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ɜɚɧɬɚɦ ɿ ɡɝɭɳɭɜɚɱɚɦ 
Ʉɭɹɧɨɜ ȼ. ȼ., Ɍɚɪɝɨɧɹ ȼ. ɋ., Ɇɢɪɨɩɨɥɶ-
ɫɶɤɢɣ Ɉ. Ɇ. Ɉɰɿɧɤɚ ɬɟɯɧɨɥɨɝɿɱɧɢɯ ɩɪɢɣɨɦɿɜ 
ɡɦɟɧɲɟɧɧɹ ɟɦɿɫɿʀ ɚɡɨɬɭ ɜ ɚɝɪɨɛɿɨɫɢɫɬɟɦɚɯ 
 
ȼɨɪɨɧɟɧɤɨ Ⱥ. Ⱥ., ȱɜɚɯɧɸɤ Ɇ. Ɉ., ɉɢɪɨɝ Ɍ. ɉ. 
ɋɢɧɬɟɡ ɟɤɡɨɩɨɥɿɫɚɯɚɪɢɞɭ ɟɬɚɩɨɥɚɧɭ ɧɚ ɫɭ-
ɦɿɲɿ ɦɟɥɹɫɢ ɬɚ ɫɨɧɹɲɧɢɤɨɜɨʀ ɨɥɿʀ ɡɚɥɟɠɧɨ 
ɜɿɞ ɫɩɨɫɨɛɭ ɩɿɞɝɨɬɨɜɤɢ ɦɟɥɹɫɢ 
Ʌɢɱ ȱ. ȼ., Ɇɨɰɚɪ Ⱥ. ȼ., ɋɨɥɨɲɟɧɤɨ Ʉ. ȱ. ȱɦɭɧɨ-
ɦɨɞɭɥɸɜɚɥɶɧɿ ɬɚ ɚɧɬɢɛɚɤɬɟɪɿɚɥɶɧɿ ɜɥɚɫɬɢ-
ɜɨɫɬɿ ɩɪɟɩɚɪɚɬɭ ɧɚ ɨɫɧɨɜɿ ɛɿɨɥɨɝɿɱɧɨ ɚɤɬɢɜ-
ɧɢɯ ɛɿɥɤɨɜɢɯ ɮɪɚɝɦɟɧɬɿɜ ɦɨɥɨɡɢɜɚ 

ȿɤɨɧɨɦɿɤɚ, ɦɟɧɟɞɠɦɟɧɬ ɿ ɦɚɪɤɟɬɢɧɝ 
Ȼɭɬɧɿɤ-ɋɿɜɟɪɫɶɤɢɣ Ɉ. Ȼ., Ɂɟɦɤɨ Ƚ. ȼ. Ɇɚɪ-
ɤɟɬɢɧɝɨɜɿ ɿɧɫɬɪɭɦɟɧɬɢ ɜ ɭɦɨɜɚɯ ɫɭɱɚɫɧɨʀ 
ɦɚɪɤɟɬɢɧɝɨɜɨʀ ɞɿɹɥɶɧɨɫɬɿ ɩɿɞɩɪɢɽɦɫɬɜ-ɜɢɪɨɛ-
ɧɢɤɿɜ ɯɚɪɱɨɜɨʀ ɩɪɨɦɢɫɥɨɜɨɫɬɿ 
Ⱦɟɪɟɜ’ɹɧɤɨ Ɉ. Ƚ. ȱɧɫɬɪɭɦɟɧɬɢ ɮɨɪɦɭɜɚɧɧɹ 
ɪɟɩɭɬɚɰɿʀ ɩɿɞɩɪɢɽɦɫɬɜɚ ɞɥɹ ɪɿɡɧɢɯ ɫɬɟɣɤ-
ɯɨɥɞɟɪɫɶɤɢɯ ɚɭɞɢɬɨɪɿɣ: PR, IR ɬɚ GR 
ɉɟɧɱɭɤ Ƚ. C. ȼɢɤɨɪɢɫɬɚɧɧɹ ɦɟɬɚɩɪɨɝɪɚɦɧ -
ɝɨ ɩɿɞɯɨɞɭ ɭ ɪɨɛɨɬɿ ɦɟɧɟɞɠɟɪɚ ɡ ɩɟɪɫɨɧɚɥɭ 
ȼ’ɹɥɟɰɶ Ɉ. ȼ. ɋɢɫɬɟɦɚ ɭɩɪɚɜɥɿɧɧɹ ɜɡɚɽɦɨ-
ɜɿɞɧɨɫɢɧɚɦɢ ɡ ɤɥɿɽɧɬɚɦɢ: ɬɟɨɪɟɬɢɱɧɢɣ ɚɫɩɟɤɬ 
ɋɨɛɨɥɽɜ Ⱥ. ɋ. Ɋɢɡɢɤ-ɨɪɿɽɧɬɨɜɚɧɢɣ ɦɟɧɟɞɠ-
ɦɟɧɬ ɫɢɫɬɟɦɢ ɪɚɞɿɚɰɿɣɧɨʀ ɛɟɡɩɟɱɧɨɫɬɿ ɩɪɨ-
ɞɭɤɰɿʀ ɫɿɥɶɫɶɤɨɝɨɫɩɨɞɚɪɫɶɤɨɝɨ ɜɢɪɨɛɧɢɰɬɜɚ 
ɜɿɞɩɨɜɿɞɧɨ ɞɨ ɦɿɠɧɚɪɨɞɧɢɯ ɫɬɚɧɞɚɪɬɿɜ 

Ɇɟɯɚɧɿɱɧɚ ɬɚ ɟɥɟɤɬɪɢɱɧɚ ɿɧɠɟɧɟɪɿɹ 
ɒɬɚɧɝɟɽɜ Ʉ. Ɉ. Ƚɿɞɪɨɫɬɚɬɢɱɧɿ ɞɟɩɪɟɫɿʀ ɭ 
ɜɢɩɚɪɧɢɯ ɚɩɚɪɚɬɚɯ ɰɭɤɪɨɜɨɝɨ ɜɢɪɨɛɧɢɰɬɜɚ 
ɏɨɦɟɧɤɨ Ɇ. Ⱦ., Ʉɭɯɚɪ ȼ. Ɇ. ɍɞɨɫɤɨɧɚɥɟɧɧɹ 
ɫɯɟɦ ɬɚ ɨɛɥɚɞɧɚɧɧɹ ɞɥɹ ɨɱɢɳɟɧɧɹ, ɜɿɞɦɢ-
ɜɚɧɧɹ ɿ ɬɪɚɧɫɩɨɪɬɭɜɚɧɧɹ ɰɭɤɪɨɜɢɯ ɛɭɪɹɤɿɜ 
ɧɚ ɩɟɪɟɪɨɛɥɟɧɧɹ 
ɋɨɪɨɤɿɧ Ⱥ. ȱ. ȼɢɡɧɚɱɟɧɧɹ ɤɿɥɶɤɨɫɬɿ ɤɨɧɞɟɧ-
ɫɚɬɿɜ ɡɚɥɟɠɧɨ ɜɿɞ ɬɟɯɧɿɱɧɨɝɨ ɪɿɜɧɹ ɰɭɤɪɨ-
ɜɨɝɨ ɡɚɜɨɞɭ 
ɍɤpaʀɧeɰɶ A. I., ɇɟɝɪɟɣ Ɉ. ȼ. ɉɪɨɰɟɫɢ ɥɭɳɟ-
ɧɧɹ ɜɨɥɨɫɶɤɢɯ ɝɨɪɿɯɿɜ 
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Ⱥɜɞɽɽɜɚ Ʌ. ɘ., Ɇɚɤɚɪɟɧɤɨ Ⱥ. Ⱥ., ɀɭɤɨɬ-
ɫɶɤɢɣ ȿ. Ʉ. Ⱦɨɫɥɿɞɠɟɧɧɹ ɜɩɥɢɜɭ ɝɿɞɪɨɞɢ-
ɧɚɦɿɤɢ ɩɨɬɨɤɭ ɪɿɞɢɧɢ ɜ ɫɨɩɥɿ ɜɟɧɬɭɪɿ ɧɚ 
ɿɧɬɟɧɫɢɜɧɿɫɬɶ ɜɢɧɢɤɧɟɧɧɹ ɤɚɜɿɬɚɰɿʀ 
ɒɟɜɱɟɧɤɨ Ɉ. ɘ., ɋɨɤɨɥɟɧɤɨ Ⱥ. ȱ., ȼɿɧɧɿɱɟɧ-
ɤɨ ȱ. Ɇ., Ɇɚɤɫɢɦɟɧɤɨ ȱ. Ɏ. ȿɧɟɪɝɨɿɦɩɭɥɶɫɧɿ 
ɬɪɚɧɫɮɨɪɦɚɰɿʀ ɜ ɫɟɪɟɞɨɜɢɳɚɯ ɯɚɪɱɨɜɢɯ ɜɢ-
ɪɨɛɧɢɰɬɜ 

Ɏɿɡɢɤɨ-ɦɚɬɟɦɚɬɢɱɧɿ ɧɚɭɤɢ 
Ʌɟɜɱɟɧɤɨ ȼ. ȼ. ɋɩɟɤɬɪ ɨɛ’ɽɦɧɢɯ ɯɜɢɥɶ ɭ 
ɩɟɪɿɨɞɢɱɧɨ-ɲɚɪɭɜɚɬɨɦɭ ɩɪɨɫɬɨɪɿ 

ɏɚɪɱɨɜɿ ɬɟɯɧɨɥɨɝɿʀ 
Ⱦɭɞɤɨ ɋ. Ⱦ. Ⱦɨɫɹɝɧɟɧɧɹ ɿ ɩɪɨɛɥɟɦɢ ɭ ɜɢɜɱɟ-
ɧɧɿ ɩɪɨɰɟɫɭ ɜɢɩɿɤɚɧɧɹ ɦɚɫɢɜɧɢɯ ɛɨɪɨɲɧɹ-
ɧɢɯ ɜɢɪɨɛɿɜ: ɨɝɥɹɞ ɥɿɬɟɪɚɬɭɪɢ. ɑɚɫɬɢɧɚ 1: 
ɜɧɭɬɪɿɲɧɿɣ ɬɟɩɥɨɦɚɫɨɨɛɦɿɧ ɭ ɬɿɫɬɿ-ɯɥɿɛɿ 
Ɉɛɨɥɤɿɧɚ ȼ., ɋɤɪɢɩɤɨ Ⱥ. ȼɢɤɨɪɢɫɬɚɧɧɹ ɛɨ-
ɪɨɲɧɚ ɿɡ ɫɨɥɨɞɭ ɩɲɟɧɢɰɿ ɩɪɢ ɫɬɜɨɪɟɧɧɿ 
ɬɟɯɧɨɥɨɝɿʀ ɡɞɨɛɧɨɝɨ ɩɟɱɢɜɚ ɨɡɞɨɪɨɜɱɨɝɨ 
ɩɪɢɡɧɚɱɟɧɧɹ 
ɒɭɥɶɝɚ ɇ. Ɇ., Ƚɚɩɱɟɧɤɨ ɇ. Ɉ. Ⱦɨɫɥɿɞɠɟɧɧɹ 
ɫɩɨɫɨɛɿɜ ɡɚɩɨɛɿɝɚɧɧɹ ɜɚɞɿ «ɩɿɡɧɽ ɫɩɭɱɭɜɚ-
ɧɧɹ» ɭ ɬɜɟɪɞɢɯ ɫɢɪɚɯ 
Ɇɿɥɶɤɟɜɢɱ ȼ. Ɇ. Ɂɦɟɧɲɟɧɧɹ ɜɬɪɚɬ ɰɭɤɪɨɡɢ 
ɩɪɢ ɡɛɟɪɿɝɚɧɧɿ ɰɭɤɪɨɜɢɯ ɛɭɪɹɤɿɜ 
ɋɤɨɪɢɤ Ʉ. Ⱦ., ɉɟɬɪɢɱɟɧɤɨ ȱ. Ȼ., Ɋɟɡɧɿɱɟɧ-
ɤɨ ɘ. Ɇ. ȼɢɡɧɚɱɟɧɧɹ ɲɜɢɞɤɨɫɬɿ ɩɪɨɰɟɫɭ 
ȱ ɤɚɪɛɨɧɿɡɚɰɿʀ ɜ ɧɚɛɥɢɠɟɧɨɦɭ ɞɨ ɩɨɜɧɨɝɨ 
ɜɢɬɢɫɧɟɧɧɹ ɪɟɠɢɦɿ 
ɑɨɪɧɚ Ɍ. Ɇ., ɑɨɪɧɚ Ⱥ. ȱ. Ɇɚɪɤɟɬɢɧɝɨɜɿ 
ɞɨɫɥɿɞɠɟɧɧɹ ɩɨɩɢɬɭ ɦɨɥɨɤɚ ɩɢɬɧɨɝɨ ɬɚ 
ɣɨɝɨ ɹɤɨɫɬɿ 
ɒɢɞɚɤɨɜɚ-Ʉɚɦɟɧɸɤɚ Ɉ. Ƚ., ɒɤɥɹɽɜ Ɉ. Ɇ., 
Ɋɨɝɨɜɚ Ⱥ. Ʌ. Ɇɿɤɪɨɛɿɨɥɨɝɿɱɧɚ ɛɟɡɩɟɤɚ ɤɪɟ-
ɦɨɜɨ-ɡɛɢɜɧɢɯ ɰɭɤɟɪɨɤ ɡ ɧɚɫɿɧɧɹɦ ɱɿɚ 
Ʉɨɫɬɟɧɤɨ ȯ. ȯ., Ɇɟɥɶɧɢɤ Ʌ. Ɇ., Ȼɭɬɟɧɤɨ Ɉ. Ɇ., 
Ɇɚɬɤɨ ɋ. ȼ. Ⱦɨɫɥɿɞɠɟɧɧɹ ɩɪɨɬɟɤɬɨɪɧɢɯ 
ɜɥɚɫɬɢɜɨɫɬɟɣ ɹɝɿɞ ɨɛɥɿɩɢɯɢ ɳɨɞɨ ɿɨɧɿɜ Pb (II), 
Cd (II) ɬɚ Hg (II) 
ȼɨɥɨɳɭɤ Ƚ. ȱ., əɪɤɨɜɢɣ Ⱥ. Ɉ., ɉɨɥɭɰɶɤɚ Ȼ. Ɇ., 
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ɜɩɥɢɜɭ ɩɨɪɨɲɤɭ ɬɨɩɿɧɚɦɛɭɪɚ ɧɚ ɜɦɿɫɬ ɰɭɤɪɿɜ 
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THE STUDY DEFENSIVE CHARACTERISTICS OF 
SEA BUCKTHORN BERRIES FOR THE IONS Pb (II),  
Cd (II), Hg (II)  

E. Kostenko, L. Melnik, E. Butenko, S. Matko 
National University of Food Technologies 

Key words:  ABSTRACT 
toxic metals
defensive characteristic 
food-stuffs  

The protective properties of berries of sea buckthorn for 
the ions of toxic metals such as Pb (II), Hg (II), Cd (II) were 
investigated for the first time. The following results were 
obtained for determining the values of tread properties for 
toxic metal ions (%/1 g of specimen): ITP-Pb = 98.93±0.2, 
ITP-Cd = 80.55±0.1, ITP-Hg = 95.43±0.3 for crushed dried 
berries; ITP-Pb = 38.41±0.3, ITP-Cd = 1.78±0.2, ITP-Hg = 
55.11±0.2 for shredded fresh berries; ITP-Pb = 38.40±0.2, 
ITP-Cd = 1.75±0.1, ITP-Hg = 57.61±0.2 for puree, obtained 
by steam blanching. The quantitative characteristics of the 
binding ability of the investigated samples are obtained. 
According to the ability to adsorb by dried ground berries of 
sea buckthorn, toxic metals can be arranged in the following 
sequence: Pb > Hg > Cd. A similar relationship coincides 
with the literature data on the stability of complex compounds 
of the investigated metals with O-, N-, S-containing organic 
complexing organic reagents. This indicates the reliability of 
the results. According to the ability to adsorb by the freshly 
ground berries of sea buckthorn and mashed potatoes, obtained 
by blending steam, the metals can be arranged in the following 
sequence: Hg > Pb > Cd. It was found that fresh berries of sea 
buckthorn showed the best tread properties towards mercury. 
That is, the introduction of the test sample into new sauces 
should give them certain tread properties, especially towards 
mercury and plumbum and less towards cadmium. A similar 
dependency is observed for mash obtained by blending steam. 

Significantly greater binding ability of crushed dried 
samples of sea buckthorns compared to mash and fresh 
berries can be explained by different consistency of samples. 
Since, the bell pegs include substances that are able to bind 
ions Pb (II), Cd (II), Hg (II) as due to complexation with 
functional-active groups (FAU) of their main components 
(proteins, pectin substances, vitamins etc.), and due to the 
physical adsorption of these ions by the surface of sea 
buckthorn, the possible chemistry of complex formation in 
such systems is considered. 

Data are used to create new sauces with enhanced tread 
properties towards Pb (II), Hg (II), Cd (II) ions.
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ǲǼǿǹǥǲǴǳǻǻȍ ǽǾǼȀǳǸȀǼǾǻǶȃ ǰǹǮǿȀǶǰǼǿȀǳǷ 
ȍǱǥǲ ǼǯǹǥǽǶȃǶ ȇǼǲǼ ǥǼǻǥǰ PB (II), CD (II) ȀǮ HG (II) 

ȯ. ȯ. Ʉɨɫɬɟɧɤɨ, Ʌ. Ɇ. Ɇɟɥɶɧɢɤ, Ɉ. Ɇ. Ȼɭɬɟɧɤɨ, ɋ. ȼ. Ɇɚɬɤɨ  
ɇɚɰɿɨɧɚɥɶɧɢɣ ɭɧɿɜɟɪɫɢɬɟɬ ɯɚɪɱɨɜɢɯ ɬɟɯɧɨɥɨɝɿɣ 

ɍ ɫɬɚɬɬɿ ɜɩɟɪɲɟ ɞɨɫɥɿɞɠɟɧɿ ɩɪɨɬɟɤɬɨɪɧɿ ɜɥɚɫɬɢɜɨɫɬɿ ɹɝɿɞ ɨɛɥɿɩɢɯɢ ɳɨ-
ɞɨ ɿɨɧɿɜ ɬɚɤɢɯ ɬɨɤɫɢɱɧɢɯ ɦɟɬɚɥɿɜ, ɹɤ Pb (II), Hg (II), Cd (II). Ɉɬɪɢɦɚɧɨ 
ɪɟɡɭɥɶɬɚɬɢ ɜɢɡɧɚɱɟɧɧɹ ɩɨɤɚɡɧɢɤɿɜ ɩɪɨɬɟɤɬɨɪɧɢɯ ɜɥɚɫɬɢɜɨɫɬɟɣ ɳɨɞɨ ɿɨɧɿɜ 
ɬɨɤɫɢɱɧɢɯ ɦɟɬɚɥɿɜ (%/1 ɝ ɡɪɚɡɤɚ): ɉɉȼ-Pb = 98,930,2, ɉɉȼ-Cd = 80,50,1, 
ɉɉȼ-Hg = 95,430,3 ɞɥɹ ɩɨɞɪɿɛɧɟɧɢɯ ɜɢɫɭɲɟɧɢɯ ɹɝɿɞ; ɉɉȼ-Pb = 38,410,3, 
ɉɉȼ-Cd = 1,780,2, ɉɉȼ-Hg = 55,110,2 ɞɥɹ ɩɨɞɪɿɛɧɟɧɢɯ ɫɜɿɠɢɯ ɹɝɿɞ; ɉɉȼ-
Pb = 38,400,2, ɉɉȼ-Cd = 1,750,1, ɉɉȼ-Hg = 57,610,2 ɞɥɹ ɩɸɪɟ, ɨɬɪɢɦɚ-
ɧɨɝɨ ɛɥɚɧɲɭɜɚɧɧɹɦ ɩɚɪɨɸ. 

Ɂɚ ɡɞɚɬɧɿɫɬɸ ɚɞɫɨɪɛɭɜɚɬɢɫɹ ɜɢɫɭɲɟɧɢɦɢ ɩɨɞɪɿɛɧɟɧɢɦɢ ɹɝɨɞɚɦɢ ɨɛɥɿɩɢɯɢ 
ɬɨɤɫɢɱɧɿ ɦɟɬɚɥɢ ɦɨɠɧɚ ɪɨɡɬɚɲɭɜɚɬɢ ɭ ɬɚɤɢɣ ɪɹɞ: Pb  Hg  Cd. ɉɨɞɿɛɧɚ 
ɡɚɥɟɠɧɿɫɬɶ ɡɛɿɝɚɽɬɶɫɹ ɡ ɞɚɧɢɦɢ ɥɿɬɟɪɚɬɭɪɢ ɳɨɞɨ ɫɬɿɣɤɨɫɬɿ ɤɨɦɩɥɟɤɫɧɢɯ 
ɫɩɨɥɭɤ ɞɨɫɥɿɞɠɭɜɚɧɢɯ ɦɟɬɚɥɿɜ ɡ Ɉ-, N-, S-ɜɦɿɫɧɢɦɢ ɨɪɝɚɧɿɱɧɢɦɢ ɤɨɦɩɥɟɤɫɨ-
ɭɬɜɨɪɸɸɱɢɦɢ ɨɪɝɚɧɿɱɧɢɦɢ ɪɟɚɝɟɧɬɚɦɢ. ɐɟ ɫɜɿɞɱɢɬɶ ɩɪɨ ɞɨɫɬɨɜɿɪɧɿɫɬɶ 
ɨɬɪɢɦɚɧɢɯ ɪɟɡɭɥɶɬɚɬɿɜ. Ɂɚ ɡɞɚɬɧɿɫɬɸ ɚɞɫɨɪɛɭɜɚɬɢɫɹ ɫɜɿɠɢɦɢ ɩɨɞɪɿɛɧɟɧɢ-
ɦɢ ɹɝɨɞɚɦɢ ɨɛɥɿɩɢɯɢ ɬɚ ɩɸɪɟ, ɨɬɪɢɦɚɧɨɝɨ ɛɥɚɧɲɭɜɚɧɧɹɦ ɩɚɪɨɸ, ɦɟɬɚɥɢ 
ɦɨɠɧɚ ɪɨɡɬɚɲɭɜɚɬɢ ɭ ɬɚɤɢɣ ɪɹɞ: Hg  Pb  Cd. ȼɢɞɧɨ, ɳɨ ɫɜɿɠɿ ɹɝɨɞɢ 
ɨɛɥɿɩɢɯɢ ɜɢɹɜɢɥɢ ɧɚɣɤɪɚɳɿ ɩɪɨɬɟɤɬɨɪɧɿ ɜɥɚɫɬɢɜɨɫɬɿ ɳɨɞɨ ɦɟɪɤɭɪɿɸ. Ɍɨɛɬɨ 
ɜɧɟɫɟɧɧɹ ɞɨɫɥɿɞɠɭɜɚɧɨɝɨ ɡɪɚɡɤɚ ɞɨ ɫɤɥɚɞɭ ɧɨɜɢɯ ɫɨɭɫɿɜ ɩɨɜɢɧɧɨ ɧɚɞɚɬɢ ʀɦ 
ɩɟɜɧɢɯ ɩɪɨɬɟɤɬɨɪɧɢɯ ɜɥɚɫɬɢɜɨɫɬɟɣ ɩɟɪɲ ɡɚ ɜɫɟ ɳɨɞɨ ɦɟɪɤɭɪɿɸ ɬɚ ɩɥɸɦ-
ɛɭɦɭ ɿ ɦɟɧɲɢɯ — ɳɨɞɨ ɤɚɞɦɿɸ. Ⱥɧɚɥɨɝɿɱɧɚ ɡɚɥɟɠɧɿɫɬɶ ɫɩɨɫɬɟɪɿɝɚɽɬɶɫɹ ɿ ɞɥɹ 
ɩɸɪɟ, ɨɬɪɢɦɚɧɨɝɨ ɛɥɚɧɲɭɜɚɧɧɹɦ ɩɚɪɨɸ. Ɂɧɚɱɧɨ ɛɿɥɶɲɭ ɡɜ’ɹɡɭɜɚɥɶɧɭ ɡɞɚɬ-
ɧɿɫɬɶ ɩɨɞɪɿɛɧɟɧɢɯ ɜɢɫɭɲɟɧɢɯ ɡɪɚɡɤɿɜ ɨɛɥɿɩɢɯɢ ɩɨɪɿɜɧɹɧɨ ɡ ɩɸɪɟ ɬɚ ɫɜɿɠɢɦɢ 
ɹɝɨɞɚɦɢ ɦɨɠɧɚ ɩɨɹɫɧɢɬɢ ɪɿɡɧɨɸ ɤɨɧɫɢɫɬɟɧɰɿɽɸ ɡɪɚɡɤɿɜ.  

Ɉɫɤɿɥɶɤɢ, ɞɨ ɫɤɥɚɞɭ ɨɛɥɿɩɢɯɢ ɜɯɨɞɹɬɶ ɪɟɱɨɜɢɧɢ, ɳɨ ɡɞɚɬɧɿ ɡɜ’ɹɡɭɜɚɬɢ ɿɨɧɢ Pb 
(II), Cd (II), Hg (II) ɹɤ ɡɚ ɪɚɯɭɧɨɤ ɤɨɦɩɥɟɤɫɨɭɬɜɨɪɟɧɧɹ ɡ ɮɭɧɤɰɿɨɧɚɥɶɧɨ-ɚɤɬɢɜ-
ɧɢɦɢ ɭɝɪɭɩɨɜɚɧɧɹɦɢ (ɎȺɍ) ʀɯ ɨɫɧɨɜɧɢɯ ɤɨɦɩɨɧɟɧɬɿɜ (ɛɿɥɤɢ, ɩɟɤɬɢɧɨɜɿ ɪɟɱɨɜɢɧɢ, 
ɜɿɬɚɦɿɧɢ ɬɨɳɨ), ɬɚɤ ɿ ɡɚ ɪɚɯɭɧɨɤ ɮɿɡɢɱɧɨʀ ɚɞɫɨɪɛɰɿʀ ɰɢɯ ɿɨɧɿɜ ɩɨɜɟɪɯɧɟɸ 
ɨɛɥɿɩɢɯɢ, ɪɨɡɝɥɹɧɭɬɨ ɦɨɠɥɢɜɢɣ ɯɿɦɿɡɦ ɤɨɦɩɥɟɤɫɨɭɬɜɨɪɟɧɧɹ ɜ ɬɚɤɢɯ ɫɢɫɬɟɦɚɯ. 

Ɉɬɪɢɦɚɧɚ ɿɧɮɨɪɦɚɰɿɹ ɛɭɥɚ ɜɢɤɨɪɢɫɬɚɧɚ ɩɪɢ ɪɨɡɪɨɛɰɿ ɧɨɜɢɯ ɫɨɭɫɿɜ ɡ ɩɪɨ-
ɬɟɤɬɨɪɧɢɦɢ ɜɥɚɫɬɢɜɨɫɬɹɦɢ ɞɨ ɿɨɧɿɜ ɬɨɤɫɢɱɧɢɯ ɦɟɬɚɥɿɜ. 

Ʉɥɸɱɨɜɿ ɫɥɨɜɚ: ɬɨɤɫɢɱɧɿ ɦɟɬɚɥɢ, ɩɪɨɬɟɤɬɨɪɧɿ ɜɥɚɫɬɢɜɨɫɬɿ, ɯɚɪɱɨɜɿ ɩɪɨ-
ɞɭɤɬɢ. 

ɉɨɫɬɚɧɨɜɤɚ ɩɪɨɛɥɟɦɢ. Ɂ ɞɚɜɧɿɯ ɱɚɫɿɜ ɜɿɞɨɦɨ, ɳɨ ɹɝɨɞɢ ɨɛɥɿɩɢɯɢ ɽ ɞɠɟ-
ɪɟɥɨɦ ɛɚɝɚɬɶɨɯ ɰɿɧɧɢɯ ɪɟɱɨɜɢɧ, ɹɤɿ ɡɭɦɨɜɥɸɸɬɶ ʀʀ ɩɨɠɢɜɧɿ ɬɚ ɥɿɤɭɜɚɥɶɧɿ 
ɜɥɚɫɬɢɜɨɫɬɿ. Ɋɨɫɥɢɧɚ ɤɨɪɢɫɬɭɜɚɥɨɫɹ ɩɨɩɭɥɹɪɧɿɫɬɸ ɜ ɧɚɪɨɞɧɿɣ ɦɟɞɢɰɢɧɿ Ʉɢ-
ɬɚɸ, Ɋɢɦɭ, Ƚɪɟɰɿʀ. Ɉɛɥɿɩɢɯɭ ɡɚɫɬɨɫɨɜɭɜɚɥɢ ɞɥɹ ɬɟɪɚɩɿʀ ɡɚɯɜɨɪɸɜɚɧɶ ɲɥɭɧɤɨ-
ɜɨ-ɤɢɲɤɨɜɨɝɨ ɬɪɚɤɬɭ, ɥɟɝɟɧɿɜ, ɩɟɱɿɧɤɢ. Ʉɪɿɦ ɰɶɨɝɨ, ɩɥɨɞɢ ɪɨɫɥɢɧɢ ɜɢɤɨɪɢɫ-
ɬɨɜɭɜɚɥɢ ɞɥɹ ɥɿɤɭɜɚɧɧɹ ɚɜɿɬɚɦɿɧɨɡɿɜ ɿ ɪɟɜɦɚɬɢɡɦɭ. ɇɢɧɿ ɨɛɥɿɩɢɯɚ ɩɪɨɞɨɜɠɭɽ 
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ɤɨɪɢɫɬɭɜɚɬɢɫɹ ɜɟɥɢɤɢɦ ɩɨɩɢɬɨɦ. Ʉɪɿɦ ɡɚɫɬɨɫɭɜɚɧɧɹ ɪɨɫɥɢɧɢ ɜ ɧɟɬɪɚɞɢɰɿɣɧɿɣ 
ɦɟɞɢɰɢɧ, ʀʀ ɜɢɤɨɪɢɫɬɨɜɭɸɬɶ ɜ ɤɭɥɿɧɚɪɿʀ ɬɚ ɤɨɫɦɟɬɨɥɨɝɿʀ. Ɂ ɩɥɨɞɿɜ ɨɛɥɿɩɢɯɢ 
ɪɨɛɥɹɬɶ ɩɨɜɢɞɥɨ, ɜɚɪɟɧɧɹ, ɤɨɦɩɨɬɢ. Ʉɪɿɦ ɰɶɨɝɨ, ɜɨɧɚ ɡɞɚɬɧɚ ɧɚɞɚɬɢ ɛɭɞɶ-ɹɤɿɣ 
ɫɬɪɚɜɿ ɧɟɧɚɜ’ɹɡɥɢɜɭ ɤɢɫɥɢɧɤɭ ɿ ɧɟɩɨɜɬɨɪɧɢɣ ɚɪɨɦɚɬ. Ɋɨɫɥɢɧɭ ɧɚɡɢɜɚɸɬɶ ɳɟ 
ɡɨɥɨɬɢɦ ɞɟɪɟɜɨɦ, ɫɢɛɿɪɫɶɤɢɦ ɚɧɚɧɚɫɨɦ [1—4]. 

ɍ Ɏɪɚɧɰɿʀ, Ɏɿɧɥɹɧɞɿʀ ɬɚ ɤɪɚʀɧɚɯ ɋɤɚɧɞɢɧɚɜɿʀ ɩɥɨɞɢ ɨɛɥɿɩɢɯɢ ɜɢɤɨɪɢɫ-
ɬɨɜɭɸɬɶ ɹɤ ɩɪɹɧɭ ɩɪɢɩɪɚɜɭ ɞɥɹ ɪɢɛɧɢɯ ɿ ɦ’ɹɫɧɢɯ ɫɬɪɚɜ, ɡɚɫɬɨɫɨɜɭɸɬɶ ɩɪɢ 
ɫɬɜɨɪɟɧɧɿ ɨɫɨɛɥɢɜɨɝɨ ɫɨɪɬɭ ɯɥɿɛɚ. 

Ⱦɨ ɫɤɥɚɞɭ ɨɛɥɿɩɢɯɢ ɜɯɨɞɹɬɶ ɬɚɤɿ ɨɪɝɚɧɿɱɧɿ ɪɟɱɨɜɢɧɢ (ɬɚɛɥ. 1) 

Ɍɚɛɥɢɰɹ 1. ɋɬɪɭɤɬɭɪɧɿ ɮɨɪɦɭɥɢ ɛɿɨɥɨɝɿɱɧɨ ɚɤɬɢɜɧɢɯ ɪɟɱɨɜɢɧ, ɹɤɿ ɡɭɦɨɜɥɸɸɬɶ 
ɩɨɠɢɜɧɿ ɬɚ ɥɿɤɭɜɚɥɶɧɿ ɜɥɚɫɬɢɜɨɫɬɿ ɹɝɿɞ ɨɛɥɿɩɢɯɢ 
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ɮɪɭɤɬɨɡɚ 

ɉɟɤɬɢɧ 

 
 

ɍɫɿ ɰɿ ɪɟɱɨɜɢɧɢ ɧɚɞɿɥɹɸɬɶ ɪɨɫɥɢɧɭ ɦɚɫɨɸ ɰɿɥɸɳɢɯ ɜɥɚɫɬɢɜɨɫɬɟɣ. Ɉɛɥɿɩɢɯɚ 
ɦɚɽ ɚɧɬɢɨɤɫɢɞɚɧɬɧɭ, ɚɞɚɩɬɨɝɟɧɧɭ, ɡɧɟɛɨɥɸɜɚɥɶɧɭ, ɩɪɨɬɢɡɚɩɚɥɶɧɭ, ɬɨɧɿɡɭɸɱɭ, 
ɩɪɨɬɢɪɚɞɿɚɰɿɣɧɭ, ɫɭɞɢɧɨɪɨɡɲɢɪɸɜɚɥɶɧɭ, ɰɭɤɪɨɡɧɢɠɭɸɱɭ ɿ ɪɚɧɨɡɚɝɨɸɜɚɥɶɧɭ 
ɞɿɸ. 

ɋɥɿɞ ɡɜɟɪɧɭɬɢ ɭɜɚɝɭ ɧɚ ɬɟ, ɳɨ ɜɫɿ ɧɚɜɟɞɟɧɿ ɛɿɨɥɨɝɿɱɧɨ ɚɤɬɢɜɧɿ ɪɟɱɨɜɢɧɢ 
ɦɿɫɬɹɬɶ ɭ ɫɜɨɽɦɭ ɫɤɥɚɞɿ ɮɭɧɤɰɿɨɧɚɥɶɧɨ-ɚɤɬɢɜɧɿ ɭɝɪɭɩɨɜɚɧɧɹ (ɎȺɍ), ɡɞɚɬɧɿ ɞɨ 
ɤɨɦɩɥɟɤɫɨɭɬɜɨɪɟɧɧɹ ɡ ɿɨɧɚɦɢ ɦɟɬɚɥɿɜ ɿ ɡ ɬɨɤɫɢɱɧɢɦɢ ɪɟɱɨɜɢɧɚɦɢ [5—8]. Ɍɨɛɬɨ 
ɰɿ ɪɟɱɨɜɢɧɢ ɦɨɠɭɬɶ ɡɜ’ɹɡɭɜɚɬɢ ɿɨɧɢ Pb2+, Cd2+, Hg2+ ɬɚ ɜɢɜɨɞɢɬɢ ʀɯ ɡ ɨɪɝɚ-
ɧɿɡɦɭ ɥɸɞɢɧɢ. ɍ ɥɿɬɟɪɚɬɭɪɿ ɽ ɜɿɞɨɦɨɫɬɿ ɩɪɨ ɞɨɫɥɿɞɠɟɧɧɹ ɩɪɨɬɟɤɬɨɪɧɢɯ ɜɥɚɫ-
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ɬɢɜɨɫɬɟɣ ɪɿɡɧɢɯ ɯɚɪɱɨɜɢɯ ɩɪɨɞɭɤɬɿɜ ɬɚ ʀɯ ɨɫɧɨɜɧɢɯ ɤɨɦɩɨɧɟɧɬɿɜ [9—16], 
ɨɞɧɚɤ ɬɚɤɚ ɿɧɮɨɪɦɚɰɿɹ ɩɪɨ ɩɥɨɞɢ ɨɛɥɿɩɢɯɢ ɜɿɞɫɭɬɧɹ. 

Ɇɟɬɚ ɞɨɫɥɿɞɠɟɧɧɹ: ɜɢɜɱɢɬɢ ɩɪɨɬɟɤɬɨɪɧɿ ɜɥɚɫɬɢɜɨɫɬɿ ɨɫɧɨɜɧɢɯ ɤɨɦɩɨ-
ɧɟɧɬɿɜ ɨɛɥɿɩɢɯɢ ɳɨɞɨ ɣɨɧɿɜ Pb2+, Cd2+, Hg2+. 

Ɇɚɬɟɪɿɚɥɢ ɿ ɦɟɬɨɞɢ. Ɋɟɚɝɟɧɬɢ. ȼɢɯɿɞɧɿ 0,1 ɦɨɥɶ/ɞɦ3 ɪɨɡɱɢɧɢ ɫɨɥɟɣ Pb(II), 
Hg(II), Cd(II) ɝɨɬɭɜɚɥɢ ɪɨɡɱɢɧɟɧɧɹɦ ɧɚɜɚɠɨɤ: Cd0 (ɨɫ.ɱ.) ɭ 1,0 ɦɨɥɶ/ɞɦ3 

ɇ2SO4; Pb(NO3)2, Hg(NO3)2  0,5 H2O (ɯ.ɱ) ɭ 0,1 ɦɨɥɶ/ɞɦ3 ɇNO3 [17]. ɋɬɚɧ-
ɞɚɪɬɢɡɚɰɿɸ ɩɪɨɜɨɞɢɥɢ: ɤɨɦɩɥɟɤɫɨɧɨɦɟɬɪɢɱɧɨ (Pb) [18] ɬɚ ɦɟɪɤɭɪɢɦɟɬɪɢɱɧɨ 
(Hg) [19]. 

ɍ ɩɪɨɰɟɫɿ ɞɨɫɥɿɞɠɟɧɧɹ ɜɢɤɨɪɢɫɬɨɜɭɜɚɥɢ 10–3 ɦɨɥɶ/ɞɦ3 ɜɨɞɧɿ ɪɨɡɱɢɧɢ 
ɦɟɬɚɥɨɯɪɨɦɧɢɯ ɿɧɞɢɤɚɬɨɪɿɜ: ɤɫɢɥɟɧɨɥɨɜɨɝɨ ɨɪɚɧɠɟɜɨɝɨ (ɄɈ), ɱ. ɞ. ɚ. (Che-
mapol) ɬɚ ɫɭɥɶɮɨɧɚɡɨ ȱȱȱ (ɋɎȺɁ), ɱ. ɞ. ɚ. (Merk). ɪɇ ɪɨɡɱɢɧɿɜ ɫɬɜɨɪɸɜɚɥɢ ɡɚ 
ɞɨɩɨɦɨɝɨɸ 0,01 ɦɨɥɶ/ɞɦ3 HNO3 ɿ ɭɪɨɬɪɨɩɿɧɭ ɤɪɢɫɬɚɥɿɱɧɨɝɨ. 

10–3 ɦɨɥɶ/ɞɦ3 ɪɨɡɱɢɧɢ ɫɨɥɟɣ ɦɟɬɚɥɿɜ ɝɨɬɭɜɚɥɢ ɪɨɡɜɟɞɟɧɧɹɦ ɛɿɥɶɲ ɤɨɧɰɟɧ-
ɬɪɨɜɚɧɢɯ ɪɨɡɱɢɧɿɜ ɩɟɪɟɞ ɩɪɨɜɟɞɟɧɧɹɦ ɟɤɫɩɟɪɢɦɟɧɬɭ. ȼɨɞɭ ɨɱɢɳɚɥɢ, ɹɤ 
ɨɩɢɫɚɧɨ ɜ [20].  

Ɇɟɬɨɞɢɤɢ ɟɤɫɩɟɪɢɦɟɧɬɭ. Ɇɟɬɨɞɢɤɚ ɜɢɡɧɚɱɟɧɧɹ ɡɜ’ɹɡɭɸɱɨʀ ɡɞɚɬɧɨɫɬɿ 
ɨɫɧɨɜɧɢɯ ɤɨɦɩɨɧɟɧɬɿɜ ɹɝɿɞ ɨɛɥɿɩɢɯɢ ɳɨɞɨ ɿɨɧɿɜ ɬɨɤɫɢɱɧɢɯ ɦɟɬɚɥɿɜ. ɍ ɫɤɥɹɧɤɭ 
ɦɿɫɬɤɿɫɬɸ 150 ɫɦ3 ɜɧɨɫɢɥɢ 1 ɝ ɩɨɞɪɿɛɧɟɧɨɝɨ ɭ ɩɨɪɰɟɥɹɧɨɜɿɣ ɫɬɭɩɰɿ ɡɪɚɡɤɚ; 
ɞɨɞɚɜɚɥɢ 50 ɫɦ3 ɬɟɩɥɨʀ (45—50°ɋ) ɞɢɫɬɢɥɶɨɜɚɧɨʀ ɜɨɞɢ, ɩɟɪɟɦɿɲɭɜɚɥɢ ɫɤɥɹ-
ɧɨɸ ɩɚɥɢɱɤɨɸ ɿ ɡɚɥɢɲɚɥɢ ɧɚ 10 ɯɜɢɥɢɧ ɞɥɹ ɧɚɛɭɯɚɧɧɹ. 

Ⱦɨ ɨɬɪɢɦɚɧɨʀ ɫɭɦɿɲɿ ɞɨɞɚɜɚɥɢ 1 ɫɦ3 0,1 ɦɨɥɶ/ɞɦ3 ɪɨɡɱɢɧɭ ɫɨɥɿ ɞɨɫɥɿɞɠɭ-
ɜɚɧɨɝɨ ɬɨɤɫɢɱɧɨɝɨ ɦɟɬɚɥɭ, ɩɟɪɟɦɿɲɭɜɚɥɢ 0,5 ɝɨɞɢɧɢ ɧɚ ɦɚɝɧɿɬɧɿɣ ɦɿɲɚɥɰɿ, 
ɮɿɥɶɬɪɭɜɚɥɢ ɤɪɿɡɶ ɫɤɥɚɞɱɚɫɬɢɣ ɮɿɥɶɬɪ. 

ɍ ɮɿɥɶɬɪɚɬɿ ɜɢɡɧɚɱɚɥɢ ɜɦɿɫɬ ɿɨɧɿɜ ɞɨɫɥɿɞɠɭɜɚɧɢɯ ɦɟɬɚɥɿɜ ɡɚ ɦɟɬɨɞɨɦ ɝɪɚ-
ɞɭɸɜɚɥɶɧɨɝɨ ɝɪɚɮɿɤɚ. Ʉɿɥɶɤɿɫɬɶ Pb(II), Hg(II), Cd(II), ɳɨ ɫɨɪɛɭɜɚɥɚɫɹ ɩɨɞɪɿɛɧɟ-
ɧɢɦɢ ɹɝɨɞɚɦɢ ɨɛɥɿɩɢɯɢ, ɜɢɡɧɚɱɚɥɢ ɹɤ ɪɿɡɧɢɰɸ ɦɿɠ mPb, Cd, Hg, ɳɨ ɛɭɥɚ ɜɧɟɫɟɧɚ, ɿ 
mPb, Cd, Hg, ɳɨ ɛɭɥɚ ɡɧɚɣɞɟɧɚ ɭ ɮɿɥɶɬɪɚɬɿ. 

Ɇɟɬɨɞɢɤɚ ɜɢɡɧɚɱɟɧɧɹ Pb(II) ɭ ɮɿɥɶɬɪɚɬɿ [21]. ɍ ɦɿɪɧɭ ɩɪɨɛɿɪɤɭ ɦɿɫɬɤɿɫɬɸ 
10 ɫɦ3 ɜɧɨɫɢɥɢ 1 ɫɦ3 ɮɿɥɶɬɪɚɬɭ, 1 ɫɦ3 10–3 ɦɨɥɶ/ɞɦ3 ɜɨɞɧɨɝɨ ɪɨɡɱɢɧɭ NaF ɞɥɹ 
ɡɜ’ɹɡɭɜɚɧɧɹ ɿɨɧɿɜ Fe3+, ɳɨ ɡɚɜɚɠɚɸɬɶ, 1 ɫɦ3 0,01 ɦɨɥɶ/ɞɦ3 HNO3 ɞɥɹ ɫɬɜɨɪɟ-
ɧɧɹ ɪɇ 3, ɞɨɞɚɜɚɥɢ 2 ɫɦ3 10–3 ɦɨɥɶ/ɞɦ3 ɜɨɞɧɨɝɨ ɪɨɡɱɢɧɭ ɋɎȺɁ, ɞɨɜɨɞɢɥɢ 
ɡɚɝɚɥɶɧɢɣ ɨɛ’ɽɦ ɞɨ 10 ɫɦ3 ɞɢɫɬɢɥɶɨɜɚɧɨɸ ɜɨɞɨɸ ɿ ɩɟɪɟɦɿɲɭɜɚɥɢ. Ɉɩɬɢɱɧɭ 
ɝɭɫɬɢɧɭ ɜɢɦɿɪɸɜɚɥɢ ɩɪɢ Ȝ = 660 ɧɦ ɜ ɤɸɜɟɬɿ ɡ  = 0,1 ɫɦ ɜɿɞɧɨɫɧɨ ɤɨɧɬɪɨɥɶ-
ɧɨʀ ɩɪɨɛɢ ɱɟɪɟɡ 5 ɯɜ ɩɿɫɥɹ ɡɦɿɲɭɜɚɧɧɹ ɪɨɡɱɢɧɿɜ. 

Ɇɟɬɨɞɢɤɚ ɩɪɢɝɨɬɭɜɚɧɧɹ ɫɟɪɿʀ ɫɬɚɧɞɚɪɬɧɢɯ ɪɨɡɱɢɧɿɜ Pb(NO3)2. ɍ ɫɿɦ ɦɿɪ-
ɧɢɯ ɩɪɨɛɿɪɨɤ ɦɿɫɬɤɿɫɬɸ 10 ɫɦ3 ɜɧɨɫɢɥɢ 0,1, 0,2, 0,3, 0,5, 0,6, 0,7, 1,0 ɫɦ3 10–3 
ɦɨɥɶ/ɞɦ3 ɫɬɚɧɞɚɪɬɧɨɝɨ ɪɨɡɱɢɧɭ Pb(NO3)2, 1 ɫɦ3 10–3 ɦɨɥɶ/ɞɦ3 ɜɨɞɧɨɝɨ 
ɪɨɡɱɢɧɭ NaF, 1 ɫɦ3 0,01 ɦɨɥɶ/ɞɦ3 HNO3 ɞɥɹ ɫɬɜɨɪɟɧɧɹ ɪɇ 3 ɜ ɨɛ’ɽɦɿ 10 ɫɦ3, 
ɞɨɞɚɜɚɥɢ 2 ɫɦ3 10–3 ɦɨɥɶ/ɞɦ3 ɜɨɞɧɨɝɨ ɪɨɡɱɢɧɭ ɫɭɥɶɮɨɧɚɡɨ ȱȱȱ, ɞɨɜɨɞɢɥɢ ɡɚ-
ɝɚɥɶɧɢɣ ɨɛ’ɽɦ ɞɨ 10 ɫɦ3 ɞɢɫɬɢɥɶɨɜɚɧɨɸ ɜɨɞɨɸ ɿ ɩɟɪɟɦɿɲɭɜɚɥɢ. Ɉɩɬɢɱɧɭ ɝɭɫ-
ɬɢɧɭ ɜɢɦɿɪɸɜɚɥɢ ɩɪɢ Ȝ = 660 ɧɦ ɜ ɤɸɜɟɬɿ ɡ  = 0,1 ɫɦ ɜɿɞɧɨɫɧɨ ɤɨɧɬɪɨɥɶɧɨʀ 
ɩɪɨɛɢ ɱɟɪɟɡ 5 ɯɜ ɩɿɫɥɹ ɡɦɿɲɭɜɚɧɧɹ ɪɨɡɱɢɧɿɜ. 

ɉɚɪɚɥɟɥɶɧɨ ɝɨɬɭɜɚɥɢ ɤɨɧɬɪɨɥɶɧɭ ɩɪɨɛɭ Pb(NO3)2: ɜ ɦɿɪɧɭ ɩɪɨɛɿɪɤɭ 
ɜɧɨɫɢɥɢ 1 ɫɦ3 10–3 ɦɨɥɶ/ɞɦ3 ɜɨɞɧɨɝɨ ɪɨɡɱɢɧɭ NaF, 1 ɫɦ3 0,01 ɦɨɥɶ/ɞɦ3 HNO3 
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ɞɥɹ ɫɬɜɨɪɟɧɧɹ ɪɇ 3 ɜ ɨɛ’ɽɦɿ 10 ɫɦ3, ɞɨɞɚɜɚɥɢ 2 ɫɦ3 10–3 ɦɨɥɶ/ɞɦ3 ɜɨɞɧɨɝɨ 
ɪɨɡɱɢɧɭ ɫɭɥɶɮɨɧɚɡɨ ȱȱȱ, ɞɨɜɨɞɢɥɢ ɡɚɝɚɥɶɧɢɣ ɨɛ’ɽɦ ɞɨ 10 ɫɦ3 ɞɢɫɬɢɥɶɨɜɚɧɨɸ 
ɜɨɞɨɸ ɿ ɩɟɪɟɦɿɲɭɜɚɥɢ. Ɉɩɬɢɱɧɭ ɝɭɫɬɢɧɭ ɜɢɦɿɪɸɜɚɥɢ ɩɪɢ Ȝ = 660 ɧɦ ɜ ɤɸɜɟɬɿ 
ɡ  = 0,1 ɫɦ ɜɿɞɧɨɫɧɨ ɜɨɞɢ ɱɟɪɟɡ 5 ɯɜ ɩɿɫɥɹ ɡɦɿɲɭɜɚɧɧɹ ɪɨɡɱɢɧɿɜ. 

Ɇɟɬɨɞɢɤɚ ɜɢɡɧɚɱɟɧɧɹ Cd(II) ɭ ɮɿɥɶɬɪɚɬɿ [22]. ɍ ɦɿɪɧɭ ɤɨɥɛɭ ɦɿɫɬɤɿɫɬɸ  
25 ɫɦ3 ɜɧɨɫɢɥɢ 1 ɫɦ3 ɮɿɥɶɬɪɚɬɭ, 1 ɫɦ3 10–3 ɦɨɥɶ/ɞɦ3 ɜɨɞɧɨɝɨ ɪɨɡɱɢɧɭ NaF ɞɥɹ 
ɡɜ’ɹɡɭɜɚɧɧɹ ɿɨɧɿɜ Fe3+, ɳɨ ɡɚɜɚɠɚɸɬɶ, ɞɨɞɚɜɚɥɢ 1 ɫɦ3 10–3 ɦɨɥɶ/ɞɦ3 ɪɨɡɱɢɧɭ 
ɄɈ, ɞɨɜɨɞɢɥɢ ɞɨ ɪɢɫɤɢ ɞɢɫɬɢɥɶɨɜɚɧɨɸ ɜɨɞɨɸ, ɩɟɪɟɦɿɲɭɜɚɥɢ ɿ ɩɟɪɟɧɨɫɢɥɢ ɭ 
ɫɤɥɹɧɤɭ, ɨɩɭɫɤɚɥɢ ɟɥɟɤɬɪɨɞɢ ɿ ɩɪɢ ɫɬɚɥɨɦɭ ɩɟɪɟɦɿɲɭɜɚɧɧɿ ɫɬɜɨɪɸɜɚɥɢ ɜ 
ɨɛ’ɽɦɿ 25 ɫɦ3 ɪɇ5,8 ɡɚ ɞɨɩɨɦɨɝɨɸ ɭɪɨɬɪɨɩɿɧɭ ɤɪɢɫɬɚɥɿɱɧɨɝɨ. Ɉɩɬɢɱɧɭ 
ɝɭɫɬɢɧɭ ɜɢɦɿɪɸɜɚɥɢ ɩɪɢ Ȝ = 580 ɧɦ ɜ ɤɸɜɟɬɿ ɡ  = 1 ɫɦ ɜɿɞɧɨɫɧɨ ɤɨɧɬɪɨɥɶɧɨʀ 
ɩɪɨɛɢ ɱɟɪɟɡ 5 ɯɜɢɥɢɧ ɩɿɫɥɹ ɡɦɿɲɭɜɚɧɧɹ ɪɨɡɱɢɧɿɜ. 

Ɇɟɬɨɞɢɤɚ ɩɪɢɝɨɬɭɜɚɧɧɹ ɫɟɪɿʀ ɫɬɚɧɞɚɪɬɧɢɯ ɪɨɡɱɢɧɿɜ Cd(NO3)2. ɍ ɩ’ɹɬɶ 
ɦɿɪɧɢɯ ɤɨɥɛ ɦɿɫɬɤɿɫɬɸ 25 ɫɦ3 ɜɧɨɫɢɥɢ: 0,1, 0,3, 0,5, 0,7, 1,0 ɫɦ3 ɪɨɡɱɢɧɭ Cd(NO3)2, 
1 ɫɦ3 10–3 ɦɨɥɶ/ɞɦ3 ɜɨɞɧɨɝɨ ɪɨɡɱɢɧɭ NaF, ɞɨɞɚɜɚɥɢ 1 ɫɦ3 10–3 ɦɨɥɶ/ɞɦ3 ɪɨɡɱɢɧɭ 
ɤɫɢɥɟɧɨɥɨɜɨɝɨ ɨɪɚɧɠɟɜɨɝɨ, ɞɨɜɨɞɢɥɢ ɞɨ ɪɢɫɤɢ ɞɢɫɬɢɥɶɨɜɚɧɨɸ ɜɨɞɨɸ, 
ɩɟɪɟɦɿɲɭɜɚɥɢ ɿ ɩɟɪɟɧɨɫɢɥɢ ɭ ɫɤɥɹɧɤɭ, ɨɩɭɫɤɚɥɢ ɟɥɟɤɬɪɨɞɢ ɿ ɩɪɢ ɫɬɚɥɨɦɭ 
ɩɟɪɟɦɿɲɭɜɚɧɧɿ ɫɬɜɨɪɸɜɚɥɢ ɜ ɨɛ’ɽɦɿ 25 ɫɦ3 ɪɇ5,8 ɡɚ ɞɨɩɨɦɨɝɨɸ ɭɪɨɬɪɨɩɿɧɭ 
ɤɪɢɫɬɚɥɿɱɧɨɝɨ. Ɉɩɬɢɱɧɭ ɝɭɫɬɢɧɭ ɜɢɦɿɪɸɜɚɥɢ ɩɪɢ Ȝ = 580 ɧɦ ɜ ɤɸɜɟɬɿ ɡ  = 1 ɫɦ 
ɜɿɞɧɨɫɧɨ ɤɨɧɬɪɨɥɶɧɨʀ ɩɪɨɛɢ ɱɟɪɟɡ 5 ɯɜɢɥɢɧ ɩɿɫɥɹ ɡɦɿɲɭɜɚɧɧɹ ɪɨɡɱɢɧɿɜ. 

ɉɚɪɚɥɟɥɶɧɨ ɝɨɬɭɜɚɥɢ ɤɨɧɬɪɨɥɶɧɭ ɩɪɨɛɭ: ɭ ɦɿɪɧɭ ɤɨɥɛɭ ɦɿɫɬɤɿɫɬɸ 25 ɫɦ3 
ɜɧɨɫɢɥɢ: 1 ɫɦ3 10–3 ɦɨɥɶ/ɞɦ3 ɜɨɞɧɨɝɨ ɪɨɡɱɢɧɭ NaF, ɞɨɞɚɜɚɥɢ 1 ɫɦ3 10–3 ɦɨɥɶ/ɞɦ3 
ɪɨɡɱɢɧɭ ɄɈ, ɞɨɜɨɞɢɥɢ ɞɨ ɪɢɫɤɢ ɞɢɫɬɢɥɶɨɜɚɧɨɸ ɜɨɞɨɸ, ɩɟɪɟɦɿɲɭɜɚɥɢ ɿ 
ɩɟɪɟɧɨɫɢɥɢ ɭ ɫɤɥɹɧɤɭ, ɨɩɭɫɤɚɥɢ ɟɥɟɤɬɪɨɞɢ ɿ ɩɪɢ ɫɬɚɥɨɦɭ ɩɟɪɟɦɿɲɭɜɚɧɧɿ 
ɫɬɜɨɪɸɜɚɥɢ ɜ ɨɛ’ɽɦɿ 25 ɫɦ3 ɪɇ5,8 ɡɚ ɞɨɩɨɦɨɝɨɸ ɭɪɨɬɪɨɩɿɧɭ ɤɪɢɫɬɚɥɿɱɧɨɝɨ. 
Ɉɩɬɢɱɧɭ ɝɭɫɬɢɧɭ ɜɢɦɿɪɸɜɚɥɢ ɩɪɢ Ȝ = 580 ɧɦ ɜ ɤɸɜɟɬɿ ɡ  = 1 ɫɦ ɜɿɞɧɨɫɧɨ 
ɜɨɞɢ ɱɟɪɟɡ 5 ɯɜ ɩɿɫɥɹ ɡɦɿɲɭɜɚɧɧɹ ɪɨɡɱɢɧɿɜ. 

Ɇɟɬɨɞɢɤɚ ɜɢɡɧɚɱɟɧɧɹ Hg (II) ɭ ɮɿɥɶɬɪɚɬɿ [22]. ɍ ɦɿɪɧɭ ɤɨɥɛɭ ɦɿɫɬɤɿɫɬɸ 
25 ɫɦ3 ɜɧɨɫɢɥɢ 1 ɫɦ3 ɮɿɥɶɬɪɚɬɭ, 1 ɫɦ3 10–3 ɦɨɥɶ/ɞɦ3 ɜɨɞɧɨɝɨ ɪɨɡɱɢɧɭ NaF ɞɥɹ 
ɡɜ’ɹɡɭɜɚɧɧɹ ɿɨɧɿɜ Fe3+, ɳɨ ɡɚɜɚɠɚɸɬɶ, ɞɨɞɚɜɚɥɢ 1 ɫɦ3 10–3 ɦɨɥɶ/ɞɦ3 ɪɨɡɱɢɧɭ 
ɄɈ, ɞɨɜɨɞɢɥɢ ɞɨ ɪɢɫɤɢ ɞɢɫɬɢɥɶɨɜɚɧɨɸ ɜɨɞɨɸ, ɩɟɪɟɦɿɲɭɜɚɥɢ ɿ ɩɟɪɟɧɨɫɢɥɢ ɭ 
ɫɤɥɹɧɤɭ, ɨɩɭɫɤɚɥɢ ɟɥɟɤɬɪɨɞɢ ɿ ɩɪɢ ɫɬɚɥɨɦɭ ɩɟɪɟɦɿɲɭɜɚɧɧɿ ɫɬɜɨɪɸɜɚɥɢ ɜ 
ɨɛ’ɽɦɿ 25 ɫɦ3 ɪɇ5,8 ɡɚ ɞɨɩɨɦɨɝɨɸ ɭɪɨɬɪɨɩɿɧɭ ɤɪɢɫɬɚɥɿɱɧɨɝɨ. Ɉɩɬɢɱɧɭ 
ɝɭɫɬɢɧɭ ɜɢɦɿɪɸɜɚɥɢ ɩɪɢ Ȝ = 580 ɧɦ ɜ ɤɸɜɟɬɿ ɡ  = 1 ɫɦ ɜɿɞɧɨɫɧɨ ɤɨɧɬɪɨɥɶɧɨʀ 
ɩɪɨɛɢ ɱɟɪɟɡ 5 ɯɜ ɩɿɫɥɹ ɡɦɿɲɭɜɚɧɧɹ ɪɨɡɱɢɧɿɜ. 

Ɇɟɬɨɞɢɤɚ ɩɪɢɝɨɬɭɜɚɧɧɹ ɫɟɪɿʀ ɫɬɚɧɞɚɪɬɧɢɯ ɪɨɡɱɢɧɿɜ Hg(NO3)2. ɍ ɩ’ɹɬɶ ɦɿɪ-
ɧɢɯ ɤɨɥɛ ɦɿɫɬɤɿɫɬɸ 25 ɫɦ3 ɜɧɨɫɢɥɢ: 0,1, 0,3, 0,5, 0,7, 1,0 ɫɦ3 ɪɨɡɱɢɧɭ Hg(NO3)2,  
1 ɫɦ3 10–3 ɦɨɥɶ/ɞɦ3 ɜɨɞɧɨɝɨ ɪɨɡɱɢɧɭ NaF, ɞɨɞɚɜɚɥɢ 1 ɫɦ3 10–3 ɦɨɥɶ/ɞɦ3 ɪɨɡɱɢɧɭ 
ɄɈ, ɞɨɜɨɞɢɥɢ ɞɨ ɪɢɫɤɢ ɞɢɫɬɢɥɶɨɜɚɧɨɸ ɜɨɞɨɸ, ɩɟɪɟɦɿɲɭɜɚɥɢ ɿ ɩɟɪɟɧɨɫɢɥɢ ɭ 
ɫɤɥɹɧɤɭ, ɨɩɭɫɤɚɥɢ ɟɥɟɤɬɪɨɞɢ ɿ ɩɪɢ ɫɬɚɥɨɦɭ ɩɟɪɟɦɿɲɭɜɚɧɧɿ ɫɬɜɨɪɸɜɚɥɢ ɜ 
ɨɛ’ɽɦɿ 25 ɫɦ3 ɪɇ5,8 ɡɚ ɞɨɩɨɦɨɝɨɸ ɭɪɨɬɪɨɩɿɧɭ ɤɪɢɫɬɚɥɿɱɧɨɝɨ. Ɉɩɬɢɱɧɭ ɝɭɫɬɢ-
ɧɭ ɜɢɦɿɪɸɜɚɥɢ ɩɪɢ Ȝ = 580 ɧɦ ɜ ɤɸɜɟɬɿ ɡ  = 1 ɫɦ ɜɿɞɧɨɫɧɨ ɤɨɧɬɪɨɥɶɧɨʀ ɩɪɨɛɢ 
ɱɟɪɟɡ 5 ɯɜ ɩɿɫɥɹ ɡɦɿɲɭɜɚɧɧɹ ɪɨɡɱɢɧɿɜ. 
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ɉɚɪɚɥɟɥɶɧɨ ɝɨɬɭɜɚɥɢ ɤɨɧɬɪɨɥɶɧɭ ɩɪɨɛɭ: ɭ ɦɿɪɧɭ ɤɨɥɛɭ ɦɿɫɬɤɿɫɬɸ 25 ɫɦ3 
ɜɧɨɫɢɥɢ 1 ɫɦ3 10–3 ɦɨɥɶ/ɞɦ3 ɜɨɞɧɨɝɨ ɪɨɡɱɢɧɭ NaF, ɞɨɞɚɜɚɥɢ 1 ɫɦ3 10–3 ɦɨɥɶ/ɞɦ3 
ɪɨɡɱɢɧɭ ɄɈ, ɞɨɜɨɞɢɥɢ ɞɨ ɪɢɫɤɢ ɞɢɫɬɢɥɶɨɜɚɧɨɸ ɜɨɞɨɸ, ɩɟɪɟɦɿɲɭɜɚɥɢ ɿ 
ɩɟɪɟɧɨɫɢɥɢ ɭ ɫɤɥɹɧɤɭ, ɨɩɭɫɤɚɥɢ ɟɥɟɤɬɪɨɞɢ ɿ ɩɪɢ ɫɬɚɥɨɦɭ ɩɟɪɟɦɿɲɭɜɚɧɧɿ 
ɫɬɜɨɪɸɜɚɥɢ ɜ ɨɛ’ɽɦɿ 25 ɫɦ3 ɪɇ5,8 ɡɚ ɞɨɩɨɦɨɝɨɸ ɭɪɨɬɪɨɩɿɧɭ ɤɪɢɫɬɚɥɿɱɧɨɝɨ. 
Ɉɩɬɢɱɧɭ ɝɭɫɬɢɧɭ ɜɢɦɿɪɸɜɚɥɢ ɩɪɢ Ȝ = 580 ɧɦ ɜ ɤɸɜɟɬɿ ɡ  = 1 ɫɦ ɜɿɞɧɨɫɧɨ 
ɜɨɞɢ ɱɟɪɟɡ 5 ɯɜ ɩɿɫɥɹ ɡɦɿɲɭɜɚɧɧɹ ɪɨɡɱɢɧɿɜ. 

Ⱥɩɚɪɚɬɭɪɚ. ɋɩɟɤɬɪɢ ɫɜɿɬɥɨɩɨɝɥɢɧɚɧɧɹ ɪɨɡɱɢɧɿɜ ɡɧɿɦɚɥɢ, ɤɨɪɢɫɬɭɸɱɢɫɶ 
ɫɩɟɤɬɪɨɮɨɬɨɦɟɬɪɨɦ ɋɎ-46. ɋɜɿɬɥɨɩɨɝɥɢɧɚɧɧɹ ɪɨɡɱɢɧɿɜ ɜɢɦɿɪɸɜɚɥɢ ɧɚ ɄɎɄ-3 
ɩɪɢ ɨɩɬɢɦɚɥɶɧɿɣ ɞɨɜɠɢɧɿ ɯɜɢɥɿ (Ȝɨɩɬ) ɜɿɞɧɨɫɧɨ ɤɨɧɬɪɨɥɶɧɨʀ ɩɪɨɛɢ ɚɛɨ ɜɨɞɢ. 
Ʉɢɫɥɨɬɧɿɫɬɶ ɪɨɡɱɢɧɿɜ ɤɨɧɬɪɨɥɸɜɚɥɢ ɿɨɧɨɦɿɪɨɦ ɂ-160 ɡɿ ɫɤɥɹɧɢɦ ɟɥɟɤɬɪɨɞɨɦ. 

Ɋɟɡɭɥɶɬɚɬɢ ɿ ɨɛɝɨɜɨɪɟɧɧɹ. ȼɫɬɚɧɨɜɥɟɧɨ, ɳɨ ɿɨɧɢ Pb (II), Cd (II), Hg (II) 
ɭɬɜɨɪɸɸɬɶ ɡ ɛɿɥɶɲɿɫɬɸ ɪɟɱɨɜɢɧ, ɹɤɿ ɧɚɜɟɞɟɧɿ ɜ ɬɚɛɥ. 1, ɩɪɚɤɬɢɱɧɨ ɛɟɡɛɚɪɜɧɿ 
ɤɨɦɩɥɟɤɫɧɿ ɫɩɨɥɭɤɢ [6; 8], ɳɨ ɩɨɝɥɢɧɚɸɬɶ ɫɜɿɬɥɨ ɜ ɞɚɥɟɤɿɣ ɭɥɶɬɪɚɮɿɨɥɟɬɨɜɿɣ 
ɱɚɫɬɢɧɿ ɫɩɟɤɬɪɚ. 

ȼɪɚɯɨɜɭɸɱɢ ɜɢɳɟɜɢɤɥɚɞɟɧɟ, ɦɨɠɥɢɜɢɣ ɫɤɥɚɞ ɤɨɦɩɥɟɤɫɿɜ ɿ ɞɚɧɿ ɥɿɬɟɪɚɬɭɪɢ 
[5—16], ɦɨɠɧɚ ɨɱɿɤɭɜɚɬɢ, ɳɨ ɤɨɨɪɞɢɧɚɰɿɹ ɿɨɧɿɜ ɞɨɫɥɿɞɠɭɜɚɧɢɯ ɦɟɬɚɥɿɜ ɛɭɞɟ 
ɡɞɿɣɫɧɸɜɚɬɢɫɹ ɬɚɤɢɦ ɱɢɧɨɦ: 

- ɡɚ ɚɬɨɦɚɦɢ ɨɤɫɢɝɟɧɭ ɜɧɚɫɥɿɞɨɤ ɡɚɦɿɳɟɧɧɹ ɝɿɞɪɨɝɟɧɭ ɜ ɝɿɞɪɨɤɫɨɝɪɭɩɚɯ 
ɬɿɚɡɨɥɶɧɨɝɨ ɮɪɚɝɦɟɧɬɭ ɜɿɬɚɦɿɧɭ ȼ1; 

- ɡɚ ɪɚɯɭɧɨɤ ɡɚɦɿɳɟɧɧɹ ɝɿɞɪɨɝɟɧɭ ɜ ɝɿɞɪɨɤɫɨɝɪɭɩɚɯ ɜɿɬɚɦɿɧɭ ȼ4 (ɯɨɥɿɧ), 
ɫɬɟɚɪɢɧɭ, ɫɟɪɨɬɨɧɿɧɭ, ɰɭɤɪɚɯ ɬɚ ɤɚɪɨɬɢɧɨʀɞɚɯ; 

- ɡɚ ɚɬɨɦɚɦɢ ɨɤɫɢɝɟɧɭ ɜɧɚɫɥɿɞɨɤ ɡɚɦɿɳɟɧɧɹ ɝɿɞɪɨɝɟɧɭ ɜ ɝɿɞɪɨɤɫɨɝɪɭɩɚɯ 
ɞɭɛɢɥɶɧɢɯ ɪɟɱɨɜɢɧ (ɩɿɪɨɤɚɬɟɯɿɧ, ɩɿɪɨɝɚɥɨɥ ɬɨɳɨ) ɡ ɭɬɜɨɪɟɧɧɹɦ 5-ɱɥɟɧɧɧɢɯ 
ɰɢɤɥɿɜ; 

- ɡɚ ɚɬɨɦɚɦɢ ɨɤɫɢɝɟɧɭ ɜɧɚɫɥɿɞɨɤ ɡɚɦɿɳɟɧɧɹ ɝɿɞɪɨɝɟɧɭ ɜ ɝɿɞɪɨɤɫɨɝɪɭɩɚɯ ɬɚ 
ɪɨɡɪɢɜɭ ɩɨɞɜɿɣɧɨɝɨ ɡɜ’ɹɡɤɭ ɜ >ɋ=Ɉ-ɝɪɭɩɚɯ ɨɤɪɟɦɢɯ ɤɚɪɨɬɢɧɨʀɞɿɜ ɡ ɭɬɜɨɪɟ-
ɧɧɹɦ 5-ɱɥɟɧɧɢɯ ɰɢɤɥɿɜ; 

- ɡɚ ɚɬɨɦɚɦɢ ɨɤɫɢɝɟɧɭ ɜɧɚɫɥɿɞɨɤ ɪɨɡɪɢɜɭ ɩɨɞɜɿɣɧɨɝɨ ɡɜ’ɹɡɤɭ ɜ 6-ɚɰɟɬɨɤɫɢ-
ɮɪɚɝɦɟɧɬɿ ɬɨɤɨɮɟɪɨɥɭ — (6-ɚɰɟɬɨɤɫɢ-2-ɦɟɬɢɥ-2-(4,8,12-ɬɪɢɦɟɬɢɥɬɪɢɞɟɰɢɥ) 
ɯɪɨɦɚɧɭ; 

- ɡɚ ɪɚɯɭɧɨɤ ɡɚɦɿɳɟɧɧɹ ɝɿɞɪɨɝɟɧɭ ɜ ɤɚɪɛɨɤɫɢɥɶɧɢɯ ɝɪɭɩɚɯ ɚɫɤɨɪɛɿɧɨɜɨʀ 
(ɜɿɬɚɦɿɧ ɋ), ɹɛɥɭɱɧɨʀ, ɥɢɦɨɧɧɨʀ, ɮɨɥɿɽɜɨʀ (ɜɿɬɚɦɿɧ ȼ 9) ɮɨɫɮɚɬɢɞɧɨʀ, ɬɟɪɩɟ-
ɧɨɜɢɯ ɤɢɫɥɨɬ; 

- ɡɚ ɪɚɯɭɧɨɤ ɡɚɦɿɳɟɧɧɹ ɝɿɞɪɨɝɟɧɭ ɜ ɤɚɪɛɨɤɫɢɥɶɧɢɯ ɝɪɭɩɚɯ ɚɛɨ ɡɚ ɚɬɨɦɚɦɢ 
ɨɤɫɢɝɟɧɭ ɜɧɚɫɥɿɞɨɤ ɪɨɡɪɢɜɭ ɩɨɞɜɿɣɧɨɝɨ ɡɜ’ɹɡɤɭ ɜ >ɋ=Ɉ-ɝɪɭɩɚɯ ɨɤɪɟɦɢɯ 
ɤɚɪɨɬɢɧɨʀɞɿɜ (ɥɿɧɚɥɨɥ, ɥɢɦɨɧɟɧ, ɝɟɪɚɧɢɨɥ, ɰɢɬɪɨɧɟɥ ɬɨɳɨ); 

- ɡɚ ɪɚɯɭɧɨɤ ɡɚɦɿɳɟɧɧɹ ɝɿɞɪɨɝɟɧɭ ɜ ɤɚɪɛɨɤɫɢɥɶɧɢɯ ɬɚ ɝɿɞɪɨɤɫɨɝɪɭɩɚɯ ɩɟɤ-
ɬɢɧɨɜɢɯ ɪɟɱɨɜɢɧ. 

ɍ ɬɚɛɥ. 2 ɧɚɜɟɞɟɧɿ ɪɟɡɭɥɶɬɚɬɢ ɜɢɡɧɚɱɟɧɧɹ ɡɜ’ɹɡɭɸɱɨʀ ɡɞɚɬɧɨɫɬɿ ɞɨɫɥɿɞɠɭ-
ɜɚɧɢɯ ɡɪɚɡɤɿɜ ɳɨɞɨ ɿɨɧɿɜ Pb(II), Hg(II), Cd(II). 

Ɂɚ ɡɞɚɬɧɿɫɬɸ ɚɞɫɨɪɛɭɜɚɬɢɫɹ ɜɢɫɭɲɟɧɢɦɢ ɩɨɞɪɿɛɧɟɧɢɦɢ ɹɝɨɞɚɦɢ ɨɛɥɿɩɢɯɢ 
ɬɨɤɫɢɱɧɿ ɦɟɬɚɥɢ ɦɨɠɧɚ ɪɨɡɬɚɲɭɜɚɬɢ ɭ ɬɚɤɢɣ ɪɹɞ: Pb  Hg  Cd. ɉɨɞɿɛɧɚ 
ɡɚɥɟɠɧɿɫɬɶ ɡɛɿɝɚɽɬɶɫɹ ɡ ɞɚɧɢɦɢ ɥɿɬɟɪɚɬɭɪɢ ɳɨɞɨ ɫɬɿɣɤɨɫɬɿ ɤɨɦɩɥɟɤɫɧɢɯ ɫɩɨ-
ɥɭɤ ɞɨɫɥɿɞɠɭɜɚɧɢɯ ɦɟɬɚɥɿɜ ɡ Ɉ-, N-, S-ɜɦɿɫɧɢɦɢ ɨɪɝɚɧɿɱɧɢɦɢ ɤɨɦɩɥɟɤɫɨɭɬɜɨ-
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ɪɸɸɱɢɦɢ ɨɪɝɚɧɿɱɧɢɦɢ ɪɟɚɝɟɧɬɚɦɢ. ɐɟ ɫɜɿɞɱɢɬɶ ɩɪɨ ɞɨɫɬɨɜɿɪɧɿɫɬɶ ɨɬɪɢɦɚɧɢɯ 
ɪɟɡɭɥɶɬɚɬɿɜ. 

Ɍɚɛɥɢɰɹ 2. Ɋɟɡɭɥɶɬɚɬɢ ɜɢɡɧɚɱɟɧɧɹ ɡɜ’ɹɡɭɸɱɨʀ ɡɞɚɬɧɨɫɬɿ ɹɝɿɞ ɨɛɥɿɩɢɯɢ ɳɨɞɨ ɿɨɧɿɜ 
Pb (II), Hg (II), Cd (II) 

Ⱦɨɫɥɿɞɠɭɜɚɧɢɣ ɡɪɚɡɨɤ ɋɨɪɛɭɜɚɥɨɫɶ ɿɨɧɿɜ ɦɟɬɚɥɭ, %  
Pb (II) Cd (II) Hg (II)

1. ɉɨɞɪɿɛɧɟɧɿ ɜɢɫɭɲɟɧɿ ɹɝɨɞɢ 98,93 80,55 95,43
2. ɉɨɞɪɿɛɧɟɧɿ ɫɜɿɠɿ ɹɝɨɞɢ 38,41 1,78 55,11

3. ɉɸɪɟ, ɨɬɪɢɦɚɧɟ ɛɥɚɧɲɭɜɚɧɧɹɦ ɩɚɪɨɸ 38,40 1,75 57,61
 

Ɂɚ ɡɞɚɬɧɿɫɬɸ ɚɞɫɨɪɛɭɜɚɬɢɫɹ ɫɜɿɠɢɦɢ ɩɨɞɪɿɛɧɟɧɢɦɢ ɹɝɨɞɚɦɢ ɨɛɥɿɩɢɯɢ ɬɚ 
ɩɸɪɟ, ɨɬɪɢɦɚɧɟ ɛɥɚɧɲɭɜɚɧɧɹɦ ɩɚɪɨɸ ɦɟɬɚɥɢ ɦɨɠɧɚ ɪɨɡɬɚɲɭɜɚɬɢ ɭ ɬɚɤɢɣ 
ɪɹɞ: Hg  Pb  Cd. 

ȼɢɞɧɨ, ɳɨ ɫɜɿɠɿ ɹɝɨɞɢ ɨɛɥɿɩɢɯɢ ɜɢɹɜɢɥɢ ɧɚɣɤɪɚɳɿ ɩɪɨɬɟɤɬɨɪɧɿ ɜɥɚɫɬɢ-
ɜɨɫɬɿ ɳɨɞɨ ɦɟɪɤɭɪɿɸ. Ɍɨɛɬɨ ɜɧɟɫɟɧɧɹ ɞɨɫɥɿɞɠɭɜɚɧɨɝɨ ɡɪɚɡɤɚ ɞɨ ɫɤɥɚɞɭ ɧɨɜɢɯ 
ɫɨɭɫɿɜ ɩɨɜɢɧɧɨ ɧɚɞɚɬɢ ʀɦ ɩɟɜɧɢɯ ɩɪɨɬɟɤɬɨɪɧɢɯ ɜɥɚɫɬɢɜɨɫɬɟɣ ɩɟɪɲ ɡɚ ɜɫɟ 
ɳɨɞɨ ɦɟɪɤɭɪɿɸ ɬɚ ɩɥɸɦɛɭɦɭ ɿ ɦɟɧɲɢɯ — ɳɨɞɨ ɤɚɞɦɿɸ. Ⱥɧɚɥɨɝɿɱɧɚ ɡɚɥɟɠ-
ɧɿɫɬɶ ɫɩɨɫɬɟɪɿɝɚɽɬɶɫɹ ɿ ɞɥɹ ɩɸɪɟ, ɨɬɪɢɦɚɧɨɝɨ ɛɥɚɧɲɭɜɚɧɧɹɦ ɩɚɪɨɸ. 

Ɂɧɚɱɧɨ ɛɿɥɶɲɚ ɡɜ’ɹɡɭɜɚɥɶɧɚ ɡɞɚɬɧɿɫɬɶ ɩɨɞɪɿɛɧɟɧɢɯ ɜɢɫɭɲɟɧɢɯ ɡɪɚɡɤɿɜ ɨɛɥɟ-
ɩɿɯɢ ɩɨɪɿɜɧɹɧɨ ɡ ɩɸɪɟ ɬɚ ɫɜɿɠɢɦɢ ɹɝɨɞɚɦɢ ɦɨɠɧɚ ɩɨɹɫɧɢɬɢ ɪɿɡɧɨɸ ɤɨɧɫɢɫ-
ɬɟɧɰɿɽɸ ɡɪɚɡɤɿɜ. Ɂɪɚɡɨɤ ʋ 1 ɦɚɽ ɡɧɚɱɧɨ ɦɟɧɲɭ ɜ’ɹɡɤɿɫɬɶ ɧɿɠ ɡɪɚɡɤɢ ʋ 2 ɿ 3. 
ȼɿɧ ɡɧɚɱɧɨ ɲɜɢɞɲɟ ɮɿɥɶɬɪɭɽɬɶɫɹ, ɬɨɠ ɦɨɠɧɚ ɩɪɢɩɭɫɬɢɬɢ, ɳɨ ɞɨɫɬɭɩɧɿɫɬɶ 
ɮɭɧɤɰɿɨɧɚɥɶɧɨ-ɚɧɚɥɿɬɢɱɧɢɯ ɭɝɪɭɩɨɜɚɧɶ ɨɫɧɨɜɧɢɯ ɤɨɦɩɨɧɟɧɬɿɜ ɡɪɚɡɤɚ ʋ 1, ɹɤ 
ɰɟɧɬɪɿɜ ɡɜ’ɹɡɭɜɚɧɧɹ ɬɨɤɫɢɱɧɢɯ ɦɟɬɚɥɿɜ ɡɚ ɪɚɯɭɧɨɤ ɤɨɦɩɥɟɤɫɨɭɬɜɨɪɟɧɧɹ, ɡɧɚɱ-
ɧɨ ɤɪɚɳɚ, ɧɿɠ ɭ ɡɪɚɡɤɿɜ ʋ 2 ɿ 3. 

Ɉɬɪɢɦɚɧɚ ɿɧɮɨɪɦɚɰɿɹ ɛɭɥɚ ɜɢɤɨɪɢɫɬɚɧɚ ɩɪɢ ɪɨɡɪɨɛɰɿ ɧɨɜɢɯ ɫɨɭɫɿɜ ɡ ɩɪɨ-
ɬɟɤɬɨɪɧɢɦɢ ɜɥɚɫɬɢɜɨɫɬɹɦɢ ɞɨ ɿɨɧɿɜ ɬɨɤɫɢɱɧɢɯ ɦɟɬɚɥɿɜ. 

ǰȖȟțȜȐȘȖ 
ȼɩɟɪɲɟ ɞɨɫɥɿɞɠɟɧɿ ɩɪɨɬɟɤɬɨɪɧɿ ɜɥɚɫɬɢɜɨɫɬɿ ɹɝɿɞ ɨɛɥɿɩɢɯɢ ɳɨɞɨ ɿɨɧɿɜ 

ɬɚɤɢɯ ɬɨɤɫɢɱɧɢɯ ɦɟɬɚɥɿɜ, ɹɤ Pb (II), Hg (II), Cd (II). Ɉɬɪɢɦɚɧɿ ɤɿɥɶɤɿɫɧɿ ɯɚɪɚɤ-
ɬɟɪɢɫɬɢɤɢ ɡɜ’ɹɡɭɜɚɥɶɧɨʀ ɡɞɚɬɧɨɫɬɿ ɞɨɫɥɿɞɠɟɧɢɯ ɡɪɚɡɤɿɜ. Ⱦɚɧɿ ɜɢɤɨɪɢɫɬɚɧɿ ɞɥɹ 
ɫɬɜɨɪɟɧɧɹ ɧɨɜɢɯ ɫɨɭɫɿɜ ɡ ɩɿɞɜɢɳɟɧɢɦɢ ɩɪɨɬɟɤɬɨɪɧɢɦɢ ɜɥɚɫɬɢɜɨɫɬɹɦɢ ɳɨɞɨ 
ɿɨɧɿɜ Pb (II), Hg (II), Cd (II).  
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