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é·˘ÂÔËÌflÚ˚Ï ÏÂÚÓ‰ÓÏ ÓÔËÒ‡ÌËfl ÔÓÒÚÛÔÎÂ-
ÌËfl Ë ‚˚‚Â‰ÂÌËfl ‡‰ËÓÌÛÍÎË‰Ó‚ ËÁ Ó„‡ÌËÁÏ‡ ÊË-
‚ÓÚÌ˚ı fl‚ÎflÂÚÒfl ÔÓÒÚÓÂÌËÂ ÏÌÓ„ÓÍ‡ÏÂÌ˚ı ÏÓ-
‰ÂÎÂÈ Ó·ÏÂÌ‡ Ë Â¯ÂÌËÂ ‰ËÙÙÂÂÌˆË‡Î¸Ì˚ı
Û‡‚ÌÂÌËÈ ‰Îfl ÒÓ‰ÂÊËÏÓ„Ó Í‡ÏÂ ‚ ÔË·ÎËÊÂ-
ÌËË ÔÓÔÓˆËÓÌ‡Î¸ÌÓÒÚË ÒÍÓÓÒÚË ‚˚‚Â‰ÂÌËfl ‡-
‰ËÓÌÛÍÎË‰Ó‚ Ëı ÍÓÎË˜ÂÒÚ‚Û ‚ ÒÓÓÚ‚ÂÚÒÚ‚Û˛˘ÂÈ
Í‡ÏÂÂ [1] (Ú‡Í Ì‡Á˚‚‡ÂÏÓÂ ÔË·ÎËÊÂÌËÂ ÔÂ‚Ó„Ó
Ó‰‡). Ç˚·Ó ÍÓÎË˜ÂÒÚ‚‡ Í‡ÏÂ ‚ ÏÓ‰ÂÎflı Ë Ô‡‡-
ÏÂÚËÁ‡ˆË˛ ÔÓËÁ‚Ó‰flÚ Ì‡ ÓÒÌÓ‚Â ˝ÍÒÔÂËÏÂÌ-
Ú‡Î¸Ì˚ı ‰‡ÌÌ˚ı ‰Îfl Í‡Ê‰Ó„Ó ‚Ë‰‡ ÊË‚ÓÚÌ˚ı Ë
ÓÚ‰ÂÎ¸Ì˚ı „ÛÔÔ ‡‰ËÓÌÛÍÎË‰Ó‚, ·ÎËÁÍËı ÔÓ ·ËÓ-
ıËÏË˜ÂÒÍËÏ Ò‚ÓÈÒÚ‚‡Ï. é˜Â‚Ë‰ÌÓ, ˜ÚÓ ˜ÂÏ ·ÓÎ¸-
¯Â Í‡ÏÂ, ÚÂÏ ÎÛ˜¯Â ÏÓÊÌÓ ÓÔËÒ‡Ú¸ ˝ÍÒÔÂËÏÂÌ-
Ú‡Î¸Ì˚Â ‰‡ÌÌ˚Â, Ó‰Ì‡ÍÓ ÔË ˝ÚÓÏ ·ÓÎÂÂ ÒÎÓÊÌÓ
ÓÔÂ‰ÂÎËÚ¸ Ô‡‡ÏÂÚ˚ Í‡Ê‰ÓÈ Í‡ÏÂ˚. ó‡ÒÚÓ
˝ÍÒÔÂËÏÂÌÚ‡Î¸Ì˚ı ‰‡ÌÌ˚ı ÏÓÊÂÚ ·˚Ú¸ ÌÂ‰ÓÒÚ‡-
ÚÓ˜ÌÓ ‰Îfl Ô‡‡ÏÂÚËÁ‡ˆËË ÏÓ‰ÂÎË. èÓ˝ÚÓÏÛ ËÒ-
ÒÎÂ‰Ó‚‡ÚÂÎ¸ ‰ÓÎÊÂÌ ‚˚·‡Ú¸ Ì‡Ë·ÓÎÂÂ ÓÔÚËÏ‡Î¸-
Ì˚È ‚‡Ë‡ÌÚ ÏÓ‰ÂÎ¸ÌÓ„Ó ÓÔËÒ‡ÌËfl ÏÂÚ‡·ÓÎËÁÏ‡
‡‰ËÓÌÛÍÎË‰Ó‚ ËÒıÓ‰fl ËÁ Ó·˙ÂÏ‡ ˝ÍÒÔÂËÏÂÌ-
Ú‡Î¸ÌÓÈ ËÌÙÓÏ‡ˆËË.

ñÂÎ¸˛ Ì‡ÒÚÓfl˘ÂÈ ‡·ÓÚ˚ fl‚ÎflÂÚÒfl ‡Á‡·ÓÚ-
Í‡ ÔÓÒÚÓÈ Ï‡ÚÂÏ‡ÚË˜ÂÒÍÓÈ ÏÓ‰ÂÎË, ÓÔËÒ˚‚‡˛-
˘ÂÈ ÔÓÒÚÛÔÎÂÌËÂ Ë ‚˚‚Â‰ÂÌËÂ 
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Cs ‚ Ó„‡ÌËÁÏ
ÒÂÎ¸ÒÍÓıÓÁflÈÒÚ‚ÂÌÌ˚ı ÊË‚ÓÚÌ˚ı ÔË ıÓÌË˜ÂÒ-
ÍÓÏ ÔÓÚÂ·ÎÂÌËË Á‡„flÁÌÂÌÌÓ„Ó ÍÓÏ‡ Ë Û˜ËÚ˚-

‚‡˛˘ÂÈ ËÁÏÂÌÂÌËfl ‚ ÏÂÚ‡·ÓÎËÁÏÂ ‡‰ËÓÌÛÍÎË‰‡
Ò ‚ÓÁ‡ÒÚÓÏ.

ÑÎfl ÓÔËÒ‡ÌËfl ÔÂ‰Î‡„‡ÂÚÒfl ÏÓ‰ÂÎ¸, ÒÓÒÚÓfl˘‡fl
ËÁ ‰‚Ûı Í‡ÏÂ, Í‡Ê‰‡fl ÒÓ Ò‚ÓËÏ Í‡Ì‡ÎÓÏ ‚˚‚Â‰Â-
ÌËfl. Ç ‰‡ÌÌÓÏ ÔÂ‰ÒÚ‡‚ÎÂÌËË (ËÒ. 1) ÔÂ‚‡fl Í‡ÏÂ-
‡ Ó·˙Â‰ËÌflÂÚ ÍÓ‚¸ Ë ÒËÒÚÂÏÛ Ó·ÏÂÌ‡ Ò ÎÂ„ÍÓ
‚˚‚Ó‰ËÏÓÈ ËÁ Ó„‡ÌËÁÏ‡ ˜‡ÒÚ¸˛ ˆÂÁËfl. ÇÚÓ‡fl
Í‡ÏÂ‡ ÔÂ‰ÒÚ‡‚ÎflÂÚ ÒÓ·ÓÈ ÒËÒÚÂÏÛ Ó·ÏÂÌ‡ ÚÛ‰-
ÌÓ ‚˚‚Ó‰ËÏÓÈ ˜‡ÒÚË ‡‰ËÓÌÛÍÎË‰‡ (Ò‚flÁ‡ÌÌÓÂ ÒÓ-
ÒÚÓflÌËÂ ‡‰ËÓÌÛÍÎË‰‡ ‚ ÚÍ‡Ìflı ÊË‚ÓÚÌÓ„Ó).

Ç ÒÓÓÚ‚ÂÚÒÚ‚ËË ÒÓ ÒıÂÏÓÈ Ì‡ ËÒ. 1, Ó·˘‡fl ‡Í-
ÚË‚ÌÓÒÚ¸ ‚ Ó„‡ÌËÁÏÂ ÊË‚ÓÚÌÓ„Ó ÒÓÒÚÓËÚ ËÁ ÒÛÏ-
Ï˚ ‡ÍÚË‚ÌÓÒÚÂÈ 
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‡ÍÚÂËÁÛÂÚ ÒÍÓÓÒÚ¸ ÔÓÒÚÛÔÎÂÌËfl ‚ Ó„‡ÌËÁÏ ‡-
‰ËÓÌÛÍÎË‰‡, ‡ ‚ÂÎË˜ËÌ˚ 
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 fl‚Îfl˛ÚÒfl
Ô‡‡ÏÂÚ‡ÏË ÏÓ‰ÂÎË. ëËÒÚÂÏ‡ ‰ËÙÙÂÂÌˆË‡Î¸-
Ì˚ı Û‡‚ÌÂÌËÈ, ÓÔËÒ˚‚‡˛˘‡fl Ú‡ÌÒÔÓÚ ‡‰ËÓ-
ÌÛÍÎË‰‡ ÔÓ ˝ÚÓÈ ÏÓ‰ÂÎË ÔË ıÓÌË˜ÂÒÍÓÏ ÔÓÒÚÛÔ-
ÎÂÌËË Á‡„flÁÌÂÌÌÓ„Ó ÍÓÏ‡ Ò ÔÓÒÚÓflÌÌÓÈ Û‰ÂÎ¸-
ÌÓÈ ‡ÍÚË‚ÌÓÒÚ¸˛ Ì‡˜ËÌ‡fl Ò ‚ÓÁ‡ÒÚ‡ ÊË‚ÓÚÌÓ„Ó

 

T

 

Ì

 

, ‚˚„Îfl‰ËÚ ÒÎÂ‰Û˛˘ËÏ Ó·‡ÁÓÏ:

(1)

Ò Ì‡˜‡Î¸Ì˚ÏË ÛÒÎÓ‚ËflÏË

dQ1 TÌ t,( )
dt

------------------------- λ1Q1 TÌ t,( )– q TÌ t,( )+=

dQ2 TÌ t,( )
dt

------------------------- λ2Q2 TÌ t,( )– a2λ1Q1 TÌ t,( )+=

Q1 TÌ 0,( ) 0=

Q2 TÌ 0,( ) 0,=

 

ê‡‰ËÓ˝ÍÓÎÓ„Ëfl

 

åÄíÖåÄíàóÖëäÄü åéÑÖãú èéëíìèãÖçàü à ÇõÇÖÑÖçàü 

 

137

 

Cs 
àá éêÉÄçàáåÄ äêìèçéÉé êéÉÄíéÉé ëäéíÄ

èêà ïêéçàóÖëäéå èéíêÖÅãÖçàà áÄÉêüáçÖççéÉé äéêåÄ

 

© 2005 „.   Ö. Ç. ëÔËËÌ*

 

Ççàà ÒÂÎ¸ÒÍÓıÓÁflÈÒÚ‚ÂÌÌÓÈ ‡‰ËÓÎÓ„ËË Ë ‡„Ó˝ÍÓÎÓ„ËË êÄëïç, é·ÌËÌÒÍ

 

ê‡Á‡·ÓÚ‡Ì‡ ‰‚ÛıÍ‡ÏÂÌ‡fl Ï‡ÚÂÏ‡ÚË˜ÂÒÍ‡fl ÏÓ‰ÂÎ¸ ÔÓÒÚÛÔÎÂÌËfl Ë ‚˚‚Â‰ÂÌËfl 

 

137

 

Cs ËÁ Ó„‡ÌËÁÏ‡
ÍÛÔÌÓ„Ó Ó„‡ÚÓ„Ó ÒÍÓÚ‡ ÔË ıÓÌË˜ÂÒÍÓÏ ÔÓÚÂ·ÎÂÌËË Á‡„flÁÌÂÌÌÓ„Ó ÍÓÏ‡, Û˜ËÚ˚‚‡˛˘‡fl Á‡‚Ë-
ÒËÏÓÒÚ¸ ‚Ò‡Ò˚‚‡ÌËfl ‡‰ËÓÌÛÍÎË‰‡ ËÁ ÊÂÎÛ‰Ó˜ÌÓ-ÍË¯Â˜ÌÓ„Ó Ú‡ÍÚ‡ ÓÚ ‚ÓÁ‡ÒÚ‡. è‡‡ÏÂÚ˚ ÏÓ‰Â-
ÎË Ì‡È‰ÂÌ˚ Ì‡ ÓÒÌÓ‚Â ‰‡ÌÌ˚ı ˝ÍÒÔÂËÏÂÌÚ‡ Ì‡ ÚÂÎflÚ‡ı Ò ıÓÌË˜ÂÒÍËÏ Ó‡Î¸Ì˚Ï ÔÓÚÂ·ÎÂÌËÂÏ Á‡-
„flÁÌÂÌÌÓ„Ó ÍÓÏ‡. Ç ÒÓÓÚ‚ÂÚÒÚ‚ËË Ò ÏÓ‰ÂÎ¸˛ Ë ˝ÍÒÔÂËÏÂÌÚÓÏ ÍÓ˝ÙÙËˆËÂÌÚ ÔÂÂıÓ‰‡ 
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Cs ‚ Ï˚-
¯Â˜ÌÛ˛ ÚÍ‡Ì¸ ˜ÂÂÁ ÏÂÒflˆ ÔÓÒÎÂ ÓÊ‰ÂÌËfl ‰ÓÒÚË„‡ÂÚ Ï‡ÍÒËÏ‡Î¸ÌÓÈ ‚ÂÎË˜ËÌ˚ 56% ÓÚ ‰ÌÂ‚ÌÓ„Ó
ÔÓÒÚÛÔÎÂÌËfl Ì‡ 1 Í„ ÚÍ‡ÌË. ê‡‚ÌÓ‚ÂÒÌ˚Â ÔÓˆÂÒÒ˚ ÔÓÒÚÛÔÎÂÌËfl Ë ‚˚‚Â‰ÂÌËfl ‡‰ËÓÌÛÍÎË‰‡ Ì‡ÒÚÛÔ‡-
˛Ú ÔÓ ÏÓ‰ÂÎË ˜ÂÂÁ 2 „Ó‰‡ ÔÓÒÎÂ ÓÊ‰ÂÌËfl ÚÂÎflÚ. ê‡‚ÌÓ‚ÂÒÌ˚È ÍÓ˝ÙÙËˆËÂÌÚ ÔÂÂıÓ‰‡ ‰Îfl Ï˚¯ˆ Û
‚ÁÓÒÎ˚ı ÊË‚ÓÚÌ˚ı ÒÓÒÚ‡‚ÎflÂÚ ÔË·ÎËÊÂÌÌÓ 2.8% ÓÚ ‰ÌÂ‚ÌÓ„Ó ÔÓÒÚÛÔÎÂÌËfl Ì‡ 1 Í„ ÚÍ‡ÌË. àÁ-Á‡ ËÁ-
ÏÂÌÂÌËfl Ò ‚ÓÁ‡ÒÚÓÏ ÍÓ˝ÙÙËˆËÂÌÚ‡ ‚Ò‡Ò˚‚‡ÌËfl 
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Cs ‚ ÊÂÎÛ‰Ó˜ÌÓ-ÍË¯Â˜ÌÓÏ Ú‡ÍÚÂ ‰ÓÁ˚ ‚ÌÛÚÂÌ-
ÌÂ„Ó Ó·ÎÛ˜ÂÌËfl ÚÂÎflÚ Á‡ ÔÂ‚˚Â 2 „Ó‰‡ ‚˚¯Â ‰ÓÁ Á‡ Î˛·˚Â ÔÓÒÎÂ‰Û˛˘ËÂ 2 „Ó‰‡ ÔËÏÂÌÓ ‚ 5 ‡Á.

 

å‡ÚÂÏ‡ÚË˜ÂÒÍ‡fl ÏÓ‰ÂÎ¸,
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Cs, 

 

ÍÛÔÌ˚È Ó„‡Ú˚È ÒÍÓÚ, ‚ÓÁ‡ÒÚ ÊË‚ÓÚÌ˚ı.

 

ìÑä 636.085.67+631.95
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ÒÍ‡fl Ó·Î., äËÂ‚ÒÍÓÂ ¯., 109 ÍÏ, ÇçààëïêÄù; ÚÂÎ.:
(08439) 7-48-93; e-mail: spirin@riar.obninsk.org.
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Ì
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) – ÒÍÓÓÒÚ¸ ÔÓÒÚÛÔÎÂÌËfl ‡Í-
ÚË‚ÌÓÒÚË ‚ Ó„‡ÌËÁÏ ÊË‚ÓÚÌÓ„Ó ‚ ÏÓÏÂÌÚ ‚Â-
ÏÂÌË 

 

t

 

 (ÓÚÒ˜ÂÚ ‚ÂÏÂÌË ‚Â‰ÂÚÒfl ÓÚ Ì‡˜‡Î‡ ÔÓ-
ÒÚÛÔÎÂÌËfl ‡‰ËÓÌÛÍÎË‰‡ ‚ Ó„‡ÌËÁÏ), ÅÍ/ÒÛÚ;

 

J

 

 – ÔÓÒÚÛÔ‡˛˘‡fl ‚ ÊÂÎÛ‰Ó˜ÌÓ-ÍË¯Â˜Ì˚È Ú‡ÍÚ
(Üäí) ‡ÍÚË‚ÌÓÒÚ¸ ‚ Â‰ËÌËˆÛ ‚ÂÏÂÌË, ÅÍ/ÒÛÚ;

 

f

 

(

 

T

 

Ì
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) – ‰ÓÎfl ‡ÍÚË‚ÌÓÒÚË, ÔÓÒÚÛÔ‡˛˘ÂÈ ËÁ Üäí
‚ Ó„‡ÌËÁÏ ÊË‚ÓÚÌÓ„Ó ‚ ÏÓÏÂÌÚ ‚ÂÏÂÌË 

 

t

 

, ÓÚÌ.
Â‰.; 
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 + 
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 = 1, 

 

λ

 

1
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λ

 

2

 

 – ÍÓÌÒÚ‡ÌÚ˚ ÒÍÓÓÒÚË ‚˚‚Â-
‰ÂÌËfl ‡‰ËÓÌÛÍÎË‰‡ ËÁ Í‡ÏÂ 1 Ë 2 ÒÓÓÚ‚ÂÚÒÚ‚ÂÌ-
ÌÓ, 1/ÒÛÚ; 

 

T

 

Ì

 

 – ‚ÓÁ‡ÒÚ ÊË‚ÓÚÌÓ„Ó ‚ Ì‡˜‡ÎÂ ÔÓ-
ÚÂ·ÎÂÌËfl Á‡„flÁÌÂÌÌÓ„Ó ÍÓÏ‡, ÒÛÚ.

èÓÒÎÂ ÔÂÍ‡˘ÂÌËfl ÔÓÒÚÛÔÎÂÌËfl ‡‰ËÓÌÛÍ-
ÎË‰‡ ‚ Ó„‡ÌËÁÏ ÊË‚ÓÚÌÓ„Ó ÒËÒÚÂÏ‡ ‰ËÙÙÂÂÌ-
ˆË‡Î¸Ì˚ı Û‡‚ÌÂÌËÈ ‚˚„Îfl‰ËÚ ÒÎÂ‰Û˛˘ËÏ Ó·-
‡ÁÓÏ:
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 – ‚ÂÏfl, ÔÓ¯Â‰¯ÂÂ ÔÓÒÎÂ ÓÍÓÌ˜‡ÌËfl ÔÓ-
ÚÂ·ÎÂÌËfl Á‡„flÁÌÂÌÌÓ„Ó ÍÓÏ‡, ÒÛÚ; 
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ÊË‚ÓÚÌÓ„Ó ‚ ÏÓÏÂÌÚ ÓÍÓÌ˜‡ÌËfl ÔÓÚÂ·ÎÂÌËfl Á‡-
„flÁÌÂÌÌÓ„Ó ÍÓÏ‡, ÒÛÚ; 
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¯ÂÌËÂ ÒËÒÚÂÏ˚ Û‡‚ÌÂÌËÈ (1) ÔË 
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 = 
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àÁ ˝ÍÒÔÂËÏÂÌÚ‡ Ì‡ ÚÂÎflÚ‡ı [2] ËÁ‚ÂÒÚÌÓ, ˜ÚÓ
‚˚‚Â‰ÂÌËÂ 
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Cs ËÁ Ó„‡ÌËÁÏ‡ ÍÛÔÌÓ„Ó Ó„‡ÚÓ-
„Ó ÒÍÓÚ‡ (äêë) ÔÓÒÎÂ ‰ÎËÚÂÎ¸ÌÓ„Ó ÍÓÏÎÂÌËfl
Á‡„flÁÌÂÌÌ˚Ï ÍÓÏÓÏ ıÓÓ¯Ó ÓÔËÒ˚‚‡ÂÚÒfl ‰‚Û-
Ïfl ˝ÍÒÔÓÌÂÌÚ‡ÏË. èË ˝ÚÓÏ Û‰ÂÎ¸Ì‡fl ‡ÍÚË‚-
ÌÓÒÚ¸ Ïfl„ÍËı ÚÍ‡ÌÂÈ ÚÂÎflÚ ‡ÌÌÂ„Ó ‚ÓÁ‡ÒÚ‡
(60 ÒÛÚ) Ì‡ ÏÓÏÂÌÚ ÔÂÍ‡˘ÂÌËfl ÔÓÒÚÛÔÎÂÌËfl
‡‰ËÓÌÛÍÎË‰‡ ËÏÂÂÚ Ï‡ÍÒËÏ‡Î¸ÌÓÂ ÁÌ‡˜ÂÌËÂ,
ÔË·ÎËÁËÚÂÎ¸ÌÓ 50% ÓÚ ‰ÌÂ‚ÌÓ„Ó ÔÓÒÚÛÔÎÂÌËfl
Ì‡ 1 Í„ ÚÍ‡ÌË, ‡ ‰‡ÎÂÂ Ò ‚ÓÁ‡ÒÚÓÏ ÁÌ‡˜ËÚÂÎ¸ÌÓ
ÒÌËÊ‡ÂÚÒfl. í‡ÍÓÂ ËÁÏÂÌÂÌËÂ ÏÓÊÂÚ ·˚Ú¸ Ó·˙flÒ-
ÌÂÌÓ ÛÏÂÌ¸¯ÂÌËÂÏ ÍÓ˝ÙÙËˆËÂÌÚ‡ ‚Ò‡Ò˚‚‡ÌËfl
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Cs Ò ‚ÓÁ‡ÒÚÓÏ. ÑÂÈÒÚ‚ËÚÂÎ¸ÌÓ, ‚ ÒÓÓÚ‚ÂÚÒÚ-
‚ËË Ò ‡·ÓÚÓÈ [3] ÍÓ˝ÙÙËˆËÂÌÚ ‚Ò‡Ò˚‚‡ÌËfl ËÏÂ-
ÂÚ Ï‡ÍÒËÏ‡Î¸ÌÓÂ ÁÌ‡˜ÂÌËÂ ‚ ‡ÌÌÂÏ ‚ÓÁ‡ÒÚÂ Ë
ÒÓ ‚ÂÏÂÌÂÏ ÔÓÒÚÂÔÂÌÌÓ ÛÏÂÌ¸¯‡ÂÚÒfl ‰Ó ÌÂÍÓ-
ÚÓÓÈ ÔÓÒÚÓflÌÌÓÈ ‚ÂÎË˜ËÌ˚. ÑÎfl Û˜ÂÚ‡ ‚ÓÁ‡ÒÚ-
ÌÓÈ Á‡‚ËÒËÏÓÒÚË ÍÓ˝ÙÙËˆËÂÌÚ‡ ‚Ò‡Ò˚‚‡ÌËfl ‚
ÏÓ‰ÂÎ¸ ÊË‚ÓÚÌÓ„Ó ·˚Î‡ ‚‚Â‰ÂÌ‡ ÙÛÌÍˆËfl ËÁÏÂ-
ÌÂÌËfl ÔÓÒÚÛÔÎÂÌËfl ‡‰ËÓÌÛÍÎË‰‡ ‚ Ó„‡ÌËÁÏ
ÊË‚ÓÚÌ˚ı ‚ ‚Ë‰Â 

(3)

dQ1 TÓ t,( )
dt

------------------------- λ1Q1 TÓ t,( )–=

dQ2 TÓ t,( )
dt

------------------------- λ2Q2 TÓ t,( )– a2λ1Q1 TÓ t,( )+=

f a be µt– ,+=

„‰Â a Ë b – ÔÓÒÚÓflÌÌ˚Â ÍÓ˝ÙÙËˆËÂÌÚ˚, ÓÚÌ. Â‰.;
µ – ÍÓÌÒÚ‡ÌÚ‡ ÒÍÓÓÒÚË ËÁÏÂÌÂÌËfl ÙÛÌÍˆËË ÔÂÂ-
ıÓ‰‡ ‡‰ËÓÌÛÍÎË‰‡ ‚ Ó„‡ÌËÁÏ ËÁ Üäí, ÒÛÚ–1; t –
‚ÓÁ‡ÒÚ ÊË‚ÓÚÌÓ„Ó, ÒÛÚ.

êÂ¯ÂÌËÂ ÒËÒÚÂÏ˚ (1)

(4)

„‰Â

èÓÒÎÂ T ÒÛÚ ÔÓÚÂ·ÎÂÌËfl Á‡„flÁÌÂÌÌÓ„Ó ÍÓÏ‡
Ë ÔÂÂıÓ‰‡ Ì‡ ˜ËÒÚ˚Â ÍÓÏ‡ (Ò ÓÚÒ˜ÂÚÓÏ ‚ÂÏÂÌË
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q
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êËÒ. 1. ä‡ÏÂÌ‡fl ÏÓ‰ÂÎ¸ Ú‡ÌÒÔÓÚ‡ 137Cs ‚ Ó„‡ÌËÁ-
ÏÂ ÍÛÔÌÓ„Ó Ó„‡ÚÓ„Ó ÒÍÓÚ‡.

è‡‡ÏÂÚ˚ ÏÓ‰ÂÎË ÔÓÒÚÛÔÎÂÌËfl Ë ‚˚‚Â‰ÂÌËfl 137Cs ËÁ
Ó„‡ÌËÁÏ‡ ÚÂÎflÚ

è‡‡ÏÂÚ˚ ÏÓ‰ÂÎË áÌ‡˜ÂÌËfl
Ô‡‡ÏÂÚÓ‚

a, ÓÚÌ. Â‰. 0.35

b, ÓÚÌ. Â‰. 0.65

µ, ÒÛÚ–1 (ÔÂËÓ‰ ÔÓÎÛÛÏÂÌ¸¯ÂÌËfl, ÒÛÚ) 0.00277 (250)

a2, ÓÚÌ. Â‰. 0.04

λ1, ÒÛÚ–1 (ÔÂËÓ‰ ÔÓÎÛ‚˚‚Â‰ÂÌËfl, ÒÛÚ) 0.0533 (13)

λ2, ÒÛÚ–1 (ÔÂËÓ‰ ÔÓÎÛ‚˚‚Â‰ÂÌËfl, ÒÛÚ) 0.00924 (75)
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ëÔËËÌ

ÔÓÒÎÂ ÓÍÓÌ˜‡ÌËfl ÔÓÚÂ·ÎÂÌËfl)

(5)

Ç ÙÓÏÛÎÂ (5) T – ‰ÎËÚÂÎ¸ÌÓÒÚ¸ ÔÂËÓ‰‡ ÓÚ Ì‡˜‡-
Î‡ ÔÓÚÂ·ÎÂÌËfl ‰Ó Â„Ó ÓÍÓÌ˜‡ÌËfl, ‡ t ÓÚÒ˜ËÚ˚‚‡-
ÂÚÒfl ÓÚ ÏÓÏÂÌÚ‡ ÓÍÓÌ˜‡ÌËfl ÔÓÚÂ·ÎÂÌËfl Á‡„flÁ-
ÌÂÌÌÓ„Ó ÍÓÏ‡. ÅÎ‡„Ó‰‡fl ÚÓÏÛ, ˜ÚÓ ‚ ÙÛÌÍˆËË
ÔÂÂıÓ‰‡ ‡‰ËÓÌÛÍÎË‰‡ ÒÓ‰ÂÊËÚÒfl ˜ÎÂÌ Ò ˝ÍÒÔÓ-
ÌÂÌÚÓÈ, ÔË‚Â‰ÂÌÌ˚Â ÙÓÏÛÎ˚ ÏÓ„ÛÚ ·˚Ú¸ ËÒ-
ÔÓÎ¸ÁÓ‚‡Ì˚ ‰Îfl ‚˚‚Â‰ÂÌËfl ÙÓÏÛÎ, Û˜ËÚ˚‚‡˛-
˘Ëı ‡ÒÔ‡‰ ‡‰ËÓÌÛÍÎË‰‡ ËÎË ÒËÚÛ‡ˆË˛ Ò Ó˜Ë˘Â-
ÌËÂÏ ÍÓÏ‡ ÔÓ ˝ÍÒÔÓÌÂÌˆË‡Î¸ÌÓÏÛ Á‡ÍÓÌÛ. á‰ÂÒ¸
ÓÌË ÌÂ ·Û‰ÛÚ ÔË‚Â‰ÂÌ˚, ˜ÚÓ·˚ ÌÂ Á‡„ÓÏÓÊ‰‡Ú¸
ÒÚ‡Ú¸˛. ëÎÂ‰ÛÂÚ ÓÚÏÂÚËÚ¸, ˜ÚÓ ÙËÁË˜ÂÒÍËÏ ‡Ò-
Ô‡‰ÓÏ ‰Îfl ˆÂÁËfl Ì‡ ‚ÂÏÂÌÌÓÏ ÔÓÏÂÊÛÚÍÂ ÓÚ
1 „Ó‰‡ ‰Ó 2 ËÎË 3 ÎÂÚ ÏÓÊÌÓ ÔÂÌÂ·Â˜¸. Ç ˝ÚÓÏ
ÏÓÊÌÓ Û·Â‰ËÚ¸Òfl Ò‡‚ÌË‚ ‰‡ÌÌ˚Â ÔÓ ÍÓÌÒÚ‡ÌÚ‡Ï
‡ÒÔ‡‰‡ ̂ ÂÁËfl Ë ÍÓÌÒÚ‡ÌÚ‡Ï ‚˚‚Â‰ÂÌËfl, ÔË‚Â‰ÂÌ-
Ì˚Ï ‰‡ÎÂÂ.

è‡‡ÏÂÚËÁ‡ˆËfl ÏÓ‰ÂÎË ·˚Î‡ ÔÓ‚Â‰ÂÌ‡ ÔÓ
‰‡ÌÌ˚Ï ˝ÍÒÔÂËÏÂÌÚ‡ Ò ıÓÌË˜ÂÒÍËÏ ÔÓÚÂ·ÎÂ-
ÌËÂÏ Á‡„flÁÌÂÌÌÓ„Ó 137Cs ÍÓÏ‡ Ì‡ ÚÂÎflÚ‡ı [4]1. Ç
Í‡˜ÂÒÚ‚Â Ì‡ËÎÛ˜¯Â„Ó ÔË·ÎËÊÂÌËfl ‰Îfl ‚ıÓ‰Ì˚ı
Ô‡‡ÏÂÚÓ‚ ‚˚·Ë‡ÎË ÁÌ‡˜ÂÌËfl, Û‰Ó‚ÎÂÚ‚Ófl˛-
˘ËÂ ÍËÚÂË˛ ÏËÌËÏËÁ‡ˆËË ÒÛÏÏ˚ Í‚‡‰‡ÚÓ‚ ÓÚ-
ÍÎÓÌÂÌËÈ ÏÂÊ‰Û ÎÓ„‡ËÙÏ‡ÏË ÚÂÓÂÚË˜ÂÒÍËı Ë
˝ÍÒÔÂËÏÂÌÚ‡Î¸Ì˚ı ‚ÂÎË˜ËÌ Ó·˘Â„Ó ÒÓ‰ÂÊ‡ÌËfl
137Cs ‚ Ó„‡ÌËÁÏÂ ÊË‚ÓÚÌ˚ı (‰Îfl ÚÂÓÂÚË˜ÂÒÍÓÈ
ÏÓ‰ÂÎË Ó·˘ÂÂ ÒÓ‰ÂÊ‡ÌËÂ ÓÔÂ‰ÂÎflÂÚÒfl ÒÛÏÏÓÈ
Q1 Ë Q2). ÑÓÔÓÎÌËÚÂÎ¸ÌÓ ‰Îfl Ô‡‡ÏÂÚËÁ‡ˆËË
ÙÛÌÍˆËË ‚ÎËflÌËfl ‚ÓÁ‡ÒÚ‡ Ì‡ ÔÂÂıÓ‰ 137Cs ‚ Ó-
„‡ÌËÁÏ ÊË‚ÓÚÌ˚ı Û˜ËÚ˚‚‡ÎË ‰‡ÌÌ˚Â ÔÓ ‡‚ÌÓ-
‚ÂÒÌ˚Ï ÍÓ˝ÙÙËˆËÂÌÚ‡Ï ÔÂÂıÓ‰‡ ‰Îfl ‚ÁÓÒÎ˚ı
ÊË‚ÓÚÌ˚ı, ÔÓÎÛ˜ÂÌÌ˚ı ‚ ÒÎÛÊ·‡ı ‡‰ËÓÎÓ„Ë˜ÂÒ-
ÍÓ„Ó ÍÓÌÚÓÎfl Ì‡ ÚÂËÚÓËË, Á‡„flÁÌÂÌÌÓÈ ÔÓ-
ÒÎÂ óÂÌÓ·˚Î¸ÒÍÓÈ Í‡Ú‡ÒÚÓÙ˚ [5]. êÂÁÛÎ¸Ú‡Ú˚
‡Ì‡ÎËÁ‡ ÔË‚Â‰ÂÌ˚ ‚ Ú‡·ÎËˆÂ 1 Ë Ì‡ ËÒ. 2.

1 íÂÎflÚ‡Ï Ò ÏÓÏÂÌÚ‡ ÓÊ‰ÂÌËfl ÂÊÂ‰ÌÂ‚ÌÓ ‚ ÚÂ˜ÂÌËÂ 60, 150
Ë 300 ÒÛÚ ‚ÏÂÒÚÂ Ò ÍÓÏÓÏ ‚‚Ó‰ËÎË 137Cs ‚ ‚Ë‰Â ıÎÓË‰‡ ˆÂ-
ÁËfl Ò pH ~ 3. èÓÒÎÂ ˝ÚÓ„Ó ‚ 1-È ‰ÂÌ¸, ‡ Ú‡ÍÊÂ ˜ÂÂÁ 5, 10, 30,
60, 150 Ë 300 ÒÛÚ ÔÓÒÎÂ ÔÂÍ‡˘ÂÌËfl ‚‚Â‰ÂÌËfl 137Cs, Á‡·Ë-
‚‡ÎË ÔÓ 3 ÊË‚ÓÚÌ˚ı ‰Îfl ËÁÏÂÂÌËfl Û‰ÂÎ¸ÌÓÈ ‡ÍÚË‚ÌÓÒÚË
ÔÓ· ÍÓ‚Ë, Ïfl„ÍËı ÚÍ‡ÌÂÈ Ë ÒÍÂÎÂÚ‡.
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êËÒ. 2. àÁÏÂÌÂÌËÂ ÒÓ‰ÂÊ‡ÌËfl 137Cs ‚ Ó„‡ÌËÁÏÂ ÚÂ-
ÎflÚ ÔË ıÓÌË˜ÂÒÍÓÏ ÔÓÚÂ·ÎÂÌËË Á‡„flÁÌÂÌÌÓ„Ó
ÍÓÏ‡ Ë ÔÓÒÎÂ ÔÂÍ‡˘ÂÌËfl ÔÓÒÚÛÔÎÂÌËfl ‡‰ËÓÌÛÍ-
ÎË‰Ó‚. (ÎËÌËË – ‡Ò˜ÂÚ, ÁÌ‡˜ÍË – ˝ÍÒÔÂËÏÂÌÚ [4]; 1 –
ÔÓÒÎÂ 60 ÒÛÚ ÔÓÚÂ·ÎÂÌËfl, 2 – ÔÓÒÎÂ 150 ÒÛÚ ÔÓÚÂ·ÎÂ-
ÌËfl, 3 – ÔÓÒÎÂ 300 ÒÛÚ ÔÓÚÂ·ÎÂÌËfl).
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êËÒ. 3. àÁÏÂÌÂÌËÂ ÙÛÌÍˆËË ÔÂÂıÓ‰‡ 137Cs ‚ Ó„‡ÌËÁÏ
ÊË‚ÓÚÌ˚ı Ë ÍÓ˝ÙÙËˆËÂÌÚ‡ ‚Ò‡Ò˚‚‡ÌËfl ‡‰ËÓÌÛÍÎË-
‰Ó‚ ËÁ Üäí ÚÂÎflÚ ‡ÁÌÓ„Ó ‚ÓÁ‡ÒÚ‡ (1 – ÏÓ‰ÂÎ¸; 2 –
˝ÍÒÔÂËÏÂÌÚ [3]).
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åÚÂÎÓ = 0.7 × T+25

åÏ˚¯ˆ˚ = 0.29 × T+11.5

êËÒ. 4. àÁÏÂÌÂÌËÂ Ï‡ÒÒ˚ ÚÂÎ‡ Ë Ï˚¯Â˜Ì˚ı ÚÍ‡ÌÂÈ
ÚÂÎflÚ Ò ‚ÓÁ‡ÒÚÓÏ [4] (1 – ÚÂÎÓ ‚ ̂ ÂÎÓÏ; 2 – Ï˚¯ˆ˚).
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àÁ ËÒ. 2 ‚Ë‰ÌÓ, ˜ÚÓ ÌÂÒÏÓÚfl Ì‡ ÁÌ‡˜ËÚÂÎ¸-
Ì˚Â ‡ÒıÓÊ‰ÂÌËfl ‚ ÓÚ‰ÂÎ¸Ì˚ı ‚ÂÏÂÌÌ˚ı ÚÓ˜-
Í‡ı ‰Îfl ÚÂÎflÚ ‚ÓÁ‡ÒÚÓÏ 150 ÒÛÚ, ‚ ˆÂÎÓÏ Ì‡·Î˛-
‰‡ÂÚÒfl ıÓÓ¯ÂÂ ÒÓ„Î‡ÒËÂ ÏÂÊ‰Û ÚÂÓÂÚË˜ÂÒÍËÏË
Ë ˝ÍÒÔÂËÏÂÌÚ‡Î¸Ì˚ÏË ‰‡ÌÌ˚ÏË, ÓÒÓ·ÂÌÌÓ ‰Îfl
ÚÂÎflÚ ‚ÓÁ‡ÒÚÓÏ 60 Ë 300 ÒÛÚ. ëÓÔÓÒÚ‡‚ÎÂÌËÂ
‡Ò˜ÂÚÌ˚ı ‰‡ÌÌ˚ı ÙÛÌÍˆËË ÔÓÒÚÛÔÎÂÌËfl 137Cs ‚
Ó„‡ÌËÁÏ ÊË‚ÓÚÌ˚ı Ò ˝ÍÒÔÂËÏÂÌÚ‡Î¸Ì˚ÏË ‰‡Ì-
Ì˚ÏË ÍÓ˝ÙÙËˆËÂÌÚ‡ Â„Ó ‚Ò‡Ò˚‚‡ÌËfl ËÁ Üäí ËÁ
‡·ÓÚ˚ [3] Ú‡ÍÊÂ ÔÓÍ‡Á˚‚‡ÂÚ Û‰Ó‚ÎÂÚ‚ÓËÚÂÎ¸-
ÌÓÂ ÒÓ„Î‡ÒËÂ (ËÒ. 3).

ÑÎfl ‰ÓÁËÏÂÚË˜ÂÒÍËı ËÒÒÎÂ‰Ó‚‡ÌËÈ ÌÂÓ·ıÓ‰Ë-
ÏÓ ÁÌ‡Ú¸ Û‰ÂÎ¸ÌÛ˛ ‡ÍÚË‚ÌÓÒÚ¸ ‡‰ËÓÌÛÍÎË‰Ó‚ ‚
ÚÂÎÂ ÊË‚ÓÚÌÓ„Ó ‚ ̂ ÂÎÓÏ ÔË ‡Ò˜ÂÚÂ ‰ÓÁ γ-ËÁÎÛ˜Â-
ÌËfl Ë Û‰ÂÎ¸ÌÛ˛ ‡ÍÚË‚ÌÓÒÚ¸ ‚ Ïfl„ÍËı ÚÍ‡Ìflı ÊË-
‚ÓÚÌÓ„Ó ÔË ‡Ò˜ÂÚÂ ‰ÓÁ β-ËÁÎÛ˜ÂÌËfl. ÄÌ‡ÎËÁ ̋ ÍÒ-
ÔÂËÏÂÌÚ‡ [4] ÔÓÁ‚ÓÎËÎ ÛÒÚ‡ÌÓ‚ËÚ¸ Ô‡ÍÚË˜ÂÒÍË
ÎËÌÂÈÌ˚È ÓÒÚ Ï‡ÒÒ˚ ÚÂÎ‡, Ï˚¯Â˜Ì˚ı (ËÒ. 4),
Ô‡ÂÌıËÏ‡ÚÓÁÌ˚ı Ë ‰. ÚÍ‡ÌÂÈ ÚÂÎflÚ ÒÓ ‚ÂÏÂÌÂÏ
‚ÔÎÓÚ¸ ‰Ó ‚ÓÁ‡ÒÚ‡ 600 ÒÛÚ.

èË ‡Ò˜ÂÚÂ ‰ÓÁ ‚ÌÛÚÂÌÌÂ„Ó Ó·ÎÛ˜ÂÌËfl ÌÂÓ·-
ıÓ‰ËÏÓ Û˜ËÚ˚‚‡Ú¸, ̃ ÚÓ ÍÓ‚¸ Ú‡ÍÊÂ ‡ÒÔÂ‰ÂÎÂÌ‡
ÔÓ Ó„‡ÌËÁÏÛ. ì‡‚ÌÂÌËÂ Â„ÂÒÒËË, ÓÔËÒ˚‚‡˛-
˘ÂÈ ÔËÓÒÚ Ï˚¯Â˜ÌÓÈ ÚÍ‡ÌË ‚ÏÂÒÚÂ Ò ÍÓ‚¸˛,
ËÏÂÂÚ ‚Ë‰:

Må + ä = 0.36T + 11.7, (6)

„‰Â M Ï‡ÒÒ‡, Í„; T – ‚ÓÁ‡ÒÚ ÚÂÎflÚ, ÒÛÚ.
é‰ÌÓ‚ÂÏÂÌÌÓ ·˚ÎÓ Ì‡È‰ÂÌÓ, ˜ÚÓ ÒÓ‰ÂÊ‡-

ÌËÂ ‡‰ËÓÌÛÍÎË‰‡ ‚ Ï˚¯Â˜Ì˚ı ÚÍ‡Ìflı ‚ÏÂÒÚÂ Ò
ÍÓ‚¸˛ ÓÚÌÓÒËÚÂÎ¸ÌÓ Â„Ó ÒÓ‰ÂÊ‡ÌËfl ‚Ó ‚ÒÂÏ
ÚÂÎÂ Ô‡ÍÚË˜ÂÒÍË ÌÂ Á‡‚ËÒËÚ ÓÚ ‚ÂÏÂÌË Ë ÒÓ-
ÒÚ‡‚ÎflÂÚ ‚ ÒÂ‰ÌÂÏ (85 ± 6)%, ‡ ÚÓÎ¸ÍÓ ‚ Ï˚¯-
ˆ‡ı – (84 ± 8)%. èÓÒÍÓÎ¸ÍÛ ÒÓ‰ÂÊ‡ÌËÂ ‡‰ËÓ-
ÌÛÍÎË‰‡ ‚ Ï˚¯ˆ‡ı ‚ÏÂÒÚÂ Ò ÍÓ‚¸˛ Ô‡ÍÚË˜ÂÒÍË
Ó‰ÌÓ Ë ÚÓ ÊÂ, ˜ÚÓ Ë ·ÂÁ ÍÓ‚Ë, Û‰ÂÎ¸Ì‡fl ‡ÍÚË‚-
ÌÓÒÚ¸ ‚ Ï˚¯ˆ‡ı ·ÂÁ ÍÓ‚Ë ‚˚¯Â Û‰ÂÎ¸ÌÓÈ ‡ÍÚË‚-
ÌÓÒÚË ‚ Ï˚¯ˆ‡ı ‚ÏÂÒÚÂ Ò ÍÓ‚¸˛ ÔË·ÎËÁËÚÂÎ¸-
ÌÓ Ì‡ 22%. ùÚÓ ‚‡ÊÌÓ ÁÌ‡Ú¸ ÌÂ ‰Îfl ‰ÓÁËÏÂÚË˜Â-
ÒÍËı ËÒÒÎÂ‰Ó‚‡ÌËÈ, ‡ ÔË ‡Ò˜ÂÚÂ Á‡„flÁÌÂÌËfl
ÔÓ‰ÛÍˆËË ÊË‚ÓÚÌÓ‚Ó‰ÒÚ‚‡ Ë ÔÓ‚Â‰ÂÌËfl ‡‰Ë‡-
ˆËÓÌÌÓ„Ó ÍÓÌÚÓÎfl.

àÁÏÂÌÂÌËÂ Û‰ÂÎ¸ÌÓÈ ‡ÍÚË‚ÌÓÒÚË 137Cs ‚ Ï˚¯-
ˆ‡ı ÚÂÎflÚ (‚ÏÂÒÚÂ Ò ÍÓ‚¸˛) ÓÚ ‚ÂÏÂÌË ÔË‚Â‰Â-
ÌÓ Ì‡ ËÒ. 5. èË ‡Ò˜ÂÚÂ ÔÂ‰ÔÓÎ‡„‡ÎÓÒ¸, ˜ÚÓ
Ï‡ÒÒ‡ ÎËÌÂÈÌÓ Û‚ÂÎË˜Ë‚‡ÂÚÒfl ‰Ó ‚ÓÁ‡ÒÚ‡ 700 ÒÛÚ,
‡ Á‡ÚÂÏ ÓÒÚ‡ÂÚÒfl ÔÓÒÚÓflÌÌÓÈ. àÁ ËÒÛÌÍ‡ ‚Ë‰ÌÓ,
˜ÚÓ ÍÓ˝ÙÙËˆËÂÌÚ ÔÂÂıÓ‰‡ ÒËÎ¸ÌÓ Á‡‚ËÒËÚ ÓÚ
‚ÓÁ‡ÒÚ‡ Ë ËÏÂÂÚ Ï‡ÍÒËÏ‡Î¸ÌÓÂ ÁÌ‡˜ÂÌËÂ 56%
ÔË·ÎËÁËÚÂÎ¸ÌÓ ˜ÂÂÁ 1 ÏÂÒ. ÔÓÒÎÂ ÓÊ‰ÂÌËfl Ë
ÔÓÚÂ·ÎÂÌËfl 137Cs. ê‡‚ÌÓ‚ÂÒÌ˚Â ÔÓˆÂÒÒ˚ ÔÓ-
ÒÚÛÔÎÂÌËfl Ë ‚˚‚Â‰ÂÌËfl ‡‰ËÓÌÛÍÎË‰‡ Ì‡ÒÚÛÔ‡˛Ú
ÔÓ ÏÓ‰ÂÎË ˜ÂÂÁ ‰‚‡ „Ó‰‡ ÔÓÒÎÂ ÓÊ‰ÂÌËfl ÚÂÎflÚ Ë

ÍÓ˝ÙÙËˆËÂÌÚ ÔÂÂıÓ‰‡ Û ‚ÁÓÒÎ˚ı ÊË‚ÓÚÌ˚ı ÒÓ-
ÒÚ‡‚ÎflÂÚ 2.8%. ëÎÂ‰ÛÂÚ ÓÚÏÂÚËÚ¸, ˜ÚÓ ËÁ-Á‡ ËÁÏÂ-
ÌÂÌËfl Ò ‚ÓÁ‡ÒÚÓÏ Û‰ÂÎ¸ÌÓÈ ‡ÍÚË‚ÌÓÒÚË ‚ Ó„‡-
ÌËÁÏÂ ÍÛÔÌÓ„Ó Ó„‡ÚÓ„Ó ÒÍÓÚ‡ ÔË Ó‰ËÌ‡ÍÓ‚ÓÏ
ÂÊÂ‰ÌÂ‚ÌÓÏ ÔÓÚÂ·ÎÂÌËË 137Cs ‰ÓÁ˚ ‚ÌÛÚÂÌÌÂ„Ó
Ó·ÎÛ˜ÂÌËfl Á‡ ÔÂ‚˚Â ‰‚‡ „Ó‰‡ ÊËÁÌË ÚÂÎflÚ ·Û‰ÛÚ
‚˚¯Â ‰ÓÁ Ó·ÎÛ˜ÂÌËfl Á‡ Î˛·˚Â ÔÓÒÎÂ‰Û˛˘ËÂ 2 „Ó-
‰‡ ÔËÏÂÌÓ ‚ 5 ‡Á.
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A Mathematical Model of 137Cs Uptake and Removal from the Body of Cattle 
in the Event of Chronic Consumption of Contaminated Fodder

E. V. Spirin
Russian Institute of Agricultural Radiology and Agroecology, Obninsk, 249030 Russia: 

e-mail: spirin@riar.obninsk.org

A two-chamber mathematical model of 137Cs uptake and removal from the body of cattle chronically consum-
ing contaminated fodder has been developed; the model takes into account age dependence of radionuclide ab-
sorption from the gastro-intestinal tract. The model parameters were taken from the experiment on calves with
chronic peroral uptake of contaminated fodder. In accordance with the model and experiment, 137Cs transfer
factor to the muscular tissue one month after birth reaches a maximum value of 56% of the daily uptake per 1
kg of the tissue. By the model, the equilibrium processes of uptake and removal set in two years after the calves
birth.. The equilibrium TF for muscles in adults approximates 2.8% of the daily uptake per 1 kg tissue. Because
of 137Cs absorption from the gastro-intestinal tract changes with age, doses of internal exposure of calves over
the first two years will be about 5 times higher than doses for any one of the two subsequent years. Mathemat-
ical model, 137Cs, cattle, animal age.


