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éèêÖÑÖãÖçàÖ ëéëíéüçàü èêàáÄÅéâçéâ
áéçõ ëäÇÄÜàçõ èé êÖáìãúíÄíÄå
ÉàÑêéÑàçÄåàóÖëäàï àëëãÖÑéÇÄçàâ

12.1. åÖíéÑõ äéçíêéãü áÄ ëééíçéòÖçàÖå îÄäíàóÖëäéâ
à èéíÖçñàÄãúçéâ èêéÑìäíàÇçéëíà ëäÇÄÜàçõ

ç‡Ë·ÓÎÂÂ ı‡‡ÍÚÂÌ˚È ÔÓÍ‡Á‡ÚÂÎ¸ ‰Ó·˚‚‡˛˘Ëı ‚ÓÁÏÓÊÌÓÒÚÂÈ ÒÍ‚‡ÊËÌ˚ –
ÍÓ˝ÙÙËˆËÂÌÚ ÔÓ‰ÛÍÚË‚ÌÓÒÚË η, ‡‚Ì˚È ˜‡ÒÚË ÒÛÚÓ˜ÌÓ„Ó ÓÚ·Ó‡ ÔÓ‰ÛÍˆËË,
ÍÓÚÓ‡fl ÔËıÓ‰ËÚÒfl Ì‡ Â‰ËÌËˆÛ ‰ÂÔÂÒÒËË:

    
η =

Q

p∆
, (12.1)

„‰Â Q – ‰Â·ËÚ ÒÍ‚‡ÊËÌ˚ (Ï3/ÒÛÚ) ÔË ‰ÂÔÂÒÒËË (åè‡); ∆p = pÔÎ – pÁ; pÔÎ –
ÔÎ‡ÒÚÓ‚ÓÂ ‰‡‚ÎÂÌËÂ, åè‡; pÁ – Á‡·ÓÈÌÓÂ ‰‡‚ÎÂÌËÂ, åè‡.

ê‡ÁÎË˜‡˛Ú Ù‡ÍÚË˜ÂÒÍËÈ ÍÓ˝ÙÙËˆËÂÌÚ ÔÓ‰ÛÍÚË‚ÌÓÒÚË ÒÍ‚‡ÊËÌ˚ ηÙ Ë
ÔÓÚÂÌˆË‡Î¸Ì˚È ÍÓ˝ÙÙËˆËÂÌÚ ÔÓ‰ÛÍÚË‚ÌÓÒÚË ηÔ, ÁÌ‡˜ÂÌËfl ÍÓÚÓÓ„Ó ‡ÒÒ˜Ë-
Ú˚‚‡˛Ú ÔÓ ËÁ‚ÂÒÚÌ˚Ï ÁÌ‡˜ÂÌËflÏ „Ë‰Ó‰ËÌ‡ÏË˜ÂÒÍËı Ô‡‡ÏÂÚÓ‚ ÔÓ‰ÛÍÚË‚-
Ì˚ı ÔÎ‡ÒÚÓ‚.

éÔÂ‰ÂÎfl˛Ú Ù‡ÍÚË˜ÂÒÍËÈ ÍÓ˝ÙÙËˆËÂÌÚ ÔÓ‰ÛÍÚË‚ÌÓÒÚË Ì‡ ÓÒÌÓ‚‡ÌËË
ËÌ‰ËÍ‡ÚÓÌ˚ı ‰Ë‡„‡ÏÏ (ËÒ. 12.1), ÍÓÚÓ˚Â ÒÚÓflÚÒfl ÔÓ ÂÁÛÎ¸Ú‡Ú‡Ï ËÒÒÎÂ-
‰Ó‚‡ÌËfl ÒÍ‚‡ÊËÌ˚ Ì‡ ÒÎÓÊË‚¯ËıÒfl ÂÊËÏ‡ı ÓÚ·Ó‡ ÔÓ‰ÛÍˆËË (ÌÂ ÏÂÌÂÂ
ÚÂı).

àÌ‰ËÍ‡ÚÓÌ‡fl ‰Ë‡„‡ÏÏ‡ ÓÚÓ·‡Ê‡ÂÚ Á‡‚ËÒËÏÓÒÚ¸ ‰Â·ËÚ‡ (Ï3/ÒÛÚ)
ÒÍ‚‡ÊËÌ˚ ÓÚ ‰ÂÔÂÒÒËË:

Q = ηÙ∆p (12.2)

Ë ‰‡ÂÚ ‚ÓÁÏÓÊÌÓÒÚ¸ ÓÔÂ‰ÂÎËÚ¸ Ù‡ÍÚË˜ÂÒÍËÈ ÍÓ˝ÙÙËˆËÂÌÚ ÔÓ‰ÛÍÚË‚ÌÓÒÚË
ηÙ.

ëÓ„Î‡ÒÌÓ Û‡‚ÌÂÌË˛ Ñ˛ÔÛË ÔÓÚÂÌˆË‡Î¸Ì˚È ‰Â·ËÚ ÒÍ‚‡ÊËÌ˚, Ï3/ÒÛÚ,
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ê‡Á‰ÂÎË‚ Ô‡‚Û˛ Ë ÎÂ‚Û˛ ˜‡ÒÚË Û‡‚ÌÂÌËfl (12. 3) Ì‡ ∆p, ÔÓÎÛ˜ËÏ ‚˚-
‡ÊÂÌËÂ ‰Îfl ÓÔÂ‰ÂÎÂÌËfl ÔÓÚÂÌˆË‡Î¸ÌÓ„Ó ÍÓ˝ÙÙËˆËÂÌÚ‡ ÔÓ‰ÛÍÚË‚ÌÓÒÚË
ÒÍ‚‡ÊËÌ˚, Ï3/(åè‡⋅ÒÛÚ):

    
η εÔ

Í cln(
= ⋅5 43 1011 1, ,

/ )b R r
(12.4)

„‰Â ε = kh/µ – „Ë‰ÓÔÓ‚Ó‰ÌÓÒÚ¸ ÔÓ‰ÛÍÚË‚Ì˚ı ÔÎ‡ÒÚÓ‚, Ï3/Ïè‡⋅Ò; b – Ó·˙-
ÂÏÌ˚È ÍÓ˝ÙÙËˆËÂÌÚ ‰Îfl ÌÂÙÚË (ÍÓ˝ÙÙËˆËÂÌÚ Û‚ÂÎË˜ÂÌËfl Ó·˙ÂÏ‡ ÒÂÔ‡ËÓ-
‚‡ÌÌÓÈ ÌÂÙÚË ‚ ÔÎ‡ÒÚÓ‚˚ı ÛÒÎÓ‚Ëflı); k – ÔÓÌËˆ‡ÂÏÓÒÚ¸ ÔÎ‡ÒÚÓ‚, Ï2; h-–
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 ÚÓÎ˘ËÌ‡ ÔÓ‰ÛÍÚË‚ÌÓÈ ˜‡ÒÚË ÔÎ‡ÒÚÓ‚, Ï; RÍ – ‡‰ËÛÒ ÍÓÌÚÛ‡ ÔËÚ‡ÌËfl
(ÁÓÌ˚), Ï;  rc – ‡‰ËÛÒ  ÒÚ‚ÓÎ‡ ÒÍ‚‡ÊËÌ˚ ‚ ËÌÚÂ‚‡ÎÂ ÔÓ‰ÛÍÚË‚Ì˚ı ÔÎ‡Ò-
ÚÓ‚, Ï.

ÑÎfl Ì‡Ë·ÓÎÂÂ ‡ÒÔÓÒÚ‡ÌÂÌÌ˚ı ÁÌ‡˜ÂÌËÈ RÍ = 250 Ï Ë rÒ = 0,1 Ï, ÍÓ-
ÚÓ˚Â Ó·ÂÒÔÂ˜Ë‚‡˛Ú Û‰Ó‚ÎÂÚ‚ÓËÚÂÎ¸ÌÛ˛ ‰Îfl ÔÓÏ˚¯ÎÂÌÌ˚ı ‡Ò˜ÂÚÓ‚ ÚÓ˜-
ÌÓÒÚ¸, Û‡‚ÌÂÌËÂ (12.4) ÔËÌËÏ‡ÂÚ ‚Ë‰

    
η εÔ

l= ⋅0 7 1011, .
b

(12.5)

ÑÎfl ÓÔÂ‰ÂÎÂÌËfl „Ë‰ÓÔÓ‚Ó‰ÌÓÒÚË ÔÎ‡ÒÚÓ‚, Óı‚‡˜ÂÌÌ˚ı ÙËÎ¸Ú‡ˆËÂÈ
‚Ó ‚ÂÏfl ÓÚ·Ó‡ ÔÓ‰ÛÍˆËË, ËÒÔÓÎ¸ÁÛ˛Ú ÍË‚˚Â ‚ÓÒÒÚ‡ÌÓ‚ÎÂÌËfl ‰‡‚ÎÂÌËfl Ì‡
Á‡·ÓÂ ÒÍ‚‡ÊËÌ˚, Á‡Í˚ÚÓÈ ÔÓÒÎÂ ÓÚ·Ó‡ ÔÓ‰ÛÍˆËË Ì‡ ÔÓÚflÊÂÌËË ‚ÂÏÂÌË
í Ò ‰Â·ËÚÓÏ Q (ËÒ. 12.2).

èË ÓÚÒÛÚÒÚ‚ËË ÍË‚˚ı ‚ÓÒÒÚ‡ÌÓ‚ÎÂÌËfl ‰‡‚ÎÂÌËfl (äÇÑ) Ô‡‡ÏÂÚ „Ë‰-
ÓÔÓ‚Ó‰ÌÓÒÚË ÏÓÊÌÓ ÓÔÂ‰ÂÎËÚ¸ ˜ÂÂÁ ÔÓÌËˆ‡ÂÏÓÒÚ¸ Ë ˝ÙÙÂÍÚË‚ÌÛ˛
ÚÓÎ˘ËÌÛ ÔÎ‡ÒÚÓ‚ Ì‡ ÓÒÌÓ‚‡ÌËË ÍÂÌÓ‚˚ı Ë ÔÓÏ˚¯ÎÂÌÌÓ-„ÂÓÙËÁË˜ÂÒÍËı
ËÒÒÎÂ‰Ó‚‡ÌËÈ.

é·‡·ÓÚÍÛ äÇÑ ÔÓ‚Ó‰flÚ, Ì‡ÔËÏÂ, ÔÓ ÏÂÚÓ‰Û ïÓÌÂ‡, ‚ ÒÓÓÚ‚ÂÚÒÚ‚ËË
Ò ÍÓÚÓ˚Ï ÔÓˆÂÒÒ ‚ÓÒÒÚ‡ÌÓ‚ÎÂÌËfl ‰‡‚ÎÂÌËfl Ì‡ Á‡·ÓÂ ÒÍ‚‡ÊËÌ˚ ÓÔËÒ˚‚‡ÂÚÒfl
Û‡‚ÌÂÌËÂÏ
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(12.6)

ËÎË
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„‰Â pt  – Á‡·ÓÈÌÓÂ ‰‡‚ÎÂÌËÂ ˜ÂÂÁ ÓÔÂ‰ÂÎÂÌÌ˚Â ÔÓÏÂÊÛÚÍË ‚ÂÏÂÌË t ÔÓ-
ÒÎÂ Á‡Í˚ÚËfl ÒÍ‚‡ÊËÌ˚ (5–10 ÏËÌ); í – ÔÓ‰ÓÎÊËÚÂÎ¸ÌÓÒÚ¸ ‡·ÓÚ˚ ÒÍ‚‡-
ÊËÌ˚ ÔÂÂ‰ Á‡Í˚ÚËÂÏ; Q – ‰Â·ËÚ ÒÍ‚‡ÊËÌ˚ ÔÂÂ‰ Á‡Í˚ÚËÂÏ.

èË Ì‡ÎË˜ËË ‚ ÁÓÌÂ ÙËÎ¸Ú‡ˆËË ‚ÓÍÛ„ ÒÍ‚‡ÊËÌ˚ Ó‰ÌÓÓ‰Ì˚ı ÔÓ ÔÓ-
ÌËˆ‡ÂÏÓÒÚË ÍÓÎÎÂÍÚÓÓ‚ „‡ÙËÍ Á‡‚ËÒËÏÓÒÚË (12.6) ‚ ÍÓÓ‰ËÌ‡Ú‡ı
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lg ÏÓÊÌÓ ËÁÓ·‡ÁËÚ¸ ‚ ‚Ë‰Â ÔflÏÓÈ (ËÒ. 12.3), Ì‡ÍÎÓÌ ÍÓÚÓÓÈ

‚ ÓÒË ‚ÂÏÂÌË
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ε
(12.7)

èÓ Û„ÎÓ‚ÓÏÛ ÍÓ˝ÙÙËˆËÂÌÚÛ i ÓÔÂ‰ÂÎfl˛Ú „Ë‰ÓÔÓ‚Ó‰ÌÓÒÚ¸ ÔÎ‡ÒÚÓ‚,
Ï3/(è‡⋅Ò), ‚ ÁÓÌÂ ÙËÎ¸Ú‡ˆËË ‚ÓÍÛ„ ÒÍ‚‡ÊËÌ˚

    
ε = ⋅ −0 208 10 11, .Qb

i
(12.8)

êËÒ. 12.1. íËÔË˜Ì‡fl ËÌ‰ËÍ‡ÚÓÌ‡fl ‰Ë‡„‡ÏÏ‡ ‰Îfl ÙÓÌÚ‡Ì-
ÌÓÈ ÌÂÙÚflÌÓÈ ÒÍ‚‡ÊËÌ˚
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ÖÒÎË ‚ ÔËÁ‡·ÓÈÌÓÈ ÁÓÌÂ ÒÍ‚‡ÊËÌ˚ „Ë‰ÓÔÓ‚Ó‰ÌÓÒÚ¸ ÔÎ‡ÒÚÓ‚ ÛıÛ‰¯‡-
ÂÚÒfl, ÚÓ„‰‡ Ì‡ „‡ÙËÍÂ ‚ÓÒÒÚ‡ÌÓ‚ÎÂÌËfl ‰‡‚ÎÂÌËfl (ÒÏ. ËÒ. 12.3) ‚˚‰ÂÎfl˛ÚÒfl
‰‚‡ ÔflÏÓÎËÌÂÈÌ˚ı ÓÚÂÁÍ‡ 1 Ë 2 Ò ÍÓ˝ÙÙËˆËÂÌÚ‡ÏË Ì‡ÍÎÓÌ‡ ÒÓÓÚ‚ÂÚÒÚ‚ÂÌ-
ÌÓ i1 (ÔËÁ‡·ÓÈÌ‡fl ÁÓÌ‡) Ë i2 (ÓÚ‰‡ÎÂÌÌ‡fl ÁÓÌ‡), ÔÓ ÍÓÚÓ˚Ï Ì‡ ÓÒÌÓ‚‡ÌËË
(12.8) ÓÔÂ‰ÂÎfl˛Ú „Ë‰ÓÔÓ‚Ó‰ÌÓÒÚ¸ ÔËÁ‡·ÓÈÌÓÈ Ë ÓÚ‰‡ÎÂÌÌÓÈ ÁÓÌ.

èÓÒÍÓÎ¸ÍÛ ÔÓ‰ÛÍÚË‚ÌÓÒÚ¸ ÒÍ‚‡ÊËÌ˚ Ì‡ıÓ‰ËÚÒfl ‚ ÔflÏÓÈ Á‡‚ËÒËÏÓÒÚË
ÓÚ „Ë‰ÓÔÓ‚Ó‰ÌÓÒÚË ÔÎ‡ÒÚÓ‚ Ë ‚ Ó·‡ÚÌÓÈ Á‡‚ËÒËÏÓÒÚË ÓÚ ‰ÂÔÂÒÒËË, ÚÓ
ÛÏÂÌ¸¯ÂÌËÂ „Ë‰ÓÔÓ‚Ó‰ÌÓÒÚË ËÎË ‰ÓÔÓÎÌËÚÂÎ¸Ì˚Â ÔÓÚÂË ‰‡‚ÎÂÌËfl ‚Ó ‚Â-
Ïfl ÙËÎ¸Ú‡ˆËË ÔÓ‰ÛÍˆËË Ó·ÛÒÎÓ‚ÎË‚‡˛Ú ÛÏÂÌ¸¯ÂÌËÂ ‰Â·ËÚÓ‚ ÔË Ó‰ÌÓÏ Ë
ÚÓÏ ÊÂ ÁÌ‡˜ÂÌËË ‰ÂÔÂÒÒËË.

ç‡Ë·ÓÎÂÂ Ó·ÓÒÌÓ‚‡ÌÌ˚Â Ë Ó·˙ÂÍÚË‚Ì˚Â ÔÓÍ‡Á‡ÚÂÎË ÒÓÒÚÓflÌËfl ÔËÁ‡·ÓÈ-
ÌÓÈ ÁÓÌ˚ ÒÍ‚‡ÊËÌ˚ ÒÎÂ‰Û˛˘ËÂ: ÓÚÌÓ¯ÂÌËÂ ÍÓ˝ÙÙËˆËÂÌÚÓ‚ ÔÓ‰ÛÍÚË‚ÌÓÒÚË
(Ù‡ÍÚË˜ÂÒÍÓ„Ó Í ÔÓÚÂÌˆË‡Î¸ÌÓÏÛ) éè; ÓÚÌÓ¯ÂÌËÂ Ô‡‡ÏÂÚÓ‚ „Ë‰ÓÔÓ‚Ó‰-
ÌÓÒÚË (ÓÚ‰‡ÎÂÌÌÓÈ ÁÓÌ˚ Í ÔËÁ‡·ÓÈÌÓÈ ÁÓÌÂ) éÉ; ÁÌ‡˜ÂÌËÂ ÒÍËÌ-˝ÙÙÂÍÚ‡ S.

èÓÍ‡Á‡ÚÂÎ¸ ÒÓÓÚÌÓ¯ÂÌËfl ÔÓ‰ÛÍÚË‚ÌÓÒÚÂÈ – ˝ÚÓ ˜‡ÒÚÌÓÂ ÓÚ ‰ÂÎÂÌËfl
Ù‡ÍÚË˜ÂÒÍÓ„Ó ÍÓ˝ÙÙËˆËÂÌÚ‡ ÔÓ‰ÛÍÚË‚ÌÓÒÚÂÈ ÒÍ‚‡ÊËÌ˚ Ì‡ ÔÓÚÂÌˆË‡Î¸Ì˚È
ÍÓ˝ÙÙËˆËÂÌÚ ÔÓ‰ÛÍÚË‚ÌÓÒÚË:

    éè = η ηÙ Ô/ . (12.9)

ëÓ„Î‡ÒÌÓ ‚˚‡ÊÂÌËflÏ ‰Îfl Ù‡ÍÚË˜ÂÒÍÓ„Ó ηÙ = Q/∆p Ë ÔÓÚÂÌˆË‡Î¸ÌÓ„Ó
ÍÓ˝ÙÙËˆËÂÌÚÓ‚ ÔÓ‰ÛÍÚË‚ÌÓÒÚË ÔÓÎÛ˜‡ÂÏ

    
éè
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, (12.10)

‡ ‰Îfl ÁÌ‡˜ÂÌËÈ RÍ = 250 Ï; rc = 0,1 Ï, ÍÓÚÓ˚Â Ó·ÂÒÔÂ˜Ë‚‡˛Ú Û‰Ó‚ÎÂÚ‚ÓË-
ÚÂÎ¸ÌÛ˛ ‰Îfl ÔÓÏ˚ÒÎÓ‚˚ı ‡Ò˜ÂÚÓ‚ ÚÓ˜ÌÓÒÚ¸, Û‡‚ÌÂÌËÂ (1.10) ËÏÂÂÚ ‚Ë‰

    
éè

i

p
= 6 8, .

∆
 (12.11)

èË ËÁ‚ÂÒÚÌÓÈ „Ë‰ÓÔÓ‚Ó‰ÌÓÒÚË ÔÎ‡ÒÚÓ‚ (Ì‡ ÓÒÌÓ‚‡ÌËË äÇÑ) Ë ÁÌ‡-
˜ÂÌËflı RÍ = 250 Ï Ë rc = 0,1 Ï ÒÓÓÚÌÓ¯ÂÌËÂ ÔÓ‰ÛÍÚË‚ÌÓÒÚÂÈ ÏÓÊÌÓ ÓÔÂ‰Â-
ÎËÚ¸ ÔÓ ÙÓÏÛÎÂ

êËÒ. 12.2. É‡ÙËÍ ËÁÏÂÌÂÌËfl ‰‡‚ÎÂÌËfl Ì‡ Á‡·ÓÂ
ÒÍ‚‡ÊËÌ˚ ÔÓÒÎÂ ÂÂ Á‡Í˚ÚËfl

êËÒ. 12.3. É‡ÙËÍ ‚ÓÒÒÚ‡ÌÓ‚ÎÂÌËfl ‰‡‚ÎÂÌËfl Ì‡
Á‡·ÓÂ ÒÍ‚‡ÊËÌ˚, ÔÂÓ·‡ÁÓ‚‡ÌÌ˚È ÔÓ ÏÂÚÓ‰Û
ïÓÌÂ‡:
‡ – ‰Îfl Ó‰ÌÓÓ‰ÌÓ„Ó ÔÎ‡ÒÚ‡; · – ‰Îfl ÔÎ‡ÒÚ‡ Ò
ÛıÛ‰¯ÂÌÌÓÈ „Ë‰ÓÔÓÌËˆ‡ÂÏÓÒÚ¸˛ ÔËÁ‡·ÓÈÌÓÈ
ÁÓÌ˚; 1, 2 – ÔËÁ‡·ÓÈÌ‡fl Ë ÓÚ‰‡ÎÂÌÌ‡fl ÁÓÌ˚
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éè = ⋅ −1 43 10 11, .bη

εÙ

l
(12.12)

éÚÌÓ¯ÂÌËÂ „Ë‰ÓÔÓ‚Ó‰ÌÓÒÚÂÈ Ì‡ıÓ‰flÚ ‰ÂÎÂÌËÂÏ Ô‡‡ÏÂÚ‡ „Ë‰ÓÔÓ-
‚Ó‰ÌÓÒÚË ÔÎ‡ÒÚÓ‚ ÓÚ‰‡ÎÂÌÌÓÈ ÁÓÌ˚ Ì‡ „Ë‰ÓÔÓ‚Ó‰ÌÓÒÚ¸ ÔËÁ‡·ÓÈÌÓÈ ÁÓÌ˚,
ÁÌ‡˜ÂÌËfl ÍÓÚÓ˚ı ÔÓÎÛ˜‡˛Ú Ì‡ ÓÒÌÓ‚‡ÌËË äÇÑ (ÒÏ. ËÒ. 12.3):

    
éÉ i ikh kh= 
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/ , (12.13)

„‰Â i1 Ë i2 – Û„ÎÓ‚˚Â ÍÓ˝ÙÙËˆËÂÌÚ˚ ÔflÏÓÎËÌÂÈÌ˚ı ÓÚÂÁÍÓ‚ ÍË‚ÓÈ ‚ÓÒÒÚ‡-

ÌÓ‚ÎÂÌËfl ‰‡‚ÎÂÌËfl ‚ ÍÓÓ‰ËÌ‡Ú‡ı ∆pt = f(lgt) ËÎË 
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lg , ÒÓÓÚ‚ÂÚ-

ÒÚ‚ÂÌÌÓ ‰Îfl ÔËÁ‡·ÓÈÌÓÈ Ë ÓÚ‰‡ÎÂÌÌÓÈ ÁÓÌ. èË ÌÂ‚ÓÁÏÓÊÌÓÒÚË ÓÔÂ‰ÂÎËÚ¸
„Ë‰ÓÔÓ‚Ó‰ÌÓÒÚ¸ ÔËÁ‡·ÓÈÌÓÈ ÁÓÌ˚ Ì‡ ÓÒÌÓ‚‡ÌËË ÍË‚ÓÈ ‚ÓÒÒÚ‡ÌÓ‚ÎÂÌËfl
‰‡‚ÎÂÌËfl ËÒÔÓÎ¸ÁÛ˛Ú Á‡‚ËÒËÏÓÒÚ¸

    
éÉ kh kh= 








µ µ
η

Í‚‰

, (12.14)

„‰Â 
    

kh

µ











Í‚‰

 – „Ë‰ÓÔÓ‚Ó‰ÌÓÒÚ¸ ÔÎ‡ÒÚÓ‚, ÔÓÎÛ˜ÂÌÌ‡fl Ì‡ ÓÒÌÓ‚‡ÌËË Ó·‡·ÓÚÍË

ÍË‚ÓÈ ‚ÓÒÒÚ‡ÌÓ‚ÎÂÌËfl ‰‡‚ÎÂÌËfl; 
  

kh

µ
η









  – „Ë‰ÓÔÓ‚Ó‰ÌÓÒÚ¸ ÔÎ‡ÒÚÓ‚, ÔÓÎÛ-

˜ÂÌÌ‡fl Ì‡ ÓÒÌÓ‚‡ÌËË Ù‡ÍÚË˜ÂÒÍÓ„Ó ÍÓ˝ÙÙËˆËÂÌÚ‡ ÔÓ‰ÛÍÚË‚ÌÓÒÚË.

ÉË‰ÓÔÓ‚Ó‰ÌÓÒÚ¸ ÔÎ‡ÒÚÓ‚, Ï3/(è‡⋅Ò), ÓÔÂ‰ÂÎfl˛Ú ÔÓ ÙÓÏÛÎÂ

      

kh
R r

µ
η η









 = ⋅ −( )−0 42 10 11, bÙ Í clg lg , (12.15)

‡ ÔË ÁÌ‡˜ÂÌËflı RÍ = 250 Ï Ë rc = 0,1 Ï Á‡ÔËÒ˚‚‡˛Ú ‚ ‚Ë‰Â

    

kh
b

µ
η η









 = ⋅ −1 43 10 11, .Ù (12.16)

ä‡Í ÔÂ‚˚È (ÒÓÓÚÌÓ¯ÂÌËÂ ÔÓ‰ÛÍÚË‚ÌÓÒÚÂÈ), Ú‡Í Ë ‚ÚÓÓÈ (ÒÓÓÚ-
ÌÓ¯ÂÌËÂ „Ë‰ÓÔÓ‚Ó‰ÌÓÒÚÂÈ) ÏÂÚÓ‰ ËÏÂ˛Ú ÚÓÚ ÌÂ‰ÓÒÚ‡ÚÓÍ, ˜ÚÓ Á‰ÂÒ¸ ËÒÔÓÎ¸-
ÁÛ˛ÚÒfl ÁÌ‡˜ÂÌËfl ‰Â·ËÚ‡, ÔÎ‡ÒÚÓ‚Ó„Ó ‰‡‚ÎÂÌËfl Ë ‰ÂÔÂÒÒËË, ÚÓ˜ÌÓÒÚ¸ ÍÓÚÓ˚ı
‚ ÔÓÏ˚¯ÎÂÌÌ˚ı ÛÒÎÓ‚Ëflı, ÓÒÓ·ÂÌÌÓ ÔË Ì‡ÎË˜ËË ÌËÁÍÓÔÓÌËˆ‡ÂÏ˚ı ÍÓÎ-
ÎÂÍÚÓÓ‚, ÌÂ ‚ÒÂ„‰‡ „‡‡ÌÚËÓ‚‡Ì‡. èÓ˝ÚÓÏÛ ¯ËÓÍÓÂ ÔËÏÂÌÂÌËÂ, ÓÒÓ·ÂÌÌÓ
‚ Á‡Û·ÂÊÌÓÈ Ô‡ÍÚËÍÂ, ÔÓÎÛ˜ËÎ ÏÂÚÓ‰ ÓˆÂÌÍË ÒÓÒÚÓflÌËfl ÔËÁ‡·ÓÈÌÓÈ ÁÓÌ˚
˜ÂÂÁ ÒÍËÌ-˝ÙÙÂÍÚ S.

12.2. éèêÖÑÖãÖçàÖ ëäàç-ùîîÖäíÄ çÄ éëçéÇÄçàà
äêàÇéâ ÇéëëíÄçéÇãÖçàü ÑÄÇãÖçàü

îËÁË˜ÂÒÍËÈ ÒÏ˚ÒÎ ÔÓÍ‡Á‡ÚÂÎfl ÒÍËÌ-˝ÙÙÂÍÚ‡ ËÎÎ˛ÒÚËÛÂÚ Á‡‚ËÒËÏÓÒÚ¸ Â„Ó
ÁÌ‡˜ÂÌËfl ÓÚ ÒÓÓÚÌÓ¯ÂÌËfl ÏÂÊ‰Û ÔÓÌËˆ‡ÂÏÓÒÚ¸˛ ÔÎ‡ÒÚÓ‚ Û‰‡ÎÂÌÌÓÈ ÁÓÌ˚ k
Ë ÔËÁ‡·ÓÈÌÓÈ ÁÓÌ˚ ks:

    
S kk

k

r

r
s

s

s= ln
c
, (12.17)
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„‰Â rS – ‡‰ËÛÒ ÔËÁ‡·ÓÈÌÓÈ (ÒÍËÌÓ‚ÓÈ) ÁÓÌ˚; rc – ‡‰ËÛÒ ÒÚ‚ÓÎ‡ ÒÍ‚‡ÊËÌ˚
‚ ÔÓ‰ÛÍÚË‚ÌÓÏ ËÌÚÂ‚‡ÎÂ.

ëÍËÌ-˝ÙÙÂÍÚ ı‡‡ÍÚÂËÁÛÂÚ ÒÓÒÚÓflÌËÂ ÔËÁ‡·ÓÈÌÓÈ ÁÓÌ˚ ÒÍ‚‡ÊËÌ˚, ‡
Â„Ó ÁÌ‡˜ÂÌËÂ Ò‚Ë‰ÂÚÂÎ¸ÒÚ‚ÛÂÚ Ó Ì‡ÎË˜ËË ËÎË ÓÚÒÛÚÒÚ‚ËË ‰ÓÔÓÎÌËÚÂÎ¸Ì˚ı
ÙËÎ¸Ú‡ˆËÓÌÌ˚ı ÒÓÔÓÚË‚ÎÂÌËÈ, ÍÓÚÓ˚Â ÏÓ„ÛÚ ·˚Ú¸ Ó·ÛÒÎÓ‚ÎÂÌÌ˚ÏË Í‡Í
ÌËÁÍËÏ Í‡˜ÂÒÚ‚ÓÏ ‚ÒÍ˚ÚËfl ÔÎ‡ÒÚÓ‚, Ú‡Í Ë ËÁÏÂÌÂÌËÂÏ ÙËÎ¸Ú‡ˆËÓÌÌ˚ı Ô‡-
‡ÏÂÚÓ‚ ÔËÁ‡·ÓÈÌÓÈ ÁÓÌ˚ ‚Ó ‚ÂÏfl ÓÚ·Ó‡ ÔÓ‰ÛÍˆËË. èÓÒÍÓÎ¸ÍÛ Ú‡ÍËÂ
ËÁÏÂÌÂÌËfl ‚ÎËfl˛Ú Ì‡ ÔÓˆÂÒÒ ‚ÓÒÒÚ‡ÌÓ‚ÎÂÌËfl ‰‡‚ÎÂÌËfl ‚ ÒÍ‚‡ÊËÌÂ ÔÓÒÎÂ
ÔÂÍ‡˘ÂÌËfl Ì‡„ÌÂÚ‡ÌËfl ËÎË ÓÚ·Ó‡, ÚÓ ‰Îfl ÓˆÂÌÍË Ì‡ÎË˜Ëfl ÒÍËÌ-˝ÙÙÂÍÚ‡ Ë
ÓÔÂ‰ÂÎÂÌËfl Â„Ó ÁÌ‡˜ÂÌËfl ËÒÔÓÎ¸ÁÛ˛Ú äÇÑ, ı‡‡ÍÚÂ ÍÓÚÓ˚ı Ò‚flÁ‡Ì Ò
ÙËÎ¸Ú‡ˆËÓÌÌ˚ÏË Ô‡‡ÏÂÚ‡ÏË Á‡‚ËÒËÏÓÒÚ¸˛

    
∆pt

Q b

kh

t

r
=

µ

π

χ

4
ln

2, 25

c
, ËÎË 

    

∆p i tt
r

=












lg + lg
2, 25

c

χ
, (12.18)

„‰Â ∆pt – ÔËÓÒÚ ‰‡‚ÎÂÌËfl ‚ ÚÂ˜ÂÌËÂ ‚ÂÏÂÌË t ÔÓÒÎÂ Á‡Í˚ÚËfl ÒÍ‚‡ÊËÌ˚,

åè‡; 
    

χ
µ β β

=
+( )

10 k

m Ê Ô

  – Ô¸ÂÁÓÔÓ‚Ó‰ÌÓÒÚ¸ ÔÎ‡ÒÚÓ‚, ÒÏ2/Ò; i – Û„ÎÓ‚ÓÈ ÍÓ-

˝ÙÙËˆËÂÌÚ ÔflÏÓÎËÌÂÈÌÓ„Ó ÍÓÌÂ˜ÌÓ„Ó ÓÚÂÁÍ‡ ÍË‚ÓÈ ‚ÓÒÒÚ‡ÌÓ‚ÎÂÌËfl ‰‡‚-
ÎÂÌËfl ‚ ÍÓÓ‰ËÌ‡Ú‡ı ∆pt = f(lgt); m – ÍÓ˝ÙÙËˆËÂÌÚ ÔÓËÒÚÓÒÚË ÍÓÎÎÂÍÚÓ-
Ó‚; βÊ, βÔ ÍÓ˝ÙÙËˆËÂÌÚ˚ ÒÊËÏ‡ÂÏÓÒÚË ÊË‰ÍÓÒÚË Ë ÔÓÓ‰˚.

è‡‚‡fl Ë ÎÂ‚‡fl ˜‡ÒÚË Û‡‚ÌÂÌËfl (12. 18) ‡‚ÌÓÁÌ‡˜Ì˚, ÍÓ„‰‡ ÓÚÒÛÚÒÚ‚Û-
˛Ú ‰ÓÔÓÎÌËÚÂÎ¸Ì˚Â ÒÓÔÓÚË‚ÎÂÌËfl ‚ ÔËÁ‡·ÓÈÌÓÈ ÁÓÌÂ, ‡ Ëı ÌÂ‡‚ÂÌÒÚ‚Ó
Ò‚Ë‰ÂÚÂÎ¸ÒÚ‚ÛÂÚ Ó ‡ÁÎË˜ËË ÏÂÊ‰Û „Ë‰ÓÔÓ‚Ó‰ÌÓÒÚ¸˛ ÔËÁ‡·ÓÈÌÓÈ Ë ÓÚ‰‡-
ÎÂÌÌÓÈ ÁÓÌ, ˜ÚÓ ‚ ÒÎÛ˜‡Â ÛıÛ‰¯ÂÌËfl „Ë‰ÓÔÓ‚Ó‰ÌÓÒÚflÏË ÔËÁ‡·ÓÈÌÓÈ ÁÓÌ˚
Ó·ÛÒÎÓ‚ÎË‚‡ÂÚ ÌÂÓ·ıÓ‰ËÏÓÒÚ¸ Á‡Ú‡Ú ‰ÓÔÓÎÌËÚÂÎ¸ÌÓÈ ‰ÂÔÂÒÒËË ∆ps ÔË ÌÂ-
ËÁÏÂÌÌÓÏ Ó·˙ÂÏÂ ÙËÎ¸Ú‡ˆËË ÔÓ‰ÛÍˆËË:

    
∆ ∆p p i t

s
t

r
= − +









lg lg

2,25

c

χ
, (12.19)

„‰Â ∆Pt – ÔËÓÒÚ ‰‡‚ÎÂÌËfl ‚ ÚÂ˜ÂÌËÂ ‚ÂÏÂÌË t ÔÓÒÎÂ Á‡Í˚ÚËfl ÒÍ‚‡ÊËÌ˚.
Ç‚Ó‰fl ∆Ps/i = S, ÔÓÎÛ˜‡ÂÏ Û‡‚ÌÂÌËÂ ‰Îfl ÓÔÂ‰ÂÎÂÌËfl ÒÍËÌ-˝ÙÙÂÍÚ‡:

    
S

p

i
t c

t

= − −
∆

lg , (12.20)

„‰Â Ò – ÔÓÔ‡‚Í‡ Ì‡ ÔÓÚÂË ‰‡‚ÎÂÌËfl Ì‡ ÒÚÂÌÍÂ ÒÍ‚‡ÊËÌ˚, ÍÓÚÓÛ˛ ‡ÒÒ˜Ë-

Ú˚‚‡˛Ú ÔË ËÁ‚ÂÒÚÌ˚ı ÁÌ‡˜ÂÌËflı χ Ë rc ÔÓ ÙÓÏÛÎÂ 
    

c
r

= lg 135

c
2

χ  ËÎË ·ÂÛÚ ËÁ

Ú‡·Î. 12.1; t – ÔÓ‰ÓÎÊËÚÂÎ¸ÌÓÒÚ¸ ÓÒÚ‡ÌÓ‚ÍË ÒÍ‚‡ÊËÌ˚, ÏËÌ.
èÓÎÓÊËÚÂÎ¸ÌÓÂ ÁÌ‡˜ÂÌËÂ ÒÍËÌ-˝ÙÙÂÍÚ‡ Ò‚Ë‰ÂÚÂÎ¸ÒÚ‚ÛÂÚ Ó Ì‡ÎË˜ËË ‰Ó-

ÔÓÎÌËÚÂÎ¸Ì˚ı ÙËÎ¸Ú‡ˆËÓÌÌ˚ı ÒÓÔÓÚË‚ÎÂÌËÈ ‚ ÔËÁ‡·ÓÈÌÓÈ ÁÓÌÂ ÒÍ‚‡-
ÊËÌ˚, Ì‡ ÔÂÓ‰ÓÎÂÌËÂ ÍÓÚÓ˚ı Á‡Ú‡˜Ë‚‡ÂÚÒfl ÓÔÂ‰ÂÎÂÌÌ‡fl ˜‡ÒÚ¸ ‰ÂÔÂÒÒËË
∆ps = iS, ÔÓ ÍÓÚÓÓÈ ÓˆÂÌË‚‡˛Ú ÒÓÓÚÌÓ¯ÂÌËÂ ÔÓ‰ÛÍÚË‚ÌÓÒÚÂÈ

    
éè

p p

P

t s

t

=
∆ ∆

∆

−
. (12.21)

èË ˝ÚÓÏ ‚ Á‡‚ËÒËÏÓÒÚË ÓÚ ÒÓÒÚÓflÌËfl ÔËÁ‡·ÓÈÌÓÈ ÁÓÌ˚ ‚ÓÁÏÓÊÌ˚ ÒÎÂ-
‰Û˛˘ËÂ ‚‡Ë‡ÌÚ˚.

ëÓÒÚÓflÌËÂ ÔËÁ‡·ÓÈÌÓÈ ÁÓÌ˚.....................................     ks < k      ks > k       ks = k
ëÍËÌ-˝ÙÙÂÍÚ..........................................................     S > 0      S < 0       S = 0
ëÓÓÚÌÓ¯ÂÌËÂ ÔÓ‰ÛÍÚË‚ÌÓÒÚÂÈ ...................................     éè < 1   éè > 1    éè = 1
ëÓÓÚÌÓ¯ÂÌËÂ „Ë‰ÓÔÓ‚Ó‰ÌÓÒÚÂÈ.................................     éÉ > 1    éÉ < 1    éÉ = 1
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í ‡ · Î Ë ˆ ‡ 12.1

èÓÔ‡‚Ó˜Ì˚È  ÍÓ˝ÙÙËˆËÂÌÚ  ‰Îfl ‡Ò˜ÂÚ‡ ÒÍËÌ-˝ÙÙÂÍÚ‡

ÉË‰ÓÔÓ‚Ó‰ÌÓÒÚ¸
ÔÎ‡ÒÚÓ‚,

èÓÔ‡‚Í‡ ‰Îfl ‡ÁÌ˚ı ÁÌ‡˜ÂÌËÈ ÔÓËÁ‚Â‰ÂÌËfl ˝ÙÙÂÍÚË‚ÌÓÈ ÚÓÎ˘ËÌ˚
ÔÎ‡ÒÚÓ‚ (Ï) Ì‡ Í‚‡‰‡Ú ‡‰ËÛÒ‡ ÒÚ‚ÓÎ‡ ‚ ËÌÚÂ‚‡ÎÂ ÔÎ‡ÒÚÓ‚ (ÒÏ2)

ëÂ‰ÌÂÂ
ÁÌ‡˜ÂÌËÂ

Ï3/è‡⋅Ò⋅10-–11 100 200 400 800 1500 300 600 800 >8000 ÔÓÔ‡‚ÍË

0,1 1,5 1,2 0,9 0,7 0,4 0,5 0,4 0,3 0,2 0,7
0,5 2,2 1,9 1,6 1,3 1,0 0,7 0,5 0,4 0,3 1,1
1,0 2,5 2,2 1,9 1,6 1,3 1,0 0,7 0,6 0,4 1,3
2,0 2,8 2,5 2,2 1,9 1,6 1,3 1,0 0,9 0,6 1,7
5,0 3,2 2,9 2,6 2,3 2,0 1,7 1,4 1,3 1,0 2,0
10,0 3,5 3,2 2,9 2,6 2,3 2,0 1,7 1,6 1,2 2,3
20,0 3,8 3,5 3,2 2,9 2,6 2,3 2,0 1,9 1,6 2,6
50,0 4,2 3,9 3,6 3,3 3,0 2,7 2,4 2,3 1,8 3,0
100,0 4,5 4,2 3,9 3,5 3,3 3,0 2,7 2,6 2,2 3,3
200,0 4,8 4,5 4,2 3,9 3,6 3,3 2,0 2,7 2,5 3,6

12.3. éèêÖÑÖãÖçàÖ ëäàç-ùîîÖäíÄ à éíçéòÖçàü èêéÑìäíàÇçéëíÖâ

á‡‰‡˜‡ 12.1

éÔÂ‰ÂÎËÚ¸ ÒÓÒÚÓflÌËÂ ÔËÁ‡·ÓÈÌÓÈ ÁÓÌ˚ Ë Í‡˜ÂÒÚ‚Ó ‚ÒÍ˚ÚËfl ÔÎ‡ÒÚÓ‚ Ì‡
ÓÒÌÓ‚‡ÌËË ÂÁÛÎ¸Ú‡ÚÓ‚ ËÒÔ˚Ú‡ÌËfl ‚ ÔÓˆÂÒÒÂ ·ÛÂÌËfl ÒÍ‚‡ÊËÌ˚.

ëÍ‚. 25 ûÊÌÓ-É‚ËÁ‰ÂˆÍ‡fl. àÌÚÂ‚‡Î ËÒÔ˚Ú‡ÌËfl 2884 – 2924 Ï. ÇÓ ‚ÂÏfl
ËÒÔ˚Ú‡ÌËfl 12.01.95 „. Ò ÔÓÏÓ˘¸˛ ÔÎ‡ÒÚÓËÒÔ˚Ú‡ÚÂÎfl ÔÓÎÛ˜ÂÌ ÔËÚÓÍ ÌÂÙÚÂ-
„‡ÁÓ‚ÓÈ ÒÏÂÒË Ó·˙ÂÏÓÏ 3 Ï3 Á‡ 80 ÏËÌ, ˜ÚÓ ÒÓÓÚ‚ÂÚÒÚ‚ÛÂÚ ‰Â·ËÚÛ 54 Ï3/ÒÛÚ
ÔË ËÁÏÂÌÂÌËË Á‡·ÓÈÌÓ„Ó ‰‡‚ÎÂÌËfl ÓÚ 12,8 ‰Ó 15,7 åè‡ Ì‡ „ÎÛ·ËÌÂ 2875 Ï.

ÑÓÔÓÎÌËÚÂÎ¸Ì˚Â ‰‡ÌÌ˚Â: ÔÎÓÚÌÓÒÚ¸ ÌÂÙÚË 845 Í„/Ï3; Ó·˙ÂÏÌ˚È ÍÓ˝Ù-
ÙËˆËÂÌÚ 1,38; ˝ÙÙÂÍÚË‚Ì‡fl ÚÓÎ˘ËÌ‡ ÔÎ‡ÒÚÓ‚ ‚ ËÌÚÂ‚‡ÎÂ ËÒÔ˚Ú‡ÌËfl 15 Ï;
‡‰ËÛÒ ÒÚ‚ÓÎ‡ ÒÍ‚‡ÊËÌ˚ ‚ ËÌÚÂ‚‡ÎÂ ËÒÔ˚Ú‡ÌËfl 0,096 Ï.

Ç Ú‡·Î. 12.2 Ò‚Â‰ÂÌ˚ ÂÁÛÎ¸Ú‡Ú˚ ‚ÓÒÒÚ‡ÌÓ‚ÎÂÌËfl ‰‡‚ÎÂÌËfl Ì‡ „ÎÛ·ËÌÂ
2875 Ï ÔÓÒÎÂ Á‡Í˚ÚËfl ÍÎ‡Ô‡Ì‡ Ì‡ Á‡·ÓÂ ÒÍ‚‡ÊËÌ˚

êËÒ. 12.4. É‡ÙËÍ ‚ÓÒÒÚ‡ÌÓ‚ÎÂÌËfl ‰‡‚ÎÂÌËfl ‚
ÒÍ‚. 25 ûÊÌÓ-É‚ËÁ‰ÂˆÍ‡fl, ÔÓÒÚÓÂÌÌ˚È ÔÓ
ÏÂÚÓ‰Û ïÓÌÂ‡ (ËÌÚÂ‚‡Î ËÒÔ˚Ú‡ÌËfl 2884–
2923 Ï)

í ‡ · Î Ë ˆ ‡  12.2

èÓ‰ÓÎÊËÚÂÎ¸ÌÓÒ
Ú¸ ‚ÓÒÒÚ‡ÌÓ‚ÎÂÌËfl

‰‡‚ÎÂÌËfl, ÏËÌ
Ñ‡‚ÎÂÌËÂ,

åè‡     
lg +T t

t( )
0 15,70 –
5 17,30 1,1716
10 18,30 0,9031
15 18,95 0,7533
20 19,05 0,6532
30 19,10 0,5228
50 19,15 0,3802
70
90

19,20
19,20

0,3010
–

è  Ë Ï Â ̃  ‡ Ì Ë Â .  èÓ‰ÓÎÊËÚÂÎ¸ÌÓÒÚ¸ ÔË-
ÚÓÍ‡ ÔÂÂ‰ Á‡Í˚ÚËÂÏ ÍÎ‡Ô‡Ì‡ í = 70 ÏËÌ.
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êÂ¯ÂÌËÂ.
éÒÌÓ‚ÓÈ ‰Îfl ‡Ò˜ÂÚ‡ ı‡‡ÍÚÂËÒÚËÍË ÔÎ‡ÒÚÓ‚ Ë ÔËÁ‡·ÓÈÌÓÈ ÁÓÌ˚

fl‚ÎflÂÚÒfl ÔÓÒÚÓÂÌÌ˚È ÏÂÚÓ‰ÓÏ ïÓÌÂ‡ „‡ÙËÍ ‚ÓÒÒÚ‡ÌÓ‚ÎÂÌËfl ‰‡‚ÎÂÌËfl
(ËÒ. 12.4).

èÓ Û„ÎÛ Ì‡ÍÎÓÌ‡ ÔflÏÓÎËÌÂÈÌÓ„Ó ÍÓÎ¸ˆÂ‚Ó„Ó ÓÚÂÁÍ‡ Ì‡ „‡ÙËÍÂ ‚ÓÒ-
ÒÚ‡ÌÓ‚ÎÂÌËfl ‰‡‚ÎÂÌËfl ÓÔÂ‰ÂÎflÂÚ „Ë‰ÓÔÓ‚Ó‰ÌÓÒÚ¸ ÔÎ‡ÒÚÓ‚.
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èÓÒÍÓÎ¸ÍÛ Ó·˙ÂÏ ÔËÚÓÍ‡ ÌÂÙÚË Ò „‡ÁÓÏ ÓÔÂ‰ÂÎfl˛Ú Ì‡ ÓÒÌÓ‚‡ÌËË
ÔËÓÒÚ‡ ÛÓ‚Ìfl ÊË‰ÍÓÒÚË ‚ ÒÍ‚‡ÊËÌÂ ÔÂÂ‰ Á‡Í˚ÚËÂÏ Ì‡ ‚ÓÒÒÚ‡ÌÓ‚ÎÂÌËÂ
‰‡‚ÎÂÌËfl, ÚÓ Ò˜ËÚ‡ÂÚÒfl, ˜ÚÓ Ó·˙ÂÏÌ˚È ÍÓ˝ÙÙËˆËÂÌÚ ‡‚ÂÌ ÌÛÎ˛.

èÓ ÙÓÏÛÎÂ (12.14) ÓÔÂ‰ÂÎfl˛Ú ÒÍËÌ-˝ÙÙÂÚ

      
S T c

p p

i
=

−
− −ÔÎ Á lg ,

„‰Â pÔÎ – ÔÎ‡ÒÚÓ‚ÓÂ ‰‡‚ÎÂÌËÂ, åè‡; pÁ – Á‡·ÓÈÌÓÂ ‰‡‚ÎÂÌËÂ ‚ ÍÓÌˆÂ ÔÂËÓ‰‡
ÔËÚÓÍ‡, åè‡; í – ÔÓ‰ÓÎÊËÚÂÎ¸ÌÓÒÚ¸ ÔËÚÓÍ‡ (ÓÚÍ˚ÚÓ„Ó ÔÂËÓ‰‡) ÔÂÂ‰
Á‡Í˚ÚËÂÏ Ì‡ ‚ÓÒÒÚ‡ÌÓ‚ÎÂÌËÂ ‰‡‚ÎÂÌËfl, ÏËÌ.

èÓÔ‡‚Ó˜Ì˚È ÍÓ˝ÙÙËˆËÂÌÚ Ò ÓÔÂ‰ÂÎfl˛Ú ÔÓ Ú‡·Î.12.1, ÁÌ‡˜ÂÌËÂ ÍÓÚÓ-

Ó„Ó ‰Îfl 
    
kh r hµ = ⋅ = =− ⋅24 9 10 0 098 1511,  ,  ( )Ï / è‡ Ò ;3

c ˝ÙÏ Ë  Ï‡‚ÌÓ 2,6.
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ÑÓÔÓÎÌËÚÂÎ¸Ì˚Â ÔÓÚÂË ‰ÂÔÂÒÒËË ‰Îfl ÁÌ‡˜ÂÌËfl ÒÍËÌ-˝ÙÙÂÍÚ‡ ∆ps =   
= iS = 0,46×3,4 = 1,56 åè‡.

éÚÌÓ¯ÂÌËÂ ÔÓ‰ÛÍÚË‚ÌÓÒÚÂÈ
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èÓÎÛ˜ÂÌÌ˚Â ÂÁÛÎ¸Ú‡Ú˚ Ò‚Ë‰ÂÚÂÎ¸ÒÚ‚Û˛Ú Ó ÚÓÏ, ˜ÚÓ Ì‡ÎË˜ËÂ ÒÍËÌ-
˝ÙÙÂÍÚ‡ ‚ ÔËÁ‡·ÓÈÌÓÈ ÁÓÌÂ ÔË‚Ó‰ËÚ Í ÒÌËÊÂÌË˛ ÂÂ ÔÓËÁ‚Ó‰ËÚÂÎ¸ÌÓÒÚË
Ì‡ 45 %.

á‡‰‡˜‡ 12.2

Ñ‡Ú¸ ÓˆÂÌÍÛ ÓÚÌÓ¯ÂÌË˛ ÔÓ‰ÛÍÚË‚ÌÓÒÚÂÈ Ì‡ ÓÒÌÓ‚‡ÌËË ÍË‚ÓÈ ‚ÓÒÒÚ‡ÌÓ‚ÎÂ-
ÌËfl ‰‡‚ÎÂÌËfl ‰Îfl ÌÂÙÚÂ‰Ó·˚‚‡˛˘ÂÈ ÙÓÌÚ‡ÌËÛ˛˘ÂÈ ÒÍ‚‡ÊËÌ˚.

ëÍ‚. 6 ëÚÛÚËÌÒÍ‡fl. àÌÚÂ‚‡Î ÙËÎ¸Ú‡ 2145–2210 Ï. ùÙÙÂÍÚË‚Ì‡fl ÚÓÎ-
˘ËÌ‡ ÔÎ‡ÒÚÓ‚ ‚ ËÌÚÂ‚‡ÎÂ ÙËÎ¸Ú‡ 19 Ï. ê‡‰ËÛÒ ÒÚ‚ÓÎ‡ ‚ ËÌÚÂ‚‡ÎÂ ÔÂÙÓ-
‡ˆËË 0,1 Ï. ÑÂ·ËÚ ÌÂÙÚË ÔÂÂ‰ Á‡Í˚ÚËÂÏ ÒÍ‚‡ÊËÌ˚ 41 Ï3/ÒÛÚ. èÎ‡ÒÚÓ‚ÓÂ
‰‡‚ÎÂÌËÂ 24,2 åè‡. á‡·ÓÈÌÓÂ ‰‡‚ÎÂÌËÂ ÔÂÂ‰ Á‡Í˚ÚËÂÏ ÒÍ‚‡ÊËÌ˚       
14,4 åè‡. ë‚ÓÈÒÚ‚‡ ÌÂÙÚË ‚ ÔÎ‡ÒÚÓ‚˚ı ÛÒÎÓ‚Ëflı: ‚flÁÍÓÒÚ¸ 1,5 Ïè‡⋅Ò; Ó·˙ÂÏ-
Ì˚È ÍÓ˝ÙÙËˆËÂÌÚ 1,45; ÍÓ˝ÙÙËˆËÂÌÚ ÒÊ‡ÚËfl 2⋅10–3 åÔ‡–1.

êÂÁÛÎ¸Ú‡Ú˚ ‚ÓÒÒÚ‡ÌÓ‚ÎÂÌËfl ‰‡‚ÎÂÌËfl ÔÓÒÎÂ Á‡Í˚ÚËfl ÒÍ‚‡ÊËÌ˚ Ò‚Â‰Â-
Ì˚ ‚ Ú‡·Î. 12.3. èÓ ÏÂÚÓ‰Û Í‡Ò‡ÚÂÎ¸ÌÓÈ ÔÓÒÚÓÂÌ „‡ÙËÍ ‚ÓÒÒÚ‡ÌÓ‚ÎÂÌËfl
‰‡‚ÎÂÌËfl (ËÒ. 12.5). èÓ Û„ÎÓ‚ÓÏÛ ÍÓ˝ÙÙËˆËÂÌÚÛ ÔflÏÓÎËÌÂÈÌÓ„Ó ÍÓÌÂ˜ÌÓ„Ó
ÓÚÂÁÍ‡ (I = 1,5) ÓÔÂ‰ÂÎfl˛Ú „Ë‰ÓÔÓ‚Ó‰ÌÓÒÚ¸ ÔÎ‡ÒÚÓ‚, ÒÓÒÚÓflÌËÂ ÔËÁ‡-
·ÓÈÌÓÈ ÁÓÌ˚ Ë ÓÚÌÓ¯ÂÌËÂ ÔÓ‰ÛÍÚË‚ÌÓÒÚÂÈ.
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êÂ¯ÂÌËÂ
ÉË‰ÓÔÓ‚Ó‰ÌÓÒÚ¸ ÔÎ‡ÒÚÓ‚

    

kh Q b

iµ
= ⋅ = ⋅ ×− −⋅

0 208 10 0 208 1011 11, ,

× 
  

41 1 45

1 5
8 2 10 11⋅

= ⋅ ⋅( )−,

,
, /  ,Ï è‡ Ò3

ÒÍËÌ-˝ÙÙÂÍÚ

    
S

p p

i
t c=

−
− − =ÔÎ Á lg

= 
  

24 1 14 1

1 5
2 2 1 8 2 6

, ,

,
, , , ,

−
− − =

‰ÓÔÓÎÌËÚÂÎ¸Ì˚Â ÔÓÚÂË ‰ÂÔÂÒÒËË

    ∆p iS= = ⋅ =1 5 2 6 3 9, , ,  åè‡,

ÓÚÌÓ¯ÂÌËÂ ÍÓ˝ÙÙËˆËÂÌÚÓ‚ ÔÓ‰ÛÍÚË‚ÌÓÒÚÂÈ (Ù‡ÍÚË˜ÂÒÍÓ„Ó Í ÔÓÚÂÌˆË‡Î¸ÌÓ-
ÏÛ)

    
éè

p p p

p p
=

− −

−
= =

− −

−

ÔÎ Á Á

ÔÎ Á

∆ 24 1 14 1 2 6

24 1 14 1
0 74

, , ,

, ,
, .

êËÒ. 12.5. É‡ÙËÍ ‚ÓÒÒÚ‡ÌÓ‚ÎÂÌËfl ‰‡‚ÎÂÌËfl ‚ ÒÍ‚.
6 ëÚÛÚËÌÒÍ‡fl (ËÌÚÂ‚‡Î ÙËÎ¸Ú‡ 2145–2210 Ï)

í ‡ · Î Ë ˆ ‡  1 2 . 3 

êÂÁÛÎ¸Ú‡Ú˚ ‚ÓÒÒÚ‡ÌÓ‚ÎÂÌËfl ‰‡‚ÎÂÌËfl ‚ Á‡Í˚ÚÓÈ ÒÍ‚. 6 ëÚÛÚËÌÒÍ‡fl
èÓ‰ÓÎÊË-
ÚÂÎ¸ÌÓÒÚ¸ Á‡-
Í˚ÚËfl ÒÍ‚‡-

ÊËÌ˚ t, Ò

lgt
á‡·ÓÈÌÓÂ ‰‡‚-
ÎÂÌËÂ Ì‡ „ÎÛ-
·ËÌÂ 2100 Ï,

åè‡

∆p, åè‡
èÓ‰ÓÎÊË-
ÚÂÎ¸ÌÓÒÚ¸ Á‡-
Í˚ÚËfl ÒÍ‚‡-

ÊËÌ˚ t, Ò

lgt
á‡·ÓÈÌÓÂ

‰‡‚ÎÂÌËÂ Ì‡
„ÎÛ·ËÌÂ

2100 Ï, åè‡

∆p, åè‡

0 – 14,40 – 6 000 3,780 23,52 9,12
600 2,778 16,50 2,10 6 600 3,820 23,60 9,20
1 200 3,080 18,15 3,75 7 200 3,857 23,66 9,26
1 800 3,255 19,75 5,35 7 800 3,892 23,71 9,31
2 400 3,380 20,95 6,55 8 400 3,924 23,76 9,36
3 000 3,477 21,95 7,55 9 000 3,954 23,81 9,41
3 600 3,556 22,45 8,05 9 600 3,982 23,85 9,45
4 200 3,623 22,80 8,40 10 200 4,010 23,88 9,48
4 800 3,680 23,10 8,70 10 800 4,033 23,91 9,51
5 400 3,732 23,35 8,95



í‡ÍËÏ Ó·‡ÁÓÏ, ‚ÒÎÂ‰ÒÚ‚ËÂ ÒÍËÌ-˝ÙÙÂÍÚ‡ ÔÓËÁ‚Ó‰ËÚÂÎ¸ÌÓÒÚ¸ ÒÍ‚‡ÊËÌ˚
ÛÏÂÌ¸¯ÂÌ‡ ÔËÏÂÌÓ Ì‡ 26 %.

á‡‰‡˜‡ 12.3

éÔÂ‰ÂÎËÚ¸ ÒÓÒÚÓflÌËÂ ÔËÁ‡·ÓÈÌÓÈ ÁÓÌ˚ ÒÍ‚‡ÊËÌ˚ ‰Ó ÍËÒÎÓÚÌÓÈ Ó·‡·ÓÚÍË
ÔÎ‡ÒÚÓ‚ Ë ÔÓÒÎÂ ÌÂÂ Ì‡ ÓÒÌÓ‚‡ÌËË ÍË‚ÓÈ Ô‡‰ÂÌËfl ‰‡‚ÎÂÌËfl ÔÓÒÎÂ ÔÂÍ‡-
˘ÂÌËfl Ì‡Í‡˜Ë‚‡ÌËfl ‚Ó‰˚.

ëÍ‚. 38 – ãÛÍ‚ËÌÒÍ‡fl. àÌÚÂ‚‡Î ÙËÎ¸Ú‡ 1300–1407 Ï. ùÙÙÂÍÚË‚Ì‡fl
ÚÓÎ˘ËÌ‡ ÔÎ‡ÒÚÓ‚ ‚ ËÌÚÂ‚‡ÎÂ ÙËÎ¸Ú‡ 25 Ï. ê‡‰ËÛÒ ÒÍ‚‡ÊËÌ˚ ‚ ËÌÚÂ‚‡ÎÂ
ÙËÎ¸Ú‡ rÒ = 0,1 Ï.

ÑÎfl ÓÔÂ‰ÂÎÂÌËfl ı‡‡ÍÚÂËÒÚËÍ ÔÎ‡ÒÚÓ‚ ÔÓ‚Â‰ÂÌÓ ËÒÒÎÂ‰Ó‚‡ÌËÂ ÏÂÚÓ-
‰ÓÏ ÒÌËÊÂÌËfl ‰‡‚ÎÂÌËfl ÔÓÒÎÂ ÔÂÍ‡˘ÂÌËfl Ì‡„ÌÂÚ‡ÌËfl Í‡Í ‰Ó ÍËÒÎÓÚÌÓÈ
Ó·‡·ÓÚÍË ÔÎ‡ÒÚÓ‚ (9–10.06.93 „.), Ú‡Í Ë ÔÓÒÎÂ ÍËÒÎÓÚÌÓÈ Ó·‡·ÓÚÍË (20–   
21. 08. 93 „.).

èËÂÏËÒÚÓÒÚ¸ ÒÍ‚‡ÊËÌ˚ ‰Ó ÍËÒÎÓÚÌÓÈ Ó·‡·ÓÚÍË ÒÓÒÚ‡‚ÎflÎ‡ 62 Ï3/ÒÛÚ,
‡ ÔÓÒÎÂ ÍËÒÎÓÚÌÓÈ Ó·‡·ÓÚÍË 80 Ï3/ÒÛÚ.

êÂÁÛÎ¸Ú‡Ú˚ Â„ËÒÚ‡ˆËË ËÁÏÂÌÂÌËfl ‰‡‚ÎÂÌËfl Ì‡ ÛÒÚ¸Â ÒÍ‚‡ÊËÌ˚, Á‡-
Í˚ÚÓÈ Í‡Í ÔÓÒÎÂ Ì‡„ÌÂÚ‡ÌËfl ‚Ó‰˚, Ú‡Í Ë ÔÓÒÎÂ ÍËÒÎÓÚÌÓÈ Ó·‡·ÓÚÍË, Ò‚Â‰Â-
Ì˚ ‚ Ú‡·Î. 12.4. ç‡ ËÒ. 12.6 ËÁÓ·‡ÊÂÌ˚ ÍË‚˚Â ‚ÓÒÒÚ‡ÌÓ‚ÎÂÌËfl ‰‡‚ÎÂÌËfl
‰Ó (ÍË‚‡fl I) Ë ÔÓÒÎÂ (ÍË‚‡fl II) ÍËÒÎÓÚÌÓÈ Ó·‡·ÓÚÍË, ÔÓÒÚÓÂÌÌ˚Â ‚ ÍÓ-
Ó‰ËÌ‡Ú‡ı ∆êÚ = f(lgt). Ñ‚‡ ÔflÏÓÎËÌÂÈÌ˚ı ÓÚÂÁÍ‡ 1 Ë 1′ ÓÚ‚Â˜‡˛Ú ÒÓÒÚÓfl-
ÌË˛ ÙËÎ¸Ú‡ˆËÓÌÌ˚ı ÒÓÔÓÚË‚ÎÂÌËÈ ‚ ÔËÁ‡·ÓÈÌÓÈ ÁÓÌÂ, ‡ ÓÚÂÁÍË 2 Ë 2′  ‚
Û‰‡ÎÂÌÌÓÈ ÁÓÌÂ ÔÎ‡ÒÚ‡. ç‡ ÓÒÌÓ‚‡ÌËË Û„ÎÓ‚˚ı ÍÓ˝ÙÙËˆËÂÌÚÓ‚ ˝ÚËı ÓÚÂÁ-
ÍÓ‚ ‚˚Ò˜ËÚ˚‚‡˛Ú Ô‡‡ÏÂÚ˚ ÔÎ‡ÒÚÓ‚ ‚ ÔËÁ‡·ÓÈÌÓÈ Ë Û‰‡ÎÂÌÌÓÈ ÁÓÌ‡ı.

êÂ¯ÂÌËÂ
ê‡Ò˜ÂÚ ‰Ó ÍËÒÎÓÚÌÓÈ Ó·‡·ÓÚÍË (ËÒ. 12.6, ÍË‚‡fl I):
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êËÒ. 12.6. É‡ÙËÍË Ô‡‰ÂÌËfl ‰‡‚ÎÂÌËfl ÔÓÒÎÂ ÔÂ-
Í‡˘ÂÌËfl Ì‡„ÌÂÚ‡ÌËfl ‚Ó‰˚ ‚ ÒÍ‚. 38 ãÛÍ‚ËÌÒÍ‡fl:
I – ‰Ó ÍËÒÎÓÚÌÓÈ Ó·‡·ÓÚÍË; II – ÔÓÒÎÂ ÍËÒ-
ÎÓÚÌÓÈ Ó·‡·ÓÚÍË

çÓÏÂ ÍË‚ÓÈ......... I II
 i1 ......................... 7,3 4,6
 i2......................... 1,02 1,03



í ‡ · Î Ë ˆ ‡  12.4
êÂÁÛÎ¸Ú‡Ú˚ ÒÌËÊÂÌËfl  ‰‡‚ÎÂÌËfl  ÔÓÒÎÂ ÔÂÍ‡˘ÂÌËfl  Ì‡„ÌÂÚ‡ÌËfl ‚Ó‰˚ ‚ ÒÍ‚.  38 ãÛÍ‚ËÌÒÍ‡fl

Ñ‡Ú‡ ÇÂÏfl, ˜–ÏËÌ
àÁ·˚ÚÓ˜ÌÓÂ

‰‡‚ÎÂÌËÂ, åè‡ ∆p, åè‡ t, Ò lgt

ÑÓ ÍËÒÎÓÚÌÓÈ Ó·‡·ÓÚÍË

9.06.93 14–30 11,00 ëÍ‚‡ÊËÌ‡ Á‡Í˚Ú‡
14–33 10,20 0,8 180 2,2553
14–34 9,00 2,0 240 2,3802
14–35 8,50 2,5 300 2,4771
14–36 8,00 3,0 360 2,5563
14–38 7,10 3,9 480 2,6812
14–39 6,80 4,2 540 2,7384
14–40 6,40 4,6 600 2,7781
14–41 6,10 4,9 660 2,8195
14–42 5,80 5,2 720 2,8573
14–44 5,30 5,7 840 2,9243
14–46 4,80 6,2 960 2,9823
14–48 4,40 6,6 1 080 3,0334
14–50 4,10 6,9 1 200 3,0792
14–52 3,80 7,2 1 320 3,1206
14–55 3,50 7,5 1 500 3,1761
15–00 3,00 8,0 1 800 3,2553
15–03 2,80 8,2 1 980 3,2967
15–06 2,55 8,45 2 160 3,3344
15–10 2,38 8,62 2 400 3,3802
15–15 2,20 8,80 2 700 3,4344
15–30 1,82 9,18 2 600 3,5563
15–45 1,63 9,37 4 500 3,6532
16–00 1,50 9,50 5 400 3,7324
16–30 1,20 9,80 7 200 3,8573
17–00 1,04 9,96 9 000 3,9542
17 – 30 0,94 10,06 10 800 4,0334
18 – 00 0,83 10,17 12 600 4,1004

10.06.93 11–30 0,10 10,90 75 600 4,8775

èÓÒÎÂ ÍËÒÎÓÚÌÓÈ Ó·‡·ÓÚÍË

20.08.93 15–20 9,25 ëÍ‚‡ÊËÌ‡ Á‡Í˚Ú‡
15–21 7,32 1,93 60 1,7781
15–22 6,72 2,53 120 2,0792
15–22 6,72 2,53 120 2,0792
15–23 5,95 3,30 180 2,2553
15–24 5,25 4,00 240 2,3802

20.08.93 15–25 4,80 4,45 300 2,4771
15–26 4,35 4,90 360 2,5563
15–27 4,03 5,22 420 2,6232
15–28 3,78 5,47 480 2,6812
15–29 3,52 5,73 540 2,7384
15–30 3,30 5,95 600 2,7781
15–31 3,14 6,11 660 2,8195
15–32 2,98 6,27 720 2,8573
15–33 2,84 6,41 780 2,8921
15–34 2,73 6,52 840 2,9243
15–35 2,63 6,62 900 2,9542
15–40 2,00 6,99 1 200 3,0792
15–45 2,26 7,25 1 500 3,1761
15–50 1,78 7,47 1 800 3,2553
15–55 1,66 7,59 2 100 3,3222
16–00 1,53 7,72 2 400 3,3802
16–10 1,34 7,91 3 000 3,4771
16–20 1,22 8,03 3 600 3,5563
16–30 1,15 8,10 4 200 3,6232
16–40 1,06 8,19 4 800 3,6812
17–00 0,96 8,29 6 000 3,7781
17–50 0,91 8,44 9 000 3,9542
18–20 0,72 8,53 10 800 4,1206
19–00 0,63 8,62 13 200 4,1026



„Ë‰ÓÔÓ‚Ó‰ÌÓÒÚ¸ Û‰‡ÎÂÌÌÓÈ ÁÓÌ˚
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„‰Â ∆pÚ – ÍÓÌÂ˜ÌÓÂ ÁÌ‡˜ÂÌËÂ ËÁÏÂÌÂÌËfl ‰‡‚ÎÂÌËfl, åè‡, Á‡ ‚ÂÏfl t, ÏËÌ; Ò –

ÔÓÔ‡‚Ó˜Ì˚È ÍÓ˝ÙÙËˆËÂÌÚ (ÒÏ. Ú‡·Î. 12.1) ‰Îfl 
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
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


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ÑÓÔÓÎÌËÚÂÎ¸Ì˚Â ÔÓÚÂË ‰‡‚ÎÂÌËfl
∆ps = irS = 1,02⋅5,5 = 5,6 åè‡.
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èÓÎÛ˜ÂÌÌ˚Â ı‡‡ÍÚÂËÒÚËÍË ‰‡˛Ú ÓÒÌÓ‚‡ÌËÂ Ò˜ËÚ‡Ú¸, ˜ÚÓ Ì‡ÎË˜ËÂ ÒÍËÌ-
˝ÙÙÂÍÚ‡ ÛÏÂÌ¸¯‡ÂÚ ÍÓ˝ÙÙËˆËÂÌÚ ÔËÂÏËÒÚÓÒÚË ÒÍ‚‡ÊËÌ˚ Ì‡ 52 %. èÓÒÎÂ
ÍËÒÎÓÚÌÓÈ Ó·‡·ÓÚÍË ÔËÁ‡·ÓÈÌÓÈ ÁÓÌ˚ ÒÍËÌ-˝ÙÙÂÍÚ ÔÓÎÌÓÒÚ¸˛ ÌÂ ÎËÍ‚Ë-
‰ËÓ‚‡Ì, ‡ ÍÓ˝ÙÙËˆËÂÌÚ ÔËÂÏËÒÚÓÒÚË Û‚ÂÎË˜ËÎÒfl ÚÓÎ¸ÍÓ Ì‡ 12 %, ˜ÚÓ Ò‚Ë-
‰ÂÚÂÎ¸ÒÚ‚ÛÂÚ Ó ÌÂ‰ÓÒÚ‡ÚÓ˜ÌÓÈ ˝ÙÙÂÍÚË‚ÌÓÒÚË Ó·‡·ÓÚÍË ÒÍ‚‡ÊËÌ˚.




