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ÇÇÖÑÖçàÖ

 

ÇÓÁ‡ÒÚÌ˚Ï ‚Á‡ËÏÓÓÚÌÓ¯ÂÌËflÏ ‚ÛÎÍ‡ÌÓ„ÂÌ-
Ì˚ı ÔÓÓ‰ Ë ˝ÔËÚÂÏ‡Î¸ÌÓ„Ó ÁÓÎÓÚÓ-ÒÂÂ·flÌÓ„Ó
ÓÛ‰ÂÌÂÌËfl ûÊÌÓÈ ä‡Ï˜‡ÚÍË ÔÓÒ‚fl˘ÂÌ˚ ÏÌÓ„Ó-
˜ËÒÎÂÌÌ˚Â ÔÛ·ÎËÍ‡ˆËË, ÒÂ‰Ë ÍÓÚÓ˚ı ÂÁÛÎ¸Ú‡-
Ú˚ ËÁÓÚÓÔÌÓ„Ó ‰‡ÚËÓ‚‡ÌËfl Ó·ÒÛÊ‰‡ÎËÒ¸ Ç.ë.
òÂÈÏÓ‚Ë˜ÂÏ, Ñ.à. ÉÓÎÓ‚ËÌ˚Ï, å.à. ä‡ÔÂÌÍÓ,
ë.Ç. ï‡ˆÍËÌ˚Ï Ë ‰Û„ËÏË ËÒÒÎÂ‰Ó‚‡ÚÂÎflÏË [2, 4,
8, 9, 10]. ëÓ„Î‡ÒÌÓ [5], ÁÓÎÓÚÓ-ÒÂÂ·flÌ‡fl ÏËÌÂ‡-
ÎËÁ‡ˆËfl ÄÒ‡˜ËÌÒÍÓ„Ó ÏÂÒÚÓÓÊ‰ÂÌËfl ÒÓÒÂ‰ÓÚÓ-
˜ÂÌ‡, „Î‡‚Ì˚Ï Ó·‡ÁÓÏ, ‚ ÍÛÚÓÔ‡‰‡˛˘Ëı ÊËÎ¸-
Ì˚ı ÚÂÎ‡ı, ÔËÛÓ˜ÂÌÌ˚ı Í ÍÛÔÓÎ¸Ì˚Ï ˜‡ÒÚflÏ
ÒÛ·‚ÛÎÍ‡ÌË˜ÂÒÍÓÈ ‰‡ˆËÚÓ‚ÓÈ ËÌÚÛÁËË. èÓ‰˜ËÌÂÌ-
ÌÓÂ ÁÌ‡˜ÂÌËÂ ËÏÂ˛Ú ¯ÚÓÍ‚ÂÍÓ‚Ó-‚Í‡ÔÎÂÌÌ˚Â
ÁÓÌ˚, ÒÓÔÓ‚ÓÊ‰‡˛˘ËÂ ÊËÎ¸Ì˚Â ÚÂÎ‡. Ç ˆÂÌ-
Ú‡Î¸Ì˚ı ̃ ‡ÒÚflı ÏÂÒÚÓÓÊ‰ÂÌËfl ÊËÎ˚ Ë ̄ ÚÓÍ‚Â-
ÍË ‡ÒÔÓÎ‡„‡˛ÚÒfl ‚ ÔÂ‰ÂÎ‡ı Ó·¯ËÌÓ„Ó ÔÓÎfl Ó-
ÚÓÍÎ‡ÁÓ‚˚ı ÏÂÚ‡ÒÓÏ‡ÚËÚÓ‚ Ò ÔËÏÂÒ¸˛ ‡Î¸·ËÚ‡,
˝ÔË‰ÓÚ‡, ÔÂÌËÚ‡, ÒÂËˆËÚ‡ Ë ıÎÓËÚ‡. ç‡ ÒÂ‚Â-
ÌÓÏ Ë ˛ÊÌÓÏ ÙÎ‡Ì„‡ı ÏÂÒÚÓÓÊ‰ÂÌËfl ˝ÚË Ó·‡-
ÁÓ‚‡ÌËfl ÒÏÂÌfl˛ÚÒfl ÁÓÌ‡ÏË ‡„ËÎÎËÁ‡ˆËË, ‚Â‰Û-
˘ËÏË ÏËÌÂ‡Î¸Ì˚ÏË ‡ÒÒÓˆË‡ˆËflÏË ÍÓÚÓ˚ı fl‚-
Îfl˛ÚÒfl ‰ËÓÍÚ‡˝‰Ë˜ÂÒÍ‡fl ÒÎ˛‰‡ (ÏÛÒÍÓ‚ËÚÓ‚Ó„Ó
ÚËÔ‡), ‡‰ÛÎfl Ë ‡Î¸·ËÚ. ÇÓ ‚ÌÂ¯ÌËı ÁÓÌ‡ı ÔÓfl‚Îfl-
ÂÚÒfl ÊËÎ¸Ì‡fl ˆÂÓÎËÚÓ‚‡fl ÏËÌÂ‡ÎËÁ‡ˆËfl (ÒÚÂÎÎÂ-
ËÚ, ÎÓÏÓÌÚËÚ). 

èÂ‚˚Â ÓˆÂÌÍË ‚ÓÁ‡ÒÚ‡ ‚ÏÂ˘‡˛˘Ëı ÒÛ·‚ÛÎ-
Í‡ÌË˜ÂÒÍËı ‰‡ˆËÚÓ‚, ËÓÎËÚÓ‚ Ë „Ë‰ÓÚÂÏ‡Î¸-
Ì˚ı ÊËÎ¸Ì˚ı Ó·‡ÁÓ‚‡ÌËÈ ÄÒ‡˜ËÌÒÍÓ„Ó ÏÂÒÚÓ-
ÓÊ‰ÂÌËfl ‚˚ÔÓÎÌÂÌ˚ K/Ar ÏÂÚÓ‰ÓÏ ‚ ñÂÌÚ‡Î¸-
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.
ëÓ„Î‡ÒÌÓ ̋ ÚËÏ ‰‡ÌÌ˚Ï, ‚ÓÁ‡ÒÚ ÍËÒÎ˚ı ÒÛ·‚ÛÎÍ‡-
ÌË˜ÂÒÍËı ËÌÚÛÁËÈ ÓÔÂ‰ÂÎÂÌ ‚ 6.7 – 8.8 ÏÎÌ. ÎÂÚ,
‡ ‚ÓÁ‡ÒÚ Í‚‡ˆ – ‡‰ÛÎflÓ‚˚ı ÊËÎ – 5.8–11.9 ÏÎÌ.
ÎÂÚ (ÓÚ ÚÓÚÓÌËfl ‰Ó ÏÂÒÒË‡ÌËfl)
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. àÁÓÚÓÔÌ˚ÏË ËÒ-
ÒÎÂ‰Ó‚‡ÌËflÏË, ÔÓ‚Â‰ÂÌÌ˚ÏË K/Ar ÏÂÚÓ‰ÓÏ ‚ Î‡-
·Ó‡ÚÓËË „ÂÓıÓÌÓÎÓ„ËË àÉÖå Äç ëëëê [8],
‚ÓÁ‡ÒÚ ÒÛ·‚ÛÎÍ‡ÌË˜ÂÒÍËı ‰‡ˆËÚÓ‚ ÛÒÚ‡ÌÓ‚ÎÂÌ ‚
4.0 

 

±

 

 1.0 ÏÎÌ. ÎÂÚ (Á‡ÌÍÎËÈ), ‡ “‡‰ÛÎfl‡” ÁÓÎÓÚÓ-
ÌÓÒÌ˚ı ÊËÎ (ÊËÎ‡ ‹ 1) – 4.5 

 

±

 

 1.0 ÏÎÌ. ÎÂÚ (ÓÚ
ÏÂÒÒËÌËfl ‰Ó Ô¸fl˜ÂÌˆËfl)

 

2

 

. èÓÁ‰ÌÂÂ ‰Îfl ‰‡ÚËÓ‚ÍË
Û‰ÓÓ·‡ÁÛ˛˘Ëı ÔÓˆÂÒÒÓ‚ fl‰‡ ˝ÔËÚÂÏ‡Î¸Ì˚ı
ÏÂÒÚÓÓÊ‰ÂÌËÈ ñÂÌÚ‡Î¸ÌÓÈ Ë ûÊÌÓÈ ä‡Ï˜‡ÚÍË
ÔË‚ÎÂÍ‡ÎÒfl Î‡ÁÂÌ˚È ‚‡Ë‡ÌÚ 
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Ar/
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Ar ÏÂÚÓ‰‡ Ì‡
‡ÔÔ‡‡ÚÛÂ ÉÂÓÙËÁË˜ÂÒÍÓ„Ó ËÌÒÚËÚÛÚ‡ ÄÎflÒÍËÌ-
ÒÍÓ„Ó ÛÌË‚ÂÒËÚÂÚ‡ [2], Ò ÔÓÏÓ˘¸˛ ÍÓÚÓÓ„Ó ‚ÓÁ-
‡ÒÚ ÄÒ‡˜ËÌÒÍÓ„Ó ÏÂÒÚÓÓÊ‰ÂÌËfl ÔÓ ‰‡ÌÌ˚Ï ‡Ì‡-
ÎËÁ‡ ‰‚Ûı ÔÓ· ÓÔÂ‰ÂÎÂÌ ‚ 4.0 

 

±

 

 0.1 Ë 4.3 

 

±

 

 0.1 ÏÎÌ.
ÎÂÚ (Á‡ÌÍÎËÈ). ëÎÂ‰ÛÂÚ ÓÚÏÂÚËÚ¸, ˜ÚÓ ‰‡ÌÌ˚È ÏÂ-
ÚÓ‰ fl‚ÎflÂÚÒfl ·ÓÎÂÂ ÚÓ˜Ì˚Ï ‡Ì‡ÎÓ„ÓÏ K/Ar ‰‡ÚËÓ-
‚‡ÌËfl, ÌÓ Ú‡ÍÊÂ ÓÚ‡Ê‡ÂÚ ËÌÚÂ„‡Î¸Ì˚È ‚ÓÁ‡ÒÚ.

ä‡ÎËÂ‚˚Â ÔÓÎÂ‚˚Â ¯Ô‡Ú˚ ÊËÎ¸Ì˚ı Ó·‡ÁÓ‚‡-
ÌËÈ ÄÒ‡˜ËÌÒÍÓ„Ó ÏÂÒÚÓÓÊ‰ÂÌËfl, ÍÓÚÓ˚Â Ú‡-
‰ËˆËÓÌÌÓ ÓÚÌÓÒËÎËÒ¸ Í ‡‰ÛÎfl‡Ï [5], ÔÓ ‰‡ÌÌ˚Ï
‚˚ÒÓÍÓ‡ÁÂ¯‡˛˘Â„Ó ÂÌÚ„ÂÌÓÒÚÛÍÚÛÌÓ„Ó ÏÂ-
ÚÓ‰‡ Ë àäë Ò ÓÔÂ‰ÂÎÂÌËÂÏ ÍÓ˝ÙÙËˆËÂÌÚÓ‚
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çÂÓÔÛ·ÎËÍÓ‚‡ÌÌ˚Â ‰‡ÌÌ˚Â.

 

2

 

á‰ÂÒ¸ Ë ‰‡ÎÂÂ ËÒÔÓÎ¸ÁÓ‚‡Ì‡ ÏÂÊ‰ÛÌ‡Ó‰Ì‡fl ÒÚ‡ÚË„‡ÙË-
˜ÂÒÍ‡fl ¯Í‡Î‡ [11].
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Ar ÏÂÚÓ‰ÓÏ ÒÚÛÔÂÌ˜‡ÚÓ„Ó ÔÓ„Â‚‡ Ò ÔÂ‰‚‡ËÚÂÎ¸Ì˚Ï Ó·ÎÛ˜ÂÌËÂÏ Ó·‡ÁˆÓ‚ ‚ ÚÂ˜ÂÌËÂ 48 ̃ ‡ÒÓ‚
‚ Í‡‰ÏËÓ‚‡ÌÌÓÏ Í‡Ì‡ÎÂ Â‡ÍÚÓ‡ ÔÓÚÓÍÓÏ ·˚ÒÚ˚ı ÌÂÈÚÓÌÓ‚ ÔÓÎÛ˜ÂÌ˚ ÌÓ‚˚Â ‰‡ÌÌ˚Â Ó ‚ÓÁ‡ÒÚÂ
ÓÛ‰ÂÌÂÌËfl ÄÒ‡˜ËÌÒÍÓ„Ó ˝ÔËÚÂÏ‡Î¸ÌÓ„Ó ÁÓÎÓÚÓ-ÒÂÂ·flÌÓ„Ó ÏÂÒÚÓÓÊ‰ÂÌËfl (ûÊÌ‡fl ä‡Ï˜‡ÚÍ‡).
èÓ‚Â‰ÂÌÓ ÒÓÔÓÒÚ‡‚ÎÂÌËÂ Ò ‚˚ÔÓÎÌÂÌÌ˚ÏË ‡ÌÂÂ ‡ÁÎË˜Ì˚ÏË ‡‚ÚÓ‡ÏË ËÌÚÂ„‡Î¸Ì˚ÏË ‰‡ÚËÓ‚Í‡-
ÏË ä/Ar Ë Î‡ÁÂÌ˚Ï ‚‡Ë‡ÌÚÓÏ 
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39

 

Ar ÏÂÚÓ‰‡ÏË. èÓ ÒÚÂÔÂÌË ÒÚÛÍÚÛÌÓÈ ÛÔÓfl‰Ó˜ÂÌÌÓÒÚË Ò ÔÓÏÓ-
˘¸˛ ‚˚ÒÓÍÓ‡ÁÂ¯‡˛˘Â„Ó ÂÌÚ„ÂÌÓÒÚÛÍÚÛÌÓ„Ó ‡Ì‡ÎËÁ‡ Ë àäë Í‡ÎËÂ‚˚Â ÔÓÎÂ‚˚Â ̄ Ô‡Ú˚ ÊËÎ¸-
Ì˚ı Ó·‡ÁÓ‚‡ÌËÈ Ë‰ÂÌÚËÙËˆËÓ‚‡Ì˚ ‚ ‚Ë‰Â ÌÂÔÂ˚‚ÌÓ„Ó fl‰‡: Ï‡ÍÒËÏ‡Î¸Ì˚È ÏËÍÓÍÎËÌ 
ÔÓÏÂÊÛÚÓ˜Ì˚È ÏËÍÓÍÎËÌ  ÔÓÏÂÊÛÚÓ˜Ì˚È ÓÚÓÍÎ‡Á  Í‡ÈÌËÈ ÓÚÓÍÎ‡Á. ÇÓÁ‡ÒÚ Í‚‡ˆ-
ÓÚÓÍÎ‡ÁÓ‚ÓÈ ‡ÒÒÓˆË‡ˆËË ÊËÎ˚ ‹ 1 ÒÓÒÚ‡‚ËÎ 3.2 

 

±

 

 0.2 ÏÎÌ. ÎÂÚ (Ô¸fl˜ÂÌˆËÈ). ÅÓÎÂÂ ÏÓÎÓ‰ÓÈ ‚ÓÁ‡ÒÚ
ÔÓfl‰Í‡ 1.1 

 

±

 

 0.3 ÏÎÌ. ÎÂÚ (ÌËÊÌËÈ ÔÎÂÈÒÚÓˆÂÌ) ‚˚fl‚ÎÂÌ ‰Îfl Í‚‡ˆ-ÏËÍÓÍÎËÌÓ‚ÓÈ ÊËÎ˚ Ò ÔËÁÌ‡-
Í‡ÏË ÔÓÒÎÂÛ‰ÌÓ„Ó ·ÂÍ˜ËÓ‚‡ÌËfl Ë ÔÂÂÍËÒÚ‡ÎÎËÁ‡ˆËË, Ò‚flÁ‡ÌÌ˚ÏË Ò ·‡Á‡Î¸ÚÓ‚˚Ï ‰‡ÈÍÓ‚˚Ï
Ï‡„Ï‡ÚËÁÏÓÏ ‡Ì‡ÎÓ„Ë˜ÌÓ„Ó ‚ÓÁ‡ÒÚ‡.

 

ìÑä 550.93(571.66)
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ã‡ÔÛıÓ‚ 

 

Ë ‰

 

.

 

íÓÏÔÒÓÌ‡ [1, 11, 14] ÔÓ ÒÚÂÔÂÌË ÒÚÛÍÚÛÌÓÈ ÛÔÓ-
fl‰Ó˜ÂÌÌÓÒÚË Ë‰ÂÌÚËÙËˆËÓ‚‡Ì˚ ‚ ‚Ë‰Â ÌÂÔÂ-
˚‚ÌÓ„Ó fl‰‡ ÓÚ Ï‡ÍÒËÏ‡Î¸ÌÓ„Ó ÏËÍÓÍÎËÌ‡ ‰Ó
Í‡ÈÌÂ„Ó ÓÚÓÍÎ‡Á‡ [3]. Ç ‰‡ÌÌÓÈ ÒÚ‡Ú¸Â ÔË‚Â‰Â-
Ì˚ ÔÂ‚˚Â ÂÁÛÎ¸Ú‡Ú˚ ‰‡ÚËÓ‚‡ÌËfl Í‚‡ˆ-ÓÚÓ-
ÍÎ‡ÁÓ‚ÓÈ Ë Í‚‡ˆ-ÏËÍÓÍÎËÌÓ‚ÓÈ ‡ÒÒÓˆË‡ˆËÈ ÊË-
Î˚ ‹ 1 ÌÂÈÚÓÌÌÓ-‡ÍÚË‚‡ˆËÓÌÌ˚Ï 
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Ar ÏÂ-
ÚÓ‰ÓÏ ÒÓ ÒÚÛÔÂÌ˜‡Ú˚Ï ÔÓ„Â‚ÓÏ, ‚˚ÔÓÎÌÂÌÌ˚Â
‚ Î‡·Ó‡ÚÓËË „ÂÓıÓÌÓÎÓ„ËË àÌÒÚËÚÛÚ‡ „ÂÓÎÓ-
„ËË Ë ÏËÌÂ‡ÎÓ„ËË ëË·ËÒÍÓ„Ó ÓÚ‰ÂÎÂÌËfl êÄç. 

 

ïÄêÄäíÖê èêéÅ à åÖíéÑõ
àï ÄçÄãàáÄ

 

Ç Í‡˜ÂÒÚ‚Â Ï‡ÚÂË‡Î‡ ‰Îfl ËÒÒÎÂ‰Ó‚‡ÌËfl ËÒÔÓÎ¸-
ÁÓ‚‡Ì˚ Í‚‡ˆ-ÔÓÎÂ‚Ó¯Ô‡ÚÓ‚˚Â ‡ÁÌÓÒÚË ÊËÎ˚
‹1 ÄÒ‡˜ËÌÒÍÓ„Ó ÏÂÒÚÓÓÊ‰ÂÌËfl Ò ÔÓ‚˚¯ÂÌÌ˚ÏË
ÒÓ‰ÂÊ‡ÌËflÏË ÁÓÎÓÚ‡ Ë ÒÂÂ·‡. èÓÒÍÓÎ¸ÍÛ Í‡ÎË-
Â‚˚Â ÔÓÎÂ‚˚Â ¯Ô‡Ú˚ ÊËÎ¸Ì˚ı Ó·‡ÁÓ‚‡ÌËÈ Ì‡ıÓ-
‰flÚÒfl ‚ ÚÓÌÍËı Ò‡ÒÚ‡ÌËflı Ò Í‚‡ˆÂÏ, ‚˚‰ÂÎÂÌËÂ
ÏÓÌÓÏËÌÂ‡Î¸Ì˚ı Ù‡ÍˆËÈ Ô‡ÍÚË˜ÂÒÍË ÌÂ‚ÓÁ-
ÏÓÊÌÓ Ë Ï‡ÚÂË‡ÎÓÏ ‰Îfl ËÁÓÚÓÔÌ˚ı ËÒÒÎÂ‰Ó‚‡ÌËÈ
ÔÓÒÎÛÊËÎË 3 ‚‡ÎÓ‚˚Â ÔÓ·˚. î‡ÍˆËË –0.25…+0.1
ÏÏ ·˚ÎË ÔÓÎÛ˜ÂÌ˚ ÔÓÒÎÂ ‰Ó·ÎÂÌËfl ËÒıÓ‰Ì˚ı
ÔÓ· Ë ÓÚÏÛ˜Ë‚‡ÌËfl ÚÓÌÍÓ‰ËÒÔÂÒÌÓ„Ó Ï‡ÚÂË‡Î‡
‰Îfl ËÒÍÎ˛˜ÂÌËfl ÔÓÚÂ¸ 

 

39

 

Ar ‚Ó ‚ÂÏfl Ó·ÎÛ˜ÂÌËfl
Ó·‡ÁˆÓ‚ ‚ Â‡ÍÚÓÂ ÔÓÚÓÍÓÏ ·˚ÒÚ˚ı ÌÂÈÚÓ-
ÌÓ‚.

1) é·‡ÁÂˆ ‹ 228 (ÒÍ‚. 74111, „ÎÛ·ËÌ‡ 146.0 Ï) –
Í‚‡ˆ-ÓÚÓÍÎ‡ÁÓ‚˚È ‡„Â„‡Ú Ò ÌÂÁÌ‡˜ËÚÂÎ¸ÌÓÈ
ÔËÏÂÒ¸˛ ˝ÔË‰ÓÚ‡ Ë ÒÂËˆËÚ‡. ëÚÛÍÚÛ‡ ‡„Â„‡Ú‡
ÏÂÌflÂÚÒfl ÓÚ „Â·ÂÌ˜‡ÚÓÈ ‰Ó ÏËÍÓ„‡ÌÓ·Î‡ÒÚÓ-
‚ÓÈ6 ‡‰Ë‡Î¸ÌÓ-ÎÛ˜ËÒÚÓÈ Ë ÍÓÌˆÂÌÚË˜ÂÒÍË ÁÓ-
Ì‡Î¸ÌÓÈ. ÇÓ ‚ÒÂı ÒÎÛ˜‡flı ‚Ó‰flÌÓÔÓÁ‡˜Ì˚Â ÍË-
ÒÚ‡ÎÎËÍË ÓÚÓÍÎ‡Á‡ (ÓÚ 0.1 ‰Ó 0.4 ÏÏ) Ò ı‡‡ÍÚÂ-
Ì˚ÏË ÔÓÒÚ˚ÏË ‰‚ÓÈÌËÍ‡ÏË Ì‡ıÓ‰flÚÒfl ‚ ÚÂÒÌÓÏ
Ò‡ÒÚ‡ÌËË Ò ÍÒÂÌÓÏÓÙÌ˚ÏË ÁÂÌ‡ÏË Í‚‡ˆ‡. 

2) é·‡ÁÂˆ ‹ 240 (ÒÍ‚. 7436, „ÎÛ·ËÌ‡ 90.0 Ï)
ÔÂ‰ÒÚ‡‚ÎÂÌ ÓÚÓÍÎ‡Á-Í‚‡ˆÂ‚˚Ï ‡„Â„‡ÚÓÏ ÔÓÎÓ-
Ò˜‡ÚÓÈ ÚÂÍÒÚÛ˚, Ó·ÛÒÎÓ‚ÎÂÌÌÓÈ ÌÂ‡‚ÌÓÏÂÌ˚Ï
‡ÒÔÂ‰ÂÎÂÌËÂÏ Ô˚ÎÂ‚Ë‰Ì˚ı ÒÍÓÔÎÂÌËÈ Û‰Ì˚ı
ÏËÌÂ‡ÎÓ‚ Ë ˜ÂÂ‰Ó‚‡ÌËÂÏ Û˜‡ÒÚÍÓ‚ ÒÛ˘ÂÒÚ‚ÂÌÌÓ
Í‚‡ˆÂ‚Ó„Ó, ÓÚÓÍÎ‡Á-Í‚‡ˆÂ‚Ó„Ó Ë ÓÚÓÍÎ‡ÁÓ‚Ó„Ó
ÒÓÒÚ‡‚‡ Ò ı‡‡ÍÚÂÌ˚ÏË ‚Ó‰flÌÓÔÓÁ‡˜Ì˚ÏË ÓÏ-
·Ó‚Ë‰Ì˚ÏË ‚˚‰ÂÎÂÌËflÏË ÓÚÓÍÎ‡Á‡ ‡ÁÏÂÓÏ ÓÚ
0.01 ‰Ó 0.1 ÏÏ. Ç ÔÓ‰˜ËÌÂÌÌÓÏ ÍÓÎË˜ÂÒÚ‚Â Û˜‡ÒÚÍ‡-
ÏË ÓÚÏÂ˜‡˛ÚÒfl ÚÓÌÍËÂ ˜Â¯ÛÈÍË ıÎÓËÚ‡ Ë ÒÂË-
ˆËÚ‡.

3) é·‡ÁÂˆ ‹ 476 (ÒÍ‚. 7437, „ÎÛ·ËÌ‡ 108.0 Ï)
Ì‡ 80–85% ÒÓÒÚÓËÚ ËÁ ÏËÍÓÍÎËÌÓ‚Ó„Ó ‡„Â„‡Ú‡,
ÒÎÓÊÂÌÌÓ„Ó ‰ÓÒÚ‡ÚÓ˜ÌÓ ÍÛÔÌ˚ÏË, ·ÂÒÔÓfl‰Ó˜ÌÓ
ÓËÂÌÚËÓ‚‡ÌÌ˚ÏË, ÒÎ‡·Ó ÔÂÎËÚËÁËÓ‚‡ÌÌ˚ÏË
ÁÂÌ‡ÏË ÌÂÂ¯ÂÚ˜‡ÚÓ„Ó ÏËÍÓÍÎËÌ‡ Ú‡·ÎËÚ˜‡-
ÚÓÈ ÙÓÏ˚ ‡ÁÏÂÓÏ ÓÚ 0.1–0.3 ‰Ó 0.5–1.5 ÏÏ. àÌ-
ÚÂÒÚËˆËË ÏÂÊ‰Û ÙÂÌÓÍËÒÚ‡ÎÎ‡ÏË ÏËÍÓÍÎËÌ‡
Á‡ÔÓÎÌÂÌ˚ ÍÒÂÌÓÏÓÙÌ˚ÏË ÁÂÌ‡ÏË Í‚‡ˆ‡.

é·˘ÂÂ ÓÔËÒ‡ÌËÂ 

 

40

 

Ar/

 

39

 

Ar ÏÂÚÓ‰‡ Ë Â„Ó ÏÂÚÓ-
ÎÓ„Ë˜ÂÒÍËÂ ÓÒÓ·ÂÌÌÓÒÚË ÔË‚Â‰ÂÌ˚ ‚ [6, 7, 13].

ç‡‚ÂÒÍË ÏËÌÂ‡Î¸Ì˚ı Ù‡ÍˆËÈ Á‡‚Ó‡˜Ë‚‡ÎËÒ¸ ‚
‡Î˛ÏËÌËÂ‚Û˛ ÙÓÎ¸„Û, ÔÓÒÎÂ ÓÚÍ‡˜ÍË Á‡Ô‡Ë‚‡-
ÎËÒ¸ ‚ Í‚‡ˆÂ‚Û˛ ‡ÏÔÛÎÛ ÒÓ‚ÏÂÒÚÌÓ Ò Ì‡‚ÂÒÍ‡ÏË
·ËÓÚËÚÓ‚ åëÄ–11 Ë LP–6 ‚ Í‡˜ÂÒÚ‚Â ÏÓÌËÚÓÓ‚.
ÑÎfl ÓÔÂ‰ÂÎÂÌËfl ‚ÓÁ‡ÒÚ‡ ‡Ì‡ÎËÁËÛÂÏ˚Â Ë ÒÚ‡Ì-
‰‡ÚÌ˚Â Ó·‡Áˆ˚ ÒÓ‚ÏÂÒÚÌÓ Ó·ÎÛ˜‡ÎËÒ¸ ‚ Í‡‰ÏË-
Ó‚‡ÌÌÓÏ Í‡Ì‡ÎÂ Ì‡Û˜ÌÓ„Ó Â‡ÍÚÓ‡ ÚËÔ‡ ÇÇê-ä
íÓÏÒÍÓ„Ó ÔÓÎËÚÂıÌË˜ÂÒÍÓ„Ó ËÌÒÚËÚÛÚ‡ ‚ ÚÂ˜ÂÌËÂ
48 ˜ ÔÓÚÓÍÓÏ 5

 

 × 

 

10

 

13

 

 ÌÂÈÚÓÌ/ÒÂÍ. É‡‰ËÂÌÚ ÌÂÈ-
ÚÓÌÌÓ„Ó ÔÓÚÓÍ‡ ÌÂ ÔÂ‚˚¯‡Î 0.5 % Ì‡ ‡ÁÏÂÂ
Ó·‡Áˆ‡. Ç Ì‡ÒÚÓfl˘ÂÈ ‡·ÓÚÂ ËÒÔÓÎ¸ÁÓ‚‡Ì ‚‡Ë-
‡ÌÚ ÒÚÛÔÂÌ˜‡ÚÓ„Ó ÔÓ„Â‚‡ ‚ Í‚‡ˆÂ‚ÓÏ Â‡ÍÚÓÂ
Ò ‚ÌÂ¯ÌÂÈ ÔÂ˜¸˛ Ë ÍÓÌÚÓÎÂÏ ÚÂÏÔÂ‡ÚÛ˚ ÚÂ-
ÏÓÔ‡ÓÈ. ëÛÚ¸ ÏÂÚÓ‰‡ ÒÓÒÚÓËÚ ‚ ‚˚‰ÂÎÂÌËË ‡„Ó-
Ì‡ ËÁ Ó·‡Áˆ‡ Ò ÔÓÏÓ˘¸˛ ÒÂËË ËÁÓÚÂÏË˜ÂÒÍËı
ÔÓ„Â‚Ó‚ Ë ËÁÏÂÂÌËÈ Â„Ó ËÁÓÚÓÔÌÓ„Ó ÒÓÒÚ‡‚‡.
íÂÏÔÂ‡ÚÛ‡ ÔÓ„Â‚‡ ÔÓÒÎÂ‰Ó‚‡ÚÂÎ¸ÌÓ Û‚ÂÎË˜Ë-
‚‡ÂÚÒfl, ‚ÔÎÓÚ¸ ‰Ó ÓÍÓÌ˜‡ÚÂÎ¸ÌÓ„Ó ‚˚‰ÂÎÂÌËfl ‡-
„ÓÌ‡. ÑÎfl Í‡Ê‰ÓÈ ÚÂÏÔÂ‡ÚÛÌÓÈ ÒÚÛÔÂÌË ‡ÒÒ˜Ë-
Ú‡Ì ‚ÓÁ‡ÒÚ. ïÓÎÓÒÚÓÈ ÓÔ˚Ú ÔÓ 

 

40

 

Ar (10 ÏËÌ ÔË
1200°C) ÌÂ ÔÂ‚˚¯‡Î 5

 

 × 

 

10

 

10

 

 ÌÒÏ

 

–3

 

. é˜ËÒÚÍ‡ ‚˚-
‰ÂÎÂÌÌÓ„Ó ‡„ÓÌ‡ ÔÓËÁ‚Ó‰ËÎ‡Ò¸ Ò ÔÓÏÓ˘¸˛ Ti- Ë
ZrAl SAES – „ÂÚÚÂÓ‚. àÁÓÚÓÔÌ˚È ÒÓÒÚ‡‚ ‡„ÓÌ‡
ËÁÏÂflÎÒfl Ì‡ Ï‡ÒÒ-ÒÔÂÍÚÓÏÂÚÂ “Noble gas 5400”
ÙËÏ˚ åËÍÓÏ‡ÒÒ (ÄÌ„ÎËfl). é¯Ë·ÍË ËÁÏÂÂÌËÈ,
ÔË‚Â‰ÂÌÌ˚Â ‚ ÚÂÍÒÚÂ Ë Ì‡ ËÒÛÌÍ‡ı, ÒÓÓÚ‚ÂÚÒÚ‚Û-
˛Ú ËÌÚÂ‚‡ÎÛ 

 

±

 

1

 

σ

 

. 

éÅëìÜÑÖçàÖ êÖáìãúíÄíéÇ
ä‡ÎËÂ‚˚Â ÔÓÎÂ‚˚Â ¯Ô‡Ú˚ ÊËÎ¸Ì˚ı ‡ÒÒÓˆË‡-

ˆËÈ ËÁÏÂÌ˜Ë‚˚ ÔÓ ÔÓÒÚË‡ÌË˛, Ô‡‰ÂÌË˛ Ë ÏÓ˘-
ÌÓÒÚË Û‰Ì˚ı ÚÂÎ Ë ÔÂ‰ÒÚ‡‚ÎÂÌ˚ ÌÂÔÂ˚‚Ì˚Ï
fl‰ÓÏ: ÓÚÓÍÎ‡Á > ÔÓÏÂÊÛÚÓ˜Ì˚È ÓÚÓÍÎ‡Á >
ÔÓÏÂÊÛÚÓ˜Ì˚È ÏËÍÓÍÎËÌ > Ï‡ÍÒËÏ‡Î¸Ì˚È
ÏËÍÓÍÎËÌ, ˜ÚÓ ÒÓÓÚ‚ÂÚÒÚ‚ÛÂÚ ÔÓ‚˚¯ÂÌË˛ ÚË-
ÍÎËÌÌÓÒÚË Ë, ÒÓÓÚ‚ÂÚÒÚ‚ÂÌÌÓ, Ëı ÍËÒÚ‡ÎÎÓıËÏË-
˜ÂÒÍÓÈ ÛÔÓfl‰Ó˜ÂÌÌÓÒÚË [3]. ëÂ‰Ë ˝Ú‡ÎÓÌÌ˚ı
Ó·‡ÁˆÓ‚ ÔÓÎÓÊÂÌËÂ ËÁÛ˜ÂÌÌ˚ı Í‡ÎËÂ‚˚ı ÔÓÎÂ-
‚˚ı ¯Ô‡ÚÓ‚ ËÁ ÊËÎ¸Ì˚ı ÚÂÎ, ÔÂ‰ÒÚ‡‚Îfl˛˘Ëı ÒÓ-
·ÓÈ Í‡ÈÌËÂ ˜ÎÂÌ˚ ˝ÚÓ„Ó fl‰‡, ÔË‚Â‰ÂÌÓ ‚ Ú‡·-
ÎËˆÂ.

èÓ ‰‡ÌÌ˚Ï ËÁÓÚÓÔÌ˚ı ËÒÒÎÂ‰Ó‚‡ÌËÈ, ‰Îfl Ó·-
‡Áˆ‡ ‹ 228 ÔÓÎÛ˜ÂÌ ‚ÓÁ‡ÒÚÌÓÈ ÒÔÂÍÚ, ‚ ÍÓÚÓ-
ÓÏ ÔÓÒÎÂ ÒÚÛÔÂÌË Ò ÓÚÌÓÒËÚÂÎ¸ÌÓ ‚˚ÒÓÍËÏ ÁÌ‡-
˜ÂÌËÂÏ ‚ÓÁ‡ÒÚ‡ ‚˚‰ÂÎflÂÚÒfl ÔÎ‡ÚÓ Ò ‚ÓÁ‡ÒÚÓÏ
5.9 

 

±

 

 1.3 ÏÎÌ. ÎÂÚ (ËÒ. 1). áÌ‡˜ÂÌËÂ ËÌÚÂ„‡Î¸ÌÓ„Ó
‚ÓÁ‡ÒÚ‡ ÒÛ˘ÂÒÚ‚ÂÌÌÓ ‚˚¯Â – 9.0 

 

±

 

 0.7 ÏÎÌ. ÎÂÚ.
ç‡ ËÁÓıÓÌÌÓÈ ‰Ë‡„‡ÏÏÂ ‚ÒÂ ÚÓ˜ÍË, Á‡ ËÒÍÎ˛˜Â-
ÌËÂÏ ‰‚Ûı ÌËÁÍÓÚÂÏÔÂ‡ÚÛÌ˚ı (ËÒ. 2), ÙÓÏË-
Û˛Ú ÎËÌÂÈÌ˚È ÚÂÌ‰ Ò ÔÓ‚˚¯ÂÌÌ˚Ï, ÓÚÌÓÒË-
ÚÂÎ¸ÌÓ ‡ÚÏÓÒÙÂÌÓ„Ó, Ì‡˜‡Î¸Ì˚Ï ÓÚÌÓ¯ÂÌËÂÏ –
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Ar = 360 

 

±

 

 14, ˜ÚÓ Ò‚Ë‰ÂÚÂÎ¸ÒÚ‚ÛÂÚ ‚ ÔÓÎ¸ÁÛ
ÔËÒÛÚÒÚ‚Ëfl ‚ ÏËÌÂ‡ÎÂ Á‡ı‚‡˜ÂÌÌÓ„Ó 

 

40

 

Ar*. àÁÓ-
ıÓÌÌ˚È ‚ÓÁ‡ÒÚ ‰‡ÌÌÓ„Ó Ó·‡Áˆ‡ ÓˆÂÌË‚‡ÂÚÒfl ‚
3.4 

 

±

 

 1.3 ÏÎÌ. ÎÂÚ. 
Ç ‚ÓÁ‡ÒÚÌÓÏ ÒÔÂÍÚÂ Ó·‡Áˆ‡ ‹ 240 ÔÓÒÎÂ

‰‚Ûı ÌËÁÍÓÚÂÏÔÂ‡ÚÛÌ˚ı ÒÚÛÔÂÌÂÈ ‚˚‰ÂÎflÂÚ-
Òfl ˜ÂÚÍÓÂ ÔÎ‡ÚÓ Ò ‚ÓÁ‡ÒÚÓÏ 3.2 

 

±

 

 0.2 ÏÎÌ. ÎÂÚ.
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3

 

áÌ‡˜ÂÌËÂ ËÌÚÂ„‡Î¸ÌÓ„Ó ‚ÓÁ‡ÒÚ‡ – 3.2 

 

±
±

 

 0.1 ÏÎÌ. ÎÂÚ (ËÒ. 1). ç‡ ‰Ë‡„‡ÏÏÂ

 

38

 

Ar*(Cl)/

 

39

 

Ar(K) – ÚÓ˜ÍË ÔÎ‡ÚÓ ÙÓÏËÛ˛Ú
ÍÓÏÔ‡ÍÚÌÛ˛ „ÛÔÔÛ Ò ÓÚÌÓÒËÚÂÎ¸ÌÓ ÌËÁÍËÏ

Cl/K ÓÚÌÓ¯ÂÌËÂÏ. ç‡ ËÁÓıÓÌÌÓÈ ‰Ë‡„‡ÏÏÂ
(ËÒ. 2) ÚÓ˜ÍË ÔÎ‡ÚÓ ÙÓÏËÛ˛Ú ÎËÌÂÈÌ˚È
ÚÂÌ‰. ê‡ÒÒ˜ËÚ‡ÌÌÓÂ ‰Îfl ÌÂ„Ó Ì‡˜‡Î¸ÌÓÂ ÓÚÌÓ-
¯ÂÌËÂ ÒÓ‚Ô‡‰‡ÂÚ Ò ‡ÚÏÓÒÙÂÌ˚Ï ÁÌ‡˜ÂÌËÂÏ –

 

ê‡ÒÔÂ‰ÂÎÂÌËÂ Al ÔÓ ÚÂÚ‡˝‰Ë˜ÂÒÍËÏ ÔÓÎÓÊÂÌËflÏ Í‡ÎËÂ‚Ó„Ó ÔÓÎÂ‚Ó„Ó ¯Ô‡Ú‡, ÍÓ˝ÙÙËˆËÂÌÚÓ‚ íÓÏÔÒÓÌ‡ (X, Y,
Z), 2

 

Θ

 

 ÂÙÎÂÍÒÓ‚ 204, 060 Ë 

 

∆ρ

 

 ‚ ÔÓÎÂ‚˚ı ¯Ô‡Ú‡ı Í‚‡ˆÂ‚˚ı ÊËÎ

èÓÎÂ‚ÓÈ ¯Ô‡Ú Al
T

 

1(0)

 

Al
T

 

1(m)

 

Al
T

 

2(0)

 

Al
T

 

2(m)

 

Al
T

 

1(0)

 

 +
+ Al
T

 

1(m)

 

X Y Z 2

 

Θ

 

204–060

 

ρ

 

ë‡ÌË‰ËÌ (ÓÚÓÊÊÂÌÌ˚È
Spencer C) 

0.26 0.26 0.22 0.22 0.52 0 0 0.08 9.35 0

éÚÓÍÎ‡Á (Spencer C) 0.345 0.345 0.125 0.125 0.69 0 0 0.44 9.07 0

 

éÚÓÍÎ‡Á (Ó·. ‹ 228, 240) 0.335 0.335 0.148 0.148 0.67 0 0 0.38 9.15 0

 

Ä‰ÛÎfl (Spencer B) 0.405 0.405 0.08 0.08 0.81 0 0 0.65 8.90 0

åËÍÓÍÎËÌ ÔÓÏÂÊÛÚÓ˜Ì˚È 
(Spencer U)

0.63 0.235 0.045 0.03 0.865 0.015 0.395 0.79 8.83 0.35

åËÍÓÍÎËÌ Ï‡ÍÒËÏ‡Î¸Ì˚È 
(Pellotsalo)

0.97 0.015 –0.1 0 0.985 –0.01 0.955 0.975 8.78 0.97

 

åËÍÓÍÎËÌ Ï‡ÍÒËÏ‡Î¸Ì˚È ËÁ 
Í‚‡ˆÍÔ¯ ÊËÎ˚ (Ó·. ‹ 476)

0.97 0.03 0 0 1.0 0 0.94 1.0 8.70 0.94

 

èËÏÂ˜‡ÌËÂ. ÜËÌ˚Ï ̄ ËÙÚÓÏ ‚˚‰ÂÎÂÌ˚ ̋ Ú‡ÎÓÌÌ˚Â ÔÓÎÂ‚˚Â ̄ Ô‡Ú˚ ËÁ [14], Ó·˚˜Ì˚Ï ̄ ËÙÚÓÏ – Í‡ÎËÂ‚˚Â ÔÓÎÂ‚˚Â ̄ Ô‡-
Ú˚ ÊËÎ¸Ì˚ı Ó·‡ÁÓ‚‡ÌËÈ.

 

5

0 20
ÑÓÎfl ‚˚‰ÂÎÂÌÌÓ„Ó 

 

39

 

Ar, %
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3.2 + –0.2 ÏÎÌ. ÎÂÚ
5.9 + –1.3 ÏÎÌ. ÎÂÚ

Í‚‡ˆ-ÓÚÓÍÎ‡ÁÓ‚˚È ‡„Â„‡Ú-228
Í‚‡ˆ-ÓÚÓÍÎ‡ÁÓ‚˚È ‡„Â„‡Ú-240
Í‚‡ˆ-ÏËÍÓÍÎËÌÓ‚˚È ‡„Â„‡Ú-476
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A
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A
r

 

êËÒ. 1.

 

 ÇÓÁ‡ÒÚÌ˚Â Ë 

 

38

 

Ar*/

 

39

 

Ar (Cl/K) ÒÔÂÍÚ˚ ‰Îfl Í‚‡ˆ-ÓÚÓÍÎ‡ÁÓ‚˚ı Ë Í‚‡ˆ-ÏËÍÓÍÎËÌÓ‚Ó„Ó ‡„Â„‡ÚÓ‚ ËÁ Í‚‡ˆ-
ÔÓÎÂ‚Ó¯Ô‡ÚÓ‚˚ı ÊËÎ ÄÒ‡˜ËÌÒÍÓ„Ó ÏÂÒÚÓÓÊ‰ÂÌËfl.
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Ar = 293 

 

±

 

 9. àÁÓıÓÌÌ˚È ‚ÓÁ‡ÒÚ, ‡‚Ì˚È
3.3 

 

±

 

 1.8 ÏÎÌ. ÎÂÚ, ÒÓ„Î‡ÒÛÂÚÒfl Ò ‚ÓÁ‡ÒÚÓÏ ÔÎ‡ÚÓ
Ë ËÌÚÂ„‡Î¸Ì˚Ï. ë Û˜ÂÚÓÏ ÒÍ‡Á‡ÌÌÓ„Ó, ÏÓÊÌÓ
Ò˜ËÚ‡Ú¸ ‚ÓÁ‡ÒÚ ÙÓÏËÓ‚‡ÌËfl ÏËÌÂ‡Î‡ ‡‚-
Ì˚Ï 3.2

 

 

 

±

 

 0.2 ÏÎÌ. ÎÂÚ. èÓÒÍÓÎ¸ÍÛ ‰Îfl ‰‚Ûı Ó‰-
ÌÓÚËÔÌ˚ı Ó·‡ÁˆÓ‚ ÔÓÎÛ˜ÂÌ˚ ÍÓÌÍÓ‰‡ÌÚÌ˚Â
‰‡ÚËÓ‚ÍË, ÔÓÒÎÂ‰Ìflfl fl‚ÎflÂÚÒfl ·ÓÎÂÂ ÚÓ˜ÌÓÈ Ë
Âfi ÏÓÊÌÓ ‡ÒÒÏ‡ÚË‚‡Ú¸ ‚ Í‡˜ÂÒÚ‚Â ‚ÂıÌÂÈ
ÓˆÂÌÍË ‚ÓÁ‡ÒÚ‡ „Ë‰ÓÚÂÏ‡Î¸ÌÓ„Ó ÓÛ‰ÂÌÂÌËfl.

ÑÎfl Ó·‡Áˆ‡ ‹ 476 ÔÓÎÛ˜ÂÌ ‰ËÒÍÓ‰‡ÌÚÌ˚È
‚ÓÁ‡ÒÚÌÓÈ ÒÔÂÍÚ, ËÏÂ˛˘ËÈ ÔË ÌËÁÍËı ÚÂÏÔÂ-
‡ÚÛ‡ı, ÔÓÒÎÂ ÎÂÒÚÌËˆ˚ ‚‚Âı, ÒÂ‰ÎÓÓ·‡ÁÌÛ˛
ÙÓÏÛ (ËÒ. 1). áÌ‡˜ÂÌËÂ ËÌÚÂ„‡Î¸ÌÓ„Ó ‚ÓÁ‡ÒÚ‡ –
2.9 

 

±

 

 0.2 ÏÎÌ. ÎÂÚ. ëÂ‰ÎÓÓ·‡ÁÌ‡fl ÙÓÏ‡ ÒÔÂÍÚ‡
˜‡ÒÚÓ ‡ÒÒÏ‡ÚË‚‡ÂÚÒfl Í‡Í Ò‚Ë‰ÂÚÂÎ¸ÒÚ‚Ó ‚ ÔÓÎ¸-
ÁÛ ÔËÒÛÚÒÚ‚Ëfl ‚ ÏËÌÂ‡ÎÂ Á‡ı‚‡˜ÂÌÌÓ„Ó 

 

40

 

Ar*.
Ç

 

 

 

ÔÓÎ¸ÁÛ ˝ÚÓÈ ÍÓÌˆÂÔˆËË Ò‚Ë‰ÂÚÂÎ¸ÒÚ‚ÛÂÚ Ú‡ÍÊÂ
ÚÓÚ Ù‡ÍÚ, ˜ÚÓ Ì‡ ‰Ë‡„‡ÏÏÂ Á‡‚ËÒËÏÓÒÚË ËÁÏÂ-

 

0.001

0 0.2

 

39

 

Ar/

 

40

 

Ar

0.004

0.4 0.6 0.8 1.0

0.003

0.002

Í‚‡ˆ-ÓÚÓÍÎ‡ÁÓ‚˚È ‡„Â„‡Ú-228

Í‚‡ˆ-ÓÚÓÍÎ‡ÁÓ‚˚È ‡„Â„‡Ú-240

Í‚‡ˆ-ÏËÍÓÍÎËÌÓ‚˚È ‡„Â„‡Ú-476

0.001

0 0.2

0.004

0.4 0.6 0.8 1.0

0.003

0.002

(

 

40

 

Ar/

 

39

 

Ar)

 

0

 

 = 293 ± 9

 

39

 

Ar/

 

40

 

Ar

ëäÇé-1.6 àÁÓıÓÌÌ˚È ‚ÓÁ‡ÒÚ-
3.3 ± 1.8 ÏÎÌ. ÎÂÚ

0.001

0 0.1

0.004

0.2 0.3 0.4 0.5

0.003

0.002
(

 

40

 

Ar/

 

39

 

Ar)

 

0

 

 = 360 ± 14

ëäÇé-2.2 àÁÓıÓÌÌ˚È ‚ÓÁ‡ÒÚ-
3.4 ± 1.3 ÏÎÌ. ÎÂÚ

 

êËÒ. 2.

 

 àÁÓıÓÌÌ˚Â ‰Ë‡„‡ÏÏ˚ ‰Îfl Í‚‡ˆ-ÓÚÓÍÎ‡ÁÓ‚˚ı Ë Í‚‡ˆ-ÏËÍÓÍÎËÌÓ‚Ó„Ó ‡„Â„‡ÚÓ‚ ËÁ Í‚‡ˆ-ÔÓÎÂ‚Ó¯Ô‡ÚÓ-
‚˚ı ÊËÎ ÄÒ‡˜ËÌÒÍÓ„Ó ÏÂÒÚÓÓÊ‰ÂÌËfl.
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5

 

ÂÌÌÓ„Ó ‚ÓÁ‡ÒÚ‡ ÓÚ 

 

38

 

Ar*(Cl)/

 

39

 

Ar(K) ÓÚÌÓ¯ÂÌËfl
‰Îfl ÚÓ˜ÂÍ ‡ÒÒÏ‡ÚË‚‡ÂÏÓÈ ˜‡ÒÚË ÒÔÂÍÚ‡ Ì‡-
·Î˛‰‡ÂÚÒfl ÔÓÎÓÊËÚÂÎ¸Ì‡fl ÍÓÂÎflˆËfl. Ç ˝ÚÓÏ
ÒÎÛ˜‡Â ‚ÓÁ‡ÒÚ ÙÓÏËÓ‚‡ÌËfl ÏËÌÂ‡Î‡, ÎË·Ó
Ì‡ÎÓÊÂÌÌÓ„Ó ‚ÓÁ‰ÂÈÒÚ‚Ëfl ‰ÓÎÊÂÌ ·˚Ú¸ ÌÂ ·ÓÎ¸-
¯Â 1.1 

 

±

 

 0.3 ÏÎÌ. ÎÂÚ (ÒÓÓÚ‚ÂÚÒÚ‚ÛÂÚ ÌËÊÌÂÈ ÚÓ˜-
ÍÂ ÚÂÌ‰‡).

íÂÏÔÂ‡ÚÛÌ˚È ‰Ë‡Ô‡ÁÓÌ Á‡Í˚ÚËfl K/Ar ËÁÓ-
ÚÓÔÌÓÈ ÒËÒÚÂÏ˚ Í‡ÎËÂ‚˚ı ÔÓÎÂ‚˚ı ¯Ô‡ÚÓ‚ ÒÓ-
ÒÚ‡‚ÎflÂÚ 200–250°ë [12], ̃ ÚÓ ÒÓ„Î‡ÒÛÂÚÒfl Ò ÂÁÛÎ¸-
Ú‡Ú‡ÏË ‚˚ÔÓÎÌÂÌÌ˚ı ‡‚ÚÓ‡ÏË ÚÂÏÓ·‡Ó„ÂÓıË-
ÏË˜ÂÒÍËı ËÒÒÎÂ‰Ó‚‡ÌËÈ ÏÂÚÓ‰ÓÏ „ÓÏÓ„ÂÌËÁ‡ˆËË
ËÌ‰Ë‚Ë‰Û‡Î¸Ì˚ı „‡ÁÓ‚Ó-ÊË‰ÍËı ‚ÍÎ˛˜ÂÌËÈ.

êÂÁ˛ÏËÛfl ‰‡ÌÌ˚Â ÓÔÂ‰ÂÎÂÌËfl ‚ÓÁ‡ÒÚ‡
Í‚‡ˆ-ÓÚÓÍÎ‡ÁÓ‚˚ı Ë Í‚‡ˆ-ÏËÍÓÍÎËÌÓ‚˚ı ‡Ò-
ÒÓˆË‡ˆËÈ ÊËÎ˚ ‹1 ÄÒ‡˜ËÌÒÍÓ„Ó ÏÂÒÚÓÓÊ‰ÂÌËfl,
ÏÓÊÌÓ ÓÚÏÂÚËÚ¸ ÒÎÂ‰Û˛˘ÂÂ.

1) ÇÓÁ‡ÒÚ ËÁÛ˜ÂÌÌÓÈ Í‚‡ˆ-ÓÚÓÍÎ‡ÁÓ‚ÓÈ ‡ÒÒÓ-
ˆË‡ˆËË ÓˆÂÌË‚‡ÂÚÒfl ‚ 3.2 

 

±

 

 0.2 ÏÎÌ. ÎÂÚ (Ô¸fl˜ÂÌˆËÈ). 
2) ÑÎfl Í‚‡ˆ-ÏËÍÓÍÎËÌÓ‚ÓÈ ‡ÒÒÓˆË‡ˆËË Ó·Ì‡-

ÛÊÂÌ˚ fl‚Ì˚Â ÔËÁÌ‡ÍË ÓÏÓÎÓÊÂÌËfl Ò ‚ÓÁ‡Ò-
ÚÓÏ, ÌÂ ‰Â‚ÌÂÂ 1.1 

 

±

 

 0.3 ÏÎÌ. ÎÂÚ (ÌËÊÌËÈ ÔÎÂÈ-
ÒÚÓˆÂÌ). ÅÓÎÂÂ ÏÓÎÓ‰ÓÈ ‚ÓÁ‡ÒÚ Í‚‡ˆ-ÏËÍÓÍÎË-
ÌÓ‚˚ı Û˜‡ÒÚÍÓ‚ ÊËÎ˚ ‹ 1, ÔÓ-‚Ë‰ËÏÓÏÛ, Ò‚flÁ‡Ì Ò
ÔÓÒÎÂÛ‰Ì˚Ï ·ÂÍ˜ËÓ‚‡ÌËÂÏ, ÔÂÂÍËÒÚ‡ÎÎËÁ‡-
ˆËÂÈ Í‚‡ˆ-ÓÚÓÍÎ‡ÁÓ‚˚ı ‡„Â„‡ÚÓ‚ Ë ÍÓÂÎË-
ÛÂÚÒfl Ò ·‡Á‡Î¸ÚÓ‚˚Ï ‰‡ÈÍÓ‚˚Ï Ï‡„Ï‡ÚËÁÏÓÏ
‡Ì‡ÎÓ„Ë˜ÌÓ„Ó ‚ÓÁ‡ÒÚ‡. 

3) ìÒÚ‡ÌÓ‚ÎÂÌ˚È ·ÓÎÂÂ ÛÁÍËÈ ‚ÓÁ‡ÒÚÌÓÈ ËÌ-
ÚÂ‚‡Î ÁÓÎÓÚÓ-ÒÂÂ·flÌÓ„Ó ÓÛ‰ÂÌÂÌËfl ÄÒ‡˜ËÌ-
ÒÍÓ„Ó ÏÂÒÚÓÓÊ‰ÂÌËfl ÌÂ ÔÓÚË‚ÓÂ˜ËÚ ‡ÌÂÂ
ÓÔÛ·ÎËÍÓ‚‡ÌÌ˚ÏË ËÌÚÂ„‡Î¸Ì˚Ï ıÓÌÓÎÓ„Ë˜Â-
ÒÍËÏ ÓˆÂÌÍ‡Ï [2, 8]. ÇÏÂÒÚÂ Ò ÚÂÏ, ÔÓÎËıÓÌÌ˚È
ı‡‡ÍÚÂ ÓÛ‰ÂÌÂÌËfl Á‡ÒÎÛÊË‚‡ÂÚ ÔÓ‚Â‰ÂÌËfl ‰Ó-
ÔÓÎÌËÚÂÎ¸Ì˚ı, ·ÓÎÂÂ ‰ÂÚ‡Î¸Ì˚ı, ËÁÓÚÓÔÌÓ-„ÂÓ-
ıÓÌÓÎÓ„Ë˜ÂÒÍËı ËÒÒÎÂ‰Ó‚‡ÌËÈ ‰Îfl ÔÓ‚ÂÍË Ì‡-
ÏÂ˜‡˛˘ÂÈÒfl ÚÂÌ‰ÂÌˆËË Í ÓÏÓÎÓÊÂÌË˛ ÒÚÛÍÚÛ-
ÌÓ ÛÔÓfl‰Ó˜ÂÌÌ˚ı ‡ÁÌÓÒÚÂÈ Í‡ÎËÂ‚˚ı ÔÓÎÂ‚˚ı
¯Ô‡ÚÓ‚.
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ã‡ÔÛıÓ‚ Ë ‰.

The Age of Epithermal Gold-and-Silver Metallization in the Asachinskii Deposit, 
Southern Kamchatke Derived by the 40Ar/39Ar Method

A. S. Lapukhov1, B. V. Guzman2, V. A. Gorev3, E. P. Solotchina1, A. V. Travin1

1Institute of Geology and Mineralogy, Siberian Division, Russian Academy of Sciences, Novosibirsk, 630090, Russia
2East Siberian Mining Company, Moscow, 125040, Russia

3Trevozhnoe Zarevo close company, Petropavlovsk-Kamchatskii, 683031, Russia

New data were obtained on the metallization age for the Asachinskii epithermal gold-silver deposit, southern
Kamchatka using the stepwise heating 40Ar/39Ar method with a preliminary irradiation of the sample by fast
neutrons during 48 hours in a cadmium-plated reactor channel. Previous datings by the integral K/Ar method
and the laser 40Ar/39Ar method due to several workers were compared with the present results. High resolution
X-ray analysis was used to classify common potash feldspars in ore formations by the degree of structural
ordering, the result being the following continuous series: maximum microcline  intermediate micro-
cline  intermediate orthoclase  ultimate orthoclase. The age of the quartz-orthoclase association in
vein 1 was 3.2 ± 0.2 Myr (the Piacenzian). A younger age about 1.1 0.3 Myr (Lower Pleistocene) was found
for a quartz-microcline vein involving signs of post-metallization brecciation and recrystallization associated
with basaltic dike magmatism of a similar age.


