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ӑӘӝӛӝӚӔәӣӚӔӑӘӡ, ӛӐӗ ӨӝӠӘӡ ӒӚӝӑӣӚӣӠӘ ӪӘӚӔӑӘӡ, ӡӢӐӑӘӚӝӑӐӡ, ӤӚӔӥӡӘӑӘӚӝӑӐӡ ӓӐ 

ӤӣӜӥӪӘӣӠ ӐӥӢӘӕӝӑӐӡ ӨӝӠӘӡ ӣӠӗӘӔӠӗәӐӕӨӘӠӘӡ ӨӔӡӬӐӕӚӐ ӛӜӘӨӕӜӔӚӝӕӐӜӘӐ 

ӤӣӜӓӐӛӔӜӢӣӠӘ ӛӝӚӔәӣӚӣӠӘ ӑӘӝӤӘӖӘәӘӡ ӓӐ ӛӘӡӘ ӒӐӛӝӧӔӜӔӑӘӗӘ ӐӡӞӔӥӢӔӑӘӡ 

ӒӐӜӕӘӗӐӠӔӑӘӡ ӗӕӐӚӡӐӖӠӘӡӘӗ. ӨӔӡӐӑӐӛӘӡӐӓ, ӛӝӚӔәӣӚӣӠӘ ӑӘӝӤӘӖӘәӘӡ ӣӐӮӚӔӡӘ 
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ӛӝӘӗӮӝӕӡ ӪӘӚӘӡ ӡӢӐӑӘӚӝӑӘӡ ӓӐ ӤӚӔӥӡӘӑӘӚӝӑӘӡ ӠӝӚӘӡ ӒӐӗӕӐӚӘӡӬӘӜӔӑӐӡ. 

ӪӝӪӮӐӚ ӣӯӠӔӓӔӑӨӘ ӛӔӢӐӓ ӛӜӘӨӕӜӔӚӝӕӐӜӘӐ ӪӘӚӔӑӘӡ ӐӥӢӘӕӝӑӘӡ ӠӔӒӣӚӐӪӘӐ ӓӐ ӛӐӗӗӕӘӡ 

ӓӐӛӐӮӐӡӘӐӗӔӑӔӚӘ ӜӐӢӘӕӣӠӘ әӝӜӤӝӠӛӐӪӘӘӡ ӨӔӜӐӠөӣӜӔӑӐ, ӠӐӪ ӒӐӠӔӛӝӨӘ ӛӧӝӤӘ ӡӮӕӐӓӐӡӕӐ 

ӘӝӜӔӑӘӡ ӓӐ ӝӠӒӐӜӣӚӘ ӜӐӔӠӗӔӑӘӡ ӛӔӨӕӔӝӑӘӗ ӮӝӠӪӘӔӚӓӔӑӐ. ӗӐӜӐӛӔӓӠӝӕӔ ӑӘӝӤӘӖӘәӣӠӘ 

әӕӚӔӕӔӑӘӡ ӔӠӗ-ӔӠӗӘ ӣӛӗӐӕӠӔӡӘ ӛӘӖӐӜӘӐ ӓӐӓӒӘӜӓӔӡ Ӑӛ ӑӘӝӛӠӐӕӐӚӤӔӠӝӕӜӔӑӘӡ 

ӤӣӜӓӐӛӔӜӢӣӠӘ ӤӘӖӘәӣӠӘ ӡӐӤӣӫӕӚӔӑӘ. Ӑӛ ӛӘӖӜӘӡ ӛӘӡӐӦӬӔӕӐӓ ӛӘӖӐӜӨӔӬӝӜӘӚӘӐ 

ӛӠӐӕӐӚӛӮӠӘӕӘ ӘӜӢӔӠӓӘӡӪӘӞӚӘӜӣӠӘ әӕӚӔӕӔӑӘӡ өӐӢӐӠӔӑӐ ӡӮӕӐӓӐӡӮӕӐ ӔӥӡӞӔӠӘӛӔӜӢӣӚӘ ӓӐ 

ӒӐӛӝӗӕӚӘӗӘ ӛӔӗӝӓӔӑӘӡ ӒӐӛӝӧӔӜӔӑӘӗ, ӠӝӛӚӔӑӘӪ ӘӫӚӔӕӘӐӜ ӘӜӤӝӠӛӐӪӘӐӡ ӠӝӒӝӠӪ 

ӪӘӚӔӑӘӡ ӤӣӜӥӪӘӝӜӘӠӔӑӘӡ әӘӜӔӢӘәӘӡ, ӐӡӔӕӔ ӛӐӗӘ ӡӢӐӑӘӚӝӑӘӡ ӓӐ ӤӚӣӥӢӣӐӪӘӣӠӘ 

(әӝӜӤӝӠӛӐӪӘӣӚӘ) ӤӚӔӥӡӘӑӘӚӝӑӘӡ ӨӔӡӐӮӔӑ, ӛӐӗ ӨӝӠӘӡ, ӡӮӕӐӓӐӡӮӕӐ ӒӐӠӔӛӝ ӤӐӥӢӝӠӔӑӘӡ 

ӖӔӛӝӥӛӔӓӔӑӘӡ ӞӘӠӝӑӔӑӨӘ.  

ӛӝӪӔӛӣӚ ӜӐӨӠӝӛӨӘ ӒӐӜӮӘӚӣӚӘӐ ӝӠӘ ӒӐӜӡӮӕӐӕӔӑӣӚӘ ӒӚӝӑӣӚӣӠӘ ӪӘӚӘӡ, ӛӐӗ ӨӝӠӘӡ, 

ӟӐӜӒӕӐ-ӐӦӓӒӔӜӘӗӘ ӤӣӜӥӪӘӘӡ ӛӥӝӜӔ (ӔӚӔӥӢӠӝӜӘӡ ӒӐӓӐӛӢӐӜӘ) ӪӘӚӘӡ, ӐӖӣӠӘӜӘӡ ӓӐ 

әӐӢӐӚӘӖӣӠӘ ӤӣӜӥӪӘӘӡ ӛӥӝӜӔ ӪӘӚӘӡ (ӰӘӓӠӝӚӘӖӣӠӘ ӤӔӠӛӔӜӢӘӡ), α-ӥӘӛӝӢӠӘӞӡӘӜӘӡ, 

ӡӢӐӑӘӚӝӑӘӡӐ ӓӐ ӤӣӜӥӪӘӣӠӘ ӐӥӢӝӕӝӑӘӡ ӗӐӕӘӡӔӑӣӠӔӑӔӑӘ, ӨӔӡӐӑӐӛӘӡӐӓ, ӮӡӜӐӠӔӑӨӘ 

ӡӮӕӐӓӐӡӮӕӐ әӝӜӪӔӜӢӠӐӪӘӘӡ ӛӐӡӢӐӑӘӚӔӑӔӚӘ/ ӛӐӓӔӡӢӐӑӘӚӔӑӔӚӘ ӓӐӜӐӛӐӢӘӡ ӐӠӡӔӑӝӑӘӡ, ӐӜ 

ӛӝӓӘӤӘӪӘӠӔӑӣӚ ӔӚӔӥӢӠӝӓӔӑӗӐӜ  ӫӚӘӔӠӘ ӣӠӗӘӔӠӗӥӜӔӓӔӑӘӡ ӞӘӠӝӑӔӑӨӘ. әӔӠӫӝӓ, 

ӨӔӡӬӐӕӚӘӚӘӐ ӐӠӐӡӞӔӪӘӤӘӣӠӘ ӖӔӛӝӥӜӔӓӔӑӝӡ ӛӥӝӜӔ, ӛӪӘӠӔ ӝӠӒӐӜӣӚӘ ӜӐӔӠӗӘӡ, 

ӓӘӛӔӗӘӚӡӣӚӤӝӥӡӘӓӘӡ (DMSO), ӒӐӕӚӔӜӐ α-ӥӘӛӝӢӠӘӞӡӘӜӘӡ әӐӢӐӚӘӖӣӠ ӐӥӢӘӕӝӑӐӡӐ, ӛӘӡ 

ӡӢӐӑӘӚӝӑӐӡӐ ӓӐ ӤӚӔӥӡӘӑӘӚӝӑӐӖӔ. ӛӘәӠӝәӐӚӝӠӘӛӔӢӠӣӚӘ ӓӐ ӓӘӜӐӛӘӣӠӘ 

ӞӝӢӔӜӪӘӝӛӔӢӠӘӘӡ ӛӔӗӝӓӔӑӘӡ ӔӠӗӝӑӚӘӕӘ ӒӐӛӝӧӔӜӔӑӘӡ ӨӔӓӔӒӐӓ ӒӐӛӝӕӚӘӜӓӐ DMSO-ӡ 

ӓӣӐӚӘӡӢӣӠӘ ӒӐӕӚӔӜӐ α-ӥӘӛӝӢӠӘӞӡӘӜӘӡ ӡӢӐӑӘӚӝӑӐӡӐ ӓӐ ӤӣӜӥӪӘӣӠ ӐӥӢӘӕӝӑӐӖӔ. Ӕӡ 

ӛӝӕӚӔӜӐ ӐӘӮӡӜӔӑӐ ӜӐӢӘӕӣӠӘ ӓӐ ӒӐӜӮӕӔӣӚӘ ӪӘӚӘӡ ӡӝӚӕӐӢӐӪӘӘӡ ӡӐӞӘӠӘӡӞӘӠӝ ӑӣӜӔӑӘӗ 

ӬӧӚӘӡ ӓӐ DMSO-ӡ ӛӘӛӐӠӗ. ӐӡӔӕӔ, ӪӘӚӘӡ әӝӛӞӐӥӢӣӠӘ ӜӐӬӘӚӘӡ ӓӐ ӐӥӢӘӣӠӘ ӪӔӜӢӠӘӡ 
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ӒӐӜӡӮӐӕӔӑӣӚӘ ӡӝӚӕӐӢӣӠӘ ӗӐӕӘӡӔӑӣӠӔӑӔӑӘӗ. 

 ӐӡӔӕӔ ӨӔӡӬӐӕӚӘӚӘӐ ӝӥӠӝӡ ӔӚӔӥӢӠӝӓӖӔ ӐӚәӐӜӗӘӝӚӔӑӘӡ ӤӘӠӔӑӘӡ ӡӐӨӣӐӚӔӑӘӗ 

ӘӛӝӑӘӚӘӖӔӑӣӚӘ ӐӖӣӠӘӜӘӡ ӛӘӔӠ ӔӚӔӥӢӠӝӜӘӡ ӒӐӓӐӢӐӜӘӡ ӞӠӝӪӔӡӘӡ ӛӔӥӐӜӘӖӛӔӑӘ, 

ӒӐӜӡӐәӣӗӠӔӑӘӗ, ӞӠӝӢӝӜӣӚ ӘӝӜӣӠ ӚӦӝӑӘӚӗӐӜ ӣӠӗӘӔӠӗӥӛӔӓӔӑӘӡ ӞӘӠӝӑӔӑӨӘ. 

ӐӖӣӠӘӜӘӡ ӨӔӛӗӮӕӔӕӐӨӘ, ӪӘәӚӣӠӘ ӕӝӚӢӐӛӞӔӠӝӛӔӢӠӘӘӡ ӛӔӗӝӓӘӡ ӒӐӛӝӧӔӜӔӑӘӗ 

ӨӔӡӬӐӕӚӘӚӘ Әӧӝ ӪӘӚӘӡ ӒӚӝӑӣӚӘӡ ӨӔӑӝӭӕӘӡ (ӠӝӒӝӠӪ ӐӚәӐӜӗӘӝӚӘӡ ӖӔӓӐӞӘӠӘӡ, ӐӡӔӕӔ 

ӘӝӜӣӠӘ ӚӦӝӑӘӚӘӡ ӒӐӠӔӛӝӡ ӡӐӨӣӐӚӔӑӘӗ) ӒӐӕӚӔӜӐ ӔӚӔӥӢӠӝӜӘӡ ӒӐӓӐӢӐӜӘӡ ӡӘөӥӐӠӔӖӔ, 

ӪӘӚӘӡ ӨӘӜӐӒӐӜӘ ӓӘӜӐӛӘәӘӡ ӐӠӡӔӑӘӗӘ ӨӔӖӦӣӓӕӘӡ ӒӐӛӝ, ӒӐӜӡӐәӣӗӠӔӑӘӗ ӛӐӦӐӚӘ ӬӜӔӕӘӡ 

ӐӜ/ӓӐ ӓӐӑӐӚӘ ӢӔӛӞӔӠӐӢӣӠӘӡ ӞӘӠӝӑӔӑӨӘ. Ӕӡ ӘӬӕӔӕӡ ӔӚӔӥӢӠӝӜӘӡ ӒӐӓӐӢӐӜӘӡ ӐӓӘӐӑӐӢӣӠӘ 

ӛӔӥӐӜӘӖӛӘӡ ӛӜӘӨӕӜӔӚӝӕӐӜ ӨӔӣӦӚӔӑӐӡ ӐӠӐӔӠӒӝӓӣӚ ӓӐ ӐӠӐӬӠӤӘӕ әӘӜӔӢӘәӣӠ ӔӤӔӥӢӔӑӗӐӜ. 

ӖӔӛӝӐӦӬӔӠӘӚӘ ӡӘӡӢӔӛӐӢӣӠӘ ӤӣӜӓӐӛӔӜӢӣӠӘ әӕӚӔӕӘӡ ӨӔӓӔӒӐӓ ӛӘӦӔӑӣӚӘ ӘӜӤӝӠӛӐӪӘӐ 

ӮӔӚӡ ӣӬӧӝӑӡ ӪӘӚӔӑӘӡ ӛӣӨӐӝӑӘӡ ӛӔӥӐӜӘӖӛӔӑӘӡ ӐӛӝӛӬӣӠӐӕ ӓӐ өӐӦӠӛӐӕӔӑӣӚ ӒӐӒӔӑӐӡ ӓӐ 

ӨӔӡӐӑӐӛӘӡӐӓ ӛӐӗӘ ӗӕӘӡӔӑӔӑӘӡ ӠӔӒӣӚӘӠӔӑӘӡ ӨӔӡӐӫӚӔӑӚӝӑӐӡ. Ӕӡ ӣәӐӜӐӡәӜӔӚӘ ӬӐӠӛӝӐӓӒӔӜӡ 

ӡӐӤӣӫӕӔӚӡ ӐӮӐӚӘ ӛӝӛӘӯӜӐӕӔ ӛӘӛӐӠӗӣӚӔӑӘӡ - ӑӘӝӜӐӜӝӢӔӥӜӝӚӝӒӘӘӡ ӒӐӜӕӘӗӐӠӔӑӘӡӗӕӘӡ. 

Ӑӥ ӬӐӠӛӝӓӒӔӜӘӚӘ ӡӐӓӘӡӔӠӢӐӪӘӝ ӜӐӨӠӝӛӘ ӨӔӓӒӔӑӐ ӡӐӛӘ ӜӐӬӘӚӘӡӒӐӜ. ӞӘӠӕӔӚӘ   ӜӐӬӘӚӘ 

ӔӗӛӝӑӐ ӡӐӛӔӪӜӘӔӠӝ ӚӘӢӔӠӐӢӣӠӐӨӘ ӐӠӡӔӑӣӚӘ ӛӝӜӐӪӔӛӔӑӘӡ ӛӘӛӝӮӘӚӕӐӡ ӒӚӝӑӣӚӣӠӘ 

ӰӘӓӠӝӚӘӖӣӠӘ ӪӘӚӐ-ӤӔӠӛӔӜӢӘӡ, α-ӥӘӛӝӢӠӘӞӡӘӜӘӡ ӓӐ ӔӚӔӥӢӠӝӜӘӡ ӒӐӓӐӛӢӐӜӘ ӪӘӚӘӡ 

ӐӖӣӠӘӜӘӡ ӡӢӐӑӘӚӝӑӘӡ, ӤӚӔӥӡӘӑӘӚӝӑӘӡ ӓӐ ӤӣӜӥӪӘӣӠӘ ӐӥӢӘӕӝӑӘӡ ӣӠӗӘӔӠӗәӐӕӨӘӠӘӡ 

ӨӔӡӐӮӔӑ. ӐӥӕӔ ӐӦӬӔӠӘӚӘӐ өӕӔӜӘ әӕӚӔӕӔӑӘӡӗӕӘӡ ӠӔӚӔӕӐӜӢӣӠӘ ӗӔӝӠӘӣӚӘ ӡӐӤӣӫӕӚӔӑӘ ӓӐ 

ӗӔӝӠӘӣӚӘ ӐӜӐӚӘӖӘӗ ӣәӕӔ ӒӐӛӧӐӠӔӑӣӚӘ  ӬӐӠӛӝӓӒӔӜӔӑӘ ӓӐ ӒӐӜӖӝӒӐӓӔӑӔӑӘ.  

ӓӘӡӔӠӢӐӪӘӘӡ ӛӔӝӠӔ, „ӔӥӡӞӔӠӘӛӔӜӢӣӚӘ“ ӜӐӬӘӚӘ ӔӮӔӑӐ ӡӐӛӔӪӜӘӔӠӝ әӕӚӔӕӔӑӨӘ өӕӔӜӡ ӛӘӔӠ 

ӒӐӛӝӧӔӜӔӑӣӚӘ ӞӠӔӞӐӠӐӢӔӑӘӡ ӓӐ ӡӐӛӣӨӐӝ ӮӡӜӐӠӔӑӘӡ ӐӦӬӔӠӐӡ. ӐӥӕӔ ӛӝӪӔӛӣӚӘӐ  

ӒӐӛӝӧӔӜӔӑӣӚӘ ӔӥӡӞӔӠӘӛӔӜӢӣӚӘ ӛӔӗӝӓӔӑӘӡ ӛӝәӚӔ ӛӘӛӝӮӘӚӕӐ ӓӐ ӔӥӡӞӔӠӘӛӔӜӢӔӑӘӡ 

өӐӢӐӠӔӑӘӡ ӓӔӢӐӚӣӠӘ ӐӦӬӔӠӐ. ӓӘӡӔӠӢӐӪӘӘӡ ӛӔӡӐӛӔ ӜӐӬӘӚӨӘ ӛӝӧӕӐӜӘӚӘӐ өӔӛӘ 

ӡӐӓӘӡӔӠӢӐӪӘӝ ӜӐӨӠӝӛӘӡ ӤӐӠӒӚӔӑӨӘ ӖӔӛӝӗ ӓӐӡӐӮӔӚӔӑӣӚӘ ӝӠӘ ӒӚӝӑӣӚӣӠӘ ӪӘӚӘӡ 

ӒӐӛӝӧӔӜӔӑӘӗ өӐӢӐӠӔӑӣӚӘ ӡӐӛӔӪӜӘӔӠӝ әӕӚӔӕӔӑӘӡ ӨӔӓӔӒӔӑӘ ӓӐ ӛӐӗӘ ӒӐӜӮӘӚӕӐ. әӕӚӔӕӔӑӘӡ 

ӛӔӡӐӛӔ ӝӑӘӔӥӢӡ ӬӐӠӛӝӐӓӒӔӜӓӐ ӛӝӓӔӚӣӠӘ ӡӘӡӢӔӛӐ, ӠӝӛӔӚӘӪ ӒӐӛӝӕӘӧӔӜӔӗ ӐӖӣӠӘӜӘӡ 

ӨӔӡӬӐӕӚӘӡ ӓӠӝӡ ӒӐӛӝӕӚӔӜӘӚӘ ӠӘӒӘ ӡӐӘӜӢӔӠӔӡӝ ӛӝӕӚӔӜӔӑӘӡ ӒӐӛӐӠӢӘӕӔӑӣӚ ӞӘӠӝӑӔӑӨӘ 

ӛӝӓӔӚӘӠӔӑӘӡ ӛӘӖӜӘӗ. ӐӦӡӐӜӘӨӜӐӕӘӐ Ӡӝӛ, ӪӘӚӔӑӘӡ ӗӕӘӡӔӑӔӑӘӡӐ ӓӐ ӤӣӜӥӪӘӘӡ 

ӨӔӡӐӡӬӐӕӚӐӓ, ӢӠӐӓӘӪӘӣӚӐӓ ӛӘӦӔӑӣӚӘ Әӧӝ ӓӐӑӐӚӘ әӝӜӪӔӜӢӠӐӪӘӔӑӘӡ ӬӧӐӚӮӡӜӐӠӔӑӘӡ 

ӒӐӛӝӧӔӜӔӑӐ, ӠӐӪ ӒӐӠәӕӔӣӚӬӘӚӐӓ ӐӛӐӠӢӘӕӔӑӓӐ ӛӘӦӔӑӣӚӘ ӨӔӓӔӒӔӑӘӡ ӘӜӢӔӠӞӠӔӢӐӪӘӐӡ. 
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ӛӐӒӠӐӛ ӑӣӜӔӑӠӘӕ ӞӘӠӝӑӔӑӨӘ ӪӘӚӐ ӐӠӐӡӓӠӝӡ ӐӠӘӡ ӘӖӝӚӘӠӔӑӣӚӘ: ӛӘӡӘ ӒӐӓӐӢӕӘӠӗӣӚӘ 

ӒӐӠӔӛӝ ӓӐ ӑӛӣӚӘ ӬӧӐӚӘ ӗӐӛӐӨӝӑӔӜ ӐӥӢӘӣӠ ӠӝӚӡ ӠӝӒӝӠӪ ӛӘӡ ӡӢӐӑӘӚӘӖӐӪӘӐӨӘ, ӐӡӔӕӔ 

ӤӣӜӥӪӘӣӠ ӐӥӢӘӕӝӑӐӨӘ. Ӑӛ ӣӠӗӘӔӠӗәӐӕӨӘӠӔӑӘӡ ӣӤӠӝ өӐӦӠӛӐӕӔӑӣӚӘ ӨӔӡӬӐӕӚӐ 

ӨӔӡӐӫӚӔӑӔӚӘӐ ӛӮӝӚӝӓ ӪӘӚӔӑӘӡ әӝӛӞӝӖӘӢӣӠ ӒӐӠӔӛӝӨӘ ӛӝӗӐӕӡӔӑӘӡ ӨӔӛӗӮӕӔӕӐӨӘ. ӐӥӔӓӐӜ 

ӒӐӛӝӛӓӘӜӐӠӔ, өӔӛӘ ӓӘӡӔӠӢӐӪӘӝ ӜӐӨӠӝӛӘӡ ӤӐӠӒӚӔӑӨӘ ӓӐӡӛӣӚӘ Әӧӝ ӨӔӛӓӔӒӘ ӡӐӛӘ ӐӛӝӪӐӜӐ: 

ӐӛӝӪӐӜӐ 1: ӓӘӛӔӗӘӚӡӣӚӤӝӥӡӘӓӘӡ (DMSO) ӛӐӦӐӚӘ әӝӜӪӔӜӢӠӐӪӘӘӡ ӨӔӛӪӕӔӚӘ 

әӝӛӞӝӖӘӢӣӠӘ ӮӡӜӐӠӔӑӘӡ ӒӐӕӚӔӜӐ ӒӚӝӑӣӚӣӠӘ ӪӘӚӐ ӤӔӠӛӔӜӢӘӡ α-ӥӘӛӝӢӠӘӞӡӘӜӘӡ 

ӗӔӠӛӝӡӢӐӑӘӚӝӑӐӡӐ ӓӐ ӤӣӜӥӪӘӣӠ ӐӥӢӘӕӝӑӐӖӔ. α-ӥӘӛӝӢӠӘӞӡӘӜӘӡ әӕӚӔӕӔӑӛӐ ӐөӕӔӜӐ, Ӡӝӛ 

әӝӛӞӝӖӘӢӣӠ ӒӐӠӔӛӝӨӘ DMSO-ӡ 0-ӓӐӜ 70%-ӛӓӔ (v/v) ӤӐӠӒӚӔӑӨӘ әӝӜӪӔӜӢӠӐӪӘӘӡ 

ӕӐӠӘӠӔӑӘӡӐӡ α-ӥӘӛӝӢӠӘӞӡӘӜӘӡ ӗӔӠӛӝӡӢӐӑӘӚӝӑӐ ӗӐӕӘӓӐӜ ӗӐӜӐӑӠӐӓ ӘӖӠӓӔӑӐ ӓӐ 

ӛӐӥӡӘӛӣӛӡ ӐӦӬӔӕӡ 30%-Әӡ ӞӘӠӝӑӔӑӨӘ, ӮӝӚӝ ӨӔӛӓӒӝӛ ӛӪӘӠӓӔӑӐ ӓӐ 70% ӐӓӒӘӚӘ Ӑӥӕӡ Ӕ. Ӭ. 

”ӛӝӚӢӔӜ-ӒӚӝӑӣӚӘӡ“ ӛӓӒӝӛӐӠӔӝӑӐӡ. ӞӐӠӐӚӔӚӣӠӐӓ ӤӣӜӥӪӘӣӠӘ ӐӥӢӘӕӝӑӐ 

ӨӔӜӐӠөӣӜӔӑӣӚӘ Әӧӝ DMSO-ӡ әӝӜӪӔӜӢӠӐӪӘӘӡ ӛӗӔӚ ӓӘӐӞӐӖӝӜӨӘ, ӠӐӪ ӬӐӠӛӝӐӓӒӔӜӡ ӐӮӐӚ 

ӨӔӓӔӒӡ ӓӐ ӨӔӘӫӚӔӑӐ ӐӘӮӡӜӐӡ ӣӞӘӠӐӢӔӡӘ ӡӝӚӕӐӢӐӪӘӘӓӐӜ ӒӐӛӝӛӓӘӜӐӠӔ. 

ӐӛӝӪӐӜӐ 2: ӒӐӕӐӒӠӫӔӚӔӗ әӕӚӔӕӔӑӘ Әӛ ӛӘӛӐӠӗӣӚӔӑӘӗ, ӠӝӛӚӔӑӨӘӐӪ ӒӐӛӝӘӧӔӜӔӑӝӓӐ 

әӝӛӞӝӖӘӢӣӠӘ ӡӘӡӢӔӛӔӑӘ, әӔӠӫӝӓ, ӝӥӠӝӡ ӔӚӔӥӢӠӝӓӖӔ ӓӐӤӔӜӘӚӘ ӐӚәӐӜӗӘӝӚӘӡ 

ӗӕӘӗӐӬӧӝӑӐӓӘ ӛӝӜӝӨӠӔӔӑӘ ӓӐ ӛӐӗӖӔ ӘӛӝӑӘӚӘӖӔӑӣӚӘ ӠӔӓӝӥӡ ӐӥӢӘӣӠӘ ӪӘӚӐ ӐӖӣӠӘӜӘ. 

ӐӛӯӔӠӐӓ ӓӐӛӐӢӔӑӣӚӘ Әӧӝ ӐӮӐӚӘ әӝӛӞӝӜӔӜӢӘ, ӥӝӚӘӜ ӓӘӰӘӓӠӝӒӔӜӤӝӡӤӐӢӘ ([ch][dhp]), 

ӠӝӛӔӚӘӪ ӐӜӘӭӔӑӡ ӪӘӚӐӡ ӛӘӜӘӡ  ӬӐӠӛӝӛӥӛӜӔӚ ӗӕӘӡӔӑӔӑӡ ӝӗӐӮӘӡ ӢӔӛӞӔӠӐӢӣӠӘӡ 

ӞӘӠӝӑӔӑӨӘ. [ch][dhp]-Әӡ ӡӮӕӐӓӐӡӮӕӐ әӝӜӪӔӜӢӠӐӪӘӘӡ ӞӘӠӝӑӔӑӨӘ ӜӘӛӣӨӘӡ ӢӔӛӞӔӠӐӢӣӠӘӡ ӓӐ 

ӬӜӔӕӘӡ ӒӐӠәӕӔӣӚӘ ӕӐӠӘӠӔӑӘӡӐӡ ӒӐӛӝӕӚӔӜӘӚ ӘӥӜӐ ӠӘӒӘ ӐӮӐӚӘ әӐӜӝӜӖӝӛӘӔӠӔӑӔӑӘ. әӔӠӫӝӓ, 

ӛӘӜӘӡ ӬӐӠӛӝӛӥӛӜӔӚӘ ӒӐӠӔӛӝӡ ӓӐӛӐӮӐӡӘӐӗӔӑӔӚӘ ӜӘӨӜӔӑӘ: ӐӠӐӬӠӤӘӕӘ ӓӐ ӰӘӡӢӔӠӔӖӘӡӣӚӘ 

ӛӝӢӘӕӔӑӘ, ӮӝӚӝ [ch][dhp]-Әӡ ӛӐӥӡӘӛӐӚӣӠӘ (90 mas. %) әӝӜӪӔӜӢӠӐӪӘӘӡӐӡ ӣәӕӔ ӛӘӘӦӬӔӝӓӐ 

ӕӘӖӣӐӚӣӠӐӓ ӛӘӜӘӡӔӑӣӠӘ ӛӓӒӝӛӐӠӔӝӑӐ, ӠӝӛӔӚӨӘӪ ӐӖӣӠӘӜӘ ӮӐӡӘӐӗӓӔӑӝӓӐ ӡӐәӛӐӝӓ 

ӛӐӦӐӚӘ ӡӢӐӑӘӚӝӑӘӗ ӓӐ ӠӔӓӝӥӡ ӐӥӢӘӕӝӑӘӗ. 

ӐӛӝӪӐӜӐ 3. ӓӐӒӔӒӛӘӚӘ Әӧӝ ӛӝӓӔӚӣӠӘ әӝӛӞӝӖӘӢӣӠӘ ӡӘӡӢӔӛӘӡ, әӔӠӫӝӓ, ӝӥӠӝӡ 

ӔӚӔӥӢӠӝӓӖӔ ӓӐӤӔӜӘӚӘ ӪӘӡӢӔӘӜӘӡ ӗӕӘӗӐӬӧӝӑӐӓӘ ӤӘӠӘӡ ӓӐ ӛӐӡӨӘ „өӐӭӔӠӘӚӘ“ 

ӡӞӘӚӔӜӫӘӡ ӘӝӜӘӡ ӠӝӒӝӠӪ ӡӞӘӚӔӜӫӘӡ ӨӔӛӪӕӔӚӘ ӪӘӚӘӡ ӐӖӣӠӘӜӘӡ ӛӝӓӔӚӘӡ ӔӚӔӥӢӠӝӜӘӡ 

ӒӐӓӐӡӕӚӔӑӘӡ ӤӘӖӘәӣӠӘ ӛӔӥӐӜӘӖӛӔӑӘӡ ӨӔӡӬӐӕӚӘӡ ӛӘӖӜӘӗ. әӕӚӔӕӔӑӛӐ ӒӕӐөӕӔӜӐ Ӡӝӛ 

ӠӔӐӚӣӠӐӓ ӛӝӪӔӛӣӚӘ ӡӘӡӢӔӛӐ, әӔӠӫӝӓ, ӪӘӡӢӔӘӜӘӡ ӤӘӠӘ, ӠӝӒӝӠӪ ӠӔӐӥӪӘӘӡ ӒӐӠӔӛӝ 

ӘӥӪӔӕӐ ӐӛӝӪӐӜӐ 2-Әӡ ӤӐӠӒӚӔӑӨӘ ӨӔӡӬӐӕӚӘӚӘ ӡӘӡӢӔӛӘӡ (ӛӘӜӘӡ ӬӐӠӛӝӛӥӛӜӔӚӘ ӖӔӑӚӐӜӢӘ 
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ӒӐӠӔӛӝ) ӛӡӒӐӕӡӐӓ. ӐӜӣ, ӢӔӛӞӔӠӐӢӣӠӘӡ ӓӐ ӬӜӔӕӘӡ ӒӐӠәӕӔӣӚӘ ӕӐӠӘӠӔӑӘӡӐӡ ӐӕӚӔӜӡ 

ӐӠӐӬӠӤӘӕ ӓӐ ӰӘӡӢӔӠӔӖӘӡӣӚ ӛӝӢӘӕӔӑӡ. 

ӡӐӓӘӡӔӠӢӐӪӘӝ ӜӐӨӠӝӛӘӡ ӤӐӠӒӚӔӑӨӘ ӛӘӦӔӑӣӚӘ ӛӐӡӐӚӐ ӒӐӛӝӥӕӔӧӜӔӑӣӚӘӐ ӡӐӛӘ ӡӐӛӔӪӜӘӔӠӝ 

ӡӢӐӢӘӘӡ ӡӐӮӘӗ ӛӐӦӐӚӘ ӘӛӞӐӥӢ-ӤӐӥӢӝӠӘӡ ӛӥӝӜӔ ӡӐӔӠӗӐӨӝӠӘӡӝ ӡӐӛӔӪӜӘӔӠӝ ӟӣӠӜӐӚӔӑӨӘ, 

ӐӡӔӕӔ ӗӐӕӘӡ ӡӐӮӘӗ ӡӐӔӠӗӐӨӝӠӘӡӝ әӠӔӑӣӚӨӘ (ӮӝӚӝ ӛӔӝӠӔ ӗӐӕӘ ӡӐӔӠӗӐӨӝӠӘӡӝ әӠӔӑӣӚӨӘ 

ӬӐӠӓӒӔӜӘӚӘӐ ӓӐӡӐӑӔӭӓӐӓ). ӛӐӡӐӚӐ ӐӡӔӕӔ ӞӘӠӐӓӐӓ өӔӛӡ ӛӘӔӠ ӬӐӠӓӒӔӜӘӚӘӐ ӠӝӒӝӠӪ ӝӠӘ 

ӡӐӡӢӔӜӓӝ ӛӝӮӡӔӜӔӑӐ ӡӐӔӠӗӐӨӝӠӘӡӝ әӝӜӒӠӔӡӔӑӖӔ, ӮӝӚӝ әӘӓӔӕ ӝӠӘ ӡӐӡӢӔӜӓӝ ӛӝӮӡӔӜӔӑӐ 

ӬӐӠӓӒӔӜӘӚӘӐ ӡӮӕӐ ӐӕӢӝӠӔӑӘӡ ӛӘӔӠ өӔӛӘ ӗӐӜӐӐӕӢӝӠӝӑӘӗ. ӨӔӡӐӑӐӛӘӡӘ ӗӔӖӘӡӔӑӘ ӐӒӠӔӗӕӔ 

ӐӠӘӡ ӒӐӛӝӥӕӔӧӜӔӑӣӚӘ ӡӐӔӠӗӐӨӝӠӘӡӝ ӡӐӛӔӪӜӘӔӠӝ ӟӣӠӜӐӚӨӘ. 

әӕӚӔӕӘӗӘ ӡӐӛӣӨӐӝ ӨӔӡӠӣӚӔӑӣӚӘӐ ӨӝӗӐ ӠӣӡӗӐӕӔӚӘӡ ӡӐӛӔӪӜӘӔӠӝ ӤӝӜӓӘӡ (ӡӐӥӐӠӗӕӔӚӝ) 

ӓӐ ӤӝӚӪӕӐӒӔӜӘӡ ӤӝӜӓӘӡ (ӒӔӠӛӐӜӘӐ) ӡӐӒӠӐӜӢӝ ӞӠӝӔӥӢӔӑӘӡ ӛӮӐӠӓӐӭӔӠӘӗ ӗӑӘӚӘӡӨӘ, ӗӡӣ 

ӤӘӖӘәӘӡ ӓӔӞӐӠӢӐӛӔӜӢӘӡ ӓӐ Ә. ӑӔӠӘӢӐӨӕӘӚӘӡ ӔӥӡӞӔӠӘӛӔӜӢӣӚӘ ӑӘӝӛӔӓӘӪӘӜӘӡ ӪӔӜӢӠӘӡ 

ӑӐӖӐӖӔ ӓӐ ӐӡӔӕӔ ӒӔӠӛӐӜӘӐӨӘ ӔӠӚӐӜӒӔӜ-ӜӘӣӠӜӑӔӠӒӘӡ ӣӜӘӕӔӠӡӘӢӔӢӨӘ FAU. 

ӡӐӓӘӡӔӠӢӐӪӘӝ ӜӐӨӠӝӛӘ ӨӔӓӒӔӑӐ ӨӔӡӐӕӚӘӡӒӐӜ, ӚӘӢӔӠӐӢӣӠӘӡ ӛӘӛӝӮӘӚӕӘӡӒӐӜ, ӝӠӘ 

ӔӥӡӞӔӠӘӛӔӢӣӚӘ ӜӐӬӘӚӘӡӒӐӜ, ӫӘӠӘӗӐӓӘ ӨӔӓӔӒӔӑӘӡ өӐӛӝӜӐӗӕӐӚӘӡӒӐӜ ӓӐ ӪӘӢӘӠӔӑӣӚӘ 

ӚӘӢӔӠӐӢӣӠӘӡ ӜӣӡӮӘӡӒӐӜ, ӠӝӛӔӚӨӘӪ ӨӔӓӘӡ 217 ӜӐӨӠӝӛӘ. ӓӘӡӔӠӢӐӪӘӐ ӛӝӘӪӐӕӡ 106 ӜӐӑӔӭӓ 

ӒӕӔӠӓӡ, ӛӐӗ ӨӝӠӘӡ 7 ӪӮӠӘӚӡ ӓӐ 38 ӡӣӠӐӗӡ.  
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ӗӐӕӘ 1. ӚӘӢӔӠӐӢӣӠӘӡ ӛӘӛӝӮӘӚӕӐ 

1.1  ӒӚӝӑӣӚӣӠӘ ӪӘӚӔӑӘӡ ӡӢӠӣӥӢӣӠӐ ӓӐ ӛӘӡӘ ӡӢӐӑӘӚӝӑӘӡ ӒӐӜӛӡӐӖӦӕӠӐӕӘ 

ӫӐӚӔӑӘ 

 

ӪӘӚӔӑӘ - ӠӗӣӚӘ ӘӔӠӐӠӥӘӣӚӘ ӡӢӠӣӥӢӣӠӘӡ ӛӥӝӜӔ ӛӐӦӐӚӛӝӚӔәӣӚӣӠӘ ӝӠӒӐӜӣӚӘ 

ӜӐӔӠӗӔӑӘӐ, ӠӝӛӚӔӑӘӪ ӥӛӜӘӐӜ ӪӝӪӮӐӚӘ ӑӣӜӔӑӘӡ ӔӠӗӔӠӗ ӧӕӔӚӐӖӔ ӒӐӕӠӪӔӚӔӑӣӚ ӓӐ 

ӛӠӐӕӐӚӤӔӠӝӕӐӜ ӛӝӚӔәӣӚӐӗӐ әӚӐӡӡ. ӘӡӘӜӘ ӣӐӛӠӐӕ ӑӘӝӥӘӛӘӣӠ ӤӣӜӥӪӘӐӡ ӐӡӠӣӚӔӑӔӜ 

ӧӕӔӚӐ ӪӝӪӮӐӚ ӝӠӒӐӜӘӖӛӨӘ. ӪӘӚӔӑӘӡ ӔӠӗ-ӔӠӗӘ ӧӕӔӚӐӖӔ ӓӐӛӐӮӐӡӘӐӗӔӑӔӚӘ ӣӜӐӠӘӐ 

ӤӔӠӛӔӜӢӣӚӘ әӐӢӐӚӘӖӘ, ӛӐӒӠӐӛ ӒӐӠӓӐ ӐӛӘӡӐ ӘӡӘӜӘ ӐӡӠӣӚӔӑӔӜ ӡӐӛӐӠӐӒӝ, ӨӔӛәӣӛӨӐӕ, 

ӡӐӧӠӓӔӜ, ӠӔӪӔӞӢӝӠӣӚ, ӡӐӢӠӐӜӡӞӝӠӢӝ, ӘӛӣӜӣӠ ӓӐ ӛӠӐӕӐӚ ӡӮӕӐ ӤӣӜӥӪӘӐӡ. ӤӣӜӥӪӘӔӑӘӡ Ӑӛ 

ӛӠӐӕӐӚӤӔӠӝӕӜӔӑӐӡ ӑӣӜӔӑӠӘӕӐӓ ӨӔӔӡӐӑӐӛӔӑӐ ӪӘӚӘӡ ӤӝӠӛӘӡ ӓӐ ӖӝӛӔӑӘӡ ӛӠӐӕӐӚӤӔӠӝӕӜӔӑӐ 

[1-3]. ӪӘӚӔӑӘӡ ӛӝӚӔәӣӚӣӠӘ ӬӝӜӐ ӛӔӠӧӔӝӑӡ ӡӐәӛӐӝӓ ӤӐӠӗӝ ӤӐӠӒӚӔӑӨӘ ӓӐ ӨӔӡӐӫӚӝӐ 

Әӧӝӡ 103-106 Da ӠӘӒӘӡ, ӮӝӚӝ ӤӝӠӛӘӡ ӛӘӮӔӓӕӘӗ, ӒӐӜӐӡӮӕӐӕӔӑӔӜ ӒӚӝӑӣӚӣӠ, ӤӘӑӠӘӚӣӠ, 

ӛӔӛӑӠӐӜӣӚ ӓӐ ӑӣӜӔӑӠӘӕӐӓ ӒӐӜӮӕӔӣӚ ӪӘӚӔӑӡ. ӒӚӝӑӣӚӣӠ ӪӘӚӔӑӡ ӐӮӐӡӘӐӗӔӑӡ 

әӝӛӞӐӥӢӣӠӘ, ӑӣӠӗӣӚӘӡ ӛӡӒӐӕӡӘ ӡӢӣӠӣӥӢӣӠӐ ӓӐ ӛӐӦӐӚӘ ӬӧӐӚӮӡӜӐӓӝӑӐ, ӮӝӚӝ 

ӤӘӑӠӘӚӣӠӘ ӪӘӚӐ ӬӐӠӛӝӐӓӒӔӜӡ ӐӠӐӬӧӐӚӮӡӜӐӓ ӛӝӒӠӫӝ, ӫӐӤӘӡӔӑӠ ӛӝӚӔәӣӚӐӡ. 

ӛӔӛӑӠӐӜӣӚӘ ӪӘӚӔӑӘ ӐӠ ӘӮӡӜӔӑӐ ӬӧӐӚӨӘ, ӠӝӒӝӠӪ ӬӔӡӘ, ӨӔӓӒӔӑӐ ӠӐӛӓӔӜӘӛӔ ӓӝӛӔӜӘӡӒӐӜ ӓӐ 

ӛӗӚӘӐӜӐӓ ӐӜ ӜӐӬӘӚӝӑӠӘӕ өӐӨӔӜӔӑӣӚӘӐ ӣӯӠӔӓӣӚ ӛӔӛӑӠӐӜӐӨӘ. 

ӪӘӚӔӑӘӡ ӡӢӠӣӥӢӣӠӘӡ ӘӔӠӐӠӥӘӣӚӘ ӓӝӜӔӔӑӘ. ӧӕӔӚӐ ӪӘӚӐ ӨӔӓӒӔӑӐ әӝӕӐӚӔӜӢӣӠӘ 

ӞӔӞӢӘӓӣӠӘ ӑӛӔӑӘӗ ӓӐәӐӕӨӘӠӔӑӣӚ ӐӛӘӜӝӛӟӐӕӐӗӐ ӗӐӜӐӛӘӛӓӔӕӠӝӑӔӑӘӡӒӐӜ, ӠӝӛӚӔӑӘӪ, 

ӗӐӕӘӡ ӛӮӕӠӘӕ, ӥӛӜӘӐӜ ӬӧӐӚӑӐӓӣӠ, ӰӘӓӠӝӤӝӑӣӠ, ӔӚӔӥӢӠӝӡӢӐӢӘәӣӠ ӓӐ ӕӐӜ-ӓӔӠ-ӕӐӐӚӡӘӡ 

ӣӠӗӘӔӠӗӥӛӔӓӔӑӔӑӘӗ ӓӐӡӢӐӑӘӚӔӑӣӚ ӡӞӔӪӘӤӘәӣӠ ӡӐӛӒӐӜӖӝӛӘӚӔӑӘӐӜ ӡӢӠӣӥӢӣӠӐӡ, ӐӜӣ 

әӝӜӤӝӠӛӐӪӘӐӡ. Ӑӛ ӞӔӞӢӘӓӣӠ ӗӐӜӐӛӘӛӓӔӕӠӝӑӐӡ, ӠӝӛӔӚӘӪ ӠӔӒӣӚӘӠӓӔӑӐ ӒӔӜӔӢӘәӣӠӐӓ ӓӐ 

ӐӔӬӧӝӑӐ 20 Ӕ.Ӭ. ӡӢӐӜӓӐӠӢӣӚӘ ӐӛӘӜӝӛӟӐӕӘӡ әӝӛӑӘӜӐӪӘӘӗ, ӣӬӝӓӔӑӔӜ ӪӘӚӘӡ ӞӘӠӕӔӚӐӓ 

ӡӢӠӣӥӢӣӠӐӡ. ӛӐӡӨӘ ӨӔӛӐӕӐӚ ӐӛӘӜӝӛӟӐӕӐӗӐ ӒӕӔӠӓӘӗӘ ӯӒӣӤӔӑӘӡ ӗӕӘӡӔӑӔӑӘ ӒӐӜӡӐӖӦӕӠӐӕӔӜ 

ӠӝӒӝӠӪ ӪӘӚӔӑӘӡ ӡӢӠӣӥӢӣӠӣӚ ӛӠӐӕӐӚӤӔӠӝӕӜӔӑӐӡ, ӐӡӔӕӔ ӛӐӗӘ ӑӘӝӚӝӒӘӣӠ ӠӝӚӡ [4, 5]. 

ӐӦӡӐӜӘӨӜӐӕӘӐ, Ӡӝӛ ӪӘӚӘӡ ӡӘӜӗӔӖӘӡ ӓӠӝӡ ӛӘӡ ӡӢӠӣӥӢӣӠӐӨӘ ӐӡӔӕӔ ӨӔӡӐӫӚӝӐ өӐӔӠӗӝӡ 

ӡӮӕӐӓӐӡӮӕӐ ӐӠӐӐӛӘӜӝӛӟӐӕӣӠӘ ӑӣӜӔӑӘӡ ӛӥӝӜӔ ӞӠӝӡӗӔӢӣӠӘ ӯӒӣӤӔӑӘ, ӛӐӒӐӚӘӗӐӓ, ӛӔӢӐӚӘӡ 

ӘӝӜӔӑӘ, ӨӐӥӠӔӑӘ, ӚӘӞӘӓӔӑӘ, ӞӝӠӤӘӠӘӜӔӑӘ ӓӐ ӡӮӕӐ. 

ӨӔӛӓӔӒ ӘӔӠӐӠӥӘӣӚ ӓӝӜӔӖӔ ӞӝӚӘӞӔӞӢӘӓӣӠ ӯӐӭӕӡ ӐӮӐӡӘӐӗӔӑӡ ӡӐӛӘ ӢӘӞӘӡ ӬӧӝӑӐ, 
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ӠӝӛӔӚӘӪ ӒӐӜӡӮӕӐӕӔӑӣӚӘ ӞӠӝӞӝӠӪӘӘӗ ӛӔӝӠӓӔӑӐ ӡӮӕӐӓӐӡӮӕӐӒӕӐӠ ӪӘӚӔӑӨӘ: α-ӡӞӘӠӐӚӘ, ǃ-

ӜӐәӔӪӔӑӘ ӓӐ ӛӐӗ ӨӝӠӘӡ ӒӐӜӚӐӒӔӑӣӚӘ ӛӝӣӬӔӡӠӘӒӔӑӔӚӘ ӮӕӔӣӚӔӑӘ, ӠӝӛӔӚӗӐ 

ӔӠӗӝӑӚӘӝӑӐ ӬӐӠӛӝӐӓӒӔӜӡ ӪӘӚӘӡ ӛӔӝӠӔӣӚ ӡӢӠӣӥӢӣӠӐӡ [6, 7]. Ӑӛ ӔӚӔӛӔӜӢӔӑӘӡ 

ӬӐӠӛӝӥӛӜӐ ӣӛӔӢӔӡ ӬӘӚӐӓ ӒӐӜӞӘӠӝӑӔӑӣӚӘӐ ӞӔӞӢӘӓӣӠ ӯӒӣӤӔӑӡ ӨӝӠӘӡ ӬӧӐӚӑӐӓӣӠӘ 

ӑӛӔӑӘӡ ӡӬӝӠӘ ӬӐӠӛӝӥӛӜӘӗ. ӛӐӒӠӐӛ ӖӝӒӘӔӠӗӘ ӐӛӘӜӝӛӟӐӕӘӡ ӒӕӔӠӓӘӗӘ ӯӒӣӤӘ ӮӔӚӡ ӣӬӧӝӑӡ 

α-ӡӞӘӠӐӚӘӡ ӬӐӠӛӝӥӛӜӐӡ (Ala, Gly, Met), ӮӝӚӝ ӐӠӝӛӐӢӣӚӘ (Trp, Phe) ӐӜ Cǃ ӐӢӝӛӗӐӜ 

ӒӐӜӨӢӝӔӑӣӚӘ ӒӕӔӠӓӘӗӘ ӯӒӣӤӔӑӘ (Val) ӐӡӢӐӑӘӚӔӑӔӜ ǃ-ӜӐәӔӪӔӑӡ ӓӐ ӐӠӦӕӔӕӔӜ α-ӡӞӘӠӐӚӡ 

[8]. ӪӘӚӔӑӘӡ ӣӛӠӐӕӚӔӡӝӑӐ ӜӐӬӘӚӝӑӠӘӕ ӨӔӘӪӐӕӡ ӝӠӘӕӔ ӢӘӞӘӡ ӡӢӠӣӥӢӣӠӣӚ ӔӚӔӛӔӜӢӔӑӡ 

(ӛӐӒӐӚӘӗӐӓ, ӥӘӛӝӢӠӘӞӡӘӜӘ ӓӐ ӐӖӣӠӘӜӘ), ӛӐӒӠӐӛ ӐӠӡӔӑӝӑӡ ӠӝӒӝӠӪ ӛӗӚӘӐӜӐӓ α-

ӡӞӘӠӐӚӣӠӘ (ӪӘӢӝӥӠӝӛӘ c ӐӜ T4 ӔӜӓӝӜӣәӚӔӐӖӐ V) [9], ӐӡӔӕӔ ӛӗӚӘӐӜӐӓ ǃ-ӜӐәӔӪӝӕӐӜӘ 

ӪӘӚӔӑӘ (Ǆ-әӠӘӡӢӐӚӘӜӘ, HRV2 2A ӞӠӝӢӔӐӖӐ) [10]. 

ӛӝӪӔӛӣӚӘ ӞӝӚӘӞӔӞӢӘӓӣӠӘ ӯӐӭӕӘӡ ӛӔӝӠӔӣӚӘ ӡӢӠӣӥӢӣӠӘӡ ӛӐӮӐӡӘӐӗӔӑӔӚ ӡӘӕӠӪӣӚ 

ӒӐӜӚӐӒӔӑӐӡ ӪӘӚӘӡ ӛӔӡӐӛӔӣӚ ӡӢӠӣӥӢӣӠӐӡ ӣӬӝӓӔӑӔӜ. Әӡ ӘӥӛӜӔӑӐ ӒӕӔӠӓӘӗ ӯӒӣӤӔӑӡ ӨӝӠӘӡ 

ӐӮӚӝ ӓӐ ӨӝӠӔӣӚӘ ӠӘӒӘӡ ӰӘӓӠӝӤӝӑӣӚӘ ӣӠӗӘӔӠӗӥӛӔӓӔӑӘӗ, ӔӚӔӥӢӠӝӡӢӐӢӘәӣӠӘ 

ӑӛӔӑӘӗ ӓӐ ӐӡӔӕӔ ӔӠӗӐӓӔӠӗӘ ӫӚӘӔӠӘ ӣӠӗӘӔӠӗӥӛӔӓӔӑӘӗ, ӓӘӡӣӚӤӘӓӣӠӘ ӮӘӓӐәӔӑӘӗ, 

ӠӝӛӔӚӘӪ ӬӐӠӛӝӐӓӒӔӜӡ әӝӕӐӚӔӜӢӣӠ ӓӘӡӣӚӤӘӓӣӠ ӑӛӐӡ ӝӠ ӪӘӡӢӔӘӜӘӡ ӜӐӨӗӡ ӨӝӠӘӡ [11]. 

ӛӘӣӮӔӓӐӕӐӓ ӛӐӗӘ ӨӔӓӐӠӔӑӘӗ ӘӨӕӘӐӗӝӑӘӡӐ, ӯӐӭӕӔӑӡ ӨӝӠӘӡ ӐӠӡӔӑӣӚӘ ӔӠӗӘ ӐӜ ӠӐӛӓӔӜӘӛӔ 

ӓӘӡӣӚӤӘӓӣӠӘ әӐӕӨӘӠӔӑӘ ӨӔӡӐӛөӜӔӕӐӓ ӖӦӣӓӐӕӡ ӒӚӝӑӣӚӘӡ ӨӔӡӐӫӚӝ әӝӜӤӝӠӛӐӪӘӔӑӡ. 

ӓӘӓӘ ӖӝӛӘӡ ӪӘӚӔӑӘӡ ӡӢӠӣӥӢӣӠӐ (ӛӐӒӐӚӘӗӐӓ, әӘӜӐӖӔӑӘ, ӓӔӰӘӓӠӝӒӔӜӐӖӔӑӘ, ӞӐӞӐӘӜӘ, 

ӗӔӠӛӝӚӘӖӘӜӘ ӓӐ ӡӮӕӐ) ӒӐӠӗӣӚӔӑӣӚӘӐ ӘӛӘӗ, Ӡӝӛ ӘӡӘӜӘ ӨӔӓӒӔӑӘӐӜ ӝӠӘ ӐӜ ӠӐӛӓӔӜӘӛӔ 

ӡӣӑӔӠӗӔӣӚӘӡӐӒӐӜ - ӓӝӛӔӜӔӑӘӡӐӒӐӜ, ӠӝӛӚӔӑӘӪ ӨӔӔӠӗӔӑӣӚӘӐ ӞӝӚӘӞӔӞӢӘӓӣӠӘ ӯӐӭӕӘӡ 

ӔӠӗӘ ӐӜ ӝӠӘ ӛӝӥӜӘӚӘ ӐӠӐӡӢӠӣӥӢӣӠӘӠӔӑӣӚӘ ӭӘӛӘӗ. ӐӦӡӐӜӘӨӜӐӕӘӐ, Ӡӝӛ ӤӔӠӛӔӜӢӔӑӨӘ 

ӓӝӛӔӜӔӑӡ ӨӝӠӘӡ ӮӨӘӠӐӓ ӒӐӜӚӐӒӔӑӣӚӘӐ әӐӢӐӚӘӖӣӠӘ ӪӔӜӢӠӘ. ӗӘӗӝӔӣӚӘ ӛӐӗӒӐӜӘ 

ӨӔӘӫӚӔӑӐ ӨӔӘӪӐӕӓӔӡ 40-ӓӐӜ 400-ӛӓӔ ӐӛӘӜӝӛӟӐӕӣӠ ӜӐӨӗӐӛӓӔ [12].  

ӛӗӔӚ ӠӘӒ ӪӘӚӔӑӡ ӐӡӔӕӔ ӒӐӐөӜӘӐ ӛӔӝӗӮӔӣӚӘ ӡӢӠӣӥӢӣӠӐ, ӠӝӛӔӚӘӪ ӬӐӠӛӝӐӓӒӔӜӡ  ӪӘӚӘӡ 

ӒӚӝӑӣӚӐӨӘ ӠӐӛӓӔӜӘӛӔ ӔӠӗӯӐӭӕӘӐӜӘ ӞӝӚӘӞӔӞӢӘӓӘӡ ӣӠӗӘӔӠӗӒӐӜӚӐӒӔӑӐӡ. ӣӛӐӦӚӔӡӘ 

ӠӘӒӘӡ ӒӚӝӑӣӚӐ, ӝӚӘӒӝӛӔӠӘ, ӬӐӠӛӝӘӥӛӜӔӑӐ ӓӐӛӝӣәӘӓӔӑӔӚӘ ӛӝӜӝӛӔӠӔӑӘӡ ӓӐәӐӕӨӘӠӔӑӘӗ 

ӡӣӡӢӘ ӣӠӗӘӔӠӗӥӛӔӓӔӑӔӑӘӡ ӐӜ ӓӘӡӣӚӤӘӓӣӠӘ ӮӘӓӐәӔӑӘӡ ӛӔӨӕӔӝӑӘӗ. ӡӣӑӔӠӗӔӣӚӔӑӘӡ 

ӒӐӜӚӐӒӔӑӐ ӝӚӘӒӝӛӔӠӨӘ ӨӔӘӫӚӔӑӐ Әӧӝӡ ӠӝӒӝӠӪ ӡӘӛӔӢӠӘӣӚӘ, ӘӡӔ ӐӠӐӡӘӛӔӢӠӘӣӚӘ. 

ӐӦӡӐӜӘӨӜӐӕӘӐ, Ӡӝӛ ӒӚӝӑӣӚӣӠӘ ӪӘӚӔӑӘӡ ӝӠӒӐӜӘӖӐӪӘӘӡ ӘӔӠӐӠӥӘӣӚӘ ӓӝӜӔӔӑӘ ӮӨӘӠӐӓ 

ӓӐәӐӕӨӘӠӔӑӣӚӘӐ ӛӐӗӘ ӤӣӜӥӪӘӣӠӘ ӐӥӢӘӕӝӑӘӡ ӠӔӒӣӚӐӪӘӐӡӗӐӜ. ӛӐӒӐӚӘӗӐӓ, 

ӤӝӡӤӝӠӒӚӘӪӔӠӘӜӘӡ ӐӚӓӔӒӘӓӘӡ ӤӔӠӛӔӜӢӘ ӓӔӰӘӓӠӝӒӔӜӔӖӐ әӐӠӒӐӕӡ ӐӥӢӘӣӠӝӑӐӡ, 
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ӠӝӓӔӡӐӪ ӪӘӚӘӡ ӝӠӘ ӛӝӚӔәӣӚӐ ӨӔӔӠӗӓӔӑӐ, ӤӔӠӛӔӜӢӘ ӢӣӢӔ ӤӝӡӤӐӢӐӖӐ әӘ, ӞӘӠӘӥӘӗ, 

әӐӠӒӐӕӡ ӐӥӢӘӣӠӝӑӐӡ ӡӣӑӔӠӗӔӣӚӔӑӐӓ ӓӐӧӝӤӘӡӐӡ [13-16]. 

ӪӘӚӘӡ ӒӚӝӑӣӚӘӡ ӡӢӐӑӘӚӝӑӘӡ ӒӐӜӛӡӐӖӦӕӠӔӚӘ ӨӘӓӐӛӝӚӔәӣӚӣӠӘ ӣӠӗӘӔӠӗӥӛӔӓӔӑӔӑӘ. 

ӠӝӒӝӠӪ ӣәӕӔ ӐӦӘӜӘӨӜӐ, ӒӐӠӔӛӝ ӞӘӠӝӑӔӑӘӡ ӒӐӗӕӐӚӘӡӬӘӜӔӑӘӗ ӪӘӚӘӡ ӒӚӝӑӣӚӘӡ 

ӔӜӔӠӒӔӢӘәӣӚӐӓ ӮӔӚӡӐӧӠӔӚӘ ӡӐӛӒӐӜӖӝӛӘӚӔӑӘӐӜӘ әӝӜӤӝӠӛӐӪӘӐ ӓӐ ӛӘӡӘ ӡӢӐӑӘӚӝӑӐ 

ӒӐӜӘӡӐӖӦӕӠӔӑӐ ӨӘӓӐӛӝӚӔәӣӚӣӠӘ ӬӧӐӚӑӐӓӣӠӘ ӑӛӔӑӘӗ, ӕӐӜ-ӓӔӠ-ӕӐӚӡӘӡ ӫӐӚӔӑӘӗ, 

әӣӚӝӜӣӠӘ (ӔӚӔӥӢӠӝӡӢӐӢӘәӣӠӘ) ӓӐ ӰӘӓӠӝӤӝӑӣӚӘ ӣӠӗӘӔӠӗӥӛӔӓӔӑӘӗ. ӐӡӔӗӘ 

ӛӠӐӕӐӚӤӔӠӝӕӜӔӑӐ ӒӐӜӞӘӠӝӑӔӑӣӚӘӐ ӘӛӘӗ, Ӡӝӛ ӒӕӔӠӓӘӗӘ ӯӒӣӤӘӡ ӛӘӮӔӓӕӘӗ ӐӛӘӜӝӛӟӐӕӔӑӘ 

ӨӔӘӫӚӔӑӐ Әӧӝӡ ӐӠӐӞӝӚӐӠӣӚӘ, ӣӛӣӮӢӝ ӞӝӚӐӠӣӚӘ, ӣӐӠӧӝӤӘӗӐӓ ӐӜ ӓӐӓӔӑӘӗӐӓ 

ӓӐӛӣӮӢӣӚӘ (ӛӣӮӢӘӡ ӢӘӞӘ ӒӐӜӘӡӐӦӕӠӔӑӐ pH7-Әӡ ӞӘӠӝӑӔӑӨӘ). 

ӪӘӚӘӡ ӒӚӝӑӣӚӘӡ ӡӢӐӑӘӚӝӑӘӡ ӨӔӜӐӠөӣӜӔӑӐӨӘ ӔӠӗ-ӔӠӗӘ ӧӕӔӚӐӖӔ ӓӘӓӘ ӬӕӚӘӚӘ 

ӛӘӣӫӕӘӡ ӰӘӓӠӝӤӝӑӣӚ ӣӠӗӘӔӠӗӥӛӔӓӔӑӐӡ. ӪӘӚӘӡ ӛӝӥӜӘӚӘ ӞӝӚӘӞӔӞӢӘӓӣӠӘ ӯӐӭӕӘ 

ӞӘӠӕӔӚ ӛӘӐӮӚӝӔӑӐӨӘ ӘӡӔӗӘ әӝӜӤӝӠӛӐӪӘӘӡ ӛӘӦӔӑӐӡ ӪӓӘӚӝӑӡ, ӠӝӛӔӚӨӘӪ ӐӠӐӞӝӚӐӠӣӚӘ 

ӜӐӨӗӔӑӘӡ ӬӧӐӚӗӐӜ ӐӠӐӡӐӡӣӠӕӔӚӘ әӝӜӢӐӥӢӔӑӘ ӛӘӜӘӛӐӚӣӠӘӐ, ӮӝӚӝ ӞӝӚӐӠӣӚӘ ӜӐӨӗӔӑӘ 

ӒӐӜӚӐӒӔӑӣӚӘӐ ӒӚӝӑӣӚӘӡ ӖӔӓӐӞӘӠӖӔ ӓӐ ӬӐӠӛӝӥӛӜӘӡ ӬӧӐӚӑӐӓӣӠ ӑӛӔӑӡ ӒӐӛӮӡӜӔӚӘӡ 

ӛӝӚӔәӣӚӔӑӗӐӜ [17]. ӛӐӒӠӐӛ ӨӘӓӐ ӣӠӗӘӔӠӗӥӛӔӓӔӑӘӡ ӜӐӛӓӕӘӚӘ ӡӣӠӐӗӘ ӒӐӪӘӚӔӑӘӗ 

ӠӗӣӚӘӐ, ӠӘӡ ӒӐӛӝ ӒӐӠӓӐӣӕӐӚӘӐ ӖӔӓӐӞӘӠӖӔ ӞӝӚӐӠӣӚ ӯӒӣӤӔӑӗӐӜ ӔӠӗӐӓ ӒӐӠәӕӔӣӚӘ 

ӠӐӝӓӔӜӝӑӘӡ ӐӠӐӞӝӚӐӠӣӚӘ ӯӒӣӤӔӑӘӡ ӒӐӜӚӐӒӔӑӐ. ӐӦӡӐӜӘӨӜӐӕӘӐ, Ӡӝӛ ӛӪӘӠӔ ӖӝӛӘӡ 

ӪӘӚӔӑӨӘ ӐӠӐӞӝӚӐӠӣӚӘ ӯӒӣӤӔӑӘӡ ӠӐӝӓӔӜӝӑӐ ӖӔӓӐӞӘӠӖӔ ӖӝӒӯӔӠ ӐӦӔӛӐӢӔӑӐ әӘӓӔӪ ӛӐӗ 

ӠӘӪӮӕӡ ӪӘӚӘӡ ӨӘӒӜӘӗ (ӛӐӒӐӚӘӗӐӓ, ӚӘӖӝӪӘӛӨӘ ӛӐӗӘ ӠӘӪӮӕӘ ӐӠӘӡ, ӨӔӡӐӑӐӛӘӡӐӓ, 32 ӓӐ 16) 

[18]. ӛӐӒӠӐӛ ӠӝӒӝӠӪ ӬӔӡӘ ӐӠӐӞӝӚӐӠӣӚӘ ӜӐӨӗӔӑӘӡ ӫӘӠӘӗӐӓӘ ӠӐӝӓӔӜӝӑӐ ӒӚӝӑӣӚӘӡ 

ӨӘӒӜӘӗ ӘӛӧӝӤӔӑӐ ӓӐ ӫӐӚӖӔ әӝӛӞӐӥӢӣӠ ӰӘӓӠӝӤӝӑӣӚ ӑӘӠӗӕӡ ӥӛӜӘӡ [8]. 

ӪӘӚӘӡ ӰӘӓӠӝӤӝӑӣӚӘ ӑӘӠӗӕӘӡ ӐӬӧӝӑӐӨӘ ӛӜӘӨӕӜӔӚӝӕӐӜӘӐ ӰӘӓӠӝӤӝӑӣӚӘ, 

ӰӘӓӠӝӤӘӚӣӠӘ ӓӐ ӜӔӘӢӠӐӚӣӠӘ ӯӒӣӤӔӑӘӡ ӣӠӗӘӔӠӗӒӐӜӚӐӒӔӑӐ, ӒӚӝӑӣӚӘӡ ӖӔӓӐӞӘӠӖӔ 

ӐӜ ӛӘӡ ӨӘӒӜӘӗ ӯӒӣӤӘӡ ӒӐӓӐӐӓӒӘӚӔӑӘӡ ӗӐӕӘӡӣӤӐӚӘ ӔӜӔӠӒӘӐ ӓӐ ӐӡӔӕӔ ӐӠӐӞӝӚӐӠӣӚӘ 

ӜӐӨӗӔӑӘӡ ӰӘӓӠӝӤӝӑӣӚӝӑӘӡ ӠӐӝӓӔӜӝӑӠӘӕ ӮӐӠӘӡӮӡ, ӠӝӛӔӚӘӪ ӛӐӗӘ ӬӧӚӘӡӐӓӛӘ 

ӗӐӕӘӡӣӤӐӚӘ ӖӔӓӐӞӘӠӘӡ ӞӠӝӞӝӠӪӘӣӚӘӐ [19]. ӒӐӠӓӐ ӐӛӘӡӐ ӰӘӓӠӝӤӝӑӣӚӘ ӜӐӨӗӔӑӘӡ 

ӣӠӗӘӔӠӗӥӛӔӓӔӑӐ ӓӐӛӐӢӔӑӘӗ ӮӔӚӡ ӣӬӧӝӑӡ ӘӡӔӓӐӪ ӗӔӠӛӝӓӘӜӐӛӘәӣӠӐӓ ӮӔӚӡӐӧӠӔӚӘ α-

ӡӞӘӠӐӚӔӑӘӡ ӓӐ ǃ-ӡӢӠӣӥӢӣӠӔӑӘӡ ӬӐӠӛӝӥӛӜӐӡ ӛӗӔӚӘ ӠӘӒӘ ӐӛӘӜӝӛӟӐӕӔӑӘӡӐӗӕӘӡ 

ӬӧӐӚӑӐӓӣӠӘ ӑӛӔӑӘӡ ӒӐӯӔӠӔӑӘӡ ӒӐӛӝ. ӮӝӚӝ ӗӣ ӐӠӐӞӝӚӐӠӣӚӘ ӯӒӣӤӔӑӘ ӬӐӠӛӝӥӛӜӘӐӜ 

ӛӗӔӚ ӰӘӓӠӝӤӝӑӣӚ ӣӑӜӔӑӡ α-ӡӞӘӠӐӚӔӑӘӡӐ ӓӐ ǃ-ӡӢӠӣӥӢӣӠӔӑӘӡ ӖӔӓӐӞӘӠӖӔ, ӒӐӛӝӓӘӡ 
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Ӡӝӛ ӛӔӝӠӔӣӚӘ ӡӢӠӣӥӢӣӠӐ ӡӢӐӑӘӚӓӔӑӐ ӪӘӚӘӡ ӡӘӕӠӪӘӗӘ ӡӢӠӣӥӢӣӠӘӗ. ӞӢӘӪӘӜӘӡ 

ӛӝӓӔӚӖӔ ӓӐӛӧӐӠӔӑӣӚӘ ӡӢӔӠӔӝӥӘӛӘӣӠӘ ӛӝӡӐӖӠӔӑӔӑӘӓӐӜ ӒӐӛӝӛӓӘӜӐӠӔ ӛӝӪӔӛӣӚӘ α-

ӡӞӘӠӐӚӘӡ ӐӜ ǃ-ӜӐәӔӪӝӕӐӜӘ ӡӢӠӣӥӢӣӠӘӡ ӰӘӓӠӝӤӝӑӣӚӘ ӯӒӣӤӔӑӘ ӔӠӗӛӐӜӔӗӡ ӨӝӠӘӡ 

ӨӣӐӚӔӓӔӑӨӘ ӨӔӘӪӐӕӔӜ ӡӮӕӐ ӣӑӜӔӑӘӡ ӰӘӓӠӝӤӝӑӣӚ ӯӒӣӤӔӑӡ, ӠӘӗӐӪ ӥӛӜӘӐӜ ӪӘӚӘӡ ӛӭӘӓӠӝ 

ӰӘӓӠӝӤӝӑӣӚ ӑӘӠӗӕӡ [20, 21]. Ӕӡ ӑӘӠӗӕӘ ӔәӠӐӜӘӠӓӔӑӐ ӬӧӚӘӡӐӒӐӜ ӓӐ ӡӢӐӑӘӚӓӔӑӐ 

ӰӘӓӠӝӤӝӑӣӚӘ ӣӑӜӘӡ ӜӐӞӘӠӔӑӖӔ ӒӐӜӚӐӒӔӑӣӚӘ ӒӠӫӔӚӘ ӰӘӓӠӝӤӝӑӣӚӘ ӯӒӣӤӔӑӘӗ, 

ӮӝӚӝ ӘӥӕӔ ӒӐӜӚӐӒӔӑӣӚӘ ӛӝәӚӔ ӞӝӚӐӠӣӚӘ ӣӑӜӔӑӘ, ӞӘӠӘӥӘӗ, ӐӮӓӔӜӔӜ Ӑӛ ӡӢӠӣӥӢӣӠӔӑӘӡ 

ӓӔӡӢӐӑӘӚӘӖӐӪӘӐӡ. 

ӨӘӓӐӛӝӚӔәӣӚӣӠӘ ӔӚӔӥӢӠӝӡӢӐӢӘәӣӠӘ ӣӠӗӘӔӠӗӥӛӔӓӔӑӐ ӬӐӠӛӝӓӒӔӜӡ ӡӐӞӘӠӘӡӞӘӠӝӓ 

ӓӐӛӣӮӢӣӚӘ ӯӒӣӤӔӑӘӡ ӔӚӔӥӢӠӝӡӢӐӢӘәӣӠ ӛӘӖӘӓӣӚӝӑӐӡ. ӣӨӣӐӚӝӓ ӛӘӡӘ ӬӕӚӘӚӘ 

ӪӘӚӘӡ ӒӚӝӑӣӚӘӡ ӡӢӐӑӘӚӘӖӐӪӘӘӡ ӗӐӕӘӡӣӤӐӚ ӔӜӔӠӒӘӐӨӘ ӒӐӠӔӛӝӡ ӜӔӘӢӠӐӚӣӠӘ pH-Әӡ 

ӓӠӝӡ ӓӐ ӘӖӝӔӚӔӥӢӠӣӚӘ ӬӔӠӢӘӚӔӑӘӡ ӐӮӚӝӡ ӡӐәӛӐӝӓ ӛӪӘӠӔӐ [22, 23], ӮӝӚӝ ӓӐӑӐӚӘ ӐӜ 

ӛӐӦӐӚӘ  pH-Әӡ  ӞӘӠӝӑӔӑӨӘ, Әӡ ӘӬӕӔӕӡ ӪӘӚӘӡ ӓӔӡӢӐӑӘӚӘӖӐӪӘӐӡ ӛӣӮӢӔӑӘӡ ӒӐӜӖӘӓӕӘӡ 

ӛӖӐӠӓӘ ӫӐӚӘӡ ӒӐӛӝ. ӛӐӒӠӐӛ ӪӘӚӔӑӨӘ ӔӚӔӥӢӠӝӡӢӐӢӘәӣӠӘ ӑӛӔӑӘӡ ӬӐӠӛӝӥӛӜӐӡ ӗӐӜ ӡӓӔӕӡ 

Әӛ ӬӧӚӘӡ ӛӝӚӔәӣӚӔӑӘӡ ӝӠӘӔӜӢӘӠӔӑӐ, ӠӝӛӚӔӑӘӪ ӒӐӠӔӛӝӘӪӐӕӔӜ ӓӐӛӣӮӢӣӚ ӯӒӣӤӔӑӡ. 

ӐӛӘӡ ӨӔӓӔӒӐӓ ӮӓӔӑӐ ӔӚӔӥӢӠӝӡӢӐӢӘәӣӠӘ ӑӛӔӑӘӡ ӓӐӡӢӐӑӘӚӔӑӐ ӓӐ ӬӧӚӘӡ ӔӜӢӠӝӞӘӘӡ 

ӒӐӖӠӓӐ, ӠӐӪ ӔӜӔӠӒӔӢӘәӣӠӐӓ ӣӤӠӝ ӛӜӘӨӕӜӔӚӝӕӐӜӘӐ, ӕӘӓӠӔ ӣӨӣӐӚӝӓ ӛӣӮӢӔӑӘӡ 

әӣӚӝӜӣӠӘ ӣӠӗӘӔӠӗӥӛӔӓӔӑӐ [24]. 

ӕӐӜ-ӓӔӠ-ӕӐӚӡӘӡ ӫӐӚӔӑӘ ӒӐӜӞӘӠӝӑӔӑӣӚӘӐ ӓӘӞӝӚ-ӓӘӞӝӚӣӠӘ ӣӠӗӘӔӠӗӥӛӔӓӔӑӘӗ 

ӛӣӓӛӘӕӘ, ӘӜӓӣӪӘӠӔӑӣӚӘ ӓӐ ӝӡӪӘӚӘӠӔӑӐӓӘ ӓӘӞӝӚӔӑӘӡ ӛӝӜӐӬӘӚӔӝӑӘӗ ӓӐ ӛӝӥӛӔӓӔӑӡ 

ӔӠӗӛӐӜӔӗӗӐӜ ӐӮӚӝӡ ӛӧӝӤ ӝӠ ӐӢӝӛӡӐ ӐӜ ӝӠ ӛӝӚӔәӣӚӐӡ ӨӝӠӘӡ. Әӡ ӛӘӐӮӚӝӔӑӘӗ ӐӦӘӬӔӠӔӑӐ 

ӚӔӜӐӠӓ-ӯӝӜӡӘӡ ӞӝӢӔӜӪӘӐӚӘӗ, ӐӜӣ, ӣӐӦӠӔӡӐӓ ӐӠӘӡ ӓӐӛӝәӘӓӔӑӣӚӘ ӐӢӝӛӔӑӡ ӨӝӠӘӡ 

ӛӐӜӫӘӚӖӔ [25]. ӕӐӜ-ӓӔӠ-ӕӐӚӡӘӡ ӣӠӗӘӔӠӗӥӛӔӓӔӑӐӨӘ ӛӝӜӐӬӘӚӔ ӐӢӝӛӔӑӘ ӐӮӚӝ ӛӐӜӫӘӚӔӑӖӔ 

ӒӐӜӘӪӓӘӐӜ ӒӐӜӖӘӓӕӐӡ, ӮӝӚӝ ӡӐӨӣӐӚӝӓ 2-3 ӐӜӒӡӢӠӔӛӘӡ ӠӘӒӘӡ ӛӐӜӫӘӚӔӑӘӡ ӖӔӛӝӓ 

ӛӘӖӘӓӕӐӡ. әӝӛӞӐӥӢӣӠӐӓ ӓӐӮӕӔӣӚ ӪӘӚӐӨӘ ӐӢӝӛӔӑӡ ӨӝӠӘӡ ӡӐӨӣӐӚӝ ӛӐӜӫӘӚӘ ӗӘӗӥӛӘӡ 

ӣӪӕӚӔӚӘӐ, ӛӐӒӠӐӛ Әӡ ӡӐәӛӐӝӓ ӘӪӕӚӔӑӐ ӪӘӚӘӡ ӒӐӨӚӘӡ ӓӠӝӡ, ӠӐӓӒӐӜ ӓӐӮӕӔӣӚӘ ӪӘӚӘӡ 

ӨӘӒӗӐӕӡӡ Ӑӥӕӡ ӡӐәӛӐӝӓ ӛӭӘӓӠӝ ӬӧӝӑӐ [24, 26].  

ӕӐӜ-ӓӔӠ-ӕӐӚӡӘӡ ӡӢӐӑӘӚӘӖӐӪӘӘӡ ӛӔӢӐӓ ӛӜӘӨӕӜӔӚӝӕӐӜӘ ӔӜӔӠӒӘӐ ӒӐӜӞӘӠӝӑӔӑӣӚӘӐ 

ӐӛӘӜӝӛӟӐӕӐӗӐ ӜӐӨӗӔӑӡ ӨӝӠӘӡ ӨӝӠӔӣӚӘ ӠӘӒӘӡ әӝӜӢӐӥӢӔӑӘӡ ӥӡӔӚӘӗ. ӛӘӡ ӬӐӠӛӝӥӛӜӐӡ ӮӔӚӡ 

ӣӨӚӘӐӜ ӪӘӚӘӡ ӐӠӐӔӠӗӒӕӐӠӝӕӜӔӑӐ ӓӐ ӔӜӢӠӝӞӘӣӚӘ ӤӐӥӢӝӠӘ, ӠӝӛӔӚӘӪ ӔӡӬӠӐӤӕӘӡ ӯӐӭӕӘӡ 

ӡӘӮӘӡӢӘӡ ӨӔӡӣӡӢӔӑӐӡ. ӛӐӒӠӐӛ ӡӐӔӠӗӝ ӯӐӛӨӘ Әӡ ӫӚӘӔӠӘ ӖӔӛӝӥӛӔӓӔӑӐ ӣӜӓӐ ӛӝӐӮӓӘӜӝӡ 
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ӒӚӝӑӣӚӘӡ ӓӐӮӕӔӕӐӖӔ, ӠӐӓӒӐӜ ӡӢӐӑӘӚӣӠӘ ӜӐӢӘӕӣӠӘ әӝӜӤӝӠӛӐӪӘӘӡ ӛӭӘӓӠӝ ӑӘӠӗӕӘ 

ӐӔӬӧӝӑӐ ӛӮӝӚӝӓ ӐӮӚӝ ӓӐ ӨӝӠӔӣӚӘ әӝӜӢӐӥӢӔӑӘӡ ӛӐӥӡӘӛӐӚӣӠӘ ӠӔӐӚӘӖӐӪӘӘӗ [25]. 

әӘӓӔӕ ӔӠӗӘ ӨӘӓӐӛӝӚӔәӣӚӣӠӘ ӣӠӗӘӔӠӗӥӛӔӓӔӑӘӡ ӢӘӞӘ, ӬӧӐӚӑӐӓӣӠӘ ӑӛӐ, өӜӓӔӑӐ ӛӐӨӘӜ, 

ӠӝӓӔӡӐӪ ӬӧӐӚӑӐӓӘӡ ӐӢӝӛӘ ӛӓӔӑӐӠӔӝӑӡ ӔӠӗ ӮӐӖӖӔ ӝӠ ӔӚӔӥӢӠӝӣӐӠӧӝӤӘӗ ӐӢӝӛӡ ӨӝӠӘӡ. 

ӛӐӡ Ӑӥӕӡ ӠӗӣӚӘ ӑӣӜӔӑӐ: ӔӚӔӥӢӠӝӡӢӐӢӘәӣӠ ӓӐ ӕӐӜ-ӓӔӠ-ӕӐӚӡӘӡ ӣӠӗӘӔӠӗӥӛӔӓӔӑӐӡӗӐӜ 

ӔӠӗӐӓ, ӛӘӡ ӔӜӔӠӒӘӐӨӘ ӬӕӚӘӚӘ ӨӔӐӥӕӡ ӝӠӘ ӔӚӔӥӢӠӝӜӘӡ ӓӐ ӛӔӝӠӔ ӔӚӔӥӢӠӝӣӐӠӧӝӤӘӗӘ 

ӐӢӝӛӘӡ ӔӚӔӥӢӠӝӜӔӑӘӡ ӒӐӣӧӝӤӔӚӘ ӬӧӕӘӚӘӡ ӔӜӔӠӒӘӐӡ. ӐӦӡӐӜӘӨӜӐӕӘӐ, Ӡӝӛ ӬӧӐӚӑӐӓӣӠ 

ӑӛӐӨӘ ӛӝӜӐӬӘӚӔ ӔӚӔӥӢӠӝӣӐӠӧӝӤӘӗ ӐӢӝӛӔӑӡ ӨӝӠӘӡ ӛӐӜӫӘӚӘ ӘӒӘӕӔ ӐӢӝӛӔӑӘӡ ӕӐӜ-ӓӔӠ-

ӕӐӚӡӘӡ ӠӐӓӘӣӡӔӑӖӔ ӓӐӐӮӚӝӔӑӘӗ 0.04 Ӝӛ-Әӗ ӜӐәӚӔӑӘӐ ӓӐ ӛӘӡӒӐӜ ӒӐӜӡӮӕӐӕӔӑӘӗ ӫӐӚӘӐӜ 

ӛӒӠӫӜӝӑӘӐӠӔӐ ӐӢӝӛӔӑӘӡ ӡӘӕӠӪӣӚӘ ӝӠӘӔӜӢӐӪӘӘӡ ӛӘӛӐӠӗ.  

ӬӧӐӚӑӐӓӣӠ ӑӛӔӑӡ ӐӠӡӔӑӘӗӘ ӠӝӚӘ ӣәӐӕӘӐ ӠӝӒӝӠӪ ӛӔӝӠӔӣӚӘ ӡӢӠӣӥӢӣӠӘӡ ӬӐӠӛӝӥӛӜӐӨӘ 

[27], ӐӡӔӕӔ ӪӘӚӘӡ ӒӚӝӑӣӚӘӡ ӓӐӮӕӔӕӐӡӐ ӓӐ ӡӢӐӑӘӚӘӖӐӪӘӐӨӘ [28-30]. ӢӠӐӜӡӚӐӪӘӣӠӘ ӓӐ 

ӠӝӢӐӪӘӣӚӘ ӔӜӢӠӝӞӘӘӡ ӜӐәӚӔӑӘ ӓӐӜӐәӐӠӒӘӡ ӒӐӛӝ ӬӧӐӚӑӐӓӣӠ ӑӛӔӑӡ ӓӐӮӕӔӣӚ ӪӘӚӐӨӘ 

ӣӞӘӠӐӢӔӡӝӑӐ ӔӜӘӭӔӑӐ ӒӐӨӚӘӚ ӯӐӭӕӡӐ ӓӐ ӬӧӐӚӡ ӨӝӠӘӡ ӬӐӠӛӝӥӛӜӘӚ ӑӛӔӑӗӐӜ ӨӔӓӐӠӔӑӘӗ 

[31]. ӒӚӝӑӣӚӘӡ ӨӘӒӜӘӗ ӐӠӡӔӑӣӚӘ ӬӧӐӚӑӐӓӣӠӘ ӑӛӔӑӘ ӗӘӗӥӛӘӡ ӛӣӓӛӘӕӘӐ [25], ӮӝӚӝ ӛӘӡ 

ӖӔӓӐӞӘӠӖӔ ӬӧӐӚӗӐӜ ӬӐӠӛӝӥӛӜӘӚӘ ӬӧӐӚӑӐӓӣӠӘ ӑӛӔӑӘ ӐӠӡӔӑӝӑӔӜ ӛӮӝӚӝӓ ӓӠӝӘӡ ӛӪӘӠӔ 

ӛӝӜӐәӕӔӗӨӘ. ӛӘӣӮӔӓӐӕӐӗ ӐӛӘӡӐ ӛӐӗ Ӑӥӕӗ ӒӐӜӡӐәӣӗӠӔӑӘӗ ӓӘӓӘ ӛӜӘӨӕӜӔӚӝӑӐ ӪӘӚӘӡ 

ӡӢӐӑӘӚӘӖӐӪӘӐӨӘ [32, 33]. ӗӐӜӐӛӔӓӠӝӕӔ ӬӐӠӛӝӓӒӔӜӔӑӘӡ ӗӐӜӐӮӛӐӓ, ӒӚӝӑӣӚӣӠӘ ӪӘӚӔӑӘӡ 

ӣӜӘәӐӚӣӠӘ ӜӐӢӘӕӣӠӘ әӝӜӤӝӠӛӐӪӘӐ ӒӐӜӣӧӝӤӚӐӓ ӓӐәӐӕӨӘӠӔӑӣӚӘӐ ӐӠӐ ӛӮӝӚӝӓ 

ӨӘӓӐӛӝӚӔәӣӚӣӠ ӣӠӗӘӔӠӗӥӛӔӓӔӑӔӑӖӔ, ӐӠӐӛӔӓ ӪӘӚӘӡ ӒӐӠӔӛӝӪӕӐӖӔ [32, 33]. ӤӣӠӘӔ-

ӒӐӠӓӐӥӛӜӘӡ ӘӜӤӠӐӬӘӗӔӚӘ ӓӘӤӔӠӔӜӪӘӣӚӘ ӡӞӔӥӢӠӝӡәӝӞӘӘӡ ӒӐӛӝӧӔӜӔӑӘӗ өӐӢӐӠӔӑӣӚӛӐ 

ӒӐӛӝәӕӚӔӕӔӑӛӐ ӐөӕӔӜӐ, Ӡӝӛ ӪӘӚӘӡ ӖӔӓӐӞӘӠӣӚӘ ӓӐӛӣӮӢӣӚӘ ӯӒӣӤӔӑӘ ӛӐӗӗӐӜ 

ӓӐәӐӕӨӘӠӔӑӣӚ ӬӧӚӘӡ ӤӔӜӐӡӗӐӜ ӥӛӜӘӐӜ ӫӚӘӔӠӘ ӬӧӐӚӑӐӓӣӠӘ ӑӛӔӑӘӡ ӑӐӓӔӡ, ӠӝӛӔӚӗӐ 

ӔӜӔӠӒӘӐ ӑӔӕӠӐӓ ӐӦӔӛӐӢӔӑӐ ӡӐӨӣӐӚӝ ӬӧӐӚӑӐӓӣӠӘ ӑӛӘӡ ӔӜӔӠӒӘӐӡ ӡӣӤӗӐ ӬӧӐӚӨӘ [34]. Ӑӛ 

ӬӧӚӘӡ ӤӔӜӘӡ, Ӕ.Ӭ. ӑӛӣӚ ӬӧӚӘӡ, ӪӘӚӘӡ ӖӔӓӐӞӘӠӘӓӐӜ ӛӝӨӝӠӔӑӐ ӘӬӕӔӕӡ ӛӘӡӘ ӡӢӠӣӥӢӣӠӘӡ 

ӓӐӨӚӐӡ. ӐӛӠӘӒӐӓ, ӪӘӚӘӡ ӡӢӐӑӘӚӝӑӘӡ ӨӔӡӬӐӕӚӘӡӐӡ ӐӣӪӘӚӔӑӔӚӘӐ Ӑӛ ӬӧӚӘӡ ӗӕӘӡӔӑӔӑӘӡ 

ӒӐӗӕӐӚӘӡӬӘӜӔӑӐ. ӐӦӡӐӜӘӨӜӐӕӘӐ, Ӡӝӛ ӪӘӚӐ-ӬӧӐӚӘӡ ӣӠӗӘӔӠӗӥӛӔӓӔӑӐ ӒӐӠӗӣӚӔӑӣӚӘӐ 

ӬӧӐӚӨӘ ӒӐӮӡӜӘӚӘ ӓӐӜӐӛӐӢӔӑӘӗ, ӠӝӛӚӔӑӘӪ ӪӕӚӘӐӜ ӠӝӒӝӠӪ ӗӕӘӗ ӬӧӚӘӡ ӡӢӠӣӥӢӣӠӐӡ 

ӬӧӐӚӑӐӓӣӠӘ ӑӛӔӑӘӡ ӒӐӓӐӜӐӬӘӚӔӑӘӡ ӮӐӠӯӖӔ, ӐӡӔӕӔ ӪӘӚӘӡ ӖӔӓӐӞӘӠӗӐӜ 

ӣӠӗӘӔӠӗӥӛӔӓӔӑӘӡ ӡӣӠӐӗӡ. 
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1.2 ӪӘӚӘӡ әӝӜӤӝӠӛӐӪӘӣӚӘ ӛӓӒӝӛӐӠӔӝӑӔӑӘ ӓӐ ӥӕӔӛӓӒӝӛӐӠӔӝӑӔӑӘ 

 

ӧӕӔӚӐ ӪӘӚӐӡ Ӑӥӕӡ ӗӐӕӘӡӘ ӤӣӜӥӪӘӐ ӓӐ ӛӣӨӐӝӑӘӡ ӝӞӢӘӛӐӚӣӠӘ ӞӘӠӝӑӔӑӘӡ ӤӐӠӒӚӔӑӘ, 

ӠӝӛӚӔӑӨӘӪ Әӡ ӘӛӧӝӤӔӑӐ әӝӛӞӐӥӢӣӠ ӛӓӒӝӛӐӠӔӝӑӐӨӘ ӓӐ ӐӮӝӠӪӘӔӚӔӑӡ ӛӐӦӐӚ ӤӣӜӥӪӘӣӠ 

ӐӥӢӘӕӝӑӐӡ. ӐӡӔӗ ӞӘӠӝӑӔӑӨӘ ӛӧӝӤ ӪӘӚӐӡ ӐӮӐӡӘӐӗӔӑӡ ӣӜӘәӐӚӣӠӘ ӛӐәӠӝӡәӝӞӣӚӘ 

әӝӜӤӝӠӛӐӪӘӐ, ӠӝӛӔӚӘӪ ӓӘӓ ӬӘӚӐӓ ӓӐӛӝәӘӓӔӑӣӚӘӐ ӛӘӡ ӞӘӠӕӔӚӐӓ ӡӢӠӣӥӢӣӠӐӖӔ [5, 8]. 

ӛӘәӠӝӡәӝӞӣӚӘ ӗӕӐӚӡӐӖӠӘӡӘӗ әӘ ӐӡӔӗӘ әӝӜӤӝӠӛӐӪӘӐ ӨӔӘӫӚӔӑӐ ӒӐӜӮӝӠӪӘӔӚӓӔӡ ӛӡӒӐӕӡ 

ӛӘәӠӝӛӓӒӝӛӐӠӔӝӑӐӗӐ ӨӔӖӦӣӓӣӚӘ ӔӠӗӝӑӚӘӝӑӘӡ ӮӐӠӯӖӔ. ӐӡӔӗ әӝӜӤӝӠӛӐӪӘӐӗӐ 

ӐӜӡӐӛӑӚӡ ӣӬӝӓӔӑӔӜ ӪӘӚӘӡ ӜӐӢӘӕӣӠ ӛӓӒӝӛӐӠӔӝӑӐӡ. ӛӠӐӕӐӚӒӐӜӖӝӛӘӚӔӑӘӐӜ 

әӝӜӤӝӠӛӐӪӘӣӚ (әӝӜӤӘӒӣӠӐӪӘӣӚ) ӡӘӕӠӪӔӨӘ ӜӐӢӘӕӣӠ ӛӓӒӝӛӐӠӔӝӑӐӡ ӨӔӔӡӐӑӐӛӔӑӐ 

ӗӐӕӘӡӣӤӐӚӘ ӔӜӔӠӒӘӘӡ ӖӔӓӐӞӘӠӘӡ ӒӚӝӑӐӚӣӠӘ ӛӘӜӘӛӣӛӘӡ ӣӑӐӜӘ (ӡӣӠ. 1) [35, 36, 37]. 

ӛӐӒӠӐӛ ӒӐӜӡӐәӣӗӠӔӑӘӗ ӣӜӓӐ ӐӦӘӜӘӨӜӝӡ, Ӡӝӛ ӜӐӢӘӕӣӠӘ ӛӓӒӝӛӐӠӔӝӑӐ ӘәӐӕӔӑӡ 

ӗӐӕӘӡӣӤӐӚӘ ӔӜӔӠӒӘӘӡ ӛӘӜӘӛӣӛӡ ӛӮӝӚӝӓ ӛӝӪӔӛӣӚӘ ӪӘӚӘӡӐӗӕӘӡ ӓӐӛӐӮӐӡӘӐӗӔӑӔӚӘ  

ӤӘӖӘӝӚӝӒӘӣӠӘ ӞӘӠӝӑӔӑӘӡ ӤӐӠӒӚӔӑӨӘ.  

ӜӐӢӘӕӣӠ ӛӓӒӝӛӐӠӔӝӑӐӨӘ ӛӧӝӤ ӒӚӝӑӣӚӣӠ ӪӘӚӐӡ Ӑӥӕӡ ӛӔӢӐӓ әӝӛӞӐӥӢӣӠӘ ӡӢӠӣӥӢӣӠӐ, 

ӛӭӘӓӠӝӓ өӐӚӐӒӔӑӣӚӘ ӰӘӓӠӝӤӝӑӣӚӘ ӑӘӠӗӕӘ ӓӐ ӞӝӚӐӠӣӚӘ ӒӐӠӡӔӑӘ, ӮӐӡӘӐӗӓӔӑӐ 

ӓӐӑӐӚӘ ӔӜӢӠӝӞӘӘӗ [24, 38]. ӛӐӒӠӐӛ ӜӐӢӘӕӣӠ ӛӓӒӝӛӐӠӔӝӑӐӡ ӐӡӢӐӑӘӚӔӑӡ ӡӮӕӐӓӐӡӮӕӐ, 

ӮӨӘӠӐӓ ӣӠӗӘӔӠӗӡӐӬӘӜӐӐӦӛӓӔӒӝ ӫӐӚӔӑӘӡ ӡӣӡӢӘ ӑӐӚӐӜӡӘ: ӛӘӡ ӨӔӡӐӜӐӠөӣӜӔӑӚӐӓ ӡӐӭӘӠӝӐ 

ӡӐәӛӐӝӓ ӕӘӬӠӝ ӤӐӠӒӚӔӑӨӘ Әӧӝӡ ӓӐӪӣӚӘ ӒӐӠӔӛӝӡ ӛӗӔӚӘ ӠӘӒӘ ӞӐӠӐӛӔӢӠӔӑӘ 

(ӢӔӛӞӔӠӐӢӣӠӐ, pH, ӝӡӛӝӚӘӢӔӑӘ ӓӐ Ӑ.Ө.), ӠӝӛӔӚӗӐ ӪӕӚӘӚӔӑӔӑӘӡ ӨӔӛӗӮӕӔӕӐӨӘ ӘӬӧӔӑӐ 

ӪӘӚӘӡ ӓӔӜӐӢӣӠӐӪӘӐ, ӐӜӣ ӚӦӝӑӐ. ӓӔӜӐӢӣӠӐӪӘӘӡ ӨӔӓӔӒӐӓ ӪӘӚӐ әӐӠӒӐӕӡ ӓӐӓӒӔӜӘӚ 

ӡӘӕӠӪӘӗ ӡӢӠӣӥӢӣӠӐӡ ӓӐ ӒӐӓӐӓӘӡ ӒӐӜӮӕӔӣӚ ӛӓӒӝӛӐӠӔӝӑӐӨӘ, ӠӝӛӔӚӡӐӪ Ӑӥӕӡ 

ӛӐӥӡӘӛӐӚӣӠӘ ӔӜӢӠӝӞӘӐ [8]. ӤӘӖӘӝӚӝӒӘӣӠ ӞӘӠӝӑӔӑӨӘ ӒӐӨӚӘӚӘ ӓӔӜӐӢӣӠӘӠӔӑӣӚӘ 

әӝӜӤӝӠӛӐӪӘӔӑӘ ӘәӐӕӔӑӔӜ ӔӜӔӠӒӔӢӘәӣӚӘ ӖӔӓӐӞӘӠӘӡ ӧӕӔӚӐӖӔ ӐӠӐӮӔӚӡӐӧӠӔӚ ӖӔӓӐ ӣӑӐӜӡ 

(ӡӣӠ. 1) [35-37].  

ӒӐӨӚӘӚӘ ӛӓӒӝӛӐӠӔӝӑӘӡ ӡӢӠӣӥӢӣӠӔӑӘ ӛәӕӔӗӠӐӓ ӒӐӜӡӮӕӐӕӓӔӑӐ ӜӐӢӘӕӣӠӘ ӛӓӒӝӛӐӠӔӝӑӘӡ 

ӡӢӠӣӥӢӣӠӔӑӘӡӐӒӐӜ ӓӐ ӐӠӐӐ әӐӠӒӐӓ ӨӔӡӬӐӕӚӘӚӘ ӗӔӥӜӘәӣӠӘ ӨӔӖӦӣӓӕӔӑӘӡ ӒӐӛӝ. 

ӗӐӜӐӛӔӓӠӝӕӔ ӛӝӡӐӖӠӔӑӔӑӘӓӐӜ ӒӐӛӝӛӓӘӜӐӠӔ, ӒӐӨӚӘӚӘ ӛӓӒӝӛӐӠӔӝӑӘӡ ӗӕӘӡӔӑӔӑӘ 

ӒӐӜӘӡӐӖӦӕӠӔӑӐ ӐӠӐ ӛӮӝӚӝӓ ӐӛӘӜӝӛӟӐӕӔӑӘӡ ӗӐӜӐӛӘӛӓӔӕӠӝӑӘӗ, ӛӐӒӠӐӛ ӐӡӔӕӔ ӓӘӓӬӘӚӐӓ 

ӓӐӛӝәӘӓӔӑӣӚӘӐ ӛӘӡ ӒӐӛӝӛӬӕӔӕ ӞӘӠӝӑӔӑӖӔ [39]. ӓӔӜӐӢӣӠӘӠӔӑӣӚӘ ӛӓӒӝӛӐӠӔӝӑӐ 

ӬӐӠӛӝӐӓӒӔӜӡ ӓӘӜӐӛӘәӣӠӐӓ ӪӕӐӚӔӑӐӓ ӛӝӣӬӔӡӠӘӒӔӑӔӚ әӝӜӤӝӠӛӐӪӘӐӗӐ ӒӐӜӐӬӘӚӔӑӐӡ, 
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ӠӝӛӚӔӑӘӪ ӐӮӝӠӪӘӔӚӔӑӔӜ ӣӠӗӘӔӠӗӒӐӓӐӡӕӚӔӑӡ ӤӚӣӥӢӣӐӪӘӔӑӘӡ ӮӐӠӯӖӔ [40-41].  

ӐӦӡӐӜӘӨӜӐӕӘӐ, Ӡӝӛ ӛӪӘӠӔ ӖӝӛӘӡ ӪӘӚӔӑӘӡӐӗӕӘӡ ӓӐ ӐӡӔӕӔ ӓӘӓӘ ӪӘӚӔӑӘӡ ӪӐӚәӔӣӚӘ 

ӓӝӛӔӜӔӑӘӡӐӗӕӘӡ ӓӐӛӐӮӐӡӘӐӗӔӑӔӚӘӐ ӡӐәӛӐӝӓ әӝӝӞӔӠӐӢӘӣӚӘ ӓӔӜӐӢӣӠӐӪӘӣӚӘ ӒӐӓӐӡӕӚӐ, 

ӠӐӪ ӜӘӨӜӐӕӡ, Ӡӝӛ Ӑӛ ӞӠӝӪӔӡӨӘ өӐӠӗӣӚӘӐ ӐӛӘӜӝӛӟӐӗӐ ӣӛӠӐӕӚӔӡӝӑӐ. ӛӐӓӔӡӢӐӑӘӚӔӑӔӚӘ 

ӒӐӠӔӛӝӓӐӜ ӜӐӢӘӕӣӠӘ ӛӓӒӝӛӐӠӔӝӑӘӡ ӨӔӡӐӑӐӛӘӡ ӞӘӠӝӑӔӑӨӘ ӓӐӑӠӣӜӔӑӘӡӐӡ ӖӝӒӘӔӠӗӘ 

ӪӘӚӘӡӐӗӕӘӡ ӨӔӡӐӫӚӔӑӔӚӘӐ әӝӛӞӐӥӢӣӠӘ ӜӐӢӘӕӣӠӘ әӝӜӤӝӠӛӐӪӘӘӡ ӡӞӝӜӢӐӜӣӠӘ ӐӦӓӒӔӜӐ 

ӓӔӜӐӢӣӠӐӪӘӘӡ ӨӔӛӓӔӒ. ӪӘӚӘӡ ӠӔӜӐӢӣӠӐӪӘӐӡ, ӐӜӣ ӐӦӓӒӔӜӐӡ, ӔӬӘӜӐӐӦӛӓӔӒӔӑӐ 

ӛӝӚӔәӣӚӐӗӐӨӝӠӘӡӘ ӐӜ ӨӘӓӐӛӝӚӔәӣӚӣӠӘ ӐӒӠӔӒӐӪӘӐ, ӐӛӘӢӝӛ Әӡ ӫӘӠӘӗӐӓӐӓ ӛӘӘӦӬӔӕӐ 

ӛӪӘӠӔ ӖӝӛӘӡ ӪӘӚӔӑӘӡӐӗӕӘӡ ӓӐ ӡӐӭӘӠӝӔӑӡ ӔӥӡӞӔӠӘӛӔӜӢӣӚӘ ӞӘӠӝӑӔӑӘӡ ӡӐӒӣӚӓӐӒӣӚӝ 

ӨӔӠөӔӕӐӡ. ӛӝӪӔӛӣӚӘ ӪӘӚӘӡӐӗӕӘӡ ӓӘӓӘ ӛӜӘӨӕӜӔӚӝӑӐ ӔӜӘӭӔӑӐ ӛӘӡ әӝӜӪӔӜӢӠӐӪӘӐӡ, 

ӞӝӚӘӞӔӞӢӘӓӣӠӘ ӯӐӭӕӘӡ ӐӛӘӜӝӛӟӐӕӣӠ ӨӔӛӐӓӒӔӜӚӝӑӐӡ, ӛӐӓӔӡӢӐӑӘӚӔӑӔӚӘ ӤӐӥӢӝӠӘӡ 

ӮӐӡӘӐӗӡ ӐӜ ӮӡӜӐӠӨӘ ӐӦӛӓӒӔӜӘ ӓӐӜӐӛӐӢӔӑӘӡ ӐӠӡӔӑӝӑӐӡ [41-43].  

ӪӘӚӘӡ ӜӐӢӘӕӣӠӡӐ ӓӐ ӓӔӜӐӢӣӠӘӠӔӑӣӚ ӛӓӒӝӛӐӠӔӝӑӘӡ ӒӐӠӓӐ ӐӠӡӔӑӝӑӡ әӘӓӔӕ ӔӠӗӘ 

ӡӢӐӑӘӚӣӠӘ ӛӓӒӝӛӐӠӔӝӑӘӡ ӢӘӞӘ, ӠӝӛӔӚӡӐӪ ӛӝӚӢӔӜ-ӒӚӝӑӣӚӐӡ, ӐӜӣ ӒӐӛӚӦӕӐӚ 

ӒӚӝӑӣӚӐӡ ӣӬӝӓӔӑӔӜ [44]. ӛӠӐӕӐӚӒӐӜӖӝӛӘӚӔӑӘӐӜ әӝӜӤӝӠӛӐӪӘӣӚ ӡӘӕӠӪӔӨӘ ӛӝӚӢӔӜ-

ӒӚӝӑӣӚӘӡ ӢӘӞӘӡ ӛӓӒӝӛӐӠӔӝӑӔӑӘ ӘәӐӕӔӑӔӜ ӗӐӕӘӡӣӤӐӚӘ ӔӜӔӠӒӘӘӡ ӖӔӓӐӞӘӠӘӡ 

ӔӜӔӠӒӔӢӘәӣӚӘ ӞӠӝӤӘӚӘӡ ӨӣӐӚӔӓӣӠ ӣӑӐӜӡ  ӜӐӢӘӕӣӠӡӐ ӓӐ ӒӐӜӮӕӔӣӚ ӛӓӒӝӛӐӠӔӝӑӔӑӡ 

ӨӝӠӘӡ [35]. әӣӕӐӘӛӐӛ ӗӐӜӐӛӨӠӝӛӚӔӑӗӐӜ ӔӠӗӐӓ [45] ӞӘӠӕӔӚӐӓ ӐӦӛӝӐөӘӜӐ, Ӡӝӛ α-

ӚӐӥӢӐӚӑӣӛӘӜӘ ӓӐӑӐӚӘ pH-ӘӡӐ ӓӐ ӛӐӠӘӚӘӡ ӒӐӠәӕӔӣӚӘ әӝӜӪӔӜӢӠӐӪӘӘӡ ӓӠӝӡ ӥӛӜӘӡ 

ӡӐәӛӐӝӓ ӡӢӐӑӘӚӣӠ әӝӜӤӝӠӛӐӪӘӐӡ, ӠӝӛӔӚӡӐӪ ӐӮӐӡӘӐӗӔӑӡ ӜӐәӚӔӑӘ әӝӛӞӐӥӢӣӠӝӑӐ ӓӐ 

ӛӔӝӠӔӣӚӘ ӡӢӠӣӥӢӣӠӘӡ ӘӡӔӗӘӕӔ ӠӐӝӓӔӜӝӑӐ, ӠӝӒӝӠӘӪ ӜӐӢӘӕӣӠ ӪӘӚӐӡ, ӛӐӒӠӐӛ 

ӡӞӔӪӘӤӘәӣӠӘ ӛӔӡӐӛӔӣӚӘ ӣӠӗӘӔӠӗӥӛӔӓӔӑӐ ӛӐӡӨӘ ӓӐӠӦӕӔӣӚӘӐ. ӛӝӒӕӘӐӜӔӑӘӗ, ӝӒӣӨӘӛ ӓӐ 

ӕӐӓӐӛ ӛӡӒӐӕӡӘ ӛӓӒӝӛӐӠӔӝӑӐ ӛӘӘӦӔӡ ӪӘӢӝӮӠӝӛ c-ӡӐӗӕӘӡ ӓӐ ӣӬӝӓӔӡ ӛӝӚӢӔӜ-ӒӚӝӑӣӚӐ 

[44]. ӐӛӐӡ ӛӝӧӕӐ ӛӝӚӢӔӜ-ӒӚӝӑӣӚӘӡ ӢӘӞӘӡ  ӛӓӒӝӛӐӠӔӝӑӘӡ  ӛӘӦӔӑӐ ӣӐӛӠӐӕӘ ӪӘӚӘӡӐӗӕӘӡ 

ӓӐ Ӑӛ ӪӜӔӑӘӡ ӒӐӤӐӠӗӝӔӑӐ. ӗӐӜӐӛӔӓӠӝӕӔ ӒӐӜӡӐӖӦӕӠӔӑӘӗ, ӒӐӚӛӦӕӐӚӘ ӒӚӝӑӣӚӐ ӐӠӘӡ 

ӪӘӚӘӡ ӗӔӠӛӝӓӘӜӐӛӘәӣӠӐӓ ӡӢӐӑӘӚӣӠӘ ӛӓӒӝӛӐӠӔӝӑӐ, ӠӝӛӚӘӡ ӠӔӐӚӘӖӐӪӘӐ ӮӓӔӑӐ ӠӑӘӚ 

ӓӔӜӐӢӣӠӘӠӔӑӐӓ ӞӘӠӝӑӔӑӨӘ ӓӐ ӗӐӕӘӡӘ ӗӕӘӡӔӑӔӑӘӗ ӨӣӐӚӔӓӣӠӘӐ ӜӐӢӘӕӣӠ ӓӐ ӛӗӚӘӐӜӐӓ 

ӒӐӨӚӘӚ ӛӓӒӝӛӐӠӔӝӑӔӑӡ ӨӝӠӘӡ. ӐӦӡӐӜӘӨӜӐӕӘӐ, Ӡӝӛ ӪӘӚӐ ӒӐӚӛӦӕӐӚӘ ӒӚӝӑӣӚӘӡ 

ӛӓӒӝӛӐӠӔӝӑӐӨӘ ӛӔӢӐӓ ӒӐӜӘӪӓӘӡ ӞӠӝӢӔӝӚӘӖӡ, ӕӘӓӠӔ ӜӐӢӘӕӣӠ ӛӓӒӝӛӐӠӔӝӑӐӨӘ, ӛӐӒӠӐӛ 

ӐӠӡӔӑӘӗӐӓ ӜӐәӚӔӑӐӓ, ӕӘӓӠӔ ӛӗӚӘӐӜӐӓ ӒӐӨӚӘӚ ӤӝӠӛӐӨӘ [46].  

ӒӐӚӛӦӕӐӚӘ ӒӚӝӑӣӚӘӡ ӛӓӒӝӛӐӠӔӝӑӐ ӔӜӔӠӒӔӢӘәӣӚӐӓ ӜӐӢӘӕӣӠӖӔ ӜӐәӚӔӑӐӓ 
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ӮӔӚӡӐӧӠӔӚӘӐ, ӡӐӛӐӒӘӔӠӝӓ ӣӤӠӝ ӮӔӚӡӐӧӠӔӚӘӐ ӔӜӢӠӝӞӘӣӚӐӓ [48]. ӕӘӜӐӘӓӐӜ ӛӝӚӢӔӜ-

ӒӚӝӑӣӚӘӡ ӛӡӒӐӕӡ ӛӓӒӝӛӐӠӔӝӑӐӨӘ ӕӐӜ-ӓӔӠ-ӕӐӚӡӘӡ ӣӠӗӘӔӠӗӥӛӔӓӔӑӐ ӣәӕӔ ӓӐӠӦӕӔӣӚӘӐ, 

Ӑӛ ӛӓӒӝӛӐӠӔӝӑӐӨӘ ӛӧӝӤӘ ӪӘӚӐ ӨӔӘӫӚӔӑӐ ӘӛӧӝӤӔӑӝӓӔӡ ӠӝӒӝӠӪ ӜӐӢӘӕӣӠӘӡ ӛӡӒӐӕӡ 

әӝӛӞӐӥӢӣӠ әӝӛӤӝӠӛӐӪӘӐӨӘ, ӠӝӛӔӚӡӐӪ Ӑӥӕӡ ӛӔӢӐӓ ӒӐӖӠӓӘӚӘ ӚӐӑӘӚӝӑӐ 

(ӤӚӔӥӡӘӑӘӚӝӑӐ), ӐӡӔӕӔ ӜӐӬӘӚӝӑӠӘӕӐӓ ӒӐӜӮӕӔӣӚӘӪ әӘ, ӠӐӪ ӒӐӜӞӘӠӝӑӔӑӣӚӘӐ ӪӘӚӘӡ 

ӰӔӢӔӠӝӒӔӜӣӚӘ ӡӢӠӣӥӢӣӠӘӗ [46-48]. ӪӘӚӘӡ ӚӐӑӘӚӝӑӐ ӘӛӓӔӜӐӓ ӘӖӠӓӔӑӐ, Ӡӝӛ ӮӓӔӑӐ 

ӒӕӔӠӓӘӗӘ ӯӐӭӕӔӑӘӡ ӛӭӘӓӠӝ ӬӧӝӑӘӡ ӛӝӨӚӐ. ӮӝӚӝ ӜӐӢӘӕӣӠӘӡ ӛӡӒӐӕӡӘ ӡӢӠӣӥӢӣӠӘӡ 

ӨӔӜӐӠөӣӜӔӑӘӡ ӠӐӝӓӔӜӝӑӠӘӕӘ ӮӐӠӘӡӮӘ ӓӐӛӝәӘӓӔӑӣӚӘӐ ӐӠӐ ӛӮӝӚӝӓ ӞӝӚӘӞӔӞӢӘӓӣӠӘ 

ӯӐӭӕӘӡ ӐӛӘӜӝӛӟӐӕӣӠ ӨӔӛӐӓӒӔӜӚӝӑӐӖӔ, ӐӠӐӛӔӓ ӓӔӜӐӢӣӠӐӜӢӘӡ ӮӐӡӘӐӗӖӔ. ӐӛӘӡ 

ӒӐӗӕӐӚӘӡӬӘӜӔӑӘӗ ӨӔӘӫӚӔӑӐ ӘӗӥӕӐӡ, Ӡӝӛ ӒӐӚӛӦӕӐӚӘ ӒӚӝӑӣӚӘ ӐӠӘӡ ӘӜӢӔӜӡӘӣӠӐӓ 

ӤӚӣӥӢӣӘӠӔӑӐӓӘ ӛӔӡӐӛӔӣӚӘ ӡӢӠӣӥӢӣӠӘӡ ӛӥӝӜӔ әӝӛӞӐӥӢӣӠӘ ӒӚӝӑӣӚӐ [47]. 

әӝӛӞӐӥӢӣӠӝӑӘӡ ӤӐӥӢӘ ӓӐӡӢӣӠӓӔӑӐ ӓӐӛӐӮӐӡӘӐӗӔӑӔӚӘ ӡӘӑӚӐӜӢӘӡ ӒӐӖӝӛӕӘӡ ӛӔӨӕӔӝӑӘӗ 

[47], ӮӝӚӝ ӠӘӒӘ ӪӘӚӔӑӘӡӐӗӕӘӡ ӓӐӓӒӔӜӘӚӘӐ ӒӐӛӝәӕӔӗӘӚӘ ӛӔӡӐӛӔӣӚӘ ӡӢӠӣӥӢӣӠӘӡ 

ӛӝӨӚӐ, ӛӐӒӠӐӛ ӛӔӝӠӔӣӚӘ ӡӢӠӣӥӢӣӠӘӡ ӨӔӛӪӕӔӚӝӑӐ ӜӐӢӘӕӣӠ ӛӓӒӝӛӐӠӔӝӑӘӡ ӛӡӒӐӕӡӘӐ [46, 

48, 49].  

ӒӐӚӛӦӕӐӚӘ ӒӚӝӑӣӚӘӡ ӛӓӒӝӛӐӠӔӝӑӘӡ ӡӢӐӑӘӚӘӖӐӪӘӐӨӘ ӓӘӓ ӠӝӚӡ ӐӡӠӣӚӔӑӡ 

ӰӘӓӠӝӤӝӑӣӚӘ ӣӠӗӘӔӠӗӥӛӔӓӔӑӐ. ӒӝӢӝӛ ӓӐ ӗӐӜӐӐӕӢӝӠӔӑӛӐ [50, 51] ӓӐӐӓӒӘӜӔӡ, Ӡӝӛ 

ӛӟӐӕӘӗ ӓӔӜӐӢӣӠӘӠӔӑӣӚӘ ӪӘӚӘӡ әӝӜӤӝӠӛӐӪӘӐӡ ӒӐӜӡӐӖӦӕӠӐӕӡ әӝӛӞӐӥӢӣӠӘ 

ӛӓӒӝӛӐӠӔӝӑӘӡ ӮӔӚӨӔӛӬӧӝӑӘ ӰӘӓӠӝӤӝӑӣӚӘ ӣӠӗӘӔӠӗӥӛӔӓӔӑӘӡ ӓӐ ӞӠӝӢӝӜӘӠӔӑӣӚ 

ӯӒӣӤӔӑӡ ӨӝӠӘӡ ӔӚӔӥӢӠӝӡӢӐӢӘәӣӠӘ ӒӐӜӖӘӓӕӘӡ ӫӐӚӘӡ ӤӐӥӘӖӘ ӑӐӚӐӜӡӘ. ӐӛӠӘӒӐӓ, 

ӛӝӚӢӔӜ-ӒӚӝӑӣӚӘӡ ӛӓӒӝӛӐӠӔӝӑӘӡ ӡӢӐӑӘӚӘӖӐӪӘӐӨӘ ӔӚӔӥӢӠӝӡӢӐӢӘәӣӠӘ ӒӐӜӖӘӓӕӘӡ 

ӠӝӚӘ ӜӐӢӘӕӣӠӘӡӒӐӜ ӒӐӜӡӮӕӐӕӓӔӑӐ ӓӐ ӛӘӡӘ ӡӢӐӑӘӚӘӖӐӪӘӘӡ ӛӔӥӐӜӘӖӛӘ ӒӐӪӘӚӔӑӘӗ ӣӤӠӝ 

ӛӐӠӢӘӕӘӐ, ӕӘӓӠӔ ӜӐӢӘӕӣӠӘ ӛӓӒӝӛӐӠӔӝӑӘӡ ӨӔӛӗӮӕӔӕӐӨӘ [52]. 

ӖӔӛӝӓ ӒӐӜӮӘӚӣӚ ӡӐӛ ӡӢӐӑӘӚӣӠ ӛӓӒӝӛӐӠӔӝӑӐӡӗӐӜ ӔӠӗӐӓ ӐӡӔӕӔ ӣӜӓӐ ӐӦӘӜӘӨӜӝӡ 

ӛӔӢӐӡӢӐӑӘӚӣӠӘ ӛӓӒӝӛӐӠӔӝӑӐ, ӠӝӛӔӚӡӐӪ Ӑӥӕӡ ӓӘӓӘ ӛӜӘӨӕӜӔӚӝӑӐ ӖӝӒӘӔӠӗӘ ӪӘӚӘӡ 

ӤӣӜӥӪӘӣӠӘ ӐӥӢӘӕӝӑӘӡ ӨӔӡӠӣӚӔӑӘӡӐӗӕӘӡ ӓӐ ӐӒӠӔӗӕӔ ӛӘӡӘ ӠӔӒӣӚӐӪӘӘӡӐӗӕӘӡ [53, 54]. 

ӘӛӘӡ ӒӐӗӕӐӚӘӡӬӘӜӔӑӘӗ, Ӡӝӛ ӪӘӚӘӡ ӔӜӔӠӒӔӢӘәӣӚӘ ӖӔӓӐӞӘӠӘ ӐӠ ӐӠӘӡ ӒӚӣӕӘ (ӡӣӠ. 1.1), 

ӐӠӡӔӑӝӑӡ ӘӛӘӡ ӐӚӑӐӗӝӑӐ, Ӡӝӛ ӤӣӜӥӪӘӣӠӐӓ ӐӥӢӘӣӠӘ ӛӓӒӝӛӐӠӔӝӑӐ ӛӝӮӕӓӔӡ әӘӜӔӢӘәӣӠ 

ӮӐӤӐӜӒӨӘ ӓӐ ӗӐӕӘӡӣӤӐӚӘ ӔӜӔӠӒӘӘӡ ӒӚӝӑӐӚӣӠӘ ӛӘӜӘӛӣӛӘӡ ӛӐӒӘӕӠӐӓ ӓӐӘәӐӕӝӡ ӣӤӠӝ 

ӛӐӦӐӚӘ, әӘӜӔӢӘәӣӠӐӓ ӛӘӡӐӦӬӔӕӘ ӔӜӔӠӒӘӘӡ ӛӔӢӐӡӢӐӑӘӚӣӠӘ ӛӓӒӝӛӐӠӔӝӑӐ, ӛӐӨӘӜ ӠӝӓӔӡӐӪ 

ӒӚӝӑӐӚӣӠ ӛӘӜӘӛӣӛӨӘ ӐӦӛӝөӜӓӔӑӐ әӝӛӞӐӥӢӣӠӘ, ӛӐӒӠӐӛ ӐӠӐӐӥӢӘӣӠӘ ӤӝӠӛӐ [55]. 
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ӡӣӠӐӗӘ 1.1. ӪӘӚӘӡ ӒӚӝӑӣӚӘӡ ӔӜӔӠӒӔӢӘәӣӚӘ ӖӔӓӐӞӘӠӘ ӛӠӐӕӐӚӒӐӜӖӝӛӘӚӔӑӘӐӜ әӝӜӤӝӠӛӐӪӘӣӚ 
ӡӘӕӠӪӔӨӘ 
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1.3 ӒӚӝӑӣӚӣӠӘ ӪӘӚӔӑӘӡ ӛӠӐӕӐӚӤӔӠӝӕӜӔӑӐ; әӐӕӨӘӠӘ ӛӐӗ ӡӢӠӣӥӢӣӠӣӚ 

ӐӒӔӑӣӚӔӑӐӡ, ӤӚӣӥӢӣӐӪӘӣӠ ӓӘӜӐӛӘәӐӡӐ ӓӐ ӤӣӜӥӪӘӣӠ ӐӥӢӘӕӝӑӐӡ ӨӝӠӘӡ 

 

ӪӘӚӘӡ ӒӚӝӑӣӚӐӡ, ӠӝӛӔӚӘӪ ӬӐӠӛӝӐӓӒӔӜӡ ӨӔӖӦӣӓӣӚӘ ӤӚӣӥӢӣӐӪӘӣӠӘ 

ӨӔӡӐӫӚӔӑӚӝӑӔӑӘӡ ӛӥӝӜӔ әӝӛӞӐӥӢӣӠ ӠӔӒӣӚӐӠӣӚ ӡӢӠӣӥӢӣӠӐӡ, ӐӮӐӡӘӐӗӔӑӡ ӐӞӔӠӘӝӓӣӚӘ 

әӠӘӡӢӐӚӘӡ ӗӐӕӘӡӔӑӣӠӔӑӔӑӘ [24]. Ӕӡ ӜӘӨӜӐӕӡ, Ӡӝӛ ӠӗӣӚӐӓ ӝӠӒӐӜӘӖӔӑӣӚ ӪӘӚӘӡ 

ӒӚӝӑӣӚӔӑӨӘ ӨӘӓӐ ӒӚӝӑӣӚӣӠӘ әӝӜӢӐӥӢӔӑӘӡ ӛӐӦӐӚӘ ӡӞӔӪӘӤӘӣӠӝӑӘӡ ӛӘӣӮӔӓӐӕӐӓ, 

ӨӔӡӐӫӚӔӑӔӚӘӐ ӒӚӝӑӣӚӐӓ ӓӐӮӕӔӣӚӘ ӞӝӚӘӞӔӞӢӘӓӣӠӘ ӯӐӭӕӘӡ ӪӐӚәӔӣӚӘ ӡӔӒӛӔӜӢӔӑӘӡ 

ӡӘӕӠӪӘӗӘ ӒӐӓӐӐӓӒӘӚӔӑӐ, ӠӝӛӔӚӘӪ ӡӐӭӘӠӝӐ ӪӘӚӘӡ ӑӘӝӚӝӒӘӣӠӘ ӤӣӜӥӪӘӝӜӘӠӔӑӘӡӐӗӕӘӡ 

[56]. 

ӛӠӐӕӐӚӒӐӜӖӝӛӘӚӔӑӘӐӜ әӝӜӤӝӠӛӐӪӘӣӚ ӡӘӕӠӪӔӨӘ ӪӘӚӘӡ ӔӜӔӠӒӘӘӡ ӒӚӝӑӐӚӣӠӘ 

ӛӘӜӘӛӣӛӘӡ ӣӑӐӜӡ ӒӐӐөӜӘӐ ӑӔӕӠӘ ӔӜӔӠӒӔӢӘәӣӚӐӓ ӐӮӚӝ ӛӓӒӝӛӘ ӥӕӔӛӓӒӝӛӐӠӔӝӑӐ, 

ӠӝӛӚӔӑӡӐӪ ӗӐӕӘӡ ӛӮӠӘӕ, Ӑӥӕӗ әӘӓӔӕ ӣӤӠӝ ӜӐӢӘӤӘ ӡӢӠӣӥӢӣӠӐ (ӡӣӠ. 1ӑ). Ӕӡ 

ӒӐӛӝӛӓӘӜӐӠӔӝӑӡ ӘӛӘӓӐӜ, Ӡӝӛ ӜӐӢӘӕӣӠӘ ӛӓӒӝӛӐӠӔӝӑӐ ӬӐӠӛӝӐӓӒӔӜӡ ӔӠӗӛӐӜӔӗӗӐӜ ӐӮӚӝӡ 

ӛӧӝӤӘ әӝӜӤӝӠӛӐӪӘӣӚӘ ӛӘәӠӝӛӓӒӝӛӐӠӔӝӑӔӑӘӡ ӔӠӗӝӑӚӘӝӑӐӡ, ӠӐӪ ӒӚӝӑӣӚӘӡ 

ӚӐӑӘӚӣӠӝӑӘӡ, ӐӜӣ ӤӚӣӥӢӣӐӪӘӣӠӘ ӫӕӠӐӓӝӑӘӡ ӨӔӓӔӒӘӐ [36, 57, 58]. ӜӐӢӘӕӣӠӘ 

әӝӜӤӝӠӛӐӪӘӘӡ ӤӐӠӒӚӔӑӨӘ ӛӘәӠӝәӝӜӤӝӠӛӐӪӘӔӑӘӡ ӡӐәӛӐӝӓ ӓӘӓӘ ӠӐӝӓӔӜӝӑӐ 

ӒӐӜӐӞӘӠӝӑӔӑӡ ӔӜӔӠӒӘӘӡ ӚӝәӐӚӣӠӘ ӛӘӜӘӛӣӛӔӑӘӡ ӐӡӔӕӔ ӓӘӓ ӠӐӝӓӔӜӝӑӐӡ. ӒӚӝӑӐӚӣӠӘ 

ӛӘӜӘӛӣӛӘӡ ӞӘӠӝӑӔӑӨӘ ӡӮӕӐӓӐӡӮӕӐ ӥӕӔӛӓӒӝӛӐӠӔӝӑӔӑӨӘ ӒӐӓӐӡӕӚӘӡ ӣӜӐӠӘ, ӐӜӣ ӪӘӚӔӑӘӡ 

ӤӚӔӥӡӘӑӘӚӝӑӐ, ӐӣӪӘӚӔӑӔӚӘӐ ӘӛӘӡӐӗӕӘӡ, Ӡӝӛ ӛӐӗ ӨӔӐӡӠӣӚӝӜ ӗӐӕӘӡӘ ӤӣӜӥӪӘӐ [57]. 

ӔӚӔӥӢӠӝӜӘӡ ӒӐӓӐӢӐӜӐ, ӤӔӠӛӔӜӢӣӚӘ әӐӢӐӚӘӖӘ ӓӐ ӡӮӕӐ ӞӠӝӪӔӡӔӑӘ, ӠӝӛӚӔӑӘӪ ӑӣӜӔӑӐӨӘ 

ӪӘӚӔӑӘӡ ӛӔӨӕӔӝӑӘӗ ӮӝӠӪӘӔӚӓӔӑӐ, ӬӐӠӛӝӐӓӒӔӜӔӜ ӛӠӐӕӐӚӡӢӐӓӘӣӠ ӞӠӝӪӔӡӔӑӡ, ӨӔӛӓӒӐӠӡ 

ӔӚӔӛӔӜӢӐӠӣӚӘ әӝӜӤӝӠӛӐӪӘӣӚӘ ӓӐ ӥӘӛӘӣӠӘ ӒӐӠӓӐӥӛӜӔӑӘӡӐӒӐӜ. ӥӘӛӘӣӠӘ ӒӐӠӓӐӥӛӜӔӑӘӡ 

әӝӝӠӓӘӜӐӢӔӑӘ ӒӐӜӣӧӝӤӚӐӓ ӨӔӣӦӚӔӑӣӚӘӐ әӝӜӤӝӠӛӐӪӘӣӚ ӒӐӠӓӐӥӛӜӔӑӗӐӜ. ӐӥӔӓӐӜ 

ӒӐӛӝӛӓӘӜӐӠӔ, ӘӛӘӡӐӗӕӘӡ, Ӡӝӛ ӑӘӝӛӝӚӔәӣӚӣӠӘ ӞӠӝӪӔӡӘ ӤӘӖӘәӣӠ ӓӝӜӔӖӔ ӐӦӕӬӔӠӝӗ, 

өӕӔӜ ӣӜӓӐ ӒӐӜӕӘӮӘӚӝӗ ӛӗӔӚӘ ӡӐӠӔӐӥӪӘӝ ӡӘӡӢӔӛӘӡ ӗӐӕӘӡӣӤӐӚӘ ӔӜӔӠӒӘӐ, ӠӝӒӝӠӪ 

ӨӔӡӐӑӐӛӘӡӘ ӗӐӕӘӡӣӤӚӔӑӘӡ ӮӐӠӘӡӮӔӑӘӡ ӤӣӜӥӪӘӐ. 

ӛӠӐӕӐӚӒӐӜӖӝӛӘӚӔӑӘӐӜ әӝӜӤӝӠӛӐӪӘӣӚ ӡӘӕӠӪӔӨӘ ӛӝӚӢӔӜ-ӒӚӝӑӣӚӘӡ ӢӘӞӘӡ 

ӛӓӒӝӛӐӠӔӝӑӔӑӘ ӘәӐӕӔӑӔӜ ӗӐӕӘӡӣӤӐӚӘ ӔӜӔӠӒӘӘӡ ӖӔӓӐӞӘӠӘӡ ӔӜӔӠӒӔӢӘәӣӚӘ ӞӠӝӤӘӚӘӡ 

ӨӣӐӚӔӓӣӠ ӣӑӐӜӡ  ӜӐӢӘӕӣӠӡӐ ӓӐ ӒӐӜӮӕӔӣӚ ӛӓӒӝӛӐӠӔӝӑӔӑӡ ӨӝӠӘӡ [58]. Ӑӛ ӢӘӞӘӡ 

ӛӓӒӝӛӐӠӔӝӑӔӑӨӘ ӛӘәӠӝӡәӝӞӣӚӘ ӛӐӮӐӡӘӐӗӔӑӚӔӑӘ, ӠӝӒӝӠӘӪӐӐ ӐӢӝӛӔӑӘӡ  әӝӝӠӓӘӜӐӢӔӑӘ 
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ӛӐӗӘ ӡӘӗӑӣӠӘ ӠӮӔӕӔӑӘӡ ӡӘӮӨӘӠӔ ӓӐ Ӑ.Ө., ӐӠӡӔӑӘӗӐӓ ӒӐӜӡӮӕӐӕӓӔӑӐ ӜӐӢӘӕӣӠӘӡӐӒӐӜ [48]. 

ӒӐӠӓӐ ӐӛӘӡӐ ӒӐӚӛӦӕӐӚӘ ӒӚӝӑӣӚӐ ӨӔӡӐӫӚӝӐ ӫӐӚӖӔ ӒӐӜӡӮӕӐӕӓӔӑӝӓӔӡ ӜӐӢӘӕӣӠӘ 

ӪӘӚӘӡӐӒӐӜ ӗӐӕӘӡӘ ӥӘӛӘӣӠӘ ӗӕӘӡӔӑӔӑӘӗ, ӛӐӒӐӚӘӗӐӓ, әӐӢӐӚӘӖӣӠӘ ӣӜӐӠӘӗ, ӠӝӛӔӚӘӪ 

ӠӘӒ ӨӔӛӗӮӕӔӕӔӑӨӘ ӛәӕӔӗӠӐӓ ӐӠӘӡ ӨӔӛӪӘӠӔӑӣӚӘ [59].  

ӐӛӠӘӒӐӓ, ӪӘӚӘӡ ӜӐӬӘӚӝӑӠӘӕ ӓӐӮӕӔӣӚӘ ӛӓӒӝӛӐӠӔӝӑӐ ӬӐӠӛӝӐӓӒӔӜӡ ӞӠӘӜӪӘӞӣӚӐӓ ӐӮӐӚ 

ӗӔӠӛӝӓӘӜӐӛӘәӣӠ ӨӣӐӚӔӓӣӠ ӛӓӒӝӛӐӠӔӝӑӐӡ, ӠӝӛӚӘӡ ӐӠӡӔӑӝӑӘӗ ӐӘӮӡӜӔӑӐ ӪӘӚӘӡ 

ӓӐӮӕӔӕӘӡ ӒӐӛӐӝӪӔӑӔӚӘ ӡӘөӥӐӠӔ ӓӐ ӔӤӔӥӢӣӠӝӑӐ. ӡӐӕӐӠӐӣӓӝӓ, Ӕӡ ӛӓӒӝӛӐӠӔӝӑӐ 

ӛӜӘӨӕӜӔӚӝӕӜӐӓ ӖӦӣӓӐӕӡ әӝӜӤӘӒӣӠӐӪӘӣӚ ӡӘӕӠӪӔӨӘ ӮӔӚӛӘӡӐӬӕӓӝӛӘ әӝӝӠӓӘӜӐӢӔӑӘӡ 

ӐӗӕӘӡӔӑӐӡ, ӠӘӗӐӪ ӐӘӮӡӜӔӑӐ ӚӔӕӘӜӢӐӚӘӡ ӞӐӠӐӓӝӥӡӘ ӓӐ ӠӘӒӘ ӡӮӕӐ ӞӠӝӑӚӔӛӔӑӘ [57, 60]. 

ӛӝӚӢӔӜ ӒӚӝӑӣӚӘӡ ӬӝӜӐӡӬӝӠӣӚӘ ӤӝӠӛӔӑӘ ӫӐӚӖӔ ӰӒӐӕӡ ӪӘӚӘӡ ӓӐӮӕӔӕӘӡ әӘӜӔӢӘәӣӠ 

ӘӜӢӔӠӛӔӓӘӐӢӔӑӡ ӓӐ ӒӐӛӝӗӥӕӐ ӕӐӠӐӣӓӘ, Ӡӝӛ ӛӝӚӢӔӜ-ӒӚӝӑӣӚӐӡ ӨӔӣӫӚӘӐ ӐӠӡӔӑӘӗӘ 

ӠӝӚӘ ӨӔӐӡӠӣӚӝӡ ӪӝӪӮӐӚ ӣӯӠӔӓӨӘ ӪӘӚӔӑӘӡ ӡӘӜӗӔӖӘӡ ӓӠӝӡ. ӒӐӠӓӐ ӐӛӘӡӐ ӓӘӓӘ 

ӘӜӢӔӠӔӡӘ ӪӘӚӘӡ ӛӝӚӢӔӜ-ӒӚӝӑӣӚӘӡ ӛӓӒӝӛӐӠӔӝӑӘӡ ӤӘӖӘәӝ-ӥӘӛӘӣӠӘ ӞӐӠӐӛӔӢӠӔӑӘӡ 

әӕӚӔӕӘӡ ӛӘӛӐӠӗ ӒӐӛӝӬӕӔӣӚӘӐ ӘӛӘӗ, Ӡӝӛ ӖӝӒӘӔӠӗӘ ӪӘӚӘӡӐӗӕӘӡ Ӕӡ ӛӓӒӝӛӐӠӔӝӑӐ 

ӛӜӘӨӕӜӔӚӝӕӐӜ ӠӝӚӡ ӗӐӛӐӨӝӑӡ ӛӐӗӘ ӠӔӒӣӚӐӪӘӐӨӘ ӓӐ ӤӣӜӥӪӘӘӡ ӨӔӡӠӣӚӔӑӐӨӘ  [61-63].  

ӠӐӪ ӨӔӔӮӔӑӐ ӓӔӜӐӢӣӠӘӠӔӑӣӚ ӛӓӒӝӛӐӠӔӝӑӐӡ, ӪӘӚӔӑӘӡ ӣӛӠӐӕӚӔӡӝӑӘӡӐӗӕӘӡ ӒӐӜӮӕӔӣӚ 

ӤӝӠӛӐӨӘ ӒӐӓӐӡӕӚӐ ӒӣӚӘӡӮӛӝӑӡ ӤӣӜӥӪӘӣӠӘ ӐӥӢӘӕӝӑӘӡ ӓӐәӐӠӒӕӐӡ. ӛӐӒӐӚӘӗӐӓ, 

ӤӔӠӛӔӜӢӔӑӘӡ ӨӔӛӗӮӕӔӕӐӨӘ ӓӔӜӐӢӣӠӐӪӘӘӗ ӒӐӛӝӬӕӔӣӚӘ әӝӜӤӝӠӛӐӪӘӣӚӘ ӪӕӚӘӚӔӑӔӑӘӡ 

ӒӐӛӝ ӨӔӣӫӚӔӑӔӚӘ ӮӓӔӑӐ ӡӣӑӡӢӠӐӢӘӡ ӒӐӛӝӪӜӝӑӐ ӓӐ ӨӔӛӓӒӝӛӘ ӒӐӠӓӐӥӛӜӐ. ӛӐӒӠӐӛ ӪӘӚӔӑӘӡ 

ӣӛӠӐӕӚӔӡӝӑӘӡӒӐӜ ӒӐӜӡӮӕӐӕӔӑӘӗ, ӛӗӔӚӘ ӠӘӒӘ ӪӘӚӔӑӘӡӐ, ӠӝӛӚӔӑӘӪ ӛӘӔәӣӗӕӜӔӑӘӐӜ 

ӑӣӜӔӑӠӘӕӐӓ ӒӐӜӮӕӔӣӚ ӪӘӚӔӑӡ, әӝӛӞӐӥӢӣӠӘ әӝӜӤӝӠӛӐӪӘӘӡ ӐӠӥӝӜӘӡ ӛӘӣӮӔӓӐӕӐӓ 

ӘӜӐӠөӣӜӔӑӔӜ ӤӣӜӥӪӘӣӠ ӐӥӢӘӕӝӑӐӡ [65]. ӒӐӠӓӐ ӐӛӘӡӐ, ӐӡӔӗӘ ӪӘӚӐ ӘӫӔӜӡ әӝӛӞӐӥӢӣӠ 

ӡӢӠӣӥӢӣӠӐӡ ӡӞӔӪӘӤӘӣӠӘ ӡӣӑӡӢӠӐӢӘӡ ӛӘӔӠӗӔӑӘӡӐӡ ӓӐ ӡӣӑӡӢӠӐӢӘӡ ӒӐӠӔӨӔ ӐӠӘӡ 

ӘӜӐӥӢӘӕӘӠӔӑӣӚ ӒӐӜӮӕӔӣӚ ӛӓӒӝӛӐӠӔӝӑӐӨӘ [66].  
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1.4 ӔӚӔӥӢӠӝӜӔӑӘӡ ӒӐӓӐӡӕӚӔӑӘ (ӛӘӛӝӪӕӚӐ) ӑӘӝӛӝӚӔәӣӚӔӑӨӘ; ӛӐӗӘ әӘӜӔӢӘәӣӠӘ 

ӒӐӛӝӕӚӘӜӔӑӔӑӘ ӓӐ ӓӔӢӐӚӣӠӘ ӤӘӖӘәӣӠӘ ӛӔӥӐӜӘӖӛӔӑӘ 

 

ӔӚӔӥӢӠӝӜӘӡ ӒӐӓӐӢӐӜӐ ӐӠӘӡ ӔӠӗ ӔӠӗӘ ӧӕӔӚӐӖӔ ӒӐӕӠӪӔӚӔӑӣӚӘ ӤӣӜӓӐӛӔӜӢӣӠӘ ӛӝӕӚӔӜӐ 

ӤӘӖӘәӣӠ, ӑӘӝӚӝӒӘӣӠ ӓӐ ӥӘӛӘӣӠ ӡӘӡӢӔӛӔӑӨӘ. ӪӝӮӐӚ ӑӣӜӔӑӐӨӘ ӔӚӔӥӢӠӝӜӘӡ ӒӐӓӐӢӐӜӐ 

ӛӜӘӨӕӜӔӚӝӕӐӜ ӠӝӚӡ ӗӐӛӐӨӝӑӡ ӑӘӝӚӝӒӘӣӠӘ ӝӑӘӔӥӢӔӑӘӡ ӤӣӜӥӪӘӝӜӘӠӔӑӐӨӘ ӜӐӜӝӡәӝӞӣӠ 

ӓӝӜӔӖӔ [67-70]. ӛӘӡӘ ӛӝӜӐӬӘӚӔӝӑӘӗ ӮӝӠӪӘӔӚӓӔӑӐ ӣӐӛӠӐӕӘ ӛӜӘӨӕӜӔӚӝӕӐӜӘ ӑӘӝӥӘӛӘӣӠӘ 

ӞӠӝӪӔӡӘ, ӛӐӗ ӨӝӠӘӡ ӤӝӢӝӡӘӜӗӔӖӘ [71, 72] ӓӐ ӡӣӜӗӥӕӘӗӘ ӯӐӭӕӘӡ ӟӐӜӒӕӐ-ӐӦӓӒӔӜӘӗӘ 

ӠӔӐӥӪӘӔӑӘ, ӠӝӛӚӔӑӘӡ ӓӐӜӘӨӜӣӚӔӑӐ ӐӠӘӡ ӡӮӕӐӓӐӡӮӕӐ ӢӘӞӘӡ ӪӝӪӮӐӚӘ ӣӯӠӔӓӔӑӘӡ 

ӔӜӔӠӒӘӘӗ ӣӖӠӣӜӕӔӚӧӝӤӐ [73, 74]. ӕӘӜӐӘӓӐӜ ӪӝӪӮӐӚ ӑӣӜӔӑӐӨӘ ӧӕӔӚӐ ӑӘӝӥӘӛӘӣӠӘ ӠӔӐӥӪӘӐ 

ӛӘӓӘӡ ӣӯӠӔӓӘӡ әӝӜӓӔӜӡӘӠӔӑӣӚ ӒӐӠӔӛӝӨӘ, ӟӐӜӒӕӐ-ӐӦӓӒӔӜӘӗӘ ӞӠӝӪӔӡӔӑӘӡ әӘӜӔӢӘәӘӡ 

ӗӐӜӐӛӔӓӠӝӕӔ әӕӐӜӢӣӠӘ ӗӔӝӠӘӐ ӛӝӘӗӮӝӕӡ ӒӐӛӮӡӜӔӚӘӡ, ӐӜӣ ӒӐӠӔӛӝӡ, ӓӘӜӐӛӘӠӣӠӘ 

ӒӐӕӚӔӜӘӡ ӒӐӗӕӐӚӘӡӬӘӜӔӑӐӡ ӔӚӔӥӢӠӝӜӘӡ ӒӐӓӐӢӐӜӘӡ ӞӠӝӪӔӡӘӡ әӘӜӔӢӘәӣӠ ӞӐӠӐӛӔӢӠӔӑӖӔ 

[75, 76].  

ӞӠӘӜӪӘӞӣӚӘ ӒӐӠӦӕӔӕӐ ӔӚӔӥӢӠӝӜӘӡ ӒӐӓӐӢӐӜӘӡ ӞӠӝӪӔӡӘӡ ӨӔӡӬӐӕӚӐӨӘ ӛӝӐӮӓӘӜӐ ӕ. ӚӘӑӘӛ, 

ӠӝӛӔӚӛӐӪ ӞӘӠӕӔӚӐӓ ӨӔӐӤӐӡӐ ӡӝӚӕӐӢӐӪӘӘӡ ӠӝӚӘ ӔӚӔӥӢӠӝӜӘӡ ӒӐӓӐӢӐӜӐӨӘ ӓӐ ӒӐӛӝӘӧӔӜӐ 

ӕӔӠӢӘәӐӚӣӠӘ ӒӐӛӝӡӮӘӕӔӑӘӗӘ ӒӐӓӐӡӕӚӘӡ ӨӔӛӗӮӕӔӕӐӨӘ ӛӝӥӛӔӓӘ ӤӠӐӜә-әӝӜӓӝӜӘӡ 

ӞӠӘӜӪӘӞӘ ӐӠӐӒӐӛӝӛӡӮӘӕӐӠӘ ӰӝӠӘӖӝӜӢӐӚӣӠӘ ӔӚӔӥӢӠӝӜӘӡ ӒӐӓӐӢӐӜӘӡ ӞӠӝӪӔӡӘӡӗӕӘӡ [77]. 

ӘӖӝӢӝӞӣӠӘ ӒӐӪӕӚӘӗӘ ӠӔӐӥӪӘӔӑӘӡ ӨӔӛӗӮӔӕӐӨӘ (self-exchange reaction), ӠӝӓӔӡӐӪ 

ӔӚӔӥӢӠӝӜӘӡ ӒӐӓӐӢӐӜӐ ӮӓӔӑӐ ӝӠ ӔӠӗӜӐӠӘ ӛӔӢӐӚӘӡ ӘӝӜӔӑӡ ӨӝӠӘӡ (ӛӐӒӐӚӘӗӐӓ, Fe2+ ӓӐ 

Fe3+) ӓӐӛӖӔӠӘӚӘ Әӧӝ Ӕ. Ӭ. ӡӝӚӕӐӢӐӪӘӣӠӘ ӔӜӔӠӒӔӢӘәӣӠӘ ӑӐӠӘӔӠӘ. ӚӘӑӘӡ ӓӐӡәӕӜӘӗ, Ӕӡ 

ӑӐӠӘӔӠӘ ӒӐӛӝӛӓӘӜӐӠӔӝӑӡ ӑӘӠӗӕӔӑӘӡ ӓӐ ӓӘӞӝӚӣӠӘ ӒӐӠӔӛӝӡ ӔӚӔӥӢӠӝӜӘӡ ӒӐӓӐӡӕӚӐӡӗӐӜ 

ӨӔӓӐӠӔӑӘӗ ӣӤӠӝ ӜӔӚӘ ӒӐӓӐӬӧӝӑӘӓӐӜ. ӐӛӠӘӒӐӓ ӘӛӘӡӐӗӕӘӡ, Ӡӝӛ ӔӚӔӥӢӠӝӜӘӡ 

ӒӐӓӐӡӕӚӘӡӐӡ ӨӔӘӪӕӐӚӝӡ ӑӘӠӗӕӣӚӘ ӓӐ ӓӘӞӝӚӣӠӘ әӝӝӠӓӘӜӐӢӔӑӘ ӡӐӭӘӠӝӐ ӒӐӠәӕӔӣӚӘ 

ӔӜӔӠӒӘӐ, ӠӝӛӔӚӘӪ ӐӘӡӐӮӔӑӐ Ӑӛ ӑӐӠӘӔӠӨӘ. ӨӔӛӓӒӝӛ Ӕӡ ӘӓӔӐ ӒӐӜӐӕӘӗӐӠӐ Ӡ. ӛӐӠәӣӡӛӐ ӓӐ 

ӓӐӐӛӢәӘӪӐ, Ӡӝӛ ӓӐӛӐӢӔӑӘӗӘ ӔӜӔӠӒӘӐ, ӠӝӛӔӚӘӪ ӡӐӭӘӠӝӐ ӒӐӠӔӛӝӡ ӠӔӝӠӒӐӜӘӖӐӪӘӘӡӐӗӕӘӡ, 

ӠӐӗӐ ӔӚӔӥӢӠӝӜӘӡ ӒӐӓӐӡӕӚӐ ӛӝӮӓӔӡ ӔӜӔӠӒӔӢӘәӣӚӘ ӪӕӚӘӚӔӑӔӑӘӡ ӒӐӠӔӨӔ (ӐӡӔӕӔ ӠӝӒӝӠӪ 

ӒӐӠӔӛӝӡ ӨӔӛӓӒӝӛӘ ӠӔӚӐӥӡӐӪӘӐ ӐӮӐӚӘ ӬӝӜӐӡӬӝӠӔӑӘӡ ӓӐӛӧӐӠӔӑӘӡӐӗӕӘӡ), ӮӓӔӑӐ 

ӤӚӣӥӢӣӐӪӘӘӡ ӮӐӠӯӖӔ [78-80].  

ӛӐӠәӣӡӘӡ ӤӝӠӛӣӚӘӓӐӜ ӒӐӛӝӛӓӘӜӐӠӔ ӔӚӔӥӢӠӝӜӘӡ ӒӐӓӐӡӕӚӘӡ ӡӘөӥӐӠӘӡ әӝӜӡӢӐӜӢӐ 

ӣӓӠӘӡ  
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ӡӐӓӐӪ ΔG0 ӐӠӘӡ , Ǌ - ӒӐӠӔӛӝӡ ӠӔӝӠӒӐӜӘӖӐӪӘӘӡ ӔӜӔӠӒӘӐ, h – ӞӚӐӜәӘӡ әӝӜӡӢӐӜӢӐ, ǌ - ӡӘӮӨӘӠӔ, 

kB – ӑӝӚӪӛӐӜӘӡ әӝӜӡӢӐӜӢӐ, T – ӐӑӡӝӚӣӢӣӠӘ ӢӔӛӞӔӠӐӢӣӠӐ. 

ӔӚӔӥӢӠӝӜӘӡ ӒӐӓӐӡӕӚӐ ӡӠӣӚӐӓ ӐӦӘӬӔӠӔӑӐ ӛӐӠәӣӡӘӡ ӗӔӝӠӘӘӡ ӤӐӠӒӚӔӑӨӘ, ӗӣ ӓӐӪӣӚӘӐ 

ӨӔӛӓӔӒӘ ӞӘӠӝӑӔӑӘ [78-80]: 

1) ӧӝӕӔӚӘ ӑӘӠӗӕӣӚӘ әӝӝӠӓӘӜӐӢӐ ӐӠӘӡ әӚӐӡӘәӣӠӘ ӓӐ, ӐӛӠӘӒӐӓ, ӨӔӘӫӚӔӑӐ ӔӚӔӥӢӠӝӜӘӡ 

ӒӐӓӐӡӕӚӘӡ ӓӠӝӘӡ ӛӝӜӐәӕӔӗӨӘ ӠӔӐӒӔӜӢӔӑӘӡ ӨӘӓӐ ӡӐәӝӝӠӓӘӜӐӪӘӝ ӡӤӔӠӝӡ ӞӐӠӐӛӔӢӠӔӑӘӡ 

ӪӕӚӘӚӔӑӘӡ ӣӒӣӚӕӔӑӔӚӧӝӤӐ. 

2) ӡӐӬӧӘӡӘ ӓӝӜӝӠ-ӐӥӪӔӞӢӝӠӣӚӘ ӬӧӕӘӚӘ ӘӛӧӝӤӔӑӐ ӬӝӜӐӡӬӝӠӣӚ ӛӓӒӝӛӐӠӔӝӑӐӨӘ, 

ӔӚӔӥӢӠӝӜӘӡ ӒӐӓӐӡӕӚӐ ӐӠӘӡ ӒӐӪӘӚӔӑӘӗ ӡӬӠӐӤӘ ӑӘӠӗӕӣӚӘ әӝӝӠӓӘӜӐӢӔӑӘӡ 

ӪӕӚӘӚӔӑӐӡӗӐӜ ӨӔӓӐӠӔӑӘӗ. ӐӛӘӢӝӛ ӐӠӪ ӓӘӤӣӖӘӣӠӘ әӝӛӞӝӜӔӜӢӘ ӓӐ ӐӠӪ ӕӘӑӠӐӪӘӣӚӘ ӓӐ 

ӜӝӠӛӐӚӣӠӘ ӠӮӔӕӔӑӘ ӐӠ ӒӐӜӘӮӘӚӔӑӐ.   

3) ӞӝӢӔӜӪӘӣӠӘ ӔӜӔӠӒӘӘӡ ӖӔӓӐӞӘӠӘ ӐӠӘӡ ӞӐӠӐӑӝӚӣӠӘ, ӠӐӪ ӜӘӨӜӐӕӡ, Ӡӝӛ ӐӥӢӘӕӐӪӘӘӡ 

ӔӜӔӠӒӘӘӡ ӡӘӓӘӓӔ ӓӐӛӝәӘӓӔӑӣӚӘӐ ӓӘӞӝӚӣӠӘ ӒӐӠӔӛӝӡ  ӞӝӚӐӠӘӖӐӪӘӐӖӔ, ӐӜӣ 

ӒӐӛӮӡӜӔӚӘӡ ӓӘӞӝӚӣӠӘ ӛӝӚӔәӣӚӔӑӘӡ ӝӠӘӔӜӢӐӪӘӐӖӔ. ӒӐӠӓӐ ӐӛӘӡӐ ӘӒӣӚӘӡӮӛӔӑӐ, Ӡӝӛ 

ӒӐӠӔӛӝӡ ӝӠӘӔӜӢӐӪӘӣӚӘ ӞӝӚӐӠӘӖӐӪӘӐ ӧӕӔӚӐ ӬӔӠӢӘӚӨӘ ӬӠӤӘӕӐӓ ӐӠӘӡ ӓӐӛӝәӘӓӔӑӣӚӘ 

ӕӔӚӘӡ ӓӐӫӐӑӣӚӝӑӐӖӔ eE (ӡӣӠ. 1.1).  

 

 

ӡӣӠӐӗӘ 1.1. ӒӐӠӔӛӝӡ ӓӘӞӝӚӣӠӘ ӛӝӚӔәӣӚӔӑӘӡ ӝӠӘӔӜӢӐӪӘӐ ӠӔӐӒӔӜӢӔӑӘӡ ӒӐӠӨӔӛӝ. 
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ӗӐӜӐӛӔӓӠӝӕӔ ӛӝӡӐӖӠӔӑӔӑӘӓӐӜ ӒӐӛӝӛӓӘӜӐӠӔ ӔӚӔӥӢӠӝӜӘӡ ӒӐӓӐӢӐӜӘӡ ӡӘөӥӐӠӘӡ әӝӜӡӢӐӜӢӐ ӓӐ, 

ӡӐӖӝӒӐӓӝӓ, ӛӔӥӐӜӘӖӛӘ ӐӠӡӔӑӘӗӐӓ ӐӠӘӡ ӓӐӛӝәӘӓӔӑӣӚӘ ӓӝӜӝӠӡӐ ӓӐ ӐӥӪӔӞӢӝӠӡ ӨӝӠӘӡ ӛӐӜӫӘӚӖӔ. 

ӛӐӒӠӐӛ ӖӝӒӐӓ ӤӝӠӛӐӨӘ ӡӘөӥӐӠӘӡ әӝӜӡӢӐӜӢӐ ӨӔӘӫӚӔӑӐ ӐӕӡӐӮӝӗ ӨӔӛӓӔӒӜӐӘӠӐӓ [81-83]: 
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ӡӐӓӐӪ ρm ӐӠӘӡ ӔӚӔӥӢӠӝӓӘӡ ӔӚӔӥӢӠӝӜӣӚӘ ӛӓӒӝӛӐӠӔӝӑӘӡ ӡӘӛәӕӠӘӕӔ, Hif - ӔӚӔӥӢӠӝӜӣӚӘ 

ӣӠӗӘӔӠӗӥӛӔӓӔӑӘӡ ӛӐӢӠӘӪӣӚӘ ӞӐӠӐӛӔӢӠӘ, ΔGa - ӠӔӐӥӪӘӘӡ ӐӥӢӘӕӐӪӘӘӡ ӔӜӔӠӒӘӐ, Ǌ - 

ӠӔӝӠӒӐӜӘӖӐӪӘӘӡ ӗӐӕӘӡӣӤӐӚӘ ӔӜӔӠӒӘӐ, R - ӣӜӘӕӔӠӡӐӚӣӠӘ ӒӐӖӣӠӘ әӝӜӡӢӐӜӢӐ, ħ - 

ӞӚӐӜәӘӡ әӝӜӡӢӐӜӢӐ, T - ӐӑӡӝӚӣӢӣӠӘ ӢӔӛӞӔӠӐӢӣӠӐ (ӡӣӠ. 1.2). ӮӝӚӝ g ӐӠӘӡ 

ӐӓӘӐӑӐӢӣӠӝӑӘӡ ӞӐӠӐӛӔӢӠӘ, ӠӝӛӔӚӘӪ ӒӐӜӡӐӖӦӕӠӐӕӡ ӔӚӔӥӢӠӝӜӘӡ ӒӐӓӐӢӐӜӘӡ ӔӠӗ-ӔӠӗӘ 

ӠӔӟӘӛӘӡ ӒӐӜӮӝӠӪӘӔӚӔӑӘӡ ӐӚӑӐӗӝӑӐӡ ӓӐ ӒӐӛӝӘӡӐӮӔӑӐ ӨӔӛӓӔӒӘ ӤӝӠӛӣӚӘӗ: 
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ӡӐӓӐӪ ǌeff ӐӠӘӡ ӡӐӠӔӐӥӪӘӝ ӒӐӠӔӛӝӨӘ ӛӧӝӤӘ ӒӐӛӮӡӜӔӚӘӡ ӓӘӞӝӚӔӑӘӡ ӠӔӚӐӥӡӐӪӘӘӡ ӔӤӔӥӢӣӠӘ 

ӡӘӮӨӘӠӔ. ӗӣ g>>1, ӔӚӔӥӢӠӝӜӘӡ ӒӐӓӐӢӐӜӘӡ ӞӠӝӪӔӡӘ ӐӠӘӡ ӐӓӘӐӑӐӢӣӠӘ, ӮӝӚӝ ӠӝӪӐ g<<1, 

Әӡ ӐӠӐӐӓӘӐӑӐӢӣӠ ӠӔӟӘӛӨӘ ӛӘӛӓӘӜӐӠӔӝӑӡ. ӐӥӔӓӐӜ ӒӐӛӝӛӓӘӜӐӠӔ, ӔӚӔӥӢӠӝӜӘӡ ӒӐӓӐӡӕӚӘӡ 

ӠӔӟӘӛӘӡ ӢӘӞӘ ӓӐӛӝәӘӓӔӑӣӚӘӐ ӒӐӠӔӛӝӡ ӠӔӚӐӥӡӐӪӘӘӡ ӓӠӝӡӐ, ӞӠӝӪӔӡӘӡ ӠӔӝӠӒӐӜӘӖӐӪӘӘӡ 

ӔӜӔӠӒӘӐӡӐ ӓӐ ӛӐӢӠӘӪӣӚӘ ӔӚӔӛӔӜӢӘӡ ӡӘӓӘӓӔӖӔ, ӠӝӛӔӚӘӪ ӒӐӜӡӐӖӦӕӠӐӕӡ ӓӝӜӝӠӡӐ ӓӐ 

ӐӥӪӔӞӢӝӠӡ ӨӝӠӘӡ ӣӠӗӘӔӠӗӥӛӔӓӔӑӘӡ ӡӘӫӚӘӔӠӘӡ. 

ӐӠӐӐӓӘӐӑӐӢӣӠӘ ӔӚӔӥӢӠӝӓӣӚӘ ӠӔӐӥӪӘӘӡ ӨӔӛӗӮӕӔӕӐӨӘ ӔӚӥӢӠӝӜӘӡ ӒӐӓӐӡӕӚӘӡ ӡӘөӥӐӠӔ 

ӐӦӘӬӔӠӔӑӐ ӨӔӛӓӔӒӘ ӤӝӠӛӣӚӘӗ [81, 84]: 
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ӡӣӠӐӗӘ 1.2. ӠӔӐӒӔӜӢӔӑӘӡ ӓӐ ӞӠӝӓӣӥӢӔӑӘӡ ӞӝӢӔӜӪӘӣӠӘ ӔӜӔӠӒӘӘӡ ӖӔӓӐӞӘӠӔӑӘӡ ӡӥӔӛӐӢӣӠӘ 
ӒӐӛӝӡӐӮӣӚӔӑӐ. 

 

ӐӜӣ, ӡӘөӥӐӠӘӡ ӐӠӐӐӓӘӐӑӐӢӣӠӘ әӝӜӡӢӐӜӢӐ ӔӚӔӥӢӠӝӜӣӚӘ ӣӠӗӘӔӠӗӥӛӔӓӔӑӘӡ ӛӐӢӠӘӪӣӚӘ 

ӔӚӔӛӔӜӢӘӡ ӞӠӝӞӝӠӪӘӣӚӘӐ ket (Hif)2, ӠӝӛӔӚӘӪ ӗӐӕӘӡ ӛӮӠӘӕ ӒӐӛӝӘӡӐӮӔӑӐ ӨӔӛӓӔӒӘ 

ӤӝӠӛӣӚӘӗ [69, 81, 85-95]: 
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ӡӐӓӐӪ Hif0 ӐӠӘӡ ӛӐӢӠӘӪӣӚӘ ӞӐӠӐӛӔӢӠӘӡ ӛӜӘӨӕӜӔӚӝӑӐ ӓӝӜӝӠӡӐ ӓӐ ӐӥӪӔӞӢӝӠӡ ӨӝӠӘӡ 

ӛӘӜӘӛӐӚӣӠӘ ӛӐӜӫӘӚӘӡ ӨӔӛӗӮӕӔӕӐӨӘ, ӮӝӚӝ 

 

 = d (ln ket) / dx              (1.6) 

 

ӔӚӔӥӢӠӝӜӘӡ ӢӣӜӔӚӘӠӔӑӘӡ әӝӔӤӘӪӘӔӜӢӘ, ӠӝӛӚӘӡ ӛӜӘӨӕӜӔӚӝӑӐ ӓӐӛӝәӘӓӔӑӣӚӘӐ 

ӓӝӜӝӠӡӐ ӓӐ ӐӥӪӔӞӢӝӠӡ ӨӝӠӘӡ ӛӧӝӤӘ ӒӐӠӔӛӝӡ ӔӚӔӥӢӠӝӒӐӛӢӐӠӝӑӘӡ ӣӜӐӠӖӔ. 

ӤӝӠӛӣӚӐ (1.1)-Әӡ ӗӐӜӐӮӛӐӓ, ӐӠӐӐӓӘӐӑӐӢӣӠӘ ӞӠӝӪӔӡӘӡ әӝӜӡӢӐӜӢӐ ӐӡӔӕӔ ӓӐӛӝәӘӓӔӑӣӚӘӐ 

ӐӥӢӘӕӐӪӘӘӡ ӔӜӔӠӒӘӐӖӔ: 
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ӗӐӕӘӡ ӛӮӠӘӕ ӐӥӢӘӕӐӪӘӘӡ ӔӜӔӠӒӘӐ ӒӐӛӝӘӡӐӮӔӑӐ ӤӝӠӛӣӚӘӗ [69, 78, 85, 86, 93-97]: 
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ӐӜӣ, ӠӝӪӐ ΔG0=0 ӓӐ Hif-Әӡ ӛӜӘӨӕӜӔӚӝӑӐ ӛӪӘӠӔӐ (ӠӐӡӐӪ ӐӓӒӘӚӘ Ӑӥӕӡ ӓӘӓ ӛӐӜӫӘӚӔӑӖӔ, 

ӘӮӘӚӔ ӤӝӠӛӣӚӐ (1.5), ӛӐӨӘӜ ΔGa ≈1/4 Ǌ. Әӛ ӨӔӛӗӮӕӔӕӐӨӘ ӗӣ Ǌ ӓӐ Hif-Әӡ ӡӘӓӘӓӔӔӑӘ 

ӔӠӗӛӐӜӔӗӘӡ ӨӔӡӐӓӐӠӘӡӘӐ ӓӐ ΔG0=0, ӛӐӨӘӜ  Ӕ.Ӭ 1/4-Әӡ  ӬӔӡӘ ӐӦӐӠ ӛӝӥӛӔӓӔӑӡ. 

ӛӐӠәӣӡӘӡ ӛӝӓӔӚӘӡ ӗӐӜӐӮӛӐӓ, ӨӘӜӐӒӐӜӘ ӠӔӝӠӒӐӜӘӖӐӪӘӘӡ ӔӜӔӠӒӘӐ Ǌ, ӠӝӛӔӚӘӪ 

ӒӐӜӐӞӘӠӝӑӔӑӡ ӐӥӢӘӕӐӪӘӘӡ ӔӜӔӠӒӘӐӡ ΔGa  (ӤӝӠӛӣӚӐ 1.8), ӝӠӘ ӜӐӬӘӚӘӡӐӒӐӜ [69, 78, 93-98]: 

 

Ǌ = Ǌ (IS)  +  Ǌ (OS)   (1.9),  

 

ӡӐӓӐӪ ӨӘӓӐӡӤӔӠӣӚӘ ӠӔӝӠӒӐӜӘӖӐӪӘӘӡ ӔӜӔӠӒӘӐ Ǌ(IS) ӛӝӪӔӛӣӚӘӐ ӤӝӠӛӣӚӘӗ [69, 78, 93-98]: 
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ӡӐӓӐӪ R

jf ӓӐ P

jf ӐӠӘӡ, ӨӔӡӐӑӐӛӘӡӐӓ, ӠӔӐӒӔӜӢӘӡӐ ӓӐ ӞӠӝӓӣӥӢӘӡ j-ӣӠӘ ӫӐӚӝӕӐӜӘ әӝӜӡӢӐӜӢӔӑӘ ӓӐ 

Δqj - j-ӣӠӘ әӝӝӠӓӘӜӐӢӘӡ ӬӝӜӐӡӬӝӠӣӚӘ ӪӕӚӘӚӔӑӐ. ӮӝӚӝ ӒӐӠӔӡӤӔӠӣӚӘ Ǌ(OS) ӓӘӔӚӔӥӢӠӣӚ 

ӒӐӠӔӛӝӨӘ ӛӝӗӐӕӡӔӑӣӚӘ ӡӤӔӠӣӚӘ ӠӔӐӥӢӐӜӢӘӡ ӨӔӛӗӮӕӔӕӐӨӘ, ӐӡӐӮӐӕӡ ӐӥӢӘӕӘӠӔӑӣӚӘ 

әӝӛӞӚӔӥӡӘӡ ӡӝӚӕӐӢӐӪӘӣӠ ӔӤӔӥӢӔӑӡ ӓӐ ӐӦӘӬӔӠӔӑӐ ӨӔӛӓӔӒӘ ӤӝӠӛӣӚӘӗ [69, 78, 93-98]: 
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ӡӐӓӐӪ Δe ӐӠӘӡ ӒӐӓӐӢӐӜӘӚӘ ӔӚӔӥӢӠӝӜӣӚӘ ӛӣӮӢӘ, NA - ӐӕӝӒӐӓӠӝӡ ӛӣӓӛӘӕӐ, ε0 - ӕӐәӣӣӛӘӡ 

ӨӔӦӬӔӕӐӓӝӑӐ, εS - ӮӡӜӐӠӘӡ ӡӢӐӢӘәӣӠӘ ӨӔӦӬӔӕӐӓӝӑӐ, εop - ӮӡӜӐӠӘӡ ӝӞӢӘәӣӠӘ ӨӔӦӬӔӕӐӓӝӑӐ, a 

- ӡӤӔӠӣӚӘ ӠӔӐӥӢӐӜӢӘӡ ӠӐӓӘӣӡӘ, ӮӝӚӝ Re - ӛӐӜӫӘӚӘ ӓӝӜӝӠӡӐ ӓӐ ӐӥӪӔӞӢӝӠӡ ӨӝӠӘӡ. 
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Әӛ ӨӔӛӗӮӕӔӕӐӨӘ, ӠӝӓӔӡӐӪ ӔӚӔӥӢӠӝӜӘӡ ӒӐӓӐӢӐӜӐ ӮӝӠӪӘӔӚӓӔӑӐ ӐӓӘӐӑӐӢӣӠ ӠӔӟӘӛӨӘ [81, 

84, 100], ӡӘөӥӐӠӘӡ әӝӜӡӢӐӜӐӢӐ ӐӦӘӬӔӠӔӑӐ ӨӔӛӓӔӒӘ ӤӝӠӛӣӚӘӗ [84]: 

 






















RT

G

RTπ
νk a

eff

o

Aet

Δ
exp

2/1

3)(


   (1.11) 

 

ӡӐӓӐӪ ǌeff ӐӠӘӡ ӡӐӠӔӐӥӪӘӝ ӒӐӠӔӛӝӡ ӠӔӚӐӥӡӐӪӘӘӡ ӔӤӔӥӢӣӠӘ ӡӘӮӨӘӠӔ, ӠӝӛӔӚӘӪ 

ӓӐәӐӕӨӘӠӔӑӣӚӘӐ ӔӚӔӥӢӠӝӜӘӡ ӒӐӓӐӡӕӚӐӡӗӐӜ. ӓӔӑӐӘӡ ӢӘӞӘӡ ӒӐӛӮӡӜӔӚӔӑӘӡӐӗӕӘӡ 
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ӡӐӓӐӪ ǆ ӐӠӘӡ ӒӐӛӮӡӜӔӚӘӡ ӡӘӑӚӐӜӢӔ,  εS ӓӐ ε∞ - ӡӢӐӢӘәӣӠӘ ӓӐ ӣӡӐӡӠӣӚӝ ӡӘӮӨӘӠӘӡ ӓӠӝӡ 

ӨӔӡӐӑӐӛӘӡӘ ӓӘӔӚӔӥӢӠӘәӣӚ әӝӜӡӢӐӜӢӔӑӘ, ӮӝӚӝ Vm ӐӠӘӡ ӛӝӚӐӠӣӚӘ ӛӝӪӣӚӝӑӐ [81, 84, 

100]. 

ӤӝӠӛӣӚӐ (1.11)-ӓӐӜ өӐӜӡ, Ӡӝӛ ӐӓӘӐӑӐӢӣӠӘ ӡӘөӥӐӠӘӡ әӝӜӡӢӐӜӢӐ ӐӠӐӐӓӘӐӑӐӢӣӠӘӡӒӐӜ 

ӒӐӜӡӮӕӐӕӔӑӘӗ ӐӠ ӐӠӘӡ ӓӐӛӝәӘӓӔӑӣӚӘ ӠӔӐӒӔӜӢӔӑӡ ӨӝӠӘӡ ӛӐӜӫӘӚӖӔ Hif-Әӡ ӮӐӠӯӖӔ, ӛӐӒӠӐӛ 

ӓӐӛӝәӘӓӔӑӣӚӘӐ ӒӐӛӮӡӜӔӚӘӡ ӠӔӚӐӥӡӐӪӘӘӡ ӓӠӝӖӔ ket  veff  1 ӓӐ ӨӔӡӐӑӐӛӘӡӐӓ 

ӒӐӛӮӡӜӔӚӘӡ ӡӘӑӚӐӜӢӔӖӔ ǆ [81]. 
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1.5 ӤӔӠӛӔӜӢӣӚӘ әӐӢӐӚӘӖӘ. α-ӥӘӛӝӢӠӘӞӡӘӜӘӡ ӡӢӠӣӥӢӣӠӐ ӓӐ ӤӣӜӥӪӘӐ. 

ӚӘӢӔӠӐӢӣӠӣӚӘ ӛӝӜӐӪӔӛӔӑӘ ӝӠӒӐӜӣӚӘ ӓӐӜӐӛӐӢӔӑӘӡ ӖӔӛӝӥӛӔӓӔӑӘӡ ӨӔӡӐӮӔӑ ӛӘӡ 

ӗӔӠӛӝӓӘӜӐӛӘәӣӠ ӓӐ әӘӜӐӢӘәӣӠ ӛӐӮӐӡӘӐӗӔӑӚӔӑӖӔ 

 

ӤӔӠӛӔӜӢӣӚӘ әӐӢӐӚӘӖӘ ӬӐӠӛӝӐӓӒӔӜӡ ӑӘӝӥӘӛӘӣӠӘ ӞӠӝӪӔӡӔӑӘӡ ӛӔӢӐӓ ӔӤӔӥӢӣӠӘ 

ӓӐөӥӐӠӔӑӘӡ ӤӔӜӝӛӔӜӡ, ӠӝӛӔӚӘӪ ӪӝӪӮӐӚ ӡӘӡӢӔӛӔӑӨӘ ӫӘӠӘӗӐӓӐӓ ӒӚӝӑӣӚӣӠӘ ӪӘӚӔӑӘӡ 

ӡӐӨӣӐӚӔӑӘӗ ӮӝӠӪӘӔӚӓӔӑӐ. ӤӔӠӛӔӜӢӔӑӘ ӗӐӛӐӨӝӑӔӜ әӐӢӐӚӘӖӐӢӝӠӔӑӘӡ ӠӝӚӡ 

ӑӘӝӥӘӛӘӣӠӘ ӞӠӝӪӔӡӔӑӘӡ ӣӛӠӐӕӚӔӡӝӑӐӨӘ, ӠӐӪ ӛӘӚӘӝӜӝӑӘӗ ӯӔӠ ӖӠӓӘӡ ӛӐӗ ӡӘөӥӐӠӔӡ, 

ӒӐӠӓӐ ӠӔӐӥӪӘӔӑӘӡ ӓӐөӥӐӠӔӑӘӡ ӡӐӝӪӐӠӘ ӣӜӐӠӘӡӐ, ӤӔӠӛӔӜӢӔӑӡ ӒӐӐөӜӘӐӗ ӡӮӕӐ ӛӜӘӨӕӜӔӚӝӕӐӜӘ 

ӗӕӘӡӔӑӔӑӘ – ӗӐӕӘӡӘ ӡӣӑӡӢӠӐӢӔӑӘӡ ӛӘӛӐӠӗ ӛӐӦӐӚӘ ӡӞӔӪӘӤӘӣӠӝӑӐ ӓӐ ӤӣӜӥӪӘӣӠӘ 

ӐӥӢӘӕӝӑӘӡ ӛӔӢӐӓ ӔӤӔӥӢӣӠӘ ӠӔӒӣӚӐӪӘӘӡ ӣӜӐӠӘ [101, 102]. ӡӞӔӪӘӤӘӣӠӝӑӐ ӛӘӘӦӬӔӕӐ 

ӡӣӑӡӢӠӐӢӘӡӐ ӓӐ  ӤӔӠӛӔӜӢӘӡ ӐӥӢӘӣӠӘ ӪӔӜӢӠӘӡ әӝӛӞӚӔӛӔӜӢӐӠӝӑӘӗ, ӠӝӛӔӚӘӪ 

ӣӖӠӣӜӕӔӚӧӝӤӡ ӠӔӐӥӪӘӐӨӘ ӨӔӛӐӕӐӚӘ ӯӒӣӤӔӑӘӡ ӓӐӐӮӚӝӔӑӐӡ ӓӐ ӔӚӔӥӢӠӝӜӣӚӐӓ 

ӮӔӚӡӐӧӠӔӚ ӒӐӜӚӐӒӔӑӐӡ. ӤӔӠӛӔӜӢӗӐ ӣӛӠӐӕӚӔӡӝӑӐ ӨӔӡӐӑӐӛӘӡӘ ӡӣӑӡӢӠӐӢӔӑӘӡ ӒӐӛӝӪӜӝӑӐӡ  

ӘӜӓӣӪӘӠӔӑӣӚӘ ӗӐӕӡӔӑӐӓӝӑӘӡ ӞӠӘӜӪӘӞӘӗ ӐӮӔӠӮӔӑӡ, ӐӜӣ ӤӔӠӛӔӜӢӘӡ ӒӚӝӑӣӚӐӨӘ ӛӪӘӠӔ 

әӝӜӤӝӠӛӐӪӘӣӚӘ ӠӔӝӠӒӐӜӘӖӐӪӘӘӡ ӨӔӓӔӒӐӓ, ӡӣӑӡӢӠӐӢӘ ӡӢӔӠӘӣӚӐӓ ӖӣӡӢӐӓ ӔӠӒӔӑӐ 

ӐӥӢӘӣӠ ӪӔӜӢӠӡ. ӐӛӘӡ ӒӐӛӝ ӐӠӐәӝӕӐӚӔӜӢӣӠӘ ӤӔӠӛӔӜӢ-ӡӣӑӡӢӠӐӢӣӚӘ ӓӐәӐӕӨӘӠӔӑӘӡ 

ӛӝӛӓӔӕӜӝ ӥӘӛӘӣӠӘ ӒӐӠӓӐӥӛӜӔӑӘӡ ӨӔӡӐӑӐӛӘӡӘ ӔӜӢӠӝӞӘӣӚӘ ӑӐӠӘӔӠӘ ӛӜӘӨӜӔӚӝӕӜӐӓ 

ӛӪӘӠӓӔӑӐ. ӒӐӠӓӐ ӐӛӘӡӐ, ӥӘӛӘӣӠӘ ӒӐӠӓӐӥӛӜӔӑӘӡ ӞӠӝӪӔӡӘ, ӠӝӒӝӠӪ ӬӔӡӘ, ӮӓӔӑӐ 

ӛӠӐӕӐӚӡӢӐӓӘӣӠӘ, ӠӐӪ ӮӔӚӡ ӣӬӧӝӑӡ ӐӥӢӘӕӐӪӘӘӡ ӔӜӔӠӒӘӘӡ (ӐӜӣ, ӔӜӢӐӚӞӘӘӡ) ӨӔӛӪӘӠӔӑӐӡ. 

ӠӐӪ ӨӔӔӮӔӑӐ ӤӔӠӛӔӜӢӣӚӘ ӐӥӢӘӕӝӑӘӡ ӠӔӒӣӚӐӪӘӐӡ, ӣӯӠӔӓӣӚ ӞӘӠӝӑӔӑӨӘ Әӡ 

ӮӝӠӪӘӔӚӓӔӑӐ ӒӐӠӔӛӝӨӘ ӐӠӡӔӑӣӚӘ ӡӞӔӪӘӐӚӣӠӘ ӤӣӜӥӪӘӔӑӘӡ ӛӥӝӜӔ ӛӝӚӔәӣӚӔӑӘӡ - 

ӐӥӢӘӕӐӢӝӠӔӑӘӡ ӓӐ ӘӜӰӘӑӘӢӝӠӔӑӘӡ ӛӔӨӕӔӝӑӘӗ [101]. 

ӤӔӠӛӔӜӢӣӚӘ ӠӔӐӥӪӘӘӡ ӡӘөӥӐӠӘӡ ӓӐӛӝәӘӓӔӑӣӚӔӑӐ ӡӣӑӡӢӠӐӢӘӡ әӝӜӪӔӜӢӠӐӪӘӐӖӔ 

ӬӐӠӛӝӐӓӒӔӜӡ ӤӔӠӛӔӜӢӣӚӘ әӐӢӐӚӘӖӘӡ ӔӠӗӔӠӗ ӛӜӘӨӕӜӔӚӝӕӐӜ ӗӐӕӘӡӔӑӣӠӔӑӐӡ. 

ӡӣӑӡӢӠӐӢӘӡ әӝӜӪӔӜӢӠӐӪӘӘӡ ӒӐӖӠӓӘӡӐӡ әӐӢӐӚӘӖӣӠӘ ӠӔӐӥӪӘӘӡ ӡӘөӥӐӠӔ ӯӔӠ ӗӐӜӓӐӗӐӜ 

ӘӖӠӓӔӑӐ, ӮӝӚӝ ӨӔӛӓӒӝӛ ӐӡӘӛӞӢӝӢӣӠӐӓ ӣӐӮӚӝӕӓӔӑӐ ӒӐӯӔӠӔӑӘӡ ӞӚӐӢӝӡ (ӡӣӠ. 1.3). Ӑӛ 

ӞӚӐӢӝӡ ӨӔӡӐӑӐӛӘӡ ӡӘөӥӐӠӔӡ ӛӐӥӡӘӛӐӚӣӠ ӡӘөӥӐӠӔӡ ӣӬӝӓӔӑӔӜ. ӛӡӒӐӕӡӘ ӥӪӔӕӐ ӐӮӐӡӘӐӗӔӑӡ 

ӤӔӠӛӔӜӢӔӑӘӡ ӣӛӠӐӕӚӔӡӝӑӐӡ ӓӐ ӐӘӮӡӜӔӑӐ  ӛӘӮӐӔӚӘӡ ӛӔӜӢӔӜӘӡ ӗӔӝӠӘӘӡ ӤӐӠӒӚӔӑӨӘ [101, 

102].  
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ӡӣӠӐӗӘ 1.3. ӠӔӐӥӪӘӘӡ ӡӘөӥӐӠӘӡ ӓӐӛӝәӘӓӔӑӣӚӔӑӐ ӡӣӑӡӢӠӐӢӘӡ әӝӜӪӔӜӢӠӐӪӘӘӡ ӛӘӛӐӠӗ. 
 

 

α-ӥӘӛӝӢӠӘӞӡӘӜӘ ӐӠӘӡ ӛӝӓӔӚӣӠӘ ӰӘӓӠӝӚӘӖӣӠӘ ӤӔӠӛӔӜӢӘ, ӠӝӛӔӚӘӪ ӛӘӔәӣӗӕӜӔӑӐ 

ӡӔӠӘӜӘӡ ӞӠӝӢӔӐӖӔӑӘӡ ӝӯӐӮӡ. Әӡ ӛӝӜӐӬӘӚӔӝӑӡ ӡӐӭӛӚӘӡ ӛӝӜӔӚӔӑӘӡ ӞӠӝӪӔӡӨӘ  ӬӕӠӘӚӘ 

ӜӐӬӚӐӕӔӑӘӡ ӦӠӣӨӘ ӓӐ ӐӮӝӠӪӘӔӚӔӑӡ ӪӘӚӔӑӘӡ ӓӐ ӞӔӞӢӘӓӔӑӘӡ ӓӐӨӚӐӡ. ӛӘӡӘ ӡӘӜӗӔӖӘ ӓӐ 

ӨӔӜӐӮӕӐ ӮӝӠӪӘӔӚӓӔӑӐ әӣӭӥӕӔӨӐ ӯӘӠәӕӐӚӨӘ ӐӠӐӐӥӢӘӣӠӘ ӞӠӔәӣӠӡӝӠӘӡ, 

ӥӘӛӝӢӠӘӞӡӘӜӝӒӔӜӘӡ ӡӐӮӘӗ. ӛӘӡӘ ӐӥӢӘӕӐӪӘӘӡ ӞӘӠӕӔӚ ӔӢӐӞӖӔ ӛӝӜӐӬӘӚӔӝӑӡ ӡӮӕӐ 

ӞӠӝӢӔӝӚӘӖӣӠӘ ӤӔӠӛӔӜӢӘ, ӢӠӘӞӡӘӜӘ, ӠӝӛӔӚӘӪ әӐӢӐӚӘӖӣӠӐӓ ӧӝӤӡ 

ӥӘӛӝӢӠӘӞӡӘӜӝӒӔӜӘӡ ӛӝӚӔәӣӚӐӡ ӝӠ -ӥӘӛӝӢӠӘӞӡӘӜӘӡ ӛӝӚӔәӣӚӐӖӔ. ӐӛӘӡ ӨӔӛӓӔӒ 

ӐӥӢӘӣӠӘ, ӛӐӒӠӐӛ ӐӠӐӡӢӐӑӘӚӣӠӘ -ӥӘӛӝӢӠӘӞӡӘӜӘӡ  ӛӝӚӔәӣӚӔӑӘ ӐӕӢӝӚӘӖӘӡ ӨӔӓӔӒӐӓ 

ӘӨӝӠӔӑӔӜ ӝӠ ӓӘӞӔӞӢӘӓӡ ӓӐ ӘӥӛӜӔӑӐ ӡӢӐӑӘӚӣӠӘ ӤӝӠӛӐ, α-ӥӘӛӝӢӠӘӞӡӘӜӘ [101]. ӐӥӢӘӣӠӘ 

α-ӥӘӛӝӢӠӘӞӡӘӜӘ 24.5 KDa ӛӐӡӘӡ ӛӥӝӜӔ ӡӐӨӣӐӚӝ ӖӝӛӘӡ ӪӘӚӐӐ, ӠӝӛӔӚӘӪ ӨӔӓӒӔӑӐ 

ӔӠӗӛӐӜӔӗӗӐӜ ӓӘӡӣӚӤӘӓӣӠӘ ӮӘӓӐәӔӑӘӗ ӓӐәӐӕӨӘӠӔӑӣӚ ӡӐӛ ӞӝӚӘӞӔӞӢӘӓӣӠ ӯӐӭӕӘӡӐӒӐӜ 

ӓӐ ӨӔӘӪӐӕӡ 241 ӐӛӘӜӘӛӟӐӕӐӗӐ ӜӐӨӗӡ (ӡӣӠ. 1.4). ӧӕӔӚӐӖӔ ӛӝәӚӔ A ӯӐӭӕӘ 13 ӐӛӘӜӝӛӟӐӕӐӗӐ 

ӜӐӨӗӘӡӒӐӜ ӨӔӓӒӔӑӐ, ӮӝӚӝ B ӓӐ C-ӯӐӭӕӘ ӨӔӘӪӐӕӔӜ, ӨӔӡӐӑӐӛӘӡӐӓ 131 ӓӐ 97 ӜӐӨӗӡ [102, 103].  

 

 

ӡӣӠӐӗӘ 1.4. α-ӥӘӛӝӢӠӘӞӡӘӜӘӡ ӐӛӘӜӝӛӟӐӕӣӠӘ ӗӐӜӛӘӛӓӔӕӠӝӑӐ ӞӝӚӘӞӔӞӢӘӓӣӠӘ ӯӐӭӕӔӑӘӡ 
ӛӘӮӔӓӕӘӗ. ӐӥӢӘӣӠӘ ӪӔӜӢӠӘӡ ӓӐ ӯӐӭӕӔӑӡ ӨӝӠӘӡ ӓӘӡӣӚӤӘӓӣӠӘ әӐӕӨӘӠӔӑӘӡ ӒӐӜӚӐӒӔӑӐ. 
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α-ӥӘӛӝӢӠӘӞӡӘӜӡ ӒӐӐөӜӘӐ ӑӔӕӠӘ ӡӢӠӣӥӢӣӠӣӚӘ ӛӡӒӐӕӡӔӑӐ ӡӮӕӐ ӡӔӠӘӜӘӡ ӞӠӝӢӔӐӖӔӑӗӐӜ, 

ӠӝӒӝӠӔӑӘӪӐӐ ӢӠӘӞӡӘӜӘ ӓӐ ӔӚӐӡӢӐӖӐ. ӘӡӘӜӘ ӛӪӘӠӔӓ ӒӐӜӡӮӕӐӕӓӔӑӘӐӜ ӔӠӗӛӐӜӔӗӘӡӐӒӐӜ 

ӞӘӠӕӔӚӐӓӘ, ӛӔӝӠӔӣӚӘ ӓӐ ӛӔӡӐӛӔӣӚӘ ӡӢӠӣӥӢӣӠӘӡ ӓӝӜӔӔӑӖӔ ӓӐ ӨӔӓӒӔӑӘӐӜ ӝӠӘ 

ӜӐӬӘӚӘӡӐӒӐӜ (ӓӝӛӔӜӘӡӐӒӐӜ), ӠӝӛӚӔӑӘӡ ӨӣӐӨӘ ӐӠӘӡ ӒӐӜӚӐӒӔӑӣӚӘ әӐӢӐӚӘӖӣӠӘ ӢӠӘӐӓӘӡ – 

ӡӔӠӘӜӘӡ, ӰӘӡӢӘӓӘӜӘӡ ӓӐ ӐӡӞӐӠӐӒӘӜӘӡ ӨӔӛӪӕӔӚӘ ӐӥӢӘӣӠӘ ӪӔӜӢӠӘ (ӡӣӠ. 1.5). ӡӮӕӐ ӡӔӠӘӜӘӡ 

ӞӠӝӢӔӐӖӔӑӗӐӜ ӒӐӜӡӮӕӐӕӔӑӘӗ, ӒӐӠӓӐ әӐӢӐӚӘӖӣӠӘ ӢӠӘӐӓӘӡӐ α-ӥӘӛӝӢӠӘӞӡӘӜӘӡ ӐӥӢӘӣӠӘ 

ӪӔӜӢӠӘ ӨӔӘӪӐӕӡ Ӕ.Ӭ. „ӰӘӓӠӝӤӝӑӣӚ ӯӘӑӔӡ“ - ӐӠӝӛӐӢӣӚӘ ӠӒӝӚӘӡ ӨӔӛӪӕӔӚӘ ӐӛӘӜӝӛӟӐӕӔӑӘӡ 

(ӢӘӠӝӖӘӜӘӡ, ӢӠӘӞӢӝӤӐӜӘӡ ӓӐ ӤӔӜӘӚӐӚӐӜӘӜӘӡ) әӝӛӞӚӔӛӔӜӢӐӠӣӚ ӦӠӛӣӚӡ. ӐӛӘӡ ӒӐӛӝ α-

ӥӘӛӝӢӠӘӞӡӘӜӘ ӬӧӕӔӢӡ ӞӝӚӘӞӔӞӢӘӓӔӑӡ ӨӔӡӐӑӐӛӘӡӘ ӐӛӘӜӝӛӟӐӕӔӑӘӡ ӨӔӛӪӕӔӚ ӣӑӜӔӑӨӘ. α-

ӥӘӛӝӢӠӘӞӡӘӜӘ ӛӐӥӡӘӛӐӚӣӠӐӓ ӐӥӢӘӣӠӘӐ pH7-8-ӖӔ, ӡӐӕӐӠӐӣӓӝӓ, ӘӛӘӡ ӒӐӛӝ, Ӡӝӛ Ӑӛ 

ӞӘӠӝӑӔӑӨӘ ӐӥӢӘӣӠ ӪӔӜӢӠӨӘ ӨӔӛӐӕӐӚӘ His-57-Әӡ ӘӛӘӓӐӖӝӚӘӡ ӠӒӝӚӘ 

ӓӔӞӠӝӢӝӜӘӠӔӑӣӚӘӐ, ӐӜӣ ӛӐӡ ӨӔӣӫӚӘӐ ӞӠӝӢӝӜӘӡ ӐӥӪӔӞӢӝӠӘӡ ӠӝӚӘӡ ӨӔӡӠӣӚӔӑӐ, ӠӐӪ 

ӐӣӪӘӚӔӑӔӚӘӐ әӐӢӐӚӘӖӘӡ ӒӐӜӮӝӠӪӘӔӚӔӑӘӡӐӗӕӘӡ.  

 

 

 

 

ӡӣӠӐӗӘ 1.5. ӠӔӜӢӒӔӜӝӡӢӠӣӥӢӣӠӣӚӘ ӐӜӐӚӘӖӘӡ ӛӔӨӕӔӝӑӘӗ ӛӘӦӔӑӣӚӘ α-ӥӘӛӝӢӠӘӞӡӘӜӘӡ 
ӡӐӛӒӐӜӖӝӛӘӚӔӑӘӐӜӘ ӛӝӓӔӚӘ ӓӐ ӐӥӢӘӣӠӘ ӪӔӜӢӠӘӡ ӐӒӔӑӣӚӔӑӘӡ ӡӥӔӛӐӢӣӠӘ ӒӐӛӝӡӐӮӣӚӔӑӐ. 

 

α-ӥӘӛӝӢӠӘӞӡӘӜӘӡӐӗӕӘӡ ӓӐӛӐӮӐӡӘӐӗӔӑӔӚӘ ӰӘӓӠӝӚӘӖӘӡ ӠӔӐӥӪӘӐ ӛӠӐӕӐӚӡӢӐӓӘӣӠӘӐ (ӡӣӠ. 

1.6), ӨӔӓӒӔӑӐ ӛӘӜӘӛӣӛ ӔӥӕӡӘ ӔӚӔӛӔӜӢӐӠӣӚӘ ӡӢӐӓӘӘӡӐӒӐӜ ӓӐ ӐӦӘӬӔӠӔӑӐ:   
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   (1.13) 

 

ӡӮӕӐ ӡӔӠӘӜӘӡ ӞӠӝӢӔӐӖӔӑӘӡ ӐӜӐӚӝӒӘӣӠӐӓ, ӰӘӓӠӝӚӘӖӘӡ ӞӠӝӪӔӡӘ ӮӝӠӪӘӔӚӓӔӑӐ Ӕ. Ӭ. 

ӞӘӜӒ-ӞӝӜӒӘӡ ӛӔӥӐӜӘӖӛӘӗ ӓӐ ӛӝӘӪӐӕӡ ӠӝӒӝӠӪ ӜӣәӚӔӝӤӘӚӣӠ, ӐӡӔӕӔ ӟӐӜӒӕӐ-ӐӦӓӒӔӜӘӗ 

әӐӢӐӚӘӖӣӠ ӜӐӬӘӚӡ. α-ӥӘӛӝӢӠӘӞӡӘӜӘӡ ӛӘӔӠ ӡӞӔӪӘӤӘӣӠӘ ӡӣӑӡӢӠӐӢӘӡ ӰӘӓӠӝӚӘӖӘӡ 

ӞӠӝӪӔӡӘ ӘӬӧӔӑӐ ӤӔӠӛӔӜӢӘӡӐ ӓӐ ӞӝӚӘӞӔӞӢӘӓӣӠӘ ӡӣӑӡӢӠӐӢӘӡ ӐӠӐәӝӕӐӚӔӜӢӣӠӘ 

ӓӐәӐӕӨӘӠӔӑӘӗ, ӠӝӛӔӚӘӪ ӣӖӠӣӜӕӔӚӧӝӤӡ ӡӣӑӡӢӐӢӘӡ ӔӜӔӠӒӔӢӘәӘӚӐӓ ӮӔӚӡӐӧӠӔӚ 

ӝӠӘӔӜӢӘӠӔӑӐӡ [101, 104-106]. ӞӘӠӕӔӚ ӡӢӐӓӘӐӖӔ ӡӣӑӡӢӠӐӢӨӘ ӐӠӡӔӑӣӚӘ ӐӠӝӛӐӢӣӚӘ 

ӒӕӔӠӓӘӗӘ ӯӒӣӤӘ ӰӘӓӠӝӤӝӑӣӚ ӯӘӑӔӨӘ ӣәӐӕӨӘӠӓӔӑӐ, ӠӐӪ ӮӔӚӡ ӣӬӧӝӑӡ ӒӐӡӐӮӚӔөӘ 

ӞӔӞӢӘӓӣӠӘ ӑӛӘӡ Ser-195-Әӡ ӯӐӜӒӑӐӓӘӡ ӐӢӝӛӗӐӜ ӐӮӚӝӡ ӒӐӜӗӐӕӡӔӑӐӡ. ӐӛӘӡ ӨӔӛӓӔӒ Ser-195-

Әӡ ӰӘӓӠӝӥӡӘӚӘӡ ӯӒӣӤӘӡ ӞӠӝӢӝӜӘ ӒӐӓӐӓӘӡ His-57-Әӡ ӘӛӘӓӐӖӝӚӘӡ ӠӒӝӚӖӔ. 

ӒӐӗӐӕӘӡӣӤӚӔӑӣӚӘ ӯӐӜӒӑӐӓӘ ӐӮӝӠӪӘӔӚӔӑӡ ӜӣәӚӔӝӤӘӚӣӠ ӨӔӢӔӕӐӡ ӒӐӡӐӮӚӔө ӞӔӞӢӘӓӣӠ 

ӑӛӐӨӘ ӛӝӜӐӬӘӚӔ ӜӐӮӨӘӠӑӐӓӖӔ ӓӐ ӨӔӘӥӛӜӔӑӐ ӞӘӠӕӔӚӘ ӢӔӢӠӐӔӓӠӣӚӘ ӘӜӢӔӠӛӔӓӘӐӢӘ, 

ӠӝӛӔӚӘӪ ӒӐӠӓӐӛӐӕӐӚ ӛӓӒӝӛӐӠӔӝӑӐӓ ӛӘӘөӜӔӕӐ (ӡӣӠ. 1.7Ӑ).  

 

 

ӡӣӠӐӗӘ 1.6. ATEE-ӡ ӰӘӓӠӝӚӘӖӘӡ ӞӠӝӪӔӡӘӡ ӗӐӕӘӡӣӤӐӚӘ ӔӜӔӠӒӘӐ. 

 

ӛӔӝӠӔ ӡӢӐӓӘӐӖӔ ӡӣӑӡӢӠӐӢӘӡ C=O ӝӠӛӐӒӘ әӐӕӨӘӠӘ ӒӐӠӓӐӘӥӛӜӔӑӐ ӓӐӒӠӫӔӚӔӑӣӚ ӔӠӗӛӐӒ 

әӐӕӨӘӠӐӓ ӓӐ ӣӐӠӧӝӤӘӗӐӓ ӓӐӛӣӮӢӣӚӘ ӟӐӜӒӑӐӓӘӡ ӐӢӝӛӘ (ӝӥӡӐӜӘӝӜӘ) ӐӦӬӔӕӡ Ӑӛ ӓӠӝӛӓӔ 
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ӓӐӣәӐӕӔӑӔӚ ӝӥӡӐӜӘӝӜӘӡ ӦӠӛӣӚӨӘ, ӡӐӓӐӪ ӥӛӜӘӡ ӬӧӐӚӑӐӓӣӠ ӑӛӔӑӡ  Ser-195 ӓӐ Gly-193-ӗӐӜ, 

ӮӝӚӝ His-57 ӓӐ Asp-102-ӡ ӣөӜӓӔӑӐӗ ӒӐӜӖӝӒӐӓӝӔӑӣӚӘ ӞӠӝӢӝӜӘ. ӨӔӛӓӔӒ ӔӢӐӞӖӔ 

ӰӘӡӢӘӓӘӜӘӡ ӜӐӨӗӘӡ ӘӛӘӓӐӖӝӚӘӡ ӯӒӣӤӘ ӒӐӓӐӡӪӔӛӡ ӞӠӝӢӝӜӡ ӡӣӑӡӢӠӐӢӘӡ ӞӔӞӢӘӓӣӠӘ 

ӑӛӘӡ ӐӖӝӢӘӡ ӐӢӝӛӖӔ ӓӐ ӐӮӝӠӪӘӔӚӔӑӡ ӛӘӡ ӒӐӬӧӕӔӢӐӡ, ӮӝӚӝ ӡӣӑӡӢӠӐӢӘӡ әӐӠӑӝӜӘӚӘӡ 

ӯӒӣӤӘ әӝӕӐӚӔӜӢӣӠӐӓ ӣәӐӨӘӠӓӔӑӐ ӤӔӠӛӔӜӢӡ ӓӐ ӥӛӜӘӡ ӨӣӐӚӔӓӣӠ әӝӕӐӚӔӜӢӣӠ 

ӘӜӢӔӠӛӔӓӘӐӢӡ - ӐӪӘӚӤӔӠӛӔӜӢӡ (ӡӣӠ. 1.7ӑ). 

ӛӔӡӐӛӔ ӡӢӐӓӘӐӖӔ ӮӓӔӑӐ ӞӘӠӕӔӚӘ ӞӠӝӓӣӥӢӘӡ ӐӥӢӘӣӠӘ ӪӔӜӢӠӘӓӐӜ ӮӡӜӐӠӨӘ ӒӐӛӝӡӕӚӐ ӓӐ 

ӒӐӛӮӡӜӔӚӘ ӬӧӚӘӡ ӛӝӚӔәӣӚӘӡ ӨӔӡӕӚӐ (ӡӣӠ. 1.7Ӓ). ӛӔӝӗӮӔ ӡӢӐӓӘӐ, ӠӝӛӔӚӘӪ ӬӐӠӛӝӐӓӒӔӜӡ 

ӐӪӘӚӤӔӠӛӔӜӢӘӡ ӓӐӨӚӘӡ ӞӘӠӕӔӚ ӔӢӐӞӡ, ӐӜӣ ӛӔӝӠӔ ӢӔӢӠӐӔӓӠӣӚӘ ӐӓӣӥӢӘӡ ӬӐӠӛӝӥӛӜӐӡ, 

ӞӔӞӢӘӓӔӑӘӡ ӨӔӛӗӮӕӔӕӐӨӘ ӐӠӘӡ ӧӕӔӚӐӖӔ ӜӔӚӘ ӓӐ ӐӛӘӢӝӛ ӒӐӜӡӐӖӦӕӠӐӕӡ ӛӗӔӚӘ ӠӔӐӥӪӘӘӡ 

ӡӘөӥӐӠӔӡ. Ӑӛ ӡӢӐӓӘӐӖӔ ӛӝӜӐӬӘӚӔӝӑӡ ӮӡӜӐӠӘӓӐӜ ӨӔӛӝӡӣӚӘ ӬӧӚӘӡ ӛӝӚӔәӣӚӐ, ӠӝӛӔӚӘӪ 

ӒӐӓӐӡӪӔӛӡ ӔӠӗ-ӔӠӗ ӞӠӝӢӝӜӡ ӰӘӡӢӘӓӘӜӘӡ ӜӐӨӗӘӡ ӘӛӘӓӐӖӝӚӘӡ ӯӒӣӤӖӔ, ӠӘӡ ӨӔӓӔӒӐӓӐӪ 

ӬӐӠӛӝӘӨӝӑӐ ӝӥӡӐӜӘӝӜӣӠӘ ӦӠӛӣӚӘӗ ӓӐӡӢӐӑӘӚӔӑӣӚӘ ӒӐӠӓӐӛӐӕӐӚӘ ӛӓӒӝӛӐӠӔӝӑӐ – Ӕ.Ӭ. 

ӢӔӢӠӐӔӓӠӣӚӘ ӐӓӣӥӢӘ, ӣәӕӔ ӛӔӝӠӔӓ ӛӗӔӚӘ ӞӠӝӪӔӡӘӡ ӛӡӕӚӔӚӝӑӐӨӘ (ӡӣӠ. 1.7ӓ).  

ӐӪӘӚӤӔӠӛӔӜӢӘӡ ӓӐӨӚӘӡ ӛӔӝӠӔ ӔӢӐӞӖӔ, ӐӜӣ ӛӗӔӚӘ ӞӠӝӪӔӡӘӡ ӛӔӮӣӗӔ ӡӢӐӓӘӐӖӔ His-57 

ӘӡӔӕ ӒӐӓӐӡӪӔӛӡ ӔӠӗ ӞӠӝӢӝӜӡ, ӠӐӪ ӘӬӕӔӕӡ ӛӔӝӠӔ ӢӔӢӠӐӔӓӠӣӚӘ ӐӓӣӥӢӘӡ ӓӐӨӚӐӡ ӓӐ 

ӛӔӝӠӔ ӞӠӝӓӣӥӢӘӡ өӐӛӝӧӐӚӘӑӔӑӐӡ (ӡӣӠ. 1.7Ӕ). ӡӐӑӝӚӝӝ, ӛӔӔӥӕӡӔ ӡӢӐӓӘӐӖӔ әӘ, ӠӝӛӔӚӘӪ 

ӛӪӘӠӔ ӔӜӔӠӒӔӢӘәӣӠӘ ӑӐӠӘӔӠӘӗ ӮӐӡӘӐӗӓӔӑӐ, ӮӓӔӑӐ ӛӔӝӠӔ ӞӠӝӓӣӥӢӘӡ ӮӡӜӐӠӨӘ 

ӒӐӛӝӗӐӕӘӡӣӤӚӔӑӐ (ӡӣӠ. 1.7ӕ). 

ӠӝӒӝӠӪ ӞӠӝӢӔӐӖӔӑӘӡ ӣӛӠӐӕӚӔӡӝӑӐӡ, α-ӥӘӛӝӢӠӘӞӡӘӜӡӐӪ ӨӔӣӫӚӘӐ ӔӡӗӔӠӣӚӘ ӑӛӔӑӘӡ 

ӒӐӬӧӕӔӢӐ, ӠӐӪ ӔӥӡӞӔӠӘӛӔӜӢӨӘ ӒӕӐӫӚӔӕӡ ӘӡӔӗӘ ӮӔӚӝӕӜӣӠӘ ӔӡӗӔӠӣӚӘ ӡӣӑӡӢӠӐӢӔӑӘӡ 

ӒӐӛӝӧӔӜӔӑӘӡ ӡӐӨӣӐӚӔӑӐӡ, ӠӝӒӝӠӘӪӐӐ N–ӐӪӔӢӘӚ-L-ӢӘӠӝӖӘӜӘӡ ӔӗӘӚ-ӔӡӗӔӠӘ ӐӜ ATEE. Ӑӛ 

ӨӔӛӗӮӕӔӕӐӨӘ ӜӐӮӨӘӠӑӐӓ-ӐӖӝӢӘӡ әӝӕӐӚӔӜӢӣӠӘ ӞӔӞӢӘӓӣӠӘ ӑӛӘӡ ӜӐӪӕӚӐӓ ӮӓӔӑӐ 

ӜӐӮӨӘӠӑӐӓ-ӟӐӜӒӑӐӓӘӡ ӔӡӗӔӠӣӚӘ ӑӛӘӡ  ӒӐӬӧӕӔӢӐ, әӐӢӐӚӘӖӘӡ ӛӔӥӐӜӘӖӛӘ әӘ ӐӠӡӔӑӘӗӐӓ ӐӠ 

ӘӪӕӚӔӑӐ. ATEE-ӡ ӰӘӓӠӝӚӘӖӘӡ ӠӔӐӥӪӘӘӡ ӠӐӝӓӔӜӝӑӠӘӕӘ ӓӐӮӐӡӘӐӗӔӑӘӡӐӗӕӘӡ ӒӐӛӝӘӧӔӜӔӑӐ 

ӒӐӛӐӠӢӘӕӔӑӣӚӘ ӛӝӓӔӚӘ, ӠӝӛӔӚӘӪ ӘӗӕӐӚӘӡӬӘӜӔӑӡ ӛӮӝӚӝӓ ӔӜӔӠӒӔӢӘәӣӚӐӓ ӢӔӕӐӓ, ӓӐ 

ӐӛӠӘӒӐӓ, ӧӕӔӚӐӖӔ ӜӔӚ ӡӢӐӓӘӔӑӡ. Ӑӛ ӛӝӓӔӚӘӡ ӗӐӜӐӮӛӐӓ, ӰӘӓӠӝӚӘӖӘӡ ӞӠӝӪӔӡӘ ӨӔӘӫӚӔӑӐ 

ӒӐӘӧӝӡ ӡӐӛ ӜӐӬӘӚӐӓ, әӔӠӫӝӓ, ӐӠӐәӝӕӐӚӔӜӢӣӠӘ ӤӔӠӛӔӜӢ-ӡӣӑӡӢӠӐӢӣӚӘ әӝӛӞӚӔӥӡӘӡ 

ӬӐӠӛӝӥӛӜӘӡ, ӜӣәӚӔӝӤӘӚӣӠӘ әӝӕӐӚӔӜӢӣӠӘ әӐӢӐӚӘӖӘӡ ӓӐ Ӕ. Ӭ. „ӖӝӒӐӓӘ ӤӣӫӔ-ӛӟӐӕӐ“ 

әӐӢӐӚӘӖӘӡ (general acid-base catalysis) ӔӢӐӞӔӑӖӔ. ӗӐӕӘӓӐӜ ӮӓӔӑӐ ӡӣӑӡӢӠӐӢӘӡ 

ӐӠӐәӝӕӐӚӔӜӢӣӠӘ ӛӝӠӒӔӑӐ ӤӔӠӛӔӜӢӠӘӡ ӐӥӢӘӣӠ ӪӔӜӢӠӨӘ, ӛӔӝӠӔ ӔӢӐӞӖӔ ӐӓӒӘӚӘ Ӑӥӕӡ 
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ӡӣӠӐӗӘ 1.7. α- ӥӘӛӝӢӠӘӤӡӘӜӘӡӐӗӕӘӡ ӓӐӛӐӮӐӡӘӐӗӔӑӔӚӘ ӞӔӞӢӘӓӘӡ ӰӘӓӠӝӚӘӖӘӡ ӠӔӐӥӪӘӘӡ 
ӔӚӔӛӔӜӢӐӠӣӚӘ ӡӢӐӓӘӔӑӘ. 
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ӤӔӠӛӔӜӢӘӡ ӐӪӘӚӘӠӔӑӐӡ, ӐӜӣ ӡӣӑӡӢӠӐӢӘӡ әӐӠӑӝӥӡӘӚӘӡ ӯӒӣӤӘ әӝӕӐӚӔӜӢӣӠӐӓ 

ӣәӐӕӨӘӠӓӔӑӐ ӤӔӠӛӔӜӢӡ, ӠӐӡӐӪ ӛӝӧӕӔӑӐ ӓӔӐӪӘӚӘӠӔӑӐ, ӐӜӣ Ӑӛ ӯӒӣӤӘӡ ӒӐӓӐӢӐӜӐ ӒӐӛӮӡӜӔӚӘ 

ӬӧӚӘӡ ӛӝӚӔәӣӚӐӖӔ [101, 106]. ӨӔӛӓӔӒӘ ӔӢӐӞӘ, ӠӝӛӔӚӘӪ ӨӔӘӪӐӕӡ ӧӕӔӚӐӖӔ ӜӔӚ ӡӢӐӓӘӐӡ ӓӐ 

ӐӠӘӡ ӡӘөӥӐӠӘӡ ӒӐӜӡӐӖӦӕӠӔӚӘ, ӡӢӐӪӘӝӜӐӠӣӚ ӠӔӟӘӛӨӘ ӐәӛӐӧӝӤӘӚӔӑӡ ӛӘӮӐӔӚӘӡ-ӛӔӜӢӔӜӘӡ 

әӘӜӔӢӘәӘӡ ӤӝӠӛӐӚӘӖӛӡ, ӐӥӔӓӐӜ ӒӐӛӝӛӓӘӜӐӠӔ ӗӣ ӛӗӔӚ ӰӘӓӠӝӚӘӖӘӡ ӞӠӝӪӔӡӡ 

ӨӔӛӓӔӒӜӐӘӠӐӓ ӐӕӡӐӮӐӕӗ 
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Ӑӛ әӐӢӐӚӘӖӣӠӘ ӞӠӝӪӔӡӘӡ ӨӔӡӐӑӐӛӘӡӘ ӗӐӕӘӡӣӤӐӚӘ ӔӜӔӠӒӘӐ ӛӝӪӔӛӣӚӘӐ ӡӣӠ. 4-ӖӔ. 

ӛӘӮӐӔӚӘӡ-ӛӔӜӢӔӜӘӡ ӗӔӝӠӘӘӡ ӗӐӜӐӮӛӐӓ, әӐӢӐӚӘӖӣӠӘ ӠӔӐӥӪӘӘӡ ӡӘөӥӐӠӔ ӐӦӘӬӔӠӔӑӐ 

ӨӔӛӓӔӒӘ ӒӐӜӢӝӚӔӑӘӗ: 
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ӡӐӓӐӪ E ӐӦӜӘӨӜӐӕӡ ӤӔӠӛӔӜӢӡ, S – ӡӣӑӡӢӠӐӢӡ, ES – ӐӠӐәӝӕӐӚӔӜӢӣӠ ӤӔӠӛӔӜӢ-ӡӣӑӡӢӠӐӢӣӚ 

әӝӛӞӚӔӥӡӡ, EA – ӐӪӘӚӤӔӠӛӔӜӢӡ, P1  ӓӐ  P2 – ӡӣӑӡӢӠӐӢӘӡ ӰӘӓӠӝӚӘӖӘӡ ӞӠӝӓӣӥӢӔӑӡ, 

ӮӝӚӝ k1, k-1, k2 ӓӐ k3 – ӤӔӠӛӔӜӢӣӚӘ әӐӢӐӚӘӖӘӡ ӨӔӡӐӑӐӛӘӡӘ ӡӢӐӓӘӔӑӘӡ ӡӘөӥӐӠӘӡ 

әӝӜӡӢӐӜӢӔӑӡ, KM(app) – Ӕ.Ӭ. ӔӤӔӥӢӣӠӘ ӛӘӮӐӔӚӘӡӘӡ әӝӜӡӢӐӜӢӐӐ, kcat – әӐӢӐӚӘӖӣӠӘ әӝӜӡӢӐӜӢӐ, 

[E]0 – ӤӔӠӛӔӜӢӘӡ әӝӜӪӔӜӢӠӐӪӘӐ ӓӐ [S]0 - ӡӣӑӡӢӠӐӢӘӡ ӡӐӬӧӘӡӘ әӝӜӪӔӜӢӠӐӪӘӐ. ӠӔӐӥӪӘӘӡ 

ӛӐӥӡӘӛӐӚӣӠӘ (ӒӐӯӔӠӔӑӘӡ) ӡӘөӥӐӠӔ әӘ, ӠӝӛӔӚӘӪ ӛӘӘӦӬӔӕӐ ӠӝӓӔӡӐӪ [S]0  ∞ (ӗӣ [S]O >> KM), 

ӣӓӠӘӡ   
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vmax = kcat·[E]0,   (1.17) 

 

ӪӜӝӑӘӚӘӐ, Ӡӝӛ ATEE-ӡ ӰӘӓӠӝӚӘӖӘӡ ӨӔӛӗӮӕӔӕӐӨӘ k2 >> k3 ӓӐ k−1 >> k2, ӐӥӔӓӐӜ ӒӐӛӝӛӓӘӜӐӠӔ  

 

kcat ≈ k3 ӓӐ KM ≈ KS•(k3/k2),  (1.18) 

 

ӡӐӓӐӪ KS ӐӠӘӡ ӐӠӐәӝӕӐӚӔӜӢӣӠӘ ӤӔӠӛӔӜӢ-ӡӣӑӡӢӠӐӢӣӚӘ әӝӛӞӚӔӥӡӘӡ ӓӘӡӝӪӘӐӪӘӘӡ 

ӬӝӜӐӡӬӝӠӣӚӘ әӝӜӡӢӐӜӢӐ. ӗӣ ӔӥӡӞӔӠӘӛӔӜӢӨӘ kcat =const ӓӐ ӐӓӒӘӚӘ ӐӠ Ӑӥӕӡ әӝӜәӣӠӔӜӢӣӚ 

ӘӜӰӘӑӘӠӔӑӐӡ, ӨӔӡӐӫӚӔӑӔӚӘӐ KM(app) ӓӐ, ӨӔӡӐӑӐӛӘӡӐӓ, KS  ӡӘӓӘӓӔӔӑӘӡ ӒӐӛӝӧӔӜӔӑӐ ӐӥӢӘӣӠӘ 

ӪӔӜӢӠӘӡ ӤӚӔӥӡӘӑӘӚӝӑӘӡ ӨӔӡӐӤӐӡӔӑӚӐӓ. (ӘӮ. §3.1)  

ӕӘӜӐӘӓӐӜ α-ӥӘӛӝӢӠӘӞӡӘӜӘӡ ӡӢӠӣӥӢӣӠӐ ӓӐ әӐӢӐӚӘӖӣӠӘ ӞӠӝӪӔӡӘ ӡӐӒӣӚӓӐӒӣӚӝӓӐ ӐӠӘӡ 

ӨӔӡӬӐӕӚӘӚӘ ӡӢӐӜӓӐӠӢӣӚ ӞӘӠӝӑӔӑӨӘ, Ӑӛ ӪӘӚӐӡ ӤӐӠӗӝӓ ӘӧӔӜӔӑӔӜ әӕӚӔӕӔӑӨӘ, ӠӝӛӚӘӡ 

ӛӘӖӐӜӘӐ ӪӘӚӔӑӘӡ ӒӐӠӔӛӝӡ ӒӐӕӚӔӜӘӡ ӨӔӡӬӐӕӚӐ ӡӢӐӑӘӚӝӑӘӡ [107, 108] ӓӐ ӤӣӜӥӪӘӣӠӘ 

ӐӥӢӘӕӝӑӘӡ ӐӡӞӔӥӢӔӑӖӔ [109-111]. ӐӛӘӡӐӗӕӘӡ ӒӐӛӝӘӧӔӜӔӑӐ ӠӝӒӝӠӪ ӛӮӝӚӝӓ ӬӧӐӚӮӡӜӐӓӘ 

ӛӪӘӠӔ ӝӠӒӐӜӣӚӘ ӓӐӜӐӛӐӢӔӑӘ [107-111], ӐӡӔӕӔ ӛӐӗӘ ӜӐӠӔӕӔӑӘ ӥӘӛӘӣӠ ӛӝӓӘӤӘәӐӪӘӐӡӗӐӜ ӓӐ 

ӘӛӝӑӘӚӘӖӐӪӘӐӡӗӐӜ ӔӠӗӐӓ [112]. ӐӡӔӗӘ ӢӘӞӘӡ әӕӚӔӕӔӑӘ ӛӔӢӐӓ ӛӜӘӨӕӜӔӚӝӕӐӜӘӐ Әӛ 

ӞӘӠӝӑӔӑӘӡ ӛӝӓӔӚӘӠӔӑӘӡ ӗӕӐӚӡӐӖӠӘӡӘӗ, ӠӝӛӚӔӑӨӘӪ ӘӛӧӝӤӔӑӐ ӧӕӔӚӐ ӒӚӝӑӣӚӣӠӘ 

ӪӘӚӐ ӣӯӔӠӓӘӡ ӨӘӒӜӘӗ. ӠӐӓӒӐӜ ӣӯӠӔӓӨӘ ӐӠӡӔӑӣӚӘ ӝӡӛӝӚӘӢӔӑӘ ӓӐ ӨӐӞӔӠӝӜӔӑӘ 

ӛӘӘөӜӔӕӐ ӠӝӒӝӠӪ ӪӘӚӘӡ ӛӐӡӢӐӑӘӚӔӑӔӚӘ ӐӒӔӜӢӔӑӘ, ӐӡӔӕӔ ӛӐӗӘ ӤӣӜӥӪӘӣӠӘ ӐӥӢӘӕӝӑӘӡ 

ӠӔӒӣӚӐӢӝӠӘ, әӕӚӔӕӔӑӨӘ ӛӐӡӢӐӑӘӚӔӑӔӚӘ ӓӐӜӐӛӐӢӔӑӘӡ ӒӐӠӓӐ (ӛӐӒӐӚӘӗӐӓ, PEG) 

ӒӐӛӝӘӧӔӜӔӑӐ ӐӡӔӕӔ ӛӐӓӔӡӢӐӑӘӚӔӑӔӚӘ (ӨӐӠӓӝӕӐӜӐ) ӓӐ ӓӣӐӚӘӡӢӣӠӘ ӑӣӜӔӑӘӡ ӛӥӝӜӔ 

ӓӐӜӐӛӐӢӔӑӘ (DMSO). ӗӐӜӐӛӔӓӠӝӕӔ ӬӐӠӛӝӓӒӔӜӔӑӘӓӐӜ ӒӐӛӝӛӓӘӜӐӠӔ, ӒӚӝӑӣӚӣӠӘ 

ӪӘӚӔӑӘӡ, ӓӐ ӒӐӜӡӐәӣӗӠӔӑӘӗ ӤӔӠӛӔӜӢӔӑӘӡ, ӛӝӥӛӔӓӔӑӘӡ ӛӔӥӐӜӘӖӛӘ, ӒӐӜӣӧӝӤӚӐӓ 

ӓӐәӐӕӨӘӠӔӑӣӚӘӐ әӝӜӤӝӠӛӐӪӘӣӚ ӓӘӜӐӛӘәӐӡӗӐӜ [113, 114], ӐӛӠӘӒӐӓ ӒӐӜӡӐәӣӗӠӔӑӘӗ ӓӘӓӘ 

ӤӣӜӓӐӛӔӜӢӣӠӘ ӓӐ ӒӐӛӝӧӔӜӔӑӘӗӘ ӘӜӢӔӠӔӡӘ ӤӐӡӔӣӚӝӑӐ Ӑӥӕӡ әӝӛӞӚӔӥӡӣӠ әӕӚӔӕӔӑӡ, 

ӠӝӛӚӔӑӘӪ ӡӮӕӐӓӐӡӮӕӐ ӛӔӗӝӓӔӑӘӡ ӔӠӗӝӑӚӘӕӘ ӒӐӛӝӧӔӜӔӑӘӗ ӓӐӐӓӒӔӜӔӜ ӪӘӚӘӡ 

ӡӢӐӑӘӚӝӑӘӡ, ӚӐӑӘӚӝӑӘӡ ӓӐ ӤӣӜӥӪӘӣӠӘ ӐӥӢӘӕӝӑӘӡ ӣӠӗӘӔӠӗәӐӕӨӘӠӡ ӛӘӡӘ ӒӐӠӔӛӝӡ 

ӒӐӕӚӔӜӘӡ ӒӐӗӕӐӚӘӡӬӘӜӔӑӘӗ [116-119].  
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1.6 ӐӖӣӠӘӜӘ, ӠӝӒӝӠӪ ӔӚӔӥӢӠӝӜӘӡ ӒӐӓӐӛӢӐӜӘ ӒӚӝӑӣӚӣӠӘ ӪӘӚӐ. ӗӕӘӗӐӬӧӝӑӐӓӘ 

ӛӝӜӝӨӠӔӔӑӘӡ ӒӐӛӝӧӔӜӔӑӐ ӐӖӣӠӘӜӘӡ ӓӐ ӡӮӕӐ ӪӘӚӔӑӘӡ ӘӛӝӑӘӚӘӖӐӪӘӘӡ ӓӐ ӛӐӗӘ 

ӤӣӜӥӪӘӘӡ ӨӔӡӬӐӕӚӘӡ ӛӘӖӜӘӗ. ӘӝӜӣӠӘ ӚӦӝӑӘӚӔӑӘ. 

 

ӐӖӣӠӘӜӘӡ ӡӢӠӣӥӢӣӠӐ ӓӐ ӤӣӜӥӪӘӐ. ӡӐӓӘӡӔӠӢӐӪӘӝ ӜӐӨӠӝӛӨӘ ӬӐӠӛӝӓӒӔӜӘӚӘ әӕӚӔӕӘӡ 

ӔӠӗӔӠӗӘ ӝӑӘӔӥӢӘ ӐӠӘӡ ӪӘӡӤӔӠӘ ӡӞӘӚӔӜӫӘӡ ӨӔӛӪӕӔӚӘ ӪӘӚӐ ӐӖӣӠӘӜӘ. Ӕӡ ӐӠӘӡ ӑӐӥӢӔӠӘӐ 

Pseudomonas aeruginosa-ӓӐӜ ӒӐӛӝӧӝӤӘӚӘ ӛӪӘӠӔ ӖӝӛӘӡ ӟӐӜӒӕӐ-ӐӦӓӒӔӜӘӗӘ ӪӘӚӐ, ӠӝӛӔӚӘӪ 

ӛӘӔәӣӗӕӜӔӑӐ ӔӚӔӥӢӠӝӜӘӡ ӒӐӓӐӛӢӐӜӘ ӪӘӚӔӑӘӡ, әӣӞӠӔӓӝӥӡӘӜӔӑӘӡ ӝӯӐӮӡ ӓӐ ӛӝӘӞӝӕӔӑӐ 

ӑӐӥӢӔӠӘӣӚӘ ӣӯӠӔӓӔӑӘӡ ӞӔӠӘӞӚӐӖӛӣӠ ӡӘӕӠӪӔӨӘ. ӐӖӣӠӘӜӘӡ ӑӘӝӚӝӒӘӣӠӘ ӤӣӜӥӪӘӔӑӘ 

ӯӔӠӯӔӠӝӑӘӗ ӐӠ ӐӠӘӡ ӑӝӚӝӛӓӔ ӨӔӡӬӐӕӚӘӚӘ, ӛӐӒӠӐӛ ӪӜӝӑӘӚӘӐ, Ӡӝӛ ӐӖӣӠӘӜӘ 

ӛӝӜӐӬӘӚӔӝӑӡ ӣӯӠӔӓӨӘ ӔӚӔӥӢӠӝӜӘӡ ӒӐӓӐӢӐӜӘӡ ӞӠӝӪӔӡӨӘ ӝӥӡӘӓӐӢӘӣӠӘ ӡӢӠӔӡӘӡ ӓӠӝӡ. 

әӔӠӫӝӓ, ӓӐӓӒӔӜӘӚӘӐ, Ӡӝӛ ӐӖӣӠӘӜӘ ӪӘӢӝӮӠӝӛ c551-ӗӐӜ ӔӠӗӝӑӚӘӝӑӐӨӘ ӐӡӠӣӚӔӑӡ 

ӔӚӔӥӢӠӝӜӘӡ ӓӝӜӝӠӘӡ ӠӝӚӡ ӜӘӢӠӐӢ ӠӔӓӣӥӢӐӖӐӡӗӕӘӡ ӓӔӜӘӢӠӘӤӘәӐӪӘӘӡ ӠӔӐӥӪӘӐӨӘ 

[120] ӓӐ ӐӡӔӕӔ ӐӡӠӣӚӔӑӡ ӔӚӔӥӢӠӝӜӘӡ ӓӝӜӝӠӘӡ ӤӣӜӥӪӘӐӡ ӡӐӡӣӜӗӥ ӯӐӭӕӔӑӨӘ ӪӘӢӝӮӠӝӛ c 

ӞӔӠӝӥӡӘӓӐӖӐӡӗӐӜ ӣӠӗӘӔӠӗӥӛӔӓӔӑӐӨӘ [121].  

 
ӡӣӠӐӗӘ 1.8. ӐӖӣӠӘӜӘӡ ӐӥӢӘӣӠӘ ӪӔӜӢӠӘ. ӬӘӗӚӐӓ ӐӠӘӡ ӜӐөӕӔӜӔӑӘ ӡӞӘӚӔӜӫӘӡ ӘӝӜӘ ӓӐ ӛӘӡӘ 

ӚӘӒӐӜӓӔӑӘ. ӘӘӡӤӠӐӓ ӛӝӪӔӛӣӚӘӐ ӛӐӜӫӘӚӔӑӘ ӡӞӘӚӔӜӫӘӡ ӘӝӜӘӡӓӐӜ ӚӘӒӐӜӓӔӑӐӛӓӔ ӐӜӒӡӢӠӔӛӔӑӨӘ. 
 

ӐӖӣӠӘӜӘ ӨӔӓӒӔӑӐ ӔӠӗӘ 148 ӐӛӘӜӝӛӟӐӕӘӐӜӘ ӯӐӭӕӘӡӐӒӐӜ, ӠӝӛӔӚӘӪ ӥӛӜӘӡ ӔӠӗ α-ӡӞӘӠӐӚӡ ӓӐ 

ӠӕӐӜӐәӔӪӘӐӜ ǃ-ӡӢӠӣӥӢӣӠӐӡ [122, 123]. ӛӘӡ ӐӥӢӘӣӠ ӪӔӜӢӠӨӘ (ӡӣӠ. 1.8) ӒӐӜӗӐӕӡӔӑӣӚӘӐ 

ӡӞӘӚӔӜӫӘӡ ӘӝӜӘ Cu1+/Cu2+, ӠӝӛӔӚӘӪ әӝӝӠӓӘӜӘӠӔӑӣӚӘӐ ӢӠӘӐӒӝӜӐӚӣӠ ӑӘӞӘӠӐӛӘӓӣӚ 

ӡӢӠӣӥӢӣӠӐӨӘ His46-Әӡ ӓӐ His117-Әӡ ӘӛӘӓӐӖӝӚӣӠӘ ӠӒӝӚӔӑӘӗ, Cys112-Әӡ ӗӘӝӚӘӡ 
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ӯӒӣӤӘӗ ӓӐ ӝӠӘ ӨӔӓӐӠӔӑӘӗ  ӡӣӡӢӘ ӐӥӡӘӐӚӣӠӘ ӚӘӒӐӜӓӘӗ, әӔӠӫӝӓ, Met121-Әӡ ӒӝӒӘӠӓӘӡ 

ӐӢӝӛӘӗ ӓӐ Gly45-Әӡ әӐӠӑӝӜӘӚӣӠӘ ӯӒӣӤӘӗ [122, 124, 125]. ӡӞӘӚӔӜӫӘӡ ӘӝӜӘӡ ӐӡӔӗӘ 

ӒӐӜӚӐӒӔӑӘӡ ӒӐӛӝ Cu1+/Cu2+ ӒӐӓӐӡӕӚӐ ӐӠӘӡ ӡӬӠӐӤӘ ӞӠӝӪӔӡӘ ӓӐ ӐӠ ӛӝӘӗӮӝӕӡ ӛӜӘӨӕӜӔӚӝӕӐӜ 

әӝӜӤӝӠӛӐӪӘӣӚ ӪӕӚӘӚӔӑӔӑӡ [126, 127]. 

ӪӜӝӑӘӚӘӐ, Ӡӝӛ ӡӞӘӚӔӜӫӘӡ ӘӝӜӡ ӓӘӓӘ ӬӕӚӘӚӘ ӨӔӐӥӕӡ ӐӖӣӠӘӜӘӡ ӒӚӝӑӣӚӘӡ 

ӡӢӐӑӘӚӝӑӐӨӘ [123, 128]. ӛӘӣӮӔӓӐӕӐӓ ӐӛӘӡӐ, ӗӣ ӡӞӘӚӔӜӫӘ ӪӘӜәӘӡ ӘӝӜӘӗ ӐӠӘӡ 

өӐӜӐӪӕӚӔӑӣӚӘ, ӐӜ ӗӣӜӓӐӪ ӐӠӪ ӔӠӗӘ ӛӐӗӒӐӜӘ ӐӠ ӘӛӧӝӤӔӑӐ ӐӥӢӘӣӠ ӪӔӜӢӠӨӘ (ӐӞӝ-

ӐӖӣӠӘӜӘ), ӪӘӚӘӡ ӡӐӛӒӐӜӖӝӛӘӚӔӑӘӐӜӘ ӡӢӠӣӥӢӣӠӐ ӠөӔӑӐ ӢӝӞӝӚӝӒӘӣӠӐӓ ӣӪӕӚӔӚӘ [129, 

130]. ӠӐӪ ӨӔӔӮӔӑӐ ӗӔӠӛӝӓӘӜӐӛӘӣӠ ӡӢӐӑӘӚӝӑӐӡ, Әӡ ӛӜӘӨӕӜӔӚӝӕӜӐӓ ӐӠӘӡ ӓӐӛӝәӘӓӔӑӣӚӘ 

ӛӔӢӐӚӘӡ ӑӣӜӔӑӐӖӔ. Cu2+-ӤӝӠӛӐ ӛӐӥӡӘӛӐӚӣӠӘ ӡӢӐӑӘӚӝӑӘӗ ӮӐӡӘӐӗӓӔӑӐ, ӛӘӡӘ 

ӓӔӜӐӢӣӠӐӪӘӘӡ ӔӜӢӐӚӞӘӐ ӨӔӐӓӒӔӜӡ 52 kJ/mol, ӐӞӝ-ӐӖӣӠӘӜӘ ӐӠӘӡ ӧӕӔӚӐӖӔ ӐӠӐӡӢӐӑӘӚӣӠӘ 

(29 kJ/mol), ӮӝӚӝ Zn- ӓӐ Cu1+-ӤӝӠӛӔӑӘӡ ӔӜӢӐӚӞӘӐ ӨӔӐӓӒӔӜӡ, ӨӔӡӐӑӐӛӘӡӐӓ, 39 ӓӐ 40 kJ/mol 

[131-133]. ӐӦӡӐӜӘӨӜӐӕӘӐ, Ӡӝӛ ӝӠӘӕӔ ӘӝӜӘ ӘӛӓӔӜӐӓ ӫӚӘӔӠӐӓ ӣәӐӕӨӘӠӓӔӑӐ ӐӖӣӠӘӜӘӡ 

ӞӝӚӘӞӔӞӢӘӓӣӠ ӯӐӭӕӡ, Ӡӝӛ ӐӠ ӨӝӠӓӔӑӐ ӛӐӡ ӪӘӚӘӡ ӓӔӜӐӢӣӠӐӪӘӘӡ ӨӔӛӓӔӒ [134]. ӛӐӒӠӐӛ 

ӐӖӣӠӘӜӘӡ ӤӝӚӓӘӜӒӘӡ ӞӠӝӪӔӡӘ ӡӐӛӘ ӠӘӒӘӗ ӡӬӠӐӤӐӓ ӛӘӛӓӘӜӐӠӔӝӑӡ, ӗӣ ӛӔӢӐӚӘӡ 

ӚӘӒӐӜӓӔӑӗӐӜ ӓӐәӐӕӨӘӠӔӑӐ ӮӓӔӑӐ ӞӝӚӘӞӔӞӢӘӓӘӡ ӓӐӮӕӔӕӐӛӓӔ ӓӐ ӐӠӐ ӛӘӡ ӨӔӛӓӔӒ, ӠӝӪӐ 

ӐӖӣӠӘӜӘӡ ӒӚӝӑӣӚӐӛ ӣәӕӔ ӛӘӘӦӝ ӓӐӛӐӮӐӡӘӐӗӔӑӔӚӘ әӝӜӤӝӠӛӐӪӘӐ [135]. 

 

ӐӖӣӠӘӜӘӡ ӘӛӝӑӘӚӘӖӐӪӘӐ ӐӚәӐӜӗӘӝӚӔӑӘӡ ӗӕӘӗӐӬӧӝӑӐӓӘ ӛӝӜӝӨӠӔӔӑӘӡ ӒӐӛӝӧӔӜӔӑӘӗ. 

ӔӚӔӥӢӠӝӜӘӡ ӒӐӓӐӢӐӜӘӡ ӞӠӝӪӔӡӘӡ ӛӔӥӐӜӘӖӛӘӡ ӨӔӡӐӡӬӐӕӚӐӓ ӛӝӪӔӛӣӚ ӡӐӓӘӡӔӠӢӐӪӘӝ 

ӜӐӨӠӝӛӨӘ ӐӖӣӠӘӜӘ ӓӐӛӐӒӠӔӑӣӚӘ Әӧӝ ӝӥӠӝӡ ӔӚӔӥӢӠӝӓӖӔ ӐӚәӐӜӗӘӝӚӔӑӘӡ 

ӗӕӘӗӐӬӧӝӑӐӓӘ ӛӝӜӝӨӠӔӔӑӘӡ ӐӜӣ SAM-ӔӑӘӡ ӡӐӨӣӐӚӔӑӘӗ (ӡӣӠ. 1.9). ӛӡӒӐӕӡ ӤӘӠӔӑӡ ӤӐӠӗӝӓ 

ӘӧӔӜӔӑӔӜ ӠӝӒӝӠӪ ӤӣӜӓӐӛӔӜӢӣӠӘ әӕӚӔӕӔӑӘӡ ӓӠӝӡ [136-140], ӐӡӔӕӔ ӡӮӕӐӓӐӡӮӕӐ 

ӜӐӜӝӢӔӥӜӝӚӝӒӘӣӠӘ ӛӘӖӜӔӑӘӡӗӕӘӡ [141, 142]. SAM (self assembled monolayer) ӬӐӠӛӝӐӓӒӔӜӡ 

ӡӮӕӐӓӐӡӮӕӐ ӢӘӞӘӡ ӝӠӒӐӜӣӚӘ ӛӝӚӔәӣӚӔӑӘӡ ӛӝӬӔӡӠӘӒӔӑӣӚ ӤӘӠӡ, ӠӝӛӔӚӘӪ 

ӡӞӝӜӢӐӜӣӠӐӓ ӘӥӛӜӔӑӐ ӖӔӓӐӞӘӠӖӔ ӓӐ ӨӔӓӒӔӑӐ ӛӮӝӚӝӓ ӔӠӗӘ ӛӝӚӔәӣӚӘӡ ӡӘӡӥӘӡ ӨӠӘӡӒӐӜ 

[140, 142], ӠӐӪ ӒӐӜӞӘӠӝӑӔӑӣӚӘӐ Ӑӛ ӛӝӚӔәӣӚӔӑӘӡ ӢӔӠӛӘӜӐӚӣӠӘ ӯӒӣӤӔӑӘӡ ӖӔӓӐӞӘӠӘӡәӔӜ 

ӛӐӦӐӚӘ ӡӬӠӐӤӕӘӗ (ӡӣӠ. 1.10). ӧӕӔӚӐ SAM ӨӔӓӒӔӑӐ ӔӠӗӜӐӘӠӐӓ ӝӠӘӔӜӢӘӠӔӑӣӚӘ 

ӛӝӚӔәӣӚӔӑӘӡӒӐӜ ӓӐ ӨӔӘӫӚӔӑӐ Әӧӝӡ ӠӝӒӝӠӪ ӔӠӗ- ӐӡӔӕӔ ӛӠӐӕӐӚәӝӛӞӝӜӔӜӢӘӐӜӘ. Ӑӛ 

ӛӝӚӔәӣӚӔӑӡ Ӑӥӕӗ ӢӔӠӛӘӜӐӚӣӠӘ ӯӒӣӤӔӑӘ (-CH, -S-, S-S), ӠӝӛӚӔӑӘӪ ӣӔӠӗӓӔӑӘӐӜ 

ӔӚӔӥӢӠӝӓӡ, ӨӣӐӚӔӓӣӠӘ ӜӐӬӘӚӘ (ӫӘӠӘӗӐӓӐӓ, ӐӚәӐӜӘӡ ӯӒӣӤӔӑӘӡӐӒӐӜ [CH2]) ӓӐ 
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ӮӡӜӐӠӨӘ ӛӘӛӐӠӗӣӚӘ ӤӣӜӥӪӘӝӜӐӚӣӠӘ ӯӒӣӤӔӑӘ, ӑӝӚӝӔӑӘ, (OH COOH, CH3, C6H5N ӓӐ 

ӡӮӕӐ). ӨӣӐӚӔӓӣӠӘ ӜӐӬӘӚӘӡ ӡӘӒӠӫӘӡ, ӐӜӣ Ӑӛ ӯӒӣӤӔӑӘӡ ӠӐӝӓӔӜӝӑӘӡ ӨӔӠөӔӕӘӗ 

ӨӔӡӐӫӚӔӑӔӚӘӐ SAM-Әӡ ӡӢӠӣӥӢӣӠӘӡ ӓӐ ӡӘӡӥӘӡ ӠӔӒӣӚӘӠӔӑӐ ӛӝӚӔәӣӚӣӠ ӓӝӜӔӖӔ [143-

144], ӮӝӚӝ ӤӣӜӥӪӘӝӜӐӚӣӠӘ ӯӒӣӤӔӑӘӡ ӡӐӨӣӐӚӔӑӘӗ ӮӓӔӑӐ ӨӔӡӐӡӬӐӕӚӘ ӝӑӘӔӥӢӘӡ 

ӖӔӓӐӞӘӠӖӔ ӓӐӛӐӒӠӔӑӐ. 

Au

 
ӡӣӠӐӗӘ 1.9. ӐӚәӐӜӗӘӝӚӔӑӘӗ ӛӝӓӘӤӘӪӘӠӔӑӣӚ ӝӥӠӝӡ ӔӚӔӥӢӠӝӓӖӔ ӓӐӛӐӒӠӔӑӣӚӘ ӐӖӣӠӘӜӘӡ 

ӡӥӔӛӐӢӣӠӘ ӒӐӛӝӡӐӮӣӚӔӑӐ. 
a – ӘӝӜӣӠӘ ӚӦӝӑӘӚӘӡ, ӥӝӚӘӜӓӘӰӘӓӠӝӒӔӜӤӝӡӤӐӢӘӡ ӑӣӤӔӠӣӚӘ ӬӧӐӚӮӡӜӐӠӘ, b – 

ӘӛӝӑӘӚӘӖӔӑӣӚӘ ӐӖӣӠӘӜӘ (ӓӔӢӐӚӣӠӐӓ ӢӔӥӡӢӨӘ), c - ӡӞӘӚӔӜӫӘӡ ӐӢӝӛӘ ӐӖӣӠӘӜӘӡ ӐӥӢӘӣӠ 
ӪӔӜӢӠӨӘ, d – 1-ӞӔӜӢӐӜӗӘӝӚӔӑӘӡ (n=4) ӗӕӘӗӐӬӧӝӑӐӓӘ ӛӝӜӘӨӠӔ (SAM), e - ӝӥӠӝӡ ӔӚӔӥӢӠӝӓӘ. 

 
 

ӗӕӘӗӐӬӧӝӑӐӓӘ ӛӝӜӝӨӠӔӔӑӘӡ ӛӘӡӐӦӔӑӐӓ ӡӐӭӘӠӝӐ ӔӚӔӥӢӠӝӓӘӡ ӛӝӗӐӕӡӔӑӐ SAM-Әӡ 

әӝӛӞӝӜӔӜӢӔӑӘӡ ӮӡӜӐӠӨӘ, ӛӐӗӘ ӢӔӠӛӘӜӐӚӣӠӘ ӯӒӣӤӔӑӘ ӣәӐӕӨӘӠӓӔӑӘӐӜ ӔӚӔӥӢӠӝӓӘӡ 

ӛӔӢӐӚӘӡ ӐӢӝӛӔӑӡ ӓӐ ӘӥӛӜӔӑӐ ӔӠӗӘ ӛӝӚӔәӣӚӘӡ ӡӘӡӥӘӡ ӛӥӝӜӔ ӤӘӠӘ. SAM-ӔӑӘ әӐӠӒӐӓ 

ӯӓӔӑӐ ӛӔӢӐӚӘӡ (Au, Pt, Ag, Hg) ӜӔӑӘӡӛӘӔӠӘ ӖӝӛӘӡ ӓӐ ӤӝӠӛӘӡ  ӔӚӔӥӢӠӝӓӔӑӖӔ, 

ӓӐӬӧӔӑӣӚӘ ӛӐәӠӝӔӚӔӥӢӠӝӓӔӑӘӓӐӜ ӓӐ ӓӐӛӗӐӕӠӔӑӣӚӘ ӣӚӢӠӐ-ӛӘәӠӝӔӚӔӥӢӠӝӓӔӑӘӗ. 

ӐӓӡӝӠӑӪӘӘӡӐӗӕӘӡ ӡӐӭӘӠӝӐ ӜӔӑӘӡӛӘӔӠӘ ӡӘӒӚӣӕӘӡ ӛӥӝӜӔ ӖӔӓӐӞӘӠӘ, ӠӝӛӔӚӘӪ әӐӠӒӐӓ 

ӒӐӬӛӔӜӓӘӚӘӐ ӝӥӡӘӓӔӑӘӡӐӒӐӜ [143, 144]. ӐӚәӐӜӗӘӝӚӔӑӘӡ ӔӚӔӥӢӠӝӓӗӐӜ ӛӘӔӠӗӔӑӘӡӐӡ 

ӗӘӝӚӘ әӐӠӒӐӕӡ ӬӧӐӚӑӐӓӡ, ӮӝӚӝ ӓӘӡӣӚӤӘӓӘ ӒӐӜӘӪӓӘӡ ӒӐӮӚӔөӐӡ ӓӐ ӬӐӠӛӝӘӨӝӑӐ 

ӖӔӓӐӞӘӠӣӚӘ ӗӘӝӚӐӢӘ. ӡӮӕӐӓӐӡӮӕӐ ӛӔӢӐӚӔӑӘӡ ӛӘӛӐӠӗ ӛӐӦӐӚӘ ӡӬӠӐӤӕӘӡ ӒӐӛӝ ӒӝӒӘӠӓӘ 
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ӛӭӘӓӠӝӓ ӣәӐӕӨӘӠӓӔӑӐ ӔӚӔӥӢӠӝӓӘӡ ӖӔӓӐӞӘӠӡ ӓӐ ӐӛӠӘӒӐӓ ӔӚӔӥӢӠӝӓӗӐӜ ӒӝӒӘӠӓӘӡ 

ӡӐӨӣӐӚӔӑӘӗ ӓӐәӐӕӨӘӠӔӑӣӚӘ SAM-ӔӑӘ ӛӓӒӠӐӓӘӐ ӞӝӢӔӜӪӘӐӚӘӡ ӪӕӚӘӚӔӑӘӡ ӡӐәӛӐӝӓ 

ӤӐӠӗӝ ӤӐӠӒӚӔӑӨӘ ( 0.8 V Ag/AgCl/sat KCl) [143, 144]. ӖӔӓӐӞӘӠӘӓӐӜ ӛӐӗӘ ӓӔӡӝӠӑӪӘӐ 

ӮӓӔӑӐ ӛӮӝӚӝӓ ӫӚӘӔӠ ӢӣӢӔ ӮӡӜӐӠӔӑӨӘ ӐӜ ӛӐӦӐӚӘ ӣӐӠӧӝӤӘӗӘ ӞӝӢӔӜӪӘӐӚӔӑӘӡ 

ӛӘӬӝӓӔӑӘӡ ӓӠӝӡ [143, 144]. 

 

 

ӡӣӠӐӗӘ 1.10. ӐӚәӐӜӗӘӝӚӔӑӘӡ ӗӕӘӗӐӬӧӝӑӐӓӘ ӛӝӜӘӨӠӔӔӑӘӡ (SAM-ӔӑӘӡ)ӖӔӓӐӞӘӠӖӔ ӐӬӧӝӑӘӡ 
ӞӠӘӜӪӘӞӘ. 

 

ӐӚәӐӜӗӘӝӚӔӑӘӡ ӛӝӜӝӨӠӔ ӥӛӜӘӡ ӖӔӓӐӞӘӠӘӡ ӛӘӛӐӠӗ  30˚-Әӗ ӓӐӮӠӘӚ ӰӔӥӡӐӒӝӜӐӚӣӠ 

ӡӢӠӣӥӢӣӠӐӡ, ӡӐӓӐӪ ӛӔӖӝӑӔӚ ӐӚәӐӜӔӗӘӝӚӔӑӘӡ ӯӐӭӕӔӑӡ ӨӝӠӘӡ ӛӐӜӫӘӚӘ ӡӐӨӣӐӚӝӓ 

ӨӔӐӓӒӔӜӡ 5.0 Å [144], ӮӝӚӝ ӛӐӜӫӘӚӘ ӜӐӮӨӘӠӑӐӓӘӡ ӝӠ ӐӢӝӛӡ ӨӝӠӘӡ ӨӔӐӓӒӔӜӡ 1.54 Å [144, 

145]. ӐӛӠӘӒӐӓ ӛӝӜӝӨӠӘӡ ӡӘӡӥӔ d ӓӐӛӝәӘӓӔӑӣӚӘӐ ӛӘӡӘ ӨӔӛӐӓӒӔӜӔӚӘ ӛӝӚӔәӣӚӔӑӘӡ ӯӐӟӕӘӡ 

ӡӘӠӫӔӖӔ ӓӐ ӒӐӜӘӡӐӖӦӕӠӔӑӐ ӨӔӛӓӔӒӘ ӤӝӠӛӣӚӘӗ [145]: 

 

                                        d = 1.90 + 1.12 n  (Å )                                        (1) 

 

ӡӐӓӐӪ n ӐӠӘӡ ӐӚәӐӜӔӗӘӝӚӘӡ ӯӐӭӕӨӘ ӛӔӗӘӚӔӜӘӡ ӠӒӝӚӔӑӘӡ (CH2) ӠӘӪӮӕӘ, ӮӝӚӝ 1.9Å  

ӐӠӘӡ ӒӝӒӘӠӓӘӡ ӐӢӝӛӘӡ ӠӐӓӘӣӡӘ [143-145]. ӐӜӣ, ӧӝӕӔӚӘ ӐӚәӐӜӘӡ ӯӒӣӤӘӡ ӓӐӛӐӢӔӑӘӗ 

SAM-Әӡ ӡӘӡӥӔ ӘӖӠӓӔӑӐ 1.12 Å, ӠӐӪ ӔӥӡӞӔӠӘӛӔӜӢӨӘ ӒӕӐӫӚӔӕӡ ӘӛӘӡ ӡӐӨӣӐӚӔӑӐӡ, Ӡӝӛ ӓӘӓӘ 

ӡӘӖӣӡӢӘӗ ӕӪӕӐӚӝӗ ӔӚӔӥӢӠӝӜӘӡ ӒӐӓӐӢӐӜӘӡ ӛӐӜӫӘӚӘ ӔӚӔӥӢӠӝӓӡӐ ӓӐ ӟӐӜӒӕӐ-ӐӦӓӒӔӜӘӗ 

ӪӔӜӢӠӡ ӨӝӠӘӡ ӓӐ ӛӗӔӚӘ әӝӛӞӝӖӘӢӣӠӘ ӡӘӡӢӔӛӘӡ ӗӕӘӡӔӑӔӑӘӡ ӨӔӪӕӚӘӡ ӡӐӨӣӐӚӔӑӐӡ [137-

139]. 
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ӛӘӣӮӔӓӐӕӐӓ ӘӛӘӡӐ Ӡӝӛ SAM-Әӡ әӝӛӞӝӜӔӜӢӔӑӘӡ ӡӐӬӧӘӡӘ ӐӓӡӝӠӑӪӘӐ ӮӓӔӑӐ ӫӐӚӘӐӜ ӡӬӠӐӤӐӓ, 

ӛӝӜӝӨӠӘӡ ӡӐӑӝӚӝӝ ӡӢӠӣӥӢӣӠӘӡ ӓӐӮӕӔӬӐӡ ӨӔӘӫӚӔӑӐ ӓӐӭӘӠӓӔӡ ӓӠӝ ӐӜ ӞӝӢӔӜӪӘӐӚӘӡ 

ӪӘәӚӘӠӔӑӐ [143, 146, 147]. ӛӐӒӠӐӛ ӛӐӘӜӪ ӐӠ ӐӠӘӡ ӒӐӛӝӠӘӪӮӣӚӘ ӗӕӘӗӐӬӧӝӑӘӡ ӞӠӝӪӔӡӨӘ 

ӡӮӕӐӓӐӡӮӕӐ ӢӘӞӘӡ ӓӔӤӔӥӢӔӑӘӡ ӬӐӠӛӝӨӝӑӐ. ӛӐӒӐӚӘӗӐӓ, ӛӔӢӐӚӘӡ ӖӔӓӐӞӘӠӖӔ ӨӔӘӫӚӔӑӐ 

ӓӐӠөӔӡ ӓӐӣӤӐӠӐӕӘ ӐӓӒӘӚӔӑӘ ӐӜ ӔӚӔӥӢӠӝӓӘӡ  ӒӐӠәӕӔӣӚ  ӐӓӒӘӚӔӑӖӔ  ӐӚәӐӜӔӗӘӝӚӘ  

ӨӔӘӫӚӔӑӐ ӜӐӬӘӚӝӑӠӘӕ ӐӜ ӛӗӚӘӐӜӐӓ "ӓӐӬӕӔӡ" ӖӔӓӐӞӘӠӖӔ. ӗӣ ӓӔӤӔӥӢӔӑӘӡ ӠӐӝӓӔӜӝӑӐ 

ӐӠӘӡ ӓӘӓӘ, ӛӐӨӘӜ ӨӔӘӫӚӔӑӐ ӛӝӮӓӔӡ ӛӝӜӝӨӠӘӡ ӛӗӚӘӐӜӝӑӘӡ ӓӐӠӦӕӔӕӐ ӓӐ ӨӔӓӔӒӐӓ ӛӘӡӘ 

ӓӐӛӪӐӕӘ ӗӕӘӡӔӑӔӑӘӡ ӨӔӡӣӡӢӔӑӐ. ӛӐӒӠӐӛ ӡӐӑӔӓӜӘӔӠӝӓ SAM-Әӡ ӓӔӤӔӥӢӔӑӘ ӐӓӕӘӚӐӓ ӘөӔӜӔӜ 

ӗӐӕӡ ӔӥӡӞӔӠӘӛӔӜӢӘӡ ӓӠӝӡ ӓӐӑӐӚ ӡӘөӥӐӠӔӔӑӖӔ ӒӐӓӐӦӔӑӣӚ ӕӝӚӢӐӛӝӒӠӐӛӔӑӖӔ [144, 148]. 

 

 ӘӝӜӣӠӘ ӚӦӝӑӘӚӔӑӘ.  ӑӘӝӚӝӒӘӣӠ ӡӘӡӢӔӛӔӑӨӘ ӔӚӔӥӢӠӝӜӘӡ ӒӐӓӐӢӐӜӘӡ ӑӚӐӜӢӘ ӒӐӠӔӛӝӡ 

ӛӝӓӔӚӘӠӔӑӘӡ ӛӘӖӜӘӗ ӒӐӛӝӘӧӔӜӔӑӐ ӛӗӔӚӘ ӠӘӒӘ ӑӚӐӜӢӘ ӒӐӛӮӡӜӔӚӔӑӘ, ӛӐӗ ӨӝӠӘӡ ӘӝӜӣӠӘ 

ӚӦӝӑӘӚӔӑӘ (ionic liquid). ӘӝӜӣӠ ӚӦӝӑӘӚӡ (ӘӝӜӣӠ ӡӘӗӮӔӡ) ӣӬӝӓӔӑӔӜ ӝӠӒӐӜӣӚӘ 

ӛӐӠӘӚӔӑӘӡ ӓӐӑӐӚӢӔӛӞӔӠӐӢӣӠӣӚ ӚӦӝӑӘӚӔӑӡ [149]. ӐӜӣ, Ӕӡ ӐӠӘӡ ӡӘӗӮӔ, ӠӝӛӔӚӘӪ 

ӝӗӐӮӘӡ ӞӘӠӝӑӔӑӨӘ ӨӔӓӒӔӑӐ ӠӝӛӔӚӘӛӔ ӝӠӒӐӜӣӚӘ ӛӐӠӘӚӔӑӘӡ ӘӝӜӔӑӘӡӒӐӜ. ӞӠӝӢӝӜӣӚ 

ӘӝӜӣӠ ӚӦӝӑӘӚӔӑӡ, ӠӝӛӚӔӑӡӐӪ Ӑӥӕӗ ӓӘӡӝӪӘӠӔӑӐӓӘ ӞӠӝӢӝӜӔӑӘ, ӐӮӐӡӘӐӗӔӑӡ ӛӐӦӐӚӘ 

ӘӝӜӣӠӘ ӒӐӛӢӐӠӝӑӐ ӓӐ ӑӘӝӛӝӚӔәӣӚӔӑӘӡ ӓӐӡӢӐӑӘӚӔӑӘӡ ӣӜӐӠӘ [150-152], ӠӐӪ 

ӛӜӘӨӕӜӔӚӝӕӐӜӘӐ ӠӝӒӝӠӪ ӔӚӔӥӢӠӝӜӘӡ ӒӐӓӐӢӐӜӘӡ ӛӔӥӐӜӘӖӛӔӑӘӡ ӤӣӜӓӐӛӔӜӢӣӠ әӕӚӔӕӐӨӘ 

[152, 153], ӐӡӔӕӔ ӒӐӛӝӧӔӜӔӑӘӗ ӡӤӔӠӝӨӘӪ [154, 155]. ӐӖӣӠӘӜӘӡ ӡӢӐӑӘӚӝӑӐӡӐ ӓӐ ӤӣӜӥӪӘӣӠ 

ӐӥӢӘӕӝӑӐӡ ӨӝӠӘӡ ӣӠӗӘӔӠӗәӐӕӨӘӠӘӡ ӨӔӡӐӡӬӐӕӚӐӓ ӛӝӪӔӛӣӚ ӜӐӨӠӝӛӨӘ ӒӐӛӝӧӔӜӔӑӣӚӘ Әӧӝ 

ӔӠӗ-ӔӠӗӘ ӞӠӝӢӝӜӣӚӘ ӘӝӜӣӠӘ ӚӦӝӑӘӚӘ, ӥӝӚӘӜ ӓӘӰӘӓӠӝӒӔӜӤӝӡӤӐӢӘ [ch][dhp] (ӡӣӠ, 

1.11), ӠӝӛӔӚӘӪ ӒӕӐӫӚӔӕӡ ӐӖӣӠӘӜӘӡ ӑӣӜӔӑӠӘӕӘ ӒӐӠӔӛӝӡ ӞӘӠӝӑӔӑӘӡ ӡӐәӛӐӝӓ ӖӣӡӢӘ 

ӛӘӐӮӚӝӔӑӘӗ ӛӝӓӔӚӘӠӔӑӐӡ ӓӐ ӐӛӐӕӓӠӝӣӚӐӓ ӛӜӘӨӕӜӔӚӝӕӜӐӓ ӖӠӓӘӡ ӡӘӡӢӔӛӘӡ 

ӛӓӒӠӐӓӝӑӐӡ ӡӮӕӐӓӐӡӮӕӐ ӛӐӓӔӡӢӐӑӘӚӔӑӔӚ ӤӐӥӢӝӠӔӑӘӡ ӛӘӛӐӠӗ [156, 157]. 

 
 

 
ӡӣӠӐӗӘ 1.11. ӘӝӜӣӠӘ ӚӦӝӑӘӚӘӡ ӥӝӚӘӜӓӘӰӘӓӠӝӒӔӜӤӝӡӤӐӢӘӡ 

([ch][dhp])  ӛӝӚӔәӣӚӣӠӘ ӡӢӠӣӥӢӣӠӐ. 
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1.7 L-ӪӘӡӢӔӘӜӘӗ ӛӝӓӘӤӘӪӘӠӔӑӣӚӘ ӔӚӔӥӢӠӝӓӔӑӘӡ ӒӐӛӝӧӔӜӔӑӐ ӡӞӘӚӔӜӫӘӡ 

ӘӝӜӔӑӘӡ Cu2+ ӘӛӝӑӘӚӘӖӐӪӘӘӡӐ ӓӐ ӨӔӡӐӑӐӛӘӡӘ  ӔӚӔӥӢӠӝӜӣӚӘ ӛӘӛӝӪӕӚӘӡ  

ӛӝӓӔӚӣӠӘ (ӑӘӝӛӘӛӔӢӘәӣӠӘ) ӞӠӝӪӔӡӘӡ ӨӔӡӬӐӕӚӘӡ ӛӘӖӜӘӗ 

 

ӡӢӐӜӓӐӠӢӣӚӘ ӐӛӘӜӝӛӟӐӕӐ L-ӪӘӡӢӔӘӜӘ, ӐӡӔӕӔ ӠӝӒӝӠӪ ӛӘӡӒӐӜ ӬӐӠӛӝӔӑӣӚӘ ӜӐӔӠӗӔӑӘ (N-

ӐӪӔӢӘӚ-L-ӪӘӡӢӔӘӜӘ ӓӐ ӰӝӛӝӪӘӡӢӔӘӜӘ), ӐӥӢӘӣӠӐӓ ӒӐӛӝӘӧӔӜӔӑӐ ӘӜӓӣӡӢӠӘӐӨӘ ӓӐ 

ӜӐӜӝӢӔӥӜӝӚӝӒӘӐӨӘ [158, 159] ӓӐ, ӨӔӡӐӑӐӛӘӡӐӓ, ӘӬӕӔӕӡ ӘӜӢӔӠӔӡӡ ӤӣӜӓӐӛӔӜӢӣӠ әӕӚӔӕӔӑӨӘӪ 

[160, 161]. ӒӝӒӘӠӓӘӡ ӐӢӝӛӘӡ ӨӔӛӪӕӔӚӝӑӘӡ ӒӐӛӝ L-ӪӘӡӢӔӘӜӡ ӐӮӐӡӘӐӗӔӑӡ ӛӔӢӐӚӘӡ 

ӔӚӔӥӢӠӝӓӔӑӘӡ ӛӘӛӐӠӗ ӛӐӦӐӚӘ ӡӬӠӐӤӕӐ, ӐӛӘӢӝӛ ӛӐӡ ӐӥӢӘӣӠӐӓ ӘӧӔӜӔӑӔӜ ӝӥӠӝӡ ӐӜ ӡӮӕӐ 

ӛӔӢӐӚӘӡ ӖӔӓӐӞӘӠӖӔ ӛӝәӚӔ ӗӕӘӗӐӬӧӝӑӐӓӘ ӛӝӜӝӨӠӔӔӑӘӡ ӛӘӡӐӦӔӑӐӓ.  

ӒӐӠӓӐ SAM-ӔӑӘӡ ӔӠӗ-ӔӠӗӘ ӫӘӠӘӗӐӓӘ ӓӐӜӘӨӜӣӚӔӑӘӡӐ, ӡӐәӕӚӔӕӘ ӝӑӘӔӥӢӘӡ ӓӐӪӕӘӡ 

ӛӔӢӐӚӘӡ ӔӚӔӥӢӠӝӓӗӐӜ ӓӐӛӐӖӘӐӜӔӑӔӚӘ әӝӜӢӐӥӢӘӡӐӒӐӜ, ӖӝӒӘӔӠӗ ӨӔӛӗӮӕӔӕӐӨӘ ӛӐӗӘ 

ӒӐӛӝӧӔӜӔӑӐ ӐӡӔӕӔ ӛӘӖӐӜӨӔӬӝӜӘӚӘӐ ӑӘӝӛӘӛӔӢӘәӣӠӘ ӡӘӡӢӔӛӔӑӘӡ ӨӔӡӐӥӛӜӔӚӐӓ. Әӛ 

ӨӔӛӗӮӕӔӕӐӨӘ, ӠӝӓӔӡӐӪ ӨӔӡӬӐӕӚӘӡ ӝӑӘӔӥӢӘ ӨӔӘӪӐӕӡ ӡӐәӛӐӝӓ ӛӝӥӜӘӚ ӟӐӜӒӕӐ-ӐӦӓӒӔӜӘӗ 

ӪӔӜӢӠӡ, ӮӘӡӢӘ ӛӝӓӔӚӣӠӘ ӡӘӡӢӔӛӔӑӘӡ ӒӐӛӝӧӔӜӔӑӐ ӐӠ ӘӫӚӔӕӐ ӞӘӠӕӔӚӘ ӡӐәӝӝӠӓӘӜӐӪӘӝ 

ӡӤӔӠӝӡ ӖӣӡӢӘ ӛӝӓӔӚӘӠӔӑӘӡ ӡӐӨӣӐӚӔӑӐӡ [162, 163]. ӐӖӣӠӘӜӘӡ ӨӔӛӗӮӕӔӕӐӨӘ ӐӥӢӘӣӠ 

ӪӔӜӢӠӨӘ ӛӧӝӤӘ ӡӞӘӚӔӜӫӘӡ ӘӝӜӘ Cu
2+ ӣӨӣӐӚӝӓӐӐ ӓӐәӐӕӨӘӠӔӑӣӚӘ ӪӘӚӘӡ ӞӝӚӘӞӔӞӢӘӓӣӠ 

ӯӐӭӕӗӐӜ, ӐӛӘӢӝӛ ӛӝӡӐӚӝӓӜӔӚӘӐ, Ӡӝӛ ӠӘӒ ӞӘӠӝӑӔӑӨӘ ӤӚӔӥӡӘӑӘӚӣӠӘ ӐӥӢӘӣӠӘ ӪӔӜӢӠӘӡ 

ӨӔӜӔӚӔӑӣӚӘ ӗӐӕӘӡӣӤӚӔӑӘӡ ӮӐӠӘӡӮӔӑӘӡ ӬӕӚӘӚӘ ӘӛӓӔӜӐӓ ӒӐӘӖӐӠӓӝӡ, Ӡӝӛ ӛӝӮӓӔӡ 

ӛӘӜӘӡӔӑӣӠ ӛӓӒӝӛӐӠӔӝӑӐӨӘ ӒӐӓӐӡӕӚӐ [162, 163]. Ӑӛ ӛӓӒӝӛӐӠӔӝӑӐӨӘ әӘ ӘӖӠӓӔӑӐ ӘӡӔӗӘ 

ӐӜӝӛӐӚӘӔӑӘӡ ӓӐӛӖӔӠӘӡ ӐӚӑӐӗӝӑӐ, ӠӝӒӝӠӘӪӐӐ ӒӐӠӔӛӝӡ ӐӠӐӬӠӤӘӕӘ ӞӝӚӐӠӘӖӐӪӘӐ ӓӐ 

ӡӘӡӢӔӛӘӡ ӐӠӐӔӠӒӝӓӣӚӘ ӥӪӔӕӐ. Ӕӡ ӛӝӕӚӔӜӔӑӘ ӡӐәӛӐӝӓ ӐӠӗӣӚӔӑӡ ӔӥӡӞӔӠӘӛӔӜӢӡ, ӛӐӒӠӐӛ 

ӓӘӓ ӘӜӢӔӠӔӡӡ ӘӬӕӔӕӡ ӠӝӒӝӠӪ ӗӐӜӐӛӔӓӠӝӕӔ ӗӔӝӠӘӣӚӘ ӡӐӛӣӨӐӝӔӑӘӡ ӔӥӡӞӔӠӘӛӔӜӢӣӚӘ 

ӨӔӤӐӡӔӑӘӡӐӗӕӘӡ [139, 164-166], ӐӡӔӕӔ ӡӮӕӐӓӐӡӮӕӐ ӡӐӮӘӡ ӑӘӝӜӐӜӝӢӔӥӜӝӚӝӒӘӣӠӘ 

ӘӜӢӔӠӔӡӔӑӘӓӐӜ ӒӐӛӝӛӓӘӜӐӠӔ [158, 159]. ӐӛӠӘӒӐӓ, L-ӪӘӡӢӔӘӜӘӡ SAM-Әӡ ӒӐӛӝӧӔӜӔӑӐ 

ӛӘӖӐӜӨӔӬӝӜӘӚӘӐ ӠӝӒӝӠӪ ӐӖӣӠӘӜӘӡ ӐӥӢӘӣӠ ӪӔӜӢӠӨӘ ӒӐӜӚӐӒӔӑӣӚӘ ӡӞӘӚӔӜӫӘӡ ӘӝӜӘӡ 

ӤӚӔӥӡӘӑӘӚӣӠӘ ӞӝӚӘӞӔӞӢӘӓӣӠӘ ӒӐӠӔӛӝӡ ӛӝӓӔӚӘӠӔӑӘӡӐӗӕӘӡ. ӡӞӘӚӔӜӫӘӡ ӘӝӜӔӑӘӡ 

ӧӕӔӚӐӖӔ ӐӚӑӐӗӣӠӘ ӒӐӜӚӐӒӔӑӐ SAM-ӨӘ ӐӡӐӮӣӚӘӐ ӡӣӠ. 1.12-ӖӔ [158, 167]. 

ӐӦӡӐӜӘӨӜӐӕӘӐ, Ӡӝӛ ӛәӐӤӘӝ ӕӝӚӢӐӛӞӔӠӝӛӔӢӠӣӚӘ ӡӘӒӜӐӚӘӡ ӛӘӡӐӦӔӑӐӓ ӡӐәӛӐӠӘӡӘӐ ӮӡӜӐӠӨӘ 

ӫӐӚӘӐӜ ӛӪӘӠӔ ӠӐӝӓӔӜӝӑӘӡ ӡӞӘӚӔӜӫӘӡ ӐӠӡӔӑӝӑӐ (ӗӣӜӓӐӪ ӣӛӜӘӨӕӜӔӚӝ ӛӘӜӐӠӔӕӘӡ ӡӐӮӘӗ) 
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[158, 167]. ӐӛӘӢӝӛ ӒӐӠӓӐ ӤӣӜӓӐӛӔӜӢӣӠӘ ӒӐӛӝӧӔӜӔӑӘӡӐ,  L-ӪӘӡӢӔӘӜӘӡ ӛӝӜӝӨӠӔӔӑӡ ӒӐӐөӜӘӐ 

ӞӠӐӥӢӘәӣӚӘ ӒӐӛӝӧӔӜӔӑӐ ӛӔӢӐӚӘӡ ӔӚӔӥӢӠӝӓӘӡ ӖӔӓӐӞӘӠӖӔ ӡӞӘӚӔӜӫӘӡ ӘӝӜӔӑӘӡ „өӐӛӭӔӠӘ“ 

ӡӔӜӡӝӠӘӡ ӡӐӮӘӗ [158, 167]. 

 

  

 

ӡӣӠӐӗӘ 1.12. Ӑ. ӡӞӘӚӔӜӫӘӡ ӘӝӜӔӑӘӡ ӡӐӕӐӠӐӣӓӝ ӒӐӜӚӐӒӔӑӐ Au/L-cys/Cu2+ ӜӐӜӝӡәӝӞӣӠ әӕӐӖӘ-2D-

ӒӐӜӖӝӛӘӚӔӑӘӡ әӝӛӞӐӥӢӣӠ әӚӐӡӢӔӠӨӘ. ӐӢӝӛӔӑӘӡ ӤӔӠӐӓӘ ӐӦӜӘӨӕӜӔӑӘ : ӛӣӥӘ ӜӐӪӠӘӡӤӔӠӘ (Au), 

ӧӕӘӗӔӚӘ (S), ӜӐӪӠӘӡӤӔӠӘ (C), ӬӘӗӔӚӘ (O), ӚӣӠӯӘ (N) ӗӔӗӠӘ (H), ӡӞӘӚӔӜӫӘӡӤӔӠӘ (Cu2+). 

ӑ. ӡӥӔӛӐӢӣӠӐӓ ӐӡӐӮӣӚӘ ӡӞӘӚӔӜӫӘӡ ӘӝӜӘӡ өӐӛӭӔӠӘ ӪӔӜӢӠӘ. ӚӣӠӯӘ ӘӡӠӔӑӘӗ ӜӐөӕӔӜӔӑӘӐ ӪӘӡӢӔӘӜӘӡ 

ӛӝӚӔәӣӚӔӑӘӡ ӤӚӣӥӢӣӐӪӘӣӠӘ ӛӝӫӠӐӝӑӐ, ӮӝӚӝ ӬӘӗӔӚӘӗ ӔӚӔӥӢӠӝӜӘӡ ӛӘӛӝӪӕӚӐ өӐӭӔӠӘӚ 

ӡӞӘӚӔӜӫӘӡ ӘӝӜӡӐ ӓӐ ӝӥӠӝӡ ӔӚӔӥӢӠӝӓӡ ӨӝӠӘӡ. 
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ӗӐӕӘ 2. ӔӥӡӞӔӠӘӛӔӜӢӣӚӘ ӜӐӬӘӚӘ (ӞӠӔӞӐӠӐӢӔӑӘ, ӛӔӗӝӓӔӑӘ ӓӐ әӕӚӔӕӔӑӘӡ 

ӞӘӠӝӑӔӑӘ) 

2.1 ӒӐӛӝӧӔӜӔӑӣӚӘ ӞӠӔӞӐӠӐӢӔӑӘ ӓӐ ӮӡӜӐӠӔӑӘӡ ӛӝӛӖӐӓӔӑӘӡ ӬӔӡӘ 

 

1. α-ӥӘӛӝӢӠӘӞӡӘӜӘ. әӐӚӝӠӘӛӔӢӠӣӚӘ ӓӐ ӞӝӢӔӜӪӘӝӛӔӢӠӣӚӘ әӕӚӔӕӔӑӘӡ ӓӠӝӡ 

ӒӐӛӝӧӔӜӔӑӣӚӘ Әӧӝ ӤӘӠӛӐ Fluka Chemie-Әӡ (ӨӕӔӘӪӐӠӘӐ) α-ӥӘӛӝӢӠӘӞӡӘӜӘ, ӛӘӡӘ ӮӔӚӝӕӜӣӠӘ 

ӔӡӗӔӠӣӚӘ ӡӣӑӡӢӠӐӢӘ ATEE (Acros Organics, ӐӨӨ), Lugal-Әӡ (ӣәӠӐӘӜӐ) ӓӘӛӔӗӘӚӡӣӚӤӝӥӡӘӓӘ 

(DMSO), ӠӝӛӔӚӘӪ ӨӔӘӪӐӕӡ 1%-ӛӓӔ ӬӧӐӚӡ ӛӘӜӐӠӔӕӘӡ ӡӐӮӘӗ, ӮӝӚӝ ӛӐӦӐӚӘ ӡӘӡӣӤӗӐӕӘӡ 

ӛӐӠӘӚӔӑӘ ӓӐ ӑӣӤӔӠӔӑӘӡ әӝӛӞӝӜӔӜӢӔӑӘ ӬӐӠӛӝӔӑӣӚӘӐ Reakhim-Әӡ (ӠӣӡӔӗӘ) ӛӘӔӠ. ӧӕӔӚӐ 

ӞӠӔӞӐӠӐӢӘ ӒӐӛӝӧӔӜӔӑӣӚӘӐ ӨӔӛӓӒӝӛӘ ӒӐӡӣӤӗӐӕӔӑӘӡ ӒӐӠӔӨӔ, ӮӡӜӐӠӔӑӘӡ ӛӝӡӐӛӖӐӓӔӑӚӐӓ 

ӒӐӛӝӧӔӜӔӑӣӚӘ Әӧӝ ӑӘӓӘӡӢӘӚӘӠӔӑӣӚӘ ӬӧӐӚӘ. 

әӐӚӝӠӘӛӔӢӠӣӚ ӔӥӡӞӔӠӘӛӔӜӢӨӘ ӒӐӛӝӧӔӜӔӑӣӚӘ α-ӥӘӛӝӢӠӘӞӡӘӜӘӡ әӝӜӪӔӜӢӠӐӪӘӐ 

ӨӔӐӓӒӔӜӓӐ  1-2 ӛӒ/ӛӚ, ӮӝӚӝ ӒӐӛӮӡӜӔӚӐӓ ӒӐӛӝӧӔӜӔӑӣӚӘ Әӧӝ 510
−2

 M NaCl ӨӔӛӪӕӔӚӘ 10
-2 

M 

әӝӜӪӔӜӢӠӐӪӘӘӡ ӤӝӡӤӐӢӘӡ (pH 2.6) ӓӐ ӑӝӠӐӢӘӡ (pH8.1) ӑӣӤӔӠӔӑӘ. 0-ӓӐӜ 70%-ӛӓӔ 

ӛӝӪӣӚӝӑӘӗӘ әӝӜӪӔӜӢӠӐӪӘӘӡ ӓӘӛӔӗӘӚӡӣӚӤӝӥӡӘӓӘӡ ӮӡӜӐӠӔӑӘ ӛӘӘӦӔӑӝӓӐ ӬӘӜӐӡӬӐӠ 

ӛӝӛӖӐӓӔӑӣӚӘ ӡӢӐӜӓӐӠӢӣӚӘ (0% DMSO) ӓӐ ӛӐӥӡӘӛӐӚӣӠӘ әӝӜӪӔӜӢӠӐӪӘӘӡ (70% DMSO) 

ӮӡӜӐӠӔӑӘӡ ӨӔӠӔӕӘӗ, ӡӐӑӝӚӝӝ pH-Әӡ ӛӘӧӕӐӜӐ ӮӝӠӪӘӔӚӓӔӑӝӓӐ әӝӜӪӔӜӢӠӘӠӔӑӣӚӘ HCl-Әӡ 

ӡӐӨӣӐӚӔӑӘӗ. DMSO-ӡ ӡӮӕӐӓӐӡӮӕӐ әӝӜӪӔӜӢӠӐӪӘӘӡ ӮӡӜӐӠӔӑӘӡ ӗӐӜӐӝӑӘӡӐӡ α-ӥӘӛӝӢӠӘӞӡӘӜӘӡ 

ӓӔӜӐӢӣӠӐӪӘӘӡ әӐӚӝӠӘӛӔӢӠӣӚӘ әӕӚӔӕӐ өӐӢӐӠӔӑӣӚӘ Әӧӝ DASM-4A (ǩиоприбор, ӠӣӡӔӗӘ) 

ӐӓӘӐӑӐӢӣӠӘ ӓӘӤӔӠӔӜӪӘӣӚӘ ӛӐӡәӐӜӘӠӔӑӔӚӘ ӛӘәӠӝәӐӚӝӠӘӛӔӢӠӘӡ ӒӐӛӝӧӔӜӔӑӘӗ.  ӧӕӔӚӐ 

ӔӥӡӞӔӠӘӛӔӜӢӘ өӐӢӐӠӔӑӣӚӘ Әӧӝ ӒӐӪӮӔӚӔӑӘӡ ӡӘөӥӐӠӔӖӔ 2 K/min, ӮӝӚӝ ӒӐӪӘӕӔӑӘӡ ӡӘөӥӐӠӔ 

Әӧӝ 1 K/min. әӐӚӝӠӘӛӔӢӠӣӚӘ ӛӠӣӓӔӑӘ өӐӬӔӠӘӚӘ Әӧӝ ӐӜӐӚӝӒӣӠӘ ӗӕӘӗөӐӛӬӔӠӘӡ 

ӛӔӨӕӔӝӑӘӗ, ӛӠӣӓӔӑӘӡ ӨӔӛӓӒӝӛӘ ӓӐӛӣӨӐӕӔӑӐ ӮӝӠӪӘӔӚӓӔӑӝӓӐ әӝӛӞӘӣӢӔӠӣӚӐӓ 

ӡӞӔӪӘӐӚӣӠӐӓ ӨӔӥӛӜӘӚӘ әӝӛӞӘӣӢӔӠӣӚӘ ӞӠӝӒӠӐӛӘӡ ӓӐ Origin-Әӡ ӒӐӛӝӧӔӜӔӑӘӗ. 

(ӓӔӢӐӚӔӑӘӡӐӗӕӘӡ ӘӮ. §2.3). 

ӞӝӢӔӜӪӘӝӛӔӢӠӣӚӘ ӢӘӢӠӐӪӘӘӡ ӔӥӡӞӔӠӘӛӔӜӢӘӡӐӗӕӘӡ, ӠӝӛӔӚӘӪ ӢӐӠӓӔӑӝӓӐ pH-ӡӢӐӢӘәӣӠ 

ӠӔӟӘӛӨӘ, 1 ӛӒ/ӛӚ әӝӜӪӔӜӢӠӐӪӘӘӡ ӛӥӝӜӔ α-ӥӘӛӝӢӠӘӞӡӘӜӘӡ ӡӐӬӧӘӡӘ ӮӡӜӐӠӔӑӘ ӛӝӛӖӐӓӔӑӣӚӘ 

Әӧӝ 10
−3  M HCl-ӨӘ (pH 3.0) ӧӝӕӔӚӘ ӔӥӡӞӔӠӘӛӔӜӢӘӡ ӓӐӬӧӔӑӘӡ ӬӘӜ. 5 ml ӛӝӪӣӚӝӑӘӡ ӡӐӛӣӨӐӝ 

ӮӡӜӐӠӘ ӨӔӘӪӐӕӓӐ 510−2 M NaCl (ӑӣӤӔӠӘӡ ӒӐӠӔӨӔ) ӓӐ ATEE-ӡ ӡӮӕӐӓӐӡӮӕӐ әӝӜӪӔӜӢӠӐӪӘӔӑӡ 

(10
−3-ӓӐӜ 10

−2 M-ӛӓӔ). әӐӢӐӚӘӖӣӠӘ ӠӔӐӥӪӘӘӡ ӘӜӘӪӘӠӔӑӘӡ ӛӘӖӜӘӗ, ӮӓӔӑӝӓӐ α-
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ӥӘӛӝӢӠӘӞӡӘӜӘӡ ӡӐӬӧӘӡӘ ӮӡӜӐӠӘӓӐӜ 5 ǋl ӠӐӝӓӔӜӝӑӘӡ ӞӝӠӪӘӔӑӘӡ ӨӔӧӕӐӜӐ ӬӘӜӐӡӬӐӠ 

ӛӝӛӖӐӓӔӑӣӚ, ӡӢӐӜӓӐӠӢӣӚ (25˚C) ӢӔӛӞӔӠӐӢӣӠӐӖӔ ӗӔӠӛӝӡӢӐӢӘӠӔӑӣӚ ӡӐӛӣӨӐӝ ӮӡӜӐӠӨӘ, 

ӐӛӠӘӒӐӓ, ӡӐӛӣӨӐӝ ӮӡӜӐӠӨӘ α-ӥӘӛӝӢӠӘӞӡӘӜӘӡ әӝӜӪӔӜӢӠӐӪӘӐ ӞӠӐӥӢӘәӣӚӐӓ ӛӣӓӛӘӕӘ Әӧӝ 

ӓӐ ӨӔӐӓӒӔӜӓӐ 10
−8 

M. ӧӕӔӚӐ әӘӜӔӢӘәӣӠӘ ӔӥӡӞӔӠӘӛӔӜӢӘ өӐӢӐӠӔӑӣӚӘ Әӧӝ Radiometer 

Automatic Titration System RTS-822-Әӡ ӒӐӛӝӧӔӜӔӑӝӗ, pH-ӡӢӐӢӣӠ ӠӔӟӘӛӨӘ pH 8.4-Әӡ ӓӐ 25˚C 

ӞӘӠӝӑӔӑӨӘ, ӢӘӢӠӐӜӢӘӡ ӡӐӮӘӗ ӒӐӛӝӧӔӜӔӑӣӚӘ Әӧӝ 10
−2

M NaOH. ӛӣӨӐ ӔӚӔӥӢӠӝӓӡ 

ӬӐӠӛӝӐӓӒӔӜӓӐ әӝӛӑӘӜӘӠӔӑӣӚӘ ӛӘӜӐ-әӐӚӝӛӔӚӘӡ ӔӚӔӥӢӠӝӓӘ PHC-4406, ӮӝӚӝ 

ӗӔӠӛӝӡӢӐӢӘӠӔӑӐӓӘ ӣӯӠӔӓӘӡ ӢӔӛӞӔӠӐӢӣӠӘӡ ӠӔӒӣӚӘӠӔӑӐ  ӮӝӠӪӘӔӚӓӔӑӝӓӐ U-2 

ӗӔӠӛӝӡӢӐӢӘӡ ӒӐӛӝӧӔӜӔӑӘӗ (ӣӯӠӔӓӘӡ ӬӧӚӘӡ ӞӔӠӐӜӒӘӡ ӓӐ ӚӐӑӝӠӐӢӝӠӘӣӚӘ 

ӗӔӠӛӝӛӔӢӠӘӡ ӛӔӨӕӔӝӑӘӗ). әӘӜӔӢӘәӣӠӘ ӛӠӣӓӔӑӘ өӐӬӔӠӘӚӘ Әӧӝ Radiometer Servograph 

REC-80 ӗӕӘӗөӐӛӬӔӠӘӡ ӡӐӨӣӐӚӔӑӘӗ, ӛӠӣӓӔӑӘӡ ӨӔӛӓӒӝӛӘ ӓӐӛӣӨӐӕӔӑӐ ӮӝӠӪӘӔӚӓӔӑӝӓӐ 

әӝӛӞӘӣӢӔӠӣӚӐӓ. ӒӠӐӤӘәӔӑӖӔ ӓӐӢӐӜӘӚӘ ӗӘӗӝӔӣӚӘ ӔӥӡӞӔӠӘӛӔӜӢӣӚӘ ӬӔӠӢӘӚӘ 

ӛӘӦӔӑӣӚӘӐ 5  ӓӐӛӝӣәӘӓӔӑӔӚӘ ӔӥӡӞӔӠӘӛӔӜӢӘӡ ӡӔӠӘӘӡ ӨӔӓӔӒӔӑӘӡ ӒӐӡӐӨӣӐӚӔӑӘӗ. 

2. ӐӖӣӠӘӜӘӡ ӨӔӛӪӕӔӚӘ әӝӛӞӝӖӘӢӣӠӘ ӡӘӡӢӔӛӐ. ӐӖӣӠӘӜӘӡ ӨӔӛӡӬӐӕӚӔӚ 

ӕӝӚӢӐӛӞӔӠӝӛӔӢӠӣӚ ӔӥӡӞӔӠӘӛӔӜӢӔӑӨӘ ӒӐӛӝӧӔӜӔӑӣӚӘ Әӧӝ ӤӘӠӛӐ Sigma-ӡ ӛӘӔӠ 

ӬӐӠӛӝӔӑӣӚӘ ӐӖӣӠӘӜӘ P. Aeruginosa-ӓӐӜ, ӤӘӠӛӐ Ionic Liquid Technologies (Iolitec, GmbH) 

ӝӠӒӐӜӣӚӘ ӘӝӜӣӠӘ ӜӐӔӠӗӘӡ, ӥӝӚӘӜ ӓӘӰӘӓӠӝӒӔӜ ӤӝӡӤӐӢӘӡ, [ch][dhp]-Әӡ, әӝӛӞӝӜӔӜӢӘ ӓӐ 

ӣӛӐӦӚӔӡӘ ӡӘӡӣӤӗӐӕӘӡ ӐӚәӐӜӗӘӝӚӘӡ SAM-ӔӑӘӡ әӝӛӞӝӜӔӜӢӘ - ӤӘӠӛӐ Acros-Әӡ 1-

ӞӔӜӔӢӐӜӗӘӝӚӘ. 5 M ӐӛӝӜӘӣӛӘӡ ӑӣӤӔӠӘ, ӠӝӛӔӚӘӪ ӒӐӛӝӧӔӜӔӑӣӚӘ Әӧӝ ӡӮӕӐӓӐӡӮӕӐ 

әӝӜӪӔӜӢӠӐӪӘӘӡ ӘӝӜӣӠӘ ӚӦӝӑӘӚӘӡ ӑӣӤӔӠӣӚӘ ӬӧӐӚӮӡӜӐӠӔӑӘӡ ӛӘӡӐӦӔӑӐӓ, ӛӖӐӓӓӔӑӝӓӐ 

ӤӘӠӛӐ Fluka-ӡ ӣӛӐӦӚӔӡӘ ӡӘӡӣӤӗӐӕӘӡ ӐӛӝӜӘӣӛӘӡ ӐӪӔӢӐӢӡӐ ӓӐ 70% HClO4-Әӡ (ӥӚӝӠӛӟӐӕӘӡ) 

ӒӐӛӝӧӔӜӔӑӘӗ. ӧӕӔӚӐ ӞӠӔӞӐӠӐӢӘ ӒӐӛӝӧӔӜӔӑӣӚӘӐ ӨӔӛӓӒӝӛӘ ӒӐӡӣӤӗӐӕӔӑӘӡ ӒӐӠӔӨӔ; ӮӡӜӐӠӔӑӘӡ 

ӛӝӡӐӛӖӐӓӔӑӚӐӓ ӛӝӕӘӮӛӐӠӓӘӗ ӑӘӓӘӡӢӘӚӘӠӔӑӣӚ ӬӧӐӚӡ.  

ӝӥӠӝӡ ӛӣӨӐ ӔӚӔӥӢӠӝӓӖӔ ӐӚәӐӜӗӘӝӚӔӑӘӡ ӛӝӜӝӨӠӘӡ ӗӕӘӗӐӬӧӝӑӘӡ ӓӐ ӛӝӛӓӔӕӜӝ 

ӡӢӐӓӘӐӖӔ ӛӐӡӖӔ ӐӖӣӠӘӜӘӡ ӤӘӠӘӡ ӓӐӢӐӜӘӡ ӬӘӜ, ӛӔӢӐӚӘӡ ӡӐӛӣӨӐӝ ӖӔӓӐӞӘӠӘ 

ӡӐӤӣӫӕӚӘӐӜӐӓ ӛӣӨӐӕӓӔӑӝӓӐ ӐӚӣӛӘӜӘӡ ӤӮӕӜӘӚӘӡ ӡӣӡӞӔӜӖӘӘӗ, ӠӘӡ ӨӔӛӓӔӒ ӘӠӔӪӮӔӑӝӓӐ 

ӑӘӓӘӡӢӘӚӘӠӔӑӣӚӘ ӬӧӚӘӡ ӭӐӕӚӘӗ ӓӐ ӗӐӕӡӓӔӑӝӓӐ Ӕ.Ӭ. „ӣӚӢӠӐӑӒӔӠӘӗ ӐӑӐӖӐӜӐӨӘ“ 3 

ӬӣӗӘӡ ӒӐӜӛӐӕӚӝӑӐӨӘ. ӨӔӛӓӒӝӛ ӔӢӐӞӖӔ ӔӚӔӥӢӠӝӓӘ ӒӐӓӘӝӓӐ ӔӚӔӥӢӠӝӥӘӛӘӣӠ 

ӒӐӡӣӤӗӐӕӔӑӐӡ, ӠӐӪ ӬӐӠӛӝӐӓӒӔӜӡ ӔӚӔӥӢӠӝӓӣӚӘ ӞӝӢӔӜӪӘӐӚӘӡ 0.1 V/s ӡӘөӥӐӠӘӗ 

ӗӐӜӛӘӛӓӔӕӠӣӚ ӪӘәӚӘӠӔӑӐӡ –0.35-ӓӐӜ 1.4 ӕӝӚӢӐӛӓӔ ӘӜӢӔӠӕӐӚӨӘ (ӞӝӢӔӜӪӘӐӚӘ ӧӕӔӚӒӐӜ 

ӛӝӧӕӐӜӘӚӘӐ ӨӔӓӐӠӔӑӘӡ ӡӢӐӜӓӐӠӢӣӚӘ ӔӚӔӥӢӠӝӓӘӡ, Ag/AgCl/3 M NaCl ӛӘӛӐӠӗ), 0.5 M H2SO4 

ӮӡӜӐӠӨӘ, (ӛӘӜӐӠӔӕӣӚӘ ӐӓӡӝӠӑӐӜӢӔӑӘӡӒӐӜ ӡӣӤӗӐ ӝӥӠӝӡ) ӛӓӒӠӐӓӘ ӕӝӚӢӐӛӝӒӠӐӛӘӡ 
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ӛӘӦӔӑӐӛӓӔ (ӓӐӐӮӚӝӔӑӘӗ, 1 ӡӐӐӗӘӡ ӒӐӜӛӐӕӚӝӑӐӨӘ). ӔӚӔӥӢӠӝӥӘӛӘӣӠӐӓ ӒӐӡӣӤӗӐӕӔӑӣӚӘ 

ӔӚӔӥӢӠӝӓӘ ӘӠӔӪӮӔӑӝӓӐ ӑӘӓӘӡӢӘӚӘӠӔӑӣӚӘ ӬӧӚӘӡ ӭӐӕӚӘӗ ӓӐ ӨӔӛӓӒӝӛ ӔӗӐӜӝӚӘӡ 

ӭӐӕӚӘӗ, ӠӘӡ ӨӔӛӓӔӒ 24 ӡӐӐӗӘӗ ӗӐӕӡӓӔӑӝӓӐ 5×10
-3 

M ӐӚәӐӜӗӘӝӚӔӑӘӡ ӡӞӘӠӢӮӡӜӐӠӔӑӨӘ 

(SAM-ӔӑӘӡ ӗӕӘӗӐӬӧӝӑӘӡӗӕӘӡ). ӐӖӣӠӘӜӘӡ ӓӐӢӐӜӘӡ ӬӘӜ ӔӚӔӥӢӠӝӓӘ ӘӠӔӪӮӔӑӝӓӐ 

ӔӗӐӜӝӚӘӗ, ӬӧӚӘӗ ӓӐ ӨӔӛӓӔӒ ӑӣӤӔӠӘӗ, ӮӝӚӝ ӐӛӘӡ ӨӔӛӓӔӒ, 2 ӬӣӗӘӗ ӗӐӕӡӓӔӑӝӓӐ ϭ4Ϭ μM 

ӐӖӣӠӘӜӘӡ ӑӣӤӔӠӣӚ ӮӡӜӐӠӨӘ (5 mM NH4Ac, pH 4.6).  

ӕӝӚӢӐӛӞӔӠӝӛӔӢӠӣӚ ӔӥӡӞӔӠӘӛӔӜӢӨӘ ӒӐӛӝӧӔӜӔӑӣӚӘ ӡӐӛӔӚӔӥӢӠӝӓӘӐӜӘ әӝӜӤӘӒӣӠӐӪӘӘӡ 

ӔӚӔӥӢӠӝӥӘӛӘӣӠӘ ӣӯӠӔӓӘ ӬӐӠӛӝӐӓӒӔӜӓӐ ӔӠӗӒӕӐӠ ӭӘӥӐӡ, ӠӝӛӚӘӡ ӗӐӕӡӐӮӣӠӨӘ өӐӡӛӣӚӘ 

Әӧӝ ӡӐӛӘ ӔӚӔӥӢӠӝӓӘ (ӛӣӨӐ, ӨӔӓӐӠӔӑӘӡ, ӓӐ ӓӐӛӮӛӐӠӔ ӔӚӔӥӢӠӝӓӔӑӘ). ӛӣӨӐ ӔӚӔӥӢӠӝӓӘӡ 

ӡӐӮӘӗ ӣӯӠӔӓӘ ӨӔӘӪӐӕӓӐ ӢӔӤӚӝӜӘӡ ӪӘӚӘӜӓӠӨӘ ӛӝӗӐӕӡӔӑӣӚ 1.6 ӛӛ ӓӘӐӛӔӢӠӘӡ ӝӥӠӝӡ 

ӓӘӡәӡ (Bioanalytical Systems, Inc.), ӖӔӛӝӐӦӬӔӠӘӚӘ ӞӠӝӪӔӓӣӠӘӡ ӒӐӛӝӧӔӜӔӑӘӗ ӪӘӚӘӡ 

ӜӘӛӣӨӘӗ (SAM-Әӡ ӛӝӜӝӨӠӘӗ ӓӐ ӖӔӓ ӓӐӢӐӜӘӚӘ ӐӖӣӠӘӜӘӡ ӤӘӠӘӗ), ӐӡӔӕӔ ӞӚӐӢӘӜӘӡ 

ӛӐӕӗӣӚӡ, ӠӝӒӝӠӪ ӓӐӛӮӛӐӠӔ ӔӚӔӥӢӠӝӓӡ ӓӐ ӕӔӠӪӮӚӘӡ ӛӐӕӗӣӚӡ ӨӔӓӐӠӔӑӘӡ 

ӔӚӔӥӢӠӝӓӘӡ ӡӐӮӘӗ. ӛӣӨӐ ӔӚӔӥӢӠӝӚӘӢӘӡ ӮӡӜӐӠӘ ӬӐӠӛӝӐӓӒӔӜӓӐ [ch][dhp]-Әӡ ӫӐӚӘӐӜ 

ӛӐӦӐӚӘ әӝӜӪӔӜӢӠӐӪӘӘӡ, ӓӐ ӐӡӔӕӔ ӑӣӤӔӠӘӡ/ӬӧӚӘӡ әӝӛӞӝӜӔӜӢӘӡ ӨӔӛӪӕӔӚ ӑӚӐӜӢ ӓӐ 

ӖӔӑӚӐӜӢ (ӛӘӜӘӡӬӐӠӛӝӛӥӛӜӔӚ) ӮӡӜӐӠӔӑӡ. ӛӐӦӐӚӘ ӬӜӔӕӘӡ ӔӥӡӞӔӠӘӛӔӜӢӨӘ (ӠӝӛӚӔӑӘӪ 

ӢӐӠӓӔӑӝӓӐ ӞӐӠӢӜӘӝӠӘ ӓӐӬӔӡӔӑӣӚӔӑӘӡ, ӒӔӠӛӐӜӘӘӡ ӥ, ӔӠӚӐӜӒӔӜӘӡ ӣӜӘӕӔӠӡӘӢӔӢӘӡ 

ӔӥӡӞӔӠӘӛӔӜӢӣӚӘ ӑӐӖӘӡ ӒӐӛӝӧӔӜӔӑӘӗ), ӢӔӤӚӝӜӘӡ ӣӯӠӔӓӨӘ өӐӛӐӒӠӔӑӣӚӘ ӔӚӔӥӢӠӝӓӔӑӘӡ 

ӡӘӡӢӔӛӐ ӗӐӕӡӓӔӑӝӓӐ ӡӞӔӪӘӐӚӣӠӐӓ ӒӐӛӝөӐӠӮӣӚ ӛӔӢӐӚӘӡ ӑӣӓӔӨӘ, ӠӝӛӔӚӨӘӐӪ ӬӜӔӕӘӡ 

ӡӘӓӘӓӔ ӠӔӒӣӚӘӠӓӔӑӝӓӐ ӐӡӔӕӔ ӡӞӔӪӘӐӚӣӠӘ әӝӜӡӢӠӣӥӪӘӘӡ ӛӐӦӐӚӘ ӬӜӔӕӘӡ ӐӞӐӠӐӢӘӓӐӜ 

ӛӝӬӝӓӔӑӣӚӘ ӡӘӗӮӔӔӑӘӡ (ӖӔӗӘ ӓӐ ӰӔӥӡӐӜӘ) әӐӡәӐӓӘӡ ӛӔӨӕӔӝӑӘӗ ӓӐ ӛӐӜӝӛӔӢӠӔӑӘӡ 

ӡӘӡӢӔӛӘӡ ӒӐӛӝӧӔӜӔӑӘӗ (ӠӝӛӚӔӑӘӪ ӣӖӠӣӜӕӔӚӧӝӤӓӜӔӜ ӨӔӡӐӑӐӛӘӡӘ ӒӐӖӝӛӕӔӑӘӡ ӡӘӖӣӡӢӔӡ 

±10 MPa ӤӐӠӒӚӔӑӨӘ); ӮӝӚӝ ӢӔӛӞӔӠӐӢӣӠӘӡ ӛӜӘӨӕӜӔӚӝӑӐ ӠӔӒӣӚӘӠӓӔӑӝӓӐ ӓӐӛӐӢӔӑӘӗӘ 

ӬӧӚӘӡ ӞӔӠӐӜӒӘӡ, ӪӘӤӠӣӚӘ ӗӔӠӛӝӛӔӢӠӘӡ ӓӐ ӐӮӐӚӘ ӗӐӝӑӘӡ ӗӔӠӛӝӡӢӐӢӘӡ ӒӐӛӝӧӔӜӔӑӘӗ 

(ӠӝӛӚӔӑӘӪ ӣӖӠӣӜӕӔӚӧӝӤӓӜӔӜ ӨӔӡӐӑӐӛӘӡӘ ӒӐӖӝӛӕӔӑӘӡ ӡӘӖӣӡӢӔӡ ±0.1˚C ӤӐӠӒӚӔӑӨӘ). 

ӐӦӡӐӜӘӨӜӐӕӘӐ, Ӡӝӛ [ch][dhp]-Әӡ ӑӣӤӔӠӣӚӘ ӬӧӐӚӮӡӜӐӠӔӑӘӡ ӨӔӛӗӮӕӔӕӐӨӘ, ӛӐӗӘ  ӖӔӛӐӦӐӚӘ 

ӡӘӑӚӐӜӢӘӓӐӜ ӓӐ ӔӚӔӥӢӠӝӥӘӛӘӣӠӘ ӣӯӠӔӓӘӡ әӝӜӡӢӠӣӥӪӘӘӡ ӗӐӕӘӡӔӑӣӠӔӑӘӓӐӜ 

ӒӐӛӝӛӓӘӜӐӠӔ, ӣӯӠӔӓӘӡ ӡӐӛӣӨӐӝ ӮӡӜӐӠӘӗ ӒӐӕӡӔӑӐ ӮӝӠӪӘӔӚӓӔӑӝӓӐ ӛӐӦӐӚ 

ӢӔӛӞӔӠӐӢӣӠӐӖӔ (507Ϭ˚C), ӠӐӓӒӐӜ ӐӡӔӗ ӞӘӠӝӑӔӑӨӘ ӔӥӡӞӔӠӘӛӔӜӢӨӘ ӒӐӛӝӧӔӜӔӑӣӚӘ ӧӕӔӚӐ 

[ch][dhp]-Әӡ ӑӣӤӔӠӣӚӘ ӬӧӐӚӮӡӜӐӠӘ ӬӐӠӛӝӐӓӒӔӜӡ ӡӐәӛӐӠӘӡӐӓ ӓӔӜӐӓ ӡӘӗӮӔӡ.  

ӧӕӔӚӐ ӕӝӚӢӐӛӞӔӠӝӛӔӢӠӣӚӘ ӔӥӡӞӔӠӘӛӔӜӢӘ өӐӢӐӠӔӑӣӚӘ Әӧӝ Autolab Electrochemical 

Analyzer PGSTAT 30 ӞӝӢӔӜӪӘӝӡӢӐӢ/ӒӐӚӕӐӜӝӡӢӐӢӘӡ ӒӐӛӝӧӔӜӔӑӘӗ, ӠӝӛӔӚӘӪ ӘӛӐӠӗӔӑӝӓӐ 
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ӞӠӝӒӠӐӛӘӗ General Purpose Electrochemical System software for Windows (GPES, v.4.9). ӛӘӡӘ 

ӛӔӨӕӔӝӑӘӗ өӐӬӔӠӘӚӘ ӞӘӠӕӔӚӐӓӘ ӛӝӜӐӪӔӛӔӑӘӡ ӓӐӛӣӨӐӕӔӑӘӡӐӗӕӘӡ ӒӐӛӝӧӔӜӔӑӣӚӘ Әӧӝ 

ӐӛӡӞӔӪӘӐӚӣӠӘ, Ӕ.Ӭ. әӝӛӞӘӣӢӔӠӣӚӘ „ӤӘӢӘӜӒӘӡ“ ӞӠӝӪӔӓӣӠӐ, ӠӝӓӔӡӐӪ ӮӓӔӑӐ 

әӝӜәӠӔӢӣӚӘ ӔӥӞӔӠӘӛӔӜӢӣӚӘ ӛӝӜӐӪӔӛӔӑӘӡ ӨӔӓӐӠӔӑӐ (ӖӔӓӓӔӑӐ) ӒӐӠәӕӔӣӚӘ ӗӔӝӠӘӣӚӘ 

ӛӝӓӔӚӘӡ (Ӑӛ ӨӔӛӗӮӕӔӕӐӨӘ ӛӐӠәӣӡ-ӓӝӦӝӜӐӫӘӡ ӛӝӓӔӚӘӡ) ӤӐӠӒӚӔӑӨӘ ӨӔӓӒӔӜӘӚӘ 

ӢӠӐӜӡӪӔӜӓӔӜӢӣӠӘ ӒӐӜӢӝӚӔӑӔӑӘӡ ӪӘӤӠӣӚӘ ӐӛӝӜӐӮӡӜӔӑӘӡ ӡӘӛӠӐӕӚӔӡӗӐӜ, ӓӐ ӨӔӡӐӑӐӛӘӡӘ 

“ӡӬӝӠӘ“ ӐӛӝӜӐӮӡӜӔӑӘӡ, ӐӜӣ ӠӔӐӚӣӠӐӓ ӓӐӛӖӔӠӘӚӘ ӡӐӠӔӐӥӪӘӝ ӤӘӖӘәӣӠӘ ӞӐӠӐӛӔӢӠӔӑӘӡ, 

ӓӐӓӒӔӜӐ (ӓӔӢӐӚӔӑӘӡӗӕӘӡ ӘӮ. §3.2). 

3. ӪӘӡӢӔӘӜӘӡ ӨӔӛӪӕӔӚӘ әӝӛӞӝӖӘӢӣӠӘ ӡӘӡӢӔӛӐ. L-ӪӘӡӢӔӘӜӘӡ ӐӛӘӜӝӛӟӐӕӣӠӘ 

әӝӛӞӝӜӔӜӢӔӑӘӡӒӐӜ ӗӕӘӗӐӬӧӝӑӘӚӘ, ӡӞӘӚӔӜӫӘӡ ӘӝӜӘӡ ӨӔӛӪӕӔӚӘ әӝӛӞӝӖӘӢӣӠӘ ӡӘӡӢӔӛӐ, 

ӔӚӔӥӢӠӝӜӔӑӘӡ ӛӘӛӝӪӕӚӘӡ ӣӜӐӠӘӡ ӛӮӠӘӕ, ӒӐӠәӕӔӣӚӬӘӚӐӓ ӬӐӠӛӝӐӓӒӔӜӡ ӐӛӐӕӔ ӘӝӜӘӡ 

ӨӔӛӪӕӔӚӘ ӠӔӓӝӥӡ-ӐӥӢӘӣӠӘ ӪӘӚӔӑӘӡ ӔӠӗӒӕӐӠ ӛӝӓӔӚӡ. ӛӘӡ ӐӡӐӬӧӝӑӐӓ ӕӘӧӔӜӔӑӓӘӗ 

ӣӛӐӦӚӔӡӘ ӡӘӡӣӤӗӐӕӘӡ L-ӪӘӡӢӔӘӜӡ (Sigma Aldrich), ӮӝӚӝ ӡӞӘӚӔӜӫӘӡ ӘӝӜӔӑӘӡ ӑӣӜӔӑӠӘӕ 

ӬӧӐӠӝӡ ӬӐӠӛӝӐӓӒӔӜӓӐ Sigma Aldrich-Әӡ ӢӠӘӡ-ӑӣӤӔӠӘӡ (Tris-HCl, 98%) ӒӐӛӝӧӔӜӔӑӘӗ 

ӓӐӛӖӐӓӔӑӣӚӘ ӔӚӔӥӢӠӝӚӘӢӘӡ ӮӡӜӐӠӘ (ӐӦӜӘӨӜӣӚ ӞӠӔӞӐӠӐӢӨӘ Cu
2+ ӘӝӜӔӑӘ ӒӕӮӕӓӔӑӐ 0.001 

%-ӘӐӜӘ ӛӘӜӐӠӔӕӘӡ ӡӐӮӘӗ). ӨӔӓӐӠӔӑӘӗ ӔӥӡӞӔӠӘӛӔӜӢӔӑӨӘ (ӠӝӛӚӔӑӨӘӪ ӛӘӘӦӔӑӝӓӐ ӛӮӝӚӝӓ 

ӤӝӜӣӠӘ ӕӝӚӢӐӛӞӔӠӝӛӔӢӠӣӚӘ ӡӘӒӜӐӚӘ) ӕӘӧӔӜӔӑӓӘӗ Cu2+ ӘӝӜӔӑӘӡӒӐӜ ӞӠӐӥӢӘәӣӚӐӓ 

ӗӐӕӘӡӣӤӐӚ, Suprapur® ӮӐӠӘӡӮӘӡ 99.995% ӤӝӡӤӐӢӘӡ ӑӣӤӔӠӘӡ әӝӛӞӝӜӔӜӢӔӑӡ, K2HPO4 ӓӐ 

KH2PO4-ӡ.  ӔӚӔӥӢӠӝӓӡӐ ӓӐ Cu2+ ӘӝӜӔӑӡ ӨӝӠӘӡ ӔӚӔӥӢӠӝӜӘӡ ӛӘӛӝӪӕӚӘӡ ӕӝӚӢӐӛӞӔӠӣӚ 

ӡӘӒӜӐӚӖӔ ӬӜӔӕӘӡ ӓӐ ӢӔӛӞӔӠӐӢӣӠӘӡ ӕӐӠӘӠӔӑӘӡ ӨӔӡӬӐӕӚӘӡӐӡ, ӔӥӞӔӠӘӛӔӜӢӔӑӘӡ ӡӔӠӘӔӑӘ 

ӢӐӠӓӔӑӝӓӐ Sigma Aldrich-Әӡ ӢӠӘӡ-ӑӣӤӔӠӘӡ (Tris-HCl, 98%) ӒӐӛӝӧӔӜӔӑӘӗ (ӠӐӗӐ ӐӓӒӘӚӘ 

ӰӥӝӜӝӓӐ Cu2+ ӘӝӜӔӑӘӡ L-ӪӘӡӢӔӘӜӘӡ ӛӐӢӠӘӪӐӨӘ „өӐӭӔӠӐӡ“ ӓӐ ӠӔӓӝӥӡ-ӤӣӜӥӪӘӝӜӐӚӘӖӐӪӘӐӡ).  

ӮӡӜӐӠӔӑӘӡ ӛӝӡӐӛӖӐӓӔӑӚӐӓ ӒӐӛӝӧӔӜӔӑӣӚӘ Әӧӝ ӑӘӓӘӡӢӘӚӘӠӔӑӣӚӘ ӬӧӐӚӘ.  

ӧӕӔӚӐ ӕӝӚӢӐӛӞӔӠӝӛӔӢӠӣӚӘ ӔӥӡӞӔӠӘӛӔӜӢӘ ӢӐӠӓӔӑӝӓӐ ӐӖӣӠӘӜӘӡ ӨӔӛӗӮӕӔӕӐӨӘ 

ӒӐӛӝӧӔӜӔӑӣӚӘ  ӖӔӛӝӐӦӬӔӠӘӚӘ ӛӔӗӝӓӝӚӝӒӘӘӡ ӒӐӛӝӧӔӜӔӑӘӗ. (ӓӔӢӐӚӔӑӘ ӘӮ. §2.1, ӜӐӬӘӚӘ 

2), Әӛ ӒӐӜӡӮӕӐӕӔӑӘӗ, Ӡӝӛ ӡӐӗӐӜӐӓӝӓ ӛӝӛӖӐӓӔӑӣӚӘ, ӒӐӡӣӤӗӐӕӔӑӣӚӘ Au ӔӚӔӥӢӠӝӓӘ L-

ӪӘӡӢӔӘӜӘӡ ӓӐӜӐӤӐӠӘӡ (SAM-Әӡ) ӛӘӦӔӑӘӡ ӛӘӖӜӘӗ 12 ӡӐӐӗӘӗ ӗӐӕӡӓӔӑӝӓӐ 2-20 mM L-

ӪӘӡӢӔӘӜӘӡ ӬӧӐӚӮӡӜӐӠӨӘ, ӮӝӚӝ ӡӞӘӚӔӜӫӘӡ ӘӝӜӔӑӘӡ ӐӓӡӝӠӑӪӘӐ SAM-ӖӔ ӮӓӔӑӐ 

ӡӞӝӜӢӐӜӣӠӐӓ, ӔӥӡӞӔӠӘӛӔӜӢӣӚ ӣӯӠӔӓӨӘ ӛӧӝӤӘ ӨӔӡӐӑӐӛӘӡӐӓ ӨӔӠөӔӣӚӘ ӑӣӤӔӠӘӡ (ӘӮ. 

ӖӔӕӘӗ) ӮӡӜӐӠӘӓӐӜ. 
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2.2 ӓӘӜӐӛӘӣӠӘ ӞӝӢӔӜӪӘӝӛӔӢӠӘӐ, pH-ӡӢӐӢӘәӣӠӘ ӢӘӢӠӐӪӘӘӡ ӛӔӗӝӓӘ 

 

ӓӘӜӐӛӘӣӠӘ ӞӝӢӔӜӪӘӝӛӔӢӠӘӘӡ ӛӔӗӝӓӡ, ӠӝӛӔӚӡӐӪ ӐӡӔӕӔ ӣӬӝӓӔӑӔӜ ӐӕӢӝӛӐӢӣӠӘ 

ӢӘӢӠӐӪӘӘӡ ӛӔӗӝӓӡ, ӤӐӠӗӝӓ ӘӧӔӜӔӑӔӜ ӠӝӒӝӠӪ ӥӘӛӘӣӠӘ ӞӠӝӪӔӡӔӑӘӡ әӘӜӔӢӘәӘӡ 

ӨӔӡӐӡӬӐӕӚӐӓ, ӐӡӔӕӔ ӐӜӐӚӘӖӣӠӘ ӛӘӖӜӔӑӘӡӐӗӕӘӡ. Ӕӡ ӛӔӗӝӓӘ ӓӐӤӣӫӜӔӑӣӚӘӐ ӡӐәӕӚӔӕ 

ӮӡӜӐӠӡӐ ӓӐ ӔӚӔӥӢӠӝӓӡ ӨӝӠӘӡ ӞӝӢӔӜӪӘӐӚӗӐ ӡӮӕӐӝӑӘӡ ӒӐӖӝӛӕӐӖӔ, ӐӛӠӘӒӐӓ ӘӫӚӔӕӐ ӘӡӔӗӘ 

ӡӘӡӢӔӛӔӑӘӡ ӠӐӝӓӔӜӝӑӠӘӕӘ ӐӜ/ӓӐ ӗӕӘӡӝӑӠӘӕӘ ӓӐӮӐӡӘӐӗӔӑӘӡ ӡӐӨӣӐӚӔӑӐӡ, ӠӝӛӚӔӑӨӘӪ 

ӥӘӛӘӣӠӘ ӠӔӐӥӪӘӘӡ ӓӠӝӡ ӮӓӔӑӐ ӞӠӝӢӝӜӔӑӘӡ ӨӗӐӜӗӥӛӐ ӐӜ ӒӐӛӝӧӝӤӐ, ӐӜӣ ӮӡӜӐӠӘӡ pH-Әӡ 

ӪӕӚӘӚӔӑӐ.  

ӮӡӜӐӠӘӡ pH ӒӐӜӘӡӐӖӦӕӠӔӑӐ, ӠӝӒӝӠӪ ӬӧӐӚӑӐӓӘӡ ӘӝӜӔӑӘӡ ӐӥӢӘӕӝӑӘӡ ӣӐӠӧӝӤӘӗӘ 

ӚӝӒӐӠӘӗӛӘ: 

    pH  lg AH
+
 = lg fH

+
mH

+
    (1), 

 

ӡӐӓӐӪ AH
+  ӐӠӘӡ ӬӧӐӚӑӐӓӘӡ ӘӝӜӘӡ ӐӥӢӘӕӝӑӐ, fH

+  ӬӧӐӚӑӐӓӘӡ ӘӝӜӘӡ ӐӥӢӘӕӝӑӘӡ 

әӝӔӤӘӪӘӔӜӢӘ, mH
+  ӛӘӡӘ ӛӝӚӐӚӝӑӐ. ӜӔӑӘӡӛӘӔӠӘ ӢӔӛӞӔӠӐӢӣӠӘӡ ӬӧӐӚӮӡӜӐӠӔӑӘӡӐӗӕӘӡ 

ӨӔӘӫӚӔӑӐ өӐӘӗӕӐӚӝӡ, Ӡӝӛ fH
+
=1 [168]. ӗӣ ӒӐӕӘӗӕӐӚӘӡӬӘӜӔӑӗ, Ӡӝӛ ӜӔӑӘӡӛӘӔӠӘ ӛӟӐӕӐ ӐӠӘӡ 

ӬӧӐӚӑӐӓӘӡ ӘӝӜӔӑӘӡ ӓӝӜӝӠӘ (ӨӔӡӐӑӐӛӘӡӐӓ, ӢӣӢӔ ӬӐӠӛӝӐӓӒӔӜӡ ӬӧӐӚӑӐӓӘӡ ӘӝӜӔӑӘӡ 

ӐӥӪӔӞӢӝӠӡ), ӔӥӡӞӔӠӘӛӔӜӢӨӘ pH ӒӐӜӡӐӖӦӕӠӐӕӡ ӮӡӜӐӠӔӑӘӡ ӛӟӐӕӘӐӜӝӑӐӡ 

 

     ӛӟӐӕӐ ⇆ ӤӣӫӔ + H+      (2) 

 

ӗӣ ӮӡӜӐӠӨӘ ӛӘӛӓӘӜӐӠӔ ӥӘӛӘӣӠ ӠӔӐӥӪӘӐӡ ӗӐӜ ӐӮӚӐӕӡ ӞӠӝӢӝӜӔӑӘӡ ӒӐӛӝӧӝӤӐ ӐӜ  ӨӗӐӜӗӥӛӐ, 

ӛӐӗӘ ӠӐӝӓӔӜӝӑӘӡ ӪӕӚӘӚӔӑӘӗ ӨӔӡӐӫӚӔӑӔӚӘӐ ӠӔӐӥӪӘӘӡ ӡӘөӥӐӠӘӡ ӨӔӤӐӡӔӑӐ. ӐӡӔӗӘ ӢӘӞӘӡ 

ӠӔӐӥӪӘӔӑӘӡ ӨӔӡӐӡӬӐӕӚӐӓ ӤӐӠӗӝӓ ӒӐӛӝӘӧӔӜӔӑӐ ӓӘӜӐӛӘӣӠӘ ӞӝӢӔӜӪӘӝӛӔӢӠӘӘӡ ӛӔӗӝӓӘ pH-

ӡӢӐӢӘӠӔӑӘӡ ӠӔӟӘӛӨӘ. ӞӠӝӢӝӜӔӑӘӡ ӒӐӛӝӧӝӤӘӡ/ ӨӗӐӜӗӥӛӘӡ ӨӔӓӔӒӐӓ ӛӝӛӮӓӐӠӘ ӡӐӛӣӨӐӝ 

ӮӡӜӐӠӘӡ pH-Әӡ ӪӕӚӘӚӔӑӘӡ әӝӛӞӔӜӡӘӠӔӑӐ ӨӔӡӐӫӚӔӑӔӚӘӐ ӪӜӝӑӘӚӘ әӝӜӪӔӜӢӠӐӪӘӘӡ 

ӠӝӛӔӚӘӛӔ ӢӘӢӠӐӜӢӘӡ ӓӐӛӐӢӔӑӘӗ. ӗӣ ӠӔӐӥӪӘӘӡ ӨӔӓӔӒӐӓ ӮӓӔӑӐ ӞӠӝӢӝӜӔӑӘӡ ӒӐӛӝӧӝӤӐ, 

ӢӘӢӠӐӜӢӘӡ ӡӐӮӘӗ ӒӐӛӝӘӧӔӜӔӑӐ ӢӣӢӔ, ӮӝӚӝ ӞӠӝӢӝӜӔӑӘӡ ӨӗӐӜӗӥӛӘӡ ӨӔӛӗӮӕӔӕӐӨӘ ӛӟӐӕӐ. 

ӔӥӡӞӔӠӘӛӔӜӢӘӡ өӐӢӐӠӔӑӐӛӓӔ ӡӐӭӘӠӝӐ ӡӐӛӣӨӐӝ pH-ӡ ӛӜӘӨӕӜӔӚӝӑӘӡ ӓӐӧӔӜӔӑӐ, ӠӘӡ ӨӔӛӓӔӒ 
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ӛӗӔӚӘ ӔӥӡӞӔӠӘӛӔӜӢӘӡ ӛӡӕӚӔӚӝӑӘӡӐӡ ӮӔӚӡӐӬӧӝӡ pH-ӛӔӢӠӘ ӛӣӓӛӘӕӐӓ ӐӓӐӠӔӑӡ ӮӡӜӐӠӘӡ 

pH-ӡ  ӬӘӜӐӡӬӐӠ ӓӐӧӔӜӔӑӣӚ ӛӜӘӨӕӜӔӚӝӑӐӡ ӓӐ ӬӐӜӐӪӕӚӔӑӘӡ ӨӔӛӗӮӕӔӕӐӨӘ ӮӓӔӑӐ ӢӘӢӠӐӜӢӘӡ 

ӛӪӘӠӔ ӞӝӠӪӘӔӑӘӡ  ӐӕӢӝӛӐӢӣӠӘ ӓӐӛӐӢӔӑӐ ӡӐӛӣӨӐӝ ӮӡӜӐӠӨӘ. ӐӛӠӘӒӐӓ, ӡӐӛӣӨӐӝ ӮӡӜӐӠӘӡ pH-

Әӡ ӛӣӓӛӘӕӝӑӘӡӐӗӕӘӡ ӓӐӮӐӠӯӣӚӘ ӢӘӢӠӐӜӢӘӡ ӛӝӪӣӚӝӑӘӡ ӒӐӖӝӛӕӘӗ ӨӔӡӐӫӚӔӑӔӚӘӐ 

ӠӔӐӥӪӘӘӡ ӡӘөӥӐӠӘӡ ӒӐӜӡӐӖӦӕӠӐ. 

ӮӔӚӡӐӬӧӝӡ ӛӐӦӐӚӘ ӛӒӠӫӜӝӑӔӚӝӑӘӡ ӣӖӠӣӜӕӔӚӡӐӧӝӤӐӓ ӛӔӢӐӓ ӛӜӘӨӕӜӔӚӝӕӐӜӘӐ, Ӡӝӛ 

ӮӡӜӐӠӨӘ ӓӐӛӐӢӔӑӣӚӘ ӢӘӢӠӐӜӢӘӡ ӠӐӝӓӔӜӝӑӐ ӖӣӡӢӐӓ ӨӔӔӡӐӑӐӛӔӑӝӓӔӡ ӒӐӛӝӧӝӤӘӚӘ 

ӞӠӝӢӝӜӔӑӘӡ ӠӐӝӓӔӜӝӑӐӡ. ӐӛӘӡӐӗӕӘӡ ӡӐӭӘӠӝӐ ӛӝӪӔӛӣӚӘ ӡӘӡӢӔӛӘӡӗӕӘӡ ӓӐӡӐӛӐӢӔӑӔӚӘ 

ӢӘӢӠӐӜӢӘӡ ӘӡӔӗӘ ӠӐӝӓӔӜӝӑӘӡ ӨӔӠөӔӕӐ, Ӡӝӛ ӡӘӡӢӔӛӐ ӐӡӬӠӔӑӓӔӡ ӠӔӐӒӘӠӔӑӐӡ ӮӡӜӐӠӨӘ 

ӛӘӛӓӘӜӐӠӔ ӪӕӚӘӚӔӑӔӑӖӔ, ӒӐӜӡӐәӣӗӠӔӑӘӗ ӞӠӝӪӔӡӘӡ ӡӐӬӧӘӡӡ ӔӢӐӞӖӔ, ӠӝӛӔӚӘӪ ӧӕӔӚӐӖӔ 

ӛӐӦӐӚӘ ӡӘөӥӐӠӘӗ ӮӐӡӘӐӗӓӔӑӐ. ӐӛӐӕӓӠӝӣӚӐӓ, ӐӠ ӣӜӓӐ ӮӓӔӑӝӓӔӡ Ӕ.Ӭ. ӒӐӓӐӢӘӢӠӕӐ, 

ӠӝӛӔӚӘӪ ӐӘӡӐӮӔӑӐ ӛӘӦӔӑӣӚӘ ӛӠӣӓӔӑӘӡ ӡӘӒӚӣӕӔӖӔ ӓӐ ӨӔӡӐӑӐӛӘӡӐӓ ӒӐӛӝӡӐӗӕӚӔӚӘ 

ӞӐӠӐӛӔӢӠӔӑӘӡ ӡӘӖӣӡӢӔӖӔ. ӒӐӠӓӐ ӐӛӘӡӐ, ӡӐӠӔӐӥӪӘӝ ӮӡӜӐӠӘӡ ӨӔӡӐӛөӜӔӕӘ ӒӐӜӖӐӕӔӑӘӡ ӗӐӕӘӓӐӜ 

ӐӡӐӠӘӓӔӑӚӐӓ ӡӐӭӘӠӝӐ ӢӘӢӠӐӜӢӘӡ ӠӐӪ ӨӔӘӫӚӔӑӐ ӛӪӘӠӔ ӞӝӠӪӘӔӑӘӡ ӓӐӛӐӢӔӑӐ, ӐӜӣ ӛӐӦӐӚӘ 

әӝӜӪӔӜӢӠӐӪӘӘӡ ӢӘӢӠӐӜӢӘӡ ӒӐӛӝӧӔӜӔӑӐ. ӐӛӠӘӒӐӓ, ӢӘӢӠӐӜӢӘӡ ӛӝӪӣӚӝӑӘӡ ӓӐ 

әӝӜӪӔӜӢӠӐӪӘӘӡ ӨӔӠөӔӕӘӡӐӡ ӒӐӡӐӗӕӐӚӘӡӬӘӜӔӑӔӚӘӐ ӝӠӘӕӔ ӖӔӛӝӓ ӮӡӔӜӔӑӣӚӘ ӞӘӠӝӑӘӡ 

ӓӐәӛӐӧӝӤӘӚӔӑӐ.  

ӐӡӔӕӔ ӐӦӡӐӜӘӨӜӐӕӘӐ, Ӡӝӛ Ӑӛ ӛӔӗӝӓӘӡ ӒӐӛӝӧӔӜӔӑӘӡӐӡ ӛӘӦӬӔӣӚӘ ӮӡӜӐӠӘӡ pH-Әӡ ӛӣӓӛӘӕӝӑӐ, 

ӐӜӣ ӒӐӖӝӛӕӔӑӘӡ өӐӢӐӠӔӑӐ pH-ӡӢӐӢӘӠӔӑӘӡ ӠӔӟӘӛӨӘ, ӛӔӢӐӓ ӛӜӘӨӕӜӔӚӝӕӐӜӘӐ pH-ӖӔ 

ӓӐӛӝәӘӓӔӑӣӚӘ ӠӔӐӥӪӘӘӡ ӡӘөӥӐӠӘӡ ӖӣӡӢӘ ӒӐӖӝӛӕӘӡӐӗӕӘӡ, ӛӐӒӐӚӘӗӐӓ ӤӔӠӛӔӜӢӣӚӘ 

әӐӢӐӚӘӖӘӡ ӨӔӛӗӮӕӔӕӐӨӘ. ӠӔӐӥӪӘӘӡ ӡӘөӥӐӠӔ, ӐӡӔӕӔ ӠӝӒӝӠӪ ӮӡӜӐӠӘӡ pH ӓӐӛӝәӘӓӔӑӣӚӘ 

ӐӠӘӡ ӒӐӠӔӛӝӡ ӢӔӛӞӔӠӐӢӣӠӐӖӔ, ӠӘӡ ӒӐӛӝ ӔӥӡӞӔӠӘӛӔӜӢӡ ӐӢӐӠӔӑӔӜ ӗӔӠӛӝӡӢӐӢӘӠӔӑӐӓ 

ӣӯӠӔӓӨӘ. 

ӧӕӔӚӐ ӐӕӢӝӛӐӢӣӠӘ ӢӘӢӠӐӪӘӣӚӘ ӓӐӜӐӓӒӐӠӘӡ ӣӯӠӔӓӘ ӨӔӘӪӐӕӡ ӡӐӠӔӕӔӚӐӡ, ӮӡӜӐӠӘӡ 

ӔӠӗӒӕӐӠӝӕӜӔӑӘӡ ӣӖӠӣӜӕӔӚӡӐӧӝӤӐӓ, ӠӐӪ ӒӐӜӡӐәӣӗӠӔӑӘӗ ӛӜӘӨӕӜӔӚӝӕӐӜӘӐ ӑӚӐӜӢ 

ӒӐӠӔӛӝӨӘ ӛӘӛӓӘӜӐӠӔ ӞӠӝӪӔӡӔӑӘӡ ӨӔӡӐӡӬӐӕӚӐӓ. ӒӐӠӓӐ ӐӛӘӡӐ ӡӐӠӔӕӔӚӐӡ ӒӐӛӝӧӔӜӔӑӐ ӮӔӚӡ 

ӣӨӚӘӡ ӮӡӜӐӠӨӘ ӐӠӡӔӑӣӚӘ ӛӝӚӔәӣӚӔӑӘӡ ӔӚӔӥӢӠӝӓӘӡ ӖӔӓӐӞӘӠӖӔ ӐӓӡӝӠӑӘӠӔӑӐӡ, 

ӠӝӛӔӚӘӪ ӘӬӕӔӕӡ ӣӖӣӡӢӝӑӐӡ ӞӝӢӔӜӪӘӐӚӗӐ ӒӐӖӝӛӕӐӨӘ. ӮӝӚӝ ӐӢӛӝӡӤӔӠӣӚӘ ӐӘӠӔӑӘӡ, 

әӔӠӫӝӓ, ӟӐӜӒӑӐӓӘӡ, ӐӜ ӜӐӮӨӘӠӝӠӟӐӜӒӘӡ ӒӐӕӚӔӜӘӡ ӗӐӕӘӓӐӜ ӐӡӐӪӘӚӔӑӚӐӓ ӒӐӛӝӘӧӔӜӔӑӐ 

ӘӜӔӠӢӣӚӘ ӐӘӠӔӑӘӡ ӐӢӛӝӡӤӔӠӝ (ӐӠӒӝӜӘ, ӐӖӝӢӘ ӓӐ ӡӮӕӐ). ӐӛӠӘӒӐӓ, ӖӣӡӢӘ ӛӝӜӐӪӔӛӔӑӘӡ 

ӛӘӡӐӦӔӑӐӓ ӧӕӔӚӐ ӢӘӢӠӐӢӝӠӘ ӡӐӭӘӠӝӔӑӡ ӢӔӛӞӔӠӐӢӣӠӘӡ ӓӐӧӔӜӔӑӘӡ, pH-Әӡ ӛӘӧӕӐӜӘӡ ӓӐ 
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ӛӒӠӫӜӝӑӔӚӝӑӘӡ ӕӐӠӘӠӔӑӘӡ ӡӐӨӣӐӚӔӑӐӡ. ӐӡӔӕӔ ӐӣӪӘӚӔӑӔӚӘӐ ӡӐәӐӚӘӑӠӝ pH-Әӡ ӓӐӧӔӜӔӑӐ 

ӢӔӛӞӔӠӐӢӣӠӘӡ ӒӐӗӕӐӚӘӡӬӘӜӔӑӘӗ. ӠӝӒӝӠӪ ӬӔӡӘ, ӢӘӢӠӐӢӝӠӘӡ ӓӐәӐӚӘӑӠӔӑӘӡӐӗӕӘӡ 

ӒӐӛӝӘӧӔӜӔӑӐ ӝӠӘ ӡӮӕӐӓӐӡӮӕӐ pH-Әӡ ӛӥӝӜӔ ӡӢӐӜӓӐӠӢ-ӢӘӢӠӘ ӪӜӝӑӘӚ ӢӔӛӞӔӠӐӢӣӠӐӖӔ 

(ӢӣӢӔ ӓӐ ӛӟӐӕӔ ӐӠӔӨӘ).  

ӞӝӢӔӜӪӘӣӠӘ ӛӔӗӝӓӔӑӘӡ ӒӐӛӝӧӔӜӔӑӘӡӐӡ pH-Әӡ ӒӐӖӝӛӕӘӡӐӡ ӮӓӔӑӐ ӮӡӜӐӠӨӘ өӐӨӕӔӑӣӚӘ 

ӔӚӔӥӢӠӝӓӔӑӘӡ ӯӐӭӕӘӡ ӞӝӢӔӜӪӘӐӚӘӡ ӒӐӖӝӛӕӐ ӓӐ ӛӘӡӘ ӨӔӓӐӠӔӑӐ ӪӜӝӑӘӚӘ pH-Әӡ ӛӥӝӜӔ 

ӑӣӤӔӠӨӘ ӬӘӜӐӡӬӐӠ ӛӘӦӔӑӣӚ ӔӢӐӚӝӜӣӠ ӞӝӢӔӜӪӘӐӚӗӐӜ ӨӔӛӓӔӒӘ ӤӝӠӛӣӚӘӡ ӗӐӜӐӮӛӐӓ:   

 

pH(X) = pH(S) + (E(X) – E(S))/R’T         (2.1), 

 

ӡӐӓӐӪ pH(X) ӓӐ pH(S) ӐӠӘӡ, ӨӔӡӐӑӐӛӘӡӐӓ, ӮӡӜӐӠӘӡ ӓӐ ӑӣӤӔӠӘӡ pH, E(X) ӓӐ E(S) – ӮӡӜӐӠӘӡ ӓӐ 

ӑӣӤӔӠӘӡ ӞӝӢӔӜӪӘӐӚӔӑӘ, R’T – ӜӔӠӜӡӢӘӡ ӤӐӥӢӝӠӘ (R’=R*ln10/F). ӗӐӜӐӛӔӓӠӝӕӔ pH-ӛӔӢӠӔӑӘӡ 

ӛӘӔӠ ӞӝӢӔӜӪӘӐӚӔӑӡ ӨӔӓӐӠӔӑӐ ӓӐ ӮӡӜӐӠӔӑӘӡ pH-Әӡ ӒӐӜӡӐӖӦӕӠӐ ӮӓӔӑӐ ӐӕӢӝӛӐӢӣӠӐӓ. ӮӝӚӝ 

ӧӕӔӚӐӖӔ ӒӐӕӠӪӔӚӔӑӣӚӘ ӔӚӔӥӢӠӝӓӔӑӘӡ ӡӘӡӢӔӛӐ, ӠӝӛӔӚӘӪ ӒӐӛӝӘӧӔӜӔӑӐ 

ӞӝӢӔӜӪӘӝӡӢӐӢӔӑӨӘ, ӬӐӠӛӝӐӓӒӔӜӡ әӝӛӑӘӜӘӠӔӑӣӚ ӛӘӜӘӡ ӔӚӔӥӢӠӝӓӡ, ӛӐӡӨӘ өӐӨӔӜӔӑӣӚ 

ӨӔӓӐӠӔӑӘӡ ӔӚӔӥӢӠӝӓӗӐӜ ӓӐ әӝӜӪӔӜӢӠӘӠӔӑӣӚӘ KCl-Әӡ ӨӔӛӪӕӔӚ әӐӚӝӛӔӚӘӡ ӔӚӔӥӢӠӝӓӡ 

(ӡӣӠ. 2.1Ӑ). 

 

 

ӡӣӠӐӗӘ 2.1. pH-Әӡ ӒӐӡӐӖӝӛӘ әӝӛӑӘӜӘӠӔӑӣӚӘ ӛӘӜӘӡ ӔӚӔӥӢӠӝӓӘ. 
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α-ӥӘӛӝӢӠӘӞӡӘӜӘӡ ӛӘӔӠ, ӛӘӡӗӕӘӡ ӡӞӔӪӘӤӘәӣӠӘ ӡӘӜӗӔӖӣӠӘ ӡӣӑӡӢӠӐӢӘӡ, ӐӪӔӢӘӚ-

ӢӘӠӘӖӘӜӘӡ ӔӗӘӚ ӔӡӗӔӠӘӡ (ATEE-ӡ) ӰӘӓӠӝӚӘӖӘӡ ӞӠӝӪӔӡӘӡ әӘӜӔӢӘәӘӡ ӨӔӡӐӡӬӐӕӚӐӓ 

ӒӐӛӝӧӔӜӔӑӣӚӘ Әӧӝ “ӠӐӓӘӝӛӔӢӠӘӡ” ӐӕӢӝӛӐӢӣӠӘ ӢӘӢӠӐӪӘӣӚӘ ӓӐӜӐӓӒӐӠӘ Radiometer 

Automatic Titration System RTS-822, ӠӝӛӔӚӘӪ ӣӨӣӐӚӝӓ ӖӝӛӐӕӡ ӤӔӠӛӔӜӢӣӚӘ ӠӔӐӥӪӘӘӡ 

ӡӘөӥӐӠӔӡ. ӛӘӡӘ ӞӠӘӜӪӘӞӣӚӘ ӡӥӔӛӐ ӛӝӪӔӛӣӚӘӐ ӡӣӠ. 2.2, ӮӝӚӝ ӫӘӠӘӗӐӓӘ ӞӐӠӐӛӔӢӠӔӑӘ 

ӪӮӠӘӚӨӘ 2.1. ӔӚӔӥӢӠӝӓӘӡ ӡӐӮӘӗ ӒӐӛӝӧӔӜӔӑӣӚӘ Әӧӝ ӛӘӜӐ-әӐӚӝӛӔӚӘӡ ӔӚӔӥӢӠӝӓӘ 

PHC3306-9 (Radiometer Analytical, ӡӐӤӠӐӜӒӔӗӘ), ӛӘӡӘ ӢӔӥӜӘәӣӠӘ ӛӝӜӐӪӔӑӔӑӘ ӛӝӪӔӛӣӚӘӐ 

ӪӮӠӘӚӨӘ 2.2). 

 

 

ӡӣӠӐӗӘ 2.2. ӞӝӢӔӜӪӘӝӡӢӐӢӘӡ PHC3306-9 (Radiometer Analytical) ӞӠӘӜӪӘӞӣӚӘ ӡӥӔӛӐ: TTT - 

ӢӘӢӠӐӢӝӠӘӡ ӡӐӛӐӠӗӐӕӘ ӑӚӝәӘ, ABU - ӢӘӢӠӐӜӢӘӡ ӐӕӢӝӛӐӢӣӠӘ ӛӘӬӝӓӔӑӘӡ ӑӚӝәӘ (ӑӘӣӠӔӢӘ), TTA 

- ӢӘӢӠӐӪӘӣӚӘ ӓӐӜӐӓӒӐӠӘ (ӣӯӠӔӓӘ), PHM – pH-ӛӔӢӠӘ, REA2xx - , REA 160 - ӗӕӘӗөӐӛӬӔӠӘӡ 

ӓӐӛӐӢӔӑӘӗӘ ӛӝӓӣӚӘ, REC - ӗӕӘӗөӐӛӬӔӠӘ, A-E - әӐӑӔӚӔӑӘ, 1-9 - әӐӑӔӚӔӑӘӡ ӨӔӔӠӗӔӑӘӡ ӬӔӠӢӘӚӔӑӘ. 

 

 

ӪӮӠӘӚӘ 2.2. PHC3306-9 (Radiometer Analytical) әӝӛӑӘӜӘӠӔӑӣӚӘ ӔӚӔӥӢӠӝӓӘӡ ӢӔӥӜӘәӣӠӘ ӛӝӜӐӪӔӛӔӑӘ 
 

pH-Әӡ ӒӐӖӝӛӕӘӡ ӓӘӐӞӐӖӝӜӘ 0-12 pH ӔӠӗӔӣӚӘ 
ӢӔӛӞӔӠӐӢӣӠӣӚӘ ӓӘӐӞӐӖӝӜӘ 0-80 ˚C 
ӨӔӓӐӠӔӑӘӡ ӡӘӡӢӔӛӐ (reference system) Ag/ AgCl  
ӓӘӐӤӠӐӒӛӘӡ ӢӘӞӘ ӤӝӠӝӕӐӜӘ әӝӜӢӐӥӢӘ 
ӛӒӠӫӜӝӑӔӚӝӑӐ pH7.000 ӓӐ pH10.012, 25˚C > 97% 
ӜӣӚӝӕӐӜӘ ӬӔӠӢӘӚӘ pH0, 25˚C pH6.65 ± 0.5 
ӠӔӐӒӘӠӔӑӘӡ ӓӠӝ, pH(7.000 ±0.030)-ӛӓӔ pH10.012-ӓӐӜ ӛӘӧӕӐӜӘӡӐӡ, 
25˚C  

≤15 sec 

ӠӔӐӒӘӠӔӑӘӡ ӓӠӝ, pH(7.000 ±0.010)-ӛӓӔ pH10.012-ӓӐӜ ӛӘӧӕӐӜӘӡӐӡ, 
25˚C 

≤60 sec 
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ӪӮӠӘӚӘ 2.1. ӞӝӢӔӜӪӘӝӡӢӐӢӘӡ RTS-822 (Radiometer, Copenhagen) ӢӔӥӜӘәӣӠӘ ӛӝӜӐӪӔӛӔӑӘ 
 

 
 

 

ӡӐӠӔӐӥӪӘӝ ӮӡӜӐӠӘ, ӠӝӛӔӚӘӪ ӨӔӘӪӐӕӡ ӡӣӑӡӢӠӐӢӡӐ ӓӐ ӤӝӜӣӠ ӔӚӔӥӢӠӝӚӘӢӡ, ӗӐӕӡӓӔӑӐ 

ӮӔӚӡӐӬӧӝӡ ӗӔӠӛӝӡӢӐӢӘӠӔӑӐӓ ӢӘӢӠӐӪӘӣӚ ӣӯӠӔӓӨӘ. ӨӔӛӓӒӝӛ ӛӣӓӛӘӕӘ ӛӝӠӔӕӘӡ 

ӠӔӟӘӛӨӘ ӮӓӔӑӐ ӪӘӚӘӡ ӨӔӛӪӕӔӚӘ ӮӡӜӐӠӘӡ ӛӪӘӠӔ ӛӝӪӣӚӝӑӐ ӓӐ ӞӝӢӔӜӪӘӝӡӢӐӢӘ ӛӐӨӘӜӕӔ 

ӘӬӧӔӑӡ ӢӘӢӠӐӜӢӘӡ ӐӕӢӝӛӐӢӣӠ ӓӐӛӐӢӔӑӐӡ. ӐӕӢӝӛӐӢӣӠӘ ӢӘӢӠӐӪӘӘӡ ӠӔӟӘӛӨӘ өӐӬӔӠӘӚӘ α-

ӥӘӛӝӢӠӘӞӡӘӜӘӡ ATEE-ӡ ӰӘӓӠӝӚӘӖӘӡ ӞӠӝӪӔӡӘ ӡӘөӥӐӠӔ ӡӣӑӡӢӠӐӢӘӡ ӡӮӕӐӓӐӡӮӕӐ 

әӝӜӪӔӜӢӠӐӪӘӘӡ ӞӘӠӝӑӔӑӨӘ ӒӐӜӘӡӐӖӦӕӠӔӑӐ ӨӔӛӓӔӒӘ ӤӝӠӛӣӚӘӗ: 

 

dt

dV

V

Titrant

dt

Sd
v titr

0

][][
       (2.2) 

 
ӡӐӓӐӪ v  ӐӠӘӡ әӐӢӐӚӘӖӣӠӘ ӠӔӐӥӪӘӘӡ ӡӘөӥӐӠӔ, [S]  ӡӣӑӡӢӠӐӢӘӡ әӝӜӪӔӜӢӠӐӪӘӐ,  t   ӓӠӝ, 

[Titrant]  ӢӘӢӠӐӜӢӘӡ әӝӜӪӔӜӢӠӐӪӘӐ, V0  ӡӐӛӣӨӐӝ ӮӡӜӐӠӘӡ ӛӝӪӣӚӝӑӐ (ӠӝӛӔӚӘӪ 

ӛӜӘӨӕӜӔӚӝӕӜӐӓ ӐӠ ӘӪӕӚӔӑӐ ӢӘӢӠӐӜӢӘӡ ӓӐӛӐӢӔӑӘӗ), Vtitr  ӐӠӘӡ ӓӐӛӐӢӔӑӣӚӘ ӢӘӢӠӐӜӢӘӡ 

ӛӝӪӣӚӝӑӐ [118]. 

ӛӘӦӔӑӣӚӘ әӘӜӔӢӘәӣӠӘ ӛӠӣӓӔӑӘӡ ӓӐӛӣӨӐӕӔӑӘӡ ӨӔӓӔӒӐӓ өӕӔӜ ӨӔӒӕӘӫӚӘӐ ӒӐӜӕӡӐӖӦӕӠӝӗ 

ӤӔӠӛӔӜӢӣӚӘ әӐӢӐӚӘӖӘӡ ӞӐӠӐӛӔӢӠӔӑӘ, әӔӠӫӝӓ, ӛӘӮӐӔӚӘӡӘӡ әӝӜӡӢӐӜӢӐ KM ӓӐ 

әӐӢӐӚӘӖӣӠӘ әӝӜӡӢӐӜӢӐ kcat [169, 170]. ӛӘӮӐӔӚӘӡӘӡ әӝӜӡӢӐӜӢӐ ӐӮӐӡӘӐӗӔӑӡ ӤӔӠӛӔӜӢӘӡ ӓӐ 

ӡӣӑӡӢӠӐӢӘӡ ӐӠӐәӝӕӐӚӔӜӢӣӠӘ ӣӠӗӘӔӠӗӥӛӔӓӔӑӘӡ ӔӤӔӥӢӣӠӝӑӐӡ, ӮӝӚӝ әӐӢӐӚӘӖӣӠӘ 

әӝӜӡӢӐӜӢӐ ӐӮӐӡӘӐӗӔӑӡ ӤӔӠӛӔӜӢӣӚӘ ӑӘӝӥӘӛӘӣӠӘ ӒӐӠӓӐӥӛӜӘӡ әӐӢӐӚӘӖӣӠ ӔӤӔӥӢӣӠӝӑӡ. 

ӛӠӣӓӔӑӘӡ ӓӐӛӣӨӐӕӔӑӘӡ ӛӔӗӝӓӝӚӝӒӘӣӠӘ ӞӠӝӪӔӓӣӠӐ ӐӠӘӡ ӨӔӛӓӔӒӘ: ӡӣӑӡӢӠӐӢӘӡ 

ӛӝӪӔӛӣӚӘ әӝӜӪӔӜӢӠӐӪӘӘӡ ӞӘӠӝӑӔӑӨӘ ӢӘӢӠӐӢӝӠӘӡ ӛӘӔӠ өӐӬӔӠӘӚӘ ӛӠӣӓӔӑӘӡ ӡӐӬӧӘӡӘ 

ӞӐӠӐӛӔӢӠӘ ӡӘӓӘӓӔ ӪӓӝӛӘӚӔӑӐ 

pH-Әӡ ӒӐӖӝӛӕӘӡ ӓӘӐӞӐӖӝӜӘ 0-15 pH ӔӠӗӔӣӚӘ ±0.01 pH ӔӠӗӔӣӚӘ 
pH-Әӡ ӢӔӛӞӔӠӐӢӣӠӣӚӘ ӬӐӜӐӪӕӚӔӑӐ <0.002 pH/ ˚C  
ӢӔӛӞӔӠӐӢӣӠӣӚӘ ӬӐӜӐӪӕӚӔӑӘӡ 
әӝӛӞӔӜӡӘӠӔӑӐ 

ӛӔӥӐӜӘәӣӠӘ, 0-100˚C ӤӐӠӒӚӔӑӨӘ  ±3% 

ӛӒӠӫӜӝӑӔӚӝӑӐ 90-ӓӐӜ 120%-ӛӓӔ ±1% 
ӡӐӛӣӨӐӝ pH-Әӡ ӓӐӧӔӜӔӑӘӡ ӓӘӐӞӐӖӝӜӘ 0-ӓӐӜ 15-ӛӓӔ  pH ӔӠӗӔӣӚӘ ±0,02  pH ӔӠӗӔӣӚӘ 
ӢӘӢӠӐӢӝӠӘӡ ӡӘӖӣӡӢӔ 0.7 ӛәӚ ±0.3% 
ӢӘӢӠӘӠӔӑӘӡ ӡӘөӥӐӠӔ 0.0125-ӓӐӜ 40 ӛӚ/Ӭ-ӛӓӔ  
ӡӘӛӫӚӐӕӠӔ 130 ӕӢ  
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ӣӑӜӔӑӘӡ ӓӐӮӠӘӚӝӑӐ ӘӫӚӔӕӐ әӐӢӐӚӘӖӣӠӘ ӞӠӝӪӔӡӘӡ ӡӐӬӧӘӡ ӡӘөӥӐӠӔӡ (ӡӣӠ. 2.3Ӑ). 

ӤӔӠӛӔӜӢӘӡ ӓӐӛӐӢӔӑӐӛӓӔ өӐӬӔӠӘӚӘ ӛӪӘӠӔ ӓӐӮӠӘӚӝӑӘӡ ӓӐ ӡӘӛӠӣӓӘӡ ӛӥӝӜӔ ӣӑӐӜӘ 

ӨӔӔӡӐӑӐӛӔӑӐ ӮӡӜӐӠӨӘ ӛӘӛӓӘӜӐӠӔ ӤӝӜӣӠ ӞӠӝӪӔӡӔӑӡ ӓӐ ӛӐӗӘ ӬӕӚӘӚӘӡ ӒӐӛӝӡӐӠӘӪӮӐӓ 

ӡӐӭӘӠӝӐ Ӑӛ ӣӑӜӘӡ ӨӔӡӐӑӐӛӘӡӘ ӓӐӮӠӘӚӝӑӘӡ ӒӐӛӝәӚӔӑӐ. ӡӣӑӡӢӠӐӢӘӡ ӡӮӕӐӓӐӡӮӕӐ 

әӝӜӪӔӜӢӠӐӪӘӔӑӘӡӐӗӕӘӡ ӛӘӦӔӑӣӚӘ ӐӡӔӗӘ ӢӘӞӘӡ ӛӠӣӓӔӑӘ ӛӐӠӐӝӡ ӤӝӠӛӘӡ ӨӔӡӐӑӐӛӘӡӐӓ 

ӚӐӒӓӔӑӘӐӜ (ӡӣӠ. 2.3ӑ) ӓӐ ӛӐӗӘ ӡӘӛӠӣӓӔ ӛӐӢӣӚӝӑӡ ӡӣӑӡӢӠӐӢӘӡ әӝӜӪӔӜӢӠӐӪӘӐӡӗӐӜ. 

ӡӣӑӡӢӠӐӢӘӡ ӡӮӕӐӓӐӡӮӕӐ әӝӜӪӔӜӢӠӐӪӘӔӑӘӡ ӓӐ ӨӔӡӐӑӐӛӘӡӘ ӠӔӐӥӪӘӘӡ ӡӘөӥӐӠӔӔӑӘӡ 

ӨӔӑӠӣӜӔӑӣӚӘ ӡӘӓӘӓӔӔӑӘӡ ӓӐӛӝәӘӓӔӑӣӚӔӑӐ ӚӐӘӜӣӘӕӔӠ-ӑӔӠәӘӡ әӝӝӠӓӘӜӐӢӔӑӨӘ 

ӬӐӠӛӝӐӓӒӔӜӡ ӡӬӝӠ ӮӐӖӖӔ ӓӐӚӐӒӔӑӣӚ ӬӔӠӢӘӚӔӑӡ (ӡӣӠ. 2.4).  

 

 

ӡӣӠӐӗӘ 2.3. ӤӔӠӛӔӜӢӣӚӘ әӐӢӐӚӘӖӘӡ ӢӘӞӘӣӠӘ ӛӠӣӓӔӑӘ (ӡӣӑӡӢӠӐӢӘӡ әӝӜӪӔӜӢӠӐӪӘӐ ӛӐӢӣӚӝӑӡ 1-

ӓӐӜ 4-ӛӓӔ). 

 

 

ӨӔӡӐӡӬӐӕӚӘ әӐӢӐӚӘӖӣӠӘ ӞӠӝӪӔӡӘӡ ӛӐӮӐӡӘӐӗӔӑӔӚӘ ӞӐӠӐӛӔӢӠӔӑӘ, әӔӠӫӝӓ, ӛӘӮӐӔӚӘӡӘӡ 

әӝӜӡӢӐӜӢӐ ӓӐ әӐӢӐӚӘӖӣӠӘ әӝӜӡӢӐӜӢӐ ӒӐӜӘӡӐӖӦӕӠӔӑӐ ӒӠӐӤӘәӣӚӘ ӛӔӗӝӓӘӡ ӒӐӛӝӧӔӜӔӑӘӗ 

(ӡӣӠ. 2.4). ӛӘӮӐӔӚӘӡӘӡ әӝӜӡӢӐӜӢӐ ӒӐӛӝӘӗӕӚӔӑӐ ӛӘӦӔӑӣӚӘ ӡӬӝӠӘ ӮӐӖӘӡ ӓӐ ӐӑӡӪӘӡӔӑӘӡ 

ӦӔӠӫӘӡ ӒӐӓӐәӕӔӗӘӡ ӬӔӠӢӘӚӘӡ әӝӝӠӓӘӜӐӢӘӡ ӛӜӘӨӕӜӔӚӝӑӘӓӐӜ ӓӐ ӬӐӠӛӝӐӓӒӔӜӡ ӛӘӡ 

ӨӔӑӠӣӜӔӑӣӚ ӡӘӓӘӓӔӡ. ӐӜӐӚӝӒӘӣӠӐӓ ӝӠӓӘӜӐӢӔӑӘӡ ӦӔӠӫӘӡ ӒӐӓӐәӕӔӗӘӡ ӬӔӠӢӘӚӘӡ 

әӝӝӠӓӘӜӐӢӘӓӐӜ ӛӘӘӦӔӑӐ ӛӐӥӡӘӛӐӚӣӠӘ ӡӘөӥӐӠӔ. ӮӝӚӝ әӐӢӐӚӘӖӣӠӘ әӝӜӡӢӐӜӢӐ 

ӒӐӛӝӘӗӕӚӔӑӐ ӨӔӛӓӔӒӘ ӤӝӠӛӣӚӘӗ: 

 



49 

][/ 0max Evkcat         (2.3) 

ӡӐӓӐӪ [E0] ӐӠӘӡ ӤӔӠӛӔӜӢӘӡ ӡӐӬӧӘӡӘ әӝӜӪӔӜӢӠӐӪӘӐ ӛӝӚ/ӚӘӢӠӨӘ [170, 171].  

 

 

ӡӣӠӐӗӘ 2.4. ӨӔӑӠӣӜӔӑӣӚ ӚӐӘӜӣӘӕӔӠ-ӑӔӠәӘӡ әӝӝӠӓӘӜӐӢӔӑӨӘ ӐӒӔӑӣӚӘ ӠӔӐӥӪӘӘӡ ӡӘөӥӐӠӘӡ 
ӓӐӛӝәӘӓӔӑӣӚӔӑӐ ӡӣӑӡӢӠӐӢӘӡ әӝӜӪӔӜӢӠӐӪӘӐӖӔ. 
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2.3 ӛӘәӠӝәӐӚӝӠӘӛӔӢӠӘӐ. ӓӘӤӔӠӔӜӪӘӣӚӘ ӛӐӡәӐӜӘӠӔӑӔӚӘ әӐӚӝӠӘӛӔӢӠӘӐ 

 

ӑӘӝӚӝӒӘӣӠӘ ӛӐәӠӝӛӝӚӔәӣӚӔӑӘӡ ӓӐ ӛӐӗӘ әӝӛӞӚӔӥӡӔӑӘӡ ӡӢӐӑӘӚӝӑӘӡ ӨӔӡӐӡӬӐӕӚӐӓ 

ӤӐӠӗӝӓ ӒӐӛӝӘӧӔӜӔӑӐ ӠӘӒӘ әӐӚӝӠӘӛӔӢӠӣӚӘ ӛӔӗӝӓӔӑӘ, ӛӐӗ ӨӝӠӘӡ ӓӘӤӔӠӔӜӪӘӣӚӘ 

ӛӐӡәӐӜӘӠӔӑӔӚӝ әӐӚӝӠӘӛӔӢӠӘӐ. ӡӮӕӐ ӛӔӗӝӓӔӑӘӡӒӐӜ ӒӐӜӡӮӕӐӕӔӑӘӗ, әӐӚӝӠӘӛӔӢӠӘӘӡ 

ӒӐӛӝӧӔӜӔӑӘӗ ӨӔӡӐӫӚӔӑӔӚӘӐ ӡӐәӕӚӔӕӘ ӡӘӡӢӔӛӘӡ ӔӠӗ-ӔӠӗӘ ӛӜӘӨӕӜӔӚӝӕӐӜӘ ӞӐӠӐӛӔӢӠӘӡ, 

ӔӜӢӐӚӞӘӘӡ, ӓӐ ӛӘӡӘ ӢӔӛӞӔӠӐӢӣӠӐӖӔ ӓӐӛӝәӘӓӔӑӣӚӔӑӘӡ ӣӨӣӐӚӝ ӒӐӖӝӛӕӐ [172]. 

ӛӐәӠӝӛӝӚӔәӣӚӣӠ ӡӘӡӢӔӛӐӖӔ ӖӔӛӝӥӛӔӓӔӑӘӡ ӖӝӒӘӔӠӗ ӡӮӕӐ ӤӐӥӢӝӠӔӑӘӡӒӐӜ ӒӐӜӡӮӕӐӕӔӑӘӗ, 

ӢӔӛӞӔӠӐӢӣӠӐ ӬӐӠӛӝӐӓӒӔӜӡ ӘӜӢӔӜӡӘӣӠ ӞӐӠӐӛӔӢӠӡ, ӠӝӛӔӚӘӪ ӗӔӠӛӝӓӘӜӐӛӘӣӠӐӓ 

ӨӔӣӦӚӔӑӣӚӘӐ ӔӥӡӢӔӜӡӘӣӠ (ӐӓӘӢӘӣӠ) ӞӐӠӐӛӔӢӠӗӐӜ, ӔӜӢӐӚӞӘӐӡӗӐӜ. ӐӜӣ ӡӘӡӢӔӛӘӡ 

ӛӓӒӝӛӐӠӔӝӑӘӡ ӢӔӛӞӔӠӐӢӣӠӘӗ ӒӐӛӝӬӕӔӣӚ ӧӝӕӔӚ ӪӕӚӘӚӔӑӐӡ ӗӐӜ ӐӮӚӐӕӡ ӛӘӡӘ ӔӜӢӐӚӞӘӘӡ 

ӪӕӚӘӚӔӑӐӪ. ӨӔӡӐӑӐӛӘӡӐӓ, ӜӘӛӣӨӘӡ ӔӜӢӐӚӞӘӘӡ ӢӔӛӞӔӠӐӢӣӠӐӖӔ ӓӐӛӝәӘӓӔӑӣӚӔӑӐ 

ӢӔӛӞӔӠӐӢӣӠӔӑӘӡ ӒӐӜӡӐӮӘӚӕӔӚ ӘӜӢӔӠӕӐӚӨӘ ӡӘӡӢӔӛӘӡӐӗӕӘӡ ӧӕӔӚӐ ӮӔӚӛӘӡӐӬӕӓӝӛӘ 

ӛӓӒӝӛӐӠӔӝӑӘӡ ӡӠӣӚӘ ӗӔӠӛӝӓӘӜӐӛӘӣӠӘ ӓӐӮӐӡӘӐӗӔӑӘӡ ӡӐӨӣӐӚӔӑӐӡ ӘӫӚӔӕӐ [173-175]. 

ӒӚӝӑӣӚӣӠӘ ӪӘӚӔӑӘӡ ӨӔӛӗӮӕӔӕӐӨӘ, ӓӘӤӔӠӔӜӪӘӣӚӘ ӛӐӡәӐӜӘӠӔӑӔӚӘ әӐӚӝӠӘӛӔӢӠӘӘӡ 

ӛӔӗӝӓӘӗ ӨӔӡӐӫӚӔӑӔӚӘӐ ӘӡӔӗӘ ӛӐӮӐӡӘӐӗӔӑӚӔӑӘӡ ӨӔӡӬӐӕӚӐ ӓӐ ӨӔӤӐӡӔӑӐ, ӠӝӒӝӠӘӪ ӐӠӘӡ 

ӓӔӜӐӢӣӠӐӪӘӘӡ ӞӠӝӪӔӡӘӡ ӨӔӥӪӔӕӐӓӝӑӐ, ӒӐӓӐӡӕӚӘӡ ӑӣӜӔӑӐ, ӨӣӐӚӔӓӣӠӘ ӛӓӒӝӛӐӠӔӝӑӔӑӘӡ 

ӐӠӡӔӑӝӑӐ ӓӐ ӛӐӗӘ ӮӐӡӘӐӗӘ; ӓӝӛӔӜӣӠӘ ӐӜ ӡӣӑӓӝӛӔӜӣӠӘ ӔӠӗӔӣӚӔӑӘӡ ӐӠӡӔӑӝӑӐ ӓӐ ӛӐӗ 

ӨӝӠӘӡ ӣӠӗӘӔӠӗӥӛӔӓӔӑӘӡ ӢӘӞӘ; ӪӘӚӘӡ ӛӣӢӐӪӘӣӠӘ ӓӐ ӥӘӛӘӣӠӘ ӛӝӓӘӤӘәӐӪӘӘӡ ӬӕӚӘӚӘ 

әӝӜӤӝӠӛӐӪӘӘӡ ӨӔӜӐӠөӣӜӔӑӐӨӘ ӓӐ ӡӮӕӐ [176-178]. 

ӪӘӚӔӑӘӡ, ӐӡӔӕӔ ӠӝӒӝӠӪ ӡӮӕӐ ӑӘӝӛӝӚӔәӣӚӔӑӘӡ ӗӔӠӛӝӓӘӜӐӛӘӣӠӘ әӕӚӔӕӐ ӓӐӤӣӫӜӔӑӣӚӘӐ 

ӒӐӛӐӠӢӘӕӔӑӣӚ ӛӝӓӔӚӖӔ, ӠӝӛӔӚӘӪ ӡӐәӛӐӝӓ ӖӣӡӢӘӐ ӛӪӘӠӔ ӖӝӛӘӡ ӪӘӚӔӑӘӡ ӨӔӛӗӮӕӔӕӐӨӘ. 

ӛӘӡ ӤӐӠӒӚӔӑӨӘ ӑӘӝӛӝӚӔәӣӚӔӑӘӡ ӜӐӢӘӕӣӠӘӓӐӜ ӓӔӜӐӢӣӠӘӠӔӑӣӚ ӛӓӒӝӛӐӠӔӝӑӐӨӘ 

ӒӐӓӐӡӕӚӐ  ӒӐӜӘӮӘӚӔӑӐ, ӠӝӒӝӠӪ ӝӠ ӛӓӒӝӛӐӠӔӝӑӘӐӜӘ ӛӝӜӝӛӝӚӔәӣӚӣӠӘ ӠӔӐӥӪӘӐ: 

 

N  D  (2.4) 

 

Ӑӛ ӒӐӓӐӡӕӚӘӗ ӒӐӛӝӬӕӔӣӚӘ ӡӘӗӑӣӠӘ ӔӤӔӥӢӔӑӘӡ ӨӔӡӐӑӐӛӘӡӘ ӔӜӢӐӚӞӘӣӠӘ ӪӕӚӘӚӔӑӐ 

әӘӠӮӰӝӤӘӡ ӒӐӜӢӝӚӔӑӘӡ ӗӐӜӐӮӛӐӓ ӣӓӠӘӡ 
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ӡӐӓӐӪ ǹр(Ǻ) - ӔӤӔӥӢӣӠӘ ӡӘӗӑӝӢӔӕӐӓӝӑӐ ӛӣӓӛӘӕӘ ӬӜӔӕӘӡ ӓӠӝӡ, Ǻ1, Ǻ2 - ӢӔӛӞӔӠӐӢӣӠӘӡ 

ӘӜӢӔӠӕӐӚӘ, ӠӝӛӔӚӨӘӪ ӢӐӠӓӔӑӐ ӒӐӖӝӛӕӔӑӘ.  

ӒӐӓӐӡӕӚӘӡ ӨӔӡӐӑӐӛӘӡӘ ӔӜӢӐӚӞӘӘӡ ӪӕӚӘӚӔӑӘӡ ӒӐӛӝӡӐӗӕӚӔӚӐӓ ӐӣӪӘӚӔӑӔӚӘӐ ӘӛӘӡ 

ӒӐӗӕӐӚӘӡӬӘӜӔӑӐ, Ӡӝӛ ӓӔӜӐӢӣӠӐӪӘӘӡ ӯӐӛӣӠ ӡӘӗӑӣӠ ӔӤӔӥӢӨӘ ӒӐӠӓӐ ӜӐӢӘӕӣӠӘӓӐӜ 

ӓӔӜӐӢӣӠӘӠӔӑӣӚ ӛӓӒӝӛӐӠӔӝӑӐӨӘ ӒӐӓӐӡӕӚӘӡ ӨӔӡӐӑӐӛӘӡӘ ӔӜӢӐӚӞӘӘӡ ӪӕӚӘӚӔӑӘӡӐ ӨӔӓӘӡ 

ӢӔӛӞӔӠӐӢӣӠӘӡ ӛӝӪӔӛӣӚ ӘӜӢӔӠӕӐӚӨӘ ӜӐӢӘӕӣӠ ӓӐ ӓӔӜӐӢӣӠӘӠӔӑӣӚ ӛӓӒӝӛӐӠӔӝӑӐӨӘ 

ӛӧӝӤӘ ӛӝӚӔәӣӚӔӑӘӡ ӛӘӔӠ ӨӗӐӜӗӥӛӣӚӘ ӡӘӗӑӝӡ ӤӝӜӣӠӘ ӠӐӝӓӔӜӝӑӐӪ. ӐӜӣ ӣӨӣӐӚӝӓ 

ӒӐӓӐӡӕӚӘӡ ӨӔӡӐӑӐӛӘӡӘ ӔӜӢӐӚӞӘӘӡ ӪӕӚӘӚӔӑӘӡ ӛӘӡӐӦӔӑӐӓ ӓӔӜӐӢӣӠӐӪӘӘӡ ӔӜӢӐӚӞӘӘӓӐӜ 

ӣӜӓӐ ӒӐӛӝәӚӔӑӣӚӘ Әӧӝӡ Әӛ ӛӝӚӔәӣӚӔӑӘӡ ӔӜӢӐӚӞӘӣӠӘ ӬӕӚӘӚӔӑӘ, ӠӝӛӚӔӑӘӪ 

ӘӛӧӝӤӔӑӘӐӜ ӜӐӢӘӕӣӠ ӛӓӒӝӛӐӠӔӝӑӐӨӘ (T1; Td) ӘӜӢӔӠӕӐӚӨӘ ӓӐ ӓӔӜӐӢӣӠӘӠӔӑӣӚ 

ӛӓӒӝӛӐӠӔӝӑӐӨӘ (Td; T2) ӘӜӢӔӠӕӐӚӨӘ [179-181]: 
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ӡӐӓӐӪ Δǵd – ӒӐӓӐӡӕӚӘӡ ӛӝӚӐӠӣӚӘ ӔӜӢӐӚӞӘӐ; Ǻd – ӒӐӓӐӡӕӚӘӡ ӢӔӛӞӔӠӐӢӣӠӐ (ӚӦӝӑӘӡ 

ӞӘәӘӡ ӛӐӥӡӘӛӣӛӘ); n

pC , d

pC  – ӑӘӝӞӝӚӘӛӔӠӘӡ әӣӗӠӘ ӡӘӗӑӝӢӔӕӐӓӝӑӔӑӘ ӜӐӢӘӕӣӠ ӓӐ 

ӓӔӜӐӢӣӠӘӠӔӑӣӚ ӛӓӒӝӛӐӠӔӝӑӔӑӨӘ ӨӔӡӐӑӐӛӘӡӐӓ. Δǹр = d

pC  – n

pC  – ӞӐӠӪӘӐӚӣӠӘ 

ӡӘӗӑӝӢӔӕӐӓӝӑӔӑӘӡ ӡӮӕӐӝӑӐ ӒӐӓӐӡӕӚӘӡ Ǻd ӢӔӛӞӔӠӐӢӣӠӐӖӔ. ӮӝӚӝ Ӑӛ ӞӠӝӪӔӡӨӘ ӔӜӢӠӝӞӘӘӡ 

ӓӐ ӒӘӑӡӘӡ ӗӐӕӘӡӣӤӐӚӘ ӔӜӔӠӒӘӘӡ ӪӕӚӘӚӔӑӐ ӨӔӛӓӔӒӘ ӤӝӠӛӣӚӔӑӘӗ ӒӐӛӝӘӗӕӚӔӑӐ: 
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ӑӘӝӛӐәӠӝӛӝӚӔәӣӚӔӑӘӡ ӔӜӢӐӚӞӘӘӡ ӒӐӖӝӛӕӐ ӐӠӘӡ ӓӐәӐӕӨӘӠӔӑӣӚӘ ӛӗӔӚ ӠӘӒ ӢӔӥӜӘәӣӠ 

ӡӘӠӗӣӚӔӔӑӗӐӜ, ӠӝӛӚӔӑӘӡ ӒӐӓӐӭӠӐ ӨӔӡӐӫӚӔӑӔӚӘ ӒӐӮӓӐ ӞӘӠӕӔӚӘ ӞӠӔӪӔӖӘӣӚӘ 

ӓӘӤӔӠӔӜӪӘӣӚӘ ӛӐӡәӐӜӘӠӔӑӔӚӘ ӛӘәӠӝәӐӚӝӠӘӛӔӢӠӔӑӘӡ ӛӔӨӕӔӝӑӘӗ [174]. ӗӐӜӐӛӔӓӠӝӕӔ 
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әӐӚӝӠӘӛӔӢӠӔӑӘ ӒӐӜӡӮӕӓӔӑӐ ӛӐӗӒӐӜ ӣӛӔӢӔӡ ӬӘӚӐӓ ӛӝӜӐӪӔӛӔӑӘӡ ӛӘӦӔӑӐ ӓӐӛӣӨӐӕӔӑӘӡ 

әӝӛӞӘӣӢӔӠӘӖӐӪӘӘӗ, ӮӝӚӝ ӫӘӠӘӗӐӓӘ ӞӠӘӜӪӘӞӔӑӘ ӘӡӔӕ ӐӥӢӣӐӚӣӠӘӐ [174, 175, 183]. 

ӮӡӜӐӠӔӑӘӡӐӗӕӘӡ ӒӐӜәӣӗӕӜӘӚӘ ӛӘәӠӝәӐӚӝӠӘӛӔӢӠӔӑӘӡ ӛӐӮӐӡӘӐӗӔӑӚӔӑӡ ӨӝӠӘӡ ӣӜӓӐ 

ӐӦӘӜӘӨӜӝӡ ӢӔӛӞӔӠӐӢӣӠӘӡ ӡәӐӜӘӠӔӑӘӡ ӣӜӐӠӘ, әӐӛӔӠӔӑӘӡ ӛӪӘӠӔ ӖӝӛӐ ӓӐ ӒӐӖӝӛӕӘӡ 

ӓӘӤӔӠӔӜӪӘӣӚӘ ӞӠӘӜӪӘӞӘ. ӓӘӤӔӠӔӜӪӘӣӚ әӐӚӝӠӘӛӔӢӠӔӑӨӘ ӐӑӡӝӚӣӢӣӠӘ ӡӘӓӘӓӘӡ 

ӛӐӒӘӕӠӐӓ ӘӖӝӛӔӑӐ ӝӠ ӘӓӔӜӢӣӠ әӐӛӔӠӐӡ ӨӝӠӘӡ ӡӘӗӑӝӢӔӕӐӓӝӑӘӡ ӡӮӕӐӝӑӐ. ӔӠӗ-ӔӠӗ 

ӛӐӗӒӐӜӨӘ өӐӢӕӘӠӗӣӚӘӐ ӛӮӝӚӝӓ ӒӐӛӮӡӜӔӚӘ, ӛӔӝӠӔӨӘ әӘ ӛӐӡӨӘ ӒӐӮӡӜӘӚӘ ӨӔӡӬӐӕӚӘӡ 

ӝӑӘӔӥӢӘ. ӢӔӛӞӔӠӐӢӣӠӘӡ ӡәӐӜӘӠӔӑӐ ӒӣӚӘӡӮӛӝӑӡ әӐӛӔӠӔӑӨӘ ӛӧӝӤӘ ӜӘӛӣӨӘӡ ӛӣӓӛӘӕӘ 

ӡӘөӥӐӠӘӗ ӣӬӧӕӔӢ (ӐӠӐ ӓӘӡәӠӔӢӣӚ) ӒӐӪӮӔӚӔӑӐӡ ӐӜ ӒӐӪӘӕӔӑӐӡ ӓӐ, ӨӔӡӐӑӐӛӘӡӐӓ, 

ӡӘӗӑӝӢӔӕӐӓӝӑӘӡ ӣӬӧӕӔӢӐӓ ӒӐӖӝӛӕӐӡ, ӠӐӪ ӨӔӡӐӫӚӔӑӔӚӘ ӒӐӮӓӐ ӛӪӘӠӔ ӖӝӛӘӡ ӐӓӘӐӑӐӢӣӚӘ 

әӐӛӔӠӔӑӘӡ ӒӐӛӝӧӔӜӔӑӘӗ. әӐӛӔӠӔӑӘӡ ӐӓӘӐӑӐӢӘӖӐӪӘӐ ӔӠӗӓӠӝӣӚӐӓ ӣӖӠӣӜӕӔӚӧӝӤӡ 

ӒӐӠӔӛӝӡ ӡӘӗӑӣӠӘ ӖӔӒӐӕӚӔӜӘӡ ӗӐӕӘӓӐӜ ӐӪӘӚӔӑӐӡ ӓӐ ӐӒӠӔӗӕӔ ӜӘӛӣӨӘӡ ӒӐӠӓӐӥӛӜӔӑӘӗ 

ӒӐӛӝӬӕӔӣӚ ӨӘӓӐ ӢӔӛӞӔӠӐӢӣӠӣӚӘ ӒӠӐӓӘӔӜӢӔӑӘӡ ӛӘӜӘӛӣӛӐӛӓӔ ӓӐӧӕӐӜӐӡ. ӮӝӚӝ әӐӛӔӠӔӑӘӡ 

ӖӝӛӘӡ ӨӔӛӪӘӠӔӑӐӛ, ӞӘӠӕӔӚ ӠӘӒӨӘ, ӒӐӛӝӠӘӪӮӐ ӛӔӥӐӜӘәӣӠӘ ӡӐӠӔӕӔӚӐӡ ӒӐӛӝӧӔӜӔӑӘӡ 

ӡӐӭӘӠӝӔӑӐ ӓӐ ӐӡӔӕӔ ӨӔӐӛӪӘӠӐ ӞӠӔӞӐӠӐӢӔӑӘӡ ӠӐӝӓӔӜӝӑӐ ӠӐӝӓӔӜӝӑӐ.  

ӛӐӒӠӐӛ ӣӞӘӠӐӢӔӡӝӑӔӑӗӐӜ ӔӠӗӐӓ ӒӐөӜӓӐ ӠӐӛӓӔӜӘӛӔ ӐӠӡӔӑӘӗӘ ӡӘӠӗӣӚӔ, ӠӝӒӝӠӘӪӐӐ 

әӐӛӔӠӔӑӘӡ ӖӣӡӢӐӓ ӒӐӜӡӐӖӦӕӠӣӚӘ ӗӐӜӐӑӐӠӘ ӠӐӝӓӔӜӝӑӘӡ ӜӘӕӗӘӔӠӔӑӔӑӘӗ ӓӐӢӕӘӠӗӕӐ, 

ӠӝӛӔӚӘӪ ӗӐӕӘӡӘ ӡӘӛӪӘӠӘӡ ӒӐӛӝ ӛӘӣӦӬӔӕӔӚӘӐ өӐӡӐӡӮӛӔӚӘ ӮӡӜӐӠӘӡ ӐӬӝӜӕӘӗ. ӒӐӠӓӐ ӐӛӘӡӐ 

ӨӔӣӫӚӔӑӔӚӘ ӒӐӮӓӐ ӛӗӚӘӐӜӐӓ ӐӕӡӔӑӣӚӘ ӰӔӠӛӔӢӣӚӘ әӐӛӔӠӔӑӘӡ ӒӐӛӝӧӔӜӔӑӐ ӡӘӗӮӘӡ ӓӐ 

әӐӛӔӠӔӑӘӡ ӛӐӡӐӚӘӡ ӒӐӜӡӮӕӐӕӔӑӣӚӘ ӡӘӗӑӣӠӘ ӒӐӤӐӠӗӝӔӑӘӡ әӝӔӤӘӪӘӔӜӢӔӑӘӡ ӒӐӛӝ, ӐӡӔӕӔ 

ӠӝӒӝӠӪ ӗӐӕӘӡӣӤӐӚӘ ӛӝӪӣӚӝӑӘӡ ӓӐӢӝӕӔӑӐ ӬӧӚӘӡ ӫӐӚӘӐӜ ӛӐӦӐӚӘ әӣӗӠӘ 

ӝӠӗӥӚӬӐӠӛӝӥӛӜӘӡ ӡӘӗӑӝӡ ӒӐӛӝ [175]. ӖӔӛӝӓ өӐӛӝӗӕӚӘӚӘ ӞӠӝӑӚӔӛӔӑӘӡ ӒӐӓӐӭӠӐ 

ӨӔӡӐӫӚӔӑӔӚӘ ӒӐӮӓӐ әӐӛӔӠӘӡ ӡӐӮӘӗ ӘӡӔӗӘ әӐӞӘӚӐӠӣӚӘ ӛӘӚӘӡ ӒӐӛӝӧӔӜӔӑӘӗ, ӠӝӛӔӚӘӪ 

ӑӝӚӝӕӓӔӑӐ ӐӓӘӐӑӐӢӣӠӘ ӔәӠӐӜӘӡ ӒӐӠӔӗ [175]. ӛӘӚӘ ӘӕӡӔӑӐ ӛӗӚӘӐӜӐӓ, ӐӛӠӘӒӐӓ ӡӘӗӮӘӡ 

ӡӐӔӠӗӝ ӛӝӪӣӚӝӑӐ ӒӐӜӘӡӐӖӦӕӠӔӑӐ әӐӛӔӠӘӡ ӖӝӛӘӗ, ӮӝӚӝ ӡӐӛӣӨӐӝ ӛӝӪӣӚӝӑӐ 

ӨӔӛӝӡӐӖӦӕӠӣӚӘӐ ӐӓӘӐӑӐӢӣӠӘ ӒӐӠӡӘӗ, ӠӐӪ ӒӐӛӝӠӘӪӮӐӕӡ ӒӐӤӐӠӗӝӔӑӘӡӐӡ ӡӐӛӣӨӐӝ 

ӛӝӪӣӚӝӑӘӓӐӜ ӒӐӠӔӗӐ ӜӐӬӘӚӨӘ ӒӐӛӝӓӔӕӜӘӚӘ ӡӘӗӮӘӡ ӡӘӗӑӣӠ ӒӐӕӚӔӜӐӡ ӛӘӡ ӨӘӓӐ 

ӜӐӬӘӚӖӔ. ӒӐӜӖӐӕӔӑӣӚ ӮӡӜӐӠӔӑӨӘ ӮӡӜӐӠӘӡӐ ӓӐ ӒӐӛӮӡӜӔӚӘӡ ӡӘӗӑӣӠӘ ӒӐӤӐӠӗӝӔӑӘӡ 

әӝӔӤӘӪӘӔӜӢӔӑӘӡ ӣӛӜӘӨӕӜӔӚӝ ӒӐӜӡӮӕӐӕӔӑӘӡ ӒӐӛӝ ӒӐӪӮӔӚӔӑӘӡ ӞӠӝӪӔӡӨӘ, ӝӠӘӕӔ әӐӛӔӠӘӡ 

ӡӐӛӣӨӐӝ ӛӝӪӣӚӝӑӘӓӐӜ ӒӐӓӛӝӓӘӡ ӡӘӗӮӘӡ ӗӘӗӥӛӘӡ ӔӠӗӜӐӘӠӘ ӠӐӝӓӔӜӝӑӐ, ӐӛӘӢӝӛ 

ӒӐӛӝӓӔӕӜӘӚӘ ӜӘӛӣӨӘӡ ӛӐӡӐ ӐӡӔӕӔ ӐӠ ӐӮӓӔӜӡ ӒӐӕӚӔӜӐӡ ӡӮӕӐӝӑӘӗӘ ӡӘӗӑӝӢӔӕӐӓӝӑӘӡ 

ӒӐӖӝӛӕӘӡ ӨӔӓӔӒӖӔ. ӐӦӡӐӜӘӨӜӐӕӘӐ, Ӡӝӛ әӐӞӘӚӐӠӣӚӘ ӛӘӚӘӡ ӒӐӠӔӗӐ ӜӐӬӘӚӡ ӐӓӔӑӔӜ 
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ӠӐӛӓӔӜӘӛӔ ӐӢӛӝӡӤӔӠӝӡ ӬӜӔӕӐӡ ӡӘӗӮӘӡ ӒӐӪӮӔӚӔӑӘӡ ӓӠӝӡ ӑӣӨӢӣәӔӑӘӡ ӬӐӠӛӝӥӛӜӘӡ 

ӒӐӛӝӡӐӠӘӪӮӐӓ. ӒӐӠӓӐ ӐӛӘӡӐ ӔӥӡӞӔӠӘӛӔӜӢӨӘ ӭӐӠӑӘ ӬӜӔӕӘӡ ӥӕӔӨ ӛӐӢӣӚӝӑӡ ӨӔӡӐӡӬӐӕӚӘ 

ӡӘӗӮӘӡ ӓӣӦӘӚӘӡ ӢӔӛӞӔӠӐӢӣӠӐ, ӐӛӘӢӝӛ ӨӔӡӐӫӚӔӑӔӚӘ ӮӓӔӑӐ ӢӔӛӞӔӠӐӢӣӠӣӚӘ 

ӓӘӐӞӐӖӝӜӘӡ ӖӔӓӐ ӖӦӕӐӠӘӡ ӐӬӔӕӐ.  

 

 

ӡӣӠӐӗӘ 2.5.  ǬǨǹǴ-4Ǩ ӢӘӞӘӡ ӓӘӤӔӠӔӜӪӘӣӚӘ ӛӐӡәӐӜӘӠӔӑӔӚӘ әӐӚӝӠӘӛӔӢӠӘӡ ӡӥӔӛӐ. 1) ӛӐӜӝӡӢӐӢӘ, 

2) ӗӔӠӛӝӛӔӢӠӘ, 3) ӗӕӘӗӛӬӔӠӘ, 4) ӡӘӗӑӣӠӘ ӔӤӔӥӢӘӡ ӒӐӛӖӝӛӘ ӛӝӬӧӝӑӘӚӝӑӐ, 5) ӗӔӠӛӝӡӢӐӢӘ, 6) 

ӐӓӘӐӑӐӢӘӖӘӠӔӑӣӚӘ ӒӐӠӡӘӡ ӗӔӠӛӝӠӔӒӣӚӐӢӝӠӘ ӛӝӬӧӝӑӘӚӝӑӐ, 7) ӛӘәӠӝәӐӚӝӠӘӛӔӢӠӘӡ ӒӐӛӖӝӛӘ 

әӐӛӔӠӔӑӘ. 

 

ӔӥӡӞӔӠӘӛӔӜӢӣӚ әӕӚӔӕӔӑӨӘ ӒӐӛӝӧӔӜӔӑӣӚӘ Әӧӝ ӠӣӡӣӚӘ ӬӐӠӛӝӔӑӘӡ ӓӘӤӔӠӔӜӪӘӣӚӘ  

ӛӐӡәӐӜӘӠӔӑӔӚӘ ӐӓӘӐӑӐӢӣӠӘ ӛӘәӠӝәӐӚӝӠӘӛӔӢӠӘ DASM-4A. ӛӘӡӘ ӑӚӝә-ӡӥӔӛӐ ӛӝӪӔӛӣӚӘӐ 

ӡӣӠ. 2.5-ӖӔ, ӮӝӚӝ әӐӚӝӠӘӛӔӢӠӘӡ ӢӔӥӜӘәӣӠӘ ӛӝӜӐӪӔӛӔӑӘ ӛӝӧӕӐӜӘӚӘӐ ӪӮӠӘӚ 2.3-ӨӘ. 

DASM-4A әӐӚӝӠӘӛӔӢӠӡ Ӑӥӕӡ ӝӠӛӐӒӘ ӐӓӘӐӑӐӢӣӠӘ ӒӐӠӡӘӗ ӒӐӠӨӔӛӝӠӢӧӛӣӚӘ ӝӠӘ 

ӘӓӔӜӢӣӠӘ әӐӚӝӠӘӛӔӢӠӣӚӘ әӐӛӔӠӐ, ӠӝӛӔӚӘӪ ӬӐӠӛӝӐӓӒӔӜӡ ӡӠӣӚӘӐӓ ӒӐӛӭӝӚ 

ӡӞӘӠӐӚӣӠӐӓ ӓӐӮӕӔӣӚ ӞӚӐӢӘӜӘӡ әӐӞӘӚӐӠӡ (ӡӣӠ. 2.6). ӐӛӞӣӚӔӑӘӡ ӐӡӔӗӘ әӝӜӡӢӠӣӥӪӘӐ 

ӘӫӚӔӕӐ ӠӘӒ ӣӞӘӠӐӢӔӡӝӑӔӑӡ: ӞӘӠӕӔӚ ӠӘӒӨӘ, ӒӐӐӓӕӘӚӔӑӣӚӘӐ ӛӐӗӘ ӒӐӠӔӪӮӕӐ ӓӐ ӐӕӡӔӑӐ 

ӜӘӛӣӨӘӗ ӘӡӔ, Ӡӝӛ Ӑӛ ӞӠӝӪӔӓӣӠӔӑӘӡ өӐӢӐӠӔӑӐ ӐӠ ӡӐӭӘӠӝӔӑӡ ӛӐӗ ӓӐӨӚӐӡ ӓӐ ӐӡӔӕӔ ӘӫӚӔӕӐ 

ӨӔӡӐӫӚӔӑӚӝӑӐӡ ӐӛӞӣӚӔӑӖӔ ӒӐӜӮӝӠӪӘӔӚӓӔӡ ӒӐӠәӕӔӣӚӘ ӬӜӔӕӐ. ӛӔӝӠӔ – әӐӞӘӚӐӠӘӡ ӛӪӘӠӔ 

ӓӘӐӛӔӢӠӘӡ ӓӐ ӛӘӡӘ ӛӐӦӐӚӘ ӡӘӗӑӝӒӐӛӢӐӠӝӑӘӡ ӒӐӛӝ ӐӠ ӮӓӔӑӐ ӡӘӗӮӔӨӘ ӢӔӛӞӔӠӐӢӣӠӘӡ 

ӒӠӐӓӘӔӜӢӔӑӘӡ ӬӐӠӛӝӥӛӜӐ, ӐӥӔӓӐӜ ӒӐӛӝӛӓӘӜӐӠӔ, ӐӡӔӗ әӐӚӝӠӘӛӔӢӠӣӚ әӐӛӔӠӐӨӘ 

ӢӔӛӞӔӠӐӢӣӠӐӗӐ ӕӔӚӘ ӔӠӗӒӕӐӠӝӕӐӜӘӐ ӓӐ ӨӔӘӫӚӔӑӐ ӛӐӗӘ ӒӐӮӣӠӔӑӐ ӡӐәӛӐӝӓ ӓӘӓӘ 

ӡӘөӥӐӠӘӗ, ӠӐӪ, ӗӐӕӘӡ ӛӮӠӘӕ, ӜӘӨӜӐӕӡ ӮӔӚӡӐӬӧӝӡ ӛӒӠӫӜӝӑӔӚӝӑӘӡ ӒӐӖӠӓӐӡ. ӠӝӓӔӡӐӪ 
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әӐӛӔӠӔӑӨӘ ӛӝӗӐӕӡӔӑӣӚӘӐ ӒӐӜӡӮӕӐӕӔӑӣӚӘ ӗӔӠӛӣӚӘ ӗӕӘӡӔӑӔӑӘӡ ӛӥӝӜӔ ӡӘӗӮӔӔӑӘ, 

ӒӐӪӮӔӚӔӑӘӡ ӨӔӓӔӒӐӓ ӛӐӗ ӨӝӠӘӡ ӬӐӠӛӝӥӛӜӘӚӘ ӢӔӛӞӔӠӐӢӣӠӐӗӐ ӡӮӕӐӝӑӐ ӗӔӠӛӝӬӧӕӘӚӔӑӘӡ 

ӛӔӨӕӔӝӑӘӗ ӒӐӠӓӐӘӥӛӓӔӑӐ ӡӘӒӜӐӚӨӘ, ӠӝӛӚӔӚӘӪ ӫӚӘӔӠӓӔӑӐ, ӛӘӔӬӝӓӔӑӐ ӒӐӪӮӔӚӔӑӘӡ ӓӐ 

әӝӛӞӔӜӡӐӪӘӘӡ ӞӚӐӢӐӡ ӓӐ ӐӮӓӔӜӡ Ӑӛ ӡӮӕӐӝӑӘӡ ӛӘӜӘӛӣӛӐӓӔ ӓӐӧӕӐӜӐӡ әӐӛӔӠӔӑӘӡ ӒӐӠӡӔӑӖӔ 

ӛӘӬӝӓӔӑӣӚӘ ӓӔӜӔӑӘӡ ӠӔӒӣӚӘӠӔӑӘӡ ӒӖӘӗ. әӝӛӞӔӜӡӐӪӘӘӡ ӡӘӛӫӚӐӕӠӘӡ ӞӠӝӞӝӠӪӘӣӚӘ 

ӫӐӑӕӐ ӨӔӛӓӒӝӛ ӛӘӔӬӝӓӔӑӐ ӗӕӘӗөӐӛӬӔӠӡ ӠӝӒӝӠӪ ӢӔӛӞӔӠӐӢӣӠӘӡ ӤӣӜӥӪӘӐ.  

 

ӪӮӠӘӚӘ 2.3 ӛӘәӠӝәӐӚӝӠӘӛӔӢӠ ǬǨǹǴ-4Ǩ-ӡ ӢӔӥӜӘәӣӠӘ ӛӝӜӐӪӔӛӔӑӘ 
 

ӡӘӗӑӝӢӔӕӐӓӝӑӐӗӐ ӡӮӕӐӝӑӘӡ ӒӐӖӝӛӕӐ 
ӛӐӥӡӘӛӐӚӣӠӘӓӐӜ (-0.32 J/K-ӓӐӜ +0.32 J/K-ӛӓӔ) 
ӛӘӜӘӛӐӚӣӠӐӛӓӔ (-0.005 J/K-ӓӐӜ +0.005 J/K-ӛӓӔ) 

ӮӛӐӣӠӘӡ ӓӝӜӔ 1 K/ӛӘӜ ӡӘөӥӐӠӘӡ ӓӠӝӡ 5 10-7 W 
ӑӐӖӘӡӣӠӘ ӮӐӖӘӡ ӒӐӜӛӔӝӠӔӑӐӓӝӑӐ 3  10-6 W 
ӑӐӖӘӡӣӠӘ ӮӐӖӘӡ ӒӐӓӐӮӠӐ ӡӬӝӠӘ ӮӐӖӘӓӐӜ 15  10-6 W 
Cp ӡӮӕӐӝӑӘӡ ӛӐөӕӔӜӔӑӚӘӡ ӓӐӤӘӥӡӘӠӔӑӘӡ ӓӠӝ ӐӠӐӣӛӔӢӔӡ 40 Ӭӛ 
ӡӐӛӣӨӐӝ ӢӔӛӞӔӠӐӢӣӠӣӚӘ ӘӜӢӔӠӕӐӚӘ 0 - 150ǹ 
ӢӔӛӞӔӠӐӢӣӠӘӡ ӒӐӖӝӛӕӘӡ Ӑӑӡ. ӪӓӝӛӘӚӔӑӐ  0.1 ǹ 
әӐӚӝӠӘӛӔӢӠӘӡ ӣӯӠӔӓӘӡ ӒӐӪӮӔӚӔӑӘӡ ӡӘөӥӐӠӔ 0.03; 0.06; 0.125; 0.25; 0.1; 1.0; 2.0; 4.0 K/min 
ӒӐӪӘӕӔӑӘӡ ӡӘөӥӐӠӔ 0.5 ӓӐ 1K/min 
ӡәӐӜӘӠӔӑӘӡ ӡӘөӥӐӠӘӡ ӤӐӠӓӝӑӘӗӘ ӪӓӝӛӘӚӔӑӐ  2  
ӬӜӔӕӐ ӐӛӞӣӚӘӡ ӗӐӕӖӔ 500-600 kPa 
ӗӘӗӝӔӣӚӘ әӐӛӔӠӘӡ ӛӝӪӣӚӝӑӐ 0.8 ml 
әӐӛӔӠӘӡ ӡӐӛӣӨӐӝ ӛӝӪӣӚӝӑӐ 0.46 ml 
әӐӚӘӑӠӔӑӘӡ ӡӘӛӫӚӐӕӠӔ 25; 50; 100 ǋW 
 

 

әӐӚӝӠӘӛӔӢӠӣӚ ӔӥӡӞӔӠӘӛӔӜӢӨӘ ӑӘӝӚӝӒӘӣӠӘ ӛӐәӠӝӛӝӚӔәӣӚӔӑӘӡ ӒӐӪӮӔӚӔӑӘӡ ӨӔӓӔӒӐӓ 

ӛӘӦӔӑӣӚӘ ӢӘӞӘӣӠӘ ӛӠӣӓӔӑӘӡ ӓӐӛӣӨӐӕӔӑӘӡ ӛӔӗӝӓӝӚӝӒӘӐ ӐӠӘӡ ӨӔӛӓӔӒӜӐӘӠӘ. 

ӓӔӜӐӢӣӠӐӪӘӣӚӘ ӛӠӣӓӘӡ ӒӐӠӓӐ ӐӡӔӕӔ ӘӬӔӠӔӑӐ ӑӐӖӘӡӣӠӘ ӮӐӖӘ, ӠӝӛӔӚӘӪ ӨӔӔӡӐӑӐӛӔӑӐ 

ӒӐӛӮӡӜӔӚӘ-ӒӐӛӮӡӜӔӚӘӡ ӡәӐӜӘӠӔӑӐӡ, ӓӐ ӪӜӝӑӘӚӘ ӡӘӛӫӚӐӕӠӘӡ ӛӥӝӜӔ ӡӐәӐӚӘӑӠӝ ӜӘӨӜӣӚӘ 

(ӡӣӠ. 2.7). ӓӔӜӐӢӣӠӐӪӘӣӚӘ ӞӘәӘӡӐ ӓӐ ӡӐӑӐӖӘӡӝ ӮӐӖӘӡ ӛӘӔӠ ӨӔӛӝӤӐӠӒӚӣӠӘ ӤӐӠӗӝӑӘӓӐӜ 

ӡӐәӐӚӘӑӠӝ ӜӘӨӜӣӚӘӡ ӞӐӠӐӛӔӢӠӔӑӘӡ ӒӐӗӕӐӚӘӡӬӘӜӔӑӘӗ ӑӘӝӛӐәӠӝӛӝӚӔәӣӚӣӠӘ 

ӓӔӜӐӢӣӠӐӪӘӘӡ ӡӘӗӑӝ ӨӔӘӫӚӔӑӐ ӒӐӜӘӡӐӖӦӕӠӝӡ ӤӝӠӛӣӚӘӗ 

 

Q=k1S   (2.9), 

 

ӡӐӓӐӪ Q – ӓӔӜӐӢӣӠӐӪӘӣӚӘ ӡӘӗӑӝӡ ӠӐӝӓӔӜӝӑӐӐ, S – ӡӘӗӑӝӡ ӨӗӐӜӗӥӛӘӡ ӞӘәӘӡ ӤӐӠӗӝӑӘ, 

ӮӝӚӝ k1 – өӐӜӐӬӔӠӘӡ ӔӠӗӔӣӚӝӕӐӜӘ ӤӐӠӗӝӑӘӡ ӤӐӡӘ ӔӜӔӠӒӔӢӘәӣӚ ӔӠӗӔӣӚӔӑӨӘ (k1 = 
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Wett/Set,  где Wet – ӔӢӐӚӝӜӣӠӘ ӡӘӛӫӚӐӕӠӔ, ӠӝӛӔӚӘӪ t ӓӠӝӨӘ ӒӐӓӐӔӪӔӛӐ ӔӠӗӔӠӗ әӐӛӔӠӐӡ 

ӓӐ Set – ӡӐәӐӚӘӑӠӝ ӜӘӨӜӣӚӘӡ ӤӐӠӗӝӑӘ). 

 

 

ӡӣӠӐӗӘ 2.6 ӓӘӤӔӠӔӜӪӘӣӚӘ ӛӐӡәӐӜӘӠӔӑӔӚӘ ӛӘәӠӝәӐӚӝӠӘӛӔӢӠ ǬǨǹǴ-4Ǩ-ӡ әӐӚӝӠӘӛӔӢӠӣӚӘ 

ӑӚӝәӘ. 1 - ӞӚӐӢӘӜӘӡ әӐӞӘӚӐӠӔӑӘ, 2 – ӡӞӘӠӐӚӣӠӘ әӐӚӝӠӘӛӔӢӠӣӚӘ әӐӛӔӠӔӑӘ ӓӐ ӛӐӗӘ 

ӒӐӛӐӪӮӔӚӔӑӔӚӘ, 3 – ӨӘӜӐӒӐӜӘ ӐӓӘӐӑӐӢӣӠӘ ӒӐӠӡӘ, 4 – әӐӛӔӠӔӑӡ ӨӝӠӘӡ ӢӔӛӞӔӠӐӢӣӠӣӚӘ ӡӮӕӐӝӑӘӡ 

ӒӐӛӖӝӛӘ ӛӝӬӧӝӑӘӚӝӑӐ, 5 – ӒӐӠӔ ӐӓӘӐӑӐӢӣӠӘ ӒӐӠӡӘ. 

 

 

ӔӥӡӞӔӠӘӛӔӜӢӣӚӘ ӛӠӣӓӔӑӘӓӐӜ ӛӘӦӔӑӣӚӘ ӒӐӮӡӜӘӚӘ ӜӘӕӗӘӔӠӔӑӘӡ әӣӗӠӘ ӡӘӗӑӝӢӔӕӐӓӝӑӐ 

ӜӔӑӘӡӛӘӔӠ ӢӔӛӞӔӠӐӢӣӠӐӖӔ ӧӝӕӔӚӗӕӘӡ ӣӐӠӧӝӤӘӗӘӐ, ӕӘӜӐӘӓӐӜ ӛӐәӠӝӛӝӚӔәӣӚӔӑӘӡ 

ӮӡӜӐӠӔӑӘӡ ӡӘӗӑӝӢӔӕӐӓӝӑӐ ӧӝӕӔӚӗӕӘӡ ӐӦӔӛӐӢӔӑӐ ӘӒӘӕӔ ӛӝӪӣӚӝӑӘӡ ӒӐӛӮӡӜӔӚӘӡ 

ӡӘӗӑӝӢӔӕӐӓӝӑӐӡ (ӡӣӠ. 2.7) ӓӐ ӒӐӜӘӡӐӖӦӕӠӔӑӐ ӨӔӛӓӔӒӜӐӘӠӐӓ: 

. 

s

s

pp

p

p Δm[C]m[C]ΔC   (2.10), 

ӡӐӓӐӪ p

p[C]  ӓӐ s

p[C]  – ӒӐӮӡӜӘӚӘ ӜӘӕӗӘӔӠӔӑӘӡ ӓӐ ӒӐӛӮӡӜӔӚӘӡ әӣӗӠӘ ӡӘӗӑӝӢӔӕӐӓӝӑӔӑӘӐ, 

ӨӔӡӐӑӐӛӘӡӐӓ, mp – әӐӛӔӠӘӡ ӡӐӛӣӨӐӝ ӛӝӪӣӚӝӑӐӨӘ ӒӐӮӡӜӘӚӘ ӜӘӕӗӘӔӠӔӑӘӡ ӛӐӡӐӐ, ӮӝӚӝ ms – 

ӛӘӡ ӛӘӔӠ ӒӐӛӝӓӔӕӜӘӚӘ ӒӐӛӮӡӜӔӚӘӡ ӛӐӡӐӐ, ӠӝӛӔӚӘӪ ӣӓӠӘӡ  

 

s

p

ps
[V]

[V]ΔmΔm    (2.11) 

 
ӡӐӓӐӪ V p ӓӐ V s – ӒӐӮӡӜӘӚӘ ӜӘӕӗӘӔӠӔӑӘӡ ӓӐ ӒӐӛӮӡӜӔӚӘӡ әӣӗӠӘ ӛӝӪӣӚӝӑӔӑӘӐ [174, 

175]. ӐӥӔӓӐӜ  
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p
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[V]
[C][C]

C
    (2.12), 

 

ӡӐӓӐӪ ǹ = k2h - ӒӐӛӮӡӜӔӚӘӡ ӓӐ ӮӡӜӐӠӘӡ әӣӗӠӘ ӡӘӗӑӝӢӔӕӐӓӝӑӔӑӘӡ ӨӝӠӘӡ ӡӮӕӐӝӑӐ, h - 

ӬӔӠӢӘӚӘӡ ӒӐӓӐӮӠӐ ӑӐӖӘӡӣӠӘ ӛӠӣӓӘӓӐӜ ӜӔӑӘӡӛӘӔӠ ӢӔӛӞӔӠӐӢӣӠӐӖӔ, ӮӝӚӝ k2 - ӬӠӤӘӓӐӜ 

ӒӐӓӐӮӠӘӡ ӔӠӗӔӣӚӘӡ ӤӐӡӘ, ӠӝӛӔӚӘӪ ӘӖӝӛӔӑӐ J/K·cm-ӨӘ ӓӐ ӣӓӠӘӡ k2 = Wet/V·let, ӡӐӓӐӪ Wet – 

ӡӐәӐӚӘӑӠӝ ӡӘӛӫӚӐӕӠӔ, V ӒӐӪӮӔӚӔӑӘӡ ӡӘөӥӐӠӔ, let – ӡӐәӐӚӘӑӠӝ ӜӘӨӜӣӚӘӡ ӬӠӤӘӓӐӜ 

ӒӐӓӐӮӠӐ. ӐӛӘӡ ӒӐӗӕӐӚӘӡӬӘӜӔӑӘӗ, ӡӐӑӝӚӝӝ ӤӝӠӛӣӚӐ ӐӠӘӡ 
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et

s
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s
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


   (2.13) 

 

ӛӘӦӔӑӣӚӘ әӐӚӝӠӘӛӔӢӠӣӚӘ ӛӠӣӓӔӑӘӡ ӓӐӛӣӨӐӕӔӑӐ, ӠӝӛӔӚӘӪ ӒӕӐӫӚӔӕӡ ӡӐәӕӚӔӕӘ 

ӑӘӝӝӑӘӔӥӢӘӡ әӣӗӠӘ ӡӘӗӑӝӢӔӕӐӓӝӑӘӡ ӓӐӛӝәӘӓӔӑӣӚӔӑӐӡ ӢӔӛӞӔӠӐӢӣӠӐӖӔ, 

ӮӝӠӪӘӔӚӓӔӑӐ Ӑӛ ӤӝӠӛӣӚӘӡ ӒӐӛӝӧӔӜӔӑӘӗ ӪӘӤӠӣӚ ӤӝӠӛӐӢӨӘ ӡӞӔӪӘӐӚӣӠӘ 

әӝӛӞӘӣӢӔӠӣӚӘ ӞӠӝӒӠӐӛӘӡ ӛӔӨӕӔӝӑӘӗ [182]. ӔӜӢӐӚӞӘӘӡ ӒӐӛӝӡӐӗӕӚӔӚӐӓ ӞӘәӘӡ ӤӐӠӗӝӑӘ 

ӒӐӛӝӗӕӚӘӚӘ Әӧӝ Origin-Әӡ ӒӐӛӝӧӔӜӔӑӘӗ. 

 

 

ӡӣӠӐӗӘ 2.7 ӑӘӝӛӐәӠӝӛӝӚӔәӣӚӔӑӘӡ ӚӦӝӑӘӡ ӛӐӮӐӡӘӐӗӔӑӔӚӘ ӢӘӞӘӣӠӘ әӐӚӝӠӘӛӔӢӠӣӚӘ ӛӠӣӓӘ. 
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2.4 ӡӬӠӐӤӘ ӡәӐӜӘӠӔӑӘӡ ӪӘәӚӣӠӘ ӕӝӚӢӐӛӞӔӠӝӛӔӢӠӘӐ, ӠӝӒӝӠӪ ӛӫӚӐӕӠӘ 

ӑӘӝӤӘӖӘәӣӠӘ ӛӔӗӝӓӘ 

 

ӪӘәӚӣӠӘ ӕӝӚӢӐӛӞӔӠӝӛӔӢӠӘӘӡ ӛӔӗӝӓӘ (CV) ӐӠӘӡ ӡӬӠӐӤӘ, ӛӔӢӐӓ ӛӫӚӐӕӠӘ ӓӐ ӧӕӔӚӐӖӔ 

ӒӐӕӠӪӔӚӔӑӣӚӘ ӛӔӗӝӓӘ ӡӮӕӐ ӔӚӔӥӢӠӝӥӘӛӘӣӠ ӛӔӗӝӓӔӑӗӐӜ ӨӔӓӐӠӔӑӘӗ. Әӡ ӤӐӠӗӝӓ 

ӒӐӛӝӘӧӔӜӔӑӐ ӠӝӒӝӠӪ ӐӜӐӚӘӖӣӠ, ӐӡӔӕӔ ӤӣӜӓӐӛӔӜӢӣӠ әӕӚӔӕӔӑӨӘ ӟӐӜӒӕӐ-ӐӦӓӒӔӜӘӗӘ 

ӞӠӝӪӔӡӔӑӘӡ ӐӜӐӚӘӖӣӠ (әӝӜӪӔӜӢӠӐӪӘӔӑӘ), әӘӜӔӢӘәӣӠ (ӠӔӐӥӪӘӘӡ ӡӘөӥӐӠӘӡ әӝӜӡӢӐӜӢӔӑӘ), 

ӗӔӠӛӝӓӘӜӐӛӘәӣӠ (ӟӐӜӒӕӐ-ӐӦӓӒӔӜӘӗӘ ӞӝӢӔӜӪӘӐӚӔӑӘ, ӬӝӜӐӡӬӝӠӣӚӘ әӝӜӡӢӐӜӢӔӑӘ) ӓӐ 

ӛӔӥӐӜӘӡӢӣӠ ӗӐӕӘӡӔӑӣӠӔӑӐӗӐ ӨӔӡӐӡӬӐӕӚӐӓ [184]. ӕӝӚӢӐӛӞӔӠӝӛӔӢӠӣӚ ӔӥӡӞӔӠӘӛӔӜӢӨӘ 

ӤӐӠӗӝӓ ӒӐӛӝӘӧӔӜӔӑӐ Ӕ. Ӭ. ӡӐӛӔӚӔӥӢӠӝӓӘӐӜӘ ӡӘӡӢӔӛӐ, ӠӝӛӔӚӘӪ ӬӐӠӛӝӐӓӒӔӜӡ 

ӔӚӔӥӢӠӝӚӘӢӨӘ өӐӨӕӔӑӣӚ ӡӐӛӘ ӡӞӔӪӘӤӘӣӠӘ ӔӚӔӥӢӠӝӓӘӡ ӡӘӡӢӔӛӐӡ (ӡӣӠ. 2.8Ӑ). 

ӔӚӔӥӢӠӝӚӘӢӘӡ ӫӘӠӘӗӐӓӘ ӓӐӜӘӨӜӣӚӔӑӐ ӐӠӘӡ ӡӐәӛӐӠӘӡӘ ӒӐӛӢӐӠӝӑӘӡ ӣӖӠӣӜӕӔӚӧӝӤӐ. 

ӐӡӔӗ ӡӘӡӢӔӛӔӑӨӘ ӓӔӜӘ ӒӐӓӘӡ ӛӣӨӐ ӓӐ ӓӐӛӮӛӐӠӔ ӔӚӔӥӢӠӝӓӔӑӡ ӨӝӠӘӡ, ӮӝӚӝ ӛӣӨӐ 

ӔӚӔӥӢӠӝӓӘӡ ӞӝӢӔӜӪӘӐӚӘ ӘӖӝӛӔӑӐ ӨӔӓӐӠӔӑӘӡ ӔӚӔӥӢӠӝӓӘӡ ӛӘӛӐӠӗӔӑӐӨӘ. ӐӛӠӘӒӐӓ 

ӨӔӡӐӫӚӔӑӔӚӘӐ ӛӣӨӐ ӔӚӔӥӢӠӝӓӖӔ ӛӘӛӓӘӜӐӠӔ ӞӠӝӪӔӡӘӡ ӨӔӡӐӑӐӛӘӡӘ ӞӝӢӔӜӪӘӐӚӘӡ ӒӐӖӝӛӕӐ 

ӪӜӝӑӘӚӘ ӞӝӢӔӜӪӘӐӚӘӡ ӛӥӝӜӔ ӨӔӓӐӠӔӑӘӡ ӔӚӔӥӢӠӝӓӘӡ ӛӘӛӐӠӗ, ӛӐӡӨӘ ӓӔӜӘӡ ӒӐӢӐӠӔӑӘӡ 

ӒӐӠӔӨӔ ӓӐ ӐӛӘӢӝӛ ӫӐӑӕӘӡ ӕӐӠӓӜӘӡ ӒӐӕӚӔӜӐ ӛӜӘӨӕӜӔӚӝӕӜӐӓ ӛӪӘӠӓӔӑӐ [184, 185]. 

ӛӣӨӐ ӔӚӔӥӢӠӝӓӘ, ӠӝӛӔӚӖӔӪ ӛӘӛӓӘӜӐӠӔӝӑӡ ӨӔӡӐӡӬӐӕӚӘ ӟӐӜӒӕӐ-ӐӦӓӒӔӜӘӗӘ ӞӠӝӪӔӡӘ, ӮӨӘӠ 

ӨӔӛӗӮӕӔӕӐӨӘ ӬӐӠӛӝӐӓӒӔӜӡ ӝӥӠӝӡ, ӞӚӐӢӘӜӘӡ, ӕӔӠӪӮӘӚӘӡ ӐӜ ӒӚӐӡӘ-әӐӠӑӝӜӘӡ ӛӪӘӠӔ ӖӝӛӘӡ 

ӓӘӡәӡ, ӗӣӛӪӐ ӐӠӡӔӑӝӑӡ ӣӐӛӠӐӕӘ ӡӮӕӐ ӤӝӠӛӘӡ ӛӣӨӐ ӔӚӔӥӢӠӝӓӔӑӘӪ. ӨӔӓӐӠӔӑӘӡ 

ӔӚӔӥӢӠӝӓӘӡ ӡӐӮӘӗ ӒӐӛӝӘӧӔӜӔӑӐ ӘӡӔӗӘ ӔӚӔӥӢӠӝӓӔӑӘ, ӠӝӛӚӘӡ ӞӝӢӔӜӪӘӐӚӘ ӖӣӡӢӐӓ 

ӐӠӘӡ ӒӐӜӡӐӖӦӕӠӣӚӘ ӓӐ, ӠӐӪ ӛӗӐӕӐӠӘӐ, ӐӠӘӡ ӡӢӐӑӘӚӣӠӘ. ӫӘӠӘӗӐӓӐӓ ӞӝӢӔӜӪӘӐӚӘӡ 

ӡӢӐӑӘӚӝӑӐ ӛӘӘӦӬӔӕӐ ӒӐӯӔӠӔӑӣӚӘ ӠӔӓӝӥӡ ӡӘӡӢӔӛӔӑӘӡ ӒӐӛӝӧӔӜӔӑӘӗ. ӬӧӐӚӮӡӜӐӠӔӑӨӘ 

ӛӘӛӓӘӜӐӠӔ ӞӠӝӪӔӡӔӑӘӡ ӨӔӡӐӡӬӐӕӚӐӓ ӧӕӔӚӐӖӔ ӒӐӕӠӪӔӚӔӑӣӚӘ ӨӔӓӐӠӔӑӘӡ ӔӚӔӥӢӠӝӓӔӑӘӐ 

ӬӧӐӚӑӐӓӣӠӘ (ӡӢӐӜӓӐӠӢӣӚӘ, ӜӝӠӛӐӚӣӠӘ ӓӐ ӡӮӕӐ), ӒӐӯӔӠӔӑӣӚӘ әӐӚӝӛӔӚӘӡ 

ӔӚӔӥӢӠӝӓӘ, ӕӔӠӪӮӚӘӡ ӔӚӔӥӢӠӝӓӘ (Ag/AgCl) ӓӐ ӡӮӕӐ. ӐӦӡӐӜӘӨӜӐӕӘӐ, Ӡӝӛ ӛӗӔӚ ӠӘӒ 

ӝӠӒӐӜӣӚ ӒӐӛӮӡӜӔӚӔӑӨӘ ӨӔӓӐӠӔӑӘӡ ӔӚӔӥӢӠӝӓӗӐ ӣӛӠӐӕӚӔӡӝӑӐ ӘӪӕӚӘӡ ӞӝӢӔӜӪӘӐӚӘӡ 

ӡӢӐӜӓӐӠӢӣӚ ӛӜӘӨӕӜӔӚӝӑӐӡ. ӐӡӔӗ ӞӘӠӝӑӔӑӨӘ ӞӠӐӥӢӘәӐӨӘ ӛӘӦӔӑӣӚӘӐ Ӕ.Ӭ. әӕӐӖӘ-

ӨӔӓӐӠӔӑӘӡ ӔӚӔӥӢӠӝӓӔӑӘӡ ӒӐӛӝӧӔӜӔӑӐ, ӠӝӛӔӚӗӐ ӞӝӢӔӜӪӘӐӚӘ ӐӠ ӐӠӘӡ ӛӣӓӛӘӕӘ, ӛӐӒӠӐӛ 

ӔӥӕӔӛӓӔӑӐӠӔӑӐ ӒӐӛӝӗӕӚӐӡ ӛӝӪӔӛӣӚӘ ӔӥӡӞӔӠӘӛӔӜӢӣӚӘ ӞӘӠӝӑӔӑӘӡ ӤӐӠӒӚӔӑӨӘ. 

ӡӐӛӔӚӔӥӢӠӝӓӘӐӜӘ ӡӘӡӢӔӛӘӡ ӛӔӡӐӛӔ, ӓӐӛӮӛӐӠӔ ӔӚӔӥӢӠӝӓӘ, ӠӝӛӔӚӨӘӪ ӒӐӓӘӡ ӓӔӜӘ, 
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ӛӖӐӓӓӔӑӐ ӘӜӔӠӢӣӚӘ ӒӐӛӢӐӠӘ ӛӐӡӐӚӔӑӘӡӒӐӜ (ӝӥӠӝ, ӞӚӐӢӘӜӐ, әӐӠӑӝӜӘ), ӠӐӓӒӐӜ ӘӡӘӜӘ ӐӠ 

ӬӐӠӛӝӥӛӜӘӐӜ ӔӚӔӥӢӠӝӚӘӖӣӠ ӞӠӝӓӣӥӢӔӑӡ, ӠӝӛӚӔӑӡӐӪ ӨӔӣӫӚӘӐ ӛӣӨӐ ӔӚӔӥӢӠӝӓӖӔ 

ӨӔӨӤӝӗӔӑӘӡ ӒӐӛӝӬӕӔӕӐ. ӛӘӣӮӔӓӐӕӐӓ ӐӛӘӡӐ, ӖӝӒ ӨӔӛӗӮӕӔӕӐӨӘ ӛӘӦӔӑӣӚӘӐ ӓӐӛӮӛӐӠӔ 

ӔӚӔӥӢӠӝӓӘӡ ӘӖӝӚӘӠӔӑӐ ӓӐӜӐӠөӔӜӘ ӝӠӘ ӔӚӔӥӢӠӝӓӘӡӐӒӐӜ. ӛӘӡӘ ӞӝӢӔӜӪӘӐӚӘ ӘӪӕӚӔӑӐ 

ӛӣӨӐ ӔӚӔӥӢӠӝӓӖӔ ӛӘӛӓӘӜӐӠӔ ӞӠӝӪӔӡӘӡ ӨӔӡӐӑӐӛӘӡӐӓ ӓӐ, ӠӝӒӝӠӪ ӬӔӡӘ, ӐӠ ӮӓӔӑӐ ӛӘӡӘ 

ӒӐӖӝӛӕӐ. ӐӡӔӗӘ ӡӘӡӢӔӛӘӡ ӒӐӛӝӧӔӜӔӑӐ ӣӖӠӣӜӕӔӚӧӝӤӡ ӨӔӓӐӠӔӑӘӡ ӔӚӔӥӢӠӝӓӘӡ 

ӡӐӨӣӐӚӔӑӘӗ ӛӣӨӐ ӔӚӔӥӢӠӝӓӘӡ ӞӝӢӔӜӪӘӐӚӘӡ ӒӐӖӝӛӕӐӡ ӘӡӔ, Ӡӝӛ ӨӔӓӐӠӔӑӘӡ ӔӚӔӥӢӠӝӓӘ 

ӓӐӪӣӚӘ Әӧӝӡ ӓӔӜӘӗ ӒӐӛӝӬӕӔӣӚӘ ӓӔӡӢӐӑӘӚӘӖӐӪӘӘӡӐӒӐӜ. 

 

 
         

ӡӣӠӐӗӘ 2.8. ӡӐӛӔӚӔӥӢӠӝӓӘӐӜӘ ӕӝӚӢӐӛӞӔӠӝӛӔӢӠӣӚӘ ӣӯӠӔӓӘӡ ӡӥӔӛӐӢӣӠӘ ӐӒӔӑӣӚӔӑӐ (Ӑ) ӓӐ 
ӢӘӞӘӣӠӘ ӕӝӚӢӐӛӞӔӠӝӛӔӢӠӣӚӘ ӡӘӒӜӐӚӘ (ӑ). 1 - ӛӣӨӐ ӔӚӔӥӢӠӝӓӘ; 2 - ӓӐӛӮӛӐӠӔ ӔӚӔӥӢӠӝӓӘ; 3 - 

ӨӔӓӐӠӔӑӘӡ ӔӚӔӥӢӠӝӓӘ; 4 - әӕӔӑӘӡ ӬӧӐӠӝ. 
 

 

ӪӘәӚӣӠӘ ӕӝӚӢӐӛӞӔӠӝӛӔӢӠӣӚӘӘӗ ӛӘӘӦӔӑӐ ӤӐӠӐӓӔӘӡ ӓӔӜӘ ӛӣӨӐ ӓӐ ӓӐӛӮӛӐӠӔ 

ӔӚӔӥӢӠӝӓӔӑӡ ӨӝӠӘӡ, ӠӝӒӝӠӪ ӪӘәӚӣӠӐӓ ӪӕӚӐӓӘ ӞӝӢӔӜӪӘӐӚӘӡ ӤӣӜӥӪӘӐ. ӛӣӨӐ 

ӔӚӔӥӢӠӝӓӘӡ ӞӝӢӔӜӪӘӐӚӘ ӬӠӤӘӕӐӓ ӘӪӕӚӔӑӐ ӓӠӝӨӘ ӒӐӠәӕӔӣӚӘ ӛӜӘӨӕӜӔӚӝӑӔӑӘӡ 

ӤӐӠӒӚӔӑӨӘ ӓӐ ӨӔӛӓӒӝӛ ӮӓӔӑӐ ӛӘӡӘ ӘӜӕӔӠӡӘӐ. ӐӡӔӗӘ ӪӘәӚӔӑӘ ӛӔӝӠӓӔӑӐ ӓӐ ӛӐӗӘ ӡӘӮӨӘӠӔ 

ӒӐӜӡӐӖӦӕӠӐӕӡ ӞӝӢӔӜӪӘӐӚӗӐ ӡәӐӜӘӠӔӑӘӡ ӡӘөӥӐӠӔӡ. Ӑӛ ӓӠӝӡ ӞӝӢӔӜӪӘӝӡӢӐӢӘ ӖӝӛӐӕӡ ӓӔӜӡ, 

ӠӝӛӔӚӘӪ ӒӐӓӘӡ ӛӣӨӐ ӓӐ ӓӐӛӮӛӐӠӔ ӔӚӔӥӢӠӝӓӡ ӨӝӠӘӡ. ӨӔӥӪӔӕӐӓӘ ӠӔӓӝӥӡ-ӬӧӕӘӚӔӑӘӡ 

ӨӔӛӗӮӕӔӕӐӨӘ ӓӔӜӘӡ ӓӐӛӝәӘӓӔӑӣӚӔӑӐ ӞӝӢӔӜӪӘӐӚӖӔ ӬӐӠӛӝӐӓӒӔӜӡ ӝӠ ӞӘәӡ, ӠӝӛӔӚӗӐ 

ӛӐӥӡӘӛӣӛӔӑӘ ӨӔӔӡӐӑӐӛӔӑӐ ӠӔӓӝӥӡ-ӬӧӕӘӚӘӡ ӓӐӟӐӜӒӕӘӡ ӓӐ ӐӦӓӒӔӜӘӡ ӞӝӢӔӜӪӘӐӚӔӑӡ (ӡӣӠ. 

2.8ӑ). ӞӝӢӔӜӪӘӐӚӘӡ ӡәӐӜӘӠӔӑӘӡ ӡӘөӥӐӠӘӡ ӖӠӓӐӡӗӐӜ ӔӠӗӐӓ ӘӖӠӓӔӑӐ ӐӜӝӓӣӠӘ ӓӐ 

әӐӗӝӓӣӠӘ ӞӘәӔӑӘӡ ӒӐӒӐӜӘӔӠӔӑӐ, ӠӝӛӔӚӘӪ ӡӐӨӣӐӚӔӑӐӡ ӘӫӚӔӕӐ ӛӝӜӐӪӔӛӗӐ ӡӢӐӜӓӐӠӢӣӚӘ 

ӓӐӛӣӨӐӕӔӑӘӡ ӛӔӗӝӓӘӡ (ӡӣӠ. 2.9) ӒӐӛӝӧӔӜӔӑӘӗ ӒӐӛӝӘӗӕӐӚӝӡ ӡӘӢӔӛӘӡ ӫӘӠӘӗӐӓӘ 

ӛӐӮӐӡӘӐӗӔӑӔӚӘ ӞӐӠӐӛӔӢӠӔӑӘ (ӛӐӒӐӚӘӗӐӓ, ӠӔӐӥӪӘӘӡ ӡӘөӥӐӠӘӡ әӝӜӡӢӐӜӢӐ, ӟӐӜӒӕӐ-
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ӐӦӓӒӔӜӘӗӘ ӞӝӢӔӜӪӘӐӚӘ, ӬӝӜӐӡӬӝӠӣӚӘ әӝӜӡӢӐӜӢӔӑӘ, ӠӔӝӠӒӐӜӘӖӐӪӘӘӡ ӔӜӔӠӒӘӐ ӓӐ ӡӮӕӐ) 

(ӓӔӢӐӚӣӠӐӓ ӘӮ. ӥӕӔӕӘӗ) [137-139, 186-189]. 
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ӡӣӠӐӗӘ 2.9. (a) Au/SAM/Az ӡӘӡӢӔӛӐӨӘ ӔӚӔӥӢӠӝӜӘӡ ӒӐӓӐӢӐӜӘӡ ӨӔӡӐӑӐӛӘӡӘ ӕӝӚӢӐӛӝӒӠӐӛӔӑӘ. 70% 

[ch][dhp], pH 4.6, T = 20 oC, P = 0.1 MPa, ӞӝӢӔӜӪӘӐӚӘӡ ӡәӐӜӘӠӔӑӘӡ ӡӘөӥӐӠӔӔӑӘ: 10, 20, 40, 60 ӓӐ 80 V s-1 . 
(b) ӛӘӦӔӑӣӚӘ ӞӘәӔӑӘӡ ӓӐӨӝӠӔӑӔӑӘӡ ӠӝӒӝӠӪ ӡәӐӜӘӠӔӑӘӡ ӡӘөӥӐӠӘӡ ӤӣӜӥӪӘӘӡ ӤӘӢӘӜӒӘ ӛӐӠәӣӡӘӡ 

ӛӝӓӔӚӘӡ ӛӘӮӔӓӕӘӗ. ӛӘӦӔӑӣӚӘ ӞӐӠӐӛӔӢӠӔӑӘ ko = 190 s-1, Ǌ = 0.3 eV. 
 

 

ӪӘәӚӣӠӘ ӕӝӚӢӐӛӞӔӠӝӛӔӢӠӘӘӡ ӛӔӗӝӓӘӗ ӟӐӜӒӕӐ-ӐӦӓӒӔӜӘӗӘ ӞӠӝӪӔӡӔӑӘӡ ӨӔӡӬӐӕӚӐ 

ӨӔӡӐӫӚӔӑӔӚӘӐ ӝӠӘ ӠӔӟӘӛӘӡ ӡӐӨӣӐӚӔӑӘӗ: ӠӝӓӔӡӐӪ ӨӔӡӬӐӕӚӘӡ ӝӑӘӔӥӢӘ ӗӐӕӘӡӣӤӚӐӓ 

ӓӘӤӣӜӓӘӠӔӑӡ ӮӡӜӐӠӨӘ ӐӜ ӨӔӣӥӪӔӕӐӓӐӓ ӓӐӛӐӒӠӔӑӣӚӘӐ (ӘӛӝӑӘӚӘӖӔӑӣӚӘ) ӛӣӨӐ 

ӔӚӔӥӢӠӝӓӖӔ. ӮӨӘӠ ӨӔӛӗӮӕӔӕӐӨӘ ӘӛӝӑӘӚӘӖӐӪӘӐ ӮӝӠӪӘӔӚӓӔӑӐ ӗӕӘӗӐӬӧӝӑӐӓӘ 

ӛӝӜӝӨӠӔӔӑӘӡ, ӐӜӣ SAM-ӔӑӘӡ ӡӐӨӣӐӚӔӑӘӗ, ӛӐӗӘ ӗӕӘӡӔӑӔӑӘӡ ӛӘӛӝӮӘӚӕӐ ӛӝӪӔӛӣӚӘӐ §1.6-

ӨӘ. ӗӣӛӪӐ ӛӡӒӐӕӡ ӤӘӠӔӑӡ ӤӐӠӗӝӓ ӘӧӔӜӔӑӔӜ ӗӐӕӘӡӣӤӚӐӓ ӓӘӤӣӜӓӘӠӔӑӐӓӘ ӝӑӘӔӥӢӔӑӘӡ 

ӨӔӛӗӮӕӔӕӐӨӘӪ ӫӘӠӘӗӐӓӐӓ ӛӔӢӐӚӘӡ ӓӐӛӐӖӘӐӜӔӑӔӚӘ әӝӜӢӐӥӢӘӡӒӐӜ ӓӐӡӐӪӐӕӐӓ [137-139,  

187]. ӔӚӔӥӢӠӝӓӘӡ ӓӐӜӐӤӐӠӘ (ӖӔӓӐӞӘӠӣӚӘ әӝӜӪӔӜӢӠӐӪӘӐ) ӔӚӔӥӢӠӝӥӘӛӘӣӠӐӓ ӐӥӢӘӣӠӘ 

ӛӝӚӔәӣӚӔӑӘӡ ӤӔӜӘӗ Γ ӒӐӜӘӡӐӖӦӕӠӔӑӐ ӤӝӠӛӣӚӘӗ: 

 

                                                  Γ = Ǉ / (n F S v)    (2.14), 

 

ӡӐӓӐӪ Ǉ - ӐӠӘӡ ӕӝӚӢӐӛӞӔӠӣӚӘ ӞӘәӔӑӘӡ ӤӐӠӗӝӑӘ, n - ӒӐӓӐӢӐӜӘӚӘ ӔӚӔӥӢӠӝӜӔӑӘӡ 

ӠӐӝӓӔӜӝӑӐ, F - ӤӐӠӐӓӔӘӡ ӠӘӪӮӕӘ, S - ӔӚӔӥӢӠӝӓӘӡ ӒӔӝӛӔӢӠӣӚӘ ӤӐӠӗӝӑӘ, v - ӡәӐӜӘӠӔӑӘӡ 
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ӡӘөӥӐӠӔ [184, 187]. ӐӦӡӐӜӘӨӜӐӕӘӐ, Ӡӝӛ ӓӐӤӐӠӕӘӡ ӮӐӠӘӡӮӘ ӓӐӛӝәӘӓӔӑӣӚӘӐ ӠӝӒӝӠӪ ӒӐӠӔӛӝӡ 

ӞӘӠӝӑӔӑӖӔ, ӐӡӔӕӔ ӡәӐӜӘӠӔӑӘӡ ӡӘөӥӐӠӔӖӔ ӓӐ ӣӐӠӔӡӓӔӑӐ ӓӠӝӨӘ.  

ӛӝәӚӔ SAM-ӔӑӖӔ ӓӐӛӐӒӠӔӑӣӚӘ ӠӔӓӝӥӡ-ӛӝӚӔәӣӚӔӑӘӡ ӨӔӛӗӮӕӔӕӐӨӘ ӐӜӝӓӣӠӘ ӓӐ 

әӐӗӝӓӣӠӘ ӞӘәӔӑӘӡ ӛӐӥӡӘӛӣӛӘӡ ӨӔӡӐӑӐӛӘӡӘ ӞӝӢӔӜӪӘӐӚӔӑӘ ӔӠӗӜӐӘӠӘӐ ӡәӐӜӘӠӔӑӘӡ ӓӐӑӐӚ 

ӡӘөӥӐӠӔӔӑӫӔ, ӮӝӚӝ ӔӚӔӥӢӠӝӜӘӡ ӒӐӓӐӢӐӜӘӡ ӛӐӜӫӘӚӘӡ ӐӜ ӡәӐӜӘӠӔӑӘӡ ӡӘөӥӐӠӘӡ ӖӠӓӐӡӗӐӜ 

ӔӠӗӐӓ ӮӓӔӑӐ ӛӐӗӘ ӓӐӨӝӠӔӑӐ [187-190]. ӐӜӝӓӣӠӘ ӓӐ әӐӗӝӓӣӠӘ ӞӘәӔӑӘӡ ӡӘӛӐӦӚӘӡ 

ӓӐӛӝәӘӓӔӑӣӚӔӑӐ ӡәӐӜӘӠӔӑӘӡ ӡӘөӥӐӠӔӖӔ ip(V) ӘӛӝӑӘӚӘӖӔӑӣӚӘ ӠӔӓӝӥӡ-ӛӝӚӔәӣӚӔӑӘӡ 

ӨӔӛӗӮӕӔӕӐӨӘ ӡӬӝӠӮӐӖӝӑӠӘӕӘӐ ӓӐ ӬӐӠӛӝӐӓӒӔӜӡ әӝӝӠӓӘӜӐӢӗӐ ӪӔӜӢӠӘӓӐӜ ӓӐӬӧӔӑӣӚ ӝӠ 

ӡӘӛӔӢӠӘӣӚ ӮӐӖӡ. ӐӡӔӗӘ ӢӘӞӘӡ ӓӐӛӝәӘӓӔӑӣӚӔӑӐ ӪӐӚӡӐӮӐӓ ӛӘӣӗӘӗӔӑӡ ӘӛӐӖӔ, Ӡӝӛ 

ӠӔӓӝӥӡ-ӐӥӢӘӣӠӘ ӛӝӚӔәӣӚӐ ӓӐӛӐӒӠӔӑӣӚӘӐ ӔӚӔӥӢӠӝӓӖӔ, ӠӐӪ ӐӥӢӘӣӠӐӓ ӒӐӛӝӘӧӔӜӔӑӐ 

ӞӠӐӥӢӘәӐӨӘ ӘӛӝӑӘӚӘӖӐӪӘӘӡ ӤӐӥӢӘӡ ӓӐӡӐӓӐӡӢӣӠӔӑӚӐӓ. ӐӡӔӗӘ ӡӣӠӐӗӘ ӒӐӛӝӛӓӘӜӐӠӔӝӑӡ 

ӚӐӕӘӠӝӜӘӡӐ ӤӝӠӛӣӚӘӓӐӜ [186] ӓӐ ӪӐӚӡӐӮӐӓ ӛӘӣӗӘӗӔӑӡ ӘӛӐӖӔ, Ӡӝӛ ӠӔӓӝӥӡ-

ӛӝӚӔәӣӚӔӑӘ ӛӘӛӐӒӠӔӑӣӚӘӐ ӔӚӔӥӢӠӝӓӖӔ ӓӐ ӐӠ ӓӘӤӣӜӓӘӠӔӑӡ ӮӡӜӐӠӨӘ [187, 188].  

ӔӚӔӥӢӠӝӜӘӡ ӒӐӓӐӢӐӜӘӡ ӣӤӠӝ ӖӝӒӐӓӘ, ӛӐӠәӣӡӘӡ ӗӔӝӠӘӡ ӒӐӛӝӧӔӜӔӑӘӗ, ӗӣ eǍ<<Ǌ, kBT<<Ǌ, 

ӡӐӓӐӪ Ǌ - ӐӠӘӡ ӠӔӝӠӒӐӜӘӖӐӪӘӘӡ ӔӜӔӠӒӘӐ ӓӐ Ǎ - ӒӐӓӐӫӐӑӕӐ [69, 70, 187, 191], 

ӘӛӝӑӘӚӘӖӔӑӣӚӘ ӛӝӚӔәӣӚӔӑӘӡ ӛӘӔӠ ӔӚӔӥӢӠӝӜӘӡ ӒӐӓӐӢӐӜӘӡ ӡӘөӥӐӠӘӡ әӝӜӡӢӐӜӢӘӡ 

ӒӐӛӝӡӐӗӕӚӔӚӐӓ ӒӐӛӝӘӧӔӜӔӑӐ ӚӐӕӘӠӝӜӘӡ ӤӝӠӛӣӚӐ: 

 

RT

EnF

nFv

RT
k

po

ET
3.2

)1(
loglog)1()1log(log












         (2.15), 

 

ӡӐӓӐӪ α – ӐӠӘӡ ӛӣӮӢӘӡ ӒӐӓӐӢӐӜӘӡ әӝӔӤӘӪӘӔӜӢӘ, n - ӒӐӓӐӢӐӜӘӚӘ ӔӚӔӥӢӠӝӜӔӑӘӡ 

ӠӐӝӓӔӜӝӑӐ, R – ӣӜӘӕӔӠӡӐӚӣӠӘ ӒӐӖӣӠӘ ӛӣӓӛӘӕӐ, T - ӢӔӛӞӔӠӐӢӣӠӐ, F - ӤӐӠӐӓӔӘӡ ӛӣӓӛӘӕӐ, 

v - ӡәӐӜӘӠӔӑӘӡ ӡӘөӥӐӠӔ ӓӐ ∆Ep - ӛӐӜӫӘӚӘ ӐӜӝӓӣӠӡӐ ӓӐ әӐӗӝӓӣӠ ӞӘәӔӑӡ ӨӝӠӘӡ.  

ӕӔӑӔӠӘӡ ӓӐ ӗӐӜӐӐӕӢӝӠӔӑӘӡ ӛӘӔӠ ӨӔӛӣӨӐӕӔӑӣӚӘ Әӧӝ ӡӘөӥӐӠӘӡ ӡӢӐӜӓӐӠӢӣӚӘ әӝӜӡӢӐӜӢӘӡ 

ӓӐ ӠӔӝӠӒӐӜӘӖӐӪӘӘӡ ӔӜӔӠӒӘӘӡ ӔӠӗӓӠӝӣӚӘ ӒӐӛӝӗӕӚӘӡ ӛӔӗӝӓӘ, ӠӝӛӔӚӘӪ 

ӓӐӤӣӫӜӔӑӣӚӘӐ әӐӗӝӓӣӠӘ ӓӐ ӐӜӝӓӣӠӘ ӞӘәӔӑӘӡ ӞӝӢӔӜӪӘӐӚӔӑӘӡ ӡәӐӜӘӠӔӑӘӡ ӡӘөӥӐӠӔӖӔ 

ӓӐӛӝәӘӓӔӑӣӚӔӑӐӖӔ. ӒӐӠӓӐ ӐӛӘӡӐ Ӑӛ ӛӝӓӔӚӘӡ ӤӐӠӒӚӔӑӨӘ ӨӔӡӐӫӚӔӑӔӚӘӐ ӛӔӢӐӚӘӡ 

ӔӚӔӥӢӠӝӓӨӘ ӤӔӠӛӘӡ ӓӝӜӘӡ ӛӐӮӚӝӑӚӐӓ ӔӚӔӥӢӠӝӜӣӚӘ ӛӓӒӝӛӐӠӔӝӑӔӑӘӡ ӒӐӜӐӬӘӚӔӑӘӡ 

ӒӐӜӡӐӖӦӕӠӐ [192, 193]: 
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ӡӐӓӐӪ f(ε)  ӐӠӘӡ ӤӔӠӛӘ-ӓӘӠӐәӘӡ ӒӐӜӐӬӘӚӔӑӘӡ ӤӣӜӥӪӘӐ, ӮӝӚӝ εF - ӤӔӠӛӘӡ ӔӜӔӠӒӘӐ. ӓӔӕӘӡӘӡ 

ӓӐ ӕӐӚӓӔәӘӡ ӛӘӔӠ ӛӘӦӔӑӣӚӘ ӠӔӝӠӒӐӜӘӖӐӪӘӘӡ ӔӜӔӠӒӘӘӡӐ ӓӐ ӢӔӛӞӔӠӐӢӣӠӘӡ ӡӮӕӐӓӐӡӮӕӐ 

ӛӜӘӨӕӜӔӚӝӑӔӑӘӡ ӨӔӡӐӑӐӛӘӡӘ ӤӘӢӘӜӒӘӡ ӛӝӓӔӚӣӠӘ ӛӠӣӓӔӑӘ ӛӝӪӔӛӣӚӘӐ ӡӣӠ. 2.10 [147]. Ӕӡ 

ӛӠӣӓӔӑӘ ӨӔӛӓӒӝӛӨӘ ӒӐӛӝӘӧӔӜӔӑӐ ӔӥӞӔӠӘӛӔӜӢӣӚӘ ӬӔӠӢӘӚӔӑӘӡ ӨӔӡӐӑӐӛӘӡӘ ӡӘөӥӐӠӘӡ 

әӝӜӡӢӐӜӢӘӡӐ ӓӐ ӠӔӝӠӒӐӜӘӖӐӪӘӘӡ ӔӜӔӠӒӘӘӡ ӛӘӡӐӦӔӑӐӓ (ӡӣӠ. 2.9).  

 

 
 

ӡӣӠӐӗӘ 2.10. ӠӔӝӠӒӐӜӘӖӐӪӘӘӡ ӔӜӔӠӒӘӘӡӐ ӓӐ ӢӔӛӞӔӠӐӢӣӠӘӡ ӡӮӕӐӓӐӡӮӕӐ ӛӜӘӨӕӜӔӚӝӑӔӑӘӡ ӨӔӡӐӑӐӛӘӡӘ 
ӤӘӢӘӜӒӘӡ ӛӝӓӔӚӣӠӘ ӛӠӣӓӔӑӘ (ӓӔӕӘӡӘӡ ӓӐ ӕӐӚӓӔәӘӡ ӒӐӛӝӣӥӕӔӧӜӔӑӔӚӘ ӛӐӡӐӚӐ). 

 
 

ӐӦӡӐӜӘӨӜӐӕӘӐ, Ӡӝӛ ӠӘӒ ӨӔӛӗӮӕӔӕӐӨӘ ӔӥӡӞӔӠӘӛӔӜӢӣӚӘ ӬӔӠӢӘӚӔӑӘ ӡӠӣӚӐӓ ӐӠ ӯӓӔӑӐ ӐӠӪ 

ӔӠӗӘ ӠӔӚӐӥӡӐӪӘӘӡ ӔӜӔӠӒӘӘӡ ӨӔӡӐӑӐӛӘӡ ӗӔӝӠӘӣӚ ӛӠӣӓӖӔ. ӔӥӡӞӔӠӘӛӔӜӢӘӡ ӒӐӠәӕӔӣӚ 

ӞӘӠӝӑӔӑӨӘ (ӛӐӒӐӚӘӗӐӓ, ӔӚӔӥӢӠӝӚӘӢӘӡ ӓӐӑӐӚӘ әӝӜӪӔӜӢӠӐӪӘӐ, ӓӘӓӘ ӛӐӜӫӘӚӘ ӛӣӨӐ ӓӐ 

ӨӔӓӐӠӔӑӘӡ ӔӚӔӥӢӠӝӓӔӑӡ ӨӝӠӘӡ ӓӐ ӡӮӕӐ) ӮӓӔӑӐ ӕӝӚӢӐӛӞӔӠӝӛӔӢӠӣӚӘ ӡӣӠӐӗӘӡ 

ӓӐӛӐӮӘӜӯӔӑӐ ӓӐ, ӨӔӓӐӒӐӓ, ӛӪӓӐӠӘ әӝӜӡӢӐӜӢӔӑӘӡ ӛӘӦӔӑӐ, ӠӐӪ ӛӐӠӢӘӕӐӓ ӒӐӛӝӡӬӝӠӔӑӐӓӘӐ 

IRS-әӝӠӔӥӪӘӘӡ ӨӔӓӔӒӐӓ. ӛӝӜӐӪӔӛӔӑӘӡ ӐӡӔӗӘ ӓӐӛӐӮӘӜӯӔӑӐ ӒӐӜӡӐәӣӗӠӔӑӘӗ ӗӕӐӚӡӐөӘӜӝӐ 

ӛӐӦӐӚӘ ӡәӐӜӘӠӔӑӘӡ ӡӘөӥӐӠӔӔӑӘӡ ӞӘӠӝӑӔӑӨӘ, ӠӐӓӒӐӜ ӘӬӕӔӕӡ ӞӘәӔӑӘӡ ӓӘӓ ӓӐӨӝӠӔӑӐӡ ӓӐ, 

ӨӔӡӐӑӐӛӘӡӐӓ, ӡӘөӥӐӠӘӡ әӝӜӡӢӐӜӢӔӑӘӡ ӠӔӐӚӣӠӖӔ ӣӤӠӝ ӓӐӑӐӚ ӛӜӘӨӕӜӔӚӝӑӐӡ. ӗӣ 
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ӨӔӣӫӚӔӑӔӚӘӐ ӛӐӦӐӚӘ ӬӘӜӐӦӝӑӘӡ ӗӐӕӘӓӐӜ ӐӪӘӚӔӑӐ, ӠӝӒӝӠӪ Ӕӡ ӮӓӔӑӐ, ӛӐӒӐӚӘӗӐӓ, 

ӘӛӝӑӘӚӘӖӔӑӣӚӘ ӠӔӓӝӥӡ-ӛӝӚӔәӣӚӔӑӘӡ ӨӔӛӗӮӕӔӕӐӨӘ Γ-Ӑӡ ӛӐӦӐӚӘ ӛӜӘӨӕӜӔӚӝӑӔӑӘӡ 

ӓӠӝӡ, ӒӐӛӝӘӧӔӜӔӑӐ Ӕ. Ӭ. IRS-әӝӠӔӥӪӘӐ. ӗӣ ӔӚӔӥӢӠӝӓӘӡ ӐӥӢӘӣӠ ӖӔӓӐӞӘӠӡ Ӑӥӕӡ ӓӘӡәӘӡ 

ӤӝӠӛӐ, ӮӡӜӐӠӘӡ ӬӘӜӐӦӝӑӐ ӛӣӨӐ ӓӐ ӨӔӓӐӠӔӑӘӡ ӔӚӔӥӢӠӝӓӔӑӡ ӨӝӠӘӡ RS ӒӐӛӝӘӗӕӚӔӑӐ 

ӤӝӠӛӣӚӘӗ 
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               (2.17), 

 

ӡӐӓӐӪ rw - ӐӠӘӡ ӛӣӨӐ ӔӚӔӥӢӠӝӓӘӡ ӠӐӓӘӣӡӘ, k - ӒӐӠӔӛӝӡ ӬӘӜӐӦӝӑӐ, rr - ӛӐӜӫӘӚӘ 

ӔӚӔӥӢӠӝӓӔӑӡ ӨӝӠӘӡ [84, 194]. ӐӦӡӐӜӘӨӜӐӕӘӐ, Ӡӝӛ ӔӥӡӞӔӠӘӛӔӜӢӣӚӘ ӬӔӠӢӘӚӔӑӘӡ 

ӐӠӐӡӠӣӚӧӝӤӘӚӘ ӤӘӢӘӜӒӘ ӐӡӔӕӔ ӨӔӘӫӚӔӑӐ Әӧӝӡ ӒӐӛӝӬӕӔӣӚӘ ӡӮӕӐ ӛӘӖӔӖӔӑӘӗ, ӠӝӒӝӠӘӪӐӐ 

ӨӔӡӐӡӬӐӕӚӘ ӡӘӡӢӔӛӘӡ ӛӐӠәӣӡӘӡ ӗӔӝӠӘӘӡ ӡӐӤӣӫӕӚӔӑӘӡ ӐӠ ӓӐәӛӐӧӝӤӘӚӔӑӐ. 

ӡӐӓӘӡӔӠӢӐӪӘӝ ӜӐӨӠӝӛӨӘ ӬӐӠӛӝӓӒӔӜӘӚ ӕӝӚӢӐӛӞӠӣӚ ӔӥӡӞӔӠӘӛӔӜӢӔӑӨӘ ӒӐӛӝӧӔӜӔӑӣӚӘ 

Әӧӝ Autolab-Әӡ ӞӝӢӔӜӪӘӝӡӢӐӢ-ӒӐӚӕӐӜӝӡӢӐӢӘ PGSTAT 30, ӞӠӝӒӠӐӛӣӚӘ ӘӜӢӔӠӤӔӘӡӘӗ 

GPES (General Purpose Electrochemical System), ӠӝӛӚӘӡ ӫӘӠӘӗӐӓӘ ӛӐӮӐӡӘӐӗӔӑӚӔӑӘ 

ӛӝӪӔӛӣӚӘӐ ӪӮӠӘӚӨӘ 2.4, ӮӝӚӝ ӓӐӛӐӢӔӑӘӗӘ ӘӜӤӝӠӛӐӪӘӐ ӨӔӡӐӑӐӛӘӡӘ ӣӯӠӔӓӔӑӘӡ 

ӐӒӔӑӣӚӔӑӘӡ ӨӔӡӐӮӔӑ ӛӝӪӔӛӣӚӘӐ §2.1-ӨӘ.   

 

 

ӪӮӠӘӚӘ 2.4. ӞӝӢӔӜӪӘӝӡӢӐӢ-ӒӐӚӕӐӜӝӡӢӐӢӘ PGSTAT 30-Әӡ (Autolab) ӫӘӠӘӗӐӓӘ ӛӐӮӐӡӘӐӗӔӑӚӔӑӘ. 
 
ӛӐӥӡӘӛӐӚӣӠӘ ӒӐӛӝӛӐӕӐӚӘ ӓӔӜӘ  ± 2 A  
ӛӐӥӡӘӛӐӚӣӠӘ ӒӐӛӐӕӐӚӘ ӫӐӑӕӐ ± 30 V  
ӞӝӢӔӜӪӘӐӚӘӡ ӛӘӬӝӓӔӑӘӡ ӓӐ ӒӐӖӝӛӕӘӡ ӓӘӐӞӐӖӝӜӘ  ±10 V  
ӞӝӢӔӜӪӘӐӚӘӡ ӛӘӬӝӓӔӑӘӡ ӛӐӥӡӘӛӐӚӣӠӘ ӪӓӝӛӘӚӔӑӐ ±0.2% , ±2 mV  
ӞӝӢӔӜӪӘӐӚӘӡ ӒӐӠөӔӕӘӡ ӣӜӐӠӘ 150 mkV 
ӒӐӡӐӖӝӛӘ ӞӝӢӔӜӪӘӐӚӘӡ ӒӐӠөӔӕӐӓӝӑӐ 30 mkV 
ӓӔӜӘӡ ӓӘӐӞӐӖӝӜӔӑӘ  10 nA - 1 Ǩ , 9 ӓӘӐӞӐӖӝӜӘ 
ӓӔӜӘӡ ӒӐӖӝӛӕӘӡ ӪӓӝӛӘӚӔӑӐ ±0.2% 
ӓӔӜӘӡ ӒӐӠөӔӕӘӡ ӣӜӐӠӘ  ӓӔӜӘӡ ӓӘӐӞ. 0.03%  
ӒӐӡӐӖӝӛӘ ӓӔӜӘӡ ӒӐӠөӔӕӐӓӝӑӐ  ӓӔӜӘӡ ӓӘӐӞ. 0.0003%  
ӛӘӜӘӛӐӚӣӠӘ ӒӐӖӝӛӕӐӓӘ ӓӔӜӘ 10 nA ӓӘӐӞӐӖӝӜӨӘ 30 fA 
IR-әӝӛӞӔӜӡӐӪӘӐ ӓӘӐӞӐӖӝӜӔӑӘӡ ӛӘӮӔӓӕӘӗ 1 Ǩ ӞӘӠӝӑӔӑӨӘ 0 -20 Ω 
 10 nA ӞӘӠӝӑӔӑӨӘ 0 -200 ǴΩ-ӛӓӔ   
ӒӐӠөӔӕӐӓӝӑӐ  0.025%  
ӔӚӔӥӢӠӝӓӔӑӘӡ ӠӐӝӓӔӜӝӑӐ ӣӯӠӔӓӨӘ  2, 3, 4  



63 

ӗӐӕӘ 3. ӨӔӓӔӒӔӑӘӡ ӒӐӜӮӘӚӕӐ 

 

3.1 ӓӘӛӔӗӘӚӡӣӚӤӝӥӡӘӓӘӡ ӒӐӕӚӔӜӐ α-ӥӘӛӝӢӠӘӞӡӘӜӘӡ ӗӔӠӛӝӓӘӜӐӛӘәӣӠ 

ӡӢӐӑӘӚӝӑӐӡӐ ӓӐ әӘӜӔӢӘәӣӠ ӥӪӔӕӐӖӔ (ӤӣӜӥӪӘӣӠ ӐӥӢӘӕӝӑӐӖӔ) 

 

ӪӘӚӐ-ӤӔӠӛӔӜӢӘӡ ӗӔӠӛӣӚӘ ӡӢӐӑӘӚӝӑӘӡ ӓӐ әӐӢӐӚӘӖӣӠӘ ӐӥӢӘӕӝӑӘӡ ӓӐӛӐӮӐӡӘӐӗӔӑӔӚӘ, 

ӨӔӡӐӑӐӛӘӡӐӓ, ӗӔӠӛӝӓӘӜӐӛӘәӣӠӘ ӓӐ әӘӜӔӢӘәӣӠӘ ӞӐӠӐӛӔӢӠӔӑӘӡ ӔӠӗӝӑӚӘӕӘ ӨӔӡӬӐӕӚӐ 

ӒӕӐӫӚӔӕӡ ӡӐӨӣӐӚӔӑӐӡ, Ӡӝӛ ӓӐӕӐӓӒӘӜӝӗ Әӡ ӨӘӜӐӒӐӜӘ ӤӘӖӘәӣӠӘ ӐӢӝӛӣӠ-ӛӝӚӔәӣӚӣӠӘ 

ӤӐӥӢӝӠӔӑӘӡ (ӛӐӒӐӚӘӗӐӓ, ӪӘӚӔӑӘӡ ӤӚӣӥӢӣӐӪӘӣӠ-әӝӜӤӝӠӛӐӪӘӣӚӘ ӚӐӑӘӚӝӑӘӡ), ӠӝӚӘ 

ӠӝӛӚӔӑӘӪ ӠӔӐӚӣӠӐӓ ӒӐӜӡӐӖӦӕӠӐӕӔӜ ӤӔӠӛӔӜӢӔӑӘӡ ӣӐӦӠӔӡӐӓ ӛӐӦӐӚ әӐӢӐӚӘӖӣӠ 

ӔӤӔӥӢӣӠӝӑӐӡ. ӔӥӡӞӔӠӘӛӔӜӢӣӚ әӕӚӔӕӐӨӘ α-ӥӘӛӝӢӠӘӞӡӘӜӘӡ ӛӘӔӠ ATEE-ӡ ӰӘӓӠӝӚӘӖӘӡ 

ӞӠӝӪӔӡӘӡ әӘӜӔӢӘәӘӡ ӨӔӡӐӡӬӐӕӚӐӓ ӒӐӛӝӕӘӧӔӜӔӗ ӞӝӢӔӜӪӘӝӛӔӢӠӣӚӘ ӛӔӗӝӓӘ, ӠӝӛӚӘӡ 

ӡӐӨӣӐӚӔӑӘӗ ӨӔӡӐӫӚӔӑӔӚӘӐ ӤӔӠӛӔӜӢӣӚӘ әӐӢӐӚӘӖӘӡ ӓӐӛӐӮӐӡӘӐӗӔӑӔӚӘ ӞӐӠӐӛӔӢӠӔӑӘӡ 

ӒӐӜӡӐӖӦӕӠӐ ӡӐӠӔӐӥӪӘӝ ӒӐӠӔӛӝӡ ӛӐӮӐӡӘӐӗӔӑӚӔӑӘӡ ӛӜӘӨӕӜӔӚӝӑӔӑӘӡ ӕӐӠӘӠӔӑӘӡ ӞӘӠӝӑӔӑӨӘ 

(ӛӐӒӐӚӘӗӐӓ, ӑӘӝӚӝӒӘӣӠӐӓ ӐӥӢӘӣӠӘ ӓӐӜӐӛӐӢӔӑӘӡ ӡӐӮӔӝӑӘӡӐ ӓӐ әӝӜӪӔӜӢӠӐӪӘӘӡ, 

ӢӔӛӞӔӠӐӢӣӠӘӡ, ӬӜӔӕӘӡ, ӘӝӜӣӠӝ ӫӐӚӘӡ ӓӐ ӡӮӕӐ). ӐӛӐӡӗӐӜ ӔӠӗӐӓ, ӥӘӛӝӢӠӘӞӡӘӜӘӡ 

ӒӚӝӑӣӚӘӡ ӗӔӠӛӣӚӘ ӡӢӐӑӘӚӝӑӘӡ ӞӐӠӐӚӔӚӣӠӘ ӨӔӡӬӐӕӚӐ ӓӘӤӔӠӔӜӪӘӣӚӘ 

ӛӐӡәӐӜӘӠӔӑӔӚӘ әӐӚӝӠӘӛӔӢӠӘӘӡ ӛӔӗӝӓӘӡ ӒӐӛӝӧӔӜӔӑӘӗ (әӘӜӔӢӘәӣӠӘ ӔӥӡӞӔӠӘӛӔӜӢӘӡ 

ӞӘӠӝӑӔӑӗӐӜ ӛӐӥӡӘӛӐӚӣӠӐӓ ӓӐӐӮӚӝӑӣӚ ӞӘӠӝӑӔӑӨӘ) ӡӐӨӣӐӚӔӑӐӡ ӘӫӚӔӕӐ Ӕ.Ӭ. “ӛӐӒӘӣӠӘ 

ӡӐӛәӣӗӮӔӓӘӡ“, ӐӜӣ ӪӘӚӐ-ӤӔӠӛӔӜӢӘӡ ӒӚӝӑӐӚӣӠӘ ӡӢӐӑӘӚӝӑӘӡ, әӝӜӤӝӠӛӐӪӘӣӚӘ 

ӤӚӔӥӡӘӑӘӚӝӑӘӡ ӓӐ әӐӢӐӚӘӖӣӠӘ ӐӥӢӘӕӝӑӘӡ ӨӘӜӐӒӐӜӘ ӣӠӗӘӔӠӗәӐӕӨӘӠӘӡ 

өӐӦӠӛӐӕӔӑӣӚӐӓ ӨӔӡӐӡӬӐӕӚӐӓ,  

ӖӔӛӝӐӦӬӔӠӘӚӘ әӝӛӚӔӥӡӣӠӘ әӕӚӔӕӔӑӘӡ ӛӘӖӜӘӗ, өӕӔӜӡ ӛӘӔӠ ӨӔӡӬӐӕӚӘӚӘ Әӧӝ  

ӑӘӝӡӐӛӔӓӘӪӘӜӝ ӚӘӢӔӠӐӢӣӠӐӨӘ ӣәӕӔ ӡӐәӛӐӝӓ ӪӜӝӑӘӚӘ, ӛӐӒӠӐӛ ӪӘӚӔӑӗӐӜ ӐӢӝӛӐӠӣӚ 

ӓӝӜӔӖӔ ӖӔӛӝӥӛӔӓӔӑӘӡ ӗӕӐӚӡӐӖӠӘӡӘӗ ӯӔӠӯӔӠӝӑӘӗ ӐӠӐӡӐәӛӐӠӘӡӐӓ ӒӐӛӝәӕӚӔӣӚӘ, 

ӐӠӐӡӞӔӪӘӤӘәӣӠӘ (ӐӜӣ, ӖӝӒӐӓӘ) ӖӔӛӝӥӛӔӓӔӑӘӡ ӛӥӝӜӔ ӛӪӘӠӔ ӝӠӒӐӜӣӚӘ ӓӐӜӐӛӐӢӘӡ 

ӓӘӛӔӗӘӚӡӣӚӤӝӥӡӘӓӘӡ (DMSO) ӒӐӕӚӔӜӐ ӠӝӒӝӠӪ α-ӥӘӛӝӢӠӘӞӡӘӜӘӡ ӤӔӠӛӔӜӢӣӚ 

ӐӥӢӘӕӝӑӐӖӔ, ӘӡӔ ӛӘӡ ӗӔӠӛӣӚ ӡӢӐӑӘӚӝӑӐӖӔ. әӕӚӔӕӐ өӐӢӐӠӓӐ DMSO-ӡ әӝӜӪӔӜӢӠӐӪӘӘӡ 

ӤӐӠӗӝ ӤӐӠӒӚӔӑӨӘ, ӠӝӓӔӡӐӪ, ӡӐӕӐӠӐӣӓӝӓ, ӨӔӡӐӫӚӔӑӔӚӘ Әӧӝ Ӑӛ ӓӐӜӐӛӐӢӘӡ ӠӝӒӝӠӪ 

ӛӐӡӢӐӑӘӚӔӑӔӚӘ, ӘӡӔ ӛӐӓӔӡӢӐӑӘӚӔӑӔӚӘ ӮӐӡӘӐӗӘӡ ӒӐӛӝӕӚӔӜӐ. ӐӕӢӝӛӐӢӣӠӘ ӢӘӢӠӐӪӘӘӡ 
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ӛӔӗӝӓӘӡ ӡӐӨӣӐӚӔӑӘӗ ӨӔӡӬӐӕӚӘӚӘ Әӧӝ α-ӥӘӛӝӢӠӘӞӡӘӜӘӡ ӛӘӔӠ ӡӞӔӪӘӤӘӣӠӘ ӔӡӗӔӠӣӚӘ 

ӡӣӑӡӢӠӐӢӘӡ, ATEE-ӡ, ӰӘӓӠӝӚӘӖӘӡ ӞӠӝӪӔӡӘӡ ӓӐӛӐӮӐӡӘӐӗӔӑӔӚӘ ӞӐӠӐӛӔӢӠӔӑӘ ӮӡӜӐӠӨӘ 

DMSO-ӡ 0 ӓӐӜ 70% ӛӝӪӣӚӝӑӘӗӘ әӝӜӪӔӜӢӠӐӪӘӘӡ ӗӐӜӐӝӑӘӡӐӡ, ӒӐӠӔӛӝӡ pH 8.4 ӞӘӠӝӑӔӑӨӘ, 

0.05M NaCl ӗӐӜӐӝӑӘӡӐӡ, ӑӣӤӔӠӘӡ ӒӐӠӔӨӔ, ӠӐӪ ӒӐӛӝӛӓӘӜӐӠӔӝӑӡ ӛӝӪӔӛӣӚӘ ӛӔӗӝӓӝӚӝӒӘӘӡ 

ӤӐӠӒӚӔӑӨӘ ӘӜӡӢӠӣӛӔӜӢӣӚӘ ӒӐӖӝӛӕӔӑӘӡ ӐӠӡӔӑӘӗӘ ӛӝӗӮӝӕӜӔӑӘӓӐӜ. pH 8.4 әӘӜӔӢӘәӣӠӘ 

әӕӚӔӕӔӑӘӡӗӕӘӡ ӨӔӠөӔӣӚӘ Әӧӝ Әӛ ӒӐӠӔӛӝӔӑӘӡ ӒӐӗӕӐӚӘӡӬӘӜӔӑӘӗ, Ӡӝӛ ATEE-ӡ 

ӤӔӠӛӔӜӢӣӚӘ ӰӘӓӠӝӚӘӖӘӡ, әӘӜӔӢӘәӣӠӘ әӝӜӡӢӐӜӢӐ pH 8.0 ӓӐӜ pH 8.8 ӤӐӠӒӚӔӑӨӘ ӐӠ 

ӘӪӕӚӔӑӐ ӓӐ ӐӦӬӔӕӡ ӗӐӕӘӡ ӛӐӥӡӘӛӐӚӣӠ ӛӜӘӨӕӜӔӚӝӑӐӡ.  

ӛӘӦӔӑӣӚӘ әӘӜӔӢӘәӣӠӘ ӛӠӣӓӔӑӘӡ ӪӜӝӑӘӚӘ ӛӔӗӝӓӝӚӝӒӘӣӠӘ ӞӠӝӪӔӓӣӠӔӑӘӡ 

ӡӐӨӣӐӚӔӑӘӗ ӓӐӛӣӨӐӕӔӑӘӡ ӨӔӓӔӒӐӓ (ӘӮ. §2.2) ӨӔӡӐӫӚӔӑӔӚӘӐ ӤӔӠӛӔӜӢӣӚӘ әӐӢӐӚӘӖӘӡ 

ӞӐӠӐӛӔӢӠӔӑӘӡ, әӔӠӫӝӓ, ӛӘӮӐӔӚӘӡӘӡ KM ӓӐ әӐӢӐӚӘӖӣӠӘ әӝӜӡӢӐӜӢӘӡ kcat, ӒӐӜӡӐӖӦӕӠӐ [118, 

169]. ӛӘӮӐӔӚӘӡӘӡ әӝӜӡӢӐӜӢӐ ӐӮӐӡӘӐӗӔӑӡ ӤӔӠӛӔӜӢӘӡ ӓӐ ӡӣӑӡӢӠӐӢӘӡ ӐӠӐәӝӕӐӚӔӜӢӣӠӘ 

ӣӠӗӘӔӠӗӥӛӔӓӔӑӘӡ ӔӤӔӥӢӣӠӝӑӐӡ, ӮӝӚӝ әӐӢӐӚӘӖӣӠӘ әӝӜӡӢӐӜӢӐ ӐӮӐӡӘӐӗӔӑӡ 

ӤӔӠӛӔӜӢӣӚӘ ӑӘӝӥӘӛӘӣӠӘ ӒӐӠӓӐӥӛӜӘӡ әӐӢӐӚӘӖӣӠ ӔӤӔӥӢӣӠӝӑӡ. DMSO-ӡ 25-30% 

ӤӐӠӒӚӔӑӨӘ ӛӘӮӐӔӚӘӡӘӡ әӝӜӡӢӐӜӢӐ ӡӘӡӢӔӛӐӢӣӠӐӓ ӘӖӠӓӔӑӐ, әӐӢӐӚӘӖӣӠӘ әӘ ӣӪӕӚӔӚӘӐ 

(ӡӣӠ. 3.1, ӪӮӠ. 3.1). Ӕӡ ӜӘӨӜӐӕӡ, Ӡӝӛ ӤӔӠӛӔӜӢ-ӡӣӑӡӢӠӐӢӣӚӘ ӨӣӐӚӔӓӣӠӘ әӝӛӞӚӔӥӡӘӡ 

ӡӢӐӑӝӚӝӑӐ әӚӔӑӣӚӝӑӡ, ӛӐӒӠӐӛ әӐӢӐӚӘӖӣӠӘ ӔӤӔӥӢӣӠӝӑӐ ӥӘӛӘӣӠӘ ӒӐӠӓӐӥӛӜӔӑӘӡ 

ӗӕӐӚӡӐӖӠӘӡӘӗ, ӛӝӪӔӛӣӚ ӤӐӠӒӚӔӑӨӘ, ӠөӔӑӐ ӣӪӕӚӔӚӘ. DMSO-ӡ әӝӜӪӔӜӢӠӐӪӘӘӡ 

ӨӔӛӓӒӝӛӘ ӒӐӖӠӓӘӡӐӡ ӛӘӮӐӔӚӘӡӘӡ әӝӜӡӢӐӜӘӡ ӡӘӓӘӓӔ ӛӝӜӝӢӝӜӣӠӐӓ ӘӖӠӓӔӑӐ, ӮӝӚӝ 

әӐӢӐӚӘӖӣӠӘ әӝӜӡӢӐӜӢӐ ӘӬӧӔӑӡ ӨӔӛӪӘӠӔӑӐӡ (ӪӮӠ. 3.1).  ӓӐӐӮӚӝӔӑӘӗ 70% DMSO-ӡ 

ӞӘӠӝӑӔӑӨӘ ӝӠӘӕӔ әӝӜӡӢӐӜӢӐ ӐӦӐӠ ӔӥӕӔӛӓӔӑӐӠӔӑӐ ӒӐӖӝӛӕӐӡ, ӕӘӜӐӘӓӐӜ ӒӐӛӮӡӜӔӚӘӡ 

ӗӕӘӡӔӑӔӑӘӡ ӪӕӚӘӚӔӑӐ ӛӜӘӨӕӜӔӚӝӕӜӐӓ ӖӠӓӘӡ ӒӐӖӝӛӕӘӡ ӪӓӝӛӘӚӔӑӐӡ.  

ӐӦӡӐӜӘӨӜӐӕӘӐ, Ӡӝӛ ӚӐӘӜӣӘӕӔӠ-ӑӔӠәӘӡ әӝӝӠӓӘӜӐӢӔӑӨӘ ӐӒӔӑӣӚӘ DMSO-ӡ ӡӮӕӐӓӐӡӮӕӐ 

әӝӜӪӔӜӢӠӐӪӘӔӑӘӡ ӞӘӠӝӑӔӑӨӘ ATEE-ӡ ӰӘӓӠӝӚӘӖӘӡ әӘӜӔӢӘәӣӠӘ ӛӠӣӓӔӑӘӡ ӒӐӜӚӐӒӔӑӐ ӒӐӕӡ 

әӝӜәӣӠӔӜӢӣӚӘ ӘӜӰӘӑӘӠӔӑӘӡ ӨӔӛӗӮӕӔӕӐӡ (ӡӣӠ. 3.1). әӝӜәӣӠӔӜӢӣӚӘ ӘӜӰӘӑӘӠӔӑӘӡ 

ӛӔӥӐӜӘӖӛӘ ӒӣӚӘӡӮӛӝӑӡ, Ӡӝӛ ӘӜӰӘӑӘӢӝӠӘ ӣәӐӕӨӘӠӓӔӑӐ ӤӔӠӛӔӜӢӘӡ ӐӥӢӘӣӠ ӪӔӜӢӠӡ, 

ӠӝӛӔӚӘӪ ӐӛӘӡ ӒӐӛӝ ӡӣӑӡӢӠӐӢӘӡӐӗӕӘӡ ӛӘӣӬӕӓӝӛӔӚӘ ӮӓӔӑӐ. α-ӥӘӛӝӢӠӘӞӡӘӜӘӡ 

ӨӔӛӗӮӕӔӕӐӨӘ ӛӘӮӐӔӚӘӡӘӡ әӝӜӡӢӐӜӢӐ KM ӐӠӐәӝӕӐӚӔӜӢӣӠӘ ӤӔӠӛӔӜӢ-ӡӣӑӡӢӠӐӢӣӚӘ 

әӝӛӞӚӔӥӡӘӡ ӓӘӡӝӪӘӐӪӘӘӡ ӬӝӜӐӡӬӝӠӣӚӘ әӝӜӡӢӐӜӢӘӡ KS ӞӠӝӞӝӠӪӘӣӚӘӐ [105, 195, 196]. 

әӝӜәӣӠӔӜӢӣӚӘ ӘӜӰӘӑӘӠӔӑӘӡӐӡ KS (ӓӐ, ӨӔӡӐӑӐӛӘӡӐӓ, KM) ӛӝӜӝӢӝӜӣӠӐӓ ӘӖӠӓӔӑӐ 

ӘӜӰӘӑӘӢӝӠӘӡ әӝӜӪӔӜӢӠӐӪӘӘӡ ӖӠӓӐӡӗӐӜ ӔӠӗӐӓ, ӮӝӚӝ kcat ӣӪӕӚӔӚӘ ӠөӔӑӐ. әӝӜӡӢӐӜӢӔӑӘӡ 

ӐӡӔӗӘ ӓӐӛӝәӘӓӔӑӣӚӔӑӐ ӮӡӜӐӠӨӘ DMSO-ӡ әӝӜӪӔӜӢӠӐӪӘӐӖӔ ӤӝӠӛӐӚӣӠӐӓ ӛӘӣӗӘӗӔӑӡ 
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әӝӜәӣӠӔӜӢӣӚӘ ӢӘӞӘӡ ӘӜӰӘӑӘӠӔӑӐӖӔ [111, 118]. ӛӐӒӠӐӛ ӬӘӜӐ ӡӔӠӘӘӡ ӡӐӛӣӨӐӝӡ [118, 119] 

ӨӔӓӔӒӔӑӘӡ ӒӐӗӕӐӚӘӡӬӘӜӔӑӘӗ ӓӐ α-ӥӘӛӝӢӠӘӞӡӘӜӘӡ ӞӝӚӘӞӔӞӢӘӓӣӠ ӘӜӰӘӑӘӢӝӠӔӑӗӐӜ 

ӣӠӗӘӔӠӗӥӛӔӓӔӑӘӡ ӓӐ ӞӝӚӘӞӔӞӢӘӓӣӠӘ ӡӣӑӡӢӠӐӢӔӑӘӡ ӰӘӓӠӝӚӘӖӘӡ ӡӮӕӐ ӜӐӨӠӝӛӔӑӘӡ 

ӛӝӜӐӪӔӛӔӑӘӓӐӜ [197, 198] ӒӐӛӝӛӓӘӜӐӠӔ ӪӮӐӓӘӐ, Ӡӝӛ DMSO ӐӠ ӬӐӠӛӝӐӓӒӔӜӡ Ӑӛ ӤӔӠӛӔӜӢӘӡ 

әӝӜәӣӠӔӜӢӣӚ ӘӜӰӘӑӘӢӝӠӡ. DMSO-ӡ ӒӐӕӚӔӜӐ ATEE-ӡ ӰӘӓӠӝӚӘӖӘӡ ӞӠӝӪӔӡӖӔ ӫӐӚӘӐӜ ӒӐӕӡ 

ӨӐӠӓӝӕӐӜӐӡ ӒӐӕӚӔӜӐӡ, ӠӝӛӔӚӘӪ ӨӔӡӬӐӕӚӘӚӘӐ ӬӘӜӐ ӡӔӠӘӘӡ ӡӐӛӣӨӐӝӨӘ [118, 119]. әӔӠӫӝӓ, 

ӚӐӘӜӣӘӕӔӠ-ӑӔӠәӘӡ әӝӝӠӓӘӜӐӢӔӑӨӘ ӐӒӔӑӣӚӘ Әӡ ӛӝӜӐӪӔӛӔӑӘ, ӠӝӛӔӚӘӪ ӛӘӦӔӑӣӚӘӐ DMSO-

ӡ 025% әӝӜӪӔӜӢӠӐӪӘӔӑӘӡ ӞӘӠӝӑӔӑӨӘ (ӠӐӪ ӨӔӔӡӐӑӐӛӔӑӐ 03.75 M), 0-6 M ӨӐӠӓӝӕӐӜӐӡ 

ӞӘӠӝӑӔӑӨӘ ӛӘӦӔӑӣӚӘ ӛӝӜӐӪӔӛӔӑӘӡ ӐӜӐӚӝӒӘӣӠӘӐ. ӨӐӠӓӝӕӐӜӐ әӘ ӪӜӝӑӘӚӘӐ, ӠӝӒӝӠӪ 

ӐӠӐӡӞӔӪӘӤӘӣӠӘ ӓӔӜӐӢӣӠӐӜӢӘ, ӠӝӛӔӚӘӪ ӐӮӓӔӜӡ α-ӥӘӛӝӢӠӘӞӡӘӜӘӡ [118] ӓӐ ӡӮӕӐ 

ӒӚӝӑӣӚӣӠӘ ӪӘӚӔӑӘӡ [199, 200] ӓӔӡӢӐӑӘӚӘӖӐӪӘӐӡ әӝӜӪӔӜӢӠӐӪӘӔӑӘӡ ӛӗӔӚ ӘӜӢӔӠӕӐӚӨӘ. 

ӧӝӕӔӚӘӕӔ Ӕӡ, Әӛ ӒӐӠӔӛӝӔӑӐӡӗӐӜ ӔӠӗӐӓ, Ӡӝӛ  ӝӠӘ ӰӘӓӠӝӤӝӑӣӚӘ -CH3 ӯӒӣӤӘӡ ӛӥӝӜӔ 

DMSO-ӘӡӒӐӜ ӒӐӜӡӮӕӐӕӔӑӘӗ, ӨӐӠӓӝӕӐӜӐӡ ӛӝӚӔәӣӚӐ ӐӠӘӡ ӞӝӚӐӠӣӚӘ (ӨӔӡӐӑӐӛӘӡӐӓ, 

ӰӘӓӠӝӤӘӚӣӠӘ), ӛӘӣӗӘӗӔӑӡ ӘӛӐӖӔ, Ӡӝӛ DMSO-ӡ α-ӥӘӛӝӢӠӘӞӡӘӜӗӐӜ ӣӠӗӘӔӠӗӥӛӔӓӔӑӐ 

ӐӡӔӕӔ ӐӠӘӡ ӐӠӐӡӞӔӪӘӤӘӣӠӘ ӓӐ  ӛӠӐӕӐӚӬӔӠӢӘӚӝӕӐӜӘ.  

 

  
 

ӡӣӠӐӗӘ 3.1. ӚӐӘӜӣӘӕӔӠ-ӑӔӠәӘӡ  әӝӝӠӓӘӜӐӢӔӑӨӘ ӐӒӔӑӣӚӘ α-ӥӘӛӝӢӠӘӞӡӘӜӘӡ ATEE-ӡ ӰӘӓӠӝӚӘӖӘӡ 
әӘӜӔӢӘәӣӠӘ ӛӠӣӓӔӑӘ ӡӢӐӜӓӐӠӢӣӚ ӞӘӠӝӑӔӑӨӘ ӓӐ ӮӡӜӐӠӨӘ DMSO-ӡ ӡӮӕӐӓӐӡӮӕӐ әӝӜӪӔӜӢӠӐӪӘӘӡ 

ӞӘӠӝӑӔӑӨӘ (0.05 NaCl, pH 8.5). 
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ӪӮӠӘӚӘ 3.1 -ӥӘӛӝӢӠӘӞӡӘӜӘӡ ӛӘӔӠ  ATEE-ӡ ӰӘӓӠӝӚӘӖӘӡ әӘӜӔӢӘәӣӠӘ ӛӐӮӐӡӘӐӗӔӑӚӔӑӘ ӮӡӜӐӠӨӘ 
DMSO-ӡ ӡӮӕӐӓӐӡӮӕӐ әӝӜӪӔӜӢӠӐӪӘӘӡ ӞӘӠӝӑӔӑӨӘ, (pH 8.5,  0.05 M NaCl). 

 

[DMSO], 
vol % 

[DMSO], 
mol/l 

Km, M-1 Kcat, s-1 

0 0 8.2×10-4 205 

10 1.5 2.4×10-3 210 

20 3.0 5.4×10-3 200 

30 4.5 1.5×10-3 150 

40 6.0 2.2×10-2 136 

50 7.5 2.0×10-2 44 

60 9.0 1.5×10-2 36 

70 10.5 - - 

 
 

ӠӔӜӢӒӔӜӝӡӢӠӣӥӢӣӠӣӚ әӕӚӔӕӔӑӖӔ ӓӐӧӠӓӜӝӑӘӗ [197, 198] ӓӐ ӘӛӘӡ ӒӐӗӕӐӚӘӡӬӘӜӔӑӘӗ, 

Ӡӝӛ α-ӥӘӛӝӢӠӘӞӡӘӜӘ ӐӠӘӡ ӔӜӓӝӞӔӞӢӘӓӐӖӐ, ӠӝӛӔӚӘӪ in vivo ӐӮӝӠӪӘӔӚӔӑӡ ӒӠӫӔӚӘ 

ӞӝӚӘӞӔӞӢӘӓӔӑӘӡ ӒӐӬӧӕӔӢӐӡ, ӪӮӐӓӘӐ, Ӡӝӛ ӒӠӫӔӚӘ ӞӝӚӘӞӔӞӢӘӓӘӡ ӰӘӓӠӝӚӘӖӘӡ 

ӨӔӛӗӮӕӔӕӐӨӘ ӒӐӡӐӬӧӕӔӢӘ ӑӛӘӡ ӝӠӘӕӔ ӛӮӐӠӔӡ ӛӧӝӤӘ ӡӣӑӡӢӠӐӢӘӡ ӜӐӬӘӚӔӑӘ ӥӛӜӘӐӜ 

ӐӜӢӘӞӐӠӐӚӔӚӣӠ ǃ-ӡӢӠӣӥӢӣӠӔӑӡ ӐӥӢӘӣӠӘ ӪӔӜӢӠӘӡ ӦӐӠӨӘ ӛӝӗӐӕӡӔӑӣӚ ӨӔӡӐӑӐӛӘӡ 

ӯӒӣӤӔӑӗӐӜ. Ӕӡ ӔӜӔӠӒӔӢӘәӣӚӐӓ ӮӔӚӡӐӧӠӔӚӘ ӛӠӐӕӐӚӬӔӠӢӘӚӝӕӐӜӘ ӣӠӗӘӔӠӗӥӛӔӓӔӑӐ 

ӮӝӠӪӘӔӚӓӔӑӐ ӠӝӒӝӠӪ ӦӐӠӨӘ ӒӐӜӗӐӕӡӔӑӣӚӘ ӞӝӚӘӞӔӞӢӘӓӣӠӘ ӯӐӭӕӔӑӘӡ ӨӔӛӐӓӒӔӜӔӚӘ 

ӞӔӞӢӘӓӣӠӘ ӑӛӔӑӘӡ ӓӐ ӡӣӑӡӢӠӐӢӘӡ ӞӝӚӐӠӣӚ ӯӒӣӤӔӑӡ  ӨӝӠӘӡ ӬӧӐӚӑӐӓӣӠӘ ӑӛӔӑӘӡ 

ӨӔӥӛӜӘӗ, ӐӡӔӕӔ ӦӐӠӨӘ ӛӧӝӤӘ ӰӘӓӠӝӤӝӑӣӚӘ ӡӐӘӢӔӑӘӡ ӓӐ ӡӣӑӡӢӠӐӢӘӡ ӐӠӐӞӝӚӐӠӣӚӘ 

ӯӒӣӤӔӑӘӡ ӰӘӓӠӝӤӝӑӣӚӘ ӣӠӗӘӔӠӗӥӛӔӓӔӑӘӡ ӮӐӠӯӖӔ. α-ӥӘӛӝӢӠӘӞӡӘӜӘӡ ӐӥӢӘӣӠӘ 

ӪӔӜӢӠӘӡ ӦӐӠӨӘ ӐӠӡӔӑӝӑӡ ӐӠӐ ӣӛӔӢӔӡ 7 ӰӘӓӠӝӤӝӑӣӚӘ ӡӐӘӢӘӡӐ, ӨӔӡӐӑӐӛӘӡӐӓ, ӒӠӫӔӚӘ 

ӞӝӚӘӞӔӞӢӘӓӘӡ ӰӘӓӠӝӚӘӖӘӡ ӨӔӛӗӮӕӔӕӐӨӘ α-ӥӘӛӝӢӠӘӞӡӘӜӘӡ әӐӢӐӚӘӖӣӠӘ ӔӤӔӥӢӣӠӝӑӐ 

ӘӖӠӓӔӑӐ әӝӝӞӔӠӐӢӘӣӚӘ ӖӔӛӝӥӛӔӓӔӑӘӡ ӨӔӓӔӒӐӓ ӛӘӦӬӔӣӚӘ  ӘӜӓӣӪӘӠӔӑӣӚӘ ӛӝӠӒӔӑӘӡ 

(“induced fit“) ӮӐӠӯӖӔ. ӛӐӒӠӐӛ ATEE-ӡ ӰӘӓӠӝӚӘӖӘӡ ӨӔӛӗӮӕӔӕӐӨӘ ӓӐәӐӕӔӑӣӚӘӐ ӛӮӝӚӝӓ 3 

ӛӐӗӒӐӜӘ [111] ӓӐ, ӐӛӠӘӒӐӓ, ӓӐӜӐӠөӔӜӘ ӡӐӘӢӔӑӘ ӓӐәӐӕӔӑӣӚӘӐ ӬӧӚӘӡ ӐӜ ӝӠӒӐӜӣӚӘ 

ӓӐӜӐӛӐӢӘӡ ӛӝӚӔәӣӚӔӑӘӗ. Әӛ ӖӔӓӐӞӘӠӣӚӘ ӬӧӚӘӡӒӐӜ ӒӐӜӡӮӕӐӕӔӑӘӗ, ӠӝӛӔӚӘӪ 

ӣәӐӕӨӘӠӓӔӑӐ ӪӘӚӘӡ ӒӚӝӑӣӚӘӡ әӝӛӞӐӥӢӣӠ ӜӐӬӘӚӡ, ӐӥӢӘӣӠ ӪӔӜӢӠӨӘ ӒӐӜӗӐӕӡӔӑӣӚӘ 

ӑӛӣӚӘ ӬӧӐӚӘ ӐӠ ӥӛӜӘӡ ӫӚӘӔӠӘ ӬӧӐӚӑӐӓӣӠӘ ӑӛӔӑӘӗ ӨӔәӠӣӚ ӛӓӒӠӐӓ ӡӢӠӣӥӢӣӠӐӡ. Ӕӡ 

ӐӣӪӘӚӔӑӔӚӘӐ ӐӥӢӘӣӠӘ ӪӔӜӢӠӘӡ ӤӚӔӥӡӘӑӘӚӝӑӘӡ ӨӔӜӐӠөӣӜӔӑӘӡӐӗӕӘӡ ӓӐ ӐӡӔӕӔ 

ӡӣӑӡӢӠӐӢӘӡ ӓӐәӐӕӨӘӠӔӑӘӡ ӔӜӔӠӒӘӘӡ ӛӘӜӘӛӘӖӐӪӘӘӡ ӗӕӐӚӡӐӖӠӘӡӘӗ. ӐӛӠӘӒӐӓ, ӮӡӜӐӠӨӘ 
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ӛӧӝӤ ӛӪӘӠӔ ӖӝӛӘӡ ӝӠӒӐӜӣӚ ӓӐӜӐӛӐӢӔӑӡ (ӠӝӒӝӠӪ DMSO-ӡ, ӐӡӔӕӔ ӨӐӠӓӝӕӐӜӐӡ), ӠӝӛӚӔӑӡӐӪ 

ӐӮӐӡӘӐӗӔӑӗ ӖӔӛӝӓӮӡӔӜӔӑӣӚӘ ӡӐӘӢӔӑӘӡ ӛӘӛӐӠӗ ӣӤӠӝ ӓӐӑӐӚӘ ӡӬӠӐӤӕӐ ӬӧӚӘӡ 

ӛӝӚӔәӣӚӔӑӗӐӜ ӨӔӓӐӠӔӑӘӗ, ӐӠ ӒӐӐөӜӘӐӗ әӝӜәӣӠӔӜӢӣӚӘ ӣӠӗӘӔӠӗӥӛӔӓӔӑӘӡ ӣӜӐӠӘ. 

ӒӠӫӔӚӘ ӡӣӑӡӢӠӐӢӘӡ ӨӔӛӗӮӕӔӕӐӨӘ ӛӘӡӘ ӡӘӒӠӫӔ ӗӕӘӗӝӜ ӐӠӘӡ ӛӐӡӢӐӑӘӚӔӑӔӚӘ ӤӐӥӢӝӠӘ, 

ӠӝӛӔӚӘӪ ӖӠӓӘӡ әӐӢӐӚӘӖӣӠ ӔӤӔӥӢӣӠӝӑӐӡ, ӮӝӚӝ ӛӝәӚӔ ӡӣӑӡӢӠӐӢӘӡ ӰӘӓӠӝӚӘӖӘӡ 

ӨӔӛӗӮӕӔӕӐӨӘ ӐӓӒӘӚӘ Ӑӥӕӡ ӝӠӒӐӜӣӚӘ ӓӐӜӐӛӐӢӘӡ ӛӘӔӠ ӐӥӢӘӣӠӘ ӪӔӜӢӠӘӡ 

ӓӔӡӢӐӑӘӚӘӖӐӪӘӐӡ ӡӣӡӢӘ әӝӝӞӔӠӐӢӘӣӚӘ ӣӠӗӘӔӠӗӥӛӔӓӔӑӘӡ ӮӐӠӯӖӔ. ӡӬӝӠӔӓ Ӑӛ ӡӣӡӢӘ 

ӪӘӚӐ-ӓӐӜӐӛӐӢӘӡ ӣӠӗӘӔӠӗӥӛӔӓӔӑӘӗ, ӠӝӛӔӚӘӪ ӐӮӓӔӜӡ ӚӝәӐӚӣӠ ӓӔӡӢӐӑӘӚӘӖӐӪӘӐӡ, ӐӜӣ 

ӖӠӓӘӡ ӐӥӢӘӣӠӘ ӪӔӜӢӠӘӡ ӤӚӔӥӡӘӑӘӚӝӑӐӡ, ӐӘӮӡӜӔӑӐ ӛӘӦӔӑӣӚӘ әӘӜӔӢӘәӣӠӘ ӥӪӔӕӐ.  

 

 
 

ӡӣӠӐӗӘ 3.2. ӞӘӠӕӔӚӘ ӡәӐӜӘӠӔӑӘӡ ӨӔӓӔӒӐӓ ӛӘӦӔӑӣӚӘ α-ӥӘӛӝӢӠӘӞӡӘӜӘӡ ӗӔӠӛӣӚӘ ӚӦӝӑӘӡ 
(ӓӔӜӐӢӣӠӐӪӘӘӡ) әӐӚӝӠӘӛӔӢӠӣӚӘ ӛӠӣӓӔӑӘ ӮӡӜӐӠӨӘ DMSO-ӡ 0-ӓӐӜ 60-ӛӓӔ ӛӝӪӣӚӝӑӘӗ %-Әӡ 

ӞӘӠӝӑӔӑӨӘ (ӤӝӡӤӐӢӘӡ ӑӣӤӔӠӘ, pH 2.6, 0.05 NaCl). 

 

ӓӘӤӔӠӔӜӪӘӣӚӘ ӛӐӡәӐӜӘӠӔӑӔӚӘ ӛӘәӠӝәӐӚӝӠӘӛӔӢӠӘӘӡ ӛӔӗӝӓӘӗ ӨӔӡӬӐӕӚӘӚӘ Әӧӝ α-

ӥӘӛӝӢӠӘӞӡӘӜӘӡ ӗӔӠӛӣӚӘ ӚӦӝӑӘӡ ӓӐӛӐӮӐӡӘӐӗӔӑӔӚӘ ӞӐӠӐӛӔӢӠӔӑӘ ӝӠӘ ӡӮӕӐӓӐӡӮӕӐ pH-Әӡ 

ӞӘӠӝӑӔӑӨӘ ӮӡӜӐӠӨӘ DMSO-ӡ 0-ӓӐӜ 70%-ӛӓӔ әӝӜӪӔӜӢӠӐӪӘӔӑӘӡ ӘӜӢӔӠӕӐӚӨӘ. 

әӐӚӝӠӘӛӔӢӠӣӚӘ ӡӣӠӐӗӘ, ӔӠӗӘ ӨӔӮӔӓӕӘӗ, ӣӤӠӝ ӠӗӣӚӘӐ ӓӐ ӗӘӗӥӝӡ ӛӜӘӨӕӜӔӚӝӕӜӐӓ 

ӒӐӜӡӮӕӐӕӓӔӑӐ әӘӜӔӢӘәӣӠӘ ӔӥӡӞӔӠӘӛӔӜӢӘӓӐӜ ӛӘӦӔӑӣӚӘ ӨӔӓӔӒӔӑӘӡӐӒӐӜ. ӛӟӐӕӔ ӐӠӔӨӘ, pH 2.6-

Әӡ ӞӘӠӝӑӔӑӨӘ (ӠӝӛӔӚӨӘӪ ӛӘӦӔӑӣӚӘӐ ӪӘӚӔӑӘӡ ӡӢӐӑӘӚӝӑӘӡ ӨӔӤӐӡӔӑӐ, ӗӣӛӪӐ α-

ӥӘӛӝӢӠӘӞӡӘӜӘ ӐӠ ӐӠӘӡ әӐӢӐӚӘӖӣӠӐӓ ӐӥӢӘӣӠӘ), ӮӡӜӐӠӨӘ DMSO-ӡ әӝӜӪӔӜӢӠӐӪӘӔӑӘӡ ӛӗӔӚ 
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ӘӜӢӔӠӕӐӚӨӘ ӒӐӓӐӡӕӚӘӡ ӢӔӛӞӔӠӐӢӣӠӐ Tm ӛӝӜӝӢӝӜӣӠӐӓ ӛӪӘӠӓӔӑӐ ӞӘәӘӡ ӒӐӥӠӝӑӐӛӓӔ 

DMSO-ӡ 60%-Әӡ ӞӘӠӝӑӔӑӨӘ (ӪӮӠ. 3.2, ӡӣӠ. 3.2 ӓӐ 3.5ӑ). ӐӛӐӕӓӠӝӣӚӐӓ, ӒӐӓӐӡӕӚӘӡ 

ӔӜӢӐӚӞӘӐ Δǵcal ӘӖӠӓӔӑӐ DMSO-ӡ 25%-ӛӓӔ, ӠӘӡ ӨӔӛӓӔӒ ӛӝӜӝӢӝӜӣӠӐӓ ӘәӚӔӑӡ DMSO-ӡ 

ӨӔӡӬӐӕӚӘӚӘ ӘӜӢӔӠӕӐӚӘӡ ӑӝӚӝӛӓӔ (ӪӮӠ. 3.2, ӡӣӠ. 3.2 ӓӐ 3.5Ӑ). ӗӔӠӛӝӓӘӜӐӛӘӣӠӘ 

ӞӐӠӐӛӔӢӠӔӑӘӡ ӛӡӒӐӕӡӘ ӪӕӚӘӚӔӑӐ ӛӘӦӔӑӣӚӘӐ ӚӘӖӝӪӘӛӘӡӗӕӘӡӐӪ DMSO-ӡ ӑӣӤӔӠӣӚ 

ӬӧӐӚӮӡӜӐӠӔӑӨӘ ӡӮӕӐӓӐӡӮӕӐ pH-Әӡ ӞӘӠӝӑӔӑӨӘ, Әӛ ӒӐӜӡӮӕӐӕӔӑӘӗ, Ӡӝӛ ӒӐӓӐӡӕӚӘӡ 

ӢӔӛӞӔӠӐӢӣӠӐ ӡӬӝӠӮӐӖӝӑӠӘӕӐӓ ӐӠӘӡ ӓӐӛӝәӘӓӔӑӣӚӘ ӮӡӜӐӠӨӘ DMSO-ӡ әӝӜӪӔӜӢӠӐӪӘӐӖӔ, 

ӮӝӚӝ ӔӜӢӐӚӞӘӘӡ ӡӣӡӢӐӓ ӒӐӛӝӮӐӢӣӚӘ ӛӐӥӡӘӛӣӛӘ ӛӘӘӦӔӑӐ DMSO-ӡ ӘӒӘӕӔ 

әӝӜӪӔӜӢӠӐӪӘӐӖӔ, ӠӐӪ α-ӥӘӛӝӢӠӘӞӡӘӜӘӡ  ӨӔӛӗӮӕӔӕӐӨӘ [201].  

 

ӪӮӠӘӚӘ 3.2. α-ӥӘӛӝӢӠӘӞӡӘӜӘӡ ӓӐӛӐӮӐӡӘӐӗӔӑӔӚӘ әӘӜӔӢӘәӣӠӘ ӓӐ ӗӔӠӛӝӓӘӜӐӛӘәӣӠӘ ӞӐӠӐӛӔӢӠӔӑӘ 
ӮӡӜӐӠӨӘ DMSO-ӡ ӡӮӕӐӓӐӡӮӕӐ әӝӜӪӔӜӢӠӐӪӘӘӡ ӞӘӠӝӑӔӑӨӘ. 

 

[DMSO], vol 
% 

[DMSO], 
mol/l 

pH 8.1 pH 2.6, 1st scan pH 2.6, 2st scan 

Tm, °C 
ΔHcal ,kJ mol-

1 
Tm, °C 

ΔHcal ,kJ mol-

1 
Tm, °C 

ΔHcal ,kJ mol-

1 

0 0 46.7 251 43.4 144 43.3 78 

10 1.5 51.4 264 39.7 190 39.8 149 

20 3.0 52.6 279 37.4 219 37.6 164 

30 4.5 51.5 274 36.3 213 36.5 144 

40 6.0 48.4 255 34.7 171 34.5 33 

50 7.5 41.5 205 30.0 69 - 0 

60 9.0 - 135 - 0 - 0 

70 10.5  0 - 0 - 0 

 

 

ӐӦӡӐӜӘӨӜӐӕӘӐ, Ӡӝӛ pH 2.6-Әӡ ӞӘӠӝӑӔӑӨӘ ӐӓӒӘӚӘ Ӑӥӕӡ α-ӥӘӛӝӢӠӘӞӡӘӜӘӡ ӐӦӓӒӔӜӐӡ 

ӓӔӜӐӢӣӠӐӪӘӘӡ ӨӔӛӓӔӒ, ӐӜӣ ӪӘӚӘӡ ӒӚӝӑӣӚӘӡ ӗӔӠӛӣӚӘ ӚӦӝӑӘӡ ӞӠӝӪӔӡӘ ӐӠӘӡ 

ӓӘӓӬӘӚӐӓ ӨӔӥӪӔӕӐӓӘ (ӘӮ. ӪӮӠ. 3.2, ӡӣӠ. 3.3). ӡӐӒӣӚӘӡӮӛӝӐ, Ӡӝӛ ӪӘӚӘӡ ӐӦӓӒӔӜӘӡ ӣӜӐӠӘ 

ӛӜӘӨӕӜӔӚӝӕӜӐӓ ӒӐӖӠӓӘӚӘӐ ӮӡӜӐӠӨӘ DMSO-ӡ 30%-ӛӓӔ ӗӐӜӐӝӑӘӡӐӡ. ӞӘӠӕӔӚӘ ӡәӐӜӘӠӔӑӘӡ 

ӨӔӛӓӔӒ ӜӘӛӣӨӘӡ ӗӐӜӐӑӐӠӘ ӡӘөӥӐӠӘӗ ӒӐӪӘӕӔӑӘӡ ӓӐ ӒӐӜӛӔӝӠӔӑӘӗӘ ӡәӐӜӘӠӔӑӘӡ ӨӔӓӔӒӐӓ 

ӛӘӦӔӑӣӚӘ ӞӘәӘӡ ӤӐӠӗӝӑӘӡ, ӐӜӣ ӔӜӢӐӚӞӘӘӡ, ӨӔӤӐӠӓӔӑӐ ӮӡӜӐӠӨӘ ӜӔӑӘӡӛӘӔӠӘ 

әӝӜӪӔӜӢӠӐӪӘӘӡ DMSO-ӡ ӗӐӜӐӝӑӘӡӐӡ ӛӔӢӘӐ, ӕӘӓӠӔ ӡӢӐӜӓӐӠӢӣӚ ӞӘӠӝӑӔӑӨӘ (DMSO-ӡ  

ӒӐӠӔӨӔ) (ӪӮӠ. 3.2).  ӛӐӒӐӚӘӗӐӓ, ӔӜӢӐӚӞӘӘӡ ӛӐӥӡӘӛӣӛӘӡ ӞӘӠӝӑӔӑӨӘ, ӐӜӣ ӮӡӜӐӠӨӘ DMSO-ӡ 
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20%-Әӡ ӗӐӜӐӝӑӘӡӐӡ ӐӦӘӜӘӨӜӔӑӐ 75%-ӘӐӜӘ ӐӦӓӒӔӜӐ, ӠӐӪ ӓӐӐӮӚӝӔӑӘӗ 20%-Әӗ ӛӔӢӘӐ, ӕӘӓӠӔ 

ӡӢӐӜӓӐӠӢӣӚ ӞӘӠӝӑӔӑӨӘ. ӒӐӠӓӐ ӐӛӘӡӐ ӛӔӢӐӓ ӛӜӘӨӕӜӔӚӝӕӐӜӘӐ, Ӡӝӛ Ӑӛ ӞӘӠӝӑӔӑӨӘ ӐӦӓӒӔӜӘӡ 

ӣӜӐӠӘ ӨӔӜӐӠөӣӜӔӑӣӚӘ Әӧӝ 6 ӒӐӜӛӔӝӠӔӑӘӗӘ ӡәӐӜӘӠӔӑӘӡ ӨӔӓӔӒӐӓ ӓӦӔӦӐӛӘӡ ӒӐӜӛӐӕӚӝӑӐӨӘ. 

ӐӡӔӗӘ ӥӪӔӕӐ, ӠӝӛӔӚӘӪ ӐӠ ӐӦӘӜӘӨӜӔӑӐ ӤӘӖӘӝӚӝӒӘӣӠ ӞӘӠӝӑӔӑӨӘ, ӛӘӣӗӘӗӔӑӡ ӘӛӐӖӔ, Ӡӝӛ 

ӛӟӐӕӔ pH-Әӡ ӞӘӠӝӑӔӑӨӘ 0-30%-Әӡ  әӝӜӪӔӜӢӠӐӪӘӔӑӘӡ ӗӐӜӐӝӑӘӡӐӡ DMSO ӛӝӚӔәӣӚӔӑӘ 

ӐӡӠӣӚӔӑӔӜ Ӕ.Ӭ. “ӥӘӛӘӣӠӘ ӨӐӞӔӠӝӜӔӑӘӡ“ ӠӝӚӡ (ӐӜӣ ӨӘӜӐӒӐӜӘ ӐӒӠӔӒӐӪӘӘӡ ӒӐӛӝӛӬӕӔӕӘ 

ӐӠӐӡӬӝӠӘ ӣӠӗӘӔӠӗӥӛӔӓӔӑӔӑӘӡӒӐӜ ӓӐӛӪӕӔӚӘ ӡӐӠӥӕӔӚӔӑӘӡ).  

 

 
ӡӣӠӐӗӘ 3.3. ӒӐӛӔӝӠӔӑӣӚӘ ӡәӐӜӘӠӔӑӘӡ ӨӔӓӔӒӐӓ ӛӘӦӔӑӣӚӘ α-ӥӘӛӝӢӠӘӞӡӘӜӘӡ ӗӔӠӛӣӚӘ ӚӦӝӑӘӡ 
әӐӚӝӠӘӛӔӢӠӣӚӘ ӛӠӣӓӔӑӘ ӮӡӜӐӠӨӘ DMSO-ӡ ӡӮӕӐӓӐӡӕӐ әӝӜӪӔӜӢӠӐӪӘӘӡ ӞӘӠӝӑӔӑӨӘ (ӤӝӡӤӐӢӘӡ 

ӑӣӤӔӠӘ, pH 2.6, 0.05 NaCl). 
 

 

ӐӡӔӕӔ өӐӢӐӠӔӑӣӚӘ Әӧӝ ӨӔӓӐӠӔӑӘӗӘ ӮӐӡӘӐӗӘӡ әӐӚӝӠӘӛӔӢӠӣӚӘ ӔӥӡӞӔӠӘӛӔӜӢӔӑӘӡ ӡӔӠӘӐ 

ӢӣӢӔ ӐӠӔӨӘ, pH 8.1-Әӡ ӞӘӠӝӑӔӑӨӘ, ӠӝӛӚӔӑӘӪ ӨӔӔӡӐӑӐӛӔӑӐ α-ӥӘӛӝӢӠӘӞӡӘӜӘӡ ӛӐӥӡӘӛӐӚӣӠӘ 

әӐӢӐӚӘӖӣӠӘ ӐӥӢӘӕӝӑӘӡ ӤӐӠӒӚӔӑӡ. ӛӟӐӕӔ ӐӠӔӨӘ өӐӢӐӠӔӑӣӚӘ әӕӚӔӕӘӡ ӐӜӐӚӝӒӘӣӠӛӐ 

ӡӔӠӘӐӛ ӒӐӛӝӐӕӚӘӜӐ α-ӥӘӛӝӢӠӘӞӡӘӜӘӡ ӡӐәӛӐӝӓ ӒӐӜӡӮӕӐӕӔӑӣӚӘ ӥӪӔӕӐ DMSO-ӡ ӘӒӘӕӔ 

әӝӜӪӔӜӢӠӐӪӘӔӑӘӡ ӖӔӛӝӥӛӔӓӔӑӘӡ ӥӕӔӨ. ӛӟӐӕӔ ӐӠӔӨӘ ӛӘӦӔӑӣӚ ӨӔӓӔӒӔӑӘӡӒӐӜ ӒӐӜӡӮӕӐӕӔӑӘӗ, 

ӒӐӓӐӡӕӚӘӡ ӢӔӛӞӔӠӐӢӣӠӐӡ ӓӐ ӔӜӢӐӚӞӘӐӡ ӒӐӐөӜӘӐ ӡӣӡӢӘ ӛӐӥӡӘӛӣӛӘ DMSO-ӡ 20-30% 

ӛӘӓӐӛӝӨӘ (ӡӣӠ. 3.4). ӒӐӠӓӐ ӐӛӘӡӐ, ӐӠ ӮӓӔӑӐ ӪӘӚӘӡ ӐӦӓӒӔӜӐ ӓӔӜӐӢӣӠӐӪӘӘӡ ӨӔӛӓӔӒ ӐӠӪ 

ӡӢӐӜӓӐӠӢӣӚ ӞӘӠӝӑӔӑӨӘ ӓӐ ӐӠӪ DMSO-ӡ ӓӐӛӐӢӔӑӘӡӐӡ. ӒӐӓӐӡӕӚӘӡ ӢӔӛӞӔӠӐӢӣӠӘӡ 

ӛӐӥӡӘӛӣӛӘӡ ӐӠӡӔӑӝӑӐ ӛӘӣӗӘӗӔӑӡ ӘӛӐӖӔ, Ӡӝӛ ӔӜӢӐӚӞӘӣӠ ӡӢӐӑӘӚӘӖӐӪӘӡӗӐӜ ӔӠӗӐӓ, 

ӠӝӛӔӚӡӐӪ Ӑӥӕӡ ӐӓӒӘӚӘ DMSO-ӡ 30%-ӛӓӔ ӓӐӜӐӛӐӢӔӑӘӡ ӞӘӠӝӑӔӑӨӘ ӝӠӘӕӔ pH-Әӡ 
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ӨӔӛӗӮӕӔӕӐӨӘ, ӢӣӢӔ ӒӐӠӔӛӝӨӘ ӛӪӘӠӓӔӑӐ ӔӜӢӠӝӞӘӣӚӘ ӓӔӡӢӐӑӘӚӘӖӐӪӘӐ, ӠӐӪ ӐӘӡӐӮӔӑӐ 

ӒӐӓӐӡӕӚӘӡ ӢӔӛӞӔӠӐӢӣӠӘӡ ӖӠӓӐӨӘ ӮӡӜӐӠӨӘ DMSO-ӡ 30%-ӛӓӔ ӓӐӜӐӛӐӢӔӑӘӡ ӗӐӜӐӝӑӘӡӐӡ.  

 

 
ӡӣӠӐӗӘ 3.4. α-ӥӘӛӝӢӠӘӞӡӘӜӘӡ ӗӔӠӛӣӚӘ ӚӦӝӑӘӡ әӐӚӝӠӘӛӔӢӠӣӚӘ ӛӠӣӓӔӑӘ ӮӡӜӐӠӨӘ 0-70% 

DMSO-ӡ әӝӜӪӔӜӢӠӐӪӘӘӡ ӞӘӠӝӑӔӑӨӘ (ӑӝӠӐӢӘӡ ӑӣӤӔӠӘ, pH 8.1, 0.05 NaCl). 
 

 

ӐӡӔӗӘ ӒӐӜӡӮӕӐӕӔӑӐ α-ӥӘӛӝӢӠӘӞӡӘӜӘӡ ӗӔӠӛӝӓӘӜӐӛӘәӣӠ ӥӪӔӕӐӨӘ ӛӟӐӕӔ ӓӐ ӢӣӢӔ ӒӐӠӔӛӝӨӘ 

ӛӘӣӗӘӗӔӑӡ ӘӛӐӖӔ, Ӡӝӛ ӐӠӡӔӑӝӑӡ DMSO-ӡ ӓӐ ӪӘӚӘӡ ӒӚӝӑӣӚӘӡ ӣӠӗӘӔӠӗӥӛӔӓӔӑӘӡ ӝӠӘ 

ӡӐӮӔӝӑӐ. ӔӠӗ-ӔӠӗӘ ӛӐӗӒӐӜӘ, ӘӬӕӔӕӡ ӪӘӚӘӡ ӡӢӐӑӘӚӘӖӐӪӘӐӡ, ӠӐӪ ӗӔӠӛӝӓӘӜӐӛӘӣӠӘ 

ӞӐӠӐӛӔӢӠӔӑӘӡ ӡӣӡӢ ӛӐӥӡӘӛӣӛӔӑӨӘ ӐӘӡӐӮӔӑӐ, ӛӔӝӠӔ әӘ ӓӔӡӢӐӑӘӚӘӖӐӪӘӐӡ (ӡӣӠ. 3.5). ӐӠӐәӐӕӐӡ 

ӓӐ ӗӐӜӐӕӢӝӠӔӑӘӡ ӛӘӔӠ [202] ӐӡӔӕӔ ӜӐөӕӔӜӔӑӘ Әӧӝ, Ӡӝӛ ӥӘӛӝӢӠӘӞӡӘӜӝӒӔӜӘӡ ӓӐ ӚӘӖӝӪӘӛӘӡ 

ӨӔӛӗӮӕӔӕӐӨӘ, ӮӡӜӐӠӨӘ DMSO-ӡ әӝӜӪӔӜӢӠӐӪӘӔӑӘӡ 0-50%-Әӡ ӞӘӠӝӑӔӑӨӘ ӐӓӒӘӚӘ Ӑӥӕӡ 

ӒӐӛӮӡӜӔӚӘ ӬӧӚӘӡ ӛӘӔӠ DMSO-ӗӐӜ ӨӔӓӐӠӔӑӘӗ ӣӞӘӠӐӢӔӡ ӡӝӚӕӐӢӐӪӘӐӡ, ӠӝӛӔӚӡӐӪ Ӑӥӕӡ 

ӡӣӡӢӘ ӛӐӥӡӘӛӣӛӘ DMSO-ӡ 25-30%-Әӡ ӣӑӐӜӨӘ. Ӑӛ ӨӔӛӗӮӕӔӕӐӨӘ ӮӓӔӑӐ ӑӛӣӚӘ ӬӧӚӘӡ 

ӡӢӠӣӥӢӣӠӘӡ ӒӐӫӚӘӔӠӔӑӐ, ӠӐӪ ӘӬӕӔӕӡ ӔӜӢӐӚӞӘӣӠ ӡӢӐӑӘӚӘӖӐӪӘӐӡ. DMSO-ӡ 50%-ӖӔ ӣӤӠӝ 

ӛӐӦӐӚӘ әӝӜӪӔӜӢӠӐӪӘӔӑӘӡӐӡ ӘӬӧӔӑӐ DMSO-ӡ ӛӝӚӔәӣӚӔӑӘӡ ӛӘӔӠ ӣӞӘӠӐӢӔӡӘ ӡӝӚӕӐӢӐӪӘӘӡ 

ӣӑӐӜӘ, ӡӐӓӐӪ ӐӓӒӘӚӘ Ӑӥӕӡ ӯӔӠ ӪӘӚӘӡ ӛӝӚӢӔӜ-ӒӚӝӑӣӚӘӡ ӛӓӒӝӛӐӠӔӝӑӐӨӘ ӒӐӓӐӡӕӚӐӡ, 

ӮӝӚӝ  ӨӔӛӓӔӒ ӛӘӡ ӓӔӜӐӢӣӠӐӪӘӐӡ. ӛӡӒӐӕӡӘ ӛӔӥӐӜӘӖӛӘ ӐӦӘӜӘӨӜӔӑӐ ӐӡӔӕӔ ӡӮӕӐ ӰӘӓӠӝӤӝӑӣӚӘ 

ӝӠӒӐӜӣӚӘ, ӛӐӒӐӚӘӗӐӓ ӡӞӘӠӢӔӑӘӡ, ӓӐӜӐӛӐӢӔӑӘӡ ӞӘӠӝӑӔӑӨӘ [203].   

ӡӞӔӥӢӠӝӡәӝӞӣӚӘ [204, 205] ӓӐ ӒӐӛӝӗӕӚӘӗӘ [206] ӛӔӗӝӓӔӑӘӗ ӛӘӦӔӑӣӚӘ ӨӔӓӔӒӔӑӘӡ 

ӗӐӜӐӮӛӐӓ, DMSO-ӡ әӝӜӪӔӜӢӠӐӪӘӔӑӘӡ 0-50%-Әӡ ӞӘӠӝӑӔӑӨӘ ӨӔӡӬӐӕӚӘӚӘ ӪӘӚӔӑӘӡ 
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ӣӛӠӐӕӚӔӡӝӑӐ ӘӜӐӠөӣӜӔӑӡ әӝӛӞӐӥӢӣӠ ӜӐӢӘӕӣӠӘӡ ӛӡӒӐӕӡ әӝӜӤӝӠӛӐӪӘӐӡ. ӠӝӒӝӠӪ өӐӜӡ, 

DMSO-ӡ әӝӜӪӔӜӢӠӐӪӘӔӑӘӡ Ӑӛ ӣӑӐӜӨӘ, ӒӐӛӮӡӜӔӚӘ ӬӧӚӘӡ ӣӞӘӠӐӢӔӡӘ ӡӝӚӕӐӢӐӪӘӘӡ ӨӔӓӔӒӐӓ 

ӮӓӔӑӐ ӪӘӚӐ-ӬӧӚӘӡ ӓӐ ӑӛӣӚӘ ӬӧӚӘӡ ӬӧӐӚӑӐӓӣӠӘ ӑӛӔӑӘӡ ӒӐӫӚӘӔӠӔӑӐ, ӠӐӪ ӪӘӚӘӡ 

ӒӚӝӑӣӚӘӡ ӡӢӐӑӘӚӘӖӐӪӘӘӡ ӖӠӓӐӨӘ ӐӘӡӐӮӔӑӐ. DMSO-ӡ әӝӜӪӔӜӢӠӐӪӘӘӡ ӨӔӛӓӒӝӛӘ ӖӠӓӘӡ 

ӞӘӠӝӑӔӑӨӘ әӘ ӪӘӚӐ ӒӐӜӘӪӓӘӡ ӓӔӡӢӐӑӘӚӘӖӐӪӘӐӡ, ӠӐӪ ӐӘӮӡӜӔӑӐ DMSO-ӡ ӛӘӔӠ ӣӞӘӠӐӢӔӡӘ 

ӡӝӚӕӐӢӐӪӘӘӗ ӬӧӚӘӡ ӛӘӛӐӠӗ. ӣӞӘӠӐӢӔӡӘ ӡӝӚӕӐӢӐӪӘӘӡ ӪӕӚӘӚӔӑӐӡ ӛӝӧӕӔӑӐ 

ӗӔӠӛӝӓӘӜӐӛӘәӣӠӘ ӞӐӠӐӛӔӢӠӔӑӘӡ ӛәӕӔӗӠӘ ӨӔӛӪӘӠӔӑӐ ӓӐ ӨӔӛӓӒӝӛӘ ӒӐӓӐӡӕӚӘӡ ӞӘәӘӡ 

ӒӐӥӠӝӑӐ 60-70% DMSO-ӡ ӞӘӠӝӑӔӑӨӘ (ӡӣӠ. 3.1-4.3, ӪӮӠ. 3.2). ӕӘӜӐӘӓӐӜ Ӑӛ ӨӔӛӗӮӕӔӕӐӨӘ 

ӣӞӘӠӐӢӔӡӘ ӡӝӚӕӐӢӐӪӘӘӡ ӡӘӓӘӓӔ ӓӐӛӝәӘӓӔӑӣӚӘӐ ӪӘӚӘӡ ӑӣӜӔӑӐӖӔ [202], ӨӔӘӫӚӔӑӐ 

ӕӘӕӐӠӐӣӓӝӗ, Ӡӝӛ DMSO-ӡ ӡӐәӛӐӠӘӡӐӓ ӛӐӦӐӚӘ әӝӜӪӔӜӢӠӐӪӘӔӑӘӡ ӞӘӠӝӑӔӑӨӘ ӘӬӧӔӑӐ ӪӘӚӘӡ 

ӖӔӓӐӞӘӠӖӔ ӑӛӣӚӘ ӬӧӚӘӡ ӛӝӚӔәӣӚӔӑӘӡ өӐӜӐӪӕӚӔӑӐ DMSO-ӡ ӛӝӚӔәӣӚӔӑӘӗ. ӠӐӓӒӐӜ 

DMSO-ӡ ӛӝӚӔәӣӚӐ ӓӘӓ ӬӘӚӐӓ ӰӘӓӠӝӤӝӑӣӚӘӐ, Әӡ ӫӘӠӘӗӐӓ ӣәӐӕӨӘӠӓӔӑӐ ӗӔӠӛӣӚӘ 

ӚӦӝӑӘӡ ӨӔӓӔӒӐӓ ӮӡӜӐӠӨӘ ӒӐӛӝӡӣӚ ӪӘӚӘӡ ӰӘӓӠӝӤӝӑӣӚ ӯӒӣӤӔӑӡ ӓӐ, ӐӛӠӘӒӐӓ, 

ӐӡӢӐӑӘӚӔӑӡ ӓӔӜӐӢӣӠӘӠӔӑӣӚ ӛӓӒӝӛӐӠӔӝӑӐӡ. Ӑӛ ӛӝӡӐӖӠӔӑӘӗ ӐӘӮӡӜӔӑӐ ӐӠӐ ӛӮӝӚӝӓ 50%-

ӖӔ ӛӐӦӐӚӘ DMSO-ӡ әӝӜӪӔӜӢӠӐӪӘӔӑӘӡ ӛӐӓӔӡӢӐӑӘӚӔӑӔӚӘ ӔӤӔӥӢӘ, ӐӠӐӛӔӓ ӓӔӜӐӢӣӠӐӪӘӘӡ 

ӨӔӛӓӒӝӛӘ ӪӘӚӘӡ ӐӦӓӒӔӜӘӡ ӣӜӐӠӘӡ ӒӐӫӚӘӔӠӔӑӐ ӛӟӐӕӔ ӐӠӔӨӘ.  

 

 

 

 
 

ӡӣӠӐӗӘ 3.5  ӗӔӠӛӣӚӘ ӓӔӜӐӢӣӠӐӪӘӘӡ ӔӜӢӐӚӞӘӘӡ ӓӐ ӢӔӛӞӔӠӐӢӣӠӘӡ ӓӐӛӝәӘӓӔӑӣӚӔӑӐ ӮӡӜӐӠӨӘ 
DMSO-ӡ әӝӜӪӔӜӢӠӐӪӘӐӖӔ pH-Әӡ ӝӠӘ ӡӮӕӐӓӐӡӮӕӐ ӛӜӘӨӕӜӔӚӝӑӘӡ ӓӠӝӡ (ӨӔӡӐӑӐӛӘӡӐӓ, pH 2.6 ӓӐ 8.1); 
pH 2.6-Әӡ ӨӔӛӗӮӕӔӕӐӨӘ ӒӐӓӐӡӕӚӘӡ ӔӜӢӐӚӞӘӔӑӘ ӜӐөӕӔӜӔӑӘӐ ӞӘӠӕӔӚӘ ӓӐ ӒӐӛӔӝӠӔӑӣӚӘ ӡәӐӜӘӠӔӑӘӡ 

ӨӔӛӗӮӕӔӕӔӑӨӘ. 
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ӡӐӕӐӠӐӣӓӝӓ, pH 2.6-ӖӔ, ӠӝӛӔӚӘӪ ӡӐәӛӐӝӓ ӓӐӨӝӠӔӑӣӚӘӐ α-ӥӘӛӝӢӠӘӞӡӘӜӘӡ 

ӘӖӝӔӚӔӥӢӠӣӚӘ ӬӔӠӢӘӚӘӡӒӐӜ [105], ӪӘӚӘӡ ӐӦӓӒӔӜӘӡ ӣӜӐӠӘ ӒӐӜӞӘӠӝӑӔӑӣӚӘӐ ӛӘӡ 

ӖӔӓӐӞӘӠӖӔ ӛӧӝӤӘ ӣӐӠӧӝӤӘӗӐӓ ӓӐӛӣӮӢӣӚӘ әӐӠӑӝӥӡӘӚӘӡ ӯӒӣӤӔӑӘӡ ӣӛӠӐӕӚӔӡӝӑӘӡ 

ӒӐӜӔӘӢӠӐӚӔӑӘӗ, ӠӐӪ ӘӬӕӔӕӡ ӓӐӓӔӑӘӗӐӓ ӓӐӛӣӮӢӣӚӘ ӖӔӓӐӞӘӠӣӚӘ ӯӒӣӤӔӑӘӡ 

ӣӠӗӘӔӠӗӒӐӜӖӘӓӕӐӡ ӓӐ, ӐӛӘӡ ӨӔӓӔӒӐӓ, ӑӛӣӚӘ ӬӧӚӘӡ ӡӢӠӣӥӢӣӠӘӡ ӓӐӠӦӕӔӕӐӡ ӓӐ ӪӘӚӘӡ 

ӰӘӓӠӝӤӝӑӣӚӘ ӑӘӠӗӕӘӡ ӒӐӨӘӨӕӚӔӑӐӡ. DMSO-ӡ ӛӘӔӠ ӐӦӓӒӔӜӘӡ ӣӜӐӠӘӡ ӒӐӣӛӯӝӑӔӡӔӑӘӡ 

ӔӤӔӥӢӘ ӨӔӘӫӚӔӑӐ ӐӘӮӡӜӐӡ ӘӛӘӗ, Ӡӝӛ ӐӡӔӗ ӞӘӠӝӑӔӑӨӘ DMSO-ӡ ӛӝӚӔәӣӚӔӑӘ ӐӓӕӘӚӐӓ 

ӣәӐӕӨӘӠӓӔӑӘӐӜ ӮӡӜӐӠӨӘ ӒӐӛӝӡӣӚ ӰӘӓӠӝӤӝӑӣӚ ӯӒӣӤӔӑӡ, ӠӐӪ ӓӐӛӐӢӔӑӘӗ ӘӪӐӕӡ ӪӘӚӐӡ 

ӐӒӠӔӒӐӪӘӘӡӐӒӐӜ. ӪӮӐӓӘӐ, Ӡӝӛ DMSO-ӡ әӝӜӪӔӜӢӠӐӪӘӔӑӘӡ 5070%-ӡ ӘӜӢӔӠӕӐӚӨӘ 

ӛӜӘӨӕӜӔӚӝӕӜӐӓ ӘӖӠӓӔӑӐ ӠӝӒӝӠӪ DMSO-ӡ Әӛ ӛӝӚӔәӣӚӔӑӘӡ ӠӐӝӓӔӜӝӑӐ, ӠӝӛӚӔӑӘӪ 

ӣәӐӕӨӘӠӓӔӑӘӐӜ α-ӥӘӛӝӢӠӘӞӡӘӜӘӡ ӖӔӓӐӞӘӠӡ, ӐӡӔӕӔ ӮӡӜӐӠӨӘ ӒӐӛӝӡӣӚ ӰӘӓӠӝӤӝӑӣӚ 

ӯӒӣӤӔӑӗӐӜ ӓӐәӐӕӨӘӠӔӑӣӚ DMSO-ӡ ӛӝӚӔәӣӚӔӑӘӡ ӠӐӝӓӔӜӝӑӐ, ӠӐӪ ӘӬӕӔӕӡ ӪӘӚӘӡ 

ӓӔӡӢӐӑӘӚӘӖӐӪӘӐӡ. ӡӐӕӐӠӐӣӓӝӓ, pH 2.6-ӖӔ 60% DMSO-ӡ, ӮӝӚӝ pH 8.1-ӖӔ 70%-Әӡ 

ӞӘӠӝӑӔӑӨӘ, ӪӘӚӐ ӨӔӡӐӫӚӝӐ Әӧӝӡ ӛӗӚӘӐӜӐӓ ӓӔӜӐӢӣӠӘӠӔӑӣӚӘ ӝӗӐӮӘӡ ӢӔӛӞӔӠӐӢӣӠӐӖӔӪ 

әӘ. ӡӣӡӢ ӢӣӢӔӨӘ әӘ, ӠӝӓӔӡӐӪ pH ӐӮӚӝӡӐӐ α-ӥӘӛӝӢӠӘӞӡӘӜӘӡ ӘӖӝӔӚӔӥӢӠӣӚ ӬӔӠӢӘӚӗӐӜ 

[105], ӖӔӓӐӞӘӠӣӚӘ ӯӒӣӤӔӑӘӡ ӣӛӠӐӕӚӔӡӝӑӐ ӐӠӘӡ ӓӐӛӣӮӢӣӚӘ, ӠӐӪ ӮӔӚӡ ӣӬӧӝӑӡ ӣӤӠӝ 

ӫӚӘӔӠӘ ӬӧӐӚӑӐӓӣӠӘ ӑӛӔӑӘӡ ӨӔӥӛӜӐӡ, ӠӝӒӝӠӪ ӑӛӣӚӘ ӬӧӚӘӡ ӛӝӚӔәӣӚӔӑӡ ӨӝӠӘӡ, ӐӡӔӕӔ 

ӪӘӚӘӡ ӖӔӓӐӞӘӠӣӚ ӯӒӣӤӔӑӡӐ ӓӐ ӬӧӚӘӡ ӛӝӚӔәӣӚӔӑӡ ӨӝӠӘӡ. ӕӘӜӐӘӓӐӜ ӬӧӐӚӑӐӓӣӠӘ 

ӑӛӔӑӘӡ ӒӐӫӚӘӔӠӔӑӐ ӮӓӔӑӐ ӓӔӜӐӢӣӠӘӠӔӑӣӚ ӛӓӒӝӛӐӠӔӝӑӐӨӘ ӛӧӝӤӘ ӪӘӚӘӡ ӨӔӛӗӮӕӔӕӐӨӘӪ, 

ӐӓӒӘӚӘ Ӑӥӕӡ ӰӘӓӠӝӤӝӑӣӚӘ ӯӒӣӤӔӑӘӡ ӣӤӠӝ ӘӜӢӔӜӡӘӣӠ ӐӒӠӔӒӐӪӘӐӡ ӛӐӨӘӜӐӪ әӘ, ӠӝӪӐ 

ӪӘӚӐ ӘӛӧӝӤӔӑӐ ӮӡӜӐӠӨӘ ӛӐӦӐӚӘ әӝӜӪӔӜӢӠӐӪӘӘӡ DMSO-ӡ ӞӘӠӝӑӔӑӨӘ. 

ӐӡӔӕӔ ӒӐӡӐӗӕӐӚӘӡӬӘӜӔӑӔӚӘӐ, Ӡӝӛ ӠӝӓӔӡӐӪ ӘӬӧӔӑӐ DMSO-ӡ ӛӘӔӠ ӓӐӓӔӑӘӗӘ ӣӞӘӠӐӢӔӡӘ 

ӡӝӚӕӐӢӐӪӘӘӡ ӣӑӐӜӘ, ӪӘӚӘӡ ӒӚӝӑӣӚӐ ӨӔӡӐӫӚӝӐ ӘӛӧӝӤӔӑӝӓӔӡ ӐӠӐ ӡӠӣӚӐӓ 

ӓӔӜӐӢӣӠӘӠӔӑӣӚ, ӐӠӐӛӔӓ ӛӝӚӢӔӜ-ӒӚӝӑӣӚӘӡ ӢӘӞӘӡ ӛӓӒӝӛӐӠӔӝӑӐӨӘ. DMSO-ӡ ӛӐӦӐӚӘ 

әӝӜӪӔӜӢӠӐӪӘӔӑӘӡ (50-70%) ӐӡӔӗӘ ӖӔӒӐӕӚӔӜӐ ӚӘӖӝӪӘӛӘӡ әӝӜӤӝӠӛӐӪӘӣӚ ӛӓӒӝӛӐӠӔӝӑӐӖӔ 

ӓӐӛӖӔӠӘӚӘ Әӧӝ ӠӘӒ ӡӞӔӥӢӠӝӡәӝӞӣӚ әӕӚӔӕӐӨӘ [201, 205]. ӛӝӚӢӔӜ-ӒӚӝӑӣӚӘӡ ӢӘӞӘӡ 

ӛӓӒӝӛӐӠӔӝӑӔӑӨӘ ӛӧӝӤӘ ӪӘӚӐ әӝӛӞӐӥӢӣӠӘ ӜӐӢӘӣӠӘӡ ӛӡӒӐӕӡӘ ӡӢӠӣӥӢӣӠӘӡ ӨӔӜӐӠөӣӜӔӑӘӡ 

ӛӘӣӮӔӓӐӕӐӓ, ӮӓӔӑӐ ӣӤӠӝ ӚӐӑӘӚӣӠӘ, ӠӐӪ ӒӐӛӝӘӮӐӢӔӑӐ ӒӐӓӐӡӕӚӘӡ ӢӔӛӞӔӠӐӢӣӠӘӡ 

ӨӔӛӪӘӠӔӑӐӨӘ [118, 119, 206]. ӐӦӡӐӜӘӨӜӐӕӘӐ, Ӡӝӛ ӠӘӒ ӨӔӛӗӮӕӔӕӐӨӘ ӛӝӚӢӔӜ-ӒӚӝӑӣӚӘ ӢӘӞӘӡ 

әӝӜӤӝӠӛӐӪӘӔӑӘ ӓӐӘӛӖӘӠӔӑӐ әӐӚӝӠӘӛӔӢӠӣӚӘ ӞӘәӘӡ ӡӠӣӚӘ ӒӐӥӠӝӑӘӡ ӞӘӠӝӑӔӑӨӘӪ. 
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ӡӐӕӐӠӐӣӓӝӓ, DMSO-ӡ ӖӔӒӐӕӚӔӜӘӡ ӥӕӔӨ ӪӘӚӘӡ ӛӝӚӢӔӜ-ӒӚӝӑӣӚӘӡ ӛӓӒӝӛӐӠӔӝӑӐӨӘ 

ӒӐӓӐӡӕӚӐ ӒӐӜӞӘӠӝӑӔӑӣӚӘӐ ӘӛӘӗ, Ӡӝӛ DMSO-ӡ ӛӝӚӔәӣӚӔӑӘ ӘӬӧӔӑӔӜ ӖӔӓӐӞӘӠӣӚӘ ӬӧӚӘӡ 

ӛӝӚӔәӣӚӔӑӘӡ өӐӜӐӪӕӚӔӑӐӡ, ӠӐӪ ӐӠӦӕӔӕӡ ӬӧӐӚӑӐӓӣӠӘ ӑӛӔӑӘӡ ӑӐӓӔӡ ӓӐ ӘӬӕӔӕӡ ӑӛӣӚӘ 

ӬӧӚӘӡ ӡӢӠӣӥӢӣӠӘӡ ӛӝӨӚӐӡ. 

ӠӐӪ ӨӔӔӮӔӑӐ DMSO-ӡ ӛӘӔӠ ӚӝәӐӚӣӠ ӓӔӡӢӐӑӘӚӘӖӐӪӘӐӡ, ӐӜӣ ӐӥӢӘӣӠӘ ӪӔӜӢӠӘӡ 

ӤӚӔӥӡӘӑӘӚӝӑӘӡ ӒӐӖӠӓӐӡ, Әӡ ӡӠӣӚӘӐӓ ӐӠ ӔӬӘӜӐӐӦӛӓӔӒӔӑӐ әӐӚӝӠӘӛӔӢӠӣӚ 

ӒӚӝӑӣӚӣӠӘ ӡӢӐӑӘӚӘӖӐӪӘӘӡ ӡӣӠӐӗӡ. ӠӝӒӝӠӪ өӐӜӡ, ӘӡӔӓӐӪ ӡӐәӛӐӝӓ ӚӐӑӘӚӣӠӘ 

ӐӥӢӘӣӠӘ ӪӔӜӢӠӘӡ ӓӔӡӢӐӑӘӚӘӖӐӪӘӐӡ, ӠӝӛӔӚӘӪ ӓӐӘӛӖӘӠӔӑӐ DMSO-ӡ 0-30%-Әӡ 

ӓӐӜӐӛӐӢӔӑӘӡ ӗӐӜӐӝӑӘӡӐӡ ӓӐ ӞӝӢӔӜӪӘӝӛӔӢӠӣӚ ӔӥӡӞӔӠӘӛӔӜӢӨӘ ӐӘӡӐӮӔӑӐ ӛӘӮӐӔӚӘӡӘӡ 

әӝӜӡӢӐӜӢӘӡ ӖӠӓӐӨӘ, ӨӔӡӐӛөӜӔӕӘ ӬӕӚӘӚӘ ӐӠ ӨӔӐӥӕӡ ӛӗӚӘӐӜӘ ӒӚӝӑӣӚӘӡ ӡӢӐӑӘӚӝӑӘӡ 

ӓӐӛӐӮӐӡӘӐӗӔӑӔӚ ӗӔӠӛӝӓӘӜӐӛӘӣӠ ӞӐӠӐӛӔӢӠӔӑӨӘ, ӠӐӡӐӪ ӐӓӐӡӢӣӠӔӑӡ ӠӘӒӘ 

ӠӔӜӢӒӔӜӝӡӢӠӣӥӢӣӠӣӚӘ [207] ӓӐ ӡӮӕӐ ӢӘӞӘӡ әӕӚӔӕӐ [105, 118, 119, 208, 209]. Ӑӛ 

әӝӜӪӔӜӢӠӐӪӘӔӑӘӡ ӞӘӠӝӑӔӑӨӘ ӐӥӢӘӣӠӘ ӪӔӜӢӠӘӡ ӤӚӔӥӡӘӑӘӚӝӑӐ, ӡӐӕӐӠӐӣӓӝӓ, ӐӠӘӡ 

ӒӐӛӝӬӕӔӣӚӘ ӛӠӐӕӐӚӬӔӠӢӘӚӝӕӐӜӘ DMSO-ӪӘӚӘӡ ӡӣӡӢӘ ӣӠӗӘӔӠӗӥӛӔӓӔӑӔӑӘӗ. ӐӡӔӗӘ 

ӓӐӡәӕӜӐ ӔӗӐӜӮӛӔӑӐ ӢӘӛӐӨӔӕӘӡ ӓӐ ӗӐӜӐӛӨӠӝӛӚӔӑӘӡ ӛӘӔӠ ӛӘӦӔӑӣӚ ӨӔӓӔӒӔӑӡ ӡӮӕӐӓӐӡӮӕӐ 

ӒӚӝӑӣӚӣӠӘ ӪӘӚӔӑӘӡ ӨӐӠӓӝӕӐӜӐӡӐ [199] ӓӐ DMSO-ӗӐӜ [202] ӣӠӗӘӔӠӗӥӛӔӓӔӑӔӑӘӡ 

ӞӠӔӤӔӠӔӜӪӘӣӚ ӮӐӡӘӐӗӖӔ. ӨӐӠӓӝӕӐӜӐӡ ӛӘӔӠ ӪӘӚӔӑӘӡ ӞӠӔӤӔӠӔӜӪӘӣӚӘ ӡӝӚӕӐӢӐӪӘӐ 

ӓӐӘӛӖӘӠӔӑӐ ӛӘӡӘ әӝӜӪӔӜӢӠӐӪӘӔӑӘӡ ӛӗӔӚ ӘӜӢӔӠӕӐӚӨӘ [199], ӛӐӨӘӜ, ӠӝӓӔӡӐӪ DMSO-ӡ 

ӞӠӔӤӔӠӔӜӪӘӣӚӘ ӡӝӚӕӐӢӐӪӘӐ ӣӐӠӧӝӤӘӗӘӐ DMSO-ӡ 0-50%-Әӡ ӞӘӠӝӑӔӑӨӘ ӓӐ ӮӓӔӑӐ 

ӓӐӓӔӑӘӗӘ ӛӮӝӚӝӓ ӛӘӡӘ әӝӜӪӔӜӢӠӐӪӘӘӡ ӨӔӛӓӒӝӛӘ ӒӐӖӠӓӘӡӐӡ [202]. ӛӐӒӠӐӛ ӛӘӣӮӔӓӐӕӐӓ 

ӐӛӘӡӐ, Ӕӡ ӐӠ ӜӘӨӜӐӕӡ, Ӡӝӛ ӧӕӔӚӐ DMSO-ӡ ӛӝӚӔәӣӚӐ ӐӠӘӡ ӒӐӛӝӓӔӕӜӘӚӘ ӪӘӚӘӡ 

ӖӔӓӐӞӘӠӘӓӐӜ ӬӧӚӘӡ ӛӝӚӔәӣӚӔӑӘӡ ӛӘӔӠ. ӥӘӛӝӢӠӘӞӡӘӜӝӒӔӜӘӡ ӨӔӛӗӮӕӔӕӐӨӘ 

ӓӐӓӐӡӢӣӠӔӑӣӚӘӐ, Ӡӝӛ ӛӪӘӠӔ DMSO-ӡ әӝӜӪӔӜӢӠӐӪӘӔӑӘӡ ӞӘӠӝӑӔӑӨӘӪ әӘ ӧӝӕӔӚӗӕӘӡ 

ӐӠӡӔӑӝӑӡ DMSO-ӡ ӛӝӚӔәӣӚӔӑӘ, ӠӝӛӚӔӑӘӪ ӣәӐӕӨӘӠӓӔӑӘӐӜ ӪӘӚӘӡ ӖӔӓӐӞӘӠӡ, 

ӒӐӜӡӐәӣӗӠӔӑӘӗ ӐӥӢӘӣӠӘ ӪӔӜӢӠӘӡ ӛӐӮӚӝӑӚӐӓ ӒӐӜӚӐӒӔӑӣӚ, ӠӝӒӝӠӪ ӞӝӚӐӠӣӚ ӐӡӔӕӔ 

ӰӘӓӠӝӤӝӑӣӚ ӡӐӘӢӔӑӖӔ ӗӐӕӘӡӘ ӐӠӐӪӐӚӡӐӮӐ ӞӝӚӐӠӣӚӝӑӘӡ ӒӐӛӝ [206]. ӐӥӔӓӐӜ 

ӒӐӛӝӛӓӘӜӐӠӔ, ӢӣӢӔ ӒӐӠӔӛӝӨӘ өӐӢӐӠӔӑӣӚ әӐӚӝӠӘӛӔӢӠӣӚ ӔӥӡӞӔӠӘӛӔӜӢӨӘ ӓӐӛӖӔӠӘӚӘ α-

ӥӘӛӝӢӠӘӞӡӘӜӘӡ әӝӛӞӐӥӢӣӠӘ ӜӐӬӘӚӘӡ ӡӢӐӑӘӚӘӖӐӪӘӘӡ ӓӐ ӛӘӡӘ ӐӥӢӘӣӠӘ ӪӔӜӢӠӘӡ 

ӓӔӡӢӐӑӘӚӘӖӐӪӘӘӡ ӤӐӥӢӔӑӘ ӔӠӗӛӐӜӔӗӡ ӐӠ ӔӬӘӜӐӐӦӛӓӔӒӔӑӐ ӓӐ ӐӘӮӡӜӔӑӐ DMSO-ӡ 

ӛӝӚӔәӣӚӔӑӘӡ ӓӣӐӚӘӡӢӣӠӘ ӖӔӛӝӥӛӔӓӔӑӘӗ ӪӘӚӘӡ ӡӮӕӐӓӐӡӮӕӐ ӜӐӬӘӚӔӑӖӔ. 
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3.2 әӝӜӤӝӠӛӐӪӘӣӚӘ ӓӘӜӐӛӘәӘӡ ӒӐӕӚӔӜӐ ӗӕӘӗӐӬӧӝӑӐӓ ӤӘӠӔӑӖӔ ӘӛӝӑӘӚӘӖӔӑӣӚӘ 

ӐӖӣӠӘӜӘӡ ӛӔӥӐӜӘӖӛӔӑӖӔ; ӒӐӠӔӛӝӡ ӐӠӐӔӠӒӝӓӘӣӚӘ ӓӐ ӐӠӐӬӠӤӘӕӘ ӠӝӚӘӡ 

ӒӐӛӝӕӚӘӜӔӑӐӜӘ 

 

ӑӘӝӚӝӒӘӣӠ ӡӘӡӢӔӛӔӑӨӘ ӔӚӔӥӢӠӝӜӘӡ ӒӐӓӐӢӐӜӘӡ ӞӠӝӪӔӡӔӑӘ ӛӘӛӓӘӜӐӠӔӝӑӡ ӣӨӣӐӚӝӓ 

ӛӔӛӑӠӐӜӐӨӘ ӐӜ ӣӯӠӔӓӘӡ ӨӘӒӜӘӗ ӡӐәӛӐӝӓ ӑӚӐӜӢ, ӗӘӗӥӛӘӡ ӛӧӐӠӘ ӛӓӒӝӛӐӠӔӝӑӘӡ, ӛӐӒӠӐӛ 

ӛӝӥӜӘӚӘ ӛӐӢӔӠӘӘӡ (soft matter) ӞӘӠӝӑӔӑӨӘ. ӐӛӘӢӝӛ ӔӥӡӞӔӠӘӛӔӜӢӨӘ өӕӔӣӚӔӑӠӘӕӘ ӗӮӔӕӐӓӘ 

ӔӚӔӥӢӠӝӚӘӢӔӑӘӡ ӒӐӛӝӧӔӜӔӑӘӡӐӡ ӨӔӣӫӚӔӑӔӚӘӐ ӔӚӔӥӢӠӝӜӘӡ ӒӐӓӐӛӢӐӜӘ ӪӘӚӔӑӘӡ 

ӑӣӜӔӑӠӘӕӘ ӒӐӠӔӛӝӡ ӖӣӡӢӘ ӘӛӘӢӐӪӘӐ. ӛӐӒӠӐӛ ӠӔӐӚӣӠӗӐӜ ӛӘӐӮӚӝӔӑӣӚӘ ӞӘӠӝӑӔӑӘӡ ӨӔӥӛӜӐ 

ӧӝӕӔӚӗӕӘӡ Әӧӝ ӓӐәӐӕӨӘӠӔӑӣӚӘ ӢӔӥӜӘәӣӠ ӡӘӠӗӣӚӔӔӑӗӐӜ, ӠӝӒӝӠӘӪӐӐ, ӛӐӒӐӚӘӗӐӓ, 

ӑӚӐӜӢӘ ӔӚӔӥӢӠӝӚӘӢӔӑӘӡ ӓӐӑӐӚӘ ӔӚӔӥӢӠӝӒӐӛӢӐӠӝӑӐ (ӘӝӜӣӠӘ ӔӚӔӥӢӠӝӒӐӛӢӐӠӝӑӘӡ 

ӡӐәӛӐӠӘӡӘ ӓӝӜӔ ӢӔӥӜӘәӣӠӐӓ ӐӠӘӡ ӐӣӪӘӚӔӑӔӚӘ ӧӕӔӚӐ ӡӐӮӘӡ ӕӝӚӢӐӛӞӔӠӝӛӔӢӠӣӚӘ 

ӛӔӗӝӓӘәӘӡ ӒӐӛӝӧӔӜӔӑӘӡ әӣӗӮӘӗ), ӐӜ ӫӕӘӠӐӓӦӘӠӔӑӣӚӘ ӓӐӑӐӚӢӔӛӞӔӠӐӢӣӠӣӚӘ 

ӓӐӜӐӓӒӐӠӔӑӘӡ ӒӐӛӝӧӔӜӔӑӘӡ ӐӣӪӘӚӔӑӚӝӑӐ (ӠӐӪ, ӪӮӐӓӘӐ, ӛӐӘӜӪ ӕӔӠ ӣӖӠӣӜӕӔӚӧӝӤӡ 

ӑӘӝӒӐӠӔӛӝӡ ӡӐӗӐӜӐӓӝ ӛӝӓӔӚӘӠӔӑӐӡ). ӛӐӒӠӐӛ ӐӦӛӝөӜӓӐ, Ӡӝӛ ӠӘӒ ӞӠӝӢӝӜӣӚ ӘӝӜӣӠ 

әӠӘӡӢӐӚӔӑӡӐ ӓӐ ӛӐӗӘ ӚӦӝӑӘӚӔӑӡ ӒӐӐөӜӘӐ ӘӝӜӣӠӘ ӒӐӛӢӐӠӝӑӐ ӓӐ, ӠӐӪ ӛӗӐӕӐӠӘӐ, әӐӠӒӘ 

ӑӘӝӗӐӕӡӔӑӐӓӝӑӐ. ӔӠӗ-ӔӠӗӘ ӛӐӗӒӐӜӘ, ӥӝӚӘӜ ӓӘӰӘӓӠӝӒӔӜӤӝӡӤӐӢӘ ([ch][dhp]), ӐӡӔӕӔ, 

ӠӝӒӝӠӪ ӛӘӡӘ ӬӧӐӚӜӐӠӔӕӔӑӘ, ӐӠӐ ӛӮӝӚӝӓ ӒӐӓӐӓӘӡ ӛӘӜӘӡӔӑӣӠ ӛӓӒӝӛӐӠӔӝӑӐӨӘ ӝӗӐӮӘӡ 

ӞӘӠӝӑӔӑӗӐӜ ӐӮӚӝӡ, ӐӠӐӛӔӓ ӐӡӢӐӑӘӚӔӑӡ ӛӐӡӨӘ ӛӝӗӐӕӡӔӑӣӚ ӪӘӚӔӑӡ ӓӐ ӣӖӠӣӜӕӔӚӧӝӤӡ 

ӕӝӚӢӐӛӞӔӠӝӛӔӢӠӣӚӘ ӛӔӗӝӓӘӡ ӒӐӛӝӧӔӜӔӑӘӡӗӕӘӡ ӐӣӪӘӚӔӑӔӚ ӒӐӛӢӐӠӝӑӘӡ ӓӝӜӔӡ [150-

153].  

ӛӝӪӔӛӣӚ ӞӐӠӐӒӠӐӤӨӘ ӒӐӜӮӘӚӣӚӘӐ ӝӥӠӝӡ ӔӚӔӥӢӠӝӓӖӔ ӘӛӝӑӘӚӘӖӔӑӣӚӘ ӐӖӣӠӘӜӘӡ Az 

ӛӘӔӠ ӔӚӔӥӢӠӝӜӘӡ ӒӐӓӐӢӐӜӘӡ ӛӐӮӐӡӘӐӗӔӑӚӔӑӘ ӘӝӜӣӠӘ ӓӐӜӐӛӐӢӘӡ,  [ch][dhp]-Әӡ ӖӔӛӐӦӐӚӘ 

әӝӜӪӔӜӢӠӐӪӘӘӡ ӑӣӤӔӠӣӚ ӬӧӐӚӮӡӜӐӠӔӑӗӐӜ әӝӜӢӐӥӢӘӡ ӞӘӠӝӑӔӑӨӘ. ӐӛӘӡӐӗӕӘӡ 

ӒӐӛӝӧӔӜӔӑӣӚӘ Әӧӝ ӛӝәӚӔ ӐӚәӐӜӗӘӝӚӔӑӘӡ ӗӕӘӗӐӬӧӝӑӐӓӘ ӛӝӜӝӨӠӔӔӑӘ (SAM-Әӡ 

ӛӔӗӘӚӔӜӘӡ ӯӒӣӤӔӑӘӡ ӠӐӝӓӔӜӝӑӘӗ n=4). ӨӔӡӐӑӐӛӘӡӐӓ ӐӬӧӝӑӘӚ ӜӐӜӝӡӘӡӢӔӛӐӨӘ Au/SAM/Az 

(ӘӮ. §2.1) ӔӚӔӥӢӠӝӜӘӡ ӒӐӓӐӢӐӜӘӡ ӡӘөӥӐӠӘӡ әӝӜӡӢӐӜӢӘӡ ӓӐ ӠӔӝӠӒӐӜӘӖӐӪӘӘӡ ӔӜӔӠӒӘӡ 

ӒӐӛӝӡӐӗӕӚӔӚӐӓ ӒӐӛӝӧӔӜӔӑӣӚӘ Әӧӝ ӡӬӠӐӤӘ ӡәӐӜӘӠӔӑӘӡ ӪӘәӚӣӠӘ ӕӝӚӢӐӛӔӢӠӘӘӡ 

ӛӔӗӝӓӘ. ӒӐӖӝӛӕӔӑӘ өӐӢӐӠӓӐ ӢӔӛӞӔӠӐӢӣӠӘӡ ӓӐ ӬӜӔӕӘӡ ӤӐӠӗӝ ӘӜӢӔӠӕӐӚӨӘ (2-80˚C ӓӐ 

0.1–150 MPa, ӨӔӡӐӑӐӛӘӡӐӓ), ӘӝӜӣӠӘ ӚӦӝӑӘӚӔӑӘӡ 50-ӓӐӜ 90% ӬӝӜӘӗӘ әӝӜӪӔӜӢӠӐӪӘӔӑӘӡ 

ӤӐӠӒӚӔӑӨӘ, ӠӐӪ ӨӔӔӡӐӑӐӛӔӑӐ 2-ӓӐӜ 16-ӛӓӔ ӬӧӚӘӡ ӛӝӚӔәӣӚӘӡ ӐӠӡӔӑӝӑӐӡ ӔӠӗ [ch][dhp]-ӡ 
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ӘӝӜӣӠ ӬӧӕӘӚӖӔ [139]. ӛӝӜӐӪӔӛӔӑӘӡ ӓӐӛӣӨӐӕӔӑӐ ӮӝӠӪӘӔӚӓӔӑӝӓӐ ӡӞӔӪӘӐӚӣӠӘ 

әӝӛӞӘӣӢӔӠӣӚӘ ӐӚӒӝӠӘӗӛӘӡ ӛӔӨӕӔӝӑӘӗ, ӠӝӛӔӚӘӪ ӬӐӠӛӝӐӓӒӔӜӡ ӔӥӡӞӔӠӘӛӔӜӢӣӚӐӓ 

ӛӘӦӔӑӣӚӘ ӛӝӜӐӪӔӛӔӑӘӡ ӛӝӓӔӚӘӠӔӑӐӡ ӔӚӔӥӢӠӝӜӔӑӘӡ ӢӠӐӜӡӞӝӠӢӘӡ ӛӐӠәӣӡӘӡ ӗӔӝӠӘӘӡ 

ӗӐӜӐӮӛӐӓ ӐӒӔӑӣӚ ӗӔӝӠӘӣӚӘ ӛӠӣӓӔӑӘӡ ӡӐӨӣӐӚӔӑӘӗ (ӐӜӣ ӨӔӡӐӑӐӛӘӡӘ ӛӠӣӓӔӑӘӡ 

ӖӔӓӓӔӑӘӡ ӛӔӗӝӓӘӗ), ӓӔӢӐӚӣӠӐӓ ӘӮ. §2.4. 

өӕӔӜӘ ӡӐӛӔӪӜӘӔӠӝ ӯӒӣӤӘӡ ӬӘӜӛӡӬӠӔӑ ӡӐӛӣӨӐӝӨӘ [137] ӓӐӓӒӔӜӘӚӘ ӘӥӜӐ, Ӡӝӛ ӘӝӜӣӠӘ 

ӚӦӝӑӘӚӔӑӘӡ ӓӐӜӐӛӐӢӔӑӘӡ ӒӐӠӔӨӔ Au/SAM/Az ӡӘӡӢӔӛӐӨӘ ӔӚӔӥӢӠӝӜӘӡ ӒӐӓӐӢӐӜӘӡ ӡӘөӥӐӠӘӡ 

әӝӜӡӢӐӜӢӐ ӓӐ, ӡӐӖӝӒӐӓӝӓ, ӛӔӥӐӜӘӖӛӘ ӐӠӡӔӑӘӗӐӓ ӐӠӘӡ ӓӐӛӝәӘӓӔӑӣӚӘ ӓӝӜӝӠӡӐ ӓӐ 

ӐӥӪӔӞӢӝӠӡ ӨӝӠӘӡ ӛӐӜӫӘӚӖӔ, ӠӝӛӚӘӡ ӕӐӠӘӠӔӑӐ ӨӔӡӐӫӚӔӑӔӚӘӐ ӡӮӕӐӓӐӡӮӕӐ ӡӘӡӥӘӡ SAM-

ӔӑӘӡ ӒӐӛӝӧӔӜӔӑӘӗ. ӛӝәӚӔ ӛӐӜӫӘӚӔӑӖӔ ӔӚӔӥӢӠӝӜӘӡ ӒӐӓӐӢӐӜӐ ӮӝӠӪӘӔӚӓӔӑӐ ӐӓӘӐӑӐӢӣӠ 

ӠӔӟӘӛӨӘ, ӠӝӛӚӘӡ ӤӐӠӒӚӔӑӨӘ ӡӘөӥӐӠӘӡ әӝӜӡӢӐӜӢӐ ӐӠӡӔӑӘӗӐӓ ӐӠӘӡ ӓӐӛӝәӘӓӔӑӣӚӘ 

ӒӐӠӔӛӝӡ (Ӑӛ ӨӔӛӗӮӕӔӕӐӨӘ ӪӘӚӘӡ ӒӚӝӑӣӚӘӡ) ӠӔӚӐӥӡӐӪӘӘӡ ӓӠӝӖӔ ӡӘөӥӐӠӘӡ ӒӐӜӢ. (1.11) 

ӔӥӡӞӝӜӔӜӢӘӡ ӬӘӜӐ ӬӔӕӠӘӡ ӮӐӠӯӖӔ [81-86]. ӮӝӚӝ ӓӘӓ ӛӐӜӫӘӚӔӑӖӔ ӔӚӔӥӢӠӝӜӘӡ ӒӐӓӐӢӐӜӘӡ 

ӞӠӝӪӔӡӘ ӐӦӘӬӔӠӔӑӐ ӐӠӐӐӓӘӐӑӐӢӣӠӘ ӠӔӟӘӛӘӡ ӤӐӠӒӚӔӑӨӘ ӓӐ ӡӘөӥӐӠӘӡ ӒӐӜӢӝӚӔӑӘӡ (1.4) 

ӔӥӡӞӝӜӔӜӢӘӡ ӬӘӜӐ ӬӔӕӠӨӘ ӨӔӓӘӡ ӛӮӝӚӝӓ ӔӚӔӥӢӠӝӜӣӚӘ ӨӔӣӦӚӔӑӘӡ ӔӜӔӠӒӘӐ [81-86]. Ӑӛ 

ӝӠ ӠӔӟӘӛӔӑӡ ӨӝӠӘӡ ӒӐӓӐӡӕӚӘӡ ӣӑӐӜӘ Au/SAM/Az ӡӘӡӢӔӛӘӡӐӗӕӘӡ ӨӔӔӡӐӑӐӛӔӑӐ ӓӐӐӮӚӝӔӑӘӗ 

10-12 ӐӜӒӡӢӠӔӛӘӡ ӡӘӡӥӘӡ ӐӚәӐӜӗӘӝӚӔӑӘӡ ӤӘӠӔӑӡ. ӐӥӔӓӐӜ ӒӐӛӝӛӓӘӜӐӠӔ, ӗӮӔӚӘ ӝӗӮӘ 

ӜӐӮӨӘӠӑӐӓӘӡ ӡӘӡӥӘӡ SAM-ӔӑӘӡ ӨӔӛӗӮӕӔӕӐӨӘ, ӠӝӛӚӔӑӘӪ ӒӐӛӝӘӧӔӜӔӑӐ ӛӝӪӔӛӣӚ әӕӚӔӕӐӨӘ, 

ӔӚӔӥӢӠӝӜӘӡ ӒӐӓӐӢӐӜӘӡ ӡӘөӥӐӠӘӡ әӝӜӢӠӝӚӘ ӮӝӠӪӘӔӚӓӔӑӐ ӒӐӠӔӛӝӡ ӡӘӑӚӐӜӢӘӗ, ӐӜӣ 

ӪӘӚӘӡ ӨӘӜӐӒӐӜӘ ӫӕӠӐӓӝӑӘӗ. ӐӛӐӡӗӐӜ ӔӠӗӐӓ ӫӐӚӘӐӜ ӛӐӦӐӚӘ әӝӜӪӔӜӢӠӐӪӘӘӡ ӑӚӐӜӢӘ 

ӘӝӠӣӠӘ ӡӘӗӮӔӔӑӘӡ ӜӐӠӔӕӔӑӘӡ ӒӐӛӝӧӔӜӔӑӘӡ ӒӐӛӝ, ӠӝӛӚӔӑӘӪ ӔӥӡӞӔӠӘӛӔӜӢӘӡ ӖӝӒ ӞӘӠӝӑӔӑӨӘ 

ӣӐӮӚӝӕӓӔӑӘӐӜ ӛӘӜӘӡӔӑӣӠ ӛӓӒӝӛӐӠӔӝӑӐӡ, ӛӝӡӐӚӝӓӜӔӚӘ Әӧӝ ӛӔӢӐӓ ӡӐӘӜӢӔӠӔӡӝ ӐӮӐӚӘ 

ӢӘӞӘӡ әӘӜӔӢӘәӣӠӘ ӒӐӛӝӕӚӘӜӔӑӔӑӘӡ ӐӦӛӝөӔӜӐ.  

ӔӥӡӞӔӠӘӛӔӜӢӘӡ ӡӮӕӐӓӐӡӮӕӐ ӞӘӠӝӑӔӑӨӘ ӛӘӦӔӑӣӚ ӪӘәӚӣӠ ӕӝӚӢӐӛӝӒӠӐӛӔӑӖӔ 

ӢӔӛӞӔӠӐӢӣӠӘӡ, ӬӜӔӕӘӡӐ ӓӐ ӪӘәӚӘӠӔӑӘӡ ӡӘөӥӐӠӔӔӑӘӡ ӤӐӠӗӝ ӓӘӐӞӐӖӝӜӨӘ ӐӦӘӜӘӨӜӔӑӐ 

ӛәӕӔӗӠӐӓ ӒӐӛӝӮӐӢӣӚӘ ӤӐӠӐӓӔӘӡ ӓӔӜӘӡ ӨӔӡӐӑӐӛӘӡӘ ӞӘәӔӑӘ, ӠӝӛӚӔӑӘӪ ӞӘӠӕӔӚӘ ӨӔӮӔӓӕӘӗ 

ӐӠ ӒӐӜӡӮӕӐӕӔӑӐ ӡӢӐӜӓӐӠӢӣӚ ӑӣӤӔӠӣӚ ӮӡӜӐӠӨӘ ӛӘӦӔӑӣӚӘ ӞӘәӔӑӘӡӐӒӐӜ (ӡӣӠ. 3.6). 

ӐӦӡӐӜӘӨӜӐӕӘӐ, Ӡӝӛ ӡӢӐӜӓӐӠӢӣӚ ӑӣӤӔӠӨӘ өӐӢӐӠӔӑӣӚ ӔӥӡӞӔӠӘӛӔӜӢӔӑӗӐӜ ӨӔӓӐӠӔӑӘӗ [137], 

ӮӡӜӐӠӨӘ [ch][dhp]-Әӡ ӗӐӜӐӝӑӘӡӐӡ ӛӔӢӐӓ ӒӐӖӠӓӘӚӘӐ Au/SAM/Az ӡӘӡӢӔӛӘӡ ӛӓӒӠӐӓӝӑӐ 

ӛӐӦӐӚӘ ӢӔӛӞӔӠӐӢӣӠӘӡ, ӬӜӔӕӐӡӐ ӓӐ ӛӠӐӕӐӚӯӔӠӐӓӘ ӪӘәӚӘӠӔӑӘӡ ӛӘӛӐӠӗ. [ch][dhp]-Әӡ 

ӗӐӜӐӝӑӡӐӡ ӔӥӡӢӠӔӛӐӚӣӠӘ ӢӔӛӞӔӠӐӢӣӠӘӡӐ ӓӐ ӬӜӔӕӘӡ ӞӘӠӝӑӔӑӨӘ ӪӘәӚӘӠӔӑӘӡ ӨӔӛӓӔӒ 

өӐӢӐӠӔӑӣӚӘ Әӧӝ ӡӐәӝӜӢӠӝӚӝ ӪӘәӚӘӠӔӑӐ ӡӢӐӜӓӐӠӢӣӚ ӞӘӠӝӑӔӑӨӘ (20˚C ӓӐ 0.1 MPa), 
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ӠӝӛӔӚӘӪ ӛӘӣӗӘӗӔӑӡ Au/SAM/Az ӡӘӡӢӔӛӘӡ ӡӢӐӑӘӚӝӑӘӡ ӨӔӜӐӠөӣӜӔӑӐӖӔ ӠӝӒӝӠӪ 80˚C-ӖӔ, 

ӐӡӔӕӔ 150 MPa ӬӜӔӕӘӡ ӥӕӔӨ. ӐӡӔӗӘ ӡӣӠӐӗӘ ӛӝӡӐӚӝӓӜӔӚӘ Әӧӝ [ch][dhp]-Әӡ ӛӘӔӠ ӐӖӣӠӘӜӘӡ 

ӓӐ ӡӮӕӐ ӪӘӚӔӑӘӡ ӡӢӐӑӘӚӘӖӐӪӘӘӡ ӓӐӛӐӓӐӡӢӣӠӔӑӔӚӘ ӨӠӝӛӔӑӘӡ ӒӐӗӕӐӚӘӡӬӘӜӔӑӘӗ [150-

153].  

 

 
 

ӡӣӠӐӗӘ 3.6. 1-ӞӔӜӢӐӜӗӘӝӚӔӑӘӡ (n=4) SAM-ӖӔ ӘӛӝӑӘӚӘӖӔӑӘӣӚӘ ӐӖӣӠӘӜӘӡ ӛӘӔӠ ӔӚӔӥӢӠӝӜӘӡ 
ӒӐӓӐӢӐӜӘӡ ӢӘӞӘӣӠӘ ӪӘәӚӣӠӘ ӕӝӚӢӐӛӝӒӠӐӛӐ ӮӡӜӐӠӨӘ [ch][dhp]-Әӡ 70% [ch][dhp] ӑӣӤӔӠӣӚӘ 

ӬӧӐӚӮӡӜӐӠӔӑӘӡ ӗӐӜӐӝӑӘӡӐӡ (pH 4.6), T = 20˚C, P = 0.1 MPa, ӞӝӢӔӜӪӘӐӚӘӡ ӡәӐӜӘӠӔӑӘӡ ӡӘөӥӐӠӔ 10, 20, 
40, 60 ӓӐ 80 V·s-1 (ӞӘәӔӑӘӡ ӖӠӓӘӡ ӨӔӡӐӑӐӛӘӡӐӓ). 

 
 
 

 

 
 

ӡӣӠӐӗӘ 3.7. ӞӘәӔӑӘӡ ӛӐӥӡӘӛӣӛӔӑӘӡ ӨӔӡӐӑӐӛӘӡӘ ӞӝӢӔӜӪӘӐӚӔӑӘӡ ӓӐӛӝәӘӓӔӑӣӚӔӑӐ ӡӘөӥӐӠӘӡ 
әӝӜӡӢӐӜӢӐӖӔ (ӬӔӠӢӘӚӔӑӘ) ӓӐ ӛӘӡӘ ӤӘӢӘӜӒӘ ӛӐӠәӣӡӘӡ ӗӔӝӠӘӣӚ ӛӠӣӓӔӑӖӔ. ӡӠӣӚӧӝӤӘӚӘ 

ӤӘӢӘӜӒӘӡ ӛӐӒӐӚӘӗӘ (ӦӘӐ ӡӘӛӑӝӚӝӔӑӘ): 85% [ch][dhp] (pH 4.6); T = 50˚C; P = 150 MPa ӛӘӜӘӡӔӑӣӠ 
ӛӓӒӝӛӐӠӔӝӑӐӨӘ ӒӐӓӐӡӕӚӐӛӓӔ. k0 = 145 s-1, Ǌ= 0.3 eV. ӐӠӐӡӠӣӚӧӝӤӘӚӘ ӤӘӢӘӜӒӘӡ ӛӐӒӐӚӘӗӘ 

(ӨӔӕӡӔӑӣӚӘ ӡӘӛӑӝӚӝӔӑӘ): ӛӘӜӘӡӔӑӣӠ ӛӓӒӝӛӐӠӔӝӑӐӨӘ ӒӐӓӐӡӕӚӘӡ ӨӔӛӓӔӒ. k0 = 4.5 s-1, Ǌ= 0.3 eV (0.1V-
ӛӓӔ ӒӐӓӐӫӐӑӕӘӡ ӘӜӢӔӠӕӐӚӨӘ). 
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ӛӐӒӠӐӛ ӛӘӣӮӔӓӐӕӐӓ Au/SAM/Az ӡӘӡӢӔӛӘӡ ӛӔӢӐӓ ӒӐӖӠӓӘӚӘ ӛӓӒӠӐӓӝӑӘӡӐ, ӒӐӠәӕӔӣӚ 

ӞӘӠӝӑӔӑӨӘ ӐӓӒӘӚӘ Ӑӥӕӡ ӡӘөӥӐӠӘӡ әӝӜӡӢӐӜӢӘӡ ӒӐӜӡӐәӣӗӠӔӑӣӚ ӥӪӔӕӐӡ. ӛӐӦӐӚӘ ӬӜӔӕӘӡ, 

ӓӐӑӐӚӘ ӢӔӛӞӔӠӐӢӣӠӔӑӘӡ ӓӐ [ch][dhp]-Әӡ ӒӐӠәӕӔӣӚӘ әӝӜӪӔӜӢӠӐӪӘӔӑӘӡ ӞӘӠӝӑӔӑӨӘ Ӑӛ 

ӞӘәӔӑӘӓӐӜ ӛӘӦӔӑӣӚӘ ӔӥӡӞӔӠӘӛӔӜӢӣӚӘ ӬӔӠӢӘӚӔӑӘӡ ӜӐӬӘӚӘ ӐӠ ӯӓӔӑӐ ӐӠӪ ӔӠӗ ӗӔӝӠӘӣӚ 

ӛӠӣӓӖӔ ӛӐӗӘ ӖӔӓӓӔӑӘӡ ӓӠӝӡ (ӡӣӠ. 3.7 ӨӔӕӡӔӑӣӚӘ ӡӘӛӑӝӚӝӔӑӘ). ӐӛӐӡӗӐӜ ӔӠӗӐӓ, 

ӘӝӜӣӠӘ ӚӦӝӑӘӚӔӑӘӡ ӒӐӠәӕӔӣӚӘ әӝӜӪӔӜӢӠӐӪӘӔӑӘӡ ӗӐӜӐӝӑӘӡӐӡ ӓӐӑӐӚӘ ӬӜӔӕӘӡ ӐӜ 

ӡӐәӛӐӝӓ ӛӐӦӐӚӘ ӢӔӛӞӔӠӐӢӣӠӘӡ ӞӘӠӝӑӔӑӨӘ ӡӘӡӢӔӛӐ ӘӥӪӔӕӐ ӜӝӠӛӐӚӣӠӐӓ ӓӐ ӧӕӔӚӐ 

ӔӥӡӞӔӠӘӛӔӜӢӣӚӘ ӬӔӠӢӘӚӘ ӐӦӘӬӔӠӔӑӐ ӛӐӠәӣӡӘӡ ӗӔӝӠӘӘӡ ӤӐӠӒӚӔӑӨӘ (ӡӣӠ. 3.7 ӦӘӐ 

ӡӘӛӑӝӚӝӔӑӘ). 

ӒӐӠӓӐ ӐӛӘӡӐ ӛӐӦӐӚӘ ӢӔӛӞӔӠӐӢӣӠӘӡ ӓӐ ӬӜӔӕӘӡ ӨӔӛӗӮӕӔӕӐӨӘ, ӘӝӜӣӠӘ ӚӦӝӑӘӚӘӡ 50-70% 

ӤӐӠӒӚӔӑӨӘ ӓӐӠӦӕӔӣӚӘӐ ӠӝӒӝӠӪ әӝӜӡӢӐӜӢӘӡ ӢӔӛӞӔӠӐӢӣӠӐӖӔ ӓӐ ӬӜӔӕӐӖӔ 

ӓӐӛӝәӘӓӔӑӣӚӔӑӐ, ӐӡӔӕӔ ӛӘӡӘ ӒӐӛӔӝӠӔӑӐӓӝӑӐ ӓӐ ӨӔӥӪӔӕӐӓӝӑӐ  (ӡӣӠ. 3.8 ӓӐ 3.9). ӒӐӠӓӐ 

ӐӛӘӡӐ, ӐӓӒӘӚӘ Ӑӥӕӡ ӰӘӡӢӔӠӔӖӘӡӘӡ ӛӝӕӚӔӜӐӡ ӢӔӛӞӔӠӐӢӣӠӘӡ ӓӐ ӬӜӔӕӘӡ ӪӕӚӘӚӔӑӘӡ 

ӛӘӛӐӠӗ. ӛӐӒӠӐӛ, ӐӛӐӡӗӐӜ ӔӠӗӐӓ, [ch][dhp]-Әӡ ӒӐӠәӕӔӣӚӘ әӝӜӪӔӜӢӠӐӪӘӘӡ ӨӔӛӗӮӕӔӕӐӨӘ 

ӓӐӑӐӚӘ ӬӜӔӕӘӡ ӐӜ/ӓӐ ӡӐӨӣӐӚӝ ӢӔӛӞӔӠӐӢӣӠӘӡ ӞӘӠӝӑӔӑӨӘ (ӡӣӠ. 3.7), Au/SAM/Az ӡӘӡӢӔӛӘӡ 

ӛӘӔӠ ӔӚӔӥӢӠӝӜӘӡ ӒӐӓӐӢӐӜӘӡ ӞӠӝӪӔӡӘ ӘӡӔӕ ӐӦӘӬӔӠӔӑӐ ӛӐӠәӣӡӘӡ ӗӔӝӠӘӘӡ ӤӐӠӒӚӔӑӨӘ. ӐӜӣ, 

ӡӘөӥӐӠӘӡ әӝӜӡӢӐӜӢӘӡ ӢӔӛӞӔӠӐӢӣӠӐӖӔ ӓӐ ӬӜӔӕӐӖӔ ӓӐӛӝәӘӓӔӑӣӚӔӑӐ ӑӣӤӔӠӨӘ ӛӘӦӔӑӣӚӘ 

ӔӥӡӞӔӠӘӛӔӜӢӣӚӘ ӨӔӓӔӒӔӑӘӡ ӐӜӐӚӝӒӘӣӠӘӐ [137]. 

ӐӡӔӗӘ ӨӔӓӔӒӔӑӘ ӐӠ ӐӦӘӬӔӠӔӑӐ “әӚӐӡӘәӣӠӘ“ (ӛӐӒӐӚӘӗӐӓ, ӛӐӠәӣӡӘӡ) ӛӝӓӔӚӔӑӘӡ 

ӤӐӠӒӚӔӑӨӘ, ӛӐӒӠӐӛ ӨӔӘӫӚӔӑӐ ӐӘӮӡӜӐӡ ӛӝӥӜӘӚӘ ӛӐӢӔӠӘӘӡ ӤӘӖӘәӘӡ (soft matter physics) 

ӗӐӜӐӛӔӓӠӝӕӔ ӬӐӠӛӝӓӒӔӜӔӑӖӔ ӓӐӧӠӓӜӝӑӘӗ [210]. Ӑӛ ӔӥӡӞӔӠӘӛӔӜӢӣӚ ӡӔӠӘӔӑӨӘ ӑӚӐӜӢӘ, 

ӠӘӒ ӨӔӛӗӮӕӔӕӐӨӘ ӛӘӜӘӡӔӑӣӠ ӛӓӒӝӛӐӠӔӝӑӐӨӘ ӛӧӝӤӘ ӒӐӛӮӡӜӔӚӘӡ ӒӐӛӝ ӐӓӒӘӚӘ Ӑӥӕӡ 

ӡӘӡӢӔӛӘӡ ӔӠӒӝӓӘӣӚӝӑӘӡ ӓӐӠӦӕӔӕӐӡ. ӐӜӣ, ӔӚӔӥӢӠӝӜӘӡ ӒӐӓӐӢӐӜӘӡ ӛӐӮӐӡӘӐӗӔӑӔӚӘ ӓӠӝ 

ӓӐ ӒӐӠӔӛӝӡ ӗӐӕӘӡӣӤӚӔӑӘӡ ӮӐӠӘӡӮӔӑӘӡ ӛӐӮӐӡӘӐӗӔӑӔӚ ӓӠӝӗӐ ӡӘӛӠӐӕӚӔ ӒӐӜӘӪӓӘӐӜ 

ӛӠӐӕӐӚӯӔӠӐӓӘ ӗӐӜӮӕӔӓӠӘӡӐ ӓӐ ӒӐӛӘӯӕӜӘӡ ӮӓӝӛӘӚӔӑӔӑӡ. ӐӛӐӗӒӐӜ ӖӝӒӘӔӠӗ ӡӘӢӣӐӪӘӐӨӘ 

ӒӐӠӔӛӝӡ ӠӔӚӐӥӡӐӪӘӔӑӘ ӨӔӘӫӚӔӑӐ „ӒӐӘӧӘӜӝӡ“ ӔӚӔӥӢӠӝӜӘӡ ӒӐӓӐӢӐӜӘӡ ӞӠӝӪӔӡӘӡ ӛӘӛӐӠӗ. Ӕӡ 

ӜӘӨӜӐӕӡ, Ӡӝӛ ӛӐӗӘ ӬӕӚӘӚӘ ӔӚӔӥӢӠӝӜӘӡ ӒӐӓӐӢӐӜӘӡ ӛӐӮӐӡӘӐӗӔӑӔӚ ӞӐӠӐӛӔӢӠӔӑӨӘ ӨӔӡӐӫӚӝӐ 

ӗӐӜӓӐӗӐӜ ӐӜ ӜӐӮӢӝӛӘӡӔӑӣӠӐӓ ӒӐӛӝӘӠӘӪӮӝӡ. Ӑӛ ӓӠӝӗӐ ӗӐӜӮӕӔӓӠӘӡ ӨӔӓӐӠӔӑӘӗ ӕӘӬӠӝ 

ӘӜӢӔӠӕӐӚӔӑӨӘ ӡӘӡӢӔӛӔӑӘӡӗӕӘӡ ӓӐӛӐӮӐӡӘӐӗӔӑӔӚӘӐ ӒӐӜӡӐәӣӗӠӔӑӘӗ ӐӠӐӡӢӐӑӘӚӣӠӘ ӥӪӔӕӐ, 

ӠӐӪ ӒӐӛӝӘӮӐӢӔӑӐ ӰӘӡӢӔӠӔӖӘӡӘӡ ӔӤӔӥӢӨӘ ӢӔӛӞӔӠӐӢӣӠӐӡӐ ӓӐ ӬӜӔӕӘӡ ӪӕӚӘӚӔӑӘӡ ӛӘӛӐӠӗ ӓӐ 

ӖӔӛӝӓ ӐӦӬӔӠӘӚ ӔӥӡӞӔӠӘӛӔӜӢӣӚӘ ӛӝӜӐӪӔӛӔӑӘӡ ӐӪӓӔӜӐӡ ӗӔӝӠӔӣӚӘ ӛӠӣӓӔӑӘӓӐӜ [166, 210, 

211]. 
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ӡӣӠӐӗӘ 3.8 Au/SAM/Az ӡӘӡӢӔӛӘӡ ӛӘӔӠ ӔӚӔӥӢӠӝӜӘӡ ӒӐӓӐӢӐӜӘӡ ӡӘөӥӐӠӘӡ әӝӜӡӢӐӜӢӘӡ ӚӝӒӐӠӘӗӛӘӡ 
ӓӐӛӝәӘӓӔӑӣӚӔӑӐ ӢӔӛӞӔӠӐӢӣӠӐӖӔ  [ch][dhp] 0, 80 ӓӐ 90 ӬӝӜӘӗӘ % ӑӣӤӔӠӣӚ ӬӧӐӚӮӡӜӐӠӔӑӨӘ 

(pH4.6). (Ӑ) ӬӠӤӘӕӘ  ӓӐ (ӑ) ӐӜӝӛӐӚӣӠӘ ӓӐӛӝәӘӓӔӑӣӚӔӑӐ 50 ӓӐ 70% [ch][dhp] ӮӡӜӐӠӔӑӨӘ. 
 
 
 
 
 

 
 

ӡӣӠӐӗӘ 3.9 Au/SAM/Az ӡӘӡӢӔӛӘӡ ӛӘӔӠ ӔӚӔӥӢӠӝӜӘӡ ӒӐӓӐӢӐӜӘӡ ӡӘөӥӐӠӘӡ әӝӜӡӢӐӜӢӘӡ ӬӜӔӕӐӖӔ 
ӓӐӛӝәӘӓӔӑӣӚӔӑӐ [ch][dhp] 80 ӓӐ 85 ӬӝӜӘӗӘ % ӑӣӤӔӠӣӚ ӬӧӐӚӮӡӜӐӠӔӑӨӘ (pH 4.6) ӐӜӝӛӐӚӣӠӘ 

ӓӐӛӝәӘӓӔӑӣӚӔӑӐ 50, 70 ӓӐ 80% ӮӡӜӐӠӔӑӨӘ, T=50 oC. 
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ӡӘӡӢӔӛӘӡ ӔӠӒӝӓӣӚӝӑӘӡ ӓӐӠӦӕӔӕӐӡ, ӔӠӗӘ ӛӮӠӘӕ, ӒӐӛӝӬӕӔӣӚӘӐ ӘӛӘӗ, Ӡӝӛ ӔӥӡӞӔӠӘӛӔӜӢӨӘ 

ӒӐӛӝӧӔӜӔӑӣӚӘ ӛӝәӚӔ SAM-Әӡ ӨӔӛӗӮӕӔӕӐӨӘ (n=4) ӔӚӔӥӢӠӝӜӘӡ ӒӐӓӐӢӐӜӐ ӮӝӠӪӘӔӚӓӔӑӐ 

ӐӓӘӐӑӐӢӣӠ ӠӔӟӘӛӨӘ ӓӐ ӛӘӡӘ ӡӘөӥӐӠӔ ӣӨӣӐӚӝӓ ӐӠӘӡ ӓӐӛӝәӘӓӔӑӣӚӘ ӒӐӠӔӛӝӡ 

ӠӔӚӐӥӡӐӪӘӘӡ ӓӠӝӖӔ. ӐӜӣ, ӛӠӐӕӐӚӘ ӜӔӚӘ ӗӐӕӘӡӣӤӚӔӑӘӡ ӮӐӠӘӡӮӘ ӐӮӓӔӜӡ ӣӨӣӐӚӝ 

ӒӐӕӚӔӜӐӡ ӡӘөӥӐӠӘӡ әӝӜӡӢӐӜӢӐӖӔ ӔӥӡӞӝӜӔӜӢӘӡ ӬӘӜӐ ӬӔӕӠӘӡ ӮӐӠӯӖӔ [164,  140]. ӒӐӠӓӐ ӐӛӘӡӐ 

ӑӚӐӜӢӘ ӛӘӜӘӡӔӑӣӠӘ ӒӐӛӮӡӜӔӚӘ ӖӠӓӘӡ ӜӔӚӘ ӗӐӕӘӡӣӤӚӔӑӘӡ ӮӐӠӘӡӮӔӑӡ ӬӕӚӘӚӡ ӯӐӛӣӠ 

ӠӔӝӠӒӐӜӘӖӐӪӘӘӡ ӔӜӔӠӒӘӐӨӘ Ǌ0. ӐӦӡӐӜӘӨӜӐӕӘӐ, Ӡӝӛ ӜӔӚӘ ӗӐӕӘӡӣӤӚӔӑӘӡ ӮӐӠӘӡӮӔӑӘ 

ӨӔӘӫӚӔӑӐ ӔәӣӗӕӜӝӓӔӡ ӠӝӒӝӠӪ ӛӔӢӐӚӘӡ ӘӝӜӘӡ ӞӘӠӕӔӚ ӡӐәӝӝӠӓӘӜӐӪӘӝ ӡӤӔӠӝӡ, ӐӡӔӕӔ 

ӪӘӚӘӡ ӒӚӝӑӣӚӐӡ, ӗӕӘӗӝӜ ӒӐӛӮӡӔӚӡ ӐӜ SAM-ӡ [67, 140, 163] ӓӐ Әӧӝӡ әӝӝӞӔӠӐӢӘӣӚӘ, 

ӓӘӡӘӞӐӢӘӣӠӘ ӓӐ ӜӐӬӘӚӝӑӠӘӕ ӛӐӘӜӪ ӐӠӐӰӐӠӛӝӜӘӣӚӘ. ӡӬӠӐӤӘ ӗӐӕӘӡӣӤӚӔӑӘӡ ӮӐӠӘӡӮӔӑӘ 

әӘ, ӞӘӠӘӥӘӗ, ӓӐӛӝӣәӘӓӔӑӔӚӘ ӓӐ ӰӐӠӛӝӜӘӣӚӘӐ [69, 86, 96, 210]. 

ӛӔӝӠӔ ӢӘӞӘӡ ӐӜӝӛӐӚӘӐ ӐӘӡӐӮӔӑӐ ӠӘӒ ӔӥӡӞӔӠӘӛӔӜӢӣӚ ӞӘӠӝӑӔӑӨӘ ӛӐӠәӣӡӘӡ ӗӔӝӠӘӘӗ 

ӒӐӜӡӐӖӦӕӠӣӚ ӡӘөӥӐӠӘӡ әӝӜӡӢӐӜӢӘӡ ӢӔӛӞӔӠӐӢӣӠӐӡӐ ӓӐ ӬӜӔӕӐӖӔ ӓӐӛӝәӘӓӔӑӣӚӔӑӘӡ 

ӓӐӠӦӕӔӕӐӨӘ. ӛӐӒӐӚӘӗӐӓ, ӬӜӔӕӘӡ ӕӐӠӘӠӔӑӘӡӐӡ 85% [ch][dhp]-Әӡ ӨӔӛӪӕӔӚӘ әӝӛӞӝӖӘӢӣӠӘ 

ӡӘӡӢӔӛӐ (T=50˚C) ӒӐӜӘӪӓӘӡ ӜӐӮӢӝӛӘӡӔӑӣӠ ӒӐӓӐӡӕӚӐӡ (ӡӣӠ. 3.7), ӠӝӛӔӚӘӪ, ӡӐӕӐӠӐӣӓӝӓ, 

ӓӐәӐӕӨӘӠӔӑӣӚӘӐ ӛӘӜӘӡӔӑӣӠ ӛӓӒӝӛӐӠӔӝӑӐӨӘ ӒӐӓӐӡӕӚӐӡӗӐӜ. ӮӡӜӐӠӨӘ 90% [ch][dhp]-Әӡ 

ӨӔӛӪӕӔӚӘ ӜӘӛӣӨӘӡ ӢӔӛӞӔӠӐӢӣӠӘӡ ӕӐӠӘӠӔӑӘӡӐӡ әӘ ӖӔӛӝӓ ӮӡӔӜӔӑӣӚӘ ӨӔӛӗӮӕӔӕӘӡӒӐӜ 

ӒӐӜӡӮӕӐӕӔӑӘӗ ӒӐӓӐӡӕӚӐ ӮӓӔӑӐ ӗӐӜӓӐӗӐӜ, ӛәӕӔӗӠӘ ӪӕӚӘӚӔӑӔӑӘӡ ӒӐӠӔӨӔ. ӝӠӘӕӔ 

ӨӔӛӗӮӕӔӕӐӨӘ ӒӐӓӐӡӕӚӐӛӓӔ ӛӘӦӔӑӣӚӘ ӔӥӡӞӔӠӘӛӔӜӢӣӚӘ ӛӝӜӐӪӔӛӔӑӘ ӡӐәӛӐӝӓ әӐӠӒӐӓ ӯӓӔӑӐ 

ӛӐӠәӣӡӘӡ ӗӔӝӠӘӘӡ ӗӐӜӐӮӛӐӓ ӐӒӔӑӣӚ ӤӘӢӘӜӒӘӡ ӛӠӣӓӔӑӖӔ ӓӐ ӨӔӔӡӐӑӐӛӔӑӐ 

ӠӔӝӠӒӐӜӘӖӐӪӘӘӡ ӛӜӘӨӕӜӔӚӝӑӐӡ Ǌ0 = 0.3 eV.  

ӐӛӐӕӔ ӓӠӝӡ, ӨӔӓӐӠӔӑӘӗ ӣӤӠӝ ӔӥӡӢӠӔӛӐӚӣӠ ӞӘӠӝӑӔӑӨӘ ([ch][dhp]-Әӡ ӖӔӛӐӦӐӚӘ 

әӝӜӪӔӜӢӠӐӪӘӔӑӘ ӞӚӣӡ ӛӐӦӐӚӘ ӬӜӔӕӐ ӐӜ ӓӐӑӐӚӘ ӢӔӛӞӔӠӐӢӣӠӐ)  ӗӔӝӠӘӣӚ ӛӠӣӓӔӑӖӔ 

ӯӓӔӑӐ ӛӮӝӚӝӓ ӔӥӡӞӔӠӘӛӔӜӢӣӚӘ ӬӔӠӢӘӚӔӑӘӡ ӛӪӘӠӔ ӜӐӬӘӚӘ, ӮӝӚӝ ӛӗӔӚӘ ӠӘӒӘ 

ӓӐӜӐӠөӔӜӘ ӬӔӠӢӘӚӔӑӘӡӐ ӐӠ ӔӛӗӮӕӔӕӐ ӛӐӠәӣӡӘӡ ӗӔӝӠӘӘӡ ӛӘӮӔӓӕӘӗ ӐӒӔӑӣӚ ӛӠӣӓӡ 

(ӛӐӠәӣӡӘӡ ӗӔӝӠӘӐ ӒӣӚӘӡӮӛӝӑӡ ӔӜӔӠӒӔӢӘәӣӚӘ ӖӔӓӐӞӘӠӔӑӘӡ ӞӐӠӐӑӝӚӣӠ ӤӝӠӛӐӡ, ӐӜӣ 

ӛӝӠӔӐӒӘӠӔ ӒӐӠӔӛӝӡ ӞӝӚӐӠӘӖӐӪӘӘӡ ӬӠӤӘӕ “ӒӐӛӝӫӐӮӘӚӡ“). ӡӐӕӐӠӐӣӓӝӓ, Ӑӛ ӢӘӞӘӡ ӐӜӝӛӐӚӘӐ 

ӐӘӮӡӜӔӑӐ ӘӛӘӗ, Ӡӝӛ ӖӔӛӝӓ ӛӝӪӔӛӣӚ ӞӘӠӝӑӔӑӨӘ ӛӧӝӤӘ ӡӘӡӢӔӛӘӡ ӗӐӕӘӡӣӤӐӚӘ ӔӜӔӠӒӘӐ 

ӐӦӐӠ ӐӦӘӬӔӠӔӑӐ ӞӐӠӐӑӝӚӣӠӘ ӖӔӓӐӞӘӠӘӗ, ӐӜӣ ӘӠӦӕӔӕӐ ӒӐӠӔӛӝӡ ӬӠӤӘӕӘ ӞӝӚӐӠӘӖӐӪӘӐ. 

ӗӣӛӪӐ, ӠӝӒӝӠӪ өӐӜӡ, ӛӜӘӨӕӜӔӚӝӕӐӜӘ ӒӐӓӐӮӠӔӑӘ ӮӓӔӑӐ ӔӜӔӠӒӔӢӘәӣӚӘ ӖӔӓӐӞӘӠӘӡ ӖӔӓӐ 

ӜӐӬӘӚӔӑӨӘ (ӞӐӠӐӑӝӚӣӠӝ ӗӔӠӛӔӑӘӡ “ӤӠӗӔӑӘӡ“ ӣӑӜӔӑӨӘ), ӮӝӚӝ ӛӐӗӘ ӛӘӜӘӛӣӛӔӑӘӡ ӣӑӜӔӑӘ 
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ӞӘӠӕӔӚ ӛӘӐӮӚӝӔӑӐӨӘ ӘӜӐӠөӣӜӔӑӔӜ ӞӐӠӐӑӝӚӣӠ ӤӝӠӛӐӡ. ӓӔӤӝӠӛӘӠӔӑӣӚӘ ӔӜӔӠӒӔӢӘәӣӚӘ 

ӞӠӝӤӘӚӔӑӘ ӡӥӔӛӐӢӣӠӐӓӐӐ ӛӝӪӔӛӣӚӘ ӡӣӠӐӗӖӔ 3.10.  

 

 
 

ӡӣӠӐӗӘ 3.10 Au/SAM/Az ӡӘӡӢӔӛӘӡ ӛӘӔӠ ӔӚӔӥӢӠӝӜӘӡ ӒӐӓӐӢӐӜӘӡ ӞӠӝӪӔӡӘӡ ӔӜӔӠӒӔӢӘәӣӚӘ 
ӞӠӝӤӘӚӘӡ ӡӥӔӛӐӢӣӠӘ ӨӔӓӐӠӔӑӐ ӛӐӠәӣӡӘӡ ӗӔӝӠӘӣӚ (ӰӐӠӛӝӜӘӣӚ) ӞӝӢӔӜӪӘӐӚӗӐӜ. 

 

 

ӕӘӜӐӘӓӐӜ ӒӐӠӔӛӝӡ ӬӠӤӘӕӘ ӞӝӚӐӠӘӖӐӪӘӐ ӐӠӘӡ ӔӠӗ-ӔӠӗӘ ӞӝӡӢӣӚӐӢӘ, ӠӝӛӔӚӘӪ ӓӔӕӡ 

ӛӐӠәӣӡӘӡ ӗӔӝӠӘӘӡ ӡӐӤӣӫӕӔӚӨӘ [78-80], ӛӘӡӘ ӓӐӠӦӕӔӕӘӡ ӨӔӛӗӮӕӔӕӐӨӘ ӛӝӡӐӚӝӓӜӔӚӘӐ 

ӛӡӒӐӕӡӘ ӐӜӝӛӐӚӘӔӑӘӡ ӓӐӛӖӔӠӐ. ӔӚӔӥӢӠӝӓӖӔ ӛӝӓӔӑӣӚӘ ӞӝӢӔӜӪӘӐӚӘӡ ӡәӐӜӘӠӔӑӘӡ 

ӓӐӑӐӚӘ ӡӘөӥӐӠӔӔӑӘӡ ӞӘӠӝӑӔӑӨӘ  ӡӐӠӔӐӥӪӘӝ ӡӘӡӢӔӛӐ ӘӛӧӝӤӔӑӐ ӗӐӕӘӡӣӤӐӚӘ ӔӜӔӠӒӘӘӡ 

ӖӔӓӐӞӘӠӔӑӘӡ ӛӘӜӘӛӣӛӔӑӗӐӜ ӐӮӚӝӡ, ӮӝӚӝ ӞӝӢӔӜӪӘӐӚӘӡ ӡәӐӜӘӠӔӑӘӡ ӡӘөӥӐӠӘӡ ӛӐӢӔӑӐӡӗӐӜ 

ӔӠӗӐӓ (ӞӝӢӔӜӪӘӐӚӘӡ Ӕ.Ӭ. ӛӐӦӐӚӘ ӒӐӓӐӫӐӑӕӔӑӘӡ ӞӘӠӝӑӔӑӨӘ) ӡӘӡӢӔӛӐ ӡӣӚ ӣӤӠӝ ӨӝӠӓӔӑӐ 

ӗӐӕӘӡӣӤӐӚӘ ӔӜӔӠӒӘӘӡ ӖӔӓӐӞӘӠӘӡ ӛӘӜӘӛӣӛӘӡ ӐӠӔӡ, ӓӐ ӒӐӓӘӡ ӐӠӐӞӐӠӐӑӝӚӣӠ ӣӑӜӔӑӖӔ, 

ӠӝӛӚӔӑӘӪ, ӡӐӕӐӠӐӣӓӝӓ, ӑӔӕӠӐӓ ӣӤӠӝ ӪӘӪӐӑӝӐ ӞӐӠӐӑӝӚӣӠ ӛӠӣӓӔӑӗӐӜ ӨӔӓӐӠӔӑӘӗ. 

ӪӮӐӓӘӐ, Ӡӝӛ ӐӜӝӛӐӚӣӠ ӡӔӠӘӔӑӨӘ ӒӐӛӝӗӕӚӘӚӘ ӡӘөӥӐӠӘӡ әӝӜӡӢӐӜӢӔӑӘӡ ӓӐ 

ӠӔӝӠӒӐӜӘӖӐӪӘӘӡ ӔӜӔӠӒӘӔӑӘӡ ӛӜӘӨӕӜӔӚӝӑӔӑӘ ӐӠӘӡ ӛӮӝӚӝӓ ӔӤӔӥӢӣӠӘ  ӓӐ ӐӠӐ ӡӘӓӘӓӔӔӑӘ 

“ӐӑӡӝӚӣӢӣӠӘ“ ӡӘӓӘӓӔӔӑӘ (ӪӮӠ. 3.3). ӕӘӜӐӘӓӐӜ ӯӔӠӯӔӠӝӑӘӗ ӐӠ ӐӠӡӔӑӝӑӡ ӡӠӣӚӧӝӤӘӚӘ 

ӗӔӝӠӘӣӚӘ ӛӝӓӔӚӘ, ӠӝӛӔӚӘӪ ӠӐӝӓӔӜӝӑӠӘӕӐӓ ӐӦӘӬӔӠӡ ӔӚӔӥӢӠӝӜӘӡ ӒӐӓӐӢӐӜӘӡ 

ӞӠӝӪӔӡӡ ӜӔӑӘӡӛӘӔӠӘ ӤӝӠӛӘӡ ӔӜӔӠӒӔӢӘәӣӚӘ ӖӔӓӐӞӘӠӔӑӘӡ ӞӘӠӝӑӔӑӨӘ, өӕӔӜ ӕӘӧӔӜӔӑӗ 
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ӛӮӝӚӝӓ ӗӕӘӡӝӑӠӘӕ, ӐӜ ӜӐӮӔӕӠӐӓ ӠӐӝӓӔӜӝӑӠӘӕ  ӬӐӠӛӝӓӒӔӜӔӑӡ, ӛӐӒӠӐӛ өӕӔӜӘ ӨӔӓӔӒӔӑӘ 

ӗӐӜӮӕӔӓӠӐӨӘӐ ӧӕӔӚӐӖӔ ӗӐӜӐӛӔӓӠӝӕӔ ӗӔӝӠӘӣӚ ӬӐӠӛӝӓӒӔӜӔӑӗӐӜ, ӠӝӛӚӔӑӡӐӪ 

ӐӜӕӘӗӐӠӔӑӔӜ ӓ. ӛӐӢӘӣӨӝӕӘ ӓӐ ӛӘӡӘ ӗӐӜӐӐӕӢӝӠӔӑӘ ӐӨӨ ӥ. ӐӠӘӖӝӜӘӡ ӣӜӘӕӔӠӡӘӢӔӢӘӓӐӜ 

[165, 211]. ӐӮӚӝ ӛӝӛӐӕӐӚӨӘ ӨӔӡӐӫӚӝӐ ӒӐӜӮӝӠӪӘӔӚӓӔӡ өӕӔӜӘ ӗӐӜӐӛӨӠӝӛӚӝӑӐ өӕӔӜӘ 

ӔӥӡӞӔӠӘӛӔӜӢӣӚӘ ӛӝӜӐӪӔӛӔӑӘӡ ӖӣӡӢӘ ӠӐӝӓӔӜӝӑӠӘӕӘ ӐӦӬӔӠӘӡ ӗӕӐӚӡӐӖӠӘӡӘӗ, ӐӨӨ-ӨӘ 

ӐӠӡӔӑӣӚӘ ӖӔӛӫӚӐӕӠӘ әӝӛӞӝӣӢӔӠӣӚӘ ӢӔӥӜӘәӘӡ ӒӐӛӝӧӔӜӔӑӘӡ ӒӖӘӗ.  

 

ӪӮӠӘӚӘ 3.3. Au/SAM/Az ӡӘӡӢӔӛӘӡ ӛӘӔӠ ӔӚӔӥӢӠӝӜӘӡ ӒӐӓӐӢӐӜӘӡ ӞӠӝӪӔӡӘӡ әӘӜӔӢӘәӣӠӘ ӓӐ 
ӐӥӢӘӕӐӪӘӣӠӘ ӞӐӠӐӛӔӢӠӔӑӘ [ch][dhp]-ӡ ӡӮӕӐӓӐӡӮӕӐ әӝӜӪӔӜӢӠӐӪӘӔӑӘӡ ӞӘӠӝӑӔӑӨӘ ӓӐ ӛӘӡ ӒӐӠӔӨӔ 

(ӐӪӔӢӐӢӘӡ ӑӣӤӔӠӘ, pH4.6). 
 

[ch][dhp] %, 
w/w 

H2O / 
[ch][dhp] 

k0,  s-1* Ǌ0 (Ǌeff), eV τeff, s 
ΔHa, kJ · 

mol-1 
ΔVa, cm3 · 

mol-1 

0 - 1000±100 0.3±0.03 3.2 · 10-5 15.4±2 +1.7±0.3 

70 6.25±1.25 ≈270 ≈0.3 1.2 · 10-4 - - 

80 3.70±0.70 110±20 0.3±0.03 3.0 · 10-3 10.5±2 ≈0 

85 2.55±0.50 31±5 0.3±0.03 1.0 · 10-3 25.4±3 ≈0** 

90 1.65±0.35 8±2 0.3±0.03 4.0 · 10-3 40.2±5 - 

       * - T = 20˚C, P = 0.1MPa                                   ** - (ӐӜӝӛӐӚӘӐ 150 MPa) 
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3.3 L-ӪӘӡӢӔӘӜӘӗ ӛӝӓӘӤӘӪӘӠӔӑӣӚӘ ӔӚӔӥӢӠӝӓӔӑӘӡ ӒӐӛӝӧӔӜӔӑӐ ӡӞӘӚӔӜӫӘӡ 

ӘӝӜӔӑӘӡ (Cu
2+

) ӘӛӝӑӘӚӘӖӐӪӘӘӡӐ ӓӐ ӨӔӡӐӑӐӛӘӡӘ   ӛӝӓӔӚӣӠӘ (ӑӘӝӛӘӛӔӢӘәӣӠӘ) 

ӔӚӔӥӢӠӝ-ӛӘӛӝӪӕӚӘӡ ӞӠӝӪӔӡӘӡ ӨӔӡӬӐӕӚӘӡ ӛӘӖӜӘӗ 

 

ӑӘӝӛӝӚӔәӣӚӣӠӘ ӞӠӝӪӔӡӔӑӘӡ ӞӠӘӜӪӘӞӘӚӘ ӡӘӠӗӣӚӘӡ ӒӐӛӝ ӛӐӗӘ ӤӘӖӘәӣӠӘ 

ӛӔӥӐӜӘӖӛӔӑӘӡ ӐӮӡӜӐ ӡӐәӛӐӝӓ ӠӗӣӚӘӐ ӓӐ ӮӨӘӠ ӨӔӛӗӮӕӔӕӐӨӘ ӛӘӖӐӜӨӔӬӝӜӘӚӘӐ 

ӒӐӛӐӠӢӘӕӔӑӣӚӘ ӛӝӓӔӚӔӑӘӡ ӨӔӡӬӐӕӚӐ. ӪӝӪӮӐӚ ӣӯӠӔӓӨӘ ӔӚӔӥӢӠӝӜӘӡ ӒӐӓӐӢӐӜӘӡ 

ӞӠӝӪӔӡӘӡ ӛӔӥӐӜӘӖӛӘӡ ӨӔӡӐӡӬӐӕӚӐӓ ӔӥӡӞӔӠӘӛӔӜӢӨӘ ӒӐӛӝӘӧӔӜӔӑӐ ӠӝӒӝӠӪ ӘӜӢӐӥӢӣӠӘ 

ӪӘӚӔӑӘ, ӐӡӔӕӔ ӣӤӠӝ ӛӐӠӢӘӕӘ ӐӒӔӑӣӚӔӑӘӡ ӑӘӝӥӘӛӘӣӠӘ ӜӐӔӠӗӔӑӘ (ӤӠӐӒӛӔӜӢӔӑӘ), 

ӠӝӛӚӔӑӘӡ ӨӔӘӪӐӕӔӜ ӘӒӘӕӔ ӛӔӢӐӚӘӡ ӘӝӜӡ ӗӣ ӐӥӢӘӣӠ ӯӒӣӤӡ. ӒӐӠӓӐ ӐӛӘӡӐ, ӗӐӜӐӛӔӓӠӝӕӔ 

ӨӔӮӔӓӣӚӔӑӔӑӘӓӐӜ ӒӐӛӝӛӓӘӜӐӠӔ, ӑӘӝӚӝӒӘӣӠ ӞӠӝӪӔӡӔӑӨӘ ӐӢӝӛӣӠ ӓӝӜӔӖӔ ӛӔӢӐӓ 

ӛӜӘӨӕӜӔӚӝӕӐӜӘ ӠӝӚӘ ӔӜӘӭӔӑӐ ӡӐӠӔӐӥӪӘӝ ӒӐӠӔӛӝӡ ӗӕӘӡӔӑӔӑӡ. ӪӮӐӓӘӐ, Ӡӝӛ ӠӐӪ ӣӤӠӝ 

ӛӐӠӢӘӕӘӐ ӛӝӓӔӚӣӠӘ ӡӘӡӢӔӛӐ ӐӜ ӔӥӡӞӔӠӘӛӔӜӢӣӚӘ ӒӐӠӔӛӝ, ӛӘӗ ӣӤӠӝ ӜӐәӚӔӑӐӓ ӕӠӪӔӚӘ, 

ӛӐӒӠӐӛ ӣӤӠӝ ӖӣӡӢӘ ӘӜӤӝӠӛӐӪӘӘӡ ӛӝӫӘӔӑӐӐ ӨӔӡӐӫӚӔӑӔӚӘ. ӤӚӔӥӡӘӑӘӚӣӠӘ ӐӥӢӘӣӠӘ 

ӪӔӜӢӠӘӡ ӛӥӝӜӔ ӔӚӔӥӢӠӝӜӘӡ ӒӐӓӐӛӢӐӜӘ ӪӘӚӔӑӘӡ ӛӝӓӔӚӘӠӔӑӘӡӐӡ ӓӘӓӘ ӛӜӘӨӕӜӔӚӝӑӐ 

ӔӜӘӭӔӑӐ ӛӔӢӐӚӘӡ ӘӝӜӘӡ ӞӘӠӕӔӚ ӡӐәӝӝӠӓӘӜӐӪӘӝ ӡӤӔӠӝӡ, ӠӝӛӚӘӡ ӛӝӓӔӚӘӠӔӑӐ 

ӨӔӡӐӫӚӔӑӔӚӘӐ ӒӐӠӔӛӝӡ ӒӐӠәӕӔӣӚӘ ӗӕӘӡӔӑӔӑӘӡ ӨӔӠөӔӕӘӗ (ӛӐӒӐӚӘӗӐӓ, ӒӐӛӮӡӜӔӚӘӡ 

ӛӐӦӐӚӘ ӡӘӑӚӐӜӢӔ ӐӜ ӡӐӗӐӜӐӓӝӓ ӨӔӠөӔӣӚӘ ӠӔӓӝӥӡ-ӐӥӢӘӣӠӘ ӛӔӢӐӚӘӡ ӘӝӜӘӡ 

ӛӐәӝӝӠӓӘӜӘӠӔӑӔӚӘ SAM-Ә). 

ӛӝӪӔӛӣӚ ӜӐӬӘӚӨӘ ӒӐӜӮӘӚӣӚӘ ӘӥӜӔӑӐ ӐӖӣӠӘӜӘӡ ӢӘӞӘӡ ӡӞӘӚӔӜӫӘӡ ӘӝӜӘӡ ӨӔӛӪӕӔӚ 

ӪӘӚӔӑӨӘ ӔӚӔӥӢӠӝӜӘӡ ӢӠӐӜӡӞӝӠӢӘӡ (ӛӘӛӝӪӕӚӘӡ) ӛӔӥӐӜӘӖӛӔӑӘӡ ӨӔӡӬӐӕӚӘӡ 

ӗӕӐӚӡӐӖӠӘӡӘӗ ӮӔӚӡӐӧӠӔӚӘ ӛӝӓӔӚӣӠӘ ӡӘӡӢӔӛӘӡ ӓӔӢӐӚӣӠӘ әӕӚӔӕӘӡ ӨӔӓӔӒӔӑӘ. Ӕӡ 

ӜӐӜӝӛӐӡӨӢӐӑӣӠӘ әӕӐӖӘ ӝӠӒӐӜӖӝӛӘӚӔӑӘӐӜӘ ӡӘӡӢӔӛӐ ӬӐӠӛӝӐӓӒӔӜӡ ӣӨӣӐӚӝӓ L-ӪӘӡӢӔӘӜӘӡ 

ӗӕӘӗӐӬӧӝӑӐӓ ӤӘӠӨӘ (L-Cys SAM) өӐӭӔӠӘӚ ӡӞӘӚӔӜӘӫӘӡ ӘӝӜӔӑӡ, Cu
2+

. ӡӬӠӐӤӘ ӡәӐӜӘӠӔӑӘӡ 

ӪӘәӚӣӠӘ ӕӝӚӢӐӛӞӔӠӝӛӔӢӠӘӘӡ ӛӔӗӝӓӘӡ ӒӐӛӝӧӔӜӔӑӘӗ ӨӔӡӬӐӕӚӘӚӘ Әӧӝ Ӑӛ ӡӘӡӢӔӛӘӡ ӛӘӔӠ 

ӔӚӔӥӢӠӝӜӘӡ ӒӐӓӐӢӐӜӘӡ әӘӜӔӢӘәӣӠӘ ӞӐӠӐӛӔӢӠӔӑӘ ӓӐ ӛӐӗӘ ӓӐӛӝәӘӓӔӑӣӚӔӑӐ 

ӢӔӛӞӔӠӐӢӣӠӐӡӐ ӓӐ ӬӜӔӕӐӖӔ ӡӮӕӐӓӐӡӮӕӐ pH-Әӡ ӞӘӠӝӑӔӑӨӘ. ӡӞӘӚӔӜӫӘӡ ӘӝӜӔӑӘӡ өӐӭӔӠӐ 

ӬӘӜӐӡӬӐӠ ӛӝӛӖӐӓӔӑӣӚ SAM-ӨӘ ӮӓӔӑӐ ӡӞӝӜӢӐӜӣӠӐӓ, ӓӐӛӐӢӔӑӘӗӘ ӛӐӜӘӞӣӚӐӪӘӔӑӘӡ ӒӐӠӔӨӔ 

ӓӐ ӡӐәӛӐӠӘӡӘӐ ӡӞӘӚӔӜӫӘӡ ӮӡӜӐӠӨӘ ӐӠӡӔӑӝӑӐ ӗӣӜӓӐӪ ӛӘӜӐӠӔӕӘӡ ӡӐӮӘӗ [212, 213], ӛӐӒӠӐӛ 

ӡӘӒӜӐӚӘӡ ӛӘӦӔӑӐ ӛӝӘӗӮӝӕӡ ӡӐӨӣӐӚӝӓ ӔӠӗ ӡӐӐӗӐӛӓӔ ӓӠӝӡ (ӘӮ. ӥӕӔӕӘӗ). ӡӣӠ. 3.11-ӖӔ 

ӜӐөӕӔӜӔӑӘӐ ӡӘӒӜӐӚӘӡ ӘӜӢӔӜӡӘӕӝӑӘӡ ӛӐӢӔӑӐ 15 ӬӣӗӘӐӜӘ ӘӜӢӔӠӕӐӚӘӗ, “ӒӐӯӔӠӔӑӣӚӘ“ 
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ӘӜӢӔӜӡӘӕӝӑӘӡ ӞӘәӘӡ ӛӘӦӔӑӐӛӓӔ, ӠӐӪ ӖӝӒӐӓӐӓ ӓӐӛӐӮӐӡӘӐӗӔӑӔӚӘӐ ӖӔӓӐӞӘӠӖӔ 

ӐӓӡӝӠӑӘӠӔӑӣӚӘ ӠӔӓӝӥӡ ӪӔӜӢӠӔӑӘӡӐӗӕӘӡ [184,186]. Ӑӛ ӒӐӠӔӛӝӔӑӔӑӘӡ ӒӐӛӝ ӚӘӢӔӠӐӢӣӠӐӨӘ 

ӛӝӘӫӔӑӜӔӑӐ ӠӘӒӘ ӡӐӛӣӨӐӝӔӑӘ, ӠӝӛӚӔӑӨӘӪ ӛӘӦӔӑӣӚӘ ӕӝӚӢӐӛӞӔӠӝӛӔӢӠӣӚӘ ӡӘӒӜӐӚӘ Әӧӝ 

ӛӘөӜӔӣӚӘ SAM-ӖӔ ӐӓӡӝӠӑӘӠӔӑӣӚӘ ӡӞӘӚӔӜӫӘӡ ӘӝӜӔӑӘӡ, әӔӠӫӝӓ әӘ Cu
2+

/Cu
+ ӘӝӜӣӠӘ 

ӬӧӕӘӚӘӡ ӛӝӜӐӬӘӚӔӝӑӘӗ ӛӘӛӓӘӜӐӠӔ ӔӚӔӥӢӠӝӜӔӑӘӡ ӛӘӛӝӪӕӚӘӡ Ӕ.Ӭ. ӤӐӠӐӓӔӘӡ ӓӔӜӘӡ 

ӡӘӒӜӐӚӐӓ [214]. ӕӝӚӢӐӛӞӔӠӝӛӔӢӠӣӚӘ ӡӘӒӜӐӚӘӡ ӬӧӐӠӝӡ ӨӔӡӐӮӔӑ ӐӦӜӘӨӜӣӚӘ ӛӝӡӐӖӠӔӑӘӡ 

ӓӐӡӐӓӐӡӢӣӠӔӑӚӐӓ ӛӝӪӔӛӣӚӘ ӡӐӛӣӨӐӝӡ ӤӐӠӒӚӔӑӨӘ өӐӢӐӠӔӑӣӚӘ Әӧӝ ӓӐӛӐӢӔӑӘӗӘ 

ӔӥӡӞӔӠӘӛӔӜӢӣӚӘ ӡӔӠӘӐ ӖӔӡӣӤӗӐ, Cu
2+ ӘӝӜӔӑӘӡӒӐӜ ӗӐӕӘӡӣӤӐӚӘ ӠӔӐӥӢӘӕӔӑӘӡ ӒӐӛӝӧӔӜӔӑӘӗ, 

ӠӝӛӔӚӨӘӪ ӤӐӠӐӓӔӘӡ ӓӔӜӘ ӐӠ ӓӐӤӘӥӡӘӠӓӐ, ӠӐӪ ӐӓӐӡӠӣӠӔӑӡ, Ӡӝӛ ӓӔӜӘӡ ӬӧӐӠӝ ӐӠӘӡ Cu
2+

 

ӓӐ ӐӠӐ L-ӪӘӡӢӔӘӜӘ.  

 

 
 

ӡӣӠӐӗӘ 3.11. ӡӘӒӜӐӚӘӡ ӘӜӢӔӜӡӘӕӝӑӘӡ ӛӝӛӐӢӔӑӐ ӓӠӝӨӘ ӡәӐӜӘӠӔӑӘӡ ӓӐӬӧӔӑӘӓӐӜ 0, 15, 30 ӓӐ 45 
ӬӣӗӘӡ ӨӔӛӓӔӒ. ӡәӐӜӘӠӔӑӘӡ ӡӘөӥӐӠӔ 0.1 V s−1, 0.1 M PBS, pH 6.4, T = 20 °C. 

 
 

L-ӪӘӡӢӔӘӜӘӡ SAM-ӔӑӖӔ ӐӓӡӝӠӑӘӠӔӑӣӚӘ (өӐӭӔӠӘӚӘ) Cu
2+

 ӘӝӜӔӑӘӡ ӛӘӔӠ ӔӠӗ-ӡӐӐӗӘӐӜӘ 

ӪӘәӚӘӠӔӑӘӡ ӒӐӜӛӐӕӚӝӑӐӨӘ ӛӘӦӔӑӣӚӘ ӔӚӔӥӢӠӝӜӘӡ ӛӘӛӝӪӕӚӘӡ ӛӖӐӠӓӘ ӘӜӢӔӜӡӘӕӝӑӘӡ 

ӕӝӚӢӐӛӞӔӠӣӚӘ ӛӠӣӓӔӑӘ ӛӝӪӔӛӣӚӘӐ ӡӣӠ. 3.12-ӖӔ, ӮӝӚӝ ӡӣӠ. 3.13-ӖӔ ӛӝӪӔӛӣӚӘӐ 

ӡӘӒӜӐӚӘӡ „ӒӐӯӔӠӔӑӘӡ“ ӨӔӛӓӒӝӛ ӒӐӓӐӦӔӑӣӚӘ ӞӘәӔӑӘӡ ӓӔӜӘӡ ӓӐӛӝәӘӓӔӑӣӚӔӑӐ ӡәӐӜӘӠӔӑӘӡ 

ӡӘөӥӐӠӔӖӔ ӡӮӕӐӓӐӡӮӕӐ pH-Әӡ ӞӘӠӝӑӔӑӨӘ. ӓӐӛӝәӘӓӔӑӣӚӔӑӘӡ ӐӡӔӗӘ ӢӘӞӘ әӘӓӔӕ ӔӠӗӮӔӚ 

ӐӓӐӡӢӣӠӔӑӡ, Ӡӝӛ ӡӘӒӜӐӚӘ ӛӘӘӦӔӑӐ ӔӚӔӥӢӠӝӓӖӔ ӐӓӡӝӠӑӘӠӔӑӣӚӘ ӠӔӓӝӥӡ-

ӪӔӜӢӠӔӑӘӡӐӒӐӜ [184, 186].  
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ӡӣӠӐӗӘ 3.12 Au/Cys SAM/Cu ӡӘӡӢӔӛӘӡ ӛӘӔӠ ӔӚӔӥӢӠӝӜӘӡ ӛӘӛӝӪӕӚӘӡ ӨӔӡӐӑӐӛӘӡӘ ӞӘәӘӡ ӓӔӜӘӡ 
ӓӐӛӝәӘӓӔӑӣӚӔӑӐ ӡәӐӜӘӠӔӑӘӡ ӡӘөӥӐӠӔӖӔ ӡӮӕӐӓӐӡӮӕӐ pH-Әӡ ӞӘӠӝӑӔӑӨӘ. 

0.1 M PBS, pH 6.5, 6.9, 7.3 ӓӐ 7.7, T = 20 °C. 
 
 

 
 

ӡӣӠӐӗӘ 3.13 Au/Cys SAM/Cu ӡӘӡӢӔӛӘӡ ӛӘӔӠ ӔӚӔӥӢӠӝӜӘӡ ӒӐӓӐӢӐӜӘӡ ӞӠӝӪӔӡӘӡ ӢӘӞӘӣӠӘ 
ӕӝӚӢӐӛӝӒӠӐӛӐ. ӡәӐӜӘӠӔӑӘӡ ӡӘөӥӐӠӔӔӑӘ 0.1 − 1 V∙s−1 (0.1 M PBS, pH 5.7). 

 
 

ӛӘӦӔӑӣӚӘ ӕӝӚӢӐӛӞӔӠӣӚӘ ӛӠӣӓӔӑӘӡ (ӡӣӠ. 3.13) ӞӠӝӒӠӐӛӣӚӘ ӓӐӛӣӨӐӕӔӑӘӗ 

ӒӐӛӝӗӕӚӘӚӘ Әӧӝ ӔӚӔӥӢӠӝӜӘӡ ӒӐӓӐӢӐӜӘӡ ӡӢӐӜӓӐӠӢӣӚӘ ӡӘөӥӐӠӘӡ әӝӜӡӢӐӜӢӘӡ 

ӔӤӔӥӢӣӠӘ ӛӜӘӨӕӜӔӚӝӑӔӑӘ ӒӐӠӔӛӝӡ pH-Әӡ ӡӮӕӐӓӐӡӮӕӐ ӛӜӘӨӕӜӔӚӝӑӔӑӘӡ ӨӔӛӗӮӕӔӕӐӨӘ, ӮӝӚӝ 

ӨӔӛӓӒӝӛ, ӔӥӡӞӔӠӘӛӔӜӢӣӚӘ ӛӝӜӐӪӔӛӔӑӘӡ ӗӔӝӠӘӣӚ ӛӠӣӓӔӑӗӐӜ ӨӔӓӐӠӔӑӘӡ ӞӠӝӪӔӓӣӠӘӡ 

ӒӐӛӝӧӔӜӔӑӘӗ, ӒӐӛӝӗӕӚӘӚӘ Әӧӝ ӒӘӑӡӘӡ ӠӔӝӠӒӐӜӘӖӐӪӘӘӡ ӔӜӔӠӒӘӘӡ ӔӤӔӥӢӣӠӘ 

ӛӜӘӨӕӜӔӚӝӑӔӑӘ (ӘӮ. §2.2 ӓӐ 3.2) [137-140]. ӛӘӣӮӔӓӐӕӐӓ ӘӛӘӡӐ, Ӡӝӛ ӕӝӚӢӐӛӞӔӠӝӛӔӢӠӣӚ 
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ӛӠӣӓӔӑӡ ӐӠ ӔӢӧӝӑӐ ӐӠӐӜӐӘӠӘ ӒӐӓӐӮӠӔӑӘ (ӡӣӠ. 3.13), ӞӘәӔӑӘӡ ӒӐӒӐӜӘӔӠӔӑӘӡ ӡӘӓӘӓӔӔӑӘӡ 

ӛӝӜӐӪӔӛӔӑӘӡ ӨӔӡӐӑӐӛӘӡ ӗӔӝӠӘӣӚ ӛӠӣӓӔӑӗӐӜ ӨӔӓӐӠӔӑӘӡ ӓӠӝӡ ӕӔӠ ӮӔӠӮӓӔӑӐ ӛӘӦӔӑӣӚӘ 

ӔӥӡӞӔӠӘӛӔӜӢӣӚӘ ӬӔӠӢӘӚӔӑӗӐӜ ӓӐӛӗӮӕӔӕӐ ӠӝӛӔӚӘӛӔ ӔӠӗӘ ӠӔӝӠӒӐӜӘӖӐӪӘӘӡ ӔӜӔӠӒӘӘӡ 

ӨӔӡӐӑӐӛӘӡ ӛӠӣӓӖӔ (ӡӣӠ. 3.14). ӛӡӒӐӕӡӘ ӥӪӔӕӐ ӛӘӣӗӘӗӔӑӡ ӘӛӐӖӔ, Ӡӝӛ ӨӔӡӬӐӕӚӘӚӘ Au/Cys 

SAM/Cu2+, ӛӡӒӐӕӡӐӓ ӐӖӣӠӘӜӘӡ ӨӔӛӪӕӔӚӘ ӡӘӡӢӔӛӘӡӐ, ӕӔӠ ӐәӛӐӧӝӤӘӚӔӑӡ ӛӐӠәӣӡӘӡ ӗӔӝӠӘӘӡ 

ӫӘӠӘӗӐӓ ӓӐӨӕӔӑӐӡ (ӔӜӔӠӒӔӢӘәӣӚӘ ӗӔӠӛӔӑӘӡ ӞӐӠӐӑӝӚӣӠӘ ӤӝӠӛӐ), ӠӝӛӚӔӑӖӔ 

ӓӐӧӠӓӜӝӑӘӗ ӨӔӓӒӔӜӘӚӘӐ ӗӔӝӠӘӣӚӘ ӛӠӣӓӔӑӘ. ӞӘӠӕӔӚ ӠӘӒӨӘ, ӠӝӒӝӠӪ ӣәӕӔ Әӧӝ ӖӔӕӘӗ 

ӒӐӜӮӘӚӣӚӘ, ӐӛӘӡ ӛӘӖӔӖӘ ӨӔӘӫӚӔӑӐ Әӧӝӡ ӒӐӠӔӛӝӡ ӞӝӚӐӠӘӖӐӪӘӘӡ ӐӠӐӬӠӤӘӕӘ 

“ӒӐӛӝӖӐӮӘӚӘ“, ӐӜӣ ӔӚӔӥӢӠӝӜӘӡ ӒӐӓӐӢӐӜӘӡ ӞӠӝӪӔӡӘӡ ӔӜӔӠӒӔӢӘәӣӚӘ ӞӠӝӤӘӚӘӡ ӤӝӠӛӘӡ 

ӒӐӓӐӮӠӐ ӞӐӠӐӑӝӚӣӠӘӡӐӒӐӜ. ӛӔӝӠӔ ӛӜӘӨӕӜӔӚӝӕӐӜӘ ӛӝӛӔӜӢӘ ӛӓӒӝӛӐӠӔӝӑӡ ӘӛӐӨӘ, Ӡӝӛ 

ӔӚӔӥӢӠӝӜӘӡ ӒӐӓӐӢӐӜӐӡӗӐӜ ӨӔӣӦӚӔӑӣӚӘ ӗӐӕӘӡӣӤӚӔӑӘӡ ӮӐӠӘӡӮӔӑӘӡ ӑӣӜӔӑӐ ӨӔӡӐӫӚӝӐӐ 

ӐӠ Әӧӝӡ ӔӚӐӡӢӘӣӠӘ (әӕӐӖӘӔӚӐӡӢӘӣӠӘ) ӓӐ, ӠӐӪ ӛӗӐӕӐӠӘӐ, Ӕӡ ӗӐӕӘӡӣӤӚӔӑӘӡ ӮӐӠӘӡӮӔӑӘ 

ӨӔӘӫӚӔӑӐ Әӧӝӡ ӣӤӠӝ ӜӔӚӘ, ӕӘӓӠӔ ӨӔӡӐӡӬӐӕӚӘ ӔӚӔӥӢӠӝӜӘӡ ӒӐӓӐӢӐӜӘӡ ӞӠӝӪӔӡӘ. 

 

 
 

ӡӣӠӐӗӘ 3.14. ӛӘӦӔӑӣӚӘ ӛӝӜӐӪӔӛӔӑӘӡ  ӨӔӡӐӑӐӛӘӡ ӗӔӝӠӘӣӚ ӛӠӣӓӔӑӗӐӜ ӨӔӓӐӠӔӑӘӡ k = 3.5 s−1, Ǌ = 0.6 
eV ӡәӐӜӘӠӔӑӘӡ ӡӘөӥӐӠӔ 0.1−60 V s−1, 0.1 M PBS, 

pH 5.7, T = 20 °C. 
 

 

ӛӘӦӔӑӣӚӘ ӔӥӡӞӔӠӘӛӔӜӢӣӚӘ ӬӔӠӢӘӚӔӑӘ ӤӘӢӘӜӒӘӡ ӗӕӐӚӡӐӖӠӘӡӘӗ ӨӔӘӫӚӔӑӐ ӞӘӠӝӑӘӗӐӓ 

ӓӐӘӧӝӡ ӡӐӛ ӜӐӬӘӚӐӓ. ӔӚӔӥӢӠӝӓӣӚӘ ӞӝӢӔӜӪӘӐӚӘӡ ӓӐӑӐӚӘ ӒӐӓӐӫӐӑӕӘӡ ӣӑӐӜӨӘ, ӡӐӓӐӪ 

ӗӔӝӠӘӘӡ ӗӐӜӐӮӛӐӓ ӐӜӝӓӣӠӡӐ ӓӐ әӐӗӝӓӣӠ ӞӘәӔӑӡ ӨӝӠӘӡ ӛӐӜӫӘӚӘ ӣӜӓӐ ӛӘӘӡӬӠӐӤӝӡ 

ӜӣӚӘӡәӔӜ, ӐӓӒӘӚӘ Ӑӥӕӡ ӡӐәӛӐӝӓ ӓӘӓ ӓӐӨӝӠӔӑӐӡ (ӡӣӠ. 3.14). Ӕӡ ӓӐӛӐӮӐӡӘӐӗӔӑӔӚӘӐ 
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ӔӚӔӥӢӠӝӓӘӡ ӖӔӓӐӞӘӠӖӔ ӐӓӡӝӠӑӘӠӔӑӣӚӘ ӞӐӢӐӠӐ ӖӝӛӘӡ ӠӔӓӝӥӡ-ӪӔӜӢӠӔӑӘӡӗӕӘӡ, 

ӕӘӜӐӘӓӐӜ ӔӚӔӥӢӠӝӜӘӡ ӛӘӛӝӪӕӚӐӡ ӛӝӧӕӔӑӐ ӡӐӞӘӠӘӡӞӘӠӝ ӛӣӮӢӘӡ ӛӘӛӝӪӕӚӐ ӯӐӛӣӠӘ 

ӔӚӔӥӢӠӝ-ӜӔӘӢӠӐӚӝӑӘӡ ӨӔӡӐӜӐӠөӣӜӔӑӚӐӓ [184]. ӨӣӐӚӔӓӣӠӘ ӣӑӜӘӡ ӬӔӠӢӘӚӔӑӘ әӐӠӒӐӓ 

ӐӦӘӬӔӠӔӑӐ ӠӝӛӔӚӘӛӔ ӠӔӝӠӒӐӜӘӖӐӪӘӘӡ ӔӜӔӠӒӘӘӡ ӨӔӡӐӑӐӛӘӡӘ ӗӔӝӠӘӣӚӘ ӛӠӣӓӘӗ ӓӐ 

ӛӮӝӚӝӓ Ӑӛ ӣӑӜӘӡ ӤӘӢӘӜӒӘӗ ӐӠӘӡ ӨӔӡӐӫӚӔӑӔӚӘ ӔӥӡӞӔӠӘӛӔӜӢӨӘ ӔӤӔӥӢӣӠӘ ӡӘөӥӐӠӘӡ 

әӝӜӡӢӐӜӢӘӡ ӓӐ ӠӔӝӠӒӐӜӘӖӐӪӘӘӡ ӔӜӔӠӒӘӘӡ ӒӐӜӡӐӖӦӕӠӐ. ӛӐӦӐӚӘ ӒӐӓӐӫӐӑӕӘӡ ӣӑӐӜӨӘ ӞӘәӔӑӡ 

ӨӝӠӘӡ ӛӐӜӫӘӚӘ ӘӖӠӓӔӑӐ ӘӛӓӔӜӐӓ ӡӬӠӐӤӐӓ, Ӡӝӛ ӨӔӡӐӑӐӛӘӡӘ ӬӔӠӢӘӚӔӑӘ ӐӠ ӯӓӔӑӐ ӐӠӪ 

ӔӠӗ ӗӔӝӠӘӣӚ ӛӠӣӓӖӔ. ӔӥӡӞӔӠӘӛӔӜӢӣӚӘ ӬӔӠӢӘӚӔӑӘӡ ӐӡӔӗӘ ӒӐӜӚӐӒӔӑӐ ӮӨӘӠӐӓ ӛӘӘӦӔӑӐ 

Ӕ.Ӭ. ӝӛӣӠӘ ӕӐӠӓӜӘӡ ӓӠӝӡ, ӠӝӛӚӘӡ ӒӐӛӝӠӘӪӮӕӐ ӓӐ ӛӝӜӐӪӔӛӔӑӘӡ ӒӐӓӐӗӕӚӐ ӡӘӠӗӣӚӔӡ ӐӠ 

ӬӐӠӛӝӐӓӒӔӜӡ [140]. ӒӐӠӓӐ ӐӛӘӡӐ, ӛӡӒӐӕӡӘ ӡӣӠӐӗӘ ӮӨӘӠӐӓ ӛӘӘӦӔӑӐ ӖӔӓӐӞӘӠӖӔ 

ӐӓӡӝӠӑӘӠӔӑӣӚӘ ӟӐӜӒӕӐ-ӐӦӓӒӔӜӘӗӘ ӪӘӚӔӑӘӡ ӨӔӡӬӐӕӚӘӡ ӓӠӝӡ ӓӐ ӛӗӚӘӐӜӐӓ ӐӘӮӡӜӔӑӐ 

ӞӐӠӐӑӝӚӣӠӘ ӔӜӔӠӒӔӢӘәӣӠӘ ӖӔӓӐӞӘӠӔӑӘӡ ӓӔӤӝӠӛӐӪӘӘӗ ӛӐӦӐӚӘ ӔӜӔӠӒӘӔӑӘӡ ӣӑӐӜӨӘ ӜӔӚӘ 

әӝӜӤӝӛӐӪӘӣӚӘ ӗӐӕӘӡӣӤӚӔӑӘӡ ӮӐӠӘӡӮӔӑӘӡ ӬӕӚӘӚӘӡ ӒӐӖӠӓӘӡ ӒӐӛӝ [140]. 

ӒӐӜӮӘӚӣӚӘ Au/CysSAM/Cu ӡӘӡӢӔӛӘӡ ӨӔӛӗӮӕӔӕӐӨӘ ӔӚӔӥӢӠӝӜӘӡ ӒӐӓӐӢӐӜӐ ӮӝӠӪӘӔӚӓӔӑӐ 

ӐӓӘӐӑӐӢӣӠ ӠӔӟӘӛӨӘ, ӕӘӜӐӘӓӐӜ ӠӔӓӝӥӡ-ӐӥӢӘӣӠӘ ӡӞӘӚӔӜӫӘӡ ӘӝӜӘ өӐӭӔӠӘӚӘӐ L-ӪӘӡӢӔӘӜӘӡ 

ӗӮӔӚ ӛӝӜӝӨӠӔӖӔ, ӐӜӣ ӔӚӔӥӢӠӝӜӘӡ ӒӐӓӐӢӐӜӘӡ ӡӘөӥӐӠӘӡ әӝӜӡӢӐӜӢӐ ӛӜӘӨӕӜӔӚӝӕӜӐӓ ӐӠӘӡ 

ӓӐӛӝәӘӓӔӑӣӚӘ ӒӐӠӔӛӝӡ ӠӔӝӠӒӐӜӘӖӐӪӘӘӡ ӔӜӔӠӒӘӐӖӔ ӬӘӜӐ ӔӥӡӞӝӜӔӜӢӣӠӘ ӬӔӕӠӘӡ ӮӐӠӯӖӔ. 

ӤӘӢӘӜӒӘӡ ӞӠӝӪӔӓӣӠӐ, ӠӝӛӔӚӘӪ әӐӠӒӐӓ ӛӣӨӐӝӑӡ ӬӧӐӚӮӡӜӐӠӨӘ ӛӝӗӐӕӡӔӑӣӚ ӛӪӘӠӔ ӖӝӛӘӡ 

ӐӠӐӝӠӒӐӜӣӚӘ ӜӐӔӠӗӔӑӘӡ ӨӔӛӗӮӕӔӕӐӨӘ, Au/CysSAM/Cu ӡӘӡӢӔӛӘӡӐӗӕӘӡ ӐӠ ӐӠӘӡ ӘӓӔӐӚӣӠӐӓ 

ӗӐӕӡӔӑӐӓӘ ӕӘӜӐӘӓӐӜ Ӑӛ ӨӔӛӗӮӕӔӕӐӨӘ ӘӖӠӓӔӑӐ ӜӔӚӘ ӐӠӐӰӐӠӛӝӜӘӣӚӘ ӗӐӕӘӡӣӤӚӔӑӘӡ 

ӮӐӠӘӡӮӔӑӘӡ ӬӕӚӘӚӘ ӒӐӠӔӛӝӡ ӛӮӠӘӓӐӜ [140, 85, 86]. ӞӘӠӕӔӚ ӠӘӒӨӘ, ӗӕӘӗӝӜ ӛӝӜӝӨӠӔ, 

ӠӝӛӔӚӨӘӪ өӐӭӔӠӘӚӘӐ ӠӔӓӝӥӡ-ӪӔӜӢӠӘ, ӐӠӘӡ ӛӘӜӘӡ ӛӐӒӕӐӠӘ ӑӣӜӔӑӘӡ ӛӥӝӜӔ ӒӐӠӔӛӝ ӓӐ, 

ӔӚӔӥӢӠӝӜӘӡ ӒӐӓӐӢӐӜӘӡ ӛӔӥӐӜӘӖӛӘӡ ӐӓӘӐӑӐӢӣӠӘ ӑӣӜӔӑӘӡ ӒӐӗӕӐӚӘӡӬӘӜӔӑӘӗ, ӛӘӡӘ ӜӔӚӘ 

ӠӔӚӐӥӡӐӪӘӘӡ ӣӜӐӠӘ ӐӣӪӘӚӔӑӚӐӓ ӨӔӘӢӐӜӡ ӬӕӚӘӚӡ ӔӚӔӥӢӠӝӜӘӡ ӒӐӓӐӢӐӜӐӨӘ [139, 140]. 

ӒӐӠӓӐ ӐӛӘӡӐ, SAM-Әӡ ӛӝӬӔӡӠӘӒӔӑӣӚӘ ӡӢӠӣӥӢӣӠӘӡӐ ӓӐ ӓӐӛӣӮӢӣӚӘ ӖӔӓӐӞӘӠӘӡ ӒӐӛӝ 

ӛӝӡӐӚӝӓӜӔӚӘӐ, Ӡӝӛ ӒӐӛӮӡӜӔӚӘӡ ӒӐӠәӕӔӣӚӘ ӤӔӜӐ ӒӐӜӡӮӕӐӕӔӑӘӗ ӗӐӕӘӡӣӤӐӚӘ ӮӡӜӐӠӘӡӐӒӐӜ 

Әӧӝӡ ӛӔӢӐӓ ӛӝӬӔӡӠӘӒӔӑӣӚӘ ӬӧӐӚӑӐӓӣӠӘ ӑӛӔӑӘӡ ӒӐӫӚӘӔӠӔӑӘӡ ӮӐӠӯӖӔ [215-216].  

ӧӝӕӔӚӘӕӔ ӐӛӘӡ ӒӐӗӕӐӚӘӡӬӘӜӔӑӘӗ ӨӔӘӫӚӔӑӐ ӘӗӥӕӐӡ, Ӡӝӛ ӬӧӐӚӮӡӜӐӠӗӐӜ ӨӔӓӐӠӔӑӘӗ ӜӔӚӘ 

ӐӠӐӰӐӠӛӝӜӘӣӚӘ ӗӐӕӘӡӣӤӚӔӑӘӡ ӮӐӠӘӡӮӔӑӘӡ ӬӕӚӘӚӘӡ ӒӐӖӠӓӘӡ ӒӐӛӝ, ӨӔӡӬӐӕӚӘӚ 

ӡӘӡӢӔӛӐӨӘ ӐӓӒӘӚӘ Ӑӥӕӡ ӑӘӝӛӝӚӔәӣӚӘӔӑӘӡ ӨӔӛӗӮӕӔӕӐӡӗӐӜ ӐӜӐӚӝӒӘӣӠӘ ӗӐӕӘӡӣӤӐӚӘ 

ӔӜӔӠӒӘӘӡ ӖӔӓӐӞӘӠӘӡ ӤӝӠӛӘӡ ӒӐӓӐӮӠӐӡ ӞӐӠӐӑӝӚӣӠӘӡӐӒӐӜ (ӡӣӠ. 3.10). ӛӘӡӘ ӖӣӡӢӘ 

ӠӐӝӓӔӜӝӑӠӘӕӘ ӨӔӤӐӡӔӑӐ ӡӐӕӡӔӑӘӗ ӨӔӡӐӫӚӔӑӔӚӘӐ ӡӮӕӐ ӓӐӛӐӢӔӑӘӗӘ ӛӔӗӝӓӔӑӘӡ 
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ӒӐӛӝӧӔӜӔӑӘӗ [217], ӛӐӒӠӐӛ ӫӐӚӘӐӜ ӠӗӣӚӘӐ ӛӮӝӚӝӓ ӕӝӚӢӐӛӞӔӠӝӛӔӢӠӣӚӘ ӛӔӗӝӓӘӡ  

ӒӐӛӝӧӔӜӔӑӘӗ, ӕӘӜӐӘӓӐӜ ӐӠ ӐӠӡӔӑӝӑӡ өӐӛӝӧӐӚӘӑӔӑӣӚӘ ӗӔӝӠӘӣӚӘ ӑӐӖӐ, ӠӝӛӚӘӡ 

ӡӐӤӣӫӕӔӚӖӔ ӨӔӡӐӫӚӔӑӔӚӘ ӘӥӜӔӑӐ ӔӥӡӞӔӠӘӛӔӜӢӣӚӘ ӛӝӜӐӪӔӛӔӑӘӡ ӓӐӛӣӨӐӕӔӑӐ ӐӠӐӬӠӤӘӕӘ ӓӐ 

ӐӠӐӔӠӒӝӓӣӚӘ ӛӝӕӚӔӜӔӑӘӡ ӒӐӗӕӐӚӘӡӬӘӜӔӑӘӗ [139, 165]. ӛӐӒӠӐӛ ӡӣӠ. 3.14-Әӡ 

ӛӝӜӐӪӔӛӔӑӘӓӐӜ  ӨӔӡӐӫӚӔӑӔӚӘӐ ӗӕӘӡӝӑӠӘӕӘ ӨӔӤӐӡӔӑӘӡ ӒӐәӔӗӔӑӐ: ӡӐӕӐӠӐӣӓӝӓ, ӛӝӪӔӛӣӚ 

ӨӔӛӗӮӕӔӕӐӨӘ ӗӐӕӘӡӣӤӐӚӘ ӔӜӔӒӘӘӡ ӖӔӓӐӞӘӠӘ ӣӜӓӐ Әӧӝӡ ӣӤӠӝ ӒӐӨӚӘӚӘ ӓӐ ӒӐӜӘӔӠӘ 

ӛӐӦӐӚӘ ӔӜӔӠӒӘӔӑӘӡ ӜӐӬӘӚӨӘ, ӗӣӛӪӐ ӛӘӜӘӛӣӛӘӡ ӛӐӮӚӝӑӚӐӓ ӡӐәӛӐӝӓ әӚӐӡӘәӣӠӘӡ ӛӡӒӐӕӡӘ. 

ӑӝӚӝ ӬӚӔӑӨӘ ӒӐӛӝӥӕӔӧӜӔӑӣӚ ӛӐӢӘӣӨӝӕӘӡ ӗӔӝӠӘӣӚ ӡӐӛӣӨӐӝӔӑӨӘ ӜӐөӕӔӜӔӑӘӐ, Ӡӝӛ 

ӒӐӠӔӛӝӡ ӐӠӐӬӠӤӘӕӝӑӐ ӞӠӘӜӪӘӞӣӚӐӓ ӣӜӓӐ Әӧӝӡ ӓӐәӐӕӨӘӠӔӑӣӚӘ ӡӘӡӢӔӛӘӡ ӐӠӐӔӠӒӝӓӣӚ 

ӥӪӔӕӐӡӗӐӜ, ӠӐӪ ӒӐӜӡӐәӣӗӠӔӑӘӗ ӛәӐӤӘӝӓ ӕӚӘӜӓӔӑӐ ӗӣ ӡӐӥӛӔ ӒӕӐӥӕӡ ӔӚӔӥӢӠӝӜӘӡ 

ӒӐӓӐӢӐӜӐӡӗӐӜ ӛӝәӚӔ ӛӐӜӫӘӚӖӔ, ӐӜӣ ӐӓӘӐӑӐӢӣӠ ӠӔӟӘӛӗӐӜ [165, 217]. ӜӐӛӓӕӘӚӐӓ, 

ӐӓӘӐӑӐӢӣӠ ӠӔӟӘӛӨӘ ӔӚӔӥӢӠӝӜӘӡ ӒӐӓӐӢӐӜӘӡ ӡӘөӥӐӠӘӡ әӝӜӡӢӐӜӢӐ ӛӜӘӨӕӜӔӚӝӕӜӐӓ ӐӠӘӡ 

ӓӐӛӝәӘӓӔӑӣӚӘ ӜӔӚ ӗӐӕӘӡӣӤӚӔӑӘӡ ӮӐӠӘӡӮӔӑӖӔ, ӠӐӓӒӐӜ ӒӐӠӓӐ ӠӔӚӐӥӡӐӪӘӘӡ ӔӜӔӠӒӘӘӡӐ 

Ǌ0, ӬӘӜӐ ӔӥӡӞӝӜӔӜӢӣӠ ӬӔӕӠӨӘ ӨӔӓӘӡ ӒӐӠӔӛӝӡ ӠӔӚӐӥӡӐӪӘӘӡ ӓӠӝӪ τeff [84, 140, 191, 194]. ӮӝӚӝ 

ӐӠӐӬӠӤӘӕӘ ӒӐӠӔӛӝ, ӠӝӛӔӚӘӪ ӮӨӘӠӐӓ ӒӕӮӓӔӑӐ ӑӚӐӜӢ ӘӝӜӣӠ ӡӘӗӮӔӔӑӨӘ, ӗӮӔӕӐӓ 

әӠӘӡӢӐӚӔӑӨӘ ӐӜ ӛӝӥӜӘӚӘ ӛӐӢӔӠӘӘӡ ӤӘӖӘәӘӡ ӡӮӕӐ ӝӑӘӔӥӢӔӑӨӘ, ӮӐӡӘӐӗӓӔӑӐ ӛӠӐӕӐӚӘ ӜӔӚӘ 

ӗӐӕӘӡӣӤӚӔӑӘӡ ӮӐӠӘӡӮӘӗ ӓӐ ӒӐӠәӕӔӣӚ ӞӘӠӝӑӔӑӨӘ ӐӛӐӡ ӛӝӧӕӔӑӐ ӡӘӡӢӔӛӘӡ ӛӘӜӘӡӔӑӣӠӘ 

ӥӪӔӕӐ, ӐӜӣ ӗӣ ӠӘӒ ӔӥӡӞӔӠӘӛӔӜӢӣӚ ӞӘӠӝӑӔӑӨӘ ӛӝӮӓӐ ӡӘӡӢӔӛӘӡ ӓӐӛӐӢӔӑӘӗӘ ӨӔӑӝӭӕӐ, 

ӖӝӒӘӔӠӗӘ ӜӔӚӘ ӗӐӕӘӡӣӤӚӔӑӘӡ ӮӐӠӘӡӮӘ ӨӔӘӫӚӔӑӐ ӛӝӣӚӝӓӜӔӚӐӓ „ӒӐӘӧӘӜӝӡ“ ӐӜ 

ӒӐӐӥӢӘӣӠӓӔӡ [165, 217].  

Au/Cys SAM/Cu ӡӘӡӢӔӛӘӡ ӐӠӐӔӠӒӝӓӣӚӝӑӘӡ ӨӔӤӐӡӔӑӘӡӐӗӕӘӡ ӨӔӡӬӐӕӚӘӚӘ Әӧӝ 

ӔӚӔӥӢӠӝӜӘӡ ӒӐӓӐӢӐӜӘӡ ӛӐӮӐӡӘӐӗӔӑӔӚӘ ӞӐӠӐӛӔӢӠӔӑӘӡ ӓӐӛӝәӘӓӔӑӣӚӔӑӐ ӡӮӕӐӓӐӡӮӕӐ 

ӢӔӛӞӔӠӐӢӣӠӐӡӐ ӓӐ ӬӜӔӕӐӖӔ, ӠӐӪ ӒӕӐӫӚӔӕӡ ӡӐӨӣӐӚӔӑӐӡ Ӡӝӛ ӣӨӣӐӚӝӓ ӕӪӕӐӚӝӗ ӒӐӠӔӛӝӡ 

ӛӐӮӐӡӘӐӗӔӑӔӚӘ ӡӘӮӨӘӠӔ ǌeff ӓӐ, ӨӔӡӐӑӐӛӘӡӐӓ, ӠӔӚӐӥӡӐӪӘӘӡ ӓӠӝӪ τeff. ӗӝӗӝ ӢӘӞӘӣӠӘ 

ӓӐӛӝәӘӓӔӑӣӚӔӑӐ ӛӝӪӔӛӣӚӘӐ ӡӣӠӐӗӖӔ 3.15, ӡӐӓӐӪ ӡӐӕӡӔ ӡӘӛӑӝӚӝӔӑӘӗ ӐӦӜӘӨӜӣӚӘӐ 

ӢӔӛӞӔӠӐӢӣӠӘӡ ӐӜ ӛӐӦӐӚӘ ӬӜӔӕӘӡ ӗӐӜӛӘӛӓӔӕӠӣӚӘ ӒӐӖӠӓӘӡ ӠӔӟӘӛӨӘ ӛӘӦӔӑӣӚӘ 

ӛӝӜӐӪӔӛӔӑӘ, ӮӝӚӝ ӦӘӐ ӡӘӛӑӝӚӝӔӑӘӗ ӘӒӘӕӔ ӘӜӢӔӠӕӐӚӘӗ ӣәӐӜ ӓӐӑӠӣӜӔӑӐ. ӛӘӦӔӑӣӚӘ 

ӛӠӣӓӔӑӘ әӚӐӡӘәӣӠ ӨӔӛӗӮӕӔӕӘӡӒӐӜ ӒӐӜӡӮӕӐӕӔӑӘӗ ӐӠ ӐӠӘӡ ӐӠӪ ӬӠӤӘӕӘ ӓӐ ӐӠӪ ӒӐӛӔӝӠӔӑӐӓӘ, 

ӒӐӠӓӐ ӐӛӘӡӐ, ӐӓӒӘӚӘ Ӑӥӕӡ ӰӘӡӢӔӠӔӖӘӡӘӡ ӛӝӕӚӔӜӐӡ, ӐӜӣ ӡӘӡӢӔӛӐ ӔӠӗӘ ӔӥӡӞӔӠӘӛӔӜӢӣӚӘ 

ӞӘӠӝӑӔӑӘӓӐӜ ӛӔӝӠӔӨӘ ӒӐӓӐӧӕӐӜӘӡ ӨӔӛӓӔӒ ӕӔӠ ӐӡӬӠӔӑӡ ӐӮӐӚӘ ӬӝӜӐӡӬӝӠӝӑӘӡ ӓӐӛӧӐӠӔӑӐӡ. 

ӛӡӒӐӕӡӘ ӥӪӔӕӐ ӖӝӒӐӓӐӓ ӓӐӛӐӮӐӡӘӐӗӔӑӔӚӘӐ ӐӠӐӔӠӒӝӓӣӚӘ ӡӘӡӢӔӛӔӑӘӡӐӗӕӘӡ [139, 211, 217]. 

ӗӔӝӠӘӘӡ ӗӐӜӐӮӛӐӓ, ӔӚӔӥӢӠӝӜӘӡ ӒӐӓӐӡӕӚӘӡ ӞӠӝӪӔӡӘ ӐӠӘӡ ӐӠӐӔӠӒӝӓӣӚӘ Әӛ 
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ӨӔӛӗӮӕӔӕӐӨӘ, ӗӣ ӔӚӔӥӢӠӝӜӘӡ ӒӐӓӐӢӐӜӘӡ ӛӐӮӐӡӘӐӗӔӑӔӚӘ ӓӠӝ ӓӐ ӡӘӡӢӔӛӘӡ ӬӝӜӐӡӬӝӠӝӑӘӡ 

ӓӐӛӧӐӠӔӑӘӡ ӓӠӝ ӐӠӘӡ ӓӐӐӮӚӝӔӑӘӗ ӔӠӗӘ ӠӘӒӘӡ [139, 165, 217]. ӐӡӔӗ ӨӔӛӗӮӕӔӕӐӨӘ әӘ 

ӘӠӦӕӔӕӐ ӛӐӠәӣӡӘӡ ӗӔӝӠӘӘӡ ӫӘӠӘӗӐӓӘ ӛӝӗӮӝӕӜӐ [194], ӠӐӪ ӕӚӘӜӓӔӑӐ ӔӥӡӞӔӠӘӛӔӜӢӨӘ 

ӛӘӦӔӑӣӚ ӐӠӔӜӘӣӡӘӡ ӓӐӛӝәӘӓӔӑӣӚӔӑӘӡ ӓӐӠӦӕӔӕӐӨӘ әӘӜӔӢӘәӣӠӘ ӰӘӡӢӔӠӔӖӘӡӘӡ ӔӤӔӥӢӘӡ 

ӒӐӛӝ [139]. ӛӘӣӮӔӓӐӕӐӓ ӛӐӠәӣӡӘӡ ӗӔӝӠӘӘӡ ӓӐӠӦӕӔӕӘӡӐ, ӛӡӒӐӕӡӘ ӥӪӔӕӐ ӐӠ ӔӬӘӜӐӐӦӛӓӔӒӔӑӐ 

ӛӝӥӜӘӚӘ ӛӐӢӔӠӘӘӡ ӤӘӖӘәӘӡ әӐӜӝӜӔӑӡ [41-47] ӓӐ ӠӐӪ ӣӤӠӝ ӛӔӢӘ ӜӔӚӘ ӗӐӕӘӡӣӤӚӔӑӘӡ 

ӮӐӠӘӡӮӘ ӒӐӐөӜӘӐ ӡӘӡӢӔӛӐӡ, ӛӘӗ ӣӤӠӝ ӫӚӘӔӠӘӐ ӔӜӔӠӒӔӢӘәӣӚӘ ӞӠӝӤӘӚӘӡ 

ӞӐӠӐӑӝӚӣӠӘӡӐӒӐӜ ӒӐӓӐӮӠӐ ӓӐ ӣӤӠӝ ӓӘӓӘӐ ӐӠӐӔӠӒӝӓӣӚӘ ӥӪӔӕӘӡ ӐӚӑӐӗӝӑӐ [139].  

 

 

 
 

ӡӣӠӐӗӘ 7. Au/Cys/Cu ӡӘӡӢӔӛӘӡ ӛӘӔӠ ӔӚӔӥӢӠӝӜӘӡ ӒӐӓӐӢӐӜӘӡ ӡӘөӥӐӠӘӡ әӝӜӡӢӐӜӢӘӡ ӢӔӛӞӔӠӐӢӣӠӐӡӐ 
ӓӐ ӬӜӔӕӐӖӔ ӓӐӛӝәӘӓӔӑӣӚӔӑӐ. ӦӘӐ ӡӘӛӑӝӚӝӔӑӘӗ ӐӦӜӘӨӜӣӚӘӐ ӨӔӡӐӑӐӛӘӡӐӓ ӢӔӛӞӔӠӐӢӣӠӘӡ ӓӐ 
ӬӜӔӕӘӡ ӒӐӖӠӓӐ, ӨӔӤӔӠӘӚӘ ӡӘӛӑӝӚӝӔӑӘӗ әӘ ӣәӣӡӕӚӐ. 
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ӗӐӕӘ 4. ӫӘӠӘӗӐӓӘ ӨӔӓӔӒӔӑӘ 

 

1. ӓӘӜӐӛӘәӣӠӘ ӞӝӢӔӜӪӘӝӛӔӢӠӘӘӡ ӛӔӗӝӓӘӡ ӒӐӛӝӧӔӜӔӑӘӗ ӨӔӡӬӐӕӚӘӚӘ Әӧӝ ӓӣӐӚӘӡӢӣӠӘ 

ӖӔӛӝӥӛӔӓӔӑӘӡ ӛӥӝӜӔ ӝӠӒӐӜӣӚӘ ӜӐӔӠӗӘӡ, ӓӘӛӔӗӘӚӡӣӚӤӝӥӡӘӓӘӡ (DMSO), ӓӐӜӐӛӐӢӔӑӘӡ 

ӒӐӕӚӔӜӐ α-ӥӘӛӝӢӠӘӞӡӘӜӘӡ ӤӔӠӛӔӜӢӣӚ (ӰӘӓӠӝӚӘӖӣӠ-әӐӢӐӚӘӖӣӠ) ӐӥӢӘӕӝӑӐӖӔ; ӮӝӚӝ 

ӓӘӤӔӠӔӜӪӘӣӚӘ ӛӐӡәӐӜӘӠӔӑӔӚӘ әӐӚӝӠӘӛӔӢӠӘӘӡ ӛӔӗӝӓӘӡ ӒӐӛӘӧӔӜӔӑӘӗ ӨӔӡӬӐӕӚӘӚӘ Әӧӝ 

ӘӛӐӕӔ ӡӐӮӘӡ ӓӐ ӠӐӝӓӔӜӝӑӘӡ ӓӐӜӐӛӐӢӔӑӘӡ ӒӐӕӚӔӜӐ α-ӥӘӛӝӢӠӘӞӡӘӜӘӡ ӗӔӠӛӝӓӘӜӐӛӘәӣӠ 

ӡӢӐӑӘӚӝӑӐӖӔ, ӛӝӪӔӛӣӚӘ ӪӘӚӘӡ ӗӔӠӛӣӚӘ ӓӔӜӐӢӣӠӐӪӘӘӡ ӛӘӛӐӠӗ. ӞӘӠӕӔӚӐӓ ӛӝӮӓӐ 

ӓӐӡӐӮӔӚӔӑӣӚӘ ӝӠӘ ӛӔӗӝӓӘӡ ӔӠӗӝӑӚӘӕӘ ӒӐӛӝӧӔӜӔӑӐ ӪӘӚӘӡ ӡӢӐӑӘӚӝӑӐӡӐ ӓӐ ӤӣӜӥӪӘӐӡ 

ӨӝӠӘӡ ӣӠӗӘӔӠӗ әӐӕӨӘӠӘӡ ӐӮӐӚӘ ӓӔӢӐӚӔӑӘӡ ӒӐӛӝӡӐӕӚӔӜӐӓ. 

 

2. ӓӘӜӐӛӘәӣӠӘ ӞӝӢӔӜӪӘӝӛӔӢӠӘӘӡ ӛӔӗӝӓӘӗ ӒӐӜӮӝӠӪӘӔӚӔӑӣӚӛӐ ӤӔӠӛӔӜӢӣӚӘ 

ӰӘӓӠӝӚӘӖӘӡ әӘӜӔӢӘәӣӠӛӐ әӕӚӔӕӔӑӛӐ ӐөӕӔӜӐ, Ӡӝӛ α-ӥӘӛӝӢӠӘӞӡӘӜӘӡ  ӤӣӜӥӪӘӣӠӘ 

ӐӥӢӘӕӝӑӐ ӨӔӜӐӠөӣӜӔӑӣӚӘ Әӧӝ ӮӡӜӐӠӔӑӨӘ DMSO-ӡ ӛӝӪӣӚӝӑӘӗӘ әӝӜӪӔӜӢӠӐӪӘӘӡ 0-ӓӐӜ 

60%-ӛӓӔ ӕӐӠӘӠӔӑӘӡ ӞӘӠӝӑӔӑӨӘ; ӐӛӐӡӗӐӜ, әӐӢӐӚӘӖӣӠӘ әӝӜӡӢӐӜӢӘӡ ӛӕӔӗӠӘ әӚӔӑӐ 

ӨӔӘӜӘӨӜӔӑӐ ӛӮӝӚӝӓ 30%-ӘӐӜӘ ӮӡӜӐӠӘӡ ӨӔӛӗӮӕӔӕӐӨӘ, 60%-ӛӓӔ ӤӐӠӒӚӔӑӨӘ, ӮӝӚӝ 70% 

ӞӘӠӝӑӔӑӨӘ ӐӦӐӠ ӓӐӘӛӖӘӠӔӑӐ. ӐӛӐӕӔ ӓӠӝӡ, α-ӥӘӛӝӢӠӘӞӡӘӜӘӡ ӛӘәӠӝәӐӚӝӠӘӛӔӢӠӣӚӛӐ 

әӕӚӔӕӔӑӛӐ ӐөӕӔӜӐ, Ӡӝӛ ӘӛӐӕӔ әӝӛӞӝӖӘӢӣӠ ӒӐӠӔӛӝӨӘ, DMSO-ӡ ӛӝӪӣӚӝӑӘӗӘ 

әӝӜӪӔӜӢӠӐӪӘӘӡ 0-ӓӐӜ 60%-ӛӓӔ ӕӐӠӘӠӔӑӘӡ ӤӐӠӒӚӔӑӨӘ, α-ӥӘӛӝӢӠӘӞӡӘӜӘӡ 

ӗӔӠӛӝӡӢӐӑӘӚӝӑӐ ӗӐӕӘӓӐӜ ӗӐӜӐӑӠӐӓ ӘӖӠӓӔӑӐ ӓӐ ӛӐӥӡӘӛӣӛӡ ӐӦӬӔӕӡ 30%-Әӡ ӞӘӠӝӑӔӑӨӘ, 

ӨӔӛӓӒӝӛ ӗӐӜӐӑӠӐӓ ӛӪӘӠӓӔӑӐ 60%-ӛӓӔ ӤӐӠӒӚӔӑӨӘ, ӮӝӚӝ 70%-Әӡ ӞӘӠӝӑӔӑӨӘ ӐӦӐӠ 

ӓӐӘӛӖӘӠӔӑӐ.  

 

3. α-ӥӘӛӝӢӠӘӞӡӘӜӘӡ ӨӔӛӗӮӕӔӕӐӨӘ, ӝӠӘ ӒӐӜӡӮӕӐӕӔӑӣӚӘ, ӣӠӗӘӔӠӗ-ӨӔӛӐӕӡӔӑӔӚӘ ӛӔӗӝӓӘӡ 

ӒӐӛӝӧӔӜӔӑӘӗ ӛӘӦӔӑӣӚӘ ӨӔӓӔӒӔӑӘӓӐӜ ӒӐӛӝӜӓӘӜӐӠӔӝӑӡ, Ӡӝӛ ӛӘәӠӝәӐӚӝӠӘӛӔӢӠӘӘӡ 

ӛӔӗӝӓӘ ӐӮӐӡӘӐӗӔӑӡ ӪӘӚӘӡ ӒӚӝӑӐӚӣӠ әӝӜӤӝӠӛӐӪӘӣӚ ӡӢӐӑӘӚӝӑӐӡ, ӮӝӚӝ әӘӜӔӢӘәӣӠӘ 

әӕӚӔӕӔӑӘ ӘӜӤӘӠӛӐӪӘӐӡ ӘӫӚӔӕӘӐӜ ӪӘӚӐ-ӤӔӠӛӔӜӢӘӡ ӐӥӢӘӣӠӘ ӪӔӜӢӠӘӡ ӡӢӐӑӘӚӝӑӐӡӐ ӓӐ 

ӤӚӣӥӢӣӐӪӘӣӠ ӚӐӑӘӚӝӑӐӖӔ. ӐӛӐӡӗӐӜ, α-ӥӘӛӝӢӠӘӞӡӘӜӘӡ ӒӚӝӑӐӚӣӠ ӡӢӐӑӘӚӝӑӐӖӔ 

DMSO-ӡ ӓӐӜӐӛӐӢӔӑӘӡ ӓӣӐӚӘӡӢӣӠӘ (ӡӐӬӘӛӐӐӦӛӓӔӒӝ ӛӘӛӐӠӗӣӚӔӑӘӡ) ӔӤӔӥӢӘ ӨӔӘӫӚӔӑӐ 
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ӐӘӮӡӜӐӡ DMSO-ӡ әӝӜӪӔӜӢӠӐӪӘӔӑӘӡ ӝӠ ӡӮӕӐӓӐӡӮӕӐ ӓӘӐӞӐӖӝӜӨӘ (0-ӓӐӜ 30%-ӛӓӔ ӓӐ 30-ӓӐӜ 

60%-ӛӓӔ) ӪӘӚӘӡ Ӕ.Ӭ. „ӣӞӘӠӐӢӔӡӘ ӡӝӚӕӐӢӐӪӘӘӡ“ ӝӠӘ ӣӠӗӘӔӠӗӡӐӬӘӜӐӐӦӛӓӔӒӝ („ӨӝӠӡ-

ӛӝӥӛӔӓӘ“ ӓӐ „ӐӮӚӝ-ӛӝӥӛӔӓӘ“) ӛӔӥӐӜӘӖӛӘӗ. ӐӛӐӡ ӒӐӠӓӐ, ӣӜӓӐ ӕӘӒӣӚӘӡӮӛӝӗ, Ӡӝӛ 

ӓӐӡӐӮӔӚӔӑӣӚӘ ӝӠӘ ӓӘӐӞӐӖӝӜӘӓӐӜ ӞӘӠӕӔӚӨӘ ӡӐӥӛӔ ӒӕӐӥӕӡ ӪӘӚӘӡ ӜӐӢӘӕӣӠ ӐӜ ӜӐӢӘӕӣӠӘӡ 

ӛӡӒӐӕӡ әӝӜӤӝӠӛӐӪӘӐӡӗӐӜ, ӮӝӚӝ ӛӔӝӠӔ ӓӘӐӞӐӖӝӜӨӘ - Ӕ.Ӭ. „ӒӐӚӛӦӕӐӚӘ ӒӚӝӑӣӚӘӡ“ 

(“molten globule”) ӛӓӒӝӛӐӠӔӝӑӐӡӗӐӜ.  

 

4. ӪӘәӚӣӠӘ ӕӝӚӢӐӛӞӔӠӝӛӔӢӠӘӘӡ ӛӔӗӝӓӘӡ ӒӐӛӝӧӔӜӔӑӘӗ ӨӔӡӬӐӕӚӘӚӘ Әӧӝ 

ӐӚәӐӜӗӘӝӚӔӑӘӡ ӤӘӠӔӑӘӗ ӓӐӤӐӠӣӚ ӝӥӠӝӡ ӔӚӔӥӢӠӝӓӔӑӖӔ ӘӛӝӑӘӚӘӖӔӑӣӚӘ ӐӖӣӠӘӜӘӡ 

ӛӝӜӐӬӘӚӔӝӑӘӗ ӔӚӔӥӢӠӝӜӔӑӘӡ ӒӐӓӐӡӕӚӔӑӘӡ (ӛӘӛӝӪӕӚӘӡ) ӞӠӝӪӔӡӔӑӘӡ ӛӔӥӐӜӘӖӛӔӑӘ, 

ӐӛӯӔӠӐӓ ӖӔӑӚӐӜӢ әӝӛӞӝӖӘӢӣӠ ӒӐӠӔӛӝӨӘ, ӞӠӝӢӝӜӣӚӘ ӘӝӜӣӠӘ ӚӦӝӑӘӚӘӡ, ӥӝӚӘӜ 

ӓӘӰӘӓӠӝӒӔӜӤӝӡӤӐӢӘӡ, ([ch][dhp]), ӣәӘӓӣӠӔӡӐӓ ӛӐӦӐӚӘ әӝӜӪӔӜӢӠӐӪӘӘӡ ӓӐӜӐӛӐӢӔӑӗӐӜ 

ӣӠӗӘӔӠӗӥӛӔӓӔӑӘӡ ӞӘӠӝӑӔӑӨӘ. ӓӐӛӐӢӔӑӘӗ ӕӐӮӓӔӜӓӘӗ ӡӐӪӓӔӚӘ ӜӘӛӣӨӔӑӘӡ 

ӢӔӛӞӔӠӐӢӣӠӘӡ (273–353 K) ӓӐ ӬӜӔӕӘӡ (0.1–150 MPa) ӡӐәӛӐӝӓ ӤӐӠӗӝ ӤӐӠӒӚӔӑӨӘ ӕӐӠӘӠӔӑӐӡ 

(ӪӓӔӑӘ ӢӐӠӓӔӑӝӓӐ ӥ. ӔӠӚӐӜӒӔӜӘӡ ӣӜӘӕӔӠӡӘӢӔӢӘӡ ӔӥӡӞӔӠӘӛӔӜӢӣӚӘ ӑӐӖӘӡ ӒӐӛӝӧӔӜӔӑӘӗ). 

ӘӝӜӣӠӘ ӓӐӜӐӛӐӢӘӡ ӛӐӥӡӘӛӐӚӣӠӘ (90 ӬӝӜӘӗӘ %) әӝӜӪӔӜӢӠӐӪӘӘӡ ӞӘӠӝӑӔӑӨӘ ӣәӕӔ 

ӛӘӘӦӬӔӝӓӐ ӕӘӖӣӐӚӣӠӐӓ ӓӐәӕӘӠӕӔӑӐӓӘ ӛӘӜӘӡӔӑӣӠӘ ӛӓӒӝӛӐӠӔӝӑӐ, ӠӝӛӔӚӨӘӪ ӐӖӣӠӘӜӘ 

ӮӐӡӘӐӗӓӔӑӝӓӐ ӡӐәӛӐӝӓ ӛӐӦӐӚӘ ӡӢӐӑӘӚӝӑӘӗ ӓӐ ӠӔӓӝӥӡ ӐӥӢӘӕӝӑӘӗ. 

 

5. ӐӖӣӠӘӜӘӡ ӠӔӓӝӥӡ ӐӥӢӘӕӝӑӘӡ әӘӜӔӢӘәӣӠӘ әӕӚӔӕӔӑӘӡ ӨӔӓӔӒӐӓ ӒӐӛӝӕӚӔӜӘӚӘ ӘӥӜӐ ӠӘӒӘ 

ӐӮӐӚӘ әӐӜӝӜӖӝӛӘӔӠӔӑӔӑӘӡӐ. әӔӠӫӝӓ, ӔӚӔӥӢӠӝӜӘӡ ӛӘӛӝӪӕӚӘӡ ӞӠӝӪӔӡӖӔ ӛӘӜӘӡ 

ӬӐӠӛӝӛӥӛӜӔӚӘ ӖӔӑӚӐӜӢӘ ӒӐӠӔӛӝӡ ӖӔӛӝӥӛӔӓӔӑӘӡ ӓӐӛӐӮӐӡӘӐӗӔӑӔӚӘ ӜӘӨӜӔӑӘ: ӞӠӝӪӔӪӘӡ 

ӡӘөӥӐӠӘӡ ӛӣӓӛӘӕӐӡ ӢӔӛӞӔӠӐӢӣӠӐӖӔ ӓӐ ӬӜӔӕӐӖӔ ӓӐӛӝәӘӓӔӑӣӚӔӑӔӑӘӡ әӐӠӒӐӓ ӒӐӛӝӮӐӢӣӚӘ 

ӒӐӛӠӣӓӔӑӣӚӘ ӓӐ ӰӘӡӢӔӠӔӖӘӡӣӚӘ ӮӐӡӘӐӗӘ, ӮӝӚӝ ӗӐӜӐӛӔӓӠӝӕӔ ӗӔӝӠӘӣӚӘ 

ӬӐӠӛӝӓӒӔӜӔӑӘӡ ӑӐӖӐӖӔ өӐӢӐӠӔӑӣӚӛӐ өӐӦӠӛӐӕӔӑӣӚӛӐ ӐӜӐӚӘӖӛӐ ӐөӕӔӜӐ, Ӡӝӛ ӔӚӔӥӢӠӝӜӔӑӘӡ 

ӛӘӛӝӪӕӚӘӡ ӤӘӖӘәӣӠ ӛӔӥӐӜӘӖӛӡ ӒӐӜӐӞӘӠӝӑӔӑӡ ӘӡӔӗӘ ӤӐӥӢӝӠӔӑӘ, ӠӝӒӝӠӔӑӘӪӐӐ ӒӐӠӔӛӝӡ 

ӐӠӡӔӑӘӗӐӓ ӐӠӐӬӠӤӘӕӘ ӓӐ ӐӠӐӔӠӒӝӓӘӣӚӘ  ӨӘӜӐӒӐӜӘ ӑӣӜӔӑӐ. 

 

6. ӐӡӔӕӔ ӪӘәӚӣӠӘ ӕӝӚӢӐӛӞӔӠӝӛӔӢӠӘӘӡ ӛӔӗӝӓӘӗ ӨӔӕӘӡӬӐӕӚӔӗ ӛӝӓӔӚӣӠӘ, 

әӝӛӞӝӖӘӢӣӠӘ әӕӐӖӘ ӝӠӒӐӜӖӝӛӘӚӔӑӘӐӜӘ ӜӐӜӝ-ӡӘӡӢӔӛӘӡ, әӔӠӫӝӓ, ӝӥӠӝӡ ӔӚӔӥӢӠӝӓӖӔ 
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ӓӐӤӔӜӘӚӘ ӪӘӚӣӠӘ ӬӐӠӛӝӨӝӑӘӡ ӐӛӘӜӝӛӟӐӕӣӠӘ ӤӠӐӒӛӔӜӢӔӑӘӡӒӐӜ (L-ӪӘӡӢӔӘӜӘӡӒӐӜ) 

ӨӔӓӒӔӜӘӚӘ ӗӕӘӗӐӬӧӝӑӘӚӘ ӤӘӠӘӡ ӓӐ ӛӐӡӨӘ „өӐӭӔӠӘӚӘ“ ӡӞӘӚӔӜӫӘӡ ӘӝӜӘӡ, ӠӝӒӝӠӪ 

ӡӞӘӚӔӜӫӘӡ ӨӔӛӪӕӔӚӘ ӪӘӚӘӡ ӑӘӝӛӘӛӔӢӘәӣӠӘ ӛӝӓӔӚӘӡ ӛӝӜӐӬӘӚӔӝӑӘӗ ӔӚӔӥӢӠӝӜӘӡ 

ӒӐӓӐӡӕӚӔӑӘӡ ӤӘӖӘәӣӠӘ ӛӔӥӐӜӘӖӛӔӑӘ. әӕӚӔӕӔӑӛӐ ӒӕӐөӕӔӜӐ Ӡӝӛ, ӠӔӐӚӣӠӐӓ, ӛӝӪӔӛӣӚӘ 

ӡӘӡӢӔӛӐ, әӔӠӫӝӓ әӘ ӛӘӡӘ ӛӖӘӓӘ ӜӐӬӘӚӘ, ӪӘӡӢӔӘӜӘӡ ӤӘӠӘ, ӠӝӒӝӠӪ ӠӔӐӥӪӘӘӡ ӒӐӠӔӛӝ, 

әӘӜӔӢӘәӣӠӘ ӒӐӛӝӕӚӘӜӔӑӔӑӘӡ ӗӕӐӚӡӐӖӠӘӡӘӗ ӘӥӪӔӕӐ ӛӘӜӘӡ ӬӐӠӛӝӛӥӛӜӔӚ ӖӔӑӚӐӜӢ 

ӒӐӠӔӛӝӨӘ ӛӝӗӐӕӡӔӑӣӚӘ ӠӔӓӝӥӡ-ӐӥӢӘӣӠӘ ӪӘӚӘӡ, ӐӖӣӠӘӜӐӡ ӛӡӒӐӕӡӐӓ, ӓӐ ӐӛӓӔӜӐӓ, 

ӬӐӠӛӝӐӓӒӔӜӡ ӛӘӡ ӡӠӣӚӤӐӡӝӕӐӜ ӑӘӝӛӘӛӔӢӘәӣӠ ӛӝӓӔӚӡ. 
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ӛӐӓӚӝӑӐ 

 

өӔӛӡ ӮӔӚӛӫӦӕӐӜӔӚӡ, ӤӘӖ.-ӥӘӛ. ӛӔӪӜ. ӓӝӥӢӝӠӡ, ӓӘӛӘӢӠӘ ӮӝӨӢӐӠӘӐӡ ӛӮӐӠӓӐӭӔӠӘӡӐӗӕӘӡ ӓӐ 

ӒӐӬӔӣӚӘ ӓӐӮӛӐӠӔӑӘӡӗӕӘӡ. ӐӡӔӕӔ ӞӠӝӤӔӡӝӠ ӗӐӛӐӖ ӛӫӘӜӐӠӐӨӕӘӚӡ -  ӡӐӡӐӠӒӔӑӚӝ ӠөӔӕӔӑӘӡӐ 

ӓӐ әӠӘӢӘәӣӚӘ ӨӔӜӘӨӕӜӔӑӘӡӗӕӘӡ, ӓӝӥӢӝӠӔӑӡ, ӗӘӜӐ ӓӝӚӘӫӔӡ, ӛӘӮӔӘӚ ӨӣӨӐӜӘӐӜӡ, ӜӘӜӝ 

ӨӔӜӒӔӚӘӐӡ ӓӐ ӗӐӛӐӠ ӤӐӠӪӮӐӚӐӫӔӡ ӔӥӡӞӔӠӘӛӔӜӢӔӑӘӡ өӐӢӐӠӔӑӘӡӐӡ ӒӐӬӔӣӚӘ 

ӓӐӮӛӐӠӔӑӘӡӗӕӘӡ. 

ӐӒӠӔӗӕӔ ӒӔӠӛӐӜӣӚ "ӤӝӚәӡӕӐӒӔӜӘӡ” ӤӝӜӓӡ (Volkswagen Stiftung) ӡӐӥӐӠӗӕӔӚӝ-ӒӔӠӛӐӜӘӘӡ 

ӞӐӠӢӜӘӝӠӣӚӘ ӗӐӜӐӛӨӠӝӛӚӝӑӘӡ ӡӐӒӠӐӜӢӝ ӞӠӝӔӥӢӔӑӘӡ ӓӐӤӘӜӐӜӡӔӑӘӡӗӕӘӡ (2008-2013) ӓӐ 

ӡӐӥӐӠӗӕӔӚӝӡ ӔӠӝӕӜӣӚ ӡӐӛӔӪӜӘӔӠӝ ӤӝӜӓӡ 2009-2011 ӓӐ 2012-2015 ӬӚӔӑӘӡ ӡӐӒӠӐӜӢӝ 

ӞӠӝӔӥӢӔӑӘӡ  ӓӐӤӘӜӐӜӡӔӑӘӡӐӗӕӘӡ. 
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