
ÑéäãÄÑõ ÄäÄÑÖåàà çÄìä, 2009, ÚÓÏ 426, ‹ 5, Ò. 679–684

 

679

 

é‰Ì‡ ËÁ ÍÎ˛˜Â‚˚ı „ÎÓ·‡Î¸Ì˚ı ÔÓ·ÎÂÏ ÒÓ‚Â-
ÏÂÌÌÓÒÚË Ò‚flÁ‡Ì‡ Ò ÍÎËÏ‡ÚË˜ÂÒÍËÏË ËÁÏÂÌÂÌËflÏË,
‚ ˜‡ÒÚÌÓÒÚË Ò ÓÔÂ‰ÂÎÂÌËÂÏ ÓÚÌÓÒËÚÂÎ¸ÌÓÈ ÓÎË
ÂÒÚÂÒÚ‚ÂÌÌ˚ı Ë ‡ÌÚÓÔÓ„ÂÌÌ˚ı Ù‡ÍÚÓÓ‚ [1–4].
Ç

 

 

 

‰‡ÌÌÓÈ ‡·ÓÚÂ ÍÓÎË˜ÂÒÚ‚ÂÌÌÓ ÓˆÂÌÂÌÓ ‚ÎËflÌËÂ
‰‚Ûı ÂÒÚÂÒÚ‚ÂÌÌ˚ı (ÒÓÎÌÂ˜ÌÓÈ Ë ‚ÛÎÍ‡ÌË˜ÂÒÍÓÈ ‡Í-
ÚË‚ÌÓÒÚË) Ë Ó‰ÌÓ„Ó ‡ÌÚÓÔÓ„ÂÌÌÓ„Ó (ÒÓ‰ÂÊ‡ÌËfl
Û„ÎÂÍËÒÎÓ„Ó „‡Á‡ ‚ ‡ÚÏÓÒÙÂÂ) Ù‡ÍÚÓÓ‚ Ì‡ „ÎÓ-
·‡Î¸ÌÛ˛ ÔËÔÓ‚ÂıÌÓÒÚÌÛ˛ ÚÂÏÔÂ‡ÚÛÛ áÂÏÎË
(Éèí) Ò ËÒÔÓÎ¸ÁÓ‚‡ÌËÂÏ ‡‚ÚÓÂ„ÂÒÒËÓÌÌ˚ı ÏÓ‰Â-
ÎÂÈ ÔÓ ˝ÏÔËË˜ÂÒÍËÏ ‰‡ÌÌ˚Ï. ç‡fl‰Û Ò ÓˆÂÌË‚‡ÌË-
ÂÏ “ÔË˜ËÌÌÓÒÚË ÔÓ ÉÂÈÌ‰ÊÂÛ” [5, 6] (ÒÏ. Ú‡ÍÊÂ
[7, 8]) ‰Îfl ‚˚fl‚ÎÂÌËfl ‰ÓÎ„ÓÒÓ˜ÌÓ„Ó ˝ÙÙÂÍÚ‡ ‚ÓÁ-
‰ÂÈÒÚ‚ËÈ ÔÂ‰ÎÓÊÂÌ ÌÓ‚˚È ÏÂÚÓ‰, Û˜ËÚ˚‚‡˛˘ËÈ
‰ËÌ‡ÏËÍÛ ̋ ÏÔËË˜ÂÒÍËı ÏÓ‰ÂÎÂÈ [9]. Ç˚fl‚ÎÂÌÓ ÒÚ‡-
ÚËÒÚË˜ÂÒÍË ÁÌ‡˜ËÏÓÂ ‚ÎËflÌËÂ ‚ÒÂı ÚÂı Ù‡ÍÚÓÓ‚
Ì‡ Éèí. ç‡Ë·ÓÎÂÂ ÒÛ˘ÂÒÚ‚ÂÌ ‚ÍÎ‡‰ ‡ÌÚÓÔÓ„ÂÌÌÓ„Ó
Ù‡ÍÚÓ‡, ‡ ‚ÎËflÌËÂ ÒÓÎÌÂ˜ÌÓÈ Ë ‚ÛÎÍ‡ÌË˜ÂÒÍÓÈ ‡Í-
ÚË‚ÌÓÒÚË Ì‡ ÔÓfl‰ÓÍ ÒÎ‡·ÂÂ.

èË ‡Ì‡ÎËÁÂ ËÒÔÓÎ¸ÁÓ‚‡ÎËÒ¸ ÒÂ‰ÌÂ„Ó‰Ó‚˚Â
‰‡ÌÌ˚Â ‰Îfl Éèí 
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 (1856–2005 „„.) [10], ‰Îfl ÏÂÊ„Ó-
‰Ó‚˚ı ‚‡Ë‡ˆËÈ ÔÓÚÓÍ‡ ÒÓÎÌÂ˜ÌÓ„Ó ËÁÎÛ˜ÂÌËfl 

 

I

 

(1610–2005 „„.) [11], ‰Îfl ÓÔÚË˜ÂÒÍÓÈ ÚÓÎ˘ËÌ˚
‚ÛÎÍ‡ÌË˜ÂÒÍÓ„Ó ‡˝ÓÁÓÎfl ‚ ‡ÚÏÓÒÙÂÂ 

 

V

 

 (1856–
1999 „„.) [12] Ë ‰Îfl ÒÓ‰ÂÊ‡ÌËfl Û„ÎÂÍËÒÎÓ„Ó „‡Á‡ ‚
‡ÚÏÓÒÙÂÂ 

 

n

 

 (1856–2004 „„.) [13] (ËÒ. 1).
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, ÓˆÂÌË‚‡ÎÓÒ¸ ‚ÓÁ‰ÂÈÒÚ‚ËÂ
‡ÁÎË˜Ì˚ı ÔÂÂÏÂÌÌ˚ı Ì‡ ÔÂÂÏÂÌÌÛ˛ 

 

x

 

k

 

 – ‚ ‡Ò-
ÒÏ‡ÚË‚‡ÂÏÓÏ ÒÎÛ˜‡Â Ì‡ Éèí. ÄÌ‡ÎËÁËÛÂÏ˚Â
fl‰˚ Ò‡‚ÌËÚÂÎ¸ÌÓ ÍÓÓÚÍË Ë ÌÂ ËÏÂ˛Ú fl‚ÌÓ
‚˚‡ÊÂÌÌ˚ı ÔËÍÓ‚ ‚ ÒÔÂÍÚ‡ı ÏÓ˘ÌÓÒÚË. ë ˆÂÎ¸˛
‚˚fl‚ÎÂÌËfl ‚ÓÁ‰ÂÈÒÚ‚ËÈ ËÒÔÓÎ¸ÁÓ‚‡ÎËÒ¸ ÓˆÂÌÍË
ÔË˜ËÌÌÓÒÚË ÔÓ ÉÂÈÌ‰ÊÂÛ Ò ÓÔÂ‰ÂÎÂÌËÂÏ ÛÎÛ˜-
¯ÂÌËfl ÔÓ„ÌÓÁ‡ Ó‰ÌÓ„Ó ÔÓˆÂÒÒ‡ ÔË Û˜ÂÚÂ ‚ Â„Ó ÏÓ-
‰ÂÎË ‰‡ÌÌ˚ı ‰Îfl ‰Û„Ó„Ó [5, 6].
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ÔÓˆÂÒÒÓ‚. Ç ÎËÌÂÈÌÓÏ ‚‡Ë‡ÌÚÂ ÓÌ‡ ËÏÂÂÚ ‚Ë‰
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êËÒ. 1.

 

 ÄÌÓÏ‡ÎËË ÒÂ‰ÌÂÈ „ÎÓ·‡Î¸ÌÓÈ ÔËÔÓ‚Âı-
ÌÓÒÚÌÓÈ ÚÂÏÔÂ‡ÚÛ˚, ÔÓÚÓÍ ÒÓÎÌÂ˜ÌÓ„Ó ËÁÎÛ˜ÂÌËfl
(ÒÓÎÌÂ˜Ì‡fl ÔÓÒÚÓflÌÌ‡fl), ‚ÛÎÍ‡ÌË˜ÂÒÍ‡fl ‡ÍÚË‚ÌÓÒÚ¸
(ÓÔÚË˜ÂÒÍ‡fl ÚÓÎ˘ËÌ‡ ‚ÛÎÍ‡ÌË˜ÂÒÍÓ„Ó ‡˝ÓÁÓÎfl) Ë ÒÓ-
‰ÂÊ‡ÌËÂ Û„ÎÂÍËÒÎÓ„Ó „‡Á‡ ‚ ‡ÚÏÓÒÙÂÂ.
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ÒÚË˜ÂÒÍË ÁÌ‡˜ËÏ, ‡ ÌÂ ÒÎÛ˜‡ÂÌ, ÚÓ ‰ÂÎ‡ÂÚÒfl ‚˚‚Ó‰
Ó Ì‡ÎË˜ËË ‚ÓÁ‰ÂÈÒÚ‚Ëfl. Ç Í‡˜ÂÒÚ‚Â ÍÓÎË˜ÂÒÚ‚ÂÌÌÓÈ
ı‡‡ÍÚÂËÒÚËÍË ˝ÚÓ„Ó ‚ÓÁ‰ÂÈÒÚ‚Ëfl ËÒÔÓÎ¸ÁÓ‚‡Î‡Ò¸
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p = 0.05.
ÇÂÎË˜ËÌ˚ dl ÊÂÎ‡ÚÂÎ¸ÌÓ Á‡‰‡Ú¸ Í‡Í ÏÓÊÌÓ

ÏÂÌ¸¯ËÏË, ̃ ÚÓ·˚ ÛÏÂÌ¸¯ËÚ¸ ̃ ËÒÎÓ ÓˆÂÌË‚‡ÂÏ˚ı
ÍÓ˝ÙÙËˆËÂÌÚÓ‚ Pk Ë Û‚ÂÎË˜ËÚ¸ ‚ÂÓflÚÌÓÒÚ¸ ‚˚-
fl‚ÎÂÌËfl ÒÛ˘ÂÒÚ‚Û˛˘Ëı Ò‚flÁÂÈ ÔÓ Ò‡‚ÌËÚÂÎ¸ÌÓ
ÍÓÓÚÍËÏ fl‰‡Ï. Ç Î˛·ÓÏ ÒÎÛ˜‡Â Pk ‰ÓÎÊÌÓ ·˚Ú¸
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ÁÌ‡˜ËÚÂÎ¸ÌÓ ÏÂÌ¸¯Â N, ÔÓ „Û·ÓÈ ÓˆÂÌÍÂ – ÌÂ ·Ó-

ÎÂÂ . èË ̋ ÚÓÏ dl ‰ÓÎÊÌ˚ ·˚Ú¸ ‰ÓÒÚ‡ÚÓ˜ÌÓ ‚Â-
ÎËÍË, ˜ÚÓ·˚ Ó·ÂÒÔÂ˜ËÚ¸ ‡‰ÂÍ‚‡ÚÌÓÒÚ¸ ÏÓ‰ÂÎÂÈ:
ÔÓ ÏÂÌ¸¯ÂÈ ÏÂÂ, ÓÒÚ‡ÚÓ˜Ì˚Â Ó¯Ë·ÍË ‰ÓÎÊÌ˚
·˚Ú¸ ‰ÂÎ¸Ú‡-ÍÓÂÎËÓ‚‡ÌÌ˚ÏË ‰Îfl ÔËÏÂÌÂÌËfl
F-ÚÂÒÚ‡ [14]. áÌ‡˜ÂÌËfl dl ÔÓ‰·Ë‡ÎËÒ¸ Í‡Í ÚÓ˜ÍË

Ì‡Ò˚˘ÂÌËfl Á‡‚ËÒËÏÓÒÚÂÈ (dl): dk ÔË M = 1, ‡
ÔÓ˜ËÂ dl ÔË ÔÓÔ‡ÌÓÏ ‡Ì‡ÎËÁÂ (M = 2). áÌ‡˜ÂÌËfl

∆l ÓÔÂ‰ÂÎflÎËÒ¸ ÏËÌËÏËÁ‡ˆËÂÈ (∆l) ÔË M = 2.

èË Û˜ÂÚÂ ÌÂÎËÌÂÈÌÓÒÚË AP-ÏÓ‰ÂÎË ÒÚÓËÎËÒ¸ Ò
ÌÂÎËÌÂÈÌ˚ÏË ÙÛÌÍˆËflÏË, ‡ ËÏÂÌÌÓ Ò ËÒÔÓÎ¸ÁÓ‚‡ÌË-
ÂÏ ‡Î„Â·‡Ë˜ÂÒÍËı ÏÌÓ„Ó˜ÎÂÌÓ‚ ÓÚ 2-„Ó ‰Ó 5-„Ó ÔÓ-
fl‰Í‡. ëÎÂ‰ÛÂÚ ÓÚÏÂÚËÚ¸, ˜ÚÓ ‚‚Â‰ÂÌËÂ ÌÂÎËÌÂÈÌÓ-
ÒÚË ÌÂ ÔË‚Ó‰ËÎÓ Í ÁÌ‡˜ËÏÓÏÛ ÛÎÛ˜¯ÂÌË˛ ÓÔËÒ‡-
ÌËfl Éèí, Ë ÂÁÛÎ¸Ú‡Ú˚ ‚ ‰‡ÌÌÓÈ ‡·ÓÚÂ
ÔÂ‰ÒÚ‡‚ÎÂÌ˚ ÌËÊÂ ÚÓÎ¸ÍÓ ‰Îfl ÎËÌÂÈÌ˚ı ÏÓ‰ÂÎÂÈ.

PIj → k – ı‡‡ÍÚÂËÒÚËÍ‡ “ÔflÏÓ„Ó” ‚ÎËflÌËfl j → k,
Ú.Â. Â‡ÎËÁÛ˛˘Â„ÓÒfl ÌÂ ˜ÂÂÁ ÔÓÒÂ‰ÒÚ‚Ó ÓÒÚ‡Î¸-
Ì˚ı M – 2 ÔÓˆÂÒÒÓ‚. ÖÒÎË ÌÛÊÌÓ ÔÓÎÛ˜ËÚ¸ ÔÓÎ-
ÌÛ˛ ı‡‡ÍÚÂËÒÚËÍÛ ‚ÓÁ‰ÂÈÒÚ‚Ëfl xj(t) Ì‡ xk(t), ÓÚ-
‡Ê‡˛˘Û˛ Í‡Í ÔflÏ˚Â, Ú‡Í Ë ÓÔÓÒÂ‰Ó‚‡ÌÌ˚Â
Ò‚flÁË, ÚÓ ÓÔËÒ‡ÌÌ‡fl ÔÓˆÂ‰Û‡ ÔËÏÂÌflÂÚÒfl ÚÓÎ¸-
ÍÓ Í Ô‡Â ÔÓˆÂÒÒÓ‚ xj(t) Ë xk(t), Ú.Â. ‡ÌÒ‡Ï·Î˛ Ò M = 2.
ÅÛ‰ÂÏ Ì‡Á˚‚‡Ú¸ Ú‡ÍÓÈ ‡Ì‡ÎËÁ ÔÓÔ‡Ì˚Ï ‚ ÓÚÎË˜ËÂ
ÓÚ ÏÌÓ„ÓÍÓÏÔÓÌÂÌÚÌÓ„Ó. ÖÒÎË ÚÂ·ÛÂÚÒfl ÓˆÂÌËÚ¸
ÒÛÏÏ‡ÌÓÂ ‚ÎËflÌËÂ K Ù‡ÍÚÓÓ‚ , , …, , ÚÓ

‡Ì‡ÎÓ„Ë˜ÌÓ ‡ÒÒ˜ËÚ˚‚‡ÂÚÒfl  ˜ÂÂÁ
ÓÒÚ‡ÚÓ˜Ì˚Â Ó¯Ë·ÍË ÔÓÎÌÓÈ AP-ÏÓ‰ÂÎË (1) Ë AP-ÏÓ-
‰ÂÎË Ò K ËÒÍÎ˛˜ÂÌÌ˚ÏË Ù‡ÍÚÓ‡ÏË.

ëÎÂ‰ÛÂÚ ÓÚÏÂÚËÚ¸, ̃ ÚÓ ÓˆÂÌÍË ÚËÔ‡ PIj → k ÎË¯¸
ÍÓÒ‚ÂÌÌÓ ı‡‡ÍÚÂËÁÛ˛Ú “‚‡ÊÌÓÒÚ¸” ÚÓ„Ó ËÎË
ËÌÓ„Ó Ù‡ÍÚÓ‡. ÑÎfl ÓÚ‚ÂÚ‡ Ì‡ ‚ÓÔÓÒ, ‚ÎËflÌËÂÏ
Í‡ÍËı Ù‡ÍÚÓÓ‚ ‚˚Á‚‡Ì Ì‡·Î˛‰‡ÂÏ˚È ‚ ÔÓÒÎÂ‰-
ÌÂÂ ÒÚÓÎÂÚËÂ ÓÒÚ Éèí, Ì‡ÏË ÔÂ‰ÎÓÊÂÌ ÌÓ‚˚È
ÏÂÚÓ‰ ÓˆÂÌÍË ‰ÓÎ„ÓÒÓ˜ÌÓ„Ó ˝ÙÙÂÍÚ‡ ‚ÓÁ‰ÂÈ-
ÒÚ‚ËÈ [9]. ùÚÓÚ ÏÂÚÓ‰ ÒÓÒÚÓËÚ ‚ ÓˆÂÌË‚‡ÌËË ‚ÎËfl-
ÌËfl j → k ÔÓ ËÁÏÂÌÂÌËflÏ, ÍÓÚÓ˚Â ÒÓ„Î‡ÒÌÓ ÔÓ-
ÒÚÓÂÌÌÓÈ ÔÓÎÌÓÈ Äê-ÏÓ‰ÂÎË (1) ÔÓËÁÓ¯ÎË ·˚ ‚
‰ËÌ‡ÏËÍÂ xk ÔË ÓÔÂ‰ÂÎÂÌÌÓÈ ˝‚ÓÎ˛ˆËË ÔÓˆÂÒ-
Ò‡, ı‡‡ÍÚÂËÁÛÂÏÓ„Ó ÔÂÂÏÂÌÌÓÈ xj.

èË ‡Ì‡ÎËÁÂ ÔÓ‚Â‰ÂÌËfl Äê-ÏÓ‰ÂÎË (1) „ÂÌÂË-
Ó‚‡ÎÒfl ‡ÌÒ‡Ï·Î¸ ‚ÂÏÂÌÌ˚ı Â‡ÎËÁ‡ˆËÈ T(t) Ì‡
ËÌÚÂ‚‡ÎÂ 1856–2005 „„. ÒÌ‡˜‡Î‡ ÔË “Â‡Î¸Ì˚ı”
ÛÒÎÓ‚Ëflı C0, Ú.Â. ÍÓ„‰‡ Ì‡ ‚ıÓ‰ ÏÓ‰ÂÎË ‚ Í‡˜ÂÒÚ‚Â
Â‡ÎËÁ‡ˆËÈ ÓÒÚ‡Î¸Ì˚ı ÔÓˆÂÒÒÓ‚ ÔÓ‰‡˛ÚÒfl Ì‡-
·Î˛‰‡ÂÏ˚Â ‚ÂÏÂÌÌ˚Â fl‰˚. ç‡˜‡Î¸Ì˚Â ÁÌ‡˜Â-
ÌËfl T(t) ·‡ÎË ËÁ Ì‡·Î˛‰‡ÂÏÓ„Ó fl‰‡ ‰Îfl Éèí. èÓ
Í‡Ê‰ÓÈ Â‡ÎËÁ‡ˆËË ÓÔÂ‰ÂÎflÎË ÏÓ‰ÂÎ¸Ì˚Â ÁÌ‡-
˜ÂÌËfl T2005 (T(t) ÔË t = 2005) Ë α1985–2005 (ÍÓ˝ÙÙË-
ˆËÂÌÚ, ı‡‡ÍÚÂËÁÛ˛˘ËÈ ‚ÂÎË˜ËÌÛ ÎËÌÂÈÌÓ„Ó
ÚÂÌ‰‡ ‰Îfl fl‰‡ T(t) ‚ 1985–2005 „„.). ÖÒÎË ÏÓ‰ÂÎ¸
‡‰ÂÍ‚‡ÚÌ‡, ÚÓ Ì‡·Î˛‰‡ÂÏÓÂ ÁÌ‡˜ÂÌËÂ T2005 = 0.502 ä
‰ÓÎÊÌÓ ÎÂÊ‡Ú¸ ‚ ÔÂ‰ÂÎ‡ı ‚ÂÓflÚÌ˚ı ÁÌ‡˜ÂÌËÈ
ÏÓ‰ÂÎ¸ÌÓÈ ‚ÂÎË˜ËÌ˚ T2005 ·ÎËÁÍÓ Í ÛÒÎÓ‚ÌÓÏÛ Ï‡-

N

σ̂k
2

σ̂k
2

x j1
x j2

x jK

PI j1 j2 … jK k→, , ,
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ÚÂÏ‡ÚË˜ÂÒÍÓÏÛ ÓÊË‰‡ÌË˛ 〈T2005|C0〉, ‡ ÌÂ Ì‡ “ı‚Ó-
ÒÚ‡ı” ‡ÒÔÂ‰ÂÎÂÌËfl. ÄÌ‡ÎÓ„Ë˜ÌÓ ‰Îfl α1985–2005, ÒÓ-
ÒÚ‡‚Îfl˛˘Â„Ó 0.02 ä/„Ó‰ ÔÓ ‰‡ÌÌ˚Ï Ì‡·Î˛‰ÂÌËÈ.

Ç ÒÎÛ˜‡Â ‡‰ÂÍ‚‡ÚÌÓÒÚË ÏÓ‰ÂÎË „ÂÌÂËÛÂÚÒfl ‡Ì-
Ò‡Ï·Î¸ ÂÂ Â‡ÎËÁ‡ˆËÈ ÔË ÌÂÍÓÚÓÓÏ ‡Î¸ÚÂÌ‡ÚË‚-
ÌÓÏ ÛÒÎÓ‚ËË C, Ì‡ÔËÏÂ, ÔË ÛÒÎÓ‚ËË, ̃ ÚÓ ‚ÂÎË˜Ë-
Ì‡ n(t) ÓÒÚ‡ÂÚÒfl Ì‡ ÚÓÏ ÊÂ ÛÓ‚ÌÂ, ˜ÚÓ Ë ‚ Ì‡˜‡ÎÂ
fl‰‡ ÔÓ ‰‡ÌÌ˚Ï Ì‡·Î˛‰ÂÌËÈ (1856 „.). ÑÎfl ̋ ÚÓ„Ó Ì‡
‚ıÓ‰ ÏÓ‰ÂÎË (1) ‚ÏÂÒÚÓ Ì‡·Î˛‰‡ÂÏÓ„Ó fl‰‡ n(t) Á‡
1856–2004 „„. ÔÓ‰‡ÂÚÒfl „ËÔÓÚÂÚË˜ÂÒÍËÈ fl‰ Ë ‡Ò-
Ò˜ËÚ˚‚‡˛ÚÒfl ÁÌ‡˜ÂÌËfl 〈T2005|C〉 Ë 〈α1985–2005|C〉. ê‡Á-
ÌÓÒÚË 〈T2005|C0〉 – 〈T2005|C〉, 〈α1985–2005|C0〉 – 〈α1985–2005|C〉
ı‡‡ÍÚÂËÁÛ˛Ú ‰ÓÎ„ÓÒÓ˜ÌÓÂ ‚ÎËflÌËÂ ÚÓ„Ó ËÎË
ËÌÓ„Ó Ù‡ÍÚÓ‡ (ÛÒÎÓ‚Ëfl) Ì‡ Ì‡·Î˛‰‡ÂÏ˚È ÓÒÚ
Éèí. èÓ Ò‡‚ÌÂÌË˛ Ò ı‡‡ÍÚÂËÒÚËÍ‡ÏË ÔË˜ËÌÌÓ-
ÒÚË ÔÓ ÉÂÈÌ‰ÊÂÛ ÔÂ‰Î‡„‡ÂÏ˚Â ÍÓÎË˜ÂÒÚ‚ÂÌÌ˚Â
ÓˆÂÌÍË ‚ÎËflÌËfl ‰‡˛Ú ‰ÓÔÓÎÌËÚÂÎ¸ÌÛ˛ ÌÓ‚Û˛ ËÌ-
ÙÓÏ‡ˆË˛ Ë ËÏÂ˛Ú flÒÌ˚È ÙËÁË˜ÂÒÍËÈ ÒÏ˚ÒÎ.

ÑÎfl ‚‡Ë‡ˆËÈ Éèí ‚ ËÌÚÂ‚‡ÎÂ 1856–2005 „„.
ÔË M = 1 ÓÔÚËÏ‡Î¸Ì‡ ÏÓ‰ÂÎ¸ Ò dT = 4 (ÔË dT > 4
Ó¯Ë·Í‡ ÔÓ„ÌÓÁ‡ ÏÓ‰ÂÎË Ô‡ÍÚË˜ÂÒÍË ÌÂ ÛÏÂÌ¸-
¯‡ÂÚÒfl):

(3)

Ò Ô‡‡ÏÂÚ‡ÏË a0 = –0.012(±0.20) ä, a1 =
= 0.577(±0.160), a2 = 0.028(±0.18), a3 = 0.108(±0.18),
a4 = 0.291(±0.16). Ç ÒÍÓ·Í‡ı ÔË‚Â‰ÂÌ˚ Û‰‚ÓÂÌÌ˚Â
ÁÌ‡˜ÂÌËfl ÒÂ‰ÌÂÍ‚‡‰‡ÚË˜ÂÒÍÓÈ ÔÓ„Â¯ÌÓÒÚË, ÒÓ-
ÓÚ‚ÂÚÒÚ‚Û˛˘ËÂ 95%-Ì˚Ï ‰Ó‚ÂËÚÂÎ¸Ì˚Ï ËÌÚÂ‚‡-

Î‡Ï [14]. ÑËÒÔÂÒËfl Ó¯Ë·ÍË ÔÓ„ÌÓÁ‡  = 0.01 K2.
éÒÚ‡ÚÓ˜Ì˚Â Ó¯Ë·ÍË ‰ÂÎ¸Ú‡-ÍÓÂÎËÓ‚‡Ì˚, Ë
ÏÓÊÌÓ ËÒÔÓÎ¸ÁÓ‚‡Ú¸ F-ÚÂÒÚ ÔË ‡Ì‡ÎËÁÂ ÔÓ ÉÂÈ-
‰ÊÂÛ.

ÑÎfl ÍÓÎË˜ÂÒÚ‚ÂÌÌÓ„Ó Ò‡‚ÌÂÌËfl ‚ÂÏÂÌÌ˚ı Â‡-
ÎËÁ‡ˆËÈ ÔÓÎÛ˜ÂÌÌÓÈ ÏÓ‰ÂÎË Ò ËÒıÓ‰Ì˚Ï fl‰ÓÏ Éèí
Ì‡ ËÒ. 2‡ ÔË‚Â‰ÂÌ˚ ÒÂ‰ÌËÂ ÁÌ‡˜ÂÌËfl ÏÓ‰ÂÎ¸ÌÓÈ
‚ÂÎË˜ËÌ˚ T Ë 95%-Ì˚È ËÌÚÂ‚‡Î ÂÂ ‡ÒÔÂ‰ÂÎÂÌËfl,
‡ÒÒ˜ËÚ‡ÌÌ˚Â ÔÓ ‡ÌÒ‡Ï·Î˛ ËÁ 100 Â‡ÎËÁ‡ˆËÈ. ç‡-
·Î˛‰‡ÂÏ˚È fl‰, Í‡Í Ô‡‚ËÎÓ, ÌÂ ‚˚ıÓ‰ËÚ Á‡ „‡ÌË-
ˆ˚ ËÌÚÂ‚‡Î‡, ˜ÚÓ ÛÍ‡Á˚‚‡ÂÚ Ì‡ Ò‡‚ÌËÚÂÎ¸ÌÓ ıÓ-
Ó¯ÂÂ Í‡˜ÂÒÚ‚Ó ÏÓ‰ÂÎË. é‰Ì‡ÍÓ ÁÌ‡˜ÂÌËfl Éèí ‚
2001–2005 „„. ÌÂ Û‰Ó‚ÎÂÚ‚Ófl˛Ú ˝ÚÓÏÛ ÛÒÎÓ‚Ë˛.
Ö˘Â ·ÓÎÂÂ ˜ÂÚÍÓ ÔÓfl‚ÎflÂÚÒfl ÌÂÒÓÓÚ‚ÂÚÒÚ‚ËÂ,
ÍÓ„‰‡ ÓˆÂÌË‚‡ÂÚÒfl, Ì‡ÒÍÓÎ¸ÍÓ ÏÓ‰ÂÎ¸, ÔÓÒÚÓÂÌ-
Ì‡fl ÔÓ ËÌÚÂ‚‡ÎÛ 1856–1985 „„., ÏÓÊÂÚ ÔÂ‰ÒÍ‡-
Á‡Ú¸ ÓÒÚ Éèí ‚ 1985–2005 „„. èË ˝ÚÓÏ ÁÌ‡˜ÂÌËfl
Éèí ÛÊÂ Á‡ 16 ÎÂÚ ÌÂ ÔÓÔ‡‰‡˛Ú ‚ 95%-Ì˚È ËÌÚÂ-
‚‡Î (ËÒ. 2·); ˝ÚÓ ÁÌ‡˜ËÚ, ˜ÚÓ-ÚÓ ËÁÏÂÌËÎÓÒ¸ ‚ ‰Ë-
Ì‡ÏËÍÂ Éèí Á‡ ÔÓÒÎÂ‰ÌËÂ ‰ÂÒflÚËÎÂÚËfl, Ì‡ÔËÏÂ
‚ ÂÁÛÎ¸Ú‡ÚÂ ‚ÎËflÌËfl ‚ÌÂ¯ÌËı Ù‡ÍÚÓÓ‚. ëÓÓÚ-
‚ÂÚÒÚ‚Û˛˘ËÈ ‡Ì‡ÎËÁ ÔÓ‚Ó‰ËÎË Ò ÔÓÏÓ˘¸˛ ÔÓ-
ÒÚÓÂÌËfl ÏÓ‰ÂÎÂÈ ÔË M > 1 Ò dT = 4. è‡‡ÏÂÚ˚
dI → T, dn → T, dV → T Ë ∆I → T, ∆n → T, ∆V → T ÔÓ‰·Ë‡ÎË
ÔË M = 2. åÓ‰ÂÎËÓ‚‡ÌËÂ ÔÓ‚Ó‰ËÎË ÔÓ ‰‡ÌÌ˚Ï
‰Îfl ÔÂËÓ‰‡ [1856–L] ÔË ‡ÁÎË˜Ì˚ı L.

T t( ) a0 aiT t i–( )
i 1=

4

∑ ξ t( )+ +=

σξ
2

èË Û˜ÂÚÂ ÒÓÎÌÂ˜ÌÓÈ ‡ÍÚË‚ÌÓÒÚË ÓÔÚËÏ‡ÎÂÌ
‚˚·Ó dI → T = 1 Ë ∆I → T = 0. ÇÎËflÌËÂ I → T Ì‡Ë·Ó-
ÎÂÂ ˜ÂÚÍÓ ‚˚fl‚ÎflÂÚÒfl ÔË ËÒÔÓÎ¸ÁÓ‚‡ÌËË ‰‡ÌÌ˚ı
‰Îfl ÔÂËÓ‰‡ 1856–1985 „„. (ËÒ. 3‡). ëÓÓÚ‚ÂÚÒÚ‚Û-
˛˘‡fl ÏÓ‰ÂÎ¸ ËÏÂÂÚ ‚Ë‰

(4)

„‰Â a0 = –93.7(±44.4) ä, a1 = 0.515(±0.087), a4 =
= 0.270(±0.088), b1 = 0.069(±0.033) ä/(ÇÚ/Ï2). èË

˝ÚÓÏ  = 0.028 Ë ÓÚÎË˜ËÂ ÓÚ ÌÛÎfl ÁÌ‡˜ËÏÓ Ì‡

ÛÓ‚ÌÂ p < 0.035. èË ÏÓ‰ÂÎËÓ‚‡ÌËË ÔÓ ‰‡ÌÌ˚Ï
‰Îfl ÔÂËÓ‰‡ 1856–2005 „„. ÌÂ Ó·Ì‡ÛÊÂÌÓ ÒÚ‡ÚË-
ÒÚË˜ÂÒÍË ÁÌ‡˜ËÏÓ„Ó ‚ÎËflÌËfl I → T ıÓÚfl ·˚ Ì‡
ÛÓ‚ÌÂ p < 0.05. ùÚÓ ÏÓÊÂÚ Ò‚Ë‰ÂÚÂÎ¸ÒÚ‚Ó‚‡Ú¸ Ó
ÚÓÏ, ˜ÚÓ ‚ ÔÂËÓ‰ 1985–2005 „„. ÛÒËÎËÎÓÒ¸ ‚ÎËfl-
ÌËÂ Ì‡ Éèí ‰Û„Ëı Ù‡ÍÚÓÓ‚, ÌÂ Ò‚flÁ‡ÌÌ˚ı Ò ÒÓÎ-
ÌÂ˜ÌÓÈ ‡ÍÚË‚ÌÓÒÚ¸˛. èÓ‰Ó·Ì˚È ‚˚‚Ó‰ ÔÓ‰Ú‚Â-
Ê‰‡ÂÚ ‡Ì‡ÎËÁ ÏÓ‰ÂÎË (4). ç‡ ËÒ. 3· ÔÂ‰ÒÚ‡‚ÎÂÌ
‡ÌÒ‡Ï·Î¸ ÂÂ Â‡ÎËÁ‡ˆËÈ ÔË ÛÒÎÓ‚ËË C0. á‰ÂÒ¸
95%-Ì˚È ËÌÚÂ‚‡Î ÊÂ, ˜ÂÏ ‰Îfl ÏÓ‰ÂÎË (3), Ú.Â.
Û˜ÂÚ ÒÓÎÌÂ˜ÌÓÈ ‡ÍÚË‚ÌÓÒÚË ÔÓÁ‚ÓÎflÂÚ ÚÓ˜ÌÂÂ ÓÔË-
Ò‡Ú¸ ‚‡Ë‡ˆËË Éèí ‚ ÔÂËÓ‰ 1856–1985 „„. é‰Ì‡ÍÓ
ÓÒÚ Éèí ‚ 1985–2005 „„. ÌÂ ÔÂ‰ÒÍ‡Á˚‚‡ÂÚÒfl ÏÓ‰Â-
Î¸˛.

óÚÓ·˚ ÓˆÂÌËÚ¸ ‚ÓÁ‰ÂÈÒÚ‚ËÂ ÚÂÌ‰‡ ÒÓÎÌÂ˜ÌÓÈ
‡ÍÚË‚ÌÓÒÚË Ì‡ ÓÒÚ Éèí, ‡ÒÒ˜ËÚ˚‚‡ÎÒfl ‡ÌÒ‡Ï·Î¸
Â‡ÎËÁ‡ˆËÈ, ÍÓ„‰‡ Ì‡ ‚ıÓ‰ ÔÓ‰‡‚‡ÎÒfl ÒË„Ì‡Î I(t) Ò Û‰‡-
ÎÂÌÌ˚Ï ÚÂÌ‰ÓÏ. êÂÁÛÎ¸Ú‡Ú Ô‡ÍÚË˜ÂÒÍË ÌÂ ÓÚÎË˜‡-
ÂÚÒfl ÓÚ ÔË‚Â‰ÂÌÌÓ„Ó Ì‡ ËÒ. 3·. äÓÎË˜ÂÒÚ‚ÂÌÌ˚Â ı‡-
‡ÍÚÂËÒÚËÍË ÏÓ‰ÂÎË: 〈T2005|C0〉 = –0.01(±0.024) ä Ë
〈T2005|I ·ÂÁ ÚÂÌ‰‡〉 = 0.02(±0.024) ä, „‰Â ‚ ÒÍÓ·Í‡ı

Tt a0 a1Tt 1– a4Tt 4– bIIt 1– ηt,+ + + +=

PII T→

σξ
2

----------------
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êËÒ. 2. Äê-ÏÓ‰ÂÎË Éèí ÔË M = 1 (ËÌ‰Ë‚Ë‰Û‡Î¸Ì˚Â):
‡ – ÒÂ‰ÌÂÂ ÔÓ ‡ÌÒ‡Ï·Î˛ ËÁ 100 Â‡ÎËÁ‡ˆËÈ ÁÌ‡˜ÂÌËÂ
Éèí (ÚÓÌÍ‡fl ÎËÌËfl) Ë 95%-Ì˚È ËÌÚÂ‚‡Î ‡ÒÔÂ‰ÂÎÂ-
ÌËfl ‰Îfl ÏÓ‰ÂÎË Ò dT = 4, ÔÓÒÚÓÂÌÌÓÈ ÔÓ ‰‡ÌÌ˚Ï 1856–
2005 „„., · – ÔÓ ‰‡ÌÌ˚Ï 1856–1985 „„. ÜËÌÓÈ ÎËÌËÂÈ
ÔÓÍ‡Á‡Ì ËÒıÓ‰Ì˚È fl‰ Éèí.
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åÓıÓ‚, ëÏËÌÓ‚

‰‡Ì˚ Ó¯Ë·ÍË ÓˆÂÌÍË ÒÂ‰ÌËı ÁÌ‡˜ÂÌËÈ ÔÓ ‡Ì-
Ò‡Ï·Î˛ ËÁ 100 Â‡ÎËÁ‡ˆËÈ, α1985–2005 Ú‡ÍÊÂ ‡‚ÂÌ
ÌÛÎ˛ ‚ ÔÂ‰ÂÎ‡ı Ó¯Ë·ÍË ÓˆÂÌË‚‡ÌËfl ‚ Ó·ÓËı ÒÎÛ-
˜‡flı. í‡Í ˜ÚÓ Û‰‡ÎÂÌËÂ ÚÂÌ‰‡ I(t) Ô‡ÍÚË˜ÂÒÍË ÌÂ
‚ÎËflÂÚ Ì‡ Éèí. ïÓÚfl ‚ÎËflÌËÂ ÒÓÎÌÂ˜ÌÓÈ ‡ÍÚË‚ÌÓ-
ÒÚË Ë ‚˚fl‚ÎÂÌÓ Ò ÔÓÏÓ˘¸˛ ÓˆÂÌÍË ÔË˜ËÌÌÓÒÚË
ÔÓ ÉÂÈÌ‰ÊÂÛ, ÌÓ ÒÓ„Î‡ÒÌÓ ÓˆÂÌÍÂ ‰ÓÎ„ÓÒÓ˜ÌÓ-
„Ó ˝ÙÙÂÍÚ‡ ÌÂ ÓÌÓ fl‚ÎflÂÚÒfl ÔË˜ËÌÓÈ ÓÒÚ‡ Éèí
‚ ÔÓÒÎÂ‰ÌËÂ „Ó‰˚.

ÇÎËflÌËÂ ‚ÛÎÍ‡ÌË˜ÂÒÍÓÈ ‡ÍÚË‚ÌÓÒÚË Ì‡ Éèí
ÓÍ‡Á˚‚‡ÂÚÒfl ÚÓ„Ó ÊÂ ÔÓfl‰Í‡, ˜ÚÓ Ë ÒÓÎÌÂ˜ÌÓÈ.
éÔÚËÏ‡ÎÂÌ ‚˚·Ó dV → T = 1 Ë ∆V → T = –1, Ú.Â. ÏÓ-
‰ÂÎ¸ ‚Ë‰‡

(5)

ç‡Ë·ÓÎÂÂ ˜ÂÚÍÓ ˝ÚÓ ‚ÎËflÌËÂ ‚˚fl‚ÎflÂÚÒfl ÔË ËÒ-
ÔÓÎ¸ÁÓ‚‡ÌËË ‰‡ÌÌ˚ı Á‡ ‚ÂÒ¸ ‰ÓÒÚÛÔÌ˚È ÔÂËÓ‰

1856–1999 „„. (ËÒ. 3‚). èË ˝ÚÓÏ ‚ÂÎË˜ËÌ‡  =

= 0.029 Ë ÓÚÎË˜ËÂ ÓÚ ÌÛÎfl ÁÌ‡˜ËÏÓ Ì‡ ÛÓ‚ÌÂ p <
< 0.03. äÓ˝ÙÙËˆËÂÌÚ˚ ÏÓ‰ÂÎË ‰Îfl ̋ ÚÓ„Ó ÔÂËÓ‰‡:

Tt a0 a1Tt 1– a3Tt 3– a4Tt 4– bVVt ηt.+ + + + +=

PII T→

σξ
2

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

a0 = 0.25(±0.14) ä, a1 = 0.55(±0.08), a3 =
= 0.11(±0.10), a4 = 0.29(±0.08), bV = –0.92(±0.41) ä.

é‰Ì‡ÍÓ Ë Û˜ÂÚ ‚ÛÎÍ‡ÌË˜ÂÒÍÓÈ ‡ÍÚË‚ÌÓÒÚË ÌÂ
ÔÓÁ‚ÓÎflÂÚ ÔÂ‰ÒÍ‡Á‡Ú¸ ÓÒÚ Éèí ËÏÂÌÌÓ ‚ ÔÓ-
ÒÎÂ‰ÌËÂ „Ó‰˚, ‡ ÔÂ‰ÒÍ‡Á˚‚‡ÂÚ ÎË¯¸ ·ÓÎ¸¯ËÂ
ÙÎÛÍÚÛ‡ˆËË ÓÍÓÎÓ ÒÂ‰ÌÂ„Ó ÛÓ‚Ìfl 〈T1999|C0〉 =
= 0.7(±0.14) ä. ëÓ„Î‡ÒÌÓ ÏÓ‰ÂÎË ÚÂÌ‰ ‚ ÔÓÒÎÂ‰-
ÌËÂ 20 ÎÂÚ ÓÚÒÛÚÒÚ‚ÛÂÚ (ËÒ. 3„). èË ÛÒÎÓ‚ËË Vt = 0
‚ÏÂÒÚÓ Ì‡ÒÚÓfl˘Ëı ‰‡ÌÌ˚ı ÏÓ‰ÂÎ¸ ÔÂ‰ÒÍ‡Á˚‚‡ÂÚ
Â˘Â ·ÓÎ¸¯ËÂ ÁÌ‡˜ÂÌËfl 〈T1999|Vt = 0〉 = 1.5(±0.16) ä.
í‡ÍËÏ Ó·‡ÁÓÏ, ‰ÓÎ„ÓÒÓ˜Ì˚È ˝ÙÙÂÍÚ ‚ÛÎÍ‡ÌË˜Â-
ÒÍÓÈ ‡ÍÚË‚ÌÓÒÚË ÒÓÒÚÓËÚ ‚ Ó„‡ÌË˜ÂÌËË ÓÒÚ‡ Éèí.
Ç 1965–1995 „„. ‚ÛÎÍ‡ÌË˜ÂÒÍ‡fl ‡ÍÚË‚ÌÓÒÚ¸ ‰ÓÒÚ‡ÚÓ˜-
ÌÓ ‚˚ÒÓÍ‡. í‡ÍËÏ Ó·‡ÁÓÏ, Ó·˙flÒÌËÚ¸ ÓÒÚ Éèí ‚ÎË-
flÌËÂÏ ‚ÛÎÍ‡ÌË˜ÂÒÍÓÈ ‡ÍÚË‚ÌÓÒÚË Ú‡ÍÊÂ ÌÂ Û‰‡ÂÚÒfl.

ÇÎËflÌËÂ ÍÓÌˆÂÌÚ‡ˆËË CO2 Ì‡ Éèí ÓÍ‡Á˚‚‡-
ÂÚÒfl ÁÌ‡˜ËÚÂÎ¸ÌÓ ·ÓÎÂÂ ÒÛ˘ÂÒÚ‚ÂÌÌ˚Ï, ˜ÂÏ ‚ÎËfl-
ÌËÂ ÔÓ˜Ëı Ù‡ÍÚÓÓ‚. éÔÚËÏ‡ÎÂÌ ‚˚·Ó dn → T = 1
Ë ∆n → T = 0, Ú‡Í Í‡Í ÔË ˝ÚÓÏ Í‡˜ÂÒÚ‚ÂÌÌÓ ÒıÓÊÂ
ÔÓ‚Â‰ÂÌËÂ ÏÓ‰ÂÎË Ò Ì‡·Î˛‰‡ÂÏ˚ÏË ‰‡ÌÌ˚ÏË ‚
ÓÚÎË˜ËÂ ÓÚ dn > 1:

(6)Tt a0 a1Tt 1– a4Tt 4– bnnt 1– ηt.+ + + +=

0.8

1880 1920 1960 2000 „.
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(Â)
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1920 1960 2000 „.
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0
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(‰)

3

2

1

0
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(„)

0.8

0.4

0
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T, K (·)

PIn → T/σ2
ξ

10–2

100

10–1

10–3
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0.02

0

–0.02

–0.04

(‚)PIV → T/σ2
ξ

1.0

0.8

0.6

0.4

0.2

0

0.06

0.04

0.02

0

–0.02

(‡)
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0.8

0.6

0.4

0.2

0

êËÒ. 3. Äê-ÏÓ‰ÂÎË Éèí ÔË M = 2 (ÔÓÔ‡Ì˚È ‡Ì‡ÎËÁ) Ò Û˜ÂÚÓÏ: ‡, · – ÒÓÎÌÂ˜ÌÓÈ ‡ÍÚË‚ÌÓÒÚË, ‚, „ – ‚ÛÎÍ‡ÌË˜ÂÒÍÓÈ ‡Í-
ÚË‚ÌÓÒÚË, ‰, Â – ÒÓ‰ÂÊ‡ÌËfl CO2 ‚ ‡ÚÏÓÒÙÂÂ. ãÂ‚˚È ÒÚÓÎ·Âˆ – ÛÎÛ˜¯ÂÌËÂ ÔÓ„ÌÓÁ‡ (ÊËÌ‡fl ÎËÌËfl) Ë ÛÓ‚ÂÌ¸ ÁÌ‡˜Ë-
ÏÓÒÚË (ÚÓÌÍ‡fl ÎËÌËfl; ¯ÚËıÓ‚‡fl ÎËÌËfl – ÛÓ‚ÂÌ¸ 0.05) ‚ Á‡‚ËÒËÏÓÒÚË ÓÚ ÍÓÓ‰ËÌ‡Ú˚ ÍÓÌˆ‡ ‚ÂÏÂÌÌÓ„Ó ÓÍÌ‡ L. è‡-
‚˚È ÒÚÓÎ·Âˆ – ËÒıÓ‰Ì˚È fl‰ Éèí (ÊËÌ‡fl ÎËÌËfl) Ë ÁÌ‡˜ÂÌËfl Éèí ÔÓ ‡ÌÒ‡Ï·Î˛ Â‡ÎËÁ‡ˆËÈ Äê-ÏÓ‰ÂÎÂÈ (4), (5) Ë (6),
ÔÓÒÚÓÂÌÌ˚ı ÔÓ ‰‡ÌÌ˚Ï Á‡ ÔÂËÓ‰˚ 1856–1985, 1856–1999, 1856–2005 „„. ÒÓÓÚ‚ÂÚÒÚ‚ÂÌÌÓ.

PII T→

σξ
2

----------------
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ç‡Ë·ÓÎÂÂ ˜ÂÚÍÓ ‚ÓÁ‰ÂÈÒÚ‚ËÂ ‚˚fl‚ÎflÂÚÒfl ÔË ËÒ-
ÔÓÎ¸ÁÓ‚‡ÌËË ‰‡ÌÌ˚ı Á‡ 1956–2004 „„. (ËÒ. 3‰). èË

˝ÚÓÏ  = 0.087 Ë ÓÚÎË˜ËÂ ÓÚ ÌÛÎfl ÁÌ‡˜ËÏÓ Ì‡

ÛÓ‚ÌÂ p < 0.0002. äÓ˝ÙÙËˆËÂÌÚ˚ a0 = –1.10(±0.29) ä,
a1 = 0.46(±0.08), a4 = 0.20(±0.08), bn = 0.003(±0.001)
ä/ppm.

ÄÌÒ‡Ï·Î¸ Â‡ÎËÁ‡ˆËÈ ‰‚ÛıÍÓÏÔÓÌÂÌÚÌÓÈ ÏÓ-
‰ÂÎË ÔË Û˜ÂÚÂ n(t) Á‡ 1856–2004 „„. ÔÓÍ‡Á˚‚‡ÂÚ,
˜ÚÓ ˝Ú‡ ÏÓ‰ÂÎ¸ ÚÓ˜ÌÂÂ ÓÔËÒ˚‚‡ÂÚ Ì‡·Î˛‰‡ÂÏ˚È
fl‰, ˜ÂÏ ÏÓ‰ÂÎË Ò Û˜ÂÚÓÏ ÚÓÎ¸ÍÓ ÒÓÎÌÂ˜ÌÓÈ ËÎË
‚ÛÎÍ‡ÌË˜ÂÒÍÓÈ ‡ÍÚË‚ÌÓÒÚË (ËÒ. 3Â). äÓÏÂ ÚÓ„Ó,
ÏÓ‰ÂÎ¸ (6), ÔÓÒÚÓÂÌÌ‡fl ÔÓ ‰‡ÌÌ˚Ï ‰Îfl Î˛·Ó„Ó
ÔÂËÓ‰‡ [1856–L] ÔË L > 1935, ‰‡ÂÚ Ô‡ÍÚË˜ÂÒÍË
ÚÂ ÊÂ ÂÁÛÎ¸Ú‡Ú˚, Ú.Â. ÍÓÂÍÚÌÓ ÔÂ‰ÒÍ‡Á˚‚‡ÂÚ
ÓÒÚ Éèí Ì‡ ËÌÚÂ‚‡ÎÂ [L–2005], ÌÂÒÏÓÚfl Ì‡ ÚÓ,
˜ÚÓ ‰‡ÌÌ˚Â Á‡ ÔÂËÓ‰ [L–2004] ÌÂ ËÒÔÓÎ¸ÁÓ‚‡ÎËÒ¸
‰Îfl ÂÂ ÔÓÒÚÓÂÌËfl.

éˆÂÌÍË ‰ÓÎ„ÓÒÓ˜ÌÓ„Ó ˝ÙÙÂÍÚ‡ CO2 Ì‡ ÓÒÚ
Éèí: 〈T2005|C0〉 – 〈T2005|nt = n1856〉 = 0.8 ä,
〈α1985−2005|C0〉 – 〈α1985–2005|nt = n1856〉 = 0.017 – 0 =
= 0.017. í‡ÍËÏ Ó·‡ÁÓÏ, ÒÓ„Î‡ÒÌÓ ÏÓ‰ÂÎflÏ (6)
ËÏÂÌÌÓ ÓÒÚ CO2 Ó·˙flÒÌflÂÚ Ì‡·Î˛‰‡ÂÏ˚È ‚ ÔÓ-
ÒÎÂ‰ÌÂÂ ‚ÂÏfl ÓÒÚ Éèí.

ÄÌ‡ÎÓ„Ë˜Ì˚ ÂÁÛÎ¸Ú‡Ú˚ ÏÌÓ„ÓÍÓÏÔÓÌÂÌÚÌÓ-
„Ó ‡Ì‡ÎËÁ‡ Ò M = 4 ‚ ‚Ë‰Â

(7)

ìÎÛ˜¯ÂÌËÂ ÔÓ„ÌÓÁ‡  ‚ Á‡‚ËÒËÏÓÒÚË ÓÚ

L ÔÂ‰ÒÚ‡‚ÎÂÌÓ Ì‡ ËÒ. 4‡. éÌÓ ÒÚ‡ÚËÒÚË˜ÂÒÍË ÁÌ‡-
˜ËÏÓ Ì‡ ÛÓ‚ÌÂ p < 0.05 ÔË L > 1960. í‡ÍÊÂ ·˚ÎË
Ò‰ÂÎ‡Ì˚ ÓˆÂÌÍË ÍÓ˝ÙÙËˆËÂÌÚÓ‚ bI, bV, bn, ı‡‡Í-
ÚÂËÁÛ˛˘Ëı ‚ÎËflÌËÂ ‡ÁÎË˜Ì˚ı Ù‡ÍÚÓÓ‚. ç‡
ÛÓ‚ÌÂ 0.05 ÓÍ‡Á‡ÎËÒ¸ ÁÌ‡˜ËÏÓ ÓÚÎË˜Ì˚ ÓÚ ÌÛÎfl
ÚÓÎ¸ÍÓ bV, bn, ÔË˜ÂÏ ˝ÚÓ Û‚ÂÂÌÌÓ ‚˚fl‚ÎflÂÚÒfl
‰Îfl bV ÚÓÎ¸ÍÓ ÔË L > 1990, ‡ ‰Îfl bn – ÔË L > 1980.
çËÁÍ‡fl ÁÌ‡˜ËÏÓÒÚ¸ ÓˆÂÌÍË ÍÓ˝ÙÙËˆËÂÌÚ‡ bI, ÍÓ-
ÚÓ˚È ·˚Î ÁÌ‡˜ËÏ ÔË ÔÓÔ‡ÌÓÏ ‡Ì‡ÎËÁÂ, ÏÓÊÂÚ
Ò‚Ë‰ÂÚÂÎ¸ÒÚ‚Ó‚‡Ú¸ Ó ÚÓÏ, ˜ÚÓ ‚ÎËflÌËÂ ÒÓÎÌÂ˜ÌÓÈ
‡ÍÚË‚ÌÓÒÚË Ì‡ Éèí ÏÓÊÂÚ Û˜ËÚ˚‚‡Ú¸Òfl ˜ÂÂÁ ‚‡-
Ë‡ˆËË n(t).

Ç ÓÒÚ‡Î¸ÌÓÏ ÂÁÛÎ¸Ú‡Ú˚ ÏÓ‰ÂÎËÓ‚‡ÌËfl (ÁÌ‡-
˜ÂÌËfl ÍÓ˝ÙÙËˆËÂÌÚÓ‚ Ë ÔÓ‚Â‰ÂÌËÂ ÏÓ‰ÂÎÂÈ) ÓÍ‡-
Á˚‚‡˛ÚÒfl Ô‡ÍÚË˜ÂÒÍË Ó‰ËÌ‡ÍÓ‚˚ÏË ‰Îfl Î˛·˚ı
L > 1940. ç‡ ËÒ. 4· ÔÂ‰ÒÚ‡‚ÎÂÌ˚ ‚ÂÎË˜ËÌ˚ α1985–2005
‰Îfl ÏÓ‰ÂÎÂÈ (7), ÔÓÒÚÓÂÌÌ˚ı ‚ ÓÍÌÂ [1856–L] ‚ ÒÓ-
ÔÓÒÚ‡‚ÎÂÌËË Ò ‰‡ÌÌ˚ÏË Ì‡·Î˛‰ÂÌËÈ („ÓËÁÓÌ-
Ú‡Î¸Ì‡fl ¯ÚËıÓ‚‡fl ÎËÌËfl). àÌÚÂ‚‡Î˚ ÔÓÍ‡Á˚-
‚‡˛Ú 95% ‡ÒÔÂ‰ÂÎÂÌËfl ÁÌ‡˜ÂÌËÈ ÔÓ ‡ÌÒ‡Ï·Î˛
ËÁ 100 fl‰Ó‚. ç‡˜ËÌ‡fl Ò L = 1941 (‚ÂÚËÍ‡Î¸Ì‡fl
¯ÚËıÓ‚‡fl ÎËÌËfl) ÏÓ‰ÂÎË ‚ÂÌÓ ÓÔËÒ˚‚‡˛Ú ÔÓ‚Â-
‰ÂÌËÂ Éèí ‚ 1985–2005 „„.

PIn T→

σξ
2

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

Tt a0 a1Tt 1– a4Tt 4– bIIt 1– ++ + +=

+ bVVt bnnt 1– ηt.+ +

PII V n, , T→

σξ
2

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

é· ÓÚÌÓÒËÚÂÎ¸ÌÓÏ ‚ÍÎ‡‰Â ÚÂı Ù‡ÍÚÓÓ‚ ÏÓÊ-
ÌÓ ÒÛ‰ËÚ¸ ÔÓ ÓˆÂÌÍÂ ‰ÓÎ„ÓÒÓ˜ÌÓ„Ó ˝ÙÙÂÍÚ‡, ÍÓ-
ÚÓ‡fl ‡Ì‡ÎÓ„Ë˜Ì‡ ÂÁÛÎ¸Ú‡Ú‡Ï ÔÓÔ‡ÌÓ„Ó ‡Ì‡ÎË-
Á‡: ÚÓÎ¸ÍÓ „ËÔÓÚÂÚË˜ÂÒÍÓÂ ÛÒÎÓ‚ËÂ ÓÚÒÛÚÒÚ‚Ëfl Ó-
ÒÚ‡ n(t) ‚Â‰ÂÚ Í ÓÚÒÛÚÒÚ‚Ë˛ ÚÂÌ‰‡ Éèí, ‡
‚‡Ë‡ˆËË ÒÓÎÌÂ˜ÌÓÈ Ë ‚ÛÎÍ‡ÌË˜ÂÒÍÓÈ ‡ÍÚË‚ÌÓÒÚË
ÌÂ ‰‡˛Ú ˝ÚÓ„Ó ˝ÙÙÂÍÚ‡.

éˆÂÌÍ‡ ÊÂ ÓÚÌÓÒËÚÂÎ¸ÌÓ„Ó ‚ÍÎ‡‰‡ ÔÓ ÉÂÈÌ-
‰ÊÂÛ, Ì‡ÔËÏÂ, ÔË ÏÓ‰ÂÎËÓ‚‡ÌËË ÔÓ ËÌÚÂ‚‡-
ÎÛ 1856–1985 „„., ‰‡ÂÚ Ó·˘ÂÂ ÛÎÛ˜¯ÂÌËÂ ÔÓ„ÌÓÁ‡

 = 0.077, ‡ ˜‡ÒÚÌ˚Â ÛÎÛ˜¯ÂÌËfl ÔË M = 2:

 = 0.028,  = 0.012,  = 0.053. í‡Í

˜ÚÓ ÒÓ„Î‡ÒÌÓ Ë ˝ÚÓÏÛ ‡Ì‡ÎËÁÛ ‚ÍÎ‡‰ CO2 Ì‡Ë·ÓÎÂÂ
ÒÛ˘ÂÒÚ‚ÂÌ.

Ç ˆÂÎÓÏ ÓˆÂÌÍË ÔË˜ËÌÌÓÒÚË ÔÓ ÉÂÈÌ‰ÊÂÛ
Ò‚Ë‰ÂÚÂÎ¸ÒÚ‚Û˛Ú Ó ÒÚ‡ÚË˜ÂÒÍË ÁÌ‡˜ËÏÓÏ Ì‡ ÛÓ‚-
ÌÂ p < 0.05 ‚ÎËflÌËË Ì‡ „ÎÓ·‡Î¸ÌÛ˛ ÔËÔÓ‚Âı-
ÌÓÒÚÌÛ˛ ÚÂÏÔÂ‡ÚÛÛ ‚ÒÂı ÚÂı ‡Ì‡ÎËÁËÓ‚‡‚-
¯ËıÒfl Ù‡ÍÚÓÓ‚. ç‡Ë·ÓÎÂÂ ÒÛ˘ÂÒÚ‚ÂÌÌÓ ‚ÎËflÌËÂ
‡ÌÚÓÔÓ„ÂÌÌÓ„Ó Ù‡ÍÚÓ‡ (ÒÓ‰ÂÊ‡ÌËfl CO2 ‚ ‡Ú-
ÏÓÒÙÂÂ), ‚ ÚÓ ‚ÂÏfl Í‡Í ‚ÎËflÌËÂ ‰‚Ûı ÂÒÚÂÒÚ‚ÂÌ-
Ì˚ı Ù‡ÍÚÓÓ‚, ÒÓÎÌÂ˜ÌÓÈ Ë ‚ÛÎÍ‡ÌË˜ÂÒÍÓÈ ‡Í-
ÚË‚ÌÓÒÚË, ‚ ÌÂÒÍÓÎ¸ÍÓ ‡Á ÒÎ‡·ÂÂ. ëÓ„Î‡ÒÌÓ ÔÓÎÛ-
˜ÂÌÌ˚Ï ÓˆÂÌÍ‡Ï ‰ÓÎ„ÓÒÓ˜ÌÓ„Ó ‚ÓÁ‰ÂÈÒÚ‚Ëfl

PII V n, , T→

σT
2

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

PII T→

σξ
2

----------------
PIV T→

σξ
2

-----------------
PIn T→

σξ
2

----------------
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10–2

10–1

100

êËÒ. 4. êÂÁÛÎ¸Ú‡Ú˚ ÏÓ‰ÂÎËÓ‚‡ÌËfl Éèí ÔË M = 4 ‚
Á‡‚ËÒËÏÓÒÚË ÓÚ ÍÓÓ‰ËÌ‡Ú˚ ÍÓÌˆ‡ ‚ÂÏÂÌÌÓ„Ó ÓÍÌ‡
L: ‡ – ÛÎÛ˜¯ÂÌËÂ ÔÓ„ÌÓÁ‡ (ÊËÌ‡fl ÎËÌËfl) Ë ÛÓ‚ÂÌ¸
ÁÌ‡˜ËÏÓÒÚË (ÚÓÌÍ‡fl ÎËÌËfl; ¯ÚËıÓ‚‡fl ÎËÌËfl – ÛÓ-
‚ÂÌ¸ 0.05); · – ÒÂ‰ÌËÂ ÁÌ‡˜ÂÌËfl ÓˆÂÌÍË ÚÂÌ‰‡, ÔÓÎÛ-
˜ÂÌÌ˚Â ÔÓ ‡ÌÒ‡Ï·Î˛ Â‡ÎËÁ‡ˆËÈ ÏÓ‰ÂÎË (7), Ë 95%-
Ì˚Â ËÌÚÂ‚‡Î˚ ‡ÒÔÂ‰ÂÎÂÌËÈ ÓˆÂÌÍË. ÉÓËÁÓÌÚ‡Î¸-
Ì‡fl ¯ÚËıÓ‚‡fl ÎËÌËfl – ÓˆÂÌÍ‡ ÔÓ ‰‡ÌÌ˚Ï Ì‡·Î˛‰Â-
ÌËÈ, ‚ÂÚËÍ‡Î¸Ì‡fl – ÏËÌËÏ‡Î¸Ì‡fl ‚ÂÎË˜ËÌ‡ L, Ì‡˜Ë-
Ì‡fl Ò ÍÓÚÓÓÈ ÏÓ‰ÂÎË ‚ÂÌÓ ÓÔËÒ˚‚‡˛Ú Ì‡·Î˛‰‡Â-
Ï˚Â ı‡‡ÍÚÂËÒÚËÍË Éèí.

PII V n, , T→

σξ
2

-------------------------
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åÓıÓ‚, ëÏËÌÓ‚

‡ÌÚÓÔÓ„ÂÌÌ˚È Ù‡ÍÚÓ fl‚ÎflÂÚÒfl ÓÔÂ‰ÂÎfl˛˘ËÏ
Ù‡ÍÚÓÓÏ ÒÓ‚ÂÏÂÌÌÓ„Ó ÓÒÚ‡ Éèí – ÔË ÌÂËÁ-
ÏÂÌÌÓÏ ÒÓ‰ÂÊ‡ÌËË CO2 ‚ ‡ÚÏÓÒÙÂÂ (Ì‡ ÛÓ‚ÌÂ
1856 „.) ÓÚÏÂ˜ÂÌÌÓ„Ó ÓÒÚ‡ Éèí Á‡ ÔÓÒÎÂ‰ÌÂÂ ÒÚÓ-
ÎÂÚËÂ ÌÂ Ì‡·Î˛‰‡ÎÓÒ¸ ·˚. èË ˝ÚÓÏ ‚‡Ë‡ˆËË
ÒÓÎÌÂ˜ÌÓÈ Ë ‚ÛÎÍ‡ÌË˜ÂÒÍÓÈ ‡ÍÚË‚ÌÓÒÚË ÌÂ ÔË‚Ó-
‰flÚ Í ÒÛ˘ÂÒÚ‚ÂÌÌ˚Ï ËÁÏÂÌÂÌËflÏ ÚÂÌ‰‡ Éèí.
ëÎÂ‰ÛÂÚ ÓÚÏÂÚËÚ¸, ˜ÚÓ ÔË ÓˆÂÌÍÂ Ò‡‚ÌËÚÂÎ¸ÌÓÈ
ÓÎË ‡ÁÎË˜Ì˚ı Ù‡ÍÚÓÓ‚ ‚ ËÁÏÂÌÂÌËflı ÍÎËÏ‡Ú‡
ÌÂÓ·ıÓ‰ËÏ Ú‡ÍÊÂ Û˜ÂÚ ÂÒÚÂÒÚ‚ÂÌÌ˚ı ÍÎËÏ‡ÚË˜Â-
ÒÍËı ˆËÍÎÓ‚ (ÒÓ·ÒÚ‚ÂÌÌ˚ı ˆËÍÎÓ‚ ÍÎËÏ‡ÚË˜ÂÒÍÓÈ
ÒËÒÚÂÏ˚) Ì‡fl‰Û Ò ‰ÓÎ„ÓÔÂËÓ‰Ì˚ÏË ‚ÌÂ¯ÌËÏË
‚ÓÁ‰ÂÈÒÚ‚ËflÏË ÂÒÚÂÒÚ‚ÂÌÌÓ„Ó Ë ‡ÌÚÓÔÓ„ÂÌÌÓ„Ó
ı‡‡ÍÚÂ‡.

ê‡·ÓÚ‡ ‚˚ÔÓÎÌÂÌ‡ ÔË ÔÓ‰‰ÂÊÍÂ êÓÒÒËÈÒÍÓ„Ó
ÙÓÌ‰‡ ÙÛÌ‰‡ÏÂÌÚ‡Î¸Ì˚ı ËÒÒÎÂ‰Ó‚‡ÌËÈ („‡ÌÚ˚
07–05–00381, 08–05–00532) Ë ÔÓ„‡ÏÏ êÄç.

ëèàëéä ãàíÖêÄíìêõ
1. Climate Change 2007. The Physical Science Basis. Con-

tribution of Working Group I to the Fourth Assessment
Report of the Intergovernmental Panel on Climate
Change / S. Solomon. Eds. Cambridge: Cambridge
Univ. Press. 2007. 996 p.

2. Moore J., Grinsted A., Jevrejeva S. // Geophys. Res.
Lett. 2006. V. 33. L17705. doi:10.1029/2006GL026501.

3. Verdes P.F. // Phys. Rev. Lett. 2007. V. 99. 048501.
4. åÓıÓ‚ à.à., ÅÂÁ‚ÂıÌËÈ Ç.Ä., ÖÎËÒÂÂ‚ Ä.Ç., ä‡-

ÔÂÌÍÓ Ä.Ä. // äÓÒÏË˜. ËÒÒÎÂ‰. 2008. í. 46. ‹ 4.
ë. 363–367.

5. Granger C.W.J. // Econometrica. 1969. V. 37. P. 424–
438.

6. Ancona N., Marinazzo D., Stramaglia S. // Phys. Rev. E.
2004. V. 70. 056221.

7. Mokhov I.I., Smirnov D.A. // Geophys. Res. Lett. 2006.
V. 33. L0378. doi:10.1029/2005GL024557.

8. åÓıÓ‚ à.à., ëÏËÌÓ‚ Ñ.Ä. // àÁ‚. êÄç. îÄé.
2008. í. 44. ë. 283–293.

9. Smirnov D.A., Mokhov I.I. // Phys. Rev. E. 2009. In
press.

10. Climate Research Unit. University of East Anglia.
http://www.cru.uea.ac.uk

11. Lean J., Rottman G., Harder J., Kopp G. // Solar Phys.
2005. V. 230. P. 27–53.

12. Sato M., Hansen J.E., McCormick M.P., Pollack J.B. //
J. Geophys. Res. 1993. V. 98. P. 22987–22994.

13. Conway J., Tans P.P., Waterman L.S. et al. // J. Geo-
phys. Res. 1994. V. 99. P. 22831–22855.

14. ëÂ·Â ÑÊ. ãËÌÂÈÌ˚È Â„ÂÒÒËÓÌÌ˚È ‡Ì‡ÎËÁ. å.:
åË, 1974.

15. Hlavackova-Schindler K., Palus M., Vejmelka M., Bhat-
tacharya J. // Phys. Rept. L. 2007. V. 441. P. 1–46.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /Description <<
    /ENU <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


