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ÇÇÖÑÖçàÖ

 

ì„ÎÂÍËÒÎ˚È „‡Á (ëé

 

2

 

) – Ó‰ËÌ ËÁ ÓÒÌÓ‚Ì˚ı ÍÎËÏ‡-
ÚÓÓ·‡ÁÛ˛˘Ëı ‡ÚÏÓÒÙÂÌ˚ı „‡ÁÓ‚. Ç ÔÓÒÎÂ‰ÌËÂ ‰Â-
ÒflÚÍË ÎÂÚ Ì‡·Î˛‰‡ÂÚÒfl ÔÓÒÚÓflÌÌ˚È ÓÒÚ Â„Ó ÍÓÌˆÂÌ-
Ú‡ˆËË ‚ ‡ÚÏÓÒÙÂÂ, ˜ÚÓ ÏÓÊÂÚ ÓÍ‡Á‡Ú¸ ‚ÎËflÌËÂ Ì‡
ÍÎËÏ‡Ú áÂÏÎË. ùÚÓ ‚˚Á‚‡ÎÓ ÔËÒÚ‡Î¸ÌÓÂ ‚ÌËÏ‡ÌËÂ
ÏËÓ‚Ó„Ó ÒÓÓ·˘ÂÒÚ‚‡, ÒÎÂ‰ÒÚ‚ËÂÏ ˜Â„Ó ÒÚ‡Î‡ ‡Á‡-
·ÓÚÍ‡ Ë ÔÓ‰ÔËÒ‡ÌËÂ ÏÌÓ„ËÏË ÒÚ‡Ì‡ÏË, ‚ÍÎ˛˜‡fl
êÓÒÒË˛, äËÓÚÒÍÓ„Ó ÔÓÚÓÍÓÎ‡, ‚ ÍÓÚÓÓÏ ÔÂ‰Û-
ÒÏ‡ÚË‚‡ÂÚÒfl ‚‚Â‰ÂÌËÂ ‰Îfl ‡ÁÌ˚ı ÒÚ‡Ì Í‚ÓÚËÓ‚‡-
ÌËfl ‚˚·ÓÒÓ‚ ëé

 

2

 

 ‚ ‡ÚÏÓÒÙÂÛ Ë ÔÓ‚Â‰ÂÌËfl ÏÓÌË-
ÚÓËÌ„‡ ëé

 

2

 

 ‚ ‡ÁÎË˜Ì˚ı Â„ËÓÌ‡ı áÂÏÎË.
åÓÌËÚÓËÌ„ ëé

 

2

 

 ÓÒÛ˘ÂÒÚ‚ÎflÂÚÒfl Ì‡ ÒÂÚË ÙÓÌÓ-
‚˚ı Ë Â„ËÓÌ‡Î¸Ì˚ı ÒÚ‡ÌˆËÈ ÔÛÚÂÏ ‡Ì‡ÎËÁ‡ ÔÓ·
‚ÓÁ‰Ûı‡ [1–3]. Ç äË„ËÁÒÚ‡ÌÂ Ì‡ ÒÓÁ‰‡ÌÌÓÈ ÒÓ‚ÏÂÒÚ-
ÌÓ ÓÒÒËÈÒÍËÏË Ë ÍË„ËÁÒÍËÏË Û˜ÂÌ˚ÏË ÒÚ‡ÌˆËË ÏÓ-
ÌËÚÓËÌ„‡ ‡ÚÏÓÒÙÂ˚ “àÒÒ˚Í-äÛÎ¸” (

 

ISK

 

 242 

 

N

 

00,
[2]) Ò 1980 „. ‚Â‰ÛÚÒfl ÔÓÒÚÓflÌÌ˚Â ËÁÏÂÂÌËfl ÒÂ‰ÌÂÈ
ÔÓ ‚˚ÒÓÚÂ ÓÚÌÓÒËÚÂÎ¸ÌÓÈ Ó·˙ÂÏÌÓÈ ÍÓÌˆÂÌÚ‡ˆËË
(ÓÚÌÓ¯ÂÌËfl ÒÏÂÒË) ëé

 

2

 

 ÏÂÚÓ‰ÓÏ ÒÓÎÌÂ˜ÌÓÈ ÏÓÎÂÍÛ-
ÎflÌÓ-‡·ÒÓ·ˆËÓÌÌÓÈ ÒÔÂÍÚÓÒÍÓÔËË [4], ÍÓÚÓ˚È ‚
ÔÓÒÎÂ‰ÌËÂ „Ó‰˚ ÒÚ‡Î ËÒÔÓÎ¸ÁÓ‚‡Ú¸Òfl Ë ‚ fl‰Â ‰Û„Ëı

Â„ËÓÌÓ‚ [5–12]. ÄÔÔ‡‡ÚÛ‡, ÏÂÚÓ‰ËÍ‡ ËÁÏÂÂÌËÈ,
Ëı ÂÁÛÎ¸Ú‡Ú˚ Ë ‡Ì‡ÎËÁ, ‡ Ú‡ÍÊÂ ÒÓÔÓÒÚ‡‚ÎÂÌËÂ ËÁ-
ÏÂÂÌËÈ ÍÓÌˆÂÌÚ‡ˆËË ëé

 

2

 

 ‚ ÒÚÓÎ·Â ‡ÚÏÓÒÙÂ˚ Ì‡
ÒÚ‡ÌˆËË “àÒÒ˚Í-äÛÎ¸” Ò ÂÂ ËÁÏÂÂÌËflÏË ‚ ÔÓ·‡ı
‚ÓÁ‰Ûı‡ ÓÔËÒ‡Ì˚ ‚ [13–18], ‡ ‚ ÔÓ‰ÓÎÊ‡˛˘Ëı Ëı Ì‡-
ÒÚÓfl˘ÂÈ ÒÚ‡Ú¸Â ÔÂ‰ÒÚ‡‚ÎÂÌ˚ ÂÁÛÎ¸Ú‡Ú˚ ËÒÒÎÂ‰Ó-
‚‡ÌËfl ÓÒÌÓ‚Ì˚ı ÒÚ‡ÚËÒÚË˜ÂÒÍËı ı‡‡ÍÚÂËÒÚËÍ Ë
ÒÔÂÍÚ‡Î¸ÌÓÈ ÒÚÛÍÚÛ˚ ‚‡Ë‡ˆËÈ ÍÓÌˆÂÌÚ‡ˆËË
ëé

 

2

 

 ÔÓ ÛÚÓ˜ÌÂÌÌ˚Ï ‚ [18] ‰‡ÌÌ˚Ï ËÁÏÂÂÌËÈ Ò Ï‡fl
1980 ÔÓ ‡ÔÂÎ¸ 2006 „. 

 

êÖáìãúíÄíõ àáåÖêÖçàâ

 

Ñ‡ÌÌ˚Â ËÁÏÂÂÌËÈ Ì‡ ÒÚ‡ÌˆËË “àÒÒ˚Í-äÛÎ¸”
(àä) ÒÂ‰ÌÂÈ ÔÓ ‚˚ÒÓÚÂ ÍÓÌˆÂÌÚ‡ˆËË ëé

 

2 

 

ÔÓ‰-
Ú‚ÂÊ‰‡˛Ú ËÁ‚ÂÒÚÌ˚Â Ù‡ÍÚ˚ Ì‡ÎË˜Ëfl ÒÂÁÓÌÌ˚ı
‚‡Ë‡ˆËÈ Ë ÔÓÒÚÓflÌÌÓ„Ó ÓÒÚ‡ ÍÓÌˆÂÌÚ‡ˆËË Û„ÎÂ-
ÍËÒÎÓ„Ó „‡Á‡ ‚ ‡ÚÏÓÒÙÂÂ. ç‡ ËÒ. 1 ÔË‚Â‰ÂÌ˚ ‚Â-
ÎË˜ËÌ˚ ÒÂ‰ÌËı ÏÂÒfl˜Ì˚ı (

 

ë

 

Ï

 

, ÏÎÌ

 

–1

 

) Ë ı‡‡ÍÚÂË-
ÁÛ˛˘Ëı ËÁÏÂÌÂÌËfl ÓÚ „Ó‰‡ Í „Ó‰Û Ò„Î‡ÊÂÌÌ˚ı
(

 

ë

 

„

 

, ÏÎÌ

 

–1

 

) ÔÓ ÏÂÚÓ‰ËÍÂ [19] (Ú.Â. Ò ËÒÍÎ˛˜ÂÌÌ˚ÏË
ÒÂÁÓÌÌ˚ÏË ‚‡Ë‡ˆËflÏË) ÍÓÌˆÂÌÚ‡ˆËÈ ëé

 

2

 

, ÔflÏ‡fl
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èÂ‰ÒÚ‡‚ÎÂÌ˚ ÂÁÛÎ¸Ú‡Ú˚ ÒÚ‡ÚËÒÚË˜ÂÒÍÓ„Ó ‡Ì‡ÎËÁ‡ ‰‡ÌÌ˚ı ÒËÒÚÂÏ‡ÚË˜ÂÒÍËı ËÁÏÂÂÌËÈ ‚ 1980–
2006 „„. Ó·˙ÂÏÌÓÈ ÍÓÌˆÂÌÚ‡ˆËË ‰‚ÛÓÍËÒË Û„ÎÂÓ‰‡ ‚ ÚÓÎ˘Â ‡ÚÏÓÒÙÂ˚ ˆÂÌÚ‡Î¸ÌÓÈ ˜‡ÒÚË Ö‚‡-
ÁËË. éÔÂ‰ÂÎÂÌ˚ ÚÂÌ‰˚ ÒÂ‰ÌËı ÏÂÒfl˜Ì˚ı Ë „Ó‰Ó‚˚ı ‚ÂÎË˜ËÌ ÍÓÌˆÂÌÚ‡ˆËË ëé

 

2

 

. á‡ 26 ÎÂÚ ÒÂ‰-
Ìflfl „Ó‰Ó‚‡fl ÍÓÌˆÂÌÚ‡ˆËfl ‚˚ÓÒÎ‡ Ì‡ ~42 ÏÎÌ

 

–1

 

 ÒÓ ÒÂ‰ÌÂÈ ÒÍÓÓÒÚ¸˛ ÓÒÚ‡ (1.56 

 

±

 

 0.18) ÏÎÌ

 

–1

 

 ‚ „Ó‰
Ë ‰ÓÒÚË„Î‡ ~382.7 ÏÎÌ

 

–1

 

. ç‡È‰ÂÌ˚ Ó·˘ËÂ ÒÚ‡ÚËÒÚË˜ÂÒÍËÂ ı‡‡ÍÚÂËÒÚËÍË. îÛÌÍˆËfl ‡ÒÔÂ‰ÂÎÂÌËfl
ÒÂ‰ÌËı ÏÂÒfl˜Ì˚ı ÍÓÌˆÂÌÚ‡ˆËÈ ëé

 

2

 

 ı‡‡ÍÚÂËÁÛÂÚÒfl Ì‡ÎË˜ËÂÏ ‚ÚÓÓ„Ó Ï‡ÍÒËÏÛÏ‡ Ë ÒÏÂ˘ÂÌËÂÏ
ÓÒÌÓ‚ÌÓÈ ÏÓ‰˚ ‚ ÒÚÓÓÌÛ ·ÓÎ¸¯Ëı ÁÌ‡˜ÂÌËÈ, ‡ ÒÂ‰Ìflfl Á‡ ‚ÂÏfl ËÁÏÂÂÌËÈ ÏÂÒfl˜Ì‡fl ÍÓÌˆÂÌÚ‡ˆËfl
Ë ÏÂ‰Ë‡Ì‡ Ô‡ÍÚË˜ÂÒÍË ÒÓ‚Ô‡‰‡˛Ú. îÛÌÍˆËfl ‡ÒÔÂ‰ÂÎÂÌËfl ÒÂ‰ÌËı „Ó‰Ó‚˚ı ÍÓÌˆÂÌÚ‡ˆËÈ ëé

 

2

 

·ÎËÁÍ‡ Í ÌÓÏ‡Î¸ÌÓÈ, ‡ ÒÂ‰Ìflfl Á‡ ‚ÂÏfl ËÁÏÂÂÌËÈ „Ó‰Ó‚‡fl ÍÓÌˆÂÌÚ‡ˆËfl, ÏÂ‰Ë‡Ì‡ Ë ÏÓ‰‡ Ú‡ÍÊÂ
ÒÓ‚Ô‡‰‡˛Ú. Ç˚fl‚ÎÂÌ˚ ÚÂÌ‰ÂÌˆËË ÍÓÓÚÍÓ- Ë ‰ÎËÌÌÓÔÂËÓ‰Ì˚ı ‚‡Ë‡ˆËÈ ‰‚ÛÓÍËÒË Û„ÎÂÓ‰‡ Ë Ëı
‚ÓÁÏÓÊÌ‡fl Ò‚flÁ¸ Ò fl‰ÓÏ „ÂÓÙËÁË˜ÂÒÍËı fl‚ÎÂÌËÈ. ëÔÂÍÚ‡Î¸Ì˚È ‡Ì‡ÎËÁ ‰‡ÌÌ˚ı ËÁÏÂÂÌËÈ ÍÓÌˆÂÌ-
Ú‡ˆËË ëé

 

2

 

 ‚˚fl‚ËÎ ÍÓÎÂ·‡ÌËfl Ò ÔÂËÓ‰‡ÏË 4, 6, 12, 15, 21, 29, 40, 53, 84 Ë 183 ÏÂÒflˆ‡. ëÚ‡ÚËÒÚË˜ÂÒÍ‡fl
ÏÓ‰ÂÎ¸ Ò Ô‡‡ÏÂÚ‡ÏË ˝ÚËı ÍÓÎÂ·‡ÌËÈ ÓÔËÒ˚‚‡ÂÚ ˝ÍÒÔÂËÏÂÌÚ‡Î¸Ì˚Â ÒÂ‰ÌËÂ ÏÂÒfl˜Ì˚Â ÍÓÌˆÂÌ-
Ú‡ˆËË Û„ÎÂÍËÒÎÓ„Ó „‡Á‡ ÒÓ ÒÂ‰ÌËÏ Í‚‡‰‡ÚË˜Ì˚Ï ÓÚÍÎÓÌÂÌËÂÏ 2.3 ÏÎÌ

 

–1

 

 (

 

±

 

0.6% ÓÚ ÒÂ‰ÌÂ„Ó Á‡
‚ÂÒ¸ ÔÂËÓ‰ ÁÌ‡˜ÂÌËfl 361.9 ÏÎÌ

 

–1

 

) Ë ÒÂ‰ÌËÂ „Ó‰Ó‚˚Â ÍÓÌˆÂÌÚ‡ˆËË ÒÓ ÒÂ‰ÌËÏ Í‚‡‰‡ÚË˜Ì˚Ï ÓÚ-
ÍÎÓÌÂÌËÂÏ 0.9 ÏÎÌ

 

–1

 

 (~

 

±

 

0.3%).

ṍ

 

ìÑä 551.510.5
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Ëı ÎËÌÂÈÌÓ„Ó ÚÂÌ‰‡, ÒÍÓÓÒÚ¸ ÓÒÚ‡ ëé

 

2

 

 (

 

R

 

, ÏÎÌ

 

–1

 

 ‚
„Ó‰ – ÔÓËÁ‚Ó‰Ì‡fl ÔÓ 

 

ë

 

„

 

), ‡ Ú‡ÍÊÂ ‚ÂÎË˜ËÌ˚ 

 

ë

 

Ï

 

 Ë 

 

ë

 

„

 

Ò ËÒÍÎ˛˜ÂÌÌ˚Ï ÎËÌÂÈÌ˚Ï ÚÂÌ‰ÓÏ. 
êÓÒÚ ÍÓÌˆÂÌÚ‡ˆËË ‚ ÔÂ‚ÓÏ ÔË·ÎËÊÂÌËË ÏÓÊ-

ÌÓ ÓÔËÒ‡Ú¸ Û‡‚ÌÂÌËÂÏ ÎËÌÂÈÌÓÈ Â„ÂÒÒËË, Ô‡‡-
ÏÂÚ˚ ÍÓÚÓÓ„Ó ÓÔÂ‰ÂÎfl˛ÚÒfl ÔÓ ËÁÏÂÂÌÌ˚Ï ë

 

Ï

 

: 

 

ë

 

Ï

 

t

 

 = 

 

ë

 

0

 

 + (

 

B

 

/12)

 

t

 

, (1)

„‰Â 

 

ë

 

Ï

 

t

 

, ÏÎÌ

 

–1

 

 – ÒÂ‰ÌÂÏÂÒfl˜Ì‡fl ÍÓÌˆÂÌÚ‡ˆËfl
ëé

 

2

 

 ‰Îfl ÏÂÒflˆ‡ Ò ÔÓfl‰ÍÓ‚˚Ï ÌÓÏÂÓÏ 

 

t

 

; 

 

ë

 

0 

 

= (340.9 

 

±

 

 0.5) ÏÎÌ

 

–1

 

 – ÍÓÌˆÂÌÚ‡ˆËfl ëé

 

2

 

 Í
Ì‡˜‡ÎÛ ËÁÏÂÂÌËÈ (

 

t

 

 = 1– Ï‡È 1980 „.); 

 

B

 

 

 

= (1.61 

 

±

 

 0.03) ÏÎÌ

 

–1

 

 ‚ „Ó‰ – ÔÓÍ‡Á‡ÚÂÎ¸ ÎËÌÂÈ-
ÌÓ„Ó ÚÂÌ‰‡.

ÇÂÎË˜ËÌ‡ ÔÓÍ‡Á‡ÚÂÎfl ÎËÌÂÈÌÓ„Ó ÚÂÌ‰‡ Ì‡ àä
Á‡ ÔÂËÓ‰ Ò 1980 ÔÓ 2006 „Ó‰ ÔÓ Ò‡‚ÌÂÌË˛ Ò [18], „‰Â
ÔÂËÓ‰ Ì‡ „Ó‰ ÍÓÓ˜Â, ÛÏÂÌ¸¯ËÎ‡Ò¸ Ì‡ 0.6%. ç‡ Ú‡-
ÍÓÈ ÊÂ ÔÓˆÂÌÚ ÛÏÂÌ¸¯ËÎ‡Ò¸ Ë ‚ÂÎË˜ËÌ‡ ÒÂ‰ÌÂÈ Á‡
ÔÂËÓ‰ ÒÍÓÓÒÚË ÓÒÚ‡: 

 

R

 

 = (1.56 

 

±

 

 0.18) ÏÎÌ

 

–1

 

 ‚ „Ó‰.
íÂÔÂ¸ ˝ÚË ‚ÂÎË˜ËÌ˚ Â˘Â ÎÛ˜¯Â ÒÓ„Î‡ÒÛ˛ÚÒfl ÒÓ
ÒÂ‰ÌÂÈ „ÎÓ·‡Î¸ÌÓÈ ÒÍÓÓÒÚ¸˛ ÓÒÚ‡ ëé

 

2

 

 Á‡ ÔÂËÓ‰
Ò 1979 ÔÓ 2003 „., ÒÓÒÚ‡‚Îfl˛˘ÂÈ 1.6 ÏÎÌ

 

–1

 

 ‚ „Ó‰ [1].
á‡ 26 ÎÂÚ Ì‡·Î˛‰ÂÌËÈ ÒÂ‰Ìflfl „Ó‰Ó‚‡fl ÍÓÌˆÂÌÚ‡-
ˆËfl ëé

 

2

 

 Ì‡ àä ‚˚ÓÒÎ‡ Ì‡ ~42 ÏÎÌ

 

–1

 

. 
ä‡Í ·˚ÎÓ ÛÍ‡Á‡ÌÓ ‚ [18], Ï‡ÍÒËÏÛÏ˚ Ë ÏËÌË-

ÏÛÏ˚ ÒÂÁÓÌÌ˚ı ‚‡Ë‡ˆËÈ ëé

 

2

 

 ˜‡˘Â ‚ÒÂ„Ó ÔËıÓ-
‰flÚÒfl ÒÓÓÚ‚ÂÚÒÚ‚ÂÌÌÓ Ì‡ ‡ÔÂÎ¸ Ë ‡‚„ÛÒÚ, ‡ ‚ ÓÚ-
‰ÂÎ¸Ì˚Â „Ó‰˚ ˝ÍÒÚÂÏÛÏ˚ ÒÏÂ˘‡˛ÚÒfl Ì‡ Ó‰ËÌ-
‰‚‡ ÏÂÒflˆ‡ (ËÒ. 2). ëÂ‰Ìflfl ‡ÏÔÎËÚÛ‰‡ ÒÂÁÓÌÌ˚ı
‚‡Ë‡ˆËÈ ÍÓÌˆÂÌÚ‡ˆËË ëé

 

2

 

 ‚ „Ó‰Ó‚ÓÏ ˆËÍÎÂ ÒÓ-
ÒÚ‡‚ÎflÂÚ (8.0 

 

±

 

 1.4) ÏÎÌ

 

–1

 

 (ËÒ. 1 Ë 2). ëÂÁÓÌÌÓÂ Û‚Â-

ÎË˜ÂÌËÂ ëé

 

2

 

 ‚ ÒÂ‰ÌÂÏ ÔÓ‰ÓÎÊ‡ÂÚÒfl 8, ‡ ÛÏÂÌ¸¯Â-
ÌËÂ – 4 ÏÂÒflˆÂ‚, ËÌÓ„‰‡ ËÁÏÂÌflflÒ¸ ÚÓÊÂ Ì‡ Ó‰ËÌ-‰‚‡
ÏÂÒflˆ‡. 

 

éÅôàÖ ëíÄíàëíàóÖëäàÖ 
ïÄêÄäíÖêàëíàäà êÖáìãúíÄíéÇ 

àáåÖêÖçàâ

 

ÑÎfl ÒÓ·Î˛‰ÂÌËfl ÛÒÎÓ‚Ëfl ÒÚ‡ˆËÓÌ‡ÌÓÒÚË ‚ ‰‡Î¸-
ÌÂÈ¯ÂÏ ‡Ì‡ÎËÁÂ ËÒÔÓÎ¸ÁÓ‚‡Ì˚ ‰‡ÌÌ˚Â Ò ËÒÍÎ˛˜ÂÌ-
Ì˚Ï ÎËÌÂÈÌ˚Ï ÚÂÌ‰ÓÏ.
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êËÒ. 1.

 

 ëÂ‰ÌËÂ ÏÂÒfl˜Ì˚Â (

 

1

 

) Ë Ò„Î‡ÊÂÌÌ˚Â (

 

2

 

) ÍÓÌˆÂÌÚ‡ˆËË ëé

 

2
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ä‡¯ËÌ 

 

Ë ‰

 

.

 

Ç‡ÊÌÓÈ ÒÚ‡ÚËÒÚË˜ÂÒÍÓÈ ı‡‡ÍÚÂËÒÚËÍÓÈ ‚‡Ë‡-
ˆËÈ ‚ÂÏÂÌÌ ı fl‰Ó‚ ÂÁÛÎ¸Ú‡ÚÓ‚ ËÁÏÂÂÌËÈ fl‚Îfl-
ÂÚÒfl ÙÛÌÍˆËfl ‡ÒÔÂ‰ÂÎÂÌËfl, Ú.Â. ˜ËÒÎÓ ÔÓfl‚ÎÂÌËÈ
ÓÔÂ‰ÂÎÂÌÌ˚ı ‚ÂÎË˜ËÌ ÍÓÌˆÂÌÚ‡ˆËË ëé

 

2

 

 Á‡ ‚ÂÏfl
Ì‡·Î˛‰ÂÌËÈ. ÉËÒÚÓ„‡ÏÏ˚ Ò ¯‡„ÓÏ 2 ÏÎÌ

 

–1

 

 ÔÂ‰-
ÒÚ‡‚Îfl˛Ú Ì‡ ËÒ. 3 ‡ÒÔÂ‰ÂÎÂÌËfl ÒÂ‰ÌËı ÏÂÒfl˜-
Ì˚ı ÍÓÌˆÂÌÚ‡ˆËÈ ëé

 

2

 

 (

 

ë

 

Ï

 

 Ë 

 

ë

 

„

 

) Á‡ ÔÂËÓ‰ Ò Ï‡fl
1980 „. ÔÓ ‡ÔÂÎ¸ 2006 „. ‚ ÓÚÌÓÒËÚÂÎ¸Ì˚ı Â‰ËÌËˆ‡ı
(ÍÓÎË˜ÂÒÚ‚Ó ÏÂÒflˆÂ‚ Ì‡·Î˛‰ÂÌËÈ ÌÓÏËÓ‚‡ÌÌÓÂ
Ì‡ Ëı Ó·˘ÂÂ ̃ ËÒÎÓ, ‡‚ÌÓÂ 312). í‡·ÎËˆ‡ 1 ÒÓ‰ÂÊËÚ
ÒÚ‡ÚËÒÚË˜ÂÒÍËÂ ı‡‡ÍÚÂËÒÚËÍË 

 

ë

 

Ï

 

 Ë 

 

ë

 

„

 

.

îÛÌÍˆËfl ‡ÒÔÂ‰ÂÎÂÌËfl ÒÂ‰ÌËı ÏÂÒfl˜Ì˚ı ÍÓÌ-
ˆÂÌÚ‡ˆËÈ ëé

 

2

 

 

 

ë

 

Ï

 

 ÌÂÏÌÓ„Ó ÓÚÎË˜‡ÂÚÒfl ÓÚ ÌÓÏ‡Î¸-
ÌÓÈ (ËÒ. 3‡) Á‡ Ò˜ÂÚ ‚ÚÓÓ„Ó Ï‡ÍÒËÏÛÏ‡ Ë ÒÏÂ˘Â-
ÌËfl ÓÒÌÓ‚ÌÓÈ ÏÓ‰˚ (Ì‡Ë·ÓÎÂÂ ‚ÂÓflÚÌÓ„Ó ÁÌ‡˜ÂÌËfl)
‚ ÒÚÓÓÌÛ ·ÓÎ¸¯Ëı ÁÌ‡˜ÂÌËÈ, ÚÓ„‰‡ Í‡Í ÒÂ‰Ìflfl Á‡
26 ÎÂÚ ÏÂÒfl˜Ì‡fl ‚ÂÎË˜ËÌ‡ Ë ÏÂ‰Ë‡Ì‡ Ô‡ÍÚË˜ÂÒÍË
ÒÓ‚Ô‡‰‡˛Ú (‚ÂıÌflfl ÒÚÓ˜Í‡ Ú‡·Î. 1). ç‡ Ò‰‚Ë„ Ì‡Ë-
·ÓÎÂÂ ‚ÂÓflÚÌÓÈ ÏÓ‰˚ ÓÚÌÓÒËÚÂÎ¸ÌÓ ÒÂ‰ÌÂ„Ó

 

 

 

CÒ Ë
Ì‡ ÓÚÌÓÒËÚÂÎ¸ÌÛ˛ ÓÒÚÓ‚Â¯ËÌÌÓÒÚ¸ ‡ÒÔÂ‰ÂÎÂ-
ÌËfl ÛÍ‡Á˚‚‡˛Ú Ú‡ÍÊÂ ÏÓÏÂÌÚ˚ ‚˚Ò¯Â„Ó ÔÓfl‰Í‡,
ÓÔÂ‰ÂÎfl˛˘ËÂ ÒÚÂÔÂÌ¸ ÓÚÍÎÓÌÂÌËfl ‡ÒÔÂ‰ÂÎÂÌËfl
ÓÚ ÌÓÏ‡Î¸ÌÓ„Ó: ÍÓ˝ÙÙËˆËÂÌÚ ‡ÒËÏÏÂÚËË g3 (ı‡-
‡ÍÚÂËÒÚËÍ‡ ÒËÏÏÂÚËË ‡ÒÔÂ‰ÂÎÂÌËfl) ÓÚËˆ‡ÚÂ-
ÎÂÌ, ‡ ÍÓ˝ÙÙËˆËÂÌÚ ˝ÍÒˆÂÒÒ‡ g4 (ı‡‡ÍÚÂËÒÚËÍ‡
ÙÓÏ˚ ‡ÒÔÂ‰ÂÎÂÌËfl) ÔÓÎÓÊËÚÂÎÂÌ Ë ·ÎËÁÓÍ Í ÌÛ-

˚́

Î˛. çÂÒËÏÏÂÚË˜ÌÓÒÚ¸ ‡ÒÔÂ‰ÂÎÂÌËfl fl‚ÎflÂÚÒfl, ‚Â-
ÓflÚÌÂÂ ‚ÒÂ„Ó, ÒÎÂ‰ÒÚ‚ËÂÏ ‡ÁÎË˜Ëfl ‚ÂÏÂÌË Û‚ÂÎË-
˜ÂÌËfl Ë ÛÏÂÌ¸¯ÂÌËfl ÒÂÁÓÌÌ˚ı ËÁÏÂÌÂÌËÈ ÍÓÌˆÂÌ-
Ú‡ˆËË ëé2 ‚ „Ó‰Ó‚ÓÏ ˆËÍÎÂ. ç‡ ÓÚÌÓÒËÚÂÎ¸ÌÓÂ
ÔÓÒÚÓflÌÒÚ‚Ó ‡ÏÔÎËÚÛ‰ ÒÂÁÓÌÌ˚ı ‚‡Ë‡ˆËÈ ÛÍ‡Á˚‚‡-
˛Ú Ï‡Î˚Â ÁÌ‡˜ÂÌËfl ÒÂ‰ÌÂ„Ó Í‚‡‰‡ÚË˜ÂÒÍÓ„Ó ÓÚ-
ÍÎÓÌÂÌËfl Ë ÍÓ˝ÙÙËˆËÂÌÚ‡ ‚‡Ë‡ˆËÈ.

îÛÌÍˆËfl ‡ÒÔÂ‰ÂÎÂÌËfl Ò„Î‡ÊÂÌÌ˚ı ‚ÂÎË˜ËÌ
ÍÓÌˆÂÌÚ‡ˆËË ëé2 ë„ ·ÎËÁÍ‡ Í ÌÓÏ‡Î¸ÌÓÈ (ËÒ. 3·):
‚ÂÎË˜ËÌ˚ CÒ, M Ë m Ô‡ÍÚË˜ÂÒÍË ÒÓ‚Ô‡‰‡˛Ú, ÍÓ˝Ù-
ÙËˆËÂÌÚ g3 ÓÚËˆ‡ÚÂÎÂÌ, ‡ g4 ÔÓÎÓÊËÚÂÎÂÌ (ÌËÊÌflfl
ÒÚÓ˜Í‡ Ú‡·Î. 1). çÂÍÓÚÓ‡fl ÌÂÒËÏÏÂÚË˜ÌÓÒÚ¸ ‡Ò-
ÔÂ‰ÂÎÂÌËfl ÒÍÓÂÂ ‚ÒÂ„Ó Ò‚flÁ‡Ì‡ Ò ÚÂÏ, ˜ÚÓ ‚˚˜ËÚ‡-
ÌËÂ ÎËÌÂÈÌÓ„Ó ÚÂÌ‰‡ ÌÂ ‚ ÔÓÎÌÓÈ ÏÂÂ ÛÒÚ‡ÌflÂÚ
ÓÒÚ ÍÓÌˆÂÌÚ‡ˆËË ëé2 ÓÚ „Ó‰‡ Í „Ó‰Û.

ä‡Í ‚Ë‰ÌÓ ËÁ ËÒ. 4, „‰Â ÔË‚Â‰ÂÌ˚ ÙÛÌÍˆËË ‡Ò-
ÔÂ‰ÂÎÂÌËfl ÒÂ‰ÌËı ÏÂÒfl˜Ì˚ı ÍÓÌˆÂÌÚ‡ˆËÈ ëé2
‰Îfl Í‡Ê‰Ó„Ó ÓÚ‰ÂÎ¸ÌÓ„Ó Í‡ÎÂÌ‰‡ÌÓ„Ó „Ó‰‡ Ò flÌ‚‡fl
1981 „. ÔÓ ‰ÂÍ‡·¸ 2005 „., ‡ÒÔÂ‰ÂÎÂÌËfl ëÏ ‚Ó ‚ÒÂ
„Ó‰˚ Á‡ÏÂÚÌÓ ÓÚÎË˜‡˛ÚÒfl ÓÚ ÌÓÏ‡Î¸ÌÓ„Ó, Ëı ÙÓ-
Ï˚ ‡ÁÎË˜Ì˚, ˜‡ÒÚÓ ÔÓÎËÏÓ‰‡Î¸Ì˚. ÑÎfl ·ÓÎ¸¯ËÌ-
ÒÚ‚‡ ÎÂÚ Ì‡·Î˛‰‡ÂÚÒfl ÓÚËˆ‡ÚÂÎ¸Ì‡fl ‡ÒËÏÏÂÚËfl,
Ú.Â. ÏÓ‰‡ ÒÏÂ˘ÂÌ‡ ‚ Ó·Î‡ÒÚ¸ ·ÓÎ¸¯Ëı ÁÌ‡˜ÂÌËÈ ëÏ
ÓÚÌÓÒËÚÂÎ¸ÌÓ ÏÂ‰Ë‡Ì˚ Ë ÒÂ‰ÌÂ„Ó, ÁÌ‡˜ÂÌËfl ÍÓÚÓ-
˚ı ˜‡ÒÚÓ ‚ÂÒ¸Ï‡ ·ÎËÁÍË (ËÒ. 5).

äÓ˝ÙÙËˆËÂÌÚ ‚‡Ë‡ˆËÈ V ‚ ÓÒÌÓ‚ÌÓÏ ËÁÏÂÌflÂÚ-
Òfl ‚ Ó˜ÂÌ¸ ÌÂ·ÓÎ¸¯ÓÏ ËÌÚÂ‚‡ÎÂ ÓÚ 0.5 ‰Ó 1.5%, ÛÍ‡-
Á˚‚‡fl Ì‡ ÓÚÌÓÒËÚÂÎ¸ÌÛ˛ ÍÓÌÒÂ‚‡ÚË‚ÌÓÒÚ¸ ‚ÂÎË˜ËÌ
ÒÂÁÓÌÌ˚ı ËÁÏÂÌÂÌËÈ ÍÓÌˆÂÌÚ‡ˆËË ëé2. äÓ˝ÙÙË-
ˆËÂÌÚ˚ ‡ÒËÏÏÂÚËË Ë ̋ ÍÒˆÂÒÒ‡ (ËÒ. 5) ‰Îfl ·ÓÎ¸¯ËÌ-
ÒÚ‚‡ ÎÂÚ ÓÚËˆ‡ÚÂÎ¸Ì˚.

îÛÌÍˆËË ‡ÒÔÂ‰ÂÎÂÌËfl Ò„Î‡ÊÂÌÌ˚ı ‚ÂÎË˜ËÌ
ÍÓÌˆÂÌÚ‡ˆËË Û„ÎÂÍËÒÎÓ„Ó „‡Á‡ ë„ ‰Îfl ÓÚ‰ÂÎ¸Ì˚ı
ÎÂÚ (ËÒ. 4) ˜‡˘Â ‚ÒÂ„Ó Ó‰ÌÓ‚Â¯ËÌÌ˚ Ë ÔÓ‰Ú‚Â-
Ê‰‡˛Ú, ˜ÚÓ ‚ ÚÂ˜ÂÌËÂ „Ó‰‡ ë„ ËÁÏÂÌfl˛ÚÒfl Ï‡ÎÓ ‚
ÔÂ‰ÂÎ‡ı 2–3 ÏÎÌ–1, ËÒÍÎ˛˜ÂÌËÂ ÒÓÒÚ‡‚Îfl˛Ú 1986–
1987 Ë „Ó‰˚ ÔÓÒÎÂ ËÁ‚ÂÊÂÌËÈ ‚ÛÎÍ‡ÌÓ‚, ÍÓ„‰‡ ‚ÌÛÚ-
Ë „Ó‰‡ ËÁÏÂÌÂÌËfl ë„ ÏÓ„ÛÚ ‰ÓÒÚË„‡Ú¸ 6–8 ÏÎÌ–1.

ëèÖäíêÄãúçõâ ÄçÄãàá

ëÔÂÍÚ‡Î¸Ì˚È ‡Ì‡ÎËÁ ‰‡ÌÌ˚ı ËÁÏÂÂÌËÈ ÍÓÌ-
ˆÂÌÚ‡ˆËË ëé2 ÔÓ‚Ó‰ËÎÒfl ÔË ÔÓÏÓ˘Ë îÛ¸Â- Ë
‚ÂÈ‚ÎÂÚ-ÔÂÓ·‡ÁÓ‚‡ÌËÈ. ÑÎfl ÓÔÂ‰ÂÎÂÌËfl ÔÂËÓ-
‰Ó‚ ÓÒÌÓ‚Ì˚ı ÍÓÎÂ·‡ÌËÈ, ÒÓÒÚ‡‚Îfl˛˘Ëı ‚‡Ë‡ˆËË
ÍÓÌˆÂÌÚ‡ˆËË ëé2 ËÒÔÓÎ¸ÁÓ‚‡ÌÓ ËÏÂ˛˘ÂÂ ‚˚ÒÓ-
ÍÓÂ ‡ÁÂ¯ÂÌËÂ ÍÎ‡ÒÒË˜ÂÒÍÓÂ îÛ¸Â-ÔÂÓ·‡ÁÓ‚‡-

0.4

0.2

0

äÓÎË˜ÂÒÚ‚Ó ÏÂÒflˆÂ‚, ÓÚÌ. Â‰.

325 330 335 340 345 350 355 330 335 340 345 350
äÓÌˆÂÌÚ‡ˆËfl Û„ÎÂÍËÒÎÓ„Ó „‡Á‡, ÏÎÌ–1

(‡) (·)

êËÒ. 3. îÛÌÍˆËË ‡ÒÔÂ‰ÂÎÂÌËfl ÍÓÌˆÂÌÚ‡ˆËË Û„ÎÂ-
ÍËÒÎÓ„Ó „‡Á‡ (‡ – ÒÂ‰ÌËÂ ÏÂÒfl˜Ì˚Â, · – Ò„Î‡ÊÂÌÌ˚Â).

í‡·ÎËˆ‡ 1.  ëÚ‡ÚËÒÚË˜ÂÒÍËÂ ı‡‡ÍÚÂËÒÚËÍË ‚‡Ë‡ˆËÈ ÍÓÌˆÂÌÚ‡ˆËË Û„ÎÂÍËÒÎÓ„Ó „‡Á‡*

N ëÒ M m CÏËÌ CÏ‡ÍÒ σ V g3 g4

ëÏ 312 340.9 ± 0.2 341.4 ± 0.2 343 ± 1 328.7 351.9 4.1 1.2 –0.42 ± 0.14 0.09 ± 0.27

ë„ 312 340.9 ± 0.1 340.9 ± 0.1 341 ± 1 334.6 344.8 2.1 0.6 –0.41 ± 0.14 0.36 ± 0.27

èËÏÂ˜‡ÌËÂ. * N – ÍÓÎË˜ÂÒÚ‚Ó ÏÂÒflˆÂ‚ Ì‡·Î˛‰ÂÌËÈ; CÒ, CÏËÌ Ë CÏ‡ÍÒ, ÏÎÌ–1 – ÒÂ‰ÌËÂ, ÏËÌËÏ‡Î¸Ì˚Â Ë Ï‡ÍÒËÏ‡Î¸Ì˚Â ÍÓÌ-

ˆÂÌÚ‡ˆËË Û„ÎÂÍËÒÎÓ„Ó „‡Á‡; M, ÏÎÌ–1 – ÏÂ‰Ë‡Ì‡, m, ÏÎÌ–1 – ÏÓ‰‡; σ – ÒÂ‰ÌÂÂ Í‚‡‰‡ÚË˜ÂÒÍÓÂ ÓÚÍÎÓÌÂÌËÂ; V % = 100 σ/ëÒ –
ÍÓ˝ÙÙËˆËÂÌÚ ‚‡Ë‡ˆËË, g3 Ë g4 – ÍÓ˝ÙÙËˆËÂÌÚ˚ ‡ÒËÏÏÂÚËË Ë ˝ÍÒˆÂÒÒ‡.
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ÌËÂ (ËÒ. 6), ‡ ‰Îfl ÓˆÂÌÓÍ ËÁÏÂÌÂÌËfl ̋ ÚËı ÍÓÎÂ·‡ÌËÈ
‚Ó ‚ÂÏÂÌË – ‚ÂÈ‚ÎÂÚ-ÔÂÓ·‡ÁÓ‚‡ÌËÂ (ËÒ. 7). èË-
‚Â‰ÂÌÌ˚Â ‚ Ú‡·Î. 2 Ô‡‡ÏÂÚ˚ (‡ÏÔÎËÚÛ‰‡ A, ÔÂËÓ‰
è Ë Ò‰‚Ë„ Ù‡Á˚ ψ) ÁÌ‡˜ËÏ˚ı ÍÓÎÂ·‡ÌËÈ ‚˚˜ËÒÎfl-
ÎËÒ¸ ÏÛÎ¸ÚËÂ„ÂÒÒËÓÌÌ˚Ï ÏÂÚÓ‰ÓÏ ÔÓ ‰‡ÌÌ˚Ï ËÁ-
ÏÂÂÌËÈ Ò ËÒÍÎ˛˜ÂÌÌ˚Ï ÚÂÌ‰ÓÏ Ë Ò ËÒÔÓÎ¸ÁÓ‚‡ÌË-
ÂÏ ÏÓ‰ÂÎË ê‡ÈÒ‡ [20], ÔÂ‰ÒÚ‡‚Îfl˛˘ÂÈ ÒÓ·ÓÈ ÒÛÏ-
ÏÛ „‡ÏÓÌË˜ÂÒÍËı ÍÓÎÂ·‡ÌËÈ. Ç Í‡˜ÂÒÚ‚Â ÔÂ‚Ó„Ó
ÔË·ÎËÊÂÌËfl ËÒÔÓÎ¸ÁÓ‚‡ÎËÒ¸ ÔÓÎÛ˜ÂÌÌ˚Â Ò ÔÓÏÓ-
˘¸˛ ÒÔÂÍÚ‡Î¸ÌÓ„Ó ‡Ì‡ÎËÁ‡ ˝ÍÒÔÂËÏÂÌÚ‡Î¸Ì˚ı

‰‡ÌÌ˚ı ÁÌ‡˜ÂÌËfl ÔÂËÓ‰Ó‚, ÔË‚Â‰ÂÌÌ˚ı Ì‡ ËÒ. 6
Ë ‚ Ú‡·Î. 2. 

Ç ÓÚÎË˜ËÂ ÓÚ [17], ‚ ÛÚÓ˜ÌÂÌÌ˚ı ÂÁÛÎ¸Ú‡Ú‡ı 26-
ÎÂÚÌËı ËÁÏÂÂÌËÈ ÍÓÌˆÂÌÚ‡ˆËË ëé2 ‰ÓÔÓÎÌËÚÂÎ¸-
ÌÓ ÔÓfl‚ËÎËÒ¸ ÍÓÎÂ·‡ÌËfl Ò ÔÂËÓ‰‡ÏË 4, 6, 29, 40 Ë
183 ÏÂÒflˆ‡. àÁ ÚÂıÏÂÌÓ„Ó ÔÂ‰ÒÚ‡‚ÎÂÌËfl (ËÒ. 7‡)
Ë ÔÎÓÒÍÓÒÚÌ˚ı ‡ÁÂÁÓ‚ (ËÒ. 7·, 7‚, 7„) ÂÁÛÎ¸Ú‡ÚÓ‚
‚˝È‚ÎÂÚ-‡Ì‡ÎËÁ‡ ÒÎÂ‰ÛÂÚ, ˜ÚÓ ÌÂ ‚ÒÂ ‚˚fl‚ÎÂÌÌ˚Â
ÍÓÎÂ·‡ÌËfl fl‚Îfl˛ÚÒfl ˜ËÒÚÓ „‡ÏÓÌË˜ÂÒÍËÏË ÙÛÌÍ-

êËÒ. 4. îÛÌÍˆËË ‡ÒÔÂ‰ÂÎÂÌËfl ëÏ Ë ë„ Ò 1981 ÔÓ 2005 „. ‰Îfl Í‡Ê‰Ó„Ó Í‡ÎÂÌ‰‡ÌÓ„Ó „Ó‰‡ Ò flÌ‚‡fl ÔÓ ‰ÂÍ‡·¸ (‡ – ëÏ

‚‚ÂıÛ Ë · – ë„ ‚ÌËÁÛ Í‡Ê‰ÓÈ ÍÎÂÚÍË Ú‡·ÎËˆ˚; ÔÓ ÓÒflÏ ‡·ÒˆËÒÒ – ÍÓÌˆÂÌÚ‡ˆËfl, ÏÎÌ–1; ÔÓ ÓÒË Ó‰ËÌ‡Ú – ÌÓÏËÓ‚‡ÌÌÓÂ
Ì‡ 12 ÍÓÎË˜ÂÒÚ‚Ó ÒÎÛ˜‡Â‚ ‚ „Ó‰Û, ÒÔÎÓ¯Ì˚Â ÎËÌËË – ÌÓÏ‡Î¸ÌÓÂ ‡ÒÔÂ‰ÂÎÂÌËÂ).

7

0.6
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ˆËflÏË ÒÓ ÒÚ‡·ËÎ¸Ì˚ÏË ‚Ó ‚ÂÏÂÌË ÔÂËÓ‰‡ÏË Ë ‡Ï-
ÔÎËÚÛ‰‡ÏË. 

ÄÌÓÏ‡Î¸Ì˚Â ‚‡Ë‡ˆËË 1986–1988 „„., ÍÓÚÓ˚Â
Ó·ÒÛÊ‰‡ÎËÒ¸ ‚ [17], fl‚Îfl˛ÚÒfl ÓÒÌÓ‚ÌÓÈ ÔË˜ËÌÓÈ Ì‡-
Û¯ÂÌËfl ÒÚ‡·ËÎ¸ÌÓÒÚË ‡ÏÔÎËÚÛ‰ Û ‚ÒÂı ÍÓÎÂ·‡ÌËÈ,
ÍÓÏÂ Ì‡Ë·ÓÎÂÂ ‰ÎËÌÌÓÔÂËÓ‰Ì˚ı (84 Ë 183 ÏÂÒflˆ‡).
î‡Á‡ „Ó‰Ó‚Ó„Ó (12 ÏÂÒ.) ÍÓÎÂ·‡ÌËfl ‚ ÓÒÌÓ‚ÌÓÏ ÒÚ‡-
·ËÎ¸Ì‡, ‡ ‡ÏÔÎËÚÛ‰‡, ÔÂ‚ÓÒıÓ‰fl˘‡fl ‡ÏÔÎËÚÛ‰˚
ÓÒÚ‡Î¸Ì˚ı ÍÓÎÂ·‡ÌËÈ ‚ 2–3 Ë ·ÓÎÂÂ ‡Á, ÌÂÔÓÒÚÓflÌ-
Ì‡: Ò 1981 ÔÓ 1986 „. ÓÌ‡ ‚ÓÁ‡ÒÚ‡ÂÚ, Ò 1987 ‰Ó 1991 „.
ÓÌ‡ ÛÏÂÌ¸¯‡ÂÚÒfl, Ò 1992 ÔÓ 1995 „. – ÌÂÒÚ‡·ËÎ¸Ì‡, Ò

1996 ÔÓ 2000 „. – ÔËÏÂÌÓ ÔÓÒÚÓflÌÌ‡, ‡ Á‡ÚÂÏ ÒÌÓ‚‡
‡ÒÚÂÚ. î‡Á˚ Ë ‡ÏÔÎËÚÛ‰˚ 4-, 6- Ë 15-ÏÂÒfl˜Ì˚ı ÍÓÎÂ-
·‡ÌËÈ, ÍÓÚÓ˚Â ‚ÏÂÒÚÂ Ò 12-ÏÂÒfl˜Ì˚Ï ÍÓÎÂ·‡ÌËÂÏ
Ò‚flÁ‡Ì˚ Ò ËÁÏÂÌÂÌËflÏË Ó·ÏÂÌ‡ Û„ÎÂÍËÒÎ˚Ï „‡ÁÓÏ
·ËÓÚ˚ Ò ‡ÚÏÓÒÙÂÓÈ, ÌÂÒÚ‡·ËÎ¸Ì˚. ÄÏÔÎËÚÛ‰˚ ÔÓ-
ÒÚÓflÌÌÓ ÔÛÎ¸ÒËÛ˛Ú, Ë ‡ÁÎË˜ËÂ ‚ Ëı ‚ÂÎË˜ËÌ‡ı ÏÓ-
ÊÂÚ ·˚Ú¸ ÁÌ‡˜ËÚÂÎ¸Ì˚Ï. ÅÓÎ¸¯ËÂ ‡ÏÔÎËÚÛ‰˚ ÔÓ-
‚ÚÓfl˛ÚÒfl ÔËÏÂÌÓ ˜ÂÂÁ 3–5 ÎÂÚ. 

èÓÒÎÂ ËÁ‚ÂÊÂÌËÈ ‚ÛÎÍ‡ÌÓ‚ ùÎ¸-óË˜ÂÌ Ë èËÌ‡-
ÚÛ·Ó (1982–1984 Ë 1991–1994 „„.) ‚ÂÒ¸Ï‡ Á‡ÏÂÚÌÓ ËÒ-
Í‡Ê‡˛ÚÒfl 21- Ë 29-ÏÂÒfl˜Ì˚Â ÍÓÎÂ·‡ÌËfl, ÍÓÂÎË-
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Û˛˘ËÂ Ò Í‚‡ÁË‰‚ÛıÎÂÚÌÂÈ ̂ ËÍÎË˜ÌÓÒÚ¸˛ ÒÍÓÓÒÚË
Ë Ì‡Ô‡‚ÎÂÌËfl ˝Í‚‡ÚÓË‡Î¸ÌÓ„Ó ÒÚ‡ÚÓÒÙÂÌÓ„Ó
‚ÂÚ‡, ÔÓÏËÏÓ, ÛÍ‡Á‡ÌÌ˚ı ‚˚¯Â ‡ÌÓÏ‡Î¸Ì˚ı ‚‡Ë-
‡ˆËÈ (1986–1988 „„.). èÂËÓ‰Ë˜ÌÓÒÚË fl‚ÎÂÌËfl ùÎ¸-
çËÌ¸Ó ÒÓÓÚ‚ÂÚÒÚ‚Û˛Ú 43- Ë 52-ÏÂÒfl˜Ì˚Â ÍÓÎÂ·‡ÌËfl.
ùÚË ÍÓÎÂ·‡ÌËfl Ô‡ÍÚË˜ÂÒÍË ÒÚ‡·ËÎ¸Ì˚. ÑÎËÌÌÓÔÂ-
ËÓ‰Ì˚Â ÍÓÎÂ·‡ÌËfl (84 Ë 183 ÏÂÒflˆ‡) Ì‡Ë·ÓÎÂÂ ÒÚ‡-
·ËÎ¸Ì˚ Ë ÔÓ Ù‡ÁÂ, Ë ÔÓ ‡ÏÔÎËÚÛ‰Â. é‰Ì‡ÍÓ ‰Îfl Ì‡-
‰ÂÊÌÓÈ ÔË‚flÁÍË Ëı Í ‰ÎËÌÌÓÔÂËÓ‰Ì˚Ï „ÂÓÙËÁË-
˜ÂÒÍËÏ fl‚ÎÂÌËflÏ Ó·˘ÂÂ ‚ÂÏfl Ì‡·Î˛‰ÂÌËÈ ÔÓÍ‡
Â˘Â ÌÂ‰ÓÒÚ‡ÚÓ˜ÌÓ. ùÚË ÍÓÎÂ·‡ÌËfl ÔÓfl‚Îfl˛ÚÒfl ‚

îÛ¸Â-‡Ì‡ÎËÁÂ ÚÓÎ¸ÍÓ ÔË ËÒÍÛÒÒÚ‚ÂÌÌÓÏ ÏÌÓ„Ó-
Í‡ÚÌÓÏ Û‰ÎËÌÂÌËË ‚ÂÏÂÌÌó„Ó fl‰‡ ‰‡ÌÌ˚ı Ì‡-
·Î˛‰ÂÌËÈ.

åéÑÖãú ÇêÖåÖçç ï àáåÖçÖçàâ 

ÑÎfl ‡ÔÔÓÍÒËÏ‡ˆËË ˝ÍÒÔÂËÏÂÌÚ‡Î¸Ì˚ı ‰‡Ì-
Ì˚ı, ÔË‚Â‰ÂÌÌ˚ı Ì‡ ËÒ. 1, Ë ÔÓ„ÌÓÁ‡ Ëı ËÁÏÂÌÂ-
ÌËÈ ‚ ·ÎËÊ‡È¯ËÂ „Ó‰˚ ÏÓÊÌÓ ‡Ì‡ÎÓ„Ë˜ÌÓ [17] ËÒ-
ÔÓÎ¸ÁÓ‚‡Ú¸ ÔÓÒÚÛ˛ ÒÚ‡ÚËÒÚË˜ÂÒÍÛ˛ ÏÓ‰ÂÎ¸:

ṍ

326
330

334
338

342
346

350

0.6

0.4

0.2

0
1.0
0.8
0.6
0.4
0.2

0

354

326
330

334
338

342
346

350
354

326
330

334
338

342
346

350
3542005 (‡)

(·)

1.0
0.8
0.6
0.4
0.2

0

0.6

0.4

0.2

0
1.0
0.8
0.6
0.4
0.2

0

(‡)

(·)

(‡)

(·)

(‡)

(·)

(‡)

(·)

(‡)

(·)

(‡)

(·)

7
6
5
4
3
2
1
0

1999 2000 2001

2002 2003 20040.6

0.4

0.2

0.0

êËÒ. 4. éÍÓÌ˜‡ÌËÂ.

7*



100

àáÇÖëíàü êÄç. îàáàäÄ ÄíåéëîÖêõ à éäÖÄçÄ      ÚÓÏ 44      ‹ 1      2008

ä‡¯ËÌ Ë ‰.

ëÏ(t) = ëÏt + ΣAiÒos(2πt/èi + Ψi ), (2)

„‰Â ëÏ(t) – ÍÓÌˆÂÌÚ‡ˆËfl Û„ÎÂÍËÒÎÓ„Ó „‡Á‡ ‚ Á‡-
‰‡ÌÌ˚È ÏÂÒflˆ t; ëÏt – ‚ÂÏÂÌÌóÈ ÎËÌÂÈÌ˚È ÚÂÌ‰
ÔÓ ÙÓÏÛÎÂ (1); 

èi Ai Ë Ψi – Ô‡‡ÏÂÚ˚ ÍÓÎÂ·‡ÌËÈ (Ú‡·Î. 2). 
ê‡Ò˜ÂÚ ÔÓ ÏÓ‰ÂÎË (2) ÓÔËÒ˚‚‡ÂÚ ̋ ÍÒÔÂËÏÂÌÚ‡Î¸-

Ì˚Â ÒÂ‰ÌËÂ ÏÂÒfl˜Ì˚Â ÍÓÌˆÂÌÚ‡ˆËË Û„ÎÂÍËÒÎÓ„Ó
„‡Á‡ (ÍË‚‡fl 3, ËÒ. 8) ÒÓ ÒÂ‰ÌËÏ Í‚‡‰‡ÚË˜Ì˚Ï ÓÚ-
ÍÎÓÌÂÌËÂÏ 2.3 ÏÎÌ–1 (±0.6% ÓÚ ÒÂ‰ÌÂ„Ó Á‡ ‚ÂÒ¸ ÔÂË-
Ó‰ ÁÌ‡˜ÂÌËfl 361.9 ÏÎÌ–1). ÑÎfl ÓÔËÒ‡ÌËfl ËÁÏÂÌÂÌËÈ
ÍÓÌˆÂÌÚ‡ˆËË ëé2 ÓÚ „Ó‰‡ Í „Ó‰Û (ÍË‚‡fl 4, ËÒ. 8)
ÒÓ ÒÂ‰ÌËÏ Í‚‡‰‡ÚË˜Ì˚Ï ÓÚÍÎÓÌÂÌËÂÏ 0.9 ÏÎÌ–1

(~±0.3%) ‰ÓÒÚ‡ÚÓ˜ÌÓ ËÒÔÓÎ¸ÁÓ‚‡Ú¸ Ô‡‡ÏÂÚ˚
43-, 52-, 84- Ë 183-ÏÂÒfl˜Ì˚ı ÍÓÎÂ·‡ÌËÈ. 

ì‰Ó‚ÎÂÚ‚ÓËÚÂÎ¸ÌÓÂ ÒÓ„Î‡ÒËÂ ‰‡ÌÌ˚ı ËÁÏÂÂ-
ÌËÈ Ë ÏÓ‰ÂÎË (ËÒ. 8) Ò‚Ë‰ÂÚÂÎ¸ÒÚ‚ÛÂÚ Ó ÚÓÏ, ˜ÚÓ ËÁ-
ÏÂÌÂÌËfl ÍÓÌˆÂÌÚ‡ˆËË ëé2 ‚ ÚÓÎ˘Â ‡ÚÏÓÒÙÂ˚
ˆÂÌÚ‡Î¸ÌÓÈ ˜‡ÒÚË Ö‚‡ÁËË ‚ ÓÒÌÓ‚ÌÓÏ Ó·ÛÒÎÓ‚ÎÂ-
Ì˚ ËÁ‚ÂÒÚÌ˚ÏË ÔÂËÓ‰Ë˜ÂÒÍËÏË „ÂÓÙËÁË˜ÂÒÍËÏË
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êËÒ. 5. ëÚ‡ÚËÒÚË˜ÂÒÍËÂ ı‡‡ÍÚÂËÒÚËÍË ÙÛÌÍˆËÈ ‡ÒÔÂ‰ÂÎÂÌËfl ÏÂÒfl˜Ì˚ı ÍÓÌˆÂÌÚ‡ˆËÈ ëé2 ‰Îfl Í‡Ê‰Ó„Ó Í‡ÎÂÌ‰‡-
ÌÓ„Ó „Ó‰‡: 1–3 – ÒÂ‰ÌÂÂ ÁÌ‡˜ÂÌËÂ, ÏÂ‰Ë‡Ì‡, ÏÓ‰‡ (ÎÂ‚‡fl ¯Í‡Î‡), 4–6 – ÍÓ˝ÙÙËˆËÂÌÚ˚ ‚‡Ë‡ˆËË, ‡ÒËÏÏÂÚËË, ˝ÍÒˆÂÒÒ‡
(Ô‡‚‡fl ¯Í‡Î‡).

í‡·ÎËˆ‡ 2.  è‡‡ÏÂÚ˚ ÍÓÎÂ·‡ÌËÈ

Πi, ÏÂÒ Ai, ÏÎÌ–1 ψi

4 0.55 ± 0.19 –1.67 ± 0.36

6 0.65 ± 0.19 –0.58 ± 0.30

12 3.70 ± 0.19 0.57 ± 0.05

15 ± 1 0.82 ± 0.19 2.45 ± 0.24

21 ± 1 0.54 ± 0.19 0.32 ± 0.35

29 ± 2 0.87 ± 0.19 0.28 ± 0.22

40 ± 2 1.52 ± 0.19 0.46 ± 0.12

53 ± 2 1.00 ± 0.19 –2.98 ± 0.19

84 ± 3 1.38 ± 0.19 3.00 ± 0.14

183 ± 5 1.36 ± 0.19 0.00 ± 0.14
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èÂËÓ‰, ÏÂÒflˆ

ÄÏÔÎËÚÛ‰‡, ÓÚÌ. Â‰.

êËÒ. 6. ëÔÂÍÚ ÍÓÎÂ·‡ÌËÈ ‚‡Ë‡ˆËÈ ÒÂ‰ÌËı ÏÂÒfl˜Ì˚ı ÍÓÌˆÂÌÚ‡ˆËÈ Û„ÎÂÍËÒÎÓ„Ó „‡Á‡.
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fl‚ÎÂÌËflÏË (ÒÂÁÓÌÌ˚ÏË ËÁÏÂÌÂÌËflÏË ·ËÓÚ˚, Í‚‡ÁË-
‰‚ÛıÎÂÚÌËÏË ËÁÏÂÌÂÌËflÏË ‚ ÒÚ‡ÚÓÒÙÂÂ, fl‚ÎÂÌËÂÏ
ùÎ¸-çËÌ¸Ó Ë Ú. Ô.), ÓÔËÒ˚‚‡ÂÏ˚ÏË ˝ÏÔËË˜ÂÒÍÓÈ
ÏÓ‰ÂÎ¸˛ (2). çÂÍÓÚÓ˚Â ÓÚÎË˜Ëfl ‚ ÓÚ‰ÂÎ¸Ì˚Â „Ó‰˚
ËÁÏÂÂÌÌ˚ı ÍÓÌˆÂÌÚ‡ˆËÈ ëé2 ÓÚ ÂÁÛÎ¸Ú‡ÚÓ‚ ÏÓ-
‰ÂÎ¸Ì˚ı ‡Ò˜ÂÚÓ‚ Ò‚flÁ‡Ì˚, ‚ ÔÂ‚Û˛ Ó˜ÂÂ‰¸, Ò ÌÂ-
ÔÓÒÚÓflÌÒÚ‚ÓÏ ‚ÂÏÂÌË ˝ÍÒÚÂÏÛÏÓ‚ ÒÂÁÓÌÌ˚ı ‚‡Ë-
‡ˆËÈ Ë, ‚Ó-‚ÚÓ˚ı, ‚ÂÓflÚÌÓ, Ò ‚ÎËflÌËÂÏ ÌÂÔÂËÓ‰Ë-
˜ÂÒÍËı „ÂÓÙËÁË˜ÂÒÍËı fl‚ÎÂÌËÈ.

áÄäãûóÖçàÖ

ÄÌ‡ÎËÁ ÂÁÛÎ¸Ú‡ÚÓ‚ ÔÓÒÚÓflÌÌ˚ı ËÁÏÂÂÌËÈ Ì‡
ÒÚ‡ÌˆËË ÏÓÌËÚÓËÌ„‡ ‡ÚÏÓÒÙÂ˚ “àÒÒ˚Í-äÛÎ¸”
ÏÂÚÓ‰ÓÏ ÒÓÎÌÂ˜ÌÓÈ ÏÓÎÂÍÛÎflÌÓ-‡·ÒÓ·ˆËÓÌÌÓÈ
ÒÔÂÍÚÓÒÍÓÔËË ÒÂ‰ÌÂÈ ÔÓ ‚˚ÒÓÚÂ ÓÚÌÓÒËÚÂÎ¸ÌÓÈ
Ó·˙ÂÏÌÓÈ ÍÓÌˆÂÌÚ‡ˆËË (ÓÚÌÓ¯ÂÌËfl ÒÏÂÒË) Û„ÎÂ-
ÍËÒÎÓ„Ó „‡Á‡ ÔÓÍ‡Á‡Î, ˜ÚÓ Á‡ 26 ÎÂÚ Â„Ó ÒÂ‰Ìflfl „Ó-

‰Ó‚‡fl ÍÓÌˆÂÌÚ‡ˆËfl ‚˚ÓÒÎ‡ Ì‡ ~42 ÏÎÌ–1 ÒÓ ÒÂ‰-
ÌÂÈ ÒÍÓÓÒÚ¸˛ ÓÒÚ‡ (1.56 ± 0.18) ÏÎÌ–1‚ „Ó‰ Ë ‰Ó-
ÒÚË„Î‡ ‚ÂÎË˜ËÌ˚ ~382.7 ÏÎÌ–1.

îÛÌÍˆËfl ‡ÒÔÂ‰ÂÎÂÌËfl ÒÂ‰ÌËı ÏÂÒfl˜Ì˚ı ÍÓÌ-
ˆÂÌÚ‡ˆËÈ ëé2 ı‡‡ÍÚÂËÁÛÂÚÒfl Ì‡ÎË˜ËÂÏ ‚ÚÓÓ„Ó
Ï‡ÍÒËÏÛÏ‡ Ë ÒÏÂ˘ÂÌËÂÏ ÓÒÌÓ‚ÌÓÈ ÏÓ‰˚ ‚ ÒÚÓÓÌÛ
·ÓÎ¸¯Ëı ÁÌ‡˜ÂÌËÈ, ‡ ÒÂ‰Ìflfl Á‡ ‚ÂÏfl ËÁÏÂÂÌËÈ
ÏÂÒfl˜Ì‡fl ÍÓÌˆÂÌÚ‡ˆËfl Ë ÏÂ‰Ë‡Ì‡ Ô‡ÍÚË˜ÂÒÍË ÒÓ‚-
Ô‡‰‡˛Ú. îÛÌÍˆËfl ‡ÒÔÂ‰ÂÎÂÌËfl ÒÂ‰ÌËı „Ó‰Ó‚˚ı
ÍÓÌˆÂÌÚ‡ˆËÈ ëé2 ·ÎËÁÍ‡ Í ÌÓÏ‡Î¸ÌÓÈ, ‡ ÒÂ‰Ìflfl
Á‡ ‚ÂÏfl ËÁÏÂÂÌËÈ „Ó‰Ó‚‡fl ÍÓÌˆÂÌÚ‡ˆËfl, ÏÂ‰Ë‡Ì‡
Ë ÏÓ‰‡ Ô‡ÍÚË˜ÂÒÍË ÒÓ‚Ô‡‰‡˛Ú. 

ëÔÂÍÚ‡Î¸Ì˚È ‡Ì‡ÎËÁ ‰‡ÌÌ˚ı ËÁÏÂÂÌËÈ ÍÓÌ-
ˆÂÌÚ‡ˆËË ëé2 ‚˚fl‚ËÎ ÍÓÎÂ·‡ÌËfl Ò ÔÂËÓ‰‡ÏË 4,
6, 12, 15, 21, 29, 40, 53, 84 Ë 183 ÏÂÒflˆ‡. ë ËÒÔÓÎ¸ÁÓ-
‚‡ÌËÂÏ ÔÓÎÛ˜ÂÌÌ˚ı Ô‡‡ÏÂÚÓ‚ ÍÓÎÂ·‡ÌËÈ Ë ÒÚ‡ÚË-
ÒÚË˜ÂÒÍÓÈ ÏÓ‰ÂÎË ‚˚˜ËÒÎÂÌ˚ ÍË‚˚Â, ÓÔËÒ˚‚‡˛-
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êËÒ. 7. êÂÁÛÎ¸Ú‡Ú˚ ‚ÂÈ‚ÎÂÚ-‡Ì‡ÎËÁ‡ ‚ÂÏÂÌÌ ı ËÁÏÂÌÂÌËÈ ÍÓÌˆÂÌÚ‡ˆËË Û„ÎÂÍËÒÎÓ„Ó „‡Á‡ (‡ – Ó·˘ËÈ ‚Ë‰, ·, ‚ Ë „ – ÓÚ-
‰ÂÎ¸Ì˚Â ÍÓÎÂ·‡ÌËfl. ÇÂÚËÍ‡Î¸Ì˚Â ¯Í‡Î˚ – ‡ÏÔÎËÚÛ‰˚ ÍÓÎÂ·‡ÌËÈ, ÓÚÌ. Â‰.).
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ä‡¯ËÌ Ë ‰.

˘ËÂ ̋ ÍÒÔÂËÏÂÌÚ‡Î¸Ì˚Â ÒÂ‰ÌËÂ ÏÂÒfl˜Ì˚Â ÍÓÌˆÂÌ-
Ú‡ˆËË Û„ÎÂÍËÒÎÓ„Ó „‡Á‡ ÒÓ ÒÂ‰ÌËÏ Í‚‡‰‡ÚË˜Ì˚Ï
ÓÚÍÎÓÌÂÌËÂÏ 2.3 ÏÎÌ–1 (±0.6% ÓÚ ÒÂ‰ÌÂ„Ó Á‡ ‚ÂÒ¸
ÔÂËÓ‰ ÁÌ‡˜ÂÌËfl 361.9 ÏÎÌ–1) Ë ÒÂ‰ÌËÂ „Ó‰Ó‚˚Â
ÍÓÌˆÂÌÚ‡ˆËË ÒÓ ÒÂ‰ÌËÏ Í‚‡‰‡ÚË˜Ì˚Ï ÓÚÍÎÓÌÂ-
ÌËÂÏ 0.9 ÏÎÌ–1 (~±0.3%).

ê‡·ÓÚ‡ ‚˚ÔÓÎÌÂÌ‡ ÔË ÙËÌ‡ÌÒÓ‚ÓÈ ÔÓ‰‰ÂÊÍÂ
êîîà (ÔÓÂÍÚ ‹ 07-05-00091) Ë åçíñ („‡ÌÚ˚
Kr-763, Kr-1371). 
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Structure of Time Variations in Carbon Dioxide in the Atmospheric Thickness 

over Central Eurasia (Issyk Kul Monitoring Station)

F. V. Kashina, V. N. Aref’eva, V. K. Semenovb, V. P. Sinyakovb, and L. B. Upeneka

      a Institute of Experimental Meteorology, NPO Taifun, pr. Lenina 82, Obninsk, Kaluga oblast, 249038 Russia
      e-mail: vnaref@typhoon.obninsk.ru

      b Kyrgyz State National University, ul. Manasa101, Bishkek, 720033 Kyrgyzstan
      e-mail: vk-semenov@yandex.ru

Abstract—The results of statistical analysis of the data obtained from the 1980–2006 systematic measurements
of the volume concentration of carbon dioxide in the atmospheric thickness over central Eurasia are presented.
The trends of both monthly and yearly means of CO2 concentration are determined. During these 26 years, the
yearly mean concentration increased by ~ 42 ppm at a mean rate of (1.56 ± 0.18) ppm per year and reached
~ 382.7 ppm. General statistical characteristics are found. The distribution function of the monthly mean con-
centrations of CO2 is characterized by the presence of the second maximum and a bias of the principal mode
toward large values, and the mean (over the measurement time) monthly concentration and the median almost
coincide. The distribution function of the yearly mean concentrations of CO2 is close to a normal distribution,
and the mean (over the measurement time) yearly concentration, the median, and the mode also coincide. The
trends of short- and long-period variations in the carbon dioxide concentration and their possible relation to a
number of geophysical phenomena are revealed. Spectral analysis of the measuring data on CO2 revealed os-
cillations with periods of 4, 6, 12, 15, 21, 29, 40, 53, 84, and 183 months. A statistical model with the parameters
of these oscillations describes the experimental monthly mean concentrations of carbon dioxide with an rms
deviation of 2.3 ppm (±0.6% of the mean over the entire period 361.9 ppm) and the yearly mean concentrations
with an rms deviation of 0.9 ppm (~±0.3%).
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