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ˆ´¸É¨ÉÊÉ Ë¨§¨±¨ ¢Ò¸μ±¨Ì Ô´¥·£¨° � Í¨μ´ ²Ó´μ£μ ¨¸¸²¥¤μ¢ É¥²Ó¸±μ£μ Í¥´É· 

®ŠÊ·Î Éμ¢¸±¨° ¨´¸É¨ÉÊÉ¯, �·μÉ¢¨´μ, �μ¸¸¨Ö

�·¨¢μ¤ÖÉ¸Ö ·¥§Ê²ÓÉ ÉÒ ¨§³¥·¥´¨° Ì · ±É¥·¨¸É¨± 40-¸³ ¨ 2-³ ¸Í¨´É¨²²ÖÍ¨μ´´ÒÌ
¸Î¥ÉÎ¨±μ¢, μ¡²ÊÎ¥´´ÒÌ ¶ÊÎ±μ³ Î ¸É¨Í ¸ ¨³¶Ê²Ó¸μ³ 7 ƒÔ‚/c μÉ Ê¸±μ·¨É¥²Ö ˆ”‚�.
‚ ¸Î¥ÉÎ¨± Ì ¨¸¶μ²Ó§μ¢ ²¨¸Ó ¸Í¨´É¨²²ÖÉμ·Ò ‚‘-404 ¨ ‚‘-408, ±μÉμ·Ò¥ ®¶·μ¸³ É·¨-
¢ ²¨¸Ó¯ ¸ ¤¢ÊÌ ¸Éμ·μ´ ”�“ R1828-01. ‘¶¥±É·Ò ¸¨£´ ²μ¢ ”�“ Ìμ·μÏμ μ¶¨¸Ò¢ ÕÉ¸Ö
¸¢¥·É±μ° · ¸¶·¥¤¥²¥´¨° ‹ ´¤ Ê ¨ ƒ Ê¸¸ . ˆÌ Ï¨·¨´  μ¶·¥¤¥²Ö¥É¸Ö, ¢ μ¸´μ¢´μ³, Ë²Ê±-
ÉÊ Í¨Ö³¨ ¨μ´¨§ Í¨μ´´ÒÌ ¶μÉ¥·Ó Ô´¥·£¨¨. ‚·¥³¥´´Ò¥ · ¸¶·¥¤¥²¥´¨Ö ¸¨£´ ²μ¢ ¸²¥¤ÊÕÉ
§ ±μ´Ê ƒ Ê¸¸ . „²Ö 40-¸³ ¸Î¥ÉÎ¨±  ¢·¥³¥´´μ¥ · §·¥Ï¥´¨¥ ¸μ¸É ¢²Ö¥É σ(T ) = 88 ¶¸,  
¤²Ö 2-³ ¸Î¥ÉÎ¨±  ¨§³¥´Ö¥É¸Ö μÉ 120Ä160 ¶¸ ¢ ¥£μ Í¥´É·¥ ¨ ¤μ ∼ 100 ¶¸ ¢¡²¨§¨ ±· Ö.

The results of 40-cm and 2-m scintillation counters studies in the 7 GeV/c particle
beam from the IHEP accelerator are reported. BC-404 and BC-408 scintillators viewed
from both ends by R1828-01 PMTs were used. PMT signal spectra are well described by
a convolution of the Landau and Gaussian distributions. Their widths are mainly due to
the 	uctuations of the ionization energy losses. Time spectra are described by Gaussian.
Time resolution for 40-cm counter is σ(T ) = 88 ps and for 2-m varies from 120Ä160 ps
at the center to ∼ 100 ps near the end.

PACS: 29.40.Mc
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‚ ˆ”‚� (�·μÉ¢¨´μ) ¶² ´¨·Ê¥É¸Ö ¶·μ¢¥¸É¨ ¶·¥Í¨§¨μ´´Ò¥ ¨§³¥·¥´¨Ö Ê¶-
·Ê£μ£μ · ¸¸¥Ö´¨Ö ¶¨μ´μ¢, ± μ´μ¢ ¨ ¶·μÉμ´μ¢ ´  ¶·μÉμ´ Ì ¨ Ö¤· Ì [1]. ‚ ¦-
´¥°Ï¨³ Ô²¥³¥´Éμ³ Ô±¸¶¥·¨³¥´É ²Ó´μ° Ê¸É ´μ¢±¨ Ö¢²Ö¥É¸Ö ¸¨¸É¥³  TOF
(Time-of-Flight), ¶·¥¤´ §´ Î¥´´ Ö ¤²Ö ¨§³¥·¥´¨Ö Ô´¥·£¨¨ ¨ ¨¤¥´É¨Ë¨± Í¨¨
Î ¸É¨Í μÉ¤ Î¨. �´  ¸μ¸Éμ¨É ¨§ ¸Í¨´É¨²²ÖÍ¨μ´´ÒÌ ¸Î¥ÉÎ¨±μ¢ Å 2 ®¶ÊÎ±μ¢ÒÌ¯
¨ 128 ¢μ±·Ê£ ³¨Ï¥´¨. ‚ ´¨Ì ¶·¥¤¶μ² £ ¥É¸Ö ¨¸¶μ²Ó§μ¢ ÉÓ ¸Í¨´É¨²²ÖÉμ·Ò
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É¨¶  ‚‘-404 ¨²¨ ‚‘-408 Ë¨·³Ò Saint-Gobain [2]. � §³¥·Ò ¸Í¨´É¨²²ÖÉμ·μ¢
®¶ÊÎ±μ¢ÒÌ¯ ¸Î¥ÉÎ¨±μ¢ Å 40 × 6 × 1,27 ¸³,   ¸Î¥ÉÎ¨±μ¢ ¢μ±·Ê£ ³¨Ï¥´¨ Å
200 × 6 × 1,27 ¸³. ‚¸¥ ¸Í¨´É¨²²ÖÉμ·Ò ®¶·μ¸³ É·¨¢ ÕÉ¸Ö¯ ¸ ¤¢ÊÌ ¸Éμ·μ´
®¡Ò¸É·Ò³¨¯ ”�“ R1828-01 Ë¨·³Ò HAMAMATSU [3]. �¤´μ ¨§ μ¸´μ¢´ÒÌ
É·¥¡μ¢ ´¨° ± TOF Å ¢Ò¸μ±μ¥ ¢·¥³¥´´μ¥ · §·¥Ï¥´¨¥. „²Ö μ¶·¥¤¥²¥´¨Ö ÔÉμ°
¨ ¤·Ê£¨Ì Ì · ±É¥·¨¸É¨± ¸Î¥ÉÎ¨±μ¢ ¢ μ¡² ¸É¨ ·¥²ÖÉ¨¢¨¸É¸±¨Ì Ô´¥·£¨° ¡Ò²¨
¶·μ¢¥¤¥´Ò ¨§³¥·¥´¨Ö ´  ¶ÊÎ±¥ Î ¸É¨Í ¸ ¨³¶Ê²Ó¸μ³ 7 ƒÔ‚/c μÉ Ê¸±μ·¨É¥²Ö
ˆ”‚�. �¸´μ¢´Ò¥ ·¥§Ê²ÓÉ ÉÒ ÔÉ¨Ì ¨§³¥·¥´¨° ¶·¨¢¥¤¥´Ò ´¨¦¥.

��‘’���‚Š� �Š‘�…�ˆŒ…�’�

�ÊÎμ± Î ¸É¨Í ¸ ¨³¶Ê²Ó¸μ³ 7 ƒÔ‚/c ¸μ¸ÉμÖ² ¨§ ¶·μÉμ´μ¢ ¨ π+-³¥§μ´μ¢
¸ ´¥¡μ²ÓÏμ° ¶·¨³¥¸ÓÕ K+-³¥§μ´μ¢, ¶μ§¨É·μ´μ¢ ¨ ³Õμ´μ¢. �´ ¶·μÌμ¤¨²
Î¥·¥§ Í¥´É· ®¶ÊÎ±μ¢μ£μ¯ 40-¸³ ¸Î¥ÉÎ¨± . 2-³ ¸Î¥ÉÎ¨± · ¸¶μ² £ ²¸Ö £μ·¨§μ´-
É ²Ó´μ ´  ¶μ¤¢¨¦´μ° ¶² ÉËμ·³¥ ¨ ³μ£ ¶¥·¥³¥Ð ÉÓ¸Ö ¶μ¶¥·¥± ¶ÊÎ±  ¸ Ï -
£μ³ 10 ¸³. ‚ 40-¸³ ¸Î¥ÉÎ¨±¥ ¢Ìμ¤´Ò¥ μ±´  ”�“ ¶²μÉ´μ ¶·¨²¥£ ²¨ ± Éμ·Í ³
¸Í¨´É¨²²ÖÉμ·  ¡¥§ μ¶É¨Î¥¸±μ£μ ±μ´É ±É . „²Ö 2-³ ¸Î¥ÉÎ¨±  ¨§ÊÎ ²¨¸Ó ¤¢ 
¢ ·¨ ´É  Å ¸ μ¶É¨Î¥¸±¨³ ±μ´É ±Éμ³ ¨ ¡¥§ ´¥£μ.

ˆ´É¥´¸¨¢´μ¸ÉÓ ¶ÊÎ±  Î ¸É¨Í ¸μ¸É ¢²Ö²  ∼ 105 ¸−1. �´  ³μ´¨Éμ·¨·μ¢ -
² ¸Ó É·¥³Ö ¸Í¨´É¨²²ÖÍ¨μ´´Ò³¨ ¸Î¥ÉÎ¨± ³¨, ¸¨£´ ² ¸μ¢¶ ¤¥´¨° ±μÉμ·ÒÌ
Ö¢²Ö²¸Ö É·¨££¥·μ³. ‘Í¨´É¨²²ÖÉμ· ¶μ¸²¥¤´¥£μ ¸Î¥ÉÎ¨± , · ¸¶μ²μ¦¥´´μ£μ ¸· §Ê
§  ¨¸¸²¥¤Ê¥³Ò³, ¨³¥² · §³¥·Ò 7 ³³ ¶μ £μ·¨§μ´É ²¨ ¨ 25 ³³ ¶μ ¢¥·É¨± ²¨.
�´ μ¶·¥¤¥²Ö² ¶·μË¨²Ó ¶ÊÎ±  ·¥£¨¸É·¨·Ê¥³ÒÌ Î ¸É¨Í.

‘¨£´ ²Ò ¸μ ¢¸¥Ì ”�“ ¶μ ± ¡¥²Õ �Š-50-3-11 ¤²¨´μ° 30 ³ ¶¥·¥¤ ¢ -
²¨¸Ó ¢ 32-± ´ ²Ó´Ò° ³μ¤Ê²Ó V1742B ¶·¥μ¡· §μ¢ É¥²¥° �‚–� Ë¨·³Ò CAEN
(32+2 Channel 12 bit 5 GS/s Switched Capacitor Digitizer) [4] ¤²Ö μÍ¨Ë·μ¢±¨ ¸
Ï £μ³ 200 ¶¸.

�…‡“‹œ’�’› ˆ‡Œ…�…�ˆ‰: 40-‘Œ ‘—…’—ˆŠ

‚ ± Î¥¸É¢¥  ³¶²¨ÉÊ¤ A ¸¨£´ ²μ¢ 40-¸³ ¸Î¥ÉÎ¨±  ¨¸¶μ²Ó§μ¢ ²¨¸Ó ³ ±¸¨-
³ ²Ó´Ò¥ ¢¥²¨Î¨´Ò ¨³¶Ê²Ó¸μ¢ ¸ ”�“ (¸³. [5]). ˆÌ ¸¶¥±É· ¶μ± § ´ ´  ·¨¸. 1.
�´ Ìμ·μÏμ μ¶¨¸Ò¢ ¥É¸Ö ¸¢¥·É±μ° · ¸¶·¥¤¥²¥´¨° ‹ ´¤ Ê ¨ ƒ Ê¸¸  [6]. �  Éμ³
¦¥ ·¨¸Ê´±¥ ¶·¥¤¸É ¢²¥´μ · ¸¶·¥¤¥²¥´¨¥ μÉ´μÏ¥´¨Ö A1/A2  ³¶²¨ÉÊ¤ ¸¨£´ -
²μ¢ c ¤¢ÊÌ ”�“. �´μ ¸¢μ¡μ¤´μ μÉ Ë²Ê±ÉÊ Í¨° ¨μ´¨§ Í¨μ´´ÒÌ ¶μÉ¥·Ó Ô´¥·£¨¨
Eion ¨ ¶μÔÉμ³Ê ¸²¥¤Ê¥É § ±μ´Ê ƒ Ê¸¸ . …¸²¨ ¶·¥¤¶μ²μ¦¨ÉÓ, ÎÉμ ¤¨¸¶¥·¸¨Ö · ¸-
¶·¥¤¥²¥´¨Ö A1/A2 μ¶·¥¤¥²Ö¥É¸Ö Éμ²Ó±μ Ë²Ê±ÉÊ Í¨Ö³¨ Î¨¸²  Npe ËμÉμÔ²¥±-
É·μ´μ¢ ¨ ±¢ ´Éμ¢Ò¥ ¢ÒÌμ¤Ò ”�“ μ¤¨´ ±μ¢Ò, Éμ Npe = 2/σ2 = 162 ¨²¨ 62
´  1 ŒÔ‚ Eion.

�  ·¨¸. 2 ¶·¥¤¸É ¢²¥´μ · ¸¶·¥¤¥²¥´¨¥ · §´μ¸É¨ T1ÄT2 ¢·¥³¥´ ¶·¨Ìμ¤ 
¸¨£´ ²μ¢ ¸ ”�“ ¸Î¥ÉÎ¨± . ˆ§¢¥¸É´μ, ÎÉμ ¤¨¸¶¥·¸¨Ö ÔÉμ£μ · ¸¶·¥¤¥²¥´¨Ö § -
¢¨¸¨É μÉ Ê·μ¢´Ö Athr, ¶·¨ ±μÉμ·μ³ ¶·μ¨¸Ìμ¤¨É ¨§³¥·¥´¨¥ T . Š ± ¶μ± § ²¨



ˆ‘‘‹…„�‚��ˆ… •���Š’…�ˆ‘’ˆŠ ‘–ˆ�’ˆ‹‹Ÿ–ˆ���›• ‘—…’—ˆŠ�‚ 33

1400

1200

1000

800

600

400

200

0 0.2 0.4 0.6 0.8 1.0
A1, V

N
Entries 25124
Mean 0.427
RMS 0.103

0

1000

2000

3000

4000

N

0.4 0.8 1.2 1.6 2.0
A A1 2/

а б

Entries 25512
Mean 1.017
RMS 0.1334
���ndf 736.2/34
Constant 4442 36.7�
Mean 1.017 0.001�
Sigma 0.111 0.001�

�¨¸. 1. ‘¶¥±É·Ò  ³¶²¨ÉÊ¤ ¨ μÉ´μÏ¥´¨Ö  ³¶²¨ÉÊ¤ ¸¨£´ ²μ¢ ¸ ”�“ 40-¸³ ¸Î¥ÉÎ¨± ,
Ë¨É¨·μ¢ ´´Ò¥ ¸¢¥·É±μ° · ¸¶·¥¤¥²¥´¨° ‹ ´¤ Ê ¨ ƒ Ê¸¸  (a) ¨ ƒ Ê¸¸  (¡)
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�¨¸. 2. � ¸¶·¥¤¥²¥´¨¥ · §´μ¸É¨ T1−T2 ¶·¨ Athr/A = 0,075, Ë¨É¨·μ¢ ´´μ¥ ËÊ´±Í¨¥°
ƒ Ê¸¸ 

¨¸¸²¥¤μ¢ ´¨Ö, ³¨´¨³Ê³ σ(T1−T2) = 176 ¶¸ ¤μ¸É¨£ ¥É¸Ö ¶·¨ Athr = 0,075A.
…¸²¨ ¶·¨´ÖÉÓ σ1(T ) = σ2(T ), ÎÉμ ¶μ¤É¢¥·¦¤ ¥É¸Ö ¨§³¥·¥´´Ò³¨ · ¸¶·¥¤¥²¥-
´¨Ö³¨ T1ÄT0 ¨ T2ÄT0, £¤¥ T0 Å ¢·¥³Ö ¶·¨Ìμ¤  ¸¨£´ ²  ¸ ¶μ¸²¥¤´¥£μ É·¨£-
£¥·´μ£μ ¸Î¥ÉÎ¨± , ¨ ¶·¥´¥¡·¥ÎÓ ³ ²Ò³¨ ¶μ¶· ¢± ³¨, ¸¢Ö§ ´´Ò³¨ ¸ ¶μ¶¥·¥Î-
´Ò³ · §¡·μ¸μ³ Î ¸É¨Í ¢ ¶ÊÎ±¥, Éμ ¢¥·Ì´ÖÖ μÍ¥´±  ¢·¥³¥´´μ£μ · §·¥Ï¥´¨Ö
¸Î¥ÉÎ¨±  ¸μ¸É ¢¨É σ(T ) = σ(T1−T2)/2 = 88 ¶¸. ’ ± ± ± ¢ ¶² ´¨·Ê¥³μ³
Ô±¸¶¥·¨³¥´É¥ ¶μ ¨§³¥·¥´¨Õ Ê¶·Ê£μ£μ · ¸¸¥Ö´¨Ö ¶·¥¤¶μ² £ ¥É¸Ö ¨¸¶μ²Ó§μ¢ ÉÓ
¤¢  É ±¨Ì ¸Î¥ÉÎ¨± , ¸Ê³³ ·´ Ö ´¥μ¶·¥¤¥²¥´´μ¸ÉÓ ¢·¥³¥´´μ° ³¥É±¨ ¶ÊÎ±μ¢μ°
Î ¸É¨ÍÒ ¡Ê¤¥É ´¥ ¡μ²¥¥ 62 ¶¸, ÎÉμ ¢¶μ²´¥ ¶·¨¥³²¥³μ. ‚·¥³¥´´ Ö ¨´Ëμ·³ Í¨Ö
¤ ¥É É ±¦¥ ¢μ§³μ¦´μ¸ÉÓ μÍ¥´¨ÉÓ ¶·μ¤μ²Ó´ÊÕ ±μμ·¤¨´ ÉÊ x ¶ÊÎ±μ¢μ° Î ¸É¨ÍÒ
¸ ¶μ£·¥Ï´μ¸ÉÓÕ σ(x) = vxσ(T ) = 12 ³³, £¤¥ vx = 13,52 ¸³/´¸ Å ¸·¥¤´ÖÖ
¸±μ·μ¸ÉÓ · ¸¶·μ¸É· ´¥´¨Ö ¸Í¨´É¨²²ÖÍ¨μ´´μ£μ ¸¢¥É  ¢¤μ²Ó ¸Î¥ÉÎ¨±  [5].
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2-³ ¸Î¥ÉÎ¨±¨ ¡Ê¤ÊÉ ¨¸¶μ²Ó§μ¢ ÉÓ¸Ö ¤²Ö ¨§³¥·¥´¨Ö ¸±μ·μ¸É¨ Î ¸É¨Í μÉ¤ Î¨
¶μ ¢·¥³¥´¨ ¶·μ²¥É  ¨ ¨Ì Ô´¥·£¨¨ ¶μ ¢¥²¨Î¨´¥ Eion, ±μÉμ· Ö ¶·μ¶μ·Í¨μ´ ²Ó´ 
¨´É¥£· ²Ê ¸¨£´ ²  (§ ·Ö¤Ê) ¸ ”�“. �μÔÉμ³Ê  ¤¥±¢ É´μ°  ³¶²¨ÉÊ¤´μ° Ì · ±-
É¥·¨¸É¨±μ° ¤²Ö ´¨Ì Ö¢²Ö¥É¸Ö ¢¥²¨Î¨´  Q = ΔtΣVi, £¤¥ Δt = 0,2 ´¸ Å Ï £
μÍ¨Ë·μ¢±¨ ¸¨£´ ²  ”�“ ¨ Vi Å §´ Î¥´¨Ö  ³¶²¨ÉÊ¤ ¢ ‚ ¢ 200-¶¸ ¨´É¥·¢ ² Ì
± ´ ²  �‚–�. ‚ ´ ¸ÉμÖÐ¥° · ¡μÉ¥ μ´  ¢Ò· ¦ ¥É¸Ö ¢ ‚ ·´¸, 1 ‚ · ´¸ = 20 ¶Š²
¶·¨ ¢μ²´μ¢μ³ ¸μ¶·μÉ¨¢²¥´¨¨ ± ¡¥²Ö �Š-50-3-11 50 �³. ‘Ê³³¨·μ¢ ´¨¥ ¶·μ-
¢μ¤¨²μ¸Ó ¢ ¶·¥¤¥² Ì μÉ Ä10 ¤μ 55 ´¸. ‚ ÔÉμ³ ¨´É¥·¢ ²¥ ¸μ¤¥·¦¨É¸Ö ¡μ²¥¥ 99 %
¨´É¥£· ²  ¸¨£´ ²  ¤²Ö ¢¸¥Ì ¸Î¥ÉÎ¨±μ¢.

‘¶¥±É·Ò Qi (i = 1, 2) Ê¤μ¢²¥É¢μ·¨É¥²Ó´μ μ¶¨¸Ò¢ ÕÉ¸Ö ¸¢¥·É±μ° · ¸¶·¥-
¤¥²¥´¨° ‹ ´¤ Ê ¨ ƒ Ê¸¸ , ± ± ¨ ¤²Ö 40-¸³ ¸Î¥ÉÎ¨±  (¸³. ·¨¸. 1). ˆÌ ³μ¦´μ
Ì · ±É¥·¨§μ¢ ÉÓ ´ ¨¡μ²¥¥ ¢¥·μÖÉ´Ò³ §´ Î¥´¨¥³ Qmax ¨ ¶μ²´μ° Ï¨·¨´μ° w
´  ¶μ²Ê¢Ò¸μÉ¥. �·¨³¥·Ò § ¢¨¸¨³μ¸É¥° Qmax ¨ w μÉ ¶·μ¤μ²Ó´μ° ±μμ·¤¨´ ÉÒ
É·¥±  Î ¸É¨ÍÒ ¶·¥¤¸É ¢²¥´Ò ´  ·¨¸. 3 ¨ 4. �´¨ Ê¤μ¢²¥É¢μ·¨É¥²Ó´μ  ¶¶·μ±-
¸¨³¨·ÊÕÉ¸Ö ¸Ê³³μ° ¤¢ÊÌ Ô±¸¶μ´¥´É exp (p0 + p1x) + exp (p2 + p3x), £¤¥ pi Å
¸¢μ¡μ¤´Ò¥ ¶ · ³¥É·Ò.

‚ É ¡²¨Í¥ ¶·¨¢¥¤¥´Ò ¢¥²¨Î¨´Ò Qmax ¨ w/Qmax ¤²Ö Í¥´É·  ¸Î¥ÉÎ¨±  ¨
¥£μ ±· ¥¢ ¤²Ö ¢¸¥Ì É¨¶μ¢ 2-³ ¸Î¥ÉÎ¨±μ¢ ¨ μ¡μ¨Ì ”�“. ˆ§ É ¡²¨ÍÒ ¸²¥¤Ê¥É,
ÎÉμ μÉ´μÏ¥´¨Ö w/Qmax ¸² ¡μ § ¢¨¸ÖÉ μÉ Qmax ¨ μ¶·¥¤¥²ÖÕÉ¸Ö, ¢ μ¸´μ¢´μ³,
Ë²Ê±ÉÊ Í¨Ö³¨ Eion, ±·μ³¥ ¡μ²ÓÏ¨Ì · ¸¸ÉμÖ´¨° d ³¥¦¤Ê É·¥±μ³ Î ¸É¨ÍÒ
¨ ”�“ ¤²Ö BC-404, ±μ£¤  § ³¥É´Ò° ¢±² ¤ ¢ Ï¨·¨´Ê ¸¶¥±É·  ¤ ¥É ¸É É¨¸É¨± 
ËμÉμÔ²¥±É·μ´μ¢ ¨ w ¸É ´μ¢¨É¸Ö ¸ÊÐ¥¸É¢¥´´μ ¡μ²ÓÏ¥ ¢¥²¨Î¨´Ò wl ∼ 0,35,
μ¦¨¤ ¥³μ° ¤²Ö · ¸¶·¥¤¥²¥´¨Ö ‹ ´¤ Ê.

�¶¨¸ ´´Ò³ ¢ ¶·¥¤Ò¤ÊÐ¥³ · §¤¥²¥ ³¥Éμ¤μ³ ¡Ò²μ μÍ¥´¥´μ ¸·¥¤´¥¥ Î¨¸²μ
ËμÉμÔ²¥±É·μ´μ¢ ¤²Ö x = 0. �´μ μ± § ²μ¸Ó · ¢´Ò³ 130 (BC-404) ¨ 194
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�¨¸. 3. ‡ ¢¨¸¨³μ¸ÉÓ Qmax μÉ x ¤²Ö 2-³ ¸Î¥ÉÎ¨±  ¸ ‚‘-404 ¶·¨ ¥£μ μ¶É¨Î¥¸±μ³ ±μ´-
É ±É¥ ¸ ”�“. Š·¨¢Ò¥ Å ·¥§Ê²ÓÉ É Ë¨É¨·μ¢ ´¨Ö Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ ¤ ´´ÒÌ ¸Ê³³μ°
Ô±¸¶μ´¥´É (¸³. É¥±¸É)
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�¨¸. 4. ‡ ¢¨¸¨³μ¸ÉÓ w μÉ x ¤²Ö 2-³ ¸Î¥ÉÎ¨±  ¸ ‚‘-404 ¶·¨ ¥£μ μ¶É¨Î¥¸±μ³ ±μ´-
É ±É¥ ¸ ”�“. Š·¨¢Ò¥ Å ·¥§Ê²ÓÉ É Ë¨É¨·μ¢ ´¨Ö Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ ¤ ´´ÒÌ ¸Ê³³μ°
Ô±¸¶μ´¥´É (¸³. É¥±¸É)

‡´ Î¥´¨Ö Qimax ¨ wi/Qimax ¶·¨ · §´ÒÌ · ¸¸ÉμÖ´¨ÖÌ d μÉ ”�“ ¤μ É·¥±  Î ¸É¨ÍÒ

‘Í¨´É¨²²ÖÉμ· d, ¸³ Q1max, ‚ · ´¸ Q2max, ‚ · ´¸ w1/Q1max w2/Q2max

10 0,128 0,157 0,32 0,34
‚‘-404 100 0,057 0,057 0,41 0,43

190 0,034 0,036 0,51 0,48

‚‘-404*

10 Å 0,570 Å 0,43
20 0,451 Å 0,37 Å
100 0,135 0,124 0,37 0,37
190 0,053 0,060 0,49 0,47

10 0,269 0,328 0,33 0,35
‚‘-408 100 0,142 0,155 0,40 0,38

190 0,097 0,111 0,39 0,40

10 Å Å Å Å
30 0,563 Å 0,39 Å

‚‘-408* 40 Å 0,550 Å 0,41
100 0,230 0,240 0,33 0,35
190 0,117 0,136 0,37 0,38

�·¨³¥Î ´¨¥. ‡´ ± ∗ μ§´ Î ¥É ´ ²¨Î¨¥ μ¶É¨Î¥¸±μ£μ ±μ´É ±É  ³¥¦¤Ê ”�“ ¨
¸Í¨´É¨²²ÖÉμ·μ³; Ì · ±É¥·´ Ö ¶μ£·¥Ï´μ¸ÉÓ ¢¥²¨Î¨´ wi/Qimax ¸μ¸É ¢²Ö¥É 3%.

(BC-408) ¶·¨ ´ ²¨Î¨¨ μ¶É¨Î¥¸±μ£μ ±μ´É ±É  ³¥¦¤Ê ”�“ ¨ ¸Í¨´É¨²²ÖÉμ·μ³
¨ 80 (BC-404) ¨ 132 (BC-408) ¡¥§ ´¥£μ.

’ ± ¦¥ ± ± ¨ ¤²Ö 40-¸³ ¸Î¥ÉÎ¨± , ¢·¥³¥´´Ò¥ · ¸¶·¥¤¥²¥´¨Ö ¸¨£´ ²μ¢
¸ ”�“ 2-³ ¸Î¥ÉÎ¨±  Ìμ·μÏμ Ë¨É¨·ÊÕÉ¸Ö ±·¨¢μ° ƒ Ê¸¸ . Œ¨´¨³Ê³ ¢·¥³¥´-
´μ£μ · §·¥Ï¥´¨Ö σ(T ) ¤μ¸É¨£ ¥É¸Ö, ¥¸²¨ ¢·¥³Ö T ¨§³¥·ÖÉÓ ¶·¨ Ê·μ¢´¥ ¸¨£-
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�¨¸. 5. ‡ ¢¨¸¨³μ¸ÉÓ σ(T1−T2) μÉ x ¤²Ö 2-³ ¸Î¥ÉÎ¨±  ¸ ‚‘-404 ¶·¨ ¥£μ μ¶É¨Î¥¸±μ³
±μ´É ±É¥ ¸ ”�“

´ ²  Athr = 0,1Amax. �·¨³¥· § ¢¨¸¨³μ¸É¨ σ(T1−T2) μÉ x ¶μ± § ´ ´  ·¨¸. 5.
…¸²¨ ¶·¥¤¶μ²μ¦¨ÉÓ, ÎÉμ ¢·¥³¥´´Ò¥ Ë²Ê±ÉÊ Í¨¨ ¸¨£´ ²μ¢ ¸ ”�“ ´¥§ ¢¨¸¨³Ò
¨ μ¤¨´ ±μ¢Ò ¨ ¶·¥´¥¡·¥ÎÓ ´¥¡μ²ÓÏ¨³¨ Ë²Ê±ÉÊ Í¨Ö³¨, ¸¢Ö§ ´´Ò³¨ ¸ · §-
³¥·μ³ ¶ÊÎ± , Éμ ¢·¥³¥´´μ¥ · §·¥Ï¥´¨¥ ¸Î¥ÉÎ¨±  ¶·¨ ¶·μÌμ¦¤¥´¨¨ Î ¸É¨ÍÒ
Î¥·¥§ ¥£μ Í¥´É· ¸μ¸É ¢¨É 145 ¶¸ (BC-404) ¨ 120 ¶¸ (‚‘-408) ¶·¨ ´ ²¨Î¨¨
μ¶É¨Î¥¸±μ£μ ±μ´É ±É  ³¥¦¤Ê ”�“ ¨ ¸Í¨´É¨²²ÖÉμ·μ³ ¨ 160 ¶¸ (BC-404) ¨
133 ¶¸ (BC-408) ¡¥§ ´¥£μ. ‚·¥³¥´´μ¥ · §·¥Ï¥´¨¥ ¶·¨ ¶·μÌμ¦¤¥´¨¨ Î ¸É¨ÍÒ
¢¡²¨§¨ ±· Ö ¸Í¨´É¨²²ÖÉμ·  μ¶·¥¤¥²Ö¥É¸Ö, ¢ μ¸´μ¢´μ³, ¢·¥³¥´´Ò³¨ Ë²Ê±ÉÊ -
Í¨Ö³¨ ¸¨£´ ²μ¢ ¡²¨¦´¥£μ ”�“ ¨ ¸μ¸É ¢²Ö¥É μ±μ²μ 100 ¶¸ ¤²Ö ¢¸¥Ì ¢ ·¨ ´Éμ¢
¸Î¥ÉÎ¨± .

‡�Š‹	—…�ˆ…

‚ ¶ÊÎ±¥ ·¥²ÖÉ¨¢¨¸É¸±¨Ì Î ¸É¨Í ¶·μ¢¥¤¥´Ò ¤¥É ²Ó´Ò¥ ¨¸¸²¥¤μ¢ ´¨Ö  ³-
¶²¨ÉÊ¤´ÒÌ ¨ ¢·¥³¥´´ÒÌ Ì · ±É¥·¨¸É¨± 40-¸³ ¨ 2-³ ¸Í¨´É¨²²ÖÍ¨μ´´ÒÌ ¸Î¥É-
Î¨±μ¢ ¸ ¨¸¶μ²Ó§μ¢ ´¨¥³ μÍ¨Ë·μ¢±¨ ¸¨£´ ²μ¢ ¸ ”�“. �μ± § ´μ, ÎÉμ ¶·¨ ¶μ-
³μÐ¨ ¤¢ÊÌ 40-¸³ ¸Î¥ÉÎ¨±μ¢ ³μ¦´μ ¤μ¸É¨ÎÓ É·¥¡Ê¥³μ° ¢ Ô±¸¶¥·¨³¥´É¥ ¶μ
¨§ÊÎ¥´¨Õ Ê¶·Ê£μ£μ · ¸¸¥Ö´¨Ö ÉμÎ´μ¸É¨ ¢·¥³¥´´μ° ³¥É±¨ Î ¸É¨Í ¶ÊÎ±  μ±μ²μ
60 ¶¸. ‚¥¸Ó³  ¢Ò¸μ±μ¥ (100Ä160 ¶¸) ¢·¥³¥´´μ¥ · §·¥Ï¥´¨¥ 2-³ ¸Î¥ÉÎ¨±μ¢
¶μ§¢μ²¨É ´¥ Éμ²Ó±μ ´ ¤¥¦´μ ¨¤¥´É¨Ë¨Í¨·μ¢ ÉÓ Ö¤·  μÉ¤ Î¨, ´μ ¨ μ¡¥¸¶¥Î¨É
´¨§±¨° Ê·μ¢¥´Ó Ëμ´  ¶·¨ ¡μ²ÓÏ¨Ì ¶¥·¥¤ ´´ÒÌ ¨³¶Ê²Ó¸ Ì ¢ ´¥¨¸¸²¥¤μ¢ ´´μ°
¶μ±  μ¡² ¸É¨ Ô´¥·£¨° Ê¸±μ·¨É¥²Ö ˆ”‚�.

�¢Éμ·Ò ¢Ò· ¦ ÕÉ ¡² £μ¤ ·´μ¸ÉÓ ‘.�. ‘ ¤μ¢¸±μ³Ê §  ¸μ¤¥°¸É¢¨¥ ¢ ¶·μ¢¥-
¤¥´¨¨ ¨¸¸²¥¤μ¢ ´¨°, ˆ.�.
¥²Ö±μ¢Ê, ‘.�. ‡¢Ö£¨´Í¥¢Ê ¨ �.�. �μ³ Ïμ¢Ê §  ÊÎ -
¸É¨¥ ¢ ¶μ¤£μÉμ¢±¥  ¶¶ · ÉÊ·Ò ± ¨§³¥·¥´¨Ö³ ´  ± ´ ²¥ Î ¸É¨Í ¨ ’. ‡. ƒÊ·μ¢μ°
§  ¶μ³μÐÓ ¢ ¶μ¤£μÉμ¢±¥ ¶Ê¡²¨± Í¨¨.
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