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‚ ¸¶¥Í¨ ²Ó´µ µ¡µ·Ê¤µ¢ ´´µ³ ¶µ³¥Ð¥´¨¨ ‹ ¡µ· Éµ·¨¨ Ö¤¥·´ÒÌ ¶·µ¡²¥³ WˆŸˆ
¢¢¥¤¥´ ¢ ¤¥°¸É¢¨¥ 37-²¨É·µ¢Ò°  ¢Éµ±² ¢, ¸ ¶µ³µÐÓÕ ±µÉµ·µ£µ ¨§£µÉ ¢²¨¢ ÕÉ¸Ö
¡µ²ÓÏ¨¥ µ¡· §ÍÒ  Ô·µ£¥²Ö ¤¨µ±¸¨¤  ±·¥³´¨Ö ¤²Ö · ¤¨ Éµ·µ¢ Î¥·¥´±µ¢¸±¨Ì ¸Î¥É-
Î¨±µ¢. �Ò²¨ ¨§£µÉµ¢²¥´Ò ´¥¸±µ²Ó±µ µ¡· §Íµ¢  Ô·µ£¥²Ö ± ± ¢ Ëµ·³¥ ¤¨¸±  ¤¨ -
³¥É·µ³ 214 ³³, Éµ²Ð¨´µ° 30 ³³, É ± ¨ ¢ Ëµ·³¥ ±¢ ¤· É´ÒÌ ¶² ¸É¨´ · §³¥·µ³
170 × 170 × 30 ³³ ¨ ¸ ¶µ± § É¥²Ö³¨ ¶·¥²µ³²¥´¨Ö ¸µµÉ¢¥É¸É¢¥´´µ n = 1, 064 ¨
1,030. ˆ§³¥·¥´´µ¥ ´  ±µ¸³¨Î¥¸±¨Ì Î ¸É¨Í Ì ¸·¥¤´¥¥ Î¨¸²µ ËµÉµÔ²¥±É·µ´µ¢ ¢ Î¥-
·¥´±µ¢¸±µ³ ¸Î¥ÉÎ¨±¥ ¸ · ¤¨ Éµ·µ³ ¢ Ëµ·³¥ ¤¨¸±  ¸ n=1, 064 ¸µ¸É ¢¨²µ ∼ 5.

N ¡µÉ  ¢Ò¶µ²´¥´  ¢ ‹ ¡µ· Éµ·¨¨ Ö¤¥·´ÒÌ ¶·µ¡²¥³ WˆŸˆ.

Production of Large Samples of the Silica Dioxide Aerogel
in the 37-Litre Autoclave and Test of its Optical Properties

Akimov Yu.K. et al.

37-litre autoclave for the production of the silica aerogel used as the Cherenkov
counter radiators has been put into operation at the Laboratory of Nuclear Problems of
JINR. Some silica aerogel samples of rectangle shape 170 × 170 × 30 mm in size and
cylindrical ones D = 214 mm, H = 30 mm in size with respective refractive indices
n = 1.030 and 1.064 were fabricated. The measured mean number of the prohoelectrons
produced by the cosmic particles in the Cherenkov counter with n = 1.064 aerogel as a
radiator turned out to be about 5.

The investigation has been performed at the Laboratory of Nuclear Problems, JINR.

1. ‚‚…„…Hˆ…

‚ É¥Î¥´¨¥ ³´µ£¨Ì ²¥É  Ô·µ£¥²Ó ¤¨µ±¸¨¤  ±·¥³´¨Ö ( Ô·µ£¥²Ó) Ê¸¶¥Ï´µ ¨¸¶µ²Ó§Ê¥É¸Ö
¢ Î¥·¥´±µ¢¸±¨Ì ¸Î¥ÉÎ¨± Ì ¢ ± Î¥¸É¢¥ · ¤¨ Éµ·  [1]. {Éµ µ¡Ê¸²µ¢²¥´µ ¶·¥¦¤¥ ¢¸¥£µ
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¢¥²¨Î¨´ ³¨ ¥£µ ¶µ± § É¥²Ö ¶·¥²µ³²¥´¨Ö n = 1, 007 − 1, 1, ÎÉµ Ö¢²Ö¥É¸Ö ¶·µ³¥¦ÊÉµÎ´Ò³
³¥¦¤Ê §´ Î¥´¨Ö³¨ n É ±¨Ì · ¤¨ Éµ·µ¢, ± ± ¸¦ ÉÒ¥ £ §Ò ¨ ±·¨µ£¥´´Ò¥ ¦¨¤±µ¸É¨.

‚ ´ ¸ÉµÖÐ¥° · ¡µÉ¥ ¶·¨¢µ¤ÖÉ¸Ö ·¥§Ê²ÓÉ ÉÒ, ¤µ¸É¨£´ÊÉÒ¥ ¶·¨ ¨§£µÉµ¢²¥´¨¨ ¡µ²ÓÏ¨Ì
µ¡· §Íµ¢  Ô·µ£¥²Ö ¢ 37-²¨É·µ¢µ³  ¢Éµ±² ¢¥, ±µÉµ·Ò° ¡Ò² ¶µ²ÊÎ¥´ ´ ³¨ ¢ · ³± Ì ´ ÊÎ´µ-
É¥Ì´¨Î¥¸±µ£µ ¸µÉ·Ê¤´¨Î¥¸É¢  ¨§ OˆŸ” £. �µ²µ´Ó¨, ˆÉ ²¨Ö. �¢Éµ±² ¢ ¡Ò² Ê¸É ´µ¢²¥´ ¢
¸¶¥Í¨ ²Ó´µ µ¡µ·Ê¤µ¢ ´´µ³ ² ¡µ· Éµ·´µ³ ¶µ³¥Ð¥´¨¨.

z·µ¢¥¤¥´Ò ´¥¸±µ²Ó±µ µ¶¥· Í¨° ¸ÊÏ±¨  ²±µ£¥²Ö, ¢ ·¥§Ê²ÓÉ É¥ ±µÉµ·ÒÌ ¨§£µÉµ¢²¥´Ò
µ¡· §ÍÒ  Ô·µ£¥²Ö Éµ²Ð¨´µ° 30 ³³ ¢ Ëµ·³¥ ±¢ ¤· É´ÒÌ ¶² ¸É¨´ ¶²µÐ ¤ÓÕ 170×170 ³³2

¸ n = 1, 030 ¨ ¤¨¸±  ¤¨ ³¥É·µ³ φ 214 ³³ ¸ n = 1, 064. z·¨ ¨Ì ¨§£µÉµ¢²¥´¨¨ Ï¨·µ±µ
¨¸¶µ²Ó§µ¢ ²¸Ö µ¶ÒÉ, ´ ±µ¶²¥´´Ò° ´ ³¨ ¶·¨ · ¡µÉ¥ ´  µ¤´µ²¨É·µ¢µ³  ¢Éµ±² ¢¥ [2].

z·µ¢¥¤¥´Ò ¨§³¥·¥´¨Ö ¶·µ§· Î´µ¸É¨ ¨ ¶µ± § É¥²¥° ¶·¥²µ³²¥´¨Ö µ¡· §Íµ¢,   É ±¦¥
¸·¥¤´¥£µ Î¨¸²  ËµÉµÔ²¥±É·µ´µ¢ ´  ±µ¸³¨Î¥¸±¨Ì Î ¸É¨Í Ì ¢  Ô·µ£¥²Ó´µ³ Î¥·¥´±µ¢¸±µ³
¸Î¥ÉÎ¨±¥.

2. ’…•HC‹Cƒˆ—…‘Šˆ‰ cDC–…‘‘ ˆ‡ƒC’C‚‹…HˆŸ PDCƒ…‹Ÿ

ˆ§£µÉµ¢²¥´¨¥  Ô·µ£¥²Ö ´ Î¨´ ¥É¸Ö ¸ ¶·¨£µÉµ¢²¥´¨Ö  ²±µ£¥²Ö ¤¨µ±¸¨¤  ±·¥³´¨Ö ¸
¶µ³µÐÓÕ µ·Éµ±·¥³´¨¥¢µ° ±¨¸²µÉÒ Si(OH)4, ±µÉµ· Ö ¡² £µ¤ ·Ö ¸¢µ¥° ´¥¸É ¡¨²Ó´µ° ¶·¨-
·µ¤¥ ²¥£±µ ¶µ²¨³¥·¨§Ê¥É¸Ö ¨ ±µ´¤¥´¸¨·Ê¥É¸Ö ¢ ¤¢Êµ±¨¸Ó ±·¥³´¨Ö ¢ Ëµ·³¥ ±µ²²µ¨¤´ÒÌ
Î ¸É¨Í, µ¡· §ÊÖ £¥²Ó. ‘ ³  ¦¥ Si(OH)4 ¶µ²ÊÎ ¥É¸Ö ¶·¨ £¨¤·µ²¨§¥ É¥É· ³¥Éµ±¸¨¸¨² ´ 
Si(OCH3)4. ’ ± ± ± ¶µ¸²¥¤´¨° ¢ ¢µ¤¥ ´¥ · ¸É¢µ·Ö¥É¸Ö, Éµ ¥£µ · ¸É¢µ·ÖÕÉ ¢ ³¥É ´µ²¥
CH3OH. „²Ö Ê¸±µ·¥´¨Ö ¶·µÍ¥¸¸  µ¡· §µ¢ ´¨Ö £¥²Ö ¨¸¶µ²Ó§Ê¥É¸Ö ± É ²¨§ Éµ· NH4OH.

’ ±¨³ µ¡· §µ³, £¥²Ó ¤¨µ±¸¨¤  ±·¥³´¨Ö ¶µ²ÊÎ ¥É¸Ö ¢ ·¥ ±Í¨ÖÌ:

Si(OCH3)4 + H2O NH4OH−→ Si(OH)4 + CH3OH, (1)

Si(OH)4 → SiO2 + 2H2O. (2)

Šµ²²µ¨¤´Ò¥ Î ¸É¨ÍÒ ¢ ·¥ ±Í¨¨ (2) ¶·¥¤¸É ¢²ÖÕÉ ¸µ¡µ° ¸Ë¥·¨Î¥¸±¨¥ µ¡· §µ¢ ´¨Ö ¨§
SiO2 ¤¨ ³¥É·µ³ ∼ 4 ´³, ¸µ¥¤¨´¥´´Ò¥ ³¥¦¤Ê ¸µ¡µ° ¢ Í¥¶µÎ±¨ ¶µ¸·¥¤¸É¢µ³ ¸¨²µ±¸ ´µ¢µ°
(Si-O-Si) ¨ £¨¤·µ±¸¨²Ó´µ° (OH) ¸¢Ö§¥° ¢ ¢¨¤¥ É·¥Ì³¥·´µ° ¸¥É±¨, µ¡· §ÊÖ  ²±µ£¥²Ó. zµ·Ò
³¥¦¤Ê Î ¸É¨Í ³¨ · §³¥·µ³ 40Ä100 ´³ § ¶µ²´¥´Ò ³¥É ´µ²µ³ ¨ ¢µ¤µ°.

O¥¶µ¸·¥¤¸É¢¥´´µ ¶µ¸²¥ ·¥ ±Í¨¨ (2)  ²±µ£¥²Ó ¤µ¢µ²Ó´µ ³Ö£±¨°. O¥±µÉµ·µ¥ ¥£µ § É¢¥·-
¤¥¢ ´¨¥ ´ Î¨´ ¥É¸Ö ¸¶Ê¸ÉÖ 1Ä2 Î ¸  ¶µ¸²¥ ´ Î ²  ·¥ ±Í¨¨ (2),   ¶µ²´µ¥ Å ¶·µ¨¸Ìµ¤¨É
§  7Ä10 ¤´¥°. ‚ É¥Î¥´¨¥ ¢¸¥£µ ÔÉµ£µ ¢·¥³¥´¨  ²±µ£¥²Ó ¢ ¸¶¥Í¨ ²Ó´µ° Ëµ·³¥ ¨§ ´¥·¦ ¢¥-
ÕÐ¥° ¸É ²¨ ¢Ò¤¥·¦¨¢ ¥É¸Ö ¶µ¤ ¸²µ¥³ ³¥É ´µ²  ¶·¨ ±µ³´ É´µ° É¥³¶¥· ÉÊ·¥. z·¨ ÔÉµ³
µ¸´µ¢´ Ö Î ¸ÉÓ ¢µ¤Ò, ¸µ¤¥·¦ Ð Ö¸Ö ¢ ¶µ· Ì  ²±µ£¥²Ö, ¶¥·¥Ìµ¤¨É ¢ ³¥É ´µ².

‡ ¢¥·Ï ÕÐ¨³ ÔÉ ¶µ³ ¶·µÍ¥¸¸  ¨§£µÉµ¢²¥´¨Ö  Ô·µ£¥²Ö Ö¢²Ö¥É¸Ö ¸ÊÏ±   ²±µ£¥²Ö, ¶·¨
±µÉµ·µ° ¨§ ¶µ· ³¥¦¤Ê Î ¸É¨Í ³¨ Ê¤ ²ÖÕÉ¸Ö ³¥É ´µ² ¨ µ¸É É±¨ ¢µ¤Ò. —Éµ¡Ò ¸ÊÏ± 
¶·µÌµ¤¨²  ¡¥§ · §·ÊÏ¥´¨Ö ¶µ·¨¸Éµ° ¸É·Ê±ÉÊ·Ò  ²±µ£¥²Ö ¨§-§  ¶µ¢¥·Ì´µ¸É´µ£µ ´ ÉÖ¦¥´¨Ö
¨ ± ¶¨²²Ö·´ÒÌ ¸¨², ¥¥ ¶·µ¢µ¤ÖÉ ¶·¨ É¥³¶¥· ÉÊ·¥ ¨ ¤ ¢²¥´¨¨, ¶·¥¢ÒÏ ÕÐ¨Ì ±·¨É¨Î¥¸±ÊÕ
ÉµÎ±Ê ³¥É ´µ²  (T±·. = 240◦ C ¨ P±·. ≈ 80 ±£/¸³2).

’ ±µ° ¶·µÍ¥¸¸ ¸ÊÏ±¨ ¶·µ¢µ¤¨É¸Ö ¢ ¸¶¥Í¨ ²Ó´µ³ ¸µ¸Ê¤¥ Å  ¢Éµ±² ¢¥, ¢ ±µÉµ·µ³ ¸µ-
§¤ ÕÉ¸Ö ÔÉ¨ Ê¸²µ¢¨Ö. “¸É·µ°¸É¢µ  ¢Éµ±² ¢  ¶µ± § ´µ ´  ·¨¸. 1. �¢Éµ±² ¢ ¶·¥¤¸É ¢²Ö¥É
¸µ¡µ° Í¥²Ó´µ±µ¢ ´Ò° Éµ²¸Éµ¸É¥´´Ò° ¸µ¸Ê¤ (Éµ²Ð¨´  ¸É¥´µ± ¸µ¸Ê¤  ∼ 75 ³³) Í¨²¨´-
¤·¨Î¥¸±µ° Ëµ·³Ò ¨§ ´¥·¦ ¢¥ÕÐ¥° ¸É ²¨, ¸´ ¡¦¥´´Ò° ±·ÒÏ±µ° (2), Ê¶²µÉ´Ö¥³µ° 6 ³³
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¶·µ±² ¤±µ° ¨§  ²Õ³¨´¨Ö. ‚´ÊÉ·¥´´¨° ¤¨ ³¥É·  ¢Éµ±² ¢  ¸µ¸É ¢²Ö¥É 300 ³³, ¥³±µ¸ÉÓ Å
37 ². N ¡µÎ¥¥ ¤ ¢²¥´¨¥ ¨ É¥³¶¥· ÉÊ·  ¢´ÊÉ·¨  ¢Éµ±² ¢  · ¢´Ò ¸µµÉ¢¥É¸É¢¥´´µ 120 ±£/¸³2

¨ 260◦ C.

N¨¸. 1. ‘Ì¥³  Ê¸É ´µ¢±¨: 1 Å ±µ·¶Ê¸, 2 Å ±·ÒÏ± , 3 Å ¶¥Î¨ (´ £·¥¢ É¥²¨), 4 Å É¥¶²µ· ¸¶·¥-
¤¥²¨É¥²Ó, 5 Å É¥·³µ¨§µ²ÖÍ¨Ö, 6 Å ¡ ²²µ´, 7 Å É¥¶²µµ¡³¥´´¨±, 8 Å ¸¡µ·´¨± ¸¶¨·É , 9 Å
¶·¥¤µÌ· ´¨É¥²Ó´ Ö ³¥³¡· ´ , Œ1ÄŒ4 Å ³ ´µ³¥É·Ò, ‚1Ä‚6 Å- ¢¥´É¨²¨, zŠ Å ¶·Ê¦¨´´Ò° ¶·¥-
¤µÌ· ´¨É¥²Ó´Ò° ±² ¶ ´, N721Ä0001 Å Ô²¥±É·¨Î¥¸±¨° ¤ ÉÎ¨± ¤ ¢²¥´¨Ö

‘´ ·Ê¦¨ ´  ±µ·¶Ê¸  ¢Éµ±² ¢  (1) ´ ¶·¥¸¸µ¢ ´  É¥¶²µ· ¸¶·¥¤¥²ÖÕÐ Ö ´ ¸ ¤±  ¨§
 ²Õ³µ¸¥·¥¡·Ö´µ£µ ¸¶² ¢  (4), ¢ ±µÉµ·µ° ´  · §´ÒÌ Ê·µ¢´ÖÌ · §³¥Ð¥´Ò ´ £·¥¢ É¥²¨ (3)
¨ É·¨ É¥·³µ¶ ·Ò. ‚ É·Ê¡± Ì, ¢¢ ·¥´´ÒÌ ´  ±·ÒÏ±¥, · §³¥Ð¥´Ò ¥Ð¥ É·¨ É¥·³µ¶ ·Ò ¤²Ö
¨§³¥·¥´¨Ö É¥³¶¥· ÉÊ·Ò ¢´ÊÉ·¨  ¢Éµ±² ¢ . Šµ·¶Ê¸  ¢Éµ±² ¢  ¶µ³¥Ð¥´ ¢ É¥¶²µ¨§µ²ÖÍ¨µ´-
´Ò° ±µ¦ÊÌ (5). ‚ Ê¸²µ¢¨ÖÌ · ¡µÉÒ  ¢Éµ±² ¢  · ¸¶·¥¤¥²¥´¨¥ É¥³¶¥· ÉÊ·Ò ¢´ÊÉ·¨ ´¥£µ
¡Ò²µ ¤µ¸É ÉµÎ´µ µ¤´µ·µ¤´Ò³.

O  ±·ÒÏ±¥  ¢Éµ±² ¢  Ê¸É ´µ¢²¥´  ¶·¥¤µÌ· ´¨É¥²Ó´ Ö  ·³ ÉÊ·  ¨§ ¶µ¸²¥¤µ¢ É¥²Ó´µ
· ¸¶µ²µ¦¥´´ÒÌ ³¥³¡· ´Ò (9) ¨ ¶·Ê¦¨´´µ£µ ±² ¶ ´  zŠ. ‡¤¥¸Ó ¦¥ ¸³µ´É¨·µ¢ ´Ò: ¢¥´-
É¨²Ó ‚1 Å ¤¨¸É ´Í¨µ´´Ò° Ô²¥±É·µÊ¶· ¢²Ö¥³Ò° ±² ¶ ´ ·¥£Ê²¨·Ê¥³µ£µ ¸¡·µ¸  ¤ ¢²¥´¨Ö;
³ ´µ³¥É· Œ1 ¨ Ô²¥±É·¨Î¥¸±¨° ¤ ÉÎ¨± ¤ ¢²¥´¨Ö ¤²Ö ¨§³¥·¥´¨Ö ¤ ¢²¥´¨Ö ¢´ÊÉ·¨  ¢Éµ-
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±² ¢ ; ¢¥´É¨²Ó ‚2, Î¥·¥§ ±µÉµ·Ò°  ¢Éµ±² ¢ ¶·µ¤Ê¢ ¥É¸Ö ¨´¥·É´Ò³ £ §µ³ ¨§ ¡ ²²µ´  (6)
¤²Ö ¢ÒÉ¥¸´¥´¨Ö ¢µ§¤ÊÌ  ¨§ µ¡Ñ¥³   ¢Éµ±² ¢  ¤µ ´ Î ²  ¸ÊÏ±¨ ¨ ¶ ·µ¢ ³¥É ´µ²  ¶µ¸²¥
§ ¢¥·Ï¥´¨Ö ¸ÊÏ±¨. ‚ÒÉ¥¸´Ö¥³Ò° ¶·¨ ÔÉµ³ £ § Î¥·¥§ ¢¥´É¨²Ó ‚3 ¸¡· ¸Ò¢ ¥É¸Ö ¢ ¢¥´É¨-
²ÖÍ¨µ´´ÊÕ É·Ê¡Ê.

�¢Éµ±² ¢ ¢ ¸µµÉ¢¥É¸É¢¨¨ ¸ Ê¸²µ¢¨Ö³¨ ¨ É·¥¡µ¢ ´¨Ö³¨ ¥£µ Ô±¸¶²Ê É Í¨¨ ¡Ò² Ê¸É ´µ-
¢²¥´ ¢ ¸¶¥Í¨ ²Ó´µ µ¡µ·Ê¤µ¢ ´´µ³ ¶µ³¥Ð¥´¨¨ ±² ¸¸  1 �¢. “¶· ¢²¥´¨¥ · ¡µÉµ°  ¢Éµ±² ¢ 
¢µ ¢·¥³Ö ¸ÊÏ±¨ ¶·µ¨§¢µ¤¨É¸Ö µ¡¸²Ê¦¨¢ ÕÐ¨³ ¶¥·¸µ´ ²µ³ ¨§ µÉ¤¥²Ó´µ£µ ¶µ³¥Ð¥´¨Ö.

zµ¸²¥ ´¥µ¡Ìµ¤¨³ÒÌ ¶µ¤£µÉµ¢¨É¥²Ó´ÒÌ · ¡µÉ ¶·µ¢µ¤¨É¸Ö ´ £·¥¢ ´¨¥  ¢Éµ±² ¢ , É.¥.
¸ÊÏ±   ²±µ£¥²Ö. ’¨¶µ¢µ° ·¥¦¨³ ¸ÊÏ±¨ ¶·¨¢¥¤¥´ ´  ·¨¸. 2. W´ ¡Ò² · ¸¸Î¨É ´ ´  µ¸´µ¢ -
´¨¨ ¤ ´´ÒÌ ¶µ ¨§³¥´¥´¨Õ ¶²µÉ´µ¸É¨ ¨ ¢Ö§±µ¸É¨ ³¥É ´µ²  ¢ § ¢¨¸¨³µ¸É¨ µÉ É¥³¶¥· ÉÊ·Ò.
z·¨ ÔÉµ³ ¢·¥³¥´´µ° ³ ¸ÏÉ ¡ ¶·µÍ¥¸¸  ¡Ò² µ¶É¨³¨§¨·µ¢ ´ Ô±¸¶¥·¨³¥´É ²Ó´µ ´  µ¤´µ-
²¨É·µ¢µ³  ¢Éµ±² ¢¥.

‚¥¸Ó ¶·µÍ¥¸¸ ¸ÊÏ±¨ § ´¨³ ¥É µ±µ²µ 40 Î ¸µ¢, ¶µ § ¢¥·Ï¥´¨¨ ¥£µ  ²±µ£¥²Ó ¶·¥¢· Ð -
¥É¸Ö ¢  Ô·µ£¥²Ó. �Ò²¨ ¨§£µÉµ¢²¥´Ò É·¨ ¡µ²ÓÏ¨Ì µ¡· §Í   Ô·µ£¥²Ö, ¤¢  ¨§ ±µÉµ·ÒÌ ¨³¥²¨
Ëµ·³Ê ±¢ ¤· É´µ° ¶² ¸É¨´Ò 170 × 170 × 30 ³³ ¸ ¶µ± § É¥²¥³ ¶·¥²µ³²¥´¨Ö n = 1, 030 ¨
µ¤¨´ Å Ëµ·³Ê ¤¨¸±  ¸ φ 214 ³³ Éµ²Ð¨´µ° t = 30 ³³ ¸ n = 1, 064.

zµ¸²¥ ¶·µ¢¥¤¥´¨Ö ¸ÊÏ±¨ ¢ ¶µ· Ì  Ô·µ£¥²Ö ¢¸¥ ¥Ð¥ µ¸É ¥É¸Ö ´¥¡µ²ÓÏµ¥ ±µ²¨Î¥¸É¢µ
³¥É ´µ²  ¨ ¢µ¤Ò. „²Ö Ê¤ ²¥´¨Ö ¨Ì ¶·µ¢µ¤¨É¸Ö ¥Ð¥ µ¤¨´ ¶·µÍ¥¸¸ Å µÉ¦¨£  Ô·µ£¥²Ö, ¶·¨
±µÉµ·µ³ µ¡· §¥Í ¶µ¤¢¥·£ ¥É¸Ö ¶² ¢´µ³Ê ´ £·¥¢ ´¨Õ ¤µ 400◦ C ¨ ¶µ¸²¥¤ÊÕÐ¥³Ê µÌ² ¦¤¥-
´¨Õ ¢ É¥Î¥´¨¥ ∼ 10 Î ¸µ¢.

N¨¸. 2. N¥¦¨³ ¸ÊÏ±¨  ²±µ£¥²Ö

3. ˆ‡Œ…D…Hˆ… Cc’ˆ—…‘Šˆ• •PDPŠ’…Dˆ‘’ˆŠ PDCƒ…‹Ÿ

W¤´µ° ¨§ ¢ ¦´¥°Ï¨Ì Ì · ±É¥·¨¸É¨±  Ô·µ£¥²Ö ± ± · ¤¨ Éµ·  Î¥·¥´±µ¢¸±¨Ì ¸Î¥ÉÎ¨±µ¢
Ö¢²Ö¥É¸Ö ¥£µ ¶µ± § É¥²Ó ¶·¥²µ³²¥´¨Ö n, ±µÉµ·Ò° µ¶·¥¤¥²Ö¥É ¶µ·µ£µ¢ÊÕ ±¨´¥É¨Î¥¸±ÊÕ



52 
±¨³µ¢ \.Š. ¨ ¤·. ˆ§£µÉµ¢²¥´¨¥ ¡µ²ÓÏ¨Ì µ¡· §Íµ¢  Ô·µ£¥²Ö

Ô´¥·£¨Õ E¶µ·. § ·Ö¦¥´´µ° Î ¸É¨ÍÒ. ‚ Î ¸É´µ¸É¨, ¶·¨ n = 1, 064 E¶µ·. ¤²Ö π-, K-³¥§µ´µ¢
¨ ¶·µÉµ´µ¢ · ¢´Ò ¸µµÉ¢¥É¸É¢¥´´µ 281, 995 ¨ 1891 MÔ‚. zµ± § É¥²Ó ¶·¥²µ³²¥´¨Ö n
µ¶·¥¤¥²Ö¥É É ±¦¥ ±µ²¨Î¥¸É¢µ ËµÉµ´µ¢, ¨§²ÊÎ ¥³ÒÌ § ·Ö¦¥´´µ° Î ¸É¨Í¥° ¢ · ¤¨ Éµ·¥.
‡´ ´¨¥ ¥£µ ´¥µ¡Ìµ¤¨³µ ¶·¨ ¶·µ¥±É¨·µ¢ ´¨¨ Î¥·¥´±µ¢¸±¨Ì ¸Î¥ÉÎ¨±µ¢, ¶µ¸±µ²Ó±Ê µ´ ¢Ìµ-
¤¨É ¢ Ëµ·³Ê²Ê ¤²Ö · ¸Î¥Éµ¢ µ¦¨¤ ¥³µ£µ Î¨¸²  ËµÉµÔ²¥±É·µ´µ¢ Ne. ’ ±, Ne ¢ ¸Î¥ÉÎ¨±¥
¸ ¤²¨´µ° · ¤¨ Éµ·  L · ¢´µ [4]:

Ne = AL

(
1 − 1

n2β2

)
. (3)

‡¤¥¸Ó β Å ¸±µ·µ¸ÉÓ Î ¸É¨ÍÒ; A = 2πα
∫ λ2

λ1
η(λ) · ε(λ, L)R(λ)dλλ2 , £¤¥ α = 1

137 Å ¶µ-
¸ÉµÖ´´ Ö Éµ´±µ° ¸É·Ê±ÉÊ·Ò; λ1 ¨ λ2 Å £· ´¨Î´Ò¥ ¤²¨´Ò ¢µ²´ µ¡² ¸É¨ ÎÊ¢¸É¢¨É¥²Ó´µ¸É¨
¨¸¶µ²Ó§Ê¥³µ£µ ËµÉµÊ³´µ¦¨É¥²Ö (”{“); η, ε, R Å ¸µµÉ¢¥É¸É¢¥´´µ ±¢ ´Éµ¢ Ö ÔËË¥±É¨¢-
´µ¸ÉÓ ”{“, ±µÔËË¨Í¨¥´É ¶µÉ¥·¨ ¸¢¥É  ¢ · ¤¨ Éµ·¥, ±µÔËË¨Í¨¥´É µÉ· ¦¥´¨Ö §¥·± ² .

zµ± § É¥²Ó ¶·¥²µ³²¥´¨Ö µ¡· §Íµ¢  Ô·µ£¥²Ö ¢ Ëµ·³¥ ±¢ ¤· É´ÒÌ ¶² ¸É¨´ ¨§³¥·Ö²¸Ö
´  £µ´¨µ³¥É·¥ ƒ‘-5 É· ¤¨Í¨µ´´Ò³ ³¥Éµ¤µ³ ¶µ Ê£²Ê ´ ¨³¥´ÓÏ¥£µ µÉ±²µ´¥´¨Ö ¨ ¸µ¸É ¢¨²
n = 1, 030 ± 0, 001.

N¨¸. 3. ‘Ì¥³  ¨§³¥·¥´¨Ö ¶µ± § -
É¥²Ö ¶·¥²µ³²¥´¨Ö ´  µ¡· §Í¥
 Ô·µ£¥²Ö ¢ Ëµ·³¥ ¤¨¸±  φ 214 ³³
¨ t = 30 ³³

„²Ö µ¡· §Í   Ô·µ£¥²Ö ¢ Ëµ·³¥ ¤¨¸±  ¨¸¶µ²Ó§µ¢ ²¸Ö
¤·Ê£µ° ³¥Éµ¤ ¨§³¥·¥´¨Ö n, µ¸´µ¢ ´´Ò° ´  ¶µ²´µ³ ¢´Ê-
É·¥´´¥³ µÉ· ¦¥´¨¨ (z‚W) ²ÊÎ  (NeÅHe)-² §¥· , ´ -
¶· ¢²¥´´µ£µ ¶µ ± ¸ É¥²Ó´µ° ± ¡µ±µ¢µ° ¶µ¢¥·Ì´µ¸É¨
µ¡· §Í  (·¨¸. 3). ˆ§ ÔÉµ£µ ·¨¸Ê´±  ´¥É·Ê¤´µ ¶µ²ÊÎ¨ÉÓ
¸µµÉ´µÏ¥´¨¥

n = n1/
√

1 − (L/D)2, (4)

£¤¥ DÅ ¤¨ ³¥É· µ¡· §Í ; LÅ ¤²¨´  Ìµ·¤Ò ²ÊÎ , ¨¸¶Ò-
É ¢Ï¥£µ z‚W; n1 Å ¶µ± § É¥²Ó ¶·¥²µ³²¥´¨Ö ¢µ§¤ÊÌ .
‚ ·¥§Ê²ÓÉ É¥ ¶·µ¢¥¤¥´´ÒÌ ¨§³¥·¥´¨° ¡Ò²µ ¶µ²ÊÎ¥´µ
n = 1, 064 ± 0, 02.

‚ ¦´µ° Ì · ±É¥·¨¸É¨±µ°  Ô·µ£¥²Ö Ö¢²Ö¥É¸Ö ¥£µ
¶·µ§· Î´µ¸ÉÓ. „²Ö ¥¥ µÍ¥´±¨ ´  ¸¶¥±É·µ³¥É·¥ ‘” -
46 ¡Ò²  ¨§³¥·¥´  ±·¨¢ Ö ¶·µ¶Ê¸± ´¨Ö ¸¢¥É  µÉµ¦¦¥´-
´Ò³ µ¡· §Íµ³  Ô·µ£¥²Ö ¢ Ëµ·³¥ ±¢ ¤· É´µ° ¶² ¸É¨´Ò.
”µÉµ£· Ë¨Ö µ¡· §Í  ¶·¨¢¥¤¥´  ´  ·¨¸.4,   ±·¨¢ Ö ¶·µ-
¶Ê¸± ´¨Ö Å ´  ·¨¸. 5 (±·¨¢ Ö 1). „²Ö ¸· ¢´¥´¨Ö ´  ¶µ-
¸²¥¤´¥³ ·¨¸Ê´±¥ ¶·¨¢¥¤¥´Ò É ±¦¥ ¤ ´´Ò¥ ¤·Ê£¨Ì · ¡µÉ

[5Ä7]. Š ± ¢¨¤´µ, ¨§£µÉµ¢²¥´´Ò° ´ ³¨ µ¡· §¥Í µ¡² ¤ ¥É ¤µ¸É ÉµÎ´µ Ìµ·µÏ¥° ¶·µ§· Î-
´µ¸ÉÓÕ.

ˆ§³¥·¥´¨Ö ¸·¥¤´¥£µ Î¨¸²  ËµÉµÔ²¥±É·µ´µ¢ 〈Ne〉 ¶·µ¢µ¤¨²¨¸Ó ´  ±µ¸³¨Î¥¸±¨Ì Î -
¸É¨Í Ì ´  Ê¸É ´µ¢±¥, µ¶¨¸ ´´µ° ¢ · ¡µÉ¥ [3], µ¸´µ¢´Ò³ Ô²¥³¥´Éµ³ ±µÉµ·µ° Ö¢²Ö¥É¸Ö
Î¥·¥´±µ¢¸±¨° ¸Î¥ÉÎ¨±, ¶µ± § ´´Ò° ´  ·¨¸. 6. —¥·¥´±µ¢¸±¨° ¸Î¥ÉÎ¨± · ¸¶µ² £ ²¸Ö ³¥¦¤Ê
¤¢Ê³Ö ¸Í¨´É¨²²ÖÍ¨µ´´Ò³¨ ¸Î¥ÉÎ¨± ³¨, ±µÉµ·Ò¥ ¡Ò²¨ ¢±²ÕÎ¥´Ò ´  ¸µ¢¶ ¤¥´¨Ö ¨ ¢Ò-
· ¡ ÉÒ¢ ²¨ ®¢µ·µÉ ¯ ¶·¨ ¶·µÌµ¦¤¥´¨¨ Î¥·¥§ ´¨Ì ±µ¸³¨Î¥¸±µ° Î ¸É¨ÍÒ. ‘¨£´ ²Ò ¸
 Ô·µ£¥²Ó´µ£µ ¸Î¥ÉÎ¨± , ¶µ¶ ¤ ¢Ï¨¥ ¢ ÔÉ¨ ®¢µ·µÉ ¯,  ´ ²¨§¨·µ¢ ²¨¸Ó ¶µ  ³¶²¨ÉÊ¤¥ ´ 
¶¥·¸µ´ ²Ó´µ³ ±µ³¶ÓÕÉ¥·¥.
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N¨¸. 4. ”µÉµ£· Ë¨Ö µÉµ¦¦¥´´µ£µ µ¡· §Í  ¢ Ëµ·³¥ ±¢ ¤· É´µ° ¶² ¸É¨´Ò 170 × 170 × 30 ³³ ¸
n = 1, 030

N¨¸. 5. Š·¨¢Ò¥ ¶·µ¶Ê¸± ´¨Ö ¸¢¥É  T (λ) ¢ § ¢¨¸¨³µ¸É¨ µÉ ¤²¨´Ò ¢µ²´Ò ¢ · §´ÒÌ µ¡· §Í Ì  Ô·µ£¥²Ö:
1 Å ´ Ï µ¡· §¥Í 170×170×30 ³³, n = 1, 030; 2 Å µ¡· §¥Í ¨§ Š…Š t = 23, 3 ³³, n = 1, 028 [5];
3 Å µ¡· §¥Í ¨§ Š…Š t = 20 ³³, n = 1, 029 [6]; 4 Å µ¡· §¥Í ¨§ Airglass t = 30 ³³, n = 1, 030 [7]
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N¨¸. 6. ‘Ì¥³  Î¥·¥´±µ¢¸±µ£µ ¸Î¥ÉÎ¨± : 1 Å  ²Õ³¨´¨§¨·µ¢ ´´Ò° ³ °² ·, 2 Å  Ô·µ£¥²Ó, 3 Å Í¨²¨´-
¤·¨Î¥¸±µ¥ §¥·± ²µ, 4 Å ±µ´¨Î¥¸±µ¥ §¥·± ²µ, 5 Å ËµÉµÊ³´µ¦¨É¥²Ó, 6 Å ±µ¦ÊÌ ËµÉµÊ³´µ¦¨É¥²Ö,
7 Å ±µ·¶Ê¸ ¸Î¥ÉÎ¨± , 8 Å ¢ÒÌµ¤´µ¥ µ±´µ

Šµ´¸É·Ê±Í¨Ö Î¥·¥´±µ¢¸±µ£µ ¸Î¥ÉÎ¨±  ¡Ò²  · ¸cÎ¨É ´  ´  ±¢ ¤· É´Ò¥ µ¡· §ÍÒ ¶²µ-
Ð ¤ÓÕ 70 × 70 ³³2, ¶µÔÉµ³Ê ¶·¨ ¨¸¶ÒÉ ´¨ÖÌ µ¡· §Í  ¡µ²ÓÏ¨Ì · §³¥·µ¢ ¢  ²Õ³¨´¨§¨-
·µ¢ ´´µ³ ³ °² ·¥ (1), ±µÉµ·Ò³ ¡Ò² µ¡¥·´ÊÉ ÔÉµÉ µ¡· §¥Í (2), ¢Ò·¥§ ²¨¸Ó µ±´  É ±µ° ¦¥
¶²µÐ ¤¨: µ¤´µ Å ´ ¶·µÉ¨¢ ¸¥·¥¤¨´Ò µ¡· §Í , ¨ ¥Ð¥ ¤¢  Å ¢ ¶¥·¨Ë¥·¨°´ÒÌ µ¡² ¸ÉÖÌ
¸µ ¸¤¢¨£µ³ µÉ´µ¸¨É¥²Ó´µ Í¥´É·  ´  ± 70 ³³. zµ¸²¥¤´¨¥ ¤¢  µ±´  ¨¸¶µ²Ó§µ¢ ²¨¸Ó ¶·¨
¨§³¥·¥´¨¨ µ¤´µ·µ¤´µ¸É¨ ¸¢¥Éµ¢ÒÌµ¤  ¨§ µ¡· §Í .

”µÉµ´Ò Î¥·¥´±µ¢¸±µ£µ ¨§²ÊÎ¥´¨Ö, ¢µ§´¨± ¢Ï¨¥ ¢  Ô·µ£¥²¥ µÉ ±µ¸³¨Î¥¸±¨Ì Î ¸É¨Í
(∼ 75% ±µÉµ·ÒÌ ¸µ¸É ¢²ÖÕÉ µ-³¥§µ´Ò), ¶µ¶ ¤ ÕÉ ´  Í¨²¨´¤·¨Î¥¸±µ¥ (3) ¨ ¤ ²¥¥ ±µ´¨-
Î¥¸±µ¥ (4) §¥·± ²  ¨ ¸µ¡¨· ÕÉ¸Ö ´  ËµÉµ± Éµ¤¥ ËµÉµÊ³´µ¦¨É¥²Ö ”{“ •N 4222‚ (5).

ˆ§³¥·¥´´Ò¥ É ±¨³ µ¡· §µ³ ¸¶¥±É·Ò  ³¶²¨ÉÊ¤ ¸¨£´ ²µ¢ ¸ ”{“, ¤¥É¥±É¨·µ¢ ¢Ï¥£µ
¸¢¥É µÉ µ¡· §Í   Ô·µ£¥²Ö ¢ Ëµ·³¥ ¤¨¸± , ¨§µ¡· ¦¥´Ò ´  ·¨¸. 7 ,¡,¢, ¶·¨ ÔÉµ³ ·¨¸. 7 
¸µµÉ¢¥É¸É¢Ê¥É ¤ ´´Ò³, ¶µ²ÊÎ¥´´Ò³ ¨§ Í¥´É· ²Ó´µ° µ¡² ¸É¨,   ¤¢  ¤·Ê£¨Ì ·¨¸Ê´±  Å
¤ ´´Ò³ ¸ ¶¥·¨Ë¥·¨¨. „²Ö ¸· ¢´¥´¨Ö ´  ·¨¸. 7£ ¶·¨¢µ¤¨É¸Ö ¸¶¥±É·, ¶µ²ÊÎ¥´´Ò° ¸ ³ ²µ£µ
µ¡· §Í  ¤¨ ³¥É·µ³ 70 ³³ ¨ Éµ²Ð¨´µ° 29 ³³ ¸ n = 1, 054, ¨§£µÉµ¢²¥´´µ£µ ¢ µ¤´µ²¨É·µ¢µ³
 ¢Éµ±² ¢¥ [2].

Š ²¨¡·µ¢±  ± ´ ²µ¢ ¢ ÔÉ¨Ì ¸¶¥±É· Ì ¶·µ¨§¢µ¤¨² ¸Ó ¸ ¶µ³µÐÓÕ ¨¸ÉµÎ´¨±  ¸¢¥É 
¸² ¡µ° ¨´É¥´¸¨¢´µ¸É¨, ¸¶¥±É· ¨³¶Ê²Ó¸µ¢ ±µÉµ·µ£µ ¶·¨¢¥¤¥´ ´  ·¨¸. 8, £¤¥ µÉÎ¥É²¨¢µ
¢¨¤´Ò 3 ¶¨± . z¥·¢Ò° ¶¨± (²¥¢Ò°) µ¡Ê¸²µ¢²¥´ ¶Ó¥¤¥¸É ²µ³,   ¢Éµ·µ° ¨ É·¥É¨° ¶¨±¨
¸µµÉ¢¥É¸É¢ÊÕÉ ·¥£¨¸É· Í¨¨ µ¤´µ£µ ¨ ¤¢ÊÌ ËµÉµÔ²¥±É·µ´µ¢. ˜ £ ³¥¦¤Ê ÔÉ¨³¨ ¶¨± ³¨
¸µ¸É ¢²Ö¥É 35 ± ´ ²µ¢, ÎÉµ ¸²Ê¦¨²µ ³¥·µ° ¤²Ö ¶¥·¥¸Î¥É   ³¶²¨ÉÊ¤ ¸¶¥±É·µ¢ µÉ  Ô·µ£¥²Ö
¢ Î¨¸²µ ËµÉµÔ²¥±É·µ´µ¢.

z·µ¢¥¤¥´´Ò°  ´ ²¨§ ¶µ± §Ò¢ ¥É, ÎÉµ ¢ Î¥·¥´±µ¢¸±µ³ ¸Î¥ÉÎ¨±¥ ¸ µ¡· §Íµ³ φ 214 ³³,
t = 30 ³³ µ¡· §Ê¥É¸Ö ¢ ¸·¥¤´¥³ 4,9 ËµÉµÔ²¥±É·µ´µ¢ ¨ ÎÉµ ´¥µ¤´µ·µ¤´µ¸ÉÓ ¸¢¥Éµ¢µ£µ
¢ÒÌµ¤  ¶µ ¶²µÐ ¤¨ µ¡· §Í  ´¥ ¶·¥¢ÒÏ ¥É ±5%. „²Ö ¸Î¥ÉÎ¨±  ¸ µ¡· §Íµ³ φ 70 ³³, t =
29 ³³ 〈Ne〉 µ± § ²µ¸Ó · ¢´Ò³ 4,1. W¤´ ±µ É ± Ö · §´¨Í  ¢ ¸·¥¤´¥³ Î¨¸²¥ ËµÉµÔ²¥±É·µ´µ¢
¢¶µ²´¥ µ¡ÑÖ¸´¨³  · §²¨Î¨¥³ ¢ ¶µ± § É¥²ÖÌ ¶·¥²µ³²¥´¨Ö n ¡µ²ÓÏµ£µ ¨ ³ ²µ£µ µ¡· §Íµ¢.
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„¥°¸É¢¨É¥²Ó´µ, ¥¸²¨ 〈Ne〉=4, 1 ¶·¨ n=1, 054, Éµ ¶·¨ 1,064 Ëµ·³Ê²  (3) ¤ ¥É 〈Ne〉=4, 8.

N¨¸. 7. ‘¶¥±É·Ò ¸¨£´ ²µ¢ µÉ µ¡· §Í   Ô·µ£¥²Ö ¢ Ëµ·³¥ ¤¨¸±  φ 214 ³³, t = 30 ³³ ¸ n = 1, 064
¨§ · §²¨Î´ÒÌ ¥£µ µ¡² ¸É¥°:   Å Í¥´É· ²Ó´ Ö µ¡² ¸ÉÓ; ¡ ¨ ¢ Å ¶¥·¨Ë¥·¨°´Ò¥ µ¡² ¸É¨, ¸¤¢¨´ÊÉÒ¥
µÉ´µ¸¨É¥²Ó´µ Í¥´É·  µ¡· §Í  ´  ±70 ³³; £Å ¸¶¥±É· ¸¨£´ ²µ¢ µÉ ³ ²µ£µ µ¡· §Í   Ô·µ£¥²Ö · §³¥·µ³
φ 70 ³³, t = 29 ³³ ¸ n = 1, 054

’ ±¨³ µ¡· §µ³, · §²¨Î¨Ö ¢ ¸¢¥Éµ¢ÒÌµ¤ Ì ¡µ²ÓÏµ£µ ¨ ³ ²µ£µ µ¡· §Íµ¢ ¶· ±É¨Î¥¸±¨
´¥É.

4. ‡PŠ‹W—…Hˆ…

‚ ¸¶¥Í¨ ²Ó´µ µ¡µ·Ê¤µ¢ ´´µ³ ² ¡µ· Éµ·´µ³ ¶µ³¥Ð¥´¨¨ Ê¸É ´µ¢²¥´ 37-²¨É·µ¢Ò°  ¢-
Éµ±² ¢, ¢ ±µÉµ·µ³ ¨§£µÉµ¢²¥´Ò ´¥¸±µ²Ó±µ ¡µ²ÓÏ¨Ì µ¡· §Íµ¢  Ô·µ£¥²Ö ¢ Ëµ·³¥ ±¢ ¤· É-
´ÒÌ ¶² ¸É¨´ · §³¥·µ³ 170 × 170 × 30 ³³ ¸ ¶µ± § É¥²¥³ ¶·¥²µ³²¥´¨Ö 1,030 ¨ ¤¨¸± 
¤¨ ³¥É·µ³ 214 ³³ ¨ Éµ²Ð¨´µ° 30 ³³ ¸ n = 1, 064. W¡· §ÍÒ  Ô·µ£¥²Ö µ¡² ¤ ÕÉ ¤µ¸É -
ÉµÎ´µ Ìµ·µÏ¥° ¶·µ§· Î´µ¸ÉÓÕ.

‘·¥¤´¥¥ Î¨¸²µ ËµÉµÔ²¥±É·µ´µ¢, µ¡· §Ê¥³ÒÌ ±µ¸³¨Î¥¸±¨³¨ Î ¸É¨Í ³¨ ¢ Î¥·¥´±µ¢-
¸±µ³ ¸Î¥ÉÎ¨±¥ ¸ · ¤¨ Éµ·µ³ ¢ Ëµ·³¥ ¤¨¸± , ¸µ¸É ¢¨²µ 〈Ne〉 = 4, 9. z·¨ ÔÉµ³ ¸¢¥Éµ¢ÒÌµ¤
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N¨¸. 8. ‘¶¥±É· ¸¨£´ ²µ¢ µÉ ¨³¶Ê²Ó¸´µ£µ ¸¢¥Éµ¢µ£µ ¨¸ÉµÎ´¨± 

¨§ · §²¨Î´ÒÌ µ¡² ¸É¥° µ¡· §Í   Ô·µ£¥²Ö µÉ²¨Î ¥É¸Ö ´¥ ¡µ²¥¥ Î¥³ ´  5%.
‘· ¢´¥´¨¥ 〈Ne〉, ¶µ²ÊÎ¥´´ÒÌ ´  ¡µ²ÓÏµ³ ¨ ³ ²µ³ µ¡· §Í Ì, ¶µ± §Ò¢ ¥É, ÎÉµ ¸¢¥-

Éµ¢ÒÌµ¤ ¸ ÔÉ¨Ì µ¡· §Íµ¢ § ¢¨¸¨É Éµ²Ó±µ µÉ ¶µ± § É¥²Ö ¶·¥²µ³²¥´¨Ö ¨ ´¥ § ¢¨¸¨É µÉ
¶²µÐ ¤¨ ¶µ¶¥·¥Î´µ£µ ¸¥Î¥´¨Ö µ¡· §Í .

�¢Éµ·Ò ¢Ò· ¦ ÕÉ ¡² £µ¤ ·´µ¸ÉÓ ‚.�.�·Ê¤ ´¨´Ê, –.„.‚Ò²µ¢Ê, O.�.NÊ¸ ±µ¢¨ÎÊ ¨
z.”· ¡¥ÉÉ¨ §  ¶µ³µÐÓ ¢ µ·£ ´¨§ Í¨¨ ¸µÉ·Ê¤´¨Î¥¸É¢  ¸ OˆŸ” £. �µ²µ´Ó¨, ˆÉ ²¨Ö,
‹.Œ.W´¨Ð¥´±µ, ‚.ƒ.‘ §µ´µ¢Ê, ‚.ˆ.‘³¨·´µ¢Ê, �.‘.™¥²Î±µ¢Ê §  ¶µ³µÐÓ ¢ ¸µ§¤ ´¨¨ ² -
¡µ· Éµ·¨¨ ®�Ô·µ£¥²Ó¯, ‚.ˆ.Šµ³ ·µ¢Ê, �.‚.ŠÊ²¨±µ¢Ê ¨ O.�.ŠÊÎ¨´¸±µ³Ê §  ¶µ¸ÉµÖ´´Ò°
¨´É¥·¥¸ ¨ ¶µ¤¤¥·¦±Ê ¢ ¶·µ¢¥¤¥´¨¨ ´ ¸ÉµÖÐ¥° · ¡µÉÒ, �.O.ƒ· Ëµ¢Ê, O.ˆ.Œ ±¸¨³µ¢µ°,
‚.‚.N ± ²Õ ¨ ’.�.’¨Ì ´µ¢µ° §  ¶µ³µÐÓ ¢ ³µ´É ¦¥  ¢Éµ±² ¢  ¨ ¶·µ¢¥¤¥´¨¨ ¸¥ ´¸µ¢ ¶µ-
²ÊÎ¥´¨Ö ¨ ¸ÊÏ±¨  Ô·µ£¥²Ö.
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