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¿ÌÌÓÚ‡ˆËˇ. ÷ÂÎ¸ Ì‡ÒÚÓˇ˘Â„Ó ËÒÒÎÂ‰Ó‚‡ÌËˇ — ‡Á‡·ÓÚÍ‡ ˝ÎÂÍÚÓ‰ËÌ‡ÏË˜ÂÒÍÓ„Ó ÏÂÚÓ‰‡ ‚˚˜ËÒÎÂÌËˇ ÔÎ‡ÁÏÓÌÌÓ„Ó
ÒÔÂÍÚ‡ ‚ ÚÂıÏÂÌÓÈ ÒÚÛÍÚÛÂ Ò ‰‚ÛÏÂÌ˚Ï ˝ÎÂÍÚÓÌÌ˚Ï „‡ÁÓÏ ÔË ‚ÓÁ·ÛÊ‰ÂÌËË Ô‡‰‡˛˘ÂÈ ˝ÎÂÍÚÓÏ‡„ÌËÚÌÓÈ
‚ÓÎÌÓÈ. ÃÂÚÓ‰˚. –‡Á‡·ÓÚ‡ÌÌ˚È ÏÂÚÓ‰ ÓÒÌÓ‚‡Ì Ì‡ Â¯ÂÌËË ËÌÚÂ„‡Î¸Ì˚ı Û‡‚ÌÂÌËÈ, ÒÙÓÏËÓ‚‡ÌÌ˚ı ÓÚÌÓÒËÚÂÎ¸ÌÓ
ËÌ‰ÛˆËÓ‚‡ÌÌ˚ı ÚÓÍÓ‚ ‚ ÔÓ‚Ó‰ˇ˘Ëı ˜‡ÒÚˇı ÚÂıÏÂÌÓÈ ÒÚÛÍÚÛ˚. –ÂÁÛÎ¸Ú‡Ú˚. »ÒÒÎÂ‰Ó‚‡Ì˚ ÒıÓ‰ËÏÓÒÚ¸ ÏÂÚÓ‰‡
Ë ‚ÂÏˇ ‡Ò˜ÂÚ‡. ¬˚ˇÒÌÂÌ˚ ÛÒÎÓ‚Ëˇ ÒıÓ‰ËÏÓÒÚË ‡Ò˜ÂÚ‡ ‚˚Ò¯Ëı ÔÎ‡ÁÏÓÌÌ˚ı ÂÁÓÌ‡ÌÒÓ‚ ‚ ÔˇÏÓÛ„ÓÎ¸ÌÓÈ ÒÚÛÍÚÛÂ
Ò ‰‚ÛÏÂÌ˚Ï ˝ÎÂÍÚÓÌÌ˚Ï „‡ÁÓÏ. »ÒÒÎÂ‰Ó‚‡ÌÓ ÌÓÏ‡Î¸ÌÓÂ Ô‡‰ÂÌËÂ ÔÓËÁ‚ÓÎ¸ÌÓ ÔÓÎˇËÁÓ‚‡ÌÌÓÈ ˝ÎÂÍÚÓÏ‡„ÌËÚÌÓÈ
‚ÓÎÌ˚ Ì‡ ÔˇÏÓÛ„ÓÎ¸ÌËÍ Ò ‰‚ÛÏÂÌ˚Ï „‡ÁÓÏ. –‡ÒÒ˜ËÚ‡Ì˚ ÒÔÂÍÚ˚ ÒÂ˜ÂÌËÈ ÔÓ„ÎÓ˘ÂÌËˇ, ˝ÍÒÚËÌÍˆËË, ÔˇÏÓ„Ó Ë Ó·‡Ú-
ÌÓ„Ó ‡ÒÒÂˇÌËˇ Ô‡‰‡˛˘ÂÈ ‚ÓÎÌ˚. «‡ÍÎ˛˜ÂÌËÂ. ¬˚ˇÒÌÂÌÓ, ˜ÚÓ ‚ ÔˇÏÓÛ„ÓÎ¸ÌÓÈ ÒÚÛÍÚÛÂ, ÒÓ‰ÂÊ‡˘ÂÈ ‰‚ÛÏÂÌ˚È
˝ÎÂÍÚÓÌÌ˚È „‡Á, ÒÔÂÍÚ ÔÎ‡ÁÏÓÌÌ˚ı ÂÁÓÌ‡ÌÒÓ‚ ÏÓ‰ËÙËˆËÛÂÚÒˇ ÔÓ Ò‡‚ÌÂÌË˛ Ò ÛÒÚÓˇ‚¯ËÏËÒˇ ‰‚ÛÏÂÌ˚ÏË ÏÓ‰Â-
ÎˇÏË ÔÓÒÚ‡ÌÓ‚ÍË Á‡‰‡˜Ë, ‚ ÍÓÚÓ˚ı ÒÚÛÍÚÛ‡ ÔÂ‰ÔÓÎ‡„‡ÂÚÒˇ ·ÂÒÍÓÌÂ˜ÌÓÈ Ë Ó‰ÌÓÓ‰ÌÓÈ ‚ Ó‰ÌÓÏ ËÁ Ì‡Ô‡‚ÎÂÌËÈ.
”ÒÚ‡ÌÓ‚ÎÂÌÓ, ˜ÚÓ Ô‡‰‡˛˘‡ˇ ‚ÓÎÌ‡ Ì‡Ë·ÓÎÂÂ ˝ÙÙÂÍÚË‚ÌÓ ‚ÓÁ·ÛÊ‰‡ÂÚ ÙÛÌ‰‡ÏÂÌÚ‡Î¸Ì˚Â ÔÎ‡ÁÏÓÌÌ˚Â ÏÓ‰˚. œÎ‡ÁÏÓÌÌ˚Â
ÏÓ‰˚ ‰ÂÏÓÌÒÚËÛ˛Ú ÒËÎ¸ÌÓÂ Ì‡ÍÓÔÎÂÌËÂ Á‡ˇ‰‡ Ì‡ Í‡ˇı ÔˇÏÓÛ„ÓÎ¸ÌËÍ‡, ˜ÚÓ ÒÛ˘ÂÒÚ‚ÂÌÌÓ ‚ÎËˇÂÚ Ì‡ ÂÁÓÌ‡ÌÒÌ˚Â
˜‡ÒÚÓÚ˚ ‚ÓÁ·ÛÊ‰ÂÌËˇ ÔÎ‡ÁÏÓÌÌ˚ı ÏÓ‰.
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Abstract. The purpose of this research is to develop an electrodynamic method for calculating the plasmon spectrum in a three-
dimensional structure with a two-dimensional electron gas excited by an incident electromagnetic wave. Methods. The developed
method is based on solving integral equations formed with respect to induced currents in the conducting parts of a three-
dimensional structure. Results. The convergence of the method and the calculation time were studied. The conditions for the
convergence of calculations of higher plasmon resonances in a rectangular structure with a two-dimensional electron gas are
determined. The normal incidence of an arbitrarily polarized electromagnetic wave on a rectangle with a two-dimensional
gas is studied. The spectra of the absorption, extinction, forward and back scattering cross sections of the incident wave are
calculated. Conclusion. It is found that in a rectangular structure containing a two-dimensional electron gas, the spectrum of
plasmon resonances is modified in comparison with established by two-dimensional models of problem formulation, in which
the structure is assumed to be infinite and homogeneous in one of the directions. It has been established that the incident wave
most effectively excites fundamental plasmon modes. Plasmonic modes exhibit strong charge accumulation at the edges of the
rectangle, which significantly affects the resonant excitation frequencies of plasmonic modes.

Keywords: integral equations method, plasmon, two-dimensional electron gas, terahertz.
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¬‚Â‰ÂÌËÂ

¬ ÔÓÒÎÂ‰ÌÂÂ ‚ÂÏˇ ÔÓˇ‚ËÎÒˇ ¯ËÓÍËÈ ËÌÚÂÂÒ Í ÒÓÁ‰‡ÌË˛ ÚÂ‡„ÂˆÂ‚˚ı (“√ˆ) ÛÒÚÓÈÒÚ‚
Ò ËÒÔÓÎ¸ÁÓ‚‡ÌËÂÏ ‰‚ÛÏÂÌ˚ı ÔÎ‡ÁÏÓÌÓ‚ Í‡Í ‰Îˇ ÎÓÍ‡ÎËÁ‡ˆËË Ë ÛÒËÎÂÌËˇ ˝ÎÂÍÚÓÏ‡„ÌËÚÌ˚ı ÔÓÎÂÈ,
Ú‡Í Ë ‰Îˇ ËÒÔÓÎ¸ÁÓ‚‡ÌËˇ ÌÂÎËÌÂÈÌ˚ı Ò‚ÓÈÒÚ‚ ÔÎ‡ÁÏÓÌÓ‚ [1]. “‡‰ËˆËÓÌÌÓ ‰‚ÛÏÂÌ˚È ˝ÎÂÍÚÓÌ-
Ì˚È „‡Á Ó·‡ÁÛÂÚÒˇ ÔË ÙÓÏËÓ‚‡ÌËË Í‚‡ÌÚÓ‚ÓÈ ˇÏ˚ ‚ ÁÓÌÂ ÔÓ‚Ó‰ËÏÓÒÚË ÔÓÎÛÔÓ‚Ó‰ÌËÍÓ‚˚ı
„ÂÚÂÓÒÚÛÍÚÛ. »Á‚ÂÒÚÌÓ, ˜ÚÓ ‚ ÔÓÎÂ‚˚ı Ú‡ÌÁËÒÚÓ‡ı ÏËÍÓÌÌ˚ı Ë ÒÛ·ÏËÍÓÌÌ˚ı ‡ÁÏÂÓ‚
Ò ‰‚ÛÏÂÌ˚Ï ˝ÎÂÍÚÓÌÌ˚Ï Í‡Ì‡ÎÓÏ ‚ÓÁÏÓÊÌÓ ‚ÓÁ·ÛÊ‰ÂÌËÂ ‰‚ÛÏÂÌ˚ı ÔÎ‡ÁÏÓÌÓ‚ ÚÂ‡„ÂˆÂ‚Ó„Ó
‰Ë‡Ô‡ÁÓÌ‡ [2]. ŒÒÌÓ‚˚‚‡ˇÒ¸ Ì‡ Ò‚ÓÈÒÚ‚‡ı ‰‚ÛÏÂÌ˚ı ÔÎ‡ÁÏÂÌÌ˚ı ‚ÓÎÌ, ÚÂÓÂÚË˜ÂÒÍËÂ ËÒÒÎÂ‰Ó‚‡-
ÌËˇ “√ˆ ÔÎ‡ÁÏÓÌÌ˚ı ˝ÙÙÂÍÚÓ‚ Â¯‡˛ÚÒˇ ‚ ‰‚ÛÏÂÌÓÈ ÔÓÒÚ‡ÌÓ‚ÍÂ Á‡‰‡˜Ë, ‚ ÍÓÚÓÓÈ Ë Ò˜ËÚ‡˛Ú
Ì‡Ô‡‚ÎÂÌËÂ, ÔÂÔÂÌ‰ËÍÛÎˇÌÓÂ ‡ÒÔÓÒÚ‡ÌÂÌË˛ ÔÎ‡ÁÏÓÌ‡, ·ÂÒÍÓÌÂ˜Ì˚Ï Ë Ó‰ÌÓÓ‰Ì˚Ï [3, 4].
“‡Í‡ˇ ÔÓÒÚ‡ÌÓ‚Í‡ Á‡‰‡˜Ë ÁÌ‡˜ËÚÂÎ¸ÌÓ ÛÔÓ˘‡ÂÚ Â¯ÂÌËÂ Í‡Í ‰ËÒÔÂÒËÓÌÌ˚ı Á‡‰‡˜, Ú‡Í Ë Á‡‰‡˜
Ó ‚ÓÁ·ÛÊ‰ÂÌËË ÔÎ‡ÁÏÓÌÓ‚ ‚ÌÂ¯ÌÂÈ ˝ÎÂÍÚÓÏ‡„ÌËÚÌÓÈ ‚ÓÎÌÓÈ. ”ÔÓ˘ÂÌÌ˚È ‰‚ÛÏÂÌ˚È ÔÓ‰ıÓ‰
ÏÓÊÂÚ ·˚Ú¸ ÔËÏÂÌËÏ Í ÔÎ‡ÁÏÓÌÌ˚Ï ÒÚÛÍÚÛ‡Ï, ‡ÁÏÂ ÍÓÚÓ˚ı ‚ Ì‡Ô‡‚ÎÂÌËË, ÔÓÔÂÂ˜ÌÓÏ Ì‡-
Ô‡‚ÎÂÌË˛ ‡ÒÔÓÒÚ‡ÌÂÌËˇ ÔÎ‡ÁÏÓÌ‡, Ì‡ ÔÓˇ‰ÓÍ Ë ·ÓÎÂÂ ÔÂ‚˚¯‡ÂÚ ‰ÎËÌÛ ‚ÓÎÌ˚ ÚÂ‡„ÂˆÂ‚Ó„Ó
ÔÎ‡ÁÏÓÌ‡. œËÌˆËÔË‡Î¸ÌÓ ÏËÎÎËÏÂÚÓ‚˚Â ‡ÁÏÂ˚ ˝ÍÒÔÂËÏÂÌÚ‡Î¸ÌÓ ‰ÓÒÚËÊËÏ˚ ‚ ÔÎ‡ÁÏÓÌÌ˚ı
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ÒÚÛÍÚÛ‡ı, ÒÓÁ‰‡ÌÌ˚ı Ì‡ ÓÒÌÓ‚Â ÔÓÎÛÔÓ‚Ó‰ÌËÍÓ‚˚ı „ÂÚÂÓÒÚÛÍÚÛ. œË ÚËÔË˜ÌÓÈ ÏËÍÓÌ-
ÌÓÈ ‰ÎËÌÂ ‚ÓÎÌ˚ ÚÂ‡„ÂˆÂ‚Ó„Ó ÔÎ‡ÁÏÓÌ‡ ‡ÁÏÂ˚ ÔÓÎÛÔÓ‚Ó‰ÌËÍÓ‚˚ı „ÂÚÂÓÒÚÛÍÚÛ ÏÓ„ÛÚ
‰ÓÒÚË„‡Ú¸ ÌÂÒÍÓÎ¸ÍËı ÏËÎÎËÏÂÚÓ‚ [5]. Œ‰Ì‡ÍÓ ‡ÁÏÂ˚ ÒÓÁ‰‡‚‡ÂÏ˚ı ÔÎ‡ÁÏÓÌÌ˚ı ÒÚÛÍÚÛ ˜‡ÒÚÓ
Ò‡‚ÌËÏ˚ Ò ‡ÁÏÂ‡ÏË ÍÓÓÚÍÓ‚ÓÎÌÓ‚˚ı ÔÎ‡ÁÏÓÌÓ‚, ‡ Ò‚ˇÁ¸ Ò ‰ÎËÌÌÓÈ ˝ÎÂÍÚÓÏ‡„ÌËÚÌÓÈ ‚ÓÎÌÓÈ
ÓÒÛ˘ÂÒÚ‚ÎˇÂÚÒˇ Ò ÔÓÏÓ˘¸˛ ‰ÓÔÓÎÌËÚÂÎ¸Ì˚ı ‡ÌÚÂÌÌ. ¬ ÒÚÛÍÚÛ‡ı Ú‡ÍËı ‡ÁÏÂÓ‚ ‚ÎËˇÌËÂ Í‡Â-
‚˚ı ˝ÙÙÂÍÚÓ‚ Ì‡‚Â‰ÂÌÌ˚ı ÔÓÎÂÈ Ì‡ ÓÚÍÎËÍ ÒÚ‡ÌÓ‚ËÚÒˇ ÁÌ‡˜ËÚÂÎ¸Ì˚Ï, ‡ ËÌÓ„‰‡ Ë ‰ÓÏËÌËÛ˛˘ËÏ.
ÕÂÒÏÓÚˇ Ì‡ ÌÂ‚ÓÁÏÓÊÌÓÒÚ¸ ÓÔËÒ‡ÌËˇ Í‡Â‚˚ı ˝ÙÙÂÍÚÓ‚ ‚ ‰‚ÛÏÂÌÓÏ ÔÓ‰ıÓ‰Â, Ò Â„Ó ÔÓÏÓ˘¸˛
·˚ÎË ÓÔËÒ‡Ì˚ ÌÓ‚˚Â ÔÎ‡ÁÏÓÌÌ˚Â ÙËÁË˜ÂÒÍËÂ ˝ÙÙÂÍÚ˚, Ú‡ÍËÂ Í‡Í ÔÎ‡ÁÏÓÌ-ÔÎ‡ÁÏÓÌÌÓÂ ‡ÒÒÂ-
ˇÌËÂ [3, 6], Û‚ÂÎË˜ÂÌËÂ ˝ÙÙÂÍÚË‚ÌÓÈ ‰ÎËÌ˚ ‚ÓÎÌ˚ ‚ ÔÎ‡ÁÏÓÌÌ˚ı ÂÁÓÌ‡ÚÓ‡ı Ë ‡‰Ë‡ˆËÓÌÌÓÂ
Á‡ÚÛı‡ÌËÂ ÔÎ‡ÁÏÓÌÓ‚. ¬ ˝ÚÓÏ ÒÎÛ˜‡Â ‰Îˇ Â¯ÂÌËˇ ÔÓ·ÎÂÏ˚ ‚ÓÁ·ÛÊ‰ÂÌËˇ ÔÎ‡ÁÏÓÌÌ˚ı ÏÓ‰ ‚
ÂÁÓÌ‡ÚÓÂ ‰‚ÛÏÂÌ˚ı ˝ÎÂÍÚÓÌÌ˚ı ÒËÒÚÂÏ ÌÂÓ·ıÓ‰ËÏ Û˜ÂÚ ˝ÎÂÍÚÓÏ‡„ÌËÚÌÓ„Ó Á‡Ô‡Á‰˚‚‡ÌËˇ.
Õ‡Ë·ÓÎÂÂ ËÒÒÎÂ‰Ó‚‡ÌÌ˚ÏË ÚÂıÏÂÌ˚ÏË ÒÚÛÍÚÛ‡ÏË ˇ‚Îˇ˛ÚÒˇ ÔÎ‡ÁÏÓÌÌ˚Â ÒÚÛÍÚÛ˚ Ò ÒËÏ-
ÏÂÚË˜ÌÓÈ ÙÓÏÓÈ ÂÁÓÌ‡ÚÓ‡ ‰‚ÛÏÂÌÓÈ ÒËÒÚÂÏ˚ ‚ ‚Ë‰Â ÍÛ„ÎÓ„Ó ‰ËÒÍ‡ (ËÎË ÍÓÎ¸ˆ‡) [7–12].
«Ì‡˜ËÚÂÎ¸ÌÓ ÏÂÌ¸¯Â ‡·ÓÚ ÔÓÒ‚ˇ˘ÂÌÓ ‚ÓÁ·ÛÊ‰ÂÌË˛ ÔÎ‡ÁÏÓÌÓ‚ ‚ ÔˇÏÓÛ„ÓÎ¸ÌÓÏ ‰‚ÛÏÂÌÓÏ
˝ÎÂÍÚÓÌÌÓÏ ÂÁÓÌ‡ÚÓÂ [13–15]. œˇÏÓÛ„ÓÎ¸Ì˚È ÂÁÓÌ‡ÚÓ ËÏÂÂÚ ÔÓÌËÊÂÌÌÛ˛ ÒËÏÏÂÚË˛ ÔÓ
Ò‡‚ÌÂÌË˛ Ò „ÂÓÏÂÚËÂÈ ‰ËÒÍ‡ (ËÎË ÍÓÎ¸ˆ‡), ÔÓ˝ÚÓÏÛ ÚÂÓÂÚË˜ÂÒÍÓÂ ‡ÒÒÏÓÚÂÌËÂ ÒÚ‡ÌÓ‚ËÚÒˇ
·ÓÎÂÂ ÒÎÓÊÌ˚Ï. “ÂÓÂÚË˜ÂÒÍËÂ ÔÓ‰ıÓ‰˚, ÔËÏÂÌˇÂÏ˚Â ‰Îˇ ËÁÛ˜ÂÌËˇ ÔÎ‡ÁÏÓÌÌ˚ı ‚ÓÁ·ÛÊ‰ÂÌËÈ
‚ ÔˇÏÓÛ„ÓÎ¸Ì˚ı ÔÎ‡ÁÏÓÌÌ˚ı ÂÁÓÌ‡ÚÓ‡ı, ËÒÔÓÎ¸ÁÛ˛Ú ÎË·Ó ÍÓÏÏÂ˜ÂÒÍËÂ ˜ËÒÎÂÌÌ˚Â Â¯‡ÚÂ-
ÎË [14–16], ÎË·Ó ÛÔÓ˘‡˛˘ËÂ ‡ÔÔÓÍÒËÏ‡ˆËË [13].   ÒÓÊ‡ÎÂÌË˛, ÏÂÚÓ‰˚ ÍÓÌÂ˜Ì˚ı ˝ÎÂÏÂÌÚÓ‚
ÒÚ‡ÎÍË‚‡˛ÚÒˇ Ò ÒÂ¸ÂÁÌ˚ÏË ÚÛ‰ÌÓÒÚˇÏË ÔË ÔËÏÂÌÂÌËË Í Á‡‰‡˜‡Ï, ‚ ÍÓÚÓ˚ı Á‡‰ÂÈÒÚ‚Ó‚‡Ì˚
˝ÎÂÍÚÓÏ‡„ÌËÚÌ˚Â ÔÓˆÂÒÒ˚ ÒËÎ¸ÌÓ ‡ÁÌ˚ı Ï‡Ò¯Ú‡·Ó‚. »ÏÂÌÌÓ Ú‡ÍËÂ ÚÛ‰ÌÓÒÚË ‚ÓÁÌËÍ‡˛Ú ÔË
ËÒÒÎÂ‰Ó‚‡ÌËË ÔÎ‡ÁÏÓÌÌ˚ı ÒÚÛÍÚÛ, ‚ ÍÓÚÓ˚ı ‰ÎËÌ‡ ÚÂ‡„ÂˆÂ‚ÓÈ ˝ÎÂÍÚÓÏ‡„ÌËÚÌÓÈ ‚ÓÎÌ˚ Ë
‰ÎËÌ‡ ‚ÓÎÌ˚ ÔÎ‡ÁÏÓÌ‡ ÓÚÎË˜‡˛ÚÒˇ Ì‡ ‰‚‡ ÔÓˇ‰Í‡ ‚ÂÎË˜ËÌ˚.

¬ ‰‡ÌÌÓÈ ‡·ÓÚÂ ‡Á‡·ÓÚ‡Ì ‡Î„ÓËÚÏ ‡Ò˜ÂÚ‡ Ë ËÒÒÎÂ‰Ó‚‡Ì˚ ÓÒÓ·ÂÌÌÓÒÚË ÒÔÂÍÚÓ‚ ÔÎ‡Á-
ÏÓÌÓ‚, ‚ÓÁ·ÛÊ‰ÂÌÌ˚ı ÌÓÏ‡Î¸ÌÓ Ô‡‰‡˛˘ÂÈ ˝ÎÂÍÚÓÏ‡„ÌËÚÌÓÈ ‚ÓÎÌÓÈ, ‚ ÔˇÏÓÛ„ÓÎ¸ÌËÍÂ Ò
‰‚ÛÏÂÌ˚Ï ˝ÎÂÍÚÓÌÌ˚Ï „‡ÁÓÏ.

1. ÃÂÚÓ‰

»ÒÒÎÂ‰Ó‚‡ÌÓ ‚ÓÁ·ÛÊ‰ÂÌËÂ ‰‚ÛÏÂÌ˚ı ÚÓÍÓ‚ ‚ ÔˇÏÓÛ„ÓÎ¸ÌËÍÂ Ò ‰‚ÛÏÂÌ˚Ï ˝ÎÂÍÚÓÌÌ˚Ï
„‡ÁÓÏ, Ì‡ ÔÎÓÒÍÓÒÚ¸ ÍÓÚÓÓ„Ó ÌÓÏ‡Î¸ÌÓ Ô‡‰‡ÂÚ ˝ÎÂÍÚÓÏ‡„ÌËÚÌ‡ˇ ‚ÓÎÌ‡ ÔÓËÁ‚ÓÎ¸ÌÓÈ ÔÓÎˇË-
Á‡ˆËË. ƒÎËÌ‡ ÔˇÏÓÛ„ÓÎ¸ÌËÍ‡ ‚ Ì‡Ô‡‚ÎÂÌËË OX Ó·ÓÁÌ‡˜‡ÂÚÒˇ Í‡Í w, ¯ËËÌ‡ ‚ Ì‡Ô‡‚ÎÂÌËË
OY — l, ‡ ‚ÓÎÌ‡ Ô‡‰‡ÂÚ Ì‡ ÔˇÏÓÛ„ÓÎ¸ÌËÍ ‚ Ì‡Ô‡‚ÎÂÌËË OZ ÔÓ Ì‡Ô‡‚ÎÂÌË˛ ËÁ ÒÂ‰˚ 1 ‚ ÒÂ‰Û 2.
œÎÓÒÍÓÒÚ¸ OXY ‡Á‰ÂÎˇÂÚ ‰‚‡ ÔÓÎÛÔÓÒÚ‡ÌÒÚ‚‡ Ò ‡ÁÌ˚ÏË ‰Ë˝ÎÂÍÚË˜ÂÒÍËÏË ÔÓÌËˆ‡ÂÏÓÒÚˇÏË.

–‡Á‡·ÓÚ‡ÌÌ˚È ÏÂÚÓ‰ ÒÓÒÚÓËÚ ËÁ ÒÎÂ‰Û˛˘Ëı ˝Ú‡ÔÓ‚. Õ‡ ÔÂ‚ÓÏ ˝Ú‡ÔÂ ˝ÎÂÍÚË˜ÂÒÍËÂ Ë
Ï‡„ÌËÚÌ˚Â ÔÓÎˇ ‡ÒÒÂˇÌÌ˚ı ‚ÓÎÌ ‡ÒÍÎ‡‰˚‚‡˛ÚÒˇ ‚ ‰‚ÓÈÌÓÈ ÔÓÒÚ‡ÌÒÚ‚ÂÌÌ˚È ËÌÚÂ„‡Î ‘Û-
¸Â ‚ Ì‡Ô‡‚ÎÂÌËˇı OX Ë OY , ‡ Á‡‚ËÒËÏÓÒÚ¸ ‘Û¸Â-ÍÓÏÔÓÌÂÌÚ ÓÚ ÍÓÓ‰ËÌ‡Ú˚ z Ò˜ËÚ‡ÂÚÒˇ
˝ÍÒÔÓÌÂÌˆË‡Î¸ÌÓÈ. ƒÎˇ ÔËÏÂ‡ ÔÓÍ‡Á‡Ì‡ Ex-ÍÓÏÔÓÌÂÌÚ‡ ˝ÎÂÍÚË˜ÂÒÍÓ„Ó ÔÓÎˇ

E(1,2)
x (x, y, z, t) = exp (�iwt)

+1Z

�1

+1Z

�1

E(1,2)
x,qx,qy exp

⇣
ik(1,2)z,qx,qyz

⌘
exp (iqyy) exp (iqxx) dqxdqy, (1)

„‰Â qx Ë qy — ÍÓÏÔÓÌÂÌÚ˚ ‚ÓÎÌÓ‚˚ı ‚ÂÍÚÓÓ‚ ‘Û¸Â-„‡ÏÓÌËÍ ‚ ÔÎÓÒÍÓÒÚË ÔˇÏÓÛ„ÓÎ¸ÌËÍ‡,
k(1,2)z,qx,qy — ÔÓÔÂÂ˜Ì˚Â ÍÓÏÔÓÌÂÌÚ˚ ‚ÓÎÌÓ‚˚ı ‚ÂÍÚÓÓ‚ ‘Û¸Â-„‡ÏÓÌËÍ ‚ ÒÂ‰‡ı Ë w — ÍÛ„Ó‚‡ˇ
˜‡ÒÚÓÚ‡ ‚ÓÎÌ˚. ”‡‚ÌÂÌËˇ Ã‡ÍÒ‚ÂÎÎ‡ Â¯‡˛ÚÒˇ ‚ ÔÓÎÛ·ÂÒÍÓÌÂ˜Ì˚ı ‰Ë˝ÎÂÍÚË˜ÂÒÍËı ÒÂ‰‡ı,
ÓÍÛÊ‡˛˘Ëı ÔˇÏÓÛ„ÓÎ¸ÌËÍ Ò ‰‚ÛÏÂÌ˚Ï ˝ÎÂÍÚÓÌÌ˚Ï „‡ÁÓÏ. ƒÎˇ Ò¯Ë‚‡ÌËˇ Â¯ÂÌËÈ ‚ ‰Ë˝ÎÂÍ-
ÚË˜ÂÒÍËı ÒÂ‰‡ı ËÒÔÓÎ¸ÁÛ˛ÚÒˇ „‡ÌË˜Ì˚Â ÛÒÎÓ‚Ëˇ ‰Îˇ ÍÓÏÔÓÌÂÌÚ ˝ÎÂÍÚË˜ÂÒÍÓ„Ó Ë Ï‡„ÌËÚÌÓ„Ó
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ÔÓÎÂÈ ‚ ÔÎÓÒÍÓÒÚË ‰‚ÛÏÂÌÓ„Ó „‡Á‡. — ËÒÔÓÎ¸ÁÓ‚‡ÌËÂÏ Á‡ÍÓÌ‡ ŒÏ‡, ‚ ÍÓÚÓÓÏ ‰‚ÛÏÂÌ˚È ˝ÎÂÍ-
ÚÓÌÌ˚È „‡Á ÓÔËÒ˚‚‡ÂÚÒˇ ÔÓ‚Ó‰ËÏÓÒÚ¸˛ ƒÛ‰Â s [3], ÒÙÓÏËÓ‚‡Ì˚ ËÌÚÂ„‡Î¸Ì˚Â Û‡‚ÌÂÌËˇ
‰Îˇ ÚÓÍÓ‚ jx Ë jy ‚ ‰‚ÛÏÂÌÓÏ „‡ÁÂ:

jx(x, y) = s

l/2Z

�l/2

w/2Z

�w/2

jx
�
x0, y0

�
Gxx

qx,qy(x, x
0, y, y0)dx0dy0 +

+ s

l/2Z

�l/2

w/2Z

�w/2

jy
�
x0, y0

�
Gxy

qx,qy(x, x
0, y, y0)dx0dy0 + sZ0xEin,x,

(2)

jy(x, y) = s

l/2Z

�l/2

w/2Z

�w/2

jx
�
x0, y0

�
Gyx

qx,qy(x, x
0, y, y0)dx0dy0 +

+ s

l/2Z

�l/2

w/2Z

�w/2

jy
�
x0, y0

�
Gyy

qx,qy(x, x
0, y, y0)dx0dy0 + sZ0yEin,y,

„‰Â Gmn
qx,qy(x, x

0, y, y0) — ˇ‰‡ ËÌÚÂ„‡Î¸Ì˚ı Û‡‚ÌÂÌËÈ, m,n = x, y , Z0x Ë Z0y — ÍÓ˝ÙÙËˆËÂÌÚ˚
Ò‚ˇÁË Ò Ô‡‰‡˛˘ÂÈ ‚ÓÎÌÓÈ, Ein,x Ë Ein,y — ÍÓÏÔÓÌÂÌÚ˚ ‡ÏÔÎËÚÛ‰˚ ˝ÎÂÍÚË˜ÂÒÍÓ„Ó ÔÓÎˇ Ô‡‰‡˛˘ÂÈ
‚ÓÎÌ˚. —ËÒÚÂÏ‡ ËÌÚÂ„‡Î¸Ì˚ı Û‡‚ÌÂÌËÈ (2) Â¯‡ÂÚÒˇ ÏÂÚÓ‰ÓÏ √‡ÎÂÍËÌ‡ ÔÛÚÂÏ ‡ÁÎÓÊÂÌËˇ
ËÒÍÓÏ˚ı ÚÓÍÓ‚ jx Ë jy ‚ ˇ‰˚ ÔÓ ÔÓÎËÌÓÏ‡Ï ÀÂÊ‡Ì‰‡ ÔÓ Ì‡Ô‡‚ÎÂÌËˇÏ x Ë y. ›ÚÓ ÔÓÁ‚ÓÎˇÂÚ ÔÂ-
Ó·‡ÁÓ‚‡Ú¸ ÒËÒÚÂÏÛ ËÌÚÂ„‡Î¸Ì˚ı Û‡‚ÌÂÌËÈ ‚ ·ÂÒÍÓÌÂ˜ÌÛ˛ ÒËÒÚÂÏÛ ‡Î„Â·‡Ë˜ÂÒÍËı Û‡‚ÌÂÌËÈ
ÓÚÌÓÒËÚÂÎ¸ÌÓ ÍÓ˝ÙÙËˆËÂÌÚÓ‚ ‡ÁÎÓÊÂÌËˇ ÚÓÍÓ‚. — Û˜ÂÚÓÏ ÒıÓ‰ËÏÓÒÚË, ‡ÁÎÓÊÂÌËÂ ÌÂËÁ‚ÂÒÚÌ˚ı
ÚÓÍÓ‚ ‚ ‰‚ÓÈÌÓÈ ˇ‰ ÔÓ ÔÓÎËÌÓÏ‡Ï ÀÂÊ‡Ì‰‡ Ó·ÂÁ‡ÂÚÒˇ ‰Ó ÔÓÎËÌÓÏ‡ ÔÓˇ‰Í‡ N

jx
�
q0x, x0y

�
=

NX

n,n1=0

b(x)n,n1
Pn1

�
x0y

�
Pn

�
q0x

�
,

jy
�
q0x, x0y

�
=

NX

n,n1=0

b(y)n,n1
Pn1

�
x0y

�
Pn

�
q0x

�
,

(3)

„‰Â Pn (q0x) — ÔÓÎËÌÓÏ˚ ÀÂÊ‡Ì‰‡, b(x,y)n,n1 — ÍÓ˝ÙÙËˆËÂÌÚ˚ ‡ÁÎÓÊÂÌËˇ ÚÓÍÓ‚, (q0x, x0y) — ÔÓ-
ÒÚ‡ÌÒÚ‚ÂÌÌ˚Â ÍÓÓ‰ËÌ‡Ú˚ (x, y), ÔË‚Â‰ÂÌÌ˚Â Í ÓÚÂÁÍÛ [�1, 1].  ‡Ê‰ÓÂ ÒÎ‡„‡ÂÏÓÂ ‚ Ô‡‚ÓÈ
˜‡ÒÚË Û‡‚ÌÂÌËˇ Ò ÌÂËÁ‚ÂÒÚÌ˚Ï ÚÓÍÓÏ (2) ÒÓÁ‰‡ÂÚ N2 ‡Î„Â·‡Ë˜ÂÒÍËı Û‡‚ÌÂÌËÈ Ë, ÒÓÓÚ‚ÂÚÒÚ‚ÂÌ-
ÌÓ, N2 ÌÂËÁ‚ÂÒÚÌ˚ı ÍÓ˝ÙÙËˆËÂÌÚÓ‚ ‡ÁÎÓÊÂÌËˇ. Ã‡ÚËˆ‡ ‡Î„Â·‡Ë˜ÂÒÍÓÈ ÒËÒÚÂÏ˚ ÒÓÒÚÓËÚ ËÁ
˝ÎÂÏÂÌÚÓ‚ ‚Ë‰‡

Mn1,r1,n,r = s
lw

4p2
ir1+rin+n1(�1)n+n1Wn1,r1,n,r �

dnr
2r + 1

dn1r1

2r1 + 1
, (4)

„‰Â

Wn1,r1,n,r =

+1Z

�1

J (s)
n1

⇣
qy

a

2

⌘
J (s)
r1

⇣
qy

a

2

⌘ +1Z

�1

Z(qx, qy)J
(s)
n

⇣
qx

w

2

⌘
J (s)
r

⇣
qx

w

2

⌘
dqxdqy, (5)

„‰Â Z(qx, qy) — ‡‰ÏËÚÚ‡ÌÒ˚ ÒËÒÚÂÏ˚, ‚˚˜ËÒÎÂÌÌ˚Â ËÁ Û‡‚ÌÂÌËÈ Ã‡ÍÒ‚ÂÎÎ‡; J (s)
n

�
qx

w
2

�
— ÒÙÂË-

˜ÂÒÍËÂ ÙÛÌÍˆËË ¡ÂÒÒÂÎˇ; (qx, qy) — ‚ÓÎÌÓ‚˚Â ‚ÂÍÚÓ˚ ‚ ‘Û¸Â-ÔÂ‰ÒÚ‡‚ÎÂÌËË; n, n1 — ËÌ‰ÂÍÒ˚
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ÒÚÓÍ Ï‡ÚË˜Ì˚ı ˝ÎÂÏÂÌÚÓ‚, r, r1 — ËÌ‰ÂÍÒ˚ ÒÚÓÎ·ˆÓ‚ ˝ÎÂÏÂÌÚÓ‚ Ï‡ÚËˆ˚ (ËÌ‰ÂÍÒ˚ n, n1, r, r1
ÔËÌËÏ‡˛Ú ÁÌ‡˜ÂÌËˇ ÓÚ 0 ‰Ó N ). œÓÎÌ˚È ‡ÁÏÂ Í‚‡‰‡ÚÌÓÈ Ï‡ÚËˆ˚ M ÒËÒÚÂÏ˚ Û‡‚ÌÂÌËÈ
ÒÓÒÚ‡‚ÎˇÂÚ 2N2.

œÓÎÛ˜ÂÌÌ‡ˇ ÒËÒÚÂÏ‡ ‡Î„Â·‡Ë˜ÂÒÍËı Û‡‚ÌÂÌËÈ ÓÚÌÓÒËÚÂÎ¸ÌÓ ÌÂËÁ‚ÂÒÚÌ˚ı ÍÓ˝ÙÙËˆËÂÌÚÓ‚
‡ÁÎÓÊÂÌËˇ ÚÓÍÓ‚ b(x,y)n,n1 Â¯‡ÂÚÒˇ ÏÂÚÓ‰ÓÏ ËÒÍÎ˛˜ÂÌËˇ √‡ÛÒÒ‡ ÔÛÚÂÏ ÔË‚Â‰ÂÌËˇ Ï‡ÚËˆ˚ ÒËÒÚÂÏ˚
Í ÚÂÛ„ÓÎ¸ÌÓÏÛ ‚Ë‰Û. –‡ÒÒ˜ËÚ‡ÌÌ˚Â ËÌ‰ÛˆËÓ‚‡ÌÌ˚Â ÚÓÍË (3) ÔÓÁ‚ÓÎˇ˛Ú ÓÔÂ‰ÂÎËÚ¸ ÂÁÓÌ‡ÌÒÌ˚Â
˝ÎÂÍÚÓ‰ËÌ‡ÏË˜ÂÒÍËÂ Ò‚ÓÈÒÚ‚‡ ÔˇÏÓÛ„ÓÎ¸ÌËÍ‡ Ò ‰‚ÛÏÂÌ˚Ï ˝ÎÂÍÚÓÌÌ˚Ï „‡ÁÓÏ.

ƒÎˇ ‚˚˜ËÒÎÂÌËˇ ˝ÌÂ„ÂÚË˜ÂÒÍËı ı‡‡ÍÚÂËÒÚËÍ ‚Á‡ËÏÓ‰ÂÈÒÚ‚Ëˇ ˝ÎÂÍÚÓÏ‡„ÌËÚÌÓÈ ‚ÓÎÌ˚ Ë
ÔˇÏÓÛ„ÓÎ¸ÌËÍ‡ ‰‚ÛÏÂÌÓ„Ó „‡Á‡ ÌÂÓ·ıÓ‰ËÏÓ ÔÂ‰ÒÚ‡‚ËÚ¸ ÔÓÎˇ ‡ÒÒÂˇÌÌ˚ı ‚ÓÎÌ ‚ÔÂÂ‰ Ë Ì‡Á‡‰
Í‡Í ÒÛÏÏÛ ÔÓÎÂÈ ÓÚ‡ÊÂÌÌÓ„Ó ÓÚ Ó‰ÌÓÓ‰ÌÓÈ „‡ÌËˆ˚ ‡Á‰ÂÎ‡ ÒÂ‰ Ë ‡ÒÒÂˇÌÌÓ„Ó ÔÓÎˇ. ƒÎˇ
ÔËÏÂ‡ Á‡ÔËÒ‡Ì‡ ÍÓÏÔÓÌÂÌÚ‡ ˝ÎÂÍÚË˜ÂÒÍÓ„Ó ÔÓÎˇ ‚ 1-ÓÈ ÒÂ‰Â

Ex (x, y, z) = Ex,R exp
⇣
ik(1)z,0,0z

⌘
+

+1Z

�1

+1Z

�1

Ẽx,qx,qy exp
⇣
ik(1)z,qx,qyz

⌘
exp (iqyy) dqy exp (iqxx) dqx,

(6)
„‰Â Ex,R — ˝ÎÂÍÚË˜ÂÒÍÓÂ ÔÓÎÂ ‚ÓÎÌ˚, ÓÚ‡ÊÂÌÌÓÈ ÓÚ Ó‰ÌÓÓ‰ÌÓÈ „‡ÌËˆ˚ ‡Á‰ÂÎ‡ ÒÂ‰,
‡ Ẽx,qx,qy — ‡ÏÔÎËÚÛ‰˚ ‘Û¸Â-ÍÓÏÔÓÌÂÌÚ ˝ÎÂÍÚË˜ÂÒÍÓ„Ó ÔÓÎˇ ‡ÒÒÂˇÌÌÓÈ ‚ÓÎÌ˚ Ì‡Á‡‰. —Â‰ÌËÈ
ÔÓÚÓÍ ÏÓ˘ÌÓÒÚË ”ÏÓ‚‡–œÓÈÌÚËÌ„‡ ·Û‰ÂÚ ÓÔËÒ˚‚‡Ú¸ ÛıÓ‰ˇ˘ËÂ ‡ÒÒÂˇÌÌ˚Â ÔˇÏÓÛ„ÓÎ¸ÌËÍÓÏ
‚ÓÎÌ˚

PzR,T = 2p2
ZZ

±wp"1"0µ0

⇣
Ẽx,qx,qyH̃

⇤
y,qx,qy � Ẽy,qx,qyH̃

⇤
x,qx,qy

⌘
dqydqx. (7)

»ÒÍÎ˛˜‡ˇ ÔÓÚÓÍË ‚ÓÎÌ ÓÚ‡ÊÂÌÌ˚ı Ë ÔÓ¯Â‰¯Ëı ˜ÂÂÁ „‡ÌËˆÛ ‡Á‰ÂÎ‡ ÒÂ‰ Ë ËÒÔÓÎ¸ÁÛˇ
Û‡‚ÌÂÌËˇ Ã‡ÍÒ‚ÂÎÎ‡, ÔÓÚÓÍË ‡ÒÒÂˇÌÌÓ„Ó ËÁÎÛ˜ÂÌËˇ ÔˇÏÓÛ„ÓÎ¸ÌËÍÓÏ Ì‡Á‡‰ PzR Ë PzT ‚ÔÂÂ‰
Á‡ÔË¯ÂÏ Í‡Í

PzR,T = 2p2
ZZ

±wp"1"0µ0

���Ẽx,qx,qy

���
2 �

"0"1,2µ0w2 � qy2
�
+
���Ẽy,qx,qy

���
2 �

"0"1,2µ0w2 � qx2
�

k⇤z1,2µ0w
dqydqx+

+2p2
ZZ

±wp"1"0µ0

2Re
⇣
Ẽx,qx,qy Ẽ

⇤
y,qx,qy

⌘
qyqx

k⇤z1,2µ0w
dqydqx.

(8)

œÓ„ÎÓ˘ÂÌÌ‡ˇ ˝ÎÂÍÚÓÏ‡„ÌËÚÌ‡ˇ ÏÓ˘ÌÓÒÚ¸ ‚ ÔˇÏÓÛ„ÓÎ¸ÌËÍÂ ÓÒˆËÎÎËÛ˛˘ËÏË ÚÓÍ‡ÏË ÏÓÊÂÚ
·˚Ú¸ ‚˚˜ËÒÎÂÌ‡ Í‡Í

A = Re

✓
1

s(w)

◆ w/2Z

�w/2

l/2Z

�l/2

⇣
|jx(x, y)|

2 +
��jy(x, y)

��2
⌘
dxdy, (9)

‡ ÔÎÓÚÌÓÒÚ¸ ÔÓÚÓÍ‡ ÏÓ˘ÌÓÒÚË Ô‡‰‡˛˘ÂÈ ‚ÓÎÌ˚ ÓÔÂ‰ÂÎˇÂÚÒˇ ‚˚‡ÊÂÌËÂÏ

Pin =

r
"0"1
µ0

⇣
|Ein,x|2 + |Ein,y|2

⌘
. (10)

œÓÎÛ˜ÂÌÌ˚Â ˝ÌÂ„ÂÚË˜ÂÒÍËÂ ı‡‡ÍÚÂËÒÚËÍË ÔÓÁ‚ÓÎˇ˛Ú ‚˚˜ËÒÎËÚ¸ ÒÂ˜ÂÌËÂ ÔÓ„ÎÓ˘ÂÌËˇ aCS =
= A/Pin, ÒÂ˜ÂÌËÂ ‡ÒÒÂˇÌËˇ ‚ÔÂÂ‰ aT = PzT /Pin, ÒÂ˜ÂÌËÂ ‡ÒÒÂˇÌËˇ Ì‡Á‡‰ aR = PzR/Pin

Ë ÒÂ˜ÂÌËÂ ˝ÍÒÚËÌÍˆËË aCS = (A+ |PzT |+ |PzR|) /Pin.
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–ËÒ. 1. «‡‚ËÒËÏÓÒÚ¸ ÒÔÂÍÚ‡ ÔÎÓ˘‡‰Ë ÒÂ˜ÂÌËˇ ˝ÍÒÚËÌÍˆËË
ÓÚ Û„Î‡ ÔÓÎˇËÁ‡ˆËË ˝ÎÂÍÚË˜ÂÒÍÓ„Ó ÔÓÎˇ ÌÓÏ‡Î¸ÌÓ Ô‡‰‡-
˛˘ÂÈ ‚ÓÎÌ˚ ‚ ÔˇÏÓÛ„ÓÎ¸ÌËÍÂ Ò ‡ÁÏÂ‡ÏË w = 1 ÏÍÏ,
l = 2 ÏÍÏ. ƒ‚ÛÏÂÌ˚È „‡Á ÓÔËÒ˚‚‡ÂÚÒˇ ÔÓ‚Ó‰ËÏÓÒÚ¸˛ ƒÛ-
‰Â ÒÓ ÒÎÂ‰Û˛˘ËÏË Ô‡‡ÏÂÚ‡ÏË: ‚ÂÏˇ ÂÎ‡ÍÒ‡ˆËË ËÏÔÛÎ¸-
Ò‡ ˝ÎÂÍÚÓÌ‡ 1 ÔÒ, ÍÓÌˆÂÌÚ‡ˆËˇ ˝ÎÂÍÚÓÌÓ‚ 2 · 1011 ÒÏ�2

Ë ˝ÙÙÂÍÚË‚Ì‡ˇ Ï‡ÒÒ‡ ˝ÎÂÍÚÓÌ‡ 0.067me (ˆ‚ÂÚ ÓÌÎ‡ÈÌ)

Fig. 1. Dependence of the extinction cross-sectional area
spectrum on the polarization angle of the electric field of
a normally incident wave in a rectangle with dimensions
w = 1 µm, l = 2 µm. A two-dimensional gas is described
by Drude conductivity with the following parameters: electron
momentum relaxation time 1 ps, electron density 2 · 1011 cm�2

and effective electron mass 0.067me (color online)

—ıÓ‰ËÏÓÒÚ¸ ÂÁÛÎ¸Ú‡ÚÓ‚ ‚˚˜ËÒÎÂÌËˇ Â-
ÁÓÌ‡ÌÒÌ˚ı ı‡‡ÍÚÂËÒÚËÍ ÓÔÂ‰ÂÎˇÂÚÒˇ Ò‡‚-
ÌÂÌËÂÏ ‡ÒÒ˜ËÚ‡ÌÌ˚ı ËÌ‰ÛÍÚË‚Ì˚ı ÚÓÍÓ‚, ÔÓ-
ÎÛ˜ÂÌÌ˚ı ÔË ÔÓÒÎÂ‰Ó‚‡ÚÂÎ¸ÌÓÏ Û‚ÂÎË˜ÂÌËË
‡ÁÏÂ‡ Ï‡ÚËˆ˚ ÒËÒÚÂÏ˚. ŒÚ‰ÂÎ¸Ì˚Ï ÌÂÓ·ıÓ-
‰ËÏ˚Ï ÛÒÎÓ‚ËÂÏ ˇ‚ÎˇÂÚÒˇ ÒıÓ‰ËÏÓÒÚ¸ ‡Ò˜Â-
Ú‡ Ï‡ÚË˜Ì˚ı ˝ÎÂÏÂÌÚÓ‚, Í‡Ê‰˚È ËÁ ÍÓÚÓ˚ı
ÔÂ‰ÒÚ‡‚ÎˇÂÚ ÒÓ·ÓÈ ‰‚ÓÈÌÓÂ ËÌÚÂ„ËÓ‚‡ÌËÂ ‚
ÔÓÒÚ‡ÌÒÚ‚Â ‚ÓÎÌÓ‚˚ı ‚ÂÍÚÓÓ‚ ÔÓ Ì‡Ô‡‚ÎÂ-
ÌËˇÏ qx Ë qy. ◊ËÒÎÂÌÌÓÂ ËÌÚÂ„ËÓ‚‡ÌËÂ Í‡Ê-
‰Ó„Ó ÍÓ˝ÙÙËˆËÂÌÚ‡ ÔÓËÁ‚Ó‰ËÚÒˇ Ò Û˜ÂÚÓÏ ÒıÓ-
‰ËÏÓÒÚË Ë Ò ‡Á·ËÂÌËÂÏ ËÌÚÂ„‡Î‡ ‚ ‚ÓÎÌÓ‚ÓÏ
ÔÓÒÚ‡ÌÒÚ‚Â Ì‡ ‰‚‡ — ‚ÌÛÚË Ò‚ÂÚÓ‚Ó„Ó ÍÓÌÛÒ‡
ÔË qx, qy 6 w

c

p
" Ë ‚ÌÂ Ò‚ÂÚÓ‚Ó„Ó ÍÓÌÛÒ‡ ÔË

qx, qy > w
c

p
", „‰Â " — Ì‡Ë·ÓÎ¸¯‡ˇ ‰Ë˝ÎÂÍÚË˜Â-

ÒÍ‡ˇ ÔÓÌËˆ‡ÂÏÓÒÚ¸ ÓÍÛÊ‡˛˘Ëı ÒÂ‰. “‡ÍÓÂ
‡Á·ËÂÌËÂ ÌÂÓ·ıÓ‰ËÏÓ, Ú‡Í Í‡Í ‚ ÒÛ·‚ÓÎÌÓ‚˚ı
ÒÚÛÍÚÛ‡ı ËÁÎÛ˜‡˛˘ËÂÒˇ Ë Á‡ÚÛı‡˛˘ËÂ ËÌ-
‰ÛˆËÓ‚‡ÌÌ˚Â ÔÓÎˇ ËÏÂ˛Ú ÔÓÒÚ‡ÌÒÚ‚ÂÌÌ˚Â
Ï‡Ò¯Ú‡·˚, ‡ÁÎË˜‡˛˘ËÂÒˇ Ì‡ ÔÓˇ‰ÓÍ Ë ·ÓÎÂÂ.
ŒÒÌÓ‚Ì˚Ï ÓÚÎË˜ËÂÏ ‡Á‡·ÓÚ‡ÌÌÓ„Ó ÏÂÚÓ‰‡ ÓÚ
ËÒÔÓÎ¸ÁÛÂÏÓ„Ó ‚ ‰‚ÛÏÂÌ˚ı Á‡‰‡˜‡ı ˇ‚ÎˇÂÚÒˇ
ÒÛ˘ÂÒÚ‚ÂÌÌÓÂ Á‡ÏÂ‰ÎÂÌËÂ ‚˚˜ËÒÎÂÌËÈ ËÁ-Á‡
Û‚ÂÎË˜ÂÌËˇ ‡ÁÏÂ‡ Ï‡ÚËˆ˚ N2 ÔË Û‚ÂÎË˜Â-
ÌËË ˜ËÒÎ‡ ÔÓÎËÌÓÏÓ‚ ÀÂÊ‡Ì‰‡ ÔÓ Ò‡‚ÌÂÌË˛
Ò ‡ÁÏÂÓÏ Ï‡ÚËˆ˚ N ‚ ‰‚ÛÏÂÌ˚ı Á‡‰‡˜‡ı.
ƒ‚ÓÈÌÓÂ ËÌÚÂ„ËÓ‚‡ÌËÂ ‚ ÔÓÒÚ‡ÌÒÚ‚Â ËÏ-
ÔÛÎ¸ÒÓ‚ ÔË ‚˚˜ËÒÎÂÌËË Ï‡ÚË˜Ì˚ı ˝ÎÂÏÂÌÚÓ‚

Ú‡ÍÊÂ ÔË‚Ó‰ËÚ Í ÁÌ‡˜ËÚÂÎ¸ÌÓÏÛ Á‡ÏÂ‰ÎÂÌË˛ ‚˚˜ËÒÎÂÌËÈ ÔÓ Ò‡‚ÌÂÌË˛ Ò Ó‰ÌÓÏÂÌ˚Ï ËÌÚÂ„ËÓ-
‚‡ÌËÂÏ ÔË Â¯ÂÌËË ‰‚ÛÏÂÌ˚ı Á‡‰‡˜. ¬ Ò‚ˇÁË Ò ˝ÚËÏ ‚ÂÏˇ ‡Ò˜ÂÚ‡ Í‡Ê‰Ó„Ó Ï‡ÚË˜ÌÓ„Ó ˝ÎÂÏÂÌÚ‡
ÚÂıÏÂÌÓÈ Á‡‰‡˜Ë Ú‡ÍÊÂ ‡ÒÚÂÚ Í‚‡‰‡ÚË˜ÌÓ ÔÓ Ò‡‚ÌÂÌË˛ Ò ‰‚ÛÏÂÌÓÈ Á‡‰‡˜ÂÈ. ¬˚˜ËÒÎÂÌÌ‡ˇ
ÔÎÓ˘‡‰¸ ˝ÍÒÚËÌÍˆËË ÔˇÏÓÛ„ÓÎ¸ÌËÍ‡ Ò ‰‚ÛÏÂÌ˚Ï „‡ÁÓÏ (ËÒ. 1) ÔÓÎÛ˜ÂÌ‡ ÔË ‚˚ÔÓÎÌÂÌËË
ÓÔÚË˜ÂÒÍÓÈ ÚÂÓÂÏ˚ Ò ÔÓ„Â¯ÌÓÒÚ¸˛ ‚ 0.1%. œÓËÒÍ ÒıÓ‰ËÏÓÒÚË Â¯ÂÌËˇ ÔÓÍ‡Á‡Î ÌÂÓ·ıÓ‰Ë-
ÏÓÒÚ¸ Û˜ÂÚ‡ 12 ÔÓÎËÌÓÏÓ‚ ÀÂÊ‡Ì‰‡ ‚ ‡ÁÎÓÊÂÌËË ÚÓÍÓ‚ ‰Îˇ ËÒÒÎÂ‰Ó‚‡ÌËˇ ÔÂ‚˚ı ˜ÂÚ˚Âı
ÔÎ‡ÁÏÓÌÌ˚ı ÂÁÓÌ‡ÌÒÓ‚ ‰Îˇ ‰ÓÒÚËÊÂÌËˇ ÔÓ„Â¯ÌÓÒÚË 0.1%. ƒÎˇ ‚˚ÔÓÎÌÂÌËˇ ‡Ò˜ÂÚÓ‚ ÒÓÁ‰‡Ì‡
ÔÓ„‡ÏÏ‡ Ì‡ ˇÁ˚ÍÂ ÔÓ„‡ÏÏËÓ‚‡ÌËˇ ‘ÓÚ‡Ì. –‡Ò˜ÂÚ˚ ÔÓ‚Â‰ÂÌ˚ Ì‡ ÔÂÒÓÌ‡Î¸ÌÓÏ ÍÓÏÔ¸˛ÚÂÂ
Ò 10-ˇ‰ÂÌ˚Ï ÔÓˆÂÒÒÓÓÏ, ˜ÚÓ ÔÓÁ‚ÓÎËÎÓ ‡ÒÒ˜ËÚ‡Ú¸ Ò‚ÓÈÒÚ‚‡ ÒËÒÚÂÏ˚ Ì‡ Á‡‰‡ÌÌÓÈ ˜‡ÒÚÓÚÂ
Á‡ 15 ÒÂÍÛÌ‰.

2. –ÂÁÛÎ¸Ú‡Ú˚ Ë Ó·ÒÛÊ‰ÂÌËÂ

— ËÒÔÓÎ¸ÁÓ‚‡ÌËÂÏ ‡Á‡·ÓÚ‡ÌÌÓ„Ó ˝ÎÂÍÚÓ‰ËÌ‡ÏË˜ÂÒÍÓ„Ó ÔÓ‰ıÓ‰‡ ·˚ÎË ‚˚˜ËÒÎÂÌ˚ ËÌ‰ÛˆË-
Ó‚‡ÌÌ˚Â ÔÓÎˇ Ë ÚÓÍË ‚ ÒÚÛÍÚÛÂ, ‡ÒÒ˜ËÚ‡Ì˚ ÒÔÂÍÚ˚ ÒÂ˜ÂÌËˇ ÔˇÏÓ„Ó Ë Ó·‡ÚÌÓ„Ó ‡ÒÒÂˇÌËˇ
(ËÒ. 2), ÒÂ˜ÂÌËÂ ÔÓ„ÎÓ˘ÂÌËˇ Ë ÒÂ˜ÂÌËÂ ˝ÍÒÚËÌÍˆËË (ÒÏ. ËÒ. 2) ‰Îˇ ÔˇÏÓÛ„ÓÎ¸ÌËÍ‡ ‰‚ÛÏÂ-
ÌÓ„Ó „‡Á‡ Ì‡ ÓÒÌÓ‚Â „ÂÚÂÓÒÚÛÍÚÛ˚ AlGaAs Ò ‡ÁÏÂ‡ÏË w = 1 ÏÍÏ, l = 2 ÏÍÏ (ÚËÔË˜Ì˚Â
˝ÍÒÔÂËÏÂÌÚ‡Î¸Ì˚Â ÒÚÛÍÚÛ˚ ÔÓ‰ÂÏÓÌÒÚËÓ‚‡Ì˚ ‚ ‡·ÓÚ‡ı [5, 17]).

–‡ÒÒ˜ËÚ‡ÌÌÓÂ ÒÂ˜ÂÌËÂ ÔÓ„ÎÓ˘ÂÌËˇ ËÏÂÂÚ ÂÁÓÌ‡ÌÒÌ˚È ı‡‡ÍÚÂ, ˜ÚÓ ÒÓÓÚ‚ÂÚÒÚ‚ÛÂÚ ‚ÓÁ·ÛÊ-
‰ÂÌË˛ ‚ ÒÚÛÍÚÛÂ ‡ÁÎË˜Ì˚ı ÔÎ‡ÁÏÓÌÌ˚ı ÏÓ‰. ƒÎˇ Ë‰ÂÌÚËÙËÍ‡ˆËË ‚ÓÁ·ÛÊ‰ÂÌÌ˚ı ÔÎ‡ÁÏÓÌÌ˚ı
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–ËÒ. 2. —ÔÂÍÚ˚ ÒÂ˜ÂÌËˇ ÔÓ„ÎÓ˘ÂÌËˇ (Í‡ÒÌ‡ˇ ÍË‚‡ˇ), ÒÂ˜ÂÌËˇ ˝ÍÒÚËÌÍˆËË (ÒËÌËÂ ÚÓ˜ÍË), ÒÂ˜ÂÌËˇ Ó·‡ÚÌÓ„Ó ‡ÒÒÂˇÌËˇ
(˜ÂÌ‡ˇ ÍË‚‡ˇ) Ë ÒÂ˜ÂÌËˇ ÔˇÏÓ„Ó ‡ÒÒÂˇÌËˇ (ÁÂÎÂÌ‡ˇ ÍË‚‡ˇ) ‰Îˇ ÔˇÏÓÛ„ÓÎ¸ÌËÍ‡ Ò ‡ÁÏÂ‡ÏË w = 1 ÏÍÏ, l = 2 ÏÍÏ.
ƒ‚ÛÏÂÌ˚È „‡Á ÓÔËÒ˚‚‡ÂÚÒˇ ÔÓ‚Ó‰ËÏÓÒÚ¸˛ ƒÛ‰Â ÒÓ ÒÎÂ‰Û˛˘ËÏË Ô‡‡ÏÂÚ‡ÏË: ‚ÂÏˇ ÂÎ‡ÍÒ‡ˆËË ËÏÔÛÎ¸Ò‡ ˝ÎÂÍÚÓÌ‡
1 ÔÒ, ÍÓÌˆÂÌÚ‡ˆËˇ ˝ÎÂÍÚÓÌÓ‚ 2 · 1011 ÒÏ�2 Ë ˝ÙÙÂÍÚË‚Ì‡ˇ Ï‡ÒÒ‡ ˝ÎÂÍÚÓÌ‡ 0.067. ¬ÂÍÚÓ ˝ÎÂÍÚË˜ÂÒÍÓ„Ó ÔÓÎˇ
Ô‡‰‡˛˘ÂÈ ‚ÓÎÌ˚ Ì‡Ô‡‚ÎÂÌ ÔÓ‰ Û„ÎÓÏ 45 „‡‰ÛÒÓ‚ ÓÚÌÓÒËÚÂÎ¸ÌÓ ÓÒË Œ’ (ˆ‚ÂÚ ÓÌÎ‡ÈÌ)

Fig. 2. Spectra of the absorption cross section (red curve), extinction cross section (blue dots), backscattering cross section
(black curve) and forward scattering cross section (green curve) for a rectangle with dimensions w = 1 µm, l = 2 µm.
A two-dimensional gas is described by Drude conductivity with the following parameters: electron momentum relaxation time
1 ps, electron concentration 2 · 1011 cm�2 and effective electron mass 0.067. The electric field vector of the incident wave is
directed at an angle of 45 degrees relative to the OX axis (color online)

ÏÓ‰ ÏÓÊÌÓ ËÒÔÓÎ¸ÁÓ‚‡Ú¸ ÏÓ‰ÂÎ¸ ÂÁÓÌ‡ÚÓ‡ Ò Ë‰Â‡Î¸ÌÓ ÓÚ‡Ê‡˛˘ËÏË „‡ÌËˆ‡ÏË. ¬ Ú‡ÍÓÈ ÏÓ‰ÂÎË

‚ÓÎÌÓ‚ÓÈ ‚ÂÍÚÓ ÔÎ‡ÁÏÓÌÌÓÈ ÏÓ‰˚ ·Û‰ÂÚ ËÏÂÚ¸ ‰ËÒÍÂÚÌ˚Â ÁÌ‡˜ÂÌËˇ q =
q

q2x + q2y , „‰Â qx = p
wp —

ÔÓ Ì‡Ô‡‚ÎÂÌË˛ x Ë qy = p
l p1 — ÔÓ Ì‡Ô‡‚ÎÂÌË˛ y, p Ë p1 — ˆÂÎ˚Â ˜ËÒÎ‡. —ÎÂ‰Ó‚‡ÚÂÎ¸ÌÓ, Í‡Ê‰ÓÈ

ÔÎ‡ÁÏÓÌÌÓÈ ÏÓ‰Â ‚ ÔˇÏÓÛ„ÓÎ¸ÌËÍÂ ÏÓÊÌÓ ÔËÔËÒ‡Ú¸ ‰‚‡ ËÌ‰ÂÍÒ‡ (p, p1).
ƒÎˇ Ë‰ÂÌÚËÙËÍ‡ˆËË ÏÓ‰ ÔÓÒÚÓÂÌ˚ Ï„ÌÓ‚ÂÌÌ˚Â ‡ÒÔÂ‰ÂÎÂÌËˇ ÔÎÓÚÌÓÒÚË Á‡ˇ‰‡, ÓÒ-

ˆËÎÎËÛ˛˘Â„Ó ‚ ÔˇÏÓÛ„ÓÎ¸ÌËÍÂ Ò ‰‚ÛÏÂÌ˚Ï „‡ÁÓÏ. ƒÎˇ ˝ÚÓ„Ó Ò ËÒÔÓÎ¸ÁÓ‚‡ÌËÂÏ Û‡‚ÌÂÌËˇ
ÌÂÔÂ˚‚ÌÓÒÚË ‚˚˜ËÒÎÂÌÓ ‡ÒÔÂ‰ÂÎÂÌËÂ ÎËÌÂÈÌÓÈ ÔÎÓÚÌÓÒÚË Á‡ˇ‰‡ ‰Îˇ ÔÎ‡ÁÏÓÌÌÓ„Ó ÂÁÓÌ‡ÌÒ‡
‚ ÔˇÏÓÛ„ÓÎ¸ÌËÍÂ Ò ‰‚ÛÏÂÌ˚Ï „‡ÁÓÏ:

r = � i

w

✓
@jx
@x

+
@jy
@y

◆
. (11)

œÓÒÚÓÂÌ˚ ‡ÒÔÂ‰ÂÎÂÌËˇ ÔÎÓÚÌÓÒÚË Á‡ˇ‰‡ Ì‡ ˜‡ÒÚÓÚ‡ı ÔÎ‡ÁÏÓÌÌÓ„Ó ÂÁÓÌ‡ÌÒ‡ 0.4009 “√ˆ,
0.7342 “√ˆ, 0.9675 “√ˆ Ë 1.551 “√ˆ (ËÒ. 3), ÍÓÚÓ˚Â ÔÓÁ‚ÓÎˇ˛Ú Ò‰ÂÎ‡Ú¸ ‚˚‚Ó‰˚ Ó ÒÚÛÍÚÛÂ
ÔÎ‡ÁÏÓÌÌ˚ı ÏÓ‰ Ë Ë‰ÂÌÚËÙËˆËÓ‚‡Ú¸ Ëı Ò ÔÓÏÓ˘¸˛ ÏÓ‰ÂÎË ‰ËÒÍÂÚËÁ‡ˆËË ‚ÓÎÌÓ‚Ó„Ó ˜ËÒÎ‡.
œÎ‡ÁÏÓÌÛ Ì‡ ˜‡ÒÚÓÚÂ 0.4009 “√ˆ ÒÓÓÚ‚ÂÚÒÚ‚Û˛Ú ËÌ‰ÂÍÒ˚ (0,1), Ì‡ ˜‡ÒÚÓÚÂ 0.7342 “√ˆ — (1,0),
Ì‡ ˜‡ÒÚÓÚÂ 0.9675 “√ˆ — (2,1), ‡ Ì‡ ˜‡ÒÚÓÚÂ 1.551 “√ˆ — (1,2). ÀÓ„‡ËÙÏË˜ÂÒÍËÈ „‡ÙËÍ ÒÔÂÍÚÓ‚
˝ÍÒÚËÌÍˆËË Ë ÔÓ„ÎÓ˘ÂÌËˇ ÔÓÍ‡Á˚‚‡ÂÚ, ˜ÚÓ ‚ ÔˇÏÓÛ„ÓÎ¸ÌËÍÂ Ì‡Ë·ÓÎÂÂ ˝ÙÙÂÍÚË‚ÌÓ ‚ÓÁ·ÛÊ‰‡˛ÚÒˇ
ÙÛÌ‰‡ÏÂÌÚ‡Î¸Ì˚Â ÔÎ‡ÁÏÓÌÌ˚Â ÏÓ‰˚ Ò ËÌ‰ÂÍÒ‡ÏË (0,1) Ë (1,0), ÚÓ„‰‡ Í‡Í ‰Îˇ ‚˚Ò¯Ëı ÔÎ‡ÁÏÓÌÌ˚ı
ÂÁÓÌ‡ÌÒÓ‚ ÒÂ˜ÂÌËÂ ˝ÍÒÚËÌÍˆËË Ô‡‰‡ÂÚ Ì‡ ÔÓˇ‰ÓÍ Ë ·ÓÎÂÂ. Õ‡ ËÒ. 3 ‚Ë‰ÌÓ ÒËÎ¸ÌÓÂ Ì‡ÍÓÔÎÂÌËÂ Á‡-
ˇ‰‡ Ì‡ Í‡ˇı ÔˇÏÓÛ„ÓÎ¸ÌËÍ‡, ˜ÚÓ ÒÛ˘ÂÒÚ‚ÂÌÌÓ ‚ÎËˇÂÚ Ì‡ ÂÁÓÌ‡ÌÒÌ˚Â ˜‡ÒÚÓÚ˚ ÔÎ‡ÁÏÓÌÌ˚ı ÏÓ‰
ÔÓ Ò‡‚ÌÂÌË˛ Ò ˜‡ÒÚÓÚ‡ÏË, ÔÂ‰ÒÍ‡Á˚‚‡ÂÏ˚ÏË ÛÔÓ˘ÂÌÌ˚ÏË ÏÓ‰ÂÎˇÏË. “‡ÍÓÂ Ì‡ÍÓÔÎÂÌËÂ Á‡ˇ‰‡
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–ËÒ. 3. –‡ÒÔÂ‰ÂÎÂÌËÂ ÔÎÓÚÌÓÒÚË Á‡ˇ‰‡ ‚ ÔÎÓÒÍÓÒÚË ÔˇÏÓÛ„ÓÎ¸ÌËÍ‡ Ò ‰‚ÛÏÂÌ˚Ï ˝ÎÂÍÚÓÌÌ˚Ï „‡ÁÓÏ ‚ ÔÎ‡ÁÏÓÌÌ˚ı
ÂÁÓÌ‡ÌÒ‡ı, ÒÓÓÚ‚ÂÚÒÚ‚Û˛˘Ëı ÂÁÓÌ‡ÌÒ‡Ï Ì‡ ËÒ. 1 Ì‡ ˜‡ÒÚÓÚ‡ı 0.4009 “√ˆ (‡), 0.7342 “√ˆ (b), 0.9675 “√ˆ (c)
Ë 1.551 “√ˆ (d) (ˆ‚ÂÚ ÓÌÎ‡ÈÌ)

Fig. 3. Charge density distribution in the plane of a rectangle with a two-dimensional electron gas in plasmon resonances
corresponding to resonances in Fig. 1 at frequencies of 0.4009 THz (a), 0.7342 THz (b), 0.9675 THz (c) and 1.551 THz (d)
(color online)

Ò‚ˇÁ‡ÌÓ Ò Û‚ÂÎË˜ÂÌËÂÏ ˝ÎÂÍÚË˜ÂÒÍÓ„Ó ÔÓÎˇ Ì‡ „‡ÌËˆ‡ı ÔˇÏÓÛ„ÓÎ¸ÌËÍ‡ Ò ‰‚ÛÏÂÌ˚Ï ˝ÎÂÍÚÓÌ-
Ì˚Ï „‡ÁÓÏ Ë ÔË‚Ó‰ËÚ Í ÁÌ‡˜ËÚÂÎ¸ÌÓÏÛ ‚˚ıÓ‰Û ÔÓÎˇ Á‡ „‡ÌËˆ˚ ÔˇÏÓÛ„ÓÎ¸ÌËÍ‡, ˜ÚÓ ÛÏÂÌ¸¯‡ÂÚ
ÂÁÓÌ‡ÌÒÌ˚Â ˜‡ÒÚÓÚ˚ ‚ÓÁ·ÛÊ‰ÂÌËˇ ÔÎ‡ÁÏÓÌÌ˚ı ÏÓ‰. –‡Á‡·ÓÚ‡ÌÌ˚È ‡Î„ÓËÚÏ ÔÓÁ‚ÓÎˇÂÚ ·ÓÎÂÂ
ÚÓ˜ÌÓ ÔÂ‰ÒÍ‡Á˚‚‡Ú¸ ˝ÎÂÍÚÓÏ‡„ÌËÚÌ˚Â Ò‚ÓÈÒÚ‚‡ ÔˇÏÓÛ„ÓÎ¸ÌËÍ‡ Ò ‰‚ÛÏÂÌ˚Ï ˝ÎÂÍÚÓÌÌ˚Ï
„‡ÁÓÏ ÔÓ Ò‡‚ÌÂÌË˛ Ò ÍÓÏÏÂ˜ÂÒÍËÏË ÔÓ„‡ÏÏ‡ÏË, ÓÒÌÓ‚‡ÌÌ˚ÏË Ì‡ ÏÂÚÓ‰Â ÍÓÌÂ˜Ì˚ı ˝ÎÂÏÂÌÚÓ‚,
ÔÓÒÍÓÎ¸ÍÛ ÌÂ ÚÂ·ÛÂÚ ÔÓÏÂ˘ÂÌËˇ ËÒÒÎÂ‰ÛÂÏÓÈ ÒËÒÚÂÏ˚ ‚ Ó·Î‡ÒÚ¸ Â¯ÂÌËˇ. », ÒÎÂ‰Ó‚‡ÚÂÎ¸ÌÓ,
ÏÓ‰˚ Ó·Î‡ÒÚË Â¯ÂÌËˇ ÌÂ ÔÓ‰ÏÂ¯Ë‚‡˛ÚÒˇ Í ËÒÚËÌÌ˚Ï Â¯ÂÌËˇÏ ‡ÒÒÏ‡ÚË‚‡ÂÏÓÈ ÒËÒÚÂÏ˚.
œÂ‰ÎÓÊÂÌÌ˚È ‡Î„ÓËÚÏ ÔÓÁ‚ÓÎˇÂÚ ËÒÒÎÂ‰Ó‚‡Ú¸ ÏÌÓ„ÓÒÎÓÈÌ˚Â ÚÂıÏÂÌ˚Â ÒÚÛÍÚÛ˚ Ë Â¯‡Ú¸
Á‡‰‡˜Ë Ò ÔÓÒÚ‡ÌÒÚ‚ÂÌÌÓÈ ‰ËÒÔÂÒËÂÈ ‚ ‰‚ÛÏÂÌÓÏ ˝ÎÂÍÚÓÌÌÓÏ „‡ÁÂ, ÌÂ Â¯‡ÂÏ˚Â ÏÂÚÓ‰‡ÏË
ÍÓÌÂ˜Ì˚ı ˝ÎÂÏÂÌÚÓ‚.
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«‡ÍÎ˛˜ÂÌËÂ

“‡ÍËÏ Ó·‡ÁÓÏ, ‚ ‰‡ÌÌÓÈ ‡·ÓÚÂ ‡Á‡·ÓÚ‡Ì ‡Î„ÓËÚÏ ‡Ò˜ÂÚ‡ ÚÓÍÓ‚, Ì‡‚Â‰ÂÌÌ˚ı ˝ÎÂÍ-
ÚÓÏ‡„ÌËÚÌÓÈ ‚ÓÎÌÓÈ ‚ ÔˇÏÓÛ„ÓÎ¸ÌËÍÂ Ò ‰‚ÛÏÂÌ˚Ï ˝ÎÂÍÚÓÌÌ˚Ï „‡ÁÓÏ. Õ‡È‰ÂÌ˚ ÛÒÎÓ‚Ëˇ
ÒıÓ‰ËÏÓÒÚË ‡Î„ÓËÚÏ‡ Ë ÔÓ‚Â‰ÂÌÓ Ò‡‚ÌÂÌËÂ Â„Ó ·˚ÒÚÓ‰ÂÈÒÚ‚Ëˇ ‚ Ò‡‚ÌÂÌËË Ò ‡Ì‡ÎÓ„Ë˜Ì˚Ï
‡Î„ÓËÚÏÓÏ ‰Îˇ ‚˚˜ËÒÎÂÌËˇ ÔÎ‡ÁÏÓÌÌ˚ı Ò‚ÓÈÒÚ‚ ‚ ‰‚ÛÏÂÌÓÈ ÔÓÒÚ‡ÌÓ‚ÍÂ Á‡‰‡˜Ë. –‡ÒÒ˜ËÚ‡Ì˚
ÒÂ˜ÂÌËˇ ÔÓ„ÎÓ˘ÂÌËˇ Ë ˝ÍÒÚËÌÍˆËË, ‡ Ú‡ÍÊÂ ÔÓÒÚ‡ÌÒÚ‚ÂÌÌ˚Â ‡ÒÔÂ‰ÂÎÂÌËˇ ÔÎÓÚÌÓÒÚË Á‡ˇ‰‡
‚ ÔÎ‡ÁÏÓÌÌ˚ı ÂÁÓÌ‡ÌÒ‡ı. ”ÒÚ‡ÌÓ‚ÎÂÌÓ, ˜ÚÓ Ô‡‰‡˛˘‡ˇ ‚ÓÎÌ‡ Ì‡Ë·ÓÎÂÂ ˝ÙÙÂÍÚË‚ÌÓ ‚ÓÁ·ÛÊ‰‡ÂÚ
ÙÛÌ‰‡ÏÂÌÚ‡Î¸Ì˚Â ÔÎ‡ÁÏÓÌÌ˚Â ÏÓ‰˚ Ò ËÌ‰ÂÍÒ‡ÏË (0,1) Ë (1,0). œÎ‡ÁÏÓÌÌ˚Â ÏÓ‰˚ ‰ÂÏÓÌÒÚËÛ˛Ú
ÒËÎ¸ÌÓÂ Ì‡ÍÓÔÎÂÌËÂ Á‡ˇ‰‡ Ì‡ Í‡ˇı ÔˇÏÓÛ„ÓÎ¸ÌËÍ‡, ˜ÚÓ ÒÛ˘ÂÒÚ‚ÂÌÌÓ ‚ÎËˇÂÚ Ì‡ ÂÁÓÌ‡ÌÒÌ˚Â
˜‡ÒÚÓÚ˚ ‚ÓÁ·ÛÊ‰ÂÌËˇ ÔÎ‡ÁÏÓÌÌ˚ı ÏÓ‰.
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