
 

ÑéäãÄÑõ ÄäÄÑÖåàà çÄìä, 2003, ÚÓÏ 390, ‹ 3, Ò. 394–396

 

394

 

Ç ‡·ÓÚÂ Ó·˙flÒÌflÂÚÒfl ˝ÏÔËË˜ÂÒÍ‡fl Á‡‚ËÒË-
ÏÓÒÚ¸ [1] ÍÛÏÛÎflÚË‚Ì‡fl ˜‡ÒÚÓÚ‡–‡ÁÏÂ ËÁ‚ÂÊÂ-
ÌËfl ‚ÛÎÍ‡ÌÓ‚ (àÇ) ‚ „ÎÓ·‡Î¸ÌÓÏ Ï‡Ò¯Ú‡·Â. ùÚ‡
˜‡ÒÚÓÚ‡ ÔÓÔÓˆËÓÌ‡Î¸Ì‡ Ó·˙ÂÏÛ ËÁ‚Â„‡ÂÏÓ„Ó
ÔÂÔÎ‡ ‚ ÒÚÂÔÂÌË 0.7. èÓÍ‡Á‡ÌÓ, ˜ÚÓ ˝Ú‡ Á‡ÍÓÌÓ-
ÏÂÌÓÒÚ¸ ‡Ì‡ÎÓ„Ë˜Ì‡ Á‡ÍÓÌÛ ÉÛÚÂÌ·Â„‡–êËıÚÂ‡
‰Îfl ÔÓ‚ÚÓflÂÏÓÒÚË ÁÂÏÎÂÚflÒÂÌËÈ. éˆÂÌÂÌÓ, ˜ÚÓ
Ì‡ ÔÓ‰‰ÂÊ‡ÌËÂ ‚ÛÎÍ‡ÌË˜ÂÒÍÓÈ ‰ÂflÚÂÎ¸ÌÓÒÚË
Ú‡ÚËÚÒfl ÔÓfl‰Í‡ ÌÂÏÌÓ„Ëı ‰ÂÒflÚ˚ı ‰ÓÎÂÈ ÔÓ-
ˆÂÌÚ‡ ÔÓÎÌÓ„Ó „ÂÓÚÂÏË˜ÂÒÍÓ„Ó ÔÓÚÓÍ‡ áÂÏÎË.

Ç ‡Á‰ÂÎÂ 4.4 ÍÌË„Ë Ñ.ã. í˛ÍÓÚÚ‡ [1] ÔË‚Â-
‰ÂÌ „‡ÙËÍ ‡ÒÔÂ‰ÂÎÂÌËfl ÍÛÏÛÎflÚË‚ÌÓÈ ˜‡ÒÚÓ-
Ú˚ àÇ ‚ „ÎÓ·‡Î¸ÌÓÏ Ï‡Ò¯Ú‡·Â Á‡ 1785–1985 „„. ‚
Á‡‚ËÒËÏÓÒÚË ÓÚ Ó·˙ÂÏ‡ 

 

V

 

 (‡ÁÏÂ‡ 

 

r

 

) ‚˚·‡Ò˚‚‡-
ÂÏÓ„Ó ÔÂÔÎ‡. èÓ fl‰Û ÔË˜ËÌ ËÏÂÌÌÓ ˝ÚÓÚ Ó·˙ÂÏ
ÓÍ‡Á‡ÎÒfl Ì‡Ë·ÓÎÂÂ ÎÂ„ÍÓ ÓˆÂÌË‚‡ÂÏ˚Ï ÍÓÎË˜ÂÒÚ-
‚ÂÌÌÓ, ‡ ÌÂ, Ì‡ÔËÏÂ, Ó·˙ÂÏ ËÁ‚ÂÊÂÌÌÓÈ Î‡‚˚.
ùÚ‡ Á‡‚ËÒËÏÓÒÚ¸, ÒÓ„Î‡ÒÌÓ ËÒ. 4.13 ËÁ [1], ÔÂ‰-
ÒÚ‡‚ËÏ‡ ‚ ‚Ë‰Â
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ÏÂÌÓÒÚ¸ ‰ÎËÌ˚ ‚ ÒÚÂÔÂÌË 
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, ‰ÂÎÂÌÌÓÈ Ì‡ ‚ÂÏfl.
èÓ ‰‡ÌÌ˚Ï ÛÔÓÏflÌÛÚÓ„Ó ËÒÛÌÍ‡ ÏÓÊÌÓ ÓˆÂÌËÚ¸,
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óËÒÎÂÌÌÓÂ ÁÌ‡˜ÂÌËÂ ÔÓÍ‡Á‡ÚÂÎfl 

 

n

 

 = 2.14, Ú.Â.

 

 

 

= 0.71, ÒÓ„Î‡ÒÌÓ ‚˚˜ËÒÎÂÌËflÏ ÔÓ 10 ÚÓ˜Í‡Ï ‚

[1]. áÌ‡˜ÂÌËÂ ÔÓÍ‡Á‡ÚÂÎfl 

 

n

 

 ‚˚˜ËÒÎflÂÚÒfl ÔÓ ÒÚ‡Ì-
‰‡ÚÌÓÈ ÔÓˆÂ‰ÛÂ ÔÛÚÂÏ ÏËÌËÏËÁ‡ˆËË ÒÛÏÏ˚
Í‚‡‰‡ÚÓ‚ ‡ÒÒÚÓflÌËÈ ÓÚ ˝ÏÔËË˜ÂÒÍËı ÚÓ˜ÂÍ ‰Ó
‡ÔÔÓÍÒËÏËÛ˛˘ÂÈ ÍË‚ÓÈ. é·˚˜ÌÓ Ú‡ÍÓÈ ÏËÌË-
ÏÛÏ ‚ÂÒ¸Ï‡ ÚÛÔÓÈ Ë Ô‡ÍÚË˜ÂÒÍË Á‰ÂÒ¸ ıÓÓ¯Ó ÔÓ-

‰ÓÈ‰ÂÚ ÁÌ‡˜ÂÌËÂ 
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 = 2, Ú.Â.  = .
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(2)

N ≥V( ) α1r n– αV n/3– ,= =

n
3
---

n
3
--- 2

3
---

N ≥V( )lg a
2
3
--- V , alg– α1.lg= =

 

ÖÒÎË ‚ÏÂÒÚÓ Ó·˙ÂÏ‡ 
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 ÔÓ‰ÒÚ‡‚ËÏ Ò˛‰‡ ÒÂÈÒÏË˜Â-
ÒÍËÈ ÏÓÏÂÌÚ 

 

M

 

, ËÏÂ˛˘ËÈ ‡ÁÏÂÌÓÒÚ¸ ÔÓËÁ‚Â-
‰ÂÌËfl ÒËÎ˚ Ì‡ ‰ÎËÌÛ, Ú.Â. ÙÓÏ‡Î¸ÌÓ ‡ÁÏÂÌÓÒÚ¸
‡·ÓÚ˚ ËÎË ̋ ÌÂ„ËË, Û˜ÚÂÏ Â„Ó Ò‚flÁ¸ Ò Ï‡„ÌËÚÛ‰ÓÈ

ÁÂÏÎÂÚflÒÂÌËfl (áí) 

 

m

 

 =  – 6 (‚ Â‰ËÌËˆ‡ı

ëà), ÚÓ ÔÓÎÛ˜ËÏ ÚÓ˜Ì˚È ‡Ì‡ÎÓ„ Á‡ÍÓÌ‡ ÉÛÚÂÌ·Â-
„‡–êËıÚÂ‡ (Éê):

(3)

ùÚ‡ ‡Ì‡ÎÓ„Ëfl ÌÂ ÒÎÛ˜‡ÈÌ‡: Ó·‡ ÔÓˆÂÒÒ‡, àÇ Ë
áí, ˜ÂÔ‡˛Ú Ò‚Ó˛ ˝ÌÂ„Ë˛ ÓÚ „ÂÓÚÂÏË˜ÂÒÍÓ„Ó
ÔÓÚÓÍ‡, ÙÓÏËÛ˛˘Â„ÓÒfl ‚ ÌÂ‰‡ı áÂÏÎË; àÇ ÒÓ-
ÔÓ‚ÓÊ‰‡˛ÚÒfl áí; ‚ Ó·ÓËı ÒÎÛ˜‡flı ËÁ·˚ÚÓ˜Ì‡fl
˝ÌÂ„Ëfl, ‰‡‚ÎÂÌËÂ ‚ Í‡ÏÂÂ Ò Ï‡„ÏÓÈ Ë Ì‡ÔflÊÂ-
ÌËÂ ‚ ÍÓÂ (Ì‡ÔÓÏÌËÏ, ˜ÚÓ ‰‡‚ÎÂÌËÂ Ë ÛÔÛ„ÓÂ Ì‡-
ÔflÊÂÌËÂ ÏÓÊÌÓ Ú‡ÍÚÓ‚‡Ú¸ Í‡Í ˝ÌÂ„Ë˛ Ì‡ Â‰Ë-
ÌËˆÛ Ó·˙ÂÏ‡) Ì‡Í‡ÔÎË‚‡˛ÚÒfl ‚ Ó·˙ÂÏÂ, ‡ Â‡ÎË-
ÁÛ˛ÚÒfl ‚Ë‰ËÏ˚Ï Ó·‡ÁÓÏ ˜ÂÂÁ ÔÓ‚ÂıÌÓÒÚ¸ –
ÔÓ‚ÂıÌÓÒÚ¸ ÊÂÎ‡ ÔË àÇ Ë ÔÓ‚ÂıÌÓÒÚ¸ ‡Á˚-
‚‡ ÁÂÏÌÓÈ ÍÓ˚ ÔË áí. èÓÒÍÓÎ¸ÍÛ ÔÓ‚ÂıÌÓÒÚ¸

ÔÓÔÓˆËÓÌ‡Î¸Ì‡ Ó·˙ÂÏÛ ‚ ÒÚÂÔÂÌË , ÚÓ ‚ ˝ÚÓÏ

Ë ÒÓÒÚÓËÚ ÔÓÒÚÂÈ¯ÂÂ ÙËÁË˜ÂÒÍÓÂ Ó·˙flÒÌÂÌËÂ
ÔÓfl‚ÎÂÌËfl ‚ Á‡ÍÓÌÂ Éê Ë ‡Ì‡ÎÓ„Ë˜ÌÓÏ ÒÓÓÚÌÓ¯Â-
ÌËË (1) ˝ÏÔËË˜ÂÒÍËı ÔÓÍ‡Á‡ÚÂÎÂÈ ÒÚÂÔÂÌË, ·ÎËÁ-

ÍËı Í .

íÂÔÂ¸ ÔÓÔ˚Ú‡ÂÏÒfl ‡Á‚ËÚ¸ ˝ÚÓ ÒÓÓ·‡ÊÂÌËÂ
Ë ÔÓ ÔÓfl‰ÍÛ ‚ÂÎË˜ËÌ˚ ÓˆÂÌËÚ¸ ‚ÓÁÌËÍ‡˛˘ËÂ
ÔË ˝ÚÓÏ Ù‡ÍÚÓ˚. é·˙ÂÏ ÔÂÔÎ‡ 
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, Ó˜Â‚Ë‰ÌÓ,
Ò‚flÁ‡Ì Ò ˝ÌÂ„ËÂÈ, ‚˚Ò‚Ó·ÓÊ‰‡ÂÏÓÈ ‚ ÔÓˆÂÒÒÂ
àÇ. á‡ÔË¯ÂÏ ˝ÚÛ Ò‚flÁ¸ ‚ ‚Ë‰Â
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, Ú.Â. ‰‡‚ÎÂ-
ÌËfl, Ë ÂÒÎË ·˚ Ï˚ ÁÌ‡ÎË Û‡‚ÌÂÌËÂ ÒÓÒÚÓflÌËfl ‰Îfl
Ï‡„Ï˚, ÚÓ ÔËÌˆËÔË‡Î¸Ì˚ı ÚÛ‰ÌÓÒÚÂÈ Á‰ÂÒ¸ ÌÂ
‰ÓÎÊÌÓ ·˚ÎÓ ·˚ ‚ÓÁÌËÍÌÛÚ¸. èÓÒÍÓÎ¸ÍÛ ÒÓÓÚÌÓ-
¯ÂÌËÂ (1) Ò 
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 = 2.14 ÔÓÎÛ˜ÂÌÓ ‰Îfl Ó·Î‡ÍÓ‚ ÔÂÔÎ‡,
ÚÓ ÌÂ ·Û‰ÂÚ Ó˜ÂÌ¸ ·ÓÎ¸¯ÓÈ Ó¯Ë·ÍÓÈ ËÒÔÓÎ¸ÁÓ-
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‚‡Ú¸ Û‡‚ÌÂÌËÂ ÒÓÒÚÓflÌËfl ‰Îfl Ë‰Â‡Î¸ÌÓ„Ó „‡Á‡.
íÓ„‰‡

(5)

„‰Â 
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 =  – ÓÚÌÓ¯ÂÌËÂ ÚÂÔÎÓÂÏÍÓÒÚÂÈ, 

 

μ

 

 – ÏÓÎÂ-

ÍÛÎflÌ˚È ‚ÂÒ.

ë‡‚ÌË‚‡fl (4) Ë (5), ÓˆÂÌË‚‡ÂÏ

(6)
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 =  – ˜ËÒÎÂÌÌ˚È ÍÓ˝ÙÙËˆËÂÌÚ (‰Îfl

‚ÓÁ‰Ûı‡ 

 

c

 

1

 

 = 0.12).

ÑÎfl ÓˆÂÌÍË ‚ÓÁÏÓÊÌ˚ı ÔÓfl‰ÍÓ‚ ‚ÂÎË˜ËÌ
˝ÌÂ„ËË 

 

E

 

 Ë ‰Û„Ëı Ô‡‡ÏÂÚÓ‚ ÔÂ‰ÔÓÎÓÊËÏ, ̃ ÚÓ
1 ÍÏ

 

3

 

 ÔÂÔÎ‡ (Ú‡ÍËÂ ËÁ‚ÂÊÂÌËfl ÔÓ [1] ·˚‚‡˛Ú
1 ‡Á Á‡ ‰ÂÒflÚÓÍ ÎÂÚ) ‚˚ÌÓÒËÚÒfl ËÁ Í‡ÚÂ‡ Á‡ ‚Â-
Ïfl ÔÓfl‰Í‡ ÒÛÚÓÍ, Ú.Â. 10
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 Ò. í‡ÍÓÈ Ó·˙ÂÏ ÔÂÔÎ‡
‰‡ÂÚ ÔÓÍ˚ÚËÂ 100 ÍÏ

 

2

 

 ÔÓ‚ÂıÌÓÒÚË ÒÎÓÂÏ ÚÓÎ˘Ë-
ÌÓÈ 10 Ï. óÚÓ-ÚÓ ÔÓıÓÊÂÂ ·˚ÎÓ ‚ 79 „.Ì.˝. ÔË ËÁ-
‚ÂÊÂÌËË ÇÂÁÛ‚Ëfl, ÔÓÍ˚‚¯Â„Ó ÚÓÎÒÚ˚Ï ÒÎÓÂÏ
ÔÂÔÎ‡ èÓÏÔÂË Ë ÉÂÍÛÎ‡ÌÛÏ. èËÏÂÏ, ÓÔflÚ¸ ÔÓ-
ËÁ‚ÓÎ¸ÌÓ, ˜ÚÓ ÔÓ ˝ÌÂ„ËË ˝ÚÓ ˝Í‚Ë‚‡ÎÂÌÚÌÓ ÔÓÚÓ-
ÍÛ Î‡‚˚ Ò ÚÂÏÔÂ‡ÚÛÓÈ 1500 ä (1200°C) Ò ÔÎÓ˘‡-
‰Ë 

 

S

 

 ‚ 1 ÍÏ
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 ÊÂÎ‡ ‚ÛÎÍ‡Ì‡. ùÚ‡ Î‡‚‡ ·Û‰ÂÚ ÓÒÚ˚-
‚‡Ú¸ ÔÓ Á‡ÍÓÌÛ ëÚÂÙ‡Ì‡–ÅÓÎ¸ˆÏ‡Ì‡ Ë ‰‡ÒÚ Á‡
ÒÛÚÍË ˝ÌÂ„Ë˛

ùÚ‡ ‚ÂÎË˜ËÌ‡ Ò‡‚ÌËÏ‡ Ò ˝ÌÂ„ËÂÈ ÔÓÎflÌÓ„Ó
Û‡„‡Ì‡, ÌÓ Ì‡ ÔÓÎÚÓ‡–‰‚‡ ÔÓfl‰Í‡ ÏÂÌ¸¯Â ̋ ÌÂ-
„ËË Ú‡ÈÙÛÌ‡ [2]. àÁ (4) ÚÂÔÂ¸ ÓˆÂÌË‚‡ÂÏ ‚ÂÎË˜Ë-
ÌÛ 
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 = 300 ·‡.

åÓÊÌÓ ÔÓ‰ÓÎÊËÚ¸ ‡Ì‡ÎÓ„Ë˛ àÇ Ë áí. ÖÒÎË
·˚ ˝ÌÂ„Ëfl ‚ 3 
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 ÑÊ ÒÓÓÚ‚ÂÚÒÚ‚Ó‚‡Î‡ ÒÂÈÒÏË-
˜ÂÒÍËÏ ‚ÓÎÌ‡Ï, ÚÓ ÂÂ ÏÓ„ÎÓ ·˚ ÔÓÓ‰ËÚ¸ áí Ò ÏÓ-
ÏÂÌÚÓÏ 5 
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 Ï [3]. ùÚÓ ÒÓÓÚ‚ÂÚÒÚ‚ÛÂÚ Ï‡„ÌË-
ÚÛ‰Â 
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 = 7.8 (ÒÏ. ‚˚¯Â Ò‚flÁ¸ 
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 Ë 

 

m
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ÑÎfl ÙÓÏ‡Î¸ÌÓ„Ó ÓÔÂ‰ÂÎÂÌËfl ÔÓÍ‡Á‡ÚÂÎfl
ÒÚÂÔÂÌË ‚ (1) ‚ÓÒÔÓÎ¸ÁÛÂÏÒfl ÚÂÏ ÊÂ ÔËÂÏÓÏ, ˜ÚÓ
Ë ÔË ‚˚‚Ó‰Â Á‡ÍÓÌ‡ Éê ËÁ ÒÓÓ·‡ÊÂÌËÈ ÚÂÓËË
ÔÓ‰Ó·Ëfl Ë ‡ÁÏÂÌÓÒÚË [4]. á‡ÏÂÚËÏ, ˜ÚÓ ÒÓÓÚÌÓ-
¯ÂÌËÂ (4) ‰‡ÂÚ ‚ÓÁÏÓÊÌÓÒÚ¸ ÓÔÂ‰ÂÎËÚ¸ Ï‡Ò¯Ú‡·
‰ÎËÌ˚ ‚ ÔÓˆÂÒÒÂ àÇ ‚ ‚Ë‰Â, Ò Û˜ÂÚÓÏ (6),

(7)

ùÚÓÚ Ï‡Ò¯Ú‡· Ì‡‰Ó Ò‡‚ÌËÚ¸ Ò ÚÓÎ˘ËÌÓÈ ÒÎÓfl
Á‡ÒÚ˚‚¯ÂÈ Ï‡„Ï˚ ‚ ÊÂÎÂ ‚ÛÎÍ‡Ì‡, ˜ÚÓ·˚ Ì‡˜‡Î-
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Òfl ÔÓˆÂÒÒ ËÁ‚ÂÊÂÌËfl. éÚÌÓ¯ÂÌËÂ ˝ÚËı ‰‚Ûı
Ï‡Ò¯Ú‡·Ó‚ ‰‡ÂÚ Ô‡‡ÏÂÚ ÔÓ‰Ó·Ëfl

(8)

Ç ÒÎÛ˜‡Â áí Ï‡Ò¯Ú‡· L = , „‰Â Δσ –

Ò·‡Ò˚‚‡ÂÏÓÂ ‚ ÔÓˆÂÒÒÂ áí Ì‡ÔflÊÂÌËÂ, ‚ÂÎË˜Ë-
Ì‡ ÔÓfl‰Í‡ 40 ‡ÚÏ = 4 åè‡, ÓÚÌÓÒËÚÂÎ¸ÌÓ ÒÎ‡·Ó
ÏÂÌfl˛˘‡flÒfl ‚ ̄ ËÓÍÓÏ ËÌÚÂ‚‡ÎÂ ËÁÏÂÌÂÌËÈ ÏÓ-
ÏÂÌÚ‡ M. í‡Ï h = 20 ÍÏ – ÚÓÎ˘ËÌ‡ ıÛÔÍÓ„Ó ÒÎÓfl
ÁÂÏÌÓÈ ÍÓ˚. Ç ÚÂÓËË áí Ï‡Ò¯Ú‡· L fl‚ÎflÂÚÒfl ıÓ-
Ó¯ÂÈ ÏÂÓÈ ‰Îfl ‰ÎËÌ˚ ‡Á˚‚‡, Â„Ó ÔÎÓ˘‡‰Ë,
Ú‡Í Ì‡Á˚‚‡ÂÏÓ„Ó Ó·˙ÂÏ‡ áí [5]. é˜ÂÌ¸ ÒËÎ¸Ì˚Â
áí, ËÎË áí ‚·ÎËÁË ÒÂ‰ËÌÌÓ-ÓÍÂ‡ÌË˜ÂÒÍËı ıÂ·-
ÚÓ‚, ËÏÂ˛Ú ·ÓÎÂÂ ÍÛÚÓÈ Ì‡ÍÎÓÌ ‚ Ëı ‡ÒÔÂ‰ÂÎÂ-
ÌËË, ÍÓ„‰‡ ‚ (3) b ≈ 1.5, Ú.Â. ˜ËÒÎÓ áí N(≥M) ~ M–1.
ùÚ‡ ÒÏÂÌ‡ Ì‡ÍÎÓÌ‡ ÔÓËÒıÓ‰ËÚ, ÍÓ„‰‡ ÍËÚÂËÈ
ÔÓ‰Ó·Ëfl Π ~ 1 [3, 4]. èË Π � 1 ‡Á‚ËÚËÂ ÔÎÓ˘‡‰Ë
‡Á˚‚‡ ÔÓËÒıÓ‰ËÚ ‰‚ÛÏÂÌ˚Ï Ó·‡ÁÓÏ ‚ ÚÓÎ˘Â
ÍÓ˚, ‡ ÔË Π ≥ 1 ‚ÂÚÒfl ‚Òfl ÍÓ‡ Ë ‡Á˚‚ ‡Á‚Ë-
‚‡ÂÚÒfl Ó‰ÌÓÏÂÌÓ.

êÓÒÚ ˝ÌÂ„ËË ÔÂ‰ÔÓÎ‡„‡ÂÏ ‚ Ó·ÓËı ÒÎÛ˜‡flı,
áí Ë àÇ, ÔÓËÒıÓ‰fl˘ËÏ ÒÚÓı‡ÒÚË˜ÂÒÍËÏ Ó·‡-
ÁÓÏ. ùÚÓ ÓÁÌ‡˜‡ÂÚ, ˜ÚÓ ÒÍÓÓÒÚË ÂÂ ÓÒÚ‡ ÌÂÁ‡‚Ë-
ÒËÏ˚ Á‡ ÔÓÏÂÊÛÚÍË ‚ÂÏÂÌË, ÍÓÓÚÍËÂ ÔÓ Ò‡‚-
ÌÂÌË˛ Ò ÔÂËÓ‰‡ÏË ÏÂÊ‰Û ÒÓ·˚ÚËflÏË. ùÚÓ ˝Í‚Ë-
‚‡ÎÂÌÚÌÓ ‰ÂÎ¸Ú‡-ÍÓÂÎËÓ‚‡ÌÌÓÒÚË ÔÓ ‚ÂÏÂÌË
ÒÍÓÓÒÚÂÈ ÓÒÚ‡, ‡ ÚÓ„‰‡ Ò‡Ï‡ ˝ÌÂ„Ëfl (‚ Ï‡„Ï‡ÚË-
˜ÂÒÍÓÏ Ó˜‡„Â, ËÎË Ì‡ÔflÊÂÌËÂ ‚·ÎËÁË ·Û‰Û˘Â„Ó
‡Á˚‚‡ ÍÓ˚) ·Û‰ÂÚ ‡ÒÚË ÔÓÔÓˆËÓÌ‡Î¸ÌÓ
‚ÂÏÂÌË [6]:

(9)

„‰Â ε – ÒÚ‡ÚËÒÚË˜ÂÒÍË ÒÂ‰Ìflfl ÒÍÓÓÒÚ¸ ‚‚Ó‰‡
˝ÌÂ„ËË ‚ ÒËÒÚÂÏÛ, c1 – ˜ËÒÎÂÌÌ˚È ÍÓ˝ÙÙËˆËÂÌÚ.
á‡ÏÂÚËÏ, ˜ÚÓ ÚÓÎ¸ÍÓ ÍÛÏÛÎflÚË‚Ì‡fl ‚ÂÎË˜ËÌ‡
τ(≥E) ËÏÂÂÚ ‡ÁÏÂÌÓÒÚ¸ ‚ÂÏÂÌË [3, 6]. é·‡ÚÌ‡fl
ÂÈ ‚ÂÎË˜ËÌ‡ – ˝ÚÓ ÍÛÏÛÎflÚË‚Ì‡fl ˜‡ÒÚÓÚ‡ ÒÓ·˚ÚËÈ
N(≥E), Ë ÚÓ„‰‡ ËÁ (9) ÔÓÎÛ˜‡ÂÏ

N(≥E) = c2εE–1. (10)

óËÒÎÂÌÌ˚È ÍÓ˝ÙÙËˆËÂÌÚ c1 ÏÓÊÂÚ Á‡‚ËÒÂÚ¸ ÓÚ
·ÂÁ‡ÁÏÂÌÓ„Ó Ô‡‡ÏÂÚ‡ Π (ÒÏ. ÍÌË„Û É.à. Å‡-
ÂÌ·Î‡ÚÚ‡ [7]). èËÏÂÏ, Í‡Í Ë ‚ [4] ‰Îfl áí, ˜ÚÓ

(11)

ÔÓÒÍÓÎ¸ÍÛ ‚ ÔÂ‰ÂÎÂ Ó˜ÂÌ¸ Ï‡Î˚ı ÁÌ‡˜ÂÌËÈ ˝ÌÂ-
„ËË E ËÁ‚ÂÊÂÌËÈ ÌÂÚ. ãËÌÂÈÌÓÂ ÒÓÓÚÌÓ¯ÂÌËÂ
(11) ÏÓÊÌÓ ‡ÒÒÏ‡ÚË‚‡Ú¸ Í‡Í ÔÂ‚˚È, ÓÚÎË˜Ì˚È
ÓÚ ÌÛÎfl ˜ÎÂÌ ‡ÁÎÓÊÂÌËfl Á‡‚ËÒËÏÓÒÚË c1(Π) ‚ fl‰
íÂÈÎÓ‡, ÔËÂÏ, ˜‡ÒÚÓ ÛÔÓÚÂ·ÎflÂÏ˚È ‚ ÚÂÓËflı
ÔÓ‰Ó·Ëfl (Ì‡ÔËÏÂ, ÚÂıÌË˜ÂÒÍË ÔÓ‰Ó·Ì˚Ï Ó·‡-
ÁÓÏ ÓˆÂÌË‚‡ÂÚÒfl ‚Ë‰ ÔÓÙËÎÂÈ ÒÍÓÓÒÚË Ë ÚÂÏÔÂ-
‡ÚÛ˚ ‚ ÔËÁÂÏÌÓÏ ÒÎÓÂ ‚ÓÁ‰Ûı‡ Ä.ë. åÓÌËÌ˚Ï
Ë Ä.å. é·ÛıÓ‚˚Ï ‚ Ëı ËÁ‚ÂÒÚÌÓÈ ÚÂÓËË [8]). íÂ-
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ÔÂ¸ Ó·˘ÂÂ ÒÓÓÚÌÓ¯ÂÌËÂ (10) ÔÂÂÔËÒ˚‚‡ÂÚÒfl Ò
Û˜ÂÚÓÏ (11), (6), (4) Ë (8) Í‡Í

(12)

í‡ÍËÏ Ó·‡ÁÓÏ, Ï˚ Ó·˙flÒÌËÎË ˝ÏÔËË˜ÂÒÍÛ˛
Á‡‚ËÒËÏÓÒÚ¸ (1), ıÓÚfl Ë ÌÂ Ó˜ÂÌ¸ ÍÓÓÚÍËÏ ÔÛÚÂÏ.

ä‡˜ÂÒÚ‚ÂÌÌÓ ÊÂ ÔÓÍ‡Á‡ÚÂÎ¸ ÒÚÂÔÂÌË  Ó·˙flÒÌfl-

ÂÚÒfl ‚ÂÒ¸Ï‡ ÔÓÒÚÓ: ˝ÚÓ ÒÓÓÚÌÓ¯ÂÌËÂ ÏÂÊ‰Û ÔÓ-
‚ÂıÌÓÒÚ¸˛, ˜ÂÂÁ ÍÓÚÓÛ˛ Â‡ÎËÁÛÂÚÒfl ˝ÌÂ„Ëfl,
ÔÓÔÓˆËÓÌ‡Î¸Ì‡fl Ó·˙ÂÏÛ, Ú‡Í Í‡Í S ~ V2/3. 

éˆÂÌËÏ Â˘Â ‚ÂÎË˜ËÌÛ c3ε, ÓÔÂ‰ÂÎfl˛˘Û˛ ÒÍÓ-
ÓÒÚ¸ Ì‡·Ó‡ ˝ÌÂ„ËË ‚ Ï‡„Ï‡ÚË˜ÂÒÍÓÏ Ó˜‡„Â.
èËÏÂÏ, ÔÓÒÚÓ ‰Îfl ÓÔÂ‰ÂÎÂÌÌÓÒÚË, ÁÌ‡˜ÂÌËfl,
ÌÂ ÔÂ‰ÒÚ‡‚Îfl˛˘ËÂÒfl ÌÂ‡ÁÛÏÌ˚ÏË: h = 104 Ï, p =
= 107 è‡ = 100 ‡ÚÏ, V = 1 ÍÏ3 = 109 Ï3, N(≥V) =
= 0.1 „Ó‰–1 = 3 · 10–9 Ò–1, ˜ÚÓ ÒÎÂ‰ÛÂÚ ËÁ ÛÔÓÏflÌÛÚÓ-
„Ó ‚ Ì‡˜‡ÎÂ ÒÚ‡Ú¸Ë „‡ÙËÍ‡. íÓ„‰‡ ËÁ (12) ÔÓÎÛ˜‡-
ÂÏ, c3ε = 3 · 108 ÇÚ. åÓÊÌÓ ÓˆÂÌËÚ¸ ‡ÁÏÂ˚ Ó˜‡„‡,
ÍÛ‰‡ ÔÓÒÚÛÔ‡ÂÚ Ú‡Í‡fl ÏÓ˘ÌÓÒÚ¸, ÂÒÎË ÔËÌflÚ¸
ÔÎÓÚÌÓÒÚ¸ ÔÓÚÓÍ‡ ÚÂÔÎ‡, ÔÓ‰‚Ó‰ËÏÓ„Ó Í ÌÂÏÛ, ‚
0.15 ÇÚ/Ï2. ùÚÓ ‚‰‚ÓÂ ·ÓÎ¸¯Â ÒÂ‰ÌÂÈ ÔÎÓÚÌÓÒÚË
„ÂÓÚÂÏË˜ÂÒÍÓ„Ó ÔÓÚÓÍ‡ Ë ÒÓÓÚ‚ÂÚÒÚ‚ÛÂÚ Ó·Î‡Ò-
ÚflÏ ‚ÛÎÍ‡ÌËÁÏ‡ (‚ÌÂ ÚÂËÚÓËË Ò‡ÏËı ‚ÛÎÍ‡ÌÓ‚
[9]). íÓ„‰‡ 3 · 108 ÇÚ ÒÓ·ÂÛÚÒfl Ò ÔÎÓ˘‡‰Ë 2 · 109 Ï2,
ÍÛ„‡ ‰Ë‡ÏÂÚÓÏ 50 ÍÏ. í‡ÍÓÈ ‡ÁÏÂ Ó˜‡„‡ Ï‡„-
Ï˚ Í‡ÊÂÚÒfl Â‡ÎËÒÚË˜Ì˚Ï.

ê‡ÒÔÂ‰ÂÎÂÌËfl ÚËÔ‡ (1) ËÏÂ˛Ú Ú‡Í Ì‡Á˚‚‡ÂÏ˚Â
“ÚflÊÂÎ˚Â ı‚ÓÒÚ˚”. ùÚÓ ÁÌ‡˜ËÚ, ˜ÚÓ ÓÒÌÓ‚Ì‡fl
˝ÌÂ„Ëfl ‚˚‰ÂÎflÂÚÒfl ‚ Ò‡Ï˚ı ÍÛÔÌ˚ı ÒÓ·˚ÚËflı,
˜ÚÓ ıÓÓ¯Ó ËÁ‚ÂÒÚÌÓ ‰Îfl áí. Ä‚ÚÓ ‚ [3] ÓˆÂÌËÎ,
˜ÚÓ ‚ ÒÂ‰ÌÂÏ (Á‡ ÔÓÒÎÂ‰ÌËÂ 20 ÎÂÚ) Ì‡ ÒÂÈÒÏË˜ÂÒ-
ÍÛ˛ ‡ÍÚË‚ÌÓÒÚ¸ Ú‡ÚËÚÒfl ÌÂÒÍÓÎ¸ÍÓ ÔÓˆÂÌÚÓ‚
ÔÓÎÌÓ„Ó „ÂÓÚÂÏË˜ÂÒÍÓ„Ó ÔÓÚÓÍ‡. êËÒÛÌÓÍ 9.13 ËÁ
[1] ÒÓ‰ÂÊËÚ Ò‚Â‰ÂÌËfl Ó ‰‚Ûı ËÁ‚ÂÊÂÌËflı Ó·˙Â-
ÏÓÏ V = 100 ÍÏ3 Á‡ 200 ÎÂÚ. èË ÚÂı ÊÂ ÁÌ‡˜ÂÌËflı

h = 10 ÍÏ, p = 102 ‡ÚÏ Ï˚ ÔÓÎÛ˜ËÏ ˝ÌÂ„Ë˛ E =
= 3 · 107 ÑÊ/Ï3 · 1011 Ï3 = 3 · 1018 ÑÊ ÒÓ„Î‡ÒÌÓ (4),
˜ÚÓ ÏÓÊÌÓ ÒÓÔÓÒÚ‡‚ËÚ¸ Ò ˝ÌÂ„ËÂÈ Ú‡ÈÙÛÌ‡ ·ÓÎ¸-
¯ÓÈ ÒËÎ˚ ËÎË Ò áí Ï‡„ÌËÚÛ‰˚ m = 9.1. åÓ˘ÌÓÒÚ¸,
Á‡Ú‡˜Ë‚‡ÂÏ‡fl Á‡ 200 ÎÂÚ Ì‡ ‰‚‡ ÒÓ·˚ÚËfl Ú‡ÍÓ„Ó
Ó‰‡, ·Û‰ÂÚ 109 ÇÚ, ˜ÚÓ ‰ÓÎÊÌÓ ·˚Ú¸ ÒÓÔÓÒÚ‡‚ÎÂ-
ÌÓ Ò ÔÓÎÌÓÈ ÏÓ˘ÌÓÒÚ¸˛ „ÂÓÚÂÏË˜ÂÒÍÓ„Ó ÔÓÚÓÍ‡
4 · 1013 ÇÚ. í‡ÍËÏ Ó·‡ÁÓÏ, áÂÏÎfl Í‡Í ÔÎ‡ÌÂÚ‡
Ú‡ÚËÚ Ì‡ ‚ÛÎÍ‡ÌË˜ÂÒÍÛ˛ ‰ÂflÚÂÎ¸ÌÓÒÚ¸ ÎË¯¸ ÔÓ-
fl‰Í‡ ̃ ÂÚ‚ÂÚË ÔÓˆÂÌÚ‡ Ò‚ÓÂ„Ó ÚÂÔÎÓ‚Ó„Ó ÔÓÚÂÌ-
ˆË‡Î‡.

ÄÌ‡ÎÓ„Ë˜ÌÛ˛ Á‡‚ËÒËÏÓÒÚ¸ ÚËÔ‡ (1) Ò n =  ÒÎÂ-

‰ÛÂÚ ÓÊË‰‡Ú¸ Ë ‰Îfl Î‡‚Ó‚˚ı ËÁ‚ÂÊÂÌËÈ, ËÒıÓ‰fl
ËÁ Ó·˘Ëı Á‡ÍÓÌÓÏÂÌÓÒÚÂÈ ÒÚÓı‡ÒÚË˜ÂÒÍÓ„Ó ÓÒ-
Ú‡ ˝ÌÂ„ËË ‚ ÒÎÓÊÌ˚ı ÒËÒÚÂÏ‡ı. éÒÚ‡ÂÚÒfl Ì‡‰Â-
flÚ¸Òfl, ˜ÚÓ ÍÓÎË˜ÂÒÚ‚ÂÌÌ˚Â ÓˆÂÌÍË Ó·˙ÂÏ‡ ËÁ‚Â-
„‡ÂÏÓÈ Î‡‚˚ ÔÓfl‚flÚÒfl ÌÂ ‚ ÒÚÓÎ¸ ÓÚ‰‡ÎÂÌÌÓÏ ·Û-
‰Û˘ÂÏ.

Ä‚ÚÓ ‚˚‡Ê‡ÂÚ ·Î‡„Ó‰‡ÌÓÒÚ¸ ë.Ä. îÂ‰ÓÚÓ-
‚Û Á‡ ÔÓÎÂÁÌ˚Â Ó·ÒÛÊ‰ÂÌËfl.
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