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ˆ¸¸²¥¤μ¢ ´¨¥ ¸μ·¡Í¨¨ U(VI) ¶μÎ¢μ° ¨§ · °μ´  Ì· ´¨²¨Ð 
· ¤¨μ ±É¨¢´ÒÌ μÉÌμ¤μ¢

ˆ¸¸²¥¤μ¢ ´  ¸μ·¡Í¨Ö U(VI) ¶μÎ¢μ° ¨§ · °μ´  Ì· ´¨²¨Ð  · ¤¨μ ±É¨¢´ÒÌ
μÉÌμ¤μ¢. ‚ ± Î¥¸É¢¥ É· ¸¸¥·  ¨¸¶μ²Ó§μ¢ ²¨ · ¤¨μ´Ê±²¨¤ 237U, ¶μ²ÊÎ ¥³Ò° ¢
ËμÉμÖ¤¥·´μ° ·¥ ±Í¨¨ 238U(γ, n)237U ´  Ê¸±μ·¨É¥²¥ Ô²¥±É·μ´μ¢ Å ³¨±·μÉ·μ´¥
Œ’-25 ‹Ÿ� �ˆŸˆ. ”μ·³Ò ¸μ¸ÉμÖ´¨Ö U(VI) ¢ · ¸É¢μ·¥ ¶·¨ · §²¨Î´ÒÌ ±μ´-
Í¥´É· Í¨ÖÌ Ê· ´  · ¸¸Î¨É ´Ò ¢ ¤¨ ¶ §μ´¥ pH 1Ä7 ¸ ¨¸¶μ²Ó§μ¢ ´¨¥³ ¶·μ£· ³³Ò
®Speciation¯.

� ¡μÉ  ¢Ò¶μ²´¥´  ¢ ‹ ¡μ· Éμ·¨¨ Ö¤¥·´ÒÌ ·¥ ±Í¨° ¨³. ƒ. �.”²¥·μ¢  �ˆŸˆ.
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Filippov M. F. et al. �6-2008-5
Investigation of U(VI) Sorption by Soil from the Region of
Repository for Radioactive Waste

The uranium (VI) sorption onto soil from the region of repository for radioactive
waste was investigated. The experiments were carried out with the 237U radioactive
nuclide, which was produced in the photonuclear reaction 238U(γ, n)237U at an
electron accelerator, the MT-25 microtron of the FLNR, JINR. The forms of the
U(VI) state in the solution for various uranium concentrations in the range pH 1Ä7
were calculated using the programme ®Speciation¯.

The investigation has been performed at the Flerov Laboratory of Nuclear Reac-
tions, JINR.
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�±ÉÊ ²Ó´μ° ¶·μ¡²¥³μ° ¸μ¢·¥³¥´´μ° · ¤¨μÔ±μ²μ£¨¨, ¸¢Ö§ ´´μ° ¸ · ¤¨ -
Í¨μ´´μ° ¡¥§μ¶ ¸´μ¸ÉÓÕ Î¥²μ¢¥± , Ö¢²Ö¥É¸Ö μ¶·¥¤¥²¥´¨¥ ¥¸É¥¸É¢¥´´ÒÌ ¨ ¨¸-
±Ê¸¸É¢¥´´ÒÌ · ¤¨μ´Ê±²¨¤μ¢, ¤¨´ ³¨±¨ ¨Ì ¨§³¥´¥´¨Ö ¸μ ¢·¥³¥´¥³, Ëμ·³ ¸μ-
¸ÉμÖ´¨Ö ¨ ¶ÊÉ¥° ³¨£· Í¨¨ ¢ μ±·Ê¦ ÕÐ¥° ¸·¥¤¥. ˆ¸ÉμÎ´¨± ³¨ · ¤¨μ´Ê±²¨¤-
´ÒÌ § £·Ö§´¥´¨° ³μ£ÊÉ ¡ÒÉÓ ¶·¥¤¶·¨ÖÉ¨Ö ¶μ ¤μ¡ÒÎ¥ ¨ ¶¥·¥· ¡μÉ±¥ Ê· ´  ¨ Éμ-
·¨Ö, £²μ¡ ²Ó´Ò¥ § £·Ö§´¥´¨Ö ¢ ·¥§Ê²ÓÉ É¥ Ö¤¥·´ÒÌ ¢§·Ò¢μ¢, �	‘, ¶·¥¤¶·¨ÖÉ¨Ö
¶μ ¶¥·¥· ¡μÉ±¥ Ö¤¥·´μ£μ Éμ¶²¨¢  ¨ Ì· ´¨²¨Ð  · ¤¨μ ±É¨¢´ÒÌ μÉÌμ¤μ¢. �μ-
ÔÉμ³Ê ¤²Ö É¥··¨Éμ·¨°, £¤¥ ¢μ§³μ¦´Ò · ¤¨μ ±É¨¢´Ò¥ § £·Ö§´¥´¨Ö, ¶·μ¢μ¤ÖÉ¸Ö
Ô±¸¶¥·¨³¥´ÉÒ ¶μ μ¶·¥¤¥²¥´¨Õ ±μÔËË¨Í¨¥´Éμ¢ · ¸¶·¥¤¥²¥´¨Ö (Kd) · ¤¨μ´Ê-
±²¨¤μ¢ ³¥¦¤Ê ¢μ¤μ° ¨ ¶μÎ¢μ°, ±μÉμ·Ò¥ ¶μ§¢μ²ÖÕÉ μÍ¥´¨ÉÓ ¨Ì ³μ¡¨²Ó´μ¸ÉÓ ¢
¶μÎ¢¥ [1].

� ¸¶·¥¤¥²¥´¨¥ ´Ê±²¨¤μ¢ Ê· ´  ³¥¦¤Ê ¶·¨·μ¤´Ò³¨ · ¸É¢μ· ³¨ ¨ ¶μÎ¢μ°
§ ¢¨¸¨É μÉ ³´μ£¨Ì Ë ±Éμ·μ¢, ¢ Éμ³ Î¨¸²¥ ¨ μÉ ¸μ¸É ¢  ¶μÎ¢Ò. ‚ · ¡μÉ Ì [2, 3]
¤ ´Ò Kd ¤²Ö Ê· ´  ¢ ¸¨¸É¥³¥ ¶μÎ¢ Ä· ¸É¢μ· ¸ Î¥ÉÒ·Ó³Ö É¨¶ ³¨ ¶μÎ¢: ¶¥¸Î -
´Ò³¨, £²¨´¨¸ÉÒ³¨, £²¨´¨¸Éμ-¶¥¸Î ´Ò³¨ ¨ μ·£ ´¨Î¥¸±¨³¨.

–¥²ÓÕ ´ ¸ÉμÖÐ¥° · ¡μÉÒ ¡Ò²μ μ¶·¥¤¥²¥´¨¥ · ¸¶·¥¤¥²¥´¨Ö U(VI) ³¥¦¤Ê
¢μ¤´Ò³¨ · ¸É¢μ· ³¨ ¨ ¶μÎ¢μ° ¨§ · °μ´  · ¸¶μ²μ¦¥´¨Ö Ì· ´¨²¨Ð  · ¤¨μ ±-
É¨¢´ÒÌ μÉÌμ¤μ¢ ¢ �μ²£ ·¨¨.

�Š‘�…�ˆŒ…�’�‹œ��Ÿ —�‘’œ

ˆ¸¸²¥¤μ¢ ´¨¥ ¸μ·¡Í¨¨ ¨ ¢ÒÐ¥² Î¨¢ ´¨Ö U(VI) ¶·μ¢μ¤¨²¨ ´  μ¡· §Í Ì
¡Ê·μ° ²¥¸´μ° ¶μÎ¢Ò, μÉμ¡· ´´ÒÌ ¢ · °μ´¥ Ì· ´¨²¨Ð  · ¤¨μ ±É¨¢´ÒÌ μÉÌμ-
¤μ¢. ‘·¥¤´¨° Ì¨³¨Î¥¸±¨° ¸μ¸É ¢ ¨¸¸²¥¤Ê¥³μ° ¶μÎ¢Ò ¶·¥¤¸É ¢²¥´ ¢ É ¡². 1 [4].

’ ¡²¨Í  1. •¨³¨Î¥¸±¨° ¸μ¸É ¢ ¡Ê·ÒÌ ²¥¸´ÒÌ ¶μÎ¢

�μÉ¥·¨ ¶·¨
¶·μ± ²¨¢ ´¨¨
(μ·£ ´¨Î¥¸±μ¥

¢¥Ð¥¸É¢μ+‘O2), %

‘μ¤¥·¦ ´¨¥ μ±¸¨¤μ¢ ¢ ¶μÎ¢¥, %

SiO2 Al2O3 Fe2O3 Na2O K2O CaO MgO SO3

5,57 76,62 10,67 3,35 0,92 2,02 0,59 0,75 0,15

�·μ¡Ò ¶μÎ¢Ò ¶·μ¸¥¨¢ ²¨ Î¥·¥§ ¸¨Éμ 200 ³¥Ï (· §³¥· Î ¸É¨Í 0,074 ³³) ¨
¢Ò¸ÊÏ¨¢ ²¨ ¶·¨ É¥³¶¥· ÉÊ·¥ 100Ä105 ◦C ¤μ ¶μ¸ÉμÖ´´μ° ³ ¸¸Ò. ‘μ¤¥·¦ ´¨¥

1



Ê· ´  ¢ ¶μÎ¢¥ μ¶·¥¤¥²Ö²¨ ³¥Éμ¤μ³ ¨´¸É·Ê³¥´É ²Ó´μ£μ £ ³³ - ±É¨¢ Í¨μ´´μ£μ
 ´ ²¨§ , μ¶¨¸ ´´Ò³ ¢ [5, 6].

�·¨ ¨§ÊÎ¥´¨¨ ¸μ·¡Í¨¨ U(VI) ¶μÎ¢μ° ¨§ ¢μ¤´ÒÌ · ¸É¢μ·μ¢ ¨¸¶μ²Ó§μ¢ ²¨
´Ê±²¨¤ 237U (T1/2 = 6,75 ¸ÊÉ, Eγ = 59,54 ±Ô‚ (34,5 %); 208,00 ±Ô‚ (21,2 %)),
±μÉμ·Ò° ¶μ²ÊÎ ²¨ ¢ ·¥ ±Í¨¨ 238U(γ, n)237U ´  Ô²¥±É·μ´´μ³ Ê¸±μ·¨É¥²¥ Å
³¨±·μÉ·μ´¥ Œ’-25 [7].

‘μ·¡Í¨Õ Ê· ´  ´  ¶μÎ¢¥ ¶·μ¢μ¤¨²¨ ¢ ¶² ¸É¨±μ¢ÒÌ ¶·μ¡¨·± Ì μ¡Ñ¥³μ³
50 ³². �¡· §¥Í ¨¸¸²¥¤Ê¥³μ° ¶μÎ¢Ò ³ ¸¸μ° 0,2 £ ¶μ³¥Ð ²¨ ¢ ¶·μ¡¨·±Ê, ¤μ-
¡ ¢²Ö²¨ 5 ³²  §μÉ´μ±¨¸²μ£μ · ¸É¢μ·  ¸ ·�, μ¶·¥¤¥²Ö¥³Ò³ ·�-³¥É·μ³ ¸ ÉμÎ-
´μ¸ÉÓÕ ±0,1, ¨ 100 ³±² · ¸É¢μ· , ¸μ¤¥·¦ Ð¥£μ 0,2 ±�± 237U. ‘μ·¡Í¨μ´´μ¥
· ¢´μ¢¥¸¨¥ ³¥¦¤Ê ¶μÎ¢μ° ¨ · ¸É¢μ·μ³ ¤μ¸É¨£ ²μ¸Ó ¢ É¥Î¥´¨¥ 1 ¸ÊÉ ¶·¨ ±μ³-
´ É´μ° É¥³¶¥· ÉÊ·¥ (T = 20 ± 0, 5 ◦C). 	Éμ ¢·¥³Ö ¡Ò²μ ¢Ò¡· ´μ ¤²Ö ¶·μ¢¥-
¤¥´¨Ö μ¶ÒÉμ¢ ¶μ ¸μ·¡Í¨¨ 237U ¶μÎ¢ ³¨ ¨§ ¢μ¤´ÒÌ · ¸É¢μ·μ¢ [8].

�±É¨¢´μ¸É¨ · ¸É¢μ·  ¨ μ¸ ¤±  ¤μ ¨ ¶μ¸²¥ ¸μ·¡Í¨¨ μ¶·¥¤¥²Ö²¨ ¸ ¶μ³μÐÓÕ
³´μ£μ± ´ ²Ó´μ£μ  ³¶²¨ÉÊ¤´μ£μ  ´ ²¨§ Éμ·  ¨³¶Ê²Ó¸μ¢ ¸ HPGe-¤¥É¥±Éμ·μ³
· §·¥Ï¥´¨¥³ 1,5 ±Ô‚ ´  ²¨´¨¨ 1,33 ŒÔ‚ (60Co). �¶·¥¤¥²¥´¨¥ 237U ¶·μ¢μ-
¤¨²¨ ¶μ ²¨´¨¨ Eγ = 208, 00 ±Ô‚ (21,2 %).

� ¸Î¥É ±μÔËË¨Í¨¥´É  · ¸¶·¥¤¥²¥´¨Ö ³¥¦¤Ê ¶μÎ¢μ° ¨ · ¸É¢μ·μ³ ¶·μ¨§-
¢μ¤¨²¨ ¨¸Ìμ¤Ö ¨§ §´ Î¥´¨°  ±É¨¢´μ¸É¨ 237U ¢ · ¸É¢μ·¥ ¤μ ¨ ¶μ¸²¥ ¸μ·¡Í¨¨
¶μ Ëμ·³Ê²¥

Kd =
A0 − Ai

Ai

V

m
, (1)

£¤¥ Kd Å ±μÔËË¨Í¨¥´É · ¸¶·¥¤¥²¥´¨Ö ¶·¨ ¸μ·¡Í¨¨ Ê· ´  ´  ¶μÎ¢¥, ³²/£;
A0 Å  ±É¨¢´μ¸ÉÓ ´Ê±²¨¤  ¢ · ¸É¢μ·¥ ¤μ ¸μ·¡Í¨¨, �±; Ai Å  ±É¨¢´μ¸ÉÓ
´Ê±²¨¤  ¢ · ¸É¢μ·¥ ¶μ¸²¥ ¸μ·¡Í¨¨, �±; V Å μ¡Ñ¥³ · ¸É¢μ· , ³²; m Å ³ ¸¸ 
¶μÎ¢Ò, £.

‘É¥¶¥´Ó ¢ÒÐ¥² Î¨¢ ´¨Ö Ê· ´  ¨§ ¶μÎ¢ μ¶·¥¤¥²Ö²¨ ¶μ ´Ê±²¨¤Ê 237U. ˆ¸-
¸²¥¤Ê¥³Ò¥ μ¡· §ÍÒ ¢ ¢¨¤¥ ¶μ·μÏ±  ¶μ³¥Ð ²¨ ¢ ¶μ²¨ÔÉ¨²¥´μ¢Ò¥ Í¨²¨´¤·¨-
Î¥¸±¨¥ ± ¸¸¥ÉÒ ¸ ¢´ÊÉ·¥´´¨³ ¤¨ ³¥É·μ³ 35 ³³ ¨ ¢Ò¸μÉμ° 12 ³³, § ±·ÒÉÒ¥ ¸
μ¤´μ° ¸Éμ·μ´Ò ² ¢¸ ´μ¢μ° ¶²¥´±μ°. �¡· §ÍÒ μ¡²ÊÎ ²¨ ´  ³¨±·μÉ·μ´¥ ¢ É¥Î¥-
´¨¥ 4 Î. Œ ±¸¨³ ²Ó´ Ö Ô´¥·£¨Ö Ê¸±μ·¥´´ÒÌ Ô²¥±É·μ´μ¢ · ¢´Ö² ¸Ó 23,5 ŒÔ‚.
’μ± Ô²¥±É·μ´μ¢ ¡Ò² · ¢¥´ 15 ³±�.

�μ¸²¥ 1-Î ¸μ¢μ£μ ®μÌ² ¦¤¥´¨Ö¯ μ¡· §¥Í ¶μÎ¢Ò ³ ¸¸μ° 1 £ ¶μ³¥Ð ²¨ ¢
¶·μ¡¨·±Ê μ¡Ñ¥³μ³ 50 ³², ¤μ¡ ¢²Ö²¨ 10 ³² ¢μ¤´μ£μ · ¸É¢μ·  ¶·¨ μ¶·¥¤¥-
²¥´´μ³ ·�. ‚·¥³Ö ±μ´É ±É  ¶μÎ¢Ò ¸ · ¸É¢μ·μ³ ¡Ò²μ ¡μ²¥¥ 24 Î, ¸³¥¸Ó
¶¥·¨μ¤¨Î¥¸±¨ ¶¥·¥³¥Ï¨¢ ²¨. ‡ É¥³ · §¤¥²Ö²¨ μ¸ ¤μ± ¨ · ¸É¢μ· ¨ ¶·μ¢μ¤¨²¨
¨§³¥·¥´¨Ö μ¡· §Íμ¢ ´  ¤¥É¥±Éμ·¥.

�·μÍ¥´É ¢ÒÐ¥² Î¨¢ ´¨Ö Ê· ´  ¨§ ¶μÎ¢Ò μ¶·¥¤¥²Ö²¨ ¶μ Ëμ·³Ê²¥

L =
A0 − Ai

A0
·100, (2)
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£¤¥ L Å ¸É¥¶¥´Ó ¢ÒÐ¥² Î¨¢ ´¨Ö Ê· ´  ¨§ ¶μÎ¢Ò, %; A0, Ai Å Ê¤¥²Ó´ Ö
 ±É¨¢´μ¸ÉÓ ´Ê±²¨¤  ¢ ¶μÎ¢¥ ¤μ ¨ ¶μ¸²¥ μ¡· ¡μÉ±¨ ¢μ¤´Ò³ · ¸É¢μ·μ³, �±/£.

”μ·³Ò cμ¸ÉμÖ´¨Ö Ê· ´  ¢ · ¸É¢μ·¥ μ¶·¥¤¥²Ö²¨ ¸ ¨¸¶μ²Ó§μ¢ ´¨¥³ ¶·μ-
£· ³³Ò ®Speciation¯ [9]. „²Ö · ¸Î¥Éμ¢ ¡Ò²¨ ¢§ÖÉÒ ±μ´¸É ´ÉÒ Ê¸Éμ°Î¨¢μ-
¸É¨ £¨¤·μ±¸¨±μ³¶²¥±¸μ¢ U(VI), Ê· ´¨²´¨É· É´μ£μ ±μ³¶²¥±¸  UO2NO+

3 [10]
(É ¡². 2) ¨ ±μ´¸É ´ÉÒ · ¸É¢μ·¨³μ¸É¨ (lgKp = 5, 6) £¨¤·μ±¸¨±μ³¶²¥±¸ 
UO2(OH)2 [11].

’ ¡²¨Í  2. Šμ´¸É ´ÉÒ Ê¸Éμ°Î¨¢μ¸É¨ ±μ³¶²¥±¸μ¢ Ê· ´¨² , lg β (¨μ´´ Ö ¸¨²  I = 0)

Šμ³¶²¥±¸´Ò¥ Ëμ·³Ò U(VI) lgβ Kμ³¶²¥±¸´Ò¥ Ëμ·³Ò U(VI) lgβ

UO2(OH)+ Ä5,2 (UO2)3(OH)2+4 Ä11,9

UO2(OH)02(aq) Ä11,5 (UO2)3(OH)+5 Ä15,6

UO2(OH)−3 Ä20,0 (UO2)3(OH)−7 Ä31,0

UO2(OH)2−4 Ä33,0 (UO2)4(OH)+7 Ä21,9

(UO2)2(OH)3+ Ä2,8 UO3NO−
3 0,3

(UO2)2(OH)2+2 Ä5,6

�…‡“‹œ’�’› ˆ �	‘“†„…�ˆ…

‚ ¨¸¸²¥¤Ê¥³μ° ¡Ê·μ° ²¥¸´μ° ¶μÎ¢¥ ¨§ ‘μË¨°¸±μ£μ ·¥£¨μ´  �μ²£ ·¨¨
¸μ¤¥·¦ ´¨¥ Ê· ´  · ¢´Ö²μ¸Ó (2, 6 ± 0, 1) · 10−6 £/£.

ŠμÔËË¨Í¨¥´ÉÒ · ¸¶·¥¤¥²¥´¨Ö Ê· ´  ¢ ¸¨¸É¥³¥ ¶μÎ¢ Ä· ¸É¢μ· ¨ ¨Ì § ¢¨-
¸¨³μ¸É¨ μÉ ·� · ¸É¢μ·μ¢ ¶·¨ μ¡Ð¥° ±μ´Í¥´É· Í¨¨ Ê· ´  ¢ · ¸É¢μ·¥
1 · 10−2 ³μ²Ó/² ¶·¥¤¸É ¢²¥´Ò ¢ É ¡². 3.

’ ¡²¨Í  3. ‘μ·¡Í¨Ö U(VI) ¶μÎ¢μ° ¨§ ¢μ¤´ÒÌ · ¸É¢μ·μ¢

�¤¸μ·¡Í¨μ´´Ò¥
Ì · ±É¥·¨¸É¨±¨
U(VI) ´  ¶μÎ¢¥

·H · ¸É¢μ· 

1 2 3 4 5 6 7

Kd, ³²/£ * −4 1,7 14 28 58 14 24

lg Kd, ³²/£ < 0 0,2 1,1 1,4 1,8 1,1 1,4

* C·¥¤´¥¥ μÉ±²μ´¥´¨¥ ¶·¨ μ¶·¥¤¥²¥´¨¨ §´ Î¥´¨° Kd · ¢´μ 2 %.

�  ·¨¸. 1 ¶·¥¤¸É ¢²¥´  § ¢¨¸¨³μ¸ÉÓ ¸μ·¡Í¨¨ Ê· ´  ´  ¶μÎ¢¥ μÉ pH · ¸-
É¢μ· .
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�¨¸. 1. ‡ ¢¨¸¨³μ¸ÉÓ ¸μ·¡Í¨¨ U(VI) ´  ¶μÎ¢¥ μÉ pH · ¸É¢μ· , CU = 1 · 10−2 ³μ²Ó/²

� ¸¸Î¨É ´´Ò¥ Ëμ·³Ò ¸μ¸ÉμÖ´¨Ö Ê· ´  ¢ · ¸É¢μ·¥ ¶·¨ ±μ´Í¥´É· Í¨ÖÌ
Ê· ´  CU = 1 · 10−2 ¨ 1 · 10−7 ³μ²Ó/² ¶·¥¤¸É ¢²¥´Ò ´  ·¨¸. 2,  , ¡.

�¨¸. 2. �¸´μ¢´Ò¥ Ëμ·³Ò ¸μ¸ÉμÖ´¨Ö U(VI) ¢  §μÉ´μ±¨¸²μ³ · ¸É¢μ·¥: a Å CU = 1 ×
10−2 ³μ²Ó/²; ¡ Å CU = 1·10−7 ³μ²Ó/²; 1 Å UO2+

2 , 2 Å UO2NO+
3 , 3 Å (UO2)2(OH)2+2 ,

4 Å (UO2)3(OH)+5 , 5 Å UO2(OH)2(É¢), 6 Å UO2(OH)+, 7 Å UO2(OH)02(aq)

ˆ§ É ¡². 3 ¨ ·¨¸. 1 ¢¨¤´μ, ÎÉμ ±μÔËË¨Í¨¥´É · ¸¶·¥¤¥²¥´¨Ö Ê· ´  Ê¢¥²¨Î¨-
¢ ¥É¸Ö μÉ ·� 2 ¤μ ·� 5 ¢ 35 · §,   μÉ ·� 6 ¤μ ·� 7 Å ¢ 2 · § . 	Éμ μ¡ÑÖ¸´Ö¥É¸Ö
· §²¨Î¨¥³ ¸μ·¡Í¨μ´´ÒÌ ¸¢μ°¸É¢ · §²¨Î´ÒÌ £¨¤·μ²¨§μ¢ ´´ÒÌ Ëμ·³ Ê· ´¨² 
¢ ¸¨¸É¥³¥ ¶μÎ¢ Ä· ¸É¢μ·.

�  ·¨¸. 2,  , ¡ ¶μ± § ´μ ¸μμÉ´μÏ¥´¨¥ ³¥¦¤Ê £¨¤·μ²¨§´Ò³¨ Ëμ·³ ³¨ Ê· -
´¨² , ±μÉμ·Ò¥ ¨§³¥´ÖÕÉ¸Ö ¢ § ¢¨¸¨³μ¸É¨ μÉ ¸μ¤¥·¦ ´¨Ö Ê· ´  ¶·¨ · §²¨Î´ÒÌ
§´ Î¥´¨ÖÌ ·� · ¸É¢μ· .

�·¨ CU = 1 · 10−2 ³μ²Ó/² Ëμ·³  UO2+
2 ¸ÊÐ¥¸É¢Ê¥É μÉ pH 1 ¤μ ·� 5,  

UO2NO+
3 Å ¶·¨ ·� 1Ä2. ‘μ¤¥·¦ ´¨¥ ¢ · ¸É¢μ·¥ Ëμ·³Ò UO2+

2 Ê³¥´ÓÏ ¥É¸Ö
¤μ 0 ¶·¨ ·� 5.
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”μ·³Ò (UO2)2(OH)2+2 ¨ (UO2)3(OH)+5 ¸ÊÐ¥¸É¢ÊÕÉ ¢ ¤¨ ¶ §μ´¥ ·� 3Ä5 ¸
³ ±¸¨³Ê³μ³ ¶·¨ ·� 4. “¢¥²¨Î¥´¨¥ ¸μ·¡Í¨¨ Ê· ´  μÉ ·� 1 ¤μ ·� 4,5 ³μ¦´μ
μ¡ÑÖ¸´¨ÉÓ ¸μ·¡Í¨¥° ´  ¶μÎ¢¥ UO2+

2 , UO2NO+
3 , (UO2)2(OH)2+2 , (UO2)3(OH)+5

¨ ´ Î ²μ³ μ¸ ¦¤¥´¨Ö UO2(OH)2(É¢) ¢ÒÏ¥ ·� 4. ‚ ¤¨ ¶ §μ´¥ ·� 5Ä7 ´ ¡²Õ-
¤ ¥É¸Ö ´¥±μÉμ·μ¥ Ê³¥´ÓÏ¥´¨¥ ¸μ·¡Í¨¨ ¢ ·¥§Ê²ÓÉ É¥ ¶μÖ¢²¥´¨Ö · ¸É¢μ·¨³ÒÌ
£¨¤·μ²¨§´ÒÌ Ëμ·³ UO2(OH)+, UO2(OH)02(aq), ¸ÊÐ¥¸É¢ÊÕÐ¨Ì ¶·¨ ³¥´ÓÏ¨Ì
±μ´Í¥´É· Í¨ÖÌ Ê· ´  (CU � 1 · 10−7 ³μ²Ó/²). ŠμÔËË¨Í¨¥´É · ¸¶·¥¤¥²¥´¨Ö
Kd ³¥¦¤Ê ¨¸¸²¥¤Ê¥³μ° ¶μÎ¢μ° ¨ · ¸É¢μ·μ³ Ê¢¥²¨Î¨¢ ¥É¸Ö μÉ ·� 7 ¨ ¢ÒÏ¥ § 
¸Î¥É ¶μ²´μ£μ £¨¤·μ²¨§  Ê· ´¨²  (·¨¸. 1).

�·¨ μ¡· ¡μÉ±¥ ¨¸¸²¥¤Ê¥³μ° ¶μÎ¢Ò ¢μ¤´Ò³ · ¸É¢μ·μ³ ¶·¨ ·� 7 ¨ T =
20 ± 0, 5 ◦C ¨§¢²¥± ¥É¸Ö 25 % Ê· ´ , ÎÉμ ¸μμÉ¢¥É¸É¢Ê¥É ²¨É¥· ÉÊ·´Ò³ ¤ ´-
´Ò³ [12]. Šμ´Í¥´É· Í¨Ö Ê· ´  ¢ · ¸É¢μ·¥ ¶·¨ ÔÉμ³ ´¥ ¶·¥¢ÒÏ ¥É
1 · 10−7 ³μ²Ó/². ˆ§ ¤ ´´ÒÌ ¶μ Ëμ·³ ³ ¸μ¸ÉμÖ´¨Ö Ê· ´ , ¶·¥¤¸É ¢²¥´´ÒÌ
´  ·¨¸. 2, ¡, ³μ¦´μ ¸¤¥² ÉÓ ¢Ò¢μ¤, ÎÉμ ¢ · ¸É¢μ· ¶¥·¥Ìμ¤¨É Ê· ´ ¢ ¢¨¤¥
UO2(OH)02(aq) ¨ UO2(OH)+.

‡�Š‹
—…�ˆ…

�¶·¥¤¥²¥´Ò ±μÔËË¨Í¨¥´ÉÒ · ¸¶·¥¤¥²¥´¨Ö Kd Ê· ´  ¢ ¸¨¸É¥³¥ ¶μÎ¢ Ä
· ¸É¢μ· ¨§ · °μ´  · ¸¶μ²μ¦¥´¨Ö Ì· ´¨²¨Ð  · ¤¨μ ±É¨¢´ÒÌ μÉÌμ¤μ¢.

�·¥¤¸É ¢²¥´Ò Ëμ·³Ò ´ Ìμ¦¤¥´¨Ö U(VI) ¢ · ¸É¢μ·¥ ¢ ¤¨ ¶ §μ´¥ pH 1Ä
7, μ¶·¥¤¥²¥´´Ò¥ ¸ ¨¸¶μ²Ó§μ¢ ´¨¥³ ¶·μ£· ³³Ò ®Speciation¯ ¶·¨ · §²¨Î´ÒÌ
±μ´Í¥´É· Í¨ÖÌ Ê· ´ .

�¶·¥¤¥²¥´  ¸μ·¡Í¨Ö · §²¨Î´ÒÌ Ëμ·³ Ê· ´  ¨¸¸²¥¤Ê¥³μ° ¶μÎ¢μ°.
�¶·¥¤¥²¥´´Ò¥ ¸μ·¡Í¨μ´´Ò¥ Ì · ±É¥·¨¸É¨±¨ U(VI) ¢ ¸¨¸É¥³¥ ¶μÎ¢ Ä· ¸É-

¢μ· ¶μ§¢μ²ÖÕÉ ¶·μ£´μ§¨·μ¢ ÉÓ ³¨£· Í¨μ´´μ¥ ¶μ¢¥¤¥´¨¥ Ê· ´  ¢ ¡Ê·μ° ²¥¸´μ°
¶μÎ¢¥ ¶·¨  ¢ ·¨°´ÒÌ ¸¨ÉÊ Í¨ÖÌ ¨ ±¨¸²μÉ´ÒÌ ¤μ¦¤ÖÌ.
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