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Golubkov S. A. et al. P13-2004-26

Investigation of Internal Amplification Effect at Planar

(p+
nn

+) Structures Made of High Resistivity Silicon

The first results of investigations of special strip and pixel silicon detectors are

presented. The detector structures allow creating the high electric field (about

5 10 5
� V/cm) near p–n junction. This field is high enough for avalanche multiplication

of charge carriers. The possibility of internal amplification in the semiconductor detec-

tor similar to proportional amplification in gaseous counters is shown. The spectrum

of �-particles of the 238Pu (E
�

� 55. MeV) demonstrates the «amplifying» peak

at the energy of 70.2 MeV and energy resolution FWHM � 10.2 MeV.

The investigation has been performed at the Dzhelepov Laboratory of Nuclear

Problems, JINR.

Preprint of the Joint Institute for Nuclear Research. Dubna, 2004
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Ïðåäñòàâëåíû ïåðâûå ðåçóëüòàòû èññëåäîâàíèé ñïåöèàëüíûõ ñòðèïîâûõ

è ïèêñåëüíûõ äåòåêòîðîâ èç êðåìíèÿ, ñòðóêòóðû êîòîðûõ ïîçâîëÿþò ñîçäàâàòü

â îáëàñòè p-n-ïåðåõîäà ýëåêòðè÷åñêîå ïîëå ~ 5 10 5
� Â/ñì, äîñòàòî÷íîå äëÿ ëàâèí-

íîãî ðàçìíîæåíèÿ íîñèòåëåé çàðÿäà. Ïîêàçàíà âîçìîæíîñòü ðåàëèçàöèè â ïîëó-

ïðîâîäíèêîâîì äåòåêòîðå ðåæèìà âíóòðåííåãî óñèëåíèÿ, ñõîäíîãî ñ ïðîïîðöèî-

íàëüíûì óñèëåíèåì â ãàçîâûõ ñ÷åò÷èêàõ. Ñïåêòð àëüôà-÷àñòèö 238Pu

(E
�

� 5 5, ÌýÂ) äåìîíñòðèðóåò «óñèëåííûé» ïèê ñî çíà÷åíèÿìè ýíåðãèè

70,2 ÌýÂ è ýíåðãåòè÷åñêèì ðàçðåøåíèåì FWHM � 10,2 ÌýÂ.

Ðàáîòà âûïîëíåíà â Ëàáîðàòîðèè ÿäåðíûõ ïðîáëåì èì. Â. Ï. Äæåëåïîâà

ÎÈßÈ.

Ïðåïðèíò Îáúåäèíåííîãî èíñòèòóòà ÿäåðíûõ èññëåäîâàíèé. Äóáíà, 2004
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„²Ö ·¥Ï¥´¨Ö ·Ö¤  ¶·µ¡²¥³ ¸µ¢·¥³¥´´µ° ´¥Ê¸±µ·¨É¥²Ó´µ° Ë¨§¨±¨ É·¥-
¡ÊÕÉ¸Ö ¸¶¥±É·µ³¥É·Ò ¸ µÎ¥´Ó ´¨§±¨³ ¶µ·µ£µ³ ·¥£¨¸É· Í¨¨ ¨§²ÊÎ¥´¨Ö (´¨¦¥
µ¤´µ£µ ±¨²µÔ²¥±É·µ´¢µ²ÓÉ ), ¢Ò¸µ±¨³ Ô´¥·£¥É¨Î¥¸±¨³ · §·¥Ï¥´¨¥³ (FWHM
∼ 3Ä5 %) ¨ ³ ±¸¨³ ²Ó´µ ¢µ§³µ¦´µ° ÔËË¥±É¨¢´µ¸ÉÓÕ ·¥£¨¸É· Í¨¨ (¡µ²ÓÏ¨³
ÎÊ¢¸É¢¨É¥²Ó´Ò³ µ¡Ñ¥³µ³ ¤¥É¥±Éµ· ). �·¨³¥· ³¨ É ±¨Ì § ¤ Î Ö¢²ÖÕÉ¸Ö ¶·µ-
¢µ¤¨³Ò¥ ¨ ¶² ´¨·Ê¥³Ò¥ Ô±¸¶¥·¨³¥´ÉÒ ¶µ ¶µ¨¸±Ê É¥³´µ° ³ É¥·¨¨ [1], ¨§³¥-
·¥´¨Õ ³ £´¨É´µ£µ ³µ³¥´É  ´¥°É·¨´µ [2] ¨ ±µ£¥·¥´É´µ£µ · ¸¸¥Ö´¨Ö ´¥°É·¨´µ
´  Ö¤· Ì [3]. ˆ¸¶µ²Ó§Ê¥³Ò¥ ¸¥°Î ¸ ¤²Ö ÔÉ¨Ì Í¥²¥° Ê¸É ´µ¢±¨ ´  µ¸´µ¢¥ ±·¨µ-
£¥´´ÒÌ ¤¥É¥±Éµ·µ¢-¡µ²µ³¥É·µ¢ [4] ¨³¥ÕÉ ¸²µ¦´ÊÕ ±µ´¸É·Ê±Í¨Õ ¨ ¢Ò¸µ±ÊÕ
¸Éµ¨³µ¸ÉÓ. �·¨ ÔÉµ³  ±É¨¢´Ò° µ¡Ñ¥³ ¤ ´´ÒÌ ¤¥É¥±Éµ·µ¢ ´¥ ¶·¥¢ÒÏ ¥É ¶µ± 
20Ä30 ¸³3. ‘É ´¤ ·É´Ò¥ ¶µ²Ê¶·µ¢µ¤´¨±µ¢Ò¥ ¤¥É¥±Éµ·Ò (��„) ¨§ £¥·³ ´¨Ö
µ¡² ¤ ÕÉ ¢Ò¸µ±¨³ Ô´¥·£¥É¨Î¥¸±¨³ · §·¥Ï¥´¨¥³ (2,5Ä3 % ¢ µ¡² ¸É¨ Ô´¥·£¨¨
2Ä6 ±Ô‚) ¨ ¶µ§¢µ²ÖÕÉ ¸µ§¤ ¢ ÉÓ ¸¶¥±É·µ³¥É·Ò ¸ ÎÊ¢¸É¢¨É¥²Ó´Ò³ µ¡Ñ¥³µ³
¤µ 500 ¸³3. �¤´ ±µ µ´¨ ¨³¥ÕÉ ¸· ¢´¨É¥²Ó´µ ¢Ò¸µ±¨° Ô´¥·£¥É¨Î¥¸±¨° ¶µ·µ£
(∼ 2 ±Ô‚), ±µÉµ·Ò° µ¶·¥¤¥²Ö¥É¸Ö ¸µµÉ´µÏ¥´¨¥³ ´ ¢¥¤¥´´µ£µ Î ¸É¨Í¥° § ·Ö¤ 
¨ ÏÊ³µ¢ Éµ±µ¢ ÊÉ¥Î±¨ ¤¥É¥±Éµ· . Œµ¦´µ ¶µ´¨§¨ÉÓ Ô´¥·£¥É¨Î¥¸±¨° ¶µ·µ£, ¥¸²¨
¸µ§¤ ÉÓ ¢ ¤¥É¥±Éµ·¥ ·¥¦¨³ ² ¢¨´´µ£µ · §³´µ¦¥´¨Ö (³Ê²ÓÉ¨¶²¨± Í¨¨) § ·Ö-
¤µ¢, É. ¥. ¢´ÊÉ·¥´´¥£µ Ê¸¨²¥´¨Ö ¸¨£´ ²µ¢. �Éµ ¶µ§¢µ²¨²µ ¡Ò ¢Ò¤¥²¨ÉÓ ¸¨£´ ²
´¨§±µ° Ô´¥·£¨¨ ¨§ ÏÊ³µ¢, ÎÉµ ´¥¢µ§³µ¦´µ ¢ ¸É ´¤ ·É´µ³ ��„.

�¡ÒÎ´µ ¶·¨¡µ·Ò ¸ ¢´ÊÉ·¥´´¨³ Ê¸¨²¥´¨¥³, ´ ¶·¨³¥· ² ¢¨´´Ò¥ ËµÉµ¤¨-
µ¤Ò (‹”„), · §· ¡ ÉÒ¢ ÕÉ¸Ö ¤²Ö ·¥£¨¸É· Í¨¨ ¸¢¥É . Š ± ¶· ¢¨²µ, ÔÉµ ¶·¨-
¡µ·Ò ¸ ´¥¡µ²ÓÏµ° ¶²µÐ ¤ÓÕ (10Ä50 ³³2) ¨ Éµ²Ð¨´µ° ÎÊ¢¸É¢¨É¥²Ó´µ° µ¡² -
¸É¨ 10Ä50 ³±³ [5, 6]. �²µÐ ¤Ó ‹”„ µ£· ´¨Î¥´  ¶·¨´Í¨¶¨ ²Ó´Ò³¨ É¥Ì´µ²µ-
£¨Î¥¸±¨³¨ ¶·µ¡²¥³ ³¨: µ¤´µ·µ¤´µ¸ÉÓÕ ¨¸Ìµ¤´µ£µ ³ É¥·¨ ² , µ¤´µ·µ¤´µ¸ÉÓÕ
²¥£¨·µ¢ ´¨Ö ¨ ¤·.,   ¡µ²ÓÏ Ö Éµ²Ð¨´   ±É¨¢´µ° µ¡² ¸É¨ ¤²Ö ·¥£¨¸É· Í¨¨ ¢¨-
¤¨³µ£µ ¸¢¥É  ´¥ É·¥¡Ê¥É¸Ö. ‘ ¤·Ê£µ° ¸Éµ·µ´Ò, ¸ Ê¢¥²¨Î¥´¨¥³ ¶²µÐ ¤¨ ‹”„
¢µ§· ¸É ¥É ¥³±µ¸ÉÓ ¤²Ö ®Éµ´±¨Ì¯ ¸É·Ê±ÉÊ·. �µÔÉµ³Ê ¤²Ö § ¤ Î, £¤¥ ´¥µ¡Ìµ-
¤¨³  ³¨´¨³ ²Ó´ Ö ¥³±µ¸ÉÓ ‹”„, ¨Ì ¨§£µÉ ¢²¨¢ ÕÉ ´  ¢Ò¸µ±µµ³´µ³ ±·¥³´¨¨
¨²¨ ¢Ò· Ð¨¢ ÕÉ ®Éµ²¸ÉÒ¥¯ (¡µ²¥¥ 100 ³±³) Ô¶¨É ±¸¨ ²Ó´Ò¥ ¢Ò¸µ±µµ³´Ò¥
¸²µ¨.

‚ · ¡µÉ¥ [7] µ¶Ê¡²¨±µ¢ ´Ò ·¥§Ê²ÓÉ ÉÒ · §· ¡µÉ±¨ ‹”„ ¡µ²ÓÏµ° ¶²µ-
Ð ¤¨ (10 ¸³2). �¢Éµ·Ò ¨§£µÉµ¢¨²¨ ‹”„ ´  µ¸´µ¢¥ ´¥°É·µ´´µ-²¥£¨·µ¢ ´´µ£µ
±·¥³´¨Ö n-É¨¶  ¶·µ¢µ¤¨³µ¸É¨ ³¥Éµ¤µ³ £²Ê¡µ±µ° ¤¨ËËÊ§¨¨ £ ²²¨Ö. ’ ±µ°
¶·¨¡µ· ¸É ¡¨²Ó´µ · ¡µÉ ¥É ¸ ±µÔËË¨Í¨¥´Éµ³ Ê¸¨²¥´¨Ö 1000 ¶·¨ ´ ¶·Ö¦¥-
´¨¨ 200 ‚.
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ˆ§¢¥¸É´µ ¥Ð¥ ´¥¸±µ²Ó±µ É¨¶µ¢ ��„ ¸ ¢´ÊÉ·¥´´¨³ Ê¸¨²¥´¨¥³:
Å ¶·¨¡µ·Ò, ¢ ±µÉµ·ÒÌ ¤²Ö ·¥ ²¨§ Í¨¨ Ê¸¨²¥´¨Ö ¶·¨³¥´Ö²¸Ö ¶·¨´Í¨¶

· ¡µÉÒ É· ´§¨¸Éµ·  [8];
Å ±·¥³´¨¥¢Ò¥ DEPFET-³ É·¨ÍÒ [9], · §· ¡µÉ ´´Ò¥ ¤²Ö Ô±¸¶¥·¨³¥´Éµ¢

¢ Ë¨§¨±¥ ¢Ò¸µ±¨Ì Ô´¥·£¨°, ±µÉµ·Ò¥ ¸µ¢³¥Ð ÕÉ ¢ ¸¥¡¥ ¶µ²¥¢µ° É· ´§¨¸Éµ·
(FET) ¸ ¤·¥°Ëµ¢µ° ± ³¥·µ°;

Å ¤¥É¥±Éµ·Ò ´  µ¸´µ¢¥ £¥É¥·µ¶¥·¥Ìµ¤µ¢ ³¥¦¤Ê ³ É¥·¨ ² ³¨ ¸ · §²¨Î´µ°
Ï¨·¨´µ° § ¶·¥Ð¥´´ÒÌ §µ´ [10], ¢ ±µÉµ·ÒÌ Ô²¥±É·µ´Ò ¶µ²ÊÎ ÕÉ Ô´¥·£¨Õ,
´¥µ¡Ìµ¤¨³ÊÕ ¤²Ö ¢Éµ·¨Î´µ° ¨µ´¨§ Í¨¨, ¶·¨ ¶¥·¥Ìµ¤¥ ¢ ³ É¥·¨ ² ¸ ³¥´ÓÏ¥°
Ï¨·¨´µ° § ¶·¥Ð¥´´µ° §µ´Ò;

Å ±·¥³´¨¥¢Ò¥ ² ¢¨´´Ò¥ ¶·¨¡µ·Ò ¸ µÉ·¨Í É¥²Ó´µ° µ¡· É´µ° ¸¢Ö§ÓÕ
(‹�‘-¤¨µ¤Ò) ´  µ¸´µ¢¥ ¸É·Ê±ÉÊ· Œ�� (³¥É ²² Å ·¥§¨¸É¨¢´Ò° ¸²µ° Å ¶µ²Ê-
¶·µ¢µ¤´¨±) [11].

Š ¦¤Ò° ¨§ ¢ÒÏ¥´ §¢ ´´ÒÌ É¨¶µ¢ ¤¥É¥±Éµ·µ¢ ¸ ¢´ÊÉ·¥´´¨³ Ê¸¨²¥´¨¥³
µ¡² ¤ ¥É Ì · ±É¥·´Ò³¨ ¤µ¸Éµ¨´¸É¢ ³¨ ¨ ´¥¤µ¸É É± ³¨. �µ £² ¢´Ò° µ¡Ð¨°
´¥¤µ¸É Éµ± Å ³ ²¥´Ó±¨° ÎÊ¢¸É¢¨É¥²Ó´Ò° µ¡Ñ¥³ ¤¥É¥±Éµ·µ¢. �·¨ ÔÉµ³ ¶¥·¥-
Î¨¸²¥´´Ò¥ ³¥Éµ¤Ò ¶µ²ÊÎ¥´¨Ö ·¥¦¨³µ¢ ¢´ÊÉ·¥´´¥£µ Ê¸¨²¥´¨Ö ´¥ ¶µ§¢µ²ÖÕÉ
´ ¤¥ÖÉÓ¸Ö ´  ¸µ§¤ ´¨¥ É·¥¡Ê¥³ÒÌ ÎÊ¢¸É¢¨É¥²Ó´ÒÌ µ¡Ñ¥³µ¢ ¤²Ö § ¤ Î [1Ä3].

„²Ö ¤µ¸É¨¦¥´¨Ö Ê²ÓÉ· ´¨§±µ£µ Ô´¥·£¥É¨Î¥¸±µ£µ ¶µ·µ£  ¢ ¤¥É¥±Éµ·¥ ¡µ²Ó-
Ïµ£µ µ¡Ñ¥³  ¨§ ¸¢¥·ÌÎ¨¸Éµ£µ £¥·³ ´¨Ö (HPGe) ¡Ò² ¶·¥¤²µ¦¥´ ³¥Éµ¤ ¢´ÊÉ-
·¥´´¥£µ ¶·µ¶µ·Í¨µ´ ²Ó´µ£µ Ê¸¨²¥´¨Ö § ·Ö¤  [12]. ‘µ£² ¸´µ · ¸Î¥É ³ É ±µ°
¶µ¤Ìµ¤ ¶·¥¤¶µ² £ ¥É ¶µ²ÊÎ¥´¨¥ Ô´¥·£¥É¨Î¥¸±µ£µ ¶µ·µ£  ∼ 10 Ô‚ ¢ ÎÊ¢¸É¢¨-
É¥²Ó´µ³ µ¡Ñ¥³¥ ∼ 100 ¸³3.

�  ¶¥·¢µ³ ÔÉ ¶¥ ¤²Ö ¨¸¸²¥¤µ¢ ´¨Ö ¶·¨´Í¨¶  ¢´ÊÉ·¥´´¥£µ Ê¸¨²¥´¨Ö ¢
��„, ¸Ìµ¤´µ£µ ¸ ¶·µ¶µ·Í¨µ´ ²Ó´Ò³ Ê¸¨²¥´¨¥³ ¢ £ §µ¢ÒÌ ¸Î¥ÉÎ¨± Ì, ¡Ò²µ
·¥Ï¥´µ ¨¸¶µ²Ó§µ¢ ÉÓ ±·¥³´¨¥¢Ò¥ ¤¥É¥±Éµ·Ò, ¨§£µÉµ¢²¥´´Ò¥ ¶µ ¶² ´ ·´µ°
É¥Ì´µ²µ£¨¨ (SiD),   § É¥³ ¶¥·¥°É¨ ± · §· ¡µÉ±¥ HPGe-¶·µÉµÉ¨¶ . ‚ µ¸´µ¢¥
ÔÉµ£µ ·¥Ï¥´¨Ö ²¥¦ É ¸²¥¤ÊÕÐ¨¥ ¸µµ¡· ¦¥´¨Ö: ¤²Ö SiD · §¢¨É  ´ ¤¥¦´ Ö
É¥Ì´µ²µ£¨Ö ¨§£µÉµ¢²¥´¨Ö ³¨±·µ¸É·Ê±ÉÊ· ¨ ¨³¥¥É¸Ö µÉ¥Î¥¸É¢¥´´ Ö ¶·µ¨§¢µ¤-
¸É¢¥´´ Ö ¡ § ; ¸µ§¤ ´¨¥ SiD µÉ´µ¸¨É¥²Ó´µ ´¥¤µ·µ£µ, ÎÉµ ¶µ§¢µ²Ö¥É ¶·µ¢¥·¨ÉÓ
Í¥²Ò° ·Ö¤ ±µ´¸É·Ê±É¨¢´ÒÌ ¨ É¥Ì´µ²µ£¨Î¥¸±¨Ì ·¥Ï¥´¨°.

�² ´ ·´ Ö É¥Ì´µ²µ£¨Ö, · §¢¨É Ö ¢ �ˆˆŒ‚ (£. ‡¥²¥´µ£· ¤) ¤²Ö Ê¸±µ·¨-
É¥²Ó´ÒÌ Ô±¸¶¥·¨³¥´Éµ¢ ¸ ¢Ò¸µ±¨³¨ · ¤¨ Í¨µ´´Ò³¨ ¶µÉµ± ³¨ [13], ¶µ§¢µ-
²Ö¥É ¨§£µÉ ¢²¨¢ ÉÓ ¤¥É¥±Éµ·Ò ¨§ ±·¥³´¨Ö n-É¨¶  ¸ ´ ¶·Ö¦¥´´µ¸ÉÓÕ ¶·µ¡µÖ
¸¢ÒÏ¥ 3 · 104 ‚/¸³. �¥¤µ¸É É±µ³ ¨¸¶µ²Ó§µ¢ ´¨Ö n-±·¥³´¨Ö ¤²Ö ¢´ÊÉ·¥´´¥£µ
Ê¸¨²¥´¨Ö Ö¢²Ö¥É¸Ö Éµ, ÎÉµ ¢ µ¡² ¸ÉÓ ¢µ§³µ¦´µ° ³Ê²ÓÉ¨¶²¨± Í¨¨ § ·Ö¤  ¡Ê¤ÊÉ
¶µ¶ ¤ ÉÓ Éµ²Ó±µ ¤Ò·±¨, ¶µ¤¢¨¦´µ¸ÉÓ ±µÉµ·ÒÌ ¶·¨ ±µ³´ É´µ° É¥³¶¥· ÉÊ·¥
¢ 3 · §  ³¥´ÓÏ¥ ¶µ¤¢¨¦´µ¸É¨ Ô²¥±É·µ´µ¢. �µÔÉµ³Ê ¤²Ö ·¥ ²¨§ Í¨¨ ·¥¦¨³ 
¢´ÊÉ·¥´´¥£µ Ê¸¨²¥´¨Ö ¶µÉ·¥¡Ê¥É¸Ö ¡µ²¥¥ ¢Ò¸µ± Ö ´ ¶·Ö¦¥´´µ¸ÉÓ ¶µ²Ö, Î¥³ ¢
¤¥É¥±Éµ·¥ ¨§ ±·¥³´¨Ö p-É¨¶ . �µ´¨³ Ö ¶·µ¨£·ÒÏ ¢ Ê¸¨²¥´¨¨ ¤²Ö ¤Ò·µ± ´ 
n-±·¥³´¨¨, ³Ò ¸µ§´ É¥²Ó´µ ´ Î ²¨ ¨¸¸²¥¤µ¢ ´¨Ö ´  ÔÉµ³ É¨¶¥ ³ É¥·¨ ² ,
ÎÉµ¡Ò Ô±¸¶¥·¨³¥´É ²Ó´µ ¶·µ¢¥·¨ÉÓ ´  ¸µ¢·¥³¥´´µ³ É¥Ì´µ²µ£¨Î¥¸±µ³ Ê·µ¢´¥
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¢µ§³µ¦´µ¸ÉÓ ¸µ§¤ ´¨Ö ·¥ ²Ó´ÒÌ µ¶ÒÉ´ÒÌ ¸É·Ê±ÉÊ· ¸ ÔËË¥±Éµ³ Ê¸¨²¥´¨Ö.
Š·µ³¥ Éµ£µ, ¶µ¤¢¨¦´µ¸ÉÓ ¤Ò·µ± §´ Î¨É¥²Ó´µ Ê¢¥²¨Î¨¢ ¥É¸Ö ¶·¨ µÌ² ¦¤¥-
´¨¨ ±·¥³´¨Ö ¤µ É¥³¶¥· ÉÊ·Ò ¦¨¤±µ£µ  §µÉ  (104 ¸³2/(B · c)) [14], ÎÉµ ¤¥-
² ¥É ¶·µ¡²¥³Ê Ê¸¨²¥´¨Ö ¤Ò·µ± ³¥´¥¥ ¶·¨´Í¨¶¨ ²Ó´µ°. �Î¥¢¨¤´µ, ÎÉµ, ¸µ§¤ -
¢ Ö ³¥Éµ¤µ³ ¸¥²¥±É¨¢´µ£µ É· ¢²¥´¨Ö ¸ ¶µ¸²¥¤ÊÕÐ¥° ¨³¶² ´É Í¨¥° ¶·µË¨²Ó
p+n-¶¥·¥Ìµ¤  ¢ ¢¨¤¥ ¶¨· ³¨¤Ò, ³µ¦´µ § ³¥É´µ ¶µ¢Ò¸¨ÉÓ ´ ¶·Ö¦¥´´µ¸ÉÓ
Ô²¥±É·¨Î¥¸±µ£µ ¶µ²Ö ¢ µ¡² ¸É¨ µ¸É·¨Ö ¶¨· ³¨¤Ò.

‚ ´ ¸ÉµÖÐ¥° · ¡µÉ¥ ¶·¥¤¸É ¢²¥´Ò ¶¥·¢Ò¥ ·¥§Ê²ÓÉ ÉÒ ¨¸¸²¥¤µ¢ ´¨° ¸¶¥-
Í¨ ²Ó´ÒÌ ¸É·¨¶µ¢ÒÌ ¨ ¶¨±¸¥²Ó´ÒÌ ¤¥É¥±Éµ·µ¢ ¨§ ±·¥³´¨Ö, ¸É·Ê±ÉÊ·Ò ±µÉµ-
·ÒÌ ¶µ§¢µ²ÖÕÉ ¸µ§¤ ¢ ÉÓ ¢ µ¡² ¸É¨ p-n-¶¥·¥Ìµ¤  Ô²¥±É·¨Î¥¸±µ¥ ¶µ²¥
∼ 5 ·105 ‚/¸³, ¤µ¸É ÉµÎ´µ¥ ¤²Ö ² ¢¨´´µ£µ · §³´µ¦¥´¨Ö ´µ¸¨É¥²¥° § ·Ö¤ . „¥-
É¥±Éµ·Ò ¡Ò²¨ · §· ¡µÉ ´Ò ¨ ¨§£µÉµ¢²¥´Ò ¶µ ¶² ´ ·´µ° É¥Ì´µ²µ£¨¨
¢ �ˆˆŒ‚ (£. ‡¥²¥´µ£· ¤). ˆ¸Ìµ¤´Ò³ ³ É¥·¨ ²µ³ ¸²Ê¦¨²¨ ¶² ¸É¨´Ò ±·¥³-
´¨Ö n-É¨¶  Éµ²Ð¨´µ° 300 ³±³ ¸ Ê¤¥²Ó´Ò³ ¸µ¶·µÉ¨¢²¥´¨¥³ 3 ±�³ · ¸³ ¨
±·¨¸É ²²µ£· Ë¨Î¥¸±µ° µ·¨¥´É Í¨¥° 〈100〉 ¶µ ´µ·³ ²¨ ± ¶µ¢¥·Ì´µ¸É¨.

‘’�ˆ��‚›… „…’…Š’��›

‘É·Ê±ÉÊ·  ¤¥É¥±Éµ·µ¢ ¶·¥¤¸É ¢²¥´  ´  ·¨¸. 1 ¨ 2. �  ¶² ¸É¨´¥ ±·¥³´¨Ö
· §³¥Ð¥´Ò Î¥ÉÒ·¥ ±¢ ¤· ´É , ¢ ± ¦¤µ³ ¨§ ±µÉµ·ÒÌ ¨µ´´µ° ¨³¶² ´É Í¨¥°
¡µ·  ¸µ§¤ ´µ ¶µ É·¨ ¶µ²µ¸±¨, ´ §Ò¢ ¥³ÒÌ ¸É·¨¶ ³¨, Ï¨·¨´µ° 150 ³±³ ¨
¤²¨´µ° 7,5 ³³. Œ¥¦¸É·¨¶µ¢µ¥ · ¸¸ÉµÖ´¨¥ ¸µ¸É ¢²Ö¥É 2,8 ³³. „²Ö ¶µ¢ÒÏ¥-
´¨Ö ´ ¶·Ö¦¥´¨Ö Ô²¥±É·¨Î¥¸±µ£µ ¶·µ¡µÖ ¶µ ¶µ¢¥·Ì´µ¸É¨ ¶² ´ ·´µ° ¸É·Ê±ÉÊ·Ò
¸µ§¤ ÕÉ¸Ö µÌ· ´´Ò¥ p+-±µ²ÓÍ  (¸³. ·¨¸. 1). Š· °´¨¥ ¸É·¨¶Ò ¢ ±¢ ¤· ´É¥
¨³¥ÕÉ ±²¨´µ¢¨¤´ÊÕ (¶¨· ³¨¤ ²Ó´ÊÕ) Ëµ·³Ê (¸³. ·¨¸. 2) ¸ · §²¨Î´µ° Ï¨·¨-
´µ° µ¸´µ¢ ´¨Ö ±²¨´  Å 6 ¨ 15 ³±³. ‘·¥¤´¨° ¸É·¨¶ (É¥¸Éµ¢Ò°) ¨³¥² ¸É ´¤ ·É-
´Ò° ¶·µË¨²Ó ¨ ¡Ò² ¶·¥¤´ §´ Î¥´ ¤²Ö ¸· ¢´¨É¥²Ó´ÒÌ ¨§³¥·¥´¨°. �¡· É´ Ö
¸Éµ·µ´  ¶² ¸É¨´Ò Ö¢²Ö² ¸Ó µ³¨Î¥¸±¨³ ±µ´É ±Éµ³, µ¡Ð¨³ ¤²Ö ¢¸¥Ì ¤¥É¥±Éµ-
·µ¢. �¥¦¨³Ò ¨³¶² ´É Í¨¨ ¡Ò²¨ ¸²¥¤ÊÕÐ¨³¨: Ô´¥·£¨Ö ¢´¥¤·¥´¨Ö ¨µ´µ¢ ¡µ· 
(p+-±µ´É ±É) EB = 50 ±Ô‚, ¤µ§  DB = 100÷200 ³±Š²/¸³2; Ô´¥·£¨Ö ¢´¥¤·¥´¨Ö
¨µ´µ¢ Ëµ¸Ëµ·  (n+-±µ´É ±É) EP = 100 ±Ô‚, ¤µ§  DP = 200÷ 300 ³±Š²/¸³2.
’µ±¨ ÊÉ¥Î±¨ ¤¥É¥±Éµ·µ¢ ¶·¨ ±µ³´ É´µ° É¥³¶¥· ÉÊ·¥ ¶·¨ §´ Î¥´¨¨ ´ ¶·Ö¦¥-
´¨Ö ¸³¥Ð¥´¨Ö 500 ‚ ´¥ ¶·¥¢ÒÏ ²¨ 3 ´�.

„²Ö ¨¸¸²¥¤µ¢ ´¨Ö ·¥¦¨³  ¢´ÊÉ·¥´´¥£µ Ê¸¨²¥´¨Ö ¨¸¶µ²Ó§µ¢ ²¨¸Ó  ²ÓË -
Î ¸É¨ÍÒ µÉ ¨¸ÉµÎ´¨±µ¢ 238Pu ¨ 226Ra. �¡²ÊÎ¥´¨¥ ¶·µ¨§¢µ¤¨²µ¸Ó ¸µ ¸Éµ·µ´Ò
p-n-¶¥·¥Ìµ¤  ¨ ¸µ ¸Éµ·µ´Ò µ³¨Î¥¸±µ£µ ±µ´É ±É . �Ò²¨ ¶·µ¢¥¤¥´Ò ¸¥·¨¨ ¨§-
³¥·¥´¨° ¶·¨ ±µ³´ É´µ° É¥³¶¥· ÉÊ·¥ (300 Š) ¨ ¶·¨ É¥³¶¥· ÉÊ·¥ ¦¨¤±µ£µ
 §µÉ  (77 Š).

’¨¶¨Î´Ò¥ ¸¶¥±É·Ò µÉ ¨¸ÉµÎ´¨±  226Ra ¤²Ö · §²¨Î´ÒÌ ´ ¶·Ö¦¥´¨°, ¶·¨-
²µ¦¥´´ÒÌ ± ¤¥É¥±Éµ·Ê, ¶·¥¤¸É ¢²¥´Ò ´  ·¨¸. 3. � ²¨Î¨¥ ¶¨±µ¢ ¢ ´ Î ²Ó´ÒÌ
± ´ ² Ì ¶·¨ µ¡²ÊÎ¥´¨¨ ¸µ ¸Éµ·µ´Ò p-n-¶¥·¥Ìµ¤  (·¨¸. 3, a, ¡) µ¡Ê¸²µ¢²¥´µ
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�¨¸. 1. ‘É·Ê±ÉÊ·  ¶µ¢¥·Ì´µ¸É¨ ¸É·¨¶µ¢ÒÌ ¤¥É¥±Éµ·µ¢

Îõðàííûå
êîëüöà

Al (1 ìêì)

Al (1 ìêì)

p + (0,3 ìêì)

n + (1 ìêì)

150 ìêì

6 ìêì

�¨¸. 2. ‘É·Ê±ÉÊ·  ¸É·¨¶µ¢µ£µ ¤¥É¥±Éµ·  ¸ ±²¨´µ¢¨¤´Ò³ p-n-¶¥·¥Ìµ¤µ³
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�¨¸. 3. ‘¶¥±É·Ò  ²ÓË -Î ¸É¨Í, ¶µ²ÊÎ¥´´Ò¥ ¸ ¶µ³µÐÓÕ ¸É·¨¶µ¢µ£µ ¤¥É¥±Éµ·  ¶·¨
µ¡²ÊÎ¥´¨¨ ¸µ ¸Éµ·µ´Ò p-n-¶¥·¥Ìµ¤  (a, ¡) ¨ µ³¨Î¥¸±µ£µ ±µ´É ±É  (¢, £)
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�¨¸. 4. ‘¶¥±É·Ò, ¶µ²ÊÎ¥´´Ò¥ ¸ ¶µ³µÐÓÕ ¸É·¨¶µ¢µ£µ ¤¥É¥±Éµ·  ¢ ·¥¦¨³¥ ®£¥´¥· Í¨¨¯
¸ ¨¸ÉµÎ´¨±µ³  ²ÓË -Î ¸É¨Í 226Ra (aÄ¢) ¨ ¡¥§ ¨¸ÉµÎ´¨±  (£)
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·¥£¨¸É· Í¨¥° ¸¨£´ ²µ¢ µÉ µÌ· ´´ÒÌ ±µ²¥Í §  ¸Î¥É ¥³±µ¸É´µ° ¸¢Ö§¨ ±µ²ÓÍµÄ
¸É·¨¶. �·¨ µ¡²ÊÎ¥´¨¨ ¸µ ¸Éµ·µ´Ò µ³¨Î¥¸±µ£µ ±µ´É ±É  ÔÉ¨ ¶¨±¨ É ±¦¥
¶·¨¸ÊÉ¸É¢ÊÕÉ (·¨¸. 3, ¢, £), ´µ ¶µÖ¢²ÖÕÉ¸Ö ¶·¨ ¡µ²¥¥ ¢Ò¸µ±¨Ì ´ ¶·Ö¦¥´¨ÖÌ
¸³¥Ð¥´¨Ö ¨ ¨³¥ÕÉ ³¥´ÓÏÊÕ ¨´É¥´¸¨¢´µ¸ÉÓ, É ± ± ± ¢¥·µÖÉ´µ¸ÉÓ ¸µ¡¨· ´¨Ö
´µ¸¨É¥²¥° § ·Ö¤  ´  ¸¨£´ ²Ó´Ò° Ô²¥±É·µ¤ ¢ ÔÉµ³ ¸²ÊÎ ¥ §´ Î¨É¥²Ó´µ ¢ÒÏ¥,
Î¥³ ´  µÌ· ´´Ò¥ ±µ²ÓÍ . ‡´ Î¥´¨¥ Ô´¥·£¥É¨Î¥¸±µ£µ · §·¥Ï¥´¨Ö ¤¥É¥±Éµ·µ¢
FWHM = 60 ±Ô‚ (0,8 %) ¤²Ö Eα = 7,7 ŒÔ‚ ¢ µ¡µ¨Ì ¸²ÊÎ ÖÌ.

“ ¡µ²ÓÏ¨´¸É¢  ¤¥É¥±Éµ·µ¢ ¶·¨ ¤µ¸É¨¦¥´¨¨ §´ Î¥´¨Ö ´ ¶·Ö¦¥´¨Ö
1150 ÷ 1200 ‚ ¶µÖ¢²Ö²¨¸Ó ¸¨£´ ²Ò, ¨³¥ÕÐ¨¥ ´¥¶·¥·Ò¢´Ò° ¸¶¥±É·  ³¶²¨ÉÊ¤
¨ ¢Ò¸µ±ÊÕ ¨´É¥´¸¨¢´µ¸ÉÓ (¸³. ·¨¸. 4 a, ¡). ‚ ¤ ²Ó´¥°Ï¥³ ¡Ê¤¥³ ´ §Ò¢ ÉÓ ÔÉµÉ
ÔËË¥±É ®£¥´¥· Í¨¥°¯. �·¨ ¶µ¢ÒÏ¥´¨¨ ´ ¶·Ö¦¥´¨Ö ÔËË¥±É Ê¸¨²¨¢ ²¸Ö ¨ ¢¥-
²¨Î¨´Ò  ³¶²¨ÉÊ¤ ÔÉ¨Ì ¸¨£´ ²µ¢ ¶·¥¢ÒÏ ²¨ ¤¨´ ³¨Î¥¸±¨° ¤¨ ¶ §µ´ ¸¶¥±É·µ-
³¥É·¨Î¥¸±µ£µ É· ±É ,   ¨´É¥´¸¨¢´µ¸ÉÓ ¨³¶Ê²Ó¸µ¢ ´¥ ¶µ§¢µ²Ö²  · §²¨Î¨ÉÓ ¸¨£-
´ ² µÉ  ²ÓË -Î ¸É¨Í (·¨¸. 4, ¢). ‘´¨¦¥´¨¥ ´ ¶·Ö¦¥´¨Ö ¶·¨¢µ¤¨²µ ± ¶µ²´µ³Ê
¢µ¸¸É ´µ¢²¥´¨Õ ¶¥·¢µ´ Î ²Ó´ÒÌ Ì · ±É¥·¨¸É¨± ¤¥É¥±Éµ· . ®ƒ¥´¥· Í¨Ö¯ ´ -
¡²Õ¤ ² ¸Ó ¨ ¢ µÉ¸ÊÉ¸É¢¨e ¨¸ÉµÎ´¨±  ¨µ´¨§¨·ÊÕÐ¥£µ ¨§²ÊÎ¥´¨Ö (¸³. ·¨¸. 4, £).
‚µ§³µ¦´Ò³ µ¡ÑÖ¸´¥´¨¥³ ®£¥´¥· Í¨¨¯ Ö¢²Ö¥É¸Ö · §³´µ¦¥´¨¥ ´µ¸¨É¥²¥° § -
·Ö¤µ¢ (± ± µÉ  ²ÓË -Î ¸É¨Í, É ± ¨ µÉ µ¡Ñ¥³´ÒÌ Éµ±µ¢ ÊÉ¥Î±¨) ¸ ¶¥·¥³¥´´Ò³
±µÔËË¨Í¨¥´Éµ³ · §³´µ¦¥´¨Ö, § ¢¨¸ÖÐ¨³ µÉ ´¥µ¤´µ·µ¤´µ¸É¨ µ¡² ¸É¨ ¸¨²Ó-
´µ£µ ¶µ²Ö. �Ì² ¦¤¥´¨¥ ¤¥É¥±Éµ·µ¢ ¤µ É¥³¶¥· ÉÊ·Ò ¦¨¤±µ£µ  §µÉ  ¶·¨¢µ¤¨²µ
± Ê³¥´ÓÏ¥´¨Õ ¶µ·µ£  ´ Î ²  ®£¥´¥· Í¨¨¯ ¤µ 1000 ‚, ÎÉµ ¸¢Ö§ ´µ ¸ ·µ¸Éµ³
¶µ¤¢¨¦´µ¸É¨ ´µ¸¨É¥²¥° § ·Ö¤  ¶µ ¸· ¢´¥´¨Õ ¸ ±µ³´ É´µ° É¥³¶¥· ÉÊ·µ°. ‘²¥-
¤Ê¥É µÉ³¥É¨ÉÓ, ÎÉµ ´¥ ´ ¡²Õ¤ ²µ¸Ó ¶·¨´Í¨¶¨ ²Ó´µ° · §´¨ÍÒ ¢ ¶µ¢¥¤¥´¨¨ · -
¡µÎ¨Ì (¸ ±²¨´µ¢¨¤´Ò³ ¶·µË¨²¥³ p-n-¶¥·¥Ìµ¤ ) ¨ É¥¸Éµ¢ÒÌ ¸É·Ê±ÉÊ· ± ± ¶·¨
±µ³´ É´µ°, É ± ¨ ¶·¨  §µÉ´µ° É¥³¶¥· ÉÊ·¥.

�ˆŠ‘…‹œ�›… „…’…Š’��›

�¥·¢µ´ Î ²Ó´µ µ¶ÒÉ´Ò¥ ³ É·¨ÍÒ ¶¨±¸¥²Ó´ÒÌ ¤¥É¥±Éµ·µ¢ ¡Ò²¨ ¸¤¥² ´Ò
 ´ ²µ£¨Î´µ ¸É·¨¶µ¢Ò³. ‚ ± ¦¤µ³ ±¢ ¤· ´É¥ · ¸¶µ² £ ²¨¸Ó ¤¥¢ÖÉÓ µ¤¨´ ±µ-
¢ÒÌ ¶¨±¸¥²¥° ¤¨ ³¥É·µ³ 150 ³±³, ¢ Í¥´É·¥ ±µÉµ·ÒÌ ´ Ìµ¤¨²¨¸Ó ±²¨´µ¢¨¤´Ò¥
µ¡² ¸É¨ ¤¨ ³¥É·µ³ 6 ²¨¡µ 15 ³±³ (¸³. ·¨¸. 5). Š ± ¨ Ê ¸É·¨¶µ¢ÒÌ ¤¥É¥±Éµ·µ¢,
Í¥´É· ²Ó´Ò¥ ¶¨±¸¥²¨ ¢ ±¢ ¤· ´É¥ ¡Ò²¨ É¥¸Éµ¢Ò³¨, É. ¥. ¨³¥²¨ ¸É ´¤ ·É´Ò°
¶·µË¨²Ó. ˆ§³¥·¥´¨Ö ÔÉ¨Ì ¤¥É¥±Éµ·µ¢ ´¥ ¶µ± § ²¨ ¶·¨´Í¨¶¨ ²Ó´ÒÌ µÉ²¨Î¨°
¶µ¢¥¤¥´¨Ö ¨Ì Ì · ±É¥·¨¸É¨± µÉ ¸É·¨¶µ¢ÒÌ ¸É·Ê±ÉÊ·. ˆ§³¥´¨² ¸Ó Éµ²Ó±µ ¢¥-
²¨Î¨´  ´ ¶·Ö¦¥´¨Ö ´ Î ²  ®£¥´¥· Í¨¨¯ (∼ 800 ‚). �Éµ ³µ¦´µ µ¡ÑÖ¸´¨ÉÓ
·µ¸Éµ³ ´ ¶·Ö¦¥´´µ¸É¨ ¶µ²Ö (¶·¨ Éµ³ ¦¥ ´ ¶·Ö¦¥´¨¨ ¸³¥Ð¥´¨Ö) ¨§-§  ¨§-
³¥´¥´¨Ö Ëµ·³Ò ¨ · §³¥·µ¢ p-n-¶¥·¥Ìµ¤ . � §´¨ÍÒ ¢ Ì · ±É¥·¥ ¶µ¢¥¤¥´¨Ö
· ¡µÎ¨Ì ¨ É¥¸Éµ¢ÒÌ ¸É·Ê±ÉÊ· É ±¦¥ ´¥ ¡Ò²µ ¢ÒÖ¢²¥´µ. �´¥·£¥É¨Î¥¸±µ¥ · §-
·¥Ï¥´¨¥ ¤²Ö  ²ÓË -Î ¸É¨Í ¸µ¸É ¢²Ö²µ ∼ 0, 8 %.
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�¨¸. 5. ‘É·Ê±ÉÊ·  ¶µ¢¥·Ì´µ¸É¨ ¶¨±¸¥²Ó´µ£µ ¤¥É¥±Éµ· 

�¨¸. 6. ‘É·Ê±ÉÊ·  ¶µ¢¥·Ì´µ¸É¨ ³ É·¨ÍÒ ¶¨±¸¥²Ó´ÒÌ ¤¥É¥±Éµ·µ¢
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�¨¸. 7. ‘¶¥±É·Ò  ²ÓË -Î ¸É¨Í 238Pu, ¶µ²ÊÎ¥´´Ò¥ ¸ ¶µ³µÐÓÕ ¶¨±¸¥²Ó´µ£µ ¤¥É¥±Éµ· 
¢ µ¡ÒÎ´µ³ ·¥¦¨³¥ (a) ¨ ¢ ·¥¦¨³¥ Ê¸¨²¥´¨Ö (¡Ä£). ‚·¥³Ö ¨§³¥·¥´¨Ö 30 ³¨´
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‚ ¤ ²Ó´¥°Ï¥³ ¡Ò²¨ ¨§£µÉµ¢²¥´Ò ¨ ¨¸¸²¥¤µ¢ ´Ò ¤¥¢ÖÉÓ µ¡· §Íµ¢ ¸ ³ É-
·¨Í ³¨ ¶¨±¸¥²Ó´ÒÌ ¤¥É¥±Éµ·µ¢ ¤·Ê£µ£µ É¨¶ , µÉ²¨Î ÕÐ¨Ì¸Ö ±µ²¨Î¥¸É¢µ³ ¨
Ï £µ³ µÌ· ´´ÒÌ ±µ²¥Í, Î¨¸²µ ±µÉµ·ÒÌ ¢ ·Ó¨·µ¢ ²µ¸Ó µÉ 2 ¤µ 12. ‚ I ¨ II ±¢ -
¤· ´É Ì ± ¦¤µ£µ µ¡· §Í  · ¸¶µ² £ ²¨¸Ó £·Ê¶¶Ò ¨§ ¤¥¢ÖÉ¨ ¶¨±¸¥²¥° ¤¨ ³¥É·µ³
30 ³±³, ¢ III ±¢ ¤· ´É¥ Å £·Ê¶¶Ò ¨§ ¤¥¢ÖÉ¨ ¶¨±¸¥²¥° ¤¨ ³¥É·µ³ 100 ³±³,  
¢ IV Å £·Ê¶¶Ò ¨§ ¤¥¢ÖÉ¨ ¶¨±¸¥²¥° ¤¨ ³¥É·µ³ 1000 ³±³ (¸³. ·¨¸. 6). ‡´ Î¥-
´¨¥ ´ ¶·Ö¦¥´¨Ö ´ Î ²  ®£¥´¥· Í¨¨¯ ¤²Ö µ¡· §Íµ¢, µÉ²¨Î ÕÐ¨Ì¸Ö ¤¨ ³¥É·µ³
¶¨±¸¥²Ö ¨ ±µ²¨Î¥¸É¢µ³ µÌ· ´´ÒÌ ±µ²¥Í, ¨§³¥´Ö²µ¸Ó ¢ ¤¨ ¶ §µ´¥ 600Ä700 ‚.

� ¨¡µ²¥¥ ¨´É¥·¥¸´Ò¥ ·¥§Ê²ÓÉ ÉÒ ¡Ò²¨ ¶µ²ÊÎ¥´Ò ¶·¨ ¨§³¥·¥´¨ÖÌ ¶¨±-
¸¥²Ö ¤¨ ³¥É·µ³ 100 ³±³, ¨³¥ÕÐ¥£µ ¤¢  µÌ· ´´ÒÌ ±µ²ÓÍ , ¶·¨ µ¡²ÊÎ¥´¨¨ ¸µ
¸Éµ·µ´Ò µ³¨Î¥¸±µ£µ ±µ´É ±É . ‘¶¥±É·Ò  ²ÓË -Î ¸É¨Í ¶·¨ ±µ³´ É´µ° É¥³-
¶¥· ÉÊ·¥ ¸Ìµ¤´Ò ¸µ ¸¶¥±É· ³¨, ¶µ²ÊÎ¥´´Ò³¨ µÉ µ¸É ²Ó´ÒÌ ¤¥É¥±Éµ·µ¢. � -
¶·Ö¦¥´¨¥ ´ Î ²  ®£¥´¥· Í¨¨¯ ¸µ¸É ¢¨²µ 600 ‚. �¤´ ±µ ¶·¨ µÌ² ¦¤¥´¨¨ ¤µ
É¥³¶¥· ÉÊ·Ò ¦¨¤±µ£µ  §µÉ  (¢¥²¨Î¨´  ´ ¶·Ö¦¥´¨Ö ´ Î ²  ®£¥´¥· Í¨¨¯ 500 ‚)
¢ ¸¶¥±É·¥ 238Pu ´ ·Ö¤Ê ¸ µ¡ÒÎ´Ò³ ¶¨±µ³ (E = 5,5 ŒÔ‚) ¶µÖ¢¨²¸Ö  ´µ³ ²Ó-
´Ò° ¶¨± ¸  ³¶²¨ÉÊ¤µ°, ¸µµÉ¢¥É¸É¢ÊÕÐ¥° §´ Î¥´¨Õ Ô´¥·£¨¨ ∼ 60Ä70 ŒÔ‚

�¨¸. 8. ‚µ²ÓÉ- ³¶¥·´Ò¥ § ¢¨¸¨³µ¸É¨ ¶¨±-
¸¥²Ó´µ£µ ¤¥É¥±Éµ·  ¶·¨ ±µ³´ É´µ° É¥³¶¥-
· ÉÊ·¥ (1) ¨ É¥³¶¥· ÉÊ·¥ ¦¨¤±µ£µ  §µÉ  (2)

(¸³. ·¨¸. 7). �  ¸¶¥±É· Ì ´¥ ¢¨¤´Ò
¶¨±¨ µÉ µÌ· ´´ÒÌ ±µ²¥Í ¨§-§  Éµ£µ,
ÎÉµ ±µÔËË¨Í¨¥´É Ê¸¨²¥´¨Ö ¸¶¥±É·µ-
³¥É·¨Î¥¸±µ£µ Ê¸¨²¨É¥²Ö ¢ ÔÉ¨Ì ¨§-
³¥·¥´¨ÖÌ ¡Ò² ³¨´¨³ ²Ó´µ ¢µ§³µ¦-
´Ò³. �µ²µ¦¥´¨¥  ´µ³ ²Ó´µ£µ ¶¨± 
§ ¢¨¸¥²µ µÉ ¢¥²¨Î¨´Ò ´ ¶·Ö¦¥´¨Ö
¸³¥Ð¥´¨Ö ¢ Ê§±µ³ ¤¨ ¶ §µ´¥ (508Ä
515 ‚). Š·µ³¥ Éµ£µ, ¸ Ê¢¥²¨Î¥-
´¨¥³ §´ Î¥´¨Ö ´ ¶·Ö¦¥´¨Ö ¢ ÔÉµ³
¨´É¥·¢ ²¥ ´ ¡²Õ¤ ²¸Ö ·µ¸É Î¨¸² 
¸µ¡ÒÉ¨° ¶µ¤  ´µ³ ²Ó´Ò³ ¶¨±µ³ ¨
¸µµÉ¢¥É¸É¢ÊÕÐ¥¥ ¶ ¤¥´¨¥ ¨´É¥´¸¨¢-
´µ¸É¨ µ¡ÒÎ´µ£µ ¶¨±  238Pu (E =
5,5 ŒÔ‚). „²Ö ´ ¶·Ö¦¥´¨Ö 508 ‚
¨´É¥´¸¨¢´µ¸ÉÓ  ´µ³ ²Ó´µ£µ ¶¨± 
¸µ¸É ¢¨²  4 % µÉ ¨´É¥´¸¨¢´µ¸É¨
µ¡ÒÎ´µ£µ, ¤²Ö 510 ‚ Å 6 % ¨ ¤²Ö
515 ‚ Å 8 %. �·¨ ÔÉµ³ ¸Ê³³ ·´ Ö

¨´É¥´¸¨¢´µ¸ÉÓ µ¡µ¨Ì ¶¨±µ¢ ¸µÌ· ´Ö² ¸Ó. „ ²Ó´¥°Ï¥¥ ¶µ¢ÒÏ¥´¨¥ ¢¥²¨Î¨´Ò
´ ¶·Ö¦¥´¨Ö ´  ¤¥É¥±Éµ·¥ ¢¥²µ ± §´ Î¨É¥²Ó´µ³Ê ·µ¸ÉÊ ®£¥´¥· Í¨¨¯ ¨ ¸³¥Ð¥-
´¨Õ  ´µ³ ²Ó´µ£µ ¶¨±  §  ¶·¥¤¥² ¤¨ ¶ §µ´  ¸¶¥±É·µ³¥É·¨Î¥¸±µ£µ É· ±É .

�  ·¨¸. 8 ¶·¨¢¥¤¥´Ò ¢µ²ÓÉ- ³¶¥·´Ò¥ Ì · ±É¥·¨¸É¨±¨ ¤¥É¥±Éµ· , ¶µ²ÊÎ¥´-
´Ò¥ ¢ · §´ÒÌ É¥³¶¥· ÉÊ·´ÒÌ Ê¸²µ¢¨ÖÌ. �¥§±µ¥ ¢µ§· ¸É ´¨¥ §´ Î¥´¨° Éµ±µ¢
¤¥É¥±Éµ·  ¶·¨ É¥³¶¥· ÉÊ·¥ ¦¨¤±µ£µ  §µÉ  ¢ µ¡² ¸É¨ ´ ¶·Ö¦¥´¨°, £¤¥ ¶µ-
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�¨¸. 9. ‘¶¥±É·Ò, ¶µ²ÊÎ¥´´Ò¥ ¸ ¶µ³µÐÓÕ ¶¨±¸¥²Ó´µ£µ ¤¥É¥±Éµ·  ¢ ·¥¦¨³¥ Ê¸¨²¥´¨Ö ¸
¨¸ÉµÎ´¨±µ³  ²ÓË -Î ¸É¨Í 238Pu (a) ¨ ¡¥§ ¨¸ÉµÎ´¨±  (¡). ‚·¥³Ö ¨§³¥·¥´¨Ö 24 Î ¸ 

Ö¢²Ö¥É¸Ö ®£¥´¥· Í¨Ö¯ ¨  ´µ³ ²Ó´Ò° ¶¨±, É ±¦¥ Ê± §Ò¢ ¥É ´  ¸ÊÐ¥¸É¢µ¢ ´¨¥
¢ ¤ ´´µ³ µ¡· §Í¥ ·¥¦¨³  ¢´ÊÉ·¥´´¥£µ Ê¸¨²¥´¨Ö ¨ ¸¢Ö§Ó ÔËË¥±É  ®£¥´¥· -
Í¨¨¯ ¸ ³Ê²ÓÉ¨¶²¨± Í¨¥° ´µ¸¨É¥²¥° § ·Ö¤ . ‚ Éµ ¦¥ ¢·¥³Ö ´ ¤µ µÉ³¥É¨ÉÓ, ÎÉµ
´ ¡²Õ¤ ¥³Ò¥ ¢³¥¸É¥ ¸ Ê¸¨²¥´´Ò³¨ ¶¨± ³¨ µ¡ÒÎ´Ò¥ ¶¨±¨ µÉ  ²ÓË -Î ¸É¨Í
£µ¢µ·ÖÉ µ Éµ³, ÎÉµ ²¨ÏÓ ´¥¡µ²ÓÏ Ö Î ¸ÉÓ ´µ¸¨É¥²¥° § ·Ö¤  ¶µ¶ ¤ ¥É ¢ µ¡² ¸ÉÓ
³Ê²ÓÉ¨¶²¨± Í¨¨. ‘¶¥±É·  ²ÓË -Î ¸É¨Í 238Pu, ¶µ²ÊÎ¥´´Ò° §  24 Î ¸  ¨§³¥·¥-
´¨° (·¨¸. 9), ¤¥³µ´¸É·¨·Ê¥É, ÎÉµ Ê¸¨²¥´´Ò° ¶¨± ¨³¥¥É ¸²¥¤ÊÕÐ¨¥ ¶ · ³¥É·Ò:
¶µ²µ¦¥´¨¥ ¶¨±  ¸µµÉ¢¥É¸É¢Ê¥É §´ Î¥´¨Õ Ô´¥·£¨¨ 70,2 ŒÔ‚, Ô´¥·£¥É¨Î¥¸±µ¥
· §·¥Ï¥´¨¥ FWHM = 10,2 ŒÔ‚. �¥§Ê²ÓÉ ÉÒ, ¶µ²ÊÎ¥´´Ò¥ ¶·¨ µ¡²ÊÎ¥´¨¨ ¤¥-
É¥±Éµ·   ²ÓË -Î ¸É¨Í ³¨ 226Ra (E = 4,8, 5,5, 6,0 ¨ 7,7 ŒÔ‚), ¶µ± § ²¨, ÎÉµ
Ê¸¨²¥´´Ò¥ ¶¨±¨ Ö¢´µ ´¥ · §¤¥²ÖÕÉ¸Ö. �Éµ ´¥ ¶µ§¢µ²¨²µ ´ ³ Ê¸É ´µ¢¨ÉÓ ¸¢Ö§Ó
±µÔËË¨Í¨¥´É  ¢´ÊÉ·¥´´¥£µ Ê¸¨²¥´¨Ö ¸ ¢¥²¨Î¨´µ° Ô´¥·£¨¨ Î ¸É¨Í.
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‡�Š‹�—…�ˆ…

�µ²ÊÎ¥´´Ò¥ ·¥§Ê²ÓÉ ÉÒ Ê± §Ò¢ ÕÉ ´  ¢µ§³µ¦´µ¸ÉÓ ·¥ ²¨§ Í¨¨ ¢ ¶² ´ ·-
´µ³ ±·¥³´¨¥¢µ³ ¤¥É¥±Éµ·¥ ·¥¦¨³  ¢´ÊÉ·¥´´¥£µ Ê¸¨²¥´¨Ö, ¸Ìµ¤´µ£µ ¸ ¶·µ¶µ·-
Í¨µ´ ²Ó´Ò³ Ê¸¨²¥´¨¥³ ¢ £ §µ¢ÒÌ ¸Î¥ÉÎ¨± Ì. �  ´ Ï ¢§£²Ö¤, ÔÉµ ³µ¦¥É ¡ÒÉÓ
¶¥·¢Ò³ Ï £µ³ ¢ · §· ¡µÉ±¥ ¡µ²¥¥ ³ ¸¸¨¢´ÒÌ ¤¥É¥±Éµ·µ¢ ¶µ¤µ¡´µ£µ É¨¶ , ¢
Î ¸É´µ¸É¨ ´  µ¸´µ¢¥ HPGe.

„·Ê£¨³ ´¥³ ²µ¢ ¦´Ò³ Ë ±Éµ³ Ö¢²Ö¥É¸Ö Éµ, ÎÉµ ¨¸¸²¥¤µ¢ ´´Ò¥ ¤¥É¥±Éµ·Ò
(· ¡µÉ Ö ¢ µ¡ÒÎ´µ³ ·¥¦¨³¥) ¶µ± § ²¨ ¢Ò¸µ±¨¥ ¸¶¥±É·µ³¥É·¨Î¥¸±¨¥ Ì · ±-
É¥·¨¸É¨±¨ ¶·¨ ¡µ²ÓÏµ³ ¶¥·¥´ ¶·Ö¦¥´¨¨ (¶·¨¡²¨§¨É¥²Ó´µ ¢ 10 · § ¶·¥¢Ò-
Ï ÕÐ¥³ ´ ¶·Ö¦¥´¨¥ µ¡¥¤´¥´¨Ö). �Éµ ¶µ§¢µ²Ö¥É ¨¸¶µ²Ó§µ¢ ÉÓ ¨Ì ¢ ·Ö¤¥
Ô±¸¶¥·¨³¥´Éµ¢, £¤¥ É·¥¡ÊÕÉ¸Ö Ìµ·µÏ¨¥ ¢·¥³¥´´Ò¥ ¸¢µ°¸É¢ , ´ ¶·¨³¥·, ¢ ± -
Î¥¸É¢¥ ¡Ò¸É·ÒÌ É·¨££¥·µ¢.

�¢Éµ·Ò ¢Ò· ¦ ÕÉ ¡² £µ¤ ·´µ¸ÉÓ ‹. �. �µ£¤ ´µ¢µ° ¨ ‚. �. �·Ê¤ ´¨´Ê
§  ¶µ¸ÉµÖ´´µ¥ ¢´¨³ ´¨¥ ± · ¡µÉ¥. ˆ¸¸²¥¤µ¢ ´¨¥ ¢Ò¶µ²´¥´µ ¶·¨ ¶µ¤¤¥·¦±¥
„¥¶ ·É ³¥´É   Éµ³´µ° ´ Ê±¨ ¨ É¥Ì´¨±¨ Œ¨´¨¸É¥·¸É¢  �µ¸¸¨°¸±µ° ”¥¤¥· Í¨¨
¶µ  Éµ³´µ° Ô´¥·£¨¨, £µ¸Ê¤ ·¸É¢¥´´Ò¥ ±µ´É· ±ÉÒ 66.04.19.19.00.802,
6.04.19.19.01.908, 6.25.19.19.02.969, ¨ Î ¸É¨Î´µ ¶µ¤¤¥·¦ ´  �³¥·¨± ´¸±¨³
Ëµ´¤µ³ £· ¦¤ ´¸±¨Ì ¨¸¸²¥¤µ¢ ´¨° ¨ · §¢¨É¨Ö, £· ´ÉÒ RP1-2111, RP2-2383.
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