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ÇÇÖÑÖçàÖ

Å˚ÎÓ ÔÓÍ‡Á‡ÌÓ [1], ˜ÚÓ „Ë„‡ÌÚÒÍ‡fl Ñçä í4 ‚
‚Ó‰ÌÓ-ÒÔËÚÓ‚ÓÈ ÒÏÂÒË ÔË ÍÓÌˆÂÌÚ‡ˆËË ÒÔËÚ‡
·ÓÎÂÂ 50% (‰Îfl ËÁÓÔÓÔ‡ÌÓÎ‡) ÔÂÚÂÔÂ‚‡ÂÚ
ÍÓÌÙÓÏ‡ˆËÓÌÌ˚È ÔÂÂıÓ‰ ÍÎÛ·ÓÍ–„ÎÓ·ÛÎ‡. èË
ÛÏÂÌ¸¯ÂÌËË ÍÓÌˆÂÌÚ‡ˆËË ÒÔËÚ‡ ‰Ó 40% Ì‡·Î˛-
‰‡ÎÓÒ¸ ˜‡ÒÚË˜ÌÓÂ ‡Á‚Ó‡˜Ë‚‡ÌËÂ „ÎÓ·ÛÎ. é‰Ì‡-
ÍÓ ‚ ÒËÎÛ Ó„‡ÌË˜ÂÌËfl ‡ÁÂ¯‡˛˘ÂÈ ÒÔÓÒÓ·ÌÓÒ-
ÚË, ËÒÔÓÎ¸ÁÛÂÏÓ„Ó ÏÂÚÓ‰‡ ÙÎÛÓÂÒˆÂÌÚÌÓÈ ÏËÍ-
ÓÒÍÓÔËË (ÍÎ‡ÒÒË˜ÂÒÍËÈ ÔÂ‰ÂÎ λ/2), ÓÍ‡Á‡ÎÓÒ¸
ÚÛ‰Ì˚Ï ÓÔÂ‰ÂÎËÚ¸ ÏËÍÓÒÚÛÍÚÛÛ Ó·˙ÂÍÚÓ‚.

åÂÚÓ‰ ÒÍ‡ÌËÛ˛˘ÂÈ ÁÓÌ‰Ó‚ÓÈ ÏËÍÓÒÍÓÔËË
(ëáå) ÏÓÊÂÚ ÛÒÔÂ¯ÌÓ ÔËÏÂÌflÚ¸Òfl ‰Îfl ËÒÒÎÂ‰Ó-
‚‡ÌËfl ÍÓÌÙÓÏ‡ˆËË Ë ÏËÍÓÒÚÛÍÚÛ˚ ÏÓÎÂÍÛÎ
Ñçä [2, 3]. í‡‰ËˆËÓÌÌ‡fl ÒıÂÏ‡ ÔË„ÓÚÓ‚ÎÂÌËfl
Ó·‡ÁˆÓ‚ ‰Îfl ÁÓÌ‰Ó‚ÓÈ ÏËÍÓÒÍÓÔËË Ì‡ ‚ÓÁ‰ÛıÂ
‚ÍÎ˛˜‡ÂÚ ÔÓˆÂ‰ÛÛ ‚˚ÒÛ¯Ë‚‡ÌËfl Í‡ÔÎË ÔÂÔ‡-
‡Ú‡ Ì‡ ÔÓ‚ÂıÌÓÒÚË Ú‚Â‰ÓÈ ÔÓ‰ÎÓÊÍË. èÓˆÂÒÒ
‚˚ÒÛ¯Ë‚‡ÌËfl fl‚ÎflÂÚÒfl ÌÂ‡‚ÌÓ‚ÂÒÌ˚Ï Ë ÒÓÔÓ-
‚ÓÊ‰‡ÂÚÒfl ÚÛ‰ÌÓ ÍÓÌÚÓÎËÛÂÏ˚ÏË ËÁÏÂÌÂÌËfl-
ÏË ÎÓÍ‡Î¸Ì˚ı ÁÌ‡˜ÂÌËÈ ÍÓÌˆÂÌÚ‡ˆËË ÔÂÔ‡‡Ú‡,
˜ÚÓ ÏÓÊÂÚ ÔË‚ÂÒÚË Í ÒÎÓÊÌÓÒÚË ÔË ËÌÚÂÔÂÚ‡-
ˆËË ÂÁÛÎ¸Ú‡ÚÓ‚. àÒÍÎ˛˜ËÚ¸ ÔÓˆÂ‰ÛÛ ‚˚ÒÛ¯Ë-
‚‡ÌËfl ‚ ÒıÂÏÂ ëáå-˝ÍÒÔÂËÏÂÌÚ‡ ÏÓÊÌÓ ÔË ÔÓ-
‚Â‰ÂÌËË ËÒÒÎÂ‰Ó‚‡ÌËÈ ‚ ÊË‰ÍÓÒÚË (Ò ËÒÔÓÎ¸ÁÓ‚‡-
ÌËÂÏ ÊË‰ÍÓÒÚÌÓÈ fl˜ÂÈÍË).

ùÍÒÔÂËÏÂÌÚ‡Î¸Ì‡fl ˜‡ÒÚ¸

Ç Í‡˜ÂÒÚ‚Â Ó·˙ÂÍÚÓ‚ ËÒÒÎÂ‰Ó‚‡ÌËfl ËÒÔÓÎ¸ÁÓ‚‡-
ÎË Ñçä ·‡ÍÚÂËÓÙ‡„‡ í4 (Nippone Gen). èË
ÔÓ‚Â‰ÂÌËË ˝ÍÒÔÂËÏÂÌÚÓ‚ ËÒÔÓÎ¸ÁÓ‚‡ÎË ·Ë‰ËÒ-
ÚËÎÎËÓ‚‡ÌÌÛ˛ ‰ÂËÓÌËÁÓ‚‡ÌÌÛ˛ ‚Ó‰Û. ÇÓ‰ÌÓ-
ÒÔËÚÓ‚˚Â ÒÂ‰˚ „ÓÚÓ‚ËÎË Ò ËÒÔÓÎ¸ÁÓ‚‡ÌËÂÏ ËÁÓ-
ÔÓÔ‡ÌÓÎ‡ (ıËÏË˜ÂÒÍË ˜ËÒÚÓ„Ó).

àÒÒÎÂ‰Ó‚‡ÌËfl ÍÓÌ‰ÂÌÒ‡ˆËË ÏÓÎÂÍÛÎ Ñçä ÔÓ-
‚Ó‰ËÎË ÏÂÚÓ‰ÓÏ ‡ÚÓÏÌÓ-ÒËÎÓ‚ÓÈ ÏËÍÓÒÍÓÔËË
(Äëå) ÌÂÔÓÒÂ‰ÒÚ‚ÂÌÌÓ ‚ ‚Ó‰ÌÓ-ÒÔËÚÓ‚ÓÈ ÒÏÂ-
ÒË, Ò ËÒÔÓÎ¸ÁÓ‚‡ÌËÂÏ ÔÓ‰ÎÓÊÂÍ ÒÎ˛‰˚. ë‚ÂÊËÈ

ÒÍÓÎ ÒÎ˛‰˚ Ë ÁÓÌ‰ Äëå ÔÓÏÂ˘‡ÎË ‚ ÊË‰ÍÓÒÚÌÛ˛
fl˜ÂÈÍÛ, ÍÓÚÓÛ˛ ÔÓÒÎÂ‰Ó‚‡ÚÂÎ¸ÌÓ Á‡ÔÓÎÌflÎË ËÒ-
ÔÓÎ¸ÁÛÂÏ˚ÏË ‡ÒÚ‚Ó‡ÏË. èÂÔ‡‡Ú, ÒÓ‰ÂÊ‡-
˘ËÈ ÏÓÎÂÍÛÎ˚ Ñçä í4 ‚ ‚Ó‰ÌÓ-ÒÔËÚÓ‚ÓÈ ÒÏÂÒË
ÔË 80% ÍÓÌˆÂÌÚ‡ˆËË ÒÔËÚ‡, ÔÓÎÛ˜‡ÎË ÒÏÂ¯Ë-
‚‡fl Ó‰ËÌ Ó·˙ÂÏ ‡ÒÚ‚Ó‡ Ñçä ‚ 0.5 íÇÖ-·ÛÙÂÂ
Ò ˜ÂÚ˚¸Ïfl Ó·˙ÂÏ‡ÏË ËÁÓÔÓÔ‡ÌÓÎ‡. èÂÔ‡‡Ú
ÏÓÎÂÍÛÎ Ñçä ‚ 40% ËÁÓÔÓÔ‡ÌÓÎÂ ÔÓÎÛ˜‡ÎË ÒÏÂ-
¯Ë‚‡fl ‰‚‡ Ó·˙ÂÏ‡ ‡ÒÚ‚Ó‡ Ñçä ‚ ·ÛÙÂÂ Ò ÚÂ-
Ïfl Ó·˙ÂÏ‡ÏË ËÁÓÔÓÔ‡ÌÓÎ‡. Ç Ó·ÓËı ÒÎÛ˜‡flı ÍÓ-
ÌÂ˜Ì‡fl ÍÓÌˆÂÌÚ‡ˆËfl Ñçä ‚ ÒÏÂÒË ÒÓÒÚ‡‚ÎflÎ‡ 1 ×
× 10–6 ÏÓÎ¸. àÏÏÓ·ËÎËÁ‡ˆËfl ËÒÒÎÂ‰ÛÂÏ˚ı ÒÚÛÍ-
ÚÛ Ì‡ ÔÓ‰ÎÓÊÍÂ ÓÒÛ˘ÂÒÚ‚ÎflÎ‡Ò¸ Á‡ Ò˜ÂÚ ‡‰ÒÓ·-
ˆËË ËÁ ‡ÒÚ‚Ó‡.

ùÍÒÔÂËÏÂÌÚ˚ ÔÓ‚Ó‰ËÎË ‚ ÊË‰ÍÓÒÚÌÓÈ fl˜ÂÈ-
ÍË Äëå Nanoscope-III (Digital Instruments, USA) ‚
ÂÊËÏÂ ÔÂ˚‚ËÒÚÓ„Ó ÍÓÌÚ‡ÍÚ‡ Ò ËÒÔÓÎ¸ÁÓ‚‡ÌË-
ÂÏ Á‡ÓÒÚÂÌÌ˚ı Í‡ÌÚËÎÂ‚ÂÓ‚ ËÁ ÌËÚË‰‡ ÍÂÏ-
ÌËfl (Nanoprobe) ÊÂÒÚÍÓÒÚ¸˛ 0.32 ç/Ï.

êÖáìãúíÄíõ à àï éÅëìÜÑÖçàÖ

èÂÔ‡‡Ú, ÒÓ‰ÂÊ‡˘ËÈ ÏÓÎÂÍÛÎ˚ Ñçä í4, ‚
‚Ó‰ÌÓ-ÒÔËÚÓ‚ÓÈ ÒÏÂÒË ÔË 80% ÍÓÌˆÂÌÚ‡ˆËË
ËÁÓÔÓÔ‡ÌÓÎ‡, ‚‚Ó‰ËÎË ‚ ÊË‰ÍÓÒÚÌÛ˛ fl˜ÂÈÍÛ,
Á‡ÔÓÎÌÂÌÌÛ˛ ÔÂ‰‚‡ËÚÂÎ¸ÌÓ ‚Ó‰ÌÓ-ÒÔËÚÓ‚ÓÈ
ÒÏÂÒ¸˛ Ò ÚÓÈ ÊÂ ÍÓÌˆÂÌÚ‡ˆËÂÈ ÒÔËÚ‡. èË ˝ÚËı
ÛÒÎÓ‚Ëflı Ï‡ÍÓÏÓÎÂÍÛÎ˚ Ñçä ÓÒ‡Ê‰‡ÎËÒ¸ Ì‡ ÔÓ-
‚ÂıÌÓÒÚ¸˛ ÒÎ˛‰˚ ‚ ‚Ë‰Â ÍÓÏÔ‡ÍÚÌ˚ı „ÎÓ·ÛÎ
(ËÒ. 1‡, 2‡).

èËÏÂÌÂÌËÂ ÏÂÚÓ‰ËÍË ‚ÓÒÒÚ‡ÌÓ‚ÎÂÌËfl Â‡Î¸-
Ì˚ı ‡ÁÏÂÓ‚ ËÒÒÎÂ‰ÛÂÏ˚ı Ó·˙ÂÍÚÓ‚ (Û˜ÂÚ ˝Ù-
ÙÂÍÚ‡ Û¯ËÂÌËfl) [4] ÔÓÁ‚ÓÎflÂÚ ÓÔÂ‰ÂÎËÚ¸ Ó·˙-
ÂÏ Ë „ÂÓÏÂÚË˛ „ÎÓ·ÛÎflÌ˚ı ÒÚÛÍÚÛ ÔÓ ÚÂÏ
ËÁ‚ÂÒÚÌ˚Ï Ô‡‡ÏÂÚ‡Ï: ‚˚ÒÓÚÂ Äëå-ËÁÓ·‡ÊÂ-
ÌËfl Ì‡‰ ÔÓ‰ÎÓÊÍÓÈ, ̄ ËËÌÂ Ì‡ ÔÓÎÛ‚˚ÒÓÚÂ Äëå-
ÔÓÙËÎfl (‰Îfl ˝ÎÎËÔÒÓË‰‡ ÒÎÂ‰ÛÂÚ ËÒÔÓÎ¸ÁÓ‚‡Ú¸
‰‚‡ ÁÌ‡˜ÂÌËfl ¯ËËÌ˚, ÒÓÓÚ‚ÂÚÒÚ‚Û˛˘ËÂ Ì‡Ô‡‚-
ÎÂÌËflÏ „Î‡‚Ì˚È ÓÒÂÈ) Ë ‡‰ËÛÒÛ ÍË‚ËÁÌ˚ Ë„Î˚.
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èÓˆÂÒÒ ÍÓÏÔ‡ÍÚËÁ‡ˆËË ‚˚ÒÓÍÓÏÓÎÂÍÛÎflÌÓÈ Ñçä í4 ËÒÒÎÂ‰Ó‚‡Ì ‚ ‚Ó‰ÌÓ-ÒÔËÚÓ‚ÓÈ ÒÂ‰Â ÏÂÚÓ-
‰ÓÏ Äëå. èÓÎÛ˜ÂÌ˚ Äëå-ËÁÓ·‡ÊÂÌËfl ÍÓÏÔ‡ÍÚÌ˚ı „ÎÓ·ÛÎ, Ó·‡ÁÓ‚‡ÌÌ˚ı ÏÓÎÂÍÛÎ‡ÏË Ñçä ‚
‚Ó‰ÌÓ-ÒÔËÚÓ‚˚ı ÒÂ‰‡ı. é·Ì‡ÛÊÂÌÓ, ˜ÚÓ ÔË 40–50% ÍÓÌˆÂÌÚ‡ˆËflı ÒÔËÚ‡ ÏÓÎÂÍÛÎ˚ Ñçä ÙÓ-
ÏËÛ˛Ú ˜‡ÒÚË˜ÌÓ ÍÓÏÔ‡ÍÚËÓ‚‡ÌÌ˚Â Ó·‡ÁÓ‚‡ÌËfl, ‚ ÍÓÚÓ˚ı ÓÚ‰ÂÎ¸Ì˚Â ‚ËÚÍË Ï‡ÍÓÏÓÎÂÍÛÎ˚ Á‡-
ÍÛ˜Ë‚‡˛ÚÒfl ‚ ÚÓÓË‰‡Î¸Ì˚Â ÒÚÛÍÚÛ˚. ë ÔË‚ÎÂ˜ÂÌËÂÏ ÏÂÚÓ‰ËÍË ‚ÓÒÒÚ‡ÌÓ‚ÎÂÌËfl ËÒÚËÌÌ˚ı „ÂÓ-
ÏÂÚË˜ÂÒÍËı Ô‡‡ÏÂÚÓ‚ Ó·˙ÂÍÚ‡ ÔÓ Äëå-ÔÓÙËÎ˛, ÔÓÍ‡Á‡ÌÓ, ˜ÚÓ ‚ ÒÓÒÚ‡‚ „ÎÓ·ÛÎ˚ ‚ıÓ‰ËÚ Ó‰Ì‡
ÏÓÎÂÍÛÎ‡ Ñçä. èÂ‰ÎÓÊÂÌ‡ ÏÓ‰ÂÎ¸ ÛÔ‡ÍÓ‚ÍË Ñçä ‚ ÔÓˆÂÒÒÂ ÍÓÏÔ‡ÍÚËÁ‡ˆËË.

ìÑä 541.64; 620.186
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å˚ ÔÓ‚ÂÎË ‡Ò˜ÂÚ˚ ‰Îfl ‰‚Ûı ÁÌ‡˜ÂÌËÈ ‡‰ËÛÒ‡
ÍË‚ËÁÌ˚ Ë„Î˚: 5 Ë 10 ÌÏ. èÓ Ì‡¯ËÏ ÓˆÂÌÍ‡Ï Ò
ÔËÏÂÌÂÌËÂÏ ÚÂÒÚ-Ó·˙ÂÍÚÓ‚ ‡‰ËÛÒ ËÒÔÓÎ¸ÁÛÂÏÓÈ
Ë„Î˚ ÎÂÊËÚ ‚ ÛÍ‡Á‡ÌÌÓÏ ËÌÚÂ‚‡ÎÂ (Ú‡·ÎËˆ‡).

áÌ‡˜ÂÌËfl Ô‡‡ÏÂÚÓ‚ „ÎÓ·ÛÎ˚, ÓÔÂ‰ÂÎÂÌÌ˚Â
Ò ËÒÔÓÎ¸ÁÓ‚‡ÌËÂÏ ‰‚Ûı „‡ÌË˜Ì˚ı ÁÌ‡˜ÂÌËÈ ‰Îfl
‡‰ËÛÒ‡ ÍË‚ËÁÌ˚ Ë„Î˚, ·ÎËÁÍË (Ò Û˜ÂÚÓÏ ÁÌ‡˜Ë-
ÚÂÎ¸ÌÓÈ ‚ÂÎË˜ËÌ˚ ÒÚ‡Ì‰‡ÚÌÓ„Ó ÓÚÍÎÓÌÂÌËfl, ˜ÚÓ
Ó·ÛÒÎÓ‚ÎÂÌÓ ÒÚ‡ÚËÒÚË˜ÂÒÍËÏ ‡Á·ÓÒÓÏ ‡Ì‡ÎËÁË-
ÛÂÏ˚ı Ô‡‡ÏÂÚÓ‚ ‰Îfl ‡ÁÎË˜Ì˚ı „ÎÓ·ÛÎ). ÇÓÒ-
ÒÚ‡ÌÓ‚ÎÂÌÌ˚Â ÁÌ‡˜ÂÌËfl Ô‡‡ÏÂÚÓ‚ ÔÓÎÛÓÒÂÈ a Ë
b ÔÓÁ‚ÓÎfl˛Ú Ò‰ÂÎ‡Ú¸ ‚˚‚Ó‰, ˜ÚÓ „ÂÓÏÂÚË˜ÂÒÍÓÈ
ÙÓÏÓÈ „ÎÓ·ÛÎ˚ fl‚ÎflÂÚÒfl ÒÔÎ˛ÒÌÛÚ˚È Ë ÒÎÂ„Í‡
‚˚ÚflÌÛÚ˚È ˝ÎÎËÔÒÓË‰.

àÁ Ú‡·ÎËˆ˚ ÒÎÂ‰ÛÂÚ, ˜ÚÓ Ó·˙ÂÏ „ÎÓ·ÛÎ˚ ÒÓ-
ÒÚ‡‚ÎflÂÚ (2.5 ± 1.7) × 105 ÌÏ3, ̃ ÚÓ ÔÂ‚˚¯‡ÂÚ Ó·˙ÂÏ
ÏÓÎÂÍÛÎ˚ Ñçä í4 1.7 × 105 ÌÏ3 (L = 55 × 103 ÌÏ).
í‡ÍËÏ Ó·‡ÁÓÏ ÏÓÊÌÓ ÔÂ‰ÔÓÎÓÊËÚ¸, ̃ ÚÓ Í‡Ê‰‡fl
„ÎÓ·ÛÎ‡ Ó·‡ÁÓ‚‡Ì‡ Ó‰ÌÓÈ ÏÓÎÂÍÛÎÓÈ Ñçä, Ì‡ıÓ-
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êËÒ. 1. Äëå-ËÁÓ·‡ÊÂÌËÂ ÍÓÏÔ‡ÍÚÌ˚ı „ÎÓ·ÛÎ, ÒÙÓÏËÓ‚‡ÌÌ˚ı ÏÓÎÂÍÛÎ‡ÏË Ñçä: ‡–‚ 80% ËÁÓÔÓÔ‡ÌÓÎÂ, · – ÔÓÒÎÂ
ÔÓÌËÊÂÌËfl ÍÓÌˆÂÌÚ‡ˆËË ÒÔËÚ‡ ‰Ó 40–50%.
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êËÒ. 2. Äëå-ËÁÓ·‡ÊÂÌËÂ ÍÓÏÔ‡ÍÚÌ˚ı „ÎÓ·ÛÎ, ÒÙÓÏËÓ‚‡ÌÌ˚ı ÏÓÎÂÍÛÎ‡ÏË Ñçä: ‡ – ‚ 80% ËÁÓÔÓÔ‡ÌÓÎÂ, · – ÔÓÒÎÂ
ÔÓÌËÊÂÌËfl ÍÓÌˆÂÌÚ‡ˆËË ÒÔËÚ‡ ‰Ó 40–50%. ÇÂÁÍ‡ – Ó‰Ì‡ ËÁ „ÎÓ·ÛÎ Ò ·óÎ¸¯ËÏ ‡ÁÂ¯ÂÌËÂÏ.

ÉÂÓÏÂÚË˜ÂÒÍËÂ Ô‡‡ÏÂÚ˚ „ÎÓ·ÛÎ, Ó·‡ÁÓ‚‡ÌÌ˚ı ÏÓ-
ÎÂÍÛÎ‡ÏË Ñçä í4 ‚ ÂÁÛÎ¸Ú‡ÚÂ ÍÓÏÔ‡ÍÚËÁ‡ˆËË ÒÔËÚÓÏ

R, ÌÏ a, ÌÏ b, ÌÏ c, ÌÏ V, 105 ÌÏ3

5 41 ± 12 55 ± 17 23 ± 9 2.5 ± 1.7

10 37 ± 12 52 ± 17 23 ± 9 2.1 ± 1.5

é·ÓÁÌ‡˜ÂÌËfl: a, b, c, V – Ô‡‡ÏÂÚ˚ ̋ ÎÎËÔÒÓË‰‡, c – ÔÓÎÓ‚ËÌ‡
‚˚ÒÓÚ˚ Äëå-ËÁÓ·‡ÊÂÌËfl „ÎÓ·ÛÎ˚.
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É‡ÎÎflÏÓ‚ Ë ‰.

‰fl˘ÂÈÒfl ‚ ‰ÓÒÚ‡ÚÓ˜ÌÓ ÔÎÓÚÌÓÛÔ‡ÍÓ‚‡ÌÌÓÏ ÒÓÒÚÓ-
flÌËË.

ÑÎfl ËÒÒÎÂ‰Ó‚‡ÌËfl ˜‡ÒÚË˜ÌÓ ‰ÂÍÓÏÔ‡ÍÚËÁÓ‚‡Ì-
Ì˚ı ÒÚÛÍÚÛ Ï‡ÍÓÏÓÎÂÍÛÎ Ñçä í4 ‚ ÊË‰ÍÓÒÚÌÛ˛
fl˜ÂÈÍÛ, ÒÓ‰ÂÊ‡˘Û˛ Ñçä í4 ‚ ‚Ë‰Â „ÎÓ·ÛÎ ‚ 80%
ËÁÓÔÓÔ‡ÌÓÎÂ (20% ‚Ó‰˚), ‰Ó·‡‚ÎflÎË ÒÏÂÒ¸ ËÁÓÔÓ-
Ô‡ÌÓÎ‡ Ò ‚Ó‰ÓÈ (40% ËÁÓÔÓÔ‡ÌÓÎ‡ + 60% ‚Ó‰˚).

àÁ ËÒ. 2‡ (ÓÚÏÂÚÍ‡ “ÉÎ”) ‚Ë‰ÌÓ, ˜ÚÓ ÔË 80%
ËÁÓÔÓÔ‡ÌÓÎ‡ ˜‡ÒÚËˆ˚ Ñçä ÔÂ‰ÒÚ‡‚Îfl˛Ú ÒÓ·ÓÈ
ÍÓÏÔ‡ÍÚÌ˚Â „ÎÓ·ÛÎ˚. èË ÔÓÍ‡˜Ë‚‡ÌËË ˜ÂÂÁ
fl˜ÂÈÍÛ 40% ‡ÒÚ‚Ó‡ ËÁÓÔÓÔ‡ÌÓÎ‡ Ì‡˜ËÌ‡ÂÚÒfl
‰ËÌ‡ÏË˜ÂÒÍËÈ ÔÓˆÂÒÒ ‰ÂÍÓÏÔ‡ÍÚËÁ‡ˆËË – „ÎÓ·Û-
Î˚ ÛÏÂÌ¸¯‡˛ÚÒfl ÔÓ ‚˚ÒÓÚÂ Ë ‚ ÌÂÍÓÚÓ˚ı ËÁ ÌËı
(ËÒ. 2·, ‚ÂÁÍ‡) ÔÓfl‚ÎflÂÚÒfl ̂ ÂÌÚ‡Î¸Ì‡fl ÔÓÎÓÒÚ¸.
é‰Ì‡ÍÓ ÓÍ‡Á‡ÎÓÒ¸, ˜ÚÓ ‰‡Î¸ÌÂÈ¯Â„Ó ÔÓˆÂÒÒ‡ ‡Á-

‚Ó‡˜Ë‚‡ÌËfl „ÎÓ·ÛÎ ÌÂ ÔÓËÒıÓ‰ËÚ. ùÚÓ ÏÓÊÌÓ
Ó·˙flÒÌËÚ¸ Ì‡ÎË˜ËÂÏ ÒËÎ ‚Á‡ËÏÓ‰ÂÈÒÚ‚Ëfl ÏÂÊ‰Û
ÏÓÎÂÍÛÎÓÈ Ë ÔÓ‰ÎÓÊÍÓÈ, ÍÓÚÓ˚Â ÔÂÔflÚÒÚ‚Û˛Ú
‡Á‚Ó‡˜Ë‚‡ÌË˛ ÔË ÛÏÂÌ¸¯ÂÌËË ÍÓÌˆÂÌÚ‡ˆËË
ÒÔËÚ‡. èÓ˝ÚÓÏÛ Ï‡ÍÓÏÓÎÂÍÛÎ˚ Ñçä ‚ ÔÓÏÂ-
ÊÛÚÓ˜ÌÓÏ ÒÓÒÚÓflÌËË (ÏÂÊ‰Û „ÎÓ·ÛÎÓÈ Ë ÍÎÛ·ÍÓÏ)
ÔÓÎÛ˜‡ÎË ÒÎÂ‰Û˛˘ËÏ Ó·‡ÁÓÏ.

åÓÎÂÍÛÎ˚ Ñçä, Ì‡ıÓ‰fl˘ËÂÒfl ‚ 40% ËÁÓÔÓ-
Ô‡ÌÓÎÂ, ‚‚Ó‰ËÎË ‚ ÊË‰ÍÓÒÚÌÛ˛ fl˜ÂÈÍÛ, ‡ Á‡ÚÂÏ
ÍÓÌˆÂÌÚ‡ˆË˛ ÒÔËÚ‡ ‚ fl˜ÂÈÍÂ ÔÓ‚˚¯‡ÎË ÔÓÍ‡-
˜Ë‚‡ÌËÂÏ 80% ËÁÓÔÓÔ‡ÌÓÎ‡. èË ˝ÚÓÏ ÏÓÎÂÍÛ-
Î˚ ‚˚Ô‡‰‡ÎË Ì‡ ÔÓ‚ÂıÌÓÒÚ¸ ÔÓ‰ÎÓÊÍË ‚ ˜‡ÒÚË˜-
ÌÓ ÍÓÏÔ‡ÍÚËÁÓ‚‡ÌÌÓÏ ÒÓÒÚÓflÌËË. Ñ‡Î¸ÌÂÈ¯‡fl
ÍÓÏÔ‡ÍÚËÁ‡ˆËfl Ñçä, ‡‰ÒÓ·ËÓ‚‡ÌÌ˚ı Ì‡ ÔÓ‰-
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êËÒ. 3. ó‡ÒÚË˜ÌÓ ÍÓÏÔ‡ÍÚËÁÓ‚‡ÌÌ˚Â ÏÓÎÂÍÛÎ˚ Ñçä, ÒÙÓÏËÓ‚‡ÌÌ˚Â Ë ‚ËÁÛ‡ÎËÁÓ‚‡ÌÌ˚Â ‚ ÊË‰ÍÓÒÚÌÓÈ fl˜ÂÈÍÂ Äëå
ÔË ÔÓ‚˚¯ÂÌËË ÍÓÌˆÂÌÚ‡ˆËË ËÁÓÔÓÔ‡ÌÓÎ‡ (ÓÚ 40%). éÚÏÂ˜ÂÌ˚ „ÎÓ·ÛÎflÌ˚Â (ÉÎ) Ë ÚÓÓË‰‡Î¸Ì˚Â (í) Ó·‡ÁÓ‚‡-
ÌËfl. êËÒ. · Ò ·óÎ¸¯ËÏ ‡ÁÂ¯ÂÌËÂÏ, ˜ÂÏ ‡.
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êËÒ. 4. ó‡ÒÚË˜ÌÓ ÍÓÏÔ‡ÍÚËÁÓ‚‡ÌÌ˚Â ÏÓÎÂÍÛÎ˚ Ñçä, ÒÙÓÏËÓ‚‡ÌÌ˚Â Ë ‚ËÁÛ‡ÎËÁÓ‚‡ÌÌ˚Â ‚ ÊË‰ÍÓÒÚÌÓÈ fl˜ÂÈÍÂ Äëå
ÔË ÔÓ‚˚¯ÂÌËË ÍÓÌˆÂÌÚ‡ˆËË ËÁÓÔÓÔ‡ÌÓÎ‡ (ÓÚ 40%). êËÒ. · Ò ·óÎ¸¯ËÏ ‡ÁÂ¯ÂÌËÂÏ, ˜ÂÏ ‡.
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ÎÓÊÍÛ, ÌÂ Ì‡·Î˛‰‡Î‡Ò¸, ˜ÚÓ, ÔÓ-‚Ë‰ËÏÓÏÛ, Ó·˙flÒ-
ÌflÂÚÒfl ‚Á‡ËÏÓ‰ÂÈÒÚ‚ËÂÏ ÏÓÎÂÍÛÎ Ñçä ÒÓ ÒÎ˛‰ÓÈ.

Äëå-ËÁÓ·‡ÊÂÌËfl ˜‡ÒÚË˜ÌÓ ÍÓÏÔ‡ÍÚËÁÓ‚‡Ì-
Ì˚ı ÒÚÛÍÚÛ ÔË‚Â‰ÂÌ˚ Ì‡ ËÒ. 3 Ë 4. é·Ì‡ÛÊÂ-
ÌÓ, ˜ÚÓ Ì‡˜‡Î¸Ì˚Ï ÔÓˆÂÒÒÓÏ ÍÓÏÔ‡ÍÚËÁ‡ˆËË
„ÎÓ·ÛÎ fl‚ÎflÂÚÒfl Á‡ÍÛ˜Ë‚‡ÌËÂ ÓÚ‰ÂÎ¸Ì˚ı Û˜‡ÒÚ-
ÍÓ‚ Ï‡ÍÓÏÓÎÂÍÛÎ˚ Ñçä ‚ ÚÓÓË‰‡Î¸Ì˚Â ÒÚÛÍ-
ÚÛ˚, ÍÓÚÓ˚Â, ÔÓ-‚Ë‰ËÏÓÏÛ, fl‚Îfl˛ÚÒfl ˆÂÌÚ‡ÏË
‰‡Î¸ÌÂÈ¯ÂÈ ÍÓÏÔ‡ÍÚËÁ‡ˆËË.

ç‡ ÓÒÌÓ‚‡ÌËË Ì‡·Î˛‰ÂÌËÈ ÏÓÊÌÓ ÔÂ‰ÔÓÎÓ-
ÊËÚ¸, ˜ÚÓ ÍÓÏÔ‡ÍÚÌ˚Â „ÎÓ·ÛÎ˚ (ËÒ. 1‡, 2‡) fl‚Îfl-
˛ÚÒfl ÔÓ‰ÛÍÚÓÏ ÍÓÏÔ‡ÍÚËÁ‡ˆËË Ï‡ÍÓÏÓÎÂÍÛÎ
Ñçä Ë ÔÂ‰ÒÚ‡‚Îfl˛Ú ÒÓ·ÓÈ ˜‡ÒÚËˆ˚ ‚˚ÒÓÍÓÈ
ÔÎÓÚÌÓÒÚË, ‚ ÍÓÚÓ˚ı ÓÚ‰ÂÎ¸Ì˚Â Û˜‡ÒÚÍË ÏÓÎÂÍÛ-
Î˚ Á‡ÍÛ˜ÂÌ˚ ‚ ÚÓÓË‰‡Î¸Ì˚Â ÒÚÛÍÚÛ˚. Ç ˆÂÌ-
ÚÂ ÍÓÏÔ‡ÍÚÌÓÈ ˜‡ÒÚËˆ˚, ‚ÓÁÏÓÊÌÓ, ËÏÂÂÚÒfl ÔÓ-
ÎÓÒÚ¸: Ó·˙ÂÏ „ÎÓ·ÛÎ˚ ÌÂÒÍÓÎ¸ÍÓ ÔÂ‚˚¯‡ÂÚ
Ó·˙ÂÏ Ó‰ÌÓÈ ÏÓÎÂÍÛÎ˚ Ñçä í4, Ë ˜‡ÒÚË˜ÌÓ ‰Â-
ÍÓÏÔ‡ÍÚËÁÓ‚‡ÌÌ˚Â „ÎÓ·ÛÎ˚ ÔÓÁ‚ÓÎfl˛Ú ‚ËÁÛ‡ÎË-
ÁÓ‚‡Ú¸ ˆÂÌÚ‡Î¸ÌÛ˛ ÔÓÎÓÒÚ¸ (ËÒ. 2·, ‚ÂÁÍ‡).

ëÎÂ‰ÛÂÚ ÓÚÏÂÚËÚ¸, ˜ÚÓ Ï‡ÍÓÏÓÎÂÍÛÎ˚ Ñçä
ÔË ÔÓ‚˚¯ÂÌËË ÍÓÌˆÂÌÚ‡ˆËË ÒÔËÚ‡ ‚ fl˜ÂÈÍÂ
(ÓÚ 40%) Ó·‡ÁÛ˛Ú ÌÂ ÚÓÎ¸ÍÓ ÚÓÓË‰‡Î¸Ì˚Â, ÌÓ Ë
(ÂÊÂ) ÒÚÂÊÌÂÓ·‡ÁÌ˚Â ÒÚÛÍÚÛ˚ (ËÒ. 5). èÓ-

ˆÂÒÒ ÒÍ‡ÌËÓ‚‡ÌËfl ÔË‚Ó‰ËÚ Í ÚÓÏÛ, ˜ÚÓ ÒÚÂÊÌÂ-
‚‡fl ÒÚÛÍÚÛ‡ ˜‡ÒÚË˜ÌÓ “‡ÒÔÎÂÚ‡ÂÚÒfl” ÔÓ‰ ‚ÓÁ-
‰ÂÈÒÚ‚ËÂÏ ÁÓÌ‰‡. ç‡·Î˛‰ÂÌËÂ ‚ fl‰Â ÒÎÛ˜‡Â‚
ÍÓÏÔ‡ÍÚËÁÓ‚‡ÌÌ˚ı ÒÚÛÍÚÛ, ËÏÂ˛˘Ëı ÏÓÙÓ-
ÎÓ„Ë˛, ÓÚÎË˜ÌÛ˛ ÓÚ ÚÓÓË‰‡Î¸ÌÓÈ, ÏÓÊÂÚ Ó·˙flÒ-
ÌflÚ¸Òfl ÚÂÏ, ˜ÚÓ ‚ ˝ÍÒÔÂËÏÂÌÚÂ ËÒÒÎÂ‰Ó‚‡ÎËÒ¸
ÔÓÏÂÊÛÚÓ˜Ì˚Â ÒÚ‡‰ËË ÔÓˆÂÒÒ‡ ÍÓÏÔ‡ÍÚËÁ‡ˆËË,
‚ ÍÓÚÓ˚ı ÌÂÍÓÚÓÓÂ ÍÓÎË˜ÂÒÚ‚Ó ÏÓÎÂÍÛÎ ÏÓÊÂÚ
Ì‡ıÓ‰ËÚ¸Òfl ‚ ÌÂÒÚ‡ˆËÓÌ‡Ì˚ı (ÌÂ‡‚ÌÓ‚ÂÒÌ˚ı)
ÏÓÙÓÎÓ„Ë˜ÂÒÍËı ÒÓÒÚÓflÌËflı.

ê‡·ÓÚ‡ ‚˚ÔÓÎÌÂÌ‡ ÔË ÙËÌ‡ÌÒÓ‚ÓÈ ÔÓ‰‰ÂÊÍÂ
îÂ‰Â‡Î¸ÌÓÈ ÔÓ„‡ÏÏ˚ “ìÌË‚ÂÒËÚÂÚ˚ êÓÒÒËË –
ÙÛÌ‰‡ÏÂÌÚ‡Î¸Ì˚Â ËÒÒÎÂ‰Ó‚‡ÌËfl” (ÔÓÂÍÚ ‹ 5060)
Ë êîîà („‡ÌÚ ‹ 97-03-32778‡).
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êËÒ. 5. ëÚÂÊÌÂ‚‡fl ÒÚÛÍÚÛ‡: ‡ – Ó·‡ÁÓ‚‡ÌÌ‡fl ‚ ÂÁÛÎ¸Ú‡ÚÂ ÍÓÏÔ‡ÍÚËÁ‡ˆËË ÏÓÎÂÍÛÎ˚ Ñçä; · – ˜‡ÒÚË˜ÌÓ “‡ÒÔÎÂ-
ÚÂÌÌ‡fl” ÔÓ‰ ‚ÓÁ‰ÂÈÒÚ‚ËÂÏ ÁÓÌ‰‡ ÏËÍÓÒÍÓÔ‡ ÔÓÒÎÂ ÌÂÒÍÓÎ¸ÍËı ÒÍ‡ÌËÓ‚‡ÌËÈ.

T4 DNA Condensation in Water-Alcohol Media

M. O. Gallyamov, O. A. Pyshkina, V. G. Sergeyev, I. V. Yaminsky

The process of compaction of high molecular weight DNA T4 is investigated directly in a AFM liquid cell. The
AFM-images of globules formed by DNA molecules in the result of compaction in water-alcohol environments
at high izopropanol concentration (80%) are received; it is found that at intermediate concentration of izopro-
panol (40–50%) the DNA molecules form partially compacted formations in which the separate coils of mac-
romolecules twist in toroidal structures. It is shown using the technique of deconvolution of the AFM-images
that the globule include only one closely packed DNA molecule. The model of DNA packing is proposed on
the basis of AFM experiment.


