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Ç‚Â‰ÂÌËÂ.

 

 ëÓÒÚÓflÌËÂ ÎÂ‰flÌÓ„Ó ÔÓÍÓ‚‡ üÔÓÌ-
ÒÍÓ„Ó ÏÓfl ‚ ÔÂ‰ÂÎ‡ı 51.5°–52.5° Ò.¯. ÓÔÂ‰ÂÎflÂÚ
Á‰ÂÒ¸ ‰ÂflÚÂÎ¸ÌÓÒÚ¸ Ú‡ÌÒÔÓÚÌ˚ı, ÍÓÏÏÛÌËÍ‡ˆË-
ÓÌÌ˚ı Ë ÔÓÏ˚ÒÎÓ‚˚ı Ó„‡ÌËÁ‡ˆËÈ. àÒÒÎÂ‰Ó‚‡-
ÌËfl ÏÓÒÍÓ„Ó ÎÂ‰flÌÓ„Ó ÔÓÍÓ‚‡ ÛÍ‡Á‡ÌÌÓÈ ÁÓÌ˚
ÓËÂÌÚËÓ‚‡Ì˚ Ì‡ ËÁÛ˜ÂÌËÂ ‚ÂÏÂÌÌÓÈ ËÁÏÂÌ˜Ë-
‚ÓÒÚË ÚÓÎ¸ÍÓ ÂÂ ÎÂ‰Ó‚ËÚÓÒÚË Ò ‰ÂÍ‡‰Ì˚Ï ‚ÂÏÂÌ-
Ì˚Ï ¯‡„ÓÏ [11, 1, 7, 20, 5]. åÂÊ‰Û ÚÂÏ ‰Îfl ˝Ù-
ÙÂÍÚË‚ÌÓÈ ‰ÂflÚÂÎ¸ÌÓÒÚË ÒÓÓÚ‚ÂÚÒÚ‚Û˛˘Ëı Ó-
„‡ÌËÁ‡ˆËÈ ‡ÍÚÛ‡Î¸Ì‡ Á‡‰‡˜‡ ÒÓÁ‰‡ÌËfl Ú‡ÍÓ„Ó
ÔÓ„‡ÏÏÌÓ„Ó ËÌÒÚÛÏÂÌÚ‡Ëfl, ÔÓÒÂ‰ÒÚ‚ÓÏ ÍÓ-
ÚÓÓ„Ó ËÏÂÎ‡Ò¸ ·˚ ‚ÓÁÏÓÊÌÓÒÚ¸ ÒÓÒÚ‡‚ÎÂÌËfl
ÓÔÂ‡ÚË‚ÌÓ„Ó ÔÓ„ÌÓÁ‡ ÒÓÒÚÓflÌËfl ÎÂ‰flÌÓ„Ó ÔÓ-
ÍÓ‚‡ Ò ‚ÂÏÂÌÌ˚Ï ¯‡„ÓÏ ÌÂ ·ÓÎÂÂ Ó‰ÌËı ÒÛÚÓÍ
Ì‡ ÓÒÌÓ‚Â ÏÓÌËÚÓËÌ„‡. èÓÎÛ˜ÂÌÌ˚Â ÂÁÛÎ¸Ú‡Ú˚
Ì‡‰ÎÂÊËÚ ËÒÔÓÎ¸ÁÓ‚‡Ú¸ ‰Îfl ÔÓÒÚÓÂÌËfl Ï‡ÚÂÏ‡-
ÚË˜ÂÒÍÓÈ ÏÓ‰ÂÎË ˝‚ÓÎ˛ˆËË ÔÓÎÌÓ„Ó ÔÓÍÓ‚‡ ÏÓ-
fl. ç‡ ÓÒÌÓ‚‡ÌËË ‚˚·ÓÓ˜Ì˚ı ‡ÒÔÂ‰ÂÎÂÌËÈ ı‡-
‡ÍÚÂËÒÚËÍ ÒÎÂ‰ÛÂÚ ‚˚ÔÓÎÌËÚ¸ Ô‡‡ÏÂÚË˜Â-
ÒÍÛ˛ Ë‰ÂÌÚËÙËÍ‡ˆË˛ ÏÓ‰ÂÎË Ë ‰‡ÎÂÂ ÔÓ‚ÂÒÚË
fl‰ ‚˚˜ËÒÎËÚÂÎ¸Ì˚ı ˝ÍÒÔÂËÏÂÌÚÓ‚.

åÓÌËÚÓËÌ„ ÒÓÒÚÓflÌËÈ ÎÂ‰flÌÓ„Ó ÔÓÍÓ‚‡ ‚˚-
ÔÓÎÌflÂÚÒfl ÏÂÚÓ‰‡ÏË ÏÌÓ„ÓÏÂÌÓ„Ó ¯Í‡ÎËÓ‚‡ÌËfl
[9, 3]. ê‡Ò˜ÂÚ˚ ‡ÒÔÂ‰ÂÎÂÌËÈ ÚÓÎ˘ËÌ Ë ÔÓÒÚÓÂ-
ÌËÂ ÔÓ„ÌÓÁÓ‚ ÔÓ‚Ó‰ËÚÒfl Ì‡ ÓÒÌÓ‚‡ÌËË Ï‡ÚÂÏ‡ÚË-
˜ÂÒÍËı ÏÓ‰ÂÎÂÈ ˝‚ÓÎ˛ˆËË ÏÓÒÍÓ„Ó ÎÂ‰flÌÓ„Ó
ÔÓÍÓ‚‡ [15–19]. Ç ˝ÚÓÈ ÏÓ‰ÂÎË Û˜ËÚ˚‚‡ÂÚÒfl ‚ÓÁ-
‰ÂÈÒÚ‚ËÂ Ì‡ ÌÂ„Ó ‡ÚÏÓÒÙÂÌ˚ı ÔÓˆÂÒÒÓ‚, Ó·Û-
ÒÎÓ‚ÎÂÌÌÓÂ ‚ÂÚÓÏ Ë ‡ÁÎË˜ÌÓ„Ó Ó‰‡ Ì‡ÔflÊÂÌË-
flÏË ‚Ó Î¸‰Û, Â„Ó ÏÂı‡ÌË˜ÂÒÍÓÂ ‰Ó·ÎÂÌËÂ, ‡„Â„‡-
ˆËfl Î¸‰ËÌ Ë Ëı ‰ÂÈÙ, ÙÓÏËÓ‚‡ÌËÂ ÚÓÓÒÓ‚.
Ç ÔË·ÂÊÌ˚ı ‡ÈÓÌ‡ı Û˜ËÚ˚‚‡˛ÚÒfl Ú‡ÍÊÂ
Ú‡ÌÒÙÓÏ‡ˆËË Î¸‰‡ ÓÚÍ˚Ú˚ı Û˜‡ÒÚÍÓ‚ ‚ ÔËÔ‡Ì
Ë Ó·‡ÚÌÛ˛ Ú‡ÌÒÙÓÏ‡ˆË˛ Ì‡ ÒÚ‡‰ËË Â„Ó Ú‡flÌËfl.

ëÓÓÚ‚ÂÚÒÚ‚Û˛˘ËÂ ÍÓÏÔ¸˛ÚÂÌ˚Â ‰ÂÈÒÚ‚Ëfl
‚ıÓ‰flÚ ‚ ÒÓÒÚ‡‚ ÔÓ„‡ÏÏÌÓ„Ó Ó·ÂÒÔÂ˜ÂÌËfl „ÂÓ-
ËÌÙÓÏ‡ˆËÓÌÌÓÈ ÒËÒÚÂÏ˚ (Éàë) “ãÂ‰flÌÓÈ ÔÓ-
ÍÓ‚ üÔÓÌÒÍÓ„Ó ÏÓfl” [17]. îÍÚÓ„‡ÙË˜ÂÒÍËÂ ·‡-
Á˚ ‰‡ÌÌ˚ı ˝ÚÓÈ Éàë ÒÓÒÚ‡‚Îfl˛Ú ‚˚·ÓÍË ÏÌÓ„Ó-
ÎÂÚÌËı Ì‡·Î˛‰ÂÌËÈ, ÍÓÚÓ˚Â ı‡‡ÍÚÂËÁÛ˛Ú
ÒÂ‰ÌÂ‰ÂÍ‡‰Ì˚Â ‡ÒÔÂ‰ÂÎÂÌËfl Ô‡‡ÏÂÚÓ‚ ÎÂ‰fl-

ÌÓ„Ó ÔÓÍÓ‚‡ Á‡ ÔÂËÓ‰ 1961–1989 „„. (Ï‡ÚÂË‡Î˚
ÔÓÙ. Ç.Ç. èÎÓÚÌËÍÓ‚‡) Ë ‚ÌÂ¯ÌÂÂ ‚ÓÁ‰ÂÈÒÚ‚ËÂ
ÒÎÓfl ‚ÓÁ‰Ûı‡ Ì‡ åãè Á‡ ÔÂËÓ‰ 1960–2001 „„. (Ï‡-
ÚÂË‡Î˚ ÔÓÙ. Ç.è. íÛÌÂ„ÓÎÓ‚Âˆ). á‰ÂÒ¸ ‚ÌÂ¯ÌÂÂ
‚ÓÁ‰ÂÈÒÚ‚ËÂ ÓÔÂ‰ÂÎflÂÚÒfl ‡ÒÔÂ‰ÂÎÂÌËflÏË ÚÂÏ-
ÔÂ‡ÚÛ˚ Ë ÒÍÓÓÒÚÂÈ ‚ÂÚ‡ Ì‡ ÒÚ‡Ì‰‡ÚÌ˚ı ‚ ÔÓ-
‰Ó·Ì˚ı ËÒÒÎÂ‰Ó‚‡ÌËflı „ÓËÁÓÌÚ‡ı ÔËÎÂ‰ÌÓ„Ó
‚ÓÁ‰Ûı‡.

 

åÓÌËÚÓËÌ„ ÒÓÒÚÓflÌËË ÎÂ‰flÌÓ„Ó ÔÓÍÓ‚‡.

 

 èÓ-
ÌflÚËÂ “ÏÓÌËÚÓËÌ„” ‚ÍÎ˛˜‡ÂÚ ‚ ÒÂ·fl ÔÓÌflÚËÂ “ÒË-
ÒÚÂÏ‡ Ì‡·Î˛‰ÂÌËÈ”, ‚˚ÔÓÎÌÂÌËÂ ÓˆÂÌÍË Ë ÔÓ-
„ÌÓÁ‡ ËÁÏÂÌÂÌËÈ ÒÓÒÚÓflÌËfl ‡ÒÒÏ‡ÚË‚‡ÂÏÓ„Ó
Ó·˙ÂÍÚ‡ [6]. Ç Ì‡¯ÂÏ ÒÎÛ˜‡Â Ó·˙ÂÍÚ ËÁÛ˜ÂÌËfl –
ÎÂ‰flÌÓÈ ÔÓÍÓ‚ ÁÓÌ˚ 51.5°–52.5° Ò.¯. ‡Í‚‡ÚÓËË
üÔÓÌÒÍÓ„Ó ÏÓfl. è‡‡ÏÂÚ‡ÏË ÒÓÒÚÓflÌËfl Ú‡ÍËı
Ó·˙ÂÍÚÓ‚ Ó·˚˜ÌÓ fl‚Îfl˛ÚÒfl ÒÔÎÓ˜ÂÌÌÓÒÚ¸ 

 

S

 

 ‰Ó-
ÒÚ‡ÚÓ˜ÌÓ Ó‰ÌÓÓ‰ÌÓ„Ó ÔÓ Ò‚ÓËÏ ÙËÁËÍÓ-ıËÏË˜Â-
ÒÍËÏ ı‡‡ÍÚÂËÒÚËÍ‡Ï ‡ÈÓÌ‡ ‡Í‚‡ÚÓËË ÏÓfl,
ÒÂ‰Ìflfl ÚÓÎ˘ËÌ‡ Î¸‰‡ 

 

h

 

 ‚ ˝ÚÓÏ ‡ÈÓÌÂ Ë Ï‡ÍÒË-
Ï‡Î¸Ì‡fl ÔÓÚflÊÂÌÌÓÒÚ¸ 

 

F

 

 ÓÚ‰ÂÎ¸Ì˚ı Î¸‰ËÌ. ÉË-
ÒÚÓ„‡ÏÏ‡ ‡ÒÔÂ‰ÂÎÂÌËfl ÒÂ‰ÌÂ‰ÂÍ‡‰Ì˚ı Ì‡-
·Î˛‰ÂÌËÈ Á‡ ÔÂËÓ‰ 1961–1989 „. ÔÓÍ‡Á˚‚‡ÂÚ, ˜ÚÓ
ÔÓ‰ÓÓÎÊËÚÂÎ¸ÌÓÒÚ¸ ˝‚ÓÎ˛ˆËÓÌÌÓ„Ó ˆËÍÎ‡ ÏÓ-
ÒÍÓ„Ó ÎÂ‰flÌÓ„Ó ÔÓÍÓ‚‡ ‚ ‡ÒÒÏ‡ÚË‚‡ÂÏÓÈ ÁÓÌÂ
‡Í‚‡ÚÓËË üÔÓÌÒÍÓ„Ó ÏÓfl ÒÓÒÚ‡‚ÎflÂÚ 22 ‰ÂÍ‡‰˚
[15]. èÓÒÍÓÎ¸ÍÛ ÏÂÊ‰Û 

 

S

 

 Ë ln

 

F

 

 ÓÚÏÂ˜‡ÂÚÒfl ÒÚ‡ÚË-
ÒÚË˜ÂÒÍË ÁÌ‡˜ËÏ‡fl ÍÓÂÎflˆËfl (ÍÓ˝ÙÙËˆËÂÌÚ
ÍÓÂÎflˆËfl ÏÂÊ‰Û ÌËÏË ‡‚ÂÌ 0.946 [19]), ÚÓ
ÒÔÎÓ˜ÂÌÌÓÒÚ¸ 

 

S

 

 Ë ÚÓÎ˘ËÌ‡ 

 

h

 

 fl‚Îfl˛ÚÒfl Ô‡‡ÏÂÚ‡-
ÏË ÒÓÒÚÓflÌËfl Î¸‰‡.

èË Ëı ‚˚fl‚ÎÂÌËË Ï˚ ËÒıÓ‰ËÎË ËÁ ÒÎÂ‰Û˛˘Ëı
ÔÓÎÓÊÂÌËÈ. ãÂ‰flÌÓÈ ÔÓÍÓ‚ ÓÚ‰ÂÎ¸Ì˚ı ‡ÈÓÌÓ‚
ÏÓfl ÔÂ‰ÒÚ‡‚ÎflÂÚ ÒÓ·ÓÈ ‰ËÌ‡ÏË˜ÂÒÍÛ˛ ÒËÒÚÂÏÛ,
ÍÓÚÓ‡fl ÓÔÂ‰ÂÎflÂÚÒfl ‚˚·ÓÓ˜Ì˚ÏË ‡ÒÔÂ‰ÂÎÂ-
ÌËflÏË ÔÎÓ˘‡‰Ë ÔÓÍÓ‚‡ 

 

A

 

 Ë ÚÓÎ˘ËÌ˚ 

 

h

 

 (‡ÒÔÂ-
‰ÂÎÂÌËfl 

 

F

 

 ÌÂ Û˜ËÚ˚‚‡˛ÚÒfl, ÔÓÒÍÓÎ¸ÍÛ ËÏÂÂÚ ÏÂ-
ÒÚÓ ÓÚÏÂ˜ÂÌÌ‡fl ‚˚¯Â Á‡‚ËÒËÏÓÒÚ¸). èÂ‰ÒÚ‡‚ÎÂ-
ÌËÂ ˝ÚÓÈ ÒËÒÚÂÏ˚ Á‡‰‡ÂÚÒfl ‰‚ÛÏfl Ì‡·Ó‡ÏË
Ì‡·Î˛‰ÂÌËÈ. èÂ‚˚È ı‡‡ÍÚÂËÁÛÂÚ ÂÂ ÒÂ‰ÌÂ‰Â-
Í‡‰Ì˚Â ÒÓÒÚÓflÌËfl. á‰ÂÒ¸ ÓÌ ÔÂ‰ÒÚ‡‚ÎÂÌ 22 ÒÓ-
ÒÚ‡‚Ì˚ÏË Ì‡·Î˛‰ÂÌËflÏË (ÔÓ‰ÓÎÊËÚÂÎ¸ÌÓÒÚ¸
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ˆËÍÎ‡ ˝‚ÓÎ˛ˆËË ÎÂ‰flÌÓ„Ó ÔÓÍÓ‚‡ ÏÓfl) ÔÓ 58
˝ÎÂÏÂÌÚÓ‚ ‚ Í‡Ê‰ÓÏ. ä‡Ê‰ÓÂ ËÁ ÌËı ÒÓÓÚ‚ÂÚÒÚ‚Û-
ÂÚ ÏÌÓ„ÓÎÂÚÌÂÏÛ ‡ÒÔÂ‰ÂÎÂÌË˛ ÔÎÓ˘‡‰Ë Î¸‰‡
ÓÚ‰ÂÎ¸ÌÓÈ ‰ÂÍ‡‰˚ Á‡ 29-ÎÂÚÌËÈ ÔÂËÓ‰ Ì‡·Î˛‰Â-
ÌËÈ Ë ÏÌÓ„ÓÎÂÚÌÂÏÛ ‡ÒÔÂ‰ÂÎÂÌË˛ ÒÂ‰ÌÂÈ ÚÓÎ-
˘ËÌ˚ ‰Îfl ˝ÚÓÈ ‰ÂÍ‡‰˚. ÇÚÓÓÈ Ì‡·Ó ı‡‡ÍÚÂË-
ÁÛÂÚ ˆËÍÎ ˝‚ÓÎ˛ˆËË ÔÓÍÓ‚‡ ÓÚ‰ÂÎ¸Ì˚ı ÎÂÚ.
éÌ ÔÂ‰ÒÚ‡‚ÎÂÌ 29 ÒÓÒÚ‡‚Ì˚ÏË Ì‡·Î˛‰ÂÌËflÏË ÔÓ
44 ̋ ÎÂÏÂÌÚ‡ ‚ Í‡Ê‰ÓÏ (22 ̋ ÎÂÏÂÌÚ‡ ‰Îfl 

 

A

 

 Ë 22 ̋ ÎÂ-
ÏÂÌÚ‡ ‰Îfl 

 

h

 

). Ç ˝ÚÓÏ ÒÎÛ˜‡Â Í‡Ê‰ÓÂ Ì‡·Î˛‰ÂÌËÂ
ÒÓÓÚ‚ÂÚÒÚ‚ÛÂÚ ÒÂ‰ÌÂ‰ÂÍ‡‰ÌÓÏÛ ‡ÒÔÂ‰ÂÎÂÌË˛
ÔÎÓ˘‡‰ÂÈ Î¸‰‡ ÓÚ‰ÂÎ¸ÌÓ„Ó „Ó‰‡ Ë ÒÂ‰ÌÂ‰ÂÍ‡‰ÌÓ-
ÏÛ ‡ÒÔÂ‰ÂÎÂÌË˛ ÚÓÎ˘ËÌ ÔÓÍÓ‚‡ ˝ÚÓ„Ó „Ó‰‡.

åÓÌËÚÓËÌ„ ÒÓÒÚÓflÌËÈ ‚ Ó·ÓËı ÒÎÛ˜‡flı ‚˚-
ÔÓÎÌflÂÚÒfl ÏÂÚÓ‰‡ÏË ÏÌÓ„ÓÏÂÌÓ„Ó ¯Í‡ÎËÓ‚‡-
ÌËfl [9, 3]. ëÛ˘ÌÓÒÚ¸ ̋ ÚËı ÏÂÚÓ‰Ó‚ ÒÓÒÚÓËÚ ‚ ÒÎÂ‰Û-
˛˘ÂÏ [13, 14]. éÚ‰ÂÎ¸Ì˚Â Ì‡·Î˛‰ÂÌËfl ËÒÒÎÂ‰ÛÂ-
ÏÓÈ ‚˚·ÓÍË ÒÓÓÚ‚ÂÚÒÚ‚Û˛Ú ÚÓ˜Í‡Ï (Ó·˙ÂÍÚ‡Ï)
ÏÌÓ„ÓÏÂÌÓ„Ó ÔÓÒÚ‡ÌÒÚ‚‡ ËÒıÓ‰Ì˚ı ÔËÁÌ‡ÍÓ‚.
ç‡ ÓÒÌÓ‚‡ÌËË ‚˚·‡ÌÌÓÈ ÏÂ˚ ·ÎËÁÓÒÚË ÏÂÊ‰Û
ÓÚ‰ÂÎ¸Ì˚ÏË Ô‡‡ÏË ÚÓ˜ÂÍ ‡ÒÒ˜ËÚ˚‚‡ÂÚÒfl Ï‡Ú-
Ëˆ‡ ·ÎËÁÓÒÚË ÏÂÊ‰Û ÌËÏË. Ñ‡ÎÂÂ ‚ ÔÓÒÚ‡ÌÒÚ‚Â
ÒÛ˘ÂÒÚ‚ÂÌÌÓ ÏÂÌ¸¯ÂÈ ‡ÁÏÂÌÓÒÚË ‚˚ÔÓÎÌflÂÚÒfl
ÔÓËÒÍ Ú‡ÍÓ„Ó ‡ÒÔÓÎÓÊÂÌËfl Ó·‡ÁÓ‚ ÚÓ˜ÂÍ, Ï‡Ú-
Ëˆ‡ ·ÎËÁÓÒÚË ÏÂÊ‰Û ÍÓÚÓ˚ÏË Í‡Í ÏÓÊÌÓ ÏÂÌ¸-
¯Â ÓÚÎË˜‡Î‡Ò¸ ÓÚ Ï‡ÚËˆ˚ ·ÎËÁÓÒÚË ÏÂÊ‰Û ÚÓ˜-
Í‡ÏË ‚ ËÒıÓ‰ÌÓÏ ÔÓÒÚ‡ÌÒÚ‚Â. ÑÎfl ÓÔÂ‰ÂÎÂÌËfl

ÍÓÓ‰ËÌ‡Ú Ó·‡ÁÓ‚ ÚÓ˜ÂÍ Â¯‡ÂÚÒfl Á‡‰‡˜‡ ÏËÌË-
ÏËÁ‡ˆËË ÓÔÂ‰ÂÎÂÌÌÓÈ ÏÂ˚ ÌÂÒÓ„Î‡ÒÓ‚‡ÌÌÓÒÚË
ÛÍ‡Á‡ÌÌ˚ı Ï‡ÚËˆ. á‰ÂÒ¸ ÔÓÒÚ‡ÌÒÚ‚ÓÏ Ó·‡ÁÓ‚
Ì‡·Î˛‰ÂÌËÈ fl‚ÎflÂÚÒfl ÔÎÓÒÍÓÒÚ¸ 

 

Y

 

1

 

Y

 

2

 

.
ç‡ ËÒ. 1 ÔÂ‰ÒÚ‡‚ÎÂÌ˚ ÂÁÛÎ¸Ú‡Ú˚ ÏÓÌËÚÓ-

ËÌ„‡ ‰ÂÍ‡‰Ì˚ı ÒÓÒÚÓflÌËÈ Î¸‰‡ ÂÁÛÎ¸Ú‡Ú ËÂ‡-
ıË˜ÂÒÍÓÈ ÍÎ‡ÒÒËÙËÍ‡ˆËË) Ë Â¯ÂÌËÂ ÒÓÓÚ‚ÂÚ-
ÒÚ‚Û˛˘ÂÈ Á‡‰‡˜Ë ÏÌÓ„ÓÏÂÌÓ„Ó ¯Í‡ÎËÓ‚‡ÌËfl.
Ç Ó·ÓËı ÒÎÛ˜‡flı ‚ Í‡˜ÂÒÚ‚Â ÏÂ˚ ·ÎËÁÓÒÚË ‚˚ÒÚÛ-
Ô‡ÂÚ Â‚ÍÎË‰Ó‚‡ ÏÂÚËÍ‡.

ä‡˜ÂÒÚ‚ÂÌÌÛ˛ ËÌÚÂÔÂÚ‡ˆË˛ ÓÒÂÈ 

 

Y

 

1

 

 Ë 

 

Y

 

2

 

 ‚
ÚÂÏËÌ‡ı ËÒıÓ‰Ì˚ı ÔÓÍ‡Á‡ÚÂÎÂÈ Û‰Ó·ÌÓ ‚˚ÔÓÎ-
ÌËÚ¸ Ì‡ ÓÒÌÓ‚‡ÌËË ÍÓÂÎflˆËÈ ÏÂÊ‰Û Ì‡·Ó‡ÏË
Ëı ÁÌ‡˜ÂÌËÈ Ë Ì‡·Ó‡ÏË ËÒıÓ‰Ì˚ı ÔËÁÌ‡ÍÓ‚ [13].
Ç Ì‡ÒÚÓfl˘ÂÏ ÒÎÛ˜‡Â ÓÒ¸ 

 

Y

 

1

 

 ‚ ·ÓÎ¸¯ÂÈ ÒÚÂÔÂÌË ÓÚ-
‚Â˜‡ÂÚ ÁÌ‡˜ÂÌËflÏ ÔËÁÌ‡ÍÓ‚ (Ú.Â. ÓÌ‡ ÔÂ‰ÒÚ‡‚Îfl-
ÂÚ ÌÂÍÓÚÓÛ˛ ÙÛÌÍˆË˛ ÁÌ‡˜ÂÌËÈ ÔËÁÌ‡ÍÓ‚), ‡
ÓÒ¸ 

 

Y

 

2

 

 – ‚‡Ë‡ˆËflÏ ÔËÁÌ‡ÍÓ‚. äÓÌÙË„Û‡ˆËfl ‚ÂÚ-
‚ÂÈ ·ËÌ‡ÌÓ„Ó ‰ÂÂ‚‡ Ì‡ ËÒ. 1‡ ÛÍ‡Á˚‚‡ÂÚ Ì‡ ‡Á-
ÎË˜ËÏÓÒÚ¸ ‡ÒÔÂ‰ÂÎÂÌËÈ ÓÒÂÌÌËı (31–36 ‰ÂÍ‡‰˚)
Ë ‚ÂÒÂÌÌËı ̋ Ú‡ÔÓ‚ (14–16 ‰ÂÍ‡‰˚). àÂ‡ıË˜ÂÒÍËÂ
·ËÌ‡Ì˚Â ‰ÂÂ‚¸fl ı‡‡ÍÚÂËÁÛ˛Ú ÓÒÌÓ‚ÌÛ˛ ÚÂÌ-
‰ÂÌˆË˛ ‡ÒÔÂ‰ÂÎÂÌËfl ‚˚·ÓÓ˜Ì˚ı ÚÓ˜ÂÍ ‚ ËÒ-
ıÓ‰ÌÓÏ ÔÓÒÚ‡ÌÒÚ‚Â ÔËÁÌ‡ÍÓ‚. Ç ˝ÚÓÏ ÒÏ˚ÒÎÂ
ÌÛÏÂ‡ˆËfl ÍÓÌÂ˜Ì˚ı ‚ÂÚ‚ÂÈ ‰ÂÂ‚‡ ÌÂ ÔÓÁ‚ÓÎflÂÚ
ÓˆÂÌËÚ¸ Â‡Î¸ÌÓÂ ÔÓÒÚ‡ÌÒÚ‚ÂÌÌÓÂ ‡ÒÔÓÎÓÊÂ-
ÌËÂ Ì‡·Î˛‰ÂÌËÈ, ÍÓÚÓ˚Â Ì‡ıÓ‰flÚÒfl Ì‡ ‰Û„Ëı
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êËÒ. 1.

 

 êÂÁÛÎ¸Ú‡Ú˚ ÏÓÌËÚÓËÌ„‡ ‰ÂÍ‡‰Ì˚ı ÒÓÒÚÓflÌËÈ ÎÂ‰Ó‚Ó„Ó ÔÓÍÓ‚‡ ‚ ÁÓÌÂ 51.5°–52.5° Ò.¯. ‡Í‚‡ÚÓËË üÔÓÌÒÍÓ„Ó ÏÓ-
fl: ‡ – ÂÁÛÎ¸Ú‡Ú˚ ËÂ‡ıË˜ÂÒÍÓÈ ÍÎ‡ÒÒËÙËÍ‡ˆËË; · – Â¯ÂÌËÂ Á‡‰‡˜Ë ÏÌÓ„ÓÏÂÌÓ„Ó ¯Í‡ÎËÓ‚‡ÌËfl, „‰Â ˆËÙ˚ ÛÍ‡Á˚-
‚‡˛Ú ÒÓÓÚ‚ÂÚÒÚ‚Û˛˘Û˛ ‰ÂÍ‡‰Û „Ó‰‡ (‰Îfl Ì‡„Îfl‰ÌÓÒÚË ÒÓÒÚÓflÌËfl ÔÓÒÎÂ‰Ó‚‡ÚÂÎ¸Ì˚ı ‰ÂÍ‡‰ ÒÓÂ‰ËÌÂÌ˚ ÓÚÂÁÍ‡ÏË).
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3

 

·ËÌ‡Ì˚ı ‚ÂÚ‚flı. ï‡‡ÍÚÂ ‡ÒÔÓÎÓÊÂÌËfl Ó·‡-
ÁÓ‚ ÚÓ˜ÂÍ Ì‡ ËÒ. 1· ‚ ·ÓÎ¸¯ÂÈ ÒÚÂÔÂÌË ÓÚ‡Ê‡ÂÚ
‡ÒÔÂ‰ÂÎÂÌËÂ Ó·˙ÂÍÚÓ‚ ÛÍ‡Á‡ÌÌÓ„Ó ÚËÔ‡. ÄÌ‡-
ÎËÁ ‡ÒÔÓÎÓÊÂÌËfl Ëı Ó·‡ÁÓ‚ ÛÍ‡Á˚‚‡ÂÚ Ì‡ Ì‡ÎË-
˜ËÂ ÚÂı ‰ËÒÍÂÚÌ˚ı „ÛÔÔ Ì‡·Î˛‰ÂÌËÈ. èÂ‚Û˛
„ÛÔÔÛ ÒÓÒÚ‡‚Îfl˛Ú Ì‡·Î˛‰ÂÌËfl ÓÒÂÌÌÂ„Ó ˝Ú‡Ô‡
ÙÓÏËÓ‚‡ÌËfl ÔÓÍÓ‚‡ (Ò 31-È ÔÓ 36-˛ ‰ÂÍ‡‰Û),
‚ÚÓÛ˛ „ÛÔÔÛ – ÁËÏÌÂ„Ó ̋ Ú‡Ô‡ Â„Ó ÁÂÎÓ„Ó ÒÓÒÚÓ-
flÌËfl (Ò 1-È ÔÓ 13-˛ ‰ÂÍ‡‰Û) Ë ÚÂÚ¸ÂÈ „ÛÔÔ˚ – ‚Â-
ÒÂÌÌÂ„Ó ˝Ú‡Ô‡ Ú‡flÌËfl (Ò 14-È ÔÓ 16-˛ ‰ÂÍ‡‰Û). èÓ-
˝ÚÓÏÛ ‚ Ì‡·Î˛‰ÂÌËflı ÓÚ‡Ê‡ÂÚÒfl ÒÂÁÓÌÌÓÒÚ¸ ÒÎÂ-
‰Ó‚‡ÌËfl ˝‚ÓÎ˛ˆËË ÎÂ‰flÌÓ„Ó ÔÓÍÓ‚‡.

àÁÓÎËÓ‚‡ÌÌÓÒÚ¸ ˝Ú‡ÔÓ‚ ËÁÏÂÌÂÌËÈ Ë ÔÓÒÎÂ-
‰Ó‚‡ÚÂÎ¸ÌÓÒÚ¸ Ëı ‡ÒÔÓÎÓÊÂÌËfl ÛÍ‡Á˚‚‡˛Ú Ì‡ ÚÓ
Ó·ÒÚÓflÚÂÎ¸ÒÚ‚Ó, ˜ÚÓ ˝‚ÓÎ˛ˆËfl ÎÂ‰flÌÓ„Ó ÔÓÍÓ‚‡
Ì‡ ˝Ú‡ÔÂ Â„Ó Ú‡flÌËfl ÌÂ fl‚ÎflÂÚÒfl Ó·‡ÚÌÓÈ ËÁÏÂÌÂ-
ÌËflÏ Ì‡ ÒÚ‡‰ËË ÙÓÏËÓ‚‡ÌËfl. åÂÊ‰Û ÚÂÏ ËÏÂÂÚ-
Òfl fl‰ ÏÓ‰ÂÎÂÈ, ‚ ÓÒÌÓ‚Â ÍÓÚÓ˚ı ËÒÔÓÎ¸ÁÛÂÚÒfl
Ó·‡ÚÌÓÂ ÔÓÎÓÊÂÌËÂ [12, 10, 2]. ìÍ‡Á‡ÌÌ˚Â Ù‡Í-
Ú˚ ‰ÓÔÛÒÍ‡˛Ú ÔÓÒÚÛ˛ ËÌÚÂÔÂÚ‡ˆË˛. éÚÎË˜ËÂ
ÒÓÒÚÓflÌËÈ Ì‡ ˝ÚËı ˝Ú‡Ô‡ı Ó·ÛÒÎÓ‚ÎÂÌÓ ÒÎÂ‰Û˛-
˘ËÏ: ÔË Ó‰ÌÓÏ Ë ÚÓÏ ÊÂ Ó·˙ÂÏÂ ÛÎ¸‰ËÌ ÓÒÂÌÌÂ„Ó
˝Ú‡Ô‡ ÙÓÏËÓ‚‡ÌËfl ·ÓÎÂÂ ‚˚ÒÓÍ‡fl ÔÎÓ˘‡‰¸ Ë
ÌËÁÍ‡fl ÚÓÎ˘ËÌ‡, ‡ Û Î¸‰ËÌ ‚ÂÒÂÌÌÂ„Ó ̋ Ú‡Ô‡ Ú‡flÌËfl
·ÓÎÂÂ ÌËÁÍ‡fl ÔÎÓ˘‡‰¸ (‚ÒÎÂ‰ÒÚ‚ËÂ ·˚ÒÚÓ„Ó Ú‡fl-
ÌËfl ÚÓÌÍÓ„Ó Î¸‰‡) Ë ÔÓ‚˚¯ÂÌÌ‡fl ÚÓÎ˘ËÌ‡. èË
˝ÚÓÏ Ì‡ ˝Ú‡ÔÂ ÙÓÏËÓ‚‡ÌËfl Î¸‰˚ ÓÚÍ˚ÚÓÈ ˜‡-
ÒÚË ÔË·ÂÊÌ˚ı ‡ÈÓÌÓ‚ Ú‡ÌÒÙÓÏËÛ˛ÚÒfl ‚Ó

Î¸‰˚ ÔËÔ‡fl, ‡ Ì‡ ˝Ú‡ÔÂ Ú‡flÌËfl ËÏÂÂÚ ÏÂÒÚÓ Ó·-
‡ÚÌ˚È ÔÓˆÂÒÒ. í‡ÍËÏ Ó·‡ÁÓÏ, ÔÎÓ˘‡‰Ë ÓÚ-
‰ÂÎ¸Ì˚ı Î¸‰ËÌ Ë Ëı ÚÓÎ˘ËÌ˚ Ó‰ÌÓÁÌ‡˜Ì˚Ï Ó·‡-
ÁÓÏ ı‡‡ÍÚÂËÁÛ˛Ú ÒÓÒÚÓflÌËÂ ÎÂ‰flÌÓ„Ó ÔÓÍÓ‚‡
üÔÓÌÒÍÓ„Ó ÏÓfl.

ç‡ ËÒ. 2 ÔÂ‰ÒÚ‡‚ÎÂÌ˚ ÂÁÛÎ¸Ú‡Ú˚ ÏÓÌËÚÓ-
ËÌ„‡ „Ó‰Ó‚˚ı ˆËÍÎÓ‚ ˝‚ÓÎ˛ˆËË ÎÂ‰flÌÓ„Ó ÔÓÍÓ-
‚‡ ‚ ÁÓÌÂ 51.5°–52.5° Ò.¯. ‡Í‚‡ÚÓËË ÏÓfl.

ä‡˜ÂÒÚ‚ÂÌÌ‡fl ËÌÚÂÔÂÚ‡ˆËfl ÓÒÂÈ 

 

Y

 

1

 

 Ë 

 

Y

 

2

 

 ÛÍ‡-
Á˚‚‡ÂÚ, ̃ ÚÓ ÓÒ¸ 

 

Y

 

1

 

 ‚ ·ÓÎ¸¯ÂÈ ÒÚÂÔÂÌË ÓÚ‚Â˜‡ÂÚ ÁÌ‡-
˜ÂÌËflÏ ÔËÁÌ‡ÍÓ‚ (Ú.Â. ÓÌ‡ ÔÂ‰ÒÚ‡‚ÎflÂÚ ÌÂÍÓÚÓ-
Û˛ ÙÛÌÍˆË˛ ÁÌ‡˜ÂÌËÈ ÔËÁÌ‡ÍÓ‚), ‡ ÓÒ¸ 

 

Y

 

2

 

 – ‚‡Ë-
‡ˆËflÏ ÔËÁÌ‡ÍÓ‚. ÄÌ‡ÎËÁ ‡ÒÔÂ‰ÂÎÂÌËfl Ó·‡ÁÓ‚
Ì‡·Î˛‰ÂÌËÈ ÛÍ‡Á˚‚‡ÂÚ Ì‡ ÓÚÒÛÚÒÚ‚ËÂ ÒÚ‡ÚËÒÚË˜Â-
ÒÍË ÁÌ‡˜ËÏ˚ı ÏÂÊ„Ó‰Ó‚˚ı ‡ÁÎË˜ËÈ ÏÂÊ‰Û ̂ ËÍÎ‡-
ÏË ˝‚ÓÎ˛ˆËË ÎÂ‰flÌÓ„Ó ÔÓÍÓ‚‡. èÓ˝ÚÓÏÛ ‰Îfl
ÔÂ‰ÒÚ‡‚ÎÂÌËfl ÓÚ‰ÂÎ¸ÌÓ„Ó ‰ÂÍ‡‰ÌÓ„Ó ÒÓÒÚÓflÌËfl
‰ÓÔÛÒÚËÏÓ ÛÒÂ‰ÌÂÌËÂ ÔÓ „Ó‰‡Ï Ì‡·Î˛‰ÂÌËÈ.

ê‡ÒÔÂ‰ÂÎÂÌËÂ ÚÓÎ˘ËÌ ÎÂ‰flÌÓ„Ó ÔÓÍÓ‚‡.
äÓÏÔ¸˛ÚÂÌ˚Â ‡Ò˜ÂÚ˚ ‡ÒÔÂ‰ÂÎÂÌËÈ ÚÓÎ˘ËÌ
ÔÓÍÓ‚‡ ‚˚ÔÓÎÌfl˛ÚÒfl ‚ ‡ÏÍ‡ı ÔÓÒÚÓÂÌËfl ÔÓ-
„ÌÓÁ‡ ÒÓÒÚÓflÌËfl ÎÂ‰flÌÓ„Ó ÔÓÍÓ‚‡ ÔË Á‡‰‡ÌÌ˚ı
Ì‡ ÒÚ‡Ì‰‡ÚÌ˚ı „ÓËÁÓÌÚ‡ı Ì‡‰ÎÂ‰Ì˚ı ÒÎÓÂ‚ ‚ÓÁ-
‰Ûı‡ ÒÂ‰ÌËı Á‡ ÔÂËÓ‰ Ì‡·Î˛‰ÂÌËÈ ‡ÒÔÂ‰ÂÎÂ-
ÌËflı ÚÂÏÔÂ‡ÚÛ˚ (2-ÏÂÚÓ‚˚È „ÓËÁÓÌÚ) Ë ÒÍÓ-
ÓÒÚË ‚ÂÚ‡ (10-ÏÂÚÓ‚˚È „ÓËÁÓÌÚ). ê‡Ò˜ÂÚ˚ ‚˚-
ÔÓÎÌfl˛ÚÒfl Ì‡ ÓÒÌÓ‚‡ÌËË ÒÎÂ‰Û˛˘ÂÈ ÏÓ‰ÂÎË:
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 êÂÁÛÎ¸Ú‡Ú˚ ÏÓÌËÚÓËÌ„‡ „Ó‰Ó‚˚ı ˆËÍÎÓ‚ ˝‚ÓÎ˛ˆËË ãè ‚ ÁÓÌÂ 51.5°–52.5° Ò.¯. ‡Í‚‡ÚÓËË üÔÓÌÒÍÓ„Ó ÏÓfl: ‡ –
ÂÁÛÎ¸Ú‡Ú˚ ËÂ‡ıË˜ÂÒÍÓÈ ÍÎ‡ÒÒËÙËÍ‡ˆËË; · – Â¯ÂÌËÂ Á‡‰‡˜Ë ÏÌÓ„ÓÏÂÌÓ„Ó ̄ Í‡ÎËÓ‚‡ÌËfl, „‰Â ̂ ËÙ˚ ÒÓÓÚ‚ÂÚÒÚ‚Û-
˛Ú ÔÓÒÎÂ‰ÌËÏ ‰‚ÛÏ ˆËÙ‡Ï „Ó‰‡ Ì‡·Î˛‰ÂÌËÈ.
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óÂÚ˚·ÓˆÍËÈ

 

(1)

„‰Â 

 

x

 

 = (

 

x

 

1

 

, 

 

x

 

2

 

) – ÔflÏÓÛ„ÓÎ¸Ì‡fl ÒËÒÚÂÏ‡ ÍÓÓ‰ËÌ‡Ú
Ì‡ ‡Í‚‡ÚÓËË ÏÓfl; 

 

u

 

 = (

 

u

 

1

 

, 

 

u

 

2

 

) – ÒÓÒÚ‡‚Îfl˛˘ËÂ

ÒÍÓÓÒÚË ‰ÂÈÙ‡ Î¸‰‡;  

 

≡

 

 

 

dh

 

/

 

dt

 

 – Ó·ÛÒÎÓ‚ÎÂÌÌ‡fl
ÚÂÏË˜ÂÒÍËÏ ÂÊËÏÓÏ ‰ËÌ‡ÏËÍ‡ ÚÓÎ˘ËÌ˚ ÔÓ-
ÍÓ‚‡; 

 

T

 

*,  – ÚÂÏÔÂ‡ÚÛ˚ ‚ÓÁ‰Ûı‡, ÔË ÍÓÚÓ-
˚ı Ì‡˜ËÌ‡ÂÚÒfl ÔÂ‚Ë˜ÌÓÂ ÙÓÏËÓ‚‡ÌËÂ ÔÓ-
ÍÓ‚‡ ‚ ÓÚÍ˚Ú˚ı Û˜‡ÒÚÍ‡ı ÏÓfl Ë ÔÂ‚Ë˜ÌÓÂ
ÙÓÏËÓ‚‡ÌËÂ ÔËÔ‡fl ‚ ([15] ÔÓÍ‡Á‡ÌÓ, ˜ÚÓ ÚÂÏ-
ÔÂ‡ÚÛ˚ Ì‡˜‡Î¸ÌÓ„Ó ÙÓÏËÓ‚‡ÌËfl ÒÓ‚Ô‡‰‡˛Ú Ò
ÚÂÏÔÂ‡ÚÛ‡ÏË Ì‡˜‡Î¸ÌÓ„Ó Ú‡flÌËfl); 

 

T

 

 – ÒÂ‰ÌÂÒÛ-

ÚÓ˜Ì‡fl ÚÂÏÔÂ‡ÚÛ‡ ‚ÓÁ‰Ûı‡; 

 

A

 

h

 

 

 

≡

 

 

 

A

 

(

 

x

 

, 

 

h

 

, 

 

t

 

),  

 

≡

≡

 

 (

 

x

 

, 

 

h

 

, 

 

t

 

) – ÔÎÓ˘‡‰Ë Î¸‰‡ ÚÓÎ˘ËÌ˚ 

 

h

 

 ‚ ÓÚÍ˚-
Ú˚ı Û˜‡ÒÚÍ‡ı ‡ÈÓÌ‡ ÏÓfl Ë ÔËÔ‡fl; 

 

f

 

(

 

A

 

, 

 

T

 

) – ı‡-
‡ÍÚÂËÁÛÂÚ ÚÂÏË˜ÂÒÍÓÂ ËÁÏÂÌÂÌËÂ ÔÎÓ˘‡‰Ë
Î¸‰‡; 

 

Θ

 

(

 

T

 

) – ÙÛÌÍˆËfl ïÂ‚ËÒ‡È‰‡, ‡‚Ì‡fl 1 ÔË ÔÓ-
ÎÓÊËÚÂÎ¸ÌÓÏ ‡„ÛÏÂÌÚÂ Ë 0 ‚ ËÌÓÏ ÒÎÛ˜‡Â; 

 

b

 

 – ı‡-
‡ÍÚÂËÁÛÂÚ Ú‡ÌÒÙÓÏ‡ˆË˛ Î¸‰Ó‚ ÓÚÍ˚ÚÓ„Ó
ÏÓfl ‚ Î¸‰˚ ÔËÔ‡fl ÔË ÓÒÂÌÌÂÏ ÙÓÏËÓ‚‡ÌËË
ÔÓÍÓ‚‡ Ë Ó·‡ÚÌÛ˛ Ú‡ÌÒÙÓÏ‡ˆË˛ ÔË ‚ÂÒÂÌ-

ÌÂÏ Ú‡flÌËË; 

 

ψ

 

(

 

A

 

h

 

, ) – ı‡‡ÍÚÂËÁÛÂÚ Ó·‡ÁÓ‚‡-
ÌËÂ ÚÓÓÒÓ‚. ç‡˜‡Î¸Ì˚Â Ë „‡ÌË˜Ì˚Â ÛÒÎÓ‚Ëfl ‰Îfl
(1) ËÏÂ˛Ú ‚Ë‰

(2)

ÇÂÏÂÌÌÓÈ ¯‡„ ‚˚·Ë‡ÂÚÒfl ‡‚Ì˚Ï 1 ÒÛÚ. àÁ
Ì‡·Î˛‰ÂÌËÈ Ë ‡Ì‡ÎËÁ‡ ÔÓfl‰Í‡ ˜ÎÂÌÓ‚ ÒÓÓÚ‚ÂÚ-
ÒÚ‚Û˛˘Ëı Û‡‚ÌÂÌËÈ ÒÎÂ‰ÛÂÚ, ˜ÚÓ ‰Îfl ˝ÚÓ„Ó ‚Â-
ÏÂÌÌÓ„Ó ¯‡„‡ ÒÍÓÓÒÚ¸ ‰ÂÈÙ‡ ÎÂ‰flÌÓ„Ó ÔÓÍÓ‚‡
(‡ ÌÂ ÓÚ‰ÂÎ¸Ì˚ı Î¸‰ËÌ) ËÏÂÂÚ Í‚‡ÁËÒÚ‡ˆËÓÌ‡Ì˚È
ı‡‡ÍÚÂ Ë ÓÔÂ‰ÂÎflÂÚÒfl ÔÓÒÚ˚ÏË ÒÓÓÚÌÓ¯ÂÌËfl-
ÏË [10, 2].

è‡‡ÏÂÚËÁ‡ˆËfl ˜ÎÂÌÓ‚ Ô‡‚ÓÈ ˜‡ÒÚË (1) ‚˚-
ÔÓÎÌflÂÚÒfl ÔË ÒÎÂ‰Û˛˘Ëı ‰ÓÔÛ˘ÂÌËflı. àÁÏÂÌ˜Ë-

‚ÓÒÚ¸  ÓÔÂ‰ÂÎflÂÚÒfl ÚÂÏÔÂ‡ÚÛÓÈ ‚ÓÁ‰Ûı‡ Ë ÚÓ-
„Ó Ù‡ÍÚ‡, ˜ÚÓ Ì‡ ˝Ú‡ÔÂ ÙÓÏËÓ‚‡ÌËfl ÎÂ‰flÌÓ„Ó
ÔÓÍÓ‚‡ ‚ÏÂ˘‡˛˘‡fl ÎÂ‰ ÏÓÒÍ‡fl ÒÂ‰‡ ÔÂ‰ÒÚ‡‚-
ÎflÂÚ ÒÓ·ÓÈ ÂÒÛÒ ‰Îfl ÂÂ ÔÓÚÂ·ËÚÂÎfl (Î¸‰‡). èË
Ú‡flÌËË ÂÒÛÒ Ë Â„Ó ÔÓÚÂ·ËÚÂÎ¸ “ÏÂÌfl˛ÚÒfl” Ò‚Ó-
ËÏË ÏÂÒÚ‡ÏË. ëÓ„Î‡ÒÌÓ ÒÛ˘ÂÒÚ‚Û˛˘ËÏ ‚ ÒËÒÚÂÏÂ

“ÂÒÛÒ–ÔÓÚÂ·ËÚÂÎ¸” ÔÓÎÓÊÂÌËflÏ ÏÓ‰ÂÎ¸ 
ÏÓÊÌÓ Á‡ÔËÒ‡Ú¸ ‚ ‚Ë‰Â 

∂Ah/∂t ∂uiAh/∂xi ∂ḣAh/∂h  =+ +

=  T* T–( ) f Ah T*,( ) b ψ Ah T*,( )+ +

∂Ah
F( )/∂t ∂ḣAh

F( )/∂h  =+

=  TF* T–( ) f Ah
F( ) TF*,( ) b– ψ Ah

F( ) TF*,( )+







,

ḣ

TF*

Ah
F( )

Ah
F( )

T̃

A x t0 h, ,( ) A F( ) x t0 h, ,( ) 0= =

Ë ḣA h h0 H*,= ḣA F( )
h h0 H*,= 0.= =

ḣ

ḣ

(3)

„‰Â H* – Ï‡ÍÒËÏ‡Î¸Ì‡fl ÔÎÓ˘‡‰¸ Î¸‰‡ Á‡ ÏÌÓ„ÓÎÂÚ-

ÌËÈ ÔÂËÓ‰; , , αWh, αhW, βW – ÌÂÓÚËˆ‡-
ÚÂÎ¸Ì˚Â ÍÓ˝ÙÙËˆËÂÌÚ˚ ÔÓÔÓˆËÓÌ‡Î¸ÌÓÒÚË; hW –
ÚÓÎ˘ËÌ‡ ÒÎÓÂ‚ Ú‡ÎÓÈ ‚Ó‰˚. èË Á‡ÔËÒË (3) ÔÓÎ‡-
„‡ÂÚÒfl, ˜ÚÓ ÙÓÏËÓ‚‡ÌËÂ Ú‡ÎÓÈ ‚Ó‰˚ ËÏÂÂÚ ÏÂ-
ÒÚÓ ÚÓÎ¸ÍÓ Ì‡ ÒÚ‡‰ËË Ú‡flÌËfl. èÓÒÍÓÎ¸ÍÛ ‡Î¸·Â‰Ó
‚Ó‰˚ ÒÛ˘ÂÒÚ‚ÂÌÌÓ ÌËÊÂ ‡Î¸·Â‰Ó ÏÓÒÍÓ„Ó Î¸‰‡
(‚ÒÎÂ‰ÒÚ‚ËÂ ˜Â„Ó Ó·˙ÂÏ˚ Ú‡Î˚ı ‚Ó‰ ÚÂÔÎÂÂ Ó·˙Â-
ÏÓ‚ Î¸‰‡), ÚÓ Ó·˙ÂÏ˚ Ú‡ÎÓÈ ‚Ó‰˚ Ì‡ ÙÓÌÂ ÂÒÚÂ-
ÒÚ‚ÂÌÌÓ„Ó ‰Îfl ‚ÂÒÌ˚ ÔÓ„Â‚‡ ‚ÓÁ‰Ûı‡ Ó·ÛÒÎÓ‚ÎË-
‚‡˛Ú ‰ÓÔÓÎÌËÚÂÎ¸ÌÓÂ Ú‡flÌËÂ Î¸‰‡ (˜ÎÂÌ αWhhW ‚

(3)). èÓÎ‡„‡ÂÚÒfl Ú‡ÍÊÂ, ˜ÚÓ  ~ h Ë ËÏÂÂÚ ÏÂÒÚÓ
ÒÚÓÍ Ú‡Î˚ı ‚Ó‰ ˜ÂÂÁ ÚÓÎ˘Û Î¸‰‡ (˜ÎÂÌ – βWhW).

á‰ÂÒ¸ Ë ‚Ò˛‰Û ‚ ‰‡Î¸ÌÂÈ¯ÂÏ ‚ÂıÌËÈ ËÌ‰ÂÍÒ A
(autumn) ÛÍ‡Á˚‚‡ÂÚ Ì‡ Ëı ÒÓÓÚ‚ÂÚÒÚ‚ËÂ ÓÒÂÌÌÂÏÛ
˝Ú‡ÔÛ ÙÓÏËÓ‚‡ÌËfl ÔÓÍÓ‚‡, ‡ S (spring) – ‚ÂÒÂÌ-
ÌÂÏÛ ˝Ú‡ÔÛ Ú‡flÌËfl. èË ˝ÚÓÏ ‰Îfl ÓˆÂÌÍË ÍÓ˝ÙÙË-
ˆËÂÌÚÓ‚ ÚÂÒÚËÓ‚‡ÌËfl ‡‰ÂÍ‚‡ÚÌÓÒÚË ÏÓ‰ÂÎË Ì‡-
·Î˛‰‡ÂÏ˚Ï ‚˚·ÓÓ˜Ì˚Ï ‡ÒÔÂ‰ÂÎÂÌËflÏ ÔË-
ÏÂÌflÎËÒ¸ ‡Á‡·ÓÚ‡ÌÌ˚Â ÒÔÂˆË‡Î¸ÌÓ ‰Îfl ÏÓ‰ÂÎË
(1) Ë Â‡ÎËÁÓ‚‡ÌÌ˚Â ‚ Éàë “ãÂ‰flÌÓÈ ÔÓÍÓ‚
üÔÓÌÒÍÓ„Ó ÏÓfl” ÔÓˆÂ‰Û˚ Ô‡‡ÏÂÚË˜ÂÒÍÓÈ
Ë‰ÂÌÚËÙËÍ‡ˆËË.

ÑÎfl Ô‡‡ÏÂÚËÁ‡ˆËË f (A, T) Ú‡ÍÊÂ ËÒÔÓÎ¸ÁÛ-
˛ÚÒfl ÔËÌflÚ˚Â ‚ ÒËÒÚÂÏÂ “ÂÒÛÒ–ÔÓÚÂ·ËÚÂÎ¸”
ÔÓÎÓÊÂÌËfl. êÂÒÛÒÓÏ ‰Îfl ÔÎÓ˘‡‰ÂÈ Î¸‰‡ Ì‡ ˝Ú‡ÔÂ
ÙÓÏËÓ‚‡ÌËfl ÎÂ‰flÌÓ„Ó ÔÓÍÓ‚‡ fl‚ÎflÂÚÒfl ÔÎÓ-

˘‡‰¸ ÓÚÍ˚ÚÓÈ ‚Ó‰˚ AW = A* –  + )dh,

„‰Â A* – ÔÎÓ˘‡‰¸ ‡ÈÓÌ‡ ‡Í‚‡ÚÓËË. èË Ú‡flÌËË
ÂÒÛÒ Ë ÔÓÚÂ·ËÚÂÎ¸ “ÏÂÌfl˛ÚÒfl” Ò‚ÓËÏË ÏÂÒÚ‡-
ÏË. èËÌËÏ‡ÂÚÒfl Ú‡ÍÊÂ ÔÓÎÓÊÂÌËÂ Ó ÚÓÏ, ˜ÚÓ
Û‚ÂÎË˜ÂÌËÂ ˜ËÒÎ‡ Î¸‰ËÌ ÔË ÙÓÏËÓ‚‡ÌËË ÎÂ‰fl-
ÌÓ„Ó ÔÓÍÓ‚‡ (Ëı Û·˚Î¸ ÔË Ú‡flÌËË) ÂÒÚ¸ Û·˚‚‡˛-
˘‡fl ÙÛÌÍˆËfl ÚÓÎ˘ËÌ˚ (‰Îfl Û‰Ó·ÒÚ‚‡ ‚˚˜ËÒÎÂÌËÈ
ÔËÌËÏ‡ÂÚÒfl ˝ÍÒÔÓÌÂÌˆË‡Î¸Ì‡fl Á‡‚ËÒËÏÓÒÚ¸).
èÓ˝ÚÓÏÛ Á‡ÔËÒ¸ f (A, T) ËÏÂÂÚ ‚Ë‰

(4)

„‰Â , , , , ,  – ÍÓ˝ÙÙËˆËÂÌ-
Ú˚ ÔÓÔÓˆËÓÌ‡Î¸ÌÓÒÚË.

è‡‡ÏÂÚËÁ‡ˆËfl b ‚˚ÔÓÎÌflÂÚÒfl Ì‡ ÓÒÌÓ‚‡ÌËË
ÒÎÂ‰Û˛˘Ëı ÔÓÎÓÊÂÌËÈ: ÔË ÙÓÏËÓ‚‡ÌËË ÔË-
Ô‡fl ËÌÚÂÌÒË‚ÌÓÒÚ¸ Ú‡ÌÒÙÓÏ‡ˆËË Î¸‰ËÌ ÓÚÍ˚-
Ú˚ı Û˜‡ÒÚÍÓ‚ ÔË·ÂÊÌ˚ı ‡ÈÓÌÓ‚ ‚Ó Î¸‰˚ ÔË-
Ô‡fl ÔÓÔÓˆËÓÌ‡Î¸Ì‡ ÒÛÏÏ‡ÌÓÈ ÔÎÓ˘‡‰Ë Î¸‰‡
ÓÚÍ˚Ú˚ı Û˜‡ÒÚÍÓ‚ ‡ÈÓÌ‡. èÓÎ‡„‡ÂÚÒfl Ú‡ÍÊÂ,
˜ÚÓ ˝Ú‡ ËÌÚÂÌÒË‚ÌÓÒÚ¸ ÓÔÂ‰ÂÎflÂÚÒfl ÔÂÂÔ‡‰ÓÏ
ÚÂÏÔÂ‡ÚÛ T* – T, ÒÍÓÓÒÚ¸˛ ‰ÂÈÙ‡ Î¸‰‡. èË

ḣ t T*,( ) T* T–( ) αh
A( )Θ T* T–( ) +[{=

+ αhh
S( )Θ T T*–( ) ] H* h– hW–( )h αWhhW }+

ḣW t T*,( ) T T*–( ) αhWh βWhW–( )Θ T T*–( )=





,

αh
A( ) αh

S( )

ḣW

Ah(
0

H*∫ Ah
F( )

f A T*,( ) = αa
A( )A β1

A( ) β2
A( )h–( )exp+[ ] AWΘ T* T–( ) +

+ αa
S( )

AW β1
S( ) β2

S( )h–( )exp+[ ] AΘ T T*–( ),

αa
A( ) αa

S( ) β1
A( ) β2

A( ) β1
S( ) β2

S( )
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Ú‡flÌËË ‰ÓÔÓÎÌËÚÂÎ¸ÌÓ ÔÓÎ‡„‡ÂÚÒfl, ˜ÚÓ ËÌÚÂÌÒË‚-
ÌÓÒÚ¸ Ú‡ÌÒÙÓÏ‡ˆËË Î¸‰‡ ÔËÔ‡fl ‚Ó Î¸‰˚ ÓÚ-
Í˚Ú˚ı Û˜‡ÒÚÍÓ‚ ÂÒÚ¸ Û·˚‚‡˛˘‡fl ÙÛÌÍˆËfl ÚÓÎ-
˘ËÌ˚ (˜ÂÏ ÚÓÎ˘Â ÎÂ‰ ÔËÔ‡fl, ÚÂÏ ÏÂÌ¸¯Â ÔË Ú‡-
flÌËË ÔÓËÒıÓ‰ËÚ Â„Ó ‰Ó·ÎÂÌËÂ) Ë ÒÍÓÓÒÚË
ÔËÊËÏÌÓ„Ó ‚ÂÚ‡ W = (W1, W2). ëÓ„Î‡ÒÌÓ ÔÂÂ-
˜ËÒÎÂÌÌ˚Ï ÔÓÎÓÊÂÌËflÏ b ÏÓÊÌÓ Á‡ÔËÒ‡Ú¸ ‚ ‚Ë‰Â

(5)

„‰Â b(A, 0), b(A, T), b(A, u), b(S, T), b(S, h), b(S, W) – ÍÓ˝ÙÙËˆË-
ÂÌÚ˚ ÔÓÔÓˆËÓÌ‡Î¸ÌÓÒÚË; n = (n1, n2) – ÌÓÏ‡Î¸
Í ·ÂÂ„Ó‚ÓÈ ÎËÌËË; ÁÌ‡Í + fl‚ÎflÂÚÒfl ÁÌ‡ÍÓÏ ÒÍ‡-
ÎflÌÓ„Ó ÔÓËÁ‚Â‰ÂÌËfl.

è‡‡ÏÂÚËÁ‡ˆËfl ψ(Ah, ) ‚˚ÔÓÎÌflÂÚÒfl Ì‡ ÓÒ-
ÌÓ‚‡ÌËË ÚÓ„Ó, ̃ ÚÓ ÔË ÚÓÓ¯ÂÌËË Î¸‰Ó‚ ÚÓÎ˘ËÌ˚
h ˜‡ÒÚ¸ Ëı ÔÎÓ˘‡‰ÂÈ ÔÂÂıÓ‰ËÚ ‚ ÔÎÓ˘‡‰Ë Î¸‰‡
ÔÓÒÎÂ‰Û˛˘Ëı „‡‰‡ˆËÈ ÚÓÎ˘ËÌ˚. Ä ‚ Í‡ÚÂ„ÓË˛
Î¸‰Ó‚ ÚÓÎ˘ËÌ˚ h ÔÂÂıÓ‰flÚ Û˜‡ÒÚÍË ÔÎÓ˘‡‰ÂÈ
Î¸‰Ó‚ ÔÂ‰˚‰Û˘Ëı „‡‰‡ˆËÈ ÚÓÎ˘ËÌ. ÖÒÎË ÔÂÌÂ-
·Â˜¸ ÒÊËÏ‡ÂÏÓÒÚ¸˛ Î¸‰Ó‚ ÔË Ëı ÍÓÌÚ‡ÍÚÌÓÏ
‚Á‡ËÏÓ‰ÂÈÒÚ‚ËË, ÚÓ ËÏÂÂÚ ÏÂÒÚÓ ÒÓı‡ÌÂÌËÂ Ó·˙-

ÂÏÓ‚ Î¸‰‡ ÔË Â„Ó ÚÓÓ¯ÂÌËË. íÓ„‰‡ ψ(Ah, )
ÏÓÊÌÓ Á‡ÔËÒ‡Ú¸ ‚ ‚Ë‰Â

(6)

„‰Â ,  – ÍÓ˝ÙÙËˆËÂÌÚ˚ ÔÓÔÓˆËÓÌ‡Î¸ÌÓ-
ÒÚË; ∆h – Á‡‰‡ÌÌ˚È ¯‡„ ÔÓ h; wah(h, z) ≥ 0 – ÙÛÌÍ-
ˆËfl, ÔÓÒÂ‰ÒÚ‚ÓÏ ÍÓÚÓÓÈ ÙÓÏÛÎËÛÂÚÒfl ÔÂÂ-
‡ÒÔÂ‰ÂÎÂÌËÂ ‚ÒÎÂ‰ÒÚ‚ËÂ ÚÓÓ¯ÂÌËfl ÔÎÓ˘‡‰ÂÈ
Î¸‰‡ ÚÓÎ˘ËÌ˚ z ‚ Î¸‰ËÌ˚ ÚÓÎ˘ËÌ˚ h (z < h ≤ H*).
ÑÎfl ÔÂ‰ÒÚ‡‚ÎÂÌËfl w(h, z) ÔÓÎ‡„‡ÂÏ ÂÒÚÂÒÚ‚ÂÌÌÓÈ
Ú‡ÍÛ˛ ÒıÂÏÛ: ÔË ÚÓÓ¯ÂÌËË Ì‡Ë·ÓÎ¸¯ËÈ ÔË-
ÓÒÚ ÔÎÓ˘‡‰Ë ËÏÂÂÚ ÏÂÒÚÓ ÚÓÎ¸ÍÓ ‰Îfl ÒÏÂÊÌÓÈ Ò
ËÒıÓ‰ÌÓÈ „‡‰‡ˆËÂÈ ÚÓÎ˘ËÌ˚, ‡ ‰‡ÎÂÂ ÔËÓÒÚ˚
ÔÎÓ˘‡‰ÂÈ Û·˚‚‡˛Ú ‚ Á‡‚ËÒËÏÓÒÚË ÓÚ h – z. íÓ„‰‡
w(h, z) ÏÓÊÌÓ ÔÂ‰ÒÚ‡‚ËÚ¸, Ì‡ÔËÏÂ, Á‡ÔËÒ¸˛

b b A( ) T u,( )AhΘ T* T–( ) +–{=

+ b S( ) T h W, ,( )Ah
F( )AWΘ T TF*–( ) }

b A( ) T u,( ) = b A 0,( ) T* T–( )b A T,( ) b A u,( )n + u+ +[ ]

b S( ) T h W, ,( ) b S 0,( ) T TF*–( )b S T,( ) –+[=

– b S h,( )h b S W,( )n + W ] ,–

T̃

T̃

ψ Ah T̃,( ) ν1
A( )Θ T* T–( ) ν1

S( )Θ T T*–( )+[ ] ×–=

× H* h–( )Ah χ H* z–( )Azwah h z,( ) zd

0

h ∆h–

∫–
 
 
 

χ H* h–( )hAh h/ h ×
0

H*

∫d

0

H*

∫=

× H* z–( )Azwah h z,( ) z h,dd

0

h ∆h–

∫

ν1
A( ) ν1

S( )

(7)

„‰Â ,  – ÍÓ˝ÙÙËˆËÂÌÚ˚ ÔÓÔÓˆËÓÌ‡Î¸-
ÌÓÒÚË.

ç‡ ËÒ. 3 ÔÂ‰ÒÚ‡‚ÎÂÌ˚ ‡ÒÒ˜ËÚ‡ÌÌ˚Â Ì‡ ÓÒÌÓ-
‚‡ÌËË ÏÓ‰ÂÎË (1) – (7) ‡ÒÔÂ‰ÂÎÂÌËfl ÚÓÎ˘ËÌ ÔÓ-
ÍÓ‚‡. ÇÂÏÂÌÌ‡fl ÓÒ¸ ÒÓÓÚ‚ÂÚÒÚ‚ÛÂÚ ÚÂÍÛ˘ËÏ
ÒÛÚÍ‡Ï „Ó‰‡. ÑÎfl Û‰Ó·ÒÚ‚‡ ÔÂ‰ÒÚ‡‚ÎÂÌËfl ÔÎÓ˘‡-
‰Ë ÌÓÏËÓ‚‡Ì˚ Ì‡ ÔÎÓ˘‡‰¸  ÓÚÍ˚ÚÓ„Ó ‡ÈÓ-
Ì‡ ÏÓfl. ÄÌ‡ÎËÁ ‡ÒÔÂ‰ÂÎÂÌËÈ ÔÓÍ‡Á˚‚‡ÂÚ, ˜ÚÓ
‚ ˝ÚÓÏ ‡ÈÓÌÂ ‰ÓÎfl Î¸‰Ó‚ ÓÚÍ˚Ú˚ı Û˜‡ÒÚÍÓ‚ ‰Ó
ÏÓÏÂÌÚ‡ t* ≈ 120 ÒÛÚ ÚÂÏË˜ÂÒÍÓ„Ó Ë ÏÂı‡ÌË˜Â-
ÒÍÓ„Ó ‡ÁÛ¯ÂÌËfl ÔËÔ‡fl ÌÂÁÌ‡˜ËÚÂÎ¸Ì‡. èÓ˝ÚÓ-
ÏÛ, ‰Îfl ‡Ì‡ÎËÚË˜ÂÒÍÓ„Ó ‡Ò˜ÂÚ‡ ÔÎÓ˘‡‰Ë Î¸‰‡ ‰Ó
˝ÚÓ„Ó ÏÓÏÂÌÚ‡ ˝ÚË ÔÎÓ˘‡‰Ë ÏÓÊÌÓ ÌÂ Û˜ËÚ˚‚‡Ú¸.
íÓ„‰‡ ÒÓ„Î‡ÒÌÓ (1) – (2) ËÁÏÂÌÂÌËÂ Ó·˘ÂÈ ÔÎÓ˘‡-

‰Ë Î¸‰‡ (t) ‚ ˝ÚÓÈ ÁÓÌÂ Ì‡ ˝Ú‡ÔÂ ÙÓÏËÓ‚‡-
ÌËÂ – ÁÂÎÓÂ ÒÓÒÚÓflÌËÂ ÔÓÍÓ‚‡ ÓÔÂ‰ÂÎflÂÚÒfl ‚˚-
‡ÊÂÌËÂÏ

„‰Â A* – ÔÎÓ˘‡‰¸ ‡Í‚‡ÚÓËË ÁÓÌ˚, B = {1 –

− exp[− (H* – h1)]}/ , h1 – ÚÓÎ˘ËÌ‡ ÔÂ‚Ë˜-

Ì˚ı Ó·‡ÁÓ‚‡ÌËÈ Î¸‰‡,  = t–1 dt – ÚÂÍÛ˘‡fl

ÒÂ‰Ìflfl ÚÂÏÔÂ‡ÚÛ‡ ‚ÓÁ‰Ûı‡ ‚ ˝ÚÓÈ ÁÓÌÂ. äË-

‚‡fl (t) ÔË (tC)[  – T(tC)]–2 < A* + B

ËÏÂÂÚ ÚÓ˜ÍÛ ÔÂÂ„Ë·‡ (tC) = {A* – B/  –

− (tC)[  – T(tC)]–2/ }/2. èË Ì‡Û¯ÂÌËË ÌÂ-

‡‚ÂÌÒÚ‚‡ ÚÓ˜Í‡ ÔÂÂ„Ë·‡ (t) ÓÚÒÛÚÒÚ‚ÛÂÚ,
˜ÚÓ ÒÓÓÚ‚ÂÚÒÚ‚ÛÂÚ ·˚ÒÚÓÏÛ ÔÓÍ˚ÚË˛ ÔÎÓ˘‡‰Ë
‡Í‚‡ÚÓËË ÁÓÌ˚ ÚÓÌÍÓÈ ÔÎÂÌÍÓÈ Î¸‰‡. èË ‚˚-
ÔÓÎÌÂÌËË ÌÂ‡‚ÂÌÒÚ‚‡ ÏÓÏÂÌÚÛ ÔÓÍ˚ÚËfl ÔÎÓ˘‡-
‰Ë ‡Í‚‡ÚÓËË ÔÂ‰¯ÂÒÚ‚ÛÂÚ ÔÓÏÂÊÛÚÓÍ ÙÓÏË-
Ó‚‡ÌËfl ÌÂ·ÓÎ¸¯Ëı Ì‡˜‡Î¸Ì˚ı Î¸‰ËÌ, ‡ ‰‡ÎÂÂ ÔË
t > tC ÒÎÂ‰ÛÂÚ ·˚ÒÚÓÂ ÔÓÍ˚ÚËÂ ‡Í‚‡ÚÓËË ÔÎÂÌ-
ÍÓÈ Î¸‰‡. ëÓ„Î‡ÒÌÓ ÔÂ‰ÒÚ‡‚ÎÂÌÌ˚Ï ‡ÒÔÂ‰ÂÎÂ-
ÌËfl ÔË ‚ÂÒÂÌÌÂÏ Ú‡flÌËË ÔÓÍÓ‚‡ t > t* ÓÚÏÂ˜‡ÂÚ-
Òfl ÓÒÚ ÔÎÓ˘‡‰ÂÈ Î¸‰‡ ÓÚÍ˚Ú˚ı Û˜‡ÒÚÍÓ‚. ìÍ‡-
Á‡ÌÌ˚È ÓÒÚ Ó·ÛÒÎÓ‚ÎÂÌ ‚˚ÌÓÒÓÏ Ò˛‰‡ Ó·ÎÓÏÍÓ‚
Ë ÓÚ‰ÂÎ¸Ì˚ı Ù‡„ÏÂÌÚÓ‚ Î¸‰Ó‚ ÔËÔ‡fl. Ñ‡ÌÌ˚Â
Ù‡ÍÚ˚ ıÓÓ¯Ó ÒÓ„Î‡ÒÛ˛ÚÒfl Ò Ì‡ÚÛÌ˚ÏË Ì‡·Î˛-
‰ÂÌËflÏË [15, 16].

èÂ‰ÒÚ‡‚ÎflÂÚÒfl, ˜ÚÓ Ó‰ÌÓÈ ËÁ ‚‡ÊÌ˚ı ÓÒÓ·ÂÌ-
ÌÓÒÚÂÈ ÏÓ‰ÂÎË (1) – (7) fl‚ÎflÂÚÒfl ‚ÓÁÏÓÊÌÓÒÚ¸ ÂÂ
ËÒÔÓÎ¸ÁÓ‚‡ÌËfl ‰Îfl ‡Ò˜ÂÚ‡ ‡ÒÔÂ‰ÂÎÂÌËÈ ÔÎÓ-
˘‡‰ÂÈ ‡ÁÎË˜ÌÓÈ ÚÓÎ˘ËÌ˚ Î¸‰‡ ‚ ÚÓÓÒ‡ı.

w h z,( ) const ν2
A( )Θ T* T–( ) +[–{exp=

+ ν2
S( )Θ T T*–( ) ] h z–( ) } ,

ν2
A( ) ν2

S( )

AS*

AΣ
A( )

AΣ
A( ) t( )  =

=  A* 1
αa

A( )A* B+

αa
A( )A* B αa

A( )A* B+( ) TF* T–( )t[ ]exp+
-------------------------------------------------------------------------------------------------–

 
 
 

,

β2
A( ) β2

A( )

T T
0

t∫
AΣ

A( ) Ṫ TF* αa
A( )

AΣ
A( ) αa

A( )

Ṫ TF* αa
A( )

AΣ
A( )
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óÂÚ˚·ÓˆÍËÈ

ÄÌ‡ÎËÁ ËÒ. 4 ÔÓÍ‡Á˚‚‡ÂÚ, ˜ÚÓ ÔË ÚÓÓ¯ÂÌËË
ËÏÂÂÚ ÏÂÒÚÓ ÒÛ˘ÂÒÚ‚ÂÌÌÓÂ ÒÓÍ‡˘ÂÌËÂ ÔÎÓ˘‡‰Ë
ÚÓÌÍÓ„Ó Î¸‰‡. Ç Í‡Ê‰ÓÏ ËÁ ÔÂ‰ÒÚ‡‚ÎÂÌÌ˚ı Á‰ÂÒ¸
ÒÎÛ˜‡flı ÚÓÌÍËÈ ÎÂ‰ – ÓÒÌÓ‚ÌÓÈ “ÒÚÓËÚÂÎ¸Ì˚È”
Ï‡ÚÂË‡Î ‰Îfl Ó·‡ÁÓ‚‡ÌËÈ Î¸‰‡ ÔÓÒÎÂ‰Û˛˘Ëı
„‡‰‡ˆËÈ ÚÓÎ˘ËÌ. ëÓÔÓÒÚ‡‚ÎÂÌËÂ ÏÂÊ‰Û ÒÓ·ÓÈ
‡ÒÔÂ‰ÂÎÂÌËÈ Ì‡ ËÒ. 4‡ Ë ÔÓÍ‡Á˚‚‡ÂÚ, ˜ÚÓ ÒÍÓ-
ÓÒÚ¸ ÚÓÓ¯ÂÌËfl ÔËÔ‡fl (ËÁÏÂÌÂÌËÂ ÔÎÓ˘‡‰ÂÈ
Î¸‰‡ ‚ Â‰ËÌËˆÛ ‚ÂÏÂÌË ÔË ÚÓÓ¯ÂÌËË) ‚˚¯Â
ÒÍÓÓÒÚË ÚÓÓ¯ÂÌËfl Î¸‰‡ ÓÚÍ˚ÚÓ„Ó ÏÓfl. ìÍ‡-
Á‡ÌÌ‡fl ÒËÚÛ‡ˆËfl Ó·ÛÒÎÓ‚ÎÂÌ‡ ‡ÁÎË˜ËÂÏ Ëı ˝‚Ó-
Î˛ˆËÓÌÌ˚ı ˆËÍÎÓ‚: Ì‡ ˝Ú‡ÔÂ ÙÓÏËÓ‚‡ÌËÂ –
ÁÂÎÓÂ ÒÓÒÚÓflÌËÂ Î¸‰‡ ÓÚÍ˚Ú˚ı Û˜‡ÒÚÍÓ‚ ÏÓfl
ÔÂÂıÓ‰flÚ ÒÓ„Î‡ÒÌÓ (1) ‚Ó Î¸‰˚ ÔËÔ‡fl, ‡ Ì‡ ˝Ú‡ÔÂ
Ú‡flÌËfl ËÏÂÂÚ ÏÂÒÚÓ Ó·‡ÚÌ‡fl ÒËÚÛ‡ˆËfl.

è‡‡ÏÂÚË˜ÂÒÍ‡fl Ë‰ÂÌÚËÙËÍ‡ˆËfl Ë ‚˚˜ËÒÎË-
ÚÂÎ¸Ì˚Â ˝ÍÒÔÂËÏÂÌÚ˚. è‡‡ÏÂÚË˜ÂÒÍ‡fl Ë‰ÂÌ-
ÚËÙËÍ‡ˆËfl ÏÓ‰ÂÎË (1) – (7) ‚˚ÔÓÎÌflÎ‡Ò¸ Ì‡ ÓÒÌÓ-
‚‡ÌËË ÛÒÂ‰ÌÂÌÌ˚ı Á‡ ÔÂËÓ‰ Ì‡·Î˛‰ÂÌËÈ ‚˚·Ó-
Ó˜Ì˚ı ‡ÒÔÂ‰ÂÎÂÌËÈ ÚÓÎ˘ËÌ Î¸‰‡ ‰Îfl ‚ÒÂı
‡ÈÓÌÓ‚ ÏÓfl, „‰Â Á‡ ÔÂËÓ‰ 1961–1989 „„. ‚ÒÚÂ-
˜‡ÎÒfl ÎÂ‰. ÑÎfl Í‡Ê‰Ó„Ó Á‡‰‡‚‡ÎËÒ¸ ÛÒÂ‰ÌÂÌÌ˚Â
Á‡ ÔÂËÓ‰ 1960–2001 „„. ‡ÒÔÂ‰ÂÎÂÌËfl ÚÂÏÔÂ‡-
ÚÛ‡ Ë ÒÍÓÓÒÚË ‚ÂÚ‡ ‚ ̋ ÚÓÏ ‡ÈÓÌÂ. á‡‰‡˜‡ Ë‰ÂÌ-
ÚËÙËÍ‡ˆËË ÏÓ‰ÂÎË ÒÓÒÚÓËÚ ‚ Ì‡ıÓÊ‰ÂÌËË Ú‡ÍÓ„Ó
‚ÂÍÚÓ‡ p, ÍÓÚÓ˚È ÏËÌËÏËÁËÛÂÚ ÏÂÛ ÓÚÍÎÓÌÂ-

ÌËfl ‚˚·ÓÓ˜Ì˚ı Ë ÏÓ‰ÂÎ¸Ì˚ı ‡ÒÔÂ‰ÂÎÂÌËÈ
ÔÎÓ˘‡‰ÂÈ ÎÂ‰flÌÓ„Ó ÔÓÍÓ‚‡ Φ(p):

(8)

„‰Â P ⊂  Rk – Ó·Î‡ÒÚ¸ ‰ÓÔÛÒÚËÏ˚ı ÁÌ‡˜ÂÌËÈ Ô‡‡-
ÏÂÚÓ‚. ÅÂÁ Ó„‡ÌË˜ÂÌËfl Ó·˘ÌÓÒÚË ÔÓÎ‡„‡ÂÏ, ˜ÚÓ
Ó·Î‡ÒÚ¸ P ÒÓÓÚ‚ÂÚÒÚ‚ÛÂÚ ‚ÎÓÊÂÌÌÓÏÛ ‚ k – ÏÂÌÓÂ
Â‚ÍÎË‰Ó‚Ó ÔÓÒÚ‡ÌÒÚ‚Ó „ËÔÂÍÛ·Û (k – ˜ËÒÎÓ ˝ÎÂ-
ÏÂÌÚÓ‚ p). ÑÎËÌ˚ Â„Ó Â·Â ı‡‡ÍÚÂËÁÛ˛Ú ‰Ë‡Ô‡-
ÁÓÌ ËÁÏÂÌÂÌËfl Ô‡‡ÏÂÚÓ‚. Ç Ì‡ÒÚÓfl˘ÂÏ ÒÎÛ˜‡Â
Â¯ÂÌËÂ ˝ÚÓÈ Á‡‰‡˜Ë ‚˚ÔÓÎÌflÂÚÒfl Ì‡ ÓÒÌÓ‚‡ÌËË
ÛÒÂ‰ÌÂÌÌ˚ı Á‡ ÔÂËÓ‰ 1961–1989 „„. ‚˚·ÓÍË Ì‡-
·Î˛‰ÂÌËÈ ÒÓÒÚÓflÌËÈ ÎÂ‰flÌÓ„Ó ÔÓÍÓ‚‡, Í‡Ê‰ÓÂ ËÁ

ÍÓÚÓ˚ı ı‡‡ÍÚÂËÁÛÂÚ ÔÎÓ˘‡‰¸  Î¸‰‡ g „‡-
‰‡ˆËË ÚÓÎ˘ËÌ˚ (˜ËÒÎÓ ËÒıÓ‰Ì˚ı „‡‰‡ˆËÈ ÚÓÎ˘ËÌ
‡‚ÌÓ 6) ‚ d ‰ÂÍ‡‰Â ÓÚ‰ÂÎ¸ÌÓ„Ó r ‡ÈÓÌ‡ ÏÓfl.
Ç ˝ÚÓÈ ‚˚·ÓÍÂ Ì‡Ò˜ËÚ˚‚‡ÂÚÒfl 5154 Ú‡ÍËı ÁÌ‡˜Â-

ÌËÈ  ÔÎÓ˘‡‰ÂÈ [16]. ìÍ‡Á‡ÌÌ˚Â ÔÎÓ˘‡‰Ë ÓÔÂ-
‰ÂÎfl˛ÚÒfl ÒÓÓÚ‚ÂÚÒÚ‚Û˛˘ËÏ ÌÓÏÂÓÏ

(9)

„‰Â r – ÌÓÏÂ ‡ÈÓÌ‡, r = 1–166; d – ÌÓÏÂ ‰ÂÍ‡‰˚;
d0(r) Ë d1(r) – Ì‡˜‡Î¸Ì‡fl Ë ÍÓÌÂ˜Ì‡fl ‰ÂÍ‡‰˚ ̋ ‚ÓÎ˛-

minΦ p( ) ‰Îfl p P,∈

Ardg
D( )

Ardg
D( )

µ = 6 d1 r '( ) d0 r '( )–[ ]
r ' 1=

r 1–

∑ d d0 r( )– r 1–+ +
 
 
 

g,+

0.3693

360

0.5540

0.1847

0
50 100 150

0.075

1.5
h

ëÛÚÍË

(Ah + A(F)
h )/A*S

0.3693

360

0.5539

0.1846

0
50 100 150

0.075

1.5
h

ëÛÚÍË

(A(F)
h )/A*S

0.1995

360

0.2992

0.0997

0
50 100 150

0.075

1.5
h

ëÛÚÍË

Ah/A*S
(‡)

(·)

(‚)

êËÒ. 3. ê‡ÒÔÂ‰ÂÎÂÌËÂ ÚÓÎ˘ËÌ ÎÂ‰flÌÓ„Ó ÔÓÍÓ‚‡ ‚ ÁÓÌÂ 51.5°–52.5° Ò.¯. ‡Í‚‡ÚÓËË üÔÓÌÒÍÓ„Ó ÏÓfl (‡ – ÓÚÍ˚ÚÓÈ ̃ ‡ÒÚË
‡Í‚‡ÚÓËË ÁÓÌ˚, · – ÔËÔ‡fl, ‚ – ÒÓ‚ÓÍÛÔÌÓÂ ‡ÒÔÂ‰ÂÎÂÌËÂ).
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ˆËË ‚ r ‡ÈÓÌÂ. ÑÎfl Í‡Ê‰Ó„Ó Ú‡ÍÓ„Ó ÌÓÏÂ‡ Ì‡·Ó
ÌÂÁ‡‚ËÒËÏ˚ı ÔÂÂÏÂÌÌ˚ı ÒÓÒÚ‡‚ÎflÂÚ: ÚÂÍÛ˘ËÂ
ÒÛÚÍË „Ó‰‡, ÒÂ‰ÌÂÒÛÚÓ˜Ì‡fl ÚÂÏÔÂ‡ÚÛ‡ Ì‡ 2-ÏÂÚ-
Ó‚ÓÏ „ÓËÁÓÌÚÂ ÒÎÓfl ‚ÓÁ‰Ûı‡, ÒÂ‰ÌÂÒÛÚÓ˜Ì˚Â
ÒÓÒÚ‡‚Îfl˛˘ËÂ Wx Ë Wy ÒÍÓÓÒÚË ‚ÂÚ‡ Ì‡ 10-ÏÂÚ-
Ó‚ÓÏ „ÓËÁÓÌÚÂ. á‡‚ËÒËÏ˚ÏË ÔÂÂÏÂÌÌ˚ÏË Á‡-
‰‡˜Ë (10) fl‚Îfl˛ÚÒfl ÛÒÂ‰ÌÂÌÌ˚Â Á‡ ‰ÂÍ‡‰Û ÏÓ-
‰ÂÎ¸Ì˚Â ÔÎÓ˘‡‰Ë ÓÚ‰ÂÎ¸Ì˚ı ÚÓÎ˘ËÌ Î¸‰‡ A(x, t,
h, p) ‰Îfl ÚÂÍÛ˘Â„Ó t ‰Ìfl „Ó‰‡ ËÁ ‡‚ÌÓÏÂÌÓÈ ÒË-
ÒÚÂÏ˚ ‡Á·ËÂÌËfl ‰Ë‡Ô‡ÁÓÌ‡ (0, H*] Ì‡ ÔÓÎÛËÌÚÂ-
‚‡Î˚ (‰Îfl Ì‡„Îfl‰ÌÓÒÚË ‚ÂÍÚÓ Ô‡‡ÏÂÚÓ‚ ÛÍ‡Á‡Ì
‚ ˜ËÒÎÂ ‡„ÛÏÂÌÚÓ‚ ÔÎÓ˘‡‰Ë). Ç‚Â‰ÂÌËÂ ˝ÚÓ„Ó
‡Á·ËÂÌËfl Ó·ÛÒÎÓ‚ÎÂÌÓ ÚÂÏ, ̃ ÚÓ „‡‰‡ˆËË ÚÓÎ˘ËÌ
‚ ËÒıÓ‰ÌÓÈ ‚˚·ÓÍÂ ÌÂ‡‚ÌÓÏÂÌ˚. Ä ‰Îfl ˜ËÒ-
ÎÂÌÌÓ„Ó ÏÓ‰ÂÎËÓ‚‡ÌËfl ÚÂ·ÛÂÚÒfl Í‡Í ‡Á ‡‚ÌÓ-
ÏÂÌÓÂ ‡Á·ËÂÌËÂ Ò Á‡‰‡ÌÌ˚Ï ̄ ‡„ÓÏ ∆h. ÇıÓÊ‰ÂÌËÂ
‡‚ÌÓÏÂÌ˚ı ÔÓÎÛËÌÚÂ‚‡ÎÓ‚ ‚ ÔÓÎÛËÌÚÂ‚‡Î˚ ËÒ-
ıÓ‰ÌÓ„Ó ‡Á·ËÂÌËfl ÛÍ‡Á˚‚‡ÂÚÒfl ÔÓÒÂ‰ÒÚ‚ÓÏ Ì‡-
·Ó‡ {Jg}g = 1–6. ä‡Ê‰˚È ˝ÎÂÏÂÌÚ Jg ÔÂ‰ÒÚ‡‚ÎflÂÚ
ÒÓ·ÓÈ ÔÂÂ˜ËÒÎÂÌËÂ ÌÓÏÂÓ‚ ‡‚ÌÓÏÂÌ˚ı ÔÓÎÛ-
ËÌÚÂ‚‡ÎÓ‚, ÍÓÚÓ˚Â ÒÓ‰ÂÊ‡ÚÒfl ‚ ËÒıÓ‰ÌÓÏ ‡Á-
·ËÂÌËË. Ç Ì‡ÒÚÓfl˘ÂÏ ‡ÒÒÏÓÚÂÌËË Ì‡·Ó Ô‡‡-

ÏÂÚÓ‚ p = ( , T*, , , , , αhW, αWh,

βW, , , , , b(A, 0), b(A,  T), b(A, u), b(S, 0),

b(S, T), b(S, W), , , ,  Ì‡Ò˜ËÚ˚‚‡ÂÚ k =
= 24 ˝ÎÂÏÂÌÚ‡ Ë ∆h = 0.15 Ï. á‡ÔËÒ¸ Φ(p) ÔËÌË-
Ï‡ÂÚ ‚Ë‰:

(10)

„‰Â eµ(p) =  – fµ(p) – ÓÒÚ‡ÚÍË ÓˆÂÌË‚‡ÌËfl Ô‡‡ÏÂÚ-

Ó‚ ÏÓ‰ÂÎË, fµ(p) = 0.1 (xr, 10(d – 1) +

+ d', hj , p) Ë µ ÓÔÂ‰ÂÎfl˛ÚÒfl (11). èË Á‡ÔËÒË eµ(p)

Û˜ËÚ˚‚‡ÂÚÒfl Â˘Â Ù‡ÍÚ, ˜ÚÓ  Ë (xr ,

10(d – 1) + d', hj , p) ËÏÂ˛Ú ‡ÁÎË˜Ì˚Â ‚ÂÏÂÌÌ˚Â
Ï‡Ò¯Ú‡·˚ ËÁÏÂÂÌËÈ: ÔÂ‚‡fl ı‡‡ÍÚÂËÁÛÂÚ ‰Â-
Í‡‰ÌÓÂ ÁÌ‡˜ÂÌËÂ ÔÎÓ˘‡‰Ë g-È „‡‰‡ˆËË ÚÓÎ˘ËÌ˚,
‡ ‚ÚÓ‡fl – ÂÂ ÒÛÚÓ˜ÌÓÂ ÁÌ‡˜ÂÌËÂ.

ÑÎfl Â¯ÂÌËfl Á‡‰‡˜Ë (10) ·˚Î ËÒÔÓÎ¸ÁÓ‚‡Ì
‡Á‡·ÓÚ‡ÌÌ˚È ê.ë. ëÚÓÌ„ËÌ˚Ï [12] ËÌÙÓÏ‡-
ˆËÓÌÌÓ-ÒÚ‡ÚËÒÚË˜ÂÒÍËÈ ÏÂÚÓ‰ ÔÓËÒÍ‡ ˝ÍÒÚÂÏÛ-

TF* αa
A( ) αa

S( ) αh
A( ) αh

S( )

β1
A( ) β2

A( ) β1
S( ) β2

S( )

ν1
A( ) ν2

A( ) ν1
S( ) ν2

S( )

Φ p( ) eT p( )e p( ),=

Ardg
D( )

A
j Jg∈∑d ' 1=

10∑

Ardg
D( ) A

j Jg∈∑

0.9558

360
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–10.9645
50 100 150

0.075

1.5
h

ëÛÚÍË

×10–3

Z h
 +

 Z
(F

) h

(‚)

0.9558

360

–1.1902

–3.3362

–5.4822
50 100 150

0.075

1.5
h

ëÛÚÍË

×10–3

 Z
(F

) h

(·)

0.0732
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–1.7786
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h

ëÛÚÍË

×10–3
 Z

h

(‡)

êËÒ. 4. é·ÛÒÎÓ‚ÎÂÌ˚ ÚÓÓ¯ÂÌËÂÏ ÒÂ‰ÌËÂ ËÁÏÂÌÂÌËfl ÔÎÓ˘‡‰ÂÈ ÓÚ‰ÂÎ¸Ì˚ı ÚÓÎ˘ËÌ Á‡ ÒÛÚÍË ‚ ÁÓÌÂ 51.5°–52.5° Ò.¯. ‡Í-

‚‡ÚÓËË üÔÓÌÒÍÓ„Ó ÏÓfl: ‡ – Û˜‡ÒÚÍË ÓÚÍ˚ÚÓÈ ˜‡ÒÚË ‡Í‚‡ÚÓËË ÁÓÌ˚ Zh ≡ [∂ /∂t]Top/ ; · – ÂÂ ÔËÔ‡fl  ≡

≡ [∂ /∂t]Top/ ; ‚ – ÒÓ‚ÓÍÛÔÌÓÂ ‡ÒÔÂ‰ÂÎÂÌËÂ.

Ah AS
* Zh

F( )

Ah
F( )

AS
*
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óÂÚ˚·ÓˆÍËÈ

Ï‡. Ç ˝ÚÓÏ ÒÎÛ˜‡Â ÏÌÓ„ÓÏÂÌ‡fl Á‡‰‡˜‡ Â„Ó ÔÓËÒÍ‡
ÔË‚Ó‰ËÚÒfl Í ÔÓÒÎÂ‰Ó‚‡ÚÂÎ¸ÌÓÒÚË Ó‰ÌÓÏÂÌ˚ı
Á‡‰‡˜ ÔÓËÒÍ‡ ˝ÍÒÚÂÏÛÏ‡. êÂ‰ÛÍˆËfl ‡ÁÏÂÌÓÒÚË
‚˚ÔÓÎÌflÂÚÒfl Ò ÔÓÏÓ˘¸˛ ‡ÔÔÓÍÒËÏ‡ˆËÈ ÍË‚˚ı
èÂ‡ÌÓ ËÎË Ú‡Í Ì‡Á˚‚‡ÂÏ˚ı ‡Á‚ÂÚÓÍ. êÂ¯ÂÌËÂ
˝ÚÓÈ Á‡‰‡˜Ë ÔË‚Ó‰ËÚ Í ÓˆÂÌÍ‡Ï: T* = –7.6 ± 0.8;

 = –6.3 ± 0.7;  = (3.25213 ± 1.41234) × 10–3;

 = (2.00313 ± 0.87690) × 10–3;  = (6.75000 ±
± 3.54372) × 10–3; αhW = (2.00313 ± 0.87690) × 10–3;
αWh = (2.81969 ± 0.68741; βW = 4.74062 ± 0.54146;

 = (7.06250 ± 2.23817) × 10–4;  = (6.75114 ±

± 0.86412) × 10–3;  =  = 21.09382 ± 2.41643;

 = (2.68750 ± 0.86265) × 10–2;  =
(1.93750 ± 0.59215) × 10–2; b(A, 0) = (5.53125 ±
± 1.24344) × 10–2; b(A, T) = (1.49062 ± 0.63352) × 10–2;
b(A, u) = (5.94063 ± 1.93126) × 10–2; b(S, 0) = (5.53125 ±
± 1.47089) × 10–2; b(S, T) = (7.75108 ± 2.09674) × 10–2;
b(S, h) = (3.74941 ± 1.20877) × 10–2; b(S, W) = (1.75017 ±
± 0.93516) × 10–2;  = (2.04688 ± 0.64427) × 10–2;

 = 15.71884 ± 4.38921;  = (7.05313 ± 1.85319) ×
× 10–3;  = 15.71884 ± 4.38921.

TF* αh
A( )

αh
S( ) αhh

S( )

β1
A( ) β1

S( )

β2
A( ) β2

A( )

αa
A( )AS* αa

S( )AS*

ν1
A( )

ν2
A( ) ν1

S( )

ν2
S( )

ÑÎfl ÓˆÂÌÍË ÒÚ‡ÚËÒÚË˜ÂÒÍÓÈ ÒÓÒÚÓflÚÂÎ¸ÌÓÒÚË
ËÒıÓ‰Ì‡fl ‚˚·ÓÍ‡ ·˚Î‡ ‡Á·ËÚ‡ Ì‡ ‰‚Â ˜‡ÒÚË, ÔÂ-
‚‡fl ËÁ ÍÓÚÓ˚ı ı‡‡ÍÚÂËÁÛÂÚ ÎÂ‰flÌÓÈ ÔÓÍÓ‚
‡ÈÓÌÓ‚ ˛ÊÌÓÈ ˜‡ÒÚË, ‡ ‚ÚÓ‡fl – ÓÒÚ‡Î¸Ì˚ı ‡ÈÓ-
ÌÓ‚. ÑÓÔÛÒÚËÏÓÒÚ¸ Ú‡ÍÓ„Ó ‡Á·ËÂÌËfl ‚˚·ÓÍË Ó·Û-
ÒÎÓ‚ÎÂÌ‡ ÌÂÁ‡‚ËÒËÏÓÒÚ¸˛ ÒÓÒÚÓflÌËÈ Î¸‰‡ ˝ÚËı
‡ÈÓÌÓ‚. Ñ‡ÎÂÂ ÔÓˆÂ‰Û‡ ÓˆÂÌÍË Ô‡‡ÏÂÚÓ‚ ‚˚-
ÔÓÎÌflÎ‡Ò¸ Ì‡ ÓÒÌÓ‚‡ÌËË Í‡Ê‰ÓÈ ËÁ ˝ÚËı ‚˚·ÓÓÍ.
ëÓÔÓÒÚ‡‚ÎÂÌËÂ ÔÓÎÛ˜ÂÌÌ˚ı Â¯ÂÌËÈ ÔÓÍ‡Á˚‚‡ÂÚ
Ëı ÔËÂÏÎÂÏÛ˛ ‰Îfl Ô‡ÍÚËÍË ·ÎËÁÓÒÚ¸. í‡Í, ÍÓ˝Ù-
ÙËˆËÂÌÚ ÍÓÂÎflˆËË ÏÂÊ‰Û ‚˚·ÓÓ˜Ì˚ÏË Ë ÏÓ-
‰ÂÎ¸Ì˚ÏË ‡ÒÔÂ‰ÂÎÂÌËflÏË ÚÓÎ˘ËÌ Î¸‰‡ ‰Îfl ·ÓÎ¸-
¯ÂÈ ˜‡ÒÚË ‡ÈÓÌÓ‚ ÏÓfl ÔÂ‚˚¯‡ÂÚ 0.734.

åÓ‰ÂÎ¸ (1) – (7) ÏÓÊÌÓ ËÒÔÓÎ¸ÁÓ‚‡Ú¸ ‰Îfl ÔÓ-
‚Â‰ÂÌËfl ‡ÁÎË˜ÌÓ„Ó Ó‰‡ ÔÓ„ÌÓÒÚË˜ÂÒÍËı ˝ÍÒÔÂ-
ËÏÂÌÚÓ‚. Ç ˜‡ÒÚÌÓÒÚË, ˝ÍÒÔÂËÏÂÌÚÓ‚ ÔÓ ÓˆÂÌÍÂ
ÔÓÒÎÂ‰ÒÚ‚ËÈ ÚÂı ËÎË ËÌ˚ı ÍÎËÏ‡ÚË˜ÂÒÍËı ËÁÏÂÌÂ-
ÌËÈ. àÌÚÂÂÒ Í ‰‡ÌÌÓÈ ÔÓ·ÎÂÏÂ Ó·ÛÒÎÓ‚ÎÂÌ fl-
‰ÓÏ Ó·ÒÚÓflÚÂÎ¸ÒÚ‚. èÂÊ‰Â ‚ÒÂ„Ó ‰Îfl ÔÓ‚Â‰ÂÌËfl
˝ÍÓÎÓ„Ë˜ÂÒÍËı ˝ÍÒÔÂÚËÁ ÚÂ·Û˛ÚÒfl ‡ÁÎË˜ÌÓ„Ó
Ó‰‡ ÍÓÎË˜ÂÒÚ‚ÂÌÌ˚Â ÓˆÂÌÍË ‡ÌÚÓÔÓ„ÂÌÌÓ„Ó
‚ÓÁ‰ÂÈÒÚ‚Ëfl ÔÓÏ˚¯ÎÂÌÌ˚ı Ë ÔÓËÁ‚Ó‰ÒÚ‚ÂÌÌ˚ı
ÔÂ‰ÔËflÚËÈ Ì‡ ÓÍÛÊ‡˛˘Û˛ ÒÂ‰Û. èÓ‰Ó·Ì˚Â
ÓˆÂÌÍË ÔÓÎÂÁÌ˚ ‰Îfl ÍÓÏÔÎÂÍÒÌÓ„Ó ËÁÛ˜ÂÌËfl ‚ÓÁ-
ÏÓÊÌÓ„Ó ÒÓÒÚÓflÌËfl ÍÎËÏ‡ÚË˜ÂÒÍÓÈ ÒËÒÚÂÏ˚. ê‡Ò-
˜ÂÚ˚ ‚˚ÔÓÎÌflÎËÒ¸ ‰Îfl ÛÒÂ‰ÌÂÌÌ˚ı Á‡ ÔÂËÓ‰ Ì‡-
·Î˛‰ÂÌËÈ ÒÂ‰ÌÂÒÛÚÓ˜Ì˚ı ‡ÒÔÂ‰ÂÎÂÌËÈ ÒÍÓÓ-
ÒÚË ‚ÂÚ‡, ‡ ÛÒÂ‰ÌÂÌÌ‡fl Á‡ ÏÌÓ„ÓÎÂÚÌËÈ ÔÂËÓ‰
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êËÒ. 5. ÑËÌ‡ÏËÍ‡ ÒÔÎÓ˜ÂÌÌÓÒÚË Ë ÚÓÎ˘ËÌ ãè ÒÂ‚ÂÌÓÈ ÁÓÌ˚ ‡Í‚‡ÚÓËË üÔÓÌÒÍÓ„Ó ÏÓfl ÔË ËÁÏÂÌÂÌËË ÚÂÏÔÂ‡ÚÛ˚
‚ÓÁ‰Ûı‡ (1 – ËÒıÓÌ˚Â ‡ÒÔÂ‰ÂÎÂÌËfl; 2 – ÏÓ‰ÂÎ¸Ì˚Â ‡ÒÔÂ‰ÂÎÂÌËfl; 3 – ∆T = 0.5°C; 4 – ∆T = 1°C).
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Ì‡·Î˛‰ÂÌËÈ ÒÂ‰ÌÂÒÛÚÓ˜Ì‡fl ÚÂÏÔÂ‡ÚÛ‡ ‚ÓÁ‰Ûı‡
ËÁÏÂÌflÎ‡Ò¸ ‚ ÒÚÓÓÌÛ ÂÂ Û‚ÂÎË˜ÂÌËfl Ò ¯‡„ÓÏ
0.5°ë. êÂÁÛÎ¸Ú‡Ú˚ ‡Ò˜ÂÚÓ‚ ÔË‚Â‰ÂÌ˚ Ì‡ ËÒ. 5.
ëÓ„Î‡ÒÌÓ ˝ÚËÏ ÂÁÛÎ¸Ú‡Ú‡Ï ÔË ÔÓ‚˚¯ÂÌËË ÚÂÏ-
ÔÂ‡ÚÛ˚ ËÏÂÂÚ ÏÂÒÚÓ ÌÂÁÌ‡˜ËÚÂÎ¸ÌÓÂ ËÁÏÂÌÂÌËÂ
ÒÔÎÓ˜ÂÌÌÓÒÚË. íÓ„‰‡ Í‡Í ÒÛ˘ÂÒÚ‚ÂÌÌ˚Ï Ó·‡ÁÓÏ
ËÁÏÂÌflÂÚÒfl ÚÓÎ˘ËÌ‡ Ë ÒÓÓÚ‚ÂÚÒÚ‚Û˛˘ËÂ Ó·˙ÂÏ˚
Î¸‰‡. ÑÓÒÚ‡ÚÓ˜ÌÓ Á‡ÏÂÚËÚ¸, ˜ÚÓ ÔË ÔÓ‚˚¯ÂÌËË
ÚÂÏÔÂ‡ÚÛ˚ 2-ÏÂÚÓ‚Ó„Ó Ì‡‰ÎÂ‰ÌÓ„Ó ÒÎÓfl ‚ÓÁ‰Û-
ı‡ Ì‡ 0.5°ë ÒÛÏÏ‡Ì˚Â ÔÓÚÂË Ó·˙ÂÏÓ‚ Î¸‰‡ ·Û-
‰ÛÚ ÒÓÒÚ‡‚ÎflÚ¸ 2.347 × 1011 Ï3 Î¸‰‡ (31% ÒÓ‚ÂÏÂÌ-
ÌÓ„Ó ÛÓ‚Ìfl), ‡ Ì‡ 1°C ÒÛÏÏ‡Ì˚Â ÔÓÚÂË Ó·˙Â-
ÏÓ‚ Î¸‰‡ ÒÓÒÚ‡‚Îfl˛Ú ÔÓ˜ÚË 3.445 × 1011 Ï3 Î¸‰‡
(46% ÓÚ ÒÓ‚ÂÏÂÌÌÓ„Ó ÛÓ‚Ìfl).

èÓÎÛ˜ÂÌÌ˚Â ÂÁÛÎ¸Ú‡Ú˚ ‰‡˛Ú Ó·˘ÂÂ ÔÂ‰-
ÒÚ‡‚ÎÂÌËÂ Ó ‚ÓÁÏÓÊÌ˚ı ÔÓÒÎÂ‰ÒÚ‚Ëflı ÍÎËÏ‡ÚË˜Â-
ÒÍËı ËÁÏÂÌÂÌËÈ. ÇÂ‰¸ ÔË „ÎÓ·‡Î¸ÌÓÏ ÔÓÚÂÔÎÂ-
ÌËË Û‚ÂÎË˜Ë‚‡ÂÚÒfl ÛÓ‚ÂÌ¸ ÓÒ‡‰ÍÓ‚, ‚ ÒÎÂ‰ÒÚ‚ËÂ
˜Â„Ó ËÁÏÂÌflÂÚÒfl ÒÓÎÂ‚ÓÈ ÂÊËÏ ÏÓfl, Ë ÒÓÓÚ‚ÂÚ-
ÒÚ‚ÂÌÌÓ ÛÒÎÓ‚Ëfl Ë ÚÂÏÔÂ‡ÚÛ‡ ‡ÚÏÓÒÙÂ˚, ÔË
ÍÓÚÓÓÈ ÔÂ‚ÓÌ‡˜‡Î¸ÌÓ ÙÓÏËÛÂÚÒfl ÎÂ‰flÌÓÈ
ÔÓÍÓ‚. äÓÏÂ ÚÓ„Ó, ‚ÓÁÏÓÊÌ˚ ÌÂ Û˜ËÚ˚‚‡ÂÏ˚Â ‚
ÏÓ‰ÂÎË Ó·ÒÚÓflÚÂÎ¸ÒÚ‚‡. é‰Ì‡ÍÓ ‰‡ÊÂ Ë Ì‡ ‰‡ÌÌÓÏ
ÛÓ‚ÌÂ ÔÂ‰ÒÚ‡‚ÎÂÌËÈ ÏÓÊÂÚ ·˚Ú¸ ‚˚ÔÓÎÌÂÌ‡
ÓˆÂÌÍ‡ ˝ÚËı ÔÓÒÎÂ‰ÒÚ‚ËÈ.

Ñ‡Î¸ÌÂÈ¯‡fl ÔÂÒÔÂÍÚË‚‡ ËÒÒÎÂ‰Ó‚‡ÌËÈ ‚Ë‰ËÚ-
Òfl ‚ ‡Á‡·ÓÚÍÂ Ì‡ ÓÒÌÓ‚‡ÌËË Ì‡·ÓÓ‚ ÍÓÒÏÓÒÌËÏ-
ÍÓ‚ ãí ‰ÂÚ‡Î¸ÌÓÈ ÏÓ‰ÂÎË ÙÓÏËÓ‚‡ÌËfl „fl‰ ÚÓ-
ÓÒÓ‚ Ë ÔÓÒÚÓÂÌËÂ Éàë ‰Îfl ÎÂ‰flÌÓ„Ó ÔÓÍÓ‚‡
‰‡Î¸ÌÂ‚ÓÒÚÓ˜Ì˚ı ÏÓÂÈ.

Ä‚ÚÓ ‚˚‡Ê‡ÂÚ ÔËÁÌ‡ÚÂÎ¸ÌÓÒÚ¸ ÔÓÙ.
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ÔÂ‰ÓÒÚ‡‚ÎÂÌÌ˚Â ‡ıË‚˚ ‰‡ÌÌ˚ı Ë ÔÓÎÂÁÌ˚Â Á‡-
ÏÂ˜‡ÌËfl.
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Monitoring and Forecasting of Ice Cover States
of Northern Zone Water Area of Japan Sea

A. N. Chetyrbotskii
Far East Geological Institute, RAS Far East Branch

Question of monitoring of conditions of ice cover of Japan Sea in its strategically important northern zone (zone
51.5°–52.5° Northern latitude) are considered. On the basis of mathematical model of evolution of a sea ice
cover it is existed astimation distributions of thickness of ice this zone. On the basis of mathematical model the
estimation of a condition of an ice cover of the specified zone is executed at change of air temperature.


