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ÇÇÖÑÖçàÖ

 

ÇÁ‡ËÏÓ‰ÂÈÒÚ‚ËÂ ËÁÎÛ˜ÂÌËfl Ò ‚Â˘ÂÒÚ‚ÓÏ Â„ÓÎËÚ‡
‚ÍÎ˛˜‡ÂÚ ‚ ÒÂ·fl ‡ÁÎË˜Ì˚Â ÙËÁË˜ÂÒÍËÂ fl‚ÎÂÌËfl –
Ú‡ÍËÂ, Í‡Í Ó‰ÌÓÍ‡ÚÌÓÂ ‡ÒÒÂflÌËÂ, ÌÂÍÓ„ÂÂÌÚÌÓÂ
ÏÂÊ˜‡ÒÚË˜ÌÓÂ ‡ÒÒÂflÌËÂ, ‚Á‡ËÏÓÁ‡ÚÂÌÂÌËÂ ˜‡ÒÚËˆ
Â„ÓÎËÚ‡, ÍÓ„ÂÂÌÚÌÓÂ ÛÒËÎÂÌËÂ Ó·‡ÚÌÓ„Ó ‡ÒÒÂfl-
ÌËfl ÔË ÏÌÓ„ÓÍ‡ÚÌÓÏ ‡ÒÒÂflÌËË. éÔÚË˜ÂÒÍ‡fl ÔÓ-
Á‡˜ÌÓÒÚ¸ Â„ÓÎËÚÓ‚˚ı ̃ ‡ÒÚËˆ Ë ÒÚÛÍÚÛ‡ Â„ÓÎËÚ‡
(‚ Ï‡Ò¯Ú‡·‡ı ÓÚ ‰ÎËÌ˚ ‚ÓÎÌ˚ ‰Ó ̋ ÎÂÏÂÌÚ‡ ‡ÁÂ¯Â-
ÌËfl ËÏÂ˛˘ËıÒfl ‰‡ÌÌ˚ı) ÍÓÌÚÓÎËÛ˛Ú ÓÚÌÓÒËÚÂÎ¸-
Ì˚È ‚ÍÎ‡‰ ‚˚¯ÂÌ‡Á‚‡ÌÌ˚ı fl‚ÎÂÌËÈ ‚ ÓÚ‡ÊÂÌÌÓÂ
ËÁÎÛ˜ÂÌËÂ (

 

Hapke

 

, 1993; 2002). í‡ÍËÏ Ó·‡ÁÓÏ, Ì‡-
·Î˛‰‡ÂÏ˚Â ‚‡Ë‡ˆËË ÙÓÚÓÏÂÚË˜ÂÒÍËı Ò‚ÓÈÒÚ‚ ÏÓ-
„ÛÚ ‰‡Ú¸ ËÌÙÓÏ‡ˆË˛ Ó ÒÚÛÍÚÛÂ Â„ÓÎËÚ‡. 

ÑÎfl ÓÔËÒ‡ÌËfl ‚‡Ë‡ˆËÈ flÍÓÒÚË 
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 ÔÓ‚ÂıÌÓÒÚË
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 – Û„Î˚ Ô‡‰Â-
ÌËfl Ë ÓÚ‡ÊÂÌËfl, ÒÓÓÚ‚ÂÚÒÚ‚ÂÌÌÓ, ‡ 

 

ϕ

 

 – ‡ÁËÏÛÚ‡Î¸-
Ì˚È Û„ÓÎ (Û„ÓÎ ÏÂÊ‰Û ÔÎÓÒÍÓÒÚflÏË Ô‡‰ÂÌËfl Ë ÓÚ‡-
ÊÂÌËfl). á‰ÂÒ¸ 
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) – flÍÓÒÚ¸ ÔÓ‚ÂıÌÓÒÚË ÔË
ÔÓËÁ‚ÓÎ¸ÌÓÈ „ÂÓÏÂÚËË ÓÒ‚Â˘ÂÌËfl/Ì‡·Î˛‰ÂÌËfl,
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0

 

 – flÍÓÒÚ¸ ÔË ÌÂÍÓÚÓÓÈ “ÒÚ‡Ì‰‡ÚÌÓÈ” „ÂÓ-
ÏÂÚËË, Ì‡ÔËÏÂ, ÔÓÎ‡„‡˛Ú 
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(0, 0, 0). 
Ç ÙÓÚÓÏÂÚËË ̃ ‡ÒÚÓ ·ÓÎÂÂ Û‰Ó·Ì˚Ï ÓÍ‡Á˚‚‡ÂÚÒfl

‰Û„ÓÈ Ì‡·Ó Û„ÎÓ‚, ÓÔËÒ˚‚‡˛˘Ëı „ÂÓÏÂÚË˛ Ò˙ÂÏ-
ÍË. í‡ÍÓ‚˚ÏË fl‚Îfl˛ÚÒfl ÙÓÚÓÏÂÚË˜ÂÒÍ‡fl ‰ÓÎ„ÓÚ‡ 

 

γ

 

,
ÙÓÚÓÏÂÚË˜ÂÒÍ‡fl ¯ËÓÚ‡ 
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. ùÚË
Û„Î˚ Ó·‡ÁÛ˛Ú ÒËÒÚÂÏÛ ÙÓÚÓÏÂÚË˜ÂÒÍËı ÍÓÓ‰Ë-
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, 1993): 
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ÑÎfl Û‰Ó·ÒÚ‚‡ ËÒÒÎÂ‰Ó‚‡ÌËfl ÙÛÌÍˆËË 
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Á‡‚ËÒËÏÓÒÚ¸ flÍÓÒÚË ÔÓ‚ÂıÌÓÒÚË ÓÚ ÙÓÚÓÏÂÚË˜Â-
ÒÍËı ÍÓÓ‰ËÌ‡Ú ÔÂ‰ÒÚ‡‚Îfl˛Ú ‚ ‚Ë‰Â ÒÎÂ‰Û˛˘Â„Ó
ÔÓËÁ‚Â‰ÂÌËfl (

 

Hapke

 

, 1993): 
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ä‡È‰‡¯ 

 

Ë ‰

 

.

 

„‰Â 

 

f

 

(

 

α

 

) ÔÂ‰ÒÚ‡‚ÎflÂÚ ÒÓ·ÓÈ Ù‡ÁÓ‚Û˛ ÙÛÌÍˆË˛, ‡

 

D

 

(

 

α

 

, 

 

β

 

, 

 

γ

 

) – ‰ËÒÍÓ‚Û˛ ÙÛÌÍˆË˛. èÓ‰ Ù‡ÁÓ‚ÓÈ
ÙÛÌÍˆËÂÈ ÔÓÌËÏ‡˛Ú Á‡‚ËÒËÏÓÒÚ¸ flÍÓÒÚË Û˜‡ÒÚ-
ÍÓ‚ ÎÛÌÌÓÈ ÔÓ‚ÂıÌÓÒÚË ÓÚ Ù‡ÁÓ‚Ó„Ó Û„Î‡ ·ÂÁ
Û˜ÂÚ‡ ÔÓÎÓÊÂÌËfl ˝ÚËı Û˜‡ÒÚÍÓ‚ Ì‡ ÎÛÌÌÓÏ ‰ËÒÍÂ.
ÑËÒÍÓ‚‡fl ÙÛÌÍˆËfl ÓÔËÒ˚‚‡ÂÚ ‡ÒÔÂ‰ÂÎÂÌËÂ fl-
ÍÓÒÚË ÔÓ ÎÛÌÌÓÏÛ ‰ËÒÍÛ ÔË ‰‡ÌÌÓÏ Ù‡ÁÓ‚ÓÏ Û„ÎÂ
Ë Ò‚flÁ‡Ì‡ ÒÓ ÒÙÂË˜ÌÓÒÚ¸˛ ãÛÌ˚. ÑÎfl Ì‡ÁÂÏÌ˚ı
ÚÂÎÂÒÍÓÔË˜ÂÒÍËı Ì‡·Î˛‰ÂÌËÈ ãÛÌ˚ ÔË ·ÓÎ¸¯Ëı
Ù‡ÁÓ‚˚ı Û„Î‡ı ÙÓÚÓÏÂÚË˜ÂÒÍËÂ ÍÓÓ‰ËÌ‡Ú˚ 

 

β

 

, 

 

γ

 

·ÎËÁÍË Í ÒÂÎÂÌÓ„‡ÙË˜ÂÒÍÓÈ ¯ËÓÚÂ Ë ‰ÓÎ„ÓÚÂ Ò
ÚÓ˜ÌÓÒÚ¸˛ ‰Ó ÎË·‡ˆËË. í‡ÍËÏ Ó·‡ÁÓÏ, Ì‡ÁÂÏ-
Ì‡fl ÚÂÎÂÒÍÓÔË˜ÂÒÍ‡fl ÙÓÚÓÏÂÚËfl ãÛÌ˚ ‰‡ÂÚ ‚ÓÁ-
ÏÓÊÌÓÒÚË ËÁÛ˜‡Ú¸ Â„ËÓÌ‡Î¸Ì˚Â ‚‡Ë‡ˆËË Á‡‚Ë-
ÒËÏÓÒÚË 

 

f

 

(

 

α

 

), ‚ ÚÓ ‚ÂÏfl Í‡Í ËÒÒÎÂ‰Ó‚‡ÌËfl ‚‡Ë‡-
ˆËÈ ‰ËÒÍÓ‚ÓÈ ÙÛÌÍˆËË ‰Îfl ÔÓËÁ‚ÓÎ¸Ì˚ı ÚÓ˜ÂÍ
ÎÛÌÌÓ„Ó ‰ËÒÍ‡ Ô‡ÍÚË˜ÂÒÍË ÌÂ ÔÂ‰ÒÚ‡‚Îfl˛ÚÒfl
‚ÓÁÏÓÊÌ˚ÏË. ÉÎÓ·‡Î¸Ì‡fl Á‡‚ËÒËÏÓÒÚ¸ ‰ËÒÍÓ‚ÓÈ
ÙÛÌÍˆËË ÓÚ ÙÓÚÓÏÂÚË˜ÂÒÍËı ÍÓÓ‰ËÌ‡Ú ÔÓ Ì‡-
ÁÂÏÌ˚Ï ÚÂÎÂÒÍÓÔË˜ÂÒÍËÏ ‰‡ÌÌ˚Ï ËÁÛ˜‡Î‡Ò¸ ‚
(ÄÍËÏÓ‚ Ë ‰., 1999; 2000; ÇÂÎËÍÓ‰ÒÍËÈ, 2002). 

àÒÒÎÂ‰Ó‚‡ÌËfl Ù‡ÁÓ‚ÓÈ Á‡‚ËÒËÏÓÒÚË 

 

f

 

(

 

α

 

) ·˚ÎË
Ì‡˜‡Ú˚ Â˘Â 100 ÎÂÚ Ì‡Á‡‰. í‡Í, ËÁÛ˜ÂÌËÂ ˝ÙÙÂÍÚ‡
ÒËÎ¸ÌÓ„Ó Ó·‡ÚÌÓ„Ó ‡ÒÒÂflÌËfl ãÛÌ˚ ·˚ÎÓ Ì‡˜‡ÚÓ ‚
(

 

Barabashev

 

, 1922; 

 

van

 

 

 

Diggelen

 

, 1964; 

 

Gehrels

 

 Ë ‰.,
1964). èÂ‚˚Â ËÒÒÎÂ‰Ó‚‡ÌËfl ‡ÒÔÂ‰ÂÎÂÌËÈ Ô‡‡-
ÏÂÚÓ‚ Ù‡ÁÓ‚ÓÈ Á‡‚ËÒËÏÓÒÚË flÍÓÒÚË ãÛÌ˚ ·˚ÎË
ÔÂ‰ÔËÌflÚ˚ ‚ (Wildey, 1978; ÄÍËÏÓ‚, òÍÛ‡ÚÓ‚,
1981). Ç ˝ÚËı ‡·ÓÚ‡ı Ì‡¯ÂÎ ÔËÏÂÌÂÌËÂ ÏÂÚÓ‰ Ù‡-
ÁÓ‚˚ı ÓÚÌÓ¯ÂÌËÈ, ‚ ÍÓÚÓÓÏ ÔÂ‰Î‡„‡ÂÚÒfl ‡ÒÒÏ‡Ú-
Ë‚‡Ú¸ ˜‡ÒÚÌÓÂ ‰‚Ûı ËÁÓ·‡ÊÂÌËÈ ãÛÌ˚, ÔÓÎÛ˜ÂÌ-
Ì˚ı ÔË ‡ÁÎË˜Ì˚ı Ù‡ÁÓ‚˚ı Û„Î‡ı. í‡ÍËÏ Ó·‡ÁÓÏ,
‚‡Ë‡ˆËË ‡Î¸·Â‰Ó Ì‡ ˜‡ÒÚÌÓÏ ·Û‰ÛÚ ÔÓ‰‡‚ÎÂÌ˚, ˜ÚÓ
‰‡ÂÚ ‚ÓÁÏÓÊÌÓÒÚ¸ ËÁ‚ÎÂ˜¸ ËÌÙÓÏ‡ˆË˛ Ó ÒÓ·ÒÚ‚ÂÌ-
ÌÓ ÙÓÚÓÏÂÚË˜ÂÒÍÓÈ ÙÛÌÍˆËË ÔÓ‚ÂıÌÓÒÚË. í‡Í, ‚
‡·ÓÚÂ (ÄÍËÏÓ‚, òÍÛ‡ÚÓ‚, 1981) ·˚ÎÓ ÔÓÒÚÓÂÌÓ
Ù‡ÁÓ‚ÓÂ ÓÚÌÓ¯ÂÌËÂ f(3.2°)/f(14.5°) ‚ ‰‚Ûı ‰ÎËÌ‡ı
‚ÓÎÌ. ùÚÓÚ ÏÂÚÓ‰ ÔÓÎÛ˜ËÎ ÌÓ‚ÓÂ ‡Á‚ËÚËÂ ÔË Ì‡˜‡-
ÎÂ ¯ËÓÍÓ„Ó ÔËÏÂÌÂÌËfl ˆËÙÓ‚˚ı ÏÂÚÓ‰Ó‚ Â„Ë-
ÒÚ‡ˆËË Ë Ó·‡·ÓÚÍË ‡ÒÚÓÌÓÏË˜ÂÒÍËı ËÁÓ·‡ÊÂ-
ÌËÈ. ÄÌ‡ÎËÁ ÒÂËË Ù‡ÁÓ‚˚ı ÓÚÌÓ¯ÂÌËÈ f(1°)/f(6°),
f(6°)/f(12°) Ë f(12°)/f(96°), ÔÓÎÛ˜ÂÌÌ˚ı ‚ ‡·ÓÚÂ (Shku-
ratov Ë ‰., 1994), ÔÓÍ‡Á‡Î, ˜ÚÓ Â„ËÓÌ‡Î¸Ì˚Â ‚‡Ë‡-
ˆËË Ù‡ÁÓ‚ÓÈ Á‡‚ËÒËÏÓÒÚË Ò‚flÁ‡Ì˚ Ò ‡Î¸·Â‰Ó Ë ¯Â-
ÓıÓ‚‡ÚÓÒÚ¸˛ ÎÛÌÌÓÈ ÔÓ‚ÂıÌÓÒÚË. ÑÛ„ÓÈ ÔÓ‰ıÓ‰
·˚Î ÔËÏÂÌÂÌ ‚ ‡·ÓÚÂ (äÓÓıËÌ, ÄÍËÏÓ‚, 1997).
èÓ Ì‡·ÓÛ 8 ËÁÓ·‡ÊÂÌËÈ ãÛÌ˚, ÔÓÎÛ˜ÂÌÌ˚ı ÔË
Û„Î‡ı Ù‡Á˚ ÓÚ 8° ‰Ó 38° Í‡Í ‰Ó, Ú‡Í Ë ÔÓÒÎÂ ÔÓÎÌÓÎÛ-
ÌËfl, ·˚ÎË ÔÓÒÚÓÂÌ˚ Í‡Ú˚ Ô‡‡ÏÂÚÓ‚ Ù‡ÁÓ‚ÓÈ
ÙÛÌÍˆËË, ‡ÔÔÓÍÒËÏËÛÂÏÓÈ ˝ÍÒÔÓÌÂÌÚÓÈ, ÔË˜ÂÏ
Ò ‡‚ÚÓÏ‡ÚË˜ÂÒÍËÏ Û˜ÂÚÓÏ ÎÓÍ‡Î¸Ì˚ı Ì‡ÍÎÓÌÓ‚ Â-
Î¸ÂÙ‡.

Ç ıÓ‰Â ÍÓÒÏË˜ÂÒÍËı ÏËÒÒËÈ Í ãÛÌÂ Ë ÔÎ‡ÌÂÚ‡Ï
·˚ÎË ÔÓÎÛ˜ÂÌ˚ ÌÓ‚˚Â ÙÓÚÓÏÂÚË˜ÂÒÍËÂ ‰‡ÌÌ˚Â,
˜ÚÓ ‰‡ÎÓ ‚ÓÁÏÓÊÌÓÒÚ¸ ÔËÏÂÌËÚ¸ ÏÂÚÓ‰ Ù‡ÁÓ‚˚ı
ÓÚÌÓ¯ÂÌËÈ Í ÒÌËÏÍ‡Ï ‚˚ÒÓÍÓ„Ó ‡ÁÂ¯ÂÌËfl. éÔ-
ÔÓÁËˆËÓÌÌ˚È ˝ÙÙÂÍÚ (ÌÂÎËÌÂÈÌÓÂ ‚ÓÁ‡ÒÚ‡ÌËÂ

flÍÓÒÚË ÔË Ï‡Î˚ı Ù‡ÁÓ‚˚ı Û„Î‡ı) ÔÓ ‰‡ÌÌ˚Ï äÄ
Clementine ËÁÛ˜‡ÎÒfl ‚ ‡·ÓÚ‡ı (Buratti Ë ‰., 1996;
Shkuratov Ë ‰., 1999; Kreslavsky Ë ‰., 2000). Å˚ÎÓ
ÔÓÍ‡Á‡ÌÓ, ˜ÚÓ ‡ÏÔÎËÚÛ‰‡ ÓÔÔÓÁËˆËÓÌÌÓ„Ó ˝ÙÙÂÍ-
Ú‡ Á‡‚ËÒËÚ ÓÚ ‰ÎËÌ˚ ‚ÓÎÌ˚ Ë ÚËÔ‡ ÔÓ‚ÂıÌÓÒÚË. Ç
(Kreslavsky, Shkuratov, 2003) ·˚ÎË ËÁÛ˜ÂÌ˚ ‡ÈÓ-
Ì˚, Ó·Î‡‰‡˛˘ËÂ ‡ÌÓÏ‡Î¸Ì˚ÏË ÙÓÚÓÏÂÚË˜ÂÒÍË-
ÏË Ò‚ÓÈÒÚ‚‡ÏË, Ú‡ÍËÂ, Í‡Í ÁÓÌ˚ ‚˚·ÓÒÓ‚ ‚ÓÍÛ„
ÌÂÍÓÚÓ˚ı Í‡ÚÂÓ‚ Ë Û˜‡ÒÚÍË Ò ÔÓ‚˚¯ÂÌÌÓÈ ¯Â-
ÓıÓ‚‡ÚÓÒÚ¸˛ Â„ÓÎËÚ‡. åÂÚÓ‰ Ù‡ÁÓ‚˚ı ÓÚÌÓ¯Â-
ÌËÈ ÔËÏÂÌflÎÒfl Ú‡ÍÊÂ ‰Îfl ËÒÒÎÂ‰Ó‚‡ÌËÈ „‡ÎËÎÂÂ-
‚˚ı ÒÔÛÚÌËÍÓ‚ ûÔËÚÂ‡ (Helfenstein Ë ‰., 1998) Ë
ÔÓ‚ÂıÌÓÒÚË å‡Ò‡ ÔÓ ‰‡ÌÌ˚Ï ÏËÒÒËË Mars Express
(Kreslavsky Ë ‰., 2006). 

Ç ‰‡ÌÌÓÈ ‡·ÓÚÂ ‚ ÔÓ‰ÓÎÊÂÌËÂ (ÄÍËÏÓ‚, òÍÛ-
‡ÚÓ‚, 1981; Shkuratov Ë ‰., 1994) Ï˚ ÔÂ‰ÒÚ‡‚ÎflÂÏ
ÂÁÛÎ¸Ú‡Ú˚ Í‡ÚËÓ‚‡ÌËfl Ì‡ÍÎÓÌ‡ Ù‡ÁÓ‚ÓÈ ÙÛÌÍ-
ˆËË ãÛÌ˚ ÔÓ Ì‡ÁÂÏÌ˚Ï ÚÂÎÂÒÍÓÔË˜ÂÒÍËÏ ‰‡ÌÌ˚Ï ‚
¯ËÓÍÓÏ ‰Ë‡Ô‡ÁÓÌÂ Ù‡ÁÓ‚˚ı Û„ÎÓ‚. 

îéíéåÖíêàü ãìçõ èêà èéåéôà 
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Ñ‚ÛıÏÂÒfl˜Ì‡fl Ì‡·Î˛‰‡ÚÂÎ¸Ì‡fl ÔÓ„‡ÏÏ‡ ÔÓ
ÙÓÚÓÏÂÚËË ãÛÌ˚ (ÒÂÌÚfl·¸–ÓÍÚfl·¸ 2006 „., Ó·-
ÒÂ‚‡ÚÓËfl å‡È‰‡Ì‡Í, ìÁ·ÂÍËÒÚ‡Ì) ·˚Î‡ ÔÓ‚Â‰Â-
Ì‡ Ò ËÒÔÓÎ¸ÁÓ‚‡ÌËÂÏ ı‡¸ÍÓ‚ÒÍËı 15-ÒÏ ÂÙ‡ÍÚÓ-
‡ Ë 50-ÒÏ ÂÙÎÂÍÚÓ‡. Ç Í‡˜ÂÒÚ‚Â ÔËÂÏÌËÍÓ‚ ËÁ-
ÎÛ˜ÂÌËfl ËÒÔÓÎ¸ÁÓ‚‡ÎËÒ¸ ˆËÙÓ‚˚Â Í‡ÏÂ˚ Canon
ÏÓ‰ÂÎÂÈ EOS 300D Ë EOS 350D, ÓÒÌ‡˘ÂÌÌ˚Â
äåéè-Ï‡ÚËˆ‡ÏË ‡ÁÏÂÓÏ 6 Ë 8 ÏÂ„‡ÔËÍÒÂÎÓ‚,
ÒÓÓÚ‚ÂÚÒÚ‚ÂÌÌÓ. ëÔÂÍÚ‡Î¸Ì‡fl ˜Û‚ÒÚ‚ËÚÂÎ¸ÌÓÒÚ¸
˝ÚËı Ï‡ÚËˆ Ó·ÂÒÔÂ˜Ë‚‡ÂÚÒfl ÒÔÂˆËÙË˜ÂÒÍÓÈ ÔÓ‚ÚÓ-
fl˛˘ÂÈÒfl “rggb” ÒÚÛÍÚÛÓÈ ÔËÍÒÂÎÓ‚, ÒÓÓÚ‚ÂÚ-
ÒÚ‚Û˛˘ÂÈ ÚÂÏ ¯ËÓÍËÏ ÒÔÂÍÚ‡Î¸Ì˚Ï ÔÓÎÓÒ‡Ï
(r: λeff = 0.63 ÏÍÏ, g: λeff = 0.52 ÏÍÏ, b: λeff = 0.48 ÏÍÏ).
ùÚÓ ÁÌ‡˜ËÚ, ˜ÚÓ ÒÛ˘ÂÒÚ‚ÛÂÚ ‚ÓÁÏÓÊÌÓÒÚ¸ Ó‰ÌÓÏÓ-
ÏÂÌÚÌÓÈ Ò˙ÂÏÍË ãÛÌ˚ ‚ ÚÂı ÒÔÂÍÚ‡Î¸Ì˚ı ‰Ë‡Ô‡-
ÁÓÌ‡ı. ë˙ÂÏÍ‡ ÔÓ‚Ó‰ËÎ‡Ò¸ ‚ ÂÊËÏÂ RAW, Ú.Â. Ò
ÓÚÍÎ˛˜ÂÌËÂÏ ‡ÔÔ‡‡ÚÌÓÈ ÔÂ‰Ó·‡·ÓÚÍË ÁÌ‡˜ÂÌËÈ
ÔËÍÒÂÎÓ‚. Ç ˝ÚÓÈ ‡·ÓÚÂ Ï˚ ËÒÔÓÎ¸ÁÛÂÏ ‰‡ÌÌ˚Â,
ÔÓÎÛ˜ÂÌÌ˚Â Í‡ÏÂÓÈ EOS 300D Ì‡ 15-ÒÏ ÂÙ‡ÍÚÓ-
Â. Ç ‡ÏÍ‡ı ÔÓ„‡ÏÏ˚ Ì‡·Î˛‰ÂÌËÈ Í‡ÏÂÓÈ
300D ·˚ÎÓ ÔÓÎÛ˜ÂÌÓ ÓÍÓÎÓ 20000 ËÁÓ·‡ÊÂÌËÈ ‚
¯ËÓÍÓÏ ‰Ë‡Ô‡ÁÓÌÂ Ù‡ÁÓ‚˚ı Û„ÎÓ‚ (1.5°–165°).
ùÙÙÂÍÚË‚ÌÓÂ Û„ÎÓ‚ÓÂ ‡ÁÂ¯ÂÌËÂ ËÁÓ·‡ÊÂÌËÈ
ÒÓÒÚ‡‚ÎflÂÚ 1.91 Û„Î. Ò/ÔËÍÒÂÎ ‚ Í‡Ì‡Î‡ı r Ë b, Ë
1.35  Û„Î. Ò/ÔËÍÒÂÎ ‚ Í‡Ì‡ÎÂ g. 

ä ÔÂËÏÛ˘ÂÒÚ‚‡Ï ËÒÔÓÎ¸ÁÓ‚‡ÌËfl ˆËÙÓ‚˚ı Í‡-
ÏÂ Ò äåéè-Ï‡ÚËˆ‡ÏË ÒÎÂ‰ÛÂÚ ÓÚÌÂÒÚË ÓÚÒÛÚ-
ÒÚ‚ËÂ ı‡‡ÍÚÂÌÓ„Ó ‰Îfl èáë-ÔËÂÏÌËÍÓ‚ ·Î˛ÏËÌ-
„‡, Ú.Â. ‡ÒÔÎ˚‚‡ÌËfl ËÁÓ·‡ÊÂÌËfl ËÁ-Á‡ ÔÂÂÚÂÍ‡-
ÌËfl Á‡fl‰‡ ‚ ÒÓÒÂ‰ÌËÂ fl˜ÂÈÍË ÙÓÚÓÔËÂÏÌËÍ‡.
ëÔÂÍÚ‡Î¸Ì˚È ıÓ‰ ‡Î¸·Â‰Ó ãÛÌ˚ Ë ‡ÁÎË˜Ëfl ‚ ˜Û‚-
ÒÚ‚ËÚÂÎ¸ÌÓÒÚË r, g Ë b ÔËÍÒÂÎÓ‚ ËÒÔÓÎ¸ÁÛÂÏ˚ı Ï‡Ú-
Ëˆ ÔË‚Ó‰flÚ Í ÌÂÓ·ıÓ‰ËÏÓÒÚË Ò˙ÂÏÍË ÒÂËÈ Í‡‰-
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Ó‚ Ò ‡ÁÎË˜ÌÓÈ ˝ÍÒÔÓÁËˆËÂÈ, Ò ÚÂÏ, ˜ÚÓ·˚ Ì‡Ë·Ó-
ÎÂÂ ˝ÙÙÂÍÚË‚ÌÓ ËÒÔÓÎ¸ÁÓ‚‡Ú¸ ‰ËÌ‡ÏË˜ÂÒÍËÈ
‰Ë‡Ô‡ÁÓÌ Í‡ÏÂ˚ (12 ·ËÚ = 4096 ÓÚÒ˜ÂÚÓ‚) ‚ ‡ÁÎË˜-
Ì˚ı ÒÔÂÍÚ‡Î¸Ì˚ı Í‡Ì‡Î‡ı. èË ˝ÚÓÏ ÔËıÓ‰ËÚÒfl
ÒÚ‡ÎÍË‚‡Ú¸Òfl Ò Ì‡Ò˚˘ÂÌËÂÏ g ÔËÍÒÂÎÓ‚ ÔË ÓÔÚË-
Ï‡Î¸ÌÓÏ ‚˚·ÓÂ ˝ÍÒÔÓÁËˆËË ‚ r Ë b ‰Ë‡Ô‡ÁÓÌ‡ı, Ë
‡ÌÚË·Î˛ÏËÌ„ äåéè-Í‡ÏÂ ÔÓÁ‚ÓÎflÂÚ ‚ ˝ÚÓÏ ÒÎÛ-
˜‡Â ˝ÙÙÂÍÚË‚ÌÓ ËÒÔÓÎ¸ÁÓ‚‡Ú¸ ‚Ò˛ “ÌÂÔÂÂÒ‚Â˜ÂÌ-
ÌÛ˛” ÔÎÓ˘‡‰¸ ÙÓÚÓÔËÂÏÌËÍ‡. Ö˘Â Ó‰ÌËÏ ‚‡ÊÌ˚Ï
Ù‡ÍÚÓÓÏ fl‚ÎflÂÚÒfl ÌÂÓ·ıÓ‰ËÏÓÒÚ¸ ·˚ÒÚÓÈ ÔÓÒÎÂ-
‰Ó‚‡ÚÂÎ¸ÌÓÈ Ò˙ÂÏÍË ÒÂËÈ Í‡‰Ó‚, ˜ÚÓ Ó·ÂÒÔÂ˜Ë‚‡-
ÂÚ ÔÓÎÛ˜ÂÌËÂ ËÁÓ·‡ÊÂÌËÈ ÎÛÌÌÓ„Ó ‰ËÒÍ‡ Ò “Á‡ÏÓ-
ÓÊÂÌÌÓÈ” ‡ÚÏÓÒÙÂÓÈ. àÒÔÓÎ¸ÁÛ˛˘ËÈÒfl ËÌÚÂ-
ÙÂÈÒ ÔÓÁ‚ÓÎflÂÚ ÔË ı‡‡ÍÚÂÌ˚ı ˝ÍÒÔÓÁËˆËflı
1/100–1/10 Ò ÔÓÎÛ˜‡Ú¸ ÍÓÓÚÍËÂ ÒÂËË ËÁÓ·‡ÊÂÌËÈ
‡ÁÏÂÓÏ 6 ÏÂ„‡ÔËÍÒÂÎÓ‚ (3088 × 2056 ÔËÍÒÂÎÓ‚) Ò
˜‡ÒÚÓÚÓÈ ~2 Éˆ, ˜ÚÓ ‰‡ÂÚ ‚ÓÁÏÓÊÌÓÒÚ¸ Ì‡Í‡ÔÎË‚‡Ú¸
ÒË„Ì‡Î ‰Îfl ËÁ·‡‚ÎÂÌËfl ÓÚ ÔÛ‡ÒÒÓÌÓ‚ÒÍÓ„Ó ¯ÛÏ‡ ÓÚ-
‰ÂÎ¸Ì˚ı ÔËÍÒÂÎÓ‚. 

ä ÌÂ‰ÓÒÚ‡ÚÍ‡Ï äåéè-ÔËÂÏÌËÍÓ‚ ÓÚÌÓÒflÚ
·oÎ¸¯ËÂ ÔÓ Ò‡‚ÌÂÌË˛ Ò èáë ÓÚÍÎÓÌÂÌËfl ÓÚ ÎËÌÂÈ-
ÌÓÒÚË. Ç Ò‚flÁË Ò ˝ÚËÏ Ì‡ÏË ·˚ÎË ÔÂ‰ÔËÌflÚ˚ ËÁÏÂ-
ÂÌËfl ÙÓÚÓÏÂÚË˜ÂÒÍÓÈ ÌÂÎËÌÂÈÌÓÒÚË Ò ËÒÔÓÎ¸ÁÓ-
‚‡ÌËÂÏ ÓÔÚË˜ÂÒÍÓÈ ÒÍ‡Ï¸Ë Ë ÒÚ‡·ËÎ¸ÌÓ„Ó ËÒÚÓ˜ÌËÍ‡
Ò‚ÂÚ‡ ÔË ‚‡¸ËÓ‚‡ÌËË ‡ÒÒÚÓflÌËfl ÓÚ ËÒÚÓ˜ÌËÍ‡ ‰Ó
Í‡ÏÂ˚. èÓÍ‡Á‡ÌÓ, ˜ÚÓ ÓÚÍÎÓÌÂÌËfl ÓÚ ÎËÌÂÈÌÓÒÚË
ÒÓÒÚ‡‚Îfl˛Ú <3% ‚ ‰Ë‡Ô‡ÁÓÌÂ ÒË„Ì‡ÎÓ‚ 0–3000 Â‰Ë-
ÌËˆ, Ó‰Ì‡ÍÓ ‰ÓÒÚË„‡˛Ú 15% ÔË ÓÚÒ˜ÂÚ‡ı ~4000. í‡-
ÍËÏ Ó·‡ÁÓÏ, ‚ ‰‡Î¸ÌÂÈ¯ÂÏ Ï˚ ËÒÔÓÎ¸ÁÓ‚‡ÎË ‰Îfl
Ì‡·Î˛‰ÂÌËÈ ÚÓÎ¸ÍÓ ‰Ë‡Ô‡ÁÓÌ ÓÚÒ˜ÂÚÓ‚ 0–3000 Â‰Ë-
ÌËˆ Ò Û˜ÂÚÓÏ ÍÓÂÍˆËË Á‡ ÌÂÎËÌÂÈÌÓÒÚ¸ ‚ ̋ ÚÓÏ ‰Ë‡-
Ô‡ÁÓÌÂ. í‡ÍÊÂ ‚ ÒÂËË ˝ÍÒÔÂËÏÂÌÚÓ‚ ÒÓ ÒÚ‡·ËÎ¸-
Ì˚Ï ËÒÚÓ˜ÌËÍÓÏ Ò‚ÂÚ‡ Ì‡ÏË ÔÓÍ‡Á‡ÌÓ, ˜ÚÓ ÒÛ˘Â-
ÒÚ‚Û˛Ú ÓÚÍÎÓÌÂÌËfl ‚ÂÏÂÌË ˝ÍÒÔÓÁËˆËË ÓÚ‰ÂÎ¸Ì˚ı
Í‡‰Ó‚ ÓÚ ÁÌ‡˜ÂÌËÈ, ÙËÍÒËÛÂÏ˚ı ÔÓˆÂÒÒÓÓÏ Í‡-
ÏÂ˚. ùÚË ÓÚÍÎÓÌÂÌËfl ‰ÓÒÚË„‡˛Ú 5%, ÌÓ fl‚Îfl˛ÚÒfl
ÒÚ‡·ËÎ¸Ì˚ÏË ‚Ó ‚ÂÏÂÌË (Velikodsky Ë ‰., 2008). 

Ñ‡ÎÂÂ Ì‡ÏË ·˚Î‡ ËÒÒÎÂ‰Ó‚‡Ì‡ ÙÓÚÓÏÂÚË˜Â-
ÒÍ‡fl ÚÓ˜ÌÓÒÚ¸ Í‡ÏÂ˚. éÍ‡Á‡ÎÓÒ¸, ˜ÚÓ ‰ËÒÔÂÒËfl
ÁÌ‡˜ÂÌËÈ Â‰ËÌË˜ÌÓ„Ó ÔËÍÒÂÎ‡ ıÓÓ¯Ó ÔÓ‰˜ËÌflÂÚ-
Òfl ÒÎÂ‰Û˛˘ÂÏÛ Á‡ÍÓÌÛ: 

(4)

„‰Â S – ÓÚÒ˜ÂÚ ‚ ‰‡ÌÌÓÏ ÔËÍÒÂÎÂ ËÁÓ·‡ÊÂÌËfl. èÂ-
‚ÓÂ ÒÎ‡„‡ÂÏÓÂ ‚ Û‡‚ÌÂÌËË (4) – ¯ÛÏ ÙÓÚÓ˝ÎÂÍÚÓ-
ÌÓ‚, ÔÓ‰˜ËÌfl˛˘ËÈÒfl ÔÛ‡ÒÒÓÌÓ‚ÒÍÓÈ ÒÚ‡ÚËÒÚËÍÂ,
‚ÚÓÓÂ – ÚÂÏÌÓ‚ÓÈ ¯ÛÏ. ùÚÓ ÁÌ‡˜ËÚ, ˜ÚÓ, Ì‡ÔËÏÂ,
‰Îfl ÒË„Ì‡Î‡ S ~ 1000 Â‰ËÌËˆ ÒÂ‰ÌÂÍ‚‡‰‡ÚË˜ÌÓÂ ÓÚ-
ÍÎÓÌÂÌËÂ σ(S) ~ 1%. 

ë‡‚ÌÂÌËÂ ËÁÏÂÂÌËÈ ÔÎÓÒÍÓ„Ó ÔÓÎfl ‚ ÒËÒÚÂÏÂ
Í‡ÏÂ‡-ÚÂÎÂÒÍÓÔ ÔÓ ËÁÓ·‡ÊÂÌËflÏ ‰ÌÂ‚ÌÓ„Ó ÌÂ·‡ Ë
ÔÓ ÒÂËË ËÁÓ·‡ÊÂÌËÈ ãÛÌ˚, ÒÏÂ˘ÂÌÌ˚Ï ‚ ÔÓÎÂ
ÁÂÌËfl ‰Û„ ÓÚÌÓÒËÚÂÎ¸ÌÓ ‰Û„‡, ÔÓÍ‡Á‡ÎÓ Ì‡ÎË˜ËÂ
‡ÒÒÂflÌÌÓ„Ó Ò‚ÂÚ‡ ‚ ÚÂÎÂÒÍÓÔÂ. ùÚÓ fl‚ÎÂÌËÂ ÔË‚Ó-
‰ËÚ Í Ô‡‡ÁËÚÌÓÏÛ ÙÓÌÛ Ì‡ ËÁÓ·‡ÊÂÌËflı Ò ÚÂÌ‰ÓÏ

ÓÚ ˆÂÌÚ‡ Í Í‡˛ ÔÓÎfl ÁÂÌËfl ~5%. ç‡ ÓÒÌÓ‚Â ˝ÚËı
‰‡ÌÌ˚ı Ï˚ ‡Á‡·ÓÚ‡ÎË ‰‚ÛıÒÚÛÔÂÌ˜‡Ú˚È ‡Î„ÓËÚÏ
ÍÓÏÔÂÌÒ‡ˆËË ÔÎÓÒÍÓ„Ó ÔÓÎfl: 1) Û˜ÂÚ ‚˚ÒÓÍÓ˜‡ÒÚÓÚ-
Ì˚ı ‰ÂÚ‡ÎÂÈ (Ô˚ÎËÌÍË Ì‡ Ï‡ÚËˆÂ) ÔÓ ËÁÓ·‡ÊÂÌË-
flÏ ‰ÌÂ‚ÌÓ„Ó ÌÂ·‡ ‰Îfl ‰‡Ú˚ Ì‡·Î˛‰ÂÌËÈ, 2) ÍÓÏÔÂÌ-
Ò‡ˆËfl ÌËÁÍÓ˜‡ÒÚÓÚÌÓ„Ó ÍÓÎÓÍÓÎÓÓ·‡ÁÌÓ„Ó ÙÓÌ‡
ÔÓ ÒÂËË ËÁÓ·‡ÊÂÌËÈ ãÛÌ˚ (Velikodsky Ë ‰., 2008). 

àÚ‡Í, ‡Î„ÓËÚÏ Ó·‡·ÓÚÍË Ì‡·Î˛‰‡ÚÂÎ¸Ì˚ı ‰‡Ì-
Ì˚ı ÒÓÒÚÓËÚ ËÁ: 1) ‚˚˜ËÚ‡ÌËfl ˝ÎÂÍÚË˜ÂÒÍÓ„Ó ÌÛÎfl
(ËÌ‰Ë‚Ë‰Û‡Î¸ÌÓ ‰Îfl Í‡Ê‰Ó„Ó Í‡‰‡ ÔÓ Á‡ÚÂÌÂÌÌÓÈ
Ó·Î‡ÒÚË äåéè-‰ÂÚÂÍÚÓ‡), 2) Û˜ÂÚ‡ ÔÓÒÚÓflÌÌÓ„Ó
ÒÏÂ˘ÂÌËfl ÒË„Ì‡Î‡ (BIAS), 3) ÍÓÂÍˆËË Á‡ ÌÂÎËÌÂÈ-
ÌÓÒÚ¸, 4) ‰ÂÎÂÌËfl Ì‡ ÔÎÓÒÍÓÂ ÔÓÎÂ, 5) ÍÓÂÍˆËË
“ÔÎÓıËı” ÔËÍÒÂÎÓ‚. èÓÒÎÂ ÔÂÂ˜ËÒÎÂÌÌ˚ı ÔÓˆÂ‰Û
‰‡ÌÌ˚Â „ÓÚÓ‚˚ ‰Îfl ÔÂÂıÓ‰‡ ‚ Â‰ËÌÛ˛ ÔÓÒÚ‡Ì-
ÒÚ‚ÂÌÌÛ˛ ÔÓÂÍˆË˛ Ë ÒÓ‚ÏÂ˘ÂÌËfl Ò ˆÂÎ¸˛ ÙÓÚÓ-
ÏÂÚË˜ÂÒÍËı ËÒÒÎÂ‰Ó‚‡ÌËÈ.

ìóÖí ÑàëäéÇéâ îìçäñàà à èÖêÖÇéÑ 
àáéÅêÄÜÖçàâ Ç ÖÑàçìû èêéÖäñàû

Ç ÏÂÚÓ‰Â Ù‡ÁÓ‚˚ı ÓÚÌÓ¯ÂÌËÈ ‰Îfl ËÁÛ˜ÂÌËfl ·Â-
ÛÚ ˜‡ÒÚÌÓÂ ‰‚Ûı ËÁÓ·‡ÊÂÌËÈ ÎÛÌÌÓ„Ó ‰ËÒÍ‡, ÔÓÎÛ-
˜ÂÌÌ˚ı ÔË ‡ÁÎË˜ÌÓÈ „ÂÓÏÂÚËË ÓÒ‚Â˘ÂÌËfl/Ì‡-
·Î˛‰ÂÌËfl. àÁ (3) ÒÎÂ‰ÛÂÚ, ˜ÚÓ 

(5)

óÚÓ·˚ ËÒÒÎÂ‰Ó‚‡Ú¸ Ù‡ÁÓ‚Û˛ ÙÛÌÍˆË˛ ÔÓ ÓÚÌÓ-
¯ÂÌË˛ f(α1)/f(α2), ÌÂÓ·ıÓ‰ËÏÓ ÔË‚ÂÒÚË ËÁÏÂÂÌËfl
Í ÌÂÍÓÚÓÓÈ ÒÚ‡Ì‰‡ÚÌÓÈ „ÂÓÏÂÚËË, ÓÔÂ‰ÂÎflÂÏÓÈ
ÚÓÎ¸ÍÓ Ù‡ÁÓ‚˚Ï Û„ÎÓÏ; ÔË ˝ÚÓÏ ÒÚ‡ÌÓ‚ËÚÒfl ‚ÓÁ-
ÏÓÊÌ˚Ï ÍÓÂÍÚÌÓÂ ÒÓÔÓÒÚ‡‚ÎÂÌËÂ ÙÓÚÓÏÂÚË˜Â-
ÒÍËı ËÁÏÂÂÌËÈ ÓÚ‰ÂÎ¸Ì˚ı Û˜‡ÒÚÍÓ‚ ÎÛÌÌÓ„Ó ‰ËÒÍ‡.
ÑÎfl ̋ ÚËı ̂ ÂÎÂÈ ÔÓÎÂÁÌÓ ËÒÔÓÎ¸ÁÓ‚‡Ú¸ ÔÓÌflÚËÂ ̋ Í‚Ë-
„ÓÌ‡Î¸ÌÓ„Ó ‡Î¸·Â‰Ó (ÄÍËÏÓ‚, 1988), ÍÓÚÓÓÂ ÒÓÓÚ-
‚ÂÚÒÚ‚ÛÂÚ ÛÒÎÓ‚Ë˛ “ÁÂÍ‡Î¸ÌÓÈ „ÂÓÏÂÚËË” ÓÒ‚Â-
˘ÂÌËfl/Ì‡·Î˛‰ÂÌËfl, ÍÓ„‰‡ ÌÓÏ‡Î¸ ‡ÒÒÂË‚‡˛˘ÂÈ
ÔÓ‚ÂıÌÓÒÚË ÎÂÊËÚ ‚ ÔÎÓÒÍÓÒÚË ‡ÒÒÂflÌËfl, ÒÓ‰Â-
Ê‡˘ÂÈ Ô‡‰‡˛˘ËÈ Ë ÓÚ‡ÊÂÌÌ˚È ÎÛ˜Ë. Ç ˝ÚÓÏ ÒÎÛ-
˜‡Â ‰Îfl Î˛·ÓÈ ÚÓ˜ÍË ÎÛÌÌÓ„Ó ‰ËÒÍ‡ ÒÔ‡‚Â‰ÎË‚Ó: 

(6)

è‡ÍÚË˜ÂÒÍË, ËÁÓ·‡ÊÂÌËÂ, ÓÚ‚Â˜‡˛˘ÂÂ ˝Í‚Ë-
„ÓÌ‡Î¸ÌÓÏÛ ‡Î¸·Â‰Ó, ÓÚÎË˜‡ÂÚÒfl ÓÚ ËÁÓ·‡ÊÂÌËfl
‚Ë‰ËÏÓ„Ó ‡Î¸·Â‰Ó ÔË ÚÓÏ ÊÂ Ù‡ÁÓ‚ÓÏ Û„ÎÂ ÓÚÒÛÚ-
ÒÚ‚ËÂÏ ıÓ‰‡ flÍÓÒÚË ÓÚ ÎËÏ·‡ Í ÚÂÏËÌ‡ÚÓÛ (äÓÓ-
ıËÌ Ë ‰., 2007). ÑÎfl ‚˚˜ËÒÎÂÌËfl ‰ËÒÍÓ‚ÓÈ ÙÛÌÍˆËË
ÌÂÓ·ıÓ‰ËÏÓ ‡ÔÔÓÍÒËÏËÓ‚‡Ú¸ ‰ÓÎ„ÓÚÌÓ-¯ËÓÚ-
ÌÛ˛ Á‡‚ËÒËÏÓÒÚ¸ ÔÛÚÂÏ Û˜ÂÚ‡ Á‡ÍÓÌ‡ ‡ÒÔÂ‰ÂÎÂÌËfl
flÍÓÒÚË ÔÓ ‰ËÒÍÛ ãÛÌ˚. Ç Ì‡¯ÂÈ ‡·ÓÚÂ ‚ Í‡˜ÂÒÚ‚Â

σ S( )[ ]2 0.105S 3.42,+=

f α1( )
f α2( )
--------------

B α1,β1,γ 1( )D α2,β2,γ 2( )
B α2,β2,γ 2( )D α1,β1,γ 1( )
------------------------------------------------------------.=

i ε ϕ, ,( ) α/2,α/2,π( )=

α β γ, ,( ) α 0 α/2, ,( ).=⎩
⎨
⎧
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ä‡È‰‡¯ Ë ‰.

Ú‡ÍÓ„Ó Á‡ÍÓÌ‡ Ï˚ ËÒÔÓÎ¸ÁÛÂÏ ÒÎÂ‰Û˛˘Û˛ ˝ÏÔËË- ˜ÂÒÍÛ˛ ÙÓÏÛÎÛ (ÄÍËÏÓ‚, 1988):

. (7)

ùÚ‡ ÙÓÏÛÎ‡ ÒÓ‰ÂÊËÚ ‚ÒÂ„Ó Ó‰ËÌ ̋ ÏÔËË˜ÂÒÍËÈ
Ô‡‡ÏÂÚ – Ú‡Í Ì‡Á˚‚‡ÂÏ˚È Ù‡ÍÚÓ „Î‡‰ÍÓÒÚË ν, Ë
Û‰Ó‚ÎÂÚ‚ÓËÚÂÎ¸ÌÓ ÓÔËÒ˚‚‡ÂÚ ‰ÓÎ„ÓÚÌÓ-¯ËÓÚÌÛ˛
Á‡‚ËÒËÏÓÒÚ¸ flÍÓÒÚË ÎÛÌÌÓÈ ÔÓ‚ÂıÌÓÒÚË Í‡Í ‰Îfl
Ì‡ÁÂÏÌ˚ı (ÇÂÎËÍÓ‰ÒÍËÈ, 2002), Ú‡Í Ë ÍÓÒÏË˜ÂÒÍËı
ÙÓÚÓÏÂÚË˜ÂÒÍËı ‰‡ÌÌ˚ı (Shkuratov Ë ‰., 1999;
Kreslavsky Ë ‰., 2000). ÑÂÚ‡Î¸ÌÓÂ ËÒÒÎÂ‰Ó‚‡ÌËÂ
ÙÛÌÍˆËË D(α, β, γ) ÔÓÍ‡Á‡ÎÓ, ˜ÚÓ Ì‡Ë·ÓÎÂÂ ˝ÙÙÂÍ-
ÚË‚ÌÓÂ ÛÒÚ‡ÌÂÌËÂ ıÓ‰‡ flÍÓÒÚË ÎËÏ·–ÚÂÏËÌ‡ÚÓ
ÔÓËÒıÓ‰ËÚ ÔË ÁÌ‡˜ÂÌËflı Ô‡‡ÏÂÚ‡ ν ≈ 0.1–0.3 (ÇÂ-
ÎËÍÓ‰ÒÍËÈ, 2002). ç‡ÔÓÏÌËÏ, ˜ÚÓ D(α, β, γ) fl‚ÎflÂÚÒfl
ÏÂ‰ÎÂÌÌÓ ÏÂÌfl˛˘ÂÈÒfl ÙÛÌÍˆËÂÈ ÙÓÚÓÏÂÚË˜ÂÒÍËı
ÍÓÓ‰ËÌ‡Ú, ÔÓ˝ÚÓÏÛ ‚‡¸ËÓ‚‡ÌËÂ ν ‚ ÛÍ‡Á‡ÌÌÓÏ
‰Ë‡Ô‡ÁÓÌÂ ÔË‚Ó‰ËÚ Í ÌÂ·ÓÎ¸¯ÓÏÛ ËÁÏÂÌÂÌË˛ „ÎÓ-
·‡Î¸ÌÓ„Ó ÚÂÌ‰‡ ÎËÏ·–ÚÂÏËÌ‡ÚÓ, ‰Îfl ÒÓÒÂ‰ÌËı ÚÓ-
˜ÂÍ ÎÛÌÌÓ„Ó ‰ËÒÍ‡ ‚‡Ë‡ˆËË ÙÛÌÍˆËË (7) Ï‡Î˚. 

éÚÏÂÚËÏ, ̃ ÚÓ ÄÍËÏÓ‚˚Ï ·˚Î‡ ÔÂ‰ÎÓÊÂÌ‡ Ú‡Í-
ÊÂ ÏÓ‰ÂÎ¸ ‰ËÒÍÓ‚ÓÈ ÙÛÌÍˆËË, ‚ÓÓ·˘Â ÌÂ ËÏÂ˛˘‡fl
Ò‚Ó·Ó‰Ì˚ı Ô‡‡ÏÂÚÓ‚. Ç ̋ ÚÓÈ ÏÓ‰ÂÎË ÔÓ‚ÂıÌÓÒÚ¸
ÌÂ·ÂÒÌÓ„Ó ÚÂÎ‡ ÔÓÎ‡„‡ÂÚÒfl “ÔÂ‰ÂÎ¸ÌÓ ¯ÂÓıÓ‚‡-
ÚÓÈ”, ÍÓ„‰‡ ‰ÓÔÓÎÌËÚÂÎ¸ÌÓÂ ÍÛÔÌÓÏ‡Ò¯Ú‡·ÌÓÂ ËÁ-
ÏÂÌÂÌËÂ ÛÊÂ ÒÛ˘ÂÒÚ‚Û˛˘Â„Ó ÏÂÁÓÂÎ¸ÂÙ‡ ÌÂ ‚ ÒÓ-
ÒÚÓflÌËË ËÁÏÂÌËÚ¸ ÓÚÌÓÒËÚÂÎ¸ÌÓÂ ‡ÒÔÂ‰ÂÎÂÌËÂ
flÍÓÒÚË ÔÓ ‰ËÒÍÛ ÔÎ‡ÌÂÚ˚ (ÄÍËÏÓ‚, 1988). ùÚ‡ ÊÂ
ÙÛÌÍˆËfl ·ÂÁ Ô‡‡ÏÂÚÓ‚ ÏÓÊÂÚ ·˚Ú¸ ÔÓÎÛ˜ÂÌ‡ ‰Îfl
Ù‡ÍÚ‡ÎÓÔÓ‰Ó·Ì˚ı ÔÓ‚ÂıÌÓÒÚÂÈ (Shkuratov, 1995):

(8)

îÛÌÍˆËfl (8) Û‰Ó‚ÎÂÚ‚ÓËÚÂÎ¸ÌÓ ÓÔËÒ˚‚‡ÂÚ ‡Ò-
ÔÂ‰ÂÎÂÌËÂ flÍÓÒÚË ÔÓ ‰ËÒÍÛ ÔÎ‡ÌÂÚ˚; ‚ Ó·Î‡ÒÚË
Ï‡Î˚ı Ù‡ÁÓ‚˚ı Û„ÎÓ‚ ÓÌ‡ ÌÂÒÍÓÎ¸ÍÓ ÎÛ˜¯Â ÍÓÏ-
ÔÂÌÒËÛÂÚ ‚ÓÁ‡ÒÚ‡ÌËÂ flÍÓÒÚË Ì‡ ÎËÏ·Â ‚Ë‰ËÏÓ„Ó
‰ËÒÍ‡, ˜ÂÏ ÙÛÌÍˆËfl (7). ãÂ„ÍÓ ‚Ë‰ÂÚ¸, ˜ÚÓ ÔË
ÛÒÎÓ‚Ëflı (6) ÙÛÌÍˆËË (7) Ë (8) Ó·‡˘‡˛ÚÒfl ‚
D(α, β, γ) ≡ 1, ˜ÚÓ Ë fl‚ÎflÂÚÒfl ÛÒÎÓ‚ËÂÏ ÌÓÏË-
Ó‚ÍË ‰Îfl ÔÂÂıÓ‰‡ ‚ ÒËÒÚÂÏÛ ˝Í‚Ë„ÓÌ‡Î¸ÌÓ„Ó
‡Î¸·Â‰Ó.

ÑÎfl ‰ÓÒÚËÊÂÌËfl ‚˚ÒÓÍÓÈ ÙÓÚÓÏÂÚË˜ÂÒÍÓÈ
ÚÓ˜ÌÓÒÚË ‚ Á‡‰‡˜‡ı, „‰Â Ò‡‚ÌË‚‡˛ÚÒfl ÌÂÒÍÓÎ¸ÍÓ
ËÁÓ·‡ÊÂÌËÈ, ‚‡ÊÌÓ Ú˘‡ÚÂÎ¸ÌÓ ‚˚ÔÓÎÌËÚ¸ Ëı ÒÂ-
ÎÂÌÓ„‡ÙË˜ÂÒÍÛ˛ ÔË‚flÁÍÛ Ë ÒÓ‚ÏÂ˘ÂÌËÂ; ˝ÚÓ Í‡-
Ò‡ÂÚÒfl ËÁÓ·‡ÊÂÌËÈ, ÔÓÎÛ˜ÂÌÌ˚ı Í‡Í Í‚‡ÁËÓ‰ÌÓ-
‚ÂÏÂÌÌÓ (ÔÓÒÎÂ‰Ó‚‡ÚÂÎ¸Ì‡fl ÒÂËfl), Ú‡Í Ë ÔÓ ËÒÚÂ-
˜ÂÌËË ÌÂÒÍÓÎ¸ÍËı ÎÛÌ‡ˆËÈ. ÑÎfl Ú‡ÍÓÈ ÔË‚flÁÍË Ë
ÔÂÂ‚Ó‰‡ ËÁÓ·‡ÊÂÌËÈ ‚ Â‰ËÌÛ˛ ÓÚÓ„‡ÙË˜ÂÒÍÛ˛
ÔÓÂÍˆË˛ Ì‡ÏË ·˚Î‡ ‚˚·‡Ì‡ ÍÓÓ‰ËÌ‡ÚÌ‡fl ÒËÒÚÂ-

Ï‡ UVVIS ÏÓÁ‡ËÍ äÄ Clementine, ·‡ÁËÛ˛˘‡flÒfl Ì‡
ÒÂÎÂÌÓ‰ÂÁË˜ÂÒÍÓÈ ÒÂÚË CLCN (Clementine Lunar
Control Network) (Isbell Ë ‰., 1999). àÒÔÓÎ¸ÁÓ‚‡ÌËÂ
˝ÚÓÈ ÒËÒÚÂÏ˚ ÔÓÁ‚ÓÎflÂÚ ‚ ·Û‰Û˘ÂÏ ÔÓ‚ÂÒÚË Ò‡‚-
ÌÂÌËÂ Ì‡¯Ëı ËÁÓ·‡ÊÂÌËÈ Ë ‰‡ÌÌ˚ı, ÔÓÎÛ˜ÂÌÌ˚ı
äÄ Clementine. 

ë˙ÂÏÍ‡ ÒÍ‚ÓÁ¸ ÚÛ·ÛÎÂÌÚÌÛ˛ ‡ÚÏÓÒÙÂÛ Ò‚flÁ‡-
Ì‡ Ò ÌÂÓ·ıÓ‰ËÏÓÒÚ¸˛ Û˜ÂÚ‡ ·˚ÒÚÓÔÂÂÏÂÌÌ˚ı
(~1–2 Ò) ËÒÍ‡ÊÂÌËÈ ‚ÓÎÌÓ‚Ó„Ó ÙÓÌÚ‡ Ò ÏËÌËÏ‡Î¸-
Ì˚Ï Û„ÎÓ‚˚Ï ‡ÁÏÂÓÏ ~10′′–20′′. í‡ÍÊÂ Ò‡‚ÌÂÌËÂ
ÔÓÒÎÂ‰Ó‚‡ÚÂÎ¸Ì˚ı ÒÌËÏÍÓ‚ ‚ ÒÂËË ÔÓÍ‡Á˚‚‡ÂÚ Ì‡-
ÎË˜ËÂ ÍÛÔÌÓÏ‡Ò¯Ú‡·Ì˚ı ÌÂÓ‰ÌÓÓ‰ÌÓÒÚÂÈ ‡ÚÏÓ-
ÒÙÂ˚ (3′–5′), Ò‰‚Ë„‡˛˘Ëı Ë ‰ÂÙÓÍÛÒËÛ˛˘Ëı ‚
ÙÓÍ‡Î¸ÌÓÈ ÔÎÓÒÍÓÒÚË ÓÚ‰ÂÎ¸Ì˚Â ˜‡ÒÚË ËÁÓ·‡ÊÂ-
ÌËfl ÎÛÌÌÓ„Ó ‰ËÒÍ‡. ÄÌ‡ÎÓ„Ë˜ÌÓ, Ò‡‚ÌÂÌËÂ ËÁÓ·‡-
ÊÂÌËÈ ‚ ‡ÁÌ˚Â ‰‡Ú˚ ÔË‚Ó‰ËÚ Í ÌÂÓ·ıÓ‰ËÏÓÒÚË
Û˜ÂÚ‡ Ëı Í‡˜ÂÒÚ‚‡, ‚ ÔÂ‚Û˛ Ó˜ÂÂ‰¸ Ù‡ÍÚË˜ÂÒÍÓ„Ó
Û„ÎÓ‚Ó„Ó ‡ÁÂ¯ÂÌËfl. 

ÑÎfl Û˜ÂÚ‡ ÚÛ·ÛÎÂÌÚÌÓÒÚË ‡ÚÏÓÒÙÂ˚ ÔË ‰Â-
Ú‡Î¸ÌÓÏ ÒÓ‚ÏÂ˘ÂÌËË ËÁÓ·‡ÊÂÌËÈ Ì‡ÏË ·˚Î‡ ‡Á-
‡·ÓÚ‡Ì‡ ÒÔÂˆË‡Î¸Ì‡fl ÔÓˆÂ‰Û‡ ÒÓ‚ÏÂ˘ÂÌËfl, ÓÒ-
ÌÓ‚‡ÌÌ‡fl Ì‡ ÔÓËÒÍÂ Ï‡ÍÒËÏÛÏ‡ ÍÓÂÎflˆËË ÏÂÊ‰Û
Ù‡„ÏÂÌÚ‡ÏË ÒÓ‚ÏÂ˘‡ÂÏ˚ı ËÁÓ·‡ÊÂÌËÈ. êÂÁÛÎ¸-
Ú‡ÚÓÏ ‡·ÓÚ˚ ̋ ÚÓ„Ó ‡Î„ÓËÚÏ‡ fl‚ÎflÂÚÒfl ÔÓÎÂ ÓÚÌÓ-
ÒËÚÂÎ¸Ì˚ı Ò‰‚Ë„Ó‚ Ù‡„ÏÂÌÚÓ‚, ÍÓÚÓÓÂ Á‡ÚÂÏ ËÒ-
ÔÓÎ¸ÁÛÂÚÒfl ‰Îfl ÓÍÓÌ˜‡ÚÂÎ¸ÌÓ„Ó ÒÓ‚ÏÂ˘ÂÌËfl Ò‡‚-
ÌË‚‡ÂÏ˚ı ËÁÓ·‡ÊÂÌËÈ. Ç‡¸ËÛfl Ô‡‡ÏÂÚ˚
‡Î„ÓËÚÏ‡ ÒÓ‚ÏÂ˘ÂÌËfl, Ï˚ Û˜ËÚ˚‚‡ÂÏ Ï‡ÎÓ- Ë
ÍÛÔÌÓÏ‡Ò¯Ú‡·Ì˚Â ‡ÚÏÓÒÙÂÌ˚Â ËÒÍ‡ÊÂÌËfl. ê‡Á-
ÎË˜Ëfl Â‡Î¸ÌÓ„Ó Û„ÎÓ‚Ó„Ó ‡ÁÂ¯ÂÌËfl ËÁÓ·‡ÊÂ-
ÌËÈ Ï˚ ÍÓÏÔÂÌÒËÓ‚‡ÎË ÔË‚Â‰ÂÌËÂÏ ‡ÁÂ¯ÂÌËfl
‚ÒÂı Ò‡‚ÌË‚‡ÂÏ˚ı ËÁÓ·‡ÊÂÌËÈ Í Ì‡ËıÛ‰¯ÂÏÛ Ò
ÔÓÏÓ˘¸˛ Ò‚ÂÚÍË Ò ‰‚ÛÏÂÌ˚Ï „‡ÛÒÒÓ‚˚Ï fl‰ÓÏ,
Á‡‚ËÒfl˘ËÏ ÓÚ ‡ÁÌËˆ˚ ‡ÁÂ¯ÂÌËÈ. ç‡ ËÒ. 1 ÔÂ‰-
ÒÚ‡‚ÎÂÌÓ ËÁÓ·‡ÊÂÌËÂ ÎÛÌÌÓ„Ó ‰ËÒÍ‡ ‚ ÓÚÓ„‡ÙË-
˜ÂÒÍÓÈ ÔÓÂÍˆËË ‰Îfl Ù‡ÁÓ‚Ó„Ó Û„Î‡ 2°, ÔÓÎÛ˜ÂÌÌÓÂ
Í‡ÏÂÓÈ Canon 300D (‰ÎËÌ‡ ‚ÓÎÌ˚ 0.52 ÏÍÏ). àÁÓ·-
‡ÊÂÌËÂ ÔÂÂ‚Â‰ÂÌÓ ‚ ÒËÒÚÂÏÛ ̋ Í‚Ë„ÓÌ‡Î¸ÌÓ„Ó ‡Î¸-
·Â‰Ó ÔÓ˝ÎÂÏÂÌÚÌ˚Ï ‰ÂÎÂÌËÂÏ ÓÚÒ˜ÂÚÓ‚ Ì‡ ÙÛÌÍ-
ˆË˛ (8), ‡ÒÒ˜ËÚ‡ÌÌÛ˛ ‰Îfl Í‡Ê‰ÓÈ ÚÓ˜ÍË ÎÛÌÌÓ„Ó
‰ËÒÍ‡ Ì‡ ÏÓÏÂÌÚ Ì‡·Î˛‰ÂÌËÈ.

äÄêíàêéÇÄçàÖ îÄáéÇéÉé çÄäãéçÄ 

ëÂ‰Ìflfl Ù‡ÁÓ‚‡fl ÍË‚‡fl ÎÛÌÌÓÈ ÔÓ‚ÂıÌÓÒÚË
f(α) ÔÓÍ‡Á˚‚‡ÂÚ ‚ÓÁ‡ÒÚ‡ÌËÂ Ù‡ÁÓ‚ÓÈ ÙÛÌÍˆËË Ò
ÛÏÂÌ¸¯ÂÌËÂÏ Ù‡ÁÓ‚Ó„Ó Û„Î‡. ÄÏÔÎËÚÛ‰‡ ÓÔÔÓÁËˆË-
ÓÌÌÓ„Ó ÔËÍ‡ ‚ ‰Ë‡Ô‡ÁÓÌÂ Ù‡ÁÓ‚˚ı Û„ÎÓ‚ 0.2°–10° ÒÓ-
ÒÚ‡‚ÎflÂÚ ~60% ‰Îfl ‰ÎËÌ˚ ‚ÓÎÌ˚ λ = 0.42 ÏÍÏ (òÍÛ-
‡ÚÓ‚ Ë ‰., 2003). éÚÎË˜Ëfl Ù‡ÁÓ‚ÓÈ ÙÛÌÍˆËË ‰Îfl
ÓÚ‰ÂÎ¸Ì˚ı Û˜‡ÒÚÍÓ‚ ÎÛÌÌÓÈ ÔÓ‚ÂıÌÓÒÚË ÓÚ ÒÂ‰ÌÂÈ
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Á‡‚ËÒËÏÓÒÚË Á‡‚ËÒflÚ ÓÚ ÓÒÓ·ÂÌÌÓÒÚÂÈ ÒÚÛÍÚÛ˚
ÎÛÌÌÓÈ ÔÓ‚ÂıÌÓÒÚË. ÑÎfl ‡ÁÎË˜Ì˚ı ‰Ë‡Ô‡ÁÓÌÓ‚ ËÁ-
ÏÂÌÂÌËfl Û„Î‡ α ÔÂËÏÛ˘ÂÒÚ‚ÂÌÌÛ˛ ÓÎ¸ ‚ ÙÓÏË-
Ó‚‡ÌËË Ù‡ÁÓ‚ÓÈ ÍË‚ÓÈ Ë„‡˛Ú ‡ÁÌ˚Â Ï‡Ò¯Ú‡·˚
ÒÚÛÍÚÛ˚ Â„ÓÎËÚ‡. í‡Í, ÔË Ï‡Î˚ı Ù‡ÁÓ‚˚ı Û„Î‡ı
α ≤ 4° ‰Îfl Ò‚ÂÚÎ˚ı Û˜‡ÒÚÍÓ‚ ÏÓÊÂÚ ‰‡‚‡Ú¸ ‚ÍÎ‡‰ ÍÓ-
„ÂÂÌÚÌÓÂ ÛÒËÎÂÌËÂ Ó·‡ÚÌÓ„Ó ‡ÒÒÂflÌËfl (Shkuratov
Ë ‰., 1999). èË Ù‡ÁÓ‚˚ı Û„Î‡ı α ≤ 40°–50° ·ÓÎ¸¯ÂÂ
‚ÎËflÌËÂ ÓÍ‡Á˚‚‡ÂÚ ÚÂÌÂ‚ÓÈ ˝ÙÙÂÍÚ Ì‡ ÌÂÓ‰ÌÓÓ‰-
ÌÓÒÚflı ÔÓfl‰Í‡ ÒÂ‰ÌÂ„Ó ‡ÁÏÂ‡ ˜‡ÒÚËˆ Â„ÓÎËÚ‡
(~100 ÏÍÏ). Ç ˝ÚÓÏ ‰Ë‡Ô‡ÁÓÌÂ Ù‡ÁÓ‚˚ı Û„ÎÓ‚ Ì‡-
·Î˛‰‡ÂÚÒfl Á‡‚ËÒËÏÓÒÚ¸ Ù‡ÁÓ‚ÓÈ ÙÛÌÍˆËË ÓÚ ‡Î¸·Â-
‰Ó ÔÓ‚ÂıÌÓÒÚË, Ò‚flÁ‡ÌÌ‡fl Ò ˜‡ÒÚË˜ÌÓÈ Á‡Ò‚ÂÚÍÓÈ
ÚÂÌÂÈ ËÁ-Á‡ ÔÓÁ‡˜ÌÓÒÚË ˜‡ÒÚËˆ Â„ÓÎËÚ‡ (äÓÓ-
ıËÌ Ë ‰., 2007). èË ‰‡Î¸ÌÂÈ¯ÂÏ Û‚ÂÎË˜ÂÌËË α ÏÂ-
ÁÓ- Ë Ï‡ÍÓÂÎ¸ÂÙ Ú‡ÍÊÂ Ì‡˜ËÌ‡˛Ú Á‡ÏÂÚÌÓ ‚ÎËflÚ¸
Ì‡ Ù‡ÁÓ‚Û˛ Á‡‚ËÒËÏÓÒÚ¸ flÍÓÒÚË (òÍÛ‡ÚÓ‚ Ë ‰.,
2003) Ë Ë„‡Ú¸ ÓÔÂ‰ÂÎfl˛˘Û˛ ÓÎ¸ ÔË ·ÓÎ¸¯Ëı α
(äÓÓıËÌ Ë ‰., 2007). í‡ÍËÏ Ó·‡ÁÓÏ, ÔÓ ÔÓÒÚ‡Ì-
ÒÚ‚ÂÌÌ˚Ï ‡ÒÔÂ‰ÂÎÂÌËflÏ Ô‡‡ÏÂÚÓ‚ Ù‡ÁÓ‚ÓÈ

ÙÛÌÍˆËË ÏÓÊÌÓ ÒÛ‰ËÚ¸ Ó· ÓÒÓ·ÂÌÌÓÒÚflı ÒÚÛÍÚÛ˚
ÎÛÌÌÓ„Ó Â„ÓÎËÚ‡. 

ä‡Í ÓÚÏÂ˜‡ÎÓÒ¸ ‡ÌÂÂ, Ì‡ ÔÓ˝ÎÂÏÂÌÚÌÓÏ ˜‡ÒÚ-
ÌÓÏ (5) ‰‚Ûı ‡ÒÔÂ‰ÂÎÂÌËÈ flÍÓÒÚË ÔÓ ÎÛÌÌÓÏÛ
‰ËÒÍÛ ‚‡Ë‡ˆËË ‡Î¸·Â‰Ó ‰ÓÎÊÌ˚ ·˚Ú¸ ÔÓ‰‡‚ÎÂÌ˚,
‡ ÂÁÛÎ¸ÚËÛ˛˘ÂÂ ˜‡ÒÚÌÓÂ ·Û‰ÂÚ ÌÂÒÚË ËÌÙÓÏ‡-
ˆË˛ Ó ‚‡Ë‡ˆËflı Ì‡ÍÎÓÌ‡ Ù‡ÁÓ‚ÓÈ Á‡‚ËÒËÏÓÒÚË fl-
ÍÓÒÚË f(α). Ç Â‡Î¸ÌÓÈ ÒËÚÛ‡ˆËË, ÍÓÏÂ ‡ÁÎË˜ËÈ
Ù‡ÁÓ‚˚ı Ì‡ÍÎÓÌÓ‚, Ì‡ ˜‡ÒÚÌÓÂ ‚ÎËflÂÚ ÂÎ¸ÂÙ ÔÓ-
‚ÂıÌÓÒÚË, ‚ ÁÌ‡˜ËÚÂÎ¸ÌÓÈ ÒÚÂÔÂÌË ËÒÍ‡Ê‡˛˘ËÈ
‡Ò˜ÂÚÌ˚Â ÁÌ‡˜ÂÌËfl ÙÓÚÓÏÂÚË˜ÂÒÍËı Û„ÎÓ‚, Á‡‚Ë-
Òfl˘Ëı ÓÚ ÎÓÍ‡Î¸Ì˚ı Ì‡ÍÎÓÌÓ‚ ÔÓ‚ÂıÌÓÒÚË. ùÚÓ
‰ÂÎ‡ÂÚ ÌÂ‚ÓÁÏÓÊÌÓÈ ËÌÚÂÔÂÚ‡ˆË˛ ÔÓÎÛ˜ÂÌÌÓ„Ó
Ù‡ÁÓ‚Ó„Ó Ì‡ÍÎÓÌ‡. êÂ¯ÂÌËÂÏ ÔÓ·ÎÂÏ˚ fl‚ÎflÎÓÒ¸
·˚ ËÒÔÓÎ¸ÁÓ‚‡ÌËÂ ‰‡ÌÌ˚ı Ó ÚÓÔÓ„‡ÙËË ãÛÌ˚, Ó‰-
Ì‡ÍÓ ÒÛ˘ÂÒÚ‚Û˛˘ËÂ „ÎÓ·‡Î¸Ì˚Â ˆËÙÓ‚˚Â ÏÓ‰Â-
ÎË ÂÎ¸ÂÙ‡ (Zuber Ë ‰., 1994, http://pds-geosciences.
wustl.edu/missions/clementine/gravtopo.html) Ó·Î‡‰‡-
˛Ú ÌËÁÍËÏ ÔÓÒÚ‡ÌÒÚ‚ÂÌÌ˚Ï ‡ÁÂ¯ÂÌËÂÏ
(~200 ÍÏ) Ë ÌÂ ‰‡˛Ú ‚ÓÁÏÓÊÌÓÒÚË ËÒÔÓÎ¸ÁÓ‚‡Ú¸ Ëı
‰Îfl ÍÓÂÍˆËË ÙÓÚÓÏÂÚË˜ÂÒÍËı Û„ÎÓ‚. í‡ÍËÏ Ó·-
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êËÒ. 1. àÁÓ·‡ÊÂÌËÂ ˝Í‚Ë„ÓÌ‡Î¸ÌÓ„Ó ‡Î¸·Â‰Ó ‰Îfl Ù‡ÁÓ‚Ó„Ó Û„Î‡ 2° (‰ÎËÌ‡ ‚ÓÎÌ˚ 0.52 ÏÍÏ) ‚ ÓÚÓ„‡ÙË˜ÂÒÍÓÈ ÔÓÂÍ-
ˆËË. á‚ÂÁ‰Ó˜ÍÓÈ ÛÍ‡Á‡Ì‡ Ó·Î‡ÒÚ¸, ËÒÔÓÎ¸ÁÓ‚‡ÌÌ‡fl ‰Îfl Í‡ÎË·Ó‚ÍË Ù‡ÁÓ‚˚ı ÓÚÌÓ¯ÂÌËÈ.
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‡ÁÓÏ, ‚ Ì‡¯ÂÏ ÒÎÛ˜‡Â Ì‡‰ÂÊÌ‡fl ËÌÚÂÔÂÚ‡ˆËfl
ÂÁÛÎ¸Ú‡ÚÓ‚ ‚ÓÁÏÓÊÌ‡ ‰Îfl Â„ËÓÌÓ‚ Ò ÔÎÓÒÍÓÈ ÚÓ-
ÔÓ„‡ÙËÂÈ: ÔÓ‚ÂıÌÓÒÚË ÏÓÂÈ, ‰ÌË˘‡ Í‡ÚÂÓ‚,
Á‡ÚÓÔÎÂÌÌ˚ı Î‡‚ÓÈ, Ë Ú.Ô. ëÓ·ÒÚ‚ÂÌÌ˚È ¯ÛÏ ËÁÓ·-
‡ÊÂÌËÈ, ÔÓ„Â¯ÌÓÒÚË ÒÓ‚ÏÂ˘ÂÌËfl ËÁÓ·‡ÊÂÌËÈ,
ËÒÍ‡ÊÂÌÌ˚ı ‚ÎËflÌËÂÏ ÁÂÏÌÓÈ ‡ÚÏÓÒÙÂ˚, ÓÒÚ‡‚-
¯ËÂÒfl ‡ÁÎË˜Ëfl ÔÓÒÚ‡ÌÒÚ‚ÂÌÌÓ„Ó ‡ÁÂ¯ÂÌËfl
ÒÌËÏÍÓ‚ Ú‡ÍÊÂ ‚ÎËfl˛Ú Ì‡ Í‡˜ÂÒÚ‚Ó ËÁÓ·‡ÊÂÌËÈ
Ù‡ÁÓ‚Ó„Ó ÓÚÌÓ¯ÂÌËfl. 

àÚ‡Í, ‰Îfl ÔÓÒÚÓÂÌËfl Ù‡ÁÓ‚˚ı ÓÚÌÓ¯ÂÌËÈ Ï˚
ÛÒÂ‰ÌflÎË ÒÂËË (10–12 ¯ÚÛÍ) ÔÓÒÎÂ‰Ó‚‡ÚÂÎ¸ÌÓ ÔÓ-
ÎÛ˜ÂÌÌ˚ı ËÁÓ·‡ÊÂÌËÈ ÔË ÓÔÂ‰ÂÎÂÌÌÓÏ Ù‡ÁÓ‚ÓÏ
Û„ÎÂ. á‡ÚÂÏ Ï˚ ÔÂÂ‚Ó‰ËÎË ÛÒÂ‰ÌÂÌÌ˚Â ËÁÓ·‡ÊÂ-
ÌËfl flÍÓÒÚË ‚ ÒËÒÚÂÏÛ ̋ Í‚Ë„ÓÌ‡Î¸ÌÓ„Ó ‡Î¸·Â‰Ó Ò ËÒ-
ÔÓÎ¸ÁÓ‚‡ÌËÂÏ ÙÓÏÛÎ (7) Ë (8). ó‡ÒÚÌÓÂ ‰‚Ûı ËÁÓ·-
‡ÊÂÌËÈ ˝Í‚Ë„ÓÌ‡Î¸ÌÓ„Ó ‡Î¸·Â‰Ó ÔÂ‰ÒÚ‡‚ÎflÂÚ ÒÓ-
·ÓÈ Ù‡ÁÓ‚ÓÂ ÓÚÌÓ¯ÂÌËÂ. ç‡ ËÒ. 2 ÔÂ‰ÒÚ‡‚ÎÂÌÓ
‡ÒÔÂ‰ÂÎÂÌËÂ Ù‡ÁÓ‚Ó„Ó ÓÚÌÓ¯ÂÌËfl f(21°)/f(46°) ‰Îfl
‚Ë‰ËÏÓ„Ó ÔÓÎÛ¯‡Ëfl ãÛÌ˚. ùÚÓ ËÁÓ·‡ÊÂÌËÂ ÔÓÎÛ-
˜ÂÌÓ ÔÛÚÂÏ “Ò¯Ë‚‡ÌËfl” ËÁÓ·‡ÊÂÌËÈ ËÁ ‰‚Ûı ÔË-

·ÎËÁËÚÂÎ¸ÌÓ Ó‰ËÌ‡ÍÓ‚˚ı Ù‡ÁÓ‚˚ı ÓÚÌÓ¯ÂÌËÈ ‰Îfl
‚ÓÒÚÓ˜ÌÓÈ Ë Á‡Ô‡‰ÌÓÈ ˜‡ÒÚÂÈ ‰ËÒÍ‡ ÔË ÔÓÚË‚ÓÔÓ-
ÎÓÊÌÓÏ Ì‡Ô‡‚ÎÂÌËË ÓÒ‚Â˘ÂÌËfl (Gerasimenko Ë ‰.,
2008). ÅÓÎÂÂ Ò‚ÂÚÎ˚È ÚÓÌ ÒÓÓÚ‚ÂÚÒÚ‚ÛÂÚ ·óÎ¸¯ËÏ
ÁÌ‡˜ÂÌËflÏ ÓÚÌÓ¯ÂÌËfl f(21°)/f(46°). á‡ÏÂÚËÏ, ˜ÚÓ ‰Â-
Ú‡ÎË Ò ‚˚‡ÊÂÌÌÓÈ ÚÓÔÓ„‡ÙËÂÈ („ÓÌ˚Â ˆÂÔË, ‚‡-
Î˚ Í‡ÚÂÓ‚, ÚÂÍÚÓÌË˜ÂÒÍËÂ ‡ÁÎÓÏ˚ Ë Ú.Ô.) ËÒÍ‡-
Ê‡˛Ú Ù‡ÁÓ‚ÓÂ ÓÚÌÓ¯ÂÌËÂ, ÍÓÚÓÓÂ ‚ ˝ÚÓÏ ÒÎÛ˜‡Â
‚˚„Îfl‰ËÚ ÔÓ‰Ó·ÌÓ ÓÒ‚Â˘ÂÌÌÓÏÛ ÂÎ¸ÂÙÛ. àÁÓ·‡-
ÊÂÌËÂ Ì‡ ËÒ. 2 ı‡‡ÍÚÂËÁÛÂÚÒfl Ò‡‚ÌËÚÂÎ¸ÌÓ ÒÎ‡-
·˚Ï ÍÓÌÚ‡ÒÚÓÏ ÏÓÂ/Ï‡ÚÂËÍ, ıÓÚfl Ó·˘‡fl Ó·‡Ú-
Ì‡fl ÍÓÂÎflˆËfl ‡Î¸·Â‰Ó Ë Ù‡ÁÓ‚Ó„Ó Ì‡ÍÎÓÌ‡ ıÓÓ-
¯Ó ÔÓÒÎÂÊË‚‡ÂÚÒfl. èÓ‚ÂıÌÓÒÚ¸ Ò‡ÏÓ„Ó ÚÂÏÌÓ„Ó
åÓfl ëÔÓÍÓÈÒÚ‚Ëfl ‚Ë‰Ì‡ Í‡Í Â„ËÓÌ Ò Ì‡Ë·ÓÎ¸¯ËÏ
Ù‡ÁÓ‚˚Ï Ì‡ÍÎÓÌÓÏ. Ç˚·ÓÒ˚ ËÁ Í‡ÚÂÓ‚, ÙÓÏË-
Û˛˘ËÂ flÍËÂ ‡Î¸·Â‰Ì˚Â „‡ÎÓ, ÔÓfl‚Îfl˛ÚÒfl Í‡Í
‰ÂÚ‡ÎË Ò Ì‡ËÏÂÌ¸¯ÂÈ ÍÛÚËÁÌÓÈ Ù‡ÁÓ‚ÓÈ ÙÛÌÍˆËË.
ç‡¯Ë ËÒıÓ‰Ì˚Â ‰‡ÌÌ˚Â ÌÂ ÔÓ‰‚Â„‡ÎËÒ¸ ‡·ÒÓÎ˛Ú-
ÌÓÈ ÙÓÚÓÏÂÚË˜ÂÒÍÓÈ Í‡ÎË·Ó‚ÍÂ, ÔÓ˝ÚÓÏÛ ‚ÒÂ
ÔÂ‰ÒÚ‡‚ÎÂÌÌ˚Â ‚ ‡·ÓÚÂ Ù‡ÁÓ‚˚Â ÓÚÌÓ¯ÂÌËfl ·˚-
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êËÒ. 2. ä‡Ú‡ ÌÓÏËÓ‚‡ÌÌÓ„Ó Ù‡ÁÓ‚Ó„Ó ÓÚÌÓ¯ÂÌËfl f(21°)/f(46°) ‰Îfl ‰ÎËÌ˚ ‚ÓÎÌ˚ 0.52 ÏÍÏ. 
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ÎË ÌÓÏËÓ‚‡Ì˚ Ì‡ ÁÌ‡˜ÂÌËÂ Ù‡ÁÓ‚Ó„Ó Ì‡ÍÎÓÌ‡ ‚
ÌÂ·ÓÎ¸¯ÓÏ ÙÓÚÓÏÂÚË˜ÂÒÍË Ó‰ÌÓÓ‰ÌÓÏ Û˜‡ÒÚÍÂ
Ì‡ ˛„Â åÓfl üÒÌÓÒÚË (Á‚ÂÁ‰Ó˜Í‡ Ì‡ ËÒ. 1). ùÚÓÚ
Û˜‡ÒÚÓÍ Ì‡ıÓ‰ËÚÒfl ‚·ÎËÁË ÒÔÂÍÚÓÙÓÚÓÏÂÚË˜ÂÒÍÓ-
„Ó ÒÚ‡Ì‰‡Ú‡ MS-2 (Pieters, 1986). ä‡Í ‚Ë‰ÌÓ ËÁ
ËÒ. 2, ‰Îfl Ù‡ÁÓ‚Ó„Ó ÓÚÌÓ¯ÂÌËfl f(21°)/f(46°) ‰Ë‡Ô‡-
ÁÓÌ ÓÚÌÓÒËÚÂÎ¸ÌÓ„Ó ËÁÏÂÌÂÌËfl Ù‡ÁÓ‚Ó„Ó Ì‡ÍÎÓÌ‡
‚Ë‰ËÏÓ„Ó ÔÓÎÛ¯‡Ëfl ãÛÌ˚ ÒÓÒÚ‡‚ÎflÂÚ ÓÚ –5% ‰Ó
+8%. å˚ ÓÚÏÂ˜‡ÂÏ, ˜ÚÓ ÓÚÎË˜Ëfl ÔÓ Ù‡ÁÓ‚ÓÏÛ Ì‡-
ÍÎÓÌÛ ÏÓÂÈ ˛„Ó-Á‡Ô‡‰ÌÓÈ ˜‡ÒÚË ‰ËÒÍ‡ (åÓÂ
ÇÎ‡ÊÌÓÒÚË, åÓÂ é·Î‡ÍÓ‚) ÓÚ ÓÍÛÊ‡˛˘Â„Ó Ï‡-
ÚÂËÍ‡ ÒÓÒÚ‡‚Îfl˛Ú ÏÂÌÂÂ 1%–2% ÔË ÁÌ‡˜ÂÌËflı
Ì‡ÍÎÓÌ‡ ~1.03, ‚ ÚÓ ‚ÂÏfl Í‡Í ‰Îfl åÓfl ïÓÎÓ‰‡
ÁÌ‡˜ÂÌËfl ~0.97. 

ëÎÂ‰Û˛˘‡fl Í‡Ú‡ Ù‡ÁÓ‚Ó„Ó ÓÚÌÓ¯ÂÌËfl
f(10°)/f(23°) ÔË‚Â‰ÂÌ‡ Ì‡ ËÒ. 3. å˚ ÓÚÏÂ˜‡ÂÏ ‰Îfl
˝ÚÓ„Ó Ù‡ÁÓ‚Ó„Ó ÓÚÌÓ¯ÂÌËfl Ú‡ÍÛ˛ ÊÂ Ó·‡ÚÌÛ˛ Á‡-
‚ËÒËÏÓÒÚ¸ Ù‡ÁÓ‚Ó„Ó Ì‡ÍÎÓÌ‡ ÓÚ ‡Î¸·Â‰Ó, Í‡Í Ë Ì‡
ËÒ. 2, Ò Ì‡Ë·ÓÎ¸¯ËÏË ÁÌ‡˜ÂÌËflÏË ÓÚÌÓÒËÚÂÎ¸ÌÓ„Ó
Ì‡ÍÎÓÌ‡ (1.04) ‰Îfl åÓfl ëÔÓÍÓÈÒÚ‚Ëfl. Ç ÚÓ ÊÂ ‚Â-

Ïfl åÓÂ ïÓÎÓ‰‡ ÌÂ ÓÚÎË˜‡ÂÚÒfl ÔÓ Ù‡ÁÓ‚ÓÏÛ Ì‡ÍÎÓ-
ÌÛ ÓÚ ÏÓÂÈ üÒÌÓÒÚË Ë ÑÓÊ‰ÂÈ, ‡ ÏÓfl ˛„Ó-Á‡Ô‡‰-
ÌÓÈ ˜‡ÒÚË ‰ËÒÍ‡ ˜ÂÚÍÓ ÍÓÌÚ‡ÒÚËÛ˛Ú Ò Ï‡ÚÂËÍÓ-
‚ÓÈ ÔÓ‚ÂıÌÓÒÚ¸˛, ‚ ÓÚÎË˜ËÂ ÓÚ ÓÚÌÓ¯ÂÌËfl
f(21°)/f(46°). éÚÎË˜Ëfl ÔÓ Ô‡‡ÏÂÚÛ Ù‡ÁÓ‚Ó„Ó Ì‡-
ÍÎÓÌ‡ ÓÚ Ï‡ÚÂËÍ‡ ‚ Á‡Ô‡‰ÌÓÈ ˜‡ÒÚË ÎËÏ·‡ (~0.93)
ÒÓÒÚ‡‚ÎflÂÚ, ÔÓ Ì‡¯ËÏ ‰‡ÌÌ˚Ï, ÓÍÓÎÓ 7%. èÓ-ÔÂÊ-
ÌÂÏÛ, ÎÛ˜Â‚˚Â ÒËÒÚÂÏ˚ Ë ‚˚·ÓÒ˚ Í‡ÚÂÓ‚ ‰‡˛Ú
ÌËÁÍËÂ ÁÌ‡˜ÂÌËfl Ù‡ÁÓ‚Ó„Ó Ì‡ÍÎÓÌ‡. é·Î‡ÒÚË ÔÎ‡ÚÓ
ÄËÒÚ‡ı‡ Ë ıÓÎÏÓ‚ å‡ËÛÒ‡ ı‡‡ÍÚÂËÁÛ˛ÚÒfl ÔÓ-
‚˚¯ÂÌÌ˚ÏË, ÔÓ Ò‡‚ÌÂÌË˛ Ò ÓÍÛÊ‡˛˘ÂÈ ÏÓ-
ÒÍÓÈ ÔÓ‚ÂıÌÓÒÚ¸˛, ÁÌ‡˜ÂÌËflÏË Ù‡ÁÓ‚Ó„Ó Ì‡ÍÎÓÌ‡. 

ç‡ÍÎÓÌ Ù‡ÁÓ‚ÓÈ ÙÛÌÍˆËË ÍÓÌÚÓÎËÛÂÚÒfl ‡Î¸-
·Â‰Ó Ë ÚÂÌÂ‚˚Ï ˝ÙÙÂÍÚÓÏ. ÑÎfl flÍËı ÔÓ‚ÂıÌÓ-
ÒÚÂÈ ÚÂÌÂ‚ÓÈ ˝ÙÙÂÍÚ ÓÍ‡Á˚‚‡ÂÚÒfl ÓÒÎ‡·ÎÂÌÌ˚Ï
·Î‡„Ó‰‡fl ÏÌÓ„ÓÍ‡ÚÌÓÏÛ ‡ÒÒÂflÌË˛ ÏÂÊ‰Û ˜‡ÒÚË-
ˆ‡ÏË Â„ÓÎËÚ‡ Ë ˝ÎÂÏÂÌÚ‡ÏË ÏËÍÓÂÎ¸ÂÙ‡. Ç Â-
ÁÛÎ¸Ú‡ÚÂ Ì‡ÍÎÓÌ Ù‡ÁÓ‚ÓÈ Á‡‚ËÒËÏÓÒÚË ÛÏÂÌ¸¯‡ÂÚ-
Òfl. í‡ÍËÏ Ó·‡ÁÓÏ, Ó·‡ÚÌ‡fl Á‡‚ËÒËÏÓÒÚ¸ Ù‡ÁÓ‚Ó„Ó
Ì‡ÍÎÓÌ‡ ÓÚ ‡Î¸·Â‰Ó, Ì‡·Î˛‰‡ÂÏ‡fl Ì‡ ÓÚÌÓ¯ÂÌËflı
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êËÒ. 3. íÓ ÊÂ, ˜ÚÓ Ì‡ ËÒ. 2, ÌÓ ‰Îfl Ù‡ÁÓ‚Ó„Ó ÓÚÌÓ¯ÂÌËfl f(10°)/f(23°). 
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f(21°)/f(46°) Ë f(10°)/f(23°), ÏÓÊÂÚ ·˚Ú¸ Ó·˙flÒÌÂÌ‡
ÓÒÎ‡·ÎÂÌËÂÏ ÚÂÌÂ‚Ó„Ó ÏÂı‡ÌËÁÏ‡ ÔË ‚ÓÁ‡ÒÚ‡ÌËË
‡Î¸·Â‰Ó. 

Ñ‡Î¸ÌÂÈ¯ÂÂ ÔÓ‰‚ËÊÂÌËÂ ‚ ÒÚÓÓÌÛ Ï‡Î˚ı Ù‡-
ÁÓ‚˚ı Û„ÎÓ‚ (≤10°) ÒÛ˘ÂÒÚ‚ÂÌÌÓ ËÁÏÂÌflÂÚ ‚Ë‰ ‡Ò-
ÔÂ‰ÂÎÂÌËfl Ù‡ÁÓ‚Ó„Ó Ì‡ÍÎÓÌ‡ ‰Îfl ‚Ë‰ËÏÓ„Ó ÔÓÎÛ-
¯‡Ëfl ãÛÌ˚. ç‡ ËÒ. 4 Ï˚ ÔÂ‰ÒÚ‡‚ÎflÂÏ Í‡ÚÛ Ù‡-
ÁÓ‚Ó„Ó ÓÚÌÓ¯ÂÌËfl f(2°)/f(10°). ç‡ÔÓÏÌËÏ, ˜ÚÓ
ËÁÓ·‡ÊÂÌËfl, ÒÓÓÚ‚ÂÚÒÚ‚Û˛˘ËÂ Ù‡ÁÓ‚ÓÏÛ Û„ÎÛ 2°,
ÔÂÂ‚Ó‰ËÎËÒ¸ ‚ ÒËÒÚÂÏÛ ˝Í‚Ë„ÓÌ‡Î¸ÌÓ„Ó ‡Î¸·Â‰Ó ÔÓ
ÙÓÏÛÎÂ (8), ÚÓ„‰‡ Í‡Í ÓÒÚ‡Î¸Ì˚Â ËÁÓ·‡ÊÂÌËfl ËÁ
˝ÚÓÈ ‡·ÓÚ˚ – ÔÓ ÙÓÏÛÎ‡Ï (7). éÒÌÓ‚Ì˚Ï ÓÚÎË˜Ë-
ÂÏ ËÒ. 4 ÓÚ ÔË‚Â‰ÂÌÌ˚ı ‚˚¯Â Ù‡ÁÓ‚˚ı ÓÚÌÓ¯Â-
ÌËÈ fl‚ÎflÂÚÒfl Ô‡ÍÚË˜ÂÒÍÓÂ ÓÚÒÛÚÒÚ‚ËÂ (ÔÓ ÛÓ‚Ì˛
0.01) ÍÓÌÚ‡ÒÚ‡ ÓÚ‰ÂÎ¸Ì˚ı ÏÓÒÍËı Â„ËÓÌÓ‚, ‚
˜‡ÒÚÌÓÒÚË ÏÓÂÈ üÒÌÓÒÚË, ëÔÓÍÓÈÒÚ‚Ëfl, ‚ÓÒÚÓ˜ÌÓÈ
˜‡ÒÚË åÓfl ÑÓÊ‰ÂÈ. Ç éÍÂ‡ÌÂ ÅÛ¸ Ë åÓÂ ÑÓÊ‰ÂÈ
ÓÚ˜ÂÚÎË‚Ó ‚Ë‰Ì˚ Ó·Î‡ÒÚË Ò ÔÓÌËÊÂÌÌ˚Ï Ù‡ÁÓ‚˚Ï
Ì‡ÍÎÓÌÓÏ. í‡ÍËÏ Ó·‡ÁÓÏ, ÔÎ‡ÚÓ ÄËÒÚ‡ı‡ Ë ıÓÎ-
Ï˚ å‡ËÛÒ‡ ÓÚ˜ÂÚÎË‚Ó ‚Ë‰Ì˚ Ì‡ ÙÓÌÂ ÚÂÏÌÓÈ

(ÏÂÌ¸¯‡fl ÍÛÚËÁÌ‡ Ù‡ÁÓ‚ÓÈ ÙÛÌÍˆËË) ÏÓÒÍÓÈ ÔÓ-
‚ÂıÌÓÒÚË. àÌÚÂÂÒÌÓ, ˜ÚÓ „‡ÌËˆ˚ ÛÍ‡Á‡ÌÌ˚ı
ÏÓÒÍËı Â„ËÓÌÓ‚ Ò ÌËÁÍËÏ Ù‡ÁÓ‚˚Ï Ì‡ÍÎÓÌÓÏ
ÒÓ‚Ô‡‰‡˛Ú Ò ˆ‚ÂÚÓ‚˚ÏË „‡ÌËˆ‡ÏË Ì‡ ‡ÒÔÂ‰ÂÎÂ-
ÌËË ÔÓÍ‡Á‡ÚÂÎfl ˆ‚ÂÚ‡ CRB = ë(0.750/0.415 ÏÍÏ). ç‡
ËÒ. 5 ÔÂ‰ÒÚ‡‚ÎÂÌÓ Ò‡‚ÌÂÌËÂ ÌÓÏËÓ‚‡ÌÌÓ„Ó
Ù‡ÁÓ‚Ó„Ó ÓÚÌÓ¯ÂÌËfl f(2°)/f(10°) Ò ‡ÒÔÂ‰ÂÎÂÌËÂÏ
Ô‡‡ÏÂÚ‡ CRB ‰Îfl ÒÂ‚ÂÓ-Á‡Ô‡‰ÌÓÈ ˜‡ÒÚË ÎÛÌÌÓ„Ó
‰ËÒÍ‡. ä‡Ú‡ ÔÓÍ‡Á‡ÚÂÎfl ˆ‚ÂÚ‡ ÔÓÒÚÓÂÌ‡ ÔÓ ÒÔÂÍ-
ÚÓÙÓÚÓÏÂÚË˜ÂÒÍËÏ ‰‡ÌÌ˚Ï äÄ Clementine (Elia-
son Ë ‰., 1999), ÒÚÂÎÍ‡ÏË ÛÍ‡Á‡Ì˚ Ë‰ÂÌÚË˜Ì˚Â ‰Â-
Ú‡ÎË Ì‡ Í‡Ú‡ı Ù‡ÁÓ‚Ó„Ó Ì‡ÍÎÓÌ‡ Ë ÔÓÍ‡Á‡ÚÂÎfl
ˆ‚ÂÚ‡. èÓÍ‡Á‡ÚÂÎ¸ CRB ¯ËÓÍÓ ËÒÔÓÎ¸ÁÛÂÚÒfl Í‡Í
ËÌ‰ËÍ‡ÚÓ ‡ÁÎË˜ËÈ ‚ ıËÏË˜ÂÒÍÓÏ ÒÓÒÚ‡‚Â ÎÛÌÌÓ-
„Ó Â„ÓÎËÚ‡ (CRB ÛÏÂÌ¸¯‡ÂÚÒfl ÔË ‚ÓÁ‡ÒÚ‡ÌËË ÒÓ-
‰ÂÊ‡ÌËfl TiO2) (Charette Ë ‰., 1974; Lucey Ë ‰.,
2000; Shkuratov Ë ‰., 2003). í‡ÍËÏ Ó·‡ÁÓÏ, ÓÒÓ-
·ÂÌÌÓÒÚË ‡ÒÔÂ‰ÂÎÂÌËfl Ù‡ÁÓ‚Ó„Ó Ì‡ÍÎÓÌ‡ Ò‚flÁ‡-
Ì˚ Ò ÔËÒÛÚÒÚ‚ËÂÏ ıËÏË˜ÂÒÍË ÓÚÎË˜ÌÓ„Ó Ï‡ÚÂË‡-
Î‡ ‚ ˝ÚËı Ó·Î‡ÒÚflı. á‰ÂÒ¸, ‚ÓÁÏÓÊÌÓ, Ï˚ ËÏÂÂÏ ‰Â-
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ÎÓ Ò ‡ÁÎË˜ËflÏË ‚ „‡ÌÛÎÓÏÂÚË˜ÂÒÍÓÏ ÒÓÒÚ‡‚Â
Î‡‚Ó‚˚ı ÔÓÚÓÍÓ‚ ‡ÁÎË˜ÌÓ„Ó ‚ÓÁ‡ÒÚ‡, ÒÙÓÏËÓ-
‚‡‚¯Ëı ÏÓÒÍÛ˛ ÔÓ‚ÂıÌÓÒÚ¸. éÚÏÂÚËÏ, ˜ÚÓ ÔÓ-
‰Ó·Ì‡fl Ò‚flÁ¸ Ù‡ÁÓ‚Ó„Ó Ì‡ÍÎÓÌ‡ Ò ‚‡Ë‡ˆËflÏË ÔÓÍ‡-
Á‡ÚÂÎfl ˆ‚ÂÚ‡ CRB ÓÚÏÂ˜‡Î‡Ò¸ ‡ÌÂÂ ÔË ‡Ì‡ÎËÁÂ
‰‡ÌÌ˚ı äÄ Clementine (Kreslavsky, Shkuratov, 2003).
í‡ÍÊÂ Ó·‡˘‡ÂÚ Ì‡ ÒÂ·fl ‚ÌËÏ‡ÌËÂ ‚˚ÒÓÍËÈ ÍÓÌ-
Ú‡ÒÚ ÏÓÂ–Ï‡ÚÂËÍ ‰Îfl ÛÏÂÂÌÌ˚ı ̨ ÊÌ˚ı ̄ ËÓÚ
‚ Á‡Ô‡‰ÌÓÈ ˜‡ÒÚË ÎËÏ·‡. áÌ‡˜ÂÌËfl ÓÚÌÓÒËÚÂÎ¸ÌÓ„Ó
Ù‡ÁÓ‚Ó„Ó Ì‡ÍÎÓÌ‡ ‰Îfl Ï‡ÚÂËÍÓ‚ÓÈ ÔÓ‚ÂıÌÓÒÚË
ÒÓÒÚ‡‚Îfl˛Ú Á‰ÂÒ¸ ~0.93, ˜ÚÓ Ò‡‚ÌËÏÓ ÒÓ ÁÌ‡˜ÂÌËfl-
ÏË ‰Îfl Í‡ÚÂÓ‚ Ë ÎÛ˜Â‚˚ı ÒËÒÚÂÏ (ÒÏ. ËÒ. 4),
ÔÂ‰ÒÚ‡‚Îfl˛˘Ëı Ò‡‚ÌËÚÂÎ¸ÌÓ ·ÓÎÂÂ ÍÛÔÌÓÁÂ-
ÌËÒÚ˚È Ï‡ÚÂË‡Î Ò ÌËÁÍÓÈ ÒÚÂÔÂÌ¸˛ ÁÂÎÓÒÚË. 

íÂÌ‰ÂÌˆË˛ Í ËÒ˜ÂÁÌÓ‚ÂÌË˛ ÍÓÌÚ‡ÒÚ‡ ÏÓÂ–
Ï‡ÚÂËÍ Ì‡ ‡ÒÔÂ‰ÂÎÂÌËË Ù‡ÁÓ‚Ó„Ó Ì‡ÍÎÓÌ‡ ÔÓ‰-
Ú‚ÂÊ‰‡ÂÚ Í‡Ú‡ Ù‡ÁÓ‚Ó„Ó ÓÚÌÓ¯ÂÌËfl f(2°)/f(5°),
ÔÂ‰ÒÚ‡‚ÎÂÌÌ‡fl Ì‡ ËÒ. 6. å˚ ÓÚÏÂ˜‡ÂÏ ÓÚÒÛÚÒÚ‚ËÂ
„ÎÓ·‡Î¸Ì˚ı ‡ÁÎË˜ËÈ ‚ Ù‡ÁÓ‚ÓÏ Ì‡ÍÎÓÌÂ ÏÂÊ‰Û
ÏÓflÏË ‚ÓÒÚÓ˜ÌÓÈ ˜‡ÒÚË ‰ËÒÍ‡ Ë ˛ÊÌ˚Ï Ï‡ÚÂË-
ÍÓÏ. åÓÂ ÇÎ‡ÊÌÓÒÚË Ë ̨ ÊÌ‡fl ̃ ‡ÒÚ¸ éÍÂ‡Ì‡ ÅÛ¸
Ì‡ Í‡ÚÂ Ù‡ÁÓ‚Ó„Ó Ì‡ÍÎÓÌ‡ ÔÓÍ‡Á˚‚‡˛Ú ‰‡ÊÂ ËÌ-
‚ÂÒË˛ ÍÓÌÚ‡ÒÚ‡ ÏÓÂ–Ï‡ÚÂËÍ, Ú.Â. ÔËÁÌ‡ÍË
ÔflÏÓÈ ÍÓÂÎflˆËË Ù‡ÁÓ‚Ó„Ó Ì‡ÍÎÓÌ‡ Ò ‡Î¸·Â‰Ó.
ÇÓÁÏÓÊÌÓ, ˝ÚÓ Ó·ÛÒÎÓ‚ÎÂÌÓ ‚ÍÎ‡‰ÓÏ ˝ÙÙÂÍÚ‡ ÍÓ-
„ÂÂÌÚÌÓ„Ó ÛÒËÎÂÌËfl Ó·‡ÚÌÓ„Ó ‡ÒÒÂflÌËfl (Shkura-
tov Ë ‰., 1999). Ç ÚÓ ÊÂ ‚ÂÏfl ÎÛ˜Â‚‡fl ÒËÒÚÂÏ‡ íË-
ıÓ Ë ÍÛÔÌ˚Â Ï‡ÚÂËÍÓ‚˚Â Í‡ÚÂ˚ ÔÓ-ÔÂÊÌÂÏÛ

ÔÓÍ‡Á˚‚‡˛Ú ÓÚÌÓÒËÚÂÎ¸ÌÓ ÌËÁÍËÈ Ù‡ÁÓ‚˚È Ì‡-
ÍÎÓÌ Ì‡ ÛÓ‚ÌÂ 3%–4% ÌËÊÂ, ˜ÂÏ Û ÏÓÒÍÓ„Ó
Û˜‡ÒÚÍ‡ MS-2. ùÚÓ ÏÓÊÂÚ ·˚Ú¸ Ò‚flÁ‡ÌÓ Ò ÚÂÏ, ˜ÚÓ
ÔËÍ ÍÓ„ÂÂÌÚÌÓ„Ó ‡ÒÒÂflÌËfl ÒÚ‡ÌÓ‚ËÚÒfl ÊÂ 2°
·Î‡„Ó‰‡fl ·ÓÎ¸¯ÂÏÛ ‡ÁÏÂÛ ˜‡ÒÚËˆ ‚ ÁÓÌ‡ı ‚˚-
·ÓÒÓ‚ ÏÓÎÓ‰˚ı Í‡ÚÂÓ‚ Ë, ÔÓÚÓÏÛ, ÌÂ ÓÍ‡Á˚‚‡ÂÚ
‚ÎËflÌËfl Ì‡ Ù‡ÁÓ‚ÓÂ ÓÚÌÓ¯ÂÌËÂ f(2°)/f(5°). ñ‚ÂÚÓ-
‚˚Â „‡ÌËˆ˚ ‚ åÓÂ ÑÓÊ‰ÂÈ Ë éÍÂ‡ÌÂ ÅÛ¸ ÏÂÌÂÂ
‚˚‡ÊÂÌ˚ ÔÓ Ò‡‚ÌÂÌË˛ Ò ËÒ. 4–5. 

í‡ÍËÏ Ó·‡ÁÓÏ, Á‡‚ËÒËÏÓÒÚ¸ Ì‡ÍÎÓÌ‡ Ù‡ÁÓ‚ÓÈ
ÙÛÌÍˆËË ÓÚ ‡Î¸·Â‰Ó ‰Îfl Ï‡Î˚ı Ù‡ÁÓ‚˚ı Û„ÎÓ‚ fl‚-
ÎflÂÚÒfl ÌÂÏÓÌÓÚÓÌÌÓÈ. í‡ÍÓÂ ÔÓ‚Â‰ÂÌËÂ Ù‡ÁÓ‚ÓÈ
ÙÛÌÍˆËË ·˚ÎÓ Ì‡È‰ÂÌÓ ÔÓ ‡ÌÌËÏ ÚÂÎÂÒÍÓÔË˜Â-
ÒÍËÏ Ì‡·Î˛‰ÂÌËflÏ ãÛÌ˚ Ë Î‡·Ó‡ÚÓÌ˚Ï ËÁÏÂÂ-
ÌËflÏ ÔÓÓ¯ÍÓÓ·‡ÁÌ˚ı Ó·‡ÁˆÓ‚ (Shkuratov Ë ‰.,
1992). á‡‚ËÒËÏÓÒÚ¸ Ù‡ÁÓ‚Ó„Ó Ì‡ÍÎÓÌ‡ ÓÚ ‡Î¸·Â‰Ó
ËÏÂÂÚ ÔÓ‰ÍÓ‚ÓÓ·‡ÁÌÛ˛ ÙÓÏÛ Ë Ù‡ÁÓ‚˚È Ì‡ÍÎÓÌ
ÓÍ‡Á˚‚‡ÂÚÒfl Ï‡ÍÒËÏ‡Î¸Ì˚Ï ‰Îfl ÔÓ‚ÂıÌÓÒÚË ÒÓ
ÒÂ‰ÌËÏ ‡Î¸·Â‰Ó. ÑÎfl ÔÓ‚ÂıÌÓÒÚÂÈ ÒÓ ÒÂ‰ÌËÏ
ËÎË ÌËÁÍËÏ ‡Î¸·Â‰Ó ÙÓÏ‡ ËÌ‰ËÍ‡ÚËÒ˚ ‡ÒÒÂfl-
ÌËfl Ó‰ÌÓÈ ˜‡ÒÚËˆ˚ ÏÓÊÂÚ ‚ÎËflÚ¸ Ì‡ Ù‡ÁÓ‚Û˛
ÙÛÌÍˆË˛ ÔÓ‚ÂıÌÓÒÚË ÌÂÔÓÒÂ‰ÒÚ‚ÂÌÌÓ, ˜ÂÂÁ Ó‰-
ÌÓÍ‡ÚÌÓÂ ‡ÒÒÂflÌËÂ (Kreslavsky, Shkuratov, 2003).
ùÚÓÚ ‚˚‚Ó‰ ÒÓ„Î‡ÒÛÂÚÒfl Ò ÚÂÏ, ˜ÚÓ ‰Îfl ÎÛÌÌÓÈ ÔÓ-
‚ÂıÌÓÒÚË ‚ ‰Ë‡Ô‡ÁÓÌÂ Ï‡Î˚ı Ù‡ÁÓ‚˚ı Û„ÎÓ‚ ≤10°
‚‡Ë‡ˆËË Ù‡ÁÓ‚Ó„Ó Ì‡ÍÎÓÌ‡ ÙÓÏËÛ˛ÚÒfl ‚ ıÓ‰Â
‡ÒÒÂflÌËfl Ì‡ Ï‡Ò¯Ú‡·‡ı ÔÓfl‰Í‡ ‡ÁÏÂ‡ ˜‡ÒÚËˆ
Â„ÓÎËÚ‡.

Û́
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1.5 1.7 1.81.6
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(a) (·)

êËÒ. 5. ë‡‚ÌÂÌËÂ ÌÓÏËÓ‚‡ÌÌÓ„Ó Ù‡ÁÓ‚Ó„Ó ÓÚÌÓ¯ÂÌËfl f(2°)/f(10°) (‡) Ò ‡ÒÔÂ‰ÂÎÂÌËÂÏ ÔÓÍ‡Á‡ÚÂÎfl ˆ‚ÂÚ‡
ë(0.750/0.415 ÏÍÏ) (·) ‰Îfl ÒÂ‚ÂÓ-Á‡Ô‡‰ÌÓÈ ˜‡ÒÚË ÎÛÌÌÓ„Ó ‰ËÒÍ‡. ÅÓÎÂÂ Ò‚ÂÚÎÓÏÛ ÚÓÌÛ Ì‡ pËÒ. 5· ÒÓÓÚ‚ÂÚÒÚ‚Û˛Ú ·ÓÎ¸-
¯ËÂ ÁÌ‡˜ÂÌËfl Ô‡‡ÏÂÚ‡ ë(0.750/0.415 ÏÍÏ). óÂÌ˚Â ÔÓÎÓÒ˚ ‚ ÏÂË‰ËÓÌ‡Î¸ÌÓÏ Ì‡Ô‡‚ÎÂÌËË – ÓÚÒÛÚÒÚ‚ËÂ ‰‡ÌÌ˚ı.



108

ÄëíêéçéåàóÖëäàâ ÇÖëíçàä      ÚÓÏ 43      ‹ 2      2009

ä‡È‰‡¯ Ë ‰.

áÄäãûóÖçàÖ

Ç ‡·ÓÚÂ ÔÂ‰ÒÚ‡‚ÎÂÌ˚ Í‡Ú˚ ÓÚÌÓÒËÚÂÎ¸ÌÓ„Ó
Ì‡ÍÎÓÌ‡ Ù‡ÁÓ‚ÓÈ ÙÛÌÍˆËË ‚ ‰Ë‡Ô‡ÁÓÌÂ 2°–40° Ì‡
‰ÎËÌÂ ‚ÓÎÌ˚ 0.52 ÏÍÏ ‰Îfl ‚Ë‰ËÏÓ„Ó ÔÓÎÛ¯‡Ëfl ãÛ-
Ì˚. ä‡Ú˚ ÔÓÒÚÓÂÌ˚ ÔÓ ÂÁÛÎ¸Ú‡Ú‡Ï Ì‡ÁÂÏÌÓÈ
ÚÂÎÂÒÍÓÔË˜ÂÒÍÓÈ Ò˙ÂÏÍË Ò ËÒÔÓÎ¸ÁÓ‚‡ÌËÂÏ ‚ Í‡˜Â-
ÒÚ‚Â ÙÓÚÓÔËÂÏÌËÍ‡ ˆËÙÓ‚ÓÈ Í‡ÏÂ˚ Ì‡ ÓÒÌÓ‚Â
äåéè-Ï‡ÚËˆ˚. ÄÌ‡ÎËÁ ÔÓÎÛ˜ÂÌÌ˚ı ‡ÒÔÂ‰Â-
ÎÂÌËÈ ÔÓ‰Ú‚ÂÊ‰‡ÂÚ „ËÔÓÚÂÁÛ Ó ‚ÎËflÌËË ‡ÁÎË˜-
Ì˚ı Ï‡Ò¯Ú‡·Ó‚ ÒÚÛÍÚÛ˚ ÔÓ‚ÂıÌÓÒÚË Ì‡ Ù‡ÁÓ-
‚Û˛ Á‡‚ËÒËÏÓÒÚ¸ flÍÓÒÚË. Ç‡Ë‡ˆËË Ù‡ÁÓ‚Ó„Ó ÓÚ-
ÌÓ¯ÂÌËfl ‚ ‰Ë‡Ô‡ÁÓÌÂ Ï‡Î˚ı Ù‡ÁÓ‚˚ı Û„ÎÓ‚ ≤10°
ÍÓÌÚÓÎËÛ˛ÚÒfl ÔÂËÏÛ˘ÂÒÚ‚ÂÌÌÓ ÌÂÓ‰ÌÓÓ‰ÌÓ-
ÒÚflÏË Â„ÓÎËÚ‡, Ò‡‚ÌËÏ˚ÏË Ò ‡ÁÏÂÓÏ Â„ÓÎË-
ÚÓ‚˚ı ˜‡ÒÚËˆ. Ç Ó·Î‡ÒÚË Ù‡ÁÓ‚˚ı Û„ÎÓ‚ 10°–40°
‚ÎËflÌËÂ Ì‡ ÍÛÚËÁÌÛ Ù‡ÁÓ‚ÓÈ ÙÛÌÍˆËË ÓÍ‡Á˚‚‡ÂÚ
ÚÂÌÂ‚ÓÈ ˝ÙÙÂÍÚ, Á‡‚ËÒfl˘ËÈ ÓÚ ÏÂÁÓÂÎ¸ÂÙ‡ ÔÓ-
‚ÂıÌÓÒÚË. éÒÎ‡·ÎÂÌËÂ ÚÂÌÂ‚Ó„Ó ̋ ÙÙÂÍÚ‡ ËÁ-Á‡ Ó-
ÒÚ‡ ‚ÍÎ‡‰‡ ÏÌÓ„ÓÍ‡ÚÌÓ„Ó ‡ÒÒÂflÌËfl ÔË Û‚ÂÎË˜Â-

ÌËË ‡Î¸·Â‰Ó ‰‡ÂÚ Ì‡·Î˛‰‡ÂÏÛ˛ ‡ÌÚËÍÓÂÎflˆË˛
Ù‡ÁÓ‚Ó„Ó Ì‡ÍÎÓÌ‡ Ò ‡Î¸·Â‰Ó. ç‡È‰ÂÌÌ˚Â ÓÒÓ·ÂÌÌÓ-
ÒÚË ‡ÒÔÂ‰ÂÎÂÌËfl Ù‡ÁÓ‚Ó„Ó Ì‡ÍÎÓÌ‡ ‚ ‰Ë‡Ô‡ÁÓÌÂ
2°–10°, Ò‚flÁ‡ÌÌ˚Â Ò ÔËÒÛÚÒÚ‚ËÂÏ ıËÏË˜ÂÒÍË ‡ÁÌÓ-
Ó‰ÌÓ„Ó Ï‡ÚÂË‡Î‡, ÏÓ„ÛÚ ÛÍ‡Á˚‚‡Ú¸ Ì‡ ‡ÁÎË˜Ëfl ‚
„‡ÌÛÎÓÏÂÚË˜ÂÒÍÓÏ ÒÓÒÚ‡‚Â Â„ÓÎËÚ‡, ÔËÌ‡‰ÎÂ-
Ê‡˘Â„Ó Î‡‚Ó‚˚Ï ÔÓÚÓÍ‡Ï ‡ÁÎË˜ÌÓ„Ó ‚ÓÁ‡ÒÚ‡ Ë
ıËÏË˜ÂÒÍÓ„Ó ÒÓÒÚ‡‚‡.

ê‡·ÓÚ‡ ÔÓ‚Â‰ÂÌ‡ ÔË ÔÓ‰‰ÂÊÍÂ ÙÓÌ‰‡ CRDF
(„‡ÌÚ UKP2-2897-KK-07). 

ëèàëéä ãàíÖêÄíìêõ

ÄÍËÏÓ‚ ã.Ä. éÚ‡ÊÂÌËÂ Ò‚ÂÚ‡ ãÛÌÓÈ. I // äËÌÂÏ‡Ú. Ë ÙËÁ.
ÌÂ·ÂÒ. ÚÂÎ. 1988. í. 4. ‹ 1. ë. 3–10.

ÄÍËÏÓ‚ ã.Ä., ÇÂÎËÍÓ‰ÒÍËÈ û.à., äÓÓıËÌ Ç.Ç. á‡‚ËÒË-
ÏÓÒÚ¸ flÍÓÒÚË ÎÛÌÌ˚ı Ï‡ÚÂËÍÓ‚ ÓÚ ÙÓÚÓÏÂÚË˜Â-
ÒÍÓÈ ¯ËÓÚ˚ // äËÌÂÏ‡Ú. Ë ÙËÁ. ÌÂ·ÂÒ. ÚÂÎ. 1999.
í. 15. ‹ 4. ë. 304–309.

60N

40N

20N

20S

40S

60S

0.96 1.00 1.02

60E020W 40E20E40W60W

0.98

êËÒ. 6. íÓ ÊÂ, ˜ÚÓ Ì‡ ËÒ. 2, ÌÓ ‰Îfl Ù‡ÁÓ‚Ó„Ó ÓÚÌÓ¯ÂÌËfl f(2°)/f(5°). 



ÄëíêéçéåàóÖëäàâ ÇÖëíçàä      ÚÓÏ 43      ‹ 2      2009

äÄêíàêéÇÄçàÖ ÇÄêàÄñàâ îéíéåÖíêàóÖëäéâ îìçäñàà 109

ÄÍËÏÓ‚ ã.Ä., ÇÂÎËÍÓ‰ÒÍËÈ û.à., äÓÓıËÌ Ç.Ç. á‡‚ËÒË-
ÏÓÒÚ¸ ¯ËÓÚÌÓ„Ó ‡ÒÔÂ‰ÂÎÂÌËfl flÍÓÒÚË ÔÓ ‰ËÒÍÛ
ãÛÌ˚ ÓÚ ‡Î¸·Â‰Ó Ë ÂÎ¸ÂÙ‡ // äËÌÂÏ‡Ú. Ë ÙËÁ. ÌÂ·ÂÒ.
ÚÂÎ. 2000. í. 16. ‹ 2. ë. 181–187. 

ÄÍËÏÓ‚ ã.Ä., òÍÛ‡ÚÓ‚ û.É. ê‡ÒÔÂ‰ÂÎÂÌËÂ Ù‡ÁÓ‚Ó„Ó
„‡‰ËÂÌÚ‡ flÍÓÒÚË ÔÓ ÎÛÌÌÓÈ ÔÓ‚ÂıÌÓÒÚË ‚ ‰‚Ûı
Û˜‡ÒÚÍ‡ı ÒÔÂÍÚ‡. èÂ‰‚‡ËÚÂÎ¸Ì˚Â ËÒÒÎÂ‰Ó‚‡ÌËfl //
ÄÒÚÓÌ. ˆËÍÛÎfl. 1981. ‹ 1167. ë. 3–6.

ÇÂÎËÍÓ‰ÒÍËÈ û.à. ÇÎËflÌËÂ ‡Î¸·Â‰Ó Ë ÂÎ¸ÂÙ‡ Ì‡ Á‡ÍÓÌ
‡ÒÔÂ‰ÂÎÂÌËfl flÍÓÒÚË ÔÓ ‰ËÒÍÛ ãÛÌ˚ // ÑËÒÒ. Í‡Ì‰.
ÙËÁ.-Ï‡Ú. Ì‡ÛÍ. ï‡¸ÍÓ‚. 2002. 152 Ò. http://www.univer.
kharkov.ua/astron/dslpp/moon/disser/velikodsky/index.html 

äÓÓıËÌ Ç.Ç., ÄÍËÏÓ‚ ã.Ä. ä‡ÚËÓ‚‡ÌËÂ Ù‡ÁÓ‚ÓÈ Á‡‚Ë-
ÒËÏÓÒÚË flÍÓÒÚË ÎÛÌÌÓÈ ÔÓ‚ÂıÌÓÒÚË // ÄÒÚÓÌ.
‚ÂÒÚÌ. 1997. í. 31, ‹ 2. ë. 143–152. 

äÓÓıËÌ Ç.Ç., ÇÂÎËÍÓ‰ÒÍËÈ û.à., òÍÛ‡ÚÓ‚ û.É.,
å‡Î¸ ì. àÒÒÎÂ‰Ó‚‡ÌËÂ Ù‡ÁÓ‚ÓÈ Á‡‚ËÒËÏÓÒÚË flÍÓÒÚË
Ë ˆ‚ÂÚ‡ ÎÛÌÌÓÈ ÔÓ‚ÂıÌÓÒÚË ÔÓ ‰‡ÌÌ˚Ï ËÌÚÂ„‡Î¸-
ÌÓÈ ÙÓÚÓÏÂÚËË // ÄÒÚÓÌ. ‚ÂÒÚÌ. 2007. í. 41. ‹ 1.
ë. 1–9.

òÍÛ‡ÚÓ‚ û.É., äÂÒÎ‡‚ÒÍËÈ å.Ä., ëÚ‡ÌÍÂ‚Ë˜ Ñ.É. Ë ‰.
åËÒÒËfl SMART-1: ÙÓÚÓÏÂÚË˜ÂÒÍËÂ ËÒÒÎÂ‰Ó‚‡ÌËfl
ãÛÌ˚ Ò ÔÓÏÓ˘¸˛ Í‡ÏÂ˚ AMIE // ÄÒÚÓÌ. ‚ÂÒÚÌ.
2003. í. 37. ‹ 4. ë. 1–10.

Barabashev N.P. Bestimmung der Erdalbedo und des Reflex-
ions gesetztes für die Oberflache der Mondmeere: Theorie
der Rillen // Astron. Nachr. 1922. V. 217. P. 445–452.

Buratti B.J., Hillier J.K., Wang M. The lunar opposition surge:
Observation by Clementine // Icarus 1996. V. 124. P. 490–
499.

Charette M., McCord T., Pieters C., Adams J. Application of re-
mote spectral reflectance measurements to lunar geology
classification and determination of titanium content of lu-
nar soils // J. Geophys. Res. 1974. V. 79. P. 1605–1613.

Eliason E., Isbell C., Lee E., et al. Mission to the Moon: The
Clementine UVVIS Global Lunar Mosaic // PDS Vol-
umes USA_NASA_PDS_CL_4001 through 4078, pro-
duced by the U.S. Geological Survey and distributed on
CD media by the Planetary Data System. 1999. 

Gehrels T., Coffen T., Owings D. Wavelength dependence of po-
larization. III. The lunar surface // Astron. J. 1964. V. 69.
P. 826–852.

Gerasimenko S., Kaydash V., Shkuratov Yu., et al. Global search
for photometric anomalies of lunar nearside // Abstr. Conf.
“Solar System Bodies: From Optics to Geology”. 2008.
P. 40–41.

Hapke B. Theory of reflectance and emittance spectroscopy.
Cambridge Univ. Press, 1993. 450 p. 

Hapke B. Bidirectional reflectance spectroscopy. 5. Coherent
backscatter opposition effect and anisotropic scattering //
Icarus. 2002. V. 157. P. 523–534.

Helfenstein P., Currier N., Clark B., et al. Galilean observation of
Europa’s opposition effect // Icarus. 1998. V. 135. P. 41–63.

Isbell C.E., Eliason E.M., Adams K.C., et al. Clementine: A
Multi-Spectral Digital Image Model Archive of the Moon //
Lunar and Planet. Sci. Conf. XXX. LPI. 1999. Abstract
#1812. 

Kreslavsky M.A., Shkuratov Y.G., Velikodsky Y.I., et al. Photo-
metric properties of the lunar surface derived from Clemen-
tine observations // J. Geophys. Res. 2000. V. 105.
P. 20281–20295.

Kreslavsky M.A., Shkuratov Y.G. Photometric anomalies of
the lunar surface: Results from Clementine data //
J. Geophys. Res. 2003. V. 108.  ‹ E3. P. 5015. doi: 10.1029/
2002JE001937

Kreslavsky M.A., Bondarenko N.V., Pinet P.C., et al. Mars Ex-
press HRSC Co-Investigator Team. Mapping of photomet-
ric anomaly of Martian surface with HRSC data // Lunar
and Planet. Sci. Conf. XXXVII. 2006. Abstract #2211.

Lucey P.G., Blewett D.T., Jolliff B.L. Lunar iron and titanium
abundance algorithms based on final processing of Cle-
mentine ultraviolet–visible images // J. Geophys. Res.
2000. V. 105. P. 20297–20306. 

Pieters C.M. Composition of the lunar highland crust from near-
infrared spectroscopy // Rev. Geophys. 1986. V. 24. ‹ 3.
P. 557–578.

Shkuratov Y.G., Opanasenko N.V., Kreslavsky M.A. Polarimet-
ric and photometric properties of the Moon: Telescope ob-
servation and laboratory simulation. 1. The negative polari-
zation // Icarus. 1992. V. 95. P. 283–299.

Shkuratov Y., Starukhina L., Kreslavsky M., et al. Principle of un-
dulatory invariance in photometry of atmosphereless celes-
tial bodies // Icarus. 1994. V. 109. P. 168–190.

Shkuratov Yu.G. Fractoids and photometry of solid surfaces of
celestial bodies // Sol. Syst. Res. 1995. V. 29. P. 421–432. 

Shkuratov Y., Kreslavsky M., Ovcharenko A., et al. Opposition
effect from Clementine data and mechanisms of backscat-
ter // Icarus. 1999. V. 141. P. 132–155.

Shkuratov Yu.G., Stankevich D.G., Kaydash V.G., et al. Compo-
sition of the lunar surface as will be seen from SMART-1:
A simulation using Clementine data // J. Geophys. Res.
2003. V. 108. ‹ E4. doi: 10.1029/2002JE00197103. 

van Diggelen J. The radiance of lunar objects near opposition //
Planet. and Space Sci. 1964. P. 13271–13279. 

Velikodsky Yu.I., Opanasenko N.V., Akimov L.A., et al. Absolute
photometry of the lunar surface // Abstr. Conf. “Solar Sys-
tem Bodies: From Optics to Geology”. 2008. P. 126–127.

Wildey R.L. The Moon in Heiligenschein // Science. 1978.
V. 200. P. 1265–1266.

Zuber M.T., Smith D.E., Lemoine F.G., Neumann G.A. The
shape and internal structure of the Moon from the Cle-
mentine mission // Science. 1994. V. 266. P. 1839–1843.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /Description <<
    /ENU <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


