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Andreica D. et al. P14-2004-111

The Cell for the Uniaxial Stress of Samples in �SR-experiments

The cell for uniaxial stress of crystals up to 5 kbar, which is used in the �
�SR-ex-

periments on investigation of the aluminum acceptor impurity in silicon, is described.

Dimensions of the samples to be investigated are ~9.5�9.5�20 mm. The pressure

control is performed with the calibrated tensoresistors.

The investigation has been performed at the Dzhelepov Laboratory of Nuclear

Problems, JINR, and supported by the Russian Foundation for Basic Research, Project

02-02-16881.

Preprint of the Joint Institute for Nuclear Research. Dubna, 2004

Àíäðåéêà Ä. è äð. P14-2004-111

ß÷åéêà äëÿ îäíîîñíîãî ñæàòèÿ îáðàçöîâ â �SR-ýêñïåðèìåíòàõ

Îïèñàíà ÿ÷åéêà äëÿ îäíîîñíîãî ñæàòèÿ êðèñòàëëîâ äî 5 êáàð, èñïîëüçóåìàÿ

â �
�SR-ýêñïåðèìåíòàõ ïî èññëåäîâàíèþ âçàèìîäåéñòâèÿ àêöåïòîðíîé ïðèìåñè

àëþìèíèÿ â êðåìíèè. Ðàçìåðû èññëåäóåìûõ îáðàçöîâ ~9,5�9,5�20 ìì. Êîí-

òðîëü äàâëåíèÿ îñóùåñòâëÿëñÿ êàëèáðîâàííûìè òåíçîðåçèñòîðàìè.

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

ÎÈßÈ ïðè ïîääåðæêå Ðîññèéñêîãî ôîíäà ôóíäàìåíòàëüíûõ èññëåäîâàíèé, ïðî-

åêò 02-02-16881.
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‚ Ë¨§¨±¥ ±µ´¤¥´¸¨·µ¢ ´´ÒÌ ¸·¥¤ Î ¸Éµ ¢µ§´¨± ÕÉ § ¤ Î¨, ·¥Ï¥´¨¥ ±µÉµ-
·ÒÌ É·¥¡Ê¥É ¶·µ¢¥¤¥´¨Ö ¨¸¸²¥¤µ¢ ´¨° ¸¢µ°¸É¢ ¢¥Ð¥¸É¢ ¶µ¤ ¤ ¢²¥´¨¥³. � ¶·¨-
³¥·, ¢ ´ ¸ÉµÖÐ¥¥ ¢·¥³Ö ¢ ²¨É¥· ÉÊ·¥ µ¡¸Ê¦¤ ¥É¸Ö ¢µ§³µ¦´µ¸ÉÓ ¶µ¸É·µ¥´¨Ö
³µ¤¥²¨ ±¢ ´Éµ¢µ£µ ±µ³¶ÓÕÉ¥·  ´  ¡ §¥ µ¤´µµ¸´µ-´ ¶·Ö¦¥´´µ£µ ±·¨¸É ²² 
±·¥³´¨Ö, ¤µ¶¨·µ¢ ´´µ£µ  ±Í¥¶Éµ·´µ° ¨²¨ ¤µ´µ·´µ° ¶·¨³¥¸ÓÕ [1]. ‘µµÉ-
¢¥É¸É¢¥´´µ ´¥µ¡Ìµ¤¨³µ ¨§ÊÎ ÉÓ ¶µ¢¥¤¥´¨¥ ÔÉ¨Ì ¶·¨³¥¸¥° ¢ · §´µ° ¸É¥¶¥´¨
´ ¶·Ö¦¥´´µ³ ±·¨¸É ²²¥ ±·¥³´¨Ö.

‚ ´ ¸ÉµÖÐ¥° · ¡µÉ¥ µ¶¨¸Ò¢ ¥É¸Ö  ¢Éµ´µ³´ Ö ÖÎ¥°±  ¤²Ö µ¤´µµ¸´µ£µ ¸¦ -
É¨Ö ±·¨¸É ²²  ±·¥³´¨Ö ¤µ 5 ±¡ ·, ¶·¥¤´ §´ Î¥´´ Ö ¤²Ö ¨¸¶µ²Ó§µ¢ ´¨Ö ¢ Ô±¸¶¥-
·¨³¥´É Ì ¶µ ¨¸¸²¥¤µ¢ ´¨Õ ¢§ ¨³µ¤¥°¸É¢¨Ö  ±Í¥¶Éµ·´µ° ¶·¨³¥¸¨  ²Õ³¨´¨Ö
¢ ±·¥³´¨¨ ¸ ¶µ³µÐÓÕ ¶ÊÎ±  ¶µ²Ö·¨§µ¢ ´´ÒÌ µÉ·¨Í É¥²Ó´ÒÌ ³Õµ´µ¢ (µSR-
³¥Éµ¤ [2]). µSR-Ô±¸¶¥·¨³¥´ÉÒ ¶·µ¢µ¤ÖÉ¸Ö ¢µ ¢´¥Ï´¥³ ³ £´¨É´µ³ ¶µ²¥ ¨ ¢
Ï¨·µ±µ³ ¤¨ ¶ §µ´¥ ¨§³¥´¥´¨° É¥³¶¥· ÉÊ·Ò (4,2Ä300 Š) µ¡· §Í . „¨ ³¥É·
¶µ¶¥·¥Î´ÒÌ ¸¥Î¥´¨° ¶ÊÎ±µ¢ ³Õµ´µ¢, ¸µ§¤ ¢ ¥³ÒÌ ´  Ê¸±µ·¨É¥²ÖÌ ¶·µ³¥¦Ê-
ÉµÎ´ÒÌ Ô´¥·£¨°, ¶·¨³¥·´µ · ¢´Ö¥É¸Ö 1,5 ¸³. �·¨ ÔÉµ³ µ¶É¨³ ²Ó´Ò° µ¡Ñ¥³
µ¡· §Í  ¤²Ö ¶·µ¢¥¤¥´¨Ö Ô±¸¶¥·¨³¥´Éµ¢ ¸µ¸É ¢²Ö¥É 2Ä3 ¸³3. �Éµ ¤µ¢µ²Ó´µ §´ -
Î¨É¥²Ó´Ò° µ¡Ñ¥³ ¶µ ¸· ¢´¥´¨Õ ¸ µ¡Ñ¥³µ³ µ¡· §Íµ¢ ¢ ¶·¥¤¥² Ì ¶µ·Ö¤±  ¥¤¨-
´¨Í ³³3, ±µÉµ·Ò° ¤µ¸É ÉµÎ¥´, ´ ¶·¨³¥·, ¤²Ö ¶·µ¢¥¤¥´¨Ö ���-Ô±¸¶¥·¨³¥´Éµ¢
[3]. ‘µµÉ¢¥É¸É¢¥´´µ ¶·¨ ¸µ§¤ ´¨¨ ÖÎ¥°±¨, Ê¤¥·¦¨¢ ÕÐ¥° µ¡· §¥Í ¢ ´ ¶·Ö-
¦¥´´µ³ ¸µ¸ÉµÖ´¨¨ ¢ Ê¸²µ¢¨ÖÌ µ£· ´¨Î¥´´µ£µ ¶·µ¸É· ´¸É¢  ¢ £¥²¨¥¢µ³ ±·¨µ-
¸É É¥, ´¥µ¡Ìµ¤¨³µ ±µ³¶·µ³¨¸¸´µ¥ ·¥Ï¥´¨¥, ¢ ±µÉµ·µ³ ¤µ²¦´µ ¡ÒÉÓ ÊÎÉ¥´µ
¸²¥¤ÊÕÐ¥¥: µ¡Ñ¥³ µ¡· §Í , µ¡¥¸¶¥Î¨¢ ÕÐ¨° ´¥µ¡Ìµ¤¨³µ¥ ±µ²¨Î¥¸É¢µ µ¸É -
´µ¢µ± ³Õµ´µ¢; ¤µ¸É ÉµÎ´ Ö ±µ´¸É·Ê±Í¨µ´´ Ö ¶·µÎ´µ¸ÉÓ ÖÎ¥°±¨, ¢Ò¤¥·¦¨¢ -
ÕÐ Ö · ¡µÎ¥¥ ¤ ¢²¥´¨¥; ³¨´¨³ ²Ó´µ¥ ±µ²¨Î¥¸É¢µ ¶µ¸Éµ·µ´´¥£µ ¢¥Ð¥¸É¢  ´ 
¶ÊÉ¨ ¶ÊÎ±  ³Õµ´µ¢. �µ¸²¥¤´¥¥ µ¡¸ÉµÖÉ¥²Ó¸É¢µ Ö¢²Ö¥É¸Ö µ¶·¥¤¥²ÖÕÐ¨³ ¤²Ö
¸´¨¦¥´¨Ö µÉ´µÏ¥´¨Ö Î¨¸²  Ëµ´µ¢ÒÌ ¸µ¡ÒÉ¨° (µÉ ¸É¥´µ± ÖÎ¥°±¨) ± Î¨¸²Ê
¶µ²¥§´ÒÌ ¸µ¡ÒÉ¨° (µÉ µ¡· §Í ). Š·µ³¥ Éµ£µ, ³ É¥·¨ ² ÖÎ¥°±¨ ¤µ²¦¥´ ¡ÒÉÓ
´¥³ £´¨É´Ò³.

�  ¶ÊÎ± Ì ¶µ²µ¦¨É¥²Ó´ÒÌ ³Õµ´µ¢ µSR-¸¶¥±É·µ³¥É· ¢Ò¸µ±µ£µ ¤ ¢²¥´¨Ö
Ê¦¥ ¨¸¶µ²Ó§µ¢ ²¸Ö, ´ ¶·¨³¥·, ¢ · ¡µÉ Ì [4,5], £¤¥ ¸µ§¤ ¢ ²µ¸Ó ¢¸¥¸Éµ·µ´´¥¥
¤ ¢²¥´¨¥ ¤µ 1,4 ƒ�  ¸ ¶µ³µÐÓÕ £¥²¨Ö ¢ ÖÎ¥°±¥, ¸³µ´É¨·µ¢ ´´µ° ¢´ÊÉ·¨ ·¥-
Ë·¨¦¥· Éµ·  ¸ § ³±´ÊÉÒ³ Í¨±²µ³. �¥µ¡Ìµ¤¨³µ µÉ³¥É¨ÉÓ, ÎÉµ Ô±¸¶¥·¨³¥´ÉÒ
¢ ¶ÊÎ± Ì µÉ·¨Í É¥²Ó´ÒÌ ³Õµ´µ¢ ¶µ ¸· ¢´¥´¨Õ ¸ Ô±¸¶¥·¨³¥´É ³¨, £¤¥ ¨¸-
¶µ²Ó§ÊÕÉ¸Ö ¶µ²µ¦¨É¥²Ó´Ò¥ ³Õµ´Ò, ¡µ²¥¥ É·Ê¤µ¥³±¨ ¢¢¨¤Ê ¸²¥¤ÊÕÐ¨Ì µ¡-
¸ÉµÖÉ¥²Ó¸É¢:  ) ± ± ¶· ¢¨²µ, ¨´É¥´¸¨¢´µ¸É¨ µ−-¶ÊÎ±µ¢ ¸ÊÐ¥¸É¢¥´´µ ´¨¦¥
¨´É¥´¸¨¢´µ¸É¥° µ+-¶ÊÎ±µ¢; ¡) ±µ´±Ê·¨·ÊÕÐ¨¥ ¶·µÍ¥¸¸Ò Ö¤¥·´µ£µ § Ì¢ É 
µÉ·¨Í É¥²Ó´ÒÌ ³Õµ´µ¢ §´ Î¨É¥²Ó´µ ¸´¨¦ ÕÉ Î¨¸²µ ·¥£¨¸É·¨·Ê¥³ÒÌ ¸µ¡ÒÉ¨°
µ− → ¥−-· ¸¶ ¤ ; ¢) ¨³¥¥É ³¥¸Éµ §´ Î¨É¥²Ó´ Ö ¶µÉ¥·Ö ¶µ²Ö·¨§ Í¨¨ ³Õµ´µ¢
(¢ ²ÊÎÏ¥³ ¸²ÊÎ ¥ ¤µ 1/6 µÉ ´ Î ²Ó´µ° ¶µ²Ö·¨§ Í¨¨). ‚ ÔÉ¨Ì Ê¸²µ¢¨ÖÌ É·¥¡µ-
¢ ´¨¥ ³¨´¨³¨§ Í¨¨ µÉ´µÏ¥´¨Ö Ëµ´/ÔËË¥±É Ö¢²Ö¥É¸Ö ¡µ²¥¥ ¸ÊÐ¥¸É¢¥´´Ò³.
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�¨¸. 1. ŸÎ¥°±  ¤²Ö µ¤´µµ¸´µ£µ ¸¦ É¨Ö µ¡· §Íµ¢: 1 Å ´ ¦¨³´µ° ÏÉµ± ¶·¥¸¸ , 2 Å
Ë¨±¸¨·ÊÕÐ¨° ¢¨´É, 3 Å ±µ·¶Ê¸ ÖÎ¥°±¨, 4 Å ´ ¦¨³´µ° ¶µ¤¶ÖÉ´¨±, 5 Å ¶²Ê´¦¥·, 6
¨ 9 Å ¶µ¤¶ÖÉ´¨±¨ µ¡· §Í , 7 Å µ¡· §¥Í, 8 Å µ±´µ ¤²Ö ¶ÊÎ±  ³Õµ´µ¢, 10 Å µ¶µ·´Ò°
¢¨´É

‘Ì¥³ É¨Î¥¸±¨° Î¥·É¥¦ ÖÎ¥°±¨ ¨§µ¡· ¦¥´ ´  ·¨¸. 1. ‚¸¥ Ô²¥³¥´ÉÒ ÖÎ¥°±¨
¨§£µÉµ¢²¥´Ò ¨§ ¡¥·¨²²¨¥¢µ° ¡·µ´§Ò �·2, É¥·³µµ¡· ¡µÉ ´´µ° ¤µ É¢¥·¤µ¸É¨
HRC 34. ˆ¸¸²¥¤Ê¥³Ò¥ µ¡· §ÍÒ Å ¶·¨§³Ò ¨§ ±·¥³´¨Ö ¢Ò¸µÉµ° 18Ä22 ³³
¸ ¸¥Î¥´¨¥³ ¢ µ¸´µ¢ ´¨¨ 9,5×9,5 ³³, ¨³¥ÕÐ¨¥ · §²¨Î´Ò¥ µ·¨¥´É Í¨¨ ±·¨-
¸É ²²µ£· Ë¨Î¥¸±¨Ì µ¸¥° µÉ´µ¸¨É¥²Ó´µ µ¸´µ¢ ´¨Ö ¶·¨§³. �·¨ ¨§£µÉµ¢²¥´¨¨
ÖÎ¥°±¨ µ¸µ¡µ¥ ¢´¨³ ´¨¥ ¡Ò²µ Ê¤¥²¥´µ ¶ · ²²¥²Ó´µ¸É¨ ¶²µ¸±µ¸É¥° Ô²¥³¥´-
Éµ¢ ÖÎ¥°±¨, ¶¥·¶¥´¤¨±Ê²Ö·´ÒÌ ´ ¶· ¢²¥´¨Õ ¶·¨²µ¦¥´´µ£µ µ¸¥¢µ£µ ¤ ¢²¥-
´¨Ö. ’ ±, µÉ±²µ´¥´¨¥ ¶ · ²²¥²Ó´µ¸É¨ ¶²µ¸±µ¸É¥° µ¸´µ¢ ´¨° ¶·¨§³ É¨Î¥¸±¨Ì
µ¡· §Íµ¢ ±·¥³´¨Ö ¸µ¸É ¢²Ö²µ ∼5 ³±³.

�¥µ¡Ìµ¤¨³µ¥ ¤ ¢²¥´¨¥ ¸µ§¤ ¢ ²µ¸Ó ¶·¨ ±µ³´ É´µ° É¥³¶¥· ÉÊ·¥ ¸ ¶µ³µ-
ÐÓÕ ¶·¥¸¸ . „²Ö ÔÉµ£µ ±µ·¶Ê¸ (3) ÖÎ¥°±¨ ¸ ¶µ³µÐÓÕ ´ ·Ê¦´µ° ·¥§Ó¡Ò Ê±·¥¶-
²Ö²¸Ö ¢ ¶²¨É¥, ¦¥¸É±µ ¸¢Ö§ ´´µ° ¸ ¶·¥¸¸µ³. ‘ ¶µ³µÐÓÕ ´ ¦¨³´µ£µ ÏÉµ± 
(1) ¶·¥¸¸  Î¥·¥§ µÉ¢¥·¸É¨¥ ¢ Ë¨±¸¨·ÊÕÐ¥³ ¢¨´É¥ (2) ¸µ§¤ ¢ ²µ¸Ó ´Ê¦´µ¥ ¤ -
¢²¥´¨¥ ´  ´ ¦¨³´µ° ¶µ¤¶ÖÉ´¨± (4),   § É¥³ Î¥·¥§ ¶²Ê´¦¥· (5) ¨ ¶µ¤¶ÖÉ´¨±
µ¡· §Í  (6) ¶¥·¥¤ ¢ ²µ¸Ó ´  µ¡· §¥Í. Šµ´¥Î´µ¥ ¶µ²µ¦¥´¨¥ ´ ¦¨³´µ£µ ¶µ¤-
¶ÖÉ´¨±  (4) Ë¨±¸¨·µ¢ ²µ¸Ó ¢¨´Éµ³ (2). ŸÎ¥°±  Ê±·¥¶²Ö² ¸Ó ¢ ±·¨µ¸É É¥ ´ 
µÌ² ¦¤ ¥³µ³ ¸É¥·¦´¥ ¸ ¶µ³µÐÓÕ ¢´ÊÉ·¥´´¥° ·¥§Ó¡Ò Ë¨±¸¨·ÊÕÐ¥£µ ¢¨´É 
(2). �±´µ (8) · §³¥·µ³ 14×25 ³³ ¤²Ö ¶·µÌµ¦¤¥´¨Ö ¶ÊÎ±  ³Õµ´µ¢ ¶µ§¢µ²Ö²µ
¨³¥ÉÓ ¤µ¸É ÉµÎ´Ò° § §µ· ³¥¦¤Ê µ¡· §Íµ³ ¨ ´¥¸ÊÐ¥° ¸É¥´±µ° ÖÎ¥°±¨, ÎÉµ¡Ò
¸¢¥¸É¨ ± ³¨´¨³Ê³Ê ±µ²¨Î¥¸É¢µ Ëµ´µ¢ÒÌ ¸µ¡ÒÉ¨°.
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�¨¸. 2. ‡ ¢¨¸¨³µ¸ÉÓ ¸µ¶·µÉ¨¢²¥´¨Ö É¥´§µ·¥§¨¸Éµ·  µÉ ¤ ¢²¥´¨Ö ¶·¨ ±µ³´ É´µ° É¥³-
¶¥· ÉÊ·¥. �Ê´±É¨·´ Ö ²¨´¨Ö ¶·µ¢¥¤¥´  ¤²Ö ´ £²Ö¤´µ¸É¨

‚ ´ Î ²Ó´Ò° ³µ³¥´É ¶µ¸²¥ ¸´ÖÉ¨Ö ¢´¥Ï´¥£µ ¤ ¢²¥´¨Ö ¢µ§³µ¦´µ µ¸² -
¡²¥´¨¥ ¶µ¤¦¨³ ÕÐ¥£µ Ê¸¨²¨Ö ¢¨´É  (2). �·¨ µÌ² ¦¤¥´¨¨ ÖÎ¥°±¨ ¤ ¢²¥´¨¥
´  µ¡· §¥Í ³µ¦¥É ¨§³¥´¨ÉÓ¸Ö §  ¸Î¥É ´¥µ¤¨´ ±µ¢µ£µ ¨§³¥´¥´¨Ö ²¨´¥°´ÒÌ
· §³¥·µ¢ ³ É¥·¨ ²µ¢ ÖÎ¥°±¨ ¨ µ¡· §Í . �µ¸±µ²Ó±Ê ¢¸Ö ÖÎ¥°±  ¨§£µÉµ¢²¥´ 
¨§ µ¤´µ·µ¤´µ£µ ³ É¥·¨ ² ,   É¥³¶¥· ÉÊ·´Ò° ±µÔËË¨Í¨¥´É ²¨´¥°´µ£µ · ¸Ï¨-
·¥´¨Ö ¡·µ´§Ò ´  ¶µ·Ö¤µ± ¶·¥¢ÒÏ ¥É É ±µ° ¦¥ ±µÔËË¨Í¨¥´É ±·¥³´¨Ö, Éµ
´¥ µ¦¨¤ ¥É¸Ö µ¸² ¡²¥´¨Ö ¸¦ É¨Ö µ¡· §Í  ¶·¨ µÌ² ¦¤¥´¨¨ ¤µ £¥²¨¥¢ÒÌ É¥³-
¶¥· ÉÊ·. —Éµ¡Ò ¨§¡¥¦ ÉÓ ´¥µ¶·¥¤¥²¥´´µ¸É¨ ³¥¦¤Ê ¶·¨²µ¦¥´´µ° ´ Î ²Ó´µ°
´ £·Ê§±µ° ¨ ¤ ¢²¥´¨¥³, · §¢¨¢ ¥³Ò³ ¢ µ¡· §Í¥ ¶µ¸²¥ ¸´ÖÉ¨Ö ´ £·Ê§±¨ ¨ ¢
¶·µÍ¥¸¸¥ ¥£µ µÌ² ¦¤¥´¨Ö, ¶·µ¨§¢µ¤¨²¸Ö ±µ´É·µ²Ó ¤ ¢²¥´¨Ö ¢ µ¡· §Í¥ É¥´§µ-
·¥§¨¸Éµ·µ³ É¨¶  …‚001 �1-5-350� (�ˆˆ”ˆ, �¥´§ ). „ ÉÎ¨± ´ ±²¥¨¢ ²¸Ö ´ 
µ¤´Ê ¨§ £· ´¥° ±·¥³´¨¥¢µ£µ µ¡· §Í  ±²¥¥³ �”-2,   § É¥³ ±²¥° ¶µ¤¢¥·£ ²¸Ö
¶µ²¨³¥·¨§ Í¨¨ ¶·¨ ¢Ò¸µ±µ° É¥³¶¥· ÉÊ·¥. Š ²¨¡·µ¢±  É¥´§µ·¥§¨¸Éµ·  ¶·µ-
¨§¢µ¤¨² ¸Ó ¢ Ê¸²µ¢¨ÖÌ ¨§³¥´¥´¨Ö ¤ ¢²¥´¨Ö ¶·¨ ±µ³´ É´µ° É¥³¶¥· ÉÊ·¥ ´ 
µ¡· §Í¥. ’ ± Ö ± ²¨¡·µ¢µÎ´ Ö ±·¨¢ Ö ¤²Ö µ¤´µ£µ ¨§ É¥´§µ·¥§¨¸Éµ·µ¢ (R0 =
349,14 �³, K = 2,07, £¤¥ R0 ¨ K Å ¸µ¶·µÉ¨¢²¥´¨¥ É¥´§µ·¥§¨¸Éµ·  ¢ µÉ-
¸ÊÉ¸É¢¨¥ ¤¥Ëµ·³ Í¨¨ ¨ ±µÔËË¨Í¨¥´É É¥´§µÎÊ¢¸É¢¨É¥²Ó´µ¸É¨ ¸µµÉ¢¥É¸É¢¥´´µ)
¶·¥¤¸É ¢²¥´  ´  ·¨¸. 2. �¸´µ¢´ Ö ¶µ£·¥Ï´µ¸ÉÓ ¶·¨ ± ²¨¡·µ¢±¥ ¸¢Ö§ ´  ¸
¨§³¥·¥´¨¥³ ¤ ¢²¥´¨Ö ¶·¥¸¸ , µ´  ¸µ¸É ¢²Ö²  ³¥´¥¥ 3 %.

�·¨ ¶µ¸²¥¤ÊÕÐ¥³ µÌ² ¦¤¥´¨¨ µ¡· §Í  ¨§³¥´¥´¨Ö ¶µ± § ´¨Ö É¥´§µ·¥§¨-
¸Éµ·  ³µ£ÊÉ ¡ÒÉÓ Éµ²Ó±µ §  ¸Î¥É É¥³¶¥· ÉÊ·´µ£µ ¨§³¥´¥´¨Ö ²¨´¥°´ÒÌ · §-
³¥·µ¢ ±µ´¸É·Ê±Í¨µ´´ÒÌ Ô²¥³¥´Éµ¢ ÖÎ¥°±¨, ¸ ³µ£µ µ¡· §Í , ³ É¥·¨ ²  É¥´-
§µ·¥§¨¸Éµ·  ¨ ¥£µ µ³¨Î¥¸±µ£µ ¸µ¶·µÉ¨¢²¥´¨Ö. —Éµ¡Ò ÊÎ¥¸ÉÓ ÔÉ¨ ¨§³¥´¥´¨Ö,
¶·µ¢µ¤¨²¨¸Ó ¨§³¥·¥´¨Ö ¶µ± § ´¨° ´ ±²¥¥´´µ£µ ´  µ¡· §¥Í É¥´§µ·¥§¨¸Éµ·  ¢
§ ¢¨¸¨³µ¸É¨ µÉ É¥³¶¥· ÉÊ·Ò (¢ · ¡µÎ¥³ ¤¨ ¶ §µ´¥ 10 Ä 60 Š) ¢ µÉ¸ÊÉ¸É¢¨¥ ¨
¢ ¶·¨¸ÊÉ¸É¢¨¨ ¤ ¢²¥´¨Ö. �  ·¨¸. 3 ¶·¨¢¥¤¥´Ò É ±¨¥ § ¢¨¸¨³µ¸É¨ ¤²Ö ¶·¥¤-
¸É ¢²¥´´µ£µ ¢ÒÏ¥ µ¡· §Í  (·¨¸. 2), ¶µ²ÊÎ¥´´Ò¥ ¡¥§ ¤ ¢²¥´¨Ö (P = 0) ¨ ¸
¤ ¢²¥´¨¥³ (P = 1,7 ±¡ ·) ´  µ¡· §¥Í.
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�¨¸. 3. ‡ ¢¨¸¨³µ¸ÉÓ ¸µ¶·µÉ¨¢²¥´¨Ö É¥´§µ·¥§¨¸Éµ·  µÉ É¥³¶¥· ÉÊ·Ò ¶·¨ ¤¢ÊÌ §´ Î¥´¨ÖÌ
¤ ¢²¥´¨Ö: (+) P = 0, (♦) P = 1,7 ±¡ ·. ‹¨´¨¨ ¶·µ¢¥¤¥´Ò ¤²Ö ´ £²Ö¤´µ¸É¨

ˆ§ ·¨¸Ê´±  ¢¨¤´µ, ÎÉµ ¢ ¤¨ ¶ §µ´¥ É¥³¶¥· ÉÊ· 10Ä60 Š ¨³¥¥É ³¥¸Éµ
¶µ¸ÉµÖ´´ Ö · §´µ¸ÉÓ ¢ 1 �³ (¶µ ¸· ¢´¥´¨Õ ¸ 0,84 �³ ¶·¨ ±µ³´ É´µ° É¥³¶¥-
· ÉÊ·¥) ³¥¦¤Ê ¶µ± § ´¨Ö³¨ É¥´§µ·¥§¨¸Éµ·  ¶·¨ ¤ ¢²¥´¨¨ ¨ ¡¥§ ¤ ¢²¥´¨Ö ´ 
µ¡· §Í¥. ‘Î¨É Ö, ÎÉµ ¢±² ¤ É¥³¶¥· ÉÊ·´ÒÌ ÔËË¥±Éµ¢ µ¤¨´ ±µ¢ ± ± ¢ µÉ¸ÊÉ-
¸É¢¨¥, É ± ¨ ¢ ¶·¨¸ÊÉ¸É¢¨¨ ¤ ¢²¥´¨Ö, ³µ¦´µ ÊÉ¢¥·¦¤ ÉÓ, ÎÉµ ¶¥·¢µ´ Î ²Ó´µ¥
¸¦ É¨¥ µ¡· §Í , ¤µ¸É¨£´ÊÉµ¥ ¶·¨ ±µ³´ É´µ° É¥³¶¥· ÉÊ·¥, ´¥ Éµ²Ó±µ ¸µÌ· -
´Ö¥É¸Ö ¶·¨ ¥£µ µÌ² ¦¤¥´¨¨, ´µ ´ ¡²Õ¤ ¥É¸Ö ¨ ¤µ¶µ²´¨É¥²Ó´µ¥ ¶µ¤¦ É¨¥.
�·¨´¨³ Ö ±µÔËË¨Í¨¥´É ¨§³¥´¥´¨Ö ¸µ¶·µÉ¨¢²¥´¨Ö ´ Ï¥£µ É¥´§µ·¥§¨¸Éµ·  ¸
¤ ¢²¥´¨¥³ [6] · ¢´Ò³ ∆R/(R0 · ∆P ) = 0,84/(350·1,7) = 1,4·10−3 ±¡ · −1,
´ Ìµ¤¨³, ÎÉµ ¤µ¶µ²´¨É¥²Ó´µ¥ ¶µ¤¦ É¨¥ µ¡· §Í  ¶·¨ ´¨§±¨Ì É¥³¶¥· ÉÊ· Ì
³µ¦¥É ¸µ¸É ¢²ÖÉÓ ∼0,3 ±¡ ·.

�¢Éµ·Ò ¢Ò· ¦ ÕÉ ¡² £µ¤ ·´µ¸ÉÓ ‚. ‘. …£µ·µ¢Ê (��– ®ŠÊ·Î Éµ¢¸±¨° ¨´-
¸É¨ÉÊÉ¯) ¨ �. Ÿ. Œ¨´¨´µ° (± Ë¥¤·  Ë¨§¨±¨ ´¨§±¨Ì É¥³¶¥· ÉÊ·
Œƒ“ ¨³. Œ. ‚. ‹µ³µ´µ¸µ¢ ) §  ¶µ¤·µ¡´ÊÕ ±µ´¸Ê²ÓÉ Í¨Õ ¶µ ¨¸¶µ²Ó§µ¢ ´¨Õ
É¥´§µ·¥§¨¸Éµ·µ¢ ¤²Ö ¨§³¥·¥´¨Ö ´ ¶·Ö¦¥´¨Ö ±·¨¸É ²²  ±·¥³´¨Ö ¢ Ï¨·µ±µ³
¤¨ ¶ §µ´¥ É¥³¶¥· ÉÊ·.
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