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�¡¸Ê¦¤ ÕÉ¸Ö ¶·¥¤¸± § ´¨Ö £¨¤·¨¤´μ° ³μ¤¥²¨ ‡¥³²¨ ¶μÉμ±μ¢ £¥μ´¥°É·¨´μ ¨ ¶μ-
Éμ±  ¢´ÊÉ·¥´´¥£μ É¥¶²  ‡¥³²¨. �·¥¤¸± § ´¨Ö ¢¥²¨Î¨´Ò ¶μÉμ±μ¢ £¥μ´¥°É·¨´μ ³μ£ÊÉ
¡ÒÉÓ ¸μ£² ¸μ¢ ´Ò ¸ Ô±¸¶¥·¨³¥´Éμ³. �·¥¤¸± § ´´ Ö ¢¥²¨Î¨´  ¶μÉμ±  ¢´ÊÉ·¥´´¥£μ É¥¶-
²  ‡¥³²¨ §´ Î¨É¥²Ó´μ ¡μ²ÓÏ¥ ¨§³¥·¥´´μ° Ô±¸¶¥·¨³¥´É ²Ó´μ ¢ · ³± Ì ¶·¥¤¶μ²μ¦¥´¨Ö,
ÎÉμ μ¸´μ¢´μ° ³¥Ì ´¨§³ ¶¥·¥´μ¸  É¥¶²  Å É¥¶²μ¶·μ¢μ¤´μ¸ÉÓ. ‚ · ¡μÉ¥ Ê± §Ò¢ ¥É¸Ö
´  ¸ÊÐ¥¸É¢μ¢ ´¨¥ ¤·Ê£μ£μ ³¥Ì ´¨§³  ¶¥·¥´μ¸  É¥¶²  ¢ ±μ·¥ ‡¥³²¨ Å ¶¥·¥´μ¸ Ô´¥·£¨¨
£ § ³¨, μ¡· §μ¢ ´´Ò³¨ ¢ ±μ·¥ ‡¥³²¨ ´  ¡μ²ÓÏ¨Ì £²Ê¡¨´ Ì. �¡¸Ê¦¤ ÕÉ¸Ö Ô±¸¶¥·¨³¥´-
É ²Ó´Ò¥ ¶μ¤É¢¥·¦¤¥´¨Ö ÔÉμ° ¨¤¥¨, ¢ Î ¸É´μ¸É¨ ·¥§Ê²ÓÉ ÉÒ ¨§³¥·¥´¨° É¥³¶¥· ÉÊ·´ÒÌ
¶·μË¨²¥° ¢ Šμ²Ó¸±μ° ¸¢¥·Ì£²Ê¡μ±μ° ¸±¢ ¦¨´¥.

The prediction of Hydridic Earth model of geo-neutrino 	uxes and intrinsic Earth
heat 	ux is discussed. The predicted values of geo-neutrino 	uxes can be adjusted to
experimental ones. The predicted value of intrinsic Earth heat 	ux is signiˇcantly larger
than the value experimentally obtained under assumption that the main mechanism of heat
transfer is thermal conductivity. We introduce the new mechanism of heat transfer in the
Earth crust Å the energy transfer by hot gases created in the Earth crust at great depth.
The experimental data supporting this idea are discussed, in particular, the temperature
proˇles obtained in Kola superdeep borehole.

PACS: 14.60.Lm; 29.40.Mc
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‚ ´ ¸ÉμÖÐ¥¥ ¢·¥³Ö ¸μμ¡Ð¥´μ μ¡ ¨§³¥·¥´¨¨ ¢¥²¨Î¨´Ò ¶μÉμ±  £¥μ´¥°-
É·¨´μ ¤¢Ê³Ö ¤¥É¥±Éμ· ³¨ Å Borexino [1] ¨ KamLAND [2]. ƒ¥μ´¥°É·¨´μ Å
Ô²¥±É·μ´´Ò¥  ´É¨´¥°É·¨´μ Å ·μ¦¤ ÕÉ¸Ö ¶·¨ · ¸¶ ¤¥ · ¤¨μ ±É¨¢´ÒÌ Ô²¥-
³¥´Éμ¢ ¢ ·Ö¤ Ì 238U, 232Th ¨ 40K, · ¸¶·¥¤¥²¥´´ÒÌ ¢ Éμ²Ð¥ ‡¥³²¨. �μÉμ±
£¥μ´¥°É·¨´μ ´  ¶μ¢¥·Ì´μ¸É¨ ‡¥³²¨ § ¢¨¸¨É μÉ ±μ²¨Î¥¸É¢  238U, 232Th ¨ 40K
¢ ‡¥³²¥ ¨ μÉ ¨Ì · ¸¶·¥¤¥²¥´¨Ö ¶μ £²Ê¡¨´¥.
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’¥μ·¥É¨Î¥¸±μ¥ ±μ²¨Î¥¸É¢μ 238U, 232Th ¨ 40K ¢ ‡¥³²¥ ¨ ¨Ì · ¸¶·¥¤¥²¥´¨¥
¢ ‡¥³²¥ · §²¨Î´μ ¢ · §´ÒÌ ³μ¤¥²ÖÌ ‡¥³²¨. � ¨¡μ²¥¥ ¶μ¶Ê²Ö·´  ¢ ´ ¸ÉμÖÐ¥¥
¢·¥³Ö ³μ¤¥²Ó ‡¥³²¨, ´ §Ò¢ ¥³ Ö ¸¨²¨± É´μ° ³μ¤¥²ÓÕ ‡¥³²¨ (Bulk Silicate
Earth) [3, 4]. �¸´μ¢´μ° ¨¤¥¥° ÔÉμ° ³μ¤¥²¨ Ö¢²Ö¥É¸Ö ¶μ²μ¦¥´¨¥, ÎÉμ Ô²¥³¥´É-
´Ò° ¸μ¸É ¢ ‡¥³²¨ ¸μ¢¶ ¤ ¥É ¸ Ô²¥³¥´É´Ò³ ¸μ¸É ¢μ³ ³¥É¥μ·¨Éμ¢. ˆ¸Ìμ¤Ö ¨§
ÔÉμ£μ ³μ£ÊÉ ¡ÒÉÓ ¶μ²ÊÎ¥´Ò ³ ¸¸Ò 238U, 232Th ¨ 40K:

MBSE(238U) = 0,81 · 1017 ±£,

MBSE(232Th) = 3,16 · 1017 ±£,

MBSE(40K) = 5,73 · 1016 ±£.

(1)

‚¸Ö ³ ¸¸  ÔÉ¨Ì Ô²¥³¥´Éμ¢ ¢ μ¸´μ¢´μ³ ¸μ¤¥·¦¨É¸Ö ¢ §¥³´μ° ±μ·¥ ¨ μÉ¸ÊÉ¸É¢Ê¥É
¢ §¥³´μ³ Ö¤·¥.

‡´ Î¥´¨¥ ´ ¡²Õ¤ ¥³μ£μ ¶μÉμ±  £¥μ´¥°É·¨´μ ¸μ£² ¸Ê¥É¸Ö ¸ ¶·¨¢¥¤¥´´Ò³¨
§´ Î¥´¨Ö³¨ ³ ¸¸ 238U, 232Th ¨§ (1) ¶·¨ Ê¸²μ¢¨¨ · ¸¶·¥¤¥²¥´¨Ö ÔÉ¨Ì ³ ¸¸ ¢
±μ·¥ ¨ ¢ ¢¥·Ì´¥° ³ ´É¨¨ ‡¥³²¨ [1].

Š ¦¤Ò° · ¤¨μ ±É¨¢´Ò° · ¸¶ ¤ ¸μ¶·μ¢μ¦¤ ¥É¸Ö ¢Ò¤¥²¥´¨¥³ ¨§¢¥¸É´μ°
¶μ·Í¨¨ É¥¶²μ¢μ° Ô´¥·£¨¨. ‡´ Ö ±μ²¨Î¥¸É¢μ 238U, 232Th ¨ 40K ¢ ‡¥³²¥, ³μ¦´μ
¢ÒÎ¨¸²¨ÉÓ ¢¥²¨Î¨´Ê · ¤¨μ£¥´´μ£μ É¥¶²μ¢μ£μ ¶μÉμ± , ¨¤ÊÐ¥£μ ¨§ ‡¥³²¨, ¨
¸· ¢´¨ÉÓ ¥¥ ¸ Ô±¸¶¥·¨³¥´É ²Ó´μ ¨§³¥·¥´´μ°.

’¥¶²μ¢μ° ¶μÉμ± ¢´ÊÉ·¥´´¥£μ É¥¶²  ‡¥³²¨ ¨§ÊÎ ÕÉ ´  ±μ´É¨´¥´É Ì ¢ ¸±¢ -
¦¨´ Ì ´  £²Ê¡¨´ Ì μ±μ²μ 500 ³, ¨§³¥·ÖÖ £· ¤¨¥´É É¥³¶¥· ÉÊ·Ò ¶μ £²Ê¡¨´¥.
‚ μ±¥ ´ Ì É¥¶²μ¢μ° ¶μÉμ± ¨§ÊÎ ÕÉ ¸¶¥Í¨ ²Ó´Ò³ §μ´¤μ³, ±μÉμ·Ò° ¨§³¥·Ö¥É
£· ¤¨¥´É É¥³¶¥· ÉÊ·Ò ´  ¤´¥ μ±¥ ´ , ¶·μ´¨± Ö ¢ ¤´μ ´  ´¥¸±μ²Ó±μ ³¥É·μ¢.
„²Ö ¢ÒÎ¨¸²¥´¨Ö ¢¥²¨Î¨´Ò É¥¶²μ¢μ£μ ¶μÉμ±  ¨§ Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ ¤ ´´ÒÌ
¨¸¶μ²Ó§ÊÕÉ ¨¤¥Õ, ÎÉμ μ¸´μ¢´Ò³ ³¥Ì ´¨§³μ³ ¶¥·¥¤ Î¨ É¥¶²  ¢ §¥³´μ° ±μ·¥
Ö¢²Ö¥É¸Ö É¥¶²μ¶·μ¢μ¤´μ¸ÉÓ. �μ²ÊÎ¥´´ Ö É ±¨³ μ¡· §μ³ Ê¸·¥¤´¥´´ Ö ¢¥²¨Î¨´ 
É¥¶²μ¢μ£μ ¶μÉμ±  ¢ ´ ¸ÉμÖÐ¥¥ ¢·¥³Ö ¸μ¸É ¢²Ö¥É (47 ± 2) ’‚É.

‡´ Ö ±μ²¨Î¥¸É¢μ É¥¶²μ¢μ° Ô´¥·£¨¨, ¢Ò¤¥²Ö¥³μ¥ ¢ · ¤¨μ ±É¨¢´μ³ · ¸¶ ¤¥,
³μ¦´μ ¢ÒÎ¨¸²¨ÉÓ ¸É Í¨μ´ ·´Ò° É¥¶²μ¢μ° ¶μÉμ± ¢´ÊÉ·¥´´¥£μ É¥¶²  ‡¥³²¨.
’¥¶²μ¢μ° ¶μÉμ±, ¸μμÉ¢¥É¸É¢ÊÕÐ¨° ¢ÒÏ¥¶·¨¢¥¤¥´´Ò³ §´ Î¥´¨Ö³ ³ ¸¸Ò 238U,
232Th ¨ 40K ¢ ‡¥³²¥ (1), μ± ¦¥É¸Ö · ¢´Ò³ 17, 5 ’‚É.

‘· ¢´¥´¨¥ ÔÉμ° É¥μ·¥É¨Î¥¸±μ° ¢¥²¨Î¨´Ò ¸ Ô±¸¶¥·¨³¥´É ²Ó´μ° ´¥ ¶·¨-
¢¥²μ ± ¨¤¥¥, ÎÉμ ´¥ ¢¥·´μ μ¸´μ¢μ¶μ² £ ÕÐ¥¥ ¤μ¶ÊÐ¥´¨¥ ¸¨²¨± É´μ° ³μ-
¤¥²¨ ‡¥³²¨. ˆ¸¸²¥¤μ¢ É¥²¨ ¸É ²¨ ¨¸± ÉÓ ¤μ¶μ²´¨É¥²Ó´Ò¥ ¨¸ÉμÎ´¨±¨ É¥¶²μ¢μ°
Ô´¥·£¨¨.

‚ ÔÉμ° ¸É ÉÓ¥ ³Ò ¡Ê¤¥³ ¨¸¶μ²Ó§μ¢ ÉÓ  ²ÓÉ¥·´ É¨¢´ÊÕ ³μ¤¥²Ó ‡¥³²¨, É ±
´ §Ò¢ ¥³ÊÕ £¨¤·¨¤´ÊÕ ³μ¤¥²Ó ‡¥³²¨ [5], ¨ · ¸¸³μÉ·¨³ ¢μ¶·μ¸ μ ¸μμÉ¢¥É-
¸É¢¨¨ ¶·¥¤¸± § ´¨Ö ¥Õ ¶μÉμ±  £¥μ´¥°É·¨´μ ¨ É¥¶²μ¢μ£μ ¶μÉμ±  ¸ Ô±¸¶¥·¨-
³¥´É ²Ó´Ò³¨ ¤ ´´Ò³¨.
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�¸´μ¢´μ° ¨¤¥¥° £¨¤·¨¤´μ° ³μ¤¥²¨ ‡¥³²¨ Ö¢²Ö¥É¸Ö Éμ, ÎÉμ Ô²¥³¥´É´Ò°
¸μ¸É ¢ ¶² ´¥É § ¢¨¸¨É μÉ · ¸¸ÉμÖ´¨Ö μÉ ‘μ²´Í , ¶μÔÉμ³Ê ¸μ¸É ¢ ‡¥³²¨ ¤μ²¦¥´
μÉ²¨Î ÉÓ¸Ö μÉ Ô²¥³¥´É´μ£μ ¸μ¸É ¢  ¶μÖ¸   ¸É¥·μ¨¤μ¢. ‚ · ¡μÉ Ì [5] ‚² ¤¨³¨·
‹ ·¨´ ¤²Ö ¢ÒÎ¨¸²¥´¨Ö Ô²¥³¥´É´μ£μ ¸μ¸É ¢  ‡¥³²¨ ¶·¥¤²μ¦¨² ¨ ¨¸¶μ²Ó§μ¢ ²
¸²¥¤ÊÕÐ¥¥ ¸μμÉ´μÏ¥´¨¥:

(
XM

XSi

)
Earth

=
(

XM

XSi

)
Sun

F (EIP(M)),

£¤¥ XM Å ¤μ²Ö Ô²¥³¥´É  M ¢ ³ ¸¸¥ ‡¥³²¨; XSi Å ¤μ²Ö ±·¥³´¨Ö ¢ ³ ¸¸¥
‡¥³²¨; F (EIP(M)) Å ¤μ²Ö Ì¨³¨Î¥¸±μ£μ Ô²¥³¥´É  M μÉ ³ ¸¸Ò ÔÉμ£μ Ô²¥-
³¥´É  ¢ ‘μ²´Í¥, μ¸É ¢Ï Ö¸Ö ´  μ·¡¨É¥ ‡¥³²¨ ¶·¨ ¥¥ μ¡· §μ¢ ´¨¨; EIP(M) Å
¶μÉ¥´Í¨ ² ¨μ´¨§ Í¨¨ Ô²¥³¥´É  M.

‚ · ¡μÉ¥ [6] ¶·¥¤²μ¦¥´  ËÊ´±Í¨Ö F ¢ ¸²¥¤ÊÕÐ¥³ ¢¨¤¥:

F (EIP(M)) = A exp {−B · EIP(M)},

£¤¥ ±μÔËË¨Í¨¥´ÉÒ A ¨ B ¶μ¤μ¡· ´Ò ¨¸Ìμ¤Ö ¨§ Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ ¤ ´´ÒÌ
μ¡ Ô²¥³¥´É´μ³ ¸μ¸É ¢¥ ‘μ²´Í  ¨ §¥³´μ° ±μ·Ò.

ˆ¸¶μ²Ó§ÊÖ ³¥Éμ¤¨±Ê · ¸Î¥É  ¨§ · ¡μÉÒ [7], EIP(M) ¨§ · ¡μÉÒ [8] ¨ ËÊ´±-
Í¨Õ F (EIP(M)) ¨§ · ¡μÉÒ [6], ¶μ²ÊÎ ¥³ ¸²¥¤ÊÕÐ¨¥ ³ ¸¸Ò 238U, 232Th ¨ 40K
¢ ‡¥³²¥:

MHE1(238U) = 3,18 · 1017 ±£,

MHE1(232Th) = 1,0 · 1018 ±£,

MHE1(40K) = 2,6 · 1019 ±£.

(2)

‚¨¤ ËÊ´±Í¨¨ F (EIP(M)) ¨§ · ¡μÉÒ [9] μÉ²¨Î ¥É¸Ö μÉ ¢¨¤  ÔÉμ° ËÊ´±Í¨¨ ¨§
· ¡μÉÒ [6], ¥¸²¨ ¢§ÖÉÓ ËÊ´±Í¨Õ F (EIP(M)) ¨§ · ¡μÉÒ [9], Éμ ¶μ²ÊÎ¨³ ¤·Ê£¨¥
³ ¸¸Ò ¤²Ö 238U ¨ 232Th: MHE(U) = 1,1 · 1017 ±£, MHE(Th) = 3,6 · 1017 ±£.
‚¨¤´μ, ÎÉμ ¶·¥¤¸± § ´¨¥ £¨¤·¨¤´μ° ³μ¤¥²¨ ‡¥³²¨ § ¢¨¸¨É μÉ ¢¨¤  ËÊ´±Í¨¨
F (EIP(M)), ±μÉμ· Ö ¨§¢¥¸É´  μÎ¥´Ó ¶·¨¡²¨¦¥´´μ. �¤´ ±μ ¶·¨´Í¨¶¨ ²Ó´Ò³
¤²Ö £¨¤·¨¤´μ° ³μ¤¥²¨ ‡¥³²¨ Ö¢²Ö¥É¸Ö Éμ, ÎÉμ μ´  ¶μ§¢μ²Ö¥É ¢¢¥¸É¨ ¢  ´ ²¨§
¤·Ê£¨¥, ¡μ²ÓÏ¨¥ ³ ¸¸Ò 238U, 232Th ¨ 40K ¢ ‡¥³²¥,   É ±¦¥ ¸Î¨É ÉÓ, ÎÉμ 238U,
232Th ¨ 40K ¨³¥ÕÉ¸Ö ¢ Ö¤·¥ ‡¥³²¨ ¢ ¨§´ Î ²Ó´μ³ ±μ²¨Î¥¸É¢¥. �¸μ¡¥´´μ
§´ Î¨É¥²Ó´Ò³ ¤μ²¦´μ ¡ÒÉÓ ¶·¥¢ÒÏ¥´¨¥ ±μ²¨Î¥¸É¢  ± ²¨Ö ¶μ ¸· ¢´¥´¨Õ ¸
¶·¥¤¸± § ´´Ò³ ¸¨²¨± É´μ° ³μ¤¥²ÓÕ ‡¥³²¨ ¨§-§  ¥£μ ³ ²μ£μ ¶μÉ¥´Í¨ ²  ¨μ-
´¨§ Í¨¨.

‚ · ¡μÉ¥ [10] ³Ò ¶μ¶ÒÉ ²¨¸Ó μÉ¢¥É¨ÉÓ ´  ¢μ¶·μ¸: ± ±¨¥ ´ ¨¡μ²ÓÏ¨¥
±μ²¨Î¥¸É¢  238U, 232Th ¨ 40K ¢ ‡¥³²¥ ¤μ¶Ê¸± ÕÉ ¸μ¢·¥³¥´´Ò¥ Ô±¸¶¥·¨³¥´-
É ²Ó´Ò¥ ¤ ´´Ò¥ ¶μ ¶μÉμ±Ê £¥μ´¥°É·¨´μ ¨ ¶μ É¥¶²μ¢μ³Ê ¶μÉμ±Ê ¨§ ‡¥³²¨? ŒÒ
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¶μ²ÊÎ¨²¨ ¸²¥¤ÊÕÐ¨¥ §´ Î¥´¨Ö:

MHE2(238U) = 1,7 · 1017 ±£,

MHE2(232Th) = 6,7 · 1017 ±£,

MHE2(40K) = 1,2 · 1019 ±£.

(3)

‡¤¥¸Ó ¤²Ö μÍ¥´±¨ ±μ²¨Î¥¸É¢  ± ²¨Ö ¢ ‡¥³²¥ ³Ò Ô±¸É· ¶μ²¨·μ¢ ²¨ ´ ¡²Õ¤ ¥-
³ÊÕ ±μ´Í¥´É· Í¨Õ ± ²¨Ö ¢ ±μ·¥ ‡¥³²¨ ´  ¢¸Õ ³ ¸¸Ê ‡¥³²¨.

ˆ§ ÔÉ¨Ì μÍ¥´μ± ¨ ¨§ ¸· ¢´¥´¨Ö ¸ ³ ¸¸ ³¨ 238U, 232Th ¨ 40K ¢ ‡¥³²¥
¤²Ö ¸¨²¨± É´μ° ³μ¤¥²¨ ‡¥³²¨, ¶·¨¢¥¤¥´´Ò³¨ ¢ÒÏ¥ ¢ (1), ³μ¦´μ ¸¤¥² ÉÓ
¸²¥¤ÊÕÐ¨¥ ± Î¥¸É¢¥´´Ò¥ § ±²ÕÎ¥´¨Ö. Œ ¸¸Ò 238U ¨ 232Th ¢ μ¡μ¨Ì ³μ¤¥²ÖÌ
¡²¨§±¨, ÌμÉÖ ¢ £¨¤·¨¤´μ° ³μ¤¥²¨ ‡¥³²¨ μ´¨ ´¥¸±μ²Ó±μ ¢ÒÏ¥.

‘ ÊÎ¥Éμ³ Éμ£μ, ÎÉμ £¨¤·¨¤´ Ö ³μ¤¥²Ó ‡¥³²¨ ¶·¥¤¸± §Ò¢ ¥É, ÎÉμ 238U,
232Th ¨ 40K ¤μ²¦´Ò ¶·¨¸ÊÉ¸É¢μ¢ ÉÓ ¢ Ö¤·¥ ‡¥³²¨ ¸ ¸μ¤¥·¦ ´¨¥³, ±μÉμ·μ¥
¡Ò²μ ¢ ¨§´ Î ²Ó´μ° ‡¥³²¥, Ê¸É ´μ¢±¨, ·¥£¨¸É·¨·ÊÕÐ¨¥ £¥μ´¥°É·¨´μ μÉ ¸¥-
³¥°¸É¢  238U ¨ 232Th, ¤μ²¦´Ò ¨³¥ÉÓ §´ Î¨É¥²Ó´μ ¡μ²ÓÏÊÕ ¸É É¨¸É¨±Ê, Î¥³
¸μ¢·¥³¥´´Ò¥ Ê¸É ´μ¢±¨, ÎÉμ¡Ò · §²¨Î¨ÉÓ ¸Éμ²Ó · §´Ò¥ ³μ¤¥²¨ ‡¥³²¨ [10].

Œ ¸¸  40K, ¶·¥¤¸± §Ò¢ ¥³ Ö £¨¤·¨¤´μ° ³μ¤¥²ÓÕ ‡¥³²¨, ¡μ²¥¥ Î¥³ ´ 
¤¢  ¶μ·Ö¤±  ¡μ²ÓÏ¥, Î¥³ ¶·¥¤¸± §Ò¢ ¥³ Ö ¸¨²¨± É´μ° ³μ¤¥²ÓÕ ‡¥³²¨. ‚ · -
¡μÉ¥ [11] ¡Ò²  ¶·μ ´ ²¨§¨·μ¢ ´  ¢μ§³μ¦´μ¸ÉÓ ·¥£¨¸É· Í¨¨ É ±μ£μ ¡μ²ÓÏμ£μ
¶μÉμ±  ´¥°É·¨´μ μÉ · ¸¶ ¤μ¢ 40K ¸ÊÐ¥¸É¢ÊÕÐ¨³¨ ¤¥É¥±Éμ· ³¨ ¨ ¡Ò²μ ¶μ-
²ÊÎ¥´μ, ÎÉμ ¨Ì ÎÊ¢¸É¢¨É¥²Ó´μ¸ÉÓ ´¥¤μ¸É ÉμÎ´ . �¤´ ±μ ¤²Ö ¤¥É¥±Éμ·μ¢ ¸²¥-
¤ÊÕÐ¥£μ ¶μ±μ²¥´¨Ö ¸ ¶μ´¨¦¥´´Ò³ Ëμ´μ³ ¨ Ê¢¥²¨Î¥´´μ° ³¨Ï¥´ÓÕ,   É ±¦¥
¢ ¸²ÊÎ ¥ ´¥§ ¢¨¸¨³μ£μ ¨§³¥·¥´¨Ö ¶μÉμ±  ¸μ²´¥Î´ÒÌ ´¥°É·¨´μ Í¨±²  ‘NO
É ± Ö ¢μ§³μ¦´μ¸ÉÓ ¶μÖ¢¨É¸Ö.

2. ƒˆ„�ˆ„��Ÿ Œ�„…‹œ ‡…Œ‹ˆ ˆ ’…�‹�‚�‰ ��’�Š

‡´ Ö ±μ²¨Î¥¸É¢μ É¥¶²μ¢μ° Ô´¥·£¨¨, ¢Ò¤¥²Ö¥³μ¥ ¢ · ¤¨μ ±É¨¢´μ³ · ¸¶ ¤¥,
³μ¦´μ ¢ÒÎ¨¸²¨ÉÓ ¸É Í¨μ´ ·´Ò° É¥¶²μ¢μ° ¶μÉμ± ¢´ÊÉ·¥´´¥£μ É¥¶²  ‡¥³²¨.
’¥¶²μ¢μ° ¶μÉμ±, ¸μμÉ¢¥É¸É¢ÊÕÐ¨° ¢ÒÏ¥¶·¨¢¥¤¥´´Ò³ §´ Î¥´¨Ö³ ³ ¸¸Ò 238U,
232Th ¨ 40K ¢ ‡¥³²¥ ¤²Ö £¨¤·¨¤´μ° ³μ¤¥²¨ ‡¥³²¨ ¤²Ö ¸²ÊÎ Ö (3), μ± ¦¥É¸Ö
· ¢´Ò³ 304 ’‚É. ’ ±μ¥ ¡μ²ÓÏμ¥ §´ Î¥´¨¥ μ¶·¥¤¥²Ö¥É¸Ö ¢ μ¸´μ¢´μ³ ¡μ²ÓÏ¨³
±μ²¨Î¥¸É¢μ³ ± ²¨Ö ¢ ‡¥³²¥, ¶·¥¤¸± §Ò¢ ¥³Ò³ £¨¤·¨¤´μ° ³μ¤¥²ÓÕ ‡¥³²¨.

‘· ¢´¥´¨¥ ÔÉμ£μ É¥μ·¥É¨Î¥¸±μ£μ §´ Î¥´¨Ö ¸μ §´ Î¥´¨¥³ 47 ’‚É, ¶μ²Ê-
Î¥´´Ò³ ¨§ Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ ¤ ´´ÒÌ, ´  ¶¥·¢Ò° ¢§£²Ö¤, ¶·¨¢μ¤¨É ± ¨¤¥¥
μ Éμ³, ÎÉμ ´¥ ¢¥·´  £¨¤·¨¤´ Ö ³μ¤¥²Ó ‡¥³²¨, É ± ± ± ¡μ²ÓÏμ¥ ±μ²¨Î¥¸É¢μ
± ²¨Ö ¢ ‡¥³²¥ ¸²¥¤Ê¥É ¨§ μ¸´μ¢μ¶μ² £ ÕÐ¥£μ ¤μ¶ÊÐ¥´¨Ö £¨¤·¨¤´μ° ³μ¤¥²¨
‡¥³²¨, ÎÉμ ¶μÉ¥´Í¨ ² ¨μ´¨§ Í¨¨ Ô²¥³¥´É  ¥¸ÉÓ μ¸´μ¢´μ° ¶ · ³¥É·, ±μÉμ·Ò°
μ¶·¥¤¥²¨² ¤μ²Õ Ì¨³¨Î¥¸±μ£μ Ô²¥³¥´É , μ¸É ¢ÏÊÕ¸Ö ´  μ·¡¨É¥ ¶² ´¥ÉÒ ¶·¨
¥¥ μ¡· §μ¢ ´¨¨. …¸²¨ ¶·¨¤¥·¦¨¢ ÉÓ¸Ö ¶μ§¨Í¨¨, ÎÉμ £¨¤·¨¤´ Ö ³μ¤¥²Ó ‡¥³²¨
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¢¥·´ , Éμ É·¥¡Ê¥É¸Ö ¶·¨¢¥¸É¨  ·£Ê³¥´ÉÒ, ¶μ§¢μ²ÖÕÐ¨¥ ¶μ´ÖÉÓ É ±ÊÕ ¡μ²Ó-
ÏÊÕ · §´¨ÍÊ ¶·¥¤¸± § ´´μ£μ ¢ · ³± Ì £¨¤·¨¤´μ° ³μ¤¥²¨ ‡¥³²¨ ¢´ÊÉ·¥´´¥£μ
É¥¶²μ¢μ£μ ¶μÉμ±  ‡¥³²¨ ¨ ¶μÉμ± , ¶μ²ÊÎ¥´´μ£μ ¨§ ¨§³¥·¥´¨° £· ¤¨¥´Éμ¢ É¥³-
¶¥· ÉÊ·.

� ¸¸³μÉ·¨³ ¤ ²¥¥ ¨³¥ÕÐ¨¥¸Ö Ô±¸¶¥·¨³¥´É ²Ó´Ò¥ ¤ ´´Ò¥ μ ¶μÉμ±¥ ¢´Ê-
É·¥´´¥£μ É¥¶²  ‡¥³²¨, ±·μ³¥ Ê¦¥ Ê¶μ³Ö´ÊÉμ£μ §´ Î¥´¨Ö 47 ’‚É.

�¥§Ê²ÓÉ ÉÒ ¨¸¸²¥¤μ¢ ´¨° É¥³¶¥· ÉÊ·´μ£μ ¶·μË¨²Ö ¢ ¸¢¥·Ì£²Ê¡μ±¨Ì ¸±¢ -
¦¨´ Ì ²¥£±μ ¶μ´ÖÉÓ ¢ · ³± Ì £¨¤·¨¤´μ° ³μ¤¥²¨ ‡¥³²¨, ¢ Éμ ¦¥ ¢·¥³Ö μ´¨ ´¥
¡Ò²¨ ¶·¥¤¸± § ´Ò ¸¨²¨± É´μ° ³μ¤¥²ÓÕ ‡¥³²¨.

� ÊÎ´Ò¥ ·¥§Ê²ÓÉ ÉÒ ¨ μ¶ÒÉ ¨¸¸²¥¤μ¢ ´¨° ´  Šμ²Ó¸±μ° ¸¢¥·Ì£²Ê¡μ±μ°
¸±¢ ¦¨´¥ μ¶Ê¡²¨±μ¢ ´Ò ¢ · ¡μÉ¥ [12]. ‚ Šμ²Ó¸±μ° ¸¢¥·Ì£²Ê¡μ±μ° ¸±¢ ¦¨´¥
¤μ¸É¨£´ÊÉ  £²Ê¡¨´  12 262 ³. ‚¸¥ ¶μ²ÊÎ¥´´Ò¥ ¶·¥¤¸É ¢²¥´¨Ö μ ¸É·Ê±ÉÊ·¥
§¥³´μ° ±μ·Ò ´¥ ¸μμÉ¢¥É¸É¢μ¢ ²¨ μ¦¨¤ ´¨Ö³: ¶μ ³¥·¥ Ê£²Ê¡²¥´¨Ö £μ·´Ò¥ ¶μ-
·μ¤Ò ´¥ ¸É ´μ¢ÖÉ¸Ö ¡μ²¥¥ ¶²μÉ´Ò³¨, ¨ ¨Ì ¶μ·¨¸Éμ¸ÉÓ ´¥ Ê¡Ò¢ ¥É, ± ± ¶·¥¤-
¶μ² £ ²μ¸Ó · ´¥¥. � μ¡μ·μÉ, £μ·´Ò¥ ¶μ·μ¤Ò ´  ³´μ£μ±¨²μ³¥É·μ¢μ° £²Ê¡¨´¥
¶·μ´¨§ ´Ò ³´μ£μÎ¨¸²¥´´Ò³¨ ¶μ· ³¨ ¨ · §¡¨ÉÒ É·¥Ð¨´ ³¨.

‘¥´¸ Í¨¥° É ±¦¥ ¡Ò²μ ´ ²¨Î¨¥ ¢μ¤μ·μ¤  ¨ ¢μ¤μ·μ¤μ¸μ¤¥·¦ Ð¨Ì £ §μ¢,
¢ Î ¸É´μ¸É¨ ¢μ¤Ò ´  §´ Î¨É¥²Ó´μ° £²Ê¡¨´¥, £¤¥ ¤ ¢²¥´¨¥ ¤μ¸É¨£ ¥É ¸μÉ¥´
 É³μ¸Ë¥·. ˆ ´ ±μ´¥Í, ‡¥³²Ö μ± § ² ¸Ó §´ Î¨É¥²Ó´μ £μ·ÖÎ¥¥, Î¥³ · ´¥¥ ¶·¥¤-
¶μ² £ ²μ¸Ó. �  £²Ê¡¨´¥ 5 ±³ É¥³¶¥· ÉÊ·  ¶·¥¢Ò¸¨²  70 ◦C, ´  ¸¥³¨ Å ¶¥-
·¥¢ ²¨¢ ²  §  120 ◦C,   ´  12 ±³ Å 220 ◦C. �É  É¥³¶¥· ÉÊ·  ¡Ò²  ¢ÒÏ¥ ´ 
Í¥²ÒÌ 100 ◦C, Ô±¸É· ¶μ²¨·μ¢ ´´μ° ¶μ ¤ ´´Ò³ ´  £²Ê¡¨´ Ì ¤μ 1 ±³.

ƒ¨¤·¨¤´ Ö ³μ¤¥²Ó ‡¥³²¨ ¶·¥¤¸± §Ò¢ ¥É Ô²¥³¥´É´Ò° ¸μ¸É ¢ ¨§´ Î ²Ó´μ°
‡¥³²¨. �±μ²μ 18% ³ ¸¸Ò Ö¤·  ‡¥³²¨ ¤μ²¦¥´ ¸μ¸É ¢²ÖÉÓ ¢μ¤μ·μ¤. � ¤¨μ£¥´-
´Ò° ´ £·¥¢ Ö¤·  ‡¥³²¨ ¶·¨¢μ¤¨É ± ¶μÖ¢²¥´¨Õ ´  £· ´¨Í¥ Ö¤·  ¨ ³ ´É¨¨
¸¢μ¡μ¤´μ£μ ¢μ¤μ·μ¤ . ‚ ±μ´¥Î´μ³ ¨Éμ£¥ £¨¤·¨¤´ Ö ³μ¤¥²Ó ¶·¥¤¸± §Ò¢ ¥É ´ -
²¨Î¨¥ ¶·μÍ¥¸¸  ¤¥£ § Í¨¨ §¥³´μ° ¶μ¢¥·Ì´μ¸É¨ ¢ μ¸´μ¢´μ³ ¢μ¤μ·μ¤μ¸μ¤¥·-
¦ Ð¨³¨ £ § ³¨, ´ ¶·¨³¥· ¢μ¤μ°. ƒ §Ò ¤μ²¦´Ò μ¡· §μ¢Ò¢ ÉÓ¸Ö ´  ¡μ²ÓÏ¨Ì
£²Ê¡¨´ Ì, £¤¥ ·¥ ²¨§ÊÕÉ¸Ö ´¥μ¡Ìμ¤¨³Ò¥ É¥³¶¥· ÉÊ·Ò. ƒ §Ò μ¡¥¸¶¥Î¨¢ ÕÉ
¶μÖ¢²¥´¨¥ ¶μ· ¨ É·¥Ð¨´ ¢ ¶μ·μ¤¥.

�É¨ £ §Ò Å μ¸´μ¢´μ° ¶¥·¥´μ¸Î¨± É¥¶² . �μÖ¢¨¢Ï¨¥¸Ö ¶μ·Ò ¨ É·¥Ð¨´Ò ¢
±μ·¥ ´  ¡μ²ÓÏ¨Ì £²Ê¡¨´ Ì ¶μ§¢μ²ÖÕÉ ¶¥·¥³¥Ð ÉÓ¸Ö £ § ³. Œμ¦´μ Ê± § ÉÓ ¤¢ 
³¥Ì ´¨§³  ¶¥·¥´μ¸  É¥¶²  ¢ μ¡Ìμ¤ É¥·³μ³¥É·μ¢, ¨§³¥·ÖÕÐ¨Ì £· ¤¨¥´É É¥³¶¥-
· ÉÊ·Ò ´  £²Ê¡¨´ Ì μ±μ²μ 500 ³ ¨²¨ ´  ¤´¥ μ±¥ ´ . �¥·¢Ò°: £ §Ò ³μ£ÊÉ ¶μ£²μ-
Ð ÉÓ É¥¶²μ¢ÊÕ Ô´¥·£¨Õ ¶·¨ ¸¢μ¥³ μ¡· §μ¢ ´¨¨. ’¥¶²μ¢ Ö Ô´¥·£¨Ö ¶¥·¥Ìμ¤¨É
¢μ ¢´ÊÉ·¥´´ÕÕ Ô´¥·£¨Õ ³μ²¥±Ê²Ò ¨ § É¥³ ¢Ò¸¢μ¡μ¦¤ ¥É¸Ö ¢ Ô±§μÉ¥·³¨Î¥¸±¨Ì
Ì¨³¨Î¥¸±¨Ì ·¥ ±Í¨ÖÌ, ¢ ±μÉμ·ÒÌ ÊÎ ¸É¢ÊÕÉ £ §Ò ´  ³ ²ÒÌ £²Ê¡¨´ Ì. ‚Éμ·μ°:
£ §Ò ¢ÒÌμ¤ÖÉ ¨§ ±μ·Ò ´  ¶μ¢¥·Ì´μ¸ÉÓ Ê§±¨³¨ ¸É·ÊÖ³¨ ¸ ¤μ¸É ÉμÎ´μ ¡μ²ÓÏ¨³¨
· ¸¸ÉμÖ´¨Ö³¨ ³¥¦¤Ê ¸É·ÊÖ³¨. � ²¨Î¨¥ É ±μ° ¸É·Ê¨ ¶·¨¢μ¤¨É ´  ¡μ²ÓÏ¨Ì £²Ê-
¡¨´ Ì ± ¶μÖ¢²¥´¨Õ £μ·¨§μ´É ²Ó´μ° ¸μ¸É ¢²ÖÕÐ¥° ¸±μ·μ¸É¨ ¤¢¨¦¥´¨Ö £ §μ¢ ¢
´ ¶· ¢²¥´¨¨ ÔÉμ° ¸É·Ê¨. ‘²¥¤μ¢ É¥²Ó´μ, ¢ ¶·μÍ¥¸¸¥ ¢¥·É¨± ²Ó´μ£μ ¶¥·¥´μ¸ 
É¥¶²  ¸¶μ¸μ¡μ³ É¥¶²μ¶·μ¢μ¤´μ¸É¨ ´  £²Ê¡¨´ Ì μ±μ²μ 500 ³ ÊÎ ¸É¢Ê¥É Éμ²Ó±μ
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Î ¸ÉÓ É¥¶² , ¡μ²ÓÏÊÕ Î ¸ÉÓ Ê´μ¸ÖÉ £μ·ÖÎ¨¥ £ §Ò. �É³¥É¨³, ÎÉμ ¸±¢ ¦¨´Ò ´¥
¡Ê·ÖÉ ´  ³¥¸É¥ ¢ÒÌμ¤  ¸É·Ê¨ £ § , É ± ± ± ´  ±μ´É¨´¥´É¥ ÔÉμ ³¥¸Éμ ¢Ò£²Ö¤¨É
²¨¡μ ± ± μ§¥·μ, ²¨¡μ ± ± ¡μ²μÉμ. ‚Ê²± ´Ò É ±¦¥ Ö¢²ÖÕÉ¸Ö ³¥¸Éμ³ ¤²Ö ¢ÒÌμ¤ 
¸É·Ê¨ £ § .

� ²¨Î¨¥ É ±μ£μ ³¥Ì ´¨§³  ¶¥·¥´μ¸  É¥¶² , ¤μ¶μ²´¨É¥²Ó´μ£μ ± É¥¶²μ¶·μ-
¢μ¤´μ¸É¨, ¶μ§¢μ²Ö¥É ¶μ´ÖÉÓ ¶μÖ¢²¥´¨¥ ´¥μ¦¨¤ ´´μ ¡μ²ÓÏ¨Ì É¥³¶¥· ÉÊ· ´ 
¡μ²ÓÏ¨Ì £²Ê¡¨´ Ì,   É ±¦¥ · §·¥Ï¨ÉÓ ¶·μÉ¨¢μ·¥Î¨¥ ³¥¦¤Ê ¶·¥¤¸± § ´¨¥³
¡μ²ÓÏμ£μ ¶μÉμ±  É¥¶²  ¢ · ³± Ì £¨¤·¨¤´μ° ³μ¤¥²¨ ‡¥³²¨ ¨ ·¥§Ê²ÓÉ É ³¨
Ô±¸¶¥·¨³¥´Éμ¢ ¸ ¨§³¥·¥´¨¥³ £· ¤¨¥´É  É¥³¶¥· ÉÊ·.

�¶Ê¡²¨±μ¢ ´Ò ¨´É¥·¥¸´Ò¥ ·¥§Ê²ÓÉ ÉÒ μ ¶μ¢ÒÏ¥´¨¨ É¥³¶¥· ÉÊ·Ò Éμ²Ð¨
Œ¨·μ¢μ£μ μ±¥ ´ , ¶μ²ÊÎ¥´´Ò¥ ¢ Ô±¸¶¥·¨³¥´É¥ ARGO [13]. � ¡²Õ¤¥´¨Ö μÉ´μ-
¸ÖÉ¸Ö ± ¶¥·¨μ¤Ê 2005Ä2010 ££. �¥¸³μÉ·Ö ´  Éμ, ÎÉμ ÔÉμ ¢·¥³Ö Å ¢·¥³Ö ¸μ²´¥Î-
´μ£μ ³¨´¨³Ê³ , Œ¨·μ¢μ° μ±¥ ´ ´ £·¥¢ ²¸Ö. „²Ö μ¡¥¸¶¥Î¥´¨Ö É ±μ£μ ´ £·¥¢ 
´¥μ¡Ìμ¤¨³ ¤μ¶μ²´¨É¥²Ó´Ò° ¶μÉμ± Ô´¥·£¨¨, · ¢´Ò° (0,58±0,15) ‚É ·³−2 ¢ É¥-
Î¥´¨¥ 6-²¥É´¥£μ ¶¥·¨μ¤ . …¸²¨ ÔÉÊ Í¨Ë·Ê Ê³´μ¦¨ÉÓ ´  ¶²μÐ ¤Ó ¶μ¢¥·Ì´μ¸É¨
‡¥³²¨, Éμ ¶μ²ÊÎ¨³ (300 ± 80) T‚É.

‘ ¶μ§¨Í¨¨ £¨¤·¨¤´μ° ³μ¤¥²¨ ‡¥³²¨ ÔÉμÉ Ô±¸¶¥·¨³¥´É ²Ó´Ò° Ë ±É ³μ¦´μ
μ¡ÑÖ¸´¨ÉÓ Ê¢¥²¨Î¥´¨¥³ ¢ÒÌμ¤  £μ·ÖÎ¨Ì £ §μ¢ ¢ μ±¥ ´ ¨ ´ ²¨Î¨¥³ Ô±§μÉ¥·³¨-
Î¥¸±¨Ì Ì¨³¨Î¥¸±¨Ì ·¥ ±Í¨° ¸ ¨Ì ÊÎ ¸É¨¥³ ¢ μ¡Ñ¥³¥ μ±¥ ´ . Œμ¤¥²Ó ¸μ¤¥·¦¨É
¨¤¥Õ, ÎÉμ ¶μÉμ± £ §μ¢ ´¥ ¸É Í¨μ´ ·¥´,   Í¨±²¨Î¥´. ŒÒ ³μ¦¥³ ¸Î¨É ÉÓ, ÎÉμ
´ ¡²Õ¤ ¥É¸Ö ´ £·¥¢ μ±¥ ´  §  ¸Î¥É ¶μ¢ÒÏ¥´¨Ö ¢´ÊÉ·¥´´¥£μ É¥¶²μ¢μ£μ ¶μÉμ± 
‡¥³²¨ ¢μ ¢·¥³Ö ¥¥ ¢ÒÌμ¤  ¨§ ³ ²μ£μ ²¥¤´¨±μ¢μ£μ ¶¥·¨μ¤ . ‚¥²¨Î¨´  ´¥μ¡Ìμ-
¤¨³μ£μ ¶μÉμ±  É¥¶²  ¤²Ö ´ ¡²Õ¤ ¥³μ£μ ´ £·¥¢  μ±¥ ´  ´¥ ¢Ò§Ò¢ ¥É Ê¤¨¢²¥´¨Ö
¢ · ³± Ì £¨¤·¨¤´μ° ³μ¤¥²¨ ‡¥³²¨.

“¶μ³Ö´¥³ É ±¦¥ · ¡μÉÊ ÊÎ¥´ÒÌ ”ˆ�� [14] ¶μ ¨§³¥·¥´¨Õ É¥¶²μ¢μ£μ
¶μÉμ±  ‹Ê´Ò ³¥Éμ¤μ³ ·¥£¨¸É· Í¨¨ · ¤¨μ¢μ²´μ¢μ£μ ¨§²ÊÎ¥´¨Ö ‹Ê´Ò. �¢Éμ·Ò
¸Î¨É ÕÉ, ÎÉμ ¶μÉμ± É¥¶²  ¨¤¥É ¨§ £²Ê¡μ±¨Ì ´¥¤· ‹Ê´Ò ¨ ¨³¥¥É, ± ± ¨ Ê
‡¥³²¨, · ¤¨μ£¥´´μ¥ ¶·μ¨¸Ìμ¦¤¥´¨¥. …¸²¨ ¸Î¨É ÉÓ, ÎÉμ ‹Ê´  ¸μ¸Éμ¨É ¨§ Éμ£μ
¦¥ ¸μ¸É ¢  Ô²¥³¥´Éμ¢, ÎÉμ ¨ ‡¥³²Ö, Éμ ³μ¦´μ ¢ÒÎ¨¸²¨ÉÓ É¥¶²μ¢μ° ¶μÉμ± ¨§
‡¥³²¨:

Hearth =
HmoonMearth

Mmoon
= 170 ’‚É, (4)

£¤¥ Hmoon Å ¨§³¥·¥´´Ò° É¥¶²μ¢μ° ¶μÉμ± ‹Ê´Ò; Mearth Å ³ ¸¸  ‡¥³²¨;
Mmoon Å ³ ¸¸  ‹Ê´Ò. ‘²¥¤Ê¥É μÉ³¥É¨ÉÓ, ÎÉμ Ê ‹Ê´Ò, ¸μ£² ¸´μ £¨¤·¨¤´μ°
³μ¤¥²¨, ¶·μÍ¥¸¸ ¤¥£ § Í¨¨ ¶· ±É¨Î¥¸±¨ § ±μ´Î¥´ ¨§-§  ³ ²μ£μ · §³¥·  ‹Ê´Ò,
¶μÔÉμ³Ê ¶· ±É¨Î¥¸±¨ ¢¸Ö · ¤¨μ£¥´´ Ö Ô´¥·£¨Ö ‹Ê´Ò ¢ÒÌμ¤¨É ¨§ ‹Ê´Ò ¸¶μ-
¸μ¡μ³ É¥¶²μ¶·μ¢μ¤´μ¸É¨. ‡´ Î¥´¨¥, ¶μ²ÊÎ¥´´μ¥ ¢ (4), ¶μ¤¤¥·¦¨¢ ¥É ¸¶· ¢¥¤-
²¨¢μ¸ÉÓ £¨¤·¨¤´μ° ³μ¤¥²¨ ‡¥³²¨. ‚ ¦´μ μÉ³¥É¨ÉÓ, ÎÉμ ¨§³¥·¥´¨¥ É¥¶²μ¢μ£μ
¶μÉμ±  ‹Ê´Ò ³¥Éμ¤μ³ ·¥£¨¸É· Í¨¨ · ¤¨μ¢μ²´μ¢μ£μ ¨§²ÊÎ¥´¨Ö Ê¸·¥¤´Ö¥É É¥-
¶²μ¢μ° ¶μÉμ± ¶μ ¢¨¤¨³μ° ¶μ¢¥·Ì´μ¸É¨ ‹Ê´Ò. ‚ ¤¢ÊÌ · §²¨Î´ÒÌ ÉμÎ± Ì ´ 
¶μ¢¥·Ì´μ¸É¨ ‹Ê´Ò ¡Ò²¨ ¶·μ¨§¢¥¤¥´Ò ¨§³¥·¥´¨Ö É¥¶²μ¢μ£μ ¶μÉμ±  ¢ ¶·μ¡Ê-
·¥´´ÒÌ ¸±¢ ¦¨´ Ì ¢μ ¢·¥³Ö ³¨¸¸¨° ®Apollo 15¯, ®Apollo 17¯. �μ²ÊÎ¥´´Ò¥
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¢ ÔÉ¨Ì Ô±¸¶¥·¨³¥´É Ì §´ Î¥´¨Ö É¥¶²μ¢μ£μ ¶μÉμ± , ¶¥·¥¸Î¨É ´´Ò¥ ± ¶μÉμ±Ê
¨§ ‡¥³²¨ ¶μ Ëμ·³Ê²¥ (4), ¸μ¸É ¢ÖÉ 43 ¨ 65 ’‚É. ŒÒ ¸Î¨É ¥³, ÎÉμ ÔÉ¨ ¤ ´-
´Ò¥ ´¥ ¶·μÉ¨¢μ·¥Î É Ô±¸¶¥·¨³¥´ÉÊ ”ˆ��, É ± ± ± ¢ ³¥¸É Ì ¨§³¥·¥´¨° ¢μ
¢·¥³Ö ³¨¸¸¨° ®Apollo 15¯, ®Apollo 17¯ É¥¶²μ¢Ò¥ ¶μÉμ±¨ ¡Ò²¨ ´¨¦¥ ¸·¥¤´¥°
¢¥²¨Î¨´Ò. �Éμ ¸²¥¤Ê¥É ¨§ ËμÉμ£· Ë¨¨ ‹Ê´Ò, ¸¤¥² ´´μ° ¨´Ë· ±· ¸´Ò³ É¥²¥-
¸±μ¶μ³ ´  ¡μ·ÉÊ ¸¶ÊÉ´¨±  ®NASA's Lunar Reconnaissance Orbiter¯ ¢ 1996 £.
¢μ ¢·¥³Ö ¶μ²´μ£μ ²Ê´´μ£μ § É³¥´¨Ö.

‚ § ±²ÕÎ¥´¨¥ ¶·¨¢¥¤¥³ μÍ¥´±Ê ¸¢¥·ÌÊ ¤²Ö ¶μÉμ±  ¢´ÊÉ·¥´´¥£μ É¥¶² 
‡¥³²¨. …¸²¨ ¸Î¨É ÉÓ, ÎÉμ ´  ‹Ê´¥ ¢ · °μ´ Ì, ±μÉμ·Ò¥ ´¨±μ£¤  ´¥ μ¸¢¥Ð -
ÕÉ¸Ö ‘μ²´Í¥³, É¥³¶¥· ÉÊ·  ¶μ¢¥·Ì´μ¸É¨ μ¶·¥¤¥²Ö¥É¸Ö Éμ²Ó±μ · ¤¨μ£¥´´Ò³
É¥¶²μ³, Éμ, §´ Ö ÔÉÊ É¥³¶¥· ÉÊ·Ê, ³μ¦´μ ¢ÒÎ¨¸²¨ÉÓ ¶μÉμ± Ô´¥·£¨¨, ¨§²ÊÎ -
¥³μ° ¥¤¨´¨Í¥° ¶μ¢¥·Ì´μ¸É¨, ¶μ § ±μ´Ê ‘É¥Ë ´ Ä
μ²ÓÍ³ ´ . ‡ É¥³ · ¸¶·μ-
¸É· ´¨ÉÓ ÔÉμÉ ¶μÉμ± ´  ¢¸Õ ¶μ¢¥·Ì´μ¸ÉÓ ‹Ê´Ò ¨, ¨¸¶μ²Ó§ÊÖ Ëμ·³Ê²Ê (4),
¢ÒÎ¨¸²¨ÉÓ É¥¶²μ¢μ° ¶μÉμ± ¤²Ö ‡¥³²¨. „²Ö É¥³¶¥· ÉÊ·Ò 40 Š ÔÉμÉ ¶μÉμ± μ± -
¦¥É¸Ö · ¢´Ò³ 420 ’‚É. �É  ¢¥·Ì´ÖÖ £· ´¨Í  ¶μ± §Ò¢ ¥É, ÎÉμ ³ ¸¸Ò 238U,
232Th ¨ 40K ¢ ‡¥³²¥, ¶·¨¢¥¤¥´´Ò¥ ¢ (2), ¸²¨Ï±μ³ ¢¥²¨±¨,   ³ ¸¸Ò, ¶·¨¢¥¤¥´-
´Ò¥ ¢ (3), ± ± Ê¦¥ Ê± §Ò¢ ²μ¸Ó, ¶·¨¢μ¤ÖÉ ± ¶μÉμ±Ê 304 ’‚É.

3. ‚›‚�„›

1. ƒ¨¤·¨¤´ Ö ³μ¤¥²Ó ‡¥³²¨ ¶·¥¤¸É ¢²Ö¥É ¸μ¡μ° Ê¤μ¡´Ò° ¨´¸É·Ê³¥´É ¤²Ö
· §³ÒÏ²¥´¨Ö μ Ö¢²¥´¨ÖÌ, ¶·μ¨¸Ìμ¤ÖÐ¨Ì ´  ‡¥³²¥. �·μ¤¥³μ´¸É·¨·μ¢ ´μ, ÎÉμ
¢ · ³± Ì £¨¤·¨¤´μ° ³μ¤¥²¨ ‡¥³²¨ ³μ£ÊÉ ¡ÒÉÓ ¥¤¨´Ò³ μ¡· §μ³ ¶μ´ÖÉÒ ³´μ£¨¥
´ ¡²Õ¤ ¥³Ò¥ ¸²μ¦´Ò¥ Ö¢²¥´¨Ö: ¢¥²¨Î¨´Ò ¶μÉμ±μ¢ £¥μ´¥°É·¨´μ, É¥³¶¥· ÉÊ·-
´Ò¥ ¶·μË¨²¨ ¢ ¸¢¥·Ì£²Ê¡μ±¨Ì ¸±¢ ¦¨´ Ì, ´ ¡²Õ¤ ¥³Ò° ´ £·¥¢ μ±¥ ´ .

2. ‘Ëμ·³Ê²¨·μ¢ ´μ, ÎÉμ £¨¤·¨¤´ Ö ³μ¤¥²Ó ‡¥³²¨ ¶·¥¤¸± §Ò¢ ¥É ´ ²¨Î¨¥
¡μ²ÓÏ¨Ì ³ ¸¸ ¤²Ö 238U, 232Th ¨ 40K ¢ ‡¥³²¥,   É ±¦¥ ¶μ§¢μ²Ö¥É ¸Î¨É ÉÓ,
ÎÉμ §´ Î¨É¥²Ó´Ò¥ ³ ¸¸Ò 238U, 232Th ¨ 40K ¨³¥ÕÉ¸Ö ¢ Ö¤·¥ ‡¥³²¨. �¸μ¡¥´´μ
§´ Î¨É¥²Ó´Ò³ ¤μ²¦´μ ¡ÒÉÓ ¶·¥¢ÒÏ¥´¨¥ ±μ²¨Î¥¸É¢  ± ²¨Ö ¶μ ¸· ¢´¥´¨Õ ¸
¶·¥¤¸± § ´´Ò³ ¸¨²¨± É´μ° ³μ¤¥²ÓÕ ‡¥³²¨ ¨§-§  ¥£μ ³ ²μ£μ ¶μÉ¥´Í¨ ²  ¨μ-
´¨§ Í¨¨.

3. ‘¤¥² ´μ ¤μ¶ÊÐ¥´¨¥, ÎÉμ ¶μ²ÊÎ¥´´μ¥ §´ Î¥´¨¥ É¥¶²μ¢μ£μ ¶μÉμ±  ¢´Ê-
É·¥´´¥£μ É¥¶²  ‡¥³²¨ ³¥Éμ¤μ³ ¨§³¥·¥´¨Ö £· ¤¨¥´É  É¥³¶¥· ÉÊ· ´¥ ÊÎ¨ÉÒ¢ ¥É
§´ Î¨É¥²Ó´μ¥ ±μ²¨Î¥¸É¢μ É¥¶² , ¶¥·¥´μ¸¨³μ¥ £μ·ÖÎ¨³¨ £ § ³¨, ¶μÖ¢²¥´¨¥ ±μ-
Éμ·ÒÌ ´  ¡μ²ÓÏ¨Ì £²Ê¡¨´ Ì ¶·¥¤¸± § ´μ £¨¤·¨¤´μ° ³μ¤¥²ÓÕ ‡¥³²¨. � ²¨-
Î¨¥ É ±μ£μ ³¥Ì ´¨§³  ¶¥·¥´μ¸  É¥¶² , ¤μ¶μ²´¨É¥²Ó´μ£μ ± É¥¶²μ¶·μ¢μ¤´μ¸É¨,
¶μ§¢μ²Ö¥É ¶μ´ÖÉÓ ¶μÖ¢²¥´¨¥ ´¥μ¦¨¤ ´´μ ¡μ²ÓÏ¨Ì É¥³¶¥· ÉÊ· ´  ¡μ²ÓÏ¨Ì
£²Ê¡¨´ Ì ´  ±μ´É¨´¥´É Ì ¨ ¢ μ±¥ ´ Ì.

�² £μ¤ ·´μ¸É¨. �¢Éμ·Ò ¡² £μ¤ ·ÖÉ μ·£±μ³¨É¥É Œ¥¦¤Ê´ ·μ¤´μ° ¸¥¸¸¨¨-
±μ´Ë¥·¥´Í¨¨ ¸¥±Í¨¨ Ö¤¥·´μ° Ë¨§¨±¨ �”� ��� ®”¨§¨±  ËÊ´¤ ³¥´É ²Ó´ÒÌ
¢§ ¨³μ¤¥°¸É¢¨°¯ (� ²ÓÎ¨±, 6Ä9 ¨Õ´Ö 2017 £.) §  ¶·¨£² Ï¥´¨¥ ¢Ò¸ÉÊ¶¨ÉÓ
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¸ ¤ ´´Ò³ ¤μ±² ¤μ³. �¢Éμ·Ò É ±¦¥ ¡² £μ¤ ·ÖÉ ˆ£μ·Ö ’± Î¥¢  (ˆŸˆ ���)
§  ¶²μ¤μÉ¢μ·´Ò¥ ¤¨¸±Ê¸¸¨¨, Allen Caldwell (MPI) §  ¢μ§³μ¦´μ¸ÉÓ ¶·¥¤¸É -
¢¨ÉÓ ¤μ±² ¤ ´  ¸¥³¨´ ·¥ ¢ MPI ¨ §  ¶²μ¤μÉ¢μ·´ÊÕ ¤¨¸±Ê¸¸¨Õ, Leo Stodolsky
(MPI) §  ¶²μ¤μÉ¢μ·´ÊÕ ¤¨¸±Ê¸¸¨Õ, ¢ Î ¸É´μ¸É¨ §  ¢μ¶·μ¸ μ Éμ³, ± ±¨¥ ¤μ²¦´Ò
¡ÒÉÓ É¥³¶¥· ÉÊ·´Ò¥ ¶·μË¨²¨ ´  ±μ´É¨´¥´É Ì ¶·¨ ´ ²¨Î¨¨ ¶¥·¥´μ¸  É¥¶² 
£μ·ÖÎ¨³¨ £ § ³¨.
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