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èÓÎËˆËÍÎË˜ÂÒÍËÂ ‡ÓÏ‡ÚË˜ÂÒÍËÂ Û„ÎÂ‚Ó‰ÓÓ‰˚
(èÄì), ÓÚÌÓÒflÚÒfl Í „ÛÔÔÂ ÒÛÔÂ˝ÍÓÚÓÍÒËÍ‡ÌÚÓ‚ Ë
ÚÂ·Û˛Ú ÔÓÒÚÓflÌÌÓ„Ó ÏÓÌËÚÓËÌ„‡ ‚ ÓÍÛÊ‡˛˘ÂÈ
ÒÂ‰Â. àı ÒÓ‰ÂÊ‡ÌËÂ ÒÚÓ„Ó Â„Î‡ÏÂÌÚËÓ‚‡ÌÓ
(ÏÂÌÂÂ 1 Ì„/ÏÎ) [1]. ëÛ˘ÂÒÚ‚Û˛˘ËÂ ÏÂÚÓ‰ËÍË ÓÔÂ-
‰ÂÎÂÌËfl èÄì ÓÚÎË˜‡˛ÚÒfl ÒÎÓÊÌÓÈ Ë ‰ÎËÚÂÎ¸ÌÓÈ
ÔÓ·ÓÔÓ‰„ÓÚÓ‚ÍÓÈ, ‰ÓÓ„Ó ÒÚÓflÚ, ÚÂ·Û˛Ú ·ÓÎ¸¯Ëı
Á‡Ú‡Ú ‚ÂÏÂÌË Ë ‚˚ÒÓÍÓÍ‚‡ÎËÙËˆËÓ‚‡ÌÌÓ„Ó ÔÂ-
ÒÓÌ‡Î‡. èÓ˝ÚÓÏÛ ÔÓ·ÎÂÏ‡ ÔÓËÒÍ‡ ÔÓÒÚ˚ı ÏÂÚÓ‰Ó‚
ÓÔÂ‰ÂÎÂÌËfl èÄì ‚ ‡ÁÎË˜Ì˚ı ÚËÔ‡ı ‚Ó‰ Ì‡ ÓÒÌÓ‚Â
ÔÂ‰‚‡ËÚÂÎ¸ÌÓ„Ó ÍÓÌˆÂÌÚËÓ‚‡ÌËfl ‚ ÒÓ˜ÂÚ‡ÌËË Ò
‰ÓÒÚÛÔÌ˚Ï Ë ÌÂ‰ÓÓ„ËÏ ‰ÂÚÂÍÚËÓ‚‡ÌËÂÏ ‰Ó ÒËı
ÔÓ ÓÒÚ‡ÂÚÒfl ‡ÍÚÛ‡Î¸ÌÓÈ. é‰ÌËÏ ËÁ ÔÂÒÔÂÍÚË‚Ì˚ı
Ì‡Ô‡‚ÎÂÌËÈ ‡Á‚ËÚËfl fl‚ÎflÂÚÒfl ÍÓÏ·ËÌËÓ‚‡ÌÌ˚È
ÒÓ·ˆËÓÌÌÓ-Î˛ÏËÌÂÒˆÂÌÚÌ˚È ÏÂÚÓ‰, ÒÓ˜ÂÚ‡˛˘ËÈ
ÔÂ‰‚‡ËÚÂÎ¸ÌÓÂ ÒÓ·ˆËÓÌÌÓÂ ÍÓÌˆÂÌÚËÓ‚‡ÌËÂ
èÄì Ò ÔÓÒÎÂ‰Û˛˘ËÏ Î˛ÏËÌÂÒˆÂÌÚÌ˚Ï ÓÔÂ‰ÂÎÂ-
ÌËÂÏ [2]. 

ÑÎfl ÓÔÂ‰ÂÎÂÌËfl èÄì ˝ÚËÏ ÏÂÚÓ‰ÓÏ ÔËÏÂÌfl-
˛Ú ‡ÁÎË˜Ì˚Â ÒÓ·ÂÌÚ˚ – ‡ÍÚË‚ËÓ‚‡ÌÌ˚È Û„ÓÎ¸
[3], ıËÏË˜ÂÒÍË ÏÓ‰ËÙËˆËÓ‚‡ÌÌ˚Â ÍÂÏÌÂÁÂÏ˚ [4],
·ÛÏ‡„‡ Whatman IPS [5], ëÂÙ‡‰ÂÍÒ G-25 [6], ˆËÍÎÓ-
‰ÂÍÒÚËÌ˚ [7], ÔÂÌÓÔÓÎËÛÂÚ‡Ì˚ [8] Ë ‰. éÚÎË˜Ë-
ÚÂÎ¸ÌÓÈ ÓÒÓ·ÂÌÌÓÒÚ¸˛ ËÒÔÓÎ¸ÁÓ‚‡ÌËfl ‰‡ÌÌÓ„Ó ÔÓ‰-
ıÓ‰‡ fl‚ÎflÂÚÒfl ÓÚÒÛÚÒÚ‚ËÂ ÓÔÂ‡ˆËË ˝Î˛ËÓ‚‡ÌËfl,
ÔË ÍÓÚÓÓÈ ‰ÂÒÓ·ˆËfl ÓÔÂ‰ÂÎflÂÏ˚ı ÒÓÂ‰ËÌÂÌËÈ,
Í‡Í Ô‡‚ËÎÓ, ÌÂ ·˚‚‡ÂÚ ÍÓÎË˜ÂÒÚ‚ÂÌÌÓÈ. 

ÑÎfl ÍÓÌˆÂÌÚËÓ‚‡ÌËfl èÄì ËÁ ‡Á·‡‚ÎÂÌÌ˚ı
‚Ó‰Ì˚ı ‡ÒÚ‚ÓÓ‚ Ï˚ ÔÂ‰Î‡„‡ÂÏ ‚ Í‡˜ÂÒÚ‚Â ÒÓ-
·ÂÌÚ‡ ËÒÔÓÎ¸ÁÓ‚‡Ú¸ ıËÏË˜ÂÒÍË ÏÓ‰ËÙËˆËÓ‚‡ÌÌ˚Â
Ì‡ÌÓ˜‡ÒÚËˆ˚ ÒÂÂ·‡, ÔÓ‚ÂıÌÓÒÚÌÓ ÒÚ‡·ËÎËÁËÓ-
‚‡ÌÌ˚Â Í‡ÚËÓÌ‡ÏË ˆÂÚËÎÚËÏÂÚËÎ‡ÏÏÓÌËfl. 

ñÂÎ¸ Ì‡ÒÚÓfl˘ÂÈ ‡·ÓÚ˚ – ÔÓÎÛ˜ÂÌËÂ Ë ËÒÒÎÂ‰Ó-
‚‡ÌËÂ Ò‚ÓÈÒÚ‚ Ò‡ÏÓ„Ó ÒÓ·ÂÌÚ‡, ËÒÒÎÂ‰Ó‚‡ÌËÂ ‚ÓÁ-
ÏÓÊÌÓÒÚË Â„Ó ËÒÔÓÎ¸ÁÓ‚‡ÌËfl ‰Îfl ËÁ‚ÎÂ˜ÂÌËfl èÄì
ËÁ ‡Á·‡‚ÎÂÌÌ˚ı ‚Ó‰Ì˚ı ‡ÒÚ‚ÓÓ‚. Ç Í‡˜ÂÒÚ‚Â ÏÓ-
‰ÂÎ¸ÌÓ„Ó ÒÓÂ‰ËÌÂÌËfl ‚˚·‡Ì ÔËÂÌ. ÇÓ-ÔÂ‚˚ı, ÔË-
ÂÌ ‚ıÓ‰ËÚ ‚ ÒÔËÒÓÍ ÒÓÂ‰ËÌÂÌËÈ fl‰‡ èÄì, ÔÓ‰ÎÂ-
Ê‡˘Ëı Ó·flÁ‡ÚÂÎ¸ÌÓÏÛ ÓÔÂ‰ÂÎÂÌË˛ ‚ Ó·˙ÂÍÚ‡ı
ÓÍÛÊ‡˛˘ÂÈ ÒÂ‰˚. ÇÓ-‚ÚÓ˚ı, ÔËÂÌ ˜‡ÒÚÓ ËÒ-
ÔÓÎ¸ÁÛ˛Ú ‚ Í‡˜ÂÒÚ‚Â ÙÎÛÓÂÒˆËÛ˛˘Â„Ó ÁÓÌ‰‡ ‰Îfl
ËÁÛ˜ÂÌËfl ÒÓÒÚÓflÌËfl ÒÓ·‡ÚÓ‚ Ë ÙËÁËÍÓ-ıËÏË˜ÂÒÍËı
Ò‚ÓÈÒÚ‚ ÒÓ·ÂÌÚÓ‚ ·Î‡„Ó‰‡fl ‚˚ÒÓÍÓÈ ˜Û‚ÒÚ‚ËÚÂÎ¸-
ÌÓÒÚË Â„Ó ÒÔÂÍÚÓ‚ ÙÎÛÓÂÒˆÂÌˆËË Í ËÁÏÂÌÂÌË˛
·ÎËÊ‡È¯Â„Ó ÓÍÛÊÂÌËfl.

ùäëèÖêàåÖçíÄãúçÄü óÄëíú

êÂ‡„ÂÌÚ˚ Ë ‡ÒÚ‚ÓËÚÂÎË. ÅÓ„Ë‰Ë‰ Ì‡ÚËfl
(Lancaster, 98%), ÌËÚ‡Ú ÒÂÂ·‡ (êÂ‡ıËÏ, 99%), ·Ó-
ÏË‰ ˆÂÚËÎÚËÏÂÚËÎ‡ÏÏÓÌËfl (ñíåÄÅ) (Acros,
99+%), èËÂÌ (Fluka, ≥99.0% ‰Îfl ÙÎÛÓÂÒˆÂÌˆËË),
‰ËÓÍÒ‡Ì (ùÍÓÒ-1, ı.˜.) ËÒÔÓÎ¸ÁÓ‚‡ÎË ·ÂÁ ‰ÓÔÓÎÌË-
ÚÂÎ¸ÌÓÈ Ó˜ËÒÚÍË. ÑÎfl ÔÓÎÛ˜ÂÌËfl Ó„‡ÌÓÁÓÎÂÈ ÒÂ-
Â·‡ ‚ ‚Ó‰ÌÓ-Ó„‡ÌË˜ÂÒÍËı ˝ÏÛÎ¸ÒËflı ËÒÔÓÎ¸ÁÓ‚‡-
ÎË ‰ËÒÚËÎÎËÓ‚‡ÌÌÛ˛ ‚Ó‰Û.

èÓÎÛ˜ÂÌËÂ ‡Í‚‡ÁÓÎÂÈ ÒÂÂ·‡. ç‡ÌÓ˜‡ÒÚËˆ˚
ÒÂÂ·‡ ÔÓÎÛ˜‡ÎË ‚ ıËÏË˜ÂÒÍÓÏ ÒÚ‡Í‡ÌÂ ÂÏÍÓÒÚ¸˛
50 ÏÎ, ÔÓÏÂ˘ÂÌÌÓÏ ‚ ÛÎ¸Ú‡Á‚ÛÍÓ‚Û˛ ‚‡ÌÌÛ èëÅ
2835-05, ÔË ÌÂÔÂ˚‚ÌÓÏ ÓÁ‚Û˜Ë‚‡ÌËË. Ç 20 ÏÎ ‚Ó-
‰˚ ÔÓÒÎÂ‰Ó‚‡ÚÂÎ¸ÌÓ ‡ÒÚ‚ÓflÎË 0.44 „ (1.2 ÏÏÓÎ¸)
ñíåÄÅ Ë 0.17 „ (1 ÏÏÓÎ¸) ÌËÚ‡Ú‡ ÒÂÂ·‡. èÓÒÎÂ
˝ÚÓ„Ó ÔÓÎÛ˜ÂÌÌÛ˛ Ï‡ÒÒÛ ‚˚‰ÂÊË‚‡ÎË ‚ ÛÎ¸Ú‡Á‚Û-
ÍÓ‚ÓÏ ÔÓÎÂ ‚ ÚÂ˜ÂÌËÂ 10 ÏËÌ. á‡ÚÂÏ ÚÛ‰‡ ÊÂ ÔÓˆË-
flÏË ÔÓ 50 ÏÍÎ ‚‚Ó‰ËÎË 5 ÏÎ Ò‚ÂÊÂÔË„ÓÚÓ‚ÎÂÌÌÓ„Ó
‚Ó‰ÌÓ„Ó ‡ÒÚ‚Ó‡, ÒÓ‰ÂÊ‡˘Â„Ó 0.08 „ (2 ÏÏÓÎ¸)

ÓË„ËÌ‡Î¸Ì˚Â ÒÚ‡Ú¸Ë
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èË ‚ÓÒÒÚ‡ÌÓ‚ÎÂÌËË ÌËÚ‡Ú‡ ÒÂÂ·‡ ·Ó„Ë‰Ë‰ÓÏ Ì‡ÚËfl ‚ ‚Ó‰ÌÓÈ ÒÂ‰Â ‚ ÔËÒÛÚÒÚ‚ËË ·ÓÏË‰‡ ˆÂÚË-
ÎÚËÏÂÚËÎ‡ÏÏÓÌËfl ÙÓÏËÛÂÚÒfl ÛÒÚÓÈ˜Ë‚˚È ÁÓÎ¸ Ì‡ÌÓ˜‡ÒÚËˆ ÒÂÂ·‡, ÒÔÓÒÓ·Ì˚È ÍÓÌˆÂÌÚËÓ‚‡Ú¸ Ì‡
ÔÓ‚ÂıÌÓÒÚË ÏÂÚ‡ÎÎË˜ÂÒÍËı Ì‡ÌÓ˜‡ÒÚËˆ ÌÂÔÓÎflÌ˚Â Ó„‡ÌË˜ÂÒÍËÂ ÒÓÂ‰ËÌÂÌËfl, Ì‡ÔËÏÂ, ÔÓÎËˆËÍÎË-
˜ÂÒÍËÂ ‡ÓÏ‡ÚË˜ÂÒÍËÂ Û„ÎÂ‚Ó‰ÓÓ‰˚. èË ÔÓÒÎÂ‰Û˛˘ÂÏ Î˛ÏËÌÂÒˆÂÌÚÌÓÏ ÓÔÂ‰ÂÎÂÌËË ‚ÓÁÌËÍ‡ÂÚ ˝Ù-
ÙÂÍÚ ÒÂÌÒË·ËÎËÁËÓ‚‡ÌÌÓÈ Î˛ÏËÌÂÒˆÂÌˆËË Ì‡ÌÓ˜‡ÒÚËˆ ÒÂÂ·‡, ÍÓÚÓ˚È ÏÓÊÂÚ ·˚Ú¸ ÔÓÎÓÊÂÌ ‚ ÓÒÌÓ-
‚Û ÏÂÚÓ‰ËÍË ÓÔÂ‰ÂÎÂÌËfl ÒÎÂ‰Ó‚ ÔÓÎËˆËÍÎË˜ÂÒÍËı ‡ÓÏ‡ÚË˜ÂÒÍËı ÒÓÂ‰ËÌÂÌËÈ ‚ ‚Ó‰Â.

ìÑä 543.544
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·Ó„Ë‰Ë‰‡ Ì‡ÚËfl. èÓÒÎÂ ‚‚Â‰ÂÌËfl ‚ÒÂ„Ó Ó·˙ÂÏ‡
‚ÓÒÒÚ‡ÌÓ‚ËÚÂÎfl ÒÏÂÒ¸ ‚˚‰ÂÊË‚‡ÎË ‚ ÛÎ¸Ú‡Á‚ÛÍÓ-
‚ÓÏ ÔÓÎÂ ‚ ÚÂ˜ÂÌËÂ 20 ÏËÌ. 

èÓÎÛ˜ÂÌÌ˚È ‡Í‚‡ÁÓÎ¸ ÒÂÂ·‡ ‚ Í‡˜ÂÒÚ‚Â ÒÓ-
·ÂÌÚ‡ ËÒÔÓÎ¸ÁÓ‚‡ÎË ·ÂÁ ÔÓÒÎÂ‰Û˛˘Ëı ıËÏË˜ÂÒÍËı
Ú‡ÌÒÙÓÏ‡ˆËÈ ÔÓÒÎÂ ‡Á·‡‚ÎÂÌËfl Â„Ó ‚ 10 ‡Á ‰Ë-
ÒÚËÎÎËÓ‚‡ÌÌÓÈ ‚Ó‰ÓÈ (‡Á·‡‚ÎÂÌÌ˚È ‡Í‚‡ÁÓÎ¸).
ìÒÚ‡ÌÓ‚ÎÂÌÓ, ˜ÚÓ ÒÔÂÍÚ ÔÓ„ÎÓ˘ÂÌËfl ‡Í‚‡ÁÓÎfl ÒÂ-
Â·‡ ÌÂ ËÁÏÂÌflÂÚÒfl ‚ ÚÂ˜ÂÌËÂ ‰‚Ûı ÌÂ‰ÂÎ¸ Ò ÏÓÏÂÌ-
Ú‡ ÒËÌÚÂÁ‡.

èÓÎÛ˜ÂÌËÂ Ë Ó·‡·ÓÚÍ‡ ÏËÍÓÙÓÚÓ„‡ÙËÈ.
åËÍÓÙÓÚÓ„‡ÙËË Ó·‡ÁˆÓ‚ ‡Í‚‡ÁÓÎfl ÒÂÂ·‡ ÔÓ-
ÎÛ˜‡ÎË Ì‡ ÔÓÒ‚Â˜Ë‚‡˛˘ÂÏ ˝ÎÂÍÚÓÌÌÓÏ ÏËÍÓ-
ÒÍÓÔÂ LEO 912 AB OMEGA (Carl Zeiss, ÉÂÏ‡ÌËfl) c
‡·Ó˜ËÏ ÛÒÍÓfl˛˘ËÏ Ì‡ÔflÊÂÌËÂÏ 100 ÍÇ. é·‡Á-
ˆ˚ „ÓÚÓ‚ËÎË Ì‡ÌÂÒÂÌËÂÏ 1–2 ÏÍÎ ÁÓÎfl Ì‡ ÔÓÍ˚ÚÛ˛
ÙÓÏ‚‡ÓÏ ÏÂ‰ÌÛ˛ ÒÂÚÍÛ (d = 3.05 ÏÏ), ÍÓÚÓÛ˛ Á‡-
ÚÂÏ ‚˚ÒÛ¯Ë‚‡ÎË Ì‡ ‚ÓÁ‰ÛıÂ. ê‡ÒÔÂ‰ÂÎÂÌËÂ Ì‡ÌÓ˜‡-
ÒÚËˆ ÔÓ ‡ÁÏÂ‡Ï ‡ÒÒ˜ËÚ˚‚‡ÎË Ì‡ ÓÒÌÓ‚Â ÔÓÎÛ˜ÂÌ-
Ì˚ı ÏËÍÓÙÓÚÓ„‡ÙËÈ Ò ÔÓÏÓ˘¸˛ ÔÓ„‡ÏÏ˚
Femtoscan Online v. 2.2.91 (ñÂÌÚ èÂÒÔÂÍÚË‚Ì˚ı
ÚÂıÌÓÎÓ„ËÈ, êÓÒÒËfl). ÇÂÎË˜ËÌÛ Û‰ÂÎ¸ÌÓÈ ÔÓ‚Âı-
ÌÓÒÚË (Sa) ÓˆÂÌË‚‡ÎË Ì‡ ÓÒÌÓ‚Â „ËÒÚÓ„‡ÏÏ ‡ÒÔÂ-
‰ÂÎÂÌËfl ˜‡ÒÚËˆ ÔÓ ‡ÁÏÂ‡Ï, Ò˜ËÚ‡fl ˜‡ÒÚËˆ˚ ÒÓÓÚ-
‚ÂÚÒÚ‚Û˛˘Â„Ó ‡ÁÏÂ‡ ÒÙÂË˜ÂÒÍËÏË Ë ÏÓÌÓ‰ËÒ-

ÔÂÒÌ˚ÏË, ÔÓ ÙÓÏÛÎÂ: Sa = ηi, „‰Â

ρ − ÔÎÓÚÌÓÒÚ¸ ÏÂÚ‡ÎÎË˜ÂÒÍÓ„Ó ÒÂÂ·‡ (10.5 „/ÒÏ3),
di – ‡ÁÏÂ ˜‡ÒÚËˆ, ‡ ηi – ‡·ÒÓÎ˛ÚÌ‡fl ‰ÓÎfl ˜‡ÒÚËˆ
‡ÁÏÂ‡ i. 

èË„ÓÚÓ‚ÎÂÌËÂ ‡·Ó˜Ëı ‡ÒÚ‚ÓÓ‚. àÒıÓ‰Ì˚È
‡ÒÚ‚Ó ÔËÂÌ‡ (10–3 „/ÏÎ) „ÓÚÓ‚ËÎË ‡ÒÚ‚ÓÂÌËÂÏ
ÚÓ˜ÌÓÈ Ì‡‚ÂÒÍË ‚ ‰ËÓÍÒ‡ÌÂ. èÓÎÛ˜ÂÌÌ˚È ‡ÒÚ‚Ó
ı‡ÌËÎË ‚ ÚÂÏÌÓÏ ÏÂÒÚÂ ‚Ó ËÁ·ÂÊ‡ÌËÂ ÙÓÚÓıËÏË˜Â-
ÒÍÓ„Ó ‡ÁÛ¯ÂÌËfl. àÒÒÎÂ‰ÛÂÏ˚Â ‚Ó‰Ì˚Â ‡ÒÚ‚Ó˚ Ò
ÍÓÌˆÂÌÚ‡ˆËÂÈ ÔËÂÌ‡ 5 × 10–10–1 × 10–7 „/ÏÎ „ÓÚÓ‚Ë-
ÎË ‡Á·‡‚ÎÂÌËÂÏ ËÒıÓ‰ÌÓ„Ó ‡ÒÚ‚Ó‡ ‰ËÒÚËÎÎËÓ-
‚‡ÌÌÓÈ ‚Ó‰ÓÈ ÌÂÔÓÒÂ‰ÒÚ‚ÂÌÌÓ ÔÂÂ‰ ËÒÒÎÂ‰Ó‚‡ÌË-
ÂÏ. ê‡·Ó˜ËÂ ‡ÒÚ‚Ó˚ ‰Îfl ÙÎÛÓÂÒˆÂÌÚÌ˚ı ËÒÒÎÂ‰Ó-
‚‡ÌËÈ „ÓÚÓ‚ËÎË ÌÂÔÓÒÂ‰ÒÚ‚ÂÌÌÓ ÔÂÂ‰ ËÁÏÂÂÌËÂÏ
‰Ó·‡‚ÎÂÌËÂÏ ‡ÁÎË˜Ì˚ı ÍÓÎË˜ÂÒÚ‚ ‡Í‚‡ÁÓÎfl Ì‡ÌÓ-
˜‡ÒÚËˆ ÒÂÂ·‡ ‚ ‚Ó‰Ì˚Â ‡ÒÚ‚Ó˚ ÔËÂÌ‡. 

êÂ„ËÒÚ‡ˆËfl ÒÔÂÍÚÓ‚ ÔÓ„ÎÓ˘ÂÌËfl, ‚ÓÁ·ÛÊ‰Â-
ÌËfl Ë ËÒÔÛÒÍ‡ÌËfl. ëÔÂÍÚ˚ ÔÓ„ÎÓ˘ÂÌËfl ‚ ìî Ë ‚Ë-
‰ËÏÓÈ Ó·Î‡ÒÚË Â„ËÒÚËÓ‚‡ÎË Ì‡ ÒÔÂÍÚÓÙÓÚÓÏÂÚ-
Â Jenway 6310 (Wolf Laboratories Ltd., UK). ëÔÂÍÚ˚
‚ÓÁ·ÛÊ‰ÂÌËfl ÙÎÛÓÂÒˆÂÌˆËË Ë ÙÎÛÓÂÒˆÂÌˆËË Â-
„ËÒÚËÓ‚‡ÎË Ì‡ ÒÔÂÍÚÓÙÎÛÓËÏÂÚÂ Jobin Yvon
3CS Ò ÍÒÂÌÓÌÓ‚ÓÈ „‡ÁÓ‡Áfl‰ÌÓÈ Î‡ÏÔÓÈ ‚ Í‡˜ÂÒÚ‚Â
ËÒÚÓ˜ÌËÍ‡ ‚ÓÁ·ÛÊ‰ÂÌËfl Î˛ÏËÌÂÒˆÂÌˆËË. òËËÌ‡
˘ÂÎÂÈ ÏÓÌÓıÓÏ‡ÚÓÓ‚ ‚ÓÁ·ÛÊ‰ÂÌËfl Ë ËÒÔÛÒÍ‡ÌËfl
‚‡¸ËÓ‚‡Î‡Ò¸ ÓÚ 4 ‰Ó 10 ÌÏ. ÇÒÂ ÒÔÂÍÚ‡Î¸Ì˚Â ËÁ-
ÏÂÂÌËfl ÔÓ‚Ó‰ËÎË ÔË ÍÓÏÌ‡ÚÌÓÈ ÚÂÏÔÂ‡ÚÛÂ.
éÚÌÓÒËÚÂÎ¸Ì‡fl ÒÛÏÏ‡Ì‡fl ÔÓ„Â¯ÌÓÒÚ¸ ÔË Â„Ë-
ÒÚ‡ˆËË ÓÔÚË˜ÂÒÍËı ÒÔÂÍÚÓ‚ ÌÂ ÔÂ‚˚¯‡Î‡ 2%. 

ëÓ·ˆËfl ÔËÂÌ‡ Ì‡ Ì‡ÌÓ˜‡ÒÚËˆ‡ı ÒÂÂ·‡. ëÓ·-
ˆË˛ ÔËÂÌ‡ Ì‡ Ì‡ÌÓ˜‡ÒÚËˆ‡ı ÒÂÂ·‡ ÔÓ‚Ó‰ËÎË ‚
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ÒÚ‡ÚË˜ÂÒÍÓÏ ÂÊËÏÂ. ê‡‚ÌÓ‚ÂÒÌ˚Â ÍÓÌˆÂÌÚ‡ˆËË
ÔËÂÌ‡ ‚ ‚Ó‰Â ÓÔÂ‰ÂÎflÎË ËÁÏÂÂÌËÂÏ ËÌÚÂÌÒË‚ÌÓ-
ÒÚË ÙÎÛÓÂÒˆÂÌˆËË ‡ÒÚ‚ÓÓ‚ ÔÓÒÎÂ ÒÓ·ˆËË Ì‡ÌÓ-
˜‡ÒÚËˆ‡ÏË ÒÂÂ·‡ ÔË λËÒÔ. = 372 ÌÏ Ë λ‚ÓÁ·. = 337 ÌÏ
ÔÓ „‡‰ÛËÓ‚Ó˜ÌÓÈ Á‡‚ËÒËÏÓÒÚË ‰Îfl ˜ËÒÚÓ„Ó ÔËÂ-
Ì‡. ëÚÂÔÂÌË ËÁ‚ÎÂ˜ÂÌËfl (R, %) Ë ÍÓ˝ÙÙËˆËÂÌÚ˚ ‡Ò-
ÔÂ‰ÂÎÂÌËfl (D) ‡ÒÒ˜ËÚ˚‚‡ÎË ÔÓ Û‡‚ÌÂÌËflÏ [10]: 

„‰Â Òo – ÍÓÌˆÂÌÚ‡ˆËfl ÓÔÂ‰ÂÎflÂÏÓ„Ó ÔËÂÌ‡ ‚ ËÒ-
ıÓ‰ÌÓÏ ‚Ó‰ÌÓÏ ‡ÒÚ‚ÓÂ ‰Ó ÒÓ·ˆËË, Ò – ÍÓÌˆÂÌÚ‡-
ˆËfl ‚ ‡ÒÚ‚ÓÂ ÔÓÒÎÂ ÒÓ·ˆËË, V – Ó·˙ÂÏ ‡Ì‡ÎËÁËÛ-
ÂÏÓ„Ó ‡ÒÚ‚Ó‡ (ÏÎ), m – Ï‡ÒÒ‡ ÒÓ·ÂÌÚ‡ („). äÓ˝Ù-
ÙËˆËÂÌÚ˚ ÍÓÌˆÂÌÚËÓ‚‡ÌËfl ‡ÒÒ˜ËÚ˚‚‡ÎË ÔÓ
ÙÓÏÛÎÂ [11]: 

„‰Â m1 – Ï‡ÒÒ‡ ‡Ì‡ÎËÁËÛÂÏÓ„Ó ‡ÒÚ‚Ó‡, ‡‚Ì‡fl
Â„Ó Ó·˙ÂÏÛ, ÔË ÔÎÓÚÌÓÒÚË ‡ÒÚ‚Ó‡ 1 „/ÏÎ,
m2 − Ï‡ÒÒ‡ ÒÓ·ÂÌÚ‡, R –ÒÚÂÔÂÌ¸ ËÁ‚ÎÂ˜ÂÌËfl.

êÖáìãúíÄíõ à àï éÅëìÜÑÖçàÖ

èË ‚ÓÒÒÚ‡ÌÓ‚ÎÂÌËË ÌËÚ‡Ú‡ ÒÂÂ·‡ ·Ó„Ë‰Ë-
‰ÓÏ Ì‡ÚËfl ‚ ÔËÒÛÚÒÚ‚ËË ñíåÄÅ ÙÓÏËÛ˛ÚÒfl
ÛÒÚÓÈ˜Ë‚˚Â ‡Í‚‡ÁÓÎË Ì‡ÌÓ˜‡ÒÚËˆ ÒÂÂ·‡. àı
ÓÍ‡ÒÍ‡ Ò‚Ë‰ÂÚÂÎ¸ÒÚ‚ÛÂÚ Ó Ì‡ÎË˜ËË ÔÓ„ÎÓ˘ÂÌËfl ‚
‚Ë‰ËÏÓÈ Ó·Î‡ÒÚË ÒÔÂÍÚ‡, ÔËÔËÒ˚‚‡ÂÏÓÈ ÔÓ‚Âı-
ÌÓÒÚÌÓÏÛ ÔÎ‡ÁÏÓÌÌÓÏÛ ÂÁÓÌ‡ÌÒÛ Ì‡ÌÓ˜‡ÒÚËˆ ÒÂ-
Â·‡ [12]. Ç ÓÔÚË˜ÂÒÍËı ÒÔÂÍÚ‡ı ‡Í‚‡ÁÓÎÂÈ ÔË-
ÒÛÚÒÚ‚ÛÂÚ ¯ËÓÍ‡fl ÔÓÎÓÒ‡ ÔÓ„ÎÓ˘ÂÌËfl ‚ Ó·Î‡ÒÚË
260–500 ÌÏ Ò Ï‡ÍÒËÏÛÏÓÏ ÔË 410 ÌÏ. àÒÒÎÂ‰Ó‚‡ÌËfl
Ò‚ÂÊÂÔË„ÓÚÓ‚ÎÂÌÌ˚ı ÁÓÎÂÈ ÒÂÂ·‡ ÏÂÚÓ‰ÓÏ
˝ÎÂÍÚÓÌÌÓÈ ÏËÍÓÒÍÓÔËË ÔÓÍ‡Á˚‚‡˛Ú (ËÒ. 1), ̃ ÚÓ
‚ ÒËÒÚÂÏÂ ÒÓ‰ÂÊ‡ÚÒfl Ì‡ÌÓ˜‡ÒÚËˆ˚ ‡ÁÏÂÓÏ ÓÚ 1
‰Ó 7 ÌÏ Ò Ï‡ÍÒËÏÛÏÓÏ ‡ÒÔÂ‰ÂÎÂÌËfl ÓÍÓÎÓ 2 ÌÏ.
ê‡Ò˜ÂÚ˚ Ì‡ ÓÒÌÓ‚Â „ËÒÚÓ„‡ÏÏ ‡ÒÔÂ‰ÂÎÂÌËfl ‰‡˛Ú
Û‰ÂÎ¸ÌÛ˛ ÔÓ‚ÂıÌÓÒÚ¸ ÓÍÓÎÓ 270 Ï2/„. ëÎÂ‰ÛÂÚ ÓÚ-
ÏÂÚËÚ¸, ˜ÚÓ ‚Òfl ÔÓ‚ÂıÌÓÒÚ¸ Ì‡ÌÓ˜‡ÒÚËˆ ‰ÓÒÚÛÔÌ‡
‰Îfl ÒÓ·ˆËË ËÁ ‡ÒÚ‚Ó‡, ‚ ÓÚÎË˜ËÂ ÓÚ Ú‡‰ËˆËÓÌ-
Ì˚ı ÌÂÓ„‡ÌË˜ÂÒÍËı ÒÓ·ÂÌÚÓ‚, ·ÓÎ¸¯‡fl ˜‡ÒÚ¸ ÔÓ-
‚ÂıÌÓÒÚË ÍÓÚÓ˚ı Ì‡ıÓ‰ËÚÒfl ‚ ÔÓ‡ı.

ÑÎfl ‚˚·Ó‡ ÛÒÎÓ‚ËÈ ÍÓÌˆÂÌÚËÓ‚‡ÌËfl ÔËÂÌ‡
ËÁ ‡Á·‡‚ÎÂÌÌ˚ı ‚Ó‰Ì˚ı ‡ÒÚ‚ÓÓ‚ Ì‡ ıËÏË˜ÂÒÍË
ÏÓ‰ËÙËˆËÓ‚‡ÌÌ˚ı Ì‡ÌÓ˜‡ÒÚËˆ‡ı ÒÂÂ·‡ ËÒÒÎÂ‰Ó-
‚‡Ì˚ ÒÔÂÍÚ‡Î¸ÌÓ-Î˛ÏËÌÂÒˆÂÌÚÌ˚Â ı‡‡ÍÚÂËÒÚË-
ÍË ÔËÂÌ‡ ‚ Â„Ó ÓÚÒÛÚÒÚ‚ËË Ë ‚ ÔËÒÛÚÒÚ‚ËË.

ìÒÚ‡ÌÓ‚ÎÂÌÓ, ˜ÚÓ ‚ÒÂ ËÒÒÎÂ‰ÛÂÏ˚Â ‡Á·‡‚ÎÂÌ-
Ì˚Â ‚Ó‰Ì˚Â ‡ÒÚ‚Ó˚ ÔËÂÌ‡ ÔË ‚ÓÁ·ÛÊ‰ÂÌËË
λ‚ÓÁ· = 337 ÌÏ ÙÎÛÓÂÒˆËÛ˛Ú ‚ ÙËÓÎÂÚÓ‚ÓÈ (350–
400 ÌÏ) Ó·Î‡ÒÚË ÒÔÂÍÚ‡. àı ÒÔÂÍÚ˚ ÙÎÛÓÂÒˆÂÌ-
ˆËË ÒÓ‚Ô‡‰‡˛Ú ÒÓ ÒÔÂÍÚ‡ÏË ÏÓÌÓÏÂÓ‚ ÔËÂÌ‡
[13]. èË ‚‚Â‰ÂÌËË ‚ ËÒÒÎÂ‰ÛÂÏ˚Â ‡ÒÚ‚Ó˚ ÔËÂÌ‡
ÌÂ·ÓÎ¸¯Ëı ÍÓÎË˜ÂÒÚ‚ (‰Ó 90 ÏÍÎ ‡Á·‡‚ÎÂÌÌÓ„Ó ‡Í-
‚‡ÁÓÎfl) Ì‡ÌÓ˜‡ÒÚËˆ ÒÂÂ·‡ Ì‡·Î˛‰‡ÎÓÒ¸ ÛÏÂÌ¸¯Â-
ÌËÂ ËÌÚÂÌÒË‚ÌÓÒÚË Ò‚Â˜ÂÌËfl ÏÓÌÓÏÂÓ‚ ÔËÂÌ‡ Ë
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Ç‡ÒËÎ¸Â‚‡ Ë ‰.

ÔÓfl‚ÎÂÌËÂ ÌÓ‚Ó„Ó Ò‚Â˜ÂÌËfl ‚ Ó·Î‡ÒÚË 420–600 ÌÏ.
èË ˝ÚÓÏ ‰Îfl ‡ÒÚ‚ÓÓ‚ ÔËÂÌ‡ Ò ÍÓÌˆÂÌÚ‡ˆËÂÈ
ÏÂÌÂÂ 10–8 „/ÏÎ ‚ ÒÔÂÍÚ‡ı ‚ÓÁ·ÛÊ‰ÂÌËfl ÙÎÛÓÂÒ-
ˆÂÌˆËË, ËÁÏÂÂÌÌ˚ı ÔË λ = 470 ÌÏ, Á‡Â„ËÒÚËÓ-
‚‡Ì˚ ÔÓÎÓÒ˚, ÔËÌ‡‰ÎÂÊ‡˘ËÂ ÏÓÌÓÏÂÛ ÔËÂÌ‡,
‰Îfl ‡ÒÚ‚ÓÓ‚ ·ÓÎ¸¯Ëı ÍÓÌˆÂÌÚ‡ˆËÈ – ÔÓÎÓÒ˚,
ÔËÌ‡‰ÎÂÊ‡˘ËÂ Í‡Í ÏÓÌÓÏÂÛ, Ú‡Í Ë ‰ËÏÂÛ ÔËÂ-
Ì‡, ‡ ÔË λ = 480 ÌÏ – ÔÓÎÓÒ˚, ÔËÌ‡‰ÎÂÊ‡˘ËÂ ‰ËÏÂ-
Û. èÓÎÛ˜ÂÌÌ˚Â ‰‡ÌÌ˚Â Ò‚Ë‰ÂÚÂÎ¸ÒÚ‚ÛÂÚ ‚ ÔÓÎ¸ÁÛ
Ó·‡ÁÓ‚‡ÌËfl ˝ÍÒËÏÂÓ‚ Ë ‚ÓÁ·ÛÊ‰ÂÌÌ˚ı ‰ËÏÂÓ‚
ÔËÂÌ‡, Ó·‡ÁÓ‚‡ÌËÂ ÍÓÚÓ˚ı ‚ÓÁÏÓÊÌÓ ÚÓÎ¸ÍÓ ÔË
Â„Ó ‚˚ÒÓÍËı ÍÓÌˆÂÌÚ‡ˆËflı [13, 14]. Ç Í‡˜ÂÒÚ‚Â ÔË-
ÏÂ‡ Ì‡ ËÒ. 2 ÔË‚Â‰ÂÌ˚ ÒÔÂÍÚ˚ ÙÎÛÓÂÒˆÂÌˆËË,
‡ Ì‡ ËÒ. 3 ÒÔÂÍÚ˚ ‚ÓÁ·ÛÊ‰ÂÌËfl ÙÎÛÓÂÒˆÂÌˆËË
‚Ó‰ÌÓ„Ó ‡ÒÚ‚Ó‡ ÔËÂÌ‡ (10–7 „/ÏÎ) ‚ ÓÚÒÛÚÒÚ‚ËË Ë ‚
ÔËÒÛÚÒÚ‚ËË ‡ÁÎË˜Ì˚ı ÍÓÎË˜ÂÒÚ‚ ‡Í‚‡ÁÓÎfl ÒÂÂ·-
‡. èË Û‚ÂÎË˜ÂÌËË ÍÓÎË˜ÂÒÚ‚‡ (~ 90 ÏÍÎ) ‚‚Ó‰ËÏÓ-
„Ó ‡Á·‡‚ÎÂÌÌÓ„Ó ‡Í‚‡ÁÓÎfl ÒÂÂ·‡ ‚ ËÒÒÎÂ‰ÛÂÏ˚Â
‡ÒÚ‚Ó˚ ÔËÂÌ‡ Ì‡·Î˛‰‡ÎË ÛÏÂÌ¸¯ÂÌËÂ Ò‚Â˜ÂÌËfl
˝ÍÒËÏÂÓ‚ (λ = 470 ÌÏ) Ë ‚ÓÁ·ÛÊ‰ÂÌÌ˚ı ‰ËÏÂÓ‚
(λ = 480 ÌÏ) ÔËÂÌ‡. Ç ÒÔÂÍÚ‡ı ‚ÓÁ·ÛÊ‰ÂÌËfl ÙÎÛÓ-
ÂÒˆÂÌˆËË ÓÚÌÓ¯ÂÌËÂ ËÌÚÂÌÒË‚ÌÓÒÚÂÈ ÔÓÎÓÒ˚ ÔÓ-
„ÎÓ˘ÂÌËfl ‰ËÏÂ‡ (λ = 350 ÌÏ) Í ÔÓÎÓÒÂ ÔÓ„ÎÓ˘ÂÌËfl
ÏÓÌÓÏÂ‡ (λ = 337 ÌÏ) Û‚ÂÎË˜Ë‚‡ÂÚÒfl Ò 0.2 ‰Ó 0.5
(ËÒ. 3, ÍË‚˚Â 2, 3 ). èË ‰‡Î¸ÌÂÈ¯ÂÏ Û‚ÂÎË˜ÂÌËË
‚‚Ó‰ËÏÓ„Ó ‡Í‚‡ÁÓÎfl ÒÂÂ·‡ (·ÓÎÂÂ 90 ÏÍÎ) ‚ ÒËÌÂÈ

Ó·Î‡ÒÚË ÒÔÂÍÚ‡ Ì‡·Î˛‰‡ÎË ÔÓÎÓÒÛ ÙÎÛÓÂÒˆÂÌˆËË
Ò λ = 490 ÌÏ (ËÒ. 2, ÍË‚‡fl 5). Ç ÒÔÂÍÚÂ ‚ÓÁ·ÛÊ‰Â-
ÌËfl ÙÎÛÓÂÒˆÂÌˆËË ÔË λ = 490 ÌÏ Ì‡·Î˛‰‡ÎË ÚÓÎ¸-
ÍÓ ÔÓÎÓÒÛ Ò λ = 350 ÌÏ; ÔÓÎÓÒ, ÔËÌ‡‰ÎÂÊ‡˘Ëı ÏÓÌÓ-
ÏÂÛ ÔËÂÌ‡, ÌÂ Ó·Ì‡ÛÊÂÌÓ (ËÒ. 3, ÍË‚‡fl 4). èË
‚ÓÁ·ÛÊ‰ÂÌËË ‰‡ÌÌ˚ı ‡ÒÚ‚ÓÓ‚ ÔË λ‚ÓÁ· = 350 ÌÏ
ËÌÚÂÌÒË‚ÌÓÒÚ¸ ËÁÎÛ˜ÂÌËfl ÔË λËÒÔ = 490 ÌÏ ‚ÓÁ‡ÒÚ‡-
ÂÚ. ç‡ ÓÒÌÓ‚‡ÌËË ˝ÚÓ„Ó ÏÓÊÌÓ ÛÚ‚ÂÊ‰‡Ú¸, ˜ÚÓ ÔË
‚‚Â‰ÂÌËË ‚ ‡Á·‡‚ÎÂÌÌ˚Â ‚Ó‰Ì˚Â ‡ÒÚ‚Ó˚ ÔËÂÌ‡
‚Ó‰ÌÓ„Ó ÁÓÎfl ÒÂÂ·‡ ÏÓÎÂÍÛÎ˚ ÔËÂÌ‡ ÍÓÌˆÂÌÚË-
Û˛ÚÒfl Ì‡ Û„ÎÂ‚Ó‰ÓÓ‰Ì˚ı ‡‰ËÍ‡Î‡ı ñíåÄ, ÒÚ‡-
·ËÎËÁËÛ˛˘Ëı ÔÓ‚ÂıÌÓÒÚ¸ Ì‡ÌÓ˜‡ÒÚËˆ ÒÂÂ·‡.
ÄÌ‡ÎÓ„Ë˜ÌÛ˛ Í‡ÚËÌÛ Ì‡·Î˛‰‡ÎË ÔË ‚‚Â‰ÂÌËË Ó-
„‡ÌÓÁÓÎfl ÒÂÂ·‡ ‚ ‡Á·‡‚ÎÂÌÌ˚Â „ÂÍÒ‡ÌÓ‚˚Â ‡Ò-
Ú‚Ó˚ ÔËÂÌ‡ [15, 16]. ë‚Â˜ÂÌËÂ ÔË λ = 490 ÌÏ ÏÓÊ-
ÌÓ ÓÚÌÂÒÚË Í ÒÂÌÒË·ËÎËÁËÓ‚‡ÌÌÓÈ ÙÎÛÓÂÒˆÂÌˆËË
Ì‡ÌÓ˜‡ÒÚËˆ ÒÂÂ·‡ ‚ ÔËÒÛÚÒÚ‚ËË ÔËÂÌ‡ ÔÓ ‡Ì‡ÎÓ-
„ËË Ò Ì‡·Î˛‰‡ÂÏÓÈ Ì‡ÏË ‡ÌÂÂ ‰Îfl „ÂÍÒ‡ÌÓ‚˚ı ‡Ò-
Ú‚ÓÓ‚ ÔËÂÌ‡ [15, 16]. é·Ì‡ÛÊÂÌÓ, ˜ÚÓ ‚ ‚Ó‰Ì˚ı
‡ÒÚ‚Ó‡ı ÒÂÌÒË·ËÎËÁËÓ‚‡ÌÌ‡fl ÙÎÛÓÂÒˆÂÌˆËfl Ì‡-
ÌÓ˜‡ÒÚËˆ ÒÂÂ·‡ Ó·Î‡‰‡ÂÚ ·ÓÎ¸¯ÂÈ ËÌÚÂÌÒË‚ÌÓ-
ÒÚ¸˛. ùÚÓ ÏÓÊÌÓ Ó·˙flÒÌËÚ¸ ÚÂÏ, ˜ÚÓ ‚ ÔÓÎflÌ˚ı
‡ÒÚ‚ÓËÚÂÎflı ‡Á„Ó‡ÌËÂ ÙÎÛÓÂÒˆÂÌˆËË Ó·ÛÒÎÓ‚-
ÎÂÌÓ ÛÏÂÌ¸¯ÂÌËÂÏ ÍËÒÎÓÓ‰ÌÓ„Ó ÚÛ¯ÂÌËfl, Ò‚flÁ‡Ì-
Ì˚Ï Ò ÛÏÂÌ¸¯ÂÌËÂÏ ÒÓ‰ÂÊ‡ÌËfl ‡ÒÚ‚ÓÂÌÌÓ„Ó
ÍËÒÎÓÓ‰‡ [17]. ÅÎ‡„Ó‰‡fl ˝ÚÓÏÛ Ù‡ÍÚÛ ÓÍ‡Á‡Î‡Ò¸
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˜‡ÒÚËˆ ÒÂÂ·‡, ÒÚ‡·ËÎËÁËÓ‚‡ÌÌÓ„Ó ñíåÄÅ.
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‚ÓÁÏÓÊÌÓÈ Â„ËÒÚ‡ˆËfl ÒÂÌÒË·ËÎËÁËÓ‚‡ÌÌÓÈ ÙÎÛ-
ÓÂÒˆÂÌˆËË Ì‡ÌÓ˜‡ÒÚËˆ ÒÂÂ·‡ ÔË ‚‚Â‰ÂÌËË ‡Í‚‡-
ÁÓÎfl ÒÂÂ·‡ ‚ ‚Ó‰Ì˚Â ‡ÒÚ‚Ó˚ ÔËÂÌ‡ Ò ÍÓÌˆÂÌ-
Ú‡ˆËÂÈ ÏÂÌÂÂ 10–8 „/ÏÎ.

ÇÓÁÌËÍÌÓ‚ÂÌËÂ ÒÂÌÒË·ËÎËÁËÓ‚‡ÌÌÓÈ ÙÎÛÓÂÒ-
ˆÂÌˆËË Ì‡ÌÓ˜‡ÒÚËˆ ÒÂÂ·‡ (‡ÍˆÂÔÚÓ) ‚ ÔËÒÛÚ-
ÒÚ‚ËË ÒÓ·ËÓ‚‡ÌÌÓ„Ó ÔËÂÌ‡ (‰ÓÌÓ) ‚ ‚Ó‰Ì˚ı ‡Ò-
Ú‚Ó‡ı ÏÓÊÌÓ Ó·˙flÒÌËÚ¸ ÚÂÏ, ˜ÚÓ ‚˚ÔÓÎÌfl˛ÚÒfl
ÛÒÎÓ‚Ëfl, ÌÂÓ·ıÓ‰ËÏ˚Â ‰Îfl ‰ËÔÓÎ¸-‰ËÔÓÎ¸ÌÓ„Ó ÔÂ-
ÂÌÓÒ‡ ˝ÌÂ„ËË ˝ÎÂÍÚÓÌÌÓ„Ó ‚ÓÁ·ÛÊ‰ÂÌËfl ÓÚ ÒÓ-
·ËÓ‚‡ÌÌ˚ı ÏÓÎÂÍÛÎ ÔËÂÌ‡ Ì‡ Ì‡ÌÓ˜‡ÒÚËˆ˚ ÒÂÂ·-
‡ [18]. Ç Ì‡¯ÂÏ ÒÎÛ˜‡Â ÌÂÓ·ıÓ‰ËÏÓÂ ‡ÒÒÚÓflÌËÂ
ÏÂÊ‰Û ‰ÓÌÓÓÏ Ë ‡ÍˆÂÔÚÓÓÏ ÌÂ ÔÂ‚˚¯‡ÂÚ 10 ÌÏ,

˜ÚÓ ÒÓÒÚ‡‚ÎflÂÚ ·ÎËÊÌ˛˛ ÒÙÂÛ ̃ ‡ÒÚËˆ˚, ‚ ÍÓÚÓÓÈ
ÔÓËÒıÓ‰flÚ ÒÓ·ˆËÓÌÌ˚Â fl‚ÎÂÌËfl. 

å˚ ÔÓÎ‡„‡ÂÏ, ̃ ÚÓ ‚ ÓÔËÒ˚‚‡ÂÏÓÈ ÒËÒÚÂÏÂ ÔÓËÒ-
ıÓ‰ËÚ ÍÓÓ‰ËÌ‡ˆËfl ÏÓÌÓÏÂ‡ ÔËÂÌ‡ ‚·ÎËÁË Í‡ÚË-
ÓÌÌ˚ı „ÛÔÔ ˜ÂÚ‚ÂÚË˜ÌÓ„Ó ‡ÏÏÓÌËfl, ÍÓÚÓ˚Â ‡Ò-
ÔÓÎ‡„‡˛ÚÒfl ‚Ó ‚ÌÂ¯ÌÂÈ ˜‡ÒÚË ÒÚ‡·ËÎËÁËÛ˛˘Â„Ó
ÔÓ‚ÂıÌÓÒÚÌÓ„Ó ÒÎÓfl. á‡ÚÂÏ ÔËÂÌ ÏÓÊÂÚ ‚ıÓ‰ËÚ¸
‚„ÎÛ·¸ ÔÓ‚ÂıÌÓÒÚÌÓ„Ó ÒÎÓfl, ÒÓÎ˛·ËÎËÁËÓ‚‡Ú¸Òfl
Û„ÎÂ‚Ó‰ÓÓ‰Ì˚ÏË ‡‰ËÍ‡Î‡ÏË ë16ç33 ñíåÄÅ,
ÔË·ÎËÊ‡flÒ¸ Ú‡ÍËÏ Ó·‡ÁÓÏ Í ÔÓÎflÌÓÈ ÔÓ‚ÂıÌÓ-
ÒÚË ÏÂÚ‡ÎÎË˜ÂÒÍÓ„Ó ÒÂÂ·‡ (ËÒ. 4). Ç ÔÓÎ¸ÁÛ ̋ ÚÓ„Ó
ÔÂ‰ÔÓÎÓÊÂÌËfl ÏÓÊÂÚ ÒÎÛÊËÚ¸ Û‚ÂÎË˜ÂÌËÂ ÓÚÌÓ-
¯ÂÌËfl ËÌÚÂÌÒË‚ÌÓÒÚÂÈ ÔÂ‚ÓÈ Ë ÚÂÚ¸ÂÈ ÔÓÎÓÒ ‚
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êËÒ. 2. ëÔÂÍÚ˚ ÙÎÛÓÂÒˆÂÌˆËË ÒËÒÚÂÏ˚ 3 ÏÎ ‚Ó‰ÌÓ„Ó ‡ÒÚ‚Ó‡ ÔËÂÌ‡ (10–7 „/ÏÎ) + ‡Í‚‡ÁÓÎ¸ Ì‡ÌÓ˜‡ÒÚËˆ ÒÂÂ·‡
(4 Ïå) ÔË λ‚ÓÁ· = 337 ÌÏ. 

é·˙ÂÏ ‚‚Ó‰ËÏÓ„Ó ‡Í‚‡ÁÓÎfl, ÏÍÎ: 1 – 0; 2 – 45; 3 – 90; 4 – 135; 5 – 180.
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Ç‡ÒËÎ¸Â‚‡ Ë ‰.

ÒÔÂÍÚÂ ÙÎÛÓÂÒˆÂÌˆËË ÔËÂÌ‡ (ËÌ‰ÂÍÒ‡ ÔÓÎflÌÓ-
ÒÚË) [19]. í‡Í, ÔË ‚‚Â‰ÂÌËË ‡Í‚‡ÁÓÎfl Ì‡ÌÓ˜‡ÒÚËˆ ÒÂ-
Â·‡ ‚ ‚Ó‰Ì˚Â ‡ÒÚ‚Ó˚ ÔËÂÌ‡ ËÌ‰ÂÍÒ ÔÓÎflÌÓ-
ÒÚË ËÁÏÂÌflÂÚÒfl ÓÚ 1 ‰Ó 2. ç‡ Ì‡˜‡Î¸Ì˚ı ̋ Ú‡Ô‡ı ÒÓ·-
ˆËË ‚·ÎËÁË ÔÓ‚ÂıÌÓÒÚË Ì‡ÌÓ˜‡ÒÚËˆ Ì‡ıÓ‰flÚÒfl
ÏÓÌÓÏÂ˚ ÔËÂÌ‡. á‡ÚÂÏ Á‡ Ò˜ÂÚ π–π – ‚Á‡ËÏÓ‰ÂÈ-
ÒÚ‚Ëfl ‚ ÒÚ‡·ËÎËÁËÛ˛˘ÂÏ ÒÎÓÂ ‚ÓÁÏÓÊÌÓ ÙÓÏË-
Ó‚‡ÌËÂ ‰ËÏÂÓ‚ ÔËÂÌ‡ [20]. ë Û‚ÂÎË˜ÂÌËÂÏ ÍÓÌ-
ˆÂÌÚ‡ˆËË ÔËÂÌ‡ ‚ ‡Ì‡ÎËÁËÛÂÏ˚ı ‡ÒÚ‚Ó‡ı ‰ÓÎfl
˝ÚÓ„Ó ÔÓˆÂÒÒ‡ Û‚ÂÎË˜Ë‚‡ÂÚÒfl. ëÓ‰ÂÊ‡ÌËÂ ÔËÂÌ‡

‚ ËÒÒÎÂ‰ÛÂÏ˚ı ÏÓ‰ÂÎ¸Ì˚ı ‡ÒÚ‚Ó‡ı ÏÓÊÌÓ ÔÂ‰-
ÒÚ‡‚ËÚ¸ „‡‰ÛËÓ‚Ó˜ÌÓÈ Á‡‚ËÒËÏÓÒÚ¸˛, ÔÓÒÚÓÂÌ-
ÌÓÈ Ì‡ ÓÒÌÓ‚Â ÛÒÂ‰ÌÂÌËfl ‰‡ÌÌ˚ı, ÔÓÎÛ˜ÂÌÌ˚ı ‰Îfl
ÔflÚË ÌÂÁ‡‚ËÒËÏÓ ÒËÌÚÂÁËÓ‚‡ÌÌ˚ı Ó·‡ÁˆÓ‚ ‡Í‚‡-
ÁÓÎÂÈ Ì‡ÌÓ˜‡ÒÚËˆ ÒÂÂ·‡. á‡‚ËÒËÏÓÒÚ¸ ÓÚÌÓ¯ÂÌËfl
ËÌÚÂÌÒË‚ÌÓÒÚÂÈ ÙÎÛÓÂÒˆÂÌˆËË Ì‡ÌÓ˜‡ÒÚËˆ ÒÂÂ·-
‡ ÔË λ = 490 ÌÏ Í ËÌÚÂÌÒË‚ÌÓÒÚË ÙÎÛÓÂÒˆÂÌˆËË
ÔËÂÌ‡ ÔË λ = 390 ÌÏ ÓÚ ÍÓÌˆÂÌÚ‡ˆËË ÔËÂÌ‡ ‚
‡ÒÚ‚ÓÂ ıÓÓ¯Ó ÓÔËÒ˚‚‡ÂÚÒfl ÎËÌÂÈÌÓÈ ÙÛÌÍˆËÂÈ:
I490/I390 = – (0.90 ± 0.05) Cpyr) – (5.74 ± 0.34) c ÍÓ˝Ù-(lg
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ÙËˆËÂÌÚÓÏ ÍÓÂÎflˆËË r = 0.992. èÓÒÎÂ‰Û˛˘ÂÂ ËÒ-
ÒÎÂ‰Ó‚‡ÌËÂ ÔflÚË ‰Û„Ëı Ó·‡ÁˆÓ‚ ‡Í‚‡ÁÓÎÂÈ ÒÂÂ·-
‡ Ë ‚Ó‰Ì˚ı ‡ÒÚ‚ÓÓ‚ ÔËÂÌ‡ ËÁ‚ÂÒÚÌÓÈ ÍÓÌˆÂÌ-
Ú‡ˆËË ÔÓÍ‡Á‡ÎÓ ıÓÓ¯Û˛ ‚ÓÒÔÓËÁ‚Ó‰ËÏÓÒÚ¸
ÂÁÛÎ¸Ú‡ÚÓ‚ ‡Ì‡ÎËÁ‡ (Ú‡·ÎËˆ‡). 

àÒÒÎÂ‰Ó‚‡ÌËÂ ÒÓ·ˆËÓÌÌ˚ı ı‡‡ÍÚÂËÒÚËÍ ‡Í-
‚‡ÁÓÎfl ÒÂÂ·‡ ÔÓÍ‡Á‡ÎÓ, ̃ ÚÓ ÒÓ·ˆËÓÌÌÓÂ ‡‚ÌÓ‚Â-
ÒËÂ ÛÒÚ‡Ì‡‚ÎË‚‡ÎÓÒ¸ ‚ ÚÂ˜ÂÌËÂ 5–10 ÏËÌÛÚ, Ó ˜ÂÏ
Ò‚Ë‰ÂÚÂÎ¸ÒÚ‚Ó‚‡ÎÓ ÔÓÒÚÓflÌÒÚ‚Ó ËÌÚÂÌÒË‚ÌÓÒÚË ÔÓ-
ÎÓÒ˚ ÒÂÌÒË·ËÎËÁËÓ‚‡ÌÌÓÈ ÙÎÛÓÂÒˆÂÌˆËË Ì‡ÌÓ˜‡-
ÒÚËˆ ÒÂÂ·‡. ëÚÂÔÂÌ¸ ËÁ‚ÎÂ˜ÂÌËfl ÌÂÁÌ‡˜ËÚÂÎ¸ÌÓ
Ô‡‰‡ÂÚ Ò ÛÏÂÌ¸¯ÂÌËÂÏ ÍÓÌˆÂÌÚ‡ˆËË ËÒıÓ‰ÌÓ„Ó
‡ÒÚ‚Ó‡ ÔËÂÌ‡ ÓÚ 5 × 10–10 ‰Ó 10–7 „/ÏÎ Ë ÒÓÒÚ‡‚ÎflÂÚ
96–99%. äÓ˝ÙÙËˆËÂÌÚ ‡ÒÔÂ‰ÂÎÂÌËfl ÔËÂÌ‡ ÔË
Â„Ó ÒÓ·ˆËË ËÁ ËÒÒÎÂ‰ÛÂÏ˚ı ‚Ó‰Ì˚ı ‡ÒÚ‚ÓÓ‚ ‰Ó-
‚ÓÎ¸ÌÓ ‚˚ÒÓÍ  ~ 6), ˜ÚÓ ı‡‡ÍÚÂÌÓ ‰Îfl „Ë‰Ó-
ÙÓ·Ì˚ı ÒÓ·ÂÌÚÓ‚, Ì‡ÔËÏÂ, ‡ÍÚË‚ËÓ‚‡ÌÌ˚ı Û„-
ÎÂÈ [3]. äÓ˝ÙÙËˆËÂÌÚ˚ ÍÓÌˆÂÌÚËÓ‚‡ÌËfl Ú‡ÍÊÂ
ı‡‡ÍÚÂËÁÛ˛ÚÒfl ‚˚ÒÓÍËÏË ÁÌ‡˜ÂÌËflÏË ~105. ç‡
ËÒ. 5 ÔË‚Â‰ÂÌ‡ ËÁÓÚÂÏ‡ ÒÓ·ˆËË ÔËÂÌ‡ Ì‡ Ì‡ÌÓ-
˜‡ÒÚËˆ‡ı ÒÂÂ·‡ ËÁ ‚Ó‰Ì˚ı ‡ÒÚ‚ÓÓ‚. àÁÓÚÂÏ˚

( Dlg

ÒÚÓËÎË ‰Îfl ÍÓÌˆÂÌÚ‡ˆËÈ ÔËÂÌ‡ ÓÚ 5 × 10–8 ‰Ó
10–6 „/ÏÎ. çËÊÌÂÂ ÁÌ‡˜ÂÌËÂ ÍÓÌˆÂÌÚ‡ˆËË ÓÔÂ‰Â-
ÎflÂÚÒfl ˜Û‚ÒÚ‚ËÚÂÎ¸ÌÓÒÚ¸˛ ÏÂÚÓ‰ËÍË ÙÎÛÓËÏÂÚË-
˜ÂÒÍÓ„Ó ÓÔÂ‰ÂÎÂÌËfl ‡‚ÌÓ‚ÂÒÌÓÈ ÍÓÌˆÂÌÚ‡ˆËË
ÔËÂÌ‡; ‚ÂıÌÂÂ – ‡ÒÚ‚ÓËÏÓÒÚ¸˛ ÔËÂÌ‡ ‚ ‚Ó‰Â.
ëÓ„Î‡ÒÌÓ ÍÎ‡ÒÒËÙËÍ‡ˆËË [21], ÔÓÎÛ˜ÂÌÌÛ˛ ËÁÓÚÂ-
ÏÛ ÒÓ·ˆËË ÏÓÊÌÓ ÓÚÌÂÒÚË Í ‚Ó„ÌÛÚÓÈ ËÁÓÚÂÏÂ
ãÂÌ„Ï˛‡. äË‚‡fl ÒÓ·ˆËË ÌÂ ‚˚ıÓ‰ËÚ Ì‡ ÔÎ‡ÚÓ ËÁ-
Á‡ ÌÂ‚ÓÁÏÓÊÌÓÒÚË ‚‚Â‰ÂÌËfl ·ÓÎ¸¯Ó„Ó ÍÓÎË˜ÂÒÚ‚‡
ÒÓ·ÂÌÚ‡ (ËÌÚÂÌÒË‚Ì‡fl ÓÍ‡ÒÍ‡ ‡Í‚‡ÁÓÎfl ÒÂÂ·‡
ÔË‚Ó‰ËÚ Í ˝ÙÙÂÍÚÛ ‚ÌÛÚÂÌÌÂ„Ó ÙËÎ¸Ú‡, ÒËÎ¸ÌÓ
ÛÏÂÌ¸¯‡˛˘Â„Ó ËÌÚÂÌÒË‚ÌÓÒÚ¸ Ò‚Â˜ÂÌËfl ËÒÒÎÂ‰ÛÂ-
Ï˚ı ‡ÒÚ‚ÓÓ‚). àÁ ‚Ë‰‡ ÍË‚ÓÈ ÒÓ·ˆËË ÏÓÊÌÓ
ÔÂ‰ÔÓÎÓÊËÚ¸, ˜ÚÓ ‚Ì‡˜‡ÎÂ ‚ÓÒıÓ‰fl˘ËÈ Ì‡˜‡Î¸Ì˚È
Û˜‡ÒÚÓÍ ÒÓÓÚ‚ÂÚÒÚ‚ÛÂÚ ÒÓ·ˆËË ÏÓÌÓÏÂÓ‚, ‡ Á‡ÚÂÏ
Á‡ÏÂÚÌÛ˛ ÓÎ¸ ‚ Ó·˘ËÈ ÔÓˆÂÒÒ ‚ÌÓÒËÚ ‡‰ÒÓ·ˆËfl
‡ÒÒÓˆË‡ÚÓ‚ (‰ËÏÂÓ‚). í‡ÍÓÈ ıÓ‰ ÍË‚ÓÈ ÒÓ·ˆËË
ÏÓÊÂÚ ÒÎÛÊËÚ¸ ‰ÓÔÓÎÌËÚÂÎ¸Ì˚Ï ‰Ó‚Ó‰ÓÏ ‚ ÔÓÎ¸ÁÛ
ÏÂı‡ÌËÁÏ‡ ÒÓ·ˆËË, ‚˚ÒÍ‡Á‡ÌÌÓ„Ó ‚˚¯Â.

í‡ÍËÏ Ó·‡ÁÓÏ, ÏÓÊÌÓ ÛÚ‚ÂÊ‰‡Ú¸, ˜ÚÓ ıËÏË˜Â-
ÒÍË ÏÓ‰ËÙËˆËÓ‚‡ÌÌ˚Â Ì‡ÌÓ˜‡ÒÚËˆ˚ ÒÂÂ·‡, ÒÓ-
‰ÂÊ‡˘ËÂ Ì‡ Ò‚ÓÂÈ ÔÓ‚ÂıÌÓÒÚË ÏÓÎÂÍÛÎ˚ Ò ‰ÎËÌ-
Ì˚ÏË Û„ÎÂ‚Ó‰ÓÓ‰Ì˚ÏË ‡‰ËÍ‡Î‡ÏË, ÏÓ„ÛÚ ·˚Ú¸
ËÒÔÓÎ¸ÁÓ‚‡Ì˚ ‚ Í‡˜ÂÒÚ‚Â ÒÓ·ÂÌÚÓ‚ ‰Îfl ÍÓÌˆÂÌÚË-
Ó‚‡ÌËfl ÔËÂÌ‡ ËÁ ‡Á·‡‚ÎÂÌÌ˚ı ‚Ó‰Ì˚ı ‡ÒÚ‚ÓÓ‚
Ò ÔÓÒÎÂ‰Û˛˘ËÏ Î˛ÏËÌÂÒˆÂÌÚÌ˚Ï ÓÔÂ‰ÂÎÂÌËÂÏ. 

ëèàëéä ãàíÖêÄíìêõ

1. å‡ÈÒÚÂÌÍÓ Ç.ç., ï‡ÏËÚÓ‚ ê.á., ÅÛ‰ÌËÍÓ‚ É.ä.
ùÍÓÎÓ„Ó-‡Ì‡ÎËÚË˜ÂÒÍËÈ ÏÓÌËÚÓËÌ„ ÒÛÔÂ˝ÍÓÚÓÍ-
ÒËÍ‡ÌÚÓ‚. å.: ïËÏËfl, 1996. 319 Ò.

2. ëÓÌËflÒÒË ê., ë‡Ì‰‡ å., òÎÂÚ ä. ÄÌ‡ÎËÁ ‚Ó‰˚:
Ó„‡ÌË˜ÂÒÍËÂ ÏËÍÓÔËÏÂÒË. ë‡ÌÍÚ-èÂÚÂ·Û„:
íÖáÄ, 1995. 248 Ò.

3. Smith S.R., Tanaka J., Futoma D.J., Smith T.E. // Anal.
Chem. 1981.V. 10. ‹ 4. P. 394.

4. ã‡ÌËÌ ë.ç., ãË„‡Â‚ Ä.ç., çËÍËÚËÌ û.ë. // ÜÛÌ.
‡Ì‡ÎËÚ. ıËÏËË. 1986. í. 41. ‹ 8. ë. 1411.

5. Chen J., Hurtubise R.J. // Talanta. 1998. V. 45. P. 1081.

6. Capitan-Vallvey L.F., Del Olmo Iruela M., Avidad Cas-
taneda R., Vilchez Quero J.L. // Anal. Lett. 1993. V. 26.
‹ 11. P. 2443.

7. Hagestuen E., Campiglia A.D. // Talanta. 1999. V. 49.
P. 547.

8. ÑÏËÚËÂÌÍÓ ë.É., ò‡ÔÓ‚‡ÎÓ‚‡ Ö.ç., ÉÛ‡ËÈ Ö.ü.,
äÓ˜ÂÚÓ‚‡ å.Ç., òÔË„ÛÌ é.Ä., áÓÎÓÚÓ‚ û.Ä. //
ÜÛÌ. ‡Ì‡ÎËÚ. ıËÏËË 2002. í. 57. ‹ 11. ë. 1189.

9. ÉÂ„ ë., ëËÌ„ ä. Ä‰ÒÓ·ˆËfl, Û‰ÂÎ¸Ì‡fl ÔÓ‚ÂıÌÓÒÚ¸,
ÔÓËÒÚÓÒÚ¸. å.: åË, 1984. 310 Ò.

10. Schumach L., Chow A. // Talanta. 1987. V. 34. P. 957.

11. å˚¯‡Í Ö.ç., ÑÏËÚËÂÌÍÓ ë.É., ò‡ÔÓ‚‡ÎÓ‚‡ Ö.ç.,
ÜË„ÛÎÂ‚ Ä.Ç., òÔË„ÛÌ é.Ä., áÓÎÓÚÓ‚ û.Ä. //
ÜÛÌ. ‡Ì‡ÎËÚ. ıËÏËË 1997. í. 52. ‹ 11. ë. 1036.

12. Evanoff D.D., Chumanov G. // Chem. Phys. Chem. 2005.
V. 6. ‹ 7. P. 1221.

13. è‡ÍÂ ë. îÓÚÓÎ˛ÏËÌÂÒˆÂÌˆËfl ‡ÒÚ‚ÓÓ‚. å.:
åË, 1972. 510 Ò.

êÂÁÛÎ¸Ú‡Ú˚ ÓÔÂ‰ÂÎÂÌËfl ÔËÂÌ‡ ‚ ÏÓ‰ÂÎ¸Ì˚ı ‡ÒÚ‚Ó-
‡ı ÔÓ „‡‰ÛËÓ‚Ó˜ÌÓÈ Á‡‚ËÒËÏÓÒÚË (n = 5, p = 0.95)

Ç‚Â‰ÂÌÓ ÔËÂÌ‡, Ì„/ÏÎ ç‡È‰ÂÌÓ ÔËÂÌ‡, Ì„/ÏÎ sr

70 64 ± 8 0.09

100 96 ± 4 0.03

170 160 ± 10 0.05

250 230 ± 20 0.08

a/
m

, 
Ï

Í
å

/„

0.6

0.5

0.4

0.3

0.2

0.1

0 0.005 0.010 0.015 0.020 0.025 0.030

CÛ„, ÏÍå

êËÒ. 5. àÁÓÚÂÏ‡ ÒÓ·ˆËË ÔËÂÌ‡ Ì‡ÌÓ˜‡ÒÚËˆ‡ÏË ÒÂ-
Â·‡, ÒÚ‡·ËÎËÁËÓ‚‡ÌÌ˚ÏË ñíåÄÅ, ‡ – ÍÓÌˆÂÌÚ‡-
ˆËfl ÔËÂÌ‡ Ì‡ ÒÓ·ÂÌÚÂ, Ï‡ÒÒ‡ ÒÓ·ÂÌÚ‡ 8.64 × 10–6 „,
Ó·˙ÂÏ ‡Ì‡ÎËÁËÛÂÏÓ„Ó ‡ÒÚ‚Ó‡ 3 ÏÎ, ‚ÂÏfl ÍÓÌÚ‡Í-
Ú‡ Ù‡Á 30 ÏËÌ.

2



1250

ÜìêçÄã ÄçÄãàíàóÖëäéâ ïàåàà      ÚÓÏ 64      ‹ 12      2009

Ç‡ÒËÎ¸Â‚‡ Ë ‰.

14. Å‡‡¯ÍÓ‚ ç.ç., ë‡ıÌÓ í.Ç., çÛÏÛı‡ÏÂÚÓ‚ ê.ç.,
ï‡ıÂÎ¸ é.Ä. // ìÒÔÂıË ıËÏËË 1993. í. 62. ‹. 6.
ë. 579.

15. éÎÂÌËÌ Ä.û., êÓÏ‡ÌÓ‚ÒÍ‡fl É.à., äÛÚflÍÓ‚ û.Ä.,
áÛÂ‚ Å.ä., ãËÒË˜ÍËÌ É.Ç. // ÑÄç. 2008. í. 419. ë. 91.

16. éÎÂÌËÌ Ä.û., êÓÏ‡ÌÓ‚ÒÍ‡fl É.à., äÛÚflÍÓ‚ û.Ä.,
Ç‡ÒËÎ¸Â‚‡ ë.û., äÛ‰ËÌÒÍËÈ Ä.Ä., ãËÒË˜ÍËÌ É.Ç. //
ÜÛÌ. ‡Ì‡ÎËÚ. ıËÏËË. 2009. í. 64. ‹ 1. ë. 32.

17. çÂÍ‡ÒÓ‚ Ç.Ç., É‡Ò‡ÌÓ‚ Ñ.ê., ëÂ„ÂÂ‚ Ä.å. // ÜÛÌ.
ÙËÁ. ıËÏËË. 1997. í. 71. ‹ 7. ë. 1313.

18. Forster T. Excitation transfer, comparative effect of ra-
diation. New York: J. Wiley & Sons, 1960. P. 300.

19. Itoh H., Ishido S., Hayakama T., Mitaku S. // J. Phys.
Chem. B 1996. V. 100. P. 9047.

20. Winnik F.M. // Chem. Rev., 1993. V. 93. C. 587.

21. Ä‰ÒÓ·ˆËfl ËÁ ‡ÒÚ‚ÓÓ‚ Ì‡ ÔÓ‚ÂıÌÓÒÚË Ú‚Â‰˚ı
ÚÂÎ. / èÓ‰ Â‰. êÓ˜ÂÒÚÂ‡ ä.å., è‡ÙËÚ‡ É. å.:
åË, 1986. 297 Ò.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


