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¢ ˆ´¸É¨ÉÊÉ Ë¨§¨±¨ ¢Ò¸μ±¨Ì Ô´¥·£¨° ’¡¨²¨¸¸±μ£μ £μ¸Ê¤ ·¸É¢¥´´μ£μ Ê´¨¢¥·¸¨É¥É , ’¡¨²¨¸¨

ˆ§³¥·¥´ ¸¢¥Éμ¸¡μ· μ¡· §Íμ¢ Ô±¸É·Ê¤¨·μ¢ ´´ÒÌ ¸Í¨´É¨²²ÖÍ¨μ´´ÒÌ ¸É·¨¶μ¢ ¸ ¶μ³μÐÓÕ ¸¶¥±-
É·μ¸³¥Ð ÕÐ¥£μ ¢μ²μ±´ , · §³¥Ð¥´´μ£μ ¢ ¶·μ¤μ²Ó´μ³ μÉ¢¥·¸É¨¨ ¢´ÊÉ·¨ ¶² ¸É¨´. �É¢¥·¸É¨Ö § ¶μ²-
´Ö²¨¸Ó · §²¨Î´Ò³¨ ¦¨¤±¨³¨ ´ ¶μ²´¨É¥²Ö³¨. ˆ§³¥·¥´¨Ö ¶·μ¢¥¤¥´Ò ¶·¨ μ¡²ÊÎ¥´¨¨ ±μ¸³¨Î¥¸±¨³¨
³Õμ´ ³¨. � §· ¡μÉ ´ ¨ Ê¸¶¥Ï´μ ¨¸¶ÒÉ ´ ³¥Éμ¤ § ± Î±¨ ¦¨¤±μ£μ ´ ¶μ²´¨É¥²Ö ¢Ö§±μ¸ÉÓÕ ¡μ²¥¥
10 �  · ¸ ¢ μÉ¢¥·¸É¨¥ ¸É·¨¶  ¶μ¸²¥ · §³¥Ð¥´¨Ö ¢ ´¥³ ¸¶¥±É·μ¸³¥Ð ÕÐ¥£μ ¢μ²μ±´ .

The light collection of the extruded scintillator strip samples with WLS ˇbers placed in the longitudi-
nal hole in the plates has been measured. The holes were ˇlled with various liquid ˇllers. Measurements
were carried out under irradiation by cosmic muons. The method of pumping liquid ˇller with viscosity
more than 10 Pa · s in the strip's hole with WLS ˇber inside was designed and successfully tested.
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‚ ´ ¸ÉμÖÐ¥¥ ¢·¥³Ö ¤¥É¥±Éμ·Ò ´  μ¸´μ¢¥ Ô±¸É·Ê¤¨·μ¢ ´´ÒÌ ¶² ¸É³ ¸¸μ¢ÒÌ ¸Í¨´É¨²²Ö-
Éμ·μ¢ Ö¢²ÖÕÉ¸Ö ´¥μÉÑ¥³²¥³μ° Î ¸ÉÓÕ ¡μ²ÓÏ¨´¸É¢  Ë¨§¨Î¥¸±¨Ì Ô±¸¶¥·¨³¥´Éμ¢ ¢ Ë¨§¨±¥
Ô²¥³¥´É ·´ÒÌ Î ¸É¨Í. �¤´¨³ ¨§ ¨Ì ¶·¥¨³ÊÐ¥¸É¢ Ö¢²Ö¥É¸Ö ³ ²μ¥ ¢·¥³Ö ´ · ¸É ´¨Ö ¸¨£-
´ ²  τrise, · ¢´μ¥ ´¥¸±μ²Ó±¨³ ´ ´μ¸¥±Ê´¤ ³. …Ð¥ μ¤´μ ´¥³ ²μ¢ ¦´μ¥ μ¡¸ÉμÖÉ¥²Ó¸É¢μ Å
ÔÉμ μÉ´μ¸¨É¥²Ó´μ ´¨§± Ö ¸Éμ¨³μ¸ÉÓ ³ É¥·¨ ² . ’ ±¨¥ ¸Í¨´É¨²²ÖÉμ·Ò ¨§£μÉ ¢²¨¢ ÕÉ¸Ö,
± ± ¶· ¢¨²μ, ¢ ¢¨¤¥ ¤²¨´´μ³¥·´ÒÌ (¤μ ´¥¸±μ²Ó±¨Ì ³¥É·μ¢) ¶² ¸É¨´ · §²¨Î´μ£μ ¸¥Î¥-
´¨Ö [1, 2]. ‘Ñ¥³ ¸¢¥É  μ¡ÒÎ´μ ¶·μ¨¸Ìμ¤¨É ¸ ¶μ³μÐÓÕ ¸¶¥±É·μ¸³¥Ð ÕÐ¨Ì ¢μ²μ±μ´
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’ ¡²¨Í  1. • · ±É¥·¨¸É¨±¨ ´ ¶μ²´¨É¥²¥°, ¨¸¶μ²Ó§μ¢ ´´ÒÌ ¢ ¤ ´´μ° · ¡μÉ¥

� · ³¥É·

� ¶μ²´¨É¥²Ó

„¨¸É¨²²¨·μ- ‚μ¤´Ò° · ¸É¢μ· “”-±²¥° Š ÊÎÊ±

¢ ´´ Ö ¢μ¤  £²¨Í¥·¨´  ®‘¶¥±É·- ´¨§±μ³μ²¥±Ê²Ö·´Ò°
Š-59-��¯ ®‘Š’�-Œ…„¯ ³ ·±¨ …

�μ± § É¥²Ó
¶·¥²μ³²¥´¨Ö (20 ◦‘) 1,333 1,388 1,460 1,606

„¨´ ³¨Î¥¸± Ö
¢Ö§±μ¸ÉÓ, ³�  · ¸ 1 20 20 10 000

�·¨³¥Î ´¨¥ 43%-° · ¸É¢μ· ˆ¸¶μ²Ó§μ¢ ² ¸Ó
μ¤´  ±μ³¶μ´¥´É 
¡¥§ μÉ¢¥·¤¨É¥²Ö

(WLS), ±μÉμ·Ò¥ ¶μ£²μÐ ÕÉ ¸¢¥É, ¨§²ÊÎ ¥³Ò° ³ É¥·¨ ²μ³ ¸Í¨´É¨²²ÖÉμ· , ¨ ¶¥·¥¨§²ÊÎ ÕÉ
¥£μ ¢ ¤¨ ¶ §μ´¥, ¡²¨§±μ³ ± ³ ±¸¨³Ê³Ê ¸¶¥±É· ²Ó´μ° ÎÊ¢¸É¢¨É¥²Ó´μ¸É¨ ËμÉμ¶·¨¥³´¨± .
— ¸Éμ WLS-¢μ²μ±´  Ë¨±¸¨·ÊÕÉ¸Ö ¸ ¶μ³μÐÓÕ μ¶É¨Î¥¸±μ£μ ±²¥Ö ´  μ¤´μ° ¨§ £· ´¥° ¶μ
¢¸¥° ¤²¨´¥ ¸Í¨´É¨²²ÖÉμ·  [3].

�¤´ ±μ ¡μ²¥¥ É¥Ì´μ²μ£¨Î´Ò³ ·¥Ï¥´¨¥³ ¤²Ö · §³¥Ð¥´¨Ö ¢μ²μ±μ´ Ö¢²Ö¥É¸Ö ¸μ§¤ ´¨¥
Ô±¸É·Ê¤¨·μ¢ ´´ÒÌ ¸Í¨´É¨²²ÖÉμ·μ¢ ¸ μÉ¢¥·¸É¨Ö³¨, ¶·μÌμ¤ÖÐ¨³¨ ¢´ÊÉ·¨ ¸Í¨´É¨²²ÖÉμ· 
¶μ ¢¸¥° ¥£μ ¤²¨´¥ [4, 5]. �¡ÒÎ´μ ¤¨ ³¥É· μÉ¢¥·¸É¨Ö ¢ 2Ä3 · §  ¶·¥¢ÒÏ ¥É ¤¨ ³¥É·
¢μ²μ±´ . ‚ É ±¨Ì ¸Í¨´É¨²²ÖÉμ· Ì WLS-¢μ²μ±´  ¢¸É ¢²ÖÕÉ¸Ö ¢ μÉ¢¥·¸É¨Ö ¨ ¸¢¥É ¨§ ¸Í¨´-
É¨²²ÖÉμ·  § Ì¢ ÉÒ¢ ¥É¸Ö ¨³¨ Î¥·¥§ ¢μ§¤ÊÏ´Ò° § §μ·.

�·¨ ¨¸¶μ²Ó§μ¢ ´¨¨ ¤μ¸É ÉμÎ´μ ¤²¨´´ÒÌ ¸Í¨´É¨²²ÖÍ¨μ´´ÒÌ ¸É·¨¶μ¢ ¸ WLS-¢μ²μ±-
´ ³¨, ¢¸É ¢²¥´´Ò³¨ ¢ μÉ¢¥·¸É¨Ö, ³μ¦¥É μ± § ÉÓ¸Ö ´¥¤μ¸É ÉμÎ´Ò³ ±μ²¨Î¥¸É¢μ ¸¢¥É , ¶μ-
¸ÉÊ¶ ÕÐ¥£μ ´  ËμÉμ¶·¨¥³´¨±. ‚±²¥¨¢ ´¨¥ ¢μ²μ±μ´ ¢´ÊÉ·¨ μÉ¢¥·¸É¨° ³μ¦¥É Ê¢¥²¨Î¨ÉÓ
¸¢¥Éμ¸¡μ· [4]. �¤´ ±μ ¢Ò¸μ± Ö ¢Ö§±μ¸ÉÓ ¨ μ£· ´¨Î¥´´μ¥ ¢·¥³Ö ¨¸¶μ²Ó§μ¢ ´¨Ö ¤¢ÊÌ±μ³-
¶μ´¥´É´μ£μ ±²¥Ö ¤¥² ÕÉ § ¤ ÎÊ § ¶μ²´¥´¨Ö μÉ¢¥·¸É¨° É·Ê¤´μ ¢Ò¶μ²´¨³μ°. �¥Ï¥´¨¥³ ¢
É ±μ° ¸¨ÉÊ Í¨¨ ³μ¦¥É ¡ÒÉÓ § ¶μ²´¥´¨¥ μÉ¢¥·¸É¨° ¸Í¨´É¨²²ÖÉμ·μ¢ ¶μ¤Ìμ¤ÖÐ¨³¨ ¦¨¤-
±μ¸ÉÖ³¨ ¸ ´¨§±μ° ¢Ö§±μ¸ÉÓÕ ¨²¨ ¨¸¶μ²Ó§μ¢ ´¨¥ μ¶É¨Î¥¸±¨Ì ±²¥¥¢ ¡¥§ μÉ¢¥·¤¨É¥²Ö, ÎÉμ
¸´¨³ ¥É Ê¸²μ¢¨¥ ¶μ ¢·¥³¥´¨ (¸±μ·μ¸É¨) § ± Î±¨. ‚ ¤ ´´μ° · ¡μÉ¥ ³Ò ¶·¥¤¸É ¢²Ö¥³ ·¥-
§Ê²ÓÉ ÉÒ É¥¸Éμ¢ ¸ · §²¨Î´Ò³¨ ´ ¶μ²´¨É¥²Ö³¨. 	Ò²¨ ¢Ò¡· ´Ò Î¥ÉÒ·¥ ¢¨¤  ´ ¶μ²´¨É¥-
²¥°: ¤¨¸É¨²²¨·μ¢ ´´ Ö ¢μ¤ , ¢μ¤´Ò° · ¸É¢μ· £²¨Í¥·¨´ , “”-±²¥° ¸¢¥·Ì´¨§±μ° ¢Ö§±μ¸É¨
®‘¶¥±É·-Š-59-��¯ [6] ¨ ± ÊÎÊ± ´¨§±μ³μ²¥±Ê²Ö·´Ò° ®‘Š’�-Œ…„¯ ³ ·±¨ … [7]. ˆÌ Ì -
· ±É¥·¨¸É¨±¨ ¶·¨¢¥¤¥´Ò ¢ É ¡². 1. ‘²¥¤Ê¥É μÉ³¥É¨ÉÓ, ÎÉμ ´  ¤ ´´μ³ ÔÉ ¶¥ ¨¸¸²¥¤μ¢ ´¨°
¢Ò¡μ· ´ ¶μ²´¨É¥²¥° ¶·μ¨§¢μ¤¨²¸Ö ¡¥§ ÊÎ¥É  ¨Ì · ¤¨ Í¨μ´´μ° ¸Éμ°±μ¸É¨ ¨ ¢μ§³μ¦´ÒÌ
Ì¨³¨Î¥¸±¨Ì ¢μ§¤¥°¸É¢¨° ´  ¸Í¨´É¨²²ÖÉμ·.

��ˆ���› ˆ Œ�’…�ˆ�‹›

’¥¸ÉÒ ¶·μ¢μ¤¨²¨¸Ó ¸ μ¡· §Í ³¨ ¸Í¨´É¨²²ÖÍ¨μ´´ÒÌ ¸É·¨¶μ¢ É·¥Ê£μ²Ó´μ£μ ¸¥Î¥´¨Ö
(¡ §  33 ³³, ¢Ò¸μÉ  17 ³³) ¤²¨´μ° 50 ¸³, ¸ ¶·μ¤μ²Ó´Ò³¨ μÉ¢¥·¸É¨Ö³¨ ¤¨ ³¥É·μ³ 2,6 ³³,
¶·μ¨§¢¥¤¥´´Ò³¨ ¢ ˆ‘Œ� (• ·Ó±μ¢, “±· ¨´ ). ‘É·¨¶Ò ¨§£μÉμ¢²¥´Ò ³¥Éμ¤μ³ Ô±¸É·Ê§¨¨
¨§ ¶μ²¨¸É¨·μ²  ¸ ¤μ¡ ¢± ³¨ 2% PTP ¨ 0,03 % POPOP ¸ μ¤´μ¢·¥³¥´´Ò³ ¶μ±·ÒÉ¨¥³ ¸¢¥-
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�¨¸. 1. �¡· §ÍÒ ¸Í¨´É¨²²ÖÍ¨μ´´ÒÌ ¸É·¨¶μ¢

�¨¸. 2. ’·¨££¥·´Ò° ¸Î¥ÉÎ¨± ´  μ¸´μ¢¥ SiPM SensL

ÉμμÉ· ¦ ÕÐ¨³ ¸²μ¥³ μ±¸¨¤  É¨É ´  (TiO2). ’μ·ÍÒ μ¡· §Íμ¢ ¡Ò²¨ μÉÏ²¨Ëμ¢ ´Ò ¨ ¶μ-
±·ÒÉÒ ¸²μ¥³ §¥·± ²Ó´μ£μ ³ °² · . ˆ¸¶μ²Ó§μ¢ ²μ¸Ó ¤¢ÊÌμ¡μ²μÎ¥Î´μ¥ ¸¶¥±É·μ¸³¥Ð ÕÐ¥¥
¢μ²μ±´μ ®Kuraray Y11 (200)¯ [8] ¤¨ ³¥É·μ³ 1,2 ³³, ±μÉμ·μ¥ Ë¨±¸¨·μ¢ ²μ¸Ó ¢ μÉ¢¥·¸É¨¨
¸ ¤¢ÊÌ ±μ´Íμ¢ ¸Í¨´É¨²²ÖÉμ·  ¶·¨ ¶μ³μÐ¨ ±²¥Ö. „²Ö § ± Î±¨ ´ ¶μ²´¨É¥²¥° ´  ¶μ¢¥·Ì´μ-
¸É¨ (¡ §¥) ¸É·¨¶μ¢ ¡Ò²¨ ¨§£μÉμ¢²¥´Ò μÉ¢¥·¸É¨Ö ¸ ·¥§Ó¡μ° ¨ ¶² ¸É¨±μ¢Ò¥ § £²ÊÏ±¨ ± ´¨³
(·¨¸. 1).

‚ ± Î¥¸É¢¥ ËμÉμ¶·¨¥³´¨±  ¨¸¶μ²Ó§μ¢ ²¸Ö ”�“ EMI 9814B ¸ ¤¨ ³¥É·μ³ ËμÉμ± Éμ¤ 
51 ³³. ’·¨££¥·´Ò¥ ¸Î¥ÉÎ¨±¨ ¢Ò¶μ²´¥´Ò ´  μ¸´μ¢¥ SiPM SensL · §³¥·μ³ 3 × 3 ³³ ¸μ
¸Í¨´É¨²²ÖÉμ·μ³ · §³¥· ³¨ 20 × 20 × 20 ³³ (·¨¸. 2). „ ´´Ò¥ ¸Î¥ÉÎ¨±¨ ¨³¥ÕÉ ¢ÒÌμ¤´Ò¥
¸¨£´ ²Ò ¢  ´ ²μ£μ¢μ³ ¨ Í¨Ë·μ¢μ³ Ëμ·³ É Ì.

“‘‹�‚ˆŸ 
Š‘�…�ˆŒ…�’�

ˆ§³¥·¥´¨Ö ¶·μ¢μ¤¨²¨¸Ó ¶ÊÉ¥³ ¸· ¢´¥´¨Ö ¸¢¥Éμ¸¡μ·  ¸ μ¤´¨Ì ¨ É¥Ì ¦¥ ¸É·¨¶μ¢ ®¢¸Ê-
ÌÊÕ¯ (¡¥§ ´ ¶μ²´¨É¥²Ö) ¨ ´ ¶μ²´¥´´ÒÌ μ¶·¥¤¥²¥´´μ° ¦¨¤±μ¸ÉÓÕ ¶·¨ ¶·μÌμ¦¤¥´¨¨ Î¥·¥§
´¨Ì ±μ¸³¨Î¥¸±¨Ì ³Õμ´μ¢. ‘¢¥É ¸μ¡¨· ²¸Ö Éμ²Ó±μ ¸ ¢μ²μ±´ , ¨³¥ÕÐ¥£μ μ¶É¨Î¥¸±¨° ±μ´-
É ±É ¸ μ±´μ³ ”�“ Î¥·¥§ μ¶É¨Î¥¸±ÊÕ ¸³ §±Ê. ‚ ± Î¥¸É¢¥ É·¨££¥·  ±μ¸³¨Î¥¸±¨Ì ³Õμ´μ¢
¨¸¶μ²Ó§μ¢ ²¨¸Ó ¤¢¥ ¶ ·Ò ¸Î¥ÉÎ¨±μ¢, É. ¥. ¸¶¥±É·Ò ´ ¡¨· ²¨¸Ó ¢ ¤¢ÊÌ ÉμÎ± Ì μ¤´μ¢·¥³¥´´μ
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�¨¸. 3. ‘Ì¥³  · ¸¶μ²μ¦¥´¨Ö Ô²¥³¥´Éμ¢

(·¨¸. 3). ‘Í¨´É¨²²ÖÉμ·Ò É·¨££¥·´ÒÌ ¸Î¥ÉÎ¨±μ¢ Õ¸É¨·μ¢ ²¨¸Ó ¶μ Í¥´É·Ê ¶μ¶¥·¥± ¸É·¨¶ ,
¶¥·¥±·Ò¢ Ö É ±¨³ μ¡· §μ³ ¶²μÐ ¤Ó 20× 20 ³³ ¨¸¸²¥¤Ê¥³μ£μ ¸É·¨¶ . � ¶μ²´¨É¥²¨ § ± -
Î¨¢ ²¨¸Ó ¢ μÉ¢¥·¸É¨Ö ¤¢Ê³Ö ¸¶μ¸μ¡ ³¨: ¦¨¤±¨¥ (¢μ¤ , £²¨Í¥·¨´ ¨ “”-±²¥°) Å ¢·ÊÎ´ÊÕ, ¸
¶μ³μÐÓÕ Ï¶·¨Í ; ¢Ö§±¨° ± ÊÎÊ± Å ¸ ¨¸¶μ²Ó§μ¢ ´¨¥³ ±μ³¶·¥¸¸μ·  ¨ ¤μ§ Éμ·  ¤ ¢²¥´¨Ö
(¸³. ¤ ²¥¥).

„²Ö μ¶·¥¤¥²¥´¨Ö ±μ²¨Î¥¸É¢  ¸μ¡¨· ¥³μ£μ ¸¢¥É  ¢ ËμÉμÔ²¥±É·μ´ Ì ¨¸¶μ²Ó§μ¢ ²¸Ö ³¥-
Éμ¤  ¡¸μ²ÕÉ´μ° ± ²¨¡·μ¢±¨ [9]. ’ ± ± ± ¶·μ¡¥£ ±μ¸³¨Î¥¸±¨Ì ³Õμ´μ¢ ¢ ¢¥Ð¥¸É¢¥ ¸Í¨´-
É¨²²ÖÉμ·  ¸¨²Ó´μ · §²¨Î ¥É¸Ö (μÉ 4 ³³ ¤μ · §³¥·  ± É¥É  24 ³³ ¤²Ö ´μ·³ ²Ó´μ ¶ ¤ ÕÐ¨Ì
³Õμ´μ¢) ¢¢¨¤Ê É·¥Ê£μ²Ó´μ£μ ¸¥Î¥´¨Ö, ¸¶¥±É· ¸¨£´ ²μ¢ Ï¨·¥, Î¥³ ¢ ¸²ÊÎ ¥ ¸É·¨¶  ¶·Ö³μ-
Ê£μ²Ó´μ£μ ¸¥Î¥´¨Ö (·¨¸. 4).

‘¨¸É¥³  ¸¡μ·  ¤ ´´ÒÌ (·¨¸. 5) ¡Ò²  ·¥ ²¨§μ¢ ´  ¸²¥¤ÊÕÐ¨³ μ¡· §μ³. ‘¨£´ ²Ò μÉ
¤¢ÊÌ ¶ · É·¨££¥·´ÒÌ ¸Î¥ÉÎ¨±μ¢ ¶μ¸²¥ ¶·μÌμ¦¤¥´¨Ö ±μ³¶ · Éμ·  ¨ ¶μ¶ ·´μ ¸Ì¥³Ò ¸μ¢¶ -
¤¥´¨Ö ¸Ê³³¨·μ¢ ²¨¸Ó ¨ ¶μ¤ ¢ ²¨¸Ó ´  ¢Ìμ¤ £¥´¥· Éμ·  ¢μ·μÉ. ’μÉ ¢ ¸¢μÕ μÎ¥·¥¤Ó £¥´¥·¨-
·μ¢ ² ¸¨£´ ² ¸ μ¶·¥¤¥²¥´´μ° ¤²¨É¥²Ó´μ¸ÉÓÕ (¸É·μ¡-¨³¶Ê²Ó¸) ´  ¢Ìμ¤ § ·Ö¤μ¢μ-Í¨Ë·μ¢μ£μ

�¨¸. 4. ’¨¶¨Î´Ò° ¸¶¥±É· ±μ¸³¨Î¥¸±¨Ì ³Õμ´μ¢ ¤²Ö ¸Í¨´É¨²²ÖÍ¨μ´´μ£μ ¸É·¨¶  É·¥Ê£μ²Ó´μ£μ ¸¥Î¥-

´¨Ö
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�¨¸. 5. ‘¨¸É¥³  ¸¡μ·  ¤ ´´ÒÌ

¶·¥μ¡· §μ¢ É¥²Ö (‡–� LeCroy 2249W), É¥³ ¸ ³Ò³ § ¶Ê¸± Ö ¶·μÍ¥¸¸ μ¡· ¡μÉ±¨ ¸¨£´ ² ,
¶μ¸ÉÊ¶ ÕÐ¥£μ ¸ μ¸´μ¢´μ£μ ”�“. �¤´μ¢·¥³¥´´μ £¥´¥·¨·μ¢ ²¸Ö § ¶·¥É ´  ¶μ¸ÉÊ¶²¥´¨¥
μÎ¥·¥¤´ÒÌ ¸¨£´ ²μ¢. �Í¨Ë·μ¢ ´´Ò¥ ¸¨£´ ²Ò ¸ ‡–� ¸Î¨ÉÒ¢ ²¨¸Ó �‚Œ, ¢Ìμ¤´μ° ·¥£¨¸É·
Ê± §Ò¢ ² ¸· ¡μÉ ¢ÏÊÕ ¶ ·Ê É·¨££¥·´ÒÌ ¸Î¥ÉÎ¨±μ¢.

Œ…’�„› ‡�Š�—Šˆ ����‹�ˆ’…‹…‰

Š ± ¡Ò²μ ¸± § ´μ ¢ÒÏ¥, ¤²Ö § ± Î±¨ ¢μ¤Ò, £²¨Í¥·¨´  ¨ “”-±²¥Ö ¢ μ¡· §¥Í ¸Í¨´É¨²-
²ÖÍ¨μ´´μ£μ ¸É·¨¶  ³Ò ¨¸¶μ²Ó§μ¢ ²¨ μ¡ÒÎ´Ò° Ï¶·¨Í ¨ ¶·μ§· Î´ÊÕ É·Ê¡μÎ±Ê. ˜¶·¨Í
¶μ¤¸μ¥¤¨´Ö²¨ ± ¶¥·¢μ³Ê μÉ¢¥·¸É¨Õ,   É·Ê¡μÎ±Ê ¢¸É ¢²Ö²¨ ¢μ ¢Éμ·μ¥ μÉ¢¥·¸É¨¥ ¨ ¢Ò¤ ¢²¨-
¢ ²¨ ¸μ¤¥·¦¨³μ¥ ¤μ É¥Ì ¶μ·, ¶μ±  ¦¨¤±μ¸ÉÓ ´¥ ´ Î¨´ ²  ¢ÒÉ¥± ÉÓ ¨§ É·Ê¡μÎ±¨. �·μÍ¥¸¸
¶·μ¤μ²¦ ²¨, ¶μ±  ´¥ ¢Ò°¤ÊÉ ¢¸¥ ¶Ê§Ò·Ó±¨ ¢μ§¤ÊÌ . ‚ ±μ´Í¥ ¢ μÉ¢¥·¸É¨Ö § ±·ÊÎ¨¢ ²¨
¶² ¸É¨±μ¢Ò¥ § £²ÊÏ±¨.

‚ ¸²ÊÎ ¥ ¢Ö§±μ£μ ± ÊÎÊ±  ¨¸¶μ²Ó§μ¢ ²¸Ö ±μ³³¥·Î¥¸±¨° ±μ³¶·¥¸¸μ· ¤²Ö ¶μ¤ Î¨ ¢μ§¤ÊÌ 
± ¤μ§ Éμ·Ê Ë¨·³Ò ®Fisnar¯ [10] ¨ ¤ ²¥¥ ¢ ¸μ¸Ê¤ ¸ ¦¨¤±¨³ ± ÊÎÊ±μ³. �¶ÒÉ´Ò³ ¶ÊÉ¥³
¡Ò²μ ¶μ¤μ¡· ´μ ¨§¡ÒÉμÎ´μ¥ ¤ ¢²¥´¨¥ ¢ ¤μ§ Éμ·¥ ¢ 0,2  É³. Š ÊÎÊ± ¶μ¤ ¢μ§¤¥°¸É¢¨¥³
É ±μ£μ ³ ²μ£μ ¶μ¸ÉμÖ´´μ£μ ¤ ¢²¥´¨Ö ³¥¤²¥´´μ ¢Ò¤ ¢²¨¢ ²¸Ö ¢ É·Ê¡μÎ±Ê, ¸μ¥¤¨´¥´´ÊÕ ¸
μÉ¢¥·¸É¨¥³ ¸Í¨´É¨²²ÖÍ¨μ´´μ£μ ¸É·¨¶ . �  § ¶μ²´¥´¨¥ μÉ¢¥·¸É¨Ö ¸É·¨¶  ¤²¨´μ° 50 ¸³
ÊÌμ¤¨²μ 30 ³¨´. � ³¨ ¡Ò²¨ ¶·μ¢¥¤¥´Ò ¶·¥¤¢ ·¨É¥²Ó´Ò¥ μ¶ÒÉÒ ¸ μ¡· §Í ³¨ ¸É·¨¶μ¢ ¡¥§
¸²μÖ TiO2. �¥§Ê²ÓÉ ÉÒ ¶μ± § ²¨ Ìμ·μÏ¥¥ § ¶μ²´¥´¨¥ μÉ¢¥·¸É¨Ö ¸ μÉ¸ÊÉ¸É¢¨¥³ ¶Ê§Ò·Ó±μ¢
¢μ§¤ÊÌ . ƒ¥·³¥É¨§ Í¨Õ μÉ¢¥·¸É¨° ¶μ¸²¥ § ± Î±¨ ± ÊÎÊ±  ¶·μ¢μ¤¨²¨ ¶ÊÉ¥³ § ± ¶Ò¢ ´¨Ö
³ ²μ£μ ±μ²¨Î¥¸É¢  μÉ¢¥·¤¨É¥²Ö ¢ μ¡  μÉ¢¥·¸É¨Ö.

�…‡“‹œ’�’›

ˆÉμ£μ¢Ò¥ ·¥§Ê²ÓÉ ÉÒ ¶μ¢ÒÏ¥´¨Ö ¸¢¥Éμ¸¡μ·  ¶μ ± ¦¤μ³Ê ´ ¶μ²´¨É¥²Õ ¶·¥¤¸É ¢²¥´Ò
¢ É ¡². 2. ˆ§³¥·¥´¨Ö ¶·μ¢μ¤¨²¨¸Ó ¢ Î¥ÉÒ·¥Ì Ë¨±¸¨·μ¢ ´´ÒÌ ¶μ§¨Í¨ÖÌ, 13, 23, 33 ¨
43 ¸³ μÉ ¶²μ¸±μ¸É¨ μ±´  ”�“. „²Ö ± ¦¤μ° ¶μ§¨Í¨¨ ´ ¡¨· ²¸Ö ¸¶¥±É· ¸¨£´ ²μ¢ ¨ μ¶·¥-
¤¥²Ö²μ¸Ó ¸·¥¤´¥¥ §´ Î¥´¨¥ ËμÉμÔ²¥±É·μ´μ¢ ³¥Éμ¤μ³  ¡¸μ²ÕÉ´μ° ± ²¨¡·μ¢±¨. �¥§Ê²Ó-
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’ ¡²¨Í  2. ‘Ê³³ ·´μ¥ Ê¢¥²¨Î¥´¨¥ ¸¢¥Éμ¸¡μ·  ¶μ ± ¦¤μ³Ê ´ ¶μ²´¨É¥²Õ

� · ³¥É·
� ¶μ²´¨É¥²Ó

„¨¸É¨²²¨·μ- ‚μ¤´Ò° · ¸É¢μ· Š ÊÎÊ± “”-±²¥°
¢ ´´ Ö ¢μ¤  £²¨Í¥·¨´  ‘Š’� ®‘¶¥±É·¯

“¢¥²¨Î¥´¨¥
¸¢¥Éμ¸¡μ· , % 38 ± 6 43 ± 6 50 ± 5 36 ± 6

�¨¸. 6. ‘¢¥Éμ¸¡μ· ¸μ ¸É·¨¶μ¢ ¤²Ö · §²¨Î´ÒÌ ¢ ·¨ ´Éμ¢ ´ ¶μ²´¨É¥²Ö. Š·Ê¦±¨ Å ¡¥§ ´ ¶μ²´¨É¥²Ö;
±¢ ¤· ÉÒ Å ¸ ´ ¶μ²´¨É¥²¥³

É ÉÒ ¨§³¥·¥´¨° ¶·¥¤¸É ¢²¥´Ò ´  ·¨¸. 6. �μ²ÊÎ¥´´Ò¥ ¤ ´´Ò¥ Ë¨É¨·μ¢ ²¨¸Ó ËÊ´±Í¨¥°
f(x) = exp(p0 + p1x).

„ ´´Ò¥ ¡¥§ ´ ¶μ²´¨É¥²Ö μ¡μ§´ Î¥´Ò ±·Ê¦± ³¨, ¤ ´´Ò¥ ¸ ¸μμÉ¢¥É¸É¢ÊÕÐ¨³ ´ ¶μ²-
´¨É¥²¥³ Å ±¢ ¤· É ³¨. �Î¥·¥¤´μ¸ÉÓ £· Ë¨±μ¢ ¶·¥¤¸É ¢²¥´  ¸²¥¤ÊÕÐ¨³ μ¡· §μ³ (¸²¥¢ 
´ ¶· ¢μ, ¸¢¥·ÌÊ ¢´¨§): ¤¨¸É¨²²¨·μ¢ ´´ Ö ¢μ¤ , ¢μ¤´Ò° · ¸É¢μ· £²¨Í¥·¨´ , “”-±²¥° ¨
´¨§±μ³μ²¥±Ê²Ö·´Ò° ± ÊÎÊ±.
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‚ ·¥§Ê²ÓÉ É¥ ¢¸¥ Î¥ÉÒ·¥ ¦¨¤±μ¸É¨ ¤ ²¨ Ê¢¥²¨Î¥´¨¥ ¸¢¥Éμ¸¡μ·  ¢ ¨´É¥·¢ ²¥ 36Ä50%
¶μ ¸· ¢´¥´¨Õ ¸μ ¸É·¨¶μ³ ¡¥§ ´ ¶μ²´¥´¨Ö. � ¨¡μ²ÓÏ¥¥ Ê¢¥²¨Î¥´¨¥ ¸¢¥Éμ¸¡μ·  ¶·μ¤¥-
³μ´¸É·¨·μ¢ ² ± ÊÎÊ± ´¨§±μ³μ²¥±Ê²Ö·´Ò° ®‘Š’�-Œ…„¯ ³ ·±¨ … (±·Ê¦±¨).

ˆ’�ƒˆ

�·μÉ¥¸É¨·μ¢ ´Ò μ¡· §ÍÒ Ô±¸É·Ê¤¨·μ¢ ´´ÒÌ ¸Í¨´É¨²²ÖÍ¨μ´´ÒÌ ¸É·¨¶μ¢ ¸ ¶·μ¤μ²Ó-
´Ò³¨ μÉ¢¥·¸É¨Ö³¨ ¨ ¢¸É ¢²¥´´Ò³¨ ¢´ÊÉ·Ó WLS-¢μ²μ±´ ³¨ ´  ¶·¥¤³¥É Ê¢¥²¨Î¥´¨Ö ¸¢¥-
Éμ¸¡μ·  ¶·¨ ¨¸¶μ²Ó§μ¢ ´¨¨ · §²¨Î´ÒÌ μ¶É¨Î¥¸±¨Ì ´ ¶μ²´¨É¥²¥°.

	Ò²¨ ¨¸¸²¥¤μ¢ ´Ò Î¥ÉÒ·¥ ¢¨¤  ´ ¶μ²´¨É¥²¥°: ¤¨¸É¨²²¨·μ¢ ´´ Ö ¢μ¤ , ¢μ¤´Ò° · ¸-
É¢μ· £²¨Í¥·¨´ , “”-±²¥° ¸¢¥·Ì´¨§±μ° ¢Ö§±μ¸É¨ ®‘¶¥±É·-Š-59-��¯ ¨ ± ÊÎÊ± ´¨§±μ³μ²¥-
±Ê²Ö·´Ò° ®‘Š’�-Œ…„¯ ³ ·±¨ ….

� §· ¡μÉ ´ ¨ ¨¸¶ÒÉ ´ ³¥Éμ¤ § ± Î±¨ ´ ¶μ²´¨É¥²Ö ¢Ö§±μ¸ÉÓÕ ¡μ²¥¥ 10 �  · ¸ ¢ μÉ-
¢¥·¸É¨Ö ¸É·¨¶μ¢ ¤¨ ³¥É·μ³ 2,6 ³³ ¶μ¸²¥ · §³¥Ð¥´¨Ö ¢ ´¨Ì ¸¶¥±É·μ¸³¥Ð ÕÐ¨Ì ¢μ²μ±μ´
¤¨ ³¥É·μ³ 1,2 ³³. ‚·¥³Ö § ¶μ²´¥´¨Ö ¸μ¸É ¢¨²μ 30 ³¨´ ¤²Ö μ¡· §Í  ¸É·¨¶  ¤²¨´μ° 50 ¸³.

‡ ¶μ²´¥´¨¥ μÉ¢¥·¸É¨° ¢ ¸Í¨´É¨²²ÖÍ¨μ´´ÒÌ ¸É·¨¶ Ì μ¶É¨Î¥¸±¨³¨ ¦¨¤±μ¸ÉÖ³¨ ¸ ´¨§-
±μ° ¢Ö§±μ¸ÉÓÕ,   É ±¦¥ ¢Ö§±¨³¨ ±²¥Ö³¨ ¡¥§ ¤μ¡ ¢²¥´¨Ö μÉ¢¥·¤¨É¥²Ö (´ ¶·¨³¥·, ¢ ¸²ÊÎ ¥
¸ ± ÊÎÊ±μ³ ®‘Š’�-Œ…„¯ ³ ·±¨ …) ¸ Í¥²ÓÕ Ê¢¥²¨Î¥´¨Ö ¸¢¥Éμ¢ÒÌμ¤  Ö¢²Ö¥É¸Ö Ìμ·μ-
Ï¥°  ²ÓÉ¥·´ É¨¢μ° ¢±²¥¨¢ ´¨Õ ¢μ²μ±μ´, ±μÉμ·μ¥ μ¸μ¡¥´´μ ¶·μ¡²¥³ É¨Î´μ ¤²Ö ¤²¨´´ÒÌ
¸Í¨´É¨²²ÖÍ¨μ´´ÒÌ ¸É·¨¶μ¢.

�μ± § ´μ, ÎÉμ ¶·¨³¥´¥´¨¥ · §²¨Î´ÒÌ ¦¨¤±¨Ì ´ ¶μ²´¨É¥²¥° ³¥¦¤Ê ¶μ¢¥·Ì´μ¸ÉÓÕ
WLS-¢μ²μ±´  ¨ ³ É¥·¨ ²μ³ ¸Í¨´É¨²²ÖÉμ·  ¤ ¥É Ê¢¥²¨Î¥´¨¥ ¸¢¥Éμ¢ÒÌμ¤  ¢ ¨´É¥·¢ ²¥
36Ä50% ¶μ ¸· ¢´¥´¨Õ ¸ μ¡· §Í ³¨, ¨¸¶μ²Ó§ÊÕÐ¨³¨ ¢μ§¤ÊÏ´Ò° § §μ·.
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