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Œμ±·μ¢ �. ‚. ¨ ¤·. P16-2018-36
Šμ··¥±Í¨Ö ¶μ± § ´¨°  ²Ó¡¥¤´μ£μ ¤μ§¨³¥É·  ´¥°É·μ´μ¢ „‚ƒ�-01
¢ ± ¡¨´¥ ³¥¤¨Í¨´¸±μ£μ ¶ÊÎ±  · §²¨Î´Ò³¨ ³¥Éμ¤ ³¨

�·¥¤¸É ¢²¥´Ò ·¥§Ê²ÓÉ ÉÒ ±μ··¥±Í¨¨ ¶μ± § ´¨°  ²Ó¡¥¤´ÒÌ ¤μ§¨³¥É·μ¢
„‚ƒ�-01 ¢ ± ¡¨´¥ ³¥¤¨Í¨´¸±μ£μ ¶ÊÎ±  Ë §μÉ·μ´  · §²¨Î´Ò³¨ ³¥Éμ¤ ³¨. �Ê-
Îμ± ¶·μÉμ´μ¢ ¸ Ô´¥·£¨¥° 170 ŒÔ‚ Éμ·³μ§¨²¸Ö ¢ É± ´¥Ô±¢¨¢ ²¥´É´μ³ Ë ´Éμ³¥,
¶μ³¥Ð¥´´μ³ ¢ ±·¥¸²μ ¶ Í¨¥´É . ‘ ¶μ³μÐÓÕ ³´μ£μÏ ·μ¢μ£μ ¸¶¥±É·μ³¥É·  ¡Ò²
¨§³¥·¥´ ¸¶¥±É· ´¥°É·μ´μ¢ ¢¡²¨§¨ ±·¥¸² ,   É ±¦¥ ¢Ò¶μ²´¥´Ò ¨§³¥·¥´¨Ö ¸ Ï -
·μ¢μ°  ²Ó¡¥¤´μ° ¸¨¸É¥³μ° ¢ ³¥¸É¥ ¨§³¥·¥´¨Ö ¸¶¥±É·  ´¥°É·μ´μ¢ ¨ μ±μ²μ ¸É¥´Ò
± ¡¨´Ò. �  μ¸´μ¢¥ ¸¶¥±É·  ´¥°É·μ´μ¢ ¨ ¶μ ¶μ± § ´¨Ö³ Ï ·μ¢μ°  ²Ó¡¥¤´μ°
¸¨¸É¥³Ò ¡Ò²¨ · ¸¸Î¨É ´Ò ¶μ¶· ¢μÎ´Ò¥ ±μÔËË¨Í¨¥´ÉÒ ¤²Ö „‚ƒ�-01 ¢ ¤¢ÊÌ £¥μ-
³¥É·¨ÖÌ Å ¶¥·¥¤´¥-§ ¤´¥° ¤²Ö ¨´¤¨¢¨¤Ê ²Ó´μ£μ Ô±¢¨¢ ²¥´É  ¤μ§Ò ¨ ¨§μÉ·μ¶´μ°
¤²Ö ÔËË¥±É¨¢´μ° ¤μ§Ò ´¥°É·μ´μ¢. �¥±μ³¥´¤μ¢ ´Ò §´ Î¥´¨Ö ¶μ¶· ¢μÎ´ÒÌ ±μÔË-
Ë¨Í¨¥´Éμ¢ ¤²Ö ¨¸¶μ²Ó§μ¢ ´¨Ö ¢ ¨´¤¨¢¨¤Ê ²Ó´μ³ ¤μ§¨³¥É·¨Î¥¸±μ³ ±μ´É·μ²¥ ²¨Í,
¸μ¶·μ¢μ¦¤ ÕÐ¨Ì ¶ Í¨¥´Éμ¢ ¢ ± ¡¨´¥ ³¥¤¨Í¨´¸±μ£μ ¶ÊÎ± .

� ¡μÉ  ¢Ò¶μ²´¥´  ¢ ‹ ¡μ· Éμ·¨¨ · ¤¨ Í¨μ´´μ° ¡¨μ²μ£¨¨ �ˆŸˆ.

‘μμ¡Ð¥´¨¥ �¡Ñ¥¤¨´¥´´μ£μ ¨´¸É¨ÉÊÉ  Ö¤¥·´ÒÌ ¨¸¸²¥¤μ¢ ´¨°. „Ê¡´ , 2018

Mokrov Yu.V. et al. P16-2018-36
The Correction of Albedo Dosimeter DVGN-01 Readings
in Medical Beam Cabin by Various Methods

The paper presents the results of correction of albedo dosimeters DVGN-01 read-
ings in the medical beam cabin at the LNP phasotron by various methods. A beam
of 170 MeV protons was stopped in a tissue-equivalent phantom placed in the pa-
tient's chair. Using a multisphere spectrometer, the neutron spectrum was measured
near the chair, and measurements were made with the spherical albedo system at the
place of the neutron spectrum measurement and near the cabin wall. Based on the
neutron spectrum and the spherical albedo system readings, correction coefˇcients
were calculated for DVGN-01 in two geometries Å isotropic and antero-posterior
for the individual dose equivalent and effective dose of neutrons. Recommended
values of correction coefˇcients for use in individual dosimetric control of persons
accompanying patients in the cabin of a medical beam are presented.

The investigation has been performed at the Laboratory of Radiation Biology,
JINR.

Communication of the Joint Institute for Nuclear Research. Dubna, 2018
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“ ¶¥·¸μ´ ² , · ¡μÉ ÕÐ¥£μ ¢ ¶μ²ÖÌ ¨μ´¨§¨·ÊÕÐ¥£μ ¨§²ÊÎ¥´¨Ö ´  É ±¨Ì
Ö¤¥·´μ-Ë¨§¨Î¥¸±¨Ì Ê¸É ´μ¢± Ì (Ÿ”“), ± ± Ê¸±μ·¨É¥²¨ ¨ ·¥ ±Éμ·Ò, ¶·μ¢μ-
¤¨É¸Ö ¨´¤¨¢¨¤Ê ²Ó´Ò° ¤μ§¨³¥É·¨Î¥¸±¨° ±μ´É·μ²Ó (ˆ„Š) ¸ Í¥²ÓÕ μ¶·¥¤¥²¥-
´¨Ö ¸É¥¶¥´¨ · ¤¨ Í¨μ´´μ£μ ·¨¸±  ¶·¨ ¶·μË¥¸¸¨μ´ ²Ó´μ³ μ¡²ÊÎ¥´¨¨ ¨ ¥£μ
¸´¨¦¥´¨Ö. ˆ„Š μ¸ÊÐ¥¸É¢²Ö¥É¸Ö ¸ ¶μ³μÐÓÕ ¨´¤¨¢¨¤Ê ²Ó´ÒÌ ¤μ§¨³¥É·μ¢,
±μÉμ·Ò¥ ´μ¸ÖÉ¸Ö ´  É¥²¥ ¶¥·¸μ´ ²  ¢ ´ £·Ê¤´μ³ ± ·³ ´¥ ¸¶¥Íμ¤¥¦¤Ò. �μ
¤ ´´Ò³ ˆ„Š μ¶·¥¤¥²ÖÕÉ¸Ö ¤μ§Ò μ¡²ÊÎ¥´¨Ö, ¶μ²ÊÎ¥´´Ò¥ ±μ´±·¥É´Ò³ · ¡μÉ-
´¨±μ³.

�¤´¨³ ¨§ ¢¨¤μ¢ ˆ„Š Ö¢²Ö¥É¸Ö ±μ´É·μ²Ó ¶μ ´¥°É·μ´´μ³Ê ¨§²ÊÎ¥´¨Õ, ±μ-
Éμ·Ò° ¶·μ¢μ¤¨É¸Ö ¸ ¶μ³μÐÓÕ  ²Ó¡¥¤´ÒÌ ¤μ§¨³¥É·μ¢ „‚ƒ�-01 ±μ³¶²¥±¸μ¢
�Šˆ„Š-301 ¨ 302 [1, 2]. �¤´ ±μ ´ ·Ö¤Ê ¸ ´¥¸μ³´¥´´Ò³¨ ¤μ¸Éμ¨´¸É¢ ³¨ Ê± -
§ ´´Ò¥ ¤μ§¨³¥É·Ò ¨³¥ÕÉ ÉμÉ ´¥¤μ¸É Éμ±, ÎÉμ ¨Ì Ô´¥·£¥É¨Î¥¸± Ö § ¢¨¸¨³μ¸ÉÓ
ÎÊ¢¸É¢¨É¥²Ó´μ¸É¨ (
‡—) ¸ÊÐ¥¸É¢¥´´μ μÉ²¨Î ¥É¸Ö μÉ É·¥¡Ê¥³μ° ¤²Ö ¨´¤¨¢¨-
¤Ê ²Ó´ÒÌ ¤μ§¨³¥É·μ¢ ´¥°É·μ´μ¢ [3]. ‚¸²¥¤¸É¢¨¥ ÔÉμ£μ ¶μ± § ´¨Ö  ²Ó¡¥¤´ÒÌ
¤μ§¨³¥É·μ¢ ¸ÊÐ¥¸É¢¥´´μ § ¢¨¸ÖÉ μÉ Ô´¥·£¥É¨Î¥¸±μ£μ ¸¶¥±É·  ¶μ²Ö ´¥°É·μ´μ¢,
¢ ±μÉμ·μ³ ¶·μ¢μ¤ÖÉ¸Ö ¨§³¥·¥´¨Ö ¸ É ±¨³¨ ¤μ§¨³¥É· ³¨. 
Éμ ¢Ò§Ò¢ ¥É ´¥-
μ¡Ìμ¤¨³μ¸ÉÓ ¢ μ¶·¥¤¥²¥´¨¨ ¨ ¨¸¶μ²Ó§μ¢ ´¨¨ ¶μ¶· ¢μÎ´ÒÌ ±μÔËË¨Í¨¥´Éμ¢ ±
¶μ± § ´¨Ö³ ¤μ§¨³¥É·μ¢ ¢ § ¢¨¸¨³μ¸É¨ μÉ Ê¸²μ¢¨° ¨Ì Ô±¸¶²Ê É Í¨¨ ¢ ¶μ²ÖÌ
´¥°É·μ´μ¢ ´  Ÿ”“. „ ´´μ° § ¤ Î¥ ¡Ò² ¶μ¸¢ÖÐ¥´ ·Ö¤ · ¡μÉ, ¢Ò¶μ²´¥´´ÒÌ ¢
�ˆŸˆ ¢ ¶μ¸²¥¤´¨¥ £μ¤Ò ´  · §²¨Î´ÒÌ Ê¸É ´μ¢± Ì [4Ä6].

–¥²ÓÕ ´ ¸ÉμÖÐ¥° · ¡μÉÒ Ö¢²Ö¥É¸Ö μ¶·¥¤¥²¥´¨¥ ¶μ¶· ¢μÎ´ÒÌ ±μÔËË¨-
Í¨¥´Éμ¢ ± ¶μ± § ´¨Ö³ ¤μ§¨³¥É·  „‚ƒ�-01 · §²¨Î´Ò³¨ ³¥Éμ¤ ³¨ ¶·¨ ¥£μ
¨¸¶μ²Ó§μ¢ ´¨¨ ¢ ± ¡¨´¥ ³¥¤¨Í¨´¸±μ£μ ¶ÊÎ±  Ë §μÉ·μ´  ‹Ÿ�.

1. Œ…’�„› Š���…Š–ˆˆ ��Š�‡��ˆ‰ �‹œ�…„�›• „�‡ˆŒ…’��‚

‚ ´ ¸ÉμÖÐ¥¥ ¢·¥³Ö ¤²Ö μ¶·¥¤¥²¥´¨Ö ¶μ¶· ¢μÎ´ÒÌ ±μÔËË¨Í¨¥´Éμ¢ ¨¸-
¶μ²Ó§ÊÕÉ¸Ö ¤¢  μ¸´μ¢´ÒÌ ³¥Éμ¤ : · ¸Î¥É´Ò° ³¥Éμ¤ ¸ ¨¸¶μ²Ó§μ¢ ´¨¥³ ¸¶¥±É·μ¢
´¥°É·μ´μ¢ ¨ Ô±¸¶¥·¨³¥´É ²Ó´Ò° ¸ ¶·¨³¥´¥´¨¥³ Ï ·μ¢μ°  ²Ó¡¥¤´μ° ¸¨¸É¥³Ò.

1.1. � ¸Î¥É´Ò° ³¥Éμ¤ ¶μ ¨§¢¥¸É´Ò³ ¸¶¥±É· ³ ´¥°É·μ´μ¢. „ ´´Ò° ³¥-
Éμ¤ ±μ··¥±Í¨¨ ¶μ± § ´¨° μ¸´μ¢ ´ ´  · ¸Î¥É¥ ¶μ¶· ¢μÎ´ÒÌ ±μÔËË¨Í¨¥´Éμ¢
¸ ¨¸¶μ²Ó§μ¢ ´¨¥³ ¸¶¥±É·μ¢ ´¥°É·μ´μ¢ ¨ 
‡—  ²Ó¡¥¤´μ£μ ¤μ§¨³¥É·  [3]. „²Ö
¨§¢¥¸É´μ£μ ¸¶¥±É·  ´¥°É·μ´μ¢ Φ(E) ¶μ¶· ¢μÎ´Ò° ±μÔËË¨Í¨¥´É ¤²Ö μ¶·¥¤¥²¥-
´¨Ö ¨´¤¨¢¨¤Ê ²Ó´μ£μ Ô±¢¨¢ ²¥´É  ¤μ§Ò ´  £²Ê¡¨´¥ É± ´¨ 10 ³³ ´ ¶· ¢²¥´´μ£μ
μ¡²ÊÎ¥´¨Ö ¢ ¶¥·¥¤´¥-§ ¤´¥° £¥μ³¥É·¨¨ k´(�‡) ¶·¥¤¸É ¢²Ö¥É ¸μ¡μ° μÉ´μÏ¥´¨¥
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· ¸¸Î¨É ´´μ£μ ¨´¤¨¢¨¤Ê ²Ó´μ£μ Ô±¢¨¢ ²¥´É  ¤μ§Ò H·(10,0◦) ± · ¸¸Î¨É ´´μ³Ê
¶μ ¶μ± § ´¨Ö³ „‚ƒ�-01 §´ Î¥´¨Õ ¤μ§Ò H„‚ƒ�(�‡). �´ μ¶·¥¤¥²Ö¥É¸Ö ¶μ Ëμ·-
³Ê²¥

k´(�‡) =
H·(10,0◦)
H„‚ƒ�(�‡)

=

∫
h·(10,0◦)(E)Φ(E) dE

k£· ·
∫

R�‡(E)Φ(E) dE

, (1)

£¤¥ R�‡(E) Å 
‡— „‚ƒ�-01 ± ´¥°É·μ´ ³ ¶·¨ ´ ¶· ¢²¥´´μ³ μ¡²ÊÎ¥´¨¨
É± ´¥Ô±¢¨¢ ²¥´É´μ£μ Ô²²¨¶É¨Î¥¸±μ£μ Í¨²¨´¤·  (�‡-£¥μ³¥É·¨Ö) ± ± ´ ¨¡μ²¥¥
¡²¨§±μ£μ ± Éμ·¸Ê Î¥²μ¢¥± ; k£· Å £· ¤Ê¨·μ¢μÎ´Ò° ±μÔËË¨Í¨¥´É ¢ ³‡¢/¨³¶.,
¶μ²ÊÎ¥´´Ò° ¤²Ö Ê¸²μ¢¨° ´ ¶· ¢²¥´´μ£μ μ¡²ÊÎ¥´¨Ö ¤μ§¨³¥É·  ´  ¶²μ¸±μ³
¢μ¤´μ³ Ë ´Éμ³¥ ¢ ¶μ²¥ £· ¤Ê¨·μ¢μÎ´μ£μ ¨¸ÉμÎ´¨±  ¸μ ¸¶¥±É·μ³ ´¥°É·μ-
´μ¢ Φ£·(E) ± ± μÉ´μÏ¥´¨¥ · ¸¸Î¨É ´´μ° ¤μ§Ò μ¡²ÊÎ¥´¨Ö ¶·¨ £· ¤Ê¨·μ¢±¥
H £·(10,0◦) ± ¶μ± § ´¨Ö³ „‚ƒ�-01 N £·

„‚ƒ� ¶·¨ £· ¤Ê¨·μ¢±¥ ´  ¶²μ¸±μ³ ¢μ¤-
´μ³ Ë ´Éμ³¥:

k£· =
H £·

· (10,0◦)
N £·

„‚ƒ�

=

∫
h·(10,0◦)(E)Φ£·(E) dE
∫

R
£·
�‡(E)Φ£·(E) dE

, (2)

£¤¥ R£·
�‡ Å 
‡— „‚ƒ�-01 ¤²Ö ¨´¤¨¢¨¤Ê ²Ó´μ£μ Ô±¢¨¢ ²¥´É  ¤μ§Ò ¢ �‡-

£¥μ³¥É·¨¨ ¤²Ö ¢μ¤´μ£μ Ë ´Éμ³ , ¨¸¶μ²Ó§Ê¥³μ£μ ¶·¨ £· ¤Ê¨·μ¢±¥, ¸³−2.
� ¸Î¥É ¶μ¶· ¢μÎ´ÒÌ ±μÔËË¨Í¨¥´Éμ¢ ¤²Ö ÔËË¥±É¨¢´μ° ¤μ§Ò E Å kE(�‡)

¨ kE(ˆ‡�) Å ¢ ¶¥·¥¤´¥-§ ¤´¥° ¨ ¨§μÉ·μ¶´μ° £¥μ³¥É·¨¨ ¶·μ¢μ¤¨É¸Ö ¶μ  ´ -
²μ£¨Î´Ò³ Ëμ·³Ê² ³:⎧⎪⎪⎪⎪⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎪⎪⎪⎪⎩

kE(�‡) =
E(�‡)

H„‚ƒ�(�‡)
=

∫
e�‡(E)Φ(E) dE

k£· ·
∫

R�‡(E)Φ(E) dE

kE(ˆ‡�) =
E(ˆ‡�)

H„‚ƒ�(ˆ‡�)
=

∫
eˆ‡�(E)Φ(E) dE

k£· ·
∫

Rˆ‡�(E)Φ(E) dE

, (3)

£¤¥ R�‡(E) ¨ Rˆ‡�(E) Å ËÊ´±Í¨¨ ÎÊ¢¸É¢¨É¥²Ó´μ¸É¨ „‚ƒ�-01 ¶¥·¥¤´¥-
§ ¤´¥° ¨ ¨§μÉ·μ¶´μ° £¥μ³¥É·¨° ¶·¨ μ¡²ÊÎ¥´¨¨ ´  Ô²²¨¶É¨Î¥¸±μ³ Ë ´Éμ³¥;
e�‡ ¨ eˆ‡� Å ÔËË¥±É¨¢´ Ö ¤μ§  ´¥°É·μ´μ¢ ´  ¥¤¨´¨Î´Ò° Ë²Õ¥´¸ (Ê¤¥²Ó´ Ö
¤μ§ ) ¢ ¶¥·¥¤´¥-§ ¤´¥° ¨ ¨§μÉ·μ¶´μ° £¥μ³¥É·¨ÖÌ ¨§ [7].

“± § ´´Ò¥ ¶μ¶· ¢μÎ´Ò¥ ±μÔËË¨Í¨¥´ÉÒ ³μ£ÊÉ ¨¸¶μ²Ó§μ¢ ÉÓ¸Ö ¤²Ö μÍ¥´±¨
ÔËË¥±É¨¢´ÒÌ ¤μ§ μ¡²ÊÎ¥´¨Ö ¶¥·¸μ´ ²  ¢ ¨§μÉ·μ¶´μ° ¨ ¶¥·¥¤´¥-§ ¤´¥° £¥μ-
³¥É·¨ÖÌ ¶μ ¶μ± § ´¨Ö³  ²Ó¡¥¤´μ£μ ¤μ§¨³¥É·  ¢ ³‡¢, μ¶·¥¤¥²¥´´ÒÌ ¸ ¨¸¶μ²Ó-
§μ¢ ´¨¥³ £· ¤Ê¨·μ¢μÎ´μ£μ ±μÔËË¨Í¨¥´É  k£·. ‚μ§³μ¦´μ¸ÉÓ μÍ¥´±¨ ÔËË¥±-
É¨¢´μ° ¤μ§Ò, ± ± ¸± § ´μ ¢ÒÏ¥, μ¡Ê¸²μ¢²¥´  ´ ²¨Î¨¥³ § ¢¨¸¨³μ¸É¨ Ê¤¥²Ó´μ°
ÔËË¥±É¨¢´μ° ¤μ§Ò μÉ Ô´¥·£¨¨ ¨ 
‡— ¤μ§¨³¥É·  ¢ ÔÉ¨Ì £¥μ³¥É·¨ÖÌ.
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1.2. ˆ¸¶μ²Ó§μ¢ ´¨¥ Ï ·μ¢μ°  ²Ó¡¥¤´μ° ¸¨¸É¥³Ò. „·Ê£¨³ ¨ ´ ¨¡μ²¥¥
¶·μ¸ÉÒ³ ³¥Éμ¤μ³ ±μ··¥±Í¨¨ Ö¢²Ö¥É¸Ö ³¥Éμ¤ ¸ ¨¸¶μ²Ó§μ¢ ´¨¥³ Ï ·μ¢μ°  ²Ó-
¡¥¤´μ° ¸¨¸É¥³Ò [8]. ˜ ·μ¢ Ö  ²Ó¡¥¤´ Ö ¸¨¸É¥³  (¤ ²¥¥ Å ¸¨¸É¥³ ) ¸μ¸Éμ¨É
¨§ ¶μ²¨ÔÉ¨²¥´μ¢μ£μ Ï ·  ¤¨ ³¥É·μ³ 25,4 ¸³ (10 ¤Õ°³μ¢), ´  ¶μ¢¥·Ì´μ¸É¨

�¨¸. 1. ‚´¥Ï´¨° ¢¨¤ Ï ·μ¢μ°  ²Ó-
¡¥¤´μ° ¸¨¸É¥³Ò

±μÉμ·μ£μ · ¸¶μ² £ ÕÉ¸Ö ¸¨³³¥É·¨Î´μ μÉ´μ-
¸¨É¥²Ó´μ Í¥´É·  Ï¥¸ÉÓ ¤μ§¨³¥É·μ¢ „‚ƒ�-
01. ‚ Í¥´É·¥ Ï ·  ´ Ìμ¤¨É¸Ö ¸² °¤ „‚ƒ�-
01, ±μÉμ·Ò° · §³¥Ð ¥É¸Ö ¢ Ï ·¥ ¸ ¶μ-
³μÐÓÕ ¶μ²¨ÔÉ¨²¥´μ¢μ° ¢¸É ¢±¨. ‚´¥Ï´¨°
¢¨¤ ¸¨¸É¥³Ò ¶μ± § ´ ´  ·¨¸. 1.

“¸·¥¤´¥´¨¥ ¶μ± § ´¨° Ï¥¸É¨ „‚ƒ�-01,
· ¸¶μ²μ¦¥´´ÒÌ ´  ¶μ¢¥·Ì´μ¸É¨ Ï · , ¶μ-
§¢μ²Ö¥É ³μ¤¥²¨·μ¢ ÉÓ · §²¨Î´Ò¥ Ê¸²μ¢¨Ö
μ¡²ÊÎ¥´¨Ö „‚ƒ�-01 ´  Ë ´Éμ³¥ (É¥²¥ Î¥²μ-
¢¥± ) Å ¨§μÉ·μ¶´μ£μ, ´ ¶· ¢²¥´´μ£μ ¨ ¤·.

Éμ μ¡μ¸´μ¢ ´μ É¥³, ÎÉμ 
‡— „‚ƒ�-01 ´ 
¶μ¢¥·Ì´μ¸É¨ Ï ·  ¨ ´  Ô²²¨¶É¨Î¥¸±μ³ É± -
´¥Ô±¢¨¢ ²¥´É´μ³ Ë ´Éμ³¥, ´ ¨¡μ²¥¥ ¡²¨§-
±μ³ ± É¥²Ê Î¥²μ¢¥± , · §²¨Î ÕÉ¸Ö ´¥§´ Î¨-
É¥²Ó´μ.

‘² °¤ „‚ƒ�-01 ¢ Í¥´É·¥ Ï ·  ¶·¥¤´ §´ Î¥´ ¤²Ö μÍ¥´±¨ ÔËË¥±É¨¢´μ°
¤μ§Ò ´¥°É·μ´μ¢ ¶·¨ ¨§μÉ·μ¶´μ³ μ¡²ÊÎ¥´¨¨ ¨  ³¡¨¥´É´μ£μ Ô±¢¨¢ ²¥´É  ¤μ§Ò
¶·¨ ¶¥·¥¤´¥-§ ¤´¥° £¥μ³¥É·¨¨ μ¡²ÊÎ¥´¨Ö. �É´μÏ¥´¨¥ ¶μ± § ´¨Ö ¸² °¤  ¢
Í¥´É·¥ Ï ·  Hc ± Ê¸·¥¤´¥´´μ³Ê ¶μ± § ´¨Õ „‚ƒ�-01 ´  ¶μ¢¥·Ì´μ¸É¨ Ï · 
Hs ³μ¦¥É ¸²Ê¦¨ÉÓ μÍ¥´±μ° ¦¥¸É±μ¸É¨ ¸¶¥±É·  ´¥°É·μ´μ¢ Å ¸ ·μ¸Éμ³ Ô´¥·£¨¨
´¥°É·μ´μ¢ μ´μ · ¸É¥É. �·¨ ¨¸¶μ²Ó§μ¢ ´¨¨ ¸¨¸É¥³Ò ¤²Ö ±μ··¥±Í¨¨ ¶μ± § -
´¨° „‚ƒ�-01 ¸μ §´ Î¥´¨Ö³¨ ÔÉμ£μ ¶ · ³¥É·  ¤²Ö · §²¨Î´ÒÌ ¶μ²¥° ´¥°É·μ´μ¢
μ¤´μ§´ Î´μ ¸¢Ö§ ´Ò §´ Î¥´¨Ö ¶μ¶· ¢μÎ´ÒÌ ±μÔËË¨Í¨¥´Éμ¢ kE(ˆ‡�). ‚ · -
¡μÉ¥ [8] ¤²Ö 120 ´¨§±μÔ´¥·£¥É¨Î¥¸±¨Ì ¸¶¥±É·μ¢ ¡Ò²¨ · ¸¸Î¨É ´Ò ¶μ¶· ¢μÎ-
´Ò¥ ±μÔËË¨Í¨¥´ÉÒ kE(ˆ‡�). „²Ö ÔÉ¨Ì ¦¥ ¸¶¥±É·μ¢ ¢ ´¥° ¡Ò²¨ · ¸¸Î¨É ´Ò
É ±¦¥ §´ Î¥´¨Ö μÉ´μÏ¥´¨° Hc/Hs. ‡ ¢¨¸¨³μ¸ÉÓ ¶μ¶· ¢μÎ´ÒÌ ±μÔËË¨Í¨¥´-
Éμ¢ kE(ˆ‡�) μÉ μÉ´μÏ¥´¨Ö Hc/Hs ¶μ± § ´  ´  ·¨¸. 2. Šμ·¨¤μ· ´¥μ¶·¥¤¥²¥´-
´μ¸É¨ ¸μ¸É ¢²Ö¥É ±15 %. ‡¤¥¸Ó ¦¥ ¶μ± § ´Ò ·¥§Ê²ÓÉ ÉÒ Ô±¸¶¥·¨³¥´É ²Ó´μ
μ¶·¥¤¥²¥´´ÒÌ ¢ [8] ±μÔËË¨Í¨¥´Éμ¢ kE(ˆ‡�) ¢ § ¢¨¸¨³μ¸É¨ μÉ μÉ´μÏ¥´¨Ö
Hc/Hs ¤²Ö · §²¨Î´ÒÌ ¨¸ÉμÎ´¨±μ¢ ´¥°É·μ´μ¢ ¶μ (α, n)-·¥ ±Í¨¨ ¨ ¤¥²ÖÐ¨Ì¸Ö
³ É¥·¨ ²μ¢.


É¨ § ¢¨¸¨³μ¸ÉÓ ¢ Ï¨·μ±μ³ ¤¨ ¶ §μ´¥ μÉ´μÏ¥´¨° Hc/Hs μÉ 0,25 ¤μ 5
μ¶¨¸Ò¢ ¥É¸Ö Ëμ·³Ê²μ°

kE(ˆ‡�) = 0,235 · (Hc/Hs)1,18. (4)


É  § ¢¨¸¨³μ¸ÉÓ ¶·¥¤¸É ¢²¥´  ´  ·¨¸. 2.
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�¨¸. 2. ‡ ¢¨¸¨³μ¸ÉÓ kE(ˆ‡�) μÉ ¶ · ³¥É·  ¦¥¸É±μ¸É¨ ´¨§±μÔ´¥·£¥É¨Î¥¸±¨Ì ¸¶¥±É·μ¢
Hc/Hs

„²Ö 26 ¸¶¥±É·μ¢ §  § Ð¨Éμ° Ÿ”“ �ˆŸˆ, ¢§ÖÉÒÌ ¨§ ²¨É¥· ÉÊ·Ò, ¡Ò²¨
· ¸¸Î¨É ´Ò [5] μ¸´μ¢´Ò¥ Ì · ±É¥·¨¸É¨±¨ ¸¨¸É¥³Ò: ¶μ¶· ¢μÎ´Ò¥ ±μÔËË¨Í¨-
¥´ÉÒ kE(ˆ‡�), k´(�‡), ¶μ± § ´¨Ö ¤μ§¨³¥É·μ¢ Hc ¨ Hs, Ì · ±É¥·¨§ÊÕÐ¨¥
¦¥¸É±μ¸ÉÓ ¸¶¥±É·μ¢. ‡ ¢¨¸¨³μ¸ÉÓ §´ Î¥´¨° ¶μ¶· ¢μÎ´ÒÌ ±μÔËË¨Í¨¥´Éμ¢ μÉ
μÉ´μÏ¥´¨Ö Hc/Hs ¤²Ö ´¨§±μÔ´¥·£¥É¨Î¥¸±¨Ì ¸¶¥±É·μ¢ �ˆŸˆ  ¶¶·μ±¸¨³¨·μ-
¢ ´  ¸²¥¤ÊÕÐ¨³¨ Ëμ·³Ê² ³¨:

kE(ˆ‡�) = 0,297 · (Hc/Hs)1,264, (5)

k´(�‡) = 0,221 · (Hc/Hs)1,071. (6)

“± § ´´Ò¥ § ¢¨¸¨³μ¸É¨ ¶·¥¤¸É ¢²¥´Ò ´  ·¨¸. 3 ¨ 4.

�¨¸. 3. ‡ ¢¨¸¨³μ¸ÉÓ ¶μ¶· ¢μÎ´μ£μ ±μÔËË¨Í¨¥´É  kE(ˆ‡�) μÉ μÉ´μÏ¥´¨Ö Hc/Hs
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�¨¸. 4. ‡ ¢¨¸¨³μ¸ÉÓ ¶μ¶· ¢μÎ´μ£μ ±μÔËË¨Í¨¥´É  k´(�‡) μÉ μÉ´μÏ¥´¨Ö Hc/Hs

‚ ´ ¸ÉμÖÐ¥° · ¡μÉ¥ ¨¸¶μ²Ó§μ¢ ´Ò μ¡  ³¥Éμ¤  μ¶·¥¤¥²¥´¨Ö ¶μ¶· ¢μÎ´ÒÌ
±μÔËË¨Í¨¥´Éμ¢ ¤²Ö ¤¢ÊÌ ÉμÎ¥± ¢ ± ¡¨´¥ º1 ³¥¤¨Í¨´¸±μ£μ ¶ÊÎ±  Ë §μÉ·μ´ :
· ¸Î¥É´Ò° ¶μ ¨§³¥·¥´´μ³Ê ¸¶¥±É·Ê ´¥°É·μ´μ¢ ¨ ¸ ¶μ³μÐÓÕ Ï ·μ¢μ°  ²Ó¡¥¤-
´μ° ¸¨¸É¥³Ò.

2. Š���…Š–ˆŸ ��Š�‡��ˆ‰ „‚ƒ�-01
‚ Š��ˆ�… Œ…„ˆ–ˆ�‘Š�ƒ� �“—Š� ”�‡�’����

2.1. �·μ¢¥¤¥´¨¥ ¨§³¥·¥´¨° ¢ ± ¡¨´¥ ³¥¤¨Í¨´¸±μ£μ ¶ÊÎ± . �·μÍ¥¤Ê·-
´ Ö ± ¡¨´  º1 ³¥¤¨Í¨´¸±μ£μ ¶ÊÎ±  ¤²Ö ¶·μÉμ´´μ° É¥· ¶¨¨ μ´±μ²μ£¨Î¥¸±¨Ì
μ¶ÊÌμ²¥° ³¥¤¨±μ-É¥Ì´¨Î¥¸±μ£μ ±μ³¶²¥±¸  ‹Ÿ� ¶·¥¤¸É ¢²Ö¥É ¸μ¡μ° ´¥¡μ²Ó-
Ïμ¥ ¶μ³¥Ð¥´¨¥ ¶²μÐ ¤ÓÕ ∼ 17 ³2, ¢ ±μÉμ·μ¥ ¢Ò¢μ¤¨É¸Ö ¶ÊÎμ± ¶·μÉμ´μ¢ ¸
Ô´¥·£¨¥° ¤μ 200 ŒÔ‚. �¸´μ¢´ Ö ¸¶¥Í¨ ²¨§ Í¨Ö ± ¡¨´Ò º1 Å ²¥Î¥´¨¥ ´μ¢μ-
μ¡· §μ¢ ´¨° £μ²μ¢´μ£μ ³μ§£ , μ¶ÊÌμ²¥° £μ²μ¢Ò ¨ Ï¥¨. �·¨ ¶·μ¢¥¤¥´¨¨ ¶·μ-
Éμ´´μ° É¥· ¶¨¨ ¶ Í¨¥´É Ë¨±¸¨·Ê¥É¸Ö ¢ ¸¶¥Í¨ ²Ó´μ³ É¥· ¶¥¢É¨Î¥¸±μ³ ±·¥¸²¥
¢ ¶μ²μ¦¥´¨¨ ¸¨¤Ö. �ÊÎμ± ¶·μÉμ´μ¢ Ëμ·³¨·Ê¥É¸Ö ¸¨¸É¥³μ° ±μ²²¨³ Éμ·μ¢, ¢
Éμ³ Î¨¸²¥ ¸ ¶μ³μÐÓÕ ¨´¤¨¢¨¤Ê ²Ó´μ ¨§£μÉ ¢²¨¢ ¥³μ£μ ±μ²²¨³ Éμ·  ¨§ ¸¶² ¢ 
‚Ê¤ ,   ¤²Ö ¶·¨¤ ´¨Ö ±μ´Ëμ·³´μ¸É¨ ¤μ§´μ£μ · ¸¶·¥¤¥²¥´¨Ö ¶·μÉμ´´μ£μ ¶ÊÎ± 
¶μ £²Ê¡¨´¥ ¨ Ëμ·³¥ ³¨Ï¥´¨ · ¸¸Î¨ÉÒ¢ ÕÉ¸Ö ¨ § É¥³ ¨§£μÉ ¢²¨¢ ÕÉ¸Ö É ±
´ §Ò¢ ¥³Ò¥ ¡μ²Õ¸Ò Å § ³¥¤²¨É¥²¨ ¸²μ¦´μ° Ëμ·³Ò, ÊÎ¨ÉÒ¢ ÕÐ¨¥ £¥É¥·μ-
£¥´´ÊÕ ¸É·Ê±ÉÊ·Ê É± ´¥° ¨ μ·£ ´μ¢ ¶ Í¨¥´É , · ¸¶μ²μ¦¥´´ÒÌ ´  ¶ÊÉ¨ ¶ÊÎ± .
Œμ´¨Éμ·¨·μ¢ ´¨¥ ¶ÊÎ±  ¶·μÉμ´μ¢ ¨ ¨§³¥·¥´¨¥ ¶μ£²μÐ¥´´μ° ¤μ§Ò, μÉ¶Ê¸-
± ¥³μ° ¶ Í¨¥´ÉÊ ¢ É¥Î¥´¨¥ ¸¥ ´¸ , μ¸ÊÐ¥¸É¢²Ö¥É¸Ö ¸ ¶μ³μÐÓÕ ³μ´¨Éμ·´μ°
¨μ´¨§ Í¨μ´´μ° ± ³¥·Ò, · ¸¶μ²μ¦¥´´μ° ´  ¢Ìμ¤¥ ¶ÊÎ±  ¶·μÉμ´μ¢ ¢ ± ¡¨´Ê.

‚ ¶·μÍ¥¸¸¥ ²¥Î¥´¨Ö ¶ Í¨¥´É ¶μ¤¢¥·£ ¥É¸Ö ´¥ Éμ²Ó±μ ²μ± ²Ó´μ³Ê μ¡²Ê-
Î¥´¨Õ ¶·μÉμ´ ³¨ μ¶ÊÌμ²¨ ¨ ¸μ¸¥¤¸É¢ÊÕÐ¨Ì ¸ ´¥° É± ´¥°, ´μ ¨ μ¡²ÊÎ¥´¨Õ
¢¸¥£μ É¥²  ¢Éμ·¨Î´Ò³¨ ´¥°É·μ´ ³¨, ¢μ§´¨± ÕÐ¨³¨ ¶·¨ ¢§ ¨³μ¤¥°¸É¢¨¨ ¶·μ-
Éμ´μ¢ ¶ÊÎ±  ¸ ±μ²²¨³ Éμ· ³¨, ¡μ²Õ¸ ³¨ ¨ Î¥²μ¢¥Î¥¸±¨³¨ É± ´Ö³¨. ˆ§-§ 
³ ²μ£μ · §³¥·  ± ¡¨´Ò ¸ ¡¥Éμ´´Ò³¨ ¸É¥´ ³¨ ¨ ¶μÉμ²±μ³ ¢´ÊÉ·¨ ´¥¥ Ëμ·³¨-
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·Ê¥É¸Ö É ±¦¥ ¸³¥Ï ´´μ¥ · ¸¸¥Ö´´μ¥ ¶μ²¥  ²Ó¡¥¤´ÒÌ (μÉ· ¦¥´´ÒÌ) ´¥°É·μ´μ¢
¨ £ ³³ -±¢ ´Éμ¢, μ¡· §ÊÕÐ¨Ì¸Ö ¢ ·¥§Ê²ÓÉ É¥ § Ì¢ É  Ö¤· ³¨ ¢¥Ð¥¸É¢  É¥¶²μ-
¢ÒÌ ´¥°É·μ´μ¢. �Í¥´±  ¤μ§Ò ´¥°É·μ´´μ£μ ¨§²ÊÎ¥´¨Ö ¢ ± ¡¨´¥ ´¥μ¡Ìμ¤¨³  ´¥
Éμ²Ó±μ ¸ ÉμÎ±¨ §·¥´¨Ö ÊÉμÎ´¥´¨Ö ¤μ§Ò, ¶μ²ÊÎ ¥³μ° ¶ Í¨¥´Éμ³ ¢ Ìμ¤¥ ²¥Î¥-
´¨Ö, ´μ É ±¦¥ ¤²Ö · ¸¸³μÉ·¥´¨Ö ¢μ¶·μ¸  μ ¢μ§³μ¦´μ¸É¨ ´ Ìμ¦¤¥´¨Ö ¢ ± ¡¨´¥
¢³¥¸É¥ ¸ ³ ²μ²¥É´¨³ ·¥¡¥´±μ³ ·μ¤¨É¥²Ö ¢ ¶·μÍ¥¸¸¥ ±· É±μ¢·¥³¥´´μ£μ ¸¥ ´¸ 
μ¡²ÊÎ¥´¨Ö μ¶ÊÌμ²¨.

‚ ´ ¸ÉμÖÐ¥° · ¡μÉ¥ ¶·¥¤¸É ¢²¥´Ò ·¥§Ê²ÓÉ ÉÒ ¨§³¥·¥´¨Ö ¸¶¥±É·  ¢Éμ·¨Î-
´ÒÌ ´¥°É·μ´μ¢ ¨ ÔËË¥±É¨¢´μ° ¤μ§Ò ¢´ÊÉ·¨ ± ¡¨´Ò ¶·¨ ¶·μ¢¥¤¥´¨¨ É¥· ¶¥¢-
É¨Î¥¸±μ£μ ¸¥ ´¸ . ‚ ± ¡¨´Ê ¢Ò¢μ¤¨²¸Ö ¶ÊÎμ± ¶·μÉμ´μ¢ ¸ Ô´¥·£¨¥° 170 ŒÔ‚.
‚³¥¸Éμ ¶ Í¨¥´É  ¢ É¥· ¶¥¢É¨Î¥¸±μ³ ±·¥¸²¥ Ê¸É ´ ¢²¨¢ ²¸Ö É± ´¥Ô±¢¨¢ ²¥´É-
´Ò° Ë ´Éμ³ · §³¥· ³¨ 30 × 40 ¸³ ¨ Éμ²Ð¨´μ° ¶μ ¶ÊÎ±Ê ¶·μÉμ´μ¢ 20 ¸³,
¸μμÉ¢¥É¸É¢ÊÕÐ¨° Éμ·¸Ê ¸·¥¤´¥£μ Î¥²μ¢¥± . ‘¶¥±É· ´¥°É·μ´μ¢, ¨¸¶Ê¸± ¥³ÒÌ
¨§ Ë ´Éμ³ , ¨§³¥·Ö²¸Ö ¸ ¶μ³μÐÓÕ ³´μ£μÏ ·μ¢μ£μ ¸¶¥±É·μ³¥É·  ´  μ¸´μ¢¥ ¤¥-
É¥±Éμ·  ³¥¤²¥´´ÒÌ ´¥°É·μ´μ¢ LiI(Eu) c ´ ¡μ·μ³ £μ³μ£¥´´ÒÌ ¶μ²¨ÔÉ¨²¥´μ¢ÒÌ
Ï ·μ¢ (§ ³¥¤²¨É¥²¥°) ¤¨ ³¥É·μ³ 2, 3, 5, 7, 8, 10 ¨ 12 ¤Õ°³μ¢. ‘¶¥±É·μ³¥É·
· §³¥Ð ²¸Ö ´  ¢Ò¸μÉ¥ ¶ÊÎ±  (1,5 ³) ¶μ¤ Ê£²μ³ 90◦ ¢¶· ¢μ ± ¥£μ ´ ¶· ¢²¥´¨Õ
´  · ¸¸ÉμÖ´¨¨ 1 ³ μÉ Í¥´É·  Ë ´Éμ³ . �¡Ð¨° ¶² ´ Ô±¸¶¥·¨³¥´É  ¢ É¥· ¶¥¢-
É¨Î¥¸±μ° ± ¡¨´¥ º1 ¶μ± § ´ ´  ·¨¸. 5.

Œμ´¨Éμ·¨·μ¢ ´¨¥ ¶ÊÎ±  ¶·μÉμ´μ¢ ¢ Ìμ¤¥ ¨§³¥·¥´¨Ö ¸¶¥±É·  ´¥°É·μ´μ¢
μ¸ÊÐ¥¸É¢²Ö²μ¸Ó ³μ´¨Éμ·´μ° ¨μ´¨§ Í¨μ´´μ° ± ³¥·μ°.

�¨¸. 5. �² ´ ± ¡¨´Ò ³¥¤¨±μ-É¥Ì´¨Î¥¸±μ£μ ±μ³¶²¥±¸  ¨ · ¸¶μ²μ¦¥´¨Ö ¶·¨¡μ·μ¢
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’μÎ±  1 ¸ Ï ·μ¢Ò³ § ³¥¤²¨É¥²¥³  ²Ó¡¥¤´μ° ¸¨¸É¥³Ò · ¸¶μ² £ ² ¸Ó ´ 
· ¸¸ÉμÖ´¨¨ 1 ³ μÉ Í¥´É·  § ³¥¤²¨É¥²Ö ¶μ¤ Ê£²μ³ 90◦ ¢²¥¢μ μÉ´μ¸¨É¥²Ó´μ
´ ¶· ¢²¥´¨Ö ¶ÊÎ±  ¶·μÉμ´μ¢, É. ¥. ¸¨³³¥É·¨Î´μ ¸¶¥±É·μ³¥É·Ê ´¥°É·μ´μ¢ ¢
ÉμÎ±¥ 3. “¸²μ¢¨Ö ¨§³¥·¥´¨° ¨ · ¸¸¥Ö´¨Ö ´¥°É·μ´μ¢ É ±μ¢Ò, ÎÉμ ³μ¦´μ ¶·¥¤-
¶μ²μ¦¨ÉÓ μ¤¨´ ±μ¢μ¸ÉÓ ¸¶¥±É·  ´¥°É·μ´μ¢ ¢ ÉμÎ± Ì 1 ¨ 3. ’μÎ±  2 ´ Ìμ¤¨-
² ¸Ó ´  · ¸¸ÉμÖ´¨¨ 2 ³ μÉ § ³¥¤²¨É¥²Ö ¢ Éμ³ ¦¥ ´ ¶· ¢²¥´¨¨ μ±μ²μ ¸É¥´Ò
± ¡¨´Ò.

„²Ö ¢μ¸¸É ´μ¢²¥´¨Ö ¸¶¥±É·  ´¥°É·μ´μ¢ ¶μ ¶μ± § ´¨Ö³ ¸¶¥±É·μ³¥É·  ¨¸-
¶μ²Ó§μ¢ ²¸Ö ´ ¡μ· ËÊ´±Í¨° ÎÊ¢¸É¢¨É¥²Ó´μ¸É¨. ‚μ¸¸É ´μ¢²¥´¨¥ ¸¶¥±É· , É. ¥.
·¥Ï¥´¨¥ μ¡· É´μ° § ¤ Î¨, μ¸´μ¢ ´μ ´  ³¥Éμ¤¥ ¸É É¨¸É¨Î¥¸±μ° ·¥£Ê²Ö·¨§ Í¨¨.
�·μ£· ³³  ·¥ ²¨§Ê¥É  ²£μ·¨É³ Î¨¸²¥´´μ£μ ·¥Ï¥´¨Ö ¸¨¸É¥³Ò  ²£¥¡· ¨§¨·μ-
¢ ´´ÒÌ Ê· ¢´¥´¨°

Ni =

Emax∫

Emin

Φ(E) · Ri(E) dE.

‡¤¥¸Ó Emax, Emin Å £· ´¨ÍÒ Ô´¥·£¥É¨Î¥¸±μ£μ ¸¶¥±É·  Φ(E), Ri(E) Å ËÊ´±-
Í¨Ö ÎÊ¢¸É¢¨É¥²Ó´μ¸É¨ ¸¶¥±É·μ³¥É·  ¸ § ³¥¤²¨É¥²¥³ i-£μ ¤¨ ³¥É·  (¨³¶. · ¸³2 ×
´¥°É·μ´−1 ·ŒÔ‚), Ni Å ¶μ± § ´¨Ö ¸¶¥±É·μ³¥É·  (¸±μ·μ¸ÉÓ ¸Î¥É , ¨³¶. · ¸−1).
�·¨ ¢μ¸¸É ´μ¢²¥´¨¨ ¸¶¥±É·μ¢ ¨¸¶μ²Ó§μ¢ ² ¸Ó  ¶·¨μ·´ Ö ¨´Ëμ·³ Í¨Ö ¢ ¢¨¤¥
É·¥¡μ¢ ´¨Ö £² ¤±μ¸É¨ ¨¸±μ³μ£μ ¸¶¥±É·  Φ(E) ¨ μ£· ´¨Î¥´¨¥ ¸¶¥±É·  ¸¢¥·ÌÊ
Ô´¥·£¨¥° 170 ŒÔ‚.

2.2. �¥§Ê²ÓÉ ÉÒ ¨§³¥·¥´¨° ¨ · ¸Î¥Éμ¢. �  ·¨¸. 6 ¶μ± § ´ ¢μ¸¸É ´μ¢²¥´-
´Ò° ¸¶¥±É· ´¥°É·μ´μ¢ ¢ ÉμÎ±¥ 3. ‘·¥¤´ÖÖ Ô´¥·£¨Ö ¸¶¥±É·  · ¢´  2,1 ŒÔ‚.

�¥§Ê²ÓÉ ÉÒ ¨§³¥·¥´¨° ¸ Ï ·μ¢μ°  ²Ó¡¥¤´μ° ¸¨¸É¥³μ° ¨ · ¸Î¥ÉÒ ¶μ ¨§³¥-
·¥´´μ³Ê ¸¶¥±É·Ê ´¥°É·μ´μ¢ §´ Î¥´¨° ¶μ¶· ¢μÎ´ÒÌ ±μÔËË¨Í¨¥´Éμ¢ ¶μ± § ´Ò
¢ É ¡²¨Í¥. ‚ ´¥° ¶·¥¤¸É ¢²¥´Ò Ê¸·¥¤´¥´´Ò¥ §´ Î¥´¨Ö ¶μ± § ´¨° „‚ƒ�-01 ´ 

�¨¸. 6. ‘¶¥±É· ´¥°É·μ´μ¢ ¢ ÉμÎ±¥ 3
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�¥§Ê²ÓÉ ÉÒ ¨§³¥·¥´¨° ¸ Ï ·μ¢μ°  ²Ó¡¥¤´μ° ¸¨¸É¥³μ° ¨ · ¸Î¥Éμ¢ ¶μ ¸¶¥±É·Ê

Œ¥¸Éμ
¨§³¥-
·¥´¨°

‘·¥¤´ÖÖ
Ô´¥·£¨Ö
¸¶¥±É· ,

ŒÔ‚

Hs,
³‡¢

Hc,
³‡¢

Hc/Hs

ŠμÔËË.
¨§μÉ·μ¶-
´μ¸É¨
k¨§

kE (ˆ‡�) k´(�‡)

� ¸Î¥É � ¸Î¥É � ¸Î¥É � ¸Î¥É
¶μ ¶μ ¶μ ¶μ

Ëμ·³Ê²¥ ¸¶¥±É·Ê ¸¶¥±É·Ê Ëμ·³Ê²¥

’μÎ±  1 2,1 0,86 1,43 1,66 1,52 0,56 1,04 0,39 0,37

’μÎ±  2 Å 0,54 0,59 1,09 1,82 0,33 Å Å 0,23

¶μ¢¥·Ì´μ¸É¨ Ï ·  Hs, ¶μ± § ´¨Ö ¸² °¤  ¤μ§¨³¥É·  Hc ¢ Í¥´É·¥ Ï · , μÉ-
´μÏ¥´¨Ö ÔÉ¨Ì ¶μ± § ´¨° Hc/Hs, §´ Î¥´¨¥ ±μÔËË¨Í¨¥´É  ¨§μÉ·μ¶´μ¸É¨ k¨§,
· ¢´μ¥ μÉ´μÏ¥´¨Õ ¸Ê³³Ò ¶μ± § ´¨° ³ ±¸¨³ ²Ó´μ£μ §´ Î¥´¨Ö A ¨ §´ Î¥´¨Ö
´  ¶·μÉ¨¢μ¶μ²μ¦´μ° ¸Éμ·μ´¥ Ï ·  B ± ³ ±¸¨³ ²Ó´μ³Ê §´ Î¥´¨Õ, É. ¥. k¨§ =
(A + B)/A, ·¥§Ê²ÓÉ ÉÒ · ¸Î¥Éμ¢ ¶μ¶· ¢μÎ´ÒÌ ±μÔËË¨Í¨¥´Éμ¢ ¶μ Ï ·μ¢μ°
 ²Ó¡¥¤´μ° ¸¨¸É¥³¥ ¶μ Ëμ·³Ê² ³ (5) ¨ (6) ¨ · ¸Î¥É ¶μ ¸¶¥±É·Ê ¤²Ö ÉμÎ±¨ 1.

2.3. �´ ²¨§ ¶μ²ÊÎ¥´´ÒÌ ·¥§Ê²ÓÉ Éμ¢. �  μ¸´μ¢ ´¨¨ ¶·¥¤¸É ¢²¥´´ÒÌ ¢
É ¡²¨Í¥ ¤ ´´ÒÌ ³μ¦´μ ¸± § ÉÓ ¸²¥¤ÊÕÐ¥¥.

1. ‚ ÉμÎ±¥ 1 ¸·¥¤´ÖÖ Ô´¥·£¨Ö ¸¶¥±É·  · ¢´  2,1 ŒÔ‚, ÎÉμ £μ¢μ·¨É μ ¦¥¸É-
±μ¸É¨ ¸¶¥±É·  ´¥°É·μ´μ¢, ¢Ò²¥É ÕÐ¨Ì ¨§ Ë ´Éμ³ . �¡ ÔÉμ³ £μ¢μ·¨É ¨ §´ -
Î¥´¨¥ Hc/Hs, · ¢´μ¥ 1,7, ±μÉμ·μ¥ Ì · ±É¥·¨§Ê¥É Ê¸±μ·¨É¥²Ó´Ò¥ ¸¶¥±É·Ò ± ±
¦¥¸É±¨¥. ‚ ¸μμÉ¢¥É¸É¢¨¨ ¸μ §´ Î¥´¨¥³ k¨§, · ¢´Ò³ 1,52, £¥μ³¥É·¨Ö μ¡²ÊÎ¥´¨Ö
¢ ÔÉμ° ÉμÎ±¥ Ö¢²Ö¥É¸Ö ¶·μ³¥¦ÊÉμÎ´μ° ³¥¦¤Ê ¨§μÉ·μ¶´μ° ¨ ¶¥·¥¤´¥-§ ¤´¥°.

2. � §²¨Î¨¥ ±μÔËË¨Í¨¥´Éμ¢ ¢ ¨§μÉ·μ¶´μ° £¥μ³¥É·¨¨, μ¶·¥¤¥²¥´´ÒÌ ¶μ
¸¶¥±É·Ê ¨ ¶μ Ï ·μ¢μ°  ²Ó¡¥¤´μ° ¸¨¸É¥³¥ ¢ ÉμÎ±¥ 1, ¤μ¸É¨£ ¥É 2. ‚ ¸μμÉ¢¥É-
¸É¢¨¨ ¸ ·¨¸. 3 · §²¨Î¨¥ ³¥¦¤Ê ÔÉ¨³¨ ±μÔËË¨Í¨¥´É ³¨ ¢ ¨§μÉ·μ¶´μ° £¥μ³¥-
É·¨¨ ¤²Ö ¸¶¥±É·μ¢ ´  Ê¸±μ·¨É¥²ÖÌ ¶·¨ §´ Î¥´¨ÖÌ μÉ´μÏ¥´¨Ö Hc/Hs ¢ÒÏ¥
1,5 ³μ¦¥É ¤μ¸É¨£ ÉÓ ¨ ¡�μ²ÓÏ¨Ì §´ Î¥´¨°. ˆ¸¶μ²Ó§μ¢ ´¨¥ Ï ·μ¢μ°  ²Ó¡¥¤-
´μ° ¸¨¸É¥³Ò ¢ É ±¨Ì ÉμÎ± Ì ³μ¦¥É ¤ ¢ ÉÓ § ´¨¦¥´´μ¥ §´ Î¥´¨¥ ¶μ¶· ¢μÎ´ÒÌ
±μÔËË¨Í¨¥´Éμ¢ ¨, ¸μμÉ¢¥É¸É¢¥´´μ, § ´¨¦ ÉÓ §´ Î¥´¨¥ ÔËË¥±É¨¢´μ° ¤μ§Ò ¢
¸· ¢´¥´¨¨ ¸μ §´ Î¥´¨¥³, ¶μ²ÊÎ¥´´Ò³ ¸ ±μÔËË¨Í¨¥´É ³¨, μ¶·¥¤¥²¥´´Ò³¨ ¶μ
¸¶¥±É·Ê. 
Éμ ¸μ£² ¸Ê¥É¸Ö ¸ ¢Ò¢μ¤ ³¨ · ¡μÉÒ [6] μ¡ μ£· ´¨Î¥´´μ¸É¨ ¨¸¶μ²Ó§μ-
¢ ´¨Ö Ï ·μ¢μ°  ²Ó¡¥¤´μ° ¸¨¸É¥³Ò ¢ μÉ´μ¸¨É¥²Ó´μ ¦¥¸É±¨Ì ¶μ²ÖÌ ´¥°É·μ´μ¢
´  Ê¸±μ·¨É¥²ÖÌ.

3. ‘ ¤·Ê£μ° ¸Éμ·μ´Ò, ±μÔËË¨Í¨¥´ÉÒ ¢ ÉμÎ±¥ 1 ¢ ¶¥·¥¤´¥-§ ¤´¥° £¥μ-
³¥É·¨¨, μ¶·¥¤¥²¥´´Ò¥ ¶μ ¸¶¥±É·Ê ¨ ¶μ Ëμ·³Ê²¥, ¶· ±É¨Î¥¸±¨ · ¢´Ò, ÎÉμ
£μ¢μ·¨É μ ¢μ§³μ¦´μ¸É¨ ¨¸¶μ²Ó§μ¢ ´¨Ö Ï ·μ¢μ°  ²Ó¡¥¤´μ° ¸¨¸É¥³Ò ¢ É ±μ°
£¥μ³¥É·¨¨ ¤ ¦¥ ¢ μÉ´μ¸¨É¥²Ó´μ ¦¥¸É±¨Ì ¶μ²ÖÌ ´  Ê¸±μ·¨É¥²ÖÌ ¤²Ö μ¶·¥¤¥-
²¥´¨Ö ¨´¤¨¢¨¤Ê ²Ó´μ£μ Ô±¢¨¢ ²¥´É  ¤μ§Ò. �¤´ ±μ ¢ É ±μ³ ¸²ÊÎ ¥ ¨´¤¨¢¨¤Ê-
 ²Ó´Ò° Ô±¢¨¢ ²¥´É ¤μ§Ò ´¥ ¶μ§¢μ²Ö¥É ¤μ¸Éμ¢¥·´μ μÍ¥´¨ÉÓ ÔËË¥±É¨¢´ÊÕ ¤μ§Ê,
ÎÉμ ¢ÒÉ¥± ¥É ¨§ ¸· ¢´¥´¨Ö kE(ˆ‡�) ¨ k´(�‡), μ¶·¥¤¥²¥´´ÒÌ ¶μ ¸¶¥±É·Ê.

4. ‚ ÉμÎ±¥ 2 ¸¶¥±É· ¸Ëμ·³¨·μ¢ ´ ¢ μ¸´μ¢´μ³ · ¸¸¥Ö´´Ò³¨ ¢ ± ¡¨´¥
´¥°É·μ´ ³¨, ¨ £¥μ³¥É·¨Ö μ¡²ÊÎ¥´¨Ö ¢ ÔÉμ° ÉμÎ±¥ ¡²¨¦¥ ± ¨§μÉ·μ¶´μ°, Î¥³
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± ¶¥·¥¤´¥-§ ¤´¥°. �¡ ÔÉμ³ £μ¢μ·¨É ¨ §´ Î¥´¨¥ ±μÔËË¨Í¨¥´É  ¨§μÉ·μ¶´μ¸É¨,
¡²¨§±μ¥ ± 2. ‡´ Î¥´¨¥ ¦¥ μÉ´μÏ¥´¨Ö Hc/Hs, · ¢´μ¥ 1,1, £μ¢μ·¨É μ ¤μ¸É ÉμÎ-
´μ° ³Ö£±μ¸É¨ ¸¶¥±É·  ¢ ÔÉμ° ÉμÎ±¥. ‚ É ±¨Ì ¶μ²ÖÌ μ¡μ¸´μ¢ ´μ ¨¸¶μ²Ó§μ¢ ´¨¥
Ï ·μ¢μ°  ²Ó¡¥¤´μ° ¸¨¸É¥³Ò.

5. ‘²¥¤Ê¥É μÉ³¥É¨ÉÓ ¡²¨§μ¸ÉÓ §´ Î¥´¨° ¶μ¶· ¢μÎ´ÒÌ ±μÔËË¨Í¨¥´Éμ¢
k´(�‡) ¨ kE(ˆ‡�), · ¸¸Î¨É ´´ÒÌ ¶μ Ï ·μ¢μ°  ²Ó¡¥¤´μ° ¸¨¸É¥³¥ ¤²Ö ÉμÎ±¨ 2
(μÉ²¨Î¨¥ μÉ ¸·¥¤´¥£μ ´¥ ¶·¥¢ÒÏ ¥É 20 %). 
Éμ £μ¢μ·¨É μ ±μ··¥±É´μ¸É¨ μ¶·¥-
¤¥²¥´¨Ö ´μ·³¨·Ê¥³μ° ¢¥²¨Î¨´Ò ÔËË¥±É¨¢´μ° ¤μ§Ò ¸ ¶μ³μÐÓÕ ·¥±μ³¥´¤μ-
¢ ´´μ° ¤²Ö ˆ„Š μ¶¥· Í¨μ´´μ° ¢¥²¨Î¨´Ò Å ¨´¤¨¢¨¤Ê ²Ó´μ£μ Ô±¢¨¢ ²¥´É 
¤μ§Ò ¢ ¶¥·¥¤´¥-§ ¤´¥° £¥μ³¥É·¨¨ ¢ ³Ö£±¨Ì ¶μ²ÖÌ · ¸¸¥Ö´´μ£μ ¨§²ÊÎ¥´¨Ö ´ 
Ê¸±μ·¨É¥²ÖÌ.

6. „²Ö ¡μ²¥¥ ¦¥¸É±μ£μ ¸¶¥±É·  ´¥°É·μ´μ¢ ¢ ÉμÎ±¥ 1 É ±μ£μ § ±²ÕÎ¥´¨Ö
¸¤¥² ÉÓ ´¥²Ó§Ö Å ±μÔËË¨Í¨¥´ÉÒ k´(�‡) ¨ kE(ˆ‡�) ¶μ ·¥§Ê²ÓÉ É ³ · ¸Î¥É 
¶μ¶· ¢μÎ´μ£μ ±μÔËË¨Í¨¥´É  ¶μ ¸¶¥±É·Ê ´¥°É·μ´μ¢ · §²¨Î ÕÉ¸Ö ¶μÎÉ¨ ¢ 3
· § . „²Ö É ±¨Ì ¶μ²¥° ¨§²ÊÎ¥´¨Ö ±μÔËË¨Í¨¥´É k´(�‡) ¨ · ¸¸Î¨É ´´μ¥ ¶μ
´¥³Ê §´ Î¥´¨¥ ¨´¤¨¢¨¤Ê ²Ó´μ£μ Ô±¢¨¢ ²¥´É  ¤μ§Ò ¢ ´¥¸±μ²Ó±μ · § ³¥´ÓÏ¥
§´ Î¥´¨Ö ÔËË¥±É¨¢´μ° ¤μ§Ò, É. ¥. ¢ ¦¥¸É±¨Ì ¶μ²ÖÌ ´  Ê¸±μ·¨É¥²ÖÌ ´¥μ¡Ìμ¤¨³μ
μ¶·¥¤¥²ÖÉÓ ÔËË¥±É¨¢´ÊÕ ¤μ§Ê ¸ ¶μ³μÐÓÕ ±μÔËË¨Í¨¥´É  kE(ˆ‡�), ¡²¨§±μ£μ
± ¥¤¨´¨Í¥.

7. �μ ·¥§Ê²ÓÉ É ³ ´ ¸ÉμÖÐ¥° · ¡μÉÒ ³μ¦´μ μ¶·¥¤¥²¨ÉÓ ¶·¥¤¢ ·¨É¥²Ó-
´Ò¥ £· ´¨ÍÒ ¨¸¶μ²Ó§μ¢ ´¨Ö Ï ·μ¢μ°  ²Ó¡¥¤´μ° ¸¨¸É¥³Ò ¢ ¦¥¸É±¨Ì ¶μ²ÖÌ
Ë §μÉ·μ´ : μÉ´μÏ¥´¨¥ Hc/Hs ¡μ²ÓÏ¥ 1,5 ¨ ¸·¥¤´ÖÖ Ô´¥·£¨Ö ¸¶¥±É·  ¡μ²ÓÏ¥
2 ŒÔ‚.

‚›‚�„›

‚ ´ ¸ÉμÖÐ¥° · ¡μÉ¥ ¨§³¥·¥´ ¸¶¥±É· ´¥°É·μ´μ¢ ¢ ± ¡¨´¥ ³¥¤¨Í¨´¸±μ£μ
¶ÊÎ±  Ë §μÉ·μ´  ¢¡²¨§¨ ³¥¸É  μ¡²ÊÎ¥´¨Ö ¶ Í¨¥´Éμ¢ ¶·¨ · ¸¶μ²μ¦¥´¨¨ ´ 
´¥³ Ë ´Éμ³  ¨ ¶·μ¢¥¤¥´Ò ¨§³¥·¥´¨Ö ¸ Ï ·μ¢μ°  ²Ó¡¥¤´μ° ¸¨¸É¥³μ° ¢ ¤¢ÊÌ
ÉμÎ± Ì: ¢ ³¥¸É¥ ¨§³¥·¥´¨Ö ¸¶¥±É·  ¨ ¢ ¶μ²¥ · ¸¸¥Ö´´μ£μ ¨§²ÊÎ¥´¨Ö μ±μ²μ
¸É¥´Ò ± ¡¨´Ò.

�¶·¥¤¥²¥´Ò §´ Î¥´¨Ö ¶μ¶· ¢μÎ´ÒÌ ±μÔËË¨Í¨¥´Éμ¢ ± ¶μ± § ´¨Ö³ ¨´¤¨-
¢¨¤Ê ²Ó´μ£μ  ²Ó¡¥¤´μ£μ ¤μ§¨³¥É·  „‚ƒ�-01¢ ¦¥¸É±μ³ ¶μ²¥ ¢ ÉμÎ±¥ 1 ¤¢Ê³Ö
³¥Éμ¤ ³¨: · ¸Î¥É´Ò³ ¶μ ¸¶¥±É·Ê ´¥°É·μ´μ¢ ¨ ¸ ¶μ³μÐÓÕ Ï ·μ¢μ°  ²Ó¡¥¤-
´μ° ¸¨¸É¥³Ò. �μ± § ´μ, ÎÉμ ¢ μÉ´μ¸¨É¥²Ó´μ ¦¥¸É±¨Ì ¶μ²ÖÌ ´  Ê¸±μ·¨É¥²ÖÌ
¨¸¶μ²Ó§μ¢ ´¨¥ Ï ·μ¢μ°  ²Ó¡¥¤´μ° ¸¨¸É¥³Ò ¤²Ö μ¶·¥¤¥²¥´¨Ö ¶μ¶· ¢μÎ´ÒÌ ±μ-
ÔËË¨Í¨¥´Éμ¢ ¤²Ö ÔËË¥±É¨¢´μ° ¤μ§Ò ¢ ¨§μÉ·μ¶´μ° £¥μ³¥É·¨¨ ´¥¶· ¢μ³¥·´μ.
‚ É ±¨Ì ¶μ²ÖÌ ¤²Ö μ¶·¥¤¥²¥´¨Ö ÔËË¥±É¨¢´μ° ¤μ§Ò ·¥±μ³¥´¤Ê¥É¸Ö ¨¸¶μ²Ó§μ-
¢ ÉÓ §´ Î¥´¨¥ kE(ˆ‡�), · ¢´μ¥ 1.

�¶·¥¤¥²¥´Ò ¶·¨³¥·´Ò¥ £· ´¨ÍÒ ¨¸¶μ²Ó§μ¢ ´¨Ö Ï ·μ¢μ°  ²Ó¡¥¤´μ° ¸¨-
¸É¥³Ò ¢ ¦¥¸É±¨Ì ¸¶¥±É· Ì ´  Ê¸±μ·¨É¥²ÖÌ: μÉ´μÏ¥´¨¥ Hc/Hs ¡μ²ÓÏ¥ 1,5 ¨
¸·¥¤´ÖÖ Ô´¥·£¨Ö ¸¶¥±É·  ´¥°É·μ´μ¢ ¡μ²ÓÏ¥ 2 ŒÔ‚.
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‘ ¶μ³μÐÓÕ Ï ·μ¢μ°  ²Ó¡¥¤´μ° ¸¨¸É¥³Ò μ¶·¥¤¥²¥´Ò ¶μ¶· ¢μÎ´Ò¥ ±μ-
ÔËË¨Í¨¥´ÉÒ ¢ ¶μ²¥ · ¸¸¥Ö´´μ£μ ¨§²ÊÎ¥´¨Ö Ê ¸É¥´Ò ± ¡¨´Ò ¢ ÉμÎ±¥ 2. �μ-
± § ´  ¡²¨§μ¸ÉÓ §´ Î¥´¨° ¶μ¶· ¢μÎ´ÒÌ ±μÔËË¨Í¨¥´Éμ¢ k´(�‡) ¨ kE(ˆ‡�),
· ¸¸Î¨É ´´ÒÌ ¶μ Ï ·μ¢μ°  ²Ó¡¥¤´μ° ¸¨¸É¥³¥. 
Éμ £μ¢μ·¨É μ ±μ··¥±É´μ¸É¨
μ¶·¥¤¥²¥´¨Ö ´μ·³¨·Ê¥³μ° ¢¥²¨Î¨´Ò ÔËË¥±É¨¢´μ° ¤μ§Ò ¸ ¶μ³μÐÓÕ ·¥±μ³¥´-
¤μ¢ ´´μ° ¤²Ö ˆ„Š μ¶¥· Í¨μ´´μ° ¢¥²¨Î¨´Ò Å ¨´¤¨¢¨¤Ê ²Ó´μ£μ Ô±¢¨¢ ²¥´É 
¤μ§Ò ¢ ¶¥·¥¤´¥-§ ¤´¥° £¥μ³¥É·¨¨ ¢ μÉ´μ¸¨É¥²Ó´μ ³Ö£±¨Ì ¶μ²ÖÌ · ¸¸¥Ö´´μ£μ
¨§²ÊÎ¥´¨Ö ´  Ê¸±μ·¨É¥²ÖÌ. ‚ É ±μ³ ¶μ²¥ ·¥±μ³¥´¤μ¢ ´μ ¨¸¶μ²Ó§μ¢ ÉÓ §´ Î¥-
´¨¥ k´(�‡), · ¢´μ¥ 0,23.
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