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Ç‚Â‰ÂÌËÂ: ËÒÔÓÎ¸ÁÓ‚‡ÌËÂ 
Ï‡ÎÓÔ‡‡ÏÂÚË˜ÂÒÍËı ÏÓ‰ÂÎÂÈ 

‰Îfl ‡Ì‡ÎËÁ‡ ÔÓ‚Â‰ÂÌËfl 
„ÎÓ·‡Î¸ÌÓ„Ó ˆËÍÎ‡ Û„ÎÂÓ‰‡

 

àÁÛ˜ÂÌËÂ ÏÂı‡ÌËÁÏÓ‚ ‚Á‡ËÏÓ‰ÂÈÒÚ‚Ëfl ÍÎËÏ‡Ú‡
Ë ·ËÓÒÙÂ˚, ÔÓ„ÌÓÁ Ëı ˝‚ÓÎ˛ˆËË ÔË ‡ÌÚÓÔÓ„ÂÌ-
ÌÓÏ ‚ÏÂ¯‡ÚÂÎ¸ÒÚ‚Â ÔËÓ·ÂÚ‡˛Ú ‚ÒÂ ·ÓÎ¸¯Û˛ ‡Í-
ÚÛ‡Î¸ÌÓÒÚ¸ ‚ Ò‚flÁË Ò ÔÓÔ˚ÚÍ‡ÏË ˜ÂÎÓ‚ÂÍ‡ ÛÔ‡‚-
ÎflÚ¸ ÌÂÍÓÚÓ˚ÏË ‚‡ÊÌ˚ÏË ı‡‡ÍÚÂËÒÚËÍ‡ÏË ̋ ÚÓÈ
ÒÎÓÊÌÓÈ ÒËÒÚÂÏ˚ ‚ ‡ÏÍ‡ı äËÓÚÒÍÓ„Ó ÔÓÚÓÍÓÎ‡.
åÂÚÓ‰ Ï‡ÚÂÏ‡ÚË˜ÂÒÍÓ„Ó ÏÓ‰ÂÎËÓ‚‡ÌËfl ¯ËÓÍÓ
ËÒÔÓÎ¸ÁÛÂÚÒfl ‰Îfl ̋ ÚÓÈ ̂ ÂÎË ‚ ÒËÎÛ ·ÓÎ¸¯ÓÈ ÒÎÓÊÌÓ-
ÒÚË ÒËÒÚÂÏ˚ ÍÎËÏ‡Ú–·ËÓÒÙÂ‡ Ë ÁÌ‡˜ËÚÂÎ¸ÌÓÈ ÌÂ-
ÓÔÂ‰ÂÎÂÌÌÓÒÚË ‚ ÁÌ‡ÌËflı Ó ÍÓÎË˜ÂÒÚ‚ÂÌÌ˚ı Ë Í‡-
˜ÂÒÚ‚ÂÌÌ˚ı ÂÂ ı‡‡ÍÚÂËÒÚËÍ‡ı ‚ „ÎÓ·‡Î¸ÌÓÏ Ï‡Ò-
¯Ú‡·Â. ç‡Ë·ÓÎÂÂ ‡ÒÔÓÒÚ‡ÌÂÌ˚ ‰‚‡ ÔÓ‰ıÓ‰‡ Í
ÏÓ‰ÂÎËÓ‚‡ÌË˛ ˝ÚÓÈ ÒËÒÚÂÏ˚: ÔÓÒÚ‡ÌÒÚ‚ÂÌÌÓ-
‡ÒÔÂ‰ÂÎÂÌÌ˚È, ÍÓ„‰‡ Û‡‚ÌÂÌËfl ‚ ˜‡ÒÚÌ˚ı ÔÓËÁ-
‚Ó‰Ì˚ı ÚÂÓËË ÍÎËÏ‡Ú‡ ÒÓÔfl„‡˛ÚÒfl Ò ·ËÓÒÙÂÌ˚Ï
·ÎÓÍÓÏ ‚ Í‡Ê‰ÓÈ fl˜ÂÈÍÂ ÁÂÏÌÓÈ ÔÓ‚ÂıÌÓÒÚË, Ë ÎÓ-
Í‡Î¸ÌÓ-ÚÓ˜Â˜Ì˚Â, ‚ ÍÓÚÓ˚ı ‰ËÌ‡ÏËÍ‡ Û„ÎÂÓ‰‡
ÓÔËÒ˚‚‡ÂÚÒfl Ò ÔÓÏÓ˘¸˛ ÒËÒÚÂÏ˚ Ó·˚ÍÌÓ‚ÂÌÌ˚ı
‰ËÙÙÂÂÌˆË‡Î¸Ì˚ı Û‡‚ÌÂÌËÈ (éÑì) Ò Ô‡‡ÏÂÚ‡-
ÏË, Á‡‚ËÒfl˘ËÏË ÓÚ ÍÎËÏ‡ÚË˜ÂÒÍËı ÔÂÂÏÂÌÌ˚ı, Á‡-
‰‡‚‡ÂÏ˚ı ËÁ‚ÌÂ. àÏÂ˛ÚÒfl Ë ‚‡Ë‡ÌÚ˚, ÒÓ˜ÂÚ‡˛˘ËÂ
Ó·‡ ÔÓ‰ıÓ‰‡. ÅÓÎ¸¯ËÌÒÚ‚Ó ÔÓÒÚ‡ÌÒÚ‚ÂÌÌÓ-‡Ò-
ÔÂ‰ÂÎÂÌÌ˚ı ÏÓ‰ÂÎÂÈ „ÎÓ·‡Î¸ÌÓ„Ó ÍÛ„Ó‚ÓÓÚ‡ Û„-
ÎÂÓ‰‡ ·ÂÛÚ Ì‡˜‡ÎÓ ÓÚ ÏÓ‰ÂÎË, ÓÔËÒ‡ÌÌÓÈ ‚ ÏÓÌÓ-

„‡ÙËflı 

 

SCOPE

 

 [1] Ë åÓÒÍÓ‚ÒÍÓÈ ·ËÓÒÙÂÌÓÈ ÏÓ-
‰ÂÎË [2]. éÌË ÔÂ‰ÒÚ‡‚ÎÂÌ˚ ·ÓÎ¸¯ËÏ ÍÓÎË˜ÂÒÚ‚ÓÏ
ÙÛÌÍˆËÓÌËÛ˛˘Ëı ÒÂ„Ó‰Ìfl „ÎÓ·‡Î¸Ì˚ı ÏÓ‰ÂÎÂÈ,
ÒÂ‰Ë ÍÓÚÓ˚ı ÂÒÚ¸ ÓÒÒËÈÒÍËÂ: ÏÓ‰ÂÎ¸ „ÎÓ·‡Î¸Ì˚ı
ÍÛ„Ó‚ÓÓÚÓ‚ Ç.î. ä‡ÔË‚ËÌ‡ [3], ÏÓ‰ÂÎ¸ Û„ÎÂÓ‰-
ÌÓ„Ó ˆËÍÎ‡ ‚ ÒËÒÚÂÏ‡ı ‡ÚÏÓÒÙÂ‡–‡ÒÚËÚÂÎ¸ÌÓÒÚ¸–
ÔÓ˜‚‡ Ë ‡ÚÏÓÒÙÂ‡–ÓÍÂ‡Ì Ä.å. í‡ÍÓ [4], Û„ÎÂÓ‰-
Ì˚È ·ÎÓÍ ‚ ÏÓ‰ÂÎË Ó·˘ÂÈ ˆËÍÛÎflˆËË ‡ÚÏÓÒÙÂ˚
àÇå êÄç [5]. éÌË ı‡‡ÍÚÂËÁÛ˛ÚÒfl ‡ÁÌÓÈ ÒÚÂÔÂ-
Ì¸˛ ÔÓÒÚ‡ÌÒÚ‚ÂÌÌÓ„Ó ‡ÁÂ¯ÂÌËfl Ë ‰ÂÚ‡ÎËÁ‡ˆËË
ÓÒÌÓ‚Ì˚ı ·ËÓ„ÂÓıËÏË˜ÂÒÍËı ÔÓˆÂÒÒÓ‚, ÒÎ‡„‡˛˘Ëı
ÍÛ„Ó‚ÓÓÚ. ä‡Í Ô‡‚ËÎÓ, ÏÌÓ„ËÂ ËÁ ÌËı ËÒÔÓÎ¸ÁÛ-
˛Ú ‚ Ò‚flÁÍÂ Ò ÏÓ‰ÂÎ¸˛ ˆËÍÎ‡ ÏÓ‰ÂÎ¸ „ÎÓ·‡Î¸ÌÓ„Ó
‡ÒÔÂ‰ÂÎÂÌËfl ‡ÒÚËÚÂÎ¸ÌÓÒÚË (

 

GVM

 

 – 

 

Global

 

 

 

Vege-
tation

 

 

 

Model

 

), ˜ÚÓ·˚ ÓˆÂÌË‚‡Ú¸ ËÁÏÂÌÂÌËÂ ‡ÁÏÂ˘Â-
ÌËfl ÓÒÌÓ‚Ì˚ı ·ËÓÏÓ‚ ÁÂÏÌÓÈ ÒÛ¯Ë ÔË ‡ÌÚÓÔÓ„ÂÌ-
Ì˚ı ‚ÓÁÏÛ˘ÂÌËflı Ë ËÁÏÂÌÂÌËË ÍÎËÏ‡Ú‡ [6]. 

Ç „ÎÓ·‡Î¸ÌÓ-ÓÒÂ‰ÌÂÌÌ˚ı ÔÓ ÁÂÏÌÓÏÛ ¯‡Û ÏÓ-
‰ÂÎflı ·ËÓÎÓ„Ë˜ÂÒÍËÂ ÍÓÏÔÓÌÂÌÚ˚ ÍÛ„Ó‚ÓÓÚ‡
ÏÓÊÌÓ ÔÂ‰ÒÚ‡‚ÎflÚ¸ ÂÁÂ‚Û‡‡ÏË Û„ÎÂÓ‰‡, Ò‚fl-
Á‡ÌÌ˚ÏË ÏÂÊ‰Û ÒÓ·ÓÈ ÔÓÚÓÍ‡ÏË. í‡ÍËÂ ÏÓ‰ÂÎË Ì‡-
Á˚‚‡˛ÚÒfl ÌÛÎ¸ÏÂÌ˚ÏË. àÒÚÓË˜ÂÒÍË ÔÂ‚ÓÈ ËÁ
ÌËı ·˚Î‡ ÏÓ‰ÂÎ¸ Ç.Ä. äÓÒÚËˆ˚Ì‡ 1935 „. [7], ·ÓÎ¸-
¯ÓÂ ÍÓÎË˜ÂÒÚ‚Ó Ú‡ÍËı ÏÓ‰ÂÎÂÈ ·˚ÎÓ ‡Á‡·ÓÚ‡ÌÓ ‚
80-Â „Ó‰˚. êÂÁÛÎ¸Ú‡Ú˚ ˜ËÒÎÂÌÌ˚ı ˝ÍÒÔÂËÏÂÌÚÓ‚ Ò
ÌËÏË ÓÔËÒ‡Ì˚ ‚ ‡·ÓÚ‡ı [8, 9]. ê‡ÒÒÏÓÚÂÌ˚ ÏÓ‰ÂÎË
Ò ̃ ËÒÎÓÏ ·ÎÓÍÓ‚ ÓÚ ̃ ÂÚ˚Âı ‰Ó ÒÂÏË Í‡Í Ò ÎËÌÂÈÌ˚-
ÏË, Ú‡Í Ë Ò ÌÂÎËÌÂÈÌ˚ÏË ‚Á‡ËÏÓ‰ÂÈÒÚ‚ËflÏË ÔË Á‡-
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àÒÒÎÂ‰Û˛ÚÒfl Á‡ÏÍÌÛÚ‡fl ‰ËÌ‡ÏË˜ÂÒÍ‡fl ·ÎÓÍÓ‚‡fl ÏÓ‰ÂÎ¸ „ÎÓ·‡Î¸ÌÓ„Ó ÍÛ„Ó‚ÓÓÚ‡ Û„ÎÂÓ‰‡ Ë ÂÂ ÏÓ‰ËÙË-
Í‡ˆËË Ò Ï‡Î˚Ï ˜ËÒÎÓÏ ‚ÌÂ¯ÌËı Ô‡‡ÏÂÚÓ‚, ÔÓÒÚÓÂÌÌ˚Â ÔÓ ‰‡ÌÌ˚Ï Ó ÒÓ‚ÂÏÂÌÌ˚ı Ë ‰ÓËÌ‰ÛÒÚË‡Î¸-
Ì˚ı ÔÓÚÓÍ‡ı Ë Á‡Ô‡Ò‡ı Û„ÎÂÓ‰‡ ‚ ÂÁÂ‚Û‡‡ı. èÂ‚˚Ï ‚ÓÁÏÓÊÌ˚Ï ÛÔ‡‚Îfl˛˘ËÏ Ô‡‡ÏÂÚÓÏ fl‚ÎflÂÚÒfl
‚ÂÎË˜ËÌ‡ ‡ÌÚÓÔÓ„ÂÌÌÓ„Ó ‚˚·ÓÒ‡ 

 

CO

 

2

 

 ‚ ‡ÚÏÓÒÙÂÛ. á‡ÏÍÌÛÚÓÒÚ¸ ÔÓ ‚Â˘ÂÒÚ‚Û ÔÓÁ‚ÓÎflÂÚ ÒÌËÁËÚ¸ ‡Á-
ÏÂÌÓÒÚ¸ ‰ËÌ‡ÏË˜ÂÒÍËı ÏÓ‰ÂÎÂÈ Ë ‰‡ÂÚ ‚ÚÓÓÈ ËÁÏÂÌflÂÏ˚È Ô‡‡ÏÂÚ – Ó·˘Û˛ Ï‡ÒÒÛ ÒËÒÚÂÏ˚, ËÁÏÂÌÂÌËÂ
ÍÓÚÓÓÈ ÓÚ‡Ê‡ÂÚ ÛÓ‚ÂÌ¸ ÌÂÓÔÂ‰ÂÎÂÌÌÓÒÚË ‚ ÁÌ‡ÌËË ÍÓÎË˜ÂÒÚ‚ÂÌÌ˚ı ‚ÂÎË˜ËÌ Á‡Ô‡ÒÓ‚. ä‡ÎË·Ó‚Í‡ ÌÂ-
Ì‡Ò˚˘ÂÌÌ˚ı ÔÓÚÓÍÓ‚ Í‡Ê‰ÓÈ ËÁ ÏÓ‰ÂÎÂÈ ÓÒÌÓ‚‡Ì‡ Ì‡ ‡Î„ÓËÚÏÂ, ‡Á‡·ÓÚ‡ÌÌÓÏ ‡ÌÂÂ ‰Îfl ÎÓÍ‡Î¸Ì˚ı
˝ÍÓÒËÒÚÂÏ, ‡ ‰Îfl ‚˚˜ËÒÎÂÌËfl ÍÓ˝ÙÙËˆËÂÌÚÓ‚ ÔÓÚÓÍÓ‚ Ò Ì‡Ò˚˘ÂÌËÂÏ ËÒÔÓÎ¸ÁÛ˛ÚÒfl ËÁÏÂÂÌÌ˚Â ‡ÁÌÓÒÚË
ÔÓÚË‚ÓÔÓÎÓÊÌ˚ı ÔÓ ÁÌ‡ÍÛ ÔÓÚÓÍÓ‚ ‰Îfl ÌÂÒÍÓÎ¸ÍËı ÏÓÏÂÌÚÓ‚ ‚ÂÏÂÌË. åÓ‰ËÙËÍ‡ˆËË ÏÓ‰ÂÎË ÔÂ‰Û-
ÒÏ‡ÚË‚‡˛Ú ÓˆÂÌÍÛ ÒÚÂÔÂÌË ‚Ó‚ÎÂ˜ÂÌËfl ‰ÂflÚÂÎ¸ÌÓ„Ó ÒÎÓfl ÓÍÂ‡Ì‡ ‚ ·˚ÒÚ˚È Ó·ÏÂÌ Ò ‡ÚÏÓÒÙÂÓÈ Ë ‚‚Â-
‰ÂÌËÂ Ù‡ÍÚÓ‡ ÁÂÏÎÂÔÓÎ¸ÁÓ‚‡ÌËfl Í‡Í ‰ÓÔÓÎÌËÚÂÎ¸ÌÓ„Ó ‡ÌÚÓÔÓ„ÂÌÌÓ„Ó ‚ÎËflÌËfl. ê‡ÒÒ˜ËÚ‡Ì˚ ‚ÂÏÂÌ-
Ì Â Ú‡ÂÍÚÓËË Á‡Ô‡ÒÓ‚ Û„ÎÂÓ‰‡ ‚ ÂÁÂ‚Û‡‡ı ‰Ó 2100 „. ÔË ËÁÏÂÌÂÌËfl ‡ÌÚÓÔÓ„ÂÌÌ˚ı ‚˚·ÓÒÓ‚ ‚ ÒÓ-
ÓÚ‚ÂÚÒÚ‚ËË Ò ÓÒÌÓ‚Ì˚ÏË ÒˆÂÌ‡ËflÏË åÉùàä ‰Ó 2100 „. ‰Îfl ·‡ÁÓ‚ÓÈ ÏÓ‰ÂÎË Ë ÂÂ ÏÓ‰ËÙËÍ‡ˆËÈ.
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ÉËÌÁ·Û„, á‡‚‡ÎË¯ËÌ

 

‰‡ÌËË fl‚ÌÓÈ ‚ÂÏÂÌÌ

 

ó

 

È Á‡‚ËÒËÏÓÒÚË ‡ÌÚÓÔÓ„ÂÌÌÓ-
„Ó ËÒÚÓ˜ÌËÍ‡ 

 

CO

 

2

 

. èÓÎÌÓÒÚ¸˛ ÎËÌÂÈÌ‡fl ÔÓ Á‡Ô‡Ò‡Ï
ÏÓ‰ÂÎ¸ ‰ÂÏÓÌÒÚËÛÂÚ Â‰ËÌÒÚ‚ÂÌÌÓÂ ‡‚ÌÓ‚ÂÒÌÓÂ
ÒÓÒÚÓflÌËÂ, ÒÍÓÓÒÚ¸ ‰ÓÒÚËÊËÏÓÒÚË ÍÓÚÓÓ„Ó Á‡‚Ë-
ÒËÚ ÓÚ ËÌÚÂÌÒË‚ÌÓÒÚÂÈ Ó·ÏÂÌÌ˚ı ÔÓÚÓÍÓ‚ ÏÂÊ‰Û
ÂÁÂ‚Û‡‡ÏË. èË ÔÓÒÚÓflÌÌÓÏ „Ó‰Ó‚ÓÏ ËÒÚÓ˜ÌËÍÂ
‡ÌÚÓÔÓ„ÂÌÌÓ„Ó 

 

CO

 

2

 

 ÏÓ‰ÂÎË ˝ÚÓ„Ó ÚËÔ‡ ‰‡˛Ú ÎË-
ÌÂÈÌ˚È ÓÒÚ ÒÓ‰ÂÊ‡ÌËfl Û„ÎÂÓ‰‡ ‚ ‡ÚÏÓÒÙÂÂ [8].
çÓ‚ÓÂ ÔÂ‰ÂÎ¸ÌÓÂ ÒÓÒÚÓflÌËÂ Û„ÎÂÓ‰ÌÓ„Ó ̂ ËÍÎ‡ ı‡-
‡ÍÚÂËÁÛÂÚÒfl ÔÂÂÍ‡˜ÍÓÈ Â„Ó ËÁ·˚ÚÓ˜ÌÓÈ Ï‡ÒÒ˚ ‚
„ÎÛ·ÓÍËÈ ÓÍÂ‡Ì Ë ËÒÍÎ˛˜ÂÌËÂÏ ÂÂ ËÁ ‡ÍÚË‚ÌÓÈ Ù‡-
Á˚ ÍÛ„Ó‚ÓÓÚ‡. í‡ÍÓÈ ÂÁÛÎ¸Ú‡Ú ‰‡˛Ú Ë ‰Û„ËÂ
·ÎÓ˜Ì˚Â ÏÓ‰ÂÎË Ò ÌÂÎËÌÂÈÌ˚ÏË ÙÓÏ‡ÏË ‚Á‡ËÏÓ-
‰ÂÈÒÚ‚ËÈ ÂÁÂ‚Û‡Ó‚, ‡ÁÎË˜‡flÒ¸ ÍÓÌÍÂÚÌ˚ÏË
ÔÓ„ÌÓÁ‡ÏË ÒÓ‰ÂÊ‡ÌËfl Û„ÎÂÓ‰‡ ‚ ÌËı ‚ Á‡‚ËÒËÏÓ-
ÒÚË ÓÚ ÔËÌËÏ‡ÂÏÓÈ ÒÚÛÍÚÛ˚ ÂÁÂ‚Û‡Ó‚, ‰ËÌ‡-
ÏËÍË ÔÓÏ˚¯ÎÂÌÌ˚ı ‚˚·ÓÒÓ‚ Ë ËÒÔÓÎ¸ÁÓ‚‡ÌËfl
ÁÂÏÂÎ¸ (

 

land

 

 

 

use

 

). åÓ‰ÂÎË Ò ÔÓ‰ÍÎ˛˜ÂÌËÂÏ ÒÂ‰ÌÂ-
„Ó‰Ó‚ÓÈ ÔÓ‚ÂıÌÓÒÚÌÓÈ ÚÂÏÔÂ‡ÚÛ˚ ÒÛ¯Ë [10, 11]
ÔÂ‰Î‡„‡˛Ú ·ÓÎÂÂ ‡ÁÌÓÓ·‡ÁÌ˚Â ÒˆÂÌ‡ËË ‰ËÌ‡-
ÏËÍË ÍÛ„Ó‚ÓÓÚ‡ Û„ÎÂÓ‰‡ Ò ÏÌÓÊÂÒÚ‚ÂÌÌ˚ÏË ‡‚-
ÌÓ‚ÂÒËflÏË (“‚ËÚÛ‡Î¸Ì˚Â ·ËÓÒÙÂ˚”) Ë ·˚ÒÚ˚ÏË
(Í‡Ú‡ÒÚÓÙË˜ÂÒÍËÏË) ÔÂÂıÓ‰‡ÏË ÏÂÊ‰Û ÌËÏË. é‰-
Ì‡ÍÓ Ô‡‡ÏÂÚË˜ÂÒÍËÈ ‡Ì‡ÎËÁ ˝ÚËı ÏÓ‰ÂÎÂÈ Ô‡Í-
ÚË˜ÂÒÍË ÌÂ ÔÓ‚Ó‰ËÎÒfl. ä‡˜ÂÒÚ‚ÂÌÌÓÂ ËÎË ‡Ì‡ÎËÚË-
˜ÂÒÍÓÂ ËÒÒÎÂ‰Ó‚‡ÌËÂ ‰‡ÊÂ ÏËÌËÏ‡Î¸Ì˚ı ÌÛÎ¸ÏÂ-
Ì˚ı ÏÓ‰ÂÎÂÈ – ÒÍÓÂÂ ËÒÍÎ˛˜ÂÌËÂ, ˜ÂÏ Ô‡‚ËÎÓ. Ç
˜ËÒÎÂ Ú‡ÍËı ËÒÍÎ˛˜ÂÌËÈ ÏÓÊÌÓ ÛÔÓÏflÌÛÚ¸ ÔÂ‰ÚÂ-
˜Û ‚ÒÂı ÏÓ‰ÂÎÂÈ „ÎÓ·‡Î¸Ì˚ı ˆËÍÎÓ‚, ÔÓÒÚÓÂÌÌÛ˛
Ç.Ä. äÓÒÚËˆ˚Ì˚Ï [7], ‡ Ú‡ÍÊÂ ÒËÒÚÂÏÛ ÚÂÏÔÂ‡ÚÛ-
ÌÓ-Á‡‚ËÒËÏ˚ı ˆËÍÎÓ‚ Û„ÎÂÓ‰‡ Ë ‚Ó‰˚ û.å. ë‚ËÂ-
ÊÂ‚‡ Ë Ç. ÙÓÌ ÅÎÓ [10, 12] Ë ÒÓÔflÊÂÌÌÛ˛ Ò ÚÂÏÔÂ-
‡ÚÛÌ˚ÏË Û‡‚ÌÂÌËflÏË ÒÎÓÂ‚ ‡ÚÏÓÒÙÂ˚ ÎËÌÂÈ-
ÌÛ˛ ÌÂ‡‚ÚÓÌÓÏÌÛ˛ ÏÓ‰ÂÎ¸ ÅÓËÒÂÌÍÓ‚‡ [8, 9]. Ç
ÏÓ‰ÂÎflı ë‚ËÂÊÂ‚‡ – ÙÓÌ ÅÎÓ ËÒÒÎÂ‰Ó‚‡Ì‡ ÒÚÛÍ-
ÚÛ‡ Ù‡ÁÓ‚Ó„Ó ÔÓÚÂÚ‡ Ë Ó·Î‡ÒÚÂÈ ÔËÚflÊÂÌËfl
‡ÁÎË˜Ì˚ı ‡‚ÌÓ‚ÂÒÌ˚ı ÒÓÒÚÓflÌËÈ Ì‡ ÔÎÓÒÍÓÒÚË
Ô‡‡ÏÂÚÓ‚, ÒÓÓÚ‚ÂÚÒÚ‚Û˛˘Ëı ÔÓÎÌ˚Ï ÍÓÎË˜Â-
ÒÚ‚‡Ï ‚Ó‰˚ Ë Û„ÎÂÓ‰‡ Ì‡ ÔÎ‡ÌÂÚÂ. é‰Ì‡ÍÓ ‚ ˝ÚÓÈ
ÏÓ‰ÂÎË ÌÂ Á‡‰ÂÈÒÚ‚Ó‚‡Ì ÓÍÂ‡Ì, ˜ÚÓ Ó„‡ÌË˜Ë‚‡ÂÚ
ÔÓ„ÌÓÒÚË˜ÂÒÍÛ˛ ˆÂÌÌÓÒÚ¸ ‚˚‚Ó‰Ó‚ Ó ‰ËÌ‡ÏËÍÂ Â-
„ÛÎËÓ‚‡ÌËfl ÍÎËÏ‡Ú‡ ·ËÓÒÙÂÓÈ ÔË ‡ÌÚÓÔÓ„ÂÌ-
ÌÓÏ ‚ÏÂ¯‡ÚÂÎ¸ÒÚ‚Â, ÔÓÒÍÓÎ¸ÍÛ ˜Û‚ÒÚ‚ËÚÂÎ¸ÌÓÒÚ¸
Û„ÎÂÓ‰ÌÓ„Ó Ó·ÏÂÌ‡ Ì‡ „‡ÌËˆÂ ÓÍÂ‡Ì–‡ÚÏÓÒÙÂ‡ Í
ËÁÏÂÌÂÌË˛ ÍÎËÏ‡Ú‡ ÒÚ‡Î‡ ‚ ÔÓÒÎÂ‰ÌËÂ „Ó‰˚ ÔÂ‰-
ÏÂÚÓÏ ‡ÍÚË‚ÌÓÈ ‰ËÒÍÛÒÒËË [3]. ê‡·ÓÚ‡ ä‚ÓÌ‡ Ë òÌÛ-
‡ [13] ‰ÂÏÓÌÒÚËÛÂÚ ËÏËÚ‡ˆËÓÌÌ˚Â ‚˚˜ËÒÎËÚÂÎ¸-
Ì˚Â ˝ÍÒÔÂËÏÂÌÚ˚ Ò ·ÎÓÍÓ‚ÓÈ ÏÓ‰ÂÎ¸˛, ÒÓÁ‰‡ÌÌÓÈ
Ì‡ ÓÒÌÓ‚Â Á‡‡ÌÂÂ Á‡‰‡‚‡ÂÏ˚ı ÙÛÌÍˆËÓÌ‡Î¸Ì˚ı Á‡-
‚ËÒËÏÓÒÚÂÈ Û‰ÂÎ¸Ì˚ı ÔÓÚÓÍÓ‚ Û„ÎÂÓ‰‡ Ì‡ Â‰ËÌËˆÛ
ÔÎÓ˘‡‰Ë ËÎË Ó·˙ÂÏ‡ ÂÁÂ‚Û‡‡ ÓÚ Â„Ó ÍÓÌˆÂÌÚ‡-
ˆËË Ò Û˜ÂÚÓÏ ÒÂ‰ÌÂ„ÎÓ·‡Î¸ÌÓÈ ÚÂÏÔÂ‡ÚÛ˚ ÔË-
ÁÂÏÌÓ„Ó ÒÎÓfl ‚ÓÁ‰Ûı‡. é„‡ÌË˜ÂÌËÂÏ ÔÓ‰ıÓ‰‡ ‡‚-
ÚÓÓ‚ fl‚ÎflÂÚÒfl ÌÂÓ·ıÓ‰ËÏÓÒÚ¸ Û˜ÂÚ‡ ÔÎÓ˘‡‰ÂÈ Ë
Ó·˙ÂÏÓ‚, Á‡ÌflÚ˚ı ‡ÁÌ˚ÏË ·ÎÓÍ‡ÏË, ‚ „ÎÓ·‡Î¸ÌÓÏ
Ï‡Ò¯Ú‡·Â, ˜ÚÓ ‚ ÏÓ‰ÂÎË ‰ÂÎ‡ÂÚÒfl ÔÓÒÂ‰ÒÚ‚ÓÏ ÍÓÌ-
ÒÚ‡ÌÚ, ‚ ÚÓ ‚ÂÏfl Í‡Í ˝ÚË ‚ÂÎË˜ËÌ˚ ÒÔÓÒÓ·Ì˚ ÏÂ-
ÌflÚ¸Òfl ‚ Á‡‚ËÒËÏÓÒÚË ÓÚ ÍÎËÏ‡ÚË˜ÂÒÍËı Ô‡‡ÏÂÚÓ‚.
ÄÌ‡ÎÓ„Ë˜Ì‡fl ÏÓ‰ÂÎ¸ ÔÓÒÚÓÂÌ‡ ãÂÌÚÓÌÓÏ [14] Ë ÓÚ-

ÎË˜‡ÂÚÒfl Ô‡‡ÏÂÚËÁ‡ˆËÂÈ ÔÓÚÓÍÓ‚ ÙÓÚÓÒËÌÚÂÁ‡ ÒÛ-
¯Ë Ë Ó·ÏÂÌ‡ ÓÍÂ‡Ì–‡ÚÏÓÒÙÂ‡. åÓ‰ÂÎ¸ ÔÂ‰ÒÍ‡Á˚-
‚‡ÂÚ ÛÓ‚ÌË ÒÓ‰ÂÊ‡ÌËfl Û„ÎÂÓ‰‡ ‚ ÓÒÌÓ‚Ì˚ı ÂÁÂ-
‚Û‡‡ı ÔË ‰ÂÈÒÚ‚ËË ÒˆÂÌ‡ËÂ‚ ÛÔ‡‚ÎÂÌËfl
‚˚·ÓÒ‡ÏË ÔÂ‰ÎÓÊÂÌÌ˚ı ‚ íÂÚ¸ÂÏ ‰ÓÍÎ‡‰Â
åÉùàä [15]. ç‡ ÓÒÌÓ‚Â ÏÓ‰ÂÎÂÈ ãÂÌÚÓÌ‡ Ë ä‚ÓÌ‡–
òÌÛ‡ ÔÓÒÚÓÂÌ Û„ÎÂÓ‰Ì˚È ·ÎÓÍ ÍÎËÏ‡ÚË˜ÂÒÍÓÈ
ÏÓ‰ÂÎË ÔÓÏÂÊÛÚÓ˜ÌÓÈ ÒÎÓÊÌÓÒÚË àîÄ êÄç
[16, 17]. ÑÛ„ËÂ ÏËÌËÏ‡Î¸Ì˚Â ÏÓ‰ÂÎË ÎË·Ó ‡Ì‡ÎËÁË-
Û˛ÚÒfl ˜ËÒÎÂÌÌÓ [18, 19], ÎË·Ó ‰ÂÏÓÌÒÚËÛ˛Ú Í‡-
ÍÓÈ-ÎË·Ó ÓÚ‰ÂÎ¸Ì˚È ‡ÒÔÂÍÚ ÔÓ·ÎÂÏ˚ ·ÂÁ ‰ÓÒÚ‡ÚÓ˜-
ÌÓ ÔÓÎÌÓ„Ó Ï‡ÚÂÏ‡ÚË˜ÂÒÍÓ„Ó ËÒÒÎÂ‰Ó‚‡ÌËfl. Ö˘Â
Ó‰ËÌ ‡ÒÔÂÍÚ ÔÓ·ÎÂÏ˚ ÒÓÒÚÓËÚ ‚ ÌÂÓÔÂ‰ÂÎÂÌÌÓÒÚË
ÁÌ‡ÌËÈ Ó ÏÌÓ„Ëı ‚Á‡ËÏÓ‰ÂÈÒÚ‚Ëflı ÔÓˆÂÒÒÓ‚, ÒÓÒÚ‡‚-
Îfl˛˘Ëı ÍÛ„Ó‚ÓÓÚ [3], ̃ ÚÓ ÔË‚Ó‰ËÚ Í ÌÂÓ·ıÓ‰ËÏÓ-
ÒÚË ‡Ì‡ÎËÁ‡ ÌÂ Ó‰ÌÓÈ ÊÂÒÚÍÓ Á‡‰‡ÌÌÓÈ ÒËÒÚÂÏ˚
Û‡‚ÌÂÌËÈ, ‡ ÒÂÏÂÈÒÚ‚‡ ÒËÒÚÂÏ, Ó·Î‡‰‡˛˘Ëı Ó·˘Ë-
ÏË Ò‚ÓÈÒÚ‚‡ÏË. 

ñÂÎ¸˛ ‡·ÓÚ˚ fl‚ÎflÂÚÒfl ËÒÒÎÂ‰Ó‚‡ÌËÂ ÛÒÚÓÈ˜Ë-
‚ÓÒÚË Ë ˝‚ÓÎ˛ˆËË ‰ÓËÌ‰ÛÒÚË‡Î¸Ì˚ı, ÒÓ‚ÂÏÂÌÌ˚ı
Ë ÔÓÚÂÌˆË‡Î¸ÌÓ ‚ÓÁÏÓÊÌ˚ı ‰ËÌ‡ÏË˜ÂÒÍËı ÂÊËÏÓ‚
ÙÛÌÍˆËÓÌËÓ‚‡ÌËfl „ÎÓ·‡Î¸ÌÓ„Ó ̂ ËÍÎ‡ Û„ÎÂÓ‰‡ ÔË
ËÁÏÂÌÂÌËË ÍÎËÏ‡ÚË˜ÂÒÍËı Ô‡‡ÏÂÚÓ‚ Ë ‡ÌÚÓÔÓ-
„ÂÌÌÓÈ Ì‡„ÛÁÍË Ì‡ ÓÒÌÓ‚Â ÌÛÎ¸ÏÂÌÓÈ “ÏËÌËÏ‡Î¸-
ÌÓÈ” ·ÎÓÍÓ‚ÓÈ ÏÓ‰ÂÎË Ë ÂÂ ÏÓ‰ËÙËÍ‡ˆËÈ, ÔÓÒÚÓÂÌ-
Ì˚ı ÔÓ ‰Ë‡„‡ÏÏ‡Ï Á‡Ô‡ÒÓ‚ Ë ÔÓÚÓÍÓ‚ Û„ÎÂÓ‰‡.

 

Ä„Â„‡ˆËfl ÏÌÓ„ÓÏÂÌ˚ı ÒıÂÏ 
„ÎÓ·‡Î¸ÌÓ„Ó ˆËÍÎ‡ Û„ÎÂÓ‰‡ 

Ë ÙÓÏ˚ ‰ËÌ‡ÏË˜ÂÒÍÓÈ ÏÓ‰ÂÎË

 

éÒÌÓ‚ÓÈ ‰Îfl ÏÓ‰ÂÎËÛÂÏÓÈ ÒıÂÏ˚ „ÎÓ·‡Î¸ÌÓ„Ó
Û„ÎÂÓ‰ÌÓ„Ó ˆËÍÎ‡ ÒÚ‡Î‡ ÒÓ‚ÓÍÛÔÌÓÒÚ¸ ÓˆÂÌÓÍ ËÁ
Ò·ÓÌËÍ‡ 
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 [20] Ë óÂÚ‚ÂÚÓ„Ó ÓÚ˜ÂÚ‡ åÉùàä
[21], ÍÓÚÓ˚Â ÒÓ‰ÂÊ‡Ú ‰‡ÌÌ˚Â Í‡Í ‰Îfl ÒÓ‚ÂÏÂÌ-
ÌÓ„Ó, Ú‡Í Ë ‰Îfl ‰ÓËÌ‰ÛÒÚË‡Î¸ÌÓ„Ó ÒÓÒÚÓflÌËÈ ÍÛ„Ó-
‚ÓÓÚ‡. Ç ÓÚ‰ÂÎ¸Ì˚ı ÒÎÛ˜‡flı ËÒÔÓÎ¸ÁÓ‚‡Ì˚ ÓˆÂÌÍË
ËÁ íÂÚ¸Â„Ó ÓÚ˜ÂÚ‡ åÉùàä [15]. ÑÓÔÓÎÌËÚÂÎ¸Ì‡fl
ËÌÙÓÏ‡ˆËfl ‚ÁflÚ‡ ËÁ ‡·ÓÚ [13, 22], ÒıÂÏ˚ ËÁ ÍÓÚÓ-
˚ı ËÒÔÓÎ¸ÁÓ‚‡ÎËÒ¸ ‡ÌÂÂ ‰Îfl ÏÓ‰ÂÎËÓ‚‡ÌËfl ·‡-
Î‡ÌÒÓ‚ ‚ ‡·ÓÚÂ [23] Ë ÔÓÍ‡Á‡Ì˚ ‚ Í‡˜ÂÒÚ‚Â ÔËÏÂ‡
ÏÌÓ„ÓÍÓÏÔÓÌÂÌÚÌ˚ı ÒıÂÏ Ì‡ ËÒ. 1.

ëÓ‚ÂÏÂÌÌ˚Â ÁÌ‡ÌËfl Ó ÍÛ„Ó‚ÓÓÚÂ Û„ÎÂÓ‰‡
‚ÍÎ˛˜‡˛Ú ËÌÙÓÏ‡ˆË˛ Ó ‚Á‡ËÏÓ‰ÂÈÒÚ‚Ëflı ‡ÚÏÓ-
ÒÙÂ‡–ÒÛ¯‡ Ë ‡ÚÏÓÒÙÂ‡–ÓÍÂ‡Ì, Ó· Û˜‡ÒÚËË ·ËÓ-
ÒÙÂ˚ ‚ Û„ÎÂÓ‰ÌÓÏ Ó·ÏÂÌÂ, ÍÓÚÓ‡fl fl‚ÎflÂÚÒfl ÍÎ˛-
˜Â‚ÓÈ ‚ ÔÂ‰ÒÚ‡‚ÎÂÌËflı Û˜ÂÌ˚ı Ó ÒÓÒÚ‡‚Îfl˛˘Ëı Â„Ó
ÔÓˆÂÒÒ‡ı Ë Ëı Ò‚flÁË Ò ÍÎËÏ‡ÚË˜ÂÒÍÓÈ Ï‡¯ËÌÓÈ
áÂÏÎË. Ñ‡ÌÌ˚Â Ó Á‡Ô‡Ò‡ı ÂÁÂ‚Û‡Ó‚ Ë ÔÓÚÓÍ‡ı Û„-
ÎÂÓ‰‡ ËÁ ‡·ÓÚ [15, 20], ‡„Â„ËÓ‚‡Ì˚ ‚ ˜ÂÚ˚Âı-
·ÎÓÍÓ‚Û˛ ÒıÂÏÛ, ‚ÍÎ˛˜‡˛˘Û˛ ‡ÚÏÓÒÙÂÛ (
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), ·ËÓ-
ÚÛ Ë ÔÓ˜‚Û (
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), ÓÍÂ‡Ì Ò ÓÁÂÌÓ-Â˜ÌÓÈ ÒËÒÚÂÏÓÈ (
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)
Ë ÎËÚÓÒÙÂÛ (

 

x

 

4

 

) ‚ Í‡˜ÂÒÚ‚Â ÂÁÂ‚Û‡Ó‚. ùÚ‡ ÒıÂÏ‡
‚ ‰‡Î¸ÌÂÈ¯ÂÏ Ì‡Á˚‚‡ÂÚÒfl ·‡ÁÓ‚ÓÈ. èÓ‰ ‡„Â„‡ˆËÂÈ
ÔÓÌËÏ‡ÂÚÒfl Ó·˙Â‰ËÌÂÌËÂ ÌÂÒÍÓÎ¸ÍËı, ‚ÓÁÏÓÊÌÓ
‡ÁÌÓÓ‰Ì˚ı, ·ÎÓÍÓ‚ ‚ Ó‰ËÌ ‚ÏÂÒÚÂ Ò ÒÓÓÚ‚ÂÚÒÚ‚Û˛-
˘ËÏË ÔÓÚÓÍ‡ÏË. ç‡ ËÒ. 2‡ ÔÓÍ‡Á‡Ì˚ ̃ ËÒÎÂÌÌ˚Â Â-
‡ÎËÁ‡ˆËË ·‡ÁÓ‚ÓÈ ÒıÂÏ˚ ‰Îfl ‰ÓËÌ‰ÛÒÚË‡Î¸ÌÓ„Ó Ë



 

àáÇÖëíàü êÄç. îàáàäÄ ÄíåéëîÖêõ à éäÖÄçÄ      ÚÓÏ 44      ‹ 6      2008

 

àëëãÖÑéÇÄçàÖ ÑàçÄåàäà ÉãéÅÄãúçéÉé ìÉãÖêéÑçéÉé ñàäãÄ

 

739

 

ÒÓ‚ÂÏÂÌÌÓ„Ó ÒÓÒÚÓflÌËÈ ÍÛ„Ó‚ÓÓÚ‡ Û„ÎÂÓ‰‡. é‰-
ÌËÏ ËÁ Ô‡‡ÏÂÚÓ‚ ÒËÒÚÂÏ˚ fl‚ÎflÂÚÒfl ËÌÚÂÌÒË‚-
ÌÓÒÚ¸ ‡ÌÚÓÔÓ„ÂÌÌ˚ı ‚˚·ÓÒÓ‚, ‡ ‰Û„ËÏ – ÔÓÎÌÓÂ
ÍÓÎË˜ÂÒÚ‚Ó (‚ Ï‡ÒÒÓ‚˚ı Â‰ËÌËˆ‡ı) Û„ÎÂÓ‰‡ 
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 ‚ Â-
ÁÂ‚Û‡‡ı. ïÓÚfl ÓÌÓ ÙËÁË˜ÂÒÍË fl‚ÎflÂÚÒfl ÔÓÒÚÓflÌ-
Ì˚Ï, ÌÂÚÓ˜ÌÓÒÚ¸ ÁÌ‡ÌËÈ Ó Á‡Ô‡Ò‡ı ÓÚ‰ÂÎ¸Ì˚ı ÂÁÂ-
‚Û‡Ó‚ ÔÓÁ‚ÓÎflÂÚ Ò˜ËÚ‡Ú¸ Â„Ó ËÁÏÂÌflÂÏ˚Ï Ô‡‡-
ÏÂÚÓÏ, ËÒÍÎ˛˜‡fl ËÁ Û‡‚ÌÂÌËÈ ÚÛ ÔÂÂÏÂÌÌÛ˛,
ÓˆÂÌÍË Ë ‚Á‡ËÏÓ‰ÂÈÒÚ‚Ëfl ÍÓÚÓÓÈ ËÏÂ˛Ú Ì‡Ë·ÓÎ¸-
¯Û˛ ÒÚÂÔÂÌ¸ ÌÂÓÔÂ‰ÂÎÂÌÌÓÒÚË. Ç ÓÎË Ú‡ÍÓÈ ÔÂÂ-
ÏÂÌÌÓÈ ÏÓÊÌÓ ‚˚·‡Ú¸ Á‡Ô‡Ò Û„ÎÂÓ‰‡ ‚ ÎËÚÓÒÙÂ-
Â, ÍÓÚÓ˚È, ‚Ó-ÔÂ‚˚ı, ÓˆÂÌË‚‡ÂÚÒfl ÒÓ ÁÌ‡˜ËÚÂÎ¸-
Ì˚Ï ‡Á·ÓÒÓÏ, ‡ ‚Ó-‚ÚÓ˚ı, ÒÓÒÚÓËÚ ‚ ÓÒÌÓ‚ÌÓÏ ËÁ
Û„ÎÂÓ‰‡, ‚˚ÍÎ˛˜‡ÂÏÓ„Ó Ì‡ ·ÓÎ¸¯ËÂ ÔÓÏÂÊÛÚÍË
‚ÂÏÂÌË ËÁ ÍÛ„Ó‚ÓÓÚ‡ ‚ ÂÁÛÎ¸Ú‡ÚÂ ÔÓˆÂÒÒ‡ ÓÒ‡-
Ê‰ÂÌËfl ‚ ÓÍÂ‡Ì‡ı. èÓÚÓÍ 
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 ÒÍÎ‡‰˚‚‡ÂÚÒfl ËÁ ‰‚Ûı
˜‡ÒÚÂÈ: ÂÒÚÂÒÚ‚ÂÌÌÓÈ ˝ÏËÒÒËË, Ó·ÛÒÎÓ‚ÎÂÌÌÓÈ ‚ ÓÒ-
ÌÓ‚ÌÓÏ ‚ÛÎÍ‡ÌË˜ÂÒÍÓÈ ‡ÍÚË‚ÌÓÒÚ¸˛, Ë ‡ÌÚÓÔÓ„ÂÌ-
ÌÓ„Ó ÔÓÚÓÍ‡ Í‡Í ÂÁÛÎ¸Ú‡Ú‡ ÔÓÏ˚¯ÎÂÌÌ˚ı ‚˚·Ó-

ÒÓ‚. èÓ˝ÚÓÏÛ 
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 ÔÂ‰ÒÚ‡‚ËÏ ‚ ‚Ë‰Â ÎËÌÂÈÌÓÈ ÙÛÌÍ-

ˆËË: 
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ÂÒÚÂÒÚ‚ÂÌÌÓÈ ˝ÏËÒÒËÂÈ ‰ÓÌÓÌÓ„Ó ÚËÔ‡ (
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 Á‡‚Ë-
ÒËÚ ÚÓÎ¸ÍÓ ÓÚ Á‡Ô‡Ò‡ ÔÓÒ˚Î‡˛˘Â„Ó ÂÁÂ‚Û‡‡) Ë
ÔÓÒÚÓflÌÌÓÈ ‚ÂÎË˜ËÌÓÈ ÔÓÚÓÍ‡ ‡ÌÚÓÔÓ„ÂÌÌ˚ı ‚˚-
·ÓÒÓ‚. Ñ‡ÎÂÂ ÒÚ‡ÌÂÚ flÒÌÓ, ˜ÚÓ ÏÓÊÌÓ ÔÂ‰ÒÚ‡‚ÎflÚ¸
Â„Ó ÚÓÎ¸ÍÓ ‚ ‰ÓÌÓÌÓÏ ‚Ë‰Â ·ÂÁ ÔÓÒÚÓflÌÌÓÈ ˜‡ÒÚË. 

èÓÒÍÓÎ¸ÍÛ ÓÒÌÓ‚ÌÛ˛ ÓÎ¸ ‚ ÒÓ‚ÓÍÛÔÌ˚ı ˝ÏËÒ-
ÒËË Ë ÔÓ„ÎÓ˘ÂÌËË Û„ÎÂÓ‰‡ Ì‡ ‚ÂÏÂÌ‡ı, Ï‡Î˚ı ÔÓ
Ò‡‚ÌÂÌË˛ Ò „ÂÓÎÓ„Ë˜ÂÒÍËÏË, Ë„‡˛Ú ÔÓÚÓÍË ‡ÚÏÓ-
ÒÙÂ‡–ÒÛ¯‡ Ë ‡ÚÏÓÒÙÂ‡–ÓÍÂ‡Ì, ÍËÚË˜ÂÒÍËÏ ‰Îfl
ÏÓ‰ÂÎË fl‚ÎflÂÚÒfl ‚˚·Ó ÒÓÓÚ‚ÂÚÒÚ‚Û˛˘Ëı ËÏ ÔÓÚÓ-
ÍÓ‚˚ı Á‡‚ËÒËÏÓÒÚÂÈ. èÓÒÚÓÈ ‡Î„ÓËÚÏ ‚˚·Ó‡ ÔÓ-
ÚÓÍÓ‚˚ı ÙÛÌÍˆËÈ ‚ ·ÎÓÍÓ‚˚ı ÏÓ‰ÂÎflı ˝ÍÓÒËÒÚÂÏ
[24] ÓÍ‡Á˚‚‡ÂÚÒfl ÌÂ‰ÓÒÚ‡ÚÓ˜Ì˚Ï ‰Îfl ˝ÚÓÈ ˆÂÎË ‚
Ò‚flÁË Ò ÌÂÓ·ıÓ‰ËÏÓÒÚ¸˛ Û˜ÂÚ‡ ˝ÙÙÂÍÚ‡ Ì‡Ò˚˘ÂÌËfl
ÔÓÚÓÍ‡ 

 

CO

 

2

 

 ÔÓ ‡ÚÏÓÒÙÂÌÓÏÛ ÒÓ‰ÂÊ‡ÌË˛ Û„ÎÂÓ-
‰‡, Û˜‡ÒÚ‚Û˛˘Â„Ó ‚ ÙÓÚÓÒËÌÚÂÁÂ ‡ÒÚËÚÂÎ¸ÌÓÒÚË.

xi)i 1=
3∑

 

ÄÚÏÓÒÙÂ‡

 

x

 

1

 

 = 740

ÅËÓÚ‡ ÒÛ¯Ë

 

x

 

2

 

 = 560

èÓ˜‚‡ Ë ‰ÂÚËÚ

 

x

 

3

 

 = 1200

íÂÔÎ˚Â ÔÓ‚.
‚Ó‰˚

 

x

 

4

 

 = 600

ïÓÎÓ‰Ì˚Â ÔÓ‚.
‚Ó‰˚

 

x

 

6

 

 = 300

ÅËÓÚ‡ ÚÂÔÎ˚ı
‚Ó‰

 

x

 

5

 

 = 2

ÅËÓÚ‡ 
ıÓÎÓ‰Ì˚ı ‚Ó‰

 

x

 

7

 

 = 1

 

f

 

12

 

 = 110

 

f

 

21

 

 = 50

 

f

 

41

 

 = 10

 

f

 

23

 

 = 60

 

f

 

31

 

 = 60

 

f

 

34

 

 = 0.33

 

f

 

36

 

 = 0.17

 

f

 

46

 

 = 25

 

f

 

16

 

 = 13

ÉÎÛ·ËÌÌ˚Â ‚Ó‰˚

 

x

 

8

 

 = 38000

 

f

 

45

 

 = 20

 

f

 

76

 

 = 9

 

f

 

54

 

 = 18

 

f

 

67

 

 = 10

 

f

 

84

 

 = 38

 

f

 

58

 

 = 2

 

f

 

78

 

 = 1

 

f

 

48

 

 = 38

 

y

 

8

 

 = 0.5

ÄÚÏÓÒÙÂ‡

 

x

 

1

 

 = 755

ÅËÓÚ‡ ÒÛ¯Ë

 

x

 

2

 

 = 560

èÓ˜‚‡ Ë ‰ÂÚËÚ

 

x*

 

3

 

 = 1200

íÂÔÎ˚Â ÔÓ‚.
‚Ó‰˚

 

x

 

4

 

 = 600

ïÓÎÓ‰Ì˚Â ÔÓ‚.
‚Ó‰˚

 

x

 

6

 

 = 300

ÅËÓÚ‡ ÚÂÔÎ˚ı
‚Ó‰

 

x

 

5

 

 = 2

ÅËÓÚ‡ 
ıÓÎÓ‰Ì˚ı ‚Ó‰

 

x

 

7

 

 = 1

 

f

 

12

 

 = 110

 

f

 

21

 

 = 50

 

f

 

41

 

 = 80

 

f

 

23

 

 = 60

 

f

 

31

 

 = 60

 

f

 

34

 

 = 0.33

 

f

 

16

 

 = 35

 

f

 

46

 

 = 25

 

f

 

61 = 22

ÉÎÛ·ËÌÌ˚Â ‚Ó‰˚
x8 = 35000

f45 = 20
f76 = 9

f54 = 18 f67 = 10

f84 = 38 f58 = 2 f78 = 1 f48 = 38

f91 = 37

f14 = 70

f36 = 0.17

ÉÎÛ·ËÌÌ˚Â ‚Ó‰˚
x9 = 10000

f89 = 0.5

(‡) (·)

êËÒ. 1. Ñ‚Â ÒıÂÏ˚ „ÎÓ·‡Î¸ÌÓ„Ó ÍÛ„Ó‚ÓÓÚ‡ Û„ÎÂÓ‰‡: ‡ – ÔÓ [13]; · – ÔÓ [22]. á‡Ô‡Ò˚ ‚ ÚC × 109, ÔÓÚÓÍË ‚ ÚC × 109/„Ó‰.
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ÉËÌÁ·Û„, á‡‚‡ÎË¯ËÌ

ùÍÒÔÂÚÌÓÂ ÁÌ‡ÌËÂ Ó ÏÂı‡ÌËÁÏÂ Ì‡Ò˚˘ÂÌËfl ‚ ÔÓ-
ˆÂÒÒÂ ÔÓ„ÎÓ˘ÂÌËfl CO2 ‡ÒÚËÚÂÎ¸ÌÓÒÚ¸˛ ÒÛ¯Ë [3]
ÔÓÍ‡Á˚‚‡ÂÚ, ˜ÚÓ ˝ÚÓÚ ÔÓÚÓÍ ËÒÔ˚Ú˚‚‡ÂÚ Ì‡Ò˚˘Â-
ÌËÂ ÔË ÔÓ‚˚¯ÂÌËË ‡ÚÏÓÒÙÂÌÓ„Ó ÒÓ‰ÂÊ‡ÌËfl Û„-
ÎÂÓ‰‡ Ë ÙÛÌÍˆËÓÌ‡Î¸ÌÓ ÓÚ‚Â˜‡ÂÚ ÙÓÏÂ åËı‡˝ÎË-

Ò‡–åÂÌÚÂÌ: f12 =  ÍÓÚÓ‡fl ÚÂ·ÛÂÚ ‚˚-

˜ËÒÎÂÌËfl ‰‚Ûı Ô‡‡ÏÂÚÓ‚ ‰Îfl Ò‚ÓÂ„Ó ÔÓÎÌÓ„Ó
ÓÔÂ‰ÂÎÂÌËfl – ‚ÂÎË˜ËÌ˚ ÔÓÎÛÌ‡Ò˚˘ÂÌËfl L12 Ë ÍÓÌ-
ÒÚ‡ÌÚ˚ ÙÂÚËÎËÁ‡ˆËË K12. í‡Í‡fl ÙÓÏ‡ ÔÂ‰ÒÚ‡‚ÎÂ-
ÌËfl ÙÓÚÓÒËÌÚÂÚË˜ÂÒÍÓ„Ó ÔÓÚÓÍ‡ ‡ÒÚËÚÂÎ¸ÌÓÒÚË Ò
ÌÂÍÓÚÓ˚ÏË ‚‡Ë‡ˆËflÏË ı‡‡ÍÚÂÌ‡ ‰Îfl ·ÓÎ¸¯ËÌ-
ÒÚ‚‡ „ÎÓ·‡Î¸Ì˚ı Û„ÎÂÓ‰Ì˚ı ÏÓ‰ÂÎÂÈ [13, 16, 25].
îÛÌÍˆËfl ϕ(x2) ÓÚ‡Ê‡ÂÚ ‚ÎËflÌËÂ ÒÓ‰ÂÊ‡ÌËfl Û„ÎÂ-
Ó‰‡ ‚ ‡ÒÚËÚÂÎ¸ÌÓÒÚË Ë ÔÓ˜‚Â Ì‡ ÔÓ„ÎÓ˘ÂÌËÂ CO2 Ë
Ó·˚˜ÌÓ ÔËÌËÏ‡ÂÚÒfl ÎËÌÂÈÌÓÈ (ϕ = x2). é‰Ì‡ÍÓ Í‡Í
ÙËÁËÓÎÓ„Ëfl ‡ÒÚÂÌËÈ, Ú‡Í Ë ÔÂ‰ÒÚ‡‚ÎÂÌËfl Ó ÍÓÌÍÛ-
ÂÌˆËË ‡ÒÚËÚÂÎ¸ÌÓÒÚË Á‡ Ò‚ÂÚ Ë ÏËÌÂ‡Î¸Ì˚Â Â-
ÒÛÒ˚ Ò‚Ë‰ÂÚÂÎ¸ÒÚ‚Û˛Ú Ó ÌÂÎËÌÂÈÌÓÏ ı‡‡ÍÚÂÂ
˝ÚÓÈ Á‡‚ËÒËÏÓÒÚË. èË ÔÓ‚˚¯ÂÌÌÓÏ ÒÓ‰ÂÊ‡ÌËË

K12x1ϕ x2( )
L12 x1+

---------------------------,

Û„ÎÂÓ‰‡ ‚ ‡ÒÚËÚÂÎ¸ÌÓÒÚË ÙÓÚÓÒËÌÚÂÁ ÏÓÊÂÚ ÌÂ
ÚÓÎ¸ÍÓ ËÒÔ˚Ú˚‚‡Ú¸ Ì‡Ò˚˘ÂÌËÂ, ÌÓ Ë ÔÓ‰‡‚ÎflÚ¸Òfl,
˜ÚÓ ÓÚ‡ÊÂÌÓ ‚ ÌÂÍÓÚÓ˚ı „ÎÓ·‡Î¸Ì˚ı ÏÓ‰ÂÎflı Û„-
ÎÂÓ‰ÌÓ„Ó ̂ ËÍÎ‡ [7]. Ç ÏÓ‰ÂÎflı ë‚ËÂÊÂ‚‡– ÙÓÌ ÅÎÓ
[10, 12] Ë äËÌ„‡ (ÒÏ. [25]) ˝ÚÓÚ ˝ÙÙÂÍÚ ‚˚‡Ê‡ÂÚÒfl
‚ ÎÓ„ËÒÚË˜ÂÒÍÓÈ Á‡‚ËÒËÏÓÒÚË ÔÂ‚Ë˜ÌÓÈ ÔÓ‰ÛÍ-
ÚË‚ÌÓÒÚË ÓÚ ÒÓ‰ÂÊ‡ÌËfl Û„ÎÂÓ‰‡ ‚ ‡ÒÚËÚÂÎ¸ÌÓÒÚË.
ä‡Í Ô‡‚ËÎÓ, ÙÛÌÍˆËfl ϕ ËÏÂÂÚ ÎË·Ó „ËÔÂ·ÓÎË˜Â-

ÒÍÛ˛ ÙÓÏÛ ϕ =  „‰Â N12 – ÍÓÌÒÚ‡ÌÚ‡ ÔÓÎÛ-

Ì‡Ò˚˘ÂÌËfl ÔÓÚÓÍ‡ ÔÓ Û„ÎÂÓ‰Û Ì‡ÁÂÏÌÓÈ ·ËÓÚ˚,
ÎË·Ó Ú‡‰ËˆËÓÌÌÛ˛ ÎÓ„ËÒÚË˜ÂÒÍÛ˛ ϕ = x2(M – x2).

é·‡ÚÌ˚È ÔÓÚÓÍ Ò ÒÛ¯Ë ‚ ‡ÚÏÓÒÙÂÛ ÒÍÎ‡‰˚‚‡-
ÂÚÒfl ËÁ ÒÓ‚ÓÍÛÔÌÓ„Ó ‰˚ı‡ÌËfl ‡ÒÚËÚÂÎ¸ÌÓÒÚË Ë ÔÓ˜-
‚˚, ÍÓÚÓÓÂ ÏÓÊÌÓ ÔËÌflÚ¸ ÎËÌÂÈÌÓ ÔÓÔÓˆËÓ-
Ì‡Î¸Ì˚Ï Á‡Ô‡ÒÛ Û„ÎÂÓ‰‡ ‚ ÂÁÂ‚Û‡Â 2 (‰ÓÌÓÌ˚È
ÚËÔ): f21 = α21x2. ùÏËÒÒË˛ ÓÚ ÁÂÏÎÂÔÓÎ¸ÁÓ‚‡ÌËfl ÏÓÊ-
ÌÓ Û˜ÂÒÚ¸ Ò ÔÓÏÓ˘¸˛ ÒÎ‡„‡ÂÏÓ„Ó q21, Á‡‚ËÒfl˘Â„Ó ÓÚ
‚ÂÏÂÌË Ë ‰Ó·‡‚ÎflÂÏÓ„Ó Í ÎËÌÂÈÌÓÈ ÙÛÌÍˆËË, ÎË·Ó
ÔÓÒÂ‰ÒÚ‚ÓÏ ÔÂÂÏÂÌÌÓ„Ó ÍÓ˝ÙÙËˆËÂÌÚ‡ α21.

x2

N12 x2+
-------------------,

(‡)

ÄÚÏÓÒÙÂ‡
x1 = {590; 751}

ÅËÓÚ‡ + ÔÓ˜‚˚ + „ÛÏÛÒ
x2 = {3800; 3773}

éÍÂ‡Ì + ÂÍË Ë ÓÁÂ‡
x3 = {38728; 38838}

ãËÚÓÒÙÂ‡
x4 = {7160; 6149}

f13 = {70.2; 92.1}

f21 = {118.5; 119.7}

f31 = {71.6; 91.6}

f23 = 1.5

f34 = 0.1

f41 = {0.1; 6.4}

f12 = {120; 121.8}

ÄÚÏÓÒÙÂ‡
x1 = {590; 751}

ÅËÓÚ‡ + ÔÓ˜‚˚ + „ÛÏÛÒ
x2 = {3800; 3773}

éÍÂ‡Ì – Çäë
x3 = {928; 943}

ãËÚÓÒÙÂ‡ + „ÎÛ·ÓÍËÈ ÓÍÂ‡Ì
x4 = {7160; 6149} + {37800; 37895}

f13 = {70.2; 92.1}

f21 = {118.5; 119.7}

f31 = {71.6; 91.6}

f23 = 1.5

f34 = {42.1; 43.5}

f41 = {0.1; 6.4}

f12 = {120; 121.8} f43 = 42.0

(·)

êËÒ. 2. ‡ – Ä„Â„ËÓ‚‡ÌÌ‡fl ÒıÂÏ‡ „ÎÓ·‡Î¸ÌÓ„Ó ÍÛ„Ó‚ÓÓÚ‡ Û„ÎÂÓ‰‡ ÔÓ ‰‡ÌÌ˚Ï SCOPE [20] Ë åÉùàä [15, 21]. Ç ÙË-
„ÛÌ˚ı ÒÍÓ·Í‡ı – ‰ÓËÌ‰ÛÒÚË‡Î¸ÌÓÂ; ÒÓ‚ÂÏÂÌÌÓÂ ÒÓÒÚÓflÌËfl. á‡Ô‡Ò˚ (ÉÚ C) Ë Ëı ÒÓÒÚ‡‚Îfl˛˘ËÂ: x1 – ‡ÚÏÓÒÙÂ‡,
x2 – Ì‡ÁÂÏÌ‡fl ·ËÓÚ‡, ÔÓ˜‚‡, „ÛÏÛÒ, x3 – ÓÍÂ‡Ì Ë ÓÁÂÌÓ-Â˜Ì‡fl ÒËÒÚÂÏ‡: ‚ÂıÌËÈ ÙÓÚË˜ÂÒÍËÈ ÒÎÓÈ + ·ËÓÚ‡ + „ÎÛ·ÓÍËÈ ÓÍÂ-
‡Ì + ÓÁÂ‡ + ÂÍË, x4 – Ó·ÏÂÌÌ˚È ÔÛÎ ÎËÚÓÒÙÂ˚. èÓÚÓÍË (ÉÚ ë/„Ó‰): f12 – ÔÓ„ÎÓ˘ÂÌËÂ CO2 ‡ÒÚËÚÂÎ¸ÌÓÒÚ¸˛ ÔË ÙÓÚÓ-
ÒËÌÚÂÁÂ (Gross Primary Production), f21 – ‰˚ı‡ÌËÂ ‡ÒÚËÚÂÎ¸ÌÓÒÚË Ë ÔÓ˜‚˚, Ò‚Â‰ÂÌËÂ ÎÂÒÓ‚ (deforestation) Ë ‡ÒÔ‡¯Í‡ ÁÂ-
ÏÂÎ¸ (land use), f13 – ÒÛÏÏ‡ÌÓÂ ÔÓ„ÎÓ˘ÂÌËÂ ÓÍÂ‡ÌÓÏ Ë ÓÁÂÌÓ-Â˜ÌÓÈ ÒËÒÚÂÏÓÈ,  f31 – ‚˚‰ÂÎÂÌËÂ ÓÍÂ‡ÌÓÏ Ë ÓÁÂÌÓ-
Â˜ÌÓÈ ÒËÒÚÂÏÓÈ, f23 – ‚˚ÌÓÒ ËÁ ÔÓ˜‚˚ Ë Ò ÔÓ‚ÂıÌÓÒÚË Ò Â˜Ì˚Ï ÒÚÓÍÓÏ ‚ ÓÍÂ‡Ì, f34 – ÓÒ‡Ê‰ÂÌËÂ Ì‡ ‰ÌÂ ÓÍÂ‡Ì‡ ÏËÌÛÒ
‡ÒÚ‚ÓÂÌËÂ ‰ÓÌÌ˚ı ÓÒ‡‰ÍÓ‚, f41 – ‚ÛÎÍ‡ÌË˜ÂÒÍËÂ ‚˚·ÓÒ˚ Ë ÒÊË„‡ÌËÂ ËÒÍÓÔ‡ÂÏÓ„Ó ÚÓÔÎË‚‡. · – Ä„Â„ËÓ‚‡ÌÌ‡fl ÒıÂ-
Ï‡ „ÎÓ·‡Î¸ÌÓ„Ó ÍÛ„Ó‚ÓÓÚ‡ Û„ÎÂÓ‰‡ Ò ‚ÂıÌËÏ ‡ÍÚË‚Ì˚Ï ÒÎÓÂÏ ÓÍÂ‡Ì‡ ÔÓ ‰‡ÌÌ˚Ï SCOPE [20] Ë åÉùàä [15, 21]. Ç
ÙË„ÛÌ˚ı ÒÍÓ·Í‡ı – ‰ÓËÌ‰ÛÒÚË‡Î¸ÌÓÂ; ÒÓ‚ÂÏÂÌÌÓÂ ÒÓÒÚÓflÌËfl. Ç ÓÍÂ‡ÌÂ Á‡‰ÂÈÒÚ‚Ó‚‡Ì ÚÓÎ¸ÍÓ ‚ÂıÌËÈ Í‚‡ÁËÓ‰ÌÓÓ‰-
Ì˚È ÒÎÓÈ, ‡ ÓÒÚ‡Î¸Ì‡fl ̃ ‡ÒÚ¸ ‚˚ÌÂÒÂÌ‡ ‚ÏÂÒÚÂ Ò ÎËÚÓÒÙÂÓÈ ‚ ËÌÂˆËÓÌÌ˚È ÂÁÂ‚Û‡ 4. èÓÚÓÍË f34 Ë f43 – Ó·ÏÂÌ ÏÂÊ‰Û
‚ÂıÌËÏ ÒÎÓÂÏ Ë „ÎÛ·ËÌÌ˚Ï ÓÍÂ‡ÌÓÏ.
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ì„ÎÂÓ‰Ì˚È Ó·ÏÂÌ Ì‡ „‡ÌËˆÂ ‡ÚÏÓÒÙÂ‡–ÓÍÂ‡Ì
ËÏÂÂÚ ÒÎÓÊÌÛ˛ ÔËÓ‰Û, ÔÓÒÍÓÎ¸ÍÛ ÓÔÂ‰ÂÎflÂÚÒfl
ÛÒÚÓÈÒÚ‚ÓÏ Í‡·ÓÌ‡ÚÌÓÈ ÒËÒÚÂÏ˚ ÓÍÂ‡Ì‡ [4]. ä‡Í
Ô‡‚ËÎÓ, ‚ ÌÛÎ¸ÏÂÌ˚ı ÏÓ‰ÂÎflı ËÒÔÓÎ¸ÁÛÂÚÒfl ‰Ó-
ÌÓÌ‡fl ÙÓÏ‡ ÔÓÚÓÍ‡ f13, ÔÓÒÍÓÎ¸ÍÛ ÓÌ ÔÓÔÓˆËÓ-
Ì‡ÎÂÌ Ô‡ˆË‡Î¸ÌÓÏÛ ‰‡‚ÎÂÌË˛ Û„ÎÂÍËÒÎÓ„Ó „‡Á‡ ‚
‡ÚÏÓÒÙÂÂ:  f13 = α13x1 [3]. îÓÏ‡ ÔÓÚË‚ÓÔÓÎÓÊÌÓ-
„Ó ÔÓÚÓÍ‡ ÌÂ ÛÍÎ‡‰˚‚‡ÂÚÒfl ‚ ÔÓÒÚÛ˛ ÒıÂÏÛ ‚˚·Ó‡
ÔÓÚÓÍÓ‚˚ı ÙÛÌÍˆËÈ ‚ ·ÎÓÍÓ‚˚ı ÏÓ‰ÂÎflı, Ó‰Ì‡ÍÓ ‚
„Û·ÓÏ ÔË·ÎËÊÂÌËË ÏÓÊÌÓ ÔË‰‡Ú¸ ÂÏÛ ‚ÓÎ¸ÚÂ-
Ó‚ÒÍËÈ ‚Ë‰  f31 = γ31x1x3, ÔÓÒÍÓÎ¸ÍÛ ‡‚ÌÓ‚ÂÒËÂ ‚
Í‡·ÓÌ‡ÚÌÓÈ ÒËÒÚÂÏÂ ÛÒÚ‡Ì‡‚ÎË‚‡ÂÚÒfl ·˚ÒÚÓ [4].
ùÚÓ ÓÁÌ‡˜‡ÂÚ, ̃ ÚÓ ÔË ÌÂ·ÓÎ¸¯Ëı ÔÓ‚˚¯ÂÌËflı ÍÓÌ-
ˆÂÌÚ‡ˆËË Û„ÎÂÓ‰‡ ‚ ‡ÚÏÓÒÙÂÂ ‚ÓÁ‡ÒÚ‡ÂÚ ÌÂ ÚÓÎ¸-
ÍÓ Â„Ó ÔÓ„ÎÓ˘ÂÌËÂ ÓÍÂ‡ÌÓÏ, ÌÓ Â‡ÍˆËfl ÓÍÂ‡Ì‡,
Ó·ÂÒÔÂ˜Ë‚‡˛˘‡fl ‚ÓÒÒÚ‡ÌÓ‚ÎÂÌËÂ ·‡Î‡ÌÒ‡. éÒ‡Ê‰Â-
ÌËÂ Û„ÎÂÓ‰‡ ËÁ ÚÓÎ˘Ë ÓÍÂ‡Ì‡ Ì‡ ‰ÌÓ ÓÔËÒ˚‚‡ÂÚÒfl
‰ÓÌÓÌ˚Ï ÚËÔÓÏ ‚Á‡ËÏÓ‰ÂÈÒÚ‚Ëfl: f34 = α34x3 [13].

éÔËÒ‡ÌÌ˚È ‚˚·Ó ÔÓÚÓÍÓ‚˚ı ÙÛÌÍˆËÈ ÔË‚Ó-
‰ËÚ Í ÒËÒÚÂÏÂ ˜ÂÚ˚Âı Ó·˚ÍÌÓ‚ÂÌÌ˚ı ‰ËÙÙÂÂÌ-
ˆË‡Î¸Ì˚ı Û‡‚ÌÂÌËÈ ·‡ÁÓ‚ÓÈ ÏÓ‰ÂÎË, ‡ÁÏÂÌÓÒÚ¸
ÍÓÚÓÓÈ Á‡ Ò˜ÂÚ ÔÓÒÚÓflÌÒÚ‚‡ Ó·˘ÂÈ Ï‡ÒÒ˚ Û„ÎÂÓ‰‡

 = M = const ÏÓÊÌÓ ÔÓÌËÁËÚ¸ Ì‡ 1:

(1)

èË q41 = 0 ÔÓÎÛ˜‡ÂÚÒfl ÒËÒÚÂÏ‡, ÒÓÓÚ‚ÂÚÒÚ‚Û˛˘‡fl
‰ÓËÌ‰ÛÒÚË‡Î¸ÌÓÏÛ ÒÓÒÚÓflÌË˛. 

àÁ „ÂÓıËÏË˜ÂÒÍËı ‰‡ÌÌ˚ı ËÁ‚ÂÒÚÌÓ, ˜ÚÓ ‰‡ÎÂÍÓ
ÌÂ ‚ÂÒ¸ Û„ÎÂÓ‰ åËÓ‚Ó„Ó ÓÍÂ‡Ì‡ Û˜‡ÒÚ‚ÛÂÚ ‚ „ÎÓ-
·‡Î¸ÌÓÏ ÍÛ„Ó‚ÓÓÚÂ Ò Ó‰ËÌ‡ÍÓ‚ÓÈ ÒÍÓÓÒÚ¸˛ Ó·-
‡˘ÂÌËfl. èÓ˝ÚÓÏÛ ‡ÒÒÏÓÚÂÌÌÛ˛ ˜ÂÚ˚Âı·ÎÓÍÓ-
‚Û˛ ÒıÂÏÛ ÎÂ„ÍÓ ÔÂÓ·‡ÁÓ‚‡Ú¸ ‚ ÒıÂÏÛ Ò Ï‡Î˚Ï
‚ÂıÌËÏ ÒÎÓÂÏ ÓÍÂ‡Ì‡, ÌÂ Û‚ÂÎË˜Ë‚‡fl ˜ËÒÎÓ ÔÂÂ-
ÏÂÌÌ˚ı. Ç ˝ÚÓÈ ÏÓ‰ËÙËÍ‡ˆËË (ËÒ. 2·) ÂÁÂ‚Û‡ Ò
Ì‡Ë·ÓÎ¸¯ÂÈ ÌÂÓÔÂ‰ÂÎÂÌÌÓÒÚ¸˛ ÁÌ‡˜ÂÌËÈ Á‡Ô‡Ò‡
ÒÓ‰ÂÊËÚ ÔÓÏËÏÓ ÎËÚÓÒÙÂ˚ Û„ÎÂÓ‰ „ÎÛ·ËÌÌÓ„Ó
ÒÎÓfl ÓÍÂ‡Ì‡, ‡ Ó·ÏÂÌ ÓÍÂ‡Ì–‡ÚÏÓÒÙÂ‡ ÓÒÛ˘ÂÒÚ‚Îfl-
ÂÚÒfl ÚÓÎ¸ÍÓ ‡ÍÚË‚Ì˚Ï ‚ÂıÌËÏ ÒÎÓÂÏ. ùÚÓÚ ‚Âı-
ÌËÈ Í‚‡ÁËÓ‰ÌÓÓ‰Ì˚È ÒÎÓÈ ÓÍÂ‡Ì‡ Ó·ÏÂÌË‚‡ÂÚÒfl
Û„ÎÂÓ‰ÓÏ Ò „ÎÛ·ËÌÌ˚Ï ÒÎÓÂÏ ÔÓÒÂ‰ÒÚ‚ÓÏ ÔÓÚÓÍÓ‚
f34 Ë f43, ËÏÂ˛˘Ëı ‰ÓÌÓÌ˚È ÚËÔ ÛÔ‡‚ÎÂÌËfl:

xii 1=
4∑

dx1

dt
-------- q41 α41 M x1 x2 x3–––( ) –+=

–
K12x1ϕ x2( )

L12 x1+
--------------------------- α21x2 α13x1 γ 31x1x3,+–+

dx2

dt
--------

K12x1ϕ x2( )
L12 x1+

--------------------------- α21x2– α23x2,–=

dx3

dt
-------- α13x1 γ 31x1x3– α23x2 α34x3.–+=

⎩
⎪
⎪
⎪
⎪
⎪
⎨
⎪
⎪
⎪
⎪
⎪
⎧

f34 = α34x3 Ë  f43 = α43(M – x1 – x2 – x3). íÓ„‰‡ ÒËÒÚÂÏ‡ ‰Ë-
Ì‡ÏË˜ÂÒÍËı Û‡‚ÌÂÌËÈ ÍÛ„Ó‚ÓÓÚ‡ ËÏÂÂÚ ‚Ë‰: 

(1-M)

Ö‰ËÌ˚È ÔÓ‰ıÓ‰ Í Í‡ÎË·Ó‚ÍÂ 
ÔÓÚÓÍÓ‚˚ı ÙÛÌÍˆËÈ 

Ö‰ËÌ˚È ÔÓ‰ıÓ‰ Í Í‡ÎË·Ó‚ÍÂ ÍÓ˝ÙÙËˆËÂÌÚÓ‚
ÏÓ‰ÂÎË (1) ÒÓÒÚÓËÚ ‚ ÚÓÏ, ˜ÚÓ ÍÓ˝ÙÙËˆËÂÌÚ˚ ÔÓ-
ÒÚ˚ı Ó‰ÌÓÔ‡‡ÏÂÚË˜ÂÒÍËı ÔÓÚÓÍÓ‚ ‚˚˜ËÒÎfl˛ÚÒfl
ÌÂÔÓÒÂ‰ÒÚ‚ÂÌÌÓ ÔÓ ÁÌ‡˜ÂÌËflÏ Á‡Ô‡ÒÓ‚ Ë ÔÓÚÓÍÓ‚
Ó‰ÌÓÈ ËÁ·‡ÌÌÓÈ ÒıÂÏ˚ (Ì‡ÔËÏÂ, ÒÓ‚ÂÏÂÌÌÓÈ)
[24], ‡ ÍÓ˝ÙÙËˆËÂÌÚ˚ ·ÓÎÂÂ ÒÎÓÊÌ˚ı Á‡‚ËÒËÏÓÒÚÂÈ
ÚËÔ‡ f12 ÏÓÊÌÓ Ì‡ÈÚË ÔÓ ËÁÏÂÂÌÌ˚Ï ‰Îfl ÌÂÒÍÓÎ¸-
ÍËı ÏÓÏÂÌÚÓ‚ ‚ÂÏÂÌË ‡ÁÌÓÒÚflÏ ÔÓÚÓÍÓ‚. ìÌË‚Â-
Ò‡Î¸ÌÓÒÚ¸ ÔÓ‰ıÓ‰‡ ÒÓÒÚÓËÚ ‚ ÚÓÏ, ˜ÚÓ ‚ Á‡‚ËÒËÏÓÒÚË
ÓÚ Ó·˙ÂÏ‡ ËÏÂ˛˘ËıÒfl ‰‡ÌÌ˚ı ÏÓÊÌÓ ‚˚·Ë‡Ú¸ ÍÓ-
ÎË˜ÂÒÚ‚Ó Í‡ÎË·ÛÂÏ˚ı ÔÓÚÓÍÓ‚˚ı ÍÓ˝ÙÙËˆËÂÌ-
ÚÓ‚. é·˘ÂÔËÌflÚ˚Ï ‰Îfl „ÎÓ·‡Î¸ÌÓ ÓÒÂ‰ÌÂÌÌ˚ı
ÏÓ‰ÂÎÂÈ fl‚ÎflÂÚÒfl ÔÂ‰ÒÚ‡‚ÎÂÌËÂ Ó ÔÓÎÌÓÈ Ò·‡Î‡Ì-
ÒËÓ‚‡ÌÌÓÒÚË ÔÓÚÓÍÓ‚ Û„ÎÂÓ‰‡ ‚ ÔËÓ‰Â ‰Ó Ì‡˜‡-
Î‡ ÁÌ‡˜ËÏÓÈ ‰ÂflÚÂÎ¸ÌÓÒÚË ˜ÂÎÓ‚ÂÍ‡ – ‡‚ÌÓ‚ÂÒÌÓÂ
‰ÓËÌ‰ÛÒÚË‡Î¸ÌÓÂ ÒÓÒÚÓflÌËÂ x* [8], ÓÚÌÂÒÂÌÌÓÂ Í
1850 „. í‡Í Í‡Í ÔÓÚÓÍ, Ó·ÛÒÎÓ‚ÎÂÌÌ˚È ‡ÌÚÓÔÓ„ÂÌ-
Ì˚ÏË ‚˚·ÓÒ‡ÏË, ÌÂ ÒÛ˘ÂÒÚ‚Ó‚‡Î ‚ ‰ÓËÌ‰ÛÒÚË‡Î¸-
ÌÓÏ ÒÓÒÚÓflÌËË ÍÛ„Ó‚ÓÓÚ‡, ÚÓ ÌÂÓ·ıÓ‰ËÏÓ ‡Ò-
ÒÏ‡ÚË‚‡Ú¸ ‡ÁÌ˚Â ‰ËÌ‡ÏË˜ÂÒÍËÂ ÒËÒÚÂÏ˚, Ó‰Ì‡ ËÁ
ÍÓÚÓ˚ı ÓÚ‚Â˜‡ÂÚ ‰ÓËÌ‰ÛÒÚË‡Î¸ÌÓÏÛ ‡‚ÌÓ‚ÂÒË˛,
‡ ‰Û„ËÂ – ÒÓÒÚÓflÌËflÏ ‚ ÏÓÏÂÌÚ˚ ‚ÂÏÂÌË, ·ÎËÁÍËÏ
Í ÒÓ‚ÂÏÂÌÌÓÏÛ. èÓÚÓÍ, ÒÓÓÚ‚ÂÚÒÚ‚Û˛˘ËÈ ÁÂÏÎÂ-
ÔÓÎ¸ÁÓ‚‡ÌË˛ Ë ‚ÍÎ˛˜‡˛˘ËÈ ÔÓÚÂË Û„ÎÂÓ‰‡ ËÁ
ÔÓ˜‚ ‚ ÂÁÛÎ¸Ú‡ÚÂ ‡ÒÔ‡¯ÍË Ë ‚˚Û·ÍË ÎÂÒÓ‚
(deforestation), ÒÛ˘ÂÒÚ‚Ó‚‡Î Ë ‰Ó 1850 „., ÌÓ ÔÓ ÓˆÂÌ-
Í‡Ï ‡·ÓÚ˚ [14] ·˚Î ÌÂ‚ÂÎËÍ ÔÓ Ò‡‚ÌÂÌË˛ Ò ÂÒÚÂ-
ÒÚ‚ÂÌÌ˚ÏË, Ë ÔÓ˝ÚÓÏÛ ÏÓÊÌÓ Ò˜ËÚ‡Ú¸ Â„Ó Ï‡Î˚Ï
‚ÓÁÏÛ˘ÂÌËÂÏ ÒÚ‡ˆËÓÌ‡ÌÓ„Ó ÒÓÒÚÓflÌËfl.

è‡‡ÏÂÚËÁ‡ˆËfl ÔÓÚÓÍ‡ f12 ÚÓÎ¸ÍÓ ÔÓ ‰ÓËÌ‰Û-
ÒÚË‡Î¸ÌÓÈ (x*, F*) Ë ÒÓ‚ÂÏÂÌÌÓÈ (90-Â „Ó‰˚ XX ‚.)
(x0, F0) ·ÎÓÍÓ‚˚Ï ÒıÂÏ‡Ï (ËÒ. 2) ÓÍ‡Á˚‚‡ÂÚÒfl ÌÂ‰Ó-
ÒÚ‡ÚÓ˜ÌÓ ‡‰ÂÍ‚‡ÚÌÓÈ. èËÌËÏ‡fl ‚Ó ‚ÌËÏ‡ÌËÂ ‚ÚÓ-
ÓÂ ‡‚ÌÓ‚ÂÒÌÓÂ Û‡‚ÌÂÌËÂ ËÁ (1), „‰Â ÍÓ˝ÙÙËˆËÂÌ-
Ú˚  Ë  ‚˚˜ËÒÎÂÌ˚ ‚ ‡‚ÌÓ‚ÂÒËË, ÁÌ‡˜ÂÌËfl ÍÓ-

dx1

dt
-------- q41 α41 M x1 x2 x3–––( ) –+=

–
K12x1ϕ x2( )

L12 x1+
--------------------------- α21x2 α13x1 γ 31x1x3,+–+

dx2

dt
--------

K12x1ϕ x2( )
L12 x1+

--------------------------- α21x2– α23x2,–=

dx3

dt
-------- α13x1 γ 31x1x3– α23x2 α34x3 +–+=

+ α43 M x1 x2 x3–––( ).⎩
⎪
⎪
⎪
⎪
⎪
⎪
⎨
⎪
⎪
⎪
⎪
⎪
⎪
⎧

α21* α23*
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ÉËÌÁ·Û„, á‡‚‡ÎË¯ËÌ

˝ÙÙËˆËÂÌÚÓ‚ K12 Ë L12 ÏÓÊÌÓ ÓÔÂ‰ÂÎËÚ¸ ÔÓ
ÙÓÏÛÎ‡Ï:

L12 =  = 66.439,

 (2)

ÍÓÚÓ˚Â ‰‡˛Ú ÒÎË¯ÍÓÏ ÌËÁÍÛ˛ ‚ÂÎË˜ËÌÛ Ì‡Ò˚˘Â-
ÌËfl ÔÓÚÓÍ‡, Í‡Í ·Û‰ÚÓ ÛÓ‚ÂÌ¸ ÔÓÎÌÓ„Ó Ì‡Ò˚˘ÂÌËfl
ÛÊÂ ‰ÓÒÚË„‡ÎÒfl ‚ Ì‡ÒÚÓfl˘ÂÂ ‚ÂÏfl (ËÒ. 3). 

x1*x4
0 f 12

0 x2* α21* α23*+( )x2
0–( )

α21* α23*+( )x2
0x1

0 f 12
0 x2*x1*–

--------------------------------------------------------------------

K12

f 12
0

x2
0

------- 1
x1* f 12

0 x2* α21* α23*+( )x2
0–( )

α21* α23*+( )x2
0x1

0 f 12
0 x2*x1*–

---------------------------------------------------------------+
⎝ ⎠
⎜ ⎟
⎛ ⎞

 ==

=  0.035138,

ÅÓÎÂÂ ‡‰ÂÍ‚‡ÚÌ‡fl Í‡ÎË·Ó‚Í‡ ÍÓ˝ÙÙËˆËÂÌÚÓ‚
ÔÓÎÛ˜‡ÂÚÒfl Ò ËÒÔÓÎ¸ÁÓ‚‡ÌËÂÏ ‡ÁÌÓÒÚË ÔÓÚÓÍÓ‚
∆fs = f12 – f21, ÓˆÂÌÂÌÌÓÈ ‰Îfl ÌÂÒÍÓÎ¸ÍËı ÏÓÏÂÌÚÓ‚
‚ÂÏÂÌË ‚ ÔÓÒÎÂ‰ÌËÂ ‰ÂÒflÚËÎÂÚËfl Ë ÛÍ‡Á‡ÌÌÓÈ ‚ ÓÚ-
˜ÂÚÂ åÉùàä [21]. ùÚÛ ÌÂÌÛÎÂ‚Û˛ ‡ÁÌÓÒÚ¸ Ó·‡ÁÛ-
˛Ú ÔÓÚÓÍ, ÓÚ‚Â˜‡˛˘ËÈ ÁÂÏÎÂÔÓÎ¸ÁÓ‚‡ÌË˛ (land
use) Ë ‚ıÓ‰fl˘ËÈ ‚ f21, Ë ‰ÓÔÓÎÌËÚÂÎ¸ÌÓÂ ÔÓ„ÎÓ˘ÂÌËÂ
‡ÒÚËÚÂÎ¸ÌÓÒÚ¸˛ (residual sink) ‚ ÒËÎÛ ÙÂÚËÎËÁ‡-
ˆËË, ‚ÍÎ˛˜‡ÂÏÓÂ ‚ f12. ÑÎfl Í‡ÎË·Ó‚ÍË ÍÓ˝ÙÙËˆË-
ÂÌÚÓ‚ K12, L12 Ë α21 ÏÓÊÌÓ ËÒÔÓÎ¸ÁÓ‚‡Ú¸ ‰‡ÌÌ˚Â Ó
ÌÂÌÛÎÂ‚˚ı ‡ÁÌÓÒÚflı ∆fs Á‡ 80-Â, 90-Â Ë 2000-Â „Ó‰˚,
ÔÓÍ‡Á‡ÌÌ˚Â ‚ Ú‡·Î. 1 ‚ÏÂÒÚÂ Ò ÛÓ‚ÌÂÏ ÌÂÓÔÂ‰Â-
ÎÂÌÌÓÒÚË ËÁÏÂÂÌËÈ. ëÂ‰ÌËÂ Á‡ ˝ÚË ‰ÂÒflÚËÎÂÚËfl
ËÁÏÂÌÂÌËfl ‡ÚÏÓÒÙÂÌÓ„Ó ÒÓ‰ÂÊ‡ÌËfl Û„ÎÂÓ‰‡
ÛÚÓ˜ÌÂÌ˚ ‚ ÓÚ˜ÂÚÂ åÉùàä [21], ‡ ÁÌ‡˜ÂÌËfl Á‡Ô‡ÒÓ‚

f12, ÉÚë/„Ó‰
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êËÒ. 3. á‡‚ËÒËÏÓÒÚ¸ ÔÓÚÓÍ‡ f12 ÔÓ„ÎÓ˘ÂÌËfl ‡ÚÏÓÒÙÂÌÓ„Ó Û„ÎÂÓ‰‡ Ì‡ÁÂÏÌÓÈ ·ËÓÚÓÈ ÓÚ Ï‡ÒÒ˚ Û„ÎÂÓ‰‡ ‚ ‡ÚÏÓÒÙÂÂ.
ëÔÎÓ¯Ì‡fl ÎËÌËfl – ÓÒÌÓ‚Ì˚Â ÍÓ˝ÙÙËˆËÂÌÚ˚ ÔÓ ÙÓÏÛÎÂ (4), ¯ÚËıÓ‚‡fl – ÔÓ (3), ÔÛÌÍÚËÌ‡fl Ë ¯ÚËıÔÛÌÍÚËÌ‡fl – ÔÓ
Ï‡ÍÒËÏ‡Î¸Ì˚Ï Ë ÏËÌËÏ‡Î¸Ì˚Ï ÁÌ‡˜ÂÌËflÏ ‡ÁÌÓÒÚË ∆fs (Ú‡·Î. 1).

í‡·ÎËˆ‡ 1.  ê‡ÁÌÓÒÚË ÔÓÚÓÍÓ‚ ‡ÚÏÓÒÙÂ‡–ÒÛ¯‡ Ë Á‡Ô‡ÒÓ‚ ‚ ‡ÚÏÓÒÙÂÂ Ë Ì‡ÁÂÏÌÓÈ ·ËÓÚÂ [20, 21]

ÑÂÍ‡‰˚ ∆fs = f12 – f21 x1, ÉÚë ∆x1, ÉÚë/„Ó‰ x2, ÉÚë ∆x2, ÉÚë/„Ó‰

1980-Â 0.3 ± 0.9 696 ± 1 3.3 ± 0.1 3786 ± 9 –0.3 ± 0.9

1990-Â 1.0 ± 0.6 729 ± 1 3.2 ± 0.1 3783 ± 6 –1.0 ± 0.6

2000-Â 0.9 ± 0.6 751    4.1 ± 0.1 3773 –0.9 ± 0.6

900
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‚ Ì‡ÁÂÏÌÓÈ ·ËÓÚÂ ‚ 80-Â Ë 90-Â „Ó‰˚ ÓˆÂÌÂÌ˚ ˜ÂÂÁ
Ëı ÒÂ‰ÌÂ„Ó‰Ó‚˚Â ËÁÏÂÌÂÌËfl ‰Îfl Ó·ÓËı ‰ÂÒflÚËÎÂ-
ÚËÈ. ë˜ËÚ‡fl ÌÂËÁ‚ÂÒÚÌ˚ÏË K12, L12 Ë α21 Á‡ 2000-Â „Ó-
‰˚, ËÏÂÂÏ ‰Îfl Ëı ÓÔÂ‰ÂÎÂÌËfl ÒËÒÚÂÏÛ ‡Î„Â·‡Ë˜Â-
ÒÍËı Û‡‚ÌÂÌËÈ:

(3)

ÍÓÚÓ‡fl ÒÓÒÚÓËÚ ËÁ ÚÂı Ó‰ÌÓÚËÔÌ˚ı ÒÓÓÚÌÓ¯ÂÌËÈ
‰Îfl ‡ÁÌÓÒÚÂÈ Ë Û‡‚ÌÂÌËfl ‰Îfl ÔÓÚÓÍ‡ f12 ‚ ÛÒÎÓ‚Ëflı
‰ÓËÌ‰ÛÒÚË‡Î¸ÌÓ„Ó ‡‚ÌÓ‚ÂÒËfl Ë Ó‰ÌÓÁÌ‡˜ÌÓ ‡ÁÂ-
¯‡ÂÚÒfl: 

L12 = 

K12 = 

∆ f s
80 K12x1

80x2
80

L12 x1
80+

---------------------- α21
80x2

80;–=

∆ f s
90 K12x1

90x2
90

L12 x1
90+

---------------------- α21
90x2

90;–=

∆ f s
00 K12x1

00x2
00

L12 x1
00+

---------------------- α21
00x2

00;–=

f 12*
K12x1*x2*

L12 x1*+
---------------------,=

⎩
⎪
⎪
⎪
⎪
⎪
⎪
⎨
⎪
⎪
⎪
⎪
⎪
⎪
⎧

x1*x1
80 x2* ∆ f s

80 α21
80x2

80+( ) f 12* x2
80–[ ]

f 12* x1
80x2

80 x1*x2* ∆ f s
80 α21

80x2
80+( )–

-----------------------------------------------------------------------------------,

f 12* L12 x1*+( )
x1*x2*

--------------------------------,

(4)

Ç˚·Ó  ‚ Í‡˜ÂÒÚ‚Â ÌÂËÁ‚ÂÒÚÌÓ„Ó Ó·˙flÒÌflÂÚÒfl
ÚÂÏ, ˜ÚÓ ‰Îfl 2000–2005 „„. ÔÓÍ‡ ÌÂÚ Ì‡‰ÂÊÌÓÈ ÓˆÂÌ-
ÍË ÌË Û„ÎÂÓ‰ÌÓ„Ó ÔÓÚÓÍ‡, ÓÚ‚Â˜‡˛˘Â„Ó ÁÂÏÎÂ-
ÔÓÎ¸ÁÓ‚‡ÌË˛, ÌË ‚ÂÎË˜ËÌ˚ ‰ÓÔÓÎÌËÚÂÎ¸ÌÓ„Ó ÔÓ-
„ÎÓ˘ÂÌËfl ˝ÍÓÒËÒÚÂÏ‡ÏË [20, 21]. Ç‡Ë‡ˆËfl ÔÓÎÌÓÈ
˝ÏËÒÒËË Û„ÎÂÓ‰‡ ËÁ Ì‡ÁÂÏÌÓÈ ·ËÓÚ˚ Á‡ Ò˜ÂÚ ‡ÌÚÓ-
ÔÓ„ÂÌÌÓ„Ó ÔÓÚÓÍ‡ ÁÂÏÎÂÔÓÎ¸ÁÓ‚‡ÌËfl ‚ÍÎ˛˜‡ÂÚÒfl,
Ú‡ÍËÏ Ó·‡ÁÓÏ, ‚ ÍÓ˝ÙÙËˆËÂÌÚ α21. Ç Ú‡·Î. 2 ÔË‚Â-
‰ÂÌ˚ ‚˚˜ËÒÎÂÌÌ˚Â ÔÓ ÙÓÏÛÎ‡Ï (4) ÁÌ‡˜ÂÌËfl ÍÓ-
˝ÙÙËˆËÂÌÚÓ‚ ÔË ‚‡Ë‡ˆËflı ÁÌ‡˜ÂÌËÈ ∆fs ‚ 80-Â „Ó-
‰˚, ‡ ËÒ. 3 ÔÓÍ‡Á˚‚‡ÂÚ ‰Ë‡Ô‡ÁÓÌ ÙÛÌÍˆËÓÌ‡Î¸Ì˚ı
Á‡‚ËÒËÏÓÒÚÂÈ ÙÓÚÓÒËÌÚÂÁ‡ Ì‡ÁÂÏÌÓÈ ‡ÒÚËÚÂÎ¸ÌÓ-
ÒÚË ÓÚ ÒÓ‰ÂÊ‡ÌËfl Û„ÎÂÓ‰‡ ‚ ‡ÚÏÓÒÙÂÂ. àÁ Ú‡·Î. 2
‚Ë‰ÌÓ, ̃ ÚÓ ‚ÂÎË˜ËÌ˚ ÍÓÌÒÚ‡ÌÚ˚ ÔÓÎÛÌ‡Ò˚˘ÂÌËfl L12
Ì‡ ÌËÊÌÂÏ Ë ‚ÂıÌÂÏ ÔÂ‰ÂÎ‡ı ∆fs ÓÚÎË˜‡˛ÚÒfl ‚
2 ‡Á‡, ‡ ËÌÚÂÌÒË‚ÌÓÒÚ¸ ÒÓ‚ÓÍÛÔÌÓ„Ó ‰˚ı‡ÌËfl Ì‡-
ÁÂÏÌÓÈ ·ËÓÚ˚ ‚‡¸ËÛÂÚ ÒÎ‡·Ó. àÁ ËÒ. 3 ‚Ë‰ÌÓ, ̃ ÚÓ
‡Ò˜ÂÚ ÔÓ ËÁ‚ÂÒÚÌ˚Ï ‡ÁÌÓÒÚflÏ ‰‡ÂÚ ·ÓÎÂÂ ‡‰ÂÍ‚‡Ú-
Ì˚Â „‡ÙËÍË, ˜ÂÏ ÔÓÎÛ˜‡ÂÏ˚Â ÔË ‚˚˜ËÒÎÂÌËË
ÚÓÎ¸ÍÓ ÔÓ ‰‚ÛÏ ÒıÂÏ‡Ï ‡‚ÌÓ‚ÂÒÌÓ„Ó Ë ÒÓ‚ÂÏÂÌÌÓ-
„Ó ÒÓÒÚÓflÌËÈ, ÌÂÒÏÓÚfl ‰‡ÊÂ Ì‡ ÚÓ, ˜ÚÓ Ì‡ÁÂÏÌ‡fl
·ËÓÚ‡ ‚ 4-ÂÁÂ‚Û‡ÌÓÈ ÒıÂÏÂ ÒÓÒÚÓËÚ ËÁ ÂÁÂ‚Û‡-
Ó‚ ‡ÒÚËÚÂÎ¸ÌÓÒÚË Ë ÔÓ˜‚˚, ÙÛÌÍˆËÓÌËÛ˛˘Ëı
ÌÂÓ‰ËÌ‡ÍÓ‚Ó. êÂÁÛÎ¸Ú‡Ú˚ ‚˚˜ËÒÎÂÌËfl ËÌÚÂÌÒË‚ÌÓ-
ÒÚÂÈ ÓÒÚ‡Î¸Ì˚ı ÔÓÚÓÍÓ‚ ÒËÒÚÂÏ (1) Ë (1-å) ‰Îfl ‡‚-
ÌÓ‚ÂÒÌÓ„Ó Ë ÒÓ‚ÂÏÂÌÌÓ„Ó ÒÓÒÚÓflÌËÈ ÔË‚Â‰ÂÌ˚ ‚
Ú‡·Î. 3. 

Å‡ÁÓ‚‡fl ÏÓ‰ÂÎ¸: Ò‚ÓÈÒÚ‚‡ 
Ë ‰ËÌ‡ÏËÍ‡

çÂÓÚËˆ‡ÚÂÎ¸Ì˚È ÍÓÌÛÒ ÒÂÏÂÈÒÚ‚‡ (1) ÔË q41 = 0
ËÌ‚‡Ë‡ÌÚÂÌ ÓÚÌÓÒËÚÂÎ¸ÌÓ ‰ÂÈÒÚ‚Ëfl Ù‡ÁÓ‚Ó„Ó ÔÓ-
ÚÓÍ‡, ÔÓÒÍÓÎ¸ÍÛ Ô‡‚‡fl ̃ ‡ÒÚ¸ Í‡Ê‰Ó„Ó ËÁ Û‡‚ÌÂÌËÈ

α21
80 1

x2
80

------
K12x1

80x2
80

L12 x1
80+

---------------------- ∆ f s
80–

⎝ ⎠
⎜ ⎟
⎛ ⎞

,=

α21
90 1

x2
90

------
K12x1

90x2
90

L12 x1
90+

---------------------- ∆ f s
90–

⎝ ⎠
⎜ ⎟
⎛ ⎞

.=

α21
00

í‡·ÎËˆ‡ 2.  àÁÏÂÌ˜Ë‚ÓÒÚ¸ ÍÓ˝ÙÙËˆËÂÌÚÓ‚ ÔÓÚÓÍÓ‚ f12
Ë f21 ‚ ÏÓ‰ÂÎflı (1) Ë (1-å)

äÓ˝ÙÙËˆËÂÌÚ˚ ÔÓÚÓÍÓ‚ f12 Ë f21 
ÔË ∆fs = [0.3 – 0.9; 0.3; 0.3 + 0.9]

L12 K12

168.06 0.040574 0.032562 0.032730

86.129 0.036189 0.032707 0.032916

125.06 0.038272 0.031940 0.032068

α21
90 α21

00

í‡·ÎËˆ‡ 3.  äÓ˝ÙÙËˆËÂÌÚ˚ ÌÂÌ‡Ò˚˘ÂÌÌ˚ı ÔÓÚÓÍÓ‚ Ï‡ÎÓÔ‡‡ÏÂÚË˜ÂÒÍËı ÏÓ‰ÂÎÂÈ (1) Ë (1-å)

äÓ˝ÙÙËˆËÂÌÚ˚ 
ÔÓÚÓÍÓ‚

ëËÒÚÂÏ‡ (1) ‚ ‡‚ÌÓ‚Â-
ÒËË ÔÓ IPCC (2001), 

SCOPE (2004)

ëËÒÚÂÏ‡ (1) ‚ ÒÓ‚. ÒÓ-
ÒÚÓflÌËË ÔÓ IPCC (2001), 

SCOPE (2004)

ëËÒÚÂÏ‡ (1-å) ‚ ‡‚ÌÓ-
‚ÂÒËË ÔÓ IPCC (2001), 

SCOPE (2004)

ëËÒÚÂÏ‡ (1-å) ‚ ÒÓ‚. ÒÓ-
ÒÚÓflÌËË ÔÓ IPCC (2001), 

SCOPE (2004)

α41 1.3966 × 10–5 1.0411 × 10–3 2.2705 × 10–6 1.458 × 10–4

α13, α31 0.11898 0.12264 7.7155 × 10–2 9.7137 × 10–2

α21 3.1184 × 10–2 3.1725 × 10–2 3.1184 × 10–2 3.1725 × 10–2

α23 3.9474 × 10–4 3.9756 × 10–4 3.9474 × 10–4 3.9756 × 10–4

α34 2.5821 × 10–6 2.5748 × 10–6 4.5366 × 10–2 4.6129 × 10–2

γ31, γ13 3.1335 × 10–6 3.1405 × 10–6 1.2821 × 10–4 1.3005 × 10–4

α43 – – 9.5359 × 10–4 9.5683 × 10–4
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ÉËÌÁ·Û„, á‡‚‡ÎË¯ËÌ

ÌÂÓÚËˆ‡ÚÂÎ¸Ì‡ Ì‡ ÚÓÈ „ËÔÂÔÎÓÒÍÓÒÚË, ÍÓÚÓ‡fl ÓÚ-
‚Â˜‡ÂÚ ÒÓÓÚ‚ÂÚÒÚ‚Û˛˘ÂÈ ÌÛÎÂ‚ÓÈ ÍÓÓ‰ËÌ‡ÚÂ. ÖÒÎË
q41 > 0, ÚÓ ÌÛÊÌÓ ‡ÒÒÏÓÚÂÚ¸ Û‡‚ÌÂÌËÂ ‰Îfl x4, ˜ÚÓ-
·˚ Û·Â‰ËÚ¸Òfl ‚ ÚÓÏ, ˜ÚÓ ËÌ‚‡Ë‡ÌÚÌÓÒÚ¸ ÚÂflÂÚÒfl:

 = – q41 – α41x4 + α34x3 < 0 ÔË x4 = 0, ÒÎÂ‰Ó‚‡ÚÂÎ¸-

ÌÓ, Ù‡ÁÓ‚‡fl Ú‡ÂÍÚÓËfl ÔÓÍË‰‡ÂÚ ÔÓÎÓÊËÚÂÎ¸Ì˚È Ó-
Ú‡ÌÚ. Ç ÚÓ ÊÂ ‚ÂÏfl ÏÓÊÌÓ ÔÓÍ‡Á‡Ú ,̧ ˜ÚÓ ÒËÒÚÂÏ‡ (1)
fl‚ÎflÂÚÒfl ‰ËÒÒËÔ‡ÚË‚ÌÓÈ, Ú.Â. Î˛·‡fl Ú‡ÂÍÚÓËfl Ò ÚÂ-
˜ÂÌËÂÏ ‚ÂÏÂÌË ÓÍ‡Á˚‚‡ÂÚÒfl ‚ÌÛÚË ¯‡‡ Ò ÍÓÌÂ˜-
Ì˚Ï ‡‰ËÛÒÓÏ ‚ Ù‡ÁÓ‚ÓÏ ÔÓÒÚ‡ÌÒÚ‚Â, ˜ÚÓ Ò‚Ë‰Â-
ÚÂÎ¸ÒÚ‚ÛÂÚ Ó· ‡‰ÂÍ‚‡ÚÌÓÒÚË ÏÓ‰ÂÎË. Ç Ò‡ÏÓÏ ‰ÂÎÂ,
ÔÛÒÚ¸ w =  ÚÓ„‰‡ ÒÔ‡‚Â‰ÎË‚Ó ÌÂ‡‚ÂÌÒÚ‚Ó:

 + α41w < q41 + α41M – α34x3 < q41 + α41M.

ëÓÓÚ‚ÂÚÒÚ‚Û˛˘ÂÂ ÂÏÛ ÌÂÓ‰ÌÓÓ‰ÌÓÂ ÎËÌÂÈÌÓÂ

Û‡‚ÌÂÌËÂ ËÏÂÂÚ Â¯ÂÌËÂ ‚Ë‰‡ w = (1 +

+ C  <  + M = const, ̃ ÚÓ Ó·ÂÒÔÂ˜Ë‚‡ÂÚ ‡ÒËÏÔ-

ÚÓÚË˜ÂÒÍÛ˛ Ó„‡ÌË˜ÂÌÌÓÒÚ¸ Ú‡ÂÍÚÓËÈ ÒÓÍ‡˘ÂÌ-
ÌÓÈ ÒËÒÚÂÏ˚. éÚÒ˛‰‡ Ú‡ÍÊÂ ‚Ë‰ÌÓ, ˜ÚÓ ‡ÌÚÓÔÓ„ÂÌ-
Ì˚Â ‚˚·ÓÒ˚ ÏÓÊÌÓ ÔÂ‰ÒÚ‡‚ÎflÚ¸ ÚÓÊÂ ÎËÌÂÈÌÓÈ
ÙÛÌÍˆËÂÈ ‰ÓÌÓÌÓ„Ó ÚËÔ‡, Í‡Í Ë ÂÒÚÂÒÚ‚ÂÌÌ˚Â, Ò ÔÂ-
ÂÏÂÌÌ˚Ï ÍÓ˝ÙÙËˆËÂÌÚÓÏ α41: ‚ ˝ÚÓÏ ÒÎÛ˜‡Â Â-
ÁÂ‚Û‡ x4 ÚÂflÂÚ Û„ÎÂÓ‰ ˝ÍÒÔÓÌÂÌˆË‡Î¸ÌÓ, ‡ ÌÂ
ÎËÌÂÈÌÓ, Í‡Í ÔË Ì‡ÎË˜ËË ÍÓÌÒÚ‡ÌÚ˚. èÓ˝ÚÓÏÛ ‚
‰‡Î¸ÌÂÈ¯ÂÏ ·Û‰ÂÏ ‡ÒÒÏ‡ÚË‚‡Ú¸ ÒËÒÚÂÏÛ (1) ·ÂÁ
ÒÎ‡„‡ÂÏÓ„Ó q41, ËÏÂfl ‚ ‚Ë‰Û, ˜ÚÓ Ô‡‡ÏÂÚ α41 ËÁÏÂ-
ÌflÂÚÒfl ÓÚ 1.3966 × 10–5 Ë ‚˚¯Â Ò ÒÓ‚ÂÏÂÌÌ˚Ï ÁÌ‡-
˜ÂÌËÂÏ 0.0010411, ÓÚ‚Â˜‡˛˘ËÏ ‚ÂÎË˜ËÌÂ ‡ÌÚÓÔÓ-
„ÂÌÌ˚ı ‚˚·ÓÒÓ‚ 7.2 ÉÚC/„Ó‰ ‰Îfl 2005 „. íÓ ÊÂ Ò‡ÏÓÂ
ÏÓÊÌÓ ÒÍ‡Á‡Ú¸ Ë Ó ÏÓ‰ÂÎË (1-å). 

ëËÒÚÂÏ‡ (1) ËÏÂÂÚ Ô‡Û ‡‚ÌÓ‚ÂÒËÈ ‚Ë‰‡ x(1) =

=  0  Ì‡Á˚‚‡ÂÏ˚ı ‡ÚÏÓÒÙÂÌÓ-ÓÍÂ‡ÌË˜Â-
ÒÍËÏË, Ë ÌÂÚË‚Ë‡Î¸ÌÓÂ ‡‚ÌÓ‚ÂÒËÂ Ò ÌÂÌÛÎÂ‚˚ÏË
ÍÓÏÔÓÌÂÌÚ‡ÏË x(2), ‚˚˜ËÒÎflÂÏÓÂ ÔÓ ÙÓÏÛÎ‡Ï:

(5)

Ç ‰ÓËÌ‰ÛÒÚË‡Î¸ÌÓÏ ÒÓÒÚÓflÌËË ÓÌÓ fl‚ÎflÂÚÒfl ÛÒÚÓÈ-
˜Ë‚˚Ï ÛÁÎÓÏ, Ú.Í. ÒÓ·ÒÚ‚ÂÌÌ˚Â ˜ËÒÎ‡ Â„Ó Ï‡ÚËˆ˚
üÍÓ·Ë ‡‚Ì˚ –0.0326, –1.4 × 10–5, –0.00245. ÇÂÏÂÌ‡
ÂÎ‡ÍÒ‡ˆËË Í ˝ÚÓÏÛ ÒÓÒÚÓflÌË˛ ÔË ÛÒÎÓ‚ËË ÔÂ-
Í‡˘ÂÌËfl ÔÓÒÚÛÔÎÂÌËfl ‡ÌÚÓÔÓ„ÂÌÌÓ„Ó Û„ÎÂÓ‰‡
ËÁ ÎËÚÓÒÙÂ˚ ‚ ‡ÚÏÓÒÙÂÛ ÒËÎ¸ÌÓ ‡ÁÎË˜‡˛ÚÒfl
‰Îfl ‡ÁÎË˜Ì˚ı ÂÁÂ‚Û‡Ó‚. Ç ‡ÚÏÓÒÙÂÂ ‰ÓËÌ‰Û-
ÒÚË‡Î¸ÌÓÂ ‡‚ÌÓ‚ÂÒÌÓÂ ÒÓ‰ÂÊ‡ÌËÂ Û„ÎÂÓ‰‡ ‚ÓÒ-
ÒÚ‡Ì‡‚ÎË‚‡ÂÚÒfl ‚ ÒÎÛ˜‡Â Ó‰ÌÓÍ‡ÚÌÓ„Ó ‚ÓÁÏÛ˘ÂÌËfl
ÔËÏÂÌÓ Á‡ 1200 ÎÂÚ (ËÒ. 5a), ÔÓÒÎÂ ˜Â„Ó ÔÂÂ‡Ò-
ÔÂ‰ÂÎÂÌËÂ ËÁÎË¯ÍÓ‚ Û„ÎÂÓ‰‡ ÔÓËÒıÓ‰ËÚ ÚÓÎ¸ÍÓ
ÏÂÊ‰Û Ì‡ÁÂÏÌÓÈ ·ËÓÚÓÈ Ë ÓÍÂ‡ÌÓÏ, ÍÓÚÓ˚Ï ÌÛÊÌÓ
ÒÓÓÚ‚ÂÚÒÚ‚ÂÌÌÓ 250000 ÎÂÚ (ËÒ. 5) Ë 150000 ÎÂÚ
(ËÒ. 6), ‡ ÎËÚÓÒÙÂÌ˚È Á‡Ô‡Ò, ÍÓÚÓ˚È ‚ ‰‡ÌÌÓÏ

ÒÎÛ˜‡Â ÒËÏ‚ÓÎËÁËÛÂÚ ‰ÓÌÌ˚Â ÓÚÎÓÊÂÌËfl Ë ‚ÛÎÍ‡-
ÌË˜ÂÒÍËÈ Û„ÎÂÓ‰, ‚ÓÒÒÚ‡Ì‡‚ÎË‚‡ÂÚÒfl Â˘Â ÏÂ‰ÎÂÌ-
ÌÂÂ (ËÒ. 6„) ‚ ÒËÎÛ Ï‡ÎÓÒÚË ÂÒÚÂÒÚ‚ÂÌÌ˚ı ÔÓÚÓÍÓ‚
ÓÒ‡Ê‰ÂÌËfl Ì‡ ‰ÌÂ ÓÍÂ‡ÌÓ‚ Ë ‚ÛÎÍ‡ÌË˜ÂÒÍËı ˝Ï‡Ì‡-
ˆËÈ. é‰Ì‡ÍÓ ÔÓˆÂÒÒ ‚ÓÒÒÚ‡ÌÓ‚ÎÂÌËfl ÔÓ˜ÚË ÎËÌÂÈ-
Ì˚È Ë ËÏÂÂÚ Í‚‡ÁËÒÚ‡ˆËÓÌ‡Ì˚È ı‡‡ÍÚÂ Ì‡ ‚Â-
ÏÂÌ‡ı ÔÓfl‰Í‡ ‰ÂÒflÚËÎÂÚËÈ (ËÒ. 4‡–6‡). éÚÏÂÚËÏ,
˜ÚÓ ‚ ÓÚÒÛÚÒÚ‚ËÂ ‡ÌÚÓÔÓ„ÂÌÌ˚ı ‚˚·ÓÒÓ‚ ‰ÓËÌ‰Û-
ÒÚË‡Î¸ÌÓÂ ‡‚ÌÓ‚ÂÒËÂ ÛÒÚ‡Ì‡‚ÎË‚‡ÂÚÒfl Ë ‚ ÚÓÏ ÒÎÛ-
˜‡Â, ÍÓ„‰‡ ÒËÒÚÂÏ‡ ÒÚ‡ÚÛÂÚ ËÁ Ì‡˜‡Î¸Ì˚ı ÛÒÎÓ‚ËÈ,
ÒÓÓÚ‚ÂÚÒÚ‚Û˛˘Ëı ÒÓ‚ÂÏÂÌÌÓÈ ÒËÚÛ‡ˆËË.

å‡ÚËˆ‡ üÍÓ·Ë ÒËÒÚÂÏ˚ (1) ‰Îfl ÌÂÚË‚Ë‡Î¸ÌÓ„Ó
‡‚ÌÓ‚ÂÒËfl ËÏÂÂÚ ‚Ë‰: 

(6)

dx4

dt
--------

xi,i 1=
n 1–∑
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‡ ÂÂ ı‡‡ÍÚÂËÒÚË˜ÂÒÍÓÂ Û‡‚ÌÂÌËÂ λ3 + k2λ2 + k1λ +
+ k0 = 0 Ò ‚˚‡ÊÂÌËÂÏ ÍÓ˝ÙÙËˆËÂÌÚÓ‚ ˜ÂÂÁ Ô‡‡-
ÏÂÚ˚ ÒËÒÚÂÏ˚: k2 = –(a + h), k1 = –(bd + cf – ah), k0 =
= d(bh – cg). ãËÌËfl, ÓÚ‚Â˜‡˛˘‡fl ‡‚ÂÌÒÚ‚Û k0 = d(bh –
– cg) = 0, Ì‡ ÔÎÓÒÍÓÒÚË Ô‡‡ÏÂÚÓ‚ (α41, M) ÓÚ‚Â˜‡ÂÚ
ÔÓÚÂÂ ÛÒÚÓÈ˜Ë‚ÓÒÚË ÒÚ‡ˆËÓÌ‡ÌÓ„Ó Â¯ÂÌËfl ˜ÂÂÁ
ÔÂÂÒÂ˜ÂÌËÂ ËÎË ÒÎËflÌËÂ Ò Ó‰ÌËÏ ËÁ ÌÂÛÒÚÓÈ˜Ë‚˚ı
‡ÚÏÓÒÙÂÌÓ-ÓÍÂ‡ÌË˜ÂÒÍËı ‡‚ÌÓ‚ÂÒËÈ: 

M =  +

+  =

= 9459.7 +  ÔË ÒÓ‚ÂÏÂÌÌ˚ı Ô‡‡ÏÂÚ‡ı

ÍÛ„Ó‚ÓÓÚ‡. ÑÓËÌ‰ÛÒÚË‡Î¸ÌÓÂ ‡‚ÌÓ‚ÂÒËÂ ÚÂfl-
ÂÚ ÛÒÚÓÈ˜Ë‚ÓÒÚ¸ ÌËÊÂ „‡ÙËÍ‡ ˝ÚÓÈ ÙÛÌÍˆËË, Ú.Â.
ÔË ÒÓ‚ÒÂÏ Ï‡Î˚ı ÁÌ‡˜ÂÌËflı Ó·˘ÂÈ Ï‡ÒÒ˚ Û„ÎÂ-
Ó‰‡ ‚ ÒËÒÚÂÏÂ (M < 10000 ÉÚC). ãËÌËfl ÓÊ‰ÂÌËfl
‡‚ÚÓÍÓÎÂ·‡ÌËÈ ‚˚‡Ê‡ÂÚÒfl ËÁ ‡‚ÂÌÒÚ‚‡ R2 =
= k2k1 – k0 = –(a + h)(ah – cf) + d(ab – cg) Ë ÌÂ ÔË-
ÒÛÚÒÚ‚ÛÂÚ ‚ ÔÓÎÓÊËÚÂÎ¸ÌÓÏ ÓÚ‡ÌÚÂ Ô‡‡ÏÂÚË-
˜ÂÒÍÓÈ ÔÎÓÒÍÓÒÚË.

ÑËÌ‡ÏËÍ‡ Á‡Ô‡ÒÓ‚ Û„ÎÂÓ‰‡ ‚ ‡ÚÏÓÒÙÂÂ, Ì‡ÁÂÏ-
ÌÓÈ ·ËÓÚÂ Ë ÓÍÂ‡ÌÂ ÔË ÔÓÒÚÓflÌÌÓ ‰ÂÈÒÚ‚Û˛˘ÂÏ ‡Ì-
ÚÓÔÓ„ÂÌÌÓÏ ÔÓÚÓÍÂ Ò ËÌÚÂÌÒË‚ÌÓÒÚ¸˛ Ì‡ ÛÓ‚ÌÂ
90-ı „Ó‰Ó‚ ÔÓÍ‡Á‡Ì‡ Ì‡ ËÒ. 7, „‰Â Á‡ ÌÛÎÂ‚ÓÈ ÏÓÏÂÌÚ
‚ÂÏÂÌË ÔËÌflÚ 1999 „. åÓ‰ÂÎ¸ ÔÓÍ‡Á˚‚‡ÂÚ, ˜ÚÓ ‡Ú-
ÏÓÒÙÂÌÓÂ ÒÓ‰ÂÊ‡ÌËÂ Û„ÎÂÓ‰‡ Ì‡ ÔÓÚflÊÂÌËË
100 ÎÂÚ ‚ÓÁ‡ÒÚ‡ÂÚ ‰Ó ÛÓ‚Ìfl 830–850 ÉÚë (ËÒ. 7‡),
‡ Á‡ÚÂÏ ÔÎ‡‚ÌÓ Ô‡‰‡ÂÚ ‰Ó ÌÓ‚Ó„Ó ÒÚ‡ˆËÓÌ‡ÌÓ„Ó ÁÌ‡-
˜ÂÌËfl 655–675 ÉÚë ‚ ÚÂ˜ÂÌËÂ ÔËÏÂÌÓ 2000 ÎÂÚ
(ËÒ. 7·). Ç ˝ÚÓÏ ÒÎÛ˜‡Â Ï‡ÍÒËÏ‡Î¸ÌÓ ‰ÓÒÚË„‡ÂÏÓÂ
˜ÂÂÁ 65–75 ÎÂÚ ‡ÚÏÓÒÙÂÌÓÂ ÒÓ‰ÂÊ‡ÌËÂ Û„ÎÂÓ‰‡
ÔÂ‚˚¯‡ÂÚ ÒÓ‚ÂÏÂÌÌÓÂ Ì‡ 80–100 ÉÚë (11–13%), ‡
Ì‡ÁÂÏÌ‡fl ·ËÓÚ‡ Ë ÓÍÂ‡Ì ÔÓ„ÎÓ˘‡˛Ú ËÁÎË¯ÍË ‡ÌÚÓ-
ÔÓ„ÂÌÌÓ„Ó Û„ÎÂÓ‰‡ ‰‡ÊÂ ÔË ÚÓÏ, ˜ÚÓ ÔÓÚÓÍ ‡ÌÚÓ-
ÔÓ„ÂÌÌ˚ı ‚˚·ÓÒÓ‚ ÌÂ ÓÒÎ‡·Â‚‡ÂÚ ÒÓ ‚ÂÏÂÌÂÏ. á‡
ÔÓ˜ÚË 5000 ÎÂÚ ÎËÚÓÒÙÂÌ˚Â Á‡Ô‡Ò˚ ËÒÍÓÔ‡ÂÏÓ„Ó
ÚÓÔÎË‚‡ ËÒÒflÍ‡˛Ú, ‡ ÒÓ‰ÂÊ‡ÌËÂ Û„ÎÂÓ‰‡ ‚ ÔÓ˜‚ÂÌ-
ÌÓ-‡ÒÚËÚÂÎ¸ÌÓÈ ÒËÒÚÂÏÂ Ë ÓÍÂ‡ÌÂ ÒÚ‡·ËÎËÁËÛÂÚÒfl
Ì‡ ÛÓ‚Ìflı 8880 Ë 40670 ÉÚë ÒÓÓÚ‚ÂÚÒÚ‚ÂÌÌÓ, ÔÂ‚˚-
¯‡˛˘Ëı ÒÓ‚ÂÏÂÌÌ˚È ‚ 2.33 Ë 1.05 ‡Á‡ (ËÒ. 7‚, 7‰).
ëÓÒÚÓflÌËÂ, Ì‡ ÍÓÚÓÓÂ ‚˚ıÓ‰ËÚ ÍÛ„Ó‚ÓÓÚ, ÓÔÂ‰Â-
ÎflÂÚÒfl ‚ ÔÂ‚Û˛ Ó˜ÂÂ‰¸ ËÒÚÓ˘ÂÌËÂÏ ËÒÍÓÔ‡ÂÏÓ„Ó
ÚÓÔÎË‚‡, ˜ÂÏ ÌÂÎËÌÂÈÌ˚Ï ı‡‡ÍÚÂÓÏ ‚Á‡ËÏÓ‰ÂÈ-
ÒÚ‚ËÈ ‚ÌÛÚË ÒËÒÚÂÏ˚, ̃ ÚÓ ÔÓ‰Ú‚ÂÊ‰‡ÂÚÒfl ‚˚˜ËÒÎÂ-
ÌËÂÏ ÒÚ‡ˆËÓÌ‡ÌÓ„Ó ÒÓÒÚÓflÌËfl ‚ÓÁÏÛ˘ÂÌÌÓÈ ÒËÒÚÂ-
Ï˚ ÔÓ ÙÓÏÛÎ‡Ï (5) x(2) = [653.21; 8842; 41665] ÉÚë.
ç‡ÁÂÏÌ‡fl ·ËÓÚ‡ ÔÓ„ÎÓ˘‡ÂÚ ‡ÚÏÓÒÙÂÌ˚È Á‡Ô‡Ò
Û„ÎÂÓ‰‡ ·ÓÎÂÂ ËÌÚÂÌÒË‚ÌÓ, ˜ÂÏ ÓÍÂ‡Ì, ˜ÚÓ fl‚Îfl-
ÂÚÒfl ÒÎÂ‰ÒÚ‚ËÂÏ ÓÚÒÛÚÒÚ‚Ëfl Û˜ÂÚ‡ Ì‡Ò˚˘ÂÌËfl ÔÓ
Ì‡ÁÂÏÌÓÈ ·ËÓÏ‡ÒÒÂ ‚ ÔÓÚÓÍÓ‚ÓÈ ÙÛÌÍˆËË f12. ëÓ-
ÓÚ‚ÂÚÒÚ‚ÂÌÌÓ Û‚ÂÎË˜Ë‚‡ÂÚÒfl Ë ÔÓÚÓÍ ËÁ ÔÓ˜‚˚ Ë
‡ÒÚËÚÂÎ¸ÌÓÒÚË ‚ ‡ÚÏÓÒÙÂÛ, ÓÚ‚Â˜‡˛˘ËÈ ‡‚ÚÓ-
ÚÓÙÌÓÏÛ Ë „ÂÚÂÓÚÓÙÌÓÏÛ ‰˚ı‡ÌË˛ ‡ÒÚË-
ÚÂÎ¸ÌÓÒÚË Ë ÔÓ˜‚˚. 

L12 α21 α23+( )
K12 α21– α23–
-----------------------------------

α13 α34 α41+( )
α41 α34 K12 α21– α23–( ) γ 31L12 α21 α23+( )+( )
--------------------------------------------------------------------------------------------------------------

0.022701
α41

----------------------

óÛ‚ÒÚ‚ËÚÂÎ¸ÌÓÒÚ¸ ‰ËÌ‡ÏËÍË Á‡Ô‡ÒÓ‚ ‚ ÂÁÂ‚Û‡-
‡ı ÔË ÔÓÒÚÓflÌÌÓÏ ÛÓ‚ÌÂ ‡ÌÚÓÔÓ„ÂÌÌ˚ı ‚˚·Ó-
ÒÓ‚ Í ‚‡Ë‡ˆËË ‡ÁÌÓÒÚË Ó·ÏÂÌÌ˚ı ÔÓÚÓÍÓ‚ ‡ÚÏÓ-
ÒÙÂ‡–Ì‡ÁÂÏÌ‡fl ·ËÓÚ‡ ÏÓÊÌÓ ÔÓÒÎÂ‰ËÚ¸ ÔÓ ËÒ. 8:
‚ÂıÌflfl ÍË‚‡fl ÓÚ‚Â˜‡ÂÚ ÍÓ˝ÙÙËˆËÂÌÚ‡Ï ÔÓÚÓÍ‡ f12,
‚˚˜ËÒÎÂÌÌ˚Ï ÔÓ ‡‚ÌÓ‚ÂÒÌÓÈ Ë ÒÓ‚ÂÏÂÌÌ˚Ï ÒıÂ-
Ï‡Ï ÍÛ„Ó‚ÓÓÚ‡, ÌËÊÌflfl ÒÔÎÓ¯Ì‡fl ÎËÌËfl ÔÓÎÛ˜ÂÌ‡
‰Îfl ÁÌ‡˜ÂÌËÈ, Ì‡È‰ÂÌÌ˚ı ÛÚÓ˜ÌÂÌÌ˚Ï ÒÔÓÒÓ·ÓÏ ÔÓ
(4), ‡ ÓÒÚ‡Î¸Ì˚Â ‰‚‡ ‚‡Ë‡ÌÚ‡ ÔÓÎÛ˜ÂÌ˚ ‰Îfl ÌËÊÌÂÈ
Ë ‚ÂıÌÂÈ „‡ÌËˆ ËÁÏÂÂÌÌÓÈ ‡ÁÌÓÒÚË f12 – f21. ÇË‰-
ÌÓ, ˜ÚÓ ÔË ·ÓÎÂÂ „Û·ÓÈ Í‡ÎË·Ó‚ÍÂ ÍÓ˝ÙÙËˆËÂÌ-
ÚÓ‚ ÙÓÚÓÒËÌÚÂÁ‡ (Û˜ÚÂÌ˚ ÓˆÂÌÍË ÔÓÚÓÍÓ‚ Ë Á‡Ô‡ÒÓ‚
‚ ‰‚‡ ÏÓÏÂÌÚ‡ ‚ÂÏÂÌË) ‡ÏÔÎËÚÛ‰‡ Â‡ÍˆËË ‡ÚÏÓ-
ÒÙÂÌÓ„Ó Á‡Ô‡Ò‡ Ì‡ ÔÓÒÚÓflÌÌ˚È ‡ÌÚÓÔÓ„ÂÌÌ˚È ‚˚-
·ÓÒ ·ÓÎ¸¯Â, ˜ÂÏ ‚ ÒÎÛ˜‡Â ËÒÔÓÎ¸ÁÓ‚‡ÌËfl ÓˆÂÌÓÍ
‡ÁÌÓÒÚÂÈ ÔÓÚË‚ÓÔÓÎÓÊÌ˚ı ÔÓÚÓÍÓ‚ ‰Îfl ÚÂı ÏÓ-
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êËÒ. 4. á‡Ô‡Ò˚ Û„ÎÂÓ‰‡ (ÉÚë) ‚ ‡ÚÏÓÒÙÂÂ ‚ ÚÂ˜ÂÌËÂ
500 (‡) Ë 10000 (·) ÎÂÚ ÔÓÒÎÂ Ó‰ÌÓÍ‡ÚÌÓ„Ó ‚ÓÁÏÛ˘Â-
ÌËfl ‰ÓËÌ‰ÛÒÚË‡Î¸ÌÓ„Ó ‡‚ÌÓ‚ÂÒËfl ‚ ÏÓ‰ÂÎË (1).



746

àáÇÖëíàü êÄç. îàáàäÄ ÄíåéëîÖêõ à éäÖÄçÄ      ÚÓÏ 44      ‹ 6      2008

ÉËÌÁ·Û„, á‡‚‡ÎË¯ËÌ

ÏÂÌÚÓ‚ ‚ÂÏÂÌË. å‡ÍÒËÏÛÏ ‰Ë‡Ô‡ÁÓÌ‡ Â‡ÍˆËË ‡Ú-
ÏÓÒÙÂÌÓ„Ó Á‡Ô‡Ò‡ Û„ÎÂÓ‰‡ ÔË ‚‡¸ËÓ‚‡ÌËË
Ò‡ÏÓÈ ÓˆÂÌÍË ‡ÁÌÓÒÚË ‰Îfl 80-ı „Ó‰Ó‚ XX ‚ÂÍ‡
(0.9 ÉÚë) ÒÓÒÚ‡‚ÎflÂÚ ÔÓ˜ÚË 200 ÉÚë (ÔÛÌÍÚËÌ˚Â
ÍË‚˚Â), ˜ÚÓ Ò‚Ë‰ÂÚÂÎ¸ÒÚ‚ÛÂÚ Ó ‰Ó‚ÓÎ¸ÌÓ ‚˚ÒÓÍÓÈ
˜Û‚ÒÚ‚ËÚÂÎ¸ÌÓÒÚË ÓÚÍÎËÍ‡ Û„ÎÂÓ‰ÌÓ„Ó ̂ ËÍÎ‡ Ì‡ ‡Ì-
ÚÓÔÓ„ÂÌÌÓÂ ‚ÓÁÏÛ˘ÂÌËÂ Í ÍÓ˝ÙÙËˆËÂÌÚ‡Ï ÔÓ„ÎÓ-
˘ÂÌËfl Û„ÎÂÓ‰‡ Ì‡ÁÂÏÌÓÈ ·ËÓÚÓÈ ËÁ ‡ÚÏÓÒÙÂ˚.

ìÒÚÓÈ˜Ë‚ÓÒÚ¸ ‡ÚÏÓÒÙÂÌÓ-ÓÍÂ‡ÌË˜ÂÒÍËı ÒÚ‡ˆË-
ÓÌ‡Ì˚ı ÒÓÒÚÓflÌËÈ, ÔË ÍÓÚÓ˚ı Û„ÎÂÓ‰ ‚ Ì‡ÁÂÏ-
Ì˚ı ˝ÍÓÒËÒÚÂÏ‡ı ÓÚÒÛÚÒÚ‚ÛÂÚ, ÓÔÂ‰ÂÎflÂÚÒfl ÙÓ-
ÏÓÈ ‚Á‡ËÏÓ‰ÂÈÒÚ‚Ëfl ÓÍÂ‡Ì–‡ÚÏÓÒÙÂ‡. èË ‚˚˜ËÒ-
ÎÂÌÌ˚ı ÁÌ‡˜ÂÌËflı Ô‡‡ÏÂÚÓ‚ ÒËÒÚÂÏ˚ (1) ˝ÚË
ÚÂÓÂÚË˜ÂÒÍË ‚ÓÁÏÓÊÌ˚Â ‡‚ÌÓ‚ÂÒËfl ÍÓÏÔÎÂÍÒÌ˚
Ë ÌÂ Â‡ÎËÁÛ˛ÚÒfl. 

îÛÌÍˆËÓÌËÓ‚‡ÌËÂ ÏÓ‰ÂÎË 
Ò Ï‡Î˚Ï ‰ÂflÚÂÎ¸Ì˚Ï ÒÎÓÂÏ ÓÍÂ‡Ì‡

ëÓ„Î‡ÒÌÓ ÒÓ‚ÂÏÂÌÌ˚Ï ÔÂ‰ÒÚ‡‚ÎÂÌËflÏ [20],
Ï‡ÒÒ‡ Û„ÎÂÓ‰‡ ‚ÂıÌÂ„Ó Í‚‡ÁËÓ‰ÌÓÓ‰ÌÓ„Ó ÒÎÓfl
ÓÍÂ‡Ì‡ ÓˆÂÌË‚‡ÂÚÒfl ‚ÂÎË˜ËÌ‡ÏË ÔÓfl‰Í‡ 1000 ÉÚC,
‡ ÔÓÚÓÍË, ı‡‡ÍÚÂËÁÛ˛˘ËÂ ‚ÂÚËÍ‡Î¸Ì˚È Ó·ÏÂÌ
ÏÂÊ‰Û ÔÓ‚ÂıÌÓÒÚÌ˚Ï Ë „ÎÛ·ÓÍËÏ ÓÍÂ‡ÌÓÏ, ÔËÌË-
Ï‡˛ÚÒfl Í‡Í ‰ÓÌÓÌ˚Â Ë ÓˆÂÌË‚‡˛ÚÒfl ‚ÂÎË˜ËÌ‡ÏË
40–42 ÉÚë/„Ó‰ (ËÒ. 2·). ùÚÓÏÛ ÒÓÓÚ‚ÂÚÒÚ‚Û˛Ú ÍÓ˝Ù-
ÙËˆËÂÌÚ˚, ÔË‚Â‰ÂÌÌ˚Â ‚ Ú‡·Î. 3. ä‡Í Ë ‚ ·‡ÁÓ‚ÓÈ
ÒËÒÚÂÏÂ (1), ‰ÓËÌ‰ÛÒÚË‡Î¸ÌÓÂ ÒÓÒÚÓflÌËÂ fl‚ÎflÂÚÒfl
ÛÒÚÓÈ˜Ë‚˚Ï ‡‚ÌÓ‚ÂÒËÂÏ, ÌÓ ‚ÂÏÂÌ‡ ÂÎ‡ÍÒ‡ˆËË Í
ÌÂÏÛ ÒÛ˘ÂÒÚ‚ÂÌÌÓ ÏÂÌ¸¯Â ‰Îfl ·ËÓÚ˚ ÒÛ¯Ë Ë ÓÍÂ‡-
Ì‡, ˜ÂÏ ÂÒÎË ‚ÂÒ¸ ÓÍÂ‡ÌÒÍËÈ ÂÁÂ‚Û‡ ‚Ó‚ÎÂ˜ÂÌ ‚
‡ÍÚË‚ÌÓÂ ‚Á‡ËÏÓ‰ÂÈÒÚ‚ËÂ Ò ‡ÚÏÓÒÙÂÓÈ (ËÒ. 9). çÂ-

x2, ÉÚë
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êËÒ. 5. á‡Ô‡Ò˚ Û„ÎÂÓ‰‡ (ÉÚë) ‚ Ì‡ÁÂÏÌÓÈ ·ËÓÚÂ ‚ ÚÂ˜ÂÌËÂ 500 (‡), 10000 (·), 100000 (‚) Ë 500000 („) ÎÂÚ ÔÓÒÎÂ Ó‰ÌÓ-
Í‡ÚÌÓ„Ó ‚ÓÁÏÛ˘ÂÌËfl ‰ÓËÌ‰ÛÒÚË‡Î¸ÌÓ„Ó ‡‚ÌÓ‚ÂÒËfl ‚ ÏÓ‰ÂÎË (1). 



àáÇÖëíàü êÄç. îàáàäÄ ÄíåéëîÖêõ à éäÖÄçÄ      ÚÓÏ 44      ‹ 6      2008

àëëãÖÑéÇÄçàÖ ÑàçÄåàäà ÉãéÅÄãúçéÉé ìÉãÖêéÑçéÉé ñàäãÄ 747

‚ÓÁÏÛ˘ÂÌÌ‡fl ÒËÒÚÂÏ‡ ‚ÓÁ‚‡˘‡ÂÚÒfl Í ‰ÓËÌ‰ÛÒÚË-
‡Î¸ÌÓÏÛ ÒÓÒÚÓflÌË˛ ‚ ÒÂ‰ÌÂÏ Á‡ ÌÂÒÍÓÎ¸ÍÓ ‰ÂÒflÚ-
ÍÓ‚ ÎÂÚ. àÌÓÂ ÔÓ‚Â‰ÂÌËÂ ‰ÂÏÓÌÒÚËÛÂÚ ÍÛ„Ó‚ÓÓÚ
Ò ÔÓÒÚÓflÌÌ˚Ï ‚ÓÁÏÛ˘ÂÌËÂÏ Ì‡ ÛÓ‚ÌÂ 7.2 ÉÚë/„Ó‰: ‚
ÓÚÎË˜ËÂ ÓÚ ÏÓ‰ÂÎË Ò ÔÓÎÌ˚Ï ÓÍÂ‡ÌÓÏ, ÒÓ‰ÂÊ‡ÌËÂ
Û„ÎÂÓ‰‡ ‚ ‚ÂıÌÂÏ ÒÎÓÂ Ô‡‰‡ÂÚ ‰Ó 925 ÉÚë Á‡
2000 ÎÂÚ, Ë ıÓÚfl ‚ÂÎË˜ËÌ‡ Ô‡‰ÂÌËfl ÌÂÁÌ‡˜ËÚÂÎ¸Ì‡,
ÏÓÊÌÓ ÒÍ‡Á‡Ú¸, ˜ÚÓ ‡ÍÚË‚Ì˚È ÒÎÓÈ ÓÍÂ‡Ì‡ ÒÚ‡ÌÓ-
‚ËÚÒfl ‰ÓÌÓÓÏ Û„ÎÂÓ‰‡, ÔÂÂÌÓÒËÏÓ„Ó ‚ Ì‡ÁÂÏÌ˚È
ÔÓ˜‚ÂÌÌÓ-‡ÒÚËÚÂÎ¸Ì˚È ÍÓÏÔÎÂÍÒ ˜ÂÂÁ ‡ÚÏÓÒÙÂ-
Û. ÑËÌ‡ÏËÍ‡ Á‡Ô‡ÒÓ‚ ‚ ‡ÚÏÓÒÙÂÂ Ë Ì‡ÁÂÏÌÓÈ ·ËÓ-
ÚÂ ‚ ̋ ÚÓÏ ÒÎÛ˜‡Â ‡Ì‡ÎÓ„Ë˜Ì‡ ÏÓ‰ÂÎËÛÂÏÓÈ ‰Îfl ÔÓÎ-
ÌÓÈ ÒËÒÚÂÏ˚ (1) (ËÒ. 7‡, 7‚). í‡ÍËÏ Ó·‡ÁÓÏ, ÒÚÂ-
ÔÂÌ¸ ‚Ó‚ÎÂ˜ÂÌËfl ÓÍÂ‡ÌÒÍÓ„Ó Û„ÎÂÓ‰‡ ‚ „ÎÓ·‡Î¸Ì˚È

ÍÛ„Ó‚ÓÓÚ ‚ÎËflÂÚ Ì‡ ÒÓ‰ÂÊ‡ÌËÂ Û„ÎÂÓ‰‡ ‚ ‚Ó‰-
ÌÓÈ ÚÓÎ˘Â Ë Ì‡Ô‡‚ÎÂÌËÂ ÌÂÚÚÓ-Ó·ÏÂÌ‡ Ì‡ „‡ÌËˆÂ
ÓÍÂ‡Ì–‡ÚÏÓÒÙÂ‡. óËÒÎÂÌÌ˚È ˝ÍÒÔÂËÏÂÌÚ ÔÓÍ‡-
Á‡Î, ˜ÚÓ ‚˚·Ó ÔÓÚÓÍÓ‚˚ı Á‡‚ËÒËÏÓÒÚÂÈ ‚ Ô‡Â
{f13,  f31} ÌÂ ÓÍ‡Á˚‚‡ÂÚ ÒÛ˘ÂÒÚ‚ÂÌÌÓ„Ó ‚ÎËflÌËfl Ì‡
‰ËÌ‡ÏËÍÛ ÒÓ‰ÂÊ‡ÌËfl Û„ÎÂÓ‰‡ ‚ ÓÒÌÓ‚Ì˚ı ÂÁÂ‚Û-
‡‡ı, ÍÓÚÓ‡fl ÓÒÚ‡ÂÚÒfl Ú‡ÍÓÈ ÊÂ, ÂÒÎË ÔÓÏÂÌflÚ¸ ÚË-
Ô˚ ÛÔ‡‚ÎÂÌËfl ˝ÚËÏË ÔÓÚÓÍ‡ÏË ÏÂÊ‰Û ÒÓ·ÓÈ, Ò‰Â-
Î‡‚ ÔÂ‚˚È ËÁ ÌËı ‚ÓÎ¸ÚÂÓ‚ÒÍËÏ, ‡ ‚ÚÓÓÈ
‰ÓÌÓÌ˚Ï (f13 = γ13x1x3,  f31 = α31x3). ÑÎfl ˝ÚÓ„Ó ÒÎÛ˜‡fl
‡‚ÌÓ‚ÂÒÌ˚Â ÒÓÓÚÌÓ¯ÂÌËfl ‰‡˛Ú ÒÚ‡ˆËÓÌ‡Ì˚Â ÒÓ-
ÒÚÓflÌËfl ÚÓ„Ó ÊÂ ÚËÔ‡, ˜ÚÓ Ë ‚ ÏÓ‰ÂÎË (1). èÓÎÌÓ-
ÒÚ¸˛ ÌÂÚË‚Ë‡Î¸ÌÓÂ ‡‚ÌÓ‚ÂÒËÂ ËÏÂÂÚ ‚Ë‰: 

x3, ÉÚë×104
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êËÒ. 6. á‡Ô‡Ò˚ Û„ÎÂÓ‰‡ (ÉÚ ë) ‚ ÓÍÂ‡ÌÂ ‚ ÚÂ˜ÂÌËÂ 500 (‡), 10000 (·), 100000 (‚) Ë 500000 („) ÎÂÚ ÔÓÒÎÂ Ó‰ÌÓÍ‡ÚÌÓ„Ó
‚ÓÁÏÛ˘ÂÌËfl ‰ÓËÌ‰ÛÒÚË‡Î¸ÌÓ„Ó ‡‚ÌÓ‚ÂÒËfl ‚ ÏÓ‰ÂÎË (1). 
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êËÒ. 7. á‡Ô‡Ò˚ Û„ÎÂÓ‰‡ (ÉÚ ë) ‚ ‡ÚÏÓÒÙÂÂ (‡, ·), Ì‡ÁÂÏÌÓÈ ·ËÓÚÂ (‚, „) Ë ÓÍÂ‡ÌÂ (‰, Â) ‚ ÚÂ˜ÂÌËÂ 500 Ë 2000 ÎÂÚ ÔÓ‰
‰ÂÈÒÚ‚ËÂÏ ‡ÌÚÓÔÓ„ÂÌÌ˚ı ‚˚·ÓÒÓ‚ ÔÓÒÚÓflÌÌÓÈ ËÌÚÂÌÒË‚ÌÓÒÚË Ò ‚ÂÎË˜ËÌÓÈ ÔÓÚÓÍ‡ 7.2 ÉÚë/„Ó‰. òÚËıÓ‚‡fl ÎËÌËfl –
ÁÌ‡˜ÂÌËfl Á‡Ô‡Ò‡ Ì‡ Ì‡˜‡ÎÓ 2000-ı „Ó‰Ó‚.
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(7)

Ë Â„Ó ÛÒÚÓÈ˜Ë‚ÓÒÚ¸ ÓÔÂ‰ÂÎflÂÚÒfl ÍÓÌflÏË ı‡‡ÍÚÂ-
ËÒÚË˜ÂÒÍÓ„Ó Û‡‚ÌÂÌËfl Ï‡ÚËˆ˚ üÍÓ·Ë: 

(8)

λ3 + k2λ2 + k1λ + k0 = 0, ÍÓ˝ÙÙËˆËÂÌÚ˚ ÍÓÚÓÓ„Ó
‚˚‡Ê‡˛ÚÒfl ˜ÂÂÁ ˝ÎÂÏÂÌÚ˚ Ï‡ÚËˆ˚ Ú‡Í ÊÂ,
Í‡Í ‚ ÏÓ‰ÂÎË (1). äÓ˝ÙÙËˆËÂÌÚ˚ ı‡‡ÍÚÂËÒÚË-
˜ÂÒÍÓ„Ó Û‡‚ÌÂÌËfl ‰‡˛Ú ‚˚‡ÊÂÌËfl „‡ÌËˆ
ÛÒÚÓÈ˜Ë‚ÓÒÚË ÔÓ ÍËÚÂË˛ ê‡ÛÒ‡–ÉÛ‚Ëˆ‡. ãË-
ÌËfl Í‡ÚÌÓÒÚË k0 = d(bh – cg) = 0 ÌÂÚË‚Ë‡Î¸ÌÓ„Ó
‡‚ÌÓ‚ÂÒËfl ÒÓÒÚÓËÚ ËÁ ‰‚Ûı ˜‡ÒÚÂÈ, Ó‰Ì‡ ËÁ ÍÓÚÓ-

˚ı ÓÚ‚Â˜‡ÂÚ ‡‚ÂÌÒÚ‚Û  = 0 Ë ÎÂÊËÚ ‚ÌÂ ÔÓ-
ÎÓÊËÚÂÎ¸ÌÓ„Ó ÓÚ‡ÌÚ‡ Ô‡‡ÏÂÚË˜ÂÒÍÓÈ ÔÎÓÒ-
ÍÓÒÚË (α41, M). èÓ˝ÚÓÏÛ, Í‡Í Ë ‚ ÒÎÛ˜‡Â ÏÓ‰ÂÎË (1),
‰ÓËÌ‰ÛÒÚË‡Î¸ÌÓÂ ‡‚ÌÓ‚ÂÒËÂ fl‚ÎflÂÚÒfl ÛÒÚÓÈ˜Ë-
‚˚Ï ÛÁÎÓÏ Ë ÓÒÚ‡ÂÚÒfl ËÏ ÔË ‡ÌÚÓÔÓ„ÂÌÌÓÏ ‚ÓÁ-
ÏÛ˘ÂÌËË. 

x1
2( ) L12 α21 α23+( )

K12 α21– α23–
-----------------------------------,=

x3
2( ) α23 α41 α43+( ) M x1

2( )–( )
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-----------------------------------–++

-------------------------------------------------------------------------------------------------------------------------------------------------,=
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2( ) 1
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--------------------- α43
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----------------------------------- M–⎝ ⎠
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γ 13L12 α21 α23+( )
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------------------------------------------–+ +⎝ ⎠

⎛ ⎞ x3
2( )+ ,=
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a b c

d 0 0
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2( )
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K12x1
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---------------------– α21+ – γ 13x1
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---------------------------- 0 0

α– 43 γ 13x3
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2( ) α31– α34– α43–

,= =

x2
2( )
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êËÒ. 8. ÑËÌ‡ÏËÍ‡ ‡ÚÏÓÒÙÂÌÓ„Ó Û„ÎÂÓ‰‡ ÔÓ‰ ‰ÂÈÒÚ‚ËÂÏ ‡ÌÚÓÔÓ„ÂÌÌ˚ı ‚˚·ÓÒÓ‚ ÔÓÒÚÓflÌÌÓÈ ËÌÚÂÌÒË‚ÌÓÒÚË Ò ‚ÂÎË˜Ë-
ÌÓÈ ÔÓÚÓÍ‡ 7.2 ÉÚë/„Ó‰ ‚ ÏÓ‰ÂÎË (1) ÔË ‡ÁÌ˚ı ÁÌ‡˜ÂÌËflı ÍÓ˝ÙÙËˆËÂÌÚÓ‚ ÙÓÚÓÒËÌÚÂÁ‡ K12 Ë L12. ëÔÎÓ¯Ì‡fl ÎËÌËfl – ÓÒ-
ÌÓ‚Ì˚Â ÍÓ˝ÙÙËˆËÂÌÚ˚ ÔÓ ÙÓÏÛÎÂ (4), ¯ÚËıÓ‚‡fl – ÔÓ (3), ÔÛÌÍÚËÌ‡fl Ë ¯ÚËıÔÛÌÍÚËÌ‡fl – ÔÓ Ï‡ÍÒËÏ‡Î¸Ì˚Ï Ë ÏË-
ÌËÏ‡Î¸Ì˚Ï ÁÌ‡˜ÂÌËflÏ ‡ÁÌÓÒÚË ∆fs (Ú‡·Î. 1).
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ÑËÌ‡ÏËÍ‡ ÍÛ„Ó‚ÓÓÚ‡ Û„ÎÂÓ‰‡ 
ÔË Á‡‰‡ÌÌ˚ı ÒˆÂÌ‡Ëflı 
‡ÌÚÓÔÓ„ÂÌÌ˚ı ‚˚·ÓÒÓ‚

èÂ‰ÒÚ‡‚ÎflÂÚ ËÌÚÂÂÒ ËÏËÚ‡ˆËÓÌÌÓÂ ËÒÒÎÂ‰Ó‚‡-
ÌËÂ ÔÓ‚Â‰ÂÌËfl ˆËÍÎ‡ Û„ÎÂÓ‰‡ ÔË ‰ÂÈÒÚ‚ËË ÒˆÂÌ‡-
ËÂ‚ ‚˚·ÓÒÓ‚, ÔÂ‰ÛÒÏÓÚÂÌÌ˚ı åÉùàä [15].
ì‰Ó·ÌÓ ÔÓ‰ÍÎ˛˜‡Ú¸ ÒˆÂÌ‡ËÈ Í ÏÓ‰ÂÎflÏ (1) Ë (1-å)
˜ÂÂÁ ËÁÏÂÌflÂÏ˚È ‚ Í‡Ê‰˚È ÏÓÏÂÌÚ ‚ÂÏÂÌË ËÌÚÂ-
„ËÓ‚‡ÌËfl Ô‡‡ÏÂÚ q41 Ì‡ ËÌÚÂ‚‡ÎÂ ÓÚ 1859 ‰Ó
2100 „„. ç‡ ËÒ. 10 ÔÓÍ‡Á‡Ì˚ Ú‡ÂÍÚÓËË ËÁÏÂÌÂÌËÈ
Á‡Ô‡ÒÓ‚ Û„ÎÂÓ‰‡ ‚ ÏÓ‰ÂÎ¸Ì˚ı ÂÁÂ‚Û‡‡ı ÔÓ‰ ‰ÂÈ-
ÒÚ‚ËÂÏ ÒˆÂÌ‡ËÂ‚ SRES A1B, A2, B1, B2. ÇÍÎ˛˜ÂÌËÂ
ÔÓÚÓÍ‡, ÓÚ‚Â˜‡˛˘Â„Ó ÁÂÏÎÂÔÓÎ¸ÁÓ‚‡ÌË˛, ÌÂ ÔË‚Ó-
‰ËÚ Í ÒÍÓÎ¸ÍÓ-ÌË·Û‰¸ ÒÛ˘ÂÒÚ‚ÂÌÌ˚Ï ËÁÏÂÌÂÌËflÏ ‚
‰ËÌ‡ÏËÍÂ ˝ÚËı Á‡Ô‡ÒÓ‚. èÓ‰ÍÎ˛˜ÂÌËÂ ‚ÂÎË˜ËÌ
˝ÏËÒÒËË Û„ÎÂÓ‰‡ ‚ ˝ÚÓÏ ÔÓˆÂÒÒÂ ÔÓ ÚÂÏ ÊÂ ÒˆÂÌ‡-
ËflÏ Â‡ÎËÁÛÂÚÒfl Ò ÔÓÏÓ˘¸˛ ÔÓÚÓÍ‡ q21, ‰ÓÔÓÎÌfl˛-
˘Â„Ó ÔÓÚÓÍ ‰˚ı‡ÌËfl ‡ÒÚËÚÂÎ¸ÌÓÒÚË Ë ÔÓ˜‚˚ f21 ‚

Í‡Ê‰˚È ÏÓÏÂÌÚ ‚ÂÏÂÌË. é·‡˘‡ÂÚ Ì‡ ÒÂ·fl ‚ÌËÏ‡-
ÌËÂ ÚÓÚ Ù‡ÍÚ, ˜ÚÓ ÂÒÎË ‰ËÌ‡ÏËÍ‡ Û„ÎÂÓ‰‡ ‚ ‡ÚÏÓ-
ÒÙÂÂ ÏÂÌflÂÚÒfl ÓÚ ÒˆÂÌ‡Ëfl Í ÒˆÂÌ‡Ë˛ (ËÒ. 9‡, 9·),
ÚÓ Ì‡ÁÂÏÌ‡fl ·ËÓÚ‡ ‚Ó ‚ÒÂı ÒÎÛ˜‡flı ‰Îfl Ó·ÂËı ÏÓ‰Â-
ÎÂÈ ÔÓ„ÎÓ˘‡ÂÚ ‡ÚÏÓÒÙÂÌ˚È Û„ÎÂÓ‰ ÏÓÌÓÚÓÌÌÓ
ÌÂÁ‡‚ËÒËÏÓ ÓÚ ÍÓÎË˜ÂÒÚ‚‡ Â„Ó ËÁÎË¯ÍÓ‚, ÔÓÒÚÛÔË‚-
¯Ëı ËÁ ÎËÚÓÒÙÂ˚, ÌÓ ÎË¯¸ Ò ‡ÁÌÓÈ ËÌÚÂÌÒË‚ÌÓ-
ÒÚ¸˛ (ËÒ. 10·, 11·). ùÚÓ Ú‡ÍÊÂ Ó·ÛÒÎÓ‚ÎÂÌÓ ÓÚÒÛÚ-
ÒÚ‚ËÂÏ fl‚ÌÓÈ Ó·‡ÚÌÓÈ Ò‚flÁË ÏÂÊ‰Û ÒÓ‰ÂÊ‡ÌËÂÏ
Û„ÎÂÓ‰‡ ‚ Ì‡ÁÂÏÌ˚ı ˝ÍÓÒËÒÚÂÏ‡ı Ë ÔÓÚÓÍÓÏ ÙÓÚÓ-
ÒËÌÚÂÁ‡ ÔË ϕ = x2, Í‡Í Ë ÔË ÔÓÒÚÓflÌÌÓÏ ÛÓ‚ÌÂ ‚˚-
·ÓÒÓ‚. èÓ‚Â‰ÂÌËÂ Û„ÎÂÓ‰‡ ‚ ÓÍÂ‡ÌÂ Ë ÓÁÂÌÓ-Â˜-
ÌÓÈ ÒËÒÚÂÏÂ ‡ÁÎË˜ÌÓ ‰Îfl ÏÓ‰ÂÎÂÈ (1) Ë (1-å), ıÓÚfl
Ë Ó‰ÌÓÚËÔÌÓ ‰Îfl ‚ÒÂı ÒˆÂÌ‡ËÂ‚: ÔÂ‚‡fl ‰ÂÏÓÌÒÚË-
ÛÂÚ Û·˚‚‡ÌËÂ ÒÓ‰ÂÊ‡ÌËfl Û„ÎÂÓ‰‡ ‚ ÓÍÂ‡ÌÂ ‰Ó
ÛÓ‚Ìfl 38650–38680 ÉÚë ‚ 2100 „. ÔÓ Ò‡‚ÌÂÌË˛ Ò
ÒÓ‚ÂÏÂÌÌ˚Ï ÁÌ‡˜ÂÌËÂÏ 38728 ÉÚë, ‡ ‚ÚÓ‡fl – ÔÓ-
‚˚¯ÂÌËÂ ÒÓ‰ÂÊ‡ÌËfl ‚ ‚ÂıÌÂÏ ‡ÍÚË‚ÌÓÏ ÒÎÓÂ Ò
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êËÒ. 9. á‡Ô‡Ò˚ Û„ÎÂÓ‰‡ (ÉÚë) ‚ ‡ÚÏÓÒÙÂÂ (‡), Ì‡ÁÂÏÌÓÈ ·ËÓÚÂ (·) Ë ÓÍÂ‡ÌÂ ‚ ÚÂ˜ÂÌËÂ 500 ÎÂÚ ÔÓÒÎÂ Ó‰ÌÓÍ‡ÚÌÓ„Ó ‚ÓÁ-
ÏÛ˘ÂÌËfl ‰ÓËÌ‰ÛÒÚË‡Î¸ÌÓ„Ó ‡‚ÌÓ‚ÂÒËfl ‚ ÏÓ‰ÂÎË (1-å) Ò ‡ÍÚË‚Ì˚Ï ÒÎÓÂÏ ÓÍÂ‡Ì‡. ÑËÌ‡ÏËÍ‡ Û„ÎÂÓ‰‡ ‚ ‚ÂıÌÂÏ ‡Í-
ÚË‚ÌÓÏ ÒÎÓÂ („) ÔË ÔÓÒÚÓflÌÌ˚ı ‚˚·ÓÒ‡ı ÛÓ‚Ìfl 2000 „.
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Ì˚ÌÂ¯ÌËı 928 ÉÚë ‰Ó 1050–1320 ÉÚë. Ç ÔÂ‚ÓÏ ÒÎÛ-
˜‡Â ÔÓ„ÎÓ˘ÂÌËÂ Û„ÎÂÓ‰‡ ‡ÒÚÛ˘ÂÈ Ì‡ÁÂÏÌÓÈ ‡Ò-
ÚËÚÂÎ¸ÌÓÒÚ¸˛ ÔÂÂ‚Â¯Ë‚‡ÂÚ ‚ÓÁ‰ÂÈÒÚ‚ËÂ ÓÍÂ‡Ì‡,
ÍÓÚÓ˚È ÒÚ‡ÌÓ‚ËÚÒfl ÒÎ‡·˚Ï ËÒÚÓ˜ÌËÍÓÏ CO2, ‡ ‚Ó
‚ÚÓÓÏ ‚ÂıÌËÈ Í‚‡ÁËÓ‰ÌÓÓ‰Ì˚È ÒÎÓÈ ‡ÍÚË‚ÌÂÂ
ÔÓ„ÎÓ˘‡ÂÚ ËÁÎË¯ÍË ‡ÚÏÓÒÙÂÌÓ„Ó Û„ÎÂÓ‰‡, fl‚Îfl-
flÒ¸ Ëı ÒÚÓÍÓÏ. ä‡Ê‰˚È ËÁ ‚‡Ë‡ÌÚÓ‚ Ó·˙flÒÌËÏ ‚
‡ÏÍ‡ı ÒÓÓÚ‚ÂÚÒÚ‚Û˛˘ÂÈ ÏÓ‰ÂÎË: ËÌÂˆËÓÌÌÓÒÚ¸
ÔÓÎÌÓ„Ó ÓÍÂ‡Ì‡ ÌÂ ‰‡ÂÚ ÂÏÛ ·˚ÒÚÓ Â‡„ËÓ‚‡Ú¸ Ì‡
ÔÓÒÚÓflÌÌÓ ‚ÓÁ‡ÒÚ‡˛˘ËÂ ‡ÚÏÓÒÙÂÌ˚Â ‚˚·ÓÒ˚, Ë
Ì‡ÁÂÏÌ‡fl ·ËÓÚ‡ ÛÒÔÂ‚‡ÂÚ ÛÒ‚ÓËÚ¸ ·ÓÎ¸¯Â Û„ÎÂÓ‰‡,
‚ ÚÓ ‚ÂÏfl Í‡Í ‚ÂıÌËÈ ‡ÍÚË‚Ì˚È ÒÎÓÈ ÏÓÊÂÚ Â‡„Ë-
Ó‚‡Ú¸ Ì‡ Ì‡„ÛÁÍÛ ·˚ÒÚÂÂ. ë‡‚ÌÂÌËÂ ÍÓ˝ÙÙËˆË-
ÂÌÚÓ‚ ËÌÚÂÌÒË‚ÌÓÒÚÂÈ ÔÓÚÓÍÓ‚ f13 Ë f31 ÔÓ‰Ú‚ÂÊ‰‡-
ÂÚ ˝ÚÓÚ ‚˚‚Ó‰. ÑËÌ‡ÏËÍ‡ ÒÓ‰ÂÊ‡ÌËfl Û„ÎÂÓ‰‡ ‚
‚ÂıÌÂÏ ÒÎÓÂ ‡ÁÎË˜Ì‡ ‰Îfl ‡ÁÌ˚ı ÒˆÂÌ‡ËÂ‚: ÔË
ÒˆÂÌ‡Ëflı A2 Ë B2 ÓÌÓ ‡ÒÚÂÚ ÏÓÌÓÚÓÌÌÓ ‰Ó ÁÌ‡˜Â-
ÌËÈ 1320 Ë 1130 ÉÚë, ‡ ‚ ÒˆÂÌ‡Ëflı A1B Ë B1 Û‚Â-

ÎË˜Ë‚‡ÂÚÒfl ‰Ó Ï‡ÍÒËÏÛÏ‡ Ò ‚ÂÎË˜ËÌ‡ÏË 1110 Ë
1170 ÉÚë ‚ ÔÂËÓ‰ 2060–2080 „„. Ë Á‡ÚÂÏ Ô‡‰‡ÂÚ Í
2100 „. ‰Ó 1060 Ë 1155 ÉÚë ÒÓÓÚ‚ÂÚÒÚ‚ÂÌÌÓ (ËÒ. 11‚).
èÓ‚Â‰ÂÌËÂ ‡ÚÏÓÒÙÂÌÓ„Ó ÂÁÂ‚Û‡‡ Ú‡ÍÊÂ Á‡‚Ë-
ÒËÚ ÓÚ ÍÓÌÍÂÚÌÓ„Ó ÒˆÂÌ‡Ëfl ‚ Ó·ÂËı ÏÓ‰ÂÎflı Ë ÌÓ-
ÒËÚ Í‡˜ÂÒÚ‚ÂÌÌÓ ÔÓÚË‚ÓÔÓÎÓÊÌ˚È ı‡‡ÍÚÂ: ‚ ÏÓ-
‰ÂÎË (1) ÏÓÌÓÚÓÌÌÓÂ ‚ÓÁ‡ÒÚ‡ÌËÂ ‡ÚÏÓÒÙÂÌÓ„Ó ÒÓ-
‰ÂÊ‡ÌËfl ı‡‡ÍÚÂÌÓ ‰Îfl ÒˆÂÌ‡ËÂ‚ A2 Ë B2, ‡ ‚
ÏÓ‰ÂÎË (1-å) Ò ‚ÂıÌËÏ ‡ÍÚË‚Ì˚Ï ÒÎÓÂÏ – ‰Îfl A1B
Ë B1. ç‡ÔÓÚË‚, ‰ÂÈÒÚ‚ËÂ ÒˆÂÌ‡ËÂ‚ A1B Ë B1 ÔË
Ì‡ÎË˜ËË ÔÓÎÌÓ„Ó ÓÍÂ‡Ì‡ ‚Â‰ÂÚ Í ‰ÓÒÚËÊÂÌË˛ Ï‡Í-
ÒËÏÛÏ‡ ‡ÚÏÓÒÙÂÌÓ„Ó Á‡Ô‡Ò‡ Ë ÔÓÒÎÂ‰Û˛˘ÂÏÛ Â„Ó
ÒÌËÊÂÌË˛, Í‡Í Ë ÔË ÒˆÂÌ‡Ëflı A2 Ë B2 ‚ ÒÎÛ˜‡Â
‚ÂıÌÂ„Ó ‡ÍÚË‚ÌÓ„Ó ÒÎÓfl (ËÒ. 10‚, 11‚). í‡ÍËÏ Ó·-
‡ÁÓÏ, ÒÓ·ÒÚ‚ÂÌÌ‡fl Ú‡ÂÍÚÓËfl ÔÓÚÓÍ‡ ‡ÌÚÓÔÓ„ÂÌ-
Ì˚ı ‚˚·ÓÒÓ‚, ÏÓÌÓÚÓÌÌ‡fl ÚÓÎ¸ÍÓ ‰Îfl ÒˆÂÌ‡ËÂ‚
A2 Ë B2, ÌÂ ‚ÒÂ„‰‡ Ó‰ÌÓÁÌ‡˜ÌÓ ‚ÎÂ˜ÂÚ ÏÓÌÓÚÓÌÌ˚È
ÓÒÚ ÒÓ‰ÂÊ‡ÌËfl Û„ÎÂÓ‰‡ ‚ ‡ÚÏÓÒÙÂÂ, ‚ ˜ÂÏ ÔÓ-
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êËÒ. 10. ä‡ÚÍÓÒÓ˜Ì‡fl ‰ËÌ‡ÏËÍ‡ Á‡Ô‡ÒÓ‚ Û„ÎÂÓ‰‡ ‚ ÓÒÌÓ‚Ì˚ı ÂÁÂ‚Û‡‡ı ‰Îfl ÏÓ‰ÂÎË (1) ÔÓ‰ ‰ÂÈÒÚ‚ËÂÏ ‡ÁÌ˚ı ÒˆÂ-
Ì‡ËÂ‚ ‡ÌÚÓÔÓ„ÂÌÌ˚ı ‚˚·ÓÒÓ‚, ÔÂ‰ÛÒÏÓÚÂÌÌ˚ı ÓÚ˜ÂÚÓÏ åÉùàä [15]: ‡ – ‡ÚÏÓÒÙÂ‡, · – Ì‡ÁÂÏÌ‡fl ·ËÓÚ‡, ‚ – ÓÍÂ-
‡Ì, „ – Ì‡ÁÂÏÌ‡fl ·ËÓÚ‡ ÔË Û˜ÂÚÂ ÁÂÏÎÂÔÓÎ¸ÁÓ‚‡ÌËfl. ëˆÂÌ‡ËË ‚˚·ÓÒÓ‚ SRES A1B, A2, B1, B2.
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ÉËÌÁ·Û„, á‡‚‡ÎË¯ËÌ

fl‚ÎflÂÚÒfl ÌÂÎËÌÂÈÌ˚È ı‡‡ÍÚÂ ‚Á‡ËÏÓ‰ÂÈÒÚ‚Ëfl ÓÒ-
ÌÓ‚Ì˚ı ÂÁÂ‚Û‡Ó‚ ÒËÒÚÂÏ˚ Ë ÓÚ‡Ê‡ÂÚÒfl Ò‚ÓÂÓ·-
‡ÁÌ˚È ˝ÙÙÂÍÚ ÍÓÌÍÛÂÌˆËË Ì‡ÁÂÏÌÓÈ ·ËÓÚ˚ Ë
ÓÍÂ‡Ì‡ Á‡ ‡ÚÏÓÒÙÂÌ˚È Û„ÎÂÓ‰. ç‡ ËÒ. 10„ Ë 11„
ÔÓÍ‡Á‡Ì‡ Â‡ÍˆËfl Ì‡ÁÂÏÌÓÈ ·ËÓÚ˚ Ì‡ ‚ÍÎ˛˜ÂÌËÂ
ÁÂÏÎÂÔÓÎ¸ÁÓ‚‡ÌËfl: ‚ ÔÂ‚ÓÏ ÒÎÛ˜‡Â ËÏÂÂÚ ÏÂÒÚÓ ÔÓ-
˜ÚË ÏÓÌÓÚÓÌÌ˚È ÓÒÚ Á‡Ô‡ÒÓ‚ Û„ÎÂÓ‰‡, ‡ ‚Ó ‚ÚÓÓÏ
ÓÌ Ì‡˜ËÌ‡ÂÚÒfl ÚÓÎ¸ÍÓ ÓÚ ÒÓ‚ÂÏÂÌÌÓ„Ó ÏÓÏÂÌÚ‡.
åÓ‰ÂÎ¸ ÔÓÍ‡Á˚‚‡ÂÚ, ˜ÚÓ ÔËÓÒÚ Û„ÎÂÓ‰‡ ‚ Ì‡ÁÂÏ-
ÌÓÈ ·ËÓÚÂ ÔÂ‚˚¯‡ÂÚ ÔÓÚÂË, Ò‚flÁ‡ÌÌ˚Â Ò ‚˚Ò‚Ó-
·ÓÊ‰ÂÌËÂÏ Û„ÎÂÓ‰‡ ÔË ÁÂÏÎÂÔÓÎ¸ÁÓ‚‡ÌËË, Ó‰Ì‡ÍÓ
‰Îfl ÔÓ‰Ú‚ÂÊ‰ÂÌËfl ËÎË ÓÔÓ‚ÂÊÂÌËfl ˝ÚÓ„Ó ‚˚‚Ó-
‰‡ ÌÛÊÌÓ ÔÂÂÈÚË Í ·ÎÓÍÓ‚ÓÈ ÒıÂÏÂ Ò ‡Á‰ÂÎÂÌÌ˚ÏË
ÔÓ˜‚ÓÈ Ë ‡ÒÚËÚÂÎ¸ÌÓÒÚ¸˛. 

Ç˚‚Ó‰˚

éÔËÒ‡ÌËÂ „ÎÓ·‡Î¸ÌÓ„Ó Û„ÎÂÓ‰ÌÓ„Ó ˆËÍÎ‡ Ò ÔÓ-
ÏÓ˘¸˛ Á‡ÏÍÌÛÚÓÈ Ï‡ÎÓÔ‡‡ÏÂÚË˜ÂÒÍÓÈ ·ÎÓÍÓ‚ÓÈ

ÏÓ‰ÂÎË ‰‡ÂÚ ‡‰ÂÍ‚‡ÚÌÓÂ Í‡˜ÂÒÚ‚ÂÌÌÓÂ Ë ÍÓÎË˜Â-
ÒÚ‚ÂÌÌÓÂ (ÔË ‡ÍÍÛ‡ÚÌÓÈ Í‡ÎË·Ó‚ÍÂ), ÔÂ‰ÒÚ‡‚ÎÂ-
ÌËÂ Ó ÙÛÌÍˆËÓÌËÓ‚‡ÌËË ̋ ÚÓ„Ó ̂ ËÍÎ‡ Ë Â„Ó Â‡ÍˆËË
Ì‡ ‡ÌÚÓÔÓ„ÂÌÌ˚Â ‚ÓÁÏÛ˘ÂÌËfl.

Å‡ÁÓ‚‡fl ·ÎÓÍÓ‚‡fl ÒıÂÏ‡ ÏÓ‰ÂÎË Ò 4 ÂÁÂ‚Û‡‡-
ÏË ÏÓÊÂÚ ÒÎÛÊËÚ¸ ÓÒÌÓ‚ÓÈ ̂ ÂÎÓÈ ÔÓÒÎÂ‰Ó‚‡ÚÂÎ¸ÌÓ-
ÒÚË ‡Ì‡ÎÓ„Ë˜Ì˚ı ÏÓ‰ÂÎÂÈ, ‚ ÍÓÚÓÓÈ Í‡Ê‰‡fl ÔÓÒÎÂ-
‰Û˛˘‡fl ÓÚÎË˜‡ÂÚÒfl ÓÚ ÔÂ‰˚‰Û˘ÂÈ Ì‡ Ó‰ËÌ ÂÁÂ-
‚Û‡. èË ˝ÚÓÏ ÒÓ‚ÓÍÛÔÌÓÒÚ¸ ı‡‡ÍÚÂÌ˚ı ‰Îfl
‰ÓÔÓÎÌËÚÂÎ¸ÌÓ„Ó ÂÁÂ‚Û‡‡ ÔÓÚÓÍÓ‚ ‰Ó·‡‚ÎflÂÚ Í
Í‡ÚËÌÂ ‰ËÌ‡ÏË˜ÂÒÍÓ„Ó ÔÓ‚Â‰ÂÌËfl Û„ÎÂÓ‰ÌÓ„Ó
ˆËÍÎ‡ ÌÓ‚˚Â ‰ÂÚ‡ÎË Ë Ò‚ÓÈÒÚ‚‡. 

å‡ÎÓÔ‡‡ÏÂÚË˜ÂÒÍËÂ ÏÓ‰ÂÎË ‚ ÒËÎÛ ÓÒÓ·ÂÌÌÓ-
ÒÚÂÈ Ò‚ÓÂÈ ÍÓÌÒÚÛÍˆËË ÌÂ ÔÓÁ‚ÓÎfl˛Ú ÓÔËÒ‡Ú¸ ÔÓ-
ÚÂÌˆË‡Î¸ÌÓ ‚ÓÁÏÓÊÌ˚Â ‰ËÌ‡ÏË˜ÂÒÍËÂ ÂÊËÏ˚, ÓÚ-
ÎË˜Ì˚Â ÓÚ ‡‚ÌÓ‚ÂÒÌ˚ı Ë ÔÂÂıÓ‰Ì˚ı ÏÂÊ‰Û ÌËÏË. 

çÂÒÏÓÚfl Ì‡ ÌÂÎËÌÂÈÌÓÒÚ¸ ÓÒÌÓ‚Ì˚ı ‚Á‡ËÏÓ‰ÂÈ-
ÒÚ‚ËÈ, ·‡ÁÓ‚‡fl ÏÓ‰ÂÎ¸ Ò ÔÓÒÚ˚Ï Ì‡Ò˚˘ÂÌËÂÏ ÙÓÚÓ-
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êËÒ. 11. íÓ ÊÂ, ˜ÚÓ Ì‡ ËÒ. 10, ‰Îfl ÏÓ‰ÂÎË (1-å) Ò ‚ÂıÌËÏ ‡ÍÚË‚Ì˚Ï ÒÎÓÂÏ ÓÍÂ‡Ì‡. 
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ÒËÌÚÂÁ‡ ‰ÂÏÓÌÒÚËÛÂÚ ‰ÓÒÚ‡ÚÓ˜ÌÓ ÔÓÒÚÓÂ ÔÓ‚Â‰Â-
ÌËÂ Ë ÔÓÁ‚ÓÎflÂÚ ÎË·Ó ÓˆÂÌË‚‡Ú¸ ‚ÂÏÂÌ‡ ÂÎ‡ÍÒ‡ˆËË
Û„ÎÂÓ‰Ì˚ı ÂÁÂ‚Û‡Ó‚ áÂÏÎË ‚ ‰ÓËÌ‰ÛÒÚË‡Î¸ÌÓÏ
‡‚ÌÓ‚ÂÒËË, ÎË·Ó Ì‡Ó·ÓÓÚ, Ì‡ÒÚ‡Ë‚‡Ú¸ ÍÓ˝ÙÙËˆË-
ÂÌÚ˚ ÔÓÚÓÍÓ‚˚ı Á‡‚ËÒËÏÓÒÚÂÈ ÔÓ ËÁ‚ÂÒÚÌ˚Ï ËÁ Ô‡-
ÎÂÓÍÎËÏ‡ÚË˜ÂÒÍËı ‰‡ÌÌ˚ı ‚ÂÏÂÌ‡Ï ÂÎ‡ÍÒ‡ˆËË. 

ê‡‚ÌÓ‚ÂÒËÂ ‚ ÓÚÒÛÚÒÚ‚ËÂ ‡ÌÚÓÔÓ„ÂÌÌ˚ı ËÒÚÓ˜-
ÌËÍÓ‚ Û„ÎÂÓ‰‡ ÓÒÚ‡ÂÚÒfl ÛÒÚÓÈ˜Ë‚˚Ï ‰Îfl Ï‡Î˚ı
‚ÓÁÏÛ˘ÂÌËÈ Í‡Í ‰ÓËÌ‰ÛÒÚË‡Î¸ÌÓ„Ó, Ú‡Í Ë ÒÓ‚Â-
ÏÂÌÌÓ„Ó ÒÓÒÚÓflÌËfl ‰Îfl ·‡ÁÓ‚ÓÈ ÏÓ‰ÂÎË ÍÛ„Ó‚ÓÓ-
Ú‡ Ë ‰Îfl ÒËÒÚÂÏ˚ Ò Ï‡Î˚Ï ÓÍÂ‡ÌÓÏ. èË ÙËÍÒËÓ-
‚‡ÌÌÓÏ ÒÓ‚ÂÏÂÌÌÓÏ ÛÓ‚ÌÂ ‡ÌÚÓÔÓ„ÂÌÌÓÈ ˝ÏËÒ-
ÒËË Ì‡ÁÂÏÌ˚È ÔÓ˜‚ÂÌÌÓ-‡ÒÚËÚÂÎ¸Ì˚È ÂÁÂ‚Û‡
ÔÓ„ÎÓ˘‡ÂÚ ËÁÎË¯ÍË ‡ÚÏÓÒÙÂÌÓ„Ó Û„ÎÂÓ‰‡ ÔÓÒÎÂ
‰ÓÒÚËÊÂÌËfl ËÏ Ï‡ÍÒËÏ‡Î¸Ì˚ı ÁÌ‡˜ÂÌËÈ ÔÓfl‰Í‡
850–870 ÉÚë, ÒÚ‡·ËÎËÁËÛfl ‡ÚÏÓÒÙÂÌÓÂ ÒÓ‰ÂÊ‡-
ÌËÂ Ì‡ ÛÓ‚ÌÂ 650 ÉÚë Ë Û‚ÂÎË˜Ë‚‡flÒ¸ ‚ 2–2.5 ‡Á‡.
í‡ÍÓÈ ˝ÙÙÂÍÚ ÓÒÚ‡ Ì‡ÁÂÏÌÓÈ ‡ÒÚËÚÂÎ¸ÌÓÒÚË Ò‚fl-
Á‡Ì, ‚ÂÓflÚÌÓ, Ò ÚËÔÓÏ ÔÓÚÓÍÓ‚ÓÈ ÙÛÌÍˆËË ÙÓÚÓ-
ÒËÌÚÂÁ‡, ‚ ÍÓÚÓÓÈ ÓÚÒÛÚÒÚ‚ÛÂÚ Ò‡ÏÓÓ„‡ÌË˜ÂÌËÂ
ÒÓ‰ÂÊ‡ÌËfl Û„ÎÂÓ‰‡ ‚ ‡ÒÚËÚÂÎ¸ÌÓÏ ÔÓÍÓ‚Â.
ì˜ÂÚ Ú‡ÍÓ„Ó Ò‡ÏÓÓ„‡ÌË˜ÂÌËfl ÚÂ·ÛÂÚ ÔÂÂıÓ‰‡ Í
ÏÓ‰ÂÎË Ì‡ Â‰ËÌËˆÛ ·ÓÎ¸¯ÂÈ ‡ÁÏÂÌÓÒÚË Ò ‡Á‰ÂÎÂ-
ÌËÂÏ ‡ÒÚËÚÂÎ¸ÌÓ„Ó Ë ÔÓ˜‚ÂÌÌÓ„Ó ÂÁÂ‚Û‡Ó‚. 

èÓ‚Â‰ÂÌËÂ ÓÍÂ‡Ì‡ ‚ ·‡ÁÓ‚ÓÈ ÏÓ‰ÂÎË Ë ‚ ÏÓ‰ÂÎË Ò
‡ÍÚË‚Ì˚Ï ‚ÂıÌËÏ ÒÎÓÂÏ ÓÍÂ‡Ì‡ Á‡ÏÂÚÌÓ ‡ÁÎË˜‡-
ÂÚÒfl. Å‡ÁÓ‚‡fl ÏÓ‰ÂÎ¸ ‰ÂÏÓÌÒÚËÛÂÚ ÔÓ‚˚¯ÂÌËÂ ÒÓ-
‰ÂÊ‡ÌËfl Û„ÎÂÓ‰‡ ‚Ó ‚ÒÂÏ ÂÁÂ‚Û‡Â, ‡ ÏÓ‰ÂÎ¸ Ò
‡ÍÚË‚Ì˚Ï ‚ÂıÌËÏ ÒÎÓÂÏ, Ì‡ÔÓÚË‚, ÔÓÍ‡Á˚‚‡ÂÚ
ÛÏÂÌ¸¯ÂÌËÂ ‡ÍÚË‚ÌÓ„Ó ÓÍÂ‡ÌÒÍÓ„Ó ÂÁÂ‚Û‡‡ ÔÓ-
ÒÎÂ Í‡ÚÍÓ‚ÂÏÂÌÌÓ„Ó (Ì‡ ÌÂÒÍÓÎ¸ÍÓ ‰ÂÒflÚËÎÂÚËÈ)
‚ÒÔÎÂÒÍ‡ ÔÓ„ÎÓ˘ÂÌËfl ËÏ ‡ÚÏÓÒÙÂÌÓ„Ó Û„ÎÂÓ‰‡. Ç
ÔÂ‚ÓÏ ÒÎÛ˜‡Â ÏÓÊÌÓ ÒÍ‡Á‡Ú¸, ̃ ÚÓ ÒÛ¯‡ Ë ÓÍÂ‡Ì ‚˚-
Â‰‡˛Ú ‡ÚÏÓÒÙÂÌ˚È Û„ÎÂÓ‰, ÒÎÛÊ‡˘ËÈ ËÏ ÂÒÛ-
ÒÓÏ, ‚ Ó‰ËÌ‡ÍÓ‚ÓÈ ÏÂÂ (ıÓÚfl Ë Ò ‡ÁÌÓÈ ËÌÚÂÌÒË‚-
ÌÓÒÚ¸˛), ‡ ‚Ó ‚ÚÓÓÏ ÒÛ¯‡ ÔÂÂ‚Â¯Ë‚‡ÂÚ Ò‡‚ÌË-
ÚÂÎ¸ÌÓ ÚÓÌÍËÈ ‚ÂıÌËÈ ÒÎÓÈ ÓÍÂ‡Ì‡ Ë ‰‡ÊÂ
ÒÔÓÒÓ·ÒÚ‚ÛÂÚ ÔÂÂÍ‡˜ÍÂ Û„ÎÂÓ‰‡ ËÁ ÌÂ„Ó ‚ ‡ÒÚË-
ÚÂÎ¸ÌÓ-ÔÓ˜‚ÂÌÌ˚È ÂÁÂ‚Û‡. Ç ÒÎÛ˜‡Â Á‡‰‡ÌËfl ÔÓ-
ÒÚÓflÌÌ˚ı ‡ÌÚÓÔÓ„ÂÌÌ˚ı ‚˚·ÓÒÓ‚ ÔÓÚÂÌˆË‡Î¸ÌÓÂ
‡‚ÌÓ‚ÂÒËÂ ÒËÒÚÂÏ˚ ‚˚ıÓ‰ËÚ Á‡ ÔÂ‰ÂÎ˚ ‰ÓÔÛÒÚË-
ÏÓÈ Ó·Î‡ÒÚË, ‡ ÌÓ‚˚ı ‰ËÌ‡ÏË˜ÂÒÍËı ÂÊËÏÓ‚ ÌÂ
‚ÓÁÌËÍ‡ÂÚ. í‡ÂÍÚÓËË ÓÒÚ‡˛ÚÒfl ÏÓÌÓÚÓÌÌ˚ÏË Í‡Í
‚ ÒÎÛ˜‡Â ÓÒÚ‡ÌÓ‚ÍË ÓÒÚ‡ ‚˚·ÓÒÓ‚, Ú‡Í Ë ÔË Ëı Ì‡-
‡ÒÚ‡ÌËË ‰Ó ËÒ˜ÂÔ‡ÌËfl Á‡Ô‡Ò‡ ËÒÍÓÔ‡ÂÏÓ„Ó ÚÓÔÎË-
‚‡. ÅÓÎÂÂ ‡ÁÌÓÓ·‡ÁÌÓÂ ÔÓ‚Â‰ÂÌËÂ ÒËÒÚÂÏ˚ Ì‡-
·Î˛‰‡ÂÚÒfl ÔË ÔËÏÂÌÂÌËË åÉùàä ÒˆÂÌ‡ËÂ‚ ‡Ì-
ÚÓÔÓ„ÂÌÌ˚ı ˝ÏËÒÒËÈ, ÔË˜ÂÏ Ú‡ÂÍÚÓËfl
‚ÂÎË˜ËÌ˚ ‚˚·ÓÒÓ‚ ‚Ó ‚ÂÏÂÌË ÌÂ Ó·flÁ‡ÚÂÎ¸ÌÓ ‚ÎÂ-
˜ÂÚ Á‡ ÒÓ·ÓÈ Û‚ÂÎË˜ÂÌËÂ ÒÓ‰ÂÊ‡ÌËfl Û„ÎÂÓ‰‡ ‚ ‡Ú-
ÏÓÒÙÂÂ, ÍÓÚÓÓÂ ÏÓÊÂÚ ÛÏÂÌ¸¯‡Ú¸Òfl ÔÓÒÎÂ ‰ÓÒÚË-
ÊÂÌËfl Ï‡ÍÒËÏÛÏ‡ ‚ ‡ÁÌ˚ı ÒˆÂÌ‡Ëflı, ˜ÚÓ Á‡‚ËÒËÚ
ÓÚ ÒÚÂÔÂÌË ‚Ó‚ÎÂ˜ÂÌÌÓÒÚË ‚ ÍÛ„Ó‚ÓÓÚ ÓÍÂ‡ÌË˜Â-
ÒÍÓ„Ó Û„ÎÂÓ‰‡. 

Ä‚ÚÓ˚ ·Î‡„Ó‰‡Ì˚ ÂˆÂÌÁÂÌÚ‡Ï Á‡ ÂÍÓÏÂÌ‰‡-
ˆËË, ÒÔÓÒÓ·ÒÚ‚Ó‚‡‚¯ËÂ ÛÎÛ˜¯ÂÌË˛ ÒÓ‰ÂÊ‡ÌËfl Ë
ÚÂÍÒÚ‡ ÒÚ‡Ú¸Ë. ê‡·ÓÚ‡ ‚˚ÔÓÎÌÂÌ‡ ÔË ÔÓ‰‰ÂÊÍÂ
êîîà (ÔÓÂÍÚ ‹ 05-05-65137a).
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Dynamics of a Closed Low-Parameter Compartment Model 

of the Global Carbon Cycle
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Abstract—A closed dynamic compartment model of the global carbon cycle and its modifications with a small
number of external parameters, which are constructed on the basis of data on the current and preindustrial car-
bon fluxes and reserves in reservoirs, are studied. The first possible controlling parameter is the amount of an-
thropogenic CO2 emission into the atmosphere. Closure in substance allows a decrease in the dimensionality
of dynamic models and yields another variable parameter – the system’s total mass, whose change reflects the
level of uncertainty in the knowledge of the amount of reserves. The calibration of unsaturated fluxes in each
of the models is based on an algorithm developed earlier for local ecosystems, and the measured differences
between the fluxes opposite in sign for several times are used to calculate the coefficients of saturated fluxes.
The model’s modifications make it possible to estimate the degree to which the oceanic active layer may be
involved in rapid exchange with the atmosphere and to introduce the factor of land use as an additional anthro-
pogenic effect. The time trajectories of carbon reserves in reservoirs are calculated until 2100 under variations
in anthropogenic emissions in accordance with the IPCC basic scenarios until 2100 for the basic model and its
modifications.
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