‡ˆËfl; 4) ÔË ÒÚÓÎÍÌÓ‚ÂÌËflı
Î¸‰ËÌ ÔÓÚÂflÏË Ëı ÔÎÓ˘‡‰ÂÈ ÏÓÊÌÓ ÔÂÌÂ·Â˜¸.
Ç˚ÔÓÎÌÂÌËÂ ÔÂ‚˚ı ÚÂı ‰ÓÔÛ˘ÂÌËÈ Ó·ÛÒÎÓ‚ÎÂ-
ÌÓ ÂÒÚÂÒÚ‚ÂÌÌ˚Ï ËÁÏÂÌÂÌËÂÏ ÚÂÏÔÂ‡ÚÛ˚, ‚˚-
·ÓÓÏ ‚ÂÎË˜ËÌ˚ ‚ÂÏÂÌÌó„Ó ¯‡„‡ Ë Ì‡ÎË˜ËÂÏ
ÚÂÌËfl Ì‡ ÌËÊÌÂÈ ÔÓ‚ÂıÌÓÒÚË ÔÓÍÓ‚‡. Ç˚ÔÓÎ-
ÌÂÌËÂ ˜ÂÚ‚ÂÚÓ„Ó ‰ÓÔÛ˘ÂÌËfl Ó·ÛÒÎÓ‚ÎÂÌÓ Â-
ÁÛÎ¸Ú‡Ú‡ÏË ÒÚ‡ÚËÒÚË˜ÂÒÍÓ„Ó ‡Ì‡ÎËÁ‡ ÎËÌÂÈÌ˚ı
‡ÁÏÂÓ‚ ÓÚ‰ÂÎ¸Ì˚ı Î¸‰ËÌ [7, 13]. ëÓ„Î‡ÒÌÓ ÂÏÛ,

h t T*,( ) h0 ×=

×
H* αhH* T* T–( ) t t0–( )[ ]exp

H* h0– h0 αhH* T* T–( ) t t0–( )[ ]exp+
------------------------------------------------------------------------------------------------- h0,–

T
1

t t0–
----------- T td

t0

t∫

αh'

Ṫ tC
h( )

tC
h( )

tC
h( )

h tC
h( ) T*,( ) H* αh

–1Ṫ tC
h( )( )/ T* T tC

h( )( )–[ ] 2
–{ } /2.=

tC
h( )
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óÂÚ˚·ÓˆÍËÈ

ÔÎÓ˘‡‰¸ Î¸‰ËÌ˚ a ÂÒÚ¸ ‡‰‰ËÚË‚Ì‡fl ÔÂÂÏÂÌÌ‡fl
ÒËÒÚÂÏ˚: ÔË ÒÚÓÎÍÌÓ‚ÂÌËflı Î¸‰ËÌ Ó·‡ÁÛÂÚÒfl
Î¸‰ËÌ‡ ÒÛÏÏ‡ÌÓÈ ÔÎÓ˘‡‰Ë. 

èË ÛÍ‡Á‡ÌÌ˚ı ‰ÓÔÛ˘ÂÌËflı ˝‚ÓÎ˛ˆËfl ÔÎÓÚÌÓ-
ÒÚË ‡ÒÔÂ‰ÂÎÂÌËfl ˜ËÒÎ‡ Î¸‰ËÌ n = n(x1, x2, t, a, h)
‚ ÓÚÍ˚ÚÓÈ ˜‡ÒÚË ‡ÈÓÌÓ‚ ÓÔÂ‰ÂÎflÂÚÒfl ·‡Î‡ÌÒÓ-
‚˚Ï ÒÓÓÚÌÓ¯ÂÌËÂÏ

(5)

„‰Â u = (u1, u2) – ÒÍÓÓÒÚ¸ ‰ÂÈÙ‡ Î¸‰‡; x = (x1, x2) –
ÔÓÒÚ‡ÌÒÚ‚ÂÌÌ˚Â ÍÓÓ‰ËÌ‡Ú˚;  ≡ da/dt – ÒÍÓ-
ÓÒÚ¸ ÚÂÏË˜ÂÒÍÓ„Ó ÓÒÚ‡ ÔÎÓ˘‡‰Ë ÓÚ‰ÂÎ¸ÌÓÈ
Î¸‰ËÌ˚; fah ≡ f(a, h0, T) – ÒÍÓÓÒÚ¸ Ó·‡ÁÓ‚‡ÌËfl
(‚˚·˚‚‡ÌËfl) Î¸‰ËÌ ÚÓÎ˘ËÌ˚ h0 Ë ÔÎÓ˘‡‰Ë a; D –
ÍÓ˝ÙÙËˆËÂÌÚ ‰ËÙÙÛÁËË (‰Îfl ÔÓÒÚÓÚ˚ ËÁÎÓÊÂ-
ÌËfl ÔËÌËÏ‡ÂÚÒfl const); ϕn = ϕn(T, n) – ı‡‡ÍÚÂË-
ÁÛÂÚ Á‡‚ËÒËÏÓÒÚ¸ n ÓÚ ÔÎÓ˘‡‰ÂÈ ÔËÔ‡fl (ϕn ≥ 0
ÚÓÎ¸ÍÓ ‚ ÔË·ÂÊÌ˚ı ‡ÈÓÌ‡ı); S = S(x1, x2, a, h, T),
R = R(x1, x2, a, h, T) – ı‡‡ÍÚÂËÁÛ˛Ú ‰ËÌ‡ÏËÍÛ ‡„-
Â„‡ˆËË Ë ‰Ó·ÎÂÌËfl Î¸‰ËÌ Á‡ Â‰ËÌËˆÛ ‚ÂÏÂÌË. 

Ç Ô‡ÍÚËÍÂ ËÒÒÎÂ‰Ó‚‡ÌËÈ ÏÓÒÍÓ„Ó Î¸‰‡ ÒÍÓ-
ÓÒÚ¸ Â„Ó ‰ÂÈÙ‡ ‡ÒÒ˜ËÚ˚‚‡ÂÚÒfl Ì‡ ÓÒÌÓ‚‡ÌËË
ÒÍÓÓÒÚË ‚ÂÚ‡ [1, 4, 16].

åÓ‰ÂÎ¸ ‰Îfl  ÒÚÓËÚÒfl Ì‡ ÓÒÌÓ‚‡ÌËË Ú‡ÍËı ÊÂ

‰ÓÔÛ˘ÂÌËÈ, ˜ÚÓ ÔËÌËÏ‡˛ÚÒfl ‰Îfl ÏÓ‰ÂÎË . íÂ-
ÍÛ˘ËÏ ÂÒÛÒÓÏ a fl‚ÎflÂÚÒfl ÔÎÓ˘‡‰¸ ‚Ó‰˚ Ì‡ ‡Í-
‚‡ÚÓËË ‡ÈÓÌ‡ AW = A* – A1, „‰Â A* – ÔÎÓ˘‡‰¸

‡ÈÓÌ‡; AI �  +  – ÔÎÓ˘‡‰¸ Î¸‰‡;

 – Ó·˘‡fl ÔÎÓ˘‡‰¸ ÔËÔ‡fl. ÑÎfl ˝Ú‡Ô‡ Ú‡flÌËfl
Ú‡ÍÊÂ ÒÎÂ‰ÛÂÚ Û˜ËÚ˚‚‡Ú¸ ÔÎÓ˘‡‰¸ ÓÚÍ˚ÚÓÈ ‚Ó-
‰˚: ‚ÒÎÂ‰ÒÚ‚ËÂ Ï‡ÎÓÈ ÓÚ‡Ê‡ÚÂÎ¸ÌÓÈ ÒÔÓÒÓ·ÌÓ-
ÒÚË ‚Ó‰‡ ‡ÍÍÛÏÛÎËÛÂÚ ·ÓÎ¸¯Â, ˜ÂÏ ÔÓÍÓ‚ Î¸‰‡
ÎÛ˜ËÒÚÓÈ ˝ÌÂ„ËË. éÔÂ‰ÂÎÂÌÌ‡fl ÂÂ ˜‡ÒÚ¸ ‡ÒıÓ-
‰ÛÂÚÒfl Ì‡ Ú‡flÌËÂ Ë ÚÂÏË˜ÂÒÍÓÂ ‡ÁÛ¯ÂÌËÂ Î¸‰‡.
ì‡‚ÌÂÌËÂ ‰Îfl  ÏÓÊÂÚ ·˚Ú¸ Á‡ÔËÒ‡ÌÓ ‚ ‚Ë‰Â 

(6)

„‰Â αa  – ÌÂÓÚËˆ‡ÚÂÎ¸Ì˚Â ÍÓ˝ÙÙËˆËÂÌÚ˚ ÔÓ-

ÔÓˆËÓÌ‡Î¸ÌÓÒÚË.
èÂ‰ÒÚ‡‚ÎflÂÚÒfl ÂÒÚÂÒÚ‚ÂÌÌ˚Ï ÓÔÂ‰ÂÎËÚ¸ fah

ÔÓÒÂ‰ÒÚ‚ÓÏ ·˚ÒÚÓ Û·˚‚‡˛˘ÂÈ ÔÓ a ÙÛÌÍˆËË.
ç‡ÔËÏÂ, „ËÔÂ·ÓÎ˚ Cf(T, h)(a0 + a)–k, „‰Â ÔÂ‚˚È
ÒÓÏÌÓÊËÚÂÎ¸ ÓÚÎË˜ÂÌ ÓÚ ÌÛÎfl ÚÓÎ¸ÍÓ ÔË h = h0;
a0 – Ì‡ËÏÂÌ¸¯‡fl ÔÎÓ˘‡‰¸ ÓÚ‰ÂÎ¸ÌÓÈ Î¸‰ËÌ˚; k > 2.
îÛÌÍˆËfl Cf(T, h) ÓÔÂ‰ÂÎflÂÚÒfl ËÁ ÛÒÎÓ‚Ëfl: I =

=  ÂÒÚ¸ ˜ËÒÎÓ Ó·‡ÁÓ‚‡ÌÌ˚ı ÔË

ÙÓÏËÓ‚‡ÌËË ÔÓÍÓ‚‡ Î¸‰ËÌ, ‡ ÔË Ú‡flÌËË – ̃ ËÒ-
ÎÓ ‡ÒÚ‡fl‚¯Ëı Î¸‰ËÌ. Ç ÔÂ‚ÓÏ ÒÎÛ˜‡Â ‡ÁÛÏÌÓ
ÔÓÎ‡„‡Ú¸ ÔÓÔÓˆËÓÌ‡Î¸ÌÓÒÚ¸ I ‰ÓÒÚÛÔÌÓÏÛ ‰Îfl
Î¸‰‡ Â„Ó ÂÒÛÒÛ A* – AI, ‡ ‚Ó ‚ÚÓÓÏ ÒÎÛ˜‡Â – ÚÂ-

∂n/∂t ∂ uin( )/∂xi ∂ ḣn( )/ h ȧn( )/∂a  =∂+∂+ +

=  f ah D∂2n/∂h2 ϕ S R,+ + + +

ȧ

ȧ

ḣ

an ad hd
0

A*∫0

H*∫ AI
F( )

AI
F( )

ȧ

ȧ αaΘ T* T–( ) αa' Θ T* T–( )+[ ] T* T–( ) ×=

× A* AI–( )a,

αa'

f ah ad hd
0

A*∫0

H*∫

ÍÛ˘ÂÈ ÔÎÓ˘‡‰Ë ÚÓÌÍÓ„Ó Î¸‰‡ A0 ≡ A(t, a, h0). Ç
Ó·ÓËı ÒÎÛ˜‡flı ËÌÚÂÌÒË‚ÌÓÒÚ¸ ÔÓˆÂÒÒÓ‚ ÓÔÂ‰Â-
ÎflÂÚÒfl ‡ÁÌÓÒÚ¸˛ T* – T. ÖÒÎË ÔÓÎ‡„‡ÂÚÒfl, ˜ÚÓ
Cf ~ T* – T, ÚÓ I = (T* – T)[C(A* – A)Θ(T* – T) +
+ C'A0Θ(T – T*)], „‰Â C Ë C' – ÌÂÓÚËˆ‡ÚÂÎ¸Ì˚Â ÍÓ-
˝ÙÙËˆËÂÌÚ˚ ÔÓÔÓˆËÓÌ‡Î¸ÌÓÒÚË. èÓÒÍÓÎ¸ÍÛ a0 �
� A*, ÚÓ 

„‰Â  – ÒËÏ‚ÓÎ äÓÌÂÍÂ‡.

Ç Ì‡ÒÚÓfl˘ÂÏ ‡ÒÒÏÓÚÂÌËË ÔËÌËÏ‡ÂÚÒfl ÒÎÂ-
‰Û˛˘‡fl ÙÓÏ‡ Á‡ÔËÒË ϕn: 

(7)

„‰Â bah, bT, n, bh, n – ÌÂÓÚËˆ‡ÚÂÎ¸Ì˚Â ÍÓ˝ÙÙËˆËÂÌ-
Ú˚ ÔÓÔÓˆËÓÌ‡Î¸ÌÓÒÚË; A(F)(h) – ÔÎÓ˘‡‰¸ ÔËÔ‡fl
ÚÓÎ˘ËÌ˚ h. èÂ‚ÓÂ ÒÎ‡„‡ÂÏÓÂ Ô‡‚ÓÈ ˜‡ÒÚË (7)
ı‡‡ÍÚÂËÁÛÂÚ Ú‡ÌÒÙÓÏ‡ˆË˛ Î¸‰ËÌ ÓÚÍ˚Ú˚ı
Û˜‡ÒÚÍÓ‚ ÔË·ÂÊÌ˚ı ‡ÈÓÌÓ‚ ‚Ó Î¸‰˚ ÔËÔ‡fl
ÔË ÙÓÏËÓ‚‡ÌËË ÔÓÍÓ‚‡, ‡ ‚ÚÓÓÂ ÒÎ‡„‡ÂÏÓÂ –
Ú‡ÌÒÙÓÏ‡ˆË˛ Î¸‰ËÌ ÔËÔ‡fl ‚ Î¸‰ËÌ˚ ÓÚÍ˚-
Ú˚ı Û˜‡ÒÚÍÓ‚ Ì‡ ˝Ú‡ÔÂ Â„Ó Ú‡flÌËfl Ë ÚÂÏË˜ÂÒÍÓ„Ó
‡ÁÛ¯ÂÌËfl. Ç ̋ ÚÓÈ Á‡ÔËÒË Û˜ËÚ˚‚‡ÂÚÒfl ÚÓÚ Ù‡ÍÚ,
˜ÚÓ ËÌÚÂÌÒË‚ÌÓÒÚ¸ ‡ÁÛ¯ÂÌËfl ÂÒÚ¸ Û·˚‚‡˛˘‡fl
ÙÛÌÍˆËfl h. 

èÓÌËÊÂÌËÂ ÚÂÏÔÂ‡ÚÛ˚ ‚ÓÁ‰Ûı‡ ÔË‚Ó‰ËÚ Í
·˚ÒÚÓÏÛ ÒÏÂÁ‡ÌË˛ Ï‡Î˚ı ÙÓÏ Î¸‰‡. èÓ˝ÚÓÏÛ
‡„Â„‡ˆËfl ÒÛ˘ÂÒÚ‚ÂÌÌ‡ ÚÓÎ¸ÍÓ ‰Îfl Ì‡˜‡Î¸ÌÓ„Ó
˝Ú‡Ô‡ ÙÓÏËÓ‚‡ÌËfl ÔÓÍÓ‚‡, ÍÓ„‰‡ ÒËÒÚÂÏ‡
Î¸‰ËÌ Ì‡ ‡Í‚‡ÚÓËË Ì‡ÒÚÓÎ¸ÍÓ ‡ÁÂÊÂÌ‡, ˜ÚÓ
ÏÓÊÌÓ ‡ÒÒÏ‡ÚË‚‡Ú¸ ÎË¯¸ Ëı Ô‡Ì˚Â ÒÚÓÎÍÌÓ-
‚ÂÌËfl (ÒÚÓÎÍÌÓ‚ÂÌËflÏË ·ÓÎÂÂ ‚˚ÒÓÍËı ÔÓfl‰ÍÓ‚
ÏÓÊÌÓ ÔÂÌÂ·Â˜¸). íÓ„‰‡ ‰Îfl Á‡ÔËÒË S = S(a, h)
Ì‡ ̋ ÚÓÏ ̋ Ú‡ÔÂ ÏÓÊÌÓ ËÒÔÓÎ¸ÁÓ‚‡Ú¸ ÒÓÓÚ‚ÂÚÒÚ‚Û˛-
˘ÂÂ ÔÂ‰ÒÚ‡‚ÎÂÌËÂ Ú‡Í Ì‡Á˚‚‡ÂÏÓ„Ó ÍÓ‡„ÛÎflˆË-
ÓÌÌÓ„Ó ˜ÎÂÌ‡ ÍËÌÂÚË˜ÂÒÍÓ„Ó Û‡‚ÌÂÌËfl ëÏÓÎÛ-
ıÓ‚ÒÍÓ„Ó [17–19]. á‰ÂÒ¸ ˝ÚÓÚ ˜ÎÂÌ ÔËÌËÏ‡ÂÚ ‚Ë‰ 

„‰Â Ωah = {(a', h') : 0 < a' < a, 0 < h' ≤ h}; β(z, y) – fl‰Ó
ÍËÌÂÚË˜ÂÒÍÓ„Ó Û‡‚ÌÂÌËfl, ÍÓÚÓÓÂ ÔÂ‰ÒÚ‡‚ÎflÂÚ
ÒÓ·ÓÈ ÒËÏÏÂÚË˜ÌÛ˛ ÙÛÌÍˆË˛; a'' = a – a', h'' = (ah –
– a'h')/(a – a'). Ç Á‡ÔËÒË S(a, h) Û˜ËÚ˚‚‡ÂÚÒfl ÚÓÚ
Ù‡ÍÚ, ˜ÚÓ Ó·˚˜ÌÓ ‡„Â„ËÓ‚‡ÌËÂ ÙÓÏ‡ÎËÁÛÂÚÒfl
‚ ÚÂÏËÌ‡ı Ï‡ÒÒ. èÂ‰Î‡„‡ÂÏ˚È ÏÂı‡ÌËÁÏ ‡„Â„‡-
ˆËË ÒÓÒÚÓËÚ ‚ ÒÎÂ‰Û˛˘ÂÏ: ÔÎÓ˘‡‰¸ ÂÁÛÎ¸Ú‡Ú‡
‡„Â„‡ˆËË ‡‚Ì‡ ÒÛÏÏÂ ÔÎÓ˘‡‰ÂÈ Î¸‰ËÌ, ‡ ÚÓÎ˘Ë-

C f T h,( ) T* T–( ) C A* A f–( )Θ T* T–( ) +[=

+ C 'A0Θ T* T–( ) ] k 1–( )a0
k 1– δh h0, ,

δh h0,

ϕn a h,( ) –bah T* T–( )n a h,( )Θ T* T–( ) +=

+ bT n, T TB*–( ) bh n, h–[ ] A B( ) h( )Θ T TF*–( ),

S a h,( ) 1
2
--- β ah a 'h ' a 'h ',–( )n a ' ' h ' ',( ) ×

ah

∫
Ω
∫=

× n a ',h '( )da 'dh ' n a h,( ) ×–

× β ah a 'h ',( )n a ' h ',( )da 'dh ',∫
Ω
∫
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Ì‡ ÔÂÂÒ˜ËÚ˚‚‡ÂÚÒfl – ÒÛÏÏ‡ Ó·˙ÂÏÓ‚ ËÒıÓ‰Ì˚ı
Î¸‰ËÌ ‰ÂÎËÚÒfl Ì‡ ÒÛÏÏ‡ÌÛ˛ ÔÎÓ˘‡‰¸. 

èË Á‡ÔËÒË R ÔÓÎ‡„‡ÂÏ, ̃ ÚÓ Ù‡„ÏÂÌÚ˚ ‰Ó·ÎÂ-
ÌËfl Î¸‰ËÌ˚ ËÏÂ˛Ú ÚÓÎ˘ËÌÛ ËÒıÓ‰ÌÓÈ Î¸‰ËÌ˚. íÓ-
„‰‡ ÏÓ‰ËÙËÍ‡ˆËfl ÒÓÓÚ‚ÂÚÒÚ‚Û˛˘Â„Ó ˜ÎÂÌ‡ ÍËÌÂ-
ÚË˜ÂÒÍÓ„Ó Û‡‚ÌÂÌËfl åÂÎÁ‡Í‡ [19] ÔËÌËÏ‡ÂÚ ‚Ë‰

„‰Â γ(a', a, h) – ‚ÂÓflÚÌÓÒÚ¸ Ó·‡ÁÓ‚‡ÌËfl Î¸‰ËÌ
ÔÎÓ˘‡‰Ë a ÔË ‰Ó·ÎÂÌËË Î¸‰ËÌ˚ ÔÎÓ˘‡‰Ë a' > a.
çÓÏËÓ‚Í‡ γ(a', a, h) ‚˚ÔÓÎÌflÂÚÒfl Ú‡ÍËÏ Ó·‡-

ÁÓÏ, ˜ÚÓ ËÌÚÂ„‡Î P(a, h) = a–1  ‡-
‚ÂÌ ‚ÂÓflÚÌÓÒÚË ‡ÒÔ‡‰‡ Î¸‰ËÌ˚ ÔÎÓ˘‡‰Ë a. 

èÓÒÍÓÎ¸ÍÛ ‡ÒÒÏ‡ÚË‚‡ÂÚÒfl ÔÓÎÌ˚È ˆËÍÎ ˝‚Ó-
Î˛ˆËË ÔÓÍÓ‚‡, ÚÓ Ì‡˜‡Î¸ÌÓÂ ‡ÒÔÂ‰ÂÎÂÌËÂ ÔÓÎ‡-
„‡ÂÚÒfl ‡‚Ì˚Ï ÌÛÎ˛. É‡ÌË˜Ì˚Â ÛÒÎÓ‚Ëfl ‰Îfl (7)
ÂÒÚÂÒÚ‚ÂÌÌ˚Ï Ó·‡ÁÓÏ ÒÎÂ‰Û˛Ú ËÁ (4) Ë (6): ÓÚÒÛÚ-
ÒÚ‚ËÂ ÒÓÓÚ‚ÂÚÒÚ‚Û˛˘Ëı ÔÓÚÓÍÓ‚ Ì‡ Í‡ÈÌËı „‡-
ÌËˆ‡ı „‡‰‡ˆËÈ ÚÓÎ˘ËÌ Ë ÔÎÓ˘‡‰ÂÈ Î¸‰ËÌ. 

5. ù‚ÓÎ˛ˆËfl ‡ÒÔÂ‰ÂÎÂÌËfl ÚÓÎ˘ËÌ 
Î¸‰‡ 

ì‡‚ÌÂÌËÂ ‰Îfl ‡ÒÔÂ‰ÂÎÂÌËfl ÚÓÎ˘ËÌ Î¸‰‡ A =
= A(x1, x2, t, h) Ò Û˜ÂÚÓÏ (8) ÔÓÎÛ˜‡ÂÚÒfl ÛÏÌÓÊÂÌË-
ÂÏ (5) Ì‡ a Ë ËÌÚÂ„ËÓ‚‡ÌËfl ÔÓ ˝ÚÓÈ ÔÂÂÏÂÌÌÓÈ
ÔÓÎÛ˜ÂÌÌÓ„Ó ÂÁÛÎ¸Ú‡Ú‡: 

(8)

„‰Â A(t, h) = (a, h)da, A(F)(t, h) =

= (F)(a, h)da; AI = dh bn = bh, n A*2/2,

bT = bT, nA*2/2. èË Á‡ÔËÒË Û‡‚ÌÂÌËfl ‰Îfl ˝‚ÓÎ˛-
ˆËË A(F) ÔÎÓ˘‡‰ÂÈ ÔËÔ‡fl ‡ÁÎË˜Ì˚ı ÚÓÎ˘ËÌ Û˜Ë-
Ú˚‚‡ÂÚÒfl ÒÎÂ‰Û˛˘ÂÂ. îÓÏ‡Î¸ÌÓ ÔËÔ‡È ÏÓÊÂÚ
·˚Ú¸ ÔÂ‰ÒÚ‡‚ÎÂÌ ÔÎÓÚÌÓÒÚ¸˛ ‡ÒÔÂ‰ÂÎÂÌËfl
˜ËÒÎ‡ Î¸‰ËÌ n(F)(x1, x2, t, a, h), „‰Â ̃ ËÒÎÓ Î¸‰ËÌ Í‡Ê-

R a h,( ) γ a ' a h, ,( )n a ' h,( ) a 'd a–1n a h,( ) ×–

a

A*

∫=

× γ a a ' h, ,( ) a ',d

0

a

∫

γ a a ' h,,( ) a 'd
0

a∫

∂A/∂t ∂uiA/∂xi ∂ḣA/∂h+ + T* T–( ) f Ah A( ) +=

+ D∂2A/∂h2 ϕA,+

∂A F( )/∂t ∂ḣA F( )/∂h+ TF* T–( ) f Ah A F( )( ) +=

+ D∂2A F( )/∂h2 ϕA,–

f Ah A( ) αaA αahδh h0,+( ) A* AI–( )Θ T* T–( ) +=

+ αa' A* AI–( )A αah' A0δh h0,+[ ]Θ T T*–( ),

ϕA –bah T* T–( )AΘ T* T–( ) +=

+ bT T TF*–( ) bhh–[ ] A F( )Θ T TF*–( ),

an
0

A*∫
an

0

A*∫ A A F( )+( )
0

H*∫

‰ÓÈ „‡‰‡ˆËË (a, h) ÂÒÚ¸ 0 ËÎË 1. íÓ„‰‡ (5) Ú‡ÍÊÂ
ÓÔÂ‰ÂÎflÂÚ ˝‚ÓÎ˛ˆË˛ n(F)(x1, x2, t, a, h), ÂÒÎË ‚ Â„Ó
ÎÂ‚ÓÈ ˜‡ÒÚË ÔÓÎÓÊËÚ¸ ‡‚Ì˚Ï ÌÛÎ˛ ‚ÚÓÓÈ ˜ÎÂÌ
Ë ÔÓÎÓÊËÚ¸ S � 0 (ÓÚÒÛÚÒÚ‚ËÂ ‡„Â„‡ˆËË). èË Á‡-
ÔËÒË (8) Û˜ËÚ˚‚‡ÂÚÒfl Ú‡ÍÊÂ ÚÓÚ Ù‡ÍÚ, ˜ÚÓ

Sda = 0 Ë Rda = 0 – ‚ ‡ÏÍ‡ı ÓÚ‰ÂÎ¸ÌÓÈ

„‡‰‡ˆËË ÚÓÎ˘ËÌ˚ ÔÂÂ‡ÒÔÂ‰ÂÎÂÌËÂ ÔÎÓ˘‡‰ÂÈ
Î¸‰ËÌ ÌÂ ËÁÏÂÌflÂÚ Ëı ÒÛÏÏ‡ÌÛ˛ ÔÎÓ˘‡‰¸. 

ç‡˜‡Î¸Ì˚Â Ë „‡ÌË˜Ì˚Â ÛÒÎÓ‚Ëfl ‰Îfl (11) ÔË-
ÌËÏ‡˛Ú ‚Ë‰

(9)

Ç Ì‡ÒÚÓfl˘ÂÏ ‡ÒÒÏÓÚÂÌËË ‚ÂÏÂÌÌÓÈ ¯‡„
‚˚·Ë‡ÂÚÒfl ‡‚Ì˚Ï 1 ÒÛÚÍ‡Ï. àÁ Ì‡·Î˛‰ÂÌËÈ Ë
‡Ì‡ÎËÁ‡ ÔÓfl‰Í‡ ˜ÎÂÌÓ‚ ÒÓÓÚ‚ÂÚÒÚ‚Û˛˘Ëı Û‡‚-
ÌÂÌËÈ ÒÎÂ‰ÛÂÚ, ˜ÚÓ ‰Îfl ˝ÚÓ„Ó ‚ÂÏÂÌÌó„Ó ¯‡„‡
ÒÍÓÓÒÚ¸ ‰ÂÈÙ‡ ÎÂ‰flÌÓ„Ó ÔÓÍÓ‚‡ (‡ ÌÂ ÓÚ‰ÂÎ¸-
Ì˚ı Î¸‰ËÌ) ËÏÂÂÚ Í‚‡ÁËÒÚ‡ˆËÓÌ‡Ì˚È ı‡‡ÍÚÂ Ë
ÓÔÂ‰ÂÎflÂÚÒfl ÔÓÒÚ˚ÏË ÒÓÓÚÌÓ¯ÂÌËflÏË [1, 4, 16].

äÓ„‰‡ ÔËÔ‡È Ì‡ ˝Ú‡ÔÂ ÙÓÏËÓ‚‡ÌËfl – ÁÂÎÓÂ
ÒÓÒÚÓflÌËÂ ÒÓÒÚ‡‚ÎflÂÚ ÓÒÌÓ‚ÌÛ˛ ˜‡ÒÚ¸ Ó·‡ÁÓ‚‡-
ÌËÈ Î¸‰‡, ‰ËÌ‡ÏËÍ‡ Â„Ó Ó·˘ÂÈ ÔÎÓ˘‡‰Ë ÓÔÂ‰ÂÎfl-
ÂÚÒfl ‚˚‡ÊÂÌËÂÏ 

„‰Â  = dt – ÚÂÍÛ˘‡fl ÒÂ‰Ìflfl ÚÂÏÔÂ‡ÚÛ-

‡ ‚ÓÁ‰Ûı‡. ï‡‡ÍÚÂ ËÁÏÂÌÂÌËfl  ÔÓ‰Ó·ÂÌ ËÁ-
ÏÂÌÂÌË˛ h(t) ËÁ (4): Ì‡ÎË˜ËÂ (ÓÚÒÛÚÒÚ‚ËÂ) ÚÓ˜ÍË
ÔÂÂ„Ë·‡ Ú‡ÍÊÂ ÓÔÂ‰ÂÎflÂÚÒfl ÚÂÏÔÓÏ ÓıÎ‡Ê‰Â-

ÌËfl ‚ÓÁ‰Ûı‡. íÓ˜Í‡ ÔÂÂ„Ë·‡ (t) ÓÚÒÛÚÒÚ‚ÛÂÚ

ÔË – ( )/[  – T( )]2 > αaA* + αahh0, ˜ÚÓ ÒÓ-
ÓÚ‚ÂÚÒÚ‚ÛÂÚ ·˚ÒÚÓÏÛ ÓÒÚÛ ÔÎÓ˘‡‰Ë ÔËÔ‡fl. Ç

ËÌÓÏ ÒÎÛ˜‡Â (t) ‚ ÏÓÏÂÌÚ t =  ËÏÂÂÚ ÚÓ˜ÍÛ
ÔÂÂ„Ë·‡

äÓ„‰‡ ÔËÔ‡È Ì‡ ˝Ú‡ÔÂ ÙÓÏËÓ‚‡ÌËÂ – ÁÂÎÓÂ
ÒÓÒÚÓflÌËÂ ÔÓÎÌÓÒÚ¸˛ Á‡ÌËÏ‡ÂÚ ÔÎÓ˘‡‰¸ ‡ÈÓÌ‡,
˝‚ÓÎ˛ˆËfl Â„Ó ÔÎÓ˘‡‰ÂÈ ‡ÁÎË˜Ì˚ı ÚÓÎ˘ËÌ ÓÔÂ-
‰ÂÎflÂÚÒfl ‚˚‡ÊÂÌËflÏË 

a
0

A*∫ a
0

A*∫

A x1 x2 t0 h, , ,( ) A F( ) x1 x2 t0 h, , ,( ) 0= =

Ë ḣA
h h0 H*,= ḣ= A F( )

h h0 H*,= 0.

AI
F( ) t( ) αahh0A* ×=

×
αaA* αahh0+( ) TF* T–( ) t t0–( )[ ] 1–exp

αaA* αahh0 αaA* αahh0+( ) TF
*

T–( ) t t0–( )[ ]exp+
------------------------------------------------------------------------------------------------------------------------,

T
1

t t0–
----------- T

t0

t∫
AI

F( )

AI
F( )

Ṫ tC
A( ) TF* tC

A( )

AI
F( ) tC

A( )

AI
F( ) tC

A( )( ) A* αa
–1αahh0–( ) –{=

– αa
–1Ṫ tC

A( )( )/ TF* T tC
A( )( )–[ ] 2 } /2.
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óÂÚ˚·ÓˆÍËÈ

„‰Â K – ˜ËÒÎÓ „‡‰‡ˆËÈ ÚÓÎ˘ËÌ; { } ÔÓ‰·Ë‡˛ÚÒfl
ÔÓ ‡ÒÔÂ‰ÂÎÂÌË˛ ÔÎÓ˘‡‰ÂÈ ‚ ÏÓÏÂÌÚ t = tf, ÍÓ„‰‡
ÔÎÓ˘‡‰¸ ÔËÔ‡fl ‰ÓÒÚË„‡ÂÚ ÔÎÓ˘‡‰Ë ‡ÈÓÌ‡; λk > 0 –
·ÂÁ‡ÁÏÂÌ˚È Ô‡‡ÏÂÚ ‡Á‰ÂÎÂÌËfl ÔÂÂÏÂÌÌ˚ı;

 = dt – ÒÂ‰Ìflfl ÚÂÏÔÂ‡ÚÛ‡ ‚ÓÁ‰Ûı‡ Á‡

ÔÂËÓ‰ tf < t ≤ tg, „‰Â tg – ÏÓÏÂÌÚ ÔÓfl‚ÎÂÌËfl Û˜‡ÒÚ-
ÍÓ‚ ‚Ó‰˚; ∆h – ¯‡„ „‡‰‡ˆËË ÚÓÎ˘ËÌ. ÑÎfl ÔÓÒÚÓ-
Ú˚ ‚ ˝ÚËı ‚˚‡ÊÂÌËflı ÌÂ Û˜ËÚ˚‚‡˛ÚÒfl ÔÓˆÂÒÒ˚
‰ËÙÙÛÁËÓÌÌÓ„Ó ÔÂÂ‡ÒÔÂ‰ÂÎÂÌËfl ÔÎÓ˘‡‰ÂÈ
Î¸‰‡ ÔÓ ÚÓÎ˘ËÌ‡Ï (‰ËÙÙÛÁËfl ÌÂ fl‚ÎflÂÚÒfl ÓÔÂ‰Â-
Îfl˛˘ÂÈ, ‡ ÔÓÒÚÓ Ò„Î‡ÊË‚‡ÂÚ ‡ÒÔÂ‰ÂÎÂÌËÂ).
ëÓ„Î‡ÒÌÓ ̋ ÚËÏ ‚˚‡ÊÂÌËflÏ, ÔÓÌËÊÂÌËÂ ÚÂÏÔÂ‡-
ÚÛ˚ ÔË‚Ó‰ËÚ Í ÛÏÂÌ¸¯ÂÌË˛ ‰ÓÎË ÚÓÌÍËı Î¸‰Ó‚
Ë ÓÒÚÛ ‰ÓÎË ÚÓÎÒÚ˚ı Î¸‰Ó‚. èË Ú‡flÌËË ÔÓÍÓ‚‡
ËÏÂÂÚ ÏÂÒÚÓ Ó·‡ÚÌ‡fl ÒËÚÛ‡ˆËfl.

6. è‡‡ÏÂÚË˜ÂÒÍ‡fl 
Ë‰ÂÌÚËÙËÍ‡ˆËfl Ë ‚˚˜ËÒÎËÚÂÎ¸Ì˚Â 

˝ÍÒÔÂËÏÂÌÚ˚

ÑÎfl Ô‡‡ÏÂÚË˜ÂÒÍÓÈ Ë‰ÂÌÚËÙËÍ‡ˆËË ÏÓ‰ÂÎË
(8), (9) ËÒÔÓÎ¸ÁÛÂÚÒfl ÛÒÂ‰ÌÂÌÌ‡fl Á‡ ÔÂËÓ‰ Ì‡-
·Î˛‰ÂÌËÈ ‚˚·ÓÍ‡ ÔÎÓ˘‡‰ÂÈ Î¸‰‡ ‡ÁÎË˜Ì˚ı

ÚÓÎ˘ËÌ. ùÎÂÏÂÌÚ  ‚˚·ÓÍË ÓÔÂ‰ÂÎflÂÚ ÔÎÓ-
˘‡‰¸ g-È „‡‰‡ˆËË ÚÓÎ˘ËÌ˚ Î¸‰‡ ‚ d-È ‰ÂÍ‡‰Â r-„Ó
‡ÈÓÌ‡ (ËÏÂÂÚÒfl ¯ÂÒÚ¸ ÌÂ‡‚ÌÓÏÂÌ˚ı „‡‰‡ˆËÈ

ÚÓÎ˘ËÌ [6, 20]). ùÎÂÏÂÌÚÛ  ÒÓÓÚ‚ÂÚÒÚ‚ÛÂÚ

(θ) = 0.1 A(x1, x2, t, hj, θ) +

+ A(F)(x1r, x2r, t, hj, θ)] „‰Â Ì‡·Ó Ô‡‡ÏÂÚÓ‚ ÓÔÂ-
‰ÂÎflÂÚÒfl θ = (αh, , αa, , αah, , , T*, D, bah,
bT, bh); J(g) – ÌÓÏÂ‡ ËÌÚÂ‚‡ÎÓ‚ ‡‚ÌÓÏÂÌÓ„Ó
‡Á·ËÂÌËfl (0, H*], ÍÓÚÓ˚Â ÔÓÍ˚‚‡˛Ú g-È ËÌÚÂ-
‚‡Î „‡‰‡ˆËË ÚÓÎ˘ËÌ. 

éˆÂÌË‚‡ÌËÂ ̋ ÎÂÏÂÌÚÓ‚ θ ‚˚ÔÓÎÌflÂÚÒfl Ì‡ ÓÒÌÓ-
‚‡ÌËË ÔÓËÒÍ‡ ÏËÌËÏÛÏ‡ ÙÛÌÍˆËÓÌ‡Î‡ 

„‰Â e(θ) – ‚ÂÍÚÓ-ÒÚÓÎ·Âˆ ÓÒÚ‡ÚÍÓ‚, µ-È ̋ ÎÂÏÂÌÚ ÍÓ-

ÚÓÓ„Ó ÂÒÚ¸  – (θ); µ = 6{ d1(r') –
− d0(r')] + d – d0(r) + r – 1} + g, µ = 1–8022; d0(r) Ë
d1(r') – Ì‡˜‡Î¸Ì‡fl Ë ÍÓÌÂ˜Ì‡fl ‰ÂÍ‡‰˚ ˝‚ÓÎ˛ˆËË ‚
r-Ï ‡ÈÓÌÂ; r = 1–114 Ë g = 1–6. ÑÎfl ÏËÌËÏËÁ‡ˆËË
Φ(θ) ËÒÔÓÎ¸ÁÛÂÚÒfl ÏÂÚÓ‰ É‡ÛÒÒ‡ [21]. ÑÎfl ‡ÔÔÓÍ-

A F( ) ṫ h,( ) H*/h( )2 Bk h/ H* h–( )[ ]
1 λk+

×
k 1=

K

∑=

× –λ kαhH* TF* T–( )t[ ] , h H*,<exp

A F( ) t H*,( ) A* A F( ) t h,( ) h,d

h0

H* ∆h–

∫–=

Âk

T
1

tg t f–
------------- T

t f

tg∫

Ar d g, ,
D( )

Ar d g, ,
D( )

Ar d g, ,
M( ) [

j J g( )∈∑t 10d 9–=
10d∑
αh' αa' αah' TF*

Φ θ( ) eT θ( )e θ( ),=

Ar d g, ,
D( ) Ar d g, ,

M( ) [
r ' 1=
r 1–∑

ÒËÏ‡ˆËË „‡‰ËÂÌÚ‡ ËÒÔÓÎ¸ÁÛ˛ÚÒfl Ó‰ÌÓÒÚÓÓÌÌËÂ
ÍÓÌÂ˜Ì˚Â ‡ÁÌÓÒÚË Ò ÔË‡˘ÂÌËÂÏ ‡„ÛÏÂÌÚ‡
δθα = 10–3θα ‰Îfl Φ(θ). 

Ç˚˜ËÒÎÂÌËÂ Ì‡˜‡Î¸ÌÓ„Ó ÔË·ÎËÊÂÌËfl ‰Îfl Â-
¯ÂÌËfl Á‡‰‡˜Ë  ‚˚ÔÓÎÌflÂÚÒfl ÒÎÂ‰Û˛˘ËÏ

Ó·‡ÁÓÏ. èË·ÎËÊÂÌËÂ ‰Îfl T* ÔÓÎ‡„‡ÂÚÒfl ‡‚Ì˚Ï
–8°ë (‚ ÒÂ‚ÂÌÓÏ ÔÓÎÛ¯‡ËË ÂÂ ËÁÓÚÂÏ‡ ‰Îfl ÔË-
‚Ó‰ÌÓ„Ó ‚ÓÁ‰Ûı‡ ÒÓ‚Ô‡‰‡ÂÚ Ò „‡ÌËˆÂÈ ÏÓÒÍËı
Î¸‰Ó‚ [22]). èË·ÎËÊÂÌËÂ ‰Îfl αh, , αa, , ,

αah,  ‚˚ÔÓÎÌflÂÚÒfl Ì‡ ÓÒÌÓ‚‡ÌËË ‚˚·ÓÍË ÔÎÓ-
˘‡‰ÂÈ ‡ÁÎË˜Ì˚ı ÚÓÎ˘ËÌ ‚ ÚÂı ÔË·ÂÊÌ˚ı ‡ÈÓ-
Ì‡ı, „‰Â ÔÓÍÓ‚ „Î‡‚Ì˚Ï Ó·‡ÁÓÏ ÔÂ‰ÒÚ‡‚ÎÂÌ
Î¸‰‡ÏË ÔËÔ‡fl (Ì‡ ‡Í‚‡ÚÓËË üÔÓÌÒÍÓ„Ó ÏÓfl ÔË-
ÒÛÚÒÚ‚ÛÂÚ 14 Ú‡ÍËı ‡ÈÓÌÓ‚). ÑÎfl ‚˚˜ËÒÎÂÌËfl αh,

 ËÒÔÓÎ¸ÁÓ‚‡ÎÓÒ¸ (4) Ë ‡ÔÔÓÍÒËÏ‡ˆËË hr(t) =

= (t – )i „ËÒÚÓ„‡ÏÏ ‰ÂÍ‡‰Ì˚ı ÚÓÎ-

˘ËÌ, „‰Â  – ÔÂ‚˚Â ÒÛÚÍË Ì‡ÎË˜Ëfl Î¸‰‡ Ì‡ ‡Í-
‚‡ÚÓËË r-„Ó ‡ÈÓÌ‡; kr, h – ÒÚÂÔÂÌ¸ ÔÓÎËÌÓÏ‡; t –
ÚÂÍÛ˘ËÂ ÒÛÚÍË „Ó‰‡. ÑÎfl Í‡Ê‰Ó„Ó r Â¯ÂÌËÂ Á‡-

‰‡˜Ë  – 0.1

i]2 ‚˚ÔÓÎÌflÂÚÒfl ÏÂÚÓ‰ÓÏ Ì‡Ë-

ÏÂÌ¸¯Ëı Í‚‡‰‡ÚÓ‚ (kh, r ÔÓ‰·Ë‡ÎËÒ¸ ‚ ËÌÚÂ‡Í-
ÚË‚ÌÓÏ ÂÊËÏÂ). éÌ Ú‡ÍÊÂ ËÒÔÓÎ¸ÁÛÂÚÒfl ‰Îfl Â¯Â-

ÌËfl Á‡‰‡˜Ë /(H* – hr)hr –

– βh – αhTr]2, „‰Â RF – ÌÓÏÂ‡ ‡ÈÓÌÓ‚; Tr = Tr(t) – ÚÂÏ-
ÔÂ‡ÚÛ‡ Ì‡‰ÎÂ‰ÌÓ„Ó ‚ÓÁ‰Ûı‡. íÓ„‰‡ βh/αh ÂÒÚ¸

ÓˆÂÌÍ‡ . éˆÂÌË‚‡ÌËÂ αa Ë αah ‚˚ÔÓÎÌflÂÚÒfl
ÔÓ‰Ó·Ì˚Ï Ó·‡ÁÓÏ. ÇÏÂÒÚÓ (4) ËÒÔÓÎ¸ÁÛÂÚÒfl
ÂÁÛÎ¸Ú‡Ú ËÌÚÂ„ËÓ‚‡ÌËfl ÔÓ h ‚ÚÓÓ„Ó Û‡‚-
ÌÂÌËfl (11). Ç ˝ÚÓÏ ÒÎÛ˜‡Â αa, αah ÂÒÚ¸ Â¯ÂÌËÂ

Á‡‰‡˜Ë /  – Ar)(  –

– Tr)– αaAr – αahh0]2, „‰Â Ar(t) = (t – )i –

ÔÎÓ˘‡‰¸ ÔËÔ‡fl;  – ÔÎÓ˘‡‰¸ ‡Í‚‡ÚÓËË r-„Ó

‡ÈÓÌ‡. ç‡·Ó { } ÓÔÂ‰ÂÎflÂÚÒfl åçä Ì‡ ÓÒ-
ÌÓ‚‡ÌËË ‚˚·ÓÍË ÒÛÏÏ‡Ì˚ı ÔÎÓ˘‡‰ÂÈ ÔËÔ‡fl Á‡
‰ÂÍ‡‰Û. ç‡ ˝Ú‡ÔÂ ÔÓÒÚÓÂÌËfl Ì‡˜‡Î¸ÌÓ„Ó ÔË·ÎË-
ÊÂÌËfl ÔÓÎ‡„‡ÂÚÒfl: ÓˆÂÌÍ‡ ÔË·ÎËÊÂÌËfl ‰Îfl bah,
bT, bh, D ‚˚ÔÓÎÌflÂÚÒfl ‚ ËÌÚÂ‡ÍÚË‚ÌÓÏ ÂÊËÏÂ. 

ëÓ„Î‡ÒÌÓ ‚˚˜ËÒÎËÚÂÎ¸Ì˚ı ˝ÍÒÔÂËÏÂÌÚÓ‚
ÓˆÂÌÍË Ô‡‡ÏÂÚÓ‚ ÓÔÂ‰ÂÎfl˛ÚÒfl ËÌÚÂ‚‡Î‡ÏË:

 = –(6.3 ± 0.8)°C;  = –(7.6 ± 0.9)°C;  =

= (4.338 ± 1.024) × 10–4;  = (7.877 ± 0.965) × 10–4;

Φ θ( )
θ

min

αh' αa' TF*

αah'

TF*

ci
r h,( )

i 1=

kr h,∑ t0
r( )

t0
r( )

[hd r,
D( )

d d0 r( )=

d1 r( )∑
ci

r h,( )
 
 
 
min ci

r h,( )
i 1=

kr h,∑

t t0
r( )–( )

t 10d 9–=
10d∑

ḣrt 10d0 r( ) 9–=

10d1 r( )∑r RF∈∑αh βh,( )
min

TF*

[ Ȧrt 10d0 r( ) 9–=

10d1 r( )∑r RF∈∑αa αah,( )
min Ar* TF*

ci
r A,( )

i 1=

kr h,

∑ t0
r( )

Ar*

ci
r A,( )

T̂ B* T̂* α̂h

α̂h'
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A* = 92.482 ± 0.471) × 10–2; A* = (2.580 ±
± 0.586) × 10–2; A* = (4.843 ± 0.962) × 10–2;

A* = (4.047 ± 0.925) × 10–2;  = (2.216 ± 0.721) ×

× 10–3;  = (6.931 ± 1.096) × 10–1;  = (2.744 ±

± 1.046) × 10–1;  = (6.186 ± 2.349) × 10–1. ê‡ÁÏÂ-

ÌÓÒÚ¸ αh Ë  – (Ï °C ÒÛÚ)–1; ÓˆÂÌÍË αa, αah, 

ÔË‚Ó‰flÚÒfl ‚ Ï‡Ò¯Ú‡·Â ÔÎÓ˘‡‰Ë ÓÚÍ˚ÚÓ„Ó ‡ÈÓ-
Ì‡ Ë Ëı ‡ÁÏÂÌÓÒÚ¸ (Ï2 °C ÒÛÚ)–1; D – Ï2/ÒÛÚ; bah, bT

– (°C ÒÛÚ)–1; bh – (Ï ÒÛÚ)–1. ëÓ„Î‡ÒÌÓ ˝ÚËÏ ÓˆÂÌÍ‡Ï,

ËÁÏÂflÂÏ‡fl ÁÌ‡˜ÂÌËÂÏ  ÏÂ‡ ËÌÚÂÌÒË‚ÌÓÒÚË

ÚÂÏË˜ÂÒÍÓ„Ó ‡ÁÛ¯ÂÌËfl ÚÓÎ˘ËÌ˚ ÔÓ˜ÚË ‚ ‰‚‡ ‡-
Á‡ ‚˚¯Â αhÏÂ˚ ËÌÚÂÌÒË‚ÌÓÒÚË Â„Ó ÙÓÏËÓ‚‡ÌËfl.
Ñ‡ÌÌÓÂ ÔÓÎÓÊÂÌËÂ ÒÓÓÚ‚ÂÚÒÚ‚ÛÂÚ ÔËÌflÚ˚Ï ÔË
ÔÓÒÚÓÂÌËË (11) ‰ÓÔÛ˘ÂÌËflÏ. 

α̂a α̂a'

α̂ah

α̂ah' D̂

b̂ah b̂T

b̂h

αh' αa' αah'

αh'

Ç˚‡ÊÂÌËÂ

/

 ËÒÔÓÎ¸ÁÛÂÚÒfl

‰Îfl ÓˆÂÌÍË Ô‡‡ÏÂÚ‡ γh ÏÓ‰ÂÎË (2). Ç Ì‡ÒÚÓfl˘ÂÏ
ÒÎÛ˜‡Â  = (0.033 ± 0.014) Ï (°C)–1/2. 

ç‡ ËÒ.1 ÔÂ‰ÒÚ‡‚ÎÂÌ˚ ÍË‚˚Â ‚ÂÏÂÌÌ˚ı
ËÁÏÂÌÂÌËÈ ÔÎÓ˘‡‰Ë ÔÓÍÓ‚‡ Ë Â„Ó ÒÂ‰ÌÂÈ ÚÓÎ-
˘ËÌ˚ (ÔÎÓ˘‡‰¸ ÔÓÍÓ‚‡ ÌÓÏËÓ‚‡Ì‡ Ì‡ ÔÎÓ-
˘‡‰¸ ‡ÈÓÌ‡ ÓÚÍ˚ÚÓ„Ó ÏÓfl ) ‚ ‰‚Ûı ÍÓÌ-
Ú‡ÒÚÌ˚ı ‡ÈÓÌ‡ı ÏÓfl. ëÎÛ˜‡Ë (‡) Ë (·) ı‡‡Í-
ÚÂËÁÛ˛Ú ÎÂ‰Ó‚˚È ÂÊËÏ Á‡ÎË‚‡ èÂÚ‡
ÇÂÎËÍÓ„Ó, (‚) Ë („)–ÛÒÚ¸fl í‡Ú‡ÒÍÓ„Ó ÔÓÎË‚‡.
ÄÌ‡ÎËÁ ÒÎÂ‰Ó‚‡ÌËfl ÍË‚˚ı ÔÓÍ‡Á˚‚‡ÂÚ ‰ÓÒÚ‡-

[hd r,
D( )

d d0 r( )=

d1 r( )∑ Tm T–( )
10d0 r( ) 9–

10d

∫
1/2

r RF∈∑

Tm T–( )
10d0 r( ) 9–

10d

∫
1/2

d d0 r( )=

d1 r( )∑r RF∈∑

µ̂

AS*

8

6

4

2

0
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V × 10–10 Ï3

ÑÂÌ¸

ÉËÒÚÓ„‡ÏÏ‡

∆Τ = 0 °C

∆Τ = 1 °C

∆Τ = 5 °C

êËÒ. 1. ÇÂÏÂÌÌ˚Â ËÁÏÂÌÂÌËfl ÔÎÓ˘‡‰Ë ÔÓÍÓ‚‡ Ë Â„Ó ÒÂ‰ÌÂÈ ÚÓÎ˘ËÌ˚ ‚ Á‡ÎË‚Â èÂÚ‡ ÇÂÎËÍÓ„Ó (‡, ·) Ë ÛÒÚ¸Â í‡Ú‡-
ÒÍÓ„Ó ÔÓÎË‚‡ (‚, „) (ÓÒ¸ ‡·ÒˆËÒÒ – ÚÂÍÛ˘ËÂ ÒÛÚÍË „Ó‰‡).
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óÂÚ˚·ÓˆÍËÈ

ÚÓ˜ÌÓ ‚˚ÒÓÍÛ˛ ÒÚÂÔÂÌ¸ ÒÓÓÚ‚ÂÚÒÚ‚Ëfl ÏÓ‰ÂÎË
ËÒıÓ‰Ì˚Ï ‰‡ÌÌ˚Ï, ˜ÚÓ ÌÂÔÓÒÂ‰ÒÚ‚ÂÌÌÓ ‚˚ÚÂ-
Í‡ÂÚ ËÁ ‡Ì‡ÎËÁ‡ ÒÓÓÚ‚ÂÚÒÚ‚Û˛˘Ëı ÍÓÂÎflˆËÈ
(ÓÌË ÏÓ„ÛÚ ‚˚ÒÚÛÔ‡Ú¸ ‚ Í‡˜ÂÒÚ‚Â ÏÂ˚ ‡‰ÂÍ‚‡Ú-
ÌÓÒÚË ÏÓ‰ÂÎË ËÒıÓ‰Ì˚Ï ‰‡ÌÌ˚Ï [21]). á‰ÂÒ¸ Ëı
ÁÌ‡˜ÂÌËfl ÔÂ‚˚¯‡˛Ú 0.729.

ç‡ ËÒ. 1 ÔÛÌÍÚËÌ˚ÏË ÎËÌËflÏË ÓÚÏÂ˜ÂÌ˚
ÂÁÛÎ¸Ú‡Ú˚ ÏÓ‰ÂÎËÓ‚‡ÌËfl, ÍÓÚÓ˚Â ÔÓÎÛ˜‡˛Ú-
Òfl ÔË ËÒÔÓÎ¸ÁÓ‚‡ÌËË (2) ‚ Í‡˜ÂÒÚ‚Â ÚÓÎ˘ËÌ˚
ÔÓÍÓ‚‡; ÔÓÏÂ˜ÂÌÌ˚Â ÒËÏ‚ÓÎÓÏ ÚÓ˜ÍË ÎËÌËË ÒÓ-
ÓÚ‚ÂÚÒÚ‚Û˛Ú ÒÎÛ˜‡˛ Á‡‰‡ÌËfl h Ò ÔÓÏÓ˘¸˛ (4).
äË‚˚Â ‰Îfl ÔÎÓ˘‡‰ÂÈ Î¸‰‡ Ô‡ÍÚË˜ÂÒÍË ÒÓ‚Ô‡-
‰‡˛Ú. ëÓÔÓÒÚ‡‚ÎÂÌËÂ ÎËÌËÈ ‰Îfl ÚÓÎ˘ËÌ ÔË‚Ó-
‰ËÚ Í ‡ÌÂÂ ÔÓÎÛ˜ÂÌÌ˚Ï ÂÁÛÎ¸Ú‡Ú‡Ï Ò‡‚ÌÂÌËfl
˝ÚËı ÔÂ‰ÒÚ‡‚ÎÂÌËÈ: Ì‡ ˝Ú‡ÔÂ ÙÓÏËÓ‚‡ÌËÂ–
ÁÂÎÓÂ ÒÓÒÚÓflÌËÂ ÔÛÌÍÚËÌ˚Â ÎËÌËË ‚ ÒÎÛ˜‡flı
(·) Ë („) ‡ÒÔÓÎÓÊÂÌ˚ ‚˚¯Â ÎËÌËÈ, ÍÓÚÓ˚Â ÒÓ-
ÓÚ‚ÂÚÒÚ‚Û˛Ú (4). ç‡ Á‡ÍÎ˛˜ËÚÂÎ¸ÌÓÏ ˝Ú‡ÔÂ ËÏÂ-
ÂÚ ÏÂÒÚÓ Ó·‡ÚÌ‡fl ÒËÚÛ‡ˆËfl. çÂÓ·ıÓ‰ËÏÓ ÓÚÏÂ-
ÚËÚ¸ Ú‡ÍÊÂ ÚÓÚ Ì‡·Î˛‰‡ÂÏ˚È Ù‡ÍÚ, ˜ÚÓ Ì‡ Á‡-
ÍÎ˛˜ËÚÂÎ¸ÌÓÏ ˝Ú‡ÔÂ ˝‚ÓÎ˛ˆËË ËÏÂÂÚÒfl
‚ÂÏÂÌÌÓÈ ÓÚÂÁÓÍ, „‰Â ÔË Û·˚‚‡ÌËË ÔÎÓ˘‡‰Ë
ÔÓÍÓ‚‡ Â„Ó ÒÂ‰Ìflfl ÚÓÎ˘ËÌ‡ fl‚ÎflÂÚÒfl ÌÂÛ·˚‚‡-
˛˘ÂÈ ÙÛÌÍˆËÂÈ. ùÚ‡ ÒËÚÛ‡ˆËfl Ó·ÛÒÎÓ‚ÎÂÌ‡ ÚÂÏ,
˜ÚÓ ÓÚÌÓÒËÚÂÎ¸Ì‡fl ÒÍÓÓÒÚ¸ Û·˚‚‡ÌËfl Ó·˙ÂÏ‡

Î¸‰‡ – /VI ÌÂ ÔÂ‚ÓÒıÓ‰ËÚ ÓÚÌÓÒËÚÂÎ¸ÌÓÈ ÒÍÓ-V̇ I

ÓÒÚË Û·˚‚‡ÌËfl ÔÎÓ˘‡‰Ë – /AI. èÓ˝ÚÓÏÛ Á‡ Ó‰-
ÌÛ-‰‚Â ‰ÂÍ‡‰˚ ‰Ó ÓÍÓÌ˜‡ÚÂÎ¸ÌÓ„Ó ÏÓÏÂÌÚ‡ ‡Á-
Û¯ÂÌËfl ÔÓÍÓ‚‡ Ì‡ ‡Í‚‡ÚÓËË ‡ÈÓÌÓ‚ ÔËÒÛÚ-
ÒÚ‚Û˛Ú Ó·‡ÁÓ‚‡ÌËfl Î¸‰‡ Ò ‰ÓÒÚ‡ÚÓ˜ÌÓ
‚˚ÒÓÍËÏË ÚÓÎ˘ËÌ‡ÏË Ë ÌËÁÍËÏË ÔÎÓ˘‡‰flÏË.
Ñ‡ÎÂÂ ÒÎÂ‰ÛÂÚ ·˚ÒÚÓÂ Ô‡‰ÂÌËÂ ÚÓÎ˘ËÌ˚ ‰Ó ÂÂ
ÌÛÎÂ‚Ó„Ó ÁÌ‡˜ÂÌËfl. ùÚ‡ ÒËÚÛ‡ˆËfl ‚ ·ÓÎ¸¯ÂÈ ÒÚÂ-
ÔÂÌË ÒÓÓÚ‚ÂÚÒÚ‚ÛÂÚ ËÁÏÂÌÂÌË˛ ÚÓÎ˘ËÌ˚ ÔÓ (4),
˜ÂÏ ÔÓ ÏÓ‰ÂÎË (2). èÓ˝ÚÓÏÛ ÏÓ‰ÂÎ¸ (2) ˆÂÎÂÒÓÓ·-
‡ÁÌÓ ËÒÔÓÎ¸ÁÓ‚‡Ú¸ ‰Îfl ˝Ú‡Ô‡ ÙÓÏËÓ‚‡ÌËfl ÔÓ-
ÍÓ‚‡, ‡ (4) – ‰Îfl ˝Ú‡Ô‡ Â„Ó ‡ÁÛ¯ÂÌËfl. 

åÓ‰ÂÎ¸ (8), (9) ÏÓÊÂÚ ·˚Ú¸ ËÒÔÓÎ¸ÁÓ‚‡Ì‡ ‰Îfl
ÔÓ‚Â‰ÂÌËfl ‡ÁÎË˜ÌÓ„Ó Ó‰‡ ÔÓ„ÌÓÒÚË˜ÂÒÍËı ˝ÍÒ-
ÔÂËÏÂÌÚÓ‚, ‚ ˜‡ÒÚÌÓÒÚË, ˝ÍÒÔÂËÏÂÌÚÓ‚ ÔÓ ÓˆÂÌÍÂ
ÔÓÒÎÂ‰ÒÚ‚ËÈ ‚ÓÁÏÓÊÌ˚ı ÍÎËÏ‡ÚË˜ÂÒÍËı ËÁÏÂÌÂ-
ÌËÈ Ì‡ ÎÂ‰flÌÓÈ ÔÓÍÓ‚ üÔÓÌÒÍÓ„Ó ÏÓfl. ÄÌ‡ÎËÁ
‰‡ÌÌ˚ı ËÁÏÂÂÌËÈ ÚÓÎ˘ËÌ Î¸‰‡ Ò ‡ÏÂËÍ‡ÌÒÍËı Ë
‡Ì„ÎËÈÒÍËı ÔÓ‰‚Ó‰Ì˚ı ÎÓ‰ÓÍ ‚ 29-ÚË ÚÓ˜Í‡ı ëÂ‚Â-
ÌÓ„Ó ãÂ‰Ó‚ËÚÓ„Ó ÓÍÂ‡Ì‡ ÔÓÍ‡Á‡Î ÛÏÂÌ¸¯ÂÌËÂ ÒÂ‰-
ÌÂÈ ÚÓÎ˘ËÌ˚ Î¸‰‡ ÔËÏÂÌÓ Ì‡ 43% Á‡ ÔÂËÓ‰ Ò
1958 ÔÓ 1997 „. [5, 11]. á‡ ˝ÚÓÚ ÔÂËÓ‰ ÒÂ‰Ìflfl ÚÓÎ-
˘ËÌ‡ Î¸‰‡ ÛÏÂÌ¸¯ËÎ‡Ò¸ ÔËÏÂÌÓ Ò 3.5 ‰Ó 2 Ï. ÑÎfl
ÎÂ‰flÌÓ„Ó ÔÓÍÓ‚‡ üÔÓÌÒÍÓ„Ó ÏÓfl ÔÓ‰Ó·Ì˚Â Ò‚Â-
‰ÂÌËfl ÓÚÒÛÚÒÚ‚Û˛Ú. àÌÚÂÂÒ Í ‰‡ÌÌÓÈ ÔÓ·ÎÂÏÂ
Ó˜Â‚Ë‰ÂÌ ÔÓ ÏÌÓ„ËÏ Ó·ÒÚÓflÚÂÎ¸ÒÚ‚‡Ï. èÂÊ‰Â ‚ÒÂ-
„Ó, ‰Îfl ÔÓ‚Â‰ÂÌËfl ̋ ÍÓÎÓ„Ë˜ÂÒÍËı ̋ ÍÒÔÂÚËÁ ÚÂ·Û-
˛ÚÒfl ‡ÁÎË˜ÌÓ„Ó Ó‰‡ ÍÓÎË˜ÂÒÚ‚ÂÌÌ˚Â ÓˆÂÌÍË ‡Ì-
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êËÒ. 2. ÑËÌ‡ÏËÍ‡ Ó·˙ÂÏÓ‚ Î¸‰‡ üÔÓÌÒÍÓ„Ó ÏÓfl ÔË ËÁÏÂÌÂÌËË ÚÂÏÔÂ‡ÚÛ˚ ‡ÚÏÓÒÙÂ˚.
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ÚÓÔÓ„ÂÌÌÓ„Ó ‚ÓÁ‰ÂÈÒÚ‚Ëfl ÔÓÏ˚¯ÎÂÌÌ˚ı Ë ÔÓ-
ËÁ‚Ó‰ÒÚ‚ÂÌÌ˚ı ÔÂ‰ÔËflÚËÈ Ì‡ ÓÍÛÊ‡˛˘Û˛
ÒÂ‰Û. äÓÏÂ ÚÓ„Ó, ˝ÚË ÔÓ„ÌÓÁ˚ ÔÓÎÂÁÌ˚ ‰Îfl ÍÓÏ-
ÔÎÂÍÒÌÓÈ ÓˆÂÌÍË ‚ÓÁÏÓÊÌÓ„Ó ÒÓÒÚÓflÌËfl ÍÎËÏ‡ÚË-
˜ÂÒÍÓÈ ÒËÒÚÂÏ˚. 

ê‡Ò˜ÂÚ˚ ‚˚ÔÓÎÌflÎËÒ¸ ÔË ÚÓÏ ÊÂ Ò‡ÏÓÏ ‚ÂÚ-
Ó‚ÓÏ ÂÊËÏÂ 2-ı ÏÂÚÓ‚Ó„Ó Ì‡‰ÎÂ‰ÌÓ„Ó ÒÎÓfl
‚ÓÁ‰Ûı‡, ˜ÚÓ Ë ·˚Î ËÒÔÓÎ¸ÁÓ‚‡Ì ‰Îfl ÓˆÂÌÍË ‡‰ÂÍ-
‚‡ÚÌÓÒÚË ÏÓ‰ÂÎË. íÂÏÔÂ‡ÚÛ‡ ‡ÚÏÓÒÙÂ˚ ËÁÏÂ-
ÌflÎ‡Ò¸ ‚ ÒÚÓÓÌÛ ÂÂ Û‚ÂÎË˜ÂÌËfl Ò ¯‡„ÓÏ 0.5°C.
êÂÁÛÎ¸Ú‡Ú˚ ‡Ò˜ÂÚÓ‚ ‚ ÙÓÏÂ „‡ÙËÍÓ‚ ËÁÏÂÌÂ-
ÌËfl Ó·˘Ëı Ó·˙ÂÏÓ‚ Î¸‰‡ ÔË‚Â‰ÂÌ˚ Ì‡ ËÒ. 2.
å‡Ò¯Ú‡· ËÁÏÂÂÌËÈ Ó·˙ÂÏÓ‚ Î¸‰‡ –1010 Ï3. ëÓ-
„Î‡ÒÌÓ ˝ÚËÏ ÂÁÛÎ¸Ú‡Ú‡Ï, ÔË ÔÓ‚˚¯ÂÌËË ÚÂÏ-
ÔÂ‡ÚÛ˚ Ì‡ 1°C Ó·˘ËÂ ÔÓÚÂË Ó·˙ÂÏÓ‚ Î¸‰‡ ÒÓ-
ÒÚ‡‚Îfl˛Ú 1.695 × 102 Ï3 (19% ÒÓ‚ÂÏÂÌÌÓ„Ó ÛÓ‚-
Ìfl), ‡ ÔË ÔÓ‚˚¯ÂÌËË Ì‡ 5°C –6.092 × 1012 Ï3 (69%
ÒÓ‚ÂÏÂÌÌÓ„Ó ÛÓ‚Ìfl).

ÑÎfl Â‡Î¸ÌÓ„Ó ÔÂ‰ÒÚ‡‚ÎÂÌËfl ÔÓfl‰Í‡ ̋ ÚËı ̃ Ë-
ÒÂÎ ÒÎÂ‰ÛÂÚ ‚˚‡ÁËÚ¸ Ëı ‚ ÔÎÓ˘‡‰flı ‡ÈÓÌÓ‚ ÓÚ-
Í˚ÚÓ„Ó ÏÓfl. íÓ„‰‡ ‚ ÔÂ‚ÓÏ ÒÎÛ˜‡Â ÒÛÏÏ‡Ì˚Â
ÔÓÚÂË ÒÓÒÚ‡‚Îfl˛Ú ÎÂ‰flÌÓÈ ÔÓÍÓ‚ ÔÓ˜ÚË 249 Ú‡-
ÍËı ‡ÈÓÌÓ‚, ÚÓÎ˘ËÌ˚ Î¸‰‡ ‚ ÍÓÚÓ˚ı ‡‚Ì‡ 1 Ï;
‚Ó ‚ÚÓÓÏ ÒÎÛ˜‡Â ̋ Ú‡ ̂ ËÙ‡ ÒÓÓÚ‚ÂÚÒÚ‚ÛÂÚ ÔÓÍÓ-
‚Û Ò ÔÎÓ˘‡‰¸˛ 826 ‡ÈÓÌÓ‚.

èÓÌflÚÌÓ, ˜ÚÓ ÔÓÎÛ˜ÂÌÌ˚Â ÂÁÛÎ¸Ú‡Ú˚ ‰‡˛Ú
„Û·ÓÂ ÔÂ‰ÒÚ‡‚ÎÂÌËÂ Ó ‚ÓÁÏÓÊÌ˚ı ÔÓÒÎÂ‰ÒÚ‚Ëflı
ÍÎËÏ‡ÚË˜ÂÒÍËı ËÁÏÂÌÂÌËÈ. ÇÂ‰¸ ÔË „ÎÓ·‡Î¸ÌÓÏ
ÔÓÚÂÔÎÂÌËË Û‚ÂÎË˜Ë‚‡ÂÚÒfl ÛÓ‚ÂÌ¸ ÓÒ‡‰ÍÓ‚, ÒÎÂ‰-
ÒÚ‚ËÂÏ ˜Â„Ó ËÁÏÂÌflÂÚÒfl ÒÓÎÂ‚ÓÈ ÂÊËÏ ÏÓfl. Ä
ÒÚ‡ÎÓ ·˚Ú¸, Ë ÛÒÎÓ‚Ëfl Ë ÚÂÏÔÂ‡ÚÛ‡ ‡ÚÏÓÒÙÂ˚,
ÔË ÍÓÚÓÓÈ ÔÂ‚ÓÌ‡˜‡Î¸ÌÓ ÙÓÏËÛÂÚÒfl ÔÓ-
ÍÓ‚. äÓÏÂ ÚÓ„Ó, ‚ÓÁÏÓÊÌ˚ ÌÂ Û˜ËÚ˚‚‡ÂÏ˚Â ‚
ÏÓ‰ÂÎË Ó·ÒÚÓflÚÂÎ¸ÒÚ‚‡. é‰Ì‡ÍÓ ‰‡ÊÂ Ë Ì‡ ‰‡ÌÌÓÏ
ÛÓ‚ÌÂ ÔÂ‰ÒÚ‡‚ÎÂÌËÈ ÏÓÊÂÚ ·˚Ú¸ ‚˚ÔÓÎÌÂÌ‡
ÓˆÂÌÍ‡ ˝ÚËı ÔÓÒÎÂ‰ÒÚ‚ËÈ.

7. Ç˚‚Ó‰˚

Ç˚ÔÓÎÌÂÌÌÓÂ ËÒÒÎÂ‰Ó‚‡ÌËÂ ÔÓÁ‚ÓÎflÂÚ Ò‰ÂÎ‡Ú¸
ÒÎÂ‰Û˛˘ËÂ ‚˚‚Ó‰˚.

1. ÑÎfl ÙÓÏ‡ÎËÁ‡ˆËË ÚÂÏË˜ÂÒÍÓÈ ˝‚ÓÎ˛ˆËË
ÔÓÍÓ‚‡ üÔÓÌÒÍÓ„Ó ÏÓfl ÏÓ„ÛÚ ·˚Ú¸ ËÒÔÓÎ¸ÁÓ‚‡-
Ì˚ ÔÓÎÓÊÂÌËfl ÒËÒÚÂÏ˚ «ÂÒÛÒ–ÔÓÚÂ·ËÚÂÎ¸»,
„‰Â ËÌÚÂÌÒË‚ÌÓÒÚ¸ ‚Á‡ËÏÓ‰ÂÈÒÚ‚Ëfl ı‡‡ÍÚÂËÁÛ-
ÂÚÒfl ÚÂÏÔÂ‡ÚÛÓÈ ‚ÓÁ‰Ûı‡. ìÍ‡Á‡ÌÌ˚Â ÔÓÎÓÊÂ-
ÌËfl ÔÓÁ‚ÓÎfl˛Ú ÒÙÓÏÛÎËÓ‚‡Ú¸ ÏÓ‰ÂÎ¸ ÚÂÏË˜Â-
ÒÍÓÈ ˝‚ÓÎ˛ˆËË ÚÓÎ˘ËÌ˚ ÔÓÍÓ‚‡ Ë ÏÓ‰ÂÎ¸ ÚÂ-
ÏË˜ÂÒÍÓÈ ˝‚ÓÎ˛ˆËË ÔÎÓ˘‡‰Ë ÓÚ‰ÂÎ¸ÌÓÈ Î¸‰ËÌ˚.
Ç ‡ÏÍ‡ı ̋ ÚËı ÏÓ‰ÂÎÂÈ ÏÓ„ÛÚ ·˚Ú¸ Ó·˙flÒÌÂÌ˚ Ì‡-
·Î˛‰‡ÂÏ˚Â ÓÒÓ·ÂÌÌÓÒÚË ˝‚ÓÎ˛ˆËË ÏÓÒÍÓ„Ó
Î¸‰‡. Ç ˜‡ÒÚÌÓÒÚË, ‚ÎËflÌËÂ ÚÂÏÔ‡ ÓıÎ‡Ê‰ÂÌËfl
‚ÓÁ‰Ûı‡ Ì‡ ı‡‡ÍÚÂ ÙÓÏËÓ‚‡ÌËfl ÔÓÍÓ‚‡. 

2. ç‡ ÓÒÌÓ‚‡ÌËË „‡ÁÓ‰ËÌ‡ÏË˜ÂÒÍÓ„Ó ÔÓ‰ıÓ‰‡
‚˚ÔÓÎÌÂÌÓ ÔÓÒÚÓÂÌËÂ ÏÓ‰ÂÎË ˝‚ÓÎ˛ˆËË ÔÎÓ˘‡-
‰ÂÈ Ë ÚÓÎ˘ËÌ Î¸‰‡, ÍÓÚÓ‡fl ‰‡ÎÂÂ ËÒÔÓÎ¸ÁÛÂÚÒfl
‰Îfl ÙÓÏ‡ÎËÁ‡ˆËË ÏÓ‰ÂÎË ˝‚ÓÎ˛ˆËË ‡ÒÔÂ‰ÂÎÂ-
ÌËfl ÔÎÓ˘‡‰ÂÈ Î¸‰‡ ‡ÁÎË˜Ì˚ı ÚÓÎ˘ËÌ. 

3. ê‡Á‡·ÓÚ‡Ì‡ ÏÂÚÓ‰ËÍ‡ Ô‡‡ÏÂÚË˜ÂÒÍÓÈ
Ë‰ÂÌÚËÙËÍ‡ˆËË ˝ÚÓÈ ÏÓ‰ÂÎË Ë ‚˚ÔÓÎÌÂÌ‡ ÓˆÂÌÍ‡
ÂÂ ‡‰ÂÍ‚‡ÚÌÓÒÚË ËÒıÓ‰Ì˚Ï ‰‡ÌÌ˚Ï. 

4. Ç˚ÔÓÎÌÂÌ‡ ÓˆÂÌÍ‡ ÔÓÒÎÂ‰ÒÚ‚ËÈ ‚ÓÁÏÓÊÌ˚ı
ÍÎËÏ‡ÚË˜ÂÒÍËı ËÁÏÂÌÂÌËÈ Ì‡ ÎÂ‰flÌÓÈ ÔÓÍÓ‚
üÔÓÌÒÍÓ„Ó ÏÓfl.
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