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êËÒ. 1. èÓÎÓÊÂÌËÂ ÔÎ‡ÚËÌÓÒÓ‰ÂÊ‡˘Ëı ÁÓÎÓÚÓÛ‰Ì˚ı ÏÂÒÚÓÓÊ‰ÂÌËÈ Ë Û‰ÓÔÓfl‚ÎÂÌËÈ ‚ „ÂÓÎÓ„Ë˜ÂÒÍËı ÒÚÛÍÚÛ‡ı
ÄÏÛÒÍÓÈ Ó·Î‡ÒÚË [8]. 1 – ÄÎ‰‡ÌÒÍËÈ ÏÂ„‡·ÎÓÍ (1 – éÎfiÍÏËÌÒÍËÈ ·ÎÓÍ, 2 – ÄÎ‰‡ÌÒÍËÈ ·ÎÓÍ); 2 – ëÚ‡ÌÓ‚ÓÈ ÏÂ„‡·ÎÓÍ
(3 – ëÂÎÂÌ„ËÌÓ-ëÚ‡ÌÓ‚ÓÈ ·ÎÓÍ, 4 – ÑÊÛ„‰ÊÛÓ-ëÚ‡ÌÓ‚ÓÈ ·ÎÓÍ); 3 – åÓÌ„ÓÎÓ-éıÓÚÒÍ‡fl ÒÍÎ‡‰˜‡Ú‡fl Ë ÒÍÎ‡‰˜‡ÚÓ-Ì‡‰‚Ë-
„Ó‚‡fl ÒËÒÚÂÏ‡ (5 – üÌÍ‡ÌÓ-ÑÊ‡„‰ËÌÒÍ‡fl ÏÂ„‡ÁÓÌ‡, 6 – É‡Î‡ÏÓ-ò‡ÌÚ‡ÒÍ‡fl ÏÂ„‡ÁÓÌ‡); 4 – Ç‡Ì‰‡¯‡Ì¸-ëËıÓÚ˝‡ÎËÌÒÍ‡fl
ÒÍÎ‡‰˜‡Ú‡fl Ë ÒÍÎ‡‰˜‡ÚÓ-Ì‡‰‚Ë„Ó‚‡fl ÒËÒÚÂÏ‡ (7 – Å‡‰Ê‡ÎÓ-ÉÓËÌÒÍ‡fl ÏÂ„‡ÁÓÌ‡); 5 – ÍÓÏÔÓÁËÚÌ˚Â Ï‡ÒÒË‚˚: I – äÂ-
ÛÎÂÌÓ-Ä„ÛÌÓ-å‡Ï˚ÌÒÍËÈ (8 – ïÛÏ‡ı˝-ÉÓÌÊËÌÒÍÓ-å‡Ï˚ÌÒÍËÈ ·ÎÓÍ), II – ëÛÌÌ˝Ì¸-íÛ‡ÌÒÍËÈ (9 – ÏÂ„‡ÁÓÌ‡ åÛı˝),
III – íÛ‡ÌÒÍËÈ, IV – ÅÛÂËÌÒÍÓ-ñÁflÏÛÒ˚-ï‡ÌÍ‡ÈÒÍËÈ (10 – ÅÛÂËÌÒÍÓ-ñÁflÏÛÒ˚-ï‡ÌÍ‡ÈÒÍËÈ ·ÎÓÍ); 6 – Ñ‡ÒËÌ‡Ì¸ÎËÌ-
ëÂÎÂÏ‰ÊËÌÒÍ‡fl ÒÍÎ‡‰˜‡Ú‡fl Ë ÒÍÎ‡‰˜‡ÚÓ-Ì‡‰‚Ë„Ó‚‡fl ÒËÒÚÂÏ‡ (11 – ï˝ÈÎÛÌˆÁflÌÒÍÓÂ Á‚ÂÌÓ, 12 – ëÂÎÂÏ‰ÊËÌÒÍÓÂ Á‚ÂÌÓ);
7 – ÓÍ‡ËÌÌ˚Â ÔÓ„Ë·˚ (é – éÎ¸‰ÓÈÒÍËÈ, Éë – É‡„ÒÍÓ-ë‡„‡flÌÒÍËÈ); 8 – „‡ÌËˆ˚ ÔÓ‰‚ËÊÌ˚ı ÔÓflÒÓ‚ Ë ÔÎ‡ÚÙÓÏ; 9 –
„‡ÌËˆ˚ ˘ËÚÓ‚, ÏÂ„‡·ÎÓÍÓ‚, ÔÎËÚ, Ï‡ÒÒË‚Ó‚, ÒÍÎ‡‰˜‡Ú˚ı ÒËÒÚÂÏ; 10 – „‡ÌËˆ˚ ·ÎÓÍÓ‚, Á‚ÂÌ¸Â‚, ÏÂ„‡ÁÓÌ; 11 – ÔÎ‡ÚË-
ÌÓÒÓ‰ÂÊ‡˘ËÂ ÁÓÎÓÚÓÛ‰Ì˚Â ÏÂÒÚÓÓÊ‰ÂÌËfl Ë Û‰ÓÔÓfl‚ÎÂÌËfl.

Ç êÓÒÒËÈÒÍÓÈ îÂ‰Â‡ˆËË ˝ÎÂÏÂÌÚ˚ ÔÎ‡ÚËÌÓ-
‚ÓÈ „ÛÔÔ˚ (ùèÉ) ÛÒÚ‡ÌÓ‚ÎÂÌ˚ ‚ ÍÓÌˆÂÌÚ‡ˆËflı,
ÔË„Ó‰Ì˚ı ‰Îfl ÔÓÔÛÚÌÓ„Ó ËÁ‚ÎÂ˜ÂÌËfl, Ì‡ ÏÌÓ„Ëı
ÁÓÎÓÚÓÛ‰Ì˚ı ÏÂÒÚÓÓÊ‰ÂÌËflı, Ì‡ÔËÏÂ, ç‡-

Ú‡ÎÍËÌÒÍÓ„Ó [1], áÛÌ-ïÓÎ·‡, àÓÍËÌ‰‡ [2], ëÛıÓÈ
ãÓ„ [4]. èÎ‡ÚËÌÓÌÓÒÌÓÒÚ¸ ÏÂÒÚÓÓÊ‰ÂÌËÈ ÁÓÎÓÚ‡
ÇÂıÌÂ„Ó èË‡ÏÛ¸fl ‰Ó Ì‡ÒÚÓfl˘Â„Ó ‚ÂÏÂÌË ËÁÛ-
˜ÂÌ‡ Í‡ÈÌÂ ÌÂ‰ÓÒÚ‡ÚÓ˜ÌÓ. èÓÏ˚¯ÎÂÌÌ˚ı ÍÓÌ-
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í‡·ÎËˆ‡ 1.  ê‡ÒÔÂ‰ÂÎÂÌËÂ ÁÓÎÓÚ‡ Ë ÔÎ‡ÚËÌÓË‰Ó‚* ‚ „Ë‰ÓÚÂÏ‡Î¸ÌÓ ËÁÏÂÌÂÌÌ˚ı ÔÓÓ‰‡ı Ë Û‰‡ı ÏÂÒÚÓÓÊ‰ÂÌËÈ Ë ÔÓfl‚ÎÂÌËÈ ÔÎÛÚÓÌË˜ÂÒÍÓ„Ó ÍÎ‡ÒÒ‡
ÇÂıÌÂ„Ó èË‡ÏÛ¸fl

íËÔ˚ Û‰ (˜ËÒÎÓ ‡Ì‡ÎËÁÓ‚)
ëÂ‰ÌÂÂ ÒÓ‰ÂÊ‡ÌËÂ, „/Ú

Au Pt Pd Ir Os Ru Rh

Å Â  Â Á Ë Ú Ó ‚ Ó Â  Ï Â Ò Ú Ó  Ó Ê ‰ Â Ì Ë Â

ä‚‡ˆ-ÒÛÎ¸ÙË‰Ì˚È ‡„Â„‡Ú (7) 0.65–1.31 0.07–1.24 0.001–0.47 0.01–0.04 0.01–0.02 0.002–0.004 0.002–0.003

ÜËÎ¸Ì˚È Í‚‡ˆ Ò ÒÛÎ¸ÙË‰‡ÏË (3) 0.67–2.45 0.11–1.12 0.01–0.19 0.01–0.012 0.01–0.012 0.002–0.004 0.003–0.004

É‡Ì‡Ú-Í‚‡ˆ-ÒÂËˆËÚÓ‚˚È ÏÂÚ‡ÒÓÏ‡ÚËÚ (6) 0.76–2.22 0.22–1.26 0.01–0.21 0.01–0.02 0.002–0.02 0.002–0.004 0.002–0.003

ä‚‡ˆ-ÒÂËˆËÚ-Í‡ÎË¯Ô‡ÚÓ‚˚È ÏÂÚ‡ÒÓÏ‡ÚËÚ (6) 1.22–4.55 0.55–1.45 0.01–0.14 0.02–0.023 0.02–0.022 0.002–0.005 0.002–0.004

å Â Ò Ú Ó  Ó Ê ‰ Â Ì Ë Â  è Ë Ó Ì Â 

ä‚‡ˆ-ÒÛÎ¸ÙË‰Ì˚È ‡„Â„‡Ú (7) 0.55–1.31 0.54–1.24 0.08–0.47 0.01–0.045 0.01–0.04 0.002 0.0015

ä‚‡ˆ-Í‡·ÓÌ‡ÚÌ‡fl ·ÂÍ˜Ëfl Ò ÒÛÎ¸ÙË‰‡ÏË (3) 0.85–2.16 0.31–3.32 0.12–0.19 0.01–0.015 0.02–0.025 0.002 0.003

ÜËÎ¸Ì˚È Í‚‡ˆ Ò ÒÛÎ¸ÙË‰‡ÏË (6) 1.14–2.51 0.22–1.16 0.02–0.21 0.01–0.015 0.01–0.017 0.002 0.002

ä‚‡ˆÂ‚˚È ‰ËÓËÚ Ò ÒÛÎ¸ÙË‰‡ÏË (5) 0.22–2.91 0.13–0.744 0.01–0.04 0.01–0.023 0.01–0.022 0.002 0.0021

å Â Ò Ú Ó  Ó Ê ‰ Â Ì Ë Â  á Ó Î Ó Ú ‡ fl  É Ó  ‡

É‡ÌËÚÓ-„ÌÂÈÒ˚ Ò ÒÛÎ¸ÙË‰‡ÏË (6) 0.22–1.36 0.22–1.13 0.21–0.42 0.01–0.05 0.01–0.02 0.006 0.01

ÅËÓÚËÚÓ‚˚Â „ÌÂÈÒ˚ Ò ÒÛÎ¸ÙË‰‡ÏË (11) 0.78–2.81 0.42–0.58 0.11–0.26 0.01–0.015 0.01–0.02 0.005 0.008

ÜËÎ¸Ì˚È Í‚‡ˆ Ò ÒÛÎ¸ÙË‰‡ÏË (3) 0.28–1.36 0.21–0.71 0.28–0.35 0.01–0.012 0.02–0.03 0.005 0.002

ê Û ‰ Ó Ô  Ó fl ‚ Î Â Ì Ë Â  Ä Ô  Â Î ¸ Ò Í Ó Â

ä‚‡ˆÂ‚˚Â ‰ËÓËÚ˚ Ò ÒÛÎ¸ÙË‰‡ÏË (6) 0.25–2.86 0.23–0.82 0.01–0.42 0.02–0.04 0.02–0.022 0.002 0.022

ÜËÎ¸Ì˚È Í‚‡ˆ Ò ÒÛÎ¸ÙË‰‡ÏË (8) 0.14–2.55 0.22–1.16 0.02–0.28 0.01–0.024 0.01–0.012 0.002 0.002

ÜËÎ¸Ì˚È Í‚‡ˆ Ò ÒÛÎ¸ÙË‰‡ÏË (6) 0.25–1.86 0.31–2.32 0.12–0.19 0.01–0.11 0.02–0.026 0.002 0.003

ê Û ‰ Ó Ô  Ó fl ‚ Î Â Ì Ë Â  ë Ì Â Ê Ë Ì Í ‡

ÜËÎ¸Ì˚È Í‚‡ˆ Ò ÒÛÎ¸ÙË‰‡ÏË (6) 2.22–4.47 0.21–0.62 0.11–0.61 0.02–0.051 0.03–0.039 0.002–0.006 0.002–0.004

ÅÂÂÁËÚ ÔÓ ‰‡ÈÍÂ ÔÓÙËËÚ‡ Ò ÒÛÎ¸ÙË‰‡ÏË (5) 0.83–2.62 0.09–0.31 0.02–0.12 0.02–0.024 0.04–0.045 0.002–0.004 0.004–0.009

Ñ‡ÈÍ‡ „‡ÌÓ‰ËÓËÚ-ÔÓÙË‡ Ò ÒÛÎ¸ÙË‰‡ÏË (7) 1.61–3.61 0.11–0.37 0.09–0.15 0.01–0.014 0.01–0.024 0.003–0.0051 0.001–0.0023

ê Û ‰ Ó Ô  Ó fl ‚ Î Â Ì Ë Â  ë ‚ Â Ú Î Ó Â

ÅÂÂÁËÚËÁËÓ‚‡ÌÌ˚È „‡ÌËÚ Ò ÒÛÎ¸ÙË‰‡ÏË (7) 0.75–1.94 0.22–0.42 0.02–0.54 0.01–0.02 0.02–0.11 0.002–0.004 0.002–0.003

É‡ÌÓ‰ËÓËÚ Ò ÒÛÎ¸ÙË‰‡ÏË (5) 0.22–2.38 0.25–0.74 0.10–0.14 0.01–0.02 0.01–0.032 0.001–0.003 0.002–0.004

É‡ÌËÚ-ÔÓÙË Ò ÒÛÎ¸ÙË‰‡ÏË (4) 0.52–1.53 0.45–1.28 0.11–0.36 0.01–0.03 0.01–0.025 0.002–0.004 0.003–0.004

ä‚‡ˆ-Í‡·ÓÌ‡ÚÌ‡fl ·ÂÍ˜Ëfl Ò ÒÛÎ¸ÙË‰‡ÏË (5) 1.22–4.21 0.21–2.83 0.15–0.36 0.02–0.09 0.01–0.04 0.003–0.009 0.003–0.005

* èÓ ‰‡ÌÌ˚Ï ËÌ‚ÂÒËÓÌÌÓ-‚ÓÎ¸Ú‡ÏÔÂÓÏÂÚË˜ÂÒÍÓ„Ó ‡Ì‡ÎËÁ‡ ÔÓ· ‚ Î‡·Ó‡ÚÓËË íèà („. íÓÏÒÍ), ‡Ì‡ÎËÚËÍË É.Ä. çÓ‚ËÍÓ‚‡, á.ë. åËı‡ÈÎÓ‚‡, Ö.Ç. ü„Ó‚ÍËÌ‡. óÛ‚ÒÚ‚Ë-
ÚÂÎ¸ÌÓÒÚ¸ ‡Ì‡ÎËÁÓ‚ 1 · 10–8; –7 Ï‡Ò. %, ‚ÓÒÔÓËÁ‚Ó‰ËÏÓÒÚ¸ 90%, Ì‡‚ÂÒÍ‡ ÔÓ·˚ 5 „.
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åÂÎ¸ÌËÍÓ‚, åÓËÒÂÂÌÍÓ

ˆÂÌÚ‡ˆËÈ ùèÉ ÌÂ ÛÒÚ‡ÌÓ‚ÎÂÌÓ, ÌÓ ¯ËÓÍÓÂ ‡Ò-
ÔÓÒÚ‡ÌÂÌËÂ ÔflÏ˚ı ÔËÁÌ‡ÍÓ‚ ÔÎ‡ÚËÌÓÌÓÒÌÓ-
ÒÚË „Ó‚ÓËÚ Ó ÔÂÒÔÂÍÚË‚ÌÓÒÚË Â„ËÓÌ‡ Ì‡ ùèÉ ‚
Ó·˙ÂÍÚ‡ı Û‰ÌÓ„Ó ÁÓÎÓÚ‡ [3, 5].

àÁÛ˜ÂÌÌ˚Â ‡‚ÚÓÓÏ ÁÓÎÓÚÓÛ‰Ì˚Â ÏÂÒÚÓÓÊ-
‰ÂÌËfl Ë Û‰ÓÔÓfl‚ÎÂÌËfl ÔÎÛÚÓÌÓ„ÂÌÌÓ„Ó ÍÎ‡ÒÒ‡
‡Á‚ËÚ˚ ‚ ÔÂ‰ÂÎ‡ı ‚ÓÒÚÓ˜ÌÓÈ ̃ ‡ÒÚË ñÂÌÚ‡Î¸ÌÓ-
ÄÁË‡ÚÒÍÓ„Ó ÔÓ‰‚ËÊÌÓ„Ó ÔÓflÒ‡ (ËÒ. 1). ä ÌËÏ ÓÚ-
ÌÓÒflÚÒfl ÏÂÒÚÓÓÊ‰ÂÌËfl äËÓ‚ÒÍÓÂ, ÅÂÂÁËÚÓ‚ÓÂ,
áÓÎÓÚ‡fl ÉÓ‡, èËÓÌÂ Ë fl‰ Û‰ÓÔÓfl‚ÎÂÌËÈ –
ë‚ÂÚÎÓÂ, ëÌÂÊËÌÍ‡ Ë ÄÔÂÎ¸ÒÍÓÂ [8]. ìÒÚ‡ÌÓ‚ÎÂ-
ÌÓ, ˜ÚÓ ‚ „Ë‰ÓÚÂÏ‡Î¸ÌÓ ËÁÏÂÌÂÌÌ˚ı ÔÓÓ‰‡ı Ë
Í‚‡ˆÂ‚Ó-ÊËÎ¸Ì˚ı Û‰‡ı ÒÓ‰ÂÊ‡ÌËÂ ùèÉ ‰ÓÒÚË-
„‡ÂÚ ÍÓÎË˜ÂÒÚ‚, ÔË·ÎËÊÂÌÌ˚ı Í ÔÓÏ˚¯ÎÂÌ-
Ì˚Ï (Ú‡·Î. 1).

í‡ÍËÏ Ó·‡ÁÓÏ, ÛÒÚ‡ÌÓ‚ÎÂÌÌ‡fl ÔÎ‡ÚËÌÓÌÓÒ-
ÌÓÒÚ¸ Ì‡ ÁÓÎÓÚÓÛ‰Ì˚ı ÏÂÒÚÓÓÊ‰ÂÌËflı, Ò‚flÁ‡Ì-
Ì˚ı Ò ÔÎÛÚÓÌÓ„ÂÌÌ˚ÏË ‡ÒÒÓˆË‡ˆËflÏË „ÓÌ˚ı ÔÓ-
Ó‰, ÚÂ·ÛÂÚ ÔÓ‚Â‰ÂÌËfl Â‚ËÁËÓÌÌ˚ı ‡·ÓÚ Ì‡
ÔÎ‡ÚËÌÓË‰˚, ÛÍ‡Á˚‚‡ÂÚ Ì‡ ‚ÓÁÏÓÊÌÓÒÚ¸ ‚˚fl‚ÎÂ-
ÌËfl ÍÓÏÔÎÂÍÒÌ˚ı Ò ÔÎ‡ÚËÌÓË‰‡ÏË ÏÂÒÚÓÓÊ‰ÂÌËÈ.
ç‡ÎË˜ËÂ ÂÒÛÒÓ‚ ÔÎ‡ÚËÌÓË‰Ó‚ ÔË ÍÓÏÔÎÂÍÒÌÓÏ
ÓÒ‚ÓÂÌËË ÏÓÊÂÚ ÁÌ‡˜ËÚÂÎ¸ÌÓ ÔÓ‚˚ÒËÚ¸ ÂÌÚ‡·ÂÎ¸-
ÌÓÒÚ¸ ˝ÍÒÔÎÛ‡Ú‡ˆËË ˝ÚËı ÏÂÒÚÓÓÊ‰ÂÌËÈ.
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