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Ç‚Â‰ÂÌËÂ

íÛ·ÛÎÂÌÚÌÓÂ ÔÂÂÏÂ¯Ë‚‡ÌËÂ ‚ ÔËÔÓ‚ÂıÌÓÒÚ-
ÌÓÏ ÒÎÓÂ ÓÍÂ‡Ì‡ fl‚ÎflÂÚÒfl Ó‰ÌËÏ ËÁ ÓÒÌÓ‚Ì˚ı ÏÂı‡-
ÌËÁÏÓ‚ ÙÓÏËÓ‚‡ÌËfl ‰ÂflÚÂÎ¸ÌÓ„Ó ÒÎÓfl ÓÍÂ‡Ì‡ Ë
ÚÂÏÓı‡ÎËÌÌÓÈ ÒÚÛÍÚÛ˚ ÓÍÂ‡Ì‡, ‡ Ú‡ÍÊÂ ÔÓÚÓÍÓ‚
‡ÒÚ‚ÓÂÌÌ˚ı „‡ÁÓ‚ (ÒÏ. [1]). é‰ËÌ ËÁ ÓÒÌÓ‚Ì˚ı ÏÂ-
ı‡ÌËÁÏÓ‚ ÔÂÂÏÂ¯Ë‚‡ÌËfl ‚ ‚ÂıÌÂÏ ÒÎÓÂ ÓÍÂ‡Ì‡
Ó·ÛÒÎÓ‚ÎÂÌ ÚÛ·ÛÎÂÌÚÌ˚Ï ÔÂÂÌÓÒÓÏ, ‚ÓÁÌËÍ‡˛-
˘ËÏ ‚ ÂÁÛÎ¸Ú‡ÚÂ Ó·Û¯ÂÌËfl ÔÓ‚ÂıÌÓÒÚÌ˚ı ‚ÓÎÌ.
é·Û¯ÂÌËÂ ÔÓ‚ÂıÌÓÒÚÌ˚ı ‚ÓÎÌ ÔÂ‰ÒÚ‡‚ÎflÂÚ ÒÓ-
·ÓÈ ÒÎÓÊÌÓÂ ÌÂÎËÌÂÈÌÓÂ ÙËÁË˜ÂÒÍÓÂ fl‚ÎÂÌËÂ, ‚
ËÁÛ˜ÂÌËË ÍÓÚÓÓ„Ó ‚ ÔÓÒÎÂ‰ÌÂÂ ‚ÂÏfl ‰ÓÒÚË„ÌÛÚ˚
ÁÌ‡˜ËÚÂÎ¸Ì˚Â ÛÒÔÂıË ‚ Ò‚flÁË Ò ÔËÏÂÌÂÌËÂÏ ÒÓ‚Â-
ÏÂÌÌ˚ı ÏÂÚÓ‰Ó‚ ‚ËÁÛ‡ÎËÁ‡ˆËË Ë ËÁÏÂÂÌËfl ÚÂ˜ÂÌËÈ
[2]. ç‡Ë·ÓÎÂÂ ËÁÛ˜ÂÌ˚ ÏÂı‡ÌËÁÏ˚ Ó·Û¯ÂÌËfl ·Â„Û-
˘Ëı ‚ÓÎÌ [2, 3]. ä‡Í ÔÓÍ‡Á‡ÎË ÔÓÒÎÂ‰ÌËÂ ËÒÒÎÂ‰Ó‚‡-
ÌËfl [4, 5], Ó·Û¯ÂÌËÂ ·Â„Û˘ÂÈ ‚ÓÎÌ˚ ÔÂ‰ÒÚ‡‚ÎflÂÚ
ÒÓ·ÓÈ ÌÂÎËÌÂÈÌÛ˛ ÒÚ‡‰Ë˛ ÒÛÔÂ„‡ÏÓÌË˜ÂÒÍÓÈ ÌÂ-
ÛÒÚÓÈ˜Ë‚ÓÒÚË. ÑÎfl ‰ÓÒÚ‡ÚÓ˜ÌÓ ÍÓÓÚÍËı ‚ÓÎÌ (‰Ó
25 ÒÏ) ‚ ‡Á‚ËÚËË ˝ÚÓÈ ÌÂÛÒÚÓÈ˜Ë‚ÓÒÚË ·ÓÎ¸¯Û˛
ÓÎ¸ Ë„‡˛Ú Í‡ÔËÎÎflÌ˚Â ̋ ÙÙÂÍÚ˚, ÔË ̋ ÚÓÏ ËÏÂ-
ÂÚ ÏÂÒÚÓ, Ú‡Í Ì‡Á˚‚‡ÂÏÓÂ “ÚËıÓÂ Ó·Û¯ÂÌËÂ” (gentle
spilling breaker) [2, 3], ÒÓÔÓ‚ÓÊ‰‡˛˘ÂÂÒfl „ÂÌÂ‡ˆË-
ÂÈ ÍÓÓÚÍËı ÔÓ‚ÂıÌÓÒÚÌ˚ı ‚ÓÎÌ, ‚ ˝ÚÓÏ ÒÎÛ˜‡Â
‚ÓÁ·ÛÊ‰ÂÌËÂ ÚÛ·ÛÎÂÌÚÌÓÒÚË ÌÂ˝ÙÙÂÍÚË‚ÌÓ. ÑÎfl
·ÓÎÂÂ ‰ÎËÌÌ˚ı ‚ÓÎÌ ‡Á‚ËÚËÂ ÒÛÔÂ„‡ÏÓÌË˜ÂÒÍÓÈ
ÌÂÛÒÚÓÈ˜Ë‚ÓÒÚË ÒÓÔÓ‚ÓÊ‰‡ÂÚÒfl Ó·‡ÁÓ‚‡ÌËÂÏ
ÒÚÛË Û „Â·Ìfl ‚ÓÎÌ˚, Û‰‡ ÍÓÚÓÓÈ Ó ÔÓ‚ÂıÌÓÒÚ¸
ÔË‚Ó‰ËÚ Í „ÂÌÂ‡ˆËË ÚÛ·ÛÎÂÌÚÌÓÒÚË.

àÒÒÎÂ‰Ó‚‡ÌË˛ „ÂÌÂ‡ˆËË ÚÛ·ÛÎÂÌÚÌÓÒÚË ÒÚÓfl˜Ë-
ÏË ‚ÓÎÌ‡ÏË Û‰ÂÎflÎÓÒ¸ ÁÌ‡˜ËÚÂÎ¸ÌÓ ÏÂÌ¸¯Â ‚ÌËÏ‡-
ÌËfl [6, 7]. Ç ÚÓ ÊÂ ‚ÂÏfl ‚ Ì‡ÚÛÌ˚ı ÛÒÎÓ‚Ëflı ‚ÓÁ-
ÏÓÊÌ˚ Í‡ÚËÌ˚ ‚ÓÎÌ, ÍÓÚÓ˚Â ÏÓ„ÛÚ ·˚Ú¸ ÒÏÓ‰Â-
ÎËÓ‚‡Ì˚ ÌÂ ·Â„Û˘ËÏË, ‡ ÒÚÓfl˜ËÏË ‚ÓÎÌ‡ÏË, Í ÌËÏ

ÓÚÌÓÒflÚÒfl, ÔÂÊ‰Â ‚ÒÂ„Ó, ‚ÓÎÌ˚ ‚ ÁÓÌÂ ÔË·Ófl.
ëÚÛÍÚÛ˚, ·ÎËÁÍËÂ Í ÒÚÓfl˜ËÏ ‚ÓÎÌ‡Ï, ÏÓ„ÛÚ ÙÓ-
ÏËÓ‚‡Ú¸Òfl ÔË Ú‡ÌÒÙÓÏ‡ˆËË ‚ÓÎÌ Ì‡ ÌÂÓ‰ÌÓÓ‰-
Ì˚ı ÚÂ˜ÂÌËflı [8]. é˜Â‚Ë‰ˆ˚ ÒÓÓ·˘‡˛Ú Ó Ì‡·Î˛‰Â-
ÌËË ÒÚÓfl˜Ëı ‚ÓÎÌ Ì‡‰ Ó˜‡„‡ÏË ÔÓ‰‚Ó‰Ì˚ı ÁÂÏÎÂÚfl-
ÒÂÌËÈ [7]. 

ÇÓÔÓÒ, Ò‚flÁ‡ÌÌ˚È Ò ËÒÒÎÂ‰Ó‚‡ÌËÂÏ ÛÒËÎÂÌËfl ÔÂ-
ÂÏÂ¯Ë‚‡ÌËfl ‚ ÔÓÎÂ ÒÚÓfl˜Ëı ÔÓ‚ÂıÌÓÒÚÌ˚ı ‚ÓÎÌ
·˚Î ÔÓ‰Ó·ÌÓ ‡ÒÒÏÓÚÂÌ ‚ ‡·ÓÚÂ [6]. Ä‚ÚÓ‡ÏË
·˚ÎÓ ÔÓ‚Â‰ÂÌÓ ˝ÍÒÔÂËÏÂÌÚ‡Î¸ÌÓÂ ËÒÒÎÂ‰Ó‚‡ÌËÂ
„ÂÌÂ‡ˆËË ÚÛ·ÛÎÂÌÚÌÓÒÚË ÒÚÓfl˜ËÏË ÔÓ‚ÂıÌÓÒÚ-
Ì˚ÏË ‚ÓÎÌ‡ÏË. Å˚ÎÓ ÔÓÍ‡Á‡ÌÓ, ˜ÚÓ ‚ ÔÓÎÂ ÒÚÓfl˜Ëı
ÔÓ‚ÂıÌÓÒÚÌ˚ı ‚ÓÎÌ ‚·ÎËÁË Ëı ÔÛ˜ÌÓÒÚÂÈ ÙÓÏËÛ-
ÂÚÒfl ÒËÒÚÂÏ‡ ÌËÒıÓ‰fl˘Ëı ÒÚÛÈÌ˚ı ÔÓÚÓÍÓ‚, ÍÓÚÓ-
˚Â ‚ÔÓÒÎÂ‰ÒÚ‚ËË ÏÓ„ÛÚ ÚÛ·ÛÎËÁÓ‚‡Ú¸Òfl. Ç ‡·ÓÚÂ
[6] ÔÂ‰ÔÓÎ‡„‡ÎÓÒ¸, ˜ÚÓ ˝ÚË ÔÓÚÓÍË ÔÂ‰ÒÚ‡‚Îfl˛Ú
ÒÓ·ÓÈ ÌÂÎËÌÂÈÌ˚Â ËÌ‰ÛˆËÓ‚‡ÌÌ˚Â ÚÂ˜ÂÌËfl, ÔÓ-
‰Ó·Ì˚Â ‡ÍÛÒÚË˜ÂÒÍËÏ [9], ÒÓ ÒÍÓÓÒÚflÏË, ÔÓÔÓˆË-
ÓÌ‡Î¸Ì˚ÏË Í‚‡‰‡ÚÛ ‡ÏÔÎËÚÛ‰˚ ‚ÓÎÌ. ùÚË ‚˚‚Ó‰˚
·˚ÎË Ò‰ÂÎ‡Ì˚ ‚ [6] Ì‡ ÓÒÌÓ‚Â ‡Ì‡ÎËÁ‡ ÔÓÎfl Ô‡ÒÒË‚-
ÌÓÈ ÔËÏÂÒË (Í‡ÒËÚÂÎfl). çÂÓ·ıÓ‰ËÏÓ ÓÚÏÂÚËÚ¸,
Ó‰Ì‡ÍÓ, ˜ÚÓ ÔÓÎÂ Ô‡ÒÒË‚ÌÓÈ ÔËÏÂÒË ÏÓÊÂÚ ‰ÂÏÓÌ-
ÒÚËÓ‚‡Ú¸ ÒÚÓı‡ÒÚË˜ÂÒÍÓÂ ÔÓ‚Â‰ÂÌËÂ Ë ‚ ÔÓÎÂ Î‡-
ÏËÌ‡Ì˚ı ÔÓÚÓÍÓ‚, ˝ÚÓ fl‚ÎÂÌËÂ Î‡„‡ÌÊÂ‚‡ ı‡ÓÒ‡
ÔÓ‰Ó·ÌÓ ËÁÛ˜ÂÌÓ ‚ [10]. 

ñÂÎ¸˛ Ì‡ÒÚÓfl˘ÂÈ ‡·ÓÚ˚ fl‚ÎflÂÚÒfl ËÁÛ˜ÂÌËÂ Â-
ÊËÏÓ‚ ÌÂÎËÌÂÈÌ˚ı ÚÂ˜ÂÌËÈ, ‚ÍÎ˛˜‡fl ‡Á‚ËÚËÂ ÌÂ-
ÛÒÚÓÈ˜Ë‚ÓÒÚË Ë ÔÂÂıÓ‰ Í ÚÛ·ÛÎÂÌÚÌÓÒÚË. ÑÎfl ˝ÚÓ-
„Ó ·˚ÎË ÔÓ‚Â‰ÂÌ˚ Î‡·Ó‡ÚÓÌ˚Â ˝ÍÒÔÂËÏÂÌÚ˚
ÔÓ ËÒÒÎÂ‰Ó‚‡ÌË˛ ÔÓÎÂÈ ÒÍÓÓÒÚË ÒÂ‰ÌËı ÚÂ˜ÂÌËÈ,
ËÌ‰ÛˆËÓ‚‡ÌÌ˚ı ÒËÒÚÂÏÓÈ ÒÚÓfl˜Ëı ‚ÓÎÌ, Ò ÔÓÏÓ-
˘¸˛ ÚÂıÌËÍË Particle Imaging Velocimetry [11].

Ç Ì‡ÒÚÓfl˘ÂÈ ‡·ÓÚÂ ˝ÍÒÔÂËÏÂÌÚ‡Î¸ÌÓ ËÁÛ˜ÂÌ˚
ÓÒÓ·ÂÌÌÓÒÚË ÒÂ‰ÌÂ„Ó ÚÂ˜ÂÌËfl, ÒÓÁ‰‡‚‡ÂÏÓ„Ó ÒÚÓfl-

ãÄÅéêÄíéêçéÖ àëëãÖÑéÇÄçàÖ çÖãàçÖâçõï íÖóÖçàâ, 

ÇéáÅìÜÑÄÖåõï ëíéüóàåà èéÇÖêïçéëíçõåà ÇéãçÄåà 

Ç ÜàÑäéëíà 

© 2009 „.   é. ë. ÖÏ‡ÍÓ‚‡, û. Ä. å‡Î¸ÍÓ‚, Ñ. Ä. ëÂ„ÂÂ‚, û. à. íÓËˆÍ‡fl
àÌÒÚËÚÛÚ ÔËÍÎ‡‰ÌÓÈ ÙËÁËÍË êÄç

603950 çËÊÌËÈ çÓ‚„ÓÓ‰, ÛÎ. ìÎ¸flÌÓ‚‡, 46
E-mail: yuliya@hydro.appl.sci-nnov.ru

èÓÒÚÛÔËÎ‡ ‚ Â‰‡ÍˆË˛ 30.09.2008 „.

èÓ‚Â‰ÂÌÓ ̋ ÍÒÔÂËÏÂÌÚ‡Î¸ÌÓÂ ËÒÒÎÂ‰Ó‚‡ÌËÂ ÔÂÂÏÂ¯Ë‚‡ÌËfl, ‚˚Á‚‡ÌÌÓ„Ó ÒÚÓfl˜ËÏË ÔÓ‚ÂıÌÓÒÚÌ˚-
ÏË ‚ÓÎÌ‡ÏË ‚ ÊË‰ÍÓÒÚË. èÓÍ‡Á‡ÌÓ, ˜ÚÓ ÓÒÌÓ‚Ì˚Ï ÏÂı‡ÌËÁÏÓÏ, ÔË‚Ó‰fl˘ËÏ Í ‚ÓÁÌËÍÌÓ‚ÂÌË˛ ÔÂÂ-
ÏÂ¯Ë‚‡ÌËfl, fl‚Îfl˛ÚÒfl ÒÂ‰ÌËÂ ÚÂ˜ÂÌËfl, „ÂÌÂËÛÂÏ˚Â ÒÚÓfl˜ËÏË ‚ÓÎÌ‡ÏË. êÂÊËÏ Ú‡ÍËı ÚÂ˜ÂÌËÈ
ÒËÎ¸ÌÓ Á‡‚ËÒËÚ ÓÚ ‡ÏÔÎËÚÛ‰˚ ÔÓ‚ÂıÌÓÒÚÌ˚ı ‚ÓÎÌ. ÑÎfl ‚ÓÎÌ Ò ‡ÏÔÎËÚÛ‰‡ÏË, ·ÎËÁÍËÏË Í ÍËÚË˜Â-
ÒÍËÏ, Ì‡·Î˛‰‡ÂÚÒfl ËÌÚÂÌÒË‚Ì‡fl ÚÛ·ÛÎËÁ‡ˆËfl ÒÂ‰ÌËı ÚÂ˜ÂÌËÈ. èÓÎÛ˜ÂÌ˚ Í‡ÚËÌ˚ ÒÂ‰ÌÂ„Ó ÔÓÎfl
ÒÍÓÓÒÚË Ò ÔÓÏÓ˘¸˛ ËÒÔÓÎ¸ÁÓ‚‡ÌËfl ÚÂıÌËÍË Particle Imaging Velocimetry ‰Îfl ‡ÁÎË˜Ì˚ı ‡ÏÔÎËÚÛ‰
ÔÓ‚ÂıÌÓÒÚÌ˚ı ‚ÓÎÌ. èÓÎÛ˜ÂÌÌ˚Â ÂÁÛÎ¸Ú‡Ú˚ ÏÓ„ÛÚ ·˚Ú¸ ËÒÔÓÎ¸ÁÓ‚‡Ì˚ ‰Îfl ÓˆÂÌÍË ÔÂÂÏÂ¯Ë‚‡-
ÌËfl ‚ ÔËÔÓ‚ÂıÌÓÒÚÌÓÏ ÒÎÓÂ ÓÍÂ‡Ì‡.

ìÑä 551.468
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˜ËÏË Ô‡‡ÏÂÚË˜ÂÒÍËÏË „‡‚ËÚ‡ˆËÓÌÌÓ-Í‡ÔËÎÎfl-
Ì˚ÏË ‚ÓÎÌ‡ÏË. èÓËÁ‚Â‰ÂÌÓ ËÁÏÂÂÌËÂ ÔÓÎfl ÒÍÓÓ-
ÒÚË ÚÂ˜ÂÌËfl ‚ ÔÎÓÒÍÓÒÚË ÔÂÔÂÌ‰ËÍÛÎflÌÓÈ „Â·Ì˛
ÒÚÓfl˜ÂÈ ‚ÓÎÌ˚ ÏÂÚÓ‰ÓÏ PIV. èÓÎÛ˜ÂÌ ‚Ë‰ Í‡ÚËÌ˚
ÔÓÎfl ÒÍÓÓÒÚË ‰Îfl ÒÂ‰ÌËı ÚÂ˜ÂÌËÈ, ‚ÓÁ·ÛÊ‰‡ÂÏ˚ı
‚ÓÎÌ‡ÏË, ËÏÂ˛˘ËÏË ‡ÁÎË˜Ì˚Â ‡ÏÔÎËÚÛ‰˚. àÒÒÎÂ-
‰Ó‚‡Ì‡ Á‡‚ËÒËÏÓÒÚ¸ ÒÍÓÓÒÚË ÌÂÎËÌÂÈÌ˚ı ÚÂ˜ÂÌËÈ
ÓÚ ‡ÏÔÎËÚÛ‰˚ ÔÓ‚ÂıÌÓÒÚÌ˚ı ‚ÓÎÌ. ÑÎfl ËÌÚÂÔÂ-
Ú‡ˆËË ÔÓÎÛ˜ÂÌÌ˚ı Á‡‚ËÒËÏÓÒÚÂÈ ÔÂ‰ÎÓÊÂÌ‡ ÔÓ-
ÒÚ‡fl ÏÓ‰ÂÎ¸ ÒÂ‰ÌÂ„Ó ÔÓÎfl ÒÍÓÓÒÚË ‚ ÔÓÚÂÌˆË‡Î¸-
Ì˚ı ÌÂÎËÌÂÈÌ˚ı ‚ÓÎÌ‡ı, ‚˚Á‚‡ÌÌÓ„Ó ÒËÎ¸ÌÓÈ ‡ÒËÏ-
ÏÂÚËÂÈ ÙÓÏ˚ ‚ÓÁ‚˚¯ÂÌËfl ÔÓ‚ÂıÌÓÒÚË ‚ ‡ÁÌ˚ı
Ù‡Á‡ı ‚ÓÎÌ˚.

èÓ‚Â‰ÂÌÓ Ò‡‚ÌÂÌËÂ ‡ÏÔÎËÚÛ‰Ì˚ı Á‡‚ËÒËÏÓ-
ÒÚÂÈ ÒÍÓÓÒÚÂÈ ÒÂ‰ÌËı ÚÂ˜ÂÌËÈ, ÔÓÎÛ˜ÂÌÌ˚ı ̋ ÍÒÔÂ-
ËÏÂÌÚ‡Î¸ÌÓ Ë ÓˆÂÌÂÌÌ˚ı ‚ ‡ÏÍ‡ı ÔÂ‰ÎÓÊÂÌÌÓÈ
ÏÓ‰ÂÎË, ‚˚fl‚ÎÂÌÓ Û‰Ó‚ÎÂÚ‚ÓËÚÂÎ¸ÌÓÂ ÒÓ„Î‡ÒËÂ
ÚÂÓÂÚË˜ÂÒÍËı Ë ˝ÍÒÔÂËÏÂÌÚ‡Î¸Ì˚ı ÂÁÛÎ¸Ú‡ÚÓ‚.

ùÍÒÔÂËÏÂÌÚ‡Î¸Ì‡fl ÛÒÚ‡ÌÓ‚Í‡

ñÂÎ¸˛ ˝ÍÒÔÂËÏÂÌÚÓ‚ fl‚ÎflÎÓÒ¸ ËÒÒÎÂ‰Ó‚‡ÌËÂ
ÏÂı‡ÌËÁÏÓ‚ ‚ÂÚËÍ‡Î¸ÌÓ„Ó Ó·ÏÂÌ‡ ÔË Ô‡‡ÏÂÚ-
Ë˜ÂÒÍÓÈ „ÂÌÂ‡ˆËË ‚ÓÎÌ, ‚ ˜‡ÒÚÌÓÒÚË ËÁÛ˜ÂÌËÂ
ÓÒÓ·ÂÌÌÓÒÚÂÈ ÒÂ‰ÌËı ÚÂ˜ÂÌËÈ, ‚ÓÁ·ÛÊ‰‡ÂÏ˚ı ÔÓ-
‚ÂıÌÓÒÚÌ˚ÏË ÒÚÓfl˜ËÏË ‚ÓÎÌ‡ÏË, ËÏÂ˛˘ËÏË ‡Á-
ÎË˜ÌÛ˛ ‡ÏÔÎËÚÛ‰Û, ‡ Ú‡ÍÊÂ ËÒÒÎÂ‰Ó‚‡ÌËÂ ‚ÓÁÌËÍ-
ÌÓ‚ÂÌËfl ˝ÙÙÂÍÚ‡ „Ë‰Ó‰ËÌ‡ÏË˜ÂÒÍÓÈ ÌÂÛÒÚÓÈ˜Ë-
‚ÓÒÚË Ë ÔÂÂıÓ‰‡ Í ÚÛ·ÛÎÂÌÚÌÓÒÚË Ú‡ÍËı ÚÂ˜ÂÌËÈ
ÔË „ÂÌÂ‡ˆËË Ëı ‚ÓÎÌ‡ÏË Ò ‡ÏÔÎËÚÛ‰‡ÏË, ·ÎËÁÍË-
ÏË Í ÍËÚË˜ÂÒÍËÏ. 

ùÍÒÔÂËÏÂÌÚ‡Î¸Ì‡fl ÛÒÚ‡ÌÓ‚Í‡ ÒÓÒÚÓflÎ‡ ËÁ ‚Ë·-
ÓÒÚÂÌ‰‡, ÔflÏÓÛ„ÓÎ¸ÌÓÈ Í˛‚ÂÚ˚ ËÁ Ó„ÒÚÂÍÎ‡ Ò
‡ÁÏÂ‡ÏË 260 × 120 × 62 ÏÏ, Á‡ÔÓÎÌÂÌÌÓÈ ÔÂÒÌÓÈ
‚Ó‰ÓÈ (ÔÎÓÚÌÓÒÚ¸˛ ÓÍÓÎÓ 0.998 „/ÒÏ3) Ë ÓÔÚË˜ÂÒÍÓÈ
ÒËÒÚÂÏ˚, ‚ÍÎ˛˜‡˛˘ÂÈ ‚ ÒÂ·fl Î‡ÁÂ ÌÂÔÂ˚‚ÌÓ„Ó
ËÁÎÛ˜ÂÌËfl NdYag Ì‡ ‚ÚÓÓÈ „‡ÏÓÌËÍÂ (532 ÌÏ, Ï‡Í-
ÒËÏ‡Î¸Ì‡fl ÒÂ‰Ìflfl ÏÓ˘ÌÓÒÚ¸ 200 ÏÇÚ) Ë ‡ÒÒÂË‚‡˛-
˘Û˛ Ë ÒÓ·Ë‡˛˘Û˛ ÎËÌÁ˚, ÛÒÚ‡ÌÓ‚ÎÂÌÌ˚Â Ì‡ ÓÔ-
ÚË˜ÂÒÍÛ˛ ÒÍ‡Ï¸˛ (ÒÏ. ËÒ. 1). ä˛‚ÂÚ‡ ÛÒÚ‡Ì‡‚ÎË‚‡-
Î‡Ò¸ Ì‡ ‚Ë·ÓÒÚÂÌ‰, ÒË„Ì‡Î Ì‡ ÍÓÚÓ˚È ÔÓ‰‡‚‡ÎÒfl Ò
„ÂÌÂ‡ÚÓ‡ ÌËÁÍÓ˜‡ÒÚÓÚÌ˚ı ÒË„Ì‡ÎÓ‚ É3-118, Ó·ÂÒ-
ÔÂ˜Ë‚‡˛˘Â„Ó ÒÚÛÔÂÌ˜‡ÚÛ˛ Â„ÛÎËÓ‚ÍÛ ˜‡ÒÚÓÚ˚ Ë
‡ÏÔÎËÚÛ‰˚ ‚ÓÎÌ. èË ˝ÚÓÏ ‚ Í˛‚ÂÚÂ ‚ÓÁ·ÛÊ‰‡ÎËÒ¸
„‡‚ËÚ‡ˆËÓÌÌÓ-Í‡ÔËÎÎflÌ˚Â ‚ÓÎÌ˚ (ÉäÇ) Ò ˜‡ÒÚÓ-
ÚÓÈ, ‡‚ÌÓÈ ÔÓÎÓ‚ËÌÂ ˜‡ÒÚÓÚ˚ ÍÓÎÂ·‡ÌËÈ ‚Ë·Ó-
ÒÚÂÌ‰‡. ó‡ÒÚÓÚ˚ ‚Ë·‡ˆËÈ ÔÓ‰·Ë‡Î‡Ò¸ ˝ÍÒÔÂË-
ÏÂÌÚ‡Î¸ÌÓ ËÁ ÛÒÎÓ‚Ëfl ÂÁÓÌ‡ÌÒ‡, ÍÓ„‰‡ Ì‡ ÒÚÓÓÌ‡ı
Í˛‚ÂÚ˚ ÛÍÎ‡‰˚‚‡ÎÓÒ¸ ˆÂÎÓÂ ˜ËÒÎÓ ÔÓÎÛ‚ÓÎÌ ÉäÇ.
èË ˝ÚÓÏ ‰Îfl ÔÓ‚Â‰ÂÌËfl ˝ÍÒÔÂËÏÂÌÚÓ‚ ·˚Î‡ ‚˚-
·‡Ì‡ ÏÓ‰‡ Ò n = 3 Ë m = 1, ÒÓÓÚ‚ÂÚÒÚ‚Û˛˘‡fl ÚÂÏ
Ï‡ÍÒËÏÛÏ‡Ï, ÛÍÎ‡‰˚‚‡˛˘ËÏÒfl Ì‡ ÔÓ‰ÓÎ¸ÌÓÈ ÒÚÓ-
ÓÌÂ Í˛‚ÂÚ˚ Ë Ó‰ÌÓÏÛ Ï‡ÍÒËÏÛÏÛ Ì‡ ÔÓÔÂÂ˜ÌÓÈ
ÒÚÓÓÌÂ. ó‡ÒÚÓÚ‡ ÓÒˆËÎÎflˆËÈ ‚Ë·ÓÒÚÂÌ‰‡ ÒÓÒÚ‡‚-
ÎflÎ‡ 10 Éˆ, ‡ ̃ ‡ÒÚÓÚ‡ ÉäÇ – 5 Éˆ (Á‡ÏÂÚËÏ, ̃ ÚÓ ÒÓÓÚ-
ÌÓ¯ÂÌËÂ ˜‡ÒÚÓÚ Ë ‰ÎËÌ ‚ÓÎÌ ‚ ˝ÍÒÔÂËÏÂÌÚÂ ÌÂ
‚ÔÓÎÌÂ Û‰Ó‚ÎÂÚ‚ÓflÂÚ ÎËÌÂÈÌÓÏÛ ‰ËÒÔÂÒËÓÌÌÓÏÛ
ÒÓÓÚÌÓ¯ÂÌË˛, ÔÓÒÍÓÎ¸ÍÛ ‡ÏÔÎËÚÛ‰‡ ËÒÒÎÂ‰ÛÂÏ˚ı
‚ÓÎÌ ÍÓÌÂ˜Ì‡). ÑÎfl ‚˚·‡ÌÌÓÈ ÏÓ‰˚ ÔÛ˜ÌÓÒÚË ÒÚÓ-

fl˜Ëı ‚ÓÎÌ Ì‡ ÔÓ‚ÂıÌÓÒÚË ÊË‰ÍÓÒÚË ·˚ÎË ‡ÒÔÂ‰Â-
ÎÂÌ˚ ‚ ¯‡ıÏ‡ÚÌÓÏ ÔÓfl‰ÍÂ, Ú‡Í ˜ÚÓ ÌÂÍÓÚÓ˚Â ËÁ
ÔÛ˜ÌÓÒÚÂÈ ‡ÒÔÓÎ‡„‡ÎËÒ¸ ‚‰‡ÎË ÓÚ ÒÚÂÌÓÍ Í˛‚ÂÚ˚.
àÒÒÎÂ‰Ó‚‡ÌËÂ „ÂÌÂ‡ˆËË ÒÂ‰ÌÂ„Ó ÚÂ˜ÂÌËfl ÔÓ‚Ó-
‰ËÎÓÒ¸ ‰Îfl ÔÛ˜ÌÓÒÚË, Ì‡ıÓ‰fl˘ÂÈÒfl ‚ ˆÂÌÚ‡Î¸ÌÓÈ
Ó·Î‡ÒÚË Í˛‚ÂÚ˚, „‰Â ‚ÎËflÌËÂÏ ˝ÙÙÂÍÚ‡ ÒÚÂÌÓÍ Ì‡
Ì‡·Î˛‰‡ÂÏÓÂ ÚÂ˜ÂÌËÂ ÏÓÊÌÓ ÔÂÌÂ·Â˜¸.

ã‡ÁÂ Ò ÓÔÚË˜ÂÒÍÓÈ ÒËÒÚÂÏÓÈ ÛÒÚ‡Ì‡‚ÎË‚‡ÎËÒ¸
Ì‡ÔÓÚË‚ Í˛‚ÂÚ˚ Ò ‚Ó‰ÓÈ. Ç ‚Ó‰Û ·˚ÎË ÔÓÏÂ˘ÂÌ˚
˜‡ÒÚËˆ˚ ‡ÁÏÂÓÏ ÔÓfl‰Í‡ 10 ÏÍÏ Ë ÔÎÓÚÌÓÒÚ¸˛
ρ = 1.002 „/ÒÏ3, ÔË ˝ÚÓÏ ‚ÂÏfl ÓÒÂ‰‡ÌËfl ˜‡ÒÚËˆ ÁÌ‡-
˜ËÚÂÎ¸ÌÓ ÔÂ‚˚¯‡ÎÓ ‚ÂÏfl ˝ÍÒÔÂËÏÂÌÚ‡. èË ÔÓ-
ÏÓ˘Ë ÓÔÚË˜ÂÒÍÓÈ ÒËÒÚÂÏ˚ (‡ÒÒÂË‚‡˛˘ÂÈ Ë ÒÓ·Ë-
‡˛˘ÂÈ ÎËÌÁ) ÎÛ˜ Î‡ÁÂ‡ ÔÂÓ·‡ÁÛÂÚÒfl ‚ Ó„‡ÌË-
˜ÂÌÌÛ˛ ÔÓÎÛÔÎÓÒÍÓÒÚ¸ (“Ò‚ÂÚÓ‚ÓÈ ÌÓÊ”). ë‚ÂÚ
Î‡ÁÂ‡, Ô‡‰‡fl Ì‡ ̃ ‡ÒÚËˆ˚ ‚ ̋ ÚÓÈ ÔÓÎÛÔÎÓÒÍÓÒÚË, ‡Ò-
ÒÂË‚‡ÂÚÒfl, Ë ËÁÓ·‡ÊÂÌËÂ ˜‡ÒÚËˆ ÔÓÔ‡‰‡ÂÚ Ì‡ ÏÓÌÓ-
ıÓÏÌÛ˛ ˆËÙÓ‚Û˛ ‚Ë‰ÂÓÍ‡ÏÂÛ “ÇË‰ÂÓÒÍ‡Ì” Ò ˜‡-
ÒÚÓÚÓÈ 25 Éˆ Ë ‡ÁÂ¯ÂÌËÂÏ 768 × 580 ÔËÍÒÂÎÂÈ. á‡-
ı‚‡˜ÂÌÌ˚È ÔÓÚÓÍ ‚Ë‰ÂÓÙ‡„ÏÂÌÚÓ‚ Ò Í‡ÏÂ˚
ÔÓ‰‡‚‡ÎÒfl Ì‡ ÍÓÏÔ¸˛ÚÂ, ÒÓı‡ÌflÎÒfl Ì‡ ÊÂÒÚÍÓÏ
‰ËÒÍÂ ÍÓÏÔ¸˛ÚÂ‡ Ë Á‡ÚÂÏ Ó·‡·‡Ú˚‚‡ÎÒfl Ò ÔÓÏÓ-
˘¸˛ ÒÔÂˆË‡Î¸ÌÓ ÒÓÁ‰‡ÌÌÓ„Ó ÔÓ„‡ÏÏÌÓ„Ó Ó·ÂÒÔÂ-
˜ÂÌËfl ‰Îfl ÔÓÎÛ˜ÂÌËfl ÔÓÒÚ‡ÌÒÚ‚ÂÌÌÓ„Ó ‡ÒÔÂ‰Â-
ÎÂÌËfl ÔÓÎfl ÒÍÓÓÒÚË. 

óÚÓ·˚ ÛÒÚ‡ÌËÚ¸ ˝ÙÙÂÍÚ ÓÚ‡ÊÂÌËfl ÓÚ ÒÚÂÌÓÍ
Í˛‚ÂÚ˚, Ì‡ ‰ÌÓ, ‰‡Î¸Ì˛˛ Ë ÎÂ‚Û˛ ÒÚÂÌÍË ·˚ÎÓ Ì‡-
ÌÂÒÂÌÓ ˜ÂÌÓÂ ÔÓÍ˚ÚËÂ. ÇÂıÌflfl „‡ÌËˆ‡ Ò‚ÂÚÓ-
‚Ó„Ó ÌÓÊ‡ ·˚Î‡ ÛÒÚ‡ÌÓ‚ÎÂÌ‡ Ì‡ 1.5 ÒÏ ÌËÊÂ ÔÓ-
‚ÂıÌÓÒÚË ‚Ó‰˚, ˜ÚÓ·˚ ËÁ·ÂÊ‡Ú¸ ÓÚ‡ÊÂÌËfl ÓÚ
‚Á‚ÓÎÌÓ‚‡ÌÌÓÈ ÔÓ‚ÂıÌÓÒÚË, ‚ ÂÁÛÎ¸Ú‡ÚÂ ÔË ‚ÓÁ-
ÌËÍÌÓ‚ÂÌËË ÒËÒÚÂÏ˚ ÒÚÓfl˜Ëı ‚ÓÎÌ ÒÓÓÚ‚ÂÚÒÚ‚Û˛-
˘ÂÈ ‡ÏÔÎËÚÛ‰˚ ÎÛ˜ Î‡ÁÂ‡ ÌÂ ‰ÓÒÚË„‡Î ÔÓ‚ÂıÌÓ-
ÒÚË ÔË ÂÂ ÒÏÂ˘ÂÌËflı. 

éÒÓ·ÂÌÌÓÒÚË ÔËÏÂÌÂÌËfl PIV 
ÏÂÚÓ‰‡ ‰Îfl ËÁÛ˜ÂÌËfl 

ÓÒˆËÎÎËÛ˛˘Ëı ÚÂ˜ÂÌËÈ

ëÎÂ‰Û˛˘ËÏ ˝Ú‡ÔÓÏ ˝ÍÒÔÂËÏÂÌÚ‡Î¸ÌÓ„Ó ËÒÒÎÂ-
‰Ó‚‡ÌËfl fl‚ÎflÎ‡Ò¸ ÓÔÚË˜ÂÒÍ‡fl Ó·‡·ÓÚÍ‡ Ò ÔÓÏÓ˘¸˛
‡Á‡·ÓÚ‡ÌÌÓ„Ó ÍÓÏÔÎÂÍÒ‡ ÔÓ„‡ÏÏ ÒÓ„Î‡ÒÌÓ ÒÎÂ-
‰Û˛˘ÂÏÛ ‡Î„ÓËÚÏÛ. Ç ÔÓˆÂÒÒÂ Ó·‡·ÓÚÍË ‚˚·Ë-

1

2

34

56

7
8

êËÒ. 1. ëıÂÏ‡ ˝ÍÒÔÂËÏÂÌÚ‡Î¸ÌÓÈ ÛÒÚ‡ÌÓ‚ÍË. 1 – Í˛-
‚ÂÚ‡ Ò ‚Ó‰ÓÈ; 2 – ‚Ë·ÓÒÚÂÌ‰; 3 – „ÂÌÂ‡ÚÓ ÌËÁÍÓ˜‡-
ÒÚÓÚÌ˚È; 4 – ‚Ë‰ÂÓÍ‡ÏÂ‡ “ÇË‰ÂÓÒÍ‡Ì”; 5 – Î‡ÁÂ ÌÂ-
ÔÂ˚‚ÌÓ„Ó ËÁÎÛ˜ÂÌËfl; 6 – ÓÔÚË˜ÂÒÍ‡fl ÒËÒÚÂÏ‡ (‡Ò-
ÒÂË‚‡˛˘‡fl Ë ÒÓ·Ë‡˛˘‡fl ÎËÌÁ‡); 7 – ÔÂÒÓÌ‡Î¸Ì˚È
ÍÓÏÔ¸˛ÚÂ; 8 – ˜‡ÒÚËˆ˚ ‰Îfl ‚ËÁÛ‡ÎËÁ‡ˆËË ÚÂ˜ÂÌËfl.
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ÖÏ‡ÍÓ‚‡ Ë ‰.

‡ÎËÒ¸ ‰‚‡ ÒÓÒÂ‰ÌËÂ Í‡‰‡, Í‡Ê‰˚È ËÁ ÍÓÚÓ˚ı ·˚Î
‡Á·ËÚ Ì‡ ·ÎÓÍË. ç‡ ÔÂ‚ÓÏ Í‡‰Â ‡ÁÏÂ ·ÎÓÍ‡ ÒÓ-
ÒÚ‡‚ÎflÎ 16 × 16 ÔËÍÒÂÎÂÈ, ‡ Ì‡ ‚ÚÓÓÏ ‡ÁÏÂ ÒÓÓÚ-
‚ÂÚÒÚ‚Û˛˘Â„Ó ·ÎÓÍ‡ ‚˚·‡Ì ‡ÁÏÂÓÏ 32 × 32 ÔËÍ-
ÒÂÎfl. èÛÚÂÏ Ò‡‚ÌÂÌËfl ÔÓÎÓÊÂÌËÈ ˜‡ÒÚËˆ ‚ ÔÂ‚ÓÏ
·ÎÓÍÂ Ë ‚Ó ‚ÚÓÓÏ ·ÎÓÍÂ ÒÚÓËÎ‡Ò¸ ÍÓÒÒÍÓÂÎfl-
ˆËÓÌÌ‡fl ÙÛÌÍˆËfl ‰Îfl ÓÒ‚Â˘ÂÌÌÓÒÚÂÈ ‚ ̋ ÚËı ·ÎÓÍ‡ı,
ÍÓÚÓ‡fl ‡ÔÔÓÍÒËÏËÓ‚‡Î‡Ò¸ É‡ÛÒÒÓ‚ÓÈ ÙÛÌÍˆËÂÈ:

(1)

„‰Â x0(ti) Ë y0(ti) – „ÓËÁÓÌÚ‡Î¸Ì‡fl Ë ‚ÂÚËÍ‡Î¸Ì‡fl ÍÓ-
Ó‰ËÌ‡Ú˚ Ï‡ÍÒËÏÛÏ‡ ÍÓÒÒÍÓÂÎflˆËÓÌÌÓÈ ÙÛÌÍ-
ˆËË ‚ ÏÓÏÂÌÚ ‚ÂÏÂÌË ti, ÒÓÓÚ‚ÂÚÒÚ‚Û˛˘ËÈ i-ÏÛ Í‡‰-
Û. å‡ÍÒËÏÛÏ ˝ÚÓÈ ÙÛÌÍˆËË ÓÔÂ‰ÂÎflÂÚ ÒÏÂ˘ÂÌËÂ
‚˚·‡ÌÌÓ„Ó ·ÎÓÍ‡, ‡ „ÓËÁÓÌÚ‡Î¸Ì‡fl vx Ë ‚ÂÚË-
Í‡Î¸Ì‡fl vy ÍÓÏÔÓÌÂÌÚ˚ ÒÍÓÓÒÚË ̃ ‡ÒÚËˆ ÊË‰ÍÓÒÚË ‚
·ÎÓÍÂ ÓÔÂ‰ÂÎfl˛ÚÒfl ÒÎÂ‰Û˛˘ËÏ ‚˚‡ÊÂÌËÂÏ:

(2)

é·ÒÛ‰ËÏ ÌÂÍÓÚÓ˚Â ÓÒÓ·ÂÌÌÓÒÚË Ó·‡·ÓÚÍË
ËÁÓ·‡ÊÂÌËÈ, ÔËÏÂÌflÂÏ˚Â ‚ Ì‡ÒÚÓfl˘ÂÈ ‡·ÓÚÂ. Ç
Ò‚flÁË Ò ÚÂÏ, ̃ ÚÓ Í˛‚ÂÚ‡ Ò ‚Ó‰ÓÈ ·˚Î‡ ÛÒÚ‡ÌÓ‚ÎÂÌ‡ Ì‡
‚Ë·ÓÒÚÂÌ‰Â, Í ÒÏÂ˘ÂÌËflÏ ˜‡ÒÚËˆ ‰Ó·‡‚ÎflÎÓÒ¸ ÒÏÂ-
˘ÂÌËÂ Í˛‚ÂÚ˚ Í‡Í ̂ ÂÎÓ„Ó. ùÚÓ ÔË‚Ó‰ËÎÓ Í ÔÓfl‚ÎÂ-
ÌË˛ ‰Ó·‡‚ÍË Í ÔÓÎ˛ ÒÍÓÓÒÚË, Á‡‚ËÒfl˘ÂÈ ÓÚ ‚ÂÏÂ-
ÌË ÔÓ „‡ÏÓÌË˜ÂÒÍÓÏÛ Á‡ÍÓÌÛ, ÌÓ ÌÂ Á‡‚ËÒfl˘ÂÈ ÓÚ
ÍÓÓ‰ËÌ‡Ú˚. ÑÎfl ‚˚‰ÂÎÂÌËfl ÒÂ‰ÌÂ„Ó ÚÂ˜ÂÌËfl Ì‡
ÙÓÌÂ ‚˚ÒÓÍÓ˜‡ÒÚÓÚÌ˚ı ÓÒˆËÎÎflˆËÈ ‚Ë·ÓÒÚÂÌ‰‡ Ë
Ó·ËÚ‡Î¸ÌÓ„Ó ‰‚ËÊÂÌËfl ‚ÓÎÌ ËÒÔÓÎ¸ÁÓ‚‡Î‡Ò¸ ÔÓ-
ˆÂ‰Û‡ Ù‡ÁÓ‚Ó„Ó ÓÒÂ‰ÌÂÌËfl, ÒÓÒÚÓfl˘‡fl ‚ ÓÔÂ‰ÂÎÂ-
ÌËË ÔÓÎfl ÒÍÓÓÒÚË ÔÛÚÂÏ Ò‡‚ÌÂÌËfl ÔÓÎÓÊÂÌËÈ ˜‡-
ÒÚËˆ Ì‡ ·ÎËÊ‡È¯Ëı Í‡‰‡ı, ‚ Ó‰ÌÓÈ Ë ÚÓÈ ÊÂ Ù‡ÁÂ
‚ÓÎÌ˚. ÑÎfl ˝ÚÓ„Ó ˜‡ÒÚÓÚ‡ ‚ÓÎÌ (ÒÓÒÚ‡‚Îfl‚¯‡fl ‚ Ì‡-
¯Ëı ˝ÍÒÔÂËÏÂÌÚ‡ı 5 Éˆ) ‰ÓÎÊÌ‡ ·˚Ú¸ Í‡ÚÌ‡ ˜‡-
ÒÚÓÚÂ Ò˙ÂÏÍË (‚˚·Ë‡Î‡Ò¸ ‡‚ÌÓÈ 25 Éˆ). èË ˝ÚÓÏ
ÒÍÓÓÒÚ¸ ˜‡ÒÚËˆ, ÓÒÂ‰ÌÂÌÌ‡fl ÔÓ Ù‡ÁÂ ‚ÓÎÌ˚, ÓÔÂ-
‰ÂÎflÂÚÒfl ÔÓ ÙÓÏÛÎÂ (3): 

(3)

ÑÎfl ‚˚‰ÂÎÂÌËfl ÒÂ‰ÌÂ„Ó ÚÂ˜ÂÌËfl Ì‡ ÙÓÌÂ Ó·ËÚ‡Î¸-
ÌÓ„Ó ‰‚ËÊÂÌËfl ÔÓÙËÎË ÍÓÏÔÓÌÂÌÚ ÒÍÓÓÒÚË, ÔÓÎÛ-
˜ÂÌÌ˚Â ÔÛÚÂÏ Ù‡ÁÓ‚Ó„Ó ÓÒÂ‰ÌÂÌËfl, Á‡ÚÂÏ ÛÒÂ‰Ìfl-
ÎËÒ¸ ÔÓ ‚ÂÏÂÌË:

(4)

á‰ÂÒ¸ vx(x, y, t) Ë vy(x, y, t) ÓÔÂ‰ÂÎfl˛ÚÒfl ÒÓ„Î‡Ò-
ÌÓ ‚˚‡ÊÂÌË˛ (3). 

èÓÎÛ˜ÂÌÌ˚Â Ú‡ÍËÏ Ó·‡ÁÓÏ ÔÓÎfl ÒÍÓÓÒÚË ÌËÊÂ
Ì‡Á˚‚‡˛ÚÒfl ÒÂ‰ÌËÏË.

ξ 1

2π
----------e

x x0 ti( )–( )2
y y0 ti( )–( )2+

2σ2
-----------------------------------------------------------------

,=

v x

v y⎝ ⎠
⎜ ⎟
⎛ ⎞ 1

ti 1+ ti–
-----------------

x0 ti( )
y0 ti( )⎝ ⎠

⎜ ⎟
⎛ ⎞

.=

v x x y t, ,( )
v y x y t, ,( )⎝ ⎠

⎜ ⎟
⎛ ⎞ 1

T
---

x0 x y t, ,( )
y0 x y t, ,( )⎝ ⎠

⎜ ⎟
⎛ ⎞

.=

v̂ x x y,( )
v̂ y x y,( )⎝ ⎠

⎜ ⎟
⎛ ⎞ 1

T
---

v x x y t, ,( )
v y x y t, ,( )⎝ ⎠

⎜ ⎟
⎛ ⎞

t.d

0

T

∫=

êÂÁÛÎ¸Ú‡Ú˚ ˝ÍÒÔÂËÏÂÌÚÓ‚ 
Ë Ëı Ó·ÒÛÊ‰ÂÌËÂ

é·ÒÛ‰ËÏ ÓÒÓ·ÂÌÌÓÒÚË ÚÂ˜ÂÌËÈ, ‚ÓÁ·ÛÊ‰‡ÂÏ˚ı
‚ÓÎÌ‡ÏË, ËÏÂ˛˘ËÏË ÍÓÌÂ˜ÌÛ˛ ‡ÏÔÎËÚÛ‰Û. ùÍÒÔÂ-
ËÏÂÌÚ˚ ÔÓ‚Ó‰ËÎËÒ¸ ÔË ÒÂÏË ‡ÁÎË˜Ì˚ı ÁÌ‡˜Â-
ÌËflı ‡ÏÔÎËÚÛ‰ ÔÓ‚ÂıÌÓÒÚÌÓ„Ó ‚ÓÎÌÂÌËfl – 0.1 ÒÏ,
0.38 ÒÏ, 0.45 ÒÏ, 0.6 ÒÏ, 0.78 ÒÏ, 0.95 ÒÏ, 1 ÒÏ. àÁÏÂÂ-
ÌËÂ ‡ÏÔÎËÚÛ‰˚ ÔÓ‚ÂıÌÓÒÚÌÓ„Ó ‚ÓÎÌÂÌËfl ÔÓËÁ‚Ó-
‰ËÎÓÒ¸ ÔÓ ËÁÓ·‡ÊÂÌË˛, ÔÓÎÛ˜ÂÌÌÓÏÛ Ò ÔÓÏÓ˘¸˛
ˆËÙÓ‚ÓÈ ‚Ë‰ÂÓ Í‡ÏÂ˚ Panasonic NV-DS28. 

ÑÎfl ÒÎÛ˜‡fl Ï‡ÎÓÈ ‡ÏÔÎËÚÛ‰˚ Ì‡·Î˛‰‡ÎÓÒ¸
ÒÚÛÈÌÓÂ ÚÂ˜ÂÌËÂ, ÌËÒıÓ‰fl˘ÂÂ ËÁ ÔÛ˜ÌÓÒÚË ÒÚÓfl˜ÂÈ
‚ÓÎÌ˚. ÇÓÁ‚˚¯ÂÌËÂ ÔÓ‚ÂıÌÓÒÚË ‚Ó‰˚ Ë ÔÓÎÂ ÒÍÓ-
ÓÒÚË ‰Îfl ‡ÏÔÎËÚÛ‰˚ ‚ÓÎÌ˚ ‡ = 0.38 ÒÏ (ÔË ˝ÚÓÏ
˝ÙÙÂÍÚË‚Ì‡fl ÍÛÚËÁÌ‡ ‚ÓÎÌ˚ ÒÓÒÚ‡‚ÎflÂÚ ‚ÂÎË˜ËÌÛ
ka = 0.37) ÔÓÍ‡Á‡Ì˚ Ì‡ ËÒ. 2‡, 2·.

èË Û‚ÂÎË˜ÂÌËË ‡ÏÔÎËÚÛ‰˚ ÒÚÓfl˜ÂÈ ‚ÓÎÌ˚ ÂÂ
ÙÓÏ‡ ÒÚ‡ÌÓ‚ËÎ‡Ò¸ ·ÎËÁÍÓÈ Í ÚÓıÓË‰‡Î¸ÌÓÈ (ÒÏ.
ËÒ. 3‡). èË ˝ÚÓÏ Ú‡ÍÊÂ Ì‡·Î˛‰‡ÎÓÒ¸ ÌËÒıÓ‰fl˘ÂÂ
ÒÚÛÈÌÓÂ ÚÂ˜ÂÌËÂ, ‚˚ıÓ‰fl˘ÂÂ ËÁ ÔÛ˜ÌÓÒÚË ÒÚÓfl˜ÂÈ
‚ÓÎÌ˚. èË ˝ÚÓÏ ‚ÓÁ‡ÒÚ‡Î‡ ÒÂ‰Ìflfl ÒÍÓÓÒÚ¸ ‚
ÒÚÛÂ Ë Û‚ÂÎË˜Ë‚‡Î‡Ò¸ „ÎÛ·ËÌ‡ ÂÂ ÔÓÌËÍÌÓ‚ÂÌËfl.
îÓÏ‡ ‚ÓÁ‚˚¯ÂÌËfl ‚ÓÎÌ˚ Ë ÒÓÓÚ‚ÂÚÒÚ‚Û˛˘ÂÂ ÔÓÎÂ
ÒÍÓÓÒÚË ‰Îfl ‚ÓÎÌ Ò ‡ÏÔÎËÚÛ‰ÓÈ ‡ = 0.6 Ë ̋ ÙÙÂÍÚË‚-
ÌÓÈ ÍÛÚËÁÌÓÈ k‡ = 0.59 ÔÓÍ‡Á‡Ì˚ Ì‡ ËÒ. 3‡, 3·. 

èË ‰‡Î¸ÌÂÈ¯ÂÏ Û‚ÂÎË˜ÂÌËË ‡ÏÔÎËÚÛ‰˚ ‚ÓÎÌ
Í‡ÚËÌ‡ ÚÂ˜ÂÌËfl ÒÚ‡ÌÓ‚ËÎ‡Ò¸ ÌÂÂ„ÛÎflÌÓÈ. èÓ-‚Ë-
‰ËÏÓÏÛ, ˝ÚÓ Ò‚flÁ‡ÌÓ Ò ‡Á‚ËÚËÂÏ „Ë‰Ó‰ËÌ‡ÏË˜Â-
ÒÍÓÈ ÌÂÛÒÚÓÈ˜Ë‚ÓÒÚË ÒÚÛÈÌÓ„Ó ÚÂ˜ÂÌËfl, ÍÓÚÓÓÂ
ÒÓÔÓ‚ÓÊ‰‡ÎÓÒ¸ Ó·‡ÁÓ‚‡ÌËÂÏ ‚ËıÂÈ. ÇÓÁ‚˚¯Â-
ÌËÂ ÔÓ‚ÂıÌÓÒÚË Ë ÔÓÎÂ ÒÂ‰ÌÂÈ ÒÍÓÓÒÚË ÒÎÛ˜‡fl
‚ÓÎÌ Ò ‡ÏÔÎËÚÛ‰ÓÈ ‡ = 1 ÒÏ Ë ˝ÙÙÂÍÚË‚ÌÓÈ ÍÛÚËÁ-
ÌÓÈ ka = 0.98 ÔÓÍ‡Á‡ÌÓ Ì‡ ËÒ. 4‡, 4·.

ÑÎfl ‰‡Î¸ÌÂÈ¯Â„Ó ‡Ì‡ÎËÁ‡ ËÒÔÓÎ¸ÁÓ‚‡ÎËÒ¸ ÔÓ-
ÙËÎË ‚ÂÚËÍ‡Î¸Ì˚ı ÒÂ‰ÌËı ÚÂ˜ÂÌËÈ, ÓÒÂ‰ÌÂÌÌ˚Â
ÔÓ „ÎÛ·ËÌÂ ÎÓÚÍ‡:

(5)

„‰Â (x, y) – ÔÓÎÂ ‚ÂÚËÍ‡Î¸ÌÓÈ ÍÓÏÔÓÌÂÌÚ˚ ÒÍÓ-

ÓÒÚË. 

èËÏÂ˚ Ú‡ÍËı ÛÒÂ‰ÌÂÌÌ˚ı ÔÓÙËÎÂÈ, „ÂÌÂË-
ÛÂÏ˚ı Í‚‡ÁËÎËÌÂÈÌ˚ÏË (ka < 0.4), ÌÂÎËÌÂÈÌ˚ÏË
(0.4 < ka < 0.6)Ë ÒËÎ¸ÌÓÌÂÎËÌÂÈÌ˚ÏË ‚ÓÎÌ‡ÏË
(ka > 0.6), ËÁÓ·‡ÊÂÌ˚ Ì‡ ËÒ. 5. 

í‡ÍÊÂ ·˚ÎË ÔÓÎÛ˜ÂÌ˚ ÔÓÎfl ÒÂ‰ÌÂÍ‚‡‰‡ÚË˜ÌÓ-
„Ó ÓÚÍÎÓÌÂÌËfl ‚ÂÚËÍ‡Î¸ÌÓÈ ÍÓÏÔÓÌÂÌÚ˚ ÒÍÓÓÒÚË
ÓÚ ÂÂ ÒÂ‰ÌÂ„Ó ÁÌ‡˜ÂÌËfl, ÔÓÎÛ˜ÂÌÌÓ„Ó ‚ ıÓ‰Â Ù‡ÁÓ-
‚Ó„Ó ÛÒÂ‰ÌÂÌËfl:

(6)

U x( ) 1
H
---- v̂ y x y,( )( ) y,d

0

H

∫=
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δ 1
T
--- v y x y t, ,( ) v̂ y x y,( )–( )2 td

0
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É‡ÙËÍË ‰ËÒÔÂÒËË ÓÚÍÎÓÌÂÌËÈ ÒÍÓÓÒÚË ÚÂ˜Â-
ÌËfl, ‡ÒÒ˜ËÚ‡ÌÌ˚Â ÔÓ ÙÓÏÛÎÂ (6) ‰Îfl ‡ÁÌ˚ı ÁÌ‡-
˜ÂÌËÈ ÍÛÚËÁÌ˚ ‚ÓÎÌ, ÔÂ‰ÒÚ‡‚ÎÂÌ˚ Ì‡ ËÒ. 6. 

é·ÒÛ‰ËÏ ÔÓ‰Ó·ÌÂÂ ÔÓÎÛ˜Ë‚¯ËÂÒfl ‚ ÂÁÛÎ¸Ú‡ÚÂ
Ó·‡·ÓÚÍË ÔÓÙËÎË ÒÍÓÓÒÚË Ë ‚ÂÎË˜ËÌ˚ ‰ËÒÔÂ-
ÒËË ‰Îfl ÚÂ˜ÂÌËÈ, „ÂÌÂËÛÂÏ˚ı ‚ÓÎÌ‡ÏË ‡ÁÎË˜Ì˚ı
‡ÏÔÎËÚÛ‰. ÄÌ‡ÎËÁËÛfl ËÒ. 5, ÏÓÊÌÓ Ò‰ÂÎ‡Ú¸ ‚˚‚Ó‰,
˜ÚÓ Ò Û‚ÂÎË˜ÂÌËÂÏ ‡ÏÔÎËÚÛ‰˚ ‚ÂÎË˜ËÌ‡ ÒÍÓÓÒÚË
ÚÂ˜ÂÌËfl ÒÌ‡˜‡Î‡ ‚ÓÁ‡ÒÚ‡ÂÚ Ë ÒÚÛfl ÒËÎ¸ÌÓ Á‡„ÎÛ·-
ÎflÂÚÒfl, Ó‰Ì‡ÍÓ ÔË ÔË·ÎËÊÂÌËË ‡ÏÔÎËÚÛ‰˚ ‚ÓÎÌ˚
Í Ò‚ÓÂÏÛ ÍËÚË˜ÂÒÍÓÏÛ ÁÌ‡˜ÂÌË˛ ‚ÂÎË˜ËÌ‡ ÒÍÓÓ-
ÒÚË ÚÂ˜ÂÌËfl ÛÏÂÌ¸¯‡ÂÚÒfl, Â„Ó ¯ËËÌ‡ Û‚ÂÎË˜Ë‚‡ÂÚ-
Òfl, ‡ „ÎÛ·ËÌ‡, Ì‡ ÍÓÚÓÛ˛ ÔÓÌËÍ‡ÂÚ ÚÂ˜ÂÌËÂ, ÒÚ‡ÌÓ-
‚ËÚÒfl ÏÂÌ¸¯Â. ä‡Í ·˚ÎÓ ÛÍ‡Á‡ÌÓ ‚˚¯Â, ÔÓ‰Ó·ÌÓÂ
ÔÓ‚Â‰ÂÌËÂ ÏÓÊÂÚ ·˚Ú¸ Ò‚flÁ‡ÌÓ Ò ËÌÚÂÌÒË‚ÌÓÈ ÚÛ-
·ÛÎËÁ‡ˆËÂÈ Í‡Â‚ ÚÂ˜ÂÌËfl, ‚ÓÁ·ÛÊ‰‡ÂÏÓ„Ó ÒËÎ¸ÌÓ-
ÌÂÎËÌÂÈÌ˚ÏË ‚ÓÎÌ‡ÏË. ç‡ ËÒ. 6 ÏÓÊÌÓ ‚Ë‰ÂÚ¸, ̃ ÚÓ
‰Îfl ÒÎÛ˜‡fl ‚ÓÎÌ Ò ‡ÏÔÎËÚÛ‰‡ÏË, ·ÎËÁÍËÏË Í ÍËÚË-
˜ÂÒÍËÏ, ‚ Ó·Î‡ÒÚË ÔÓ‰ ÚÂ˜ÂÌËÂÏ Ì‡·Î˛‰‡ÂÚÒfl ÂÁ-
ÍÓÂ Û‚ÂÎË˜ÂÌËÂ ‰ËÒÔÂÒËË ÔÓ˜ÚË ‚ÂÁ‰Â (ÍË‚‡fl 3 Ì‡
ËÒ. 6), ̃ ÚÓ, ÔÓ-‚Ë‰ËÏÓÏÛ, Ò‚flÁ‡ÌÓ Ò ÔÓÎÌÓÈ ÚÛ·ÛÎË-
Á‡ˆËÂÈ Ì‡·Î˛‰‡ÂÏ˚ı ÚÂ˜ÂÌËÈ. éˆÂÌËÏ ı‡‡ÍÚÂ-
ÌÛ˛ ‚ÂÎË˜ËÌÛ ˜ËÒÎ‡ êÂÈÌÓÎ¸‰Ò‡ ‰Îfl ˝ÚÓ„Ó ÒÎÛ˜‡fl.
íÓÎ˘ËÌ‡ Ì‡·Î˛‰‡ÂÏÓÈ ÒÚÛË l ‚ ̋ ÚÓÏ ÒÎÛ˜‡Â ÒÓÒÚ‡‚-
ÎflÂÚ ‚ÂÎË˜ËÌÛ ÔÓfl‰Í‡ 1.5 ÒÏ, ‡ ÒÍÓÓÒÚ¸ ‚ ÒÚÛÂ u, ‚

Ó·Î‡ÒÚË, „‰Â ÔÓËÒıÓ‰ËÚ ÂÂ ÚÛ·ÛÎËÁ‡ˆËfl ‰ÓÒÚË„‡ÂÚ
4 ÒÏ/Ò, ÚÓ„‰‡:

(7)

í‡ÍËÏ Ó·‡ÁÓÏ, ‰Îfl ÒÎÛ˜‡fl ‚ÓÎÌ, ËÏÂ˛˘Ëı ‚ÂÎË-
˜ËÌÛ ‡ÏÔÎËÚÛ‰˚, ·ÎËÁÍÛ˛ Í ÍËÚË˜ÂÒÍÓÈ, ˜ËÒÎÓ
êÂÈÌÓÎ¸‰Ò‡ ÓÍ‡Á˚‚‡ÂÚÒfl ‰ÓÒÚ‡ÚÓ˜ÌÓ ·ÓÎ¸¯ËÏ Ë Ì‡-
·Î˛‰‡ÂÚÒfl ÂÊËÏ ÔÂÂıÓ‰‡ Í ÚÛ·ÛÎÂÌÚÌÓÒÚË.

ÇÂÎË˜ËÌ‡ ÓÚÍÎÓÌÂÌËÈ ÒÍÓÓÒÚË ÚÂ˜ÂÌËfl ÓÚ ÒÂ‰-
ÌÂ„Ó ÁÌ‡˜ÂÌËfl ‰Îfl ÒÎÛ˜‡fl “Í‚‡ÁËÎËÌÂÈÌ˚ı” Ë ÌÂÎË-
ÌÂÈÌ˚ı ‚ÓÎÌ Ò ‡ÏÔÎËÚÛ‰‡ÏË, ‰‡ÎÂÍËÏË ÓÚ ÍËÚË˜Â-
ÒÍÓ„Ó ÁÌ‡˜ÂÌËfl, ÓÍ‡Á˚‚‡ÂÚÒfl Ï‡ÎÓÈ (ÒÏ. ÍË‚˚Â 1, 2
Ì‡ ËÒ. 6), ˜ÚÓ „Ó‚ÓËÚ Ó· ÓÚÒÛÚÒÚ‚ËË Á‡ÏÂÚÌ˚ı ÚÛ-
·ÛÎÂÌÚÌ˚ı ÔÛÎ¸Ò‡ˆËÈ ‚ ˝ÚÓÏ ÒÎÛ˜‡Â. 

ç‡ ËÒ. 7 ËÁÓ·‡ÊÂÌ‡ Á‡‚ËÒËÏÓÒÚ¸ ‚ÂÎË˜ËÌ˚
Ï‡ÍÒËÏ‡Î¸ÌÓÈ ÒÍÓÓÒÚË ËÒÒÎÂ‰ÛÂÏ˚ı ÚÂ˜ÂÌËÈ ÓÚ
ÍÛÚËÁÌ˚ ÔÓ‚ÂıÌÓÒÚÌ˚ı ‚ÓÎÌ. ÇË‰ÌÓ, ˜ÚÓ ‰Îfl Í‚‡-
ÁËÎËÌÂÈÌ˚ı ‚ÓÎÌ Ò ‚ÂÎË˜ËÌÓÈ ÍÛÚËÁÌ˚, ÌÂ ÔÂ‚˚-
¯‡˛˘ÂÈ 0.4, ÒÍÓÓÒÚ¸ ÒÂ‰ÌÂ„Ó ÚÂ˜ÂÌËfl ÔÓÔÓˆË-
ÓÌ‡Î¸Ì‡ (ka)2. ùÚÓ ÔÓÁ‚ÓÎflÂÚ ÔÂ‰ÔÓÎÓÊËÚ¸, ˜ÚÓ ‚
˝ÚÓÈ Ó·Î‡ÒÚË ÔËÏÂÌËÏÓ ÒÎ‡·ÓÌÂÎËÌÂÈÌÓÂ ÔË·ÎË-
ÊÂÌËÂ, ‚ ‡ÏÍ‡ı ÍÓÚÓÓ„Ó ÒÂ‰ÌËÂ ‚ÂÎË˜ËÌ˚ Í‚‡‰-
‡ÚË˜Ì˚ ÔÓ ‡ÏÔÎËÚÛ‰Â. 

Re
ul
ν
----- 600.∝=

(a) (·)

6 ÒÏ

X

Y
6 ÒÏ

X

Y

2.5 ÒÏ

6 ÒÏ

êËÒ. 2. ‡ – ÇÓÁ‚˚¯ÂÌËÂ ÔÓ‚ÂıÌÓÒÚË ‰Îfl ÒÎÛ˜‡fl ‚ÓÎÌ, ‡ÏÔÎËÚÛ‰‡ ÍÓÚÓ˚ı ÒÓÒÚ‡‚ÎflÂÚ 0.38 ÒÏ; · – ÔÓÎÂ ÒÂ‰ÌÂÈ ÒÍÓÓÒÚË
‚ ˆÂÌÚ‡Î¸ÌÓÏ ÒÂ˜ÂÌËË Í˛‚ÂÚ˚, ‡ÏÔÎËÚÛ‰‡ ‚ÓÁ‚˚¯ÂÌËfl ÔÓ‚ÂıÌÓÒÚË ‡ = 0.38 ÒÏ (Ì‡·Î˛‰‡ÂÚÒfl ÌËÒıÓ‰fl˘ÂÂ ÚÂ˜ÂÌËÂ).

9
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ÖÏ‡ÍÓ‚‡ Ë ‰.

çÂÓ·ıÓ‰ËÏÓ ÓÚÏÂÚËÚ¸ ‚ÓÁÌËÍÌÓ‚ÂÌËÂ Ó„‡ÌË˜Â-
ÌËfl ‚ÂÎË˜ËÌ˚ ÒÍÓÓÒÚË ÚÂ˜ÂÌËfl ‰Îfl ÒËÎ¸ÌÓÌÂÎË-
ÌÂÈÌ˚ı ‚ÓÎÌ (ka > 0.6), ̃ ÚÓ ÏÓÊÂÚ ·˚Ú¸ Ò‚flÁ‡ÌÓ, Í‡Í
ÛÊÂ Ó·ÒÛÊ‰‡ÎÓÒ¸ ‚˚¯Â, Ò ÔÂÂ‰‡˜ÂÈ ˝ÌÂ„ËË ‚ ÚÛ-
·ÛÎÂÌÚÌÓÒÚ¸. 

Ç ÔÓÏÂÊÛÚÓ˜ÌÓÈ Ó·Î‡ÒÚË 0.4 < ka < 0.6, ÒÓÓÚ‚ÂÚ-
ÒÚ‚Û˛˘ÂÈ ‚ÓÎÌ‡Ï Ò ÙÓÏÓÈ, ·ÎËÁÍÓÈ Í ÚÓıÓË‰‡Î¸-
ÌÓÈ, Á‡‚ËÒËÏÓÒÚ¸ ÒÍÓÓÒÚË ÚÂ˜ÂÌËÈ ÓÚ ÍÛÚËÁÌ˚ ÔÓ-
‚ÂıÌÓÒÚÌ˚ı ‚ÓÎÌ ÏÓÊÂÚ ·˚Ú¸ ‡ÔÔÓÍÒËÏËÓ‚‡Ì‡
ÔflÏÓÈ.

èË‚Â‰ÂÏ ÌÂÍÓÚÓ˚Â Í‡˜ÂÒÚ‚ÂÌÌ˚Â ‡ÒÒÛÊ‰Â-
ÌËfl, ÔÓÁ‚ÓÎfl˛˘ËÂ Ó·˙flÒÌËÚ¸ ÎËÌÂÈÌÛ˛ Á‡‚ËÒË-
ÏÓÒÚ¸ ÒÍÓÓÒÚË ÚÂ˜ÂÌËfl ÓÚ ÍÛÚËÁÌ˚ ÒÚÓfl˜Ëı ÔÓ-
‚ÂıÌÓÒÚÌ˚ı ‚ÓÎÌ. Ç ÒÎÛ˜‡Â, ÍÓ„‰‡ ‚ÓÎÌ‡ ‰ÓÒÚË„‡ÂÚ
Ò‚ÓÂ„Ó Ï‡ÍÒËÏ‡Î¸ÌÓ„Ó Ë ÏËÌËÏ‡Î¸ÌÓ„Ó ‚ÓÁ‚˚¯Â-
ÌËfl, ÌÓÏ‡Î¸Ì‡fl ÍÓÏÔÓÌÂÌÚ‡ ÒÍÓÓÒÚË Ì‡ ÔÓ‚ÂıÌÓ-
ÒÚË ‡‚Ì‡ ÌÛÎ˛, ‡ ÁÌ‡˜ËÚ, ‰‚ËÊÂÌËÂ ÊË‰ÍÓÒÚË Á‰ÂÒ¸
ÓÍ‡Á˚‚‡ÂÚÒfl ‡Ì‡ÎÓ„Ë˜Ì˚Ï ÚÂ˜ÂÌË˛ ‚ÌÛÚË Û„Î‡ Ò
Ú‚Â‰˚ÏË ÒÚÂÌÍ‡ÏË, Û„ÓÎ ‡ÒÚ‚Ó‡ ÍÓÚÓÓ„Ó ‚ ‰‚‡
‡Á‡ ÏÂÌ¸¯Â Û„Î‡ ÔË ‚Â¯ËÌÂ ‚ÓÎÌ˚. èË˜ÂÏ ‚ ÒË-
ÎÛ ÚÓ„Ó, ˜ÚÓ ‚ÓÎÌ˚ fl‚Îfl˛ÚÒfl ÌÂÎËÌÂÈÌ˚ÏË, Û„ÓÎ
ÔË ‚Â¯ËÌÂ ‚ÓÎÌ˚ ÔË ÂÂ Ï‡ÍÒËÏ‡Î¸ÌÓÏ ÓÚÍÎÓÌÂ-
ÌËË ‚‚Âı ÌÂ ‡‚ÂÌ Û„ÎÛ ÔË ‚Â¯ËÌÂ ÔË ÂÂ Ï‡ÍÒË-
Ï‡Î¸ÌÓÏ ÓÚÍÎÓÌÂÌËË ‚ÌËÁ ÒÏ. ËÒ. 8. Ç Ò‚flÁË Ò ˝ÚËÏ

ËÏÂÂÚ ÏÂÒÚÓ Á‡ÏÂÚÌ‡fl ‡ÒËÏÏÂÚËfl ‚ÓÒıÓ‰fl˘Â„Ó (ÒÏ.
ËÒ. 8‡) Ë ÌËÒıÓ‰fl˘Â„Ó (ÒÏ. ËÒ. 8·) ÚÂ˜ÂÌËÈ. 

äÓÏÔÎÂÍÒÌ˚È ÔÓÚÂÌˆË‡Î, ÓÔËÒ˚‚‡˛˘ËÈ ÚÂ˜Â-
ÌËÂ ‚ÌÛÚË Û„Î‡ Ò Ú‚Â‰˚ÏË ÒÚÂÌÍ‡ÏË, ËÏÂÂÚ ÒÎÂ‰Û-
˛˘ËÈ ‚Ë‰ [12]:

W = Vzn. (8)

á‰ÂÒ¸ n = π/α, α – ‚ÂÎË˜ËÌ‡ Ó·ÚÂÍ‡ÂÏÓ„Ó Û„Î‡, z =
= x + iy – ÍÓÏÔÎÂÍÒÌ‡fl ÔÂÂÏÂÌÌ‡fl. ÇÂÎË˜ËÌ˚ ÒÍÓ-
ÓÒÚÂÈ ‚ ÔÓÎflÌÓÈ ÒËÒÚÂÏÂ ÍÓÓ‰ËÌ‡Ú (Û„ÓÎ θ ÓÚÒ˜Ë-
Ú˚‚‡ÂÚÒfl ÓÚ Ó‰ÌÓÈ ËÁ ÒÚÂÌÓÍ Û„Î‡) ËÏÂ˛Ú ÒÎÂ‰Û˛-
˘ËÈ ‚Ë‰:

(9)

(10)

„‰Â r = (x2 + y2)1/2, ‡ ‚ÂÎË˜ËÌ‡ V ËÏÂÂÚ ÔÓfl‰ÓÍ Ó-
·ËÚ‡Î¸ÌÓÈ ÒÍÓÓÒÚË:

(11)

Á‰ÂÒ¸ Ò – Ù‡ÁÓ‚‡fl ÒÍÓÓÒÚ¸ ÔÓ‚ÂıÌÓÒÚÌÓÈ ‚ÓÎÌ˚,
ka – ÍÛÚËÁÌ‡ ÔÓ‚ÂıÌÓÒÚÌ˚ı ‚ÓÎÌ. 

ê‡ÒÒÏÓÚËÏ ÚËÔË˜Ì˚È ÔËÏÂ ÌÂÎËÌÂÈÌ˚ı ‚ÓÎÌ,
Ì‡·Î˛‰‡‚¯ËıÒfl ‚ ̋ ÍÒÔÂËÏÂÌÚ‡ı, Ò ÙÓÏÓÈ, ·ÎËÁÍÓÈ
Í ÚÓıÓË‰‡Î¸ÌÓÈ Ò ÍÛÚËÁÌÓÈ ka = 0.58 (ÒÏ. ËÒ. 4).

v r nVrn 1– nθ,cos=

v θ n– Vrn 1– nsin θ,=

V c ka( ).∝

(a) (·)

6 ÒÏ

X

Y

4 ÒÏ

X

Y
6 ÒÏ

6 ÒÏ

êËÒ. 3. ‡ – ÇÓÁ‚˚¯ÂÌËÂ ÔÓ‚ÂıÌÓÒÚË ‰Îfl ÒÎÛ˜‡fl ÌÂÎËÌÂÈÌ˚ı ‚ÓÎÌ (ÙÓÏ‡ ÔÓ‚ÂıÌÓÒÚË ·ÎËÁÍ‡ Í ÚÓıÓË‰‡Î¸ÌÓÈ, ‡Ï-
ÔÎËÚÛ‰‡ ‚ÓÎÌ ‡‚Ì‡ 0.6 ÒÏ); · – ÔÓÎÂ ÒÂ‰ÌÂÈ ÒÍÓÓÒÚË ‚ ÔÂÂ‰ÌÂÏ ÒÂ˜ÂÌËË Í˛‚ÂÚ˚, ‡ÏÔÎËÚÛ‰‡ ‚ÓÁ‚˚¯ÂÌËfl ÔÓ‚ÂıÌÓ-
ÒÚË ‡ = 0.6 ÒÏ (ÂÁÍÓ Ó˜Â˜ÂÌÌ‡fl ÒÚÛfl, ÔÓÌËÍ‡˛˘‡fl ‰Ó ‰Ì‡ Í˛‚ÂÚ˚). 
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(a) (·)

6 ÒÏ

X

Y

5.5 ÒÏ

X

Y

2 ÒÏ

6 ÒÏ

êËÒ. 4. ‡ – ÇÓÁ‚˚¯ÂÌËÂ ÔÓ‚ÂıÌÓÒÚË ‰Îfl ÒËÎ¸ÌÓÌÂÎËÌÂÈÌ˚ı ‚ÓÎÌ (‡ÏÔÎËÚÛ‰‡ ‚ÓÎÌ ·ÎËÁÍ‡ Í ÍËÚË˜ÂÒÍÓÈ Ë ÒÓÒÚ‡‚ÎflÂÚ
1 ÒÏ); · – èÓÎÂ ÒÂ‰ÌÂÈ ÒÍÓÓÒÚË, ‡ÏÔÎËÚÛ‰‡ ‚ÓÁ‚˚¯ÂÌËfl ÔÓ‚ÂıÌÓÒÚË ‡ = 1 ÒÏ (ÚÂ˜ÂÌËÂ Ì‡·Î˛‰‡ÂÚÒfl ÎË¯¸ ‚·ÎËÁË ÔÓ-
‚ÂıÌÓÒÚË).

V, ÒÏ/Ò
0.4

0

–0.4

–0.8

–1.2

–1.6
0 1 2 3 4 5

l, ÒÏ

a = 0.38 ÒÏ

‡ = 0.6 ÒÏ

‡ = 1 ÒÏ

êËÒ. 5. ìÒÂ‰ÌÂÌÌ˚Â ÔÓ ‚ÂÏÂÌË Ë ÔÓ „ÎÛ·ËÌÂ h = 6 ÒÏ
ÔÓÙËÎË ÒÍÓÓÒÚË ÚÂ˜ÂÌËfl (‡ÏÔÎËÚÛ‰‡ Ë ÍÛÚËÁÌ‡
‚ÓÎÌ ‡ = 0.38 ÒÏ, ka = 0.37; ‡ = 0.6 ÒÏ, ka = 0.59; ‡ = 1 ÒÏ,
ka = 0.98).

V
 –

 <
V

>
, 
ÒÏ

/Ò

0.15

0.10

0.05

0
1 2 3 4 5 6

1
2

3

l, ÒÏ

êËÒ. 6. á‡‚ËÒËÏÓÒÚ¸ ‰ËÒÔÂÒËË ÔÓÎfl ÒÍÓÓÒÚË, ÛÒÂ‰-
ÌÂÌÌÓÈ ÔÓ ‡ÁÌ˚Ï Ù‡Á‡Ï ‚ÓÎÌ˚ ÓÚ ‡ÒÒÚÓflÌËfl ‚‰ÓÎ¸
„ÓËÁÓÌÚ‡ÎË. 1 – ‡ = 0.38 ÒÏ, ‡ÒÒÚÓflÌËÂ ÓÚ ÔÓ‚ÂıÌÓ-
ÒÚË 2 ÒÏ; 2 – ‡ = 0.6 ÒÏ, ‡ÒÒÚÓflÌËÂ ÓÚ ÔÓ‚ÂıÌÓÒÚË
2 ÒÏ; 3 – ‡ = 1 ÒÏ, ‡ÒÒÚÓflÌËÂ ÓÚ ÔÓ‚ÂıÌÓÒÚË 2 ÒÏ.

9*
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ÖÏ‡ÍÓ‚‡ Ë ‰.

ì„ÓÎ ÔË ‚Â¯ËÌÂ Ú‡ÍÓÈ ‚ÓÎÌ˚ ÔË ÂÂ Ï‡ÍÒËÏ‡Î¸-

ÌÓÏ ÓÚÍÎÓÌÂÌËË ‚‚Âı ÒÓÒÚ‡‚ÎflÎ ‚ÂÎË˜ËÌÛ, ·ÎËÁÍÛ˛

Í 2π/3, ‡ Û„ÓÎ ÔË ‚Â¯ËÌÂ ÔË Ï‡ÍÒËÏ‡Î¸ÌÓÏ ÓÚÍÎÓ-

ÌÂÌËË ‚ÌËÁ ÒÓÒÚ‡‚ÎflÎ ‚ÂÎË˜ËÌÛ, ·ÎËÁÍÛ˛ Í π. ï‡‡Í-

ÚÂÌ˚Â ÁÌ‡˜ÂÌËfl ‡‰Ë‡Î¸ÌÓÈ ÒÍÓÓÒÚË Ì‡ ÓÒË ÒËÏ-

ÏÂÚËË ÒÚÛË ‚ ˝ÚÓÏ ÒÎÛ˜‡Â ‰Îfl ÌËÒıÓ‰fl˘Â„Ó ÔÓÚÓÍ‡

Ë ‰Îfl ‚ÓÒıÓ‰fl˘Â„Ó ÔÓÚÓÍ‡ ÓÔÂ‰ÂÎfl˛ÚÒfl ÒÓÓÚ‚ÂÚ-

ÒÚ‚ÂÌÌÓ ‚˚‡ÊÂÌËflÏË (12) Ë (13):

(12)

(13)

v r α = π/3( ) 3c ka( )r2,∝

v r α = π/2( ) 2c ka( )r.∝

í‡ÍÓÂ ‡ÁÎË˜ËÂ ÒÍÓÓÒÚÂÈ ‚ÓÒıÓ‰fl˘Ëı Ë ÌËÒıÓ-
‰fl˘Ëı ÔÓÚÓÍÓ‚ Ó·˙flÒÌflÂÚ ÚÓ, ˜ÚÓ ÒÂ‰Ìflfl Á‡ ÔÂËÓ‰
‚ÓÎÌ˚ ÒÍÓÓÒÚ¸ ÚÂ˜ÂÌËfl ËÏÂÂÚ ‚ÂÎË˜ËÌÛ, ÓÚÎË˜ÌÛ˛
ÓÚ ÌÛÎfl Ë ÔÓÔÓˆËÓÌ‡Î¸ÌÛ˛ ÍÛÚËÁÌÂ ÔÓ‚ÂıÌÓÒÚ-
Ì˚ı ‚ÓÎÌ, ˜ÚÓ Ë ÒÓÓÚ‚ÂÚÒÚ‚ÛÂÚ ÎËÌÂÈÌÓÏÛ Û˜‡ÒÚÍÛ
Ì‡ „‡ÙËÍÂ Á‡‚ËÒËÏÓÒÚË ÒÍÓÓÒÚË ÚÂ˜ÂÌËfl ÓÚ ÍÛ-
ÚËÁÌ˚ ‚ÓÎÌ. 

á‡ÍÎ˛˜ÂÌËÂ

éÒÌÓ‚ÌÓÈ ˆÂÎ¸˛ Ì‡ÒÚÓfl˘ÂÈ ‡·ÓÚ˚ fl‚ÎflÎÓÒ¸
ËÁÛ˜ÂÌËÂ ÏÂı‡ÌËÁÏ‡ „ÂÌÂ‡ˆËË ÔÂÂÏÂ¯Ë‚‡ÌËfl ‚
ÊË‰ÍÓÒÚË ÒÚÓfl˜ËÏË ÔÓ‚ÂıÌÓÒÚÌ˚ÏË ‚ÓÎÌ‡ÏË. Ç Â-

1.2

0.8

0.4

0
0.2 0.4 0.6 1.0 0.8

V
, 
ÒÏ

/Ò

PIV-Ó·‡·ÓÚÍ‡
ka

1

2

1.0

é·‡·ÓÚÍ‡ ˝ÍÒÔÂËÏÂÌÚÓ‚ Ò Í‡ÒËÚÂÎÂÏ

1

0.1

0.1 1

(a) (·)

ka

V
, 
ÒÏ

/Ò

êËÒ. 7. ‡, · – á‡‚ËÒËÏÓÒÚË ÒÍÓÓÒÚË ÚÂ˜ÂÌËfl ÓÚ ‡ÏÔÎËÚÛ‰˚ ÒÚÓfl˜Ëı ÔÓ‚ÂıÌÓÒÚÌ˚ı ‚ÓÎÌ, ‚ÂÎË˜ËÌ˚ ÚÂ˜ÂÌËÈ ÔÓÎÛ˜ÂÌ˚
Ò ÔÓÏÓ˘¸˛ PIV- Ó·‡·ÓÚÍË Ë Ò ÔÓÏÓ˘¸˛ Ó·‡·ÓÚÍË ̋ ÍÒÔÂËÏÂÌÚÓ‚ Ò Í‡ÒËÚÂÎÂÏ ÒÏ. [6], ËÁÓ·‡ÊÂÌÌ˚Â ÒÓÓÚ‚ÂÚÒÚ‚ÂÌ-
ÌÓ ‚ ÎËÌÂÈÌÓÏ Ë ÎÓ„‡ËÙÏË˜ÂÒÍÓÏ Ï‡Ò¯Ú‡·‡ı. 1 – ‡ÔÔÓÍÒËÏ‡ˆËfl ˝ÍÒÔÂËÏÂÌÚ‡Î¸Ì˚ı ÂÁÛÎ¸Ú‡ÚÓ‚ Á‡‚ËÒËÏÓÒÚ¸˛

~(ka)2, 2 – ‡ÔÔÓÍÒËÏ‡ˆËfl ˝ÍÒÔÂËÏÂÌÚ‡Î¸Ì˚ı ÂÁÛÎ¸Ú‡ÚÓ‚ Á‡‚ËÒËÏÓÒÚ¸˛ ~ (ka). äÂÒÚËÍË – PIV-Ó·‡·ÓÚÍ‡; ˜ÂÌ˚Â
ÍÛÊÍË – Ó·‡·ÓÚÍ‡ ˝ÍÒÔÂËÏÂÌÚÓ‚ Ò Í‡ÒËÚÂÎÂÏ.

α

(a) (·)

α

êËÒ. 8. ä‡˜ÂÒÚ‚ÂÌÌ‡fl Í‡ÚËÌ‡ ÚÂ˜ÂÌËfl Ë ‚ÓÁ‚˚¯ÂÌËfl ÔÓ‚ÂıÌÓÒÚË ‰Îfl ÌÂÎËÌÂÈÌÓÈ ‚ÓÎÌ˚: ‡ – ÔË ÂÂ Ï‡ÍÒËÏ‡Î¸ÌÓÏ ÓÚ-
ÍÎÓÌÂÌËË ‚‚Âı; · – ÔË ÂÂ Ï‡ÍÒËÏ‡Î¸ÌÓÏ ÓÚÍÎÓÌÂÌËË ‚ÌËÁ.
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ÁÛÎ¸Ú‡ÚÂ ËÒÒÎÂ‰Ó‚‡ÌËfl ÔÓÎfl ÒÍÓÓÒÚË ‚ Ó„‡ÌË˜ÂÌ-
ÌÓÈ Í˛‚ÂÚÂ ÔË ‚ÓÁ·ÛÊ‰ÂÌËË ÒËÒÚÂÏ˚ ÒÚÓfl˜Ëı ‚ÓÎÌ
ÔË ÔÓÏÓ˘Ë ÒËÒÚÂÏ˚ PIV Ó·Ì‡ÛÊÂÌ‡ ÒËÒÚÂÏ‡ ÒÂ‰-
ÌËı ÔÓ ÔÂËÓ‰Û ‚ÓÎÌ˚ ÚÂ˜ÂÌËÈ, ËÒıÓ‰fl˘Ëı ËÁ ÔÛ˜ÌÓ-
ÒÚÂÈ ÒÚÓfl˜Ëı ‚ÓÎÌ. èË ‰ÓÒÚ‡ÚÓ˜ÌÓ ·ÓÎ¸¯ÓÈ ‡ÏÔÎË-
ÚÛ‰Â ‚ÓÎÌ ÌÂÛÒÚÓÈ˜Ë‚ÓÒÚ¸ Ú‡ÍËı ÚÂ˜ÂÌËÈ ÏÓÊÂÚ ÔË-
‚Ó‰ËÚ¸ Í ‚ÓÁÌËÍÌÓ‚ÂÌË˛ ÚÛ·ÛÎÂÌÚÌÓÒÚË. Ç ‡·ÓÚÂ
Ò‰ÂÎ‡Ì˚ ÓˆÂÌÍË ı‡‡ÍÚÂÌ˚ı ÒÍÓÓÒÚÂÈ ‚ ÒÚÛÂ. 

èÓ‚Â‰ÂÌ˚ ËÁÏÂÂÌËfl ‰Îfl ‡ÁÎË˜Ì˚ı ‡ÏÔÎËÚÛ‰
ÒÚÓfl˜Ëı ‚ÓÎÌ. ÄÏÔÎËÚÛ‰˚ ‚‡¸ËÓ‚‡ÎËÒ¸ ‰ÓÒÚ‡ÚÓ˜-
ÌÓ ÒËÎ¸ÌÓ Ò ˆÂÎ¸˛ ËÒÒÎÂ‰Ó‚‡ÌËfl ÚÂ˜ÂÌËÈ, Í‡Í ÓÚ
Í‚‡ÁËÎËÌÂÈÌ˚ı ‚ÓÎÌ, Ú‡Í Ë ÓÚ ÒËÎ¸ÌÓ ÌÂÎËÌÂÈÌ˚ı
Ó·Û¯‡˛˘ËıÒfl ÌÂÒËÌÛÒÓË‰‡Î¸Ì˚ı ‚ÓÎÌ. ç‡Ë·ÓÎ¸-
¯ËÂ ÒÍÓÓÒÚË ÚÂ˜ÂÌËfl Ì‡·Î˛‰‡ÎËÒ¸ ‰Îfl ÒÎÛ˜‡fl
ÒÂ‰ÌËı ‡ÏÔÎËÚÛ‰ ‚ÓÎÌ (ÔÂÂıÓ‰Ì˚È ÂÊËÏ ÓÚ Í‚‡-
ÁËÒËÌÛÒÓË‰‡Î¸Ì˚ı Í ÒËÎ¸ÌÓ ÌÂÎËÌÂÈÌ˚Ï ‚ÓÎÌ‡Ï). 

Ä‚ÚÓ˚ ·Î‡„Ó‰‡flÚ Ä.Å. ÖÁÂÒÍÓ„Ó Á‡ ˆÂÌÌ˚Â
Á‡ÏÂ˜‡ÌËfl, ‚˚ÒÍ‡Á‡ÌÌ˚Â ‚ ÔÓˆÂÒÒÂ Ó·ÒÛÊ‰ÂÌËfl
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Study of Nonlinear Currents Induced by Coincident Surface Waves in Liquid

      O. S. Ermakova, Yu. A. Mal’kov, D. A. Sergeev, and Yu. I. Troitskaya
      Institute of Applied Physics, Russian Academy of Sciences, ul. Ul’yanova 46, Nizhni Novgorod, 603950 Russia
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Abstract—This is an experimental study of the mixing induced by coincident surface waves in a liquid. The
main mechanism leading to the emergence of mixing was shown to be the middle currents generated by coin-
cident waves. The regime of these currents strongly depends on the amplitude of surface waves. For waves of
near-critical amplitudes, an intense turbulization of middle currents is observed. Patterns of the velocity field
were obtained using the Particle Imaging Velocimetry (PIV) technique for different amplitudes of surface
waves. The results obtained can be used to estimate mixing in the near-surface oceanic layer.



<<
  /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


