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ÇÇÖÑÖçàÖ

 

åÌÓ„ÓÒÎÓÈÌ˚Â „ÂÚÂÓ˝ÔËÚ‡ÍÒË‡Î¸Ì˚Â ÍÓÏÔÓ-
ÁËˆËË ÒÓ ÒÍ˚Ú˚ÏË ÒÎÓflÏË ÔÓËÒÚÓ„Ó ÍÂÏÌËfl
(èä) fl‚Îfl˛ÚÒfl ÔÂÒÔÂÍÚË‚Ì˚ÏË ÔÓÎÛÔÓ‚Ó‰ÌËÍÓ-
‚˚ÏË ÒÚÛÍÚÛ‡ÏË. ùÚÓ Ò‚flÁ‡ÌÓ Ò ‚ÓÁÏÓÊÌÓÒÚ¸˛
Ëı ËÒÔÓÎ¸ÁÓ‚‡ÌËfl ÔË ‚˚‡˘Ë‚‡ÌËË ÏÌÓ„ÓÒÎÓÈ-
Ì˚ı „ÂÚÂÓÒÚÛÍÚÛ ÏÂÚÓ‰‡ÏË ÏÓÎÂÍÛÎflÌÓ-ÎÛ˜Â-
‚ÓÈ ˝ÔËÚ‡ÍÒËË (åãù) ‚ Í‡˜ÂÒÚ‚Â ‰ÂÏÔÙËÛ˛˘Ëı
ÔÓ‰ÎÓÊÂÍ, ËÁÓÎËÛ˛˘Ëı ÔÓ‰ÒÎÓÂ‚, ‡ Ú‡ÍÊÂ ‰Îfl
ÔÓÎÛ˜ÂÌËfl ËÁÎÛ˜‡˛˘Ëı 

 

p

 

–

 

n

 

-ÔÂÂıÓ‰Ó‚.

ÇÔÂ‚˚Â ËÒÔÓÎ¸ÁÓ‚‡ÌËÂ ÔÓ‰ÒÎÓÂ‚ ÔÓËÒÚÓ„Ó
ÍÂÏÌËfl, ÔÓÎÛ˜‡ÂÏ˚ı ‡ÌÓ‰Ì˚Ï Ú‡‚ÎÂÌËÂÏ ÒËÎ¸-
ÌÓÎÂ„ËÓ‚‡ÌÌÓ„Ó 

 

S

 

i, 

 

p

 

-ÚËÔ‡, ‚ Í‡˜ÂÒÚ‚Â “ÔÓ‰‡ÚÎË-
‚˚ı” ÔÓ‰ÎÓÊÂÍ ÔË „ÂÚÂÓ˝ÔËÚ‡ÍÒËË ·˚ÎÓ ÔÂ‰-
ÎÓÊÂÌÓ ‚ ‡·ÓÚÂ [1]. èÂ‰ÔÓÒ˚ÎÍ‡ÏË ‰Îfl ‚˚·Ó‡
˝ÚÓ„Ó Ï‡ÚÂË‡Î‡ fl‚Îfl˛ÚÒfl ÒÎÂ‰Û˛˘ËÂ ˝ÍÒÔÂË-
ÏÂÌÚ‡Î¸Ì˚Â Ù‡ÍÚ˚. ÇÓ-ÔÂ‚˚ı, Í‡Í‡Ò èä ‰‡ÊÂ
ÔË ÔÓÚÂÂ 80%–90% Ï‡ÒÒ˚ ÒÓı‡ÌflÂÚ ÒÓ‚Â¯ÂÌ-
ÌÛ˛ ÍËÒÚ‡ÎÎË˜ÂÒÍÛ˛ ÒÚÛÍÚÛÛ, Â‰ËÌÛ˛ ÒÓ ÒÚÛÍ-
ÚÛÓÈ ËÒıÓ‰ÌÓÈ ÔÓ‰ÎÓÊÍË. ÇÓ-‚ÚÓ˚ı, ÊÂÒÚÍÓÒÚ¸
˝ÚÓ„Ó Í‡Í‡Ò‡ ÂÁÍÓ ÛÏÂÌ¸¯‡ÂÚÒfl Ò ÓÒÚÓÏ ÔÓË-
ÒÚÓÒÚË. í‡Í, Ì‡ÔËÏÂ, ÏÓ‰ÛÎ¸ ûÌ„‡ ÔË ÔÓËÒÚÓ-
ÒÚË 90% ÒÓÒÚ‡‚ÎflÂÚ ÒÓÚ˚Â ‰ÓÎË ‚ÂÎË˜ËÌ˚, ı‡‡Í-
ÚÂÌÓÈ ‰Îfl ÏÓÌÓÎËÚÌÓ„Ó ÍÂÏÌËfl. é·Î‡‰‡˛˘ËÈ
Ú‡ÍËÏË ÛÌËÍ‡Î¸Ì˚ÏË ÏÂı‡ÌË˜ÂÒÍËÏË Ò‚ÓÈÒÚ‚‡ÏË
Ë Ó„ÓÏÌÓÈ Û‰ÂÎ¸ÌÓÈ ‚ÌÛÚÂÌÌÂÈ ÔÓ‚ÂıÌÓÒÚ¸˛
ÔÓËÒÚ˚È ÒÎÓÈ ÙÓÏËÛÂÚÒfl ‚ ÔËÏ˚Í‡˛˘ÂÈ Í
ÓÒÚÓ‚ÓÈ ÔÓ‚ÂıÌÓÒÚË Ó·Î‡ÒÚË ÔÓ‰ÎÓÊÍË. éÌ ÏÓ-
ÊÂÚ ÒÎÛÊËÚ¸ ËÒÚÓ˜ÌËÍÓÏ Ë ÒÚÓÍÓÏ ‰Îfl ÚÓ˜Â˜Ì˚ı
‰ÂÙÂÍÚÓ‚, Í‡Í ‰ÂÏÔÙÂ ÏÂÊ‰Û ‚˚‡˘ÂÌÌ˚Ï Ì‡
ÌÂÏ ˝ÔËÚ‡ÍÒË‡Î¸Ì˚Ï ÒÎÓÂÏ Ë ÌÂÒÛ˘ÂÈ ˜‡ÒÚ¸˛
ÔÓ‰ÎÓÊÍË. ÑÎfl Â‡ÎËÁ‡ˆËË Ë‰ÂË “ÔÓ‰‡ÚÎË‚ÓÈ” ÔÓ‰-
ÎÓÊÍË ‚ Ì‡Ë·ÓÎ¸¯ÂÈ ÏÂÂ ÔÓ‰ıÓ‰ËÚ ‰‚ÛıÒÎÓÈÌ˚È
ÏÂÁ‡ÒÚÛÍÚÛËÓ‚‡ÌÌ˚È èä, ÍÓÚÓ˚È ËÏÂÂÚ ÌËÁ-
ÍÛ˛ ÔÓËÒÚÓÒÚ¸ ÔËÔÓ‚ÂıÌÓÒÚÌÓ„Ó ÒÎÓfl, ÌÂ Ì‡Û-
¯‡˛˘Û˛ ÔÓˆÂÒÒ‡ ̋ ÔËÚ‡ÍÒËË, ‰ÓÒÚ‡ÚÓ˜ÌÓ ‚˚ÒÓÍÛ˛
ÔÓËÒÚÓÒÚ¸ ‚ÌÛÚÂÌÌÂ„Ó ÒÎÓfl Ë ‡ÁÏÂ˚ ÏÂÁ‡ÒÚÛÍ-
ÚÛ, Ó·ÂÒÔÂ˜Ë‚‡˛˘ËÂ ÏÂı‡ÌË˜ÂÒÍÛ˛ ‡Á‚flÁÍÛ Ò
ÔÓ‰ÎÓÊÍÓÈ. àÌÚÂÂÒÌ˚Ï ‚˚„Îfl‰ËÚ ËÒÔÓÎ¸ÁÓ‚‡-

ÌËÂ èä ÒÓ ÒÍ˚Ú˚Ï ÓÍÒË‰Ì˚Ï ÒÎÓÂÏ [1]. Ç ˝ÚÓÏ
ÒÎÛ˜‡Â Ó‰ÌÓ‚ÂÏÂÌÌÓ Â¯‡˛ÚÒfl ‰‚Â ‚‡ÊÌ˚Â ‚
ÔËÍÎ‡‰ÌÓÏ ‡ÒÔÂÍÚÂ Á‡‰‡˜Ë: ‚Ó-ÔÂ‚˚ı, ÒÓÁ‰‡ÌËÂ
„ÂÚÂÓ˝ÔËÚ‡ÍÒË‡Î¸Ì˚ı ÒÎÓÂ‚ Ì‡ ËÁÓÎflÚÓÂ ÔÓ ÚË-
ÔÛ äçà-ÒÚÛÍÚÛ, ÌÓ Ó·Î‡‰‡˛˘Ëı ·ÓÎÂÂ ‚˚ÒÓ-
ÍËÏ ÒÚÛÍÚÛÌ˚Ï ÒÓ‚Â¯ÂÌÒÚ‚ÓÏ, Ë ‚Ó-‚ÚÓ˚ı,
Á‡ÏÂÌ‡ Ì‡Ë·ÓÎÂÂ ÌÂÛÒÚÓÈ˜Ë‚ÓÈ Í ÚÂÔÎÓ‚˚Ï ‚ÓÁ-
‰ÂÈÒÚ‚ËflÏ ‚˚ÒÓÍÓÔÓËÒÚÓÈ ˜‡ÒÚË èä ÛÒÚÓÈ˜Ë‚ÓÈ
Í ‚˚ÒÓÍÓÚÂÏÔÂ‡ÚÛÌ˚Ï Ó·‡·ÓÚÍ‡Ï Ù‡ÁÓÈ ‰Ë-
ÓÍÒË‰‡ ÍÂÏÌËfl. é‰Ì‡ÍÓ Ò‚ÓÈÒÚ‚‡ ÒÚÛÍÚÛ Ò ÔÓ-
ËÒÚ˚ÏË ÔÓ‰ÒÎÓflÏË ËÒÒÎÂ‰Ó‚‡Ì˚ ‰‡ÎÂÍÓ ÌÂÔÓÎ-
ÌÓÒÚ¸˛.

 

åÖíéÑàäÄ ùäëèÖêàåÖçíÄ

 

åÂÚÓ‰ ˝ÎÎËÔÒÓÏÂÚË˜ÂÒÍÓÈ ÔÓÓÏÂÚËË ÛÊÂ
ÔËÏÂÌflÂÚÒfl ‰Îfl ËÒÒÎÂ‰Ó‚‡ÌËfl ÔÓËÒÚÓÒÚË ÓÔÚË-
˜ÂÒÍË ‡ÌËÁÓÚÓÔÌ˚ı ÔÎÂÌÓÍ [2]. èË ˝ÚÓÏ ‚ÓÁ-
ÏÓÊÌ˚ Í‡Í ÏÌÓ„ÓÛ„ÎÓ‚˚Â ËÁÏÂÂÌËfl, ÍÓÚÓ˚Â
ÔÓÁ‚ÓÎfl˛Ú ÒÛ‰ËÚ¸ Ó ÒÓÓÚÌÓ¯ÂÌËË Ï‡ÚÂË‡Î–ÔÛÒ-
ÚÓÚ‡ ‚ ÔÎÂÌÍÂ, Ú‡Í Ë ÔËÏÂÌÂÌËÂ ‡‚ÚÓÏ‡ÚË˜ÂÒÍÓ„Ó
˝ÎÎËÔÒÓÏÂÚ‡ ‚ ÍÓÏ·ËÌ‡ˆËË Ò ÒÓ·ˆËÓÌÌ˚Ï ÏÂ-
ÚÓ‰ÓÏ (ÏÂÚÓ‰ÓÏ äÂÎ¸‚ËÌ‡).

ëÛÚ¸ ÏÂÚÓ‰‡ äÂÎ¸‚ËÌ‡ ÒÓÒÚÓËÚ ‚ ÒÎÂ‰Û˛˘ÂÏ:
‰‡‚ÎÂÌËÂ Ì‡Ò˚˘ÂÌÌÓ„Ó Ô‡‡ Ì‡‰ ‚Ó„ÌÛÚ˚Ï ÏÂÌËÒ-
ÍÓÏ ÊË‰ÍÓÒÚË, Ì‡ıÓ‰fl˘ÂÈÒfl ‚ Í‡ÔËÎÎflÂ ÎË·Ó ÔÓ-
Â, ÏÂÌ¸¯Â, ˜ÂÏ Ì‡‰ Ó‚ÌÓÈ ÔÓ‚ÂıÌÓÒÚ¸˛. í‡ÍËÏ
Ó·‡ÁÓÏ, ËÁÏÂflfl Ó‰ÌÓ‚ÂÏÂÌÌÓ ‰‡‚ÎÂÌËÂ Ì‡‰ Ó·-
‡ÁˆÓÏ Ë ÍÓÎË˜ÂÒÚ‚Ó ‡‰ÒÓ·‡Ú‡ ‚ ÌÂÏ ‚ ÔÓˆÂÒÒÂ
‡‰ÒÓ·ˆËË Ë ‰ÂÒÓ·ˆËË, ÏÓÊÌÓ ÔÓÎÛ˜ËÚ¸ ‡ÒÔÂ-
‰ÂÎÂÌËÂ ÔÓ ÔÓ ‡ÁÏÂ‡Ï [3].

ÑÎfl ÓÔÂ‰ÂÎÂÌËfl Ó·˘ÂÈ ÔÓËÒÚÓÒÚË Ó·‡Áˆ‡ Ë
‡ÒÔÂ‰ÂÎÂÌËfl ÔÓ ÔÓ ‡ÁÏÂ‡Ï ÒÓ·ˆËÓÌÌ˚Ï ÏÂ-
ÚÓ‰ÓÏ ÒÌ‡˜‡Î‡ ÒÚÓËÚÒfl ËÁÓÚÂÏ‡ ‡‰ÒÓ·ˆËË. èË
˝ÚÓÏ ‚Â˘ÂÒÚ‚Ó, Ì‡ ÍÓÚÓÓÏ ÔÓËÒıÓ‰ËÚ ‡‰ÒÓ·-
ˆËfl, Ì‡Á˚‚‡ÂÚÒfl ‡‰ÒÓ·ÂÌÚÓÏ, ‡ ‚Â˘ÂÒÚ‚Ó, ÍÓÚÓÓÂ
‡‰ÒÓ·ËÛÂÚÒfl, – ‡‰ÒÓ·‡ÚÓÏ. Ç Í‡˜ÂÒÚ‚Â ‡‰ÒÓ·‡Ú‡
Ó·˚˜ÌÓ ÔËÏÂÌfl˛ÚÒfl ÒÊËÊÂÌÌ˚Â ËÌÂÚÌ˚Â „‡Á˚,
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ãÂÓÌÓ‚ 

 

Ë ‰

 

.

 

ÊË‰ÍËÈ ‡ÁÓÚ ËÎË Ó„‡ÌË˜ÂÒÍËÂ ‡ÒÚ‚ÓËÚÂÎË (·ÂÌ-
ÁÓÎ, ÚÓÎÛÓÎ Ë Ú.‰.).

óËÒÎÂÌÌÓ ÒÓÓÚÌÓ¯ÂÌËÂ ÏÂÊ‰Û ‰‡‚ÎÂÌËÂÏ Ì‡-
Ò˚˘ÂÌÌÓ„Ó Ô‡‡ ÊË‰ÍÓÒÚË, Ì‡ıÓ‰fl˘ÂÈÒfl ‚ Í‡ÔËÎ-
ÎflÂ ÎË·Ó ÔÓÂ, Ë ‡‰ËÛÒÓÏ ˝ÚÓÈ ÔÓ˚ ÓÔÂ‰ÂÎfl-
ÂÚÒfl Ì‡ ÓÒÌÓ‚Â Û‡‚ÌÂÌËfl äÂÎ¸‚ËÌ‡ [3]:

„‰Â 

 

p

 

 – ‰‡‚ÎÂÌËfl Ô‡‡ ‡‰ÒÓ·‡Ú‡, ÔË ÍÓÚÓÓÏ
ÔÓËÒıÓ‰ËÚ Á‡ÔÓÎÌÂÌËÂ ÔÓ˚ ‡‰ËÛÒÓÏ 

 

r

 

; 

 

p

 

0

 

 – ‡‚-
ÌÓ‚ÂÒÌÓÂ ‰‡‚ÎÂÌËÂ Ì‡Ò˚˘ÂÌÌÓ„Ó Ô‡‡ ‡‰ÒÓ·‡Ú‡
ÔË ‰‡ÌÌÓÈ ÚÂÏÔÂ‡ÚÛÂ 

 

T

 

; 

 

V

 

 Ë 

 

γ

 

 – ÏÓÎflÌ˚È Ó·˙-
ÂÏ Ë ÔÓ‚ÂıÌÓÒÚÌÓÂ Ì‡ÔflÊÂÌËÂ ‡‰ÒÓ·‡Ú‡, ÒÓÓÚ-
‚ÂÚÒÚ‚ÂÌÌÓ; 

 

R

 

 – ÛÌË‚ÂÒ‡Î¸Ì‡fl „‡ÁÓ‚‡fl ÔÓÒÚÓflÌ-
Ì‡fl; 

 

ϕ

 

 – Í‡Â‚ÓÈ Û„ÓÎ, Ó·‡ÁÓ‚‡ÌÌ˚È ÒÚÂÌÍÓÈ ÔÓ-
˚ Ë ‚Ó„ÌÛÚ˚Ï ÏÂÌËÒÍÓÏ ÊË‰ÍÓÒÚË. é·˚˜ÌÓ 

 

ϕ

 

ÔËÌËÏ‡˛Ú ‡‚Ì˚Ï ÌÛÎ˛, ˜ÚÓ Ò‚flÁ‡ÌÓ Ò ÚÛ‰ÌÓÒ-
Ú¸˛ Â„Ó ËÁÏÂÂÌËfl Ë ÌÂÁÌ‡˜ËÚÂÎ¸Ì˚Ï ‚ÍÎ‡‰ÓÏ
ÔË ‚˚˜ËÒÎÂÌËflı (ÔË 

 

ϕ

 

 ÏÂÌ¸¯Â 20° ÔÓ„Â¯ÌÓÒÚ¸
ÌÂ ÔÂ‚˚¯‡ÂÚ ÌÂÒÍÓÎ¸ÍËı ÔÓˆÂÌÚÓ‚).

àÁÏÂÂÌËÂ ÊÂ Ì‡ ‡‰ÒÓ·ˆËÓÌÌÓÈ Ë ‰ÂÒÓ·ˆËÓÌ-
ÌÓÈ ‚ÂÚ‚flı ËÁÓÚÂÏ˚ ÔÓÁ‚ÓÎfl˛Ú ÔÓÎÛ˜ËÚ¸ ÁÌ‡˜Â-
ÌËÂ ‚ÌÛÚÂÌÌËı Ë ‚ÌÂ¯ÌËı ‡‰ËÛÒÓ‚, ˜ÚÓ ÓÒÓ·ÂÌÌÓ
‚‡ÊÌÓ ‚ ÒÎÛ˜‡Â ·ÛÚ˚ÎÍÓÓ·‡ÁÌ˚ı ÔÓ. á‡ÔÓÎÌÂ-
ÌËÂ ÔÓ‰Ó·Ì˚ı ÔÓ ÔÓËÒıÓ‰ËÚ ÔË ‰‡‚ÎÂÌËflı, ÒÓÓÚ-
‚ÂÚÒÚ‚Û˛˘Ëı ‡‰ËÛÒÛ ·ÓÎÂÂ ¯ËÓÍÓÈ ‚ÌÛÚÂÌÌÂÈ
˜‡ÒÚË, ‡ ÓÒ‚Ó·ÓÊ‰ÂÌËÂ ÓÚ ‡‰ÒÓ·‡Ú‡ – ÔË ‰‡‚ÎÂ-
ÌËË, ÒÓÓÚ‚ÂÚÒÚ‚Û˛˘ÂÏ ‡‰ËÛÒÛ ·ÓÎÂ ÛÁÍÓ„Ó “„Ó-
Î‡” ÔÓ˚.

ÑÂÎ‡ÂÚÒfl ‰ÓÔÛ˘ÂÌËÂ, ˜ÚÓ ‚Ó ‚ÂÏfl ‡‰ÒÓ·ˆËË
ÒÌ‡˜‡Î‡ Ó·‡ÁÛÂÚÒfl ÔÎÂÌÍ‡ ‡‰ÒÓ·‡Ú‡ ÚÓÎ˘ËÌÓÈ ‚
Ó‰ÌÛ ÏÓÎÂÍÛÎÛ Ì‡ ÒÚÂÌÍ‡ı ÔÓ. èÓ ÏÂÂ ÔÓ‚˚¯Â-
ÌËfl ‰‡‚ÎÂÌËfl ÚÓÎ˘ËÌ‡ ˝ÚÓÈ ÔÎÂÌÍË ‡ÒÚÂÚ, Ë ÍÓ„-
‰‡ ‰‡‚ÎÂÌËÂ Ô‡Ó‚ ‡‰ÒÓ·‡Ú‡ ‰ÓÒÚË„‡ÂÚ ‚ÂÎË˜ËÌ˚,
ÒÓÓÚ‚ÂÚÒÚ‚Û˛˘ÂÈ Á‡ÔÓÎÌÂÌË˛ ÔÓ˚ ‰‡ÌÌÓ„Ó ‡-
‰ËÛÒ‡, ÔÓËÒıÓ‰ËÚ Í‡ÔËÎÎflÌ‡fl ÍÓÌ‰ÂÌÒ‡ˆËfl, ÚÓ
ÂÒÚ¸ Ï„ÌÓ‚ÂÌÌÓÂ Á‡ÔÓÎÌÂÌËÂ ÔÓ˚ ‡‰ÒÓ·‡ÚÓÏ.
ÄÌ‡ÎÓ„Ë˜ÌÓ Ò˜ËÚ‡ÂÚÒfl, ˜ÚÓ ‚Ó ‚ÂÏfl ‰ÂÒÓ·ˆËË

p/ p0( )ln 2Vγ ϕ/ rRT( ),cos–=

 

ÔÓÒÎÂ ËÒÔ‡ÂÌËfl ÓÒÌÓ‚ÌÓÈ ˜‡ÒÚË ‡‰ÒÓ·‡Ú‡ ËÁ ÔÓ-
˚ Ì‡ ÂÂ ÒÚÂÌÍ‡ı ÓÒÚ‡ÂÚÒfl ÔÎÂÌÍ‡ ‡‰ÒÓ·‡Ú‡. èË
˝ÚÓÏ ‰ÓÔÛÒÍ‡ÂÚÒfl, ˜ÚÓ ÔÎÂÌÍ‡ Ì‡ ÒÚÂÌÍ‡ı ÔÓ Ó·-
Î‡‰‡ÂÚ Ò‚ÓÈÒÚ‚‡ÏË ÊË‰ÍÓÒÚË, ÚÓ ÂÒÚ¸ ÌÂ ‡ÒÒÏ‡Ú-
Ë‚‡˛ÚÒfl ÏËÍÓÔÓ˚, ‚ ÍÓÚÓ˚ı ÊË‰Í‡fl Ù‡Á‡ ÓÚ-
ÒÛÚÒÚ‚ÛÂÚ Ë ÏÂÌËÒÍ ÌÂ Ó·‡ÁÛÂÚÒfl. ùÚÓ ‰ÓÔÛ˘ÂÌËÂ
Ò‚flÁ‡ÌÓ Ò ÚÂÏ, ˜ÚÓ ËÒÒÎÂ‰ÛÂÏ˚Â Ó·‡Áˆ˚ Ó·Î‡‰‡-
˛Ú ÏÂÁÓÔÓ‡ÏË Ò ÔÂÓ·Î‡‰‡˛˘ËÏË ‡‰ËÛÒ‡ÏË ‚
‰Ë‡Ô‡ÁÓÌÂ 3–15 ÌÏ. äÓÏÂ ÚÓ„Ó, ‚ÒÂ ÔÓ˚ Ò˜ËÚ‡-
˛ÚÒfl ÓÚÍ˚Ú˚ÏË Ë ˆËÎËÌ‰Ë˜ÂÒÍËÏË.

 

ùäëèÖêàåÖçíÄãúçÄü óÄëíú

 

àÒÒÎÂ‰ÛÂÏ˚Â ÔÎÂÌÍË ÓÍÒË‰‡ ÍÂÏÌËfl ·˚ÎË ÔÓ-
ÎÛ˜ÂÌ˚ ËÁ ÊË‰ÍÓÈ Ù‡Á˚ Ó‰ÌÓ„Ó ËÁ ÔÓËÁ‚Ó‰Ì˚ı
ÒËÎ‡Ì‡. ëÎÓË ÔÓËÒÚÓ„Ó ÍÂÏÌËfl ËÁ„ÓÚ‡‚ÎË‚‡ÎË
ÏÂÚÓ‰ÓÏ ‡ÌÓ‰ÌÓ„Ó Ú‡‚ÎÂÌËfl ÔÎ‡ÒÚËÌ˚ ÍÂÏÌËfl

 

p

 

+

 

-ÚËÔ‡ Ò ÓËÂÌÚ‡ˆËÂÈ ÔÓ‚ÂıÌÓÒÚË (100). àÒÒÎÂ‰Ó-
‚‡ÌËÂ ÔÓËÒÚÓÒÚË ‚˚ÒÓÍÓÔÓËÒÚÓ„Ó ÓÍÒË‰‡ ÍÂÏ-
ÌËfl Ë ÔÓËÒÚÓ„Ó ÍÂÏÌËfl ÔÓ‚Ó‰ËÎÓÒ¸ ̋ ÎÎËÔÒÓÏÂ-
ÚË˜ÂÒÍËÏ ÏÂÚÓ‰ÓÏ. ç‡ ‚ÒÂı Ó·‡Áˆ‡ı ÔÂÂ‰ ÔÓ-
‚Â‰ÂÌËÂÏ ˝ÍÒÔÂËÏÂÌÚÓ‚ ÔÓ‚Ó‰ËÎË ËÁÏÂÂÌËfl
Ó·˘ÂÈ ÔÓËÒÚÓÒÚË (ÒÓÓÚÌÓ¯ÂÌËfl Ï‡ÚÂË‡Î–ÔÛÒ-
ÚÓÚ‡), ‰Îfl ˜Â„Ó ËÒÔÓÎ¸ÁÓ‚‡ÎÒfl Û˜ÌÓÈ ˝ÎÎËÔÒÓ-
ÏÂÚ ãùî-3 Ò ‚ÓÁÏÓÊÌÓÒÚ¸˛ ËÁÏÂÌÂÌËfl Û„Î‡ Ô‡-
‰ÂÌËfl ÎÛ˜‡ ‚ ÔÓˆÂÒÒÂ ËÁÏÂÂÌËÈ.

ÑÎfl ÒÓ·ˆËÓÌÌ˚ı ËÁÏÂÂÌËÈ ·˚Î‡ ÒÍÓÌÒÚÛË-
Ó‚‡Ì‡ ‚‡ÍÛÛÏÌ‡fl Í‡ÏÂ‡ Ò Ì‡ÚÂÍ‡ÚÂÎÂÏ Ë ‰‡Ú˜Ë-
ÍÓÏ ‰‡‚ÎÂÌËfl. èË ̋ ÚÓÏ ËÒÔÓÎ¸ÁÓ‚‡ÎÒfl Ú‡ÍÓÈ ‰Â-
Ê‡ÚÂÎ¸ Ó·‡Áˆ‡, ÍÓÚÓ˚È ÔÓÁ‚ÓÎflÎ ÔÓËÁ‚Ó‰ËÚ¸
Â„Ó ˛ÒÚËÓ‚ÍÛ ‚ „ÓËÁÓÌÚ‡Î¸ÌÓÈ ÔÎÓÒÍÓÒÚË. ä‡-
ÏÂ‡ ÒÌ‡·ÊÂÌ‡ ÔÓÁ‡˜Ì˚ÏË ÓÍÌ‡ÏË, ˜ÚÓ ÔÓÁ‚Ó-
ÎflÎÓ Ì‡Ô‡‚ÎflÚ¸ ÎÛ˜ Î‡ÁÂ‡ ̋ ÎÎËÔÒÓÏÂÚ‡ Ì‡ Ó·‡-
ÁÂˆ (ËÒ. 1). Ç ˝ÍÒÔÂËÏÂÌÚÂ ÔËÏÂÌflÎÒfl ‡‚ÚÓÏ‡ÚË-
˜ÂÒÍËÈ ˝ÎÎËÔÒÓÏÂÚ ÚËÔ‡ ãùî-7, ÛÔ‡‚ÎflÂÏ˚È
ÍÓÏÔ¸˛ÚÂÓÏ IBM PC286. Ç Í‡˜ÂÒÚ‚Â ‡‰ÒÓ·‡ÚÓ‚
ÒÎÛÊËÎË ÚÓÎÛÓÎ, „ÂÔÚ‡Ì Ë ÚÂÚ‡ıÎÓË‰ Û„ÎÂÓ‰‡.
àÒÔÓÎ¸ÁÓ‚‡ÌËÂ ‡ÁÌ˚ı ‡‰ÒÓ·‡ÚÓ‚ ·˚ÎÓ ÌÂÓ·ıÓ-

 

ÄÌ‡ÎËÁ‡ÚÓ

Ç‡ÍÛÛÏÌ‡fl Í‡ÏÂ‡

èÓÎflËÁ‡ÚÓ

ùÇå

ç‡ÚÂÍ‡ÚÂÎ¸

Ä‰ÒÓ·‡Úä Ì‡ÒÓÒÛ

ë‡ÏÓÔËÒÂˆ

Ñ‡Ú˜ËÍ
‰‡‚ÎÂÌËfl

é·‡ÁÂˆ

 

êËÒ. 1.

 

 ëıÂÏ‡ ÔÓÓÏÂÚË˜ÂÒÍÓÈ ÛÒÚ‡ÌÓ‚ÍË.
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‰ËÏÓ ‰Îfl ÔÓ‚ÂÍË ÔËÏÂÌËÏÓÒÚË ‰‡ÌÌÓ„Ó ÏÂÚÓ-
‰‡, Ú‡Í Í‡Í ÔÂÂ˜ËÒÎÂÌÌ˚Â ‡‰ÒÓ·‡Ú˚ ËÏÂ˛Ú ‡Á-
Ì˚È ‡ÁÏÂ Ë ÙÓÏÛ ÏÓÎÂÍÛÎ Ë ‡ÁÌÓÂ ‰‡‚ÎÂÌËÂ
Ì‡Ò˚˘ÂÌÌÓ„Ó Ô‡‡.

éÚ‡·ÓÚÍ‡ ÏÂÚÓ‰ËÍË ÔÓ‚Ó‰ËÎ‡Ò¸ Ì‡ ‚˚ÒÓÍÓÔÓ-
ËÒÚ˚ı ÔÎÂÌÍ‡ı ÓÍÒË‰‡ ÍÂÏÌËfl. Ç ÔÓˆÂÒÒÂ ËÁÏÂ-

ÂÌËfl ÔÓ ÏÂÂ Á‡ÔÓÎÌÂÌËfl ÔÓ ‡‰ÒÓ·‡ÚÓÏ ËÁÏÂÌfl-
Î‡Ò¸ ÚÓÎ˘ËÌ‡ ÔÎÂÌÍË Ë ÔÓÍ‡Á‡ÚÂÎ¸ ÔÂÎÓÏÎÂÌËfl,
˜ÚÓ ‚˚Á˚‚‡ÎÓ ËÁÏÂÌÂÌËÂ ˝ÎÎËÔÒÓÏÂÚË˜ÂÒÍËı Û„-
ÎÓ‚ 

 

Ψ

 

 Ë 

 

∆

 

 (ËÒ. 2). á‡‚ËÒËÏÓÒÚ¸ Û„ÎÓ‚ 

 

Ψ

 

 Ë 

 

∆

 

 ÓÚ ‰‡‚-
ÎÂÌËfl Á‡ÔËÒ˚‚‡Î‡Ò¸ ‚ Ù‡ÈÎ, ÔÓÒÎÂ ˜Â„Ó Â¯‡Î‡Ò¸
Ó·‡ÚÌ‡fl Á‡‰‡˜‡ ̋ ÎÎËÔÒÓÏÂÚËË Ë ÒÚÓËÎ‡Ò¸ Á‡‚ËÒË-
ÏÓÒÚ¸ ÔÓÎflËÁÛÂÏÓÒÚË ÓÚ ‰‡‚ÎÂÌËfl (ËÒ. 3). Ç ÒÎÛ-
˜‡Â ÔÓËÒÚÓ„Ó ÓÍÒË‰‡ ÍÂÏÌËfl ÔÓÎflËÁÛÂÏÓÒÚ¸
‡ÒÒ˜ËÚ˚‚‡Î‡Ò¸ ÔÓ ÙÓÏÛÎÂ ãÓÂÌˆ–ãÓÂÌˆ‡,
ÍÓÚÓ‡fl ËÏÂÂÚ ÒÎÂ‰Û˛˘ËÈ ‚Ë‰ [4]:

„‰Â 

 

n

 

 – ÍÓ˝ÙÙËˆËÂÌÚ ÔÂÎÓÏÎÂÌËfl ÔÎÂÌÍË.

Ñ‡ÎÂÂ Á‡‚ËÒËÏÓÒÚ¸ 

 

P

 

(

 

p

 

) ‡ÒÒÏ‡ÚË‚‡Î‡Ò¸ Í‡Í
ËÁÓÚÂÏ‡, ÔÓ ÍÓÚÓÓÈ ÓÔÂ‰ÂÎflÎÓÒ¸ ‡ÒÔÂ‰ÂÎÂ-
ÌËÂ ÔÓ ÔÓ ‡ÁÏÂ‡Ï. ÑÎfl ‡Ò˜ÂÚ‡ ‡ÒÔÂ‰ÂÎÂÌËfl
ÔÓ ·˚Î‡ ÒÓÁ‰‡Ì‡ ÔÓ„‡ÏÏ‡, ‡Î„ÓËÚÏ ÍÓÚÓÓÈ
ÒÓÒÚÓËÚ ËÁ ÒÎÂ‰Û˛˘Ëı ¯‡„Ó‚:

1) ÔÂÂÒ˜ÂÚ Ù‡ÈÎ‡ Ò ˝ÍÒÔÂËÏÂÌÚ‡Î¸Ì˚ÏË ‰‡Ì-
Ì˚ÏË Ú‡ÍËÏ Ó·‡ÁÓÏ, ˜ÚÓ·˚ ÔÓÎÛ˜ËÚ¸ Á‡‚ËÒË-
ÏÓÒÚ¸ Ó·˙ÂÏ‡ ‡‰ÒÓ·‡Ú‡ ÓÚ ‰‡‚ÎÂÌËfl Ò ¯‡„ÓÏ ÔÓ
‰‡‚ÎÂÌË˛ 0.02(

 

p

 

/

 

p

 

0

 

);

2) ‚˚˜ËÒÎÂÌËÂ ÚÓÎ˘ËÌ˚ ‡‰ÒÓ·ËÓ‚‡ÌÌÓÈ
ÔÎÂÌÍË ÔÓ Û‡‚ÌÂÌË˛ ïÂÎÒË [3]:

„‰Â 

 

σ

 

 – ÚÓÎ˘ËÌ‡ ÏÓÌÓÒÎÓfl ‡‰ÒÓ·‡Ú‡;

3) ‚˚˜ËÒÎÂÌËÂ ‡‰ËÛÒ‡ fl‰‡ (fl‰Ó, Ò‚Ó·Ó‰Ì˚È
Ó·˙ÂÏ ‚ÌÛÚË ÔÓ˚, ÍÓ„‰‡ ÓÌ‡ ÛÊÂ ÓÒ‚Ó·Ó‰ËÎ‡Ò¸
ÓÚ ‡‰ÒÓ·‡Ú‡, ÌÓ Ì‡ ÒÚÂÌÍ‡ı Â˘Â ÓÒÚ‡Î‡Ò¸ ÔÎÂÌÍ‡;
Ó·˙ÂÏ fl‰‡ ÂÒÚ¸ Ó·˙ÂÏ ÔÓ˚ ÏËÌÛÒ Ó·˙ÂÏ ÔÎÂÌÍË
Ì‡ ÒÚÂÌÍ‡ı ˝ÚÓÈ ÔÓ˚) ÔÓ Û‡‚ÌÂÌË˛ äÂÎ¸‚ËÌ‡:

P n2 1–( )/ n2 2+( ),=

t σ 0.2 p/ p0( )ln( ) 1/3– ,–=

rK 2Vγ/ RT p/ p0( )ln( );–=
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ψ
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A

 

(a)

(·)

(‚)

 

êËÒ. 2.

 

 É‡ÙËÍË ËÁÏÂÌÂÌËfl ˝ÎÎËÔÒÓÏÂÚË˜ÂÒÍËı Û„-
ÎÓ‚ (‡!); Á‡‚ËÒËÏÓÒÚ¸ Û„Î‡ 

 

Ψ

 

 ÓÚ ‰‡‚ÎÂÌËfl (·); Á‡‚ËÒË-
ÏÓÒÚ¸ Û„Î‡ 

 

∆

 

 ÓÚ ‰‡‚ÎÂÌËfl ÔË ‡‰ÒÓ·ˆËË (

 

1

 

) Ë ‰ÂÒÓ·-
ˆËË (

 

2

 

) ÚÓÎÛÓÎ‡ Ì‡ ÔÓËÒÚÓÏ ÓÍÒË‰Â ÍÂÏÌËfl (‚). íÓ˜-
Í‡ 

 

A

 

 ÒÓÓÚ‚ÂÚÒÚ‚ÛÂÚ ˜ËÒÚÓÈ ÔÓ‚ÂıÌÓÒÚË ‰Ó Ì‡˜‡Î‡
‡‰ÒÓ·ˆËË.

 

0.2 0.4 0.6 0.8 1.0
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W
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V

 

, ÓÚÌ. Â‰.

 

P

 

/

 

P

 

0

 

, ÓÚÌ. Â‰.

 

êËÒ. 3.

 

 àÁÓÚÂÏ‡ ‡‰ÒÓ·ˆËË ÚÓÎÛÓÎ‡, ‡ÒÒ˜ËÚ‡ÌÌ‡fl ÔÓ
‰‡ÌÌ˚Ï ËÒ. 2.
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ãÂÓÌÓ‚ 

 

Ë ‰

 

.

 

4) ‚˚˜ËÒÎÂÌËÂ ‡‰ËÛÒ‡ ÔÓ˚ ÔÓ ÙÓÏÛÎÂ:

5) ‚˚˜ËÒÎÂÌËÂ ÒÛÏÏ‡ÌÓ„Ó Ó·˙ÂÏ‡ ÍÓ ÚÂÍÛ-
˘Â„Ó ‡‰ËÛÒ‡ ÔÓ ÙÓÏÛÎÂ:

„‰Â 

 

W

 

i

 

 – Ó·˙ÂÏ ‡‰ÒÓ·‡Ú‡, Û¯Â‰¯Â„Ó ËÁ Ó·‡Áˆ‡ Ì‡

 

i

 

-ÓÏ ˝Ú‡ÔÂ (˝ÍÒÔÂËÏÂÌÚ‡Î¸ÌÓÂ ÁÌ‡˜ÂÌËÂ), 

 

S

 

i

 

 –
ÒÛÏÏ‡Ì‡fl ÔÎÓ˘‡‰¸ ÔÓ‚ÂıÌÓÒÚË ÔÓ ‡‰ËÛÒ‡ 

 

r

 

j

 

, 

 

t

 

i

 

 –
ÚÓÎ˘ËÌ‡ ÔÎÂÌÍË ‡‰ÒÓ·‡Ú‡ Ì‡ 

 

i

 

-ÓÏ ˝Ú‡ÔÂ (‚˚˜ËÒÎÂ-
Ì‡ Ì‡ ¯‡„Â 2). í‡ÍËÏ Ó·‡ÁÓÏ Û˜ËÚ˚‚‡ÂÚÒfl Ó·˙ÂÏ
‡‰ÒÓ·‡Ú‡, ÛıÓ‰fl˘ËÈ ËÁ ÛÊÂ ÓÒ‚Ó·Ó‰Ë‚¯ËıÒfl ÔÓ

rè rK t;+=

Vi
K Wi W j S j ti 1– ti–( ),

j 1=

i 1–

∑–
j 1=

i 1–

∑–=

Á‡ Ò˜ÂÚ ÛÏÂÌ¸¯ÂÌËfl ÚÓÎ˘ËÌ˚ ÔÎÂÌÍË (Ì‡ ÔÂ‚ÓÏ

¯‡„Â  = W1);

6) ‚˚˜ËÒÎÂÌËÂ ÒÛÏÏ‡ÌÓ„Ó Ó·˙ÂÏ‡ ÔÓ ÚÂÍÛ-
˘Â„Ó ‡‰ËÛÒ‡ ÔÓ ÙÓÏÛÎÂ:

Ú.Â. Í Ó·˙ÂÏÛ ÔÓ ÔË·‡‚ÎflÂÚÒfl Ó·˙ÂÏ ÔÎÂÌÍË, ÓÒ-
Ú‡‚¯ÂÈÒfl Ì‡ ÒÚÂÌÍ‡ı ÔÓ ‰‡ÌÌÓ„Ó ‡‰ËÛÒ‡;

7) ‚˚˜ËÒÎÂÌËÂ ÒÛÏÏ‡ÌÓÈ ÔÎÓ˘‡‰Ë ÔÓ‚ÂıÌÓÒ-
ÚË ÔÓ ÚÂÍÛ˘Â„Ó ‡‰ËÛÒ‡ ÔÓ ÙÓÏÛÎÂ:

8) ‚˚˜ËÒÎÂÌËÂ ÒÛÏÏ‡ÌÓÈ ÔÓÚflÊÂÌÌÓÒÚË ÔÓ
ÚÂÍÛ˘Â„Ó ‡‰ËÛÒ‡ ÔÓ ÙÓÏÛÎÂ:

Ç˚ÔÓÎÌÂÌËÂ ¯‡„Ó‚ 2–8 ÔÓ‚ÚÓflÎÓÒ¸ ‰Îfl Í‡Ê-
‰Ó„Ó ÁÌ‡˜ÂÌËfl ÓÚÌÓÒËÚÂÎ¸ÌÓ„Ó ‰‡‚ÎÂÌËfl. å‡ÍÒË-
Ï‡Î¸ÌÓÂ ‰‡‚ÎÂÌËÂ Ì‡ ÔÂ‚ÓÏ ¯‡„Â ÔËÌËÏ‡ÎÓÒ¸
‡‚Ì˚Ï 0.9–0.98p/p0, ˜ÚÓ Ò‚flÁ‡ÌÓ Ò ËÒÔÓÎ¸ÁÓ‚‡ÌË-
ÂÏ ÏÓ‰ÂÎË Åùí [3], ÒÓ„Î‡ÒÌÓ ÍÓÚÓÓÈ ÔË p = p0
ÚÓÎ˘ËÌ‡ ‡‰ÒÓ·ËÓ‚‡ÌÌÓÈ ÔÎÂÌÍË ‰ÓÒÚË„‡ÂÚ ·ÂÒ-
ÍÓÌÂ˜ÌÓÒÚË. ç‡ ÔÓÒÎÂ‰ÌËı ¯‡„‡ı, ÔË ‰‡‚ÎÂÌËflı
ÔÓfl‰Í‡ 0.1p/p0 Ë ÌËÊÂ, ‡ÒÒ˜ËÚ‡ÌÌ˚Â ÁÌ‡˜ÂÌËfl
Vè ÒÚ‡ÌÓ‚ËÎËÒ¸ ÓÚËˆ‡ÚÂÎ¸Ì˚ÏË, ˜ÚÓ Ò‚Ë‰ÂÚÂÎ¸ÒÚ-
‚ÛÂÚ Ó ‰ÓÒÚËÊÂÌËË „‡ÌËˆ˚ ÔËÏÂÌËÏÓÒÚË Û‡‚ÌÂ-
ÌËfl äÂÎ¸‚ËÌ‡ Ë ÏÂÚÓ‰‡ ‚ ˆÂÎÓÏ. éÔËÒ‡ÌÌ˚È ÏÂÚÓ‰
ÔËÏÂÌflÎÒfl ‰Îfl ‡Ò˜ÂÚ‡ ‡ÒÔÂ‰ÂÎÂÌËfl ÔÓ Í‡Í ÔÓ
‡‰ÒÓ·ˆËÓÌÌÓÈ, Ú‡Í Ë ÔÓ ‰ÂÒÓ·ˆËÓÌÌÓÈ ‚ÂÚ‚flÏ
ËÁÓÚÂÏ˚ (ËÒ. 4).

éÚ‡·ÓÚ‡ÌÌ˚Â Ì‡ ‚˚ÒÓÍÓÔÓËÒÚÓÏ ÓÍÒË‰Â ÍÂÏ-
ÌËfl ‚˚¯ÂÓÔËÒ‡ÌÌ˚Â ÏÂÚÓ‰ËÍË ËÒÔÓÎ¸ÁÓ‚‡ÎËÒ¸ ÔË
ËÒÒÎÂ‰Ó‚‡ÌËË ÔÓËÒÚÓ„Ó ÍÂÏÌËfl. ÑÎfl ̋ ÚÓ„Ó Ó·˙ÂÍ-
Ú‡ ÔËÏÂÌflÎÓÒ¸ ÔË·ÎËÊÂÌËÂ ˝ÙÙÂÍÚË‚ÌÓÈ ÒÂ‰˚
ÅÛ„„ÂÏ‡Ì‡ [4]:

„‰Â εA Ë εB – ‰Ë˝ÎÂÍÚË˜ÂÒÍËÂ ÔÓÒÚÓflÌÌ˚Â ÒÂ‰˚ Ë
Ï‡ÚÂË‡Î‡ ÔÎÂÌÍË (ÍÂÏÌËfl), ÒÓÓÚ‚ÂÚÒÚ‚ÂÌÌÓ; fA –
ÔÓËÒÚÓÒÚ¸; ε – ‰Ë˝ÎÂÍÚË˜ÂÒÍ‡fl ÙÛÌÍˆËfl ÒËÒÚÂÏ˚,
‚˚˜ËÒÎflÂÏ‡fl ËÁ Û‡‚ÌÂÌËfl ε = N2, „‰Â N, ‚ Ò‚Ó˛
Ó˜ÂÂ‰¸, ÓÔÂ‰ÂÎflÂÚÒfl ‚ Ó·˘ÂÏ ÒÎÛ˜‡Â Í‡Í N = n + ik,
‡ n Ë k – ÔÓÎÛ˜ÂÌÌ˚Â ËÁ ˝ÎÎËÔÒÓÏÂÚË˜ÂÒÍËı ËÁ-
ÏÂÂÌËÈ ÔÓÍ‡Á‡ÚÂÎË ÔÂÎÓÏÎÂÌËfl Ë ÔÓ„ÎÓ˘ÂÌËfl
ÔÎÂÌÍË, ÒÓÓÚ‚ÂÚÒÚ‚ÂÌÌÓ.

Å˚Î ËÒÒÎÂ‰Ó‚‡Ì fl‰ Ó‰ÌÓ- Ë ‰‚ÛıÒÎÓÈÌ˚ı ÔÎÂ-
ÌÓÍ ÔÓËÒÚÓ„Ó ÍÂÏÌËfl ‡ÁÎË˜ÌÓÈ ÒÚÂÔÂÌË ÔÓË-
ÒÚÓÒÚË. é·‡ÁÂˆ ÒÓ ÒÚÂÔÂÌ¸˛ ÔÓËÒÚÓÒÚË ~50%
ÏÌÓ„ÓÍ‡ÚÌÓ ÔÓ‰‚Â„‡ÎÒfl ÓÍËÒÎÂÌË˛ Ò ÔÓÒÎÂ‰Û˛-
˘ËÏ Û‰‡ÎÂÌËÂÏ ÓÍÒË‰‡ ÒÂÎÂÍÚË‚Ì˚Ï Ú‡‚ÎÂÌËÂÏ.
èÓÒÎÂ Á‡‚Â¯ÂÌËfl Í‡Ê‰Ó„Ó ˆËÍÎ‡ ÓÍËÒÎÂÌËfl Ë
Ú‡‚ÎÂÌËfl ÔÓËÁ‚Ó‰ËÎËÒ¸ ˝ÎÎËÔÒÓÏÂÚË˜ÂÒÍËÂ ËÁ-
ÏÂÂÌËfl (ËÒ. 5). ñÂÎ¸˛ ˝ÚÓ„Ó ˝ÍÒÔÂËÏÂÌÚ‡ ·˚ÎÓ
ËÒÒÎÂ‰Ó‚‡ÌËÂ Á‡‚ËÒËÏÓÒÚË Ó·˘ÂÈ ÔÓËÒÚÓÒÚË, ‡Á-
ÏÂÓ‚ ÔÓ Ë ÓÔÚË˜ÂÒÍËı Ò‚ÓÈÒÚ‚ ÓÚ ÒÓÓÚÌÓ¯ÂÌËfl
ÔÓËÒÚ˚È ÍÂÏÌËÈ–ÔÓËÒÚ˚È ÓÍÒË‰ ÍÂÏÌËfl.
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êËÒ. 4. ê‡ÒÔÂ‰ÂÎÂÌËÂ ÔÓ ÔÓ ‡ÁÏÂ‡Ï, ÔÓÎÛ˜ÂÌÌÓÂ
ÔÓ ‰‡ÌÌ˚Ï ‡‰ÒÓ·ˆËË (1) Ë ‰ÂÒÓ·ˆËË (2) ÚÂÚ‡ıÎÓË-
‰‡ Û„ÎÂÓ‰‡ (‡); „ÂÔÚ‡Ì‡ (·); ÚÓÎÛÓÎ‡ (‚) Ì‡ ÔÓËÒÚÓÏ
ÓÍÒË‰Â ÍÂÏÌËfl.



èéÇÖêïçéëíú. êÖçíÉÖçéÇëäàÖ, ëàçïêéíêéççõÖ à çÖâíêéççõÖ àëëãÖÑéÇÄçàü      ‹ 9      2003

ùããàèëéåÖíêàóÖëäÄü èéêéåÖíêàü íéçäéèãÖçéóçõï ëàëíÖå 21

äÓÏÂ ÚÓ„Ó, ÏÂÚÓ‰‡ÏË ˝ÎÎËÔÒÓÏÂÚË˜ÂÒÍÓÈ
ÔÓÓÏÂÚËË Ë ÍÓÏ·ËÌ‡ˆËÓÌÌÓ„Ó ‡ÒÒÂflÌËfl Ò‚ÂÚ‡
(äêë) ·˚Î ËÒÒÎÂ‰Ó‚‡Ì Ó·‡ÁÂˆ ÔÓËÒÚÓ„Ó ÍÂÏ-
ÌËfl Ò Ì‡ÌÂÒÂÌÌ˚Ï ˝ÔËÚ‡ÍÒË‡Î¸Ì˚Ï Í‡ÔÒÛÎËÛ˛-
˘ËÏ ÒÎÓÂÏ ÍÂÏÌËfl.

êÖáìãúíÄíõ à àï éÅëìÜÑÖçàÖ

ÇË‰ ‚ÒÂı ÔÓÎÛ˜ÂÌÌ˚ı ˝ÎÎËÔÒÓÏÂÚË˜ÂÒÍËı
ÍË‚˚ı Ò‚Ë‰ÂÚÂÎ¸ÒÚ‚ÛÂÚ Ó· ËÁÏÂÌÂÌËË ÔÓÍ‡Á‡ÚÂ-
Îfl ÔÂÎÓÏÎÂÌËfl ÔÎÂÌÓÍ ‚ ÔÓˆÂÒÒÂ ‡‰ÒÓ·ˆËË (‰Â-
ÒÓ·ˆËË). ç‡ ÍÓÌÂ˜ÌÓÏ ˝Ú‡ÔÂ ‡‰ÒÓ·ˆËË (ÔË ‰‡‚-
ÎÂÌËflı, ·ÎËÁÍËı Í p0) ‰Îfl ÓÚ‰ÂÎ¸Ì˚ı Ó·‡ÁˆÓ‚ ÔÓ-
ËÒÚÓ„Ó ÓÍÒË‰‡ Ì‡·Î˛‰‡ÎÒfl ‡Á·ÓÒ ÁÌ‡˜ÂÌËÈ Ψ Ë
∆. èË˜ËÌÓÈ Ú‡ÍÓ„Ó ‡Á·ÓÒ‡ ÏÓÊÂÚ ·˚Ú¸ Ì‡˜‡ÎÓ
ÍÓÌ‰ÂÌÒ‡ˆËË ÏÓÎÂÍÛÎ ‡‰ÒÓ·‡Ú‡, ÍÓÚÓ˚Â ÓÒÂ‰‡-
˛Ú Ì‡ Ó·‡ÁˆÂ ÌÂÍËÏ ÔÓËÁ‚ÓÎ¸Ì˚Ï Ó·‡ÁÓÏ, ‡ ÌÂ
ÔÓ “‰‚ÛÏÂÌÓ-ÒÎÓÂ‚ÓÏÛ” ÏÂı‡ÌËÁÏÛ, ˜ÚÓ ÏÓÊÂÚ
ÔË‚Ó‰ËÚ¸ Í ÌÂÏÓÌÓÚÓÌÌ˚Ï ËÁÏÂÌÂÌËflÏ ÚÓÎ˘Ë-
Ì˚ ‡‰ÒÓ·ËÓ‚‡ÌÌÓÈ ÔÎÂÌÍË Ì‡ ÓÚ‰ÂÎ¸Ì˚ı Û˜‡ÒÚ-
Í‡ı ÔÓ‚ÂıÌÓÒÚË Ó·‡Áˆ‡ (ËÒ. 2).

ê‡Ò˜ÂÚ˚ ÔÓ ÂÁÛÎ¸Ú‡Ú‡Ï ËÒÒÎÂ‰Ó‚‡ÌËÈ ‚˚ÒÓÍÓ-
ÔÓËÒÚÓ„Ó ÓÍÒË‰‡ ÍÂÏÌËfl (ËÒ. 4) ÔÓ‰Ú‚ÂÊ‰‡˛Ú
ÔÂ‰ÔÓÎÓÊÂÌËÂ Ó ÚÓÏ, ˜ÚÓ ËÒÔÓÎ¸ÁÓ‚‡ÌËÂ ‡ÁÎË˜-
Ì˚ı ‡‰ÒÓ·‡ÚÓ‚ ÔË ËÁÏÂÂÌËflı ÔÓ˜ÚË ÌÂ ‚ÎËflÂÚ
Ì‡ ÂÁÛÎ¸Ú‡Ú˚ ‡Ò˜ÂÚÓ‚ ‡ÒÔÂ‰ÂÎÂÌËfl ÔÓ ÔÓ
‡ÁÏÂ‡Ï Ë Ó·˘ÂÈ ÔÓËÒÚÓÒÚË. í‡ÍËÏ Ó·‡ÁÓÏ,
ÔÓÍ‡Á‡Ì‡ ‚ÓÁÏÓÊÌÓÒÚ¸ ÔËÏÂÌÂÌËfl ÚÓÎÛÓÎ‡, ÚÂÚ-
‡ıÎÓË‰‡ Û„ÎÂÓ‰‡ Ë „ÂÔÚ‡Ì‡ ‚ Í‡˜ÂÒÚ‚Â ‡‰ÒÓ·‡-
ÚÓ‚ ‰Îfl ÔÓÓÏÂÚË˜ÂÒÍËı ËÁÏÂÂÌËÈ. ê‡ÁÎË˜ËÂ
‡‰ËÛÒÓ‚ ÔÓ, ‡ÒÒ˜ËÚ‡ÌÌ˚ı ÔÓ ‡‰ÒÓ·ˆËÓÌÌÓÈ Ë
‰ÂÒÓ·ˆËÓÌÌÓÈ ‚ÂÚ‚flÏ ËÁÓÚÂÏ˚, „Ó‚ÓËÚ Ó Ì‡ÎË-
˜ËË ‚ÌÛÚÂÌÌÂ„Ó ¯ËÓÍÓ„Ó “fl‰‡” Ë ÛÁÍÓ„Ó ‚ÌÂ¯-
ÌÂ„Ó “„ÓÎ‡” ÔÓ˚, Ú.Â. ÔÓ˚ ËÏÂ˛Ú ·ÛÚ˚ÎÍÓÓ·-
‡ÁÌÛ˛ ÙÓÏÛ.

ÇÓ ‚ÂÏfl ËÒÒÎÂ‰Ó‚‡ÌËÈ ÔÓËÒÚÓ„Ó ÓÍÒË‰‡
ÍÂÏÌËfl ·˚ÎÓ ÓÚÏÂ˜ÂÌÓ ÌÂÒÓ‚Ô‡‰ÂÌËÂ ‡‰ÒÓ·ˆË-
ÓÌÌÓÈ Ë ‰ÂÒÓ·ˆËÓÌÌÓÈ ‚ÂÚ‚ÂÈ Ì‡ ÌÓÏÓ„‡ÏÏÂ
(ËÒ. 2), ̃ ÚÓ „Ó‚ÓËÚ Ó ‡ÁÎË˜ÌÓÈ ÚÓÎ˘ËÌÂ ÔÎÂÌÍË
‚Ó ‚ÂÏfl ‡‰ÒÓ·ˆËË Ë ‰ÂÒÓ·ˆËË. ùÚÓ fl‚ÎÂÌËÂ ÏÓ-
ÊÂÚ ·˚Ú¸ ËÌÚÂÔÂÚËÓ‚‡ÌÓ Í‡Í ‰ÂÙÓÏ‡ˆËfl
(ÒÊ‡ÚËÂ) Í‡Í‡Ò‡ ÔÎÂÌÍË ÔÓ ÌÓÏ‡ÎË Í ÔÓ‰ÎÓÊÍÂ
Í‡ÔËÎÎflÌ˚ÏË ÒËÎ‡ÏË, ÍÓÚÓ˚Â ÌÂ ‡‚Ì˚ ‰Û„
‰Û„Û ÔË ‡‰ÒÓ·ˆËË Ë ‰ÂÒÓ·ˆËË. ëÎÂ‰ÛÂÚ ÓÚÏÂ-
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êËÒ. 5. àÁÏÂÌÂÌËÂ ˝ÎÎËÔÒÓÏÂÚË˜ÂÒÍËı Û„ÎÓ‚ Ψ Ë ∆ ‚
ÔÓˆÂÒÒÂ ‡‰ÒÓ·ˆËË Ë ‰ÂÒÓ·ˆËË ‰Îfl ÔÎÂÌÍË ÔÓËÒÚÓ-
„Ó ÍÂÏÌËfl ‰Ó Ó·‡·ÓÚÓÍ (‡); ÔÓÒÎÂ ÓÍËÒÎÂÌËfl (·) ÔÓ-
ÒÎÂ ÓÍËÒÎÂÌËfl Ë Ú‡‚ÎÂÌËfl (‚). íÓ˜Í‡ A ÒÓÓÚ‚ÂÚÒÚ‚ÛÂÚ
˜ËÒÚÓÈ ÔÓ‚ÂıÌÓÒÚË ‰Ó Ì‡˜‡Î‡ ‡‰ÒÓ·ˆËË.

ù‚ÓÎ˛ˆËfl Ò‚ÓÈÒÚ‚ ÔÎÂÌÓÍ ÔÓËÒÚÓ„Ó ÍÂÏÌËfl ‚ ÔÓˆÂÒÒÂ Ó·‡·ÓÚÍË

é·‡ÁÂˆ

èÓËÒÚÓÒÚ¸ ÔÓ
ÏÌÓ„ÓÛ„ÎÓ‚˚Ï

ËÁÏÂÂÌËflÏ
‚ ÔË·ÎËÊÂÌËË

ÅÛ„„ÂÏ‡Ì‡
(ãÓÂÌˆ–ãÓÂÌˆ‡)

èÓËÒÚÓÒÚ¸ ÔÓ
‡‰ÒÓ·ˆËÓÌÌ˚Ï

ËÁÏÂÂÌËflÏ
‚ ÔË·ÎËÊÂÌËË

ÅÛ„„ÂÏ‡Ì‡
(ãÓÂÌˆ–ãÓÂÌˆ‡)

èÂÓ·Î‡‰‡˛˘ËÈ
‡‰ËÛÒ ÔÓ ÔÓ

‡‰ÒÓ·ˆËÓÌÌ˚Ï
(‰ÂÒÓ·ˆËÓÌÌ˚Ï)

ËÁÏÂÂÌËflÏ

àÌÚÂ‚‡Î
ËÁÏÂÌÂÌËfl
ÔÓÍ‡Á‡ÚÂÎfl

ÔÂÎÓÏÎÂÌËfl
‚ ÔÓˆÂÒÒÂ
‡‰ÒÓ·ˆËË

èä ‰Ó Ó·‡·ÓÚÓÍ 51% (36%) 38% (37.7%) 7.5 ÌÏ (6 ÌÏ) 2.07–2.25

èä ÔÓÒÎÂ ÓÍËÒÎÂÌËfl 42% (17.5%) 14.5 ÌÏ (7.5 ÌÏ) 2.01–2.21

èä ÔÓÒÎÂ ÓÍËÒÎÂÌËfl Ë Ú‡‚ÎÂÌËfl 66% (50%) 62% (50.3%) 10 ÌÏ (6.3–9 ÌÏ) 1.76–2.19

Ñ‚ÛıÒÎÓÈÌ‡fl ÔÎÂÌÍ‡ – – 15.3–23.6 ÌÏ (3.5–4.5 ÌÏ) –



22

èéÇÖêïçéëíú. êÖçíÉÖçéÇëäàÖ, ëàçïêéíêéççõÖ à çÖâíêéççõÖ àëëãÖÑéÇÄçàü      ‹ 9      2003

ãÂÓÌÓ‚ Ë ‰.

ÚËÚ¸, ˜ÚÓ Ì‡ÎË˜ËÂ Ú‡ÍÓÈ ‰ÂÙÓÏ‡ˆËË ‰‡‚ÌÓ ÔÂ‰ÔÓ-
Î‡„‡ÎÓÒ¸ ËÒÒÎÂ‰Ó‚‡ÚÂÎflÏË, Ó‰Ì‡ÍÓ ÚÓÎ¸ÍÓ ËÒÔÓÎ¸-
ÁÓ‚‡ÌËÂ ˝ÎÎËÔÒÓÏÂÚË˜ÂÒÍÓ„Ó ÏÂÚÓ‰‡ ÔÓÓÏÂÚËË
‰‡ÎÓ ‚ÓÁÏÓÊÌÓÒÚ¸ Ì‡·Î˛‰‡Ú¸ ˝ÚÓ fl‚ÎÂÌËÂ.

ç‡ ËÒ. 5 ÔÂ‰ÒÚ‡‚ÎÂÌ˚ ÌÓÏÓ„‡ÏÏ˚ ÔÎÂÌÍË
ÔÓËÒÚÓ„Ó ÍÂÏÌËfl Ì‡ ‡ÁÎË˜Ì˚ı ÒÚ‡‰Ëfl Â„Ó Ó·-
‡·ÓÚÍË ÔÛÚÂÏ ÓÍËÒÎÂÌËfl Ë Ú‡‚ÎÂÌËfl. ùÚË Á‡‚Ë-
ÒËÏÓÒÚË ËÒÔÓÎ¸ÁÓ‚‡ÎËÒ¸ Í‡Í ËÒıÓ‰Ì˚Â ‰‡ÌÌ˚Â

‰Îfl ‡Ò˜ÂÚÓ‚. ëÌ‡˜‡Î‡ Â¯‡Î‡Ò¸ Ó·‡ÚÌ‡fl Á‡‰‡˜‡
˝ÎÎËÔÒÓÏÂÚËË (ËÒ. 6), ‡ Á‡ÚÂÏ ÔÓÎÛ˜ÂÌÌ‡fl Á‡‚Ë-
ÒËÏÓÒÚ¸ ÔÓÍ‡Á‡ÚÂÎfl ÔÂÎÓÏÎÂÌËfl ÔÎÂÌÍË n ÓÚ ‰‡‚-
ÎÂÌËfl ËÒÔÓÎ¸ÁÓ‚‡Î‡Ò¸ ‰Îfl ‡Ò˜ÂÚ‡ ‡ÁÏÂÓ‚ ÔÓ
ÏÂÚÓ‰ÓÏ äÂÎ¸‚ËÌ‡ ÔÓ ÓÔËÒ‡ÌÌÓÏÛ ‚˚¯Â ‡Î„ÓËÚ-
ÏÛ. êÂÁÛÎ¸Ú‡Ú˚ ‡Ò˜ÂÚÓ‚ Ò‚Â‰ÂÌ˚ ‚ Ú‡·ÎËˆÛ. ÇË‰-
Ì‡ ÔÓÒÎÂ‰Ó‚‡ÚÂÎ¸Ì‡fl ˝‚ÓÎ˛ˆËfl ÒÂ‰ÌËı ‡ÁÏÂÓ‚
ÔÓ Ë Ó·˘ÂÈ ÔÓËÒÚÓÒÚË ÒËÒÚÂÏ˚ èä–ÔÓËÒÚ˚È
ÓÍÒË‰ ‚ Á‡‚ËÒËÏÓÒÚË ÓÚ ÒÓÓÚÌÓ¯ÂÌËfl ‚ ÌÂÈ Ó·˙Â-
ÏÓ‚ ÔÓËÒÚÓ„Ó ÍÂÏÌËfl Ë ÔÓËÒÚÓ„Ó ÓÍÒË‰‡. éÚ-
ÎË˜ËÂ ÂÁÛÎ¸Ú‡ÚÓ‚ ‡Ò˜ÂÚÓ‚ ÔÓ ÒÓ·ˆËÓÌÌ˚Ï Ë
ÏÌÓ„ÓÛ„ÎÓ‚˚Ï ËÁÏÂÂÌËflÏ „Ó‚ÓËÚ Ó ÚÓÏ, ˜ÚÓ ÌÂ
‚ÒÂ ÔÓfl Á‡ÔÓÎÌfl˛ÚÒfl ‚ ÔÓˆÂÒÒÂ ‡‰ÒÓ·ˆËË. ÑÎfl
Ò‡‚ÌÂÌËfl ‚ Ú‡·ÎËˆÂ ÔË‚Â‰ÂÌ˚ ‰‡ÌÌ˚Â ‡Ò˜ÂÚÓ‚
Ó·˘ÂÈ ÔÓËÒÚÓÒÚË Ó·‡Áˆ‡ ÔÓ ÙÓÏÛÎ‡Ï ÅÛ„„Â-
Ï‡Ì‡ Ë ãÓÂÌˆ–ãÓÂÌˆ‡. ÇË‰ÌÓ, ˜ÚÓ ËÒÔÓÎ¸ÁÓ‚‡-
ÌËÂ ˝ÚËı ‰‚Ûı ÔË·ÎËÊÂÌËÈ ‚ÎËflÂÚ Ì‡ ÂÁÛÎ¸Ú‡Ú˚
‡Ò˜ÂÚÓ‚. å‡ÍÒËÏ‡Î¸ÌÓÂ ‡ÒıÓÊ‰ÂÌËÂ ÂÁÛÎ¸Ú‡ÚÓ‚
‡Ò˜ÂÚÓ‚ Ì‡·Î˛‰‡ÂÚÒfl ÔË ÔÓÍ‡Á‡ÚÂÎflı ÔÂÎÓÏÎÂ-
ÌËfl ‚ ‰Ë‡Ô‡ÁÓÌÂ 2–2.7. ê‡ÁÎË˜ËÂ ‡ÒÒ˜ËÚ‡ÌÌ˚ı ÁÌ‡-
˜ÂÌËÈ ‡‰ÒÓ·ˆËÓÌÌ˚ı Ë ‰ÂÒÓ·ˆËÓÌÌ˚ı ‡‰ËÛÒÓ‚
ÔÓ, Ú‡Í ÊÂ, Í‡Í Ë ‚ ÒÎÛ˜‡Â ÔÓËÒÚÓ„Ó ÓÍÒË‰‡ ÍÂÏ-
ÌËfl, „Ó‚ÓËÚ Ó ·ÛÚ˚ÎÍÓÓ·‡ÁÌÓÈ ÙÓÏÂ ÔÓ.

àÁÏÂÌÂÌËfl ˝ÎÎËÔÒÓÏÂÚË˜ÂÒÍËı Û„ÎÓ‚ Ψ Ë ∆ ‚
Á‡‚ËÒËÏÓÒÚË ÓÚ ‰‡‚ÎÂÌËfl ÔÓÍ‡Á‡Ì˚ Ì‡ ËÒ. 7. ùÚË
„‡ÙËÍË ÏÓ„ÛÚ ·˚Ú¸ ËÒÔÓÎ¸ÁÓ‚‡Ì˚ ‰Îfl ÓˆÂÌÓ˜ÌÓ-
„Ó ‡Ò˜ÂÚ‡ ‡ÒÔÂ‰ÂÎÂÌËfl ÔÓ ÔÓ ‡ÁÏÂ‡Ï Ë Ëı
ÔÂÓ·Î‡‰‡˛˘Â„Ó ‡‰ËÛÒ‡.

Ñ‚ÛıÒÎÓÈÌ‡fl ÔÎÂÌÍ‡ ÔÓËÒÚÓ„Ó ÍÂÏÌËfl, ÒÓ-
‰ÂÊ‡˘‡fl ÒÎÓË ‡ÁÎË˜ÌÓÈ ÒÚÂÔÂÌË ÔÓËÒÚÓÒÚË,
Ú‡ÍÊÂ ·˚Î‡ ËÒÒÎÂ‰Ó‚‡Ì‡. èÓÒÍÓÎ¸ÍÛ ‰Îfl ÒËÒÚÂ-
Ï˚, ÒÓ‰ÂÊ‡˘ÂÈ ‰‚‡ Ë ·ÓÎÂÂ ÒÎÓÂ‚, ˝ÎÎËÔÒÓÏÂÚ-
Ëfl Ò ÙËÍÒËÓ‚‡ÌÌÓÈ ‰ÎËÌÓÈ ‚ÓÎÌ˚ ÌÂ ÏÓÊÂÚ
‰‡Ú¸ ÚÓ˜ÌÓ„Ó Â¯ÂÌËfl, Á‰ÂÒ¸ ÏÓÊÌÓ ÔÓÎÛ˜ËÚ¸
ÚÓÎ¸ÍÓ ÓˆÂÌÓ˜Ì˚Â ÁÌ‡˜ÂÌËfl ÔÂÓ·Î‡‰‡˛˘Ëı ‡-
‰ËÛÒÓ‚ ÔÓ. êÂÁÛÎ¸Ú‡Ú˚ ‡Ò˜ÂÚÓ‚ ‰Îfl ˝ÚÓÈ ÔÎÂÌÍË
Ú‡ÍÊÂ ÔÂ‰ÒÚ‡‚ÎÂÌ˚ ‚ Ú‡·ÎËˆÂ.

Ç ÂÁÛÎ¸Ú‡ÚÂ ËÁÏÂÂÌËÈ Ó·‡Áˆ‡ ÔÓËÒÚÓ„Ó
ÍÂÏÌËfl Ò Ì‡ÌÂÒÂÌÌ˚Ï ˝ÔËÚ‡ÍÒË‡Î¸Ì˚Ï Í‡ÔÒÛÎË-
Û˛˘ËÏ ÒÎÓÂÏ ÍÂÏÌËfl ·˚Î‡ ÓÚÏÂ˜ÂÌ‡ ‡‰ÒÓ·-
ˆËfl ÌÂÁÌ‡˜ËÚÂÎ¸ÌÓ„Ó Ó·˙ÂÏ‡ ‡‰ÒÓ·‡Ú‡, ÔÓËÒıÓ-
‰fl˘‡fl ÔË ÓÚÌÓÒËÚÂÎ¸Ì˚ı ‰‡‚ÎÂÌËflı ÔÓfl‰Í‡
0.98–0.99 (ÚÓÎÛÓÎ), ˜ÚÓ ÒÓÓÚ‚ÂÚÒÚ‚ÛÂÚ ‡‰ËÛÒÛ ÔÓ
200–500 ÌÏ. èÓ‰Ó·ÌÛ˛ Í‡ÚËÌÛ ÏÓÊÌÓ ËÌÚÂÔÂ-
ÚËÓ‚‡Ú¸ Í‡Í ÓÚÒÛÚÒÚ‚ËÂ ÔÓÍÓÎÓ‚ ‚ ÔÎÂÌÍÂ Ë Ì‡-
ÎË˜ËÂ ‡Á‚ËÚÓ„Ó ÂÎ¸ÂÙ‡ ÔÓ‚ÂıÌÓÒÚË Ò ı‡‡Í-
ÚÂÌ˚Ï ‡ÁÏÂÓÏ “ıÓÎÏÓ‚” Ë “‚Ô‡‰ËÌ” ÔÓfl‰Í‡
200–500 ÌÏ. ç‡ ÒÔÂÍÚÂ äêë ÔËÍ ÓÚ ÔÎÂÌÍË ÒÓÓÚ-
‚ÂÚÒÚ‚Ó‚‡Î ÔËÍÛ ÓÚ Ó·˙ÂÏÌÓ„Ó ÍÂÏÌËfl, ̃ ÚÓ „Ó‚Ó-
ËÚ Ó· ÓÚÒÛÚÒÚ‚ËË ÒÛ˘ÂÒÚ‚ÂÌÌ˚ı ‚ÌÛÚÂÌÌËı Ì‡-
ÔflÊÂÌËÈ ‚ ˝ÔËÚ‡ÍÒË‡Î¸ÌÓÈ ÔÎÂÌÍÂ.

áÄäãûóÖçàÖ

í‡ÍËÏ Ó·‡ÁÓÏ, ‚ Ì‡ÒÚÓfl˘ÂÈ ‡·ÓÚÂ Ì‡ÏË ÔÓ-
‰ÂÏÓÌÒÚËÓ‚‡Ì˚ ‚ÓÁÏÓÊÌÓÒÚË ÔËÏÂÌÂÌËfl ÏÂ-
ÚÓ‰‡ Î‡ÁÂÌÓÈ ˝ÎÎËÔÒÓÏÂÚË˜ÂÒÍÓÈ ÔÓÓÏÂÚËË
‰Îfl ÓÔÂ‰ÂÎÂÌËfl ÒÎÂ‰Û˛˘Ëı ı‡‡ÍÚÂËÒÚËÍ ÒÎÓÂ‚
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êËÒ. 6. êÂÁÛÎ¸Ú‡Ú Â¯ÂÌËfl Ó·‡ÚÌÓÈ Á‡‰‡˜Ë ˝ÎÎËÔÒÓ-
ÏÂÚËË ‰Îfl ÔÎÂÌÍË ÔÓËÒÚÓ„Ó ÍÂÏÌËfl, ÔÓ‰‚Â„¯ÂÈÒfl
ÓÍËÒÎÂÌË˛ Ë Ú‡‚ÎÂÌË˛.
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êËÒ. 7. á‡‚ËÒËÏÓÒÚ¸ Û„Î‡ Ψ ÓÚ ‰‡‚ÎÂÌËfl (‡) Ë Û„Î‡ ∆ ÓÚ
‰‡‚ÎÂÌËfl (·) ‰Îfl ÔÎÂÌÍË ÔÓËÒÚÓ„Ó ÍÂÏÌËfl ÔÓÒÎÂ
ÓÍËÒÎÂÌËfl Ë Ú‡‚ÎÂÌËfl.
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ÔÓËÒÚÓ„Ó ÍÂÏÌËfl: ‡ÒÔÂ‰ÂÎÂÌËfl ÔÓ ÔÓ ‡ÁÏÂ-
‡Ï; ı‡‡ÍÚÂÌÓÈ ÙÓÏ˚ ÔÓ; ÒÔÎÓ¯ÌÓÒÚË ˝ÔË-
Ú‡ÍÒË‡Î¸Ì˚ı ÔÎÂÌÓÍ ‚ ÒËÒÚÂÏ‡ı ÍÂÏÌËÈ Ì‡ ÔÓË-
ÒÚÓÏ ÍÂÏÌËË; Ô‡‡ÏÂÚÓ‚ ÂÎ¸ÂÙ‡ (ÒÂ‰ÌËı ‡Á-
ÏÂÓ‚ ÌÂÓ‰ÌÓÓ‰ÌÓÒÚÂÈ) ÔÓ‚ÂıÌÓÒÚË Ó·‡ÁˆÓ‚.

èÓÍ‡Á‡ÌÓ, ˜ÚÓ ÏÂı‡ÌË˜ÂÒÍËÂ Ì‡ÔflÊÂÌËfl ‚ ÔÓ-
ËÒÚÓÈ ÔÎÂÌÍÂ ÓÍÒË‰‡ ÍÂÏÌËfl ËÁÏÂÌfl˛ÚÒfl ‚ ÔÓ-
ˆÂÒÒÂ ‡‰ÒÓ·ˆËË. äÓÎË˜ÂÒÚ‚ÂÌÌ˚Â ÓˆÂÌÍË Ëı ‚Â-
ÎË˜ËÌ˚ ÏÓ„ÛÚ ·˚Ú¸ ÔÓ‚Â‰ÂÌ˚ ÔË ÔÓÒÚÓÂÌËË
ÍÓÂÍÚÌÓÈ ÏÓ‰ÂÎË ÒÚÛÍÚÛ˚.
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Ellipsometric Porosimetry of Thin Porous Films and Heterosystems, 
Containing an Underlayer of Porous Silicon

I. A. Leonov, K. P. Mogilnikov, O. P. Pchelyakov

The aim of this paper is investigation of mechanical and structure properties of porous silicon and MBE-ob-
tained structures on its basis by ellipsometric porosity measuring methods. General porosity as well as pore
size distribution was calculated and optical and adsorption properties were analyzed. The possibility of appli-
cation of the ellipsometric porosity measuring method quality control of epitaxial films on porous silicon was
considered. The possibility of mechanical stress evaluation in porous silicon during adsorption was shown.


