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Ç‚Â‰ÂÌËÂ

 

ëÓ‚ÂÏÂÌÌ‡fl „ÂÓÚÂÍÚÓÌËÍ‡ ÌÂ ‡ÒÔÓÎ‡„‡ÂÚ ‰Ó-
ÒÚ‡ÚÓ˜Ì˚ÏË ÒÂ‰ÒÚ‚‡ÏË ‡Ò˜ÂÚ‡ ˝ÌÂ„ÓÁ‡Ú‡Ú
ÚÂÍÚÓÌË˜ÂÒÍËı ÔÓˆÂÒÒÓ‚ ‚ ÔÓÒÚ‡ÌÒÚ‚Â Ë ‚Ó
‚ÂÏÂÌË, ‡ ‚ÒÚÂ˜‡˛˘ËÂÒfl ‚ ÎËÚÂ‡ÚÛÂ ÓˆÂÌÍË
‚ÂÒ¸Ï‡ ÔÓÚË‚ÓÂ˜Ë‚˚ Ë ÌÂÌ‡‰ÂÊÌ˚. ä‡Í ÓÚÏÂ˜‡-
ÂÚ ã.Ä. å‡ÒÎÓ‚, “ÌÂÒÏÓÚfl Ì‡ ·ÓÎ¸¯ÓÈ Ó·˙ÂÏ
ÔÓ‚Â‰ÂÌÌ˚ı ËÒÒÎÂ‰Ó‚‡ÌËÈ, ÓÎ¸ ÏÌÓ„Ëı ˝ÌÂ„Â-
ÚË˜ÂÒÍËı ËÒÚÓ˜ÌËÍÓ‚ ‚ „ÂÓÎÓ„Ë˜ÂÒÍÓÈ ËÒÚÓËË
áÂÏÎË Â˘Â ÌÂ ÓÒÏ˚ÒÎÂÌ‡. èÓÎÛ˜‡ÂÏ˚Â ÓˆÂÌÍË
ÌÂÚÓ˜Ì˚ Ë ‚Ó ÏÌÓ„ÓÏ Á‡‚ËÒflÚ ÓÚ ÔÓÌËÏ‡ÌËfl ÒÛ˘-
ÌÓÒÚË ÙËÁË˜ÂÒÍÓ„Ó fl‚ÎÂÌËfl ËÒÒÎÂ‰Ó‚‡ÚÂÎÂÏ” [10,
Ò. 19]. í‡Í, Ì‡ÔËÏÂ, ‚ ‡·ÓÚÂ [2] ÔË‚Ó‰ËÚÒfl
ÚÓÎ¸ÍÓ „Û·‡fl ÓˆÂÌÍ‡ ÔÓÚÂÌˆË‡Î¸ÌÓÈ ˝ÌÂ„ËË Â-
Î¸ÂÙ‡ ÍÓÌÚËÌÂÌÚÓ‚ (ÓˆÂÌÍ‡ Ò‡ÏÓÈ ‡·ÓÚ˚ ‰‡Ì‡ ‚
ÂˆÂÌÁËË [6]), ‡ ÔÓÒÎÂ‰Ìflfl ÓˆÂÌÍ‡ ÔÓÚÂÌˆË‡Î¸ÌÓÈ
˝ÌÂ„ËË „ÎÓ·‡Î¸ÌÓ„Ó ÂÎ¸ÂÙ‡ ÔÓÎÛ˜ÂÌ‡ É.ë. ÉÓ-
ÎËˆ˚Ì˚Ï, ËÒıÓ‰fl ËÁ ÚÂÍÚÓÌË˜ÂÒÍË-ÌÂÂ‡Î¸ÌÓÈ ÏÓ-
‰ÂÎË “ÔÓ‰˙ÂÏ‡ ‚ÒÂÈ ÍÓ˚ ÒÓ ÒÂ‰ÌÂÈ ÚÓÎ˘ËÌÓÈ ÔÓ
ÒÛ¯Â Ë ‰ÌÛ ÓÍÂ‡Ì‡ 

 

H

 

 = 20 ÍÏ Ì‡ ‚˚ÒÓÚÛ 

 

h

 

 = 2.5 ÍÏ”
[1, Ò. 4]. åÂÊ‰Û ÚÂÏ, ÒÓ‚ÂÏÂÌÌ˚Â ·‡Á˚ ̂ ËÙÓ‚˚ı
‰‡ÌÌ˚ı ÔÓ ÚÓÔÓ„‡ÙËË ÁÂÏÌÓÈ ÔÓ‚ÂıÌÓÒÚË ÔÓÁ-
‚ÓÎfl˛Ú ÔÓÎÛ˜ËÚ¸ ·ÓÎÂÂ ÒÚÓ„ËÂ Ó·˙ÂÍÚË‚Ì˚Â
ÓˆÂÌÍË. èË ˝ÚÓÏ ‚‡ÊÌ˚ ÌÂ ÚÓÎ¸ÍÓ Ë ÌÂ ÒÚÓÎ¸ÍÓ
‡·ÒÓÎ˛ÚÌ˚Â ÁÌ‡˜ÂÌËfl ÔÓÚÂÌˆË‡Î¸ÌÓÈ ˝ÌÂ„ËË
(ÒÓÒÚ‡‚Îfl˛˘ÂÈ ÌÂËÁ‚ÂÒÚÌÛ˛ ‰ÓÎ˛ ÔÓÎÌ˚ı ˝ÌÂ-
„ÓÁ‡Ú‡Ú ÚÂÍÚÓÌËÍË), ÒÍÓÎ¸ÍÓ ÓÚÌÓÒËÚÂÎ¸ÌÓÂ ‡Ò-
ÔÂ‰ÂÎÂÌËÂ ˝ÚÓÈ ˝ÌÂ„ËË ‚ ÔÓÒÚ‡ÌÒÚ‚Â Ë ‚Ó ‚Â-
ÏÂÌË. ê‡Ò˜ÂÚÛ Ë ‡Ì‡ÎËÁÛ ˝ÚËı ‡ÒÔÂ‰ÂÎÂÌËÈ Ë ÔÓ-
Ò‚fl˘ÂÌ‡ ‰‡ÌÌ‡fl ÒÚ‡Ú¸fl.

 

åÂÚÓ‰ËÍ‡ ‡Ò˜ÂÚ‡

 

èË ËÁ‚ÂÒÚÌÓÏ ‡ÒÔÂ‰ÂÎÂÌËË ‚˚ÒÓÚ 0 

 

≤

 

 

 

S

 

(

 

h

 

) 

 

≤

 

 

 

1,
ÓÚÓ·‡Ê‡ÂÏÓÏ „ËÔÒÓ„‡ÙË˜ÂÒÍÓÈ ÍË‚ÓÈ, ÔÓÚÂÌ-
ˆË‡Î¸Ì‡fl ˝ÌÂ„Ëfl ÂÎ¸ÂÙ‡ (·ÂÁ Û˜ÂÚ‡ ËÁÓÒÚ‡ÚË˜Â-
ÒÍÓÈ ÍÓÏÔÂÌÒ‡ˆËË) ÏÓÊÂÚ ·˚Ú¸ ‡ÒÒ˜ËÚ‡Ì‡ ‰‚ÛÏfl
ÒÔÓÒÓ·‡ÏË [3, 7]:

(1)

„‰Â 

 

ρ

 

 – ÔÎÓÚÌÓÒÚ¸ „ÓÌ˚ı ÔÓÓ‰, ÒÎ‡„‡˛˘Ëı ÂÎ¸-
ÂÙ, 

 

g

 

 – ÛÒÍÓÂÌËÂ ÒËÎ˚ ÚflÊÂÒÚË, 

 

h

 

max

 

 – Ï‡ÍÒËÏ‡Î¸-
Ì‡fl ‚˚ÒÓÚ‡ ÂÎ¸ÂÙ‡, 

 

S

 

0

 

 – ÔÓÎÌ‡fl ÔÎÓ˘‡‰¸.

ÑÎfl ‰ËÒÍÂÚÌÓ„Ó ‡ÒÔÂ‰ÂÎÂÌËfl 

 

N

 

 ÚÓ˜ÂÍ ‚˚ÒÓÚ
ÔÓ ‡‚ÌÓÏÂÌÓÈ ÒÂÚÍÂ ÔÓÚÂÌˆË‡Î¸Ì‡fl ̋ ÌÂ„Ëfl ÂÎ¸-
ÂÙ‡ ·Û‰ÂÚ ‡‚Ì‡ ÒÛÏÏÂ ÔÓÚÂÌˆË‡Î¸Ì˚ı ˝ÌÂ„ËÈ 

 

M

 

„ÓËÁÓÌÚ‡Î¸Ì˚ı ÒÎÓÂ‚ ÚÓÎ˘ËÌÓÈ 

 

Δ

 

h

 

, „‰Â 

 

M

 

 =
=

 

 

 

h

 

max

 

/

 

Δ

 

h

 

:

(2)

ËÎË ÒÛÏÏÂ ÔÓÚÂÌˆË‡Î¸Ì˚ı ˝ÌÂ„ËÈ ‚ÂÚËÍ‡Î¸Ì˚ı
ÔËÁÏ Ò ÒÂ˜ÂÌËÂÏ 

 

Δ

 

S

 

 = 

 

S

 

0

 

/

 

N

 

:

(3)

„‰Â 

 

m

 

i

 

 – ÍÓÎË˜ÂÒÚ‚Ó ÚÓ˜ÂÍ Ò ‚˚ÒÓÚÓÈ 

 

h

 

i

 

 ‚ „ÓËÁÓÌ-
Ú‡Î¸ÌÓÏ ÒÎÓÂ 

 

S

 

i

 

 ‰Îfl (2), ‡ 

 

n

 

i

 

 – ‚ „ËÔÒÓÏÂÚË˜ÂÒÍÓÈ
ÒÚÛÔÂÌË ‰Îfl (3). èË ‡Ò˜ÂÚÂ ÔÓÚÂÌˆË‡Î¸ÌÓÈ ̋ ÌÂ-

U0 ρgS0 hS h( ) hd

0

hmax

∫ 0.5ρgS0 h
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0
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∫ ,= =

U0 ρgΔh hiSi
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M

∑ ρgΔhΔS himi

i 1=

M

∑= =

U0 0.5ρgΔS hi
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M
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ÇÔÂ‚˚Â Ì‡ ÓÒÌÓ‚Â ˆËÙÓ‚˚ı ‰‡ÌÌ˚ı Öíéêé 2' Ò ‚˚ÒÓÍËÏ ‡ÁÂ¯ÂÌËÂÏ (ÔÓ ‡‚ÌÓÏÂÌÓÈ ÒÂÚÍÂ
2' 

 

× 

 

2' Ò ËÌÚÂ‚‡ÎÓÏ ‚˚ÒÓÚ 100 Ï) ‡ÒÒ˜ËÚ‡Ì˚ Ë ÔÓÒÚÓÂÌ˚ ‰Ë‡„‡ÏÏ˚ ‡ÁÎË˜Ì˚ı ‡ÒÔÂ‰ÂÎÂÌËÈ ÔÓ-
ÚÂÌˆË‡Î¸ÌÓÈ ˝ÌÂ„ËË ÂÎ¸ÂÙ‡ ÍÓÌÚËÌÂÌÚÓ‚ Ë ‰Ì‡ ÓÍÂ‡ÌÓ‚ Í‡Í Ó‰ÌÓ„Ó ËÁ ÍÓÎË˜ÂÒÚ‚ÂÌÌ˚ı ÔÓÍ‡Á‡ÚÂ-
ÎÂÈ ˝ÌÂ„ÓÁ‡Ú‡Ú ÚÂÍÚÓÌË˜ÂÒÍËı ÔÓˆÂÒÒÓ‚. éÒÌÓ‚ÌÓÈ Á‡Ô‡Ò ÔÓÚÂÌˆË‡Î¸ÌÓÈ ˝ÌÂ„ËË ÍÓÌÚËÌÂÌÚÓ‚
ÒÓÒÂ‰ÓÚÓ˜ÂÌ ‚ ‚˚ÒÓÍÓ„ÓÌ˚ı ‡ÈÓÌ‡ı ÄÁËË Ë û. ÄÏÂËÍË Ò ‡ÌÓÏ‡Î¸Ì˚Ï ÚËÔÓÏ ‡ÒÔÂ‰ÂÎÂÌËfl
˝ÌÂ„ËË, ‡ ˝ÌÂ„ËË ‰Ì‡ ÓÍÂ‡ÌÓ‚ – ‚ ÒÂ‰ËÌÌÓ-ÓÍÂ‡ÌË˜ÂÒÍËı ıÂ·Ú‡ı. ç‡ ‰ÓÎ˛ ÂÎ¸ÂÙ‡ ‰Ì‡ ÓÍÂ‡ÌÓ‚
ÔËıÓ‰ËÚÒfl ‚ 5 ‡Á ·ÓÎ¸¯Â ̋ ÌÂ„ËË, ̃ ÂÏ Ì‡ ÂÎ¸ÂÙ ÍÓÌÚËÌÂÌÚÓ‚. Ä ÒÛÏÏ‡Ì˚È Á‡Ô‡Ò ÔÓÚÂÌˆË‡Î¸ÌÓÈ
˝ÌÂ„ËË „ÎÓ·‡Î¸ÌÓ„Ó ÂÎ¸ÂÙ‡ (Ò Û˜ÂÚÓÏ ËÁÓÒÚ‡ÚË˜ÂÒÍÓÈ ÍÓÏÔÂÌÒ‡ˆËË ‰ÂÌÛ‰‡ˆËË) ÓˆÂÌË‚‡ÂÚÒfl ‚

10

 

33

 

 ˝„, ˜ÚÓ ÒÓÒÚ‡‚ÎflÂÚ ÎË¯¸ ÌÂÁÌ‡˜ËÚÂÎ¸ÌÛ˛ ˜‡ÒÚ¸ ‰Û„Ëı ÒÚ‡ÚÂÈ ˝ÌÂ„ÂÚË˜ÂÒÍÓ„Ó ·˛‰ÊÂÚ‡ áÂÏ-
ÎË. 50% ˝ÚÓÈ ˝ÌÂ„ËË Ì‡ÍÓÔÎÂÌÓ Á‡ ÔÓÒÎÂ‰ÌËÂ 70 ÏÎÌ. ÎÂÚ, ‡ ÒÍÓÓÒÚ¸ Ì‡ÍÓÔÎÂÌËfl ÔÓÚÂÌˆË‡Î¸ÌÓÈ

˝ÌÂ„ËË ÂÎ¸ÂÙ‡ ‚ Ì‡ÒÚÓfl˘ÂÂ ‚ÂÏfl ÒÓÒÚ‡‚ÎflÂÚ 10

 

25

 

 ˝„/„Ó‰, ˜ÚÓ ‚ 1000 ‡Á ÏÂÌ¸¯Â ÔÓÎÌÓ„Ó „ÂÓÚÂ-
ÏË˜ÂÒÍÓ„Ó ÔÓÚÓÍ‡ Ë ‚ 10 ‡Á ÏÂÌ¸¯Â ˝ÌÂ„ËË, ‚˚Ò‚Ó·ÓÊ‰‡ÂÏÓÈ Á‡ „Ó‰ ‚ÒÂÏË ÁÂÏÎÂÚflÒÂÌËflÏË. é‰-
ÌÓÁÌ‡˜ÌÓ Ò‚flÁ˚‚‡Ú¸ ÔÓÚÂÌˆË‡Î¸ÌÛ˛ ̋ ÌÂ„Ë˛ ÂÎ¸ÂÙ‡ áÂÏÎË Ò ÍÓÌÍÂÚÌ˚Ï ËÒÚÓ˜ÌËÍÓÏ ̋ ÌÂ„ËË ÔÓ-
Í‡ ÌÂÚ ÓÒÌÓ‚‡ÌËÈ.

 

ìÑä 550.31+551.4
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„ËË ÂÎ¸ÂÙ‡ (‚ ÔÓÎÂ ÒËÎ˚ ÚflÊÂÒÚË) ‚‡ÊÂÌ ‚˚·Ó
Ì‡˜‡Î¸ÌÓ„Ó (ÌÛÎÂ‚Ó„Ó) ÛÓ‚Ìfl ‚˚ÒÓÚ Ë ˝ÌÂ„ËË.
ÑÎfl ÍÓÌÚËÌÂÌÚÓ‚ Ú‡ÍÓ‚˚Ï fl‚ÎflÂÚÒfl „ÎÓ·‡Î¸Ì˚È
·‡ÁËÒ ˝ÓÁËË, Ì‡ıÓ‰fl˘ËÈÒfl ÌÂÒÍÓÎ¸ÍÓ ÌËÊÂ ÛÓ‚-
Ìfl ÏÓfl [5]. ë‡ÏÓ Ì‡Á‚‡ÌËÂ “·‡ÁËÒ ˝ÓÁËË” (ËÎË
‰ÂÌÛ‰‡ˆËË) ÓÁÌ‡˜‡ÂÚ ÛÓ‚ÂÌ¸, ‰Ó ÍÓÚÓÓ„Ó ÏÓÊÂÚ
(ÚÂÓÂÚË˜ÂÒÍË, ‚ ÔÂ‰ÂÎÂ) ÒÌËÁËÚ¸Òfl ÔÓ‚ÂıÌÓÒÚ¸
ÍÓÌÚËÌÂÌÚÓ‚ ‚ ÂÁÛÎ¸Ú‡ÚÂ ˝ÓÁËË (‰ÂÌÛ‰‡ˆËË).
éÔÂ‰ÂÎËÚ¸ ˝ÚÓÚ ÛÓ‚ÂÌ¸ ÏÓÊÌÓ ‡ÁÌ˚ÏË ÒÔÓÒÓ-
·‡ÏË: „‡ÙË˜ÂÒÍË, ÔÓ ÚÓ˜ÍÂ ÔÂÂÒÂ˜ÂÌËfl Í‡Ò‡-
ÚÂÎ¸ÌÓÈ Í ÌËÊÌÂÈ ‚ÂÚ‚Ë „ËÔÒÓ„‡ÙË˜ÂÒÍÓÈ ÍË‚ÓÈ
(ÔÎÓÚÌÓÒÚË ‡ÒÔÂ‰ÂÎÂÌËfl „ËÔÒÓÏÂÚË˜ÂÒÍËı ÒÚÛ-
ÔÂÌÂÈ) Ò ÓÒ¸˛ ‚˚ÒÓÚ, ËÎË ÚÂÓÂÚË˜ÂÒÍË, ÔÓ ÔÓÎÓ-
ÊÂÌË˛ Ì‡ ÓÒË ‚˚ÒÓÚ ÌÛÎfl ÚÂÓÂÚË˜ÂÒÍÓ„Ó „‡ÙËÍ‡
ÙÛÌÍˆËË ‡ÒÔÂ‰ÂÎÂÌËfl (ÔÓ Ô‡‡ÏÂÚÛ Ò‰‚Ë„‡ [14]),
‡ÔÔÓÍÒËÏËÛ˛˘Â„Ó Â‡Î¸ÌÓÂ ‡ÒÔÂ‰ÂÎÂÌËÂ.
åÓÙÓÎÓ„Ë˜ÂÒÍË ÓÌ ·ÎËÁÓÍ Í ÛÓ‚Ì˛ ·Ó‚ÍË
¯ÂÎ¸Ù‡ ÓÍÂ‡ÌË˜ÂÒÍËı ÓÍ‡ËÌ ÍÓÌÚËÌÂÌÚÓ‚.

ÑÎfl ÂÎ¸ÂÙ‡ ‰Ì‡ ÓÍÂ‡ÌÓ‚, „‰Â ˝ÓÁËfl Ë ‰ÂÌÛ‰‡-
ˆËfl ÌÂ ËÏÂ˛Ú ÓÔÂ‰ÂÎfl˛˘ÂÈ ÓÎË, Á‡ ÌÛÎÂ‚ÓÈ
ÛÓ‚ÂÌ¸ ‚˚ÒÓÚ ÒÎÂ‰ÛÂÚ ÔËÌËÏ‡Ú¸ ‡ÒËÏÔÚÓÚË˜ÂÒ-
ÍË-ÔÂ‰ÂÎ¸ÌÛ˛ „ÎÛ·ËÌÛ ˝ÏÔËË˜ÂÒÍË ‚˚fl‚ÎflÂÏÓÈ
Á‡‚ËÒËÏÓÒÚË „ÎÛ·ËÌ˚ ÓÚ ‚ÓÁ‡ÒÚ‡, ËÎË ÓÔflÚ¸ ÊÂ
Ô‡‡ÏÂÚ Ò‰‚Ë„‡ ÚÂÓÂÚË˜ÂÒÍÓ„Ó „‡ÙËÍ‡ ÙÛÌÍ-
ˆËË ‡ÒÔÂ‰ÂÎÂÌËfl (ÂÒÎË Ú‡ÍÓ‚ÓÈ ËÏÂÂÚÒfl), ‡Ô-
ÔÓÍÒËÏËÛ˛˘Â„Ó Â‡Î¸ÌÓÂ ‡ÒÔÂ‰ÂÎÂÌËÂ „ÎÛ-
·ËÌ ‚ ÓÍÂ‡Ì‡ı [4]. ÉÎÛ·ËÌ˚ „ÎÛ·ÓÍÓ‚Ó‰Ì˚ı ÊÂÎÓ-
·Ó‚ ÔÓ ÓÚÌÓ¯ÂÌË˛ Í ˝ÚÓÏÛ ÛÓ‚Ì˛ ÔÂ‰ÒÚ‡‚Îfl˛Ú
ÓÚËˆ‡ÚÂÎ¸ÌÛ˛ ‡ÌÓÏ‡ÎË˛ ÂÎ¸ÂÙ‡.

 

èÓÚÂÌˆË‡Î¸Ì‡fl ˝ÌÂ„Ëfl 
ÂÎ¸ÂÙ‡ ÍÓÌÚËÌÂÌÚÓ‚

 

ê‡ÒÔÂ‰ÂÎÂÌËfl ‚˚ÒÓÚ ÍÓÌÚËÌÂÌÚÓ‚ ‡ÒÒ˜ËÚ‡-
Ì˚ Ì‡ÏË ÔÓ ̂ ËÙÓ‚˚Ï ‰‡ÌÌ˚Ï Öíéêé 2' ‰Îfl ‡‚-
ÌÓÔÎÓ˘‡‰ÌÓÈ ÒÂÚÍË ÚÓ˜ÂÍ 4 Ì‡ 4 ‰Û„Ó‚˚Â ÏËÌÛÚ˚
Ò ¯‡„ÓÏ 100 Ï ÔÓ ‚˚ÒÓÚÂ [8], Ú.Â. ‚ Ì‡¯ÂÏ ÒÎÛ˜‡Â
ËÏÂÂÏ ‰ËÒÍÂÚÌ˚Â ‡ÒÔÂ‰ÂÎÂÌËfl ‚˚ÒÓÚ ÔË 

 

Δ

 

h

 

 =
= 100 Ï Ë 

 

Δ

 

S

 

 = 54.8 ÍÏ

 

2

 

 (4' 

 

× 

 

4'), ÔÓ ÍÓÚÓ˚Ï ‡ÒÒ˜Ë-
Ú˚‚‡ÎËÒ¸ ÓÚÌÓÒËÚÂÎ¸Ì˚Â Ë ‡·ÒÓÎ˛ÚÌ˚Â ‡ÒÔÂ-
‰ÂÎÂÌËfl ÔÓÚÂÌˆË‡Î¸ÌÓÈ ˝ÌÂ„ËË ÂÎ¸ÂÙ‡ ÓÚÌÓÒË-
ÚÂÎ¸ÌÓ ÛÓ‚Ìfl –200 Ï ÔÓ ÍÓÌÚËÌÂÌÚ‡Ï. Ä ‡ÒÔÂ-
‰ÂÎÂÌËÂ ˝ÌÂ„ËË ÔÓ 5-„‡‰ÛÒÌ˚Ï ¯ËÓÚÌ˚Ï
ÔÓflÒ‡Ï Ë ÔÓ 10-„‡‰ÛÒÌ˚Ï ‰ÓÎ„ÓÚÌ˚Ï ÁÓÌ‡Ï ‡Ò-
Ò˜ËÚ˚‚‡ÎÓÒ¸ ÔÓ ÒÂÚÍÂ 2' 

 

×

 

 2' ‰Îfl 

 

Δ

 

S

 

 = 13.7 ÍÏ

 

2

 

. ç‡
ËÒ. 1 ‚ ÙÓÏÂ ‰Ë‡„‡ÏÏ Ó·Î‡ÒÚÂÈ Ò Ì‡ÍÓÔÎÂÌËÂÏ
ÓÙËÒÌÓÈ ÔÓ„‡ÏÏ˚ MS Excel ÔÓÍ‡Á‡ÌÓ ÔÎÓ˘‡‰-
ÌÓÂ ‡ÒÔÂ‰ÂÎÂÌËÂ ˝ÌÂ„ËË ‰Îfl 6 ÍÓÌÚËÌÂÌÚÓ‚,
ÒÓÓÚ‚ÂÚÒÚ‚Û˛˘ÂÂ ÙÓÏÛÎÂ (3), ‡ Ì‡ ËÒ. 2 ÔÎÓ-
˘‡‰ÌÓÂ ‡ÒÔÂ‰ÂÎÂÌËÂ ˝ÌÂ„ËË ‚ÒÂı ÍÓÌÚËÌÂÌÚÓ‚
(‚ÍÎ˛˜‡fl ÓÒÚÓ‚‡) ÔÓ 5-„‡‰ÛÒÌ˚Ï ¯ËÓÚÌ˚Ï ÁÓ-
Ì‡Ï ÓÚ 70° c.¯. ‰Ó 60° ˛.¯. é·‡ ËÒÛÌÍ‡ Ò‰ÂÎ‡Ì˚
‚ Ó‰ËÌ‡ÍÓ‚ÓÏ Ï‡Ò¯Ú‡·Â ÔÓ ‚ÂÚËÍ‡Î¸ÌÓÈ ÓÒË.
å‡Ò¯Ú‡· ‡·ÒÓÎ˛ÚÌ˚ı ÁÌ‡˜ÂÌËÈ ÔÓ „ÓËÁÓÌÚ‡Î¸-
Ì˚Ï ÓÒflÏ ÛÒÎÓ‚Ì˚È: „‡ÙËÍË ‰Îfl ˝ÌÂ„ËË ÒÚÓË-
ÎËÒ¸ ÔÓ ÁÌ‡˜ÂÌËflÏ ÔÓËÁ‚Â‰ÂÌËÈ, ÒÚÓfl˘Ëı ÔÓ‰
ÁÌ‡Í‡ÏË ÒÛÏÏ˚ ‚ ÙÓÏÛÎ‡ı (2) Ë (3), ‡ ‰Îfl ÔÎÓ˘‡-
‰ÂÈ ·‡ÚËÏÂÚË˜ÂÒÍËı ÒÚÛÔÂÌÂÈ – ‚ Ú˚Òfl˜‡ı ÚÓ˜ÂÍ
(ÔÎÓ˘‡‰ÓÍ ÔÓ 13.7 ÍÏ

 

2

 

), ÔËıÓ‰fl˘ËıÒfl Ì‡ ·‡ÚËÏÂ-

ÚË˜ÂÒÍÛ˛ ÒÚÛÔÂÌ¸, ÌÓ ÏÓÊÂÚ ·˚Ú¸ ‚˚‡ÊÂÌ Ë ‚
ÔÓˆÂÌÚ‡ı ÓÚ ÔÓÎÌÓÈ ÔÎÓ˘‡‰Ë. ÑÎfl ÔÂÂÒ˜ÂÚ‡
ÛÍ‡Á‡ÌÌ˚ı Ì‡ „ÓËÁÓÌÚ‡Î¸Ì˚ı ÓÒflı ÁÌ‡˜ÂÌËÈ ‚
Â‰ËÌËˆ˚ ÔÎÓ˘‡‰Ë (‚ ÍÏ

 

2

 

) Ë ˝ÌÂ„ËË (˝„Ë ËÎË
ÑÊÓÛÎË) Ëı ÌÛÊÌÓ ÛÏÌÓÊËÚ¸ Ì‡ ÏÌÓÊËÚÂÎË, ÔÓ‰-
ÔËÒ‡ÌÌ˚Â ÌËÊÂ, ‚˚‡ÊÂÌÌ˚Â ‚ ÒÓÓÚ‚ÂÚÒÚ‚Û˛˘Ëı
Â‰ËÌËˆ‡ı, ‡ ‰Îfl Û˜ÂÚ‡ ËÁÓÒÚ‡ÚË˜ÂÒÍÓÈ ÍÓÏÔÂÌÒ‡-
ˆËË ÔË ‰ÂÌÛ‰‡ˆËË – Â˘Â Ë Ì‡ ËÁÓÒÚ‡ÚË˜ÂÒÍËÈ
ÏÌÓÊËÚÂÎ¸ [9]. É‡ÙËÍË ‡ÒÔÂ‰ÂÎÂÌËÈ ÔË ˝ÚÓÏ
ÌÂ ËÁÏÂÌflÚÒfl, ËÁÏÂÌËÚÒfl ÚÓÎ¸ÍÓ ÓˆËÙÓ‚Í‡ „ÓË-
ÁÓÌÚ‡Î¸Ì˚ı ÓÒÂÈ. ÑË‡„‡ÏÏ˚ ËÁÌ‡˜‡Î¸ÌÓ ÒÚÓË-
ÎËÒ¸ ‚ ˆ‚ÂÚÂ, ÌÓ ÔÂ‰ÒÚ‡‚ÎÂÌ˚ ‚ ˜ÂÌÓ-·ÂÎÓÈ ‡Ò-
ÔÂ˜‡ÚÍÂ, ÔÓ˝ÚÓÏÛ ‚ÏÂÒÚÓ ̂ ‚ÂÚÓ‚ÓÈ ÎÂ„ÂÌ‰˚ Ì‡ Ë-
ÒÛÌÍ‡ı, „‰Â „‡ÌËˆ˚ ÁÓÌ ÌÂ ÔÓ‰ÔËÒ‡Ì˚, ÒÎÂ‰ÛÂÚ
ËÒÔÓÎ¸ÁÓ‚‡Ú¸ ÍÛ„Ó‚˚Â ‰Ë‡„‡ÏÏ˚, Ì‡ ÍÓÚÓ˚ı
ÛÍ‡Á‡Ì˚ „‡ÌËˆ˚ ¯ËÓÚÌ˚ı Ë ‰ÓÎ„ÓÚÌ˚ı ÁÓÌ.

èÎÓ˘‡‰ÌÓÂ ‡ÒÔÂ‰ÂÎÂÌËÂ ˝ÌÂ„ËË ÍÓÌÚËÌÂÌ-
ÚÓ‚ ÔÓ 10-„‡‰ÛÒÌ˚Ï ‰ÓÎ„ÓÚÌ˚Ï ÁÓÌ‡Ï ÔÓÍ‡Á‡ÌÓ
Ì‡ ËÒ. 3. é„Ë·‡˛˘‡fl ÒÛÏÏ‡ÌÓ„Ó „‡ÙËÍ‡ ‡·ÒÓ-
Î˛ÚÌ˚ı ÁÌ‡˜ÂÌËÈ ÔÎÓÚÌÓÒÚË ‡ÒÔÂ‰ÂÎÂÌËfl ̋ ÌÂ-
„ËË ÌÂÒÍÓÎ¸ÍÓ ÓÚÎË˜‡ÂÚÒfl ÓÚ Ú‡ÍÓ‚ÓÈ Ì‡ ËÒ. 2 Á‡
Ò˜ÂÚ ÚÓ„Ó, ˜ÚÓ ‚ ‰ÓÎ„ÓÚÌÓÂ ‡ÒÔÂ‰ÂÎÂÌËÂ, ÔÓÏË-
ÏÓ ‚ÒÂı ÓÒÚÓ‚Ó‚, ‚ÍÎ˛˜ÂÌ‡ ÔÎÓ˘‡‰¸ ÄÌÚ‡ÍÚË-
‰˚ ÒÂ‚ÂÌÂÂ 72° ˛ÊÌÓÈ ¯ËÓÚ˚ Ë ÔÎÓ˘‡‰¸ ˛Ê-
ÌÓÈ ˜‡ÒÚË ÉÂÌÎ‡Ì‰ËË, ‰‡˛˘Ëı ‰ÓÔÓÎÌËÚÂÎ¸ÌÛ˛
˝ÌÂ„Ë˛.

èÓÒÎÓÈÌÓÂ ‡ÒÔÂ‰ÂÎÂÌËÂ ÔÓÚÂÌˆË‡Î¸ÌÓÈ ˝ÌÂ-
„ËË ÂÎ¸ÂÙ‡ ÍÓÌÚËÌÂÌÚÓ‚ ÏÂÌÂÂ ËÌÙÓÏ‡ÚË‚ÌÓ Ë
‚˚‡Ê‡ÂÚÒfl ·ÓÎÂÂ „Î‡‰ÍËÏË ÍË‚˚ÏË [7], ˜ÂÏ
ÔÎÓ˘‡‰ÌÓÂ, ÔÓÒÍÓÎ¸ÍÛ (ÔÓ ÓÔÂ‰ÂÎÂÌË˛) ‚ ÌÂÏ
ÒÛÏÏËÛÂÚÒfl ˝ÌÂ„Ëfl „ÓËÁÓÌÚ‡Î¸Ì˚ı ÒÂÁÓ‚ Â-
Î¸ÂÙ‡ ÔÓ ‚ÒÂÏ ÍÓÌÚËÌÂÌÚ‡Ï Ì‡ Á‡‰‡ÌÌÓÈ ‚˚ÒÓÚÂ
ÌÂÁ‡‚ËÒËÏÓ ÓÚ Ï‡ÍÒËÏ‡Î¸Ì˚ı (ËÎË ‡ÌÓÏ‡Î¸Ì˚ı)
‚˚ÒÓÚ Ì‡ ‰‡ÌÌÓÈ ÔÎÓ˘‡‰Ë, ‡ ‚ ÔÎÓ˘‡‰ÌÓÏ ‡ÒÔÂ-
‰ÂÎÂÌËË ˝ÌÂ„Ëfl (‚ÂÚËÍ‡Î¸Ì˚ı ÔËÁÏ) ÓÔÂ‰ÂÎfl-
ÂÚÒfl ÍÓÌÍÂÚÌÓÈ ‚˚ÒÓÚÓÈ ‰‡ÌÌÓ„Ó Û˜‡ÒÚÍ‡ (‰‡ÌÌÓÈ
„ËÔÒÓÏÂÚË˜ÂÒÍÓÈ ÒÚÛÔÂÌË). ÑË‡„‡ÏÏ˚ ÔÓÒÎÓÈ-
ÌÓ„Ó ‡ÒÔÂ‰ÂÎÂÌËfl ˝ÌÂ„ËË Á‰ÂÒ¸ ÌÂ ÔË‚Ó‰flÚÒfl.

èÓÎÌ˚Â ÁÌ‡˜ÂÌËfl ÔÓÚÂÌˆË‡Î¸ÌÓÈ ˝ÌÂ„ËË Â-
Î¸ÂÙ‡ ÓÚÌÓÒËÚÂÎ¸ÌÓ ÛÓ‚Ìfl –200 Ï, Ó·˚˜ÌÓ ‡ÒÒÓ-
ˆËËÛÂÏÓ„Ó Ò „‡ÌËˆ‡ÏË Ë ·‡ÁËÒÓÏ ‰ÂÌÛ‰‡ˆËË ÍÓÌ-
ÚËÌÂÌÚÓ‚ [5], ‡‚Ì˚: ‰Îfl Ö‚ÓÔ˚ 0.42 
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, ‰Îfl
ÄÁËË 12.29 
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, ‰Îfl ë. ÄÏÂËÍË 2.9 
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, ‰Îfl
û. ÄÏÂËÍË 3.45 
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, ‰ÎflÄÙËÍË 3.49 
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,
‰Îfl Ä‚ÒÚ‡ÎËË 0.50 
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30

 

 Ë ‰Îfl ÒÛÏÏ˚ ‚ÒÂı ÍÓÌÚË-
ÌÂÌÚÓ‚ (ÌÂ Ò˜ËÚ‡fl ÄÌÚ‡ÍÚË‰Û) 24.98 

 

×

 

 10

 

30

 

 ˝„.
å‡ÍÒËÏ‡Î¸Ì˚Â Á‡Ô‡Ò˚ ̋ ÌÂ„ËË ÂÎ¸ÂÙ‡ Û ̃ ÂÚ˚Âı
ÍÛÔÌÂÈ¯Ëı ÍÓÌÚËÌÂÌÚÓ‚ ÔËıÓ‰flÚÒfl Ì‡ 4 ‡ÁÌ˚ı
‚˚ÒÓÚÌ˚ı ËÌÚÂ‚‡Î‡ – ÔÓ 2 ÔÓ Í‡Ê‰Û˛ ÒÚÓÓÌÛ ÓÚ
ÒÛÏÏ‡ÌÓ„Ó ÏËÌËÏÛÏ‡ Ì‡ ‚˚ÒÓÚÂ 3 ÍÏ.

êËÒÛÌÍË 1–3 ÔÓÍ‡Á˚‚‡˛Ú Í‡ÈÌ˛˛ ÌÂ‡‚ÌÓ-
ÏÂÌÓÒÚ¸ ‚ ‡ÒÔÂ‰ÂÎÂÌËflı ÔÓÚÂÌˆË‡Î¸ÌÓÈ ˝ÌÂ-
„ËË Í‡Í ÔÓ ÍÓÌÚËÌÂÌÚ‡Ï, Ú‡Í Ë ÔÓ ¯ËÓÚÌ˚Ï Ë ÔÓ
‰ÓÎ„ÓÚÌ˚Ï ÁÓÌ‡Ï. ÅÓÎ¸¯Â ÔÓÎÓ‚ËÌ˚ (57%) ÔÓ-
ÚÂÌˆË‡Î¸ÌÓÈ ˝ÌÂ„ËË ÍÓÌÚËÌÂÌÚÓ‚ ÔËıÓ‰ËÚÒfl Ì‡
ÄÁË˛, ‡ ‚ ÄÁËË ÔÓ˜ÚË 50% ˝ÌÂ„ËË ‚ ÔÎÓ˘‡‰ÌÓÏ
‡ÒÔÂ‰ÂÎÂÌËË (ÒÏ. ËÒ. 1) Ó·ÂÒÔÂ˜Ë‚‡ÂÚÒfl ÓÚÌÓÒË-
ÚÂÎ¸ÌÓ ÌÂ·ÓÎ¸¯ÓÈ ÔÎÓ˘‡‰¸˛ Ò ‚˚ÒÓÚ‡ÏË 3–6 ÍÏ,
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ä‡Á‡ÌÒÍËÈ

Ó‰ÌÓÁÌ‡˜ÌÓ ÒÓÔÓÒÚ‡‚ÎflÂÏÓÈ Ò Ó·Î‡ÒÚ¸˛ íË·ÂÚ‡ Ë
ÉËÏ‡Î‡Â‚ ‚ ¯ËÓÚÌÓÈ ÁÓÌÂ 30–40° Ò.¯. (ÒÏ. ËÒ. 2)
Ë ‚ ‰ÓÎ„ÓÚÌÓÈ ÁÓÌÂ 70–100° ‚.‰. Ö˘Â ·ÓÎÂÂ ‡ÌÓ-
Ï‡Î¸ÌÓ ÔÎÓ˘‡‰ÌÓÂ ‡ÒÔÂ‰ÂÎÂÌËÂ ˝ÌÂ„ËË ‚
û. ÄÏÂËÍÂ, „‰Â Ì‡ ‰ÓÎ˛ ‚˚ÒÓÍÓ„ÓÌ˚ı ‡ÈÓÌÓ‚
ÄÌ‰ ̨ ÊÌÂÂ 10° ̨ .¯. Ò ‚˚ÒÓÚ‡ÏË 3–5 ÍÏ ÔËıÓ‰ËÚ-
Òfl ÓÍÓÎÓ 70% ˝ÌÂ„ËË, ÌÓ ‚ ‡ÒÔÂ‰ÂÎÂÌËË ÔÓ ¯Ë-
ÓÚÌ˚Ï ÁÓÌ‡Ï ˝Ú‡ ‡ÌÓÏ‡ÎËfl Ô‡ÍÚË˜ÂÒÍË ÌÂ ÔÓ-
fl‚ÎflÂÚÒfl Ì‡ ÙÓÌÂ ‡ÁË‡ÚÒÍÓÈ ‡ÌÓÏ‡ÎËË. å‡ÍÒËÏÛÏ
Ì‡ ‚˚ÒÓÚÂ 2 ÍÏ ‚ ÔÎÓ˘‡‰ÌÓÏ ‡ÒÔÂ‰ÂÎÂÌËË ˝ÌÂ-
„ËË ÂÎ¸ÂÙ‡ ë. ÄÏÂËÍË (ÒÏ. ËÒ. 1, Ó·Î‡ÒÚ¸ 4)
Ó·ÂÒÔÂ˜Ë‚‡˛Ú ëÍ‡ÎËÒÚ˚Â „Ó˚ ‚ ˛ÊÌÓÈ ÔÓÎÓ‚Ë-
ÌÂ ÍÓÌÚËÌÂÌÚ‡. ÄÙËÍ‡ÌÒÍËÈ ÍÓÌÚËÌÂÌÚ, ÌÂÒÏÓÚ-
fl Ì‡ Â„Ó ÁÌ‡˜ËÚÂÎ¸ÌÛ˛ ÔËÔÓ‰ÌflÚÓÒÚ¸ Ì‡‰ ÓÒ-
Ú‡Î¸Ì˚ÏË ÍÓÌÚËÌÂÌÚ‡ÏË [5], Ó·ÂÒÔÂ˜Ë‚‡ÂÚ Ô‡Í-
ÚË˜ÂÒÍË Ú‡ÍÓÈ ÊÂ Á‡Ô‡Ò ÔÓÚÂÌˆË‡Î¸ÌÓÈ ˝ÌÂ„ËË
(ÌÓ ‚ ‰Û„ÓÏ ‰Ë‡Ô‡ÁÓÌÂ ‚˚ÒÓÚ), Í‡Í Ë û. ÄÏÂËÍ‡,
‚ ÔÓÎÚÓ‡ ‡Á‡ ÏÂÌ¸¯‡fl ÔÓ ÔÎÓ˘‡‰Ë, ‡ Ï‡ÍÒËÏÛÏ
Ì‡ ‚˚ÒÓÚÂ 1.2 ÍÏ ‚ ‡ÒÔÂ‰ÂÎÂÌËË ‚˚ÒÓÚ ÄÙËÍË,
‚˚‡ÊÂÌÌ˚È ÌÂ·ÓÎ¸¯ËÏ ‚ÚÓË˜Ì˚Ï ÔËÍÓÏ (ÒÏ.
ËÒ. 1, Ó·Î‡ÒÚ¸ 2), Ó·flÁ‡Ì Ò‚ÓËÏ ÔÓËÒıÓÊ‰ÂÌËÂÏ
ËÒÍÎ˛˜ËÚÂÎ¸ÌÓ ˛ÊÌÓÈ ˜‡ÒÚË ÍÓÌÚËÌÂÌÚ‡ (˛ÊÌÂÂ
10° ˛.¯.), ËÏÂ˛˘ÂÈ ‡ÌÓÏ‡Î¸ÌÓ ·ÓÎ¸¯Û˛ ÒÂ‰-
Ì˛˛ ‚˚ÒÓÚÛ. èÓÚÂÌˆË‡Î¸Ì‡fl ˝ÌÂ„Ëfl ÂÎ¸ÂÙ‡
ÄÙËÍË ‚ ˝ÚÓÏ ËÌÚÂ‚‡ÎÂ ‚˚ÒÓÚ ‡‚Ì‡ Ú‡ÍÓ‚ÓÈ ‚
ÂÎ¸ÂÙÂ ÄÁËË Ë ÎÛ˜¯Â ÔÓfl‚ÎflÂÚÒfl ‚ ‰ÓÎ„ÓÚÌÓÏ
‡ÒÔÂ‰ÂÎÂÌËË (ÒÏ. ËÒ. 3).

èÓÚÂÌˆË‡Î¸Ì‡fl ˝ÌÂ„Ëfl 
ÂÎ¸ÂÙ‡ ‰Ì‡ ÓÍÂ‡ÌÓ‚

ÑËÙÙÂÂÌˆË‡Î¸ÌÓÂ ‡ÒÔÂ‰ÂÎÂÌËÂ „ÎÛ·ËÌ (‚˚-
ÒÓÚ ÂÎ¸ÂÙ‡ ‰Ì‡) ÓÍÂ‡ÌÓ‚ (·ÂÁ ëÂ‚ÂÌÓ„Ó ãÂ‰Ó‚Ë-
ÚÓ„Ó) ÔÓ 5-„‡‰ÛÒÌ˚Ï ̄ ËÓÚÌ˚Ï ÁÓÌ‡Ï ‚ ‰Ë‡Ô‡ÁÓ-
ÌÂ ¯ËÓÚ ÓÚ 72° Ò.¯. ‰Ó 72° ˛.¯., ‡ÒÒ˜ËÚ‡ÌÌÓÂ ÔÓ
ÚÂÏ ÊÂ ‰‡ÌÌ˚Ï Öíéêé 2' Ë ÔÓÍ‡Á‡ÌÌÓÂ Ú‡ÍÊÂ ‰Ë-
‡„‡ÏÏÓÈ Ó·Î‡ÒÚÂÈ Ò Ì‡ÍÓÔÎÂÌËÂÏ Ì‡ ËÒ. 4, Á‡ÌË-
Ï‡ÂÚ Ô‡ÍÚË˜ÂÒÍË Ú‡ÍÓÈ ÊÂ ‰Ë‡Ô‡ÁÓÌ ‚˚ÒÓÚ, ̃ ÚÓ Ë
‡ÒÔÂ‰ÂÎÂÌËÂ ‚˚ÒÓÚ ÍÓÌÚËÌÂÌÚÓ‚, ÌÓ ı‡‡ÍÚÂ
‡ÒÔÂ‰ÂÎÂÌËfl ÒÓ‚Â¯ÂÌÌÓ ‰Û„ÓÈ (‡Ì‡ÎÓ„Ë˜Ì˚Â
‡ÒÔÂ‰ÂÎÂÌËfl ËÏÂ˛Ú Ë ÓÚ‰ÂÎ¸Ì˚Â ÓÍÂ‡Ì˚). çÂ-
ÔÓÒÂ‰ÒÚ‚ÂÌÌÓ ÔËÏÂÌflÚ¸ Í ÌÂÏÛ ÙÓÏÛÎ˚ (2) Ë (3)
ÌÂÎ¸Áfl, Ú.Í. ‚ ˝ÚÓ ‡ÒÔÂ‰ÂÎÂÌËÂ ‚ıÓ‰flÚ ‚˚ÒÓÚ˚
ÔÂÂıÓ‰ÌÓÈ ÁÓÌ˚ Ë ÔÓ‰‚Ó‰Ì˚ı ÓÍ‡ËÌ ÍÓÌÚËÌÂÌ-
ÚÓ‚, ̃ ‡ÒÚË˜ÌÓ Û˜ÚÂÌÌ˚Â ‡ÌÂÂ. ä ÚÓÏÛ ÊÂ ÌÂ ÓÔÂ-
‰ÂÎÂÌ ÌÛÎÂ‚ÓÈ ÛÓ‚ÂÌ¸ ÓÚÒ˜ÂÚ‡ ‚˚ÒÓÚ Ë ˝ÌÂ„ËË
ÂÎ¸ÂÙ‡ ‰Ì‡ ‚ ÓÍÂ‡Ì‡ı. èÓ˝ÚÓÏÛ ‚ ˝ÚÓÏ ‡ÒÔÂ‰Â-
ÎÂÌËË ÌÛÊÌÓ ÒÌ‡˜‡Î‡ ‚˚‰ÂÎËÚ¸ ÓÍÂ‡ÌË˜ÂÒÍÛ˛ ÒÓ-
ÒÚ‡‚Îfl˛˘Û˛, ‡ÔÔÓÍÒËÏËÛfl ÂÂ ÔÓ‰ıÓ‰fl˘ÂÈ ÚÂÓ-
ÂÚË˜ÂÒÍÓÈ ÍË‚ÓÈ, ÚËÔ‡ ÔÓÍ‡Á‡ÌÌÓÈ ÒÔÎÓ¯ÌÓÈ
·ÂÎÓÈ ÎËÌËÂÈ Ì‡ ËÒ. 4, ‡ Á‡ÚÂÏ ‚ÓÒÔÓÎ¸ÁÓ‚‡Ú¸Òfl
ÙÓÏÛÎ‡ÏË (1).

íÂÓÂÚË˜ÂÒÍÓÂ ‡ÒÔÂ‰ÂÎÂÌËÂ f(z) „ÎÛ·ËÌ ÓÍÂ‡-
ÌÓ‚ (‚˚ÒÓÚ z ÂÎ¸ÂÙ‡ ‰Ì‡) ÏÓÊÌÓ ÔÓÎÛ˜ËÚ¸, Û˜Ë-
Ú˚‚‡fl ̋ ÏÔËË˜ÂÒÍË ÛÒÚ‡ÌÓ‚ÎÂÌÌ˚Â Á‡‚ËÒËÏÓÒÚË –
˝ÍÒÔÓÌÂÌˆË‡Î¸ÌÛ˛ ÏÂÊ‰Û ÔÎÓ˘‡‰¸˛ Ë ‚ÓÁ‡ÒÚÓÏ
ÍÓ˚ S ~ exp(t) [11] Ë Í‚‡‰‡ÚË˜ÌÛ˛ ÏÂÊ‰Û „ÎÛ·Ë-

ÌÓÈ Ë ‚ÓÁ‡ÒÚÓÏ z2 ~ t [12], „‰Â ‚ÂÚËÍ‡Î¸Ì‡fl ÍÓÓ-
‰ËÌ‡Ú‡ z – ÎËÌÂÈÌ‡fl ÙÛÌÍˆËfl „ÎÛ·ËÌ˚. íÓ„‰‡:

(4)

ê‡ÒÔÂ‰ÂÎÂÌËÂ (4) Ì‡Á˚‚‡ÂÚÒfl ‡ÒÔÂ‰ÂÎÂÌËÂÏ
êÂÎÂfl [14], „‡ÙËÍ ÍÓÚÓÓ„Ó Ë ÔË‚Â‰ÂÌ Ì‡ ËÒ. 4.
àÏÂÌÌÓ Ú‡ÍËÏ ‡ÒÔÂ‰ÂÎÂÌËÂÏ ‡ÔÔÓÍÒËÏËÓ‚‡-
ÎËÒ¸ ‡ÌÂÂ ·‡ÚËÏÂÚË˜ÂÒÍËÂ ÙÛÌÍˆËË ÓÍÂ‡ÌÓ‚ [4].
ä ÚÓÏÛ ÊÂ ‡ÒÔÂ‰ÂÎÂÌË˛ ÏÓÊÌÓ ÔËÈÚË, ÔËÌË-
Ï‡fl ÔÎÓÚÌÓÒÚ¸ ˝ÌÂ„ËË ÂÎ¸ÂÙ‡ ÔÓÒÚÓflÌÌÓÈ Ì‡
Î˛·ÓÈ „ÎÛ·ËÌÂ, Ú.Â. U/S = C. éÚÒ˛‰‡ dU/dz =
= CdS/dz = –zS, Ú‡Í ˜ÚÓ:

(5)

è‡‡ÏÂÚ˚ ‡ÒÔÂ‰ÂÎÂÌËfl êÂÎÂfl, ÔÓÍ‡Á‡ÌÌÓ„Ó Ì‡
ËÒ. 4, ÒÎÂ‰Û˛˘ËÂ: Ï‡ÍÒËÏ‡Î¸Ì‡fl (ÚÂÓÂÚË˜ÂÒÍË)
„ÎÛ·ËÌ‡ ÓÍÂ‡Ì‡ Hmax, ÒÓÓÚ‚ÂÚÒÚ‚Û˛˘‡fl z = 0 ‡Ò-
ÔÂ‰ÂÎÂÌËfl êÂÎÂfl Ë ÔËÌËÏ‡ÂÏ‡fl Á‡ ÌÛÎÂ‚ÓÈ
˝ÌÂ„ÂÚË˜ÂÒÍËÈ ÛÓ‚ÂÌ¸ ÓÍÂ‡ÌÓ‚, ‡‚Ì‡ 6100 Ï
(˜ÚÓ ÏÂÌ¸¯Â ÓÔÂ‰ÂÎÂÌÌÓÈ ‡ÌÂÂ ÔÓ Í‡ÚÓÏÂÚË-
˜ÂÒÍËÏ ‰‡ÌÌ˚Ï [4]), ÒÂ‰Ìflfl „ÎÛ·ËÌ‡ Hcp = 4220 Ï,
˜ÚÓ ‰‡ÂÚ ÒÂ‰Ì˛˛ ‚˚ÒÓÚÛ ÂÎ¸ÂÙ‡ ‰Ì‡ ÓÍÂ‡ÌÓ‚
h = 1880 Ï. ÑÎfl ‡Ò˜ÂÚ‡ ÔÓÚÂÌˆË‡Î¸ÌÓÈ ̋ ÌÂ„ËË Â-
Î¸ÂÙ‡ ‰Ì‡ ‚˚‡ÁËÏ ÔÎÓÚÌÓÒÚ¸ ‚ÂÓflÚÌÓÒÚË ‡ÒÔÂ-
‰ÂÎÂÌËfl êÂÎÂfl ˜ÂÂÁ ˝ÚÛ ÒÂ‰Ì˛˛ ‚˚ÒÓÚÛ, ÚÓ„‰‡:

(6)

á‰ÂÒ¸ S0 = 2.55 × 1014 Ï2 – ÔÓÎÌ‡fl ÔÎÓ˘‡‰¸ ÌÓ‚ÓÓ·-
‡ÁÓ‚‡ÌÌÓÈ ÓÍÂ‡ÌË˜ÂÒÍÓÈ ÍÓ˚, ‚ÍÎ˛˜‡fl ëÂ‚Â-
Ì˚È ãÂ‰Ó‚ËÚ˚È ÓÍÂ‡Ì [11], ‡ ÌÂ ÔÓÎÌ‡fl ÔÎÓ˘‡‰¸
ÓÍÂ‡ÌÓ‚, ρ – ‡ÁÌÓÒÚ¸ ÔÎÓÚÌÓÒÚÂÈ „ÓÌ˚ı ÔÓÓ‰
‰Ì‡ ÓÍÂ‡ÌÓ‚ Ë ÏÓÒÍÓÈ ‚Ó‰˚. 

ä‡Í ÒÎÂ‰ÛÂÚ ËÁ ÔË‚Â‰ÂÌÌ˚ı ‚˚¯Â ÙÓÏÛÎ,
ÔÓÒÎÓÈÌÓÂ ‡ÒÔÂ‰ÂÎÂÌËÂ ˝ÌÂ„ËË ÂÎ¸ÂÙ‡ ‰Ì‡
ÓÍÂ‡ÌÓ‚ ÚÓÊ‰ÂÒÚ‚ÂÌÌÓ ÔÎÓÚÌÓÒÚË ‡ÒÔÂ‰ÂÎÂÌËfl
‚˚ÒÓÚ („ÎÛ·ËÌ), Ú.Â. (ÚÂÓÂÚË˜ÂÒÍË) Ú‡ÍÊÂ fl‚-
ÎflÂÚÒfl ‡ÒÔÂ‰ÂÎÂÌËÂÏ êÂÎÂfl; ÚÂÓÂÚË˜ÂÒÍËÈ
„‡ÙËÍ ÔÎÓ˘‡‰ÌÓ„Ó ‡ÒÔÂ‰ÂÎÂÌËfl ̋ ÌÂ„ËË ÔÓÍ‡-
Á‡Ì Ì‡ ËÒ. 4 ÔÛÌÍÚËÌÓÈ ÍË‚ÓÈ Ò Ï‡ÍÒËÏÛÏÓÏ Ì‡
„ÎÛ·ËÌÂ 3.5 ÍÏ, ÒÓÓÚ‚ÂÚÒÚ‚Û˛˘ÂÈ ÔËÓÒÂ‚˚Ï ˜‡Ò-
ÚflÏ ÒÂ‰ËÌÌÓ-ÓÍÂ‡ÌË˜ÂÒÍËı ıÂ·ÚÓ‚. ùÚ‡ ÍË‚‡fl
ıÓÓ¯Ó ‡ÔÔÓÍÒËÏËÛÂÚ Ë ‡ÒÔÂ‰ÂÎÂÌËÂ ˝ÌÂ-
„ËË, ‡ÒÒ˜ËÚ‡ÌÌÓÂ ÔÓ ÙÓÏÛÎÂ (3) ‰Îfl „ÎÛ·ËÌ ·Ó-
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ÎÂÂ 2500 Ï, ÌÓ ÓÚÒÂÍ‡ÂÚ ÁÌ‡˜ËÚÂÎ¸ÌÛ˛ ˜‡ÒÚ¸ ‰Ë‡-
„‡ÏÏ˚ ‡ÒÔÂ‰ÂÎÂÌËfl ˝ÌÂ„ËË Ì‡ ÏÂÌ¸¯Ëı „ÎÛ-
·ËÌ‡ı, Ú.Â. ÙËÍÚË‚ÌÛ˛ ˝ÌÂ„Ë˛ ÌÂ Û˜ËÚ˚‚‡ÂÏÓÈ
‡ÁÌÓÒÚË ÏÂÊ‰Û ÔÓÎÌÓÈ ÔÎÓ˘‡‰¸˛ ÓÍÂ‡ÌÓ‚ Ë
ÔÎÓ˘‡‰¸˛ ÌÓ‚ÓÓ·‡ÁÓ‚‡ÌÌÓÈ ÓÍÂ‡ÌË˜ÂÒÍÓÈ ÍÓ-
˚. éÚÌÓÒËÚÂÎ¸ÌÓÂ ‡ÒÔÂ‰ÂÎÂÌËÂ ÔÓÚÂÌˆË‡Î¸-
ÌÓÈ ˝ÌÂ„ËË ÔÓ 5-„‡‰ÛÒÌ˚Ï ¯ËÓÚÌ˚Ï ÁÓÌ‡Ï
ÚÓÊ‰ÂÒÚ‚ÂÌÌÓ ‡ÒÔÂ‰ÂÎÂÌË˛ ÔÎÓ˘‡‰ÂÈ „ËÔÒÓÏÂ-
ÚË˜ÂÒÍËı ÒÚÛÔÂÌÂÈ Ë ÌÂ Á‡‚ËÒËÚ ÓÚ ‚˚·Ó‡ Ì‡˜‡-
Î‡ ÓÚÒ˜ÂÚ‡ ‚˚ÒÓÚ, ÔÓ˝ÚÓÏÛ Ì‡ ËÒ. 4 ÓÌÓ ÔÓÍ‡Á‡ÌÓ
‰Îfl ·ÓÎÂÂ ¯ËÓÍÓ„Ó ‰Ë‡Ô‡ÁÓÌ‡ „ÎÛ·ËÌ – ÓÚ 0 ‰Ó
6.4 ÍÏ. ç‡ „ÎÛ·ËÌ‡ı ÏÂÌÂÂ 5.5 ÍÏ ˝ÚÓ ‡ÒÔÂ‰ÂÎÂ-
ÌËÂ ‰ÓÒÚ‡ÚÓ˜ÌÓ ‡‚ÌÓÏÂÌÓÂ, ÔÓ˝ÚÓÏÛ ÍÛ„Ó‚‡fl
‰Ë‡„‡ÏÏ‡ ‰Îfl ÌÂ„Ó ÌÂ ÔË‚Â‰ÂÌ‡. ÅÓÎÂÂ ÌÂ‡‚ÌÓ-
ÏÂÌÓ ‰ÓÎ„ÓÚÌÓÂ ‡ÒÔÂ‰ÂÎÂÌËÂ ̋ ÌÂ„ËË ÓÍÂ‡ÌÓ‚,
ÔÓÍ‡Á‡ÌÌÓÂ Ì‡ ËÒ. 5 ‰Îfl ÛÂÁ‡ÌÌÓ„Ó (Û˜ËÚ˚‚‡fl
ÒÍ‡Á‡ÌÌÓÂ ‚˚¯Â ‚ ÓÚÌÓ¯ÂÌËË ¯ËÓÚÌÓ„Ó ‡ÒÔÂ-
‰ÂÎÂÌËfl) ‰Ë‡Ô‡ÁÓÌ‡ „ÎÛ·ËÌ. íÂÓÂÚË˜ÂÒÍËÂ ÍË-
‚˚Â, ÔË‚Â‰ÂÌÌ˚Â Ì‡ ËÒ. 4, ÔËÏÂÌËÏ˚ Ë Í ‰ÓÎ-
„ÓÚÌÓÏÛ ‡ÒÔÂ‰ÂÎÂÌË˛ Ì‡ ËÒ. 5.

èËÏÂ˜‡ÚÂÎ¸ÌÓ, ˜ÚÓ ·ËÏÓ‰‡Î¸ÌÓÒÚ¸ (‡Á‰‚Ó-
ÂÌÌÓÒÚ¸ Ï‡ÍÒËÏÛÏ‡) ‡ÒÔÂ‰ÂÎÂÌËË „ÎÛ·ËÌ åËÓ-
‚Ó„Ó ÓÍÂ‡Ì‡ (ÓÚ‡Ê‡˛˘‡fl, ÔÓ-‚Ë‰ËÏÓÏÛ, ‰‚ÛÒÚ‡-
‰ËÈÌÓÒÚ¸ ˝‚ÓÎ˛ˆËË ÓÍÂ‡ÌÓ‚) ÒÓ‚Â¯ÂÌÌÓ ÌÂ ÔÓ-
fl‚ÎflÂÚÒfl ‚ ‡ÒÔÂ‰ÂÎÂÌËË ˝ÌÂ„ËË, ÚÓ„‰‡ Í‡Í ‰Îfl
ÍÓÌÚËÌÂÌÚÓ‚ Ì‡·Î˛‰‡ÎÓÒ¸ ÔÓÚË‚ÓÔÓÎÓÊÌÓÂ –
ÌÂ·ÓÎ¸¯ËÏ (‚ÚÓË˜Ì˚Ï) Ï‡ÍÒËÏÛÏ‡Ï ‚ ‡ÒÔÂ‰Â-
ÎÂÌËË ‚˚ÒÓÚ ÒÓÓÚ‚ÂÚÒÚ‚Û˛Ú „Î‡‚Ì˚Â Ï‡ÍÒËÏÛÏ˚
(ÔËÍË) ‚ ‡ÒÔÂ‰ÂÎÂÌËË ˝ÌÂ„ËË. ä ÚÓÏÛ ÊÂ, ‡Ò-
ÔÂ‰ÂÎÂÌËÂ ˝ÌÂ„ËË ÂÎ¸ÂÙ‡ ‰Ì‡ ÓÍÂ‡ÌÓ‚ ÔÓ
5-„‡‰ÛÒÌ˚Ï ¯ËÓÚÌ˚Ï ÁÓÌ‡Ï ÒÛ˘ÂÒÚ‚ÂÌÌÓ ‡‚-
ÌÓÏÂÌÂÂ, ˜ÂÏ ‰Îfl ÂÎ¸ÂÙ‡ ÍÓÌÚËÌÂÌÚÓ‚, ˜ÚÓ ıÓ-
Ó¯Ó ‚Ë‰ÌÓ ÔË Ò‡‚ÌÂÌËË ËÒÛÌÍÓ‚ 2 Ë 4. çÂ‡‚-
ÌÓÏÂÌÓÒÚ¸ (ÛÏÂÌ¸¯ÂÌËÂ ˝ÌÂ„ËË) ÔÓfl‚ÎflÂÚÒfl
ÚÓÎ¸ÍÓ Ì‡ ‚˚ÒÓÍËı ¯ËÓÚ‡ı Á‡ Ò˜ÂÚ ÂÒÚÂÒÚ‚ÂÌÌÓ-
„Ó ÒÓÍ‡˘ÂÌËfl ÔÎÓ˘‡‰Ë ¯ËÓÚÌ˚ı ÁÓÌ ÓÍÂ‡ÌÓ‚
Ì‡ ˝ÚËı ¯ËÓÚ‡ı. é‰Ì‡ÍÓ ÔÎÓÚÌÓÒÚ¸ ‡ÒÔÂ‰ÂÎÂ-
ÌËfl ˝ÌÂ„ËË ÓÍÂ‡ÌÓ‚ ‚ Á‡‚ËÒËÏÓÒÚË ÓÚ ¯ËÓÚ˚
ÓÍ‡Á˚‚‡ÂÚÒfl ÌÂ ‡‚ÌÓÏÂÌÓÈ, ˜ÚÓ ÌÂ ÒÓ„Î‡ÒÛÂÚÒfl
Ò Ë‰ÂÂÈ ÔÓÒÚÓflÌÒÚ‚‡ ÔÎÓÚÌÓÒÚË ÚÂÔÎÓ‚Ó„Ó ÔÓÚÓÍ‡.
å‡ÍÒËÏÛÏ ÔÎÓÚÌÓÒÚË ˝ÌÂ„ËË ÔËıÓ‰ËÚÒfl Ì‡ ËÌ-
ÚÂ‚‡Î 25–30° ̨ .¯. ÑÎfl ·ÓÎÂÂ ‰ÂÚ‡Î¸ÌÓ„Ó ‡Ì‡ÎËÁ‡
Á‡‚ËÒËÏÓÒÚË ÔÎÓÚÌÓÒÚË ˝ÌÂ„ËË ÓÚ ¯ËÓÚ˚ ÌÂÓ·-
ıÓ‰ËÏ˚ ‡Ò˜ÂÚ˚ ‰Îfl ¯ËÓÚÌ˚ı ÁÓÌ ÓÚ‰ÂÎ¸Ì˚ı
ÓÍÂ‡ÌÓ‚ Ò Û˜ÂÚÓÏ ÎÓÍ‡Î¸Ì˚ı ‡ÒËÏÔÚÓÚË˜ÂÒÍË-
ÔÂ‰ÂÎ¸Ì˚ı „ÎÛ·ËÌ (Ì‡˜‡Î‡ ÓÚÒ˜ÂÚ‡), ÍÓÚÓ˚Â
Ú‡ÍÊÂ Á‡‚ËÒflÚ ÓÚ ¯ËÓÚ˚.

ç‡ Á‡ÍÎ˛˜ËÚÂÎ¸ÌÓÏ Ó·Ó·˘‡˛˘ÂÏ ËÒ. 6 ‡Ò-
ÔÂ‰ÂÎÂÌËÂ ÔÓÎÌ˚ı ÁÌ‡˜ÂÌËÈ ÔÓÚÂÌˆË‡Î¸ÌÓÈ
˝ÌÂ„ËË ÂÎ¸ÂÙ‡ ÍÓÌÚËÌÂÌÚÓ‚ Ë ÓÍÂ‡ÌÓ‚ ÔÓ ¯Ë-
ÓÚÌ˚Ï Ë ‰ÓÎ„ÓÚÌ˚Ï ÁÓÌ‡Ï ÒÓÔÓÒÚ‡‚ÎÂÌÓ Ò ‡Ò-
ÔÂ‰ÂÎÂÌËÂÏ ÍÓÌÚËÌÂÌÚÓ‚ Ë ÓÍÂ‡ÌÓ‚. ÄÌÓÏ‡ÎËË
Ì‡ ÍÓÌˆ‡ı „‡ÙËÍ‡ ¯ËÓÚÌÓ„Ó ‡ÒÔÂ‰ÂÎÂÌËfl
˝ÌÂ„ËË ÍÓÌÚËÌÂÌÚÓ‚ (2) Ò‚flÁ‡Ì˚ Ò ‚˚ÒÓÚ‡ÏË ÎÂ-
‰Ó‚˚ı ˘ËÚÓ‚ ÉÂÌÎ‡Ì‰ËË Ë ÄÌÚ‡ÍÚË‰˚, ‡ ÌÂ Ò
‚˚ÒÓÚ‡ÏË ÔÓ‚ÂıÌÓÒÚË ÍÓÌÚËÌÂÌÚ‡Î¸ÌÓÈ ÍÓ˚.
óÂÚ˚Â ‡ÌÓÏ‡ÎËË ‚ ‰ÓÎ„ÓÚÌÓÏ ‡ÒÔÂ‰ÂÎÂÌËË
˝ÌÂ„ËË ÍÓÌÚËÌÂÌÚÓ‚ Ó‰ÌÓÁÌ‡˜ÌÓ Ò‚flÁ˚‚‡˛ÚÒfl Ò
˜ÂÚ˚¸Ïfl ÍÓÌÚËÌÂÌÚ‡ÏË. Ç ‰ÓÎ„ÓÚÌÓÏ ‡ÒÔÂ‰Â-

ÎÂÌËË ˝ÌÂ„ËË ÂÎ¸ÂÙ‡ ‰Ì‡ ÓÍÂ‡ÌÓ‚ Ì‡·Î˛‰‡ÂÚÒfl
4 ‡ÌÓÏ‡ÎËË Ì‡ ÚË ÓÍÂ‡Ì‡, ‡Á‰ÂÎÂÌÌ˚Â ̃ ÂÚ˚¸Ïfl
ÏËÌËÏÛÏ‡ÏË, ÚË ËÁ ÍÓÚÓ˚ı Ó·ÛÒÎÓ‚ÎÂÌ˚ ÒÓÍ‡-
˘ÂÌËÂÏ ‰ÓÎË ÔÎÓ˘‡‰Ë ÓÍÂ‡ÌÓ‚ ‚ ‰ÓÎ„ÓÚÌ˚ı ÁÓÌ‡ı
Á‡ Ò˜ÂÚ ÔÎÓ˘‡‰Ë ÍÓÌÚËÌÂÌÚÓ‚, ÌÓ ÏËÌËÏÛÏ Ì‡
190–200° ‚.‰. ÔËÛÓ˜ÂÌ Í Ò‡ÏÓÈ ¯ËÓÍÓÈ (‚ ¯Ë-
ÓÚÌÓÏ Ì‡Ô‡‚ÎÂÌËË) ˜‡ÒÚË íËıÓ„Ó ÓÍÂ‡Ì‡, „‰Â
ÒËÎ¸ÌÓ ÒÓÍ‡˘ÂÌ‡ ÏÂÎÍÓ‚Ó‰Ì‡fl ˜‡ÒÚ¸ („ÎÛ·ËÌ˚
ÏÂÌÂÂ 4 ÍÏ).

é·ÒÛÊ‰ÂÌËÂ ÂÁÛÎ¸Ú‡ÚÓ‚ ‡Ò˜ÂÚÓ‚

èÓ‰ÒÚ‡‚Îflfl ‚ (6) ˜ËÒÎÓ‚˚Â ÁÌ‡˜ÂÌËfl ‰Îfl ÓÍÂ‡-
ÌÓ‚, ÔÓÎÛ˜ËÏ U0 = 1.29 × 1032 ˝„, ˜ÚÓ ‚ 5 ‡Á ·ÓÎ¸-
¯Â ÔÓÚÂÌˆË‡Î¸ÌÓÈ ˝ÌÂ„ËË ÂÎ¸ÂÙ‡ ÍÓÌÚËÌÂÌ-
ÚÓ‚. èÓÚÂÌˆË‡Î¸ÌÛ˛ ˝ÌÂ„Ë˛ „ÎÓ·‡Î¸ÌÓ„Ó ÂÎ¸-
ÂÙ‡ ÏÓÊÌÓ ÓˆÂÌËÚ¸ ‚ÂÎË˜ËÌÓÈ 1.65 × 1032 ˝„, ˜ÚÓ
‚ 50 ‡Á ÏÂÌ¸¯Â ÓˆÂÌÍË, ÔÓÎÛ˜ÂÌÌÓÈ É.ë. ÉÓÎËˆ˚-
Ì˚Ï [1]. ë Û˜ÂÚÓÏ ËÁÓÒÚ‡ÚË˜ÂÒÍÓÈ ÍÓÏÔÂÌÒ‡ˆËË
ÔË ‰ÂÌÛ‰‡ˆËË [6] ÔÓÎÌ˚È Á‡Ô‡Ò ÔÓÚÂÌˆË‡Î¸ÌÓÈ
˝ÌÂ„ËË „ÎÓ·‡Î¸ÌÓ„Ó ÂÎ¸ÂÙ‡ ÏÓÊÂÚ ÒÓÒÚ‡‚ËÚ¸
˜ÚÓ-ÚÓ ÓÍÓÎÓ 1033 ˝„, ˜ÚÓ ˝Í‚Ë‚‡ÎÂÌÚÌÓ, Ì‡ÔË-
ÏÂ, ~0.05% ÍËÌÂÚË˜ÂÒÍÓÈ ˝ÌÂ„ËË ‚‡˘ÂÌËfl
áÂÏÎË.

èÓÒÍÓÎ¸ÍÛ ÓÒÌÓ‚Ì‡fl ‰ÓÎfl ÔÓÚÂÌˆË‡Î¸ÌÓÈ
˝ÌÂ„ËË ÂÎ¸ÂÙ‡ ÔÓ‚ÂıÌÓÒÚË áÂÏÎË ÔËıÓ‰ËÚÒfl
Ì‡ ÂÎ¸ÂÙ ‰Ì‡ ÓÍÂ‡ÌÓ‚ Ë U/S = const, ‰Îfl ÓˆÂÌÍË
ÏÓ˘ÌÓÒÚË „ÂÌÂ‡ˆËË ÔÓÚÂÌˆË‡Î¸ÌÓÈ ̋ ÌÂ„ËË ÏÓÊ-
ÌÓ ‚ÓÒÔÓÎ¸ÁÓ‚‡Ú¸Òfl ˝ÍÒÔÓÌÂÌˆË‡Î¸ÌÓÈ Ò‚flÁ¸˛
ÏÂÊ‰Û ÔÎÓ˘‡‰¸˛ ÓÍÂ‡ÌË˜ÂÒÍÓÈ ÍÓ˚ Ë ‚ÓÁ‡Ò-
ÚÓÏ, Á‡ÔËÒ‡‚ ÂÂ ‚ ‚Ë‰Â:

S = S0exp(–λt), (7)

„‰Â λ – ÔÓÒÚÓflÌÌ‡fl „ÂÌÂ‡ˆËË, ÍÓÚÓÛ˛ ÏÓÊÌÓ ÓÔ-
Â‰ÂÎËÚ¸ ÔÓ Û„ÎÓ‚ÓÏÛ ÍÓ˝ÙÙËˆËÂÌÚÛ ̋ ÍÒÔÓÌÂÌÚ˚
‚ Ì‡˜‡ÎÂ ÍÓÓ‰ËÌ‡Ú (ÔË t = 0) ‡‚ÌÓÏÛ ÔËÏÂÌÓ
1 Ì‡ 100 ÏÎÌ. ÎÂÚ ËÎË 10–8 ‚ „Ó‰. ÑÎfl Ì‡ÒÚÓfl˘Â„Ó
‚ÂÏÂÌË –dS/dt = λS0, Ú‡Í ˜ÚÓ Ë „ÂÌÂ‡ˆËfl ˝ÌÂ-

„ËË ÒÓÒÚ‡‚ÎflÂÚ ‚ Ì‡ÒÚÓfl˘ÂÂ ‚ÂÏfl U0 × 10–8 =

= 1025 ˝„/„Ó‰, ˜ÚÓ ‡‚ÌÓ 0.1% ÔÓÎÌÓ„Ó „ÂÓÚÂÏË-
˜ÂÒÍÓ„Ó ÔÓÚÓÍ‡, ÔflÚËÏËÎÎËÓÌÌÓÈ ˜‡ÒÚË ÒÓÎÌÂ˜-
ÌÓÈ ÔÓÒÚÓflÌÌÓÈ, ËÎË ‰ÂÒflÚÓÈ ˜‡ÒÚË ˝ÌÂ„ËË, ‚˚-
Ò‚Ó·ÓÊ‰‡ÂÏÓÈ Á‡ „Ó‰ ‚ÒÂÏË ÁÂÏÎÂÚflÒÂÌËflÏË [13].
ÅÓÎÂÂ ÔÓÎÌÛ˛ Ò‚Ó‰ÍÛ Ó· ˝ÌÂ„ÂÚË˜ÂÒÍËı ËÒÚÓ˜ÌË-
Í‡ı ‚ ÌÂ‰‡ı ÁÂÏÎË Ë Ó ÏÓ˘ÌÓÒÚflı ÌÂÍÓÚÓ˚ı ÔÎ‡-
ÌÂÚ‡Ì˚ı ÔÓˆÂÒÒÓ‚ ÏÓÊÌÓ Ì‡ÈÚË ‚ ‡·ÓÚÂ [10].

á‡ÍÎ˛˜ÂÌËÂ

ÇÔÂ‚˚Â ‡ÒÒ˜ËÚ‡ÌÌ˚Â Ë ÔÓÒÚÓÂÌÌ˚Â Ò ‚˚ÒÓ-
ÍÓÈ ÚÓ˜ÌÓÒÚ¸˛ ‰Ë‡„‡ÏÏ˚ ‡ÒÔÂ‰ÂÎÂÌËÈ ÔÓÚÂÌ-
ˆË‡Î¸ÌÓÈ ˝ÌÂ„ËË ÂÎ¸ÂÙ‡ ÍÓÌÚËÌÂÌÚÓ‚ Ë ‰Ì‡
ÓÍÂ‡ÌÓ‚ ÏÓ„ÛÚ ÓÍ‡Á‡Ú¸Òfl ÔÓÎÂÁÌ˚ÏË ‰Îfl Ò‡‚ÌË-
ÚÂÎ¸Ì˚ı ÓˆÂÌÓÍ ̋ ÌÂ„ÓÁ‡Ú‡Ú ‚ ‡ÁÎË˜Ì˚ı ÚÂÍÚÓ-
ÌË˜ÂÒÍËı ÔÓÒÚÓÂÌËflı. àÁ ÔË‚Â‰ÂÌÌ˚ı ˜ËÒÎÓ-
‚˚ı ÒÓÔÓÒÚ‡‚ÎÂÌËÈ ‚Ë‰ËÏ, ˜ÚÓ ÔÓÚÂÌˆË‡Î¸Ì‡fl
˝ÌÂ„Ëfl ÂÎ¸ÂÙ‡ ‡‚Ì‡ ÎË¯¸ ÌÂÁÌ‡˜ËÚÂÎ¸ÌÓÈ ˜‡-
ÒÚË ‰Û„Ëı ÒÚ‡ÚÂÈ ˝ÌÂ„ÂÚË˜ÂÒÍÓ„Ó ·˛‰ÊÂÚ‡ áÂÏ-
ÎË, ÔÓ˝ÚÓÏÛ Ó‰ÌÓÁÌ‡˜ÌÓ Ò‚flÁ˚‚‡Ú¸ Ó·‡ÁÓ‚‡ÌËÂ
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ÂÎ¸ÂÙ‡ Ò Í‡ÍËÏ-ÚÓ Â‰ËÌÒÚ‚ÂÌÌ˚Ï (ÍÓÌÍÂÚÌ˚Ï)
ËÒÚÓ˜ÌËÍÓÏ ˝ÌÂ„ËË, Í‡Í ˝ÚÓ ‰ÂÎ‡ÂÚ, Ì‡ÔËÏÂ,
É.ë. ÉÓÎËˆ˚Ì [1], Ó·˙fl‚Îflfl „ÂÓÚÂÏË˜ÂÒÍËÈ ÔÓ-
ÚÓÍ ÔÂ‚ÓÔË˜ËÌÓÈ ‚ÒÂÈ „ÂÓ‰ËÌ‡ÏËÍË, ÔÓÍ‡ ÌÂÚ
ÌËÍ‡ÍËı Ó·ÓÒÌÓ‚‡ÌËÈ. íÂÏ ·ÓÎÂÂ ˜ÚÓ ÔÂ‚ÓÔË-
˜ËÌ‡ Ò‡ÏÓ„Ó „ÂÓÚÂÏË˜ÂÒÍÓ„Ó ÔÓÚÓÍ‡ ‰Ó ÒËı ÔÓ
ÌÂ flÒÌ‡, Ë ÓÌ Ò‡Ï ÏÓÊÂÚ ·˚Ú¸ ÔÓËÁ‚Ó‰Ì˚Ï ÓÚ
˝ÌÂ„ËË ‚‡˘ÂÌËfl [13]. èÓÚË‚ÓÂ˜‡Ú ˝ÚÓÏÛ Ë ÒÛ-
˘ÂÒÚ‚ÂÌÌ˚Â Í‡˜ÂÒÚ‚ÂÌÌ˚Â Ë ÍÓÎË˜ÂÒÚ‚ÂÌÌ˚Â
‡ÁÎË˜Ëfl ‚ ‡ÒÔÂ‰ÂÎÂÌËË ˝ÌÂ„ËË Ì‡ ÍÓÌÚËÌÂÌ-
Ú‡ı Ë ‚ ÓÍÂ‡Ì‡ı, Ò‚Ë‰ÂÚÂÎ¸ÒÚ‚Û˛˘ËÂ ‚ ÔÓÎ¸ÁÛ ‡Á-
ÎË˜Ì˚ı ËÒÚÓ˜ÌËÍÓ‚ ˝ÌÂ„ËË.
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Abstract—Diagrams of the various distributions of the potential energy of the continental and oceanic-bot-
tom topography as a quantitative indices of energy consumption by tectonic processes have been calculated
and plotted for the first time on the basis of high-resolution ETOPO 2' digital data on a 2' × 2' uniform net-
work with height intervals of 100 m. The main reserve of the potential energy of the continents and oceanic
bottom concentrates in mountainous regions of Asia and South America with an anomalous type of energy
distribution and in mid-oceanic ridges, respectively. The topography of the oceanic bottom bears five times
more energy than the continental topography. With allowance for the isostatic compensation of denudation,
the bulk reserve of the potential energy of the global topography is estimated at 1033 erg, a value which
amounts to only an insignificant fraction of other items in the energetic budget of the Earth. Fifty percent of
this energy has been gained over the last 70 Ma. Currently, the rate of accumulation of the potential energy
of the topography is 1025 erg/yr, i.e., 1000 times less than the bulk geothermal flow and 10 times less than
energy released by all earthquakes during a year. So far, there are no grounds to bind the potential energy of
the Earth’s topography with a specific source.


