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ÇÇÖÑÖçàÖ

ùÙÙÂÍÚ Û¯ËÂÌËfl ÔÓfl‚ÎflÂÚÒfl ‚ ÚÓÏ, ˜ÚÓ ÏË-
ÍÓÓ·˙ÂÍÚ˚, ‚ËÁÛ‡ÎËÁÓ‚‡ÌÌ˚Â Äëå, ËÏÂ˛Ú Á‡-
‚˚¯ÂÌÌ˚Â Î‡ÚÂ‡Î¸Ì˚Â ‡ÁÏÂ˚. ç‡ÔËÏÂ, ÔË
Äëå-ËÒÒÎÂ‰Ó‚‡ÌËflı ÏÓÎÂÍÛÎ ÌÛÍÎÂËÌÓ‚˚ı ÍËÒ-
ÎÓÚ [1] ˝ÚÓÚ ˝ÙÙÂÍÚ Ó·ÎÂ„˜‡ÂÚ Ë‰ÂÌÚËÙËÍ‡ˆË˛
ÏÓÎÂÍÛÎ: “Û¯ËÂÌÌ˚Â” ÏÓÎÂÍÛÎ˚ (¯ËËÌ‡ ÔÓ-
ÙËÎfl ÏÓÎÂÍÛÎ˚ Ñçä Á‡‚˚¯‡ÂÚÒfl ‚ 5–10 ‡Á) ÎÂ„-
˜Â Ó·Ì‡ÛÊËÚ¸ Ì‡ Í‡‰Â ÁÌ‡˜ËÚÂÎ¸ÌÓÈ ÔÎÓ˘‡‰Ë,
˜ÚÓ Ó·ÎÂ„˜‡ÂÚ Ì‡·Ó ÒÚ‡ÚËÒÚËÍË. Ç ÒËÎÛ ˝ÚÓ„Ó,
ÔË ËÒÒÎÂ‰Ó‚‡ÌËË ÌÛÍÎÂËÌÓ‚˚ı ÍËÒÎÓÚ, ˝ÙÙÂÍÚ
Û¯ËÂÌËfl ÔÓÁ‚ÓÎflÂÚ Ó·ıÓ‰ËÚ¸Òfl ·ÂÁ ‰ÓÔÓÎÌË-
ÚÂÎ¸ÌÓ„Ó ÍÓÌÚ‡ÒÚËÓ‚‡ÌËfl Ï‡ÍÓÏÓÎÂÍÛÎ (Û‡-
ÌËÎ‡ˆÂÚ‡ÚÓÏ Ë Ô.).

ùÙÙÂÍÚ Û¯ËÂÌËfl Ò‚flÁ‡Ì Ò ÚÂÏ, ̃ ÚÓ ÁÓÌ‰ËÛ˛-
˘ÂÂ ÓÒÚËÂ ÏËÍÓÒÍÓÔ‡ ËÏÂÂÚ ÍÓÌÂ˜Ì˚È ‡‰ËÛÒ
ÍË‚ËÁÌ˚ ÍÓÌ˜ËÍ‡. ùÚÛ ‡ÔÔ‡‡ÚÌÛ˛ ÔÓ„Â¯ÌÓÒÚ¸
ÚÛ‰ÌÓ ÔÂÓ‰ÓÎÂÚ¸, ÔÓÒÍÓÎ¸ÍÛ ÛÏÂÌ¸¯ÂÌËÂ ‡‰Ë-
ÛÒ‡ ÍË‚ËÁÌ˚ ÍÓÌ˜ËÍ‡ ÁÓÌ‰‡ (ËÒÔÓÎ¸ÁÓ‚‡ÌËÂ ·Ó-
ÎÂÂ ÓÒÚ˚ı ÁÓÌ‰Ó‚) ÔË‚Ó‰ËÚ Í Û‚ÂÎË˜ÂÌË˛ ‰‡‚-
ÎÂÌËfl ‚ Ó·Î‡ÒÚË ÍÓÌÚ‡ÍÚ‡ (ÔË ÚÓÏ ÊÂ ÁÌ‡˜ÂÌËË
‚ÂÎË˜ËÌ˚ ÍÓÌÚ‡ÍÚÌ˚ı ÒËÎ). ÅÓÎ¸¯ÂÂ ‰‡‚ÎÂÌËÂ
ÔË‚Ó‰ËÚ Í ·ÓÎ¸¯ËÏ ÍÓÌÚ‡ÍÚÌ˚Ï ‰ÂÙÓÏ‡ˆËflÏ
ÁÓÌ‰‡ Ë Ó·‡Áˆ‡, ˜ÚÓ ÒÍ‡Á˚‚‡ÂÚÒfl Ì‡ Û‚ÂÎË˜ÂÌËË
Í‡Í Î‡ÚÂ‡Î¸Ì˚ı ‡ÁÏÂÓ‚ Ó·Î‡ÒÚË ÍÓÌÚ‡ÍÚ‡
(Ó„‡ÌË˜ÂÌËÂ ‰ÓÒÚËÊËÏÓ„Ó ÔÓÒÚ‡ÌÒÚ‚ÂÌÌÓ„Ó
‡ÁÂ¯ÂÌËfl), Ú‡Í Ë ‡‰ËÛÒÓ‚ ÍË‚ËÁÌ˚ ÍÓÌÚ‡ÍÚË-
Û˛˘Ëı ÔÓ‚ÂıÌÓÒÚÂÈ.

ìÏÂÌ¸¯ËÚ¸ ÍÓÌÚ‡ÍÚÌ˚Â ‰ÂÙÓÏ‡ˆËË ÏÓÊÌÓ
ÔË Ì‡·Î˛‰ÂÌËË ÔÓ‚ÂıÌÓÒÚË Ó·‡ÁˆÓ‚ ‚ ÊË‰ÍÓÒ-
Úflı, ÔÓÒÍÓÎ¸ÍÛ ‚ ̋ ÚÓÏ ÒÎÛ˜‡Â ÏÓÊÌÓ ÔÓ‰‰ÂÊË‚‡Ú¸
ÍÓÌÚ‡ÍÚÌ˚Â ÒËÎ˚ Ì‡ ÒÛ˘ÂÒÚ‚ÂÌÌÓ ·ÓÎÂÂ ÌËÁÍÓÏ
ÛÓ‚ÌÂ [2]. é‰Ì‡ÍÓ Á‰ÂÒ¸ ÏÓ„ÛÚ ‚ÓÁÌËÍ‡Ú¸ ÌÓ‚˚Â
ÔÓ·ÎÂÏ˚, ÒÂ‰Ë ÍÓÚÓ˚ı Ï˚ ÛÔÓÏflÌÂÏ ÔÓ·ÎÂÏÛ
ÙËÍÒ‡ˆËË Ó·‡Áˆ‡ Ì‡ Ú‚Â‰ÓÈ ÔÓ‰ÎÓÊÍÂ.

ÑÎfl ‚ÓÒÒÚ‡ÌÓ‚ÎÂÌËfl Â‡Î¸ÌÓÈ „ÂÓÏÂÚË˜ÂÒÍÓÈ
ÙÓÏ˚ Ó·˙ÂÍÚ‡ ÔÓ Â„Ó Äëå-ËÁÓ·‡ÊÂÌË˛ ÌÂÓ·-

ıÓ‰ËÏ ‰ÓÔÓÎÌËÚÂÎ¸Ì˚È Ï‡ÚÂÏ‡ÚË˜ÂÒÍËÈ ‡Ì‡ÎËÁ Ò
ËÒÔÓÎ¸ÁÓ‚‡ÌËÂÏ ÏÓ‰ÂÎ¸Ì˚ı ÔÂ‰ÒÚ‡‚ÎÂÌËÈ Ó „ÂÓ-
ÏÂÚËË ÁÓÌ‰‡ (ÍÓÌÛÒ ÒÓ ÒÙÂË˜ÂÒÍËÏ ÍÓÌ˜ËÍÓÏ,
Ô‡‡·ÓÎÓË‰ Ë Ô.) Ë ‡ÔËÓÌ˚ı ÔÂ‰ÒÚ‡‚ÎÂÌËÈ Ó
ÙÓÏÂ Ó·˙ÂÍÚ‡ ËÒÒÎÂ‰Ó‚‡ÌËfl.

Ç ‡·ÓÚÂ [3] ÔÂ‰ÎÓÊÂÌ‡ ÛÌË‚ÂÒ‡Î¸Ì‡fl ÍÓÏ-
Ô¸˛ÚÂÌ‡fl ÏÂÚÓ‰ËÍ‡ ‰ÂÍÓÌ‚ÓÎ˛ˆËË Äëå-ËÁÓ·‡-
ÊÂÌËÈ, ‚ÍÎ˛˜‡˛˘‡fl ‰‚‡ ˝Ú‡Ô‡: ÓÔÂ‰ÂÎÂÌËÂ „ÂÓ-
ÏÂÚËË ËÒÔÓÎ¸ÁÛÂÏÓ„Ó ÓÒÚËfl Ò ÔÓÏÓ˘¸˛ ÚÂÒÚ-
Ó·˙ÂÍÚÓ‚ Ë Ò‚ÂÚÍÛ ËÌ‚ÂÚËÓ‚‡ÌÌÓÈ „ÂÓÏÂÚËË
ÓÒÚËfl Ò ËÁÏÂÂÌÌ˚Ï Äëå-ÔÓÙËÎÂÏ. ùÚ‡ ÔÓ-
ˆÂ‰Û‡ ÔÓÁ‚ÓÎflÂÚ ‚Ó ÏÌÓ„Ëı ÒÎÛ˜‡flı ‚ÓÒÒÚ‡ÌÓ‚ËÚ¸
ËÒıÓ‰Ì˚È ÔÓÙËÎ¸ Ó·˙ÂÍÚ‡ Ò ‚˚ÒÓÍÓÈ ÚÓ˜ÌÓÒ-
Ú¸˛. å˚ ÔÓ‚Ó‰ËÎË ÚÂÒÚËÓ‚‡ÌËÂ ‰‡ÌÌÓÈ ÏÂÚÓ‰Ë-
ÍË, Â¯‡fl Á‡‰‡˜Û ‚ÓÒÒÚ‡ÌÓ‚ÎÂÌËfl „ÂÓÏÂÚËË Ó·˙-
ÂÍÚÓ‚, ‡‰ÒÓ·ËÓ‚‡ÌÌ˚ı Ì‡ ÔÓ‚ÂıÌÓÒÚ¸ ÔÎÓÒÍÓÈ
ÔÓ‰ÎÓÊÍË. ÄÌ‡ÎËÁ ÔÓÍ‡Á‡Î, ˜ÚÓ ‚ÓÒÒÚ‡ÌÓ‚ÎÂÌÌ˚Â
ÔÓ ‰‡ÌÌÓÈ ÏÂÚÓ‰ËÍÂ Î‡ÚÂ‡Î¸Ì˚Â ‡ÁÏÂ˚ Ó·˙-
ÂÍÚ‡ (¯ËËÌ‡ Ì‡ ÔÓÎÛ‚˚ÒÓÚÂ) ÒÛ˘ÂÒÚ‚ÂÌÌÓ Á‡‚˚-
¯ÂÌ˚ ÔË ÛÒÎÓ‚ËË, ˜ÚÓ ‡‰ËÛÒ ÍË‚ËÁÌ˚ Ó·˙ÂÍÚ‡
ÏÂÌ¸¯Â ‡‰ËÛÒ‡ ÍË‚ËÁÌ˚ ÍÓÌ˜ËÍ‡ ÁÓÌ‰‡ (Ó¯Ë·-
Í‡ ÚÂÏ ‚˚¯Â, ˜ÂÏ ·ÓÎ¸¯Â ‡ÁÌËˆ‡ ÒÓÓÚ‚ÂÚÒÚ‚Û˛-
˘Ëı ‡‰ËÛÒÓ‚). ùÚÓ Ó·ÒÚÓflÚÂÎ¸ÒÚ‚Ó ÓÒÎÓÊÌflÂÚ
ÔËÏÂÌËÏÓÒÚ¸ ‡ÒÒÏ‡ÚË‚‡ÂÏÓÈ ÏÂÚÓ‰ËÍË ÔË
ËÒÒÎÂ‰Ó‚‡ÌËflı ·ËÓÓ·˙ÂÍÚÓ‚ (Ï‡ÍÓÏÓÎÂÍÛÎ, Ëı
ÍÓÏÔÎÂÍÒÓ‚ Ë Ô.) ‚ ÒËÎÛ Ï‡ÎÓÒÚË ‡ÁÏÂÓ‚ ÔÓ-
ÒÎÂ‰ÌËı ‚ Ò‡‚ÌÂÌËË Ò ‡‰ËÛÒÓÏ ÍË‚ËÁÌ˚ ÍÓÌ˜Ë-
Í‡ ÁÓÌ‰‡ Äëå.

Ç ‡·ÓÚÂ [4] ÔÂ‰ÎÓÊÂÌ‡ ÏÂÚÓ‰ËÍ‡ ‚ÓÒÒÚ‡ÌÓ‚-
ÎÂÌËfl Ó·˙ÂÏ‡ ËÒÒÎÂ‰ÛÂÏ˚ı ˜‡ÒÚËˆ (ÔÓ Äëå-ÔÓ-
ÙËÎ˛), ÌÂ ‚ÍÎ˛˜‡˛˘‡fl ÒÚ‡‰Ë˛ ÔÂ‰‚‡ËÚÂÎ¸ÌÓ-
„Ó ÚÂÒÚËÓ‚‡ÌËfl ÁÓÌ‰‡: Í‡Í „ÂÓÏÂÚËfl ÁÓÌ‰‡, Ú‡Í
Ë „ÂÓÏÂÚËfl Ó·˙ÂÍÚÓ‚ ËÒÒÎÂ‰Ó‚‡ÌËfl ÏÓ„ÛÚ ·˚Ú¸
‚ÓÒÒÚ‡ÌÓ‚ÎÂÌ˚ ÔÛÚÂÏ ‡Ì‡ÎËÁ‡ Ó‰ÌÓ„Ó Ë ÚÓ„Ó ÊÂ
Äëå-ËÁÓ·‡ÊÂÌËfl. é‰Ì‡ÍÓ ‰‡ÌÌ‡fl ÏÂÚÓ‰ËÍ‡
‚ÍÎ˛˜‡ÂÚ ‡ÔËÓÌÓÂ ÔÂ‰ÔÓÎÓÊÂÌËÂ Ó ÒÙÂË˜ÂÒ-
ÍÓÈ ÙÓÏÂ ËÒÒÎÂ‰ÛÂÏ˚ı Ó·˙ÂÍÚÓ‚. Ç ÒËÎÛ ÔÂ‰-
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ÒÚ‡‚ÎÂÌËÈ Ó ÒÛ˘ÂÒÚ‚ÂÌÌÓÈ ÓÎË ÍÓÌÚ‡ÍÚÌ˚ı ‰Â-
ÙÓÏ‡ˆËÈ ‚ ËÒÒÎÂ‰Ó‚‡ÌËflı Äëå ‰‡ÌÌÓÂ ÔÂ‰ÔÓ-
ÎÓÊÂÌËÂ ‚fl‰ ÎË ÓÔ‡‚‰‡ÌÓ ÔË Â¯ÂÌËË Á‡‰‡˜Ë
‚ÓÒÒÚ‡ÌÓ‚ÎÂÌËfl „ÂÓÏÂÚËË ·ËÓÓ·˙ÂÍÚÓ‚, ı‡‡Í-
ÚÂËÁÛ˛˘ËıÒfl ÌÂ‚˚ÒÓÍËÏË ÁÌ‡˜ÂÌËflÏË ÏÓ‰ÛÎfl
ÛÔÛ„ÓÒÚË. ÅÓÎÂÂ Ó·˘ÂÈ fl‚ÎflÂÚÒfl ÏÓ‰ÂÎ¸, ÔÓÁ‚Ó-
Îfl˛˘‡fl Û˜ÂÒÚ¸ ˝ÙÙÂÍÚ Û¯ËÂÌËfl ÔË ÍÓÌÚ‡ÍÚÂ
Ë„Î˚ Ò ‰ÂÙÓÏËÓ‚‡ÌÌÓÈ ˜‡ÒÚËˆÂÈ, ËÏÂ˛˘ÂÈ ˝Î-
ÎËÔÒÓË‰‡Î¸ÌÓÂ ÒÂ˜ÂÌËÂ. çÓ, Ì‡ÒÍÓÎ¸ÍÓ Ì‡Ï ËÁ‚Â-
ÒÚÌÓ, ‚ ÎËÚÂ‡ÚÛÂ ÓÚÒÛÚÒÚ‚Û˛Ú ‡·ÓÚ˚, ÔÓÒ‚fl-
˘ÂÌÌ˚Â ÔËÏÂÌÂÌË˛ ‰‡ÌÌÓÈ ÏÓ‰ÂÎË ‰Îfl ‡Ì‡ÎËÁ‡
˝ÍÒÔÂËÏÂÌÚ‡Î¸Ì˚ı Äëå-ËÁÓ·‡ÊÂÌËÈ, ˜ÚÓ, ÔÓ-
‚Ë‰ËÏÓÏÛ, Ó·ÛÒÎÓ‚ÎÂÌÓ ‡Î„Â·‡Ë˜ÂÒÍËÏË ÒÎÓÊ-
ÌÓÒÚflÏË, ‚ÓÁÌËÍ‡˛˘ËÏË ÔË Ì‡ıÓÊ‰ÂÌËË ‡Ì‡ÎË-
ÚË˜ÂÒÍÓ„Ó Â¯ÂÌËfl ˝ÚÓÈ Á‡‰‡˜Ë.

èÓÒÚ‡ÌÓ‚Í‡ Ë Â¯ÂÌËÂ Á‡‰‡˜Ë
Ó ‚ÓÒÒÚ‡ÌÓ‚ÎÂÌËË Â‡Î¸ÌÓÈ 

¯ËËÌ˚ Ó·˙ÂÍÚÓ‚ ÔÓ ËÁÏÂÂÌÌÓÏÛ 
Äëå-ÔÓÙËÎ˛

å˚ ÔËÏÂÌËÎË ‰Îfl Û˜ÂÚ‡ ˝ÙÙÂÍÚ‡ Û¯ËÂÌËfl
„ÂÓÏÂÚË˜ÂÒÍÛ˛ ÏÓ‰ÂÎ¸ (ËÒ. 1), Û˜ËÚ˚‚‡˛˘Û˛
‚Á‡ËÏÓ‰ÂÈÒÚ‚ËÂ Ó·˙ÂÍÚ‡ ÚÓÎ¸ÍÓ Ò ÍÓÌ˜ËÍÓÏ ÁÓÌ-
‰‡ (ÔÂ‰ÔÓÎ‡„‡ÂÚÒfl, ˜ÚÓ ÌÂÚ ÍÓÌÚ‡ÍÚ‡ ÒÓ ÒÚÂÌÍ‡ÏË
ÔË‡ÏË‰˚). ùÚÓ ÓÔ‡‚‰‡ÌÓ ‚ ÚÓÏ ÒÎÛ˜‡Â, ÍÓ„‰‡
‚˚ÒÓÚ‡ ËÒÒÎÂ‰ÛÂÏ˚ı ÒÚÛÍÚÛ Ì‡‰ ÔÓ‰ÎÓÊÍÓÈ ÌÂ
ÔÂ‚˚¯‡ÂÚ ‡‰ËÛÒ‡ ÍË‚ËÁÌ˚ ÍÓÌ˜ËÍ‡ Ë„Î˚.

äÓÌ˜ËÍ ÁÓÌ‰‡ ‡ÔÔÓÍÒËÏËÓ‚‡ÎË ÎË·Ó ÔÓÎÛ-
ÒÙÂÓÈ ‡‰ËÛÒ‡ R, ÎË·Ó Ô‡‡·ÓÎÓË‰ÓÏ ‚‡˘ÂÌËfl
(ÒÂ˜ÂÌËÂ Ë„Î˚ – Ô‡‡·ÓÎ‡: y = kx2, „‰Â k – ÍÓ˝ÙÙË-
ˆËÂÌÚ ‡ÔÔÓÍÒËÏ‡ˆËË). Å˚ÎÓ ÔÓÍ‡Á‡ÌÓ, ˜ÚÓ Â-
ÁÛÎ¸Ú‡Ú˚ ÔËÏÂÌÂÌËfl ‰‚Ûı ÏÂÚÓ‰ËÍ ·ÎËÁÍË.
äÓÎË˜ÂÒÚ‚ÂÌÌÓÂ ‡ÒıÓÊ‰ÂÌËÂ ‚ ÓÚ‚ÂÚ‡ı ÌÂ ÔÂ-
‚˚¯‡ÂÚ 3–9%. ëÚÓËÚ ÓÚÏÂÚËÚ¸, ˜ÚÓ ‡ÔÔÓÍÒËÏ‡-
ˆËfl Ë„Î˚ Ò ÔÓÏÓ˘¸˛ ÔÓÎÛÒÙÂ˚ ·ÓÎÂÂ Ì‡„Îfl‰Ì‡
Ë ¯ËÂ ËÒÔÓÎ¸ÁÛÂÚÒfl ‚ ÎËÚÂ‡ÚÛÂ. å˚ ÌËÊÂ ÔË-
‚Ó‰ËÏ ‡Î„ÓËÚÏ˚ Ó·ÓËı ÔÓ‰ıÓ‰Ó‚.

àÒÒÎÂ‰ÛÂÏ‡fl ˜‡ÒÚËˆ‡ ÓÔËÒ˚‚‡Î‡Ò¸ ÏÓ‰ÂÎ¸˛
ÒÔÎ˛ÒÌÛÚÓ„Ó ˝ÎÎËÔÒÓË‰‡ (Ò ÔÓÎÛÓÒflÏË a, b, c), Ú.Â.
Ï˚ ËÒıÓ‰ËÏ ËÁ ‡ÔËÓÌ˚ı ÔÂ‰ÒÚ‡‚ÎÂÌËÈ Ó ÍÓÌ-
Ú‡ÍÚÌÓÈ ‰ÂÙÓÏ‡ˆËË Ó·‡Áˆ‡ ÔÓ‰ ‰ÂÈÒÚ‚ËÂÏ ÁÓÌ-
‰‡. ëÚ‡‚ËÎ‡Ò¸ Á‡‰‡˜‡ ÔÓ Á‡‰‡ÌÌ˚Ï ÁÌ‡˜ÂÌËflÏ b
(b = h/2), R (ËÎË k ‰Îfl Ô‡‡·ÓÎË˜ÂÒÍÓÈ ‡ÔÔÓÍÒË-
Ï‡ˆËË) Ë d („‰Â d – ËÁÏÂÂÌÌ‡fl ¯ËËÌ‡ ÔÓÙËÎfl
Äëå-ËÁÓ·‡ÊÂÌËfl ˜‡ÒÚËˆ˚ Ì‡ ÂÂ ÔÓÎÛ‚˚ÒÓÚÂ)
Ì‡ÈÚË ÁÌ‡˜ÂÌËÂ a.

á‡ÔË¯ÂÏ ÒËÒÚÂÏÛ Û‡‚ÌÂÌËÈ ‰Îfl ˝ÎÎËÔÒ‡ (ÒÂ-
˜ÂÌËÂ ÔÓÙËÎfl ËÒÒÎÂ‰ÛÂÏÓÈ ˜‡ÒÚËˆ˚) Ë ÓÍÛÊÌÓ-
ÒÚË (ÒÂ˜ÂÌËÂ ÔÓÙËÎfl Ë„Î˚):

Ç ÏÓ‰ÂÎË Ô‡‡·ÓÎË˜ÂÒÍÓÈ Ë„Î˚ ‚ÚÓÓÂ Û‡‚ÌÂÌËÂ
ÒËÒÚÂÏ˚ ÔËÏÂÚ ‚Ë‰: yÔ‡ = k(x – d/2)2.

ÑÎfl Â¯ÂÌËfl Á‡‰‡˜Ë ÒÚ‡‚ËÎËÒ¸ ÛÒÎÓ‚Ëfl ‰Îfl ÚÓ˜-
ÍË ÍÓÌÚ‡ÍÚ‡ Ò ÍÓÓ‰ËÌ‡Ú‡ÏË (x0, y0): ‡‚ÂÌÒÚ‚Ó Í‡-
Ò‡ÚÂÎ¸Ì˚ı Í ˝ÎÎËÔÒÛ Ë Í ÓÍÛÊÌÓÒÚË (Ô‡‡·ÓÎ˚) Ë
Û‰Ó‚ÎÂÚ‚ÓÂÌËÂ ÍÓÓ‰ËÌ‡Ú ÚÓ˜ÍË ÍÓÌÚ‡ÍÚ‡ Û‡‚-
ÌÂÌËflÏ ˝ÎÎËÔÒ‡ Ë ÓÍÛÊÌÓÒÚË (Ô‡‡·ÓÎ˚):

(1)

ÑÎfl ÏÓ‰ÂÎË Ô‡‡·ÓÎË˜ÂÒÍÓÈ Ë„Î˚ ‚ ÒËÒÚÂÏÂ (1)
‚ÏÂÒÚÓ Û‡‚ÌÂÌËfl ÓÍÛÊÌÓÒÚË ËÒÔÓÎ¸ÁÛÂÚÒfl Û‡‚-
ÌÂÌËÂ Ô‡‡·ÓÎ˚.

Ñ‡ÌÌ‡fl ÒËÒÚÂÏ‡ ‡Ì‡ÎËÚË˜ÂÒÍË Ò‚Ó‰ËÎ‡Ò¸ Í Ó‰-
ÌÓÏÛ Û‡‚ÌÂÌË˛ Ò Ó‰ÌËÏ ÌÂËÁ‚ÂÒÚÌ˚Ï x0, ‰Îfl ÍÓ-
ÚÓÓ„Ó ·˚Î ÒÓÁ‰‡Ì ‡Î„ÓËÚÏ ˜ËÒÎÂÌÌÓ„Ó Â¯Â-
ÌËfl. Ñ‡ÎÂÂ ÔÓ Ì‡È‰ÂÌÌÓÏÛ x0 ÓÔÂ‰ÂÎflÎÓÒ¸ a. èË-
‚Â‰ÂÏ ˝ÚË Û‡‚ÌÂÌËfl ‰Îfl ÒÙÂË˜ÂÒÍÓÈ Ë„Î˚:

(2)

‰Îfl Ì‡ıÓÊ‰ÂÌËfl a ÔÓ ˜ËÒÎÂÌÌÓ ÓÔÂ‰ÂÎÂÌÌÓÏÛ x0:

(3)

ÄÌ‡ÎÓ„Ë˜ÌÓ, ‰Îfl Ô‡‡·ÓÎË˜ÂÒÍÓÈ Ë„Î˚ ËÏÂÂÏ
Û‡‚ÌÂÌËÂ ÓÚÌÓÒËÚÂÎ¸ÌÓ x0 ‰Îfl ÔÓÒÚÓÂÌËfl ˜ËÒ-
ÎÂÌÌÓ„Ó Â¯ÂÌËfl:

(4)

Ë Û‡‚ÌÂÌËÂ ‰Îfl ÓÔÂ‰ÂÎÂÌËfl a:

(5)

ÄÌ‡ÎËÚË˜ÂÒÍË ·˚ÎÓ ÔÓÍ‡Á‡ÌÓ, ˜ÚÓ Û‡‚ÌÂÌËÂ
(2) ‰Îfl ÒÙÂË˜ÂÒÍÓÈ Ë„Î˚ ÌÂ ËÏÂÂÚ Â‰ËÌÒÚ‚ÂÌÌÓ„Ó
Â¯ÂÌËfl (Ì‡ ÒÓÓÚ‚ÂÚÒÚ‚Û˛˘ÂÏ ÔÓÏÂÊÛÚÍÂ) ÚÓÎ¸-

y˝Î b 1 x
2

a
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yÓÍ R R
2

x d 2⁄–( )2
– .–=

b 1 x0
2

a
2⁄– R R

2
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––=

dy˝Î dx⁄ x0 y0, dyÓÍ dx⁄ x0 y0, .=

b
2

R R
2
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––[ ]

2
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2
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– +
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2

x0 d–( )2
––[ ] 0,=
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x0

1 R R
2

x0 d–( )2
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2

b
2⁄–

----------------------------------------------------------------------------.=

k
2

x0 d–( )3
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2
+ 0=

a
x0 x0 d+( )

2
------------------------.=

é·‡ÁÂˆ áÓÌ‰

èÓ‰ÎÓÊÍ‡

h
b

a

d

R

êËÒ. 1. ÉÂÓÏÂÚËfl ÍÓÌÚ‡ÍÚ‡ ÁÓÌ‰‡ Ë Ó·‡Áˆ‡. ä Ó·˙flÒ-
ÌÂÌË˛ ˝ÙÙÂÍÚ‡ Û¯ËÂÌËfl.
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ÍÓ ‚ ÚÓÏ ÒÎÛ˜‡Â, ÍÓ„‰‡ ‚˚ÔÓÎÌflÂÚÒfl ÒËÒÚÂÏ‡ ÌÂ‡-
‚ÂÌÒÚ‚:

(6)

ÄÌ‡ÎÓ„Ë˜ÌÓ, Û‡‚ÌÂÌËÂ ‰Îfl Ô‡‡·ÓÎË˜ÂÒÍÓÈ
Ë„Î˚ (4) ÌÂ ËÏÂÂÚ Â‰ËÌÒÚ‚ÂÌÌÓ„Ó Â¯ÂÌËfl (Ì‡ ËÌ-
ÚÂÂÒÛ˛˘ÂÏ Ì‡Ò ËÌÚÂ‚‡ÎÂ) ‚ ÒÎÛ˜‡Â, ÍÓ„‰‡ ‚˚-
ÔÓÎÌflÂÚÒfl ÌÂ‡‚ÂÌÒÚ‚Ó:

(7)

ëÏ˚ÒÎ ‰‡ÌÌ˚ı Ó„‡ÌË˜ÂÌËfl Ó˜Â‚Ë‰ÂÌ: ÂÒÎË
Äëå-ÔÓÙËÎ¸ ‰ÓÒÚ‡ÚÓ˜ÌÓ “ÓÒÚ˚È”, ÚÓ Ë Ë„Î‡, Ò
ÔÓÏÓ˘¸˛ ÍÓÚÓÓÈ ÓÌ ·˚Î ÔÓÔËÒ‡Ì, Ú‡ÍÊÂ ‰ÓÎÊ-
Ì‡ ·˚Ú¸ “ÓÒÚÓÈ” Ì‡ÒÚÓÎ¸ÍÓ, Ì‡ÒÍÓÎ¸ÍÓ ˝ÚÓ ÓÔÂ-
‰ÂÎflÂÚÒfl ÒÓÓÚÌÓ¯ÂÌËflÏË (6) ËÎË (7).

ì‡‚ÌÂÌËfl (2)–(5) ËÒÔÓÎ¸ÁÓ‚‡ÎËÒ¸ ‰Îfl ÔÓÒÚÓ-
ÂÌËfl ˜ËÒÎÂÌÌÓ„Ó Â¯ÂÌËfl. èÓÒÍÓÎ¸ÍÛ Á‡‰‡˜‡ Â-
¯‡Î‡Ò¸ ˜ËÒÎÂÌÌÓ, ÚÓ ‰Îfl Â‡ÎËÁ‡ˆËË Â¯ÂÌËfl
ÏÓÊÌÓ ·˚ÎÓ ·˚ ÔÓÔÓ·Ó‚‡Ú¸ ÌÂÔÓÒÂ‰ÒÚ‚ÂÌÌÓ
ËÒÔÓÎ¸ÁÓ‚‡Ú¸ ÒËÒÚÂÏÛ (1), Ò‚Â‰fl ÂÂ, Ì‡ÔËÏÂ, Í
ÒËÒÚÂÏÂ ÌÂÎËÌÂÈÌ˚ı Û‡‚ÌÂÌËÈ. é‰Ì‡ÍÓ ÓÍ‡Á˚‚‡-
ÂÚÒfl, ˜ÚÓ ÒÔÂˆËÙËÍ‡ ÒËÒÚÂÏ˚ ÌÂ ÔÓÁ‚ÓÎflÂÚ ‚ ˝ÚÓÏ
ÒÎÛ˜‡Â ÔÓÒÚÓËÚ¸ ‰ÓÒÚ‡ÚÓ˜ÌÓ ÔÓÒÚÓ„Ó ˜ËÒÎÂÌÌÓ-
„Ó Â¯ÂÌËfl, ÔÓÒÍÓÎ¸ÍÛ ÒÍÓÎ¸ Û„Ó‰ÌÓ Ï‡Î˚Â ÓÚ-
ÍÎÓÌÂÌËfl ÓÚ ÚÓ˜ÌÓ„Ó Â¯ÂÌËfl ÔË‚Ó‰flÚ Í ÓÚËˆ‡-
ÚÂÎ¸Ì˚Ï ÁÌ‡˜ÂÌËflÏ ‚ ÔÓ‰ÍÓÂÌÌ˚ı ‚˚‡ÊÂÌËflı,
‚ıÓ‰fl˘Ëı ‚ Â¯‡ÂÏÛ˛ ÒËÒÚÂÏÛ. Ç ÒËÎÛ ˝ÚÓ„Ó
ÔÂ‰ÎÓÊÂÌÌ˚È ÏÂÚÓ‰ fl‚ÎflÂÚÒfl, ÌÂÒÏÓÚfl Ì‡ ÌÂÓ·-
ıÓ‰ËÏÓÒÚ¸ ÔÂ‰‚‡ËÚÂÎ¸Ì˚ı ‡Ì‡ÎËÚË˜ÂÒÍËı ‚˚-
ÍÎ‡‰ÓÍ, ‰ÓÒÚ‡ÚÓ˜ÌÓ ÔÓÒÚ˚Ï, ÍÓÏÂ ÚÓ„Ó, ÓÌ ËÏÂ-
ÂÚ ‚‡ÊÌÓÂ ÔÂËÏÛ˘ÂÒÚ‚Ó: ÔÓ‚ÂÍ‡ ‚˚ÔÓÎÌÂÌËfl
ÛÒÎÓ‚ËÈ (6) Ë (7) ÔÓÁ‚ÓÎflÂÚ Á‡‡ÌÂÂ ÓÔÂ‰ÂÎËÚ¸
ÒÎÛ˜‡Ë ÓÚÒÛÚÒÚ‚Ëfl Â¯ÂÌËÈ.

ùÚ‡ ÔÓ‚ÂÍ‡ ÔÓÁ‚ÓÎflÂÚ ËÁ‚ÎÂ˜¸ ‰ÓÔÓÎÌËÚÂÎ¸-
ÌÛ˛ Ë ‚ÂÒ¸Ï‡ ‚‡ÊÌÛ˛ ËÌÙÓÏ‡ˆË˛ Ó Ò‚ÓÈÒÚ‚‡ı
ÁÓÌ‰ËÛ˛˘Â„Ó ÓÒÚËfl: ÓÔÂ‰ÂÎËÚ¸ ‚ÂıÌ˛˛ „‡-
ÌËˆÛ ‰Îfl ÁÌ‡˜ÂÌËÈ ‡‰ËÛÒ‡ ÍË‚ËÁÌ˚ ÍÓÌ˜ËÍ‡ R
(ÒÓÓÚ‚ÂÚÒÚ‚ÂÌÌÓ, ÌËÊÌ˛˛ ‰Îfl ÍÓ˝ÙÙËˆËÂÌÚ‡ Ô‡-
‡·ÓÎ˚ k).

éÔÂ‰ÂÎÂÌËÂ ÚÓ˜ÌÓ„Ó ÁÌ‡˜ÂÌËfl ‡‰ËÛÒ‡ R (ËÎË
k) ‰Îfl ÍÓÌÍÂÚÌÓ„Ó ÁÓÌ‰‡ ÚÂ·ÛÂÚ Â„Ó ÚÂÒÚËÓ‚‡-
ÌËfl ÌÂÔÓÒÂ‰ÒÚ‚ÂÌÌÓ ÔÂÂ‰ ËÒÔÓÎ¸ÁÓ‚‡ÌËÂÏ (Ò ÔÓ-
ÏÓ˘¸˛ ÚÂÒÚ-Ó·˙ÂÍÚÓ‚, Ì‡ÔËÏÂ ‚ËÛÒÌ˚ı ˜‡Ò-
ÚËˆ [5]). é‰Ì‡ÍÓ Ë ‚ ˝ÚÓÏ ÒÎÛ˜‡Â ÒÛ˘ÂÒÚ‚ÛÂÚ ‚ÂÓ-
flÚÌÓÒÚ¸ ÚÓ„Ó, ̃ ÚÓ ‚ ÔÓˆÂÒÒÂ ÒÍ‡ÌËÓ‚‡ÌËfl ÙÓÏ‡
Ë„Î˚ ÔÂÚÂÔËÚ ËÁÏÂÌÂÌËfl ‚ ÂÁÛÎ¸Ú‡ÚÂ ‚Á‡ËÏÓ-
‰ÂÈÒÚ‚Ëfl Ò Ó·˙ÂÍÚÓÏ. Ç ˝ÚÓÈ Ò‚flÁË ÔÓÎÂÁÌ˚Ï
fl‚ÎflÂÚÒfl ÔÓÎÛ˜ÂÌËÂ ËÌÙÓÏ‡ˆËË Ó ÙÓÏÂ ÁÓÌ‰‡
ÌÂÔÓÒÂ‰ÒÚ‚ÂÌÌÓ ËÁ Äëå-ËÁÓ·‡ÊÂÌËÈ Ó·˙ÂÍÚ‡
ËÒÒÎÂ‰Ó‚‡ÌËfl.

èÛÚÂÏ Ì‡·Ó‡ ÒÚ‡ÚËÒÚËÍË Ô‡‡ÏÂÚÓ‚ ‚˚ÒÓÚ˚
Ë ¯ËËÌ˚ ÔÓÙËÎfl Äëå-ËÁÓ·‡ÊÂÌËÈ Ó·˙ÂÍÚÓ‚
ËÒÒÎÂ‰Ó‚‡ÌËfl Ë ÔÓÒÎÂ‰Û˛˘Â„Ó ‡Ì‡ÎËÁ‡ ‚˚ÔÓÎÌË-
ÏÓÒÚË ÒÓÓÚÌÓ¯ÂÌËÈ (6), (7) ‰Îfl Ì‡·‡ÌÌÓÈ ÒÚ‡ÚËÒ-
ÚËÍË ÏÓÊÌÓ ÓÔÂ‰ÂÎËÚ¸ ÔÂ‰ÂÎ¸ÌÓÂ ÁÌ‡˜ÂÌËÂ R

R d 2⁄>

b R R
2

d
2

4⁄– .–>

b kd
2
.>

(ËÎË k), ‚˚¯Â (ËÎË ÌËÊÂ) ÍÓÚÓÓ„Ó ÓÒÚ ˜ËÒÎ‡
ÒÎÛ˜‡Â‚ ÓÚÒÛÚÒÚ‚Ëfl Â¯ÂÌËfl. ùÚÓ Ë ·Û‰ÂÚ ‚ÂıÌÂÂ
„‡ÌË˜ÌÓÂ ÁÌ‡˜ÂÌËÂ ‰Îfl ÓˆÂÌË‚‡ÂÏÓ„Ó ‡‰ËÛÒ‡
ÍË‚ËÁÌ˚ Ë„Î˚ (ËÒ. 2). çËÊÌflfl „‡ÌËˆ‡ ‰Îfl ‡-
‰ËÛÒ‡ ÍË‚ËÁÌ˚ ÁÓÌ‰‡ ÓÔÂ‰ÂÎflÂÚÒfl ÍÓÌÚ‡ÍÚÌ˚-
ÏË ‰ÂÙÓÏ‡ˆËflÏË.

ä ‚ÓÔÓÒÛ Ó ÔËÏÂÌËÏÓÒÚË ‡Á‡·ÓÚ‡ÌÌÓÈ ÏÂ-
ÚÓ‰ËÍË. ëÎÂ‰ÛÂÚ ÔÓ‰˜ÂÍÌÛÚ¸, ˜ÚÓ ‡Á‡·ÓÚ‡ÌÌ‡fl
ÏÂÚÓ‰ËÍ‡ ÌÂ Û˜ËÚ˚‚‡ÂÚ ‚ÓÁÏÓÊÌÓ„Ó ‰ÓÔÓÎÌË-
ÚÂÎ¸ÌÓ„Ó ‚ÍÎ‡‰‡ ‚ Û¯ËÂÌËÂ, Ò‚flÁ‡ÌÌÓ„Ó Ò ̃ ‡ÒÚË˜-
Ì˚Ï Û‚ÂÎË˜ÂÌËÂÏ Ó·‡Áˆ‡ ÁÓÌ‰ÓÏ ÔË ÒÍ‡ÌËÓ‚‡-
ÌËË. ùÚÓÚ ˝ÙÙÂÍÚ Ó·ÛÒÎÓ‚ÎÂÌ Î‡ÚÂ‡Î¸Ì˚ÏË ÒË-
Î‡ÏË ‚Á‡ËÏÓ‰ÂÈÒÚ‚Ëfl ÁÓÌ‰‡ Ë Ó·‡Áˆ‡, ÍÓÚÓ˚Â
ı‡‡ÍÚÂËÁÛ˛ÚÒfl ÁÌ‡˜ËÚÂÎ¸ÌÓÈ ËÌÚÂÌÒË‚ÌÓÒÚ¸˛
ÔË ÔÓ‚Â‰ÂÌËË ËÒÒÎÂ‰Ó‚‡ÌËÈ ‚ ÍÓÌÚ‡ÍÚÌÓÏ Â-
ÊËÏÂ Ì‡ ‚ÓÁ‰ÛıÂ, ‰‡ÊÂ ÔË ÏËÌËÏËÁ‡ˆËË ÌÓ-
Ï‡Î¸Ì˚ı ÒËÎ. èÓ Ì‡¯ËÏ ÓˆÂÌÍ‡Ï ‰‡ÌÌ˚È ̋ ÙÙÂÍÚ,
‚ ÓÒÌÓ‚ÌÓÏ, ÏÓÊÂÚ ÔÓfl‚ÎflÚ¸Òfl ÔË ËÒÒÎÂ‰Ó‚‡ÌËË
Ó·˙ÂÍÚÓ‚, ËÏÂ˛˘Ëı ÌÂ·ÓÎ¸¯Û˛ ‚ÂÎË˜ËÌÛ ÔÎÓ-
˘‡‰Ë ÒÂ˜ÂÌËfl (Ì‡ÔËÏÂ, Ó‰ËÌÓ˜Ì˚ı ÏÓÎÂÍÛÎ
Ñçä), Ë ÔË‚Ó‰ËÚ¸ Í 1,5-2,5-Í‡ÚÌÓÏÛ Á‡‚˚¯Â-
ÌË˛ ÁÌ‡˜ÂÌËfl ¯ËËÌ˚ Ó·˙ÂÍÚ‡ d Ë, Í‡Í ÒÎÂ‰ÒÚ-
‚ËÂ, ‚ÓÒÒÚ‡Ì‡‚ÎË‚‡ÂÏÓ„Ó ÁÌ‡˜ÂÌËfl a. 

ëÚÂÔÂÌ¸ Û‚ÂÎË˜ÂÌËfl Ó·‡Áˆ‡ ÁÓÌ‰ÓÏ ÏÓÊÌÓ
ÒÌËÁËÚ¸ ÔË ÛÏÂÌ¸¯ÂÌËË ËÌÚÂÌÒË‚ÌÓÒÚË Î‡ÚÂ-
‡Î¸ÌÓ„Ó ÒËÎÓ‚Ó„Ó ‚ÓÁ‰ÂÈÒÚ‚Ëfl ÁÓÌ‰‡. ùÚÓ ‰ÓÒÚË-
„‡ÂÚÒfl ÔË ÔËÏÂÌÂÌËË ÂÊËÏ‡ ÔÂ˚‚ËÒÚÓ„Ó
ÍÓÌÚ‡ÍÚ‡. å‡ÍÒËÏ‡Î¸Ì˚È ˝ÙÙÂÍÚ ÛÏÂÌ¸¯ÂÌËfl
Î‡ÚÂ‡Î¸Ì˚ı ÒËÎ ‰ÓÒÚË„‡ÂÚÒfl ÔË ËÁÏÂÂÌËflı ‚
ÊË‰ÍËı ÒÂ‰‡ı.

èËÏÂÌÂÌËÂ ‡Á‡·ÓÚ‡ÌÌÓ„Ó 
‡Î„ÓËÚÏ‡ ‰Îfl ‚ÓÒÒÚ‡ÌÓ‚ÎÂÌËfl 

ÏÓÙÓÎÓ„ËË ÍÓÏÔÎÂÍÒÓ‚ Ñçä–èÄÇ

å˚ ÔËÏÂÌËÎË ‡Á‡·ÓÚ‡ÌÌÛ˛ ÏÂÚÓ‰ËÍÛ ‰Îfl
‚ÓÒÒÚ‡ÌÓ‚ÎÂÌËfl „ÂÓÏÂÚËË ÍÓÏÔÎÂÍÒÓ‚ Ñçä Ò ÔÓ-
‚ÂıÌÓÒÚÌÓ-‡ÍÚË‚Ì˚ÏË ‚Â˘ÂÒÚ‚‡ÏË (èÄÇ), ÔÂÂ-
¯Â‰¯Ëı ˜ÂÂÁ „‡ÌËˆÛ ‡Á‰ÂÎ‡ Ù‡Á ‚Ó‰‡/ıÎÓÓ-
ÙÓÏ [6]. ÑÎfl Í‡Ê‰ÓÈ ÚÓÓË‰‡Î¸ÌÓÈ ˜‡ÒÚËˆ˚
ËÁÏÂflÎËÒ¸ ‰Ë‡ÏÂÚ ÚÓ‡, ̄ ËËÌ‡ ÔÓÙËÎfl Ì‡ ÔÓ-
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êËÒ. 2. á‡‚ËÒËÏÓÒÚ¸ ˜ËÒÎ‡ ÒÎÛ˜‡Â‚ ÓÚÒÛÚÒÚ‚Ëfl Â¯Â-
ÌËfl N ÓÚ ‡‰ËÛÒ‡ ‡ÔÔÓÍÒËÏ‡ˆËË Ë„Î˚. èÓ‚ÂÍ‡ ‚˚-
ÔÓÎÌËÏÓÒÚË ÛÒÎÓ‚Ëfl (6).

5
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ÎÛ‚˚ÒÓÚÂ Ë ‚˚ÒÓÚ‡ Ì‡‰ ÔÓ‰ÎÓÊÍÓÈ, ÒÂ‰ÌËÂ ÁÌ‡-
˜ÂÌËfl ˝ÚËı Ô‡‡ÏÂÚÓ‚ ÒÓÒÚ‡‚ËÎË: D ~ 100 ÌÏ, d ~
~ 25 ÌÏ Ë h ~ 5 ÌÏ. Ñ‚Â ÔÓÒÎÂ‰ÌËÂ ‚ÂÎË˜ËÌ˚ ËÒ-
ÔÓÎ¸ÁÓ‚‡ÎËÒ¸ ÔË ‚ÓÒÒÚ‡ÌÓ‚ÎÂÌËË ËÒÚËÌÌÓÈ ¯Ë-
ËÌ˚ ÔÓÙËÎfl ˜‡ÒÚËˆ˚ 2a ÔÓ ËÁÎÓÊÂÌÌÓÈ ÏÂÚÓ-
‰ËÍÂ.

ç‡ ËÒ. 2 ÔÂ‰ÒÚ‡‚ÎÂÌ „‡ÙËÍ Á‡‚ËÒËÏÓÒÚË
˜ËÒÎ‡ ÒÎÛ˜‡Â‚ ÓÚÒÛÚÒÚ‚Ëfl Â¯ÂÌËfl ÓÚ ‡‰ËÛÒ‡ ‡Ô-
ÔÓÍÒËÏËÛ˛˘Â„Ó ÁÓÌ‰‡, ÔÓÎÛ˜ÂÌÌ˚È ÔÛÚÂÏ ÚÂÒ-
ÚËÓ‚‡ÌËfl ‚˚ÔÓÎÌÂÌËfl ÛÒÎÓ‚ËÈ (6) ËÎË (7). åÓÊ-
ÌÓ Ò‰ÂÎ‡Ú¸ ‚˚‚Ó‰, ˜ÚÓ ‚ÂıÌflfl „‡ÌËˆ‡ ÁÌ‡˜ÂÌËfl
R, ı‡‡ÍÚÂËÁÛ˛˘Â„Ó ÁÓÌ‰, ËÒÔÓÎ¸ÁÛÂÏ˚È ÔË ‚Ë-
ÁÛ‡ÎËÁ‡ˆËË ÍÓÏÔÎÂÍÒÓ‚, ÒÓÒÚ‡‚ÎflÂÚ 12 ÌÏ (ÒÓÓÚ-
‚ÂÚÒÚ‚ÛÂÚ k = 5.5 × 10–2 ÌÏ1) – ‚˚¯Â ˝ÚÓ„Ó ÁÌ‡˜Â-
ÌËfl Ì‡·Î˛‰‡ÂÚÒfl ÎËÌÂÈÌ˚È ÓÒÚ ˜ËÒÎ‡ ÒÎÛ˜‡Â‚
ÓÚÒÛÚÒÚ‚Ëfl Â¯ÂÌËfl.

å˚ ÔÓ‰Ò˜ËÚ‡ÎË ÍÓÎË˜ÂÒÚ‚Ó ÏÓÎÂÍÛÎ Ñçä,
ÔËıÓ‰fl˘ËıÒfl Ì‡ Í‡Ê‰Û˛ ÚÓÓË‰‡Î¸ÌÛ˛ ÒÚÛÍÚÛ-
Û, ËÒÔÓÎ¸ÁÛfl ‰‚‡ ÁÌ‡˜ÂÌËfl R 6 Ë 12 ÌÏ (ÒÓÓÚ‚ÂÚÒÚ-
‚ÛÂÚ k 13.2 × 10–2 Ë 5.5 × 10–2 ÌÏ–1). ëÂ‰ÌÂÂ ÁÌ‡˜Â-
ÌËÂ Ô‡‡ÏÂÚ‡ a (Ì‡È‰ÂÌÌÓÂ ˜ËÒÎÂÌÌÓ) ‰Îfl ˝ÚËı
ÒÎÛ˜‡Â‚ ÒÓÒÚ‡‚ÎflÂÚ 11 Ë 10 ÌÏ ÒÓÓÚ‚ÂÚÒÚ‚ÂÌÌÓ (ÓÚ-
ÌÓÒËÚÂÎ¸ÌÓÂ ÓÚÍÎÓÌÂÌËÂ ε = 0.5). êÂÁÛÎ¸Ú‡Ú˚ ÔË-
ÏÂÌÂÌËfl Ô‡‡·ÓÎË˜ÂÒÍÓÈ ÏÓ‰ÂÎË Ë„Î˚ ‰‡˛Ú, Í‡Í
Ô‡‚ËÎÓ, ÁÌ‡˜ÂÌËfl ‰Îfl a Ì‡ 3–9% ‚˚¯Â. Ç ‡ÒÒÏ‡-

ÚË‚‡ÂÏÓÏ ÒÎÛ˜‡Â ÒÓÓÚ‚ÂÚÒÚ‚Û˛˘ËÂ ˜ËÒÎÂÌÌ˚Â
Â¯ÂÌËfl ÒÓÒÚ‡‚Îfl˛Ú 12 Ë 11 ÌÏ. í‡ÍËÏ Ó·‡ÁÓÏ,
Ï˚ ÔÓÍ‡Á‡ÎË, ˜ÚÓ ÙÓÏÓÈ ÍÓÏÔÎÂÍÒ‡ Ñçä–èÄÇ
fl‚ÎflÂÚÒfl ÒÔÎ˛ÒÌÛÚ˚È ÚÓ. ÇÓÒÒÚ‡ÌÓ‚ÎÂÌËÂ „ÂÓ-
ÏÂÚËË ÍÓÏÔÎÂÍÒ‡ ÔÓÁ‚ÓÎflÂÚ ÔÓ‚ÂÒÚË ÍÓÎË˜ÂÒÚ-
‚ÂÌÌ˚È ‡Ì‡ÎËÁ Â„Ó ÏÓÎÂÍÛÎflÌÓ„Ó ÒÓÒÚ‡‚‡ (ËÒ. 3).

Ä‚ÚÓ˚ ‚˚‡Ê‡˛Ú ·Î‡„Ó‰‡ÌÓÒÚ¸ é.Ä. è˚¯-
ÍËÌÓÈ Ë Ä.ë. ÄÌ‰ÂÂ‚ÓÈ (ïËÏË˜ÂÒÍËÈ Ù‡ÍÛÎ¸ÚÂÚ
åÉì) Á‡ ÔÓÏÓ˘¸ ÔË ÔË„ÓÚÓ‚ÎÂÌËË Ó·‡ÁˆÓ‚
ÍÓÏÔÎÂÍÒÓ‚ Ñçä–èÄÇ. ê‡·ÓÚ‡ ·˚Î‡ ÔÓ‰‰ÂÊ‡-
Ì‡ êîîà, „‡ÌÚ ‹ 97-03-32778‡.
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êËÒ. 3. ÉËÒÚÓ„‡ÏÏ˚ ‡ÒÔÂ‰ÂÎÂÌËfl ˜ËÒÎ‡ ÏÓÎÂÍÛÎ Ñçä, ‚ıÓ‰fl˘Ëı ‚ ÒÓÒÚ‡‚ ÍÓÏÔÎÂÍÒÓ‚ Ò èÄÇ, Ò ‡‰ËÛÒ‡ÏË R = 6 (‡)
Ë 12 (·) ÌÏ; n – ˜ËÒÎÓ ÍÓÏÔÎÂÍÒÓ‚.

Quantitative Methods for Deconvolution of True Topographical Properties 

of Object on the Basis of Measured AFM-Images. 2. Broadening Effect
M. O. Gallyamov, I. V. Yaminsky

Technique of the quantitative description of image broadening effect in AFM allowing to restore real geomet-
rical parameters of object using two-parameters model (height and width at half-height) is developed. Applica-
tion of the technique has allowed to receive the quantitative information about molecular structure of DNA-sur-
factant complexes.


