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Minashkin V. F. et al. P13-2004-108

Sample System for the Atomic-Emission Analysis

of Substance Composition

The description of the developed sample system for the atomic-emission spec-

trometer prototype is presented. The system consists of a nebulizer, a heater, a two-step

cooler, temperature and support gas control detectors. The range of a support gas flow

is up to 1 l/min, temperatures from 0 up to 300 �C. The operation of the system is illus-

trated by experimental data.

The investigation has been performed at the Scientific Center of Applied Re-

search, JINR.

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

Ìèíàøêèí Â. Ô. è äð. P13-2004-108

Ñèñòåìà ïðîáîïîäãîòîâêè äëÿ àòîìíî-ýìèññèîííîãî àíàëèçà

ñîñòàâà âåùåñòâà

Ïðèâîäèòñÿ îïèñàíèå ðàçðàáîòàííîé ñèñòåìû ïðîáîïîäãîòîâêè äëÿ ïðîòî-

òèïà àòîìíî-ýìèññèîííîãî ñïåêòðîìåòðà. Ñèñòåìà ñîñòîèò èç ïüåçîðàñïûëèòå-

ëÿ, íàãðåâàòåëÿ, äâóõñòàäèéíîãî îõëàäèòåëÿ, äàò÷èêîâ êîíòðîëÿ òåìïåðàòóðû

è ïðîòîêà ðàáî÷åãî ãàçà. Äèàïàçîí ïðîòîêà ðàáî÷åãî ãàçà äî 1 ë/ìèí, òåìïåðà-

òóðû — îò 0 äî 300 �C. Ðàáîòà ñèñòåìû èëëþñòðèðóåòñÿ ýêñïåðèìåíòàëüíûìè

äàííûìè.

Ðàáîòà âûïîëíåíà â Íàó÷íîì öåíòðå ïðèêëàäíûõ èññëåäîâàíèé ÎÈßÈ.

Ñîîáùåíèå Îáúåäèíåííîãî èíñòèòóòà ÿäåðíûõ èññëåäîâàíèé. Äóáíà, 2004

Ïåðåâîä àâòîðîâ
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�±ÉÊ ²Ó´µ¸ÉÓ · ¡µÉÒ µ¶·¥¤¥²Ö¥É¸Ö ´¥µ¡Ìµ¤¨³µ¸ÉÓÕ ±µ´É·µ²Ö µ±·Ê¦ Õ-
Ð¥° ¸·¥¤Ò ¨ ¶·µ¤Ê±Éµ¢ ¶¨É ´¨Ö. �É  ¶·µ¡²¥³  ¸Éµ¨É ¤µ¸É ÉµÎ´µ µ¸É·µ, µ¸µ-
¡¥´´µ ¢ ¶·µ³ÒÏ²¥´´µ · §¢¨ÉÒÌ · °µ´ Ì ¸É· ´Ò. „²Ö µ¶·¥¤¥²¥´¨Ö ¸µ¸É ¢ 
¢¥Ð¥¸É¢  ¶·¨³¥´ÖÕÉ · §²¨Î´Ò¥ ³¥Éµ¤Ò  ´ ²¨§ , ¶µ§¢µ²ÖÕÐ¨¥ ¸¤¥² ÉÓ ÔÉµ ¸
¢Ò¸µ±µ° ÉµÎ´µ¸ÉÓÕ. Š ¨Ì Î¨¸²Ê ¶·¥¦¤¥ ¢¸¥£µ ¸²¥¤Ê¥É µÉ´¥¸É¨ ¨¸¶µ²Ó§µ¢ ´¨¥
Ö¤¥·´µ-Ë¨§¨Î¥¸±¨Ì ³¥Éµ¤µ¢  ´ ²¨§  ¸µ¸É ¢  ¢¥Ð¥¸É¢  (£ ³³ - ±É¨¢ Í¨µ´´Ò°,
 ±É¨¢ Í¨µ´´Ò°  ´ ²¨§ ¸ ¨¸¶µ²Ó§µ¢ ´¨¥³ § ·Ö¦¥´´ÒÌ Î ¸É¨Í, ´¥°É·µ´´Ò°  ±-
É¨¢ Í¨µ´´Ò°  ´ ²¨§). �µ ¤²Ö ÔÉ¨Ì ³¥Éµ¤µ¢  ´ ²¨§  É·¥¡Ê¥É¸Ö Ê´¨± ²Ó´µ¥, ¤µ-
·µ£µ¸ÉµÖÐ¥¥ µ¡µ·Ê¤µ¢ ´¨¥ ¨ ¢Ò¸µ±µ¶·µË¥¸¸¨µ´ ²Ó´Ò° µ¡¸²Ê¦¨¢ ÕÐ¨° ¶¥·-
¸µ´ ².

„²Ö  ´ ²¨§  ¸µ¸É ¢  ¢¥Ð¥¸É¢  É ±¦¥ Ï¨·µ±µ ¶·¨³¥´ÖÕÉ¸Ö Ê¸É·µ°¸É¢  ´ 
µ¸´µ¢¥ ¨¸ÉµÎ´¨±µ¢ ¨´¤Ê±É¨¢´µ-¸¢Ö§ ´´µ° ¶² §³Ò, ¶·¨´Í¨¶ ¤¥°¸É¢¨Ö ±µÉµ·ÒÌ
¸µ¸Éµ¨É ¢ ¢µ§¡Ê¦¤¥´¨¨ ¨ ¨µ´¨§ Í¨¨  Éµ³µ¢ Ô²¥³¥´Éµ¢ ¨¸¸²¥¤Ê¥³µ£µ ¢¥Ð¥¸É¢ .
‚µ§¡Ê¦¤¥´¨¥ ¨ ¨µ´¨§ Í¨Ö  Éµ³µ¢ µ¸ÊÐ¥¸É¢²ÖÕÉ¸Ö ³µÐ´Ò³ ¢Ò¸µ±µÎ ¸ÉµÉ´Ò³
Ô²¥±É·µ³ £´¨É´Ò³ ¶µ²¥³ ¢ ¶µÉµ±¥ ¡ÊË¥·´µ£µ £ §  (± ± ¶· ¢¨²µ,  ·£µ´ ). �µ
ÔÉ¨ Ê¸É·µ°¸É¢  É ±¦¥ ¤µ·µ£¨ ¨ ¸²µ¦´Ò ¢ Ô±¸¶²Ê É Í¨¨, ¶µÉ·¥¡²ÖÕÉ ¡µ²ÓÏÊÕ
³µÐ´µ¸ÉÓ ¨ É·¥¡ÊÕÉ ¡µ²ÓÏµ£µ · ¸Ìµ¤  ¡ÊË¥·´µ£µ £ § .

ˆ¸¶µ²Ó§µ¢ ´¨¥ ¤²Ö  ´ ²¨§  ¢¥Ð¥¸É¢  ´µ¢µ£µ É¨¶  ¨¸ÉµÎ´¨±  ¢µ§¡Ê¦¤¥´¨Ö
¸¶¥±É·µ¢ ´  µ¸´µ¢¥ ¨³¶Ê²Ó¸´µ£µ µ¤´µÔ²¥±É·µ¤´µ£µ ¸ ³µ¸É ¡¨²¨§¨·ÊÕÐ¥£µ¸Ö
¢Ò¸µ±µÎ ¸ÉµÉ´µ£µ · §·Ö¤  ¸ ³µ¤Ê²ÖÍ¨¥° [1] ¤ ¸É ·Ö¤ ¶·¥¨³ÊÐ¥¸É¢. �Éµ §´ Î¨-
É¥²Ó´µ¥ ¸µ±· Ð¥´¨¥ ¶µÉ·¥¡²Ö¥³µ° ³µÐ´µ¸É¨ ¨ · ¸Ìµ¤´ÒÌ ³ É¥·¨ ²µ¢ (£ § 
 ·£µ´ ), ¢µ§³µ¦´µ¸ÉÓ ¸µ§¤ ÉÓ ³µ¡¨²Ó´Ò° ¢ ·¨ ´É, ¸´¨¦¥´¨¥ ¸Éµ¨³µ¸É¨.

�¤´µ° ¨§ µ¸´µ¢´ÒÌ § ¤ Î ¶·¨ ¶·µ¢¥¤¥´¨¨  ´ ²¨§  Ö¢²Ö¥É¸Ö ¶µ¤£µÉµ¢± 
¨¸¸²¥¤Ê¥³µ£µ ¢¥Ð¥¸É¢ . ‚ ¸É ÉÓ¥ µ¶¨¸Ò¢ ¥É¸Ö ¶·µÉµÉ¨¶ ¸¨¸É¥³Ò ¶·µ¡µ¶µ¤£µ-
Éµ¢±¨ ¢¥Ð¥¸É¢  ¤²Ö  ´ ²¨§  ¨ µ¸´µ¢´Ò¥ ¶ · ³¥É·Ò ÔÉµ° ¸¨¸É¥³Ò. ‘²¥¤Ê¥É
µÉ³¥É¨ÉÓ ÉµÉ Ë ±É, ÎÉµ £¥´¥· Éµ· ¢Ò¸µ±µÎ ¸ÉµÉ´µ° ¶² §³Ò ¸µ§¤ ¥É µÎ¥´Ó ¢Ò-
¸µ±¨° Ê·µ¢¥´Ó ¢Ò¸µ±µÎ ¸ÉµÉ´ÒÌ ¶µ³¥Ì, ÎÉµ ´ ±² ¤Ò¢ ¥É µ¶·¥¤¥²¥´´Ò¥ É·¥-
¡µ¢ ´¨Ö ´  Ô²¥±É·µ´¨±Ê Ê¶· ¢²¥´¨Ö ¨ ±µ´É·µ²Ö.

1. ��™…… ��ˆ‘��ˆ… ‘ˆ‘’…Œ› �������„ƒ�’�‚Šˆ

‘¨¸É¥³  ¶·µ¡µ¶µ¤£µÉµ¢±¨ £ §µ¢µ° ¸³¥¸¨ ¤²Ö  ´ ²¨§  ¸µ¸Éµ¨É ¨§ ´¥¸±µ²Ó-
±¨Ì µ¸´µ¢´ÒÌ Ô²¥³¥´Éµ¢, ¸ ¶µ³µÐÓÕ ±µÉµ·ÒÌ µ¸ÊÐ¥¸É¢²Ö¥É¸Ö ¶µ¤£µÉµ¢± 
¨¸¸²¥¤Ê¥³µ£µ ¢¥Ð¥¸É¢  ±  ´ ²¨§Ê (·¨¸. 1, 2). ƒ §  ·£µ´ ¨§ ¡ ²²µ´  Î¥·¥§ · ¸-
Ìµ¤µ³¥· ¶µ¸ÉÊ¶ ¥É ¢ ¶Ó¥§µ· ¸¶Ò²¨É¥²Ó, ¢ ±µÉµ·µ³ ¶·µ¨¸Ìµ¤¨É ¸³¥Ï¨¢ ´¨¥
¨¸¸²¥¤Ê¥³µ£µ ¢¥Ð¥¸É¢ , ¢µ¤Ò ¨ £ §   ·£µ´ . „ ²¥¥ ÔÉ  ¸³¥¸Ó ¶µ¸ÉÊ¶ ¥É ¢ ´ £·¥-
¢ É¥²Ó 1, £¤¥ ¶·µ¨¸Ìµ¤¨É ´ £·¥¢ ¸³¥¸¨ ¤µ µ¶·¥¤¥²¥´´µ° É¥³¶¥· ÉÊ·Ò. �µ¸²¥
´ £·¥¢ É¥²Ö ¸³¥¸Ó ¶µ¸ÉÊ¶ ¥É ¢ ¶¥·¢ÊÕ ¸ÉÊ¶¥´Ó µÌ² ¦¤¥´¨Ö. ‡¤¥¸Ó µÌ² ¦¤¥-
´¨¥ µ¸ÊÐ¥¸É¢²Ö¥É¸Ö ¸ ¶µ³µÐÓÕ ¢¥´É¨²ÖÉµ·  4 ¤µ É¥³¶¥· ÉÊ·Ò µ±·Ê¦ ÕÐ¥°
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�¨¸. 1. ‘É·Ê±ÉÊ·´ Ö ¸Ì¥³  ¸¨¸É¥³Ò ¶·µ¡µ¶µ¤£µÉµ¢±¨ ¢¥Ð¥¸É¢  ¤²Ö  ´ ²¨§ 

�¨¸. 2. �²¥³¥´É´ Ö ¸Ì¥³  ¸¨¸É¥³Ò ¶·µ¡µ¶µ¤£µÉµ¢±¨: 1 Å ´ £·¥¢ É¥²Ó, 2 Å Ìµ²µ¤¨²Ó-
´¨±, 3 Å ¶¥·¥Ìµ¤´ Ö ± ³¥· , 4 Å ¢¥´É¨²ÖÉµ·

¸·¥¤Ò. �µÉµ³ ¸³¥¸Ó ¶µ¸ÉÊ¶ ¥É ¢µ ¢Éµ·ÊÕ ¸ÉÊ¶¥´Ó 2, £¤¥ µÌ² ¦¤¥´¨¥ ¢µ§-
³µ¦´µ ¤µ µÉ·¨Í É¥²Ó´ÒÌ É¥³¶¥· ÉÊ·. �µ¤£µÉµ¢²¥´´ Ö É ±¨³ µ¡· §µ³ ¸³¥¸Ó
¶µ¸ÉÊ¶ ¥É ¢ µ±µ²µÔ²¥±É·µ¤´Ò° µ¡Ñ¥³ £¥´¥· Éµ·  ¢Ò¸µ±µÎ ¸ÉµÉ´µ° ¶² §³Ò.
ˆ§²¨Ï±¨ ¦¨¤±µ¸É¨ ¸²¨¢ ÕÉ¸Ö ¢ ¶¥·¥Ìµ¤´ÒÌ ± ³¥· Ì 3.

‘²¥¤Ê¥É µÉ³¥É¨ÉÓ, ÎÉµ ¢¸Ö Ô²¥±É·µ´¨±  ¢Ò¶µ²´¥´  ¢ ³¥Ì ´¨±¥ ¥¢·µ¸É ´-
¤ ·É  ¨ § ´¨³ ¥É µ¡Ñ¥³ ¢ ¤¢  ±·¥°É  3U.

2



2. ��‘•�„�Œ…�

� ¸Ìµ¤  ·£µ´  ¶·¨ ¶·µ¢¥¤¥´¨¨  ´ ²¨§µ¢ ¸µ¸É ¢²Ö¥É ´¥ ¡µ²¥¥ 1 ²/³¨´. „²Ö
±µ´É·µ²Ö · ¸Ìµ¤   ·£µ´  ¨¸¶µ²Ó§Ê¥É¸Ö ¤ ÉÎ¨± · ¸Ìµ¤  £ §  Ë¨·³Ò ®Honey-
well¯ É¨¶  AWM2300V, ±µÉµ·Ò° ¶·¥¤¸É ¢²Ö¥É ¸µ¡µ° É¢¥·¤µÉ¥²Ó´Ò° ¢Ò¸µ-
±µÉµÎ´Ò° ¤ ÉÎ¨± ¤¨ËË¥·¥´Í¨ ²Ó´µ£µ ¤ ¢²¥´¨Ö, § ±²ÕÎ¥´´Ò° ¢ ¶² ¸É³ ¸¸µ-
¢Ò° ±µ·¶Ê¸ ¸ ± ²¨¡·µ¢ ´´Ò³¨ µÉ¢¥·¸É¨Ö³¨, ¶µ ±µÉµ·Ò³ ¶·µ¨§¢µ¤¨É¸Ö ¶µ¤¢µ¤
£ §  ± ÎÊ¢¸É¢¨É¥²Ó´µ³Ê Ô²¥³¥´ÉÊ. „ ÉÎ¨± · ¡µÉ ¥É ¢ ¤¨ ¶ §µ´¥ É¥³¶¥· ÉÊ· µÉ
−25 ¤µ +85 ◦C. ‘µ£² ¸´µ É¥Ì´¨Î¥¸±µ³Ê µ¶¨¸ ´¨Õ ± ´¥³Ê ¡Ò²  · §· ¡µÉ ´ 
Ô²¥±É·µ´¨± . ˆ´Ëµ·³ Í¨Ö µ ¢¥²¨Î¨´¥ ¶µÉµ±  ¢Ò¢µ¤¨É¸Ö ´  Í¨Ë·µ¢µ° ¨´-
¤¨± Éµ· Ë¨·³Ò ®VELLEMAN¯, · ¸¶µ²µ¦¥´´Ò° ´  ¶¥·¥¤´¥° ¶ ´¥²¨ ¡²µ± .
�¡¸µ²ÕÉ´µ¥ §´ Î¥´¨¥ ¶µÉµ±  µ¶·¥¤¥²Ö¥É¸Ö ¶ÊÉ¥³ ¶¥·¥¢µ¤  ¶µ± § ´¨Ö Í¨Ë·µ-
¢µ£µ ¨´¤¨± Éµ·  ¸µ£² ¸´µ ± ²¨¡·µ¢µÎ´µ° Ì · ±É¥·¨¸É¨±¥, ¶µ¸É ¢²Ö¥³µ° ¸
µ¶¨¸ ´¨¥³ ¤ ÉÎ¨± .

3. ��ƒ�…‚�’…‹œ

‘µ£² ¸´µ ³¥Éµ¤¨±¥ ¶µ¤£µÉµ¢±¨ ¢¥Ð¥¸É¢  ¤²Ö  ´ ²¨§  ¸³¥¸Ó, ¸µ¸ÉµÖÐÊÕ
¨§ £ §   ·£µ´ , ¢µ¤Ò ¨ ¨¸¸²¥¤Ê¥³µ£µ ¢¥Ð¥¸É¢ , ´¥µ¡Ìµ¤¨³µ ´ £·¥ÉÓ ¤µ µ¶·¥-
¤¥²¥´´µ° É¥³¶¥· ÉÊ·Ò. „¨ ¶ §µ´ É¥³¶¥· ÉÊ· Å µÉ ±µ³´ É´µ° ¤µ 300 ◦C Å
·¥£Ê²¨·Ê¥É¸Ö. „²Ö ·¥Ï¥´¨Ö ÔÉµ° § ¤ Î¨ ¡Ò² ¸¤¥² ´ ´ £·¥¢ É¥²Ó. Šµ´¸É·Ê±-
É¨¢´µ µ´ ¸µ¸Éµ¨É ¨§ ¤¢ÊÌ ¡²µ±µ¢: ¡²µ± , ¢ ±µÉµ·µ³ µ¸ÊÐ¥¸É¢²Ö¥É¸Ö ´ £·¥¢
£ §µ¢µ° ¸³¥¸¨, ¨ ¡²µ±  Ê¶· ¢²¥´¨Ö É¥³¶¥· ÉÊ·µ°. Œ ±¸¨³ ²Ó´ Ö ³µÐ´µ¸ÉÓ
´ £·¥¢ É¥²Ö ¸µ¸É ¢²Ö¥É 300 ‚É. ‚ ¡²µ±¥ Ê¶· ¢²¥´¨Ö É¥³¶¥· ÉÊ·µ° ´ £·¥¢ -
É¥²Ö ¨¸¶µ²Ó§Ê¥É¸Ö É ± ´ §Ò¢ ¥³Ò° Ë §µ¢Ò° ·¥£Ê²ÖÉµ· ³µÐ´µ¸É¨ PR1000I,
±µÉµ·Ò° ¶µ§¢µ²Ö¥É µ¸ÊÐ¥¸É¢²ÖÉÓ ¶² ¢´µ¥ Ë §µ¢µ¥ ·¥£Ê²¨·µ¢ ´¨¥ ´ ¶·Ö¦¥´¨Ö
¢ Í¥¶¨ ´ £·Ê§±¨ ¸ ´µ³¨´ ²Ó´µ° ³µÐ´µ¸ÉÓÕ ¤µ 1000 ‚É.

4. ˆ‡Œ…�ˆ’…‹œ ’…Œ�…��’“�›

„¨ ¶ §µ´ · ¡µÎ¨Ì É¥³¶¥· ÉÊ· ¨§³¥·¨É¥²Ö Å µÉ −10 ¤µ 300 ◦‘. ‚ ± -
Î¥¸É¢¥ ¤ ÉÎ¨±µ¢ É¥³¶¥· ÉÊ·Ò ¨¸¶µ²Ó§ÊÕÉ¸Ö É¥·³µ¶ ·Ò É¨¶  Š (Ì·µ³¥²ÓÄ
 ²Õ³¥²Ó). ˆ´Ëµ·³ Í¨Ö µ É¥³¶¥· ÉÊ·¥ ¢ ¨§³¥·Ö¥³µ° µ¡² ¸É¨ ¢Ò¢µ¤¨É¸Ö ´ 
Í¨Ë·µ¢µ° ¨´¤¨± Éµ· Ë¨·³Ò ®VELLEMAN¯, · ¸¶µ²µ¦¥´´Ò° ´  ¶¥·¥¤´¥°
¶ ´¥²¨ ¡²µ± . ‚ ¶·¨´Í¨¶¥, ¸ ¶µ³µÐÓÕ ÔÉµ£µ É¨¶  É¥·³µ¶ · ¨ ¶·¨³¥´Ö¥³µ°
Ô²¥±É·µ´¨±¨ ³µ¦´µ ¨§³¥·ÖÉÓ É¥³¶¥· ÉÊ·Ê ¢ ¤¨ ¶ §µ´¥ µÉ −200 ¤µ 1250 ◦‘.

5. �•‹�„ˆ’…‹œ

�Ì² ¦¤¥´¨¥ £ §µ¢µ° ¸³¥¸¨ ¤µ µ¶·¥¤¥²¥´´µ° É¥³¶¥· ÉÊ·Ò Ö¢²Ö¥É¸Ö ¸µ-
¸É ¢´µ° Î ¸ÉÓÕ ³¥Éµ¤¨±¨ ¶µ¤£µÉµ¢±¨ ¨¸¸²¥¤Ê¥³µ£µ ¢¥Ð¥¸É¢  ±  ´ ²¨§Ê. ˆ¸-
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¶µ²Ó§ÊÕÉ¸Ö ¤¢¥ ¸ÉÊ¶¥´¨ µÌ² ¦¤¥´¨Ö. �  ¶¥·¢µ° ¸ÉÊ¶¥´¨ (µÌ² ¤¨É¥²Ó 1) ¶·µ¨§-
¢µ¤¨É¸Ö ¶·¥¤¢ ·¨É¥²Ó´µ¥ µÌ² ¦¤¥´¨¥ ¸³¥¸¨ ¸ ¶µ³µÐÓÕ ¢¥´É¨²ÖÉµ·  ¤µ É¥³-
¶¥· ÉÊ·Ò µ±·Ê¦ ÕÐ¥° ¸·¥¤Ò. �Ì² ¤¨É¥²Ó 2 ¸¤¥² ´ ¸ ¨¸¶µ²Ó§µ¢ ´¨¥³ Ô²¥-
³¥´Éµ¢ �¥²ÓÉÓ¥. Šµ´¸É·Ê±É¨¢´µ µÌ² ¤¨É¥²Ó ¢Ò¶µ²´¥´ ¢ ¢¨¤¥ ¤¢ÊÌ ¡²µ±µ¢ Å
¡²µ±  ¶¨É ´¨Ö ¨ ¡²µ±  µÌ² ¤¨É¥²Ö. �²µ± µÌ² ¤¨É¥²Ö ¸µ¸Éµ¨É ¨§ · ¡µÎ¥°
± ³¥·Ò ¸ ¨¸¸²¥¤Ê¥³Ò³ ¢¥Ð¥¸É¢µ³, Ô²¥³¥´Éµ¢ �¥²ÓÉÓ¥, · ¤¨ Éµ·  ¨ ¢¥´É¨²Ö-
Éµ·µ¢. �Ì² ¤¨É¥²Ó´ Ö ± ³¥·  § ±·ÒÉ  É¥¶²µ¨§µ²¨·ÊÕÐ¨³ ¢¥Ð¥¸É¢µ³ ¸ Í¥²ÓÕ
¸´¨¦¥´¨Ö É¥¶²µ¶·¨Éµ±µ¢ ¨ ¤µ¸É¨¦¥´¨Ö ³ ±¸¨³ ²Ó´µ£µ ¶¥·¥¶ ¤  É¥³¶¥· ÉÊ·
¶·¨ ³¨´¨³ ²Ó´µ° ³µÐ´µ¸É¨ ¶µÉ·¥¡²¥´¨Ö. ˆ¸¶µ²Ó§ÊÕÉ¸Ö ¤¢  Ô²¥³¥´É  �¥²Ó-
ÉÓ¥, ± ¦¤Ò° ¶µÉ·¥¡²Ö¥É ³ ±¸¨³ ²Ó´ÊÕ ³µÐ´µ¸ÉÓ 4 � × 15 ‚. �²µ± ¶¨É ´¨Ö
¨¸¶µ²Ó§Ê¥É¸Ö ¤²Ö ¶¨É ´¨Ö Ô²¥³¥´Éµ¢ �¥²ÓÉÓ¥ ¨ ¢¥´É¨²ÖÉµ·µ¢ ¡²µ±  µÌ² ¤¨-
É¥²Ö. �  ¶¥·¥¤´¥° ¶ ´¥²¨ ¡²µ±  · ¸¶µ²µ¦¥´Ò µ·£ ´Ò Ê¶· ¢²¥´¨Ö ¨ ±µ´É·µ²Ö.

�  ·¨¸. 3 ¶µ± § ´  ËµÉµ£· Ë¨Ö ¶·µÉµÉ¨¶   Éµ³´µ-Ô³¨¸¸¨µ´´µ£µ ¸¶¥±É·µ-
³¥É·  ¸ ¸¨¸É¥³µ° ¶·µ¡µ¶µ¤£µÉµ¢±¨.

�¨¸. 3. �·µÉµÉ¨¶  Éµ³´µ-Ô³¨¸¸¨µ´´µ£µ ¸¶¥±É·µ³¥É·  ¸ ¸¨¸É¥³µ° ¶·µ¡µ¶µ¤£µÉµ¢±¨

6. �…‡“‹œ’�’› �Š‘�…�ˆŒ…�’�‹œ�›• ˆ‘�›’��ˆ‰
‘ˆ‘’…Œ› �������„ƒ�’�‚Šˆ

ˆ¸¶ÒÉ ´¨Ö ¸¨¸É¥³Ò ¶·µ¡µ¶µ¤£µÉµ¢±¨ ¶µ± § ²¨ Ê¸Éµ°Î¨¢ÊÕ · ¡µÉÊ ¢¸¥Ì
¥¥ ±µ³¶µ´¥´Éµ¢. �·¨ ÔÉµ³ ¡Ò²¨ ¶µ²ÊÎ¥´Ò Ìµ·µÏ¨¥ ·¥§Ê²ÓÉ ÉÒ ¶µ ¶·¥¤¥²Ê
¤¥É¥±É¨·µ¢ ´¨Ö D ¶·¨³¥¸¥° ¢ ¢µ¤´ÒÌ · ¸É¢µ· Ì. ‚ ± Î¥¸É¢¥ ¶·¨³¥·  ´ 
·¨¸. 4 ¶·¨¢¥¤¥´ ¸¶¥±É· ¨§²ÊÎ¥´¨Ö ± ²¨¡·µ¢µÎ´µ£µ ¢µ¤´µ£µ · ¸É¢µ·  Í¨´± 
¸ ±µ´Í¥´É· Í¨¥° C = 2 ³±£/³². ‚·¥³Ö ´ ¡µ·  ¸¶¥±É·  100 ³¸. ‚ ¤ ´´µ³
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�¨¸. 4. ‘¶¥±É· ¨§²ÊÎ¥´¨Ö ± ²¨¡·µ¢µÎ´µ£µ ¢µ¤´µ£µ · ¸É¢µ·  Í¨´±  Zn ¸ ±µ´Í¥´É· Í¨¥°
C = 2 ³±£/³²: 1 Ä λ = 468,014 ´³; 2 Ä λ = 472,216 ´³; 3 Ä λ = 481,053 ´³ (É¥³¶¥· ÉÊ· 
´ £·¥¢ É¥²Ö 290 ◦‘, Ìµ²µ¤¨²Ó´¨±  7 ◦‘)

¸²ÊÎ ¥ ¶·¥¤¥² ¤¥É¥±É¨·µ¢ ´¨Ö ¸µ¸É ¢²Ö¥É D = 3 ´£/³². �·¨ ÔÉµ³ ´µ·³ É¨¢
¢ �µ¸¸¨¨ [2] ¶µ ¸µ¤¥·¦ ´¨Õ Zn ¸µ¸É ¢²Ö¥É 5 ³±£/³²,   ·¥ ²Ó´µ¥ ¥£µ ¸µ¤¥·-
¦ ´¨¥ ¢ ¶¨ÉÓ¥¢µ° ¢µ¤¥ ¢ Œµ¸±¢¥ [3] ¸µ¸É ¢²Ö¥É 37 ´£/³². ’ ±¨³ µ¡· §µ³, ¶µ
¤ ´´µ³Ê Ô²¥³¥´ÉÊ ¶·µÉµÉ¨¶ ��‘ ˆ‚— ¤µ¸É¨£ ¥É ¢¶µ²´¥ Ê¤µ¢²¥É¢µ·¨É¥²Ó´µ£µ
·¥§Ê²ÓÉ É .

7. ��…„‹�†…�ˆŸ

‘µ§¤ ´´Ò° ¢ ·¨ ´É ¸¨¸É¥³Ò ¶·µ¡µ¶µ¤£µÉµ¢±¨ ¢¥Ð¥¸É¢  ± ¨¸¸²¥¤µ¢ ´¨Õ
Ö¢²Ö¥É¸Ö ¶·µÉµÉ¨¶µ³. …£µ µ¸´µ¢´µ¥ ´ §´ Î¥´¨¥ Å µÉ· ¡µÉ±  ³¥Éµ¤¨±¨ ¶µ¤-
£µÉµ¢±¨ ¢¥Ð¥¸É¢  ±  ´ ²¨§Ê, µ¶É¨³¨§ Í¨Ö µ¸´µ¢´ÒÌ Ô²¥³¥´Éµ¢ (´ £·¥¢ É¥²Ö,
µÌ² ¤¨É¥²Ö ¨ É. ¤.). ‘ ÉµÎ±¨ §·¥´¨Ö ¸µ§¤ ´¨Ö ¶·µ³ÒÏ²¥´´µ£µ ¢ ·¨ ´É  ¶·¨-
¡µ·  ´¥µ¡Ìµ¤¨³µ ¨³¥ÉÓ ¢µ§³µ¦´µ¸ÉÓ ¶µ¤±²ÕÎ¥´¨Ö ¸µ§¤ ´´µ£µ ¶·¨¡µ·  ± ±µ³-
¶ÓÕÉ¥·Ê. „²Ö ·¥Ï¥´¨Ö ÔÉµ° § ¤ Î¨ ´¥µ¡Ìµ¤¨³µ ¶ · ²²¥²Ó´µ ¸ µÉ· ¡µÉ±µ°
¶·µÉµÉ¨¶  · §· ¡µÉ ÉÓ ·Ö¤  ¶¶ · É´µ-¶·µ£· ³³´ÒÌ ¸·¥¤¸É¢. Š ¨Ì Î¨¸²Ê µÉ-
´µ¸¨É¸Ö ¢Ò¡µ· ¨´É¥·Ë¥°¸ , ¸É ´¤ ·É  ´  Ô²¥±É·µ´¨±Ê, ¶¥·¥¢µ¤ Ô²¥±É·µ´¨±¨
¸ ·ÊÎ´µ£µ Ê¶· ¢²¥´¨Ö ´  ¶·µ£· ³³´Ò° ¨ É. ¤. ‘ ¶µ³µÐÓÕ ±µ³¶ÓÕÉ¥·  ¶µ-
Ö¢¨É¸Ö ¢µ§³µ¦´µ¸ÉÓ § ¶µ³¨´ ÉÓ ·¥¦¨³Ò · ¡µÉÒ ¨ ¢µ¸¸É ´ ¢²¨¢ ÉÓ ¨Ì, ¸µ§¤ -
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¢ ÉÓ  ·Ì¨¢ ¤ ´´ÒÌ ¨ Éµ³Ê ¶µ¤µ¡´µ¥. �  ·¨¸. 5 ¶µ± § ´ µ¤¨´ ¨§ ¢ ·¨ ´Éµ¢
µ·£ ´¨§ Í¨¨ Ô²¥±É·µ´¨±¨ Ê¶· ¢²¥´¨Ö ¨ ¸¢Ö§Ó ¥¥ ¸ ±µ³¶ÓÕÉ¥·µ³, £¤¥ „Ï Å
¤¥Ï¨Ë· Éµ·  ¤·¥¸ ; �£ ‚Ì Å ¢Ìµ¤´µ° ·¥£¨¸É·; �£ ‚ÒÌ Å ¢ÒÌµ¤´µ° ·¥£¨¸É·;
�–� Å  ´ ²µ£µ¢µ-Í¨Ë·µ¢µ° ¶·¥µ¡· §µ¢ É¥²Ó; –�� Å Í¨Ë·µ ´ ²µ£µ¢Ò°
¶·¥µ¡· §µ¢ É¥²Ó; Š Å ±µ³³³ÊÉ Éµ·; �£ “¶· Å ·¥£¨¸É· Ê¶· ¢²¥´¨Ö.

�¨¸. 5. �·¨³¥· µ·£ ´¨§ Í¨¨ ¡²µ±  Ê¶· ¢²¥´¨Ö  ¶¶ · ÉÊ·µ° ¸¨¸É¥³Ò ¶·µ¡µ¶µ¤£µÉµ¢±¨

�²µ± Ê¶· ¢²¥´¨Ö ¸µ¸Éµ¨É ¨§ ¸²¥¤ÊÕÐ¨Ì ¶² É:

1) ¶² É  ¸¢Ö§¨ (±µ´É·µ²²¥·) ¸ ±µ³¶ÓÕÉ¥·µ³ ¶µ ¶µ·ÉÊ LPT1, ¢Ò¶µ²´ÖÕÐ Ö
ËÊ´±Í¨Õ ±µ´É·µ²²¥·  ¢¸¥£µ ¡²µ±  Ê¶· ¢²¥´¨Ö ¨ µ·£ ´¨§ÊÕÐ¥£µ ¸¢Ö§Ó ¶² É
²µ± ²Ó´µ° Ï¨´Ò ¸ ±µ³¶ÓÕÉ¥·µ³;

2) ¶² É  ¢Ìµ¤´ÒÌ/¢ÒÌµ¤´ÒÌ ·¥£¨¸É·µ¢ Ê¶· ¢²¥´¨Ö ¨ ¸µ¸ÉµÖ´¨Ö (12 ¢Ìµ¤µ¢
¨ 12 ¢ÒÌµ¤µ¢);

3) ¶² É  12 ± ´ ²Ó´µ£µ –�� ¸ ¢ÒÌµ¤´Ò³ ´ ¶·Ö¦¥´¨¥³ ±5 ‚;

4) ¶² É  12 ± ´ ²Ó´µ£µ �–� ¸ ¢Ìµ¤´Ò³ ¤¨ ¶ §µ´µ³ ±5 ‚.
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