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ˆ§³¥´¥´¨¥ ÔËË¥±É  ·¥ ±É¨¢´μ¸É¨ ·¥ ±Éμ·  ˆ
�-2,
¸¢Ö§ ´´μ£μ ¸ ¢Ò£μ· ´¨¥³ Éμ¶²¨¢ , ¢ ¶¥·¨μ¤ 1982Ä2006 ££.

ˆ§  ´ ²¨§  · ¡μÉÒ ·¥ ±Éμ·  ˆ
�-2 ¢ ¶¥·¨μ¤ 1982Ä2006 ££. ¶μ²ÊÎ¥´  § -
¢¨¸¨³μ¸ÉÓ ¨§³¥´¥´¨Ö § ¶ ¸  ·¥ ±É¨¢´μ¸É¨ μÉ Ô´¥·£μ´ · ¡μÉ±¨. �μ± § ´μ, ÎÉμ
¢ ´ Î ²¥ · ¡μÉÒ ·¥ ±Éμ·  ±·μ³¥ ÔËË¥±É  Î¨¸Éμ£μ ¢Ò£μ· ´¨Ö Éμ¶²¨¢  ¤¥°-
¸É¢ÊÕÉ ¤μ¶μ²´¨É¥²Ó´Ò¥ ¶μ²μ¦¨É¥²Ó´Ò¥ ÔËË¥±ÉÒ, ¸¢Ö§ ´´Ò¥, ¢¥·μÖÉ´¥¥ ¢¸¥£μ,
¸ Ê¶²μÉ´¥´¨¥³ Éμ¶²¨¢  ¨ ¸É·Ê±ÉÊ·´Ò³ ¨§³¥´¥´¨¥³ ³ É¥·¨ ²   ±É¨¢´μ° §μ´Ò.
‘μ ¢·¥³¥´¥³ ÔÉ¨ ¶μ²μ¦¨É¥²Ó´Ò¥ ÔËË¥±ÉÒ Ê³¥´ÓÏ ÕÉ¸Ö ¨ ¸É·¥³ÖÉ¸Ö ± ´Ê²Õ.
�μ¸²¥ 40000 Œ‚É·Î μ¸É ¥É¸Ö Éμ²Ó±μ ÔËË¥±É Î¨¸Éμ£μ ¢Ò£μ· ´¨Ö, ¨ ¸ ÔÉμ£μ
³μ³¥´É  § ¶ ¸ ·¥ ±É¨¢´μ¸É¨ ²¨´¥°´μ Ê³¥´ÓÏ ¥É¸Ö ¸ ±μÔËË¨Í¨¥´Éμ³ kB =
−4, 2975 · 10−5 %/Œ‚É·Î. �μ²ÊÎ¥´  É ±¦¥ Ëμ·³Ê²  ¤²Ö ¢ÒÎ¨¸²¥´¨Ö ±μÔËË¨-
Í¨¥´É  Ô´¥·£μ´ · ¡μÉ±¨ ¢ ²Õ¡μ° ³μ³¥´É ¢·¥³¥´¨ · ¡μÉÒ ·¥ ±Éμ· . ŠμÔËË¨-
Í¨¥´É Ô´¥·£μ´ · ¡μÉ±¨ ¸μ¸Éμ¨É ¨§ ¤¢ÊÌ ¸μ¸É ¢²ÖÕÐ¨Ì: ±μÔËË¨Í¨¥´É  Î¨¸Éμ£μ
¢Ò£μ· ´¨Ö ¨ ¶μ²μ¦¨É¥²Ó´μ£μ ±μÔËË¨Í¨¥´É  ·¥ ±É¨¢´μ¸É¨.

� ¡μÉ  ¢Ò¶μ²´¥´  ¢ ‹ ¡μ· Éμ·¨¨ ´¥°É·μ´´μ° Ë¨§¨±¨ ¨³. ˆ.Œ. ”· ´± 
	ˆŸˆ.
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The Change of Reactivity Effect in the IBR-2 Pulsed
Reactor Related to Burn-up in the Period 1982Ä2006

From the analysis of operation data of the IBR-2 pulsed reactor in the period
1982Ä2006 the dependence of extra reactivity as a function of energy production of
the reactor has been obtained. It shows that at the beginning of the reactor operation
in addition to the pure burn-up effect, there is also a positive effect probably related
to the densiˇcation of fuel and structural changes of materials in the core. The
effect decreases with time and tends to zero. Only the effect of pure burn-up
remains after the 40000 MW·h burn-up, and from this point the extra reactivity is
linearly decreased with the coefˇcient kB = −4.2975 · 10−5%/MW·h. The formula
to calculate the energy production coefˇcient of reactivity at any time of the reactor
operation has also been obtained. The energy production coefˇcient of reactivity
consists of two components: the coefˇcient of pure burn-up and additional positive
coefˇcient of reactivity.

The investigation has been performed at the Frank Laboratory of Neutron Physics,
JINR.
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‚‚…„…�ˆ…

‚ ¤¥± ¡·¥ 2006 £. Ê¸¶¥Ï´μ § ¢¥·Ï¨² ¸¢μÕ · ¡μÉÊ ¨³¶Ê²Ó¸´Ò° ·¥ ±Éμ·
¶¥·¨μ¤¨Î¥¸±μ£μ ¤¥°¸É¢¨Ö ˆ
�-2. ‡  ¢·¥³Ö Ô±¸¶²Ê É Í¨¨ ¸ 1984 ¶μ 2006 £.
·¥ ±Éμ· ´ · ¡μÉ ² ¢ μ¡Ð¥° ¸²μ¦´μ¸É¨ 87400 Œ‚É·Î. ‡  ÔÉμ ¢·¥³Ö μ¡Ð¨° ¡ -
² ´¸ ·¥ ±É¨¢´μ¸É¨ ¸ÊÐ¥¸É¢¥´´μ ¨§³¥´Ö²¸Ö, ¢μ-¶¥·¢ÒÌ, ¥¸É¥¸É¢¥´´Ò³ μ¡· §μ³
§  ¸Î¥É ¢Ò£μ· ´¨Ö Éμ¶²¨¢ , ¢μ-¢Éμ·ÒÌ, ¶·¨ ¶¥·¨μ¤¨Î¥¸±μ° § ³¥´¥ ¶μ¤¢¨¦´ÒÌ
μÉ· ¦ É¥²¥° ¨, ¢-É·¥ÉÓ¨Ì, §  ¸Î¥É Î ¸É¨Î´μ° ¶¥·¥£·Ê§±¨ ¨ ¤μ£·Ê§±¨ Éμ¶²¨¢ .
‚ · ¡μÉ¥ ¶·¥¤¸É ¢²¥´μ ¨§³¥´¥´¨¥ § ¶ ¸  ·¥ ±É¨¢´μ¸É¨ μÉ Ô´¥·£μ´ · ¡μÉ±¨ § 
¶· ±É¨Î¥¸±¨ ¶μ²´Ò° ¶¥·¨μ¤ · ¡μÉÒ ·¥ ±Éμ·  ´  ³μÐ´μ¸É¨ ¸ 1982 ¶μ 2006 £.
ˆ§ÊÎ¥´  μ¡Ð Ö ± ·É¨´  ¨§³¥´¥´¨Ö ¡ ² ´¸  ·¥ ±É¨¢´μ¸É¨ ¨ μ¶·¥¤¥²¥´  ¡¸μ-
²ÕÉ´Ò° ÔËË¥±É ¢Ò£μ· ´¨Ö.

� ´¥¥ ¡ ² ´¸ ·¥ ±É¨¢´μ¸É¨ ´  ˆ
�-2 ¶·μ¢μ¤¨²¸Ö ´  ±μ·μÉ±¨Ì ¨´É¥·-
¢ ² Ì ¢·¥³¥´¨ [1] ¨ Ô¶¨§μ¤¨Î¥¸±¨. 
Ò²μ μÉ³¥Î¥´μ, ÎÉμ ¸ 1982 ¶μ 1985 £.
·¥ ±É¨¢´μ¸ÉÓ ¸ÊÐ¥¸É¢¥´´μ ´¥ ¨§³¥´Ö² ¸Ó ¸ Ô´¥·£μ´ · ¡μÉ±μ°. ‡ É¥³ Ê³¥´Ó-
Ï¥´¨¥ § ¶ ¸  ·¥ ±É¨¢´μ¸É¨ ¸É ²μ ¡μ²¥¥ § ³¥É´Ò³ [2]. �μ§¤´¥¥ ¡Ò²μ ¶μ± -
§ ´μ, ÎÉμ ¸ 1987 ¶μ 1992 £. ÔËË¥±É ¢Ò£μ· ´¨Ö ¸É ¡¨²¨§¨·μ¢ ²¸Ö ¨ ¸É·¥³¨²¸Ö
± · ¸Î¥É´μ³Ê §´ Î¥´¨Õ [3]. �μ²´ Ö ¤¥É ²Ó´ Ö ± ·É¨´  ¨§³¥´¥´¨Ö ¡ ² ´¸ 
·¥ ±É¨¢´μ¸É¨ §  ¢¥¸Ó ¶¥·¨μ¤ · ¡μÉÒ ·¥ ±Éμ·  ¢ ÔÉ¨Ì · ¡μÉ Ì ´¥ ³μ£²  ¡ÒÉÓ
¨§ÊÎ¥´ , ¶μ¸±μ²Ó±Ê ¨¸¶μ²Ó§μ¢ ²¨¸Ó ¤ ´´Ò¥ ´  ¸· ¢´¨É¥²Ó´μ ±μ·μÉ±¨Ì ¨´É¥·-
¢ ² Ì ¢·¥³¥´¨ ¨ ¢ μ¸´μ¢´μ³ ¢ ´ Î ²Ó´Ò° ¶¥·¨μ¤ Ô±¸¶²Ê É Í¨¨ ·¥ ±Éμ· .

„²Ö μ¶·¥¤¥²¥´¨Ö ¡ ² ´¸  ·¥ ±É¨¢´μ¸É¨ §  ¶μ²´Ò° ¶¥·¨μ¤ · ¡μÉÒ ·¥-
 ±Éμ·  ¨¸¶μ²Ó§μ¢ ²¨¸Ó ¤ ´´Ò¥, ¨§³¥·Ö¥³Ò¥ ¢ ¥¤¨´μ° ¸¨¸É¥³¥ ÏÉ É´μ£μ ±μ´-
É·μ²Ö ·¥ ±Éμ· : ¶μ²μ¦¥´¨¥ ¢¸¥Ì μ·£ ´μ¢ ·¥£Ê²¨·μ¢ ´¨Ö, É¥³¶¥· ÉÊ·  ´  ¢Ìμ¤¥
¨ ¢ÒÌμ¤¥ ¨§  ±É¨¢´μ° §μ´Ò ¨ · ¸Ìμ¤ ´ É·¨¥¢μ£μ É¥¶²μ´μ¸¨É¥²Ö ¢ ¶¥·¢μ³ ±μ´-
ÉÊ·¥ ¸¨¸É¥³Ò μÌ² ¦¤¥´¨Ö  ±É¨¢´μ° §μ´Ò. 
 ² ´¸ ·¥ ±É¨¢´μ¸É¨ μ¶·¥¤¥²Ö²¸Ö ¢
± ¦¤μ³ ·¥ ±Éμ·´μ³ Í¨±²¥ (178 Í¨±²μ¢) ¶·¨ ¤μ¸É¨¦¥´¨¨ ¸μ¸ÉμÖ´¨Ö ¨³¶Ê²Ó¸-
´μ° ±·¨É¨Î´μ¸É¨ ¶·¨ ³μÐ´μ¸É¨, ¶· ±É¨Î¥¸±¨ · ¢´μ° ´Ê²Õ, É. ¥. ¨¸¸²¥¤μ¢ ²¸Ö
¡ ² ´¸ ·¥ ±É¨¢´μ¸É¨ ´  ®Ìμ²μ¤´μ° ³ Ï¨´¥¯. 	É³¥É¨³, ÎÉμ ·¥ ±Éμ· ˆ
�-2
Ô±¸¶²Ê É¨·μ¢ ²¸Ö ¢ É. ´. Í¨±²¨Î¥¸±μ³ ·¥¦¨³¥: μ¡ÒÎ´μ ¤¢¥ ´¥¤¥²¨ Å · ¡μÉ 
´  ³μÐ´μ¸É¨, ¤¢¥ ´¥¤¥²¨ Å ¶¥·¥·Ò¢ (´Ê²¥¢ Ö ³μÐ´μ¸ÉÓ), § É¥³ Ê± § ´´Ò°
Í¨±² ¶μ¢Éμ·Ö²¸Ö ¤μ ¶·μ¢¥¤¥´¨Ö ¥¦¥£μ¤´ÒÌ ¶² ´μ¢μ-¶·¥¤Ê¶·¥¤¨É¥²Ó´ÒÌ · -
¡μÉ, ±μ£¤  ·¥ ±Éμ· μ¸É ´ ¢²¨¢ ²¸Ö ´  É·¨ ³¥¸ÖÍ . „ ²¥¥ ÔÉμÉ ¥¦¥£μ¤´Ò° Í¨±²
¶¥·¨μ¤¨Î¥¸±¨ ¶μ¢Éμ·Ö²¸Ö ¸ μ¸É ´μ¢± ³¨ ·¥ ±Éμ·  ´  § ³¥´Ê ¶μ¤¢¨¦´μ£μ μÉ-
· ¦ É¥²Ö.
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‚ Ê¸²μ¢¨ÖÌ ¨³¶Ê²Ó¸´μ° ±·¨É¨Î´μ¸É¨ ¤²Ö ·¥ ±Éμ·  ®´Ê²¥¢μ°¯ ³μÐ´μ¸É¨
(Ìμ²μ¤´Ò° ·¥ ±Éμ·) Ê· ¢´¥´¨¥ ¡ ² ´¸  ·¥ ±É¨¢´μ¸É¨ ¨³¥¥É ¢¨¤ [1]

4∑
i=1

[ki(zi) − ki(z0i)] + kT (T¢Ì − T¢Ì0) + kG(G2 − G2
0) + ρ� + ρx = 0, (1)

£¤¥ ki(zi) Å ±·¨¢ Ö ÔËË¥±É¨¢´μ¸É¨ i-£μ ¡²μ±  ·¥£Ê²¨·μ¢ ´¨Ö; kT Å ¨§μÉ¥·-
³¨Î¥¸±¨° ±μÔËË¨Í¨¥´É ·¥ ±É¨¢´μ¸É¨ (−0, 01βÔË/0‘); kG Å £¨¤·μ¤¨´ ³¨Î¥-
¸±¨° ±μÔËË¨Í¨¥´É ·¥ ±É¨¢´μ¸É¨ (−1, 27 · 10−5βÔË/(³3/Î)2); ρÔ Å ¨§³¥´¥´¨¥
·¥ ±É¨¢´μ¸É¨, ¸¢Ö§ ´´μ¥ ¸ Ô´¥·£μ´ · ¡μÉ±μ°; ρx Å ·¥ ±É¨¢´μ¸ÉÓ, μ¡Ê¸²μ-
¢²¥´´ Ö ¢μ§³μ¦´μ° ´¥¨§¢¥¸É´μ° ¶·¨Î¨´μ°, ´¥ ÊÎ¨ÉÒ¢ ¥³μ° ¢ Ëμ·³Ê²¥ (1);
T ¨ G Å É¥³¶¥· ÉÊ·  ¨ · ¸Ìμ¤ É¥¶²μ´μ¸¨É¥²Ö ¶¥·¢μ£μ ±μ´ÉÊ·  ¸¨¸É¥³Ò
μÌ² ¦¤¥´¨Ö  ±É¨¢´μ° §μ´Ò. �¨¦´¨° ¨´¤¥±¸ ®0¯ μ§´ Î ¥É μ¶μ·´Ò¥ (¡ §μ-
¢Ò¥) §´ Î¥´¨Ö ¶ · ³¥É·μ¢, ¸μμÉ¢¥É¸É¢ÊÕÐ¨Ì ¨¸Ìμ¤´μ³Ê ¸μ¸ÉμÖ´¨Õ ·¥ ±Éμ· .
‚ ± Î¥¸É¢¥ ¨¸Ìμ¤´ÒÌ (¡ §μ¢ÒÌ) §´ Î¥´¨° ¶ · ³¥É·μ¢ ¡Ò²¨ ¢§ÖÉÒ ¶ · ³¥-
É·Ò, Ì · ±É¥·¨§ÊÕÐ¨¥ ¸μ¸ÉμÖ´¨¥ ¨³¶Ê²Ó¸´μ° ±·¨É¨Î´μ¸É¨ ´  ³μ³¥´É ´ Î ² 
 ´ ²¨§¨·Ê¥³μ£μ ¶¥·¨μ¤  (μ±ÉÖ¡·Ó 1982 £., Ô´¥·£¥É¨Î¥¸±¨° ¶Ê¸±). ‚ ± Î¥¸É¢¥
¨¸Ìμ¤´ÒÌ μ¶μ·´ÒÌ ¤ ´´ÒÌ ¡Ò²¨ ¶·¨´ÖÉÒ §´ Î¥´¨Ö, ¨¸¶μ²Ó§Ê¥³Ò¥ ¢ · ¡μ-
É Ì [2, 3]: ¶μ²μ¦¥´¨¥ ¢¸¥Ì μ·£ ´μ¢ ·¥£Ê²¨·μ¢ ´¨Ö Š	1, Š	2, �� ¨ �� Å
280, 200, 200, 200 ³³ ¸μμÉ¢¥É¸É¢¥´´μ, É¥³¶¥· ÉÊ·  ´ É·¨Ö ´  ¢Ìμ¤¥ ¢  ±É¨¢-
´ÊÕ §μ´Ê Å 278 0‘ ¨ · ¸Ìμ¤ ´ É·¨Ö ¢ ¶¥·¢μ³ ±μ´ÉÊ·¥ ¸¨¸É¥³Ò μÌ² ¦¤¥´¨Ö
 ±É¨¢´μ° §μ´Ò Å 100 ³3/Î.

ˆ§ (1) ¢¨¤´μ, ÎÉμ ¢ ¸μ¸ÉμÖ´¨¨ ¨³¶Ê²Ó¸´μ° ±·¨É¨Î´μ¸É¨ μ¸´μ¢´Ò³¨ Ë ±-
Éμ· ³¨, ¢²¨ÖÕÐ¨³¨ ´  ·¥ ±É¨¢´μ¸ÉÓ ¢ ¤ ´´μ³  ´ ²¨§¥, Ö¢²ÖÕÉ¸Ö É¥³¶¥· -
ÉÊ· , · ¸Ìμ¤ ´ É·¨Ö ¨ Ô´¥·£μ´ · ¡μÉ± . Š·μ³¥ ÔÉμ£μ, ± ± ¶μ± § ´μ ¢ · ¡μÉ¥
[2], ¸μ¸ÉμÖ´¨¥ ¸É Í¨μ´ ·´ÒÌ μÉ· ¦ É¥²¥° ¨ É¥¶²μ¢μ° ¡¥Éμ´´μ° § Ð¨ÉÒ ¢μ
³´μ£μ³ μ¶·¥¤¥²Ö¥É ´¥¨§¢¥¸É´Ò° ±μ³¶μ´¥´É ·¥ ±É¨¢´μ¸É¨ ρx. „²Ö Éμ£μ ÎÉμ¡Ò
¢Ò¤¥²¨ÉÓ ¨§³¥´¥´¨¥ ·¥ ±É¨¢´μ¸É¨, ¸¢Ö§ ´´μ¥ Éμ²Ó±μ ¸ Ô´¥·£μ´ · ¡μÉ±μ°, ´¥-
μ¡Ìμ¤¨³μ, ÎÉμ¡Ò ¡ ² ´¸ ·¥ ±É¨¢´μ¸É¨ ¢Ò¶μ²´Ö²¸Ö ´¥ Éμ²Ó±μ ¤²Ö É¥³¶¥· ÉÊ·Ò
¨ · ¸Ìμ¤  É¥¶²μ´μ¸¨É¥²Ö, ´μ ¨ ¤²Ö ¸É Í¨μ´ ·´ÒÌ μÉ· ¦ É¥²¥° ¨ É¥¶²μ¢μ° § -
Ð¨ÉÒ. ’μ£¤  ¢¸¥ ¸μ¸ÉμÖ´¨Ö ·¥ ±Éμ·  ¸μ¶·μ¢μ¦¤ ²¨¸Ó ¡Ò μ¤¨´ ±μ¢Ò³¨ Ê¸²μ-
¢¨Ö³¨ μÉ´μ¸¨É¥²Ó´μ μ¸´μ¢´ÒÌ Ë ±Éμ·μ¢, ¢²¨ÖÕÐ¨Ì ´  ·¥ ±É¨¢´μ¸ÉÓ. � -
¶·¨³¥·, ¸μ¸ÉμÖ´¨¥ ¸É Í¨μ´ ·´ÒÌ μÉ· ¦ É¥²¥° μ¶·¥¤¥²Ö¥É ¸²ÊÎ °´μ¥ ¨§³¥-
´¥´¨¥ ·¥ ±É¨¢´μ¸É¨ μÉ Í¨±²  ± Í¨±²Ê,   ¸μ¸ÉμÖ´¨¥ É¥¶²μ¢μ° ¨ ¡¥Éμ´´μ°
§ Ð¨ÉÒ Å ¨§³¥´¥´¨¥ ·¥ ±É¨¢´μ¸É¨ μÉ μ¤´μ° μ¸É ´μ¢±¨ ·¥ ±Éμ·  ´  ²¥É´¨°
¶¥·¨μ¤ ¶² ´μ¢μ-¶·¥¤Ê¶·¥¤¨É¥²Ó´ÒÌ · ¡μÉ ¤μ ¤·Ê£μ°.

“Î¨ÉÒ¢ ÉÓ ¸μ¸ÉμÖ´¨¥ ¡¥Éμ´´μ° § Ð¨ÉÒ ´¥ É ± ¶·μ¸Éμ. Š ± ¶μ± § ²¨ ·¥-
§Ê²ÓÉ ÉÒ ¨¸¸²¥¤μ¢ ´¨°, ¶·μ¢¥¤¥´´ÒÌ ¢ 2006 £., É¥¶²μ¢ Ö ¨´¥·Í¨Ö ¡¥Éμ´´μ°
§ Ð¨ÉÒ (¶μ¸ÉμÖ´´ Ö ¢·¥³¥´¨ ¨§³¥´¥´¨Ö É¥³¶¥· ÉÊ· ¢ · §²¨Î´ÒÌ ³¥¸É Ì § -
Ð¨ÉÒ) ¢ ´¥¸±μ²Ó±μ · § ³¥´ÓÏ¥ ¶μ¸ÉμÖ´´μ° ¢·¥³¥´¨ ¸ ³μ° ³¥¤²¥´´μ° ¸μ¸É -
¢²ÖÕÐ¥° ¢ ¡ ² ´¸¥ ·¥ ±É¨¢´μ¸É¨ ¤²Ö μÉ¤¥²Ó´μ£μ Í¨±² . �Éμ Ê± §Ò¢ ¥É ´  Éμ,
ÎÉμ ´¥ Éμ²Ó±μ ¸ ³  É¥³¶¥· ÉÊ· , ´μ ¨ ¶μ¸²¥¤¸É¢¨Ö ¥¥ ¨§³¥´¥´¨Ö ¢²¨ÖÕÉ ´ 
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·¥ ±É¨¢´μ¸ÉÓ, ÎÉμ ¶μ¤É¢¥·¦¤ ¥É ¢Ò¢μ¤ · ¡μÉÒ [1] μ Éμ³, ÎÉμ μ¤´μ° ¨§ ¢μ§-
³μ¦´ÒÌ ¶·¨Î¨´ ¨§³¥´¥´¨Ö ·¥ ±É¨¢´μ¸É¨ Ö¢²Ö¥É¸Ö ³¨£· Í¨Ö ¢μ¤Ò ¢ ¡¥Éμ´¥
μÉ £μ·ÖÎ¨Ì ³¥¸É ± Ìμ²μ¤´Ò³. ‘μ¸ÉμÖ´¨¥ ¡¥Éμ´´μ° § Ð¨ÉÒ § ¢¨¸¨É μÉ ´¥-
¸±μ²Ó±¨Ì Ë ±Éμ·μ¢, ´ ¶·¨³¥· μÉ ¸·¥¤´¥° ³μÐ´μ¸É¨ ·¥ ±Éμ·  ¢ ¶·¥¤Ò¤ÊÐ¥³
Í¨±²¥, ¤²¨É¥²Ó´μ¸É¨ μ¸É ´μ¢±¨ ·¥ ±Éμ·  ³¥¦¤Ê Í¨±² ³¨,  É³μ¸Ë¥·´ÒÌ Ê¸²μ-
¢¨° (Î¥·¥§ μÉ±·ÒÉÊÕ ¸¨¸É¥³Ê μÌ² ¦¤¥´¨Ö § Ð¨ÉÒ) ¨ ¶·. �μ¸±μ²Ó±Ê ¸·¥¤´ÖÖ
³μÐ´μ¸ÉÓ ·¥ ±Éμ·  ¢ Í¨±²¥ ¶μ¸ÉμÖ´´ , ¶·μ¤μ²¦¨É¥²Ó´μ¸ÉÓ μ¸É ´μ¢±¨ ¨£· ¥É
¸ ³ÊÕ ¡μ²ÓÏÊÕ ·μ²Ó. 	É¸Õ¤  ¢¨¤´μ, ¶μÎ¥³Ê ±·¨É¨Î´μ¸ÉÓ ¶μ¸²¥ μ¸É ´μ¢±¨ ´ 
É·¨ ³¥¸ÖÍ  (¶² ´μ¢μ-¶·¥¤Ê¶·¥¤¨É¥²Ó´Ò¥ · ¡μÉÒ) ¨ ±·¨É¨Î´μ¸ÉÓ ¶μ¸²¥ μ¸É -
´μ¢±¨ ´  μ¤´Ê ¨²¨ ¤¢¥ ´¥¤¥²¨ (¶μ¸²¥ ·¥ ±Éμ·´μ£μ Í¨±² ) ¸ÊÐ¥¸É¢¥´´μ · §²¨-
Î ÕÉ¸Ö ³¥¦¤Ê ¸μ¡μ°.

„²Ö ¨¸¸²¥¤μ¢ ´¨Ö ·¥ ±É¨¢´μ¸É¨ ¢ § ¢¨¸¨³μ¸É¨ μÉ Ô´¥·£μ´ · ¡μÉ±¨ Ê¤μ¡´μ
· ¸¸³ É·¨¢ ÉÓ ¨§³¥´¥´¨¥ § ¶ ¸  ·¥ ±É¨¢´μ¸É¨. ‡ ¶ ¸ ·¥ ±É¨¢´μ¸É¨ μÉ´μ¸¨-
É¥²Ó´μ ¡ §μ¢ÒÌ §´ Î¥´¨° É¥³¶¥· ÉÊ·Ò ¨ · ¸Ìμ¤  ´ É·¨Ö μ¶·¥¤¥²Ö¥É¸Ö ¨§ ¢Ò-
· ¦¥´¨Ö

ρ§ ¶ =
4∑

i=1

ki(zmax i) −
(

4∑
i=1

ki(zi) + kT (T¢Ì − T¢Ì0) + kG(G2 − G2
0)

)
, (2)

£¤¥
4∑

i=1

ki(zmax i) ¥¸ÉÓ ¶μ²´ Ö ÔËË¥±É¨¢´μ¸ÉÓ μ·£ ´μ¢ ·¥£Ê²¨·μ¢ ´¨Ö. ˆ¸¶μ²Ó-

§ÊÖ ¢Ò· ¦¥´¨¥ ¤²Ö ¡ ² ´¸  ·¥ ±É¨¢´μ¸É¨ (1), ¶μ²ÊÎ ¥³

4∑
i=1

ki(zi) + kT (TBX − TBX0) + kG(G2 − G2
0) =

4∑
i=1

ki(z0i) − ρÔ − ρx,

¨§ ±μÉμ·μ£μ ¸²¥¤Ê¥É

ρ§ ¶ =
4∑

i=1

[ki(zmax i) − ki(z0i)] + ρÔ + ρx, (3)

£¤¥ zmax i Å ¶μ²μ¦¥´¨¥ i-£μ μ·£ ´  ·¥£Ê²¨·μ¢ ´¨Ö ¢  ±É¨¢´μ° §μ´¥, ¸μμÉ¢¥É-
¸É¢ÊÕÐ¥¥ ¢¢μ¤Ê ³ ±¸¨³ ²Ó´μ° ·¥ ±É¨¢´μ¸É¨. ‘² £ ¥³μ¥ ¶μ¤ ¸¨³¢μ²μ³ ¸Ê³³Ò
¢ Ê· ¢´¥´¨¨ (3) ¥¸ÉÓ ±μ´¸É ´É , μ§´ Î ÕÐ Ö § ¶ ¸ ·¥ ±É¨¢´μ¸É¨ ¢ μ¶μ·´Ò°
(¡ §μ¢Ò°) ³μ³¥´É ¢·¥³¥´¨. �·¨ Ê¸²μ¢¨¨, ¥¸²¨ ´¥¨§¢¥¸É´Ò³ ÔËË¥±Éμ³ ·¥ ±-
É¨¢´μ¸É¨ ρx ³μ¦´μ ¶·¥´¥¡·¥ÎÓ, ¨§³¥´¥´¨¥ § ¶ ¸  ·¥ ±É¨¢´μ¸É¨ ¥¸ÉÓ Î¨¸ÉÒ°
ÔËË¥±É Ô´¥·£μ´ · ¡μÉ±¨. ‚ ·¥ ²Ó´ÒÌ Ê¸²μ¢¨ÖÌ Ô±¸¶²Ê É Í¨¨ § ¶ ¸ ·¥ ±É¨¢-
´μ¸É¨ ¢ § ¢¨¸¨³μ¸É¨ μÉ Ô´¥·£μ´ · ¡μÉ±¨ ¢ÒÎ¨¸²Ö¥É¸Ö ¶μ ¤ ´´Ò³ ÏÉ É´ÒÌ
¶·¨¡μ·μ¢ ¶μ Ëμ·³Ê²¥ (2). �¥§Ê²ÓÉ É ¢ÒÎ¨¸²¥´¨° ¶μ± § ´ ´  ·¨¸. 1. �¥§±¨¥
¸± Î±¨ ·¥ ±É¨¢´μ¸É¨ ¢ ÉμÎ± Ì 3 ¨ 6 ¸¢Ö§ ´Ò ¸ ¤μ£·Ê§±μ° Éμ¶²¨¢ . Š·μ³¥
Éμ£μ, ¨§ ·¨¸. 1 ¢¨¤´μ, ÎÉμ ´  ±·¨¢μ° § ¶ ¸  ·¥ ±É¨¢´μ¸É¨ ¥¸ÉÓ ÉμÎ±¨ ¸ ´¥-
É¨¶¨Î´Ò³¨ ( ´μ³ ²Ó´Ò³¨) §´ Î¥´¨Ö³¨. Š ± ¶μ± §Ò¢ ¥É  ´ ²¨§, ÔÉ¨ ÉμÎ±¨ ¢
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μ¸´μ¢´μ³ μÉ· ¦ ÕÉ ¨§³¥´¥´¨¥ ¡ ² ´¸  ·¥ ±É¨¢´μ¸É¨ ¢ Í¨±² Ì, ¸²¥¤ÊÕÐ¨Ì
´¥¶μ¸·¥¤¸É¢¥´´μ ¶μ¸²¥ ¶² ´μ¢μ-¶·¥¤Ê¶·¥¤¨É¥²Ó´ÒÌ · ¡μÉ. „²Ö ¶·μ¢¥¤¥´¨Ö
 ´ ²¨§  ´  ¡μ²ÓÏ¨Ì ¨´É¥·¢ ² Ì ¢·¥³¥´¨ (´¥¸±μ²Ó±μ ²¥É ¨ ¡μ²¥¥) ÔÉ¨ ÉμÎ±¨
Ö¢²ÖÕÉ¸Ö ¢Ò¡·μ¸ ³¨, ¨ ¨Ì ³μ¦´μ ¨¸±²ÕÎ¨ÉÓ ¨§ ¨¸Ìμ¤´μ£μ ´ ¡μ·  ¤ ´´ÒÌ.
’μ£¤  ´¥μ¶·¥¤¥²¥´´μ¸ÉÓ ¸μ¸ÉμÖ´¨Ö ¡¥Éμ´´μ° § Ð¨ÉÒ ¨ ¸É Í¨μ´ ·´ÒÌ μÉ· -
¦ É¥²¥°, ´¥ ÊÎ¨ÉÒ¢ ¥³ Ö ¢ ¡ ² ´¸¥ ·¥ ±É¨¢´μ¸É¨ (·¥ ±É¨¢´μ¸ÉÓ ρx ¢ Ê· ¢´¥-
´¨¨ (3)), ¢Ò§Ò¢ ¥É ²¨ÏÓ ´¥§´ Î¨É¥²Ó´Ò° ÏÊ³, ¨ ¨³ ¢ ¤ ´´μ³  ´ ²¨§¥ ³μ¦´μ
¶·¥´¥¡·¥ÎÓ. �¥±μÉμ·Ò¥ ¸μ¡ÒÉ¨Ö, §´ Î¨É¥²Ó´μ ¶μ¢²¨Ö¢Ï¨¥ ´  ·¥ ±É¨¢´μ¸ÉÓ ¢
Ìμ¤¥ Ô±¸¶²Ê É Í¨¨ ·¥ ±Éμ· , μÉ³¥Î¥´Ò ¢ É ¡²¨Í¥.

�¥±μÉμ·Ò¥ ¸μ¡ÒÉ¨Ö ¢ Ìμ¤¥ Ô±¸¶²Ê É Í¨¨ ·¥ ±Éμ· , ·¥§±μ ¢²¨ÖÕÐ¨¥ ´ 
·¥ ±É¨¢´μ¸ÉÓ

‘μ¡ÒÉ¨¥ º „ É  �·¨Î¨´ 
(ÉμÎ±¨ ´  ·¨¸. 1)

1 05.01.1982 �¥·¢Ò°  ´ ²¨§¨·Ê¥³Ò° Í¨±²

2 15.10.1987 ‡ ³¥´  ¶μ¤¢¨¦´ÒÌ μÉ· ¦ É¥²¥°

3 22.03.1993 �¥·¥£·Ê§±  Éμ¶²¨¢ 

4 15.03.1995 ‡ ³¥´  ¶μ¤¢¨¦´ÒÌ μÉ· ¦ É¥²¥°

5 01.07.1996 �¥·¥£·Ê§±  Éμ¶²¨¢ 

6 24.06.2004 ‡ ³¥´  ¶μ¤¢¨¦´ÒÌ μÉ· ¦ É¥²¥°, ¤μ£·Ê§±  Éμ¶²¨¢ 

7 04.12.2006 �μ¸²¥¤´¨° Í¨±²

�¨¸. 1. ˆ§³¥´¥´¨¥ § ¶ ¸  ·¥ ±É¨¢´μ¸É¨ ¢ ¶·μÍ¥¸¸¥ Ô±¸¶²Ê É Í¨¨ ·¥ ±Éμ·  ˆ
�-2 ¸
1982 ¶μ 2006 £.
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�μ¸±μ²Ó±Ê § ¶ ¸ ·¥ ±É¨¢´μ¸É¨ ¶·¨ Ô±¸¶²Ê É Í¨¨ ˆ
�-2 ¨§³¥´Ö¥É¸Ö ¸ÉÊ-
¶¥´Î Éμ, ¤²Ö ¶μ¸²¥¤ÊÕÐ¥£μ  ´ ²¨§  ¢¸¥ μÉ·¥§±¨ ±·¨¢μ° ¸³¥Ð¥´Ò É ±, ÎÉμ¡Ò
ËÊ´±Í¨Ö ·¥ ±É¨¢´μ¸É¨ ´¥ ¨³¥²  · §·Ò¢μ¢ ¨ ¨§³¥´Ö² ¸Ó ´¥¶·¥·Ò¢´μ. �·¥¤¢ -
·¨É¥²Ó´μ ¡Ò²¨ Ê¤ ²¥´Ò ¢Ò¡·μ¸Ò ·¥ ±É¨¢´μ¸É¨ ¢ ÉμÎ± Ì ¸· §Ê ¶μ¸²¥ ¶² ´μ¢μ-
¶·¥¤Ê¶·¥¤¨É¥²Ó´ÒÌ · ¡μÉ. �μ²ÊÎ¥´´Ò° ´¥¶·¥·Ò¢´Ò° ¢¨¤ ËÊ´±Í¨¨ § ¶ ¸ 
·¥ ±É¨¢´μ¸É¨ ¶μ± § ´ ´  ·¨¸. 2.

�¨¸. 2. �¥¶·¥·Ò¢´μ¥ ¨§³¥´¥´¨¥ § ¶ ¸  ·¥ ±É¨¢´μ¸É¨. • Å Ô±¸¶¥·¨³¥´É ²Ó´Ò¥ ÉμÎ±¨;
Å Å  ¶¶·μ±¸¨³¨·μ¢ ´´ Ö ±·¨¢ Ö; ······ Å ÔËË¥±É Î¨¸Éμ£μ ¢Ò£μ· ´¨Ö; Δ Å ¶·¨¡Ò²Ó
·¥ ±É¨¢´μ¸É¨ §  ¸Î¥É ¶μ²μ¦¨É¥²Ó´μ£μ ÔËË¥±É 

ˆ§ ·¨¸. 2 ¢¨¤´μ, ÎÉμ ¶μ¸²¥ 40000 Œ‚É·Î § ¶ ¸ ·¥ ±É¨¢´μ¸É¨ Ê³¥´ÓÏ -
¥É¸Ö ²¨´¥°´μ, ÎÉμ μÉ· ¦ ¥É Î¨¸ÉÒ° ÔËË¥±É ¢Ò£μ· ´¨Ö. …¸²¨ ¡Ò ´ ¡²Õ¤ ²¸Ö
Éμ²Ó±μ ÔËË¥±É Î¨¸Éμ£μ ¢Ò£μ· ´¨Ö ρ¢, Éμ § ¶ ¸ ·¥ ±É¨¢´μ¸É¨ ¤μ²¦¥´ ¡Ò²
Ê³¥´ÓÏ ÉÓ¸Ö ²¨´¥°´μ ¸· §Ê ¶μ¸²¥ Ô´¥·£¥É¨Î¥¸±μ£μ ¶Ê¸±  ¨ ¢Ò· ¦ ÉÓ¸Ö ¸²¥-
¤ÊÕÐ¨³ μ¡· §μ³:

ρ§ ¶ = B0 + ρ¢ = B0 + k¢ · B, (4)

£¤¥ B0 = 3, 609% Å ¶¥·¢μ´ Î ²Ó´μ¥ §´ Î¥´¨¥ § ¶ ¸  ·¥ ±É¨¢´μ¸É¨ ¢ Ö´-
¢ ·¥ 1982 £., kb Å ±μÔËË¨Í¨¥´É ¢Ò£μ· ´¨Ö μÉ·¨Í É¥²Ó´μ£μ §´ ± . �  ¶¥·¢μ³
ÔÉ ¶¥ Ô±¸¶²Ê É Í¨¨ ·¥ ±É¨¢´μ¸ÉÓ ¤ ¦¥ Ê¢¥²¨Î¨¢ ² ¸Ó. �ÉμÉ ¶·μÍ¥¸¸ ¶·μ¤μ²-
¦ ²¸Ö ¢ É¥Î¥´¨¥ ¤¢ÊÌ ²¥É. ‡ É¥³ ·¥ ±É¨¢´μ¸ÉÓ Ê³¥´ÓÏ ¥É¸Ö ¸μ ¸±μ·μ¸ÉÓÕ,
¸É·¥³ÖÐ¥°¸Ö ± ¶μ¸ÉμÖ´´μ³Ê §´ Î¥´¨Õ. �ÉμÉ Ë ±É ¶μ± §Ò¢ ¥É, ÎÉμ ¢ ´ -
Î ²¥ · ¡μÉÒ ·¥ ±Éμ·  ¶ · ²²¥²Ó´μ ¸ Î¨¸ÉÒ³ ÔËË¥±Éμ³ ¢Ò£μ· ´¨Ö Éμ¶²¨¢ 
¤¥°¸É¢ÊÕÉ É ±¦¥ ¨ ´¥±μÉμ·Ò¥ ¶μ²μ¦¨É¥²Ó´Ò¥ ÔËË¥±ÉÒ ·¥ ±É¨¢´μ¸É¨ ρ¤μ¶.
	¤´μ ¨§ ¢μ§³μ¦´ÒÌ μ¡ÑÖ¸´¥´¨° ¶μ²μ¦¨É¥²Ó´μ£μ ÔËË¥±É  ¸¢Ö§ ´μ, ´ ¶·¨³¥·,
¸ Ê¶²μÉ´¥´¨¥³ Éμ¶²¨¢ , ¸É·Ê±ÉÊ·´Ò³¨ ¨§³¥´¥´¨Ö³¨ ¢ ³ É¥·¨ ²¥  ±É¨¢´μ°
§μ´Ò ¨ É. ¤. ‘μ ¢·¥³¥´¥³ É¥³¶ ÔÉ¨Ì ¨§³¥´¥´¨° Ê³¥´ÓÏ ¥É¸Ö ¨, ´ ±μ´¥Í, ¨Ì
¢²¨Ö´¨¥ ´  ·¥ ±É¨¢´μ¸ÉÓ ¨¸Î¥§ ¥É. ˆ§  ´ ²¨§  ±·¨¢μ° § ¶ ¸  ·¥ ±É¨¢´μ¸É¨
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¸²¥¤Ê¥É, ÎÉμ ¤μ¶μ²´¨É¥²Ó´Ò¥ ÔËË¥±ÉÒ ·¥ ±É¨¢´μ¸É¨ ¢ § ¢¨¸¨³μ¸É¨ μÉ Ô´¥·-
£μ´ · ¡μÉ±¨ ³μ¦´μ ¶·¥¤¸É ¢¨ÉÓ ¢ ¢¨¤¥

ρ¤μ¶ = a(1 − exp(−B/T1)) + bB exp (−B/T2)[(B − c)2 − d], (5)

£¤¥ a Å  ¸¨³¶ÉμÉ¨Î¥¸±μ¥ §´ Î¥´¨¥ ¶μ²μ¦¨É¥²Ó´μ£μ ÔËË¥±É  ·¥ ±É¨¢´μ¸É¨,
T1, T2 Å ±μ´¸É ´ÉÒ ¸¶ ¤ ; b, c, d Å  ¶¶·μ±¸¨³¨·ÊÕÐ¨¥ ¶ · ³¥É·Ò, ´¥ ¨³¥-
ÕÐ¨¥ Ë¨§¨Î¥¸±μ£μ ¸³Ò¸² . ’μ£¤  μ¡Ð¨° ÔËË¥±É Ô´¥·£μ´ · ¡μÉ±¨ ¶μ²ÊÎ ¥É¸Ö
¸²μ¦¥´¨¥³ ¶·¨¢¥¤¥´´ÒÌ ¢ÒÏ¥ ¤¢ÊÌ ÔËË¥±Éμ¢ ρ¤μ¶ ¨ ρ¢,   § ¶ ¸ ·¥ ±É¨¢´μ¸É¨
μ¶·¥¤¥²Ö¥É¸Ö ¢ ¢¨¤¥

ρ§ ¶ = B0 + k¢ ·B + a(1− exp(−B/T1)) + bB exp (−B/T2)[(B − c)2 − d] (6)

�¶¶·μ±¸¨³¨·ÊÖ ±·¨¢ÊÕ § ¶ ¸  ·¥ ±É¨¢´μ¸É¨ ´  ·¨¸. 2, ¶μ²ÊÎ ¥³ Ï¥¸ÉÓ ¨¸-
±μ³ÒÌ ¶ · ³¥É·μ¢: k¢ = −4, 2975 · 10−5 %/Œ‚É·Î, T1 = 11823 Œ‚É·Î, T2 =
6274 Œ‚É·Î, a = 0, 7023%, b = 3, 429 · 10−13 %, c = 1, 8489 · 104, d =
1, 1057 · 108.

ŠμÔËË¨Í¨¥´É Ô´¥·£μ´ · ¡μÉ±¨ (kÔ), μ¶·¥¤¥²Ö¥³Ò° ± ± ¨§³¥´¥´¨¥ § ¶ ¸ 
·¥ ±É¨¢´μ¸É¨ ´  ¥¤¨´¨ÍÊ Ô´¥·£μ´ · ¡μÉ±¨, ³μ¦´μ ¶μ²ÊÎ¨ÉÓ, ¤¨ËË¥·¥´Í¨·ÊÖ
¸μμÉ´μÏ¥´¨¥ (6)

kÔ = k¢ +
a

T1
exp(−B/T1)+b exp(−B/T2)[(1−

B

T2
)((B−c)2−d)+2B(B−c)].

(7)
ˆ§³¥´¥´¨¥ kÔ μÉ Ô´¥·£μ´ · ¡μÉ±¨ ¶μ± § ´μ ´  ·¨¸. 3. Š ± ¨ μ¦¨¤ ²¨, ÔÉμÉ ±μ-
ÔËË¨Í¨¥´É ¢ ´ Î ²¥ ±·¨¢μ° ¨³¥¥É ¡μ²ÓÏμ¥ ¶μ²μ¦¨É¥²Ó´μ¥ §´ Î¥´¨¥, ´μ ¡Ò-
¸É·μ Ê³¥´ÓÏ ¥É¸Ö ¤μ ¸¢μ¥£μ ¶μ¸ÉμÖ´´μ£μ ¶·¥¤¥²Ó´μ£μ §´ Î¥´¨Ö k¢ = −4, 2975·
10−5 %/Œ‚É·Î, ±μÉμ·μ¥ ¶· ±É¨Î¥¸±¨ ¸μ¢¶ ¤ ¥É ¸ É¥μ·¥É¨Î¥¸±¨³ §´ Î¥´¨¥³
±μÔËË¨Í¨¥´É  ¢Ò£μ· ´¨Ö −4, 5032 · 10−5 %/Œ‚É·Î (¸³. [3]).

�¨¸. 3. ˆ§³¥´¥´¨¥ ±μÔËË¨Í¨¥´É  Ô´¥·£μ´ · ¡μÉ±¨
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� ¸¸³μÉ·¨³ ¤μ¶μ²´¨É¥²Ó´Ò¥ ¶μ²μ¦¨É¥²Ó´Ò¥ ÔËË¥±ÉÒ ·¥ ±É¨¢´μ¸É¨ ´ -
Î ²Ó´μ£μ ÔÉ ¶  · ¡μÉÒ ·¥ ±Éμ· . ˆ§ ¸μμÉ´μÏ¥´¨Ö (5) ¶μ²ÊÎ ¥É¸Ö ¨´É¥£·¨·μ-
¢ ´´Ò° ¶μ²μ¦¨É¥²Ó´Ò° ÔËË¥±É (·¨¸. 4,  ) ¨ ±μÔËË¨Í¨¥´É ¶μ²μ¦¨É¥²Ó´μ£μ
ÔËË¥±É  ·¥ ±É¨¢´μ¸É¨ (·¨¸. 4, ¡). �  ·¨¸. 4,    ¸¨³¶ÉμÉ¨Î¥¸±μ¥ §´ Î¥´¨¥ ¨´-
É¥£·¨·μ¢ ´´μ£μ ÔËË¥±É  ¸μ¢¶ ¤ ¥É ¸ ¶·¨¡Ò²ÓÕ ·¥ ±É¨¢´μ¸É¨ (Δ) ´  ·¨¸. 2.

�¨¸. 4. „μ¶μ²´¨É¥²Ó´Ò° ÔËË¥±É ·¥ ±É¨¢´μ¸É¨ ´  ´ Î ²Ó´μ³ ÔÉ ¶¥ · ¡μÉÒ ·¥ ±Éμ· :
 ) ¨´É¥£·¨·μ¢ ´´Ò° ¤μ¶μ²´¨É¥²Ó´Ò° ÔËË¥±É ·¥ ±É¨¢´μ¸É¨; ¡) ±μÔËË¨Í¨¥´É ¤μ¶μ²-
´¨É¥²Ó´μ£μ ÔËË¥±É  ·¥ ±É¨¢´μ¸É¨

’ ±¨³ μ¡· §μ³, Ê¶²μÉ´¥´¨¥ Éμ¶²¨¢  ¨ ¤·Ê£¨¥ ¢μ§³μ¦´Ò¥ ÔËË¥±ÉÒ, ¤μ-
³¨´¨·ÊÕÐ¨¥ ¢ ·¥ ±Éμ·¥ ¢ ´ Î ²Ó´Ò° ¶¥·¨μ¤ ¥£μ · ¡μÉÒ, Ê¢¥²¨Î¨¢ ÕÉ ·¥ ±-
É¨¢´μ¸ÉÓ ¶·¨¡²¨§¨É¥²Ó´μ ´  0,7% ¨ ¶·¨¢μ¤ÖÉ ¸ ÉμÎ±¨ §·¥´¨Ö § ¶ ¸  ·¥ ±-
É¨¢´μ¸É¨ ± ¶·μ¤²¥´¨Õ ¸·μ±  ¸²Ê¦¡Ò ·¥ ±Éμ· . �μ²μ¦¨É¥²Ó´ Ö ±μ³¶μ´¥´É 
±μÔËË¨Í¨¥´É  Ô´¥·£μ´ · ¡μÉ±¨ ¢ ´ Î ²¥ Ô±¸¶²Ê É Í¨¨ ¨³¥¥É ¤μ¢μ²Ó´μ ¡μ²Ó-
Ïμ¥ §´ Î¥´¨¥ ¨ ¢´ Î ²¥ ¡Ò¸É·μ,   § É¥³ Ê³¥·¥´´μ Ê³¥´ÓÏ ¥É¸Ö,   ¶μ¸²¥
40000 Œ‚É·Î ¶· ±É¨Î¥¸±¨ · ¢´  ´Ê²Õ.

‚›‚�„›

ˆ§  ´ ²¨§  · ¡μÉÒ ·¥ ±Éμ·  ˆ
�-2 ¢ ¶¥·¨μ¤ ¸ 1982 ¶μ 2006 £. ¶μ²ÊÎ¥´ 
§ ¢¨¸¨³μ¸ÉÓ ¨§³¥´¥´¨Ö § ¶ ¸  ·¥ ±É¨¢´μ¸É¨ μÉ Ô´¥·£μ´ · ¡μÉ±¨.

�μ± § ´μ, ÎÉμ ¢ ´ Î ²¥ · ¡μÉÒ ·¥ ±Éμ·  ±·μ³¥ Î¨¸Éμ£μ ÔËË¥±É  ¢Ò£μ-
· ´¨Ö ¤¥°¸É¢ÊÕÉ ¤μ¶μ²´¨É¥²Ó´Ò¥ ¶μ²μ¦¨É¥²Ó´Ò¥ ÔËË¥±ÉÒ, ¸¢Ö§ ´´Ò¥, ¢¥·μ-
ÖÉ´¥¥ ¢¸¥£μ, ¸ Ê¶²μÉ´¥´¨¥³ Éμ¶²¨¢  ¨ ¸É·Ê±ÉÊ·´Ò³¨ ¨§³¥´¥´¨Ö³¨ ³ É¥·¨ ² 
 ±É¨¢´μ° §μ´Ò. ‘μ ¢·¥³¥´¥³ ÔÉ¨ ÔËË¥±ÉÒ Ê³¥´ÓÏ ÕÉ¸Ö ¨ ¸É·¥³ÖÉ¸Ö ± ´Ê²Õ.

�μ¸²¥ 40000 Œ‚É·Î μ¸É ¥É¸Ö Éμ²Ó±μ ÔËË¥±É Î¨¸Éμ£μ ¢Ò£μ· ´¨Ö, ¨ ¸
ÔÉμ£μ ³μ³¥´É  § ¶ ¸ ·¥ ±É¨¢´μ¸É¨ ²¨´¥°´μ Ê³¥´ÓÏ ¥É¸Ö ¸ ±μÔËË¨Í¨¥´Éμ³
−4, 2975 · 10−5 %/Œ‚É·Î.
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ˆ§ μ¡· ¡μÉ±¨ Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ ¤ ´´ÒÌ ¶μ²ÊÎ¥´  Ëμ·³Ê²  ¤²Ö ¢ÒÎ¨-
¸²¥´¨Ö ±μÔËË¨Í¨¥´É  Ô´¥·£μ´ · ¡μÉ±¨ ¢ ²Õ¡μ° ³μ³¥´É · ¡μÉÒ ·¥ ±Éμ· .
ŠμÔËË¨Í¨¥´É Ô´¥·£μ´ · ¡μÉ±¨ ¸μ¸Éμ¨É ¨§ ¤¢ÊÌ ¸μ¸É ¢²ÖÕÐ¨Ì: Î¨¸Éμ£μ ¢Ò-
£μ· ´¨Ö ¨ ¤μ¶μ²´¨É¥²Ó´μ£μ ¶μ²μ¦¨É¥²Ó´μ£μ ÔËË¥±É  ·¥ ±É¨¢´μ¸É¨.

�¢Éμ·Ò ¸É ÉÓ¨ ¡² £μ¤ ·ÖÉ �.Š. �μ¶μ¢  §  ¶μ²¥§´Ò¥ § ³¥Î ´¨Ö.
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