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 1. Ç‚Â‰ÂÌËÂ 

 

Ç ‡·ÓÚ‡ı [1–3] ‡Á‡·ÓÚ‡Ì‡ ÚÂıÏÂÌ‡fl „‡ÁÓ-
‰ËÌ‡ÏË˜ÂÒÍ‡fl ÏÓ‰ÂÎ¸ ÚÂ˜ÂÌËfl ‚Â˘ÂÒÚ‚‡ ‚Ó ‚Á‡Ë-
ÏÓ‰ÂÈÒÚ‚Û˛˘Ëı ÚÂÒÌ˚ı ‰‚ÓÈÌ˚ı ÒËÒÚÂÏ‡ı (íÑë).
ÄÌ‡ÎËÁ ‡Ò˜ÂÚÓ‚ ÔÓÍ‡Á˚‚‡ÂÚ, ˜ÚÓ ‚ ÒÚ‡ˆËÓÌ‡-
ÌÓÏ ÒÎÛ˜‡Â „‡ÁÓ‚‡fl ÒÚÛfl, ËÒÚÂÍ‡˛˘‡fl ËÁ ‚ÌÛÚ-
ÂÌÌÂÈ ÚÓ˜ÍË ã‡„‡ÌÊ‡ (L

 

1

 

), Ë ‡ÍÍÂˆËÓÌÌ˚È
‰ËÒÍ Ó·‡ÁÛ˛Ú ÒÚÛÍÚÛÛ Ò Â‰ËÌÓÈ ÏÓÙÓÎÓ„ËÂÈ,
Ú‡Í ˜ÚÓ ‚ ÏÂÒÚÂ Í‡Ò‡ÌËfl ÒÚÛË Ë ‰ËÒÍ‡ ÓÚÒÛÚÒÚ‚Û-
˛Ú ‡Á˚‚˚ Ë Û‰‡Ì˚Â ‚ÓÎÌ˚ Ë, ÒÎÂ‰Ó‚‡ÚÂÎ¸ÌÓ,
ÌÂ ÏÓÊÂÚ ÙÓÏËÓ‚‡Ú¸Òfl ÍÎ‡ÒÒË˜ÂÒÍÓÂ “„Ófl˜ÂÂ
ÔflÚÌÓ” [4, 5]. ÇÏÂÒÚÂ Ò ÚÂÏ, ‚Á‡ËÏÓ‰ÂÈÒÚ‚ËÂ „‡ÁÓ-
‚ÓÈ ÒÚÛË Ò ‚Â˘ÂÒÚ‚ÓÏ ÏÂÊÍÓÏÔÓÌÂÌÚÌÓÈ Ó·Ó-
ÎÓ˜ÍË íÑë ÙÓÏËÛÂÚ ÔÓÚflÊÂÌÌÛ˛ Û‰‡ÌÛ˛
‚ÓÎÌÛ, ‡ÒÔÓÎÓÊÂÌÌÛ˛ ‚‰ÓÎ¸ Í‡fl ÒÚÛË – “„Ófl-
˜Û˛ ÎËÌË˛” [1–3, 6], ÍÓÚÓ‡fl ÏÓÊÂÚ Ó·˙flÒÌËÚ¸
ÓÒÓ·ÂÌÌÓÒÚË ÍË‚˚ı ·ÎÂÒÍ‡ Í‡Ú‡ÍÎËÁÏË˜ÂÒÍËı
ÔÂÂÏÂÌÌ˚ı [7], Ë, ‚ ˜‡ÒÚÌÓÒÚË, ÔÓfl‚ÎÂÌËÂ ÌÓ-
Ï‡Î¸Ì˚ı Ë ‡ÌÓÏ‡Î¸Ì˚ı „Ó·Ó‚, ÒÓÔÓ‚ÓÊ‰‡˛˘Ëı
Á‡ÚÏÂÌËfl ‡ÍÍÂˆËÓÌÌÓ„Ó ‰ËÒÍ‡ Á‚ÂÁ‰ÓÈ-‰ÓÌÓÓÏ. 

Ç ‰‡ÌÌÓÈ ÒÚ‡Ú¸Â ËÁÎ‡„‡˛ÚÒfl ÂÁÛÎ¸Ú‡Ú˚ ËÒ-
ÔÓÎ¸ÁÓ‚‡ÌËfl ÌÓ‚˚ı ‡Î„ÓËÚÏÓ‚ ÒËÌÚÂÁ‡ ÍË‚ÓÈ
·ÎÂÒÍ‡ [8], ‡Á‚ËÚ˚ı Ì‡ ÓÒÌÓ‚Â ÂÁÛÎ¸Ú‡ÚÓ‚ ÚÂı-
ÏÂÌ˚ı „‡ÁÓ‰ËÌ‡ÏË˜ÂÒÍËı ‡Ò˜ÂÚÓ‚ [1–3, 7]. Ç ÓÚ-
ÎË˜ËÂ ÓÚ ‡·ÓÚ˚ [7], Ì‡ÏË ‡ÒÒÏ‡ÚË‚‡ÂÚÒfl ·ÓÎÂÂ
Â‡ÎËÒÚË˜Ì‡fl ÏÓ‰ÂÎ¸ ̋ ÎÎËÔÚË˜ÂÒÍÓ„Ó ‡ÍÍÂˆËÓÌ-
ÌÓ„Ó ‰ËÒÍ‡ Ò ÔÓÚflÊÂÌÌÓÈ flÍÓÈ Ó·Î‡ÒÚ¸˛ (“„Ó-
fl˜ÂÈ ÎËÌËÂÈ”), ‡ÒÔÓÎÓÊÂÌÌÓÈ ‚‰ÓÎ¸ ÒÚÛË ‚Â-
˘ÂÒÚ‚‡ ËÁ L
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. ç‡ ÔËÏÂÂ Í‡Ú‡ÍÎËÁÏË˜ÂÒÍÓÈ ÔÂ-
ÂÏÂÌÌÓÈ IP Peg Ò “‰‚ÓÈÌ˚Ï Á‡ÚÏÂÌËÂÏ” Â¯ÂÌ‡
Ó·‡ÚÌ‡fl Á‡‰‡˜‡ Ì‡ıÓÊ‰ÂÌËfl Ô‡‡ÏÂÚÓ‚ ÏÓ‰ÂÎË

Ì‡ ÓÒÌÓ‚‡ÌËË ÛÒÂ‰ÌÂÌÌÓÈ ÍË‚ÓÈ ·ÎÂÒÍ‡ Ë ÔÓÍ‡-
Á‡ÌÓ, ˜ÚÓ ÏÓ‰ÂÎ¸ ˝ÎÎËÔÚË˜ÂÒÍÓ„Ó ‰ËÒÍ‡ Ò “„Ófl-
˜ÂÈ ÎËÌËÂÈ” ÎÛ˜¯Â ÓÔËÒ˚‚‡ÂÚ ÓÒÌÓ‚Ì˚Â ÓÒÓ·ÂÌ-
ÌÓÒÚË ÍË‚ÓÈ ·ÎÂÒÍ‡ ‚Á‡ËÏÓ‰ÂÈÒÚ‚Û˛˘ÂÈ íÑë,
ÔÓ Ò‡‚ÌÂÌË˛ Ò ÍÎ‡ÒÒË˜ÂÒÍÓÈ ÏÓ‰ÂÎ¸˛ “„Ófl˜Â„Ó
ÔflÚÌ‡”, ‡ÒÔÓÎÓÊÂÌÌÓ„Ó Ì‡ ‚ÌÂ¯ÌÂÈ „‡ÌËˆÂ
ÍÛ„ÎÓ„Ó ‡ÍÍÂˆËÓÌÌÓ„Ó ‰ËÒÍ‡. 

 

2. îËÁË˜ÂÒÍÓÂ Ó·ÓÒÌÓ‚‡ÌËÂ ÏÓ‰ÂÎË 

 

ÑÎfl ÓÔËÒ‡ÌËfl ÔÓˆÂÒÒ‡ ÔÂÂÚÂÍ‡ÌËfl ‚Â˘ÂÒÚ‚‡
ÏÂÊ‰Û ÍÓÏÔÓÌÂÌÚ‡ÏË ÔÓÎÛ‡Á‰ÂÎÂÌÌÓÈ ‰‚ÓÈÌÓÈ
ÒËÒÚÂÏ˚ Ú‡‰ËˆËÓÌÌÓ ËÒÔÓÎ¸ÁÛÂÚÒfl ÒÎÂ‰Û˛˘‡fl
ÒıÂÏ‡: 

‡) ËÁ Á‚ÂÁ‰˚-‰ÓÌÓ‡ ˜ÂÂÁ ‚ÌÛÚÂÌÌ˛˛ ÚÓ˜ÍÛ
ã‡„‡ÌÊ‡ L
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 ‚˚ÚÂÍ‡ÂÚ „‡Á Ë ÙÓÏËÛÂÚ ÒÚÛ˛; 
·) ‚Â˘ÂÒÚ‚Ó ÒÚÛË, Ó·Î‡‰‡˛˘ÂÂ ËÁ·˚ÚÍÓÏ Û„-

ÎÓ‚Ó„Ó ÏÓÏÂÌÚ‡, ÌÂ ÏÓÊÂÚ ‡ÍÍÂˆËÓ‚‡Ú¸Òfl Ò‡ÁÛ
Ë ÙÓÏËÛÂÚ „‡ÁÓ‚ÓÂ ÍÓÎ¸ˆÓ ‚ÓÍÛ„ ‡ÍÍÂÚÓ‡;

‚) ÔÓ‰ ‰ÂÈÒÚ‚ËÂÏ ‰ËÒÒËÔ‡ÚË‚Ì˚ı ÔÓˆÂÒÒÓ‚ „‡ÁÓ-
‚ÓÂ ÍÓÎ¸ˆÓ ‡ÒÔÎ˚‚‡ÂÚÒfl ‚ ‡ÍÍÂˆËÓÌÌ˚È ‰ËÒÍ Ë
˜‡ÒÚ¸ ‚Â˘ÂÒÚ‚‡ Ô‡‰‡ÂÚ Ì‡ ÔÓ‚ÂıÌÓÒÚ¸ ‡ÍÍÂÚÓ‡. 

Ç ÍÓÌˆÂ 60-ı „„. ÉÓ·‡ˆÍËÈ [4] Ë ëÏ‡Í [5] ÔÂ‰-
ÔÓÎÓÊËÎË, ˜ÚÓ ‚Á‡ËÏÓ‰ÂÈÒÚ‚ËÂ ÒÚÛË Ë ‡ÍÍÂˆË-
ÓÌÌÓ„Ó ‰ËÒÍ‡ ÒÓÔÓ‚ÓÊ‰‡ÂÚÒfl Ó·‡ÁÓ‚‡ÌËÂÏ
Û‰‡ÌÓÈ ‚ÓÎÌ˚, Ë ‚ ÏÂÒÚÂ ÒÓÔËÍÓÒÌÓ‚ÂÌËfl ÒÚÛË
Ë ‰ËÒÍ‡ ‚ÓÁÌËÍ‡ÂÚ “„Ófl˜ÂÂ ÔflÚÌÓ”. í‡Í‡fl ÏÓ‰ÂÎ¸
‚ ÚÂ˜ÂÌËÂ ÔÓÒÎÂ‰ÌËı 30 ÎÂÚ ¯ËÓÍÓ ÔËÏÂÌflÎ‡Ò¸
‰Îfl ËÒÒÎÂ‰Ó‚‡ÌËfl Í‡Ú‡ÍÎËÁÏË˜ÂÒÍËı ‰‚ÓÈÌ˚ı ÒËÒ-
ÚÂÏ (ÒÏ., Ì‡ÔËÏÂ, [9]) Ë Ó·˙flÒÌflÎ‡ Ì‡ÎË˜ËÂ „Ó-
·Ó‚ Ì‡ ÍË‚ÓÈ ·ÎÂÒÍ‡, ıÓÚfl ÏÌÓ„ËÂ Ì‡·Î˛‰‡ÚÂÎ¸-
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Ç ‡·ÓÚÂ Â¯ÂÌ‡ Ó·‡ÚÌ‡fl Á‡‰‡˜‡ ÔÓ ËÌÚÂÔÂÚ‡ˆËË Á‡ÚÏÂÌÌÓÈ ÍË‚ÓÈ ·ÎÂÒÍ‡ Í‡Ú‡ÍÎËÁÏË˜ÂÒÍÓÈ
ÔÂÂÏÂÌÌÓÈ IP Peg. èÓÍ‡Á‡ÌÓ, ˜ÚÓ ÏÓ‰ÂÎ¸ ·ÂÁÛ‰‡ÌÓ„Ó ‚Á‡ËÏÓ‰ÂÈÒÚ‚Ëfl „‡ÁÓ‚ÓÈ ÒÚÛË Ë ‰ËÒÍ‡ (ÏÓ-
‰ÂÎ¸ ˝ÎÎËÔÚË˜ÂÒÍÓ„Ó ‰ËÒÍ‡ Ò “„Ófl˜ÂÈ ÎËÌËÂÈ”) ÎÛ˜¯Â ÓÔËÒ˚‚‡ÂÚ ÓÒÌÓ‚Ì˚Â ÓÒÓ·ÂÌÌÓÒÚË ÍË‚ÓÈ
·ÎÂÒÍ‡ ‚Á‡ËÏÓ‰ÂÈÒÚ‚Û˛˘ÂÈ ÚÂÒÌÓÈ ‰‚ÓÈÌÓÈ ÒËÒÚÂÏ˚, ÔÓ Ò‡‚ÌÂÌË˛ Ò ÍÎ‡ÒÒË˜ÂÒÍÓÈ ÏÓ‰ÂÎ¸˛ “„Ófl-
˜Â„Ó ÔflÚÌ‡”, ‡ÒÔÓÎÓÊÂÌÌÓ„Ó Ì‡ ‚ÌÂ¯ÌÂÈ „‡ÌËˆÂ ÍÛ„ÎÓ„Ó ‡ÍÍÂˆËÓÌÌÓ„Ó ‰ËÒÍ‡. Ç ˜‡ÒÚÌÓÒÚË, ‚
ÏÓ‰ÂÎË Ò “„Ófl˜ÂÈ ÎËÌËÂÈ” Û‰‡ÂÚÒfl ‚ÓÒÔÓËÁ‚ÂÒÚË Û‚ÂÎË˜ÂÌËÂ Ò‚ÂÚËÏÓÒÚË ‚ Ù‡Á‡ı 

 

ϕ

 

 ~ 0.1–0.2 Ë 

 

ϕ

 

 ~
~ 0.5–0.6, ˜ÚÓ ÌÂ‚ÓÁÏÓÊÌÓ ‚ ‡ÏÍ‡ı ÒÚ‡Ì‰‡ÚÌÓÈ ÏÓ‰ÂÎË “„Ófl˜Â„Ó ÔflÚÌ‡”. èÂËÏÛ˘ÂÒÚ‚‡ ÏÓ‰ÂÎË Ò
“„Ófl˜ÂÈ ÎËÌËÂÈ” ÓÒÓ·ÂÌÌÓ Á‡ÏÂÚÌ˚ ÔË ËÌÚÂÔÂÚ‡ˆËË ÍË‚˚ı ·ÎÂÒÍ‡ IP Peg ‚ ËÌÙ‡Í‡ÒÌÓÏ ‰Ë-
‡Ô‡ÁÓÌÂ ÒÔÂÍÚ‡: ÌÂ‚flÁÍ‡ 

 

χ

 

2

 

 ÔË Ò‡‚ÌÂÌËË ÚÂÓÂÚË˜ÂÒÍÓÈ Ë Ì‡·Î˛‰‡ÂÏÓÈ ÍË‚˚ı ·ÎÂÒÍ‡ ‰Îfl ÏÓ‰Â-
ÎË Ò ·ÂÁÛ‰‡Ì˚Ï ‚Á‡ËÏÓ‰ÂÈÒÚ‚ËÂÏ „‡ÁÓ‚ÓÈ ÒÚÛË Ë ‰ËÒÍ‡ ‡‚ÌflÂÚÒfl 49, ‚ ÚÓ ‚ÂÏfl Í‡Í ÌÂ‚flÁÍ‡ ‰Îfl
ÒÚ‡Ì‰‡ÚÌÓÈ ÏÓ‰ÂÎË Ò “„Ófl˜ËÏ ÔflÚÌÓÏ” 

 

χ

 

2

 

 = 2681. 

 

ìÑä 524.387
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ïÛÁËÌ‡ 

 

Ë ‰

 

.

 

Ì˚Â ÓÒÓ·ÂÌÌÓÒÚË ÓÒÚ‡‚‡ÎËÒ¸ Á‡ ‡ÏÍ‡ÏË ˝ÚÓÈ ÏÓ-
‰ÂÎË. 

Ç ÔÓÒÎÂ‰ÌÂÂ ‚ÂÏfl „‡ÁÓ‰ËÌ‡ÏË˜ÂÒÍ‡fl ÏÓ‰ÂÎ¸
ÔÂÂÚÂÍ‡ÌËfl ‚Â˘ÂÒÚ‚‡ ‚ ÔÓÎÛ‡Á‰ÂÎÂÌÌ˚ı íÑë
ÔÓ‰‚Â„Î‡Ò¸ ‡‰ËÍ‡Î¸ÌÓÏÛ ÔÂÂÒÏÓÚÛ [1–3, 7].
íÂıÏÂÌ˚Â „‡ÁÓ‰ËÌ‡ÏË˜ÂÒÍËÂ ‡Ò˜ÂÚ˚ [1–3, 6]
ÔÓÍ‡Á‡ÎË, ̃ ÚÓ ‚ ÂÊËÏÂ ÛÒÚ‡ÌÓ‚Ë‚¯Â„ÓÒfl ÚÂ˜ÂÌËfl
„‡ÁÓ‚‡fl ÒÚÛfl Ë ‡ÍÍÂˆËÓÌÌ˚È ‰ËÒÍ ‚Á‡ËÏÓ‰ÂÈÒÚ-
‚Û˛Ú ·ÂÁÛ‰‡ÌÓ Ë ÌÂ ÙÓÏËÛ˛Ú ÍÎ‡ÒÒË˜ÂÒÍÓ„Ó
“„Ófl˜Â„Ó ÔflÚÌ‡”. ê‡Ò˜ÂÚ˚ ÔÓÍ‡Á˚‚‡˛Ú, ˜ÚÓ ÒËÒ-
ÚÂÏ‡ “ÒÚÛfl – ‰ËÒÍ” ËÏÂÂÚ Â‰ËÌÛ˛ ÏÓÙÓÎÓ„Ë˛, Ë
‚ ÏÂÒÚÂ ÔÂÂıÓ‰‡ ÒÚÛË ‚ ‰ËÒÍ ÌÂÚ ‡Á˚‚Ó‚ Ë
Û‰‡Ì˚ı ÙÓÌÚÓ‚. ê‡Ò˜ÂÚ˚ Ú‡ÍÊÂ ÔÓÍ‡Á˚‚‡˛Ú,
˜ÚÓ Í‡ÚËÌ‡ ÚÂ˜ÂÌËfl ‚Â˘ÂÒÚ‚‡ ‚ íÑë Ì‡ÏÌÓ„Ó
ÒÎÓÊÌÂÂ, ˜ÂÏ ÒÎÂ‰ÛÂÚ ËÁ ÛÔÓÏflÌÛÚÓÈ ‚˚¯Â ÔÓ-
ÒÚÓÈ ÒıÂÏ˚. èÓÏËÏÓ ÒÚÛË Ë ‡ÍÍÂˆËÓÌÌÓ„Ó ‰ËÒ-
Í‡ ‚ ÒËÒÚÂÏÂ ÙÓÏËÛÂÚÒfl „‡ÁÓ‚ÓÂ “„‡ÎÓ” ‚ÓÍÛ„
‡ÍÍÂˆËÓÌÌÓ„Ó ‰ËÒÍ‡ Ë ÏÂÊÍÓÏÔÓÌÂÌÚÌ‡fl Ó·Ó-
ÎÓ˜Í‡. É‡Á ÏÂÊÍÓÏÔÓÌÂÌÚÌÓÈ Ó·ÓÎÓ˜ÍË Ó„Ë·‡ÂÚ
‡ÍÍÂÚÓ Ë ÒÚ‡ÎÍË‚‡ÂÚÒfl ÒÓ ÒÚÛÂÈ ‚Â˘ÂÒÚ‚‡ ËÁ
L

 

1

 

, ˜ÚÓ ÔË‚Ó‰ËÚ Í ‚ÓÁÌËÍÌÓ‚ÂÌË˛ Û‰‡ÌÓ„Ó
ÙÓÌÚ‡ ‚‰ÓÎ¸ Í‡fl ÒÚÛË (“„Ófl˜‡fl ÎËÌËfl”). ëıÂ-
Ï‡ÚË˜ÂÒÍË ÓÒÌÓ‚Ì˚Â ˝ÎÂÏÂÌÚ˚ ‡ÒÒ˜ËÚ‡ÌÌÓÈ
ÒÚÛÍÚÛ˚ ÚÂ˜ÂÌËfl ÔÂ‰ÒÚ‡‚ÎÂÌ˚ Ì‡ ËÒ. 1. á‰ÂÒ¸
ÔÓÍ‡Á‡Ì˚ ËÁÓÔÓ‚ÂıÌÓÒÚ¸ ÔÎÓÚÌÓÒÚË Ì‡ ÛÓ‚ÌÂ

 

ρ

 

 

 

= 10

 

–3

 

ρ

 

(L

 

1

 

), ‡ Ú‡ÍÊÂ ÍÓÌÚÛ˚ “„‡ÎÓ”, ÒÓÓÚ‚ÂÚÒÚ-
‚Û˛˘ËÂ ÁÌ‡˜ÂÌË˛ ÔÎÓÚÌÓÒÚË 

 

ρ

 

 = 10

 

–4

 

ρ

 

(L

 

1

 

) ‰Îfl Í‡-
Ú‡ÍÎËÁÏË˜ÂÒÍÓÈ ‰‚ÓÈÌÓÈ ÒËÒÚÂÏ˚ IP Peg. 

åÓ‰ÂÎ¸ ÚÂ˜ÂÌËfl ‚Â˘ÂÒÚ‚‡ ‚ íÑë Ò “„Ófl˜ÂÈ
ÎËÌËÂÈ” ‚ÏÂÒÚÓ “„Ófl˜Â„Ó ÔflÚÌ‡” fl‚ÎflÂÚÒfl ‰ÓÒÚ‡-
ÚÓ˜ÌÓ ÛÌË‚ÂÒ‡Î¸ÌÓÈ. àÁÏÂÌÂÌËfl ‚flÁÍÓÒÚË, ÚÂÏÔ‡
‡‰Ë‡ˆËÓÌÌ˚ı ÔÓÚÂ¸ ˝ÌÂ„ËË Ë ‰Û„Ëı ÛÒÎÓ‚ËÈ
ÚÂ˜ÂÌËfl „‡Á‡ ‚ íÑë [10–12] Í‡˜ÂÒÚ‚ÂÌÌÓ ÌÂ ÏÂÌfl-
˛Ú ÓÒÌÓ‚ÌÓ„Ó ‚˚‚Ó‰‡ ÚÂıÏÂÌ˚ı „‡ÁÓ‰ËÌ‡ÏË˜Â-
ÒÍËı ‡Ò˜ÂÚÓ‚: ‚ ÛÒÚ‡ÌÓ‚Ë‚¯ÂÏÒfl ÂÊËÏÂ ÚÂ˜ÂÌËfl
„‡Á‡ ‚ÏÂÒÚÓ ÍÎ‡ÒÒË˜ÂÒÍÓÈ ÏÓ‰ÂÎË “„Ófl˜Â„Ó ÔflÚ-
Ì‡”, Ó·˚˜ÌÓ Ú‡ÍÚÛÂÏÓ„Ó Í‡Í Ó·Î‡ÒÚ¸ ÒÚÓÎÍÌÓ‚Â-
ÌËfl „‡ÁÓ‚ÓÈ ÒÚÛË Ò ‚ÌÂ¯ÌÂÈ „‡ÌËˆÂÈ ‰ËÒÍ‡, ÌÂ-

Ó·ıÓ‰ËÏÓ ËÒÔÓÎ¸ÁÓ‚‡Ú¸ ÏÓ‰ÂÎ¸ “„Ófl˜ÂÈ ÎËÌËË”,
ÍÓÚÓ‡fl ÙÓÏËÛÂÚÒfl ‚ÌÂ ‰ËÒÍ‡, ‚‰ÓÎ¸ „‡ÁÓ‚ÓÈ
ÒÚÛË ËÁ-Á‡ ‚Á‡ËÏÓ‰ÂÈÒÚ‚Ëfl ÔÓÒÎÂ‰ÌÂÈ Ò ‚Â˘ÂÒÚ-
‚ÓÏ ÏÂÊÍÓÏÔÓÌÂÌÚÌÓÈ Ó·ÓÎÓ˜ÍË. Ç ‡·ÓÚÂ [7]
·˚ÎÓ ÔÓÍ‡Á‡ÌÓ, ˜ÚÓ “„Ófl˜‡fl ÎËÌËfl” ıÓÓ¯Ó Ó·˙-
flÒÌflÂÚ Ì‡ÎË˜ËÂ „Ó·Ó‚ Ì‡ ÍË‚ÓÈ ·ÎÂÒÍ‡. 

ÑÎfl ËÁÛ˜ÂÌËfl ÒÚÛÍÚÛ˚ ‰ËÒÍ‡ Ë ÓÍÓÎÓ‰ËÒÍÓ-
‚˚ı Ó·‡ÁÓ‚‡ÌËÈ ‚ ÔÂËÓ‰ ‚ÒÔ˚¯ÍË ÒÎÂ‰ÛÂÚ ËÒ-
ÔÓÎ¸ÁÓ‚‡Ú¸ ÒËÒÚÂÏ˚ Ò ·ÓÎ¸¯ËÏ Û„ÎÓÏ Ì‡ÍÎÓÌ‡
ÔÎÓÒÍÓÒÚË Ó·ËÚ˚, ‚ ÍÓÚÓ˚ı Ì‡·Î˛‰‡ÂÚÒfl Á‡-
ÚÏÂÌËÂ ‡ÍÍÂˆËÓÌÌÓ„Ó ‰ËÒÍ‡ ‚ÚÓË˜ÌÓÈ Á‚ÂÁ‰ÓÈ.
Ç˚·‡ÌÌ‡fl Ì‡ÏË íÑë – IP Peg – ÔÓÍ‡Á˚‚‡ÂÚ Ú‡Í
Ì‡Á˚‚‡ÂÏÓÂ “‰‚ÓÈÌÓÂ Á‡ÚÏÂÌËÂ”, Ú.Â. ‚ ÏÓÏÂÌÚ ÌË-
ÊÌÂ„Ó ÒÓÂ‰ËÌÂÌËfl Á‚ÂÁ‰˚-‰ÓÌÓ‡ ÓÌ‡ Á‡ÚÏÂ‚‡ÂÚ
ÔÓÒÎÂ‰Ó‚‡ÚÂÎ¸ÌÓ ÌÂ ÚÓÎ¸ÍÓ ·ÂÎ˚È Í‡ÎËÍ, ÌÓ Ë
‡ÒËÏÏÂÚË˜ÌÛ˛ ‡ÍÍÂˆËÓÌÌÛ˛ ÒÚÛÍÚÛÛ ‚ÓÍÛ„
ÌÂ„Ó. Ç ‡ÏÍ‡ı ÍÎ‡ÒÒË˜ÂÒÍÓÈ ÏÓ‰ÂÎË ÏÓÊÌÓ ‰Ó-
ÒÚ‡ÚÓ˜ÌÓ ‡ÍÍÛ‡ÚÌÓ ÓÔËÒ‡Ú¸ ÙÓÏÛ “‰‚ÓÈÌÓ„Ó Á‡-
ÚÏÂÌËfl”, Ó‰Ì‡ÍÓ ‚ÌÂÁ‡ÚÏÂÌÌ˚Â ˜‡ÒÚË ÍË‚˚ı,
ÓÒÓ·ÂÌÌÓ ‚Ó ‚ÂÏfl ‚ÒÔ˚¯ÂÍ, ÍÓ„‰‡ Ì‡ ÍË‚ÓÈ ·ÎÂ-
ÒÍ‡ íÑë ÔÓfl‚ÎflÂÚÒfl ‡ÌÓÏ‡Î¸Ì˚È „Ó·, ‚ ‡ÏÍ‡ı
ÒÚ‡Ì‰‡ÚÌÓÈ ÏÓ‰ÂÎË ‚ÓÒÔÓËÁ‚ÂÒÚË Ò ‰ÓÒÚ‡ÚÓ˜ÌÓÈ
ÚÓ˜ÌÓÒÚ¸˛ ÌÂ Û‰‡ÂÚÒfl. 

 

3. å‡ÚÂÏ‡ÚË˜ÂÒÍ‡fl ÏÓ‰ÂÎ¸ 
ÒËÒÚÂÏ˚ 

 

åÓ‰ÂÎ¸ “„Ófl˜ÂÈ ÎËÌËË” ÎÛ˜¯Â ÒÓ„Î‡ÒÛÂÚÒfl Ò
Ì‡·Î˛‰ÂÌËflÏË, ˜ÂÏ ÏÓ‰ÂÎ¸ “„Ófl˜Â„Ó ÔflÚÌ‡” [7],
Ó‰Ì‡ÍÓ ÓÌ‡ Ú‡ÍÊÂ ÌÛÊ‰‡ÂÚÒfl ‚ ÛÚÓ˜ÌÂÌËË. ë‡‚-
ÌÂÌËÂ ÒËÌÚÂÚË˜ÂÒÍËı Ë Ì‡·Î˛‰‡ÂÏ˚ı ÍË‚˚ı ·ÎÂ-
ÒÍ‡ ÔÓÁ‚ÓÎËÚ ÓÔÂ‰ÂÎËÚ¸ fl‰ Ô‡‡ÏÂÚÓ‚ Á‡‰‡˜Ë
Ë, ÚÂÏ Ò‡Ï˚Ï, ÒÍÓÂÍÚËÓ‚‡Ú¸ „‡ÁÓ‰ËÌ‡ÏË˜ÂÒ-
ÍÛ˛ ÏÓ‰ÂÎ¸ ÚÂ˜ÂÌËfl ‚Â˘ÂÒÚ‚‡ ‚ ÔÓÎÛ‡Á‰ÂÎÂÌÌ˚ı
‰‚ÓÈÌ˚ı ÒËÒÚÂÏ‡ı. ÑÂÚ‡Î¸Ì‡fl „‡ÁÓ‰ËÌ‡ÏË˜ÂÒÍ‡fl
ÏÓ‰ÂÎ¸ Ë ÂÂ ÍÓÂÍÚÌÓÂ Ï‡ÚÂÏ‡ÚË˜ÂÒÍÓÂ ÔÂ‰-
ÒÚ‡‚ÎÂÌËÂ ‚ ÙÓÚÓÏÂÚË˜ÂÒÍÓÈ ÏÓ‰ÂÎË ÓÚÍÓÂÚ
¯ËÓÍËÂ ÔÂÒÔÂÍÚË‚˚ ‰Îfl ÌÓ‚Ó„Ó ‡Ì‡ÎËÁ‡ ·Ó„‡-

 

“É‡ÎÓ” “ÉÓfl˜ÂÂ ÔflÚÌÓ”
ÓÚÒÛÚÒÚ‚ÛÂÚ

ëÚÛfl

á‚ÂÁ‰‡-‰ÓÌÓ

ÄÍÍÂˆËÓÌÌ˚È ‰ËÒÍ

“ÉÓfl˜‡fl ÎËÌËfl”

 

êËÒ. 1.

 

 ëıÂÏ‡ÚË˜ÂÒÍÓÂ ËÁÓ·‡ÊÂÌËÂ ÓÒÌÓ‚Ì˚ı ˝ÎÂÏÂÌÚÓ‚ ÒÚÛÍÚÛ˚ ÚÂ˜ÂÌËfl ‚Â˘ÂÒÚ‚‡ ‚ íÑë. èÓÎÓÊÂÌËÂ ‡ÍÍÂÚÓ‡
Ó·ÓÁÌ‡˜ÂÌÓ ·ÂÎ˚Ï ÔflÚÌÓÏ ‚ ˆÂÌÚÂ ‰ËÒÍ‡. 
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ÚÓ„Ó Ì‡·Î˛‰‡ÚÂÎ¸ÌÓ„Ó Ï‡ÚÂË‡Î‡ ÔÓ ‚Á‡ËÏÓ‰ÂÈ-
ÒÚ‚Û˛˘ËÏ íÑë Ë ÔÓÁ‚ÓÎËÚ ÓÔÂ‰ÂÎËÚ¸ ·ÓÎÂÂ
ÚÓ˜Ì˚Â ÙËÁË˜ÂÒÍËÂ ı‡‡ÍÚÂËÒÚËÍË Ë ˝‚ÓÎ˛ˆË-
ÓÌÌ˚È ÒÚ‡ÚÛÒ ‚Á‡ËÏÓ‰ÂÈÒÚ‚Û˛˘Ëı íÑë ‡ÁÌ˚ı
ÚËÔÓ‚. ùÚÓ ÓÒÓ·ÂÌÌÓ ‚‡ÊÌÓ ‚ Ò‚flÁË Ò ÔÂÒÔÂÍÚË‚‡-
ÏË Á‡ÔÛÒÍ‡ Ì‡ Ó·ËÚÛ ÛÎ¸Ú‡ÙËÓÎÂÚÓ‚˚ı Ó·ÒÂ-
‚‡ÚÓËÈ (Ì‡ÔËÏÂ, “ëÔÂÍÚ-ìî”), ÍÓÚÓ˚Â ‰‡-
‰ÛÚ ‚ÓÁÏÓÊÌÓÒÚ¸ ‚˚ÔÓÎÌËÚ¸ ‰ÂÚ‡Î¸Ì˚Â Ì‡·Î˛‰Â-
ÌËfl Ó·Î‡ÒÚÂÈ ‚Á‡ËÏÓ‰ÂÈÒÚ‚Ëfl „‡ÁÓ‚˚ı ÒÚÛÍÚÛ ‚
íÑë. Ç Ì‡ÒÚÓfl˘ÂÈ ‡·ÓÚÂ Ï˚ ËÒÔÓÎ¸ÁÓ‚‡ÎË Á‡-
„Û·ÎÂÌÌÛ˛ ÏÓ‰ÂÎ¸, ÍÓ„‰‡ “„Ófl˜‡fl ÎËÌËfl” ‡Ò-
ÒÏ‡ÚË‚‡Î‡Ò¸ ‚ ‡ÏÍ‡ı ÏÓ‰ÂÎË ‡·ÒÓÎ˛ÚÌÓ ˜ÂÌÓ-
„Ó ÚÂÎ‡. 

îËÁË˜ÂÒÍËÂ ‚˚‚Ó‰˚ Ó ÚÂıÏÂÌÓÈ ÒÚÛÍÚÛÂ
„‡ÁÓ‚˚ı ÔÓÚÓÍÓ‚ ‚Ó ‚Á‡ËÏÓ‰ÂÈÒÚ‚Û˛˘Ëı íÑë [1–
3, 10–12] ·˚ÎË ÔÓÎÓÊÂÌ˚ ‚ ÓÒÌÓ‚Û Ï‡ÚÂÏ‡ÚË˜ÂÒ-
ÍÓÈ ÏÓ‰ÂÎË, ËÒÔÓÎ¸ÁÛÂÏÓÈ ‰Îfl ÒËÌÚÂÁ‡ ÚÂÓÂÚË˜Â-
ÒÍÓÈ ÍË‚ÓÈ ·ÎÂÒÍ‡ Ë Â¯ÂÌËfl ÒÓÓÚ‚ÂÚÒÚ‚Û˛˘ÂÈ
Ó·‡ÚÌÓÈ Á‡‰‡˜Ë Ì‡ıÓÊ‰ÂÌËfl Ô‡‡ÏÂÚÓ‚ ‚Á‡ËÏÓ-
‰ÂÈÒÚ‚Û˛˘ÂÈ íÑë [8]. éÒÌÓ‚Ì˚Â ÔÓÎÓÊÂÌËfl ÙÓ-
ÚÓÏÂÚË˜ÂÒÍÓÈ ÏÓ‰ÂÎË ÏÓ„ÛÚ ·˚Ú¸ ÒÙÓÏÛÎËÓ-
‚‡Ì˚ ÒÎÂ‰Û˛˘ËÏ Ó·‡ÁÓÏ. 

1. á‚ÂÁ‰‡-‰ÓÌÓ (‚ÚÓË˜Ì˚È ÍÓÏÔÓÌÂÌÚ) ÔÓÎ-
ÌÓÒÚ¸˛ Á‡ÔÓÎÌflÂÚ Ò‚Ó˛ ÔÓÎÓÒÚ¸ êÓ¯‡, Ú.Â. Û˜Ë-
Ú˚‚‡ÂÚÒfl Ë ÔËÎË‚Ì‡fl, Ë ‚‡˘‡ÚÂÎ¸Ì‡fl ‰ÂÙÓÏ‡-
ˆËfl. 

2. èÓ‚ÂıÌÓÒÚ¸ Á‚ÂÁ‰˚-‰ÓÌÓ‡ ‡Á·Ë‚‡ÂÚÒfl Ì‡
648 ˝ÎÂÏÂÌÚ‡Ì˚ı ÔÎÓ˘‡‰ÓÍ, ‰Îfl Í‡Ê‰ÓÈ ËÁ ÍÓ-
ÚÓ˚ı ‚˚˜ËÒÎflÂÚÒfl ËÌÚÂÌÒË‚ÌÓÒÚ¸ ËÁÎÛ˜ÂÌËfl ‚
Ì‡Ô‡‚ÎÂÌËË Ì‡·Î˛‰‡ÚÂÎfl Ò Û˜ÂÚÓÏ „‡‚ËÚ‡ˆËÓÌ-
ÌÓ„Ó ÔÓÚÂÏÌÂÌËfl, ÔÓÚÂÏÌÂÌËfl Í Í‡˛, ˝ÙÙÂÍÚ‡
ÔÓ„Â‚‡ ÂÂ ÔÓ‚ÂıÌÓÒÚË ËÁÎÛ˜ÂÌËÂÏ ·ÂÎÓ„Ó Í‡-
ÎËÍ‡. ÑÎfl Í‡Ê‰Ó„Ó ÁÌ‡˜ÂÌËfl Ù‡ÁÓ‚Ó„Ó Û„Î‡ ‡Ò-
ÒÏ‡ÚË‚‡˛ÚÒfl ÎË¯¸ ÔÎÓ˘‡‰ÍË, Ó·‡˘ÂÌÌ˚Â Í Ì‡-
·Î˛‰‡ÚÂÎ˛, ÔË˜ÂÏ Û˜ËÚ˚‚‡˛ÚÒfl Ëı Á‡ÚÏÂÌËfl ÚÂ-
Î‡ÏË ‚ÒÂı ÍÓÏÔÓÌÂÌÚÓ‚ ÒËÒÚÂÏ˚, ‚ ÚÓÏ ˜ËÒÎÂ Ë
Ò‡ÏÓÈ Á‚ÂÁ‰ÓÈ-‰ÓÌÓÓÏ. 

3. ÅÂÎ˚È Í‡ÎËÍ (ÔÂ‚Ë˜Ì˚È ÍÓÏÔÓÌÂÌÚ) ËÏÂ-
ÂÚ ÒÙÂË˜ÂÒÍÛ˛ ÙÓÏÛ Ë ‡ÒÔÓÎÓÊÂÌ ‚ ÙÓÍÛÒÂ
˝ÎÎËÔÚË˜ÂÒÍÓ„Ó ‡ÍÍÂˆËÓÌÌÓ„Ó ‰ËÒÍ‡. èÓ‚Âı-
ÌÓÒÚ¸ ·ÂÎÓ„Ó Í‡ÎËÍ‡ Ú‡ÍÊÂ ‡Á·ËÚ‡ Ì‡ 648 ˝ÎÂ-
ÏÂÌÚ‡Ì˚ı ÔÎÓ˘‡‰ÓÍ. èËÌflÚÓ, ˜ÚÓ ˝ÙÙÂÍÚË‚-
Ì‡fl ÚÂÏÔÂ‡ÚÛ‡ ÔÎÓ˘‡‰ÓÍ Ó‰ËÌ‡ÍÓ‚‡ ÔÓ ‚ÒÂÈ
ÔÓ‚ÂıÌÓÒÚË Á‚ÂÁ‰˚. èË ‚˚˜ËÒÎÂÌËË ËÌÚÂÌÒË‚-
ÌÓÒÚË ËÁÎÛ˜ÂÌËfl ‚ Ì‡Ô‡‚ÎÂÌËË Ì‡·Î˛‰‡ÚÂÎfl
Û˜ËÚ˚‚‡˛ÚÒfl ˝ÙÙÂÍÚ˚ ÔÓÚÂÏÌÂÌËfl Í Í‡˛. èÎÓ-
˘‡‰ÍË Ì‡ ·ÂÎÓÏ Í‡ÎËÍÂ ÏÓ„ÛÚ Á‡ÚÏÂ‚‡Ú¸Òfl ÚÂ-
ÎÓÏ Ò‡ÏÓÈ Á‚ÂÁ‰˚, ‡ÍÍÂˆËÓÌÌ˚Ï ‰ËÒÍÓÏ, Á‚ÂÁ-
‰ÓÈ-‰ÓÌÓÓÏ Ë „Ófl˜ÂÈ ÎËÌËÂÈ. 

4. ùÎÎËÔÚË˜ÂÒÍËÈ ‡ÍÍÂˆËÓÌÌ˚È ‰ËÒÍ ÓÔËÒ˚-
‚‡ÂÚÒfl ÙË„ÛÓÈ, ÓÔÂ‰ÂÎflÂÏÓÈ ÒÎÂ‰Û˛˘ËÏ Ó·‡-
ÁÓÏ [8]:

‡) ·ÓÍÓ‚‡fl (‚ÌÂ¯Ìflfl) ÔÓ‚ÂıÌÓÒÚ¸ ‰ËÒÍ‡ Á‡‰‡ÂÚÒfl
˝ÎÎËÔÒÓË‰ÓÏ Ò ÔÓÎÛÓÒflÏË 

 

a

 

, 

 

b

 

 Ë 

 

c

 

; ÔÓÎÛÓÒË 

 

a

 

 Ë 

 

b

 

 ÎÂ-
Ê‡Ú ‚ ÔÎÓÒÍÓÒÚË Ó·ËÚ˚, ÔË˜ÂÏ 

 

b

 

2

 

 = 

 

a

 

2

 

(1 – 

 

e

 

2

 

); ÔÓ-
ÎÛÓÒ¸ 

 

c

 

 ÔÂÔÂÌ‰ËÍÛÎflÌ‡ Ó·ËÚ‡Î¸ÌÓÈ ÔÎÓÒÍÓÒÚË; 
·) ‚ Ó‰ÌÓÏ ËÁ ÙÓÍÛÒÓ‚ ˝ÚÓ„Ó ˝ÎÎËÔÒÓË‰‡ ‡ÒÔÓ-

ÎÓÊÂÌ ˆÂÌÚ ·ÂÎÓ„Ó Í‡ÎËÍ‡;

‚) ‚ÌÛÚÂÌÌËÂ ÔÓ‚ÂıÌÓÒÚË ‰ËÒÍ‡ ÔÓÎÛ˜‡˛ÚÒfl ‚
ÂÁÛÎ¸Ú‡ÚÂ ‚˚˜ËÚ‡ÌËfl ËÁ ˝ÎÎËÔÒÓË‰‡ ˜‡ÒÚÂÈ, ÔÓ-
Ô‡‰‡˛˘Ëı ‚Ó “‚ÌÛÚÂÌÌËÂ” Ó·Î‡ÒÚË ‰‚Ûı Ô‡‡·Ó-
ÎÓË‰Ó‚, Á‡‰‡ÌÌ˚ı Ô‡‡ÏÂÚÓÏ 

 

A

 

p

 

. 
éÒË Ô‡‡·ÓÎÓË‰Ó‚, ÓÔÂ‰ÂÎfl˛˘Ëı ‚ÌÛÚÂÌ-

Ì˛˛ ÔÓ‚ÂıÌÓÒÚ¸ ‰ËÒÍ‡, ÔÂÔÂÌ‰ËÍÛÎflÌ˚ ÔÎÓÒ-
ÍÓÒÚË Ó·ËÚ˚. áÌ‡˜ÂÌËÂ Ô‡‡ÏÂÚ‡ 
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p

 

 ËÁÏÂÌflÂÚÒfl
‚ Á‡‚ËÒËÏÓÒÚË ÓÚ Û„Î‡ ÔÓ‚ÓÓÚ‡ 

 

ψ

 

 ‡‰ËÛÒ‡-‚ÂÍÚÓ-
‡, ÔÓ‚Â‰ÂÌÌÓ„Ó ËÁ ‚Â¯ËÌ˚ Ô‡‡·ÓÎÓË‰‡ Í
Í‡˛ ‰ËÒÍ‡, ‚ÓÍÛ„ ÓÒË Ô‡‡·ÓÎÓË‰‡. Ç ÔÂË‡ÒÚÂ
‰ËÒÍ‡ 

 

ψ

 

 = 0, ‚ ‡ÔÓ‡ÒÚÂ ÒÓÓÚ‚ÂÚÒÚ‚ÂÌÌÓ 
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p
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) ËÏÂÂÚ ‚Ë‰: 
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A

 

 – ÍÓÌÒÚ‡ÌÚ‡. èË 

 

e

 

 = 0 ÓÌ‡ ÒÓ‚Ô‡‰‡ÂÚ Ò ÔÓÒÚÓ-
flÌÌÓÈ Ô‡‡·ÓÎÓË‰‡ 

 

A

 

p
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 [13], ÓÔËÒ˚‚‡˛˘Â„Ó ÙÓ-
ÏÛ ‚ÌÛÚÂÌÌËı ÔÓ‚ÂıÌÓÒÚÂÈ ÍÛ„ÎÓ„Ó ‰ËÒÍ‡,

 

A

 

p

 

(

 

ψ

 

) = 

 

A

 

 = const; ‚ ÒÎÛ˜‡Â ˝ÎÎËÔÚË˜ÂÒÍÓ„Ó ‰ËÒÍ‡
‰Îfl ‚ÂÎË˜ËÌ˚ 
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p
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) ‚ Â„Ó ÔÂË‡ÒÚÂ (
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 = 0) ÔÓÎÛ-
˜‡ÂÏ 

 

A

 

p

 

(

 

ψ

 

) = 

 

A

 

(1 – 

 

e
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 Ë, ÒÓÓÚ‚ÂÚ-
ÒÚ‚ÂÌÌÓ, 

 

A

 

p

 

(

 

ψ

 

) = 

 

A

 

(1 + 

 

e

 

). ÇÂ¯ËÌ˚ Ô‡‡·ÓÎÓË‰Ó‚
ÒÏÂ˘ÂÌ˚ ÓÚÌÓÒËÚÂÎ¸ÌÓ ÔÎÓÒÍÓÒÚË Ó·ËÚ˚ íÑë

Ì‡ ‚ÂÎË˜ËÌÛ 

 

z

 

0

 

 = : ‰Îfl ‚ÂıÌÂ„Ó Ô‡‡·Ó-

ÎÓË‰‡ – ÌËÊÂ ÔÎÓÒÍÓÒÚË Ó·ËÚ˚, ‰Îfl ÌËÊÌÂ„Ó –
ÒÓÓÚ‚ÂÚÒÚ‚ÂÌÌÓ ‚˚¯Â ÔÎÓÒÍÓÒÚË Ó·ËÚ˚. èË
Ú‡ÍÓÏ ‚˚·ÓÂ Ô‡‡ÏÂÚ‡ 
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0.0 (‚ ÔÂË‡ÒÚÂ ‰ËÒÍ‡) ·Û‰ÛÚ ÔÂÂÒÂÍ‡Ú¸ Ó-
·ËÚ‡Î¸ÌÛ˛ ÔÎÓÒÍÓÒÚ¸ Ì‡ ‡ÒÒÚÓflÌËË 

 

R

 

w

 

 ÓÚ ˆÂÌÚ‡
·ÂÎÓ„Ó Í‡ÎËÍ‡, „‰Â 

 

R

 

w

 

 – ‡‰ËÛÒ ·ÂÎÓ„Ó Í‡ÎËÍ‡.
èËÌflÚÓ, ˜ÚÓ ‚ÌÛÚÂÌÌ˛˛ (Ì‡ÔËÏÂ, ‚ÂıÌ˛˛)
ÔÓ‚ÂıÌÓÒÚ¸ ‰ËÒÍ‡ Ó·‡ÁÛÂÚ Ú‡ ˜‡ÒÚ¸ ÔÓ‚ÂıÌÓÒÚË
Ô‡‡·ÓÎÓË‰‡, ÍÓÚÓ‡fl ËÏÂÂÚ ÌÂÓÚËˆ‡ÚÂÎ¸Ì˚Â
ÁÌ‡˜ÂÌËfl ÍÓÓ‰ËÌ‡Ú˚ 

 

z

 

. ãËÌËË ÔÂÂÒÂ˜ÂÌËfl ˝Î-
ÎËÔÒÓË‰‡, ÓÔËÒ˚‚‡˛˘Â„Ó ·ÓÍÓ‚Û˛ ˜‡ÒÚ¸ ‰ËÒÍ‡, Ë
Ô‡‡·ÓÎÓË‰Ó‚, ÓÔËÒ˚‚‡˛˘Ëı Â„Ó ‚ÌÛÚÂÌÌËÂ ̃ ‡Ò-
ÚË, ‰‡˛Ú Ì‡Ï ‚ÂıÌ˛˛ Ë ÌËÊÌ˛˛ „‡ÌËˆ˚ ‰ËÒÍ‡.
éÌË ‡ÒÔÓÎÓÊÂÌ˚ Ì‡ ‡ÒÒÚÓflÌËË 

 

h

 

 ÓÚ ÔÎÓÒÍÓÒÚË
Ó·ËÚ˚: 

(2)

éËÂÌÚ‡ˆËfl ‰ËÒÍ‡ Á‡‰‡ÂÚÒfl Û„ÎÓÏ 

 

α

 

e

 

 ÏÂÊ‰Û ‡-
‰ËÛÒÓÏ-‚ÂÍÚÓÓÏ, ÔÓ‚Â‰ÂÌÌ˚Ï ËÁ ˆÂÌÚ‡ ·ÂÎÓ„Ó
Í‡ÎËÍ‡ ‚ ÚÓ˜ÍÛ ÔÂË‡ÒÚ‡ ‰ËÒÍ‡, Ë ÎËÌËÂÈ, ÒÓ-
Â‰ËÌfl˛˘ÂÈ ÍÓÏÔÓÌÂÌÚ˚ íÑë. ÇÂÎË˜ËÌ‡ 

 

α

 

e

 

 ÏÓ-
ÊÂÚ ÏÂÌflÚ¸Òfl ‚ ‰Ë‡Ô‡ÁÓÌÂ ÓÚ 0 ‰Ó 2

 

π

 

 Ë Û‚ÂÎË˜Ë‚‡-
ÂÚÒfl ‚ Ì‡Ô‡‚ÎÂÌËË Ó·ËÚ‡Î¸ÌÓ„Ó ‰‚ËÊÂÌËfl
ÍÓÏÔÓÌÂÌÚÓ‚. èÓ‰Ó·ÌÓÂ ÓÔËÒ‡ÌËÂ ÔÓˆÂ‰Û˚
ÏÓ‰ÂÎËÓ‚‡ÌËfl „ÂÓÏÂÚË˜ÂÒÍË ÚÓÎÒÚÓ„Ó ̋ ÎÎËÔÚË-
˜ÂÒÍÓ„Ó ‡ÍÍÂˆËÓÌÌÓ„Ó ‰ËÒÍ‡ ÔË‚Â‰ÂÌÓ ‚ [13]. 

èË ‚˚˜ËÒÎÂÌËË ÚÂÏÔÂ‡ÚÛ˚ ˝ÎÂÏÂÌÚ‡ÌÓÈ
ÔÎÓ˘‡‰ÍË Ì‡ ÔÓ‚ÂıÌÓÒÚË ‰ËÒÍ‡ Û˜ËÚ˚‚‡Î‡Ò¸ ÂÂ
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ïÛÁËÌ‡ Ë ‰.

Á‡‚ËÒËÏÓÒÚ¸ ÓÚ ‡ÒÒÚÓflÌËfl r ÏÂÊ‰Û ˆÂÌÚÓÏ ‡Ò-
ÒÏ‡ÚË‚‡ÂÏÓÈ ÔÎÓ˘‡‰ÍË Ë ÔÓ‚ÂıÌÓÒÚ¸˛ ·ÂÎÓ„Ó
Í‡ÎËÍ‡. Ç·ÎËÁË ÔÓ‚ÂıÌÓÒÚË ·ÂÎÓ„Ó Í‡ÎËÍ‡
ÚÂÏÔÂ‡ÚÛ‡ ÔÎÓ˘‡‰ÓÍ Ì‡ ‰ËÒÍÂ ÔÓÎ‡„‡Î‡Ò¸ ‡‚-
ÌÓÈ ÚÂÏÔÂ‡ÚÛÂ Tbw ÔÓ‚ÂıÌÓÒÚÌÓ„Ó ÒÎÓfl, ‡ÒÔÓ-
ÎÓÊÂÌÌÓ„Ó ‚ ‡ÈÓÌÂ ˝Í‚‡ÚÓ‡ Á‚ÂÁ‰˚, ÔË˜ÂÏ
Tbw ≥ Tw. Ç ‡·ÓÚ‡ı [8, 13] ÚÂÏÔÂ‡ÚÛ‡ ÔÎÓ˘‡‰ÓÍ
Ì‡ ‰ËÒÍÂ ÓÔÂ‰ÂÎflÎ‡Ò¸ ÚÂÏÔÂ‡ÚÛÓÈ ·ÂÎÓ„Ó Í‡-
ÎËÍ‡ Tw. é‰Ì‡ÍÓ, Ì‡·Î˛‰ÂÌËfl ÔÓÍ‡Á˚‚‡˛Ú, ˜ÚÓ ‚Ó
ÏÌÓ„Ëı Í‡Ú‡ÍÎËÁÏË˜ÂÒÍËı ÔÂÂÏÂÌÌ˚ı ÚÂÏÔÂ‡-
ÚÛ‡ ‰ËÒÍ‡ ‚Ó ‚ÌÛÚÂÌÌËı Ó·Î‡ÒÚflı ÁÌ‡˜ËÚÂÎ¸ÌÓ
ÔÂ‚˚¯‡ÂÚ ÁÌ‡˜ÂÌËÂ Tw. äÓÏÂ ÚÓ„Ó, Ì‡·Î˛‰‡Â-
Ï˚È ÔÓÚÓÍ ËÁÎÛ˜ÂÌËfl ÓÚ ·ÂÎÓ„Ó Í‡ÎËÍ‡ ÓÚÌÓÒË-
ÚÂÎ¸ÌÓ ÌÂ‚ÂÎËÍ Ë ÌÂ ‚ ÒÓÒÚÓflÌËË Ó·ÂÒÔÂ˜ËÚ¸ Ì‡-
·Î˛‰‡ÂÏ˚È ˝ÙÙÂÍÚ ÔÓ„Â‚‡ ‚ÚÓË˜ÌÓ„Ó ÍÓÏÔÓ-
ÌÂÌÚ‡. ç‡„Â‚ ‰ËÒÍ‡ Ò‚flÁ‡Ì Ò Ú‡ÌÒÙÓÏ‡ˆËÂÈ
„‡‚ËÚ‡ˆËÓÌÌÓÈ ˝ÌÂ„ËË ‚Â˘ÂÒÚ‚‡ ‚ ÚÂÔÎÓÚÛ ÔË
Â„Ó ‰‚ËÊÂÌËË Í ÔÓ‚ÂıÌÓÒÚË ·ÂÎÓ„Ó Í‡ÎËÍ‡.
é·˚˜ÌÓ ÔÓÎ‡„‡˛Ú, ˜ÚÓ ËÁÏÂÌÂÌËÂ ÚÂÏÔÂ‡ÚÛ˚
ÔÓ‚ÂıÌÓÒÚË ‰ËÒÍ‡ Tg ÏÂÌflÂÚÒfl Ò ‡ÒÒÚÓflÌËÂÏ ÓÚ
ˆÂÌÚ‡ ·ÂÎÓ„Ó Í‡ÎËÍ‡ r ÔÓ ÒÎÂ‰Û˛˘ÂÏÛ Á‡ÍÓÌÛ: 

(3)

ÑÎfl Ô‡‡ÏÂÚ‡ βg ‚ ÔÂ‚ÓÏ ÔË·ÎËÊÂÌËË Ó·˚˜ÌÓ
ÔËÌËÏ‡˛Ú βg = 3/4 [14], ÔÂ‰ÔÓÎ‡„‡fl, ˜ÚÓ Í‡Ê‰‡fl
ÚÓ˜Í‡ ÔÓ‚ÂıÌÓÒÚË ‰ËÒÍ‡ ËÁÎÛ˜‡ÂÚ Í‡Í ‡·ÒÓÎ˛ÚÌÓ
˜ÂÌÓÂ ÚÂÎÓ. ç‡ Ô‡ÍÚËÍÂ, Ó‰Ì‡ÍÓ, ÓÍ‡Á˚‚‡ÂÚÒfl,
˜ÚÓ ‡ÒÔÂ‰ÂÎÂÌËÂ ÚÂÏÔÂ‡ÚÛ˚ ‚‰ÓÎ¸ ‡‰ËÛÒ‡
‰ËÒÍ‡ ·ÓÎÂÂ ÔÎÓÒÍÓÂ, ˜ÂÏ Á‡‚ËÒËÏÓÒÚ¸ “3/4”, ÓÒÓ-

Tg Tbw

Rw

r
------ 

 
βg

.=

·ÂÌÌÓ ‚Ó ‚ÂÏfl ‚ÒÔ˚¯ÂÍ. äÓÏÂ ÛÍ‡Á‡ÌÌÓÈ ‚˚¯Â
Á‡‚ËÒËÏÓÒÚË ÚÂÏÔÂ‡ÚÛ‡ ÔÎÓ˘‡‰ÍË Ì‡ ‰ËÒÍÂ ÏÓ-
ÊÂÚ ·˚Ú¸ Û‚ÂÎË˜ÂÌ‡ Ì‡ ÌÂÒÍÓÎ¸ÍÓ ÔÓˆÂÌÚÓ‚ Á‡
Ò˜ÂÚ ˝ÙÙÂÍÚÓ‚ ÂÂ ÔÓ„Â‚‡ ËÁÎÛ˜ÂÌËÂÏ ·ÂÎÓ„Ó
Í‡ÎËÍ‡ Ë ‚ÚÓË˜ÌÓ„Ó ÍÓÏÔÓÌÂÌÚ‡. 

5. “ÉÓfl˜‡fl ÎËÌËfl”, ‡ÒÔÓÎÓÊÂÌÌ‡fl ‚‰ÓÎ¸
ÒÚÛË, ÓÔËÒ˚‚‡ÂÚÒfl ̃ ‡ÒÚ¸˛ ̋ ÎÎËÔÒÓË‰‡ Ò ÔÓÎÛÓÒfl-
ÏË av, bv Ë cv, ‚˚ÚflÌÛÚÓ„Ó ‚ Ì‡Ô‡‚ÎÂÌËË ‚ÌÛÚÂÌ-
ÌÂÈ ÚÓ˜ÍË ã‡„‡ÌÊ‡ L1 (ËÒ. 2). ÅÓÍÓ‚‡fl ÔÓ‚Âı-
ÌÓÒÚ¸ ˝ÚÓ„Ó ˝ÎÎËÔÒÓË‰‡ ÒÓ‚Ô‡‰‡ÂÚ Ò Í‡Ò‡ÚÂÎ¸ÌÓÈ
Í ˝ÎÎËÔÚË˜ÂÒÍÓÏÛ ‰ËÒÍÛ ÔË Î˛·˚ı Â„Ó ÓËÂÌÚ‡-
ˆËflı, ‡ ˆÂÌÚ ‡ÒÔÓÎÓÊÂÌ ‚ ÔÎÓÒÍÓÒÚË Ó·ËÚ˚
‚ÌÛÚË ‰ËÒÍ‡ Ì‡ ÌÂÍÓÚÓÓÏ ‡ÒÒÚÓflÌËË ÓÚ Â„Ó
Í‡fl. ëıÂÏ‡ÚË˜ÂÒÍÓÂ ËÁÓ·‡ÊÂÌËÂ ÓÒÌÓ‚Ì˚ı ˝ÎÂ-
ÏÂÌÚÓ‚ íÑë, ËÒÔÓÎ¸ÁÛÂÏ˚ı ‚ ÙÓÚÓÏÂÚË˜ÂÒÍÓÈ
ÏÓ‰ÂÎË, ‰Îfl Ì‡ÍÎÓÌÂÌËfl Ó·ËÚ˚ i = 0° (‚Ë‰ Ò‚ÂıÛ)
ÔÂ‰ÒÚ‡‚ÎÂÌÓ Ì‡ ËÒ. 2. ëÚÂÎÍ‡ Ì‡ ËÒÛÌÍÂ ÛÍ‡-
Á˚‚‡ÂÚ Ì‡Ô‡‚ÎÂÌËÂ ‰‚ËÊÂÌËfl „‡Á‡ ‚ ‰ËÒÍÂ. èÓ-
‰Ó·ÌÓÂ ÓÔËÒ‡ÌËÂ ÔÓˆÂ‰Û˚ ÔÓÒÚÓÂÌËfl ÙË„Û˚
“„Ófl˜ÂÈ ÎËÌËË” Ë ÏÂÚÓ‰‡ ÒËÌÚÂÁ‡ ÍË‚ÓÈ ·ÎÂÒÍ‡
íÑë ‚ ‡ÏÍ‡ı Ú‡ÍÓÈ ÏÓ‰ÂÎË ÔË‚Â‰ÂÌÓ ‚ ‡·ÓÚÂ [8]. 

Ç˚Ò‚Â˜Ë‚‡ÌËÂ ˝ÌÂ„ËË Û‰‡ÌÓÈ ‚ÓÎÌ˚ ÏÓÊÂÚ
ÔÓËÒıÓ‰ËÚ¸ Ì‡ ÔÓ‚ÂıÌÓÒÚË “„Ófl˜ÂÈ ÎËÌËË” Í‡Í
Ì‡ ÙÓÌÚÂ Û‰‡ÌÓÈ ‚ÓÎÌ˚, Ú.Â. ÒÓ ÒÚÓÓÌ˚ Ì‡·Â„‡-
˛˘Â„Ó ÔÓÚÓÍ‡ (·Û‰ÂÏ Ì‡Á˚‚‡Ú¸ ˝ÚÛ ÒÚÓÓÌÛ “Ì‡-
‚ÂÚÂÌÌÓÈ”), Ú‡Í Ë Ò Ó·‡ÚÌÓÈ (“ÔÓ‰‚ÂÚÂÌÌÓÈ”)
ÒÚÓÓÌ˚ ‚ Á‡‚ËÒËÏÓÒÚË ÓÚ ÙËÁË˜ÂÒÍËı Ô‡‡ÏÂÚ-
Ó‚ Ë ÓÔÚË˜ÂÒÍÓÈ ÚÓÎ˘Ë ‚Á‡ËÏÓ‰ÂÈÒÚ‚Û˛˘Ëı ÔÓ-
ÚÓÍÓ‚ (ÒÍÓÓÒÚË, ÔÎÓÚÌÓÒÚË Ë Ô.). ç‡ ËÒ. 2
ÛÒÎÓ‚Ì‡fl „‡ÌËˆ‡ ÏÂÊ‰Û “Ì‡‚ÂÚÂÌÌÓÈ” Ë “ÔÓ‰‚Â-

êËÒ. 2. ëıÂÏ‡ÚË˜ÂÒÍÓÂ ËÁÓ·‡ÊÂÌËÂ ÓÒÌÓ‚Ì˚ı ̋ ÎÂÏÂÌÚÓ‚ íÑë, ËÒÔÓÎ¸ÁÛÂÏ˚ı ‚ ÙÓÚÓÏÂÚË˜ÂÒÍÓÈ ÏÓ‰ÂÎË, ‚ Ó·ËÚ‡Î¸-
ÌÓÈ Ù‡ÁÂ ϕ = 0.8 ÔË Ì‡ÍÎÓÌÂ Ó·ËÚ˚ i = 0° (‚Ë‰ Ì‡ ÒËÒÚÂÏÛ Ò‚ÂıÛ). ëÚÂÎÍ‡ ÛÍ‡Á˚‚‡ÂÚ Ì‡Ô‡‚ÎÂÌËÂ ‰‚ËÊÂÌËfl „‡Á‡ ‚
‰ËÒÍÂ. ÜËÌÓÈ ÎËÌËÂÈ Ó·ÓÁÌ‡˜ÂÌ‡ ÛÒÎÓ‚Ì‡fl „‡ÌËˆ‡ ÏÂÊ‰Û “Ì‡‚ÂÚÂÌÌÓÈ” Ë “ÔÓ‰‚ÂÚÂÌÌÓÈ” ÒÚÓÓÌ‡ÏË “„Ófl˜ÂÈ ÎË-
ÌËË”. 
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ÚÂÌÌÓÈ” ÒÚÓÓÌ‡ÏË “„Ófl˜ÂÈ ÎËÌËË” Ì‡ ÔÓ‚Âı-
ÌÓÒÚË ÛÒÂ˜ÂÌÌÓ„Ó ˝ÎÎËÔÒÓË‰‡ ÔÓÍ‡Á‡Ì‡ ÊËÌÓÈ
ÎËÌËÂÈ. Ç Ì‡¯ÂÈ ÙÓÚÓÏÂÚË˜ÂÒÍÓÈ ÏÓ‰ÂÎË ÔË-
ÌflÚÓ, ˜ÚÓ ÔÎÓ˘‡‰ÍË Ì‡ ÔÓ‚ÂıÌÓÒÚË “„Ófl˜ÂÈ ÎË-
ÌËË” ËÁÎÛ˜‡˛Ú Í‡Í ‡·ÒÓÎ˛ÚÌÓ ˜ÂÌÓÂ ÚÂÎÓ. ùÚÓ
ÔÂ‰ÔÓÎÓÊÂÌËÂ ÒÔ‡‚Â‰ÎË‚Ó ÎË¯¸ ‚ ÒÎÛ˜‡Â, ÍÓ„‰‡
ÓÔÚË˜ÂÒÍ‡fl ÚÓÎ˘‡ “„Ófl˜ÂÈ ÎËÌËË” ·ÓÎ¸¯Â Â‰Ë-
ÌËˆ˚. íÂÏÔÂ‡ÚÛ‡ i-ÓÈ ˝ÎÂÏÂÌÚ‡ÌÓÈ ÔÎÓ˘‡‰ÍË
Ì‡ ÔÓ‚ÂıÌÓÒÚË “„Ófl˜ÂÈ ÎËÌËË” ‚˚˜ËÒÎflÂÚÒfl
‡Á‰ÂÎ¸ÌÓ ‰Îfl Í‡Ê‰ÓÈ ËÁ Â„Ó ÒÚÓÓÌ ÒÓ„Î‡ÒÌÓ ÔË-
ÌflÚÓÈ ‚ ÏÓ‰ÂÎË Á‡‚ËÒËÏÓÒÚË: 

(4)

„‰Â y – ÍÓÓ‰ËÌ‡Ú‡ ‚‰ÓÎ¸ ·ÓÎ¸¯ÓÈ ÓÒË ̋ ÎÎËÔÒÓË‰‡
“„Ófl˜ÂÈ ÎËÌËË”, ‡ 

(5)

èË ÔËÌflÚÓÏ Á‡ÍÓÌÂ ËÁÏÂÌÂÌËfl ÚÂÏÔÂ‡ÚÛ˚ ‚
ÚÓ˜ÍÂ Ò ÍÓÓ‰ËÌ‡ÚÓÈ ymax ÚÂÏÔÂ‡ÚÛ‡ ËÏÂÂÚ Ï‡Í-
ÒËÏ‡Î¸ÌÓÂ ÔË‡˘ÂÌËÂ (Ti(y) = Tmin + Tmax), ‡ ‚ ÚÓ˜-
ÍÂ Ò ÍÓÓ‰ËÌ‡ÚÓÈ ymin ÔË‡˘ÂÌËÂ ÚÂÏÔÂ‡ÚÛ˚
‡‚ÌÓ ÌÛÎ˛ (Ti(y) = Tmin). Ç Í‡˜ÂÒÚ‚Â ÏËÌËÏ‡Î¸ÌÓÈ
ÔËÌËÏ‡ÂÚÒfl Ú‡ ÚÂÏÔÂ‡ÚÛ‡, ÍÓÚÓÛ˛ ËÏÂÎÓ ·˚
‚Â˘ÂÒÚ‚Ó, Ì‡ıÓ‰fl˘ÂÂÒfl Ì‡ ‡ÒÒÚÓflÌËË r ÓÚ ˆÂÌÚ‡
·ÂÎÓ„Ó Í‡ÎËÍ‡ ‚ ÒÓÓÚ‚ÂÚÒÚ‚ËË Ò Á‡ÍÓÌÓÏ ‡ÒÔÂ-
‰ÂÎÂÌËfl ÚÂÏÔÂ‡ÚÛ˚ (3). Ç ÒÎÛ˜‡Â ·ÎËÁÓÒÚË Ô‡-
‡ÏÂÚÓ‚ ymin Ë ymax ËÏÂÂÚ ÏÂÒÚÓ ÒËÚÛ‡ˆËfl, ÍÓ„‰‡
‚˚Ò‚Â˜Ë‚‡ÌËÂ Û‰‡ÌÓÈ ‚ÓÎÌ˚ ÔÓËÒıÓ‰ËÚ ‚ ÌÂ-
·ÓÎ¸¯ÓÈ Ó·Î‡ÒÚË, ÔÓ‰Ó·ÌÓÈ ÍÎ‡ÒÒË˜ÂÒÍÓÏÛ “„Ó-
fl˜ÂÏÛ ÔflÚÌÛ”, ÌÓ ‡ÒÔÓÎÓÊÂÌÌÓÏÛ ÌÂ Ì‡ ‰ËÒÍÂ, ‡
Ì‡ ˜‡ÒÚË ÔÓ‚ÂıÌÓÒÚË “„Ófl˜ÂÈ ÎËÌËË”, ‡ ÓÒÚ‡Î¸-
Ì˚Â ÂÂ ˜‡ÒÚË ÓÒÚ‡˛ÚÒfl Ò‡‚ÌËÚÂÎ¸ÌÓ ıÓÎÓ‰Ì˚ÏË
(T ~ 1500–2000 ä). 

ç‡ ËÒ. 3 ÔÓÍ‡Á‡ÌÓ ‡ÒÔÂ‰ÂÎÂÌËÂ ÚÂÏÔÂ‡ÚÛ-
˚ ÔÎÓ˘‡‰ÓÍ ‚‰ÓÎ¸ ·ÓÎ¸¯ÓÈ ÓÒË ˝ÎÎËÔÒÓË‰‡ “„Ó-
fl˜ÂÈ ÎËÌËË” Ò “Ì‡‚ÂÚÂÌÌÓÈ” (ÍË‚‡fl 1) Ë Ò “ÔÓ‰-
‚ÂÚÂÌÌÓÈ” ÒÚÓÓÌ˚ (ÍË‚‡fl 2). ÅÛÍ‚‡ D ÛÍ‡Á˚‚‡-
ÂÚ y-ÍÓÓ‰ËÌ‡ÚÛ ÚÓ˜ÍË Í‡Ò‡ÌËfl ˝ÎÎËÔÒÓË‰ÓÏ
“„Ófl˜ÂÈ ÎËÌËË” ·ÓÍÓ‚ÓÈ ÔÓ‚ÂıÌÓÒÚË ‡ÍÍÂˆË-
ÓÌÌÓ„Ó ‰ËÒÍ‡, ·ÛÍ‚‡ P – y-ÍÓÓ‰ËÌ‡ÚÛ ÔÓÎ˛Ò‡ ˝ÚÓ-
„Ó ˝ÎÎËÔÒÓË‰‡. Ç ‰‡ÌÌÓÈ ÏÓ‰ÂÎË ‚ ÓÚÎË˜ËÂ ÓÚ ‚‡-
Ë‡ÌÚ‡, ÔÂ‰ÎÓÊÂÌÌÓ„Ó ‚ [8], ÔËÌflÚÓ, ˜ÚÓ Ò‚ÓÂ„Ó
Ï‡ÍÒËÏ‡Î¸ÌÓ„Ó ÁÌ‡˜ÂÌËfl ÚÂÏÔÂ‡ÚÛ‡ Ì‡ “Ì‡‚ÂÚ-
ÂÌÌÓÈ” ÒÚÓÓÌÂ “„Ófl˜ÂÈ ÎËÌËË” Tmax ‰ÓÒÚË„‡ÂÚ ‚
ÚÓ˜ÍÂ Í‡Ò‡ÌËfl ÒÚÛË Ò ·ÓÍÓ‚ÓÈ ÔÓ‚ÂıÌÓÒÚ¸˛ ‰ËÒ-

Í‡ (‚ [8]  ·˚Î Ò‚Ó·Ó‰Ì˚Ï Ô‡‡ÏÂÚÓÏ). å‡Í-
ÒËÏ‡Î¸Ì‡fl ÚÂÏÔÂ‡ÚÛ‡ „Ófl˜ÂÈ ÎËÌËË Ì‡ “ÔÓ‰‚Â-
ÚÂÌÌÓÈ” ÒÚÓÓÌÂ ÒÏÂ˘ÂÌ‡ ‚ ÚÓ˜ÍÛ Ò y-ÍÓÓ‰ËÌ‡-
ÚÓÈ 

(6)

‚ÂÎË˜ËÌ‡ ÒÏÂ˘ÂÌËfl dy – Ò‚Ó·Ó‰Ì˚È Ô‡‡ÏÂÚ Á‡-
‰‡˜Ë. çÂÒÏÓÚfl Ì‡ ÚÓ, ˜ÚÓ ÚÂÏÔÂ‡ÚÛ‡ ‚Â˘ÂÒÚ‚‡
Ò “Ì‡‚ÂÚÂÌÌÓÈ” ÒÚÓÓÌ˚ “„Ófl˜ÂÈ ÎËÌËË” ‚˚¯Â,

Ti y( ) Tmin Tmax
π
2
---∆yi 

  ,cos+=

∆yi

yi ymax–
ymin ymax–
------------------------.=

ymax
1( )

ymax
2( ) ymax

1( ) dy,–=

˜ÂÏ Ò ÂÂ “ÔÓ‰‚ÂÚÂÌÌÓÈ” ÒÚÓÓÌ˚, ÔÎÓ˘‡‰¸ ËÁÎÛ-
˜‡˛˘ÂÈ Ó·Î‡ÒÚË Á‰ÂÒ¸ ‚ ‰‚‡ ‡Á‡ ÏÂÌ¸¯Â, ˜ÂÏ Ò ÂÂ
Ó·‡ÚÌÓÈ ÒÚÓÓÌ˚. äÓÏÂ ˝ÚÓ„Ó, ‚ÂÎË˜ËÌ‡ ‚ÍÎ‡-
‰‡ ËÁÎÛ˜ÂÌËfl Ò “Ì‡‚ÂÚÂÌÌÓÈ” ÒÚÓÓÌ˚ „Ófl˜ÂÈ
ÎËÌËË ‚ ÔÓÎÌ˚È ÔÓÚÓÍ ÓÚ ÒËÒÚÂÏ˚ Á‡‚ËÒËÚ ÌÂ
ÚÓÎ¸ÍÓ ÓÚ ÍÓÌÚ‡ÒÚ‡ ÚÂÏÔÂ‡ÚÛ Ì‡ ÔÓ‚ÂıÌÓÒÚË
ÛÒÂ˜ÂÌÌÓ„Ó ˝ÎÎËÔÒÓË‰‡, ÌÓ Ë ÓÚ ÔÓÎÓÊÂÌËfl ‰ËÒÍ‡
Ë ÍÓÏÔ‡ÍÚÌÓÒÚË Ó·Î‡ÒÚË ‚˚Ò‚Â˜Ë‚‡ÌËfl – Ò‡Ï˚Â
„Ófl˜ËÂ ÔÎÓ˘‡‰ÍË Ì‡ ÔÓ‚ÂıÌÓÒÚË “„Ófl˜ÂÈ ÎË-
ÌËË” Ò “Ì‡‚ÂÚÂÌÌÓÈ” ÒÚÓÓÌ˚ ÏÓ„ÛÚ ·˚Ú¸ Á‡Í˚-
Ú˚ ÓÚ Ì‡·Î˛‰‡ÚÂÎfl ·ÓÍÓ‚ÓÈ ÔÓ‚ÂıÌÓÒÚ¸˛ ‰ËÒÍ‡
ËÎË ÚÂÎÓÏ Á‚ÂÁ‰˚-‰ÓÌÓ‡. 

6. àÒÍÓÏ˚ÏË Ô‡‡ÏÂÚ‡ÏË Á‡‰‡˜Ë fl‚Îfl˛ÚÒfl:
ÓÚÌÓ¯ÂÌËÂ Ï‡ÒÒ ÍÓÏÔÓÌÂÌÚÓ‚ q = Mw/M2 (Mw Ë
M2 – Ï‡ÒÒ˚ ·ÂÎÓ„Ó Í‡ÎËÍ‡ Ë Á‚ÂÁ‰˚-‰ÓÌÓ‡), i –
Ì‡ÍÎÓÌÂÌËÂ Ó·ËÚ˚ ÒËÒÚÂÏ˚, T2 – ˝ÙÙÂÍÚË‚Ì‡fl
ÚÂÏÔÂ‡ÚÛ‡ Á‚ÂÁ‰˚-‰ÓÌÓ‡ ·ÂÁ Û˜ÂÚ‡ ÔÓ„Â‚‡ ÂÂ
ÔÓ‚ÂıÌÓÒÚË „Ófl˜ËÏ ËÁÎÛ˜ÂÌËÂÏ ·ÂÎÓ„Ó Í‡ÎË-
Í‡, Rw Ë Tw – ‡‰ËÛÒ Ë ˝ÙÙÂÍÚË‚Ì‡fl ÚÂÏÔÂ‡ÚÛ‡
·ÂÎÓ„Ó Í‡ÎËÍ‡, Tbw – ÚÂÏÔÂ‡ÚÛ‡ ÔÓ‚ÂıÌÓÒÚÌÓ-
„Ó ÒÎÓfl Ì‡ ˝Í‚‡ÚÓÂ ·ÂÎÓ„Ó Í‡ÎËÍ‡, „‰Â ÔÓËÒıÓ-
‰ËÚ ‡ÍÍÂˆËfl ‚Â˘ÂÒÚ‚‡; Ô‡‡ÏÂÚ˚, ÓÔËÒ˚‚‡˛-
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êËÒ. 3. ê‡ÒÔÂ‰ÂÎÂÌËÂ ÚÂÏÔÂ‡ÚÛ˚ ‚‰ÓÎ¸ ·ÓÎ¸¯ÓÈ
ÓÒË Y ̋ ÎÎËÔÒÓË‰‡, ÓÔËÒ˚‚‡˛˘Â„Ó “„Ófl˜Û˛ ÎËÌË˛”, Ò
“Ì‡‚ÂÚÂÌÌÓÈ” (ÍË‚‡fl 1) Ë Ò “ÔÓ‰‚ÂÚÂÌÌÓÈ” ÒÚÓÓÌ˚
(ÍË‚‡fl 2). ÅÛÍ‚‡ D ÛÍ‡Á˚‚‡ÂÚ y-ÍÓÓ‰ËÌ‡Ú˚ ÚÓ˜ÂÍ
Í‡Ò‡ÌËfl ÚÂÎÓÏ “„Ófl˜ÂÈ ÎËÌËË” ·ÓÍÓ‚ÓÈ ÔÓ‚ÂıÌÓÒÚË
‰ËÒÍ‡, ·ÛÍ‚‡ P – ÍÓÓ‰ËÌ‡ÚÛ y-ÔÓÎ˛Ò‡ ˝ÎÎËÔÒÓË‰‡,
ÓÔËÒ˚‚‡˛˘Â„Ó „Ófl˜Û˛ ÎËÌË˛. áÌ‡˜ÂÌËfl Ï‡ÍÒË-

Ï‡Î¸Ì˚ı ÚÂÏÔÂ‡ÚÛ ÒÓÒÚ‡‚Îfl˛Ú  = 35370 K ‰Îfl

“Ì‡‚ÂÚÂÌÌÓÈ” ÒÚÓÓÌ˚ ÎËÌËË Ë  = 22400 K ‰Îfl

“ÔÓ‰‚ÂÚÂÌÌÓÈ”. è‡‡ÏÂÚ˚ Ó·Î‡ÒÚË ‚˚Ò‚Â˜Ë‚‡ÌËfl:
av  = 0.088a0, bv  = 0.217a0, cv  = 0.014a0, ymin = 0.19a0,
dy = 0.033a0. ÑÛ„ËÂ Ô‡‡ÏÂÚ˚ íÑë ÒÓÓÚ‚ÂÚÒÚ‚Û˛Ú
‚‡Ë‡ÌÚÛ 2 ËÁ Ú‡·Î. 1. 

Tmax
1( )

Tmax
2( )
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ïÛÁËÌ‡ Ë ‰.

˘ËÂ ‡ÁÏÂ˚, ÙË„ÛÛ Ë ÓËÂÌÚ‡ˆË˛ ˝ÎÎËÔÚË˜ÂÒ-
ÍÓ„Ó ‰ËÒÍ‡ – e, a, A, αe; Ë, Ì‡ÍÓÌÂˆ, Ô‡‡ÏÂÚ˚,
ÓÔËÒ˚‚‡˛˘ËÂ ÙË„ÛÛ “„Ófl˜ÂÈ ÎËÌËË” (av, bv, cv),
‡ÒÔÂ‰ÂÎÂÌËÂ ÔÓ Â„Ó ÔÓ‚ÂıÌÓÒÚË ÚÂÏÔÂ‡ÚÛ˚ –
ymin Ë dy (ÒÏ. (5)) Ë ÁÌ‡˜ÂÌËfl Ò‡ÏËı ÚÂÏÔÂ‡ÚÛ Tmax
Í‡Í Ò “Ì‡‚ÂÚÂÌÌÓÈ”, Ú‡Í Ë Ò “ÔÓ‰‚ÂÚÂÌÌÓÈ” ÒÚÓ-
ÓÌ˚. í‡ÍËÏ Ó·‡ÁÓÏ, ÍÓÎË˜ÂÒÚ‚Ó ÌÂËÁ‚ÂÒÚÌ˚ı
Ô‡‡ÏÂÚÓ‚ Á‡‰‡˜Ë ‚ Ó·˘ÂÏ ÒÎÛ˜‡Â ‰ÓÒÚË„‡ÂÚ 17
(‚ ÔÓˆÂÒÒÂ Â¯ÂÌËfl Á‡‰‡˜Ë Ï˚ ËÒÔÓÎ¸ÁÓ‚‡ÎË ‰Îfl
‡ÒÔÂ‰ÂÎÂÌËfl ÚÂÏÔÂ‡ÚÛ˚ ‚‰ÓÎ¸ ‡‰ËÛÒ‡ ‰ËÒÍ‡
ÍÎ‡ÒÒË˜ÂÒÍÛ˛ Á‡‚ËÒËÏÓÒÚ¸ “3/4” [14], ‚ ÔÓÚË‚-
ÌÓÏ ÒÎÛ˜‡Â Ï˚ ·Û‰ÂÏ ËÏÂÚ¸ Â˘Â Ó‰ËÌ Ò‚Ó·Ó‰Ì˚È
Ô‡‡ÏÂÚ). èÓ˝ÚÓÏÛ Í ÔÓˆÂ‰ÛÂ ÓÔÂ‰ÂÎÂÌËfl Ô‡-
‡ÏÂÚÓ‚ íÑë ‚ ÏÓ‰ÂÎË “„Ófl˜ÂÈ ÎËÌËË” ËÏÂÂÚ
ÒÏ˚ÒÎ Ó·‡˘‡Ú¸Òfl ÚÓÎ¸ÍÓ ‚ ÚÂı ÒËÒÚÂÏ‡ı, ‰Îfl
ÓÒÌÓ‚Ì˚ı Ô‡‡ÏÂÚÓ‚ ÍÓÚÓ˚ı – q, i, T2, Tw, Rw, a,
A – ÂÒÚ¸ ÓˆÂÌÍË Ëı ÁÌ‡˜ÂÌËÈ, ÔÓÎÛ˜ÂÌÌ˚Â ËÁ ‰Û-
„Ëı ËÒÚÓ˜ÌËÍÓ‚. 

ÑÎfl ÓˆÂÌÍË Í‡˜ÂÒÚ‚‡ ÓÔËÒ‡ÌËfl Ì‡·Î˛‰‡ÂÏÓÈ
ÍË‚ÓÈ ·ÎÂÒÍ‡ ÒËÒÚÂÏ˚ ‚ ‡ÏÍ‡ı ‚˚·‡ÌÌÓÈ ÏÓ-
‰ÂÎË ÚÂÓÂÚË˜ÂÒÍÓÈ ÍË‚ÓÈ ‚˚˜ËÒÎflÂÚÒfl ÌÂ‚flÁÍ‡
ÒÓ„Î‡ÒÌÓ ÙÓÏÛÎÂ 

(7)

„‰Â  Ë  – Á‚ÂÁ‰Ì˚Â ‚ÂÎË˜ËÌ˚ ‚ j-ÓÈ Ó·Ë-
Ú‡Î¸ÌÓÈ Ù‡ÁÂ, ÔÓÎÛ˜ÂÌÌ˚Â ÚÂÓÂÚË˜ÂÒÍË Ë ËÁ Ì‡-

·Î˛‰ÂÌËÈ ÒÓÓÚ‚ÂÚÒÚ‚ÂÌÌÓ,  – ‰ËÒÔÂÒËfl Ì‡·Î˛-
‰ÂÌËÈ ‚ j-ÓÈ ÚÓ˜ÍÂ, n – ˜ËÒÎÓ ÚÓ˜ÂÍ Ì‡ ÍË‚ÓÈ. 

ÑÎfl Â¯ÂÌËfl Ó·‡ÚÌÓÈ Á‡‰‡˜Ë Ì‡ıÓÊ‰ÂÌËfl Ô‡-
‡ÏÂÚÓ‚ ÏÓ‰ÂÎË ËÁ ÍË‚ÓÈ ·ÎÂÒÍ‡ íÑë ËÒÔÓÎ¸-
ÁÛÂÚÒfl ÏÂÚÓ‰ çÂÎ‰Â‡–åË‰‡ ÏËÌËÏËÁ‡ˆËË ÙÛÌÍ-
ˆËÓÌ‡Î‡ ÌÂ‚flÁÍË χ2 [15]. èËÌflÚÓ Ò˜ËÚ‡Ú¸ Â¯Â-
ÌËÂÏ Á‡‰‡˜Ë ËÎË Ó·Î‡ÒÚ¸˛ ‰Ó‚ÂËÚÂÎ¸Ì˚ı
ÁÌ‡˜ÂÌËÈ ÔÓÎÛ˜ÂÌÌ˚ı Ô‡‡ÏÂÚÓ‚ Ú‡ÍÓÈ Ëı Ì‡-
·Ó, ÔË ÍÓÚÓÓÏ ÔÓÎÛ˜ÂÌÌ‡fl ‚ ÂÁÛÎ¸Ú‡ÚÂ ÏÂÚÓ-
‰‡ ÏËÌËÏËÁ‡ˆËË ÌÂ‚flÁÍ‡ ÓÍ‡Á˚‚‡ÂÚÒfl ÌËÊÂ ÍË-
ÚË˜ÂÒÍÓ„Ó ÛÓ‚Ìfl ÁÌ‡˜ËÏÓÒÚË ‡ÒÔÂ‰ÂÎÂÌËfl

. á‰ÂÒ¸ η – ‚˚·‡ÌÌ‡fl ‚ÂÓflÚÌÓÒÚ¸ ÓÚ·ÓÒËÚ¸
‚ÂÌÓÂ Â¯ÂÌËÂ, N – ÍÓÎË˜ÂÒÚ‚Ó ÌÓÏ‡Î¸Ì˚ı ÚÓ-
˜ÂÍ Ì‡ ÍË‚ÓÈ ·ÎÂÒÍ‡. Ç ÚÓÏ ÒÎÛ˜‡Â, ÂÒÎË ÌË Ó‰ÌÓ
ËÁ ÔÓÎÛ˜ÂÌÌ˚ı Â¯ÂÌËÈ ÌÂ ÓÍ‡Á˚‚‡ÂÚÒfl ÌËÊÂ ‚˚-

·‡ÌÌÓ„Ó ÍËÚË˜ÂÒÍÓ„Ó ÛÓ‚Ìfl ÁÌ‡˜ËÏÓÒÚË ,
ÓˆÂÌÍÛ ‚ÎËflÌËfl Ì‡ Â¯ÂÌËÂ Á‡‰‡˜Ë ËÁÏÂÌÂÌËfl ÚÓ-
„Ó ËÎË ËÌÓ„Ó Ô‡‡ÏÂÚ‡ ÏÓÊÌÓ ÔÓÎÛ˜ËÚ¸, Á‡‰‡‚
‚ÏÂÒÚÓ ÍËÚË˜ÂÒÍÓÈ ÌÂÍÓÚÓÛ˛ ÛÒÎÓ‚ÌÛ˛ „‡ÌË-
ˆÛ ÌÂ‚flÁÍË, Û‚ÂÎË˜Ë‚, Ì‡ÔËÏÂ Ì‡ 10%, ÁÌ‡˜ÂÌËÂ
ÔÓÎÛ˜ÂÌÌÓÈ ÏËÌËÏ‡Î¸ÌÓÈ ÌÂ‚flÁÍË. 

ÑÂÚ‡Î¸ÌÓÂ ÓÔËÒ‡ÌËÂ ÏÂÚÓ‰‡ ÒËÌÚÂÁ‡, ÏÂÚÓ‰‡
Â¯ÂÌËfl Ó·‡ÚÌÓÈ Á‡‰‡˜Ë Ë ÂÁÛÎ¸Ú‡Ú˚ ÌÂÍÓÚÓ-
˚ı ÏÓ‰ÂÎ¸Ì˚ı ‡Ò˜ÂÚÓ‚ ÔË‚Â‰ÂÌ˚ ‚ ‡·ÓÚÂ [8]. 
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4. é·˘ËÂ Ò‚Â‰ÂÌËfl Ó ÒËÒÚÂÏÂ IP Peg 

ä‡ÎËÍÓ‚˚Â ÌÓ‚˚Â ÔÂ‰ÒÚ‡‚Îfl˛Ú ÒÓ·ÓÈ ÔÓ‰-
ÍÎ‡ÒÒ Í‡Ú‡ÍÎËÁÏË˜ÂÒÍËı ÔÂÂÏÂÌÌ˚ı, ÔÓÍ‡Á˚‚‡-
˛˘Ëı ÍÓÓÚÍËÂ ‚ÒÔ˚¯ÍË ‰ÎËÚÂÎ¸ÌÓÒÚ¸˛ ‚ ÌÂ-
ÒÍÓÎ¸ÍÓ ‰ÌÂÈ, ‚Ó ‚ÂÏfl ÍÓÚÓ˚ı Ò‚ÂÚËÏÓÒÚ¸ ÒËÒ-
ÚÂÏ˚ Û‚ÂÎË˜Ë‚‡ÂÚÒfl Ì‡ 3–5m. ÇÒÔ˚¯ÍË ÏÓ„ÛÚ
ÔÓ‚ÚÓflÚ¸Òfl Í‡Í ˜ÂÂÁ ÌÂÒÍÓÎ¸ÍÓ ÌÂ‰ÂÎ¸, Ú‡Í Ë
˜ÂÂÁ ÌÂÒÍÓÎ¸ÍÓ ÎÂÚ ‚ Á‡‚ËÒËÏÓÒÚË ÓÚ ÚËÔ‡ ÒËÒÚÂ-
Ï˚. 

èÂÂÏÂÌÌÓÒÚ¸ IP Peg ·˚Î‡ Ó·Ì‡ÛÊÂÌ‡ ãËÔÓ-
‚ÂˆÍËÏ Ë ëÚÂÔ‡ÌflÌÓÏ [16]. ÉÓ‡ÌÒÍËÈ Ë ‰. [17]
ÔÓÍ‡Á‡ÎË, ˜ÚÓ ÒËÒÚÂÏ‡ fl‚ÎflÂÚÒfl Á‡ÚÏÂÌÌÓÈ Í‡ÎË-

ÍÓ‚ÓÈ ÌÓ‚ÓÈ Ò ÔÂËÓ‰ÓÏ P = 3 8, ÔÓÍ‡Á˚‚‡˛˘ÂÈ
ÓÒÚ˚Â Ë „ÎÛ·ÓÍËÂ Á‡ÚÏÂÌËfl, ‡ Ú‡ÍÊÂ ‚˚‡ÊÂÌ-
Ì˚È Ó·ËÚ‡Î¸Ì˚È „Ó· Ì‡ ÍË‚ÓÈ ·ÎÂÒÍ‡. ÇÓ
‚ÒÔ˚¯Í‡ı, ÔÓ‚ÚÓfl˛˘ËıÒfl Ò ËÌÚÂ‚‡ÎÓÏ
~100 ‰ÌÂÈ, flÍÓÒÚ¸ IP Peg Û‚ÂÎË˜Ë‚‡ÂÚÒfl ÔËÏÂ-

ÌÓ Ì‡ 2 5, ÂÂ ‚ÌÂÁ‡ÚÏÂÌÌ‡fl V-‚ÂÎË˜ËÌ‡ ÏÂÌflÂÚÒfl

ÓÚ 14 7 ‚ ÌÂ‡ÍÚË‚ÌÓÏ ÒÓÒÚÓflÌËË (‚ÌÂ Á‡ÚÏÂÌËfl)

‰Ó ~12 3 ‚Ó ‚ÂÏfl ‚ÒÔ˚¯ÂÍ. 

êÂÁÛÎ¸Ú‡Ú˚ ÙÓÚÓÏÂÚË˜ÂÒÍËı Ì‡·Î˛‰ÂÌËÈ IP
Peg ÔË‚Â‰ÂÌ˚ ‚ ‡·ÓÚ‡ı [18–23]. ëÔÂÍÚ‡Î¸Ì˚Â
Ì‡·Î˛‰ÂÌËfl ÒËÒÚÂÏ˚ ·˚ÎË ‚˚ÔÓÎÌÂÌ˚ ‚ ‡·ÓÚ‡ı
[24–27]. Ç ÌÂ‰‡‚ÌËı ÒÔÂÍÚ‡Î¸Ì˚ı Ì‡·Î˛‰ÂÌËflı
ÒËÒÚÂÏ˚ [28, 29] ·˚ÎÓ Ó·Ì‡ÛÊÂÌÓ ËÁÎÛ˜ÂÌËÂ ‚
·‡Î¸ÏÂÓ‚ÒÍËı ˝ÏËÒÒËÓÌÌ˚ı ÎËÌËflı, ÔËıÓ‰fl˘ÂÂ
ËÁ ‡ÈÓÌÓ‚ ÔÓÎ˛ÒÓ‚ Á‚ÂÁ‰˚-‰ÓÌÓ‡ Ë ‚ÓÁÌËÍ‡˛-
˘ÂÂ ‚ÒÎÂ‰ÒÚ‚ËÂ ÔÓ„Â‚‡ ÂÂ ÔÓ‚ÂıÌÓÒÚË „Ófl˜ËÏ
ËÁÎÛ˜ÂÌËÂÏ ·ÂÎÓ„Ó Í‡ÎËÍ‡. ùÚË ÒÔÂÍÚ‡Î¸Ì˚Â
Ì‡·Î˛‰ÂÌËfl Ú‡ÍÊÂ ‰‡˛Ú ÌÂÍÓÚÓ˚Â ÛÍ‡Á‡ÌËfl Ì‡
‚ÓÁÏÓÊÌÓÒÚ¸ ÒÛ˘ÂÒÚ‚Ó‚‡ÌËfl ÒÔË‡Î¸Ì˚ı ‚ÓÎÌ ‚
‡ÍÍÂˆËÓÌÌÓÏ ‰ËÒÍÂ ‚Ó ‚ÂÏfl ‚ÒÔ˚¯ÍË ÒËÒÚÂÏ˚. 

ÇÚÓË˜Ì‡fl Á‚ÂÁ‰‡ ÔÓfl‚ÎflÂÚ ÒÂ·fl ˝ÎÎËÔÒÓË-
‰‡Î¸ÌÓÈ ÔÂÂÏÂÌÌÓÒÚ¸˛, ıÓÓ¯Ó ‚Ë‰ËÏÓÈ ‚ àä-
Ó·Î‡ÒÚË ÒÔÂÍÚ‡. èÓ ËÌÙ‡Í‡ÒÌÓÈ K-ÍË‚ÓÈ
·ÎÂÒÍ‡ IP Peg òÍÓ‰Ë Ë å‡ÚÂÓ [18] ÔÓÎÛ˜ËÎË ÓˆÂÌ-
ÍË Ì‡ Ì‡ÍÎÓÌÂÌËÂ Ó·ËÚ˚ ÒËÒÚÂÏ˚ (i ~ 75°) Ë ‡Ò-
ÒÚÓflÌËÂ ‰Ó ÌÂÂ (d ~ 130–142 ÔÍ). ëÔÂÍÚ‡Î¸Ì˚È
ÍÎ‡ÒÒ ‚ÚÓË˜ÌÓÈ ÍÓÏÔÓÌÂÌÚ˚ ÓÌË ÓˆÂÌËÎË ÔÓ ÔÓ-
Í‡Á‡ÚÂÎflÏ ̂ ‚ÂÚ‡ Í‡Í M4V. èÓ ÒÓÓÚÌÓ¯ÂÌË˛ “Ï‡Ò-
Ò‡ – ‡‰ËÛÒ” ÏÓÊÌÓ Á‡ÍÎ˛˜ËÚ¸, ˜ÚÓ Á‚ÂÁ‰‡ ÎÂÊËÚ
‚·ÎËÁË „Î‡‚ÌÓÈ ÔÓÒÎÂ‰Ó‚‡ÚÂÎ¸ÌÓÒÚË. 

ÇÛ‰ Ë äÓÛÙÓ‰ [19] ÔÓ ‚˚ÒÓÍÓÒÍÓÓÒÚÌÓÈ ÙÓ-
ÚÓÏÂÚËË IP Peg ‚ ÏÓÏÂÌÚ˚ „Î‡‚ÌÓ„Ó ÏËÌËÏÛÏ‡ ËÁ
ÔÓ‰ÓÎÊËÚÂÎ¸ÌÓÒÚË ‚ıÓ‰‡ Ë ‚˚ıÓ‰‡ ÍÓÏÔÓÌÂÌÚÓ‚
ÒËÒÚÂÏ˚ ËÁ Á‡ÚÏÂÌËÈ Í‡ÒÌ˚Ï Í‡ÎËÍÓÏ ÓÔÂ‰Â-
ÎËÎË ÓÚÌÓ¯ÂÌËÂ Ï‡ÒÒ ÍÓÏÔÓÌÂÌÚÓ‚ 2.04 < q < 2.86
Ë Ì‡ÍÎÓÌÂÌËÂ Ó·ËÚ˚ 80 9 < i < 90°. èË ˝ÚÓÏ q .
. 2.04 ÔË i . 80 9 ÓÌË ÒÓ˜ÎË ·ÓÎÂÂ ÔÂ‰ÔÓ˜ÚË-
ÚÂÎ¸Ì˚Ï. 

å‡˜ [24] ÔÓ Ì‡·Î˛‰ÂÌËflÏ ÒËÒÚÂÏ˚ ‚ ÌÂ‡ÍÚË‚-
ÌÓÈ ÒÚ‡‰ËË ‚ ÎËÌËflı Hβ Ë Hγ ÔÓÎÛ˜ËÎ ‰Îfl ÔÓÎÛ‡ÏÔ-
ÎËÚÛ‰ ÍË‚˚ı ÎÛ˜Â‚˚ı ÒÍÓÓÒÚÂÈ ÍÓÏÔÓÌÂÌÚÓ‚
ÁÌ‡˜ÂÌËfl Kw = 173 ± 17 ÍÏ/Ò ‰Îfl ·ÂÎÓ„Ó Í‡ÎËÍ‡ Ë
K2 = 301 ± 19 ÍÏ/Ò ‰Îfl ‚ÚÓË˜ÌÓÈ ÔÓ ‡·ÒÓ·ˆËÓÌ-
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Ì˚Ï ÎËÌËflÏ. èË ÓÔÂ‰ÂÎÂÌËË ÔÓÒÎÂ‰ÌÂÈ ·˚ÎÓ
Û˜ÚÂÌÓ ‚ÓÁÏÓÊÌÓÂ ÒÏÂ˘ÂÌËÂ ˆÂÌÚ‡ ‡·ÒÓ·ˆËÓÌ-
Ì˚ı ÎËÌËÈ Á‡ Ò˜ÂÚ ÔÓ„Â‚‡ Á‚ÂÁ‰˚-‰ÓÌÓ‡ ËÁÎÛ-
˜ÂÌËÂÏ ËÁ ‚ÌÛÚÂÌÌËı ‡ÈÓÌÓ‚ ‰ËÒÍ‡. Ç ÂÁÛÎ¸Ú‡-
ÚÂ ÓÚÌÓ¯ÂÌËÂ Ï‡ÒÒ ÍÓÏÔÓÌÂÌÚÓ‚ ÓÍ‡Á‡ÎÓÒ¸ ÌÂ-
ÒÍÓÎ¸ÍÓ ÌËÊÂ ÚÓ„Ó ÁÌ‡˜ÂÌËfl, ˜ÚÓ ÔÓÎÛ˜ËÎË ÇÛ‰ Ë
äÓÛÙÓ‰ [19], ‡ ËÏÂÌÌÓ q . 1.67 ± 0.1. ÑÎfl Ì‡ÍÎÓ-
ÌÂÌËfl Ó·ËÚ˚ ·˚ÎÓ ÔÓÎÛ˜ÂÌÓ i = 79° ± 0°.9; ‡Ò-
ÒÚÓflÌËÂ ÏÂÊ‰Û ÍÓÏÔÓÌÂÌÚ‡ÏË a0/R( = 1.50 ± 0.08,
Ï‡ÒÒ˚ Ë ‡‰ËÛÒ˚ ÍÓÏÔÓÌÂÌÚÓ‚ Mw/M( = 1.14 ±
± 0.15, M2/M( = 0.67 ± 0.12, Rw/R( = 0.0058 ± 0.0021,
R2/R( = 0.498 ± 0.032. ÑÎfl ÚÂÏÔÂ‡ÚÛ˚ ·ÂÎÓ„Ó
Í‡ÎËÍ‡ ÔÓ ‚ÂÎË˜ËÌÂ ËÁÏÂÌÂÌËfl ÔÓÚÓÍ‡ ÔË Â„Ó
‚˚ıÓ‰Â ËÁ Á‡ÚÏÂÌËfl ÔÓÎÛ˜ÂÌ‡ ÓˆÂÌÍ‡ Tw ≤ 15000 K.
å‡ÚËÌ Ë ‰. [26] ‰Îfl ÔÓÎÛ‡ÏÔÎËÚÛ‰˚ ÍË‚ÓÈ ÎÛ-
˜Â‚˚ı ÒÍÓÓÒÚÂÈ ‚ÚÓË˜ÌÓÈ ÍÓÏÔÓÌÂÌÚ˚ ÔÓ ÎË-
ÌËË HeI ÔÓÎÛ˜ËÎË ˜ÂÂÁ ÌÂÒÍÓÎ¸ÍÓ ‰ÌÂÈ ÔÓÒÎÂ
‚ÒÔ˚¯ÍË ÁÌ‡˜ÂÌËÂ K2 = 298 ± 8 ÍÏ/Ò. éÔÂ‰ÂÎÂÌ-
Ì˚Â ËÏË Ô‡‡ÏÂÚ˚ ÍÓÏÔÓÌÂÌÚ ÓÍ‡Á‡ÎËÒ¸ ·ÎËÁÍË
Í ÂÁÛÎ¸Ú‡Ú‡Ï å‡˜‡ [24]: q = 1.70 ± 0.11, i > 68°,
K2 = 298 ± 8 ÍÏ/Ò, Mw/M( = 1.15 ± 0.10, M2/M( =
= 0.67 ± 0.08, R2/R( = 0.502 ± 0.024. 

ÇÓÎ¸Ù Ë ‰. [21] Á‡ÙËÍÒËÓ‚‡ÎË ÁÌ‡˜ËÚÂÎ¸ÌÓÂ
ËÁÏÂÌÂÌËÂ ‡‰ËÛÒ‡ ‰ËÒÍ‡ ‚Ó ‚ÂÏfl ‚ÒÔ˚¯ÍË. ÑÓ
‚ÒÔ˚¯ÍË ‡‰ËÛÒ ‰ËÒÍ‡ ‰Ó‚ÓÎ¸ÌÓ Ï‡Î (Rd ~ 0.24a0),
Ì‡ ÒÔ‡‰‡˛˘ÂÈ ‚ÂÚ‚Ë ÔÓÒÎÂ Ï‡ÍÒËÏÛÏ‡ ‚ÒÔ˚¯ÍË
‡‰ËÛÒ ‰ËÒÍ‡ Û‚ÂÎË˜ËÎÒfl ‰Ó ~0.37a0, Ë ÔÓÒÚÂÔÂÌÌÓ
ÛÔ‡Î ‰Ó ~0.26a0. èÓÒÎÂ ‚ÚÓÓÈ ‚ÒÔ˚¯ÍË ‡‰ËÛÒ
‰ËÒÍ‡ ÓÔflÚ¸ ‚˚ÓÒ ‰Ó ~0.34a0, ‡ ˜ÂÂÁ ÌÂÒÍÓÎ¸ÍÓ
‰ÌÂÈ Â„Ó ÁÌ‡˜ÂÌËÂ ÛÏÂÌ¸¯ËÎÓÒ¸ ‰Ó ~0.28a0. àÒ-
ÒÎÂ‰Ó‚‡ÌËÂ ‡ÒÔÂ‰ÂÎÂÌËfl ÚÂÏÔÂ‡ÚÛ˚ ‚Â˘ÂÒÚ-
‚‡ ‚‰ÓÎ¸ ‡‰ËÛÒ‡ ‰ËÒÍ‡ ‚Ó ‚ÂÏfl ‚ÒÔ˚¯ÍË ÔÓÍ‡Á‡-
ÎÓ, ˜ÚÓ ÔÓÙËÎ¸ ÚÂÏÔÂ‡ÚÛ˚ ‰Ó‚ÓÎ¸ÌÓ ÔÓÎÓ„ËÈ
Ë ÎË¯¸ Ì‡ Í‡˛ ‰ËÒÍ‡ ÒÓÓÚ‚ÂÚÒÚ‚ÛÂÚ Á‡‚ËÒËÏÓÒÚË
“3/4”. Ç ÌÂ‡ÍÚË‚ÌÓÏ ÒÓÒÚÓflÌËË ËÁÏÂÌÂÌËÂ ÚÂÏÔÂ-
‡ÚÛ˚ ·ÎËÁÍÓ Í ÍÎ‡ÒÒË˜ÂÒÍÓÈ Á‡‚ËÒËÏÓÒÚË “3/4”.
íÂÏÔÂ‡ÚÛ‡ ‰ËÒÍ‡ ‚Ó ‚ÂÏfl ‚ÒÔ˚¯ÍË ÒÓÒÚ‡‚ÎflÎ‡
~8000 ä ‚Ó ‚ÌÛÚÂÌÌËı Ó·Î‡ÒÚflı, Ë ~4500 ä Ì‡
Í‡˛ ‰ËÒÍ‡ [23]. àÒÒÎÂ‰Ó‚‡ÌËfl îÓÌËÌ„‡ Ë ‰.
[30] ÔÓ Ì‡·Î˛‰ÂÌËflÏ ÒËÒÚÂÏ˚ ‚ àä-‰Ë‡Ô‡ÁÓÌÂ
(1.45–1.85 ÏÍÏ) ‚ ÌÂ‡ÍÚË‚ÌÓÏ ÒÓÒÚÓflÌËË ÔÓÍ‡Á‡-
ÎË, ˜ÚÓ ÓÒÌÓ‚Ì‡fl ˜‡ÒÚ¸ ‰ËÒÍ‡ ËÏÂÂÚ ÔÓÎÓ„ÓÂ ‡Ò-
ÔÂ‰ÂÎÂÌËÂ ÔÓ‚ÂıÌÓÒÚÌÓÈ flÍÓÒÚË Ë ÌËÁÍÛ˛ fl-
ÍÓÒÚÌÛ˛ ÚÂÏÔÂ‡ÚÛÛ (~3000 K). ê‡‰ËÛÒ ‰ËÒÍ‡, ÓÔ-
Â‰ÂÎÂÌÌ˚È ÔÓ Ì‡·Î˛‰ÂÌËflÏ ‚ ˝ÚÓÈ Ó·Î‡ÒÚË
ÒÔÂÍÚ‡, ÒÓÒÚ‡‚ÎflÂÚ Rd ~ 0.32a0. 

äË‚‡fl ·ÎÂÒÍ‡ ÒËÒÚÂÏ˚ ÔÓÍ‡Á˚‚‡ÂÚ ‚˚‡ÊÂÌ-
Ì˚È ÔÂ‰Á‡ÚÏÂÌÌ˚È „Ó· Ò ‡ÏÔÎËÚÛ‰ÓÈ ∆B ~ 1m

[17], ÍÓÚÓ˚È Ì‡˜ËÌ‡ÂÚÒfl ‚·ÎËÁË Ó·ËÚ‡Î¸ÌÓÈ
Ù‡Á˚ ϕ ~ 0.65 Ò Ï‡ÍÒËÏÛÏÓÏ Ì‡ Ù‡Á‡ı ϕ ~ 0.8–0.9.
ùÚÓÚ „Ó· ÔËÌflÚÓ Ò‚flÁ˚‚‡Ú¸ Ò ËÁÎÛ˜ÂÌËÂÏ “„Ófl-
˜Â„Ó ÔflÚÌ‡” Ì‡ „‡ÌËˆÂ ‰ËÒÍ‡. Ç ÎËÌËflı ÓÌ ‚˚‡-
ÊÂÌ „Ó‡Á‰Ó ÏÂÌ¸¯Â, ˜ÂÏ ‚ ÍÓÌÚËÌÛÛÏÂ. äË‚‡fl
·ÎÂÒÍ‡, ÔÓÒÚÓÂÌÌ‡fl ÔÓ ˝ÏËÒÒËÓÌÌ˚Ï ÎËÌËflÏ, ÔÓ-
Í‡Á˚‚‡ÂÚ ÔÓ˜ÚË V-Ó·‡ÁÌÛ˛ ÙÓÏÛ Á‡ÚÏÂÌËfl ‡Í-
ÍÂˆËÓÌÌÓ„Ó ‰ËÒÍ‡ ÚÂÎÓÏ ‚ÚÓË˜ÌÓÈ Á‚ÂÁ‰˚. ÑÎfl
ÒÂ‰ÌÂÈ ÚÂÏÔÂ‡ÚÛ˚ ÍÎ‡ÒÒË˜ÂÒÍÓ„Ó “„Ófl˜Â„Ó
ÔflÚÌ‡” ÔÓÎÛ˜ÂÌ‡ ÓˆÂÌÍ‡ 11000–13000 ä [24].
òÍÓ‰Ë [32] ÔÓ IUE-ÒÔÂÍÚ‡Ï ÔÓÎÛ˜ËÎ‡ ‰Îfl ÔflÚÌ‡

·ÓÎÂÂ ‚˚ÒÓÍÛ˛ ˜ÂÌÓÚÂÎ¸ÌÛ˛ ÚÂÏÔÂ‡ÚÛÛ
~20000 ä. ÇÂÚËÍ‡Î¸Ì˚È ‡ÁÏÂ „Ófl˜Â„Ó ÔflÚÌ‡
ÔËÏÂÌÓ ‚ ‰‚‡ ‡Á‡ ·ÓÎ¸¯Â ÚÓÎ˘ËÌ˚ ‚ÌÂ¯ÌÂ„Ó
Í‡fl ‰ËÒÍ‡ ‰Îfl ÔËÌflÚÓÈ ÚÂÏÔÂ‡ÚÛ˚ ÔflÚÌ‡ Tsp =
= 12000 ä. å‡ÍÒËÏÛÏ „Ó·‡ ÔËıÓ‰ËÚÒfl Ì‡ Ù‡ÁÛ
ϕ ~ 0.85, ̋ ÚÓ ÓÁÌ‡˜‡ÂÚ, ̃ ÚÓ ÎËÌËfl Û‰‡ÌÓ„Ó ÙÓÌÚ‡
ÌÂ ÔÂÔÂÌ‰ËÍÛÎflÌ‡ ÌË „‡ÁÓ‚ÓÏÛ ÔÓÚÓÍÛ (ÔÂ‰ÒÍ‡-
Á‡ÌÌ˚È Ï‡ÍÒËÏÛÏ ‡ÒÔÓÎÓÊÂÌ Ì‡ Ù‡ÁÂ ϕ ~ 0.78), ÌË
‰ËÒÍÛ (ϕ ~ 0.95), ‡ ÎÂÊËÚ „‰Â-ÚÓ ÔÓÒÂÂ‰ËÌÂ.
ÇÓÎ¸Ù Ë ‰. [33] Á‡ÙËÍÒËÓ‚‡ÎË Ì‡ ÍË‚ÓÈ ·ÎÂÒÍ‡
‚ ÌÂ‡ÍÚË‚ÌÓÏ ÒÓÒÚÓflÌËË ÒËÒÚÂÏ˚, Ì‡fl‰Û Ò ÓÒÌÓ‚-
Ì˚Ï Ó·ËÚ‡Î¸Ì˚Ï „Ó·ÓÏ, ‚ÚÓÓÈ „Ó· ‚·ÎËÁË
Ù‡Á˚ ϕ ~ 0.4 Ò ‡ÏÔÎËÚÛ‰ÓÈ ‚ ‰‚‡ ‡Á‡ ÏÂÌ¸¯Â
ÔÂ‚Ó„Ó „Ó·‡, ÍÓÚÓ˚È ÓÌË Ó·˙flÒÌËÎË ËÁÎÛ˜ÂÌË-
ÂÏ “„Ófl˜Â„Ó ÔflÚÌ‡” Ì‡‰ ‚ÂıÌËÏ Í‡ÂÏ ‰ËÒÍ‡.
Ç àä-‰Ë‡Ô‡ÁÓÌÂ ‡ÁËÏÛÚ “„Ófl˜Â„Ó ÔflÚÌ‡” ÓÚÎË˜‡-
ÂÚÒfl Ë ÓÚ ÚÓ„Ó ÁÌ‡˜ÂÌËfl, ˜ÚÓ Á‡‰‡ÂÚÒfl ÚÂÓÂÚË˜ÂÒ-
ÍÓÈ Ú‡ÂÍÚÓËÂÈ „‡ÁÓ‚Ó„Ó ÔÓÚÓÍ‡, Ë ÓÚ ‡ÁËÏÛÚ‡
“„Ófl˜Â„Ó ÔflÚÌ‡” ‚ ÓÔÚË˜ÂÒÍÓÏ ‰Ë‡Ô‡ÁÓÌÂ [30]. 

ëÔÂÍÚÓÒÍÓÔËfl IP Peg Ò ‚˚ÒÓÍËÏ ‚ÂÏÂÌÌ Ï
‡ÁÂ¯ÂÌËÂÏ ÔÓÍ‡Á˚‚‡ÂÚ ÔËÒÛÚÒÚ‚ËÂ ‚ ÔÂËÓ‰
‚ÒÔ˚¯ÍË ÍÛÔÌÓÏ‡Ò¯Ú‡·ÌÓÈ flÍÓÈ ‡ÁËÏÛÚ‡Î¸-
ÌÓÈ ÒÚÛÍÚÛ˚ ‚Ó ‚ÌÂ¯ÌËı ˜‡ÒÚflı ‰ËÒÍ‡ [27, 29,
35–38]. ÄÌ‡ÎËÁ ‰ÓÔÔÎÂÓ‚ÒÍËı ÚÓÏÓ„‡ÏÏ IP Peg
‰‡ÂÚ ÓÒÌÓ‚‡ÌËfl ÔÂ‰ÔÓÎ‡„‡Ú¸, ˜ÚÓ ˝ÚË Ó·‡ÁÓ‚‡-
ÌËfl fl‚Îfl˛ÚÒfl ÒÔË‡Î¸Ì˚ÏË ‚ÓÎÌ‡ÏË ‚ ‡ÍÍÂˆËÓÌ-
ÌÓÏ ‰ËÒÍÂ, ÍÓÚÓ˚Â ·˚ÎË ÓÚÍ˚Ú˚ ‚ ‡·ÓÚÂ ë‡-
‚‡‰˚ Ë ‰. [34]. éÚÏÂÚËÏ, ˜ÚÓ ÒÔÂÍÚ˚, ÔÓÎÛ˜ÂÌ-
Ì˚Â ‚ ÍÓÌˆÂ ‚ÒÔ˚¯ÍË ËÎË ÊÂ ‚ ÌÂ‡ÍÚË‚ÌÓÏ
ÒÓÒÚÓflÌËË, ÒÔË‡Î¸Ì˚ı ‚ÓÎÌ ÌÂ ÔÓÍ‡Á˚‚‡˛Ú. åÓ-
‡ÎÂÒ Ë ‰. [38] ‚Ó ‚ÂÏfl ‚ÒÔ˚¯ÍË, Ì‡fl‰Û ÒÓ ÒÔË-
‡Î¸ÌÓÈ ÒÚÛÍÚÛÓÈ ‚ ‰ËÒÍÂ, Ó·Ì‡ÛÊËÎË Ì‡ÎË˜ËÂ
‚ ÒËÒÚÂÏÂ ÍÛÔÌÓÏ‡Ò¯Ú‡·ÌÓÈ ‡ÒËÏÏÂÚËË ÔË-
ÏÂÌÓ Ì‡ ÎËÌËË, ÒÓÂ‰ËÌfl˛˘ÂÈ ÍÓÏÔÓÌÂÌÚ˚. ùÚÓ
ÔÓfl‚ÎflÂÚÒfl ‚ ÒÏÂ˘ÂÌËË Á‡ÚÏÂÌËÈ ˝ÏËÒÒËÓÌÌ˚ı
ÎËÌËÈ Ì‡ 0.015–0.045 ‰ÓÎÂÈ Ó·ËÚ‡Î¸ÌÓ„Ó ÔÂËÓ-
‰‡ ‚ÔÂÂ‰ Ì‡ ·ÓÎÂÂ ‡ÌÌËÂ Ù‡Á˚, ̃ ÂÏ Á‡ÚÏÂÌËÂ ·Â-
ÎÓ„Ó Í‡ÎËÍ‡. í‡ÍÓÈ ‡ÒËÏÏÂÚË˜ÌÓÈ ÒÚÛÍÚÛÓÈ
ÏÓÊÂÚ ·˚Ú¸ Ó·Î‡ÒÚ¸ “„Ófl˜ÂÈ ÎËÌËË”, ‡ÒÔÓÎÓ-
ÊÂÌÌ‡fl Í‡Í ‡Á ÏÂÊ‰Û ÍÓÏÔÓÌÂÌÚ‡ÏË ÒËÒÚÂÏ˚. 

5. ÄÌ‡ÎËÁ ÍË‚ÓÈ ·ÎÂÒÍ‡ IP Peg 
‚ ÙËÎ¸ÚÂ V 

5.1. åÓ‰ÂÎ¸ “„Ófl˜ÂÈ ÎËÌËË” ‰Îfl ÌÂ‡ÍÚË‚ÌÓ„Ó 
ÒÓÒÚÓflÌËfl IP Peg

ÑÎfl ÔÓ‚ÂÍË ‡‰ÂÍ‚‡ÚÌÓÒÚË ÔËÏÂÌÂÌËfl ÏÓ‰Â-
ÎË “„Ófl˜ÂÈ ÎËÌËË” Í ‰‡ÌÌÓÈ ÒËÒÚÂÏÂ ‚ ÌÂ‡ÍÚË‚-
ÌÓÏ ÒÓÒÚÓflÌËË ·ÎÂÒÍ‡ Ï˚ ËÒÔÓÎ¸ÁÓ‚‡ÎË ÍË‚Û˛
·ÎÂÒÍ‡ IP Peg ‚ ÙËÎ¸ÚÂ V, ÔÓÎÛ˜ÂÌÌÛ˛ ‚ ‡ÏÍ‡ı
ÏÂÊ‰ÛÌ‡Ó‰ÌÓÈ Í‡ÏÔ‡ÌËË ÔÓ Ì‡·Î˛‰ÂÌËflÏ Í‡-
ÎËÍÓ‚˚ı ÌÓ‚˚ı [22]. äË‚‡fl Ó·˙Â‰ËÌflÂÚ Ì‡·Î˛-
‰ÂÌËfl ÚÂı ÌÓ˜ÂÈ Á‡ ÔÂËÓ‰ Ò 6 ÔÓ 26 ‰ÂÍ‡·fl
1988 „., ÓÚÌÓÒfl˘ËÂÒfl Í ÌÂ‡ÍÚË‚ÌÓÏÛ ÒÓÒÚÓflÌË˛
ÒËÒÚÂÏ˚ (˜ÂÂÁ 5 ‰ÌÂÈ ÔÓÒÎÂ ÔÓÒÎÂ‰ÌÂ„Ó Ì‡·Î˛‰Â-
ÌËfl Á‡ÙËÍÒËÓ‚‡Ì‡ Ó˜ÂÂ‰Ì‡fl ‚ÒÔ˚¯Í‡ ÒËÒÚÂÏ˚),
Ë ‰ÓÒÚ‡ÚÓ˜ÌÓ ÔÓÎÌÓ ÔÓÍ˚‚‡ÂÚ Ó·ËÚ‡Î¸Ì˚È ÔÂ-
ËÓ‰ (ËÒ. 4 („‡ÙËÍË I, II)). 

˚́
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ëÂ‰Ìflfl ÍË‚‡fl ·ÎÂÒÍ‡ ÔÂ‰ÒÚ‡‚ÎÂÌ‡ 26 ÌÓ-
Ï‡Î¸Ì˚ÏË ÚÓ˜Í‡ÏË. áÌ‡˜ÂÌËÂ ÍËÚË˜ÂÒÍÓ„Ó
ÛÓ‚Ìfl ÁÌ‡˜ËÏÓÒÚË ‰Îfl η = 0.001 Ë ˜ËÒÎ‡ ÒÚÂÔÂÌÂÈ

Ò‚Ó·Ó‰˚ N = 26 ÓÍ‡Á‡ÎÓÒ¸ ‡‚Ì˚Ï  = 54.1. 

Ç ÔÓˆÂÒÒÂ Â¯ÂÌËfl Ó·‡ÚÌÓÈ Á‡‰‡˜Ë ‰Îfl ÓÔ-
Â‰ÂÎÂÌËfl Ô‡‡ÏÂÚÓ‚ IP Peg ‰Ë‡Ô‡ÁÓÌ ËÁÏÂÌÂÌËÈ
ÌÂÍÓÚÓ˚ı ËÁ ÌËı (q, i, Rw, Tw, T2, a) ·˚Î Ó„‡ÌË˜ÂÌ
Ó·Î‡ÒÚ¸˛ ÚÂı ÁÌ‡˜ÂÌËÈ, ˜ÚÓ ÔÓÎÛ˜‡ÎË ‰Û„ËÂ ËÒ-
ÒÎÂ‰Ó‚‡ÚÂÎË ËÁ Ò‚ÓËı Ì‡·Î˛‰ÂÌËÈ. ùÚË Ó·Î‡ÒÚË
Ô‡‡ÏÂÚÓ‚ IP Peg Ë ÔÓÎÛ˜ÂÌÌ˚Â ÁÌ‡˜ÂÌËfl ÓÒ-
Ú‡Î¸Ì˚ı Ô‡‡ÏÂÚÓ‚ ÔË‚Â‰ÂÌ˚ ‚ Ú‡·Î. 1. ç‡

χ0.001 26,
2

ËÒ. 4a („‡ÙËÍ I) ÚÓ˜Í‡ÏË ÔÓÍ‡Á‡Ì˚ Ì‡·Î˛‰ÂÌËfl
IP Peg, ÒÔÎÓ¯ÌÓÈ ÎËÌËÂÈ – ÚÂÓÂÚË˜ÂÒÍ‡fl ÍË‚‡fl
·ÎÂÒÍ‡, ÒËÌÚÂÁËÓ‚‡ÌÌ‡fl Ò Ô‡‡ÏÂÚ‡ÏË, ÔË‚Â-
‰ÂÌÌ˚ÏË ‚ í‡·Î. 1 (ÒÚÓÎ·Âˆ “Ç‡Ë‡ÌÚ 1”). íÂÓÂ-
ÚË˜ÂÒÍ‡fl ÍË‚‡fl ÔÂÍ‡ÒÌÓ ÓÔËÒ˚‚‡ÂÚ Ì‡·Î˛‰Â-
ÌËfl ÒËÒÚÂÏ˚ ‚ „Î‡‚ÌÓÏ ÏËÌËÏÛÏÂ, ıÓÓ¯Ó ‡Ô-
ÔÓÍÒËÏËÛÂÚÒfl ÏÓÏÂÌÚ ‚˚ıÓ‰‡ ËÁ Á‡ÚÏÂÌËfl
·ÂÎÓ„Ó Í‡ÎËÍ‡ Ë ‡ÏÔÎËÚÛ‰‡ ÒÍ‡˜Í‡ ·ÎÂÒÍ‡, ‡ Ú‡Í-
ÊÂ ‡ÌÓÏ‡Î¸Ì˚È „Ó· ‚·ÎËÁË ϕ ~ 0.4. çÂÒÍÓÎ¸ÍÓ
ıÛÊÂ ÓÔËÒ˚‚‡˛ÚÒfl Ì‡·Î˛‰ÂÌËfl ‚ÌÂ Á‡ÚÏÂÌËfl ‚
‡ÈÓÌÂ Ó·ËÚ‡Î¸Ì˚ı Ù‡Á ϕ ~ 0.6–0.75, „‰Â ÓÚÎË˜ËÂ
ÚÂÓÂÚË˜ÂÒÍÓÈ Ë Ì‡·Î˛‰‡ÂÏÓÈ ÍË‚˚ı ‰ÓÒÚË„‡ÂÚ
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êËÒ. 4. ç‡·Î˛‰ÂÌËfl IP Peg (I) Ë ÒÂ‰Ìflfl ÍË‚‡fl (II) ‚ ÙËÎ¸ÚÂ V ‚ ÌÂ‡ÍÚË‚ÌÓÏ ÒÓÒÚÓflÌËË. ëÔÎÓ¯Ì˚ÏË ÎËÌËflÏË ÔÓÍ‡Á‡-
Ì˚ ÍË‚˚Â ·ÎÂÒÍ‡, ÒËÌÚÂÁËÓ‚‡ÌÌ˚Â Ò Ì‡ËÎÛ˜¯ËÏË Ô‡‡ÏÂÚ‡ÏË (Ú‡·Î. 1, “Ç‡Ë‡ÌÚ 1”) ‚ ‡ÏÍ‡ı ÏÓ‰ÂÎË “„Ófl˜ÂÈ ÎË-
ÌËË” (‡) Ë ‚ ÍÎ‡ÒÒË˜ÂÒÍÓÈ ÏÓ‰ÂÎË „Ófl˜Â„Ó ÔflÚÌ‡ (·). ç‡ „‡ÙËÍ‡ı III ÔË‚Â‰ÂÌ˚ ‚ÍÎ‡‰˚ ËÁÎÛ˜ÂÌËfl ÍÓÏÔÓÌÂÌÚÓ‚ ÒËÒ-
ÚÂÏ˚ – ·ÂÎÓ„Ó Í‡ÎËÍ‡ (1), Á‚ÂÁ‰˚-‰ÓÌÓ‡ (2), ‰ËÒÍ‡ (3) Ë Ó·Î‡ÒÚË ˝ÌÂ„Ó‚˚‰ÂÎÂÌËfl (4) (“„Ófl˜ÂÈ ÎËÌËË” (‡) ËÎË „Ófl-
˜Â„Ó ÔflÚÌ‡ (·)) – ‚ ÒÛÏÏ‡Ì˚È ÔÓÚÓÍ. 

(‡) (·)
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∆m = 0 1. àÁ ËÒ. 4a („‡ÙËÍ III), „‰Â ÔË‚Â‰ÂÌ˚
ÓÚÌÓÒËÚÂÎ¸Ì˚Â ‚ÍÎ‡‰˚ ËÁÎÛ˜ÂÌËfl ÍÓÏÔÓÌÂÌÚÓ‚
ÒËÒÚÂÏ˚ ‚ ÒÛÏÏ‡Ì˚È ÔÓÚÓÍ, ‚Ë‰ÌÓ, ˜ÚÓ ÙÓÏ‡ Ë
‡ÏÔÎËÚÛ‰‡ „Ó·‡ Ì‡ Ù‡Á‡ı ϕ ~ 0.6–0.9 ÓÔÂ‰ÂÎflÂÚ-
Òfl ‚ ÓÒÌÓ‚ÌÓÏ ËÁÎÛ˜ÂÌËÂÏ “„Ófl˜ÂÈ ÎËÌËË”.
ÇÍÎ‡‰ ËÁÎÛ˜ÂÌËfl ·ÂÎÓ„Ó Í‡ÎËÍ‡ ÌÂÁÌ‡˜ËÚÂÎÂÌ
„Î‡‚Ì˚Ï Ó·‡ÁÓÏ ËÁ-Á‡ ÌÂ·ÓÎ¸¯Ëı ‡ÁÏÂÓ‚ Á‚ÂÁ-
‰˚. ÄÍÍÂˆËÓÌÌ˚È ‰ËÒÍ ‰Ó‚ÓÎ¸ÌÓ ıÓÎÓ‰Ì˚È,
ÚÂÏÔÂ‡ÚÛ‡ Â„Ó ‚ÌÛÚÂÌÌËı Û˜‡ÒÚÍÓ‚ ÌÂ ÔÂ‚˚-
¯‡ÂÚ 10000–15000 K, Ì‡ ‚ÌÂ¯ÌÂÏ Í‡Â T ~ 2200–
2700 K. ÑËÒÍ ËÏÂÂÚ Á‡ÏÂÚÌ˚È ˝ÍÒˆÂÌÚËÒËÚÂÚ, e ~

.m ~ 0.13, ÓËÂÌÚ‡ˆËfl αe ~ 44°. ÄÌ‡ÎËÁ ‡ÒÔÂ‰ÂÎÂ-
ÌËfl ÚÂÏÔÂ‡ÚÛ˚ ÔÓ ÔÓ‚ÂıÌÓÒÚË “„Ófl˜ÂÈ ÎË-
ÌËË” ÔÓÍ‡Á˚‚‡ÂÚ, ˜ÚÓ Ó·Î‡ÒÚË ˝ÌÂ„Ó‚˚‰ÂÎÂÌËfl
Ì‡ ÔÓ‚ÂıÌÓÒÚË ÎËÌËË Í‡Í Ò “Ì‡‚ÂÚÂÌÌÓÈ”, Ú‡Í Ë
Ò “ÔÓ‰‚ÂÚÂÌÌÓÈ” ÒÚÓÓÌ˚ ‚ÂÒ¸Ï‡ ÍÓÏÔ‡ÍÚÌ˚.
íÂÏÔÂ‡ÚÛ‡ “„Ófl˜ÂÈ ÎËÌËË” ‚ ÁÓÌÂ ˝ÌÂ„Ó‚˚‰Â-
ÎÂÌËfl ‚ ~10 ‡Á ‚˚¯Â ÚÂÏÔÂ‡ÚÛ˚ ‰ËÒÍ‡ ‚ ÔËÎÂ-
„‡˛˘Ëı ‡ÈÓÌ‡ı: Ò “Ì‡‚ÂÚÂÌÌÓÈ” ÒÚÓÓÌ˚ ‚ Ó·Î‡-
ÒÚË Û‰‡ÌÓÈ ‚ÓÎÌ˚ ÓÌ‡ ÔÓ‚˚¯‡ÂÚÒfl ‰Ó ~24100 K, Ò
“ÔÓ‰‚ÂÚÂÌÌÓÈ” – ‰Ó ~23400 K ‚ Ï‡ÍÒËÏÛÏÂ.
ëÂ‰ÌËÂ ÁÌ‡˜ÂÌËfl ÚÂÏÔÂ‡ÚÛ˚ “„Ófl˜ÂÈ ÎËÌËË”

í‡·ÎËˆ‡ 1.  è‡‡ÏÂÚ˚ IP Peg (ÔÓ Ì‡·Î˛‰ÂÌËflÏ ‚ ÙËÎ¸ÚÂ V)

è‡‡ÏÂÚ é·˘ÂÔËÌflÚ˚Â
ÁÌ‡˜ÂÌËfl

äÎ‡ÒÒË˜ÂÒÍ‡fl 
ÏÓ‰ÂÎ¸ (I) åÓ‰ÂÎ¸ “„Ófl˜ÂÈ ÎËÌËË” (II)

çÂ‡ÍÚË‚ÌÓÂ ÒÓÒÚÓflÌËÂ ÄÍÚË‚ÌÓÂ 
ÒÓÒÚÓflÌËÂ

Ç‡Ë‡ÌÚ 1 Ç‡Ë‡ÌÚ 2

q = Mw/M2 1.56–2.86 2.47 1.707 1.714 1.708

i, „‡‰ 78–90 85.4 80.15 80.45 80.11

Rw/a0 0.0023–0.0056 0.0052 0.0061 0.0061 0.0062

R2/a0 0.295–0.373 0.316 0.344 0.344 0.344

Tw, K ≤15000 45965 16009 16188 16200

Tbw, K 40000–50000 45965 43246 40300 70045

T2, K 3100–3400 3397 3424 3403 3445

ÑËÒÍ

a/a0 0.24–0.28 0.407 0.308 0.256

a/a0 (‡ÍÚ.) ~0.34–0.37 0.463

z/a ~0.02–0.04 0.031 0.041 0.039

z/a (‡ÍÚ.) ~0.2 0.137

åÓ‰ÂÎ¸ I (èflÚÌÓ)

ÄÁËÏÛÚ, „‡‰ 18–79 24.5

Rsp/a0 0.198

Tsp, K ~12000–20000 4530

åÓ‰ÂÎ¸ II

e 0 0.315 0.251 0.142

αe
, „‡‰ 43.8 271 57.4

av/a0 0.041 0.088 0.112

bv/a0 0.204 0.217 0.178

cv/a0 0.019 0.014 0.098

〈 T(1) 〉 , K 17146 13500 –

, K 21637 35370 –

〈 T(2) 〉 , K 10872 12120 5723

, K 21618 20405 6180

χ2 1199 172 231 1210
èËÏÂ˜‡ÌËÂ. åÓ‰ÂÎ¸ I – ÍÎ‡ÒÒË˜ÂÒÍ‡fl ÏÓ‰ÂÎ¸ “„Ófl˜Â„Ó ÔflÚÌ‡” [39], ÏÓ‰ÂÎ¸ II – ÏÓ‰ÂÎ¸ “„Ófl˜ÂÈ ÎËÌËË”, ÓÔËÒ‡ÌÌ‡fl ‚ [8].
Ç˚ÒÓÍÓÂ ÁÌ‡˜ÂÌËÂ ÔÓÎÛ˜ÂÌÌÓÈ ÌÂ‚flÁÍË ‰Îfl ÍË‚ÓÈ ·ÎÂÒÍ‡ ‚ ‡ÍÚË‚ÌÓÏ ÒÓÒÚÓflÌËË Ò‚flÁ‡ÌÓ Ò ÌËÁÍËÏË ÒÂ‰ÌÂÍ‚‡‰‡ÚË˜Ì˚ÏË
Ó¯Ë·Í‡ÏË ÌÓÏ‡Î¸Ì˚ı ÚÓ˜ÂÍ.

Tmax
1( )

Tmax
2( )
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ÒÓÒÚ‡‚Îfl˛Ú ÒÓÓÚ‚ÂÚÒÚ‚ÂÌÌÓ ~17150 ä Ë ~10 900 ä.
èÓ‚ÂıÌÓÒÚ¸ ÛÒÂ˜ÂÌÌÓ„Ó ˝ÎÎËÔÒÓË‰‡, ÓÔËÒ˚‚‡˛-
˘Â„Ó „Ófl˜Û˛ ÎËÌË˛, ‚·ÎËÁË Â„Ó y-ÔÓÎ˛Ò‡ ıÓÎÓ‰-
Ì‡fl Ë ËÏÂÂÚ ÚÂÏÔÂ‡ÚÛÛ, Ò‡‚ÌËÏÛ˛ Ò ÚÂÏÔÂ‡-
ÚÛÓÈ ‚ÌÂ¯ÌËı ˜‡ÒÚÂÈ ‰ËÒÍ‡ (~2200 K). á‡ÏÂÚËÏ,
˜ÚÓ ‰‡ÌÌÓÂ Â¯ÂÌËÂ – Ó‰ÌÓ ËÁ ÏÌÓ„Ëı, ÔÓÎÛ˜ÂÌ-
Ì˚ı Ò ÔËÏÂÌÓ Ú‡ÍÓÈ ÊÂ ÌÂ‚flÁÍÓÈ, ÌÓ ‚ ·ÓÎÂÂ
¯ËÓÍÓÏ ËÌÚÂ‚‡ÎÂ ‚ÓÁÏÓÊÌ˚ı ÁÌ‡˜ÂÌËÈ Ô‡‡-
ÏÂÚÓ‚ q, i, Rw, Tw, T2, a. å˚ ‚˚·‡ÎË ËÏÂÌÌÓ ˝ÚÓ
Â¯ÂÌËÂ, ÔÓÒÍÓÎ¸ÍÛ ÓÌÓ ÌÂ ÔÓÚË‚ÓÂ˜ËÚ ÚÂÏ Â-
ÁÛÎ¸Ú‡Ú‡Ï, ÍÓÚÓ˚Â ·˚ÎË ÔÓÎÛ˜ÂÌ˚ ËÁ ÒÔÂÍÚ-
‡Î¸Ì˚ı ËÒÒÎÂ‰Ó‚‡ÌËÈ. 

åËÌËÏ‡Î¸Ì‡fl ÌÂ‚flÁÍ‡ ÔÓÎÛ˜ÂÌÌÓ„Ó Â¯ÂÌËfl
χ2 = 172 ÔÂ‚˚¯‡ÂÚ ÍËÚË˜ÂÒÍÓÂ ÁÌ‡˜ÂÌËÂ

 = 54.1 ‰Îfl ËÒÒÎÂ‰ÛÂÏÓÈ ÍË‚ÓÈ. éÚÏÂÚËÏ,
˜ÚÓ ‚ ÙÓÚÓÏÂÚË˜ÂÒÍÓÈ ÏÓ‰ÂÎË Ï˚ ÌÂ Û˜ËÚ˚‚‡ÎË
ËÁÎÛ˜ÂÌËÂ ÒÚÛË ‚Â˘ÂÒÚ‚‡ ËÁ L1 Ë ÓÍÓÎÓÁ‚ÂÁ‰ÌÓÈ

χ0.001 26,
2

Ó·ÓÎÓ˜ÍË, ‡ Ú‡ÍÊÂ ËÒÔÓÎ¸ÁÓ‚‡ÎË fl‰ Á‡„Û·Îfl˛-
˘Ëı ÏÓ‰ÂÎ¸ ‰ÓÔÛ˘ÂÌËÈ, ÔÓ˝ÚÓÏÛ ÌÂÛ‰Ë‚ËÚÂÎ¸ÌÓ,
˜ÚÓ ÌÂ‚flÁÍ‡ Â¯ÂÌËfl ·ÓÎ¸¯Â ÍËÚË˜ÂÒÍÓ„Ó ÁÌ‡-
˜ÂÌËfl. ÑÎfl ÓˆÂÌÍË ‚ÎËflÌËfl ‡ÁÎË˜Ì˚ı Ô‡‡ÏÂÚ-
Ó‚ Ì‡ Â¯ÂÌËÂ Ï˚ ËÒÔÓÎ¸ÁÓ‚‡ÎË ‚ÏÂÒÚÓ ÍËÚË-
˜ÂÒÍÓÈ ÛÒÎÓ‚ÌÛ˛ „‡ÌËˆÛ ÌÂ‚flÁÍË χ2 = 189, Û‚ÂÎË-
˜Ë‚ Ì‡ 10% ÁÌ‡˜ÂÌËÂ ÔÓÎÛ˜ÂÌÌÓÈ ÏËÌËÏ‡Î¸ÌÓÈ
ÌÂ‚flÁÍË. éÍ‡Á‡ÎÓÒ¸, ˜ÚÓ ‰Îfl ÔÓ‰‡‚Îfl˛˘Â„Ó ·ÓÎ¸-
¯ËÌÒÚ‚‡ Ô‡‡ÏÂÚÓ‚ ‚ÓÁÏÓÊÌ˚È ‰Ë‡Ô‡ÁÓÌ Ëı ËÁ-
ÏÂÌÂÌËfl ÌÂ ÔÂ‚ÓÒıÓ‰ËÚ 1–2% ÓÚ Ëı ÓÔÚËÏ‡Î¸ÌÓÈ
‚ÂÎË˜ËÌ˚. ÑÎfl Ï‡ÍÒËÏ‡Î¸Ì˚ı ÚÂÏÔÂ‡ÚÛ “„Ófl-
˜ÂÈ ÎËÌËË” Ò “Ì‡‚ÂÚÂÌÌÓÈ” Ë “ÔÓ‰‚ÂÚÂÌÌÓÈ”
ÒÚÓÓÌ ÔÓÎÛ˜ÂÌÌ˚Â ÁÌ‡˜ÂÌËfl ÔÓ„Â¯ÌÓÒÚÂÈ ÒÓ-
ÒÚ‡‚Îfl˛Ú 7.5% Ë 2.8% ÒÓÓÚ‚ÂÚÒÚ‚ÂÌÌÓ, ‰Îfl Ô‡‡-
ÏÂÚ‡ dy ËÏÂÂÏ ∆dy ~ 10%, ‡ Ú‡ÍÊÂ ∆e ~ 3%, ∆av ~
~ 5.2%, ∆q ~ 4.8%, ∆αe ~ 12% ÓÚ ÓÔÚËÏ‡Î¸Ì˚ı ‚Â-
ÎË˜ËÌ ‰Îfl ËÒÔÓÎ¸ÁÛÂÏÓ„Ó Ì‡·Ó‡ Ô‡‡ÏÂÚÓ‚. 
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êËÒ. 5. ç‡·Î˛‰ÂÌËfl IP Peg (‡) Ë ÒÂ‰Ìflfl ÍË‚‡fl (·) ‚ ÙËÎ¸ÚÂ V ‚ ÌÂ‡ÍÚË‚ÌÓÏ ÒÓÒÚÓflÌËË. ëÔÎÓ¯Ì˚ÏË ÎËÌËflÏË ÔÓÍ‡-
Á‡Ì˚ ÍË‚˚Â ·ÎÂÒÍ‡, ÒËÌÚÂÁËÓ‚‡ÌÌ˚Â Ò Ì‡ËÎÛ˜¯ËÏË Ô‡‡ÏÂÚ‡ÏË (Ú‡·Î. 1, “Ç‡Ë‡ÌÚ 2”) ‚ ‡ÏÍ‡ı ÏÓ‰ÂÎË “„Ófl˜ÂÈ
ÎËÌËË”; ‚ – ‚ÍÎ‡‰˚ ËÁÎÛ˜ÂÌËfl ÍÓÏÔÓÌÂÌÚÓ‚ ÒËÒÚÂÏ˚ – ·ÂÎÓ„Ó Í‡ÎËÍ‡ (1), Á‚ÂÁ‰˚-‰ÓÌÓ‡ (2), ‰ËÒÍ‡ (3) Ë “„Ófl˜ÂÈ ÎË-
ÌËË” (4) – ‚ ÒÛÏÏ‡Ì˚È ÔÓÚÓÍ. 
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Ç Ú‡·Î. 1 (‚ ÒÚÓÎ·ˆÂ “Ç‡Ë‡ÌÚ 2”) ÔË‚Â‰ÂÌÓ
Â˘Â Ó‰ÌÓ Â¯ÂÌËÂ ÍË‚ÓÈ ·ÎÂÒÍ‡ IP Peg ‚ ÌÂ‡ÍÚË‚-
ÌÓÏ ÒÓÒÚÓflÌËË. ùÍÒˆÂÌÚËÒËÚÂÚ ‰ËÒÍ‡ Á‰ÂÒ¸ ÌÂ-
ÒÍÓÎ¸ÍÓ ‚˚¯Â, ˜ÂÏ ‚ ÔÂ‰˚‰Û˘ÂÏ ÒÎÛ˜‡Â (e ~ 0.25),
ÓËÂÌÚ‡ˆËfl αe ~ 270°. ÑÎfl ˝ÚÓ„Ó ‚‡Ë‡ÌÚ‡ ı‡‡Í-
ÚÂÌÓ Á‡ÏÂÚÌÓÂ ‡ÁÎË˜ËÂ ÚÂÏÔÂ‡ÚÛ “„Ófl˜ÂÈ
ÎËÌËË” Ò “Ì‡‚ÂÚÂÌÌÓÈ” Ë “ÔÓ‰‚ÂÚÂÌÌÓÈ” ÒÚÓÓÌ
(ËÒ. 3): Ò “Ì‡‚ÂÚÂÌÌÓÈ” ÒÚÓÓÌ˚ ÓÌ‡ ÔÓ‚˚¯‡ÂÚ-
Òfl ‰Ó ~37000 K (±4000 ä), Ò “ÔÓ‰‚ÂÚÂÌÌÓÈ” – ‰Ó
~22000 K (±700 ä) ‚ Ï‡ÍÒËÏÛÏÂ. Ç ÒÍÓ·Í‡ı ÛÍ‡Á‡-
Ì‡ ‡ÏÔÎËÚÛ‰‡ ËÁÏÂÌÂÌËfl ÒÓÓÚ‚ÂÚÒÚ‚Û˛˘ÂÈ ÚÂÏ-
ÔÂ‡ÚÛ˚ ÔË Û‚ÂÎË˜ÂÌËË ÌÂ‚flÁÍË Ì‡ 10% (‰Ó χ2 =
= 254) ÔË ÓÔÚËÏ‡Î¸Ì˚ı ÁÌ‡˜ÂÌËflı ÓÒÚ‡Î¸Ì˚ı Ô‡-
‡ÏÂÚÓ‚. ëÂ‰ÌËÂ ÁÌ‡˜ÂÌËfl ÚÂÏÔÂ‡ÚÛ˚ “„Ófl-
˜ÂÈ ÎËÌËË” ÒÓÒÚ‡‚Îfl˛Ú ÒÓÓÚ‚ÂÚÒÚ‚ÂÌÌÓ ~13500 ä
Ë ~12120 ä. íÂÓÂÚË˜ÂÒÍ‡fl ÍË‚‡fl ·ÎÂÒÍ‡ Ë ‚ÍÎ‡-
‰˚ ËÁÎÛ˜ÂÌËfl ÍÓÏÔÓÌÂÌÚÓ‚ ÒËÒÚÂÏ˚ ‚ ÒÛÏÏ‡Ì˚È
ÔÓÚÓÍ ÔË‚Â‰ÂÌ˚ Ì‡ ËÒ. 5. 

5.2. åÓ‰ÂÎ¸ ÍÎ‡ÒÒË˜ÂÒÍÓ„Ó 
“„Ófl˜Â„Ó ÔflÚÌ‡”

èË ËÒÔÓÎ¸ÁÓ‚‡ÌËË ÍÎ‡ÒÒË˜ÂÒÍÓÈ ÏÓ‰ÂÎË
ÍÛ„ÎÓ„Ó ‰ËÒÍ‡ Ë “„Ófl˜Â„Ó ÔflÚÌ‡” [39] ‰Îfl ËÌÚÂ-
ÔÂÚ‡ˆËË ÍË‚ÓÈ ·ÎÂÒÍ‡ IP Peg ‚ ÙËÎ¸ÚÂ V ÒıÓ‰Ë-
ÏÓÒÚ¸ ÚÂÓÂÚË˜ÂÒÍÓÈ ÍË‚ÓÈ Ò Ì‡·Î˛‰ÂÌËflÏË
ÓÍ‡Á˚‚‡ÂÚÒfl Á‡ÏÂÚÌÓ ıÛÊÂ (Ú‡·Î. 1, ËÒ. 4· („‡-
ÙËÍË I, II)). ç‡Ï ÌÂ Û‰‡ÎÓÒ¸ ‰ÓÒÚ‡ÚÓ˜ÌÓ ‡ÍÍÛ‡ÚÌÓ
ÓÔËÒ‡Ú¸ ‚ÌÂÁ‡ÚÏÂÌÌ˚È ·ÎÂÒÍ ÒËÒÚÂÏ˚: Ì‡ Ù‡Á‡ı
ϕ ~ 0.15–0.35 Ë ϕ ~ 0.65–0.95 ÓÚÎË˜ËÂ ÚÂÓÂÚË˜ÂÒ-

ÍÓÈ Ë Ì‡·Î˛‰‡ÂÏÓÈ ÍË‚˚ı ‰ÓÒÚË„‡ÂÚ ∆m = 0 25.
äÓÏÂ ÚÓ„Ó, Ë „Î‡‚Ì˚È ÏËÌËÏÛÏ Ò ‰‚ÓÈÌ˚Ï Á‡-
ÚÏÂÌËÂÏ ‡ÔÔÓÍÒËÏËÛÂÚÒfl ÁÌ‡˜ËÚÂÎ¸ÌÓ ıÛÊÂ,
˜ÂÏ ‚ ÒÎÛ˜‡Â ÔËÏÂÌÂÌËfl ÏÓ‰ÂÎË “„Ófl˜ÂÈ ÎË-
ÌËË”: Ì‡ Ù‡Á‡ı ϕ ~ 0.08–0.12 ÓÚÎË˜ËÂ ÚÂÓÂÚË˜ÂÒ-

ÍÓÈ Ë Ì‡·Î˛‰‡ÂÏÓÈ ÍË‚˚ı ‰ÓÒÚË„‡ÂÚ ∆m = 0 2.
Ç ÍÎ‡ÒÒË˜ÂÒÍÓÈ ÏÓ‰ÂÎË ‡ÏÔÎËÚÛ‰‡ Ë ÙÓÏ‡ „Ó·‡
Ì‡ Ù‡Á‡ı ϕ ~ 0.6–0.9 Ú‡ÍÊÂ ÓÔÂ‰ÂÎfl˛ÚÒfl ‚ ÓÒÌÓ‚-
ÌÓÏ ËÁÎÛ˜ÂÌËÂÏ ‚ÂÒ¸Ï‡ ÔÓÚflÊÂÌÌÓ„Ó „Ófl˜Â„Ó
ÔflÚÌ‡ (ËÒ. 4· („‡ÙËÍ III)) Ò ‡‰ËÛÒÓÏ ~0.2a0.
ÇÍÎ‡‰˚ ËÁÎÛ˜ÂÌËfl ‰ËÒÍ‡ Ë ·ÂÎÓ„Ó Í‡ÎËÍ‡ ‚ ÒÛÏ-
Ï‡Ì˚È ÔÓÚÓÍ ÓÒÚ‡˛ÚÒfl ÌÂÁÌ‡˜ËÚÂÎ¸Ì˚ÏË. ÇÍÎ‡‰
ËÁÎÛ˜ÂÌËfl ËÒÚÂÍ‡˛˘Â„Ó ÍÓÏÔÓÌÂÌÚ‡ ÓÍ‡Á˚‚‡ÂÚ-
Òfl ÌÂÒÍÓÎ¸ÍÓ ‡ÒËÏÏÂÚË˜Ì˚Ï ÓÚÌÓÒËÚÂÎ¸ÌÓ Ó-
·ËÚ‡Î¸ÌÓÈ Ù‡Á˚ ϕ = 0.5 ËÁ-Á‡ ÔÂ‰ÔÓÎÓÊÂÌËfl, ˜ÚÓ
ÔÓ‚ÂıÌÓÒÚ¸ Á‚ÂÁ‰˚-‰ÓÌÓ‡ ÏÓÊÂÚ ÔÓ„Â‚‡Ú¸Òfl
‚˚ÒÓÍÓÚÂÏÔÂ‡ÚÛÌ˚Ï ËÁÎÛ˜ÂÌËÂÏ “„Ófl˜Â„Ó
ÔflÚÌ‡” (‰‡ÌÌ˚È ÔÓ„Â‚ ‡ÒËÏÏÂÚË˜ÂÌ ÓÚÌÓÒË-
ÚÂÎ¸ÌÓ ÎËÌËË, ÒÓÂ‰ËÌfl˛˘ÂÈ ˆÂÌÚ˚ Ï‡ÒÒ Á‚ÂÁ‰).
ëÛ˘ÂÒÚ‚Ó‚‡ÌËÂ ‰ÓÔÓÎÌËÚÂÎ¸ÌÓ„Ó ËÒÚÓ˜ÌËÍ‡ ËÁ-
ÎÛ˜ÂÌËfl ‚ ÍÎ‡ÒÒË˜ÂÒÍÓÈ ÏÓ‰ÂÎË ÔËıÓ‰ËÚÒfl ÔÂ‰-
ÔÓÎ‡„‡Ú¸ ‰Îfl ÚÓ„Ó, ˜ÚÓ·˚ Ó·ÂÒÔÂ˜ËÚ¸ ·ÓÎÂÂ ¯Ë-
ÓÍËÈ „Ó· Ì‡ Ù‡Á‡ı ϕ ~ 0.6–0.9, Ó·˙flÒÌËÚ¸ ÍÓÚÓ-
˚È Ó‰ÌËÏ „Ófl˜ËÏ ÔflÚÌÓÏ ÌÂ Û‰‡ÂÚÒfl. í‡ÍËÏ
Ó·‡ÁÓÏ, ‰Îfl ÓÔËÒ‡ÌËfl ÍË‚ÓÈ ·ÎÂÒÍ‡ ‰‡ÌÌÓÈ ÒËÒ-
ÚÂÏ˚, Ì‡ıÓ‰fl˘ÂÈÒfl ‚ ÌÂ‡ÍÚË‚ÌÓÏ ÒÓÒÚÓflÌËË, ÏÓ-
‰ÂÎ¸ “„Ófl˜ÂÈ ÎËÌËË” ÓÍ‡Á˚‚‡ÂÚÒfl ÔÂ‰ÔÓ˜ÚË-
ÚÂÎ¸ÌÂÂ ÍÎ‡ÒÒË˜ÂÒÍÓÈ ÏÓ‰ÂÎË. 

.m

.m

5.3. åÓ‰ÂÎ¸ “„Ófl˜ÂÈ ÎËÌËË” ‰Îfl ‡ÍÚË‚ÌÓ„Ó 
ÒÓÒÚÓflÌËfl IP Peg

åÓ‰ÂÎ¸ “„Ófl˜ÂÈ ÎËÌËË” ·˚Î‡ ÔÂ‰ÎÓÊÂÌ‡ ‰Îfl
ÛÒÚ‡ÌÓ‚Ë‚¯Â„ÓÒfl ÂÊËÏ‡ ÚÂ˜ÂÌËfl ‚Â˘ÂÒÚ‚‡ ‚
íÑë. Ç ÏÓÏÂÌÚ ‚ÒÔ˚¯ÍË ÚÂ˜ÂÌËÂ ‚Â˘ÂÒÚ‚‡ ‚ IP
Peg, ÌÂÒÓÏÌÂÌÌÓ, fl‚ÎflÂÚÒfl ÌÂÒÚ‡ˆËÓÌ‡Ì˚Ï Ë,
ÒÎÂ‰Ó‚‡ÚÂÎ¸ÌÓ, ‡Ì‡ÎËÁ ÍË‚ÓÈ ·ÎÂÒÍ‡ ‰Îfl ‡ÍÚË‚-
ÌÓ„Ó ÒÓÒÚÓflÌËfl IP Peg ÚÂ·ÛÂÚ ÔË‚ÎÂ˜ÂÌËfl ÌÂÒÚ‡-
ˆËÓÌ‡Ì˚ı „‡ÁÓ‰ËÌ‡ÏË˜ÂÒÍËı ÏÓ‰ÂÎÂÈ. íÂÏ ÌÂ ÏÂ-
ÌÂÂ, Ï˚ ÔÂ‰ÔËÌflÎË ÔÓÔ˚ÚÍÛ ‡Ì‡ÎËÁ‡ ÍË‚ÓÈ ·ÎÂ-
ÒÍ‡ IP Peg ‚ Ï‡ÍÒËÏÛÏÂ ‚ÒÔ˚¯ÍË Ò ËÒÔÓÎ¸ÁÓ‚‡ÌËÂÏ
ÏÓ‰ÂÎË “„Ófl˜ÂÈ ÎËÌËË”. ÄÌ‡ÎËÁ ÔÓÎÛ˜ÂÌÌÓ„Ó Â-
¯ÂÌËfl ÏÓÊÂÚ ·˚Ú¸ ÔÓÎÂÁÂÌ ‰Îfl ÓÔÂ‰ÂÎÂÌËfl Ó·Î‡-
ÒÚË ÔËÏÂÌËÏÓÒÚË ÏÓ‰ÂÎË “„Ófl˜ÂÈ ÎËÌËË”. 

ÑÎfl ‡Ì‡ÎËÁ‡ ·˚Î‡ ËÒÔÓÎ¸ÁÓ‚‡Ì‡ ÍË‚‡fl ·ÎÂÒÍ‡
IP Peg ‚ ÙËÎ¸ÚÂ V, ÔÓÎÛ˜ÂÌÌ‡fl ÇÂ··ÓÏ Ë ‰. [31]
(ËÒ. 6) 28 ÒÂÌÚfl·fl 1997 „. (ÍË‚‡fl ÔÓ‰ ÌÓÏÂÓÏ
4558) ‚ Ò‡ÏÓÏ Ï‡ÍÒËÏÛÏÂ ‚ÒÔ˚¯ÍË. ÇÌÂÁ‡ÚÏÂÌ-
Ì˚È ·ÎÂÒÍ ÒËÒÚÂÏ˚ Û‚ÂÎË˜ËÎÒfl ÔÓ˜ÚË ‚ 7.5 ‡Á‡

(Ì‡ 2 2) ÔÓ Ò‡‚ÌÂÌË˛ Ò ÌÂ‡ÍÚË‚Ì˚Ï ÒÓÒÚÓflÌËÂÏ
ÒËÒÚÂÏ˚. äË‚‡fl ÔÂ‰ÒÚ‡‚ÎÂÌ‡ 28 ÌÓÏ‡Î¸Ì˚ÏË

ÚÓ˜Í‡ÏË Ò ÔÓ„Â¯ÌÓÒÚflÏË ÓÚ 0 01–0 02 ‰Îfl ‚ÌÂ-

Á‡ÚÏÂÌÌÓ„Ó ·ÎÂÒÍ‡ ‰Ó 0 07 ‚ ÏËÌËÏÛÏÂ ÍË‚ÓÈ.
èË ËÌÚÂÔÂÚ‡ˆËË ˝ÚÓÈ ÍË‚ÓÈ ·ÎÂÒÍ‡ Ï˚ ÒÛ˘Â-
ÒÚ‚ÂÌÌÓ Ó„‡ÌË˜ËÎË ‰ÓÔÛÒÚËÏ˚Â ÁÌ‡˜ÂÌËfl Ô‡‡-
ÏÂÚÓ‚ q = 1.707 ± 0.002, i = 80 1 ± 0 3, Rw/a0 =
= 0.0061 ± 0.0001, T2 = 3424 ± 30 K, Tw = 16009 ±
± 200 K ÛÍ‡Á‡ÌÌ˚ÏË „‡ÌËˆ‡ÏË Ëı ÔÓ„Â¯ÌÓÒÚË.
éÒÚ‡Î¸Ì˚Â Ô‡‡ÏÂÚ˚ ·˚ÎË Ò‚Ó·Ó‰Ì˚ÏË. äÓÏÂ
ÌËı, ·˚Î ‚‚Â‰ÂÌ ‰ÓÔÓÎÌËÚÂÎ¸Ì˚È Ò‚Ó·Ó‰Ì˚È Ô‡-
‡ÏÂÚ – ÔÓÍ‡Á‡ÚÂÎ¸ ÒÚÂÔÂÌË βg ‚ Á‡‚ËÒËÏÓÒÚË (3).
èÂ‰ÔÓÎ‡„‡ÂÚÒfl, ˜ÚÓ ‚Ó ‚ÂÏfl ‚ÒÔ˚¯ÍË Â„Ó ‚ÂÎË-
˜ËÌ‡ ÏÓÊÂÚ ÓÚÎË˜‡Ú¸Òfl ÓÚ ÍÎ‡ÒÒË˜ÂÒÍÓ„Ó ÁÌ‡˜Â-
ÌËfl 3/4. çÂÓ·ıÓ‰ËÏÓÒÚ¸ ˝ÚÓ„Ó Ò‚flÁ‡Ì‡ Ò ÚÂÏ Ù‡Í-
ÚÓÏ, ˜ÚÓ Ó‰ÌËÏ ÚÓÎ¸ÍÓ Û‚ÂÎË˜ÂÌËÂÏ ‡‰ËÛÒ‡ ‰ËÒ-
Í‡ ÓÚ ÔÓÎÛ˜ÂÌÌÓ„Ó ‚˚¯Â a ~ 0.63RL1 ‚ ÌÂ‡ÍÚË‚ÌÓÏ
ÒÓÒÚÓflÌËË ‰‡ÊÂ ‰Ó „‡ÌËˆ ÍËÚË˜ÂÒÍÓÈ ÔÓÎÓÒÚË
êÓ¯‡ ‚Ó ‚ÂÏfl ‚ÒÔ˚¯ÍË ÌÂ Û‰‡ÂÚÒfl ÔÓÎÛ˜ËÚ¸ Ì‡-
·Î˛‰‡ÂÏÓ„Ó Û‚ÂÎË˜ÂÌËfl ÔÓÚÓÍ‡ ‚ ÙËÎ¸ÚÂ V, ÔÓ-
ÒÍÓÎ¸ÍÛ ËÌÚÂÌÒË‚ÌÓÒÚ¸ ËÁÎÛ˜ÂÌËfl ËÁ Ó·Î‡ÒÚË
˝ÌÂ„Ó‚˚‰ÂÎÂÌËfl (“„Ófl˜Â„Ó ÔflÚÌ‡” ËÎË “„Ófl˜ÂÈ
ÎËÌËË”) ÒÓ„Î‡ÒÌÓ ÒÔÂÍÚ‡Î¸Ì˚Ï ‰‡ÌÌ˚Ï ËÁÏÂÌË-
Î‡Ò¸ Ï‡ÎÓ. éÍ‡Á‡ÎÓÒ¸, ˜ÚÓ ‰ÓÒÚ‡ÚÓ˜ÌÓ ıÓÓ¯‡fl
ÒıÓ‰ËÏÓÒÚ¸ ÚÂÓÂÚË˜ÂÒÍÓÈ ÍË‚ÓÈ ·ÎÂÒÍ‡ Ò Ì‡-
·Î˛‰ÂÌËflÏË ‰ÓÒÚË„‡ÂÚÒfl ÔË βg = 0.6. 

èÓÎÛ˜ÂÌÌ˚Â ‚ ÂÁÛÎ¸Ú‡ÚÂ Ô‡‡ÏÂÚ˚ ÒËÒÚÂÏ˚
ÔË‚Â‰ÂÌ˚ ‚ ̄ ÂÒÚÓÏ ÒÚÓÎ·ˆÂ Ú‡·Î. 1, ‡ ÚÂÓÂÚË˜Â-
ÒÍ‡fl ÍË‚‡fl, ÔÓÒÚÓÂÌÌ‡fl Ò ˝ÚËÏË Ô‡‡ÏÂÚ‡ÏË, –
Ì‡ ËÒ. 6‡, 6·. ÇÌÂÁ‡ÚÏÂÌÌ˚È ÔÓÚÓÍ ÓÚ ÒËÒÚÂÏ˚

(ËÒ. 6‚) ÒÓÒÚ‡‚ËÎ FV ~ 3.2  ̋ „ Ò–1 ÒÏ–3, ̃ ÚÓ ‚ ~4.6
‡Á‡ ‚˚¯Â, ˜ÂÏ ÔÓÚÓÍ ‚ Ï‡ÍÒËÏÛÏÂ Ó·ËÚ‡Î¸ÌÓ„Ó
„Ó·‡ ‚ ÌÂ‡ÍÚË‚ÌÓÏ ÒÓÒÚÓflÌËË ÒËÒÚÂÏ˚, ÔÓÎÛ˜ÂÌ-
Ì˚È Ì‡ÏË ‚˚¯Â (ËÒ. 4‚). í‡ÍÓÂ ·ÓÎÂÂ ÌËÁÍÓÂ (Ì‡
40% ÌËÊÂ Ì‡·Î˛‰‡ÂÏÓ„Ó) ÁÌ‡˜ÂÌËÂ ÔÓÚÓÍ‡ ‚
ÙËÎ¸ÚÂ V ÏÓÊÂÚ ·˚Ú¸ Ò‚flÁ‡ÌÓ Ò ÌÂÛ˜ÂÚÓÏ ‚ ‰‡Ì-
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ïÛÁËÌ‡ Ë ‰.

ÌÓÈ ÏÓ‰ÂÎË ‰ÓÔÓÎÌËÚÂÎ¸Ì˚ı ËÒÚÓ˜ÌËÍÓ‚ ËÁÎÛ˜Â-
ÌËfl, Ì‡ÔËÏÂ, ËÁÎÛ˜ÂÌËfl ÒÔË‡Î¸Ì˚ı ‚ÓÎÌ ‚ ‡Í-
ÍÂˆËÓÌÌÓÏ ‰ËÒÍÂ. àı ‚ÍÎ‡‰ ÒÓÒÚ‡‚ÎflÂÚ ÌÂ ÏÂÌÂÂ
~15% ÓÚ ÒÛÏÏ‡ÌÓÈ Ò‚ÂÚËÏÓÒÚË ‰ËÒÍ‡, ‡ ÚÂÏÔÂ‡-
ÚÛ‡ ‚Â˘ÂÒÚ‚‡ ‚ ‡ÈÓÌ‡ı ÒÔË‡ÎÂÈ ‰ÓÒÚË„‡ÂÚ
20000 ä [35]. èËÒÛÚÒÚ‚ËÂ ÒÔË‡Î¸Ì˚ı ‚ÓÎÌ ‚Ó
‚ÂÏfl ‚ÒÔ˚¯ÍË Ú‡ÍÊÂ ÏÓÊÂÚ ·˚Ú¸ ÓÚ‚ÂÚÒÚ‚ÂÌÌÓ
Ë Á‡ ÙÎÛÍÚÛ‡ˆËË ‚ÌÂÁ‡ÚÏÂÌÌÓ„Ó ÔÓÚÓÍ‡ (ËÒ. 6‡,
6·). ÑÎfl ÔÓ‚ÂÍË ˝ÚÓÈ „ËÔÓÚÂÁ˚ ÚÂ·ÛÂÚÒfl ·ÓÎÂÂ
ÒÎÓÊÌ‡fl ÏÓ‰ÂÎ¸, ÓÔËÒ˚‚‡˛˘‡fl “ÒÔË‡Î¸ÌÓÂ”
‡ÒÔÂ‰ÂÎÂÌËÂ ÚÂÏÔÂ‡ÚÛ˚ ÔÓ ‰ËÒÍÛ. ÇÓÁÏÓÊÌÓ
Ú‡ÍÊÂ, ˜ÚÓ ˝ÚÓ ‡ÁÎË˜ËÂ ÓÚ‡Ê‡ÂÚ ÌÂÔÎ‡ÌÍÓ‚-
ÒÍËÈ ı‡‡ÍÚÂ ËÁÎÛ˜ÂÌËfl „‡ÁÓ‚˚ı ÒÚÛÍÚÛ íÑë.
Ç Ò‚flÁË Ò ˝ÚËÏ ÔÓ‰˜ÂÍÌÂÏ Â˘Â ‡Á, ˜ÚÓ ÔËÌflÚ‡fl
Ì‡ÏË ÏÓ‰ÂÎ¸ íÑë ÔÓÁ‚ÓÎflÂÚ ‡ÒÒ˜ËÚ˚‚‡Ú¸ ÓÚÌÓÒË-
ÚÂÎ¸Ì˚Â ËÁÏÂÌÂÌËfl ÔÓÚÓÍ‡. óÚÓ Í‡Ò‡ÂÚÒfl ‡·ÒÓÎ˛Ú-
Ì˚ı ‚ÂÎË˜ËÌ ÔÓÚÓÍÓ‚ Ë ˆ‚ÂÚÓ‚˚ı ı‡‡ÍÚÂËÒÚËÍ
ËÁÎÛ˜ÂÌËfl, ‰Îfl Ëı ‡Ò˜ÂÚ‡ ÚÂ·ÛÂÚÒfl Û˜ÂÚ Â‡Î¸-
Ì˚ı ÒÔÂÍÚÓ‚ „‡ÁÓ‚˚ı ÒÚÛÍÚÛ íÑë, ˜ÚÓ ÔÂ‰ÔÓ-
Î‡„‡ÂÚÒfl ‚˚ÔÓÎÌËÚ¸ ‚ ‰‡Î¸ÌÂÈ¯Ëı ‡·ÓÚ‡ı. 

é·‡˘‡ÂÚ Ì‡ ÒÂ·fl ‚ÌËÏ‡ÌËÂ ÚÓÚ Ù‡ÍÚ, ˜ÚÓ ÏÓ-
‰ÂÎ¸ “„Ófl˜ÂÈ ÎËÌËË” ÔË ËÒÔÓÎ¸ÁÛÂÏ˚ı Ì‡ÏË Ô‡-
‡ÏÂÚ‡ı Ô‡ÍÚË˜ÂÒÍË ÒÓ‚Ô‡‰‡ÂÚ Ò ÍÎ‡ÒÒË˜ÂÒÍÓÈ
ÏÓ‰ÂÎ¸˛ „Ófl˜Â„Ó ÔflÚÌ‡: ‡ÁÏÂ˚ ÛÒÂ˜ÂÌÌÓ„Ó ˝Î-
ÎËÔÒÓË‰‡, ÓÔËÒ˚‚‡˛˘Â„Ó “„Ófl˜Û˛ ÎËÌË˛”, Ë Â„Ó
ÓËÂÌÚ‡ˆËfl Ú‡ÍÓ‚˚, ˜ÚÓ ‚ÏÂÒÚÓ ÎËÌËË Ï˚ ËÏÂÂÏ
ÌÂÁÌ‡˜ËÚÂÎ¸Ì˚È ‚˚ÒÚÛÔ Ì‡‰ ·ÓÍÓ‚ÓÈ ÔÓ‚ÂıÌÓÒ-
Ú¸˛ ‰ËÒÍ‡. “ç‡‚ÂÚÂÌÌ‡fl” ÒÚÓÓÌ‡ “„Ófl˜ÂÈ ÎË-
ÌËË” ÓÍ‡Á‡Î‡Ò¸ ÔÓÎÌÓÒÚ¸˛ ÔÓ„ÛÊÂÌÌÓÈ ‚ ÚÂÎÓ
‰ËÒÍ‡, ËÁÎÛ˜ÂÌËÂ ˝ÌÂ„ËË Ì‡·Î˛‰‡ÂÚÒfl ÚÓÎ¸ÍÓ Ò
“ÔÓ‰‚ÂÚÂÌÌÓÈ” ÒÚÓÓÌ˚ ÎËÌËË. é·˙flÒÌÂÌËÂ ˝ÚÓ-
ÏÛ Ù‡ÍÚÛ ÎÂÊËÚ, ÔÓ-‚Ë‰ËÏÓÏÛ, ‚ ÌÂÒÚ‡ˆËÓÌ‡ÌÓÏ
ı‡‡ÍÚÂÂ ÚÂ˜ÂÌËfl ‚Â˘ÂÒÚ‚‡ ‚ ÏÓÏÂÌÚ ‚ÒÔ˚¯ÍË.
åÓ‰ÂÎ¸ Ò “„Ófl˜ÂÈ ÎËÌËÂÈ” ÒÔ‡‚Â‰ÎË‚‡ ÎË¯¸ ‰Îfl
ÛÒÚ‡ÌÓ‚Ë‚¯Â„ÓÒfl ÂÊËÏ‡ ÚÂ˜ÂÌËfl. ÇÓ ‚ÂÏfl ÊÂ
‚ÒÔ˚¯ÍË ÒÚÓÎÍÌÓ‚ÂÌËÂ ‡Ò¯Ëfl˛˘Â„ÓÒfl ‰ËÒÍ‡
ÒÓ ÒÚÛÂÈ ÔË‚Ó‰ËÚ Í ‚ÓÁÌËÍÌÓ‚ÂÌË˛ Û‰‡ÌÓÈ Ó·-
Î‡ÒÚË – ‡Ì‡ÎÓ„‡ “„Ófl˜Â„Ó ÔflÚÌ‡”, ˜ÚÓ, ‚Ë‰ËÏÓ, Ë
ÓÚ‡Ê‡˛Ú Ì‡·Î˛‰ÂÌËfl. 
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êËÒ. 6. ç‡·Î˛‰ÂÌËfl IP Peg (‡) Ë ÒÂ‰Ìflfl ÍË‚‡fl (·) ‚ ÙËÎ¸ÚÂ V ‚ Ï‡ÍÒËÏÛÏÂ ‚ÒÔ˚¯ÍË ÒËÒÚÂÏ˚. ëÔÎÓ¯Ì˚ÏË ÎËÌËflÏË
ÔÓÍ‡Á‡Ì˚ ÍË‚˚Â ·ÎÂÒÍ‡, ÒËÌÚÂÁËÓ‚‡ÌÌ˚Â Ò Ì‡ËÎÛ˜¯ËÏË Ô‡‡ÏÂÚ‡ÏË (Ú‡·Î. 1) ‚ ‡ÏÍ‡ı ÏÓ‰ÂÎË “„Ófl˜ÂÈ ÎËÌËË”;
‚ – ‚ÍÎ‡‰˚ ËÁÎÛ˜ÂÌËfl ÍÓÏÔÓÌÂÌÚÓ‚ ÒËÒÚÂÏ˚ – ·ÂÎÓ„Ó Í‡ÎËÍ‡ (1), Á‚ÂÁ‰˚-‰ÓÌÓ‡ (2), ‰ËÒÍ‡ (3) Ë Ó·Î‡ÒÚË ˝ÌÂ„Ó‚˚‰Â-
ÎÂÌËfl (4) – ‚ ÒÛÏÏ‡Ì˚È ÔÓÚÓÍ. 
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6. ÄÌ‡ÎËÁ ËÌÙ‡Í‡ÒÌÓÈ ÍË‚ÓÈ 
·ÎÂÒÍ‡ IP Peg 

ç‡Ë·ÓÎÂÂ flÍÓ ÔÂËÏÛ˘ÂÒÚ‚‡ ÏÓ‰ÂÎË, Û˜ËÚ˚-
‚‡˛˘ÂÈ ÔËÒÛÚÒÚ‚ËÂ ‚ ÚÂÒÌÓÈ ‰‚ÓÈÌÓÈ ÒËÒÚÂÏÂ
Û‰‡ÌÓÈ ‚ÓÎÌ˚ ‚ Ó·Î‡ÒÚË ÒÚÓÎÍÌÓ‚ÂÌËfl „‡ÁÓ‚Ó„Ó
ÔÓÚÓÍ‡ Ò ‚Â˘ÂÒÚ‚ÓÏ, Ó·ÚÂÍ‡˛˘ËÏ ‡ÍÍÂˆËÓÌÌ˚È
‰ËÒÍ, ÔÓfl‚ËÎËÒ¸ ÔË ÔÓÔ˚ÚÍÂ ËÌÚÂÔÂÚËÓ‚‡Ú¸
ÍË‚˚Â ·ÎÂÒÍ‡ IP Peg ‚ ËÌÙ‡Í‡ÒÌÓÏ ‰Ë‡Ô‡ÁÓÌÂ
ÒÔÂÍÚ‡, ÒÓÓÚ‚ÂÚÒÚ‚Û˛˘ËÂ ÔÂËÓ‰Û ÌÂ‡ÍÚË‚ÌÓ„Ó
ÒÓÒÚÓflÌËfl ÒËÒÚÂÏ˚. 

ÑÎfl ËÌÚÂÔÂÚ‡ˆËË Ï˚ ËÒÔÓÎ¸ÁÓ‚‡ÎË ÍË‚Û˛
·ÎÂÒÍ‡ IP Peg, ÔÓÎÛ˜ÂÌÌÛ˛ îÓÌËÌ„ÓÏ Ë ‰. [30]
28–30 ÒÂÌÚfl·fl 1994 „. ‚ ÙËÎ¸ÚÂ H (λ = 1.45–

1.85 ÏÍÏ). ÅÎËÊ‡È¯ËÂ Í ˝ÔÓıÂ Ì‡·Î˛‰ÂÌËÈ
‚ÒÔ˚¯ÍË Ì‡·Î˛‰‡ÎËÒ¸ 25 ÓÍÚfl·fl 1993 „. Ë 7 ‰Â-
Í‡·fl 1994 „. îÓÏ‡ ÍË‚˚ı ·ÎÂÒÍ‡ Ô‡ÍÚË˜ÂÒÍË
ÌÂ ÏÂÌflÎ‡Ò¸ ÓÚ ÌÓ˜Ë Í ÌÓ˜Ë, ÔÓ˝ÚÓÏÛ ‚ÒÂ Ì‡·Î˛-
‰ÂÌËfl ·˚ÎË Ó·˙Â‰ËÌÂÌ˚ ‚ Â‰ËÌÛ˛ ÍË‚Û˛
(ËÒ. 7‡). èÓÔ˚ÚÍË ÓÔËÒ‡Ú¸ ˝ÚÛ ÍË‚Û˛ ‚ ‡ÏÍ‡ı
ÚÓÎ¸ÍÓ ˝ÎÎËÔÒÓË‰‡Î¸Ì˚ı ËÁÏÂÌÂÌËÈ ‚ÚÓË˜ÌÓÈ
ÍÓÏÔÓÌÂÌÚ˚ ‚ ‰Ó‚ÓÎ¸ÌÓ ¯ËÓÍÓÏ ‰Ë‡Ô‡ÁÓÌÂ ‚ÓÁ-
ÏÓÊÌ˚ı Ô‡‡ÏÂÚÓ‚ ÒËÒÚÂÏ˚ ÔÓÚÂÔÂÎË ÌÂÛ‰‡˜Û
[30]. Ç ÒËÒÚÂÏÂ Ó˜Â‚Ë‰ÌÓ ÔËÒÛÚÒÚ‚ÛÂÚ ‰ÓÔÓÎÌË-
ÚÂÎ¸Ì˚È ËÒÚÓ˜ÌËÍ ËÁÎÛ˜ÂÌËfl, Ò‡‚ÌËÏ˚È ÔÓ ËÌ-
ÚÂÌÒË‚ÌÓÒÚË ‚ àä-‰Ë‡Ô‡ÁÓÌÂ Ò Í‡ÒÌ˚Ï Í‡ÎË-
ÍÓÏ. èÓÚÓÍ ÓÚ ˝ÚÓ„Ó ËÒÚÓ˜ÌËÍ‡ ‚ÂÒ¸Ï‡ ÒËÎ¸ÌÓ ÏÂ-
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êËÒ. 7. ç‡·Î˛‰ÂÌËfl IP Peg (‡) Ë ÒÂ‰Ìflfl ÍË‚‡fl (·) ‚ ÙËÎ¸ÚÂ H ‚ ÌÂ‡ÍÚË‚ÌÓÏ ÒÓÒÚÓflÌËË. ëÔÎÓ¯Ì˚ÏË ÎËÌËflÏË ÔÓÍ‡-
Á‡Ì˚ ÍË‚˚Â ·ÎÂÒÍ‡, ÒËÌÚÂÁËÓ‚‡ÌÌ˚Â Ò Ì‡ËÎÛ˜¯ËÏË Ô‡‡ÏÂÚ‡ÏË (Ú‡·Î. 2) ‚ ‡ÏÍ‡ı ÏÓ‰ÂÎË “„Ófl˜ÂÈ ÎËÌËË”; ‚ –
‚ÍÎ‡‰˚ ËÁÎÛ˜ÂÌËfl ÍÓÏÔÓÌÂÌÚÓ‚ ÒËÒÚÂÏ˚ – ·ÂÎÓ„Ó Í‡ÎËÍ‡ (1), Á‚ÂÁ‰˚-‰ÓÌÓ‡ (2), ‰ËÒÍ‡ (3) Ë “„Ófl˜ÂÈ ÎËÌËË” (4) – ‚
ÒÛÏÏ‡Ì˚È ÔÓÚÓÍ; „ – ‡ÒÔÂ‰ÂÎÂÌËÂ ÚÂÏÔÂ‡ÚÛ˚ ‚‰ÓÎ¸ ·ÓÎ¸¯ÓÈ ÓÒË Y ˝ÎÎËÔÒÓË‰‡, ÓÔËÒ˚‚‡˛˘Â„Ó „Ófl˜Û˛ ÎËÌË˛
Ò “Ì‡‚ÂÚÂÌÌÓÈ” (ÍË‚‡fl 1) Ë Ò “ÔÓ‰‚ÂÚÂÌÌÓÈ” ÒÚÓÓÌ˚ (ÍË‚‡fl 2), ÔÓÎÛ˜ÂÌÌ˚Â ÔË ËÌÚÂÔÂÚ‡ˆËË ÍË‚ÓÈ ·ÎÂÒÍ‡ IP

Peg ‚ ÌÂ‡ÍÚË‚ÌÓÏ ÒÓÒÚÓflÌËË. áÌ‡˜ÂÌËfl Ï‡ÍÒËÏ‡Î¸Ì˚ı ÚÂÏÔÂ‡ÚÛ ÒÓÒÚ‡‚Îfl˛Ú  = 50720 K ‰Îfl “Ì‡‚ÂÚÂÌÌÓÈ” ÒÚÓ-

ÓÌ˚ ÎËÌËË Ë  = 48100 K ‰Îfl “ÔÓ‰‚ÂÚÂÌÌÓÈ”. è‡‡ÏÂÚ˚ Ó·Î‡ÒÚË ‚˚Ò‚Â˜Ë‚‡ÌËfl: av  = 0.018a0, bv  = 0.502a0, cv  =

= 0.014a0, ymin = 0.39a0, dy = 0.13a0. 

Tmax
1( )

Tmax
2( )
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ïÛÁËÌ‡ Ë ‰.

ÌflÂÚÒfl Ò Ó·ËÚ‡Î¸ÌÓÈ Ù‡ÁÓÈ. ùÚÓ ÌÂ ÏÓÊÂÚ ·˚Ú¸
ÌË ‡ÍÍÂˆËÓÌÌ˚È ‰ËÒÍ, ‚ÍÎ‡‰ ÓÚ ÍÓÚÓÓ„Ó ÔÓ ‡Á-
Ì˚Ï ÓˆÂÌÍ‡Ï ÌÂ ÔÂ‚˚¯‡ÂÚ 8% ÓÚ ÒÛÏÏ‡ÌÓ„Ó
ÔÓÚÓÍ‡, ÌË ÍÎ‡ÒÒË˜ÂÒÍÓÂ “„Ófl˜ÂÂ ÔflÚÌÓ”, ‚ÍÎ‡‰
ÓÚ ÍÓÚÓÓ„Ó ÏÓÊÌÓ Ì‡·Î˛‰‡Ú¸ ÚÓÎ¸ÍÓ ‚ ÛÁÍÓÏ
Û˜‡ÒÚÍÂ Ó·ËÚ‡Î¸Ì˚ı Ù‡Á, ÌË ÚÂÏ ·ÓÎÂÂ ·ÂÎ˚È
Í‡ÎËÍ, ‚ÍÎ‡‰ ÓÚ ÍÓÚÓÓ„Ó ‚ àä-‰Ë‡Ô‡ÁÓÌÂ ÔÂ-
ÌÂ·ÂÊËÏÓ Ï‡Î. 

êÂÁÛÎ¸Ú‡Ú˚ ËÌÚÂÔÂÚ‡ˆËË ÍË‚ÓÈ ·ÎÂÒÍ‡ IP
Peg ‚ ÙËÎ¸ÚÂ H Í‡Í ‚ ÍÎ‡ÒÒË˜ÂÒÍÓÈ ÏÓ‰ÂÎË “„Ó-
fl˜Â„Ó ÔflÚÌ‡”, Ú‡Í Ë ‚ ÏÓ‰ÂÎË “„Ófl˜ÂÈ ÎËÌËË”
ÔË‚Â‰ÂÌ˚ ‚ Ú‡·Î. 2. èË Â¯ÂÌËË ÍË‚ÓÈ ·ÎÂÒÍ‡
‚ ‡ÏÍ‡ı ÏÓ‰ÂÎË “„Ófl˜ÂÈ ÎËÌËË” Ï˚ ÁÌ‡˜ËÚÂÎ¸-
ÌÓ Ó„‡ÌË˜ËÎË ‰Ë‡Ô‡ÁÓÌ˚ ‰ÓÔÛÒÚËÏ˚ı ÁÌ‡˜ÂÌËÈ
Ô‡‡ÏÂÚÓ‚ q = 1.707 ± 0.003, i = 80 1 ± 0 5,
Rw/a0 = 0.0061 ± 0.0001, T2 = 3420 ± 50 K, Tw = 16000 ±
± 350 K ÛÍ‡Á‡ÌÌ˚ÏË „‡ÌËˆ‡ÏË Ëı ÔÓ„Â¯ÌÓÒÚË
‡Ì‡ÎÓ„Ë˜ÌÓ ÚÓÏÛ, Í‡Í ˝ÚÓ ·˚ÎÓ Ò‰ÂÎ‡ÌÓ ÔË ‡Ì‡-

.° .°

ÎËÁÂ V-ÍË‚ÓÈ ·ÎÂÒÍ‡ ÒËÒÚÂÏ˚ ‚Ó ‚ÂÏfl ‚ÒÔ˚¯ÍË.
éÒÚ‡Î¸Ì˚Â Ô‡‡ÏÂÚ˚ ·˚ÎË Ò‚Ó·Ó‰Ì˚ÏË, ‚ ÚÓÏ
˜ËÒÎÂ Ë ÔÓÍ‡Á‡ÚÂÎ¸ ÒÚÂÔÂÌË βg ‚ Á‡‚ËÒËÏÓÒÚË (3).
ç‡ ËÒ. 7‡, 7· ÔË‚Â‰ÂÌ˚ Ì‡·Î˛‰‡ÂÏ˚Â ÍË‚˚Â
·ÎÂÒÍ‡ Ë ÚÂÓÂÚË˜ÂÒÍ‡fl ÍË‚‡fl, ÒËÌÚÂÁËÓ‚‡ÌÌ‡fl
Ò Ô‡‡ÏÂÚ‡ÏË ËÁ Ú‡·Î. 2. êËÒÛÌÓÍ Ò‚Ë‰ÂÚÂÎ¸ÒÚ‚Û-
ÂÚ Ó ÔÂÍ‡ÒÌÓÈ ÒıÓ‰ËÏÓÒÚË ÂÁÛÎ¸Ú‡ÚÓ‚, ıÓÓ¯Ó
ÓÔËÒ˚‚‡˛ÚÒfl Í‡Í ‡ÏÔÎËÚÛ‰˚ Ï‡ÍÒËÏÛÏÓ‚ ·ÎÂÒÍ‡,
Ú‡Í Ë „ÎÛ·ËÌ‡ Ë ¯ËËÌ‡ ÏËÌËÏÛÏÓ‚. 

ê‡ÁÏÂ˚ ‡ÍÍÂˆËÓÌÌÓ„Ó ‰ËÒÍ‡ (ÚÓ˜ÌÂÂ ÚÓÈ Â„Ó
˜‡ÒÚË, ÍÓÚÓ‡fl fl‚ÎflÂÚÒfl ÓÔÚË˜ÂÒÍË ÚÓÎÒÚÓÈ ‚
·ÎËÊÌÂÈ àä-Ó·Î‡ÒÚË ÒÔÂÍÚ‡) ÌÂ‚ÂÎËÍË, Rd/a0 ~
~ 0.12–0.22 (a/a0 . 0.17, e . 0.29). ÇÍÎ‡‰ Â„Ó ËÁÎÛ-
˜ÂÌËfl ‚ ÒÛÏÏ‡Ì˚È ÔÓÚÓÍ ÒÓÒÚ‡‚ÎflÂÚ 1.5–2%, ‚ÌÂ-
Á‡ÚÏÂÌÌ˚È ÔÓÚÓÍ Ô‡ÍÚË˜ÂÒÍË ÔÓÒÚÓflÌÌ˚È Ë ÌÂ
ÓÍ‡Á˚‚‡ÂÚ Á‡ÏÂÚÌÓ„Ó ‚ÓÁ‰ÂÈÒÚ‚Ëfl Ì‡ ÙÓÏÛ ÍË-
‚ÓÈ ·ÎÂÒÍ‡. íÂÏÔÂ‡ÚÛÌ‡fl Á‡‚ËÒËÏÓÒÚ¸ ‚‰ÓÎ¸ ‡-
‰ËÛÒ‡ ‰ËÒÍ‡ ‰ÂÈÒÚ‚ËÚÂÎ¸ÌÓ ÓÚÍÎÓÌflÂÚÒfl ÓÚ Á‡‚Ë-
ÒËÏÓÒÚË “3/4” (ËÁ Â¯ÂÌËfl ÍË‚ÓÈ ÔÓÎÛ˜ÂÌÓ βg =

í‡·ÎËˆ‡ 2.  è‡‡ÏÂÚ˚ IP Peg (‚ ÌÂ‡ÍÚË‚ÌÓÏ ÒÓÒÚÓflÌËË) ÔÓ Ì‡·Î˛‰ÂÌËflÏ ‚ ÙËÎ¸ÚÂ H

è‡‡ÏÂÚ é·˘ÂÔËÌflÚ˚Â ÁÌ‡˜ÂÌËfl äÎ‡ÒÒË˜ÂÒÍ‡fl ÏÓ‰ÂÎ¸ (I) åÓ‰ÂÎ¸
“„Ófl˜ÂÈ ÎËÌËË” (II)

q = Mw/M2 1.56–2.86 2.146 1.705

i, „‡‰ 78–90 80.33 80.34

Rw/a0 0.0023–0.0056 0.0063 0.0061

R2/a0 0.295–0.373 0.325 0.344

Tw, K ≤15000 38145 16349

Tbw, K 40000–50000 38145 23620

T2, K 3100–3400 3477 3468

ÑËÒÍ

a/a0 ~0.33 0.57 0.17

z/a ~0.02–0.04 0.028 0.0047

βg ≤0.75 0.75 0.69

åÓ‰ÂÎ¸ I (èflÚÌÓ)

ÄÁËÏÛÚ, „‡‰ ~60 80

Rsp/a0 0.1–0.15 0.144

Tsp, K ~10000 17130

åÓ‰ÂÎ¸ II

e 0.288

αe 66.6

av/a0
0.018

bv/a0
0.502

cv/a0
0.014

〈 T(1) 〉 , K 27880

, K 50720

〈 T(2) 〉 , K 25300

, K 48100

χ2 2681 49

Tmax
1( )

Tmax
2( )
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= 0.69), Ó‰Ì‡ÍÓ ËÁ-Á‡ ÌÂÁÌ‡˜ËÚÂÎ¸ÌÓ„Ó ‚ÍÎ‡‰‡ ËÁ-
ÎÛ˜ÂÌËfl ‰ËÒÍ‡ ‚ ÔÓÎÌ˚È ÔÓÚÓÍ ˝ÚÓÚ ‚˚‚Ó‰ ÌÂ
Ó˜ÂÌ¸ Ì‡‰ÂÊÂÌ. üÍÓÒÚÌ‡fl ÚÂÏÔÂ‡ÚÛ‡ ‰ËÒÍ‡ ‚Ó
‚ÌÛÚÂÌÌËı ‡ÈÓÌ‡ı ‰ÓÒÚË„‡ÂÚ 9000–13000 ä, ‚Ó
‚ÌÂ¯ÌËı ˜‡ÒÚflı ÓÔÚË˜ÂÒÍË ÚÓÎÒÚÓÈ Ó·Î‡ÒÚË ‰ËÒÍ‡
ÓÌ‡ Ô‡‰‡ÂÚ ‰Ó 2000–3000 ä. 

ä‡Í Ë ÒÎÂ‰Ó‚‡ÎÓ ÓÊË‰‡Ú¸, Ì‡Ë·ÓÎ¸¯ËÈ ‚ÍÎ‡‰ ‚
ÔÓÎÌ˚È ÔÓÚÓÍ (~60% ‚ Í‚‡‰‡ÚÛÂ) ‰‡ÂÚ Í‡ÒÌ˚È
Í‡ÎËÍ, ÔÓ„Â‚‡ÂÏ˚È ‚ ‡ÈÓÌÂ ÔÓÎ˛ÒÓ‚ „Ófl˜ËÏ
ËÁÎÛ˜ÂÌËÂÏ ËÁ ÔÓ„‡ÌË˜ÌÓ„Ó ÒÎÓfl ·ÂÎÓ„Ó Í‡ÎËÍ‡
(ËÒ. 7‚). è‡‡ÏÂÚ˚ Á‚ÂÁ‰˚-‰ÓÌÓ‡ (Ï‡ÒÒ‡, ‡‰Ë-
ÛÒ, ÚÂÏÔÂ‡ÚÛ‡) ÒÓÓÚ‚ÂÚÒÚ‚Û˛Ú ÚÂÏ ÁÌ‡˜ÂÌËflÏ,
ÍÓÚÓ˚Â ·˚ÎË ÔÓÎÛ˜ÂÌ˚ Ì‡ÏË ÔÓ ÍË‚ÓÈ ·ÎÂÒÍ‡ ‚
ÙËÎ¸ÚÂ V. ÅÓÎÂÂ ÌÂÓÊË‰‡ÌÌ˚Ï fl‚ÎflÂÚÒfl ‚ÂÒ¸Ï‡
ÁÌ‡˜ËÚÂÎ¸Ì˚È ‚ÍÎ‡‰ ‚ ÙÓÏËÓ‚‡ÌËÂ ÍË‚ÓÈ ·ÎÂ-
ÒÍ‡ ‚ ·ÎËÊÌÂÈ àä-Ó·Î‡ÒÚË “„Ófl˜ÂÈ ÎËÌËË”.
àÏÂÌÌÓ ËÁÎÛ˜ÂÌËÂ “„Ófl˜ÂÈ ÎËÌËË” Í‡Í Ò “Ì‡‚ÂÚ-
ÂÌÌÓÈ”, Ú‡Í Ë Ò “ÔÓ‰‚ÂÚÂÌÌÓÈ” ÒÚÓÓÌ˚, ÔÓÁ‚Ó-
ÎËÎÓ ÓÔËÒ‡Ú¸ ÚÓ ÓÒÚ‡ÚÓ˜ÌÓÂ ËÁÎÛ˜ÂÌËÂ, ÍÓÚÓÓÂ

îÓÌËÌ„ Ë ‰. [30] ÔÓÎÛ˜ËÎË ÔÓÒÎÂ Û‰‡ÎÂÌËfl ËÁ
ÍË‚ÓÈ ·ÎÂÒÍ‡ ˝ÎÎËÔÒÓË‰‡Î¸ÌÓÈ ÔÂÂÏÂÌÌÓÒÚË
Á‚ÂÁ‰˚-‰ÓÌÓ‡. üÍÓÒÚÌ‡fl ÚÂÏÔÂ‡ÚÛ‡ (ËÒ. 7„)
“„Ófl˜ÂÈ ÎËÌËË” Ì‡ ÛÓ‚ÌÂ τ ~ 1 ‰ÓÒÚË„‡ÂÚ 54000 K
Ò “Ì‡‚ÂÚÂÌÌÓÈ” Ë 50000 ä Ò “ÔÓ‰‚ÂÚÂÌÌÓÈ” ÒÚÓ-
ÓÌ˚, ÌÂÔÓÁ‡˜Ì‡fl ˜‡ÒÚ¸ ÎËÌËË ‰ÓÒÚ‡ÚÓ˜ÌÓ ÛÁ-
Í‡fl Ë ÔÓÚflÊÂÌÌ‡fl. ùÚÓ ÔÓÁ‚ÓÎflÂÚ ÔÓÎÛ˜ËÚ¸ ‚ÂÒ¸-
Ï‡ ÁÌ‡˜ËÚÂÎ¸Ì˚È ÔÓÚÓÍ H-ËÁÎÛ˜ÂÌËfl Ì‡ Ó·Ë-
Ú‡Î¸Ì˚ı Ù‡Á‡ı ϕ ~ 0.1–0.4. àÏÂÌÌÓ ˝ÚÛ Ó·Î‡ÒÚ¸
Ó·ËÚ‡Î¸ÌÓÈ ÍË‚ÓÈ ·ÎÂÒÍ‡ ÍÎ‡ÒÒË˜ÂÒÍ‡fl ÏÓ‰ÂÎ¸
“„Ófl˜Â„Ó ÔflÚÌ‡” ‚ÓÒÔÓËÁ‚ÂÒÚË ÌÂ ÏÓÊÂÚ. 

ë‡‚ÌÂÌËÂ ‚˚˜ËÒÎÂÌÌ˚ı Ô‡‡ÏÂÚÓ‚ ÏÓ‰ÂÎË ‚
‚Ë‰ËÏÓÈ (Ú‡·Î. 1) Ë ËÌÙ‡Í‡ÒÌÓÈ (Ú‡·Î. 2) Ó·Î‡-
ÒÚflı ÒÔÂÍÚ‡ ‚ ˆÂÎÓÏ ÔÓÍ‡Á˚‚‡ÂÚ Ëı ıÓÓ¯ÂÂ ÒÓ-
„Î‡ÒËÂ, Ò Û˜ÂÚÓÏ ÚÓ„Ó, ̃ ÚÓ ‡Ì‡ÎËÁËÛÂÏ˚Â ÍË‚˚Â
·ÎÂÒÍ‡ ·˚ÎË ÔÓÎÛ˜ÂÌ˚ ‚ ‡ÁÌÓÂ ‚ÂÏfl Ë, ÔÓ-‚Ë‰Ë-
ÏÓÏÛ, ‚ ‡ÁÌ˚ı Ù‡Á‡ı ‡ÍÚË‚ÌÓÒÚË ÒËÒÚÂÏ˚. Ö‰ËÌ-
ÒÚ‚ÂÌÌ˚Ï Ô‡‡ÏÂÚÓÏ, ÍÓÚÓ˚È ÒÛ˘ÂÒÚ‚ÂÌÌÓ ÏÂ-
ÌflÂÚÒfl – ‚ÓÁ‡ÒÚ‡ÂÚ ‚ ~2 ‡Á‡ – ÔË ÔÂÂıÓ‰Â ÓÚ
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êËÒ. 8. ç‡·Î˛‰ÂÌËfl IP Peg (‡) Ë ÒÂ‰Ìflfl ÍË‚‡fl (·) ‚ ÙËÎ¸ÚÂ H ‚ ÌÂ‡ÍÚË‚ÌÓÏ ÒÓÒÚÓflÌËË. ëÔÎÓ¯Ì˚ÏË ÎËÌËflÏË ÔÓÍ‡-
Á‡Ì˚ ÍË‚˚Â ·ÎÂÒÍ‡, ÒËÌÚÂÁËÓ‚‡ÌÌ˚Â Ò Ì‡ËÎÛ˜¯ËÏË Ô‡‡ÏÂÚ‡ÏË (Ú‡·Î. 2) ‚ ‡ÏÍ‡ı ÍÎ‡ÒÒË˜ÂÒÍÓÈ ÏÓ‰ÂÎË “„Ófl˜Â„Ó
ÔflÚÌ‡”; ‚ – ‚ÍÎ‡‰˚ ËÁÎÛ˜ÂÌËfl ÍÓÏÔÓÌÂÌÚÓ‚ ÒËÒÚÂÏ˚ – ·ÂÎÓ„Ó Í‡ÎËÍ‡ (1), Á‚ÂÁ‰˚-‰ÓÌÓ‡ (2), ‰ËÒÍ‡ (3) Ë “„Ófl˜Â„Ó ÔflÚ-
Ì‡” (4) – ‚ ÒÛÏÏ‡Ì˚È ÔÓÚÓÍ. 
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ïÛÁËÌ‡ Ë ‰.

ÓÔÚË˜ÂÒÍÓÈ Í àä-Ó·Î‡ÒÚË ÒÔÂÍÚ‡ fl‚ÎflÂÚÒfl ÚÂÏ-
ÔÂ‡ÚÛ‡ “„Ófl˜ÂÈ ÎËÌËË”. ç‡ÎË˜ËÂ Ú‡ÍÓ„Ó ‡Ò-
ıÓÊ‰ÂÌËfl ÏÓÊÂÚ ·˚Ú¸ Ó·˙flÒÌÂÌÓ ÓÚÍÎÓÌÂÌËÂÏ
Á‡ÍÓÌ‡ ËÁÎÛ˜ÂÌËfl “„Ófl˜ÂÈ ÎËÌËË” ÓÚ ˜ÂÌÓÚÂÎ¸-
ÌÓ„Ó. ÖÒÎË Ï˚ ÔÂ‰ÔÓÎÓÊËÏ, ̃ ÚÓ ‚ ËÁÎÛ˜ÂÌËÂ “„Ó-
fl˜ÂÈ ÎËÌËË” ÒÛ˘ÂÒÚ‚ÂÌÌ˚È ‚ÍÎ‡‰ ‚ÌÓÒflÚ ÚÓ-
ÏÓÁÌÓÂ Ë ÂÍÓÏ·ËÌ‡ˆËÓÌÌÓÂ ËÁÎÛ˜ÂÌËfl, ÚÓ ‚ÓÁ‡-
ÒÚ‡ÌËÂ flÍÓÒÚÌÓÈ ÚÂÏÔÂ‡ÚÛ˚ ÔË ÒÏÂ˘ÂÌËË ‚
‰ÎËÌÌÓ‚ÓÎÌÓ‚Û˛ Ó·Î‡ÒÚ¸ ÒÔÂÍÚ‡ Í‡ÊÂÚÒfl ÂÒÚÂ-
ÒÚ‚ÂÌÌ˚Ï. ëÔÂÍÚ ÚÂÔÎÓ‚Ó„Ó ÚÓÏÓÁÌÓ„Ó Ë Â-
ÍÓÏ·ËÌ‡ˆËÓÌÌÓ„Ó ËÁÎÛ˜ÂÌËÈ ‚ÓÁ‡ÒÚ‡ÂÚ ·ÓÎÂÂ,
˜ÂÏ ‚ 2 ‡Á‡ ÔË ËÁÏÂÌÂÌËË ˜‡ÒÚÓÚ˚ ÓÚ ν = 1015 Éˆ
‰Ó ν = 1014 Éˆ, Ú.Â. ÔË ÔÂÂıÓ‰Â ÓÚ Ó·Î‡ÒÚË ÓÔÚË-
˜ÂÒÍËı ˜‡ÒÚÓÚ Í ËÌÙ‡Í‡ÒÌ˚Ï. Ç ÚÓ ÊÂ ‚ÂÏfl
Û‰ÂÎ¸Ì‡fl ËÌÚÂÌÒË‚ÌÓÒÚ¸ ‡·ÒÓÎ˛ÚÌÓ ˜ÂÌÓ„Ó ÚÂÎ‡
Ò ÚÂÏÔÂ‡ÚÛÓÈ T > 104 ä fl‚ÎflÂÚÒfl Û·˚‚‡˛˘ÂÈ
ÔË ÔÂÂıÓ‰Â ÓÚ ν = 1015 Éˆ Í ν = 1014 Éˆ. ùÚÓ ÓÁÌ‡-
˜‡ÂÚ, ˜ÚÓ ‰ÓÎfl ÌÂÚÂÔÎÓ‚Ó„Ó ËÁÎÛ˜ÂÌËfl Á‡ÏÂÚÌÓ
Û‚ÂÎË˜Ë‚‡ÂÚÒfl ÔË ÒÏÂ˘ÂÌËË ÓÚ ÔÓÎÓÒ˚ V Í ÔÓÎÓ-
ÒÂ H, ˜ÚÓ Ë ÔË‚Ó‰ËÚ Í ‚ÓÁ‡ÒÚ‡ÌË˛ flÍÓÒÚÌÓÈ
ÚÂÏÔÂ‡ÚÛ˚ “„Ófl˜ÂÈ ÎËÌËË” ‚ ÏÓ‰ÂÎË. 

èË ËÌÚÂÔÂÚ‡ˆËË ÍË‚ÓÈ ·ÎÂÒÍ‡ ‚ ‡ÏÍ‡ı
ÍÎ‡ÒÒË˜ÂÒÍÓÈ ÏÓ‰ÂÎË ‰Ë‡Ô‡ÁÓÌ ‰ÓÔÛÒÚËÏ˚ı ÁÌ‡-
˜ÂÌËÈ Ô‡‡ÏÂÚÓ‚ ·˚Î ÒÛ˘ÂÒÚ‚ÂÌÌÓ ‚˚¯Â, ˜ÂÏ ‚
ÔÂ‰˚‰Û˘ÂÈ ÏÓ‰ÂÎË, Ó‰Ì‡ÍÓ Ë ‚ ·ÓÎÂÂ ¯ËÓÍÓÈ
Ó·Î‡ÒÚË Ô‡‡ÏÂÚÓ‚ ÔËÂÏÎÂÏÓ„Ó Â¯ÂÌËfl Ì‡ÈÚË
Ì‡Ï ÌÂ Û‰‡ÎÓÒ¸ (Ú‡·Î. 2). ÖÒÎË ÍË‚Û˛ ·ÎÂÒÍ‡ ‚
‡ÈÓÌÂ Ó·ËÚ‡Î¸Ì˚ı Ù‡Á ϕ ~ 0.4–0.9 ÍÎ‡ÒÒË˜ÂÒÍ‡fl
ÏÓ‰ÂÎ¸ Â˘Â ÏÓÊÂÚ ·ÓÎÂÂ ÏÂÌÂÂ ‡ÁÛÏÌÓ ÓÔËÒ‡Ú¸
·Î‡„Ó‰‡fl, ‚ ÓÒÌÓ‚ÌÓÏ, ËÁÎÛ˜ÂÌË˛ “„Ófl˜Â„Ó ÔflÚ-
Ì‡” (ËÒ. 8‚), ÚÓ Ó·Î‡ÒÚ¸ ϕ ~ 0.9–0.4 ‚ÓÒÔÓËÁ‚Ó-
‰ËÚÒfl Í‡ÈÌÂ ÔÎÓıÓ (ËÒ. 8‡, 8·). ÇÍÎ‡‰ ‰ËÒÍ‡ ‚
ÔÓÎÌ˚È ÔÓÚÓÍ, ÌÂÒÏÓÚfl Ì‡ Ó˜ÂÌ¸ ·ÓÎ¸¯ËÂ ‡Á-
ÏÂ˚ Â„Ó ÓÔÚË˜ÂÒÍË ÚÓÎÒÚÓÈ ˜‡ÒÚË (Rd ~ 0.57a0 .
. 0.99RL1), ÌÂ‚ÂÎËÍ (~7%). ùÚÓÚ ÂÁÛÎ¸Ú‡Ú ÒÓ„Î‡-
ÒÛÂÚÒfl Ò ‚˚‚Ó‰‡ÏË ‰Û„Ëı ËÒÒÎÂ‰Ó‚‡ÚÂÎÂÈ [18, 30].
ÑËÒÍ ‰ÓÒÚ‡ÚÓ˜ÌÓ ıÓÎÓ‰Ì˚È, flÍÓÒÚÌ‡fl ÚÂÏÔÂ‡-
ÚÛ‡ Ì‡ ‚ÌÂ¯ÌÂÏ Í‡Â ÒÓÒÚ‡‚ÎflÂÚ ~1500 ä, ‡Ò-
ÔÂ‰ÂÎÂÌËÂ ÚÂÏÔÂ‡ÚÛ˚ ‚‰ÓÎ¸ ‡‰ËÛÒ‡ ÒÓÓÚ‚ÂÚ-
ÒÚ‚ÛÂÚ ÁÌ‡˜ÂÌË˛ βg . 0.75, ÓÒÌÓ‚Ì‡fl Ï‡ÒÒ‡ ‰ËÒÍ‡
ËÏÂÂÚ ÚÂÏÔÂ‡ÚÛÛ 3500–2000 ä. 

ê‡ÁÏÂ˚ (r ~ 0.144a0) “„Ófl˜Â„Ó ÔflÚÌ‡” ‚ ·ÎËÊ-
ÌÂÈ àä-Ó·Î‡ÒÚË ‚ ÍÎ‡ÒÒË˜ÂÒÍÓÈ ÏÓ‰ÂÎË ÔÓÎÛ˜‡-
˛ÚÒfl ÔËÏÂÌÓ Ú‡ÍËÂ ÊÂ, Í‡Í Û îÓÌËÌ„‡ Ë ‰.
[30], Ó‰Ì‡ÍÓ ‡ÁËÏÛÚ ÔflÚÌ‡ (~80°) ·ÎËÊÂ Í ÚÓÏÛ
ÁÌ‡˜ÂÌË˛, ˜ÚÓ ÔÓÎÛ˜‡˛Ú ‚ ‚Ë‰ËÏÓÈ Ó·Î‡ÒÚË ÒÔÂÍ-
Ú‡ (Ú‡·Î. 2). ÇÍÎ‡‰ ÔflÚÌ‡ ÒÓÒÚ‡‚ÎflÂÚ ~22% ÓÚ
ÔÓÎÌÓ„Ó ÔÓÚÓÍ‡ Ì‡ Ù‡Á‡ı ϕ ~ 0.75. ä‡Í Ë ‚ ÏÓ‰ÂÎË
“„Ófl˜ÂÈ ÎËÌËË”, ÓÒÌÓ‚ÌÓÈ ‚ÍÎ‡‰ ‚ ÔÓÎÌ˚È ÔÓÚÓÍ
ÓÚ ÒËÒÚÂÏ˚ ‰‡ÂÚ Á‚ÂÁ‰‡ ÔÓÁ‰ÌÂ„Ó ÒÔÂÍÚ‡Î¸ÌÓ„Ó
ÍÎ‡ÒÒ‡ (‰Ó ~70% Ì‡ ϕ ~ 0.75, ‰Ó 90% Ì‡ ϕ ~ 0.25). 

7. é·ÒÛÊ‰ÂÌËÂ ÂÁÛÎ¸Ú‡ÚÓ‚ 

êÂ¯ÂÌËÂ Ó·‡ÚÌÓÈ Á‡‰‡˜Ë ÔÓ ËÌÚÂÔÂÚ‡ˆËË
Á‡ÚÏÂÌÌÓÈ ÍË‚ÓÈ ·ÎÂÒÍ‡ Í‡Ú‡ÍÎËÁÏË˜ÂÒÍÓÈ ÔÂ-
ÂÏÂÌÌÓÈ IP Peg ‚ ‡ÏÍ‡ı ‰‚Ûı ‡Î¸ÚÂÌ‡ÚË‚Ì˚ı
ÏÓ‰ÂÎÂÈ ÔÓÍ‡Á‡ÎÓ, ˜ÚÓ ‚ ÏÓ‰ÂÎË “„Ófl˜ÂÈ ÎËÌËË”
Û‰‡ÂÚÒfl ÎÛ˜¯Â ÓÔËÒ‡Ú¸ Ì‡·Î˛‰‡ÂÏ˚Â ÍË‚˚Â

·ÎÂÒÍ‡ ‚ ÒÔÓÍÓÈÌÓÏ ÒÓÒÚÓflÌËË, ˜ÂÏ ‚ ÏÓ‰ÂÎË “„Ó-
fl˜Â„Ó ÔflÚÌ‡”. í‡Í, ‚ ÏÓ‰ÂÎË “„Ófl˜ÂÈ ÎËÌËË”
ÎÛ˜¯Â ‚ÓÒÔÓËÁ‚Ó‰ËÚÒfl ¯ËËÌ‡ „Ó·Ó‚ Ì‡ ÍË-
‚˚ı ·ÎÂÒÍ‡, ÙÓÏ‡ Á‡ÚÏÂÌËfl Ë ‰ÂÚ‡ÎË ‚ÌÂÁ‡ÚÏÂÌ-
Ì˚ı ËÁÏÂÌÂÌËÈ ·ÎÂÒÍ‡. ùÚÓ, ‚ ˜‡ÒÚÌÓÒÚË, Ò‚flÁ‡ÌÓ
Ò ÚÂÏ, ˜ÚÓ ÍÎ‡ÒÒË˜ÂÒÍÓÂ “„Ófl˜ÂÂ ÔflÚÌÓ”, Ó·Î‡‰‡fl
Í‚‡ÁËÔÎÓÒÍÓÈ ÔÓ‚ÂıÌÓÒÚ¸˛, ·˚ÒÚÓ ÏÂÌflÂÚ ÔÎÓ-
˘‡‰¸ Ò‚ÓÂÈ ÔÓÂÍˆËË Ì‡ Í‡ÚËÌÌÛ˛ ÔÎÓÒÍÓÒÚ¸
ÔË Ó·ËÚ‡Î¸ÌÓÏ ‰‚ËÊÂÌËË, ˜ÚÓ Ó·ÛÒÎ‡‚ÎË‚‡ÂÚ
Ò‡‚ÌËÚÂÎ¸ÌÓ ÛÁÍËÂ „Ó·˚ Ì‡ Á‡ÚÏÂÌÌÓÈ ÍË‚ÓÈ
·ÎÂÒÍ‡. åÓ‰ÂÎ¸ “„Ófl˜ÂÈ ÎËÌËË” Ú‡ÍÚÛÂÚ flÍÛ˛
Ó·Î‡ÒÚ¸ ‚Á‡ËÏÓ‰ÂÈÒÚ‚Ëfl Í‡Í ÔÓÚflÊÂÌÌÛ˛ ÔÓÎÛ-
ÔÓÁ‡˜ÌÛ˛ ÒÚÛÍÚÛÛ, ÍÓÚÓ‡fl ·ÓÎÂÂ ÔÎ‡‚ÌÓ ÏÂ-
ÌflÂÚ Ò‚Ó˛ ÔÓÂÍˆË˛ Ì‡ Í‡ÚËÌÌÛ˛ ÔÎÓÒÍÓÒÚ¸ Ò
Ù‡ÁÓÈ Ó·ËÚ‡Î¸ÌÓ„Ó ÔÂËÓ‰‡. äÓÏÂ ÚÓ„Ó, ÔÓ-
ÒÍÓÎ¸ÍÛ „Ófl˜‡fl ÎËÌËfl ÔÂ‰ÔÓÎ‡„‡ÂÚ ‚˚Ò‚Â˜Ë‚‡-
ÌËÂ „Ófl˜ÂÈ ÔÎ‡ÁÏ˚ Í‡Í ‚ÔÂÂ‰ ÔÓ Ó·ËÚ‡Î¸ÌÓÏÛ
‰‚ËÊÂÌË˛, Ú‡Í Ë Ò Ú˚Î¸ÌÓÈ ÒÚÓÓÌ˚ (‚ Á‡‚ËÒËÏÓ-
ÒÚË ÓÚ ÓÔÚË˜ÂÒÍÓÈ ÚÓÎ˘Ë Ó·Î‡ÒÚË ‚Á‡ËÏÓ‰ÂÈÒÚ-
‚Ëfl Ë „‡ÁÓ‚ÓÈ ÒÚÛË), ‚ ÏÓ‰ÂÎË “„Ófl˜ÂÈ ÎËÌËË”
Û‰‡ÂÚÒfl ÔÓÎÛ˜ËÚ¸ ·ÓÎÂÂ ¯ËÓÍËÂ „Ó·˚ Ì‡ Á‡-
ÚÏÂÌÌÓÈ ÍË‚ÓÈ ·ÎÂÒÍ‡, ÍÓÚÓ˚Â ÎÛ˜¯Â ÒÓ„Î‡ÒÛ-
˛ÚÒfl Ò Ì‡·Î˛‰ÂÌËflÏË. 

Ç ÓÚÎË˜ËÂ ÓÚ ÍÎ‡ÒÒË˜ÂÒÍÓ„Ó “„Ófl˜Â„Ó ÔflÚÌ‡”
ÓÚÌÓÒËÚÂÎ¸ÌÓ flÍËÂ Ó·Î‡ÒÚË “„Ófl˜ÂÈ ÎËÌËË”
ÏÓÊÌÓ Ì‡·Î˛‰‡Ú¸ Ë ‚ Ù‡Á‡ı ϕ ~ 0.5–0.6, ÔË ÍÓÚÓ-
˚ı ÍÎ‡ÒÒË˜ÂÒÍÓÂ “„Ófl˜ÂÂ ÔflÚÌÓ”, ‡ÒÔÓÎÓÊÂÌ-
ÌÓÂ Ì‡ ‚ÌÂ¯ÌÂÈ „‡ÌËˆÂ ‰ËÒÍ‡, ‚Ë‰ÂÚ¸ ÌÂÎ¸Áfl. ç‡-
ÍÓÌÂˆ, ‚ ÒÎÛ˜‡Â, ÂÒÎË Ò‚ÂÚËÏÓÒÚ¸ “„Ófl˜ÂÈ ÎËÌËË”
Ò “Ì‡‚ÂÚÂÌÌÓÈ” ÒÚÓÓÌ˚ ‚˚¯Â Ò‚ÂÚËÏÓÒÚË ·ÓÍÓ-
‚ÓÈ ÔÓ‚ÂıÌÓÒÚË ‰ËÒÍ‡, ·Û‰ÂÚ Ì‡·Î˛‰‡Ú¸Òfl Û‚ÂÎË-
˜ÂÌËÂ ÔÓÚÓÍ‡ ÓÚ ÒËÒÚÂÏ˚ ‚ Ù‡Á‡ı ϕ ~ 0.1–0.2, ˜ÚÓ
ÔÓÎÌÓÒÚ¸˛ ËÒÍÎ˛˜ÂÌÓ ‚ ‡ÏÍ‡ı ÍÎ‡ÒÒË˜ÂÒÍÓÈ ÏÓ-
‰ÂÎË. 

àÌÚÂÔÂÚ‡ˆËfl ÍË‚˚ı ·ÎÂÒÍ‡ IP Peg ‚ ËÌÙ‡-
Í‡ÒÌÓÏ ‰Ë‡Ô‡ÁÓÌÂ ÒÔÂÍÚ‡ Û·Â‰ËÚÂÎ¸ÌÓ ÔÓ‰Ú‚Â-
‰ËÎ‡ ÔÂËÏÛ˘ÂÒÚ‚‡ ÏÓ‰ÂÎË ÚÂ˜ÂÌËfl Ò “„Ófl˜ÂÈ
ÎËÌËÂÈ”: ÌÂ‚flÁÍ‡ χ2 ÔË Ò‡‚ÌÂÌËË ÚÂÓÂÚË˜ÂÒÍÓÈ
Ë Ì‡·Î˛‰‡ÂÏÓÈ ÍË‚˚ı ·ÎÂÒÍ‡ ‰Îfl ÏÓ‰ÂÎË Ò ·ÂÁÛ-
‰‡Ì˚Ï ‚Á‡ËÏÓ‰ÂÈÒÚ‚ËÂÏ „‡ÁÓ‚ÓÈ ÒÚÛË Ë ‰ËÒÍ‡
‡‚ÌflÂÚÒfl 49, ‚ ÚÓ ‚ÂÏfl Í‡Í ÌÂ‚flÁÍ‡ ‰Îfl ÒÚ‡Ì-
‰‡ÚÌÓÈ ÏÓ‰ÂÎË Ò “„Ófl˜ËÏ ÔflÚÌÓÏ” χ2 = 2681. 

ç‡ÒÚÓfl˘‡fl ‡·ÓÚ‡ ‚˚ÔÓÎÌÂÌ‡ ÔË ÔÓ‰‰ÂÊÍÂ
êÓÒÒËÈÒÍÓ„Ó ÙÓÌ‰‡ ÙÛÌ‰‡ÏÂÌÚ‡Î¸Ì˚ı ËÒÒÎÂ‰Ó‚‡-
ÌËÈ (ÍÓ‰˚ ÔÓÂÍÚÓ‚ 99-02-17619, 99-02-17589, 00-
02-16471), ‡ Ú‡ÍÊÂ „‡ÌÚÓ‚ èÂÁË‰ÂÌÚ‡ êî 99-15-
96022, 00-15-96722, 00-15-96553. 
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5

Interpretation of Light Curves of IP Peg in a Model with Shockless Interaction 
Between the Gas Stream and Disk

T. S. Khruzina, A. M. Cherepashchuk, D. V. Bisikalo, 
A. A. Boyarchuk, and O. A. Kuznetsov

We have analyzed light curves of the eclipsing cataclysmic variable IP Peg. A model with a shockless interac-
tion between the gaseous stream and disk (i.e., an elliptical disk with a “hot line”) can describe the main char-
acteristic features of the light curve of the interacting close binary better than a classical model with a “hot spot”
at the outer boundary of a circular accretion disk. In particular, the hot-line model can reproduce the luminosity
increase observed at phases ϕ ~ 0.1–0.2 and ϕ ~ 0.5–0.6, which is not possible in the standard hot-spot model.
The advantages of the hot-line model are particularly striking for the IR light curves of IP Peg: the discrepancy
χ2 between the theoretical and observed light curves is 49 for the model with a shockless interaction between
the gaseous stream and disk, and 2681 for the standard hot-spot model.


