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ÇÇÖÑÖçàÖ

 

Ç‡ÊÌÛ˛ ÓÎ¸ ‚ ‰‡Î¸ÌÂÈ¯ÂÏ ‡Á‚ËÚËË ÂÌÚ„Â-
ÌÓ‚ÒÍÓÈ ÓÔÚËÍË Ë„‡ÂÚ ÒÓÁ‰‡ÌËÂ ‚˚ÒÓÍÓ˝ÙÙÂÍ-
ÚË‚ÌÓÈ Ë Ó‰ÌÓ‚ÂÏÂÌÌÓ ‚˚ÒÓÍÓ‡ÁÂ¯‡˛˘ÂÈ
ÎËÌÁ˚. àÁ„ÓÚÓ‚ÎÂÌËÂ Ú‡ÍÓÈ ÎËÌÁ˚ ‰Îfl ÊÂÒÚÍÓ„Ó
ÂÌÚ„ÂÌÓ‚ÒÍÓ„Ó ËÁÎÛ˜ÂÌËfl ‰Ó ÒËı ÔÓ ÓÒÚ‡ÂÚÒfl
ÔÓ·ÎÂÏÓÈ. ÑÓÒÚË˜¸ ‚˚ÒÓÍÓ„Ó ‡ÁÂ¯ÂÌËfl ÏÓÊ-
ÌÓ Ò ÔÓÏÓ˘¸˛ ÙÂÌÂÎÂ‚ÒÍÓÈ ÁÓÌÌÓÈ ÔÎ‡ÒÚËÌÍË
(áè), ÌÓ ˝ÙÙÂÍÚË‚ÌÓÒÚ¸ Ú‡ÍËı ÎËÌÁ, Í‡Í Ô‡‚ËÎÓ,
ÌÂ‚ÂÎËÍ‡ [1–4]. èË ËÒÔÓÎ¸ÁÓ‚‡ÌËË ÒËÌıÓÚÓÌ-
ÌÓ„Ó ËÁÎÛ˜ÂÌËfl ÛÊÂ ÌÂÒÍÓÎ¸ÍËı ÔÓˆÂÌÚÓ‚ ˝Ù-
ÙÂÍÚË‚ÌÓÒÚË áè ‰ÓÒÚ‡ÚÓ˜ÌÓ ‰Îfl ÛÒÔÂ¯ÌÓ„Ó ÔÓ-
‚Â‰ÂÌËfl ËÒÒÎÂ‰Ó‚‡ÌËfl, ‚ ˜‡ÒÚÌÓÒÚË, ‰Îfl ÔÂÂ‰‡˜Ë
ËÁÓ·‡ÊÂÌËfl. í‡Í ‚ ‡·ÓÚÂ [1] ‡‚ÚÓ˚ ËÒÔÓÎ¸ÁÓ-
‚‡ÎË áè ËÁ Ú‡ÌÚ‡Î‡ Ò ÚÓÎ˘ËÌÓÈ ÁÓÌ 200 ÌÏ Ë Ò ̄ Ë-
ËÌÓÈ Í‡ÈÌÂÈ ÁÓÌ˚ 50 ÌÏ. ê‡ÁÂ¯ÂÌËÂ ˝ÚÓÈ áè
‡‚ÌÓ 200 ÌÏ, ‡ ̋ ÙÙÂÍÚË‚ÌÓÒÚ¸ ‚ÒÂ„Ó 1.5%. íÂÏ ÌÂ
ÏÂÌÂÂ, ˝ÚÓ„Ó ÓÍ‡Á‡ÎÓÒ¸ ‰ÓÒÚ‡ÚÓ˜ÌÓ ‰Îfl ÔÂÂ‰‡˜Ë
ËÁÓ·‡ÊÂÌËfl. Ç ‡·ÓÚÂ [2] Ò ÔÓÏÓ˘¸˛ ÏÌÓ„Ó‡ÁÓ-
‚ÓÈ ̋ ÎÂÍÚÓÌÌÓ-ÎÛ˜Â‚ÓÈ ÎËÚÓ„‡ÙËË ·˚Î‡ ËÁ„ÓÚÓ‚-
ÎÂÌ‡ ÏÌÓ„ÓÒÚÛÔÂÌ˜‡Ú‡fl áè Ë ·˚Î‡ ‰ÓÒÚË„ÌÛÚ‡ ˝Ù-
ÙÂÍÚË‚ÌÓÒÚ¸ ~70%. é‰Ì‡ÍÓ ‡ÁÂ¯‡˛˘‡fl ÒÔÓÒÓ·-
ÌÓÒÚ¸ Ú‡ÍÓÈ áè ÁÌ‡˜ËÚÂÎ¸ÌÓ ÒÌËÁËÎ‡Ò¸. èË˜ËÌÓÈ
ÒÌËÊÂÌËfl fl‚ÎflÂÚÒfl ‰ËÙ‡ÍˆËfl Ì‡ ÒÚÛÔÂÌ¸Í‡ı ÒÎÓÊ-
ÌÓ„Ó ÔÓÙËÎfl áè. Ç ‡·ÓÚÂ [3] Ò ÔÓÏÓ˘¸˛ „ÎÛ·Ó-
ÍÓÈ ÂÌÚ„ÂÌÓ‚ÒÍÓÈ ÎËÚÓ„‡ÙËË ËÁ„ÓÚÓ‚ÎÂÌ‡ áè ËÁ
ÁÓÎÓÚ‡ Ò ÚÓÎ˘ËÌÓÈ ÁÓÌ 3.5 ÏÍÏ Ë Ò ¯ËËÌÓÈ Í‡È-
ÌÂÈ ÁÓÌ˚ 50 ÌÏ. ä‡Í ÓÚÏÂ˜‡˛Ú ‡‚ÚÓ˚, ÒÚÛÍÚÛ‡
ÁÓÌ Ò ¯ËËÌÓÈ ÏÂÌ¸¯Â 200 ÌÏ ÒÎÛ˜‡ÈÌ˚Ï Ó·‡-

ÁÓÏ ÓÚÍÎÓÌflÂÚÒfl ÓÚ Ô‡‚ËÎ¸ÌÓÈ ÙÓÏ˚. äÓÏÂ ÚÓ-
„Ó, ÔÓ„ÎÓ˘ÂÌËÂ ÂÌÚ„ÂÌÓ‚ÒÍÓ„Ó ËÁÎÛ˜ÂÌËfl Ì‡ ÒÎÓÂ
ÁÓÎÓÚ‡ ÚÓÎ˘ËÌÓÈ 3.5 ÏÍÏ ‰Îfl ̋ ÌÂ„ËË 8 Í˝Ç ÌÂ fl‚Îfl-
ÂÚÒfl Ï‡Î˚Ï (ÍÓ˝ÙÙËˆËÂÌÚ ÔÓÔÛÒÍ‡ÌËfl ‡‚ÂÌ
~30%), Ë ÔÓÎÛ˜ËÚ¸ ÙÓÍÛÒËÓ‚ÍÛ Ò Ï‡ÍÒËÏ‡Î¸ÌÓÈ ÚÂ-
ÓÂÚË˜ÂÒÍÓÈ ˝ÙÙÂÍÚË‚ÌÓÒÚ¸˛ 40.5% ÔËÌˆËÔË‡Î¸-
ÌÓ ÌÂ‚ÓÁÏÓÊÌÓ. Ç ‡·ÓÚÂ [4] ÔÓÎÛ˜ÂÌ‡ ˝ÙÙÂÍÚË‚-
ÌÓÒÚ¸ 10% ‰Îfl ˝ÌÂ„ËË 0.39 Í˝Ç Ò ÔÓÏÓ˘¸˛ áè ËÁ
ÌËÍÂÎfl Ò ‡ÔÂÚÛÓÈ 120 ÏÍÏ Ë ¯ËËÌÓÈ ‚ÌÂ¯ÌËı
ÁÓÌ 30 ÌÏ. Ç ‡·ÓÚÂ [5] Ò ˆÂÎ¸˛ ÔÓ‚˚¯ÂÌËfl ˝Ù-
ÙÂÍÚË‚ÌÓÒÚË ËÒÔÓÎ¸ÁÓ‚‡Ì˚ ‰‚Â áè ËÁ ÁÓÎÓÚ‡, ÛÒ-
Ú‡ÌÓ‚ÎÂÌÌ˚Â Ì‡ ·ÎËÁÍÓÏ ‡ÒÒÚÓflÌËË Ë ·˚Î‡ ‰Ó-
ÒÚË„ÌÛÚ‡ ˝ÙÙÂÍÚË‚ÌÓÒÚ¸ 19%.

éÚÏÂÚËÏ, ˜ÚÓ ÌËÁÍÓ˝ÙÙÂÍÚË‚Ì˚Â áè ÏÓÊÌÓ
ËÒÔÓÎ¸ÁÓ‚‡Ú¸ ÚÓÎ¸ÍÓ Ì‡ ËÒÚÓ˜ÌËÍ‡ı ÒËÌıÓÚÓÌ-
ÌÓ„Ó ËÁÎÛ˜ÂÌËfl, ‚ ÚÓ ‚ÂÏfl Í‡Í ‰Îfl Î‡·Ó‡ÚÓÌ˚ı
ËÒÚÓ˜ÌËÍÓ‚ ÌÛÊÌ‡ ˝ÙÙÂÍÚË‚ÌÓÒÚ¸ Ì‡ ÛÓ‚ÌÂ ÌÂ-
ÒÍÓÎ¸ÍËı ‰ÂÒflÚÍÓ‚ ÔÓˆÂÌÚÓ‚. Ç ‡·ÓÚ‡ı [6, 7]
‚ÔÂ‚˚Â ·˚Î‡ ËÁ„ÓÚÓ‚ÎÂÌ‡ áè ‰Îfl ÓÒÂ‚ÓÈ „ÂÓÏÂ-
ÚËË ËÁ ÏÓÌÓÍËÒÚ‡ÎÎ‡ ÍÂÏÌËfl Ò ˝ÙÙÂÍÚË‚ÌÓÒ-
Ú¸˛ 39% ÏÂÚÓ‰ÓÏ ˝ÎÂÍÚÓÌÌÓ-ÎÛ˜Â‚ÓÈ ÎËÚÓ„‡-
ÙËË Ë ËÓÌÌÓ-ÔÎ‡ÁÏÂÌÌÓ„Ó Ú‡‚ÎÂÌËfl. ùÍÒÔÂË-
ÏÂÌÚ‡Î¸ÌÓ ÏÂÚÓ‰ÓÏ ÌÓÊÂ‚Ó„Ó ÒÍ‡Ì‡ Ì‡ ÒÚ‡ÌˆËË
BL29XU ËÒÚÓ˜ÌËÍ‡ ÒËÌıÓÚÓÌÌÓ„Ó ËÁÎÛ˜ÂÌËfl
Sêring-8 (üÔÓÌËfl) ·˚ÎÓ ËÁÏÂÂÌÓ ‡ÁÂ¯ÂÌËÂ
˝ÚÓÈ áè, ÍÓÚÓÓÂ ıÓÓ¯Ó ÒÓÓÚ‚ÂÚÒÚ‚Ó‚‡ÎÓ ÚÂÓÂ-
ÚË˜ÂÒÍÓÏÛ ÁÌ‡˜ÂÌË˛ 
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 = 1.22
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. Ç ‡·ÓÚÂ [8] ÍË-
ÒÚ‡ÎÎË˜ÂÒÍ‡fl áè ËÒÔÓÎ¸ÁÓ‚‡Ì‡ ‰Îfl ÔÂÂ‰‡˜Ë ËÁÓ-
·‡ÊÂÌËfl ÓÚ Ù‡ÁÓ‚Ó„Ó ÏËÍÓÓ·˙ÂÍÚ‡. Ç Í‡˜ÂÒÚ‚Â
Ú‡ÍÓ„Ó Ó·˙ÂÍÚ‡ ËÒÔÓÎ¸ÁÓ‚‡ÎËÒ¸ ·ÛÍ‚˚, ‚˚ÒÚÛÔ‡-
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èÂ‰ÒÚ‡‚ÎÂÌ˚ ÂÁÛÎ¸Ú‡Ú˚ ËÒÒÎÂ‰Ó‚‡ÌËfl ÙÓÍÛÒËÛ˛˘Ëı Ë ËÁÓ·‡Ê‡˛˘Ëı Ò‚ÓÈÒÚ‚ ‰‚ÛıÎËÌÁÓ‚ÓÈ
ÒËÒÚÂÏ˚ ‰Îfl ÊÂÒÚÍÓ„Ó ÂÌÚ„ÂÌÓ‚ÒÍÓ„Ó ËÁÎÛ˜ÂÌËfl, ˝ÎÂÏÂÌÚ‡ÏË ÍÓÚÓÓÈ fl‚Îfl˛ÚÒfl ÙÂÌÂÎÂ‚ÒÍËÂ
ÁÓÌÌ˚Â ÔÎ‡ÒÚËÌÍË (áè) ËÁ ÍÂÏÌËfl. ÇÔÂ‚˚Â ÔÓ‰ÂÏÓÌÒÚËÓ‚‡Ì ˝ÙÙÂÍÚ ÙÓÍÛÒËÓ‚ÍË ‰‚ÛÏfl ÍË-
ÒÚ‡ÎÎË˜ÂÒÍËÏË áè, ÛÒÚ‡ÌÓ‚ÎÂÌÌ˚ÏË Ì‡ ÁÌ‡˜ËÚÂÎ¸ÌÓÏ ‡ÒÒÚÓflÌËË ‰Û„ ÓÚ ‰Û„‡. ùÍÒÔÂËÏÂÌÚ‡Î¸ÌÓ
Ë ÚÂÓÂÚË˜ÂÒÍË ËÒÒÎÂ‰Ó‚‡Ì˚ ÓÒÓ·ÂÌÌÓÒÚË ÔÂÂ‡ÒÔÂ‰ÂÎÂÌËfl ËÌÚÂÌÒË‚ÌÓÒÚË ‚ ÙÓÍ‡Î¸ÌÓÈ ÔÎÓÒÍÓ-
ÒÚË ÔË ÒÍ‡ÌËÓ‚‡ÌËË ‚ÚÓÓÈ áè ÔÂÔÂÌ‰ËÍÛÎflÌÓ ÓÔÚË˜ÂÒÍÓÈ ÓÒË ÒËÒÚÂÏ˚. àÒÒÎÂ‰Ó‚‡ÌÓ ‡ÒÔÂ-
‰ÂÎÂÌËÂ ËÌÚÂÌÒË‚ÌÓÒÚË ‚‰ÓÎ¸ ÓÔÚË˜ÂÒÍÓÈ ÓÒË ‰Îfl ‰‚ÛıÎËÌÁÓ‚˚ı ÒËÒÚÂÏ, ˝ÎÂÏÂÌÚ‡ÏË ÍÓÚÓÓÈ fl‚Îfl-
˛ÚÒfl ÍËÒÚ‡ÎÎË˜ÂÒÍËÂ áè. ùÍÒÔÂËÏÂÌÚ‡Î¸ÌÓ ÓÒÛ˘ÂÒÚ‚ÎÂÌ‡ ÔÂÂ‰‡˜‡ ËÁÓ·‡ÊÂÌËfl Ò ÔÓÏÓ˘¸˛
‰‚ÛıÎËÌÁÓ‚ÓÈ ÒËÒÚÂÏ˚ Ì‡ ÓÒÌÓ‚Â áè. àÁÏÂÂÌËfl ‚˚ÔÓÎÌÂÌ˚ ‚ Ö‚ÓÔÂÈÒÍÓÏ ˆÂÌÚÂ ÒËÌıÓÚÓÌÌÓ-
„Ó ËÁÎÛ˜ÂÌËfl (ESRF) Ì‡ ÒÚ‡ÌˆËË BM-5 ÔË ˝ÌÂ„ËË ËÁÎÛ˜ÂÌËfl 9.4 Í˝Ç. ê‡Á‡·ÓÚ‡Ì‡ ÍÓÏÔ¸˛ÚÂÌ‡fl
ÔÓ„‡ÏÏ‡ ‰Îfl ÚÂÓÂÚË˜ÂÒÍÓ„Ó ÏÓ‰ÂÎËÓ‚‡ÌËfl ÂÌÚ„ÂÌÓÓÔÚË˜ÂÒÍËı Ò‚ÓÈÒÚ‚ ‰‚ÛıÎËÌÁÓ‚˚ı ÒËÒÚÂÏ
Ì‡ ÓÒÌÓ‚Â áè. ê‡Ò˜ÂÚ ÓÒÌÓ‚‡Ì Ì‡ ÔÂÂÌÓÒÂ ËÁÎÛ˜ÂÌËfl Ò ÔÓÏÓ˘¸˛ ÔÓÔ‡„‡ÚÓ‡ äËı„ÓÙ‡ ‚ Ô‡‡ÍÒË-
‡Î¸ÌÓÏ ÔË·ÎËÊÂÌËË Ë ÏÂÚÓ‰Â ·˚ÒÚÓ„Ó ÔÂÓ·‡ÁÓ‚‡ÌËfl îÛ¸Â.
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˛˘ËÂ Ì‡ „Î‡‰ÍÓÈ ÔÓ‚ÂıÌÓÒÚË ÍËÒÚ‡ÎÎ‡ ÍÂÏ-
ÌËfl.

ÑÎfl ÒÓÁ‰‡ÌËfl ÂÌÚ„ÂÌÓÓÔÚË˜ÂÒÍËı ÔË·ÓÓ‚ Ò
ÌÓ‚˚ÏË Ò‚ÓÈÒÚ‚‡ÏË ‚‡ÊÌÓÂ ÁÌ‡˜ÂÌËÂ ËÏÂÂÚ ‡Á-
‚ËÚËÂ ÏÌÓ„ÓÎËÌÁÓ‚˚ı ÓÔÚË˜ÂÒÍËı ÒËÒÚÂÏ. Ç Ì‡-
ÒÚÓfl˘ÂÈ ‡·ÓÚÂ ÔÂ‰ÒÚ‡‚ÎÂÌ˚ ˝ÍÒÔÂËÏÂÌÚ‡Î¸-
Ì˚Â Ë ÚÂÓÂÚË˜ÂÒÍËÂ ÂÁÛÎ¸Ú‡Ú˚ ËÒÒÎÂ‰Ó‚‡ÌËfl
ÙÓÍÛÒËÛ˛˘Ëı Ë ËÁÓ·‡Ê‡˛˘Ëı Ò‚ÓÈÒÚ‚ ‰‚Ûı-
ÎËÌÁÓ‚ÓÈ ÒËÒÚÂÏ˚ ‰Îfl ÊÂÒÚÍÓ„Ó ÂÌÚ„ÂÌÓ‚ÒÍÓ„Ó
ËÁÎÛ˜ÂÌËfl Ì‡ ÓÒÌÓ‚Â ‰‚Ûı ÍËÒÚ‡ÎÎË˜ÂÒÍËı áè ËÁ
ÍÂÏÌËfl. 

 

ëïÖåÄ ùäëèÖêàåÖçíÄ à êÖáìãúíÄíõ 
àáåÖêÖçàâ 

 

ùÍÒÔÂËÏÂÌÚ‡Î¸Ì˚Â ËÒÒÎÂ‰Ó‚‡ÌËfl Ò ‰‚ÛÏfl ÁÓÌ-
Ì˚ÏË ÔÎ‡ÒÚËÌÍ‡ÏË ·˚ÎË ‚˚ÔÓÎÌÂÌ˚ Ì‡ ËÒÚÓ˜ÌË-
ÍÂ ÒËÌıÓÚÓÌÌÓ„Ó ËÁÎÛ˜ÂÌËfl ESRF (ÉÂÌÓ·Î¸,
î‡ÌˆËfl) Ì‡ ÒÚ‡ÌˆËË BM 5 (ÔÛ˜ÓÍ ÓÚ ÔÓ‚ÓÓÚÌÓ„Ó
Ï‡„ÌËÚ‡). 

ê‡ÒÒÏ‡ÚË‚‡ÎËÒ¸ ‰‚Â ‡ÁÌ˚Â ˝ÍÒÔÂËÏÂÌÚ‡Î¸-
Ì˚Â ÒıÂÏ˚. èÂ‚‡fl ÒıÂÏ‡ ËÒÔÓÎ¸ÁÓ‚‡Î‡Ò¸ ‰Îfl ËÒ-
ÒÎÂ‰Ó‚‡ÌËfl ÙÓÍÛÒËÛ˛˘Ëı Ò‚ÓÈÒÚ‚ Ì‡ ÓÒÌÓ‚Â
‰‚Ûı áè ËÁ ÍÂÏÌËfl ÔË ˝ÌÂ„ËË ÂÌÚ„ÂÌÓ‚ÒÍÓ„Ó
ËÁÎÛ˜ÂÌËfl 9.4 Í˝Ç (ËÒ. 1‡). ÇÚÓ‡fl ÒıÂÏ‡ ËÒÔÓÎ¸-
ÁÓ‚‡Î‡Ò¸ ‰Îfl ÔÂÂ‰‡˜Ë ËÁÓ·‡ÊÂÌËfl ÓÔÚË˜ÂÒÍÓ„Ó

Ù‡È·Â‡ ÔË ˝ÌÂ„ËË ÂÌÚ„ÂÌÓ‚ÒÍÓ„Ó ËÁÎÛ˜ÂÌËfl
9.4 Í˝Ç (ËÒ. 1·). Ç Ó·ÓËı ÒÎÛ˜‡flı ÔÛ˜ÓÍ ÒËÌıÓ-
ÚÓÌÌÓ„Ó ËÁÎÛ˜ÂÌËfl ÓÚ ËÒÚÓ˜ÌËÍ‡ Ò ‚ÂÚËÍ‡Î¸Ì˚Ï
‡ÁÏÂÓÏ 80 ÏÍÏ ÏÓÌÓıÓÏ‡ÚËÁËÓ‚‡ÎÒfl Ò ÔÓÏÓ-
˘¸˛ ‰‚ÛıÍËÒÚ‡Î¸ÌÓ„Ó ÏÓÌÓıÓÏ‡ÚÓ‡ Si (111).
ëÛÏÏ‡ÌÓÂ ‡ÒÒÚÓflÌËÂ ÓÚ ËÒÚÓ˜ÌËÍ‡ ‰Ó ÔÂ‚Ë˜-
ÌÓÈ ˘ÂÎË ‡‚ÌÓ 40 Ï. ê‡ÁÏÂ ˘ÂÎË 350 

 

×

 

 350 ÏÍÏ.
é·ÓÁÌ‡˜ËÏ ÔÂ‚Û˛ ÁÓÌÌÛ˛ ÔÎ‡ÒÚËÌÍÛ ZP#1, ‡
‚ÚÓÛ˛ – ZP#2. Ç ÔÂ‚ÓÏ ÒÎÛ˜‡Â ÔÛ˜ÓÍ ÔÓÒÎÂ ˘Â-
ÎË ÔÂÔÂÌ‰ËÍÛÎflÌÓ Ô‡‰‡ÂÚ Ì‡ ÁÓÌÌÛ˛ ÔÎ‡ÒÚËÌÍÛ
ZP#1. ê‡ÒÒÚÓflÌËfl ÓÚ ˘ÂÎË ‰Ó ZP#1 ‡‚ÌÓ 30 ÒÏ.
ÇÚÓ‡fl ÁÓÌÌ‡fl ÔÎ‡ÒÚËÌÍ‡ ZP#2 ÛÒÚ‡ÌÓ‚ÎÂÌ‡ Ì‡
‡ÒÒÚÓflÌËË 39 ÒÏ ÓÚ ZP#1. áÓÌÌ˚Â ÔÎ‡ÒÚËÌÍË ˛Ò-
ÚËÛ˛ÚÒfl ÔÓ ÓÔÚË˜ÂÒÍÓÈ ÓÒË Ò ÚÓ˜ÌÓÒÚ¸˛ 100 ÌÏ.
àÒÔÓÎ¸ÁÓ‚‡Ì˚ ‰‚Â Ó‰ËÌ‡ÍÓ‚˚Â áè ËÁ ÏÓÌÓÍËÒ-
Ú‡ÎÎ‡ Si ÒÓ ÒÎÂ‰Û˛˘ËÏË Ô‡‡ÏÂÚ‡ÏË: ‡‰ËÛÒ
ÔÂ‚ÓÈ ÁÓÌ˚ 14.38 ÏÍÏ, ˜ËÒÎÓ ÁÓÌ 324, ‡ÁÏÂ ÔÓ-
ÒÎÂ‰ÌÂÈ ÁÓÌ˚ 0.4 ÏÍÏ, ‡ÔÂÚÛ‡ 518 ÏÍÏ, ÙÓÍÛÒ-
ÌÓÂ ‡ÒÒÚÓflÌËÂ 157 ÒÏ, ‚˚ÒÓÚ‡ ÂÎ¸ÂÙ‡ 6 ÏÍÏ,
ÚÓÎ˘ËÌ‡ ÏÂÏ·‡Ì˚ 2 ÏÍÏ. äÓ˝ÙÙËˆËÂÌÚ ÔÓÔÛÒ-
Í‡ÌËfl ÏÂÏ·‡Ì˚ ‰Îfl ˝ÌÂ„ËË 9.4 Í˝Ç ÒÓÒÚ‡‚ÎflÂÚ
93%. ëÂ‰ÌËÈ ÍÓ˝ÙÙËˆËÂÌÚ ÔÓÔÛÒÍ‡ÌËfl ÔÓ‚Âı-
ÌÓÒÚÌÓ„Ó ÂÎ¸ÂÙ‡ 91%. ê‡ÒÚÓ‚ÓÂ ˝ÎÂÍÚÓÌÌÓ-
ÏËÍÓÒÍÓÔË˜ÂÒÍÓÂ (êùå) Ë ÒıÂÏ‡ÚË˜ÂÒÍÓÂ ËÁÓ·-
‡ÊÂÌËfl áè ÔÓÍ‡Á‡ÌÓ Ì‡ ËÒ. 2. ê‡ÒÔÂ‰ÂÎÂÌËÂ
ËÌÚÂÌÒË‚ÌÓÒÚË Â„ËÒÚËÓ‚‡ÎÓÒ¸ Ò ÔÓÏÓ˘¸˛ Í‡-
ÏÂ˚ FReLoN, ÔÂ‰ÒÚ‡‚Îfl˛˘ÂÈ ÒÓ·ÓÈ ÒÔÂˆË‡ÎË-

 

(a)

(·)

 

f

 

 = 157 ÒÏ

ëëÑ-
Í‡ÏÂ‡

106.8 ÒÏ
39 ÒÏ30 ÒÏ40 Ï

BM-05
ESRF

 

Ñ‚Û ÍËÒÚ‡Î¸Ì˚È
ÏÓÌÓıÓÏ‡ÚÓ ˘ÂÎ¸ ZP#1 ZP#2
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39 ÒÏ

 

1.6 Ï40 Ï

BM-05
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Ñ‚Û ÍËÒÚ‡Î¸Ì˚È
ÏÓÌÓıÓÏ‡ÚÓ ˘ÂÎ¸ ZP#1 ZP#2

 

ÇÓÎÓÍÌÓ

 

êËÒ. 1.

 

 ëıÂÏ˚ ˝ÍÒÔÂËÏÂÌÚ‡: ËÒÒÎÂ‰Ó‚‡ÌËÂ ÂÌÚ„ÂÌÓÓÔÚË˜ÂÒÍËı Ò‚ÓÈÒÚ‚ (‡); ÔÂÂ‰‡˜‡ ËÁÓ·‡ÊÂÌËfl ÏËÍÓÓ·˙ÂÍÚ‡ (·).
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ÁËÓ‚‡ÌÌ˚È èáë-Ï‡ÚË˜Ì˚È ‰ÂÚÂÍÚÓ. èÓÒÚ-
‡ÌÒÚ‚ÂÌÌÓÂ ‡ÁÂ¯ÂÌËÂ FReLoN-Í‡ÏÂ˚ ÒÓÒÚ‡‚-
ÎflÂÚ 1 ÏÍÏ. Ç ÔÓˆÂÒÒÂ ËÁÏÂÂÌËÈ ‡ÒÒÚÓflÌËÂ ‰Ó
‰ÂÚÂÍÚÓ‡ ËÁÏÂÌflÎÓÒ¸ Ò Ï‡Î˚Ï ¯‡„ÓÏ.

ê‡ÒÔÂ‰ÂÎÂÌËÂ ËÌÚÂ„‡Î¸ÌÓÈ ËÌÚÂÌÒË‚ÌÓÒÚË
ËÁÎÛ˜ÂÌËfl ÔÓÒÎÂ ZP#2 ‚ ‰Ë‡Ô‡ÁÓÌÂ ‡ÒÒÚÓflÌËÈ ÓÚ
73 ‰Ó 115 ÒÏ ÏÂÊ‰Û ÔÂ‚ÓÈ áè Ë ‰ÂÚÂÍÚÓÓÏ ÔÓÍ‡-
Á‡ÌÓ Ì‡ ËÒ. 3‡. ÇË‰ÌÓ, ˜ÚÓ ˝Ú‡ ÒËÒÚÂÏ‡ Ó·Î‡‰‡ÂÚ
ÚÂÏfl Ì‡Ë·ÓÎÂÂ ˝ÙÙÂÍÚË‚Ì˚ÏË ÙÓÍÛÒ‡ÏË, ÍÓÚÓ-
˚Â ÙÓÏËÛ˛ÚÒfl ÒÎÂ‰Û˛˘ËÏ Ó·‡ÁÓÏ. èÂ‚˚È
ÙÓÍÛÒ Â„ËÒÚËÛÂÚÒfl Ì‡ ‡ÒÒÚÓflÌËË 77 ÒÏ Ë ÙÓ-
ÏËÛÂÚÒfl ÔÂ‚˚Ï ÔÓfl‰ÍÓÏ ZP#1 Ë ÚÂÚ¸ËÏ ÔÓ-
fl‰ÍÓÏ ZP#2 (Ó·ÓÁÌ‡˜ËÏ ˝ÚÓ Í‡Í 1 + 3). ÇÚÓÓÈ
ÙÓÍÛÒ Â„ËÒÚËÛÂÚÒfl Ì‡ ‡ÒÒÚÓflÌËË 93 ÒÏ Ë ÙÓ-
ÏËÛÂÚÒfl ÌÛÎÂ‚˚Ï ÔÓfl‰ÍÓÏ ZP#1 Ë ÚÂÚ¸ËÏ ÔÓ-
fl‰ÍÓÏ ZP#2 (0 + 3). íÂÚËÈ ÙÓÍÛÒ Â„ËÒÚËÛÂÚ-
Òfl Ì‡ ‡ÒÒÚÓflÌËË 107.5 ÒÏ Ë ÙÓÏËÛÂÚÒfl ÔÂ‚˚Ï
ÔÓfl‰ÍÓÏ ZP#1 Ë ÔÂ‚˚Ï ÔÓfl‰ÍÓÏ ZP#2 (1 + 1).

éÒÓ·ÂÌÌÓÒÚË ÔÂÂ‡ÒÔÂ‰ÂÎÂÌËfl ËÌÚÂÌÒË‚ÌÓÒ-
ÚË ‚ ÙÓÍ‡Î¸ÌÓÈ ÔÎÓÒÍÓÒÚË 1 + 1 ÔË ÒÏÂ˘ÂÌËË
‚ÚÓÓÈ áè ÔÂÔÂÌ‰ËÍÛÎflÌÓ ÓÔÚË˜ÂÒÍÓÈ ÓÒË ÔÓ-
Í‡Á‡Ì˚ Ì‡ ËÒ. 3·. Ç ˝ÚÓÏ ÒÎÛ˜‡Â FReLoN Í‡ÏÂ‡
ÌÂÔÓ‰‚ËÊÌ‡ Ë ÏÂÌflÂÚÒfl ÎË¯¸ ÔÓÎÓÊÂÌËÂ ˆÂÌÚ‡
‚ÚÓÓÈ áè ÓÚÌÓÒËÚÂÎ¸ÌÓ ÓÔÚË˜ÂÒÍÓÈ ÓÒË. ç‡ ÔÓ-
Í‡Á‡ÌÌ˚ı ËÁÓ·‡ÊÂÌËflı (ËÒ. 3‚, 3„) ÒÏÂ˘ÂÌËÂ ÒÓ-
ÒÚ‡‚ÎflÎÓ 10 Ë 100 ÏÍÏ ÒÓÓÚ‚ÂÚÒÚ‚ÂÌÌÓ. ç‡ ËÒ. 3‚
‚Ë‰ÌÓ, ˜ÚÓ ÔË Ï‡ÎÓÏ ÒÏÂ˘ÂÌËË ‚ÚÓÓÈ áè ‚ÓÁ-
ÌËÍ‡ÂÚ ÏÛ‡Ó‚‡fl Í‡ÚËÌ‡, ˜ÚÓ ÔÓÁ‚ÓÎflÂÚ ˛ÒÚËÓ-
‚‡Ú¸ ZP#1 Ë ZP#2 ÓÚÌÓÒËÚÂÎ¸ÌÓ ÓÔÚË˜ÂÒÍÓÈ ÓÒË Ò
ÚÓ˜ÌÓÒÚ¸˛ ‰Ó 100 ÌÏ. á‡‚ËÒËÏÓÒÚ¸ ‡ÒÔÂ‰ÂÎÂÌËfl
ËÌÚÂÌÒË‚ÌÓÒÚË ÙÓÍÛÒ‡ ÓÚ ÒÏÂ˘ÂÌËfl ‚ÚÓÓÈ áè ÔÂ-
ÔÂÌ‰ËÍÛÎflÌÓ ÓÔÚË˜ÂÒÍÓÈ ÓÒË ËÏÂÂÚ ÌÂÏÓÌÓÚÓÌÌ˚È
ı‡‡ÍÚÂ, Í‡Í ÔÓÍ‡Á‡ÌÓ Ì‡ ËÒ. 3·. êÂÁÛÎ¸Ú‡Ú˚ ˝ÍÒ-
ÔÂËÏÂÌÚ‡ ÔÓÍ‡Á‡ÎË, ˜ÚÓ Ï‡ÍÒËÏÛÏ ËÌÚÂÌÒË‚ÌÓÒÚË
‚ ÙÓÍÛÒÂ (1 + 1) ÒÓÓÚ‚ÂÚÒÚ‚ÛÂÚ ÒÏÂ˘ÂÌË˛ ‚ÚÓÓÈ
áè Ì‡ ÌÂÒÍÓÎ¸ÍÓ ÏËÍÓÌ ÔÂÔÂÌ‰ËÍÛÎflÌÓ ÓÔÚË-
˜ÂÒÍÓÈ ÓÒË.

ùÍÒÔÂËÏÂÌÚ‡Î¸ÌÓ, ÏÂÚÓ‰ÓÏ ÌÓÊÂ‚Ó„Ó ÒÍ‡Ì‡,
ËÁÏÂÂÌ˚ ‡ÁÏÂ˚ ÙÓÍÛÒÓ‚ ‚ÒÂı ÚÂı ‡ÒÒÚÓflÌËÈ
ÙÓÍÛÒËÓ‚ÍË ÒËÒÚÂÏÓÈ ËÁ ‰‚Ûı áè, ‡ ËÏÂÌÌÓ, ‰Îfl
(1 + 1) ‡ÁÏÂ ÙÓÍÛÒ‡ ‡‚ÂÌ 2 ÏÍÏ; ‰Îfl (0 + 3) ‡Á-
ÏÂ ÙÓÍÛÒ‡ ‡‚ÂÌ 0.7 ÏÍÏ; ‰Îfl (1 + 3) ‡ÁÏÂ ÙÓ-
ÍÛÒ‡ ‡‚ÂÌ 1.1 ÏÍÏ. ëÎÂ‰ÛÂÚ ÓÚÏÂÚËÚ¸, ˜ÚÓ ˝ÚË
‡ÁÏÂ˚ ÒÛ˘ÂÒÚ‚ÂÌÌÓ Á‡‚ËÒflÚ ÓÚ ‡ÁÏÂ‡ ËÒÚÓ˜-
ÌËÍ‡, ÍÓÚÓ˚È Ú‡ÍÊÂ ‚ÎËflÂÚ Ë Ì‡ ÁÌ‡˜ÂÌËÂ ˝Ù-
ÙÂÍÚË‚ÌÓÒÚË.

ÇÓ ‚ÚÓÓÈ ̋ ÍÒÔÂËÏÂÌÚ‡Î¸ÌÓÈ ÒıÂÏÂ ÔÛ˜ÓÍ ÔÓ-
ÒÎÂ ˘ÂÎË Ô‡‰‡ÂÚ Ì‡ ÚÂÒÚÓ‚˚È Ó·‡ÁÂˆ, ÒÓÒÚÓfl˘ËÈ
ËÁ ‰‚Ûı ÓÔÚË˜ÂÒÍËı Ù‡È·ÂÓ‚ ‰Ë‡ÏÂÚÓÏ 40 ÏÍÏ,
ÛÒÚ‡ÌÓ‚ÎÂÌÌ˚ı ÔÂÔÂÌ‰ËÍÛÎflÌÓ ‰Û„ ‰Û„Û. àÁÓ-
·‡ÊÂÌËÂ ÔÂÂ‰‡ÂÚÒfl Ò Û‚ÂÎË˜ÂÌËÂÏ ‚ ‰‚‡ ‡Á‡.
êÂÁÛÎ¸Ú‡Ú˚ ˝ÍÒÔÂËÏÂÌÚ‡ ÔÓÍ‡Á‡ÎË (ËÒ. 3‰), ˜ÚÓ ‚
ÔÎÓÒÍÓÒÚË ËÁÓ·‡ÊÂÌËfl Ó·˙ÂÍÚ‡ ÒËÒÚÂÏÓÈ ËÁ ‰‚Ûı
áè ËÁÓ·‡ÊÂÌËÂ Ù‡È·ÂÓ‚ ‰‚‡Ê‰˚ ÔÓ‚ÚÓflÂÚÒfl.
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ä‡Í ËÁ‚ÂÒÚÌÓ [9], ÒÛ˘ÂÒÚ‚ÛÂÚ ‡Ì‡ÎËÚË˜ÂÒÍ‡fl
ÚÂÓËfl ÒÚÛÍÚÛ˚ ÙÓÍÛÒÌÓ„Ó ÔflÚÌ‡ ‚ ÔÎÓÒÍÓÒÚË
ÙÓÍÛÒËÓ‚ÍË Ó‰ÌÓÈ ÁÓÌÌÓÈ ÔÎ‡ÒÚËÌÍÓÈ Í‡Í Ò
ÍÛ„Î˚ÏË ÁÓÌ‡ÏË ‰Îfl ‰‚ÛÏÂÌÓÈ ÙÓÍÛÒËÓ‚ÍË,
Ú‡Í Ë Ò ÎËÌÂÈÌ˚ÏË ÁÓÌ‡ÏË ‰Îfl Ó‰ÌÓÏÂÌÓÈ ÙÓÍÛ-
ÒËÓ‚ÍË. óÚÓ Í‡Ò‡ÂÚÒfl ÒËÒÚÂÏ˚ ËÁ ‰‚Ûı ÍÛ„Î˚ı
ÁÓÌÌ˚ı ÔÎ‡ÒÚËÌÓÍ, ‡ÒÔÓÎÓÊÂÌÌ˚ı Ì‡ ÁÌ‡˜ËÚÂÎ¸-
ÌÓÏ ‡ÒÒÚÓflÌËË ‰Û„ ÓÚ ‰Û„‡, ÚÓ ‡Ì‡ÎËÚË˜ÂÒÍËÂ
‡Ò˜ÂÚ˚ ÓÚÒÛÚÒÚ‚Û˛Ú Ë, ÔÓ-‚Ë‰ËÏÓÏÛ, ÔÓÎÛ˜ËÚ¸
Ëı ÌÂ‚ÓÁÏÓÊÌÓ. íÂÏ ÌÂ ÏÂÌÂÂ, ÏÓÊÌÓ ÔÂ‰ÔÓÎÓ-
ÊËÚ¸, ̃ ÚÓ, ÔÓ Í‡ÈÌÂÈ ÏÂÂ, ÙÓÍÛÒÌ˚Â ‡ÒÒÚÓflÌËfl
‰Îfl ÒËÒÚÂÏ˚ ËÁ ‰‚Ûı ÁÓÌÌ˚ı ÔÎ‡ÒÚËÌÓÍ ‰ÓÎÊÌ˚
·˚Ú¸ Ú‡ÍËÏË ÊÂ, Í‡Í ‰Îfl ÒËÒÚÂÏ˚ ËÁ ‰‚Ûı ÚÓÌÍËı
Ô‡‡·ÓÎË˜ÂÒÍËı ÔÂÎÓÏÎfl˛˘Ëı ÎËÌÁ. ÑÎfl ÔÓÎÛ-
˜ÂÌËfl ÙÓÏÛÎ˚, ‡Ì‡ÎÓ„Ë˜ÌÓÈ ÙÓÏÛÎÂ ÎËÌÁ˚,
‰Îfl ÒËÒÚÂÏ˚ ËÁ ‰‚Ûı áè Ï˚ ‡ÒÒÏÓÚÂÎË Ú‡ÂÍÚÓ-
Ë˛ ÎÛ˜ÂÈ ÓÚ ÚÓ˜Â˜ÌÓ„Ó ËÒÚÓ˜ÌËÍ‡ ̃ ÂÂÁ ‰‚Â ÎËÌ-
Á˚ ‰Ó ÓÔÚË˜ÂÒÍÓÈ ÓÒË.

é·ÓÁÌ‡˜ËÏ ‡ÒÒÚÓflÌËÂ ÓÚ ËÒÚÓ˜ÌËÍ‡ ‰Ó ÔÂ‚ÓÈ
ÎËÌÁ˚ Í‡Í 

 

r

 

0

 

, ‡ÒÒÚÓflÌËÂ ÓÚ ÔÂ‚ÓÈ ‰Ó ‚ÚÓÓÈ ÎËÌ-
Á˚ Í‡Í 

 

L

 

 Ë ‡ÒÒÚÓflÌËÂ ÓÚ ‚ÚÓÓÈ ÎËÌÁ˚ ‰Ó ÔÎÓÒÍÓ-
ÒÚË ËÁÓ·‡ÊÂÌËfl Í‡Í 

 

r

 

i

 

. èÛÒÚ¸ ‰ÎËÌ‡ ÙÓÍÛÒ‡, Ú.Â.
‡ÒÒÚÓflÌËÂ ÙÓÍÛÒËÓ‚ÍË Ô‡‡ÎÎÂÎ¸ÌÓ„Ó ÔÛ˜Í‡,
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(·)

50 ÏÍÏ

 

415 ÏÍÏ

 

Si
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Ï

ÍÏ

6 
Ï

ÍÏ

 

êËÒ. 2.

 

 êùå-ËÁÓ·‡ÊÂÌËÂ ÁÓÌÌ˚ı ÔÎ‡ÒÚËÌÓÍ îÂÌÂ-
Îfl, ËÁ„ÓÚÓ‚ÎÂÌÌ˚ı ËÁ ÍÂÏÌËfl (‡), Ë ÒıÂÏ‡ ÁÓÌ (·).



 

32

 

èéÇÖêïçéëíú. êÖçíÉÖçéÇëäàÖ, ëàçïêéíêéççõÖ à çÖâíêéççõÖ àëëãÖÑéÇÄçàü      ‹ 2     2006

 

äÛ˛Ï˜flÌ 

 

Ë ‰

 

.

 

‰Îfl ÔÂ‚ÓÈ ÎËÌÁ˚ ·Û‰ÂÚ 

 

F

 

1

 

, ‡ ‰Îfl ‚ÚÓÓÈ ÎËÌÁ˚ –

 

F

 

2

 

. Ç ÂÁÛÎ¸Ú‡ÚÂ Ì‡ÏË ·˚Î‡ ÔÓÎÛ˜ÂÌ‡ ÙÓÏÛÎ‡,
ÍÓÚÓÛ˛ ÏÓÊÌÓ Á‡ÔËÒ‡Ú¸ ‚ ÒÎÂ‰Û˛˘ÂÏ ÒËÏÏÂÚ-
Ë˜ÌÓÏ ‚Ë‰Â:
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2
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LA
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2

 

 = 0,

 

A

 

1

 

 = 

 

A

 

2

 

 = (1)

ãÂ„ÍÓ Á‡ÏÂÚËÚ¸, ˜ÚÓ ÙÓÏÛÎ‡ Û‰Ó‚ÎÂÚ‚ÓflÂÚ
ÔËÌˆËÔÛ ‚Á‡ËÏÌÓÒÚË, Ú‡Í Í‡Í ÔË Á‡ÏÂÌÂ ËÒÚÓ˜-
ÌËÍ‡ Ì‡ ‰ÂÚÂÍÚÓ, ÔÂ‚ÓÈ ÎËÌÁ˚ Ì‡ ‚ÚÓÛ˛ Ë Ó·-
‡ÚÌÓ ÙÓÏÛÎ‡ ÒÓı‡ÌflÂÚ Ò‚ÓÈ ‚Ë‰. ÑÎfl Ì‡¯Ëı ̂ Â-
ÎÂÈ ÔÓÎÂÁÌÓ Á‡ÔËÒ‡Ú¸ ˝ÚÛ ÙÓÏÛÎÛ ‚ fl‚ÌÓÏ ‚Ë‰Â
ÓÚÌÓÒËÚÂÎ¸ÌÓ ‡ÒÒÚÓflÌËfl 

 

r
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, ‡ ËÏÂÌÌÓ:

(2)

ÑÎfl ÁÓÌÌ˚ı ÔÎ‡ÒÚËÌÓÍ, ËÒÔÓÎ¸ÁÓ‚‡ÌÌ˚ı ‚ ˝ÍÒ-

ÔÂËÏÂÌÚÂ, ËÏÂÂÏ 
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= 14.38 ÏÍÏ – ‡‰ËÛÒ ÔÂ‚ÓÈ ÁÓÌ˚ îÂÌÂÎfl, 

 

λ

 

 =
=

 

 

 

0.132 ÌÏ – ‰ÎËÌ‡ ‚ÓÎÌ˚ ËÁÎÛ˜ÂÌËfl Ë 

 

n

 

 – ÔÓfl‰ÓÍ
ÙÓÍÛÒËÓ‚ÍË. èËÏÂÌflfl ÙÓÏÛÎÛ (2) ‰Îfl 

 

r

 

0

 

 = 40.3 Ï,

 

L

 

 = 0.39 Ï Ë ‡ÁÌ˚ı ÔÓfl‰ÍÓ‚ ÙÓÍÛÒËÓ‚ÍË, ÔÓÎÛ-
˜‡ÂÏ, ˜ÚÓ 
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 ‡‚ÌÓ 0.368 Ï (1 + 3), 0.529 Ï (0 + 3) Ë
0.693 Ï (1 + 1). ùÚÓ ‰Ó‚ÓÎ¸ÌÓ ıÓÓ¯Ó ÒÓÓÚ‚ÂÚÒÚ‚Û-
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ÂÚ ÁÌ‡˜ÂÌËflÏ 0.38 Ï, 0.54 Ï Ë 0.685 Ï, ÔÓÎÛ˜ÂÌÌ˚Ï
˝ÍÒÔÂËÏÂÌÚ‡Î¸ÌÓ. í‡ÍËÏ Ó·‡ÁÓÏ, ÔÓÍ‡Á‡ÌÓ, ̃ ÚÓ
‰Îfl ‰ÓÒÚ‡ÚÓ˜ÌÓ ·ÓÎ¸¯Ó„Ó ‡ÒÒÚÓflÌËfl ÏÂÊ‰Û ÁÓÌ-
Ì˚ÏË ÔÎ‡ÒÚËÌÍ‡ÏË Ëı ÙÓÍÛÒËÛ˛˘ËÂ Ò‚ÓÈÒÚ‚‡
·ÎËÁÍË Í Ú‡ÍÓ‚˚Ï ‰Îfl ÔÂÎÓÏÎfl˛˘Ëı ÎËÌÁ Ò Ú‡-
ÍËÏË ÊÂ Ô‡‡ÏÂÚ‡ÏË. íÂÏ ÌÂ ÏÂÌÂÂ, ÌÂ·ÓÎ¸¯ËÂ
ÓÚÎË˜Ëfl ‚ÒÂ ÊÂ ËÏÂ˛Ú ÏÂÒÚÓ. ë ‰Û„ÓÈ ÒÚÓÓÌ˚,
Ó˜Â‚Ë‰ÌÓ, ˜ÚÓ ÔË Ï‡ÎÓÏ ‡ÒÒÚÓflÌËË ÏÂÊ‰Û ÁÓÌ-
Ì˚ÏË ÔÎ‡ÒÚËÌÍ‡ÏË, ‡ ‚ ÔÂ‰ÂÎÂ – ÔË ÌÛÎÂ‚ÓÏ
‡ÒÒÚÓflÌËË, ÓÌË ‰ÓÎÊÌ˚ ‡·ÓÚ‡Ú¸ Í‡Í Ó‰Ì‡ ÁÓÌ-
Ì‡fl ÔÎ‡ÒÚËÌÍ‡ Ò Û‰‚ÓÂÌÌÓÈ ‚˚ÒÓÚÓÈ ÂÎ¸ÂÙ‡ Ë ÌÂ
ÒÓÓÚ‚ÂÚÒÚ‚Ó‚‡Ú¸ ÔÂÎÓÏÎfl˛˘ËÏ ÎËÌÁ‡Ï. èÓ˝ÚÓ-
ÏÛ ‰ÓÎÊÌ‡ ÒÛ˘ÂÒÚ‚Ó‚‡Ú¸ ÌËÊÌflfl „‡ÌËˆ‡ ‡ÒÒÚÓ-
flÌËfl ÏÂÊ‰Û ÁÓÌÌ˚ÏË ÔÎ‡ÒÚËÌÍ‡ÏË ‰Îfl ÒÔ‡‚Â‰ÎË-
‚ÓÒÚË ÙÓÏÛÎ˚ (2). ùÚÓÚ ËÌÚÂÂÒÌ˚È ‚ÓÔÓÒ ·Û-
‰ÂÚ ËÁÛ˜ÂÌ ‚ ‰‡Î¸ÌÂÈ¯ÂÈ ‡·ÓÚÂ.

ÑÎfl ÍÓÏÔ¸˛ÚÂÌÓ„Ó ÏÓ‰ÂÎËÓ‚‡ÌËfl ‡ÒÔÂ‰Â-
ÎÂÌËfl ËÌÚÂÌÒË‚ÌÓÒÚË ‚ ÔÎÓÒÍÓÒÚË, ÔÂÔÂÌ‰ËÍÛÎfl-
ÌÓÈ ÓÔÚË˜ÂÒÍÓÈ ÓÒË, ÔË ÙÓÍÛÒËÓ‚ÍÂ ËÁÎÛ˜ÂÌËfl
ÓÚ ÚÓ˜Â˜ÌÓ„Ó ËÒÚÓ˜ÌËÍ‡ ÒËÒÚÂÏÓÈ ËÁ ‰‚Ûı ÁÓÌÌ˚ı
ÔÎ‡ÒÚËÌÓÍ Ì‡ÏË ·˚Î‡ ‡Á‡·ÓÚ‡Ì‡ ÔÓ„‡ÏÏ‡,
ÔÓÁ‚ÓÎfl˛˘‡fl ÔÂÂÌÓÒËÚ¸ ÔÓÔÂÂ˜ÌÓÂ ‡ÒÔÂ‰ÂÎÂ-
ÌËÂ ‡ÏÔÎËÚÛ‰˚ ‚ÓÎÌÓ‚Ó„Ó ÔÓÎfl ˜ÂÂÁ ÔÛÒÚÓÂ ÔÓ-
ÒÚ‡ÌÒÚ‚Ó, ËÒÔÓÎ¸ÁÛfl Ò‚ÂÚÍÛ ËÁ‚ÂÒÚÌÓ„Ó ‡ÒÔÂ-
‰ÂÎÂÌËfl ‚ÓÎÌÓ‚Ó„Ó ÔÓÎfl Ò ÔÓÔ‡„‡ÚÓÓÏ äËı„Ó-
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êËÒ. 3.

 

 ê‡ÒÔÂ‰ÂÎÂÌËÂ ËÌÚÂ„‡Î¸ÌÓÈ ËÌÚÂÌÒË‚ÌÓÒÚË ‚‰ÓÎ¸ ÓÔÚË˜ÂÒÍÓÈ ÓÒË (‡), ËÁÏÂÌÂÌËÂ ËÌÚÂÌÒË‚ÌÓÒÚË ÔË ÔÓÔÂÂ˜-
ÌÓÏ ÒÏÂ˘ÂÌËË ‚ÚÓÓÈ áè ÓÚ ÔÂ‚ÓÈ áè (·), ÏÛ‡Ó‚‡fl Í‡ÚËÌ‡ ÔË ÒÏÂ˘ÂÌËË 10 ÏÍÏ (‚), ÏÛ‡Ó‚‡fl Í‡ÚËÌ‡ ÔË ÒÏÂ˘Â-
ÌËË 100 ÏÍÏ („), ËÁÓ·‡ÊÂÌËÂ Ó·˙ÂÍÚ‡ ÒËÒÚÂÏÓÈ ËÁ ‰‚Ûı áè (‰).
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Ù‡ ‚ Ô‡‡ÍÒË‡Î¸ÌÓÏ ÔË·ÎËÊÂÌËË. ê‡Ò˜ÂÚ Û‰Ó·ÌÓ
ÔÓ‚Ó‰ËÚ¸ ÏÂÚÓ‰ÓÏ ‰‚ÓÈÌÓ„Ó ÔÂÓ·‡ÁÓ‚‡ÌËfl îÛ-
¸Â, ËÒÔÓÎ¸ÁÛfl ‡Î„ÓËÚÏ ·˚ÒÚÓ„Ó ÔÂÓ·‡ÁÓ‚‡-
ÌËfl îÛ¸Â, ÔÓÒÍÓÎ¸ÍÛ ÙÛ¸Â-Ó·‡Á ÔÓÔ‡„‡ÚÓ‡
äËı„ÓÙ‡ ËÏÂÂÚ ÔÓÒÚÓÈ ‚Ë‰. èÓÒÎÂ‰Ó‚‡ÚÂÎ¸ÌÓ
ÔÓ‚Ó‰fl ‡Ò˜ÂÚ ‰Îfl ÔÂ‚ÓÈ, ‡ Á‡ÚÂÏ ‰Îfl ‚ÚÓÓÈ
ÎËÌÁ˚, ÔÓÎÛ˜‡ÂÏ ‡ÒÔÂ‰ÂÎÂÌËÂ ËÌÚÂÌÒË‚ÌÓÒÚË
Ì‡ Î˛·ÓÏ ‡ÒÒÚÓflÌËË ÔÓÒÎÂ ‚ÚÓÓÈ ÎËÌÁ˚.

ç‡ ËÒ. 4 ÔÓÍ‡Á‡Ì˚ ‡ÒÒ˜ËÚ‡ÌÌ˚Â ‡ÒÔÂ‰ÂÎÂ-
ÌËfl ËÌÚÂÌÒË‚ÌÓÒÚË ‚ÓÎÌ˚ ‚ ÔÓÔÂÂ˜ÌÓÈ ÔÎÓÒÍÓ-
ÒÚË Ì‡ ‡ÒÒÚÓflÌËflı, ‡‚Ì˚ı ÛÍ‡Á‡ÌÌ˚Ï ‚˚¯Â ‡Ò-
ÒÚÓflÌËflÏ, ‰Îfl ÚÓ˜Â˜ÌÓ„Ó ËÒÚÓ˜ÌËÍ‡.

àÁ-Á‡ ÌÂ‚ÓÁÏÓÊÌÓÒÚË ËÒÔÓÎ¸ÁÓ‚‡Ú¸ ‰ÓÒÚ‡ÚÓ˜-
ÌÓ ÏÂÎÍÛ˛ ÒÂÚÍÛ ÚÓ˜ÂÍ ‡Ò˜ÂÚ ÔÓ‚Ó‰ËÎÒfl ‰Îfl
ÁÓÌÌ˚ı ÔÎ‡ÒÚËÌÓÍ, ËÏÂ˛˘Ëı 40 ÁÓÌ. Ç ‡Ò˜ÂÚÂ ËÒ-
ÔÓÎ¸ÁÓ‚‡Î‡Ò¸ ÒÂÚÍ‡ ÚÓ˜ÂÍ 1024 

 

×

 

 1024 Ò ¯‡„ÓÏ
0.25 ÏÍÏ. ç‡ ËÒÛÌÍÂ ÔÓÍ‡Á‡Ì‡ ÎË¯¸ ˆÂÌÚ‡Î¸Ì‡fl
˜‡ÒÚ¸ ÔÓÔÂÂ˜ÌÓ„Ó ÒÂ˜ÂÌËfl ‡ÁÏÂÓÏ 32 

 

×

 

 32 ÏÍÏ.
àÌÚÂÌÒË‚ÌÓÒÚ¸ ÔÓÍ‡Á‡Ì‡ ÓÚÌÓÒËÚÂÎ¸ÌÓ ÂÂ ÁÌ‡˜Â-
ÌËfl ‚ ÚÓÏ ÊÂ ÏÂÒÚÂ ‚ ÒÎÛ˜‡Â ·ÂÁ ÁÓÌÌ˚ı ÔÎ‡ÒÚË-
ÌÓÍ. ä‡Í ‚Ë‰ÌÓ ËÁ ‡Ò˜ÂÚÓ‚ Ì‡Ë·ÓÎ¸¯ËÈ ‚˚Ë„-
˚¯ ‚ ËÌÚÂÌÒË‚ÌÓÒÚË ‰ÓÒÚË„‡ÂÚÒfl ‰Îfl ÙÓÍÛÒËÓ‚-
ÍË 1 + 1, ˜ÚÓ ‚ÔÓÎÌÂ Ó·˙flÒÌËÏÓ. Ç ˝ÍÒÔÂËÏÂÌÚÂ
Ó‰Ì‡ÍÓ ËÌÚÂ„‡Î¸Ì‡fl ËÌÚÂÌÒË‚ÌÓÒÚ¸ ‰Îfl ˝ÚÓ„Ó
ÒÎÛ˜‡fl ÔÓÎÛ˜ËÎ‡Ò¸ ÏÂÌ¸¯Â, ˜ÂÏ ‚ ÒÎÛ˜‡Â 0 + 3
(ËÒ. 3‡).

àÌÚÂÂÒÌÓ Ò‡‚ÌËÚ¸ Ï‡ÍÒËÏ‡Î¸ÌÓÂ ÁÌ‡˜ÂÌËÂ
ËÌÚÂÌÒË‚ÌÓÒÚË, ÔÓÎÛ˜‡ÂÏÓÂ ‰Îfl ‰‚Ûı ÎËÌÁ Ò ÂÂ ÁÌ‡-
˜ÂÌËÂÏ ‰Îfl Ó‰ÌÓÈ ÎËÌÁ˚. ä‡Í ÒÎÂ‰ÛÂÚ ËÁ ÚÂÓËË,
‰Îfl Ó‰ÌÓÈ ÍÛ„ÎÓÈ ÎËÌÁ˚ Ï‡ÍÒËÏ‡Î¸Ì‡fl ÓÚÌÓÒË-
ÚÂÎ¸Ì‡fl ËÌÚÂÌÒË‚ÌÓÒÚ¸ ‚ ÔÂ‚ÓÏ ÔÓfl‰ÍÂ ÙÓÍÛÒË-
Ó‚ÍË ‡‚Ì‡ 16
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1.58, ÂÒÎË ÔÂÌÂ·Â˜¸ ÒÎ‡·˚Ï ÔÓ„ÎÓ˘ÂÌËÂÏ. Ç ÚÓ
ÊÂ ‚ÂÏfl ‰Îfl ‰‚Ûı ÎËÌÁ ‚ ÙÓÍÛÒÂ (1 + 1) Ï‡ÍÒËÏÛÏ
ËÌÚÂÌÒË‚ÌÓÒÚË ‡‚ÂÌ 1640, Ú.Â. ‚ ‰‚‡ ‡Á‡ ÏÂÌ¸¯Â.
Ç ÙÓÍÛÒ‡ı (0 + 3) Ë (1 + 3) ËÏÂÂÏ ÒÓÓÚ‚ÂÚÒÚ‚ÂÌÌÓ
940 Ë 350. é‰Ì‡ÍÓ ÔÂËÏÛ˘ÂÒÚ‚ÓÏ ‰‚ÛıÎËÌÁÓ‚ÓÈ
ÒËÒÚÂÏ˚ fl‚ÎflÂÚÒfl ‚ÓÁÏÓÊÌÓÒÚ¸ ÒÓÍ‡ÚËÚ¸ ÙÓÍÛÒ-
ÌÓÂ ‡ÒÒÚÓflÌËÂ Ò 1.57 ‰Ó 1.08 Ï ÂÒÎË ÓÚÒ˜ËÚ˚‚‡Ú¸
‡ÒÒÚÓflÌËÂ ÓÚ ÔÂ‚ÓÈ ÎËÌÁ˚.

ê‡Ò˜ÂÚ ‡ÒÔÂ‰ÂÎÂÌËfl ËÌÚÂÌÒË‚ÌÓÒÚË ÔË Ï‡-
ÎÓÏ ÔÓÔÂÂ˜ÌÓÏ Ò‰‚Ë„Â ‚ÚÓÓÈ ÎËÌÁ˚ ÓÚÌÓÒË-
ÚÂÎ¸ÌÓ ÓÔÚË˜ÂÒÍÓÈ ÓÒË ‚ ̂ ÂÎÓÏ ‰‡ÂÚ ÚÂ ÊÂ ÂÁÛÎ¸-
Ú‡Ú˚, ˜ÚÓ Ë ˝ÍÒÔÂËÏÂÌÚ. ä‡Í ÒÎÂ‰ÛÂÚ ËÁ „ÂÓÏÂÚ-
Ë˜ÂÒÍÓÈ ÓÔÚËÍË ‰Îfl ÔÂÎÓÏÎfl˛˘Ëı ÎËÌÁ, ÔË
ÔÓÔÂÂ˜ÌÓÏ Ò‰‚Ë„Â ‚ÚÓÓÈ ÎËÌÁ˚ Ì‡ ‡ÒÒÚÓflÌËÂ 

 

s

 

ÚÓ˜Í‡ ÙÓÍÛÒ‡ Ò‰‚Ë„‡ÂÚÒfl Ì‡ ‡ÒÒÚÓflÌËÂ 

 

d

 

 = 

 

sr

 

i

 

/

 

F

 

2

 

.
Ç Ì‡¯ÂÏ ÒÎÛ˜‡Â ‰Îfl ÙÓÍÛÒËÓ‚ÍË (1 + 1) ËÏÂÂÏ
ÙÓÏÛÎÛ 

 

s

 

 = 0.44

 

d

 

. èË ˝ÚÓÏ ¯ËËÌ‡ Ë ‚˚ÒÓÚ‡ ÔË-
Í‡ ËÌÚÂÌÒË‚ÌÓÒÚË ‚ ÙÓÍÛÒÂ ÌÂ ÏÂÌfl˛ÚÒfl. ÑÎfl ‰‚Ûı
ÁÓÌÌ˚ı ÔÎ‡ÒÚËÌÓÍ ÒËÚÛ‡ˆËfl ÓÍ‡Á˚‚‡ÂÚÒfl ÌÂ-
ÒÍÓÎ¸ÍÓ ·ÓÎÂÂ ÒÎÓÊÌÓÈ. èË Ï‡ÎÓÏ Ò‰‚Ë„Â ‚ÚÓ-
ÓÈ ÁÓÌÌÓÈ ÔÎ‡ÒÚËÌÍË ÓÚÌÓÒËÚÂÎ¸ÌÓ ÓÔÚË˜ÂÒÍÓÈ
ÓÒË ÙÓÍÛÒ Ò‰‚Ë„‡ÂÚÒfl Ì‡ ‡ÒÒÚÓflÌËÂ, ÒÓÓÚ‚ÂÚÒÚ‚Û-
˛˘ÂÂ ÛÍ‡Á‡ÌÌÓÈ ‚˚¯Â ÙÓÏÛÎÂ, ÌÓ ‚˚ÒÓÚ‡ ÔËÍ‡
ËÌÚÂÌÒË‚ÌÓÒÚË ‚ ÙÓÍÛÒÂ ÓÒˆËÎÎËÛÂÚ Ò ‰ÂÒflÚË-
ÔÓˆÂÌÚÌÓÈ ‡ÏÔÎËÚÛ‰ÓÈ Ë ‚ Ï‡ÍÒËÏÛÏ‡ı Ì‡ 10%

ÔÂ‚˚¯‡ÂÚ ÁÌ‡˜ÂÌËÂ ‰Îfl ÒÎÛ˜‡fl ÌÂÒÏÂ˘ÂÌÌÓÈ
‚ÚÓÓÈ áè.

ç‡ ËÒ. 5‡ ÔÓÍ‡Á‡Ì‡ Á‡‚ËÒËÏÓÒÚ¸ ÔËÍÓ‚ÓÈ ËÌ-
ÚÂÌÒË‚ÌÓÒÚË ÓÚ ÒÏÂ˘ÂÌËfl ‚ÚÓÓÈ ÁÓÌÌÓÈ ÔÎ‡ÒÚËÌ-
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êËÒ. 4.

 

 íÂÓÂÚË˜ÂÒÍËÂ ‡ÒÔÂ‰ÂÎÂÌËfl ËÌÚÂÌÒË‚ÌÓÒÚË
‚ÓÎÌ˚ ÒÙÓÍÛÒËÓ‚‡ÌÌÓÈ ‰‚ÛÏfl ÁÓÌÌ˚ÏË ÔÎ‡ÒÚËÌÍ‡-
ÏË ‚ ÒÎÛ˜‡Â ÚÓ˜Â˜ÌÓ„Ó ËÒÚÓ˜ÌËÍ‡: ÙÓÍÛÒËÓ‚Í‡ 1 + 3
(‡); ÙÓÍÛÒËÓ‚Í‡ 0 + 3 (·); ÙÓÍÛÒËÓ‚Í‡ 1 + 1 (‚). èÓ-
ÔÂÂ˜Ì˚Â ‡ÒÒÚÓflÌËfl ËÁÏÂfl˛ÚÒfl ‚ ÏËÍÓÌ‡ı, ËÌÚÂÌ-
ÒË‚ÌÓÒÚ¸ ÓÚÌÓÒËÚÒfl Í ÁÌ‡˜ÂÌË˛ ·ÂÁ ÁÓÌÌ˚ı ÔÎ‡ÒÚË-
ÌÓÍ.
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äÛ˛Ï˜flÌ 

 

Ë ‰

 

.

 

ÍË, ‡ÒÒ˜ËÚ‡ÌÌ‡fl Ò ̄ ‡„ÓÏ 1 ÏÍÏ. èË ̋ ÚÓÏ ÔÓÎÓÊÂ-
ÌËÂ ÚÓ˜ÍË ÙÓÍÛÒ‡ ‚ÒÂ ‚ÂÏfl ÒÏÂ˘‡ÂÚÒfl, ‡ ‚ Ó·Î‡ÒÚË
ÓÍÓÎÓ ÙÓÍÛÒ‡ ‚ÓÁÌËÍ‡ÂÚ ı‡‡ÍÚÂÌ‡fl ÏÛ‡Ó‚‡fl
Í‡ÚËÌ‡ ÔË ÒÂ‰ÌÂÈ ËÌÚÂÌÒË‚ÌÓÒÚË ÏÂÌ¸¯Â ÙÓÌÓ-
‚ÓÈ. àÌÚÂÂÒÌÓ, ˜ÚÓ ÔËÍÓ‚‡fl ËÌÚÂÌÒË‚ÌÓÒÚ¸ ‚ ‰Ó-
ÒÚ‡ÚÓ˜ÌÓ ̄ ËÓÍÓÈ Ó·Î‡ÒÚË ÒÏÂ˘ÂÌËÈ ÌÂ ÚÓÎ¸ÍÓ ÌÂ
ÛÏÂÌ¸¯‡ÂÚÒfl, ‡ ‰‡ÊÂ ‚ ÒÂ‰ÌÂÏ ÒÎÂ„Í‡ ‚ÓÁ‡ÒÚ‡ÂÚ.
é‰ÌÓ‚ÂÏÂÌÌÓ ÓÌ‡ ÓÒˆËÎÎËÛÂÚ Ò ‰Ó‚ÓÎ¸ÌÓ ÏÂÎ-
ÍËÏ ¯‡„ÓÏ. ùÚÓÚ ˝ÙÙÂÍÚ ÚÂ·ÛÂÚ ·ÓÎÂÂ ‰ÂÚ‡Î¸ÌÓ-
„Ó ËÁÛ˜ÂÌËfl, ‚˚ıÓ‰fl˘Â„Ó Á‡ ‡ÏÍË ˝ÚÓÈ ÒÚ‡Ú¸Ë.

ç‡ ËÒ. 5· ÔÓÍ‡Á‡Ì ı‡‡ÍÚÂÌ˚È ÔËÏÂ ÏÛ‡-
Ó‚ÓÈ Í‡ÚËÌ˚ ÔË ÒÏÂ˘ÂÌËË ‚ÚÓÓÈ ÎËÌÁ˚ Ì‡ 11
ÏÍÏ, Ú.Â. ‚ ÚÓ˜ÍÂ Ò Ï‡ÍÒËÏ‡Î¸ÌÓÈ ÔËÍÓ‚ÓÈ ËÌÚÂÌ-
ÒË‚ÌÓÒÚ¸˛. àÌÚÂÌÒË‚ÌÓÒÚ¸ ÔÓÍ‡Á‡Ì‡ ‚ ÎÓ„‡ËÙ-
ÏË˜ÂÒÍÓÈ ¯Í‡ÎÂ Ú‡ÍËÏ Ó·‡ÁÓÏ, ˜ÚÓ ÔÓ˜ÂÌÂÌËÂ
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Ì‡ıÓ‰ËÚÒfl ‚ ËÌÚÂ‚‡ÎÂ (0.1). èË ˝ÚÓÏ ÁÌ‡˜ÂÌËÂ

(lg (lg

fmin ÏÓÊÌÓ ÒÎÂ„Í‡ ‚‡¸ËÓ‚‡Ú¸, ‚˚·Ë‡fl ÁÌ‡˜ÂÌËÂ,
·ÓÎ¸¯ÂÂ Â‡Î¸ÌÓÈ ÏËÌËÏ‡Î¸ÌÓÈ ËÌÚÂÌÒË‚ÌÓÒÚË,
˜ÚÓ ÓÒÓ·ÂÌÌÓ ‚‡ÊÌÓ, ÂÒÎË ÔÓÒÎÂ‰Ìflfl ‡‚Ì‡ ÌÛÎ˛.
ë ‰Û„ÓÈ ÒÚÓÓÌ˚, ÏÓÊÌÓ ÛÏÂÌ¸¯‡Ú¸ Ï‡ÍÒËÏ‡Î¸-
ÌÓÂ ÁÌ‡˜ÂÌËÂ fmax. è‡‚‡fl ¯Í‡Î‡ ÔÓÍ‡Á˚‚‡ÂÚ Â-
‡Î¸ÌÓÂ ÒÓÓÚ‚ÂÚÒÚ‚ËÂ ÔÓ˜ÂÌÂÌËfl Ë ËÌÚÂÌÒË‚ÌÓÒ-
ÚË. ä‡Í ÏÓÊÌÓ Á‡ÏÂÚËÚ¸ Ì‡ ËÒÛÌÍÂ, ÔË ÒÏÂ¯Â-
ÌËË ÁÓÌÌÓÈ ÔÎ‡ÒÚËÌÍË ÍÓÏÂ ËÒÚËÌÌÓ„Ó ÙÓÍÛÒ‡
ÒÔ‡‚‡ ÔÓfl‚ÎflÂÚÒfl ÏÌËÏ˚È ÙÓÍÛÒ, „Ó‡Á‰Ó ÏÂÌÂÂ
ËÌÚÂÌÒË‚Ì˚È, Ë ‚ÓÍÛ„ ÌÂ„Ó Ì‡˜ËÌ‡ÂÚ ÙÓÏËÓ-
‚‡Ú¸Òfl ÒËÒÚÂÏ‡ ÍÓÎÂˆ. èË ·ÓÎ¸¯Ëı ÒÏÂ˘ÂÌËflı
‰ÓÔÓÎÌËÚÂÎ¸ÌÓ ‚ÓÁÌËÍ‡ÂÚ Ë ÎÂ‚˚È ÏÌËÏ˚È ÙÓÍÛÒ
ÒÓ Ò‚ÓÂÈ ÒËÒÚÂÏÓÈ ÍÓÎÂˆ. ïÓÚfl ËÌÚÂÌÒË‚ÌÓÒÚ¸ ‚
˝ÚËı ÙÓÍÛÒ‡ı ÁÌ‡˜ËÚÂÎ¸ÌÓ ÏÂÌ¸¯Â ÓÒÌÓ‚ÌÓ„Ó ÙÓ-
ÍÛÒ‡, Ëı ÔÓfl‚ÎÂÌËÂ fl‚ÎflÂÚÒfl ÌÓ‚˚Ï ˝ÙÙÂÍÚÓÏ, ÌÂ
ÓÔËÒ‡ÌÌ˚Ï ‚ ÚÂÓËË ‡ÌÂÂ. ùÚÓÚ ˝ÙÙÂÍÚ ˜ÂÚÍÓ
Ì‡·Î˛‰‡ÂÚÒfl ˝ÍÒÔÂËÏÂÌÚ‡Î¸ÌÓ (ËÒ. 3„) Ë ÏÓÊÂÚ
·˚Ú¸ ËÒÔÓÎ¸ÁÓ‚‡Ì ÌÂ ÚÓÎ¸ÍÓ ‰Îfl ˛ÒÚËÓ‚ÍË ÁÓÌ-
Ì˚ı ÔÎ‡ÒÚËÌÓÍ, ÌÓ Ë ‰Îfl ËÁÛ˜ÂÌËfl Ëı Í‡˜ÂÒÚ‚‡.

áÄäãûóÖçàÖ

ùÍÒÔÂËÏÂÌÚ‡Î¸ÌÓ Ë ÚÂÓÂÚË˜ÂÒÍË ÔÓÍ‡Á‡ÌÓ,
˜ÚÓ ÒËÒÚÂÏ‡ ËÁ ‰‚Ûı ÁÓÌÌ˚ı ÔÎ‡ÒÚËÌÓÍ, ‡ÒÔÓÎÓ-
ÊÂÌÌ˚ı Ì‡ ‰ÓÒÚ‡ÚÓ˜ÌÓ ·ÓÎ¸¯ÓÏ ‡ÒÒÚÓflÌËË ÏÂÊ-
‰Û ÌËÏË, ÏÓÊÂÚ ÙÓÍÛÒËÓ‚‡Ú¸ ÔÛ˜ÓÍ ÒËÌıÓÚÓÌ-
ÌÓ„Ó ËÁÎÛ˜ÂÌËfl ‡Ì‡ÎÓ„Ë˜ÌÓ ÒËÒÚÂÏÂ ËÁ ‰‚Ûı ÔÂ-
ÎÓÏÎfl˛˘Ëı ÎËÌÁ. èË ˝ÚÓÏ ‚˚ÔÓÎÌfl˛ÚÒfl Í‡Í
ÙÓÏÛÎ‡ ‰‚Ûı ÎËÌÁ Ì‡ ÙÓÍÛÒÌÓÂ ‡ÒÒÚÓflÌËÂ, Ú‡Í Ë
ÙÓÏÛÎ‡ Ì‡ ÒÏÂ˘ÂÌËÂ ÙÓÍÛÒ‡. ë ‰Û„ÓÈ ÒÚÓÓÌ˚,
ÔË Ï‡ÎÓÏ ‡ÒÒÚÓflÌËË ÒËÒÚÂÏ‡ ËÁ ‰‚Ûı ÁÓÌÌ˚ı
ÔÎ‡ÒÚËÌÓÍ, Ó˜Â‚Ë‰ÌÓ, ÌÂ ˝Í‚Ë‚‡ÎÂÌÚÌ‡ ÒËÒÚÂÏÂ ËÁ
‰‚Ûı ÔÂÎÓÏÎfl˛˘Ëı ÎËÌÁ. èÓ‚Â‰ÂÌÌÓÂ ËÒÒÎÂ‰Ó-
‚‡ÌËÂ ÔÓÁ‚ÓÎflÂÚ Ò‰ÂÎ‡Ú¸ ‚˚‚Ó‰, ˜ÚÓ, ËÒÔÓÎ¸ÁÛfl
ÒËÒÚÂÏÛ ËÁ ‰‚Ûı ÁÓÌÌ˚ı ÔÎ‡ÒÚËÌÓÍ, ÏÓÊÌÓ ÛÏÂÌ¸-
¯ËÚ¸ ÙÓÍÛÒÌÓÂ ‡ÒÒÚÓflÌËÂ, ˜ÚÓ ÏÓÊÂÚ ÓÍ‡Á‡Ú¸Òfl
‚‡ÊÌ˚Ï ‰Îfl ÏÌÓ„Ëı ÔËÎÓÊÂÌËÈ. èÓÎÛ˜ÂÌÌ˚Â
ÂÁÛÎ¸Ú‡Ú˚ Ú‡ÍÊÂ ÔÓÍ‡Á˚‚‡˛Ú, ̃ ÚÓ ËÁÛ˜ÂÌËÂ ÒËÒ-
ÚÂÏ˚ ËÁ ‰‚Ûı ÁÓÌÌ˚ı ÔÎ‡ÒÚËÌÓÍ ‰ÓÎÊÌÓ ·˚Ú¸
ÔÓ‰ÓÎÊÂÌÓ, Ú‡Í Í‡Í Á‰ÂÒ¸ ‚ÓÁÌËÍ‡˛Ú ÌÓ‚˚Â ÓÒÓ-
·ÂÌÌÓÒÚË, ÓÚÒÛÚÒÚ‚Û˛˘ËÂ ‚ ÒËÒÚÂÏÂ ËÁ ‰‚Ûı ÔÂ-
ÎÓÏÎfl˛˘Ëı ÎËÌÁ. 

ê‡·ÓÚ‡ ÔÓ‰‰ÂÊ‡Ì‡ „‡ÌÚ‡ÏË êÓÒÒËÈÒÍËÏ ÙÓÌ-
‰ÓÏ ÙÛÌ‰‡ÏÂÌÚ‡Î¸Ì˚ı ËÒÒÎÂ‰Ó‚‡ÌËÈ („‡ÌÚ˚ ‹ 03-
02-17267, 04-02-17365). Ç. äÓÌ ·Î‡„Ó‰‡ËÚ Á‡ ÔÓ‰-
‰ÂÊÍÛ êîîà („‡ÌÚ˚ 03-02-16971, 04-02-17363,
05-02-16702).
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Study of Optical Properties of X-Ray System Based on Two-Zone Plates
A. V. Kuyumchyan, V. G. Kohn, I. I. Snigireva, A. A. Snigirev, A. A. Isoyan, 

S. Kuznetsov, V. V. Aristov, E. B. Shulakov 

The results of study of focusing and imaging properties of double-lens system for hard X-ray radiation consist-
ing of two Fresnel zone plates (ZP) made in silicon are presented. It is demonstrated, for the first time, the phe-
nomenon of X-ray focusing by Two crystal ZP located at significant distance from each other. By both theoret-
ically and experimentally the peculiarities of intensity distribution at the focal plane during a scan by second
ZP normally to the optical axis of the system. The intensity distribution along the optical axis for double-lens
system with crystal ZP is obtained. Experimentally a registration of the focused image of the object by means
of double-lens system based on ZP is realized. Measurements are performed on the beam line BM-5 of the Eu-
ropean Synchrotron Radiation Facility at the X-ray energy 9.4 keV. We elaborate a computer program for the-
oretical simulation of the optical properties of X-ray double-lens system based on ZPs. A calculation is made
by convolution of transmission function and Kirchhoff propagator in paraxial approximation by means of fast
Fourier transformation.


