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�  Í¨±²μÉ·μ´¥ “-400 ¸ ¨¸¶μ²Ó§μ¢ ´¨¥³ �–�-¨¸ÉμÎ´¨±  ¶μ²ÊÎ¥´ ¢Ò¸μ±μ¨´É¥´¸¨¢´Ò° ¶ÊÎμ±
¨μ´μ¢ 50Ti. �  ³μ¤¥·´¨§¨·μ¢ ´´μ³ ¸¥¶ · Éμ·¥ ‚�‘ˆ‹ˆ‘� (SHELS) ¶·μ¢¥¤¥´Ò É¥¸Éμ¢Ò¥ Ô±¸¶¥-
·¨³¥´ÉÒ ¸ ¨¸¶μ²Ó§μ¢ ´¨¥³ Ê¸±μ·¥´´ÒÌ ¨μ´μ¢ 50Ti. �μ²ÊÎ¥´Ò ¤ ´´Ò¥ μ ±μÔËË¨Í¨¥´É Ì É· ´¸³¨¸-
¸¨¨ Ö¤¥· μÉ¤ Î¨, ¸¨´É¥§¨·Ê¥³ÒÌ ¢ ·¥ ±Í¨ÖÌ ¶μ²´μ£μ ¸²¨Ö´¨Ö. �μ²´μ¸ÉÓÕ ¶μ¤É¢¥·¦¤¥´Ò ¨μ´´μ-
μ¶É¨Î¥¸±¨¥ · ¸Î¥ÉÒ, § ²μ¦¥´´Ò¥ ¢ ¶·μ¥±É ³μ¤¥·´¨§ Í¨¨ ¸¥¶ · Éμ· .

High-intensity ion beam of 50Ti ions was obtained using ECR ion source at the U400 cyclotron.
The experimental tests using accelerated 50Ti ions were performed with modernized VASSILISSA
separator (SHELS). Data have been obtained on the transmission coefˇcients of recoil nuclei synthesized
in complete fusion reactions. Estimates from ion optical calculations performed in the design phase of
the project of modernization of the separator are completely conˇrmed.
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‚ É¥Î¥´¨¥ ¶μ¸²¥¤´¨Ì 15 ²¥É ¢ ‹Ÿ� �ˆŸˆ ¡Ò² ¶·μ¢¥¤¥´ ¡μ²ÓÏμ° Í¨±² · ¡μÉ ¶μ
¸¨´É¥§Ê ¨ ¨¸¸²¥¤μ¢ ´¨Õ ¸¢μ°¸É¢ · ¤¨μ ±É¨¢´μ£μ · ¸¶ ¤  ÉÖ¦¥²ÒÌ ¨ ¸¢¥·ÌÉÖ¦¥²ÒÌ (‘’�)
Ô²¥³¥´Éμ¢ ¸ ¨¸¶μ²Ó§μ¢ ´¨¥³ ¢Ò¸μ±μ¨´É¥´¸¨¢´ÒÌ ¶ÊÎ±μ¢ ¨μ´μ¢ 48Ca [1Ä3], Ê¸±μ·Ö¥³ÒÌ
´  Í¨±²μÉ·μ´¥ “-400 ¸ ¶·¨³¥´¥´¨¥³ �–�-¨¸ÉμÎ´¨±  [4, 5]. � ¨¡μ²¥¥ ÉÖ¦¥²Ò³ Ô²¥³¥´-
Éμ³, ¸¨´É¥§¨·μ¢ ´´Ò³ ¸ ¨¸¶μ²Ó§μ¢ ´¨¥³ ¶ÊÎ±μ¢ 48Ca, ¡Ò² 118-° Ô²¥³¥´É, ¶μ²ÊÎ¥´´Ò°
¢ ·¥ ±Í¨¨ ¶μ²´μ£μ ¸²¨Ö´¨Ö ¸ Ö¤· ³¨ ³¨Ï¥´¨ 249Cf [3]. „ ²Ó´¥°Ï¥¥ ¶·μ¤¢¨¦¥´¨¥ ¢
μ¡² ¸ÉÓ ‘’� ¸ ¡μ²ÓÏ¨³¨  Éμ³´Ò³¨ ´μ³¥· ³¨ É·¥¡Ê¥É ¨¸¶μ²Ó§μ¢ ´¨Ö ¶ÊÎ±μ¢ Ê¸±μ·¥´´ÒÌ
¨μ´μ¢ ¸ ¡μ²ÓÏ¨³¨ Z, É ± ± ± Cf Ö¢²Ö¥É¸Ö ¶μ¸²¥¤´¨³ Ô²¥³¥´Éμ³, ¤μ¸ÉÊ¶´Ò³ ¢ ´¥μ¡Ìμ¤¨-
³ÒÌ ¢¥¸μ¢ÒÌ ±μ²¨Î¥¸É¢ Ì (¶μ·Ö¤±  12 ³£) ¤²Ö ¨§£μÉμ¢²¥´¨Ö ³¨Ï¥´¥°.

�²¥³¥´É ¸ ¶μ·Ö¤±μ¢Ò³ ´μ³¥·μ³ 120 ¨ ³ ±¸¨³ ²Ó´μ ¢μ§³μ¦´Ò³ Î¨¸²μ³ ´¥°É·μ-
´μ¢ ³μ¦´μ ¸¨´É¥§¨·μ¢ ÉÓ ¢ ¸²¥¤ÊÕÐ¨Ì ±μ³¡¨´ Í¨ÖÌ ´ ²¥É ÕÐ¨° ¨μ´ Ä Ö¤·μ ³¨Ï¥´¨:
64Ni+ 238U→ 302120∗, 58Fe + 244Pu→ 302120∗, 54Cr+ 248Cm→ 302120∗ ¨ 50Ti+ 249Cf→
299120∗.

�¥ ±Í¨¨ ¸ ¨μ´ ³¨ 64Ni, 58Fe ¨ 54Cr ¡Ò²¨ ¨§ÊÎ¥´Ò ± ± ¢ ‹Ÿ�, É ± ¨ ¢ GSI („ ·³ÏÉ ¤É,
ƒ¥·³ ´¨Ö), μ¤´ ±μ ¡Ò²¨ ¶μ²ÊÎ¥´Ò Éμ²Ó±μ ¢¥·Ì´¨¥ ¶·¥¤¥²Ò ¸¥Î¥´¨Ö μ¡· §μ¢ ´¨Ö ¨§μÉμ¶μ¢
Ô²¥³¥´É  Z = 120, ¸μμÉ¢¥É¸É¢¥´´μ, 0,56, 0,4 ¨ 0,09 ¶¡ (1 ¶¡ = 10−36 ¸³2) [6Ä8].

�¥ ±Í¨Ö 50Ti+ 249Cf→ 299120∗ ¶·¥¤¸É ¢²Ö¥É¸Ö ´ ¨¡μ²¥¥ ¶¥·¸¶¥±É¨¢´μ°, ¶μ¸±μ²Ó±Ê
μ¡² ¤ ¥É ´ ¨¡μ²ÓÏ¥°  ¸¨³³¥É·¨¥° ¢Ìμ¤´μ£μ ± ´ ² , ÎÉμ ¤μ²¦´μ ¸´¨¦ ÉÓ ¢²¨Ö´¨¥ ±¢ §¨-
¤¥²¥´¨Ö ´  μ¡· §μ¢ ´¨¥ ¸μ¸É ¢´μ£μ Ö¤· . �¤´ ±μ ¤μ ´ ¸ÉμÖÐ¥£μ ¢·¥³¥´¨ ¸¥·Ó¥§´ÒÌ ¶μ-
¶ÒÉμ± ¨§ÊÎ¥´¨Ö ÔÉμ° ·¥ ±Í¨¨ ´¥ ¶·¥¤¶·¨´¨³ ²μ¸Ó. ‚Ò¸μ± Ö Ì¨³¨Î¥¸± Ö  £·¥¸¸¨¢´μ¸ÉÓ
É¨É ´  ¶·¨ É¥³¶¥· ÉÊ· Ì, ´¥μ¡Ìμ¤¨³ÒÌ ¤²Ö ¨¸¶ ·¥´¨Ö ³¥É ²² , ´¥ ¶μ§¢μ²Ö²  ¶μ²ÊÎ ÉÓ
¶ÊÎ±¨ ¤μ¸É ÉμÎ´μ° ¨´É¥´¸¨¢´μ¸É¨ ¸ ¨¸¶μ²Ó§μ¢ ´¨¥³ �–�-¨¸ÉμÎ´¨±μ¢,   §´ Î¨É¥²Ó´ Ö
¸Éμ¨³μ¸ÉÓ 50Ti ¶· ±É¨Î¥¸±¨ ¨¸±²ÕÎ ²  ¶·μ¢¥¤¥´¨¥ ¶μ²´μ³ ¸ÏÉ ¡´ÒÌ Ô±¸¶¥·¨³¥´Éμ¢ ¸
¨¸¶μ²Ó§μ¢ ´¨¥³ PIG-¨¸ÉμÎ´¨±μ¢ ¨μ´μ¢.

„μ¶μ²´¨É¥²Ó´Ò³  ·£Ê³¥´Éμ³ ¤²Ö ¶μ²ÊÎ¥´¨Ö ¢Ò¸μ±μ¨´É¥´¸¨¢´ÒÌ ¶ÊÎ±μ¢ Ê¸±μ·¥´´ÒÌ
¨μ´μ¢ 50Ti Ö¢²Ö¥É¸Ö ¢μ§³μ¦´μ¸ÉÓ ¤¥É ²Ó´μ£μ ¸¶¥±É·μ¸±μ¶¨Î¥¸±μ£μ ¨§ÊÎ¥´¨Ö ¸¢μ°¸É¢ · -
¤¨μ ±É¨¢´μ£μ · ¸¶ ¤  ¨§μÉμ¶μ¢ Rf ¨ Db, ±μÉμ·Ò¥ ¢ ·¥ ±Í¨ÖÌ ¶μ²´μ£μ ¸²¨Ö´¨Ö ¸ Ö¤· ³¨
³¨Ï¥´¥° Pb ¨ Bi μ¡· §ÊÕÉ¸Ö ¸ ¸¥Î¥´¨Ö³¨ ¶μ·Ö¤±  10 ´¡.

‚ ´ ¸ÉμÖÐ¥° · ¡μÉ¥ ¶·¥¤¸É ¢²¥´Ò ·¥§Ê²ÓÉ ÉÒ ¶μ²ÊÎ¥´¨Ö ¢Ò¸μ±μ¨´É¥´¸¨¢´ÒÌ ¶ÊÎ±μ¢
50Ti ´  Í¨±²μÉ·μ´¥ “-400 ¨ Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ É¥¸Éμ¢ ¸¥¶ · Éμ·  SHELS ¸ ¨¸¶μ²Ó§μ¢ -
´¨¥³ Ê¸±μ·¥´´ÒÌ ¨μ´μ¢ 50Ti ¢ ´μÖ¡·¥ 2013 £.

“‘Š��…�ˆ… ˆ���‚ ’ˆ’���

„²Ö ·¥Ï¥´¨Ö § ¤ Î¨ ¶μ²ÊÎ¥´¨Ö ¨μ´μ¢ 50Ti ¨§ �–�-¨¸ÉμÎ´¨±  ¡Ò² ¢Ò¡· ´ ³¥Éμ¤
MIVOC (Metal Ions from Volatile Compounds) [9].

�  ·¨¸. 1 ¶·¥¤¸É ¢²¥´ ¸¶¥±É· ¨μ´μ¢ 50Ti ¨§ �–�-¨¸ÉμÎ´¨±  Í¨±²μÉ·μ´  “-400 ¶μ¸²¥
³ £´¨É´μ£μ  ´ ²¨§ Éμ· . ’μ± ¶ÊÎ±  ¨μ´μ¢ 50Ti+5 ¸μ¸É ¢²Ö² 82 ³±�.

�±¸¶¥·¨³¥´ÉÒ ¶μ ¶μ²ÊÎ¥´¨Õ ¶ÊÎ±  ¨μ´μ¢ Ti ¶¥·¢μ´ Î ²Ó´μ ¡Ò²¨ ¶·μ¢¥¤¥´Ò ´  ¸É¥´-
¤μ¢μ³ �–�-¨¸ÉμÎ´¨±¥ ¸ ¨¸¶μ²Ó§μ¢ ´¨¥³ · §²¨Î´ÒÌ ³¥É ²²μμ·£ ´¨Î¥¸±¨Ì ¸μ¥¤¨´¥´¨°
¶·¨·μ¤´μ£μ ¨ μ¡μ£ Ð¥´´μ£μ É¨É ´ . ‘μ¥¤¨´¥´¨Ö É¨É ´  ¡Ò²¨ ¸¨´É¥§¨·μ¢ ´Ò ¢ ¸μÉ·Ê¤´¨-
Î¥¸É¢¥ ¸ £·Ê¶¶μ° ¨´¸É¨ÉÊÉ  IPHC (‘É· ¸¡Ê·£). � ¨¡μ²ÓÏ¨¥ Éμ±¨ ¨μ´μ¢ ¡Ò²¨ ¶μ²ÊÎ¥´Ò
¶·¨ ¨¸¶μ²Ó§μ¢ ´¨¨ ¸μ¥¤¨´¥´¨Ö (CH3)5C5Ti(CH3)3.

�μ¸²¥ Ê¸¶¥Ï´ÒÌ ¨¸¶ÒÉ ´¨° ¶μ¤ Î¨ · ¡μÎ¥£μ ¢¥Ð¥¸É¢  ¸ ¶·¨³¥´¥´¨¥³ ¸μ¥¤¨´¥´¨°
MIVOC ´  ¸É¥´¤¥ ¨μ´´ÒÌ ¨¸ÉμÎ´¨±μ¢ ´  Í¨±²μÉ·μ´¥ “-400 ¡Ò² ¶μ²ÊÎ¥´ Ê¸±μ·¥´´Ò°
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�¨¸. 1. ‘¶¥±É· ¨μ´μ¢ É¨É ´  ¶μ¸²¥ ³ £´¨É´μ£μ  ´ ²¨§ Éμ· 

¶ÊÎμ± ¨μ´μ¢ 50Ti5+ ¤²Ö Ô±¸¶¥·¨³¥´Éμ¢ ¶μ ¸¶¥±É·μ¸±μ¶¨¨ É· ´¸Ë¥·³¨¥¢ÒÌ Ô²¥³¥´Éμ¢.
’μ± ¨´¦¥±É¨·μ¢ ´´μ£μ ¶ÊÎ±  50Ti5+ ¸μ¸É ¢²Ö² μ±μ²μ 50 ³±�, ¢ É¥Î¥´¨¥ É·¥Ì´¥¤¥²Ó´μ£μ
Ô±¸¶¥·¨³¥´É  ¨¸ÉμÎ´¨± ¶μ± § ² ¸É ¡¨²Ó´ÊÕ ¨ ´ ¤¥¦´ÊÕ · ¡μÉÊ. ˆ§³¥·¥´´Ò° · ¸Ìμ¤
¸μ¥¤¨´¥´¨Ö ¸μ¸É ¢¨² μ±μ²μ 2,4 ³£/Î, ÎÉμ ¸μμÉ¢¥É¸É¢Ê¥É · ¸Ìμ¤Ê 50Ti 0,5 ³£/Î.

�  Í¨±²μÉ·μ´¥ “-400 ¤²Ö ¶μ²ÊÎ¥´¨Ö Î ¸É¨Í ¸ Ô´¥·£¨¥° 5Ä6 ŒÔ‚/´Ê±²μ´ ³μ£ÊÉ ¡ÒÉÓ
Ê¸±μ·¥´Ò ¨μ´Ò 50Ti5+ ¨ 50Ti6+. �´¥·£¨Ö ¨μ´μ¢ ´  Í¨±²μÉ·μ´¥ § ¢¨¸¨É ´¥ Éμ²Ó±μ μÉ
μÉ´μÏ¥´¨Ö ³ ¸¸Ò ± § ·Ö¤Ê, ´μ ¨ μÉ · ¤¨Ê¸  μ·¡¨ÉÒ ¶ÊÎ± , ¸ ±μÉμ·μ° ¶·μ¨§¢μ¤¨É¸Ö
¢Ò¢μ¤. �  “-400 ¸¨¸É¥³  ¢Ò¢μ¤  μ¸´μ¢ ´  ´  ³¥Éμ¤¥ ¶¥·¥§ ·Ö¤±¨ ¨μ´μ¢ ´  Éμ´±μ° £· -
Ë¨Éμ¢μ° Ëμ²Ó£¥. �μ¸²¥ ¶·μÌμ¦¤¥´¨Ö Ëμ²Ó£¨ ¨μ´Ò ¶¥·¥§ ·Ö¦ ÕÉ¸Ö ¨ ¶μÖ¢²Ö¥É¸Ö ¸¶¥±É·
§ ·Ö¤μ¢ÒÌ ¸μ¸ÉμÖ´¨°, ¢ ±μÉμ·μ³ ¶·¥μ¡² ¤ ÕÉ 50Ti19+, 50Ti20+, 50Ti21+. ŠμÔËË¨Í¨¥´É
¶¥·¥§ ·Ö¤±¨ μ¶·¥¤¥²Ö¥É · ¤¨Ê¸ ¢Ò¢μ¤ , ÎÉμ ¤ ¥É ¤μ¶μ²´¨É¥²Ó´ÊÕ ¢μ§³μ¦´μ¸ÉÓ ·¥£Ê²¨-
·μ¢±¨ Ô´¥·£¨¨ ¨μ´μ¢ ¢Ò¢¥¤¥´´μ£μ ¶ÊÎ± . � §¡·μ¸ ¶μ § ·Ö¤ ³ μ¶·¥¤¥²Ö¥É ÔËË¥±É¨¢´μ¸ÉÓ
¢Ò¢μ¤ . ‚ É ¡². 1 ¤ ´  · ¸Î¥É´ Ö Ô´¥·£¨Ö ¨μ´μ¢ 50Ti, ±μÉμ·ÊÕ ³μ¦´μ ¶μ²ÊÎ¨ÉÓ ´  Í¨±²μ-

’ ¡²¨Í  1. � ¸Î¥É´ Ö Ô´¥·£¨Ö Ti ¨ ¶ · ³¥É·Ò ¸¨¸É¥³Ò ¢Ò¢μ¤ 

“¸±μ·Ö¥³Ò°
¨μ´

‚Ò¢μ¤¨³Ò° ¨μ´
E,

ŒÔ‚/´Ê±².
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ŒÔ‚

“¸²μ¢¨Ö
¢Ò¢μ¤ 

(¶·μÍ¥´É´μ¥ ¸μ¤¥·¦ ´¨¥
¢ ¸¶¥±É·¥ ¶μ¸²¥ Ëμ²Ó£¨)

50Ti5+

50Ti19+ (35%) 5,0 250 R = 152 ¸³
(¤¢ÊÌμ¡μ·μÉ´Ò° ¢Ò¢μ¤)

50Ti20+ (35%) 5,1 256 R = 154 ¸³
(¤¢ÊÌμ¡μ·μÉ´Ò° ¢Ò¢μ¤)

50Ti6+

50Ti20+ (41%) 6,6 331 R = 147 ¸³
(¤¢ÊÌμ¡μ·μÉ´Ò° ¢Ò¢μ¤)

50Ti21+ (29%) 6,8 340 R = 149 ¸³
(¤¢ÊÌμ¡μ·μÉ´Ò° ¢Ò¢μ¤)

50Ti19+ (36%) 4,7 233 R = 123 ¸³
(É·¥Ìμ¡μ·μÉ´Ò° ¢Ò¢μ¤)

50Ti20+ (32%) 4,8 239 R = 125 ¸³
(É·¥Ìμ¡μ·μÉ´Ò° ¢Ò¢μ¤)
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É·μ´¥ “-400, ¨ ¶ · ³¥É·Ò ¸¨¸É¥³Ò ¢Ò¢μ¤ : · ¤¨Ê¸ ¢Ò¢μ¤´μ° μ·¡¨ÉÒ ¶ÊÎ±  ¨ ¶·μÍ¥´É´μ¥
¸μ¤¥·¦ ´¨¥ μ¤´μ£μ § ·Ö¤  ¢ ¸¶¥±É·¥ ¨μ´μ¢ ¶μ¸²¥ ¢Ò¢μ¤´μ° Ëμ²Ó£¨.

‘¨¸É¥³  ¢Ò¢μ¤  Í¨±²μÉ·μ´  ¶μ§¢μ²Ö¥É ¢ ´¥¡μ²ÓÏμ³ ¤¨ ¶ §μ´¥ ³¥´ÖÉÓ Ô´¥·£¨Õ ¨μ-
´μ¢ μÉ´μ¸¨É¥²Ó´μ Ê± § ´´μ° ¢ É ¡². 1 §  ¸Î¥É ¶¥·¥³¥Ð¥´¨Ö Ëμ²Ó£¨ ¨ ¨§³¥´¥´¨Ö Ê·μ¢´Ö
³ £´¨É´μ£μ ¶μ²Ö ¢ Í¨±²μÉ·μ´¥.

„²Ö Ô±¸¶¥·¨³¥´É  ´  “-400 ¡Ò²¨ Ê¸±μ·¥´Ò ¨μ´Ò 50Ti5+. Œ ±¸¨³ ²Ó´Ò° Éμ± ¶ÊÎ± ,
¶μ²ÊÎ¥´´Ò° ´  ³¨Ï¥´¨, ¸μ¸É ¢¨² 0,5 ³±� · Î ¸É.

��ˆ‘��ˆ… �Š‘�…�ˆŒ…�’�‚

‚ ´μÖ¡·¥ 2013 £. ´  Ê¸±μ·¨É¥²¥ “-400 ‹Ÿ� �ˆŸˆ ¡Ò²¨ ¶·μ¢¥¤¥´Ò É¥¸Éμ¢Ò¥ Ô±¸-
¶¥·¨³¥´ÉÒ ¤²Ö ¨§³¥·¥´¨Ö ÔËË¥±É¨¢´μ¸É¨ É· ´¸¶μ·É¨·μ¢±¨ Ö¤¥· μÉ¤ Î¨, μ¡· §ÊÕÐ¨Ì¸Ö
¢ ·¥ ±Í¨ÖÌ Ê¸±μ·¥´´ÒÌ ¨μ´μ¢ 50Ti ¸ ³¨Ï¥´Ö³¨ 164Dy ¨ 208Pb. ‚ ± Î¥¸É¢¥ ³ É¥·¨ ² 
¤²Ö ³¨Ï¥´¥° ¨¸¶μ²Ó§μ¢ ²¨¸Ó Dy2O3 ¨ PbS. Œ¨Ï¥´´Ò° ³ É¥·¨ ² ´ ´μ¸¨²¸Ö ³¥Éμ¤μ³
Ô²¥±É·μμ¸ ¦¤¥´¨Ö ¸²μ¥³ 0,3 ¨ 0,36 ³£/¸³2 (¶μ Dy ¨ Pb ¸μμÉ¢¥É¸É¢¥´´μ) ´  Ti-¶μ¤²μ¦±Ê
Éμ²Ð¨´μ° 2 ³±³. „²Ö ¸´¨¦¥´¨Ö É¥¶²μ¢μ° ´ £·Ê§±¨ ³¨Ï¥´¨ ¢ Ëμ·³¥ ¸¥£³¥´Éμ¢ Ê¸É -
´ ¢²¨¢ ²¨¸Ó ´  ¢· Ð ÕÐ¨°¸Ö ¤¨¸± ¢ ³¨Ï¥´´μ³ ¡²μ±¥ ³μ¤¥·´¨§¨·μ¢ ´´μ£μ ¸¥¶ · Éμ· 
‚�‘ˆ‹ˆ‘� (SHELS) [10].

‚ Ëμ± ²Ó´μ° ¶²μ¸±μ¸É¨ ¸¥¶ · Éμ·  · ¸¶μ² £ ²¸Ö ¤¢Ê¸Éμ·μ´´¨° ³´μ£μ¸É·¨¶μ¢Ò° ±·¥³-
´¨¥¢Ò° ¤¥É¥±Éμ· · §³¥·μ³ 60 × 60 ³³, 48 × 48 ¸É·¨¶μ¢ [11].

‚ ± Î¥¸É¢¥ É¥¸Éμ¢ÒÌ ·¥ ±Í¨° ¨¸¶μ²Ó§μ¢ ²¨¸Ó ¸²¥¤ÊÕÐ¨¥ ·¥ ±Í¨¨ ¶μ²´μ£μ ¸²¨Ö´¨Ö:
50Ti+ 164Dy→ 214Ra∗ ¨ 50Ti+ 208Pb→ 258Rf∗.

�  ·¨¸. 2 ¶·¨¢¥¤¥´ ¸¶¥±É· α-Î ¸É¨Í, ¨¸¶Ê¸± ¥³ÒÌ ¶·¨ · ¸¶ ¤¥ ¨§μÉμ¶μ¢, ¸¨´É¥§¨-
·Ê¥³ÒÌ ¢ ·¥ ±Í¨¨ ¶μ²´μ£μ ¸²¨Ö´¨Ö 50Ti+ 164Dy→ 214Ra∗. �μ²ÊÎ¥´´μ¥ ¢ Ìμ¤¥ Ô±¸¶¥-
·¨³¥´Éμ¢ · §·¥Ï¥´¨¥ Ëμ± ²Ó´μ£μ ¤¥É¥±Éμ·  ¸μ¸É ¢¨²μ 20 ±Ô‚ (¤²Ö μ¤´μ£μ ¸É·¨¶ ) ¶·¨
±μ³´ É´μ° É¥³¶¥· ÉÊ·¥ ¤¥É¥±Éμ· .

�¶·¥¤¥²¥´¨¥ ÔËË¥±É¨¢´μ¸É¨ É· ´¸¶μ·É¨·μ¢±¨ Ö¤¥· μÉ¤ Î¨ Î·¥§¢ÒÎ °´μ ¢ ¦´μ ¤²Ö
¶μ¸²¥¤ÊÕÐ¥£μ μ¶·¥¤¥²¥´¨Ö ¶μ¶¥·¥Î´ÒÌ ¸¥Î¥´¨° μ¡· §μ¢ ´¨Ö Ö¤¥· Å μ¸É É±μ¢ ¨¸¶ ·¥-

�¨¸. 2. ‘¶¥±É· α-Î ¸É¨Í, ¨¸¶Ê¸± ¥³ÒÌ ¶·¨ · ¸¶ ¤¥ ¨§μÉμ¶μ¢, ¸¨´É¥§¨·Ê¥³ÒÌ ¢ ·¥ ±Í¨¨ ¶μ²´μ£μ

¸²¨Ö´¨Ö 50Ti + 164Dy→ 214Ra∗
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�¨¸. 3. ‘· ¢´¥´¨¥ · ¸Î¥É´ÒÌ §´ Î¥´¨° ¸¥Î¥´¨° μ¡· §μ¢ ´¨Ö ¨§μÉμ¶μ¢ Ra (É¥³´Ò¥ ¸¨³¢μ²Ò) ¸ ¨§-

³¥·¥´´Ò³¨ ¸¥Î¥´¨Ö³¨ μ¡· §μ¢ ´¨Ö ¤²Ö ÔÉ¨Ì ¨§μÉμ¶μ¢ ¢ ·¥ ±Í¨¨ 50Ti + 164Dy→ 214Ra∗ (¸¢¥É²Ò¥

¸¨³¢μ²Ò) ¢ ¶·¥¤¶μ²μ¦¥´¨¨, ÎÉμ ÔËË¥±É¨¢´μ¸ÉÓ É· ´¸¶μ·É¨·μ¢±¨ Ö¤¥· μÉ¤ Î¨ ¸μ¸É ¢²Ö²  40%

´¨Ö (Ÿ�). „²Ö ³μ¤¥·´¨§¨·μ¢ ´´μ£μ ¸¥¶ · Éμ·  ÔÉμÉ ¶ · ³¥É· ³μ¦¥É ¡ÒÉÓ ´ °¤¥´ ¶ÊÉ¥³
¸· ¢´¥´¨Ö ¸ Ô±¸¶¥·¨³¥´É ²Ó´Ò³¨ ¤ ´´Ò³¨, ¶μ²ÊÎ¥´´Ò³¨ · ´¥¥, ¨²¨, ¢ ¸²ÊÎ ¥ ¨Ì μÉ¸ÊÉ-
¸É¢¨Ö, ¸ · ¸Î¥É´Ò³¨ ËÊ´±Í¨Ö³¨ ¢μ§¡Ê¦¤¥´¨Ö. ‚ ¸²ÊÎ ¥ ·¥ ±Í¨¨ 50Ti+ 164Dy→ 214Ra∗

Ô±¸¶¥·¨³¥´É ²Ó´Ò¥ ¤ ´´Ò¥ ¤²Ö ¸¥Î¥´¨° μ¡· §μ¢ ´¨Ö ¨§μÉμ¶μ¢ Ra μÉ¸ÊÉ¸É¢ÊÕÉ. ‘· ¢´¥-
´¨¥ ¨§³¥·¥´´ÒÌ ¢ÒÌμ¤μ¢ ¤²Ö ÔÉ¨Ì ¨§μÉμ¶μ¢ ¢ Ô±¸¶¥·¨³¥´É Ì 2013 £. (¸¢¥É²Ò¥ ¸¨³¢μ²Ò)
¸ · ¸Î¥É´Ò³¨ §´ Î¥´¨Ö³¨ (É¥³´Ò¥ ¸¨³¢μ²Ò), ¶μ²ÊÎ¥´´Ò³¨ �.‚.Š ·¶μ¢Ò³ (‹Ÿ� �ˆŸˆ)
¸ ¨¸¶μ²Ó§μ¢ ´¨¥³ ±μ³¶ÓÕÉ¥·´μ£μ ±μ¤  NRV [12] (·¨¸. 3), ¤ ¥É μÍ¥´±Ê ÔËË¥±É¨¢´μ¸É¨
É· ´¸¶μ·É¨·μ¢±¨ Ÿ� ¶μ·Ö¤±  40% ¤²Ö ± ´ ²μ¢ ¸ ¨¸¶ ·¥´¨¥³ 4Ä5 ´¥°É·μ´μ¢.

„²Ö ·¥ ±Í¨¨ ®Ìμ²μ¤´μ£μ¯ ¸²¨Ö´¨Ö 50Ti+ 208Pb→ 258Rf∗ ¸¥Î¥´¨Ö μ¡· §μ¢ ´¨Ö Ö¤¥· Å
μ¸É É±μ¢ ¨¸¶ ·¥´¨Ö ¡Ò²¨ ¸ ¡μ²ÓÏμ° ÉμÎ´μ¸ÉÓÕ ¨§³¥·¥´Ò ¢ Ô±¸¶¥·¨³¥´É Ì ´  ±¨´¥³ É¨-
Î¥¸±μ³ ¸¥¶ · Éμ·¥ SHIP (GSI) [13]. ‚ ´ Ï¥³ ¸²ÊÎ ¥ ÉμÎ´μ¸ÉÓ μ¶·¥¤¥²¥´¨Ö Ô´¥·£¨¨ ¶ÊÎ± 
¸μ¸É ¢²Ö¥É ¢¥²¨Î¨´Ê ¶μ·Ö¤±  ±1,5 % (ÉμÎ´μ¸ÉÓ ¨§³¥·¥´¨Ö + ¤μ²£μ¢·¥³¥´´ Ö ´¥¸É ¡¨²Ó-
´μ¸ÉÓ). �Éμ ¶·¨¢μ¤¨É ± ´¥μ¶·¥¤¥²¥´´μ¸É¨ ¢ ´ Ìμ¦¤¥´¨¨ ¶μ²μ¦¥´¨Ö ³ ±¸¨³Ê³  ËÊ´±Í¨¨
¢μ§¡Ê¦¤¥´¨Ö ¶μ·Ö¤±  3 ŒÔ‚ (¤²Ö ¤ ´´μ£μ Ô´¥·£¥É¨Î¥¸±μ£μ ¤¨ ¶ §μ´  Ê¸±μ·¥´´ÒÌ ¨μ´μ¢).
‚ ÔÉμ³ ¸²ÊÎ ¥ ´¥ÉμÎ´μ¸ÉÓ ¢ μ¶·¥¤¥²¥´¨¨ ÔËË¥±É¨¢´μ¸É¨ É· ´¸¶μ·É¨·μ¢±¨ Ö¤¥· μÉ¤ Î¨
¶μ ¸· ¢´¥´¨Õ ¸ ¨§³¥·¥´´Ò³¨ · ´¥¥ Ô±¸¶¥·¨³¥´É ²Ó´Ò³¨ ¤ ´´Ò³¨ ³μ¦¥É ¤μ¸É¨£ ÉÓ Ë ±-
Éμ·  2 ¨²¨ ¤ ¦¥ ¡μ²ÓÏ¥. ’ ± Ö ´¥μ¶·¥¤¥²¥´´μ¸ÉÓ ¸¢Ö§ ´  c É¥³, ÎÉμ ·¥ ±Í¨¨ ®Ìμ²μ¤´μ£μ¯
¸²¨Ö´¨Ö ¨³¥ÕÉ Ê§±¨¥ ËÊ´±Í¨¨ ¢μ§¡Ê¦¤¥´¨Ö (�˜�‚ ¶μ·Ö¤±  5 ŒÔ‚). ˆ§³¥´¥´¨¥ Ô´¥·£¨¨
¶ÊÎ±  ´  ¢¥²¨Î¨´Ê 2Ä3 ŒÔ‚ ¶·¨¢μ¤¨É ± ¨§³¥´¥´¨Õ ¸¥Î¥´¨Ö μ¡· §μ¢ ´¨Ö ¢ 2Ä3 · § .

‚ ·¥ ±Í¨¨ 50Ti+ 208Pb→ 258Rf∗ ¶μ¸²¥ ¨¸¶ ·¥´¨Ö ±μ³¶ Ê´¤-Ö¤·μ³ ¤¢ÊÌ ´¥°É·μ´μ¢
μ¡· §μ¢Ò¢ ²¸Ö ¨§μÉμ¶ 256Rf, ¨³¥ÕÐ¨° ¶·¨ ¢Ò¡· ´´μ° Ô´¥·£¨¨ ¶ÊÎ±  (¸³. É ¡². 2) ³ ±-
¸¨³Ê³ ¸¥Î¥´¨Ö μ¡· §μ¢ ´¨Ö ¶μ·Ö¤±  15 ´¡. ‚ μ¸´μ¢´μ³ ÔÉμÉ ¨§μÉμ¶ ¨¸¶ÒÉÒ¢ ¥É ¸¶μ´-
É ´´μ¥ ¤¥²¥´¨¥ (¢¨²±  ¡μ²¥¥ 98 %). ” ±Éμ· ¶μ¤ ¢²¥´¨Ö · ¸¸¥Ö´´ÒÌ ¨μ´μ¢ ¶ÊÎ±  ¡Ò²
¤μ¸É ÉμÎ´μ ¢Ò¸μ±¨³, ÎÉμ μ¡¥¸¶¥Î¨²μ ·¥£¨¸É· Í¨Õ ¢ Ëμ± ²Ó´μ° ¶²μ¸±μ¸É¨ ¸¥¶ · Éμ· 
μ¸±μ²±μ¢ ¸¶μ´É ´´μ£μ ¤¥²¥´¨Ö (SF) 256Rf ¡¥§ ¶·¨³¥¸¨ Ëμ´μ¢ÒÌ ¶·μ¤Ê±Éμ¢. ˆ¤¥´É¨Ë¨-
± Í¨Ö ¶·μ¢μ¤¨² ¸Ó ¸ ¨¸¶μ²Ó§μ¢ ´¨¥³ ±μ··¥²ÖÍ¨° Ÿ�ÄSF. ’ ± ± ± ¶¥·¨μ¤ ¶μ²Ê· ¸¶ ¤ 
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’ ¡²¨Í  2. ˆ§³¥·¥´´Ò¥ Ô±¸¶¥·¨³¥´É ²Ó´μ ¢¥²¨Î¨´Ò ÔËË¥±É¨¢´μ¸É¨ É· ´¸¶μ·É¨·μ¢±¨ ¤²Ö ¸É -
·μ£μ ¨ ³μ¤¥·´¨§¨·μ¢ ´´μ£μ ¸¥¶ · Éμ·μ¢, ¸· ¢´¥´¨¥ ¸ · ¸Î¥É´Ò³¨ ¤ ´´Ò³¨

�´¥·£¨Ö ’μ²Ð¨´  �ËË¥±É¨¢´μ¸ÉÓ
É· ´¸¶μ·É¨·μ¢±¨ Ÿ��¥ ±Í¨Ö ¶ÊÎ± , ³¨Ï¥´¨,

ŒÔ‚ ³£/¸³2 ‘É · Ö �μ¢ Ö � ¸Î¥É
50Ti(164Dy, 4−5n)209Ra 240 Dy2O3−0,3 0,3 1 0,4 0,45

50Ti(208Pb, 2n)256Rf 237 PbSÄ0,36 0,25 2 0,2Ä0,4 0,4
ÅÅÅÅÅÅÅÅÅÅÅ
1 „ ´´Ò¥ ¶·¨¢¥¤¥´Ò ¤²Ö ·¥ ±Í¨¨ 48Ca + 174Yb.
2 „ ´´Ò¥ ¶·¨¢¥¤¥´Ò ¤²Ö ·¥ ±Í¨¨ 48Ca + 208Pb.

¸μ¸É ¢²Ö¥É ¢¥²¨Î¨´Ê 6,2 ³¸, ¢¥·μÖÉ´μ¸ÉÓ ¸²ÊÎ °´ÒÌ ¸μ¢¶ ¤¥´¨° ¶·¥´¥¡·¥¦¨³μ ³ ² .
�±¸¶¥·¨³¥´É ²Ó´μ ¨§³¥·¥´´Ò¥ ¢¥²¨Î¨´Ò ÔËË¥±É¨¢´μ¸É¨ É· ´¸¶μ·É¨·μ¢±¨ ¤²Ö ¸É -

·μ£μ ¨ ³μ¤¥·´¨§¨·μ¢ ´´μ£μ ¸¥¶ · Éμ·μ¢ ¶·¨¢¥¤¥´Ò ¢ É ¡². 2 ¸μ¢³¥¸É´μ ¸ · ¸Î¥É´Ò³¨
§´ Î¥´¨Ö³¨, ¶μ²ÊÎ¥´´Ò³¨ ¸ ¨¸¶μ²Ó§μ¢ ´¨¥³ ¶·μ£· ³³ ¤²Ö · ¸Î¥É  ¶ · ³¥É·μ¢ ¸¥¶ · -
Éμ·  [14, 15].

‡�Š‹	—…�ˆ…

’¥¸Éμ¢Ò¥ Ô±¸¶¥·¨³¥´ÉÒ ¸ ¨¸¶μ²Ó§μ¢ ´¨¥³ ¶ÊÎ±  Ê¸±μ·¥´´ÒÌ Î ¸É¨Í 50Ti ´  Í¨±²μ-
É·μ´¥ “-400 ¶μ± § ²¨, ÎÉμ ³μ¦´μ ¶μ²ÊÎ¨ÉÓ ¨ ¸É ¡¨²Ó´μ Ê¤¥·¦¨¢ ÉÓ ¨´É¥´¸¨¢´μ¸ÉÓ ¶ÊÎ± 
´  ³¨Ï¥´¨ ¶μ·Ö¤±  4 · 1012 Î ¸É. ‚ ¤ ²Ó´¥°Ï¥³ ¨³¥¥É¸Ö ¢μ§³μ¦´μ¸ÉÓ Ê¢¥²¨Î¨ÉÓ ÔÉμ
§´ Î¥´¨¥ ¢ ¤¢  · § . �μ²ÊÎ¥´´Ò¥ ¤ ´´Ò¥ ¶μ§¢μ²ÖÕÉ ¸¤¥² ÉÓ ¢Ò¢μ¤, ÎÉμ ¶ · ³¥É·Ò ³μ-
¤¥·´¨§¨·μ¢ ´´μ£μ ¸¥¶ · Éμ·  ‚�‘ˆ‹ˆ‘� (¢ ´μ¢μ° ·¥¤ ±Í¨¨ SHELS), ¤μ¸É¨£´ÊÉÒ¥ ¢
¶·μÍ¥¸¸¥ ·¥±μ´¸É·Ê±Í¨¨, ¢ ¶μ²´μ° ³¥·¥ ¸μμÉ¢¥É¸É¢ÊÕÉ ¶·μ¥±É´Ò³.

�¡¥¸¶¥Î¨¢ ¥³ Ö ¸¥¶ · Éμ·μ³ ÔËË¥±É¨¢´μ¸ÉÓ É· ´¸³¨¸¸¨¨ Ÿ�, ¸¨´É¥§¨·Ê¥³ÒÌ ¢ ·¥-
 ±Í¨ÖÌ ¸ ¨μ´ ³¨ 50Ti, ¢Ò¸μ± Ö ¨´É¥´¸¨¢´μ¸ÉÓ ¶ÊÎ±  Ê¸±μ·¥´´ÒÌ ¨μ´μ¢ ¨ ¢Ò¸μ±¨° ±μ-
ÔËË¨Í¨¥´É μÎ¨¸É±¨ μÉ · ¸¸¥Ö´´ÒÌ ¨μ´μ¢ ¤ ÕÉ ¢μ§³μ¦´μ¸ÉÓ ´ ¡μ·  ¤μ¸É ÉμÎ´μ° ¸É É¨-
¸É¨±¨ §  μÉ´μ¸¨É¥²Ó´μ ±μ·μÉ±μ¥ ¢·¥³Ö, ÎÉμ ¶μ§¢μ²¨É ¶·¨¸ÉÊ¶¨ÉÓ ± ¤¥É ²Ó´μ³Ê ¨§ÊÎ¥´¨Õ
¸É·Ê±ÉÊ·Ò ¨§μÉμ¶μ¢ Rf ¨ Db. ‚ Î ¸É´μ¸É¨, ¶·μ¢μ¤¨ÉÓ Ô±¸¶¥·¨³¥´ÉÒ ¶μ ¨¸¸²¥¤μ¢ ´¨Õ
¸¶μ´É ´´μ£μ ¤¥²¥´¨Ö ¨§μÉμ¶μ¢ ÔÉ¨Ì Ô²¥³¥´Éμ¢ ¸ ¨¸¶μ²Ó§μ¢ ´¨¥³ ¢ Ëμ± ²Ó´μ° ¶²μ¸±μ-
¸É¨ ¸¥¶ · Éμ·  ´¥°·μ´´μ£μ ¤¥É¥±Éμ·  [16]. �É¨ ¤ ´´Ò¥ ¶·¥¤¸É ¢²ÖÕÉ ¨¸±²ÕÎ¨É¥²Ó´Ò°
¨´É¥·¥¸ ¤²Ö μÍ¥´μ± ¸¢μ°¸É¢ ¨§μÉμ¶μ¢ ¸¢¥·ÌÉÖ¦¥²ÒÌ Ô²¥³¥´Éμ¢.

� ¡μÉ  ¢Ò¶μ²´¥´  ¶·¨ Ë¨´ ´¸μ¢μ° ¶μ¤¤¥·¦±¥ �””ˆ (£· ´ÉÒ º13-02-12003, º14-
02-91051, º14-02-93962) ¨ ”· ´ÍÊ§¸±μ£μ ´ Í¨μ´ ²Ó´μ£μ  £¥´É¸É¢  ¨¸¸²¥¤μ¢ ´¨° (£· ´ÉÒ
ANR-06-BLAN-0034-01 ¨ ANR-12-BS05-0013).
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