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ÇÇÖÑÖçàÖ

 

ÑÓ ÒËı ÔÓ ÌÂ ÒÛ˘ÂÒÚ‚ÛÂÚ ÚÓ˜ÌÓ„Ó ÛÌË‚ÂÒ‡Î¸-
ÌÓ„Ó ÔflÏÓ„Ó ÏÂÚÓ‰‡ Ô‡‡ÏÂÚË˜ÂÒÍÓ„Ó ÒËÌÚÂÁ‡
ÔÓÎÓÒÌÓ-ÔÓÔÛÒÍ‡˛˘Ëı ÙËÎ¸ÚÓ‚ Ò‚Âı‚˚ÒÓÍËı
˜‡ÒÚÓÚ, ÒÓÒÚÓfl˘Ëı ËÁ ˆÂÔÓ˜ÍË ˝ÎÂÍÚÓÏ‡„ÌËÚÌÓ
Ò‚flÁ‡ÌÌ˚ı ÂÁÓÌ‡ÚÓÓ‚. èÓ˝ÚÓÏÛ ÒËÌÚÂÁ ÙËÎ¸-
ÚÓ‚ Ó·˚˜ÌÓ ‚˚ÔÓÎÌfl˛Ú ‚ ‰‚‡ ̋ Ú‡Ô‡. ëÌ‡˜‡Î‡ ‚˚-
ÔÓÎÌflÂÚÒfl ÔË·ÎËÊÂÌÌ˚È ÒËÌÚÂÁ, ‡ Á‡ÚÂÏ ËÚÂ‡-
ˆËflÏË ÓÒÛ˘ÂÒÚ‚ÎflÂÚÒfl ÓÔÚËÏËÁ‡ˆËfl Ô‡‡ÏÂÚÓ‚
ÍÓÌÒÚÛÍˆËË.

á‡ ÓÒÌÓ‚Û ÔË·ÎËÊÂÌÌÓ„Ó ÒËÌÚÂÁ‡ ˜‡ÒÚÓ ‚˚·Ë-
‡˛Ú Ó·Ó·˘ÂÌÌ˚Â ÙÓÏÛÎ˚ äÓÌ‡–å‡ÚÚÂfl [1–2]
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ÍÓÚÓ˚Â ‚˚‡Ê‡˛Ú ‚ÌÂ¯Ì˛˛ ‰Ó·ÓÚÌÓÒÚ¸ 
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 ̃ ÂÂÁ ·ÂÁ‡ÁÏÂÌ˚È Ô‡‡ÏÂÚ 
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, ı‡‡ÍÚÂË-
ÁÛ˛˘ËÈ ¯ËËÌÛ ÔÓÎÓÒ˚ ÔÓÔÛÒÍ‡ÌËfl ÙËÎ¸Ú‡, Ë
ÌÓÏËÓ‚‡ÌÌ˚Â Ô‡‡ÏÂÚ˚ 

 

g

 

j

 

 ÙËÎ¸Ú‡-ÔÓÚÓÚË-
Ô‡ ÌËÊÌËı ̃ ‡ÒÚÓÚ Ì‡ ÒÓÒÂ‰ÓÚÓ˜ÂÌÌ˚ı ̋ ÎÂÏÂÌÚ‡ı.
è‡‡ÏÂÚ 

 

w

 

 ÓÔÂ‰ÂÎflÂÚÒfl ÙÓÏÛÎÓÈ 
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ω
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 – ÌËÊÌflfl Ë ‚ÂıÌflfl „‡ÌËˆ˚ ÔÓÎÓÒ˚
ÔÓÔÛÒÍ‡ÌËfl ÙËÎ¸Ú‡.

áÌ‡˜ÂÌËfl 
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 ‰Îfl ÙËÎ¸Ú‡-ÔÓÚÓÚËÔ‡ Ò ˜Â·˚-
¯Â‚ÒÍÓÈ ı‡‡ÍÚÂËÒÚËÍÓÈ ‚˚˜ËÒÎfl˛ÚÒfl ÔÓ ÙÓ-
ÏÛÎ‡Ï [3–4]
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(2)
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á‰ÂÒ¸ 
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r

 

 ÛÍ‡Á˚‚‡ÂÚ ÛÓ‚ÂÌ¸ Á‡ÚÛı‡ÌËfl ÓÚ‡ÊÂÌ-
ÌÓÈ ‚ÓÎÌ˚ Ì‡ „‡ÌËˆ‡ı ÔÓÎÓÒ˚ ÔÓÔÛÒÍ‡ÌËfl.

èË ‚˚‚Ó‰Â ÙÓÏÛÎ (1) ËÒÔÓÎ¸ÁÓ‚‡ÎÓÒ¸ ˜‡-
ÒÚÓÚÌÓÂ ÔÂÓ·‡ÁÓ‚‡ÌËÂ

(3)
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' ÙËÎ¸Ú‡-
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.
çÂÍÓÚÓÛ˛ ÌÂÛ‰Ó‚ÎÂÚ‚ÓÂÌÌÓÒÚ¸ ‚˚Á˚‚‡ÂÚ ÚÓ

Ó·ÒÚÓflÚÂÎ¸ÒÚ‚Ó, ˜ÚÓ ÔË ‚˚‚Ó‰Â ÙÓÏÛÎ (1), ‚Ó-
ÔÂ‚˚ı, ËÒÔÓÎ¸ÁÓ‚‡ÎËÒ¸ ˝Í‚Ë‚‡ÎÂÌÚÌ˚Â ÒıÂÏ˚ Ò
ËÌ‚ÂÚÓ‡ÏË ËÏÏËÚ‡ÌÒÓ‚, ‡ ‚Ó-‚ÚÓ˚ı, ˜‡ÒÚÓÚÌ˚Â
Á‡‚ËÒËÏÓÒÚË ËÏÏËÚ‡ÌÒÓ‚ ÂÁÓÌ‡ÚÓÓ‚ ‡ÔÔÓÍÒË-
ÏËÓ‚‡ÎËÒ¸ ÎËÌÂÈÌ˚ÏË ÙÛÌÍˆËflÏË.

Ç Ì‡ÒÚÓfl˘ÂÈ ‡·ÓÚÂ ‰‡ÂÚÒfl ÛÚÓ˜ÌÂÌËÂ ÙÓ-
ÏÛÎ (1), ÌÂ ÔË·Â„‡fl Í Í‡ÍËÏ-ÎË·Ó ÔË·ÎËÊÂÌËflÏ.
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1. ÇõÇéÑ îéêåìã

 

ç‡˜ÚÂÏ Ò ‡Ò˜ÂÚ‡ ‚ÌÂ¯ÌÂÈ ‰Ó·ÓÚÌÓÒÚË ÒÓÒÂ-
‰ÓÚÓ˜ÂÌÌÓ„Ó Â‡ÍÚË‚ÌÓ„Ó ˝ÎÂÏÂÌÚ‡ 
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˘‡Ú¸Òfl ‚ ÌÛÎ¸. éÚÒ˛‰‡ Ì‡ıÓ‰ËÏ Â„Ó ÂÁÓÌ‡ÌÒÌÛ˛
˜‡ÒÚÓÚÛ

(4)
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ËÏÏËÚ‡ÌÒ Ó·‡˘‡ÂÚÒfl ‚ ÌÛÎ¸. èÓ˝ÚÓÏÛ ˜‡ÒÚÓÚ˚
Û‰Ó‚ÎÂÚ‚Ófl˛Ú Û‡‚ÌÂÌË˛
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Òfl ˜ÂÂÁ ˜‡ÒÚÓÚ˚ Ëı Ò‚flÁ‡ÌÌ˚ı ÍÓÎÂ·‡ÌËÈ ÙÓÏÛ-
ÎÓÈ [6–8]
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èÓÎÛ˜ÂÌÌ˚Â ÛÚÓ˜ÌÂÌÌ˚Â ÙÓÏÛÎ˚ (7) Ë (11)
ÒÓ‚Ô‡‰‡˛Ú ‚ ÎËÌÂÈÌÓÏ ÔË·ÎËÊÂÌËË ÔÓ w Ò ËÁ-
‚ÂÒÚÌ˚ÏË ÔË·ÎËÊÂÌÌ˚ÏË ÙÓÏÛÎ‡ÏË (1).

2. ëíìèÖçóÄíõâ îàãúíê

ë‡‚ÌËÏ ‡ÏÔÎËÚÛ‰ÌÓ-˜‡ÒÚÓÚÌ˚Â ı‡‡ÍÚÂË-
ÒÚËÍË (Äóï) ÙËÎ¸ÚÓ‚, ÒËÌÚÂÁËÓ‚‡ÌÌ˚ı Ò ËÒ-
ÔÓÎ¸ÁÓ‚‡ÌËÂÏ ÙÓÏÛÎ (1) Ë ÙÓÏÛÎ (7), (11). ÑÎfl
ÛÔÓ˘ÂÌËfl ‡Ò˜ÂÚÓ‚ ‡ÒÒÏÓÚËÏ ÒÚÛÔÂÌ˜‡Ú˚È
ÙËÎ¸Ú, Ó·‡ÁÓ‚‡ÌÌ˚È Í‡ÒÍ‡‰Ì˚Ï ÒÓÂ‰ËÌÂÌËÂÏ
˜ÂÂ‰Û˛˘ËıÒfl ÌËÁÍÓÓÏÌ˚ı Ë ‚˚ÒÓÍÓÓÏÌ˚ı ÔÓÎÛ-
‚ÓÎÌÓ‚˚ı ÓÚÂÁÍÓ‚ ÎËÌËË ÔÂÂ‰‡˜Ë. ó‡ÒÚÓÚÌÛ˛
ı‡‡ÍÚÂËÒÚËÍÛ Ú‡ÍÓ„Ó ÙËÎ¸Ú‡ ÌÂÒÎÓÊÌÓ ‡Ò-
Ò˜ËÚ‡Ú¸, Ú‡Í Í‡Í Â„Ó Ï‡ÚËˆ‡ ÔÂÂ‰‡˜Ë fl‚ÎflÂÚÒfl
ÔÓËÁ‚Â‰ÂÌËÂÏ Ï‡ÚËˆ ÔÂÂ‰‡˜Ë ‚ıÓ‰fl˘Ëı ‚ ÌÂ„Ó
ÓÚÂÁÍÓ‚. ä‡Ê‰˚È ËÁ ÓÚÂÁÍÓ‚ ÙËÎ¸Ú‡ ‚˚ÔÓÎÌfl-
ÂÚ ÙÛÌÍˆË˛ ÂÁÓÌ‡ÚÓ‡.

Ç˚‚Â‰ÂÏ ÙÓÏÛÎÛ ‰Îfl ÍÓ˝ÙÙËˆËÂÌÚ‡ Ò‚flÁË
Ô‡˚ ÒÏÂÊÌ˚ı ÂÁÓÌ‡ÚÓÓ‚ ÙËÎ¸Ú‡. ÇÓÎÌÓ‚ÓÂ
ÒÓÔÓÚË‚ÎÂÌËÂ ‚˚ÒÓÍÓÓÏÌÓ„Ó ÓÚÂÁÍ‡ Ó·ÓÁÌ‡˜ËÏ
Z+, ‡ ÌËÁÍÓÓÏÌÓ„Ó – Z–. é˜Â‚Ë‰ÌÓ, ̃ ÚÓ ̃ ÂÏ ·ÓÎ¸¯Â
‡ÁÎË˜ËÂ ‚ÓÎÌÓ‚˚ı ÒÓÔÓÚË‚ÎÂÌËÈ, ÚÂÏ ÏÂÌ¸¯Â
ÍÓ˝ÙÙËˆËÂÌÚ Ò‚flÁË. ÑÎfl ÚÓ„Ó ˜ÚÓ·˚ ÓÚÍÎ˛˜ËÚ¸
Ò‚flÁË Ò ‰Û„ËÏË ÂÁÓÌ‡ÚÓ‡ÏË ÙËÎ¸Ú‡, ‚ÌÂ¯ÌËÈ
ÍÓÌÂˆ ‚˚ÒÓÍÓÓÏÌÓ„Ó ÓÚÂÁÍ‡ ‚˚‰ÂÎÂÌÌÓÈ Ô‡˚
ÒÎÂ‰ÛÂÚ Á‡ÏÍÌÛÚ¸ Ì‡ ̋ Í‡Ì, ‡ ‚ÌÂ¯ÌËÈ ÍÓÌÂˆ ÌËÁÍÓ-
ÓÏÌÓ„Ó ÓÚÂÁÍ‡ ‡ÁÓÏÍÌÛÚ¸. ùÎÂÍÚË˜ÂÒÍËÂ ‰ÎËÌ˚
ÓÚÂÁÍÓ‚ ÙËÎ¸Ú‡, ÓÚ‚Â˜‡˛˘ËÂ ‰‚ÛÏ ˜‡ÒÚÓÚ‡Ï
Ò‚flÁ‡ÌÌ˚ı ÍÓÎÂ·‡ÌËÈ ‚˚‰ÂÎÂÌÌÓÈ Ô‡˚ ÂÁÓÌ‡-
ÚÓÓ‚, ÓÔÂ‰ÂÎfl˛ÚÒfl ÙÓÏÛÎÓÈ
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èÓ‰ÒÚ‡‚Îflfl (12) ‚ (10), Ì‡ıÓ‰ËÏ ÍÓ˝ÙÙËˆËÂÌÚ Ò‚fl-
ÁË ‰Îfl ÒÏÂÊÌÓÈ Ô‡˚ ÂÁÓÌ‡ÚÓÓ‚

(13)

íÂÔÂ¸ ÔÓÎÛ˜ËÏ ÙÓÏÛÎÛ ‰Îfl ‚ÌÂ¯ÌÂÈ ‰Ó·ÓÚ-
ÌÓÒÚË ÓÍÓÌÂ˜ÌÓ„Ó ÂÁÓÌ‡ÚÓ‡. ÑÎfl ÓÔÂ‰ÂÎÂÌÌÓ-
ÒÚË ·Û‰ÂÏ ÔÓÎ‡„‡Ú¸, ̃ ÚÓ Â„Ó ‚ÓÎÌÓ‚ÓÂ ÒÓÔÓÚË‚ÎÂ-
ÌËÂ Z1 ÏÂÌ¸¯Â ‚ÓÎÌÓ‚Ó„Ó ÒÓÔÓÚË‚ÎÂÌËfl ‚ÌÂ¯ÌÂ-
„Ó Ú‡ÍÚ‡ Z0. èÓ˝ÚÓÏÛ ‡ÒÒÏ‡ÚË‚‡ÂÏ ÓÚÂÁÓÍ
ÎËÌËË ÔÂÂ‰‡˜Ë Ò ‚ÓÎÌÓ‚˚Ï ÒÓÔÓÚË‚ÎÂÌËÂÏ Z1,
Ó‰ËÌ ÍÓÌÂˆ ÍÓÚÓÓ„Ó Á‡ÏÍÌÛÚ Ì‡ ÂÁËÒÚÓ ‚ÂÎË˜Ë-
ÌÓ˛ Z0, ‡ ‚ÚÓÓÈ ÍÓÌÂˆ ‡ÁÓÏÍÌÛÚ. ó‡ÒÚÓÚ‡ Ò‚Ó-
·Ó‰Ì˚ı ÍÓÎÂ·‡ÌËÈ Ú‡ÍÓÈ ˆÂÔË ‚˚‡Ê‡ÂÚÒfl ÙÓ-
ÏÛÎÓÈ

(14)

èÓ‰ÒÚ‡‚Îflfl (14) ‚ (6), Ì‡ıÓ‰ËÏ ‚ÌÂ¯Ì˛˛ ‰Ó·ÓÚ-
ÌÓÒÚ¸

(15)

θ± π Z–/Z+.arctg±=

k+–

2π Z–/Z+arctg

π2 Z–/Z+arctg
2

+
--------------------------------------------.=

θ π i Z1/Z0( ).arth–=

Qe
1– 2

π
--- Z1/Z0( )arth .=



586

êÄÑàéíÖïçàäÄ à ùãÖäíêéçàäÄ      ÚÓÏ 53      ‹ 5    2008

í˛ÌÂ‚

3. ëêÄÇçÖçàÖ êÖáìãúíÄíéÇ

ê‡ÒÒÏÓÚËÏ ÒÎÛ˜‡È, ÍÓ„‰‡ ˜ËÒÎÓ Á‚ÂÌ¸Â‚ ‚
ÙËÎ¸ÚÂ n = 7, ̄ ËËÌ‡ ÔÓÎÓÒ˚ ÔÓÔÛÒÍ‡ÌËfl ÔÓ ÛÓ‚-
Ì˛ –3 ‰Å ÒÓÒÚ‡‚ÎflÂÚ 42.13%, w = 0.40, Lr = –14 ‰Å,
Z0 = 50 éÏ. äÓÌÒÚÛÍˆËfl ÙËÎ¸Ú‡ ÒËÏÏÂÚË˜Ì‡
ÓÚÌÓÒËÚÂÎ¸ÌÓ ˆÂÌÚ‡Î¸ÌÓ„Ó ÂÁÓÌ‡ÚÓ‡ Ò j = 4.
êÂÁÛÎ¸Ú‡Ú˚ ÒËÌÚÂÁ‡ ÔÓ ÔË·ÎËÊÂÌÌ˚Ï Ë ÛÚÓ˜ÌÂÌ-
Ì˚Ï ÙÓÏÛÎ‡Ï ÔË‚Â‰ÂÌ˚ ‚ Ú‡·ÎËˆÂ. í‡Ï ÊÂ
ÔÂ‰ÒÚ‡‚ÎÂÌ˚ Ë ÚÓ˜Ì˚Â ÁÌ‡˜ÂÌËfl Ô‡‡ÏÂÚÓ‚, ÔÓ-
ÎÛ˜ÂÌÌ˚Â ‚ ÂÁÛÎ¸Ú‡ÚÂ ÓÔÚËÏËÁ‡ˆËË.

ÄÏÔÎËÚÛ‰ÌÓ-˜‡ÒÚÓÚÌ˚Â ı‡‡ÍÚÂËÒÚËÍË ÙËÎ¸-
ÚÓ‚, ÓÚ‚Â˜‡˛˘ËÂ ÔË‚Â‰ÂÌÌ˚Ï ‚ Ú‡·ÎËˆÂ ÁÌ‡˜Â-
ÌËflÏ Zj, ÔÂ‰ÒÚ‡‚ÎÂÌ˚ Ì‡ ËÒÛÌÍÂ.

ÇË‰ÌÓ, ˜ÚÓ ËÒÔÓÎ¸ÁÓ‚‡ÌËÂ ÛÚÓ˜ÌÂÌÌ˚ı ÙÓÏÛÎ
ÔË‚Ó‰ËÚ Í ÌÂÍÓÚÓÓÏÛ ÛÎÛ˜¯ÂÌË˛ Äóï ÒËÌÚÂÁË-
Ó‚‡ÌÌÓ„Ó ÙËÎ¸Ú‡. é‰Ì‡ÍÓ Ë ÛÚÓ˜ÌÂÌÌ˚Â ÙÓÏÛ-
Î˚ ÌÂ ‚ÒÂ„‰‡ ÏÓ„ÛÚ Ó·ÂÒÔÂ˜ËÚ¸ ‚˚ÒÓÍÛ˛ ÚÓ˜ÌÓÒÚ¸
ÒËÌÚÂÁ‡. Ç˚ÒÓÍ‡fl ÚÓ˜ÌÓÒÚ¸, Í‡Í ÔÓÍ‡Á˚‚‡ÂÚ ‡Ò-
˜ÂÚ, ‰ÓÒÚË„‡ÂÚÒfl ÎË¯¸ ÔË w ≤ 0.1, ÍÓ„‰‡ ÙÓÏÛÎ˚
(7), (11) ÔÓ˜ÚË ÒÓ‚Ô‡‰‡˛Ú Ò ÙÓÏÛÎ‡ÏË (1).

èÓ ÏÌÂÌË˛ ‡‚ÚÓ‡, ÔË˜ËÌÓÈ ÌÂÛ‰Ó‚ÎÂÚ‚ÓË-
ÚÂÎ¸Ì˚ı ÂÁÛÎ¸Ú‡ÚÓ‚ ÒËÌÚÂÁ‡ ¯ËÓÍÓÔÓÎÓÒÌÓ„Ó
ÙËÎ¸Ú‡ Ò ËÒÔÓÎ¸ÁÓ‚‡ÌËÂÏ ÔÓÎÛ˜ÂÌÌ˚ı ÛÚÓ˜ÌÂÌ-

Ì˚ı ÙÓÏÛÎ fl‚ÎflÂÚÒfl ÌÂ ÔËÌflÚ‡fl ‚Ó ‚ÌËÏ‡ÌËÂ,
Í‡Í Ë ‚ ‡·ÓÚ‡ı [1–2], ˜‡ÒÚÓÚÌ‡fl ‰ËÒÔÂÒËfl
‚ÌÂ¯ÌÂÈ ‰Ó·ÓÚÌÓÒÚË Ë ÍÓ˝ÙÙËˆËÂÌÚÓ‚ Ò‚flÁË Â-
ÁÓÌ‡ÚÓÓ‚, Â‡Î¸ÌÓ ÒÛ˘ÂÒÚ‚Û˛˘‡fl ‚Ó ‚ÒÂı ÙËÎ¸-
Ú‡ı ëÇó [7, 9]. è‡‡ÏÂÚ˚ ÔÓÎÓÒ˚ ÔÓÔÛÒÍ‡ÌËfl
Á‡‚ËÒflÚ ÓÚ Ò‚flÁÂÈ ÂÁÓÌ‡ÚÓÓ‚ ‚Ó ‚ÒÂÈ ÔÓÎÓÒÂ
ÔÓÔÛÒÍ‡ÌËfl, ‡ ÌÂ ÚÓÎ¸ÍÓ Ì‡ Ó‰ÌÓÈ ÂÁÓÌ‡ÌÒÌÓÈ
˜‡ÒÚÓÚÂ.

áÄäãûóÖçàÖ

àÒıÓ‰fl ËÁ ÙËÎ¸Ú‡-ÔÓÚÓÚËÔ‡ ÌËÊÌËı ˜‡ÒÚÓÚ
Ì‡ ÒÓÒÂ‰ÓÚÓ˜ÂÌÌ˚ı ˝ÎÂÏÂÌÚ‡ı Ë ËÁ ÓÔÂ‰ÂÎÂÌËÈ
ÍÓ˝ÙÙËˆËÂÌÚÓ‚ Ò‚flÁË Ë ‰Ó·ÓÚÌÓÒÚË ÂÁÓÌ‡ÚÓ-
Ó‚, Ò‰ÂÎ‡ÌÓ ÛÚÓ˜ÌÂÌËÂ Ó·Ó·˘ÂÌÌ˚ı ÙÓÏÛÎ äÓ-
Ì‡–å‡ÚÚÂfl ‰Îfl ÒËÌÚÂÁ‡ ÔÓÎÓÒÌÓ-ÔÓÔÛÒÍ‡˛˘Ëı
ÙËÎ¸ÚÓ‚, ÌÂ ÔË·Â„‡fl Í Ú‡ÍËÏ ÔË·ÎËÊÂÌËflÏ, Í‡Í
ËÒÔÓÎ¸ÁÓ‚‡ÌËÂ ̋ Í‚Ë‚‡ÎÂÌÚÌ˚ı ÒıÂÏ Ò ËÌ‚ÂÚÓ‡ÏË
ËÏÏËÚ‡ÌÒÓ‚ Ë ‡ÔÔÓÍÒËÏËÓ‚‡ÌËÂ ˜‡ÒÚÓÚÌÓÈ Á‡‚Ë-
ÒËÏÓÒÚË Â‡ÍÚ‡ÌÒÓ‚ ÎËÌÂÈÌ˚ÏË ÙÛÌÍˆËflÏË.

ìÚÓ˜ÌÂÌÌ˚Â ÙÓÏÛÎ˚ ‚ ÎËÌÂÈÌÓÏ ÔË·ÎËÊÂ-
ÌËË ÔÓ ÓÚÌÓÒËÚÂÎ¸ÌÓÈ ¯ËËÌÂ ÔÓÎÓÒ˚ ÔÓÔÛÒÍ‡-
ÌËfl ÙËÎ¸Ú‡ ÒÓ‚Ô‡‰‡˛Ú Ò ÔË·ÎËÊÂÌÌ˚ÏË ÙÓÏÛ-
Î‡ÏË. á‡ÏÂÚÌÓÂ ‡ÁÎË˜ËÂ ÍÓ˝ÙÙËˆËÂÌÚÓ‚ Ò‚flÁË Ë

ë‡‚ÌÂÌËÂ ÒËÌÚÂÁËÓ‚‡ÌÌ˚ı Ô‡‡ÏÂÚÓ‚

ëËÌÚÂÁ /Z1 k1, 2/Z2 k2, 3/Z3 k3, 4/Z4

îÓÏÛÎ˚ (1) 0.3061/22.35 0.3000/81.53 0.2315/12.17 0.2216/89.94

îÓÏÛÎ˚ (7) Ë (11) 0.3098/22.58 0.2903/89.26 0.2270/12.74 0.2176/98.06

éÔÚËÏËÁ‡ˆËfl 0.3006/22.00 0.2720/101.5 0.2299/14.91 0.2177/114.54

Qe
–1

–40

0.2

|S11|, |S21|, ‰Å

ω/ω0

0 0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8

–30

–20

–10

0

ë‡‚ÌÂÌËÂ ‡Ò˜ÂÚÌ˚ı Äóï-ÙËÎ¸ÚÓ‚, ÒËÌÚÂÁËÓ‚‡ÌÌ˚ı ÔÓ ÙÓÏÛÎ‡Ï (1) (ÒÔÎÓ¯Ì˚Â ÎËÌËË) Ë ÔÓ ÙÓÏÛÎ‡Ï (7), (11)
(¯ÚËıÓ‚˚Â).
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˜‡ÒÚÓÚÌ˚ı ı‡‡ÍÚÂËÒÚËÍ ÙËÎ¸ÚÓ‚, ÒËÌÚÂÁËÓ-
‚‡ÌÌ˚ı ÔÓ ÛÚÓ˜ÌÂÌÌ˚Ï Ë ÔË·ÎËÊÂÌÌ˚Ï ÙÓÏÛ-
Î‡Ï, Ì‡˜ËÌ‡ÂÚ ÔÓfl‚ÎflÚ¸Òfl ÔË ÓÚÌÓÒËÚÂÎ¸ÌÓÈ ̄ Ë-
ËÌÂ ÔÓÎÓÒ˚ ÔÓÔÛÒÍ‡ÌËfl ·ÓÎÂÂ 10%. ëËÌÚÂÁ ÔÓ
ÛÚÓ˜ÌÂÌÌ˚Ï ÙÓÏÛÎ‡Ï ‰‡ÂÚ ·ÓÎÂÂ ÚÓ˜Ì˚Â Â-
ÁÛÎ¸Ú‡Ú˚. íÂÏ ÌÂ ÏÂÌÂÂ ÚÓ˜ÌÓÒÚ¸ ÒËÌÚÂÁ‡ ÓÒÚ‡ÂÚ-
Òfl ÌÂÛ‰Ó‚ÎÂÚ‚ÓËÚÂÎ¸ÌÓÈ ÔË ¯ËÓÍËı ÔÓÎÓÒ‡ı
ÔÓÔÛÒÍ‡ÌËfl. ÇÂÓflÚÌÓÈ ÔË˜ËÌÓÈ Ú‡ÍËı ÔÓ„Â¯-
ÌÓÒÚÂÈ fl‚ÎflÂÚÒfl ÔÂÌÂ·ÂÊÂÌËÂ ˜‡ÒÚÓÚÌÓÈ Á‡‚Ë-
ÒËÏÓÒÚ¸˛ Ò‚flÁÂÈ ÂÁÓÌ‡ÚÓÓ‚.

ê‡·ÓÚ‡ ‚˚ÔÓÎÌÂÌ‡ ÔË ÙËÌ‡ÌÒÓ‚ÓÈ ÔÓ‰‰ÂÊÍÂ
ëÓ‚ÂÚ‡ ÔÓ „‡ÌÚ‡Ï ÔË èÂÁË‰ÂÌÚÂ êÓÒÒËÈÒÍÓÈ
îÂ‰Â‡ˆËË („ÓÒÛ‰‡ÒÚ‚ÂÌÌ‡fl ÔÓ‰‰ÂÊÍ‡ ‚Â‰Û˘Ëı
Ì‡Û˜Ì˚ı ¯ÍÓÎ êî, „‡ÌÚ çò-6612.2006.3).
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