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ɿʘʪʚʝʨʜʞʝʥʦ ɺʯʝʥʦʶ ʨʘʜʦʶ ɼʦʥʝʮʴʢʦʛʦ ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ 

ʽʤʝʥʽ ɺʘʩʠʣʷ ʉʪʫʩʘ (ʧʨʦʪʦʢʦʣ ˉ 8 ʚʽʜ 23.02.2018 ʨ.) 

ʇʦʩʚʽʜʯʝʥʥʷ ʧʨʦ ʨʝʻʩʪʨʘʮʽʶ ʋʢʨɯʅʊɽɯ ˉ 89 ʚʽʜ 14.03.2018 ʨ. 

 

ʍʽʤʽʯʥʽ ʧʨʦʙʣʝʤʠ ʩʴʦʛʦʜʝʥʥʷ (ʍʇʉ-2018): ʟʙʽʨʥʠʢ ʪʝʟ ʜʦʧʦʚʽʜʝʡ 

ɯ ʄʽʞʥʘʨʦʜʥʦʾ (ʍɯ ʋʢʨʘʾʥʩʴʢʦʾ) ʥʘʫʢʦʚʦʾ ʢʦʥʬʝʨʝʥʮʽʾ ʩʪʫʜʝʥʪʽʚ, ʘʩʧʽʨʘʥʪʽʚ ʽ 

ʤʦʣʦʜʠʭ ʫʯʝʥʠʭ, 27ï29 ʙʝʨʝʟʥʷ 2018 ʨ., ʤ. ɺʽʥʥʠʮʷ / ɼʦʥʝʮʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ 

ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ɺʘʩʠʣʷ ʉʪʫʩʘ; ʨʝʜʢʦʣʝʛʽʷ: ʆ. ʄ. ʐʝʥʜʨʠʢ (ʚʽʜʧ. ʨʝʜ.) [ʪʘ ʽʥ.]. ï 

ɺʽʥʥʠʮʷ, 2018. ï 376 ʩ. 

ɿ 27 ʧʦ 29 ʙʝʨʝʟʥʷ 2018 ʨʦʢʫ ʚ ɼʦʥʝʮʴʢʦʤʫ ʥʘʮʽʦʥʘʣʴʥʦʤʫ ʫʥʽʚʝʨʩʠʪʝʪʽ 

ʽʤʝʥʽ ɺʘʩʠʣʷ ʉʪʫʩʘ ʚʽʜʙʫʣʘʩʷ ɯ ʄʽʞʥʘʨʦʜʥʘ (ʍɯ ʋʢʨʘʾʥʩʴʢʘ) ʥʘʫʢʦʚʘ ʢʦʥʬʝʨʝʥʮʽʷ 

ʩʪʫʜʝʥʪʽʚ, ʘʩʧʽʨʘʥʪʽʚ ʽ ʤʦʣʦʜʠʭ ʫʯʝʥʠʭ çʍʽʤʽʯʥʽ ʧʨʦʙʣʝʤʠ ʩʴʦʛʦʜʝʥʥʷè 

(ʍʇʉ-2018). 

ʋ ʟʙʽʨʥʠʢʫ ʦʧʫʙʣʽʢʦʚʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ, ʷʢʽ ʚʠʢʦʥʘʥʽ ʚ ʥʘʚʯʘʣʴʥʠʭ 

ʟʘʢʣʘʜʘʭ ʪʘ ʥʘʫʢʦʚʠʭ ʫʩʪʘʥʦʚʘʭ ʋʢʨʘʾʥʠ, ʈʝʩʧʫʙʣʽʢʠ ɹʽʣʦʨʫʩʴ, ʂʘʟʘʭʩʪʘʥʫ, 

ʋʟʙʝʢʽʩʪʘʥʫ, ɸʟʝʨʙʘʡʜʞʘʥʫ, ʈʦʩʽʡʩʴʢʦʾ ʌʝʜʝʨʘʮʽʾ, ʇʦʣʴʱʽ, ʃʠʪʚʠ, ʉʣʦʚʘʢ̔ʾ, 

ʉʣʦʚʝʥʽʾ, ɯʩʧʘʥʽʾ ʚ ʛʘʣʫʟʷʭ ʘʥʘʣʽʪʠʯʥʦʾ, ʢʚʘʥʪʦʚʦʾ, ʥʝʦʨʛʘʥʽʯʥʦʾ, ʦʨʛʘʥʽʯʥʦʾ, 

ʬʽʟʠʯʥʦʾ, ʤʝʜʠʯʥʦʾ ʪʘ ʬʘʨʤʘʮʝʚʪʠʯʥʦʾ ʭʽʤʽʾ, ʙʽʦʭʽʤʽʾ, ʭʽʤʽʯʥʦʾ ʦʩʚʽʪʠ, ʭʽʤʽʯʥʦʾ 

ʽʥʞʝʥʝʨʽʾ, ʭʽʤʽʾ ʧʦʣʽʤʝʨʽʚ ʽ ʢʦʤʧʦʟʠʪʽʚ. 

 

ʇʽʜʪʨʠʤʢʘ ʢʦʥʬʝʨʝʥʮʽʾ: 
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çʋʢʨʘʠʥʩʢʠʝ ʘʵʨʦʟʦʣʠè 
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A NEW METHOD OF QUANTITATIVE DESCRIPTION OF SOLID ELECTRODES 

VOLTAMMOGRAMS  

Boguslavskiy V. B., Galimhanova R. V., Maksyutova E. I., Sidelnikov ɸ. V. 

Bashkir State University, Ufa 

boguslavskiy97@yandex.ru 

 

The phase boundary surface between electrode/solution is under the attention of many 

researches, working in the electroanalytical chemistry. This surface serves as a specific 

microreactor in which many temporal and electrochemical processes being under the controlled 

conditions give useful information about the electrode material, structure of the surface, about 

the components of the solution reacting in the depth of the solute and near the DEL.  

New materials and innovation technologies related to formation of the structural 

surfaces with the usage of different composites, supramolecular structures etc. require more 

informative and sophisticated methods for the various electrodes-sensors creation and taking 

into account other factors that can modify the given electrode in the stage of its production or 

in the process of its reaction with components of solution under investigation. From one side, a 

researcher has a variety of different sensitive equipment however, from another side for the 

mathematical treatment of the data obtained and construction of the informative and effective 

models, new approaches are necessary. The most vital problem in this attention is related to 

description and quantitative characterization of the electrode surface in its continuous 

interaction with solution components. This problem is tightly related to creation of new 

generation of multisensor systems, which enable to detect all temporal changing in the process 

of its interaction with the solute under investigation.  

When the number of the measurements are rather small there are mathematical methods 

that take into account the drift of the detected signal in time while for the multi-cycling 

sensor(the number of the measurement cycles are large, M Ó 1000) the mathematical methods 

related to quantitative monitoring of these sensors in time are not well developed. In this case, 

the electrode surface is changed significantly and can reflect the different stages of its 

electrochemical transformations.  

The saying above put forward a problem related to new and general mathematical 

method creation that can control quantitatively the evolution state of the electrode surface and 

expresses it in terms of the finite number of the given parameters. This method based on the 

usage of the discrete geometrical invariants (DGI) developed in this paper. 

In this paper, we apply the statistics of the fractional moments (SFM) and discrete 

geometrical sets/invariants (DGI) for explain of the temporal evolution of the electrochemical 

background. For analysis of this phenomenon, we apply the internal correlation factor (ICF) 

and proved that integral curves expressed in the form of voltammograms (VAGs) are more 

sensitive in comparison with their derivatives. For analysis of the VAGs (integral curves), we 

propose the set of the quantitative parameters that form the invariant DGI curves of the second 

and the fourth orders, correspondingly. The method of their calculation based on the 

generalization of the well-known Pythagorôs theorem is described. The quantitative parameters 

that determine these DGI allow monitoring the background of the electrochemical solution 

covering the period of 1-1000 measurements for two types of electrode (Pt and C) and notice 

the specific peculiarities that characterize each electrode material. 

 

This work was supported by the Russian Foundation for Basic Research,  

project ˉ 17-43-020232 r-Povolzh'ye-ʘ. 

  



Analytical Chemistry  ɸʥʘʣʽʪʠʯʥʘ ʭʽʤʽʷ 

9 

ɺʀɿʅɸʏɽʅʅʗ ʇʃʖʄɹʋʄʋ ɺ ʅɸʌʊʆʇʈʆɼʋʂʊɸʍ ʄɽʊʆɼʆʄ ɸɸʉ  

ɹʦʥʜʘʨ ɼ. ʂ. 

ɺʎ ʇɸʊ çʋʢʨʪʘʪʥʘʬʪʘè 

bondardk@gmail.com 
 

ɺʩʪʫʧ. ɺ ʥʘʬʪʦʧʝʨʝʨʦʙʮʽ ʇʣʶʤʙʫʤ ʻ ʚʘʞʣʠʚʠʤ ʥʘʚʽʪʴ ʚ ʩʣʽʜʦʚʠʭ ʢʽʣʴʢʦʩʪʷʭ 

ʦʩʢʽʣʴʢʠ ʚʠʢʣʠʢʘʻ ʦʪʨʫʻʥʥʷ ʢʘʪʘʣʽʟʘʪʦʨʽʚ. ɿʘ ʮʠʤ ʤʝʪʦʜʦʤ ʙʫʣʦ ʚʠʟʥʘʯʝʥʦ ʚʤʽʩʪ ʩʚʠʥʮʶ 

ʚ ʧʨʦʜʫʢʪʘʭ ʧʝʨʚʠʥʥʦʾ ʧʝʨʝʨʦʙʢʠ ʥʘʬʪʠ ʚ ʜʽʘʧʘʟʦʥʽ ʚʽʜ 0 ʜʦ 120 ʤʢʛ/ʣ. 

ʄʘʪʝʨʽʘʣʠ ʽ ʤʝʪʦʜʠ. ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʚʤʽʩʪʫ ʇʣʶʤʙʫʤʫ ʤʝʪʦʜʦʤ ʘʪʦʤʥʦ-

ʘʙʩʦʨʙʮʽʡʥʦʾ ʩʧʝʢʪʨʦʤʝʪʨʽʾ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʴ ʛʨʘʬʽʪʦʚʽ ʢʶʚʝʪʠ ʟ ʧʽʥ-ʧʣʘʪʬʦʨʤʦʶ. 

ɼʦʩʣʽʜʞʝʥʥʷ ʧʨʦʚʦʜʠʣʠ ʥʘ ʧʨʠʣʘʜʽ ContrAA 700 ʬʽʨʤʠ çAnalytical Jenaè ʟ ʛʨʘʬʽʪʦʚʠʤ 

ʘʪʦʤʽʟʘʪʦʨʦʤ ʟ ʢʩʝʥʦʥʦʚʦʶ ʣʘʤʧʦʶ ʪʘ ʤʦʥʦʭʨʦʤʘʪʦʨʦʤ ʚʠʩʦʢʦʛʦ ʨʦʟʜʽʣʝʥʥʷ. ɼʣʷ 

ʩʪʘʙʽʣʽʟʘʮʽʾ ʜʦʚʞʠʥʠ ʭʚʠʣʽ ʚ ʧʨʠʣʘʜʽ ʚʠʢʦʥʫʻʪʴʩʷ ʙʝʟʧʝʨʝʨʚʥʝ ʢʦʨʠʛʫʚʘʥʥʷ ʧʦ ʣʽʥʽʾ 

ʥʝʦʥʫ. ɺʤʽʩʪ ʇʣʶʤʙʫʤʫ ʚʠʟʥʘʯʘʻʪʴʩʷ ʚʠʤʽʨʶʚʘʥʥʷʤ ʽʥʪʝʛʨʘʣʴʥʦʾ ʧʣʦʱʽ ʧʽʢʫ 

ʧʦʛʣʠʥʘʥʥʷ ʧʨʠ 283,3 ʥʤ. ʗʢ ʛʘʟ-ʥʦʩʽʡ ʙʫʚ ʟʘʩʪʦʩʦʚʘʥʠʡ ʘʨʛʦʥ ʯʠʩʪʦʪʦʶ 99,996 %. 

ʇʨʠʛʦʪʫʚʘʥʥʷ ʨʦʙʦʯʠʭ ʩʪʘʥʜʘʨʪʥʠʭ ʨʦʟʯʠʥʽʚ. ʇʽʜ ʯʘʩ ʘʥʘʣʽʟʫ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʴ 

ʨʝʘʢʪʠʚʠ ʤʘʨʢʠ ʏ.ɼ.ɸ. ɿ ʦʩʥʦʚʥʦʛʦ ʩʪʘʥʜʘʨʪʥʦʛʦ ʨʦʟʯʠʥʫ Pb ʟ ʢʦʥʮʝʥʪʨʘʮʽʻʶ 1000 ʤʛ/ʣ 

ʫ ʤʘʩʣʽ ʧʨʠʛʦʪʫʚʘʣʠ ʢʘʣʽʙʨʫʚʘʣʴʥʠʡ ʨʦʟʯʠʥ ʇʣʶʤʙʫʤʫ ʟ ʢʦʥʮʝʥʪʨʘʮʽʻʶ 150 ʤʛ/ʣ ʫ 

ʢʩʠʣʦʣʽ. ɿ ʥʴʦʛʦ ʚ ʘʚʪʦʤʘʪʠʯʥʦʤʫ ʨʝʞʠʤʽ ʟ ʜʦʜʘʚʘʥʥʷʤ ʧʘʣʘʜʽʡ-ʤʘʛʥʽʻʚʦʛʦ ʤʦʜʠʬʽʢʘʪʦʨʘ 

ʟʘ ʧʨʦʛʨʘʤʦʶ ʙʫʣʘ ʧʨʠʛʦʪʦʚʣʝʥʘ ʩʝʨʽʷ ʢʘʣʽʙʨʫʚʘʣʴʥʠʭ ʩʪʘʥʜʘʨʪʥʠʭ ʨʦʟʯʠʥʽʚ Pb ʫ 

ʢʩʠʣʦʣʽ ʟ ʢʦʥʮʝʥʪʨʘʮʽʻʶ 0; 30; 60, 90; 120 ʤʢʛ/ʣ, ʷʢʽ ʙʫʣʠ ʧʨʦʘʥʘʣʽʟʦʚʘʥʽ ʟʛʽʜʥʦ 

ʧʘʨʘʤʝʪʨʽʚ, ʥʘʚʝʜʝʥʠʭ ʫ ʊʘʙʣʠʮʽ 1. ɺʠʭʦʜʷʯʠ ʟ ʦʪʨʠʤʘʥʠʭ ʜʘʥʠʭ ʙʫʣʦ ʧʦʙʫʜʦʚʘʥʦ ʛʨʘʬʽʢ 

ʟʘʣʝʞʥʦʩʪʽ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʽʥʪʝʛʨʘʣʴʥʦʛʦ ʧʦʛʣʠʥʘʥʥʷ ʨʦʙʦʯʠʭ ʩʪʘʥʜʘʨʪʥʠʭ ʨʦʟʯʠʥʽʚ ʚʽʜ 

ʚʤʽʩʪʫ ʇʣʶʤʙʫʤʫ ʚ ʤʢʛ/ʣ. 

ʊʘʙʣʠʮʷ 1. ʇʘʨʘʤʝʪʨʠ ʘʪʦʤʽʟʘʪʦʨʘ ʜʣʷ ʧʨʠʣʘʜʫ ContrAA700 

ˉ ʩʪʘʜʽʾ 
ʊʝʤʧʝʨʘʪʫʨʘ 

(ÁC) 
ʏʘʩ (ʩ) ʊʠʧ ʛʘʟʫ 

ɺʠʪʨʘʪʠ ʛʘʟʫ 

(ʣ/ʤʽʥ) 
ɿʯʠʪʫʚʘʥʥʷ 

1 40 2,0 ɸʨʛʦʥ 3,0 ʅ ̔

2 100 10,0 ɸʨʛʦʥ 3,0 ʅ ̔

3 330 13,0 ɸʨʛʦʥ 3,0 ʅ ̔

4 1000 9,0 ʅ ̔ 3,0 ʅ ̔

5 2600 1,0 ʅ ̔ 0,0 ɼʘ 

6 2600 2,0 ɸʨʛʦʥ 0,0 ɼʘ 

7 2600 2,0 ɸʨʛʦʥ 3,0 ʅ ̔

8 40 16,0 ɸʨʛʦʥ 3,0 ʅ ̔

ʇʨʦʙʦʧʽʜʛʦʪʦʚʢʘ ʪʘ ʘʥʘʣʽʟ. ʇʨʦʙʫ ʥʘʬʪʦʧʨʦʜʫʢʪʫ ʧʝʨʝʤʽʰʘʣʠ ʧʨʦʪʷʛʦʤ 5 

ʭʚʠʣʠʥ ʪʘ ʚʽʜʬʽʣʴʪʨʫʚʘʣʠ ʜʣʷ ʚʠʜʘʣʝʥʥʷ ʤʝʭʘʥʽʯʥʠʭ ʜʦʤʽʰʦʢ. ɸʚʪʦʩʘʤʧʣʝʨ ʟʤʽʰʫʻ 10 

ʤʢʣ ʥʘʬʪʦʧʨʦʜʫʢʪʽʚ ʪʘ 4 ʤʢʣ Pd-Mg ʤʦʜʠʬʽʢʘʪʦʨʘ ʪʘ ʚʚʦʜʠʪʴ ʫ ʛʨʘʬʽʪʦʚʫ ʢʶʚʝʪʫ ʜʣʷ 

ʘʥʘʣʽʟʫ ʟʘ ʥʘʚʝʜʝʥʦʶ ʪʝʤʧʝʨʘʪʫʨʥʦʶ ʧʨʦʛʨʘʤʦʶ. ʉʝʨʝʜʥʻ ʘʨʠʬʤʝʪʠʯʥʝ ʪʨʴʦʭ ʚʠʤʽʨʽʚ 

ʘʥʘʣʽʪʫ ʙʝʨʝʪʴʩʷ ʷʢ ʦʩʪʘʪʦʯʥʝ ʟʥʘʯʝʥʥʷ. ɿ ʛʨʘʬʽʢʫ ʧʦʛʣʠʥʘʥʥʷ ʩʝʨʽʾ ʩʪʘʥʜʘʨʪʽʚ ʚʽʜ 

ʢʦʥʮʝʥʪʨʘʮʽʾ ʩʚʠʥʮʶ ʚ ʤʢʛ/ʣ ʚʠʟʥʘʯʝʥʦ ʢʦʥʮʝʥʪʨʘʮʽʶ ʇʣʶʤʙʫʤʫ ʚ ʧʨʦʙʽ.  

ʊʘʙʣʠʮʷ 2. ɺʤʽʩʪ ʇʣʶʤʙʫʤʫ ʟʘ ʤʝʪʦʜʦʤ ɸɸʉ ʪʘ ʛʽʜʨʠʜʥʦʾ ʛʝʥʝʨʘʮʽʾ 

ɼʦʩʣʽʜʞʫʚʘʥʘ ʧʨʦʙʘ 
ɺʤʽʩʪ ʇʣʶʤʙʫʤʫ, ʤʢʛ/ʣ 

ɸɸʉ ʛʽʜʨʠʜʥʦʾ ʛʝʥʝʨʘʮʽʾ 

ɹʝʥʟʠʥ ɸ 7 9 

ʂʝʨʦʩʠʥ 32 34 

ʈʝʟʫʣʴʪʘʪʠ. ʅʘʚʝʜʝʥʽ ʚ ʊʘʙʣʠʮʽ 2 ʜʘʥʽ ʚʠʟʥʘʯʝʥʥʷ ʚʤʽʩʪʫ Pb ʟʘ ʤʝʪʦʜʦʤ ɸɸʉ ʫ 

ʛʨʘʬʽʪʦʚʽʡ ʧʝʯʽ ʪʘ ʛʽʜʨʠʜʥʦʾ ʛʝʥʝʨʘʮʽʾ ʜʦʚʦʜʠʪʴ ʾʭ ʢʦʨʝʣʷʮʽʶ ʪʘ ʚʟʘʻʤʦʟʘʤʽʥʥʽʩʪʴ. 

ɺʠʩʥʦʚʢʠ. ʇʦʢʘʟʘʥʘ ʤʦʞʣʠʚʽʩʪʴ ʚʠʟʥʘʯʝʥʥʷ ʚʤʽʩʪʫ ʇʣʶʤʙʫʤʫ ʚ ʦʨʛʘʥʽʯʥʦʤʫ 

ʨʦʟʯʠʥʥʠʢʫ. ʈʝʟʫʣʴʪʘʪʠ ʦʪʨʠʤʘʥʽ ʟʘ ʜʘʥʦʶ ʤʝʪʦʜʠʢʦʶ ʩʧʽʚʚʽʜʥʦʩʷʪʴʩʷ ʟ ʜʘʥʠʤʠ 

ʦʪʨʠʤʘʥʠʤʠ ʧʨʠ ʘʥʘʣʽʟʽ ʫ ʚʦʜʥʦʤʫ ʨʦʟʯʠʥʽ.   
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ʍɽʄʆʉɽʅʉʆʈ/ʉʆʈɹɽʅʊ ɼʃʗ ɺʀɿʅɸʏɽʅʅʗ ʈʋʊɽʅɯʖ(IV )  

ɹʦʥʜʘʨʝʥʢʦ ʄ. ɸ., ʍʫʜʷʢʦʚʘ ʉ. ʄ. 

ɼʥʽʧʨʦʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ʆʣʝʩʷ ɻʦʥʯʘʨʘ 

khudyakova@i.ua 

 

ɺʠʟʥʘʯʝʥʥʷ ʤʽʢʨʦ- ʪʘ ʩʫʙʤʽʢʨʦʢʽʣʴʢʦʩʪʝʡ ʡʦʥʽʚ Ru ʚ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʨʦʟʯʠʥʘʭ 

ʧʨʝʜʩʪʘʚʣʷʻ ʪʨʫʜʥʦʱʽ ʪʘ ʧʦʪʨʝʙʫʻ ʧʦʧʝʨʝʜʥʴʦʛʦ ʢʦʥʮʝʥʪʨʫʚʘʥʥʷ. ɼʦ ʧʦʯʘʪʢʫ ʥʘʰʦʛʦ 

ʜʦʩʣʽʜʞʝʥʥʥʷ ʙʫʣʦ ʚʽʜʦʤʦ, ʱʦ 3-ʤʝʪʠʣ-2,6-ʜʠʤʝʨʢʘʧʪʦ-1,4-ʪʽʦʧʽʨʦʥ (ʄɼʊ) ʫ 

ʧʨʠʩʫʪʥʦʩʪʽ ʥʝʽʦʥʥʦʾ ʧʦʚʝʨʥʝʚʦ-ʘʢʪʠʚʥʦʾ ʨʝʯʦʚʠʥʠ (ʇɸʈ)  ʦʢʩʠʝʪʠʣʴʦʚʘʥʠʭ ʧʦʭʽʜʥʠʭ 

ʘʣʢʽʣʬʝʥʦʣʽʚ (ʆʇ-7 ʘʙʦ ʆʇ-10) ʚʽʜʥʦʚʣʶʻ Ru(IV) ʜʦ Ru(III ). 

ʋ ʜʘʥʽʡ ʨʦʙʦʪʽ ʚʧʝʨʰʝ ʚʩʪʘʥʦʚʣʝʥʦ ʪʘ ʦʧʠʩʘʥʦ ʢʦʤʧʣʝʢʩʦʫʪʚʦʨʝʥʥʷ Ru(IV) ʟ ʌɼʊ 

ʟʘ ʥʘʷʚʥʦʩʪʽ ʆʇ-7 ʘʙʦ ʃʉ. ʆʧʠʩʘʥʦ ʦʩʦʙʣʠʚʦʩʪʽ ʤʦʜʠʬʽʢʘʮʽʾ ʭʽʤʽʢʦ-ʘʥʘʣʽʪʠʯʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ 3-ʬʝʥʽʣ-2,6-ʜʠʤʝʨʢʘʧʪʦ-1,4-ʪʽʦʧʽʨʦʥʫ (ʌɼʊ) ʟʘ ʜʦʧʦʤʦʛʦʶ ʘʥʽʦʥʥʦʾ ʇɸʈ 

 ʥʘʪʨʽʡ ʣʘʫʨʠʣʩʫʣʴʬʘʪʫ (ʃʉ) ʽ ʥʘ ʮʽʡ ʦʩʥʦʚʽ ʨʦʟʨʦʙʣʝʥʦ ʥʦʚʽ ʩʦʨʙʝʥʪʠ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʧʽʥʦʧʦʣʽʫʨʝʪʘʥʫ (ʇʇʋ), ʄɼʊ ʘʙʦ ʌɼʊ ʟʘ ʥʘʷʚʥʦʩʪʽ ʆʇ-7 ʪʘ ʃʉ. ɺʩʪʘʥʦʚʣʝʥʦ 

ʦʧʪʠʤʘʣʴʥʽ ʫʤʦʚʠ ʩʦʨʙʮʽʾ ʨʝʘʛʝʥʪʽʚ ʥʘ ʇʇʋ: ʢʠʩʣʦʪʥʽʩʪʴ ʩʝʨʝʜʦʚʠʱʘ, ʤʦʣʷʨʥʝ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʢʦʤʧʦʥʝʥʪʽʚ-ʤʦʜʠʬʽʢʘʪʦʨʽʚ ʪʘ ʯʘʩ ʩʦʨʙʮʽʾ. ʆʪʨʠʤʘʥʦ ʩʦʨʙʝʥʪʠ ʟ ʨʽʟʥʦʶ 

ʩʦʨʙʮʽʡʥʦʶ ʻʤʥʽʩʪʶ ʟʘ ʨʝʘʛʝʥʪʦʤ. ʇʨʠ ʨʅ 3 ʪʘ ʟʘ ʥʘʷʚʥʦʩʪʽ ʆʇ-7 ʫ ʨʦʟʯʠʥʽ ʌɼʊ 

ʧʦʚʝʨʭʥʷ ʇʇʋ ʟʘʙʘʨʚʶʚʘʣʘʩʴ ʫ ʞʦʚʪʠʡ ʢʦʣʽʨ, ʘ ʧʽʩʣʷ ʩʦʨʙʮʽʾ ʘʜʫʢʪʫ ʌɼT ʃʉ ʥʘ ʬʦʥʽ 

3 ʄ HCl  ʫ ʞʦʚʪʦ-ʧʦʤʘʨʘʥʯʝʚʠʡ. ɿ ʤʝʪʦʶ ʦʪʨʠʤʘʥʥʷ ʢʨʘʱʦʛʦ ʘʥʘʣʽʪʠʯʥʦʛʦ ʝʬʝʢʪʫ ʜʣʷ 

ʥʘʩʪʫʧʥʦʛʦ ʚʠʟʥʘʯʝʥʥʷ Ru(IV) ʙʫʣʦ ʦʧʪʠʤʽʟʦʚʘʥʦ ʫʤʦʚʠ ʤʦʜʠʬʽʢʘʮʽʾ ʇʇʋ  

ʢʦʥʮʝʥʪʨʘʮʽʶ ʨʝʘʛʝʥʪʘ ʫ ʨʦʟʯʠʥʽ ʪʘ ʤʘʩʫ ʥʘʚʘʞʢʠ ʚʠʭʽʜʥʦʾ ʤʘʪʨʠʮʽ. ʇʨʠ ʮʴʦʤʫ ʦʪʨʠʤʘʥʦ 

ʩʦʨʙʝʥʪʠ ʟ ʨʽʟʥʦʶ ʩʦʨʙʮʽʡʥʦʶ ʻʤʥʽʩʪʶ ʟʘ ʌɼʊ ʘʙʦ ʄɼʊ. ʋ ʭʦʜʽ ʩʦʨʙʮʽʾ Ru(IV) ʩʦʨʙʝʥʪʠ 

ʟʤʽʥʶʚʘʣʠ ʩʚʽʡ ʢʦʣʽʨ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʢʦʥʮʝʥʪʨʘʮʽʾ ʜʘʥʦʛʦ ʡʦʥʫ ʫ ʜʦʩʣʽʜʞʫʚʘʥʦʤʫ 

ʨʦʟʯʠʥʽ ʽ, ʪʘʢʠʤ ʯʠʥʦʤ, ʚʠʩʪʫʧʘʣʠ ʫ ʨʦʣʽ ʩʧʝʮʠʬʽʯʥʠʭ ʭʝʤʦʩʝʥʩʦʨʽʚ. ɿʤʽʥʫ ʟʘʙʘʨʚʣʝʥʥʷ 

ʤʦʞʥʘ ʙʫʣʦ ʚʽʜʤʽʪʠʪʠ ʷʢ ʚʽʟʫʘʣʴʥʦ, ʪʘʢ ʽ ʦʮʽʥʠʪʠ ʫ ʬʦʨʤʘʪʽ RGB.  

ʇʽʩʣʷ ʩʦʨʙʮʽʾ Ru(IV) ʥʘ ʇʇʋ ʟ ʽʤʤʦʙʽʣʽʟʦʚʘʥʠʤ ʌɼʊ ʫ ʧʨʠʩʫʪʥʦʩʪʽ ʆʇ-7 ʢʦʣʽʨ 

ʩʦʨʙʝʥʪʫ ʟʤʽʥʶʚʘʚʩʷ ʟ ʞʦʚʪʦʛʦ ʥʘ ʞʦʚʪʦ-ʢʦʨʠʯʥʝʚʠʡ. ʋ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ʘʥʘʣʽʪ 

ʧʨʦʢʘʯʫʚʘʣʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʰʧʨʠʮʷ ʯʝʨʝʟ ʟʨʘʟʦʢ ʇʇʋ ʤʘʩʦʶ 5 ʤʛ. ɺ ʽʥʪʝʨʚʘʣʽ 

ʢʦʥʮʝʥʪʨʘʮʽʡ 0.1ī2.6 ʤʢʛ/ʤʣ ʚ ʦʙôʻʤʽ ʧʨʦʙʠ 5 ʤʣ ʥʘ ʬʦʥʽ 2 ʄ HCl+4 M NaCI ʧʨʘʢʪʠʯʥʦ 

100 % Ru(IV) ʚʠʣʫʯʘʻʪʴʩʷ ʥʘ ʇʇʋ ʟʘ ʢʦʤʧʣʝʢʩʦʫʪʚʦʨʶʶʯʠʤ ʤʝʭʘʥʽʟʤʦʤ. ɿʘ ʮʠʭ ʫʤʦʚ 

ʟʘʣʝʞʥʽʩʪʴ ʽʥʪʝʥʩʠʚʥʦʩʪʽ G-ʢʘʥʘʣʫ ʦʧʠʩʫʻʪʴʩʷ ʧʨʷʤʦʶ, ʨʽʚʥʷʥʥʷ ʷʢʦʾ ʤʘʻ ʚʠʜ (ʭ = ʩ, 

ʤʢʛ/ʤʣ): y = -(27.01Ñ0.35)x+(153.22Ñ1.26), RĮ = 0,9947; ʤʝʞʘ ʚʠʷʚʣʝʥʥʷ (ʩʤʽʥ.), 

ʨʦʟʨʘʭʦʚʘʥʘ ʟʘ 3s-ʢʨʠʪʝʨʽʻʤ, ʜʦʨʽʚʥʶʻ 27 ʥʛ/ʤʣ. 
ʋ ʭʦʜʽ ʽʥʪʝʥʩʠʚʥʦʛʦ ʩʪʨʫʰʫʚʘʥʥʷ 10 ʤʣ ʨʦʟʯʠʥʫ Ru(IV) ʟ ʪʘʙʣʝʪʢʦʶ ʇʇʋ (10 ʤʛ), 

ʱʦ ʤʽʩʪʠʣʘ ʘʜʫʢʪ ʌɼT ʃʉ, ʦʩʪʘʥʥʷ ʟʤʽʥʶʚʘʣʘ ʩʚʦʻ ʟʘʙʘʨʚʣʝʥʥʷ ʟ ʞʦʚʪʦ-ʧʦʤʘʨʘʥʯʝʚʦʛʦ 

ʥʘ ʯʝʨʚʦʥʦ-ʢʦʨʠʯʥʝʚʝ. ɺ ʽʥʪʝʨʚʘʣʽ 0.005ï0.10 ʤʢʛ/ʤʣ ʨʽʚʥʷʥʥʷ ʛʨʘʜʫʶʚʘʣʴʥʦʛʦ ʛʨʘʬʽʢʫ 

ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ Ru(IV) ʤʘʻ ʚʠʜ (ʭ = ʩ, ʤʢʛ/ʤʣ): y = -898.59 x + 125.26 (RĮ = 0.9958); ʩʤʽʥ. = 

0.3 ʥʛ/ʤʣ.  

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʫ ʚʠʧʘʜʢʫ ʩʦʨʙʝʥʪʫ ʟ ʽʤʤʦʙʽʣʽʟʦʚʘʥʠʤ ʘʜʫʢʪʦʤ ʄɼT ʃʉ ʚ 

ʧʨʦʮʝʩʽ ʛʝʪʝʨʦʬʘʟʥʦʾ ʨʝʘʢʮʽʾ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚʽʜʥʦʚʣʝʥʥʷ Ru(IV) ʜʦ Ru(III ) ʧʦʜʽʙʥʦ ʜʦ 

ʚʦʜʥʠʭ ʨʦʟʯʠʥʽʚ. ʇʨʠ ʮʴʦʤʫ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʢʦʥʮʝʥʪʨʘʮʽʾ Ru(IV) ʟʘʙʘʨʚʣʝʥʥʷ ʟʨʘʟʢʽʚ 

ʇʇʋ ʟʤʽʥʶʚʘʣʦʩʴ ʚʽʜ ʥʘʩʠʯʝʥʦʛʦ ʧʦʤʘʨʘʥʯʝʚʦʛʦ ʜʦ ʩʚʽʪʣʦ-ʢʦʨʠʯʥʝʚʦʛʦ. ɺ ʽʥʪʝʨʚʘʣʽ 

0.005 ï 0.10 ʤʢʛ/ʤʣ Ru(IV) ʚ ʦʙôʻʤʽ ʧʨʦʙʠ 10 ʤʣ ʟʘʣʝʞʥʽʩʪʴ ʽʥʪʝʥʩʠʚʥʦʩʪʽ G-ʢʘʥʘʣʫ 

ʦʧʠʩʫʻʪʴʩʷ ʨʽʚʥʷʥʥʷʤ: y = (1368Ñ160.52)x + (101.75Ñ4,61), RĮ = 0.9732; ʩʤʽʥ. = 0.4 ʥʛ/ʤʣ.  

ʈʦʟʨʦʙʣʝʥʦ ʢʦʤʧʣʝʢʩ ʝʢʩʧʨʝʩʥʠʭ, ʧʨʦʩʪʠʭ ʪʘ ʜʝʰʝʚʠʭ ʤʝʪʦʜʠʢ ʜʣʷ ʚʽʟʫʘʣʴʥʦʛʦ 

ʪʝʩʪʦʚʦʛʦ ʪʘ ʢʦʣʴʦʨʦʤʝʪʨʠʯʥʦʛʦ ʚʠʟʥʘʯʝʥʥʷ Ru(IV) ʫ ʚʦʜʥʠʭ ʨʦʟʯʠʥʘʭ, ʧʨʘʚʠʣʴʥʽʩʪʴ 

ʷʢʠʭ ʧʝʨʝʚʽʨʝʥʦ ʚ ʭʦʜʽ ʚʠʟʥʘʯʝʥʥʷ ʜʘʥʦʛʦ ʝʣʝʤʝʥʪʫ ʚ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʠʭ ʩʧʣʘʚʘʭ ʟ 

ʘʪʝʩʪʦʚʘʥʠʤ ʚʤʽʩʪʦʤ ʢʦʤʧʦʥʝʥʪʽʚ. 
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ʄɸʉʂɸ ɼʃʗ ɾʀʈʅʆɰ ʐʂɯʈʀ ʆɹʃʀʏʏʗ 

ɹʫʭʘʣ ʂ. ɸ., ɺʦʣʥʷʥʩʴʢʘ ʆ. ɺ. 

ɼɺʅɿ ñʋʢʨʘʾʥʩʴʢʠʡ ʜʝʨʞʘʚʥʠʡ ʭʽʤʽʢʦ-ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪò  

ksenia.buxal9@gmail.com 

 

ʂʦʩʤʝʪʠʯʥʠʡ ʜʦʛʣʷʜ ï ʮʝ ʨʘʮʽʦʥʘʣʴʥʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʢʦʩʤʝʪʠʯʥʠʭ ʧʨʝʧʘʨʘʪʽʚ ʽ 

ʧʨʦʮʝʜʫʨ, ʷʢʽ ʟʜʽʡʩʥʶʶʪʴ ʧʨʦʬʽʣʘʢʪʠʯʥʫ, ʣʽʢʫʚʘʣʴʥʫ ʽ ʜʝʢʦʨʘʪʠʚʥʫ ʜʽʶ ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ 

ʧʦʟʠʪʠʚʥʦʛʦ ʝʬʝʢʪʫ, ʧʨʠ ʷʢʦʤʫ ʥʦʨʤʘʣʽʟʫʶʪʴʩʷ ʽ ʘʢʪʠʚʽʟʫʶʪʴʩʷ ʬʽʟʽʦʣʦʛʽʯʥʽ ʧʨʦʮʝʩʠ 

ʰʢʽʨʥʦʛʦ ʧʦʢʨʠʚʫ. 

ʄʘʩʢʘ ʜʣʷ ʦʙʣʠʯʯʷ ï ʟʘʩʽʙ ʜʣʷ ʜʦʛʣʷʜʫ ʟʘ ʰʢʽʨʦʶ, ʷʢʠʡ ʧʝʨʝʜʙʘʯʘʻ ʥʘʥʝʩʝʥʥʷ ʥʘ 

ʰʢʽʨʫ ʧʝʚʥʠʡ ʩʢʣʘʜ ʨʝʯʦʚʠʥ, ʟʘʨʘʜʠ ʜʦʩʷʛʥʝʥʥʷ ʢʦʩʤʝʪʠʯʥʦʛʦ ʘʙʦ ʣʽʢʫʚʘʣʴʥʦʛʦ ʝʬʝʢʪʫ. 

ʄʘʩʢʠ ʩʧʨʠʷʶʪʴ ʧʦʣʽʧʰʝʥʥʶ ʩʪʘʥʫ ʰʢʽʨʠ, ʟʚʦʣʦʞʫʶʪʴ ʽ ʦʯʠʱʘʶʪʴ ʾʾ, ʧʨʠʩʢʦʨʶʶʪʴ 

ʨʝʛʝʥʝʨʘʮʽʶ ʽ ʨʦʟʛʣʘʜʞʫʶʪʴ ʟʤʦʨʰʢʠ. 

ʇʝʨʰʽ ʧʨʦʙʣʝʤʠ ʫ ʚʣʘʩʥʠʮʴ ʞʠʨʥʦʾ ʰʢʽʨʠ ʦʙʣʠʯʯʷ ʟôʷʚʣʷʶʪʴʩʷ ʚʞʝ ʚ 

ʧʽʜʣʽʪʢʦʚʦʤʫ ʚʽʮʽ ʽ, ʷʢ ʧʨʘʚʠʣʦ, ʚʠʨʘʞʘʶʪʴʩʷ ʚ ʧʦʷʚʽ ʚʫʛʨʽʚ, ʷʢʽ ʻ ʥʘʩʣʽʜʢʦʤ ʟʘʢʫʧʦʨʢʠ ʽ 

ʟʘʧʘʣʝʥʥʷ ʧʽʨ. ɿʛʦʜʦʤ ʙʘʛʘʪʴʦʤ ʧʨʝʜʩʪʘʚʥʠʮʷʤ ʩʣʘʙʢʦʾ ʩʪʘʪʽ ʚʜʘʻʪʴʩʷ ʙʣʘʛʦʧʦʣʫʯʥʦ 

ʧʦʟʙʫʪʠʩʷ ʚʽʜ ʚʫʛʨʦʚʦʾ ʚʠʩʠʧʢʠ, ʦʜʥʘʢ ʧʨʦʙʣʝʤʘ ʞʠʨʥʦʾ ʰʢʽʨʠ ʟʘʣʠʰʘʻʪʴʩʷ 

ʥʝʚʠʨʽʰʝʥʦʶ. ɺʠʨʘʞʘʻʪʴʩʷ ʚʦʥʘ ʥʝ ʪʽʣʴʢʠ ʧʽʜʚʠʱʝʥʦʾ ʘʢʪʠʚʥʦʩʪʽ ʩʘʣʴʥʠʭ ʟʘʣʦʟ, ʟʘʚʜʷʢʠ 

ʯʦʤʫ ʝʧʽʜʝʨʤʽʩ ʧʦʩʪʽʡʥʦ ʚʠʛʣʷʜʘʻ ʣʠʩʢʫʯʠʤ, ʘʣʝ ʽ ʚ ʨʦʟʰʠʨʝʥʠʭ ʧʦʨʘʭ, ʷʢʽ ʧʦʩʪʽʡʥʦ 

ʟʘʙʠʚʘʶʪʴʩʷ ʧʠʣʦʤ ʽ ʙʨʫʜʦʤ. ʉʘʤʝ ʪʦʤʫ ʚʣʘʩʥʠʮʽ ʞʠʨʥʦʾ ʰʢʽʨʠ ʧʦʩʪʽʡʥʦ ʟʤʫʰʝʥʽ 

ʙʦʨʦʪʠʩʷ ʟ ʧʨʠʱʘʤʠ ʽ ʟʘʧʘʣʴʥʠʤʠ ʧʨʦʮʝʩʘʤʠ, ʘ ʪʘʢʦʞ ʥʘʙʘʛʘʪʦ ʯʘʩʪʽʰʝ ʢʦʨʠʩʪʫʚʘʪʠʩʷ 

ʩʢʨʘʙʘʤʠ, ʱʦʙ ʚʠʜʘʣʠʪʠ ʟ ʝʧʽʜʝʨʤʽʩʫ ʟʘʡʚʠʡ ʞʠʨ, ʷʢʠʡ ʪʘʢʦʞ ʟʘʙʠʚʘʻ ʧʦʨʠ, ʫʪʚʦʨʶʶʯʠ 

ʧʨʦʙʢʠ, ʽʤʝʥʦʚʘʥʽ ʢʦʤʝʜʦʥʘʤʠ. 

ɺʪʽʤ, ʚʽʜʤʽʥʥʠʤ ʧʦʤʽʯʥʠʢʦʤ ʫ ʜʦʛʣʷʜʽ ʟʘ ʞʠʨʥʦʶ ʰʢʽʨʦʶ ʻ ʩʧʝʮʽʘʣʴʥʽ ʤʘʩʢʠ, ʷʢʽ 

ʤʦʞʥʘ ʣʝʛʢʦ ʧʨʠʛʦʪʫʚʘʪʠ ʚ ʜʦʤʘʰʥʽʭ ʫʤʦʚʘʭ. ɰʭʥʷ ʟʘʜʘʯʘ ʟʚʦʜʠʪʴʩʷ ʥʝ ʪʽʣʴʢʠ ʜʦ ʪʦʛʦ, 

ʱʦʙ ʥʦʨʤʘʣʽʟʫʚʘʪʠ ʨʦʙʦʪʫ ʩʘʣʴʥʠʭ ʟʘʣʦʟ ʽ ʟʚʽʣʴʥʠʪʠ ʦʩʦʙʫ ʚʽʜ ʧʦʩʪʽʡʥʦʛʦ ʞʠʨʥʦʛʦ 

ʙʣʠʩʢʫ. ʋ ʪʠʭ, ʭʪʦ ʨʝʛʫʣʷʨʥʦ ʚʠʢʦʨʠʩʪʦʚʫʻ ʧʦʜʽʙʥʽ ʤʘʩʢʠ, ʟ ʯʘʩʦʤ ʧʦʤʽʪʥʦ ʟʤʝʥʰʫʶʪʴʩʷ 

ʧʦʨʠ ʥʘ ʰʢʽʨʽ, ʩʪʨʫʢʪʫʨʘ ʷʢʦʾ ʩʪʘʻ ʙʽʣʴʰ ʛʣʘʜʢʦʶ ʽ ʨʽʚʥʦʶ. 

ɺ ʷʢʦʩʪʽ ʦʙôʻʢʪʫ ʜʦʩʣʽʜʞʝʥʥʷ ʥʘʤʠ ʙʫʣʘ ʦʙʨʘʥʘ ʤʘʩʢʘ ʜʣʷ ʞʠʨʥʦʾ ʰʢʽʨʠ ʦʙʣʠʯʯʷ. 

ʄʝʪʦʶ ʨʦʙʦʪʠ ʻ ʨʦʟʨʦʙʢʘ ʨʝʮʝʧʪʫʨʠ ʪʘ ʚʠʚʯʝʥʥʷ ʽʩʥʫʶʯʠʭ ʙʘʟʦʚʠʭ ʨʝʮʝʧʪʫʨ ʤʘʩʦʢ ʜʣʷ 

ʞʠʨʥʦʾ ʰʢʽʨʠ ʦʙʣʠʯʯʷ ʪʘ ʧʨʦʚʝʩʪʠ ʘʥʘʣʽʪʠʯʥʠʡ ʢʦʥʪʨʦʣʴ ʷʢʦʩʪʽ ʨʦʟʨʦʙʣʝʥʦʛʦ ʟʨʘʟʢʘ ʪʘ 

ʧʦʨʽʚʥʷʪʠ ʦʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʟ ʥʦʨʤʘʤʠ, ʷʢʽ ʥʘʚʝʜʝʥʽ ʚ ɻʆʉʊʘʭ.  

ʇʦʩʪʘʚʣʝʥʦʶ ʟʘʜʘʯʝʶ ʻ ʜʝʪʘʣʴʥʝ ʚʠʚʯʝʥʥʷ ʩʢʣʘʜʦʚʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʧʨʦʤʠʩʣʦʚʠʭ 

ʟʨʘʟʢʽʚ ʤʘʩʢʠ ʜʣʷ ʞʠʨʥʦʾ ʰʢʽʨʠ ʦʙʣʠʯʯʷ; ʧʨʦʚʝʩʪʠ ʧʦʚʥʠʡ ʧʦʢʦʤʧʦʥʝʥʪʥʠʡ ʘʥʘʣʽʟ ʜʣʷ 

ʦʮʽʥʢʠ ʙʝʟʧʝʢʠ ʢʦʩʤʝʪʠʯʥʦʛʦ ʚʠʨʦʙʫ ʪʘ ʤʦʞʣʠʚʦʛʦ ʚʧʣʠʚʫ ʥʘ ʦʨʛʘʥʽʟʤ ʣʶʜʠʥʠ. 

ɼʦ ʩʢʣʘʜʫ ʙʘʟʦʚʦʾ ʨʝʮʝʧʪʫʨʠ ʤʘʩʢʠ ʚʭʦʜʷʪʴ ʪʘʢʽ ʢʦʤʧʦʥʝʥʪʠ: ʚʦʜʘ, ʢʘʦʣʽʥ, 

ʙʝʥʪʦʥʽʪ, ʪʘʣʴʢ, ʧʘʨʘʬʽʥ, ʪʨʘʛʘʢʘʥʪ, ʚʽʚʩʷʥʘ ʤʫʢʘ. ɺ ʨʝʮʝʧʪʫʨʽ ʙʫʣʠ ʟʘʤʽʥʝʥʽ ʪʘʢʽ 

ʢʦʤʧʦʥʝʥʪʠ: ʙʝʥʪʦʥʽʪ ʥʘ ʤʘʛʥʽʡ ʦʢʩʠʜ, ʪʘʢ ʷʢ ʚʽʥ ʢʨʘʱʝ ʦʯʠʱʫʻ ʰʢʽʨʫ, ʥʝ ʟʘʢʫʧʦʨʶʻ 

ʧʦʨʠ ʪʘ ʥʝ ʚʠʢʣʠʢʘʻ ʘʣʝʨʛʽʯʥʽ ʨʝʘʢʮʽʾ, ʚʦʜʘ ï ʥʘ ʛʽʜʨʦʣʘʪ, ʘʜʞʝ ʛʽʜʨʦʣʘʪ ʤʽʩʪʠʪʴ ʚʽʪʘʤʽʥʠ 

ʥʝʦʙʭʽʜʥʽ ʜʣʷ ʰʢʽʨʠ. ɿʘʤʽʩʪʴ ʪʘʣʴʢʫ ʢʨʘʱʝ ʚʠʢʦʨʠʩʪʘʪʠ ʙʦʨʥʫ ʢʠʩʣʦʪʫ, ʷʢʘ ʥʝ ʩʧʨʠʷʻ 

ʧʦʷʚʽ ʟʘʧʘʣʴʥʠʭ ʧʨʦʮʝʩʽʚ, ʘ ʟʘʤʽʩʪʴ ʧʘʨʘʬʽʥʫ ï ʤʘʩʣʦ ʚʠʥʦʛʨʘʜʥʠʭ ʢʽʩʪʦʯʦʢ, ʪʘʢ ʷʢ ʚʦʥʦ 

ʙʽʣʴʰ ʢʦʨʠʩʥʝ ʜʣʷ ʰʢʽʨʠ. ɼʣʷ ʚôʷʞʫʯʦʾ ʜʽʾ ʜʦʜʘʣʠ ʘʣʶʤʦʢʘʣʽʻʚʽ ʛʘʣʫʥʠ, ʘ ʜʣʷ 

ʘʥʪʠʩʝʧʪʠʯʥʦʾ ʪʘ ʧʨʦʪʠʟʘʧʘʣʴʥʦʾ ʜʽʾ ï ʙʫʨʫ. ɺ ʷʢʦʩʪʽ ʢʦʥʩʝʨʚʘʥʪʫ ʚʠʢʦʨʠʩʪʘʣʠ Euxyl PE 

9010, ̫ ʢʠʡ ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ ʢʦʩʤʝʪʠʯʥʽʡ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʟʘʚʜʷʢʠ ʩʚʦʾʡ ʚʠʩʦʢʽʡ 

ʝʬʝʢʪʠʚʥʦʩʪʽ.  

ʈʦʟʨʦʙʣʝʥʘ ʨʝʮʝʧʪʫʨʘ ʤʘʩʢʠ ʻ ʝʬʝʢʪʠʚʥʠʤ ʟʘʩʦʙʦʤ ʧʦ ʜʦʛʣʷʜʫ ʟʘ ʞʠʨʥʦʶ ʰʢʽʨʦʶ 

ʦʙʣʠʯʯʷ, ʷʢʘ ʥʘʧʨʘʚʣʝʥʘ ʥʘ ʚʠʢʦʥʘʥʥʷ ʢʦʥʢʨʝʪʥʦʾ ʜʽʾ. ɿ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʟʘʧʨʦʧʦʥʦʚʘʥʠʭ 

ʢʦʤʧʦʥʝʥʪʽʚ, ʚʦʥʘ ʩʧʨʠʷʪʠʤʝ ʦʯʠʱʝʥʥʶ ʪʘ ʧʽʜʩʫʰʫʚʘʥʥʶ ʞʠʨʥʦʾ ʰʢʽʨʠ. ɹʫʜʝ 

ʟʚʫʞʫʚʘʪʠ ʧʦʨʠ ʪʘ ʚʙʠʨʘʪʠ ʚ ʩʝʙʝ ʥʘʜʣʠʰʦʢ ʰʢʽʨʥʦʛʦ ʩʘʣʘ. 
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ʆɼʅʆʏɸʉʅɽ ɺʀɿʅɸʏɽʅʅʗ ɺʄɯʉʊʋ ʉʋʄɯʐɯ ʉʀʅʊɽʊʀʏʅʀʍ ɹɸʈɺʅʀʂɯɺ 

E124 ɯ ɽ110 ʄɽʊʆɼʆʄ ɼʆɹɸɺʆʂ "H-POINT STANDARD"  

ɺʦʣʦʙʦʡ ɸ. ʆ., ʉʠʜʦʨʦʚʘ ʃ. ʇ. 

ɼʥʧ̔ʨʦʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ʆʣʝʩʷ ɻʦʥʯʘʨʘ 

voloboy.alin@uyandex.ru 

 

ʉʠʥʪʝʪʠʯʥʽ ʭʘʨʯʦʚʽ ʙʘʨʚʥʠʢʠ ï ʮʝ ʦʨʛʘʥʽʯʥʽ ʩʧʦʣʫʢʠ, ʱʦ ʥʝ ʟʫʩʪʨʽʯʘʶʪʴʩʷ ʚ 

ʧʨʠʨʦʜʽ ʽ ʥʝ ʽʜʝʥʪʠʬʽʢʦʚʘʥʽ ʜʦ ʪʝʧʝʨʽʰʥʴʦʛʦ ʯʘʩʫ ʚ ʥʘʪʫʨʘʣʴʥʠʭ ʭʘʨʯʦʚʠʭ ʧʨʦʜʫʢʪʘʭ, 

ʪʦʙʪʦ ʰʪʫʯʥʦ ʩʪʚʦʨʝʥʽ. ʐʪʫʯʥʽ ʙʘʨʚʥʠʢʠ ʤʘʶʪʴ ʟʥʘʯʥʽ ʪʝʭʥʦʣʦʛʽʯʥʽ ʧʝʨʝʚʘʛʠ ʫ 

ʧʦʨʽʚʥʷʥʥʽ ʟ ʙʽʣʴʰʽʩʪʶ ʥʘʪʫʨʘʣʴʥʠʭ ʙʘʨʚʥʠʢʽʚ. ʆʩʪʘʥʥʽʤ ʯʘʩʦʤ ʚʠʥʠʢʣʠ ʧʨʠʧʫʱʝʥʥʷ, 

ʱʦ ʜʝʷʢʽ ʰʪʫʯʥʽ ʙʘʨʚʥʠʢʠ ʤʦʞʫʪʴ ʟʘʚʜʘʪʠ ʰʢʦʜʠ ʟʜʦʨʦʚ'ʶ ʣʶʜʠʥʠ. ʊʘʢ ʷʢ, ʚʦʥʠ ʤʦʞʫʪʴ 

ʚʽʜʥʦʚʣʶʚʘʪʠʩʴ ʜʦ ʪʦʢʩʠʯʥʠʭ ʩʧʦʣʫʢ, ʷʢʽ ʻ ʥʝʙʝʟʧʝʯʥʠʤʠ. ʆʜʥʘʢ ʩʧʝʢʪʨʠ ʧʦʛʣʠʥʘʥʥʷ 

ʙʘʛʘʪʴʦʭ ʙʘʨʚʥʠʢʽʚ ʧʝʨʝʢʨʠʚʘʶʪʴʩʷ, ʽ ʯʘʩʪʦ ʧʦʪʨʽʙʥʽ ʪʨʠʚʘʣʽ ʧʨʦʮʝʜʫʨʠ ʾʭ ʧʦʜʽʣʫ. ʊʦʤʫ 

ʟʨʦʩʪʘʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʚʠʟʥʘʯʝʥʥʷ ʭʘʨʯʦʚʠʭ ʙʘʨʚʥʠʢʽʚ ʧʨʠ ʩʧʽʣʴʥʽʡ ʾʭ ʧʨʠʩʫʪʥʦʩʪʽ. 

ɺ ʜʘʥʽʡ ʨʦʙʦʪʽ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʚʤʽʩʪʫ ʙʘʨʚʥʠʢʽʚ ɽ110 ʪʘ ɽ124 ʚ ʩʫʤʽʰʽ ʙʝʟ 

ʧʦʧʝʨʝʜʥʴʦʛʦ ʨʦʟʧʦʜʽʣʫ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʤʝʪʦʜ H-point standard addition (HPSAM). 

ɺʠʟʥʘʯʝʥʥʷ ʟʘ ʡʦʛʦ ʜʦʧʦʤʦʛʦʶ ʧʦʣʷʛʘʻ ʫ ʚʠʤʽʨʶʚʘʥʽ ʦʧʪʠʯʥʦʾ ʛʫʩʪʠʥʠ ʩʫʤʽʰʽ 

ʙʘʨʚʥʠʢʽʚ, ʧʨʠ ʷʢʦʤʫ ʢʦʥʮʝʥʪʨʘʮʽʷ ʦʜʥʦʛʦ ʢʦʤʧʦʥʝʥʪʫ ʻ ʩʪʘʣʦʶ, ʘ ʽʥʰʦʛʦ ʟʤʽʥʶʻʪʴʩʷ. 

ʎʝʡ ʤʝʪʦʜ ʙʫʚ ʩʪʚʦʨʝʥʠʡ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʜʚʦʭ ʩʧʝʢʪʨʽʚ ʘʥʘʣʽʟʦʚʘʥʠʭ ʨʝʯʦʚʠʥ, ʷʢʽ 

ʩʠʣʴʥʦ ʧʝʨʝʢʨʠʚʘʶʪʴʩʷ.  

ʆʙʨʦʙʢʘ ʨʝʟʫʣʴʪʘʪʽʚ ʟʘ ʤʝʪʦʜʦʤ HPSAM ʧʨʦʚʦʜʠʣʠ ʪʘʢʠʤ ʯʠʥʦʤ. ʅʘ ʩʧʝʢʪʨʽ 

ʧʦʛʣʠʥʘʥʥʷ ʩʫʤʽʰʽ ɽ110-ɽ124 ʚʠʙʨʘʣʠ ʜʚʽ ʜʦʚʞʠʥʠ ʭʚʠʣʽ, ʧʨʠ ʦʜʥʘʢʦʚʽʡ ʦʧʪʠʯʥʽ 

ʛʫʩʪʠʥʽ, ʘʙʦ ʙʽʣʷ ʢʦʞʥʦʾ ʟ ʷʢʠʭ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʟʤʽʥʘ ʩʚʽʪʦʧʦʛʣʠʥʘʥʥʷ ʘʥʘʣʽʪʫ, ʘ 

ʩʚʽʪʣʦʧʦʛʣʠʥʘʥʥʷ ʜʦʤʽʰʢʦʚʦʛʦ ʢʦʤʧʦʥʝʥʪʫ ʟʘʣʠʰʘʻʪʴʩʷ ʧʦʩʪʽʡʥʠʤ. ɹʫʣʦ ʦʙʨʘʥʦ ʪʘʢʽ 

ʧʘʨʠ ʜʦʚʞʠʥ ʭʚʠʣʴ: 446 ʽ 521 ʥʤ (ʜʣʷ ʧʝʨʰʦʾ ʩʝʨʽʾ ʨʦʟʯʠʥʽʚ: ɽ110 ï ʘʥʘʣʽʪ, ɽ124 ï 

ʜʦʤʽʰʢʦʚʠʡ ʢʦʤʧʦʥʝʥʪ), ʡ 470 ʽ 542 ʥʤ ( ʜʣʷ ʜʨʫʛʦʾ ʩʝʨʽʾ ʨʦʟʯʠʥʽʚ ɽ124 ï ʘʥʘʣʽʪ, ɽ110 ï 

ʜʦʤʽʰʢʦʚʠʡ ʢʦʤʧʦʥʝʥʪ). ɺʠʤʽʨʶʚʘʥʥʷ ʧʨʦʚʦʜʠʣʠʩʷ ʥʘ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʽ ʉʌ-46 ʫ 

ʢʶʚʝʪʽ ʟ l=1ʩʤ, ʨʦʟʯʠʥ ʧʦʨʽʚʥʷʥʥʷ ʜʠʩʪʠʣʴʦʚʘʥʘ ʚʦʜʘ.  

ʈʝʟʫʣʴʪʘʪʠ ʚʠʟʥʘʯʝʥʥʷ ʙʘʨʚʥʠʢʽʚ ɽ110 ʪʘ ɽ124 ʫ ʩʫʤʽʰʽ ʤʝʪʦʜ H-point standard 

addition method: ʜʣʷ ʧʝʨʰʦʛʦ ʚʠʧʘʜʢʫ (ʨʠʩ. 1) ʟʥʘʡʜʝʥʦ 0,59 ʤʢʛ/ʤʣ, ʜʣʷ ʜʨʫʛʦʛʦ ʚʠʧʘʜʢʫ 

(ʨʠʩ. 2) ʟʥʘʡʜʝʥʦ 1,19 ʤʢʛ/ʤʣ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʙʘʨʚʥʠʢʽʚ. 

 

  
ʈʠʩ. 1. H-point standard addition method 

ʜʣʷ ʦʜʥʦʯʘʩʥʦʛʦ ʚʠʟʥʘʯʝʥʥʷ ʬʽʢʩʦʚʘʥʠʭ 

ʢʽʣʴʢʦʩʪʝʡ ɽ110 ʽ ʨʽʟʥʠʭ ʢʽʣʴʢʦʩʪʝʡ ɽ124 

(CE110 = 10 ʤʢʛ/ʤʣ) 

ʈʠʩ. 2. H-point standard addition method 

ʜʣʷ ʦʜʥʦʯʘʩʥʦʛʦ ʚʠʟʥʘʯʝʥʥʷ ʬʽʢʩʦʚʘʥʠʭ 

ʢʽʣʴʢʦʩʪʝʡ ɽ124 ʽ ʨʽʟʥʠʭ ʢʽʣʴʢʦʩʪʝʡ ɽ110 

(CE124 = 10 ʤʢʛ/ʤʣ) 
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ʄʋʃʔʊʀʉɽʅʉʆʈʅɸʗ ʉʀʉʊɽʄɸ ʊʀʇɸ çʕʃɽʂʊʈʆʅʅʓʁ ʗɿʓʂè 

ʅɸ ʆʉʅʆɺɽ ʄʅʆɾɽʉʊɺɽʅʅʆʉʊʀ ɺʆʃʔʊɸʄʇɽʈʆʄɽʊʈʀʏɽʉʂʀʍ 

ɺʈɽʄɽʅʅʓʍ ʈʗɼʆɺ 

ɻʘʣʠʤʭʘʥʦʚʘ ʈ. ɺ., ɹʦʛʫʩʣʘʚʩʢʠʡ ɺ. ɹ., ʄʘʢʩʶʪʦʚʘ ʕ. ʀ., ʉʠʜʝʣʴʥʠʢʦʚ ɸ. ɺ. 

ɹʘʰʢʠʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʋʬʘ 

reggal1996@mail.ru 

 

ʉʦʚʨʝʤʝʥʥʳʝ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʝ ʤʝʪʦʜʳ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠʤʝʶʪ ʰʠʨʦʢʠʝ 

ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʠ ʨʝʰʝʥʠʠ ʧʨʦʙʣʝʤ ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʠ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʘʥʘʣʠʟʘ ʙʦʣʴʰʦʛʦ 

ʢʨʫʛʘ ʨʘʟʣʠʯʥʳʭ ʧʦ ʧʨʠʨʦʜʝ ʩʦʝʜʠʥʝʥʠʡ. ʈʘʟʨʘʙʦʪʢʘ ʭʝʤʦʤʝʪʨʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ 

ʦʙʨʘʙʦʪʢʠ ʨʘʟʣʠʯʥʳʭ ʩʠʛʥʘʣʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʤʥʦʛʦʤʝʨʥʳʭ ʜʘʥʥʳʭ, ʚ ʧʦʩʣʝʜʥʠʝ 

ʜʝʩʷʪʠʣʝʪʠʷ ʩʧʦʩʦʙʩʪʚʦʚʘʣʦ ʨʘʟʚʠʪʠʶ ʠ ʤʝʪʦʜʦʤ ʤʫʣʴʪʠʩʝʥʩʦʨʥʦʛʦ ʭʠʤʠʯʝʩʢʦʛʦ 

ʘʥʘʣʠʟʘ, ʢʦʪʦʨʳʝ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʩʚʷʟʘʥʥʳ ʩ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʦʙʨʘʙʦʪʢʠ ʙʦʣʴʰʠʭ 

ʤʘʩʩʠʚʦʚ ʜʘʥʥʳʭ. ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʨʘʟʨʘʙʘʪʳʚʘʶʪʩʷ ʤʫʣʴʪʠʩʝʥʩʦʨʥʳʝ ʩʠʩʪʝʤʳ ʪʠʧʘ 

çʵʣʝʢʪʨʦʥʥʳʡ ʷʟʳʢè (çʵʣʝʢʪʨʦʥʥʳʡ ʥʦʩè).  

ʄʫʣʴʪʠʩʝʥʩʦʨʥʘʷ ʩʠʩʪʝʤʘ ï ʵʪʦ ʩʦʯʝʪʘʥʠʝ ʤʘʩʩʠʚʘ ʵʣʝʢʪʨʦʜʦʚ ʠ ʢʦʤʧʴʶʪʝʨʥʦʡ 

ʧʨʦʛʨʘʤʤʳ ʦʙʨʘʙʦʪʢʠ ʤʥʦʛʦʤʝʨʥʳʭ ʜʘʥʥʳʭ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʪʴ 

ʦʜʥʦʚʨʝʤʝʥʥʦ ʥʝʩʢʦʣʴʢʦ ʢʦʤʧʦʥʝʥʪʦʚ ʧʨʠ ʠʭ ʩʦʚʤʝʩʪʥʦʤ ʧʨʠʩʫʪʩʪʚʠʠ ʚ ʘʥʘʣʠʟʠʨʫʝʤʦʤ 

ʨʘʩʪʚʦʨʝ ʠʣʠ ʨʝʰʘʪʴ ʙʦʣʝʝ ʩʣʦʞʥʳʝ ʟʘʜʘʯʠ ʥʝʧʘʨʘʤʝʪʨʠʯʝʩʢʦʡ ʦʮʝʥʢʠ ʩʚʦʡʩʪʚ 

ʨʘʩʪʚʦʨʦʚ ʙʝʟ ʜʝʪʘʣʴʥʦʛʦ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʘʥʘʣʠʟʘ (ʥʘʧʨʠʤʝʨ, ʦʮʝʥʢʠ ʚʢʫʩʘ, ʟʘʧʘʭʘ, 

ʚʳʷʚʣʝʥʠʷ ʬʘʣʴʩʠʬʠʢʘʪʦʚ ʠ ʪ. ʜ.). 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʙʳʣʘ ʧʨʝʜʣʦʞʝʥʘ ʤʫʣɹʪʠʩʝʥʩʦʨʥʘʷ ʩʠʩʪʝʤʘ ʥʘ ʦʩʥʦʚʝ 

ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʡ ʘʢʪʠʚʘʮʠʠ ʩʝʥʩʦʨʦʚ ʠ ʦʙʦʙʱʝʥʥʦʛʦ ʤʝʪʦʜʘ ʛʣʘʚʥʳʭ ʢʦʤʧʦʥʝʥʪ. 

ʉʝʥʩʦʨʥʘʷ ʩʠʩʪʝʤʘ ʥʝ ʪʨʝʙʫʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʳʩʦʢʦʩʝʣʝʢʪʠʚʥʳʭ ʩʝʥʩʦʨʦʚ, ʚ ʦʩʥʦʚʝ ʝʝ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʣʝʞʠʪ ʵʬʬʝʢʪ çʧʘʤʷʪʠ ʵʣʝʢʪʨʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠè, ʧʦʟʚʦʣʷʶʱʠʡ 

ʦʙʫʯʘʪʴ ʜʘʪʯʠʢ ʨʘʩʧʦʟʥʘʚʘʥʠʶ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʭ ʨʘʩʪʚʦʨʦʚ, ʫʩʪʘʥʘʚʣʠʚʘʪʴ ʩʭʦʞʝʩʪʴ 

ʠ ʨʘʟʣʠʯʠʝ ʤʝʞʜʫ ʩʣʦʞʥʳʤʠ ʧʦ ʩʦʩʪʘʚʫ ʨʘʩʪʚʦʨʘʤʠ. ʇʨʝʜʣʦʞʝʥʥʳʝ ʚ ʨʘʙʦʪʝ ʥʦʚʳʝ 

ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʧʦʜʭʦʜʳ ʢ ʦʙʨʘʙʦʪʢʝ ʚʦʣʴʪʘʤʧʝʨʦʤʝʪʨʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʧʦʢʘʟʘʣʠ 

ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʚʳʰʝʥʠʷ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʠ ʩʧʝʮʠʬʠʯʥʦʩʪʠ ʩʝʥʩʦʨʦʚ ʧʨʠ 

ʨʘʩʧʦʟʥʘʚʘʥʠʠ ʨʘʟʣʠʯʥʳʭ ɹɸɺ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʠʭ ʠʟʦʤʝʨʦʚ.  

ɹʳʣʘ ʩʦʟʜʘʥʘ ʤʫʣʴʪʠʩʝʥʩʦʨʥʘʷ ʩʠʩʪʝʤʘ ʥʘ ʦʩʥʦʚʝ ʫʛʦʣʴʥʳʭ ʵʣʝʢʪʨʦʜʦʚ, 

ʬʫʥʢʮʠʦʥʠʨʫʶʱʠʭ ʚ ʥʝʧʨʝʨʳʚʥʳʭ ʫʩʣʦʚʠʷʭ ʨʝʛʠʩʪʨʘʮʠʠ ʚʦʣʴʪʘʤʧʝʨʦʤʝʪʨʠʯʝʩʢʠʭ 

ʜʘʥʥʳʭ ʜʣʷ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʩʨʝʜʩʪʚ; ʥʘ ʧʨʠʤʝʨʝ ʠʟʦʤʝʨʦʚ ʪʨʠʧʪʦʬʘʥʘ 

ʧʦʜʪʚʝʨʞʜʝʥʘ ʚʳʩʦʢʘʷ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʠ ʩʧʝʮʠʬʠʯʥʦʩʪʴ ʧʨʝʜʣʦʞʝʥʥʦʡ ʩʠʩʪʝʤʳ 

ʦʪʣʠʯʘʪʴ ʙʣʠʟʢʠʝ ʧʦ ʧʨʠʨʦʜʝ ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʝ ʚʝʱʝʩʪʚʘ.  

ʄʫʣʴʪʠʩʝʥʩʦʨʥʘʷ ʩʠʩʪʝʤʘ ʥʘ ʦʩʥʦʚʝ ʧʣʘʪʠʥʦʚʦʛʦ ʠ ʛʨʘʬʠʪʦʚʦʛʦ ʵʣʝʢʪʨʦʜʦʚ 

ʘʧʨʦʙʠʨʦʚʘʥʘ ʧʨʠ ʨʘʩʧʦʟʥʘʚʘʥʠʠ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʧʨʝʧʘʨʘʪʦʚ ʨʘʟʣʠʯʥʳʭ 

ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ: ʤʝʪʠʦʥʠʥʘ (N- ʠ S-ʩʦʜʝʨʞʘʱʘʷ ʘʤʠʥʦʢʠʩʣʦʪʘ) ʠ ʬʦʣʠʝʚʦʡ ʢʠʩʣʦʪʳ 

(ʚʠʪʘʤʠʥ ɺ9). ʇʨʠ 500 ʮʠʢʣʘʭ ʘʢʪʠʚʘʮʠʠ ʩʝʥʩʦʨʳ ʩʧʦʩʦʙʥʳ ʨʘʩʧʦʟʥʘʚʘʪʴ ʨʘʩʪʚʦʨʳ 

ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʩʨʝʜʩʪʚ, ʚ ʢʦʪʦʨʳʭ ʬʦʨʤʠʨʦʚʘʣʘʩʴ ʠʭ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ; ʧʦʣʫʯʝʥʳ 

ʚʠʟʫʘʣʴʥʳʝ çʦʪʧʝʯʘʪʢʠè ʧʨʠʨʦʜʳ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʩʨʝʜʩʪʚ, ʧʦʟʚʦʣʷʶʱʠʝ ʦʪʣʠʯʠʪʴ 

ʣʝʢʘʨʩʪʚʘ ʜʨʫʛ ʦʪ ʜʨʫʛʘ ʧʦ ʚʦʣʴʪʘʤʧʝʨʦʤʝʪʨʠʯʝʩʢʠʤ ʜʘʥʥʳʤ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʝʜʣʦʞʝʥʥʳ ʧʦʜʭʦʜʳ ʫʥʠʢʘʣʴʥʳ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ 

ʤʥʦʛʦʤʝʨʥʳʭ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʩʠʛʥʘʣʦʚ: ʠʟʥʘʯʘʣʴʥʦ ʥʝʩʝʣʝʢʪʠʚʥʳʝ ʩʝʥʩʦʨʥʳʝ ʩʠʩʪʝʤʳ ʚ 

ʭʦʜʝ ʤʥʦʛʦʢʨʘʪʥʦʡ ʘʢʪʠʚʘʮʠʠ ʩʪʘʥʦʚʷʪʩʷ ʯʫʚʩʪʚʠʪʝʣʴʥʳʤʠ ʠ ʩʧʝʮʠʬʠʯʥʳʤʠ ʢ ʨʘʩʪʚʦʨʫ, 

ʚ ʢʦʪʦʨʦʤ ʧʨʦʠʩʭʦʜʠʪ "ʦʙʫʯʝʥʠʝ" "ʵʣʝʢʪʨʦʥʥʦʛʦ ʷʟʳʢʘ". 

 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʈʌʌʀ: ʛʨʘʥʪ ˉ17ï43ï020232 ʨ-ʇʦʚʦʣʞʴʝ-ʘ. 
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ʈʆɿʈɸʍʋʅʂʀ ʇɸʈɸʄɽʊʈɯɺ ɻɯɼʈʆʌʆɹʅʆʉʊɯ ɯɿʆʄɽʈɯɺ ɹɽʅɿʆʇɯʈɽʅʋ 

ɼʃʗ ʇʆʐʋʂʋ ʆʇʊʀʄɸʃʔʅʀʍ ʋʄʆɺ ɺʀʄɯʈʖɺɸʅʅʗ ɰʍ ɺʄɯʉʊʋ 

ɺ ɸʊʄʆʉʌɽʈʅɯʁ ɺʆɼɯ  

ɼʝʨʫʥ ʖ. ɸ., ɻʨʠʙʦʚʘ ʅ. ʖ., ʅʝʩʪʝʨʦʚʘ ʃ. ʆ., ʂʨʦʪʝʥʢʦ ɺ. ɺ.  

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʙʽʦʨʝʩʫʨʩʽʚ ʽ ʧʨʠʨʦʜʦʢʦʨʠʩʪʫʚʘʥʥʷ ʋʢʨʘʾʥʠ 
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ʈʝʯʦʚʠʥʠ ʪʝʭʥʦʛʝʥʥʦʛʦ ʧʦʭʦʜʞʝʥʥʷ (ʧʦʣʶʪʘʥʪʠ) ʟʘʙʨʫʜʥʶʶʪʴ ʥʘʢʦʣʠʰʥʻ 

ʩʝʨʝʜʦʚʠʱʝ, ʘʣʝ ʚ ʧʝʨʰʫ ʯʝʨʛʫ ï ʧʦʚʽʪʨʷ ʪʘ ʘʪʤʦʩʬʝʨʥʫ ʚʦʜʫ. ɸʪʤʦʩʬʝʨʥʽ ʦʩʘʜʠ, 

ʥʘʧʨʠʢʣʘʜ ʩʥʽʛ, ʷʢʠʡ ʩʪʚʦʨʶʻ ʩʥʽʛʦʚʠʡ ʧʦʢʨʠʚ ʽ ʦʭʦʨʦʥʷʻ ʛʨʫʥʪ ʪʘ ʦʟʠʤʽ ʧʦʩʽʚʠ ʚʽʜ 

ʧʨʦʤʝʨʟʘʥʥʷ, ʘʜʩʦʨʙʫʻ ʪʘ ʢʦʥʮʝʥʪʨʫʻ ʜʦ ʚʽʜʣʠʛʠ ʧʦʣʶʪʘʥʪʠ. ɺʽʜʦʤʠʡ ʧʦʣʶʪʘʥʪ ɯɯ ʢʣʘʩʫ 

ʥʝʙʝʟʧʝʢʠ ʙʝʥʟʦ(ʘ)ʧʽʨʝʥ (ɹʘʇ), ʯʝʨʝʟ ʨʫʡʥʽʚʥʠʡ ʚʧʣʠʚ ʥʘ ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ ʪʘ 

ʦʨʛʘʥʽʟʤ ʣʶʜʠʥʠ ʧʨʠʚʝʨʥʫʚ ʫʚʘʛʫ ʥʘʫʢʦʚʮʽʚ ʤʘʡʞʝ ʜʚʽʩʪʽ ʧôʷʪʜʝʩʷʪ ʨʦʢʽʚ ʪʦʤʫ ʥʘʟʘʜ. 

ʈʘʟʦʤ ʟ ʪʠʤ, ʯʝʨʝʟ ʚʽʜʩʫʪʥʽʩʪʴ ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʠʭ ʤʝʪʦʜʽʚ ʢʦʥʪʨʦʣʶ, ʚʽʜʩʫʪʥʽʩʪʴ 

ʽʥʬʦʨʤʘʮʽʾ ʱʦʜʦ ʭʽʤʽʯʥʦʛʦ ʩʢʣʘʜʫ, ʚʠʚʯʘʪʠ ʡʦʛʦ ʙʫʣʦ ʩʢʣʘʜʥʦ. ɺ 1952 ʨʦʮʽ ʚʽʜʢʨʠʪʪʷ ʪʘ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʝʬʝʢʪʫ ɽ.ɺ. ʐʧʦʣʴʩʴʢʦʛʦ ʜʦʟʚʦʣʠʣʦ ʚʠʚʯʠʪʠ ʷʢ ʚʠʚʽʣʴʥʶʶʪʴʩʷ ʚ 

ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ ʥʝ ʣʠʰʝ ɹʘʇ, ʘ ʽ ʽʥʰʽ ʧʦʣʽʮʠʢʣʽʯʥʽ ʘʨʦʤʘʪʠʯʥʽ ʚʫʛʣʝʚʦʜʥʽ 

(ʇɸɺ). ʆʩʥʦʚʥʠʤ ʜʞʝʨʝʣʦʤ ʇɸɺ ʩʴʦʛʦʜʥʽ ʻ ʧʨʦʮʝʩʠ ʟʛʦʨʷʥʥʷ ʦʨʛʘʥʽʯʥʠʭ ʤʘʪʝʨʽʘʣʽʚ 

ʪʝʭʥʦʛʝʥʥʦʛʦ ʧʦʭʦʜʞʝʥʥʷ. ʉʥʽʛ, ʱʦ ʪʨʠʚʘʣʠʡ ʯʘʩ ʧʝʨʝʙʫʚʘʻ ʫʟʜʦʚʞ ʪʨʘʩ, ʥʘʙʫʚʘʻ 

ʪʝʤʥʦʛʦ ʢʦʣʴʦʨʫ, ʟʫʤʦʚʣʝʥʦʛʦ ʩʦʨʙʮʽʻʾ ʧʨʦʜʫʢʪʽʚ ʟʛʦʨʷʥʥʷ ʧʘʣʠʚʥʦ-ʤʘʩʪʠʣʴʥʠʭ 

ʤʘʪʝʨʽʘʣʽʚ. ɺʠʤʽʨʶʚʘʥʥʷ ʚʤʽʩʪʫ ʢʘʥʮʝʨʦʛʝʥʫ ʙʝʥʟʦ(ʘ)ʧʽʨʝʥʫ ʧʨʦʚʦʜʠʪʴʩʷ, ʥʘ ʚʠʤʦʛʫ ʉʘʥ 

ʇʠʥ 2.1.4.1116-02 ʣʠʰʝ ʚ ʧʠʪʥʽʡ ʚʦʜʽ ʧʝʨʰʦʾ ʪʘ ʚʠʱʦʾ ʢʘʪʝʛʦʨʽʾ ʥʘ ʨʽʚʥʽ 0,005 ʤʢʛ/ʣ ʪʘ 

0,001 ʤʢʛ/ʣ ʚʽʜʧʦʚʽʜʥʦ. ʅʦʨʤʠ ʱʦʜʦ ʟʘʙʨʫʜʥʝʥʥʷ ʮʠʤ ʢʘʥʮʝʨʦʛʝʥʦʤ ʧʦʚʝʨʭʥʝʚʠʭ ʪʘ 

ʘʪʤʦʩʬʝʨʥʠʭ ʚʦʜ ʥʝ ʚʩʪʘʥʦʚʣʝʥʦ. ɺʨʘʭʦʚʫʶʯʠ ʟʘʨʫʙʽʞʥʠʡ ʜʦʩʚʽʜ ʩʽʣʴʩʴʢʦʛʦ 

ʛʦʩʧʦʜʘʨʩʪʚʘ, ʦʨʽʻʥʪʦʚʘʥʦʛʦ ʥʘ ʟʙʝʨʝʞʝʥʥʷ ʽ ʚʽʜʥʦʚʣʝʥʥʷ ʧʨʠʨʦʜʥʠʭ ʨʝʩʫʨʩʽʚ ʟʘʜʣʷ 

ʚʠʞʠʚʘʥʥʷ ʣʶʜʩʪʚʘ, ʚʠʥʠʢʘʻ ʧʦʪʨʝʙʘ ʚ ʥʦʨʤʫʚʘʥʥʽ ʪʘ ʣʘʙʦʨʘʪʦʨʥʦʤʫ ʢʦʥʪʨʦʣʽ 

ʢʘʥʮʝʨʦʛʝʥʥʠʭ ʧʦʣʶʪʘʥʪʽʚ, ʟʦʢʨʝʤʘ ʽʟʦʤʝʨʽʚ ʙʝʥʟʦʧʽʨʝʥʫ.  

ɹʝʥʟʦʧʽʨʝʥ ʚ ʥʘʚʢʦʣʠʰʥʴʦʤʫ ʩʝʨʝʜʦʚʠʱʽ, ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʜʚʦʤʘ ʩʪʨʫʢʪʫʨʥʠʤʠ 

ʽʟʦʤʝʨʘʤʠ. ɼʣʷ ʙʝʥʟʦ(ʘ)ʧʽʨʝʥʫ ʚʩʪʘʥʦʚʣʝʥʘ ʢʘʥʮʝʨʦʛʝʥʥʘ ʘʢʪʠʚʥʽʩʪʴ, ʘ ʙʝʥʟʦ(ʝ)ʧʽʨʝʥ 

(ɹʝʇ) ʻ ʚʠʩʦʢʦʪʦʢʩʠʯʥʠʤ, ʘʣʝ ʥʝ ʻ ʢʘʥʮʝʨʦʛʝʥʦʤ. ʊʦʢʩʠʢʦʣʦʛʽʯʥʘ ʽ ʢʘʥʮʝʨʦʛʝʥʥʘ ʜʽʷ 

ʽʥʜʠʚʽʜʫʘʣʴʥʠʭ ʨʝʯʦʚʠʥ ʟʙʽʣʴʰʫʻʪʴʩʷ ʚ ʾʭ ʩʫʤʽʰʘʭ. ʎʝ ʛʦʚʦʨʠʪʴ ʧʨʦ ʪʝ, ʱʦ ʚ ʢʦʥʪʨʦʣʽ 

ʧʦʣʶʪʘʥʪʦʚ ʥʝʦʙʭʽʜʥʦ ʚʠʷʚʣʷʪʠ ʥʝ ʪʽʣʴʢʠ ʢʘʥʮʝʨʦʛʝʥ ɹʘʇ, ʘʣʝ ʽ ʨʝʯʦʚʠʥʠ, ʷʢʽ 

ʧʨʦʷʚʣʷʶʯʠ ʪʦʢʩʠʢʦʣʦʛʽʯʥʝ ʜʽʶ, ʟʥʠʞʫʶʪʴ ʟʘʭʠʩʥʫ ʬʫʥʢʮʽʶ ʦʨʛʘʥʽʟʤʫ ʽ ʧʽʜʩʠʣʶʶʪʴ 

ʢʘʥʮʝʨʦʛʝʥʥʫ ʘʢʪʠʚʥʽʩʪʴ ʙʝʥʟʦ(ʘ)ʧʽʨʝʥʫ. ɼʦ ʪʘʢʠʭ ʨʝʯʦʚʠʥ ʤʦʞʝ ʚʽʜʥʦʩʠʪʴʩʷ ʽ ʡʦʛʦ 

ʽʟʦʤʝʨ ʙʝʥʟʦ(ʝ)ʧʽʨʝʥ. 

ʄʝʪʦʶ ʮʽʻʾ ʨʦʙʦʪʠ ʩʪʘʣʦ ʚʠʟʥʘʯʝʥʥʷ ʥʘʡʙʽʣʴʰ ʝʬʝʢʪʠʚʥʠʭ ʫʤʦʚ ʚʠʣʫʯʝʥʥʷ ʪʘ 

ʭʨʦʤʘʪʦʛʨʘʬʽʯʥʦʛʦ ʘʥʘʣʽʟʫ ʚ ʘʪʤʦʩʬʝʨʥʽʡ ʚʦʜʽ ʽʟʦʤʝʨʽʚ ʙʝʥʟʦʧʽʨʝʥʫ, ʩʪʚʦʨʝʥʥʷ ʪʘ 

ʘʧʨʦʙʘʮʽʷ ʤʝʪʦʜʠʢʠ ʣʘʙʦʨʘʪʦʨʥʦʛʦ ʢʦʥʪʨʦʣʶ ʚʤʽʩʪʫ ɹʝʇ ʪʘ ɹʘʇ ʚ ʘʪʤʦʩʬʝʨʥʽʡ ʚʦʜʽ 

(ʩʥʽʛ). 

ʋ ʨʦʙʦʪʽ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʤʦʜʝʣʴʥʽ ʩʠʩʪʝʤʠ ʥʘ ʦʩʥʦʚʽ ʜʝʽʦʥʽʮʟʦʚʘʥʦʾ ʚʦʜʠ ʽ 

ʟʨʘʟʢʠ ʩʥʽʛʫ, ʚʽʜʽʙʨʘʥʽ ʧʦʙʣʠʟʫ ʪʨʘʩ ʽ ʘʚʪʦʟʘʧʨʘʚʥʠʭ ʩʪʘʥʮʽʡ, ʘ ʪʘʢʦʞ ʟʨʘʟʢʠ ʩʥʽʛʫ, 

ʚʽʜʽʙʨʘʥʽ ʚ ʩʽʣʴʩʴʢʽʡ ʤʽʩʮʝʚʦʩʪʽ ʥʘ ʚʽʜʩʪʘʥʽ 50 ʤ ʚʽʜ ʪʨʘʩʠ. ɿʨʘʟʢʠ ʩʥʽʛʫ ʙʫʣʠ ʧʝʨʝʚʝʜʝʥʽ 

ʧʨʠ ʢʽʤʥʘʪʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ ʚ ʪʘʣʫ ʚʦʜʫ, ʷʢʘ ʜʦʩʣʽʜʞʫʚʘʣʘʩʷ ʧʽʩʣʷ ʪʝʨʤʦʩʪʘʪʫʚʘʥʥʷ 

(20 Áʉ). ɺʠʤʽʨʶʚʘʥʥʷ ʚʤʽʩʪʫ ʽʟʦʤʝʨʽʚ ʙʝʥʟʧʨ̔ʝʥʫ ʧʨʦʚʝʜʝʥʦ ʤʝʪʦʜʦʤ ʨʽʜʠʥʥʦʾ 

ʭʨʦʤʘʪʦʛʨʘʬʽʾ ʟ ʫʣʴʪʨʘʬʽʦʣʝʪʦʚʠʤ ʜʝʪʝʢʪʦʨʦʤ. 

ʈʦʟʨʘʭʦʚʘʥʦ ʟʥʘʯʝʥʥʷ ʛʽʜʨʦʬʦʙʥʦʩʪʽ ʤʦʣʝʢʫʣ ʽʟʦʤʝʨʽʚ ʙʝʥʟʦʧʽʨʝʥʫ. ʇʘʨʘʤʝʪʨʠ 

ʛʽʜʨʦʬʦʙʥʦʩʪʽ ʙʫʣʦ ʟʘʩʪʦʩʦʚʘʥʦ ʚ ʨʦʙʦʪʽ ʜʣʷ ʧʦʰʫʢʫ ʦʧʪʠʤʘʣʴʥʠʭ ʫʤʦʚ ʝʢʩʪʨʘʢʮʽʡʥʦʛʦ 

ʚʠʣʫʯʝʥʥʷ ʟ ʘʪʤʦʩʬʝʨʥʦʾ ʚʦʜʠ ʽʟʦʤʝʨʽʚ ʙʝʥʟʦʧʽʨʝʥʫ ʪʘ ʭʨʦʤʘʪʦʛʨʘʬʽʯʥʦʛʦ ʨʦʟʜʽʣʝʥʥʷ 

ʙʝʥʟʦ(ʝ)ʧʽʨʝʥʫ ʽ ʙʝʥʟʦ(ʘ)ʧʽʨʝʥʫ. ɺʩʪʘʥʦʚʣʝʥʦ ʦʧʪʠʤʘʣʴʥʽ ʫʤʦʚʠ ʣʘʙʦʨʘʪʦʨʥʦʛʦ 

ʢʦʥʪʨʦʣʶ ʽʟʦʤʝʨʽʚ ʙʝʥʟʦʧʽʨʝʥʫ ʚ ʘʪʤʦʩʬʝʨʥʽʡ ʚʦʜʽ (ʩʥʽʛ).   
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ʈʆɿʈʆɹʂɸ ʄɽʊʆɼʀʂʀ ʂɯʃʔʂɯʉʅʆɻʆ ʉʇɽʂʊʈʆʌʆʊʆʄɽʊʈʀʏʅʆɻʆ 

ɺʀɿʅɸʏɽʅʅʗ ʄɽʊʆʇʈʆʃʆʃʋ ʊɸʈʊʈɸʊʋ 

ɼʦʥʯʝʥʢʦ ɸ. ʆ., ɺʘʩʶʢ ʉ. ʆ. 

ɿʘʧʦʨʽʟʴʢʠʡ ʜʝʨʞʘʚʥʠʡ ʤʝʜʠʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 
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ʉʝʨʮʝʚʦ-ʩʫʜʠʥʥʽ ʟʘʭʚʦʨʶʚʘʥʥʷ ʻ ʦʜʥʠʤʠ ʽʟ ʥʘʡʙʽʣʴʰ ʧʦʰʠʨʝʥʠʭ ʥʝʽʥʬʝʢʮʽʡʥʠʭ 

ʟʘʭʚʦʨʶʚʘʥʴ ʚ ʙʘʛʘʪʴʦʭ ʻʚʨʦʧʝʡʩʴʢʠʭ ʢʨʘʾʥʘʭ. ɺʧʨʦʜʦʚʞ ʦʩʪʘʥʥʽʭ ʨʦʢʽʚ ʩʤʝʨʪʥʽʩʪʴ ʚʽʜ 

ʭʚʦʨʦʙ ʩʠʩʪʝʤʠ ʢʨʦʚʦʦʙʽʛʫ ʟʥʘʯʥʦ ʟʥʠʟʠʣʘʩʷ, ʦʜʥʘʢ ʚʦʥʠ ʟʘʣʠʰʘʶʪʴʩʷ ʦʩʥʦʚʥʦʶ 

ʧʨʠʯʠʥʦʶ ʨʘʧʪʦʚʦʾ ʩʤʝʨʪʽ ʚ ʋʢʨʘʾʥʽ. ʋ ʩʫʯʘʩʥʽʡ ʢʘʨʜʽʦʣʦʛʽʯʥʽʡ ʧʨʘʢʪʠʮʽ ʧʨʠʩʫʪʥʷ ʟʥʘʯʥʘ 

ʢʽʣʴʢʽʩʪʴ ʤʝʜʠʢʘʤʝʥʪʦʟʥʠʭ ʧʨʝʧʘʨʘʪʽʚ, ʱʦ ʜʦʚʝʣʠ ʩʚʦʶ ʝʬʝʢʪʠʚʥʽʩʪʴ ʷʢ ʫ ʚʝʣʠʢʠʭ 

ʨʘʥʜʦʤʽʟʦʚʘʥʠʭ ʜʦʩʣʽʜʞʝʥʥʷʭ, ʪʘʢ ʽ ʚ ʨʫʪʠʥʥʽʡ ʧʨʘʢʪʠʮʽ ʤʽʣʴʡʦʥʽʚ ʣʽʢʘʨʽʚ ʫ ʚʩʴʦʤʫ ʩʚʽʪʽ. 

ɿ ʤʝʪʦʶ ʧʦʢʨʘʱʝʥʥʷ ʷʢʦʩʪʽ ʣʽʢʫʚʘʥʥʷ ʬʘʭʽʚʮʷʤʠ ʧʨʦʚʦʜʠʪʴʩʷ ʨʦʟʨʦʙʢʘ ʥʦʚʠʭ ʣʽʢʘʨʩʴʢʠʭ 

ʟʘʩʦʙʽʚ. ɿ'ʷʚʣʷʶʪʴʩʷ ʛʝʥʝʨʠʯʥʽ ʧʨʝʧʘʨʘʪʠ, ʘ ʦʪʞʝ, ʚʠʥʠʢʘʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʨʦʟʨʦʙʢʠ 

ʩʫʯʘʩʥʠʭ ʤʝʪʦʜʽʚ ʘʥʘʣʽʟʫ. ʉʘʤʝ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʥʠʡ ʤʝʪʦʜ ʻ ʦʜʥʠʤ ʟ ʥʘʡʙʽʣʴʰ ʰʠʨʦʢʦ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʠʭ, ʝʢʦʥʦʤʽʯʥʠʭ ʪʘ ʜʦʩʪʫʧʥʠʭ ʤʝʪʦʜʽʚ ʬʘʨʤʘʮʝʚʪʠʯʥʦʛʦ ʘʥʘʣʽʟʫ ʜʣʷ 

ʙʽʣʴʰʦʩʪʽ ʣʘʙʦʨʘʪʦʨʽʡ ʢʦʥʪʨʦʣʶ ʷʢʦʩʪʽ. 

ʊʦʤʫ ʤʝʪʦʶ ʥʘʰʦʾ ʨʦʙʦʪʠ ʩʪʘʣʘ ʨʦʟʨʦʙʢʘ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʥʦʾ ʤʝʪʦʜʠʢʠ 

ʢʽʣʴʢʽʩʥʦʛʦ ʚʠʟʥʘʯʝʥʥʷ ʤʝʪʦʧʨʦʣʦʣʫ ʪʘʨʪʨʘʪʫ ʫ ʩʫʙʩʪʘʥʮʽʾ ʪʘ ʣʽʢʘʨʩʴʢʠʭ ʬʦʨʤʘʭ ʥʘ 

ʦʩʥʦʚʽ ʨʝʘʢʮʽʾ ʟ 2,3-ʜʠʭʣʦʨ-1,4-ʥʘʬʪʦʭʽʥʦʥʦʤ, ʷʢʠʡ ʻ ʧʝʨʩʧʝʢʪʠʚʥʠʤ ʪʘ ʜʦʩʪʫʧʥʠʤ 

ʦʨʛʘʥʽʯʥʠʤ ʢʦʣʴʦʨʦʨʝʘʛʝʥʪʦʤ. 

ɺ ʧʨʦʮʝʩʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʽʜʽʙʨʘʥʽ ʦʧʪʠʤʘʣʴʥʽ ʫʤʦʚʠ ʧʨʦʚʝʜʝʥʥʷ 

ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʥʦʛʦ ʘʥʘʣʽʟʫ. ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʤʝʪʦʧʨʦʣʦʣʫ 

ʪʘʨʪʨʘʪ ʨʝʘʛʫʻ ʟ 2,3-ʜʠʭʣʦʨ-1,4-ʥʘʬʪʦʭʽʥʦʥʦʤ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 95 Áʉ ʫ ʩʝʨʝʜʦʚʠʱʽ 

ɼʄʌɸ ʟ ʫʪʚʦʨʝʥʥʷʤ ʟʘʙʘʨʚʣʝʥʦʛʦ ʧʨʦʜʫʢʪʫ ʟ ʤʘʢʩʠʤʫʤʦʤ ʩʚʽʪʣʦʧʦʛʣʠʥʘʥʥʷ ʧʨʠ 493 ʥʤ. 

ʇʽʜʧʦʨʷʜʢʫʚʘʥʥʷ ʟʘʢʦʥʫ ɹʝʨʘ ʧʝʨʝʙʫʚʘʻ ʫ ʤʝʞʘʭ ʢʦʥʮʝʥʪʨʘʮʽʡ 18,00ï28,00 ʤʛ/100 ʤʣ. 

ɿʥʘʯʝʥʥʷ ʤʝʞʽ ʚʠʷʚʣʝʥʥʷ ʩʪʘʥʦʚʠʪʴ 26,78 ʤʢʛ/ʤʣ. 

ʅʘ ʧʽʜʩʪʘʚʽ ʦʪʨʠʤʘʥʠʭ ʜʘʥʠʭ ʨʦʟʨʦʙʣʝʥʦ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʥʫ ʤʝʪʦʜʠʢʫ 

ʢʽʣʴʢʽʩʥʦʛʦ ʚʠʟʥʘʯʝʥʥʷ ʤʝʪʦʧʨʦʣʦʣʫ ʪʘʨʪʨʘʪʫ, ʷʢʘ ʫʩʧʽʰʥʦ ʟʘʩʪʦʩʦʚʘʥʘ ʜʣʷ ʘʥʘʣʽʟʫ ʪʘʢʠʭ 

ʣʽʢʘʨʩʴʢʠʭ ʬʦʨʤ ʷʢ çʄʝʪʦʧʨʦʣʦʣ 50 ʤʛè (ʇɸʊ çʂʠʾʚʤʝʜʧʨʝʧʘʨʘʪè, ʋʢʨʘʾʥʘ) ʪʘ 

çʄʝʪʦʧʨʦʣʦʣʫ ʪʘʨʪʨʘʪ 50 ʤʛè (ʇɸʊ çʌʘʨʤʘʢè, ʋʢʨʘʾʥʘè). ɺʘʣʽʜʘʮʽʶ ʨʦʟʨʦʙʣʝʥʦʾ 

ʤʝʪʦʜʠʢʠ ʧʨʦʚʝʜʝʥʦ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʚʠʤʦʛ ɼʌʋ, ʟʛʽʜʥʦ ʩʪʘʥʜʘʨʪʠʟʦʚʘʥʦʾ ʧʨʦʮʝʜʫʨʠ 

ʚʘʣʽʜʘʮʽʾ ʤʝʪʦʜʦʤ ʩʪʘʥʜʘʨʪʫ. ɺʩʪʘʥʦʚʣʝʥʦ ʦʩʥʦʚʥʽ ʚʘʣʽʜʘʮʽʡʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʘ ʩʘʤʝ, 

ʣʽʥʽʡʥʽʩʪʴ, ʧʨʝʮʠʟʽʡʥʽʩʪʴ, ʧʨʘʚʠʣʴʥʽʩʪʴ, ʨʦʙʘʩʪʥʽʩʪʴ ʪʘ ʜʽʘʧʘʟʦʥ ʟʘʩʪʦʩʫʚʘʥʥʷ. 

ʈʦʟʨʦʙʣʝʥʘ ʤʝʪʦʜʠʢʘ ʻ ʜʦʩʪʫʧʥʦʶ, ʧʨʦʩʪʦʶ ʫ ʚʠʢʦʥʘʥʥʽ ʪʘ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ 

ʧʨʠʡʥʷʪʥʦʶ ʚʽʜʪʚʦʨʶʚʘʥʽʩʪʶ ʚ ʫʤʦʚʘʭ ʣʘʙʦʨʘʪʦʨʽʾ, ʪʦʤʫ ʤʦʞʝ ʙʫʪʠ ʨʝʢʦʤʝʥʜʦʚʘʥʘ ʜʣʷ 

ʘʥʘʣʽʟʫ ʧʨʝʧʘʨʘʪʽʚ ʤʝʪʦʧʨʦʣʦʣʫ ʪʘʨʪʨʘʪʫ ʚ ʣʘʙʦʨʘʪʦʨʽʷʭ ɼʝʨʞʘʚʥʠʭ ʩʣʫʞʙ ʟ ʣʽʢʘʨʩʴʢʠʭ 

ʟʘʩʦʙʽʚ ʪʘ ɺʊʂ ʭʽʤʽʢʦ-ʬʘʨʤʘʮʝʚʪʠʯʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚ. 
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ɽʂʉʇʈɽʉ-ɺʀɿʅɸʏɽʅʅʗ ɹɽʊɸɰʅʋ ʊɸ ʁʆɻʆ ʇʆʍɯɼʅʀʍ ɿɸ ɼʆʇʆʄʆɻʆʖ 

ʇʆʊɽʅʎɯʆʄɽʊʈʀʏʅʀʍ ʉɽʅʉʆʈɯɺ 

ɼʦʨʦʰʝʥʢʦ ʈ. ɭ., ʄʠʨʦʥʷʢ ʄ. ʆ., ʅʽʢʦʣʝʥʢʦ ʄ. ɺ. 

ɼɺʅɿ çʋʢʨʘʾʥʩʴʢʠʡ ʜʝʨʞʘʚʥʠʡ ʭʽʤʽʢʦ-ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪè, ʤ. ɼʥʽʧʨʦ 
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ʉʫʯʘʩʥʽ ʪʝʥʜʝʥʮʽʾ ʨʦʟʚʠʪʢʫ ʢʦʩʤʝʪʠʯʥʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʪʘ ʝʚʦʣʶʮʽʷ ʩʧʦʞʠʚʯʦʾ 

ʜʫʤʢʠ ʟ ʢʦʞʥʠʤ ʨʦʢʦʤ ʩʪʘʚʣʷʪʴ ʚʩʝ ʚʠʱʽ ʚʠʤʦʛʠ ʜʦ ʷʢʦʩʪʽ ʪʘ ʙʝʟʧʝʢʠ ʢʦʩʤʝʪʠʯʥʠʭ 

ʟʘʩʦʙʽʚ. ʇʨʦʪʝ ʦʨʽʻʥʪʘʮʽʷ ʚʽʪʯʠʟʥʷʥʠʭ ʚʠʨʦʙʥʠʢʽʚ ʥʘ ʤʘʩʦʚʠʡ ʨʠʥʦʢ ʩʪʘʚʠʪʴ ʞʦʨʩʪʢʝ 

ʦʙʤʝʞʝʥʥʷ ʥʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʘʨʪʽʩʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ. ʏʠ ʥʝ ʻʜʠʥʠʤ ʰʣʷʭʦʤ ʚʠʨʽʰʝʥʥʷ 

ʧʦʜʽʙʥʦʛʦ ʧʨʦʪʠʨʽʯʯʷ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʝʜʦʨʦʛʠʭ, ʘʣʝ ʙʘʛʘʪʦʬʫʥʢʮʽʦʥʘʣʴʥʠʭ 

ʢʦʤʧʦʥʝʥʪʽʚ ï ʥʘʧʨʠʢʣʘʜ, ʙʝʪʘʾʥʫ ʪʘ ʡʦʛʦ ʧʦʚʝʨʭʥʝʚʦ-ʘʢʪʠʚʥʠʭ ʧʦʭʽʜʥʠʭ. ʎʽ ʨʝʯʦʚʠʥʠ ʻ 

ʥʝ ʪʽʣʴʢʠ ʩʠʥʝʨʛʽʩʪʘʤʠ ʧʦʧʫʣʷʨʥʠʭ ʜʝʰʝʚʠʭ ʩʫʨʬʘʢʪʘʥʪʽʚ, ʘ ʡ ʚʠʩʪʫʧʘʶʪʴ ʚ ʨʦʣʽ 

ʩʦʣʶʙʽʣʽʟʘʪʦʨʽʚ ʽʥʰʠʭ ʘʢʪʠʚʥʠʭ ʨʝʯʦʚʠʥ ʪʘ ʯʠʥʷʪʴ ʧʦʟʠʪʠʚʥʠʡ ʚʧʣʠʚ ʥʘ ʰʢʽʨʫ ʣʶʜʠʥʠ. 

ɹʝʪʘʾʥ (ʪʨʠʤʝʪʠʣʛʣʽʮʠʥ) ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ ʢʦʩʤʝʪʠʯʥʽʡ ʧʨʦʤʠʩʣʦʚʦʩʪʽ 

ʟʘʚʜʷʢʠ ʩʚʦʾʤ ʟʚʦʣʦʞʫʶʯʠʤ, ʧʦʤôʷʢʰʫʶʯʠʤ, ʩʪʘʙʽʣʽʟʫʶʯʠʤ ʚʣʘʩʪʠʚʦʩʪʷʤ, 

ʧʽʥʦʫʪʚʦʨʶʶʯʽʡ ʟʜʘʪʥʦʩʪʽ. ʆʢʨʽʤ ʪʦʛʦ ʤʘʻ ʚʣʘʩʪʠʚʦʩʪʽ ʧʽʜʩʠʣʶʚʘʪʠ ʧʽʥʥʽ ʚʣʘʩʪʠʚʦʩʪʽ 

ʧʦʚʝʨʭʥʝʚʦ-ʘʢʪʠʚʥʠʭ ʨʝʯʦʚʠʥ ï ʟʙʽʣʴʰʫʚʘʪʠ ʦʙôʻʤ ʧʽʥʠ ʪʘ ʾʾ ʩʪʘʙʽʣʴʥʽʩʪʴ ʪʘ ʧʨʠ ʮʴʦʤʫ 

ʟʥʘʯʥʦ ʥʝʡʪʨʘʣʽʟʫʚʘʪʠ ʧʦʜʨʘʟʥʶʶʯʫ ʜʽʶ ʽʥʰʠʭ ʧʦʚʝʨʭʥʝʚʦ-ʘʢʪʠʚʥʠʭ ʨʝʯʦʚʠʥ (ʇɸʈ). 

ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʙʝʪʘʽʥʫ, ʷʢʠʡ ʤʘʻ ʜʦʩʠʪʴ ʥʝʟʥʘʯʥʽ ʧʽʥʦʫʪʚʦʨʶʶʯʽ ʚʣʘʩʪʠʚʦʩʪʽ, ʡʦʛʦ 

ʧʦʚʝʨʭʥʝʚʦ-ʘʢʪʠʚʥʽ ʧʦʭʽʜʥʽ (ʥʘʧʨʠʢʣʘʜ, ʢʦʢʘʤʽʜʦʧʨʦʧʽʣʙʝʪʘʾʥ) ʻ ʜʦʩʠʪʴ ʩʠʣʴʥʠʤʠ 

ʩʫʨʬʘʢʪʘʥʪʘʤʠ ʪʘ ʟʘʚʜʷʢʠ ʩʚʦʾʡ ʘʤʬʽʬʽʣʴʥʽʡ ʧʨʠʨʦʜʽ ʤʦʞʫʪʴ ʧʨʦʷʚʣʷʪʠ ʚʣʘʩʪʠʚʦʩʪʽ ʷʢ 

ʘʥʽʦʥʥʠʭ, ʪʘʢ ʽ ʢʘʪʽʦʥʥʠʭ ʇɸʈ ʪʘ ʥʝ ʯʠʥʠʪʠ ʧʦʜʨʘʟʥʶʶʯʦʾ ʜʽʾ ʥʘ ʰʢʽʨʫ ʪʘ ʩʣʠʟʦʚʽ 

ʦʙʦʣʦʥʢʠ. ʊʦʤʫ ʮʽ ʨʝʯʦʚʠʥʠ ʟʘʪʨʝʙʫʚʘʥʽ ʜʣʷ ʷʢʽʩʥʠʭ ʧʽʥʥʠʭ ʢʦʤʧʦʟʠʮʽʡ, ʟʦʢʨʝʤʘ ʟʘʩʦʙʽʚ 

ʜʣʷ ʯʫʪʣʠʚʦʾ ʜʠʪʷʯʦʾ ʰʢʽʨʠ. 

 ɺʨʘʭʦʚʫʶʯʠ ʰʠʨʦʢʫ ʛʘʣʫʟʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʮʠʭ ʨʝʯʦʚʠʥ, ʚʠʥʠʢʘʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʫ 

ʧʨʦʩʪʠʭ ʪʘ ʝʢʩʧʨʝʩʥʠʭ ʤʝʪʦʜʠʢʘʭ ʚʠʟʥʘʯʝʥʥʷ ʾʭ ʢʽʣʴʢʽʩʥʦʛʦ ʚʤʽʩʪʫ ʚ ʨʽʟʥʠʭ ʪʠʧʘʭ 

ʢʦʩʤʝʪʠʯʥʦʾ ʧʨʦʜʫʢʮʽʾ. ʇʦʪʝʥʮʽʦʤʝʪʨʠʯʥʽ ʤʝʪʦʜʠʢʠ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʝʥʩʦʨʽʚ, ʯʫʪʣʠʚʠʭ 

ʜʦ ʨʝʯʦʚʠʥʠ, ʱʦ ʚʠʟʥʘʯʘʻʪʴʩʷ, ʤʦʞʫʪʴ ʟʘʙʝʟʧʝʯʠʪʠ ʥʝʦʙʭʽʜʥʫ ʧʨʦʩʪʦʪʫ ʪʘ ʝʢʩʧʨʝʩʥʽʩʪʴ 

ʘʥʘʣʽʟʫ ʧʨʠ ʟʙʝʨʝʞʝʥʥʽ ʜʦʩʪʘʪʥʽʭ ʤʝʪʨʦʣʦʛʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. 

ɹʫʣʦ ʧʨʦʚʝʜʝʥʦ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʟ ʨʽʟʥʠʤʠ ʪʠʧʘʤʠ 

ʛʝʪʝʨʦʧʦʣʽʢʠʩʣʦʪ, ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʷʢʠʭ ʚ ʷʢʦʩʪʽ ʧʨʦʪʠʽʦʥʫ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʽʦʥʥʦʛʦ 

ʘʩʦʮʽʘʪʫ ʟ ʙʝʪʘʾʥʦʤ ʪʘ ʢʦʢʘʤʽʜʦʧʨʦʧʽʣʙʝʪʘʾʥʦʤ ʙʫʣʦ ʦʙʨʘʥʦ ʘʥʽʦʥ 12-ʤʦʣʽʙʜʦʬʦʩʬʘʪʥʦʾ 

ʛʝʪʝʨʦʧʦʣʽʢʠʩʣʦʪʠ (ʄʌʂ). ʆʪʨʠʤʘʥʽ ʽʦʥʥʽ ʘʩʦʮʽʘʪʠ ʻ ʤʘʣʦʨʦʟʯʠʥʥʠʤʠ ʨʝʯʦʚʠʥʘʤʠ, ʪʦʤʫ 

ʤʦʞʣʠʚʠʤ ʻ ʾʭ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʷʢʦʩʪʽ ʝʣʝʢʪʨʦʜʥʦʘʢʪʠʚʥʠʭ ʨʝʯʦʚʠʥ ʜʣʷ ʧʣʘʩʪʠʬʽʢʦʚʘʥʠʭ 

ʤʝʤʙʨʘʥ ʧʦʪʝʥʮʽʦʤʝʪʨʠʯʥʠʭ ʩʝʥʩʦʨʽʚ, ʦʙʦʨʦʪʥʠʭ ʜʦ ʚʽʜʧʦʚʽʜʥʠʭ ʧʦʭʽʜʥʠʭ ʙʝʪʘʾʥʫ.  

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʝ ʜʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʨʽʟʥʠʭ ʯʠʥʥʠʢʽʚ ʥʘ ʝʣʝʢʪʨʦʜʥʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʝʤʙʨʘʥ ʨʦʟʨʦʙʣʝʥʠʭ ʧʦʪʝʥʮʽʦʤʝʪʨʠʯʥʠʭ ʩʝʥʩʦʨʽʚ ʜʦʟʚʦʣʠʣʦ ʦʙʨʘʪʠ 

ʦʧʪʠʤʘʣʴʥʽ ʫʤʦʚʠ ʜʣʷ ʨʦʙʦʪʠ ʩʝʥʩʦʨʘ: ʢʠʩʣʦʪʥʽʩʪʴ ʨʦʟʯʠʥʫ, ʱʦ ʜʦʩʣʽʜʞʫʻʪʴʩʷ, ʧʨʠʨʦʜʘ 

ʨʦʟʯʠʥʥʠʢʘ-ʧʣʘʩʪʠʬʽʢʘʪʦʨʘ ʤʝʤʙʨʘʥʠ ʪʘ ʽʦʥʥʦʛʦ ʘʩʦʮʽʘʪʫ, ʢʽʣʴʢʽʩʥʠʡ ʚʤʽʩʪ 

ʝʣʝʢʪʨʦʜʥʦʘʢʪʠʚʥʦʾ ʨʝʯʦʚʠʥʠ ʚ ʤʝʤʙʨʘʥʽ.  

ʇʦʜʘʣʴʰʽ ʜʦʩʣʽʜʞʝʥʥʷ ʙʫʜʫʪʴ ʩʧʨʷʤʦʚʘʥʽ ʥʘ ˇʨʫʥʪʦʚʥʝ ʜʦʩʣʽʜʞʝʥʥʷ 

ʩʝʣʝʢʪʠʚʥʦʩʪʽ ʦʪʨʠʤʘʥʠʭ ʧʦʪʝʥʮʽʦʤʝʪʨʠʯʥʠʭ ʩʝʥʩʦʨʽʚ ʚ ʧʨʠʩʫʪʥʦʩʪʽ ʨʽʟʥʠʭ ʟʘʚʘʞʘʶʯʠʭ 

ʨʝʯʦʚʠʥ, ʱʦ ʪʘʢʦʞ ʤʦʞʫʪʴ ʚʭʦʜʠʪʠ ʜʦ ʩʢʣʘʜʫ ʧʨʦʤʠʩʣʦʚʦʾ ʧʨʦʜʫʢʮʽʾ ʪʘ ʥʝʛʘʪʠʚʥʦ 

ʚʧʣʠʚʘʪʠ ʥʘ ʨʝʟʫʣʴʪʘʪʠ ʚʠʟʥʘʯʝʥʥʷ ʚʤʽʩʪʫ ʙʝʪʘʾʥʫ ʪʘ ʡʦʛʦ ʧʦʭʽʜʥʠʭ. 

ʈʦʟʨʦʙʣʝʥʽ ʩʝʥʩʦʨʠ ʧʣʘʥʫʻʪʴʩʷ ʘʧʨʦʙʫʚʘʪʠ ʥʘ ʟʨʘʟʢʘʭ ʨʽʟʥʠʭ ʪʠʧʽʚ ʢʦʩʤʝʪʠʯʥʦʾ 

ʧʨʦʜʫʢʮʽʾ ʟ ʤʝʪʦʶ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʝʪʘʧʫ ʧʨʦʧʦʙʽʜʛʦʪʦʚʢʠ, ʱʦ ʜʦʟʚʦʣʠʪʴ ʩʫʪʪʻʚʦ 

ʩʢʦʨʦʪʠʪʠ ʯʘʩ ʘʥʘʣʽʟʫ ʽʟ ʟʙʝʨʝʞʝʥʥʷʤ ʜʦʩʪʘʪʥʽʭ ʤʝʪʨʦʣʦʛʽʯʥʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ.  
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ʌɯɿʀʏʅʀʁ ɺʇʃʀɺ ʅɸ ʉʊɸɼɯɰ ʇʈʆɹʆʇɯɼɻʆʊʆɺʂʀ ʈʆʉʃʀʅʅʀʍ ɿʈɸɿʂɯɺ 

ɼʃʗ ɸʊʆʄʅʆ-ɸɹʉʆʈɹʎɯʁʅʆɻʆ ɺʀɿʅɸʏɽʅʅʗ ɺɸɾʂʀʍ ʄɽʊɸʃɯɺ  

ɼʨʦʙʦʪ ɺ. ɭ., ʉʤʽʪʶʢ ʅ. ʄ.  

ɼʥʽʧʨʦʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ʆʣʝʩʷ ɻʦʥʯʘʨʘ 

drobot@cf.dnu.dp.ua  

 

ɺʽʜʦʤʦ, ʱʦ ʙʘʛʘʪʦ ʯʘʩʫ ʚ ʘʥʘʣʽʟʽ ʚʠʪʨʘʯʘʻʪʴʩʷ ʥʘ ʧʨʦʙʦʧʽʜʛʦʪʦʚʢʫ. ʉʫʯʘʩʥʝ 

ʘʥʘʣʽʪʠʯʥʝ ʦʙʣʘʜʥʘʥʥʷ ʧʝʨʝʜʙʘʯʘʻ ʚʠʩʦʢʫ ʰʚʠʜʢʽʩʪʴ ʚʠʢʦʥʘʥʥʷ ʚʠʤʽʨʶʚʘʥʴ, ʪʦʤʫ 

ʧʦʪʨʽʙʥʦ ʩʢʦʨʦʯʝʥʥʷ ʯʘʩʫ ʥʘ ʧʽʜʛʦʪʦʚʢʫ ʧʨʦʙʠ ʜʦ ʘʥʘʣʽʟʫ. ʇʨʠʩʢʦʨʠʪʠ ʧʨʦʮʝʩ 

ʧʨʦʙʦʧʽʜʛʦʪʦʚʢʠ ʤʦʞʥʘ ʟʘ ʨʘʭʫʥʦʢ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʽʟʥʠʭ ʬʽʟʠʯʥʠʭ ʧʦʣʽʚ, ʟʦʢʨʝʤʘ 

ʫʣʴʪʨʘʟʚʫʢʦʚʦʛʦ (ʋɿ) ʪʘ ʤʽʢʨʦʭʚʠʣʴʦʚʦʛʦ (ʄʍɺ) ʚʧʣʠʚʫ 

ʇʨʦʚʝʜʝʥʦ ʢʠʩʣʦʪʥʫ ʤʽʥʝʨʘʣʽʟʘʮʽʶ ʨʦʩʣʠʥʥʠʭ ʟʨʘʟʢʽʚ: ʩʦʾ, ʧʰʝʥʠʮʽ ʪʘ ʢʫʢʫʨʫʜʟʠ 

ʨʦʟʯʠʥʦʤ ʭʣʦʨʠʜʥʦʾ ʢʠʩʣʦʪʠ (1:1) ʧʨʠ ʜʽʾ ʨʽʟʥʠʭ ʬʽʟʠʯʥʠʭ ʧʦʣʽʚ (ʫʣʴʪʨʘʟʚʫʢʦʚʦʛʦ ʪʘ 

ʤʽʢʨʦʭʚʠʣʴʦʚʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ). ʇʨʦʙʠ ʦʙʨʦʙʣʷʣʠ ʫʣʴʪʨʘʟʚʫʢʦʤ ʧʨʦʪʷʛʦʤ 15 ʭʚ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʫʣʴʪʨʘʟʚʫʢʦʚʦʛʦ ʜʠʩʧʝʨʛʘʪʦʨʘ ʋɿɼʅ-1 ʟ ʯʘʩʪʦʪʦʶ 22 ʢɻʮ ʪʘ ʽʥʪʝʥʩʠʚʥʽʩʪʶ 

3,28 ɺʪ/ʩʤ2 ʪʘ ʤʽʢʨʦʭʚʠʣʴʦʚʠʤ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷʤ ʧʨʦʪʷʛʦʤ 4 ʭʚ ʚ ʤʽʢʨʦʭʚʠʣʴʦʚʽʡ ʧʽʯʽ 

Lifetec ʟ ʧʦʪʫʞʥʽʩʪʶ 160-800 ɺʪ ʪʘ ʯʘʩʪʦʪʦʶ 2450 ʄɻʮ. ɺʤʽʩʪ ʤʝʪʘʣʽʚ ʚʠʟʥʘʯʘʣʠ ʘʪʦʤʥʦ-

ʘʙʩʦʨʙʮʽʡʥʠʤ ʤʝʪʦʜʦʤ ʚ ʧʦʣʫʤôʾ ʘʮʝʪʠʣʝʥ-ʧʦʚʽʪʨʷ ʥʘ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʽ ʉ-115 ʇʂʉ ʟʘ 

ʛʨʘʜʫʶʚʘʣʴʥʠʢ ʛʨʘʬʽʢʦʤ ʪʘ ʤʝʪʦʜʦʤ ʜʦʙʘʚʦʢ. ʈʝʟʫʣʴʪʘʪʠ ʚʠʟʥʘʯʝʥʥʷ ʥʝ ʤʽʩʪʷʪʴ 

ʩʠʩʪʝʤʘʪʠʯʥʦʾ ʧʦʭʠʙʢʠ ʪʘ ʤʘʶʪʴ ʚʠʩʦʢʫ ʚʽʜʪʚʦʨʶʚʘʥʽʩʪʴ (ʪʘʙʣ.). 

 

ʊʘʙʣʠʮʷ. ɺʤʽʩʪ ʚʘʞʢʠʭ ʤʝʪʘʣʽʚ ʫ ʤʽʥʝʨʘʣʽʟʘʪʘʭ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʬʽʟʠʯʥʦʛʦ ʚʧʣʠʚʫ ʥʘ 

ʩʪʘʜʽʾ ʤʽʥʝʨʘʣʽʟʘʮʽʾ 

ʄʝʪʦʜʠʢʘ ɺʤʽʩʪ ʚʘʞʢʠʭ ʤʝʪʘʣʽʚ, ʤʛ/ʢʛ (Ŀ10-1 ʤʛ/ʢʛ) 

ʉʦʷ 

 Ni Pb Cu Mn Fe* 

ʋɿ 1,92 0,00 8,87 15,24 14,54 

ʄʍɺ 10,25 18,19 19,60 26,75 27,03 

ʇʰʝʥʠʮʷ 

ʋɿ 2,68 0,00 6,73 25,84 13,01 

ʄʍɺ 5,47 13,64 10,09 33,39 14,74 

ʂʫʢʫʨʫʜʟʘ 

ʋɿ 1,92 0,00 4,59 3,34 7,65 

ʄʍɺ 5,47 13,64 8,07 7,52 9,42 

 

ɺʠʟʥʘʯʝʥʦ, ʱʦ ʤʽʢʨʦʭʚʠʣʴʦʚʝ ʨʦʟʢʣʘʜʘʥʥʷ ʧʦʨʽʚʥʷʥʦ ʟ ʫʣʴʪʨʘʟʚʫʢʦʚʠʤ ʩʢʦʨʦʯʫʻ 

ʯʘʩ ʧʨʦʙʦʧʽʜʛʦʪʦʚʢʠ ʚ ʪʨʠʯʽ ʪʘ ʟʙʽʣʴʰʫʻ ʩʪʫʧʽʥʴ ʚʠʣʫʯʝʥʥʷ ʚʘʞʢʠʭ ʤʝʪʘʣʽʚ ʤʘʡʞʝ ʫ 

2 ʨʘʟʠ. ʄʝʪʦʜʠʢʘ ʫʣʴʪʨʘʟʚʫʢʦʚʦʛʦ ʨʦʟʢʣʘʜʘʥʥʷ ʥʝ ʝʬʝʢʪʠʚʥʘ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʚʤʽʩʪʫ 

ʇʣʶʤʙʫʤʫ ʫ ʚʩʽʭ ʟʨʘʟʢʘʭ ʘʛʨʦʧʨʦʤʠʩʣʦʚʠʭ ʢʫʣʴʪʫʨ.  
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VOLTAMMETRIC SENSORS BASED ON A POLYELECTROLYTE COMPLEX 

AND CYCLODEXTRINS FOR THE RECOGNITION OF ENANTIOMERS 

OF METHIONINE  

Dubrovsky D. I., Zilberg R. A., Kabirova L. R., Habletdinova A. I. 

Bashkir State University, Ufa 

du315@mail.ru 

 

As is known, only one of the enantiomers in medicines is biologically active, so the 

demand for enantiomerically pure preparations is constantly increasing. There are a number of 

methods for the separation and recognition of enantiomers, such as HPLC, capillary 

electrophoresis, etc. However, these methods require expensive equipment and considerable 

time for analysis. An alternative is the voltammetric enantioselective sensors. 

Methionine is an essential amino acid and component of proteins, a precursor of a 

number of biologically active compounds that participates in many biochemical processes. The 

possibility of selective concentration of methionine enantiomers (Met) on a modified glassy 

carbon electrode (GCE) was studied. 

The modifier was a polyelectrolyte complex of chitosan and chitosan succinamide with 

Ŭ-, ɓ- and ɔ-cyclodextrin (CS-SCS-CD). The films of these complexes are stable in aqueous 

solutions and their properties do not change for a long time. Under conditions of cyclic and 

differential-pulse voltammetry, it was shown that, the peaks on voltammograms for the 

L-enantiomer of methionine were higher than for D-methionine, which indicated selective 

concentration at the electrode. Figure shows a graphical diagram of the modification of the 

GCE/ CS-SCS-CD and performing the analysis. 

 

 
 

Fig. Graphical scheme for modifying the GCE/CS-SCS-CD and performing the analysis 

 

The analytical characteristics of the proposed electrodes, the conditions for recording 

voltammograms and applying composites were studied. Cyclic and differential-pulse 

voltammograms obtained on the GCE modified by a polyelectrolyte complex of CS-SCS-CD 

in aqueous solutions of L- and D-methionine were processed using the chemometric method- 

principal component analysis. It was revealed that using a multisensory system based on three 

electrodes, the percentage of enantiomers recognition increased. Moreover, the proposed 

method of concentration has been successfully tested on real samples of pharmaceutical 

preparations and human urine. 

 

This work was supported by the Russian Science Foundation (Grant No. 16-13-10257). 
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ɽʂʆʃʆɻʆ-ɸʅɸʃɯʊʀʏʅʀʁ ʄʆʅɯʊʆʈʀʅɻ ʉʊɸʅʋ ʈ̂ʋʅʊɯɺ 

ʆɿʆʂɽʈʀʊʆɺʆɰ ʐɸʍʊʀ ʄ. ɹʆʈʀʉʃɸɺɸ 

ɾʘʢ ʊ. ɺ.1, ʈʠʢʤʘʩ ʗ. ɺ.2, ʐʝʚʯʠʢ ʃ. ɿ.1, ʈʦʤʘʥʶʢ ʆ. ɯ.1, ɾʘʢ ʆ. ɺ.2 
1ɺʽʜʜʽʣʝʥʥʷ ʬʽʟʠʢʦ-ʭʽʤʽʾ ʛʦʨʶʯʠʭ ʢʦʧʘʣʠʥ ɯʥʩʪʠʪʫʪʫ ʬʽʟʠʢʦ-ʦʨʛʘʥʽʯʥʦʾ ʭʽʤʽʾ ʪʘ 

ʚʫʛʣʝʭʽʤʽʾ ʽʤ. ʃ. ʄ. ʃʠʪʚʠʥʝʥʢʘ ʅʘʮʽʦʥʘʣʴʥʦʾ ʘʢʘʜʝʤʽʾ ʥʘʫʢ ʋʢʨʘʾʥʠ 
2ʃʴʚʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ɯʚʘʥʘ ʌʨʘʥʢʘ, ʢʘʬʝʜʨʘ ʘʥʘʣʽʪʠʯʥʦʾ ʭʽʤʽʾ 
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ʅʘʡʙʽʣʴʰ ʽʥʬʦʨʤʘʪʠʚʥʠʤ ʤʝʪʦʜʦʤ ʜʦʩʣʽʜʞʝʥʥʷ ʩʪʘʥʫ ʥʘʚʢʦʣʠʰʥʴʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ ʻ ʝʢʦʣʦʛʽʯʥʠʡ ʤʦʥʽʪʦʨʠʥʛ. ʄʦʥʽʪʦʨʠʥʛ ʷʢ ʩʠʩʪʝʤʘ ʧʦʩʪʽʡʥʠʭ ʨʝʞʠʤʥʠʭ 

ʩʧʦʩʪʝʨʝʞʝʥʴ ʜʘʻ ʟʤʦʛʫ ʦʮʽʥʠʪʠ ʩʪʘʥ ʜʦʚʢʽʣʣʷ ʽ ʚ ʢʽʥʮʝʚʦʤʫ ʨʝʟʫʣʴʪʘʪʽ ʧʝʨʝʜʙʘʯʘʻ 

ʧʨʦʚʝʜʝʥʥʷ ʟʘʭʦʜʽʚ, ʩʧʨʷʤʦʚʘʥʠʭ ʥʘ ʧʦʣʽʧʰʝʥʥ̫ ʡʦʛʦ ʩʪʘʥʫ. ʆʜʥʠʤ ʽʟ ʦʩʥʦʚʥʠʭ ʤʝʪʦʜʽʚ 

ʝʢʦʣʦʛʽʯʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ ʻ ʧʨʦʚʝʜʝʥʥʷ ʭʽʤʽʢʦ-ʘʥʘʣʽʪʠʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ. 

ʅʘʤʠ ʧʨʦʚʦʜʠʪʴʩʷ ʤʦʥʽʪʦʨʠʥʛ ʝʢʦʣʦʛʽʯʥʦʛʦ ʩʪʘʥʫ ʨ̌ʫʥʪʽʚ ʦʟʦʢʝʨʠʪʦʚʠʜʦʙʫʪʢʫ, 

ʱʦ ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʮʝʥʪʨʘʣʴʥʽʡ ʯʘʩʪʠʥʽ ʤ. ɹʦʨʠʩʣʘʚʘ ʃʴʚʽʚʩʴʢʦʾ ʦʙʣʘʩʪʽ ʽ ʩʣʫʛʫʶʪʴ 

ʜʞʝʨʝʣʦʤ ʭʨʦʥʽʯʥʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ ʨ̌ʫʥʪʦʚʠʭ ʚʦʜ ʪʘ ʧʦʚʽʪʨʷ ʤʽʩʪʘ. ʉʪʚʦʨʝʥʦ ʩʽʪʢʫ ʜʣʷ 

ʧʦʩʪʽʡʥʠʭ ʝʢʦʣʦʛʽʯʥʠʭ ʩʧʦʩʪʝʨʝʞʝʥʴ, ʱʦ ʚʢʣʶʯʘʻ 25 ʢʦʥʪʨʦʣʴʥʠʭ ʜʽʣʷʥʦʢ, ʟ ʷʢʠʭ 

ʚʽʜʽʙʨʘʥʦ ʧʨʦʙʠ ʨ̌ʫʥʪʫ. ɿʜʽʡʩʥʝʥʦ ʚʠʟʥʘʯʝʥʥʷ ʚʤʽʩʪʫ ʨʫʭʦʤʠʭ ʩʧʦʣʫʢ ʚʘʞʢʠʭ ʤʝʪʘʣʽʚ 

((Zn (II), Cd (II), Pb (II), Ni (II), Cu (II), Mn (II), Co (II), Fe (III)) ʟʘ ʄʝʪʦʜʠʢʦʶ ɼʉʊʋ 

4770.1-9:2007. ʄʝʪʦʜ ʧʦʣʷʛʘʻ ʫ ʚʠʣʫʯʝʥʥʽ ʨʫʭʦʤʠʭ ʬʦʨʤ ʽʦʥʽʚ ʚʘʞʢʠʭ ʤʝʪʘʣʽʚ ʟ ˇʨʫʥʪʫ 

ʘʮʝʪʘʪʥʦ-ʘʤʦʥʽʡʥʠʤ ʙʫʬʝʨʥʠʤ ʨʦʟʯʠʥʦʤ ʟ ʨʅ = 4,8. ɼʦ ʨʦʟʯʠʥʫ ʧʨʠ ʮʴʦʤʫ ʧʝʨʝʭʦʜʠʪʴ 

ʯʘʩʪʠʥʘ ʦʙʤʽʥʥʠʭ ʢʘʪʽʦʥʽʚ, ʚʽʜʙʫʚʘʻʪʴʩʷ ʛʽʜʨʦʣʽʟ ʩʧʦʣʫʢ, ʫʪʚʦʨʶʶʪʴʩʷ ʘʮʝʪʘʪʥʽ ʘʙʦ 

ʘʤʦʥʽʡʥʽ ʢʦʤʧʣʝʢʩʥʽ ʩʧʦʣʫʢʠ. ɿʘʚʜʷʢʠ ʚʠʩʦʢʽʡ ʙʫʬʝʨʥʽʡ ʻʤʥʦʩʪʽ ʮʴʦʛʦ ʨʦʟʯʠʥʫ ʨʝʘʢʮʽʷ 

ʩʝʨʝʜʦʚʠʱʘ ʧʽʜ ʯʘʩ ʚʠʣʫʯʝʥʥʷ ʚʘʞʢʠʭ ʤʝʪʘʣʽʚ ʽʟ ʨʽʟʥʠʭ ˇʨʫʥʪʽʚ ʟʘʣʠʰʘʻʪʴʩʷ ʩʪʘʙʽʣʴʥʦʶ. 

ɺʠʟʥʘʯʝʥʥʷ ʥʘ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʽ ʉ-115 ʧʽʩʣʷ ʘʪʦʤʽʟʘʮʽʾ ʧʨʦʙʠ ʚ ʧʦʚʽʪʨʷʥʦ-

ʘʮʝʪʠʣʝʥʦʚʦʤʫ ʧʦʣʫʤôʾ ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ ʚʣʘʩʪʠʚʦʩʪʽ ʘʪʦʤʽʚ ʫ ʦʩʥʦʚʥʦʤʫ ʩʪʘʥʽ ʧʦʛʣʠʥʘʪʠ 

ʩʚʽʪʣʦ ʚʠʟʥʘʯʝʥʠʭ ʽ ʩʧʝʮʠʬʽʯʥʠʭ ʜʣʷ ʢʦʞʥʦʛʦ ʪʠʧʫ ʘʪʦʤʽʚ ʜʦʚʞʠʥ ʭʚʠʣʴ. ʄʘʩʦʚʫ 

ʢʦʥʮʝʥʪʨʘʮʽʶ ʚʘʞʢʠʭ ʤʝʪʘʣʽʚ ʫ ʧʨʦʙʘʭ ʨʦʟʨʘʭʦʚʫʶʪʴ ʟʘ ʬʦʨʤʫʣʦʶ:  

m

V
cc ʛʨʛʨ

³

³
=

1000

1000
..

, 

ʜʝ ʩʛʨ ï ʤʘʩʦʚʘ ʢʦʥʮʝʥʪʨʘʮʽʷ ʚʘʞʢʠʭ ʤʝʪʘʣʽʚ ʫ ʚʠʪʷʞʮʽ, ʦʪʨʠʤʘʥʘ ʟʘ ʛʨʘʜʫʶʚʘʣʴʥʦʶ 

ʢʨʠʚʦʶ, ʤʛ/ʜʤ3; V ï ʦʙôʻʤ ʘʮʝʪʘʪʥʦ-ʘʤʦʥʽʡʥʦʛʦ ʙʫʬʝʨʥʦʛʦ ʨʦʟʯʠʥʫ ʜʣʷ ʛʦʪʫʚʘʥʥʷ ʧʨʦʙʠ, 

ʩʤ3; 1000 ï ʢʦʝʬʽʮʽʻʥʪ ʧʝʨʝʨʘʭʫʚʘʥʥʷ ʛ ʫ ʢʛ; 1000 ï ʢʦʝʬʽʮʽʻʥʪ ʧʝʨʝʨʘʭʫʚʘʥʥʷ ʩʤ3 ʫ 1 ʜʤ3; 

m ï ʤʘʩʘ ʥʘʚʘʞʢʠ ˇʨʫʥʪʫ, ʛ. 

ɿʛʽʜʥʦ ʟ ʦʪʨʠʤʘʥʠʤʠ ʨʝʟʫʣʴʪʘʪʘʤʠ, ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʢʦʥʮʝʥʪʨʘʮʽʷ Co(II), Cu (II) 

ʫ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʨ̌ʫʥʪʘʭ ʧʝʨʝʙʫʚʘʻ ʫ ʤʝʞʘʭ ʥʦʨʤʠ, ʘ ʚʤʽʩʪ Pb (II), Zn (II), Mn (II), Ni  (II) 

ʪʘ Cd (II) ʧʝʨʝʚʠʱʫʻ ɻɼʂ. ʎʝ ʧʦʷʩʥʶʻʪʴʩʷ ʥʘʬʪʦʚʠʤ ʟʘʙʨʫʜʥʝʥʥʷʤ ʛʨʫʥʪʽʚ, ʫ ʟʦʣʽ 

ʙʦʨʠʩʣʘʚʩʴʢʦʾ ʥʘʬʪʠ ʢʣʘʨʢʦʚʽ ʚʝʣʠʯʠʥʠ ʟʘ ʚʤʽʩʪʦʤ ʧʝʨʝʚʠʱʫʶʪʴ ʥʘʩʪʫʧʥʽ ʝʣʝʤʝʥʪʠ: 

Pb (II), Ni (II), Cu (II), Mn (II), Co (II), V (II ).  

ʆʪʞʝ, ʚʽʜʚʘʣʴʥʽ ˇʨʫʥʪʠ ʥʘ ʪʝʨʠʪʦʨʽʾ ʦʟʦʢʝʨʠʪʦʚʦʾ ʰʘʭʪʠ ʤ. ɹʦʨʠʩʣʘʚʘ ʟʘʙʨʫʜʥʝʥʽ 

ʚʘʞʢʠʤʠ ʤʝʪʘʣʘʤʠ, ʥʘʬʪʦʶ ʽ ʻ ʜʞʝʨʝʣʦʤ ʚʪʦʨʠʥʥʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ ʧʦʚʽʪʨʷ, ʧʦʚʝʨʭʥʝʚʠʭ 

ʪʘ ʧʽʜʟʝʤʥʠʭ ʚʦʜ. ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʽʥʰʠʭ ʩʝʨʝʜʦʚʠʱ, ʫ ˇʨʫʥʪʘʭ ʚʽʜʩʫʪʥʷ ʤʦʞʣʠʚʽʩʪʴ 

ʾʭʥʴʦʛʦ ʰʚʠʜʢʦʛʦ ʦʯʠʱʝʥʥʷ. ʍʽʤʽʯʥʽ ʟʘʙʨʫʜʥʶʚʘʯʽ ʤʦʞʫʪʴ ʟʙʝʨʽʛʘʪʠʩʷ ʚ ʥʴʦʤʫ ʜʦʚʛʽ 

ʨʦʢʠ ʽ, ʚʢʣʶʯʘʶʯʠʩʴ ʜʦ ʝʢʦʣʦʛʽʯʥʠʭ ʣʘʥʮʶʛʽʚ, ʟʫʤʦʚʣʶʚʘʪʠ ʪʨʠʚʘʣʫ ʜʽʶ ʪʦʢʩʠʢʘʥʪʽʚ. 

ʊʦʤʫ ˇʨʫʥʪʠ ʧʦʪʨʝʙʫʶʪʴ ʪʨʠʚʘʣʦʛʦ ʝʢʦʣʦʛʽʯʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ. 
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ɺʆɿʄʆɾʅʆʉʊʀ ʈɸɿʃʀʏʅʓʍ ʄɽʊʆɼʆɺ ʆʇʈɽɼɽʃɽʅʀʗ 

ʌɸʃʔʉʀʌʀʂɸʊɸ ɺ ʄɸʉʃʆ-ɾʀʈʆɺʆʁ ʇʈʆɼʋʂʎʀʀ 

ɿʘʛʨʝʙʝʣʴʥʘʷ ɸ. ʖ., ɺʘʰʢʝʚʠʯ ɽ. ʖ. 

ʋʢʨʘʠʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʭʠʤʠʢʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 
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ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʚʩʪʘʣ ʚʦʧʨʦʩ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʢʘʯʝʩʪʚʘ ʤʘʩʣʦ-ʞʠʨʦʚʦʡ 

ʧʨʦʜʫʢʮʠʠ. ɺʝʜʴ ʧʨʦʠʟʚʦʜʩʪʚʦ ʩʣʠʚʦʯʥʦʛʦ ʤʘʩʣʘ, ʥʘ ʨʳʥʢʝ ʋʢʨʘʠʥʳ, ʩʪʘʥʦʚʠʪʩʷ 

ʫʙʳʪʦʯʥʳʤ. ʕʪʦ ʧʨʦʠʩʭʦʜʠʪ ʠʟ-ʟʘ ʥʝʜʦʩʪʘʪʢʘ ʩʳʨʴʷ ʠ ʩʥʠʞʝʥʠʶ ʮʝʥ ʥʘ ʩʫʭʦʝ ʤʦʣʦʢʦ. 

ɺʩʝ ʙʦʣʴʰʝ ʧʦʷʚʣʷʝʪʩʷ ʥʦʚʳʭ ʚʠʜʦʚ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʛʦ ʤʘʩʣʘ. ʇʨʦʠʟʚʦʜʠʪʝʣʠ, 

ʧʦʣʴʟʫʷʩʴ ʵʪʠʤ, ʩʢʨʳʚʘʶʪ ʠʩʪʠʥʥʳʡ ʩʦʩʪʘʚ, ʥʘʧʠʩʘʚ ʥʘ ʫʧʘʢʦʚʢʝ çʉʣʠʚʦʯʥʦʝ ʤʘʩʣʦè, ʘ 

ʚ ʜʝʡʩʪʚʠʪʝʣʴʥʦʩʪʠ ï ʚʩʝʛʦ ʣʠʰʴ ʟʘʤʝʥʠʪʝʣʴ ʤʦʣʦʯʥʦʛʦ ʞʠʨʘ ʥʘ ʨʘʩʪʠʪʝʣʴʥʦʡ ʦʩʥʦʚʝ. 

ʇʦʪʨʝʙʠʪʝʣʴ ʯʘʩʪʦ ʥʝ ʠʤʝʝʪ ʚʦʟʤʦʞʥʦʩʪʠ ʦʧʨʝʜʝʣʠʪʴ ʧʦʜʣʠʥʥʦʩʪʴ ʪʦʚʘʨʘ, ʢʦʪʦʨʳʡ ʦʥ 

ʧʦʢʫʧʘʝʪ.  

ɼʣʷ ʫʩʪʘʥʦʚʣʝʥʠʷ ʧʦʜʣʠʥʥʦʩʪʠ ʞʠʨʘ ʠʩʧʦʣʴʟʫʶʪʩʷ ʭʠʤʠʯʝʩʢʠʝ ʠ ʬʠʟʠʢʦ-

ʭʠʤʠʯʝʩʢʠʭ ʤʝʪʦʜʳ: ʯʠʩʣʦ ʈʝʡʭʝʨʪʘ-ʄʝʡʩʩʣʷ, ʡʦʜʥʦʝ ʯʠʩʣʦ, ʧʦʢʘʟʘʪʝʣʴ ʧʨʝʣʦʤʣʝʥʠʷ, 

ʛʘʟʦ-ʞʠʜʢʦʩʪʥʘʷ ʭʨʦʤʘʪʦʛʨʘʬʠʷ (ɻɾʍ) ʠ ʜʨ.  

ʏʠʩʣʦ ʈʝʡʭʝʨʪʘ-ʄʝʡʩʩʣʷ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʩʦʜʝʨʞʘʥʠʝ ʚ 5 ʛ ʞʠʨʘ ʣʝʪʫʯʠʭ, 

ʨʘʩʪʚʦʨʠʤʳʭ ʚ ʚʦʜʝ ʞʠʨʥʳʭ ʢʠʩʣʦʪ (ʤʘʩʣʷʥʦʡ ʠ ʢʘʧʨʦʥʦʚʦʡ). ʄʝʪʦʜ ʦʧʨʝʜʝʣʝʥʠʷ 

ʩʦʩʪʦʠʪ ʠʟ 3 ʩʪʘʜʠʡ: ʦʤʳʣʝʥʠʝ, ʦʪʛʦʥʢʘ, ʪʠʪʨʦʚʘʥʠʝ. ɺʨʝʤʷ ʧʨʦʚʝʜʝʥʠʷ ʦʧʳʪʘ ʦʢʦʣʦ 

50 ʤʠʥʫʪ. ʇʨʠ ʟʘʤʝʥʝ ʤʦʣʦʯʥʦʛʦ ʞʠʨʘ ʨʘʩʪʠʪʝʣʴʥʳʤʠ ʤʘʩʣʘʤʠ ʯʠʩʣʦ ʈʝʡʭʝʨʪʘ-ʄʝʩʩʣʷ 

ʙʫʜʝʪ ʫʤʝʥʴʰʘʪʴʩʷ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʯʝʤ ʙʦʣʴʰʝ ʟʘʤʝʥʠʣʠ, ʪʝʤ ʤʝʥʴʰʝ ʯʠʩʣʦ. ɼʣʷ 

ʧʨʠʤʝʨʘ ʯʠʩʪʳʡ ʤʦʣʦʯʥʳʡ ʞʠʨ ʠʤʝʝʪ ʯʠʩʣʦ ʈʝʡʭʝʨʪʘ-ʄʝʡʩʩʣʷ ʦʢʦʣʦ 27,5 ʩʤ3 

NaOH (0,1 ʤʦʣʴ/ʣ)/5 ʛ, ʘ ʧʦʜʩʦʣʥʝʯʥʦʝ ʤʘʩʣʦ ï ʦʢʦʣʦ 0,55 ʩʤ3 NaOH (0,1 ʤʦʣʴ/ʣ)/5 ʛ. ʇʨʠ 

10 % ʟʘʤʝʥʝ ʤʦʣʦʯʥʦʛʦ ʞʠʨʘ ʫʞʝ ʤʦʞʥʦ ʥʘʙʣʶʜʘʪʴ ʩʫʱʝʩʪʚʝʥʥʦʝ ʧʦʥʠʞʝʥʠʝ 

ʨʝʟʫʣʴʪʘʪʦʚ.  

ʁʦʜʥʦʝ ʯʠʩʣʦ ʧʦʢʘʟʳʚʘʝʪ ʩʦʜʝʨʞʘʥʠʝ ʥʝʥʘʩʳʱʝʥʥʳʭ ʢʠʩʣʦʪ ʚ ʞʠʨʝ. ɺʳʨʘʞʝʥʦ 

ʤʘʩʩʦʡ ʡʦʜʘ (ʚ ʛ), ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʘ 100 ʛ ʞʠʨʘ. ʄʝʪʦʜ ʦʧʨʝʜʝʣʝʥʠʷ ʩʦʩʪʦʠʪ ʚ 

ʨʘʩʪʚʦʨʝʥʠʠ ʞʠʨʘ ʠ ʧʦʩʣʝʜʫʶʱʝʤ ʝʛʦ ʪʠʪʨʦʚʘʥʠʠ. ɺʨʝʤʷ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ ï 

20 ʤʠʥʫʪ. ʊʘʢʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʥʝ ʪʨʝʙʫʝʪ ʩʧʝʮʠʘʣʴʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. ʇʨʠ 20 % ʟʘʤʝʥʝ 

ʤʦʣʦʯʥʦʛʦ ʞʠʨʘ ʥʘ ʨʘʩʪʠʪʝʣʴʥʳʝ ʤʘʩʣʘ ʧʨʦʠʩʭʦʜʠʪ ʧʦʚʳʰʝʥʠʝ ʡʦʜʥʦʛʦ ʯʠʩʣʘ. ɽʩʣʠ 

ʡʦʜʥʦʝ ʯʠʩʣʦ ʙʦʣʴʰʝ 40,1 ʛ I2/100 ʛ, ʟʥʘʯʠʪ ʚ ʤʘʩʣʝ ʫʞʝ ʧʨʠʩʫʪʩʪʚʫʝʪ ʟʘʤʝʥʠʪʝʣʴ 

ʤʦʣʦʯʥʦʛʦ ʞʠʨʘ.  

ʇʦʢʘʟʘʪʝʣʴ ʧʨʝʣʦʤʣʝʥʠʷ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʩʧʦʩʦʙʥʦʩʪʴ ʞʠʨʘ ʧʨʝʣʦʤʣʷʪʴ ʣʫʯ ʩʚʝʪʘ, 

ʢʦʪʦʨʳʡ ʧʨʦʭʦʜʠʪ ʯʝʨʝʟ ʥʝʛʦ. ʀʩʧʦʣʴʟʫʷ ʵʪʦʪ ʧʦʢʘʟʘʪʝʣʴ ʚ ʧʨʦʮʝʩʩʝ ʧʨʦʠʟʚʦʜʩʪʚʘ ʤʘʩʣʘ 

ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʠʟʤʝʥʝʥʠʝ ʩʦʩʪʘʚʘ (ʟʘ ʩʯʝʪ ʠʟʦʤʝʨʠʟʘʮʠʠ, ʦʢʠʩʣʝʥʠʷ, ʛʠʜʨʦʛʝʥʠʟʘʮʠʠ 

ʠ ʜʨ.). ʉ ʧʦʤʦʱʴʶ ʧʦʢʘʟʘʪʝʣʷ ʧʨʝʣʦʤʣʝʥʠʷ ʤʦʞʥʦ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʪʴ ʥʝʢʦʪʦʨʳʝ ʚʠʜʳ 

ʞʠʨʘ. ʄʝʪʦʜ ʩʦʩʪʦʠʪ ʚ ʨʘʩʪʚʦʨʝʥʠʠ ʞʠʨʘ ʠ ʩʥʷʪʠʠ ʧʦʢʘʟʘʥʠʡ ʩ ʨʝʬʨʘʢʪʦʤʝʪʨʘ. ɺʨʝʤʷ 

ʧʨʦʚʝʜʝʥʠʷ ʦʧʳʪʘ ʟʘʥʠʤʘʝʪ ʦʢʦʣʦ 15 ʤʠʥʫʪ. ʇʨʠ 20 % ʟʘʤʝʥʝ ʤʦʣʦʯʥʦʛʦ ʞʠʨʘ ʥʘ 

ʨʘʩʪʠʪʝʣʴʥʳʝ ʤʘʩʣʘ ʧʨʦʠʩʭʦʜʠʪ ʧʦʚʳʰʝʥʠʝ ʧʦʢʘʟʘʪʝʣʷ ʧʨʝʣʦʤʣʝʥʠʷ. ɽʩʣʠ ʧʦʢʘʟʘʪʝʣʴ 

ʧʨʝʣʦʤʣʝʥʠʷ ʙʦʣʴʰʝ 1,4560, ʟʥʘʯʠʪ ʚ ʤʘʩʣʝ ʫʞʝ ʧʨʠʩʫʪʩʪʚʫʝʪ ʟʘʤʝʥʠʪʝʣʴ ʤʦʣʦʯʥʦʛʦ 

ʞʠʨʘ. 

ɻʘʟʦ-ʞʠʜʢʦʩʪʥʘʷ ʭʨʦʤʘʪʦʛʨʘʬʠʷ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʩʘʤʳʭ ʪʦʯʥʳʭ ʤʝʪʦʜʦʚ 

ʦʧʨʝʜʝʣʝʥʠʷ ʬʘʣʴʩʠʬʠʢʘʪʘ ʚ ʤʘʩʣʦ-ʞʠʨʦʚʦʡ ʧʨʦʜʫʢʮʠʠ, ʪʘʢ ʢʘʢ ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʠʪʴ 

ʟʘʤʝʥʫ ʤʦʣʦʯʥʦʛʦ ʞʠʨʘ ʦʪ 2 %. ʄʝʪʦʜ ʷʚʣʷʝʪʩʷ ʪʨʫʜʦʝʤʢʠʤ, ʜʣʠʪʝʣʴʥʳʤ ʠ ʪʨʝʙʫʝʪ 

ʩʧʝʮʠʘʣʴʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. 

ʇʦʜʚʦʜʷ ʠʪʦʛ ʤʦʞʥʦ ʩʢʘʟʘʪʴ, ʯʪʦ ʢʘʞʜʳʡ ʠʟ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʤʝʪʦʜʦʚ ʠʤʝʝʪ ʩʚʦʠ 

ʧʨʝʠʤʫʱʝʩʪʚʘ: ʫ ʧʦʢʘʟʘʪʝʣʷ ʧʨʝʣʦʤʣʝʥʠʷ ʠ ʡʦʜʥʦʛʦ ʯʠʩʣʘ ï ʵʢʩʧʨʝʩʩʥʦʩʪʴ, ʯʠʩʣʦ 

ʈʝʡʭʝʨʪʘ-ʄʝʡʩʩʣʷ ʧʦʢʘʟʳʚʘʝʪ ʩʦʜʝʨʞʘʥʠʝ ʥʝʤʦʣʦʯʥʦʛʦ ʞʠʨʘ ʚ ʤʘʩʣʦ-ʞʠʨʦʚʦʡ 

ʧʨʦʜʫʢʮʠʠ, ɻɾʂ ï ʩʘʤʘʷ ʪʦʯʥʘʷ ʤʝʪʦʜʠʢʘ ʠʟ ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʳʭ ʂʘʢʦʡ ʠʟ ʤʝʪʦʜʦʚ 

ʚʳʙʨʘʪʴ ï ʟʘʚʠʩʠʪ ʦʪ ʧʦʩʪʘʚʣʝʥʥʦʡ ʟʘʜʘʯʠ, ʥʘʣʠʯʠʷ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʨʝʘʢʪʠʚʦʚ.  
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A VOLTAMMETRIC SENSORY SYSTEM FOR RECOGNITION OF TRYPTOPHAN 

ENANTIOMERS BASED ON GLASSY CARBON ELECTRODES MODIFIED BY 

POLYARYLENEPHTHALIDE COMPOSITES OF a-, b-, AND g-CYCLODEXTRINS  

Zilberg R. A., Maistrenko V. N., Yarkaeva Yu. A., Dubrovsky D. I., Provorova Yu. R. 

Bashkir State University, Ufa, 32, Validy st., 450076, Russia 

ZilbergRA@yandex.ru 

 

For a human, tryptophan (Trp) is an essential amino acid that enters the body with food 

proteins or nutritional supplements. The amino acids that make up proteins generally are in the 

L-configuration, whereas the D-amino acids do not participate in protein synthesis or even have 

an adverse effect on living organisms. These facts led researchers to develop methods for the 

recognition and determination of tryptophan enantiomers in medicines and food products.  

An enantioselective voltammetric sensory system based on glassy carbon electrodes 

modified by polyarylenephthalide (PAP) composites of Ŭ-, ɓ-, and ɔ-cyclodextrin was 

developed for selective detection of tryptophan enantiomers. The system uses the chemometric 

method of principal component analysis (PCA) and projection to latent structures discriminant 

analysis (PLS-DA). Results of chemometric processing of voltammograms of only one 

composite electrode (Ŭ-, ɓ-, or ɔ-CD) not allowing for the reliable recognition of Trp 

enantiomers. To increase the probability of distinguishing between Trp enantiomers, a sensory 

system with three indicator electrodes modified by PAP composites of Ŭ-, ɓ-, and ɔ-CD, with a 

cross sensitivity to the D- and L-enantiomers, was used. In this case, the array of experimental 

data containing the values of the instantaneous currents obtained during registration of the 

voltammograms on three indicator electrodes was chemometrically processed. The 

voltammograms using PCA were transformed into points on the principal component, 

constructed along the maximum dispersion of experimental data (PC1). Then, the next principal 

component (PC2) was constructed orthogonal to PC1 and directed along the next largest change 

in the measurement data, and so on. The number of principal components (from 2 to 5) allowing 

the structure of the initial array of experimental data and their direction in space was chosen on 

the basis of the explained variability (90 %). PCA shows that voltammogram clusters on the 

principal components plane do not intersect each other. Chemometric PLS-DA was then used 

for recognition of tryptophan enantiomers in real objects. Values of discriminant responses 

were calculated and the stereoisomer was determined. The closer the enantiomer discriminant 

response values were to unity, the higher the probability that they belonged to a given 

stereoisomer. Results were considered positive if an enantiomer was correctly assigned to the 

test sample and not assigned to the other enantiomer. The reference set and the test set were 

prepared independently. Use of separate GCEs modified by PAP composites of Ŭ-, ɓ-, and ɔ-CD 

to recognise the Trp enantiomers resulted in large errors of the second kind (acceptance of the 

incorrect enantiomer) of up to 50 % in the case of Ŭ-CD and 40 % in the case of ɔ-CD. The 

smallest errors were observed for GCE modified by PAP composites of ɓ-CD, which is 

supported by the fact that the binding constants of the tryptophan enantiomers with ɓ-CD differ 

from each other. Using a sensory system with three GCEs modified by PAP composites of Ŭ-, 

ɓ-, and ɔ-CD, errors of the first kind (incorrect assignment of the identified enantiomer) were 

not observed, and errors of the second kind were minimised. In this case, 99 % of samples were 

correctly recognised. The proposed sensory system, after additional studies, may be used to 

assess the enantiomeric purity of drugs containing tryptophan, the loss of activity of 

enantiomers due to improper storage and transportation, and drug expiration. 

 

The authors thank the Russian Science Foundation (Grant No. 16-13-10257) for financial 

support. 
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PROJECTION TO LATENT STRUCTURES FOR RECOGNITION OF ATENOLOL 

BY MANUFACTURERS  

Kabirova L. R., Provorova Yu. R., Dubrovsky D. I., Habletdinova A. I., Ganieva L. R. 

Bashkir State University 

32, Zaki Validi Street, 450074 Ufa, Republic of Bashkortostan, Russia 

ganievalianaa@yandex.ru 

 

Atenolol is a selective ɓ1-adrenoblocker. It is used in the treatment of cardiovascular 

diseases, such as arterial hypertension, angina pectoris, acute myocardial infarction, 

tachycardia, etc. One of the enantiomers of the medicinal product has pronounced 

pharmacological properties, unlike the other. This stimulates the development of studies on the 

recognition and determination of atenolol enantiomers in pharmaceuticals. In this work, 

pharmaceuticals from various manufacturers (Belupo, Pranapharm etc.) were chosen as real 

samples. The voltammograms were obtained by oxidation of atenolol on glassy carbon 

electrodes (GCE) modified by composites of polyelectrolyte complexes of chitosan (CS) and 

chitosan succinamide (SCS) with cyclodextrins (CD).  

Projection to Latent Structures (PLS) was used for atenolol recognition by 

manufacturers. PLS regression is a recent technique that generalizes and combines features 

from the principal component analysis and multiple regression. It is particularly useful when 

we need to predict a set of independent variables. PLS regression is a statistical method that 

finds a linear regression model by projecting the predicted variables and the observable 

variables to a new space. A PLS model will try to find the multidimensional direction in the X 

space that explains the maximum multidimensional variance direction in the Y space. Results 

were considered positive if reference sample was correctly assigned to the test sample. The 

reference set and the test set were prepared independently. Values of discriminant responses of 

PLS model for real samples using sensory system based on three GCEs modified by composites 

of CS-SCS with Ŭ-, ɓ- and ɔ-CD were calculated and it is shown in table. It can be seen that all 

samples were correctly recognized.  

 

Table. Discriminant responses (RS/TS) of PLS model in percentage (%) for real samples 

using sensory system based on three GCEs modified by composites of CS-SCS with Ŭ-, ɓ- 

and ɔ-CD 

RS* 

TS**  
Sample 1 Sample 2 Sample 3 

Sample 1 98.80 0.83 0.38 

Sample 2 0.83 98.96 0.21 

Sample 3 0.37 0.21 99.42 

* RS ï reference sample, TS ï test sample 

 

Thus, the partial least squares regression method was successfully applied to the 

recognition of atenolol by the manufacturers, which will allow expressly evaluating the quality 

of the medicament on its basis. 

 

This work was supported by the Russian Science Foundation (Grant No. 16-13-10257). 
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ʍʈʆʄɸʊʆɻʈɸʌɯʏʅɸ ʆʎɯʅʂɸ ʃɯʇʆʌɯʃʔʅʀʍ ɺʃɸʉʊʀɺʆʉʊɽʁ ʇʆʍɯɼʅʀʍ 

10-((1,3,4-ʆʂʉɸɼɯɸɿʆʃ-2-ɯʃ)ʄɽʊʀʃ)ɸʂʈʀɼʀʅ-9(10H)-ʆʅɯɺ ʗʂ 

ʇʆʊɽʅʎɯʁʅʀʍ ʅʀɿʔʂʆʄʆʃɽʂʋʃʗʈʅʀʍ ɯʅɼʋʂʊʆʈɯɺ ɯʅʊɽʌɽʈʆʅʋ 

ʂʘʨʧʝʥʢʦ ʖ. ɺ., ʆʤʝʣʴʷʥʯʠʢ ʃ. ʆ., ʇʘʥʘʩʝʥʢʦ ʊ. ɺ., ʂʫʯʤʝʥʢʦ ɸ. ʈ. 

ɿʘʧʦʨʽʟʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, ʚʫʣ. ɾʫʢʦʚʩʴʢʦʛʦ, 66, ɿʘʧʦʨʽʞʞʷ 

karpenko.y.v@gmail.com 

 

ʇʫʙʣʽʢʘʮʽʾ ʦʩʪʘʥʥʽʭ ʨʦʢʽʚ ʩʚʽʜʯʘʪʴ ʧʨʦ ʧʝʨʩʧʝʢʪʠʚʥʽʩʪʴ ʧʦʰʫʢʫ ʙʽʦʣʦʛʽʯʥʦ 

ʘʢʪʠʚʥʠʭ ʨʝʯʦʚʠʥ ʚ ʨʷʜʫ 10-ʘʟʦʣʽʣʤʝʪʠʣʘʢʨʠʜʦʥʽʚ ʩʧʦʣʫʢ ʟ ʘʥʪʠʙʘʢʪʝʨʽʘʣʴʥʦʶ, 

ʧʨʦʪʠʤʽʢʨʦʙʥʦʶ ʪʘ ʬʫʥʛʽʮʠʜʥʦʶ ʘʢʪʠʚʥʽʩʪʶ. ʆʙ'ʻʜʥʘʥʥʷ ʚ ʦʜʥʽʡ ʤʦʣʝʢʫʣʽ ʜʚʦʭ 

ʬʘʨʤʘʢʦʬʦʨʥʠʭ ʬʨʘʛʤʝʥʪʽʚ ï ʘʢʨʠʜʦʥʦʚʦʛʦ ʡ ʘʟʦʣʴʥʦʛʦ ʛʝʪʝʨʦʮʠʢʣʽʚ, ʟʚ'ʷʟʘʥʠʭ 

ʤʝʪʠʣʝʥʦʚʠʤ ʘʙʦ ʝʪʠʣʝʥʦʚʠʤ ʤʽʩʪʢʦʤ, ʤʦʞʝ ʧʨʠʚʝʩʪʠ ʜʦ ʦʜʝʨʞʘʥʥʷ ʩʧʦʣʫʢ, ʱʦ 

ʧʨʦʷʚʣʷʶʪʴ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʙʽʦʣʦʛʽʯʥʦʾ ʘʢʪʠʚʥʦʩʪʽ.  

ʇʝʨʰ ʥʽʞ ʚʚʝʩʪʠ ʚ ʩʪʨʫʢʪʫʨʫ ʥʝʦʙʭʽʜʥʽ ʬʘʨʤʘʢʦʬʦʨʠ ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ ʧʝʚʥʦʛʦ 

ʚʠʜʫ ʙʽʦʣʦʛʽʯʥʦʾ ʘʢʪʠʚʥʦʩʪʽ, ʧʦʪʨʽʙʥʦ ʚʠʟʥʘʯʠʪʠ ʪʘ ʦʙʯʠʩʣʠʪʠ ʤʦʞʣʠʚʽ ʘʜʩʦʨʙʮʽʡʥʽ 

ʚʣʘʩʪʠʚʦʩʪʽ ʤʦʣʝʢʫʣʠ. ɺʽʜ ʪʦʛʦ ʥʘʩʢʽʣʴʢʠ ʰʚʠʜʢʦʶ ʪʘ ʝʬʝʢʪʠʚʥʦʶ ʙʫʜʝ ʪʨʘʥʩʧʦʨʪʥʘ 

ʟʜʘʪʥʽʩʪʴ ʤʦʣʝʢʫʣʠ, ʙʫʜʝ ʟʘʣʝʞʘʪʠ ʾʾ ʙʽʦʜʦʩʪʫʧʥʽʩʪʴ, ʪʝʨʘʧʝʚʪʠʯʥʘ ʜʦʟʘ, ʧʦʙʽʯʥʘ ʜʽʷ, 

ʪʦʱʦ. ʉʘʤʝ ʣʽʧʦʬʽʣʴʥʽʩʪʴ ̒  ʦʜʥʠʤ ʽʟ ʚʘʞʣʠʚʠʭ ʯʠʥʥʠʢʽʚ, ʚʽʜ ʷʢʦʛʦ ʟʘʣʝʞʠʪʴ ʘʜʩʦʨʙʮʽʡʥʘ 

ʟʜʘʪʥʽʩʪʴ ʥʝ ʨʦʟʯʠʥʥʠʭ ʫ ʚʦʜʽ ʨʝʯʦʚʠʥ. ɸʜʞʝ ʣʽʧʦʬʽʣʴʥʽʩʪʴ ï ʤʽʨʘ ʩʧʦʨʽʜʥʝʥʦʩʪʽ 

ʦʨʛʘʥʽʯʥʠʭ ʨʝʯʦʚʠʥ ʜʦ ʣʽʧʽʜʽʚ. ɿ ʧʨʦʘʥʘʣʽʟʦʚʘʥʠʭ ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʞʝʨʝʣ, ʙʫʣʦ 

ʚʩʪʘʥʦʚʣʝʥʦ ʪʽʩʥʠʡ ʚʟʘʻʤʦʟʚôʷʟʦʢ ʤʽʞ ʘʜʩʦʨʙʮʽʡʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʩʧʦʣʫʢʠ ʪʘ 

ʟʨʦʩʪʘʥʥʷʤ ʧʦʢʘʟʥʠʢʽʚ ʾʾ ʙʽʦʣʦʛʽʯʥʦʾ ʜʽʾ. ʎʝ, ʚʽʨʦʛʽʜʥʦ, ʤʦʞʥʘ ʧʦʷʩʥʠʪʠ ʢʨʘʱʠʤ 

ʥʘʢʦʧʠʯʝʥʥʷ ʩʧʦʣʫʢ ʫ ʞʠʨʦʚʠʭ ʪʢʘʥʠʥʘʭ, ʟʨʦʩʪʘʥʥʷʤ ʰʚʠʜʢʦʩʪʽ ʧʨʦʥʠʢʥʝʥʥʷ ʯʝʨʝʟ 

ʰʢʽʨʫ ʘʙʦ ʙʽʦʣʦʛʽʯʥʽ ʤʝʤʙʨʘʥʠ, ʱʦ ʟʘ ʩʚʦʻʶ ʩʪʨʫʢʪʫʨʦʶ ʻ ʣʽʧʽʜʘʤʠ.  

ʊʦʤʫ ʜʦʮʽʣʴʥʦ ʙʫʣʦ ʩʧʦʯʘʪʢʫ ʦʙˇʨʫʥʪʫʚʘʪʠ ʜʘʥʫ ʟʘʣʝʞʥʽʩʪʴ ʟ ʪʝʦʨʝʪʠʯʥʦʾ ʪʦʯʢʠ 

ʟʦʨʫ. ɼʣʷ ʮʴʦʛʦ ʙʫʣʦ ʚʠʨʽʰʝʥʦ ʜʣʷ ʩʧʦʣʫʢ ʨʦʟʨʘʭʫʚʘʪʠ ʢʦʝʬʽʮʽʻʥʪ ʣʽʧʦʬʽʣʴʥʦʩʪʽ ʪʘ, 

ʤʘʶʯʠ ʜʘʥʽ ʯʘʩʫ ʫʪʨʠʤʘʥʥʷ ʥʘ ʭʨʦʤʘʪʦʛʨʘʬʽʯʥʽʡ ʢʦʣʦʥʮʽ ʽ ʭʨʦʤʘʪʦʛʨʘʬʽʯʥʫ ʢʦʥʩʪʘʥʪʫ 

ʜʣʷ ʪʦʥʢʦʰʘʨʦʚʦʾ ʭʨʦʤʘʪʦʛʨʘʬʽʾ, ʧʨʦʚʝʩʪʠ ʢʦʨʝʣʷʮʽʶ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. 

ʆʪʨʠʤʘʥʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʨʝʟʫʣʴʪʘʪʠ ʜʦʚʦʜʷʪʴ, ʱʦ ʟʘʧʨʦʧʦʥʦʚʘʥʽ ʫʤʦʚʠ ʜʣʷ 

ʘʥʘʣʽʟʫ ʣʽʧʦʬʽʣʴʥʦʩʪʽ ʧʦʭʽʜʥʠʭ 10-((1,3,4-ʦʢʩʘʜʽʘʟʦʣ-2-ʽʣ)ʤʝʪʠʣ)ʘʢʨʠʜʠʥ-9(10ʅ)-ʦʥʽʚ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʝʪʦʜʽʚ RP-HPLC ʪʘ RP-TLC ʜʣʷ ʪʦʯʥʦʛʦ ʪʘ ʧʨʦʩʪʦʛʦ ʚʠʟʥʘʯʝʥʥʷ 

ʟʥʘʯʝʥʴ logP ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʤʝʪʦʜʦʤ ʦʢʪʘʥʦʣ-ʚʦʜʘ. 
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ɺʀɺʏɽʅʅʗ ʈʆɿʇʆɼɯʃʋ ʊʈʀʍʃʆʈɸʎɽʊɸʊʅʆɰ ʂʀʉʃʆʊʀ ʄɯɾ ɺʆɼʆʖ 

ʊɸ ʆʈɻɸʅɯʏʅʀʄʀ ʈʆɿʏʀʅʅʀʂɸʄʀ 

ʂʦʪʣʷʨ ʂ. ʆ., ɼʽʜʝʥʢʦ ɺ. ɺ., ʂʨʦʥʽʢʦʚʩʴʢʠʡ ʆ. ɯ. 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʭʘʨʯʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ 
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ɺʽʜʦʤʦ, ʱʦ ʢʘʨʙʦʥʦʚʽ ʢʠʩʣʦʪʠ ʤʦʞʫʪʴ ʚʠʩʪʫʧʘʪʠ ʝʬʝʢʪʠʚʥʠʤʠ ʧʨʦʪʠʡʦʥʠʤʠ ʧʨʠ 

ʝʢʩʪʨʘʢʮʽʾ ʢʘʪʽʦʥʽʚ ʤʝʪʘʣʽʚ ʫ ʚʠʜʽ ʢʦʤʧʣʝʢʩʽʚ ʟ ʤʘʢʨʦʮʠʢʣʽʯʥʠʤʠ ʪʘ ʘʮʠʢʣʽʯʥʠʤʠ 

ʧʦʣʽʝʪʝʨʘʤʠ. ɼʣʷ ʨʦʟʫʤʽʥʥʷ ʪʘ ʤʦʞʣʠʚʦʩʪʽ ʧʝʨʝʜʙʘʯʝʥʥʷ ʧʨʦʮʝʩʽʚ, ʱʦ ʧʨʦʪʽʢʘʶʪʴ ʚ 

ʜʘʥʠʭ ʝʢʩʪʨʘʢʮʽʡʥʠʭ ʩʠʩʪʝʤʘʭ, ʥʝʦʙʭʽʜʥʦ ʟʥʘʪʠ, ʷʢʠʤ ʯʠʥʦʤ ʢʘʨʙʦʥʦʚʽ ʢʠʩʣʦʪʠ 

ʨʦʟʧʦʜʽʣʷʶʪʴʩʷ ʤʽʞ ʦʨʛʘʥʽʯʥʠʤʠ ʨʦʟʯʠʥʥʠʢʘʤʠ ʽ ʚʦʜʦʶ, ʘ ʪʘʢʦʞ ʜʦʩʣʽʜʠʪʠ ʬʘʢʪʦʨʠ, ʱʦ 

ʚʧʣʠʚʘʶʪʴ ʥʘ ʮʝʡ ʧʨʦʮʝʩ. 

ɼʦʩʠʪʴ ʧʝʨʩʧʝʢʪʠʚʥʠʤ ʧʨʦʪʠʡʦʥʦʤ ʧʨʠ ʝʢʩʪʨʘʢʮʽʾ ʢʦʤʧʣʝʢʩʽʚ ʤʝʪʘʣʽʚ ʟ 

ʧʦʣʽʝʪʝʨʘʤʠ ʧʨʦʷʚʠʣʘ ʩʝʙʝ ʪʨʠʭʣʦʨʘʮʝʪʘʪʥʘ ʢʠʩʣʦʪʘ (ʅʊʍɸ). ɺ ʚʠʧʘʜʢʫ ʾʾ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʷʢ ʚʠʩʦʢʘ ʩʠʥʝʨʛʝʪʠʯʥʘ ʜʽʷ ʢʨʘʫʥ-ʝʪʝʨʽʚ, ʪʘʢ ʽ ʢʽʣʴʢʽʩʥʝ ʚʠʣʫʯʝʥʥʷ ʨʷʜʫ 

ʤʝʪʘʣʽʚ ʚ ʰʠʨʦʢʦʤʫ ʽʥʪʝʨʚʘʣʽ ʨʅ. 

ʗʢʱʦ ʨʦʟʧʦʜʽʣ ʪʨʠʭʣʦʨʘʮʝʪʘʪʥʦʾ ʢʠʩʣʦʪʠ ʨʦʟʛʣʷʜʘʪʠ ʷʢ ʬʽʟʠʯʥʠʡ ʧʨʦʮʝʩ, ʱʦ 

ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʚʧʣʠʚʦʤ ʟʘʛʘʣʴʥʦʾ ʩʦʣʴʚʘʪʘʮʽʾ ʤʦʣʝʢʫʣʠ ʨʝʯʦʚʠʥʠ, ʷʢʘ ʝʢʩʪʨʘʛʫʻʪʴʩʷ, 

ʪʦ ʤʦʞʣʠʚʦ ʦʯʽʢʫʚʘʪʠ ʣʽʥʽʡʥʫ ʢʦʨʝʣʷʮʽʶ lgP ʟ ʧʘʨʘʤʝʪʨʘʤʠ ɺʈ* ʽ ɽʪ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ 

ʟʜʘʪʥʽʩʪʴ ʨʦʟʯʠʥʥʠʢʘ ʟʜʽʡʩʥʶʚʘʪʠ ʪʘʢʫ ʩʦʣʴʚʘʪʘʮʽʶ. 

ʈʦʟʧʦʜʽʣ ʷʚʣʷʻ ʩʦʙʦʶ ʦʜʥʦʯʘʩʥʝ ʽ ʚʟʘʻʤʥʝ ʨʦʟʯʠʥʝʥʥʷ ʨʝʯʦʚʠʥʠ, ʷʢʘ 

ʝʢʩʪʨʘʛʫʻʪʴʩʷ, ʚ ʜʚʦʭ ʩʫʤʽʞʥʠʭ ʨʽʜʢʠʭ ʬʘʟʘʭ. ʎʽʢʘʚʠʤ ʙʫʣʦ ʧʨʦʩʣʽʜʢʫʚʘʪʠ ʟʘʣʝʞʥʽʩʪʴ 

ʢʦʥʩʪʘʥʪʠ ʨʦʟʧʦʜʽʣʫ ʅʊʍɸ ʚʽʜ ʧʘʨʘʤʝʪʨʘ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʻ ʨʦʟʯʠʥʷʶʯʫ (ʘ ʦʪʞʝ ʽ 

ʝʢʩʪʨʘʛʫʶʯʫ) ʟʜʘʪʥʽʩʪʴ ʨʦʟʯʠʥʥʠʢʘ. ɺ ʷʢʦʩʪʽ ʪʘʢʦʛʦ ʧʘʨʘʤʝʪʨʘ ʤʦʞʝ ʩʣʫʛʫʚʘʪʠ ʧʘʨʘʤʝʪʨ 

ʨʦʟʯʠʥʥʦʩʪʽ ɻʽʣʴʜʝʥʙʨʘʥʜʘ ŭ. ʈʦʟʯʠʥʥʽʩʪʴ ʚʽʜʥʦʩʥʦ ʧʦʣʷʨʥʠʭ ʨʝʯʦʚʠʥ ʚ ʤʘʣʦʧʦʣʷʨʥʠʭ 

ʨʦʟʯʠʥʥʠʢʘʭ ʧʦʚʠʥʥʘ ʟʨʦʩʪʘʪʠ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʟʥʘʯʝʥʥʷ ŭ. 

ɼʣʷ ʙʽʣʴʰʦʩʪʽ ʨʦʟʛʣʷʥʫʪʠʭ ʥʘʤʠ ʨʦʟʯʠʥʥʠʢʽʚ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʛʘʨʥʘ ʢʦʨʝʣʷʮʽʷ 

ʢʦʥʩʪʘʥʪ ʨʦʟʧʦʜʽʣʫ ʅʊʍɸ ʟ ʧʘʨʘʤʝʪʨʦʤ ɺʈ* (ʢʦʝʬʽʮʽʻʥʪ ʢʦʨʝʣʷʮʽʾ r = 0,89), ʧʘʨʘʤʝʪʨʦʤ 

ɽʪ (r = 0,86) ʪʘ ʧʘʨʘʤʝʪʨʦʤ ŭ (r = 0,89). ʂʦʨʝʣʷʮʽʷ ʢʦʥʩʪʘʥʪ ʨʦʟʧʦʜʽʣʫ ʅʊʍɸ ʟ 

ʧʘʨʘʤʝʪʨʘʤʠ ɺʈ*, ɽʪ ʽ ŭ ʤʦʞʝ ʪʘʢʦʞ ʩʣʫʛʫʚʘʪʠ ʦʩʥʦʚʦʶ ʜʣʷ ʷʢʽʩʥʦʾ ʦʮʽʥʢʠ ʜʦʮʽʣʴʥʦʩʪʽ 
ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʦʛʦ ʯʠ ʽʥʰʦʛʦ ʨʦʟʯʠʥʥʠʢʘ ʚ ʝʢʩʪʨʘʢʮʽʡʥʠʭ ʩʠʩʪʝʤʘʭ, ʷʢʽ ʤʽʩʪʷʪʴ 

ʪʨʠʭʣʦʨʘʮʝʪʘʪʥʫ ʢʠʩʣʦʪʫ. 

ɺ ʨʦʟʛʣʷʥʫʪʠʭ ʥʘʤʠ ʩʠʩʪʝʤʘʭ ʽʟ ʟʘʛʘʣʴʥʦʛʦ ʨʷʜʫ ʨʦʟʯʠʥʥʠʢʽʚ ʚʠʧʘʜʘʻ ʜʠʝʪʠʣʦʚʠʡ 

ʝʪʝʨ, ʷʢʠʡ ʤʘʻ ʜʦʩʠʪʴ ʚʠʩʦʢʽ ʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ɺʈ*, ɽʪ ʽ ŭ. ɺʽʜʩʫʪʥʽʩʪʴ ʢʦʨʝʣʷʮʽʾ ʜʣʷ 
ʜʠʝʪʠʣʦʚʦʛʦ ʝʪʝʨʫ, ʡʤʦʚʽʨʥʦ, ʤʦʞʥʘ ʧʦʷʩʥʠʪʠ ʡʦʛʦ ʟʜʘʪʥʽʩʪʶ ʜʦ ʚʟʘʻʤʦʜʽʾ ʟ ʅʊʍɸ. ʎʝ 

ʜʦʟʚʦʣʠʣʦ ʧʨʠʧʫʩʪʠʪʠ ʤʦʞʣʠʚʽʩʪʴ ʚʟʘʻʤʦʜʽʾ ʪʨʠʭʣʦʨʘʮʝʪʘʪʥʦʾ ʢʠʩʣʦʪʠ ʟ ʝʪʝʨʘʤʠ ʨʽʟʥʦʾ 

ʧʨʠʨʦʜʠ, ʚ ʪʦʤʫ ʯʠʩʣʽ ʤʦʞʣʠʚʽʩʪʴ ʫʪʚʦʨʝʥʥʷ ʚ ʦʨʛʘʥʽʯʥʽʡ ʬʘʟʽ ʘʩʦʮʽʘʪʽʚ ʅʊʍɸ ʟ 

ʤʘʢʨʦʮʠʢʣʽʯʥʠʤʠ ʪʘ ʘʮʠʢʣʽʯʥʠʤʠ ʧʦʣʽʝʪʝʨʘʤʠ. 
ʋʪʚʦʨʝʥʥʷ ʚ ʦʨʛʘʥʽʯʥʽʡ ʬʘʟʽ ʘʩʦʮʽʘʪʫ ʪʨʠʭʣʦʨʘʮʝʪʘʪʥʦʾ ʢʠʩʣʦʪʠ ʟ ʧʦʣʽʝʪʝʨʘʤʠ 

ʢʽʣʴʢʽʩʥʦ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʢʦʥʩʪʘʥʪʦʶ ʘʩʦʮʽʘʮʽʾ: 

Lʦ + ʅʊʍɸʦ ź LĀʅʊʍɸʦ                         ʂʘʩ = [LĀʅʊʍɸ]ʦ/[L]ʦ[ʅʊʍɸ]ʦ 

ɸʥʘʣʦʛʽʯʥʦ ʟʘʛʘʣʴʥʦʧʨʠʡʥʷʪʠʤ ʢʦʥʩʪʘʥʪʘʤ ʝʢʩʪʨʘʢʮʽʾ ʤʝʪʘʣʽʚ, ʢʦʥʩʪʘʥʪʫ 

ʝʢʩʪʨʘʢʮʽʾ ʢʠʩʣʦʪʠ ʚ ʜʘʥʽʡ ʩʠʩʪʝʤʽ ʤʦʞʥʘ ʟʘʧʠʩʘʪʠ ʪʘʢ: 

ʂʝʭ = [LĀʅʊʍɸ]ʦ/[ʅ
+]ʚ[ʊʍɸ

-]ʚ[L]ʦ  

ʎʽʢʘʚʦ, ʱʦ ʚʝʣʠʯʠʥʠ ʂʝʭ, ʨʦʟʨʘʭʦʚʘʥʽ ʜʣʷ ʘʙʩʦʣʶʪʥʦ ʨʽʟʥʠʭ ʟʘ ʩʚʦʾʤʠ 

ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʨʦʟʯʠʥʥʠʢʽʚ, ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʜʫʞʝ ʤʘʣʦ. ʅʝ ʧʨʦʷʚʣʷʻʪʴʩʷ ʚ ʜʘʥʦʤʫ 

ʚʠʧʘʜʢʫ ʽ ʤʘʢʨʦʮʠʢʣʽʯʥʠʡ ʝʬʝʢʪ, ʥʘʚʧʘʢʠ, ʥʘʡʙʽʣʴʰʽ ʟʥʘʯʝʥʥʷ ʂʘʩ ʪʘ ʂʝʭ ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ 

ʜʣʷ ʘʮʠʢʣʽʯʥʦʛʦ ʧʦʣʽʝʪʝʨʘ ʇɽɻ-1500. ɺ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ, ʡʤʦʚʽʨʥʦ, ʙʽʣʴʰ ʩʫʪʪʻʚʠʤ ʻ 

ʟʙʽʣʴʰʝʥʥʷ ʯʠʩʣʘ ʦʢʩʠʝʪʠʣʝʥʦʚʠʭ ʛʨʫʧ: 35 ʚ ʇɽɻ-1500 ʟʘʤʽʩʪʴ 6 ʚ 18ʉ6. 
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ʂʆʅʊʈʆʃʔ ɺʄɯʉʊʋ ɸɿʆʊʋ ʋ ʈʆʉʃʀʅʅʀʍ ɿʈɸɿʂɸʍ 

ʂʫʣʽʰʦʚʘ ʖ. ʆ., ʉʤʽʪʶʢ ʅ. ʄ. 

ɼʥʽʧʨʦʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ʆʣʝʩʷ ɻʦʥʯʘʨʘ 
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ɸʟʦʪ ï ʥʘʡʙʽʣʴʰ ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʠʡ ʤʽʢʨʦʝʣʝʤʝʥʪ, ʷʢʠʡ ʟʙʽʣʴʰʫʻ ʟʝʣʝʥʫ 

(ʚʝʛʝʪʘʪʠʚʥʫ) ʤʘʩʫ ʨʦʩʣʠʥ ʽ, ʷʢ ʥʘʩʣʽʜʦʢ, ʚʨʦʞʘʡʥʽʩʪʴ. ʉʝʨʝʜ ʫʩʽʭ ʤʽʥʝʨʘʣʴʥʠʭ ʜʦʙʨʠʚ 

ʘʟʦʪʥʽ ʥʘʡʙʽʣʴʰ ʥʝʙʝʟʧʝʯʥʽ ʧʨʠ ʧʝʨʝʜʦʟʫʚʘʥʥʽ. ʅʘʜʣʠʰʢʦʚʠʡ ʘʟʦʪ ʤʦʞʝ ʥʘʢʦʧʠʯʫʚʘʪʠʩʷ 

ʚ ʨʦʩʣʠʥʘʭ ʫ ʚʠʛʣʷʜʽ ʥʽʪʨʘʪʽʚ ʪʘ ʥʽʪʨʠʪʽʚ, ʰʢʽʜʣʠʚʠʭ ʜʣʷ ʟʜʦʨʦʚ'ʷ ʣʶʜʠʥʠ. ʆʟʥʘʢʠ 

ʜʝʬʽʮʠʪʫ ʘʟʦʪʫ ï ʛʘʣʴʤʫʚʘʥʥʷ ʨʦʩʪʫ ʨʦʩʣʠʥ. ʇʽʩʣʷ ʟʘʚ'ʷʟʫʚʘʥʥʷ ʧʣʦʜʽʚ ʯʘʩʪʠʥʘ ʾʭ 

ʦʩʠʧʘʻʪʴʩʷ, ʘ ʪʽ, ʱʦ ʟʘʣʠʰʠʣʠʩʷ, ʚʠʨʦʩʪʘʶʪʴ ʜʨʽʙʥʠʤʠ ʟ ʱʽʣʴʥʦʶ ʤ'ʷʢʦʪʪʶ. 

ɺʠʟʥʘʯʝʥʥʷ ʚʤʽʩʪʫ ʘʟʦʪʫ ʪʘ ʧʨʦʪʝʾʥʫ ʧʨʦʚʦʜʠʣʠ ʚ ʥʘʩʽʥʥʽ ʩʦʥʷʰʥʠʢʫ, ʢʫʢʫʨʫʜʟʠ, 

ʩʦʾ ʪʘ ʧʰʝʥʠʮʽ. ɺʤʽʩʪ ʘʟʦʪʫ ʪʘ ʧʨʦʪʝʾʥʫ ʚ ʘʥʘʣʽʟʦʚʘʥʠʭ ʟʨʘʟʢʘʭ ʚʠʟʥʘʯʘʣʠ ʧʦ ʤʝʪʦʜʫ 

ɼʶʤʘ. ʄʝʪʦʜ ʧʦʣʷʛʘʻ ʚ ʩʧʘʣʶʚʘʥʥʽ ʥʽʪʨʦʛʝʥʦʚʤʽʩʥʦʾ ʨʝʯʦʚʠʥʠ, ʚʥʘʩʣʽʜʦʢ ʯʦʛʦ 

ʫʪʚʦʨʶʻʪʴʩʷ ʚʽʣʴʥʠʡ ʘʟʦʪ ʽ ʩʫʤʽʰ ʢʽʣʴʢʦʭ ʦʢʩʠʜʽʚ. ɻʘʟʦʚʫ ʩʫʤʽʰ ʧʨʦʧʫʩʢʘʣʠ ʯʝʨʝʟ 

ʨʦʟʯʠʥ ʣʫʛʫ, ʚ ʷʢʦʤʫ ʨʦʟʯʠʥʷʶʪʴʩʷ ʚʩʽ ʩʢʣʘʜʦʚʽ ʦʢʨʽʤ ʘʟʦʪʫ. ʁʦʛʦ ʦʙ'ʻʤ ʚʠʤʽʨʁʚʘʣʠ 

ʩʧʝʮʽʘʣʴʥʠʤ ʚʦʣʶʤʝʪʨʦʤ (ʘʟʦʪʦʤʝʪʨʦʤ) ʽ ʥʘ ʦʩʥʦʚʽ ʮʴʦʛʦ ʨʦʟʨʘʭʦʚʫʚʘʣʠ ʚʠʭʽʜʥʠʡ ʚʤʽʩʪ 

ʅʽʪʨʦʛʝʥʫ ʚ ʨʝʯʦʚʠʥʽ. ɺʠʟʥʘʯʝʥʥʷ ʚʤʽʩʪʫ ʧʨʦʪʝʾʥʫ ʧʨʦʚʦʜʠʣʠ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʧʨʦʪʝʾʥʦʚʦʛʦ ʘʥʘʣʽʟʘʪʦʨʫ Leco FP 628. ʈʦʟʙʽʞʥʽʩʪʴ ʤʽʞ ʧʘʨʘʣʝʣʴʥʠʤʠ ʨʝʟʫʣʴʪʘʪʘʤʠ ʥʝ 

ʧʦʚʠʥʥʘ ʧʝʨʝʚʠʱʫʚʘʣʘ ʟʘ ʧʨʦʪʝʾʥʦʤ 0,5 %. ʏʘʩ ʘʥʘʣʽʟʫ ʩʪʘʥʦʚʠʚ 180ï190 ʩʝʢʫʥʜ. 

ʈʝʟʫʣʴʪʘʪʠ ʚʠʟʥʘʯʝʥʥʷ ʮʠʭ ʧʦʢʘʟʥʠʢʽʚ ʥʘʚʝʜʝʥʦ ʚ ʪʘʙʣ. 

 

ʊʘʙʣʠʮʷ. ɺʤʽʩʪ ʘʟʦʪʫ ʪʘ ʧʨʦʪʝʾʥʫ ʫ ʨʦʩʣʠʥʥʠʭ ʟʨʘʟʢʘʭ 

ɸʥʘʣʽʟʦʚʘʥʠʡ ʟʨʘʟʦʢ ɺʤʽʩʪ ʘʟʦʪʫ, % ɺʤʽʩʪ ʧʨʦʪʝʾʥʫ, % 

ʅʘʩʽʥʥʷ ʩʦʥʷʰʥʠʢʫ 2,2 11,7 

ʂʫʢʫʨʫʜʟʘ 2,3 12,3 

ʉʦʷ 2,7 14,5 

ʇʰʝʥʠʮʷ 2,2 11,5 

 

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʥʘʡʙʽʣʴʰʠʡ ʚʤʽʩʪ ʘʟʦʪʫ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʫ ʩʦʾ 2,7 %, ʫ ʽʥʰʠʭ 

ʟʨʘʟʢʘʭ ʚʤʽʩʪ ʤʘʡʞʝ ʥʘ ʦʜʥʘʢʦʚʦʤʫ ʨʽʚʥʽ 2,2ï2,3 %. ʅʘʡʙʽʣʴʰʠʡ ʚʤʽʩʪ ʧʨʦʪʝʾʥʫ 

ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʫ ʩʦʾ 14,5 %, ʥʘʡʤʝʥʰʠʡ ï ʧʰʝʥʠʮʽ 11,5 %. 
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ʈʆɿɯɻʈɯɺɸʖʏʀʁ ɸʅʊʀʎɽʃʖʃɯʊʅʀʁ ʂʈɽʄ ɼʃʗ ʊɯʃɸ 

ʂʫʮʝʚʦʣ ɸ. ɭ., ɺʦʣʥʷʥʩʴʢʘ ʆ. ɺ. 

ɼɺʅɿ çʋʢʨʘʾʥʩʴʢʠʡ ʜʝʨʞʘʚʥʠʡ ʭʽʤʽʢʦ-ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪè  

angelina.kutsevol@gmail.com 

 

ʎʝʣʶʣʽʪ ï ʮʝ ʣʦʢʘʣʴʥʝ ʟʙʽʣʴʰʝʥʥʷ ʞʠʨʦʚʠʭ ʢʣʽʪʠʥ ʽ ʧʦʨʫʰʝʥʥʷ ʤʽʢʨʦʮʠʨʢʫʣʷʮʽʾ 

ʚ ʞʠʨʦʚʽʡ ʪʢʘʥʠʥʽ. ʎʽ ʢʣʽʪʠʥʠ ʧʝʨʝʩʪʘʶʪʴ ʚʠʜʽʣʷʪʠ ʧʨʦʜʫʢʪʠ ʩʚʦʻʾ ʞʠʪʪʻʜʽʷʣʴʥʦʩʪʽ, 

ʧʨʦʪʝ ʟ ʧʦʜʚʽʡʥʦʶ ʩʠʣʦʶ ʥʘʢʦʧʠʯʫʶʪʴ ʞʠʨ, ʘ ʪʘʢʦʞ ʨʽʜʠʥʫ, ʪʦʢʩʠʥʠ ʪʘ ʽʥʰʝ. 

ɸʥʪʠʮʝʣʶʣʽʪʥʠʡ ʢʨʝʤ ï ʢʦʩʤʝʪʠʯʥʠʡ ʟʘʩʽʙ, ʩʧʨʷʤʦʚʘʥʠʡ ʥʘ ʙʦʨʦʪʴʙʫ ʟ ʧʨʦʷʚʘʤʠ 

ʮʝʣʶʣʽʪʫ ʥʘ ʩʪʝʛʥʘʭ, ʩʽʜʥʠʮʷʭ, ʞʠʚʦʪʽ, ʨʫʢʘʭ. 

ɼʽʷ ʘʥʪʠʮʝʣʶʣʽʪʥʦʛʦ ʢʨʝʤʫ: 

ï ʧʦʢʨʘʱʫʻ ʢʨʦʚʦʦʙʽʛ ʽ ʣʽʤʬʦʪʦʢ; 

ï ʩʪʠʤʫʣʶʻ ʦʙʤʽʥʥʽ ʧʨʦʮʝʩʠ ʚ ʢʣʽʪʠʥʘʭ ʰʢʽʨʠ; 

ï ʟʤʽʮʥʶʻ ʩʪʽʥʢʠ ʩʫʜʠʥ; 

ï ʩʪʠʤʫʣʶʻ ʨʦʟʱʝʧʣʝʥʥʷ ʞʠʨʽʚ; 

ï ʩʪʠʤʫʣʶʻ ʚʠʚʝʜʝʥʥʷ ʰʣʘʢʽʚ ʽ ʪʦʢʩʠʥʽʚ. 

ɿʘʣʝʞʥʦ ʚʽʜ ʩʢʣʘʜʫ, ʩʧʦʩʦʙʫ ʟʘʩʪʦʩʫʚʘʥʥʷ ʽ ʧʨʠʥʮʠʧʫ ʜʽʾ ʨʦʟʨʽʟʥʷʶʪʴ ʢʽʣʴʢʘ 

ʦʩʥʦʚʥʠʭ ʨʽʟʥʦʚʠʜʽʚ ʮʽʻʾ ʢʘʪʝʛʦʨʽʾ ʟʘʩʦʙʽʚ: ʤʘʩʘʞʥʠʡ, ʨʦʟʽʛʨʽʚʘʶʯʠʡ, ʦʭʦʣʦʜʞʫʶʯʠʡ, ʜʣʷ 

ʦʙʛʦʨʪʘʥʥʷ. 

ɺ ʤʘʛʘʟʠʥʘʭ ʧʨʝʜʩʪʘʚʣʝʥʦ ʙʘʛʘʪʦ ʢʨʝʤʽʚ ʜʣʷ ʙʦʨʦʪʴʙʠ ʟ ʮʝʣʶʣʽʪʦʤ. ɺʠʨʦʙʥʠʢʠ 

ʟʘʣʫʯʘʶʪʴ ʧʦʢʫʧʮʽʚ ʜʦʩʪʫʧʥʦʶ ʚʘʨʪʽʩʪʶ, ʘʢʮʽʷʤʠ, ʟʥʠʞʢʘʤʠ, ʨʦʟʧʨʦʜʘʞʘʤʠ. 

ʇʨʠʚʘʙʣʠʚʽ ʫʤʦʚʠ ʢʫʧʽʚʣʽ ï ʚʘʞʣʠʚʠʡ ʢʨʠʪʝʨʽʡ ʧʨʠ ʚʠʙʦʨʽ ʢʨʝʤʫ, ʘʣʝ ʛʦʣʦʚʥʝ ï ʮʝ ʷʢʽʩʪʴ 

ʧʨʦʜʫʢʮʽʾ ʽ ʾʾ ʝʬʝʢʪʠʚʥʽʩʪʴ. 

ɺ ʷʢʦʩʪʽ ʦʙôʻʢʪʫ ʜʦʩʣʽʜʞʝʥʥʷ ʥʘʤʠ ʙʫʚ ʦʙʨʘʥʠʡ ʨʦʟʽʛʨʽʚʘʶʯʠʡ ʘʥʪʠʮʝʣʶʣʽʪʥʠʡ 

ʢʨʝʤ. ʄʝʪʦʶ ʨʦʙʦʪʠ ʻ ʨʦʟʨʦʙʢʘ ʨʝʮʝʧʪʫʨʠ ʪʘ ʚʠʚʯʝʥʥʷ ʽʩʥʫʶʯʠʭ ʙʘʟʦʚʠʭ ʨʝʮʝʧʪʫʨ 

ʨʦʟʽʛʨʽʚʘʶʯʦʛʦ ʘʥʪʠʮʝʣʶʣʽʪʥʦʛʦ ʢʨʝʤʫ ʪʘ ʾʭ ʘʥʘʣʽʟ. ʊʘʢʦʞ ʧʨʦʚʝʩʪʠ ʘʥʘʣʽʪʠʯʥʠʡ 

ʢʦʥʪʨʦʣʴ ʷʢʦʩʪʽ ʨʦʟʨʦʙʣʝʥʦʛʦ ʟʨʘʟʢʘ ʪʘ ʧʦʨʽʚʥʷʪʠ ʦʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʟ ʥʦʨʤʘʤʠ, ʷʢʽ 

ʥʘʚʝʜʝʥʽ ʚ ɻʆʉʊʘʭ.  

ʇʦʩʪʘʚʣʝʥʦʶ ʟʘʜʘʯʝʶ ʻ ʜʝʪʘʣʴʥʝ ʚʠʚʯʝʥʥʷ ʩʢʣʘʜʦʚʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʧʨʦʤʠʩʣʦʚʠʭ 

ʟʨʘʟʢʽʚ ʨʦʟʽʛʨʽʚʘʶʯʦʛʦ ʘʥʪʠʮʝʣʶʣʽʪʥʦʛʦ ʢʨʝʤʫ, ʧʨʦʚʝʩʪʠ ʧʦʚʥʠʡ ʧʦʢʦʤʧʦʥʝʥʪʥʠʡ ʘʥʘʣʽʟ 

ʜʣʷ ʦʮʽʥʢʠ ʙʝʟʧʝʢʠ ʢʦʩʤʝʪʠʯʥʦʛʦ ʚʠʨʦʙʫ ʪʘ ʤʦʞʣʠʚʦʛʦ ʚʧʣʠʚʫ ʥʘ ʦʨʛʘʥʽʟʤ ʣʶʜʠʥʠ. 

ɼʦ ʩʢʣʘʜʫ ʙʘʟʦʚʦʾ ʨʝʮʝʧʪʫʨʠ ʢʨʝʤʫ ʚʭʦʜʷʪʴ ʪʘʢʽ ʢʦʤʧʦʥʝʥʪʠ: ʛʽʜʨʦʣʘʪ ʨʦʟʤʘʨʠʥʫ, 

ʝʢʩʪʨʘʢʪ ʬʫʢʫʩʘ ʧʫʟʠʨʯʘʩʪʦʛʦ, ʤʘʩʣʦ ʰʠ, ʤʘʩʣʦ ʩʦʣʦʜʢʦʛʦ ʤʠʛʜʘʣʶ, ʚʽʪʘʤʽʥ ɸ, ʝʬʽʨʥʝ 

ʤʘʩʣʦ ʛʨʝʡʧʬʨʫʪʫ, ʝʤʫʣʴʛʘʪʦʨ Olivem 1000, CO2-ʝʢʩʪʨʘʢʪ ʢʫʨʢʫʤʠ, CO2-ʝʢʩʪʨʘʢʪ 

ʨʦʟʤʘʨʠʥʫ, ʢʦʥʩʝʨʚʘʥʪ. ɺ ʨʝʮʝʧʪʫʨʽ ʙʫʣʠ ʟʘʤʽʥʝʥʽ ʪʘʢʽ ʢʦʤʧʦʥʝʥʪʠ: ʤʘʩʣʦ ʰʠ ʟʘʤʽʥʝʥʦ 

ʥʘ ʤʘʩʣʦ ʚʠʥʦʛʨʘʜʥʦʾ ʢʽʩʪʦʯʢʠ, ʘʜʞʝ ʚʦʥʦ ʥʝ ʪʽʣʴʢʠ ʥʘʜʘʻ ʫʧʨʫʛʽʩʪʴ ʽ ʝʣʘʩʪʠʯʥʽʩʪʴ ʰʢʽʨʠ, 

ʘ ʱʝ ʡ ʰʚʠʜʢʦ ʚʩʤʦʢʪʫʻʪʴʩʷ, ʝʢʩʪʨʘʢʪ ʬʫʢʫʩʘ ʧʫʟʠʨʯʘʩʪʦʛʦ ï ʥʘ ʘʥʪʠʮʝʣʶʣʽʪʥʠʡ 

ʢʦʤʧʣʝʢʩ, ʙʦ ʚʽʥ ʤʘʻ ʙʽʣʴʰʫ ʜʽʶ ʥʘ ʧʦʟʙʘʚʣʝʥʥʷ ʚʽʜ ʮʝʣʶʣʽʪʫ. ɼʣʷ ʨʦʟʱʝʧʣʝʥʥʷ 

ʧʽʜʰʢʽʨʥʦʛʦ ʞʠʨʫ ʜʦʙʘʚʠʣʠ ʢʦʬʝʾʥ ʙʝʟʚʦʜʥʠʡ, ʚʽʥ ʘʢʪʠʚʽʟʫʻ ʤʽʢʨʦʮʠʨʢʫʣʷʮʽʶ, ʧʦʢʨʘʱʫʻ 

ʪʝʢʩʪʫʨʫ ʰʢʽʨʠ ʪʘ ʫʩʫʚʘʻ ʥʘʙʨʷʢʣʽʩʪʴ ʚ ʧʨʦʙʣʝʤʥʠʭ ʤʽʩʮʷʭ.  

ʈʦʟʨʦʙʣʝʥʘ ʨʝʮʝʧʪʫʨʘ ʨʦʟʽʛʨʽʚʘʶʯʦʛʦ ʘʥʪʠʮʝʣʶʣʽʪʥʦʛʦ ʢʨʝʤʫ ʧʦʢʨʘʱʫʻ 

ʤʽʢʨʦʮʠʨʢʫʣʷʮʽʶ, ʨʦʙʠʪʴ ʰʢʽʨʫ ʙʽʣʴʰ ʱʽʣʴʥʦʶ ʽ ʧʨʫʞʥʦʶ, ʘ ʮʝʣʶʣʽʪʥʽ ʙʫʛʦʨʢʠ ʤʝʥʰ 

ʧʦʤʽʪʥʠʤʠ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʟʘʧʨʦʧʦʥʦʚʘʥʠʭ ʩʧʝʮʽʘʣʴʥʠʭ ʨʦʟʽʛʨʽʚʘʶʯʠʭ ʢʦʤʧʦʥʝʥʪʽʚ 

ʩʪʠʤʫʣʶ  ̒ʦʙʤʽʥ ʨʝʯʦʚʠʥ ʽ ʘʢʪʠʚʽʟʫ ̒ʢʨʦʚʦʦʙʽʛ. ɿʘʚʜʷʢʠ ʮʴʦʤʫ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʨʦʮʝʩ 

ʨʦʟʱʝʧʣʝʥʥʷ ʣʽʧʽʜʽʚ ʽ ʧʦʜʘʣʴʰʝ ʫʧʦʚʽʣʴʥʝʥʥʷ ʾʭ ʥʘʢʦʧʠʯʝʥʥʷ ʚ ʪʢʘʥʠʥʘʭ. ʈʦʟʨʦʙʣʝʥʠʡ 

ʟʘʩʽʙ ʤ'ʷʢʦ ʽ ʜʙʘʡʣʠʚʦ ʜʦʛʣʷʜʘʻ ʟʘ ʰʢʽʨʦʶ, ʟʤʽʮʥʶʶʯʠ, ʪʦʥʽʟʫʶʯʠ ʽ ʨʦʙʣʷʯʠ ʾʾ 

ʰʦʚʢʦʚʠʩʪʦʶ. 
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ʀʄʇɽɼɸʅʉʆʄɽʊʈʀʏɽʉʂʆɽ ʊʀʊʈʆɺɸʅʀɽ ʀʆʅʆɻɽʅʅʓʍ ʇɸɺ 

ʉ ʀʉʇʆʃʔɿʆɺɸʅʀɽʄ ʄɽʊʆɼɸ ɻʃɸɺʅʓʍ ʂʆʄʇʆʅɽʅʊ 

ʄʘʢʩʶʪʦʚʘ ʕ. ʀ., ʉʠʜʝʣʴʥʠʢʦʚ ɸ. ɺ. 

ɹʘʰʢʠʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʋʬʘ 

elzesha@gmail.com 

 

ʇʫʪʠ ʧʦʚʳʰʝʥʠʷ ʩʝʣʝʢʪʠʚʥʦʩʪʠ ʤʝʪʦʜʠʢ ʦʧʨʝʜʝʣʝʥʠʷ ʚ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʭʠʤʠʠ, 

ʢʘʢ ʠʟʚʝʩʪʥʦ, ʨʘʟʥʦʦʙʨʘʟʥʳ. ʅʘʧʨʠʤʝʨ, ʚ ʧʦʪʝʥʮʠʦʤʝʪʨʠʠ ʨʘʟʨʘʙʘ-ʪʳʚʘʶʪ ʤʝʤʙʨʘʥʳ 

ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʠʦʥʦʩʝʣʝʢʪʠʚʥʳʭ ʩʝʥʩʦʨʦʚ, ʚʦ ʤʥʦʛʠʭ ʜʨʫʛʠʭ ʤʝʪʦʜʘʭ ʩʝʣʝʢʪʠʚʥʦʩʪʴ 

ʧʦʚʳʰʘʶʪ ʵʢʩʪʨʘʢʮʠʝʡ ʠʣʠ ʩʦʨʙʮʠʝʡ ʚʝʱʝʩʪʚ ʠʣʠ ʩʦʯʝʪʘʥʠʝʤ ʤʝʪʦʜʦʚ. ɺʘʞʥʝʡʰʠʤʠ 

ʟʘʜʘʯʘʤʠ ʧʨʠ ʵʪʦʤ ʦʩʪʘʶʪʩʷ ʧʦʚʳʰʝʥʠʝ ʩʝʣʝʢʪʠʚʥʦʩʪʠ, ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʦʧʨʝʜʝʣʝʥʠʷ 

ʚʝʱʝʩʪʚ ʧʨʠ ʦʜʥʦʚʨʝʤʝʥʥʦʤ ʫʣʫʯʰʝʥʠʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʵʢʩʧʨʝʩʩʥʦʩʪʠ, ʘʚʪʦʤʘʪʠʟʘʮʠʠ 

ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ on-line, in-line ʠ at-line ʘʥʘʣʠʟʘ. ʇʝʨʚʦʩʪʝʧʝʥʥʦ ʪʘʢʠʝ ʟʘʜʘʯʠ ʥʝʦʙʭʦ-ʜʠʤʦ 

ʨʝʰʘʪʴ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʤʝʪʦʜʠʢ ʦʧʨʝʜʝʣʝʥʠʷ ʠ ʢʦʥʪʨʦʣʷ ʟʘʛʨʷʟʥʠʪʝʣʝʡ, ʤʘʩʰʪʘʙʥʦ 

ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʙʳʪʫ. ʆʜʥʠʤʠ ʠʟ ʪʘʢʠʭ ʚʝʱʝʩʪʚ ʷʚʣʷʶʪʩʷ 

ʧʦʚʝʨʭʥʦʩʪʥʦ-ʘʢʪʠʚʥʳʝ ʚʝʱʝʩʪʚʘ. ʇɸɺʳ ʥʘʰʣʠ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ 

ʢʦʩʤʝʪʠʢʦ-ʛʠʛʠʝʥʠʯʝʩʢʠʭ ʧʨʝʧʘʨʘʪʦʚ, ʘʥʪʠʩʪʘʪʠʢʦʚ ʠ ʢʦʥʜʠʮʠʦʥʝʨʦʚ ʜʣʷ ʪʢʘʥʝʡ, ʚ 

ʤʝʜʠʮʠʥʝ ï ʚ ʢʘʯʝʩʪʚʝ ʜʝʟʠʥʬʝʢʮʠʦʥʥʳʭ ʠ ʘʥʪʠʩʝʧʪʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ, ʚ 

ʥʝʬʪʝʜʦʙʳʚʘʶʱʝʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ï ʚ ʢʘʯʝʩʪʚʝ ʘʛʝʥʪʦʚ ʧʦʚʳʰʝʥʠʷ ʥʝʬʪʝʦʪʜʘʯʠ. 

ʆʜʥʠʤ ʠʟ ʩʚʦʨʝʤʝʥʥʳʭ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʤʝʪʦʜʦʚ ʷʚʣʷʝʪʩʷ ʤʝʪʦʜ ʠʤʧʝʜʘʥʩʥʦʡ 

ʩʧʝʢʪʨʦʩʢʦʧʠʠ, ʚ ʦʩʥʦʚʝ ʢʦʪʦʨʦʛʦ ʣʝʞʠʪ ʠʟʤʝʨʝʥʠʝ ʟʘʚʠʩʠʤʦʩʪʠ ʠʤʧʝʜʘʥʩʘ 

ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʡ ʷʯʝʡʢʠ ʦʪ ʯʘʩʪʦʪʳ ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ. ɸʥʘʣʠʟʠʨʫʝʤʳʝ ʦʙʲʝʢʪʳ 

ʨʘʟʣʠʯʥʦʡ ʧʨʠʨʦʜʳ ʠ ʩʦʩʪʘʚʘ ʠ ʧʨʦʪʝʢʘʶʱʠʝ ʥʘ ʵʣʝʢʪʨʦʜʘʭ ʧʨʦʮʝʩʩʳ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ 

ʨʘʟʥʳʤʠ ʟʘʚʠʩʠʤʦʩʪʷʤʠ ʩʦʩʪʘʚʣʷʶʱʠʭ ʠʤʧʝʜʘʥʩʘ (ʤʥʠʤʘʷ ʠ ʜʝʡʩʪʚʠʪʝʣʴʥʘʷ ʯʘʩʪʠ) ʦʪ 

ʯʘʩʪʦʪʳ ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʤʝʪʦʜ ʚ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʮʝʣʷʭ ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʇɸɺ. ɺʘʞʥʦʝ ʧʨʝʠʤʫʱʝʩʪʚʦ ʤʝʪʦʜʘ ī ʚʳʩʦʢʘʷ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ 

ʠʟʤʝʨʝʥʠʡ, ʦʪʩʫʪʩʪʚʠʝ ʪʨʝʙʦʚʘʥʠʡ ʢ ʩʝʣʝʢʪʠʚʥʦʩʪʠ ʵʣʝʢʪʨʦʜʦʚ, ʧʨʠʩʫʪʩʪʚʠʶ 

ʦʢʨʘʰʝʥʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ, ʥʘʣʠʯʠʶ ʛʝʪʝʨʦʛʝʥʥʳʭ ʬʘʟ ʠ ʜʨ. ɺʘʞʥʳʤ ʧʨʝʠʤʫʱʝʩʪʚʦʤ 

ʤʝʪʦʜʘ ʠʤʧʝʜʘʥʩʥʦʛʦ ʩʧʝʢʪʨʦʩʢʦʧʠʯʝʩʢʦʛʦ ʪʠʪʨʦʚʘʥʠʷ ʧʝʨʝʜ ʢʦʥʜʫʢʪʦʤʝʪʨʠʯʝʩʢʠʤ ʠ 

ʧʦʪʝʥʮʠʦʤʝʪʨʠʯʝʩʢʠʤ ʤʝʪʦʜʘʤʠ ʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʚʘʨʴʠʨʦʚʘʥʠʷ ʩʝʣʝʢʪʠʚʥʦʩʪʠ 

ʦʪʢʣʠʢʘ ʠʟʤʝʥʝʥʠʝʤ ʜʠʘʧʘʟʦʥʘ ʯʘʩʪʦʪ ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ ʠ ʧʦʪʝʥʮʠʘʣʘ ʵʣʝʢʪʨʦʜʘ. ʅʝ 

ʤʝʥʝʝ ʚʘʞʥʘ ʚʳʩʦʢʘʷ ʩʢʦʨʦʩʪʴ ʨʝʛʠʩʪʨʘʮʠʠ ʠʤʧʝʜʘʥʩʘ ʷʯʝʡʢʠ ʚ ʦʪʣʠʯʠʝ ʦʪ 

ʧʦʪʝʥʮʠʦʤʝʪʨʠʠ, ʛʜʝ ʩʦʩʪʦʷʥʠʝ ʨʘʚʥʦʚʝʩʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʜʦʩʪʠʛʘʝʪʩʷ ʚ ʪʝʯʝʥʠʝ 

ʥʝʩʢʦʣʴʢʠʭ ʤʠʥʫʪ.  

ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʭʝʤʦʤʝʪʨʠʯʝʩʢʦʛʦ ʤʝʪʦʜʘ ʛʣʘʚʥʳʭ ʢʦʤʧʦʥʝʥʪ (ʄɻʂ) ʚ 

ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʘʧʨʦʙʠʨʦʚʘʥʘ ʤʝʪʦʜʠʢʘ ʦʧʨʝʜʝʣʝʥʠʷ ʢʘʪʠʦʥʥʳʭ ʠ ʘʥʠʦʥʥʳʭ ʇɸɺ 

ʤʝʪʦʜʦʤ ʠʤʧʝʜʘʥʩʦʤʝʪʨʠʯʩʢʦʛʦ ʪʠʪʨʦʚʘʥʠʷ. ʉ ʧʨʠʤʝʥʝʥʠʝʤ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʉʪʴʶʜʝʥʪʘ 

ʦʮʝʥʝʥʘ ʧʨʝʮʠʟʠʦʥʥʦʩʪʴ ʘʥʘʣʠʟʘ ʠʥʦʛʝʥʥʳʭ ʇɸɺ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʤʠʥʝʨʘʣʴʥʳʭ ʩʦʣʝʡ, 

ʧʦʣʠʢʘʨʠʣʘʤʠʜʘ, ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʚ ʥʝʬʪʝʜʦʙʳʚʘʶʱʝʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʠ 

ʨʘʟʥʳʭ ʧʦ ʩʦʩʪʘʚʫ ʥʝʬʪʝʡ. ʊʦʯʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʇɸɺ ʚ ʧʨʝʜʣʦʞʝʥʥʦʤ ʩʧʦʩʦʙʝ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʪʦʯʥʦʩʪʴʶ ʟʘʜʘʥʥʦʛʦ ʦʙʲʝʤʘ ʜʦʟʳ ʪʠʪʨʘʥʪʘ. ʄʝʪʦʜ ʧʦʟʚʦʣʷʝʪ 

ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʦ ʚʘʨʴʠʨʦʚʘʪʴ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʠ ʠʟʙʠʨʘʪʝʣʴʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʇɸɺ, 

ʵʢʩʧʨʝʩʩʥʦʩʪʴ ʠ ʪʦʯʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʟʣʠʯʥʳʭ ʜʠʘʧʘʟʦʥʦʚ ʯʘʩʪʦʪ 

ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ, ʘ ʪʘʢʞʝ ʠʟʤʝʥʝʥʠʷ ʧʣʦʱʘʜʠ ʠ ʧʦʪʝʥʮʠʘʣʘ ʧʦʣʷʨʠʟʘʮʠʠ ʨʘʙʦʯʝʛʦ 

ʵʣʝʢʪʨʦʜʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʧʨʝʠʤʫʱʝʩʪʚʘʭ 

ʤʝʪʦʜʘ ʠʤʧʝʜʘʥʩʥʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʧʝʨʝʜ ʠʟʚʝʩʪʥʳʤʠ ʩʧʦʩʦʙʘʤʠ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ 

ʦʧʨʝʜʝʣʝʥʠʷ ʠʦʥʦʛʝʥʥʳʭ ʇɸɺ ʚ ʩʣʦʞʥʳʭ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʭ ʛʦʤʦʛʝʥʥʳʭ ʠ 

ʛʝʪʝʨʦʛʝʥʥʳʭ ʩʠʩʪʝʤʘʭ. 

 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʈʌʌʀ: ʛʨʘʥʪ ˉ17ï43ï020232 ʨ-ʇʦʚʦʣʞʴʝ-ʘ. 
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FORMATION OF SODIUM HETEROPOLY DECATUNGSTOEUROPATE(III) 

Nʘ9[Eu(W5O18)2]Ŀ35H2O IN AQUEOUS SOLUTION  

Mariichak O. Yu., Rozantsev G. M., Radio S. V. 

Vasylô Stus Donetsk National University, Ukraine 

o.marijchak@donnu.edu.ua 

 

Lanthanide containing materials are receiving increasing attention due to their wide 

range of potential applications. To investigate the reaction of formation of Eu(III)-containing 

heteropoly anion individual aqueous solutions of Eu(NO3)3 (C = 0.01 mol/L) and 

Na9[Eu(W5O18)2]Ŀ35H2O (with C(Eu3+) = 0.01 mol/L) were prepared. The synthesis of sodium 

heteropoly decatungstoeuropate(III) Na9[Eu(W5O18)2]Ŀ35H2O from acidified up to 

Z=ɜ(H+)/ɜ(WO4
2ï)=0.80 aqueous solution of sodium tungstate with a ratio of ɜ(Eu):ɜ(W)=1:10 

was done. Using FT-IR and Raman spectroscopy it was shown that heteropoly anion contained 

in the isolated salt belong to PeacockïWeakly structure. The structure of 

Na9[Eu(W5O18)2]Ŀ35H2O was determinsd by Single Crystal X-ray analysis. 

The spontaneous formation of Na9[Eu(W5O18)2]Ŀ35H2O through a simple ionic self-

assembly method and the influence of different values of the temperature were investigated by 

using UV-Vis spectroscopy (Fig.). 

 

 
Fig. Electronic absorption spectra of the solutions: 

I ï Eu(NO3)3 (C = 0.01 mol/L); II ï Na9[Eu(W5O18)2]Ŀ35H2O (C(Eu3+) = 0.01 mol/L),  

TÁC ï measurement was done at 25 ÁC after 24 hours of Na9[Eu(W5O18)2]Ŀ35H2O boiling 

 

The presence of hypochromic shift in the heteropoly salt solution was established that 

is caused by the change in coordination polyhedron of Eu(III) ion during transition from aqua 

complex to Peacock-Weakley heteropolyanion with coordination towards the heteroatom of 

lacunar pentatungstate anions, W5O18
6ï, in the form of square antiprisms. There are two maxima 

peaks at 393.8 nm and 394.4 nm, which belong to europium nitrate and sodium heteropoly 

decatungstoeuropate(III), respectively. There is the directly proportional dependence between 

absorbance values and temperature. It shows that the absorbance decreases with the temperature 

from 10 to 60 ÁC in case of Eu(NO3)3, and Na9[Eu(W5O18)2]Ŀ35H2O. The absorbance of 

decatungstoeuropate(III) at 25 ÁC after 24 hours of sampleôs boiling is noticeably lower. This 

suggests that the concentration of the compounds in the samples became lower. Also, a large 

ligand peak was observed in europium nitrate around the 290ï310 nm, and in the case of sodium 

decatungstoeuropate(III) solution there is a big plato in the range of 200ï320 nm.  
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ʉʇɽʂʊʈʆʌʆʊʆʄɽʊʈʀʏʅɽ ɺʀɿʅɸʏɽʅʅʗ ɺʄɯʉʊʋ ɹɯʅɸʈʅʀʍ ʉʋʄɯʐɽʁ 

ʍɸʈʏʆɺʀʍ ɹɸʈɺʅʀʂɯɺ çɿɸʍɯɼ ʉʆʅʎʗè (ɽ110) ʊɸ çɸɿʆʈʋɹɯʅè (ɽ122) 

ʄʝʜʚʝʜʻʚʘ ɼ. ɼ., ɿʘʻʚʘ ɸ. ʉ., ʉʠʜʦʨʦʚʘ ʃ. ʇ. 

ɼʽʧʨʦʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ʆʣʝʩʷ ɻʦʥʯʘʨʘ 

dasha521309@gmail.com 

 

ʉʠʥʪʝʪʠʯʥʽ ʙʘʨʚʥʠʢʠ ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʚ ʩʫʯʘʩʥʽʡ ʭʘʨʯʦʚʽʡ 

ʧʨʦʤʠʩʣʦʚʦʩʪʽ. ɼʣʷ ʩʪʚʦʨʝʥʥʷ ʨʽʟʥʠʭ ʚʽʜʪʽʥʢʽʚ ʫ ʭʘʨʯʦʚʽ ʧʨʦʜʫʢʪʠ ʜʦʜʘʶʪʴ ʩʫʤʽʰʽ 

ʙʘʨʚʥʠʢʽʚ, ʩʧʝʢʪʨʠ ʷʢʠʭ ʟʥʘʯʥʦ ʧʝʨʝʢʨʠʚʘʶʪʴʩʷ, ʱʦ ʫʩʢʣʘʜʥʶʻ ʾʭ ʙʝʟʧʦʩʝʨʝʜʥʻ 

ʚʠʟʥʘʯʝʥʥʷ. ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʚʤʽʩʪʫ ʽʥʜʠʚʽʜʫʘʣʴʥʠʭ ʭʘʨʯʦʚʠʭ ʙʘʨʚʥʠʢʽʚ ɽ110 çʉʦʥʷʯʥʠʡ 

ʟʘʭʽʜè ʪʘ ɽ122 çɸʟʦʨʫʙʽʥè ʧʨʠ ʩʧʽʣʴʥʽʡ ʧʨʠʩʫʪʥʦʩʪʽ ʚʠʢʦʨʠʩʪʘʣʠ ʤʝʪʦʜ ʌʽʨʦʨʜʪʘ.  

ʄʝʪʦʜ ʌʽʨʦʨʜʪʘ ʜʦʟʚʦʣʷʻ ʘʥʘʣʽʟʫʚʘʪʠ ʙʘʛʘʪʦʢʦʤʧʦʥʝʥʪʥʽ ʩʠʩʪʝʤʠ ʚ ʫʤʦʚʘʭ 

ʧʝʨʝʢʨʠʚʘʥʥʷ ʩʧʝʢʪʨʽʚ ʦʢʨʝʤʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʽ, ʪʘʢʠʤ ʯʠʥʦʤ, ʪʘʢʦʞ ʩʣʫʞʠʪʴ ʜʣʷ 

ʧʽʜʚʠʱʝʥʥʷ ʩʝʣʝʢʪʠʚʥʦʩʪʽ. ɺ ʦʩʥʦʚʽ ʤʝʪʦʜʘ ʌʽʨʦʨʜʪʘ ʣʝʞʠʪʴ ʟʘʢʦʥ ʘʜʠʪʠʚʥʦʩʪʽ ʦʧʪʠʯʥʦʾ 

ʛʫʩʪʠʥʠ. ʄʝʪʦʜ ʧʦʣʷʛʘʻ ʚ ʚʠʤʽʨʽ ʦʧʪʠʯʥʦʾ ʱʽʣʴʥʦʩʪʽ ʩʫʤʽʰʽ ʧʨʠ ʜʝʢʽʣʴʢʦʭ ʜʦʚʞʠʥʘʭ 

ʭʚʠʣʴ ʽ ʩʢʣʘʜʘʥʥʽ ʩʠʩʪʝʤʠ ʨʽʚʥʷʥʴ, ʱʦ ʚʢʣʶʯʘʶʪʴ ʥʝʚʽʜʦʤʽ ʢʦʥʮʝʥʪʨʘʮʽʾ ʢʦʤʧʦʥʝʥʪʽʚ 

ʩʫʤʽʰʽ.  

ɼʣʷ ʜʚʦʭʢʦʤʧʦʥʝʥʪʥʦʾ ʩʠʩʪʝʤʠ: ʚʽʥ ʟʘʩʥʦʚʘʥʠʡ ʥʘ ʥʝʟʘʣʝʞʥʦʤʫ ʚʠʟʥʘʯʝʥʥʽ 

ʩʫʤʘʨʥʦʾ ʢʦʥʮʝʥʪʨʘʮʽʾ ʢʦʤʧʦʥʝʥʪʽʚ ʩʫʤʽʰʽ, ʟʦʢʨʝʤʘ ʥʘ ʚʠʢʦʨʠʩʪʘʥʥʽ ʪʦʯʢʠ ʧʝʨʝʪʠʥʫ 

ʩʧʝʢʪʨʽʚ ʧʦʛʣʠʥʘʥʥʷ ʢʦʤʧʦʥʝʥʪʽʚ. ʉʧʝʢʪʨʠ ʧʦʛʣʠʥʘʥʥʷ ʢʦʤʧʦʥʝʥʪʽʚ E110 ʪʘ ɽ122 

ʩʫʤʽʰʽ ʤʦʞʫʪʴ ʤʘʪʠ ʩʧʽʣʴʥʫ ʪʦʯʢʫ ʧʝʨʝʪʠʥʫ ʢʨʠʚʠʭ 1 ʽ 2 (ʈʠʩ.). ɺ ʮʴʦʤʫ ʚʠʧʘʜʢʫ Ů1ɚ1= 

Ů2ɚ1. ɼʦʚʞʠʥʫ ʭʚʠʣʽ ɚ2 ʚʠʙʠʨʘʶʪʴ ʚ ʦʙʣʘʩʪʽ ʥʘʡʙʽʣʴʰʦʾ ʨʽʟʥʠʮʽ ʚ ʩʧʝʢʪʨʘʭ ʧʦʛʣʠʥʘʥʥʷ 

550 ʥʤ. 

Aɚ1=Ů1ɚ1(C1+C2) 

    Aɚ2=Ů1ɚ2C1+ Ů2ɚ2C2 

C1=( Aɚ2 - Aɚ1 Ů2ɚ2/ Ů1ɚ1)/( Ů1ɚ2- Ů2ɚ2) 

C2=( Aɚ2 - Aɚ1 Ů1ɚ2/ Ů1ɚ1)/( Ů2ɚ2- Ů1ɚ2) 

Cɽ110 = (A550 ï A505Ůɽ122(550)/Ůɽ110(505))/(Ůɽ110(550) - Ůɽ122(550)) = 

= (0,41 - (1,03 Ĭ 3771,712/5062,035))/(297,7667 - 3771,712)= 1.02Ț10-4 ʤʦʣʴ/ʣ 

Cɽ122 = ( A550 ï A500 Ůɽ110(550)/ Ůɽ110(505))/(Ůɽ122(550) - Ůɽ110(550)) = 

= (0,41 - (1,03 Ĭ 297,7667/5062,035))/(3771,712 - 297,7667)= 1.01Ț10-4 ʤʦʣʴ/ʣ 
 

 

ʈʠʩ. ɻʨʘʬʽʢ ʟʘʣʝʞʥʦʩʪʽ ʢʦʝʬʽʮʽʻʥʪʘ ʩʚʽʪʣʦʧʦʛʣʠʥʘʥʥʷ ʚʽʜ ʜʦʚʞʠʥʠ ʭʚʠʣʽ ʜʣʷ ʙʘʨʚʥʠʢʽʚ 

ɽ110 ʪʘ ɽ122 (ʉɽ122 = 10 ʤʢʛ/ʤʣ, ʉɽ110 = 10 ʤʢʛ/ʤʣ) 
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ɼʦ ʥʝʽʦʥʦʛʝʥʥʠʭ ʧʦʚʝʨʭʥʝʚʦ-ʘʢʪʠʚʥʠʭ ʨʝʯʦʚʠʥ (ʇɸʈ) ʥʘʣʝʞʘʪʴ ʩʧʦʣʫʢʠ 

ʘʤʬʽʬʽʣʴʥʦʾ ʙʫʜʦʚʠ, ʚ ʷʢʠʭ ʛʽʜʨʦʬʽʣʴʥʘ ʯʘʩʪʠʥʘ ʤʦʣʝʢʫʣʠ ʥʝ ʜʠʩʦʮʽʶʻ ʥʘ ʽʦʥʠ, ʘ ʦʪʞʝ ʥʝ 

ʤʘʻ ʟʘʨʷʜʫ. ɺ ʢʦʩʤʝʪʠʯʥʠʭ ʟʘʩʦʙʘʭ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʽʥʰʠʤʠ ʧʦʚʝʨʭʥʝʚʦ-ʘʢʪʠʚʥʠʤʠ 

ʨʝʯʦʚʠʥʘʤʠ ʮʽ ʩʧʦʣʫʢʠ ʤʘʶʪʴ ʥʘʡʙʽʣʴʰ ʤôʷʢʫ ʜʽʶ, ʰʠʨʦʢʦ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʷʢ 

ʟʘʛʫʱʫʚʘʯʽ ʪʘ ʩʪʘʙʽʣʽʟʘʪʦʨʠ ʧʽʥʠ, ʦʩʢʽʣʴʢʠ ʜʦʙʨʝ ʧʦʻʜʥʫʶʪʴʩʷ ʟ ʽʥʰʠʤʠ ʨʝʯʦʚʠʥʘʤʠ 

ʢʦʩʤʝʪʠʯʥʠʭ ʨʝʮʝʧʪʫʨ ʪʘ ʻ ʙʽʦʨʦʟʢʣʘʜʥʠʤʠ. 

ʆʜʥʠʤ ʟ ʥʘʡʙʣʴʰ ʨʦʟʧʦʚʩʶʜʞʝʥʠʭ ʥʝʽʦʥʦʛʝʥʥʠʭ ʇɸʈ ʫ ʨʽʟʥʠʭ ʧʽʥʦʤʠʶʯʠʭ 

ʟʘʩʦʙʘʭ ʻ ʢʦʢʘʤʽʜ ʜʠʝʪʘʥʦʣʘʤʽʥʫ ï ʘʤʽʜ ʞʠʨʥʦʾ ʢʠʩʣʦʪʠ ʢʦʢʦʩʦʚʦʛʦ ʤʘʩʣʘ. ʁʦʛʦ 

ʦʩʥʦʚʥʠʤʠ ʪʝʭʥʦʣʦʛʽʯʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʻ ʝʤʫʣʴʛʫʚʘʥʥʷ, ʩʪʘʙʽʣʽʟʘʮʽʷ ʝʤʫʣʴʩʽʡ, 

ʟʘʛʫʱʝʥʥʷ, ʘʥʪʠʩʪʘʪʠʯʥʠʡ ʝʬʝʢʪ. ʂʦʢʘʤʽʜ ʜʽʝʪʘʥʦʣʘʤʽʥʫ (ʢʦʢʘʤʽʜ ɼɽɸ) ʥʘʙʫʚ ʰʠʨʦʢʦʛʦ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʫ ʩʢʣʘʜʽ ʰʘʤʧʫʥʽʚ, ʧʽʥ ʜʣʷ ʚʘʥʥ, ʛʝʣʽʚ ʜʣʷ ʜʫʰʫ, ʟʫʙʥʠʭ ʧʘʩʪ, ʛʝʣʽʚ ʪʘ 

ʣʦʩʴʡʦʥʽʚ ʜʣʷ ʦʙʣʠʯʯʷ ʪʦʱʦ. ʎʷ ʨʝʯʦʚʠʥʘ ʧʨʠ ʽʥʜʠʚʽʜʫʘʣʴʥʦʤʫ ʟʘʩʪʦʩʫʚʘʥʥʽ ʤʘʻ ʩʣʘʙʢʫ 

ʧʽʥʦʫʪʚʦʨʶʶʯʫ ʟʜʘʪʥʽʩʪʴ, ʪʦʤʫ ʯʘʩʪʦ ʜʣʷ ʧʽʜʩʠʣʝʥʥʷ ʧʽʥʦʤʠʶʯʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʟʘʩʦʙʽʚ 

ʜʦʜʘʶʪʴ ʽʥʰʽ ʘʥʽʦʥʥʽ ʘʙʦ ʘʤʬʦʪʝʨʥʽ ʧʦʚʝʨʭʥʝʚʦ-ʘʢʪʠʚʥʽ ʨʝʯʦʚʠʥʠ, ʱʦ ʚʦʣʦʜʽʶʪʴ ʙʽʣʴʰ 

ʞʦʨʩʪʢʦʶ ʜʽʻʶ. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʢʦʢʘʤʽʜʫ ɼɽɸ ʚ ʩʢʣʘʜʽ ʧʽʥʦʤʠʶʯʠʭ ʢʦʤʧʦʟʠʮʽʡ ʥʘʜʘʻ ʾʤ ʙʘʛʘʪʦ 

ʧʝʨʝʚʘʛ, ʪʘʢʠʭ ʷʢ ʟʜʘʪʥʽʩʪʴ ʧʽʥʠʪʠʩʴ ʫ ʞʦʨʩʪʢʽʡ ʚʦʜʽ, ʧʽʜʚʠʱʝʥʥʷ ʚôʷʟʢʦʩʪʽ, ʩʪʘʙʽʣʽʟʘʮʽʷ 

ʢʦʥʩʠʩʪʝʥʮʽʾ ʟʘʩʦʙʽʚ, ʧʦʤôʷʢʰʝʥʥʷ ʚʦʣʦʩʩʷ ʪʘ ʟʘʧʦʙʽʛʘʥʥʷ ʫʪʚʦʨʝʥʥʶ ʩʪʘʪʠʯʥʦʛʦ 

ʝʣʝʢʪʨʠʯʥʦʛʦ ʟʘʨʷʜʫ ʥʘ ʚʦʣʦʩʩʽ ʧʽʩʣʷ ʤʠʪʪʷ, ʟʘʢʨʽʧʣʝʥʥʷ ʟʘʧʘʭʽʚ ʘʨʦʤʘʪʠʟʘʪʦʨʽʚ ʚ 

ʟʘʩʦʙʘʭ. ʇʨʦʪʝ ʥʝʟʚʘʞʘʶʯʠ ʥʘ ʚʩʽ ʧʝʨʝʚʘʛʠ, ʢʦʢʘʤʽʜ ʜʽʝʪʘʥʦʣʘʤʽʥʫ ʤʘʻ ʽ ʥʝʜʦʣʽʢʠ ï ʤʦʞʝ 

ʚʠʢʣʠʢʘʪʠ ʘʣʝʨʛʽʯʥʽ ʨʝʘʢʮʽʾ ʪʘ ʟʘ ʜʝʷʢʠʤʠ ʜʦʩʣʽʜʞʝʥʥʷʤʠ ʤʦʞʝ ʤʘʪʠ ʪʦʢʩʠʯʥʫ ʪʘ 

ʢʘʥʮʝʨʦʛʝʥʥʫ ʜʽʶ. ʊʦʤʫ ʥʝʦʙʭʽʜʥʠʤ ʻ ʦʙʦʚô̫ ʟʢʦʚʠʡ ʢʦʥʪʨʦʣʴ ʢʽʣʴʢʽʩʥʦʛʦ ʚʤʽʩʪʫ ʮʽʻʾ 

ʨʝʯʦʚʠʥʠ ʫ ʢʦʩʤʝʪʠʯʥʠʭ ʟʘʩʦʙʘʭ. 

ʅʘʨʘʟʽ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʚʤʽʩʪʫ ʜʘʥʦʾ ʨʝʯʦʚʠʥʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʥʘʩʪʫʧʥʽ ʤʝʪʦʜʠ: 

ʛʘʟʦʚʘ ʭʨʦʤʘʪʦʛʨʘʬʽʷ ʪʘ ʚʠʩʦʢʦʝʬʝʢʪʠʚʥʘ ʨʽʜʥʠʥʥʘ ʭʨʦʤʘʪʦʛʨʘʬʽʷ. ʇʨʦʪʝ ʮʽ ʤʝʪʦʜʠ 

ʩʢʣʘʜʥʽ ʫ ʜʦʩʣʽʜʞʝʥʥʽ ʪʘ ʧʨʦʙʦʧʽʜʛʦʪʦʚʮʽ, ʘ ʪʘʢʦʞ ʥʝ ʻ ʝʢʩʧʨʝʩʥʠʤʠ. ʊʦʤʫ ʨʦʟʨʦʙʢʘ 

ʘʣʴʪʝʨʥʘʪʠʚʥʠʭ, ʙʽʣʴʰ ʧʨʦʩʪʠʭ ʪʘ ʝʢʩʧʨʝʩʥʠʭ ʤʝʪʦʜʠʢ ʚʠʟʥʘʯʝʥʥʷ ʢʽʣʴʢʽʩʥʦʛʦ ʚʤʽʩʪʫ 

ʮʽʻʾ ʨʝʯʦʚʠʥʠ ʚ ʢʦʩʤʝʪʠʯʥʠʭ ʟʘʩʦʙʘʭ ʻ ʘʢʪʫʘʣʴʥʠʤ ʧʠʪʘʥʥʷʤ. 

ɺ ʷʢʦʩʪʽ ʤʝʪʦʜʫ ʚʠʟʥʘʯʝʥʥʷ ʚʤʽʩʪʫ ʢʦʢʘʤʽʜʫ ʜʽʝʪʘʥʦʣʘʤʽʥʫ ʫ ʩʢʣʘʜʽ ʢʦʩʤʝʪʠʯʥʠʭ 

ʟʘʩʦʙʽʚ ʥʘʤʠ ʧʨʦʧʦʥʫʻʪʴʩʷ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʤʝʪʦʜ ʧʨʷʤʦʾ ʧʦʪʝʥʮʽʦʤʝʪʨʽʾ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʤʝʤʙʨʘʥʥʠʭ ʧʦʪʝʥʮʽʦʤʝʪʨʠʯʥʠʭ ʩʝʥʩʦʨʽʚ, ʦʙʦʨʦʪʥʠʭ ʜʦ ʢʦʢʘʤʽʜʫ ɼɽɸ. ʗʢ ʩʚʽʜʯʘʪʴ 

ʧʦʧʝʨʝʜʥʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ, ʧʨʷʤʘ ʧʦʪʝʥʮʽʦʤʝʪʨʽʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʩʝʥʩʦʨʽʚ, ʯʫʪʣʠʚʠʭ ʜʦ ʧʝʚʥʦʛʦ ʪʠʧʫ ʘʙʦ ʢʣʘʩʫ ʨʝʯʦʚʠʥ ʻ ʜʫʞʝ ʟʨʫʯʥʠʤ, ʰʚʠʜʢʠʤ ʪʘ 

ʜʦʩʠʪʴ ʯʫʪʣʠʚʠʤ ʤʝʪʦʜʦʤ ʚʠʟʥʘʯʝʥʥʷ ʨʽʟʥʠʭ ʦʨʛʘʥʽʯʥʠʭ ʨʝʯʦʚʠʥ, ʦʪʞʝ ʤʦʞʝ ʜʦʟʚʦʣʠʪʠ 

ʧʨʦʚʦʜʠʪʠ ʚʠʟʥʘʯʝʥʥʷ ʢʦʢʘʤʽʜʫ ʜʽʝʪʘʥʦʣʘʤʽʥʫ ʰʚʠʜʢʦ, ʙʝʟ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʢʣʘʜʥʠʭ 

ʩʪʘʜʽʡ ʧʨʦʙʦʧʽʜʛʦʪʦʚʢʠ, ʢʦʰʪʦʚʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʪʘ ʪʦʢʩʠʯʥʠʭ ʨʝʘʛʝʥʪʽʚ. 

  



Analytical Chemistry  ɸʥʘʣʽʪʠʯʥʘ ʭʽʤʽʷ 

31 

VOLTAMMETRY OF TRYPTOPHAN ENANTIOMERS ON GLASSY CARBON 

ELECTRODES MODIFIED BY POLYARYLENEPHTHALIDE COMPOSITES 
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Tryptophan (Trp) or 2-amino-3-(1H-indol-3-yl)-propionic acid is known to be 

irreversibly oxidised in phosphate buffer solution on modified glassy carbon electrodes (GCE)s 

with the transfer of two electrons.  

In the investigated potential range the enantiomers of Trp in phosphate buffer solution 

on polyarylenephthalide (PAP)-modified GCE were oxidised with formation of corresponding 

peaks. Analytical signals of the Trp enantiomers differed slightly from each other. When a 

modifier (Ŭ-, ɓ- or ɔ-CD) is added to the PAP, PAP composites are deposited on GCE surfaces. 

The differential pulse voltammograms of the Trp enantiomers on these electrodes differ among 

themselves. This is due to the fact that molecules of CDs can form inclusion complexes with 

Trp, which act as chiral selectors. To determine the optimum experimental conditions, the effect 

of the pH of the analysed solution, the potential sweep rate, the electrode holding time in the 

analysed solution, the concentration of Trp enantiomers on the current values, and the shape of 

the voltammograms were studied. Criteria of optimization were sensitivity, standard deviation, 

and correlation coefficients of calibration plots. Electrochemical and analytical characteristics 

of differential pulse voltammograms of Trp enantiomers on the GCEs modified by PAP 

composites of Ŭ-, ɓ- or ɔ-CD in concentration range 4ï70 mM are shown in Table.  

  

Table. Characteristics of DPVs of D- and L-enantiomers of Trp (0.035 mM) oxidizing on the 

GCEs modified by PAP composites of Ŭ-, ɓ- and ɔ-CD in phosphate buffer solution (pH 6.86) 

at a scan rate of 20 mVsī1 

Electrode 
ɽʨ, V Ip, ÕA æIp / æC, ÕA ÕM-1 Cmin, 

mM D-Trp L-Trp D-Trp L-Trp D-Trp L-Trp 

GCE/PAP/Ŭ-CD 0.58 0.57 7.46 7.72 0.057 0.065 4.0 

GCE/PAP/ɓ-CD 0.65 0.66 7.39 8.75 0.084 0.098 4.0 

GCE/PAP/ɔ-CD 0.65 0.66 7.42 8.83 0.063 0.072 7.0 

 

The standard calibration plots show that GCEs modified by PAP composites of Ŭ-, ɓ- 

and ɔ-CD exhibited enantioselective discrimination of Trp enantiomers over this concentration 

range. The most significant differences between the Trp enantiomer responses are observed on 

the electrodes modified by PAP composites of ɓ- and ɔ-CD. Thus, modified by PAP and CDs 

electrodes can be used in the electrochemical determination of Trp enantiomers.  
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ɻɸɿʆʍʈʆʄɸʊʆɻʈɸʌɯʏʅʀʁ ɸʅɸʃɯɿ ɾʀʈʅʆ-ʂʀʉʃʆʊʅʆɻʆ ʉʂʃɸɼʋ 

ɺɽʈʐʂʆɺʆɻʆ ʄɸʉʃɸ 

ʄ̔ ʥʘʻʚʘ ʖ. ɸ., ʉʠʜʦʨʦʚʘ ʃ. ʇ. 

ɼʥʽʧʨʦʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ʆʣʝʩʷ ɻʦʥʯʘʨʘ 
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ʂʦʨʦʚ'ʷʯʝ ʤʘʩʣʦ, ʤʘʙʫʪʴ, ʻ ʩʘʤʠʤ ʬʘʣʴʩʠʬʽʢʦʚʘʥʠʤ ʥʘ ʩʴʦʛʦʜʥʽ ʧʨʦʜʫʢʪʦʤ. 

ʄʘʛʘʟʠʥʠ ʟʘʚʘʣʝʥʽ ʨʽʟʥʦʛʦ ʨʦʜʫ çʤ'ʷʢʠʤʠè, çʣʝʛʢʠʤʠè, çʧʦʣʝʛʰʝʥʠʤʠè ʤʘʩʣʘʤʠ. ɿʘ 

ʨʽʟʥʠʤʠ ʦʮʽʥʢʘʤʠ, 60ï80 % ʧʨʦʜʫʢʮʽʾ, ʱʦ ʧʨʦʜʘʻʪʴʩʷ ʧʽʜ ʚʠʜʦʤ ʤʘʩʣʘ, ʥʘʩʧʨʘʚʜʽ ʷʚʣʷʶʪʴ 

ʩʦʙʦʶ ʞʠʨʦʚʽ ʩʫʤʽʰʽ. ɺ ʟʚ'ʷʟʢʫ ʟ ʮʠʤ ʦʩʦʙʣʠʚʦʾ ʘʢʪʫʘʣʴʥʦʩʪʽ ʥʘʙʫʚʘʻ ʚʩʪʘʥʦʚʣʝʥʥʷ 

ʬʘʣʴʩʠʬʽʢʘʮʽʾ ʤʘʩʣʦʞʠʨʦʚʦʾ ʧʨʦʜʫʢʮʽʾ. ʅʘʡʙʽʣʴʰ ʜʦʩʪʦʚʽʨʥʠʤʠ ʧʦʢʘʟʥʠʢʘʤʠ, ʱʦ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʷʢʽʩʪʴ ʤʘʩʣʦʞʠʨʦʚʦʾ ʧʨʦʜʫʢʮʽʾ, ʻ ʞʠʨʥʦ-ʢʠʩʣʦʪʥʠʡ ʽ ʪʨʠʛʣʽʮʝʨʠʜʥʠʡ 

ʩʢʣʘʜʠ, ʘ ʪʘʢʦʞ ʧʘʨʘʤʝʪʨʠ ʩʪʝʘʨʠʥʦʚʦʾ ʬʨʘʢʮʽʾ, ʷʢʽ ʚʩʪʘʥʦʚʣʶʶʪʴ ʭʨʦʤʘʪʦʛʨʘʬʽʯʥʠʤʠ 

ʤʝʪʦʜʘʤʠ.  

ʅʘʡʙʽʣʴʰ ʚʠʚʯʝʥʠʡ ʚʤʽʩʪ ʚ ʞʠʨʘʭ ʣʘʫʨʠʥʦʚʦ ʾ(ʉ12:0), ʤʽʨʠʩʪʠʥʦʚʦ ʾ(ʉ14:0), 

ʧʘʣʴʤʽʪʠʥʦʚʦ ʾ(ʉ16:0), ʩʪʝʘʨʠʥʦʚʦ ʾ(ʉ18:0), ʦʣʝʾʥʦʚʦ ʾ(ʉ18:1), ʣʽʥʦʣʝʚʦ ʾ(ʉ18:2) ʢʠʩʣʦʪ. 

ʊʦʤʫ ʩʘʤʝ ʮʽ ʢʠʩʣʦʪʠ ʙʘʛʘʪʦ ʘʚʪʦʨʽʚ ʨʦʟʛʣʷʜʘʶʪʴ ʷʢ ʢʨʠʪʝʨʽʾ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʥʘʪʫʨʘʣʴʥʦʩʪʽ 

ʤʦʣʦʯʥʦʛʦ ʞʠʨʫ. ʅʘʤʠ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʨʽʟʥʠʮʷ ʟʘ ʚʤʽʩʪʦʤ ʮʠʭ ʢʠʩʣʦʪ ʚ ʥʘʪʫʨʘʣʴʥʠʭ ʽ 

ʬʘʣʴʩʠʬʽʢʦʚʘʥʠʭ ʧʨʦʜʫʢʪʘʭ ʥʝ ʧʝʨʝʚʠʱʫʻ 10 %, ʪʦʤʫ ʧʝʨʝʚʘʞʥʦ ʧʨʦʚʝʩʪʠ 

ʽʜʝʥʪʠʬʽʢʘʮʽʶ ʧʦ ʙʫʪʘʥʦʚʽʡ ʢʠʩʣʦʪʽ (ʉ4:0). 

ɺʠʟʥʘʯʝʥʥʷ ʞʠʨʥʦ-ʢʠʩʣʦʪʥʦʛʦ ʩʢʣʘʜʫ (ɾʂʉ) ʧʨʦʚʦʜʠʣʠ ʥʘ ʛʘʟʦ-ʨʽʜʠʥʥʦʤʫ 

ʭʨʦʤʘʪʦʛʨʘʬʝ Shimadzu 14B ʟ ʧʦʣʫʤ'ʷʥʦ ʽʦʥʽʟʘʮʽʡʥʠʤ ʜʝʪʝʢʪʦʨʦʤ ʥʘ ʩʢʣʷʥʽʡ ʢʘʧʽʣʷʨʥʽʡ 

ʢʦʣʦʥʮʽ ʟ ʨʽʜʢʦʶ ʥʝʨʫʭʦʤʦʶ ʬʘʟʦʶ ʢʘʨʙʦʚʘʢʩ 20 ʄ ʜʦʚʞʠʥʦʶ 80 ʤ, ʚʥʫʪʨʽʰʥʽʤ 

ʜʽʘʤʝʪʨʦʤ 0,35 ʤʤ, ʪʦʚʱʠʥʦʶ ʰʘʨʫ ʧʦʢʨʠʪʪʷ ʬʘʟʠ 0,2 ʤʢʤ. ʊʝʤʧʝʨʘʪʫʨʘ ʽʥʞʝʢʪʦʨʘ 

ʩʪʘʥʦʚʠʣʘ 280 Áʉ, ʜʝʪʝʢʪʦʨʘ ï 300 Áʉ, ʪʝʨʤʦʩʪʘʪʘ ʢʦʣʦʥʢʠ ʚ ʽʟʦʪʝʨʤʽʯʥʦʤʫ ʨʝʞʠʤʽ ï 

190 Áʉ. ʇʨʠ ʧʨʦʛʨʘʤʦʚʘʥʦʤʫ ʨʝʞʠʤʽ ʧʦʯʘʪʢʦʚʘ ʪʝʤʧʝʨʘʪʫʨʘ ï 80 Áʉ, ʚʠʪʨʠʤʢʘ ʧʨʠ 

ʧʦʯʘʪʢʦʚʽʡ ʪʝʤʧʝʨʘʪʫʨʽ ï 5 ʭʚ, ʰʚʠʜʢʽʩʪʴ ʧʽʜʡʦʤʫ ʪʝʤʧʝʨʘʪʫʨʠ 8 Áʉ/ʭʚ, ʢʽʥʮʝʚʘ 

ʪʝʤʧʝʨʘʪʫʨʘ ï 190 Áʉ, ʪʠʩʢ ʛʘʟʫ-ʥʦʩʽʷ ʥʘ ʚʭʦʜʽ ʚ ʽʥʞʝʢʪʦʨ ï 0,1 ʄʇʘ, ʨʦʟʧʦʜʽʣ ʧʦʪʦʢʫ ʥʘ 

ʚʭʦʜʽ ʚ ʢʦʣʦʥʢʫ ï 1/10 (ʩʢʠʜʘʥʥʷ ʚ ʘʪʤʦʩʬʝʨʫ ï 9/10 ʧʦʪʦʢʫ ʥʘ ʚʠʭʦʜʽ ʟ ʽʥʞʝʢʪʦʨʘ). ɻʘʟ 

ʥʦʩʽʡ ï ʘʟʦʪ. ɼʣʷ ʷʢʽʩʥʦʾ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʤʝʪʠʣʦʚʠʭ ʝʬʽʨʽʚ ʞʠʨʥʠʭ ʢʠʩʣʦʪ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ 

ʩʪʘʥʜʘʨʪʥʠʡ ʨʦʟʯʠʥ ʢʦʨʧʦʨʘʮʽʾ SUPELCO, ʚ ʷʢʠʡ ʚʭʦʜʠʪʴ 37 ʤʝʪʠʣʦʚʠʭ ʝʬʽʨʽʚ ʞʠʨʥʠʭ 

ʢʠʩʣʦʪ (ʂʘʪ. ˉ 47885). ɼʣʷ ʢʽʣʴʢʽʩʥʦʾ ʦʮʽʥʢʠ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʤʝʪʦʜ ʚʥʫʪʨʽʰʥʴʦʾ 

ʥʦʨʤʘʣʽʟʘʮʽʾ. 

ʇʨʦʙʦʧʽʜʛʦʪʦʚʢʘ ʧʨʦʙʠ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ɾʂʉ ʤʘʩʣʦʞʠʨʦʚʦʾ ʧʨʦʜʫʢʮʽʾ ʟʘʩʥʦʚʘʥʘ 

ʥʘ ʣʫʞʥʦʤʫ ʛʽʜʨʦʣʽʟʽ ʪʨʠʛʣʽʮʝʨʠʜʽʚ ʽ ʦʪʨʠʤʘʥʥʷʤ ʤʝʪʠʣʦʚʠʭ ʝʬʽʨʽʚ ʞʠʨʥʠʭ ʢʠʩʣʦʪ (ɾʂ) 

ʨʝʘʢʮʽʻʶ ʝʪʝʨʠʬʽʢʘʮʽʾ. ʈʦʟʨʘʭʫʥʢʠ ʧʨʦʚʦʜʠʣʠʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʨʦʛʨʘʤʠ ʤʫʣʴʪʽʭʨʦʤ. 

ɺʠʢʦʨʠʩʪʦʚʫʚʘʚʩʷ ʤʝʪʦʜ ʚʥʫʪʨʽʰʥʴʦʾ ʥʦʨʤʘʣʟ̔ʘʮ̔ʾ. ʄʘʩʦʚʫ ʯʘʩʪʢʫ ʢʦʞʥʦʾ ʢʠʩʣʦʪʠ ʤʘʩʣʘ 

ʍi ʨʦʟʨʘʭʦʚʫʚʘʣʠ ʟʘ ʬʦʨʤʫʣʦ :ʁ ʍ̔  = (ɸ ̔/×ɸ)Ŀ100 %, ʜʝ ɸ ̔ï ʧʣʦʱʘ ʧʽʢʫ, ʷʢʘ ʚʽʜʧʦʚʽʜʘʻ 

-̔ʤʫ ʢʦʤʧʦʥʝʥʪʫ, ×ɸ ï ʩʫʤʘʨʥʘ ʧʣʦʱʘ ʧʽʢʽʚ. ʈʝʟʫʣʴʪʘʪʠ ʢʽʣʴʢʽʩʥʦʛʦ ʚʠʟʥʘʯʝʥʥʷ ɾʂʉ 

ʚʝʨʰʢʦʚʦʛʦ ʤʘʩʣʘ ʥʘʚʝʜʝʥʽ ʫ ʪʘʙʣʠʮʽ. 

ʊʘʙʣʠʮʷ. ʈʝʟʫʣʴʪʘʪʠ ʚʤʽʩʪʫ (%) ɾʂ ʫ ʚʝʨʰʢʦʚʦʤʫ ʤʘʩʣʽ. 
ɾʂ ʉ4:0 ʉ6:0 ʉ8:0 ʉ10:0 ʉ10:1 ʉ12:0 ʉ14:0 ʉ16:0 ʉ18:0 ʉ18:1 C18:2 ʉ18:3 ʉ20:0 C22:0 
(%) 3,1 1,9 1,2 2,5 0,2 2,9 10,9 30,9 13,3 27,6 3,1 0,4 1,2 0,3 

ɺʤʽʩʪ ʤʘʩʣʷʥʦʾ ʢʠʩʣʦʪʠ (ʉ4:0) ʚ ʧʨʦʙʽ ʟʘʥʠʞʝʥʠʡ (3,1Ñ0,3 %), ʽ ʥʝ ʚʭʦʜʠʪʴ ʚ 

ʽʥʪʝʨʚʘʣ ʢʦʥʮʝʥʪʨʘʮʽʡ (ʤʘʩ.%), ʭʘʨʘʢʪʝʨʥʠʭ ʜʣʷ ʤʦʣʦʯʥʦʛʦ ʞʠʨʫ (4,7ï6,5 %), ʱʦ 

ʩʚʽʜʯʠʪʴ ʧʨʦ ʬʘʣʴʩʠʬʽʢʘʮʽʶ ʘʥʘʣʽʟʦʚʘʥʦʛʦ ʚʝʨʰʢʦʚʦʛʦ ʤʘʩʣʘ.  

ɼʣʷ ʚʩʪʘʥʦʚʣʝʥʥʷ ʬʘʣʴʩʠʬʽʢʘʮʽʾ ʚʝʨʰʢʦʚʦʛʦ ʤʘʩʣʘ ʚʠʟʥʘʯʝʥʥʷ ʞʠʨʥʦ ʢʠʩʣʦʪʥʦʛʦ 

ʩʢʣʘʜʫ ʤʝʪʦʜʦʤ ʛʘʟʦʚʦʾ ʭʨʦʤʘʪʦʛʨʘʬʽʾ ʤʦʞʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʪʽʣʴʢʠ ʟʘ ʫʤʦʚʠ 

ʢʽʣʴʢʽʩʥʦʛʦ ʚʠʟʥʘʯʝʥʥʷ ʙʫʪʘʥʦʚʦʾ (ʉ4:0), ʘʙʦ ʧʝʥʪʘʜʝʢʘʥʦʚʦʾ (ʉ15:0) ʢʠʩʣʦʪ ʽʟ 

ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʚʥʫʪʨʽʰʥʴʦʛʦ ʩʪʘʥʜʘʨʪʫ, ʱʦ ʤʦʞʣʠʚʦ ʟʨʦʙʠʪʠ ʪʽʣʴʢʠ ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ 

ʚʠʩʦʢʦʝʬʝʢʪʠʚʥʽ ʢʘʧʽʣʷʨʥʽ ʢʦʣʦʥʢʠ.  
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ʄɽʊʆɼ ʌɯʈʆʈɼʊɸ ɼʃʗ ɺʀɿʅɸʏɽʅʅʗ ʉʋʄɯʐɯ ʍɸʈʏʆɺʀʍ ɹɸʈɺʅʀʂɯɺ 

ɾʆɺʊʆɻʆ çɿɸʍɯɼ ʉʆʅʎʗè (ɽ110) ʊɸ ʇʆʅʉʆ 4R (ɽ124) 

ʇʣʴʦʥʩʘʢ ʇ. ʇ., ʉʠʜʦʨʦʚʘ ʃ. ʇ. 

ɼ̔ʧʨʦʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ʆʣʝʩʷ ɻʦʥʯʘʨʘ 
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ʉʠʥʪʝʪʠʯʥʽ ʙʘʨʚʥʠʢʠ ï ʮʝ ʭʘʨʯʦʚʽ ʙʘʨʚʥʠʢʠ, ʦʪʨʠʤʘʥʽ ʤʝʪʦʜʘʤʠ ʩʠʥʪʝʟʫ  ̔ʥʝ 

ʟʫʩʪʨʽʯʘʶʪʴʩʷ ʚ ʧʨʠʨʦʜʽ. ʉʠʥʪʝʪʠʯʥʽ ʙʘʨʚʥʠʢʠ ʚʦʣʦʜʽʶʪʴ ʟʥʘʯʥʠʤʠ ʪʝʭʥʦʣʦʛʽʯʥʠʤʠ 

ʧʝʨʝʚʘʛʘʤʠ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʙʽʣʴʰʽʩʪʶ ʥʘʪʫʨʘʣʴʥʠʭ ʙʘʨʚʥʠʢʽʚ, ʚʦʥʠ ʜʘʶʪʴ ʷʩʢʨʘʚʽ, 

ʢʦʣʴʦʨʠ, ʷʢʽ ʣʝʛʢʦ ʚʽʜʪʚʦʨʠʪʠ  ̔ʤʝʥʰ ʯʫʪʣʠʚʽ ʜʦ ʨʽʟʥʠʭ ʚʠʜʽʚ ʚʧʣʠʚʫ, ʷʢʠʤ ʧʽʜʜʘʻʪʴʩʷ 

ʤʘʪʝʨʽʘʣ ʚ ʭʦʜʽ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ.  

ʄʝʪʦʜ ʌ̔ʨʦʨʜʪʘ ʜʦʟʚʦʣʷʻ ʩʧʨʦʩʪʠʪʠ ʙʘʛʘʪʦʢʦʤʧʦʥʝʥʪʥʠʡ ʘʥʘʣʽʟ. ɺʽʥ ʤʦʞʝ ʙʫʪʠ 

ʚʠʢʦʨʠʩʪʘʥʠʡ ʣʠʰʝ ʧʨʠ ʜʦʪʨʠʤʘʥʥʽ ʟʘʢʦʥʫ ɹʫʛʝʨʘïʃʘʤʙʝʨʪʘïɹʝʨʘ ʜʣʷ ʦʙʦʭ 

ʢʦʤʧʦʥʝʥʪʽʚ  ̔ʧʨʠʥʮʠʧʘ ʘʜʠʪʠʚʥʦʩʪʽ ʜʣʷ ʾʭ ʩʫʤʽʰʽ. 

ʇʝʨʰʠʡ ʚʠʧʘʜʦʢ ʜʣʷ ʜʚʦʭʢʦʤʧʦʥʝʥʪʥʦʾ ʩʠʩʪʝʤʠ: ʟʘʩʥʦʚʘʥʠʡ ʥʘ ʥʝʟʘʣʝʞʥʦʤʫ 

ʚʠʟʥʘʯʝʥʥʽ ʩʫʤʘʨʥʦʾ ʢʦʥʮʝʥʪʨʘʮʽʾ ʢʦʤʧʦʥʝʥʪʽʚ ʩʫʤʽʰʽ, ʟʦʢʨʝʤʘ ʥʘ ʚʠʢʦʨʠʩʪʘʥʥʽ ʪʦʯʢʠ 

ʧʝʨʝʪʠʥʫ ʩʧʝʢʪʨʽʚ ʧʦʛʣʠʥʘʥʥʷ ʢʦʤʧʦʥʝʥʪʽʚ. 

ʉʧʝʢʪʨʠ ʧʦʛʣʠʥʘʥʥʷ ʢʦʤʧʦʥʝʥʪʽʚ E110 ʪʘ ɽ124 ʜʚʦʢʦʤʧʦʥʝʥʪʥʦʾ ʩʫʤʽʰʽ ʤʦʞʫʪʴ 

ʤʘʪʠ ʩʧʽʣʴʥʫ ʪʦʯʢʫ ʧʝʨʝʪʠʥʫ. ɺ ʮʴʦʤʫ ʚʠʧʘʜʢʫ Ů1ɚ1= Ů2ɚ1. ɼʦʚʞʠʥʫ ʭʚʠʣʽ ɚ2 ʚʠʙʠʨʘʶʪʴ ʚ 

ʦʙʣʘʩʪʽ ʥʘʡʙʽʣʴʰʦʾ ʨʽʟʥʠʮʽ ʚ ʩʧʝʢʪʨʘʭ ʧʦʛʣʠʥʘʥʥʷ (530 ʥʤ). 

                                                  Aɚ1 = Ů1ɚ1(C1+C2) 

                                                  Aɚ2 = Ů1ɚ2C1+ Ů2ɚ2C2  

C1 = (Aɚ2 - Aɚ1 Ů2ɚ2/ Ů1ɚ1)/(Ů1ɚ2- Ů2ɚ2) 

C2 = (Aɚ2 - Aɚ1 Ů1ɚ2/ Ů1ɚ1)/(Ů2ɚ2- Ů1ɚ2) 

Cɽ110 = (A530ïA490Ůɽ124(530)/Ůɽ110(490))/(Ůɽ110(530)-Ůɽ124(530)) = 

= (0,806 -(1,52Ĭ35006,05/35278,15))/(9271,83-39842,81) = 2,29Ț10-5 ʤʦʣʴ/ʣ 

Cɽ124 = (A530 ï A490 Ůɽ110(530)/ Ůɽ124(490))/(Ůɽ124(530)- Ůɽ110(530)) = 

= (0,806 -(1,52Ĭ9271,82/40507,86))/(35006,05 -1582,99) = 1,32Ț10-5 ʤʦʣʴ/ʣ 

 
ʈʠʩ. ɻʨʘʬʽʢ ʟʘʣʝʞʥʦʩʪʽ ʢʦʝʬʽʮʽʻʥʪʘ ʩʚʽʪʣʦʧʦʛʣʠʥʘʥʥʷ ʚʽʜ ʜʦʚʞʠʥʠ ʭʚʠʣʽ ʜʣʷ ʙʘʨʚʥʠʢʽʚ 

ɽ110 ʪʘ ɽ124 (ʉɽ110=10 ʤʢʛ/ʤʣ, ʉɽ124=10 ʤʢʛ/ʤʣ) 
 

ɼʨʫʛʠʡ ʚʠʧʘʜʦʢ: ʙʘʟʫʻʪʴʩʷ ʥʘ ʚʠʙʦʨʽ ʜʦʚʞʠʥ ʭʚʠʣʴ ʟ ʦʜʥʘʢʦʚʠʤʠ ʤʦʣʷʨʥʠʤʠ 

ʢʦʝʬʽʮʽʻʥʪʘʤʠ ʩʚʽʪʣʦʧʦʛʣʠʥʘʥʥʷ ʫ ʦʜʥʦʛʦ ʘʙʦ ʜʝʢʽʣʴʢʦʭ ʢʦʤʧʣʝʢʩʽʚ (ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

çʧʝʨʝʨʽʟʫè ʩʧʝʢʪʨʘ). ʇʨʠ ʘʥʘʣʽʟʽ ʜʚʦʢʦʤʧʦʥʝʥʪʥʠʭ ʩʠʩʪʝʤ ʟʨʫʯʥʦ ʚʠʤʽʨʶʚʘʪʠ ʦʧʪʠʯʥʫ 

ʛʫʩʪʠʥʫ ʧʨʠ ʜʦʚʞʠʥʘʭ ʭʚʠʣʴ ʟ ʦʜʥʘʢʦʚʠʤʠ ʤʦʣʷʨʥʠʤʠ ʢʦʝʬʽʮʽʻʥʪʘʤʠ ʩʚʽʪʣʦʧʦʛʣʠʥʘʥʥʷ 

ʦʜʥʦʛʦ ʟ ʢʦʤʧʦʥʝʥʪʽʚ. ʊʘʢ ʤʦʞʝʤʦ ʟʥʘʡʪʠ ʢʦʥʮʝʥʪʨʘʮʽʶ ʙʘʨʚʥʠʢʽʚ ʟʘ ʬʦʨʤʫʣʦʶ: 

C = (Aɚ1- Aɚ2)/(Ůɚ1- Ůɚ2) 

Cɽ110=(A470- A505)/(Ůɽ110(470) - Ůɽ110(505)) = (0,721-0,72)/(32609,68-32564,45) =2,21Ț10-5 ʤʦʣʴ/ʣ 

Cɽ124=(A490- A525)/(Ůɽ124(490)- Ůɽ124(525)) = (0,602-0,612)/(36396,61-37001,21) = 1,65Ț105 ʤʦʣʴ/ʣ  
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RECOGNITION OF ATENOLOL ENANTIOMERS  
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Bashkir State University 

32, Zaki Validi Street, 450074 Ufa, Republic of Bashkortostan, Russia 
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Atenolol (ATN) is a drug that helps to fight the diseases of the cardiovascular system. 

It has antiarrhythmic, antianginal, hypotensive biological actions. Biological activity of drugs 

is associated with one of the enantiomers. For atenolol, the S-enantiomer is usually 50ï500 

times more effective than the R-enantiomer. 

In this study, voltammetric sensors based on glassy carbon electrodes (GCE) modified 

by composites of polyelectrolyte complexes of chitosan and chitosan succinamide (CS-SCS) 

with cyclodextrins (CD) for the recognition of ATN enantiomers have been developed. For 

more reliable recognition of enantiomers and their racemic mixtures, the obtained 

voltammograms were chemometrically processed using the principal component analysis 

(PCA). Chemometric processing of experimental data arrays by PCA allows to represent the 

ATN voltammograms in the form of points, grouping into ellipsoids or spheres in the new 

coordinate system X, Y, Z, etc., where the coordinate axes are the vectors of the main 

components. In this case, the main components should be considered as the directions of the 

greatest change in the space of the variables X, Y or Z. The graph on which the projections on 

the plane of the main components and parts of the explained data variance for each principal 

component are expressed as a percentage is usually called the chart of accounts. It describes the 

relative position of the voltammograms of the samples under study in the space of new 

coordinates and makes it possible to estimate the efficiency of the "compression" of the 

experimental data. Each point in the chart of accounts corresponds to a specific voltammogram, 

and the totality of nearby points and the space they occupy will correspond to the ATN 

enantiomers. 

 

 
Fig. Score plot of PCA modelling of voltammograms obtained by differential pulse 

voltammetry for 0.5 mM solutions of ATN enantiomers using of sensory system with three 

GCEs electrodes modified by CS-SCS composites of CDs 

 

Thus, the results of PCA modeling show the better specificity of voltammetric sensors 

based on glassy carbon electrodes modified with composites of polyelectrolyte complexes of 

chitosan and chitosan succinamide with cyclodextrins for recognition of ATN enantiomers. 

 

This work was supported by the Russian Science Foundation (Grant No. 16-13-10257). 
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VOLTAMMETRIC DETERMINATION OF ATENOLOL ENANTIOMERS USING 

POLYELECTROLYTE COMPLEXES OF CHITOSAN AND CHITOSAN 

SUCCINAMIDE WITH CYCLODEXTRINS  

Provorova Yu. R., Kabirova L. R., Zilberg R. A. 
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Nowadays, the number of people with cardiovascular diseases is dramatically 

increasing. Especially popular are tachycardia, arterial hypertension, etc. Pharmaceuticals 

based on atenolol have antiarrhythmic, antianginal, hypotensive effects. Atenolol, designated 

chemically as 4-(2-hydroxy-3-isopropylaminopropoxy)-phenylacetamide, is a cardio selective 

b-adrenoblocker. In connection with the important role of atenolol, different methods of its 

recognition and determination have been used, such as gas chromatography coupled with mass 

spectrometry, spectrophotometry and flow injection analysis, etc. The use of these methods 

requires expensive tools and equipment, long preparation and thorough cleaning of samples. 

An alternative to the methods listed above is the electrochemical methods of analysis, in 

particular the voltammetry. Voltammetric sensors based on glassy carbon electrodes (GCE) 

modified by composites of polyelectrolyte complexes of chitosan and chitosan succinamide 

with cyclodextrins for enantioselective analysis and determination of atenolol enantiomers were 

studied using cyclic voltammetry (CV), and differential pulse voltammetry (DPV). 

Atenolol enantiomer solutions were prepared by dissolving an accurately weighed 

quantity in 100 ml of borate buffer solution (pH 9.18). Solutions of lower concentrations were 

prepared by serial dilution of the stock solutions. A 20 ml test solution was placed in an 

electrochemical cell. CV were measured by the potential range of 0.8 to 1.6 V with a potential 

sweep rate of 100 mVs-1 after the electrolyte solution for 30 s with vigorous mixing and E = 0. 

The DPV experiments were carried out a potential range of 0.8 to 1.2 V with an amplitude of 

50 mV, an interval time of 0.25 s, a modulation time of 0.025 s, and a potential sweep rate of 

20 mVs-1. One parallel measurement included recording five voltammograms. Each 

voltammogram included from 80 (DVP) to 160 (CV) instantaneous currents (in increments of 

5 mV) at different potentials. The proposed sensors exhibited selectivity towards the atenolol 

enantimers and had cross-sensitivity, so they can be used to create a multi-sensor system.  

Thus, the system of these sensors based on glassy carbon electrodes modified by 

composites of polyelectrolyte complexes of chitosan and chitosan succinamide with 

cyclodextrins can be successfully applied for the recognition of atenolol enantiomers through a 

multi-sensory system.  

 

This work was supported by the Russian Science Foundation (Grant No. 16-13-10257). 
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COMPARATIVE ANALYSIS OF MERCURY DETERMINATION IN RAW 

MATERIALS AND PRODUCTION OF HEAVY INDUSTRY ENTERPRISES  
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For quite some time in Ukraine and near abroad, one of the most serious and obvious 

pollution of the environment is the emissions of metallurgical enterprises. A significant number 

of metallurgical enterprises, whose emissions have a negative effect on the entire environment, 

are in the Donetsk region. The most dangerous components of emissions of metallurgical 

enterprises are highly toxic mercury compounds. Since, during enrichment of coal, Hg is almost 

completely converted to the gas phase, analysis of the Hg content in coals is the primary task 

for environmental protection. To reduce the harmful impact of emissions of metallurgical 

enterprises on the environment, careful monitoring of contained toxins in the raw materials and 

products of these enterprises is needed, which proves the relevance of this master's work. 

Object of the master's study: raw materials and products of metallurgical and by-product 

coke industries, fuel, coke, ores, fluxes, etc.  

The subject of the master's scientific research: mercury and its compounds in the 

composition of fuel, ores, fluxes, etc. 

In connection with this, the objectives of the master's work can be formulated as follows: 

1. Study and systematization of theoretical studies on the chemical properties of 

mercury, study of the processes of mercury compounds entering the emissions of metallurgical 

enterprises. 

2. Investigation of the possibility of using the method of atomic-absorption 

determination of mercury content in raw materials and products of blast-furnace production. 

3. Comparative analysis of experimental data on the content of mercury in raw materials 

and production products for 5 years. 

At enrichment of coals in concentrates 50ï60 % Hg passes. Mercury in concentrates is 

represented by organic Hgorg and micromineral pyrite ï Hgp. These two forms of mercury are 

dominant; their ratio determines the distribution of Hg in coal. 

With large volumes of blast-furnace production, this can be a significant source of 

mercury releases to the environment. 
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The voltammetric method of analysis introduces rigid requirements to the surface of the 

working electrode, the state of which directly depends on the reproducibility of the results of 

the analysis. Nowadays there are popular methods of studying surface morphology, such as 

AFM, SEM. These methods require highly qualified personnel and expensive equipment. An 

alternative to surface research is the spectroscopy of electrochemical impedance. 

Electrochemical impedance spectroscopy is a highly sensitive method that makes it 

possible to evaluate the state of the electrode surface in the form of simple equivalent electrical 

circuits. 

In this study, composite voltammetric sensors based on glassy carbon electrodes were 

studied. As composites were used a conductive polymer film of polyarylenephthalides (PAF) 

and Ŭ-, ɓ- and ɔ-cyclodextrins (CD). Composite modifiers based on cyclodextrins under 

voltammetry conditions allow to recognize the enantiomers of biologically active substances, 

such as propranolol, tryptophan, etc. Impedance characteristics of the proposed composites 

were carried out in a solution of Fe(CN)6]
4ī/3ī as in a standard solution. The working conditions 

for recording the impedance spectra and deposition of polymer films were selected (Fig.). 

 
Fig. Impedance spectra recorded on modified GCE in a solution of Fe(CN)6]

4ī/3ī 

 

As seen from Fig. the lowest resistance of electron transfer was observed on the bare 

electrode, and the largest - on the electrode covered by PAF. The spectra of electrodes modified 

by cyclodextrins were located between them, and the resistance to electron transfer decreased 

from gamma to alpha. We assume that this is possibly associated with different cavity sizes in 

the structure of cyclodextrins.  

 

This work was supported by the Russian Science Foundation (Grant No. 16-13-10257). 
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ɿʙʽʣʴʰʝʥʥʷ ʧʦʧʠʪʫ ʥʘ ʧʣʘʪʠʥʦʚʽ ʤʝʪʘʣʠ ʧʦʚôʷʟʘʥʦ ʟ ʨʦʟʚʠʪʢʦʤ ʩʫʯʘʩʥʠʭ ʭʽʤʽʯʥʠʭ 

ʪʝʭʥʦʣʦʛʽʡ, ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʥʘʥʦʤʘʪʝʨʽʘʣʽʚ ʚ ʨʽʟʥʠʭ ʩʬʝʨʘʭ, ʚʢʣʶʯʘʶʯʠ ʤʝʜʠʮʠʥʫ. ʈʦʜʽʡ 

ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʚ ʝʣʝʢʪʨʦʥʽʮʽ ʽ ʝʣʝʢʪʨʦʪʝʭʥʽʮʽ ʫ ʚʠʛʣʷʜʽ ʨʽʟʥʠʭ ʩʧʣʘʚʽʚ, ʘ ʪʘʢʦʞ 

ʟʥʦʩʦʩʪʽʡʢʠʭ ʽ ʢʦʨʦʟʽʡʥʦʩʪʽʡʢʠʭ ʧʦʢʨʠʪʪʽʚ; ʫ ʛʦʤʦʛʝʥʥʦʤʫ ʽ ʛʝʪʝʨʦʛʝʥʥʦʤʫ ʢʘʪʘʣʽʟʽ, ʫ 

ʪʦʤʫ ʯʠʩʣʽ ʚ ʢʘʪʘʣʽʪʠʯʥʠʭ ʬʽʣʴʪʨʘʭ-ʥʝʡʪʨʘʣʽʟʘʪʦʨʘʭ ʚʠʭʣʦʧʥʠʭ ʛʘʟʽʚ ʘʚʪʦʤʦʙʽʣʽʚ; ʧʨʠ 

ʚʠʨʦʙʥʠʮʪʚʽ ʩʢʣʘ (ʩʧʣʘʚ ʧʣʘʪʠʥʘ-ʨʦʜʽʡ  ʬʽʣʴʻʨʠ ʜʣʷ ʩʢʣʷʥʠʭ ʥʠʪʦʢ) ʜʣʷ 

ʨʽʜʢʦʢʨʠʩʪʘʣʽʯʥʠʭ ʝʢʨʘʥʽʚ ʽ ʜʟʝʨʢʘʣ ʜʣʷ ʧʦʪʫʞʥʠʭ ʣʘʟʝʨʥʠʭ ʩʠʩʪʝʤ, ʘ ʪʘʢʦʞ ʜʣʷ 

ʚʠʨʦʙʥʠʮʪʚʘ ʜʠʬʨʘʢʮʽʡʥʠʭ ʛʨʘʪʦʢ ʩʧʝʢʪʨʘʣʴʥʠʭ ʧʨʠʣʘʜʽʚ. 

ʋ ʭʦʜʽ ʨʦʙʦʪʠ ʟ ʧʨʦʜʫʢʪʘʤʠ ʧʝʨʝʨʦʙʢʠ ʚʪʦʨʠʥʥʦʾ ʩʠʨʦʚʠʥʠ ʯʘʩʪʦ ʜʦʚʦʜʠʪʴʩʷ 

ʩʪʠʢʘʪʠʩʷ ʟ ʩʫʣʴʬʘʪʥʠʤʠ ʨʦʟʯʠʥʘʤʠ, ʚ ʷʢʠʭ ʤʝʪʘʣʠ ʧʣʘʪʠʥʦʚʦʾ ʛʨʫʧʠ ʽʩʥʫʶʪʴ ʫ ʚʠʛʣʷʜʽ 

ʢʽʥʝʪʠʯʥʦ ʽʥʝʨʪʥʠʭ ʩʫʣʴʬʘʪʥʠʭ ʢʦʤʧʣʝʢʩʽʚ, ʱʦ ʦʩʦʙʣʠʚʦ ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʈʦʜʽʶ. ʉʧʦʩʽʙ 

ʧʝʨʝʚʝʜʝʥʥʷ Rh(III) ʚ ʨʝʘʢʮʽʡʥʦʟʜʘʪʥʠʡ ʩʪʘʥ ʙʘʛʘʪʦ ʚ ʯʦʤʫ ʟʘʣʝʞʠʪʴ ʚʽʜ ʪʠʧʫ ʨʝʘʛʝʥʪʘ, 

ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʫ ʨʽʟʥʠʭ ʤʝʪʦʜʘʭ ʚʠʟʥʘʯʝʥʥʷ ʜʘʥʦʛʦ ʡʦʥʫ ʽ ʚ ʩʦʨʙʮʽʡʥʠʭ ʤʝʪʦʜʘʭ 

ʟʦʢʨʝʤʘ. ɺʽʜʦʤʦ, ʱʦ ʫ ʨʦʟʯʠʥʘʭ ʩʫʣʴʬʘʪʫ ʨʦʜʽʶ(III) ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʢʦʥʮʝʥʪʨʘʮʽʾ 

ʢʠʩʣʦʪʠ ʪʘ Rh(III) ʦʩʪʘʥʥʽʡ ʤʦʞʝ ʫʪʚʦʨʶʚʘʪʠ ʨʽʟʥʦʤʘʥʽʪʥʽ ʭʽʤʽʯʥʽ ʬʦʨʤʠ, ʩʝʨʝʜ ʷʢʠʭ ʻ 

ʷʢ ʤʦʥʦʷʜʝʨʥʽ, ʫ ʪʦʤʫ ʯʠʩʣʽ ʘʥʽʦʥʥʽ, ʪʘʢ ʽ ʜʫʞʝ ʩʪʽʡʢʽ ʧʦʣʽʤʝʨʥʽ ʘʢʚʘʛʽʜʨʦʢʩʦʩʫʣʴʬʘʪʠ. 

ɸʥʘʣʽʟ ʣʽʪʝʨʘʪʫʨʠ ʧʽʜʪʚʝʨʜʞʫʻ ʜʦʮʽʣʴʥʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʦʚʝʨʭʥʝʚʦ-ʘʢʪʠʚʥʠʭ ʨʝʯʦʚʠʥ 

(ʇɸʈ) ʷʢ ʜʣʷ ʘʢʪʠʚʘʮʽʾ ʽʥʝʨʪʥʠʭ ʭʽʤʽʯʥʠʭ ʬʦʨʤ ʨʦʜʽʶ(III), ʪʘʢ ʽ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ 

ʯʫʪʣʠʚʦʩʪʽ ʡʦʛʦ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʥʦʛʦ ʚʠʟʥʘʯʝʥʥʷ.  

ʋ ʜʘʥʽʡ ʨʦʙʦʪʽ ʷʢ ʚʠʭʽʜʥʫ ʤʘʪʨʠʮʶ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʧʽʥʦʧʦʣʽʫʨʝʪʘʥ (ʇʇʋ), 

ʪʘʙʣʝʪʢʫ ʷʢʦʛʦ ʤʘʩʦʶ 10 ʤʛ ʤʦʜʠʬʽʢʫʚʘʣʠ ʧʦʩʣʽʜʦʚʥʦʶ ʦʙʨʦʙʢʦʶ 5 ʤʄ ʣʫʞʥʠʤ 

ʨʦʟʯʠʥʦʤ 3-ʤʝʪʠʣ-2,6-ʜʠʤʝʨʢʘʧʪʦ-1,4-ʪʽʦʧʽʨʦʥʫ (ʄɼʊ) 1 ʄ HCl, ʧʽʩʣʷ ʯʦʛʦ ʨʝʪʝʣʴʥʦ 

ʧʨʦʤʠʚʘʣʠ ʜʠʩʪʠʣʴʦʚʘʥʦʶ ʚʦʜʦʶ, ʚʽʜʞʠʤʘʣʠ ʤʽʞ ʘʨʢʫʰʘʤʠ ʧʘʧʝʨʦʚʦʛʦ ʬʽʣʴʪʨʫ, 

ʚʠʩʫʰʫʚʘʣʠ ʜʦ ʧʦʚʽʪʨʷʥʦ-ʩʫʭʦʛʦ ʩʪʘʥʫ ʪʘ ʟʙʝʨʽʛʘʣʠ ʫ ʟʘʢʨʠʪʦʤʫ ʩʢʣʷʥʦʤʫ ʙʶʢʩʽ. 

ʉʦʨʙʮʽʡʥʫ ʻʤʥʽʩʪʴ ʇʇʋ ʟʘ ʄɼʊ, ʷʢʘ ʩʢʣʘʣʘ 39,5 ʤʢʤʦʣʴ/ʛ, ʚʩʪʘʥʦʚʣʶʚʘʣʠ ʟʘ 

ʤʘʪʝʨʽʘʣʴʥʠʤ ʙʘʣʘʥʩʦʤ ʧʽʩʣʷ ʩʦʨʙʮʽʾ ʡʦʥʽʚ Ag(I), ʷʢʽ ʫ ʢʠʩʣʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʫʪʚʦʨʶʶʪʴ 

ʢʦʤʧʣʝʢʩ ʪʽʣʴʢʠ ʟʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ Ag(I) : ʄɼT = 1 : 1. ʇʨʠ ʮʴʦʤʫ ʥʘʜʣʠʰʦʢ 

ʥʝʩʦʨʙʦʚʘʥʦʛʦ Ag(I) ʚʠʟʥʘʯʘʣʠ ʷʢ ʤʝʪʦʜʦʤ ʦʙʦʨʦʪʥʦʛʦ ʪʠʪʨʫʚʘʥʥʷ ʟ ʘʤʧʝʨʦʤʝʪʨʠʯʥʦʶ 

ʽʥʜʠʢʘʮʽʻʶ ʪʦʯʢʠ ʝʢʚʽʚʘʣʝʥʪʥʦʩʪʽ, ʪʘʢ ʽ ʘʪʦʤʥʦ-ʘʙʩʦʨʙʮʽʡʥʠʤ ʤʝʪʦʜʦʤ. 
ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʫ ʨʦʟʯʠʥʘʭ ʩʫʣʴʬʘʪʥʠʭ ʢʦʤʧʣʝʢʩʽʚ ʨʦʜʽʶ(III) ʫ ʩʝʨʝʜʦʚʠʱʽ 

ʭʣʦʨʠʜʥʦʾ ʘʙʦ ʩʫʣʴʬʘʪʥʦʾ ʢʠʩʣʦʪʠ ʩʦʨʙʝʥʪ ʟʤʽʥʶʚʘʚ ʩʚʦʻ ʟʘʙʘʨʚʣʝʥʥʷ ʟ ʞʦʚʪʦʛʦ ʥʘ 

ʦʨʘʥʞʝʚʝ. ʆʧʪʠʤʘʣʴʥʽ ʫʤʦʚʠ ʚʽʟʫʘʣʴʥʦʛʦ ʪʘ ʢʦʣʴʦʨʦʤʝʪʨʠʯʥʦʛʦ ʚʠʟʥʘʯʝʥʥʷ Rh(III) ʫ 

ʬʦʨʤʘʪʽ RGB ʙʫʣʦ ʦʙʨʘʥʦ ʥʘ ʧʽʜʩʪʘʚʽ ʮʠʬʨʦʚʠʭ ʟʦʙʨʘʞʝʥʴ ʧʦʚʝʨʭʥʽ ʩʦʨʙʝʥʪʫ, 

ʦʪʨʠʤʘʥʠʭ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʣʘʥʰʝʪʥʦʛʦ ʩʢʘʥʝʨʘ. ʆʧʪʠʤʘʣʴʥʘ ʢʠʩʣʦʪʥʽʩʪʴ ʚʽʜʧʦʚʽʜʘʣʘ 1

3 ʄ HCl, ʯʘʩ ʢʦʥʪʘʢʪʫ ʬʘʟ  10 ʭʚ. ʅʘ ʧʽʜʩʪʘʚʽ ʘʪʦʤʥʦ-ʘʙʩʦʨʙʮʽʡʥʦʛʦ ʢʦʥʪʨʦʣʶ ʩʦʨʙʮʽʾ 

Rh(III) ʟʘ ʮʠʭ ʫʤʦʚ ʧʦʙʫʜʦʚʘʥʦ ʽʟʦʪʝʨʤʫ ʩʦʨʙʮʽʾ (ʉ-ʪʠʧʫ), ʟʘ ʷʢʦʶ ʚʩʪʘʥʦʚʣʝʥʦ ʩʦʨʙʮʽʡʥʫ 

ʻʤʥʽʩʪʴ ʇʇʋ ʟʘ Rh(III) (40 ʤʢʤʦʣʴ/ʛ). 

ʈʦʟʨʦʙʣʝʥʦ ʪʝʩʪ-ʰʢʘʣʫ ʪʘ ʚʽʜʧʦʚʽʜʥʫ ʤʝʪʦʜʠʢʫ ʚʽʟʫʘʣʴʥʦʛʦ ʥʘʧʽʚʢʽʣʴʢʽʩʥʦʛʦ 

ʚʠʟʥʘʯʝʥʥʷ Rh(III) ʚ ʩʫʣʴʬʘʪʥʠʭ ʝʣʝʢʪʨʦʣʽʪʘʭ ʧʽʩʣʷ ʨʦʜʽʶʚʘʥʥʷ ʪʘ ʧʨʦʤʠʚʥʠʭ ʚʦʜʘʭ 

ʚʽʜʧʦʚʽʜʥʠʭ ʛʘʣʴʚʘʥʦʧʦʢʨʠʪʪʽʚ ʚ ʽʥʪʝʨʚʘʣʽ 0.25ï16 ʤʛ/ʣ ʚ 10 ʤʣ ʧʨʦʙʠ ʥʘʚʘʞʢʦʶ 

ʩʦʨʙʝʥʪʫ ʤʘʩʦʶ 10 ʤʛ. ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʤʝʪʦʜʠʢʫ ʢʽʣʴʢʽʩʥʦʛʦ ʚʠʟʥʘʯʝʥʥʷ Rh(III) ʚ 

ʽʥʪʝʨʚʘʣʽ 0.25ï18 ʤʛ/ʣ ʟʘ ʽʥʪʝʥʩʠʚʥʽʩʪʶ R-ʢʘʥʘʣʫ ʤʝʪʦʜʦʤ ʛʨʘʜʫʶʚʘʣʴʥʦʛʦ ʛʨʘʬʽʢʫ, 

ʨʽʚʥʷʥʥʷ ʷʢʦʛ ʤʘʻ ʚʠʜ (y = R; x = lg C): y = -18.719 x +234 (r2 = 0.9734). ɼʘʥʘ ʤʝʪʦʜʠʢʘ 

ʙʫʣʘ ʘʧʨʦʙʦʚʘʥʘ ʚ ʘʥʘʣʽʟʽ ʨʝʘʣʴʥʦʛʦ ʟʨʘʟʢʫ ʧʨʦʤʠʚʥʦʾ ʚʦʜʠ ʛʘʣʴʚʘʥʦʧʦʢʨʠʪʪʽʚ ʧʽʩʣʷ 

ʨʦʜʽʶʚʘʥʥʷ ʤʝʪʦʜʦʤ ʝʣʝʢʪʨʦʛʨʘʬʽʾ (sr ʥʝ ʧʝʨʝʚʠʱʫʚʘʣʦ 0.06). 
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IMPEDANCE CHARACTERISTICS OF VOLTAMMETRIC ENANTIOSELECTIVE 

SENSORS BASED ON POLYELECTROLYTE COMPLEXES 

AND CYCLODEXTRINS  

Shirokova E. E., Kabirova L. R., Dubrovsky D. I. 

Bashkir State University, Ufa 

pyatka-lena@mail.ru 

 

The voltammetric method of analysis is one of the most sensitive in electrochemistry. 

One of the most important factors affecting both the sensitivity and the correctness of the 

analysis is the monitoring of the surface of the working electrode. The main methods for 

evaluating surface morphology are various kinds of microscopy, such as atomic force and 

scanning electron microscopy, however this equipment is expensive and requires special 

sample preparation. An alternative method for estimating the surface in electrochemistry is the 

spectroscopy of electrochemical impedance. 

Electrochemical impedance spectroscopy is a highly sensitive analytical method 

capable of quite informative assessment of the surface state of a working electrode in the form 

of simple electrical equivalent circuits. In this paper, the characteristics of voltammetric sensors 

based on the glassy carbon electrodes (GCE) modified by composites of polyelectrolyte 

complexes of chitosan (CS) and chitosan succinamide (SCS) with cyclodextrins (CD) were 

demonstrated. These sensors, due to the structure of the applied composite, are able to 

selectively interact with the enantiomers of biologically active substances, such as atenolol, 

methionine, etc. The working conditions for recording the impedance spectra and applying a 

composite coating to the working electrode surface were established in the course of this study.  

 
Fig. Impedance spectra for GCE/CS-SCS-CD 

 

It can be seen from the figure that the resistance of electron transfer was much less for 

GCE, modified by CS-SCS-CD composite film compared to the bare GCE, perhaps this is 

related to the structure of the CS-SCS polyelectrolyte complex. It can also be noted that there 

is no difference in the resistance of electron transfer between the modified electrodes.  

 

This work was supported by the Russian Foundation for Basic Research (Grant No. 17-43-

020232 ʨ_ʘ). 

  



Analytical Chemistry  ɸʥʘʣʽʪʠʯʥʘ ʭʽʤʽʷ 

40 

VOLTAMMETRIC SENSOR SYSTEM FOR THE RECOGNITION 

OF ENANTIOMERS OF PROPRANOLOL IN PHARMACEUTICAL FORMS  

Yarkaeva Yu. A., Zilberg R. A., Khabletdinova A. I., Provorova Yu. R.  

Bashkir State University Russia, Republic of Bashkortostan, 450076. Ufa, Zaki Validi, 32 

julijajarkaeva05@gmail.com 

 

With the development of ideas about the role of stereoisomers in biochemical processes 

and the widespread use of drugs on their basis, it became clear that along with the simplicity of 

sample preparation, availability and cheapness of devices, analysis time, the applicability of 

analytical methods will largely depend on their ability to recognize the optical isomers of active 

substances. 

In this paper, we studied the possibility of using voltammetric sensors and a sensor 

system based on glassy carbon electrodes modified with polyarylenephthalide composites with 

melamine, cyanuric acid and ɓ-cyclodextrin to recognize the enantiomers of propranolol in 

dosage forms containing auxiliary substances. Using the chemometric method of principle 

components analysis it was shown that in order to reliably recognize the enantiomers of 

propranolol, it is necessary to take into the entire voltammetric curve. 

The possibilities of a voltammetric sensor system based on polyarylene phthalide 

modified with composites with melamine, cyanuric acid and ɓ-cyclodextrin of glass-carbon 

electrodes for express recognition of propranolol R- and S-enantiomers in pharmaceutical forms 

with various auxiliary substances content (lactose, sucrose, starch, talc and calcium stearate). 

The influence of the content of the main component and auxiliary substances, the conditions 

for recording voltammograms on their characteristics, the probability of recognition of the 

enantiomers of propranolol in pharmaceutical forms is estimated. 

To study the sensitivity of the developed sensors, measurements were made in a series 

of solutions of enantiomers of propranolol with a known concentration in the range 0.005ï

1.350 mM. The calibration function was linear in most cases in the range from 0.021 to 

0.675 mM, the detection limit in solutions of enantiomers (5.28ï8.37)Ŀ10-6 M, in 

pharmaceutical forms (1.17ï5.37)Ŀ10- 5 M. 

Thus, the developed enantioselective voltammetric sensors based on polyarylene-

phthalide composites of Ŭ-, ɓ-cyclodextrins, melamine and cyanuric acid are sensitive to 

enantiomers of propranolol in multicomponent solutions containing auxiliary substances of 

ready-made pharmaceutical forms. It has been experimentally proved that the use of an array 

of cross-sensitive chemical sensors in combination with chemometric data processing makes it 

possible to recognize the enantiomers of propranolol with a probability of not less than 90 %. 

This allows them to be used for the rapid analysis of dosage forms without separating the 

constituents of their ingredients, which is preferable, as this reduces the losses of the analytes, 

reduces the number of operations, the analysis time and the consumption of reagents. 

 

This work was supported by the Russian Science Foundation: Grant No. 16-13-10257. 
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ʉʊʈʋʂʊʋʈʅʓɽ ʆʉʆɹɽʅʅʆʉʊʀ N-ʂʆʅʎɽɺʆɻʆ ɼʆʄɽʅɸ ʌɸʂʊʆʈɸ 

ʕʃʆʅɻɸʎʀʀ ʊʈɸʅʉʃʗʎʀʀ ʝEF1Bɓ  

ɹʦʥʜʘʨʯʫʢ ʊ. ɺ.1, ʐʘʣʘʢ ɺ. ʌ.1, ʃʦʞʢʦ ɼ. ʄ.1, ʌʘʪʘʣʴʩʢʘ ɸ.2,  

ʑʝʧʘʥʦʚʩʢʠʡ ʈ. ɻ.3, ʂʘʧʫʩʪʷʥ ʃ. ʄ.1 
1ʀʥʩʪʠʪʫʪ ʤʦʣʝʢʫʣʷʨʥʦʡ ʙʠʦʣʦʛʠʠ ʠ ʛʝʥʝʪʠʢʠ ʅɸʅ ʋʢʨʘʠʥʳ, ʛ. ʂʠʝʚ, ʋʢʨʘʠʥʘ 

2ʀʥʩʪʠʪʫʪ ʤʦʣʝʢʫʣʷʨʥʦʡ ʠ ʢʣʝʪʦʯʥʦʡ ʙʠʦʣʦʛʠʠ ʇɸʅ, ʛ. ɺʘʨʰʘʚʘ, ʇʦʣʴʰʘ 
3ʀʥʩʪʠʪʫʪ ʙʠʦʭʠʤʠʠ ʠ ʙʠʦʬʠʟʠʢʠ ʇɸʅ, ʛ. ɺʘʨʰʘʚʘ, ʇʦʣʴʰʘ 

t.v.trosiuk@gmail.com 

 

ʌʘʢʪʦʨ ʵʣʦʥʛʘʮʠʠ ʪʨʘʥʩʣʷʮʠʠ eEF1Bɓ ï ʵʪʦ ʭʘʨʘʢʪʝʨʥʳʡ ʜʣʷ ʤʥʦʛʦʢʣʝʪʦʯʥʳʭ 

ʦʨʛʘʥʠʟʤʦʚ ʙʝʣʦʢ, ʢʦʪʦʨʳʡ ʚʭʦʜʠʪ ʚ ʩʦʩʪʘʚ ʤʘʢʨʦʤʦʣʝʢʫʣʷʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ eEF1B. ɽʛʦ 

ʬʫʥʢʮʠʝʡ ʷʚʣʷʝʪʩʷ ʦʙʤʝʥ ʛʫʘʥʠʥʦʚʦʛʦ ʥʫʢʣʝʦʪʠʜʘ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ 

ʘʢʪʠʚʥʦʡ ɻʊʌ-ʬʦʨʤʳ ʬʘʢʪʦʨʘ ʵʣʦʥʛʘʮʠʠ ʪʨʘʥʩʣʷʮʠʠ 1A (eEF1A), ʢʦʪʦʨʳʡ ʚ ʩʚʦʶ 

ʦʯʝʨʝʜʴ ʩʚʷʟʳʚʘʝʪ ʠ ʜʦʩʪʘʚʣʷʝʪ ʘʤʠʥʦʘʮʠʣʠʨʦʚʘʥʥʫʶ ʪ-ʈʅʂ ʢ ɸ ʩʘʡʪʫ ʨʠʙʦʩʦʤʳ. 

ʉʪʨʫʢʪʫʨʘ ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ C-ʢʦʥʮʝʚʦʛʦ ʜʦʤʝʥʘ eEF1Bɓ ʙʳʣʘ ʦʧʨʝʜʝʣʝʥʘ ʩ ʧʦʤʦʱʴʶ 

ʗʄʈ. ʆʜʥʘʢʦ ʩʪʨʫʢʪʫʨʘ N-ʢʦʥʮʝʚʦʛʦ ʜʦʤʝʥʘ, ʢʦʪʦʨʳʡ ʚʦʚʣʝʯʝʥ ʚ ʙʝʣʦʢ-ʙʝʣʢʦʚʳʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʧʘʨʪʥʸʨʘʤʠ ʚ ʢʦʤʧʣʝʢʩʝ eEF1B, ʦʩʪʘʸʪʩʷ ʥʝʠʟʚʝʩʪʥʦʡ. 

ʎʝʣʴʶ ʥʘʰʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʦ ʠʟʫʯʝʥʠʝ ʩʪʨʫʢʪʫʨʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʠ 

ʧʦʩʪʨʦʝʥʠʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʤʦʜʝʣʠ N-ʢʦʥʮʝʚʦʛʦ ʜʦʤʝʥʘ eEF1Bɓ. 

N-ʢʦʥʮʝʚʦʡ ʜʦʤʝʥ eEF1Bɓ, ʚʢʣʶʯʘʶʱʠʡ ʘʤʠʥʦʢʠʩʣʦʪʳ 1-77 (eEF1Bɓ(1-77)), ʙʳʣ 

ʩʠʥʪʝʟʠʨʦʚʘʥ ʚ ʙʘʢʪʝʨʠʷʭ, ʦʯʠʱʝʥ ʩ ʧʦʤʦʱʴʶ ʘʬʬʠʥʥʦʡ ʭʨʦʤʘʪʦʛʨʘʬʠʠ ʠ ʛʝʣʴ 

ʬʠʣʴʪʨʘʮʠʠ. ʇʦʣʫʯʝʥʥʳʡ ʙʝʣʦʢ ʙʳʣ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥ ʧʨʠ ʧʦʤʦʱʠ ʛʝʣʴ-ʵʣʝʢʪʨʦʬʦʨʝʟʘ ʚ 

ʜʝʥʘʪʫʨʠʨʫʶʱʠʭ ʫʩʣʦʚʠʷʭ, ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʛʝʣʴ-ʬʠʣʴʪʨʘʮʠʠ ʠ ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ 

ʫʣʴʪʨʘʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʷ. ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʦ ʚʪʦʨʠʯʥʦʡ ʩʪʨʫʢʪʫʨʝ ʙʝʣʢʘ 

ʠʩʧʦʣʴʟʦʚʘʣʠ ʤʝʪʦʜ ʢʨʫʛʦʚʦʛʦ ʜʠʭʨʦʠʟʤʘ. ɼʣʷ ʦʮʝʥʢʠ ʢʦʤʧʘʢʪʥʦʩʪʠ ʪʨʝʪʠʯʥʦʡ 

ʩʪʨʫʢʪʫʨʳ eEF1Bɓ(1-77) ʙʳʣ ʧʨʦʚʝʜʝʥ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʢʠʥʝʪʠʢʠ 

ʚʦʜʦʨʦʜʥʦ-ʜʝʡʪʝʨʠʝʚʦʛʦ ʦʙʤʝʥʘ. ʄʦʜʝʣʠʨʦʚʘʥʠʝ 3D ʩʪʨʫʢʪʫʨʳ eEF1Bɓ(1-77) ʙʳʣʦ 

ʧʨʦʚʝʜʝʥʦ ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʳ I-TASSER ʠ ModRefiner. ʅʘ ʦʩʥʦʚʘʥʠʠ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʠ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʤʳ ʩʜʝʣʘʣʠ ʚʳʚʦʜ, ʯʪʦ 

eEF1Bɓ(1-77) ʠʤʝʝʪ ʜʠʥʘʤʠʯʥʫʶ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʫʶ ʩʪʨʫʢʪʫʨʫ, ʩʦʩʪʦʷʱʫʶ ʠʟ ʪʨʸʭ Ŭ-

ʩʧʠʨʘʣʴʥʳʭ ʠ ʜʚʫʭ ʥʝʫʧʦʨʷʜʦʯʝʥʥʳʭ ʫʯʘʩʪʢʦʚ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, N-ʢʦʥʮʝʚʦʡ ʜʦʤʝʥ 

eEF1Bɓ ʦʙʣʘʜʘʝʪ ʣʘʙʠʣʴʥʦʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʦʨʛʘʥʠʟʘʮʠʝʡ, ʢʦʪʦʨʘʷ ʤʦʞʝʪ 

ʦʙʝʩʧʝʯʠʚʘʪʴ ʫʥʠʚʝʨʩʘʣʴʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʤʥʦʛʦʩʠʩʣʝʥʥʤrʠ ʪʨʘʥʩʣʷʮʠʦʥʥʳʤʠ ʠ 

ʥʝʪʨʘʥʩʣʷʮʠʦʥʥʤrʠ ʧʘʨʪʥʝʨʘʤʠ ʵʪʦʛʦ ʙʝʣʢʘ ʚ ʢʣʝʪʢʝ. 
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ɸʂʊʀɺʅɯʉʊʔ ɸʄɯʅʆʂʉʀʃʔʅʀʍ ʈɸɼʀʂɸʃɯɺ ɺ ʈɽɸʂʎɯʗʍ ɺɯɼʈʀɺʋ 

ɸʊʆʄɸ ɺʆɼʅʖ ɺɯɼ a-ʉ-ʅ ɿɺᾳʗɿʂɯɺ ʋ ʉʇʀʈʊɸʍ 

ɻʦʨʜʻʻʚʘ ɯ. ʆ.1, ʂʫʱ ʆ. ɺ.2, ʂʦʤʧʘʥʝʮʴ ʄ. ʆ.3, ʐʝʥʜʨʠʢ ʆ. ʄ.1, ʆʧʝʡʜʘ ʁ. ʆ.2 
1ɼʦʥʝʮʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ɺʘʩʠʣʷ ʉʪʫʩʘ 

2ɯʥʩʪʠʪʫʪ ʬʽʟʠʢʦ-ʦʨʛʘʥʽʯʥʦʾ ʭʽʤʽʾ ʽ ʚʫʛʣʝʭʽʤʽʾ ʽʤ. ʃ. ʄ. ʃʠʪʚʠʥʝʥʢʘ ʅɸʅ ʋʢʨʘʾʥʠ 
3ɺʽʜʜʽʣʝʥʥʷ ʬʽʟʠʢʦ-ʭʽʤʽʾ ʛʦʨʶʯʠʭ ʢʦʧʘʣʠʥ ɯʥʌʆɺ ʽʤ. ʃ. ʄ. ʃʠʪʚʠʥʝʥʢʘ ʅɸʅ ʋʢʨʘʾʥʠ  

i.hordieeva@donnu.edu.ua 

 

ʉʝʣʝʢʪʠʚʥʝ ʦʢʠʩʥʝʥʥʷ ʩʧʠʨʪʽʚ ʤʦʣʝʢʫʣʷʨʥʠʤ ʢʠʩʥʝʤ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

N-ʛʽʜʨʦʢʩʠʽʤʽʜʥʠʭ ʦʨʛʘʥʽʯʥʠʭ ʢʘʪʘʣʽʟʘʪʦʨʽʚ ʣʝʞʠʪʴ ʚ ʦʩʥʦʚʽ ʙʘʛʘʪʴʦʭ ʝʬʝʢʪʠʚʥʠʭ 

ʤʝʪʦʜʽʚ çʟʝʣʝʥʦʾè ʭʽʤʽʾ ʟ ʦʪʨʠʤʘʥʥʷ ʢʘʨʙʦʥʽʣʴʥʠʭ ʩʧʦʣʫʢ. ʄʝʭʘʥʽʟʤʠ ʮʠʭ ʨʘʜʠʢʘʣʴʥʠʭ 

ʧʨʦʮʝʩʽʚ ʻ ʙʘʛʘʪʦʩʪʘʜʽʡʥʠʤʠ ʽ ʚʽʜʙʫʚʘʶʪʴʩʷ ʟʘ ʫʯʘʩʪʶ ʘʤʽʥʦʢʩʠʣʴʥʠʭ ʨʘʜʠʢʘʣʽʚ, ʷʢʽ ʻ 

ʢʣʶʯʦʚʠʤʠ ʘʢʪʠʚʥʠʤʠ ʽʥʪʝʨʤʝʜʽʘʪʘʤʠ. ɼʣʷ ʦʧʠʩʫ ʤʝʭʘʥʽʟʤʫ, ʤʦʜʝʣʶʚʘʥʥʷ ʽ 

ʧʨʦʝʢʪʫʚʘʥʥʷ ʪʘʢʠʭ ʧʝʨʝʪʚʦʨʝʥʴ ʥʝʦʙʭʽʜʥʝ ʜʦʩʣʽʜʞʝʥʥʷ ʾʭ ʝʣʝʤʝʥʪʘʨʥʠʭ ʨʝʘʢʮʽʡ, ʘ 

ʪʘʢʦʞ ʚʩʪʘʥʦʚʣʝʥʥʷ ʟʚᾳʷʟʢʫ çʩʪʨʫʢʪʫʨʘ ʨʝʘʢʪʘʥʪʽʚ - ʨʝʘʢʮʽʡʥʘ ʟʜʘʪʥʽʩʪʴè. 

ʋ ʜʘʥʽʡ ʨʦʙʦʪʽ ʚʠʚʯʝʥʦ ʢʽʥʝʪʠʢʫ ʨʝʘʢʮʽʡ ʚʽʜʨʠʚʫ ʅ-ʘʪʦʤʘ ʘʤʽʥʦʢʩʠʣʴʥʠʤʠ 

ʨʘʜʠʢʘʣʘʤʠ ʚʽʜ a-ʉ-ʅ ʟʚᾳʷʟʢʽʚ ʙʝʥʟʠʣʦʚʠʭ ʩʧʠʨʪʽʚ ʟ ʝʣʝʢʪʨʦʥʦʜʦʥʦʨʥʠʤʠ ʽ 

ʝʣʝʢʪʨʦʥʦʘʢʮʝʧʪʦʨʥʠʤʠ ʟʘʤʽʩʥʠʢʘʤʠ ʚ ʘʨʦʤʘʪʠʯʥʦʤʫ ʢʽʣʴʮʽ. ʈʘʜʠʢʘʣʠ ʙʝʥʟʪʨʽʘʟʦʣ-N-

ʦʢʩʠʣ (BTNO) ʪʘ ʬʪʘʣʽʤʽʜ-N-ʦʢʩʠʣ (PINO) ʛʝʥʝʨʫʚʘʣʠ ʟʘ ʨʝʘʢʮʽʻʶ ʦʢʠʩʣʝʥʥʷ 

ʚʽʜʧʦʚʽʜʥʠʭ N-ʛʽʜʨʦʢʩʠʽʤʽʜʽʚ 1-ʛʽʜʨʦʢʩʠʙʝʥʟʪʨʽʘʟʦʣʫ (ʅBT) ʽ N-ʛʽʜʨʦʢʩʠʬʪʘʣʽʤʽʜʫ 

(NHPI) ʡʦʜʙʝʥʟʦʣ ʜʽʘʮʝʪʘʪʦʤ (PhI(OAc)2) ʚ ʘʮʝʪʦʥʽʪʨʠʣʽ ʪʘ 

ʩʣʽʜʢʫʚʘʣʠ ʟʘ ʾʭ ʢʦʥʮʝʥʪʨʘʮʽʻʶ ʟʘ ʭʘʨʘʢʪʝʨʥʠʤʠ ʩʤʫʛʘʤʠ 

ʧʦʛʣʠʥʘʥʥʷ ʚ ʋʌ-ʚʠʜʠʤʽʡ ʦʙʣʘʩʪʽ ʩʧʝʢʪʨʫ. ʇʨʠ ʚʟʘʻʤʦʜʽʾ 

ʘʤʽʥʦʢʩʠʣʴʥʠʭ ʨʘʜʠʢʘʣʽʚ ʟ ʙʝʥʟʠʣʦʚʠʤʠ ʩʧʠʨʪʘʤʠ ʚʽʜʙʫʚʘʻʪʴʩʷ 

ʫʪʚʦʨʝʥʥʷ ʘʣʢʽʣʴʥʠʭ ʨʘʜʠʢʘʣʽʚ ʟ ʨʝʛʝʥʝʨʘʮʽʻʶ N-ʛʽʜʨʦʢʩʠʽʤʽʜʽʚ.  

ʂʦʥʩʪʘʥʪʠ ʰʚʠʜʢʦʩʪʽ ʨʝʘʢʮʽʾ ʚʽʜʨʠʚʫ H-ʘʪʦʤʘ ʘʤʽʥʦʢʩʠʣʴʥʠʤʠ ʨʘʜʠʢʘʣʘʤʠ ʚʽʜ a-

ʉ-ʅ ʟʚᾳʷʟʢʽʚ ʙʝʥʟʠʣʦʚʠʭ ʩʧʠʨʪʽʚ ʟ ʝʣʝʢʪʨʦʥʦʘʢʮʝʧʪʦʨʥʠʤʠ (4-NO2, 4-Cl) ʪʘ 

ʝʣʝʢʪʨʦʥʦʜʦʥʦʨʥʠʤʠ (4-ʉʅ3, 4-CH3O, 3,4-(ʄʝʆ)2) ʟʘʤʽʩʥʠʢʘʤʠ (kobs, s
-1) ʙʫʣʦ ʚʠʤʽʨʷʥʦ 

ʟʘ ʫʤʦʚ ʧʩʝʚʜʦ ʧʝʨʰʦʛʦ ʧʦʨʷʜʢʫ ʤʝʪʦʜʦʤ ʋʌ-ʩʧʝʢʪʨʦʩʢʦʧʽʾ ʧʨʠ lmax = 474 ʥʤ ʜʣʷ BTNO 

ʪʘ lmax = 382 ʥʤ ʜʣʷ PINO. ɸʙʩʦʣʶʪʥʽ ʢʦʥʩʪʘʥʪʠ ʰʚʠʜʢʦʩʪʽ ʨʝʘʢʮʽʾ ʜʨʫʛʦʛʦ ʧʦʨʷʜʢʫ 

ʚʽʜʨʠʚʫ ʅ-ʘʪʦʤʘ (kH, M-1³s-1) ʙʫʣʠ ʨʦʟʨʘʭʦʚʘʥʽ ʽʟ ʟʘʣʝʞʥʦʩʪʝʡ kobs ʚʽʜ ʢʦʥʮʝʥʪʨʘʮʽʡ 

ʩʫʙʩʪʨʘʪʽʚ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 7-8 ʟʥʘʯʝʥʴ kobs (ʜʠʚ. ʨʠʩ.). 

 
 

ʈʠʩ. ɿʘʣʝʞʥʽʩʪʴ ʩʧʦʩʪʝʨʝʞʫʚʘʥʦʾ 

ʢʦʥʩʪʘʥʪʠ ʰʚʠʜʢʦʩʪʽ ʨʝʘʢʮʽʾ BTNO ʟ 

ʟʘʤʽʱʝʥʠʤʠ ʙʝʥʟʠʣʦʚʠʤʠ ʩʧʠʨʪʘʤʠ ʚʽʜ 

ʢʦʥʮʝʥʪʨʘʮʽʾ ʦʩʪʘʥʥʽʭ. ([HBT]0=3³10-3 M, 

[PhI(OAc)2]0 = 3³10-4 M,  

[4-X-PhCH2OH]0 = 0.003õ0.03 M). 

ʈʝʘʢʪʠʚʥʽʩʪʴ ʙʝʥʟʠʣʦʚʠʭ ʩʧʠʨʪʽʚ 

ʚ ʨʝʘʢʮʽʷʭ ʚʽʜʨʠʚʫ ʘʪʦʤʘ ʚʦʜʥʶ 

ʘʤʽʥʦʢʩʠʣʴʥʠʤʠ ʨʘʜʠʢʘʣʘʤʠ ʟʨʦʩʪʘʻ ʚ 

ʨʷʜʽ: 4-NO2PhCH2OH ᾽ 4-ClPhCH2OH ᾽ 

PhCH2OH ᾽ 4-ʄʝPhCH2OH ᾽ 

4-ʄʝʆPhCH2OH ᾽ 3,4-(ʄʝʆ)2PhCH2OH. 

ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʜʝʤʦʥʩʪʨʫʶʪʴ 

ʭʦʨʦʰʫ ʢʦʨʝʣʷʮʽʶ ɻʘʤʤʝʪʘ (lg kH ʚʽʜ s+) 

ʟ ʚʽʜôʻʤʥʠʤʠ ʟʥʘʯʝʥʥʷʤʠ r, ʱʦ ʩʚʽʜʯʠʪʴ 
ʧʨʦ ʟʥʘʯʥʠʡ ʚʧʣʠʚ ʧʦʣʷʨʥʠʭ ʩʪʨʫʢʪʫʨ ʚ 

ʧʝʨʝʭʽʜʥʦʤʫ ʩʪʘʥʽ ʨʝʘʢʮʽʡ. 

ʇʦʢʘʟʘʥʦ, ʱʦ PINO ʻ ʟʥʘʯʥʦ 

ʘʢʪʠʚʥʽʰʠʤ ʚ ʨʝʘʢʮʽʷʭ ʚʽʜʨʠʚʫ ʅ-ʘʪʦʤʘ 

ʙʝʥʟʠʣʦʚʠʭ ʩʧʠʨʪʽʚ ʧʦʨʽʚʥʷʥʦ ʟ BTNO, 

ʱʦ ʧʦʷʩʥʶʻʪʴʩʷ ʙʽʣʴʰʦʶ ʝʥʝʨʛʽʻʶ 

ʜʠʩʦʮʠʘʮʽʾ ʆ-ʅ ʟʚᾷʷʟʢʫ ʚ NHPI (88 ʜʣʷ 

NHPI ʪʘ 85 ʢʢʘʣ/ʤʦʣʴ ʜʣʷ ʅBT). 
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ʉʊɸɹɯʃʔʅɯ ɯʄɯʅʆʂʉʀʃʔʅɯ ʈɸɼʀʂɸʃʀ ɺ ʈɽɸʂʎɯʗʍ ʇɽʈɽʅʆʉʋ H-ɸʊʆʄɸ 

ɿʦʩʝʥʢʦ ʆ. ʆ.1, ʂʫʱ ʆ. ɺ.2, ʂʦʤʧʘʥʝʮʴ ʄ. ʆ.3, ʐʝʥʜʨʠʢ ʆ. ʄ.1 
1ɼʦʥʝʮʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ɺʘʩʠʣʷ ʉʪʫʩʘ 

2ɯʥʩʪʠʪʫʪ ʬʽʟʠʢʦ-ʦʨʛʘʥʽʯʥʦʾ ʭʽʤʽʾ ʽ ʚʫʛʣʝʭʽʤʽʾ ʽʤ. ʃ. ʄ. ʃʠʪʚʠʥʝʥʢʘ ʅɸʅ ʋʢʨʘʾʥʠ 
3ɺʽʜʜʽʣʝʥʥʷ ʬʽʟʠʢʦ-ʭʽʤʽʾ ʛʦʨʶʯʠʭ ʢʦʧʘʣʠʥ ɯʥʌʆɺ ʽʤ. ʃ. ʄ. ʃʠʪʚʠʥʝʥʢʘ ʅɸʅ ʋʢʨʘʾʥʠ  

o.zosenko@donnu.edu.ua 

 

ɸʢʪʫʘʣʴʥʽʩʪʴ ʨʦʟʨʦʙʢʠ ʢʘʪʘʣʽʪʠʯʥʠʭ ʩʠʩʪʝʤ ʥʘ ʦʩʥʦʚʽ ʦʢʩʠʤʽʚ, ʟʦʢʨʝʤʘ 

ʚʽʦʣʫʨʦʚʦʾ ʢʠʩʣʦʪʠ, ʤʘʻ ʦʩʦʙʣʠʚʝ ʟʥʘʯʝʥʥʷ ʚ ʢʦʥʪʝʢʩʪʽ ʦʢʠʩʥʶʚʘʣʴʥʦʾ ʜʝʛʨʘʜʘʮʽʾ ʣʽʛʥʽʥʫ. 

ʎʝʡ ʧʨʠʨʦʜʥʠʡ ʧʦʣʽʤʝʨ ʻ ʧʦʪʝʥʮʽʘʣʴʥʠʤ ʚʽʜʥʦʚʣʶʚʘʣʴʥʠʤ ʜʞʝʨʝʣʦʤ ʜʣʷ ʧʨʦʤʠʩʣʦʚʦʛʦ 

ʦʪʨʠʤʘʥʥʷ ʮʽʥʥʠʭ ʭʽʤʽʢʘʪʽʚ. ʉʠʩʪʝʤʠ ʥʘ ʦʩʥʦʚʽ ʦʢʩʠʤʽʚ ʽ N-ʛʽʜʨʦʢʩʠʽʤʽʜʽʚ ʢʘʪʘʣʽʟʫʶʪʴ 

ʧʝʨʝʪʚʦʨʝʥʥʷ ʣʽʛʥʽʥʫ ʚ ʥʠʟʴʢʦʤʦʣʝʢʫʣʷʨʥʽ ʘʨʦʤʘʪʠʯʥʽ ʩʧʦʣʫʢʠ.  

ʋ ʜʘʥʽʡ ʨʦʙʦʪʽ ʦʢʠʩʣʝʥʥʷʤ ʦʢʩʠʤʽʚ - 3-(ʛʽʜʨʦʢʩʠʽʤʽʥʦ)ʧʝʥʪʘʥ-2,4-ʜʽʦʥʫ (ɻɯʇɼ) ʪʘ 

ʚʽʦʣʫʨʦʚʦʾ ʢʠʩʣʦʪʠ (ɺʂ) ʦʨʛʘʥʽʯʥʠʤ ʦʢʠʩʥʠʢʦʤ ʡʦʜʙʝʥʟʦʣ ʜʠ(ʪʨʠʬʪʦʨʘʮʝʪʘʪʦʤ) ʚ 

ʨʦʟʯʠʥʽ ʘʮʝʪʦʥʽʪʨʠʣʫ ʦʪʨʠʤʘʥʦ ʚʽʜʧʦʚʽʜʥʽ ʽʤʽʥʦʢʩʠʣʴʥʽ ʨʘʜʠʢʘʣʠ (ɯ) ʪʘ (ɯɯ). ɺ ʋʌ-

ʚʠʜʠʤʽʡ ʦʙʣʘʩʪʽ ʩʧʝʢʪʨʫ ʨʘʜʠʢʘʣʠ ʤʘʶʪʴ ʭʘʨʘʢʪʝʨʥʽ ʩʤʫʛʠ ʧʦʛʣʠʥʘʥʥʷ (lmax = 410 ʥʤ 

ʜʣʷ ɯ ʪʘ lmax = 425 ʥʤ ɯɯ), ʷʢʽ ʚʽʜʪʚʦʨʶʶʪʴʩʷ ʙʝʟ ʩʫʪʪʻʚʠʭ ʟʤʽʥ ʥʘ ʧʨʦʪʷʟʽ ʜʝʢʽʣʴʢʦʭ ʛʦʜʠʥ. 

ʎʝ ʚʢʘʟʫʻ ʥʘ ʟʥʘʯʥʫ ʩʪʘʙʽʣʴʥʽʩʪʴ ʦʪʨʠʤʘʥʠʭ ʨʘʜʠʢʘʣʽʚ, ʷʢʘ 

ʧʦʷʩʥʶʻʪʴʩʷ ʥʘʷʚʥʽʩʪʶ ʤʝʟʦʤʝʨʥʠʭ ʩʪʨʫʢʪʫʨ ï ʩʧʽʥʦʚʘ 

ʛʫʩʪʠʥʘ ʚ ʨʘʜʠʢʘʣʘʭ ʨʦʟʧʦʜʽʣʝʥʘ ʥʘ ʉ=N-O ʬʨʘʛʤʝʥʪʽ. ʗʢ 

ʜʦʥʦʨʠ ʅ-ʘʪʦʤʫ ʽ ʤʦʜʝʣʽ ʣʽʛʥʽʥʦʚʠʭ ʩʪʨʫʢʪʫʨ ʚʠʢʦʨʠʩʪʘʥʦ 

ʙʝʥʟʠʣʦʚʽ ʩʧʠʨʪʠ ʟ ʝʣʝʢʪʨʦʥʦʜʦʥʦʨʥʠʤʠ ʪʘ 

ʝʣʝʢʪʨʦʥʦʘʢʮʝʧʪʦʨʥʠʤʠ ʟʘʤʽʩʥʠʢʘʤʠ ʚ ʙʝʥʟʦʣʴʥʦʤʫ ʢʽʣʴʮʽ 

(ʍ = 3,4-(ʄʝʆ)2, 4-MeO, 4-Me, 4-H, 4-Cl, 4-NO2). 

 
ʈʠʩ. ʂʽʥʝʪʠʯʥʽ ʢʨʠʚʽ ʚʠʪʨʘʯʘʥʥʷ 

ʽʤʽʥʦʢʩʠʣʴʥʦʛʦ ʨʘʜʠʢʘʣʘ ɺʂ ʧʨʠ 30 ʦʉ 

ʫ ʚʽʜʩʫʪʥʦʩʪʽ (1) ʪʘ ʧʨʠ ʜʦʜʘʚʘʥʥʽ 

ʙʝʥʟʠʣʦʚʠʭ ʩʧʠʨʪʽʚ 4-ʍ-PhCH2OH 

(0,018 ʄ): NO2 (2); Me (3); H (4); 

ʉl (5); CH3O (6); ʢʽʥʝʪʠʢʫ ʜʦʩʣʽʜʞʝʥʦ 

ʟʘ ʟʤʽʥʦʶ ʚʝʣʠʯʠʥʠ ʘʙʩʦʨʙʮʽʾ (ɸ) ʧʨʠ 

lmax = 425 ʥʤ 

ʄʝʪʦʜʦʤ ʋʌ-ʩʧʝʢʪʨʦʩʢʦʧʽʾ ʚʠʟʥʘʯʝʥʦ 

ʢʦʥʩʪʘʥʪʠ ʰʚʠʜʢʦʩʪʽ (kH, ʣ/(ʤʦʣʴ³ʩ)) ʨʝʘʢʮʽʡ 

ʚʽʜʨʠʚʫ ʘʪʦʤʘ ʚʦʜʥʶ ʽʤʽʥʦʢʩʠʣʴʥʠʤʠ 

ʨʘʜʠʢʘʣʘʤʠ ʚʽʜ ʉ-ʅ ʟʚʷʟʢʽʚ ʙʝʥʟʠʣʦʚʠʭ 

ʩʧʠʨʪʽʚ ʟ ʫʪʚʦʨʝʥʥʷʤ ʉ-ʮʝʥʪʨʦʚʘʥʠʭ 

ʨʘʜʠʢʘʣʽʚ ʪʘ ʨʝʛʝʥʝʨʘʮʽʻʶ ʚʠʭʽʜʥʠʭ ʦʢʩʠʤʽʚ. 

ʊʘʢʘ ʨʝʘʢʮʽʷ ʻ ʢʣʶʯʦʚʦʶ ʚ ʢʘʪʘʣʽʪʠʯʥʠʭ 

ʧʨʦʮʝʩʘʭ ʦʢʠʩʥʝʥʥʷ ʦʨʛʘʥʽʯʥʠʭ ʩʧʦʣʫʢ 

ʤʦʣʝʢʫʣʷʨʥʠʤ ʢʠʩʥʝʤ ʟʘ ʫʯʘʩʪʶ ʦʢʩʠʤʽʚ ʪʘ 

N-ʛʽʜʨʦʢʩʠʽʤʽʜʽʚ. 

 
ʇʦʢʘʟʘʥʦ, ʱʦ ʧʦʣʷʨʥʽ ʝʬʝʢʪʠ ʤʘʶʪʴ 

ʚʘʞʣʠʚʝ ʟʥʘʯʝʥʥʷ ʚ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʨʝʘʢʮʽʷʭ. 

ʇʨʦ ʮʝ ʩʚʽʜʯʘʪʴ ʟʘʜʦʚʽʣʴʥʘ ʢʦʨʝʣʷʮʽʷ 

ɻʘʤʤʝʪʘ (log kX/kH = ɟů+) ʟ ʚʽʜôʻʤʥʦʶ  

ʚʝʣʠʯʠʥʦʶ r ʜʣʷ ʨʝʘʢʮʽʡ ʟʘ ʫʯʘʩʪʶ ʨʘʜʠʢʘʣʘ ɯɯ. ɹʝʥʟʠʣʦʚʽ ʩʧʠʨʪʠ ʟ ʜʦʥʦʨʥʠʤʠ 

ʟʘʤʽʩʥʠʢʘʤʠ ʟʥʘʯʥʦ ʰʚʠʜʰʝ ʨʝʘʛʫʶʪʴ ʟ ʽʤʽʥʦʢʩʠʣʴʥʠʤʠ ʨʘʜʠʢʘʣʘʤʠ, ʥʽʞ ʩʧʠʨʪʠ ʟ 

ʘʢʮʝʧʪʦʨʥʠʤʠ ʟʘʤʽʩʥʠʢʘʤʠ. ʎʝʡ ʬʘʢʪ ʚʢʘʟʫʻ ʥʘ ʝʣʝʢʪʨʦʬʽʣʴʥʠʡ ʭʘʨʘʢʪʝʨ ʜʦʩʣʽʜʞʫʚʘʥʠʭ 

ʨʘʜʠʢʘʣʽʚ ʽ ʨʦʟʜʽʣʝʥʥʷ ʟʘʨʷʜʽʚ ʫ ʧʝʨʝʭʽʜʥʦʤʫ ʩʪʘʥʽ ʨʝʘʢʮʽʾ ʚʽʜʨʠʚʫ ʅ-ʘʪʦʤʘ. 
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ʂʦʥʜʨʘʪʝʥʢʦ ʂ. ʆ.1, ɿʦʩʝʥʢʦ ʆ. ʆ.1, ɻʦʨʜʻʻʚʘ ɯ. ʆ.1, ʂʫʱ ʆ. ɺ.2 

1ɼʦʥʝʮʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ɺʘʩʠʣʷ ʉʪʫʩʘ 
2ɺʽʜʜʽʣʝʥʥʷ ʬʽʟʠʢʦ-ʭʽʤʽʾ ʛʦʨʶʯʠʭ ʢʦʧʘʣʠʥ ɯʥʌʆɺ ʽʤ. ʃ. ʄ. ʃʠʪʚʠʥʝʥʢʘ ʅɸʅ ʋʢʨʘʾʥʠ  
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ɺ ʦʩʪʘʥʥʽ ʨʦʢʠ ʚʝʣʠʢʘ ʫʚʘʛʘ ʧʨʠʜʽʣʷʻʪʴʩʷ ʚʠʚʯʝʥʥʶ ʘʥʪʠʦʢʩʠʜʘʥʪʥʦʾ ʘʢʪʠʚʥʦʩʪʽ 

(ɸʆɸ) ʝʢʩʪʨʘʢʪʽʚ ʣʽʢʘʨʩʴʢʠʭ ʨʦʩʣʠʥ, ʷʢʽ ʟʥʘʭʦʜʷʪʴ ʰʠʨʦʢʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʦʬʽʮʽʡʥʽʡ ʪʘ 

ʥʘʨʦʜʥʽʡ ʤʝʜʠʮʠʥʽ ʽ ʢʦʩʤʝʪʠʮʽ. ʋ ʙʘʛʘʪʴʦʭ ʚʠʧʘʜʢʘʭ ʚʠʷʚʣʝʥʘ ʚʠʩʦʢʘ ʘʥʪʠʦʢʩʠʜʘʥʪʥʘ 

ʘʢʪʠʚʥʽʩʪʴ ʝʢʩʪʨʘʢʪʽʚ ʨʦʩʣʠʥ, ʷʢʘ ʤʦʞʝ ʚʥʦʩʠʪʠ ʽʩʪʦʪʥʠʡ ʚʥʝʩʦʢ ʚ ʾʭ ʣʽʢʫʚʘʣʴʥʠʡ ʝʬʝʢʪ. 

ʇʦʢʘʟʘʥʦ, ʱʦ ɸʆɸ ʝʢʩʪʨʘʢʪʽʚ ʧʦʚ'ʷʟʘʥʘ ʟ ʥʘʷʚʥʽʩʪʶ ʚ ʥʠʭ ʧʦʣʽʬʝʥʦʣʽʚ, ʫ ʪʦʤʫ ʯʠʩʣʽ, 

ʪʘʥʽʥʽʚ ʽ ʬʣʘʚʦʥʦʾʜʽʚ, ʷʢʽ ʧʦʻʜʥʫʶʪʴ ʥʠʟʴʢʫ ʪʦʢʩʠʯʥʽʩʪʴ ʟʽ ʟʜʘʪʥʽʩʪʶ ʝʬʝʢʪʠʚʥʦ 

ʧʨʠʛʥʽʯʫʚʘʪʠ ʧʨʦʮʝʩʠ ʚʽʣʴʥʦʨʘʜʠʢʘʣʴʥʦʛʦ ʦʢʠʩʣʝʥʥʷ ʚ ʞʠʚʠʭ ʦʨʛʘʥʽʟʤʘʭ.  

ʇʨʝʜʤʝʪʦʤ ʜʦʩʣʽʜʞʝʥʥʷ ʜʘʥʦʾ ʨʦʙʦʪʠ ʙʫʣʠ ʘʥʪʠʦʢʩʠʜʘʥʪʥʽ ʚʣʘʩʪʠʚʦʩʪʽ 

ʝʢʩʪʨʘʢʪʽʚ ʣʠʤʦʥʫ, ʤ'ʷʪʠ, ʯʦʨʥʠʮʽ, ʘʣʦʝ, ʘʨʥʽʢʠ, ʣʘʚʘʥʜʠ. ɼʣʷ ʜʦʩʣʽʜʞʝʥʴ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʾʭ ʚʦʜʥʽ ʽ ʩʧʠʨʪʦʚʽ ʨʦʟʯʠʥʠ. ʅʘ ʧʽʜʩʪʘʚʽ ʧʨʦʚʝʜʝʥʠʭ ʷʢʽʩʥʠʭ ʨʝʘʢʮʽʡ 

ʙʫʣʦ ʚʩʪʘʥʦʚʣʝʥʦ ʥʘʷʚʥʽʩʪʴ ʚ ʝʢʩʪʨʘʢʪʘʭ ʢʘʨʙʦʥʦʚʠʭ ʢʠʩʣʦʪ, ʬʣʘʚʦʥʦʾʜʽʚ: ʬʣʘʚʦʥʽʚ, 

ʬʣʘʚʦʥʦʣʽʚ, ʬʣʘʚʦʥʦʥʦʣʽʚ, ʽʟʦʬʣʘʚʦʥʽʚ, ʬʣʘʚʦʥʦʣʽʚ ʟ ʚʽʣʴʥʦʶ 3-ʆʅ ʛʨʫʧʦʶ, 

ʬʣʘʚʦʥʦʾʜʽʚ, ʷʢʽ ʤʘʶʪʴ ʜʚʽ ʦʢʩʠʛʨʫʧʠ ʫ ʉ-3, ʉ-5, ʘʥʪʨʦʭʽʥʦʥʽʚ, ʭʘʣʢʦʥʽʚ, ʘʫʨʦʥʽʚ. 

ʉʫʤʘʨʥʠʡ ʚʤʽʩʪ ʬʝʥʦʣʴʥʠʭ ʩʧʦʣʫʢ ʚʠʟʥʘʯʘʣʠ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʥʠʤ ʤʝʪʦʜʦʤ ʟ 

ʨʝʘʢʪʠʚʦʤ Folin-Ciokalteu, ʷʢʠʡ ʟʘʩʥʦʚʘʥʠʡ ʥʘ ʚʽʜʥʦʚʣʝʥʥʽ ʝʢʩʪʨʘʢʪʽʚ 

ʬʦʩʬʦʨʥʦʚʦʣʴʬʨʘʤʦʚʦʶ ʽ ʬʦʩʬʦʨʥʦʤʦʣʽʙʜʝʥʦʚʦʶ ʢʠʩʣʦʪʘʤʠ ʚ ʣʫʞʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʽ ʻ 

ʦʩʥʦʚʥʠʤ ʤʝʪʦʜʦʤ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʟʘʛʘʣʴʥʦʛʦ ʬʝʥʦʣʴʥʦʛʦ ʽʥʜʝʢʩʫ ʚ ʣʽʢʘʨʩʴʢʽʡ 

ʨʦʩʣʠʥʥʽʡ ʩʠʨʦʚʠʥʽ ʪʘ ʭʘʨʯʦʚʠʭ ʧʨʦʜʫʢʪʘʭ. ʂʽʣʴʢʽʩʥʝ ʚʠʟʥʘʯʝʥʥʷ ʩʫʤʠ ʧʦʣʽʬʝʥʦʣʽʚ 

ʧʨʦʚʝʜʝʥʦ ʚ ʧʝʨʝʨʘʭʫʥʢʫ ʥʘ ʛʘʣʣʦʚʫ ʢʠʩʣʦʪʫ. ʇʦʢʘʟʘʥʦ ʱʦ ʤôʷʪʘ, ʘʨʥʽʢʘ ʪʘ ʣʠʤʦʥ ʫ 

ʩʚʦʻʤʫ ʩʢʣʘʜʽ ʤʘʶʪʴ ʥʘʡʙʽʣʴʰʫ ʢʽʣʴʢʽʩʪʴ ʬʝʥʦʣʴʥʠʭ ʩʧʦʣʫʢ. ʇʨʠ ʚʠʟʥʘʯʝʥʥʽ ʚʽʪʘʤʽʥʫ ʈ 

ʚ ʨʦʩʣʠʥʥʠʭ ʝʢʩʪʨʘʢʪʘʭ ʙʫʣʦ ʧʦʢʘʟʘʥʦ, ʱʦ ʥʘʡʢʨʘʱʽ ʧʦʢʘʟʥʠʢʠ ʙʫʣʠ ʫ ʤô̫ ʪʠ, ʘʣʦʝ ʽ 

ʣʘʚʘʥʜʠ.  

 
ʈʠʩ. ɿʘʣʝʞʥʽʩʪʴ ʛʣʠʙʠʥʠ ʧʝʨʝʪʚʦʨʝʥʥʷ DPPHÅ, % ʚ ʧʝʨʰʽ 30 ʭʚ ʚʽʜ ʢʦʥʮʝʥʪʨʘʮʽʾ 

ʘʥʪʠʦʢʩʠʜʘʥʪʘ. 1 ï ʘʩʢʦʨʙʽʥʦʚʘ ʢʠʩʣʦʪʘ, 2 ï ʘʣʦʝ, 3 ï ʘʨʥʽʢʘ, 4 ï ʣʘʚʘʥʜʘ, 5 ï ʣʠʤʦʥ,  

6 ï ʯʦʨʥʠʮʷ, 7 ï ʤôʷʪʘ. ʊ = 30 Áʉ, ɚ = 517 ʥʤ 

 

ɼʦʩʣʽʜʞʝʥʦ ʘʥʪʠʨʘʜʠʢʘʣʴʥʫ ʘʢʪʠʚʥʽʩʪʴ (ɸʈɸ) ʝʪʘʥʦʣʴʥʠʭ ʨʦʩʣʠʥʥʠʭ ʝʢʩʪʨʘʢʪʽʚ 

ʟʘ ʨʝʘʢʮʽʻʶ ʟ ʩʪʘʙʽʣʴʥʠʤ ʨʘʜʠʢʘʣʦʤ DPPH¶ (ʜʠʬʝʥʽʣʧʽʢʨʠʣʛʽʜʨʘʟʠʣ) ʪʘ ʦʪʨʠʤʘʥʦ 

ʟʥʘʯʝʥʥʷ ʝʬʝʢʪʠʚʥʠʭ ʢʦʥʮʝʥʪʨʘʮʽʡ EC50 ʘʥʪʠʦʢʩʠʜʘʥʪʽʚ (ʜʠʚ. ʨʠʩ.). ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ 

ʥʘʡʙʽʣʴʰʫ ɸʈɸ ʤʘʶʪʴ ʝʢʩʪʨʘʢʪʠ ʘʣʦʝ ʪʘ ʤôʷʪʠ. 
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ʨʅ-ʆʇʊʀʄʋʄ ʌɽʈʄɽʅʊʅʆɻʆ ʇʈɽʇɸʈɸʊʋ 

 çLACCASE FROM TRAMETES VERSICOLORè 

ʂʦʥʢʽʥʘ ʗ. ʉ., ʃʝʩʠʰʠʥʘ ʖ. ʆ., ʎʷʧʘʣʦ ʆ. ʉ., ʐʝʥʜʨʠʢ ʆ. ʄ. 

ɼʦʥʝʮʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ɺʘʩʠʣʷ ʉʪʫʩʘ 

konkina.i@donnu.edu.ua 

 

ʃʘʢʢʘʟʘ (ʂʌ 1.10.3.2, ʧ-ʜʠʬʝʥʦʣ: ʢʠʩʝʥʴ ʦʢʩʠʜʦʨʝʜʫʢʪʘʟʘ) ʚʭʦʜʠʪʴ ʜʦ ʩʢʣʘʜʫ 

ʣʽʛʥʦʣʽʪʠʯʥʦʛʦ ʬʝʨʤʝʥʪʥʦʛʦ ʢʦʤʧʣʝʢʩʫ ʜʝʨʝʚʦʨʫʡʥʫʶʯʠʭ ʛʨʠʙʽʚ. ʆʩʦʙʣʠʚʽ ʢʘʪʘʣʽʪʠʯʥʽ 

ʚʣʘʩʪʠʚʦʩʪʽ ʽ ʰʠʨʦʢʘ ʩʫʙʩʪʨʘʪʥʘ ʩʧʝʮʠʬʽʯʥʽʩʪʴ ʣʘʢʢʘʟʠ ʟʫʤʦʚʣʶʶʪʴ ʾʾ ʟʘʩʪʦʩʫʚʘʥʥʷ ʫ 

ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʙʽʦʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʘʭ. ʅʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʧʨʦʤʠʩʣʦʚʽʩʪʴ 

ʚʠʧʫʩʢʘʻ ʢʦʤʝʨʮʽʡʥʽ ʧʨʝʧʘʨʘʪʠ ʣʘʢʢʘʟʠ ʨʽʟʥʦʛʦ ʩʪʫʧʝʥʶ ʦʯʠʱʝʥʥʷ ʪʘ ʢʦʥʮʝʥʪʨʫʚʘʥʥʷ, 

ʱʦ ʚ ʩʚʦʶ ʯʝʨʛʫ ʤʦʞʝ ʚʽʜʦʙʨʘʞʘʪʠʩʴ ʫ ʚʽʜʤʽʥʥʦʩʪʷʭ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʬʝʨʤʝʥʪʫ (ʡʦʛʦ ʨʅ-ʦʧʪʠʤʫʤʫ, ʪʝʨʤʦʣʘʙʽʣʴʥʦʩʪʽ, ʪʝʨʤʦʩʪʘʙʽʣʴʥʦʩʪʽ ʪʦʱʦ). 

ʄʝʪʘ ʜʘʥʦʾ ʨʦʙʦʪʠ ʧʦʣʷʛʘʣʘ ʫ ʚʠʟʥʘʯʝʥʥʽ ʨʅ-ʦʧʪʠʤʫʤʫ ʢʦʤʝʨʮʽʡʥʦʛʦ 

ʬʝʨʤʝʥʪʥʦʛʦ ʧʨʝʧʘʨʘʪʫ çLaccase from Trametes versicolorè (ʬʽʨʤʠ çSigmaè, ʅʽʤʝʯʯʠʥʘ). 

ɺʧʣʠʚ ʨʅ ʩʝʨʝʜʦʚʠʱʘ ʥʘ ʘʢʪʠʚʥʽʩʪʴ ʬʝʨʤʝʥʪʫ ʜʦʩʣʽʜʞʫʚʘʣʠ, ʚʠʚʯʘʶʯʠ ʢʽʥʝʪʠʢʫ 

ʨʝʘʢʮʽʾ ʣʘʢʢʘʟʥʦʛʦ ʦʢʠʩʥʝʥʥʷ ʛʽʜʨʦʭʽʥʦʥʫ (ɻʍ) ʤʦʣʝʢʫʣʷʨʥʠʤ ʢʠʩʥʝʤ ʚ ʜʽʘʧʘʟʦʥʽ ʨʅ 3,0ï

5,6 ʦʜʠʥʠʮʴ ʟ ʢʨʦʢʦʤ 0,2 ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʝʪʦʜʫ UV-VIS-ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʽʾ. ʈʝʘʢʮʽʶ 

ʧʨʦʚʦʜʠʣʠ ʫ ʮʠʪʨʘʪʥʽʡ ʙʫʬʝʨʥʽʡ ʩʠʩʪʝʤʽ, ʷʢʫ ʦʜʝʨʞʫʚʘʣʠ ʟʤʽʰʫʚʘʥʥʷʤ ʨʽʟʥʠʭ ʦʙôʻʤʽʚ 

0,1 ʄ ʨʦʟʯʠʥʫ ʣʠʤʦʥʥʦʾ ʢʠʩʣʦʪʠ ʪʘ 0,1 ʄ ʪʨʠʥʘʪʨʽʻʚʦʾ ʩʦʣʽ ʣʠʤʦʥʥʦʾ ʢʠʩʣʦʪʠ. ɻʍ 

ʧʦʧʝʨʝʜʥʴʦ ʦʯʠʱʘʣʠ ʤʝʪʦʜʦʤ ʩʫʙʣʽʤʘʮʽʾ. ʈʦʟʯʠʥʠ ɻʍ ʽ ʣʘʢʢʘʟʠ ʟʤʽʰʫʚʘʣʠ 

ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚ ʢʶʚʝʪʽ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʫ; ʢʦʥʮʝʥʪʨʘʮʽʾ ɻʍ ʚ ʨʝʘʢʮʽʡʥʽʡ ʩʫʤʽʰʽ ʚ 

ʧʦʯʘʪʢʦʚʠʡ ʤʦʤʝʥʪ ʯʘʩʫ ʟʤʽʥʶʚʘʣʠ ʚ ʽʥʪʝʨʚʘʣʽ ʚʽʜ 10-5 ʜʦ 10-4 ʄ, ʢʦʥʮʝʥʪʨʘʮʽʷ ʬʝʨʤʝʥʪʫ 

ʙʫʣʘ ʧʦʩʪʽʡʥʦʶ ʽ ʩʪʘʥʦʚʠʣʘ 60 ʤʛ/ʣ. ɿʤʽʥʫ ʢʦʥʮʝʥʪʨʘʮʽʾ ɻʍ ʚʠʟʥʘʯʘʣʠ ʟʘ ʟʤʝʥʰʝʥʥʷʤ 

ʤʘʢʩʠʤʫʤʫ ʧʦʛʣʠʥʘʥʥʷ ʚʥʘʩʣʽʜʦʢ ʦʢʠʩʥʝʥʥʷ ʩʫʙʩʪʨʘʪʫ ʧʨʠ 290 ʥʤ (Ů290 (ɻʍ) = 

2947 ʣ/ʤʦʣʴȚʩʤ) ʟʘ ʘʪʤʦʩʬʝʨʥʦʛʦ ʪʠʩʢʫ ʪʘ ʪʝʤʧʝʨʘʪʫʨʠ 35 ÁC ʧʨʦʪʷʛʦʤ 900 ʩʝʢ.  

ʇʦʯʘʪʢʦʚʫ ʰʚʠʜʢʽʩʪʴ ʨʝʘʢʮʽʾ ʦʢʠʩʥʝʥʥʷ ɻʍ ʚʠʟʥʘʯʘʣʠ ʷʢ ʪʘʥʛʝʥʩ ʢʫʪʘ ʥʘʭʠʣʫ 

ʧʦʯʘʪʢʦʚʦʾ ʧʨʷʤʦʣʽʥʽʡʥʦʾ ʜʽʣʷʥʢʠ ʢʽʥʝʪʠʯʥʦʾ ʢʨʠʚʦʾ; ʤʘʢʩʠʤʘʣʴʥʫ ʰʚʠʜʢʽʩʪʴ (Vmax) ʪʘ 

ʢʦʥʩʪʘʥʪʫ ʄʽʭʘʝʣʽʩʘ ʨʦʟʨʘʭʦʚʫʚʘʣʠ, ʚʠʭʦʜʷʯʠ ʟ ʨʽʚʥʷʥʥʷ ʄʽʭʘʝʣʽʩʘ-ʄʝʥʪʝʥ, 

ʣʽʥʝʘʨʠʟʦʚʘʥʦʛʦ ʫ ʧʦʜʚʽʡʥʠʭ ʦʙʝʨʥʝʥʠʭ ʢʦʦʨʜʠʥʘʪʘʭ ʃʘʡʥʫʽʚʝʨʘïɹʝʨʢʘ. 

ɿʘʣʝʞʥʽʩʪʴ Vmax ʨʝʘʢʮʽʾ ʣʘʢʢʘʟʥʦʛʦ ʦʢʠʩʥʝʥʥʷ ɻʍ ʤʦʣʝʢʫʣʷʨʥʠʤ ʢʠʩʥʝʤ ʚʽʜ ʨʅ 

ʨʝʘʢʮʽʡʥʦʾ ʩʫʤʽʰʽ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʫ: 

 
ʈʠʩ. ɿʘʣʝʞʥʽʩʪʴ ʤʘʢʩʠʤʘʣʴʥʦʾ ʰʚʠʜʢʦʩʪʽ ʣʘʢʢʘʟʥʦʛʦ ʦʢʠʩʥʝʥʥʷ  

ɻʍ ʤʦʣʝʢʫʣʷʨʥʠʤ ʢʠʩʥʝʤ ʚʽʜ ʨʅ ʩʝʨʝʜʦʚʠʱʘ (ʊ = 35 ÁC) 

 

ʗʢ ʚʠʜʥʦ ʟ ʨʠʩʫʥʢʫ, ʢʨʠʚʘ ʟʘʣʝʞʥʦʩʪʽ ʰʚʠʜʢʦʩʪʽ ʣʘʢʢʘʟʥʦʛʦ ʦʢʠʩʥʝʥʥʷ ɻʍ 

ʤʦʣʝʢʫʣʷʨʥʠʤ ʢʠʩʥʝʤ ʚʽʜ ʨʅ ʤʘʻ ʜʟʚʦʥʦʧʦʜʽʙʥʠʡ ʚʠʛʣʷʜ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʣʽʪʝʨʘʪʫʨʥʠʤ 

ʜʘʥʠʤ. ʨʅ-ʦʧʪʠʤʫʤ ʬʝʨʤʝʥʪʥʦʛʦ ʧʨʝʧʘʨʘʪʫ çLaccase from Trametes versicolorè ʚ ʨʝʘʢʮʽʾ 

ʦʢʠʩʥʝʥʥʷ ɻʍ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʽʥʪʝʨʚʘʣʽ 4,2ï4,6.  
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ɸʅʊʀʆʂʉʀɼɸʅʊʅɸ ɸʂʊʀɺʅɯʉʊʔ ɽʂʉʊʈɸʂʊɯɺ ʂʆʄɽʈʎɯʁʅʀʍ ʏɸɰɺ 

ʃʷʰʫʢ ʆ. ʉ.1, ɻʦʨʜʻʻʚʘ ɯ. ʆ.1, ɿʦʩʝʥʢʦ ʆ. ʆ.1, ʂʫʱ ʆ. ɺ.2 

1ɼʦʥʝʮʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ɺʘʩʠʣʷ ʉʪʫʩʘ 
2ɺʽʜʜʽʣʝʥʥʷ ʬʽʟʠʢʦ-ʭʽʤʽʾ ʛʦʨʶʯʠʭ ʢʦʧʘʣʠʥ ɯʥʌʆɺ ʽʤ. ʃ. ʄ. ʃʠʪʚʠʥʝʥʢʘ ʅɸʅ ʋʢʨʘʾʥʠ  

olia.shuk@mail.ru 

 

ɿʘ ʥʦʨʤʘʣʴʥʠʭ ʫʤʦʚ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʦʨʛʘʥʽʟʤʫ ʨʽʚʝʥʴ ʘʢʪʠʚʥʠʭ ʬʦʨʤ ʢʠʩʥʶ, ʷʢʽ 

ʚʧʣʠʚʘʶʪʴ ʥʘ ʟʘʛʘʣʴʥʠʡ ʩʪʘʥ ʽ ʪʨʠʚʘʣʽʩʪʴ ʞʠʪʪʷ, ʧʽʜʪʨʠʤʫʻʪʴʩʷ ʥʘ ʦʧʪʠʤʘʣʴʥʦʤʫ ʨʽʚʥʽ, 

ʟʘʚʜʷʢʠ ʥʘʷʚʥʦʩʪʽ ʩʢʣʘʜʥʦʾ, ʙʘʛʘʪʦʨʽʚʥʝʚʦʾ ʩʠʩʪʝʤʠ ʘʥʪʠʨʘʜʠʢʘʣʴʥʦʛʦ ʟʘʭʠʩʪʫ. ɰʾ 

ʩʢʣʘʜʦʚʦʶ ʻ ʘʥʪʠʦʢʩʠʜʘʥʪʠ (ɸʆ) ʧʨʷʤʦʾ ʜʽʾ, ʷʢʽ ʨʝʛʫʣʶʶʪʴ ʢʚʘʟʽʩʪʘʮʽʦʥʘʨʥʽ 

ʢʦʥʮʝʥʪʨʘʮʽʾ ʘʢʪʠʚʥʠʭ ʨʘʜʠʢʘʣʽʚ ʽ ʟʤʝʥʰʫʶʪʴ ʫʪʚʦʨʝʥʥʷ ʘʛʨʝʩʠʚʥʠʭ ʧʝʨʝʢʠʩʥʠʭ ʩʧʦʣʫʢ. 

ʇʨʠʨʦʜʥʽ ʘʥʪʠʦʢʩʠʜʘʥʪʠ ʤʽʩʪʷʪʴʩʷ ʫ ʬʨʫʢʪʘʭ, ʦʚʦʯʘʭ, ʥʘʧʦʷʭ, ʫ ʪʦʤʫ ʯʠʩʣʽ ʯʘʷʭ. 

ʅʘʡʧʦʰʠʨʝʥʽʰʠʤʠ ʩʝʨʝʜ ʥʠʭ ʻ: ʧʦʣʽʬʝʥʦʣʠ, ʬʣʘʚʘʥʦʣʠ, ʛʽʜʨʦʢʩʠʣ-4-ʬʣʘʚʘʥʦʣʠ, 

ʘʥʪʦʮʽʘʥʠ, ʬʣʘʚʦʥʠ, ʬʣʘʚʦʥʦʣʠ ʪʘ ʬʝʥʦʣʴʥʽ ʢʠʩʣʦʪʠ, ʘ ʪʘʢʦʞ ʢʦʬʝʾʥ, ʪʝʦʙʨʦʤʽʥ ʽ 

ʪʝʦʬʽʣʽʥ, ʪʝʘʥʽʥ. ʍʘʨʘʢʪʝʨʠʩʪʠʯʥʽ ɸʆ ʯʘʾʚ - ʮʝ ʬʣʘʚʘʥʦʣʠ, ʧʝʨʝʚʘʞʥʦ ʢʘʪʝʭʽʥʠ (ʬʣʘʚʘʥ-

3-ʦʣ), ʢʚʝʨʮʝʪʠʥ, ʢʝʤʧʬʝʨʦʣ, ʤʽʨʝʮʝʪʠʥ, ʚʽʪʘʤʽʥʠ ʛʨʫʧ ɽ, ʂ, ɸ, ɺ.  

ʋ ʜʘʥʽʡ ʨʦʙʦʪʽ ʜʦʩʣʽʜʞʝʥʦ 

ʘʥʪʠʦʢʩʠʜʘʥʪʥʫ ʘʢʪʠʚʥʽʩʪʴ ʰʝʩʪʠ 

ʢʦʤʝʨʮʽʡʥʠʭ ʝʢʟʝʤʧʣʷʨʽʚ ʯʦʨʥʦʛʦ ʪʘ 

ʟʝʣʝʥʦʛʦ ʯʘʾʚ. ɺʠʟʥʘʯʝʥʦ 

ʘʥʪʠʨʘʜʠʢʘʣʴʥʫ ʘʢʪʠʚʥʽʩʪʴ (ɸʈɸ) 

ʝʪʘʥʦʣʴʥʠʭ ʝʢʩʪʨʘʢʪʽʚ ʯʘʾʚ ʚ ʨʝʘʢʮʽʾ ʟ 

ɼʌʇɻ-ʨʘʜʠʢʘʣʦʤ ʪʘ ʦʪʨʠʤʘʥʦ 

ʟʥʘʯʝʥʥʷ ʝʬʝʢʪʠʚʥʠʭ ʢʦʥʮʝʥʪʨʘʮʽʡ 

EC50 ʘʥʪʠʦʢʩʠʜʘʥʪʽʚ. ʉʝʨʝʜ 

ʜʦʩʣʽʜʞʝʥʠʭ ʝʢʩʪʨʘʢʪʽʚ ʥʘʡʙʽʣʴʰʫ 

ɸʈɸ ʤʘʶʪʴ ʝʢʩʪʨʘʢʪʠ ʯʘʾʚ ï ʟʝʣʝʥʠʡ 

ʯʘʡ çExclusive Gun Powderè ʪʘ ʯʦʨʥʽ 

ʯʘʾ ʪʘʢʽ ʷʢ çʄʘʡʩʴʢʠʡè, çʏʘʡ 

ʯʦʨʥʠʡè, çʇʨʠʥʮʝʩʘ ɻʽʪʘè. 

ɺʠʟʥʘʯʝʥʥʷ ʧʦʣʽʬʝʥʦʣʽʚ ʯʘʶ (ʚ 

ʝʢʚʽʚʘʣʝʥʪʽ ʛʘʣʣʦʚʦʾ ʢʠʩʣʦʪʠ) 

ʧʨʦʚʦʜʠʣʠ ʚ ʨʝʘʢʮʽʾ ʾʭ ʦʢʠʩʥʝʥʥʷ 

ʨʝʘʢʪʠʚʦʤ ʌʦʣʽʥʘ-ʏʦʢʘʣʴʪʝ. 

ʅʘʡʙʽʣʴʰʠʡ ʚʤʽʩʪ ʬʝʥʦʣʴʥʠʭ ʩʧʦʣʫʢ 

ʚʠʷʚʣʝʥʦ ʚ ʟʝʣʝʥʦʤʫ ʯʘʾ çExclusive 

Gun Powderè, ʘ ʥʘʡʤʝʥʰʠʡ ï ʚ 

ʯʦʨʥʦʤʫ çʇʝʨʰʠʡ ʨʷʜè.  

 

 
ʈʠʩ. ɿʘʣʝʞʥʽʩʪʴ ʛʣʠʙʠʥʠ ʧʝʨʝʪʚʦʨʝʥʥʷ 

DPPHÅ, % ʚ ʧʝʨʰʽ 30 ʭʚ ʚʽʜ ʢʦʥʮʝʥʪʨʘʮʽʾ 

ʘʥʪʠʦʢʩʠʜʘʥʪʘ. 1 ï ʘʩʢʦʨʙʽʥʦʚʘ ʢʠʩʣʦʪʘ,  

2 ï ʯʘʡ ʯʦʨʥʠʡ çʏʘʡ ʯʦʨʥʠʡè, 3 ï ʯʘʡ 

ʟʝʣʝʥʠʡ çExclusive Gun Powderè, 4 ï ʯʘʡ 

ʯʦʨʥʠʡ çɻʽʨʩʴʢʠʡ ʮʝʡʣʦʥè, 5 ï ʯʘʡ ʯʦʨʥʠʡ 

çʇʝʨʰʠʡ ʨʷʜè, 6 ï ʯʘʡ ʯʦʨʥʠʡ çʄʘʡʩʴʢʠʡè, 

7 ï ʯʘʡ ʯʦʨʥʠʡ çʇʨʠʥʮʝʩʘ ɻʽʪʘè 

 

ʎʽ ʚʠʩʥʦʚʢʠ ʟʙʽʛʘʶʪʴʩʷ ʟ ʜʘʥʠʤʠ ʱʦʜʦ ʚʤʽʩʪʫ ʚʽʪʘʤʽʥʫ ʈ, ʚʠʟʥʘʯʝʥʦʛʦ ʤʝʪʦʜʦʤ 

ʧʝʨʤʘʥʛʘʥʘʪʦʤʝʪʨʠʯʥʦʛʦ ʪʠʪʨʫʚʘʥʥʷ. ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʜʦʙʨʝ ʫʟʛʦʜʞʫʶʪʴʩʷ ʤʽʞ 

ʩʦʙʦʶ ʽ ʩʚʽʜʯʘʪʴ ʧʨʦ ʪʝ, ʱʦ ʥʘʡʙʽʣʴʰʠʡ ʚʤʽʩʪ ʧʦʣʽʬʝʥʦʣʴʥʠʭ ʩʧʦʣʫʢ ʽ, ʚʽʜʧʦʚʽʜʥʦ, 

ʥʘʡʙʽʣʴʰʫ ʘʥʪʠʦʢʩʠʜʘʥʪʥʫ ʘʢʪʠʚʥʽʩʪʴ ʜʝʤʦʥʩʪʨʫʻ ʟʝʣʝʥʠʡ ʯʘʡ çExclusive Gun Powderè, 

ʘ ʯʦʨʥʠʡ ʯʘʡ çʇʝʨʰʠʡ ʨʷʜè ʟʥʘʯʥʦ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ ʫʩʽʭ ʧʨʝʜʩʪʘʚʣʝʥʠʭ ʜʦʩʣʽʜʞʫʚʘʥʠʭ 

ʝʢʟʝʤʧʣʷʨʽʚ. ɹʽʣʴʰʝ ʟʥʘʯʝʥʥʷ ʘʥʪʠʦʢʩʠʜʘʥʪʥʦʾ ʘʢʪʠʚʥʦʩʪʽ ʟʝʣʝʥʦʛʦ ʯʘʶ ʟʫʤʦʚʣʝʥʦ, ʚ 

ʧʝʨʰʫ ʯʝʨʛʫ, ʥʘʷʚʥʽʩʪʶ ʙʽʣʴʰʦʾ ʢʽʣʴʢʦʩʪʽ ʢʘʪʝʭʽʥʽʚ ʪʘ ʬʣʘʚʦʥʦʾʜʽʚ, ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ 

ʯʦʨʥʦʛʦ ʯʘʶ ʯʝʨʝʟ ʦʩʦʙʣʠʚʦʩʪʽ ʦʙʨʦʙʢʠ ʯʘʡʥʦʛʦ ʣʠʩʪʘ, ʘ ʩʘʤʝ ï ʚʽʜʩʫʪʥʦʩʪʽ ʩʪʘʜʽʾ 

ʬʝʨʤʝʥʪʘʮʽʾ. 
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Chitin is the second most plenteous polysaccharide in nature after cellulose, present as 

supporting material in exoskeletons of insects, crustacean shells and in the cell wall of 

mushrooms. The lack of solubility of chitin makes it necessary to modify the molecule for most 

of its applications. It is known that chitins and chitosans from different sources exhibit different 

physicochemical properties and these different properties expand the application area of these 

biomaterials. The aim of present study was to determine and to compare physicochemical 

properties of chitin and chitosan from two mushroom species (Boletus bovinus and Laccaria 

laccata). 

Chitin was obtained from the cell wall of two different mushroom species using 

chemical method which included following steps: 1 ï glucan extraction, 2 ï demineralization 

in solution of hydrochloric acid to remove inorganic compounds, 3 ï deproteinization in 

solution of sodium hydroxide, 4 ï depigmentation and bleaching. For chitosan production the 

chitin samples were refluxed with 60 % NaOH at 130 ÁC for 4 hours under a N2 atmosphere. 

The chitins and chitosans were characterized by attenuated total reflectance-Fourier transform 

infrared spectroscopy (ATR-FTIR), elemental analyses (EA), nuclear magnetic resonance 

spectroscopy (NMR), thermogravimetric analyses (TGA) and X-ray diffraction (XRD). 

The dry weight chitin contents of the mushroom species were determined as 8.5 % for 

L. laccata and 6.2 % for B. bovinus. Chitosan yields of the chitins isolated from B. bovinus and 

L. laccata were 70.9 % and 64.3 %, respectively. ATR-FTIR spectra analysis demonstrated the 

characteristic bands of the chitin and chitosan molecules. While, the maximum degradation 

temperatures of B. bovinus and L. laccata chitins were found to be 380 ÁC and 363 ÁC by TGA, 

the maximum degradation temperatures of B. bovinus and L. laccata chitosans were recorded 

as 317 ÁC and 309 ÁC, respectively. The crystallinity index values of B. bovinus and L. laccata 

chitins were calculated as 85 % and 78 %, respectively according to the X-ray diffraction 

analysis results. Degree of acetylation (DA) determined by EA and NMR was found to be 90Ñ5 

and 92Ñ4 for chitin from L. laccata, 93Ñ5 and 94Ñ4 for chitin from B. bovinus, respectively. 

Mushroom chitin demonstrated typical patterns of Ŭ-chitin with high acetylation degree, 

but the thermal stability of chitin from L. laccata was lower than from B. bovinus. The results 

of this study revealed that L. laccata had higher chitin content than B. bovinus, and these species 

may be used as a potential chitin source with appropriate physicochemical properties (chemical 

structure, thermal stability, crystallinity index, degree of acetylation) for possible biomedical 

application (for example, chitosan films). 
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ʇʨʠʨʽʩʪ ʤʘʣʦʥʦʚʦʛʦ ʜʽʘʣʴʜʝʛʽʜʫ (ʄɼɸ) ʚ ʪʢʘʥʠʥʽ ʚʽʜʦʙʨʘʞʘʻ ʰʚʠʜʢʽʩʪʴ 

ʧʝʨʝʢʠʩʥʦʛʦ ʦʢʠʩʥʝʥʥʷ ʣʽʧʽʜʽʚ (ʇʆʃ) [ʊʝʭʥʽʯʥʘ ʝʥʮʠʢʣʦʧʝʜʽʷ TechTrend, 2017]. ʇʆʃ 

ʛʦʣʦʚʥʠʤ ʯʠʥʦʤ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚ ʣʽʧʽʜʥʠʭ ʩʪʨʫʢʪʫʨʥʠʭ ʤʝʤʙʨʘʥʘʭ. ʃʽʧʽʜʠ ʘʢʪʠʚʥʦ 

ʟʚôʷʟʫʶʪʴ ʚʽʣʴʥʽ ʨʘʜʠʢʘʣʠ ʪʘ ʽʥʰʽ ʧʝʨʝʢʠʩʠ ʚ ʘʥʪʠʦʢʩʠʜʘʥʪʥʽʡ ʩʠʩʪʝʤʽ ʦʨʛʘʥʽʟʤʫ (ɸʆʉ). 

ʃʽʧʽʜʠ ʻ ʦʩʥʦʚʦʶ ʚʩʽʭ ʚʥʫʪʨʽʰʥʴʦʢʣʽʪʠʥʥʠʭ ʤʝʤʙʨʘʥ, ʘ ʪʘʢʦʞ ʚʽʜʽʛʨʘʶʪʴ ʚʘʞʣʠʚʫ ʨʦʣʴ 

ʚ ʤʝʪʘʙʦʣʽʟʤʽ ʢʣʽʪʠʥ.ɿʣʘʛʦʜʞʝʥʠʡ ʧʝʨʝʙʽʛ ʥʘʡʚʘʞʣʠʚʽʰʠʭ ʧʨʦʮʝʩʽʚ ʚ ʢʣʽʪʠʥʽ, ʚʽʜʦʙʨʘʞʘʻ 

ʥʦʨʤʘʣʴʥʝ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʦʨʛʘʥʽʟʤʫ, ʧʨʠ ʧʦʨʫʰʝʥʥʽ ʛʘʨʤʦʥʽʡʥʦʾ ʚʟʘʻʤʦʜʽʾ ʮʠʭ 

ʧʨʦʮʝʩʽʚ,ʤʦʞʝ ʩʚʽʜʯʠʪʴ ʧʨʦ ʧʘʪʦʣʦʛʽʾ ʘʙʦ ʩʪʨʝʩ, ʱʦ ʜʽʻ ʥʘ ʦʨʛʘʥʽʟʤ [ʇʦʪʨʦʭʦʚ ʪʘ 

ʽʥ.,2009]. ʇʦʚʝʨʭʥʝʚʦ ʘʢʪʠʚʥʽ ʨʝʯʦʚʠʥʠ (ʇɸʈ) ʰʠʨʦʢʦ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʫ ʛʦʩʧʦʜʘʨʩʴʢʽʡ 

ʜʽʷʣʴʥʦʩʪʽ ʪʘ ʧʦʙʫʪʽ [ɻʨʘʙʦʚʩʴʢʘ ʪʘ ʽʥ, 2016]. ʉʠʥʪʝʪʠʯʥʽ ʇɸʈ ʻ ʦʩʥʦʚʥʠʤʠ 

ʢʦʤʧʦʥʝʥʪʘʤʠ ʙʽʣʴʰʦʩʪʽ ʧʨʝʧʘʨʘʪʽʚ ʧʦʙʫʪʦʚʦʾ ʭʽʤʽʾ, ʦʩʦʙʠʩʪʦʾ ʛʽʛʽʻʥʠ ʪʘ ʢʦʩʤʝʪʠʯʥʦ-

ʧʘʨʬʫʤʝʨʥʠʭ ʟʘʩʦʙʽʚ. ʉʠʥʪʝʪʠʯʥʽ ʤʠʶʯʽ ʟʘʩʦʙʠ (ʉʄɿ) ʻ ʩʢʣʘʜʥʠʤʠ ʭʽʤʽʯʥʠʤʠ 

ʢʦʤʧʦʟʠʮʽʷʤʠ, ʦʩʥʦʚʥʠʤʠ ʽʥʛʨʝʜʽʻʥʪʘʤʠ ʷʢʠʭ ʻ ʧʦʚʝʨʭʥʝʚʦ-ʘʢʪʠʚʥʽ ʨʝʯʦʚʠʥʠ (ʇɸʈ) 

[ɻʫʨʘʣʶʢ ʪʘ ʽʥ, 2017]. 

ʄʝʪʘ ʨʦʙʦʪʠ ï ʜʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʩʠʥʪʝʪʠʯʥʠʭ ʤʠʶʯʠʭ ʟʘʩʦʙʽʚ ʥʘ ʚʤʽʩʪ 

ʤʘʣʦʥʦʚʦʛʦ ʜʽʘʣʴʜʝʛʽʜʫ ʚ ʪʢʘʥʠʥʘʭ ʉyprinus carpio L. 

ʊʨʠ ʦʩʥʦʚʥʽ ʧʽʜʜʦʩʣʽʜʥʽ ʛʨʫʧʠ ʙʫʣʠ ʨʦʟʜʽʣʝʥʽ ʟʘ ʧʨʠʥʮʠʧʦʤ: ʢʦʥʪʨʦʣʴ, ʚʧʣʠʚ 

ʣʘʫʨʠʣʩʫʣʴʬʘʪʚʤʽʩʥʦʛʦ ʩʠʥʪʝʪʠʯʥʦʛʦ ʤʠʶʯʦʛʦ ʟʘʩʦʙʫ ʙʝʟ ʚʤʽʩʪʫ ʬʦʩʬʘʪʽʚ ʪʘ ʛʨʫʧʘ 

ʬʦʩʬʘʪʽʚ, ʢʦʥʮʝʥʪʨʘʮʽʷ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʪʦʢʩʠʯʥʠʭ ʨʝʯʦʚʠʥ, ʚʽʜʧʦʚʽʜʘʻ 5 ɻɼʂ. ʋ ʢʦʞʥʽʡ 

ʛʨʫʧʽ ʧʦ 5 ʪʚʘʨʠʥ. ʋ ʜʦʩʣʽʜʞʝʥʥʷʭ ʚʠʢʦʨʠʩʪʘʣʠ ʟʨʘʟʢʠ ʤʦʟʢʫ, ʟʷʙʝʨ, ʧʝʯʽʥʢʠ, ʩʢʝʣʝʪʥʠʭ 

ʤôʷʟʽʚ, ʦʜʝʨʞʘʥʽ ʚʽʜ ʜʚʦʨʽʯʦʢ ʣʫʩʢʘʪʦʛʦ ʢʦʨʦʧʘ. ɿʨʘʟʢʠ ʪʢʘʥʠʥ ʽ ʦʨʛʘʥʽʚ ʦʪʨʠʤʫʚʘʣʠ 

ʚʽʜʨʘʟʫ ʧʽʩʣʷ ʜʝʢʘʧʽʪʘʮʽʾ ʚʠʣʦʚʣʝʥʠʭ ʨʠʙ, ʽ ʚʠʟʥʘʯʘʣʠ ʚ ʥʠʭ ʚʤʽʩʪ ʤʘʣʦʥʦʚʦʛʦ 

ʜʽʘʣʴʜʝʛʽʜʫ. ʂʦʥʮʝʥʪʨʘʮʽʶ ʄɼɸ ʚʠʟʥʘʯʘʣʠ ʟʘ ʤʝʪʦʜʦʤ Uchiyama M., Mihara M. ʈʽʚʝʥʴ 

ʄɼɸ ʫ ʪʢʘʥʠʥʘʭ ʚʠʤʽʨʶʚʘʣʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʫ ʧʨʠ ʜʦʚʞʠʥʽ ʭʚʠʣʽ 

532 ʥʤ. ɼʦʩʣʽʜʞʝʥʥʷ ʧʨʦʚʦʜʠʣʠ ʚʟʠʤʢʫ 2017 ʨ., ʚ ʣʘʙʦʨʘʪʦʨʽʾ ʝʢʦʣʦʛʽʯʥʦʾ ʙʽʦʭʽʤʽʾ 

ʅʘʮʽʦʥʘʣʴʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ çʏʝʨʥʽʛʽʚʩʴʢʠʡ ʢʦʣʝʛʽʫʤè ʽʤʝʥʽ ʊ. ɻ. ʐʝʚʯʝʥʢʘ. 

ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʦʪʨʠʤʘʥʠʭ ʜʘʥʠʭ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʚʤʽʩʪ ʧʨʦʜʫʢʪʽʚ ʧʝʨʝʢʠʩʥʦʛʦ 

ʦʢʠʩʥʝʥʥʷ ʣʽʧʽʜʽʚ ʫ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʦʨʛʘʥʘʭ ʽ ʪʢʘʥʠʥʘʭ ʢʦʨʦʧʘ ʟʤʽʥʶʻʪʴʩʷ ʟʘ ʪʘʢʠʤ 

ʧʦʢʘʟʥʠʢʦʤ: ʟʘ ʜʽʾ ʬʦʩʬʘʪʫ, ʥʘʡʙʽʣʴʰʝ ʟʘʟʥʘʶʪʴ ʚʧʣʠʚʫ ʙʽʣʽ ʤôʷʟʠ, ʜʝ ʟʤʽʥʘ ʩʪʘʥʦʚʠʪʴ 

121 %, ʥʘʡʤʝʥʰʠʡ ʧʦʢʘʟʥʠʢ ʚ ʜʘʥʽʡ ʛʨʫʧʽ ï ʧʝʯʽʥʢʘ, ʚʽʜʩʦʪʢʦʚʠʡ ʧʦʢʘʟʥʠʢ 68 %, ʜʘʥʽ 

ʧʦʨʽʚʥʶʶʪʴʩʷ ʟ ʧʦʢʘʟʥʠʢʘʤʠ ʢʦʥʪʨʦʣʴʥʦʾ ʛʨʫʧʠ. ɸʥʘʣʽʟʫʶʯʠ ʜʽʶ ʙʝʟʬʦʩʬʘʪʥʦʛʦ 

ʣʘʫʨʠʣʩʫʣʴʬʪʚʤʽʩʥʦʛʦ ʪʦʢʩʠʢʘʥʪʫ ʧʨʦʩʣʽʜʢʦʚʫʻʤʦ ʩʭʦʞʽ ʧʦʢʘʟʥʠʢʠ ʜʦ ʛʨʫʧʠ ʬʦʩʬʘʪʽʚ, 

ʟ ʪʦʯʢʠ ʟʦʨʫ ʚʧʣʠʚʫ ʥʘ ʪʢʘʥʠʥʠ, ʘ ʩʘʤʝ: 151 % ʟʤʽʥʘ ʫ ʙʽʣʠʭ ʤôʷʟʘʭ, ʽ ʚʦʥʘ ʻ ʥʘʡʙʽʣʴʰʦʶ, 

ʘ ʥʘʡʤʝʥʰʠʡ ʧʦʢʘʟʥʠʢ ʚʠʷʚʣʝʥʦ ʫ ʧʝʯʽʥʮʽ ï 88 %. ʑʦʜʦ ʟʷʙʝʨ ʽ ʤʦʟʢʫ, ʪʦ ʚʽʜʩʦʪʦʢ ʟʤʽʥ 

ʪʘʢʠʡ: ʛʨʫʧʘ ʬʦʩʬʘʪʫ, ʟʤʽʥʘ 105 % ʪʘ 108 %, ʙʝʟ ʬʦʩʬʘʪʥʠʡ ʉʄɿ ï 125 % ʪʘ 110 % 

ʧʦʨʽʚʥʷʥʦ ʟ ʢʦʥʪʨʦʣʝʤ.  

ɽʢʩʧʝʨʠʤʝʥʪ ʟ ʚʥʝʩʝʥʥʷʤ ʙʝʟʬʦʩʬʘʪʥʦʛʦ ʉʄɿ ʪʘ ʬʦʩʬʘʪʫ ʫʚʦʜʫ ʘʢʚʘʨʽʫʤʽʚ, ʫ 

ʜʚʦʨʽʯʦʢ ʢʦʨʦʧʘ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʨʦʩʪʘʥʥʷ ʚʤʽʩʪʫ ʧʨʦʜʫʢʪʽʚ ʧʝʨʝʢʩʠʥʦʛʦ ʦʢʠʩʥʝʥʥʷ 

ʣʽʧʽʜʽʚ ʪʘ ʜʦ ʟʤʝʥʰʝʥʥʷ ʧʦʢʘʟʥʠʢʽʚ ɸʆʉ. ʆʨʛʘʥʽʟʤ ʨʠʙ ʯʽʪʢʦ ʽʣʶʩʪʨʫʻ ʽʥʪʝʥʩʠʚʥʽʩʪʴ 

ʧʨʦʮʝʩʽʚ ʧʝʨʝʢʠʩʥʦʛʦ ʦʢʠʩʥʝʥʥʷ ʣʽʧʽʜʽʚ ʫ ʙʽʣʠʭ ʤôʷʟʘʭ, ʱʦ ʻ ʥʘʡʚʠʱʦʶ, ʪʘ ʫ ʧʝʯʽʥʮʽ ï 

ʥʘʡʥʠʞʯʦʶ.  
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ʂɯʅɽʊʀʂɸ ʊɸ ʄɽʍɸʅɯɿʄ ʎʀʂʃɯʏʅʀʍ ʆʂʀʉʅʆ-ɺɯɼʅʆɺʅʀʍ 

ʇɽʈɽʊɺʆʈɽʅʔ ʂɸʊɯʆʅ-ʈɸɼʀʂɸʃɸ 2,2'-ɸɿʀʅʆ-ɹɯʉ-

(3-ɽʊʀʃɹɽʅɿʆʊɯɸɿʆʃɯʅ-6-ʉʋʃʔʌʆʅʆɺʆɰ ʂʀʉʃʆʊʀ) - ɸBTS+Å 

ʉʪʘʨʢʦʚʘ ɻ. ʄ., ɻʦʨʜʻʻʚʘ ɯ. ʆ., ʐʝʥʜʨʠʢ ʆ. ʄ. 

ɼʦʥʝʮʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ɺʘʩʠʣʷ ʉʪʫʩʘ 

starkova.g@donnu.edu.ua  

 

ʂʘʪʽʦʥ-ʨʘʜʠʢʘʣ (ABTS+¶) ʣʝʛʢʦ ʚʽʜʥʦʚʣʶʻʪʴʩʷ ʬʝʥʦʣʴʥʠʤʠ ʘʥʪʠʦʢʩʠʜʘʥʪʘʤʠ ʜʦ 

ʚʠʭʽʜʥʦʛʦ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʩʪʘʥʫ ʟʘ ʤʝʭʘʥʽʟʤʦʤ ʧʨʦʪʦʥ-ʩʧʨʷʞʝʥʦʛʦ ʧʝʨʝʥʦʩʫ ʝʣʝʢʪʨʦʥʘ. 

ʆʩʢʽʣʴʢʠ ʨʝʘʢʮʽʷ ʻ ʨʅ-ʟʘʣʝʞʥʦʶ, ʤʘʻ ʩʢʣʘʜʥʠʡ ʤʝʭʘʥʽʟʤ ʽ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ 

ʢʽʣʴʢʽʩʥʦʛʦ ʚʠʟʥʘʯʝʥʥʷ ʘʥʪʠʨʘʜʠʢʘʣʴʥʦʾ ʘʢʪʠʚʥʦʩʪʽ ʽʥʛʽʙʽʪʦʨʽʚ ʦʢʠʩʥʝʥʥʷ, ʾʾ ʢʽʥʝʪʠʯʥʽ 

ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʻ ʢʨʠʪʠʯʥʦ ʚʘʞʣʠʚʠʤʠ ʜʣʷ ʦʧʪʠʤʽʟʘʮʽʾ ʨʦʙʦʯʠʭ ʤʝʪʦʜʠʢ ʚʠʤʽʨʶʚʘʥʥʷ.  

ɿ ʦʛʣʷʜʫ ʥʘ ʩʢʘʟʘʥʝ, ʫ ʜʘʥʽʡ ʨʦʙʦʪʽ ʙʫʣʦ ʜʦʩʣʽʜʞʝʥʦ ʢʽʥʝʪʠʢʫ 

ʥʘʢʦʧʠʯʝʥʥʷ/ʚʠʪʨʘʯʘʥʥʷ ABTS+¶ ʰʣʷʭʦʤ ʧʝʨʽʦʜʠʯʥʦʛʦ ʚʚʝʜʝʥʥʷ ʚ ʩʠʩʪʝʤʫ 

ʘʥʪʠʦʢʩʠʜʘʥʪʽʚ. ʂʘʪʽʦʥ-ʨʘʜʠʢʘʣ ʛʝʥʝʨʫʚʘʣʠ ʦʢʠʩʣʝʥʥʷʤ ABTS ʧʝʨʩʫʣʴʬʘʪʦʤ ʢʘʣʽʶ ʟʘ 

ʡʦʛʦ ʟʥʘʯʥʦʛʦ ʥʘʜʣʠʰʢʫ. ʗʢ ʜʦʥʦʨʠ ʅ-ʘʪʦʤʽʚ ʙʫʣʦ ʚʠʧʨʦʙʫʚʘʥʦ ʪʨʠ ʨʽʟʥʽ ʟʘ ʘʢʪʠʚʥʽʩʪʶ 

ʘʥʪʠʦʢʩʠʜʘʥʪʠ: ʬʝʥʦʣ (ArOH), ʛʽʜʨʦʭʽʥʦʥ (QH2) ʪʘ ʘʩʢʦʨʙʽʥʦʚʘ ʢʠʩʣʦʪʘ (AscH), ʷʢʽ 

ʧʝʨʽʦʜʠʯʥʦ ʚʚʦʜʠʣʠ ʚ ʨʝʘʢʮʽʡʥʫ ʩʫʤʽʰ ʥʘ ʤʘʢʩʠʤʫʤʽ ʢʦʥʮʝʥʪʨʘʮʽʾ ABTS+¶. 

ɼʣʷ ʛʽʜʨʦʭʽʥʦʥʫ ʪʘ ʘʩʢʦʨʙʽʥʦʚʦʾ 

ʢʠʩʣʦʪʠ ʨʝʟʫʣʴʪʘʪʠ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 1. 

ʇʨʠ ʜʦʜʘʚʘʥʥʽ ʚ ʩʠʩʪʝʤʫ ʬʝʥʦʣʫ ʥʘ 

ʤʘʢʩʠʤʫʤʽ ʢʦʥʮʝʥʪʨʘʮʽʾ ABTS+¶, 

ʨʘʜʠʢʘʣʠ, ʪʘʢʦʞ ʷʢ ʽ ʫ ʚʠʧʘʜʢʘʭ ʟ 

ʘʩʢʦʨʙʘʪʦʤ ʽ ʛʽʜʨʦʭʽʥʦʥʦʤ, ʰʚʠʜʢʦ 

ʟʥʠʢʘʶʪʴ, ʘʣʝ ʚʠʭʦʜʫ ʟ ʣʘʛ-ʧʝʨʽʦʜʫ ʥʝ 

ʚʽʜʙʫʚʘʻʪʴʩʷ, ʜʠʚ. ʨʠʩ. 2. 

 

 

ʗʢ ʚʠʜʥʦ ʟ ʨʠʩ. 1, ʟʤʽʥʠ ʢʦʥʮʝʥʪʨʘʮʽʾ 

ʢʘʪʽʦʥ-ʨʘʜʠʢʘʣʫ ʫ ʩʠʩʪʝʤʽ ABTS-K2S2O8, ʧʨʠ 

ʜʦʜʘʚʘʥʥʽ AscH ʪʘ QH2, ʻ ʧʦʜʽʙʥʠʤʠ, ʘʣʝ ʥʝ 

ʪʦʪʦʞʥʠʤʠ. ɺʝʣʠʯʠʥʠ ʧʝʨʽʦʜʽʚ ʽʥʜʫʢʮʽʾ ʟʘ 

ʦʜʥʘʢʦʚʠʭ ʢʦʥʮʝʥʪʨʘʮʽʡ ʘʩʢʦʨʙʘʪʫ ʪʘ 

ʛʽʜʨʦʭʽʥʦʥʫ ʦʜʥʦʟʥʘʯʥʦ ʨʽʟʥʽ ʽ ʥʝ ʣʽʥʽʡʥʦ ʧʦʚôʷʟʘʥʽ ʷʢ ʤʽʞ ʩʦʙʦʶ, ʪʘʢ ʽ ʟ ʢʦʥʮʝʥʪʨʘʮʽʷʤʠ 

ʫ ʤʝʞʘʭ ʦʜʥʦʛʦ ɸʆ. ʇʦ-ʜʨʫʛʝ, ʩʫʪʪʻʚʦ ʨʽʟʥʷʪʴʩʷ ʤʘʢʩʠʤʘʣʴʥʽ ʢʦʥʮʝʥʪʨʘʮʽʾ ʢʘʪʽʦʥ-

ʨʘʜʠʢʘʣʫ ʧʦ ʚʠʭʦʜʫ ʟ ʣʘʛ-ʧʝʨʽʦʜʫ.  

ʊʘʢʠʤ ʯʠʥʦʤ, ʧʨʦʮʝʩ ʛʝʥʝʨʫʚʘʥʥʷ ʢʘʪʽʦʥ-ʨʘʜʠʢʘʣʘ ABTS+¶ ʽ ʡʦʛʦ ʧʦʜʘʣʴʰʽ 

ʚʟʘʻʤʦʜʽʾ ʻ ʜʫʞʝ ʯʫʪʣʠʚʠʤʠ ʜʦ ʩʫʧʫʪʥʽʭ ʨʝʘʢʮʽʡ ʽʟ ʩʧʽʥ-ʥʝʥʘʩʠʯʝʥʠʤʠ ʧʨʦʜʫʢʪʘʤʠ 

ʧʝʨʝʪʚʦʨʝʥʥʷ ʷʢ ʚʠʭʽʜʥʦʛʦ ABTS, ʪʘʢ ʽ ʘʥʪʠʦʢʩʠʜʘʥʪʽʚ, ʱʦ ʧʦʪʨʝʙʫʻ ʾʭ ʚʨʘʭʫʚʘʥʥʷ ʧʨʠ 

ʚʠʟʥʘʯʝʥʽ ʘʥʪʠʦʢʩʠʜʘʥʪʥʦʾ ʘʢʪʠʚʥʦʩʪʽ ʬʝʥʦʣʴʥʠʭ ʽʥʛʽʙʽʪʦʨʽʚ.   

 

ʈʠʩ. 1. ʂʽʥʝʪʠʢʘ ʢʦʣʠʚʘʣʴʥʠʭ ʟʤʽʥ 

ʢʦʥʮʝʥʪʨʘʮʽʾ ʢʘʪʽʦʥ-ʨʘʜʠʢʘʣʫ ABTS+¶ ʫ 

ʩʠʩʪʝʤʽ ABTS-K2S2O8 ʧʨʠ ʚʚʝʜʝʥʥʽ 

ʘʥʪʠʦʢʩʠʜʘʥʪʽʚ.  

[AscH]0 = 1 ï 2.0Ĭ10-4; 2 ï 1.0Ĭ10-4;  

3 ï 0.5Ĭ10-4 M;  

[QH2]0 = 1 ï 2.0Ĭ10-4; 2 ï 1.0Ĭ10-4;  

3 ï 0.5Ĭ10-4; 4 ï 0.2Ĭ10-4 ; 5 ï 0.1³10-4 M 

 

ʈʠʩ. 2. ʂʽʥʝʪʠʢʘ ʥʘʢʦʧʠʯʝʥʥʷ ʽ 

ʚʠʪʨʘʯʘʥʥʷ ʢʘʪʽʦʥ-ʨʘʜʠʢʘʣʘ ABTSÅ+ 

ʫ ʩʠʩʪʝʤʽ ABTS - K2S2O8 ʜʦ ʽ ʧʽʩʣʷ 

ʚʚʝʜʝʥʥʷ ʬʝʥʦʣʫ (ʧʦʟʥʘʯʝʥʦ 

ʩʪʨʽʣʢʦʶ). T = 25 Áʉ; 

[ABTS]0 = 2.0Ĭ10-4 ʤʦʣʴ/ʣ; 

[K2S2O8]0 = 2.5Ĭ10-3 ʤʦʣʴ 
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ɺʄɯʉʊ ɿɸɻɸʃʔʅʀʍ ʃɯʇɯɼɯɺ ɺ ʊʂɸʅʀʅɸʍ ʂʆʈʆʇɸ ʃʋCʂɸʊʆɻʆ 

(CYPRINUS CARPIO L.) ɿɸ ɼɯɰ ʅɸʊʈɯʁ ʃɸʋʈʀʃʉʋʃʔʌɸʊʋ 

ʗʯʥʘ ʄ. ɻ.1, ʂʦʩʪʶʢ ʂ. ʂ.1, ʄʘʡʢʦ ɻ. ʉ.2 
1ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çʏʝʨʥʽʛʽʚʩʴʢʠʡ ʢʦʣʝʛʽʫʤè ʽʤʝʥʽ ʊ. ɻ. ʐʝʚʯʝʥʢʘ 

2ʃ̔ ʮʝʡ ˉ 15 ʤ. ʏʝʨʥʽʛʦʚʘ 

m_yachna@ukr.net 

 

ɺʩ̔ʤ ʧʨʝʜʩʪʘʚʥʠʢʘʤ ʞʠʚʦʛʦ, ʘ ʟʦʢʨʝʤʘ, ʪʚʘʨʠʥʥʦʛʦ ʩʚʽʪʫ, ʫ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʡʦʛʦ 

ʧʨʦʷʚʘʭ ʚʣʘʩʪʠʚʠʡ ʩʪʘʥ ʧʨʠʨʦʜʥʦʾ ʟʥʠʞʝʥʦʾ ʞʠʪʪʻʜʽʷʣʴʥʦʩʪʽ ʦʨʛʘʥʽʟʤʫ. ʅʘ ʰʣʷʭʫ ʩʚʦʻʾ 

ʝʚʦʣʶʮʽʾ, ʛʽʜʨʦʙʽʦʥʪʠ ʥʘʙʫʣʠ ʨʷʜ ʤʝʭʘʥʽʟʤʽʚ, ʱʦ ʜʘʶʪʴ ʾʤ ʤʦʞʣʠʚʽʩʪʴ ʽʩʥʫʚʘʪʠ ʟʘ 

ʥʝʩʧʨʠʷʪʣʠʚʠʭ ʫʤʦʚ, ʽ ʪʘʢʠʤ ʯʠʥʦʤ ʧʨʠʩʪʦʩʦʚʫʚʘʪʠʩʴ ʜʦ ʟʦʚʥʽʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ 

[ʊʠʤʦʬʝʻʚ, 2005]. ɿʥʘʯʥʘ ʨʦʣʴ ʫ ʨʦʟʚʠʪʢʫ ʧʨʦʮʝʩʽʚ ʘʜʘʧʪʘʮʽʾ ʨʠʙ ʜʦ ʫʤʦʚ ʝʢʩʪʨʝʤʘʣʴʥʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ ʧʨʠʜʽʣʷʻʪʴʩʷ ʣʽʧʽʜʘʤ. ɿ ʫʨʘʭʫʚʘʥʥʷʤ ʾʭ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʬʫʥʢʮʽʡ ʚ ʦʨʛʘʥʽʟʤʽ, 

ʫ ʪʦʤʫ ʯʠʩʣʽ ʾʭ ʟʘʣʫʯʝʥʥʷ ʚ ʧʨʦʮʝʩʠ ʨʝʘʢʪʠʚʥʦʩʪʽ ʦʨʛʘʥʽʟʤʫ ʧʽʜ ʚʧʣʠʚʦʤ ʯʠʥʥʠʢʽʚ 

ʜʦʚʢʽʣʣʷ. ɼʦʩʣʽʜʞʝʥʥʷ ʣʽʧʽʜʥʦʛʦ ʧʨʦʬʽʣʶ ʚ ʦʨʛʘʥʘʭ ʽ ʪʢʘʥʠʥʘʭ ʨʠʙ, ʷʢʽ ʟʥʘʭʦʜʷʪʴʩʷ ʚ 

ʫʤʦʚʘʭ ʪʦʢʩʠʢʘʮʽʾ ʻ ʧʝʨʩʧʝʢʪʠʚʥʠʤʠ ʪʘ ʘʢʪʫʘʣʴʥʠʤʠ [ʃʦʚʝʨʥ, 1964]. 

ʗʢ ʦʜʥʽ ʟ ʦʩʥʦʚʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʙʽʦʣʦʛʽʯʥʠʭ ʤʝʤʙʨʘʥ, ʣʽʧʽʜʠ ʚʧʣʠʚʘʶʪʴ ʥʘ ʾʭ 

ʧʨʦʥʠʢʥʽʩʪʴ, ʙʝʨʫʪʴ ʫʯʘʩʪʴ ʫ ʧʝʨʝʜʘʯʽ ʥʝʨʚʦʚʦʛʦ ʽʤʧʫʣʴʩʫ, ʩʪʚʦʨʶʶʪʴ ʤʽʞʢʣʽʪʠʥʥʽ 

ʢʦʥʪʘʢʪʠ, ʚʠʢʦʥʫʶʪʴ ʬʫʥʢʮʽʾ ʚʪʦʨʠʥʥʠʭ ʤʝʩʝʥʜʞʝʨʽʚ ʫ ʧʝʨʝʜʘʯʽ ʩʠʛʥʘʣʽʚ ʫ ʢʣʽʪʠʥʫ. 

ʉʫʪʪʻʚʽ ʢʽʣʴʢʽʩʥʽ ʪʘ ʷʢʽʩʥʽ ʟʤʽʥʠ ʣʽʧʽʜʥʦʛʦ ʩʢʣʘʜʫ ʚ ʦʨʛʘʥʽʟʤʽ ʜʦʩʣʽʜʥʠʭ ʪʚʘʨʠʥ 

ʩʧʨʠʯʠʥʷʶʪʴ ʪʘʢʦʞ ʽ ʧʦʚʝʨʭʥʝʚʦ-ʘʢʪʠʚʥʽ ʨʝʯʦʚʠʥʠ. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʚ ʘʜʘʧʪʘʮʽʾ ʨʠʙ ʜʦ 

ʥʝʩʧʨʠʷʪʣʠʚʠʭ ʬʘʢʪʦʨʽʚ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʟʤʝʥʰʝʥʥʷ ʚʤʽʩʪʫ ʣʽʧʽʜʽʚ ʚʽʜʽʛʨʘʻ 

ʨʦʣʴ ʬʘʢʪʦʨʘ çʙʽʣʢʦʚʦʛʦ ʟʛʫʱʝʥʥʷè ʤʝʤʙʨʘʥ ʢʣʽʪʠʥ, ʟʥʠʞʝʥʥʷ ʾʭ ʧʨʦʥʠʢʥʦʩʪʽ ʪʘ 

ʧʽʜʚʠʱʝʥʥʷ ʢʦʥʪʨʦʣʶ ʟʘ ʧʨʦʥʠʢʥʽʩʪʶ ʽʦʥʽʚ. ʉʘʤʝ ʪʦʤʫ ʦʩʦʙʣʠʚʠʡ ʽʥʪʝʨʝʩ ʚʠʢʣʠʢʘʻ 

ʚʠʚʯʝʥʥʷ ʦʩʦʙʣʠʚʦʩʪʝʡ ʦʙʤʽʥʫ ʪʘ ʚʤʽʩʪʫ ʽʥʜʠʚʽʜʫʘʣʴʥʠʭ ʢʣʘʩʽʚ ʥʝʡʪʨʘʣʴʥʠʭ ʣʽʧʽʜʽʚ ʚ 

ʪʢʘʥʠʥʘʭ ʢʦʨʦʧʘ, ʷʢ ʦʩʥʦʚʥʦʛʦ ʧʨʦʤʠʩʣʦʚʦʛʦ ʚʠʜʫ ʧʨʽʩʥʠʭ ʚʦʜʦʡʤ [ʐʘʭʤʘʻʚ, 1979]. 

ʄʝʪʦʶ ʨʦʙʦʪʠ ʙʫʣʦ ʜʦʩʣʽʜʠʪʠ ʚʧʣʠʚ ʥʘʪʨʽʡ ʣʘʫʨʠʣʩʫʣʴʬʘʪʫ ʥʘ ʚʤʽʩʪ ʟʘʛʘʣʴʥʠʭ 

ʣʽʧʽʜʽʚ ʚ ʪʢʘʥʠʥʘʭ ʢʦʨʦʧʘ ʣʫʩʢʘʪʦʛʦ (Cyprinus carpio L.). 

ɼʦʩʣʽʜʞʝʥʥʷ ʧʨʦʚʦʜʠʣʠ ʫ ʣʠʩʪʦʧʘʜʽ - ʛʨʫʜʥʽ 2017 ʨ., ʚ ʣʘʙʦʨʘʪʦʨʽʾ ʝʢʦʣʦʛʽʯʥʦʾ 

ʙʽʦʭʽʤʽʾ ʅʘʮʽʦʥʘʣʴʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ çʏʝʨʥʽʛʽʚʩʴʢʠʡ ʢʦʣʝʛʽʫʤè ʽʤʝʥʽ ʊ. ɻ. ʐʝʚʯʝʥʢʘ. ʗʢ 

ʧʦʚʝʨʭʥʝʚʦ-ʘʢʪʠʚʥʫ ʨʝʯʦʚʠʥʫ ʦʙʨʘʣʠ ʥʘʪʨʽʡ ʣʘʫʨʠʣʩʫʣʴʬʘʪ. ɼʦʩʣʽʜʞʝʥʥʷ ʚʤʽʩʪʫ 

ʟʘʛʘʣʴʥʠʭ ʣʽʧʽʜʽʚ ʧʨʦʚʦʜʠʣʦʩʴ ʥʘ ʜʚʦʨʽʯʮʽ ʢʦʨʦʧʘ ʣʫʩʢʘʪʦʛʦ. ʂʦʥʮʝʥʪʨʘʮʽʶ ʟʘʛʘʣʴʥʠʭ 

ʣʽʧʽʜʽʚ ʚʠʟʥʘʯʘʣʠ ʟʘ ʤʝʪʦʜʦʤ [ʂʝʡʪʩ, 1975].  

ʇʨʦ ʘʢʪʠʚʥʽʩʪʴ ʘʥʘʙʦʣʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʽ ʤʦʙʽʣʽʟʘʮʽʶ ʣʽʧʽʜʽʚ ʫ ʷʢʦʩʪʽ ʜʞʝʨʝʣʘ 

ʝʥʝʨʛʽʾ ʩʚʽʜʯʠʪʴ ʟʘʛʘʣʴʥʠʡ ʚʤʽʩʪ ʣʽʧʽʜʽʚ. ʂʽʣʴʢʽʩʥʝ ʟʥʘʯʝʥʥʷ ʟʘʛʘʣʴʥʠʭ ʣʽʧʽʜʽʚ ʪʘʢʦʞ 

ʩʚʽʜʯʠʪʴ ʧʨʦ ʾʭ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʘʜʘʧʪʠʚʥʠʭ ʧʝʨʝʙʫʜʦʚʘʭ ʩʪʨʫʢʪʫʨʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ 

ʢʣʽʪʠʥ, ʪʢʘʥʠʥ ʪʘ ʦʨʛʘʥʽʚ. ʍʘʨʘʢʪʝʨ ʨʦʟʧʦʜʽʣʫ ʣʽʧʽʜʽʚ ʚ ʪʢʘʥʠʥʘʭ ʽ ʦʨʛʘʥʘʭ ʢʦʨʦʧʘ 

ʟʘʣʝʞʠʪʴ ʚʽʜ ʚʠʜʫ, ʫʤʦʚ ʩʝʨʝʜʦʚʠʱʘ, ʨʫʭʦʚʦʾ ʘʢʪʠʚʥʦʩʪʽ, ʚʽʢʫ ʪʦʱʦ [ʄʝʭʝʜ, 2007]. 

ʗʢ ʚʠʜʥʦ ʟ ʨʝʟʫʣʴʪʘʪʽʚ ʜʦʩʣʽʜʞʝʥʥʷ, ʟʘʛʘʣʴʥʠʡ ʚʤʽʩʪ ʣʽʧʽʜʽʚ ʚ ʧʝʯʽʥʮʽ ʪʘ ʟʷʙʨʘʭ 

ʢʦʨʦʧʘ ʟʥʘʯʥʦ ʧʝʨʝʚʠʱʫʻ ʾʭ ʚʤʽʩʪ ʚ ʤôʷʟʘʭ ʪʘ ʤʦʟʢʫ. ɿʘ ʜʽʾ ʥʘʪʨʽʡ ʣʘʫʨʠʣʩʫʣʴʬʘʪʫ 

ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʥʝʦʜʥʦʟʥʘʯʥʽ ʟʤʽʥʠ ʢʽʣʴʢʦʩʪʽ ʟʘʛʘʣʴʥʠʭ ʣʽʧʽʜʽʚ ʫ ʚʩʽʭ ʜʦʩʣʽʜʞʫʚʘʥʠʭ 

ʪʢʘʥʠʥʘʭ, ʟʦʢʨʝʤʘ, ʫ ʙʽʣʠʭ ʤôʷʟʘʭ, ʤʦʟʢʫ ʪʘ ʧʝʯʽʥʮʽ ʚʽʜʤʽʯʝʥʦ ʟʙʽʣʴʰʝʥʥʷ ʧʦʢʘʟʥʠʢʘ 

(ʚʽʜʧʦʚʽʜʥʦ ʥʘ 141 %, 71 % ʪʘ 10 %), ʘ ʫ ʟʷʙʨʘʭ ï ʥʘʚʧʘʢʠ ï ʟʤʝʥʰʝʥʥʷ ʥʘ 45 %.  

ɺʠʭʦʜʷʯʠ ʟ ʨʝʟʫʣʴʪʘʪʽʚ, ʤʦʞʥʘ ʚʽʜʤʽʪʠʪʠ, ʱʦ ʚʤʽʩʪ ʟʘʛʘʣʴʥʠʭ ʣʽʧʽʜʽʚ ʚ ʪʢʘʥʠʥʘʭ 

ʪʘ ʦʨʛʘʥʘʭ ʢʦʨʦʧʘ ʚ ʩʪʘʥʽ ʘʢʪʠʚʥʦʾ ʞʠʪʪʻʜʽʷʣʴʥʦʩʪʽ ʩʫʪʪʻʚʦ ʥʝ ʚʽʜʨʽʟʥʷʻʪʴʩʷ. ʱʦ ʜʦʟʚʦʣʷʻ 

ʩʪʚʝʨʜʞʫʚʘʪʠ ʧʨʦ ʦʜʥʘʢʦʚʠʡ ʨʽʚʝʥʴ ʥʘʢʦʧʠʯʝʥʥʷ ʣʽʧʽʜʽʚ ʚ ʥʝʩʧʝʮʠʬʽʯʥʠʭ ʜʣʷ ʾʭ 

ʟʘʧʘʩʘʥʥʷ ʪʢʘʥʠʥ. ɿʘ ʚʤʽʩʪʦʤ ʟʘʛʘʣʴʥʠʭ ʣʽʧʽʜʽʚ ʮʽ ʪʢʘʥʠʥʠ ʤʦʞʥʘ ʨʦʟʤʽʩʪʠʪʠ ʪʘʢʠʤ 

ʯʠʥʦʤ: ʧʝʯʽʥʢʘ Ÿ ʟʷʙʨʘ Ÿ ʤôʷʟʠ Ÿ ʤʦʟʦʢ. 
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DEPENDENCE OF CONFORMAL STABILITY (R) -4-MENTENONE 

FROM TEMPERATURE  

Belkina N. V.1, Vakulin I. V.1, Talipova G. R.1, Latypova E. R.1, Vakulina A. I.2 
1Bashkir state University, Ufa, Russia 

2Ural State University of Economics, Yekaterinburg, Russia 

 

According to NMR spectroscopy in 13C spectra, the signals of conformers of (R)-

4-menthenone are manifested when the temperature is lowered. Therefore, using the quantum-

chemical approximation B3LYP / 6-311 ++ G (2d, p), the dependence of the population of 

conformers (R)-4-mentenone on temperature is considered. 

1ʘ 1b 

1c 1d 

 

The relative stability of other conformers differs from 1a by not more than 7.97 kJ/mol 

according to B3LYP / 6-311 ++ G (2d, p). With increasing temperature, the difference in the 

population of these conformers decreases. First of all, the proportion of conformer 1c in which 

the methyl group occupies the axial position increases. The proportion of conformers 1b and 

1d in which the angle of the isopropyl group is rotated by 180Á varies little with increasing 

temperature (Table). 

 

Table 

conformer 
w, % 

243 273 298 323 373 

1a 67.11 62.69 59.42 56.08 50.47 

1b 24.98 26.13 26.65 26.98 26.99 

1c 6.74 9.29 11.58 13.56 17.51 

1d 1.18 1.90 2.54 3.37 5.03 
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EVALUATION  OF CONFORMAL POPULA TION (R) -4-MENTENONE  

Belkina N. V.1, Vakulin I. V.1, Talipova G. R.1, Latypova E. R.1, Vakulina A. I.2 
1Bashkir state University, Ufa, Russia 

2Ural State University of Economics, Yekaterinburg, Russia 

 

It is shown that (R)-4-menthenone, which is convenient for the synthesis of a whole 

spectrum of pheromones, has an unusual reactivity in comparison with other enon systems. The 

unusual behavior of (R)-4-menthenone may be due to the limited rotation of the isopropyl group 

and its steric effect on the availability of the C = C bond electrons. Using the quantum-chemical 

non-empirical approximations of different levels of complexity, the relative stability of the 

(R)-4-tenenton conformations is estimated. 

1ʘ 1b 1c 1d 

 

The most stable conformer la is characterized by the equatorial orientation of the methyl 

group at the 4-position and the dihedral angle of the isopropyl group HCCC (= 0) 24Á. At this 

angle, the isopropyl group exerts the greatest screening effect on the C = C bond in the cycle as 

compared to the conformers 1b and 1d (Table 1). 

 

Table 1 

 

All other conformers are less favorable, but the difference in energy between them is 

not more than 8.3 kJ/mol, depending on the calculation method used. It is interesting to note 

that the calculated values obtained in the DFT methods are closest to the results of the high-

precision composite method G4 (MP2). Despite the insignificant difference in energies, the 

populations of these conformers differ markedly. The share of the most stable conformer 1a is 

almost 2 times larger than the total fraction of all other conformers and 3 times greater than the 

nearest one in stability 1b, but having a different orientation of the isopropyl group (Table 2). 

 

Table 2 

conformer 1a 1b 1c 1d 

w (%) 63.4 19.9 12.4 4.3 

 

  

 ȹG298, kJ/mol 

1ʩ-1a 1d-1b 1d-1c 1b-1a 

B3LYP/6-31G(d,p) 5.96 5.88 1.06 1.13 

MP2/6-31G(d,p) 2.40 2.27 0.10 0.16 

B3LYP/6-311++G(2d,p) 5.41 5.60 2.57 2.37 

MP2/6-311++G(d,p) 8.31 8.00 1.54 1.85 

G4 (MP2) 4.04 3.79 2.64 2.87 
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FEATURES OF CALCULATION OF STANDARD RedOx POTENTIALS   

BY THE SEMI -EMPIRICAL METHODS AM1, RM1 PM7  

Bugaets D. V., Vakulin I. V., Zilôberg R. A. 

Bashkir State University 

bugaec_dasha@mail.ru 

 

We calculated the standard RedOx potentials the semi-emperical methods AM1, RM1 

and PM7. RedOx potential calculation is based on the following equation1: 

ȹG(XvsNHE) = ȹG0
solv(X

+)-ȹG0
solv(X) - 4.44eV (1) 

E0= -ȹG/F (2) 

4.44 eV ï change of energy of Gibbs in hydrogen reduction reaction, F = 1 eV, Faraday 

constant. Solvation effects was considered by the continual model PCM. 

We calculated the standard RedOx potentials for the anylines, quinones and their 

analogs containing nitrogen (12): 

 
 

NH

NH
O

O
R

R1

O

O

OH

OH

X

Y

O

O

OH

OH

 
1                 2                        3                  4-7                    8-9              10-12 

  (4) X=Cl; (5) X=Cl; (6) X=Y=CN; (7) X=Y=CN; (10) R=R1=CH3; (11) R= CH3; 
(12) R=OH, R=OH 

 

Comparison of average absolute errors of calculation of ERed/Ox of the potentials 

calculated through the total energies (Etot) and heat of formation (ȹH
0
f) is presented in Table. 

 

Table. Accuracy of calculation of ERed/Ox on all set of compounds 

Method 
MUE 

ERed/Ox
Etot ERed/Ox

ȹHf 

AM1 1.39 1.45 

RM1 1.24 1.24 

PM7 1.56 1.61 

 

All methods approximately on 1B systematically overestimates value Red/Ox potential. 

The average absolute mistake concerning an experiment is 1.39 V for AM1, 1.56 V for PM7. 

1.24 V for RM1. The most precise is the RM1 method. Specified approximations gives an 

identical average absolute error of calculation for both considered schemes of calculation. 
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STUDY OF THE FEATURES OF STABILIZATION OF TRANSITION STATES 

OF THE PRINCE REACTION ON CLUSTERS FROM CARBON AND BORNITRIDE 

NANOTUBES 

Zaytunova G. G.1, Pasko P. A.1, Vakulin I. V.1, Talipova G. R.1, Vakulina A. I.2 

1Bashkir state University, Ufa, Russia 
2Ural State University of Economics, Yekaterinburg, Russia 

zajtunovag010@gmail.com 

 

An increase in the selectivity of the formation of 1,3-dioxanes can be achieved in the 

presence of substances with a developed surface containing cavities of a certain section. We 

considered the stabilization of the TS in clusters of nanotubes, which are characterized by an 

additional TS stabilization site. To build clusters, we used nanotubes with the optimum diameter 

found earlier. The table shows the sections of the cavity that arises between the tubes in the 

cluster at different distances between the walls of the tubes. 

 

Table 

d nnt (ᴠ) 

L (distance between nanotube walls, ᴠ) 

0,847 1,5 2,5 3,347 5,847 8,347 10,847 13,347 

D (cavities in a cluster, ᴠ) 

8,89 5,62 5,98 6,56 7,06 8,50 9,94 11,38 12,82 

9,49 5,96 6,34 6,92 7,40 8,84 10,29 11,73 13,17 

9,52 5,98 6,36 6,94 7,42 8,86 10,31 11,74 13,20 

10,18 6,36 6,74 7,32 7,80 9,24 10,70 12,13 13,58 

10,24 6,38 6,78 7,34 7,84 9,28 10,73 12,16 13,61 

10,85 6,74 7,12 7,70 8,19 9,63 11,08 12,51 13,96 

11,53 7,14 7,52 8,10 8,58 10,02 11,46 12,90 14,35 

12,20 7,52 7,90 8,48 8,97 10,41 11,85 13,29 14,73 

13,58 8,32 8,70 9,28 9,76 11,20 12,64 14,08 15,52 

 

In all cases, stabilization of the transition state inside the tube proves to be more 

advantageous than stabilization in the cavity between the walls. 

 

 
 

It is interesting to note, that the profitability of the stabilization of the transition state 

between the walls is also of extreme nature, but the maximum of stabilization is achieved at 

large values of the cavity cross section as compared to the diameter of the nanotube. 

 

This research is supported by the grant ˉ 17-43-020754 of Russian Fund of Basic 

Researches. 
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STABILIZATION OF THE TRANSITION STATE OF THE FORMATION 

OF 1,3-DIOXANES ON THE PRINCE REACTION IN THE PRESENCE 

OF CARBON NANOT UBES 

Zaytunova G. G.1, Pasko P. A.1, Vakulin I. V.1, Talipova G. R.1, Vakulina A. I.2 

1Bashkir state University, Ufa, Russia 
2Ural State University of Economics, Yekaterinburg, Russia 

zajtunovag010@gmail.com 

 

The possibility of increasing the selectivity of the formation of 4,4-dimethyl-1,3-

dioxane by the Prins reaction, which is a key intermediate in the synthesis of isoprene by the 

"dioxane" method, has been studied using quantum chemistry and molecular dynamics. We 

considered the stabilization of the TS in carbon nanotubes. 

Influences of the CNT diameter on the energy of TS stabilization were determined. As 

model compounds, ethylene, propylene, butene-1, isobutylene and trans-2-butene were 

considered. In modeling TS adsorption on CNT, we considered nanotubes with diameters from 

6 to 17 ¡. Below we present the dependence of the stabilization energy TS 1,3-D on the 

diameter of carbon nanotubes. 

 

 
 

The stabilization of the TS of the reaction for the formation of 1,3-dioxane becomes 

greatest with nanotube diameters from 9.49ï12.23 ¡. The maximum stabilizing effect is 

observed when the diameter is 10.18 A. 

 

This research is supported by the grant ˉ 17-43-020754 of Russian Fund of Basic 

Researches. 
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STABILIZATION OF THE TRANSITION STATE OF FORMATION 

OF 1,3-DIOXANES ON THE PRINCE REACTION IN THE PRESENCE 

OF BORNITRIDE NANOTUBES  

Zaytunova G. G.1, Pasko P. A.1, Vakulin I. V.1, Talipova G. R.1, Vakulina A. I.2 

1Bashkir state University, Ufa, Russia 
2Ural State University of Economics, Yekaterinburg, Russia 

zajtunovag010@gmail.com 

 

An increasing of the selectivity of the formation of 1,3-dioxanes can be achieved in the 

presence of substances with a developed surface containing cavities of a certain cross section. 

To this end, we studied the interactions of the transition state of formation of oxygen-

containing heterocycles according to the Prince reaction with BNNT. The influence of diameter 

on the energy of stabilization of the transition state was determined. Energy parameters and the 

nature of the interaction of transition states with BNNT were determined using the Adsorption 

Locator module included in the program package Accelrys Material Studio. 

When modeling TS adsorption on BNNT, we considered nanotubes with diameters from 

6 to 17 ¡. Below, the dependence of the stabilization energy TS 1,3D on the diameter of 

boronitride nanotubes. 

 

 
Stabilization becomes greatest with nanotube diameters from 9.52ï12.23 ¡. The 

maximum stabilizing effect is observed at 10.18 ¡. 

 

This research is supported by the grant ˉ 17-43-020754 of Russian Fund of Basic 

Researches. 
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ʂɺɸʅʊʆɺʆ-ʍɯʄɯʏʅɽ ɼʆʉʃɯɼɾɽʅʅʗ ɺʇʃʀɺʋ ʉʊʈʋʂʊʋʈʀ ʅɸ ɽʅɽʈɻɯʖ 

ʆ-ʅ ɿɺôʗɿʂʋ N-ɻɯɼʈʆʂʉʀʌʊɸʃɯʄɯɼɸ 

ʇʣʝʰʠʥʛʝʨ ʊ. ʉ., ʐʝʥʜʨʠʢ ʆ. ʄ. 

ɼʦʥʝʮʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ɺʘʩʠʣʷ ʉʪʫʩʘ 

pleshynher.t@donnu.edu.ua 

 

N-ʛʽʜʨʦʢʩʠʬʪʘʣʽʤʽʜ (NHPI) ʪʘ ʡʦʛʦ ʧʦʭʽʜʥʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʫ ʷʢʦʩʪʽ 

ʢʘʪʘʣʽʟʘʪʦʨʽʚ ʚ ʨʝʘʢʮʽʷʭ ʨʽʜʠʥʥʦʬʘʟʥʦʛʦ ʦʢʠʩʥʝʥʥʷ ʦʨʛʘʥʽʯʥʠʭ ʩʧʦʣʫʢ ʤʦʣʝʢʫʣʷʨʥʠʤ 

ʢʠʩʥʝʤ. ʂʣʶʯʦʚʠʤ ʽʥʪʝʨʤʝʜʽʘʪʦʤ ʚ ʢʘʪʘʣʽʪʠʯʥʦʤʫ ʮʠʢʣʽ ʻ ʥʝʩʪʘʙʽʣʴʥʠʡ ʬʪʘʣʽʤʽʜ-N-

ʦʢʩʠʣʴʥʠʡ ʨʘʜʠʢʘʣ (PINO). ʉʧʦʥʪʘʥʥʠʡ ʨʦʟʧʘʜ PINO ʦʙʤʝʞʫʻ ʟʘʩʪʦʩʫʚʘʥʥʷ NHPI. 

ɿʘʤʽʩʥʠʢʠ ʫ ʙʝʥʟʦʣʴʥʦʤʫ ʢʽʣʴʮʽ ʚʧʣʠʚʘʶʪʴ ʥʘ ʩʪʘʙʽʣʴʥʽʩʪʴ ʨʘʜʠʢʘʣʘ, ʱʦ ʚ ʩʚʦʶ ʯʝʨʛʫ 

ʚʽʜʙʠʚʘʻʪʴʩʷ ʥʘ ʢʘʪʘʣʽʪʠʯʥʽʡ ʘʢʪʠʚʥʦʩʪʽ NHPI. ɺʠʚʯʝʥʥʷ ʮʴʦʛʦ ʚʧʣʠʚʫ ʻ ʚʘʞʣʠʚʠʤ ʜʣʷ 

ʦʪʨʠʤʘʥʥʷ ʙʽʣʴʰ ʝʬʝʢʪʠʚʥʠʭ ʢʘʪʘʣʽʟʘʪʦʨʽʚ. 

ʂʚʘʥʪʦʚʦ-ʭʽʤʽʯʥʽ ʨʦʟʨʘʭʫʥʢʠ ʧʨʦʚʦʜʠʣʠʩʴ ʫ ʧʨʦʛʨʘʤʽ Gamess (US). ʅʘ ʧʝʨʰʦʤʫ 

ʝʪʘʧʽ ʙʫʣʘ ʦʧʪʠʤʽʟʦʚʘʥʘ ʛʝʦʤʝʪʨʽʷ NHPI, ʡʦʛʦ ʟʘʤʽʱʝʥʠʭ ʪʘ ʚʽʜʧʦʚʽʜʥʠʭ ʨʘʜʠʢʘʣʽʚ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʝʪʦʜʫ ʬʫʥʢʮʽʦʥʘʣʫ ʛʫʩʪʠʥʠ (DFT), ʙʘʟʠʩʥʦʛʦ ʥʘʙʦʨʫ 6-31G(p,d) ʫ 

ʜʝʢʘʨʪʦʚʠʭ ʢʦʦʨʜʠʥʘʪʘʭ. ʅʘ ʦʩʥʦʚʽ ʦʪʨʠʤʘʥʠʭ ʜʘʥʠʭ ʙʫʣʘ ʨʦʟʨʘʭʦʚʘʥʘ ʝʥʝʨʛʽʷ 

ʜʠʩʩʦʮʽʘʮʽʽ ʟʚôʷʟʢʫ ʆ-ʅ (BDE). 

 

ʆʙôʻʢʪ ʉʪʨʫʢʪʫʨʘ BDE, ʢʢʘʣ/ʤʦʣʴ 

NHPI (PINOH) 

 

81,90 

4CH3-PINOH 81,52 

4CH3O-PINOH 81,02 

4F-PINOH 82,09 

4Cl-PINOH 81,90 

4NO2-PINOH 114,37 

PINO(OH)2 

 

75,68 

tetraPh-PINOH 

 

82,83 

NDHPI 

 

114,46 

 

ɽʣʝʢʪʨʦʥʦʜʦʥʦʨʥʽ ʟʘʤʽʩʥʠʢʠ ʧʽʜʚʠʱʫʶʪʴ ʩʪʘʙʽʣʴʥʽʩʪʴ ʨʘʜʠʢʘʣʽʚ, 

ʝʣʝʢʪʨʦʥʦʘʢʮʝʧʪʦʨʥʽ ʟʥʘʯʥʦ ʟʥʠʞʫʶʪʴ ʾʾ. ʅʘʡʙʽʣʴʰ ʩʪʘʙʽʣʴʥʠʤ, ʧʦʨʽʚʥʷʥʦ ʟ PINO, ʻ 

ʨʘʜʠʢʘʣ ʩʪʨʫʢʪʫʨʠ PINO(OH)2.  
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ʇʈʆ ʈɽɸʂʊʀɺʅɯʉʊʔ ʍɯʄɯʏʅʀʍ ʏɸʉʊʀʅʆʂ ɺ ʈʆɿʏʀʅɸʍ ɺɸʅɸɼɯʖ(V) 

ʉʝʤʠʚʦʣʦʩ ɼ. ʉ.1, ɺʦʣʢʦʚʘ ʃ. ʂ.3, ʆʧʝʡʜʘ ʁ. ʆ.1,2 
1ɼʦʥʝʮʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ɺʘʩʠʣʷ ʉʪʫʩʘ 

2ɺʽʜʜʽʣʝʥʥʷ ʬʽʟʠʢʦ-ʭʽʤʽʾ ʛʦʨʶʯʠʭ ʢʦʧʘʣʠʥ ɯʥʩʪʠʪʫʪʫ ʬʽʟʠʢʦ-ʦʨʛʘʥʽʯʥʦʾ ʭʽʤʽʾ ʽ ʚʫʛʣʝʭʽʤʽʾ 

ʽʤ. ʃ. ʄ. ʃʠʪʚʠʥʝʥʢʘ ʅɸʅ ʋʢʨʘʾʥʠ 
3ɯʥʩʪʠʪʫʪ ʬʽʟʠʢʦ-ʦʨʛʘʥʽʯʥʦʾ ʭʽʤʽʾ ʽ ʚʫʛʣʝʭʽʤʽʾ ʽʤ. ʃ. ʄ. ʃʠʪʚʠʥʝʥʢʘ ʅɸʅ ʋʢʨʘʾʥʠ 

opeida_i@yahoo.co.uk 

 

ɺʦʜʥʽ ʨʦʟʯʠʥʠ ʚʘʥʘʜʽʶ(V) ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʦʢʠʩʣʝʥʥʽ ʚʫʛʣʝʚʦʜʥʽʚ ʪʘ 

ʾʭ ʧʦʭʽʜʥʠʭ. ɼʣʷ ʚʩʪʘʥʦʚʣʝʥʥʷ ʤʝʭʘʥʽʟʤʽʚ ʮʠʭ ʨʝʘʢʮʽʡ ʥʝ ʜʦʩʪʘʪʥʴʦ ʟʥʘʪʠ ʩʢʣʘʜ ʨʦʟʯʠʥʽʚ, 

ʭʦʯʘ ʽ ʮʝ ʥʝ ʟʘʚʞʜʠ ʚʠʟʥʘʯʝʥʦ. ʂʽʣʴʢʽʩʥʦ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʚʠʤʽʨʷʪʠ ʽ ʦʮʽʥʠʪʠ 

ʤʦʞʣʠʚʽʩʪʴ ʫʯʘʩʪʽ ʢʦʞʥʦʾ ʟ ʯʘʩʪʠʥʦʢ ʚ ʩʪʘʜʽʷʭ ʦʢʠʩʣʝʥʥʷ ʜʦʩʠʪʴ ʩʢʣʘʜʥʦ. ʈʘʟʦʤ ʟ ʪʠʤ 

ʦʩʪʘʥʥʽʤ ʯʘʩʦʤ ʟ'ʷʚʠʣʘʩʷ ʤʦʞʣʠʚʽʩʪʴ ʦʮʽʥʠʪʠ ʪʝʨʤʦʜʠʥʘʤʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʢʨʝʤʠʭ 

ʯʘʩʪʠʥʦʢ ʽ ʧʘʨʘʤʝʪʨʠ ʨʝʘʢʮʽʡ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʥʘʧʽʚʝʤʧʽʨʠʯʥʠʡ ʢʚʘʥʪʦʚʦ-ʭʽʤʽʯʥʠʡ 

ʤʝʪʦʜ ʨʦʟʨʘʭʫʥʢʫ PM6 (ʧʘʢʝʪ ʄʆʈɸʉ 12), ʱʦ ʚʽʜʟʥʘʯʘʻʪʴʩʷ ʰʚʠʜʢʦʜʽʻʶ ʽ ʭʦʨʦʰʦʶ 

ʪʦʯʥʽʩʪʶ ʨʦʟʨʘʭʫʥʢʽʚ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʩʧʦʣʫʢ. 

ɺ ʜʘʥʽʡ ʨʦʙʦʪʽ ʮʝʡ ʤʝʪʦʜ ʚʠʢʦʨʠʩʪʘʥʦ ʜʣʷ ʘʥʘʣʽʟʫ ʜʘʥʠʭ ʟ ʦʢʠʩʣʝʥʥʷ ʦʨʛʘʥʽʯʥʠʭ 

ʩʧʦʣʫʢ ʧʦ ʟʚ'ʷʟʢʫ ʉïʅ ʚ ʨʦʟʯʠʥʘʭ ʤʝʪʘʚʘʥʘʜʽʻʚʦʾ ʢʠʩʣʦʪʠ HVO3.ɿʘʣʝʞʥʦ ʚʽʜ ʫʤʦʚ ʚ 

ʨʦʟʯʠʥʘʭ ʤʦʞʫʪʴ ʧʝʨʝʚʘʞʘʪʠ ʨʽʟʥʽ ʭʽʤʽʯʥʽ ʯʘʩʪʠʥʢʠ: ʘʥʽʦʥ VO3
ï, ʥʝʜʠʩʦʮʽʡʦʚʘʥʘ ʬʦʨʤʘ 

HVO3, ʫ ʢʠʩʣʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʾʾ ʧʨʦʪʦʥʦʚʘʥʘ ʬʦʨʤʘ H2VO3
+ ʯʠ VO2

+, ʘ ʪʘʢʦʞ VO2
+ ʟ 

ʯʘʩʪʠʥʢʦʶ HSʆ4. ɺ ʪʘʙʣʠʮʽ ʥʘʚʝʜʝʥʦ ʨʦʟʨʘʭʫʥʢʠ ʝʥʪʘʣʴʧʽʾ ʨʝʘʢʮʽʡ ʚʽʜʨʠʚʫ ʅ-ʘʪʦʤʘ ʚʽʜ 

ʚʪʦʨʠʥʥʦʛʦ ʟʚ'ʷʟʢʫ Cïʅ ʚ ʛʝʢʩʘʥʽ (RïH) ʮʠʤʠ ʯʘʩʪʠʥʢʘʤʠ. 

ʊʘʙʣʠʮʷ. ɽʥʪʘʣʴʧʽʾ ʨʝʘʢʮʽʡ (DH, ʢʢʘʣ/ʤʦʣʴ) ʯʘʩʪʠʥʦʢ ʚʘʥʘʜʽʶ(V) ʟ ʛʝʢʩʘʥʦʤ (RïH) 

 ̄ ʈʝʘʢʪʘʥʪʠ ʇʨʦʜʫʢʪʠ DH 

1 VO3
ï RïH HVO3

ï RÅ  

 ï137,7 ï36,4 ï175,9 ï14,3 ï16,1 

2 HOVO2 RïH H2VO3 RÅ  

 ï126,5 ï36,4 ï174,0 ï14,3 ï25,4 

3 H2VO3
+ RïH H3VO3

+ RÅ  

 ï1,3 ï36,4 ï57,0 ï14,3 ï33,6 

4 (HO)2VO+  VO2
+ ʅ2ʆ  

 ï1,3  140,3 ï54,3 87,3 

5 VO2
+ RïH HVO2

+ RÅ  

 140,3 ï36,4 86,2 ï14,3 ï31,9 

6 O2V
+ ï O(OH)SO2 RïH HO2V

+ ï O(OH)SO2 RÅ  

 ï48,7 ï36,4 ï113,9 ï14,3 ï43,1 
*ʇʽʜ ʬʦʨʤʫʣʦʶ ʨʝʘʛʝʥʪʘ ʥʘʚʝʜʝʥʘ ʩʪʘʥʜʘʨʪʥʘ ʝʥʪʘʣʴʧʽʷ ʫʪʚʦʨʝʥʥʷ DHÁ. 

ɺ ʢʦʞʥʡ̔ ʨʝʘʢʮʽʾ ʟʙʝʨ̔ ʛʘ̒ʪɹʩʷ ʟʘʨʷʜ V-ʚʤʽʩʥʦʾ ʨʝʘʛʫʁʯʦʾ ʯʘʩʪʠʥʢʠ ʫ ʨʝʘʢʪʘʥʪʘʭ ʪʘ 

ʧʨʦʜʫʢʪʘʭ. ɿʘʚʜʷʢʠ ʟʙʝʨʝʞʝʥʥʶ ʯʠʩʣʘ ʝʣʝʢʪʨʦʥʥʠʭ ʧʘʨ ʫ ʨʝʘʢʪʘʥʪʘʭ ʽ ʧʨʦʜʫʢʪʘʭ, 

ʦʙʯʠʩʣʝʥʘ ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʚʘʥʪʦʚʦ-ʭʽʤʽʯʥʠʭ ʤʝʪʦʜʽʚ ʟʤʽʥʘ ʝʥʝʨʛʽʡ ʚ ʨʷʜʫ ʪʘʢʠʭ 

ʽʟʦʜʝʩʤʽʯʥʠʭ ʨʝʘʢʮʽʡ ʟʘʟʚʠʯʘʡ ʜʦʙʨʝ ʚʽʜʪʚʦʨʶʻʪʴʩʷ ʚʥʘʩʣʽʜʦʢ ʢʦʤʧʝʥʩʘʮʽʾ 

ʩʠʩʪʝʤʘʪʠʯʥʠʭ ʧʦʭʠʙʦʢ ʤʝʪʦʜʫ, ʱʦ ʧʦʣʝʛʰʫʻ ʪʝʦʨʝʪʠʯʥʠʡ ʨʦʟʛʣʷʜ ʟʘʣʝʞʥʦʩʪʝʡ 

ʩʪʨʫʢʪʫʨʘ ï ʨʝʘʢʪʠʚʥʽʩʪʴ. ɼʘʥʽ ʪʘʙʣʠʮʽ ʧʦʢʘʟʫʶʪʴ, ʱʦ ʟʤʽʥʘ ʩʪʘʥʜʘʨʪʥʦʾ ʝʥʪʘʣʴʧʽʾ ʨʝʘʢʮʽʾ 

ʤʘʻ ʚʽʜ'ʻʤʥʝ ʟʥʘʯʝʥʥʷ, ʪʝʨʤʦʜʠʥʘʤʽʯʥʽ ʧʘʨʘʤʝʪʨʠ ʩʧʨʠʷʶʪʴ ʧʝʨʝʙʽʛʫ ʪʘʢʠʭ ʨʝʘʢʮʽʡ. 

ʅʘʡʙʽʣʴʰʫ ʨʝʘʢʮʽʡʥʫ ʟʜʘʪʥʽʩʪʴ (ʥʘʡʥʠʞʯʽ ʟʥʘʯʝʥʥʷ DH) ʧʦʢʘʟʫʶʪʴ ʯʘʩʪʠʥʢʠ O2V
+ ï 

O(OH)SO2 ʽ H2VO3
+. ʈʝʘʢʪʠʚʥʽʩʪʴ VO2

+ ʻ ʜʝʱʦ ʤʝʥʰʦʶ ʥʽʞ H2VO3
+, ʧʨʠ ʮʴʦʤʫ 

ʜʝʛʽʜʨʘʪʘʮʽʷ ʦʩʪʘʥʥʴʦʾ ʚʠʤʘʛʘʻ ʩʫʪʪʻʚʦʾ (87,3 ʢʢʘʣ/ʤʦʣʴ) ʝʥʝʨʛʽʾ.   
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ʄʆɼɽʃʖɺɸʅʅʗ ɻʆʄʆʃɯɿʋ ʄɽʊʀʃʇɽʈʆʂʉʀʅɯʊʈɸʊʋ ï  

ʂʆʄʇʆʅɽʅʊɸ ʌʆʊʆʍɯʄɯʏʅʆɻʆ ʉʄʆɻʋ 

ʇʘʩʪʝʨʥʘʢ ʆ. ʄ., ʉʝʨʙʽʥ ɺ. ʉ. 

ʄʘʨʽʫʧʦʣʴʩʴʢʠʡ ʜʝʨʞʘʚʥʠʡ ʫʥ̔ʚʝʨʩʠʪʝʪ 
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ʍʽʤʽʷ ʘʪʤʦʩʬʝʨʠ ʦʭʦʧʣʶʻ ʚʝʣʠʯʝʟʥʫ ʢʽʣʴʢʽʩʪʴ ʨʝʘʢʮʽʡ, ʚʽʜ ʧʝʨʝʙʽʛʫ ʷʢʠʭ ʟʘʣʝʞʠʪʴ 

ʩʢʣʘʜ ʘʪʤʦʩʬʝʨʥʦʛʦ ʧʦʚʽʪʨʷ. ʇʝʨʦʢʩʠʜʥʽ ʨʘʜʠʢʘʣʠ ʻ ʚʘʞʣʠʚʠʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ 

ʪʨʦʧʦʩʬʝʨʠ ʪʘ ʥʠʞʥʴʦʾ ʩʪʨʘʪʦʩʬʝʨʠ, ʷʢʽ ʙʝʨʫʪʴ ʫʯʘʩʪʴ ʫ ʦʢʠʩʥʝʥʥʽ ʪʘ ʫʪʚʦʨʝʥʥʽ ʙʘʛʘʪʴʦʭ 

ʽʥʰʠʭ ʘʪʤʦʩʬʝʨʥʠʭ ʩʧʦʣʫʢ, ʥʽʪʨʦʛʝʥ ʦʢʩʠʜʠ ʚʧʣʠʚʘʶʪʴ ʥʘ ʫʪʚʦʨʝʥʥʷʤ ʪʨʦʧʦʩʬʝʨʥʦʛʦ 

ʦʟʦʥʫ. ʄʝʪʠʣʧʝʨʦʢʩʠʥʽʪʨʘʪ ʻ ʚʘʞʣʠʚʠʤ ʽʥʪʝʨʤʝʜʽʘʪʦʤ ʫ ʘʪʤʦʩʬʝʨʥʦʤʫ ʦʢʠʩʥʝʥʥʽ 

ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʦʨʛʘʥʽʯʥʠʭ ʩʧʦʣʫʢ, ʥʘʡʧʨʦʩʪʽʰʠʤ ʛʦʤʦʣʦʛʦʤ ʘʣʢʽʣʧʝʨʦʢʩʠʥʽʪʨʘʪʥʦʾ 

ʛʨʫʧʠ. ɺ ʩʪʨʘʪʦʩʬʝʨʽ ʯʘʩ ʞʠʪʪʷ ʢʦʥʪʨʦʣʶʻʪʴʩʷ ʬʦʪʦʜʠʩʦʮʽʘʮʽʻʶ, ʚ ʥʠʞʥʽʡ ʩʪʨʘʪʦʩʬʝʨʽ 

ʤʝʪʠʣʧʝʨʦʢʩʠʥʽʪʨʘʪ ʚʧʣʠʚʘʻ ʥʘ ʚʤʽʩʪ ʥʽʪʨʦʛʝʥ ʦʢʩʠʜʽʚ. ɸʣʢʽʣʧʝʨʦʢʩʠʥʽʪʨʘʪʠ ʮʝ ʜʞʝʨʝʣʦ 

ʧʝʨʦʢʩʠ-ʨʘʜʠʢʘʣʽʚ ʪʘ ʥʽʪʨʦʛʝʥ ʦʢʩʠʜʽʚ. 

ʇʨʦʚʝʜʝʥʦ ʢʚʘʥʪʦʚʦ-ʭʽʤʽʯʥʝ ʤʦʜʝ- 

ʣʶʚʘʥʥʷ ʤʦʣʝʢʫʣʷʨʥʦʾ ʩʪʨʫʢʪʫʨʠ 

ʧʝʨʦʢʩʠʤʝʪʠʣʥʽʪʨʘʪʫ (ʉH3OONO2), ʷʢʠʡ 

ʤʦʞʥʘ ʨʦʟʛʣʷʜʘʪʠ ʷʢ ʦʜʠʥ ʽʟ ʧʨʦʜʫʢʪʽʚ 

ʬʦʪʦʭʽʤʽʯʥʦʛʦ ʮʠʢʣʫ ʨʝʘʢʮʽʡ ʤʝʪʘʥʫ ʚ 

ʘʪʤʦʩʬʝʨʽ. ʂʚʘʥʪʦʚʦ-ʭʽʤʽʯʥʽ ʨʦʟʨʘʭʫʥʢʠ 

ʚʠʢʦʥʘʥʽ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʢʦʤʧʣʝʢʩʫ ʧʨʦʛʨʘʤ 

ʩʪʨʫʢʪʫʨʥʦʾ ʭʽʤʽʾ çGaussian 09è. ʉʪʨʫʢʪʫʨʥʽ 

ʧʘʨʘʤʝʪʨʠ, ʯʘʩʪʦʪʠ ʛʘʨʤʦʥʽʡʥʠʭ ʢʦʣʠʚʘʥʴ 

ʦʜʝʨʞʫʚʘʣʠ ʧʽʩʣʷ ʧʦʚʥʦʾ ʦʧʪʠʤʽʟʘʮʽʾ ʤʝʪʦʜʦʤ 

EF. ʇʦʚʥʫ ʝʣʝʢʪʨʦʥʥʫ ʝʥʝʨʛʽʶ ʨʦʟʨʘʭʦʚʫʚʘʣʠ ʚ 

ʥʘʙʣʠʞʝʥʥʽ MP2/6-311G(d,p). ʏʘʩʪʦʪʠ 

ʨʦʟʨʘʭʦʚʘʥʦʛʦ ʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʦʪʨʠʤʘʥʦʛʦ 

ɯʏ-ʩʧʝʢʪʨʘ ʟʘʜʦʚʽʣʴʥʦ ʫʟʛʦʜʞʫʶʪʴʩʷ.  

ʅʘ ʰʣʷʭʫ ʤʽʥʽʤʘʣʴʥʦʾ ʝʥʝʨʛʽʾ ʨʝʘʢʮʽʡ 

ʛʦʤʦʣʽʪʠʯʥʦʛʦ ʨʦʟʧʘʜʫ ʉH3OONO2 

ʣʦʢʘʣʽʟʦʚʘʥʦ ʧʝʨʝʭʽʜʥʠʡ ʩʪʘʥ ʨʝʘʢʮʽʾ (1) ʪʘ 

ʨʝʘʢʮʽʾ (2) ʧʨʠ ʚʠʜʦʚʞʝʥʥʽ -ʆ-ʆ- ʟʚôʷʟʢʫ ʚʽʜ 

1.4 ¡ ʜʦ 2.5 ¡ ʽ -N-O- ʟʚôʷʟʢʫ ʚʽʜ 1.55 ¡ ʜʦ 

2.7 ¡. 

ɺʝʣʠʯʠʥʘ ʝʥʪʘʣʴʧʽʾ ʘʢʪʠʚʘʮʽʾ ʛʦʤʦʣʽʟʫ 

ʉH3OONO2 ʱʣʷʭʦʤ ʨʝʘʢʮʽʾ (1) ʩʢʣʘʜʘʻ 

259 ʢɼʞĿʤʦʣʴ-1, ʘ ʰʣʷʭʦʤ ʨʝʘʢʮʽʾ (2) 

ʚʩʴʦʛʦ ʣʠʰʝ 64 ʢɼʞĿʤʦʣʴ-1. ɽʥʪʨʦʧʽʷ 

ʘʢʪʠʚʘʮʽʾ ʨʝʘʢʮʽʡ (1) ʽ (2) ʩʢʣʘʜʘʻ 26 ʽ 

25 ɼʞ/(ʤʦʣʴĀK) ʚʽʜʧʦʚʽʜʥʦ.  

ɼʦʩʣʽʜʞʝʥʥʷ ʻ ʯʘʩʪʠʥʦʶ 

ʦʙʛʨʫʥʪʫʚʘʥʥʷ ʩʪʨʫʢʪʫʨʥʦ-ʭʽʤʽʯʥʦʾ 

ʢʦʥʮʝʧʮʽʾ ʘʣʴʪʝʨʥʘʪʠʚʥʠʭ ʥʝʽʟʦʜʝʩʤʽʯ- 

ʥʠʭ ʨʝʘʢʮʽʡ ʧʝʨʦʢʩʠʥʽʪʨʘʪʽʚ ï ʢʦʤʧʦ- 

ʥʝʥʪʽʚ ʘʪʤʦʩʬʝʨʥʦʛʦ ʬʦʪʦʭʽʤʽʯʥʦʛʦ 

ʩʤʦʛʫ. 
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ɸʅɸʃʀɿ ʊɽʈʄʆɼʀʅɸʄʀʏɽʉʂʀʍ ʍɸʈɸʂʊɽʈʀʉʊʀʂ ʄʆʃɽʂʋʃʓ 

ɸʅʊʈʆʅɸ ʀ ʀʍ ɺɿɸʀʄʆʉɺʗɿʀ ʉ ɽɻʆ ʉʇʆʉʆɹʅʆʉʊʔʖ ʂ ʆʂʀʉʃɽʅʀʖ 

ʄʆʃɽʂʋʃʗʈʅʓʄ ʂʀʉʃʆʈʆɼʆʄ ɺ ɼʄʉʆ 

ʉʝʨʜʶʢ ɸ. ɸ., ʂʘʩʷʥʯʫʢ ʄ. ɻ. 

ʀʥʩʪʠʪʫʪ ʬʠʟʠʢʦ-ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠ ʫʛʣʝʭʠʤʠʠ ʠʤ. ʃ. ʄ. ʃʠʪʚʠʥʝʥʢʦ ʅɸʅʋ 

ganna.serdyuk@gmail.com 

 

ʉʢʦʨʦʩʪʴ ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʦʢʠʩʣʝʥʠʷ ʘʥʪʨʦʥʘ ʟʘʚʠʩʠʪ ʦʪ ʧʦʣʦʞʝʥʠʷ ʢʝʪʦ-

ʝʥʦʣʴʥʦʛʦ ʨʘʚʥʦʚʝʩʠʷ, ʥʘ ʢʦʪʦʨʦʝ ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʦʢʘʟʳʚʘʶʪ ʩʚʦʡʩʪʚʘ ʩʨʝʜʳ. ɺ 

ʩʣʫʯʘʝ ʘʥʪʨʦʥʘ ʧʨʦʜʫʢʪ ʝʛʦ ʝʥʦʣʠʟʘʮʠʠ ï ʘʥʪʨʦʣ ï ʧʦ ʩʚʦʝʤʫ ʩʪʨʦʝʥʠʶ ʙʣʠʟʦʢ ʢ 

ʬʝʥʦʣʘʤ, ʧʨʦʮʝʩʩʳ ʦʢʠʩʣʝʥʠʷ ʢʦʪʦʨʳʭ ʧʨʦʜʦʣʞʘʶʪ ʠʥʪʝʥʩʠʚʥʦ ʠʟʫʯʘʪʴʩʷ. ʂʚʘʥʪʦʚʦ-

ʭʠʤʠʯʝʩʢʠʡ ʨʘʩʯʝʪ ʪʝʧʣʦʚʦʛʦ ʵʬʬʝʢʪʘ ʨʝʘʢʮʠʠ ʦʢʠʩʣʝʥʠʷ ʵʪʠʭ ʩʦʝʜʠʥʝʥʠʡ ʜʦ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʭʠʥʦʥʦʚ (ʪʘʙʣ.) ʧʦʢʘʟʘʣ, ʯʪʦ ʪʝʧʣʦʚʦʡ ʵʬʬʝʢʪ ʨʝʘʢʮʠʠ ʦʢʠʩʣʝʥʠʷ 

ʘʥʪʨʦʣʘ ʩʫʱʝʩʪʚʝʥʥʦ ʧʨʝʚʳʰʘʝʪ ʧʦ ʚʝʣʠʯʠʥʝ ʪʝʧʣʦʚʳʝ ʵʬʬʝʢʪʳ ʜʣʷ ʨʝʘʢʮʠʠ ʜʨʫʛʠʭ 

ʬʝʥʦʣʦʚ. ʊʘʢʦʝ ʧʦʚʝʜʝʥʠʝ ʠʟʫʯʘʝʤʳʭ ʩʦʝʜʠʥʝʥʠʡ ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ, ʧʨʠʥʷʚ ʚʦ ʚʥʠʤʘʥʠʝ 

ʪʦʪ ʬʘʢʪ, ʯʪʦ ʦʙʨʘʟʦʚʘʥʠʝ ʭʠʥʦʥʘ ʧʨʠʚʦʜʠʪ ʢ ʧʦʪʝʨʝ ɻʥʝʨʛʠʠ ʘʨʦʤʘʪʠʯʝʩʢʦʡ 

ʩʪʘʙʠʣʠʟʘʮʠʠ ʤʦʣʝʢʫʣʳ ʚʩʣʝʜʩʪʚʠʝ ʥʘʨʫʰʝʥʠʷ ʝʸ ʘʨʦʤʘʪʠʯʥʦʩʪʠ. ɺ ʩʣʫʯʘʝ ʘʥʪʨʦʣʘ 

ʵʥʝʨʛʠ ̫ʘʨʦʤʘʪʠʯʝʩʢʦʡ ʩʪʘʙʠʣʠʟʘʮʠʠ ʠʟʤʝʥʷʶʱʝʛʦʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʦʢʠʩʣʝʥʠʷ ʬʨʘʛʤʝʥʪʘ 

ʤʦʣʝʢʫʣʳ ʦʢʘʟʳʚʘʝʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʚʝʣʠʢʘ, ʯʪʦ ʜʝʣʘʝʪ ʚʦʟʤʦʞʥʳʤ ʝʛʦ ʦʢʠʩʣʝʥʠʝ ʚ 

ʫʩʣʦʚʠʷʭ ʵʢʩʧʝʨʠʤʝʥʪʘ. ɼʣʷ Ŭ-ʥʘʬʪʦʣʘ, ʬʝʥʦʣʘ ʠ ʦ-ʢʨʝʟʦʣʘ ʥʘʨʫʰʝʥʠʝ ʘʨʦʤʘʪʠʯʥʦʩʪʠ 

ʩʦʧʨʷʞʝʥʦ ʩʦ ʟʥʘʯʠʪʝʣʴʥʳʤʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠʤʠ ʟʘʪʨʘʪʘʤʠ, ʯʪʦ ʥʝ ʤʦʞʝʪ ʥʝ ʦʪʨʘʟʠʪʴʩʷ ʥʘ 

ʚʝʣʠʯʠʥʝ ʪʝʧʣʦʚʳʭ ʵʬʬʝʢʪʦʚ (ʪʘʙʣ.) ʠ ʩʢʦʨʦʩʪʷʭ ʨʝʘʢʮʠʡ. ʊʘʢʞʝ, ʚʳʩʦʢʘʷ ʵʥʝʨʛʠʷ 

ʘʨʦʤʘʪʠʯʝʩʢʦʡ ʩʪʘʙʠʣʠʟʘʮʠʠ ʜʣʷ Ŭ-ʥʘʬʪʦʣʘ, ʬʝʥʦʣʘ ʠ ʦ-ʢʨʝʟʦʣʘ ʧʨʠʚʦʜʠʪ ʢ ʪʦʤʫ, ʯʪʦ 

ʜʘʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʚʥʝ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʨʠʨʦʜʳ ʨʘʩʪʚʦʨʠʪʝʣʷ ʩʫʱʝʩʪʚʫʶʪ ʪʦʣʴʢʦ ʚ 

ʬʦʨʤʝ ʝʥʦʣʦʚ, ʪʦʛʜʘ ʢʘʢ ʚʟʘʠʤʥʳʡ ʧʝʨʝʭʦʜ ʘʥʪʨʦʥ ź ʘʥʪʨʦʣ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʣʝʛʢʦ ʠ ʩʦʦʪʥʦʰʝʥʠʝ ʬʦʨʤ ʚ ʨʘʩʪʚʦʨʝ ʙʣʘʛʦʜʘʨʷ ʵʪʦʤʫ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʩʚʦʡʩʪʚʘʤʠ (ʧʦʣʷʨʥʦʩʪʴʶ, ʦʩʥʦʚʥʦʩʪʴʶ ʠ ʪ. ʧ.) ʨʘʩʪʚʦʨʠʪʝʣʷ (ʪʘʙʣ.). 

 

ʊʘʙʣʠʮʘ. ʊʝʧʣʦʚʳʝ ʵʬʬʝʢʪʳ ʧʨʦʮʝʩʩʦʚ ʝʥʦʣʠʟʘʮʠʠ ʠ ʦʢʠʩʣʝʥʠʷ ʜʦ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 

ʭʠʥʦʥʦʚ ʜʣʷ ʨʷʜʘ ʬʝʥʦʣʦʚ (ʧʨʦʛʨʘʤʤʥʳʡ ʧʘʢʝʪ MOPAC-2009; ʧʨʠʙʣʠʞʝʥʠʝ COSMO) 

ʉʦʝʜʠʥʝʥʠʝ 

Ŭ-ʅʘʬʪʦʣ ʌʝʥʦʣ ʦ-ʂʨʝʟʦʣ ɸʥʪʨʦʣ 

    
ʊʝʧʣʦʚʳʝ ʵʬʬʝʢʪʳ ʨʝʘʢʮʠʠ ʦʢʠʩʣʝʥʠʷ ʩʦʝʜʠʥʝʥʠʡ ʜʦ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʭʠʥʦʥʦʚ 

ȹʅvac, ʢʢʘʣ/ʤʦʣʴ -69.17 -59.23 -58.47 -80.70 

ȹʅDMSO, ʢʢʘʣ/ʤʦʣʴ -97.86 -88.57 -87.78 -108.67 

ʊʝʧʣʦʚʳʝ ʵʬʬʝʢʪʳ ʢʝʪʦ-ʝʥʦʣʴʥʦʡ ʪʘʫʪʦʤʝʨʠʟʘʮʠʠ 

(ʦʙʨʘʟʦʚʘʥʠʷ 1 ʤʦʣʝʢʫʣʳ ʝʥʦʣʘ ʠʟ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʢʝʪʦʥʘ) 

ȹʅvac, ʢʢʘʣ/ʤʦʣʴ 21.29 38.53 33.74 6.77 

ȹʅDMSO, ʢʢʘʣ/ʤʦʣʴ 21.78 39.1 34.29 7.28 

 

ʉʪʨʫʢʪʫʨʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʘʥʪʨʦʥʘ ʦʙʝʩʧʝʯʠʚʘʶʪ ʧʦʚʳʰʝʥʥʫʶ ʣʘʙʠʣʴʥʦʩʪʴ 

ʧʨʦʪʦʥʦʚ ʚ 10 ʧʦʣʦʞʝʥʠʠ ʟʘ ʩʯʝʪ ʪʦʛʦ, ʯʪʦ ʦʥʠ ʘʢʪʠʚʠʨʦʚʘʥʳ ʜʚʫʤʷ ʘʨʦʤʘʪʠʯʝʩʢʠʤʠ 

ʢʦʣʴʮʘʤʠ. ʆʙʨʘʟʦʚʘʥʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʘʨʦʤʘʪʠʯʝʩʢʦʛʦ ʩʝʢʩʪʝʪʘ ʧʨʠ ʝʥʦʣʴʠʟʘʮʠʠ ʥʝ 

ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʩʫʱʝʩʪʚʝʥʥʳʤ ʧʦʚʳʰʝʥʠʝʤ ʵʥʝʨʛʠʠ ʘʨʦʤʘʪʠʯʝʩʢʦʡ ʩʪʘʙʠʣʠʟʘʮʠʠ, ʯʪʦ 

ʜʝʣʘʝʪ ʚʦʟʤʦʞʥʳʤ ʦʢʠʩʣʝʥʠʝ ʤʦʣʝʢʫʣʳ ʚ ʦʪʥʦʩʠʪʝʣʴʥʦ ʤʷʛʢʠʭ ʫʩʣʦʚʠʷʭ. 
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ʂɺɸʅʊʆɺʆ-ʍʀʄʀʏɽʉʂʀɽ ʂʈʀʊɽʈʀʀ ʕʌʌɽʂʊʀɺʅʆʉʊʀ ɺʆɼʆʈʆɼʅʆɻʆ 

ʉɺʗɿʓɺɸʅʀʗ ɺ ʉʊʈʋʂʊʋʈʅʆʄ ɸʅɸʃʀɿɽ ɸʈɸʄʀɼʆɺ 

ʊʦʢʘʨʴ ɸ. ɺ., ʏʠʛʚʠʥʮʝʚʘ ʆ. ʇ. 

ɼʥʝʧʨʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʘʛʨʘʨʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

atokar_2004@ukr.net 

 

ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʘ ʬʫʥʢʮʠʦʥʘʣʘ ʧʣʦʪʥʦʩʪʠ ʚ ʧʨʠʙʣʠʞʝʥʠʠ B3LYP/6-

311++G(d,p) ʦʩʫʱʝʩʪʚʣʝʥ ʜʝʪʘʣʴʥʳʡ ʩʪʨʫʢʪʫʨʥʳʡ ʘʥʘʣʠʟ ʚʥʫʪʨʠ- ʠ ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʭ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʦʪʜʝʣʴʥʳʭ ʫʯʘʩʪʢʦʚ ʤʘʢʨʦʤʦʣʝʢʫʣ, ʩʦʜʝʨʞʘʱʠʭ ʘʨʠʣʘʤʠʜʥʳʝ 

ʬʨʘʛʤʝʥʪʳ. ɺ ʨʘʤʢʘʭ AIM -ʪʝʦʨʠʠ ɹʝʡʜʝʨʘ ʨʘʩʩʯʠʪʘʥʳ ʟʥʘʯʝʥʠʷ ʵʣʝʢʪʨʦʥʥʦʡ ʧʣʦʪʥʦʩʪʠ 

ʜʣʷ ʢʨʠʪʠʯʝʩʢʠʭ ʪʦʯʝʢ ʥʘʠʙʦʣʝʝ ʟʥʘʯʠʤʳʭ ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ, ʘ ʪʘʢʞʝ ʩʣʘʙʳʭ ʚʘʥ-ʜʝʨ-

ʚʘʘʣʴʩʦʚʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ, ʧʦʟʚʦʣʷʶʱʠʝ ʧʨʦʠʟʚʝʩʪʠ ʠʭ ʜʦʧʦʣʥʠʪʝʣʴʥʫʶ ʦʮʝʥʢʫ ʩ 

ʪʦʯʢʠ ʟʨʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩʚʷʟʳʚʘʥʠʷ. 

ʂʘʢ ʧʦʢʘʟʳʚʘʶʪ ʜʘʥʥʳʝ ʪʘʙʣ., ʥʘʡʜʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʵʣʝʢʪʨʦʥʥʦʡ ʧʣʦʪʥʦʩʪʠ 

ʭʦʨʦʰʦ ʢʦʨʨʝʣʠʨʫʶʪ ʩ ʜʣʠʥʘʤʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʩʚʷʟʝʡ ʚʦ ʚʩʝʤ ʜʠʘʧʘʟʦʥʝ 

ʧʨʠʚʝʜʝʥʥʳʭ ʟʥʘʯʝʥʠʡ. ʅʘ ʨʠʩ. ʧʦʢʘʟʘʥ ʭʦʜ ʟʘʚʠʩʠʤʦʩʪʝʡ r(r), ʢʦʪʦʨʳʡ ʚ ʩʣʫʯʘʝ 

ʣʠʥʝʘʨʠʟʘʮʠʠ (ʢʨʠʚʘʷ ɸ) ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʥʘʣʠʯʠʝ ʧʝʨʝʛʠʙʘ ʧʨʠ r~2,500 ¡, ʦʪʚʝʯʘʶʱʝʛʦ 

ʧʣʘʚʥʦʤʫ ʧʝʨʝʭʦʜʫ ʠʟ ʦʙʣʘʩʪʠ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʧʦ ʩʠʣʝ ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ ʚ ʦʙʣʘʩʪʴ 

ʩʣʘʙʳʭ ʚʘʥ-ʜʝʨ-ʚʘʘʣʴʩʦʚʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ. 

 

ʊʘʙʣʠʮʘ. ʈʘʩʯʝʪʥʳʝ ʟʥʘʯʝʥʠʷ ʵʣʝʢʪʨʦʥʥʦʡ ʧʣʦʪʥʦʩʪʠ (r) ʚ ʢʨʠʪʠʯʝʩʢʠʭ ʪʦʯʢʘʭ ʩʚʷʟʝʡ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʭ ʜʣʠʥʳ (r) [ʧʨʠʙʣʠʞʝʥʠʝ B3LYP/6-311++G(d,p)] 

r, e/¡3 0,0187 0,0170 0,0083 0,0076 0,0042 

r, ¡ 2,193 2,246 2,523 2,600 2,997 

 
       ɸ          ɺ 

ʈʠʩ. ɿʘʚʠʩʠʤʦʩʪʠ ʵʣʝʢʪʨʦʥʥʦʡ ʧʣʦʪʥʦʩʪʠ (r, e/¡3) ʢʘʢ ʬʫʥʢʮʠʠ ʤʝʞʘʪʦʤʥʳʭ 

ʨʘʩʩʪʦʷʥʠʡ (r, ¡) ʥʝʢʦʪʦʨʳʭ ʚʥʫʪʨʠ- ʠ ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ 

 

ɺ ʩʣʫʯʘʝ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ r(r) (ʢʨʠʚʘʷ ɺ) ʢʦʨʨʝʣʷʮʠʦʥʥʦʝ 

ʫʨʘʚʥʝʥʠʝ, ʘ ʪʘʢʞʝ ʝʛʦ ʦʩʥʦʚʥʳʝ ʧʘʨʘʤʝʪʨʳ ʠʤʝʶʪ ʚʠʜ: 

r(r) = (0,0028°0,0009) + (0,0162°0,0009)Öexp[(2,193ïr)/(0,325°0,047)]. 

ɺ ʮʝʣʦʤ, ʧʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʠʤʝʶʱʠʤʠʩʷ ʣʠʪʝʨʘʪʫʨʥʳʤʠ 

ʜʘʥʥʳʤʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʩʦʙʝʥʥʦʩʪʝʡ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʵʣʝʢʪʨʦʥʥʦʡ ʧʣʦʪʥʦʩʪʠ ʚ 

ʤʦʣʝʢʫʣʷʨʥʳʭ ʢʨʠʩʪʘʣʣʘʭ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ ʠ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʛʫʪ ʙʳʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʭʘʨʘʢʪʝʨʘ ʩʚʷʟʝʡ ʚʥʫʪʨʠ ʦʜʥʦʛʦ ʠʭ ʪʠʧʘ. ʇʨʠ ʵʪʦʤ 

ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʣʘʧʣʘʩʠʘʥ ʵʣʝʢʪʨʦʥʥʦʡ ʧʣʦʪʥʦʩʪʠ Ð2r(r) ʚ ʪʘʢʦʤ ʢʘʯʝʩʪʚʝ ʩʪʦʣʴ 

ʷʚʥʦ ʥʝ ʧʨʦʷʚʣʷʝʪʩʷ. 
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ɺ ʦʩʥʦʚʽ ʚʩʽʭ ʫʣʴʪʨʘʟʚʫʢʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ ʣʝʞʘʪʴ ʝʬʝʢʪʠ ʚʟʘʻʤʦʜʽʾ ʫʣʴʪʨʘʟʚʫʢʫ ʟ 

ʩʝʨʝʜʦʚʠʱʝʤ. ʇʦʪʫʞʥʠʡ ʫʣʴʪʨʘʟʚʫʢ ʚʠʢʣʠʢʘʻ ʚ ʨʽʜʢʠʭ ʩʝʨʝʜʦʚʠʱʘʭ ʨʷʜ ʩʧʝʮʠʬʽʯʥʠʭ 

ʝʬʝʢʪʽʚ ï ʢʘʚʽʪʘʮʽʶ, ʽʥʪʝʥʩʠʚʥʽ ʤʽʢʨʦ- ʽ ʤʘʢʨʦʧʦʪʦʢʠ, ʱʦ ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʰʚʠʜʢʦʛʦ ʽ 

ʷʢʽʩʥʦʛʦ ʧʝʨʝʤʽʰʫʚʘʥʥʷ ʢʦʤʧʦʥʝʥʪʽʚ ʩʝʨʝʜʦʚʠʱʘ, ʫʪʚʦʨʝʥʥʷ ʩʪʽʡʢʠʭ ʝʤʫʣʴʩʽʡ, 

ʝʢʩʪʨʘʛʫʚʘʥʥʶ ʨʦʟʯʠʥʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʟ ʯʘʩʪʠʥʦʢ, ʷʢʽ ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʨʽʜʠʥʽ, ʥʘʙʫʭʘʥʥʷ ʽ 

ʨʫʡʥʫʚʘʥʥʷ ʮʠʭ ʯʘʩʪʠʥʦʢ. 

ʋʣʴʪʨʘʟʚʫʢʦʚʽ ʧʨʠʩʪʨʦʾ ï ʮʝ ʪʘʢʦʞ ʧʦʪʫʞʥʽ ʙʣʝʥʜʝʨʠ ʪʘ ʛʦʤʦʛʝʥʽʟʘʪʦʨʠ, 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʷʢʠʭ ʥʝ ʦʙʤʝʞʫʻʪʴʩʷ ʣʠʰʝ ʣʘʙʦʨʘʪʦʨʽʻʶ ʪʘ ʧʨʦʤʠʩʣʦʚʽʩʪʶ. ʋʣʴʪʨʘʟʚʫʢʦʚʽ 

ʛʦʤʦʛʝʥʽʟʘʪʦʨʠ ï ʧʨʠʩʪʨʦʾ, ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ ʧʦʜʨʽʙʥʝʥʥʷ ʪʘ ʟʤʽʰʫʚʘʥʥʷ (ʷʢ ʧʨʘʚʠʣʦ, 

ʨʽʜʢʠʭ) ʬʘʟ ʟʘ ʨʘʭʫʥʦʢ ʢʘʚʽʪʘʮʽʾ. ʋʣʴʪʨʘʟʚʫʢʦʚʽ ʛʦʤʦʛʝʥʽʟʘʪʦʨʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ 

ʛʦʤʦʛʝʥʽʟʘʮʽʾ ʩʫʤʽʰʝʡ ʨʽʜʠʥ, ʘ ʪʘʢʦʞ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʚ ʫʣʴʪʨʘʟʚʫʢʦʚʠʭ ʩʠʩʪʝʤʘʭ 

ʟʚʦʣʦʞʝʥʥʷ ʧʦʚʽʪʨʷ, ʛʝʥʝʨʘʪʦʨʘʭ ʜʠʤʫ. ʋʣʴʪʨʘʟʚʫʢʦʚʽ ʧʨʠʩʪʨʦʾ ʪʘʢʦʞ ʟʥʘʡʰʣʠ ʩʚʦʻ 

ʤʽʩʮʝ ʥʘ ʢʫʭʥʷʭ ʜʣʷ ʛʫʨʤʘʥʽʚ. 

ʇʝʨʩʧʝʢʪʠʚʥʽ ʥʘʧʨʷʤʢʠ ʟʘʩʪʦʩʫʚʘʥʥʷ ʫʣʴʪʨʘʟʚʫʢʫ ʜʣʷ ʽʥʪʝʥʩʠʬʽʢʘʮʽʾ 

ʙʦ̔ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʧʨʠʚʝʜʝʥʽ ʥʘ ʨʠʩ. 

 

ɿʘʩʪʦʩʫʚʘʥʥʷ ʫʣʴʪʨʘʟʚʫʢʫ ʚ ʬʘʨʤʘʮʝʚʪʠʮʽ

ʇʨʠʩʢʦʨʝʥʥʷ ʝʢʩʪʨʘʛʫʚʘʥʥʷ ʣʽʢʘʨʩʴʢʦʾ ʩʠʨʦʚʠʥʠ (ʫʣʴʪʨʘʟʚʫʢʦʚʝ 

ʝʢʩʪʨʘʛʫʚʘʥʥʷ)

ɼʠʩʧʝʨʛʫʚʘʥʥʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʫʣʴʪʨʘʟʚʫʢʫ (ʫʣʴʪʨʘʟʚʫʢʦʚʽ ʘʝʨʦʟʦʣʽ, 

ʫʣʴʪʨʘʟʚʫʢʦʚʝ ʜʠʩʧʝʨʛʫʚʘʥʥʷ)

ɺʠʛʦʪʦʚʣʝʥʥʷ ʝʤʫʣʴʩʽʡ (ʫʣʴʪʨʘʟʚʫʢʦʚʝ ʝʤʫʣʴʛʫʚʘʥʥʷ)

ʇʨʠʩʢʦʨʝʥʥʷ ʧʨʦʮʝʩʽʚ ʨʦʟʯʠʥʝʥʥʷ 

ʉʪʝʨʠʣʽʟʘʮʽʷ ʫʣʴʪʨʘʟʚʫʢʦʤ

ʉʫʩʧʝʥʜʫʚʘʥʥʷ, ʬʽʣʴʪʨʫʚʘʥʥʷ ʪʘ ʚʠʛʦʪʦʚʣʝʥʥʷ ʩʫʤʽʰʝʡ

ʆʩʚʽʪʣʝʥʥʷ, ʩʫʰʢʘ

 
ʈʠʩ. ʄʝʪʦʜʠ ʽʥʪʝʥʩʠʬʽʢʘʮʽʾ ʙʽʦʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʟʘ ʜʦʧʦʤʦʛʦʶ ʫʣʴʪʨʘʟʚʫʢʫ 

 

ɸʚʪʦʨʘʤʠ ʨʦʟʨʦʙʣʝʥʠʡ ʛʝʥʝʨʘʪʦʨ ʫʣʴʪʨʘʟʚʫʢʦʚʠʭ ʢʦʣʠʚʘʥʴ ʜʣʷ ʽʥʪʝʥʩʠʬʽʢʘʮʽʾ 

ʭʽʤʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʫ ʬʘʨʤʘʮʝʚʪʠʮʽ, ʱʦ ʪʘʢʦʞ ʤʦʞʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʚ ʪʘʢʽʡ ʛʘʣʫʟʽ 

ʤʝʜʠʮʠʥʠ ʷʢ ʫʣʴʪʨʘʟʚʫʢʦʚʘ ʭʽʨʫʨʛʽʷ. ʇʨʠ ʟʘʥʫʨʝʥʥʽ ʚ ʨʦʟʯʠʥ ʜʝʟʽʥʬʝʢʪʘʥʪʫ 

ʫʣʴʪʨʘʟʚʫʢʦʚʽ ʢʦʣʠʚʘʥʥʷ ʚʠʢʣʠʢʘʶʪʴ ʽʥʪʝʥʩʠʚʥʽ ʤʽʢʨʦʧʦʪʦʢʠ ʨʽʜʠʥʠ ʧʦʙʣʠʟʫ 

ʽʥʩʪʨʫʤʝʥʪʫ, ʦʯʠʱʘʶʯʠ ʡʦʛʦ ʧʦʚʝʨʭʥʶ. ʂʨʽʤ ʪʦʛʦ, ʟʙʽʣʴʰʫʶʯʠ ʧʨʦʥʠʢʥʽʩʪʴ ʤʝʤʙʨʘʥ 

ʢʣʽʪʠʥ ʭʚʦʨʦʙʦʪʚʦʨʥʠʭ ʙʘʢʪʝʨʽʡ ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʜʝʟʽʥʬʽʢʫʶʯʦʾ ʨʝʯʦʚʠʥʠ, ʫʣʴʪʨʘʟʚʫʢ 

ʧʽʜʚʠʱʫʻ ʝʬʝʢʪʠʚʥʽʩʪʴ ʡʦʛʦ ʜʽʾ, ʱʦ ʜʦʟʚʦʣʷʻ ʥʘ ʧʦʨʷʜʦʢ ʟʥʠʟʠʪʠ ʢʦʥʮʝʥʪʨʘʮʽʶ ʮʽʻʾ 

ʨʝʯʦʚʠʥʠ ʚ ʨʦʟʯʠʥʽ. 

ʈʦʙʦʪʘ ʚʠʢʦʥʫʻʪʴʩʷ ʚ ʨʘʤʢʘʭ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʦʾ ʨʦʟʨʦʙʢʠ çʈʦʟʨʦʙʢʘ ʤʦʙʽʣʴʥʦʛʦ 

ʚʠʩʦʢʦʝʬʝʢʪʠʚʥʦʛʦ ʫʣʴʪʨʘʟʚʫʢʦʚʦʛʦ ʭʽʨʫʨʛʽʯʥʦʛʦ ʽʥʩʪʨʫʤʝʥʪʫ ʜʣʷ ʚʽʡʩʴʢʦʚʦʾ ʪʘ 

ʮʠʚʽʣʴʥʦʾ ʤʝʜʠʮʠʥʠè, ʱʦ ʚʝʜʝʪʴʩʷ ʥʘ ʢʘʬʝʜʨʽ ʧʨʠʣʘʜʦʙʫʜʫʚʘʥʥʷ, ʤʝʭʘʪʨʦʥʽʢʠ ʪʘ 

ʢʦʤʧ'ʶʪʝʨʠʟʦʚʘʥʠʭ ʪʝʭʥʦʣʦʛʽʡ. 

ʇʦʜʘʣʴʰʽ ʜʦʩʣʽʜʞʝʥʥʷ ʘʚʪʦʨʽʚ ʙʫʜʫʪʴ ʩʧʨʷʤʦʚʘʥʽ ʥʘ ʩʪʚʦʨʝʥʥʷ ʤʦʙʽʣʴʥʠʭ 

ʤʘʣʦʛʘʙʘʨʠʪʥʠʭ ʫʣʴʪʨʘʟʚʫʢʦʚʠʭ ʩʠʩʪʝʤ ʜʣʷ ʽʥʪʝʥʩʠʬʽʢʘʮʽʾ ʭʽʤʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʚ 

ʬʘʨʤʘʮʝʚʪʠʮʽ ʥʘ ʦʩʥʦʚʽ ʧ'ʻʟʦʝʣʝʢʪʨʠʯʥʠʭ ʚʠʧʨʦʤʽʥʶʚʘʯʽʚ. 
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MODERN ASPECTS OF CREATING OF NEW POTENTIAL DRUGS  BASED 

ON QuS-PROGRAM DEVELOPMENT  

Dotsenko M. O. 

Zaporizhzhya National University 

marnatnas@gmail.com 

 

Development of drugs ï is a unique multidisciplinary process aimed at creating of a new 

therapeutic agent with the most useful and safe properties. In the world practice development 

of original drug includes two functionally related stages: 1 ï Study and 2 ï The introduction or 

creation. In the first stage there is a discovery or synthesis of the new molecule of potential 

drug. Most of the new potential drugs (lead compounds) are discovered with using of one of 

three approaches: 1) chemical modification of known molecules; 2) screening of biological 

activity of a large number of natural compounds or their modifications; 3) direct synthesis based 

on the understanding of biological mechanisms, chemical structure and physical-and-chemical 

properties of the substance. Expenditures for the synthesis, screening and further preclinical 

and clinical studies of potential drug, amount up to 800-1000 millions of dollars. The duration 

of such studies 7ï10 years. 

The recent decades became critical in the studying and testing of new drugs. Intuitive 

(random) approach was replaced with the rational drug design that ensures the creation of the 

drug molecular structure based on information on the receptor structure. New domains of 

scientific research have developed: cheminformatics, which includes a variety of chemical 

libraries, computer design, combinatorial chemistry etc. Part of Combinatorial Chemistry is 

computer chemistry (Computer drug design: CADD). Thus, by using database of relevant 

substances, combining their construction with the help of proper computer software it becomes 

possible to design potential drugs. Having a number of compounds with known activity, QSAR 

method provides an opportunity to forecast the necessary structure or to specify a direction for 

its modification and thus significantly restrict the search. However among existing software 

tools for solving problems of QSAR there is no readymade software packages in free access, 

which would be universal with an understandable and intuitive interface. Based on these 

requirements, scientists from biology department of ZNU have developed a new software tool 

called QuS (short form of QSAR Server). The task of this tool is to integrate and coordinate the 

work of other software that performs specific stages. 

The relevance of QuS tool is determined by using the latest in silico technologies for 

drug searching. For determining of the SAR / QSAR regularities significant role plays 

formation of database that will help to solve the problem of forecasting activity and toxicity of 

chemical compounds. Nitrogen-containing heterocycles are of exclusive value for the formation 

of databases, studying of "structure ï activity ï toxicity" relationships and searching for new 

highly efficient and low-toxic bioregulators. Pride of place among these heterocyclic systems 

goes to six-membered aromatic heterocycle ï quinoline. Various quinoline derivatives are used 

both as synthons in organic synthesis and molecular design and as effective biologically active 

compounds. Quinoline-based drugs take an important place in the modern arsenal of 

antibacterial chemotherapeutic drugs. 

In addition, for a number of biologically active derivatives of nitrogen-containing 

heterocycles there is limited or completely absent systematic study of "structure ï activity ï 

toxicity". This was the main reason for the studying of quinoline derivatives database and 

searching descriptors of their structure, which are important for development of QSAR models 

as a system for evaluation of compounds' biological effects. Received dependence equations of 

toxicity and activity of the studied types of quinoline derivative from 2D- and 3D- descriptors 

allow forecasting the levels of activity for new biologically active substances at pre-

experimental stage. 
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ʆʎɯʅʂɸ ʄʋʊɸʎɯʁʅʆɻʆ ɺʇʃʀɺʋ ɼɽʗʂʀʍ ʆʉʅʆɺ ʐʀʌʌɸ 2-ɻɯɼʈɸɿʀʅʆ-

6-ʄɽʊʀʃ-ʇɯʈʀʄɯɼʀʅ-4-ʆʃʋ ɼʃʗ DROSOPHILA MELANOGASTER 

ɭʚʩʝʡʯʠʢ ʗ. ʆ., ʗʥʯʝʥʢʦ ʆ. ɺ. 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çʏʝʨʥʽʛʽʚʩʴʢʠʡ ʢʦʣʝʛʽʫʤè ʽʤʝʥʽ ʊ. ɻ. ʐʝʚʯʝʥʢʘ 

yanaevseichik2@gmail.com 

 

ɼʦʩʣʽʜʞʝʥʥʷ ʢʦʤʧʣʝʢʩʥʦʛʦ ʚʧʣʠʚʫ, ʟʦʢʨʝʤʘ ʤʫʪʘʛʝʥʥʦʛʦ ʝʬʝʢʪʫ, ʘʥʪʨʦʧʦʛʝʥʥʠʭ 

ʬʘʢʪʦʨʽʚ ʥʘ ʙʽʦʣʦʛʽʯʥʽ ʩʠʩʪʝʤʠ ʻ ʦʜʥʽʻʶ ʟ ʘʢʪʫʘʣʴʥʠʭ ʧʨʦʙʣʝʤ ʩʫʯʘʩʥʦʾ ʙʽʦʣʦʛʽʾ. ɺ ʪʦʡ 

ʞʝ ʯʘʩ ʩʠʥʪʝʟ ʩʧʦʣʫʢ ʟ ʥʦʚʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʜʣʷ ʧʦʪʨʝʙ ʧʨʦʤʠʩʣʦʚʦʩʪʽ, ʤʝʜʠʮʠʥʠ, 

ʧʦʙʫʪʫ ʪʦʱʦ ʻ ʚʘʞʣʠʚʠʤ ʥʘʧʨʷʤʢʦʤ ʩʫʯʘʩʥʠʭ ʥʘʫʢʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ. ʈʘʥʽʰʝ ʥʘʤʠ ʙʫʣʦ 

ʜʦʩʣʽʜʞʝʥʦ ʡʤʦʚʽʨʥʫ ʪʦʢʩʠʯʥʽʩʪʴ ʦʩʥʦʚ ʐʠʬʬʘ 2- ʛʽʜʨʘʟʠʥʦ-6-ʤʝʪʠʣ-ʧʽʨʠʤʽʜʠʥ-4-ʦʣʫ 

ʪʘ ʢʦʝʬʽʮʽʻʥʪʽʚ ʣʽʦʬʽʣʴʥʦʩʪʽ ʽ ʙʽʦʢʦʥʮʝʥʪʨʘʮʽʾ ʚ ʫʤʦʚʘʭ in silico. ʈʦʟʨʘʭʫʥʦʢ ʡʤʦʚʽʨʥʦʾ 

ʪʦʢʩʠʯʥʦʩʪʽ ʙʫʣʦ ʟʜʽʡʩʥʝʥʦ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʨʦʛʨʘʤʠ DL50 Cal, ʩʪʚʦʨʝʥʦʾ ʥʘʤʠ ʥʘ ʦʩʥʦʚʽ 

ʧʘʪʝʥʪʫ ʈʌ G01N33/00 [ɭʚʩʝʡʯʠʢ ʗ., ʗʥʯʝʥʢʦ ʆ., 2017]. ɺʽʜʦʤʦ, ʱʦ ʧʦʨʷʜ ʟ ʨʷʜʦʤ 

ʦʯʽʢʫʚʘʥʠʭ ʝʬʝʢʪʽʚ ʩʧʦʣʫʢ ʯʘʩʪʦ ʚʠʷʚʣʷʶʪʴʩʷ ʩʫʧʫʪʥʽ ʥʝʙʘʞʘʥʽ (ʧʦʙʽʯʥʽ) ʝʬʝʢʪʠ, ʪʦʤʫ 

ʘʢʪʫʘʣʴʥʠʤ ̒ ʜʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʚʢʘʟʘʥʠʭ ʨʝʯʦʚʠʥ ʥʘ ʛʝʥʝʪʠʯʥʠʡ ʤʘʪʝʨʽʘʣ. 

ʄʝʪʦʶ ʨʦʙʦʪʠ ʙʫʣʦ ʚʠʷʚʣʝʥʥʷ ʤʦʞʣʠʚʠʭ ʤʫʪʘʮʽʥʮʽʡʥʠʭ ʟʤʽʥ ʫ ʧʨʝʜʩʪʘʚʥʠʢʽʚ 

Drosophila melanogaster Meigen ʟʘ ʜʽʾ ʦʩʥʦʚ ʐʠʬʬʘ 2-ʛʽʜʨʘʟʠʥʦ-6-ʤʝʪʠʣ-ʧʽʨʠʤʽʜʠʥ-4-

ʦʣʫ, ʷʢʽ ʤʦʞʫʪʴ ʽʩʥʫʚʘʪʠ ʫ ʜʚʦʭ ʪʘʫʪʦʤʝʨʥʠʭ ʬʦʨʤʘʭ. 

 
ʜʝ a R = OH; b R = CH3; c R = OCH3; d R = N(CH3)2; e R = F; f R = Cl. 

ʄʘʪʝʨʽʘʣʦʤ ʜʣʷ ʨʦʙʦʪʠ ʩʣʫʛʫʚʘʣʠ ʦʩʦʙʠʥʠ D. melanogaster, ʣʽʥʽʾ, ʱʦ 

ʧʽʜʪʨʠʤʫʻʪʴʩʷ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʥʘ ʢʘʬʝʜʨʽ ʙʽʦʣʦʛʽʾ ʅʘʮʽʦʥʘʣʴʥʦʛʦ ʋʥʽʚʝʨʩʠʪʝʪʫ 

çʏʝʨʥʽʛʽʚʩʴʢʠʡ ʢʦʣʝʛʽʫʤè ʽʤʝʥʽ ʊ. ɻ. ʐʝʚʯʝʥʢʘ ʫ ʚʝʨʝʩʥʽïʣʠʩʪʦʧʘʜʽ 2017 ʨʦʢʫ. ʆʙʩʷʛ 

ʚʠʙʽʨʢʠ ʩʪʘʥʦʚʠʚ 350ï450 ʩʪʘʪʝʚʦʟʨʽʣʠʭ ʦʩʦʙʠʥ ʟ ʜʦʤʽʥʘʥʪʥʠʤʠ ʧʨʦʷʚʘʤʠ ʢʦʣʴʦʨʫ ʦʯʝʡ, 

ʬʦʨʤʠ ʢʨʠʣ ʪʘ ʟʘʙʘʨʚʣʝʥʥʷ ʪʽʣʘ. ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʤʫʪʘʮʽʡ ʪʘ ʟʘʧʦʙʽʛʘʥʥʷ ʚʨʘʭʫʚʘʥʥʶ 

ʤʦʜʠʬʽʢʘʮʽʡ ʘʥʘʣʽʟʫʚʘʣʠʩʷ 1ï2 ʧʦʢʦʣʽʥʥʷ, ʚ ʩʝʨʝʜʦʚʠʱʽ ʷʢʠʭ ʥʝ ʙʫʣʦ ʰʢʽʜʣʠʚʠʭ 

ʨʝʯʦʚʠʥ. ɼʣʷ ʚʨʘʭʫʚʘʥʥʷ ʩʧʦʥʪʘʥʥʠʭ ʤʫʪʘʮʽʡ ʙʫʣʘ ʟʘʚʝʜʝʥʘ ʢʦʥʪʨʦʣʴʥʘ ʛʨʫʧʘ. ʋ 

ʢʦʥʪʨʦʣʴʥʦʾ ʛʨʫʧʠ, ʫ 1ï2 ʧʦʢʦʣʽʥʥʷʭ, ʥʝ ʙʫʣʦ ʚʠʷʚʣʝʥʦ ʞʦʜʥʦʾ ʤʫʪʘʮʽʾ. ʄʫʭ ʫʪʨʠʤʫʚʘʣʠ 

ʥʘ ʩʪʘʥʜʘʨʪʥʦʤʫ ʮʫʢʨʦʚʦ ï ʜʨʽʞʜʞʦʚʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 25 Áʉ, ʧʝʨʝʜ 

ʝʢʩʧʝʨʠʤʝʥʪʦʤ ʥʘʨʢʦʪʠʟʫʚʘʣʠ. ɼʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʛʝʪʝʨʦʮʠʢʣʽʯʥʠʭ ʩʧʦʣʫʢ ʥʘ ʤʫʭ 

ʜʦ ʧʦʞʠʚʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʚʥʦʩʠʣʠ ʨʝʯʦʚʠʥʠ ʫ ʚʠʛʣʷʜʽ ʩʧʠʨʪʦʚʠʭ ʨʦʟʯʠʥʽʚ ʟʘ 

ʢʦʥʮʝʥʪʨʘʮʽʻʶ, ʪʦʢʩʠʯʥʦʶ ʜʣʷ ʧʨʦʢʘʨʽʦʪ ï 0,01 ʛ/ʩʤ3. ʉʪʘʪʠʩʪʠʯʥʘ ʦʙʨʦʙʢʘ ʨʝʟʫʣʴʪʘʪʽʚ 

ʟʜʽʡʩʥʶʚʘʣʘʩʴ ʟʘ ʟʘʛʘʣʴʥʠʤʠ ʩʪʘʥʜʘʨʪʘʤʠ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʨʦʛʨʘʤʠ çExcelè ʟ ʧʘʢʝʪʫ 

çMicrosoft ʆfficeï2003è ʪʘ ʧʨʦʛʨʘʤʠ STATISTICA. 

ɺʠʷʚʣʝʥʦ, ʱʦ ʨʝʯʦʚʠʥʠ ʘ, b, c ʪʘ e ʚʠʢʣʠʢʘʣʠ ʤʫʪʘʮʽʡʥʽ ʟʤʽʥʠ, ʟʦʢʨʝʤʘ ʚʽʜʤʽʯʝʥʦ 

ʨʝʜʫʢʮʽʶ ʢʨʠʣ ʪʘ ʟʤʽʥʫ ʟʘʙʘʨʚʣʝʥʥʷ ʪʽʣʘ. ʋ ʚʩʽʭ ʜʦʩʣʽʜʞʝʥʠʭ ʛʨʫʧʘʭ ʢʽʣʴʢʽʩʪʴ ʤʫʪʘʥʪʥʠʭ 

ʩʘʤʦʢ ʩʪʘʪʠʩʪʠʯʥʦ ʚʽʨʦʛʽʜʥʦ ʙʽʣʴʰʘ ʟʘ ʢʽʣʴʢʽʩʪʴ ʩʘʤʮʽʚ, ʱʦ ʜʦʟʚʦʣʷʻ ʟʨʦʙʠʪʠ 

ʧʨʠʧʫʱʝʥʥʷ ʧʨʦ ʚʽʜʩʫʪʥʽʩʪʴ ʟʚôʷʟʢʫ ʤʫʪʘʮʽʡ ʟʽ ʩʪʘʪʪʶ. ʄʦʞʣʠʚʦ, ʪʫʪ ʥʘʷʚʥʽ ʧʝʚʥʽ ʬʦʨʤʠ 

ʝʧʽʛʝʥʝʪʠʯʥʦʛʦ ʥʘʩʣʽʜʫʚʘʥʥʷ, ʘʣʝ ʮʝ ʧʠʪʘʥʥʷ ʧʦʪʨʝʙʫʻ ʙʽʣʴʰ ʜʝʪʘʣʴʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ. 

ɺʠʟʥʘʯʝʥʦ, ʱʦ d ʪʘ f ʥʝ ʤʘʶʪʴ ʤʫʪʘʮʽʡʥʦʛʦ ʚʧʣʠʚʫ. ɯʥʰʽ 4 ʨʝʯʦʚʠʥʠ ʪʘʢʠʡ ʚʧʣʠʚ ʤʘʶʪʴ. 

ʅʘʡʙʽʣʴʰʠʡ ʤʫʪʘʛʝʥʥʠʡ ʚʧʣʠʚ ʤʘʶʪʴ ʨʝʯʦʚʠʥʠ a, b ʪʘ e. ʋ ʮʠʭ ʨʝʯʦʚʠʥ ʯʘʩʪʢʘ ʤʫʪʘʥʪʽʚ 

ʩʷʛʘʣʘ 20 %. ʋ ʩʘʤʦʢ ʤʫʪʘʮʽʡʥʠʡ ʝʬʝʢʪ ʩʧʦʩʪʝʨʽʛʘʚʩʷ ʟʥʘʯʥʦ ʩʠʣʴʥʽʰʝ, ʱʦ ʤʦʞʝ ʙʫʪʠ 

ʧʦʚôʷʟʘʥʦ ʟ ʝʧʽʛʝʥʝʪʠʯʥʠʤ ʥʘʩʣʽʜʫʚʘʥʥʷʤ. 
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ʇʈʆɹʃɽʄɸ ɺɸʃɯɼɸʎɯɰ ʂʆʅʊʈʆʃʖ ʗʂʆʉʊɯ ʉʊɽʈʀʃʔʅʀʍ ʃɯʂɸʈʉʔʂʀʍ 

ʌʆʈʄ ɻʃʖʂʆɿʀ 

ɯʚʘʩʠʢ ʖ. ɺ., ɹʝʩʧʘʣʴʢʦ ʖ. ʄ., ɹʦʛʟʘ ʉ. ʃ., ʉʠʪʥʠʢ ʅ. ʉ. 

ɼʦʥʝʮʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ɺʘʩʠʣʷ ʉʪʫʩʘ 

yulia94rubin@gmail.com 

 

ʉʫʯʘʩʥʘ ʬʘʨʤʘʮʝʚʪʠʯʥʘ ʭʽʤʽʷ ʚʠʤʘʛʘʻ ʚʽʜ ʬʘʭʽʚʮʽʚ ʚʦʣʦʜʽʥʥʷ ʢʦʤʧʣʝʢʩʥʠʤʠ 

ʟʥʘʥʥʷʤʠ ʪʘ ʥʘʚʠʯʢʘʤʠ ʩʪʦʩʦʚʥʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʷʢʦʩʪʽ ʣʽʢʘʨʩʴʢʠʭ ʬʦʨʤ. ʈʦʟʯʠʥʠ ʜʣʷ 

ʽʥôʻʢʮʽʡ, ʟʦʢʨʝʤʘ ʛʣʶʢʦʟʘ ʻ ʦʩʦʙʣʠʚʠʤ ʧʨʦʜʫʢʪʦʤ ʚʠʨʦʙʥʠʮʪʚʘ, ʷʢʠʡ ʤʘʻ ʚʽʜʤʽʥʥʦʩʪʽ ʚʽʜ 

ʙʫʜʴ-ʷʢʦʾ ʽʥʰʦʾ ʧʨʦʜʫʢʮʽʾ, ʦʩʢʽʣʴʢʠ ʧʨʠʟʥʘʯʝʥʽ ʜʣʷ ʧʨʠʡʤʘʥʥʷ ʭʚʦʨʠʤʠ ʣʶʜʴʤʠ ʟ 

ʨʽʟʥʠʤʠ ʧʘʪʦʣʦʛʽʷʤʠ ʪʘ ʦʩʣʘʙʣʝʥʠʤʠ ʬʫʥʢʮʽʷʤʠ ʦʨʛʘʥʽʟʤʫ. ʈʽʚʝʥʴ ʷʢʦʩʪʽ ʣʽʢʽʚ ʫ 

ʙʽʣʴʰʦʩʪʽ ʚʠʧʘʜʢʽʚ ʥʝ ʤʦʞʝ ʙʫʪʠ ʚʠʟʥʘʯʝʥʠʡ ʩʧʦʞʠʚʘʯʘʤʠ, ʮʝ ʟʘʚʜʘʥʥʷ ʩʪʦʾʪʴ ʧʝʨʝʜ 

ʩʧʝʮʽʘʣʽʩʪʘʤʠ-ʭʽʤʽʢʘʤʠ ʪʘ ʦʨʛʘʥʘʤʠ ʜʝʨʞʘʚʥʦʛʦ ʢʦʥʪʨʦʣʶ ʣʽʢʘʨʩʴʢʠʭ ʟʘʩʦʙʽʚ.  

ʄʝʪʦʶ ʨʦʙʦʪʠ ʻ ʨʦʟʨʦʙʢʘ ʝʬʝʢʪʠʚʥʠʭ ʤʝʪʦʜʽʚ ʢʦʥʪʨʦʣʶ ʷʢʦʩʪʽ ʩʪʝʨʠʣʴʥʠʭ 

ʣʽʢʘʨʩʴʢʠʭ ʬʦʨʤ ʛʣʶʢʦʟʠ. ɼʦʩʣʽʜʞʝʥʥʷ ʧʨʦʚʝʜʝʥʦ ʥʘ ʧʽʜʧʨʠʻʤʩʪʚʽ ʇʨɸʊ çɯʥʬʫʟʽʷè. 

ʆʙôʻʢʪʘʤʠ ʜʦʩʣʽʜʞʝʥʥʷ ʦʙʨʘʥʦ ʣʽʢʘʨʩʴʢʽ ʬʦʨʤʠ ʛʣʶʢʦʟʠ ʟ ʢʦʥʮʝʥʪʨʘʮʽʻʶ 5 % ʽ 10 %. 

 ʂʦʤʧʣʝʢʩ ʚʘʣʽʜʥʠʭ ʤʝʪʦʜʽʚ ʢʦʥʪʨʦʣʶ ʷʢʦʩʪʽ ʟʘʟʥʘʯʝʥʠʭ ʬʦʨʤ ʥʘʜʘʻ ʟʤʦʛʫ 

ʚʠʛʦʪʦʚʣʷʪʠ ʣʽʢʽ, ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ ʚʠʤʦʛʘʤ ʜʦ ʽʥʬʫʟʽʡʥʠʭ ʣʽʢʘʨʩʴʢʠʭ ʟʘʩʦʙʽʚ, ʷʢʽ 

ʚʢʣʶʯʘʶʪʴ ʚ ʚʽʜʧʦʚʽʜʥʫ ʥʦʨʤʘʪʠʚʥʦ-ʪʝʭʥʽʯʥʫ ʜʦʢʫʤʝʥʪʘʮʽʶ. ʋ ɼʝʨʞʘʚʥʫ ʌʘʨʤʘʢʦʧʝʶ 

ʋʢʨʘʾʥʠ (ɼʌʋ) ʚʢʣʶʯʝʥʦ ʟʘʛʘʣʴʥʫ ʩʪʘʪʪʶ, ʱʦ ʩʪʦʩʫʻʪʴʩʷ ʮʠʭ ʣʽʢʘʨʩʴʢʠʭ ʬʦʨʤ: 

çʃʽʢʘʨʩʴʢʽ ʟʘʩʦʙʠ ʜʣʷ ʧʘʨʝʥʪʝʨʘʣʴʥʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷè. ʆʜʥʠʤ ʽʟ ʦʩʥʦʚʥʠʭ ʧʦʢʘʟʥʠʢʽʚ 

ʛʦʪʦʚʥʦʩʪʽ ʧʨʦʜʫʢʪʫ ʜʦ ʧʨʦʜʘʞʫ ʻ ʩʪʝʨʠʣʴʥʽʩʪʴ ʛʦʪʦʚʦʾ ʧʨʦʜʫʢʽʾ. ʄʽʢʨʦʙʽʦʣʦʛʽʯʥʠʡ 
ʢʦʥʪʨʦʣʴ ʥʘ ʩʪʝʨʠʣʴʥʽʩʪʴ ʨʦʟʯʠʥʽʚ ʜʣʷ ʽʥ'ʻʢʮʽʡ ʪʘ ʽʥʬʫʟʽʡ ʧʨʦʚʦʜʷʪʴ ʟʛʽʜʥʦ ɼʌʋ. 

ɼʣʷ ʥʘʣʝʞʥʦʛʦ ʧʨʦʚʝʜʝʥʥʷ ʚʠʧʨʦʙʫʚʘʥʴ ʥʘ ʩʪʝʨʠʣʴʥʽʩʪʴ ʪʘ ʤʽʢʨʦʙʽʦʣʦʛʽʯʥʫ 

ʯʠʩʪʦʪʫ ʧʦʪʨʽʙʥʠʤ ʻ ʩʪʚʦʨʝʥʥʷ ʪʘ ʧʽʜʪʨʠʤʢʘ ʥʝʦʙʭʽʜʥʠʭ ʫʤʦʚ ʥʘʚʢʦʣʠʰʥʴʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ, ʱʦ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʧʝʮʽʘʣʴʥʠʭ ʙʦʢʩʽʚ ʢʣʘʩʫ ʯʠʩʪʦʪʠ ɺ ʽʟ 

ʟʦʥʦʶ ɸ. ɺʠʧʨʦʙʫʚʘʥʥʷ ʥʘ ʩʪʝʨʠʣʴʥʽʩʪʴ ʧʨʦʚʝʜʝʥʦ ʚ ʘʩʝʧʪʠʯʥʠʭ ʫʤʦʚʘʭ, ʷʢʽ ʽʜʝʥʪʠʯʥʽ 

ʟʘ ʩʪʘʥʜʘʨʪʘʤʠ ʜʣʷ ʧʦʚʽʪʨʷ ʽ ʤʽʢʨʦʙʝʟʧʝʢʠ, ʽ ʻ ʥʝʦʙʭʽʜʥʠʤ ʩʪʘʥʜʘʨʪʦʤ ʜʣʷ ʘʩʝʧʪʠʯʥʦʛʦ 

ʚʠʨʦʙʥʠʮʪʚʘ ʬʘʨʤʘʮʝʚʪʠʯʥʦʾ ʧʨʦʜʫʢʮʽʾ.  

ɺ ʨʝʟʫʣʴʪʘʪʽ ʧʨʦʚʝʜʝʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʙʫʣʦ ʧʨʦʪʝʩʪʦʚʘʥʦ ʤʝʪʦʜʠ ʢʦʥʪʨʦʣʶ 

ʩʪʝʨʠʣʴʥʦʩʪʽ, ʰʦ ʦʧʠʩʘʥʽ ʚ ʜʽʶʯʠʭ ʚʠʜʘʥʥʷʭ ʌʘʨʤʘʢʦʧʝʡ, ʘ ʩʘʤʝ: 

- ʤʝʪʦʜ ʧʨʷʤʦʛʦ ʧʦʩʽʚʫ; 

- ʤʝʪʦʜ ʤʝʤʙʨʘʥʥʦʾ ʬʽʣʴʪʨʘʮʽʾ. 

ʄʝʪʦʜ ʤʝʤʙʨʘʥʥʦʾ ʬʽʣʴʪʨʘʮʽʾ ʻ ʙʽʣʴʰ ʪʨʫʜʦʤʽʩʴʢʠʤ ʪʘ ʙʽʣʴʰ ʤʘʪʝʨʽʘʣʦʟʘʪʨʘʜʥʠʤ. 

ʄʝʪʦʜ ʧʨʷʤʦʛʦ ʧʦʩʽʚʫ ̒  ʙʽʣʴʰ ʧʨʦʩʪʠʤ ʫ ʚʠʢʦʥʘʥʥʽ, ʘʣʝ ʤʘʻ ʙʽʣʴʰʠʡ ʨʠʟʠʢ ʧʦʪʨʘʧʣʷʥʥʷ 

ʩʪʦʨʦʥʥʽʭ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ ʫ ʜʦʩʣʽʜʞʫʚʘʥʠʡ ʦʙôʝʢʪ. ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʡ ʘʥʘʣʽʟ ʤʝʪʦʜʽʚ 

ʧʝʨʝʚʽʨʢʠ ʢʦʥʪʨʦʣʶ ʷʢʦʩʪʽ ʩʪʝʨʠʣʴʥʠʭ ʣʽʢʘʨʩʴʢʠʭ ʬʦʨʤ ʛʣʶʢʦʟʠ 5 % ʪʘ 10 % ʟʘ 

ʧʦʢʘʟʥʠʢʦʤ çʉʪʝʨʠʣʴʥʽʩʪʴè ʜʘʚ ʟʤʦʛʫ ʦʙʨʘʪʠ ʥʘʡʙʽʣʴʰ ʚʘʣʽʜʥʠʡ ʤʝʪʦʜ. ʋ ʧʦʨʽʚʥʷʥʥʽ ʟ 

ʧʨʷʤʠʤ ʧʦʩʽʚʦʤ ʤʝʪʦʜ ʤʝʤʙʨʘʥʥʦʾ ʬʽʣʴʪʨʘʮʽʾ ʫ ʥʝʟʘʤʢʥʫʪʽʡ ʩʠʩʪʝʤʽ ʤʘʻ ʨʷʜ ʽʩʪʦʪʥʠʭ 

ʧʝʨʝʚʘʛ: 

- ʚʽʜʩʫʪʥʽʩʪʴ ʚʟʘʻʤʦʜʽʾ ʧʨʦʜʫʢʪʫ ʪʘ ʩʝʨʝʜʦʚʠʱʘ; 

- ʤʦʞʣʠʚʽʩʪʴ ʧʨʦʤʠʚʢʠ ʤʝʤʙʨʘʥʠ; 

- ʚʠʢʦʨʠʩʪʘʥʥʷ ʙʽʣʴʰʦʛʦ ʦʙ'ʻʤʫ ʟʨʘʟʢʘ ʧʨʠ ʤʝʥʰʦʤʫ ʦʙʩʷʟʽ ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ; 

- ʚʠʩʦʢʘ ʯʫʪʣʠʚʽʩʪʴ ʜʦ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ. 
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IDENTIFICATION OF EXPIRED MEDICINES ON BASIS ATENOLOL USING 

PRINCIPAL COMPONENT ANALYSIS  

Kabirova L. R., Provorova Yu. R., Zilberg R. A., Habletdinova A. I. 

Bashkir State University 

32, Zaki Validi Street, 450074 Ufa, Republic of Bashkortostan, Russia 

Kabirova.lian@yandex.ru 

 

Atenolol is a popular medical product for the treatment of hypertension and 

cardiovascular diseases. This medicament blocks the heart from the action of adrenaline and 

other hormones that accelerate the heart rate. As a result, the pulse slows down, blood pressure 

decreases. Since the load on the heart is reduced, the risk of a heart attack decreases for the 

patient. The quality of the medicaments directly depends on the expiration date. Under the 

expiration date of medicinal products is understood the time during which this product fully 

meets all the requirements of regulatory documentation. Expired pharma drugs lose their 

pharmacological properties, adversely affect the body as a whole.  
In this study, real samples containing auxiliary substances (microcrystalline cellulose, 

lactose, magnesium carbonate, gelatine, silicon dioxide, talc, starch, etc.) were tested using 

voltammetric sensory system based on glassy carbon electrodes (GCEs) modified by films of 

the polyelectrolyte complex of chitosan and chitosan succinamide (CS-SCS), as well as 

composites with Ŭ-, ɓ- and ɔ-CD. Pharmaceuticals from various manufacturers (Belupo (B), 

Pranapharm (P), Ozon (O)) were chosen as real samples. The obtained voltammograms were 

chemometricaly processed by principal component analysis (PCA) and transformed into points 

on the principal component, constructed along the maximum dispersion of experimental data 

(PC1). Then, the next principal component (PC2) was constructed orthogonal to PC1 and 

directed along the next largest change in the measurement data, and so on. As can be seen from 

figure, clusters (data of parallel measurements) of ATN medicines did not intersect with each 

other on the score plots in the coordinates of PC1-PC2.  

 

 
*S ï expired medicines; N ï unexpired medicines 

 

Fig. Score plot of PCA modelling of voltammograms obtained by differential pulse 

voltammetry for 0.094 mM solutions of ATN medicines using sensory system with three 

GCEs electrodes modified by CS-SCS composites of a-, b-, and g-CD 

 

Thus, the sensory system with three GCEs indicator electrodes modified by CS-SCS 

composites of Ŭ-, ɓ-, and ɔ-CD allowed recognizing not only ATN medicines by manufacturers 

but also identification of expired medicines. 

 

This work was supported by the Russian Science Foundation (Grant No. 16-13-10257). 
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HUMAN PAPILLOMAVIRUS  
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Brovarets V. S. 

Department of Chemistry of Bioactive Nitrogen Containing Heterocyclic Bases,  

Institute of Bioorganic Chemistry and Petrochemistry, NAS of Ukraine, Kyiv, Ukraine 

kachaeva@bpci.kiev.ua 

 

Chemotherapeutic approaches to the control of HPV (human papillomavirus) infection 

suffer from a lack of specificity. For most existing HPV inhibitors, the weak antiviral effects 

observed in cellular assays suggest that further improvements in selecting targets, in drug 

potency, and in bioavailability and cell uptake are required. Substituted 1,3-oxazoles can exert 

various biological effects and have significant antiviral activity.  

The present study is an exploratory investigation of anti-HPV activity by novel 

1,3-oxazole derivatives (1,3-oxazol sulfonamides and 5-amino-1,3-oxazole-4-carbonitriles) 

designed and synthesized in Kyiv, with all the cytotoxicity and efficacy tests performed in the 

the National Institute of Allergy and Infectious Diseases (USA).  

The influence of the 1,3-oxazol sulfonamide derivatives on transient replication of HPV 

origin-containing plasmid was first evaluated in transfected HEK293 cells by human 

papillomavirus- 11 replication origin- containing plasmid. All compounds exhibited potent anti-

replication activity and were more active than Cidofovir in this assay. Two compounds, which 

showed high activity against HPV-11 in the primary assay, were chosen for the secondary assay 

(HPV-18 DNA amplification in an organotypic squamous epithelial raft culture of primary 

human keratinocytes freshly prepared from neonatal foreskins). In contrast to the HPV-11 in 

HEK293 cells, the cytotoxicity, EC50 and EC90 of both compounds for HPV-18 were the same 

in PHK raft cultures.  

At present, the reasons for the difference in the anti-HPV effect of 1,3-oxazole 

derivatives in HEK29 cells versus the HPV-18 are not understood. Perhaps, the compounds are 

metabolized differently in the two distinct culture systems. This discrepancy points to the 

importance of the raft cultures in verifying putative anti-HPV compounds. This study does 

provide useful information on specific analogs with antiviral activity in vitro that can be further 

modified to identify more active inhibitors.  
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ʈʆɿʈʆɹʂɸ ʋʄʆɺ ɺʀɿʅɸʏɽʅʅʗ ɻʃɯʂʃɸɿʀɼʋ ɺ ʂʈʆɺɯ  

ʄɽʊʆɼʆʄ ʊɺɽʈɼʆʌɸɿʅʆɰ ɽʂʉʊʈɸʂʎɯɰ 

 ɼʃʗ ʍɯʄɯʂʆ-ʊʆʂʉʀʂʆʃʆɻɯʏʅʆɻʆ ɸʅɸʃɯɿʋ 

ʂʫʯʝʨ ʊ. ɺ.1, ʄʝʨʟʣʽʢʽʥ ʉ. ɯ.2 
1ɼɺʅɿ çʊʝʨʥʦʧʽʣʴʩʴʢʠʡ ʜʝʨʞʘʚʥʠʡ ʤʝʜʠʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ɯ. ʗ. ɻʦʨʙʘʯʝʚʩʴʢʦʛʦ 

ʄʆɿ ʋʢʨʘʾʥʠè 

kucher_tv@tdmu.edu.ua 
2ʅʘʮʽʦʥʘʣʴʥʠʡ ʬʘʨʤʘʮʝʚʪʠʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

msi07@ukr.net 

 

ɸʥʪʠʜʽʘʙʝʪʠʯʥʠʡ ʟʘʩʽʙ ʛʣʽʢʣʘʟʠʜ, ʷʢʠʡ ʥʘʣʝʞʠʪʴ ʜʦ ʢʣʘʩʫ ʧʦʭʽʜʥʠʭ 

ʩʫʣʴʬʦʥʽʣʩʝʯʦʚʠʥʠ, ʰʠʨʦʢʦ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʫ ʩʫʯʘʩʥʽʡ ʬʘʨʤʘʢʦʪʝʨʘʧʝʚʪʠʯʥʽʡ ʩʭʝʤʽ 

ʣʽʢʫʚʘʥʥʷ ʮʫʢʨʦʚʦʛʦ ʜʽʘʙʝʪʫ 2 ʪʠʧʫ. ʆʩʦʙʣʠʚʦʩʪʷʤʠ ʟʘʩʪʦʩʫʚʘʥʥʷ ʛʣʽʢʣʘʟʠʜʫ ʻ 

ʩʧʝʮʠʬʽʯʥʽʩʪʴ ʢʦʥʪʠʥʛʝʥʪʫ (ʧʘʮʽʻʥʪʠ ʧʦʭʠʣʦʛʦ ʚʽʢʫ), ʜʦʩʪʫʧʥʽʩʪʴ ʯʝʨʝʟ ʙʝʟʨʝʮʝʧʪʫʨʥʠʡ 

ʚʽʜʧʫʩʢ, ʧʦʣʽʧʨʘʛʤʘʟʽʷ, ʧʦʙʽʯʥʽ ʜʽʾ, ʟʦʢʨʝʤʘ ʛʽʧʦʛʣʽʢʝʤʽʷ ʧʨʠ ʧʝʨʝʜʦʟʫʚʘʥʥʽ ʪʘ ʽʥʰʽ 

ʬʘʢʪʦʨʠ, ʱʦ ʩʪʚʦʨʶʶʪʴ ʪʦʢʩʠʢʦʣʦʛʽʯʥʫ ʥʝʙʝʟʧʝʢʫ.  

ɺʽʜʦʤʽ ʚʠʧʘʜʢʠ ʣʝʪʘʣʴʥʠʭ ʦʪʨʫʻʥʴ ʛʣʽʢʣʘʟʠʜʦʤ, ʧʝʨʝʚʘʞʥʦ ʧʨʠ ʩʫʾʮʠʜʘʣʴʥʦʤʫ 

ʧʝʨʝʜʦʟʫʚʘʥʥʽ, ʷʢʽ ʚʽʜʧʦʚʽʜʥʦ ʯʠʥʥʦʛʦ ʟʘʢʦʥʦʜʘʚʩʪʚʘ ʤʘʶʪʴ ʙʫʪʠ ʧʽʜʜʘʥʽ ʩʫʜʦʚʦ-

ʪʦʢʩʠʢʦʣʦʛʽʯʥʠʤ ʜʦʩʣʽʜʞʝʥʥʷʤ ʟ ʽʟʦʣʶʚʘʥʥʷʤ ʪʦʢʩʠʢʘʥʪʫ ʟ ʙʽʦʣʦʛʽʯʥʠʭ ʦʙôʻʢʪʽʚ, 

ʚʠʷʚʣʝʥʥʷʤ ʪʘ ʢʽʣʴʢʽʩʥʠʤ ʡʦʛʦ ʚʠʟʥʘʯʝʥʥʷʤ ʚ ʦʜʝʨʞʘʥʠʭ ʚʠʣʫʯʝʥʥʷʭ. 

ʋ ʚʽʪʯʠʟʥʷʥʠʭ ʩʫʜʦʚʦ-ʪʦʢʩʠʢʦʣʦʛʽʯʥʠʭ ʣʘʙʦʨʘʪʦʨʽʷʭ ʧʝʨʝʚʘʛʘ ʥʘʜʘʻʪʴʩʷ ʨʽʜʠʥʥʽʡ 

ʝʢʩʪʨʘʢʮʽʾ, ʷʢ ʤʝʪʦʜʫ ʽʟʦʣʶʚʘʥʥʷ, ʦʯʠʱʝʥʥʷ ʪʘ ʢʦʥʮʝʥʪʨʫʚʘʥʥʷ ʪʦʢʩʠʢʘʥʪʽʚ. ʇʨʦʪʝ, 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʝʪʦʜʫ ʪʚʝʨʜʦʬʘʟʥʦʾ ʝʢʩʪʨʘʢʮʽʾ (ʊʌɽ) ʜʦʟʚʦʣʷʻ ʽʩʪʦʪʥʦ ʟʥʠʟʠʪʠ ʩʫʤʘʨʥʠʡ 

ʯʘʩ ʘʥʘʣʽʪʠʯʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ, ʟʤʝʥʰʠʪʠ ʚʠʪʨʘʪʫ ʨʦʟʯʠʥʥʠʢʽʚ ʪʘ ʜʦʟʚʦʣʷʻ ʫʥʠʢʥʫʪʠ 

ʟʥʘʯʥʦʛʦ ʯʠʩʣʘ ʧʦʤʠʣʦʢ. 

ʗʢ ʦʙôʻʢʪ ʜʦʩʣʽʜʞʝʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʢʨʦʚ, ʟ ʷʢʦʾ ʦʜʝʨʞʫʚʘʣʠ ʧʣʘʟʤʫ ʰʣʷʭʦʤ 

ʮʝʥʪʨʠʬʫʛʫʚʘʥʥʷ ʧʨʦʙʠ ʧʨʦʪʷʛʦʤ 20 ʭʚ ʧʨʠ 15000 ʦʙ/ʭʚ. ɼʣʷ ʦʯʠʩʪʢʠ ʧʣʘʟʤʠ ʚʽʜ ʾʾ 

ʢʦʤʧʦʥʝʥʪʽʚ ʪʘ ʢʦʥʮʝʥʪʨʫʚʘʥʥʷ ʛʣʽʢʣʘʟʠʜʫ ʤʝʪʦʜʦʤ ʊʌɽ ʟʘʩʪʦʩʦʚʫʚʘʣʠ ʢʘʨʪʨʠʜʞʽ 

çOasis HLB Extraction Cartridgeè, 30 mg. ʇʦʧʝʨʝʜʥʷ ʧʽʜʛʦʪʦʚʢʘ ʢʘʨʪʨʠʜʞʽʚ ʧʦʣʷʛʘʣʘ ʚ ʾʭ 

ʢʦʥʜʠʮʽʦʥʫʚʘʥʥʽ 1 ʤʣ ʤʝʪʘʥʦʣʫ ʪʘ 1 ʤʣ ʚʦʜʠ ʜʠʩʪʠʣʴʦʚʘʥʦʾ. ʇʽʩʣʷ ʮʴʦʛʦ ʯʝʨʝʟ ʢʘʨʪʨʠʜʞʽ 

ʧʨʦʧʫʩʢʘʣʠ ʧʦ 1 ʤʣ ʧʣʘʟʤʠ ʪʘ ʧʨʦʤʠʚʘʣʠ 0,1 ʄ ʨʦʟʯʠʥʦʤ ʢʠʩʣʦʪʠ ʭʣʦʨʠʜʥʦʾ. 

ɽʣʶʶʚʘʥʥʷ ʪʦʢʩʠʢʘʥʪʫ ʧʨʦʚʦʜʠʣʠ 2 ʤʣ ʤʝʪʘʥʦʣʫ, ʧʽʜʢʠʩʣʝʥʦʛʦ 0,1 % ʨʦʟʯʠʥʦʤ ʢʠʩʣʦʪʠ 

ʭʣʦʨʠʜʥʦʾ. ʆʜʝʨʞʘʥʽ ʝʣʶʘʪʠ ʚʠʧʘʨʦʚʫʚʘʣʠ ʚ ʧʦʪʦʮʽ ʘʟʦʪʫ, ʩʫʭʽ ʟʘʣʠʰʢʠ ʨʦʟʯʠʥʷʣʠ ʚ 

200 ʤʢʣ ʤʝʪʘʥʦʣʫ. 

ɺʠʷʚʣʝʥʥʷ ʛʣʽʢʣʘʟʠʜʫ ʚ ʤʝʪʘʥʦʣʴʥʦʤʫ ʝʣʶʘʪʽ ʪʘ ʡʦʛʦ ʢʽʣʴʢʽʩʥʝ ʚʠʟʥʘʯʝʥʥʷ 

ʧʨʦʚʦʜʠʣʠ ʤʝʪʦʜʦʤ ɺɽʈʍ ʟ ʋʌ-ʜʝʪʝʢʪʫʚʘʥʥʷʤ ʥʘ ʨʽʜʠʥʥʦʤʫ ʭʨʦʤʘʪʦʛʨʘʬʽ çʄʽʣʽʭʨʦʤ-

ɸ-02è (ɿɸʊ çɽʢʦʥʦʚʘè, ʅʦʚʦʩʠʙʽʨʩʴʢ). ɼʣʷ ʨʦʟʜʽʣʝʥʥʷ ʨʝʯʦʚʠʥ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ 

ʦʙʝʨʥʝʥʦ-ʬʘʟʦʚʫ ʢʦʣʦʥʢʫ Prontosil-120-5-ʉ18-AQ ʨʦʟʤʽʨʦʤ Ï2Ĭ75 ʤʤ, ʟʝʨʥʽʥʥʷ 5 ʤʢʤ 

(çBischoff Analysetechnik und Gerªte GmbHè, ʅʽʤʝʯʯʠʥʘ). ɸʥʘʣʽʟ ʪʘ ʦʙʨʦʙʢʫ ʭʨʦʤʘʪʦʛʨʘʤ 

ʟʜʽʡʩʥʶʚʘʣʠ ʧʨʦʛʨʘʤʦʶ çɸʥʘʣʽʪʠʢʘ-Chromè.  
ɯʜʝʥʪʠʬʽʢʘʮʽʶ ʛʣʽʢʣʘʟʠʜʫ ʧʨʦʚʦʜʠʣʠ ʟʘ ʚʽʜʧʦʚʽʜʥʠʤ ʯʘʩʦʤ ʫʪʨʠʤʫʚʘʥʥʷ ʥʘ 

ʭʨʦʤʘʪʦʛʨʘʤʘʭ. ʇʽʢʠ ʨʝʯʦʚʠʥ ʥʘ ʚʽʜʧʦʚʽʜʥʠʭ ʭʨʦʤʘʪʦʛʨʘʤʘʭ ʤʝʪʘʥʦʣʴʥʦʛʦ ʨʦʟʯʠʥʫ 

ʩʪʘʥʜʘʨʪʥʦʛʦ ʟʨʘʟʢʘ ʛʣʽʢʣʘʟʠʜʫ ʪʘ ʤʝʪʘʥʦʣʴʥʦʛʦ ʝʣʶʘʪʫ, ʦʜʝʨʞʘʥʦʛʦ ʟ ʩʦʨʙʝʥʪʫ 

ʢʘʨʪʨʽʜʞʽʚ Oasis HLB, ʙʫʣʠ ʩʧʽʚʚʽʜʥʦʩʥʠʤʠ ʟʘ ʯʘʩʦʤ ʫʪʨʠʤʫʚʘʥʥʷ (tR = 7,80 ʭʚ). 

ʂʽʣʴʢʽʩʥʝ ʚʠʟʥʘʯʝʥʥʷ ʛʣʽʢʣʘʟʠʜʫ ʧʨʦʚʦʜʠʣʠ ʟʘ ʜʦʚʞʠʥʠ ʭʚʠʣʽ 230 ʥʤ ʟʘ ʟʘʣʝʞʥʽʩʪʶ 

ʧʣʦʱʽ ʧʽʢʫ ʤʝʪʘʥʦʣʴʥʦʛʦ ʨʦʟʯʠʥʫ ʩʪʘʥʜʘʨʪʥʦʛʦ ʟʨʘʟʢʘ ʛʣʽʢʣʘʟʠʜʫ ʚʽʜ ʢʦʥʮʝʥʪʨʘʮʽʾ.  
ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʘʥʦʛʦ ʤʝʪʦʜʫ ʜʦʟʚʦʣʷʻ ʚʠʜʽʣʠʪʠ ʜʦ 94 % 

ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʪʦʢʩʠʢʘʥʪʫ.  

ʆʜʝʨʞʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʧʨʠ ʧʨʦʚʝʜʝʥʥʽ ʭʽʤʽʢʦ-

ʪʦʢʩʠʢʦʣʦʛʽʯʥʦʛʦ ʘʥʘʣʽʟʫ ʙʽʦʣʦʛʽʯʥʠʭ ʦʙô̒ ʢʪʽʚ ʧʨʠ ʦʪʨʫʻʥʥʽ ʛʣʽʢʣʘʟʠʜʦʤ. 
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ʉʈɽɼʉʊɺʆ ɼʃʗ ʃɽʏɽʅʀʗ ʆʉʊɽʆʇʆʈʆɿɸ  

ʅɸ ʆʉʅʆɺɽ ʂɸʃʔʎʀɽɺʓʍ ʉʆʃɽʁ ɸʄʀʅʆʂʀʉʃʆʊ 

ʄʘʥʯʠʢ ɽ. ɸ., ʃʦʧʘʪʠʢ ɼ. ɺ. 

ʀʥʩʪʠʪʫʪ ʬʠʟʠʢʦ-ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʅɸʅ ɹʝʣʘʨʫʩʠ, ʛ. ʄʠʥʩʢ 

aminoacid@ifoch.bas-net.by 

 

ʂʘʣʴʮʠʡ ʠʛʨʘʝʪ ʦʯʝʥʴ ʚʘʞʥʫʶ ʠ ʤʥʦʛʦʛʨʘʥʥʫʶ ʨʦʣʴ ʚ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ 

ʞʠʚʦʪʥʳʭ ʠ ʯʝʣʦʚʝʢʘ. ʂʘʣʴʮʠʡ ʥʝʦʙʭʦʜʠʤ ʜʣʷ ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʩʦʭʨʘʥʝʥʠʷ ʢʦʩʪʥʦʡ ʪʢʘʥʠ 

ʯʝʣʦʚʝʢʘ. ʄʝʞʢʣʝʪʦʯʥʦʝ ʢʦʩʪʥʦʝ ʚʝʱʝʩʪʚʦ ʩʦʜʝʨʞʠʪ ʩʦʝʜʠʥʝʥʠʷ ʢʘʣʴʮʠʷ ʚʤʝʩʪʝ ʩ 

ʙʝʣʢʘʤʠ (ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʢʦʣʣʘʛʝʥʦʤ), ʦʙʝʩʧʝʯʠʚʘʶʱʠʤʠ ʪʚʝʨʜʦʩʪʴ ʠ ʵʣʘʩʪʠʯʥʦʩʪʴ 

ʢʦʩʪʝʡ. ʆʩʦʙʦʝ ʟʥʘʯʝʥʠʝ ʧʨʠʦʙʨʝʪʘʝʪ ʢʘʣʴʮʠʡ ʜʣʷ ʦʨʛʘʥʠʟʤʘ ʧʨʠ ʚʦʟʥʠʢʥʦʚʝʥʠʠ 

ʦʩʪʝʦʧʦʨʦʟʘ ï ʩʠʩʪʝʤʥʦʛʦ ʟʘʙʦʣʝʚʘʥʠʷ ʩʢʝʣʝʪʘ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʝʛʦʩʷ ʩʥʠʞʝʥʠʝʤ 

ʧʣʦʪʥʦʩʪʠ ʠ ʥʘʨʫʰʝʥʠʝʤ ʤʠʥʝʨʘʣʴʥʦʛʦ ʩʦʩʪʘʚʘ ʢʦʩʪʥʦʡ ʪʢʘʥʠ, ʧʨʠʚʦʜʷʱʠʭ ʢ 

ʫʚʝʣʠʯʝʥʠʶ ʭʨʫʧʢʦʩʪʠ ʢʦʩʪʝʡ ʠ ʧʦʚʳʰʝʥʠʶ ʨʠʩʢʘ ʧʝʨʝʣʦʤʦʚ. 

ɺ ʢʘʯʝʩʪʚʝ ʪʝʨʘʧʝʚʪʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ ʙʦʣʴʥʳʤ ʥʘʟʥʘʯʘʶʪʩʷ ʧʨʝʧʘʨʘʪʳ, 

ʩʦʜʝʨʞʘʱʠʝ ʚ ʩʚʦʝʤ ʩʦʩʪʘʚʝ ʢʘʣʴʮʠʷ ʢʘʨʙʦʥʘʪ, ʢʘʣʴʮʠʷ ʮʠʪʨʘʪ ʠ ʚʠʪʘʤʠʥ D3. ʕʪʦ 

ʩʨʝʜʩʪʚʘ ʂʘʣʴʮʝʤʠʥ (ʉʐɸ), ʂʘʣʴʮʝʚʠʜ (ʇʘʣʝʩʪʠʥʘ), ʂʘʣʴʮʠʡ-ɼ3 ʅʠʢʦʤʝʜ ʬʦʨʪʝ 

(ʅʦʨʚʝʛʠʷ) ʠ ʜʨ. ʇʨʦʙʣʝʤʘ ʧʦʣʫʯʝʥʠʷ ʥʦʚʳʭ ʩʦʝʜʠʥʝʥʠʡ ʢʘʣʴʮʠʷ, ʦʙʣʘʜʘʶʱʠʭ ʣʫʯʰʝʡ 

ʙʠʦʫʩʚʦʷʝʤʦʩʪʴʶ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʨʝʧʘʨʘʪʘʤʠ ʥʘ ʦʩʥʦʚʝ ʢʘʣʴʮʠʷ ʢʘʨʙʦʥʘʪʘ ʠ ʙʦʣʝʝ 

ʵʬʬʝʢʪʠʚʥʦ ʚʳʧʦʣʥʷʶʱʠʭ ʩʚʦʶ ʨʦʣʴ, ʦʩʪʘʝʪʩʷ ʦʩʪʨʦʡ ʜʦ ʥʘʩʪʦʷʱʝʛʦ ʚʨʝʤʝʥʠ. ʆʜʥʠʤ 

ʠʟ ʧʫʪʝʡ ʨʝʰʝʥʠʷ ʵʪʦʡ ʧʨʦʙʣʝʤʳ ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʫʯʝʥʠʝ ʢʘʣʴʮʠʝʚʳʭ ʩʦʣʝʡ ʘʤʠʥʦʢʠʩʣʦʪ. 

ʎʝʣʴʶ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʩʠʥʪʝʟ ʢʘʣʴʮʠʝʚʳʭ ʩʦʣʝʡ ʛʣʠʮʠʥʘ ʠ L-ʧʨʦʣʠʥʘ, 

ʧʦʣʫʯʝʥʠʝ ʥʘ ʠʭ ʦʩʥʦʚʝ ʥʦʚʦʛʦ ʣʝʢʘʨʩʪʚʝʥʥʦʛʦ ʩʨʝʜʩʪʚʘ ʠ ʠʟʫʯʝʥʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʝʛʦ 

ʧʨʠʤʝʥʝʥʠʷ ʜʣʷ ʧʨʦʬʠʣʘʢʪʠʢʠ ʠ ʣʝʯʝʥʠʷ ʦʩʪʝʦʧʦʨʦʟʘ. ɺʳʙʦʨ ʫʢʘʟʘʥʥʳʭ ʘʤʠʥʦʢʠʩʣʦʪ 

ʜʣʷ ʧʨʝʜʩʪʘʚʣʝʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣ ʦʙʫʩʣʦʚʣʝʥ ʪʝʤ, ʯʪʦ ʦʩʥʦʚʥʘʷ ʙʝʣʢʦʚʘʷ 

ʩʦʩʪʘʚʣʷʶʱʘʷ ʢʦʩʪʥʦʡ ʪʢʘʥʠ ï ʢʦʣʣʘʛʝʥ ï ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʦʣʠʧʝʧʪʠʜ ʠʟ ʦʩʪʘʪʢʦʚ 

18 ʘʤʠʥʦʢʠʩʣʦʪ, ʧʨʠ ʵʪʦʤ ʜʦʤʠʥʠʨʫʶʱʠʤʠ ʷʚʣʷʶʪʩʷ ʜʚʝ ʘʤʠʥʦʢʠʩʣʦʪʳ: ʛʣʠʮʠʥ ʠ 

L-ʧʨʦʣʠʥ. 

ʂʘʨʙʦʢʩʠʘʥʠʦʥʳ ʛʣʠʮʠʥʘ ʠ L-ʧʨʦʣʠʥʘ, ʥʘʭʦʜʷʱʠʝʩʷ ʚ ʨʘʟʨʘʙʦʪʘʥʥʦʤ ʩʨʝʜʩʪʚʝ, 

ʷʚʣʷʶʪʩʷ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʜʝʡʩʪʚʫʶʱʠʤʠ ʬʘʨʤʘʢʦʣʦʛʠʯʝʩʢʠʤʠ ʘʛʝʥʪʘʤʠ, ʘ ʥʝ ʪʦʣʴʢʦ 

ʥʦʩʠʪʝʣʷʤʠ ʵʣʝʤʝʥʪʘʨʥʦʛʦ ʢʘʣʴʮʠʷ.  

ʅʘ ʜʦʢʣʠʥʠʯʝʩʢʦʤ ʵʪʘʧʝ ʦʮʝʥʢʘ ʩʧʝʮʠʬʠʯʝʩʢʦʛʦ ʜʝʡʩʪʚʠʷ ʠʩʩʣʝʜʫʝʤʦʛʦ ʩʨʝʜʩʪʚʘ 

ʧʨʦʚʦʜʠʣʘʩʴ ʥʘ ʛʨʫʧʧʘʭ ʙʝʣʳʭ ʧʦʣʦʚʦʟʨʝʣʳʭ ʙʝʩʧʦʨʦʜʥʳʭ ʢʨʳʩ-ʩʘʤʦʢ. ʀʩʩʣʝʜʦʚʘʥʠʝ 

ʘʥʪʠʨʝʟʦʨʙʪʠʚʥʦʛʦ ʜʝʡʩʪʚʠʷ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʩʨʝʜʩʪʚʘ ʧʨʦʚʦʜʠʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʤʦʜʝʣʠ ʛʠʧʦʵʩʪʨʦʛʝʥʥʦʛʦ ʦʩʪʝʦʧʦʨʦʟʘ. ʇʦ ʜʘʥʥʳʤ ʣʘʙʦʨʘʪʦʨʥʳʭ ʠ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʯʝʨʝʟ ʪʨʠ ʤʝʩʷʮʘ ʧʦʩʣʝ ʦʧʝʨʘʮʠʠ ʫ ʚʩʝʭ ʞʠʚʦʪʥʳʭ, ʧʦʜʚʝʨʛʥʫʪʳʭ 

ʦʚʘʨʠʦʵʢʪʦʤʠʠ, ʙʳʣʦ ʧʦʜʪʚʝʨʞʜʝʥʦ ʥʘʣʠʯʠʝ ʦʩʪʝʦʧʦʨʦʟʘ ʫʤʝʥʴʰʠʣʘʩʴ ʪʦʣʱʠʥʘ 

ʢʦʨʪʠʢʘʣʴʥʦʡ ʧʣʘʩʪʠʥʢʠ ʙʝʜʨʝʥʥʦʡ ʢʦʩʪʠ ʟʘʜʥʝʡ ʣʘʧʳ ʠ ʧʣʦʱʘʜʴ ʢʦʩʪʥʳʭ ʙʘʣʦʢ 

ʛʫʙʯʘʪʦʡ ʯʘʩʪʠ ʢʦʩʪʠ, ʩʥʠʟʠʣʠʩʴ ʤʠʥʝʨʘʣʴʥʘʷ ʧʣʦʪʥʦʩʪʴ ʢʦʩʪʥʦʡ ʪʢʘʥʠ ʠ ʩʦʜʝʨʞʘʥʠʝ 

ʵʣʝʤʝʥʪʘʨʥʦʛʦ ʢʘʣʴʮʠʷ ʚ ʩʫʭʦʤ ʦʩʪʘʪʢʝ ʢʦʩʪʠ 

ʈʝʟʫʣʴʪʘʪʳ ʜʦʢʣʠʥʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʧʝʮʠʬʠʯʝʩʢʦʛʦ ʜʝʡʩʪʚʠʷ 

ʬʘʨʤʘʮʝʚʪʠʯʝʩʢʠʭ ʢʦʤʧʦʟʠʮʠʡ ʥʘ ʦʩʥʦʚʝ ʢʘʣʴʮʠʷ ʜʠʛʣʠʮʠʥʘʪʘ, ʢʘʣʴʮʠʷ ʜʠ-L-ʧʨʦʣʠʥʘʪʘ 

ʠʣʠ ʠʭ ʩʤʝʩʠ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʥʘʣʠʯʠʝ ʚ ʩʦʩʪʘʚʝ ʣʝʢʘʨʩʪʚʝʥʥʦʛʦ ʩʨʝʜʩʪʚʘ ʘʥʠʦʥʦʚ 

ʛʣʠʮʠʥʘʪʘ ʠ L-ʧʨʦʣʠʥʘʪʘ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʚʠʪʘʤʠʥʦʤ D3 ʦʙʝʩʧʝʯʠʚʘʝʪ ʙʦʣʝʝ ʚʳʨʘʞʝʥʥʦʝ 

ʪʝʨʘʧʝʚʪʠʯʝʩʢʦʝ ʜʝʡʩʪʚʠʝ ʜʘʞʝ ʧʨʠ ʤʝʥʴʰʝʤ ʩʦʜʝʨʞʘʥʠʠ ʵʣʝʤʝʥʪʘʨʥʦʛʦ ʢʘʣʴʮʠʷ ʚ 

ʩʦʩʪʘʚʝ ʣʝʢʘʨʩʪʚʝʥʥʦʛʦ ʩʨʝʜʩʪʚʘ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʧʨʝʧʘʨʘʪʫ ʩʨʘʚʥʝʥʠʷ ʂʘʣʴʮʠʡ-ɼ3 

ʅʠʢʦʤʝʜ ʌʦʨʪʝ. 

ʃʝʢʘʨʩʪʚʝʥʥʦʝ ʩʨʝʜʩʪʚʦ, ʩʦʜʝʨʞʘʱʝʝ ʢʘʣʴʮʠʝʚʳʝ ʩʦʣʠ ʛʣʠʮʠʥʘ ʠ L-ʧʨʦʣʠʥʘ, 

ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʦ ʜʣʷ ʧʨʦʬʠʣʘʢʪʠʢʠ ʠ ʣʝʯʝʥʠʷ ʦʩʪʝʦʧʦʨʦʟʘ 

ʋʢʘʟʘʥʥʦʝ ʣʝʢʘʨʩʪʚʝʥʥʦʝ ʩʨʝʜʩʪʚʦ ʟʘʧʘʪʝʥʪʦʚʘʥʦ ʚ ʈʝʩʧʫʙʣʠʢʝ ɹʝʣʘʨʫʩʴ (ʇʘʪʝʥʪ 

BY ̄  15346 ʉʨʝʜʩʪʚʦ ʜʣʷ ʧʨʦʬʠʣʘʢʪʠʢʠ ʠʣʠ ʢʦʤʧʣʝʢʩʥʦʡ ʪʝʨʘʧʠʠ ʦʩʪʝʦʧʦʨʦʟʘ. ʆʧʫʙʣ. 

28.02.2012).  
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6-FLUORO-2,3-DIHYDROBENZO[b][1,4]DIOXINE AS A PRECURSOR 

IN SYNTHESIS OF PHARMACOLOGICALLY IMPORTANT DERIVATIVES  

Orlov M. A. 

L. M. Litvinenko Institute of Physical-Organic Chemistry and Coal Chemistry 

NAS of Ukraine 

orlovinfou@yandex.ru 

 

Fluorine subsistent as well as 2,3-dihydrobenzo[b][1,4]dioxane heterocyclic system are 

attractive fragments for design of novel pharmacologically important compounds. We have 

synthesized the library of derivatives containing 6-fluoro-2,3-dihydrobenzo[b][1,4]dioxane 

residue. 

 

 
 

Structure and purity of obtained compounds was conformed by NMR techniques, TLC 

and elemental analysis. 

The expected pharmacological activity was evaluated using PASS software 

(http://www.pharmaexpert.ru/passonline/). 
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ʈʆɿʈʆɹʂɸ ʊɸ ʆʇʊʀʄɯɿɸʎɯʗ ʉʂʃɸɼʋ ʍɸʈʏʆɺʆɰ ɼʆɹɸɺʂʀ 

çʆʄɽɻɸ-ʊʆʅɯʂè ʋ ʄʋʃʔʊɯʂɸʇʉʋʃʔʅɯʁ ʆɹʆʃʆʅʎɯ 
ʇʦʣʠʚʘʥʦʚ ɭ. ɸ. 

ɼʥʽʧʨʦʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ʆʣʝʩʷ ɻʦʥʯʘʨʘ, ʤ. ɼʥʽʧʨʦ 

mr.egor.pv@gmail.com 

 

ʇʨʦʙʣʝʤʘ ʟʜʦʨʦʚʦʛʦ ʩʧʦʩʦʙʫ ʞʠʪʪʷ ʣʶʜʠʥʠ ʧʦʚ'ʷʟʘʥʘ, ʥʘʩʘʤʧʝʨʝʜ, ʟ ʾʾ 

ʧʨʘʛʥʝʥʥʷʤ ʨʘʮʽʦʥʘʣʴʥʦ ʭʘʨʯʫʚʘʪʠʩʴ, ʫʥʠʢʘʪʠ ʰʢʽʜʣʠʚʠʭ ʟʚʠʯʦʢ, ʟʘʡʤʘʪʠʩʷ ʩʧʦʨʪʦʤ. 

ʆʜʥʘʢ ʧʨʠ ʮʴʦʤʫ, ʞʦʜʝʥ ʟ ʥʘʩ ʥʝ ʤʦʞʝ ʙʫʪʠ ʛʘʨʘʥʪʦʚʘʥʦ ʟʘʩʪʨʘʭʦʚʘʥʠʡ ʚʽʜ ʩʪʨʝʩʽʚ, 

ʥʝʨʚʦʚʠʭ ʥʘʧʨʫʞʝʥʴ ʽ ʜʝʧʨʝʩʽʡ. ɼʣʷ ʚʠʨʽʰʝʥʥʷ ʮʽʻʾ ʧʨʦʙʣʝʤʠ ʙʘʛʘʪʦ ʬʘʨʤʘʮʝʚʪʠʯʥʠʭ 

ʢʦʤʧʘʥʽʡ ʚʠʨʦʙʣʷʶʪʴ ʢʦʤʧʣʝʢʩʠ ʨʝʯʦʚʠʥ, ʧʨʠʡʦʤ ʷʢʠʭ ʟʜʘʪʝʥ ʥʝʡʪʨʘʣʽʟʫʚʘʪʠ ʟʛʫʙʥʠʡ 

ʚʧʣʠʚ ʨʠʪʤʫ ʩʦʮʽʫʤʫ ʥʘ ʮʝʥʪʨʘʣʴʥʫ ʽ ʧʝʨʠʬʝʨʠʯʥʫ ʥʝʨʚʦʚʫ ʩʠʩʪʝʤʠ. ʆʜʥʘʢ, ʮʝʡ ʝʬʝʢʪ ʻ 

ʪʠʤʯʘʩʦʚʠʤ ʽ, ʫ ʙʽʣʴʰʦʩʪʽ ʚʠʧʘʜʢʽʚ, ʥʝ ʤʘʻ ʧʨʦʣʦʥʛʘʮʽʾ. ʑʝ ʦʜʥʽʻʶ ʧʨʦʙʣʝʤʦʶ ʛʨʦʤʘʜʷʥ 

ʻ ʙʨʘʢ ʯʘʩʫ ʽ ʚʽʜʩʫʪʥʽʩʪʴ ʙʘʞʘʥʥʷ ʟʚʝʨʪʘʪʠʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʜʦ ʤʝʜʠʯʥʠʭ ʫʩʪʘʥʦʚ ʜʣʷ 

ʦʪʨʠʤʘʥʥʷ ʢʚʘʣʽʬʽʢʦʚʘʥʠʭ ʢʦʥʩʫʣʴʪʘʮʽʡ ʬʘʭʽʚʮʽʚ. ʊʘʢʝ ʩʪʘʚʣʝʥʥʷ ʜʦ ʚʣʘʩʥʦʛʦ ʟʜʦʨʦʚôʷ 

ʩʪʘʻ ʟʘʛʨʦʟʦʶ ʫ ʙʦʨʦʪʴʙʽ ʟʽ ʩʪʨʝʩʘʤʠ. 

ʇʝʚʥʫ ʟʘʮʽʢʘʚʣʝʥʽʩʪʴ ʧʨʝʜʩʪʘʚʣʷʶʪʴ ʜʽʻʪʠʯʥʽ ʜʦʙʘʚʢʠ ʜʦ ʾʞʽ, ʷʢʽ ʩʪʠʨʘʶʪʴ ʛʨʘʥʴ 

ʤʽʞ ʤʝʜʠʮʠʥʦʶ ʽ ʪʨʘʜʠʮʽʡʥʠʤ ʭʘʨʯʫʚʘʥʥʷʤ. ɺʦʥʠ ʙʽʣʴʰ ʜʦʩʪʫʧʥʽ ʜʣʷ ʰʠʨʦʢʦʛʦ ʢʦʣʘ 

ʥʘʩʝʣʝʥʥʷ, ʤʘʶʪʴ ʤʽʥʽʤʘʣʴʥʫ ʢʽʣʴʢʽʩʪʴ ʧʦʙʽʯʥʠʭ ʝʬʝʢʪʽʚ, ʽ ʥʘʡʙʽʣʴʰʦʶ ʤʽʨʦʶ 

ʟʘʩʚʦʶʶʪʴʩʷ ʦʨʛʘʥʽʟʤʦʤ ʣʶʜʠʥʠ. ʂʨʽʤ ʪʦʛʦ, ʧʦ ʟʘʢʽʥʯʝʥʥʶ ʧʨʠʡʦʤʫ ʤʘʶʪʴ 

ʧʨʦʣʦʥʛʦʚʘʥʫ ʜʽʶ. ʎʝ ʧʦʚ'ʷʟʘʥʦ ʧʝʨʰ ʟʘ ʚʩʝ ʟ ʪʠʤ, ʱʦ ʜʦ ʾʭ ʩʢʣʘʜʫ ʚʢʣʶʯʝʥʽ ʢʦʤʧʣʝʢʩʠ 

ʥʘʪʫʨʘʣʴʥʠʭ ʨʝʯʦʚʠʥ ʫ ʚʠʛʣʷʜʽ ʝʢʩʪʨʘʢʪʽʚ. ʋ ʩʫʯʘʩʥʽʡ ʬʘʨʤʘʮʝʚʪʠʯʥʽʡ ʭʽʤʽʾ ʚʝʣʠʢʘ 

ʯʘʩʪʢʘ ʽʩʥʫʶʯʠʭ ʝʢʩʪʨʘʢʪʽʚ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ ʷʢʦʩʪʽ ʩʢʣʘʜʦʚʠʭ ʣʽʢʘʨʩʴʢʠʭ ʟʘʩʦʙʽʚ. 

ʉʫʯʘʩʥʝ ʨʦʟʫʤʽʥʥʷ ʟʙʘʣʘʥʩʦʚʘʥʦʛʦ ʭʘʨʯʫʚʘʥʥʷ ʪʘʢʦʞ ʧʦʣʷʛʘʻ ʫ ʚʢʣʶʯʝʥʥʽ ʜʦ ʨʘʮʽʦʥʽʚ 

ʜʦʙʘʚʦʢ, ʱʦ ʤʽʩʪʷʪʴ ʤʘʢʩʠʤʘʣʴʥʠʡ ʢʦʤʧʣʝʢʩ ʘʢʪʠʚʥʠʭ ʨʝʯʦʚʠʥ ʫ ʦʜʥʽʡ çʥʦʨʤʦ-ʜʦʟʽè. 

ʊʘʢ, ʥʘʤʠ ʙʫʣʘ ʨʦʟʨʦʙʣʝʥʘ ʭʘʨʯʦʚʘ ʜʦʙʘʚʢʘ ʜʦ ʾʞʽ ʫ ʤʫʣʴʪʠʢʘʧʩʫʣʴʥʽʡ ʦʙʦʣʦʥʮʽ 

çʆʤʝʛʘ-ʊʦʥʽʢè (ʊʆɺ çɺʝʩʪʘ-ʃʽʜʝʨè, ʤ. ɼʥʽʧʨʦ), ʷʢʘ ʜʦʟʚʦʣʷʻ ʨʝʛʫʣʶʚʘʪʠ ʨʦʙʦʪʫ 

ʥʝʨʚʦʚʦʾ ʩʠʩʪʝʤʠ, ʧʦʢʨʘʱʫʚʘʪʠ ʧʨʦʮʝʩʠ ʤʝʪʘʙʦʣʽʟʤʫ, ʤʘʡʞʝ ʙʝʟ ʧʨʦʪʠʧʦʢʘʟʘʥʴ. 

ʄʫʣʴʪʠʢʘʧʩʫʣʴʥʘ ʦʙʦʣʦʥʢʘ ʜʦʟʚʦʣʷʻ ʫʪʨʠʤʘʪʠ ʚʠʩʦʢʫ ʬʘʨʤʘʢʦʣʦʛʽʯʥʫ ʘʢʪʠʚʥʽʩʪʴ 

ʜʦʙʘʚʢʠ ʽ ʨʦʟʢʨʠʪʠ ʧʦʟʠʪʠʚʥʠʡ ʝʬʝʢʪ ʢʦʞʥʦʛʦ ʟ ʢʦʤʧʦʥʝʥʪʽʚ ʫ ʤʽʩʮʽ ʾʭ ʤʘʢʩʠʤʘʣʴʥʦʛʦ 

ʟʘʩʚʦʻʥʥʷ. ʉʢʣʘʜʦʚʽ ʨʦʟʨʦʙʣʝʥʦʾ ʢʦʤʧʦʟʠʮʽʾ ʜʦʙʨʝ ʧʦʻʜʥʫʶʪʴʩʷ ʤʽʞ ʩʦʙʦʶ, 

ʚʟʘʻʤʦʧʽʜʩʠʣʶʶʯʠ ʬʘʨʤʘʢʦʣʦʛʽʯʥʫ ʜʽʶ ʦʜʠʥ ʦʜʥʦʛʦ. 

çʆʤʝʛʘ-ʊʦʥʽʢè ʤʽʩʪʠʪʴ ʝʢʩʪʨʘʢʪ ʟʝʣʝʥʦʛʦ ʯʘʶ, ʙʫʨʰʪʠʥʦʚʫ ʪʘ ʘʩʢʦʨʙʽʥʦʚʫ 

ʢʠʩʣʦʪʠ, ʭʽʪʦʟʘʥ ʪʘ ʢʦʤʧʣʝʢʩ ʦʤʝʛʘ-ʢʠʩʣʦʪ. ɽʢʩʪʨʘʢʪ ʟʝʣʝʥʦʛʦ ʯʘʶ ʤʽʩʪʠʪʴ ʧʦʪʫʞʥʽ 

ʘʥʪʠʦʢʩʠʜʘʥʪʠ ï ʧʦʣʽʬʝʥʦʣʠ, ʷʢʽ ʥʝʡʪʨʘʣʽʟʫʶʪʴ ʚʽʣʴʥʽ ʨʘʜʠʢʘʣʠ ʽ ʟʘʧʦʙʽʛʘʶʪʴ ʨʦʟʚʠʪʢʫ 

ʙʘʛʘʪʴʦʭ ʟʘʭʚʦʨʶʚʘʥʴ. ʗʥʪʘʨʥʘ ʢʠʩʣʦʪʘ ʪʘʢʦʞ ʤʘʻ ʘʥʪʠʦʢʩʠʜʘʥʪʥʫ ʘʢʪʠʚʥʽʩʪʴ, ʻ 

ʧʦʪʫʞʥʠʤ ʽʤʫʥʦʤʦʜʫʣʷʪʦʨʦʤ ʽ ʛʦʪʦʚʠʤ ʤʝʪʘʙʦʣʽʪʦʤ ʜʣʷ ʫʯʘʩʪʽ ʚ ʮʠʢʣʽ ʂʨʝʙʩʘ, ʚ ʭʦʜʽ 

ʷʢʦʛʦ ʚʠʨʦʙʣʷʻʪʴʩʷ ɸʊʌ. ʎʝʡ ʝʬʝʢʪ ʜʦʟʚʦʣʷʻ ʢʣʽʪʠʥʘʤ ʚʩʽʭ ʦʨʛʘʥʽʚ ʦʪʨʠʤʘʪʠ ʙʽʣʴʰʫ 

ʢʽʣʴʢʽʩʪʴ ʝʥʝʨʛʽʾ. ɸʩʢʦʨʙʽʥʦʚʘ ʢʠʩʣʦʪʘ (ʚʽʪʘʤʽʥ ʉ) ʟʤʽʮʥʶʻ ʽʤʫʥʥʫ ʩʠʩʪʝʤʫ ʣʶʜʠʥʠ ʽ 

ʟʘʭʠʱʘʻ ʾʾ ʚʽʜ ʜʽʾ ʚʽʨʫʩʽʚ ʽ ʭʚʦʨʦʙʦʪʚʦʨʥʠʭ ʙʘʢʪʝʨʽʡ, ʧʨʠʩʢʦʨʶʻ ʨʘʥʦʟʘʛʦʻʥʥʷ, ʧʦʢʨʘʱʫʻ 

ʚʠʨʦʙʣʝʥʥʷ ʛʦʨʤʦʥʽʚ ʽ ʞʦʚʯʦʚʠʜʽʣʝʥʥʷ. ʍʽʪʦʟʘʥ ʟʚôʷʟʫʻ ʽ ʚʠʚʦʜʠʪʴ ʟ ʦʨʛʘʥʽʟʤʫ ʣʽʧʽʜʠ, ʱʦ 

ʩʧʨʠʷʻ ʟʥʠʞʝʥʥʶ ʚʘʛʠ. ʂʦʤʧʣʝʢʩ ʦʤʝʛʘ-ʢʠʩʣʦʪ ʜʦʟʚʦʣʷʻ ʚʽʜʥʦʚʠʪʠ ʨʦʙʦʪʫ ʦʨʛʘʥʽʟʤʫ ʥʘ 

ʢʣʽʪʠʥʥʦʤʫ ʨʽʚʥʽ. ɿʘʛʘʣʴʥʘ ʜʽʷ ʭʘʨʯʦʚʦʾ ʜʦʙʘʚʢʠ çʆʤʝʛʘ-ʊʦʥʽʢè ʥʘʧʨʘʚʣʝʥʘ ʥʘ ʧʽʜʪʨʠʤʢʫ 

ʨʽʚʥʷ ʘʥʪʠʦʢʩʠʜʘʥʪʽʚ, ʥʘʜʘʥʥʷ ʩʠʣ ʽ ʞʠʪʪʻʚʦʾ ʝʥʝʨʛʽʾ, ʥʦʨʤʘʣʽʟʘʮʽʶ ʨʦʙʦʪʠ ʽʤʫʥʥʦʾ ʪʘ 

ʩʝʨʮʝʚʦ-ʩʫʜʠʥʥʦʾ ʩʠʩʪʝʤ, ʘ ʪʘʢʦʞ ʜʣʷ ʧʨʦʬʽʣʘʢʪʠʢʠ ʦʥʢʦʟʘʭʚʦʨʶʚʘʥʴ ʪʘ ʟʥʠʞʝʥʥʷ ʚʘʛʠ. 
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ʉʀʅʊɽɿ ʏɽʊɺɽʈʊʀʅʅʀʍ ʆʅɯɭɺʀʍ ʉʆʃɽʁ ʅɸ ʆʉʅʆɺɯ  

6-ɻɸʃʆɻɽʅʆʄɽʊʀʃ-3,4-ɼʀɻɯɼʈʆʇɯʈʀʄɯɼʀʅ-2-ʆʅʋ 

ʇʦʨʬʽʨʷʥʫ ɺ. ɺ., ɸʨʩʝʥʽʡ ʊ. ɻ., ɭʬʪʝʥʴʻʚʘ ʈ. ɯ., ʃʷʚʠʥʝʮʴ ʆ. ʉ. 

ʏʝʨʥʽʚʝʮʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ʖʨʽʷ ʌʝʜʴʢʦʚʠʯʘ 

vladimirporfireanu@gmail.com 

 

ʇʦʭʽʜʥʽ 3,4-ʜʠʛʽʜʨʦʧʽʨʠʤʽʜʠʥ-2-ʦʥʫ ʧʨʠʚʝʨʪʘʶʪʴ ʫʚʘʛʫ ʜʦʩʣʽʜʥʠʢʽʚ ʷʢ ʩʠʩʪʝʤʠ ʽʟ 

ʚʠʨʘʞʝʥʠʤ ʢʦʤʧʣʝʢʩʦʤ ʙʽʦʣʦʛʽʯʥʦʾ ʘʢʪʠʚʥʦʩʪʽ. ɿʦʢʨʝʤʘ, ʚ ʨʷʜʫ ʝʩʪʝʨʽʚ 3-ʟʘʤʽʱʝʥʠʭ 4-

ʘʨʠʣ-3,4-ʜʠʛʽʜʨʦʧʽʨʠʤʽʜʠʥ-5-ʢʘʨʙʦʥʦʚʠʭ ʢʠʩʣʦʪ ʚʠʷʚʣʝʥʽ ʙʣʦʢʘʪʦʨʠ ʢʘʣʴʮʽʻʚʠʭ ʢʘʥʘʣʽʚ, 

ʱʦ ʩʪʘʣʦ ʧʝʨʝʜʫʤʦʚʦʶ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʥʦʚʠʭ ʧʨʦʪʠʛʽʧʝʨʪʝʥʟʠʚʥʠʭ ʘʛʝʥʪʽʚ. ʉʝʨʝʜ ʥʠʭ 

ʟʥʘʡʜʝʥʽ ʩʧʦʣʫʢʠ ʽʟ ʧʨʦʪʠʟʘʧʘʣʴʥʦʶ, ʧʨʦʪʠʚʽʨʫʩʥʦʶ, ʙʘʢʪʝʨʠʮʠʜʥʦʶ ʪʘ 

ʭʝʤʦʪʝʨʘʧʝʚʪʠʯʥʦʶ ʜʽʻʶ. ʂʨʽʤ ʪʦʛʦ, ʛʝʪʝʨʦʮʠʢʣʽʯʥʽ ʩʧʦʣʫʢʠ, ʝʢʟʦʬʫʥʢʮʽʦʥʘʣʽʟʦʚʘʥʽ 

ʦʥʽʻʚʠʤ ʫʛʨʫʧʦʚʘʥʥʷʤ, ʟʦʢʨʝʤʘ ʘʤʦʥʽʻʚʠʤ ʪʘ ʬʦʩʬʦʥʽʻʚʠʤ, ʚʠʷʚʣʷʶʪʴ ʚʠʩʦʢʫ 

ʬʽʟʽʦʣʦʛʽʯʥʦ ʘʢʪʠʚʥʽʩʪʴ. ʊʦʤʫ ʻ ʜʦʮʽʣʴʥʠʤ ʜʦʩʣʽʜʠʪʠ ʤʦʞʣʠʚʦʩʪʽ ʩʠʥʪʝʟʫ 3,4-

ʜʠʛʽʜʨʦʧʽʨʠʤʽʜʠʥ-2-ʦʥʽʚ ʽʟ ʪʨʠʬʝʥʽʣʬʦʩʬʦʥʽʦʤʝʪʠʣʴʥʠʤ ʪʘ ʜʠʤʝʪʠʣʘʣʢʦʢʩʠʘʤʦʥʽ-

ʦʤʝʪʠʣʴʥʠʤ ʫʛʨʫʧʫʚʘʥʥʷʤ ʫ ʧʦʣʦʞʝʥʥʽ 6 ʧʽʨʠʤʽʜʠʥʦʚʦʛʦ ʮʠʢʣʫ. ʇʝʨʰʠʤ ʝʪʘʧʦʤ ʙʫʣʦ 

ʦʜʝʨʞʘʥʥʷ 6-ʛʘʣʦʛʝʥʦʤʝʪʠʣʴʥʠʭ ʧʦʭʽʜʥʠʭ: 
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ʜʝ Ar: ʉ6H5, 4-CH3OC6H4, 4-ʅO-3-CH3ʆ-C6H3, 3,4-(CH3O)2C6H3 

ɿʥʘʡʜʝʥʦ ʦʧʪʠʤʘʣʴʥʽ ʫʤʦʚʠ ʢʚʘʪʝʨʥʽʟʘʮʽʾ ʦʜʝʨʞʘʥʠʭ 4-ʘʨʠʣ-5-ʝʪʦʢʩʠʢʘʨʙʦʥʽʣ-6-

ʭʣʦʨʦʤʝʪʠʣ-3,4-ʜʠʛʽʜʨʦʧʽʨʠʤʽʜʠʥ-2-ʦʥʽʚ ʟ ʜʠʤʝʪʠʣʘʤʽʥʦʝʪʘʥʦʣʦʤ, ʫʨʦʪʨʦʧʽʥʦʤ ʪʘ 

ʪʨʠʬʝʥʽʣʬʦʩʬʽʥʦʤ. ʉʢʣʘʜ ʪʘ ʙʫʜʦʚʘ ʩʠʥʪʝʟʦʚʘʥʠʭ ʩʧʦʣʫʢ ʧʽʜʪʚʝʨʜʞʝʥʘ ʝʣʝʤʝʥʪʥʠʤ 

ʘʥʘʣʽʟʦʤ ʪʘ ʩʧʝʢʪʨʘʣʴʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ.  
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IDENTIFICATION OF ATENOLOL BASED AGENTS IN REAL OBJECTS USING 

THE PRINCIPAL COMPONENT METHOD  

Provorova Yu. R., Kabirova L. R., Zilberg R. A., Ganieva L. R. 

Bashkir State University 

32, Zaki Validi Street, 450074 Ufa, Republic of Bashkortostan, Russia 

provorova-96@mail.ru 

 

One of the most common diseases to date, are diseases of the cardiovascular system. 

Such as arterial hypertension, tachycardia, arrhythmia, etc. Atenolol is a medicinal product that 

helps fight these diseases. Chemically, atenolol is designated as 4-(2-hydroxy-3-

isopropylaminopropoxy) phenylacetamide, is a cardioselective b-adrenergic blocker. 

Biological activity depends on one of the enantiomers. In particular, for atenolol, the S-

enantiomer is 50ï500 times more effective than the R-enantiomer. Various methods are used 

for the recognition and determination of enantiomers in drugs: gas chromatography in 

combination with mass spectrometry, spectrophotometry and analysis of injection of a stream, 

etc. But the above methods are expensive in equipment, long-term preparation of samples that 

require highly qualified specialists, etc. These problems are solved by electrochemical methods 

of analysis, in particular voltammetry. 

In work, contaminated voltammetric sensors based on glass-carbon electrodes modified 

with composites of polyelectrolyte complexes of chitosan and chitosan succinamide with 

cyclodextrins for recognition of atenol enantiomers. Based on the analytical signals obtained, 

it is impossible to uniquely identify the test samples, due to the low selectivity of the method. 

The solution to this problem is the chemometric processing of data. 

Five tablets of atenolol were ground into a powder. A portion, equivalent concentration 

of the solution of about 0.01 M, was weighed and transferred to a volumetric flask and filled 

up to the mark with redistilled water. The resulting solution was sonicated for 15 minutes and 

then centrifuged. A suitable amount of this solution was diluted in a borate buffer solution.  

A sample of the centrifuged urine of a healthy male was diluted 10-fold in a borate 

buffer solution, and tests were performed using a DPV method by dumping a known amount of 

the drug. The results of three replicates and a satisfactory recovery of 99.7ï103.0 % are shown 

in Table. 

 

Table. Determination of ATN enantiomers in human urine samples on the GCE modified by 

CS-SCS composite of ɓ-CD in borate buffer solution of pH 9.18 using DPV method at a scan 

rate of 20 mVsī1 

Sample 
Spiked, ɛM Found, ɛM RSD, % Recovery, % 

R-ATN S-ATN R-ATN S-ATN R-ATN S-ATN R-ATN S-ATN 

Urine 1 10.0 10.0 9.9 Ñ 2.0 10.7 Ñ 2.3 2.0 3.3 98.6 106.9 

Urine 2 15.0 15.0 14.7 Ñ 1.5 15.9 Ñ 1.1 2.5 1.2 97.7 105.9 

Urine 3 20.0 20.0 21.0 Ñ 1.2 21.1 Ñ 1.6 1.3 2.9 104.7 105.6 

 

From the data obtained, it can be seen that the proposed sensors and sensor system based 

on a GCEs modified by composites of the polyelectrolyte complex of CS and SCS with Ŭ-, ɓ- 

and ɔ-CD can be successfully used to recognize and determine the enantiomers of atenolol in 

human urine as real samples. 
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ɸɼʉʆʈɹʎɯʁʅɸ ɯʄʄʆɹɯʃɯɿɸʎɯʗ ɸʃʔɹʋʄɯʅʋ  

ʅɸʅʆʂʆʄʇʆɿʀʊʆʄ Fʝ3O4/SiO2 

ʉʚʠʨʠʜʶʢ ʂ. ʇ.1, ʇʦʣʽʱʫʢ ɸ. ʆ.1, ʂʫʩʷʢ ʅ. ɺ.1, ʂʘʣʴʤʙʘʭ ʉ. ʉ.1,  

ʂʫʩʷʢ ɸ. ʇ.1, ɻʦʨʙʠʢ ʇ. ʇ.2 
1ɾʠʪʦʤʠʨʩʴʢʠʡ ʜʝʨʞʘʚʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤ. ɯʚʘʥʘ ʌʨʘʥʢʘ  

2ɯʥʩʪʠʪʫʪ ʭʽʤʽʾ ʧʦʚʝʨʭʥʽ ʽʤ. ʆ. ʆ. ʏʫʡʢʘ ʅɸʅ ʋʢʨʘʾʥʠ  

nkusyak@ukr.net 

 

ʇʨʠ ʚʚʝʜʝʥʥʽ ʤʘʛʥʽʪʦʯʫʪʣʠʚʠʭ ʥʘʥʦʩʪʨʫʢʪʫʨ (ʄʅ) ʚ ʙʽʦʣʦʛʽʯʥʝ ʩʝʨʝʜʦʚʠʱʝ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʘʜʩʦʨʙʮʽʷ ʙʽʣʢʦʚʠʭ ʨʝʯʦʚʠʥ, ʱʦ ʻ ʧʝʨʰʠʤ ʙʘʨôʻʨʦʤ ʟʘʭʠʩʪʫ ʚʽʜ ʽʥʦʨʦʜʥʠʭ 

ʧʘʪʦʛʝʥʽʚ, ʷʢʠʤʠ ʽ ʻ ʥʘʥʦʩʪʨʫʢʪʫʨʠ. ʉʘʤʝ ʮʝ, ʘ ʪʘʢʦʞ ʨʦʟʤʽʨ, ʬʦʨʤʘ, ʚʣʘʩʪʠʚʦʩʪʽ ʧʦʚʝʨʭʥʽ 

ʪʘ ʪʠʧ ʙʽʣʢʽʚ ʽ ʻ ʣʽʤʽʪʫʶʯʠʤʠ ʯʠʥʥʠʢʘʤʠ ʪʝʨʤʽʥʫ ʚʽʣʴʥʦʛʦ ʽʩʥʫʚʘʥʥʷ ʄʅ ʚ 

ʙʽʦʩʝʨʝʜʦʚʠʱʽ. ʊʦʤʫ ʜʦʩʣʽʜʞʝʥʥʷ ʘʢʪʠʚʥʦʩʪʽ ʧʦʚʝʨʭʥʽ ʄʅ ʱʦʜʦ ʙʽʣʢʦʚʠʭ ʨʝʯʦʚʠʥ ʻ 

ʥʝʦʙʭʽʜʥʦʶ ʫʤʦʚʦʶ ʜʣʷ ʨʦʟʫʤʽʥʥʷ ʧʨʦʮʝʩʽʚ ʚʟʘʻʤʦʜʽʾ ʄʅ ʟ ʙʽʦʩʝʨʝʜʦʚʠʱʝʤ.  

ʇʨʦʚʝʜʝʥʦ ʜʦʩʣʽʜʞʝʥʥʷ ʘʜʩʦʨʙʮʽʡʥʦʾ ʽʤʤʦʙʽʣʽʟʘʮʽʾ ʘʣʴʙʫʤʽʥʫ ʧʦʚʝʨʭʥʝʶ 

ʤʘʛʥʽʪʦʯʫʪʣʠʚʦʛʦ ʥʘʥʦʢʦʤʧʦʟʠʪʫ ʩʢʣʘʜʫ Fe3O4/SiO2. ʄʝʪʦʜʠʢʘ ʩʠʥʪʝʟʫ ʥʘʥʦʢʦʤʧʦʟʠʪʫ 

ʥʘ ʦʩʥʦʚʽ ʤʘʛʥʝʪʠʪʫ, ʤʦʜʠʬʽʢʦʚʘʥʦʛʦ ʜʽʦʢʩʠʜʦʤ ʢʨʝʤʥʽʶ, ʤʽʩʪʠʪʴ ʜʝʢʽʣʴʢʘ ʩʪʘʜʽʡ. ʅʘ 

ʧʝʨʰʽʡ ʩʪʘʜʽʾ ʦʜʝʨʞʘʣʠ ʚʠʭʽʜʥʠʡ ʥʘʥʦʢʨʠʩʪʘʣʽʯʥʠʡ ʤʘʛʥʝʪʠʪ ʟʘ ʨʝʘʢʮʽʶ ʩʧʽʚʦʩʘʜʞʝʥʥʷ 

ʨʦʟʯʠʥʽʚ ʩʦʣʝʡ ʜʚʦʭ- ʽ ʪʨʠʚʘʣʝʥʪʥʦʛʦ ʟʘʣʽʟʘ ʚ ʣʫʞʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ. ʅʘʩʪʫʧʥʦʶ ʩʪʘʜʽʻʶ 

ʻ ʤʦʜʠʬʽʢʫʚʘʥʥʷ ʧʦʚʝʨʭʥʽ ʤʘʛʥʝʪʠʪʫ ʪʝʪʨʘʝʪʦʢʩʠʩʠʣʘʥʦʤ (ʊɽʆʉ) ʧʦ ʧʨʠʥʮʠʧʫ 

ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʥʘʰʘʨʫʚʘʥʥʷ. ʉʘʤʝ ʮʝʡ ʢʦʤʧʦʥʝʥʪ ʧʨʠ ʨʝʘʢʮʽʾ ʛʽʜʨʦʣʽʟʫ ʊɽʆʉ ʪʘ 

ʥʘʩʪʫʧʥʦʾ ʢʦʥʜʝʥʩʘʮʽʾ ʧʨʦʜʫʢʪʽʚ ʛʽʜʨʦʣʽʟʫ ʜʘʻ ʧʦʢʨʠʪʪʷ ʟ SiO2 ʙʝʟ ʟʘʡʚʠʭ ʜʦʤʽʰʦʢ.  
ɺʠʙʽʨ ʘʣʴʙʫʤʽʥʫ ʚ ʷʢʦʩʪʽ ʦʙôʻʢʪʘ ʦʙʫʤʦʚʣʝʥʠʡ, ʧʦ-ʧʝʨʰʝ, ʪʠʤ ʱʦ ʡʦʛʦ ʚʤʽʩʪ ʚ 

ʙʽʣʢʦʚʽʡ ʬʨʘʢʮʽʾ ʢʨʦʚʽ ʩʪʘʥʦʚʠʪʴ 55ï65 %, ʧʦ-ʜʨʫʛʝ ï ʡʦʛʦ ʟʜʘʪʥʽʩʪʶ ʜʦ ʟʚôʷʟʫʚʘʥʥʷ 

ʢʘʪʽʦʥʽʚ ʚʘʞʢʠʭ ʤʝʪʘʣʽʚ ʪʘ ʚʘʞʣʠʚʦʶ ʫʯʘʩʪʶ ʚ ʧʨʦʭʦʜʞʝʥʥʽ ʧʨʦʮʝʩʽʚ ʞʠʪʪʻʜʽʷʣʴʥʦʩʪʽ 

ʦʨʛʘʥʽʟʤʫ ʣʶʜʠʥʠ. ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʦʩʦʙʣʠʚʦʩʪʝʡ ʽʤʤʦʙʽʣʽʟʘʮʽʾ ʘʣʴʙʫʤʽʥʫ (ʤʝʜ. ʧʨʝʧʘʨʘʪ 

çɸʣʴʙʫʤʽʥ ʣʶʜʠʥʠè, ʨʦʟʯʠʥ 10 %, ʜʦʧʦʤʽʞʥʽ ʨʝʯʦʚʠʥʠ ï ʥʘʪʨʽʶ ʭʣʦʨʠʜ, ʥʘʪʨʽʡ 

ʢʘʧʨʠʣʦʚʦʢʠʩʣʠʡ, ʚʦʜʘ; ʚʠʨ-ʚʘ ɿɸʆ çɹɯʆʃɯʂè, ʤ. ʍʘʨʢʽʚ) ʥʘ Fe3O4/SiO2 ʛʦʪʫʚʘʣʠ ʨʦʟʯʠʥ 

ʟ ʉ (ʘʣʴʙʫʤʽʥʫ) 160ï1000 ʤʛ/ʣ. ʂʦʥʮʝʥʪʨʘʮʽʶ ʘʣʴʙʫʤʽʥʫ ʚʠʟʥʘʯʘʣʠ ʟʘ ʟʘʛʘʣʴʥʦʧʨʠʡ-

ʥʷʪʦʶ ʤʝʪʦʜʠʢʦʶ ʢʽʣʴʢʽʩʥʦʛʦ ʚʠʟʥʘʯʝʥʥʷ ʙʽʣʢʦʚʠʭ ʨʝʯʦʚʠʥ. 

ʇʨʦʚʝʜʝʥʦ ʜʦʩʣʽʜʞʝʥʥʷ ʢʽʥʝʪʠʢʠ ʘʜʩʦʨʙʮʽʡʥʦʾ ʽʤʤʦʙʽʣʽʟʘʮʽʾ ʘʣʴʙʫʤʽʥʫ ʚ 

ʩʝʨʝʜʦʚʠʱʽ ʬʽʟʽʦʣʦʛʽʯʥʦʛʦ ʨʦʟʯʠʥʫ (ʨʠʩ. 1, ʘ). ʏʘʩ ʚʩʪʘʥʦʚʣʝʥʥʷ ʘʜʩʦʨʙʮʽʡʥʦʾ ʨʽʚʥʦʚʘʛʠ 

ʩʪʘʥʦʚʠʪʴ ʙʣʠʟʴʢʦ 40 ʭʚʠʣʠʥ ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʢʦʥʮʝʥʪʨʘʮʽʾ ʘʣʴʙʫʤʽʥʫ. ʇʦʙʫʜʦʚʘʥʽ 

ʽʟʦʪʝʨʤʠ ʘʜʩʦʨʙʮʽʾ, ʨʦʟʨʘʭʦʚʘʥʽ ʟʥʘʯʝʥʥʷ ʩʦʨʙʮʽʡʥʦʾ ʻʤʥʦʩʪʽ ʪʘ ʩʪʫʧʝʥʽ ʚʠʣʫʯʝʥʥʷ. 

ʍʘʨʘʢʪʝʨ ʽʟʦʪʝʨʤʠ, ʟ ʚʠʭʦʜʦʤ ʥʘ ʥʘʩʠʯʝʥʥʷ, ʚʽʜʧʦʚʽʜʘʻ ʤʦʥʦʤʦʣʝʢʫʣʷʨʥʦʤʫ ʪʠʧʫ 

ʘʜʩʦʨʙʮʽʾ ʪʘ ʤʦʞʝ ʙʫʪʠ ʦʧʠʩʘʥʘ ʨʽʚʥʷʥʥʷʤ ʃʝʥʛʤʶʨʘ (ʨʠʩ. 1, ʙ). 

 

  
ʈʠʩ. 1, ʘ. ʂʽʥʝʪʠʢʘ ʘʜʩʦʨʙʮʽʾ ʘʣʴʙʫʤʽʥʫ 

ʥʘ ʧʦʚʝʨʭʥʽ ʥʘʥʦʢʦʤʧʦʟʠʪʫ Fe3O4/SiO2 

ʈʠʩ. 1, ʙ. 1 ï ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘ, 

2 ï ʨʦʟʨʘʭʦʚʘʥʘ ʽʟʦʪʝʨʤʘ ʘʜʩʦʨʙʮʽʾ 

ʘʣʴʙʫʤʽʥʫ ʥʘ ʧʦʚʝʨʭʥʽ ʥʘʥʦʢʦʤʧʦʟʠʪʫ 

Fe3O4/SiO2 
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ʉʀʅʊɽɿ ɼɽʅʊɸʃʔʅʆɻʆ ɻɽʃʖ ʅɸ ʆʉʅʆɺɯ ɻɯɼʈʆʂʉʀɸʇɸʊʀʊʋ 

ɿ ʃɯʂʋɺɸʃʔʅʀʄ ɽʌɽʂʊʆʄ 

ʉʠʜʦʨʝʥʢʦ ʗ. ʃ., ʐʥʫʨʝʥʢʦ ɯ. ʆ., ʗʥʦʚʩʴʢʘ ɻ. ʆ. 

ʉʫʤʩʴʢʠʡ ʜʝʨʞʘʚʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ,  

ʚʫʣ. ʈʠʤʩʴʢʦʛʦ-ʂʦʨʩʘʢʦʚʘ 2, ʤ. ʉʫʤʠ, ʋʢʨʘʾʥʘ, 40007 

yuiopyuiopovich@gmail.com 

a.yanovska@teset.sumdu.edu.ua 

 

ʃʽʢʫʚʘʥʥʷ ʟʘʭʚʦʨʶʚʘʥʴ ʧʘʨʦʜʦʥʪʫ ʚʠʤʘʛʘʻ ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʽʜʭʦʜʫ. ɿʘʩʪʦʩʫʚʘʥʥʷ 

ʩʪʦʤʘʪʦʣʦʛʽʯʥʠʭ ʛʝʣʽʚ ʚ ʮʴʦʤʫ ʘʩʧʝʢʪʽ ʻ ʥʘʜʟʚʠʯʘʡʥʦ ʘʢʪʫʘʣʴʥʠʤ. ʊʘʢʠʡ ʛʝʣʴ ʧʦʚʠʥʝʥ 

ʤʘʪʠ ʘʥʪʠʙʘʢʪʝʨʽʘʣʴʥʠʡ ʝʬʝʢʪ, ʤʽʩʪʠʪʠ ʘʢʪʠʚʥʽ ʢʦʤʧʦʥʝʥʪʠ ʷʢʽ ʙʫʜʫʪʴ ʯʠʥʠʪʠ ʚʧʣʠʚ 

ʧʨʦʪʷʛʦʤ ʪʨʠʚʘʣʦʛʦ ʯʘʩʫ ʪʘ ʩʧʨʠʷʪʠ ʨʝʤʽʥʝʨʘʣʽʟʘʮʽʾ ʝʤʘʣʽ. ɺ ʥʘʰʽʡ ʨʦʙʦʪʽ ʟʘʧʨʦʧʦʥʦʚʘʥʦ 

ʩʠʥʪʝʟ ʜʝʥʪʘʣʴʥʠʭ ʛʝʣʽʚ ʥʘ ʦʩʥʦʚʽ ʢʘʣʴʮʽʡ ʛʽʜʨʦʢʩʠʘʧʘʪʠʪʫ (ɻɸ), ʷʢʠʡ ʻ ʦʩʥʦʚʥʠʤ 

ʤʽʥʝʨʘʣʴʥʠʤ ʢʦʤʧʦʥʝʥʪʦʤ ʝʤʘʣʽ ʚ ʧʦʻʜʥʘʥʥʽ ʟ ʘʥʪʠʙʘʢʪʝʨʽʘʣʴʥʠʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ: 

ʤʝʪʨʦʥʽʜʘʟʦʣʦʤ ʪʘ ʭʣʦʨʛʝʢʩʠʜʠʥʦʤ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʮʠʭ ʧʨʝʧʘʨʘʪʽʚ ʜʦʧʦʤʦʞʝ ʙʦʨʦʪʠʩʷ ʟ 

ʙʘʢʪʝʨʽʷʤʠ ʫ ʨʦʪʦʚʽʡ ʧʦʨʦʞʥʠʥʽ, ʧʦʧʝʨʝʜʞʫʶʯʠ ʚʠʥʠʢʥʝʥʥʷ ʥʝʧʨʠʻʤʥʦʛʦ ʟʘʧʘʭʫ ʽʟ ʨʦʪʘ, 

ʢʘʨʽʻʩʫ ʪʦʱʦ. 

ʉʠʥʪʝʟ ɻɸ ʟʜʽʡʩʥʶʚʘʣʠ ʚʽʜʧʦʚʽʜʥʦ ʥʘʩʪʫʧʥʦʤʫ ʨʽʚʥʷʥʥʶ ʨʝʘʢʮʽʾ: 

 

10 Ca(NO3)2Ā4H2O + 6 (NH4)2HPO4 + 8 NH3ĀH2O Ÿ Ca10(PO4)6(OH)2 + 20 NH4NO3+46 H2O. 

 

ɼʦ 500 ʤʣ 0,1 ʄ ʨʦʟʯʠʥʫ Ca(NO3)2Ā4H2O ʜʦʜʘʚʘʣʠ ʨʦʟʯʠʥ ʘʤʽʘʢʫ, ʜʣʷ ʩʪʚʦʨʝʥʥʷ 

ʣʫʞʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʘ ʧʦʪʽʤ ʧʦ ʢʨʘʧʣʷʤ ʜʦʜʘʚʘʣʠ 0,06 ʄ ʨʦʟʯʠʥ (NH4)2HPO4. 

ʆʩʘʜʞʝʥʠʡ ʛʽʜʨʦʢʩʠʘʧʘʪʠʪ ʟʘʣʠʰʘʣʠ ʚ ʦʪʨʠʤʘʥʦʤʫ ʨʦʟʯʠʥʽ ʥʘ ʜʦʙʫ, ʚʽʜʩʪʦʶʚʘʣʠ ʪʘ 

ʧʨʦʤʠʚʘʣʠ ʜʦ ʥʝʡʪʨʘʣʴʥʦʛʦ ʨʅ. ɻɸ ʥʝ ʣʠʰʝ ʩʧʨʠʷʻ ʨʝʤʽʥʝʨʘʣʽʟʘʮʽʾ ʽ ʟʤʽʮʥʝʥʥʶ ʝʤʘʣʽ, ʘ 

ʡ ʤʘʻ ʚʽʜʙʽʣʶʶʯʫ ʜʽʶ, ʧʨʠ ʮʴʦʤʫ ʥʝ ʰʢʦʜʠʪʴ ʝʤʘʣʽ ʷʢ ʽʥʰʽ ʘʙʨʘʟʠʚʥʽ ʤʘʪʝʨʽʘʣʠ, ʷʢʽ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʟʫʙʥʠʭ ʧʘʩʪʘʭ ʙʦ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʛʽʜʨʘʪʦʚʘʥʦʤʫ ʥʘʥʦʜʠʩʧʝʨʩʥʦʤʫ 

ʩʪʘʥʽ. 

ʋ ʷʢʦʩʪʽ ʟʚôʷʟʫʶʯʦʛʦ ʢʦʤʧʦʥʝʥʪʫ ʪʘ ʛʝʣʝʫʪʚʦʨʶʚʘʯʘ ʙʫʣʦ ʚʠʢʦʨʠʩʪʘʥʦ ʥʘʪʨʽʶ 

ʘʣʴʛʽʥʘʪ (ɸʣʴʛ), ʧʨʠʨʦʜʥʠʡ ʧʦʣʽʩʘʭʘʨʠʜ, ʦʪʨʠʤʘʥʠʡ ʟ ʤʦʨʩʴʢʠʭ ʚʦʜʦʨʦʩʪʝʡ. ɺ ʷʢʦʩʪʽ 

ʘʨʦʤʘʪʠʟʘʪʦʨʘ ʜʦ ʛʝʣʶ ʜʦʜʘʚʘʣʠ ʧʦ ʜʝʢʽʣʴʢʘ ʢʨʘʧʝʣʴ ʝʬʽʨʥʠʭ ʦʣʽʡ ʨʦʟʤʘʨʠʥʫ ʪʘ ʚʝʨʙʝʥʠ. 

ʆʪʨʠʤʘʥʫ ʩʫʩʧʝʥʟʽʶ ʩʚʽʞʦʧʨʠʛʦʪʦʚʘʥʦʛʦ ɻɸ ʟʤʽʰʫʚʘʣʠ ʟ 3 % ʚʦʜʥʠʤ ʨʦʟʯʠʥʦʤ ʥʘʪʨʽʶ 

ʘʣʴʛʽʥʘʪʫ. ʉʧʽʚʚʽʜʥʦʰʝʥʥʷ ʢʦʤʧʦʥʝʥʪʽʚ ʧʨʠ ʩʠʥʪʝʟʽ ʜʝʥʪʘʣʴʥʦʛʦ ʛʝʣʶ ʥʘʚʝʜʝʥʽ ʚ 

ʪʘʙʣʠʮʽ. ʋ ʟʨʘʟʢʫ ˉ 1 ʤʝʪʨʦʥʽʜʘʟʦʣ ʙʫʣʦ ʚʟʷʪʦ ʫ ʚʠʛʣʷʜʽ ʛʝʣʶ ʟ ʢʦʥʮʝʥʪʨʘʮʽʻʶ 10 ʤʛ/ʛ, 

ʘ ʚ ʟʨʘʟʢʫ 3 ï ʫ ʚʠʛʣʷʜʽ ʘʧʪʝʯʥʦʛʦ ʨʦʟʯʠʥʫ ʟ ʢʦʥʮʝʥʪʨʘʮʽʻʶ 0,5 %. ʍʣʦʨʛʝʢʩʠʜʠʥ 

ʜʦʜʘʚʘʣʠ ʫ ʚʠʛʣʷʜʽ ʘʧʪʝʯʥʦʛʦ ʨʦʟʯʠʥʫ ʟ ʢʦʥʮʝʥʪʨʘʮʽʻʶ 0,05 %. 

 

ʊʘʙʣʠʮʷ. ʍʽʤʽʯʥʠʡ ʩʢʣʘʜ ʨʦʟʯʠʥʽʚ ʜʣʷ ʩʠʥʪʝʟʫ ʜʝʥʪʘʣʴʥʠʭ ʽʤʧʣʘʥʪʘʪʽʚ 

ʉʢʣʘʜ/ ɿʨʘʟʦʢ ʉʫʩʧʝʥʟʽʷ ɻɸ ʈʦʟʯʠʥ 3 % ɸʣʴʛ ʄʝʪʨʦʥʽʜʘʟʦʣ ʍʣʦʨʛʝʢʩʠʜʠʥ 

1 20 ʛ 20ʤʣ 1 ʤʣ ī 

2 20 ʛ 20 ʤʣ ī 1 ʤʣ 

3 40 ʛ 90 ʤʣ 10 ʤʣ ī 

4 40 ʛ 90 ʤʣ ī 10 ʤʣ 

 

ɺʩʽ ʟʨʘʟʢʠ ʧʦʢʘʟʘʣʠ ʩʝʙʝ ʜʦʙʨʝ, ʥʘʚʽʪʴ ʧʽʩʣʷ ʟʙʝʨʽʛʘʥʥʷ ʧʨʦʪʷʛʦʤ ʜʚʦʭ ʤʽʩʷʮʽʚ, 

ʦʜʥʘʢ ʘʡʢʨʘʱʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʱʦʜʦ ʢʦʥʩʠʩʪʝʥʮʽʾ ʪʘ ʩʪʨʫʢʪʫʨʥʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ ʤʘʻ 

ʟʨʘʟʦʢ ˉ 2. ʆʪʨʠʤʘʥʽ ʛʝʣʽ ʤʘʶʪʴ ʚʨʘʞʘʶʯʫ ʜʽʶ ʜʣʷ ʩʚʦʻʾ ʩʦʙʽʚʘʨʪʦʩʪʽ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ 

ʜʦʨʦʛʠʤʠ ʛʝʣʷʤʠ ʟ ʧʦʜʽʙʥʠʤ ʝʬʝʢʪʦʤ, ʪʦʤʫ ʾʭ ʟʘʩʪʦʩʫʚʘʥʥʷ ʻ ʧʝʨʩʧʝʢʪʠʚʥʠʤ. 
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ʇɽʈʉʇɽʂʊʀɺʀ ɺʀʂʆʈʀʉʊɸʅʅʗ ɽʂʉʊʈɸʂʊʋ ʂɸʂɸʆ ɿ ʄɽʊʆʖ 

ʇʈʆʌɯʃɸʂʊʀʂʀ ʍɺʆʈʆɹʀ ɸʃʔʎɻɽʁʄɽʈɸ 

ʊʦʣʦʰʥʠʡ ɼ. ɺ. 

ɼʥʽʧʨʦʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ʆʣʝʩʷ ɻʦʥʯʘʨʘ 

dan.tlh.99@gmail.com 
 

ʅʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʜʫʞʝ ʙʘʛʘʪʦ ʚʯʝʥʠʭ ʥʘʤʘʛʘʶʪʴʩʷ ʚʠʨʽʰʠʪʠ ʧʨʦʙʣʝʤʫ 

ʩʪʘʨʽʥʥʷ. ʆʜʥʠʤ ʽʟ ʥʘʡʞʘʭʣʠʚʽʰʠʭ ʟʘʭʚʦʨʶʚʘʥʴ ʣʶʜʝʡ ʪʨʝʪʴʦʛʦ ʧʦʢʦʣʽʥʥʷ ʻ ʭʚʦʨʦʙʘ 

ɸʣʴʮʛʝʡʤʝʨʘ. ʆʜʥʘʢ, ʥʝʦʙʭʽʜʥʦ ʢʦʥʩʪʘʪʫʚʘʪʠ ʪʦʡ ʬʘʢʪ, ʱʦ ʚ ʦʩʪʘʥʥʽ ʨʦʢʠ, ʥʘʞʘʣʴ, 

ʩʠʤʧʪʦʤʠ ʮʴʦʛʦ ʚʘʞʢʦʛʦ ʥʝʜʫʛʫ ʜʽʘʛʥʦʩʪʫʶʪʴʩʷ ʽ ʫ ʣʶʜʝʡ ʙʽʣʴʰ ʤʦʣʦʜʠʭ. ʆʜʥʠʤ ʟ 

ʝʬʝʢʪʠʚʥʠʭ ʩʧʦʩʦʙʽʚ ʧʨʦʬʽʣʘʢʪʠʢʠ ʮʴʦʛʦ ʟʘʭʚʦʨʶʚʘʥʥʷ, ʷʢ ʦʜʥʦʛʦ ʟ ʬʘʢʪʦʨʽʚ ʩʪʘʨʽʥʥʷ, 

ʻ ʩʧʦʞʠʚʘʥʥʷ ʪʘʢʠʭ ʨʝʯʦʚʠʥ, ʘʙʦ ʾʭ ʢʦʤʧʣʝʢʩʽʚ, ʷʢʽ ʤʘʶʪʴ ʧʽʜʚʠʱʝʥʫ ʘʢʪʠʚʥʽʩʪʴ ʜʦ 

ʚʽʜʥʦʚʣʝʥʥʷ ʤʝʪʘʙʦʣʽʯʥʠʭ ʧʨʦʮʝʩʽʚ, ʤʽʞʢʣʽʪʠʥʥʦʛʦ ʦʙʤʽʥʫ, ʩʪʘʥʫ ʩʝʨʮʝʚʦ-ʩʫʜʠʥʥʦʾ ʪʘ 

ʮʝʥʪʨʘʣʴʥʦʾ ʥʝʨʚʦʚʦʾ ʩʠʩʪʝʤ. 

ʄʝʪʦʶ ʜʦʩʣʽʜʞʝʥʴ ʩʪʘʚ ʧʦʰʫʢ ʘʢʪʠʚʥʠʭ ʨʝʯʦʚʠʥ, ʱʦ ʤʽʩʪʷʪʴʩʷ ʫ ʧʨʠʨʦʜʥʠʭ 

ʩʠʩʪʝʤʘʭ, ʟ ʤʝʪʦʶ ʨʦʟʨʦʙʢʠ ʧʨʦʬʽʣʘʢʪʠʯʥʠʭ ʟʘʩʦʙʽʚ ʧʨʦʪʠ ʭʚʦʨʦʙʠ ɸʣʴʮʛʝʡʤʝʨʘ. 

ɯʩʥʫʻ ʢʽʣʴʢʘ ʛʽʧʦʪʝʟ ʧʨʦ ʧʨʠʨʦʜʫ ʧʦʭʦʜʞʝʥʥʷ ʭʚʦʨʦʙʠ ɸʣʴʮʛʝʡʤʝʨʘ. ʇʝʨʰʘ ʟ ʥʠʭ 

ʧʦʣʷʛʘʻ ʫ ʚʠʚʯʝʥʥʽ ʧʨʦʮʝʩʫ ʚʽʜʤʠʨʘʥʥʷ ʢʣʽʪʠʥ ʛʦʣʦʚʥʦʛʦ ʤʦʟʢʫ ʟʘ ʨʘʭʫʥʦʢ ʥʝʟʚʦʨʦʪʥʠʭ 

ʟʤʽʥ. ʊʦʤʫ, ʙʘʛʘʪʦ ʬʘʨʤʘʮʝʚʪʠʯʥʠʭ ʨʽʰʝʥʴ ʙʘʟʫʶʪʴʩʷ ʩʘʤʝ ʥʘ ʚʽʜʥʦʚʣʝʥʥʽ ʨʦʙʦʪʠ 

ʮʝʥʪʨʘʣʴʥʦʾ ʥʝʨʚʦʚʦʾ ʩʠʩʪʝʤʠ, ʰʣʷʭʦʤ ʜʦʜʘʪʢʦʚʦʛʦ ʚʥʝʩʝʥʥʷ ʜʦ ʦʨʛʘʥʽʟʤʫ ʣʶʜʠʥʠ 

ʨʝʯʦʚʠʥ ʟ ʧʽʜʚʠʱʝʥʦʶ ʥʝʡʨʦʨʝʛʫʣʷʪʦʨʥʦʶ ʬʫʥʢʮʽʻʶ. ɺ ʦʩʪʘʥʥʽ ʢʽʣʴʢʘ ʨʦʢʽʚ, ʢʦʣʠ 

ʤʝʜʠʯʥʽ ʫʩʪʘʥʦʚʠ ʩʪʘʣʠ ʯʘʩʪʽʰʝ ʜʽʘʛʥʦʩʪʫʚʘʪʠ ʚʠʧʘʜʢʠ ʮʽʻʾ ʭʚʦʨʦʙʠ ʫ ʣʶʜʝʡ, ʱʦ ʥʝ 

ʥʘʣʝʞʘʪʴ ʜʦ ʢʘʪʝʛʦʨʽʾ ʥʘʩʝʣʝʥʥʷ ʪʘʢ ʟʚʘʥʦʛʦ çʪʨʝʪʴʦʛʦ ʚʽʢʫè, ʧʠʪʘʥʥʷ ʧʨʦ ʩʠʤʧʪʦʤʘʪʠʢʫ, 

ʧʦʚôʷʟʘʥʫ ʟ ʧʨʦʮʝʩʘʤʠ ʩʪʘʨʽʥʥʷ ʩʪʘʣʦ ʜʠʩʢʫʩʽʡʥʠʤ. ɯʩʥʫʻ ʛʽʧʦʪʝʟʘ ʽ ʜʦʢʘʟʦʚʽ ʬʘʢʪʠ ʧʨʦ 

ʙʘʢʪʝʨʽʘʣʴʥʫ ʧʨʠʨʦʜʫ ʧʦʭʦʜʞʝʥʥʷ ʭʚʦʨʦʙʠ ɸʣʴʮʛʝʡʤʝʨʘ. 

ʅʘʤʠ ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʘʥʘʣʽʪʠʯʥʝ ʜʦʩʣʽʜʞʝʥʥʷ, ʩʢʦʥʮʝʥʪʨʦʚʘʥʝ ʥʘ ʧʦʰʫʢʫ ʟʘʩʦʙʽʚ 

ʝʬʝʢʪʠʚʥʦʾ ʧʨʦʬʽʣʘʢʪʠʢʠ ʮʽʻʾ ʭʚʦʨʦʙʠ, ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʷʢʦʛʦ ʤʠ ʜʽʩʪʘʣʠʩʷ ʚʠʩʥʦʚʢʽʚ, ʱʦ 

ʰʚʠʜʢʦ ʧʦʢʨʘʱʠʪʠ ʩʪʘʥ ʟʜʦʨʦʚôʷ ʽ, ʧʨʠ ʧʦʩʪʽʡʥʦʤʫ ʩʧʦʞʠʚʘʥʥʽ ʥʘʚʽʪʴ ʚʽʜʥʦʚʠʪʠ ʨʦʙʦʪʫ 

ʦʨʛʘʥʽʟʤʫ ʫ ʥʘʧʨʷʤʢʫ ʥʝʡʪʨʘʣʽʟʘʮʽʾ ʧʨʦʮʝʩʽʚ ʚʽʜʤʠʨʘʥʥʷ ʢʣʽʪʠʥ ʛʦʣʦʚʥʦʛʦ ʤʦʟʢʫ, ʤʦʞʥʘ 

ʟʘ ʜʦʧʦʤʦʛʦʶ ʰʦʢʦʣʘʜʫ. ʆʜʥʘʢ, ʟʚʘʞʘʶʯʠ ʥʘ ʚʠʩʦʢʠʡ ʚʤʽʩʪ ʞʠʨʫ ʽ ʮʫʢʨʫ ʫ ʛʦʪʦʚʦʤʫ 

ʚʠʨʦʙʽ, ʘ ʪʘʢʦʞ ʥʘ ʚʠʩʦʢʫ ʚʘʨʪʽʩʪʴ ʜʘʥʦʛʦ ʧʨʦʜʫʢʪʫ, ʥʘʤʠ ʙʫʣʦ ʧʨʠʡʥʷʪʦ ʨʽʰʝʥʥʷ 

ʚʠʚʯʝʥʥʷ ʭʽʤʽʯʥʦʛʦ ʩʢʣʘʜʫ ʦʩʥʦʚʥʦʛʦ ʢʦʤʧʦʥʝʥʪʫ ʰʦʢʦʣʘʜʫ ï ʢʘʢʘʦ-ʙʦʙʽʚ, ʫ ʷʢʠʭ 

ʤʽʩʪʠʪʴʩʷ ʢʦʤʧʣʝʢʩ ʨʝʯʦʚʠʥ, ʟʜʘʪʥʠʭ ʝʬʝʢʪʠʚʥʦ ʧʨʦʚʝʩʪʠ ʧʨʦʬʽʣʘʢʪʠʢʫ ʭʚʦʨʦʙʠ 

ɸʣʴʮʛʝʡʤʝʨʘ. ʊʘʢ, ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʽʩʥʫʶʯʠʭ ʢʣʽʥʽʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʙʫʣʦ ʚʩʪʘʥʦʚʣʝʥʦ, 

ʱʦ ʬʣʘʚʦʥʦʾʜʠ ʢʘʢʘʦ ʟʜʘʪʥʽ ʟʘʭʠʩʪʠʪʠ ʦʨʛʘʥʽʟʤ ʣʶʜʠʥʠ ʚʽʜ ʧʨʦʷʚʽʚ ʭʚʦʨʦʙʠ 

ɸʣʴʮʛʝʡʤʝʨʘ. ʂʨʽʤ ʪʦʛʦ ʜʘʥʽ ʨʝʯʦʚʠʥʠ ʧʦʢʨʘʱʫʶʪʴ ʧʝʯʽʥʦʯʥʫ ʮʠʨʢʫʣʷʮʽʶ ʞʦʚʯʥʠʭ 

ʢʠʩʣʦʪ, ʟʙʽʣʴʰʫʶʪʴ ʢʽʣʴʢʽʩʪʴ ʙʽʬʽʜʦʙʘʢʪʝʨʽʡ, ʝʥʪʝʨʦʢʦʢʽʚ ʠ ʣʘʢʪʦʙʘʮʠʣ, ʯʠʤ 

ʟʘʙʝʟʧʝʯʫʶʪʴ ʜʝʪʦʢʩʠʢʘʮʽʶ ʪʦʚʩʪʦʛʦ ʢʠʰʝʯʥʠʢʘ. ʊʘʢʦʞ ʬʣʘʚʦʥʦʾʜʠ ʟʥʠʞʫʶʪʴ ʨʠʟʠʢ 

ʩʝʨʮʝʚʦ-ʩʫʜʠʥʥʠʭ ʟʘʭʚʦʨʶʚʘʥʴ, ʚʠʥʠʢʥʝʥʥʷ ʘʪʝʨʦʩʢʣʝʨʦʪʠʯʥʠʭ ʙʣʷʰʦʢ ʚ ʢʨʦʚʦʥʦʩʥʠʭ 

ʩʫʜʠʥʘʭ, ʧʨʦʚʦʜʷʪʴ ʧʨʦʬʽʣʘʢʪʠʢʫ ʽʥʩʫʣʴʪʫ, ʜʦʧʦʤʘʛʘʶʪʴ ʚʧʦʨʘʪʠʩʷ ʟ ʜʝʧʨʝʩʽʻʶ. 

ɽʧʽʢʘʪʝʭʽʥ ʟʙʽʣʴʰʫʻ ʚʠʪʨʠʚʘʣʽʩʪʴ ʤ'ʷʟʽʚ ʧʽʜ ʯʘʩ ʬʽʟʠʯʥʠʭ ʚʧʨʘʚ ʪʘ ʥʘʚʘʥʪʘʞʝʥʴ, ʟʥʠʞʫʻ 

ʨʽʚʝʥʴ ʮʫʢʨʫ ʚ ʢʨʦʚʽ, ʧʦʢʨʘʱʫʻ ʣʽʧʽʜʥʠʡ ʦʙʤʽʥ ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʙʫʜʴ-ʷʢʠʭ ʟʤʽʥ ʚ ʨʫʭʦʚʽʡ 

ʘʢʪʠʚʥʦʩʪʽ, ʧʽʜʩʠʣʶʻ ʤʝʪʘʙʦʣʽʟʤ, ʟʥʠʞʫʻ ʨʽʚʝʥʴ ʪʨʠʚʦʞʥʦʩʪʽ. ʈʝʩʚʝʨʘʪʨʦʣ, ʷʢ ʦʩʥʦʚʥʠʡ 

ʟʘʧʦʙʽʞʥʠʡ ʟʘʩʽʙ ʫ ʙʦʨʦʪʴʙʽ ʟ ʭʚʦʨʦʙʦʶ ɸʣʴʮʛʝʡʤʝʨʘ, ʧʦʣʽʧʰʫʻ ʤʽʞʢʣʽʪʠʥʥʠʡ ʦʙʤʽʥ 

ʨʝʯʦʚʠʥ ʫ ʤʦʟʢʫ, ʧʦʢʨʘʱʫʻ ʨʦʟʫʤʦʚʽ ʟʜʽʙʥʦʩʪʽ ʪʘ ʚʽʜʥʦʚʣʶʻ ʮʠʨʢʫʣʷʮʽʶ ʢʨʦʚʽ ʫ 

ʛʦʣʦʚʥʦʤʫ ʤʦʟʢʫ, ʟʤʽʮʥʶʻ ʽʤʫʥʽʪʝʪ ʽ ʤʘʻ ʘʥʪʠʚʽʨʫʩʥʫ ʪʘ ʘʥʪʠʙʘʢʪʝʨʽʘʣʴʥʫ ʜʽʶ.  

ɺʨʘʭʦʚʫʶʯʠ ʽʩʥʫʶʯʽ ʛʽʧʦʪʝʟʠ, ʫ ʭʦʜʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʙʫʣʦ 

ʦʪʨʠʤʘʥʦ ʝʢʩʪʨʘʢʪ ʢʘʢʘʦ-ʙʦʙʽʚ, ʷʢʠʡ ʤʽʩʪʠʪʴ ʚʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ ʜʽʶʯʠʭ ʨʝʯʦʚʠʥ ʫ ʦʜʥʽʡ 

çʥʦʨʤʦ-ʜʦʟʽè. ɼʘʥʠʡ ʝʢʩʪʨʘʢʪ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʜʣʷ ʟʙʘʛʘʯʝʥʥʷ ʭʘʨʯʦʚʠʭ ʧʨʦʜʫʢʪʽʚ 

ʧʦʩʪʽʡʥʦʛʦ ʚʞʠʪʢʫ ʽ ʜʽʻʪʠʯʥʠʭ ʜʦʙʘʚʦʢ ʜʦ ʦʩʥʦʚʥʠʭ ʧʨʠʡʦʤʽʚ ʾʞʽ. 

ɼʦʩʣʽʜʞʝʥʥʷ ʧʨʦʚʦʜʷʪʴʩʷ ʚ ʨʘʤʢʘʭ ʩʦʮʽʘʣʴʥʦʛʦ ʧʨʦʝʢʪʫ ʜʣʷ ʣʽʪʥʽʭ ʣʶʜʝʡ çʋʥʽʚʝʨʩʠʪʝʪ 

ʪʨʝʪʴʦʛʦ ʚʽʢʫè ʟʘ ʧʽʜʪʨʠʤʢʠ ʤʝʨʘ ʤ. ɼʥʽʧʨʘ ʌʽʣʘʪʦʚʘ ɹ.ɸ. (ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʢ.ʪ.ʥ., ʜʦʮʝʥʪ 

ʂʦʥʜʨʘʪʶʢ ʅ.ɺ.)  
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ʄʝʪʦʶ ʨʦʙʦʪʠ ʙʫʣʦ ʨʦʟʨʦʙʢʘ ʽ ʚʘʣʽʜʘʮʽʷ ʤʝʪʦʜʠʢʠ ʢʽʣʴʢʽʩʥʦʛʦ ʚʠʟʥʘʯʝʥʥʷ 

ʘʥʪʠʜʝʧʨʝʩʘʥʪʘ ʘʪʦʤʦʢʩʝʪʠʥʘ ʝʢʩʪʨʘʢʮʽʡʥʦ-ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʥʠʤ ʤʝʪʦʜʦʤ, 

ʧʨʠʜʘʪʥʠʤ ʜʣʷ ʮʽʣʝʡ ʭʽʤʽʢʦ-ʪʦʢʩʠʢʦʣʦʛʽʯʥʦʛʦ ʘʥʘʣʽʟʫ. ɿʘʨʝʻʩʪʨʦʚʘʥʽ ʥʝʦʜʥʦʨʘʟʦʚʽ 

ʚʠʧʘʜʢʠ ʛʦʩʪʨʠʭ ʽ ʣʝʪʘʣʴʥʠʭ ʦʪʨʫʻʥʴ ʘʪʦʤʦʢʩʝʪʠʥʦʤ, ʷʢʠʡ ʟʘʩʪʦʩʦʚʫʶʪʴ ʚ 

ʬʘʨʤʘʢʦʪʝʨʘʧʽʾ ʩʠʥʜʨʦʤʘ ʜʝʬʽʮʠʪʫ ʫʚʘʛʠ ʪʘ ʛʽʧʝʨʘʢʪʠʚʥʦʩʪʽ, ʘ ʪʘʢʦʞ ʪʝʨʘʧʝʚʪʠʯʥʦ 

ʨʝʟʠʩʪʝʥʪʥʠʭ ʜʝʧʨʝʩʽʡ. ʇʦʩʤʝʨʪʥʽ ʢʦʥʮʝʥʪʨʘʮʽʾ ʘʪʦʤʦʢʩʝʪʠʥʘ ʩʪʘʥʦʚʠʣʠ ʚ ʢʨʦʚʽ  

0,1ï8,3 ʤʛ/ʣ, ʚ ʞʦʚʯ̔ 1,0ï33 ʤʛ/ʣ, ʚ ʧʝʯʽʥʮ ̔0,44ï29 ʤʛ/ʢʛ. ʉʫʯʘʩʥʦʶ ʪʝʥʜʝʥʮʽʻʶ ʨʦʟʚʠʪʢʫ 

ʙʽʦʘʥʘʣʽʪʠʯʥʠʭ ʤʝʪʦʜʠʢ ʚʠʟʥʘʯʝʥʥʷ ʘʪʦʤʦʢʩʝʪʠʥʘ ʻ ʧʨʝʚʘʣʶʚʘʥʥʷ ʤʝʪʦʜʽʚ ʢʦʣʦʥʢʦʚʦʾ 

ʭʨʦʤʘʪʦʛʨʘʬʽʾ ʟ ʄʉ-ʜʝʪʝʢʪʫʚʘʥʥʷʤ. ʆʜʥʘʢ ʦʩʪʘʥʥʽ ʧʦʚôʷʟʘʥʽ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʚʠʩʦʢʦʚʘʨʪʽʩʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʽ ʪʦʤʫ ʥʝ ʟʘʚʞʜʠ ʜʦʩʪʫʧʥʽ. 

ʅʘʤʠ ʨʦʟʨʦʙʣʝʥʦ ʯʫʪʣʠʚʫ ʽ ʩʝʣʝʢʪʠʚʥʫ ʤʝʪʦʜʠʢʫ ʢʽʣʴʢʽʩʥʦʛʦ ʚʠʟʥʘʯʝʥʥʷ 

ʘʪʦʤʦʢʩʝʪʠʥʘ ʝʢʩʪʨʘʢʮʽʡʥʦ-ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʥʠʤ ʤʝʪʦʜʦʤ ʟʘ ʨʝʘʢʮʽʻʶ ʟ ʢʠʩʣʦʪʥʠʤ 

ʘʟʦʙʘʨʚʥʠʢʦʤ, ʩʠʥʪʝʟʦʚʘʥʠʤ ʥʘ ʦʩʥʦʚʽ ʪʝʦʬʽʣʽʜʠʥʘ ï 4-(4Ë-ʤʝʪʠʣʘʤʽʥʦ- 

5Ë-ʤʝʪʠʣʢʘʨʙʘʤʦʾʣ-2Ë-ʽʤʽʜʘʟʦʣʘʟʦ)ʙʝʥʟʦʣʩʫʣʴʬʦʢʠʩʣʦʪʦʶ. ɿʘʟʥʘʯʝʥʘ ʩʧʦʣʫʢʘ 

ʧʨʝʜʩʪʘʚʣʷʻ ʽʥʪʝʨʝʩ ʷʢ ʨʝʘʛʝʥʪ ʜʣʷ ʝʢʩʪʨʘʢʮʽʡʥʦ-ʬʦʪʦʤʝʪʨʠʯʥʦʛʦ ʚʠʟʥʘʯʝʥʥʷ ʣʽʢʘʨʩʴʢʠʭ 

ʨʝʯʦʚʠʥ. ʎʝ ʦʙʫʤʦʚʣʝʥʦ ʪʠʤ, ʱʦ ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʤʝʪʠʣʦʚʦʛʦ ʦʨʘʥʞʝʚʦʛʦ, ʚʢʘʟʘʥʠʡ ʚʠʱʝ 

ʘʟʦʙʘʨʚʥʠʢ ʙʽʣʴʰ ʩʝʣʝʢʪʠʚʥʦ ʫʪʚʦʨʶʻ ʽʦʥʥʽ ʘʩʦʮʽʘʪʠ ʟ ʥʽʪʨʦʛʝʥʚʤʽʩʥʠʤʠ ʦʨʛʘʥʽʯʥʠʤʠ 

ʦʩʥʦʚʘʤʠ. ɺ ʷʢʦʩʪʽ ʨʝʘʛʝʥʪʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ 0,1 % ʨʦʟʯʠʥ ʘʟʦʙʘʨʚʥʠʢʘ ʫ ʚʦʜʽ. ɿ 

ʘʪʦʤʦʢʩʝʪʠʥʦʤ ʘʟʦʙʘʨʚʥʠʢ ʫʪʚʦʨʶʚʘʚ ʽʦʥʥʽ ʘʩʦʮʽʘʪʠ, ʱʦ ʤʘʢʩʠʤʘʣʴʥʦ ʝʢʩʪʨʘʛʫʚʘʣʠʩʴ 

ʭʣʦʨʦʬʦʨʤʦʤ ʧʨʠ ʨʅ 2,8ï3,1. ʅʝʦʙʭʽʜʥʝ ʟʥʘʯʝʥʥʷ ʨʅ ʩʪʚʦʨʶʚʘʣʠ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʫʥʽʚʝʨʩʘʣʴʥʦʾ ʙʫʬʝʨʥʦʾ ʩʫʤʽʰʽ ɹʨʠʪʪʦʥʘ-ʈʦʙʽʥʩʦʥʘ. ɯʥʪʝʥʩʠʚʥʽʩʪʴ ʨʦʞʝʚʦʛʦ 

ʟʘʙʘʨʚʣʝʥʥʷ ʽʦʥʥʠʭ ʘʩʦʮʽʘʪʽʚ ʫ ʭʣʦʨʦʬʦʨʤʽ ʚʠʷʚʠʣʘʩʴ ʥʠʟʴʢʦʶ. ʋ ʟʚôʷʟʢʫ ʟ ʮʠʤ ʤʠ 

ʟʙʽʣʴʰʫʚʘʣʠ ʯʫʪʣʠʚʽʩʪʴ ʚʠʟʥʘʯʝʥʥʷ ʰʣʷʭʦʤ ʨʫʡʥʫʚʘʥʥʷ ʽʦʥʥʦʛʦ ʘʩʦʮʽʘʪʘ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʘʮʝʪʘʪʥʦʛʦ ʙʫʬʝʨʫ ʟ ʨʅ 6, ʷʢʠʡ ʤʽʩʪʠʚ 0,1 % ʨʦʟʯʠʥ ʢʫʧʨʫʤ (ɯɯ) ʩʫʣʴʬʘʪʫ. ʇʨʠ 

ʩʪʨʫʰʫʚʘʥʥʽ ʭʣʦʨʦʬʦʨʤʥʦʛʦ ʨʦʟʯʠʥʫ ʽʦʥʥʦʛʦ ʘʩʦʮʽʘʪʘ ʟ ʨʦʟʯʠʥʦʤ ʢʫʧʨʫʤ (ɯɯ) ʩʫʣʴʬʘʪʫ 

ʚʦʜʥʠʡ ʰʘʨ ʥʘʙʫʚʘʚ ʽʥʪʝʥʩʠʚʥʦʛʦ ʨʦʞʝʚʦʛʦ ʟʘʙʘʨʚʣʝʥʥʷ, ʧʦʚôʷʟʘʥʦʛʦ ʟ ʨʝʝʢʩʪʨʘʢʮʽʻʶ 

ʘʟʦʙʘʨʚʥʠʢʘ ʪʘ ʫʪʚʦʨʝʥʥʷʤ ʡʦʛʦ ʢʦʤʧʣʝʢʩʘ ʟ ʽʦʥʘʤʠ ʢʫʧʨʫʤʫ (ɯɯ). ʆʙʨʘʥʝ ʟʥʘʯʝʥʥʷ ʨʅ 

ʘʮʝʪʘʪʥʦʛʦ ʙʫʬʝʨʘ ʚʽʜʧʦʚʽʜʘʣʦ ʤʘʢʩʠʤʫʤʫ ʢʦʤʧʣʝʢʩʦʫʪʚʦʨʝʥʥʷ. ʉʚʽʪʣʦʧʦʛʣʠʥʘʥʥʷ 

ʟʘʙʘʨʚʣʝʥʠʭ ʨʦʟʯʠʥʽʚ ʚʠʤʽʨʶʚʘʣʠ ʥʘ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʽ ʉʌ-46 ʧʨʠ ʜʦʚʞʠʥʽ ʭʚʠʣʽ 540 ʥʤ 

ʫ ʢʶʚʝʪʽ ʟ ʪʦʚʱʠʥʦʶ ʧʦʛʣʠʥʘʶʯʦʛʦ ʰʘʨʫ 10 ʤʤ, ʚ ʷʢʦʩʪʽ ʨʦʟʯʠʥʫ ʧʦʨʽʚʥʷʥʥʷ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʨʦʟʯʠʥ, ʦʪʨʠʤʘʥʠʡ ʫ çʭʦʣʦʩʪʦʤʫè ʜʦʩʣʽʜʽ. ʉʫʙʩʪʘʥʮʽʶ ʘʪʦʤʦʢʩʝʪʠʥʘ 

ʛʽʜʨʦʭʣʦʨʠʜʘ ʙʫʣʦ ʚʠʜʽʣʝʥʦ ʟ ʢʘʧʩʫʣ çʉʪʨʘʪʪʝʨʘè (60 ʤʛ) ʚʠʨʦʙʥʠʮʪʚʘ çEli Lilly è (ʏʝʭʽʷ). 

ɼʣʷ ʧʦʙʫʜʦʚʠ ʛʨʘʜʫʶʚʘʣʴʥʦʛʦ ʛʨʘʬʽʢʘ ʛʦʪʫʚʘʣʠ ʩʪʘʥʜʘʨʪʥʠʡ ʨʦʟʯʠʥ ʧʨʝʧʘʨʘʪʘ ʟ 

ʢʦʥʮʝʥʪʨʘʮʽʻʶ 200 ʤʢʛ/ʤʣ (ʫ ʧʝʨʝʨʘʭʫʥʢʫ ʥʘ ʘʪʦʤʦʢʩʝʪʠʥ-ʦʩʥʦʚʫ). ʂʘʣʽʙʨʫʚʘʣʴʥʠʡ 

ʛʨʘʬʽʢ ʦʧʠʩʫʚʘʚʩʷ ʨʽʚʥʷʥʥʷʤ y = (0,00513 Ñ 3Ŀ10-5)Āx; ʣʽʥʽʡʥʽʩʪʴ ʩʧʦʩʪʝʨʽʛʘʣʠ ʚ ʤʝʞʘʭ 

ʢʦʥʮʝʥʪʨʘʮʽʡ ʘʪʦʤʦʢʩʝʪʠʥʘ 20,0ï200,0 ʤʢʛ/ʤʣ; LOD ʪʘ LOQ ʩʪʘʥʦʚʠʣʠ, ʚʽʜʧʦʚʽʜʥʦ, 

2,1 ʤʢʛ ʪʘ 6,4 ʤʢʛ ʚ ʧʨʦʙʽ. ʇʨʘʚʠʣʴʥʽʩʪʴ ʽ ʧʨʝʮʠʟʽʡʥʽʩʪʴ (intra-day) ʩʢʣʘʜʘʣʠ 101,5 % 

(RSD = 2,2 %) ʚ ʦʙʣʘʩʪʽ ʥʠʟʴʢʠʭ ʢʦʥʮʝʥʪʨʘʮʽʡ ʘʥʘʣʽʪʘ, 100,3 % (RSD = 1,5 %) ʚ ʦʙʣʘʩʪʽ 

ʩʝʨʝʜʥʽʭ ʢʦʥʮʝʥʪʨʘʮʽʡ ʪʘ 99,6 % (RSD = 1,2 %) ʚ ʦʙʣʘʩʪʽ ʚʠʩʦʢʠʭ ʢʦʥʮʝʥʪʨʘʮʽʡ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʨʦʟʨʦʙʣʝʥʘ ʤʝʪʦʜʠʢʘ ʝʢʩʪʨʘʢʮʽʡʥʦ-ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʥʦʛʦ 

ʚʠʟʥʘʯʝʥʥʷ ʘʪʦʤʦʢʩʝʪʠʥʘ ʟʘʜʦʚʦʣʴʥʷʻ ʚʠʤʦʛʘʤ ʜʦ ʤʝʪʦʜʽʚ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ 

ʭʽʤʽʢʦ-ʪʦʢʩʠʢʦʣʦʛʽʯʥʦʤʫ ʘʥʘʣʽʟʽ, ʱʦ ʧʽʜʪʚʝʨʜʞʝʥʦ ʚʘʣʽʜʘʮʽʡʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ. 
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Propranolol is a widely used ɓ-adrenoblokcer, which is prescribed for the treatment of 

hypertension, cardiac arrhythmia, and prevention of secondary myocardial infarction. 

Propranolol is used in sports and other stressful situations, acting as a doping agent. Propranolol 

and its analogues contribute to the development of an antianginal effect, which is manifested 

by an improvement in the state of the heart muscle, a decrease in the amount of oxygen 

necessary for its work. This means that the heart requires less oxygen to contract, and the 

frequency of these reductions also decreases. The drug slows the heart rate in animals, which 

leads to its use in the race industry. Because of its properties, propranolol is prohibited during 

the competitive period in certain sports (motor sport, billiard sports, golf, darts, skiing / 

snowboarding, scuba diving). It is not allowed to use it all the time in the following sports: 

shooting and archery. It is rapidly metabolized after administration, therefore traces of the drug 

in biological fluids can be detected with great difficulty some time after the intake. Detection 

of metabolites and drug residues can provide evidence of the use of doping. 

The presence in the propranolol hydroxyl group makes the drug electroactive. Oxidation 

of propranolol irreversibly proceeds with the transfer of 2 electrons and the formation of a clear 

peak on the voltammogram in the range of potentials of 800ï1400 mV.  

In the proposed work, the electrochemical behavior of propranolol contained in urine, 

on a glassy carbon electrode (SEM) modified with polyarylenephthalide ï SO (PAF-SO), was 

studied. Optimal conditions were chosen for carrying out the electrochemical analysis of 

propranolol on the SEM modified PAP-SO: the concentration of the propranolol solution was 

0.0134 mM, the sweep rate was 0.1 V / s. The effect of the pH of the electrolyte was examined 

between pH values of 2.00ï9.00. The oxidation peak of the compound studied was wider in a 

neutral medium, which makes the quantitative estimate unreliable. The highest and clearest 

peak was observed at pH 3.0. Therefore, this pH value was used for further study. The 

accumulation time is 60 seconds. Linear calibration curves were obtained for concentrations 

between 4.22Ĭ10-6 1.35Ĭ10-4 mol L-1 for propranolol.  

A further peak at a potential of 0.65 V is observed in the study of a model urine sample. 

Additional experiments have shown that this peak is associated with a uric acid oxidation 

reaction. The proposed method can be used to monitor propranolol in biological fluids.  

 

The authors thank the Russian Science Foundation (Grant No. 16-13-10257) for financial 

support. 
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Tryptophan is an indispensable amino acid which is a proteinogenic amino acid and is 

part of the proteins of all known living organisms. In nature, tryptophan synthesizes 

microorganisms, plants and mushrooms. Multicellular animals are not able to synthesize 

tryptophan, they need to get it with protein food. Tryptophan is found in many food products, 

for example - in black and red caviar, cheese, peanuts, chicken, rabbit meat and turkey. 

However, often a natural influx of tryptophan not even enough for people who do not exercise 

and do not experience regular physical activity. A deficiency of tryptophan in the diet can lead 

to serotonin. Low levels of serotonin are associated with depression, irritability, uselessness, 

kostvum, impatience, impulsiveness, inability to concentrate, eating, memory problems and 

insomnia. Therefore, determination of tryptophan in food, pharmaceuticals, food additives and 

living organisms, especially humans is very important. 

Method validity was tested with real samples containing auxiliary substances (calcium 

pantothenate, pyridoxine, cellulose, silicon and titanium dioxides, gelatin and others). As real 

samples, L-tryptophan-containing dietary supplements from various manufacturers (Now 

Foods, Jarrow Formulas, Evalar, and Scitec Nutrition) were chosen. 0.035 mM solutions of Trp 

enantiomers were used as reference samples and real samples whose solutions had the same 

concentrations were used as test samples. The recognition results are presented in Table. All 

real samples were recognised to be L-tryptophan. The percentage of correctly recognized 

samples is over 80 %, and errors of the second kind are lower of 11 %. It should be noted that 

with individual GCEs modified by PAP composite of Ŭ-, ɓ-, and ɔ-CD, in the presence auxiliary 

substances resulted in only 30 % of samples were being correctly recognized. The proposed 

sensory system is sensitive to the composition of the excipients in biologically active dietary 

supplements containing L-Trp, which ensures the establishment of the manufacturers.  

 

Table. Discriminant responses (RS/TS) of PLS-DA model in percentage (%) of real samples 

containing L-tryptophan using sensory system based on GCEs modified by PAP composites 

of Ŭ-, ɓ-, ɔ-CD 

RS* 

TS**  
Sample 1 Sample 2 Sample 3 Sample 4 

Sample 1 89 3 1 7 

Sample 2 2 89 11 3 

Sample 3 1 10 82 7 

Sample 4 7 2 6 88 

 

The authors thank the Russian Science Foundation (Grant No. 16-13-10257) for financial 

support. 
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Voltammetric sensors and sensor systems based on electrically conductive polymer-

modified electrodes are widely used to solve various analytical problems, such as detection of 

counterfeit medicines, beverages, technical fluids, etc. In this case, in general, sensors that are 

selective to one or another molecule of the analyte are used, which makes it impossible to 

recognize multicomponent mixtures containing various electroactive components, or 

multisensor systems from several electrodes must be used. The use of "smart" voltammetric 

sensors, the selectivity of which can be regulated in sity, allows to solve this problem quite 

simply. However, the voltammetric characteristics and properties of "smart" sensors have not 

been studied enough. 

We developed sensors based on modified glass-carbon electrodes with polymeric 

polyarylenephthalide films with in-situ controlled stereoelectronic properties and different sizes 

of the chelate cycle. In this case, there is no need to use several electrodes, the analytical signals 

of which differ from each other, which allows using modern methods of chemometrics to obtain 

a computer "print" of the recognized component. In addition, there is a fundamental possibility 

of recognizing compounds containing optically active isomers.  

We studied the electrochemical properties of the glassy carbon electrodes modified by 

these polymers, the structure and morphology of their surface, the adsorption characteristics 

and selectivity of the accumulation of analyte molecules, the effect on the selectivity and 

stereoelectronic properties of the polyarylene phthalide electrode potential. As the analyzed 

objects, antiarrhythmic drugs (propranolol, atenolol) and amino acids (tryptophan, cysteine, 

methionine) of various manufacturers were chosen. The effect on the magnitude of the 

analytical signal and its selectivity on the nature of the compounds and inert components 

studied, the composition of the matrix, the measurement conditions are optimized, and the 

methods for mathematical processing of experimental data are considered. 

The use of chemometric methods (method of principal components (PCA), Simka-

classification, projection on latent structures (PLS)) for the processing of voltammetric data 

makes it possible to recognize the investigated pharmaceutical preparations by the manufacturer 

with a probability of not less than 90 %. 

 

The authors thank the Russian Foundation for Basic Research (Grant No. 18-03-00537-a) for 

financial support. 
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At the present time coordination compounds obtaining with biometals and heavy metals 

on the basis of biologically active ligands and some of medicines have changed to a large 

investigative object. In the investigation the ligands having N-, S-, O-donor atoms and/or 

functional groups pertaining to these atoms are usually used.  

The main goal here was obtaining of biologically active coordination compounds that 

effect alternatively and even effect through another mechanism. The coordination compound 

of platinum (II) and palladium (II) has been obtained in the acidic medium with lidocaineï2-

(diethylamine)-N-(2,6-dimethylphenyl)-acetamide has a local anesthetic feature.  

The complexoformation reaction has taken action at 60 ÁC, in the acidic medium and 

the ratio of the binary salts of Pt(II) and Pd(II) to lidocaine (Me:lid) was 1:1. At the result of 

the reaction the cationic-anionic complex compounds with (LidH)2[Pdhal4] and (LidH)2[Pthal4] 

contents were formed. It is necessary to note that at pH = 7,5ï8 the nonelectrolyte such as 

[Me(Lid)2hal2] was formed (hal­Cl, Br). The elemental analysis of synthesized complexes has 

been carried out and their melting and decomposition temperatures have been determined. One 

adsorption band of 425 and 430cm-1 in the IR-spectrum was used to determine of the structure 

of the complexes.  

The IR-spectroscopic researches of the complexes indicate that platinum and palladium 

coordinate directly with acidoligands in the cationic and anionic complexes. The evidence of 

that is existence of just one adsorption band of 425 and 430 cm-1 in the IR-spectra of both 

complexes. But molecule of lidocaine as cation forms outer sphere as a result of protonating 

(3410 and 3446 cm-1) of trio nitrogen atom. 

In the spectrum of neutral [Me(Lid)2hal2] complexes the adsorption bands 470, 458 and 

341, 346 cm-1 show that ligand is coordinated with central atom through trio nitrogen atom. 

Other two bands located in the high area belong to Meïhal bond.  

When complex compounds are dissolved in water and in water-alcohol mixture no 

structural changes happen. It is important especially in pharmacological investigation of these 

compounds. 
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It is seeing nowadays a growing interest to an important problem dealing with the 

resource gap and using of alternative energy resources. Thatôs way the question dealing with 

renewable energy sources is gaining popularity. Renewable energy is a numbers of ways to use 

the inexhaustible resources to produce electricity or other forms of energy. Solar cells based on 

thermoelectric generates could produce electrical energy from heat energy. Thermoelectric 

materials (semiconductors) which help to decide this problem play big role in chemistry of 

today and the future. For this purpose we need n-type and p-type material and technically 

more advantageous when one material allows to get both of this types. 

One of the most interest compounds is zinc chromium selenide, which is a 

semiconductor with helical magnetic structure. It is possible to improve the electrical and 

magnetic properties of the materials based on ZnCr2Se4 using of some additives, for example 

Cu, Ni, Ho, Mn, Dy, Gd, Sn. The substitution of zinc or chromium with another metal leading 

to essential changes of the cation distribution and modifying physical properties of ZnCr2Se4.  

In our research we concentrated on synthesis and investigation of physical and chemical 

properties of ZnCr2Se4 doped selected transition elements and rare-earth elements. It was 

studied chemical composition and structure of synthesized materials, as well as, their magnetic 

and electric properties. The final results showed that the presence of third cation influences 

electrical and magnetic properties of selenide. For example, our studies showed that substitution 

in the ZnCr2Se4 matrix of tin and gadolinium radically changes the magnetic properties. 

Magnetic and specific heat measurements showed the spin-glass-like behaviour below the 

freezing temperature Tf = 13·15 K for ZnCr2Se4 doped with tin and antiferromagnetic order 

with the Ne®l temperature TN ~ 22 K as well as the spin-glass behaviour of the re-entrant type 

with the freezing temperature Tf = 7.3 K for ZnCr2Se4 doped with gadolinium connected with 

the strong competition between AFM and FM exchange interactions visible in both cases by 

the splitting of the ZFC-FC susceptibilities. 

 

 
Fig. ZFC and FC dc magnetic susceptibility cmol vs. temperature T at Hdc = 100 Oe for the 

spinels under study. Tf indicated by arrow is the freezing temperature  
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ra.november@gmail.com 

 

ɺ ʦʩʪʘʥʥʽ ʯʘʩʠ ʨʦʟʚʠʥʝʥʽ ʢʨʘʾʥʠ ʚʩʝ ʙʽʣʴʰʝ ʧʨʠʜʽʣʷʶʪʴ ʫʚʘʛʠ ʧʝʨʝʨʦʙʮʽ ʭʽʤʽʯʥʠʭ 

ʚʽʜʭʦʜʽʚ. ʆʜʥʠʤ ʟ ʙʘʛʘʪʦʪʦʥʘʞʥʠʾ ʚʽʜʭʦʜʽʚ ʻ ʬʦʩʬʦʛʽʧʩ, ʱʦ ʫʪʚʦʨʶʻʪʴʩʷ ʧʨʠ 

ʚʠʨʦʙʥʠʮʪʚʽ ʝʢʩʪʨʘʢʮʽʡʥʦʾ ʬʦʩʬʘʪʥʦʾ ʢʠʩʣʦʪʠ ʪʘ ʬʦʩʬʘʪʥʠʭ ʜʦʙʨʠʚ. 

ʆʩʥʦʚʥʠʡ ʢʦʤʧʦʥʝʥʪ ʬʦʩʬʦʛʽʧʩʫ ï ʜʠʛʽʜʨʘʪ ʢʘʣʴʮʽʶ ʩʫʣʴʬʘʪʫ ʥʝ ʤʘʻ ʚôʷʞʫʯʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ. ɼʣʷ ʧʝʨʝʚʝʜʝʥʥʷ ʡʦʛʦ ʫ ʬʦʨʤʫ ʥʘʧʽʚʛʽʜʨʘʪʫ ʥʝʦʙʭʽʜʥʦ ʧʨʦʚʝʜʝʥʥʷ 

ʦʧʝʨʘʮʽʡ ʜʝʛʽʜʨʘʪʘʮʽʾ. ʋ ʩʚʽʪʦʚʽʡ ʧʨʘʢʪʠʮʽ ʮʝʡ ʧʨʦʮʝʩ ʟʜʽʡʩʥʶʶʪʴ ʪʝʨʤʽʯʥʦʶ ʦʙʨʦʙʢʦʶ 

ʩʠʨʦʚʠʥʠ ʟʘ ʪʝʤʧʝʨʘʪʫʨ 110ï190 Áʉ ʘʙʦ ʘʚʪʦʢʣʘʚʫʚʘʥʥʷʤ ʧʽʜ ʪʠʩʢʦʤ 0,23 ʄʇʘ, ʧʨʦʪʷʛʦʤ 

1ï2 ʛʦʜʠʥ, ʱʦ ʧʦʪʨʝʙʫʻ ʟʥʘʯʥʠʭ ʝʥʝʨʛʝʪʠʯʥʠʭ ʚʠʪʨʘʪ. 

ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʚʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ ʽʩʥʫʶʯʠʭ ʜʦʩʣʽʜʞʝʥʴ, ʪʝʤʘ ʫʪʠʣʽʟʘʮʽʾ ʬʦʩʬʦʛʽʧʩʫ 

ʡ ʜʦʩʽ ʻ ʘʢʪʫʘʣʴʥʦʶ ʽ, ʟʚʘʞʘʶʯʠ ʥʘ ʟʥʘʯʥʝ ʧʦʛʽʨʰʝʥʥʷ ʝʢʦʣʦʛʽʯʥʦʾ ʩʠʪʫʘʮʽʾ, ʚʠʤʘʛʘʻ 

ʪʝʨʤʽʥʦʚʦʛʦ ʚʠʨʽʰʝʥʥʷ. 

ʅʘ ʤʝʪʽ ʙʫʣʦ ʦʪʨʠʤʘʥʥʷ ʚôʷʞʫʯʦʛʦ ʟ ʚʠʩʦʢʠʤʠ ʧʦʢʘʟʥʠʢʘʤʠ ʤʽʮʥʽʩʪʽ ʪʘ ʥʠʟʴʢʦʶ 

ʩʦʙʽʚʘʨʪʽʩʪʶ ʟʘ ʨʘʭʫʥʦʢ ʚʠʢʣʶʯʝʥʥʷ ʝʥʝʨʛʦʻʤʥʠʭ ʩʪʘʜʽʡ ʘʚʪʦʢʣʘʚʫʚʘʥʥʷ, ʬʽʣʴʪʨʘʮʽʾ ʪʘ 

ʩʫʰʽʥʥʷ. ʊʘʢʦʞ ʧʣʘʥʫʚʘʣʦʩʷ ʧʽʜʚʠʱʠʪʠ ʩʪʫʧʝʥʴ ʚʠʣʫʯʝʥʥʷ ʰʢʽʜʣʠʚʠʭ ʜʦʤʽʰʦʢ ʟ 

ʬʦʩʬʦʛʽʧʩʫ. 

ʈʦʟʨʦʙʣʝʥʘ ʪʝʭʥʦʣʦʛʽʷ ʧʝʨʝʨʦʙʢʠ ʩʠʨʦʚʠʥʠ ʚʢʣʶʯʘʻ ʦʧʝʨʘʮʽʾ: 

- ʧʨʦʤʠʚʘʥʥʷ ʬʦʩʬʦʛʽʧʩʫ ʚʦʜʥʠʤ 0,1ï5 % ʨʦʟʯʠʥʦʤ ʪʨʠʝʪʘʥʦʣʘʤʽʥʫ; 

- ʦʙʨʦʙʢʫ ʢʦʥʮʝʥʪʨʦʚʘʥʦʶ ʩʫʣʴʬʘʪʥʦʶ ʢʠʩʣʦʪʦʶ ʟʘ ʤʦʣʴʥʦʛʦ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ 

ʩʫʣʴʬʘʪʥʘ ʢʠʩʣʦʪʘ:ʚʦʜʘ ï 1:5ï1:7 (ʟʘ ʧʦʯʘʪʢʦʚʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʩʫʤʽʰʽ 80ï90 Áʉ); 

- ʜʦʜʘʚʘʥʥʷ ʢʘʣʴʮʽʶ ʦʢʩʠʜʫ. 

 

ʊʘʙʣʠʮʷ. ʍʽʤʽʯʥʠʡ ʩʢʣʘʜ ʟʨʘʟʢʽʚ ʬʦʩʬʦʛʽʧʩʫ ʜʦ ʪʘ ʧʽʩʣʷ ʧʨʦʤʠʚʘʥʥʷ 

ʂʦʤʧʦʥʝʥʪʠ 

ʜʦ 

ʧʨʦʤʠ-

ʚʘʥʥʷ 

ʧʽʩʣʷ 

ʧʨʦʤʠ-

ʚʘʥʥʷ 

ʚʦʜʦʶ 

ʧʽʩʣʷ 

ʧʨʦʤʠʚʘʥʥʷ 

ʨʦʟʯʠʥʦʤ 

ʪʨʠʝʪʘʥʦʣʘʤʽʥʫ 

ʌʦʩʬʘʪʽʚ (ʫ ʧʝʨʝʨʘʭʫʥʢʫ ʥʘ ʈ2ʆ5) 1,2 % 1 % 0,6 % 

ɺʦʜʦʨʦʟʯʠʥʥʠʭ ʬʦʩʬʘʪʽʚ (ʫ ʧʝʨʝʨʘʭʫʥʢʫ ʥʘ ʈ2ʆ5) 0,7 % 0,5 0,1 % 

ʌʪʦʨʠʜʽʚ (ʫ ʧʝʨʝʨʘʭʫʥʢʫ ʥʘ F) 0,12 % 0,09 % 0,07 % 

ɺʦʜʦʨʦʟʯʠʥʥʠʭ ʬʪʦʨʠʜʽʚ (ʫ ʧʝʨʝʨʘʭʫʥʢʫ ʥʘ F) 0,06 % 0,04 % 0,01 % 

 

ʗʢ ʚʠʜʥʦ ʟ ʪʘʙʣʠʮʽ, ʧʨʦʤʠʚʘʥʥʷ ʬʦʩʬʦʛʽʧʩʫ ʚʦʜʥʠʤ ʨʦʟʯʠʥʦʤ ʪʨʠʝʪʘʥʦʣʘʤʽʥʫ 

ʤʘʢʩʠʤʘʣʴʥʦ ʚʠʜʘʣʷʻ ʰʢʽʜʣʠʚʽ ʜʦʤʽʰʢʠ, ʚ ʨʝʟʫʣʴʪʘʪʽ ʯʦʛʦ ʧʦʜʘʣʴʰʝ 

ʩʪʨʫʢʪʫʨʦʫʪʚʦʨʝʥʥʷ ʛʽʧʩʦʚʠʭ ʚʠʨʦʙʽʚ ʧʨʦʭʦʜʠʪʴ ʙʽʣʴʰ ʝʬʝʢʪʠʚʥʦ. ʇʽʩʣʷ ʧʨʦʤʠʚʘʥʥʷ 

ʫʪʚʦʨʶʻʪʴʩʷ ʩʫʩʧʝʥʟʽʷ ʜʠʛʽʜʨʘʪʫ ʢʘʣʴʮʽʶ ʩʫʣʴʬʘʪʫ, ʷʢʘ ʥʘ ʜʨʫʛʽʡ ʩʪʘʜʽʾ ʧʽʜʜʘʻʪʴʩʷ 

ʭʽʤʽʯʥʽʡ ʜʝʛʽʜʨʘʪʘʮʽʾ ʰʣʷʭʦʤ ʜʦʜʘʚʘʥʥʷ ʢʦʥʮʝʥʪʨʦʚʘʥʦʾ ʩʫʣʴʬʘʪʥʦʾ ʢʠʩʣʦʪʠ. ʂʠʩʣʦʪʘ 

ʧʦʛʣʠʥʘʻ ʚʦʣʦʛʫ ʟ ʬʦʩʬʦʛʽʧʩʫ ʜʠʛʽʜʨʘʪʫ, ʱʦ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʚʠʜʽʣʝʥʥʷʤ ʚʝʣʠʢʦʾ 

ʢʽʣʴʢʦʩʪʽ ʪʝʧʣʘ, ʧʨʠ ʮʴʦʤʫ ʚʽʜʙʫʚʘʻʪʴʩʷ ʩʘʤʦʨʦʟʽʛʨʽʚ ʩʫʤʽʰʽ ʜʦ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʯʘʪʢʫ 

ʜʝʛʽʜʨʘʪʘʮʽʾ ʜʠʛʽʜʨʘʪʫ ʢʘʣʴʮʽʶ ʩʫʣʴʬʘʪʫ. ʂʽʣʴʢʽʩʪʴ ʪʝʧʣʘ, ʱʦ ʚʠʜʽʣʷʻʪʴʩʷ, ʚ ʧʨʦʮʝʩʽ 

ʛʽʜʨʘʪʘʮʽʾ ʩʫʣʴʬʘʪʥʦʾ ʢʠʩʣʦʪʠ ʟʘʣʝʞʠʪʴ ʚʽʜ ʢʽʣʴʢʦʩʪʽ ʤʦʣʝʢʫʣ ʚʦʜʠ, ʷʢʽ ʚʩʪʫʧʘʶʪʴ 

ʨʝʘʢʮʽʶ. ɿʘ ʜʘʥʠʤʠ ʜʦʩʣʽʜʞʝʥʥʷ ʢʨʘʱʽ ʨʝʟʫʣʴʪʘʪʠ ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʟʘ ʤʦʣʴʥʦʛʦ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʩʫʣʴʬʘʪʥʘ ʢʠʩʣʦʪʘ:ʚʦʜʘ ï 1:5ï1:7. ɼʣʷ ʥʝʡʪʨʘʣʽʟʘʮʽʾ ʥʘʜʣʠʰʢʫ 

ʩʫʣʴʬʘʪʥʦʾ, ʟʘʣʠʰʢʽʚ ʬʦʩʬʘʪʥʦʾ ʪʘ ʬʣʫʦʨʠʜʥʦʾ ʢʠʩʣʦʪ ʥʝʦʙʭʽʜʥʝ ʚʚʝʜʝʥʥʷ ʢʘʣʴʮʽʶ 

ʦʢʩʠʜʫ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ ʩʧʦʩʽʙ ʧʝʨʝʨʦʙʢʠ ʬʦʩʬʦʛʽʧʩʫ ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʫʚʘʪʠ 

ʛ̔ ʧʩʦʚʝ ʚ'ʷʞʫʯʝ ʤʘʨʢʠ ʚôʷʞʫʯʦʛʦ ɻ-8.  
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CRYSTAL ENGINEERING OF COPPER(I) AND SILVER(I) ˊ-COMPLEXES 

WITH  1,2,4-TRIAZOLES ALLYL DERIVATIVES  

Hordiichuk O. R., Slyvka Yu. I., Mysôkiv M. G. 

Ivan Franko National University of Lviv,  

79005, Lviv, Kyryla i Mefodiya Str. 6 

o.hordiychuk@gmail.com 

 

A great variety of Cu(I) and Ag(I) ˊ-complexes with allyl-derivatives of numerous acyclic 

and heterocyclic ligands has been investigated over the last decades. As a result, many aspects of 

the influence of ligand structure, anion type and synthetic conditions on ˊ-complexes crystal 

structure formation and on the effectiveness of the M(I)ï(CƏC) (M = Cu, Ag) interaction were 

studied. Nevertheless, much more still remains unexplored as it is evidenced by recent interesting 

results such as the discovery of new inorganic structural fragments, obtaining the first  

-́complexes with a number of anions, synthesis of the unique heterometallic complexes. This was 

made possible by the development of new synthetic approaches that allow the obtaining of Cu(I) 

and Ag(I) ˊ-complexes in the form of high-quality single crystals by alternating-current 

electrochemical method or by direct interaction. This class of compounds is interesting because of 

their catalytic, biological, photoluminescent and optoelectronic properties. 

Recently, the first ˊ-complexes of Cu(I) with allyl derivatives of 1,2,4-triazole were 

investigated. The organic ligand acts as multidentate chelating ˊ,ů-donor using triazole and  

ɖ2-allyl moieties, resulting in a formation of the dimeric {Cu2N4} core with a trigonal-pyramidal  

environment of the Cu cation. These 

dimers retain their stability even in the 

acetonitrile solution (which is known to be 

highly affined to Cu(I)), what was detected 

by means of 1H and 13C NMR. 

Herein, a series of first Cu(I) and 

Ag(I) ˊ-complexes with new derivatives of 

1,2,4-triazole with such anions as Cl-, Br-, 

I-, NO3
-, ClO4

-, SO4
2-, BF4

-, SiF5
-, 

CF3COO- and others are presented. A 

comparative analysis of the strcutures of 

new coordination compounds with already 

known is carried out and it is shown how 

changes in the ligand structure affect the 

crystalline organization of the complexes. 

Depending on the substituents in the 1,2,4-

triazole core, as well as on the synthetic 

conditions, structures of varying 

dimensionality (0D, 1D, 2D) can be 

obtained. In addition to this, results of the 

study of nonlinear optical properties for the 

1D copper(I) iodide complex with 2-allyl-3-

allylsulfanyl-2H-1,2,4-triazole are presented. 

Particularly interesting is the structure of AgClO4 ́ -complex with 3-allylsulfanyl-4-allyl-5-

m-pyridyl-4H-1,2,4-triazole (L) (Fig.), in which dimeric cationic [Ag2(L )2]
2+ fragments are linked 

into the 2D network by means of the N atom of the pyridine core, the bridging perchlorate anions 

and the 4-allyl group, which is ɖ2-coordinated. It is worthy of note that this is the first complex with 

1,2,4-triazoles in which the 4-allyl group is coordinated, despite the electron deficiency of the CƏC 

bond. 

  

Fig. A part of the crystal structure of 2D AgClO4 

-́complex with 3-allylsulfanyl-4-allyl-5-

m-pyridyl-4H-1,2,4-triazole 
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ɼɯɸɻʈɸʄɸ ʉʊɸʅʋ ʉʀʉʊɽʄʀ DyïGaïGe (0-33,3 ɸʊ. % Dy, 600 ʉ) 

ɼʝʣʝʥʢʦ ʊ. ʆ., ʊʦʢʘʡʯʫʢ ʗ. ʆ., ɻʣʘʜʠʰʝʚʩʴʢʠʡ ʈ. ɭ. 

ʂʘʬʝʜʨʘ ʥʝʦʨʛʘʥʽʯʥʦʾ ʭʽʤʽʾ 

ʃʴʚʽʚʩʴʢʦʛʦ ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ʽʤʝʥʽ ɯʚʘʥʘ ʌʨʘʥʢʘ,  

ʚʫʣ. ʂʠʨʠʣʘ ʽ ʄʝʬʦʜʽʷ, 6, 79005 ʃʴʚʽʚ, ʋʢʨʘʾʥʘ 

tarasdelenko@gmail.com 

 

ɼʣʷ ʚʩʪʘʥʦʚʣʝʥʥʷ ʬʘʟʦʚʠʭ ʨʽʚʥʦʚʘʛ ʽ ʚʠʟʥʘʯʝʥʥʷ ʢʨʠʩʪʘʣʽʯʥʦʾ ʩʪʨʫʢʪʫʨʠ ʩʧʦʣʫʢ 

ʫ ʩʠʩʪʝʤʽ DyïGaïGe ʚ ʦʙʣʘʩʪʽ 0ï33,3 ʘʪ.% Dy ʤʠ ʚʠʛʦʪʦʚʠʣʠ 62 ʜʚʦ- ʪʘ ʪʨʠʢʦʤʧʦʥʝʥʪʥʽ 

ʩʧʣʘʚʠ ʝʣʝʢʪʨʦʜʫʛʦʚʠʤ ʩʧʣʘʚʣʷʥʥʷʤ ʤʝʪʘʣʽʚ ʚʠʩʦʢʦʾ ʯʠʩʪʦʪʠ ʚ ʘʪʤʦʩʬʝʨʽ ʘʨʛʦʥʫ. 

ɻʦʤʦʛʝʥʽʟʫʶʯʠʡ ʚʽʜʧʘʣ ʟʨʘʟʢʽʚ ʟʜʽʡʩʥʠʣʠ ʫ ʚʘʢʫʫʤʦʚʘʥʠʭ ʢʚʘʨʮʦʚʠʭ ʘʤʧʫʣʘʭ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʽ 600 Áʉ ʚʧʨʦʜʦʚʞ 1 ʤʽʩʷʮʷ. ʌʘʟʦʚʠʡ ʘʥʘʣʽʟ ʟʨʘʟʢʽʚ ʧʨʦʚʝʣʠ ʟʘ 

ʨʝʥʪʛʝʥʽʚʩʴʢʠʤʠ ʧʦʨʦʰʢʦʚʠʤʠ ʜʠʬʨʘʢʪʦʛʨʘʤʘʤʠ, ʦʪʨʠʤʘʥʠʤʠ ʥʘ ʜʠʬʨʘʢʪʦʤʝʪʨʽ ɼʈʆʅ-

2.0ʄ (ʧʨʦʤʽʥʥʷ Fe KŬ). ʂʨʠʩʪʘʣʽʯʥʫ ʩʪʨʫʢʪʫʨʫ ʪʝʨʥʘʨʥʠʭ ʩʧʦʣʫʢ ʚʠʟʥʘʯʠʣʠ 

ʨʝʥʪʛʝʥʽʚʩʴʢʠʤ ʜʠʬʨʘʢʮʽʡʥʠʤ ʤʝʪʦʜʦʤ ʧʦʨʦʰʢʫ ʟʘ ʜʠʬʨʘʢʪʦʛʨʘʤʘʤʠ, ʦʨʠʤʘʥʠʤʠ ʥʘ 

ʜʠʬʨʘʢʪʦʤʝʪʨʽ STOE Stadi P (ʧʨʦʤʽʥʥʷ Cu KŬ1). ʋʪʦʯʥʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʧʨʦʬʽʣʶ 

ʨʝʥʪʛʝʥʦʛʨʘʤʠ ʪʘ ʧʘʨʘʤʝʪʨʽʚ ʢʨʠʩʪʘʣʽʯʥʦʾ ʩʪʨʫʢʪʫʨʠ ʽʜʝʥʪʠʬʽʢʦʚʘʥʠʭ ʬʘʟ ʟʜʽʡʩʥʠʣʠ 

ʤʝʪʦʜʦʤ ʈʽʪʚʝʣʴʜʘ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʘʢʝʪʫ ʧʨʦʛʨʘʤ FullProf Suite. 

ʋ ʩʠʩʪʝʤʽ DyïGaïGe ʧʨʠ 600Üʉ ʥʘ ʽʟʦʢʦʥʮʝʥʪʨʘʪʽ 22 ʘʪ.% Dy ʽʩʥʫʻ ʪʝʨʥʘʨʥʘ 

ʩʧʦʣʫʢʘ ʟʤʽʥʥʦʛʦ ʩʢʣʘʜʫ Dy2(Ga0,32-0,13Ge0,68-0,87)7. ɰʾ ʢʨʠʩʪʘʣʽʯʥʫ ʩʪʨʫʢʪʫʨʫ ʚʠʟʥʘʯʝʥʦ 

ʤʝʪʦʜʦʤ ʧʦʨʦʰʢʫ ʜʣʷ ʩʢʣʘʜʫ Dy2(Ga0,26Ge0,74)7: ʩʪʨʫʢʪʫʨʥʠʡ ʪʠʧ (ʉʊ) Sm2(Ga0,26Ge0,74)7, 

ʩʠʤʚʦʣ ʇʽʨʩʦʥʘ (ʉʇ) oS80-8, ʧʨʦʩʪʦʨʦʚʘ ʛʨʫʧʘ (ʇɻ) Cmce, a = 8,3284(6), b = 8,0320(6),  

c = 20,9167(15) ¡. ʉʪʨʫʢʪʫʨʘ ʩʧʦʣʫʢʠ ʥʘʣʝʞʠʪʴ ʜʦ ʛʦʤʦʣʦʛʽʯʥʦʾ ʩʝʨʽʾ ʩʪʨʫʢʪʫʨ, 

ʧʦʙʫʜʦʚʘʥʠʭ ʟʨʦʱʝʥʥʷʤ ʬʨʘʛʤʝʥʪʽʚ ʩʪʨʫʢʪʫʨʥʠʭ ʪʠʧʽʚ AlB2 (ʰʘʨʠ ʪʨʠʛʦʥʘʣʴʥʠʭ 

ʧʨʠʟʤ), BaAl4 (ʰʘʨʠ ʪʝʪʨʘʛʦʥʘʣʴʥʠʭ ʘʥʪʠʧʨʠʟʤ) ʽ Ŭ-Po (ʰʘʨʠ ʢʫʙʽʚ). 

ɿʘʤʽʱʝʥʥʷ ʘʪʦʤʽʚ Ga ʥʘ ʚʪʦʤʠ Ge ʫ ʙʽʥʘʨʥʽʡ ʩʧʦʣʫʮʽ DyGa3 (ʉʊ Ta(Rh0,33Pd0,67)3,  

ʉʇ hP40, ʇɻ P63/mmc) ʧʨʠ 600 Áʉ ʧʨʠʚʦʜʠʪʴ ʜʦ ʫʪʚʦʨʝʥʥʷ ʩʧʦʣʫʢʠ ʟʤʽʥʥʦʛʦ ʩʢʣʘʜʫ  

Dy(Ga0,97-0,84Ge0,03-0,16)3 ʟ ʚʽʜʤʽʥʥʦʶ ʩʪʨʫʢʪʫʨʦʶ (ʉʊ Mg3In, ʉʇ hR48, ʇɻ R-3m,  

a = 6,1707(3)-6,22374(10), c = 27,7297(15)-28,1185(5) ¡). ʇʦʜʘʣʴʰʝ ʟʙʽʣʴʰʝʥʥʷ ʚʤʽʩʪʫ Ge 

ʧʨʠʚʦʜʠʪʴ ʜʦ ʫʪʚʦʨʝʥʥʷ ʱʝ ʦʜʥʽʻʾ ʪʝʨʥʘʨʥʦʾ ʩʧʦʣʫʢʠ ʥʘ ʽʟʦʢʦʥʮʝʥʪʨʘʪʽ 25 ʘʪ.% Dy ï 

Dy(Ga0,77-0,73Ge0,23-0,27)3 (ʉʊ PuAl3, ʉʇ hP24, ʇɻ P63/mmc, a = 6,0970(3)-6,1091(6),  

c = 14,3153(8)-14,3528(14) ¡). ʉʪʨʫʢʪʫʨʥʽ ʪʠʧʠ Ta(Rh0,33Pd0,67)3, Mg3In ʽ PuAl3 ʻ 

ʧʨʝʜʩʪʘʚʥʠʢʘʤʠ ʥʘʡʱʽʣʴʥʽʰʠʭ ʫʧʘʢʦʚʦʢ ʘʪʦʤʽʚ ʽ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʢʽʣʴʢʽʩʪʶ ʽ ʩʧʦʩʦʙʦʤ 

ʫʢʣʘʜʢʠ ʱʽʣʴʥʦʫʧʘʢʦʚʘʥʠʭ ʰʘʨʽʚ ʘʪʦʤʽʚ. ɿʙʽʣʴʰʝʥʥʷ ʚʤʽʩʪʫ Ge ʫ ʩʧʦʣʫʢʘʭ ʩʠʩʪʝʤʠ Dyï

GaïGe ʥʘ ʽʟʦʢʦʥʮʝʥʪʨʘʪʽ 25 ʘʪ.% Dy ʧʨʠʚʦʜʠʪʴ ʜʦ ʨʝʘʣʽʟʘʮʽʾ ʱʽʣʴʥʦʫʧʘʢʦʚʘʥʠʭ ʩʪʨʫʢʪʫʨ 

ʟ ʤʝʥʰʠʤ ʩʪʫʧʝʥʝʤ ʛʝʢʩʘʛʦʥʘʣʴʥʦʩʪʽ. 

ɿʘʤʽʱʝʥʥʷ ʘʪʦʤʽʚ Ga ʥʘ ʘʪʦʤʠ Ge ʫ ʙʽʥʘʨʥʽʡ ʩʧʦʣʫʮʽ DyGa2 (ʉʊ AlB2, ʉʇ hP3, ʇɻ 

P6/mmm) ʧʨʠʚʦʜʠʪʴ ʜʦ ʫʪʚʦʨʝʥʥʷ ʪʚʝʨʜʦʛʦ ʨʦʟʯʠʥʫ ʟʘʤʽʱʝʥʥʷ Dy(Ga1-0,78Ge0-0,22)2  

 ʚʟʜʦʚʞ ʽʟʦʢʦʥʮʝʥʪʨʘʪʠ 33,3 ʘʪ.% Dy. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʟʙʽʣʴʰʝʥʥʷ ʚʤʽʩʪʫ Ge ʫ ʥʴʦʤʫ 

ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʟʙʽʣʴʰʝʥʥʷʤ ʢʦʚʘʣʝʥʪʥʦʩʪʽ ʫ ʟʚôʷʟʢʘʭ ʤʽʞ ʘʪʦʤʘʤʠ ʨ-ʝʣʝʤʝʥʪʽʚ, ʽ 

ʚʽʜʧʦʚʽʜʥʦ, ʟʤʝʥʰʝʥʥʷʤ ʧʘʨʘʤʝʪʨʘ ʘ ʝʣʝʤʝʥʪʘʨʥʦʾ ʢʦʤʽʨʢʠ ʽ ʟʙʽʣʴʰʝʥʥʷʤ ʧʘʨʘʤʝʪʨʘ ʩ 

(a = 4,199-4,17600(13), c = 4,066-4,0951(2) ¡). ʇʦʜʘʣʴʰʝ ʟʙʽʣʴʰʝʥʥʷ ʚʤʽʩʪʫ Ge ʧʨʠʚʦʜʠʪʴ 

ʜʦ ʫʪʚʦʨʝʥʥʷ ʪʝʨʥʘʨʥʦʾ ʩʧʦʣʫʢʠ ʟʤʽʥʥʦʛʦ ʩʢʣʘʜʫ Dy(Ga0,70-0,63Ge0,30-0,37)2  

(ʉʊ Ŭ-ThSi2, ʉʇ tI12, ʇɻ I41/amd, a = 4,16411(9), c = 14,4832(3) ¡ ʜʣʷ ʩʢʣʘʜʫ 

Dy(Ga0,70Ge0,30)2). ʉʪʨʫʢʪʫʨʥʽ ʪʠʧʠ AlB2 ʽ Ŭ-ThSi2 ʥʘʣʝʞʘʪʴ ʜʦ ʛʦʤʦʣʦʛʽʯʥʦʾ ʩʝʨʽʾ 

ʩʪʨʫʢʪʫʨ, ʧʦʙʫʜʦʚʘʥʠʭ ʟʨʦʱʝʥʥʷʤ ʦʜʥʦʛʦ ʪʠʧʫ ʬʨʘʛʤʝʥʪʫ (ʰʘʨ ʪʨʠʛʦʥʘʣʴʥʠʭ ʧʨʠʟʤ), 

ʘʣʝ ʚ ʨʽʟʥʽʡ ʦʨʽʻʥʪʘʮʽʾ. 
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ʌʊɸʃʆʎɯɸʅɯʅʆɺɯ ʂʆʄʇʃɽʂʉʀ ʎʀʈʂʆʅɯʖ ʊɸ ɻɸʌʅɯʖ ɿ ɸʃʂɯʃɸʄɯʅʆ-

b-ʂɽʊʆɭʅʆʃʔʅʀʄʀ ʃɯɻɸʅɼɸʄʀ 

ɼʦʚʙʽʡ ʗ. ʄ.1, ʊʨʝʪʷʢʦʚʘ ɯ. ʄ.1, ʏʝʨʥʽʡ ɺ. ʗ.1, ʂʦʨʦʙʢʦ ʉ. ɺ.1, ɻʦʨʩʢʽʡ ɸ. ɺ.2 

1ɯʥʩʪʠʪʫʪ ʟʘʛʘʣʴʥʦʾ ʪʘ ʥʝʦʨʛʘʥʽʯʥʦʾ ʭʽʤʽʾ ʽʤ. ɺ. ɯ. ɺʝʨʥʘʜʩʴʢʦʛʦ  

ʅʘʮʽʦʥʘʣʴʥʦʾ ʘʢʘʜʝʤʽʾ ʥʘʫʢ ʋʢʨʘʾʥʠ 
2ɯʥʩʪʠʪʫʪ ʬʽʟʠʯʥʦʾ ʭʽʤʽʾ ʇʦʣʴʩʴʢʦʾ ʘʢʘʜʝʤʽʾ ʥʘʫʢ 

mitya@ionc.kar.net 

 

ʂʦʤʧʣʝʢʩʠ ʤʝʪʘʣʽʚ ʟ b-ʢʝʪʦʻʥʦʣʘʤʠ ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʨʽʟʥʦʤʘʥʽʪʥʠʭ 

ʦʙʣʘʩʪʷʭ, ʥʘʧʨʠʢʣʘʜ, ʜʣʷ ʨʦʟʜʽʣʝʥʥʷ ʽʦʥʽʚ ʤʝʪʘʣʽʚ, ʫ ʥʘʥʦʪʝʭʥʦʣʦʛʽʷʭ ʜʣʷ ʩʪʚʦʨʝʥʥʷ 

ʪʦʥʢʠʭ ʦʢʩʠʜʥʠʭ ʧʣʽʚʦʢ ʤʝʪʘʣʽʚ, ʩʝʥʩʦʨʽʚ, ʜʽʦʜʽʚ ʪʘ ʽʥʰ. ʇʨʦʪʝ b-ʢʝʪʦʻʥʦʣʠ, ʱʦ ʤʽʩʪʷʪʴ 

ʫ ʩʚʦʻʤʫ ʩʢʣʘʜʽ ʭʨʦʤʦʬʦʨʥʽ ʬʨʘʛʤʝʥʪʠ, ʟʘ ʚʠʥʷʪʢʦʤ ʢʫʨʢʫʤʽʥʫ, ʧʨʘʢʪʠʯʥʦ ʥʝ 

ʜʦʩʣʽʜʞʫʚʘʣʠʩʴ. ʅʘʨʘʟʽ ʚʽʜʦʤʘ ʥʝʟʥʘʯʥʘ ʢʽʣʴʢʽʩʪʴ ʪʘʢʠʭ ʨʝʯʦʚʠʥ, ʤʝʪʦʜʠ ʾʭ ʩʠʥʪʝʟʫ 

ʨʦʟʨʦʙʣʝʥʦ ʥʝ ʜʦʩʪʘʪʥʴʦ. ʅʝʱʦʜʘʚʥʦ ʥʘʤʠ ʙʫʣʦ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʘʣʢʽʣʘʤʽʥʦ-b-

ʢʝʪʦʻʥʦʣʴʥʽ ʩʧʦʣʫʢʠ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʷʢ ʬʣʫʦʨʝʩʮʝʥʪʥʽ ʩʝʥʩʦʨʠ ʜʣʷ ʜʝʪʝʢʮʽʾ 

ʘʤʽʣʦʾʜʥʠʭ ʘʛʨʝʛʘʪʽʚ ʙʽʣʢʽʚ. ɰʭ ʙʫʣʦ ʦʜʝʨʞʘʥʦ ʰʣʷʭʦʤ ʢʦʥʜʝʥʩʘʮʽʾ ʜʝʛʽʜʨʘʮʝʪʦʚʦʾ 

ʢʠʩʣʦʪʠ ʟ ʘʨʦʤʘʪʠʯʥʠʤʠ ʘʣʴʜʝʛʽʜʘʤʠ, (ʈʠʩ., ʩʭʝʤʘ ɸ), ʪʘ ʧʦʜʘʣʴʰʠʤ ʨʦʟʤʠʢʘʥʥʷʤ 

ʧʽʨʘʥʦʚʦʛʦ ʮʠʢʣʫ ʘʣʽʬʘʪʠʯʥʠʤʠ ʘʤʽʥʘʤʠ (ʈʠʩ., ʩʭʝʤʘ ɹ). 

ɺ ʜʘʥʽʡ ʨʦʙʦʪʽ ʧʨʠ ʚʟʘʻʤʦʜʽʾ ʘʤʽʥʦ-b-ʢʝʪʦʻʥʦʣʽʚ ʟ ʬʪʘʣʦʮʽʘʥʽʥʘʤʠ ʮʠʨʢʦʥʽʶ ʪʘ 

ʛʘʬʥʽʶ ʜʠʭʣʦʨʠʜʘʤʠ (ʈʠʩ., ʩʭʝʤʘ ɺ) ʙʫʣʦ ʦʜʝʨʞʘʥʦ ʚʽʜʧʦʚʽʜʥʽ ʤʘʢʨʦʮʠʢʣʽʯʥʽ 

ʢʦʤʧʣʝʢʩʠ, ʷʢʽ ʧʦʻʜʥʫʶʪʴ ʫ ʩʦʙʽ ʜʚʘ ʭʨʦʤʦʬʦʨʥʽ ʬʨʘʛʤʝʥʪʠ ï ʬʪʘʣʦʮʽʘʥʽʥʦʚʠʡ ʪʘ b-

ʢʝʪʦʻʥʦʣʴʥʠʡ. 

 

 
ʈʠʩ. ʉʭʝʤʘ ʩʠʥʪʝʟʫ ʘʣʢʽʣʘʤʽʥʦ-b-ʢʝʪʦʻʥʦʣʽʚ ʪʘ ʬʪʘʣʦʮʽʘʥʽʥʦʚʠʭ ʢʦʤʧʣʝʢʩʽʚ ʮʠʨʢʦʥʽʶ 

ʪʘ ʛʘʬʥʽʶ ʥʘ ʾʭ ʦʩʥʦʚʽ 

 

ɺ ʩʧʝʢʪʨʘʭ ʧʦʛʣʠʥʘʥʥʷ ʦʜʝʨʞʘʥʠʭ ʨʝʯʦʚʠʥ ʧʨʠʩʫʪʥʽ ʩʤʫʛʠ ʚ ʦʙʣʘʩʪʽ 330 ʪʘ 

690 ʥʤ, ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ ʧʦʛʣʠʥʘʥʥʶ ʬʪʘʣʦʮʽʘʥʽʥʦʚʦʛʦ ʤʘʢʨʦʮʠʢʣʫ, ʘ ʪʘʢʦʞ ʩʤʫʛʘ ʚ 

ʦʙʣʘʩʪʽ 430ï480 ʥʤ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʧʦʛʣʠʥʘʥʥʶ ʢʦʦʨʜʠʥʦʚʘʥʠʭ ʘʤʽʥʦ-b-ʢʝʪʦʻʥʦʣʴʥʠʭ 

ʣʽʛʘʥʜʽʚ. ʊʘʢʠʤ ʯʠʥʦʤ, ʙʫʣʦ ʩʠʥʪʝʟʦʚʘʥʦ ʩʝʨʽʶ ʬʪʘʣʦʮʽʘʥʽʥʦʚʠʭ ʢʦʤʧʣʝʢʩʽʚ ʮʠʨʢʦʥʽʶ ʪʘ 

ʛʘʬʥʽʶ ʟ ʧʦʟʘʧʣʦʱʠʥʥʦ ʢʦʦʨʜʠʥʦʚʘʥʠʤʠ ʘʣʢʽʣʘʤʽʥʦ-b-ʢʝʪʦʻʥʦʣʴʥʠʤʠ ʣʽʛʘʥʜʘʤʠ, ʱʦ 

ʤʽʩʪʷʪʴ ʨʽʟʥʽ ʬʫʥʢʮʽʦʥʘʣʴʥʽ ʟʘʤʽʩʥʠʢʠ. 

 

ɼʘʥʘ ʨʦʙʦʪʘ ʚʠʢʦʥʘʥʘ ʟʘ ʧʽʜʪʨʠʤʢʠ ʛʨʘʥʪʫ H2020-MSCA-RISE-2014 ˉ 645628 

ʪʘ ʮʽʣʴʦʚʦʾ ʧʨʦʛʨʘʤʠ ʥʘʫʢʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ ʅɸʅ ʋʢʨʘʾʥʠ çʅʦʚʽ ʬʫʥʢʮʽʦʥʘʣʴʥʽ ʨʝʯʦʚʠʥʠ 

ʽ ʤʘʪʝʨʽʘʣʠ ʭʽʤʽʯʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘè ʥʘ 2017ï2018 ʨʨ. ˉ 8ï17.  
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ɿʄɯʐɸʅɯ ʉʆʃɯ ʂʋʇʈʋʄʋ ʊɸ ʎʀʅʂʋ ɿ ʇɸʈɸɺʆʃʔʌʈɸʄɸʊ ɹ-ɸʅɯʆʅʆʄ 

ɯʚʘʥʮʦʚʘ ɽ. ʉ., ʂʨʘʚʯʫʢ ʖ. ɺ., ʇʦʧʦʚʩʴʢʘ ʆ. ʖ., ʎʠʙʘ ɯ. ʆ., ʈʘʜʽʦ ʉ. ɺ., ʈʦʟʘʥʮʝʚ ɻ. ʄ. 

ɼʦʥʝʮʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ɺʘʩʠʣʷ ʉʪʫʩʘ 

ella.ivantsova@gmail.com 

 

ɯʟʦʧʦʣʽʚʦʣʴʬʨʘʤʘʪʠ d-ʤʝʪʘʣʽʚ ʩʠʥʪʝʟʫʶʪʴ ʘʙʦ ʟʘ ʦʙʤʽʥʥʦʶ ʨʝʘʢʮʽʻʶ ʟ 

ʚʽʜʧʦʚʽʜʥʠʭ ʽʟʦʧʦʣʽʘʥʽʦʥʽʚ, ʘʙʦ ʚ ʨʝʟʫʣʴʪʘʪʽ ʩʘʤʦʟʙʦʨʢʠ ʚ ʧʽʜʢʠʩʣʝʥʠʭ ʜʦ ʧʦʪʨʽʙʥʦʾ 

ʚʝʣʠʯʠʥʠ ʢʠʩʣʦʪʥʦʩʪʽ (Z = C(H+) / C(WO4
2-)) ʚʦʜʥʠʭ ʨʦʟʯʠʥʘʭ. ʆʩʪʘʥʥʽʡ ʩʧʦʩʽʙ ʩʠʥʪʝʟʫ 

ʻ ʙʽʣʴʰ ʧʨʦʩʪʠʤ, ʥʝʜʦʚʛʦʪʨʠʚʘʣʠʤ, ʤʽʥʽʤʘʣʴʥʦ ʝʥʝʨʛʦʚʠʪʨʘʪʥʠʤ ʽ ʥʝ ʧʦʪʨʝʙʫʻ 

ʧʦʧʝʨʝʜʥʴʦʾ ʢʨʠʩʪʘʣʽʟʘʮʽʾ ʩʦʣʽ ʣʫʞʥʦʛʦ ʤʝʪʘʣʫ ʘʙʦ ʘʤʦʥʽʶ ʟ ʽʟʦʧʦʣʽʘʥʽʦʥʦʤ. ʗʢʱʦ 

ʚʨʘʭʫʚʘʪʠ ʪʦʡ ʬʘʢʪ, ʱʦ ʦʙʣʘʩʪʽ ʽʩʥʫʚʘʥʥʷ ʽʟʦʧʦʣʽʘʥʽʦʥʽʚ ʜʦʩʠʪʴ ʚʝʣʠʢʽ, ʪʦ ʩʠʥʪʝʟʠ ʤʦʞʥʘ 

ʧʨʦʚʦʜʠʪʠ ʚ ʰʠʨʦʢʦʤʫ ʽʥʪʝʨʚʘʣʽ ʨʅ ʨʦʟʯʠʥʫ, ʷʢʠʡ ʟʘʜʘʻʪʴʩʷ ʨʽʟʥʦʶ ʚʝʣʠʯʠʥʦʶ Z. 

ɺʽʜʦʤʦ, ʱʦ ʧʘʨʘʚʦʣʴʬʨʘʤʘʪ ʘʥʽʦʥʠ ʟ ʨʽʟʥʠʤ ʩʪʫʧʝʥʝʤ ʧʨʦʪʦʥʫʚʘʥʥʷ 

[HnW12O40(OH)2]
(10-n)- ʫʪʚʦʨʶʶʪʴʩʷ ʚ ʨʦʟʯʠʥʘʭ ʟ ʢʠʩʣʦʪʥʽʩʪʶ ʚ̔ ʜ 1,00 ʜʦ 1,40 ʫ ʚʠʧʘʜʢʫ 

n Ò 3: Z = 1,17 n = 0; Z = 1,25 n = 1; Z = 1,33 n = 2; Z = 1,42 n = 3. ʊʘʢʫ ʩʪʝʭʽʦʤʝʪʨʽʶ 

ʚʠʭʽʜʥʠʭ ʨʝʯʦʚʠʥ ʨʝʘʢʮʽʡ 12WO4
2- + (14+n)H+ ʽ ʩʦʣʽ ʱʦ ʚ ʥʽʡ ʫʪʚʦʨʶʶʪʴʩʷ ʚʞʝ 

ʜʦʩʣʽʜʞʝʥʦ ʜʣʷ Z Ó 1,17, ʪʦʜʽ ʷʢ ʧʠʪʘʥʥʷ ʧʨʦ ʽʥʪʝʨʚʘʣ 1,0 Ò Z Ò 1,17 ɦ ʝ ʟʘʣʠʰʘʻʪʴʩʷ ʥʝ 

ʟôʷʩʦʚʘʥʠʤ. 

ɯʟ ʧʽʜʢʠʩʣʝʥʦʛʦ ʜʦ ʢʠʩʣʦʪʥʦʩʪʽ Z = 1,00 ʚʦʜʥʦʛʦ ʨʦʟʯʠʥʫ ʚʦʣʴʬʨʘʤʘʪʫ ʥʘʪʨʽʶ 

ʙʫʣʠ ʦʪʨʠʤʘʥʽ ʩʦʣʽ ʢʫʧʨʫʤʫ ʪʘ ʮʠʥʢʫ ʟ ʧʘʨʘʚʦʣʴʬʨʘʤʘʪ ɹ ʘʥʽʦʥʦʤ. ɽʣʝʤʝʥʪʥʠʤ ʘʥʘʣʽʟʦʤ 

ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʮʽ ʩʦʣʽ ʤʦʞʥʘ ʚʽʜʥʝʩʪʠ ʜʦ ʦʩʥʦʚʥʠʭ ʘʙʦ ʜʦ ʟʤʽʰʘʥʠʭ 

ʛʽʜʨʦʢʩʦʧʘʨʘʚʦʣʴʬʨʘʤʘʪʽʚ ʮʠʥʢʫ Zn5[W12O40(OH)2]ĿZn(OH)2Ŀ26H2O ʪʘ ʢʫʧʨʫʤʫ 

Cu5[W12O40(OH)2]Ŀ2Cu(OH)2Ŀ30H2O. ɸʥʽʦʥʠ ʚ ʩʢʣʘʜʽ ʮʠʭ ʩʦʣʝʡ ʽʜʝʥʪʠʬʽʢʦʚʘʥʦ ʤʝʪʦʜʦʤ 

ɯʏ-ʩʧʝʢʪʨʦʩʢʦʧʽʾ, ʷʢʠʡ ʧʦʢʘʟʘʚ, ʱʦ ʟʘ ʥʘʙʦʨʦʤ ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʠʭ ʢʦʣʠʚʘʥʴ ʚʦʥʠ 

ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ ʧʘʨʘʚʦʣʴʬʨʘʤʘʪ-ʘʥʽʦʥʽʚ ɹ. 

ɹʫʜʦʚʫ ʢʫʧʨʫʤ-ʚʤʽʩʥʦʾ ʩʦʣʽ ʨʦʟʰʠʬʨʦʚʘʥʦ ʤʝʪʦʜʦʤ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ 

ʘʥʘʣʽʟʫ. ʆʩʥʦʚʥʽ ʢʨʠʩʪʘʣʦʛʨʘʬʽʯʥʽ ʜʘʥʽ ʜʣʷ H66Cu7O76W12: Mr = 3933,51, ʪʨʠʢʣʽʥʥʠʡ, 

ʧʨ.ʛʨ. Pï1, a = 10,5878(3) ¡, b = 12,8296(4) ¡, c = 12,8522(5) ¡, Ŭ = 95,859(3)Á, 

ɓ = 113,646(3)Á, ɔ = 91,763(2)Á, V = 1585,94(9) ¡3 ʟʘ T = 293 K, dʨʦʟʨ = 4,119 ʛ/ʩʤ3, 

F000 = 1765, ɛ = 24,085ʤʤ-1, ï17 ¢ h ¢ 17, ï21 ¢ k ¢ 17, ï21 ¢ l ¢ 21, ʦʩʪʘʪʦʯʥʽ ʧʦʢʘʟʥʠʢʠ 

ʥʝʜʦʩʪʦʚʽʨʥʦʩʪʽ ʟʘ ʚʩʽʤʘ ʩʧʦʩʪʝʨʝʞʝʥʠʤʠ ʚʽʜʙʠʪʪʷʤʠ RF = 0,0497, wR2 = 0,0977 

(RF = 0,0746, wR2 = 0,1119 ʟʘ ʚʩʽʤʘ ʥʝʟʘʣʝʞʥʠʤʠ ʚʽʜʙʠʪʪʷʤʠ), S = 0,957. 

 

 
ʈʠʩ. ɯʏ-ʩʧʝʢʪʨʠ: ʘ) Cu5[W12O40(OH)2]Ŀ2Cu(OH)2Ŀ30H2O; 

ʙ) Zn5[W12O40(OH)2]ĿZn(OH)2Ŀ26H2O 
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ʉʀʅʊɽɿ ɯ ɼʆʉʃɯɼɾɽʅʅʗ ɺʃɸʉʊʀɺʆʉʊɽʁ ʇʆɼɺɯʁʅʀʍ ʉʀʃɯʂɸʊɯɺ 

ʃʋɾʅʀʍ ʄɽʊɸʃɯɺ ʊɸ ʇʈɸɿɽʆɼʀʄʋ 

ʂʘʰʫʙʘ ɸ. ɯ., ɹʦʨʠʩʦʚʘ ʂ. ɺ., ʇʝʯʘʣʽʥʘ ɭ. ɯ. 

ɼʦʥʝʮʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ɺʘʩʠʣʷ ʉʪʫʩʘ 
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ʇʦʜʚʽʡʥʽ ʩʠʣʽʢʘʪʠ ʟʽ ʩʪʨʫʢʪʫʨʦʶ ʘʧʘʪʠʪʫ, ʟʘʚʜʷʢʠ ʩʚʦʾʡ ʙʫʜʦʚʽ, ʨʽʟʥʦʤʘʥʽʪʥʦʩʪʽ 

ʝʣʝʤʝʥʪʥʦʛʦ ʩʢʣʘʜʫ ʽ ʚʣʘʩʪʠʚʦʩʪʷʤ, ʥʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʨʽʟʥʠʭ 

ʦʙʣʘʩʪʷʭ ʥʘʫʢʠ ʽ ʪʝʭʥʽʢʠ. 

ʎʽ ʩʧʦʣʫʢʠ ʤʦʞʫʪʴ ʟʘʩʪʦʩʦʚʫʚʘʪʠʩʷ ʚ ʷʢʦʩʪʽ ʢʘʪʘʣʽʟʘʪʦʨʽʚ, ʙʽʦʤʘʪʝʨʽʘʣʽʚ, 

ʣʘʟʝʨʥʠʭ ʽ ʣʶʤʽʥʝʩʮʝʥʪʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʤʘʪʨʠʮʴ ʜʣʷ ʧʦʛʣʠʥʘʥʥʷ ʘʢʪʠʥʦʾʜʽʚ, ʚ ʷʢʦʩʪʽ 

ʽʦʥʥʠʭ ʧʨʦʚʽʜʥʠʢʽʚ, ʤʘʪʝʨʽʘʣʽʚ ʪʚʝʨʜʦʦʢʩʠʜʥʠʭ ʧʘʣʠʚʥʠʭ ʝʣʝʤʝʥʪʽʚ (ʊʆʇɽ), ʷʢʽ ʻ 

ʚʠʩʦʢʦ ʝʬʝʢʪʠʚʥʠʤʠ ʽ ʝʢʦʣʦʛʽʯʥʦ ʯʠʩʪʠʤʠ ʜʞʝʨʝʣʘʤʠ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ.  

ʉʠʣʽʢʘʪʠ ʨʽʜʢʽʩʥʦʟʝʤʝʣʴʥʠʭ ʩʧʦʣʫʢ ʟʽ ʩʪʨʫʢʪʫʨʦʶ ʘʧʘʪʠʪʫ ʧʨʝʜʩʪʘʚʣʷʶʪʴ 

ʚʝʣʠʢʠʡ ʽʥʪʝʨʝʩ ʷʢ ʥʦʚʠʡ ʢʣʘʩ ʢʠʩʥʝʚʠʭ ʽʦʥʥʠʭ ʧʨʦʚʽʜʥʠʢʽʚ. ʆʩʦʙʣʠʚʦʩʪʽ ʩʪʨʫʢʪʫʨʠ 

ʮʠʭ ʩʧʦʣʫʢ ʟʘʙʝʟʧʝʯʫʶʪʴ ʾʭ ʚʠʩʦʢʫ ʢʠʩʥʝʚʫ ʧʨʦʚʽʜʥʽʩʪʴ ʚ ʦʙʣʘʩʪʽ ʩʝʨʝʜʥʽʭ ʪʝʤʧʝʨʘʪʫʨ, 

ʥʠʟʴʢʽ ʝʥʝʨʛʽʾ ʘʢʪʠʚʘʮʽʾ ʧʨʦʚʽʜʥʦʩʪʽ, ʩʪʽʡʢʽʩʪʴ ʚ ʚʽʜʥʦʚʣʶʚʘʣʴʥʠʭ ʩʝʨʝʜʦʚʠʱʘʭ, ʘ ʪʘʢʦʞ 

ʤʦʞʣʠʚʽʩʪʴ ʽʟʦʤʦʨʬʥʦʛʦ ʟʘʤʽʱʝʥʥʷ ʨʽʟʥʠʤʠ ʝʣʝʤʝʥʪʘʤʠ, ʱʦ ʜʦʟʚʦʣʷʻ ʤʦʜʠʬʽʢʫʚʘʪʠ ʾʭ 

ʪʨʘʥʩʧʦʨʪʥʽ ʚʣʘʩʪʠʚʦʩʪʽ. 

ʃʶʤʽʥʦʬʦʨʠ ʥʘ ʦʩʥʦʚʽ ʩʠʣʽʢʘʪʽʚ ʟʽ ʩʪʨʫʢʪʫʨʦʶ ʘʧʘʪʠʪʫ, ʤʘʶʪʴ ʨʷʜ ʧʝʨʝʚʘʛ, 

ʩʝʨʝʜ ʷʢʠʭ ʚʽʜʤʽʥʥʘ ʪʝʨʤʽʯʥʘ ʩʪʘʙʽʣʴʥʽʩʪʴ, ʰʠʨʦʢʠʡ ʨʦʟʨʠʚ ʚ ʝʥʝʨʛʝʪʠʯʥʠʭ ʜʽʘʧʘʟʦʥʘʭ, 

ʥʝ ʪʦʢʩʠʯʥʽʩʪʴ, ʥʠʟʴʢʘ ʚʘʨʪʽʩʪʴ ʩʠʨʦʚʠʥʠ, ʙʘʛʘʪʦʧʨʦʤʝʥʝʚʘ ʬʦʩʬʦʨʝʩʮʝʥʮʽʷ, ʚʠʩʦʢʘ 

ʩʪʽʡʢʽʩʪʴ ʜʦ ʢʠʩʣʦʪ, ʣʫʛʽʚ ʽ ʢʠʩʥʶ. 

ʅʘʡʙʽʣʴʰʠʡ ʽʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʶʪʴ ʩʠʣʽʢʘʪʠ ʈɿɽ ʦʩʢʽʣʴʢʠ ʩʘʤʝ ʮʽ ʩʧʦʣʫʢʠ 

ʤʦʞʥʘ ʩʠʥʪʝʟʫʚʘʪʠ ʫ ʚʠʛʣʷʜʽ ʜʦʩʢʦʥʘʣʠʭ ʤʦʥʦʢʨʠʩʪʘʣʽʚ, ʧʨʠʜʘʪʥʠʭ ʜʣʷ ʪʝʭʥʽʯʥʦʛʦ 

ʟʘʩʪʦʩʫʚʘʥʥʷ. 

ʇʦʜʚʽʡʥʽ ʩʠʣʽʢʘʪʠ NaPr9(SiO4)6O2, KPr9(SiO4)6O2, RbPr9(SiO4)6O2, CsPr9(SiO4)6O2 

ʦʜʝʨʞʘʣʠ ʪʚʝʨʜʦʬʘʟʥʠʤ ʤʝʪʦʜʦʤ ʩʠʥʪʝʟʫ. ɿ ʤʝʪʦʶ ʾʭ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʟʨʘʟʢʠ ʙʫʣʠ ʚʠʚʯʝʥʽ 

ʤʝʪʦʜʦʤ ʨʝʥʪʛʝʥʦʬʘʟʦʚʦʛʦ ʘʥʘʣʽʟʫ ʟ ʫʪʦʯʥʝʥʥʷʤ ʢʨʠʩʪʘʣʽʯʥʦʾ ʩʪʨʫʢʪʫʨʠ ʤʝʪʦʜʦʤ 

ʈʽʪʚʝʣʴʜʘ ʪʘ ʤʝʪʦʜʦʤ ʩʢʘʥʫʶʯʦʾ ʝʣʝʢʪʨʦʥʥʦʾ ʤʽʢʨʦʩʢʦʧʽʾ.  
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ʂʆʄʇʆɿʀʊʅʀʁ ʉʆʈɹɽʅʊ çʉʀʃɯʂɸɻɽʃʔ ʂʈʀʉʊɸʃʆɻɯɼʈɸʊè 

ɼʃʗ ɺʀʂʆʈʀʉʊɸʅʅʗ ɺ ʉʀʉʊɽʄɯ ɼɽʎɽʅʊʈɸʃɯɿʆɺɸʅʆɻʆ ʆʇɸʃɽʅʅʗ 

ʇʈʀʄɯʑɽʅʔ ʈɯɿʅʆɻʆ ʇʈʀɿʅɸʏɽʅʅʗ 

ʂʦʣʦʤʽʻʮʴ ʆ. ɺ., ʉʫʭʠʡ ʂ. ʄ. 

ɼɺʅɿ çʋʢʨʘʾʥʩʴʢʠʡ ʜʝʨʞʘʚʥʠʡ ʭʽʤʽʢʦ-ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪè, ʤ. ɼʥʽʧʨʦ 

lenysik_kol@i.ua 

 

ʊʝʭʥʦʣʦʛʽʷ ʟʦʣʴ-ʛʝʣʴ ʩʠʥʪʝʟʫ ʢʦʤʧʦʟʠʪʥʦʛʦ ʩʦʨʙʝʥʪʫ ʚʢʣʶʯʘʣʘ ʥʘʩʪʫʧʥʽ ʩʪʘʜʽʾ: 

ʧʨʠʛʦʪʫʚʘʥʥʷ 20 % ʚʦʜʥʦʛʦ ʨʦʟʯʠʥʫ ʩʠʣʽʢʘʪʥʦʛʦ ʩʢʣʘ; ʫʪʚʦʨʝʥʥʷ ʟʘʨʦʜʢʽʚ ʩʠʣʽʢʘʪʥʦʾ 

ʬʘʟʠ; ʫʪʚʦʨʝʥʥʷ ʢʨʝʤʥʽ ʡ-ʢʠʩʥʝʚʦʾ ʤʘʪʨʠʮʽ; ʬʨʘʢʮʽʶʚʘʥʥʷ ʩʦʨʙʝʥʪʫ; ʩʫʰʢʘ ʧʨʠ 60 ʦʉ. 

ʇʦʨʷʜʦʢ ʚʚʝʜʝʥʥʷ ʢʦʤʧʦʥʝʥʪʽʚ ʩʠʥʪʝʟʫ ʥʘʚʝʜʝʥʠʡ ʚ ʪʘʙʣʠʮʽ 1. 

 

ʊʘʙʣʠʮʷ 1. ʇʦʩʣʽʜʦʚʥʽʩʪʴ ʚʚʝʜʝʥʥʷ ʢʦʤʧʦʥʝʥʪʽʚ ʩʠʥʪʝʟʫ 

ʉʪʘʜʽʷ ʂʦʤʧʦʥʝʥʪ ɺʠʪʨʘʪʘ, ʤʘʩ. ʯ. 

1 
20 % ʚʦʜʥʦʛʦ ʨʦʟʯʠʥʫ ʩʠʣʽʢʘʪʥʦʛʦ ʩʢʣʘ 100 

5 % ʚʦʜʥʠʡ ʨʦʟʯʠʥ ʇʏɸʉ 2 

2 2,4 % ʨʦʟʯʠʥ ʢʠʩʣʦʪʠ 40 

3 
4,65 % ʨʦʟʯʠʥ ʢʠʩʣʦʪʠ 20 

50 % ʨʦʟʯʠʥ ʩʠʣʽʢʘʪʥʦʛʦ ʩʢʣʘ 20 

4 4,65 % ʨʦʟʯʠʥ ʢʠʩʣʦʪʠ 10ï20 

ɺʠʭʽʜ ʢʦʤʧʦʟʠʪʫ ʩʢʣʘʜʘʻ 14 

 

ʊʘʙʣʠʮʷ 2. ʇʦʢʘʟʥʠʢʠ ʷʢʦʩʪʽ ʢʦʤʧʦʟʠʪʥʠʭ ʩʦʨʙʝʥʪʽʚ çʩʠʣʽʢʘʛʝʣʴïʢʨʠʩʪʘʣʦʛʽʜʨʘʪè 

ʇʦʢʘʟʥʠʢ ʩʦʨʙʝʥʪʫ 

ʅʘʟʚʘ ʧʨʦʜʫʢʪʫ 
ʄʝʪʦʜ 

ʚʠʧʨʦʙʫʚʘʥʥʷ 
ʩʠʣʽʢʘʛʝʣʴ-

ʩʫʣʴʬʘʪ ʥʘʪʨʽʶ 

ʩʠʣʽʢʘʛʝʣʴ-

ʘʮʝʪʘʪ ʥʘʪʨʽʶ 

ʂʦʣʽʨ ʙʽʣʠʡ ʙʽʣʠʡ ʚʽʟʫʘʣʴʥʠʡ 

ʅʘʩʠʧʥʘ ʛʫʩʪʠʥʘ, ʛ-ʩʤ3 0,72 0,65 ʦʙôʻʤʥʠʡ ʤʝʪʦʜ, 

ɻʆʉʊ 10898.2-74 

ʉʦʨʙʮʽʡʥʘ ʻʤʥʽʩʪʴ, ʛ-ʛ 0,42 0,66 - 

ʊʝʤʧʝʨʘʪʫʨʘ ʨʝʛʝʥʝʨʘʮʽʾ, 
ʦʉ 

100 60 - 

ʌʦʨʤʘ ʛʨʘʥʫʣʠ ʛʨʘʥʫʣʠ - 

ʈʦʟʤʽʨ ʛʨʘʥʫʣ ʩʦʨʙʝʥʪʫ, 

ʤʤ 

3ï5 3ï5 ʧʨʦʩʽʚ 

ʊʦʢʩʠʯʥʽʩʪʴ ʥʝʛʘʪʠʚʥʘ ʥʝʛʘʪʠʚʥʘ ɼCʘʥʇʽʅ 

 

ʈʦʟʤʽʨ ʬʘʢʪʠʯʥʦʛʦ ʝʢʦʥʦʤʽʯʥʦʛʦ ʝʬʝʢʪʫ ʚʽʜ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʩʠʩʪʝʤʽ 

ʜʝʮʝʥʪʨʘʣʽʟʦʚʘʥʦʛʦ ʦʧʘʣʝʥʥʷ ʪʝʧʣʦʚʦʛʦ ʘʢʫʤʫʣʷʪʦʨʫ ʥʘ ʦʩʥʦʚʽ ʮʠʭ ʢʦʤʧʦʟʠʪʥʠʭ 

ʩʦʨʙʝʥʪʽʚ ʚ ʧʝʨʽʦʜ ʟ ʞʦʚʪʥʷ 2016 ʨ. ʧʦ ʢʚʽʪʝʥʴ 2017 ʨ. ʩʪʘʥʦʚʠʪʴ 147436,5 ʛʨʥ.  
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Doping components have the influence on structural, physical and chemical 

characteristics of the electrode materials. The material on the basis of multicomponent alloys 

often demonstrates better electrochemical characteristics than individual compounds. In this 

study we present our results of the the electrochemical hydrogenation of Tb2Ni17 phases doped 

by silicon and lithium.  

The samples were synthesized by arc melting of pressed pallets containing a mixture of 

pure metals with further homogenization annealing. The synthesized alloys were tested as 

anode materials in a Swagelok-prototype of Ni-MH batteries. As a negative electrode we used 

the powders of alloys with nominal compositions Tb2Ni16Si and Tb2Ni16Li 0.5Si0.5 that according 

to X-ray phase analysis contained only expected phases with Th2Ni17-type structure (space 

group P63/mmc) (see Table). As a positive electrode we used a mixture of Ni(OH)2 and graphite 

powders for better conductivity. A separator soaked in electrolyte (6 M KOH) was placed 

between the electrodes. Electrochemical reactions that occurred on the electrodes were the 

following: MHz + zOH- ½½½½½ ­«
charge/discharge

 M + zH2O + zʝ (anode); NiOOH + zH2O + zʝ 

½½½½½ ­«
charge/discharge

 Ni(OH)2 + zOH- (cathode). 

Both materials can absorb 2.3-2.4 H/ f.u. Doping by Li and Si has improved Coulomb 

efficiency of the electrochemical hydrogenation for more than 3 % and increased capacity 

stability of the anode material with Tb2Ni16Li 0.5Si0.5 (Figure). 

 
Fig. Selected charge and discharge curves for anode materials based on Tb2Ni16Si (a, b) 

and Tb2Ni16Li 0.5Si0.5 (c, d) phases 
 

Table. The results of X-ray phase analysis and electrochemical hydrogenation of the 

Tb2Ni16Si and Tb2Ni16Li 0.5Si0.5 phases and their hydrides 

Solid solution / 
hydride 

a, ¡ c, ¡ V, ¡3 ȹV/V, % 
Hcharge / 

f.u. 
Hdischarge / 

f.u. 
Q discharge, 
mAĿh 

ɖ, % 

Tb2Ni16Si 8.3055(4) 8.0377(6) 480.18(4) 
1.81 2.40 2.27 12.80 85.3 

Tb2Ni16SiHx 8.3712(7) 8.055(1) 488.85(8) 
Tb2Ni16Li 0,5Si0,5 8.3076(4) 8.0428(7) 480.73(5) 

0.61 2.39 2.29 13.28 88.5 
Tb2Ni16Li 0.5Si0.5ʅx 8.3209(7) 8.066(1) 483.65(9) 
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Intermetallic compounds containing large voids can be used as potential electrode 

materials in Li-ion batteries. Our previous investigations showed that the size of the voids and 

the amount of intercalated Li depends on the transition metal. The type of lithiation reaction 

(inclusion or substitution) and the type of solid solution formed as a result of lithiation depends 

on the p-element. 

A sample with the composition Ti50Al50 was synthesized by arc melting of the mixture 

of pure metals with further homogenization annealing in evacuated silica tube at 400 oC for 2 

months. The X-ray phase analysis (diffractometer DRON-2.0M, FeKŬ - radiation) confirmed 

the formation of TiAl (structure type CuAl, space group P4/mmm) as a major phase and 

negligible amount of TiAl3 (own structure type, space group I4/mmm) as a minor phase. 

Electrochemical investigation was carried out in the 2-electrode Swagelok-type cell using the 

powder of the studied alloy as a negative electrode and a powder of LiCoO2 (structure type 

NaFeO2) as a positive electrode. As electrolyte we used 1M solution of Li[PF6] in 1:1 

ethylenecarbonate / dimethylcarbonate. All electrochemical investigations were carried out in 

galvanostatic regime (charge at 1.0 mA and discharge at 0.5 mA) over 50 cycles. The 

electrochemical reactions at the electrodes were the following:  

TiAl + xLi+ + ʝx  ½½½½½½ ­«
discharge / charge

 TiAl 1-yLi y + Lix-yAl y (LiAl 3, Li3Al 2, Li9Al 4) 

LiCoO2 ï ʝx  ½½½½½½ ­«
discharge / charge

 Li 1-xCoO2 + xLi+ 

After electrochemical lithiation we observed the increase of lattice parameters for both 

major TiAl and minor TiAl3 phases. We also observed the large amorphization halo and the 

evidence of formation of new Li-containing binary phases namely LiAl 3 (structure type Cu3Au, 

space group Pm3m), Li3Al 2 (own structure type, space group R3m), Li9Al 4 (own structure 

type, space group C12/m1). The lattice parameters for all observed phases are listed in Table. 

The reason for the increasing of the lattice parameters of the initial phases after electrochemical 

lithiation is the formation of the solid solutions of substitution TiAl1-xLi x and TiAl3-xLi x, where 

the Al-atoms (rAl = 1.43 ¡) are partially substituted by the Li-atoms (rLi = 1.53 ¡). 
 

Table. The lattice parameters of observed phases before and after electrochemical lithiation 

Before intercalation of Li After intercalation of Li ȹV/V, % 

TiAl  

a = 3.1874(2) ¡, c = 3.9568(2) ¡,  

V = 40.199(8) ¡3; 
 

TiAl 3 (traces) 

ʘ = 3.8215(2) ¡, ʩ = 8.588(1) ¡,  

V = 125.42(2) ¡3; 

TiAl 1-xLi x 

a = 3.1986(5) ¡, c = 3.9629(6) ¡, 

V = 40.54(1) ¡3; 
 

TiAl 3-xLi x (traces) 

ʘ = 3.8375(3) ¡, ʩ = 8.607(1) ¡,  

V = 126.76(3) ¡3; 
 

LiAl 3 (traces) 

a = 4.0101(3) ¡, V = 64.48(2) ¡3; 
 

Li 3Al2 (traces) 

a = 4.5085(3) ¡, ʩ = 14.171(4) ¡, V = 

249.46(6) ¡3; 
 

Li 9Al4 (traces) 

ʘ = 18.86(3) ¡, b = 4.500(5) ¡, c = 5.416(3) ¡,  

ɓ = 105.3(1)o, V = 443.4(6) ¡3 

0.85 

1.07 
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ɽʣʝʢʪʨʦʣʽʪʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʧʨʠ ʩʨʽʙʣʝʥʥʽ ʜʝʪʘʣʝʡ ʫ ʨʘʜʽʦʝʣʝʢʪʨʦʥʥʽʡ 

ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʪʘ ʜʝʢʦʨʫʚʘʥʥʽ ʶʚʝʣʽʨʥʠʭ ʚʠʨʦʙʽʚ. ʅʝʜʦʣʽʢʦʤ ʽʩʥʫʶʯʠʭ ʝʣʝʢʪʨʦʣʽʪʽʚ ʻ 

ʥʠʟʴʢʠʡ ʚʠʭʽʜ ʧʦ ʩʪʨʫʤʫ, ʩʢʣʘʜʥʽ ʩʧʦʣʫʢʠ, ʚʠʩʦʢʘ ʢʦʥʮʝʥʪʨʘʮʽʷ ʜʦʨʦʛʠʭ ʨʝʯʦʚʠʥ ʪʘ 

ʥʝʜʦʩʪʘʪʥʷ ʰʚʠʜʢʽʩʪʴ ʥʘʥʝʩʝʥʥʷ ʧʦʢʨʠʪʪʽʚ ʩʨʽʙʣʦʤ. 

ʄʝʪʦʶ ʨʦʙʦʪʠ ʻ ʨʦʟʨʦʙʢʘ ʩʧʦʩʦʙʫ ʦʜʝʨʞʘʥʥʷ ʪʘ ʨʝʮʝʧʪʫʨʠ ʤʘʣʦʪʦʢʩʠʯʥʦʛʦ 

ʝʣʝʢʪʨʦʣʽʪʫ ʜʣʷ ʥʘʥʝʩʝʥʥʷ ʙʣʠʩʢʫʯʠʭ ʧʦʢʨʠʪʪʽʚ ʩʨʽʙʣʦʤ ʟ ʚʠʩʦʢʦʶ ʰʚʠʜʢʽʩʪʶ 

ʦʩʘʜʞʝʥʥʷ ʙʝʟ ʧʨʠʤʫʩʦʚʦʛʦ ʧʝʨʝʤʽʰʫʚʘʥʥʷ ʪʘ ʧʨʦʢʘʯʫʚʘʥʥʷ ʨʦʟʯʠʥʫ ʧʨʠ ʢʽʤʥʘʪʥʽʡ 

ʪʝʤʧʝʨʘʪʫʨʽ. 

ʈʦʟʨʦʙʣʝʥʠʡ ʝʣʝʢʪʨʦʣʽʪ ʤʘʻ ʥʘʩʪʫʧʥʝ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʢʦʤʧʦʥʝʥʪʽʚ, ʛ/ʣ: 

ʭʣʦʨʠʜ ʩʨʽʙʣʘ 10ï20; 

ʛʝʢʩʘʮʽʘʥʦʬʝʨʘʪ ʢʘʣʽʶ 20ï50; 

ʢʘʨʙʦʥʘʪ ʢʘʣʽʶ 5ï10; 

ʦʢʩʠʝʪʠʣʴʦʚʘʥʠʡ ʩʧʠʨʪ ʩʠʥʪʘʥʦʣ ɼʉ-10 0,5ï1,0. 

ɺ ʨʝʟʫʣʴʪʘʪʽ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ: 

1. ɿʙʽʣʴʰʝʥʥʷ ʚʤʽʩʪʫ ʭʣʦʨʠʜʫ ʩʨʽʙʣʘ ʚʠʱʝ ʚʝʨʭʥʴʦʾ ʟʘʷʚʣʝʥʦʾ ʤʝʞʽ ʥʝʜʦʮʽʣʴʥʦ, 

ʱʦ ʧʦʚ'ʷʟʘʥʦ ʟʽ ʟʤʝʥʰʝʥʥʷʤ ʨʦʟʩʽʶʻ ʟʜʘʪʥʦʩʪʽ ʝʣʝʢʪʨʦʣʽʪʫ, ʟʙʽʣʴʰʝʥʥʷʤ ʚʠʥʦʩʫ ʩʨʽʙʣʘ 

ʨʘʟʦʤ ʟ ʜʝʪʘʣʷʤʠ ʧʽʩʣʷ ʾʭ ʧʦʢʨʠʪʪʷ. 

2. ɿʤʝʥʰʝʥʥʷ ʚʤʽʩʪʫ ʭʣʦʨʠʜʫ ʩʨʽʙʣʘ ʥʠʞʯʝ ʥʠʞʥʴʦʾ ʟʘʷʚʣʝʥʦʾ ʤʝʞʽ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʨʽʟʢʦʛʦ ʟʤʝʥʰʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʥʘʥʝʩʝʥʥʷ ʧʦʢʨʠʪʪʽʚ ʩʨʽʙʣʘ, ʚʠʭʦʜʫ ʟʘ ʩʪʨʫʤʦʤ ʩʨʽʙʣʘ. 

3. ɿʙʽʣʴʰʝʥʥʷ ʚʤʽʩʪʫ ʛʝʢʩʘʮʽʘʥʦʬʝʨʘʪʫ ʢʘʣʽʶ ʚʠʱʝ ʚʝʨʭʥʴʦʾ ʟʘʷʚʣʝʥʦʾ ʤʝʞʽ 

ʥʝʜʦʮʽʣʴʥʦ, ʱʦ ʧʦʚ'ʷʟʘʥʦ ʟ ʛʨʘʥʠʯʥʦʶ ʨʦʟʯʠʥʥʽʩʪʶ. 

4. ɿʤʝʥʰʝʥʥʷ ʚʤʽʩʪʫ ʛʝʢʩʘʮʽʘʥʦʬʝʨʘʪʫ ʢʘʣʽʶ ʥʠʞʯʝ ʥʠʞʥʴʦʾ ʟʘʷʚʣʝʥʦʾ ʤʝʞʽ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʥʠʞʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʥʘʥʝʩʝʥʥʷ ʧʦʢʨʠʪʪʽʚ ʩʨʽʙʣʘ, ʟʤʝʥʰʝʥʥʷ ʚʠʭʦʜʫ ʧʦ 

ʩʪʨʫʤʫ, ʧʦʛʽʨʰʝʥʥʷ ʷʢʦʩʪʽ ʧʦʢʨʠʪʪʷ, ʱʦ ʦʩʘʜʞʫʻʪʴʩʷ. 

5. ɿʙʽʣʴʰʝʥʥʷ ʚʤʽʩʪʫ ʢʘʨʙʦʥʘʪʫ ʢʘʣʽʶ ʚʠʱʝ ʚʝʨʭʥʴʦʾ ʟʘʷʚʣʝʥʦʾ ʤʝʞʽ ʥʝʜʦʮʽʣʴʥʦ, 

ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʤʝʥʰʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʥʘʥʝʩʝʥʥʷ ʧʦʢʨʠʪʪʽʚ ʩʨʽʙʣʦʤ. 

6. ɿʤʝʥʰʝʥʥʷ ʚʤʽʩʪʫ ʢʘʨʙʦʥʘʪʫ ʢʘʣʽʶ ʥʠʞʯʝ ʥʠʞʥʴʦʾ ʟʘʷʚʣʝʥʦʾ ʤʝʞʽ ʧʨʠʟʚʦʜʠʪʴ 

ʜʦ ʟʥʠʞʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʥʘʥʝʩʝʥʥʷ ʧʦʢʨʠʪʪʽʚ ʩʨʽʙʣʦʤ. 

7. ɿʙʽʣʴʰʝʥʥʷ ʚʤʽʩʪʫ ʦʢʩʠʝʪʠʣʴʦʚʘʥʦʛʦ ʩʧʠʨʪʫ ʩʠʥʪʝʥʦʣʫ ɼʉ-10 ʚʠʱʝ ʚʝʨʭʥʴʦʾ 

ʟʘʷʚʣʝʥʦʾ ʤʝʞʽ ʥʝʜʦʮʽʣʴʥʦ, ʱʦ ʧʦʚ'ʷʟʘʥʦ ʟ ʛʨʘʥʠʯʥʦʶ ʨʦʟʯʠʥʥʽʩʪʶ. 

8. ɿʤʝʥʰʝʥʥʷ ʚʤʽʩʪʫ ʦʢʩʠʝʪʠʣʴʦʚʘʥʦʛʦ ʩʧʠʨʪʫ ʩʠʥʪʝʥʦʣʫ ɼʉ-10 ʥʠʞʯʝ ʥʠʞʥʴʦʾ 

ʟʘʷʚʣʝʥʦʾ ʤʝʞʽ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʦʛʽʨʰʝʥʥʷ ʷʢʦʩʪʽ ʦʩʘʞʜʘʝʤʦʛʦ ʧʦʢʨʠʪʪʷ. 

ɼʣʷ ʧʨʠʛʦʪʫʚʘʥʥʷ ʝʣʝʢʪʨʦʣʽʪʫ ʚ ʜʠʩʮʠʣʴʦʚʘʥʫ ʚʦʜʫ ʢʽʤʥʘʪʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ 

ʚʚʦʜʠʣʠ ʥʝʦʙʭʽʜʥʫ ʢʽʣʴʢʽʩʪʴ ʛʝʢʩʘʮʽʘʥʦʬʝʨʘʪʘ ʢʘʣʽʶ, ʧʦʪʽʤ ʜʦʜʘʚʘʣʠ ʭʣʦʨʠʜ ʩʨʽʙʣʘ, 

ʧʽʩʣʷ ʯʦʛʦ ʨʦʟʯʠʥ ʢʠʧôʷʪʠʣʠ ʧʨʦʪʷʛʦʤ ʪʨʴʦʭ ʛʦʜʠʥ ʜʦ ʫʪʚʦʨʝʥʥʷ ʦʩʘʜʫ. ʋʪʚʦʨʝʥʠʡ ʦʩʘʜ 

ʚʽʜʦʢʨʝʤʠʣʠ ʚʽʜ ʨʦʟʯʠʥʫ, ʚ ʨʦʟʯʠʥ ʜʦʜʘʚʘʣʠ ʥʝʦʙʭʽʜʥʫ ʢʽʣʴʢʽʩʪʴ ʢʘʨʙʦʥʘʪʫ ʢʘʣʽʶ ʪʘ 

ʩʠʥʪʘʥʦʣʫ ʧʨʠ ʢʽʤʥʘʪʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ. ɽʣʝʢʪʨʦʦʩʘʜʞʝʥʥʷ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘ ʪʝʤʧʝʨʘʪʫʨʠ 

20ï25 Áʉ, ʢʘʪʦʜʥʘ ʛʫʩʪʠʥʘ ʩʪʨʫʤʫ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʤʝʞʘʭ 0,5ï1,5 ɸ/ʜʤ2. ʐʚʠʜʢʽʩʪʴ 

ʦʩʘʜʞʝʥʥʷ ʧʨʠ 1 ɸ/ʜʤ2 ʨʽʚʥʘ 0,25 ʤʤ. ʂʽʣʴʢʽʩʪʴ ʩʨʽʙʣʘ, ʱʦ ʚʠʜʽʣʷʻʪʴʩʷ ʥʘ ʢʘʪʦʜʽ ʨʽʚʥʘ 

ʢʽʣʴʢʦʩʪʽ ʩʨʽʙʣʘ ʷʢʝ ʨʦʟʯʠʥʠʣʦʩʷ ʥʘ ʘʥʦʜʽ, ʚʠʭʽʜ ʧʦ ʪʦʢʫ ʙʣʠʟʴʢʦ 100 %. ɼʦʩʣʽʜʠ ʧʦ 

ʥʘʥʝʩʝʥʥʶ ʧʦʢʨʠʪʪʽʚ ʧʨʦʚʦʜʠʣʠʩʴ ʚʧʨʦʜʦʚʞ 30 ʜʥʽʚ. ʇʘʩʠʚʘʮʽʾ ʘʥʦʜʫ ʥʝ ʩʧʦʩʪʝʨʽʛʘʣʦʩʷ, 

ʨʦʟʯʠʥ ʟʘʣʠʰʘʚʩʷ ʧʨʦʟʦʨʠʤ, ʷʢʽʩʪʴ ʧʦʢʨʠʪʪʽʚ ï ʩʪʘʙʽʣʴʥʘ. 
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1H ʊɸ 31ʈ-ʗʄʈ ɼʆʉʃɯɼɾɽʅʅʗ ʇɸʈɸʄɸɻʅɯʊʅʀʍ ʂʆʆʈɼʀʅɸʎɯʁʅʀʍ 

ʉʇʆʃʋʂ ʃɸʅʊɸʅʆɰɼɯɺ ʉʂʃɸɼʋ [L n(CAPh)3ĿPhen],  

ɼɽ CAPh = CCl3C(O)N-P(O)(OCH3)2 

ʊʨʫʰ ɺ. ʆ., ʃʽʮʽʩ ʆ. ʆ., ʉʣʠʚʘ ʊ. ʖ., ɸʤʽʨʭʘʥʦʚ ɺ. ʄ. 

ʂʠʾʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ʊʘʨʘʩʘ ʐʝʚʯʝʥʢʘ  

ʚʫʣ. ʃʴʚʘ ʊʦʣʩʪʦʛʦ, 12, ʂʠʾʚ, ʋʢʨʘʾʥʘ, 01033 

olena_litsis@univ.kiev.ua  

 

ʍʽʤʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʣʘʥʪʘʥʦʾʜʽʚ (ɯɯɯ) ʪʘ ʝʬʝʢʪʠ, ʷʢʽ ʚʦʥʠ ʽʥʜʫʢʫʶʪʴ ʫ ʗʄʈ-

ʧʘʨʘʤʝʪʨʘʭ ʦʪʦʯʫʶʯʠʭ ʷʜʝʨ, ʨʦʙʣʷʪʴ ʾʭ ʮʽʥʥʠʤʠ ʦʙôʻʢʪʘʤʠ ʜʣʷ ʨʽʟʥʠʭ ʟʘʩʪʦʩʫʚʘʥʴ. 

ʂʘʪʽʦʥʠ ʣʘʥʪʘʥʦʾʜʽʚ (Ln) ʪʘ ʾʭ ʭʝʣʘʪʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʷʢ ʽʥʩʪʨʫʤʝʥʪ ʫ ʩʪʨʫʢʪʫʨʥʦʤʫ 

ʘʥʘʣʽʟʽ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʗʄʈ-ʩʧʝʢʪʨʦʩʢʦʧʽʾ. ʌʽʟʠʯʥʽ ʪʘ ʭʽʤʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʡʦʥʽʚ Ln (ɯɯɯ) 

ʪʽʩʥʦ ʧʦʚ'ʷʟʘʥʽ ʟ ʚʣʘʩʪʠʚʦʩʪʷʤʠ Ca (ɯɯ), ʽ ʪʦʤʫ ʧʘʨʘʤʘʛʥʽʪʥʽ ʢʘʪʽʦʥʠ Ln (ɯɯɯ) ʻ ʢʦʨʠʩʥʠʤʠ 

ʟʦʥʜʘʤʠ ʜʣʷ ʩʪʨʫʢʪʫʨʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʗʄʈ-ʥʝʯʫʪʣʠʚʠʭ ʢʦʤʧʣʝʢʩʽʚ Ca (ɯɯ) ʚ ʨʦʟʯʠʥʽ. 

ʃʘʥʪʘʥʦʾʜʥʽ ʟʩʫʚʘʶʯʽ ʨʝʘʛʝʥʪʠ (ʃɿʈ) ʰʠʨʦʢʦ ʟʘʩʪʦʩʦʚʫʶʪʴ ʜʣʷ ʚʠʚʯʝʥʥʷ ʙʫʜʦʚʠ 

ʦʨʛʘʥʽʯʥʠʭ ʩʧʦʣʫʢ, ʾʭ ʢʦʥʬʦʨʤʘʮʽʡ ʫ ʨʦʟʯʠʥʽ, ʝʥʘʥʪʽʦʤʝʨʥʦʾ ʯʠʩʪʦʪʠ, ʚʠʷʚʣʝʥʥʷ 

ʭʽʨʘʣʴʥʦʩʪʽ ʪʦʱʦ. ɺ ʨʝʰʪʽ ʨʝʰʪ, ʭʝʣʘʪʠ Ln (ɯɯɯ) ʩʪʘʶʪʴ ʚʩʝ ʙʽʣʴʰ ʚʘʞʣʠʚʠʤʠ ʚ ʤʝʜʠʯʥʠʭ 

ʤʝʪʦʜʘʭ ʜʽʘʛʥʦʩʪʠʢʠ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʧʽʥʦʚʦʾ ʗʄʈ-ʚʽʟʫʘʣʽʟʘʮʽʾ. ɿ ʮʠʭ ʧʨʠʯʠʥ ʚʘʞʣʠʚʦ 

ʨʦʟʨʦʙʠʪʠ ʙʽʣʴʰ ʧʦʚʥʝ ʫʷʚʣʝʥʥʷ ʧʨʦ ʩʪʨʫʢʪʫʨʠ ʣʘʥʪʘʥʽʜʥʠʭ ʢʦʤʧʣʝʢʩʽʚ ʫ ʨʦʟʯʠʥʽ. 

ɺ ʜʘʥʽʡ ʨʦʙʦʪʽ ʙʫʣʦ ʜʦʩʣʽʜʞʝʥʦ ʨʷʜ ʢʦʦʨʜʠʥʘʮʽʡʥʠʭ ʩʧʦʣʫʢ ʩʢʣʘʜʫ [LnL3ĿPhen], 

ʜʝ Ln = La-Nd, Sm-Yb;ĿPhen ï 1,10-ʬʝʥʘʥʪʨʦʣʽʥ. ɿʘ ʜʦʧʦʤʦʛʦʶ ʤʝʪʦʜʽʚ ʨʝʥʪʛʝʥʦʬʘʟʦʚʦʛʦ 

ʪʘ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʽʟʫ ʙʫʣʦ ʚʩʪʘʥʦʚʣʝʥʦ ʜʚʘ ʨʽʟʥʽ ʪʠʧʠ ʢʦʦʨʜʠʥʘʮʽʡʥʦʛʦ 

ʦʪʦʯʝʥʥʷ ʮʝʥʪʨʘʣʴʥʠʭ ʘʪʦʤʽʚ, ʱʦ ʦʙʫʤʦʚʠʣʦ ʽʩʥʫʚʘʥʥʷ ʜʚʦʭ ʥʝʽʟʦʩʪʨʫʢʪʫʨʥʠʭ ʩʝʨʽʡ 

ʢʦʤʧʣʝʢʩʽʚ: Ln = La-Nd (ʢʦʦʨʜʠʥʘʮʽʡʥʠʡ ʧʦʣʽʝʜʨ ï ʚʠʢʨʠʚʣʝʥʘ ʜʚʦʰʘʧʢʦʚʘ ʪʨʠʛʦʥʘʣʴʥʘ 

ʧʨʠʟʤʘ (ɼʊʇ)) ʪʘ Ln = Sm-Yb (ʢʦʦʨʜʠʥʘʮʽʡʥʠʡ ʧʦʣʽʝʜʨ - ʚʠʢʨʠʚʣʝʥʘ ʢʚʘʜʨʘʪʥʘ 

ʘʥʪʠʧʨʠʟʤʘ (ɸʇ)), ʨʠʩ. 

 

 

 

ʘ ʙ 

ʈʠʩ. ɹʫʜʦʚʘ ʢʦʦʨʜʠʥʘʮʽʡʥʠʭ ʧʦʣʽʝʜʨʽʚ ʫ ʢʦʤʧʣʝʢʩʘʭ [LnL3ĿPhen]: (ʘ) ʜʚʦʰʘʧʢʦʚʘ 

ʪʨʠʛʦʥʘʣʴʥʘ ʧʨʠʟʤʘ (Ln=Pr) ʪʘ (ʙ) ʢʚʘʜʨʘʪʥʘ ʘʥʪʠʧʨʠʟʤʘ (Ln=Sm) 

 

ʈʦʟʨʘʭʦʚʘʥʽ ʽʟʦʪʨʦʧʥʽ ʟʩʫʚʠ ʧʨʦʪʦʥʽʚ ʪʘ ʬʦʩʬʦʨʫ (Dʅ ʽ Dʈ ʚʽʜʧʦʚʽʜʥʦ), ʢʦʥʩʪʘʥʪʠ 

ʥʘʜʪʦʥʢʦʾ ʚʟʘʻʤʦʜʽʾ. ɿ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʨʽʟʥʠʭ ʤʝʪʦʜʽʚ ʨʦʟʜʽʣʝʥʥʷ ʽʟʦʪʨʦʧʥʦʛʦ ʭʽʤʽʯʥʦʛʦ 

ʟʩʫʚʫ ʥʘ ʢʦʥʪʘʢʪʥʫ ʪʘ ʧʩʝʚʜʦʢʦʥʪʘʢʪʥʫ ʩʢʣʘʜʦʚʽ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʚ ʘʮʝʪʦʥʦʚʠʭ ʨʦʟʯʠʥʘʭ 

[LnL3ĿPhen] ʽʩʥʫʶʪʴ ʜʚʘ ʨʷʜʠ ʽʟʦʤʦʨʬʥʠʭ ʢʦʤʧʣʝʢʩʽʚ, ʱʦ ʢʦʨʝʣʶʻ ʟ ʨʝʟʫʣʴʪʘʪʘʤʠ ʈʉʪɸ: 

ʜʣʷ ʣʝʛʢʠʭ ʣʘʥʪʘʥʦʾʜʽʚ (Ce, Pr, Nd ʪʘ Sm) ʢʦʥʩʪʘʥʪʘ ʅʊɺ ʣʘʥʪʘʥʦʾʜ ï ʬʦʩʬʦʨ ʩʢʣʘʜʘʻ 

0.18 ʄɻʮ, ʜʣʷ ʚʘʞʢʠʭ (Tb, Dy, Ho ʪʘ Er) ï 0.13 ʄɻʮ. 
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ɺʇʃʀɺ ʊɽʄʇɽʈɸʊʋʈʀ ʊɽʈʄɯʏʅʆɻʆ ʈʆɿʂʃɸɼɸʅʅʗ ɸʄʆʅɯʁ 

ʊɽʊʈɸɺɸʅɸɼɸʊʋ ʅɸ ʇʈʆʎɽʉʀ ʌɸɿʆʋʊɺʆʈɽʅʅʗ ɺʀʉʆʂʆɼʀʉʇɽʈʉʅʀʍ 

ʆʂʉʀɼɯɺ ɺɸʅɸɼɯʖ 

ʃʫʩʢʘʥʴ ʂ. ɺ., ʄʠʩʦʚ ʆ. ʇ. 

ɼɺʅɿ çʋʢʨʘʾʥʩʴʢʠʡ ʜʝʨʞʘʚʥʠʡ ʭʽʤʽʢʦ-ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪè 

katerynalu16@gmail.com 

 

ʉʝʨʝʜ ʧʦʰʠʨʝʥʠʭ ʤʝʪʦʜʽʚ ʩʠʥʪʝʟʫ ʥʘʥʦʢʨʠʩʪʘʣʯ̔ʥʦʛʦ ʜʽʦʢʩʠʜʫ ʚʘʥʘʜʽʶ (VO2) ʟʘ 

ʦʩʪʘʥʥʻ ʜʝʩʷʪʠʣʽʯʷ ʘʚʪʦʨʠ ʫ ʩʚʦʾʭ ʧʫʙʣʽʢʘʮʽʷʭ ʟʥʘʯʥʫ ʫʚʘʛʫ ʧʨʠʜʽʣʷʶʪʴ 

ʚʠʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʤʫ ʨʦʟʢʣʘʜʘʥʥʷ ʩʦʣʽ ʘʤʦʥʽʡ ʪʝʪʨʘʚʘʥʘʜʘʪʫ (NH4)2V4O9.  

ʊʨʝʙʘ ʚʽʜʤʽʪʠʪʠ, ʱʦ ʜʘʥʠʡ ʤʝʪʦʜ ʜʦʟʚʦʣʷʻ ʟʜʽʡʩʥʶʚʘʪʠ ʧʨʦʮʝʩ ʩʠʥʪʝʟʫ ʚ 

ʦʧʪʠʤʘʣʴʥʠʭ ʫʤʦʚʘʭ ʟ ʧʦʛʣʷʜʫ ʝʬʝʢʪʠʚʥʦʩʪʽ ʫʧʨʘʚʣʽʥʥʷ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʢʽʥʮʝʚʦʛʦ 

ʧʨʦʜʫʢʪʫ, ʝʥʝʨʛʝʪʠʯʥʠʭ ʚʠʪʨʘʪ ʽ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ. ɺʽʜ ʫʤʦʚ ʪʝʨʤʽʯʥʦʛʦ ʨʦʟʢʣʘʜʘʥʥʷ ʙʫʜʝ 

ʟʘʣʝʞʘʪʴ ʷʢʽʩʪʴ ʢʽʥʮʝʚʠʭ ʧʨʦʜʫʢʪʽʚ. ʋ ʮʴʦʤʫ ʧʣʘʥʽ ʘʢʪʫʘʣʴʥʠʤ ʻ ʧʨʦʚʝʜʝʥʥʷ 

ʢʦʤʧʣʝʢʩʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʪʝʨʤʽʯʥʦʛʦ ʨʦʟʢʣʘʜʘʥʥʷ ʘʤʦʥʽʡ ʪʝʪʨʘʚʘʥʘʜʘʪʫ. 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʦʧʪʠʤʘʣʴʥʠʭ ʨʝʞʠʤʽʚ ʪʝʨʤʽʯʥʦʾ ʦʙʨʦʙʢʠ (NH4)2V4O9 ʧʨʦʚʦʜʠʣʠ 

ʨʝʥʪʛʝʥʽʚʩʴʢʽ ʜʦʩʣʽʜʞʝʥʥʷ ʪʝʨʤʽʯʥʦ ʦʙʨʦʙʣʝʥʠʭ ʧʦʨʦʰʢʽʚ ʫ ʽʥʝʨʪʥʽʡ ʘʪʤʦʩʬʝʨʽ (ʘʨʛʦʥ) 

ʚ ʽʥʪʝʨʚʘʣʽ ʪʝʤʧʝʨʘʪʫʨ 380ï900 Üʉ (ʨʠʩ.). ʗʢ ʚʠʜʥʦ ʟ ʜʠʬʨʘʢʪʦʨʛʨʘʤʠ ʥʘ ʨʠʩ. ʘ, 

ʪʝʨʤʦʜʝʩʪʨʫʢʮʽʷ ʧʦʨʦʰʢʽʚ ʫ ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʽʥʪʝʨʚʘʣʘʭ 380-450 Üʉ (ʢʨʠʚʘ 1, 2) ʜʘʻ ʩʫʤʽʰ 

ʨʽʟʥʠʭ ʦʢʩʠʜʽʚ ʚʘʥʘʜʽʶ V2O3, VO2, V5O9, V2O5. ʇʨʠ ʟʨʦʩʪʘʥʥʽ ʪʝʤʧʝʨʘʪʫʨʠ ʜʦ 650 Áʉ 

(ʢʨʠʚʘ 3) ʧʨʦʩʣʽʜʢʦʚʫʶʪʴʩʷ ʥʠʟʴʢʦ-ʽʥʪʝʥʩʠʚʥʽ ʨʝʬʣʝʢʩʠ ʷʢʽ ʭʘʨʘʢʪʝʨʥʽ ʜʣʷ ʬʘʟʠ VO2. 

ʇʽʜʚʠʱʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʜʦ 900 Üʉ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʧʦʷʚʦʶ ʬʘʟʠ VO2 ʟ ʢʫʪʦʤ 

ʤʦʥʦʢʣʽʥʥʦʩʪʽ 106,9Ü.  

ʊʨʘʥʩʤʽʩʽʦʥʥʦʶ ʝʣʝʢʪʨʦʥʥʦʾ ʤʽʢʨʦʩʢʦʧʽʻʶ (ʨʠʩ. ʙ) ʚʠʟʥʘʯʝʥ ʨʦʟʤʽʨ ʯʘʩʪʦʢ 

ʦʢʩʠʜʽʚ ʚʘʥʘʜʽʶ, ʷʢʠʡ ʥʝ ʧʝʨʝʚʠʱʫʻ 80ï82 ʥʤ 

 

 

 

ʈʠʩ. ʘ) ɼʠʬʨʘʢʪʦʛʨʘʤʠ ʧʦʨʦʰʢʫ ʪʝʨʤʽʯʥʦʾ ʦʙʨʦʙʢʠ ʘʤʦʥʽʡ ʪʝʪʨʘʚʘʥʘʜʘʪʫ ʟ ʨʽʟʥʠʤʠ 

ʪʝʤʧʝʨʘʪʫʨʘʤʠ ʨʦʟʢʣʘʜʘʥʥʷ: 1 ï 380 Üʉ; 2 ï 450 Üʉ; 3 ï 650 Üʉ; 4 ï 900 Üʉ; 

ʙ) ʄʽʢʨʦʬʦʪʦʛʨʘʬʽʷ ʜʽʦʢʩʠʜʫ ʚʘʥʘʜʽʶ ʦʪʨʠʤʘʥʥʦ ʪʝʨʤʽʯʥʠʤ ʨʦʟʢʣʘʜʘʥʥʷʤ ʘʤʦʥʽʡ 

ʪʝʪʨʘʚʘʥʘʜʘʪʫ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 900 Áʉ ʧʨʦʪʷʛʦʤ 10 ʭʚ 
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ʉʀʅʊɽɿ, ɺʃɸʉʊʀɺʆʉʊɯ ʊɸ ɸʅʊʀʉʊʈʋʂʊʋʈʅɽ ʄʆɼɽʃʖɺɸʅʅʗ 

ʂʆɹɸʃʔʊʆɺʆɻʆ ɸʃʖʄɯʅɸʊʋ 

ʃʷʩʢʦʚʩʴʢʘ ʄ. ʈ., ʊʘʪʘʨʯʫʢ ʊ. ʈ. 

ɼɺʅɿ çʇʨʠʢʘʨʧʘʪʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ɺʘʩʠʣʷ ʉʪʝʬʘʥʠʢʘè 

tatarchuk.tetyana@gmail.com 

 

ʌʽʟʠʢʦ-ʭʽʤʽʯʥʽ ʦʩʦʙʣʠʚʦʩʪʽ CoAl2O4 (ʚʠʩʦʢʘ ʪʝʨʤʽʯʥʘ ʽ ʭʽʤʽʯʥʘ ʩʪʘʙʽʣʴʥʽʩʪʴ, 

ʚʠʩʦʢʘ ʩʪʽʡʢʽʩʪʴ ʜʦ ʘʛʨʝʩʠʚʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʪʘʦʩʚʽʪʣʝʥʥʷ) ʟʫʤʦʚʠʣʠ ʡʦʛʦ ʰʠʨʦʢʝ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʫ ʨʽʟʥʠʭ ʛʘʣʫʟʷʭ ʧʨʦʤʠʩʣʦʚʦʩʪʽ. ɿʘʟʠʯʘʡ ʰʧʽʥʝʣʽ ʦʪʨʠʤʫʶʪʴ ʩʧʽʢʘʥʥʷʤ ʾʭ 

ʦʢʩʠʜʽʚ ʧʨʠ ʜʦʩʠʪʴ ʚʠʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ (1200ï1900 Áʉ). ʉʘʤʝ ʪʦʤʫ ʘʢʪʫʘʣʴʥʠʤ ʥʘ 

ʩʴʦʛʦʜʥʽ ʻ ʧʦʰʫʢ ʦʧʪʠʤʘʣʴʥʠʭ ʤʝʪʦʜʽʚ ʛʦʤʦʛʝʥʽʟʘʮʽʾ, ʷʢʽ ʜʦʟʚʦʣʷʪʴ ʩʫʪʪʻʚʦ ʟʥʠʟʠʪʠ 

ʪʝʤʧʝʨʘʪʫʨʠ ʩʧʽʢʘʥʥʷ ʪʘ ʦʜʝʨʞʘʪʠ ʟʨʘʟʢʠ ʟ ʚʝʣʠʢʦʶ ʧʠʪʦʤʦʶ ʧʦʚʝʨʭʥʝʶ.  

ɺ ʜʘʥʽʡ ʨʦʙʦʪʽ ʩʠʥʪʝʟ ʟʨʘʟʢʘ ʩʢʣʘʜʫ ʉʦAl 2O4 ʧʨʦʚʝʜʝʥʦ ʤʝʪʦʜʦʤ ʭʽʤʽʯʥʦʛʦ 

(ʛʽʜʨʦʛʝʥʢʘʨʙʦʥʘʪʥʦʛʦ) ʩʧʽʚʦʩʘʜʞʝʥʥʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʰʝʥʽʪʥʦʛʦ ʧʨʝʢʫʨʩʦʨʫ 

ʉʦ(NH4)2(SO4)2Ā6H2O ʪʘ ʛʘʣʫʥʘ ɸl(NH4)(SO4)2Ā12H2O. ʉʧʽʢʘʥʥʷ ʩʧʽʚʦʩʘʜʞʝʥʠʭ ʽʟ ʚʦʜʥʠʭ 

ʨʦʟʯʠʥʽʚ ʛʽʜʨʦʢʩʠʜʽʚ ʧʨʦʚʦʜʠʣʦʩʴ ʟʘ ʪʝʤʧʝʨʘʪʫʨʠ 900 Áʉ ʚʧʨʦʜʦʚʞ ʯʦʪʠʨʴʦʭ ʛʦʜʠʥ ʟ 

ʥʘʩʪʫʧʥʠʤ ʧʦʚʽʣʴʥʠʤ ʦʭʦʣʦʜʞʝʥʥʷʤ.  

ʅʘʷʚʥʽʩʪʴ ʰʧʽʥʝʣʴʥʦʾ ʩʪʨʫʢʪʫʨʠ ʧʽʜʪʚʝʨʜʞʝʥʦ ʍ-ʧʨʦʤʝʥʝʚʠʤ, ɯʏ-

ʩʧʝʢʪʨʦʩʢʦʧʽʯʥʠʤ ʪʘ ʪʝʨʤʦʛʨʘʚʽʤʝʪʨʠʯʥʠʤ ʘʥʘʣʽʟʦʤ. ɯʏ-ʩʧʝʢʪʨʦʩʢʦʧʽʯʥʠʡ ʘʥʘʣʽʟ 

ʧʽʜʪʚʝʨʜʠʚ ʥʘʷʚʥʽʩʪʴ ʟʚôʷʟʢʽʚʄʝ-ʆ ʚ ʩʠʥʪʝʟʦʚʘʥʠʭ ʧʽʛʤʝʥʪʘʭ ʧʨʦ ʱʦ ʩʚʽʜʯʘʪʴ ʧʽʢʠ ʚ 

ʦʙʣʘʩʪʽ ʯʘʩʪʦʪ 660 ʩʤ-1, ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ ʪʝʪʨʘʝʜʨʠʯʥʦ ʢʦʦʨʜʠʥʦʚʘʥʦʤʫ ʢʦʙʘʣʴʪʫ, ʪʘ ʚ 

ʦʙʣʘʩʪʽ ʯʘʩʪʦʪ 550 ʩʤ-1 ï ʷʢʽ ʚʽʜʧʦʚʽʜʘʶʪʴ ʦʢʪʘʝʜʨʠʯʥʦ ʢʦʦʨʜʠʥʦʚʘʥʦʤʫ ʘʣʶʤʽʥʽʶ. 

ʅʘ ʦʩʥʦʚʽ ʜʘʥʠʭ ʍ-ʧʨʦʤʝʥʝʚʦʛʦ ʘʥʘʣʽʟʫ ʦʪʨʠʤʘʥʦ ʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʘ ʢʦʤʽʨʢʠ 

(ʘ), ʪʝʪʨʘ- (Ŭ) ʪʘ ʦʢʪʘʝʜʨʠʯʥʠʭ (ɓ) ʚʽʜʩʪʘʥʝʡ, ʘʥʽʦʥʥʦʛʦ ʧʘʨʘʤʝʪʨʫ (u), ʨʦʟʨʘʭʦʚʘʥʦ ʦʙôʻʤ 

(V) ʽ ʛʫʩʪʠʥʫ (ɟ) ʝʣʝʤʝʥʪʘʨʥʦʾ ʢʦʤʽʨʢʠ, ʘ ʪʘʢʦʞ ʢʫʪʠ ʤʽʞ ʭʽʤʽʯʥʠʤʠ ʟʚôʷʟʢʘʤʠ ɸʆɺ, ɺʆɺ 

ʜʣʷ ʪʚʝʨʜʠʭ ʨʦʟʯʠʥʽʚ ʢʦʙʘʣʴʪ-ʮʠʥʢʦʚʠʭ ʘʣʶʤʽʥʘʪʽʚ, ʨʦʟʨʘʭʦʚʘʥʦ ʆʂʈ ʟʘ ʤʝʪʦʜʦʤ 

ʐʝʨʨʝʨʘ. 

ɼʣʷ ʛʣʠʙʰʦʛʦ ʧʦʷʩʥʝʥʥʷ ʤʝʭʘʥʽʟʤʫ ʦʜʝʨʞʘʥʥʷ ʢʦʙʘʣʴʪ ʘʣʶʤʽʥʘʪʫ ʚʠʢʦʨʠʩʪʘʥʦ 

ʢʚʘʟʽʩʪʨʫʢʪʫʨʥʫʤʝʪʦʜʠʢʫ, ʷʢʘ ʧʦʣʷʛʘʻ ʚ ʫʪʚʦʨʝʥʥʽ ʦʢʩʠʜʥʠʭ ʜʝʬʝʢʪʥʠʭ ʬʘʟ, ʚʟʘʻʤʦʜʽʷ 

ʤʽʞ ʷʢʠʤʠ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʫʪʚʦʨʝʥʥʷ ʰʧʽʥʝʣʴʥʠʭ ʧʽʛʤʝʥʪʽʚ: 
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REFINEMENT OF THE CR YSTAL STRUCTURE OF THE ARSENIDE HfNi As  

Makara I. A., Zhak O. V. 

Ivan Franko National University of Lviv, Analytical Chemistry Department 

igor1994makara@gmail.com 

 

Existence of the ternary arsenide of hafnium and nickel HfNiAs has been reported 

earlier by [1]. The crystal structure of the isotypic ternary arsenide with cobalt HfCoAs was 

determined by the same authors using single crystal X-ray data. Both compounds crystallize 

with orthorhombic Co2Si type structure (space group Pnma). However for the compound 

HfNiAs only the lattice parameters were refined from powder diffraction data: a = 0.6421(2), 

b = 0.3760(2), c = 0.7331(3) nm [1]. The goals of our investigation were synthesis and crystal 

structure determination of the ternary arsenide of hafnium and nickel with equiatomic 

composition.  

Samples for investigation were prepared using arc-melting procedure of the preliminary 

sintered pellets obtained from the stoichiometric mixtures of starting materials: powders of 

hafnium and nickel, and crystalline arsenic (all with a stated purity better than 99.9 wt. %). The 

samples were heat treated in evacuated fused-silica tubes at 1 070 K during 1 month and 

quenched in cold water without breaking the tubes. Samples were investigated by X-ray powder 

diffraction method (diffractometer DRON-3M, Cu KŬ-radiation). For the X-ray data treatment 

and refinement of the atomic coordinates and displacement parameters CSD software was 

used [2]. The atomic parameters were refined using the full-profile Rietveld method. 

The ternary arsenide HfNiAs was found to crystallize with the orthorhombic crystal 

structure of the TiNiSi type structure (space group Pnma), refined lattice parameters are 

a = 0.64000(6), b = 0.38050(2), c = 0.73378(5) nm, cell volume V = 0.17869(5) nm3, number 

of formula units Z = 4, final R-values are RI = 0.0428, RP = 0.0413, RwP = 0.0554. The coordinates 

and displacement parameters of atoms in the HfNiAs crystal structure are listed in Table.  

 

Table. Atomic parameters in the HfNiAs crystal structure 

Atoms Site x/a y/b z/c Bizo, nm
2 102 

Hf 4c 0.0273(5) 1/4 0.6875(4) 0.82(8) 

Ni 4c 0.1433(11) 1/4 0.0688(9) 0.9(2) 

As 4c 0.2685(13) 1/4 0.3844(12) 1.2(2) 

 

The TiNiSi structure is an ordered ternary superstructure of the Co2Si binary type, where 

all sorts of the atoms are regularly occupy the crystallographic sites. Arsenic atoms in the 

structure of HfNiAs are centered the trigonal prisms formed by the metal atoms only, whereas 

coordination polyhedra of the nickel atoms are the orthorhombic prisms formed by the all atom 

types. Coordination polyhedra of the largest hafnium atoms are the distorted pentagonal prisms 

also formed by the all atom types. 

 

[1] Kleinke H., Franzen H. F. Crystal Structures, Bonding and Electronic Structures of MM'As, 

a Series of New Ternary Arsenides (M= Zr, Hf; M'= Fe, Co, Ni) // Z. Anorg. Allg. Chem. ï 

1998. ï Vol. 624. ï P. 51ï56. 

[2] Akselrud L., Grin Yu. WinCSD: Software Package for Crystallographic Calculations 

(Version 4) // J. Appl. Crystallogr. ï 2014. ï Vol. 47. ï P. 803ï805. 
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ʄʀʂʈʆʄʆʈʌʆʃʆɻʀʗ ʇʆɺɽʈʍʅʆʉʊʀ, ʈɽʅʊɻɽʅʆʉʇɽʂʊʈɸʃʔʅʓʁ 

ʄʀʂʈʆɸʅɸʃʀɿ ʀ ʀʂ-ʉʇɽʂʊʈʆʉʂʆʇʀʗ ʇʈʆɼʋʂʊʆɺ ɺɿɸʀʄʆɼɽʁʉʊɺʀʗ 

ɺ ʉʀʉʊɽʄɸʍ ʍ3+ïWO4
2ïïH+ïH2O, A+ïX3+ïWO4

2ïïH+ïH2O (A+=K+, NH4
+), ʄ2+ïX3+ï

WO4
2ïïH+ïH2O (ʄ2+=Mg2+, Zn2+) (ʍ = Y, Gd, Er) 

ʄʘʨʠʡʯʘʢ ɸ. ʖ., ɽʨʦʰʠʥʘ ɽ. ɺ., ʈʦʟʘʥʮʝʚ ɻ. ʄ., ʈʘʜʠʦ ʉ. ɺ. 

ɼʦʥʝʮʢʠʡ ʥʘʮʠʦʥʘʣʴʥʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ɺʘʩʳʣʷ ʉʪʫʩʘ, ɺʠʥʥʠʮʘ, ʋʢʨʘʠʥʘ 

radio@donnu.edu.ua 

 

ʄʝʪʦʜʘʤʠ ʩʢʘʥʠʨʫʶʱʝʡ ʵʣʝʢʪʨʦʥʥʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ, ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʠ 

ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ ʧʨʦʚʝʜʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʧʨʦʜʫʢʪʦʚ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚ ʩʠʩʪʝʤʘʭ ʍ3+ïWO4
2ïïH+ïH2O, A+ïX3+ïWO4

2ïïH+ïH2O (A+=K+, NH4
+), 

ʄ2+ïX3+ïWO4
2ïïH+ïH2O (ʄ

2+=Mg2+, Zn2+) (ʍ = Y, Gd, Er), ʚʳʜʝʣʝʥʥʳʭ ʧʨʠ ʢʠʩʣʦʪʥʦʩʪʠ 

Z = ɜ(H+)/ɜ(WO4
2ï) = 0,80. 

ʈʘʟʨʘʙʦʪʘʥʘ ʥʦʚʘʷ ʤʝʪʦʜʠʢʘ ʩʠʥʪʝʟʘ ʠ ʧʦʣʫʯʝʥʳ ʤʦʥʦʢʨʠʩʪʘʣʴʥʳʝ ʦʙʨʘʟʮʳ 

ʠʟʦʩʪʨʫʢʪʫʨʥʳʭ ʩʦʣʝʡ Na9[ʍ(W5O18)2]Ā35H2O (ʍ = Y, Gd, Er) ʩ ʛʝʪʝʨʦʧʦʣʠʘʥʠʦʥʦʤ ʩʦ 

ʩʪʨʫʢʪʫʨʦʡ ʇʠʢʦʢʘïʋʠʢʣʠ ʠʟ ʨʘʩʪʚʦʨʦʚ ʍ3+ïWO4
2ïïH+ïH2O ʧʨʠ ʢʠʩʣʦʪʥʦʩʪʠ Z = 0,80. 

ʀʩʩʣʝʜʦʚʘʥʘ ʤʠʢʨʦʤʦʨʬʦʣʦʛʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʩʦʣʝʡ, ʠ ʧʨʦʚʝʜʝʥʦ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚ 

ʢʘʯʝʩʪʚʝ ʧʨʝʢʫʨʩʦʨʦʚ ʜʣʷ ʩʠʥʪʝʟʘ ʥʦʚʳʭ ʩʦʣʝʡ ʩ ʢʘʪʠʦʥʘʤʠ NH4
+, ʂ+, Mg2+, Zn2+. 

ʀʩʩʣʝʜʦʚʘʥʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʚ ʨʘʩʪʚʦʨʘʭ A+ïʍ3+ïWO4
2ïïH+ïH2O (A+ = K+, NH4

+) 

ʧʨʠ Z = 0,80. ʉʠʥʪʝʟʠʨʦʚʘʥʳ ʠ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʳ ʤʝʪʦʜʘʤʠ ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ, ʉʕʄ ʠ 

ʈʉɸ ʩʦʣʠ ʩ ʘʥʠʦʥʦʤ ʧʘʨʘʚʦʣʴʬʨʘʤʘʪʘ ɹ ï Na2(NH4)8[W12O40(OH)2]Ā12H2O ʠ 

ʂ10[W12O40(OH)2]Ā13H2O, ʦʙʨʘʟʦʚʘʥʠʝ ʢʦʪʦʨʳʭ ʧʨʦʠʩʭʦʜʠʪ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʛʠʜʨʦʣʠʪʠʯʝʩʢʦʛʦ ʧʨʝʚʨʘʱʝʥʠʷ ʘʥʠʦʥʦʚ [ʍ(W5O18)2]
9ï (ʍ = Y, Gd, Er) ʚ ʙʦʣʝʝ 

ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠ ʩʪʘʙʠʣʴʥʳʝ [W12O40(OH)2]
10ï. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚ ʩʠʩʪʝʤʘʭ ʄ2+ïʍ3+ï

WO4
2ïïH+ïH2O (ʄ

2+ = Mg2+, Zn2+) ʧʨʠ Z = 0,80 ʧʨʦʠʩʭʦʜʠʪ ʢʨʠʩʪʘʣʣʠʟʘʮʠʷ ʩʦʣʝʡ ʩ 

ʘʥʠʦʥʦʤ ʧʘʨʘʚʦʣʴʬʨʘʤʘʪʘ ɹ ð Mg5[W12O40(OH)2]Ā41H2O ʠ Zn5[W12O40(OH)2]Ț35H2O. 

ʄʝʪʦʜʦʤ ʉʕʄ ʠ ʈʉʄɸ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʦʜʫʢʪʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚ ʩʠʩʪʝʤʘʭ ʄ2+ï

Y3+ïWO4
2ïïH+ïH2O (ʄ2+ = Mg2+, Zn2+) ʠ NH4

+ïY3+ïWO4
2ïïH+ïH2O ʷʚʣʷʶʪʩʷ 

ʦʜʥʦʬʘʟʥʳʤʠ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʚ ʩʠʩʪʝʤʝ ʂ+ïY3+ïWO4
2ïïH+ïH2O ʧʨʦʠʩʭʦʜʠʪ 

ʩʦʢʨʠʩʪʘʣʣʠʟʘʮʠʷ ʧʘʨʘʚʦʣʴʬʨʘʤʘʪʘ ʢʘʣʠʷ ʠ ʥʘʪʨʠʷ (ʨʠʩ.). 

 

  

ʈʠʩ. ʂʦʥʪʨʘʩʪ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʨʦʰʢʦʚ ʩʦʣʝʡ ʚ ʨʝʞʠʤʝ ʦʙʨʘʪʥʦʨʘʩʩʝʷʥʥʳʭ ʵʣʝʢʪʨʦʥʦʚ 

(ɺɽʉ): ʩʣʝʚʘ ï Mg5[W12O40(OH)2]Ā41H2O (Ĭ5 000 ʨʘʟ; ʦʜʥʦʬʘʟʥʳʡ ʦʙʨʘʟʝʮ); ʩʧʨʘʚʘ ï 

ʂ10[W12O40(OH)2]Ā13H2O (Ĭ2 500 ʨʘʟ; ʢʨʫʞʢʘʤʠ ʚʳʜʝʣʝʥʳ ʦʙʣʘʩʪʠ ʩ ʧʦʚʳʰʝʥʥʳʤ 

ʩʦʜʝʨʞʘʥʠʝʤ ʥʘʪʨʠʷ) 

 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʄʠʥʠʩʪʝʨʩʪʚʘ ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʥʘʫʢʠ ʋʢʨʘʠʥʳ 

(ʧʨʦʝʢʪ ˉ 0116U002521). 

  



Inorganic Chemistry  ʅʝʦʨʛʘʥʽʯʥʘ ʭʽʤʽʷ 

103 

ʂʈʀʉʊɸʃɯʏʅɸ ʉʊʈʋʂʊʋʈɸ ʉʇʆʃʋʂʀ HfAl2,7Ge0,3 

ʄʘʨʠʩʢʝʚʠʯ ɼ. ʊ., ʊʦʢʘʡʯʫʢ ʗ. ʆ., ɻʣʘʜʠʰʝʚʩʴʢʠʡ ʈ. ɭ. 

ʂʘʬʝʜʨʘ ʥʝʦʨʛʘʥʽʯʥʦʾ ʭʽʤʽʾ 

ʃʴʚʽʚʩʴʢʦʛʦ ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ʽʤʝʥʽ ɯʚʘʥʘ ʌʨʘʥʢʘ,  

ʚʫʣ. ʂʠʨʠʣʘ ʽ ʄʝʬʦʜʽʷ, 6, 79005 ʃʴʚʽʚ, ʋʢʨʘʾʥʘ 

danylo.maryskewytsch@gmail.com 

 

ʇʽʜ ʯʘʩ ʜʦʩʣʽʜʞʝʥʥʷ ʚʟʘʻʤʦʜʽʾ ʢʦʤʧʦʥʝʥʪʽʚ ʫ ʧʦʪʨʽʡʥʽʡ ʩʠʩʪʝʤʽ HfïAlïGe ʧʨʠ 

600 Áʉ ʥʘ ʽʟʦʢʦʥʮʝʥʪʨʘʪʽ 25 ʘʪ.% Hf ʚʩʪʘʥʦʚʣʝʥʦ ʽʩʥʫʚʘʥʥʷ ʩʧʦʣʫʢʠ HfAl2,7Ge0,3. ɼʣʷ 

ʚʠʟʥʘʯʝʥʥʷ ʾʾ ʢʨʠʩʪʘʣʽʯʥʦʾ ʩʪʨʫʢʪʫʨʠ ʙʫʣʦ ʩʠʥʪʝʟʦʚʘʥʦ ʤʝʪʦʜʦʤ ʝʣʝʢʪʨʦʜʫʛʦʚʦʛʦ 

ʩʧʣʘʚʣʷʥʥʷ ʤʝʪʘʣʽʚ ʚʠʩʦʢʦʾ ʯʠʩʪʦʪʠ ʟʨʘʟʦʢ ʩʢʣʘʜʫ Hf25Al70Ge5 ̔  ʛʦʤʦʛʝʥʽʟʦʚʘʥʦ ʡʦʛʦ ʧʨʠ 

600 Áʉ ʚʧʨʦʜʦʚʞ 1 ʤʽʩʷʮʷ. ʄʘʩʠʚ ʨʝʥʪʛʝʥʽʚʩʴʢʠʭ ʜʠʬʨʘʢʮʽʡʥʠʭ ʜʘʥʠʭ ʦʪʨʠʤʘʥʦ ʥʘ 

ʧʦʨʦʰʢʦʚʦʤʫ ʜʠʬʨʘʢʪʦʤʝʪʨʽ STOE Stadi P (ʧʨʦʤʽʥʥʷ Cu KŬ1). ʇʘʨʘʤʝʪʨʠ ʧʨʦʬʽʣʶ 

ʨʝʥʪʛʝʥʦʛʨʘʤʠ ʪʘ ʧʘʨʘʤʝʪʨʠ ʢʨʠʩʪʘʣʽʯʥʦʾ ʩʪʨʫʢʪʫʨʠ ʪʝʨʥʘʨʥʦʾ ʩʧʦʣʫʢʠ ʫʪʦʯʥʝʥʦ 

ʤʝʪʦʜʦʤ ʈʽʪʚʝʣʴʜʘ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʘʢʝʪʫ ʧʨʦʛʨʘʤ FullProf Suite. 

ʂʨʠʩʪʘʣʽʯʥʘ ʩʪʨʫʢʪʫʨʘ ʪʝʨʥʘʨʥʦʾ ʩʧʦʣʫʢʠ HfAl2,7Ge0,3 ʥʘʣʝʞʠʪʴ ʜʦ ʩʪʨʫʢʪʫʨʥʦʛʦ 

ʪʠʧʫ (ʉʊ) TiAl3 (ʩʠʤʚʦʣ ʇʽʨʩʦʥʘ (ʉʇ tI8, ʧʨʦʩʪʦʨʦʚʘ ʛʨʫʧʘ (ʇɻ) I4/mmm,  

a = 3,91780(14), c = 8,9324(3) ¡, RB = 0,0283, RF = 0,0220, Rp = 0,0665, Rwp = 0,0910,  

c2 = 3,27). ʂʦʦʨʜʠʥʘʪʠ ʽ ʧʘʨʘʤʝʪʨʠ ʟʤʽʱʝʥʥʷ ʘʪʦʤʽʚ, ʘ ʪʘʢʦʞ ʢʦʝʬʽʮʽʻʥʪʠ ʟʘʧʦʚʥʝʥʥʷ 

ʧʦʟʠʮʽʡ ʧʨʠʚʝʜʝʥʦ ʫ ʪʘʙʣʠʮʽ. ʆʙʠʜʚʽ ʧʨʘʚʠʣʴʥʽ ʩʠʩʪʝʤʠ ʪʦʯʦʢ (ʇʉʊ) ʘʪʦʤʽʚ  

ʨ-ʝʣʝʤʝʥʪʽʚ ʟʘʡʥʷʪʽ ʩʪʘʪʠʩʪʠʯʥʠʤʠ ʩʫʤʽʰʘʤʠ ʘʪʦʤʽʚ Al i Ge, ʦʜʥʘʢ ʟ ʜʝʱʦ ʚʽʜʤʽʥʥʠʤ 

ʾʭʥʽʤ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ. ʋʪʦʯʥʝʥʠʡ ʩʢʣʘʜ ʩʧʦʣʫʢʠ ï HfAl2,68(1)Ge0,32(1). 

 

ʊʘʙʣʠʮʷ. ʂʦʦʨʜʠʥʘʪʠ ʪʘ ʽʟʦʪʨʦʧʥʽ ʧʘʨʘʤʝʪʨʠ ʟʤʽʱʝʥʥʷ ʘʪʦʤʽʚ ʫ ʩʪʨʫʢʪʫʨʽ ʩʧʦʣʫʢʠ 

HfAl 2,7Ge0,3 (ʉʊ TiAl3, ʉʇ tI8, ʇɻ I4/mmm, a = 3,91780(14), c = 8,9324(3) ¡) 

ɸʪʦʤ ʇʉʊ x y z Bʽʟʦ, ¡
2 

Hf 2a 0 0 0 0,584(13) 

M11 4d 0 1/2 1/4 1,23(8) 

M22 2b 0 0 1/2 1,27(7) 
1 M1 = 0,958(4)Al + 0,042(4)Ge; 2 M2 = 0,762(5)Al + 0,238(5)Ge. 

 

 

ʉʪʨʫʢʪʫʨʥʠʡ ʪʠʧ TiAl3 ʥʘʣʝʞʠʪʴ ʜʦ 

ʥʘʡʱʽʣʴʥʽʰʠʭ ʫʧʘʢʦʚʦʢ ʘʪʦʤʽʚ, ʘ 

ʢʦʦʨʜʠʥʘʮʽʡʥʠʤʠ ʤʥʦʛʦʛʨʘʥʥʠʢʘʤʠ ʫʩʽʭ ʘʪʦʤʽʚ 

ʻ ʢʫʙʦʦʢʪʘʝʜʨʠ. ɺʤʽʩʪ ʝʣʝʤʝʥʪʘʨʥʦʾ ʢʦʤʽʨʢʠ ʽ 

ʢʦʦʨʜʠʥʘʮʽʡʥʽ ʤʥʦʛʦʛʨʘʥʥʠʢʠ ʘʪʦʤʽʚ 

ʟʦʙʨʘʞʝʥʦ ʥʘ ʨʠʩʫʥʢʫ. 

ʊʝʨʥʘʨʥʫ ʩʧʦʣʫʢʫ HfAl 2,6Ge0,4, ʱʦ ʽʩʥʫʻ 

ʧʨʠ 600 Áʉ, ʤʦʞʥʘ ʚʚʘʞʘʪʠ ʩʪʘʙʽʣʽʟʦʚʘʥʠʤ 

ʘʪʦʤʘʤʠ Ge ʪʚʝʨʜʠʤ ʨʦʟʯʠʥʦʤ ʥʘ ʦʩʥʦʚʽ 

ʚʠʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʾ ʤʦʜʠʬʽʢʘʮʽʾ ʙʽʥʘʨʥʦʛʦ 

ʪʨʠʘʣʶʤʽʥʽʜʫ HfAl3 (ʉʊ TiAl3). ʇʨʠ 

ʪʝʤʧʝʨʘʪʫʨʽ ʜʦʩʣʽʜʞʝʥʥʷ ʢʨʠʩʪʘʣʽʯʥʘ 

ʩʪʨʫʢʪʫʨʘ ʩʧʦʣʫʢʠ HfAl3 ʥʘʣʝʞʠʪʴ ʜʦ 

ʩʪʨʫʢʪʫʨʥʦʛʦ ʪʠʧʫ ZrAl3 (ʉʇ tI16, ʇɻ I4/mmm, 

a = 3,9865(2), c = 17,1440(8) ¡). 
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ʉʀʅʊɽɿ Pr(III )-ɺʄɯʉʅʀʍ ɻɽʊɽʈʆʇʆʃɯ- ʊɸ ɯɿʆʇʆʃɯɺʆʃʔʌʈɸʄɸʊɯɺ 

ʄʘʨʽʡʯʘʢ ʆ. ʖ., ʆʣʝʢʩʽʡ ʖ. ɸ., ʐʝʚʯʝʥʢʦ ʄ. ʄ., ʈʦʟʘʥʮʝʚ ɻ. ʄ., ʈʘʜʽʦ ʉ. ɺ. 

ɼʦʥʝʮʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ɺʘʩʠʣʷ ʉʪʫʩʘ, ɺʽʥʥʠʮʷ, ʋʢʨʘʾʥʘ 
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ʋ ʜʦʧʦʚʽʜʽ ʧʨʝʜʩʪʘʚʣʝʥʦ ʧʽʜʩʫʤʢʠ ʩʠʥʪʝʟʫ Pr(III )-ʚʤʽʩʥʠʭ ʧʦʣʽʦʢʩʦʚʦʣʴʬʨʘʤʘʪʽʚ 

ʟ ʚʦʜʥʠʭ ʨʦʟʯʠʥʽʚ ʩʠʩʪʝʤ Na2WO4ïPr(NO3)3ïHNO3ïH2O ʟ ʨʽʟʥʦʶ ʢʠʩʣʦʪʥʽʩʪʶ 

Z = ɜ(H+)/ɜ(WO4
2ï). 

ʈʦʟʨʦʙʣʝʥʦ ʫʤʦʚʠ ʩʠʥʪʝʟʫ Na9[Pr(W5O18)2]Ā34,25H2O ʟ ʧʽʜʢʠʩʣʝʥʦʛʦ ʜʦ Z = 0,80 

ʚʦʜʥʦʛʦ ʨʦʟʯʠʥʫ ʥʘʪʨʽʶ ʚʦʣʴʬʨʘʤʘʪʫ ʟ ʚʽʜʥʦʰʝʥʥʷʤ ɜ(Pr) : ɜ(W) = 1 : 10 ʟ 

ʚʠʩʦʣʶʚʘʥʥʷʤ ʜʽʻʶ ʘʮʝʪʦʥʫ. ʄʝʪʦʜʘʤʠ ɯʏ ʪʘ ʂʈïʩʧʝʢʪʨʦʩʢʦʧʽʾ ʧʦʢʘʟʘʥʦ ʥʘʣʝʞʥʽʩʪʴ 

ʘʥʽʦʥʫ ʚ ʩʠʥʪʝʟʦʚʘʥʽʡ ʩʧʦʣʫʮʽ ʜʦ ʩʪʨʫʢʪʫʨʠ ʇʽʢʦʢʘïʋʽʢʣʽ. ʈʦʟʨʦʙʣʝʥʘ ʚ ʨʦʙʦʪʽ ʤʝʪʦʜʠʢʘ 

ʦʜʝʨʞʘʥʥʷ ʥʘʪʨʽʶ ʜʝʢʘʚʦʣʴʬʨʘʤʦʧʨʘʟʝʦʜʠʤʘʪʫ(ɯɯɯ) ʻ ʥʦʚʦʶ ʪʘ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʪʠʤ, ʱʦ 

ʜʦʟʚʦʣʷʻ ʩʠʥʪʝʟʫʚʘʪʠ ʩʝʨʝʜʥʶ, ʘ ʥʝ ʢʠʩʣʫ ʩʽʣʴ, ʱʦ ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʦ ʜʣʷ ʩʠʥʪʝʟʫ 

ʽʥʰʠʭ ʩʝʨʝʜʥʽʭ ʥʘʪʨʽʶ ʛʝʪʝʨʦʧʦʣʽʜʝʢʘʚʦʣʴʬʨʘʤʦʣʘʥʪʘʥʽʜʘʪʽʚ(ɯɯɯ). 

ʄʝʪʦʜʦʤ ʩʢʘʥʫʶʯʦʾ ʝʣʝʢʪʨʦʥʥʦʾ ʤʽʢʨʦʩʢʦʧʽʾ ʧʦʢʘʟʘʥʦ, ʱʦ ʨʦʟʤʽʨ ʟʝʨʝʥ ʧʦʨʦʰʢʫ 

Na9[Pr(W5O18)2]Ā34,25H2O ʟʥʘʭʦʜʠʪʴʩʷ ʫ ʤʝʞʘʭ 200ï450 ʥʤ. ʆʜʥʦʬʘʟʥʽʩʪʴ ʩʠʥʪʝʟʦʚʘʥʦʾ 

ʩʦʣʽ ʧʽʜʪʚʝʨʜʞʝʥʦ ʨʽʚʥʦʤʽʨʥʠʤ ʢʦʥʪʨʘʩʪʦʤ ʧʦʚʝʨʭʥʽ ʚ ʨʝʞʠʤʽ ʟʚʦʨʦʪʥʦ ʨʦʟʩʽʷʥʠʭ 

ʝʣʝʢʪʨʦʥʽʚ ʽ ʨʽʚʥʦʤʽʨʥʠʤ ʨʦʟʧʦʜʽʣʦʤ Pr, Na, W, O ʙʝʟ ʩʝʛʨʝʛʘʮʽʡ ʽ ʣʽʢʚʘʮʽʡ ʧʽʜ ʯʘʩ 

ʩʢʘʥʫʚʘʥʥʷ ʧʦʚʝʨʭʥʽ ʚ ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʦʤʫ ʨʝʥʪʛʝʥʽʚʩʴʢʦʤʫ ʚʠʧʨʦʤʽʥʶʚʘʥʥʽ. 

ʇʨʦʚʝʜʝʥʦ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʠʡ ʘʥʘʣʽʟ ʤʦʥʦʢʨʠʩʪʘʣʫ ʡ ʦʜʝʨʞʘʥʦ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʽ ʜʘʥʽ ʜʣʷ ʢʨʠʩʪʘʣʽʯʥʦʾ ʩʪʨʫʢʪʫʨʠ Na9[Pr(W5O18)2]Ā34,25H2O 

(a = 18,272(5), b = 18,512(5), c = 20,865(6), Ŭ = 113,60(3), ɓ = 97,79(3), ɔ = 90,36(3), 

V = 6 393(3) ¡3, Z= 2, ʪʨʠʢʣʽʥʥʘ ʩʠʥʛʦʥʽʷ, ʧʨ.ʛʨ. Pï1) (ʨʠʩ.). 

ɿ ʘʥʘʣʽʟʫ ʨʝʟʫʣʴʪʘʪʽʚ ʈʉɸ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʩʪʨʫʢʪʫʨʠ ʧʦʣʽʦʢʩʦʚʦʣʴʬʨʘʤʘʪʽʚ 

ʧʦʜʽʙʥʦʛʦ ʪʠʧʫ (ʷʢ ʟʘ ʧʘʨʘʤʝʪʨʘʤʠ ʷʯʝʡʢʠ, ʪʘʢ ʽ ʟʘ ʩʢʣʘʜʦʤ ʽ ʭʘʨʘʢʪʝʨʦʤ ʫʧʘʢʦʚʢʠ) ʚ 

ʣʽʪʝʨʘʪʫʨʽ ʡ ʙʘʟʘʭ ʜʘʥʠʭ ʩʪʨʫʢʪʫʨ ʥʝ ʦʧʠʩʘʥʽ. 

  

ʈʠʩ. ʃʽʚʦʨʫʯ ï SEM-ʟʦʙʨʘʞʝʥʥʷ ʧʦʚʝʨʭʥʽ ʧʦʨʦʰʢʫ Na9[Pr(W5O18)2]Ā34,25H2O ʚ ʨʝʞʠʤʽ 

ʚʪʦʨʠʥʥʠʭ ʝʣʝʢʪʨʦʥʽʚ (Ĭ 10 000 ʨʘʟʽʚ); ʧʨʘʚʦʨʫʯ ï ʧʦʣʽʝʜʨʠʯʥʝ ʟʦʙʨʘʞʝʥʥʷ ʘʥʽʦʥʫ 

[Pr(W5O18)2]
9ï ʚ Na9[Pr(W5O18)2]Ŀ34,25H2O 

 

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʟ ʨʦʟʯʠʥʫ ʟʘ Z = 1,29 ʩʠʥʪʝʟʦʚʘʥʦ ʧʨʘʟʝʦʜʠʤʫ 

ʛʽʜʨʦʛʝʧʪʘʚʦʣʴʬʨʘʤʘʪ Pr1,67[HW7O24]5Ā16,5H2O. ʄʝʪʦʜʘʤʠ ʭʽʤʽʯʥʦʛʦ ʘʥʘʣʽʟʫ ʪʘ ɯʏï

ʩʧʝʢʪʨʦʩʢʦʧʽʾ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʟ ʨʦʟʯʠʥʽʚ ʟʘ Z = 1,29 (ʚʠʪʨʠʤʘʥʦʛʦ ʧʽʜʢʠʩʣʝʥʠʤ) ʪʘ 

Z = 1,50 ʚʽʜʙʫʚʘʻʪʴʩʷ ʦʩʘʜʞʝʥʥʷ ʩʦʣʝʡ ʟ ʫʥʜʝʢʘʚʦʣʴʬʨʘʤʘʪ-ʘʥʽʦʥʦʤ, ʣʘʢʫʥʘʨʥʠʤ 

ʧʦʭʽʜʥʠʤ ʘʥʽʦʥʫ ʟʽ ʩʪʨʫʢʪʫʨʦʶ ʂʝʛʛʽʥʘ, Pr2[Pr2(H2O)10W22O70(OH)4]Ā41H2O (Z = 1,29) ʪʘ 

Na2Pr2[Pr2(H2O)10W22O72(OH)2]Ā37H2O (Z = 1,50). 

 

ʈʦʙʦʪʫ ʚʠʢʦʥʘʥʦ ʟʘ ʧʽʜʪʨʠʤʢʠ ʄʽʥʽʩʪʝʨʩʪʚʘ ʦʩʚʽʪʠ ʽ ʥʘʫʢʠ ʋʢʨʘʾʥʠ (ʧʨʦʝʢʪ 

 ̄0116U002521).  
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ʂʈʀʉʊɸʃɯʏʅɸ ʉʊʈʋʂʊʋʈɸ Pr(Nd)3Ni0.5GeS7 

ʄʘʨʯʫʢ ʆ. ɺ.1, ɻʫʣʘʡ ʃ. ɼ.2 

ʉʭʽʜʥʦʻʚʨʦʧʝʡʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ʃʝʩʽ ʋʢʨʘʾʥʢʠ, 
1ʢʘʬʝʜʨʘ ʥʝʦʨʛʘʥʽʯʥʦʾ ʪʘ ʬʽʟʠʯʥʦʾ ʭʽʤʽʾ, 

2ʢʘʬʝʜʨʘ ʝʢʦʣʦʛʽʾ ʪʘ ʦʭʦʨʦʥʠ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ 

ʧʨ. ɺʦʣʽ 13, 43025 ʤ. ʃʫʮʴʢ 

Marchuk.Oleg@eenu.edu.ua 

 

ʉʧʦʣʫʢʠ, ʱʦ ʤʽʩʪʷʪʴ ʫ ʩʚʦʻʤʫ ʩʢʣʘʜʽ ʨʽʜʢʽʩʥʦʟʝʤʝʣʴʥʽ ʤʝʪʘʣʠ (ʈɿʄ) ʽ ʧʝʨʝʭʽʜʥʽ 

3d-ʤʝʪʘʣʠ ʇʝʨʽʦʜʠʯʥʦʾ ʩʠʩʪʝʤʠ, ʟʦʢʨʝʤʘ ʥʽʢʝʣʴ, ʻ ʧʝʨʩʧʝʢʪʠʚʥʠʤʠ ʨʝʯʦʚʠʥʘʤʠ ʜʣʷ 

ʨʦʟʨʦʙʢʠ ʙʘʛʘʪʦʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʱʦ ʚʦʣʦʜʽʶʪʴ ʤʘʛʥʽʪʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ. 

ɺʽʜʦʤʦ, ʱʦ ʢʨʠʩʪʘʣʽʯʥʘ ʩʪʨʫʢʪʫʨʘ ʻ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦ  ʁʨʝʯʦʚʠʥʠ, ʷʢʘ 

ʚʠʟʥʘʯʘʻ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʾʾ ʬʽʟʠʯʥʠʭ ʪʘ ʭʽʤʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʠʚʦʩʪʝʡ. ɺʽʜʦʤʦʩʪʽ ʧʨʦ 

ʢʨʠʩʪʘʣʽʯʥʫ ʩʪʨʫʢʪʫʨʫ ʨʝʯʦʚʠʥʠ ʜʦʟʚʦʣʷʶʪʴ ʪʘʢʦʞ ʧʨʦʛʥʦʟʫʚʘʪʠ ʰʣʷʭʠ ʩʠʥʪʝʟʫ ʥʦʚʠʭ 

ʤʘʪʝʨʽʘʣʽʚ ʜʣʷ ʧʦʪʨʝʙ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ. ʇʨʝʜʩʪʘʚʣʝʥʽ ʨʝʟʫʣʴʪʘʪʠ ʻ ʦʜʥʠʤ 

ʽʟ ʝʪʘʧʽʚ ʩʠʩʪʝʤʘʪʠʯʥʦʛʦ ʚʠʚʯʝʥʥʷ ʢʨʠʩʪʘʣʽʯʥʦʾ ʩʪʨʫʢʪʫʨʠ ʩʧʦʣʫʢ, ʱʦ ʫʪʚʦʨʶʶʪʴʩʷ ʫ 

ʭʘʣʴʢʦʛʝʥʽʜʥʠʭ ʩʠʪʝʤʘʭ NiS ï R2S3 ï D
IVS2 (R ï ʈɿʄ, DIV ï Si, Ge, Sn). 

ʉʧʣʘʚʠ ʩʪʝʭʽʦʤʝʪʨʠʯʥʦʛʦ ʩʢʣʘʜʫ Pr3Ni0.5GeS7 ʽ Nd3Ni0.5GeS7 ʚʠʛʦʪʦʚʣʷʣʠ 

ʩʧʣʘʚʣʷʥʥʷʤ ʧʨʦʩʪʠʭ ʨʝʯʦʚʠʥ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʦʾ ʯʠʩʪʦʪʠ ʫ ʚʘʢʫʫʤʦʚʘʥʠʭ ʢʚʘʨʮʝʚʠʭ 

ʢʦʥʪʝʡʥʝʨʘʭ ʮʠʣʽʥʜʨʠʯʥʦʾ ʬʦʨʤʠ (ʚʝʣʠʯʠʥʘ ʟʘʣʠʰʢʦʚʦʛʦ ʪʠʩʢʫ ï 0,1 ʇʘ). ʉʠʥʪʝʟ 

ʧʨʦʚʦʜʠʣʠ ʫ ʤʫʬʝʣʴʥʽʡ ʧʝʯʽ ʟ ʧʨʦʛʨʘʤʥʠʤ ʫʧʨʘʚʣʽʥʥʷʤ ʪʝʭʥʦʣʦʛʽʯʥʠʤʠ ʧʨʦʮʝʩʘʤʠ 

ʄʇ-30. ʄʘʢʩʠʤʘʣʴʥʘ ʪʝʤʧʝʨʘʪʫʨʘ ʩʠʥʪʝʟʫ ï 1420 K. ɻʦʤʦʛʝʥʽʟʫʶʯʠʡ ʚʽʜʧʘʣ ʧʨʦʚʦʜʠʣʠ 

ʟʘ ʪʝʤʧʝʨʘʪʫʨʠ 770 K ʚʧʨʦʜʦʚʞ 500 ʛʦʜʠʥ. ʇʽʩʣʷ ʚʽʜʧʘʣʶʚʘʥʥʷ ʩʧʣʘʚʠ ʛʘʨʪʫʚʘʣʠ ʚ 

ʭʦʣʦʜʥʽʡ ʚʦʜʽ ʙʝʟ ʧʦʧʝʨʝʜʥʴʦʛʦ ʨʦʟʙʠʚʘʥʥʷ ʘʤʧʫʣ. 

ʈʦʟʨʘʭʫʥʦʢ ʢʨʠʩʪʘʣʽʯʥʦʾ ʩʪʨʫʢʪʫʨʠ ʩʧʦʣʫʢ Pr(Nd)3Ni0.5GeS7 ʟʜʽʡʩʥʶʚʘʣʠ ʟʘ 

ʜʠʬʨʘʢʪʦʛʨʘʤʘʤʠ, ʱʦ ʙʫʣʠ ʦʪʨʠʤʘʥʽ ʥʘ ʜʠʬʨʘʢʪʦʤʝʪʨʽ ɼʈʆʅ 4-13 ʚ ʤʝʞʘʭ 2Ū = 10ï 

100Á (CuKŬ ï ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʢʨʦʢ ʩʢʘʥʫʚʘʥʥʷ ï 0.02Á, ʝʢʩʧʦʟʠʮʽʷ ʫ ʢʦʞʥʽʡ ʪʦʯʮʽ ï 

20 ʩ). ʂʨʠʩʪʘʣʦʭʽʤʽʯʥʽ ʨʦʟʨʘʭʫʥʢʠ ʧʨʦʚʦʜʠʣʠ ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʧʘʢʝʪ ʧʨʦʛʨʘʤ WinCSD. 

ʂʦʤʧʣʝʢʩ ʧʨʦʚʝʜʝʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ ʜʦʟʚʦʣʠʚ ʥʘʤ ʢʦʥʩʪʘʪʫʚʘʪʠ ʧʨʠʥʘʣʝʞʥʽʩʪʴ 

ʢʨʠʩʪʘʣʽʯʥʦʾ ʩʪʨʫʢʪʫʨʠ ʩʧʦʣʫʢ Pr3Ni0.5GeS7 ʽ Nd3Ni0.5GeS7 ʜʦ ʩʪʨʫʢʪʫʨʥʦʛʦ ʪʠʧʫ 

La3Mn0.5SiS7 (ʇɻ ʈ63) ʪʘ ʚʠʟʥʘʯʠʪʠ ʧʘʨʘʤʝʪʨʘʤʠ ʝʣʝʤʝʥʪʘʨʥʠʭ ʢʦʤʽʨʦʢ: =a  

1.01033(3) ʥʤ ʽ =c 0.57923(3) ʥʤ ʜʣʷ Pr3Ni0.5GeS7 ʪʘ =a 1.00610(3) ʥʤ ʽ =c 0.57919(3) ʥʤ 

ʜʣʷ Nd3Ni0.5GeS7. ʋ ʩʪʨʫʢʪʫʨʽ ʩʠʥʪʝʟʦʚʘʥʠʭ ʩʧʦʣʫʢ ʘʪʦʤʠ Pr(Nd) ʢʦʦʨʜʠʥʫʶʪʴ ʥʘʚʢʦʣʦ 

ʩʝʙʝ ʧʦ ʚʽʩʽʤ ʘʪʦʤʽʚ ʉʫʣʴʬʫʨʫ, ʘʪʦʤʠ Ni ï ʧʦ ʰʽʩʪʴ ʘʪʦʤʽʚ ʉʫʣʴʬʫʨʫ, ʫʪʚʦʨʶʶʯʠ ʤʘʡʞʝ 

ʩʠʤʝʪʨʠʯʥʽ ʦʢʪʘʝʜʨʠ, ʘ ʘʪʦʤʠ Ge ʮʝʥʪʨʦʚʘʥʽ ʫ ʪʝʪʨʘʝʜʨʘʭ (ʨʠʩ.). ʄʽʞʘʪʦʤʥʽ ʚʽʜʜʘʣʽ ʫ 

ʩʪʨʫʢʪʫʨʘʭ ʩʠʥʪʝʟʦʚʘʥʠʭ ʩʧʦʣʫʢ ʜʦʙʨʝ ʫʟʛʦʜʞʫʶʪʴʩʷ ʟ ʚʽʜʧʦʚʽʜʥʠʤʠ ʩʫʤʘʤʠ ʽʦʥʥʠʭ 

ʨʘʜʽʫʩʽʚ ʢʦʤʧʦʥʝʥʪʽʚ. 

 

 
ʈʠʩ. ʂʦʦʨʜʠʥʘʮʽʡʥʝ ʦʪʦʯʝʥʥʷ ʘʪʦʤʽʚ Pr, Nd, Ni ʪʘ Ge  

ʫ ʩʧʦʣʫʢʘʭ Pr3Ni0.5GeS7  ̔Nd3Ni0.5GeS7 
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ʉʀʅʊɽɿ ʊɸ ɼʆʉʃɯɼɾɽʅʅʗ ɺʃɸʉʊʀɺʆʉʊɽʁ ʄɸɻʅɯʊʆʂɽʈʆɺɸʅʀʍ 

ʄɸɻʅɯʁɺʄɯʉʅʀʍ ʐʇɯʅɽʃʔʅʀʍ ɸɼʉʆʈɹɽʅʊɯɺ 

ʄʠʩʣʽʥ ʄ. ɺ., ʄʠʨʦʥʶʢ ɯ. ʌ., ʊʘʪʘʨʯʫʢ ʊ. ʈ. 

ɼɺʅɿ çʇʨʠʢʘʨʧʘʪʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ɺʘʩʠʣʷ ʉʪʝʬʘʥʠʢʘè 
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ʂʽʣʴʢʽʩʪʴ ʚʠʨʦʙʥʠʮʪʚ ʟ ʢʦʞʥʠʤ ʨʦʢʦʤ ʚʩʝ ʟʨʦʩʪʘʻ, ʪʦʤʫ ʧʦʚʽʪʨʷ, ˇʨʫʥʪʠ ʽ ʚʦʜʥʽ 

ʨʝʩʫʨʩʠ ʧʨʦʜʦʚʞʫʶʪʴ ʟʘʙʨʫʜʥʶʚʘʪʠʩʷ ʨʽʟʥʠʤʠ ʪʦʢʩʠʯʥʠʤʠ ʨʝʯʦʚʠʥʘʤʠ. ʉʝʨʝʜ ʨʽʟʥʠʭ 

ʤʝʪʦʜʽʚ ʦʯʠʩʪʢʠ ʦʜʥʠʤ ʽʟ ʧʦʰʠʨʝʥʠʭ ʻ ʩʦʨʙʮʽʷ ʪʚʝʨʜʠʤʠ ʨʝʯʦʚʠʥʘʤʠ ʟ ʚʦʜʥʠʭ ʨʦʟʯʠʥʽʚ. 

ʉʴʦʛʦʜʥʽ ʚ ʋʢʨʘʾʥʽ ʽʩʥʫʶʪʴ ʧʝʚʥʽ ʪʨʫʜʥʦʱʽ ʽʟ ʦʯʠʩʥʠʤʠ ʩʠʩʪʝʤʘʤʠ ʙʘʛʘʪʴʦʭ 

ʧʽʜʧʨʠʻʤʩʪʚ. ʏʘʩʪʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʟʘʩʪʘʨʽʣʝ ʦʙʣʘʜʥʘʥʥʷ ʽ ʥʝʝʬʝʢʪʠʚʥʽ ʟʘʩʦʙʠ 

ʦʯʠʩʪʢʠ ʩʪʽʯʥʠʭ ʚʦʜ, ʪʦʤʫ ʨʦʟʨʦʙʢʘ ʥʦʚʠʭ ʘʜʩʦʨʙʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʻ ʘʢʪʫʘʣʴʥʠʤ. 

ɺʘʞʣʠʚʝ ʤʽʩʮʝ ʩʝʨʝʜ ʥʠʭ ʧʦʩʽʜʘʶʪʴ ʤʘʛʥʽʪʦʢʝʨʦʚʘʥʽ ʘʜʩʦʨʙʝʥʪʠ ʟ ʚʠʩʦʢʦʶ 

ʘʜʩʦʨʙʮʽʡʥʦʶ ʻʤʥʽʩʪʶ. ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʤʘʛʥʽʪʥʽ ʩʦʨʙʝʥʪʠ ʤʘʶʪʴ ʟʥʘʯʥʫ ʧʝʨʝʚʘʛʫ, 

ʦʩʢʽʣʴʢʠ ʟʘʚʜʷʢʠ ʤʘʛʥʽʪʥʽʡ ʩʝʧʘʨʘʮʽʾ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʣʫʯʝʥʽ ʽʟ ʨʦʟʯʠʥʫ. 

ɿʘ ʦʩʥʦʚʫ ʙʫʚ ʚʠʙʨʘʥʠʡ ʬʝʨʠʪ ʤʘʛʥʽʶ, ʚ ʷʢʠʡ ʚʚʦʜʠʣʠ ʜʦʤʽʰʢʫ ɸʣʶʤʽʥʽʶ, ʪʘ 

ʜʦʩʣʽʜʞʫʚʘʣʠ ʚʧʣʠʚ ʚʤʽʩʪʫ ɸʣʶʤʽʥʽʶ ʥʘ ʩʪʨʫʢʪʫʨʥʽ, ʤʦʨʬʦʣʦʛʽʯʥʽ, ʤʘʛʥʽʪʥʽ ʪʘ 

ʘʜʩʦʨʙʮʽʡʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʟʨʘʟʢʽʚ. ʄʘʛʥʽʡ ʬʝʨʠʪ-ʘʣʶʤʽʥʘʪʠ MgAl xFe2-xO4 (ʜʝ ʭ ʟʤʽʥʶʻʪʴʩʷ 

ʚʽʜ 0 ʜʦ 2, ʟ ʢʨʦʢʦʤ 0,2) ʙʫʣʠ ʩʠʥʪʝʟʦʚʘʥʦ ʤʝʪʦʜʦʤ ʟʦʣʴ-ʛʝʣʴ ʘʚʪʦʛʦʨʽʥʥʷ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʥʦʚʦʛʦ ʢʦʤʙʽʥʦʚʘʥʦʛʦ ʧʘʣʠʚʘ (ʘʣʘʥʽʥ + ʢʘʨʙʘʤʽʜ).  

ʉʪʨʫʢʪʫʨʫ ʰʧʽʥʝʣʽ ʫ ʟʨʘʟʢʽʚ ʙʫʣʦ ʧʽʜʪʚʝʨʜʞʝʥʦ ʍ-ʧʨʦʤʝʥʝʚʠʤ ʘʥʘʣʽʟʦʤ, ʨʦʟʤʽʨ 

ʢʨʠʩʪʘʣʽʪʽʚ, ʨʦʟʨʘʭʦʚʘʥʠʡ ʟʘ ʬʦʨʤʫʣʦʶ ʐʝʨʨʝʨʘ, ʩʪʘʥʦʚʠʪʴ 10ï15 ʥʤ. ʇʘʨʘʤʝʪʨ 

ʝʣʝʤʝʥʪʘʨʥʦʾ ʢʦʤʽʨʢʠ ʟʤʽʥʶʻʪʴʩʷ ʚʽʜ 8,377 ¡ ʜʣʷ ʤʘʛʥʽʡ ʬʝʨʠʪʫ ʜʦ 8,073 ¡ ʜʣʷ ʤʘʛʥʽʡ 

ʘʣʶʤʽʥʘʪʫ. ʇʘʨʘʤʝʪʨ ʢʦʤʽʨʢʠ ʟʤʝʥʰʫʻʪʴʩʷ ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ ʚʤʽʩʪʫ ɸʣʶʤʽʥʽʶ ʫ ʤʘʛʥʽʡ 

ʬʝʨʠʪʽ, ʱʦ ʧʦʚôʷʟʘʥʦ ʟ ʪʠʤ, ʱʦ ʨʘʜʽʫʩ Al 3+ ʤʝʥʰʠʡ ʥʽʞ ʨʘʜʽʫʩ Fe3+ ï r (Al 3+) = 0,535 ¡, ʘ 

r (Fe3+) = 0,645 ¡ (ʚ ʦʢʪʘʝʜʨʠʯʥʦʤʫ ʦʪʦʯʝʥʥʽ). ʄʦʨʬʦʣʦʛʽʶ ʟʨʘʟʢʽʚ ʜʦʩʣʽʜʞʝʥʦ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʩʢʘʥʫʶʯʦʾ ʝʣʝʢʪʨʦʥʥʦʾ ʤʽʢʨʦʩʢʦʧʽʾ, ʷʢʘ ʧʽʜʪʚʝʨʜʠʣʘ ʧʦʨʠʩʪʫ ʩʪʨʫʢʪʫʨʫ 

ʩʠʥʪʝʟʦʚʘʥʠʭ ʟʨʘʟʢʽʚ, ʪʘ ʥʘʷʚʥʽʩʪʴ ʘʛʣʦʤʝʨʘʪʽʚ ʯʘʩʪʠʥʦʢ, ʱʦ ʧʦʷʩʥʶʻʪʴʩʷ ʤʘʛʥʽʪʥʦʶ 

ʧʨʠʨʦʜʦʶ ʟʨʘʟʢʽʚ. ʍʽʤʽʯʥʠʡ ʩʢʣʘʜ ʟʨʘʟʢʽʚ ʧʽʜʪʚʝʨʜʞʝʥʦ ʝʥʝʨʛʦ-ʜʠʩʧʝʨʩʽʡʥʦʶ 

ʩʧʝʢʪʨʦʩʢʦʧʽʻʶ (ɽɼʉ). ʄʘʛʥʽʪʥʽ ʧʘʨʘʤʝʪʨʠ ʦʪʨʠʤʘʥʦ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʚʽʙʨʘʮʽʡʥʦʾ 

ʤʘʛʥʝʪʦʤʝʪʨʽʾ. ʌʝʨʠʪ ʘʣʶʤʽʥʘʪʠ ʤʘʛʥʽʶ ʧʦʢʘʟʫʶʪʴ ʬʝʨʦʤʘʛʥʽʪʥʫ ʧʦʚʝʜʽʥʢʫ ʟ ʚʫʟʴʢʠʤʠ 

ʧʝʪʣʷʤʠ ʛʽʩʪʝʨʝʟʠʩʫ. 

ɼʦʩʣʽʜʞʝʥʥʷ ʘʜʩʦʨʙʮʽʡʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʬʝʨʠʪ-ʘʣʶʤʽʥʘʪʽʚ ʧʨʦʚʦʜʠʣʠ ʥʘ 

ʤʦʜʝʣʴʥʽʡ ʨʝʘʢʮʽʾ ʘʜʩʦʨʙʮʽʾ ʤʝʪʠʣʦʨʘʥʞʫ. ɼʣʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʟʘʨʷʜʫ ʧʦʚʝʨʭʥʽ 

ʚʠʢʦʨʠʩʪʘʥʦ ʚʠʤʽʨʶʚʘʥʥʷ ʪʦʯʢʠ ʥʫʣʴʦʚʦʛʦ ʟʘʨʷʜʫ (pHpzc), ʪʦʙʪʦ ʟʥʘʯʝʥʥʷ ʨʅ ʨʦʟʯʠʥʫ, 

ʜʝ ʟʘʨʷʜ ʯʠʩʪʦʾ ʧʦʚʝʨʭʥʽ ʜʦʨʽʚʥʶʻ ʥʫʣʶ. pHpzc ʬʝʨʠʪ-ʘʣʶʤʽʥʘʪʽʚ ʤʘʛʥʽʶ ʟʤʽʥʶʻʪʴʩʷ ʚ 

ʤʝʞʘʭ ʚʽʜ 9,7 ʜʦ 10,8, ʪʦʙʪʦ ʧʦʚʝʨʭʥʷ ʟʨʘʟʢʽʚ ʻ ʧʦʟʠʪʠʚʥʦ ʟʘʨʷʜʞʝʥʦʶ ʽ ʥʝʛʘʪʠʚʥʦ 

ʟʘʨʷʜʞʘʻʪʴʩʷ ʣʠʰʝ ʧʨʠ ʨʅ ʚʠʱʝ ʨʅpzc.  

ɼʦʩʣʽʜʞʝʥʥʷ ʧʨʦʚʦʜʠʣʠ ʧʨʠ ʨʅ = 7, ʪʘ ʢʦʥʮʝʥʪʨʘʮʽʾ ʘʜʩʦʨʙʝʥʪʘ 2 ʛ/ʣ; 

ʢʦʥʮʝʥʪʨʘʮʽʾ ʚʠʭʽʜʥʠʭ ʨʦʟʯʠʥʽʚ ʙʘʨʚʥʠʢʘ ʟʤʽʥʶʚʘʣʠʩʷ ʚʽʜ 10 ʜʦ 300 ʤʛ/ʣ, ʘ ʜʣʷ 

ʘʢʪʠʚʥʽʰʠʭ ʟʨʘʟʢʽʚ ï ʜʦ 1500 ʤʛ/ʣ. ɯʟʦʪʝʨʤʠ ʙʫʣʠ ʦʧʨʘʮʴʦʚʘʥʦ ʤʘʪʝʤʘʪʠʯʥʠʤʠ ʤʦʜʝʣʷʤʠ 

ʃʝʥʛʤʶʨʘ, ʌʨʝʡʥʜʣʽʭʘ, ɼʫʙʽʥʽʥʘ-ʈʘʜʫʰʢʝʚʠʯʘ, ʊʝʤʢʽʥʘ ʪʘ ʉʽʧʩʘ. ʄʦʜʝʣʴ ʃʝʥʛʤʶʨʘ 

ʥʘʡʢʨʘʱʝ ʦʧʠʩʫʻ ʤʝʭʘʥʽʟʤ ʧʨʦʭʦʜʞʝʥʥʷ ʘʜʩʦʨʙʮʽʾ, ʦʩʢʽʣʴʢʠ ʢʦʝʬʽʮʽʻʥʪ ʢʦʨʝʣʷʮʽʾ (R2 = 

0,987ï0,999). ɿʥʘʯʝʥʥʷ RL ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʤʝʞʘʭ ʚʽʜ 0 ʜʦ 1, ʱʦ ʦʟʥʘʯʘʻ, ʱʦ ʧʦʚʝʨʭʥʷ 

ʤʘʛʥʽʡ ʬʝʨʠʪ-ʘʣʶʤʽʥʘʪʽʚ ʘʜʩʦʨʙʫʻ ʤʝʪʠʣʦʨʘʥʞ ʚ ʫʤʦʚʘʭ ʜʘʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ. 

ʄʘʢʩʠʤʘʣʴʥʘ ʘʜʩʦʨʙʮʽʡʥʘ ʻʤʥʽʩʪʴ ï ʚʽʜ 23 ʜʦ 417 ʤʛ/ʛ. ɺʠʚʯʝʥʥʷ ʢʽʥʝʪʠʢʠ ʘʜʩʦʨʙʮʽʾ 

ʧʦʢʘʟʘʣʦ, ʱʦ ʤʝʪʠʣʦʨʘʥʞ ʧʦʚʥʽʩʪʶ ʘʙʩʦʨʙʫʻʪʴʩʷ ʧʨʦʪʷʛʦʤ 150 ʭʚʠʣʠʥ ʥʘ ʥʘʡʙʽʣʴʰ 

ʘʢʪʠʚʥʦʤʫ ʟʨʘʟʢʫ MgAl1,6Fe0,4O4. 
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ɼʣʷ ʦʯʠʩʪʢʠ ʚʦʟʜʫʭʘ ʦʪ SO2 ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʨʠʨʦʜʥʳʝ ʩʦʨʙʝʥʪʳ, ʥʦ ʚ 

ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʦʥʠ ʥʝ ʦʙʝʩʧʝʯʠʚʘʶʪ ʩʥʠʞʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʜʠʦʢʩʠʜʘ ʩʝʨʳ ʜʦ 

ʧʨʝʜʝʣʴʥʦ ʜʦʧʫʩʪʠʤʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ (ʇɼʂ = 10 ʤʛ/ʤ3). ʇʦʛʣʦʪʠʪʝʣʴʥʳʝ ʩʚʦʡʩʪʚʘ 

ʧʨʠʨʦʜʥʳʭ ʩʦʨʙʝʥʪʦʚ, ʘ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʭ ʟʘʱʠʪʥʳʝ ʩʚʦʡʩʪʚʘ, ʢʦʪʦʨʳʝ ʦʧʨʝʜʝʣʷʶʪʩʷ 

ʚʨʝʤʝʥʝʤ ʟʘʱʠʪʥʦʛʦ ʜʝʡʩʪʚʠʷ (tɻʇʂ), ʤʦʞʥʦ ʫʣʫʯʰʠʪʴ ʧʫʪʝʤ ʠʭ ʭʠʤʠʯʝʩʢʦʛʦ 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʠʷ. ɺ ʨʘʙʦʪʝ ʚ ʢʘʯʝʩʪʚʝ ʘʜʩʦʨʙʝʥʪʘ ʜʠʦʢʩʠʜʘ ʩʝʨʳ ʠ ʥʦʩʠʪʝʣʷ 

ʭʝʤʦʩʦʨʙʮʠʦʥʳʭ ʢʦʤʧʦʟʠʮʠʡ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʨʠʨʦʜʥʳʡ ʧʦʣʠʤʠʥʝʨʘʣʴʥʳʡ ʮʝʦʣʠʪ 

ʙʘʟʘʣʴʪʦʚʳʡ ʪʫʬ (ʇ-ɹʊ) (ʈʦʚʝʥʩʢʘʷ ʦʙʣ.), ʩʦʜʝʨʞʘʱʠʡ ʩʣʝʜʫʶʱʠʝ ʮʝʦʣʠʪʥʳʝ ʬʘʟʳ 

(ʤʘʩʩ. %): ʢʣʠʥʦʧʪʠʣʦʣʠʪ ʠ ʤʦʨʜʝʥʠʪ ï 35ï40; ʤʦʥʪʤʦʨʠʣʣʦʥʠʪ ï 30ï40; ʧʦʣʝʚʦʡ ʰʧʘʪ, 

ʢʨʝʤʥʝʟʝʤ, ʛʝʤʘʪʠʪ, ʨʫʪʠʣ ï ʦʩʪʘʣʴʥʦʝ. ʍʠʤʠʯʝʩʢʠ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʝ ʦʙʨʘʟʮʳ 

ʙʘʟʘʣʴʪʦʚʦʛʦ ʪʫʬʘ ʧʦʣʫʯʘʣʠ ʤʝʪʦʜʦʤ ʧʨʦʧʠʪʢʠ ʇ-ɹʊ ʧʦ ʚʣʘʛʦʝʤʢʦʩʪʠ ʚʦʜʥʳʤʠ 

ʨʘʩʪʚʦʨʘʤʠ NaOH ʠʣʠ ɻʄʊɸ (ʛʝʢʩʘʤʝʪʠʣʝʥʪʝʪʨʘʤʠʥ, ʫʨʦʪʨʦʧʠʥ) ʠʣʠ ʙʠʥʘʨʥʳʤ 

ʨʘʩʪʚʦʨʦʤ NaOH + ɻʄʊɸ ʧʨʠ ʟʘʜʘʥʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʢʦʤʧʦʥʝʥʪʦʚ ʩ ʧʦʩʣʝʜʫʶʱʝʡ 

ʩʪʘʜʠʝʡ çʩʦʟʨʝʚʘʥʠʷè ʚ ʪʝʯʝʥʠʝ 20 ʯʘʩʦʚ ʠ ʩʫʰʢʦʡ ʧʨʠ 110 ʉ̄ ʜʦ ʧʦʩʪʦʷʥʥʦʡ ʤʘʩʩʳ. ɺʩʝ 

ʦʙʨʘʟʮʳ ʙʳʣʠ ʧʨʦʪʝʩʪʠʨʦʚʘʥʳ ʚ ʧʨʦʮʝʩʩʝ ʦʯʠʩʪʢʠ ʚʦʟʜʫʭʘ, ʩʦʜʝʨʞʘʱʝʛʦ ʧʦʤʠʤʦ ʜʠʦʢʩʠʜʘ 

ʩʝʨʳ, ʧʘʨʳ ʚʦʜʳ. ʅʘ ʨʠʩ. 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʢʠʥʝʪʠʯʝʩʢʠʝ 

ʢʨʠʚʳʝ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝ 

ʠʟʤʝʥʝʥʠʝ ʢʦʥʝʯʥʦʡ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʜʠʦʢʩʠʜʘ ʩʝʨʳ 

(ʉ
ʢ

SO2
) ʚʦ ʚʨʝʤʝʥʠ ʧʨʠ 

ʧʨʦʧʫʩʢʘʥʠʠ ʛʘʟʦʚʦʟʜʫʰʥʦʡ 

ʩʤʝʩʠ ʯʝʨʝʟ ʥʝʧʦʜʚʠʞʥʳʡ ʩʣʦʡ 

ʠʩʩʣʝʜʫʝʤʳʭ ʦʙʨʘʟʮʦʚ (1ï4). 

ʇʨʠʨʦʜʥʳʡ ʙʘʟʘʣʴʪʦʚʳʡ ʪʫʬ 

(1), ʧʦʣʥʦʩʪʴʶ ʧʦʛʣʦʱʘʝʪ 

ʜʠʦʢʩʠʜ ʩʝʨʳ ʚ ʪʝʯʝʥʠʝ 30 

ʤʠʥʫʪ (t0), ʧʦʩʣʝ ʯʝʛʦ 

ʢʦʥʮʝʥʪʨʘʮʠʷ SO2 ʥʘ ʚʳʭʦʜʝ ʠʟ 

ʨʝʘʢʪʦʨʘ ʙʳʩʪʨʦ ʧʦʚʳʰʘʝʪʩʷ ʠ 

ʯʝʨʝʟ 240 ʤʠʥʫʪ ʜʦʩʪʠʛʘʝʪ ʝʛʦ 

ʥʘʯʘʣʴʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ. 

ʍʠʤʠʯʝʩʢʦʝ ʤʦʜʠʬʠʮʠʨʦʚʘʥʠʝ 

ʙʘʟʘʣʴʪʦʚʦʛʦ ʪʫʬʘ ʚʝʱʝʩʪʚʘʤʠ, 

ʢʦʪʦʨʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʩ ʜʠʦʢʩʠʜʦʤ ʩʝʨʳ, ʟʥʘʯʠʪʝʣʴʥʦ ʫʣʫʯʰʘʝʪ 

ʧʘʨʘʤʝʪʨʳ ʧʨʦʮʝʩʩʘ ʘʜʩʦʨʙʮʠʠ ï ʫʚʝʣʠʯʠʚʘʝʪʩʷ t0, tʇɼʂ ʠ ʢʦʣʠʯʝʩʪʚʦ ʧʦʛʣʦʱʝʥʥʦʛʦ SO2. 
ɼʣʷ ʜʚʫʭʢʦʤʧʦʥʝʥʪʥʦʡ ʢʦʤʧʦʟʠʮʠʠ NaOH-ɻʄʊɸ/ʇ-ɹʊ (4) ʫʚʝʣʠʯʠʚʘʝʪʩʷ 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʫʯʘʩʪʢʦʚ, ʥʘ ʢʦʪʦʨʳʭ ʧʨʦʠʩʭʦʜʠʪ ʧʦʣʥʦʝ ʧʦʛʣʦʱʝʥʠʝ SO2, ʉ
ʢ

SO2

ʥʘʨʘʩʪʘʝʪ ʜʦ ʥʘʯʘʣʴʥʦʡ ʢʦʥʮʝʥʪʨʚʮʠʠ ʛʦʨʘʟʜʦ ʤʝʜʣʝʥʥʝʝ, ʯʝʤ ʚ ʩʣʫʯʘʝ 

ʦʜʥʦʢʦʤʧʦʥʝʥʪʥʳʭ ʢʦʤʧʦʟʠʮʠʡ (2ï3). ɸʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʧʦʟʚʦʣʷʝʪ 

ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʩʠʥʝʨʛʝʪʠʯʝʩʢʦʤ ʵʬʬʝʢʪʝ, ʦʙʫʩʣʦʚʣʝʥʥʦʤ ʩʦʚʤʝʩʪʥʳʤ ʥʘʥʝʩʝʥʠʝʤ 

NaOH ʠ ɻʄʊɸ (ʚʨʝʤʷ ʟʘʱʠʪʥʦʛʦ ʜʝʡʩʪʚʠʷ ʜʚʫʭʢʦʤʧʦʥʝʥʪʥʦʡ ʢʦʤʧʦʟʠʮʠʠ (tɻʇʂ = 

300 ʤʠʥ) ʧʨʝʚʳʰʘʝʪ ʩʫʤʤʘʨʥʦʝ ʚʨʝʤʷ ʟʘʱʠʪʥʦʛʦ ʜʝʡʩʪʚʠʷ ʜʚʫʭ ʦʜʥʦʢʦʤʧʦʥʝʥʪʥʳʭ 

ʢʦʤʧʦʟʠʮʠʡ, ʢʦʪʦʨʦʝ ʩʦʩʪʘʚʣʷʝʪ 90 ʠ 110 ʤʠʥʫʪ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ). 
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ɼʠʥʘʤʠʢʘ ʧʦʛʣʦʱʝʥʠʷ ʜʠʦʢʩʠʜʘ ʩʝʨʳ ʧʨʠʨʦʜʥʳʤ 

(1) ʠ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʤ ʙʘʟʘʣʴʪʦʚʳʤ ʪʫʬʦʤ:  

2 ï NaOH/ʇ-ɹʊ; 3 ï ɻʄʊɸ/ʇ-ɹʊ;  

4 ï NaOH-ɻʄʊɸ/ʇ-ɹʊ (ʉNaOH = Cɻʄʊɸ = 2,0Ŀ10
-4;  

ʉNaOH+ɻʄʊɸ = 4,0Ŀ10-4 (ʤʦʣʴ/ʛ). 

ʉ , ʤʛ/ʤ3 

t, ʤʠʥ 
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ʂʆʆʈɼʀʅɸʎɯʁʅɯ ʉʇʆʃʋʂʀ Cu (II) ʟ N-ɼʆʅʆʈʅʀʄʀ ʃɯɻɸʅɼɸʄʀ 

ʊɸ ɼʀʎɯɸʅɸʄɯɼʆʄ: ʂʈʀʉʊɸʃɯʏʅɸ ʉʊʈʋʂʊʋʈɸ ʊɸ ʄɸɻʅɯʊʅɯ 

ɺʃɸʉʊʀɺʆʉʊɯ 

ɹʫʢʨʠʥʴʦʚ ʆ. ʉ., ʅʽʢʽʪʽʥʘ ɸ. ɼ., ɺʽʪʫʰʢʽʥʘ ʉ. ɺ. 

ʍʘʨʢʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ɺ. ʅ. ʂʘʨʘʟʽʥʘ 

annassty@gmail.com 

 

ʉʢʣʘʜʥʘ ʩʪʨʫʢʪʫʨʘ ʧʩʝʚʜʦʛʘʣʦʛʝʥʽʜʽʚ ʪʘ ʥʘʷʚʥʽʩʪʴ ʚ ʥʠʭ ʨʽʟʥʠʭ ʜʦʥʦʨʥʠʭ ʘʪʦʤʽʚ 

ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʾʭ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʩʧʦʩʦʙʽʚ ʢʦʦʨʜʠʥʘʮʽʾ, ʱʦ ʥʘʡʯʘʩʪʽʰʝ ʚʩʴʦʛʦ ʧʨʦʷʚʣʷʻʪʴʩʷ 

ʚ ʧʩʝʚʜʦʛʘʣʦʛʝʥʽʜʥʠʭ ʢʦʤʧʣʝʢʩʘʭ ʧʝʨʝʭʽʜʥʠʭ ʤʝʪʘʣʽʚ. ʂʦʤʧʣʝʢʩʠ ʟ ʮʠʤʠ ʽʦʥʘʤʠ, 

ʚʢʣʶʯʘʶʯʠ ʜʠʮʽʘʥʘʤʽʜ (dcʘ, N(CN)2
ľ), ʧʨʦʷʚʣʷʶʪʴ ʤʘʛʥʽʪʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʪʘʢ ʟʚʘʥʠʭ 

çʤʦʣʝʢʫʣ-ʤʘʛʥʽʪʽʚè (SMM). ʅʘʧʨʠʢʣʘʜ, ʤʦʥʦʷʜʝʨʥʽ ʢʦʤʧʣʝʢʩʠ CoII ʟ 

ʧʩʝʚʜʦʛʘʣʦʛʝʥʽʜʥʠʤʠ ʣʽʛʘʥʜʘʤʠ ʤʘʶʪʴ ʧʦʚʽʣʴʥʫ ʤʘʛʥʽʪʥʫ ʨʝʣʘʢʩʘʮʽʶ ʚ ʧʨʠʢʣʘʜʝʥʦʤʫ 

ʘʙʦ ʥʘʚʽʪʴ ʥʫʣʴʦʚʦʤʫ ʤʘʛʥʽʪʥʦʤʫ ʧʦʣʽ, ʭʘʨʘʢʪʝʨʥʫ ʜʣʷ SMM. ʇʦʚʽʣʴʥʘ ʤʘʛʥʽʪʥʘ 

ʨʝʣʘʢʩʘʮʽʷ ʚ SMM ʥʝ ʦʙʤʝʞʫʻʪʴʩʷ ʥʝʛʘʪʠʚʥʦʶ ʘʥʽʟʦʪʨʦʧʽʻʶ, ʘ ʡ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʚ 

ʩʠʩʪʝʤʽ ʟ ʣʝʛʢʦʧʣʦʱʠʥʥʦʶ ʘʥʽʟʦʪʨʦʧʽʻʶ (ʧʦʟʠʪʠʚʥʠʤ ʧʘʨʘʤʝʪʨʦʤ D) ̔ ʾʾ ʧʦʭʦʜʞʝʥʥʷ 

ʟʘʨʘʟ ʘʢʪʠʚʥʦ ʦʙʛʦʚʦʨʶʻʪʴʩʷ ʚ ʣʽʪʝʨʘʪʫʨʽ. 

ɼʘʥʘ ʨʦʙʦʪʘ ʧʨʠʩʚʷʯʝʥʘ ʩʠʥʪʝʟʫ, ʜʦʩʣʽʜʞʝʥʥʶ ʦʩʦʙʣʠʚʦʩʪʝʡ ʙʫʜʦʚʠ ʪʘ ʤʘʛʥʽʪʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʥʦʚʠʭ ʢʦʤʧʣʝʢʩʽʚ CuII ʥʘ ʦʩʥʦʚʽ ʜʠʮʽʘʥʘʤʽʜʫ (dca) ʟ N-ʜʦʥʦʨʥʠʤʠ ʧʣʘʩʢʠʤʠ 

ʣʽʛʘʥʜʘʤʠ ʪʘʢʠʤʠ ʷʢ, 4-ʘʤʽʥʦ-3,5-ʙʽʩ(ʧʽʨʠʜʠʥ-2-̔ ʣ)-1,2,4-ʪʨʠʘʟʦʣ (abpt) ʪʘ 2,2/-ʙʽʭʽʥʦʣʽʥ 

(biqn). ɺ ʭʦʜʽ ʜʦʩʣʽʜʞʝʥʴ ʟ ʩʠʩʪʝʤʠ CuII ð dca ð abpt ʘʙʦ biqn ʙʫʣʦ ʦʜʝʨʞʘʥʦ 

ʢʦʦʨʜʠʥʘʮʽʡʥʽ ʩʧʦʣʫʢʠ [Cu(dca)2(abpt)2](1), [Cu2(dca)2(Õ-OH)2(biqn)2]Ŀbiqn (2), [Cu2(Õ-

dca)2(dca)2(biqn)2](3), [Cu2(Õ-C2H5O)2(dca)2(biqn)2](4). ʉʧʦʣʫʢʠ ʜʦʩʣʽʜʞʫʚʘʣʠ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʝʣʝʤʝʥʪʥʦʛʦ ʘʥʘʣʽʟʫ, ɯʏ-ʩʧʝʢʪʨʦʩʢʦʧʽʾ, ʈʉɸ, ʚʠʤʽʨʶʚʘʥʥʷ ʤʘʛʥʽʪʥʦʾ 

ʩʧʨʠʡʥʷʪʣʠʚʦʩʪʽ. 

ɺʠʚʯʝʥʥʷ ʢʨʠʩʪʘʣʽʯʥʦʾ ʩʪʨʫʢʪʫʨʠ ʢʦʤʧʣʝʢʩʽʚ ʧʦʢʘʟʘʣʦ ʱʦ, dca ʧʨʦʷʚʣʷʻ ʦʩʥʦʚʥʽ 

ʩʧʦʩʦʙʠ ʢʦʦʨʜʠʥʘʮʽʾ, ʚʠʩʪʫʧʘʶʯʠ ʷʢ ʢʽʥʮʝʚʠʡ ʘʙʦ ʤʽʩʪʢʦʚʠʡ ʣʽʛʘʥʜ. ʇʨʠ ʮʴʦʤʫ 

ʮʝʥʪʨʘʣʴʥʠʡ ʘʪʦʤ CuII ʨʝʘʣʽʟʫʻ ʜʚʘ ʭʘʨʘʢʪʝʨʥʽ ʢʦʦʨʜʠʥʘʮʽʡʥʽ ʯʠʩʣʘ 5 (ʢʦʤʧʣʝʢʩʠ 2, 3, 4) 

ʪʘ 6 (ʢʦʤʧʣʝʢʩ 1). ʉʪʨʫʢʪʫʨʠ ʢʦʤʧʣʝʢʩʽʚ ʩʪʘʙʽʣʽʟʫʶʪʴʩʷ ʩʠʩʪʝʤʦʶ ʚʦʜʥʝʚʠʭ ʟʚô̫ ʟʢʽʚ ʪʘ -́ 

ˊ ʚʟʘʻʤʦʜʽʻʶ.  

ɼʦʩʣʽʜʞʝʥʥʷ ʤʘʛʥʽʪʥʦʾ ʩʧʨʠʡʥʷʪʣʠʚʦʩʪʽ ʦʪʨʠʤʘʥʠʭ ʩʧʦʣʫʢ ʚʢʘʟʫʻ ʥʘ ʥʘʷʚʥʽʩʪʴ 

ʥʝʧʨʷʤʦʾ ʩʠʣʴʥʦʾ ʪʘ ʩʣʘʙʢʦʾ ʘʥʪʠʬʝʨʦʤʘʛʥʽʪʥʦʾ ʚʟʘʻʤʦʜʽʾ ʚ ʜʠʤʝʨʥʠʭ ʢʦʤʧʣʝʢʩʘʭ 2 ʪʘ 3, 

ʚʽʜʧʦʚʽʜʥʦ, ʟʘ ʨʘʭʫʥʦʢ ʤʽʩʪʢʦʚʠʭ ʣʽʛʘʥʜʽʚ OH- ʪʘ dca. ʊʦʜʽ ʷʢ ʜʣʷ ʢʦʤʧʣʝʢʩʘ 1 ʙʫʣʘ 

ʧʽʜʪʚʝʨʜʞʝʥʘ ʧʦʚʽʣʴʥʘ ʨʝʣʘʢʩʘʮʽʷ ʥʘʤʘʛʥʽʯʝʥʦʩʪʽ ʚ ʥʝʥʫʣʴʦʚʦʤʫ ʩʪʘʪʠʯʥʦʤʫ ʤʘʛʥʽʪʥʦʤʫ 

ʧʦʣʽ, ʟʘʚʜʷʢʠ ʯʦʤʫ ʢʦʤʧʣʝʢʩ 1 ʤʦʞʥʘ ʚʽʜʥʝʩʪʠ ʜʦ ʽʥʜʫʢʦʚʘʥʠʭ ʧʦʣʝʤ SMM. 
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ʉʇɽʂʊʈɸʃʔʅɯ ɼʆʉʃɯɼɾɽʅʅʗ ɸʅɯʆʅʅʀʍ ʊɽʊʈɸʂɯʉ-ʂʆʄʇʃɽʂʉɯɺ 

ʃɸʅʊɸʅʆɰɼɯɺ ɿ ɼʀʄɽʊʀʃ-N-ʊʈʀʍʃʆʈɸʎɽʊʀʃɸʄɯɼʆʌʆʉʌɸʊʆʄ 

ʊɸ ɿʆɺʅɯʐʅʔʆʉʌɽʈʅʀʄ ʊɽʊʈɸʌɽʅɯʃʌʆʉʌʆʅɯʁ ʂɸʊɯʆʅʆʄ  

ʆʣʠʰʝʚʝʮʴ ɯ. ʇ., ʂʘʨʷʢʘ ʅ. ʉ., ɸʤʽʨʭʘʥʦʚ ɺ. ʄ. 
ʂʠʾʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ʊʘʨʘʩʘ ʐʝʚʯʝʥʢʘ  

ʚʫʣ. ʃʴʚʘ ʊʦʣʩʪʦʛʦ, 12, ʂʠʾʚ, ʋʢʨʘʾʥʘ, 01033 

olishevetsirina@gmail.com  

 

ʃʶʤʽʥʝʩʮʝʥʪʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʩʧʦʣʫʢ ʣʘʥʪʘʥʦʾʜʽʚ ʧʨʠʚʝʨʪʘʶʪʴ ʫʚʘʛʫ ʙʘʛʘʪʴʦʭ 

ʜʦʩʣʽʜʥʠʮʴʢʠʭ ʛʨʫʧ ʫ ʟʚôʟʷʢʫ ʟ ʧʝʨʩʧʝʢʪʠʚʘʤʠ ʾʭ ʧʨʘʢʪʠʯʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ. ɿʦʢʨʝʤʘ, 

ʩʧʦʣʫʢʠ Eu3+ ʟ ʪʨʠʚʘʣʠʤ ʯʘʩʦʤ ʞʠʪʪʷ ʣʶʤʽʥʝʩʮʝʥʮʽʾ ʧʨʝʜʩʪʘʚʣʷʶʪʴ ʽʥʪʝʨʝʩ ʟʘʚʜʷʢʠ ʾʭ 

ʤʦʞʣʠʚʦʤʫ ʚʠʢʦʨʠʩʪʘʥʥʶ ʷʢ ʙʽʦʣʦʛʽʯʥʠʭ ʟʦʥʜʽʚ ʪʘ ʝʣʝʢʪʨʦʣʶʤʽʥʝʩʮʝʥʪʥʠʭ ʤʘʪʝʨʽʘʣʽʚ. 

ʉʝʨʝʜ ʥʘʡʙʽʣʴʰ ʧʦʧʫʣʷʨʥʠʭ ʢʦʦʨʜʠʥʘʮʽʡʥʠʭ ʩʧʦʣʫʢ ʣʘʥʪʘʥʦʾʜʽʚ, ʱʦ ʥʠʥʽ ʽʥʪʝʥʩʠʚʥʦ 

ʜʦʩʣʽʜʞʫʶʪʴʩʷ, ʩʣʽʜ ʚʽʜʤʽʪʠʪʠ ɓ-ʜʠʢʝʪʦʥʘʪʠ ʪʘ ʢʦʤʧʣʝʢʩʠ ʟ ʛʝʪʝʨʦʟʘʤʽʱʝʥʠʤʠ 

ʘʥʘʣʦʛʘʤʠ ɓ-ʜʠʢʝʪʦʥʽʚ. ʇʝʨʝʚʘʛʘʤʠ ʟʘʟʥʘʯʝʥʠʭ ʩʧʦʣʫʢ ʻ ʩʠʥʪʝʪʠʯʥʘ ʜʦʩʪʫʧʥʽʩʪʴ ʜʘʥʠʭ 

ʣʽʛʘʥʜʽʚ ʪʘ ʫʥʽʢʘʣʴʥʽ ʣʶʤʽʥʝʩʮʝʥʪʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʢʦʤʧʣʝʢʩʽʚ ʥʘ ʾʭ ʦʩʥʦʚʽ. 

ʂʘʨʙʘʮʠʣʘʤʽʜʦʬʦʩʬʘʪʠ (ʂɸʌ), ʩʧʦʣʫʢʠ ʟʘʛʘʣʴʥʦʾ ʬʦʨʤʫʣʠ Rʉ(O)NHP(O)Rǋ2, ʷʢʽ 

ʰʠʨʦʢʦ ʚʠʚʯʘʶʪʴʩʷ ʧʨʦʪʷʛʦʤ ʦʩʪʘʥʥʽʭ ʜʝʩʷʪʠʣʽʪʴ, ʻ ʧʨʝʜʩʪʘʚʥʠʢʘʤʠ ʆ,ʆ-ʭʝʣʘʪʫʶʯʠʭ 

ʣʽʛʘʥʜʽʚ, ʷʢʽ ʤʦʞʫʪʴ ʙʫʪʠ ʝʬʝʢʪʠʚʥʠʤʠ ʩʝʥʩʠʙʽʣʽʟʘʪʦʨʘʤʠ ʣʶʤʽʥʝʩʮʝʥʮʽʾ ʣʘʥʪʘʥʦʾʜʽʚ, 

ʦʩʢʽʣʴʢʠ ʤʘʶʪʴ ʜʦʩʠʪʴ ʚʠʩʦʢʽ ʢʦʝʬʽʮʽʻʥʪʠ ʘʙʩʦʨʙʮʽʾ ʪʘ ʟʜʘʪʥʽ ʫʪʚʦʨʶʚʘʪʠ ʩʪʽʡʢʽ 

ʢʦʦʨʜʠʥʘʮʽʡʥʽ ʩʧʦʣʫʢʠ ʟ ʽʦʥʘʤʠ Ln3+. ʇʨʠʨʦʜʘ ʟʘʤʽʩʥʠʢʽʚ ʙʽʣʷ ʭʝʣʘʪʫʶʯʦʛʦ ʬʨʘʛʤʝʥʪʫ ʫ 

ʩʢʣʘʜʽ ʢʘʨʙʘʮʠʣʘʤʽʜʦʬʦʩʬʘʪʽʚ ʚʧʣʠʚʘʻ ʥʘ ʙʽʦʣʦʛʽʯʥʽ, ʢʦʦʨʜʠʥʘʮʽʡʥʦ-ʭʽʤʽʯʥʽ ʪʘ 

ʩʧʝʢʪʨʘʣʴʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʩʧʦʣʫʢ ʥʘ ʾʭ ʦʩʥʦʚʽ. 

ɼʘʥʘ ʨʦʙʦʪʘ ʧʨʠʩʚʷʯʝʥʘ ʩʠʥʪʝʟʫ ʪʘ ʜʦʩʣʽʜʞʝʥʥʶ ʥʦʚʠʭ ʢʦʦʨʜʠʥʘʮʽʡʥʠʭ ʩʧʦʣʫʢ 

ʣʘʥʪʘʥʦʾʜʽʚ ʩʢʣʘʜʫ PPh4[LnL4] ʥʘ ʦʩʥʦʚʽ ʂɸʌ ʣʽʛʘʥʜʫ ʜʠʤʝʪʠʣ-N-

ʪʨʠʭʣʦʨʘʮʝʪʠʣʘʤʽʜʦʬʦʩʬʘʪʫ, ʜʝ Ln= La, Nd, Eu; L- = [CCl3C(O)NP(O)(OCH3)2].  

ʆʪʨʠʤʘʥʽ ʩʧʦʣʫʢʠ ʙʫʣʠ ʜʦʩʣʽʜʞʝʥʽ ʤʝʪʦʜʘʤʠ ʪʝʨʤʦʛʨʘʚʽʤʝʪʨʠʯʥʦʛʦ ʘʥʘʣʽʟʫ, ɯʏ, 
1H-ʗʄʈ, ʝʣʝʢʪʨʦʥʥʦʾ ʪʘ ʣʶʤʽʥʝʩʮʝʥʪʥʦʾ ʩʧʝʢʪʨʦʩʢʦʧʽʾ. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʣʽʛʘʥʜ 

ʢʦʦʨʜʠʥʦʚʘʥʠʡ ʜʦ ʮʝʥʪʨʘʣʴʥʦʛʦ ʘʪʦʤʘ ʚ ʜʝʧʨʦʪʦʥʦʚʘʥʦʤʫ ʩʪʘʥʽ ʫ ʙʽʜʝʥʪʘʪʥʦ-ʭʝʣʘʪʥʠʡ 

ʩʧʦʩʽʙ ʯʝʨʝʟ ʘʪʦʤʠ ʦʢʩʠʛʝʥʫ ʢʘʨʙʦʥʽʣʴʥʦʾ ʪʘ ʬʦʩʬʦʨʠʣʴʥʦʾ ʛʨʫʧ ʟ ʨʝʘʣʽʟʘʮʽʻʶ ʂʏ 

ʮʝʥʪʨʘʣʴʥʦʛʦ ʡʦʥʫ 8. ʉʧʽʚʚʽʜʥʦʰʝʥʥʷ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʩʤʫʛ ʫ ʩʧʝʢʪʨʽ ʣʶʤʽʥʝʩʮʝʥʮʽʾ 

ʢʦʤʧʣʝʢʩʫ ʻʚʨʦʧʽʶ ʚʢʘʟʫʻ ʥʘ ʥʠʟʴʢʫ ʩʠʤʝʪʨʽʶ ʥʘʡʙʣʠʞʯʦʛʦ ʦʪʦʯʝʥʥʷ ʣʘʥʪʘʥʦʾʜʫ. 

ʇʦʢʘʟʘʥʦ, ʱʦ ʢʘʪʽʦʥ ʪʝʪʨʘʬʝʥʽʣʬʦʩʬʦʥʽʶ ʩʝʥʩʠʙʽʣʽʟʫʻ ʝʤʽʩʽʶ ʽʦʥʫ ʻʚʨʦʧʽʶ ʪʘ 

ʬʦʪʦʟʙʫʜʞʝʥʥʷ ʢʦʤʧʣʝʢʩʫ 

PPh4[EuL4] ʋʌ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷʤ 

ʪʘ ʩʧʨʠʯʠʥʷʻ ʯʝʨʚʦʥʫ 

ʣʶʤʽʥʝʩʮʝʥʮʽʶ Eu3+ ʟ 

ʜʦʤʽʥʫʶʯʦʶ ʩʤʫʛʦʶ ʧʝʨʝʭʦʜʫ 
5D0Ÿ 

7F2 ʫ ʩʧʝʢʪʨʽ. ʏʘʩ ʞʠʪʪʷ 

ʣʶʤʽʥʝʩʮʝʥʮʽʾ ʢʦʤʧʣʝʢʩʫ 

ʻʚʨʦʧʽʶ ʩʢʣʘʜʘʻ 1.40ï1.64 ʤʩ 

ʟʘʣʝʞʥʦ ʚʽʜ ʜʦʚʞʠʥʠ ʭʚʠʣʽ 

ʟʙʫʜʞʝʥʥʷ. 
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ʉʀʅʊɽɿ ʊɸ ʂʈʀʉʊɸʃɯʏʅɸ ʉʊʈʋʂʊʋʈɸ ɻɸʃʆɻɽʅɯɼʅʀʍ ʂʆʄʇʃɽʂʉɯɺ Cu 

ɿ ʂɸʊɯʆʅʆʄ N-ɸʃɯʁ-4-ʎɯɸʅʆʇɯʈʀɼʀʅɯʖ 

ʇʘʚʣʶʢ ʆ. ɺ.1, ʃʫʢôʷʥʦʚ ʄ. ʖ.1, ɻʦʨʝʰʥʽʢ E. A.2 
1ʃʴʚʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ɯʚʘʥʘ ʌʨʘʥʢʘ, ʚʫʣ. ʂʠʨʠʣʘ ʽ ʄʝʬʦʜʽʷ, 8, 

79005 ʃʴʚʽʚ, ʋʢʨʘʾʥʘ 
2ɯʥʩʪʠʪʫʪ ʁʦʞʝʬʘ ʉʪʝʬʘʥʘ, ʗʤʦʚʘ 39, SI-1000 ʃʶʙʣʷʥʘ, ʉʣʦʚʝʥʽʷ 

pavalex@gmail.com 

 

ʉʧʦʣʫʢʠ ʂʫʧʨʫʤʫ ʚʽʜʜʘʚʥʘ ʮʽʢʘʚʣʷʪʴ ʥʘʫʢʦʚʮʽʚ ʷʢ ʫʥʽʢʘʣʴʥʠʤ ʩʧʝʢʪʨʦʤ ʬʽʟʠʯʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ, ʪʘʢ ʽ ʥʠʟʢʦʶ ʮʽʢʘʚʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ ʟ ʪʦʯʢʠ ʟʦʨʫ ʪʝʦʨʽʾ ʭʽʤʽʯʥʦʛʦ ʟʚôʷʟʢʫ. 

ɿʦʢʨʝʤʘ, ʢʦʤʧʣʝʢʩʠ ʟʛʘʜʘʥʦʛʦ ʝʣʝʤʝʥʪʫ ʟʥʘʭʦʜʷʪʴ ʰʠʨʦʢʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʛʘʣʫʟʽ 

ʧʨʦʤʠʩʣʦʚʦʛʦ ʤʝʪʘʣʦʢʦʤʧʣʝʢʩʥʦʛʦ ʢʘʪʘʣʽʟʫ, ʚʠʨʦʙʥʠʮʪʚʘ ʜʞʝʨʝʣ ʩʚʽʪʣʘ, ʢʦʨʦʟʽʡʥʦʛʦ 

ʟʘʭʠʩʪʫ. ɺʽʜʦʤʦ ʪʘʢʦʞ ʧʨʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʙʘʟʦʚʘʥʠʭ ʥʘ ʢʦʦʨʜʠʥʘʮʽʡʥʠʭ ʩʧʦʣʫʢʘʭ 

ʢʫʧʨʫʤʫ ʤʝʜʠʯʥʠʭ ʧʨʝʧʘʨʘʪʘʭ ʪʘ ʩʝʥʩʦʨʽʚ ʯʫʪʣʠʚʠʭ ʜʦ ʙʽʦʘʛʝʥʪʽʚ. ʊʘʢʦʞ ʜʦʩʠʪʴ ʜʦʙʨʝ 

ʚʠʚʯʝʥʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʽʨʠʜʠʥʦʚʠʭ ʣʽʛʘʥʜʽʚ ʚ ʘʩʧʝʢʪʽ ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʦʛʦ ʜʠʟʘʡʥʫ 

ʢʘʨʢʘʩʥʠʭ ʧʦʣʽʤʝʨʽʚ ʥʘ ʦʩʥʦʚʽ ʧʝʨʝʭʽʜʥʠʭ ʤʝʪʘʣʽʚ. ɿ ʪʘʢʦʾ ʪʦʯʢʠ ʟʦʨʫ ʮʽʢʘʚʦ ʙʫʣʦ 

ʜʦʩʣʽʜʠʪʠ ʢʦʤʧʣʝʢʩʦʫʪʚʦʨʝʥʥʷ N-ʘʣʽʡ-4-ʮʽʘʥʦʧʽʨʠʜʠʥʽʡ ʢʘʪʽʦʥʫ ʟ ʛʘʣʦʛʝʥʽʜʘʤʠ 

ʢʫʧʨʫʤʫ. 

ɺʠʭʦʜʷʯʠ ʟ ʚʠʱʝ ʥʘʚʝʜʝʥʦʛʦ, ʥʘʤʠ ʙʫʣʦ ʜʦʙʫʪʦ ʪʘ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦ 

ʜʦʩʣʽʜʞʝʥʦ ʜʚʘ ʢʫʧʨʦʛʘʣʦʛʝʥʽʜʥʽ ʢʦʤʧʣʝʢʩʠ ʩʢʣʘʜʫ [CNC5H4NC3H5]2CuCl3,75Br0,25(ɯ) ʪʘ 

[CNC5H4NC3H5]CuBr2(ɯɯ). 

ʉʧʦʣʫʢʫ [CNC5H4NC3H5]2CuCl3,75Br0,25 (ɯ) ʩʠʥʪʝʟʦʚʘʥʦ ʧʽʜ ʯʘʩ ʙʝʟʧʦʩʝʨʝʜʥʴʦʾ 

ʚʟʘʻʤʦʜʽʾ ʚ ʩʝʨʝʜʦʚʠʱʽ ʤʝʪʘʥʦʣʫ N-ʘʣʽʣ-4-ʮʽʘʥʧʽʨʠʜʠʥʽʡ ʙʨʦʤʽʜʫ ʪʘ ʢʫʧʨʫʤ(ɯɯ) ʭʣʦʨʠʜʫ 

ʚ ʧʨʠʩʫʪʥʦʩʪʽ ʤʝʪʘʣʽʯʥʦʾ ʤʽʜʽ. ɺʧʨʦʜʦʚʞ 2 ʜʽʙ ʟ ʤʘʪʦʯʥʦʛʦ ʨʦʟʯʠʥʫ ʚʠʨʦʩʪʘʣʠ ʯʝʨʚʦʥʽ 

ʧʨʠʟʤʘʪʠʯʥʽ ʢʨʠʩʪʘʣʠ ʢʦʤʧʣʝʢʩʫ. 

ɺ ʫʤʦʚʘʭ ʟʤʽʥʥʦʩʪʨʫʤʥʦʛʦ ʝʣʝʢʪʨʦʭʽʤʽʯʥʦʛʦ ʩʠʥʪʝʟʫ ʚʠʭʦʜʷʯʠ ʟ N-ʘʣʽʣ-4-

ʮʽʘʥʧʽʨʠʜʠʥʽʡ ʙʨʦʤʽʜʫ ʪʘ ʢʫʧʨʫʤ(ɯɯ) ʥʽʪʨʘʪʫ ʚ ʥ-ʧʨʦʧʘʥʦʣʴʥʦʤʫ ʨʦʟʯʠʥʽ. ɺʧʨʦʜʦʚʞ 2 ʜʽʙ 

ʥʘ ʤʽʜʥʠʭ ʝʣʝʢʪʨʦʜʘʭ ʚʠʨʦʩʪʘʣʠ ʪʝʤʥʦ-ʯʝʨʚʦʥʽ ʧʨʠʟʤʘʪʠʯʥʽ ʢʨʠʩʪʘʣʠ ʢʦʤʧʣʝʢʩʫ ɯɯ. 

ʄʝʪʦʜʦʤ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʽʟʫ ʤʦʥʦʢʨʠʩʪʘʣʫ (New Gemini Atlas 

ʜʠʬʨʘʢʪʦʤʝʪʨ, MoKŬ-ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, 25242 ʚʠʤʽʨʷʥʠʭ ʨʝʬʣʝʢʩʽʚ ʜʣʷ ɯ ʪʘ 5166 ʜʣʷ ɯɯ) 

ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʘʢʝʪʫ ʧʨʦʛʨʘʤ SHELX ʚʩʪʘʥʦʚʣʝʥʦ ʢʨʠʩʪʘʣʽʯʥʫ ʩʪʨʫʢʪʫʨʫ ʦʪʨʠʤʘʥʠʭ 

ʩʧʦʣʫʢ ( ʜʣʷ ɯ ï R= 0,023, Rw= 0,055 ʜʣʷ 5061 ʨʝʬʣʝʢʩʽʚ ʪʘ 261 ʧʘʨʘʤʝʪʨʽʚ; ʜʣʷ ɯɯ ï 

R= 0,051, Rw= 0,134 ʜʣʷ 2396 ʨʝʬʣʝʢʩʽʚ ʪʘ 129 ʧʘʨʘʤʝʪʨʽʚ). 

ɺ ʚʝʨʰʠʥʘʭ ʪʝʪʨʘʝʜʨʠʯʥʦʛʦ ʢʦʦʨʜʠʥʘʮʽʡʥʦʛʦ ʦʪʦʯʝʥʥʷ ʘʪʦʤʘ Cu(Iɯ) ʚ 

ʢʨʠʩʪʘʣʽʯʥʽʡ ʩʪʨʫʢʪʫʨʽ ʢʦʤʧʣʝʢʩʫ ɯ ʟʥʘʭʦʜʷʪʴʩʷ ʩʪʘʪʠʩʪʠʯʥʽ ʩʫʤʽʰʽ ʘʪʦʤʽʚ ʛʘʣʦʛʝʥʽʚ (ʫ 

ʧʦʟʠʮʽʾ ʍ(1) ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ Cl/Br ʩʢʣʘʜʘʻ 0,97/0,03, ʍ(2) ï 0,96/0,04, ʍ(3) ï 0,93/0,07, 

ʍ(4) ï 0,88/0,12, ʚʽʜʧʦʚʽʜʥʦ). ʈʘʟʦʤ ʟ ʘʥʽʦʥʘʤʠ [CuX4]
2ï ʩʪʨʫʢʪʫʨʫ ʬʦʨʤʫʶʪʴ ʜʚʘ 

ʢʨʠʩʪʘʣʦʛʨʘʬʽʯʥʦ ʥʝʟʘʣʝʞʥʽ [CNC5H4NC3H5]
+ ʢʘʪʽʦʥʠ (ʥʝʟʥʘʯʥʦ ʚʽʜʨʽʟʥʷʶʪʴʩʷ 

ʟʥʘʯʝʥʥʷʤʠ ʤʽʞʘʪʦʤʥʠʭ ʚʽʜʜʘʣʝʡ ʪʘ ʚʘʣʝʥʪʥʠʭ ʢʫʪʽʚ). ɼʦʜʘʪʢʦʚʦ ʩʪʨʫʢʪʫʨʘ 

ʩʪʘʙʽʣʽʟʦʚʘʥʘ ʩʽʪʢʦʶ ʩʣʘʙʢʠʭ CïHéBr ʟʚôʷʟʢʽʚ. 

ʊʝʪʨʘʝʜʨʠʯʥʝ ʢʦʦʨʜʠʥʘʮʽʡʥʝ ʦʪʦʯʝʥʥʷ ʘʪʦʤʘ Cu(I) ʚ ʢʨʠʩʪʘʣʽʯʥʽʡ ʩʪʨʫʢʪʫʨʽ 

ʢʦʤʧʣʝʢʩʫ ɯɯ ʫʪʚʦʨʶʶʪʴ ʯʦʪʠʨʠ ʘʪʦʤʠ ʙʨʦʤʫ. ɿʘʚʜʷʢʠ ʤʽʩʪʢʦʚʽʡ ʬʫʥʢʮʽʾ ʦʩʪʘʥʥʽʭ, 

ʧʦʣʽʝʜʨʠ {CuBr4} ʟôʻʜʥʘʥʽ ʧʨʦʪʠʣʝʞʥʠʤʠ ʚʝʨʰʠʥʘʤʠ ʫ ʥʝʟʥʘʯʥʦ ʛʦʬʨʦʚʘʥʽ ʥʝʩʢʽʥʯʝʥʥʽ 

ʧʦʣʽʘʥʽʦʥʥʽ ʫʪʚʦʨʝʥʥʷ {CuBr2} n
n-

, ʨʦʟʪʘʰʦʚʘʥʽ ʚʟʜʦʚʞ ʥʘʧʨʷʤʢʫ ʘ ʝʣʝʤʝʥʪʘʨʥʦʾ ʢʦʤʽʨʢʠ. 

ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʧʦʪʝʥʮʽʡʥʫ ʤʦʞʣʠʚʽʩʪʴ -́ʢʦʤʧʣʝʢʩʦʫʪʚʦʨʝʥʥʷ ʘʣʽʣʴʥʦʾ ʛʨʫʧʠ N-ʘʣʽʣ-4-

ʮʽʘʥʧʽʨʠʜʠʥʽʶ, ʧʦʜʚʽʡʥʠʡ ʟʚôʷʟʦʢ ʥʝ ʙʝʨʝ ʫʯʘʩʪʽ ʚ ʢʦʦʨʜʠʥʘʮʽʾ ʟ ʘʪʦʤʘʤʠ ʤʝʪʘʣʫ, ʘ 

ʦʨʛʘʥʽʯʥʽ ʢʘʪʽʦʥʠ ʟʘʢʨʽʧʣʝʥʽ ʚ ʧʦʨʦʞʥʠʥʘʭ ʩʪʨʫʢʪʫʨʠ ʷʢ ʝʣʝʢʪʨʦʩʪʘʪʠʯʥʦʶ ʚʟʘʻʤʦʜʽʻʶ, 

ʪʘʢ ʽ ʩʣʘʙʢʠʤʠ ʚʦʜʥʝʚʠʤʠ ʟʚôʷʟʢʘʤʠ CïHéBr. 
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New ternary Laves phases were prepared from pure elements which were melted in 

induction furnace under continuous argon flow. Metallic grey lamine-like crystals were found 

using a conventional light microscope. Single crystal data were collected by using a four-circle 

diffractometer (Xcalibur Oxford Diffraction diffractometer) with CCD detector. Scans were 

taken in the ɤ mode, the empirical absorption corrections were made by CrysalisRed. The 

crystal structure of MgNi1.11Ga0.89, MgNiGa and Mg2NiGa3 compounds were successfully 

solved by direct methods. The MgNi1.11Ga0.89 is cubic (MgCu2-type), space group Fd-3m and 

refined lattice parameters are: a = 7.0781 (8) ¡. The MgNiGa is hexagonal (MgZn2-type), 

P63/mmc and refined lattice parameters are: a = 5.0781(3) ¡, c = 8.194(1) ¡. The Mg2NiGa3 is 

orthorhombic (Mg2MnGa3-type), Cmcm and refined lattice parameters are: a = 5.4152 (10) ¡, 

b = 8.6512(13) ¡, c = 8.5621 (15) ¡. The starting atomic parameters were taken from an 

automatic interpretation of direct methods followed by difference Fourier syntheses using 

SHELX-97 package programs. Atomic coordinates and thermal displacement parameters are 

listed in the Table 1. Finally, all parameters for MgNi1.11Ga0.89 phase are refined to R[F2 > 

2s(F2)] = 0.0173, for MgNiGa phase are refined to R[F2 > 2s(F2)] = 0.0143, for Mg2NiGa3 are 

refined to R[F2 > 2s(F2)] = 0.0599. The unit cell of Mg2NiGa3 and atomic nets is presented 

in Fig. 

Table. Crystalographic data for Laves phases of the Mg-Ni-Ga system 

Atom Wyck. x/a y/b z/c Beqv. 

Mg2NiGa3 

Ga1 4a 0 0 1/2 1.48(7) 

Ni1 4c 0 0.15806 1/4 2.09(8) 

Ga2 8g -0.26372 -0.09114 1/4 1.39(6) 

Mg3 8f 0 0.32705 0.56468 1.6(1) 

MgNi1.11Ga0.89 

Mg 8a 1/8 1/8 1/8 0.8(1) 

Ni+Ga 16d 0 1/2 0 1.12(5) 

MgNiGa 

(Ga+Ni)1 6h 0.17017 0.34033 1/4 1.38(3) 

(Ni+Ga)2 2a 0 0 0 1.75(3) 

Mg 4f 2/3 1/3 1/16 1.25(6) 
 

 

Fig. Atomic nets in the Mg2NiGa3 structure 
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ɻɽʊɽʈʆʄɽʊɸʃɽɺɯ ʨ-ɽʃɽʄɽʅʊɺʄɯʉʅɯ ʂʆʆʈɼʀʅɸʎɯʁʅɯ ʉʇʆʃʋʂʀ 

ʂʋʇʈʋʄʋ(II ) ɯ ʅɯʂʆʃʋ(II ) ɿ ʆʉʅʆɺɸʄʀ ʐʀʌʌɸ 
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ɻʝʪʝʨʦʤʝʪʘʣʝʚʽ ʢʦʦʨʜʠʥʘʮʽʡʥʽ ʩʧʦʣʫʢʠ ʻ ʦʙôʻʢʪʘʤʠ ʜʦʩʣʽʜʞʝʥʴ ʷʢ ʧʝʨʩʧʝʢʪʠʚʥʽ 

ʥʦʚʽ ʤʘʪʝʨʽʘʣʠ ʟ ʮʽʥʥʠʤʠ ʝʣʝʢʪʨʦʭʽʤʽʯʥʠʤʠ, ʤʘʛʥʽʪʥʠʤʠ, ʝʣʝʢʪʨʠʯʥʠʤʠ, ʝʣʝʢʪʨʦʥʥʠʤʠ, 

ʙʽʦʣʦʛʽʯʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʽ ʪʘʢʦʞ ʤʦʞʫʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʴ ʷʢ ʧʨʝʢʫʨʩʦʨʠ ʜʣʷ 

ʦʪʨʠʤʘʥʥʷ ʦʢʩʠʜʥʠʭ ʢʝʨʘʤʽʢ ʨʽʟʥʦʛʦ ʪʠʧʫ ʪʘ ʧʨʠʟʥʘʯʝʥʥʷ. ʇʨʦʪʝ ʦʪʨʠʤʘʥʥʷ ʪʘʢʠʭ 

ʢʦʦʨʜʠʥʘʮʽʡʥʠʭ ʩʧʦʣʫʢ ʪʨʘʜʠʮʽʡʥʠʤ ʤʝʪʦʜʦʤ ʩʠʥʪʝʟʫ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʧʨʷʤʠʤ ʪʘ 

ʤʘʪʨʠʯʥʠʤ ʩʧʦʩʦʙʘʤʠ ʤʘʻ ʨʷʜ ʥʝʜʦʣʽʢʽʚ ʪʘ ʻ ʙʘʛʘʪʦʩʪʘʜʽʡʥʠʤ ʽ ʩʢʣʘʜʥʠʤ ʧʨʦʮʝʩʦʤ. 

ʋ ʜʘʥʽʡ ʨʦʙʦʪʽ ʥʘʤʠ ʩʠʥʪʝʟʦʚʘʥʦ ʥʦʚʽ ʛʝʪʝʨʦʤʝʪʘʣʝʚʽ ʢʦʦʨʜʠʥʘʮʽʡʥʽ ʩʧʦʣʫʢʠ 

ʟʘʛʘʣʴʥʦʾ ʬʦʨʤʫʣʠ ʄ1[ʄ2L'ʄ3Cl3] ʟʘ ʩʭʝʤʦʶ: 

 
ʜʝ ʄ1 = ʂ+, Nʅ4

+; ʄ2 = Cu2+, Ni2+; ʄ3 = Sb3+, Bʽ3+;  

ʅ2L = ʩʝʤʠʢʘʨʙʘʟʦʥ ʩʘʣʽʮʠʣʦʚʦʛʦ ʘʣʴʜʝʛʽʜʫ; ʅ3L' = N,N'-ʙʽʩ(ʩʘʣʽʮʠʣʽʜʝʥ)ʩʝʤʠʢʘʨʙʘʟʠʜ. 

ʉʠʥʪʝʟ ʧʨʦʚʦʜʠʣʠ ʧʨʠ ʥʝʟʥʘʯʥʦʤʫ ʥʘʛʨʽʚʘʥʥʽ (65 Áʉ) ʩʫʤʽʰʽ ʢʘʣʽʡ ʘʙʦ ʘʤʦʥʽʡ 

[N,N'-ʙʽʩ(ʩʘʣʽʮʠʣʽʜʝʥ)ʩʝʤʠʢʘʨʙʘʟʠʜʘʪʦʢʫʧʨʘʪʽʚ(ɯɯ)] ʯʠ ʥʽʢʦʣʘʪʽʚ(ɯɯ) ʚ ʭʣʦʨʦʬʦʨʤʽ ʽ 

ʭʣʦʨʠʜʽʚ ʩʪʠʙʽʶ(ɯɯɯ) ʘʙʦ ʙʽʩʤʫʪʫ(ɯɯɯ) ʚ ʘʮʝʪʦʥʽ ʪʘ ʧʝʨʝʤʽʰʫʚʘʥʥʽ ʨʝʘʢʮʽʡʥʦʾ ʤʘʩʠ. ʇʨʠ 

ʮʴʦʤʫ ʜʣʷ ʢʫʧʨʫʤʚʤʽʩʥʠʭ ʩʧʦʣʫʢ ʢʦʨʠʯʥʝʚʠʡ ʢʦʣʽʨ ʨʝʘʢʮʽʡʥʦʾ ʤʘʩʠ ʟʤʽʥʶʚʘʚʩʷ ʥʘ 

ʪʝʤʥʦ-ʟʝʣʝʥʠʡ, ʘ ʜʣʷ ʥʽʢʦʣʚʤʽʩʥʠʭ ï ʦʨʘʥʞʝʚʠʡ ʥʘ ʢʦʨʠʯʥʝʚʠʡ, ʱʦ ʚʢʘʟʫʻ ʷʢ ʥʘ 

ʧʨʦʭʦʜʞʝʥʥʷ ʨʝʘʢʮʽʾ ʢʦʤʧʣʝʢʩʦʫʪʚʦʨʝʥʥʷ, ʪʘʢ ʽ ʦʯʝʚʠʜʥʦ, ʥʘ ʟʤʽʥʫ ʢʦʦʨʜʠʥʘʮʽʾ ʢʘʪʽʦʥʽʚ 

ʤʝʪʘʣʫ. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʩʠʥʪʝʟʦʚʘʥʽ ʢʦʤʧʣʝʢʩʥʽ ʩʧʦʣʫʢʠ ʧʨʘʢʪʠʯʥʦ ʥʝʨʦʟʯʠʥʥʽ ʫ 

ʩʧʠʨʪʘʭ, ʝʪʝʨʽ, ʘʮʝʪʦʥʽ, ʙʝʥʟʝʥʽ, ʛʝʢʩʘʥʽ, ʧʦʛʘʥʦ ʨʦʟʯʠʥʥʽ ʚ ɼʄʌɸ ʽ ɼʄʉʆ, ʫ ʚʦʜʽ ʧʨʠ 

ʥʘʛʨʽʚʘʥʥʽ ʨʦʟʢʣʘʜʘʶʪʴʩʷ.  

ʅʘ ʦʩʥʦʚʽ ʜʘʥʠʭ ʝʣʝʤʝʥʪʥʦʛʦ ʘʥʘʣʽʟʫ, ɯʏ-ʩʧʝʢʪʨʦʩʢʦʧʽʯʥʠʭ, ʤʘʛʥʝʪʦʭʽʤʽʯʥʠʭ ʪʘ 

ʪʝʨʤʦʛʨʘʚʽʤʝʪʨʠʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʜʦʚʝʜʝʥʦ, ʱʦ ʛʝʪʝʨʦʤʝʪʘʣʝʚʽ ʩʪʠʙʽʡ(ɯɯɯ)- ʪʘ 

ʙʽʩʤʫʪ(ɯɯɯ)ʚʤʽʩʥʽ ʢʦʦʨʜʠʥʘʮʽʡʥʽ ʩʧʦʣʫʢʠ ʢʫʧʨʫʤʫ(ɯɯ) ʽ ʥʽʢʦʣʫ(ɯɯ) ʟ N,N'-

ʙʽʩ(ʩʘʣʽʮʠʣʽʜʝʥ)ʩʝʤʠʢʘʨʙʘʟʠʜʦʤ ʤʘʶʪʴ ʫ ʩʚʦʻʤʫ ʩʢʣʘʜʽ ʪʨʠ ʨʽʟʥʠʭ ʟʘ ʭʽʤʽʯʥʦʶ 

ʧʨʠʨʦʜʦʶ ʤʝʪʘʣʠ (s-, p-, d-) ʪʘ ʯʦʪʠʨʠ ʭʝʣʘʪʥʠʭ ʮʠʢʣʠ ʪʘʢʦʛʦ ʪʠʧʫ: 

 
ʜʝ ʄ1 = ʂ+, Nʅ4

+; ʄ2 = Cu2+, Ni2+; ʄ3 = Sb3+, Bʽ3+. 

ʋʪʚʦʨʝʥʥʷ ʪʨʴʦʭ ʭʝʣʘʪʥʠʭ ʮʠʢʣʽʚ: ʜʚʦʭ ʄ2NO ʪʘ ʦʜʥʦʛʦ ʄ2N2 ʜʦʩʣʽʜʞʝʥʦ ʫ 

ʮʽʣʦʤʫ ʨʷʜʽ ʨʦʙʽʪ, ʪʦʜʽ ʷʢ ʢʦʦʨʜʠʥʘʮʽʡʥʽ ʩʧʦʣʫʢʠ ʥʘʚʝʜʝʥʦʛʦ ʪʠʧʫ ʜʦ ʩʢʣʘʜʫ ʷʢʠʭ 

ʚʭʦʜʠʪʴ ʯʝʪʚʝʨʪʠʡ ʭʘʣʘʪʥʠʡ ʮʠʢʣ ʟ ʢʦʦʨʜʠʥʘʮʽʡʥʠʤ ʚʫʟʣʦʤ ʄ3ʆ2 ʦʪʨʠʤʘʥʠʡ ʚʧʝʨʰʝ. 

ɼʦʩʣʽʜʞʝʥʥʷ ʝʣʝʢʪʨʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʩʠʥʪʝʟʦʚʘʥʠʭ ʩʧʦʣʫʢ ʧʦʢʘʟʘʣʦ, ʱʦ ʚʦʥʠ 

ʻ ʥʠʟʴʢʦʦʤʥʠʤʠ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʘʤʠ, ʥʘ ʧʘʨʘʤʝʪʨʠ ʷʢʠʭ ʚʧʣʠʚʘʻ ʷʢ ʧʨʠʨʦʜʘ 

ʮʝʥʪʨʘʣʴʥʦʛʦ ʡʦʥʘ d-ʝʣʝʤʝʥʪʘ ʪʘʢ ʽ ʧʨʠʨʦʜʘ ʢʠʩʣʦʪʠ ʃʴʶʾʩʘ. ʆʪʨʠʤʘʥʽ ʛʝʪʝʨʦʤʝʪʘʣʝʚʽ 

ʢʦʤʧʣʝʢʩʥʽ ʩʧʦʣʫʢʠ ʤʦʞʫʪʴ ʟʥʘʡʪʠ ʟʘʩʪʦʩʫʚʘʥʥʷ ʥʘ ʧʨʘʢʪʠʮʽ ʧʨʠ ʚʠʛʦʪʦʚʣʝʥʥʽ 

ʪʝʨʤʦʯʫʪʣʠʚʠʭ ʝʣʝʤʝʥʪʽʚ ʚ ʪʝʨʤʦʨʝʟʠʩʪʦʨʘʭ.  
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ɺ ʧʨʦʮʝʩʘʭ ʦʯʠʱʝʥʥʷ ʩʪʽʯʥʠʭ ʚʦʜ ʚʽʜ ʽʦʥʽʚ ʚʘʞʢʠʭ ʪʘ ʢʦʣʴʦʨʦʚʠʭ ʤʝʪʘʣʽʚ ʜʦʩʠʪʴ 

ʝʬʝʢʪʠʚʥʠʤ ʚʚʘʞʘʻʪʴʩʷ ʚʽʜʦʤʠʡ ʤʝʪʦʜ ʢʘʨʙʦʥʘʪʥʦʛʦ ʦʩʘʜʞʝʥʥʷ, ʷʢʠʡ ʧʝʨʝʜʙʘʯʘʻ 

ʧʦʧʝʨʝʜʥʶ ʦʙʨʦʙʢʫ ʚʦʜʠ ʢʘʨʙʦʥʘʪʘʤʠ ʯʠ ʛʽʜʨʦʢʘʨʙʦʥʘʪʘʤʠ ʣʫʞʥʠʭ ʤʝʪʘʣʽʚ. ʆʯʝʚʠʜʥʦ, 

ʱʦ ʚ ʨʝʟʫʣʴʪʘʪʽ ʨʝʘʣʽʟʘʮʽʾ ʢʘʨʙʦʥʘʪʥʦʛʦ ʦʩʘʜʞʝʥʥʷ ʥʘʧʨʠʢʣʘʜ, ʽʦʥʽʚ ʟʘʣʽʟʘ, ʚ ʨʦʟʯʠʥʽ 

ʤʘʪʠʤʫʪʴ ʤʽʩʮʝ ʨʝʘʢʮʽʾ, ʟʘʧʠʩʘʥʽ ʚ ʩʧʨʦʱʝʥʦʤʫ ʚʠʛʣʷʜʽ ʷʢ:  

FeSO4 + Na2CO3 Ÿ FeCO3Ź + Na2SO4 

Fe2(SO4)3 + 3Na2CO3 Ÿ Fe2(CO3)3Ź + 3Na2SO4. 

ɽʬʝʢʪʠʚʥʽʩʪʴ ʤʝʪʦʜʫ ʜʦʩʠʪʴ ʚʠʩʦʢʘ, ʦʜʥʘʢ ʧʨʦʙʣʝʤʘ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʚ ʧʨʦʮʝʩʽ 

ʨʝʘʣʽʟʘʮʽʾ ʤʝʪʦʜʫ ʫʪʚʦʨʶʻʪʴʩʷ ʟʥʘʯʥʘ ʢʽʣʴʢʽʩʪʴ ʚʠʩʦʢʦʜʠʩʧʝʨʩʥʠʭ ʪʚʝʨʜʠʭ ʯʘʩʪʦʢ, ʢʦʪʨʽ 

ʤʦʞʣʠʚʦ ʚʽʜʜʽʣʠʪʠ ʚʽʜ ʦʯʠʱʝʥʦʾ ʚʦʜʠ ʪʨʠʚʘʣʠʤ ʚʽʜʩʪʦʶʚʘʥʥʷʤ ʚ ʧʨʠʩʫʪʥʦʩʪʽ 

ʜʦʜʘʪʢʦʚʠʭ ʨʝʘʛʝʥʪʽʚ ï ʢʦʘʛʫʣʷʥʪʽʚ ʪʘ ʬʣʦʢʫʣʷʥʪʽʚ. ʊʦʤʫ ʥʘʤʠ ʙʫʣʦ ʟʘʧʨʦʧʦʥʦʚʘʥʦ 

ʨʝʘʣʽʟʫʚʘʪʠ ʢʘʨʙʦʥʘʪʥʠʡ ʤʝʪʦʜ ʚ ʜʠʥʘʤʽʯʥʠʭ ʫʤʦʚʘʭ. ʎʝ ʜʦʟʚʦʣʷʻ ʬʽʢʩʫʚʘʪʠ ʽʦʥʠ ʚʘʞʢʠʭ 

ʪʘ ʢʦʣʴʦʨʦʚʠʭ ʤʝʪʘʣʽʚ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʥʘ ʟʘʚʘʥʪʘʞʝʥʥʽ ʪʘ ʚʽʜʤʦʚʠʪʠʩʴ ʚʽʜ ʜʦʜʘʪʢʦʚʠʭ 

ʧʨʦʮʝʩʽʚ ʚʽʜʩʪʦʶʚʘʥʥʷ ʯʠ ʬʽʣʴʪʨʫʚʘʥʥʷ. ɺ ʷʢʦʩʪʽ ʟʘʚʘʥʪʘʞʝʥʥʷ ʤʠ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ 

ʧʨʠʨʦʜʥʠʡ ʢʘʨʙʦʥʘʪ ʢʘʣʴʮʽʶ ʟ ʨʦʟʤʽʨʦʤ ʯʘʩʪʦʢ 1,0ï1,5 ʤʤ. ɺʠʩʦʪʘ ʟʘʚʘʥʪʘʞʝʥʥʷ ʽʟ 

ʯʘʩʪʦʢ ʢʘʨʙʦʥʘʪʫ ʢʘʣʴʮʽʶ ʩʢʣʘʜʘʣʘ 17 ʩʤ.  

ʎʽʣʢʦʤ ʦʯʝʚʠʜʥʦ, ʱʦ ʧʝʨʰ, ʥʽʞ ʨʝʢʦʤʝʥʜʫʚʘʪʠ ʪʦʡ ʯʠ ʽʥʰʠʡ ʤʝʪʦʜ ʜʣʷ 

ʚʠʢʦʨʠʩʪʘʥʥʷ, ʥʝʦʙʭʽʜʥʦ ʚʠʟʥʘʯʠʪʠ ʡʦʛʦ ʚʧʣʠʚ ʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʦʜʠ. ʊʦʤʫ ʥʘ 

ʧʝʨʰʦʤʫ ʝʪʘʧʽ ʥʘʤʠ ʙʫʣʦ ʜʦʩʣʽʜʞʝʥʦ ʟʤʽʥʫ ʧʘʨʘʤʝʪʨʽʚ ʚʦʜʠ ʧʨʠ ʬʽʣʴʪʨʫʚʘʥʥʽ ʯʝʨʝʟ 

ʛʨʘʥʫʣʴʦʚʘʥʠʡ ʢʘʨʙʦʥʘʪ ʢʘʣʴʮʽʶ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʜʦʩʣʽʜʞʝʥʴ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʧʨʠ 

ʚʠʢʦʨʠʩʪʘʥʥʽ ʜʠʩʪʠʣʴʦʚʘʥʦʾ ʚʦʜʠ ʪʘ ʚʦʜʠ ʟ ʢʠʾʚʩʴʢʦʛʦ ʚʦʜʦʧʨʦʚʦʜʫ, ʜʣʷ ʜʠʩʪʠʣʴʦʚʘʥʦʾ 

ʚʦʜʠ ʧʨʠ ʬʽʣʴʪʨʫʚʘʥʥʽ ʯʝʨʝʟ ʢʘʨʙʦʥʘʪ ʢʘʣʴʮʽʶ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʨʽʩʪ ʨʅ ʚʽʜ ʧʦʯʘʪʢʦʚʦʛʦ 

6,3 ʜʦ 8,8ï10,0. ʇʨʠʯʦʤʫ, ʨʽʩʪ ʨʅ ʚ ʟʥʘʯʥʽʡ ʤʽʨʽ ʟʘʣʝʞʠʪʴ ʚʽʜ ʰʚʠʜʢʦʩʪʽ ʬʽʣʴʪʨʫʚʘʥʥʷ. 

ɾʦʨʩʪʢʽʩʪʴ ʜʠʩʪʠʣʴʦʚʘʥʦʾ ʚʦʜʠ ʧʨʠ ʥʠʟʴʢʠʭ ʰʚʠʜʢʦʩʪʷʭ ʬʽʣʴʪʨʫʚʘʥʥʷ ʟʨʦʩʪʘʻ ʚʽʜ 

0,1 ʤʛ-ʝʢʚ/ʜʤ3 ʜʦ 0,9 ʤʛ-ʝʢʚ/ʜʤ3, ʘʣʝ ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ ʰʚʠʜʢʦʩʪʽ ʬʽʣʴʪʨʫʚʘʥʥʷ ʜʦ 2 ʤ/ʛʦʜ 

ʚʦʥʘ ʟʥʠʞʫʻʪʴʩʷ ʜʦ 0,5 ʤʛ-ʝʢʚ/ʜʤ3. ɺʦʜʘ ʟ ʢʠʾʚʩʴʢʦʛʦ ʚʦʜʦʧʨʦʚʦʜʫ ʪʘʢʦʞ ʩʫʪʪʻʚʦ ʟʤʽʥʶʻ 

ʩʚʦʾ ʧʘʨʘʤʝʪʨʠ. ʗʢ ʽ ʚ ʧʦʧʝʨʝʜʥʴʦʤʫ ʚʠʧʘʜʢʫ ʚʦʜʥʝʚʠʡ ʧʦʢʘʟʥʠʢ ʟʨʦʩʪʘʻ ʚʽʜ ʧʦʯʘʪʢʦʚʦʛʦ 

7,0 ʜʦ 8,6ï10,1. ʑʦʜʦ ʞʦʨʩʪʢʦʩʪʽ, ʪʦ ʚʘʨʪʦ ʟʘʫʚʘʞʠʪʠ, ʱʦ ʽʟ ʟʙʽʣʴʰʝʥʥʷʤ ʰʚʠʜʢʦʩʪʽ 

ʬʽʣʴʪʨʫʚʘʥʥʷ ʚʦʥʘ ʧʦʯʠʥʘʻ ʟʨʦʩʪʘʪʠ, ʱʦ ʤʦʞʥʘ ʧʦʚʷʟʘʪʠ ʽʟ ʟʥʠʞʝʥʥʷʤ ʨʅ. 

ɺ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʟʫʩʪʨʽʯʘʻʪʴʩʷ ʙʘʛʘʪʦ ʩʪʽʯʥʠʭ ʚʦʜ ʽʟ ʨʽʟʥʠʤʠ ʚʦʜʥʝʚʠʤʠ 

ʧʦʢʘʟʥʠʢʘʤʠ, ʪʦʤʫ ʙʫʣʦ ʮʽʢʘʚʦ ʜʦʩʣʽʜʠʪʠ, ʷʢʽ ʚ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʥʘʩʣʽʜʢʠ ʤʘʪʠʤʝ 

ʬʽʣʴʪʨʫʚʘʥʥʷ ʾʭ ʯʝʨʝʟ ʢʘʨʙʦʥʘʪ ʢʘʣʴʮʽʶ. ʗʢ ʚʩʪʘʥʦʚʣʝʥʦ, ʧʨʠ ʬʽʣʴʪʨʫʚʘʥʥʽ ʯʝʨʝʟ 

ʟʘʚʘʥʪʘʞʝʥʥʷ ʩʪʽʯʥʠʭ ʚʦʜ ʽʟ ʨʽʟʥʠʤ ʟʥʘʯʝʥʥʷʤ ʨʅ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʾʭ ʥʝʡʪʨʘʣʽʟʘʮʽʷ ʪʘ 

ʧʝʨʝʚʝʜʝʥʥʷ ʨʅ ʚ ʣʫʞʥʫ ʦʙʣʘʩʪʴ. ʎʝʡ ʬʘʢʪ ʩʫʪʪʻʚʦ ʚʧʣʠʚʘʻ ʥʘ ʫʤʦʚʠ ʚʠʜʘʣʝʥʥʷ ʚʘʞʢʠʭ 

ʤʝʪʘʣʽʚ ʽ ʥʝ ʜʦʧʫʩʢʘʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʘʥʦʛʦ ʤʝʪʦʜʫ ʜʣʷ ʦʙʨʦʙʢʠ ʧʠʪʥʠʭ ʚʦʜ. ɺʘʨʪʦ ʪʘʢʦʞ 

ʚʽʜʤʽʪʠʪʠ, ʱʦ ʧʨʠ ʧʦʯʘʪʢʦʚʦʤʫ ʚʦʜʥʝʚʦʤʫ ʧʦʢʘʟʥʠʢʫ ʥʠʞʯʝ 4,0 ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ 

ʽʥʪʝʥʩʠʚʥʝ ʨʦʟʢʣʘʜʘʥʥʷ ʢʘʨʙʦʥʘʪʫ ʢʘʣʴʮʽʶ ʟ ʚʠʜʽʣʝʥʥʷʤ ʚʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʫ ʪʘ 

ʨʫʡʥʫʚʘʥʥʷʤ ʟʘʚʘʥʪʘʞʝʥʥʷ. ɺʘʨʪʦ ʪʘʢʦʞ ʟʚʝʨʥʫʪʠ ʫʚʘʛʫ ʥʘ ʪʦʡ ʬʘʢʪ, ʱʦ ʬʽʣʴʪʨʫʚʘʥʥʷ 

ʚʦʜʠ ʯʝʨʝʟ ʟʘʚʘʥʪʘʞʝʥʥʷ ʽʟ ʯʘʩʪʦʢ ʢʘʨʙʦʥʘʪʫ ʢʘʣʴʮʽʶ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʟʙʽʣʴʰʝʥʥʷʤ 

ʣʫʞʥʦʩʪʽ ʦʙʨʦʙʣʝʥʦʾ ʚʦʜʠ. ʊʘʢ, ʧʨʠ ʰʚʠʜʢʦʩʪʽ ʬʽʣʴʪʨʫʚʘʥʥʷ 0,6 ʤ/ʛʦʜ ʣʫʞʥʽʩʪʴ 

ʜʠʩʪʠʣʴʦʚʘʥʦʾ ʚʦʜʠ ʟʨʦʩʪʘʻ ʟ 0,7 ʜʦ 1,0 ʤʤʦʣʴ/ʜʤ3, ʘ ʣʫʞʥʽʩʪʴ ʚʦʜʦʧʨʦʚʽʜʥʦʾ ʚʦʜʠ ï ʟ 0,8 

ʜʦ 2,0 ʤʤʦʣʴ/ʜʤ3. ʊʘʢʽ ʟʤʽʥʠ ʥʝ ʟʘʚʞʜʠ ʧʨʠʡʥʷʪʥʽ, ʦʩʦʙʣʠʚʦ ʫ ʚʠʧʘʜʢʫ ʧʦʚʪʦʨʥʦʛʦ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʦʙʨʦʙʣʝʥʠʭ ʚʦʜ. 
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One direction of research into new methods of electrochemical hydrogen synthesis is 

the aluminium-hydrogen cycle operating in the USA, Canada, Russia, which is based on the 

anodic dissolution of widely available aluminum alloys in alkaline and alkaline chloride 

solutions. 

ʅydrogen electrosynthesis method with anode process depolarization with aluminum 

alloys is proposed. The depolarization effect is based on aluminum alloy dissolution on anode 

instead of oxygen discharge. Aluminum dissolution parameters are influenced by a number of 

factors: the concentration of the electrolyte components, the composition of the aluminum 

alloy, the current density, the temperature, the surface structure of the alloy. 

The influence of the aluminum alloy composition (table) on the process of its anodic 

dissolution in 1 M NaOH with the addition of 1 % NaCl solution as an activator was 

investigated within a temperature range of 25ï30 ÁC. Polarization characteristics in the 

electrode materials research were obtained with using of the PI-50.1 potentiostat with 

"TeleMax" analog-to-digital converter data-transferring to a computer. Electrolysis in 

galvanostatic mode was carried out using a stabilized direct current source Power Supply 15V-

15A. 

 

Table. Aluminum alloy composition 

Alloy 

type 

Chemical composition, % 

Al  Mn Mg Cu Fe Zn Si 

AMts Main component 1ï1,6 0,2 0,1 0,7 0,1 0,5 

ɸʄg Main component 0,2 0,7ï1,6 0,1 0,1 ï 0,1 

ɸʂ8 Main component 0,2ï0,6 0,2ï0,55 1,5 1 ï 6ï8 

 

According to the analysis of the anodic polarization characteristics obtained with using 

electrodes made from the investigated alloys, it was established that the highest dissolution 

rates of alloys are occurred at potentials E = -0,5 õ -0,3 V after which the limit current density 

connected with the formation of oxide-chloride compounds due to chlorine-ions adsorption is 

appeared. The anode dissolution rate of the AMg alloy electrode is maximal, because of the 

magnesium impurity complete dissolution and diffusion into the solution under the anodic 

polarization conditions. Manganese and silicon impurities in the AMts and AK8 alloys 

compositions form insoluble oxides compounds on the anodes surface, which prevents their 

dissolution. 

Electrolysis in galvanostatic mode was carried out using an anode made from an 

aluminum alloy AMg. Hydrogen electrosynthesis with a gradual change of the operating current 

density from 3 to 1 A/dm2 can be implemented continuously for 8ï10 hours. The voltage on the 

cell is 0,7ï1 V. 

Voltage reduction in the electrolyzer for 1,0ï1,5 V in comparison with alkaline 

electrolysis, which leads to electricity saving up to 50 %, can be reached by aluminum alloys 

depolarization of anode process. This process is safer because of absence of oxygen discharge.  
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Copper(I) ˊ-complexes with alkenes have received considerable theoretical and 

practical interest because of their remarkable catalytic, luminescent activities and of other 

useful properties. Among them, a key role of heterocyclic allyl derivatives in crystal 

engineering of copper compounds with extremely rare occurred inorganic fragments were 

found in recent years. The synergy of a flexible allyl group and a conformationally rigid 

heterocyclic core plays an exceptionally crucial role in a stabilization of the unique fragments, 

resulting in compounds with enhanced nonlinear optical susceptibilities and a range of useful 

properties. In our work we firstly explored ˊ-coordination activity of allyl esters of heterocyclic 

substituted acetic acids regarding copper(I) salts. For these purpose, two heterocyclic ligands 

have been prepared: allyl 1H-benzotriazol-1-ylacetate (Lig1) and diallyl 2,2'-(1,3,4-thiadiazole-

2,5-diyldisulfanediyl)diacetate (Lig2) (Fig.).  
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Fig. Ligands used for the complexes preparation 

 

Crystalline copper ˊ-compounds 1-4 (Table) were obtained under ac electrochemical 

conditions from alcohol solution of Lig1 or Lig2 and the corresponding copper(II) salts. 

 

Table. Selected crystal data for copper(I) ˊ-complexes with Lig1 and Lig2 

 Composition 
Space 

group 
V, ¡3 Z 

Density, 

g/cm3 
Coordination 

1 [Cu2(Lig1)4(BF4)2] P-1 1222.76(7) 1 1.59 ů / ˊ, ů  

2 [Cu2(Lig1)4(ClO4)2] P-1 1241.09(12) 1 1.60 ů / ˊ, ů 

3 [Cu2(Lig2)Cl2] P-1 906.62(7) 2 1.99 ˊ, ů 

4 [Cu2(Lig2)Br2] P-1 940.23(3) 2 2.23 ˊ, ů 

 

Complexes 1 and 2 are isostructural and crystallize in centrosymmetric P 1̀ space group 

with two Lig1 molecules and one Cu(I) atom in the asymmetric unit. One independent Lig1 

molecule is coordinated to the metal ions in a ˊ,ů-bridging mode, being attached to copper by 

means of allylic C=C bond and one triazole N atom. Second Lig1 molecule (is ů-bonded only) 

together with F or O anion atoms completes coordination environment of Cu(I). Complexes 3 

and 4 are also isostructural but their asymmetric units contain one organic ligand and two 

crystallographycally independent copper(I). Molecule Lig2 is ́ ,ů-bonded to copper atoms via 

allylic C=C bond and two thiadiazole N atoms. Different coordination environment of Cu1 and 

Cu2 in the structures 3 and 4 leads to a formation of stepped cubane {Cu4Hal4} fragments.  
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ʂʈʀʉʊɸʃɯʏʅɸ ʉʊʈʋʂʊʋʈɸ Er2.36R0.65Ge1.28S7 (R ï Ce, Pr) 

ʉʤʽʪʶʭ ʆ. ɺ., ʄʘʨʯʫʢ ʆ. ɺ., ʆʣʝʢʩʝʶʢ ɯ. ɼ. 

ʉʭʽʜʥʦʻʚʨʦʧʝʡʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ʃʝʩʽ ʋʢʨʘʾʥʢʠ, 

ʢʘʬʝʜʨʘ ʥʝʦʨʛʘʥʽʯʥʦʾ ʪʘ ʬʽʟʠʯʥʦʾ ʭʽʤʽʾ,  

ʧʨ. ɺʦʣʽ 13, 43025 ʤ. ʃʫʮʴʢ, ʋʢʨʘʾʥʘ 

Marchuk.Oleg@eenu.edu.ua 

 

ɼʝʪʘʣʴʥʝ ʚʠʚʯʝʥʥʷ ʢʨʠʩʪʘʣʽʯʥʦʾ ʩʪʨʫʢʪʫʨʠ ʪʝʪʨʘʨʥʠʭ ʩʧʦʣʫʢ ʻ ʚʘʛʦʤʠʤ 

ʝʣʝʤʝʥʪʦʤ ʧʦʝʪʘʧʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʥʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʷʢʽ ʤʘʶʪʴ ʧʨʘʢʪʠʯʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʫ ʩʫʯʘʩʥʠʭ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʠʭ ʪʝʭʥʦʣʦʛʽʷʭ. ʄʽʞʘʪʦʤʥʽ ʚʽʜʩʪʘʥʽ ʪʘ ʢʦʦʨʜʠʥʘʮʽʡʥʝ 

ʦʪʦʯʝʥʥʷ ʘʪʦʤʽʚ ʜʘʶʪʴ ʫʷʚʣʝʥʥʷ ʧʨʦ ʚʥʫʪʨʽʰʥʶ ʩʪʨʫʢʪʫʨʫ ʨʝʯʦʚʠʥʠ, ʘ ʧʨʠʨʦʜʘ ʩʘʤʠʭ 

ʘʪʦʤʽʚ ʻ ʧʝʨʰʦʧʨʠʯʠʥʦʶ ʾʾ ʚʣʘʩʪʠʚʦʩʪʝʡ. ʋ ʮʴʦʤʫ ʢʦʥʪʝʢʩʪʽ ʚʘʨʪʦ ʟʘʟʥʘʯʠʪʠ, ʱʦ 

ʨʝʯʦʚʠʥʠ ʜʦ ʩʢʣʘʜʫ ʷʢʠʭ ʚʭʦʜʷʪʴ ʨʽʜʢʽʩʥʦʟʝʤʝʣʴʥʽ ʝʣʝʤʝʥʪʠ ʚʦʣʦʜʽʶʪʴ ʫʥʽʢʘʣʴʥʠʤʠ 

ʤʘʛʥʽʪʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. 

ɿʨʘʟʢʠ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʩʢʣʘʜʫ Er2.36R0.65Ge1.28S7 (R ï Ce, Pr) ʛʦʪʫʚʘʣʠ 

ʩʧʣʘʚʣʷʥʥʷʤ ʧʨʦʩʪʠʭ ʨʝʯʦʚʠʥ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʦʾ ʯʠʩʪʦʪʠ ʫ ʚʘʢʫʫʤʦʚʘʥʠʭ ʢʚʘʨʮʝʚʠʭ 

ʢʦʥʪʝʡʥʝʨʘʭ ʮʠʣʽʥʜʨʠʯʥʦʾ ʬʦʨʤʠ (ʚʝʣʠʯʠʥʘ ʟʘʣʠʰʢʦʚʦʛʦ ʪʠʩʢʫ ʩʪʘʥʦʚʠʣʘ 0,1 ʇʘ). 

ʉʠʥʪʝʟ ʧʨʦʚʦʜʠʣʠ ʫ ʤʫʬʝʣʴʥʽʡ ʧʝʯʽ ʟ ʧʨʦʛʨʘʤʥʠʤ ʫʧʨʘʚʣʽʥʥʷʤ ʪʝʭʥʦʣʦʛʽʯʥʠʤʠ 

ʧʨʦʮʝʩʘʤʠ ʄʇ-30. ʄʘʢʩʠʤʘʣʴʥʘ ʪʝʤʧʝʨʘʪʫʨʘ ʩʠʥʪʝʟʫ ï 1420 K, ʛʦʤʦʛʝʥʽʟʫʶʯʠʡ ʚʽʜʧʘʣ 

ʪʨʠʚʘʚ 500 ʛʦʜʠʥ ʟʘ ʪʝʤʧʝʨʘʪʫʨʠ 770 K. ʈʦʟʨʘʭʫʥʦʢ ʢʨʠʩʪʘʣʽʯʥʦʾ ʩʪʨʫʢʪʫʨʠ ʥʦʚʠʭ 

ʪʝʪʨʘʨʥʠʭ ʩʧʦʣʫʢ Er2.36Ce(Pr)0.65Ge1.28S7 ʟʜʽʡʩʥʶʚʘʣʠ ʟʘ ʜʠʬʨʘʢʪʦʛʨʘʤʘʤʠ, ʱʦ ʙʫʣʠ 

ʦʪʨʠʤʘʥ ̔ʥʘ ʜʠʬʨʘʢʪʦʤʝʪʨʽ ɼʈʆʅ 4-13 ʚ ʤʝʞʘʭ 2Ū = 10ï100Á (CuKŬ ï ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, 

ʢʨʦʢ ʩʢʘʥʫʚʘʥʥʷ ï 0.02Á, ʝʢʩʧʦʟʠʮʽʷ ʫ ʢʦʞʥʽʡ ʪʦʯʮʽ ï 20 ʩ). ʆʙʨʦʙʢʫ ʜʘʥʠʭ ʪʘ ʚʠʟʥʘʯʝʥʥʷ 

ʢʨʠʩʪʘʣʽʯʥʦʾ ʩʪʨʫʢʪʫʨʠ ʧʨʦʚʦʜʠʣʠ ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʧʘʢʝʪ ʧʨʦʛʨʘʤ WinCSD. 

ʅʘʤʠ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʩʧʦʣʫʢʠ Er2.36Ce(Pr)0.65Ge1.28S7 ʢʨʠʩʪʘʣʽʟʫʶʪʴʩʷ ʫ 

ʛʝʢʩʘʛʦʥʘʣʴʥʽʡ ʩʠʥʛʦʥʽʾ (ʇɻ ʈ63, ʩʠʤʚʦʣ ʇʽʨʩʦʥʘ hʈ23) ʟ ʧʘʨʘʤʝʪʨʘʤʠ ʝʣʝʤʝʥʪʘʨʥʠʭ 

ʢʦʤʽʨʦʢ: =a 0.97386(5) ʥʤ ʽ =c 0.58698(5) ʥʤ ʜʣʷ Er2.36Ce0.65Ge1.28S7 ʪʘ =a 0.97481(5) ʥʤ 

ʽ =c 0.58459(4) ʥʤ ʜʣʷ Er2.36Pr0.65Ge1.28S7. 

ʂʨʠʩʪʘʣʽʯʥʘ ʩʪʨʫʢʪʫʨʠ ʜʦʩʣʽʜʞʝʥʠʭ ʩʧʦʣʫʢ ʥʘʣʝʞʘʪʴ ʜʦ ʩʪʨʫʢʪʫʨʥʦʛʦ ʪʠʧʫ 

Dy3Ge1.25S7. ʋ ʧʦʣʦʞʝʥʥʷʭ 6ʩ, ʷʢʽ ʟʘʡʤʘʶʪʴ ʘʪʦʤʠ Dy, ʣʦʢʘʣʽʟʦʚʘʥʘ ʩʪʘʪʠʩʪʠʯʥʘ ʩʫʤʽʰ 

(Er + Ce(Pr)), ʘʪʦʤʠ Gʝ ʫ ʩʪʨʫʢʪʫʨʽ ʟʘʧʦʚʥʶʶʪʴ ʜʚʽ ʇʉʊ ï 2ʘ i 2b (ʨʠʩ.). 

 

 
ʈʠʩ. ʈʦʟʪʘʰʫʚʘʚʘʥʥʷ ʘʪʦʤʽʚ Ge1 ʪʘ Ge2 ʥʘʚʢʦʣʦ ʩʪʘʪʠʩʪʠʯʥʦʾ ʩʫʤʽʰʽ (Er + Ce(Pr)) 

ʫ ʩʧʦʣʫʢʘʭ Er2.36ʉe(Pr)0.65Ge1.28S7 ʪʘ ʧʨʦʝʢʮʽʷ ʝʣʝʤʝʥʪʘʨʥʦʾ ʢʦʤʽʨʢʠ ʥʘ ʧʣʦʱʠʥʫ ab 
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ɺʀʑɯ ʇʆʊʈɯʁʅɯ ʌʆʉʌɯɼʀ Ta 

ʉʤʦʣʷʢ ʆ.1, ʃʦʤʥʠʮʴʢʘ ʗ.1 

ʂʘʬʝʜʨʘ ʘʥʘʣʽʪʠʯʥʦʾ ʭʽʤʽʾ ʃʴʚʽʚʩʴʢʦʛʦ ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ʽʤʝʥʽ ɯʚʘʥʘ ʌʨʘʥʢʘ, 

ʃʴʚʽʚ, ʚʫʣ. ʂʠʨʠʣʘ ʽ ʄʝʬʦʜʽʷ 6 

o_smolyak@ukr.net 

 

ɼʦʩʠʪʴ ʧʦʚʥʦ ʜʦʩʣʽʜʞʝʥʽ ʧʦʪʨʽʡʥʽ ʩʠʩʪʝʤʠ ʜʚʦʭ ʧʝʨʝʭʽʜʥʠʭ 3d- ʘʙʦ 3d- ʽ 4d- 

ʤʝʪʘʣʽʚ ʟ ʌʦʩʬʦʨʦʤ, ʧʦʙʫʜʦʚʘʥʽ ʜʽʘʛʨʘʤʠ ʬʘʟʦʚʠʭ ʨʽʚʥʦʚʘʛ ʧʝʨʝʚʘʞʥʦ ʧʨʠ 1070 ʂ ʪʘ 

ʨʦʟʰʠʬʨʦʚʘʥʽ ʢʨʠʩʪʘʣʽʯʥʽ ʩʪʨʫʢʪʫʨʠ ʪʝʨʥʘʨʥʠʭ ʩʧʦʣʫʢ. ʄʝʥʰʝ ʜʦʩʣʽʜʞʝʥʽ ʩʠʩʪʝʤʠ ʟ 5d-

ʤʝʪʘʣʘʤʠ, ʟʦʢʨʝʤʘ ʪʽ, ʱʦ ʤʽʩʪʷʪʴ Ta. ʅʘʤʠ ʜʦʩʣʽʜʞʝʥʽ ʩʠʩʪʝʤʠ Ta-Ti-P, Ta-Mn-P, ʪʘ 

ʩʠʩʪʝʤʠ, ʷʢʽ ʤʽʩʪʷʪʴ Fe, Co, Ni, ʥʘ ʧʨʝʜʤʝʪ ʫʪʚʦʨʝʥʥʷ ʚʠʱʠʭ ʬʦʩʬʽʜʽʚ. 

ɿʨʘʟʢʠ ʩʠʥʪʝʟʫʚʘʣʠ ʩʧʽʢʘʥʥʷʤ ʧʦʨʦʰʢʽʚ ʤʝʪʘʣʽʚ ʪʘ ʯʝʨʚʦʥʦʛʦ ʬʦʩʬʦʨʫ ʚʠʩʦʢʦʾ 

ʯʠʩʪʦʪʠ ʫ ʚʘʢʫʫʤʦʚʘʥʠʭ ʢʚʘʨʮʦʚʠʭ ʘʤʧʫʣʘʭ ʧʨʠ 1070 ʂ. ɿʨʘʟʢʠ ʟ ʚʤʽʩʪʦʤ ʜʦ 0,35 ʤʦʣ. 

ʯʘʩʪʢʠ ʈ ʧʽʩʣʷ ʩʧʽʢʘʥʥʷ ʧʝʨʝʧʣʘʚʣʷʣʠ ʚ ʝʣʝʢʪʨʦʜʫʛʦʚʽʡ ʧʝʯʽ. ʋʩʽ ʟʨʘʟʢʠ ʛʦʤʦʛʝʥʽʟʫʚʘʣʠ 

ʚʽʜʧʘʣʦʤ ʧʨʠ 1070 ʂ (800 ʛʦʜ). ɼʦʩʣʽʜʞʝʥʥʷ ʧʨʦʚʦʜʠʣʠ ʤʝʪʦʜʘʤʠ ʨʝʥʪʛʝʥʽʚʩʴʢʦʛʦ 

ʘʥʘʣʽʟʫ, ʜʣʷ ʦʙʯʠʩʣʝʥʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʢʦʤʧʣʝʢʩʠ ʧʨʦʛʨʘʤ CSD ʪʘ Fullprof.  

ʋ ʩʠʩʪʝʤʽ ʊʘ-ʈ ʚʽʜʦʤʠʡ ʚʠʱʠʡ ʬʦʩʬʽʜ ʊʘʈ2 ʟʽ ʩʪʨʫʢʪʫʨʦʶ ʪʠʧʫ OsGe2. ʄʠ 

ʩʠʥʪʝʟʫʚʘʣʠ ʟʨʘʟʢʠ ʩʢʣʘʜʫ ʊʘʈ2 ʧʨʠ 870, 1070 ʪʘ 1170 ʂ, ʦʜʥʘʢ ʧʨʠ 1070 ʪʘ 1170 ʂ ʥʝ 

ʦʪʨʠʤʘʣʠ ʮʽʻʾ ʙʽʥʘʨʥʦʾ ʩʧʦʣʫʢʠ, ʘ ʣʠʰʝ ʊʘʈ. ɼʠʬʦʩʬʽʜ ʊʘʈ2 ʦʪʨʠʤʘʣʠ ʧʨʠ 870 ʂ (ʧʨʦʩʪ. 

ʛʨʫʧʘ C2/m, a=8,87000(2), b=3,26700(2), c=7,49700(3), b=119,400(2)̄). 

ʋ ʩʠʩʪʝʤʘʭ Ta-(Ti, Cr, Mn)-P, ʷʢʽ ʜʦʩʣʽʜʞʝʥʽ ʥʘʤʠ ʫ ʧʦʚʥʦʤʫ ʢʦʥʮʝʥʪʨʘʮʽʡʥʦʤʫ 

ʽʥʪʝʨʚʘʣʽ ʧʨʠ 1070 ʂ, ʪʘ ʫ ʩʠʩʪʝʤʘʭ ʊʘ-(Fe, Co, Ni)-P ʦʪʨʠʤʘʣʠ ʩʧʦʣʫʢʠ Ta1-xM'xP2 

ʩʪʨʫʢʪʫʨʥʦʛʦ ʪʠʧʫ OsGe2, ʚʤʽʩʪ 3d-ʤʝʪʘʣʫ ʚ ʷʢʠʭ 0,03-0,05 ʤʦʣ. ʯʘʩʪʢʠ (ʪʘʙʣ.). ʊʦʤʫ ʮʽ 

ʬʦʩʬʽʜʠ ʤʦʞʥʘ ʚʚʘʞʘʪʠ ʩʪʘʙʽʣʽʟʦʚʘʥʦʶ 3d- ʤʝʪʘʣʦʤ ʙʽʥʘʨʥʦʶ ʩʧʦʣʫʢʦʶ ʊʘʈ2 ʧʨʠ 1070 ʂ. 

 

ʊʘʙʣʠʮʷ. ʊʝʨʥʘʨʥʽ ʬʦʩʬʽʜʠ Ta1-xM'xP2 ʩʪʨʫʢʪʫʨʥʦʛʦ ʪʠʧʫ OsGe2 

ʉʧʦʣʫʢʘ 
ʇʝʨʽʦʜʠ ˇʨʘʪʦʢ, ¡ 

ɓ, ̄  
a b c 

Ta0,93(3)Ti0,07(3)P2 8,8556(9) 3,2654(4) 7,4846(8) 119,307(2) 

Ta0,91(2)Mn0,09(2)P2 8,8591(3) 3,2667(1) 7,4873(2) 119,310(1) 

Ta0,83(5)Fe0,17(5)P2 8,855(2) 3,2634(5) 7,482(1) 119,33(1) 

Ta0,82(4)Co0,18(4)P2 8,862(2) 3,2674(6) 7,486(2) 119,33(2) 

Ta0,91(1)Ni0,09(1)P2 8,85716(5) 3,26529(3) 7,48572(4) 119,310(1) 

ʇʦʟʠʮʽʷ ʘʪʦʤʘ ʤʝʪʘʣʫ ʚ ʩʪʨʫʢʪʫʨʽ ʮʠʭ ʚʠʱʠʭ ʬʦʩʬʽʜʽʚ ʟʘʧʦʚʥʝʥʘ ʩʪʘʪʠʩʪʠʯʥʦʶ 

ʩʫʤʽʰʰʶ Ta/M' (ʄ' ï Ti, Cr, Mn, Fe, Co, Ni). ʇʦʤʽʪʥʦʾ ʦʙʣʘʩʪʽ ʛʦʤʦʛʝʥʥʦʩʪʽ ʩʧʦʣʫʢʠ ʥʝ 

ʤʘʶʪʴ. ʋ ʩʪʨʫʢʪʫʨʽ ʩʧʦʣʫʢ Ta1-xM'xP2 ʘʪʦʤʠ ʌʦʩʬʦʨʫ ʤʘʶʪʴ ʙʽʣʴʰʝ ʢʦʦʨʜʠʥʘʮʽʡʥʝ ʯʠʩʣʦ 

ʪʘ ʙʽʣʴʰʽ ʧʦʣʽʝʜʨʠ, ʥʽʞ ʘʪʦʤʠ ʤʝʪʘʣʫ, ʷʢʠʤ ʚʣʘʩʪʠʚʠʡ ʧʦʣʽʝʜʨ ʫ ʬʦʨʤʽ ʪʨʠʛʦʥʘʣʴʥʦʾ 

ʧʨʠʟʤʠ ʟ ʘʪʦʤʽʚ ʌʦʩʬʦʨʫ ʟ ʮʝʥʪʨʦʚʘʥʠʤʠ ʙʦʢʦʚʠʤʠ ʛʨʘʥʷʤʠ. ʊʨʠʛʦʥʘʣʴʥʽ ʧʨʠʟʤʠ ʟ 

ʘʪʦʤʽʚ ʤʝʪʘʣʫ ʩʧʦʣʫʯʘʶʪʴʩʷ ʤʽʞ ʩʦʙʦʶ ʧʦ ʜʚʦʭ ʛʨʘʥʷʭ ʫ ʩʫʮʽʣʴʥʽ ʢʦʣʦʥʠ. ʎʽ ʢʦʣʦʥʠ 

ʟʤʽʱʝʥʽ ʚʟʜʦʚʞ ʦʩʽ z ʥʘ ʧʦʣʦʚʠʥʫ ʢʦʤʽʨʢʠ (ʨʠʩ.). 

 
ʈʠʩ. ʇʨʦʝʢʮʽʷ ʩʪʨʫʢʪʫʨʠ ʩʧʦʣʫʢʠ Ta1-ʭʊʭ̔P2 (ʉʊ OsGe2) ʥʘ ʧʣʦʱʠʥʫ xz (ʘʩ) i 

ʢʦʦʨʜʠʥʘʮʽʡʥʽ ʧʦʣʽʝʜʨʠ ʘʪʦʤʽʚ (ʘ) ʪʘ ʫʢʣʘʜʢʘ ʪʨʠʛʦʥʘʣʴʥʠʭ ʧʨʠʟʤ ʘʪʦʤʽʚ ʤʝʪʘʣʫ (ʙ) 
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ʅʀɿʂʆʊɽʄʇɽʈɸʊʋʈʅɸʗ ʆʏʀʉʊʂɸ ɺʆɿɼʋʍɸ ʆʊ ɼʀʆʂʉʀɼɸ ʉɽʈʓ 

ʄʆʅʆ- ʀ ɹʀʄɽʊɸʃʃʔʅʓʄʀ ʉʀʉʊɽʄɸʄʀ ʅɸ ʆʉʅʆɺɽ ɹɽʅʊʆʅʀʊɸ 

ʂʠʦʩʝ ʊ. ɸ.1, ɻʦʣʫʙʯʠʢ ʂ. ʆ.2, ʉʦʢʦʣʦʚʘ ʊ. ʀ.1 
1ʆʜʝʩʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʀ. ʀ. ʄʝʯʥʠʢʦʚʘ 

2ʆʜʝʩʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʤʝʜʠʮʠʥʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ  

kiosetatyana@gmail.com  

 

ʆʯʠʩʪʢʘ ʚʦʟʜʫʭʘ ʦʪ ʜʠʦʢʩʠʜʘ ʩʝʨʳ ʧʫʪʝʤ ʝʛʦ ʦʢʠʩʣʝʥʠʷ ʩ ʧʦʤʦʱʴʶ ʞʠʜʢʦʬʘʟʥʳʭ 

ʤʝʪʘʣʣʦʢʦʤʧʣʝʢʩʥʳʭ ʩʠʩʪʝʤ ʘʢʪʠʚʥʦ ʠʟʫʯʘʣʘʩʴ. ʇʦʩʢʦʣʴʢʫ ʧʨʠʤʝʥʝʥʠʝ ʞʠʜʢʦʬʘʟʥʳʭ 

ʩʠʩʪʝʤ ʚ ʩʨʝʜʩʪʚʘʭ ʠʥʜʠʚʠʜʫʘʣʴʥʦʡ ʟʘʱʠʪʳ ʦʨʛʘʥʦʚ ʜʳʭʘʥʠʷ ʥʝʚʦʟʤʦʞʥʦ, ʜʣʷ ʨʝʰʝʥʠʷ 

ʧʨʦʙʣʝʤʳ ʨʝʩʧʠʨʘʪʦʨʥʦʡ ʦʯʠʩʪʢʠ ʚʦʟʜʫʭʘ ʦʪ SO2 ʚʦʟʤʦʞʥʘ ʛʝʪʝʨʦʛʝʥʠʟʘʮʠʷ 

ʤʝʪʘʣʣʦʢʦʤʧʣʝʢʩʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʠ ʙʦʣʝʝ ʩʣʦʞʥʳʭ ʢʦʤʧʦʟʠʮʠʡ ʧʫʪʝʤ ʠʭ ʟʘʢʨʝʧʣʝʥʠʷ 

ʥʘ ʪʚʝʨʜʳʭ ʥʦʩʠʪʝʣʷʭ, ʠʥʝʨʪʥʳʭ ʠʣʠ ʦʙʣʘʜʘʶʱʠʭ ʩʦʨʙʮʠʦʥʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʚ 

ʦʪʥʦʰʝʥʠʠ ʵʪʦʛʦ ʪʦʢʩʠʢʘʥʪʘ. ɺ ʨʘʙʦʪʝ ʚ ʢʘʯʝʩʪʚʝ ʘʜʩʦʨʙʝʥʪʘ ʜʠʦʢʩʠʜʘ ʩʝʨʳ ʠ ʥʦʩʠʪʝʣʷ 

ʚ ʩʦʩʪʘʚʝ ʩʣʦʞʥʳʭ ʭʝʤʦʩʦʨʙʮʠʦʥʥʦ-ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʢʦʤʧʦʟʠʮʠʡ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʧʨʠʨʦʜʥʳʡ ʙʝʥʪʦʥʠʪ (ʇ-ɹʝʥʪ) ɼʘʰʫʢʦʚʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʋʢʨʘʠʥʳ. ʍʠʤʠʯʝʩʢʠ 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʝ ʦʙʨʘʟʮʳ ʙʝʥʪʦʥʠʪʘ ʧʦʣʫʯʘʣʠ ʤʝʪʦʜʦʤ ʧʨʦʧʠʪʢʠ ʇ-ɹʝʥʪ ʧʦ 

ʚʣʘʛʦʝʤʢʦʩʪʠ ʚʦʜʥʳʤʠ ʨʘʩʪʚʦʨʘʤʠ ʉʦCl2 ʠʣʠ CuCl2 (ʤʦʥʦʤʝʪʘʣʣʴʥʳʝ ʢʦʤʧʦʟʠʮʠʠ), ʘ 

ʪʘʢʞʝ CuCl2 + ʉʦCl2 (ʙʠʤʝʪʘʣʣʴ-

ʥʘʷ ʢʦʤʧʦʟʠʮʠʷ) ʧʨʠ ʟʘʜʘʥʥʳʭ 

ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʢʦʤʧʦʥʝʥʪʦʚ ʩ 

ʧʦʩʣʝʜʫʶʱʝʡ ʩʪʘʜʠʝʡ çʩʦʟʨʝʚʘ-

ʥʠʷè ʚ ʪʝʯʝʥʠʝ 20 ʯʘʩʦʚ. ɺʩʝ 

ʦʙʨʘʟʮʳ ʙʳʣʠ ʧʨʦʪʝʩʪʠʨʦʚʘʥʳ ʚ 

ʧʨʦʮʝʩʩʝ ʦʯʠʩʪʢʠ ʚʦʟʜʫʭʘ, 

ʩʦʜʝʨʞʘʱʝʛʦ, ʧʦʤʠʤʦ ʜʠʦʢʩʠʜʘ 

ʩʝʨʳ, ʧʘʨʳ ʚʦʜʳ. ʇʨʠʨʦʜʥʳʡ 

ʙʝʥʪʦʥʠʪ ʧʦʣʥʦʩʪʴʶ ʧʦʛʣʦʱʘʝʪ 

ʜʠʦʢʩʠʜ ʩʝʨʳ ʚ ʪʝʯʝʥʠʝ 10 ʤʠʥʫʪ, 

ʧʦʩʣʝ ʯʝʛʦ ʢʦʥʮʝʥʪʨʘʮʠʷ SO2 ʥʘ 

ʚʳʭʦʜʝ ʠʟ ʨʝʘʢʪʦʨʘ ʯʝʨʝʟ 15 ʤʠʥʫʪ 

ʜʦʩʪʠʛʘʝʪ ʧʨʝʜʝʣʴʥʦ ʜʦʧʫʩʪʠʤʦʡ 

(ʇɼʂ = 10 ʤʛ/ʤ3), ʘ ʯʝʨʝʟ 170 

ʤʠʥʫʪ ï ʥʘʯʘʣʴʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ. 

ʂʦʤʧʦʟʠʮʠʠ CuCl2/ʇ-ɹʝʥʪ (2) ʠ 

ʉoCl2/ʇ-ɹʝʥʪ (3) ʩ ʦʯʝʥʴ ʥʠʟʢʠʤ 

ʩʦʜʝʨʞʘʥʠʝʤ ʩʦʣʝʡ ʜʝʤʦʥʩʪʨʠ-

ʨʫʶʪ ʘʥʘʣʦʛʠʯʥʫʶ ʢʠʥʝʪʠʢʫ, 

ʦʜʥʘʢʦ ʚʨʝʤʷ ʜʦʩʪʠʞʝʥʠʷ ʇɼʂ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʜʦ 25 ʠ 30 ʤʠʥ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʂʦʣʠʯʝʩʪʚʦ ʧʦʛʣʦʱʝʥʥʦʛʦ SO2 ʩʦʩʪʘʚʣʷʝʪ ʜʣʷ ʥʦʩʠʪʝʣʷ 1,1Ŀ10
-4 ʤʦʣʴ 

SO2, ʘ ʜʣʷ ʚʳʰʝʫʢʘʟʘʥʥʳʭ ʤʦʥʦʤʝʪʘʣʴʥʳʭ ʢʦʤʧʦʟʠʮʠʡ 1,6Ŀ10
-4 ʠ 3,0Ŀ10-4 ʤʦʣʴ SO2, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɼʣʷ ʙʠʤʝʪʘʣʣʴʥʦʡ ʢʦʤʧʦʟʠʮʠʠ CuCl2-ʉoCl2/ʇ-ɹʝʥʪ (4) ʫʚʝʣʠʯʠʚʘʝʪʩʷ 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʫʯʘʩʪʢʘ, ʥʘ ʢʦʪʦʨʦʤ ʧʨʦʠʩʭʦʜʠʪ ʧʦʣʥʦʝ ʧʦʛʣʦʱʝʥʠʝ SO2 (50 ʤʠʥ); 

ʚʨʝʤʷ ʟʘʱʠʪʥʦʛʦ ʜʝʡʩʪʚʠʷ ʚʦʟʨʘʩʪʘʝʪ ʜʦ 90 ʤʠʥ, ʧʦʩʣʝ ʯʝʛʦ ʢ

2SOʉ ʤʝʜʣʝʥʥʦ ʧʦʚʳʰʘʝʪʩʷ 

ʜʦ ʥʘʯʘʣʴʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ, ʧʨʠ ʵʪʦʤ ʢʦʣʠʯʝʩʪʚʦ ʚʩʪʫʧʠʚʰʝʛʦ ʚ ʨʝʘʢʮʠʶ ʜʠʦʢʩʠʜʘ ʩʝʨʳ 

(12,1Ŀ10-4 ʤʦʣʴ SO2) ʟʥʘʯʠʪʝʣʴʥʦ ʧʨʝʚʳʰʘʝʪ ʨʘʩʩʯʠʪʘʥʥʦʝ ʩʫʤʤʘʨʥʦʝ ʝʛʦ ʢʦʣʠʯʝʩʪʚʦ 

ʜʣʷ ʜʚʫʭ ʤʦʥʦʤʝʪʘʣʣʴʥʳʭ ʩʠʩʪʝʤ, ʫʢʘʟʳʚʘʷ ʥʘ ʩʠʥʝʨʛʠʟʤ ʜʝʡʩʪʚʠʷ ʠʦʥʦʚ Cu(ɯɯ) ʠ ʉʦ(ɯɯ) 

ʧʨʠ ʠʭ ʩʦʚʤʝʩʪʥʦʤ ʧʨʠʩʫʪʩʪʚʠʠ.  
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ʈʠʩ. ʀʟʤʝʥʝʥʠʝ ʉ
 
ʚʦ ʚʨʝʤʝʥʠ ʚ ʧʨʦʮʝʩʩʝ  

ʭʝʤʦʩʦʨʙʮʠʦʥʥʦ-ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʦʯʠʩʪʢʠ ʚʦʟʜʫʭʘ ʦʪ 

SO2 ʧʨʠʨʦʜʥʳʤ ʙʝʥʪʦʥʠʪʦʤ (1) ʠ ʢʦʤʧʦʟʠʮʠʷʤʠ: 

ʉu(II)/ʇ-ɹʝʥʪ (2), ʉʦ(II)/ʇ-ɹʝʥʪ (3), ʉu(II)-

ʉʦ(II)/ʇ-ɹʝʥʪ (4) ʉCu(II ) = ʉCʦ(II) = 5,9Ö10-5 ʤʦʣʴ/ʛ; 

t = 20 ̄ʉ. = 150 ʤʛ/ʤ
3 

ʉ , ʤʛ/ʤ3 

t, ʤʠʥ 
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In recent decades, the rare earth doped nanostructured materials have received great 

attention due to their potential applications in the fabrication area of sensors, laser materials, 

solar cells, and optical communication. From these reasons, microstructure and morphology of 

Er2O3ïYb2O3 mixed oxides supported on amorphous SiO2 was studied by FTIR, XRD and SEM 

techniques. Er2O3ïYb2O3/SiO2 nanocomposites were prepared using a liquid-phase method. 

For the synthesis the water salt solutions of Er(NO3)3 and Yb(NO3)3 were added to 15 g fumed 

silica powder at room temperature (Evonik A-300; SBET = 300 Ñ 30 m
2/g). The mixtures were 

stirred in the beaker using propeller stirrer for 0.5 hour. Water was removed from the mixtures 

in rotary evaporator. The solid produced was then dried and calcined at 550 Áʉ for 1 hour. The 

content of Er2O3 added varied from 0.5 to 10 wt. % while the content of Yb2O3 was held 

constant at 4 wt. %. The XRD patterns indicated that all samples remained amorphous after 

their heating at 550 Áʉ. The FTIR spectra for SiO2 and Er2O3ïYb2O3/SiO2 shows the absorption 

bands that correspond to vibrations of physically adsorbed water as well as the bands including 

1096 cmī1 of SiïOïSi asymmetric stretching vibration, 809 cmī1 of SiïOïSi stretching 

vibration. Only in the case of the initial SiO2, the narrow band at 3745 cmī1 representing the 

OïH stretching vibration of silanol groups present can be observed. 

The surface morphology of the initial silica and nanocomposites can be seen at SEM 

images shown in the Fig.. The SEM images shows presence of rounded aggregates and/or 

spherical-like SiO2 particles (Fig. a) varying in size between 40 and 180 nm (Fig. c). The 

aggregates size slightly decreases and more narrow size distribution after silica modification 

with Er2O3ïYb2O3 mixed oxides (Fig. b) can be observed. According to the histograms 

observed (Fig. c, d) the average sizes of nanoparticles present are in the range of 90 nm and 

75 nm for SiO2, and Er(10)Yb(4)Si(86) samples, respectively. 

 

Fig. SEM images (a, b) and calculated particle size distribution using the software MEMO 

v.1.0.2. (c, d) for initial silica (a) and Er(10)Yb(4)Si(86) samples 
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ʅɸʅʆʂʆʄʇʆɿʀʊʅɯ ɯʆʅʆʊʈʆʅʅɯ 

ʉʊʈʋʂʊʋʈʀ, ʉʌʆʈʄʆɺɸʅɯ ʅɸ ʆʉʅʆɺɯ 2D ʐɸʈʋɺɸʊʆɻʆ 

ʅɸʇɯɺʇʈʆɺɯɼʅʀʂɸ InSe ɯ ɯʆʅʅʆɰ ʉʆʃɯ RbNO3 

ʊʢʘʯʫʢ ɯ. ɻ. 

ɯʥʩʪʠʪʫʪ ʧʨʦʙʣʝʤ ʤʘʪʝʨʽʘʣʦʟʥʘʚʩʪʚʘ ʽʤ. ɯ. ʄ. ʌʨʘʥʮʝʚʠʯʘ ʅɸʅʋ, ʏʝʨʥʽʚʝʮʴʢʝ 

ʚʽʜʜʽʣʝʥʥʷ, ʚʫʣ. ɯ. ɺʽʣʴʜʝ, 5, ʏʝʨʥʽʚʮʽ 

chimsp@ukrpost.ua 

 

ʉʝʣʝʥʽʜ ʽʥʜʽʶ ʻ ʦʜʥʠʤ ʟ ʥʘʡʙʽʣʴʰ ʧʝʨʩʧʝʢʪʠʚʥʠʭ 2D ʤʘʪʝʨʽʘʣʽʚ. ʉʪʨʫʢʪʫʨʥʦ 

ʜʦʩʢʦʥʘʣʽ 2D ʢʨʠʩʪʘʣʠ InSe ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʙʽʣʴʰ ʚʠʩʦʢʠʤʠ ʟʥʘʯʝʥʥʷʤʠ ʨʫʭʣʠʚʦʩʪʽ 

ʝʣʝʢʪʨʦʥʽʚ (>103 ʩʤ2ĀɺƄ1ĀʩƄ1 ʧʨʠ ʊ = 300 ʂ) ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʽʥʰʠʤʠ 2D ʤʘʪʝʨʽʘʣʘʤʠ. ɺ 
ʩʚʦʶ ʯʝʨʛʫ ʥʽʪʨʘʪ ʨʫʙʽʜʽʷ ʤʘʻ ʥʘʡʚʠʱʫ ʽʦʥʥʫ ʧʨʦʚʽʜʥʽʩʪʴ ʩʝʨʝʜ ʥʽʪʨʘʪʽʚ. ɼʣʷ ʮʴʦʛʦ 

ʤʘʪʝʨʽʘʣʫ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʩʝʨʽʷ ʬʘʟʦʚʠʭ ʧʝʨʝʭʦʜʽʚ ʚ ʜʽʘʧʘʟʦʥʽ ʪʝʤʧʝʨʘʪʫʨ 437ī583 ʂ, ʷʢʽ 

ʩʫʧʨʦʚʦʜʞʫʶʪʴʩʷ ʨʽʟʢʠʤʠ ʟʤʽʥʘʤʠ ʽʦʥʥʦʾ ʧʨʦʚʽʜʥʦʩʪʽ. ʊʦʤʫ ʩʘʤʝ ʮʽ ʤʘʪʝʨʽʘʣʠ ʻ 

ʧʨʠʚʘʙʣʠʚʠʤʠ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʜʘʥʠʭ ʩʪʨʫʢʪʫʨ. 

ɺʠʛʦʪʦʚʣʝʥʥʷ ʥʘʥʦʢʦʤʧʦʟʠʪʥʠʭ ʽʦʥʦʪʨʦʥʥʠʭ ʩʪʨʫʢʪʫʨ ʧʨʦʚʦʜʠʣʦʩʴ ʟʘ 

ʥʘʩʪʫʧʥʦʶ ʪʝʭʥʦʣʦʛʽʻʶ. ʈʦʟʧʣʘʚʣʝʥʘ ʽʦʥʥʘ ʩʽʣʴ RbNO3 ʚʧʨʦʚʘʜʞʫʚʘʣʘʩʴ ʤʽʞ ʰʘʨʘʤʠ 

ʢʨʠʩʪʘʣʽʚ InSe ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ 360 Áʉ ʽ 412 Áʉ, ʯʘʩ ʝʢʩʧʦʟʠʮʽʾ ʩʢʣʘʜʘʚ 12 ʭʚʠʣʠʥ. 

ɿʥʘʯʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʚʠʙʠʨʘʣʠʩʷ ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʤʦʞʣʠʚʦʩʪʽ ʧʨʦʪʽʢʘʥʥʷ ʧʨʦʮʝʩʫ 

ʦʢʠʩʣʝʥʥʷ ʧʦʚʝʨʭʦʥʴ ʰʘʨʽʚ ʢʨʠʩʪʘʣʫ ʧʨʠ ʾʭ ʚʟʘʻʤʦʜʽʾ ʟ ʨʦʟʧʣʘʚʣʝʥʦʶ ʽʦʥʥʦʶ ʩʽʣʣʶ. 

ɺʽʜʦʤʦ, ʱʦ ʚʦʥʦ ʤʦʞʝ ʤʘʪʠ ʤʽʩʮʝ ʷʢ ʟ ʫʯʘʩʪʶ ʨʦʟʯʠʥʝʥʦʛʦ ʚ ʽʦʥʥʠʭ ʩʦʣʷʭ ʢʠʩʥʶ, ʪʘʢ ʽ 

ʧʨʠ ʪʝʨʤʽʯʥʦʤʫ ʨʦʟʢʣʘʜʘʥʥʽ ʩʦʣʝʡ. ʊʝʨʤʯ̔ʥʝ ʨʦʟʢʣʘʜʘʥʥʷ ʨʦʟʧʣʘʚʫ RbNO3 ʥʘ ʥʽʪʨʠʪʠ ʽ 

ʥʽʪʨʘʪʠ ʤʘʻ ʤʽʩʮʝ ʧʨʠ ʥʦʨʤʘʣʴʥʠʭ ʫʤʦʚʘʭ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ >380 Áʉ. ʎʝʡ ʧʨʦʮʝʩ 

ʧʨʦʪʽʢʘʻ ʟʛʽʜʥʦ ʭʽʤʽʯʥʽʡ ʨʝʘʢʮʽʾ RbNO3 = 2 RbNO2 + O2ŷ ʽ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʙʫʨʥʠʤ 

ʚʠʜʽʣʝʥʥʷʤ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʢʠʩʥʶ. ɹʽʥʘʨʥʠʡ ʽʦʥʥʠʡ ʥʘʥʦʢʦʤʧʦʟʠʪ RbNO3īRbNO2, ʷʢʠʡ 

ʬʦʨʤʫʻʪʴʩʷ ʧʨʠ ʮʴʦʤʫ, ʤʘʻ ʟʥʘʯʥʫ ʽʦʥʥʫ ʧʨʦʚʽʜʥʽʩʪʴ. ɺ ʥʘʥʦʢʦʤʧʦʟʠʪʥʠʭ ʩʪʨʫʢʪʫʨʘʭ 

ñInSe ī ʽʦʥʥʘ ʩʽʣʴò ʚʦʥʘ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʥʘʚʽʪʴ ʧʨʠ ʟʤʝʥʰʝʥʥʽ ʨʦʟʤʽʨʽʚ ʥʘʥʦʢʨʠʩʪʘʣʽʚ 

ʽʦʥʥʦʾ ʩʦʣʽ ʜʦ ʚʝʣʠʯʠʥʠ ~ 0,35 ʥʤ (ʰʠʨʠʥʠ ʚʘʥ-ʜʝʨ-ʚʘʘʣʴʩʦʚʦʾ ʱʽʣʠʥʠ InSe). 

ɺʧʝʨʰʝ ʜʦʩʣʽʜʞʝʥʦ ʟʚ'ʷʟʦʢ ʤʽʞ ʤʦʨʬʦʣʦʛʽʻʶ, ʭʽʤʽʯʥʠʤ ʩʢʣʘʜʦʤ ʽ 

ʬʦʪʦʝʣʝʢʪʨʠʯʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʚʝʨʪʠʢʘʣʴʥʠʭ ʽʦʥʦʪʨʦʥʥʠʭ ʥʘʥʦʩʪʨʫʢʪʫʨ, 

ʩʬʦʨʤʦʚʘʥʠʭ ʥʘ ʦʩʥʦʚʽ ʰʘʨʫʚʘʪʦʛʦ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʘ InSe ʽ ʽʦʥʥʦʾ ʩʦʣʽ RbNO3. 

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʤʘʢʩʠʤʘʣʴʥʫ ʬʦʪʦʯʫʪʣʠʚʽʩʪʴ ʤʘʶʪʴ ʥʘʥʦʩʪʨʫʢʪʫʨʠ, ʷʢʽ ʩʢʣʘʜʘʶʪʴʩʷ ʟ 

2D ʰʘʨʽʚ InSe, ʫʣʴʪʨʘʪʦʥʢʠʭ ʰʘʨʽʚ ʦʢʩʠʜʫ In2O3 ʽ ʢʽʣʴʮʝʚʠʭ ʥʘʥʦʩʪʨʫʢʪʫʨ ʽʦʥʥʦʾ ʩʦʣʽ, 

ʷʢʽ ʨʦʟʪʘʰʦʚʘʥʽ ʚ ʧʣʦʱʠʥʘʭ (0001) ʢʨʠʩʪʘʣʫ InSe ʧʝʨʽʦʜʠʯʥʦ ʚʟʜʦʚʞ ʡʦʛʦ ʢʨʠʩʪʘʣʽʯʥʦʾ 

ʚʽʩʽ ʉ. ɺʦʥʠ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʛʦʪʦʚʣʝʥʽ ʟʘ ʧʨʠʥʮʠʧʦʤ ʬʦʨʤʫʚʘʥʥʷ ʚʘʥīʜʝʨīʚʘʣʴʩʽʚʩʴʢʠʭ 

ʛʝʪʝʨʦʩʪʨʫʢʪʫʨ ʰʣʷʭʦʤ ʩʘʤʦʦʨʛʘʥʽʟʘʮʽʾ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ, ʷʢʽ ʧʝʨʝʚʠʱʫʶʪʴ ʟʥʘʯʝʥʥʷ 

ʪʝʤʧʝʨʘʪʫʨʠ ʨʦʟʧʘʜʫ ʽʦʥʥʦʾ ʩʦʣʽ RbNO3 ʥʘ ʥʽʪʨʠʜʠ ʽ ʥʽʪʨʘʪʠ ʨʫʙʽʜʽʶ. ʅʝʦʙʭʽʜʥʦʶ 

ʫʤʦʚʦʶ ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ ʚʠʩʦʢʦʾ ʬʦʪʦʯʫʪʣʠʚʦʩʪʽ ʚ ʽʦʥʦʪʨʦʥʥʠʭ ʩʪʨʫʢʪʫʨʘʭ ʻ ʩʪʚʦʨʝʥʥʷ 

ʽʦʥʥʦʛʦ ʥʘʥʦʢʦʤʧʦʟʠʪʫ ʟ ʚʠʩʦʢʦʶ ʽʦʥʥʦʶ ʧʨʦʚʽʜʥʽʩʪʶ ʥʘ ʛʝʪʝʨʦʛʨʘʥʠʮʷʭ ʤʽʞ ʽʦʥʥʦʶ 

ʩʽʣʣʶ ʽ ʦʢʩʠʜʦʤ nīIn2O3,ʷʢʠʡ ʜʦʙʨʝ ʧʨʦʚʦʜʠʪʴ ʝʣʝʢʪʨʠʯʥʠʡ ʩʪʨʫʤ.  

ɺ ʨʘʤʢʘʭ ʩʫʯʘʩʥʦʾ ʤʦʜʝʣʽ ʬʦʨʤʫʚʘʥʥʷ ʪʘʢʠʭ ʪʚʝʨʜʠʭ ʝʣʝʢʪʨʦʣʽʪʽʚ ʨʦʟʛʣʷʥʫʪʽ 

ʧʨʦʮʝʩʠ ʬʦʨʤʫʚʘʥʥʷ ʪʚʝʨʜʦʛʦ ʝʣʝʢʪʨʦʣʽʪʫ ʥʘ ʦʩʥʦʚʽ InSe ̔  RbNO3 ʥʘ ʚʘʥīʜʝʨīʚʘʘʣʴʩʦʚʽʡ 

ʧʦʚʝʨʭʥʽ (0001) InSe. ʇʦʢʘʟʘʥʦ, ʱʦ ʧʨʠ ʧʨʠʢʣʘʜʘʥʥʽ ʜʦ ʽʦʥʪʨʦʥʥʠʭ ʩʪʨʫʢʪʫʨ ʚʟʜʦʚʞ ʚʽʩʽ 

ʢʨʠʩʪʘʣʫ ʉ ʧʦʩʪʽʡʥʦʾ ʥʘʧʨʫʛʠ, ʚʠʙʨʘʥʦʾ ʟ ʽʥʪʝʨʚʘʣʘ (5õ10 ɺ), ʚ ʥʠʭ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ 

ʟʙʽʣʴʰʝʥʥʷ ʝʣʝʢʪʨʠʯʥʦʾ ʻʤʥʦʩʪʽ. ɺʦʥʘ ʦʙʫʤʦʚʣʝʥʘ ʝʣʝʢʪʨʠʯʥʠʤ ʧʦʜʚʽʡʥʠʤ ʰʘʨʦʤ, 

ʩʬʦʨʤʦʚʘʥʠʤ ʽʦʥʘʤʠ Rb+ ʽ ʝʣʝʢʪʨʦʥʘʤʠ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʘ In2O3 ʥʘ ʛʝʪʝʨʦʛʨʘʥʠʮʷʭ 

ʽʦʥʥʦʛʦ ʥʘʥʦʢʦʤʧʦʟʠʪʫ. 
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NOVEL COPPER(I) ˊ-COMPLEXES WITH ALLYL DERIVATIVES 

OF DISUBSTITUTED PSEUDOTHIOHYDANTOINS: SYNTHESIS,  

CRYSTAL STRUCTURE AND NLO PROPERTIES  

Fedorchuk A. A.1, Slyvka Yu. I.1, Kityk I. V.2, Mysôkiv M. G.1 
1Department of Inorganic Chemistry, Ivan Franko National University of Lviv,  

Kyryla i Mefodiya Str., 6, 79005, Lviv, Ukraine 
2Institute of Optoelectronics and Measuring Systems, Faculty of Electrical Engineering, 

Czestochowa University of Technology,  

17 Armii Krajowej Str., 42-200 Czestochowa, Poland 
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Using alternating current-electrochemical synthesis we have synthesized and studied by 

single crystal X-ray diǟraction and IR-spectroscopy three novel Cu(I) ˊ-complexes of the 

[Cu4(dapt)2Cl4]Ŀ0.375(C2H5OH) (1), [Cu2(papt)2Cl2] (2) and [Cu(papt)NO3] (3) compositions 

(dapt ï (2Z)-3-allyl-2-(allylimino)-1,3-thiazolidin-4-one, papt ï (2Z)-2-(phenylimino)-3-allyl-

1,3-thiazolidin-4-one).  

The structure of compound 1 is built of dimeric tetranuclear [Cu4(dapt)2Cl4] fragments 

and ethanol molecules, which are located on the three-fold inversion axis and partially fill voids 

in the crystal structure. Central part of [Cu4(dapt)2Cl4] coordination dimer is formed by 

{Cu4Cl4} cluster, in which Cu atoms are bonded by bridging Cl atoms. Ligand molecule in 1 

acts as tridentate chelating ligand and plays a bridged role being bonded simultaneously to the 

both crystallographically independent Cu atoms. 

Papt molecule in 2 and 3 acts as bidentate chelate ˊ,ů-ligand, being coordinated to the 

metal center through the imino N atom and C=C double bond of allyl group being located at 

the basal plane positions of the Cu atomôs trigonal-pyramidal environment. Clï anions in 2 as 

well as O atoms of NO3
ï in 3 occupy two remaining positions (one basal and one apical) of the 

metal coordination polyhedron. Due to the anions (Cl- and NO3
-) specificity, centrosymmetric 

dimeric [Cu2(papt)2Cl2] fragments with central planar {Cu2Cl2} moiety in 2 and polymeric 

structure 3, built of the [Cu(papt)NO3]n chains, are formed. 

For all three compounds nonlinear-optical properties (NLO) were measured, namely ï 

second harmonic generation (SHG) and third harmonic generation (THG), using 7 ns pulsed 

Nd: YAG laser (1064 nm), pulse reception 10 Hz. Interferometer filters for spectral selection 

at 355 nm and 532 nm were applied. All the samples have shown promising nonlinear optical 

efficiencies achieved up to about 3 pm/V. 

 
Fig. Ligand molecules with marked coordination sites 

 

Table. Selected crystal data of 1ï3 

 ̄ Composition 
Space 

group 
Main Cu(I) fragment 

Coordination 

type 

1 [Cu4(dapt)2Cl4]Ŀ0.375EtOH R-3 Tetranuclear dimer ů, ˊ 

2 [Cu2(papt)2Cl2] P21/n Binuclear dimer ů, ˊ 

3 [Cu(papt)NO3] P21/n Coordination chain ů, ˊ 
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SYNTHESIS AND CRYSTAL STRUCTURE CHARACTERIZATION OF NOVEL 

COPPER(I) ˊ-COMPLEXES WITH N -ALLYL -1,2,3-TRIAZOLE  

Fedko A. M., Slyvka Yu. I., Mys'kiv M. G. 

Ivan Franko National University of Lviv, Kyryla i Mefodiya 6, 79005 Lviv, Ukraine 
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1,2,3-Triazoles, being an important type of heterocyclic compounds, have a wide range 

of application in different spheres, in particular, they known as photostabilizers of polymers, 

optical brightening agents, corrosion inhibibitors, dyestuffs. Due to their biologiacal activity 

they find applicantion in medicine as antibacterial, antivirus and anticancer agents. Moreover, 

due to triazole structure features they can mimic different functional groups, justifying their 

wide employment as bioisosteres. It was also investigated that triazole-based complexes with 

Cu(I) display NLO properties. It exploration may be useful in the study of cancer progression 

mechanism which is accompanied with the change of copper(I) level in damaged tissues. Since 

a number of copper(I) ˊ-complexes with benzotriazole allyl derivatives has been already 

studied, we present in this work firstly obtained Cu(I) ˊ-compounds with allyl derivatives of 

monocyclic 1,2,3-triazole. 

[Cu(C5H7N3)Br] (1), 

[Cu(C5H7N3)2CH3C6H4SO3] (2) and 

[Cu(C5H7N3)CF3COO] (3) are novel 

-́complexes, which are obtained by means of an 

alternating current electrochemical technique 

starting from non-water solution of CuBr2, 

Cu(CH3C6H4SO3)2ĀxH2O, Cu(CF3COO)2ĀxH2O 

with the mixture of 1- and 2-allyltriazole-1,2,3. 

The crystal structures of 1ï3 (Table) were 

determined by means of single crystal X-ray 

diffraction. In all of the structures the 

crystallographically independent copper(I) atom 

with trigonal pyramidal environment is present. 

Isomer-selective complexation has been 

observed: in compounds 1 and 2 1-N-allyl-1,2,3-

triazole plays bridging role, but, in the complex 3 (Fig.) tridentate 2-N-allyl-1,2,3-triazole fully 

realizes its coordination abilities performing chelate-bridging ˊ,ů-function. The structures of 

complexes 1ï3 possess polymeric chains. Presence of Br- anion in 2 leads to doubling of infinite 

chains. These chains, in turn, are associated into 3D structure by non-valent weak interactions. 

 

Table. Selected crystal data for 1ï3 -́compounds 

 ̄ Composition 
Space 

group 
V, ¡3 Z 

Density 

g/cm3 

Coordination 

type 

1 [Cu(L1)Br] P-1 377,2(3) 2 2,224 ů, ˊ 

2 [Cu(L1)2CH3C6H4SO3] P21/c 1970,4(12) 4 1,527 ů, ů, ˊ 

3 [Cu(L2)CF3COO] P21/n 964,8(6) 4 1,967 ů, ˊ 

 

It should be noted, that complex 2 is the first example of structurally characterizated 

copper(I) p-toluenesulfonate ˊ-complex. 

  

Fig. Fragment of crystal structure 3 
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ʆʉʆɹʃʀɺʆʉʊɯ ʉʀʅʊɽɿʋ ʊɸ ɹʋɼʆɺʀ ʈɯɿʅʆʄɽʊɸʃʔʅʆ-

ʈɯɿʅʆʃɯɻɸʅɼʅʀʍ ʂʆʄʇʃɽʂʉɯɺ ɻɽʈʄɸʅɯʖ(IV) ʊɸ ɼɽʗʂʀʍ 3d-ʄɽʊɸʃɯɺ 

ɿ 1-ɻɯɼʈʆʂʉɯɽʊʀʃɯɼɽʅɼʀʌʆʉʌʆʅʆɺʆʖ ʂʀʉʃʆʊʆʖ  

ʊɸ 1,10-ʌɽʅɸʅʊʈʆʃɯʅʆʄ 

ʍʨʽʩʪʦʚʘ ʅ. ʄ., ʏʝʙʘʥʝʥʢʦ ʆ. ɸ. 

ʆʜʝʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ɯ. ɯ. ʄʝʯʥʠʢʦʚʘ 

khristova-nadiya@ukr.net 

ʂʦʦʨʜʠʥʘʮʽʡʥʽ ʩʧʦʣʫʢʠ ʛʝʨʤʘʥʽʶ(IV) ʥʘ ʦʩʥʦʚʽ 1-ʛʽʜʨʦʢʩʽʝʪʠʣʽʜʝʥʜʠʬʦʩʬʦʥʦʚʦʾ 

ʢʠʩʣʦʪʠ (H4ʅedp) ʚʠʢʣʠʢʘʶʪʴ ʦʩʦʙʣʠʚʠʡ ʽʥʪʝʨʝʩ ʟ ʪʦʯʢʠ ʟʦʨʫ ʾʭ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ 

ʤʝʜʠʮʠʥʽ, ʩʽʣʴʩʴʢʦʤʫ ʛʦʩʧʦʜʘʨʩʪʚʽ, ʤʽʢʨʦʙʽʦʣʦʛʽʾ. ɹʫʜʦʚʘ ʛʦʤʦ- ʪʘ ʛʝʪʝʨʦʤʝʪʘʣʽʯʥʠʭ 

ʛʽʜʨʦʢʩʽʝʪʠʣʽʜʝʥʜʠʬʦʩʬʦʥʘʪʦʛʝʨʤʘʥʘʪʽʚ ʚʠʚʯʝʥʘ ʜʦʩʪʘʪʥʴʦ ʧʦʚʥʦ: ʚʠʟʥʘʯʝʥʘ ʩʪʨʫʢʪʫʨʘ 

(ʛʝʢʩʘʤʝʨʥʘʪʘʧʦʣʽʤʝʨʥʦ-ʣʘʥʮʶʛʦʚʘ) ʙʣʠʟʴʢʦ ʜʚʦʭ ʜʝʩʷʪʢʽʚ ʩʧʦʣʫʢ ʜʘʥʦʛʦ ʢʣʘʩʫ [1]. 

ʄʝʪʘ ʜʘʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ: ʚʠʜʽʣʠʪʠ ʧʨʦʜʫʢʪʠ ʢʦʤʧʣʝʢʩʦʫʪʚʦʨʝʥʥʷ ʚ ʩʠʩʪʝʤʘʭ GeO2 ï

H4ʅedp ï 1,10-ʬʝʥʘʥʪʨʦʣʽʥ (ʈhen) ï CoCl2 (CuCl2), ʚʩʪʘʥʦʚʠʪʠ ʾʭ ʩʢʣʘʜ, ʩʪʨʫʢʪʫʨʫ ʪʘ 

ʚʠʚʯʠʪʠ ʚʣʘʩʪʠʚʦʩʪʽ. 

ʇʨʠ ʩʠʥʪʝʟʽ ʩʧʦʣʫʢ ʜʦ ʩʫʤʽʰʽ ʩʫʭʠʭ ʥʘʚʘʞʦʢ Geʆ2 ʽ ʅ4ʅedp ʜʦʜʘʚʘʣʠ ʧʝʚʥʠʡ 

ʦʙôʻʤ ʚʦʜʠ ʽ ʥʘʛʨʽʚʘʣʠ ʜʦ ʢʠʧʽʥʥʷ. ʆʪʨʠʤʘʥʠʡ ʨʦʟʯʠʥ ʢʦʥʮʝʥʪʨʫʚʘʣʠ ʽ ʦʭʦʣʦʜʞʫʚʘʣʠ 

ʧʨʠ ʢʽʤʥʘʪʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ (ʨʦʙʦʯʠʡ ʨʦʟʯʠʥ). ʆʢʨʝʤʦ ʛʦʪʫʚʘʣʠ ʩʧʠʨʪʦʚʠʡ ʨʦʟʯʠʥ, ʱʦ 

ʤʽʩʪʠʪʴ ʩʫʤʽʰ ʩʦʣʽ ʢʦʙʘʣʴʪʫ (ʢʦʤʧʣʝʢʩI) ʘʙʦ ʢʫʧʨʫʤʫ (ʢʦʤʧʣʝʢʩ II) ʟ ʈhen, ʷʢʠʡ ʜʦʜʘʚʘʣʠ 

ʜʦ ʨʦʙʦʯʦʛʦ ʨʦʟʯʠʥʫ ʽ ʧʝʨʝʤʽʰʫʚʘʣʠ. ʏʝʨʝʟ 2 ʜʦʙʠ ʟ ʨʝʘʢʮʽʡʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʚʠʧʘʜʘʣʠ 

ʢʨʠʩʪʘʣʽʯʥʽ ʦʩʘʜʠI ʽ II, ʱʦ ʤʽʩʪʠʣʠ ʤʦʥʦʢʨʠʩʪʘʣʠ. 

ʆʜʝʨʞʘʥʽ ʩʧʦʣʫʢʠ ʻ ʢʨʠʩʪʘʣʽʯʥʠʤʠ, ʾʭ ʜʠʬʨʘʢʪʦʛʨʘʤʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ 

ʽʥʜʠʚʽʜʫʘʣʴʥʠʤ ʥʘʙʦʨʦʤ ʤʽʞʧʣʦʱʠʥʥʠʭ ʚʽʜʩʪʘʥʝʡ, ʥʝ ʤʽʩʪʷʪʴ ʨʝʬʣʝʢʩʽʚ ʚʠʭʽʜʥʠʭ 

ʨʝʯʦʚʠʥ ʪʘ ʜʦʤʽʰʦʢ. ɿʛʽʜʥʦ ʜʘʥʠʤ ʝʣʝʤʝʥʪʥʦʛʦ ʘʥʘʣʽʟʫ, ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʝʣʝʤʝʥʪʽʚ ʚ 

ʩʧʦʣʫʢʘʭ I ʽ II: Ge:P:Co:N = 3:6:2:8 ʽ Ge:P:Cu:N = 3:6:1:6. ʆʪʞʝ, ʚ ʥʠʭ ʨʝʘʣʽʟʫʻʪʴʩʷ ʨʽʟʥʝ 

ʤʦʣʴʥʝ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ Ge: ʅedp: Co: ʈhen = 3: 3: 2: 4 ʽ Ge: ʅedp: Cu: ʈhen = 3: 3: 1: 3. 

ʇʨʠ ʽʥʪʝʨʧʨʝʪʘʮʽʾ ɯʏ ʩʧʝʢʪʨʽʚ ʙʫʣʠ ʚʠʷʚʣʝʥʽ ʩʤʫʛʠ ʚʘʣʝʥʪʥʠʭ ʢʦʣʠʚʘʥʴ ʟʚ'ʷʟʢʫ 

ʈ-ʆ ʧʨʠ ~1055 ʽ ~979 ʩʤ-1, ʱʦ ʚʢʘʟʫʻ ʥʘ ʥʘʷʚʥʽʩʪʴ ʚ ʾʭ ʤʦʣʝʢʫʣʘʭ ʪʽʣʴʢʠ ʧʦʚʥʽʩʪʶ 

ʜʝʧʨʦʪʦʥʦʚʘʥʠʭ ʛʨʫʧ PO3
2-. ɺ ʩʧʝʢʪʨʘʭ ʟʘʬʽʢʩʦʚʘʥʽ ʪʘʢʦʞ ʩʤʫʛʠ, ʚʽʜʧʦʚʽʜʘʣʴʥʽ ʟʘ 

ʢʦʣʠʚʘʥʥʷ ʟʚ'ʷʟʢʽʚ ʛʝʨʤʘʥʽʶ ʟ ʛʽʜʨʦʢʩʠʣʴʥʠʤʠ ʽ ʬʦʩʬʦʥʦʚʠʤʠ ʛʨʫʧʘʤʠ d(GeOH), 

d(Ge-Oʬʦʩʬ) ʽ d-ʤʝʪʘʣʽʚ ʟ ʦʢʩʠʛʝʥʦʤ ʽ ʥʽʪʨʦʛʝʥʦʤ ɜ(M-O), ɜ(M-N). ʉʤʫʛʠ ʜʝʬʦʨʤʘʮʽʡʥʠʭ 

ʢʦʣʠʚʘʥʴ d(ʅʆʅ) ʧʨʠ 1630 ʩʤ-1 ʚʢʘʟʫʶʪʴ ʥʘ ʥʘʷʚʥʽʩʪʴ ʚ ʦʙʦʭ ʢʦʤʧʣʝʢʩʘʭ ʤʦʣʝʢʫʣ 

ʢʦʦʨʜʠʥʦʚʘʥʦʾ ʚʦʜʠ. ʅʘʙʽʨ ʩʤʫʛ ʚ ʦʙʣʘʩʪʽ ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʠʭ ʯʘʩʪʦʪ ʜʣʷ ʛʝʪʝʨʦʮʠʢʣʽʯʥʠʭ 

ʘʨʦʤʘʪʠʯʥʠʭ ʤʦʣʝʢʫʣ ʧʽʜʪʚʝʨʜʞʫʻ ʧʨʠʩʫʪʥʽʩʪʴ ʚ ʾʭ ʩʢʣʘʜʽ 1,10-ʬʝʥʘʥʪʨʦʣʽʥʘ. 

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʦʜʝʨʞʘʥʽ ʨʽʟʥʦʤʝʪʘʣʴʥʦ-ʨʽʟʥʦʣʽʛʘʥʜʥʽ ʢʦʤʧʣʝʢʩʠ ʥʘʣʝʞʘʪʴ ʜʦ 

ʢʘʪʽʦʥ-ʘʥʽʦʥʥʦʛʦ ʪʠʧʫ [{Co(ʈhen)3} 2{Co(ʈhen)(H2O)4} 2][{Ge(ɛ-OH)(ɛ-ʅedp)}6Cl2] (I), 

[{Cu(ʈhen)2(H2O)}2(Hʈhen)2][Ge(ɛ-OH)(ɛ-ʅedp)]6Ā20H2O (II) (ʅ4ʅedp = 1-ʛʽʜʨʦʢʩʽʝʪʠʣʽ-

ʜʝʥʜʠʬʦʩʬʦʥʦʚʘ ʢʠʩʣʦʪʘ, ʈhen = 1,10-ʬʝʥʘʥʪʨʦʣʽʥ). ɺ ʥʠʭ ʨʦʣʴ ʘʥʽʦʥʽʚ ʚʠʢʦʥʫʻ {[Ge(ɛ-

OH)(ɛ-ʅedp)]6}
6ï ʽ ʜʚʘ ʜʦʜʘʪʢʦʚʠʭ Cl-ʫ ʚʠʧʘʜʢʫ ʩʪʨʫʢʪʫʨʠ I, ʘ ʢʘʪʽʦʥʽʚ - [Co(ʈhen)3]

2+, 

[Co(ʈhen)(H2O)4]
2+ ʚ I ʽ [Cu(ʈhen)2(H2O)]2+, ʅʈhen+ ʚ II. ɺ ʢʨʠʩʪʘʣʘʭ ʩʧʦʣʫʢ I ʽ II ʢʘʪʽʦʥʠ, 

ʘʥʽʦʥʠ ʽ ʤʦʣʝʢʫʣʠ ʚʦʜʠ ʦʙ'ʻʜʥʘʥʽ ʯʠʩʣʝʥʥʠʤʠ ʤʽʞʤʦʣʝʢʫʣʷʨʥʠʤʠ ʚʦʜʥʝʚʠʤʠ ʟʚ'ʷʟʢʘʤʠ, 

ʚ ʨʝʟʫʣʴʪʘʪʽ ʯʦʛʦ ʫʪʚʦʨʶʻʪʴʩʷ ʪʨʠʚʠʤʽʨʥʘ ʩʽʪʢʘ. 

ɺʽʜʤʽʥʥʽʩʪʶ ʨʦʟʛʣʷʥʫʪʠʭ ʢʦʦʨʜʠʥʘʮʽʡʥʠʭ ʩʧʦʣʫʢ I ʽ II ʚʽʜ ʨʘʥʽʰʝ ʚʠʚʯʝʥʠʭ 

ʛʽʜʨʦʢʩʽʝʪʠʣʽʜʝʥʜʠʬʦʬʦʥʘʪʦʛʝʨʤʘʥʘʪʽʚ ʻ ʬʦʨʤʫʚʘʥʥʷ ʩʢʣʘʜʥʠʭ ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʠʭ 

ʘʥʩʘʤʙʣʽʚ, ʱʦ ʦʙʫʤʦʚʣʝʥʦ ʚʚʝʜʝʥʥʷʤ ʜʦ ʾʭ ʩʢʣʘʜʫ 1,10-ʬʝʥʘʥʪʨʦʣʽʥʘ, ʟʜʘʪʥʦʛʦ 

ʦʜʥʦʯʘʩʥʦ ʚʠʢʦʥʫʚʘʪʠ ʨʦʣʴ ʙʽʜʝʥʪʘʪʥʦʛʦ ʭʝʣʘʪʫʶʯʦʛʦ ʣʽʛʘʥʜʘ ʽ ʟʦʚʥʽʰʥʴʦʩʬʝʨʥʦʛʦ 

ʢʘʪʽʦʥʘ ʚ ʤʦʥʦʧʨʦʪʦʥʦʚʘʥʽʡ ʬʦʨʤʽ ʅʈhen+. 

 

1. ʉʝʡʬʫʣʣʠʥʘ ʀ.ʀ., ʄʘʨʮʠʥʢʦ ɽ.ʕ.ɻʦʤʦ- ʠ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʝ ʢʦʤʧʣʝʢʩʦʥʘʪʳ 

ʛʝʨʤʘʥʠʷ (IV) // ʆʜʝʩʘ: ʌʝʥʽʢʩ,2011. - 168 ʩ.  
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ʋ ʟʚ'ʷʟʢʫ ʟ ʨʦʟʚʠʪʢʦʤ ʥʦʚʠʭ ʥʘʧʨʷʤʢʽʚ ʚ ʩʫʯʘʩʥʽʡ ʪʝʭʥʽʮʽ ʟʙʽʣʴʰʠʚʩʷ ʽʥʪʝʨʝʩ ʜʦ 

ʤʘʪʝʨʽʘʣʽʚ ʟ ʦʩʦʙʣʠʚʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʽ ʤʦʞʫʪʴ ʙʫʪʠ 

ʚʠʢʦʨʠʩʪʘʥʽ ʚ ʷʢʦʩʪʽ ʧʘʣʠʚʥʠʭ ʝʣʝʤʝʥʪʽʚ, ʢʚʘʥʪʦʚʠʭ ʛʝʥʝʨʘʪʦʨʽʚ, ʤʦʜʫʣʷʪʦʨʽʚ ʩʚʽʪʣʦʚʦʛʦ 

ʧʫʯʢʘ, ʛʽʜʨʦʜʠʥʘʤʽʯʥʠʭ ʧʝʨʝʪʚʦʨʶʚʘʯʽʚ, ʞʘʨʦʩʪʽʡʢʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʱʦ ʚʽʜʨʽʟʥʷʶʪʴʩʷ 

ʚʠʩʦʢʦʶ ʦʧʪʠʯʥʦʶ ʘʢʪʠʚʥʽʩʪʶ, ʤʝʭʘʥʽʯʥʦʶ ʤʽʮʥʽʩʪʶ, ʩʪʽʡʢʽʩʪʶ ʜʦ ʜʽʾ ʚʠʩʦʢʠʭ 

ʪʝʤʧʝʨʘʪʫʨ, ʨʘʜʽʘʮʽʾ, ʭʽʤʽʯʥʠʭ ʪʘ ʽʥʰʠʭ ʩʝʨʝʜʦʚʠʱ. ɺ ʦʨʙʽʪʫ ʧʦʜʽʙʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʚʩʝ 

ʙʽʣʴʰʝ ʟʘʣʫʯʘʶʪʴʩʷ ʨʽʜʢʽʩʥʦʟʝʤʝʣʴʥʽ ʝʣʝʤʝʥʪʠ, ʩʧʦʣʫʢʠ ʥʘ ʦʩʥʦʚʽ ʷʢʠʭ ʥʘʙʫʚʘʶʪʴ 

ʧʝʚʥʦʛʦ ʥʘʫʢʦʚʦʛʦ ʪʘ ʧʨʘʢʪʠʯʥʦʛʦ ʟʥʘʯʝʥʥʷ. ʎʝ ʤʦʞʥʘ ʩʢʘʟʘʪʠ ʽ ʧʨʦ ʩʠʣʽʢʘʪʠ 

ʨʽʜʢʽʩʥʦʟʝʤʝʣʴʥʠʭ ʝʣʝʤʝʥʪʽʚ. ʋ ʮʴʦʤʫ ʢʣʘʩʽ ʩʧʦʣʫʢ ʫʪʚʦʨʶʶʪʴʩʷ ʦʩʦʙʣʠʚʽ ʛʦʤʦʣʦʛʽʯʥʽ 

ʛʨʫʧʠ. ɿʘʚʜʷʢʠ ʚʠʥʷʪʢʦʚʦʤʫ ʙʘʛʘʪʩʪʚʫ ʢʨʠʩʪʘʣʦʛʨʘʬʽʯʥʠʭ ʬʦʨʤ ʽ ʨʷʜʫ ʫʥʽʢʘʣʴʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʮʽ ʩʧʦʣʫʢʠ ʦʩʦʙʣʠʚʦ ʮʽʥʥʽ ʜʣʷ ʚʯʝʥʠʭ, ʷʢʽ ʧʨʘʮʶʶʪʴ ʚ ʦʙʣʘʩʪʽ ʚʠʚʯʝʥʥʷ 

ʪʚʝʨʜʦʛʦ ʪʽʣʘ. ɯʥʪʝʨʝʩ ʜʦ ʧʦʜʚʽʡʥʠʭ ʩʠʣʽʢʘʪʽʚ ʨʽʜʢʽʩʥʦʟʝʤʝʣʴʥʠʭ ʝʣʝʤʝʥʪʽʚ ʟʽ ʩʪʨʫʢʪʫʨʦʶ 

ʘʧʘʪʠʪʫ ʚʠʢʣʠʢʘʥʠʡ ʰʠʨʦʢʠʤ ʩʧʝʢʪʨʦʤ ʤʦʞʣʠʚʦʩʪʝʡ ʾʭ ʟʘʩʪʦʩʫʚʘʥʥʷ. ɿʘʚʜʷʢʠ ʚʠʩʦʢʽʡ 

ʢʠʩʥʝʚʽʡ ʧʨʦʚʽʜʥʦʩʪʽ ʚʦʥʠ ʻ ʧʝʨʩʧʝʢʪʠʚʥʠʤʠ ʢʘʥʜʠʜʘʪʘʤʠ ʝʣʝʢʪʨʦʣʽʪʽʚ ʚ 

ʪʚʝʨʜʦʦʢʩʠʜʥʠʭ ʧʘʣʠʚʥʠʭ ʝʣʝʤʝʥʪʘʭ, ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʫ ʷʢʦʩʪʽ ʢʘʪʘʣʽʟʘʪʦʨʽʚ, ʜʣʷ 

ʩʪʚʦʨʝʥʥʷ ʣʶʤʽʥʦʬʦʨʽʚ ʽ ʣʘʟʝʨʽʚ, ʤʘʪʨʠʮʴ ʜʣʷ ʧʦʛʣʠʥʘʥʥʷ ʘʢʪʠʥʦʾʜʽʚ, ʘ ʪʘʢʦʞ ʷʢ 

ʙʽʦʤʘʪʝʨʽʘʣʠ. 

ɿʨʘʟʢʠ Sm9-xNdxSi6O25,5, ʜʝ x = 0, 2, 4, 6, 8, 9 ʙʫʣʠ ʩʠʥʪʝʟʦʚʘʥʽ ʢʝʨʘʤʽʯʥʠʤ 

ʤʝʪʦʜʦʤ. ʉʠʥʪʝʟ ʟʨʘʟʢʽʚ ʩʠʩʪʝʤʠ ʧʨʦʚʦʜʠʚʩʷ ʧʨʠ ʧʦʩʪʫʧʦʚʦʤʫ ʧʽʜʚʠʱʝʥʥʽ ʪʝʤʧʝʨʘʪʫʨʠ. 

ʇʨʦʞʘʨʶʚʘʥʥʷ ʧʨʦʚʦʜʠʣʦʩʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʚʽʜ 800 ʜʦ 1200 Áʉ. ɿʨʘʟʢʠ ʙʫʣʠ 

ʜʦʩʣʽʜʞʝʥʽ ʤʝʪʦʜʘʤʠ ʨʝʥʪʛʝʥʦʬʘʟʦʚʦʛʦ ʘʥʘʣʽʟʫ, ʩʢʘʥʫʶʯʦʾ ʝʣʝʢʪʨʦʥʥʦʾ ʤʽʢʨʦʩʢʦʧʽʾ ʪʘ 

ʽʥʬʨʘʯʝʨʚʦʥʦʾ ʩʧʝʢʪʨʦʩʢʦʧʽʾ. ʇʨʠ ʧʨʦʞʘʨʶʚʘʥʥʽ ʧʨʠ 1200 Áʉ ʥʘ ʨʝʥʪʛʝʥʦʛʨʘʤʘʭ ʟʨʘʟʢʽʚ 

ʚʽʜʩʫʪʥʽ ʧʽʢʠ ʬʘʟʠ ʩʘʤʘʨʽʡ ʽ ʥʝʦʜʠʤ ʩʠʣʽʢʘʪʽʚ ʽʟ ʟʘʛʘʣʴʥʦʶ ʬʦʨʤʫʣʦʶ Ln2Si2O7 (Ln = Sm, 

Nd). ɺ ʨʝʟʫʣʴʪʘʪʽ ʜʦʩʣʽʜʞʝʥʥʷ ʫʤʦʚ ʩʠʥʪʝʟʫ ʧʦʜʚʽʡʥʠʭ ʩʠʣʽʢʘʪʽʚ ʚʜʘʣʦʩʷ ʧʦʥʠʟʠʪʠ 

ʪʝʤʧʝʨʘʪʫʨʫ ʩʠʥʪʝʟʫ ʟ 1700ï1900 Áʉ ʜʣʷ ʩʠʣʽʢʘʪʽʚ ʣʘʥʪʘʥʦʾʜʽʚ ʟʽ ʩʪʨʫʢʪʫʨʦʶ ʘʧʘʪʠʪʫ ʜʦ 

1200 Áʉ ʜʣʷ ʩʠʩʪʝʤʠ Sm9-xNdxSi6O25,5. 
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ɺ ʧoʩʣʝʜʥʠʝ ʛoʜʳ ʚoʟpoʩ ʠʥʪʝpʝʩ ʤʠʨoʚoʡ ʥʘʫʢʠ, oʙʱʝʩʪʚʝʥʥoʩʪʠ ʠ ʙʠʟʥʝʩʘ ʢ 

ʥʘʥoʥʘʫʢʝ. Oʩoʙʝʥʥo ʚ ʧoʩʣʝʜʥʠʝ ʛoʜʳ ʧpʠoʙpʝʪʘʝʪ oʛpoʤʥʳʡ ʠʥʪʝpʝʩ ʩʠʥʪʝʟ 

ʥʘʥoʯʘʩʪʠʮ ʤʝʪʘʣʣoʚ, pʘʟpʘʙoʪʢʘ ʥoʚʳʭ ʤʝʪoʜoʚ ʩoʟʜʘʥʠʷ ʥʘʥoʯʘʩʪʠʮ ʠ ʵʬʬʝʢʪʠʚʥʳʭ 

ʢʘʪʘʣʠʟʘʪopoʚ ʥʘ ʠʭ oʩʥoʚʝ. ɸ ʠʩʧoʣʴʟoʚʘʥʠʝ ʙʠʤʝʪʘʣʣʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʧoʟʚoʣʷʝʪ 

ʧoʣʫʯʘʪʴ ʢʘʪʘʣʠʪʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ ʩ ʫʥʠʢʘʣʴʥʳʤʠ ʬʠʟʠʯʝʩʢʠʤʠ ʠ ʭʠʤʠʯʝʩʢʠʤʠ 

ʩʚoʡʩʪʚʘʤʠ, ʢoʪoʨʳʝ ʥʝʭʘpʘʢʪʝpʥʳ ʜʣʷ oʪʜʝʣʴʥʳʭ ʤoʥoʤʝʪʘʣʣʠʯʝʩʢʠʭ ʩʠʩʪʝʤ, ʚ 

pʝʟʫʣʴʪʘʪʝ ʧpoʷʚʣʝʥʠʷ ʪʘʢ ʥʘʟʳʚʘʝʤoʛo ʩʠʥʝpʛʝʪʠʯʝʩʢoʛo ʵʬʬʝʢʪʘ. 

ʅʘʤʠ ʙʳʣʘ ʧoʚʝʜʝʥʘ ʩʝʨʠʷ oʧʳʪoʚ ʧo ʧoʣʫʯʝʥʠʶ ʙʠʤʝʪʘʣʣʠʯʝʩʢʠʭ ʢʘʪʘʣʠʟʘʪoʨoʚ 

ʥʘ oʩʥoʚʝ ʥʘʥʦʯʘʩʪʠʮ ɸg-Ni. ɺ ʭʦʜʝ ʨʘʙoʪʳ ʙʳʣ ʧoʣʫʯʝʥ ʫʧoʤʷʥʫʪʳʡ ʢoʤʧʣʝʢʩ ʤʝʪoʜoʤ 

ʚoʩʩʪʘʥoʚʣʝʥʠʷ. ɺ ʢʘʯʝʩʪʚʝ ʚoʩʩʪʘʥoʚʠʪʝʣʷ ʙʳʣ ʠʩʧoʣʴʟoʚʘʥ ʙoʨʛʠʜʨʠʪ ʥʘʪʨʠʷ. ɺ ʭoʜʝ 

ʠʩʩʣʝʜoʚʘʥʠʷ ʙʳʣ ʚʳʙʨʘʥ oʧʪʠʤʘʣʴʥʳʡ ʩʪʘʙʠʣʠʟʠʨʫʶʱʠʡ ʢoʤʧoʥʝʥʪ ï

ʧoʣʠʚʠʥʠʣʧʠʨʨoʣʠʜoʥ. ʇʫʪʝʤ ʚʘʨʴʠʨoʚʘʥʠʷ ʫʩʣoʚʠʡ ʨʝʘʢʮʠʠ ʨʘʟʨʘʙoʪʘʥ oʧʪʠʤʘʣʴʥʳʡ 

ʤʝʪoʜ ʧoʣʫʯʝʥʠʷ ʥʘʥoʢʘʪʘʣʠʟʘʪoʨʘ ʚ ʤʷʛʢʠʭ ʫʩʣoʚʠʷʭ. ɹʳʣo ʫʩʪʘʥoʚʣʝʥo ʚʣʠʷʥʠʝ ʥʘ 

ʬʠʟʠʢo-ʭʠʤʠʯʝʩʢʠʝ ʩʚoʡʩʪʚʘ ʢʘʪʘʣʠʟʘʪoʨʘ ʩooʪʥoʰʝʥʠʷ ʢoʣʠʯʝʩʪʚʘ ʤʝʪʘʣʣʘ ʠ 

ʩʪʘʙʠʣʠʟʠʨʫʶʱʝʛo ʘʛʝʥʪʘ, ʤoʣʝʢʫʣʷʨʥoʡ ʤʘʩʩʳ ʧoʩʣʝʜʥʝʛo, ʬoʨʤʳ ʥʘʥoʯʘʩʪʠʮ. 

ʂʘʪʘʣʠʪʠʯʝʩʢʘʷ ʘʢʪʠʚʥoʩʪʴ ʥʘʥoʨʘʟʤʝʨʥoʛo ʙʠʤʝʪʘʣʣʠʯʝʩʢoʛo ʢoʤʧʣʝʢʩʘ ɸg-Ni 

ʙʳʣʘ ʠʩʩʣʝʜoʚʘʥʘ ʥʘ ʨʝʘʢʮʠʠ ʛʠʜʨʠʨoʚʘʥʠʷ ʥʠʪʨoʬʝʥoʣʘ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʢoʪoʨoʡ 

oʙʨʘʟʫʝʪʩʷ oʜʠʥ ʠʟ ʚʘʞʥʳʭ ʢoʤʧoʥʝʥʪoʚ, ʧʨʠʤʝʥʷʶʱʠʡʩʷ ʚ ʘʥʠʣʠʥoʢpʘʩoʯʥoʡ, ʭʠʤʠʢo-

ʬʘpʤʘʮʝʚʪʠʯʝʩʢoʡ ʧʨoʤʳʰʣʝʥʥoʩʪʠ, ʧpoʠʟʚoʜʩʪʚʝ ʛʝpʙʠʮʠʜoʚ, ʧʝʩʪʠʮʠʜoʚ, 

ʙʘʢʪʝpʠʮʠʜʥʳʭ ʠ ʧpoʪʠʚoʤʠʢpoʙʥʳʭ ʧpʝʧʘpʘʪoʚ ï ʘʤʠʥoʬʝʥoʣ.  

ʇoʣʫʯʝʥʥʳʝ ʚ ʭoʜʝ ʨʘʙoʪʳ ʜʘʥʥʳʝ ʧʨʝʜoʩʪʘʚʣʷʶʪ ʚoʟʤoʞʥoʩʪʴ ʠʩʧoʣʴʟoʚʘʥʠʷ ʚ 

ʨʝʘʢʮʠʠ ʛʠʨʠʨoʚʘʥʠʷ ʥʠʪʨoʬʝʥoʣʘ ʥʘʥoʢʘʪʘʣʠʟʘʪoʨʘ ʥʘ oʩʥoʚʝ ʯʘʩʪʠʮ ɸg-Ni ʠ ʧoʣʫʯʘʪʴ 

ʢʘʪʘʣʠʟʘʪoʨʳ ʩʝʣʝʢʪʠʚʥoʛo ʛʠʜʨʠʨoʚʘʥʠʷ ʰʠʨoʢoʛo ʩʧʝʢʪʨʘ ʥʝʧʨʝʜʝʣʴʥʳʭ ʩoʝʜʠʥʝʥʠʡ. 

ʄoʜʠʬʠʮʠʨoʚʘʥʠʝ ʧoʣʠʤʝʨʘʤʠ ʜʘʝʪ ʚoʟʤoʞʥoʩʪʴ ʬoʨʤʠʨoʚʘʪʴ ʢʘʪʘʣʠʟʘʪoʨʳ c 

oʜʥoʨoʜʥʳʤʠ ʯʘcʪʠʮʘʤʠ ʘʢʪʠʚʥoʡ ʬʘʟʳ ʟʥʘʯʠʪʝʣʴʥo cʥʠʟʠʪʴ coʜʝʨʞʘʥʠʝ 

ʜoʨoʛocʪoʷʱʠʭ ʤʝʪʘʣʣoʚ, ʧoʚʳcʠʪʴ ʠʭ ʵʬʬʝʢʪʠʚʥocʪʴ ʚ ʥʠʟʢoʪʝʤʧʝʨʘʪʫʨʥʳʭ ʧʨoʮʝccʘʭ. 
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WATER -SOLUBLE NAPHTHOYLENE -BENZIMIDAZOLE DERIVATIVES  

AND THEIR SPECTRAL PROPERTIES  
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SSI ñInstitute for Single Crystalsò NASU, 61072, 60 Nauky Ave., Kharkiv, Ukraine 
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The Vilsmeier-Haack reaction was used to obtain water-soluble quaternary salts of 

naphthoylene-benzimidazole derivatives. Spectral properties of the products were studied and 

compared. 
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Condensation of 4-dimethylaminonaphthalic anhydride (1) and ortho-phenylene di-

amine in acetic acid results in a mixture of isomers 2 and 3 that contain benzimidazole moiety. 

The isomers were isolated and purified by column chromatography. Each of the dimethylamino 

derivatives 2 and 3 reacts with complex POCl3ðDMF to form water-soluble products 4 and 5, 

respectively, which contain quaternized 1,3-diazine cycle. 

Spectral properties of dyes 2-5 were studied in toluene, methanol, and water. The 

position of dimethylamino group in compounds 2, 3 and 1,3-diazinium cycle in products 4, 5 

greatly affects their spectral properties. Derivatives 2 and 4 absorb at 410ï440 nm and emit 

light at 483ï515 nm in methanol. Absorption and emission maxima of products 3 and 5 are red-

shifted in comparison to dyes 2 and 4, respectively. This effect is much more pronounced in 

emission spectra. 

Positive solvatochromic (15 nm) and solvatofluorochromic (30 nm) effects were 

observed for compounds 2 and 3 when the solvent was changed from non-polar (toluene) to 

more polar (methanol). Due to their highly polar structure, the quantum yields of these products 

are dramatically decreased in methanol as compared to toluene solutions. 

Introduction of the 1,3-diazinium cycle into compounds 2 and 3 leads to a blue-shift of 

the absorption and emission maxima by 20ï30 nm. Fixation of the dimethylamino group with 

the diazine cycle formation in product 2 leads to a 56-fold increase of quantum yield in 

methanol. 

Considering that compounds 2 and 3 exhibit significant Stokes shifts and bright 

fluorescence in a non-polar environment, they can be used as light shifters in polymeric 

matrixes. Water-soluble derivatives 4 and 5 can be further modified to include reactive groups 

for covalent labelling of biomolecules. 
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The present work describes the structure and binding of adducts of 

N,Nǋ-diacetylpiperazine with halogens and interhalogens based on combination of different 

experimental methods and quantum chemical calculations. On the basis of conductometric and 

spectro-photometric experimental results, behavior of complexes in the acetonitrile solution 

was described. 

 

 
 

Fig. Formation of DAPĿĿĿhalogen adduct via simultaneous via C=OĿĿĿI and CīHĿĿĿI 

interactions 

 

The iodine adduct with N,Nǋ-diacetylpiperazine fully degrades into components. 

Adducts of interhalogens IīX (X = Cl or Br) with N,Nǋ-diacetylpiperazine in acetonitrile 

partially dissociate to anionic [XīIīX]ī and cationic species. In the solid state, molecules are 

connected via C=OĿĿĿI, CīHĿĿĿI, and ClĿĿĿCl (or BrĿĿĿBr) attractive interactions. 

N,Nǋ-diacetylpiperazineĿĿĿdihalogen complex is stabilized by simultaneous C=OĿĿĿI and 

CīHĿĿĿI interactions. Such binding mode allows to explain the problems of the direct 

halogenation of acetyl-containing compounds with molecular halogens as reagents. We believe 

that the observed binding pattern can be used as prototypical for future design of halogeno 

complexes. 
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The possibility of increasing the selectivity of the formation of the 4,4-dimethyl-1,3-dioxane 

of Prins reaction, which is a key intermediate in the synthesis of isoprene by the "dioxane" method, 

has been studied using quantum chemistry and molecular dynamics. 

We have considered the stabilization of the transition state (TS) of this reaction on zeolites of 

SixOy composition with pores of different cross sections (Table, Fig.). It is shown that the TS 

stabilization of the formation of 1,3-dioxane becomes most advantageous on zeolites with pore sizes 

of 6.25ï7.01, 7.24ï7.59 ¡. Obviously, in this case, the TS can most conveniently be placed inside the 

pore of the zeolite and stabilized by intermolecular interactions with the entire inner surface of the 

pore. 

At a pore diameter of 6.8, 7.47 ¡, the TS stabilizes only partly due to interaction with the 

zeolite surface. In the case of zeolites with a large pore diameter, intermolecular interactions can be 

performed with a fragment of the inner or outer surface of the pore. 

Table. Dependence of the energy of adsorption of transition states on the pore diameter of 

zeolites, kJ/mol 
Zeolite d, ɸ ethylene propylene buthene-1 isobuthylene trance-2-buthene 

MTF 6.25 136.68 158.88 171.88 130.45 174.724 

VET 6.39 110.89 130.95 147.67 139.31 151.39 

SFE 6.66 127.99 94.67 112.77 87.02 112.19 

STO 6.8 78.04 73.73 74.82 66.37 68.8 

ISV 7.01 108.13 125.56 144.62 146.63 138.14 

IFR 7.24 118.29 131.37 154.45 150.68 152.73 

CFI 7.47 93,59 112.9 129.91 132.25 132.92 

SFF 7.59 114.78 137.52 158.79 155.95 158.54 

STF 7.63 110.39 129.58 152.02 151.94 153.4 

ITE 8.3 109.18 129.78 146.35 150.81 149.01 

This type of TS stabilization indicates the possibility of increasing the selectivity of the 

formation of 1,3-dioxanes by the Prince reaction in the presence of zeolites with pore sizes of 

6.25ï7.01, 7.24ï7.59 ¡. 

 
Fig. Stabilization of the transition state of the formation of 1,3-dioxanes in the presence 

of group zeolites SixOy 
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By the methods of quantum chemistry and molecular dynamics, the possibility of increasing 

the selectivity of the formation of the 4,4-dimethyl-1,3-dioxane by the Prins reaction, which is a 

key intermediate in the synthesis of isoprene by the "dioxane" method, has been studied. 

We have considered the stabilization of the transition state (TS) of this reaction on 

zeolites Cax[H2O]yAl aSibOc with pores of different sizes (Table, Fig.). It is shown that the 

stabilization of the TS of the reaction fof the formation of 1,3-dioxane becomes most 

advantageous on the zeolites of the considered group with pore sizes of 6.04ï7.37 ¡. Obviously, 

in this case the TS can be placed inside the pore of the zeolite and stabilized by intermolecular 

interactions with the entire inner surface of the pore. 

With a pore diameter of less than 6.04 ¡, the TS is no longer able to fit inside and only 

partially stabilizes due to interaction with the zeolite surface. In the case of zeolites with a large 

pore diameter, intermolecular interactions can be carried out with a fragment of the inner or 

outer surface of the pore. 

Table. The dependence of the adsorption energy of transition states on the pore diameter of 

zeolites, kJ/mol 

Zeolite d, ¡ ethylene  propylene  buthene-1 isobuthylene trance-2-buthene  

PAR 4,21 12.3 15.4 17.2 16 16.9 

GIS 4,97 12.9 14 14.7 15.5 15.3 

EPI 5,47 20.9 22.8 25.6 20.3 22 

LAU 6,04 33 36.1 27.7 26.1 26.4 

LEV 7,1 29.3 34.5 38.5 38.5 35.7 

CHA 7,37 26.2 30.7 33.8 34.4 34.4 

This type of TS stabilization indicates the possibility of increasing the selectivity of the 

formation of 1,3-dioxanes by the Prins reaction in the presence of zeolites of the considered 

group with pore sizes from 6.04 to 7.37 ¡. In the case of zeolites Cax[H2O]yAl aSibOc, as the 

reacting alkene increases(from C2 to C4 chain), the diameter also increases from 6.04 ¡ 

(ethylene and propylene) to 7.1 ¡ (alkenes C4). 

 
Fig. Stabilization of the transition state of the reaction of the formation of 1,3-dioxanes in 

the presence of group zeolites Cax[H2O]yAl aSibOc 

Acknowledgements. This research is supported by the grant ˉ 17-43-020754 of Russian Fund of 

Basic Researches. 

  



Organic Chemistry  ʆʨʛʘʥʽʯʥʘ ʭʽʤʽʷ 

131 

DEVELOPMENT OF WAYS OF IMPROVING EFFECTIVENESS OF IZOPREN 

PRODUCTION BY "DIOXANE" METHOD IN PRESENCE OF ZEOLITES  

OF GROUP Na+
x (H2O)y [Al aSib Oc] 

Buranshina A. A.1, Pasko P. A.1, Vakulin I. V.1, Talipova G. R.1, Vakulina A. I.2 

1Bashkir state University, Ufa, Russia 
2Ural State University of Economics, Yekaterinburg, Russia 

buranshina_a@mail.ru 
 

The possibility of increasing the selectivity of the formation of the 4,4-dimethyl-1,3-dioxane 

reaction of Prins reaction, which is a key intermediate in the synthesis of isoprene by the "dioxane" 

method, has been studied using quantum chemistry and molecular dynamics. 

We have considered the stabilization of the transition state (TS) of this reaction on zeolites 

Na+
x (H2O)y [Al aSib Oc] with pores of different sections (Table, Fig.). It is shown that the TS 

stabilization of the formation of 1,3-dioxane becomes most advantageous on zeolites with pore sizes 

of 6.08ï7.72 ¡. Obviously, in this case the TS can be placed inside the pore of the zeolite and 

stabilized due to intermolecular interactions with the entire inner surface of the pore. 

With a pore diameter of less than 6.08 ¡, the TS is no longer able to fit inside and only partially 

stabilizes due to interaction with the zeolite surface. In the case of zeolites with a large pore diameter, 

intermolecular interactions can be carried out with a fragment of the inner or outer surface of the pore. 
 

Table. The dependence of the adsorption energy of transition states on the pore diameter 

of zeolites, kJ/mol 

Zeolite d, ¡ ethylene propylene  buthene-1 isobutylene trance-2-buthene  

ANA 4.21  -11.8 -12.4 -13.3 -12.9 -16.5 

NAT 4.52  -13.2 -13.9 -15.5 -15.2 -15 

TON 5.71  -30.8 -21.1 -23 -21.1 -25.7 

MTW 6.08 -29.2 -33.6 -38.6 -31.7 -37.1 

LOS 6.36 -34 -40.8 -44.1 -45.5 -43.7 

EUO 7.00 -32.1 -36.8 -41 -42.7 -40.9 

MEL 7.72 -27.7 -32.6 -36.6 -36.3 -36.5 

MEI 8.06 -24.9 -27.3 -30.4 -31 -30.4 

KFI 10.67 -27 -28.9 -28.3 -29.3 -29.7 

This type of TS stabilization indicates the possibility of increasing the selectivity of the 

formation of 1,3-dioxanes by the Prins reaction in the presence of zeolites with pore sizes from 

6.08 to 7.72 ¡. 

 
Fig. Stabilization of the transition state of the formation reaction of 1,3-dioxanes in the 

presence of group zeolites Na+
x (H2O)y)[Al aSibOc 
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ʄʥʦʛʦʩʪʘʜʠʡʥʳʝ ʧʨʝʚʨʘʱʝʥʠʷ ʚ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʩʪʘʣʠ ʧʨʠʦʨʠʪʝʪʦʤ ʨʘʟʚʠʪʠʷ 

ʩʦʚʨʝʤʝʥʥʦʡ ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ. ʍʦʨʦʰʠʤʠ ʦʙʲʝʢʪʘʤʠ ʜʣʷ ʠʟʫʯʝʥʠʷ ʧʦʜʦʙʥʦʛʦ ʨʦʜʘ 

ʧʨʝʚʨʘʱʝʥʠʡ ʷʚʣʷʶʪʩʷ ʧʨʦʠʟʚʦʜʥʳʝ ʪʠʝʥʦ[2,3-d]ʧʠʨʠʤʠʜʠʥʦʚ, ʙʣʘʛʦʜʘʨʷ ʥʘʣʠʯʠʶ 

ʥʝʩʢʦʣʴʢʠʭ ʨʝʘʢʮʠʦʥʥʳʭ ʮʝʥʪʨʦʚ. ɺ ʧʨʦʜʦʣʞʝʥʠʷ ʥʘʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ1,2 ʨʝʘʢʮʠʦʥʥʦʡ 

ʩʧʦʩʦʙʥʦʩʪʠ ʧʨʦʠʟʚʦʜʥʳʭ ʪʠʝʥʦ[2,3-d]ʧʠʨʠʤʠʜʠʥʦʚ ʙʳʣʦ ʠʟʫʯʝʥʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ 

ʛʠʜʨʘʟʠʥʦʤ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʢʠʧʷʯʝʥʠʷ ʩʦʝʜʠʥʝʥʠʡ 1ʘ-ʩ ʩ ʠʟʙʳʪʢʦʤ ʛʠʜʨʘʟʠʥʘ ʚ ɼʄʌɸ 

ʧʦʣʫʯʝʥʳ ʘʤʠʥʦ ʧʨʦʠʟʚʦʜʥʳʝ ʙʝʥʟʦʪʠʝʥʠʣ-1,2,6,7,9-ʧʝʥʪʘʟʘʩʧʠʨʦ[4.5]ʜʝʢʘ-2,7-ʜʠʝʥ-

ʦʥʳ 2ʘ-ʩ (ʩʭʝʤʘ 1).  
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ʇʨʝʜʧʦʣʘʛʘʝʤʘʷ ʩʭʝʤʘ ʚʢʣʶʯʘʝʪ ʜʚʘ ʚʦʟʤʦʞʥʳʭ ʧʫʪʠ ʧʨʦʭʦʞʜʝʥʠʝ ʨʝʘʢʮʠʠ ï 

ʘʪʘʢʘ ʥʫʢʣʝʦʬʠʣʘ ʤʦʞʝʪ ʠʜʪʠ ʧʦ ʘʪʦʤʫ ʫʛʣʝʨʦʜʘ ʵʢʟʦʮʠʢʣʠʯʝʩʢʦʡ ʢʘʨʙʦʥʠʣʴʥʦʡ ʛʨʫʧʧʳ 

ʠʣʠ ʧʦ ʘʪʦʤʫ ʉ-6 ʧʠʨʠʤʠʜʠʥʦʚʦʛʦ ʮʠʢʣʘ. ɼʘʣʴʥʝʡʰʝʝ ʠʟʫʯʝʥʠʝ ʨʝʘʢʮʠʠ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ 

ʥʘ ʪʠʝʥʦ[2,3-d]ʧʠʨʠʤʠʜʠʥʘʭ 3a,b, ʚ ʢʦʪʦʨʳʭ ʘʪʘʢʘ ʜʦʣʞʥʘ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʠʜʪʠ ʧʦ 

ʘʪʦʤʫ ʉ6 ʧʠʨʠʤʠʜʠʥʦʚʛʦ ʮʠʢʣʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʦʣʫʯʝʥʳ ʘʤʠʥʦ ʧʨʦʠʟʚʦʜʥʳʝ ʙʝʥʟʦʪʠʝʥ-

3-ʠʣ-1,2,4-ʪʨʠʘʟʠʥ-5(4)-ʦʥʦʚ 4a,b (ʩʭʝʤʘ 2).  
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ʇʦʰʫʢ ʥʦʚʠʭ ʪʠʧʽʚ ʝʬʝʢʪʠʚʥʠʭ ʘʥʪʠʦʢʩʠʜʘʥʪʽʚ ʪʘ ʚʠʚʯʝʥʥʷ ʤʝʭʘʥʽʟʤʫ ʾʭ ʜʽʾ ʻ 

ʚʘʞʣʠʚʠʤ ʽ ʘʢʪʫʘʣʴʥʠʤ ʟʘʚʜʘʥʥʷʤ. ʎʝ ʟʫʤʦʚʣʝʥʦ ʪʠʤ, ʱʦ ʚʦʥʠ ʟʜʘʪʥʽ ʩʧʦʚʽʣʴʥʶʚʘʪʠ ʘʙʦ 

ʫʩʫʚʘʪʠ ʥʝʙʘʞʘʥʽ ʧʨʦʮʝʩʠ ʚʽʣʴʥʦ-ʨʘʜʠʢʘʣʴʥʦʛʦ ʦʢʠʩʥʝʥʥʷ ʦʨʛʘʥʽʯʥʠʭ ʨʝʯʦʚʠʥ, 

ʫʪʚʦʨʝʥʥʷ ʪʘ ʧʝʨʝʪʚʦʨʝʥʥʷ ʧʝʨʦʢʩʠʜʥʠʭ ʩʧʦʣʫʢ. ʆʜʥʘʢ ʚʠʩʦʢʘ ʪʦʢʩʠʯʥʽʩʪʴ ʙʘʛʘʪʴʦʭ 

ʬʝʥʦʣʴʥʠʭ ʪʘ ʘʤʽʥʥʠʭ ʘʥʪʠʦʢʩʠʜʘʥʪʽʚ, ʥʝʜʦʩʪʘʪʥʷ ʝʬʝʢʪʠʚʥʽʩʪʴ, ʚʠʩʦʢʘ ʚʘʨʪʽʩʪʴ ʻ 

ʧʨʠʯʠʥʘʤʠ ʾʭ ʦʙʤʝʞʝʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ. ʊʦʤʫ, ʥʝʟʚʘʞʘʶʯʠ ʥʘ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʫʞʝ 

ʚʽʜʦʤʠʭ ʽʥʛʽʙʽʪʦʨʽʚ, ʧʦʰʫʢ ʥʦʚʠʭ, ʝʬʝʢʪʠʚʥʽʰʠʭ ʩʪʘʙʽʣʽʟʘʪʦʨʽʚ ʦʢʠʩʥʝʥʥʷ 

ʧʨʦʜʦʚʞʫʻʪʴʩʷ. ʇʝʨʩʧʝʢʪʠʚʥʠʤʠ ʫ ʮʴʦʤʫ ʧʣʘʥʽ ʚʠʷʚʠʣʠʩʷ ʧʦʭʽʜʥʽ 3,4-ʜʠʛʽʜʨʦ-

ʧʽʨʠʤʽʜʠʥ-2-ʦʥʫ, ʷʢʽ ʚʦʣʦʜʽʶʪʴ ʰʠʨʦʢʠʤ ʩʧʝʢʪʨʦʤ ʙʽʦʣʦʛʽʯʥʦʾ ʜʽʾ.  

ʋ ʜʘʥʽʡ ʨʦʙʦʪʽ ʥʘ ʦʩʥʦʚʽ ʨʝʘʢʮʽʾ ʮʠʢʣʦʢʦʥʜʝʥʩʘʮʽʾ ɹʽʜʞʠʥʝʣʣʽ ʦʜʝʨʞʘʥʽ ʩʧʦʣʫʢʠ, 

ʷʢʽ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʧʨʠʨʦʜʦʶ ʟʘʤʽʩʥʠʢʘ ʫ 4-ʦʤʫ ʪʘ 6-ʦʤʫ ʧʦʣʦʞʝʥʥʷʭ ʜʠʛʽʜʨʦʧʽʨʠʤʽʜʠ-

ʥʦʥʦʚʦʛʦ ʮʠʢʣʫ, ʪʘ ʜʦʩʣʽʜʞʝʥʦ ʾʭ ʚʧʣʠʚ ʥʘ ʨʦʟʢʣʘʜ ʛʽʜʨʦʧʝʨʦʢʩʠʜʫ ʢʫʤʝʥʫ (ɻʇʂ).  
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Ar = C6H5 (I ), 4-Cl-C6H4 (II ), 4-Br-C6H4 (III ), 4-CH3O-C6H4 (IV ), 4-O2N-C6H4 (V); 

R= CH3 (VI ), CH2Cl (VII ), CH2Br (VIII ), CH2I (IX ), CH2-O-C6H5 (X),  

CH2-O-C6H4-4-CHO (XI ), CH2-O-C6H3-2-OC2H5-4-CHO (XII ). 
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ʉʧʦʣʫʢʠ (I -V) ʟ ʘʤʦʥʽʡʥʠʤ ʫʛʨʫʧʦʚʘʥʥʷʤ ʫ 6-ʤʫ ʧʦʣʦʞʝʥʥʽ ʜʠʛʽʜʨʦʧʽʨʠ-

ʤʽʜʠʥʦʥʦʚʦʛʦ ʮʠʢʣʫ ʚʦʣʦʜʽʶʪʴ ʛʘʣʴʤʽʚʥʦʶ ʜʽʻʶ ʱʦʜʦ ʨʦʟʢʣʘʜʫ ɻʇʂ. ʇʨʠʯʦʤʫ ʫ 

ʚʠʧʘʜʢʫ I -IV, ʷʢʽ ʤʽʩʪʷʪʴ ʫ 4-ʤʫ ʧʦʣʦʞʝʥʥʽ ʬʝʥʽʣʴʥʠʡ ʟʘʤʽʩʥʠʢ (I) ʘʙʦ ʬʝʥʽʣʴʥʠʡ 

ʟʘʤʽʩʥʠʢ ʟ ʦʨʽʻʥʪʘʥʪʘʤʠ I-ʛʦ ʨʦʜʫ (II -IV), ʨʦʟʢʣʘʜ ɻʇʂ ʩʧʦʚʽʣʴʥʶʻʪʴʩʷ ʧʨʠʙʣʠʟʥʦ ʚ 1,5 

ʨʘʟʠ, ʽ ʥʝ ʟʘʣʝʞʠʪʴ ʚʽʜ ʧʨʠʨʦʜʠ ʟʘʤʽʩʥʠʢʘ. ʇʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʩʧʦʣʫʢʠ V ʨʦʟʢʣʘʜ ɻʇʂ 

ʩʧʦʚʽʣʴʥʶʻʪʴʩʷ ʤʘʡʞʝ ʚ 3,5 ʨʘʟʠ, ʪʦʙʪʦ ʝʣʝʢʪʨʦʥʦʘʢʮʝʧʪʦʨʥʽ ʟʘʤʽʩʥʠʢʠ ʧʦʩʠʣʶʶʪʴ 

ʛʘʣʴʤʽʚʥʫ ʜʽʶ ʮʠʭ ʩʧʦʣʫʢ. ɼʦʩʣʽʜʞʝʥʥʷ ʩʧʦʣʫʢʠ XIII  ʧʦʢʘʟʘʣʦ, ʱʦ ʛʘʣʴʤʫʚʘʥʥʷ 

ʨʦʟʢʣʘʜʫ ɻʇʂ ʟʫʤʦʚʣʝʥʦ ʷʢ ʥʘʷʚʥʽʩʪʶ ʧʦʟʠʪʠʚʥʦ ʟʘʨʷʜʞʝʥʦʛʦ ʘʤʦʥʽʡʥʦʛʦ ʥʽʪʨʦʛʝʥʫ, ʪʘʢ 

ʽ ʜʠʛʽʜʨʦʧʽʨʠʤʽʜʠʥʦʥʦʚʦʛʦ ʬʨʘʛʤʝʥʪʫ ʚ ʤʦʣʝʢʫʣʘʭ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʨʝʯʦʚʠʥ. ʅʘ ʦʩʥʦʚʽ 

ʜʦʩʣʽʜʞʝʥʥʷ ʩʧʦʣʫʢʠ XIV  ʟʨʦʙʣʝʥʦ ʚʠʩʥʦʚʦʢ, ʱʦ ʧʨʠʨʦʜʘ ʯʝʪʚʝʨʪʠʥʥʦʛʦ ʧʦʟʠʪʠʚʥʦ 

ʟʘʨʷʜʞʝʥʦʛʦ ʘʪʦʤʘ ʥʽʪʨʦʛʝʥʫ ʫ ʩʪʨʫʢʪʫʨʽ ʧʦʭʽʜʥʠʭ 3,4-ʜʠʛʽʜʨʦʧʽʨʠʤʽʜʠʥ-2-ʦʥʫ ʥʝ 

ʚʧʣʠʚʘʻ ʥʘ ʨʦʟʢʣʘʜ ɻʇʂ. ʇʨʠ ʜʦʩʣʽʜʞʝʥʥʽ ʚʧʣʠʚʫ ʩʧʦʣʫʢ VI -XII  ʥʘ ʨʦʟʢʣʘʜ ɻʇʂ 

ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʫʚʝʜʝʥʥʷ ʚ ʘʣʢʽʣʘʨʠʣʴʥʠʡ ʨʘʜʠʢʘʣ ʫ 6-ʤʫ ʧʦʣʦʞʝʥʥʽ 

ʜʠʛʽʜʨʦʧʽʨʠʤʽʜʠʥʦʥʦʚʦʛʦ ʮʠʢʣʫ ʝʣʝʢʪʨʦʥʦʘʢʮʝʧʪʦʨʥʠʭ ʟʘʤʽʩʥʠʢʽʚ ʧʦʩʠʣʶʻ, ʘ 

ʝʣʝʢʪʨʦʥʦʜʦʥʦʨʥʠʭ - ʧʦʩʣʘʙʣʶʻ ʾʭ ʛʘʣʴʤʽʚʥʫ ʜʽʶ ʫ ʜʘʥʦʤʫ ʧʨʦʮʝʩʽ. ɺʦʜʥʦʯʘʩ ʟʘ 

ʧʨʠʩʫʪʥʦʩʪʽ ʩʧʦʣʫʢʠ IX  ʨʦʟʢʣʘʜ ʛʽʜʨʦʧʝʨʦʢʩʠʜʫ ʢʫʤʝʥʫ ʧʦʚʥʽʩʪʶ ʛʘʣʴʤʫʻʪʴʩʷ. 

ʇʦʤʽʪʥʠʡ ʨʦʟʢʣʘʜ ɻʇʂ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʟʘ ʢʦʥʮʝʥʪʨʘʮʽʾ ʩʧʦʣʫʢʠ IX  5,0Ŀ10-4 ʤʦʣʴ/ʣ. 

ʇʦʜʘʣʴʰʝ ʟʤʝʥʰʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ IX  ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʽʜʚʠʱʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʨʦʟʢʣʘʜʫ. 
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ɺʚʘʞʘʻʪʴʩʷ, ʱʦ ʦʟʦʥ ʫ ʨʝʘʢʮʽʷʭ ʟ ʘʣʢʽʣʘʨʦʤʘʪʠʯʥʠʤʠ ʚʫʛʣʝʚʦʜʥʷʤʠ, ʧʝʨʝʚʘʞʥʦ, 

ʨʝʘʛʫʻ ʟʘ ʘʨʦʤʘʪʠʯʥʠʤ ʢʽʣʴʮʝʤ ʪʦʜʽ ʷʢ ʦʢʠʩʥʝʥʥʷ ʟʘ ʘʣʴʬʘ ʚʫʛʣʝʮʝʚʠʤ ʘʪʦʤʦʤ ʙʽʯʥʦʛʦ 

ʣʘʥʮʶʛʘ ʝʪʠʣʙʝʥʟʝʥʫ ʚ ʣʽʪʝʨʘʪʫʨʽ ʤʘʡʞʝ ʥʝ ʦʧʠʩʘʥʦ. ʉʠʩʪʝʤʘʪʠʯʥʝ ʚʠʚʯʝʥʥʷ ʤʝʭʘʥʽʟʤʫ 

ʨʝʘʢʮʽʾ ʦʟʦʥʫʚʘʥʥʷ ʡʦʛʦ ʧʦʭʽʜʥʠʭ, ʟʦʢʨʝʤʘ 4-ʥʽʪʨʦʝʪʠʣʙʝʥʟʝʥʫ ʚʟʘʛʘʣʽ ʥʝ ʨʦʟʛʣʷʜʘʣʦʩʴ. 

ʊʦʤʫ, ʜʦʩʣʽʜʞʝʥʥʷ ʨʝʘʢʮʽʾ ʦʟʦʥʫ ʟ ʝʪʠʣʙʝʥʟʝʥʦʤ (ɽɹ) ʪʘ 4-ʥʽʪʨʦʝʪʠʣʙʝʥʟʝʥʦʤ (4-ʅɽɹ) ʟ 

ʤʝʪʦʶ ʥʘʢʦʧʠʯʝʥʥʷ ʜʘʥʠʭ, ʥʝʦʙʭʽʜʥʠʭ ʜʣʷ ʚʩʪʘʥʦʚʣʝʥʥʷ ʦʩʥʦʚʥʠʭ ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ 

ʧʨʦʮʝʩʫ ʽ ʨʦʟʨʦʙʢʠ ʧʝʨʩʧʝʢʪʠʚʥʦʾ ʤʘʣʦʚʽʜʭʦʜʥʦʾ ʪʝʭʥʦʣʦʛʽʾ ʦʪʨʠʤʘʥʥʷ 

ʬʝʥʽʣʤʝʪʠʣʢʘʨʙʽʥʦʣʫ (ʌʄʂ) ʪʘ ʘʮʝʪʦʬʝʥʦʥʫ (ɸʌ) ʘ ʪʘʢʦʞ ʥʽʪʨʦ- ʟʘʤʽʱʝʥʠʭ ʜʘʥʠʭ 

ʩʧʦʣʫʢ, ʻ ʘʢʪʫʘʣʴʥʦʶ ʟʘʜʘʯʝʶ. 

ɼʦʩʣʽʜʞʝʥʥʷ ʢʽʥʝʪʠʯʥʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ ʨʝʘʢʮʽʾ ɽɹ ʪʘ 4-ʅɽɹ ʟ ʦʟʦʥʦʤ ʧʨʦʚʦʜʠʣʠ ʚ 

ʨʦʟʯʠʥʽ ʢʨʠʞʘʥʦʾ ʦʮʪʦʚʦʾ ʢʠʩʣʦʪʽ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 15 Üʉ ʪʘ ʘʪʤʦʩʬʝʨʥʦʤʫ ʪʠʩʢʫ. ɹʫʣʦ 

ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʦʟʦʥʦʣʽʟ ʙʝʥʟʝʥʦʚʦʛʦ ʢʽʣʴʮʷ ʧʝʨʝʙʽʛʘʻ ʥʘ 63 ʪʘ 44 % ʚʽʜʧʦʚʽʜʥʦ. ɺʠʭʽʜ 

ʧʨʦʜʫʢʪʽʚ ʦʢʠʩʥʝʥʥʷ ʟʘ ʘʣʴʬʘ ʚʫʛʣʝʮʝʚʠʤ ʘʪʦʤʦʤ ʝʪʠʣʴʥʦʾ ʛʨʫʧʠ ʩʪʘʥʦʚʠʪʴ 34 % ʪʘ 55 % 

ʧʨʠ ʦʢʠʩʥʝʥʥʽ ɽɹ ʪʘ 4-ʅɽɹ. ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʙʫʣʦ ʟôʷʩʦʚʘʥʦ, ʱʦ ʩʝʨʝʜ 

ʧʨʦʜʫʢʪʽʚ ʦʢʠʩʥʝʥʥʷ ʟʘ ʝʪʠʣʴʥʦʶ ʛʨʫʧʦʶ ʦʩʥʦʚʥʠʤ ʻ ʚʽʜʧʦʚʽʜʥʠʡ ʢʝʪʦʥ ï ɸʌ 25 % ʪʘ 

4-ʥʽʪʨʦʘʮʝʪʦʬʝʥʦʥ (4-ʅɸʌ) 50 %. ɸʨʦʤʘʪʠʯʥʠʡ ʩʧʠʨʪ ʻ ʧʨʦʤʽʞʥʠʤ ʧʨʦʜʫʢʪʦʤ, ʷʢʠʡ 

ʧʨʠ ʦʢʠʩʥʝʥʥʽ ʜʘʻ ʚʽʜʧʦʚʽʜʥʠʡ ʘʨʦʤʘʪʠʯʥʠʡ ʢʝʪʦʥ. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʩʧʠʨʪ ʽ ʢʝʪʦʥ 

ʥʘʢʦʧʠʯʫʻʪʴʩʷ ʧʘʨʘʣʝʣʴʥʦ ʥʘ ʧʦʯʘʪʢʦʚʠʭ ʩʪʘʜʽʷʭ. ʌʄʂ ʤʘʢʩʠʤʘʣʴʥʦ ʥʘʢʦʧʠʯʫʻʪʴʩʷ ʟ 

ʚʠʭʦʜʦʤ 10 %, ʪʦʜʽ ʷʢ 4-ʥʽʪʨʦʬʝʥʽʣʤʝʪʠʣʢʘʨʙʽʥʦʣ (4-ʅʌʄʂ) 4 %. ɺ ʦʙʦʭ ʚʠʧʘʜʢʘʭ ʩʧʠʨʪ 

ʥʘʜʘʣʽ ʦʢʠʩʣʶʻʪʴʩʷ ʜʦ ʚʽʜʧʦʚʽʜʥʦʛʦ ʢʝʪʦʥʫ ʤʘʡʞʝ ʟ ʢʽʣʴʢʽʩʥʠʤ ʚʠʭʦʜʦʤ 98 ʪʘ 99 % 

ʚʽʜʧʦʚʽʜʥʦ. 

ɿôʷʩʦʚʘʥʦ, ʱʦ ʚ ʫʤʦʚʘʭ ʜʦʩʣʽʜʽʚ ([O3]ʦ = 5,2Ŀ10
-4; [ArʉH2ʉʅ3]ʦ = 0,4 ʤʦʣʴĿʣ

-1; ʦʙôʻʤ 

ʨʝʘʢʮʽʡʥʦʾ ʤʘʩʠ 0,01 ʣ; ʊ = 15 Üʉ) ɸʌ ʪʘ 4-ʅɸʌ ʪʘʢʦʞ ʻ ʧʨʦʤʽʞʥʠʤ ʧʨʦʜʫʢʪʦʤ ʨʝʘʢʮʽʾ, 

ʧʨʦʪʝ ʦʯʽʢʫʚʘʥʦʾ ʚʽʜʧʦʚʽʜʥʦʾ ʙʝʥʟʦʡʥʦʾ ʢʠʩʣʦʪʠ, ʢʦʪʨʘ ʫʪʚʦʨʶʻʪʴʩʷ ʧʨʠ ʦʢʠʩʥʝʥʥʽ ɽɹ ʪʘ 

4-ʅɽɹ ʢʠʩʥʝʤ ʧʦʚʽʪʨʷ ʚ ʨʝʘʢʮʽʡʥʽʡ ʤʘʩʽ ʟʥʘʡʜʝʥʦ ʥʝ ʙʫʣʦ. ɹʫʣʦ ʟʘʬʽʢʩʦʚʘʥʦ ʚʠʜʽʣʝʥʥʷ 

ʉʆ2 ï 0,2 ʤʦʣʴ ʥʘ 1 ʤʦʣʴ ɽɹ, ʱʦ ʚ ʩʚʦʶ ʯʝʨʛʫ ʤʦʞʝ ʚʢʘʟʫʚʘʪʠ ʥʘ ʤʦʞʣʠʚʝ 

ʜʝʢʘʨʙʦʢʩʠʣʫʚʘʥʥʷ ʧʨʦʜʫʢʪʽʚ ʨʝʘʢʮʽʾ.  

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʦʢʠʩʥʝʥʥʷ ɽɹ ʥʘʷʚʥʽʩʪʴ ʝʣʝʢʪʨʦʥʦʘʢʮʝʧʪʦʨʥʦʾ 

ʥʽʪʨʦʛʨʫʧʠ ʚ ʧʘʨʘ-ʧʦʣʦʞʝʥʥʽ ʘʨʦʤʘʪʠʯʥʦʛʦ ʢʽʣʴʮʷ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʽʜʚʠʱʝʥʥʷ ʩʪʽʡʢʦʩʪʽ 

ʙʝʥʟʝʥʦʚʦʛʦ ʢʽʣʴʮʷ ʚʽʜʥʦʩʥʦ ʜʽʾ ʦʟʦʥʫ ʽ ʪʠʤ ʩʘʤʠʤ ʩʧʨʠʷʻ ʟʙʽʣʴʰʝʥʥʶ ʚʠʭʦʜʫ 

ʘʨʦʤʘʪʠʯʥʠʭ ʧʨʦʜʫʢʪʽʚ ʫ ʜʚʘ ʨʘʟʠ. ʎʝ ʫ ʩʚʦʶ ʯʝʨʛʫ ʧʽʜʪʚʝʨʜʞʫʻʪʴʩʷ ʚʩʪʘʥʦʚʣʝʥʦʶ 

ʝʬʝʢʪʠʚʥʦʶ ʢʦʥʩʪʘʥʪʦʶ ʰʚʠʜʢʦʩʪʽ ʚ ʨʝʘʢʮʽʷʭ ʦʟʦʥʦʣʽʟʫ ɽɹ ʪʘ 4-ʅɽɹ. ʊʘʢ kʝʬ ʜʣʷ ɽɹ 

ʩʪʘʥʦʚʠʪʴ 0,4 ʣĀ(ʤʦʣʴĀʩ)-1 ʪʦʜʽ ʷʢ ʜʣʷ 4-ʅɽɹ kʝʬ ʻ ʟʥʘʯʥʦ ʥʠʞʯʦʶ ʽ ʩʪʘʥʦʚʠʪʴ 

0,04 ʣĀ(ʤʦʣʴĀʩ)-1. ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʥʘʩʪʫʧʥʫ ʩʭʝʤʫ ʦʢʠʩʥʝʥʥʷ ɸʌ ʽ 4-ʅɸʌ ʦʟʦʥʦʤ ʟʘ 

ʙʽʯʥʠʤ ʣʘʥʮʶʛʦʤ: 

 
ʍ ï ʥʽʪʨʦʛʨʫʧʘ ʚ ʧʘʨʘ-ʧʦʣʦʞʝʥʥʽ; 

P ï ʧʨʦʜʫʢʪʠ ʦʢʠʩʥʝʥʥʷ ʽ ʦʢʠʩʥʦʛʦ ʜʝʢʘʨʙʦʢʩʠʣʶʚʘʥʥʷ ʢʘʨʙʦʥʦʚʠʭ ʢʠʩʣʦʪ. 
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ɺɿɸɭʄʆɼɯʗ 2-ɸʎʀʃɸʄɯʅʆ-3,3-ɼʀʍʃʆʈʆɸʂʈʀʃʆʅɯʊʈʀʃɯɺ  

ɿ 5-ɸʄɯʅʆʇɯʈɸɿʆʃɸʄʀ 

ɺʝʣʽʛʽʥʘ ɭ. ʉ., ɸʙʜʫʨʘʭʤʘʥʦʚʘ ɽ. ʈ., ʂʘʯʘʻʚʘ ʄ. ɺ., ʇʽʣʴʦ ʉ. ɻ. 

ɯʥʩʪʠʪʫʪ ʙʽʦʦʨʛʘʥʽʯʥʦʾ ʭʽʤʽʾ ʪʘ ʥʘʬʪʦʭʽʤʽʾ ʅɸʅ ʋʢʨʘʾʥʠ 

esma14617@gmail.com 

 

ɯʥʪʝʨʝʩ ʜʦ ʚʠʚʯʝʥʥʷ ʥʦʚʠʭ ʘʟʦʪʦʚʤʽʩʥʠʭ ʛʝʪʝʨʦʮʠʢʣʽʯʥʠʭ ʩʠʩʪʝʤ ʪʘ ʧʦʰʫʢʫ ʥʦʚʠʭ 

ʪʠʧʽʚ ʪʘʢʠʭ ʩʧʦʣʫʢ ʟʫʤʦʚʣʝʥʠʡ ʪʠʤ, ʱʦ ʚʦʥʠ ʚʦʣʦʜʽʶʪʴ ʰʠʨʦʢʠʤ ʩʧʝʢʪʨʦʤ ʙʽʦʣʦʛʽʯʥʦʾ 

ʘʢʪʠʚʥʦʩʪʽ, ʟʦʢʨʝʤʘ, ʧʨʦʪʠʧʫʭʣʠʥʥʦʶ, ʘʥʪʠʙʘʢʪʝʨʽʘʣʴʥʦʶ, ʞʘʨʦʟʥʠʞʫʶʯʦʶ, 

ʘʥʘʣʛʝʪʠʯʥʦʶ, ʧʨʦʪʠʟʘʧʘʣʴʥʦʶ ʪʦʱʦ. ɺ ʯʠʩʣʝʥʥʠʭ ʜʦʩʣʽʜʞʝʥʥʷʭ ʧʦʢʘʟʘʥʘ ʦʯʝʚʠʜʥʘ 

ʨʦʣʴ ʮʠʭ ʩʠʩʪʝʤ ʫ ʚʠʨʦʙʥʠʮʪʚʽ ʝʬʝʢʪʠʚʥʠʭ ʣʽʢʘʨʩʴʢʠʭ ʟʘʩʦʙʽʚ, ʙʘʨʚʥʠʢʽʚ, ʧʝʩʪʠʮʠʜʽʚ ʽ 

ʪ. ʜ. ʊʦʤʫ ʻ ʜʦʮʽʣʴʥʦʶ ʨʦʟʨʦʙʢʘ ʤʝʪʦʜʽʚ ʩʠʥʪʝʟʫ ʪʘ ʧʝʨʝʪʚʦʨʝʥʥʷ ʥʦʚʠʭ ʛʝʪʝʨʦʮʠʢʣʽʯʥʠʭ 

ʩʠʩʪʝʤ, ʚʠʚʯʝʥʥʷ ʾʭ ʭʽʤʽʯʥʠʭ ʪʘ ʙʽʦʣʦʛʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ. 

ʇʦʧʝʨʝʜʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʨʝʘʢʮʽʾ 2-ʘʮʠʣʘʤʽʥʦ-3,3-ʜʠʭʣʦʨʦʘʢʨʠʣʦʥʽʪʨʠʣʽʚ 1 ʟ 

ʥʫʢʣʝʦʬʽʣʘʤʠ ʧʦʢʘʟʘʣʠ, ʱʦ ʚ ʨʝʟʫʣʴʪʘʪʽ ʾʭ ʚʟʘʻʤʦʜʽʾ ʫʪʚʦʨʶʶʪʴʩʷ ʛʝʪʝʨʦʮʠʢʣʽʯʥʽ 

ʧʨʦʜʫʢʪʠ, ʩʝʨʝʜ ʷʢʠʭ ʟʥʘʡʜʝʥʽ ʙʽʦʣʦʛʽʯʥʦ ʘʢʪʠʚʥʽ ʨʝʯʦʚʠʥʠ. ʅʘʰʠʤ ʟʘʚʜʘʥʥʷʤ ʙʫʣʦ 

ʨʦʟʰʠʨʠʪʠ ʩʧʝʢʪʨ ʪʘʢʠʭ ʩʧʦʣʫʢ. ɼʣʷ ʨʝʘʣʽʟʘʮʽʾ ʧʦʩʪʘʚʣʝʥʦʾ ʟʘʜʘʯʽ ʥʘʤʠ ʜʦʩʣʽʜʞʝʥʦ 

ʚʟʘʻʤʦʜʽʶ ʝʥʘʤʽʜʽʚ 1 ʟ ʙʽʥʫʢʣʝʦʬʽʣʘʤʠ 2 ï ʧʦʭʽʜʥʠʤʠ 5-ʘʤʽʥʦʧʽʨʘʟʦʣʫ, ʱʦ ʤʽʩʪʷʪʴ ʨʽʟʥʽ 

ʟʘʤʽʩʥʠʢʠ ʚ ʪʨʝʪʴʦʤʫ ʧʦʣʦʞʝʥʥʽ ʧʽʨʘʟʦʣʴʥʦʛʦ ʢʽʣʴʮʷ. 
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ɺ ʨʝʟʫʣʴʪʘʪʽ ʨʝʘʢʮʽʾ ʯʝʨʝʟ ʧʨʦʤʽʞʥʽ ʧʨʦʜʫʢʪʠ ɸ ʙʫʣʠ ʦʜʝʨʞʘʥʽ ʥʦʚʽ ʢʦʥʜʝʥʩʦʚʘʥʽ 

ʛʝʪʝʨʦʮʠʢʣʽʯʥʽ ʩʧʦʣʫʢʠ 3 ð ʟʘʤʽʱʝʥʽ 2-ʜʠʭʣʦʨʦʤʝʪʠʣʧʽʨʘʟʦʣʦ[1,5-ʘ][1,3,5]ʪʨʠʘʟʠʥʠ. 

ɹʫʜʦʚʘ ʩʠʥʪʝʟʦʚʘʥʠʭ ʨʝʯʦʚʠʥ ʜʦʚʝʜʝʥʘ ʽ ʧʽʜʪʚʝʨʜʞʝʥʘ ʟʘ ʜʦʧʦʤʦʛʦʶ ʝʣʝʤʝʥʪʥʦʛʦ 

ʘʥʘʣʽʟʫ, ʗʄʈ 1ʅ, 13ʉ ʪʘ ɯʏ-ʩʧʝʢʪʨʦʩʢʦʧʽʾ, ʤʘʩ-ʩʧʝʢʪʨʦʤʝʪʨʽʾ, ʘ ʪʘʢʦʞ 

ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʽʟʫ ʦʜʥʦʛʦ ʟ ʧʨʦʜʫʢʪʽʚ ʨʝʘʢʮʽʾ. 
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ɺʇʃʀɺ ʇʆʍɯɼʅʀʍ 3,4-ɼʀɻɯɼʈʆʇɯʈʀʄɯɼʀʅʆʅʋ  

ɿ ʂʆʅɼɽʅʉʆɺɸʅʀʄʀ ɸʈʆʄɸʊʀʏʅʀʄʀ ɿɸʄɯʉʅʀʂɸʄʀ  

ʅɸ ʈʆɿʂʃɸɼ ɻɯɼʈʆʇɽʈʆʂʉʀɼʋ ʂʋʄɽʅʋ 

ɺʝʨʝʛʘ ɹ. ɹ., ʂʨʫʧʠʯ ʉ. ʄ., ɭʬʪʝʥʴʻʚʘ ʈ. ɯ., ʃʷʚʠʥʝʮʴ ʆ. ʉ. 

ʏʝʨʥʽʚʝʮʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ʖʨʽʷ ʌʝʜʴʢʦʚʠʯʘ 

verbor96@gmail.com 

 

ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʜʦʩʠʪʴ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʫʞʝ ʚʽʜʦʤʠʭ ʘʥʪʠʦʢʩʠʜʘʥʪʽʚ, ʧʦʰʫʢ 

ʥʦʚʠʭ ʝʬʝʢʪʠʚʥʽʰʠʭ ʽ ʜʦʩʪʫʧʥʽʰʠʭ ʽʥʛʽʙʽʪʦʨʽʚ ʧʨʦʜʦʚʞʫʻʪʴʩʷ. ʆʩʪʘʥʥʽʤ ʯʘʩʦʤ ʫʚʘʛʘ 

ʜʦʩʣʽʜʥʠʢʽʚ ʟʦʩʝʨʝʜʞʝʥʘ ʥʘ ʚʠʚʯʝʥʥʽ ʘʥʪʠʦʢʩʠʜʘʥʪʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʨʝʯʦʚʠʥ, ʷʢʽ 

ʤʽʩʪʷʪʴ ʜʝʢʽʣʴʢʘ ʘʢʪʠʚʥʠʭ ʮʝʥʪʨʽʚ ʟ ʨʽʟʥʠʤ ʤʝʭʘʥʽʟʤʦʤ ʜʽʾ, ʪʦʙʪʦ ʧʦʣʽʬʫʥʢʮʽʦʥʘʣʴʥʠʭ 

ʽʥʛʽʙʽʪʦʨʽʚ. ɼʦ ʥʠʭ ʤʦʞʥʘ ʚʽʜʥʝʩʪʠ ʧʦʭʽʜʥʽ 3,4-ʜʠʛʽʜʨʦʧʽʨʠʤʽʜʠʥʦʥʫ, ʷʢʽ ʤʽʩʪʷʪʴ ʫ 4-ʤʫ 

ʧʦʣʦʞʝʥʥʽ ʜʠʛʽʜʨʦʧʽʨʠʤʽʜʠʥʦʥʦʚʦʛʦ ʮʠʢʣʫ ʬʝʥʦʣʴʥʝ ʫʛʨʫʧʦʚʘʥʥʷ. ʉʪʘʙʽʣʴʥʽ ʨʘʜʠʢʘʣʠ 
ʪʘʢʦʞ ʟʜʘʪʥʽ ʫʪʚʦʨʶʚʘʪʠ ʩʧʦʣʫʢʠ, ʷʢʽ ʤʽʩʪʷʪʴ ʢʦʥʜʝʥʩʦʚʘʥʽ ʘʨʦʤʘʪʠʯʥʽ ʷʜʨʘ. ʊʦʤʫ 

ʟʘʩʣʫʛʦʚʫʻ ʥʘ ʫʚʘʛʫ ʜʦʩʣʽʜʞʝʥʥʷ ʘʥʪʠʦʢʩʠʜʘʥʪʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʧʦʭʽʜʥʠʭ 

3,4-ʜʠʛʽʜʨʦʧʽʨʠʤʽʜʠʥʦʥʫ, ʷʢʽ ʤʽʩʪʷʪʴ ʫ 4-ʤʫ ʧʦʣʦʞʝʥʥʽ ʜʠʛʽʜʨʦʧʽʨʠʤʽʜʠʥʦʥʦʚʦʛʦ ʮʠʢʣʫ 

ʢʦʥʜʝʥʩʦʚʘʥʝ ʘʨʦʤʘʪʠʯʥʝ ʫʛʨʫʧʦʚʘʥʥʷ, ʚʧʣʠʚ ʷʢʠʭ ʥʘ ʨʦʟʢʣʘʜ ʛʽʨʦʧʝʨʦʢʩʠʜʫ ʢʫʤʝʥʫ 

(ɻʇʂ) ʚʠʚʯʝʥʠʡ ʫ ʜʘʥʽʡ ʨʦʙʦʪʽ. ɺʠʢʦʨʠʩʪʘʥʽ ʥʘʩʪʫʧʥʽ ʩʧʦʣʫʢʠ:  
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ʜʝ R = H; Ar = Ph (I ), 4-ʘʮʝʥʘʬʪʠʣ (II ), 9-ʘʥʪʨʘʥʽʣ (III );  

R = CH3; Ar = Ph (IV ), 4-ʘʮʝʥʘʬʪʠʣ (V), 9-ʘʥʪʨʘʥʽʣ (VI ). 

ɰʭ ʦʪʨʠʤʫʚʘʣʠ ʪʨʠʢʦʤʧʦʥʝʥʪʥʦʶ ʢʦʥʜʝʥʩʘʮʽʻʶ ɹʽʜʞʠʥʝʣʣʽ. 

ʋ ʧʨʠʩʫʪʥʦʩʪʽ I, ʷʢʘ ʤʩ̔ʪʠʪʴ ʫ 4-ʤʫ ʧʦʣʦʞʝʥʥ ̔ ʬʝʥ̔ʣʴʥʠʡ ʟʘʤʩ̔ʥʠʢ, 

ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʜʝʷʢʝ ʩʧʦʚʽʣʴʥʝʥʥʷ ʨʦʟʢʣʘʜʫ ɻʇʂ. ʆʩʢʽʣʴʢʠ ʬʝʥʽʣʴʥʠʡ ʨʘʜʠʢʘʣ ʥʝ 

ʚʦʣʦʜʽʻ ʩʧʦʚʽʣʴʥʶʶʯʦʶ ʜʽʻʶ, ʪʦ ʮʝ ʟʫʤʦʚʣʝʥʦ ʚʧʣʠʚʦʤ ʜʠʛʽʜʨʦʧʽʨʠʤʽʜʠʥʦʥʦʚʦʛʦ ʮʠʢʣʫ. 

ʇʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ II  (ʘʮʝʥʘʬʪʠʣʴʥʠʡ ʟʘʤʽʩʥʠʢ) ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʧʦʜʘʣʴʰʝ ʩʧʦʚʽʣʴʥʝʥʥʷ 

ʧʨʦʮʝʩʫ. ɼʘʥʘ ʩʧʦʣʫʢʘ ʤʽʩʪʠʪʴ ʜʚʽ ʨʝʘʢʮʽʡʥʦ ʟʜʘʪʥʽ ʤʝʪʠʣʝʥʦʚʽ ʛʨʫʧʠ, ʚʽʜ ʷʢʠʭ ʚʽʜʥʦʩʥʦ 

ʣʝʛʢʦ ʚʽʜʨʠʚʘʻʪʴʩʷ ʘʪʦʤ ʛʽʜʨʦʛʝʥʫ ʟ ʫʪʚʦʨʝʥʥʷʤ ʩʪʘʙʽʣʴʥʦʛʦ ʨʘʜʠʢʘʣʘ. ʋ ʧʨʠʩʫʪʥʦʩʪʽ III  

(ʘʥʪʨʘʥʽʣʴʥʠʡ ʟʘʤʽʩʥʠʢ) ʨʦʟʢʣʘʜ ɻʇʂ ʱʝ ʙʽʣʴʰʝ ʛʘʣʴʤʫʻʪʴʩʷ, ʱʦ ʟʫʤʦʚʣʝʥʦ ʫʪʚʦʨʝʥʥʷʤ 

ʩʪʘʙʽʣʴʥʽʰʦʛʦ ʨʘʜʠʢʘʣʘ ʫ 10-ʤʫ ʧʦʣʦʞʝʥʥʽ ʘʥʪʨʘʮʝʥʦʚʦʛʦ ʮʠʢʣʫ. ʆʪʞʝ, ʫ ʩʧʦʣʫʢʘʭ II  ʽ 

III  ʛʘʣʴʤʫʶʯʦʶ ʜʽʻʶ ʚʦʣʦʜʽʻ ʽ ʜʠʛʽʜʨʦʧʽʨʠʤʽʜʠʥʦʥʦʚʠʡ ʮʠʢʣ, ʽ ʢʦʥʜʝʥʩʦʚʘʥʝ ʘʨʦʤʘʪʠʯʥʝ 

ʫʛʨʫʧʦʚʘʥʥʷ. ʉʧʦʚʽʣʴʥʶʶʯʘ ʜʽʷ ʜʦʩʣʽʜʞʝʥʠʭ ʩʧʦʣʫʢ ʫ ʨʝʘʢʮʽʾ ʨʦʟʢʣʘʜʫ ɻʇʂ 

ʟʤʝʥʰʫʻʪʴʩʷ ʫ ʪʘʢʦʤʫ ʨʷʜʫ: III  > II  > I . 

ɼʘʣʽ ʚʠʚʯʝʥʦ ʚʧʣʠʚ ʥʘ ʨʦʟʢʣʘʜ ɻʇʂ ʩʧʦʣʫʢ IV  ï VI, ʫ ʷʢʠʭ ʦʜʠʥ ʘʪʦʤ ʛʽʜʨʦʛʝʥʫ ʫ 

ʩʝʯʦʚʠʥʥʦʤʫ ʬʨʘʛʤʝʥʪʽ ʜʠʛʽʜʨʦʧʽʨʠʤʽʜʠʥʦʥʦʚʦʛʦ ʮʠʢʣʫ ʟʘʤʽʱʝʥʠʡ ʥʘ ʤʝʪʠʣʴʥʫ ʛʨʫʧʫ. 

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʥʘʷʚʥʽʩʪʴ ʤʝʪʠʣʴʥʦʾ ʛʨʫʧʠ ʫ ʩʝʯʦʚʠʥʥʦʤʫ ʬʨʘʛʤʝʥʪʽ 

ʜʠʛʽʜʨʦʧʽʨʠʤʽʜʠʥʦʥʦʚʦʛʦ ʮʠʢʣʫ ʧʨʠʚʦʜʠʪʴ ʜʦ ʟʥʠʞʝʥʥʷ ʛʘʣʴʤʽʚʥʦʾ ʜʽʾ ʧʦʭʽʜʥʠʭ 

3,4-ʜʠʛʽʜʨʦʧʽʨʠʤʽʜʠʥʦʥʫ. ʅʘʡʙʽʣʴʰʝ ʮʝ ʧʨʦʷʚʣʷʻʪʴʩʷ ʫ ʚʠʧʘʜʢʫ ʩʧʦʣʫʢʠ VI  

(ʘʥʪʨʘʥʽʣʦʚʠʡ ʟʘʤʽʩʥʠʢ), ʘ ʥʘʡʤʝʥʰʝ ï ʫ ʚʠʧʘʜʢʫ ʩʧʦʣʫʢʠ IV  (ʬʝʥʽʣʴʥʠʡ ʟʘʤʽʩʥʠʢ). 

ʊʘʢʠʤ ʯʠʥʦʤ, ʽ ʚ ʧʨʦʮʝʩʽ ʨʦʟʢʣʘʜʫ ɻʇʂ ʜʠʛʽʜʨʦʧʽʨʠʤʽʜʠʥʦʥʦʚʠʡ ʮʠʢʣ ʚʦʣʦʜʽʻ 

ʩʧʦʚʽʣʴʥʶʶʯʦʶ ʜʽʻʶ, ʤʘʙʫʪʴ, ʟʘ ʨʘʭʫʥʦʢ ʛʘʣʴʤʫʚʘʥʥʷ ʽʥʜʫʢʦʚʘʥʦʛʦ ʨʦʟʢʣʘʜʫ 

ʛʽʜʨʦʧʝʨʦʢʩʠʜʫ ʚʥʘʩʣʽʜʦʢ ʫʪʚʦʨʝʥʥʷ ʩʪʘʙʽʣʴʥʽʰʠʭ ʨʘʜʠʢʘʣʽʚ. 

ʆʪʞʝ, ʧʦʭʽʜʥʽ 3,4-ʜʠʛʽʜʨʦʧʽʨʠʤʽʜʠʥʦʥʫ, ʷʢʽ ʤʽʩʪʷʪʴ ʫ 4-ʤʫ ʧʦʣʦʞʝʥʥʽ 

ʜʠʛʽʜʨʦʧʽʨʠʤʽʜʠʥʦʥʦʚʦʛʦ ʮʠʢʣʫ ʢʦʥʜʝʥʩʦʚʘʥʽ ʘʨʦʤʘʪʠʯʥʽ ʷʜʨʘ, ʤʦʞʫʪʴ ʙʫʪʠ 

ʧʝʨʩʧʝʢʪʠʚʥʠʤʠ ʘʥʪʠʦʢʩʠʜʘʥʪʥʠʤʠ ʩʠʩʪʝʤʘʤʠ.  
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ʆɼɽʈɾɸʅʅʗ ʇɽɻɽʃʔʆɺɸʅʀʍ ɸʅʊʀɹɯʆʊʀʂɯɺ ɼʃʗ ɺɽʊɽʈʀʅɸʈɯɰ 

ɺʠʥʥʠʮʴʢʘ ʉ. ɯ.1, ɼʨʦʥʴ ɯ. ɸ.1, ɻʝʨʤʘʥʦʚʠʯ ʉ. ɹ.1, ʉʘʤʘʨʠʢ ɺ. ʗ.1,  

ɯʣʴʢʦʚ ʆ. ʆ.2, ʆʩʪʘʧʽʚ ɼ. ɼ.2 

1ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çʃʴʚʽʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè 
2ɯʥʩʪʠʪʫʪ ʙʽʦʣʦʛʽʾ ʪʚʘʨʠʥ ʅɸɸʅ 

kwito4ka12@gmail.com 

 

ɸʥʪʠʙʽʦʪʠʢʠ ʫ ʩʢʣʘʜʽ ʧʦʣʽʤʝʨʥʠʭ ʤʦʣʝʢʫʣ ʚʦʣʦʜʽʶʪʴ ʧʽʜʚʠʱʝʥʦʶ ʟʜʘʪʥʽʩʪʶ ʜʦ 

ʪʨʘʥʩʧʦʨʪʫ ʚ ʢʣʽʪʠʥʫ. ʋ ʜʝʷʢʠʭ ʚʠʧʘʜʢʘʭ ʮʝ ʚʠʨʽʰʫʻ ʧʨʦʙʣʝʤʫ ʨʝʟʠʩʪʝʥʪʥʦʩʪʽ 

ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ ʜʦ ʘʥʪʠʙʽʦʪʠʢʽʚ. ɺ ʜʘʥʽʡ ʨʦʙʦʪʽ ʨʦʟʨʦʙʣʝʥʦ ʤʝʪʦʜʠʢʫ ʦʜʝʨʞʘʥʥʷ 

ʧʝʛʝʣʴʦʚʘʥʦʛʦ ʘʥʪʠʙʽʦʪʠʢʘ. ʆʙôʻʢʪʦʤ ʜʦʩʣʽʜʞʝʥʴ ʙʫʣʦ ʦʙʨʘʥʦ ʝʥʨʦʬʣʦʢʩʘʮʠʥ, 

ʧʨʝʜʩʪʘʚʥʠʢ ʛʨʫʧʠ ʬʪʦʨʭʽʥʦʣʦʥʽʚ, ʱʦ ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʫ ʚʝʪʝʨʠʥʘʨʽʾ ʥʘ 

ʩʴʦʛʦʜʥʽ. ʅʘʷʚʥʽʩʪʴ ʫ ʤʦʣʝʢʫʣʽ ʜʘʥʦʛʦ ʘʥʪʠʙʽʦʪʠʢʘ ʨʝʘʢʮʽʡʥʦʟʜʘʪʥʦʾ ʢʘʨʙʦʢʩʠʣʴʥʦʾ 
ʛʨʫʧʠ ʨʦʙʠʪʴ ʤʦʞʣʠʚʠʤ ʧʨʦʚʝʜʝʥʥʷ ʤʦʜʠʬʽʢʘʮʽʾ ʡʦʛʦ ʩʪʨʫʢʪʫʨʠ ʟ ʦʜʝʨʞʘʥʥʷʤ ʥʦʚʠʭ 

ʘʥʪʠʙʘʢʪʝʨʽʘʣʴʥʠʭ ʧʨʝʧʘʨʘʪʽʚ. ɺʘʞʣʠʚʠʤ ʧʨʠ ʪʘʢʽʡ ʤʦʜʠʬʽʢʘʮʽʾ ʻ ʟʙʝʨʝʞʝʥʥʷ 

ʙʘʢʪʝʨʠʮʠʜʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʧʨʝʧʘʨʘʪʫ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʤʝʪʦʜʫ ʤʦʜʠʬʽʢʘʮʽʾ ʪʘ ʰʣʷʭʫ ʾʾ 

ʧʨʦʚʝʜʝʥʥʷ. ɺ ʭʦʜʽ ʩʪʚʦʨʝʥʥʷ ʤʝʪʦʜʫ ʦʜʝʨʞʘʥʥʷ ʝʥʨʦʬʣʦʢʩʘʮʠʥʫ, ʤʦʜʠʬʽʢʦʚʘʥʦʛʦ 

ʧʦʣʽʝʪʠʣʝʥʛʣʽʢʦʣʝʚʠʤʠ ʣʘʥʮʶʛʘʤʠ ʨʦʟʛʣʷʜʘʣʠʩʴ ʥʘʩʪʫʧʥʽ ʨʝʘʢʮʽʾ: ʧʨʷʤʘ ʝʩʪʝʨʠʬʽʢʘʮʽʷ 

ʢʘʨʙʦʢʩʠʣʴʥʠʭ ʛʨʫʧ (ʨʝʘʢʮʽʷ ʨʝʬʣʶʢʩ), ʝʩʪʝʨʠʬʽʢʘʮʽʷ ʟʘ ʨʝʘʢʮʽʻʶ ʉʪʝʛʣʽʭʘ ʪʘ ʦʜʝʨʞʘʥʥʷ 

ʝʩʪʝʨʽʚ ʯʝʨʝʟ ʧʨʦʤʽʞʥʝ ʫʪʚʦʨʝʥʥʷ ʭʣʦʨʘʥʛʽʜʨʠʜʽʚ. 

 

 
 

ʋ ʨʦʙʦʪʽ ʧʦʢʘʟʘʥʦ, ʱʦ ʥʘʡʙʽʣʴʰ ʧʨʠʜʘʪʥʠʤ ʜʣʷ ʦʜʝʨʞʘʥʥʷ ʤʦʜʠʬʽʢʦʚʘʥʦʛʦ 

ʝʥʨʦʬʣʦʢʩʘʮʠʥʫ ʻ ʰʣʷʭ ʯʝʨʝʟ ʧʨʦʤʽʞʥʝ ʫʪʚʦʨʝʥʥʷ ʡʦʛʦ ʭʣʦʨʘʥʛʽʜʨʠʜʫ ʚ ʜʚʽ ʩʪʘʜʽʾ. ʅʘ 

ʧʝʨʰʽʡ ʩʪʘʜʽʾ ʭʣʦʨʘʥʛʽʜʨʠʜ ʝʥʨʦʬʣʦʢʩʘʮʠʥʫ ʦʜʝʨʞʫʚʘʣʠ ʯʝʨʝʟ ʡʦʛʦ ʚʟʘʻʤʦʜʽʶ ʟ ʪʽʦʥʽʣʦʤ 

ʭʣʦʨʠʩʪʠʤ ʚ ʩʝʨʝʜʦʚʠʱʽ ɼʄʌɸ ʧʨʠ 50 Áʉ, ʧʨʦʪʷʛʦʤ 5 ʛʦʜ. ɼʨʫʛʘ ʩʪʘʜʽʷ ï ʦʜʝʨʞʘʥʥʷ 

ʧʝʛʝʣʴʦʚʘʥʦʛʦ ʘʥʪʠʙʽʦʪʠʢʘ ï ʚ ʧʨʠʩʫʪʥʦʩʪʽ ʪʨʠʝʪʠʣʘʤʽʥʫ, 70 Áʉ, ʧʨʦʪʷʛʦʤ 12 ʛʦʜ. 

ʏʠʩʪʦʪʘ ʧʨʦʜʫʢʪʫ ʟʘ ʜʘʥʠʤʠ ʚʠʩʦʢʦʝʬʝʢʪʠʚʥʦʾ ʨʽʜʠʥʥʦʾ ʭʨʦʤʘʪʦʛʨʘʬʽʾ ʩʪʘʥʦʚʠʪʴ 98 % 

ʧʨʠ ʟʘʛʘʣʴʥʦʤʫ ʚʠʭʦʜʽ 70ï85 %. 

ɺʠʭʽʜ ʧʨʦʜʫʢʪʫ ʧʨʠ ʧʨʷʤʽʡ ʝʩʪʝʨʠʬʽʢʘʮʽʾ ʪʘ ʟʘ ʨʝʘʢʮʽʻʶ ʉʪʝʛʣʽʭʘ ʥʝ ʧʝʨʝʚʠʱʫʚʘʚ 

20ï25 %, ʟ ʚʝʣʠʢʦʶ ʢʽʣʴʢʽʩʪʶ ʧʨʦʜʫʢʪʽʚ ʦʩʤʦʣʝʥʥʷ (ʫ ʚʠʧʘʜʢʫ ʨʝʬʣʶʢʩ) ʪʘ ʧʨʦʜʫʢʪʽʚ 

ʧʝʨʝʛʨʫʧʫʚʘʥʥʷ (ʫ ʚʠʧʘʜʢʫ ʨʝʘʢʮʽʾ ʉʪʝʛʣʽʭʘ), ʱʦ ʥʝ ʜʦʟʚʦʣʠʣʦ ʚʠʜʽʣʠʪʠ ʧʨʦʜʫʢʪʠ 

ʨʝʘʢʮʽʡ. 

ɸʥʪʠʙʘʢʪʝʨʽʘʣʴʥʫ ʘʢʪʠʚʥʽʩʪʴ ʧʝʛʝʣʴʦʚʘʥʦʛʦ ʘʥʪʠʙʽʦʪʠʢʘ ʜʦʩʣʽʜʞʫʚʘʣʠ ʤʝʪʦʜʦʤ 

ʩʝʨʽʡʥʠʭ ʨʦʟʚʝʜʝʥʴ ʧʨʠ ʽʥʢʫʙʘʮʽʾ ʜʦʩʣʽʜʥʠʭ ʧʨʦʙ ʧʨʠ 37 ʧʨʦʪʷʛʦʤ 22 ʽ 44 ʛʦʜʠʥ. ʂʽʣʴʢʽʩʪʴ 

ʤʽʢʨʦʙʥʠʭ ʢʣʽʪʠʥ (Pseudomonas aeruginosa) ʨʝʻʩʪʨʫʚʘʣʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʬʦʪʦʢʘʣʦʨʠʤʝʪʨʘ. 

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʘʥʪʠʙʘʢʪʝʨʽʘʣʴʥʘ ʘʢʪʠʚʥʽʩʪʴ ʤʦʜʠʬʽʢʦʚʘʥʦʛʦ ʝʥʨʦʬʣʦʢʩʘʮʠʥʫ ʚ 8 ʨʘʟʽʚ 

ʚʠʱʘ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʚʠʭʽʜʥʠʤ ʘʥʪʠʙʽʦʪʠʢʦʤ. ʊʘʢʠʤ ʯʠʥʦʤ ʧʦʢʘʟʘʥʦ, ʱʦ ʤʦʜʠʬʽʢʘʮʽʷ 

ʝʥʨʦʬʣʦʢʩʘʮʠʥʫ ʧʦ ʚʽʣʴʥʽʡ ʢʘʨʙʦʢʩʠʣʴʥʽʡ ʛʨʫʧʽ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʽʜʚʠʱʝʥʥʷ ʡʦʛʦ 

ʘʥʪʠʙʘʢʪʝʨʽʘʣʴʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ. 
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ʉʀʅʊɽɿ 3-ɹɽʅɿʀʃɻɽʂʉɸɻʀɼʈʆʇʀʈʈʆʃʆ[1,2-ʘ]ʇʀʈɸɿʀʅ-1,4-ɼʀʆʅɸ  

ʀ 3-ʀɿʆɹʋʊʀʃɻɽʂʉɸɻʀɼʈʆʇʀʈʈʆʃʆ[1,2-ʘ]ʇʀʈɸɿʀʅ-1,4-ɼʀʆʅɸ 

ɻʘʡʜʫʢʝʚʠʯ ɺ. ɸ., ʇʦʧʦʚʘ ʃ. ɸ., ʂʥʠʞʥʠʢʦʚ ɺ. ɸ. 

ʀʥʩʪʠʪʫʪ ʬʠʟʠʢʦ-ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʅʘʮʠʦʥʘʣʴʥʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ ɹʝʣʘʨʫʩʠ,  

220072, ɹʝʣʘʨʫʩʴ, ʛ. ʄʠʥʩʢ, ʫʣ. ʉʫʨʛʘʥʦʚʘ, 13;  

veronika_haidukevich@mail.ru 

 

ʎʠʢʣʠʯʝʩʢʠʝ ʜʠʧʝʧʪʠʜʳ (ʪʘʢʞʝ ʠʟʚʝʩʪʥʳʝ ʢʘʢ 2,5-ʜʠʢʝʪʦʧʠʧʝʨʘʟʠʥʳ), ʚ ʪ. ʯ. 

3-ʙʝʥʟʠʣʛʝʢʩʘʛʠʜʨʦʧʠʨʨʦʣʦ[1,2-a]ʧʠʨʘʟʠʥ-1,4-ʜʠʦʥ [(ʮʠʢʣʦ(L-Pro-L-Phe)] ʠ 3-ʠʟʦʙʫʪʠʣ-

ʛʝʢʩʘʛʠʜʨʦʧʠʨʨʦʣʦ[1,2-a]ʧʠʨʘʟʠʥ-1,4-ʜʠʦʥ [(ʮʠʢʣʦ(L-Pro-L-Leu)], ʧʨʦʷʚʣʷʶʪ 

ʧʨʦʪʠʚʦʦʧʫʭʦʣʝʚʫʶ, ʧʨʦʪʠʚʦʚʠʨʫʩʥʫʶ ʠ ʘʥʪʠʛʠʧʝʨʛʣʠʢʝʤʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ, 

ʜʝʡʩʪʚʫʶʪ ʢʘʢ ʧʨʦʪʠʚʦʛʨʠʙʢʦʚʳʝ ʠ ʘʥʪʠʙʘʢʪʝʨʠʘʣʴʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʠ ʤʦʛʫʪ ʥʘʡʪʠ 

ʧʨʠʤʝʥʝʥʠʝ ʚ ʤʝʜʠʮʠʥʝ. 

ɼʣʷ ʩʠʥʪʝʟʘ ʮʠʢʣʦ-(L-Pro-L-Phe) ʤʳ ʠʩʧʦʣʴʟʦʚʘʣʠ ʢʘʢ ʛʠʜʨʦʭʣʦʨʠʜ ʤʝʪʠʣʦʚʦʛʦ 

ʵʬʠʨʘ L-ʧʨʦʣʠʣ-L-ʬʝʥʠʣʘʣʘʥʠʥʘ, ʪʘʢ ʠ ʛʠʜʨʦʭʣʦʨʠʜ ʤʝʪʠʣʦʚʦʛʦ ʵʬʠʨʘ L-ʬʝʥʠʣʘʣʘʥʠʣ-

L-ʧʨʦʣʠʥʘ. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʜʣʷ ʩʠʥʪʝʟʘ ʮʠʢʣʦ-(L-Pro-L-Leu) ï ʛʠʜʨʦʭʣʦʨʠʜ ʤʝʪʠʣʦʚʦʛʦ 

ʵʬʠʨʘ L-ʧʨʦʣʠʣ-L-ʣʝʡʮʠʥʘ ʠ ʛʠʜʨʦʭʣʦʨʠʜ ʤʝʪʠʣʦʚʦʛʦ ʵʬʠʨʘ L-ʣʝʡʮʠʣ-L-ʧʨʦʣʠʥʘ. 

 

ɹʳʣ ʩʜʝʣʘʥ ʚʳʚʦʜ, ʯʪʦ ʧʫʪʴ ʧʦʣʫʯʝʥʠʷ ʮʠʢʣʦ-(L-Pro-L-Phe) ʠ ʮʠʢʣʦ-(L-Pro-L-

Leu), ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʤʝʪʠʣʦʚʦʛʦ ʵʬʠʨʘ 

ʧʨʦʣʠʥʘ ʠ ʪʨʝʪ-ʙʫʪʠʣʦʢʩʠʢʘʨʙʦʥʠʣʬʝʥʠʣʘʣʘʥʠʥʘ ʠʣʠ ʪʨʝʪ-

ʙʫʪʠʣʦʢʩʠʢʘʨʙʦʥʠʣʣʝʡʮʠʥʘ, ʷʚʣʷʝʪʩʷ ʙʦʣʝʝ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʳʤ, ʪʘʢ ʢʘʢ ʧʦʟʚʦʣʷʝʪ 

ʠʟʙʝʞʘʪʴ ʜʣʠʪʝʣʴʥʦʛʦ ʥʘʛʨʝʚʘ ʚ ʚʳʩʦʢʦʢʠʧʷʱʝʤ ʨʘʩʪʚʦʨʠʪʝʣʝ ʥʘ ʧʦʩʣʝʜʥʝʡ ʩʪʘʜʠʠ 

ʩʠʥʪʝʟʘ. 
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ɺʀʂʆʈʀʉʊɸʅʅʗ 1,2-ɹɽʅɿʆʂʉɸʊɯɰʅ-4(3ʅ)-ʆʅ 2,2-ɼɯʆʂʉʀɼʋ 

ɺ ʊʈʀʂʆʄʇʆʅɽʅʊʅʆʄʋ ʉʀʅʊɽɿɯ 2-ɸʄɯʅʆ-4-R-4H-

ʇɯʈɸʅʆ[3,2-C][1,2]ɹɽʅɿʆʂʉɸʊɯɰʅ-3-ʂɸʈɹʆʅɯʊʈʀʃ 5,5-ɼɯʆʂʉʀɼɯɺ 

ɻʨʠʛʦʨʽʚ ɻ. ɺ., ʃʝʛʘ ɼ. ʆ., ʏʝʨʥʠʭ ɺ. ʇ., ʐʝʤʯʫʢ ʃ. ɸ. 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʬʘʨʤʘʮʝʚʪʠʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, ʍʘʨʢʽʚ 

galkagrigoriv@gmail.com 

 
ɻʝʪʝʨʦʮʠʢʣʽʯʥʘ ʩʠʩʪʝʤʘ 2-ʘʤʽʥʦ-4ʅ-ʧʽʨʘʥʫ ʥʘʣʝʞʠʪʴ ʜʦ ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʙʘʟʦʚʠʭ 

ʩʪʨʫʢʪʫʨ, ʷʢʽ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʟʘʜʣʷ ʧʦʰʫʢʫ ʥʦʚʠʭ ʙʽʦʣʦʛʽʯʥʦ ʘʢʪʠʚʥʠʭ 

ʨʝʯʦʚʠʥ. ʅʘ ʜʘʥʠʡ ʯʘʩ ʜʣʷ ʧʦʭʽʜʥʠʭ ʜʘʥʦʛʦ ʨʷʜʫ ʩʧʦʣʫʢ ʙʫʣʦ ʚʩʪʘʥʦʚʣʝʥʦ ʟʦʢʨʝʤʘ ʪʘʢʽ 

ʨʽʟʥʦʚʠʜʠ ʙʽʦʣʦʛʽʯʥʦʾ ʘʢʪʠʚʥʦʩʪʽ, ʷʢ ʧʨʦʪʠʧʫʭʣʠʥʥʘ, ʘʥʪʠʙʘʢʪʝʨʽʘʣʴʥʘ ʪʘ ʧʨʦʪʠʟʘʧʘʣʴʥʘ. 

ɺ ʩʠʥʪʝʟʽ ʧʦʭʽʜʥʠʭ 2-ʘʤʽʥʦ-4ʅ-ʧʽʨʘʥʫ ʰʠʨʦʢʦ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʙʘʛʘʪʦʢʦʤʧʦʥʝʥʪʥʽ 

ʨʝʘʢʮʽʾ. ʇʦʜʽʙʥʠʡ ʧʽʜʭʽʜ ʻ ʟʨʫʯʥʠʤ ʪʘ ʝʬʝʢʪʠʚʥʠʤ ʽʥʩʪʨʫʤʝʥʪʦʤ ʩʫʯʘʩʥʦʾ ʦʨʛʘʥʽʯʥʦʾ 

ʭʽʤʽʾ ʪʘ ʜʦʟʚʦʣʷʻ ʰʚʠʜʢʦ ʩʠʥʪʝʟʫʚʘʪʠ ʨʷʜʠ ʥʦʚʠʭ ʩʧʦʣʫʢ ʟ ʤʝʪʦʶ ʧʦʜʘʣʴʰʠʭ ʜʦʩʣʽʜʞʝʥʴ 

ʾʭ ʬʘʨʤʘʢʦʣʦʛʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ.  

ʊʘʢ, ʜʣʷ ʩʠʥʪʝʟʫ ʧʦʭʽʜʥʠʭ 2-ʘʤʽʥʦ-4ʅ-ʧʽʨʘʥʫ ʥʘʡʯʘʩʪʽʰʝ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ 

ʚʟʘʻʤʦʜʽʷ ʝʥʦʣʥʫʢʣʝʦʬʽʣʽʚ, ʤʝʪʠʣʝʥʘʢʪʠʚʥʠʭ ʥʽʪʨʠʣʽʚ ʪʘ ʢʘʨʙʦʥʽʣʴʥʠʭ ʩʧʦʣʫʢ, ʱʦ 

ʥʘʣʝʞʠʪʴ ʜʦ ʧʝʨʝʪʚʦʨʝʥʴ ʪʠʧʫ ʂʥʝʚʝʥʘʛʝʣʷ/ʄʽʭʘʝʣʷ/ʛʝʪʝʨʦ-ʊʦʨʧʘ-ʎʠʛʣʝʨʘ. ʇʦʻʜʥʘʥʥʷ 

ʫ ʜʘʥʽʡ ʜʦʤʽʥʦ-ʨʝʘʢʮʽʾ ʚʠʰʝʟʛʘʜʘʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ, ʷʢʽ ʥʘʣʝʞʘʪʴ ʜʦ ʨʽʟʥʠʭ ʢʣʘʩʽʚ 

ʦʨʛʘʥʽʯʥʠʭ ʩʧʦʣʫʢ ʟʘʙʝʟʧʝʯʫʻ ʩʪʨʫʢʪʫʨʥʫ ʨʽʟʥʦʤʘʥʽʪʥʽʩʪʴ ʮʽʣʴʦʚʠʭ 2-ʘʤʽʥʦ-4ʅ-ʧʽʨʘʥʽʚ. 

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʜʘʥʠʭ ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʞʝʨʝʣ ʫ ʥʘʚʝʜʝʥʽʡ ʨʝʘʢʮʽʾ ʷʢ ʤʝʪʠʣʝʥʘʢʪʠʚʥʽ ʥʽʪʨʠʣʠ 

ʥʘʡʯʘʩʪʽʰʝ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʤʘʣʦʥʦʜʠʥʽʪʨʠʣ ʪʘ ʝʩʪʝʨʠ ʮʽʘʥʦʮʪʦʚʦʾ ʢʠʩʣʦʪʠ. ʂʘʨʙʦʥʽʣʴʥʽ 

ʩʧʦʣʫʢʠ ʧʨʝʜʩʪʘʚʣʝʥʽ ʧʝʨʝʚʘʞʥʦ ʘʨʦʤʘʪʠʯʥʠʤʠ ʘʣʴʜʝʛʽʜʘʤʠ. ʅʘʡʨʽʟʥʦʤʘʥʽʪʥʽʰʦʶ ʻ 

ʛʨʫʧʘ ʝʥʦʣʥʫʢʣʝʦʬʽʣʽʚ, ʱʦ ʚʢʣʶʯʘʻ ʜʠʢʝʪʦʥʠ, ʢʝʪʦʝʩʪʝʨʠ, ʮʽʘʥʦʢʝʪʦʥʠ, ʥʽʪʨʦʢʝʪʦʥʠ ʪʘ 

ʽʥʰʽ ʪʠʧʠ ʩʧʦʣʫʢ ʜʘʥʦʛʦ ʢʣʘʩʫ. 

ʋ ʜʘʥʦʤʫ ʜʦʩʣʽʜʞʝʥʥʽ ʥʘʤʠ ʙʫʣʦ ʚʠʢʦʨʠʩʪʘʥʦ ʥʦʚʠʡ ʝʥʦʣʥʫʢʣʝʦʬʽʣ ï 

1,2-ʙʝʥʟʦʢʩʘʪʽʾʥ-4(3ʅ)-ʦʥ 2,2-ʜʽʦʢʩʠʜ 1, ʫ ʚʠʱʝʟʛʘʜʘʥʦʤʫ ʪʨʠʢʦʤʧʦʥʝʥʪʥʦʤʫ ʧʽʜʭʦʜʽ ʜʦ 

ʩʠʥʪʝʟʫ 2-ʘʤʽʥʦ-4ʅ-ʧʽʨʘʥʽʚ. ʗʢ ʢʘʨʙʦʥʽʣʴʥʫ ʢʦʤʧʦʥʝʥʪʫ ʙʫʣʦ ʦʙʨʘʥʦ ʛʝʪʝʨʦʮʠʢʣʽʯʥʽ ʪʘ 

ʘʣʽʮʠʢʣʽʯʥʽ ʘʣʴʜʝʛʽʜʠ 3a-g, ʷʢʽ ʪʘʢʦʞ ʤʘʣʦ ʜʦʩʣʽʜʞʝʥʽ ʫ ʨʝʘʢʮʽʷʭ ʜʘʥʦʛʦ ʪʠʧʫ. ʅʘʤʠ 

ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʚʟʘʻʤʦʜʽʷ ʩʧʦʣʫʢ 1 ʪʘ 3a-g ʟ ʤʘʣʦʥʦʜʠʥʽʪʨʠʣʦʤ 2 ʫ ʩʝʨʝʜʦʚʠʱʽ ʝʪʘʥʦʣʫ 

ʚ ʧʨʠʩʫʪʥʦʩʪʽ ʢʘʪʘʣʽʪʠʯʥʦʾ ʢʽʣʴʢʦʩʪʽ ʪʨʠʝʪʠʣʘʤʽʥʫ ʧʨʠ ʢʽʤʥʘʪʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ ʧʨʠʚʦʜʠʣʘ 

ʜʦ ʦʜʥʦʟʥʘʯʥʦʛʦ ʫʪʚʦʨʝʥʥʷ ʥʦʚʦʛʦ ʩʪʨʫʢʪʫʨʥʦʛʦ ʢʣʘʩʫ ʢʦʥʜʝʥʩʦʚʘʥʠʭ ʛʝʪʝʨʦʮʠʢʣʽʚ ï 

2-ʘʤʽʥʦ-4-R-4H-ʧʽʨʘʥʦ[3,2-c][1,2]ʙʝʥʟʦʢʩʘʪʽʾʥ-3-ʢʘʨʙʦʥʽʪʨʠʣ 5,5-ʜʽʦʢʩʠʜʽʚ 4a-g ʽʟ 

ʧʦʤʽʨʥʠʤʠ ʪʘ ʚʠʩʦʢʠʤʠ ʚʠʭʦʜʘʤʠ. ʆʜʝʨʞʘʥʽ ʨʝʯʦʚʠʥʠ ʥʝ ʧʦʪʨʝʙʫʚʘʣʠ ʧʦʜʘʣʴʰʦʛʦ 

ʦʯʠʱʝʥʥʷ. 

 
ʉʪʨʫʢʪʫʨʫ ʩʠʥʪʝʟʦʚʘʥʠʭ ʩʧʦʣʫʢ ʙʫʣʦ ʧʽʜʪʚʝʨʜʞʝʥʦ ʤʝʪʦʜʦʤ 1ʅ ʗʄʈ 

ʩʧʝʢʪʨʦʩʢʦʧʽʾ ʪʘ ʝʣʝʤʝʥʪʥʠʤ ʘʥʘʣʽʟʦʤ. 
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ɸʄɯʅʆʄɽʊʀʃʖɺɸʅʅʗ ʋʄɹɽʃɯʌɽʈʆʅʋ ɿɸ ʋʏɸʉʊʖ ɸʄɯʅʆʉʇʀʈʊɯɺ 

ɼʘʥʠʣʴʯʝʥʢʦ ɺ. ɭ.1, ʌʨʘʩʠʥʶʢ ʄ. ʉ.2, ɹʦʥʜʘʨʝʥʢʦ ʉ. ʇ.1 

1ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʭʘʨʯʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʂʠʾʚ, ʋʢʨʘʾʥʘ 
2ɯʥʩʪʠʪʫʪ ʙʽʦʦʨʛʘʥʽʯʥʦʾ ʭʽʤʽʾ ʽ ʥʘʬʪʦʭʽʤʽʾ ʅɸʅ ʋʢʨʘʾʥʠ 

vladdanilchenkodune@gmail.com 

 

ʗʢ ʚʽʜʦʤʦ, ʘʤʽʥʦʤʝʪʠʣʶʚʘʥʥʷ ʬʝʥʦʣʽʚ ʟʘ ʫʯʘʩʪʶ ʘʤʽʥʦʩʧʠʨʪʽʚ ʧʨʦʪʽʢʘʻ 

ʥʝʦʜʥʦʟʥʘʯʥʦ ʽ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʫʪʚʦʨʝʥʥʷʤ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʧʨʦʜʫʢʪʽʚ ʨʝʘʢʮʽʾ, ʱʦ 

ʟʘʣʝʞʠʪʴ ʚʽʜ ʫʤʦʚ ʧʨʦʚʝʜʝʥʥʷ ʨʝʘʢʮʽʾ ʪʘ ʩʪʨʫʢʪʫʨʠ ʚʠʭʽʜʥʠʭ ʨʝʯʦʚʠʥ. ʄʝʪʦʶ ʜʘʥʦʾ 

ʨʦʙʦʪʠ ʙʫʣʦ ʚʠʚʯʝʥʥʷ ʚʟʘʻʤʦʜʽʾ ʫʤʙʝʣʽʬʝʨʦʥʫ (7-ʛʽʜʨʦʢʩʠʢʫʤʘʨʠʥʫ) ʟ 

1,ɤ-ʘʤʽʥʦʩʧʠʨʪʘʤʠ ʚ ʫʤʦʚʘʭ ʨʝʘʢʮʽʾ ʄʘʥʥʽʭʘ. 

ʗʢ ʚʠʷʚʠʣʦʩʴ, ʨʝʘʢʮʽʷ ʄʘʥʥʽʭʘ ʟʘ ʫʯʘʩʪʶ ʘʤʽʥʦʝʪʘʥʦʣʫ ʪʘ ʥʘʜʣʠʰʢʫ ʬʦʨʤʘʣʽʥʫ ʚ 

ʧʨʦʧʘʥʦʣʽ-2 ʚ ʧʨʠʩʫʪʥʦʩʪʽ ʢʘʪʘʣʽʪʠʯʥʦʾ ʢʽʣʴʢʦʩʪʽ 4-N,N-ʜʠʤʝʪʠʣʘʤʽʥʦʧʽʨʠʜʠʥʫ (DMAP) 

ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʫʪʚʦʨʝʥʥʷʤ 7-ʛʽʜʨʦʢʩʠ-8-(1,3-ʦʢʩʘʟʦʣʽʜʠʥ-3-ʽʣʤʝʪʠʣ)-2H-ʭʨʦʤʝʥ-2-

ʦʥʫ 2 ʪʘ 9,10-ʜʠʛʽʜʨʦ-2H,8H-ʭʨʦʤʝʥʦ[8,7-e][1,3]ʦʢʩʘʟʠʥ-2-ʦʥʫ 3.  

ɿʘ ʜʦʧʦʤʦʛʦʶ ʗʄʈ ʩʧʝʢʪʨʦʩʢʦʧʽʯʥʠʭ ʤʝʪʦʜʽʚ ʧʽʜʪʚʝʨʜʞʝʥʦ, ʱʦ ʧʨʦʜʫʢʪʠ 2 ʽ 3 ̒  

ʨʽʚʥʦʚʘʞʥʠʤʠ ʪʘʫʪʦʤʝʨʥʠʤʠ ʬʦʨʤʘʤʠ.  
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ʇʦʢʘʟʘʥʦ, ʱʦ ʘʤʽʥʦʤʝʪʠʣʶʚʘʥʥʷ ʫʤʙʝʣʽʬʝʨʦʥʫ 1 ʟʘ ʫʯʘʩʪʶ 3-ʘʤʽʥʦʧʨʦʧʘʥ-1-ʦʣʫ 

ʪʘ ʬʦʨʤʘʣʴʜʝʛʽʜʫ ʧʨʦʪʽʢʘʻ ʟ ʫʪʚʦʨʝʥʥʷʤ ʧʝʨʝʚʘʞʥʦ 2-(1,3-ʦʢʩʘʟʠʥʘʥʽʣ)ʤʝʪʠʣʴʥʠʭ 

ʧʦʭʽʜʥʠʭ 2. ʈʘʟʦʤ ʟ ʪʠʤ, ʫ ʚʠʧʘʜʢʫ 4-ʘʤʽʥʦʙʫʪʘʥ-1-ʦʣʫ ʘʙʦ 5-ʘʤʽʥʦʧʝʥʪʘʥ-1-ʦʣʫ 

ʧʨʦʜʫʢʪʦʤ ʘʤʽʥʦʤʝʪʠʣʶʚʘʥʥʷ ʙʫʚ ʧʝʨʝʚʘʞʥʦ ʪʘʫʪʦʤʝʨ 3, ʘ 2 ï ʘʙʦ ʫʪʚʦʨʶʚʘʚʩʷ ʚ 

ʥʝʟʥʘʯʥʽʡ ʢʽʣʴʢʦʩʪʽ, ʘʙʦ ʞ ʙʫʚ ʚʽʜʩʫʪʥʽʡ.  

ɼʠʥʘʤʽʯʥʘ ʨʽʚʥʦʚʘʛʘ ʤʽʞ ʪʘʫʪʦʤʝʨʘʤʠ ʟʥʘʯʥʦʶ ʤʽʨʦʶ ʟʘʣʝʞʠʪʴ ʚʽʜ ʨʦʟʯʠʥʥʠʢʘ. 

ʊʘʢ, ʚ ʤʘʣʦʧʦʣʷʨʥʦʤʫ ʜʝʡʪʝʨʦʭʣʦʨʦʬʦʨʤʽ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʟʩʫʚ ʨʽʚʥʦʚʘʛʠ ʚ ʩʪʦʨʦʥʫ 

ʫʪʚʦʨʝʥʥʷ ʪʘʫʪʦʤʝʨʘ 3, ʘ ʚ ʨʦʟʯʠʥʽ ʧʦʣʷʨʥʦʛʦ ʜʝʡʪʝʨʦʜʠʤʝʪʠʣʩʫʣʴʬʦʢʩʠʜʫ ʨʽʚʥʦʚʘʛʘ 

ʟʤʽʱʫʻʪʴʩʷ ʚ ʩʪʦʨʦʥʫ 1,3-ʦʢʩʘʟʠʥʦʚʦʾ ʬʦʨʤʠ 2.  

ɼʦʩʣʽʜʞʝʥʥʷ ʙʫʜʦʚʠ ʩʠʥʪʝʟʦʚʘʥʠʭ ʩʧʦʣʫʢ ʧʨʦʚʦʜʠʣʠ ʩʧʝʢʪʨʦʩʢʦʧʽʯʥʠʤʠ 

ʤʝʪʦʜʘʤʠ: ʗʄʈ 1ʅ, ʗʄʈ 13ʉ, 2D-NOESY. 

ʇʦʻʜʥʘʥʥʷʤ ʭʽʤʽʯʥʠʭ ʽ ʩʧʝʢʪʨʦʩʢʦʧʽʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ 

ʫʤʙʝʣʽʬʝʨʦʥ 1 ʚ ʫʤʦʚʘʭ ʨʝʘʢʮʽʾ ʄʘʥʥʽʭʘ ʚʟʘʻʤʦʜʽʻ ʟ ʘʤʽʥʦʩʧʠʨʪʘʤʠ ʡ ʥʘʜʣʠʰʢʦʤ 

ʬʦʨʤʘʣʴʜʝʛʽʜʫ ʟ ʫʪʚʦʨʝʥʥʷʤ ʜʚʦʭ ʪʘʫʪʦʤʝʨʽʚ 2 ʽ 3, ʨʽʚʥʦʚʘʛʘ ʤʽʞ ʷʢʠʤʠ ʤʘʻ ʜʠʥʘʤʽʯʥʠʡ 

ʭʘʨʘʢʪʝʨ. ʇʦʢʘʟʘʥʦ, ʱʦ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʪʘʫʪʦʤʝʨʥʠʭ ʬʦʨʤ ʚʠʟʥʘʯʘʻʪʴʩʷ ʧʦʣʷʨʥʽʩʪʶ 

ʨʦʟʯʠʥʥʠʢʘ ʪʘ ʩʪʨʫʢʪʫʨʦʶ ʘʤʽʥʦʩʧʠʨʪʫ. 
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ʉʀʅʊɽɿ ʅʆɺʀʍ ʇʆʍɯɼʅʀʍ ʇɯʈʀɼʆ[1,2-a]ʇɯʈɸɿʀʅʋ 

ɼʝʤôʷʥʶʢ ɺ. ɺ., ʃʫʯʢʘ ʉ. ʇ., ʂʫʰʥʽʨ ʆ. ɺ. 

ʏʝʨʥʽʚʝʮʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ʖʨʽʷ ʌʝʜʴʢʦʚʠʯʘ, ʏʝʨʥʽʚʮʽ 

o.kushnir@chnu.edu.ua 

 

ʉʪʚʦʨʝʥʥʷ ʝʬʝʢʪʠʚʥʠʭ ʩʠʥʪʝʪʠʯʥʠʭ ʤʝʪʦʜʦʣʦʛʽʡ ʧʦʙʫʜʦʚʠ ʙʽʦʣʦʛʽʯʥʦ 

ʧʨʠʚʘʙʣʠʚʠʭ ʩʠʩʪʝʤ ʽʟ ʜʦʩʪʫʧʥʠʭ ʨʝʘʛʝʥʪʽʚ ʻ ʚʘʞʣʠʚʦʶ ʧʨʦʙʣʝʤʦʶ ʩʫʯʘʩʥʦʾ ʦʨʛʘʥʽʯʥʦʾ 

ʭʽʤʽʾ. ɺ ʙʽʣʴʰʦʩʪʽ ʚʠʧʘʜʢʽʚ ʪʘʢʽ ʩʠʩʪʝʤʠ ʥʘʣʝʞʘʪʴ ʜʦ ʛʝʪʝʨʦʮʠʢʣʽʯʥʠʭ ʩʧʦʣʫʢ, 

ʧʦʜʘʣʴʰʠʡ ʨʦʟʚʠʪʦʢ ʷʢʠʭ ʧʝʨʝʜʙʘʯʘʻ ʷʢ ʨʦʟʨʦʙʣʝʥʥʷ ʦʨʠʛʽʥʘʣʴʥʠʭ ʩʠʥʪʝʪʠʯʥʠʭ 

ʧʽʜʭʦʜʽʚ, ʪʘʢ ʽ ʟôʷʩʫʚʘʥʥʷ ʦʩʦʙʣʠʚʦʩʪʝʡ ʚʧʣʠʚʫ ʩʪʨʫʢʪʫʨʠ ʥʘ ʾʭ ʚʣʘʩʪʠʚʦʩʪʽ. ʉʝʨʝʜ 

ʢʦʥʜʝʥʩʦʚʘʥʠʭ ʘʟʦʪʦʚʤʽʩʥʠʭ ʩʧʦʣʫʢ ʦʩʦʙʣʠʚʦ ʧʝʨʩʧʝʢʪʠʚʥʠʤʠ ʜʣʷ ʬʘʨʤʘʢʦʣʦʛʽʯʥʠʭ 

ʜʦʩʣʽʜʞʝʥʴ ʻ ʧʦʣʽʬʫʥʢʮʽʦʥʘʣʴʥʦ ʟʘʤʽʱʝʥʽ ʧʽʨʠʜʦ[1,2-a]ʧʽʨʘʟʠʥʠ. ɿʦʢʨʝʤʘ, ʦʜʠʥ ʽʟ ʾʭ 

ʧʨʝʜʩʪʘʚʥʠʢʽʚ 9-ʛʽʜʨʦʢʩʠ-3-ʤʝʪʦʢʩʠ-6H-ʧʽʨʠʜʦ[1,2-a]ʧʽʨʘʟʠʥ-6-ʦʥ ʻ ʥʦʚʠʤ ʘʣʢʘʣʦʾʜʦʤ 

ʥʘʟʚʘʥʠʡ xylogranatinin, ʷʢʠʡ ʙʫʚ ʽʟʦʣʴʦʚʘʥʠʡ ʟ ʧʣʦʜʽʚ ʛʨʘʥʘʪʫ Chines mangrove 

Xylocarpus. ʆʢʨʽʤ ʮʴʦʛʦ, ʩʧʦʣʫʢʠ ʪʘʢʦʛʦ ʪʠʧʫ ʧʨʦʷʚʣʷʶʪʴ ʘʥʪʠʢʦʥʚʫʣʴʩʘʥʪʥʫ, 

ʘʥʪʠʛʽʧʝʨʪʝʥʟʠʚʥʫ ʪʘ ʘʥʪʠʜʝʧʨʝʩʘʥʪʥʫ ʜʽʶ. ɿʘʛʘʣʦʤ, ʩʚʽʜʯʝʥʥʷʤ ʦʩʦʙʣʠʚʦʾ ʟʥʘʯʠʤʦʩʪʽ 

ʧʽʨʠʜʦʧʽʨʘʟʠʥʦʚʠʭ ʩʧʦʣʫʢ ʜʣʷ ʤʝʜʠʮʠʥʠ ʻ ʥʝʱʦʜʘʚʥʦ ʨʦʟʨʦʙʣʝʥʽ ʥʘ ʾʭ ʦʩʥʦʚʽ ʣʽʢʘʨʩʴʢʽ 

ʧʨʝʧʘʨʘʪʠ ʜʣʷ ʣʽʢʫʚʘʥʥʷ ʚʽʨʫʩʫ ʽʤʫʥʦʜʝʬʽʮʠʪʫ ʣʶʜʠʥʠ (HIV) ï Dolutegravir ʪʘ 

Cabotegravir.  

ɺ ʧʦʜʘʥʽʡ ʨʦʙʦʪʽ ʥʘʤʠ ʟʘʧʨʦʧʦʥʦʚʘʥʘ ʥʦʚʘ ʪʨʠʢʦʤʧʦʥʝʥʪʥʘ ʨʝʘʢʮʽʷ, ʟʘ ʫʯʘʩʪʶ 

ʘʨʦʤʘʪʠʯʥʠʭ ʘʣʴʜʝʛʽʜʽʚ, 4-ʭʣʦʨʘʮʝʪʦʦʮʪʦʚʦʛʦ ʝʩʪʝʨʫ ʽ 3-ʘʣʢʦʢʩʠʤʝʪʠʣʽʜʝʥʧʽʧʝʨʘʟʠʥ-2-

oʥʫ, ʷʢ ʧʨʦʩʪʠʡ ʪʘ ʜʦʩʪʫʧʥʠʡ ʤʝʪʦʜ ʩʠʥʪʝʟʫ ʥʦʚʦʛʦ ʪʠʧʫ ʬʫʥʢʮʽʦʥʘʣʽʟʦʚʘʥʠʭ ʧʽʨʠʜʦ[1,2-

a]ʧʽʨʘʟʠʥʽʚ 1a-d. ɺ ʧʦʜʘʣʴʰʦʤʫ ʩʠʥʪʝʟʦʚʘʥʽ ʧʽʨʠʜʦ[1,2-a]ʧʽʨʘʟʠʥʠ 1a-d ʚʚʦʜʠʣʠ ʚ 

ʨʝʘʢʮʽʶ ʢʚʘʪʝʨʥʽʟʘʮʽʾ ʟ 2-ʜʠʤʝʪʠʣʘʤʽʥʦʝʪʘʥʦʣʦʤ ʘʙʦ 3-ʜʠʤʝʪʠʣʘʤʽʥʦʧʨʦʧʘʥʦʣʦʤ-1, ʟ 

ʦʜʝʨʞʘʥʥʷʤ ʩʧʦʣʫʢ 2a-f, ʱʦ ʜʘʣʦ ʟʤʦʛʫ ʟʥʘʯʥʦ ʧʽʜʚʠʱʠʪʠ ʾʭ ʨʦʟʯʠʥʥʽʩʪʴ ʫ ʚʦʜʽ ʪʘ ʚʦʜʥʦ-

ʦʨʛʘʥʽʯʥʠʭ ʨʦʟʯʠʥʥʠʢʘʭ, ʪʘ ʤʦʞʝ ʨʦʟʰʠʨʠʪʠ ʩʧʝʢʪʨ ʜʦʩʣʽʜʞʝʥʴ ʪʘʢʦʛʦ ʪʠʧʫ ʩʧʦʣʫʢ ʥʘ 

ʙʽʦʣʦʛʽʯʥʫ ʘʢʪʠʚʥʽʩʪʴ. 
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R = CH3, C2H5; Ar = 4-ClC6H4, 3-NO2C6H4, 4-NO2C6H4; n = 2-3. 

ɯʥʜʠʚʽʜʫʘʣʴʥʽʩʪʴ ʪʘ ʩʢʣʘʜ ʚʩʽʭ ʦʪʨʠʤʘʥʠʭ ʩʧʦʣʫʢ ʜʦʚʝʜʝʥʽ ʨʝʟʫʣʴʪʘʪʘʤʠ ʭʨʦʤʘʪʦ-

ʤʘʩ-ʩʧʝʢʪʨʦʤʝʪʨʽʾ ʪʘ ʝʣʝʤʝʥʪʥʦʛʦ ʘʥʘʣʽʟʫ, ʘ ʙʫʜʦʚʘ ɯʏ-, ʗʄʈ 1H ʪʘ 13ʉ ʩʧʝʢʪʨʦʩʢʦʧʽʻʶ. 
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ʇʆʍɯɼʅɯ ʊʈʀʌʊʆʈʆʇɯʈʀʄɯɼʀʅ-2-ʆʅʋ ʗʂ ɯʅɻɯɹɯʊʆʈʀ 

ɺɯʃʔʅʆʈɸɼʀʂɸʃʔʅʀʍ ʈɽɸʂʎɯʁ 

ɭʬʪʝʥʴʻʚʘ ʈ. ɯ.1, ɻʘʚʨʠʣʠʢ ʆ. ʇ.1, ʈʦʤʘʥʝʥʢʦ ʍ. ɺ.1, ʃʷʚʠʥʝʮʴ ʆ. ʉ.1, ɺʦʚʢ ʄ. ɺ.2 
1ʏʝʨʥʽʚʝʮʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ʖʨʽʷ ʌʝʜʴʢʦʚʠʯʘ 

2ɯʥʩʪʠʪʫʪ ʦʨʛʘʥʽʯʥʦʾ ʭʽʤʽʾ ʅɸʅ ʋʢʨʘʾʥʠ 

o.liavinets@chnu.edu.ua 
 

ʇʦʭʽʜʥʽ 3,4-ʜʠʛʽʜʨʦʧʽʨʠʤʽʜʠʥ-2-ʦʥʫ ʻ ʧʦʪʝʥʮʽʡʥʠʤʠ ʽʥʛʽʙʽʪʦʨʘʤʠ ʚʽʣʴʥʦ-

ʨʘʜʠʢʘʣʴʥʠʭ ʨʝʘʢʮʽʡ. ʗʢ ʤʦʞʣʠʚʽ ʘʥʪʠʦʢʩʠʜʘʥʪʠ ʚʠʢʣʠʢʘʶʪʴ ʽʥʪʝʨʝʩ ʽ ʧʦʭʽʜʥʽ 

ʧʽʨʠʤʽʜʠʥ-2-ʦʥʫ ʟ ʝʣʝʢʪʦʨʦʥʦʘʢʮʝʧʪʦʨʥʠʤʠ ʟʘʤʽʩʥʠʢʘʤʠ ʫ ʛʝʪʝʨʦʮʠʢʣʽ. ɿʘ ʨʘʭʫʥʦʢ 

ʣʘʢʪʘʤʥʦ-ʣʘʢʪʠʤʥʦʾ ʪʘʫʪʦʤʝʨʽʾ ʚʦʥʠ ʫʪʚʦʨʶʶʪʴ ʧʦʭʽʜʥʽ ʛʽʜʨʦʢʩʠʧʽʨʠʤʽʜʠʥʫ, ʷʢʽ ʤʦʞʫʪʴ 

ʛʝʥʝʨʫʚʘʪʠ ʩʪʘʙʽʣʴʥʽ ʚʽʣʴʥʽ ʨʘʜʠʢʘʣʠ. ʊʦʤʫ ʜʦʩʣʽʜʞʝʥʦ ʛʘʟʦʤʝʪʨʠʯʥʠʤ ʤʝʪʦʜʦʤ 

ʘʥʪʠʦʢʩʠʜʘʥʪʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʪʘʢʠʭ ʧʦʭʽʜʥʠʭ ʪʨʠʬʪʦʨʦʧʽʨʠʤʽʜʠʥ-2-ʦʥʫ: 

 

 

 

 

 

 

        I                             II                       III                             IV                      V 

ʗʢ ʤʦʜʝʣʴʥʘ ʚʠʢʦʨʠʩʪʘʥʘ ʨʝʘʢʮʽʷ ʽʥʽʮʽʡʦʚʘʥʦʛʦ ʦʢʠʩʥʝʥʥʷ ʢʫʤʝʥʫ. ʈʝʟʫʣʴʪʘʪʠ 

ʜʦʩʣʽʜʞʝʥʥʷ ʥʘʚʝʜʝʥʽ ʚ ʪʘʙʣʠʮʽ. 

ʊʘʙʣʠʮʷ. ʈʝʟʫʣʴʪʘʪʠ ʽʥʽʮʽʡʦʚʘʥʦʛʦ ʦʢʠʩʥʝʥʥʷ ʢʫʤʝʥʫ ʚ ʧʨʠʩʫʪʥʦʩʪʽ ʩʧʦʣʫʢ I -V 
ʊ = 353 ʂ, [ɸɯɹʅ] = 1Ā10-2 ʤʦʣʴ/ʣ 

 ̄ ʈʝʯʦʚʠʥʘ 
ʉ Ö 103, 
ʤʦʣʴ/ʣ 

ʐʚʠʜʢʽʩʪʴ ʧʦʛʣʠʥʘʥʥʷ ʢʠʩʥʶ, 
W(ʆ2)Ö102, ʤʣ/ʭʚ 

1. ɹʝʟ ʜʦʙʘʚʢʠ - 39,7 
 I  

 
1,0 
2,0 
5,0 

40,4 
15,0 
4,0 

 II  1,0 
2,0 
5,0 

41,7 
40,8 
20,9 

2. III   1,0 
2,0 

ɺʧʨʦʜʦʚʞ 60 ʭʚʠʣʠʥ ʜʦʩʣʽʜʫ ʢʠʩʝʥʴ ʥʝ 
ʧʦʛʣʠʥʘʚʩʷ 

3. IV  1,0 
2,0 
5,0 

19,4 
22,1 
20,7 

4. V 1,0 
2,0 
5,0 

18,9 
16,6 
19,1 

ʅʘʡʚʠʱʫ ʝʬʝʢʪʠʚʥʽʩʪʴ ʷʢ ʽʥʛʽʙʽʪʦʨ ʚʽʣʴʥʦʨʘʜʠʢʘʣʴʥʠʭ ʨʝʘʢʮʽʡ ʚʠʷʚʣʷʻ ʩʧʦʣʫʢʘ 

III . ʎʝ ʟʫʤʦʚʣʝʥʦ ʫʪʚʦʨʝʥʥʷʤ ʩʪʘʙʽʣʴʥʦʛʦ ʧʨʦʤʽʞʥʦʛʦ ʨʘʜʠʢʘʣʘ, ʷʢʠʡ ʥʝ ʟʜʘʪʥʠʡ ʜʦ 

ʧʨʦʜʦʚʞʝʥʥʷ ʣʘʥʮʶʛʘ ʦʢʠʩʥʝʥʥʷ. ʋʚʝʜʝʥʥʷ ʤʝʪʦʢʩʠʛʨʫʧ ʚ ʷʜʨʦ ʙʝʥʟʠʣʴʥʦʛʦ ʟʘʤʽʩʥʠʢʘ 

ʫ 1-ʤʫ ʧʦʣʦʞʝʥʥʽ ʧʽʨʠʤʽʜʠʥʦʚʦʛʦ ʮʠʢʣʫ ʧʨʠʚʦʜʠʪʴ ʜʦ ʟʥʠʞʝʥʥʷ ʘʥʪʠʦʢʩʠʜʘʥʪʥʦʾ 

ʟʜʘʪʥʦʩʪʽ ʩʧʦʣʫʢ IV   ̔V ʟʘ ʨʘʭʫʥʦʢ ʟʤʽʥʠ ʪʝʨʤʦʜʠʥʘʤʽʯʥʦʾ ʪʘ ʢʽʥʝʪʠʯʥʦʾ ʩʪʘʙʽʣʴʥʦʩʪʽ 

ʧʨʦʤʽʞʥʠʭ ʚʽʣʴʥʠʭ ʨʘʜʠʢʘʣʽʚ. ʉʧʦʣʫʢʠ IV  ʽ V ʛʘʣʴʤʫʶʪʴ ʽʥʽʮʽʡʦʚʘʥʝ ʦʢʠʩʥʝʥʥʷ ʢʫʤʝʥʫ 

ʧʨʠʙʣʠʟʥʦ ʫʜʚʽʯʽ ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʾʭ ʢʦʥʮʝʥʪʨʘʮʽʾ. ɼʦʩʠʪʴ ʝʬʝʢʪʠʚʥʠʤ ʘʥʪʠʦʢʩʠʜʘʥʪʦʤ ʻ 

ʩʧʦʣʫʢʘ I, ʷʢʘ ʟʘ ʢʦʥʮʝʥʪʨʘʮʽʾ 5Ö10-3 ʤʦʣʴ/ʣ ʩʧʦʚʽʣʴʥʶʻ ʽʥʽʮʽʡʦʚʘʥʝ ʦʢʠʩʥʝʥʥʷ ʢʫʤʝʥʫ 

ʤʘʡʞʝ ʥʘ ʧʦʨʷʜʦʢ. ʉʧʦʣʫʢʘ II  ʩʧʦʚʽʣʴʥʶʻ ʦʢʠʩʥʝʥʥʷ ʢʫʤʝʥʫ ʪʽʣʴʢʠ ʟʘ ʢʦʥʮʝʥʪʨʘʮʽʾ 

5Ö10-3 ʤʦʣʴ/ʣ. ɿʘ ʥʠʞʯʠʭ ʢʦʥʮʝʥʪʨʘʮʽʡ ʚʦʥʘ ʥʝ ʚʧʣʠʚʘʻ ʥʘ ʰʚʠʜʢʽʩʪʴ ʦʢʠʩʥʝʥʥʷ. ʎʝ 

ʟʫʤʦʚʣʝʥʦ ʥʝʤʦʞʣʠʚʽʩʪʶ ʧʝʨʝʙʽʛʫ ʣʘʢʪʘʤʥʦ-ʣʘʢʪʠʤʥʦʾ ʪʘʫʪʦʤʝʨʽʾ ʟ ʫʪʚʦʨʝʥʥʷʤ 

ʧʦʭʽʜʥʠʭ ʛʽʜʨʦʢʩʠʧʽʨʠʤʽʜʠʥʫ.   
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ʄɽʊʆɼʓ ʉʀʅʊɽɿɸ ʇʈʆʉʊʈɸʅʉʊɺɽʅʅʓʍ ʀɿʆʄɽʈʆɺ 

N,Nô-ɼʀʄɽʊʀʃɻʃʀʂʆʃʋʈʀʃɸ 

ɾʘʢʩʳʙʘʝʚʘ ɸ. ɻ.1, ʂʫʱʝʨʙʘʝʚʘ ɺ. ʈ.2, ɹʘʢʠʙʘʝʚ ɸ. ɸ.2, ʊʘʰʝʥʦʚ ɸ. ʂ.1 

1ɽʚʨʘʟʠʡʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʃ. ʅ. ɻʫʤʠʣʝʚʘ, ɸʩʪʘʥʘ, ʂʘʟʘʭʩʪʘʥ 
2ʅʘʮʠʦʥʘʣʴʥʳʡ ʀʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʊʦʤʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʊʦʤʩʢ, 

ʈʦʩʩʠʷ 

Zhaksy_92@mail.ru 

 

ʍʠʤʠʷ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʧʝʨʝʜʦʚʳʭ ʨʘʟʜʝʣʦʚ 

ʩʦʚʨʝʤʝʥʥʦʡ ʭʠʤʠʠ. ʆʩʦʙʳʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʶʪ ʛʣʠʢʦʣʫʨʠʣʳ ʠ ʠʭ ʧʨʦʠʟʚʦʜʥʳʝ 

ʙʣʘʛʦʜʘʨʷ ʥʘʣʠʯʠʶ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ. ɻʣʠʢʦʣʫʨʠʣ ʚʧʝʨʚʳʝ ʧʦʣʫʯʝʥ ʐʠʬʦʤ ʚ 

1877. ʉʠʥʪʝʟ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʢʘʪʘʣʠʟʠʨʫʝʤʫʶ ʢʠʩʣʦʪʦʡ ʢʦʥʜʝʥʩʘʮʠʶ ʦʜʥʦʛʦ ʤʦʣʷ 

ʛʣʠʦʢʩʘʣʷ ʩ ʜʚʫʤʷ ʤʦʣʷʤʠ ʤʦʯʝʚʠʥʳ. 
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ʈʠʩ. 1. ʈʝʘʢʮʠʷ ʩʠʥʪʝʟʘ ʛʣʠʢʦʣʫʨʠʣʘ 

 

ʊʘʢʞʝ ʛʣʠʢʦʣʫʨʠʣʳ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʘ-ʫʨʝʠʜʦʘʣʢʠʣʠʨʦʚʘʥʠʝʤ ʤʦʯʝʚʠʥʳ ʩ 

ʫʯʘʩʪʠʝʤ ɼɻʀ.  
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ʈʠʩ. 2. ʈʝʘʢʮʠʷ ʩʠʥʪʝʟʘ ʛʣʠʢʦʣʫʨʠʣʘ 

 

ʀʟʦʤʝʨʳ ʜʠʤʝʪʠʣʛʣʠʢʦʣʫʨʠʣʘ ʤʦʞʥʦ ʧʦʣʫʯʘʪʴ ʩʠʥʪʝʟʦʤ ʠʟ ʤʝʪʠʣʤʦʯʝʚʠʥʳ ʠ 

ʛʣʠʦʢʩʘʣʷ.  
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ʈʠʩ. 3. ʈʝʘʢʮʠʷ ʩʠʥʪʝʟʘ ʜʠʤʝʪʠʣʛʣʠʢʦʣʫʨʠʣʦʚ 

 
N-ʘʣʢʠʣ ʧʨʦʠʟʚʦʜʥʳʝ ʛʣʠʢʦʣʫʨʠʣʘ ʥʘʭʦʜʷʪ ʧʨʠʤʝʥʝʥʠʝ ʚʦ ʤʥʦʛʠʭ ʦʙʣʘʩʪʷʭ 

ʥʘʫʢʠ. ʊʘʢ, ʩʨʝʜʠ ʥʠʭ ʥʘʡʜʝʥʳ ʧʨʝʧʘʨʘʪʳ, ʥʘʰʝʜʰʠʝ ʧʨʠʤʝʥʝʥʠʷ ʚ ʢʘʯʝʩʪʚʝ 

ʪʨʘʥʢʚʠʣʠʟʘʪʦʨʦʚ. ʕʪʦ ʩʚʦʡʩʪʚʦ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʳʤ ʬʘʢʪʦʨʦʤ, ʦʢʘʟʳʚʘʶʱʠʤ ʠʥʪʝʨʝʩ 

ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʠʟʫʯʝʥʠʷ. 
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ʉʀʅʊɽɿ ʂʆʅʌʆʈʄɸʎɯʁʅʆ ʆɹʄɽɾɽʅʀʍ ʅɸʉʀʏɽʅʀʍ 

ɸʄɯʅʆʉʋʃʔʌʆʍʃʆʈʀɼɯɺ 

ɾʝʨʰ ʉ. ɸ.1,2, ɻʨʠʛʦʨʝʥʢʦ ʆ. ʆ.1,2, ʊʦʣʤʘʯʦʚ ɸ. ʆ.1,2 
1ʊʆɺ ʅɺʇ çɭʥʘʤʽʥè 

2ʂʠʾʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ʊʘʨʘʩʘ ʐʝʚʯʝʥʢʘ 

zhersh@ukr.net 

 

ʉʫʣʴʬʘʤʽʜʥʽ ʧʦʭʽʜʥʽ ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʤʝʜʠʮʠʥʽ ʟ ʤʦʤʝʥʪʫ ʚʽʜʢʨʠʪʪʷ 

ʚ 1935 ʨʦʮʽ ʘʥʪʠʤʽʢʨʦʙʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʘʤʽʜʫ ʩʫʣʴʬʘʥʽʣʦʚʦʾ ʢʠʩʣʦʪʠ. ʅʘ ʜʘʥʠʡ ʤʦʤʝʥʪ 

ʙʽʣʴʰʽʩʪʴ ʩʫʣʴʬʘʤʽʜʥʠʭ ʣʽʢʘʨʩʴʢʠʭ ʧʨʝʧʘʨʘʪʽʚ ʩʠʥʪʝʟʦʚʘʥʽ ʥʘ ʦʩʥʦʚʽ ʘʨʦʤʘʪʠʯʥʠʭ 

ʩʫʣʴʬʦʭʣʦʨʠʜʽʚ. ɺ ʪʦʡ ʞʝ ʯʘʩ ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʩʧʦʣʫʢʠ, ʷʢʽ ʻ ʧʦʭʽʜʥʠʤʠ, ʘʙʦ 

ʽʟʦʩʪʝʨʥʠʤʠ ʪʘʫʨʠʥʫ ï ʧʨʠʨʦʜʥʦʾ ʘʣʽʬʘʪʠʯʥʦʾ ʩʫʣʴʬʦʢʠʩʣʦʪʠ. ʉʠʥʪʝʟ ʪʘʢʠʭ ʧʦʭʽʜʥʠʭ 

ʟʘʟʚʠʯʘʡ ʧʦʚ'ʷʟʘʥʠʡ ʟ ʭʽʤʽʯʥʦʶ ʤʦʜʠʬʽʢʘʮʽʻʶ ʘʣʽʬʘʪʠʯʥʠʭ ʩʫʣʴʬʦʢʠʩʣʦʪ, ʚ ʪʦʤʫ ʯʠʩʣʽ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʪʦʢʩʠʯʥʠʭ ʨʝʘʛʝʥʪʽʚ ʪʠʧʫ ʬʦʩʛʝʥʫ. 

ɺ ʨʘʤʢʘʭ ʜʘʥʦʾ ʨʦʙʦʪʠ ʙʫʣʦ ʩʠʥʪʝʟʦʚʘʥʦ ʥʠʟʢʫ ʢʦʥʬʦʨʤʘʮʽʡʥʦ ʦʙʤʝʞʝʥʠʭ 

ʟʘʭʠʱʝʥʠʭ ʘʤʽʥʦʩʫʣʴʬʦʭʣʦʨʠʜʽʚ ʥʘ ʙʘʟʽ 4, 5 ʽ 6-ʯʣʝʥʥʠʭ ʮʠʢʣʽʯʥʠʭ ʘʤʽʥʦʩʧʠʨʪʽʚ ʟʘ 

ʥʘʩʪʫʧʥʦʶ ʩʭʝʤʦʶ: 

 

 
 

ʇʝʨʝʭʽʜ ʚʽʜ ʩʧʠʨʪʽʚ 1 ʜʦ ʟʘʭʠʱʝʥʠʭ ʤʝʟʠʣʘʪʽʚ 3 ʟʘʟʚʠʯʘʡ ʧʨʦʭʦʜʠʚ ʟ ʚʠʩʦʢʠʤʠ, 

ʙʣʠʟʴʢʠʤʠ ʜʦ ʢʽʣʴʢʽʩʥʠʭ, ʚʠʭʦʜʘʤʠ. ʅʫʢʣʝʦʬʽʣʴʥʝ ʟʘʤʽʱʝʥʥʷ ʫ 3 ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ Sacï 

ʪʘʢʦʞ ʚ ʙʽʣʴʰʦʩʪʽ ʚʠʧʘʜʢʽʚ ʧʨʦʭʦʜʠʣʦ ʟ ʜʦʚʦʣʽ ʚʠʩʦʢʠʤʠ ʚʠʭʦʜʘʤʠ, ʟʘ ʚʠʥʷʪʢʦʤ ʧʦʭʽʜʥʦʾ 

3-ʧʽʧʝʨʠʜʠʥʦʣʫ, ʜʝ ʡʰʣʘ ʢʦʥʢʫʨʝʥʪʥʘ ʨʝʘʢʮʽʷ ʝʣʽʤʽʥʫʚʘʥʥʷ. ʇʽʩʣʷ ʭʣʦʨʫʚʘʥʥʷ ʧʨʦʜʫʢʪʽʚ 

4 ʙʫʣʠ ʦʪʨʠʤʘʥʽ ʚʽʜʧʦʚʽʜʥʽ N-ʟʘʭʠʱʝʥʽ ʩʫʣʴʬʦʭʣʦʨʠʜʠ 5, ʷʢʽ ʟʘʚʜʷʢʠ ʚʠʢʦʨʠʩʪʘʥʥʶ ʉbz 

ʟʘʭʠʩʪʫ ʻ ʩʪʘʙʽʣʴʥʽ ʧʨʠ ʟʚʠʯʘʡʥʠʭ ʫʤʦʚʘʭ. 

ʊʘʢʦʞ ʙʫʣʦ ʧʝʨʝʚʽʨʝʥʦ ʤʘʩʰʪʘʙʫʚʘʥʥʷ ʤʝʪʦʜʫ ʚ ʤʦʣʷʨʥʽʡ ʢʽʣʴʢʦʩʪʽ ʥʘ ʦʩʥʦʚʽ 

2-ʧʨʦʣʽʥʦʣʫ ʽ ʦʪʨʠʤʘʥʦ ʚʽʜʧʦʚʽʜʥʠʡ ʩʫʣʴʬʦʭʣʦʨʠʜ ʟ ʩʫʤʘʨʥʠʤ ʚʠʭʦʜʦʤ ʥʘ ʯʦʪʠʨʴʦʭ 

ʩʪʘʜʽʷʭ 41 %. ʎʝ ʧʦʢʘʟʫʻ ʤʦʞʣʠʚʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʘʥʦʛʦ ʤʝʪʦʜʫ ʜʣʷ ʩʠʥʪʝʟʫ 

ʩʫʣʴʬʦʭʣʦʨʠʜʽʚ ʥʘ ʦʩʥʦʚʽ ʘʤʽʥʦʩʧʠʨʪʽʚ ʚ ʙʘʛʘʪʦʛʨʘʤʦʚʠʭ ʢʽʣʴʢʦʩʪʷʭ. 
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ʉʀʅʊɽɿ 2-ɸʄɯʅʆɸʃʂɯʃɯʄɯɼɸɿʆʃɯɺ ʅɸ ʆʉʅʆɺɯ ɸʄɯʅʆɸʃʔɼɽɻɯɼɯɺ 

ɾʫʨʘʚʝʣʴ ɯ. ʆ.1, ɿʘʚʘʜʘ ʆ. ʆ.2 
1ʍʘʨʢʽʚcʴʢʘ ʤʝʜʠʯʥʘ ʘʢʘʜʝʤʽʷ ʧʽʩʣʷʜʠʧʣʦʤʥʦʾ ʦʩʚʽʪʠ, ʍʘʨʢʽʚ 

2ʍʘʨʢʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʤʝʜʠʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, ʍʘʨʢʽʚ 

o.o.zavada@ukr.net 

 

ʇʨʦʚʝʜʝʥʠʡ ʘʥʘʣʽʟ ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʘʥʠʭ ʩʚʽʜʯʠʪʴ ʧʨʦ ʜʦʮʽʣʴʥʽʩʪʴ ʧʦʰʫʢʫ ʥʦʚʠʭ 

ʥʠʟʴʢʦʤʦʣʝʢʫʣʷʨʥʠʭ ʙʽʦʨʝʛʫʣʷʪʦʨʽʚ ʚ ʨʷʜʫ ʘʥʘʣʦʛʽʚ ʪʘ ʧʨʦʜʫʢʪʽʚ ʤʦʜʠʬʽʢʘʮʽʾ ʛʽʩʪʘʤʽʥʫ 

ï ʤʝʜʽʘʪʦʨʫ ʙʘʛʘʪʴʦʭ ʞʠʪʪʻʚʦ ʚʘʞʣʠʚʠʭ ʧʨʦʮʝʩʽʚ ʚ ʦʨʛʘʥʽʟʤʽ ʣʶʜʠʥʠ. ʎʽʢʘʚʠʤʠ ʪʘ 

ʧʝʨʩʧʝʢʪʠʚʥʠʤʠ ʦʙôʻʢʪʘʤʠ ʪʘʢʠʭ ʜʦʩʣʽʜʞʝʥʴ ʮʽʣʢʦʤ ʦʙˇʨʫʥʪʦʚʘʥʦ ʤʦʞʫʪʴ ʩʪʘʪʠ 

ʨʽʟʥʦʤʘʥʽʪʥʽ ʧʦʭʽʜʥʽ ʘʤʽʥʦʘʣʢʽʣʽʤʽʜʘʟʦʣʽʚ.  

ʅʘʡʙʽʣʴʰ ʜʦʩʣʽʜʞʝʥʠʡ ʩʝʨʝʜ ʧʨʠʨʦʜʥʠʭ ʥʝʢʦʥʜʝʥʩʦʚʘʥʠʭ ʧʦʭʽʜʥʠʭ ʽʤʽʜʘʟʦʣʫ 

ʙʽʦʛʝʥʥʠʡ ʘʤʽʥ ʛʽʩʪʘʤʽʥ ï (4-(2-ʘʤʽʥʦʝʪʠʣ)ʽʤʽʜʘʟʦʣ. ʉʠʥʪʝʪʠʯʥʽ ʞ ʧʦʭʽʜʥʽ ʘʥʘʣʦʛʠ 

ʽʟʦʛʽʩʪʘʤʽʥʫ (2-(2-ʘʤʽʥʦʝʪʠʣ)ʽʤʽʜʘʟʦʣʫ) ʥʘ ʩʴʦʛʦʜʥʽ ʤʝʥʰ ʚʠʚʯʝʥʽ, ʱʦ ʧʦʚôʷʟʘʥʦ ʟ 

ʚʽʜʩʫʪʥʽʩʪʶ ʟʨʫʯʥʠʭ ʪʘ ʝʬʝʢʪʠʚʥʠʭ ʤʝʪʦʜʽʚ ʾʭ ʩʠʥʪʝʟʫ. 

ʎʝʡ ʬʘʢʪ ʩʧʦʥʫʢʘʚ ʥʘʩ ʧʨʦʘʥʘʣʽʟʫʚʘʪʠ ʪʘ ʟʘʧʨʦʧʦʥʫʚʘʪʠ ʨʷʜ ʝʬʝʢʪʠʚʥʠʭ 

ʩʠʥʪʝʪʠʯʥʠʭ ʧʽʜʭʦʜʽʚ ʜʦ ʦʜʝʨʞʘʥʥʷ 2-(Ŭ,ɓ,ɤ-ʘʤʽʥʦʘʣʢʽʣ)ʽʤʽʜʘʟʦʣʽʚ ʷʢ ʦʙôʻʢʪʽʚ ʜʣʷ 

ʬʘʨʤʘʢʦʣʦʛʽʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʘʙʦ ʥʘʧʽʚʧʨʦʜʫʢʪʽʚ ʜʣʷ ʧʦʜʘʣʴʰʦʾ ʭʽʤʽʯʥʦʾ ʤʦʜʠʬʽʢʘʮʽʾ.  

ʇʝʨʰʘ ʩʧʨʦʙʘ ʩʠʥʪʝʟʫ ʽʟʦʛʽʩʪʘʤʽʥʫ (2-ʘʤʽʥʦʝʪʠʣʽʤʽʜʘʟʦʣʫ) ʙʫʣʘ ʟʜʽʡʩʥʝʥʘ ʥʘ 

ʦʩʥʦʚʽ 2-ʤʝʨʢʘʧʪʦʽʤʽʜʘʟʦʣʫ. ʅʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʪʘʢʦʞ ʚʽʜʦʤʽ ʩʪʨʘʪʝʛʽʾ ʩʠʥʪʝʟʫ 

ʘʤʽʥʦʘʣʢʽʣʽʤʽʜʘʟʦʣʽʚ, ʷʢʽ ʚʢʣʶʯʘʶʪʴ ʧʦʙʫʜʦʚʫ ʽʤʽʜʘʟʦʣʴʥʦʛʦ ʬʨʘʛʤʝʥʪʫ ʥʘ ʦʩʥʦʚʽ ʥʠʟʢʠ 

ʣʽʥʽʡʥʠʭ ʢʘʨʙʦʥʽʣʴʥʠʭ ʩʧʦʣʫʢ ï ʧʦʭʽʜʥʠʭ ʘʤʽʥʦʘʣʴʜʝʛʽʜʽʚ ʪʘ ʘʤʽʥʦʢʠʩʣʦʪ.  

ʐʠʨʦʢʽ ʧʨʝʧʘʨʘʪʠʚʥʽ ʤʦʞʣʠʚʦʩʪʽ ʱʦʜʦ ʚʘʨʽʶʚʘʥʥʷ ʘʤʽʥʦʘʣʢʽʣʴʥʠʤ ʟʘʤʽʩʥʠʢʦʤ ʚ 

ʧʦʣʦʞʝʥʥʽ 2 ʥʘʜʘʶʪʴ ʤʝʪʦʜʠ ʩʠʥʪʝʟʫ ʟʘʤʽʱʝʥʦʛʦ ʽʤʽʜʘʟʦʣʫ, ʱʦ ʙʘʟʫʶʪʴʩʷ ʥʘ ʚʟʘʻʤʦʜʽʾ 

ʘʤʽʥʦʢʘʨʙʦʥʽʣʴʥʠʭ ʩʧʦʣʫʢ ʟ 1,2-ʜʠʢʘʨʙʦʥʽʣʴʥʠʤʠ ʨʝʘʛʝʥʪʘʤʠ ʚ ʧʨʠʩʫʪʥʦʩʪʽ ʘʤʦʥʽʘʢʫ. 

ʅʘʤʠ ʜʦʩʣʽʜʞʝʥʘ ʮʠʢʣʽʟʘʮʽʷ ʙʫʪʘʥʜʽʦʥʫ-2,3 ʟ ʜʠʤʝʪʠʣʘʮʝʪʘʣʝʤ ʘʤʽʥʦʦʮʪʦʚʦʛʦ 

ʘʣʴʜʝʛʽʜʫ ʟ ʟʘʭʠʱʝʥʦʶ ʘʤʽʥʦʛʨʫʧʦʶ 2, ʷʢʘ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟ ʫʪʚʦʨʝʥʥʷʤ 2-ʘʤʽʥʦʤʝʪʠʣ-4,5-

ʜʠʤʝʪʠʣʽʤʽʜʘʟʦʣʫ 4 ʽ ʥʝ ʧʦʪʨʝʙʫʻ ʜʦʜʘʪʢʦʚʦʛʦ ʛʽʜʨʦʣʽʟʫ ʘʮʝʪʘʣʴʥʦʾ ʛʨʫʧʠ (ʩʭʝʤʘ). 
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1ʅ ʗʄʈ-ʩʧʝʢʪʨ ʥʘʧʽʚʧʨʦʜʫʢʪʫ 3 ʤʽʩʪʠʪʴ ʩʠʛʥʘʣʠ ʧʨʦʪʦʥʽʚ ʜʚʦʭ ʤʝʪʠʣʴʥʠʭ 

ʟʘʤʽʩʥʠʢʽʚ ʽʤʽʜʘʟʦʣʴʥʦʛʦ ʮʠʢʣʫ (ŭ 2.02 ʤ.ʯ., ʩ., 6ʅ), ʱʦ ʧʽʜʪʚʝʨʜʞʫʻ ʬʘʢʪ ʮʠʢʣʽʟʘʮʽʾ, ʽ 

ʟʘʤʽʱʝʥʦʾ ʘʤʽʜʥʦʾ ʛʨʫʧʠ (ŭ 5.75 ʤ.ʯ., ʫʰ.ʩ., 1ʅ). ɿʘʭʠʩʥʫ ʛʨʫʧʫ ʚʠʜʘʣʷʣʠ ʚʽʜʥʦʚʣʝʥʥʷʤ 

ʧʨʦʜʫʢʪʫ ʥʘ ʢʘʪʘʣʽʟʘʪʦʨʽ (Pd/C).  

ʊʘʢʠʤ ʯʠʥʦʤ, ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʩʠʥʪʝʟ 4,5-ʟʘʤʽʱʝʥʠʭ 2-ʘʤʽʥʦʘʣʢʽʣʽʤʽʜʘʟʦʣʽʚ ʟʜʽʡ-

ʩʥʶʚʘʪʠ ʟʘ ʨʝʘʢʮʽʻʶ ʘʤʽʥʦʘʣʴʜʝʛʽʜʽʚ ʟ 1,2-ʜʠʢʘʨʙʦʥʽʣʴʥʠʤʠ ʩʧʦʣʫʢʘʤʠ.  
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ʂɸʊɸʃɯʊʀʏʅʀʁ ɸʎʀɼʆʃɯɿ ɽʇɯʍʃʆʈɻɯɼʈʀʅʋ ɸʃɯʌɸʊʀʏʅʀʄʀ 

ʎʀʂʃɯʏʅʀʄʀ ʂɸʈɹʆʅʆɺʀʄʀ ʂʀʉʃʆʊɸʄʀ 

ɿʘʚʠʜʦʚʩʴʢʠʡ ʆ. ɯ., ʂʘʣʽʥʩʴʢʠʡ ʆ. ʄ., ʐʚʝʜ ʆ. ʄ. 

ɼʦʥʝʮʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ɺʘʩʠʣʷ ʉʪʫʩʘ 

zavidovskiy.o@donnu.edu.ua 

 

ʆʢʩʠʨʘʥ ʪʘ ʡʦʛʦ ʧʦʭʽʜʥʽ ʤʘʶʪʴ ʚʠʩʦʢʫ ʨʝʘʢʮʽʡʥʫ ʟʜʘʪʥʽʩʪʴ. ɺʟʘʻʤʦʜʽʷ ʦʢʩʠʨʘʥʽʚ 

ʟ ʢʘʨʙʦʥʦʚʠʤʠ ʢʠʩʣʦʪʘʤʠ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʝʧʦʢʩʠʜʥʠʭ ʢʦʤʧʦʟʠʮʽʡ, 

ʧʦʣʽʤʝʨʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʷʢʽ ʤʘʶʪʴ ʚʠʩʦʢʽ ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ ʧʦʢʘʟʥʠʢʠ ʪʘ ʤʘʶʪʴ ʰʠʨʦʢʠʡ 

ʩʧʝʢʪʨ ʟʘʩʪʦʩʫʚʘʥʥʷ (ʤʝʜʠʮʠʥʘ, ʝʣʝʢʪʨʦʥʽʢʘ, ʙʫʜʽʚʥʠʮʪʚʦ). ʎʽʣʝʩʧʨʷʤʦʚʘʥʠʡ ʩʠʥʪʝʟ 

ʝʧʦʢʩʠʜʥʠʭ ʩʧʦʣʫʢ ʽʟ ʟʘʜʘʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʧʦʪʨʝʙʫʻ ʜʦʩʣʽʜʞʝʥʥʷ ʢʽʥʝʪʠʯʥʠʭ ʪʘ 

ʪʝʨʤʦʜʠʥʘʤʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʦʮʝʩʫ. 

ʄʝʪʦʶ ʜʘʥʦʾ ʨʦʙʦʪʠ ʻ ʚʠʚʯʝʥʥʷ ʢʽʥʝʪʠʯʥʠʭ ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ ʢʘʪʘʣʽʪʠʯʥʦʛʦ 

ʘʮʠʜʦʣʽʟʫ ʨʝʘʢʮʽʾ ʝʧʽʭʣʦʨʛʽʜʨʠʥʫ (ʭʣʦʨʤʝʪʠʣʦʢʩʠʨʘʥʫ) ʟ ʮʠʢʣʦʛʝʢʩʘʥʢʘʨʙʦʥʦʚʦʶ 

ʢʠʩʣʦʪʦʶ: 

 
ʆʙôʻʢʪʘʤʠ ʜʦʩʣʽʜʞʝʥʥʷ ʦʙʨʘʥʦ ʢʘʨʙʦʥʦʚʫ ʢʠʩʣʦʪʫ ʮʠʢʣʽʯʥʦʾ ʙʫʜʦʚʠ, ʱʦ ʜʦʟʚʦʣʷʻ 

ʧʨʦʘʥʘʣʽʟʫʚʘʪʠ ʚʧʣʠʚ ʩʪʝʨʠʯʥʦʛʦ ʬʘʢʪʦʨʫ ʥʘ ʧʝʨʝʙʽʛ ʨʝʘʢʮʽʾ. ʂʘʪʘʣʽʟʘʪʦʨʦʤ ʦʙʨʘʥʦ 

ʘʤʦʥʽʻʚʫ ʩʽʣʴ ï ʪʝʪʨʘʙʫʪʠʣʘʤʦʥʽʡ ʡʦʜʠʜ. ʈʝʘʢʮʽʶ ʧʨʦʚʦʜʠʣʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 60 Áʉ ʚ 

ʥʘʜʣʠʰʢʫ ʝʧʽʭʣʦʨʛʽʜʨʠʥʫ, ʷʢʠʡ ʚʠʩʪʫʧʘʻ ʩʫʙʩʪʨʘʪʦʤ ʪʘ ʨʦʟʯʠʥʥʠʢʦʤ ʦʜʥʦʯʘʩʥʦ. ʇʝʨʝʙʽʛ 

ʧʨʦʮʝʩʫ ʢʦʥʪʨʦʣʶʚʘʣʠ ʧʦ ʟʤʽʥʽ ʢʦʥʮʝʥʪʨʘʮʽʾ ʢʠʩʣʦʪʠ pH-ʧʦʪʝʥʮʽʦʤʝʪʨʠʯʥʠʤ 

ʪʠʪʨʫʚʘʥʥʷʤ. 

ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʧʨʦʚʝʜʝʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʚʩʪʘʥʦʚʣʝʥʦ ʧʦʨʷʜʦʢ ʨʝʘʢʮʽʾ ʟʘ 

ʮʠʢʣʦʛʝʢʩʘʥʢʘʨʙʦʥʦʚʦʶ ʢʠʩʣʦʪʦʶ ʧʨʠ ʨʽʟʥʠʭ ʢʦʥʮʝʥʪʨʘʮʽʷʭ ʢʠʩʣʦʪʥʦʛʦ ʨʝʘʛʝʥʪʫ ʽ 

ʢʘʪʘʣʽʟʘʪʦʨʘ. ʆʮʽʥʝʥʦ ʚʧʣʠʚ ʢʦʥʮʝʥʪʨʘʮʽʾ ʢʠʩʣʦʪʥʦʛʦ ʨʝʘʛʝʥʪʫ ʽ ʢʘʪʘʣʽʟʘʪʦʨʘ ʥʘ 

ʰʚʠʜʢʽʩʪʴ ʘʮʠʜʦʣʽʟʫ ʝʧʽʭʣʦʨʛʽʜʨʠʥʫ. ʅʘ ʦʩʥʦʚʽ ʦʪʨʠʤʘʥʠʭ ʜʘʥʠʭ ʟʘʧʨʦʧʦʥʦʚʘʥʦ 

ʢʽʥʝʪʠʯʥʝ ʨʽʚʥʷʥʥʷ ʰʚʠʜʢʦʩʪʽ ʨʝʘʢʮʽʾ, ʟʨʦʙʣʝʥʦ ʚʠʩʥʦʚʢʠ ʱʦʜʦ ʚʧʣʠʚʫ ʙʫʜʦʚʠ 

ʢʘʨʙʦʥʦʚʠʭ ʢʠʩʣʦʪ, ʟʦʢʨʝʤʘ ʩʪʝʨʠʯʥʦʛʦ ʯʠʥʥʠʢʘ, ʥʘ ʾʭ ʨʝʘʢʮʽʡʥʫ ʟʜʘʪʥʽʩʪʴ ʷʢ 

ʥʫʢʣʝʦʬʽʣʴʥʠʭ ʨʝʘʛʝʥʪʽʚ ʚ ʨʝʘʢʮʽʾ ʨʦʟʢʨʠʪʪʷ ʦʢʩʠʨʘʥʦʚʦʛʦ ʮʠʢʣʫ ʝʧʽʭʣʦʨʛʽʜʨʠʥʫ. 
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ʉʀʅʊɽɿ ɿɸʄɯʑɽʅʀʍ ʇɯʈɸɿʆʃɯɺ ʈɽʎʀʂʃɯɿɸʎɯʖ  

ʇʆʍɯɼʅʀʍ 4-ʅ-ʍʈʆʄɽʅ-4-ɯʄɯʅɯɺ 

ɿʘʛʦʨʫʣʴʢʦ ʉ. ʇ.1, ʇʘʚʣʦʚʘ ʉ. ɭ.1, ʌʘʨʘʪ ʆ. ʂ.2, ɺʘʨʝʥʠʯʝʥʢʦ ʉ. ɸ.1, ʄʘʨʢʦʚ ɺ. ɯ.1 
1ɼɺʅɿ çʋʢʨʘʾʥʩʴʢʠʡ ʜʝʨʞʘʚʥʠʡ ʭʽʤʽʢʦ-ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪè 

2ʄʦʩʢʦʚʩʴʢʠʡ ʜʝʨʞʘʚʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤ. ʄ. ɺ. ʃʦʤʦʥʦʩʦʚʘ  

ZahorulkoSerhii92@gmail.com 

 

ʅʘʷʚʥʽʩʪʴ ʜʝʢʽʣʴʢʦʭ ʝʣʝʢʪʨʦʬʽʣʴʥʠʭ ʮʝʥʪʨʽʚ ʚ ʧʦʭʽʜʥʠʭ ʭʨʦʤʦʥʽʚ ʜʦʟʚʦʣʠʣʘ 

ʜʝʪʘʣʴʥʦ ʜʦʩʣʽʜʠʪʠ ʨʝʘʢʮʽʾ ʨʝʮʠʢʣʽʟʘʮʽʾ ʟ ʨʽʟʥʠʤʠ ʥʫʢʣʝʦʬʽʣʴʥʠʤʠ ʘʛʝʥʪʘʤʠ, ʚ 

ʨʝʟʫʣʴʪʘʪʽ ʯʦʛʦ ʙʫʣʦ ʦʪʨʠʤʘʥʦ ʦ-ʛʽʜʨʦʢʩʠʬʝʥʽʣʴʥʽ ʧʦʭʽʜʥʽ ʧʽʨʘʟʦʣʽʚ ʪʘ ʦʢʩʘʟʦʣʽʚ, 

ʧʽʨʘʟʠʥʽʚ ʽ ʭʽʥʦʢʩʘʣʽʥʽʚ, ʘʤʽʥʦʧʽʨʠʜʠʥʽʚ ʪʘ ʽʥ. ʅʘʷʚʥʽʩʪʴ ʦ-ʛʽʜʨʦʢʩʠʬʝʥʽʣʴʥʦʾ ʛʨʫʧʠ 

ʧʨʝʜʩʪʘʚʣʷʻ ʽʥʪʝʨʝʩ ʷʢ ʩʪʨʫʢʪʫʨʥʠʡ ʬʨʘʛʤʝʥʪ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʙʽʦʣʦʛʽʯʥʦ-ʘʢʪʠʚʥʠʭ 

ʩʧʦʣʫʢ. ʆʢʨʝʤʦ ʧʨʠʚʝʨʪʘʻ ʫʚʘʛʫ ʰʠʨʦʢʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʦʭʽʜʥʠʭ ʬʝʥʦʣʽʚ, ʷʢʽ ʤʽʩʪʷʪʴ ʫ 

ʩʢʣʘʜʽ ʦʜʥʫ ʘʙʦ ʜʝʢʽʣʴʢʘ ʧʨʦʩʪʦʨʦʚʦ ʫʩʢʣʘʜʥʝʥʠʭ ʛʽʜʨʦʢʩʠʣʴʥʠʭ ʛʨʫʧ, ʫ ʷʢʦʩʪʽ 

ʩʪʘʙʽʣʽʟʘʪʦʨʽʚ ʧʦʣʽʤʝʨʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʘʥʪʠʦʢʩʠʜʘʥʪʽʚ ʪʘ ʬʣʫʦʨʝʩʮʝʥʪʥʠʭ ʤʘʨʢʝʨʽʚ.  

ɸʣʝ ʥʝʦʙʭʽʜʥʦ ʧʽʜʢʨʝʩʣʠʪʠ ʧʨʦ ʚʽʜʩʫʪʥʽʩʪʴ ʽʥʬʦʨʤʘʮʽʾ ʜʦ ʧʦʯʘʪʢʫ ʥʘʰʠʭ 

ʜʦʩʣʽʜʞʝʥʴ, ʩʪʦʩʦʚʥʦ ʚʠʚʯʝʥʥʷ ʧʦʚʝʜʽʥʢʠ ʽʤʽʥ ʧʦʭʽʜʥʠʭ ʭʨʦʤʝʥʦʚʠʭ ʩʠʩʪʝʤ, ʧʽʜ ʜʽʻʶ 

ʜʘʥʠʭ ʨʝʘʛʝʥʪʽʚ. ɺʨʘʭʦʚʫʶʯʠ ʨʽʟʥʫ ʝʣʝʢʪʨʦʥʝʛʘʪʠʚʥʽʩʪʴ ʘʪʦʤʽʚ ʆʢʩʠʛʝʥʫ ʚ ʭʨʦʤʦʥʦʚʦʤʫ 

ʮʠʢʣʽ ʪʘ ʅʽʪʨʦʛʝʥʫ ʚ ʭʨʦʤʝʥʘʭ ʧʨʝʜʩʪʘʚʣʷʣʦ ʽʥʪʝʨʝʩ ʜʦʩʣʽʜʠʪʠ ʚʧʣʠʚ ʟʘʤʽʥʠ ʛʝʪʝʨʦʘʪʦʤʫ 

ʚ ʜʘʥʽʡ ʨʝʮʠʢʣʽʟʘʮʽʾ. 

ɺʟʘʻʤʦʜʽʷ ʽʤʽʥʽʚ 1a-d ʟ ʛʽʜʨʘʟʠʥ ʛʽʜʨʘʪʦʤ ʧʨʠʚʦʜʠʪʴ ʜʦ ʫʪʚʦʨʝʥʥʷ ʦʯʽʢʫʚʘʥʠʭ 

ʧʦʭʽʜʥʠʭ 1ʅ-ʧʽʨʘʟʦʣ-3-ʽʣ-ʬʝʥʦʣʽʚ 2a-d (ʩʭʝʤʘ 1). 

 NH2NH2*H 2O

1a-e 2a-d (1) 

a ï R=H, Ar=C6H5; b ï R=i-Pr, Ar=C6H5; c ï R=H, Ar= 4-NO2-C6H4;  

d ï R=i-Pr, Ar= 4-NO2-C6H4  

 

ɿ ʤʝʪʦʶ ʨʦʟʰʠʨʝʥʥʷ ʯʠʩʣʘ ʧʨʠʢʣʘʜʽʚ ʝʬʝʢʪʠʚʥʦʛʦ ʤʝʪʦʜʫ ʩʠʥʪʝʟʫ ʟʘʤʽʱʝʥʠʭ 

ʧʽʨʘʟʦʣʽʚ ʥʘʤʠ ʙʫʣʦ ʩʠʥʪʝʟʦʚʘʥʦ ʽʟʦʥʽʢʦʪʠʥʦʽʣ-1ʅ-ʧʽʨʘʟʦʣ-5-ʽʣ 3b ʪʘ 1ʅ-ʧʽʨʘʟʦʣ-

ʢʘʨʙʦʪʽʦʘʤʽʜʠ 4a-d, ʨʝʘʢʮʽʶ ʽʤʽʥʽʚ 1a-d ʟ ʛʽʜʨʘʟʠʜʦʤ ʽʟʦʥʽʢʦʪʠʥʦʚʦʾ ʢʠʩʣʦʪʠ ʪʘ 

ʪʽʦʩʝʤʠʢʘʨʙʘʟʠʜʦʤ (ʩʭʝʤʘ 2). ʈʝʘʢʮʽʶ ʧʨʦʚʦʜʠʣʠ ʢʠʧôʷʪʽʥʥʷʤ ʫ ʩʧʠʨʪʽ ʚʧʨʦʜʦʚʞ 2ï3 

ʛʦʜʠʥ, ʫ ʚʠʧʘʜʢʫ ʟ ʛʽʜʨʘʟʠʜʦʤ ʽʟʦʥʽʢʦʪʠʥʦʚʦʾ ʢʠʩʣʦʪʠ ʚ ʷʢʦʩʪʽ ʢʘʪʘʣʽʟʘʪʦʨʫ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʧʽʧʝʨʠʜʠʥ. 

1a-e

4a-d
3b

i-PrOH

(2) 

a ï R=H, Ar=C6H5; b ï R=i-Pr, Ar=C6H5; c ï R=H, Ar= 4-NO2-C6H4;  

d ï R=i-Pr, Ar= 4-NO2-C6H4 

 

ʉʪʨʫʢʪʫʨʫ ʫʩʽʭ ʩʠʥʪʝʟʦʚʘʥʠʭ ʩʧʦʣʫʢ ʧʽʜʪʚʝʨʜʞʝʥʦ ʢʦʤʧʣʝʢʩʦʤ ʜʘʥʠʭ ʗʄʈ 1ʅ ʪʘ 
13ʉ ʩʧʝʢʪʨʽʚ.  
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ʅʆɺʀʁ ʇɯɼʍɯɼ ɼʆ ʉʀʅʊɽɿʋ 4,6-ɼʀɿɸʄɯʑɽʅʀʍ  

ʇʆʍɯɼʅʀʍ ʇɯʈʀɼʆ[2,3-d]ʇɯʈʀʄɯɼʀʅ-7-ʆʅʋ 

ɿʽʥʯʝʥʢʦ ɻ. ʄ., ʄʫʟʠʯʢʘ ʃ. ɺ., ʉʤʦʣʽʡ ʆ. ɹ. 

ɯʥʩʪʠʪʫʪ ʙʽʦʦʨʛʘʥʽʯʥʦʾ ʭʽʤʽʾ ʪʘ ʥʘʬʪʦʭʽʤʽʾ ʅɸʅ ʋʢʨʘʾʥʠ 

02660, ʤ.ʂʠʾʚ, ʚʫʣ. ʄʫʨʤʘʥʩʴʢʘ, 1 

Smolii@bpci.kiev.ua 

 

ʌʫʥʢʮʽʦʥʘʣʽʟʦʚʘʥʽ ʧʽʨʠʜʦ[2,3-d]ʧʽʨʠʤʽʜʠʥʫ ʻ ʧʝʨʩʧʝʢʪʠʚʥʠʤʠ ʦʙôʻʢʪʘʤʠ 

ʜʦʩʣʽʜʞʝʥʴ ʚ ʦʨʛʘʥʽʯʥʽʡ ʪʘ ʤʝʜʠʯʥʽʡ ʭʽʤʽʾ. ʆʩʦʙʣʠʚʠʡ ʽʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʶʪʴ ʧʽʨʠʜʦ[2,3-

d]ʧʽʨʠʤʽʜʠʥ-7-ʦʥʠ, ʷʢʽ ʟʜʘʪʥʽ ʩʝʣʝʢʪʠʚʥʦ ʽʥʛʽʙʫʚʘʪʠ ʜʽʶ ʨʽʟʥʠʭ ʪʠʨʦʟʠʥʢʽʥʘʟ ʪʘ ʤʦʞʫʪʴ 

ʙʫʪʠ ʝʬʝʢʪʠʚʥʠʤʠ ʫ ʣʽʢʫʚʘʥʥʷ ʘʚʪʦʽʤʫʥʥʠʭ ʪʘ ʦʥʢʦʣʦʛʽʯʥʠʭ ʭʚʦʨʦʙ.  

ɼʣʷ ʦʜʝʨʞʘʥʥʷ ʥʦʚʠʭ ʩʠʥʪʦʥʽʚ ʚ ʨʷʜʫ ʟʘʤʽʱʝʥʠʭ ʧʽʨʠʜʦ[2,3-d]ʧʽʨʠʤʽʜʠʥʽʚ ʥʘʤʠ 

ʨʦʟʨʦʙʣʝʥʠʡ ʧʨʦʩʪʠʡ ʧʽʜʭʽʜ ʜʦ ʩʠʥʪʝʟʫ ʧʦʭʽʜʥʠʭ 6-ʘʤʽʥʦ-4-ʭʣʦʨʦʧʽʨʠʜʦ[2,3-

d]ʧʽʨʠʤʽʜʠʥ-7-ʦʥʫ 4, ʧʦʜʘʣʴʰʘ ʤʦʜʠʬʽʢʘʮʽʷ ʷʢʠʭ ʧʝʨʩʧʝʢʪʠʚʥʘ ʜʣʷ ʧʦʰʫʢʫ ʙʽʦʣʦʛʽʯʥʦ 

ʘʢʪʠʚʥʠʭ ʩʧʦʣʫʢ. 
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Alk = H, Me, Et , n-Pr, n-Bu , CH2Ph, (CH2)2Ph,  CH2C(O)OMe, (CH2)2C(O)OMe, (CH2)3C(O)OMe.

   R1R2 N=  MeNH, EtNH, n-PrNH,  (CH2)4N, (CH2)5N;  Ar = 4-MeOC6H3; R = Me, Ph.

 
 

ʅʘ ʦʩʥʦʚʽ 6-ʘʤʽʥʦʟʘʤʽʱʝʥʠʭ 4-ʭʣʦʨʦʧʽʨʠʤʽʜʠʥ-5-ʢʘʨʙʘʣʴʜʝʛʽʜʽʚ 2, ʦʪʨʠʤʘʥʠʭ ʟ 

ʜʦʩʪʫʧʥʦʛʦ 4,6-ʜʠʭʣʦʨʦ-5-ʬʦʨʤʽʣʧʽʨʠʤʽʜʠʥʫ 1, ʩʠʥʪʝʟʦʚʘʥʦ 4-ʭʣʦʨʦʧʽʨʠʜʦ[2,3-

d]ʧʽʨʠʤʽʜʠʥʠ 3 ʨʝʘʢʮʽʻʶ ʢʦʥʜʝʥʩʘʮʽʾ ʘʣʴʜʝʛʽʜʽʚ 2 ʟ ʤʝʪʠʣ N-(4-

ʤʝʪʦʢʩʠʙʝʥʟʠʣʽʜʝʥ)ʛʣʽʮʠʥʘʪʦʤ ʚ ʤʝʪʘʥʦʣʽ ʚ ʧʨʠʩʫʪʥʦʩʪʽ ʪʨʠʝʪʠʣʘʤʽʥʫ. ʆʙʨʦʙʢʦʶ 

ʩʧʦʣʫʢ 3 ʦʮʪʦʚʦʶ ʢʠʩʣʦʪʦʶ (70 %) ʦʪʨʠʤʘʥʽ ʥʦʚʽ ʧʦʭʽʜʥʽ 6-ʘʤʽʥʦ-4-ʭʣʦʨʦʧʽʨʠʜʦ[2,3-

d]ʧʽʨʠʤʽʜʠʥ-7-ʦʥʫ 4, ʢʦʪʨʽ ʚʠʷʚʠʣʠʩʴ ʧʝʨʩʧʝʢʪʠʚʥʠʤʠ ʨʝʘʛʝʥʪʘʤʠ ʜʣʷ ʩʠʥʪʝʟʫ ʨʷʜʫ 

ʬʫʥʢʮʽʦʥʘʣʴʥʦ ʟʘʤʽʱʝʥʠʭ ʧʽʨʠʜʦ[2,3-d]ʧʽʨʠʤʽʜʠʥ-7-ʦʥʽʚ 6.  
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ʈɽɸʂʎʀʆʅʅɸʗ ʉʇʆʉʆɹʅʆʉʊʔ 1-ʄɽʊʀʃ-3-ɸʃʂʀʃ-2-(ɻʀɼʈʆʂʉʀʄʀʅʆ-

ʄɽʊʀʃ)ʀʄʀɼɸɿʆʃʀʁ ɹʈʆʄʀɼʆɺ ɺ ʇʈʆʎɽʉʉɸʍ ʇɽʈɽʅʆʉɸ 

ʌʆʉʌʆʅʀʃʔʅʆʁ ɻʈʋʇʇʓ 

ʂʘʧʠʪʘʥʦʚ ʀ. ɺ., ʉʝʨʜʶʢ ɸ. ɸ., ɹʫʨʘʢʦʚ ʅ. ʀ., ʐʫʤʝʡʢʦ ɸ. ɽ., ʂʘʨʧʠʯʝʚ ɽ. ɸ. 

ʀʥʩʪʠʪʫʪ ʬʠʟʠʢʦ-ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠ ʫʛʣʝʭʠʤʠʠ ʠʤ. ʃ. ʄ. ʃʠʪʚʠʥʝʥʢʦ ʅɸʅʋ 

ʀʥʩʪʠʪʫʪ ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʅɸʅʋ 

ivkapitanov@gmail.com 

 

ɸʤʬʠʬʠʣʴʥʳʝ 1-ʤʝʪʠʣ-3-ʘʣʢʠʣ-2-(ʛʠʜʨʦʢʩʠʤʠʥʦʤʝʪʠʣ)ʠʤʠʜʘʟʦʣʠʡ ʙʨʦʤʠʜʳ 

(I ï III) ʷʚʣʷʶʪʩʷ ʧʨʠʚʣʝʢʘʪʝʣʴʥʦʡ ʦʩʥʦʚʦʡ ʜʣʷ ʤʠʮʝʣʣʷʨʥʳʭ ʩʠʩʪʝʤ, ʩʧʦʩʦʙʥʳʭ 

ʵʬʬʝʢʪʠʚʥʦ ʨʘʩʱʝʧʣʷʪʴ ʵʬʠʨʳ ʢʠʩʣʦʪ ʬʦʩʬʦʨʘ ʠ ʩʝʨʳ. ʇʨʝʠʤʫʱʝʩʪʚʦʤ ʜʘʥʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ ʷʚʣʷʝʪʩʷ ʦʧʪʠʤʘʣʴʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ ʦʩʥʦʚʥʦʩʪʠ ʠ ʥʫʢʣʝʦʬʠʣʴʥʦʩʪʠ ʠʭ 

ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʦʢʩʠʤʥʦʡ ʛʨʫʧʧʳ, ʧʦʟʚʦʣʷʶʱʝʝ ʧʨʦʚʦʜʠʪʴ ʧʨʦʮʝʩʩʳ ʨʘʩʱʝʧʣʝʥʠʷ 

ʩʣʦʞʥʦʵʬʠʨʥʳʭ ʩʚʷʟʝʡ ʩ ʚʳʩʦʢʠʤʠ ʥʘʙʣʶʜʘʝʤʳʤʠ ʩʢʦʨʦʩʪʷʤʠ ʚ ʦʪʥʦʩʠʪʝʣʴʥʦ 

çʤʷʛʢʠʭè ʫʩʣʦʚʠʷʭ (ʨʅ Ò 9.5). 

 

 

Alk:  

C12H25 (I); 

C14H29 (II);  

C16H33 (III)  
 

4-ʅʠʪʨʦʬʝʥʠʣʜʠʵʪʠʣʬʦʩʬʦʥʘʪ (ʅʌɼʕʌʉ) 

 

ʀʟʫʯʝʥʠʝ ʨʝʘʢʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʩʦʝʜʠʥʝʥʠʡ I ï III  ʚ ʧʨʦʮʝʩʩʘʭ ʨʘʩʱʝʧʣʝʥʠʷ 

ʤʦʜʝʣʴʥʦʛʦ ʬʦʩʬʦʨʦʨʛʘʥʠʯʝʩʢʦʛʦ ʩʫʙʩʪʨʘʪʘ ʅʌɼʕʌʉ ʠ ʠʭ ʘʥʘʣʠʟ ʚ ʨʘʤʢʘʭ 

ʧʩʝʬʜʦʬʘʟʥʦʡ ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʦʡ ʤʦʜʝʣʠ (ʩʤ. ʪʘʙʣ.) ʧʦʢʘʟʘʣʦ, ʯʪʦ ʥʫʢʣʝʦʬʠʣʴʥʦʩʪʴ 

ʦʢʩʠʤʘʪʥʦʡ ʛʨʫʧʧʳ ʧʨʠ ʚʘʨʴʠʨʦʚʘʥʠʠ ʜʣʠʥʳ ʘʣʢʠʣʴʥʦʛʦ ʟʘʤʝʩʪʠʪʝʣʷ ʩʫʱʝʩʪʚʝʥʥʦ ʥʝ 

ʠʟʤʝʥʷʝʪʩʷ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʥʘʙʣʶʜʘʝʤʳʝ ʤʠʮʝʣʣʷʨʥʳʝ ʵʬʬʝʢʪʳ ʦʪʣʠʯʘʶʪʩʷ ʚʝʩʴʤʘ 

ʩʫʱʝʩʪʚʝʥʥʦ. ʕʪʦ ʷʚʣʷʝʪʩʷ ʩʣʝʜʩʪʚʠʝʤ ʪʦʛʦ, ʯʪʦ ʥʘʠʙʦʣʴʰʠʡ ʚʢʣʘʜ ʚ ʫʚʝʣʠʯʝʥʠʝ 

ʥʘʙʣʶʜʘʝʤʦʡ ʩʢʦʨʦʩʪʠ ʚʥʦʩʠʪ ʵʬʬʝʢʪ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʷ ʫʯʘʩʪʥʠʢʦʚ ʨʝʘʢʮʠʠ ʚ 

ʤʠʮʝʣʣʘʭ, ʢʦʪʦʨʳʡ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʥʘʧʨʷʤʫʶ ʟʘʚʠʩʠʪ ʦʪ ʛʠʜʨʦʬʦʙʥʳʭ ʩʚʦʡʩʪʚ ʚʝʱʝʩʪʚ 

I ï III . 

 

ʊʘʙʣʠʮʘ. ʌʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʩʦʝʜʠʥʝʥʠʡ I ï III  ʠ ʠʭ ʨʝʘʢʮʠʦʥʥʘʷ 

ʩʧʦʩʦʙʥʦʩʪʴ ʚ ʧʨʦʮʝʩʩʝ ʨʘʩʱʝʧʣʝʥʠʷ ʅʌɼʕʌʉ (ʚʦʜʘ; 25 ʦʉ) 

 ̄ pKa c 
ʤ

2k  / Vʤ, ʩ
ï1 

ʤ

2k , ʣ ʤʦʣʴï1 ʩï1 KS, ʣ/ʤʦʣʴ KKM, ʤʦʣʴ/ʣ 

I 
8.48 (ɢ = 1.0) 

7.93 (ɢ = 0.1) 
1.0 0.58 0.29 55 1.1Ŀ10ï3 

II  
8.53 (ɢ = 1.0) 

7.77 (ɢ = 0.1) 
1.0 0.54 0.22 100 3.5Ö10-4 

III  7.74 (ɢ = 0.1) 
0.25 

0.125 

0.50 

0.53 

0.20 

0.21 

190 

200 

2.5Ö10-4 

2.5Ö10-4 

ʇʨʠʤʝʯʘʥʠʷ. ɺʝʣʠʯʠʥʳ pKa ʧʦʣʫʯʝʥʳ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ; c ï ʤʦʣʴʥʘʷ 

ʜʦʣʷ ʩʦʝʜʠʥʝʥʠʡ I ï III  ʚ ʩʦʤʠʮʝʣʣʘʭ ʩ ʎʊɸɹ. 
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ʉʀʅʊɽɿ ʅʆɺʀʍ ʉʇɯʈʆʎʀʂʃʆɸʃʂɽʅɯʃʔʅʀʍ  

ʇʆʍɯɼʅʀʍ 4,6-ɼʀɻɯɼʈʆʂʉʀ-2-ʊɯʆʇɯʈʀʄɯɼʀʅɯɺ ʈɽɸʂʎɯʗʄʀ 

ʄɽʊɸʊɽɿʀʉʋ ɿ ɿɸʂʈʀʊʊʗʄ ʎʀʂʃʋ 

ʂʦʙʠʞʯʘ ʅ. ɯ., ɻʦʣʦʚʘʪʶʢ ɺ. ʄ., ɹʝʟʫʛʣʠʡ ʖ. ɺ., ʂʘʰʢʦʚʩʴʢʠʡ ɺ. ɯ. 

ɯʥʩʪʠʪʫʪ ʙʽʦʦʨʛʘʥʽʯʥʦʾ ʭʽʤʽʾ ʪʘ ʥʘʬʪʦʭʽʤʽʾ ʅɸʅ ʋʢʨʘʾʥʠ 

Kobyzhcha@nas.gov.ua 

 

ʈʝʘʢʮʽʾ ʤʝʪʘʪʝʟʠʩʫ ʻ ʫʥʽʢʘʣʴʥʠʤ ʪʘ ʦʨʠʛʽʥʘʣʴʥʠʤ ʚʠʜʦʤ ʭʽʤʽʯʥʠʭ ʧʝʨʝʪʚʦʨʝʥʴ ʚ 

ʷʢʠʭ ʟʘ ʫʯʘʩʪʶ ʤʝʪʘʣʦʢʘʨʙʝʥʦʚʠʭ ʢʦʤʧʣʝʢʩʽʚ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʝʨʝʨʦʟʧʦʜʽʣ ʥʝʥʘʩʠʯʝʥʠʭ 

ʟʚôʷʟʢʽʚ ʚ ʤʦʣʝʢʫʣʽ. ʂʨʽʤ ʪʦʛʦ, ʚ ʫʪʚʦʨʝʥʠʭ ʪʘʢʠʭ ʯʠʥʦʤ ʩʧʦʣʫʢʘʭ ʟʙʝʨʽʛʘʻʪʴʩʷ 

ʥʝʥʘʩʠʯʝʥʠʡ ʟʚôʷʟʦʢ, ʷʢʠʡ ʧʨʠ ʥʝʦʙʭʽʜʥʦʩʪʽ, ʤʦʞʝ ʙʫʪʠ ʬʫʥʢʮʽʦʥʘʣʽʟʦʚʘʥʠʡ ʨʽʟʥʠʤʠ 

ʬʘʨʤʘʢʦʬʦʨʥʠʤʠ ʛʨʫʧʘʤʠ. 

ʈʘʥʽʰʝ, ʤʠ ʧʦʚʽʜʦʤʣʷʣʠ ʧʨʦ ʩʠʥʪʝʟ N,N'-ʜʠʟʘʤʽʱʝʥʠʭ 5-ʩʧʽʨʦʮʠʢʣʦʧʝʥʪʝʥ-3-ʽʣ 

2,4,6-ʪʨʠʦʢʩʦʛʝʢʩʘʛʽʜʨʦʧʽʨʠʤʽʜʠʥʽʚ, ʦʜʥʘʢ ʨʝʘʢʮʽʾ ʤʝʪʘʪʝʟʠʩʫ ʜʣʷ ʪʽʦʘʥʘʣʦʛʽʚ ʜʘʥʠʭ 

ʩʧʦʣʫʢ ʻ ʤʘʣʦʦʧʠʩʘʥʠʤʠ. 

ʅʘʤʠ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʙʝʟʬʦʩʬʽʥʦʚʦʛʦ ʨʫʪʝʥʽʡʚʤʽʩʥʦʛʦ 

ʢʘʪʘʣʽʟʘʪʦʨʫ ɻʨʘʙʙʩʘ-ʍʦʚʝʡʜʠ ʜʦʟʚʦʣʷʻ ʟ ʚʠʩʦʢʠʤʠ ʚʠʭʦʜʘʤʠ ʦʪʨʠʤʫʚʘʪʠ ʥʦʚʽ 

ʩʧʽʨʦʮʠʢʣʦʘʣʢʝʥʽʣʴʥʽ ʧʦʭʽʜʥʽ 2-ʪʽʦʧʽʨʠʤʽʜʠʥ-4,6-ʜʽʦʥʽʚ ʟʘ ʩʭʝʤʦʶ ʨʝʘʢʮʽʡ:  

ɹʫʜʦʚʘ ʚʩʽʭ ʦʪʨʠʤʘʥʠʭ ʩʧʦʣʫʢ ʧʽʜʪʚʝʨʜʞʝʥʘ ʜʘʥʠʤʠ ʩʧʝʢʪʨʽʚ 1ʅ, 13ʉ ʪʘ ʤʘʩ-

ʩʧʝʢʪʦʤʝʪʨʽ.ʾ 
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NEW WATER -SOLUBLE DERIVATIVES OF 7 -HYDROXY -3-HETARYL 

COUMARINS FOR THE FLUORESCENT LABELING OF BIOMOLECULES  

Kuziv Ia. B., Dubey I. Ya. 

Institute of Molecular Biology and Genetics, NAS of Ukraine,  

150 Zabolotnogo str., 03143 Kyiv, Ukraine 

ya.b.kuziv@imbg.org.ua 

 

Fluorescent labeling of biomolecules is widely used in both life sciences and medical 

diagnostics. We have previously synthesized a number of blue-emitting coumarin-based 

reagents 1 by the introduction of carboxyalkyl groups into 7-hydroxy-3-hetarylcoumarins, and 

corresponding 7-methoxy derivatives. They are suitable for the labeling of compounds 

containing aliphatic amino groups. However, the disadvantage of these derivatives as reagents 

for the conjugation with biomolecules being typically performed in aqueous medium is their 

poor solubility in water. Only 7-hydroxycoumarin derivatives are soluble at high pH. Here we 

propose a new way to increase water solubility of coumarin reagents by their derivatization 

with 1,3-propanesultone or cysteic acid. 

 

 

Scheme. Synthesis of water-soluble derivatives of 3-hetarylcoumarins. 

 

Synthesis of cysteic acid derivatives 3a-d and 4d started with blocking the phenolic 

hydroxyl of compounds 1a-d with Ac2O (Scheme, step (i)). Resulting acylated coumarins 2a-

d were activated with DCC and HOBt and then condensed with cysteic acid methyl ester in the 

presence of diisopropylethylamine with subsequent ester hydrolysis by NaOH (ii) in one-flask 

process. Dye 4d with COOH group on an extended linker was prepared by the activation of 3d 

with DCC and 6-sulfobenzotriazole followed by the condensation with Ů-aminocaproic acid 

methyl ester and alkaline hydrolysis of methyl ester group (iii). 6-Sulfobenzotriazole synthesis 

and use for amide bond formation is described in our accompanying abstract.  

Sulfopropyl derivatives 5a-d were obtained by alkylating compounds 1a-d with 

1,3-propanesultone in the presence of K2CO3 (iv). 3-Furylcoumarin reagent 6e was prepared 

from 5d via its activation with DCC and 6-sulfobenzotriazole followed by condensation with 

methyl aminocaproate and ester group cleavage by NaOH (v).  

Compounds 2a-d were purified by silica column chromatography, whereas reverse-

phase chromatography on TMS-silica was used for target dyes containing the sulfonate group. 

These compounds were obtained as triethylamine and potassium salts and fully characterized 

by 1H NMR and LC-MS. Coumarin derivatives 3-6 are well soluble in water and can be used 

as reagents for the fluorescent labeling of proteins, nucleic acids and other biomolecules.  
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6-SULFOBENZOTRIAZOLE AS A NEW REAGENT FOR AMIDE BOND 

FORMATION IN AQUEOUS MEDIUM  

Kuziv Ia. B., Dubey I. Ya. 

Institute of Molecular Biology and Genetics, NAS of Ukraine,  

150 Zabolotny str., 03143 Kyiv, Ukraine 

ya.b.kuziv@imbg.org.ua  

 

Covalent labeling and conjugation of biomolecules is most commonly performed by 

active ester approach via the formation of amide bond. But this method requires active esters 

sufficiently soluble in aqueous or aqueous-organic medium. This can be achieved using the 

esters containing anionic or cationic functional groups, e.g. sulfonic or ammonium-type 

functions. Additional requirement for active esters to be used in aqueous conditions is low rate 

of their hydrolysis at pH 8ï8.5 typical for biomolecular coupling reactions. Here we propose 

the use of sulfobenzotriazolides as new efficient reagents for amide synthesis. 

N-acylbenzotriazoles are stable in water, and at the same time demonstrate high reactivity 

towards aliphatic amines due to the presence of a good leaving group that allows amide bond 

formation under mild reaction conditions in aqueous-organic solutions.  

The synthesis of 6-sulfobenzotriazole (Scheme 1) started from the sulfonation of 

o-phenylene diamine with conc. sulfuric acid. Its cyclization to form benzotriazole ring was 

then performed by diazotization reaction with potassium nitrite and acetic acid. 

Sulfobenzotriazole was isolated by column chromatography. Ion-exchange chromatography on 

QAE-Sephadex provided free acid 2, whereas reverse-phase chromatography on TMS-silica 

allowed to obtain its triethylammonium salt.  

 

 

Scheme 1. Synthesis of 6-sulfobenzotriazole. 

 

The mechanism of coupling reaction using 6-sulfobenzotriazole is shown in Scheme 2. 

Carboxylic acid is first activated with a suitable condensing reagent (for example, 

N,N'-dicyclohexylcarbodiimide, DCC) in the presence of sulfobenzotriazole salt. Two isomers 

of water-soluble N-acylbenzotriazole active intermediate can be formed. After the addition of 

corresponding amine fast nucleophilic substitution reaction (~one hour) results in the smooth 

formation of amide bond. 
 

 

Scheme 2. Mechanism of amide formation in the presence of sulfobenzotriazole 

 

We have used sulfobenzotriazole for the introduction of carboxyalkyl linkers into the 

coumarin dyes to prepare fluorescent labeling reagents (see the accompanying abstract). 
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ʂɺɸʅʊʆɺʆʍɯʄɯʏʅɽ ʄʆɼɽʃʖɺɸʅʅʗ ʇʆɺɽɼɯʅʂʀ ʂɸʈɹʆʅʆɺʀʍ 

ʂʀʉʃʆʊ ɺ ʈɽɸʂʎɯɰ ɸʎʀɼʆʃɯɿʋ ɽʇɯʍʃʆʈɻɯɼʈʀʅʋ 

ʄʘʨʮʝʥʶʢ ʅ. ʉ., ʂʨʘʚʯʫʢ ɸ. ɺ., ɻʝʤʙʘʨʫʢ ɺ. ɺ., ʖʪʽʣʦʚʘ ʂ. ʉ., ʐʚʝʜ ʆ. ʄ. 

ɼʦʥʝʮʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ɺʘʩʠʣʷ ʉʪʫʩʘ 

martseniuk.n@donnu.edu.ua 

 

ɽʧʽʭʣʦʨʛʽʜʨʠʥ (1-ʭʣʦʨ-2,3-ʝʧʦʢʩʽʧʨʦʧʘʥ, ɽʍɻ) ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ 

ʚʠʨʦʙʥʠʮʪʚʘ ʩʠʥʪʝʪʠʯʥʦʛʦ ʛʣʽʮʝʨʠʥʫ, ʝʧʦʢʩʠʜʥʠʭ ʩʤʦʣ, ʩʪʘʙʽʣʽʟʘʪʦʨʽʚ ʜʣʷ 

ʭʣʦʨʦʨʛʘʥʽʯʥʠʭ ʩʧʦʣʫʢ, ʽʦʥʦʦʙʤʽʥʥʠʭ ʩʤʦʣ ʚ ʭʽʤʽʯʥʽʡ ʧʨʦʤʠʩʣʦʚʦʩʪʽ, ʚ ʛʫʤʦʪʝʭʥʽʯʥʽʡ ʪʘ 

ʽʥʰʠʭ ʛʘʣʫʟʷʭ ʧʨʦʤʠʩʣʦʚʦʩʪʽ. ɺʠʩʦʢʘ ʘʢʪʠʚʥʽʩʪʴ ʝʧʽʭʣʦʨʛʽʜʨʠʥʫ ʦʙʫʤʦʚʣʝʥʘ 

ʢʦʥʬʦʨʤʘʮʽʡʥʦ ʥʘʧʨʫʞʝʥʦʶ ʝʧʦʢʩʠʜʥʦʶ ʛʨʫʧʦʶ ʪʘ ʟʥʘʯʥʦʶ ʧʦʣʷʨʥʽʩʪʶ ʤʦʣʝʢʫʣʠ. 

ɺʠʚʯʝʥʥʷ ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ ʤʝʭʘʥʽʟʤʫ ʪʘ ʥʘʧʨʷʤʢʫ ʨʦʟʢʨʠʪʪʷ ʦʢʩʠʨʘʥʦʚʦʛʦ ʮʠʢʣʫ 

ʥʫʢʣʝʦʬʽʣʴʥʠʤʠ ʨʝʘʛʝʥʪʘʤʠ ʻ ʘʢʪʫʘʣʴʥʦʶ ʟʘʜʘʯʝʶ ʭʽʤʽʾ ʷʢ ʩʢʣʘʜʦʚʘ ʯʘʩʪʠʥʘ ʜʦʩʣʽʜʞʝʥʴ 

ʨʝʘʢʮʽʡ ʥʫʢʣʝʦʬʽʣʴʥʦʛʦ ʟʘʤʽʱʝʥʥʷ. ʈʝʘʢʮʽʷ ʭʣʦʨʤʝʪʠʣʦʢʩʠʨʘʥʫ ʟ ʢʘʨʙʦʥʦʚʠʤʠ 

ʢʠʩʣʦʪʘʤʠ ʻ ʤʦʜʝʣʴʥʦʶ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʤʝʭʘʥʽʟʤʫ ʥʫʢʣʝʦʬʽʣʴʥʦʛʦ ʨʦʟʢʨʠʪʪʷ 

ʦʢʩʠʨʘʥʦʚʦʛʦ ʮʠʢʣʫ: 

 
ʄʝʪʦʶ ʨʦʙʦʪʠ ʻ ʚʠʚʯʝʥʥʷ ʨʝʘʢʮʽʡʥʦʾ ʟʜʘʪʥʦʩʪʽ ʢʘʨʙʦʥʦʚʠʭ ʢʠʩʣʦʪ ʫ ʨʝʘʢʮʽʾ 

ʘʮʠʜʦʣʽʟʫ ɽʍɻ ʤʝʪʦʜʘʤʠ ʢʚʘʥʪʦʚʦʾ ʭʽʤʽʾ. ʆʙôʻʢʪʦʤ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʩʝʨʽʷ ʢʘʨʙʦʥʦʚʠʭ 

ʢʠʩʣʦʪ: ʮʠʩ-ʙʫʪʝʥʜʽʦʚʘ, ʛʝʢʩʘʥʦʚʘ ʽ ʮʠʢʣʦʛʝʢʩʘʥʢʘʨʙʦʥʦʚʘ ʢʠʩʣʦʪʠ. ɺʩʽ ʢʚʘʥʪʦʚʦʭʽʤʽʯʥʽ 

ʨʦʟʨʘʭʫʥʢʠ ʚ ʜʘʥʽʡ ʨʦʙʦʪʽ ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʨʦʛʨʘʤʥʦʛʦ ʢʦʤʧʣʝʢʩʫ 

Firefly 8.2.0. ʇʦʙʫʜʦʚʘ ʪʘ ʚʽʟʫʘʣʽʟʘʮʽʷ ʩʪʨʫʢʪʫʨ ʤʦʜʝʣʴʥʠʭ ʦʙôʻʢʪʽʚ ʨʝʘʣʽʟʦʚʘʥʘ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʧʨʦʛʨʘʤʠ ChemCraft 1.8. ɿ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʝʪʦʜʫ ʬʫʥʢʮʽʦʥʘʣʘ ʛʫʩʪʠʥʠ ʚ 

ʥʘʙʣʠʞʝʥʥʽ B3LYP/6-31+G** ʙʫʣʦ ʚʠʟʥʘʯʝʥʦ ʩʪʨʫʢʪʫʨʠ ʧʝʨʝʭʽʜʥʠʭ ʩʪʘʥʽʚ (ʇʉ). 

ʅʘʣʝʞʥʽʩʪʴ ʣʦʢʘʣʽʟʦʚʘʥʠʭ ʧʝʨʝʭʽʜʥʠʭ ʩʪʘʥʽʚ ʚʽʜʧʦʚʽʜʥʽʡ ʨʝʘʢʮʽʾ ʜʦʚʝʜʝʥʘ ʩʧʫʩʢʘʤʠ ʟʘ 

ʧʨʦʮʝʜʫʨʦʶ IRC ʫ ʜʦʣʠʥʠ ʨʝʘʢʪʘʥʪʽʚ ʽ ʧʨʦʜʫʢʪʽʚ. ɿʥʘʡʜʝʥʦ ʨʽʚʥʦʚʘʞʥʽ ʢʦʥʬʽʛʫʨʘʮʽʾ ʇʉ 

ʨʝʘʢʮʽʾ ʘʥʽʦʥʽʚ ʢʘʨʙʦʥʦʚʠʭ ʢʠʩʣʦʪ ʟ ɽʍɻ ʫ ʚʠʧʘʜʢʫ ʪʠʣʦʚʦʾ ʘʪʘʢʠ ʥʘ Ŭ-ʘʪʦʤ ʂʘʨʙʦʥʫ. 

 

 

 

(ʘ) (ʙ) (ʚ) 

ʈʠʩ. ʇʉ ʨʝʘʢʮʽʾ ʘʥʽʦʥʫ ʮʠʩ-ʙʫʪʝʥʜʽʦʚʦʾ (ʘ), ʛʝʢʩʘʥʦʚʦʾ (ʙ) ʽ ʮʠʢʣʦʛʝʢʩʘʥʢʘʨʙʦʥʦʚʦʾ (ʚ) 

ʢʠʩʣʦʪʠ ʟ ɽʍɻ 

ʇʦʙʫʜʦʚʘʥʦ ʝʥʝʨʛʝʪʠʯʥʽ ʧʨʦʬʽʣʽ ʨʝʘʢʮʽʾ ʘʥʽʦʥʽʚ ʢʘʨʙʦʥʦʚʠʭ ʢʠʩʣʦʪ ʟ ɽʍɻ. 

ʇʦʢʘʟʘʥʦ ʚʧʣʠʚ ʩʪʝʨʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʨʝʘʢʪʘʥʪʽʚ ʥʘ ʰʚʠʜʢʽʩʪʴ ʨʦʟʢʨʠʪʪʷ ʦʢʩʠʨʘʥʦʚʦʛʦ 

ʮʠʢʣʫ. ɿʜʽʡʩʥʝʥʦ ʨʦʟʨʘʭʫʥʦʢ ʝʥʝʨʛʝʪʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʨʝʘʢʮʽʾ, ʟ ʷʢʠʭ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ 

ʥʘ ʝʥʝʨʛʽʶ ʘʢʪʠʚʘʮʽʾ ʚʧʣʠʚʘʻ ʦʙôʻʤ ʟʘʤʽʩʥʠʢʘ ʧʨʠ ʢʘʨʙʦʢʩʠʣʴʥʽʡ ʛʨʫʧʽ. ɺʠʟʥʘʯʝʥʦ, ʱʦ 

ʰʚʠʜʢʦʩʪʽ ʚʟʘʻʤʦʜʽʾ ɽʍɻ ʟ ʦʜʥʦʦʩʥʦʚʥʠʤʠ ʢʠʩʣʦʪʘʤʠ ʽ ʟ ʜʚʦʭʦʩʥʦʚʥʦʶ ʢʠʩʣʦʪʦʶ ʟʘ 

ʦʜʥʽʻʶ ʢʘʨʙʦʢʩʠʣʴʥʦʶ ʛʨʫʧʦʶ ʻ ʩʧʽʚʩʪʘʚʥʠʤʠ. ʆʪʨʠʤʘʥʽ ʟʥʘʯʝʥʥʷ ʝʥʪʘʣʴʧʽʾ, ʝʥʪʨʦʧʽʾ ʪʘ 

ʝʥʝʨʛʽʾ ɻʽʙʙʩʘ ʧʦʢʘʟʫʶʪʴ, ʱʦ ʨʝʘʢʮʽʷ ʧʝʨʝʙʽʛʘʻ ʽʟ ʚʠʜʽʣʝʥʥʷʤ ʝʥʝʨʛʽʾ. ʆʜʝʨʞʘʥʽ 

ʨʝʟʫʣʴʪʘʪʠ ʻ ʚʘʞʣʠʚʠʤʠ ʜʣʷ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʢʽʥʝʪʠʯʥʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ ʨʦʟʢʨʠʪʪʷ 

ʦʢʩʠʨʘʥʦʚʦʛʦ ʮʠʢʣʫ ɽʍɻ ʢʘʨʙʦʥʦʚʠʤʠ ʢʠʩʣʦʪʘʤʠ. 
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ɻɽʂʉɸʅʆɺɸ ʂʀʉʃʆʊɸ ʗʂ ʅʋʂʃɽʆʌɯʃʔʅʀʁ ʈɽɸɻɽʅʊ ʂɸʊɸʃɯʊʀʏʅʆɻʆ 

ʈʆɿʂʈʀʊʊʗ ʎʀʂʃʋ ʍʃʆʈʄɽʊʀʃʆʂʉʀʈɸʅʋ 

ʄʘʨʯʫʢ ʃ. ʉ., ɹʘʭʘʣʦʚʘ ɭ. ɸ., ʂʘʣʽʥʩʴʢʠʡ ʆ. ʄ., ʐʚʝʜ ʆ. ʄ. 

ɼʦʥʝʮʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ɺʘʩʠʣʷ ʉʪʫʩʘ 

marchuk.l@donnu.edu.ua 

 

ʈʝʘʢʮʽʷ ʢʘʨʙʦʥʦʚʠʭ ʢʠʩʣʦʪ ʟ ʭʣʦʨʤʝʪʠʣʦʢʩʠʨʘʥʦʤ (ʝʧʽʭʣʦʨʛʽʜʨʠʥ, ɽʍɻ) ʣʝʞʠʪʴ ʚ 

ʦʩʥʦʚʽ ʩʠʥʪʝʟʫ ʛʣʽʮʠʜʠʣʢʘʨʙʦʥʦʚʠʭ ʝʬʽʨʽʚ, ʷʢʽ ʻ ʧʝʨʩʧʝʢʪʠʚʥʠʤʠ ʤʦʥʦʤʝʨʘʤʠ ʜʣʷ 

ʦʪʨʠʤʘʥʥʷ ʧʦʣʽʤʝʨʥʠʭ ʢʦʤʧʦʟʠʮʽʡ ʟ ʨʽʟʥʦʤʘʥʽʪʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʪʘ ʰʠʨʦʢʠʤ 

ʩʧʝʢʪʨʦʤ ʚʠʢʦʨʠʩʪʘʥʥʷ, ʘ ʩʘʤʝ ʛʝʨʤʝʪʠʢʽʚ, ʢʣʝʾʚ, ʢʦʤʧʦʥʝʥʪʽʚ ʬʘʨʙ ʪʘ ʘʥʪʠʢʦʨʦʟʽʡʥʠʭ 

ʧʦʢʨʠʪʪʽʚ, ʮʝʤʝʥʪʥʠʭ ʤʦʜʠʬʽʢʘʪʦʨʽʚ ʪʦʱʦ. ʈʝʘʢʮʽʷ ʢʘʪʘʣʽʪʠʯʥʦʛʦ ʘʮʠʜʦʣʽʟʫ ɽʍɻ, ʢʨʽʤ 
ʧʨʘʢʪʠʯʥʦʛʦ ʟʥʘʯʝʥʥʷ, ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʷʢ ʤʦʜʝʣʴʥʘ ʨʝʘʢʮʽʷ ʜʣʷ ʚʠʚʯʝʥʥʷ ʙʽʦʭʽʤʽʯʥʥʠʭ 

ʧʨʦʮʝʩʽʚ ʜʝʪʦʢʩʠʢʘʮʽʾ ʨʝʯʦʚʠʥ ʝʢʟʦʛʝʥʥʦʛʦ ʭʘʨʘʢʪʝʨʫ. ɼʣʷ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʨʝʘʢʮʽʡʥʦʾ 

ʟʜʘʪʥʦʩʪʽ ʢʘʨʙʦʥʦʚʠʭ ʢʠʩʣʦʪ ʚ ʨʝʘʢʮʽʾ ʟ ʝʧʦʢʩʠʜʥʠʤʠ ʩʧʦʣʫʢʘʤʠ ʚʘʞʣʠʚʠʤ ʻ 

ʜʦʩʣʽʜʞʝʥʥʷ ʤʝʭʘʥʽʟʤʫ ʨʝʘʢʮʽʾ. ɿ ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʘʥʠʭ ʚʽʜʦʤʦ, ʱʦ ʟʙʽʣʴʰʝʥʥʷ ʩʪʫʧʝʥʶ 

ʨʦʟʛʘʣʫʞʝʥʦʩʪʽ ʟʘʤʽʩʥʠʢʘ ʚ ʢʘʨʙʦʥʦʚʽʡ ʢʠʩʣʦʪʽ ʩʧʨʠʷʻ ʧʝʨʝʙʽʛʫ ʨʝʘʢʮʽʾ. ʇʨʦʪʝ 

ʚʘʨʽʶʚʘʥʥʷ ʧʨʦʩʪʦʨʦʚʦʾ ʙʫʜʦʚʠ ʢʠʩʣʦʪ ʚʽʜʙʫʚʘʻʪʴʩʷ ʥʝ ʣʠʰʝ ʟʘʚʜʷʢʠ ʚʠʢʦʨʠʩʪʘʥʥʶ 

ʢʠʩʣʦʪ ʨʦʟʛʘʣʫʞʝʥʦʾ ʙʫʜʦʚʠ, ʘʣʝ ʡ ʟʘʚʜʷʢʠ ʟʙʽʣʴʰʝʥʥʶ ʢʽʣʴʢʦʩʪʽ ʘʪʦʤʽʚ ʂʘʨʙʦʥʫ ʚ 

ʤʦʣʝʢʫʣʽ ʣʽʥʽʡʥʦʾ ʙʫʜʦʚʠ. ʊʦʤʫ ʘʢʪʫʘʣʴʥʠʤ ʻ ʟʜʽʡʩʥʝʥʥʷ ʩʠʩʪʝʤʘʪʠʯʥʠʭ ʜʦʩʣʽʜʽʚ ʱʦʜʦ 

ʚʧʣʠʚʫ ʙʫʜʦʚʠ ʢʘʨʙʦʥʦʚʠʭ ʢʠʩʣʦʪ ʥʘ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʨʦʟʢʨʠʪʪʷ ʦʢʩʠʨʘʥʦʚʦʛʦ ʮʠʢʣʫ.  

ʄʝʪʦʶ ʜʘʥʦʾ ʨʦʙʦʪʠ ʻ ʚʠʚʯʝʥʥʷ ʨʝʘʢʮʽʡʥʦʾ ʟʜʘʪʥʦʩʪʽ ʛʝʢʩʘʥʦʚʦʾ ʢʠʩʣʦʪʠ ʚ ʨʝʘʢʮʽʷ 

ʟ ʭʣʦʨʤʝʪʠʣʦʢʩʠʨʘʥʦʤ. ʈʝʘʢʮʽʷ ʧʝʨʝʙʽʛʘʻ ʟʘ ʩʭʝʤʦʶ: 

  

 

 

(1) 

 

ɺ ʷʢʦʩʪʽ ʥʫʢʣʝʦʬʽʣʴʥʦʛʦ ʨʝʘʛʝʥʪʘ ʦʙʨʘʥʘ ʛʝʢʩʘʥʦʚʘ ʢʠʩʣʦʪʘ, ʷʢʘ ʤʘʻ ʜʦʩʪʘʪʥʴʦ 

ʣʽʥʽʡʥʫ ʙʫʜʦʚʫ ʪʘ ʜʦʩʪʘʪʥʴʦ ʚʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ ʘʪʦʤʽʚ ʂʘʨʙʦʥʫ. ʂʘʪʘʣʽʟʘʪʦʨʦʤ ʨʝʘʢʮʽʾ (1) 

ʦʙʨʘʥʦ ʪʝʪʨʘʙʫʪʠʣʘʤʦʥʽʡ ʡʦʜʠʜ. ɼʦʩʣʽʜʞʝʥʥʷ ʧʨʦʚʦʜʠʣʠʩʴ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 60 Áʉ ʫ 

ʥʘʜʣʠʰʢʫ ʝʧʽʭʣʦʨʛʽʜʨʠʥʫ, ʱʦ ʻ ʽ ʨʦʟʯʠʥʥʠʢʦʤ, ʽ ʩʫʙʩʪʨʘʪʦʤ ʦʜʥʦʯʘʩʥʦ. ɼʣʷ 

ʚʩʪʘʥʦʚʣʝʥʥʷ ʢʽʥʝʪʠʯʥʦʛʦ ʟʘʢʦʥʫ ʪʘ ʧʦʨʷʜʢʫ ʨʝʘʢʮʽʾ (1) ʟʘ ʢʘʪʘʣʽʟʘʪʦʨʦʤ ʪʘ ʢʠʩʣʦʪʦʶ 

ʟʜʽʡʩʥʝʥʦ ʚʘʨʽʶʚʘʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ ʢʘʪʘʣʽʟʘʪʦʨʘ ʚ ʤʝʞʘʭ 0,00375õ0,015. ʂʦʥʪʨʦʣʴ ʟʘ 

ʭʦʜʦʤ ʧʨʦʮʝʩʫ ʟʜʽʡʩʥʶʚʘʚʩʷ ʧʦ ʚʠʪʨʘʯʘʥʥʶ ʢʠʩʣʦʪʥʦʛʦ ʨʝʘʛʝʥʪʘ ʤʝʪʦʜʦʤ 

ʧʦʪʝʥʮʽʦʤʝʪʨʠʯʥʦʛʦ ʢʠʩʣʦʪʥʦ-ʦʩʥʦʚʥʦʛʦ ʪʠʪʨʫʚʘʥʥʷ. 

ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʨʦʙʦʪʠ ʚʠʟʥʘʯʝʥʦ ʧʦʨʷʜʦʢ ʨʝʘʢʮʽʾ ʟʘ ʛʝʢʩʘʥʦʚʦʶ ʢʠʩʣʦʪʦʶ, 

ʪʝʪʨʘʙʫʪʠʣʘʤʦʥʽʡ ʡʦʜʠʜʦʤ, ʚʩʪʘʥʦʚʣʝʥʦ ʢʽʥʝʪʠʯʥʠʡ ʟʘʢʦʥ ʨʝʘʢʮʽʾ. ɿʥʘʡʜʝʥʦ ʢʦʥʩʪʘʥʪʠ 

ʰʚʠʜʢʦʩʪʽ ʥʝʢʘʪʘʣʽʪʠʯʥʦʾ ʪʘ ʢʘʪʘʣʽʪʠʯʥʦʾ ʩʪʘʜʽʡ. ɺʠʟʥʘʯʝʥʦ, ʱʦ ʫ ʚʽʜʩʫʪʥʦʩʪʽ 

ʢʘʪʘʣʽʟʘʪʦʨʘ ʨʝʘʢʮʽʷ ʥʘ ʜʝʢʽʣʴʢʘ ʧʦʨʷʜʢʽʚ ʙʽʣʴʰ ʧʦʚʽʣʴʥʽʰʘ, ʥʽʞ ʧʨʠ ʥʘʷʚʥʦʩʪʽ  

ʢʘʪʘʣʽʟʘʪʦʨʘ, ʱʦ ʜʦʚʦʜʠʪʴ ʝʬʝʢʪʠʚʥʽʩʪʴ ʪʝʪʨʘʙʫʪʠʣʘʤʦʥʽʡ ʡʦʜʠʜʫ ʷʢ ʢʘʪʘʣʽʟʘʪʦʨʘ 

ʨʝʘʢʮʽʾ (1). ʇʦʨʽʚʥʷʥʥʷ ʜʦʙʫʪʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʟ ʚʽʜʧʦʚʽʜʥʠʤʠ ʜʘʥʠʤʠ ʜʣʷ ʦʮʪʦʚʦʾ ʢʠʩʣʦʪʠ, 

ʧʦʢʘʟʫʻ ʱʦ ʟʙʽʣʴʰʝʥʥʷ ʚʫʛʣʝʚʦʜʥʦʛʦ ʨʘʜʠʢʘʣʫ ʢʘʨʙʦʥʦʚʦʾ ʢʠʩʣʦʪʠ ʚʧʣʠʚʘʻ ʥʘ 

ʩʧʦʩʪʝʨʝʞʫʚʘʥʠʡ ʧʦʨʷʜʦʢ ʨʝʘʢʮʽʾ. ʎʝ ʜʦʟʚʦʣʷʻ ʜʝʪʘʣʽʟʫʚʘʪʠ ʤʝʭʘʥʽʟʤ ʢʘʪʘʣʽʪʠʯʥʦʾ 

ʚʟʘʻʤʦʜʽʾ ʘʣʽʬʘʪʠʯʥʠʭ ʢʘʨʙʦʥʦʚʠʭ ʢʠʩʣʦʪ ʚ ʧʨʠʩʫʪʥʦʩʪʽ ʩʦʣʝʡ ʪʝʪʨʘʙʫʪʠʣʘʤʦʥʽʶ.  
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ʉʀʅʊɽɿ ʇɯʈʆʃʆ[3,4-d]ʇɯʈʀʄɯɼʀʅ-2,5,7-ʊʈʀʆʅɯɺ ʊɸ ɼʆʉʃɯɼɾɽʅʅʗ 

ɰʍ ʇʈʆʊʀɻʈʀɹʂʆɺʆɰ ɸʂʊʀɺʅʆʉʊɯ  

ʄʝʣʴʥʠʯʫʢ ʅ. ʇ., ʈʦʤʘʥ ɯ. ʊ., ʄʘʥʠʯ ʊ. ɺ., ʂʫʰʥʽʨ ʆ. ɺ. 

ʏʝʨʥʽʚʝʮʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ʖʨʽʷ ʌʝʜʴʢʦʚʠʯʘ, ʏʝʨʥʽʚʮʽ 

o.kushnir@chnu.edu.ua 

 

ʇʽʨʠʤʽʜʠʥʠ ʪʘ ʢʦʥʜʝʥʩʦʚʘʥʽ ʟ ʧʽʨʦʣʴʥʠʤ ʷʜʨʦʤ ʧʽʨʠʤʽʜʠʥʦʚʽ ʩʠʩʪʝʤʠ ʚʦʣʦʜʽʶʪʴ 

ʨʽʟʥʦʤʘʥʽʪʥʠʤʠ ʙʽʦʣʦʛʽʯʥʠʤʠ ʘʢʪʠʚʥʦʩʪʷʤʠ, ʩʝʨʝʜ ʷʢʠʭ ʩʣʽʜ ʚʽʜʟʥʘʯʠʪʠ: ʘʥʪʘʛʦʥʽʩʪʠ 

ʢʦʨʪʽʢʦʪʨʦʧʽʥ-ʨʠʣʽʟʽʥʛ ʬʘʢʪʦʨʘ (CRF), ʘʥʪʘʛʦʥʽʩʪʠ ʜʦʧʘʤʽʥ D4 ʨʝʮʝʧʪʦʨʘ, ʽʥʛʽʙʽʪʦʨʠ 

HIV-1 ʟʚʦʨʦʪʥʴʦʾ ʪʨʘʥʩʢʨʠʧʪʘʟʠ, ʽʥʛʽʙʽʪʦʨʠ ʜʠʛʽʜʨʦʬʦʣʘʪ ʨʝʜʫʢʪʘʟʠ, ʘʥʪʠʢʦʥʚʫʣʴʩʘʥʪʠ, 

ʧʨʦʪʠʨʘʢʦʚʽ ʘʛʝʥʪʠ. 

ʅʘʤʠ ʨʦʟʨʦʙʣʝʥʦ ʝʬʝʢʪʠʚʥʠʡ ʧʽʜʭʽʜ ʜʦ ʦʜʝʨʞʘʥʥʷ ʥʦʚʠʭ ʧʨʝʜʩʪʘʚʥʠʢʽʚ 

ʧʽʨʦʣʦ[3,4-d]ʧʽʨʠʤʽʜʠʥʦʥʽʚ, ʷʢʠʡ ʙʘʟʫʻʪʴʩʷ ʥʘ ʚʥʫʪʨʽʰʥʴʦʤʦʣʝʢʫʣʷʨʥʽʡ ʮʠʢʣʦʢʦʥʜʝʥʩʘʮʽʾ 

ʜʦʩʪʫʧʥʠʭ N,N-ʜʠʟʘʤʽʱʝʥʠʭ ʧʽʨʦʣ-2,5-ʜʽʦʥʽʚ (ɯ ʘ,ʙ) ʟ 1-ʭʣʦʨʦʙʝʥʟʠʣʽʟʦʮʽʘʥʘʪʘʤʠ (ɯɯ ʘ-ʛ). 

ʋʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʚʟʘʻʤʦʜʽʷ ʨʝʘʛʝʥʪʽʚ (ɯ ʘ,ʙ) ʪʘ (ɯɯ ʘ-ʛ), ʷʢʘ ʛʣʘʜʢʦ ʧʝʨʝʙʽʛʘʻ ʧʨʠ ʾʭ 

ʥʘʛʨʽʚʘʥʥʽ ʚ ʨʦʟʯʠʥʽ ʜʠʭʣʦʨʤʝʪʘʥʫ ʚʧʨʦʜʦʚʞ 8 ʛʦʜ, ʧʨʠʚʦʜʠʪʴ ʜʦ 4-ʘʨʠʣ-1,6-ʜʽʘʣʢʽʣ-3,4-

ʜʠʛʽʜʨʦ-1ʅ-ʧʽʨʦʣʦ[3,4-d]ʧʽʨʠʤʽʜʠʥ-2,5,7-ʪʨʠʦʥʽʚ (ɯɯɯʘ-ʝ) ʟ ʚʠʭʦʜʘʤʠ 45ï72 %. 
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ɯʘ-ʙ ɯɯʘ-ʛ

ɯɯɯʘ-ʝ  
 

ɯ, R = CH3 (ʘ), PhCH2 (ʙ); 

ɯɯ, A = 3-BrC6H4 (a), 3-NO2C6H4 (ʙ), 4-NO2C6H4 (ʚ), 3,4-Cl2C6H3 (ʛ); 

ɯɯɯ, Ar = 3-BrC6H4, R = CH3 (ʘ); Ar = 4-NO2C6H4, R = CH3 (ʙ), Ar = 3-BrC6H4, R = C6H5CH2 (ʚ), Ar 

= 3- NO2C6H4, R = C6H5CH2 (ʛ), 4- NO2C6H4, R = C6H5CH2 (ʜ); 3,4-Cl2C6H3, R = C6H5CH2 (e). 

 

ʇʨʦʚʝʜʝʥʦ ʚʠʚʯʝʥʥʷ ʘʥʪʠʤʽʢʨʦʙʥʦʾ ʽ ʧʨʦʪʠʛʨʠʙʢʦʚʦʾ ʘʢʪʠʚʥʦʩʪʽ ʩʠʥʪʝʟʦʚʘʥʠʭ 

ʩʧʦʣʫʢ ʟʘ ʤʝʪʦʜʦʤ ʜʚʦʢʨʘʪʥʠʭ ʩʝʨʽʡʥʠʭ ʨʦʟʚʝʜʝʥʴ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʷʢ ʪʝʩʪ-

ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ ʢʫʣʴʪʫʨ ʩʪʘʥʜʘʨʪʥʠʭ ʰʪʘʤʽʚ S.ʘurʝus ɸʊʉʉ 25922 ʽ ʉ.ʘlbʽʩʘns ɸʊʉʉ 

885-653. ɸʥʘʣʽʟ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʧʦʢʘʟʫʻ, ʱʦ ʜʦʩʣʽʜʞʫʚʘʥʽ ʧʨʝʧʘʨʘʪʠ ʚʦʣʦʜʽʶʪʴ 

ʧʦʤʽʨʥʦʶ ʘʥʪʠʤʽʢʨʦʙʥʦʶ ʪʘ ʧʨʦʪʠʛʨʠʙʢʦʚʦʶ ʘʢʪʠʚʥʽʩʪʶ ʫ ʢʦʥʮʝʥʪʨʘʮʽʷʭ ʚʽʜ 62,5 ʜʦ 

500 ʤʢʛ/ʤʣ ʥʘ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʪʝʩʪ-ʢʫʣʴʪʫʨʘʭ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ, ʱʦ ʨʦʙʠʪʴ ʧʝʨʩʧʝʢʪʠʚʥʠʤ 

ʾʭ ʧʦʜʘʣʴʰʝ ʧʦʛʣʠʙʣʝʥʝ ʜʦʩʣʽʜʞʝʥʥʷ. 

ɯʥʜʠʚʽʜʫʘʣʴʥʽʩʪʴ ʪʘ ʩʢʣʘʜ ʚʩʽʭ ʦʪʨʠʤʘʥʠʭ ʩʧʦʣʫʢ ʜʦʚʝʜʝʥʽ ʨʝʟʫʣʴʪʘʪʘʤʠ ʭʨʦʤʘʪʦ-

ʤʘʩ-ʩʧʝʢʪʨʦʤʝʪʨʽʾ ʪʘ ʝʣʝʤʝʥʪʥʦʛʦ ʘʥʘʣʽʟʫ, ʘ ʙʫʜʦʚʘ ɯʏ-, ʗʄʈ 1H ʪʘ 13ʉ ʩʧʝʢʪʨʦʩʢʦʧʽʻʶ. 
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DETERMINATION OF POTENTIALLY CATALYTICALLY ACTIVE ZEOLITES 

IN THE CONVERSION OF PIPERYLENE IN ISOPRENE  

Mirgaleev D. S.1, Vakulin I. V.1, Talipov R. F.1, Talipova G. R.1, Vakulina A. I.2 
1Bashkir State University. Zaki Validi St., 32. Ufa, 450076. Russia 

2Ural State University of Economics, Yekaterinburg, Russia 

denso190995@mail.ru 

 

We have considered possible ways of reducing the activation energy of the conversion 

of piperylene to isoprene. 

Pip 3-MCB MCB Isp
TS1

TS2

hv,T

 
In the B3LYP/6-31G (d,p) approximation, the structures of the transition states of the 

[2 + 2] cyclization reactions of piperylene (PS1) and the disclosure of methylcyclobutene (PS2) 

are determined. 

 

The proportions of the transition states in ¡ 

 

 

X Y Z X Y Z 

3.95 2.84 5.10 3.75 2.06 5.14 

 

According to the principles of molecular imprinting, the activation energy can be 

reduced by the use of porous substances conducive to the formation of a transition state. For 

this purpose, cavities of such substances, for example zeolites, should have cavities 

complementary in shape to the transition state with cavity diameters comparable in size. 

The measured PS proportions show that in our case, zeolites with a pore diameter in the 

range of 4.00 to 5.45 ¡ should be catalyzed activity, for example zeolites of the following 

Frame Work Type: ANA, NAT, PAR, GIS, EPI. 

 

This research is supported by the grant ˉ 17-43-020754 of Russian Fund of Basic 

Researches. 
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DFT STUDY OF FREE GIBBS ENERGY ACTIVATION OF STAGES 

OF CONVERSION OF PIPERYLENE TO ISOPRENE 

Mirgaleev D. S.1, Vakulin I. V.1, Talipov R. F.1, Talipova G. R.1, Vakulina A. I.2 
1Bashkir State University. Zaki Validi St., 32. Ufa, 450076. Russia 

2Ural State University of Economics, Yekaterinburg, Russia 

denso190995@mail.ru 

 

The proposed scheme for the conversion of isoprene to piperylene can improve the 

efficiency of the process of obtaining isoprene by dehydrogenation of the C5 fraction. 

Pip 3-MCB MCB Isp
TS1

TS2

hv,T

 
Using DFT methods, we calculated the Gibbs energies of activation of various stages 

of the scheme under consideration. 

 

Table. Free Gibbs energies of activation æGr¸ (kJ/mol) of direct and inverse conversion stages 

Stage 
Transition  

State 
æGr

¸ (U)B3LYP/6-31G/d,p) Exp.[1] 

singlet triplet  

Pip -> 3-MCB TS1 194.7 439.5 - 

3-MCB -> Pip TS1 127.4 372.1 127.5 

Isp > MCB TS2 186 408.8 - 

MCB > Isp TS2 139.9 362.7 146.7 

 

When calculating, we took into account two variants of the spin states of the reagents: 

a triplet and a singlet. In the first case, the UHF approximation was used, in the second case - 

RHF. Calculations show that singlet reactions have lower values of activation energies, which 

are consistent with the literature data. The activation energies of the cyclization reactions are 

much larger than the activation energies of the cyclobutane ring opening reactions, in both 

cases, which is due to the known steric intensity of this cycle. 

The activation energy of cyclization of piperylene in 3-methylcyclobutene is 8.7 kJ/mol 

greater activation energy of isoprene cyclization in methyl cyclobutene. In this case, the 

opening of the 3-methylcyclobutene ring to form piperylene is 12.5 kJ/mol higher than the 

analogous reaction for methylcyclobutene. 

 

This research is supported by the grant ˉ 17-43-020754 of Russian Fund of Basic 

Researches. 
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THEORETICAL STUDY ON THE INFLUENCE OF TEMPERATURE 

ON THE FREE GIBBS ENERGY OF THE PROCESS OF THE CONVERSION 

OF PIPERYLENE TO ISOPRENE 

Mirgaleev D. S.1, Vakulin I. V.1, Talipov R. F.1, Talipova G. R.1, Vakulina A. I.2 
1Bashkir State University. Zaki Validi St., 32. Ufa, 450076. Russia 

2Ural State University of Economics, Yekaterinburg, Russia 

denso190995@mail.ru 

 

In attempts to increase the efficiency of isoprene synthesis during the dehydrogenation 

of the C5 fraction, we considered the basic thermodynamic parameters of the isomerization of 

piperylene in isoprene. 

Pip 3-MCB MCB Isp
 

To study the temperature features of this scheme, we calculated the dependence of the 

Gibbs energy on temperature: 

 

Table 1. The dependence of the free Gibbs energy æGr
T (kJ/mol) of the conversion of 

piperylene to isoprene on the temperature (K) 

Reagent Product 
T 

298 323 348 373 398 423 448 473 498 

Pip 3-MCB 67.3 59.8 60.1 60.4 60.9 70 70.4 71 61 

3-MCB MCB -12.2 -12 -11.8 -11.6 -11.5 -11.3 -11 -10.8 -10.6 

MCB Isp -46.1 -38.8 -39.1 -39.5 -39.8 -40.2 -40.5 -40.9 -41.3 

Pip Isp 9 9 9.2 9.3 9.6 18.5 18.9 19.3 19.7 

 

In the same way, we obtained data on the dependence of the entropy of the reaction on 

temperature: the entropy, in this case, changes discontinuously. Then there is a sharp decrease 

with increasing temperature from 398 K (125 ÁC) to 423 K (150 ÁC). 

 

Table 2. The dependence of the entropy of the reaction æSr
T (J/molĿK-1) on the temperature 

Stage 298 323 348 373 398 423 448 473 498 

Pip>3MCB -18.8 -11.6 -12.3 -13 -13.6 -21.7 -22 -22.3 -22.6 

3MCB>MCB -6.1 -6.6 -7.2 -7.6 -8.1 -8.6 -9.1 -9.5 -9.9 

MCB>Isp 11.6 12.3 13 13.5 14 14.4 14.9 15.2 15.5 

Pip>Isp -13.3 -5.9 -6.5 -7.1 -7.7 -15.9 -16.2 -16.6 -17 

 

According to the calculated data, the conversion of piperylene to isoprene appears to be 

a weak endothermic reaction. With increasing reaction temperature, the free Gibbs energy 

increases nonlinearly. Thus, when the 423 K (150 ÁC) is reached, the æGr reaction increases by 

a factor of two. The subsequent increase in temperature slightly increases the free energy of 

Gibbs. Obviously, the conversion must be carried out at temperatures not higher than 150 ÁC 

with removal of the reaction product from the mixture. 

 

This research is supported by the grant ˉ 17-43-020754 of Russian Fund of Basic Researches. 
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ʉʀʅʊɽɿ ʀ ʀʉʉʃɽɼʆɺɸʅʀɽ ʌʆʈʄɸɿɸʅʆʅɸʌʊɸʃʀʄʀɼʆɺ 

ʅʝʤʯʝʥʢʦ ʅ. ɺ., ʄʠʨʦʥʝʥʢʦ ʃ. ʉ., ɼʠʩʪʘʥʦʚ ɺ. ɹ., ʌʘʣʘʣʝʝʚʘ ʊ. ɺ., ɼʠʩʪʘʥʦʚ ɺ. ɺ. 

ʅʘʮʠʦʥʘʣʴʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ  

çʍʘʨʴʢʦʚʩʢʠʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪè 

distanov@ukr.net 

 

ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʦʙʨʘʱʘʝʪʩʷ ʚʥʠʤʘʥʠʝ ʥʘ ʧʦʣʫʯʝʥʠʝ ʩʚʦʙʦʜʥʳʭ ʨʘʜʠʢʘʣʦʚ. 

ʆʜʥʠʤ ʠʟ ʪʘʢʠʭ ʢʣʘʩʩʦʚ ʩʦʝʜʠʥʝʥʠʡ ʷʚʣʷʶʪʩʷ ʚʝʨʜʘʟʠʣʳ. ʆʥʠ ʦʪʥʦʩʷʪʩʷ ʢ ʛʨʫʧʧʝ 

ʥʘʠʙʦʣʝʝ ʩʪʘʙʠʣʴʥʳʭ ʨʘʜʠʢʘʣʦʚ. ɺʝʨʜʘʟʠʣʳ ʟʘʥʠʤʘʶʪ ʙʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ ʚ ʭʠʤʠʯʝʩʢʦʡ 

ʪʝʭʥʦʣʦʛʠʠ, ʬʠʟʠʢʝ, ʛʝʪʝʨʦʛʝʥʥʦʤ ʢʘʪʘʣʠʟʝ, ʬʘʨʤʘʢʦʣʦʛʠʠ, ʙʠʦʣʦʛʠʠ. ɺ ʧʨʠʩʫʪʩʪʚʠʠ 

ʩʚʦʙʦʜʥʳʭ ʨʘʜʠʢʘʣʦʚ ʧʨʦʠʩʭʦʜʷʪ ʪʘʢʠʝ ʚʘʞʥʳʝ ʧʨʦʮʝʩʩʳ, ʢʘʢ ʢʨʝʢʠʥʛ ʥʝʬʪʠ, ʮʝʧʥʳʝ 

ʨʝʘʢʮʠʠ ʚʟʨʳʚʘ, ʛʦʨʝʥʠʷ ʠ ʤʝʜʣʝʥʥʦʛʦ ʦʢʠʩʣʝʥʠʷ, ʬʦʪʦʭʠʤʠʯʝʩʢʠʝ ʠ ʨʘʜʠʘʮʠʦʥʥʦ-

ʭʠʤʠʯʝʩʢʠʝ ʨʝʘʢʮʠʠ, ʧʦʣʠʤʝʨʠʟʘʮʠʷ ʠ ʩʪʘʙʠʣʠʟʘʮʠʷ ʧʦʣʠʤʝʨʦʚ.  

ʆʜʥʠʤ ʠʟ ʧʫʪʝʡ ʧʦʣʫʯʝʥʠʷ ʚʝʨʜʘʟʠʣʦʚ, ʥʘʠʙʦʣʝʝ ʩʪʘʙʠʣʴʥʳʭ ʩʚʦʙʦʜʥʳʭ 

ʨʘʜʠʢʘʣʦʚ ʷʚʣʷʝʪʩʷ ʮʠʢʣʠʟʘʮʠʷ ʬʦʨʤʘʟʘʥʦʚ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʬʦʨʤʘʣʴʜʝʛʠʜʘ ʠʣʠ 

ʛʘʣʦʠʜʘʣʢʠʣʦʚ. ʌʦʨʤʘʟʘʥʳ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ 

ʛʠʜʨʘʟʦʥʦʚ ʩ ʜʠʘʟʦʥʠʝʚʳʤʠ ʩʦʣʷʤʠ ʘʨʠʣʴʥʳʭ ʠʣʠ ʛʝʪʝʨʠʣʴʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ. 

ʇʨʠʨʦʜʘ ʘʨʠʣʴʥʳʭ ʠʣʠ ʛʝʪʝʨʠʣʴʥʳʭ ʟʘʤʝʩʪʠʪʝʣʝʡ ʩʫʱʝʩʪʚʝʥʥʦ ʚʣʠʷʝʪ ʢʘʢ ʥʘ 

ʩʧʝʢʪʨʘʣʴʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʚʝʨʜʘʟʠʣʦʚ, ʪʘʢ ʠ ʥʘ ʠʭ ʩʪʘʙʠʣʴʥʦʩʪʴ.  

ʉʠʥʪʝʟ ʬʦʨʤʘʟʘʥʦʚ, ʢʦʪʦʨʳʝ ʠʟʣʫʯʘʶʪ ʩʚʝʪ, ʧʦʟʚʦʣʠʪ ʨʘʩʰʠʨʠʪʴ ʠʭ ʦʙʣʘʩʪʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ, ʥʘʧʨʠʤʝʨ, ʚ ʢʘʯʝʩʪʚʝ ʬʦʪʦʭʨʦʤʥʳʭ ʠ ʪʝʨʤʦʭʨʦʤʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʘ ʪʘʢʞʝ 

ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʧʦʣʫʯʝʥʠʶ ʣʶʤʠʥʝʩʮʠʨʫʶʱʠʭ ʩʪʘʙʠʣʴʥʳʭ ʩʚʦʙʦʜʥʳʭ ʨʘʜʠʢʘʣʦʚ ʩ 

ʥʦʚʳʤʠ ʚʦʟʤʦʞʥʦʩʪʷʤʠ. 

ɺ ʪʦ ʞʝ ʚʨʝʤʷ, ʩʪʝʨʝʦʠʟʦʤʝʨʳ ʦʢʘʟʳʚʘʶʪ ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ 

ʣʶʤʠʥʝʩʮʝʥʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʦʝʜʠʥʝʥʠʷ ʠ ʥʘ ʠʭ ʩʧʦʩʦʙʥʦʩʪʴ ʢ ʮʠʢʣʠʟʘʮʠʠ ʠ 

ʧʨʝʚʨʘʱʝʥʠʶ ʬʦʨʤʘʟʘʥʘ ʚ ʚʝʨʜʘʟʠʣʴʥʳʡ ʨʘʜʠʢʘʣ. ʇʨʝʜʳʜʫʱʠʡ ʠʟʦʤʝʨ ʠʟ-ʟʘ ʩʚʦʝʡ 

ʢʦʥʬʠʛʫʨʘʮʠʠ ʥʝ ʜʘʣ ʚʦʟʤʦʞʥʦʩʪʠ ʝʛʦ ʧʝʨʝʚʦʜʘ ʚ ʚʝʨʜʘʟʠʣ. 

ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʥʘʤʠ ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʩʧʦʩʦʙ ʧʦʣʫʯʝʥʠʷ ʜʨʫʛʦʛʦ ʠʟʦʤʝʨʘ ï 1-[ʧ-(4-

ʬʝʥʠʣʥʘʬʪʘʣʦʠʣ)]-3,5-ʜʠʬʝʥʠʣʬʦʨʤʘʟʘʥʘ ʧʦ ʩʣʝʜʫʶʱʝʡ ʩʭʝʤʝ:  
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ɸʥʘʣʠʟ ʢʚʘʥʪʦʚʦ-ʭʠʤʠʯʝʩʢʠʭ ʨʘʩʯʝʪʦʚ ʧʦʢʘʟʘʣ, ʯʪʦ ʪʘʢʠʝ ʧʨʦʠʟʚʦʜʥʳʝ ʥʝ ʠʤʝʶʪ 

ʟʘʧʨʝʪʘ ʥʘ ʧʦʣʫʯʝʥʠʝ ʮʠʢʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ. 

ʀʩʩʣʝʜʦʚʘʥʳ ʩʧʝʢʪʨʘʣʴʥʦ-ʣʶʤʠʥʝʩʮʝʥʪʥʳʝ ʩʚʦʡʩʪʚʘ ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. 

ʄʘʢʩʠʤʫʤʳ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʠʟʣʫʯʘʶʪ ʩʚʝʪ ʚ ʦʙʣʘʩʪʠ 

500ï510 ʥʤ. ʇʨʠ ʵʪʦʤ ʘʙʩʦʣʶʪʥʳʡ ʢʚʘʥʪʦʚʳʡ ʚʳʭʦʜ ʬʦʨʤʘʟʘʥʦʥʘʬʪʘʣʝʚʦʛʦ ʘʥʛʠʜʨʠʜʘ 

ʩʦʩʪʘʚʣʷʝʪ 79 %.  
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ʉʀʅʊɽɿ Ŭ-ɸʄɯʅʆɸʄɯɼʀʅɯɺ ʊɸ ɰʍ ɺʀʂʆʈʀʉʊɸʅʅʗ ɺ ʉʀʅʊɽɿɯ ʅʆɺʀʍ 

ʅɯʊʈʆɻɽʅʆɺʄɯʉʅʀʍ ɻɽʊɽʈʆʎʀʂʃɯɺ 

ʆʥʽʧʢʦ ʆ. ɺ.1,2, ɻʣʘʜʢʦʚ ɭ. ʉ.1,2, ʏʝʙʘʥʦʚ ɺ. ɸ.1,2 
1ʍʘʨʢʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ɺ. ʅ. ʂʘʨʘʟʽʥʘ 

2ɼʅʋ ʅʊʂ çɯʥʩʪʠʪʫʪ ʤʦʥʦʢʨʠʩʪʘʣʽʚè ʅɸʅ ʋʢʨʘʾʥʠ, ʤ. ʍʘʨʢʽʚ  

onipko_o@outlook.com 

 

Ŭ-ɸʤʽʥʦʘʤʽʜʠʥʠ ï ʚʽʜʥʦʩʥʦ ʤʘʣʦʚʠʚʯʝʥʠʡ, ʘʣʝ ʧʦʰʠʨʝʥʠʡ ʫ ʧʨʠʨʦʜʽ ʧʽʜʢʣʘʩ 

ʘʤʽʜʠʥʽʚ. ʈʝʯʦʚʠʥʠ, ʱʦ ʤʽʩʪʷʪʴ Ŭ-ʘʤʽʥʦʘʤʽʜʠʥʦʚʝ ʫʛʨʫʧʫʚʘʥʥʷ, ʻ ʽʥʪʝʨʤʝʜʽʘʪʘʤʠ ʚ 

ʙʽʦʩʠʥʪʝʟʽ ʽʥʦʟʠʥ ʤʦʥʦʬʦʩʬʘʪʫ ï ʩʧʽʣʴʥʦʛʦ ʧʦʧʝʨʝʜʥʠʢʘ ʚʩʽʭ ʧʫʨʠʥʦʚʠʭ ʥʫʢʣʝʦʪʠʜʽʚ. 

ʂʨʽʤ ʪʦʛʦ, ʮʽ ʨʝʯʦʚʠʥʠ, ʷʢ ʧʦʚʥʽ ʙʝʟʦʢʩʠʛʝʥʦʚʽ ʥʽʪʨʦʛʝʥʦʚʽ ʘʥʘʣʦʛʠ Ŭ-ʘʤʽʥʦʢʠʩʣʦʪ, ʻ 

ʦʙôʻʢʪʦʤ ʚʠʚʯʝʥʥʷ ʘʩʪʨʦʙʽʦʣʦʛʽʾ. ʇʨʦʪʝ ʥʘʡʙʽʣʴʰʫ ʮʽʥʥʽʩʪʴ ʚʦʥʠ ʩʪʘʥʦʚʣʷʪʴ ʷʢ ʨʝʘʛʝʥʪʠ 

ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʥʦʚʠʭ ʛʝʪʝʨʦʮʠʢʣʽʯʥʠʭ ʩʧʦʣʫʢ, ʪʘʢʠʭ ʷʢ ʘʤʽʥʦʽʤʽʜʘʟʦʣʠ, ʘʤʽʥʦʧʽʨʠʤʽʜʠʥʠ 

ʪʘ ʽʥ. 

ʉʠʥʪʝʟ Ŭ-ʘʤʽʥʦʘʤʽʜʠʥʽʚ ï ʚʘʞʣʠʚʘ ʡ ʥʝ ʜʦ ʢʽʥʮʷ ʚʠʨʽʰʝʥʘ ʟʘʜʘʯʘ ʩʠʥʪʝʪʠʯʥʦʾ 

ʦʨʛʘʥʽʯʥʦʾ ʭʽʤʽʾ. ɯʩʥʫʶʯʽ ʤʝʪʦʜʠ ʥʝ ʻ ʫʥʽʚʝʨʩʘʣʴʥʠʤʠ ʡ ʤʘʶʪʴ ʨʷʜ ʦʙʤʝʞʝʥʴ. ʊʦʤʫ ʧʦʰʫʢ 

ʥʦʚʠʭ ʪʘ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʚʞʝ ʚʽʜʦʤʠʭ ʰʣʷʭʽʚ ʦʪʨʠʤʘʥʥʷ Ŭ-ʘʤʽʥʦʘʤʽʜʠʥʽʚ ï ʘʢʪʫʘʣʴʥʝ 

ʟʘʚʜʘʥʥʷ ʦʨʛʘʥʽʯʥʦʾ ʭʽʤʽʾ. 

ɼʣʷ ʩʠʥʪʝʟʫ ʮʽʣʴʦʚʠʭ Ŭ-ʘʤʽʥʦʘʤʽʜʠʥʽʚ ʟ ʨʽʟʥʠʤʠ ʙʽʯʥʠʤʠ ʣʘʥʮʶʛʘʤʠ ʥʘʤʠ ʙʫʣʦ 

ʦʙʨʘʥʦ ʣʽʥʽʡʥʫ ʩʪʨʘʪʝʛʽʶ, ʷʢʘ ʟʚʦʜʠʣʘʩʷ ʜʦ ʧʝʨʝʪʚʦʨʝʥʥʷ ʟʘʭʠʱʝʥʠʭ Ŭ-ʘʤʽʥʦʥʽʪʨʠʣʽʚ ʚ 

Ŭ-ʘʤʽʥʦʘʤʽʜʦʢʩʠʤʠ. ɼʚʦʭ ʩʪʘʜʽʡʥʘ ʢʦʥʚʝʨʩʽʷ ʦʩʪʘʥʥʽʭ ʚ ʮʽʣʴʦʚʽ ʤʦʣʝʢʫʣʠ ʟʜʽʡʩʥʶʚʘʣʘʩʷ 

ʯʝʨʝʟ ʚʠʜʽʣʝʥʥʷ ʆ-ʘʮʠʣʴʦʚʘʥʠʭ ʽʥʪʝʨʤʝʜʽʘʪʽʚ. 

 
ɼʦʩʣʽʜʞʫʶʪʴʩʷ ʚʣʘʩʪʠʚʦʩʪʽ ʪʘ ʨʝʘʢʮʽʡʥʘ ʟʜʘʪʥʽʩʪʴ ʦʪʨʠʤʘʥʠʭ Ŭ-ʘʤʽʥʦʘʤʽʜʠʥʽʚ, ʘ 

ʪʘʢʦʞ ʤʦʞʣʠʚʽʩʪʴ ʦʪʨʠʤʘʥʥʷ ʛʝʪʝʨʦʮʠʢʣʽʯʥʠʭ ʩʧʦʣʫʢ ʜʝʢʽʣʴʢʦʭ ʨʽʟʥʠʭ ʢʣʘʩʽʚ ʥʘ ʾʭ 

ʦʩʥʦʚʽ: 

 
ʉʪʨʫʢʪʫʨʫ ʦʪʨʠʤʘʥʠʭ ʨʝʯʦʚʠʥ ʧʽʜʪʚʝʨʜʞʝʥʦ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʝʪʦʜʽʚ 1ʅ ʪʘ 13ʉ 

ʗʄʈ ʩʧʝʢʪʨʦʩʢʦʧʽʾ ʪʘ ʤʘʩ-ʩʧʝʢʪʨʦʤʝʪʨʽʾ. 
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ʉʀʅʊɽɿ ʅʆɺʀʍ ʆʂʉɯ- ʊɸ ɸʄɯʅʆʇʆʍɯɼʅʀʍ 5-ʄɽʊʀʃʊɽʊʈɸɿʆʃʋ 

ʆʥʽʧʢʦ ʆ. ɺ.1,2, ɼʝʤʠʜʦʚ ʆ. ʆ.2, ʄʘʥʚʝʣʷʥ ɸ. ɸ.2, ɻ̔ʶʢ ɺ. ʄ.1, ɻʣʘʜʢʦʚ ɭ. ʉ.1,2 
1ɼʅʋ ʅʊʂ çɯʥʩʪʠʪʫʪ ʤʦʥʦʢʨʠʩʪʘʣʽʚè ʅɸʅ ʋʢʨʘʾʥʠ 

2ʍʘʨʢʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤ. ɺ. ʅ. ʂʘʨʘʟʽʥʘ 

onipko_o@outlook.com 

 

ʇʦʰʫʢ ʥʦʚʠʭ ʧʦʭʽʜʥʠʭ ʪʝʪʨʘʟʦʣʫ ʪʘ ʨʦʟʨʦʙʢʘ ʚʠʩʦʢʦʝʬʝʢʪʠʚʥʠʭ ʤʝʪʦʜʽʚ ʾʭ ʩʠʥʪʝʟʫ 

ʻ ʧʝʨʩʧʝʢʪʠʚʥʠʤ ʥʘʧʨʷʤʢʦʤ ʩʠʥʪʝʪʠʯʥʦʾ ʭʽʤʽʾ ʛʝʪʝʨʦʮʠʢʣʽʯʥʠʭ ʩʧʦʣʫʢ. ɺʠʚʯʝʥʥʷ ʮʠʭ 

ʨʝʯʦʚʠʥ ʜʦʟʚʦʣʷʻ ʚʠʨʽʰʫʚʘʪʠ ʟʘʜʘʯʽ ʪʝʦʨʝʪʠʯʥʦʾ ʦʨʛʘʥʽʯʥʦʾ ʭʽʤʽʾ, ʧʦʰʫʢʫ ʥʦʚʠʭ 

ʬʽʟʽʦʣʦʛʽʯʥʦ ʘʢʪʠʚʥʠʭ ʩʧʦʣʫʢ ʪʘ ʦʪʨʠʤʘʥʥʷ ʥʦʚʠʭ ʙʽʣʜʠʥʛ-ʙʣʦʢʽʚ ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ ʩʠʥʪʝʟʫ 

ʙʽʙʣʽʦʪʝʢ ʥʦʚʠʭ ʧʨʝʜʩʪʘʚʥʠʢʽʚ ʮʴʦʛʦ ʢʣʘʩʫ. ʎʽ ʩʧʦʣʫʢʠ ʻ ʧʝʨʩʧʝʢʪʠʚʥʠʤʠ ʟ ʪʦʯʢʠ ʟʦʨʫ 

ʤʝʜʠʯʥʦʾ ʭʽʤʽʾ ʷʢ ʩʠʥʪʝʪʠʯʥʽ ʙʽʦʽʟʦʩʪʝʨʠ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʛʨʫʧ ʫ ʙʽʦʣʦʛʽʯʥʦ 

ʘʢʪʠʚʥʠʭ ʨʝʯʦʚʠʥʘʭ. ʆʩʦʙʣʠʚʦʾ ʫʚʘʛʠ ʟʘʩʣʫʛʦʚʫʶʪʴ ʚʽʜʥʦʩʥʦ ʤʘʣʦ ʜʦʩʣʽʜʞʫʚʘʥʽ ʦʢʩʽ- ʪʘ 

ʘʤʽʥʦʧʦʭʽʜʥʽ ʪʝʪʨʘʟʦʣʫ, ʱʦ ʤʽʩʪʷʪʴ ʧʝʨʚʠʥʥʫ ʘʙʦ ʚʪʦʨʠʥʥʫ ʬʫʥʢʮʽʦʥʘʣʴʥʽ ʛʨʫʧʠ, ʥʝ 

ʟʚôʷʟʘʥʽ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʟ ʘʟʦʣʴʥʠʤ ʮʠʢʣʦʤ.  

ʅʘʤʠ ʙʫʣʦ ʨʦʟʨʦʙʣʝʥʦ ʪʘ ʚʠʚʯʝʥʦ ʜʝʢʽʣʴʢʘ ʤʝʪʦʜʠʢ ʩʠʥʪʝʟʫ ʧʦʭʽʜʥʠʭ ʦʢʩʽ- ʪʘ 

ʘʤʽʥʦʪʝʪʨʘʟʦʣʫ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʥʘʰʦʾ ʨʦʙʦʪʠ ʙʫʣʦ ʦʪʨʠʤʘʥʦ ʨʷʜ ʧʦʭʽʜʥʠʭ 5-ʤʝʪʠʣʪʝʪʨʘʟʦʣʫ, 

ʷʢʽ ʤʽʩʪʷʪʴ ʷʢ ʧʝʨʚʠʥʥʫ, ʪʘʢ ʽ ʚʪʦʨʠʥʥʫ ʦʢʩʽ- ʘʙʦ ʘʤʽʥʦʛʨʫʧʠ. 

 
ʌʦʨʤʫʚʘʥʥʷ ʪʝʪʨʘʟʦʣʴʥʦʛʦ ʮʠʢʣʫ ʟʜʽʡʩʥʶʚʘʣʦʩʴ ʨʝʘʢʮʽʻʶ ʚʽʜʧʦʚʽʜʥʠʭ 

ʟʘʭʠʱʝʥʠʭ ʘʤʽʥʦʥʽʪʨʠʣʽʚ ʽʟ ʘʟʠʜʦʤ ʫ ʧʨʠʩʫʪʥʦʩʪʽ ʩʦʣʽ ʮʠʥʢʫ ʟ ʥʘʩʪʫʧʥʠʤ ʟʥʷʪʪʷʤ 

ʟʘʭʠʩʥʦʾ ʛʨʫʧʠ. 

ʇʦʚʥʦʪʘ ʧʨʦʪʽʢʘʥʥʷ ʨʝʘʢʮʽʾ ʢʦʥʪʨʦʣʶʚʘʣʘʩʷ ʤʝʪʦʜʦʤ ʪʦʥʢʦʰʘʨʦʚʦʾ 

ʭʨʦʤʘʪʦʛʨʘʬʽʾ. ʉʪʨʫʢʪʫʨʠ ʮʽʣʴʦʚʠʭ ʽ ʧʨʦʤʽʞʥʠʭ ʩʧʦʣʫʢ ʧʽʜʪʚʝʨʜʞʝʥʽ ʜʘʥʠʤʠ 1ʅ ʽ 13ʉ 

ʗʄʈ-ʩʧʝʢʪʨʦʩʢʦʧʽʾ, ɯʏ-ʩʧʝʢʪʨʦʩʢʦʧʽʾ ʪʘ ʤʘʩ-ʩʧʝʢʪʨʦʤʝʪʨʽʾ.  
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MECHANISM OF BENZIMIDAZO[2,1 -b]THIAZANIUM SALTS RECYCLIZATION 

UNDER THE ACTION OF EPICHLOROHYDRIN  

Orlov M. A. 

L. M. Litvinenko Institute of Physical-Organic Chemistry and Coal Chemistry  

NAS of Ukraine 

orlovinfou@yandex.ru 

 

In our previous works we have found the elegant way of thiazanium salts 1 

transformation under the action of epichlorohydrin into thiirane derivatives 2. The mechanism 

of this unusual reaction is very interesting and its analysis can give a new information about 

possible driving force of recyclization processes. 

 

 
 

The conversion of compounds 1 Ÿ 2 is caused by the fact that epichlorohydrin is able 

to bind halide anions forming the alkoxide anion of glycerin dihalohydrin 1B which is rapidly 

protonated as a result of the hydroxyl group of thiazanium salt 1, assisting the irreversible 

course of recyclization of the latter to thiirane through the oxidothiazanium zwitterion 2A and 

its covalent form 2C. The synchronous occurrence of a reaction with addition of chloride ion 

to the oxirane with cleavage of proton from the thiazanium salt is also possible. If the OH group 

is protected by acylation then recyclization does not occur, which is caused by the impossibility 

of carrying out the stage of forming intermediate 2A. It is interesting that with perchlorate salts 

of 1, the reaction also does not proceed due to the low nucleophilicity of this anion. 
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SYNTHESIS OF NOVEL SERIES OF SUBSTITUTED  

4-(2,3-DIHYDROBENZO[b][1,4]DIOXIN -6-YL)THIAZOLES  

Orlov M. A. 

L. M. Litvinenko Institute of Physical-Organic Chemistry and Coal Chemistry  

NAS of Ukraine 

orlovinfou@yandex.ru 

 

Substituted 4-(2,3-dihydrobenzo[b][1,4]dioxin-6-yl)thiazoles are interesting objects for 

pharmacological studies. In this work we present novel series of acylamides (more than 30 

examples), which containing 4-(2,3-dihydrobenzo[b][1,4]dioxin-6-yl)thiazole residue. For 

synthesis of target products we have used next scheme: 

 

 
 

Structure and purity of obtained compounds was conformed by NMR techniques, TLC 

and elemental analysis. The expected pharmacological activity was evaluated using PASS 

software (http://www.pharmaexpert.ru/passonline/). 
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ʂɸʊɸʃɯʊʀʏʅɽ ɸʄɯʅʋɺɸʅʅʗ 1-ʄɽʊʆʂʉʀ-ʇʈʆʇɸʅʆʃʋ-2 

ʇʘʚʣʦʚ ʆ. ɺ., ɹʽʣʦʚ ɺ. ɺ. 

ɼɺʅɿ çʋʢʨʘʾʥʩʴʢʠʡ ʜʝʨʞʘʚʥʠʡ ʭʽʤʽʢʦ-ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪè 

bvv1956@rambler.ru 

 

ʇʨʦʤʠʩʣʦʚʝ ʟʥʘʯʝʥʥʷ ʘʟʦʪʦʚʤʽʩʥʠʭ ʦʨʛʘʥʽʯʥʠʭ ʩʧʦʣʫʢ ʩʪʠʤʫʣʶʻ ʜʦʩʣʽʜʞʝʥʥʷ 

ʝʢʦʥʦʤʽʯʥʠʭ ʢʘʪʘʣʪ̔ʠʯʥʠʭ ʩʧʦʩʦʙʽʚ ʩʠʥʪʝʟʫ ʦʩʪʘʥʥʽʭ. ʊʘʢ, ʘʣʢʦʢʩʠʘʣʢʽʣʘʤʽʥʠ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ̫ʢʦʩʪʽ ʧʨʦʤ̔ʞʥʠʭ ʧʨʦʜʫʢʪʚ̔ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʬʘʨʤʘʮʝʚʪʠʯʥʠʭ ʪʘ 

ʘʛʨʦʭ̔ʤ̔ʯʥʠʭ ʧʨʝʧʘʨʘʪʽʚ. ɺʽʜʦʤʦʩʪʽ ʧʨʦ ʧʦʪʝʥʮʽʘʣ ʨʝʘʢʮʽʾ ʢʘʪʘʣʽʪʠʯʥʦʛʦ ʘʤ̔ʥʫʚʘʥʥʷ 

ʧʽʧʝʨʠʜʠʥʦʤ ʤʦʥʦʝʪʝʨʽʚ 1,2-ʜʽʦʣʽʚ, ʚ ʦʩʦʙʣʠʚʦʩʪʽ ʚʽʜ ʙʫʜʦʚʠ ʦʩʪʘʥʥʽʭ, ʧʨʘʢʪʠʯʥʦ 

ʚʽʜʩʫʪʥʽ. ʄʝʪʦʶ ʜʘʥʦʾ ʨʦʙʦʪʠ ʻ ʚʠʚʯʝʥʥʷ ʧʝʨʝʙʽʛʫ ʨʝʘʢʮʽʾ (1) ï ʘʤʽʥʫʚʘʥʥʷ 1-ʤʝʪʦʢʩʠ-

ʧʨʦʧʘʥʦʣʫ-2 (III) ʧʽʧʝʨʠʜʠʥʦʤ (ɯɯ) ʚ ʫʤʦʚʘʭ ʧʘʨʦʬʘʟʥʦʛʦ ʛʝʪʝʨʦʛʝʥʥʦʛʦ ʢʘʪʘʣʽʟʫ: 

 

N H NH3COCH2CH(CH3)OH 
kat.

+ CH(CH3)CH2OCH3  +  H2O         (1)

IIIII I  
 

ɺ ʝʢʩʧʝʨʠʤʝʥʪʽ ʚʠʢʦʨʠʩʪʘʥʦ ʧʨʦʤʠʩʣʦʚʽ ʟʨʘʟʢʠ ʥʽʢʝʣʴʘʣʶʤʦʢʘʣʴʮʽʻʚʠʭ 

ʢʘʪʘʣʽʟʘʪʦʨʽʚ ʽʥʰʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ ʟ ʚʤʽʩʪʦʤ NiO ʙʣʠʟʴʢʦ 31,0 % (ʂ-1) ʪʘ 35,0 % (ʂ-2). 

ʉʠʥʪʝʟ (ɯ) ʜʦʩʣʽʜʞʫʚʘʣʠ ʧʨʠ ʤʦʣʷʨʥʦʤʫ ʩʧʽʚʚʽʜʥʦʰʝʥʥʽ ʨʘʝʛʝʥʪʽʚ III :II :H2 = 1,0:1,0:7,8, 

ʥʘʚʘʥʪʘʞʝʥʥʽ ʝʢʚʽʤʦʣʷʨʥʦʾ ʩʫʤʽʰʽ III :II, ʨʽʚʥʦʤʫ 0,4 ʛʦʜï1, ʪʘ ʪʝʤʧʝʨʘʪʫʨʘʭ 180ï240 ʦʉ. 

ʗʢ ʚʠʜʥʦ ʟ ʨʠʩ., ʢʘʪʘʣʽʟʘʪʦʨ ʂ-2 ʧʝʨʝʚʘʞʘʻ ʟʨʘʟʦʢ ʂ-1 ʷʢ ʟʘ ʧʠʪʦʤʦʶ ʢʘʪʘʣʽʪʠʯʥʦʶ 

ʘʢʪʠʚʥʽʩʪʶ (ʇʂɸ) (ʢʨʠʚʽ 3 ʪʘ 1), ʪʘʢ ʽ ʟʘ ʚʠʭʦʜʦʤ ʮʽʣʴʦʚʦʛʦ ʧʦʜʫʢʪʫ (ʢʨʠʚʽ 4 ʪʘ 2): 

ʥʘʧʨʠʢʣʘʜ, ʧʨʠ 493 ʂ ʇʂɸ ʩʪʘʥʦʚʠʪʴ 0,0040 ʪʘ 0,0021 ʤʦʣʴ III/(ʛNiOĀʛʦʜ), ʘ ʚʠʭ̔ʜ ɯ 46,6 ʪʘ 

20,9 %, ʚʽʜʧʦʚʽʜʥʦ. 

ɺʠʭʦʜʠ ʦʩʥʦʚʥʠʭ ʧʦʙʯ̔ʥʠʭ ʧʨʦʜʫʢʪʚ̔ ï N- ʟ̔ʦʧʨʦʧʣ̔ʧ̔ʧʝʨʠʜʠʥʫ, ʧʨʦʧʘʥʦʣʫ-2 ʪʘ 

ʧʽʨʠʜʠʥʫ ʜʦʩ̫ʛʘʶʪʴ ʧʨʠʙʣʠʟʥʦ 5,0, 8,0 ʪʘ 20,0 %, ʚʽʜʧʦʚʽʜʥʦ. ʊʘʢʦʞ ʟ ʚʠʭʦʜʦʤ ʜʦ 2,0 % 

(513 ʂ) ʫʪʚʦʨʶʻʪʴʩʷ N-ʤʝʪʠʣʧʧ̔ʝʨʠʜʠʥ. 

 
ʈʠʩ. ɿʘʣʝʞʥʽʩʪʴ ʧʠʪʦʤʦʾ ʢʘʪʘʣʽʪʠʯʥʦʾ ʘʢʪʠʚʥʦʩʪʽ ɸ(III )Ā10

4 [ʤʦʣʴ III/(ʛNiOĀʛʦʜ)] ʪʘ ʚʠʭʦʜʫ 

ʮʽʣʴʦʚʦʛʦ ʘʤʽʥʫ ɺ(I) (%) ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ ʩʠʥʪʝʟʫ ʊ (ʂ), ʢʨʠʚʽ 1, 2 (ʂ-1), ʢʨʠʚʽ 3, 4 (ʂ-2) 

 

ɹʫʜʦʚʘ ʤʦʥʦʝʪʝʨʫ 1,2-ʜ̔ʦʣʫ ʟʥʘʯʥʦ ʚʧʣʠʚʘʻ ʥʘ ʨʝʘʢʮʽʡʥʫ ʟʜʘʪʥʽʩʪʴ ʦʩʪʘʥʥʴʦʛʦ 

ʧʨʠ ʚʟʘʻʤʦʜʽʾ ʟ ʧ̔ʧʝʨʠʜʠʥʦʤ. ʊʘʢ, 1-ʤʝʪʦʢʩʠ-ʧʨʦʧʘʥʦʣ-2 (ʛ̔ʜʨʦʢʩʠʣʴʥʘ ʛʨʫʧʘ ʫ 

ʚʪʦʨʠʥʥʦʛʦ ʉ-ʘʪʦʤʫ) ʢʦʥʚʝʨʪʫʻʪʴʩ ̫(503ʂ) ʧʨʠʙʣʠʟʥʦ ʚ 1,5 ʨʘʟʠ ʛʽʨʰʝ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ 

2-ʝʪʦʢʩʠʝʪʘʥʦʣʦʤ. 
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ʆɼɽʈɾɸʅʅʗ ʆʂʉʀɸʃʔɼɽɻɯɼɯɺ ɿ ʈʆʉʃʀʅʅʆɰ ʉʀʈʆɺʀʅʀ 

ʇʘʚʣʶʢ ʆ. ɺ., ʊʢʘʯʝʥʢʦ ʊ. ɺ., ʂʘʰʢʦʚʩʴʢʠʡ ɺ. ɯ. 

ɺʽʜʜʽʣ ʦʨʛʘʥʽʯʥʦʛʦ ʪʘ ʥʘʬʪʦʭʽʤʽʯʥʦʛʦ ʩʠʥʪʝʟʫ 

ɯʥʩʪʠʪʫʪ ʙʽʦʦʨʛʘʥʽʯʥʦʾ ʭʽʤʽʾ ʪʘ ʥʘʬʪʦʭʽʤʽʾ ʅɸʅ ʋʢʨʘʾʥʠ 

pavluiksasha@gmail.com, ttv13ttv@gmail.com 

 

ɿʛʽʜʥʦ ʟ ʣʽʪʝʨʘʪʫʨʥʠʤʠ ʜʘʥʠʤʠ ʧʨʠ ʦʢʠʩʥʝʥʥʽ ʣʽʛʥʽʥʽʚ ʪʨʘʚôʷʥʠʩʪʠʭ ʨʦʩʣʠʥ 

ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʫʪʚʦʨʝʥʥʷ ʥʘʡʙʽʣʴʰ ʩʢʣʘʜʥʦʾ ʜʣʷ ʨʦʟʜʽʣʝʥʥʷ ʩʫʤʽʰʽ ʪʨʴʦʭ ʘʣʴʜʝʛʽʜʽʚ ï 

ʚʘʥʽʣʽʥʫ, ʙʫʟʢʦʚʦʛʦ ʪʘ ʧʘʨʘ-ʛʽʜʨʦʢʩʠʙʝʥʟʘʣʴʜʝʛʽʜʽʚ ʟ ʥʝʟʥʘʯʥʠʤʠ ʩʫʤʘʨʥʠʤʠ ʚʠʭʦʜʘʤʠ 

(3ï24 %). ɼʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʧʨʦʮʝʩʫ ʦʢʠʩʥʝʥʥʷ ʥʘ ʣʽʛʥʽʥ ʫ ʷʢʦʩʪʽ ʚʠʭʽʜʥʦʾ 

ʣʽʛʥʦʚʤʽʩʥʦʾ ʩʠʨʦʚʠʥʠ ʚʠʢʦʨʠʩʪʘʣʠ ʢʫʢʫʨʫʜʟʷʥʽ ʢʘʯʘʥʠ, ʣʦʟʦʚʠʜʥʝ ʧʨʦʩʦ (Panicum 

virgatum L.), ʨʠʩʦʚʫ ʣʫʟʛʫ ʪʘ ʛʽʜʨʦʣʽʟʥʠʡ ʣʽʛʥʽʥ. ʆʜʝʨʞʘʥʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʨʝʟʫʣʴʪʘʪʠ 

ʥʘʚʝʜʝʥʦ ʫ ʪʘʙʣʠʮʽ. 

 

ʊʘʙʣʠʮʷ. ɺʠʭʽʜ ʦʢʩʠʘʣʴʜʝʛʽʜʽʚ ʫ ʧʨʦʮʝʩʽ ʦʢʠʩʥʝʥʥʷ ʤʦʣʝʢʫʣʷʨʥʠʤ ʢʠʩʥʝʤ ʣʽʛʥʽʥʽʚ 

ʨʽʟʥʦʾ ʧʨʠʨʦʜʠ 

ʉʠʨʦʚʠʥʘ 

ʋʤʦʚʠ ɺʠʭʦʜʠ, % (ʤʘʩ. ʥʘ ʣʽʛʥʽʥ) 

ʪʝʤʧʝʨʘʪʫʨʘ, 
ʦʉ 

ʧʘʨʮʽʘʣʴʥʠʡ 

ʪʠʩʢ ʆ2, 

ʄʇʘ 

ʚʘʥʽʣʽʥ 4-ʛʽʜʨʦʢʩʠʙʝʥʟʘʣʴʜʝʛʽʜ 

ɻʽʜʨʦʣʽʟʥʠʡ 

ʣʽʛʥʽʥ 

170 

0,9 2,84 0,05 

ʇʨʦʩʦ 

ʜʨʦʪʦʚʠʜʥʝ 

0,3 0,48 0,45 

0,9 3,25 0,03 

ʂʘʯʘʥʠ 

ʢʫʢʫʨʫʜʟʠ 

0,3 1,05 1,46 

0,9 4,84 0,36 

ʈʠʩʦʚʘ 

ʣʫʟʛʘ 

0,3 3,59 0,99 

0,9 10,68 0,003 

 

ʇʽʜʪʚʝʨʜʞʝʥʦ ʚʧʣʠʚ ʢʦʥʮʝʥʪʨʘʮʽʾ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʢʠʩʥʶ ʥʘ ʚʠʭʽʜ ʚʘʥʽʣʽʥʫ, ʘ 

ʪʘʢʦʞ 4-ʛʽʜʨʦʢʩʠʙʝʥʟʘʣʴʜʝʛʽʜʫ. ʇʨʦ ʚʧʣʠʚ ʢʦʥʮʝʥʪʨʘʮʽʾ ʦʢʠʩʥʶʚʘʯʘ ʥʘ ʫʪʚʦʨʝʥʥʷ 

ʦʩʪʘʥʥʴʦʛʦ ʣʽʪʝʨʘʪʫʨʥʽ ʜʘʥʽ ʚʽʜʩʫʪʥʽ. ʗʢ ʚʠʜʥʦ ʟ ʥʘʚʝʜʝʥʠʭ ʫ ʪʘʙʣʠʮʽ ʜʘʥʠʭ ʧʨʠ 

ʧʽʜʚʠʱʝʥʥʽ ʧʘʨʮʽʘʣʴʥʦʛʦ ʪʠʩʢʫ ʢʠʩʥʶ ʚ ʪʨʠ ʨʘʟʠ ʚʠʭʽʜ ʚʘʥʽʣʽʥʫ ʟʨʦʩʪʘʻ ʫ 3ï6 ʨʘʟ ʟʘʣʝʞʥʦ 

ʚʽʜ ʣʽʛʥʦʚʤʽʩʥʦʾ ʩʠʨʦʚʠʥʠ, ʱʦ ʚʢʘʟʫʻ ʥʘ ʨʽʟʥʠʡ ʛʨʫʧʦʚʠʡ ʩʢʣʘʜ ʣʽʛʥʽʥʽʚ, ʱʦ ʫʟʛʦʜʞʫʻʪʴʩʷ 

ʟ ʣʽʪʝʨʘʪʫʨʥʠʤʠ ʜʘʥʠʤʠ. ʋ ʪʦʡ ʞʝ ʯʘʩ ʚʠʭʽʜ 4-ʛʽʜʨʦʢʩʠʙʝʥʟʘʣʴʜʝʛʽʜʫ ʟʥʠʞʫʻʪʴʩʷ, ʱʦ 

ʙʽʣʴʰ ʟʘ ʚʩʝ ʩʚʽʜʯʠʪʴ ʧʨʦ ʧʽʜʚʠʱʝʥʥʷ ʩʝʣʝʢʪʠʚʥʦʩʪʽ ʧʨʦʮʝʩʫ ʫʪʚʦʨʝʥʥʷ ʚʘʥʽʣʽʥʫ ʧʨʠ 

ʧʽʜʚʠʱʝʥʥʽ ʧʘʨʮʽʘʣʴʥʦʛʦ ʪʠʩʢʫ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʢʠʩʥʶ. ʅʘ ʞʘʣʴ ʥʘ ʜʘʥʠʡ ʯʘʩ ʚʽʜʩʫʪʥʽ 

ʜʘʥʽ ʩʪʦʩʦʚʥʦ ʦʜʝʨʞʘʥʥʷ ʚʘʥʽʣʽʥʫ ʨʝʘʛʝʥʪʥʠʤʠ ʤʝʪʦʜʘʤʠ ʟ ʥʘʚʝʜʝʥʦʾ ʫ ʪʘʙʣʠʮʽ 

ʨʦʩʣʠʥʥʦʾ ʣʽʛʥʦʮʝʣʶʣʦʟʥʦʾ ʙʽʦʤʘʩʠ. ɺʠʭʽʜ ʚʘʥʽʣʽʥʫ ʧʨʠ ʦʢʠʩʥʝʥʥʽ ʦʩʠʢʠ ʤʦʣʝʢʫʣʷʨʥʠʤ 

ʢʠʩʥʝʤ ʟ ʧʘʨʮʽʘʣʴʥʠʤ ʪʠʩʢʦʤ 0,2 ʄʇʘ ʧʨʦʪʷʛʦʤ 60 ʭʚ. ʩʪʘʥʦʚʠʪʴ 2,66 % (ʥʘ ʣʽʛʥʽʥ), ʱʦ 

ʙʣʠʟʴʢʠʡ ʜʦ ʥʘʰʠʭ ʚʠʭʦʜʽʚ ʧʨʠ ʦʢʠʩʥʝʥʥʽ ʨʠʩʦʚʦʾ ʣʫʟʛʠ. 
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ʉʀʅʊɽɿ ʌʋʅʂʎɯʆʅɸʃʔʅʆ ɿɸʄɯʑɽʅʀʍ ɯʅɼʆʃɯɺ ʎʀʂʃɯɿɸʎɯɭʖ 

ɸʈʀʃɻɯɼʈɸɿʆʅɯɺ ʇʆ ʄɽʊʆɼʋ ʌɯʐɽʈɸ 

ʉʤʝʪʘʥʽʥ ʄ. ɺ.1, ɿʘʣʽʟʥʘ ʂ. ɺ.1, ʌʘʨʘʪ ʆ. ʂ.2, ʄʘʨʢʦʚ ɺ. ɯ.1 

1ɼɺʅɿ çʋʢʨʘʾʥʩʴʢʠʡ ʜʝʨʞʘʚʥʠʡ ʭʽʤʽʢʦ-ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪè 
2ʄʦʩʢʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʅ. ɺ. ʃʦʤʦʥʦʩʦʚʘ 

smetanin-n@mail.ru 

 

ɿʥʘʯʥʠʡ ʽʥʪʝʨʝʩ ʜʦ ʟʘʤʽʱʝʥʠʭ ʽʥʜʦʣʽʚ ʧʦʷʩʥʶʻʪʴʩʷ ʟʨʫʯʥʽʩʪʶ ʮʽʣʝʩʧʨʷʤʦʚʘʥʦʛʦ 

ʩʠʥʪʝʟʫ ʬʘʨʤʘʢʦʣʦʛʽʯʥʦ ʘʢʪʠʚʥʠʭ ʩʧʦʣʫʢ ʥʘ ʾʭ ʦʩʥʦʚʽ, ʘ ʚʚʝʜʝʥʥʷ ʨʽʟʥʦʤʘʥʽʪʥʠʭ 

ʟʘʤʽʩʥʠʢʽʚ ʚ ʷʜʨʦ ʽʥʜʦʣʫ ʤʦʞʝ ʚʠʙʽʨʢʦʚʦ ʧʽʜʩʠʣʶʚʘʪʠ ʢʦʥʢʨʝʪʥʠʡ ʚʠʜ ʘʢʪʠʚʥʦʩʪʽ. 

ʇʝʨʩʧʝʢʪʠʚʥʠʤʠ ʚʚʘʞʘʶʪʴʩʷ ʧʦʭʽʜʥʽ ʽʥʜʦʣʽʚ, ʷʢʽ ʥʘʨʷʜʫ ʟ ʧʨʦʪʠʟʘʧʘʣʴʥʦʶ ʚʠʷʚʣʷʶʪʴ 

ʚʠʩʦʢʫ ʧʨʦʪʠʤʽʢʨʦʙʥʫ ʘʢʪʠʚʥʽʩʪʴ. 

ʎʠʢʣʽʟʘʮʽʶ ʩʧʦʣʫʢ 1a,b ʧʦ ʤʝʪʦʜʫ ʌʽʰʝʨʘ ʧʨʦʚʦʜʠʣʠ ʧʨʠ ʥʘʛʨʽʚʘʥʥʽ ʚ ʦʮʪʦʚʽʡ 

ʢʠʩʣʦʪʽ ʥʘʩʠʯʝʥʽʡ ʛʘʟʦʧʦʜʽʙʥʠʤ HCl ʟ ʜʦʜʘʚʘʥʥʷʤ ʙʝʟʚʦʜʥʦʛʦ ʭʣʦʨʠʩʪʦʛʦ ʮʠʥʢʫ. ɺ 

ʨʝʟʫʣʴʪʘʪʽ ʨʝʘʢʮʽʾ ʙʫʣʦ ʦʪʨʠʤʘʥʦ ʧʝʥʪʘʮʠʢʣʽʯʥʽ ʽʥʜʦʣʽʣʚʤʽʩʥʽ ʩʧʦʣʫʢʠ. ɺʠʭʦʜʠ ʽʥʜʦʣʽʚ 

2a,b ʥʝ ʧʝʨʝʚʠʱʫʶʪʴ 20 % ʯʝʨʝʟ ʥʘʷʚʥʽʩʪʴ ʩʠʣʴʥʦ ʜʝʟʘʢʪʠʚʫʶʯʦʾ ʥʽʪʨʦʛʨʫʧʠ ʚ 

ʘʨʠʣʴʥʦʤʫ ʬʨʘʛʤʝʥʪʽ ʛʽʜʨʘʟʦʥʽʚ 1a,b.  

 

N

N
N
H
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ZnCl2,

AcOH/HCl
N

HN R1

1a,b 2a,b
R2 R2a) R1=NO2, R2=H

b) R1=H, R2=NO2  
 

ɿʘ ʪʠʭ ʩʘʤʠʭ ʫʤʦʚ ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʽʥʜʦʣʽʟʘʮʽʶ ʘʨʠʣʛʽʜʨʘʟʦʥʽʚ 3a-l. ɺ ʨʝʟʫʣʴʪʘʪʽ 

ʙʫʣʦ ʦʪʨʠʤʘʥʦ ʨʷʜ ʟʘʤʽʱʝʥʠʭ ʧʦʭʽʜʥʠʭ ʽʥʜʦʣʽʣʤʘʩʣʷʥʠʭ ʢʠʩʣʦʪ 4a-l. 
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4a R2=Cl, R1=R3=R4=H; b R2=R1=R3=R4=H; c R4=NO2, R1=R2=R3=H; d R3=NO2, 

R1=R2=R4=H; e R1=NO2, R4=Me, R2=R3=H; f R2=Br, R1=R3=R4=H; g R2=NO2, R4=Br, 
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ʂɯʅɽʊʀʂɸ ʈɽɸʂʎɯɰ ɸʎɽʊʆʃɯɿʋ ɽʇɯʍʃʆʈɻɯɼʈʀʅʋ ɺ ʇʈʀʉʋʊʅʆʉʊɯ 

ʊʈɽʊʀʅʅʀʍ ɸʄɯʅɯɺ ʋ ɹɯʅɸʈʅʆʄʋ ʈʆɿʏʀʅʅʀʂʋ 

ʊʢʘʯ ɸ. ʈ., ʖʪʽʣʦʚʘ ʂ. ʉ., ʐʚʝʜ ʆ. ʄ. 

ɼʦʥʝʮʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ɺʘʩʠʣʷ ʉʪʫʩʘ 

tkach.an@donnu.edu.ua 

 

ʈʝʘʢʮʽʷ ʢʘʨʙʦʥʦʚʠʭ ʢʠʩʣʦʪ ʟ ʝʧʽʭʣʦʨʛʽʜʨʠʥʦʤ (ʭʣʦʨʤʝʪʠʣʦʢʩʠʨʘʥ, ɽʍɻ) ʣʝʞʠʪʴ ʚ 

ʦʩʥʦʚʽ ʩʠʥʪʝʟʫ ʛʣʽʮʠʜʠʣʢʘʨʙʦʥʦʚʠʭ ʝʬʽʨʽʚ, ʷʢʽ ʻ ʧʝʨʩʧʝʢʪʠʚʥʠʤʠ ʤʦʥʦʤʝʨʘʤʠ ʜʣʷ 

ʧʦʣʽʤʝʨʥʠʭ ʢʦʤʧʦʟʠʮʽʡ ʟ ʨʽʟʥʦʤʘʥʽʪʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʪʘ ʰʠʨʦʢʠʤ ʩʧʝʢʪʨʦʤ 

ʚʠʢʦʨʠʩʪʘʥʥʷ. ɼʣʷ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʚʣʘʩʪʠʚʦʩʪʝʡ ʤʘʪʝʨʽʘʣʽʚ ʘʢʪʫʘʣʴʥʠʤ ʻ ʚʠʚʯʝʥʥʷ 

ʤʝʭʘʥʽʟʤʫ ʨʝʘʢʮʽʾ ʦʢʩʠʨʘʥʽʚ ʟ ʥʫʢʣʝʦʬʽʣʴʥʠʤʠ ʨʝʘʛʝʥʪʘʤʠ ʥʘ ʧʨʠʢʣʘʜʽ ʤʦʜʝʣʴʥʦʾ 

ʨʝʘʢʮʽʾ (1). ɽʬʝʢʪʠʚʥʠʤʠ ʢʘʪʘʣʽʟʘʪʦʨʘʤʠ ʥʫʢʣʝʦʬʽʣʴʥʦʛʦ ʨʦʟʢʨʠʪʪʷ ʦʢʩʠʨʘʥʦʚʦʛʦ ʮʠʢʣʫ 

ɽʍɻ ʢʘʨʙʦʥʦʚʠʤʠ ʢʠʩʣʦʪʘʤʠ ʻ ʦʨʛʘʥʽʯʥʽ ʥʽʪʨʦʛʝʥʚʤʽʩʥʽ ʦʩʥʦʚʠ ï ʘʤʦʥʽʻʚʽ ʩʦʣʽ, ʘʤʽʥʠ.  

 

(1) 

ʄʝʪʦʶ ʨʦʙʦʪʠ ʻ ʚʠʚʯʝʥʥʷ ʢʽʥʝʪʠʯʥʠʭ ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ ʨʝʘʢʮʽʾ ʝʧʽʭʣʦʨʛʽʜʨʠʥʫ ʟ 

ʦʮʪʦʚʦʶ ʢʠʩʣʦʪʦʶ ʚ ʧʨʠʩʫʪʥʦʩʪʽ ʢʘʪʘʣʽʟʘʪʦʨʽʚ ï ʪʨʝʪʠʥʥʠʭ ʘʤʽʥʽʚ ʪʘ ʜʦʩʣʽʜʞʝʥʥʷ 

ʚʧʣʠʚʫ ʧʦʣʷʨʥʦʩʪʽ ʙʽʥʘʨʥʦʛʦ ʨʦʟʯʠʥʥʠʢʘ ʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʢʘʪʘʣʽʟʫ ʨʝʘʢʮʽʾ (1).  

ʆʙôʻʢʪʘʤʠ ʜʦʩʣʽʜʞʝʥʥʷ ʦʙʨʘʥʦ ʩʝʨʽʶ ʪʨʝʪʠʥʥʠʭ ʘʤʽʥʽʚ ʽʟ ʚʘʨʽʡʦʚʘʥʠʤ ʩʪʝʨʠʯʥʠʤ 

ʬʘʢʪʦʨʦʤ: ʪʨʠʝʪʠʣʘʤʽʥ, ʪʨʠʙʫʪʠʣʘʤʽʥ, ʪʨʠʦʢʪʠʣʘʤʽʥ. ʈʝʘʢʮʽʶ ʧʨʦʚʦʜʠʣʠ ʚ ʙʽʥʘʨʥʦʤʫ 

ʨʦʟʯʠʥʥʠʢʫ: ʝʧʽʭʣʦʨʛʽʜʨʠʥ : ʪʝʪʨʘʛʽʜʨʦʬʫʨʘʥ (ɽʍɻ : ʊɻʌ) ʟ ʦʙôʻʤʥʠʤ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ 

ʢʦʤʧʦʥʝʥʪʽʚ 1 : 1 ʟʘ ʪʝʤʧʝʨʘʪʫʨʠ (60,0 Ñ 0,1) Áʉ. ɺʚʝʜʝʥʥʷ ʚ ʩʠʩʪʝʤʫ ʪʝʪʨʘʛʽʜʨʦʬʫʨʘʥʘ 

ʟʤʝʥʰʫʻ ʧʦʣʷʨʥʽʩʪʴ ʨʦʟʯʠʥʥʠʢʘ ʪʘ ʜʘʻ ʟʤʦʛʫ ʦʮʽʥʠʪʠ ʚʧʣʠʚ ʩʪʫʧʝʥʶ ʽʦʥʥʦʩʪʽ ʨʝʘʛʫʶʯʠʭ 

ʯʘʩʪʠʥʦʢ ʥʘ ʰʣʷʭʫ ʨʝʘʢʮʽʾ. ʂʦʥʮʝʥʪʨʘʮʽʶ ʢʘʪʘʣʽʟʘʪʦʨʘ ʚʘʨʽʶʚʘʣʠ ʚ ʤʝʞʘʭ 0,00125 õ 

0,00500 ʤʦʣʴ/ʣ. ʂʦʥʪʨʦʣʴ ʟʘ ʭʦʜʦʤ ʧʨʦʮʝʩʫ ʟʜʽʡʩʥʶʚʘʚʩʷ ʤʝʪʦʜʦʤ ʧʦʪʝʥʮʽʦʤʝʪʨʠʯʥʦʛʦ 

ʢʠʩʣʦʪʥʦ-ʦʩʥʦʚʥʦʛʦ ʪʠʪʨʫʚʘʥʥʷ. 

ʆʪʨʠʤʘʥʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʘʥʽ ʜʘʣʠ ʟʤʦʛʫ ʚʩʪʘʥʦʚʠʪʠ ʢʽʥʝʪʠʯʥʠʡ ʟʘʢʦʥ, ʷʢʦʤʫ 

ʧʽʜʧʦʨʷʜʢʦʚʫʻʪʴʩʷ ʨʝʘʢʮʽʷ (1). ɺʩʪʘʥʦʚʣʝʥʦ ʥʫʣʴʦʚʠʡ ʧʦʨʷʜʦʢ ʨʝʘʢʮʽʾ ʟʘ ʦʮʪʦʚʦʶ 

ʢʠʩʣʦʪʦʶ. ʈʦʟʨʘʭʦʚʘʥʦ ʩʧʦʩʪʝʨʝʞʫʚʘʥʽ ʢʦʥʩʪʘʥʪʠ ʰʚʠʜʢʦʩʪʽ ʜʣʷ ʯʦʪʠʨʴʦʭ ʢʦʥʮʝʥʪʨʘʮʽʡ 

ʢʘʪʘʣʽʟʘʪʦʨʽʚ, ʘ ʪʘʢʦʞ ʢʘʪʘʣʽʪʠʯʥʽ ʢʦʥʩʪʘʥʪʠ ʰʚʠʜʢʦʩʪʽ ʨʝʘʢʮʽʾ (1). ʇʦʢʘʟʘʥʦ, ʱʦ 

ʰʚʠʜʢʽʩʪʴ ʨʝʘʢʮʽʾ ʥʫʢʣʝʦʬʽʣʴʥʦʛʦ ʨʦʟʢʨʠʪʪʷ ʦʢʩʠʨʘʥʦʚʦʛʦ ʮʠʢʣʫ ʟʚʦʨʦʪʥʦ ʟʘʣʝʞʠʪʴ ʚʽʜ 

ʦʙôʻʤʫ ʤʦʣʝʢʫʣʠ ʢʘʪʘʣʽʟʘʪʦʨʘ: ʨʝʘʢʮʽʷ ʧʝʨʝʙʽʛʘʻ ʪʠʤ ʰʚʠʜʰʝ, ʯʠʤ ʚʠʱʘ ʥʫʢʣʝʦʬʽʣʴʥʽʩʪʴ 

ʘʤʽʥʽʚ, ʪʦʙʪʦ ʯʠʤ ʤʝʥʰʝ ʩʪʝʨʠʯʥʠʭ ʧʝʨʝʰʢʦʜ ʙʽʣʷ ʘʪʦʤʘ ʅʽʪʨʦʛʝʥʫ.  

ʇʨʦʘʥʘʣʽʟʦʚʘʥʦ ʚʧʣʠʚ ʟʤʽʥʠ ʧʦʣʷʨʥʦʩʪʽ ʨʦʟʯʠʥʥʠʢʘ ʥʘ ʢʘʪʘʣʽʪʠʯʥʫ ʘʢʪʠʚʥʽʩʪʴ 

ʪʨʝʪʠʥʥʠʭ ʘʤʽʥʽʚ. ʇʦʨʽʚʥʷʥʥʷ ʣʽʪʝʨʘʪʫʨʥʠʭ ʪʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ ʜʘʣʦ ʟʤʦʛʫ 

ʚʩʪʘʥʦʚʠʪʠ, ʱʦ ʢʘʪʘʣʽʟ ʘʮʝʪʦʣʽʟʫ ɽʍɻ ʪʨʝʪʠʥʥʠʤʠ ʘʤʽʥʘʤʠ ʚ ʫʤʦʚʘʭ ʨʝʘʢʮʽʾ (1) ʚ 

ʩʝʨʝʜʦʚʠʱʽ ɽʍɻ ʻ ʙʽʣʴʰ ʝʬʝʢʪʠʚʥʠʤ, ʥʽʞ ʫ ʙʽʥʘʨʥʦʤʫ ʨʦʟʯʠʥʥʠʢʫ (ɽʍɻ : ʊɻʌ). 

ʇʦʢʘʟʘʥʦ, ʱʦ ʟʥʠʞʝʥʥʷ ʧʦʣʷʨʥʦʩʪʽ ʨʦʟʯʠʥʥʠʢʘ ʧʨʠʛʥʽʯʫʻ ʢʘʪʘʣʽʟ ʪʨʝʪʠʥʥʠʤʠ ʘʤʽʥʘʤʠ 

ʨʝʘʢʮʽʾ ʥʫʢʣʝʦʬʽʣʴʥʦʛʦ ʨʦʟʢʨʠʪʪʷ ʦʢʩʠʨʘʥʦʚʦʛʦ ʮʠʢʣʫ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʧʽʜʚʠʱʝʥʥʷ ʥʫʢʣʝʦʬʽʣʴʥʦʩʪʽ ʪʨʝʪʠʥʥʠʭ ʘʤʽʥʽʚ ʪʘ 

ʟʙʽʣʴʰʝʥʥʷ ʧʦʣʷʨʥʦʩʪʽ ʨʦʟʯʠʥʥʠʢʘ ʩʧʨʠʷʶʪʴ ʧʝʨʝʙʽʛʫ ʨʝʘʢʮʽʾ (1). ʆʪʨʠʤʘʥʽ ʜʘʥʽ 

ʜʦʟʚʦʣʷʶʪʴ ʜʝʪʘʣʽʟʫʚʘʪʠ ʤʝʭʘʥʽʟʤ ʨʝʘʢʮʽʾ ʥʫʢʣʝʦʬʽʣʴʥʦʛʦ ʨʦʟʢʨʠʪʪʷ ʦʢʩʠʨʘʥʦʚʦʛʦ 

ʮʠʢʣʫ ʢʘʨʙʦʥʦʚʠʤʠ ʢʠʩʣʦʪʘʤʠ ʚ ʧʨʠʩʫʪʥʦʩʪʽ ʪʨʝʪʠʥʥʠʭ ʘʤʽʥʽʚ ʪʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ 

ʱʦʜʦ ʧʦʚʝʜʽʥʢʠ ʘʤʽʥʽʚ ʥʘ ʧʦʯʘʪʢʦʚʽʡ ʩʪʘʜʽʾ ʨʝʘʢʮʽʾ. 
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Cʀʅʊɽɿ ɿɸʄɽʑɽʅʅʓʍ 5-ɸʈʀʃ-1,2,4-ʊʈʀɸɿʆʃ-3-ʆʅʆɺ 

ʊʦʣʢʫʥʦʚ ɸ. ʉ., ʊʦʣʢʫʥʦʚ ɺ. ʉ., ʉʤʠʨʥʦʚʘ ʆ. ɺ., ʊʦʣʢʫʥʦʚ ʉ. ɺ. 

ʀʥʩʪʠʪʫʪ ʬʠʟʠʢʦ-ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠ ʫʛʣʝʭʠʤʠʠ ʠʤ. ʃ. ʄ. ʃʠʪʚʠʥʝʥʢʦ  

ʅɸʅ ʋʢʨʘʠʥʳ, ʛ. ʂʠʝʚ 

O.V.Smirnova@nas.gov.ua 

 

1,2,4-ʊʨʠʘʟʦʣ-3-ʦʥʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʠʥʪʝʨʝʩ, ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ, ʢʘʢ 

ʬʘʨʤʘʢʦʣʦʛʠʯʝʩʢʠ ʟʥʘʯʠʤʳʝ ʩʦʝʜʠʥʝʥʠʷ, ʘʢʪʠʚʥʦʩʪʴ ʢʦʪʦʨʳʭ ʟʘʚʠʩʠʪ ʦʪ ʭʘʨʘʢʪʝʨʘ 

ʟʘʤʝʩʪʠʪʝʣʝʡ ʫ ʘʪʦʤʦʚ N-2, N-4 ʠ C-5. ʉʨʝʜʠ ʥʠʭ ʦʙʥʘʨʫʞʝʥʳ ʚʝʱʝʩʪʚʘ ʩ 

ʧʨʦʪʠʚʦʦʧʫʭʦʣʝʚʳʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʘʛʦʥʠʩʪʳ PPAR ʨʝʮʝʧʪʦʨʦʚ ʠ ʘʥʪʘʛʦʥʠʩʪʳ 

ʥʝʡʨʦʢʠʥʠʥʘ 1 (NK1). 2,5-ɼʠʘʨʠʣ-1,2,4-ʪʨʠʘʟʦʣ-3-ʦʥʳ ʠ 4,5-ʜʠʘʨʠʣ-1,2,4-ʪʨʠʘʟʦʣ-3-ʦʥʳ 

ʠʟʚʝʩʪʥʳ ʢʘʢ ʘʢʪʠʚʘʪʦʨʳ ʢʘʣʠʝʚʳʭ (Maxi-K2) ʢʘʥʘʣʦʚ. ʊʨʠʘʟʦʣʦʥʳ ʤʦʛʫʪ ʥʘʡʪʠ 

ʧʨʠʤʝʥʝʥʠʝ ʠ ʚ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʮʝʣʷʭ ï ʚ ʢʘʯʝʩʪʚʝ ʭʝʤʦʩʝʥʩʦʨʦʚ ʢʘʪʠʦʥʦʚ Hg2+ ʠ Cu2+. 

ʎʝʣʴ ʥʘʩʪʦʷʱʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ï ʨʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʦʚ ʩʠʥʪʝʟʘ 5-ʘʨʠʣ-1,2,4-

ʪʨʠʘʟʦʣ-3-ʦʥʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʚ ʘʨʠʣʴʥʦʤ ʢʦʣʴʮʝ ʘʤʠʥʦ- ʠ ʢʘʨʙʦʢʩʠʛʨʫʧʧʳ, ʣʝʛʢʦ 

ʧʦʜʜʘʶʱʠʝʩʷ ʜʘʣʴʥʝʡʰʝʡ ʭʠʤʠʯʝʩʢʦʡ ʤʦʜʠʬʠʢʘʮʠʠ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʜʣʷ ʧʦʣʫʯʝʥʠʷ 5-ʘʨʠʣ-1,2,4-ʪʨʠʘʟʦʣ-3-ʦʥʦʚ ʧʨʝʜʣʦʞʝʥʦ 

ʥʝʩʢʦʣʴʢʦ ʦʙʱʠʭ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʧʦʜʭʦʜʦʚ. ʕʪʦ ʦʢʠʩʣʠʪʝʣʴʥʘʷ ʮʠʢʣʠʟʘʮʠʷ 

ʩʝʤʠʢʘʨʙʘʟʠʜʦʚ ʘʨʠʣʘʣʴʜʝʛʠʜʦʚ, ʘ ʪʘʢʞʝ ʱʝʣʦʯʥʘʷ ʮʠʢʣʠʟʘʮʠʷ ʘʮʠʣʩʝʤʠʢʘʨʙʘʟʠʜʦʚ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʨʘʟʨʘʙʦʪʘʥ ʤʝʪʦʜ ʧʦʣʫʯʝʥʠʷ ʨʘʟʥʦʟʘʤʝʱʝʥʥʳʭ 5-ʘʨʠʣ-1,2,4-

ʪʨʠʘʟʦʣ-3-ʦʥʦʚ, ʪʝʨʤʠʯʝʩʢʦʡ ʮʠʢʣʠʟʘʮʠʝʡ ʘʤʠʜʨʘʟʦʥʦʚ, ʧʦʣʫʯʘʝʤʳʭ in situ ʠʟ ʤʝʪʠʣ 

ʙʝʥʟʠʤʠʜʘʪʦʚ ʠ ʤʝʪʠʣʢʘʨʙʘʟʘʪʘ. ʇʝʨʚʦʥʘʯʘʣʴʥʦ, ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʤʝʪʠʣ 

ʘʨʠʣʢʘʨʙʦʢʩʠʠʤʠʜʘʪʦʚ (2ʘ-ʝ) ʩ ʤʝʪʠʣʢʘʨʙʘʟʘʪʦʤ ʦʙʨʘʟʫʶʪʩʷ ʘʤʠʜʨʘʟʦʥʳ (3ʘ-ʝ). ʕʪʦ 

ʙʳʩʪʨʳʡ ʧʨʦʮʝʩʩ, ʧʨʦʭʦʜʷʱʠʡ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ, ʪʦʛʜʘ ʢʘʢ ʮʠʢʣʠʟʘʮʠʷ 

ʦʙʨʘʟʫʶʱʠʭʩʷ ʘʤʠʜʨʘʟʦʥʦʚ (3) ʪʨʝʙʫʝʪ ʜʣʠʪʝʣʴʥʦʛʦ ʚʳʜʝʨʞʠʚʘʥʠʷ ʧʨʠ ʚʳʩʦʢʠʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ. ɺʳʭʦʜʳ ʘʨʠʣʪʨʠʘʟʦʣʦʥʦʚ (4a-e) 64ï78 %. 
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1-4 a R=3-NO2, b 4-ʉʅ3, 3-NO2, c 3-Br, d 4-Br, e 4-CH3. 

 

ʇʨʝʜʣʦʞʝʥʘ ʦʧʪʠʤʘʣʴʥʘʷ ʤʝʪʦʜʠʢʘ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʥʠʪʨʦʬʝʥʠʣʪʨʠʘʟʦʣʦʥʦʚ 

ʩʫʣʴʬʠʜʦʤ ʥʘʪʨʠʷ ʚ ʜʠʦʢʩʘʥʝ. ʉʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʘʤʠʥʦʘʨʠʣʪʨʠʘʟʦʣʦʥʳ ʧʦʣʫʯʝʥʳ ʩ 

ʚʳʭʦʜʘʤʠ 74ï76 %. 

ʂʘʨʙʦʢʩʠʧʨʦʠʟʚʦʜʥʳʝ ʬʝʥʠʣʪʨʠʘʟʦʣʦʥʦʚ ʩʠʥʪʝʟʠʨʦʚʘʣʠ ʢʘʨʙʦʥʠʣʠʨʦʚʘʥʠʝʤ 

ʙʨʦʤʬʝʥʠʣʪʨʠʘʟʦʣʦʥʦʚ ʦʢʠʩʴʶ ʫʛʣʝʨʦʜʘ ʚ ʧʨʠʩʫʪʩʪʚʠʠ [1,1ô-

ʙʠʩ(ʜʠʬʝʥʠʣʬʦʩʬʠʥʦ)ʬʝʨʨʦʮʝʥ]ʜʠʭʣʦʨʧʘʣʣʘʜʠʷ (II) (Pd(dppf)Cl2) ʠ ʪʨʠʵʪʠʣʘʤʠʥʘ ʚ 

ʤʝʪʘʥʦʣʝ. ʇʦʢʘʟʘʥʦ ʯʪʦ, ʦʢʠʩʣʝʥʠʝ ʪʦʣʠʣʪʨʠʘʟʦʣʦʥʘ ʧʝʨʤʘʥʛʘʥʘʪʦʤ ʢʘʣʠʷ ʚ ʱʝʣʦʯʥʦʡ 

ʩʨʝʜʝ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʜʝʩʪʨʫʢʮʠʝʡ ʪʨʠʘʟʦʣʦʥʦʚʦʛʦ ʮʠʢʣʘ ʠ ʧʨʠʚʦʜʠʪ ʢ ʪʝʨʝʬʪʘʣʝʚʦʡ 

ʢʠʩʣʦʪʝ. ʇʦʣʫʯʝʥʥʳʝ ʘʤʠʥʦʬʝʥʠʣ- ʠ ʢʘʨʙʦʢʩʠʬʝʥʠʣ-1,2,4-ʪʨʠʘʟʦʣ-3-ʦʥʳ ʧʨʝʜʩʪʘʚʣʷʶʪ 

ʠʥʪʝʨʝʩ ʚ ʧʣʘʥʝ ʠʟʫʯʝʥʠʷ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ, ʘ ʪʘʢʞʝ ʜʣʷ ʜʘʣʴʥʝʡʰʝʡ 

ʭʠʤʠʯʝʩʢʦʡ ʤʦʜʠʬʠʢʘʮʠʠ. 
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ʉʀʅʊɽɿ 1,2,4-ʊʈʀɸɿʆʃʆɺ ʀɿ ɸʈɽʅɸʃʔɸɿʀʅʆɺ ʍʀʅʆʅʆɺ 

ʊʨʫʰ ʗ. ɺ., ʄʫʨʘʰʝʚʠʯ ɹ. ɺ., ʊʦʨʦʧʠʥ ʅ. ɺ., ɹʫʨʤʠʩʪʨʦʚ ʂ. ʉ. 

ɻɺʋɿ çʋʢʨʘʠʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʭʠʤʠʢʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪè, ʛ. ɼʥʝʧʨ 

yanatrysh1993@gmail.com 

 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʧʨʦʠʟʚʦʜʥʳʝ 5-ʤʝʨʢʘʧʪʦ-1,2,4-ʪʨʠʘʟʦʣʦʚ ʦʙʣʘʜʘʶʪ ʰʠʨʦʢʠʤ 

ʩʧʝʢʪʨʦʤ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʬʫʥʛʠʮʠʜʥʦʡ ʠ ʮʠʪʦʩʪʘʪʠʯʝʩʢʦʡ. 

ʂʨʦʤʝ ʪʦʛʦ, 3-ʘʤʠʥʦ-5-ʤʝʨʢʘʧʪʦ-1,2,4-ʪʨʠʘʟʦʣ ʠ ʝʛʦ ʧʨʦʠʟʚʦʜʥʳʝ ʧʨʠʤʝʥʷʶʪʩʷ ʚ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʚ ʢʘʯʝʩʪʚʝ ʠʥʛʠʙʠʪʦʨʦʚ ʢʦʨʨʦʟʠʠ ʤʝʪʘʣʣʦʚ. ʄʝʪʦʜʳ ʩʠʥʪʝʟʘ 

ʩʦʝʜʠʥʝʥʠʡ ʵʪʦʛʦ ʨʷʜʘ ʚʝʩʴʤʘ ʨʘʟʥʦʦʙʨʘʟʥʳ, ʥʦ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʤʥʦʛʦʩʪʘʜʠʡʥʳ 

ʠ ʧʨʝʜʧʦʣʘʛʘʶʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʪʨʫʜʥʦʜʦʩʪʫʧʥʳʭ ʨʝʘʛʝʥʪʦʚ. ʇʦʵʪʦʤʫ ʨʘʟʨʘʙʦʪʢʘ 

ʧʨʦʩʪʦʡ ʠ ʵʬʬʝʢʪʠʚʥʦʡ ʤʝʪʦʜʠʢʠ ʩʠʥʪʝʟʘ ʟʘʤʝʱʝʥʥʳʭ 5-ʤʝʨʢʘʧʪʦ-1,2,4-ʪʨʠʘʟʦʣʦʚ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʧʨʘʢʪʠʯʝʩʢʠʡ ʠʥʪʝʨʝʩ. 

ʈʘʥʝʝ ʥʘʤʠ ʙʳʣʦ ʦʧʠʩʘʥʦ ʦʙʨʘʟʦʚʘʥʠʝ ʪʨʠʘʟʦʣʦʚʦʛʦ ʮʠʢʣʘ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ 

ʘʨʝʥʘʣʴʘʟʠʥʦʚ ʭʠʥʦʥʦʚ ʩ ʤʦʥʦʘʣʢʠʣʘʤʠʥʘʤʠ. ʊʘʢʦʝ ʥʝʦʙʳʯʥʦʝ ʜʣʷ ʭʠʥʦʠʜʥʳʭ ʩʠʩʪʝʤ 

ʧʨʦʪʝʢʘʥʠʝ ʨʝʘʢʮʠʠ ʩ ʥʫʢʣʝʦʬʠʣʘʤʠ ʦʙʫʩʣʦʚʣʝʥʦ ʩʢʣʦʥʥʦʩʪʴʶ ʘʨʝʥʘʣʴʘʟʠʥʦʚ ʭʠʥʦʥʦʚ 

ʢ ʨʝʘʢʮʠʷʤ 1,8-ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʚʤʝʩʪʦ ʢʣʘʩʩʠʯʝʩʢʠʭ ʩʭʝʤ 1,4- ʠ 6,3-ʧʨʠʩʦʝʜʠʥʝʥʠʷ. 

ʇʝʨʝʯʠʩʣʝʥʥʳʝ ʬʘʢʪʳ ʧʦʟʚʦʣʷʣʠ ʧʨʝʜʧʦʣʘʛʘʪʴ ʦʙʨʘʟʦʚʘʥʠʝ ʮʠʢʣʠʯʝʩʢʠʭ ʧʨʦʜʫʢʪʦʚ ʧʨʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʘʨʝʥʘʣʴʘʟʠʥʦʚ ʭʠʥʦʥʦʚ ʩ ʨʦʜʘʥʠʜʘʤʠ. 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ N-ʟʘʤʝʱʝʥʥʳʭ ʭʠʥʦʥʠʤʠʥʦʚ ʩ ʨʦʜʘʥʠʜ-ʠʦʥʦʤ 

ʚʩʝʛʜʘ ʧʨʦʪʝʢʘʝʪ ʧʦ ʩʭʝʤʝ 1,4-ʧʨʠʩʦʝʜʠʥʝʥʠʷ. ɺ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʧʨʦʜʫʢʪʳ ʵʪʦʡ 

ʨʝʘʢʮʠʠ ʮʠʢʣʠʟʫʶʪʩʷ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʨʘʟʣʠʯʥʳʭ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ï 

ʪʠʦʮʠʘʥʘʪʦʚ ʠʣʠ ʠʟʦʪʠʦʮʠʘʥʘʪʦʚ, ʩʪʨʦʝʥʠʝ ʢʦʪʦʨʳʭ ʟʘʚʠʩʠʪ ʦʪ ʧʨʠʨʦʜʳ ʭʠʥʦʥʠʤʠʥʘ ʠ 

ʫʩʣʦʚʠʡ ʧʨʦʚʝʜʝʥʠʷ ʨʝʘʢʮʠʠ.  

ʅʘʤʠ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʨʝʘʢʮʠʠ 4-[ʙʝʥʟʠʣʠʜʝʥ-ʛʠʜʨʘʟʦʥʦ]-ʮʠʢʣʦʛʝʢʩʘ-2,5-ʜʠʝʥʦʥʘ 

ʩ ʨʦʜʘʥʠʜʦʤ ʢʘʣʠʷ ʚ ʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʝ ʧʨʘʢʪʠʯʝʩʢʠ ʩ ʢʦʣʠʯʝʩʪʚʝʥʥʳʤ ʚʳʭʦʜʦʤ ʧʦʣʫʯʝʥ 

4-[3-ʬʝʥʠʣ-5-ʤʝʨʢʘʧʪʦ-1,2,4-ʪʨʠʘʟʦʣ-1-ʠʣ]-ʬʝʥʦʣ. ʉʪʨʦʝʥʠʝ ʧʦʣʫʯʝʥʥʳʭ ʚʝʱʝʩʪʚ 

ʜʦʢʘʟʘʥʦ ʗʄʈ 1ʅ ʠ ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʝʡ. 
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ʛʜʝ ʍ= Cl, Br, OCH3, H. 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʘʨʝʥʘʣʴʘʟʠʥʦʚ ʭʠʥʦʥʦʚ ʩ 

ʨʦʜʘʥʠʜʠʜ-ʡʦʥʦʤ ʧʨʦʪʝʢʘʝʪ ʧʦ ʩʭʝʤʝ 1,8-ʧʨʠʩʦʝʜʠʥʝʥʠʷ, ʩ ʧʦʩʣʝʜʫʶʱʝʡ 

ʩʘʤʦʧʨʦʠʟʚʦʣʴʥʦʡ ʮʠʢʣʠʟʘʮʠʝʡ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʫʜʦʙʥʳʤ ʤʝʪʦʜʦʤ ʩʠʥʪʝʟʘ ʧʨʘʢʪʠʯʝʩʢʠ 

ʮʝʥʥʳʭ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʭ ʪʠʦʣʦʚ. 
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ɺʇʃʀɺ ʇʆʃʗʈʅʆʉʊɯ ʈʆɿʏʀʅʅʀʂɸ ʅɸ ʐɺʀɼʂɯʉʊʔ ʂɸʊɸʃɯʊʀʏʅʆɻʆ 

ɸʎʀɼʆʃɯɿʋ ɽʇɯʍʃʆʈɻɯɼʈʀʅʋ ʆʎʊʆɺʆʖ ʂʀʉʃʆʊʆʖ 

ʐʫʚʘʢʽʥ ʉ. ɯ., ʖʪʽʣʦʚʘ ʂ. ʉ., ʐʚʝʜ ʆ. ʄ. 

ɼʦʥʝʮʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ɺʘʩʠʣʷ ʉʪʫʩʘ 

shuvakin.s@donnu.edu.ua 

 

ɽʧʽʭʣʦʨʛʽʜʨʠʥ (1-ʭʣʦʨ-2,3-ʝʧʦʢʩʠʧʨʦʧʘʥ, ɽʍɻ) ï ʧʝʨʩʧʝʢʪʠʚʥʠʡ ʩʠʥʪʦʥ ʫ ʩʠʥʪʝʟʽ 

ʝʧʦʢʩʠʜʥʠʭ ʩʤʦʣ ʜʣʷ ʚʠʨʦʙʥʠʮʪʚʘ ʭʝʤʦʩʪʽʡʢʠʭ ʢʦʤʧʦʟʠʮʽʡ, ʣʘʢʦʬʘʨʙʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ, 

ʢʣʝʾʚ, ʮʽʣʦʛʦ ʨʷʜʫ ʣʽʢʘʨʩʴʢʠʭ ʨʝʯʦʚʠʥ. ʈʦʟʢʨʠʪʪʷ ʦʢʩʠʨʘʥʦʚʦʛʦ ʮʠʢʣʫ ɽʍɻ ʧʽʜ ʜʽʻʶ 

ʥʫʢʣʝʦʬʽʣʴʥʠʭ ʨʝʘʛʝʥʪʽʚ ʻ ʦʙôʻʢʪʦʤ ʙʘʛʘʪʴʦʭ ʜʦʩʣʽʜʞʝʥʴ. ʆʩʦʙʣʠʚʦʩʪʽ ʧʝʨʝʙʽʛʫ ʧʨʦʮʝʩʫ 

(1) ʰʠʨʦʢʦ ʦʙʛʦʚʦʨʶʶʪʴʩʷ ʫ ʣʽʪʝʨʘʪʫʨʽ. 

 

(1) 

ʆʜʥʠʤ ʽʟ ʪʠʧʽʚ ʢʘʪʘʣʽʟʘʪʦʨʽʚ, ʱʦ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʚ ʨʝʘʢʮʽʾ (1), ʻ ʛʘʣʦʛʝʥʽʜʠ 

ʪʝʪʨʘʘʣʢʽʣʘʤʦʥʽʶ R4N
+Hal-. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʫ ʨʦʟʯʠʥʥʠʢʘʭ ʟʽ ʩʣʘʙʢʦʶ ʪʘ ʩʝʨʝʜʥʴʦʶ 

ʧʦʣʷʨʥʽʩʪʶ ʯʝʪʚʝʨʪʠʥʥʽ ʘʤʦʥʽʡʥʽ ʩʦʣʽ ʧʝʨʝʚʘʞʥʦ ʧʝʨʝʙʫʚʘʶʪʴ ʫ ʚʠʛʣʷʜʽ ʽʦʥʥʠʭ ʧʘʨ, 

ʩʪʫʧʽʥʴ ʜʠʩʦʮʽʘʮʽʾ ʷʢʠʭ ʟʘʣʝʞʠʪʴ ʚʽʜ ʧʦʣʷʨʥʦʩʪʽ ʨʦʟʯʠʥʥʠʢʘ, ʢʦʥʮʝʥʪʨʘʮʽʾ ʩʦʣʽ ʪʘ ʨʘʜʽʫʩʘ 

ʽʦʥʽʚ. ʇʨʦʪʝ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʘʥʽ, ʱʦ ʩʪʦʩʫʶʪʴʩʷ ʚʧʣʠʚʫ ʨʦʟʯʠʥʥʠʢʘ ʥʘ ʰʚʠʜʢʽʩʪʴ ʪʘ 

ʤʝʭʘʥʽʟʤ ʨʝʘʢʮʽʾ (1), ʻ ʜʦʩʠʪʴ ʦʙʤʝʞʝʥʠʤʠ ʪʘ ʩʫʧʝʨʝʯʣʠʚʠʤʠ.  

ʄʝʪʦʶ ʜʘʥʦʾ ʨʦʙʦʪʠ ʻ ʜʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʧʦʣʷʨʥʦʩʪʽ ʨʦʟʯʠʥʥʠʢʘ ʥʘ ʰʚʠʜʢʽʩʪʴ 

ʨʝʘʢʮʽʾ ʥʫʢʣʝʦʬʽʣʴʥʦʛʦ ʨʦʟʢʨʠʪʪʷ ʦʢʩʠʨʘʥʦʚʦʛʦ ʮʠʢʣʫ ɽʍɻ ʦʮʪʦʚʦʶ ʢʠʩʣʦʪʦʶ ʫ 

ʧʨʠʩʫʪʥʦʩʪʽ ʡʦʜʠʜʽʚ ʪʝʪʨʘʝʪʠʣʘʤʦʥʽʶ ʪʘ ʪʝʪʨʘʙʫʪʠʣʘʤʦʥʽʶ ʢʽʥʝʪʠʯʥʠʤʠ ʤʝʪʦʜʘʤʠ. 

ʆʙôʻʢʪʘʤʠ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʦʮʪʦʚʘ ʢʠʩʣʦʪʘ, ɽʍɻ, (C2H5)4NI, (ʥ-C4H9)4NI. 

ɼʦʩʣʽʜʞʝʥʥʷ ʧʨʦʚʦʜʠʣʦʩʴ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 60 oC ʫ ʩʝʨʝʜʦʚʠʱʽ ʙʽʥʘʨʥʦʛʦ ʨʦʟʯʠʥʥʠʢʘ, 

ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ɽʍɻ ʪʘ ʪʝʪʨʘʛʽʜʨʦʬʫʨʘʥʫ (ʊɻʌ). ɺʤʽʩʪ ʊɻʌ ʩʢʣʘʜʘʚ 10, 25 ʪʘ 50 ʦʙ. %. 

ʂʽʥʝʪʠʯʥʘ ʢʦʥʮʝʥʪʨʘʮʽʷ ʯʝʪʚʝʨʪʠʥʥʠʭ ʘʤʦʥʽʻʚʠʭ ʩʦʣʝʡ ʚʘʨʽʶʚʘʣʘʩʷ ʚ ʜʽʘʧʘʟʦʥʽ 

0,00125 õ 0,00500 ʤʦʣʴ/ʣ ʧʨʠ ʧʦʩʪʽʡʥʽʡ ʢʦʥʮʝʥʪʨʘʮʽʾ ʦʮʪʦʚʦʾ ʢʠʩʣʦʪʠ 0,22 ʤʦʣʴ/ʣ. 

ʂʦʥʪʨʦʣʴ ʟʘ ʧʝʨʝʙʽʛʦʤ ʨʝʘʢʮʽʾ ʟʜʽʡʩʥʶʚʘʚʩʷ ʤʝʪʦʜʦʤ ʢʠʩʣʦʪʥʦ-ʦʩʥʦʚʥʦʛʦ pH-

ʧʦʪʝʥʮʽʦʤʝʪʨʠʯʥʦʛʦ ʪʠʪʨʫʚʘʥʥʷ. 

ɺ ʨʝʟʫʣʴʪʘʪʽ ʧʨʦʚʝʜʝʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʚʠʟʥʘʯʝʥʦ, ʱʦ ʨʝʘʢʮʽʷ (1) ʚ ʧʨʠʩʫʪʥʦʩʪʽ 

ʯʝʪʚʝʨʪʠʥʥʠʭ ʘʤʦʥʽʻʚʠʭ ʩʦʣʝʡ ʤʘʻ ʥʫʣʴʦʚʠʡ ʧʦʨʷʜʦʢ ʟʘ ʢʠʩʣʦʪʥʠʤ ʨʝʘʛʝʥʪʦʤ. 

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʟʙʽʣʴʰʝʥʥʷ ʦʙôʻʤʥʦʾ ʯʘʩʪʢʠ ʊɻʌ ʫ ʨʦʟʯʠʥʽ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʙʽʣʴʰʝʥʥʷ 

ʩʧʦʩʪʝʨʝʞʫʚʘʥʦʾ ʽ ʢʘʪʘʣʽʪʠʯʥʦʾ ʢʦʥʩʪʘʥʪʠ ʰʚʠʜʢʦʩʪʽ ʨʝʘʢʮʽʾ, ʪʦʙʪʦ ʚʚʝʜʝʥʥʷ 

ʤʘʣʦʧʦʣʷʨʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʫ ʨʝʘʢʮʽʡʥʫ ʩʠʩʪʝʤʫ ʩʧʨʠʷʻ ʟʙʽʣʴʰʝʥʥʶ ʢʘʪʘʣʽʪʠʯʥʦʾ 

ʘʢʪʠʚʥʦʩʪʽ ʯʝʪʚʝʨʪʠʥʥʠʭ ʘʤʦʥʽʻʚʠʭ ʩʦʣʝʡ. ʆʪʨʠʤʘʥʦ ʢʦʨʝʣʷʮʽʡʥʽ ʨʽʚʥʷʥʥʷ ʜʣʷ 

ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʢʘʪʘʣʽʪʠʯʥʦʾ ʘʢʪʠʚʥʦʩʪʽ ʡʦʜʠʜʽʚ ʪʝʪʨʘʝʪʠʣʘʤʦʥʽʶ ʪʘ ʪʝʪʨʘʙʫʪʠʣʘʤʦʥʽʶ ʫ 

ʙʽʥʘʨʥʦʤʫ ʨʦʟʯʠʥʥʠʢʫ.  
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ʄʆɼɽʃʖɺɸʅʅʗ ʉʊʈʋʂʊʋʈʀ 4-ɿɸʄɯʑɽʅʆɻʆ 9,10-ɸʅʊʈɸʍɯʅʆʅʋ 

ɺ ɿɸʃɽɾʅʆʉʊɯ ɺɯɼ ʈʆɿʈɸʍʋʅʂʋ ɹɯʆʃʆɻɯʏʅʆɰ ɸʂʊʀɺʅʆʉʊɯ 

ʐʫʧʝʥʶʢ ɺ. ɯ., ʊʘʨʘʩ ʊ. ʄ., ʆʣʝʢʩʶʢ ɻ. ɯ. 

ʇʨʠʢʘʨʧʘʪʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ɺʘʩʠʣʷ ʉʪʝʬʘʥʠʢʘ 

76000, ɯʚʘʥʦ-ʌʨʘʥʢʽʚʩʴʢ, ʚʫʣ. ʐʝʚʯʝʥʢʘ, 57 

taras.tanya.if@gmail.com 

 

ɿ ʜʦʧʦʤʦʛʦʶ ʧʨʦʛʨʘʤʠ PASS (Prediction of Activity Spectra for Substances ï 

ʧʨʦʛʥʦʟ ʩʧʝʢʪʨʘ ʙʽʦʣʦʛʽʯʥʦʾ ʘʢʪʠʚʥʦʩʪʽ ʦʨʛʘʥʽʯʥʠʭ ʩʧʦʣʫʢ) ʩʧʨʦʛʥʦʟʦʚʘʥʘ ʙʽʦʣʦʛʽʯʥʘ 

ʘʢʪʠʚʥʽʩʪʴ ʩʠʥʪʝʟʦʚʘʥʠʭ ʩʧʦʣʫʢ 1(ʘ-ʽ), ʷʢʽ ʙʫʣʠ ʦʜʝʨʞʘʥʽ ʥʫʢʣʝʦʬʽʣʴʥʠʤ ʟʘʤʽʱʝʥʥʷʤ 

ʙʨʦʤʫ ʙʨʦʤʘʤʽʥʦʚʦʾ ʢʠʩʣʦʪʠ. 

 
ɺʩʽ ʩʠʥʪʝʟʦʚʘʥʽ ʩʧʦʣʫʢʠ ʧʨʦʷʚʣʷʶʪʴ ʧʨʦʪʠʚʽʨʫʩʥʠʡ ʝʬʝʢʪ (Antiviral). ɼʣʷ ʩʧʦʣʫʢ 

(1a, 1c, 1d) ʜʦʮʽʣʴʥʦ ʚʠʢʦʥʘʪʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʘʥʪʠʧʨʦʟʦʡʥʦʛʦ 

(Antiprotozoal (Trypanosoma)) ʝʬʝʢʪʫ, ʘ ʜʣʷ ʩʧʦʣʫʢ (1d, 1i) ʜʦʮʽʣʴʥʽʩʪʴ ʣʽʢʫʚʘʣʴʥʦʛʦ 

ʝʬʝʢʪʫ ʛʦʩʪʨʠʭ ʥʝʚʨʦʣʦʛʽʯʥʠʭ ʨʦʟʣʘʜʽʚ (Acute neurologic disorders treatment). ʉʧʦʣʫʢʠ 

(1a, 1b, 1d, 1i) ʤʦʞʫʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʴ, ʷʢ ʧʦʪʝʥʮʽʡʥʽ P2T ʧʫʨʠʥʦʚʽ ʨʝʮʝʧʪʦʨʠ 

(Purinergic P2T antagonist). ʇʨʦʪʝ ʪʽʣʴʢʠ ʧʦʭʽʜʥʝ ʽʤʽʜʘʟʦʣʫ 1ʽ ʥʝʤʘʻ ʧʨʠʪʘʤʘʥʥʠʭ 

ʙʽʣʴʰʦʩʪʽ ʙʘʨʚʥʠʢʽʚ ʪʦʢʩʠʯʥʦʛʦ, ʪʝʨʘʪʦʛʝʥʥʦʛʦ, ʤʫʪʘʛʝʥʥʦʛʦ ʽ ʢʘʥʮʝʨʦʛʝʥʥʦʛʦ ʝʬʝʢʪʽʚ. 

 

ɹʽʦʣʦʛʽʯʥʘ ʘʢʪʠʚʥʽʩʪʴ 

ʁʤʦʚʽʨʥʽʩʪʴ ʥʘʷʚʥʦʩʪʽ ʙʽʦʣʦʛʽʯʥʦʾ ʘʢʪʠʚʥʦʩʪʽ 

ʈʘ>60 % 

1a 1b 1c 1d 1i 

Antiprotozoal (Trypanosoma) 66,2 - 70,8 78,3 - 

Antiviral 84,0 84,2 82,5 83,7 71,6 

Acute neurologic disorders treatment - - - 64,0 64,7 

Platelet aggregation stimulant 70,6 75,7 76,2 73,3 - 

Purinergic P2T antagonist 68,6 73,5 - 69,1 64,8 

 

ɺʽʜʱʝʧʣʝʥʥʷ ʩʫʣʴʬʦʛʨʫʧʠ ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ Na2S2O4 ʰʣʷʭʦʤ ʜʠʩʫʣʴʬʫʚʘʥʥʷ 

ʩʧʦʣʫʢʠ 1ʘ ʟ ʚʠʭʦʜʦʤ ʩʧʦʣʫʢʠ 2ʘ ï 88 %. 

 
ɿʛʽʜʥʦ ʟ ʨʝʟʫʣʴʪʘʪʘʤʠ in silico ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʙʽʦʣʦʛʽʯʥʦʾ ʘʢʪʠʚʥʦʩʪʽ ʟʘ ʧʨʦʛʨʘʤʦʶ 

PASS ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ ʩʧʦʣʫʢʘ 2a ʧʨʦʷʚʣʷʻ ʧʦʪʝʥʮʽʡʥʫ ʘʥʪʠʥʝʦʧʣʘʩʪʠʯʥʫ 

ʘʢʪʠʚʥʽʩʪʴ ʈʘ 72,7 %, ʷʢʘ ʽʤʦʚʽʨʥʦ ʨʝʘʣʽʟʫʻʪʴʩʷ ʽʥʛʽʙʫʶʯʦʶ ʜʽʻʶ ʥʘ ʨʷʜ ʬʝʨʤʝʥʪʽʚ 

(Gluconate 2-dehydrogenase (acceptor), NAD(P)+-arginine ADP-ribosyltransferase, 

Membrane permeability) ʪʘ ʟʚôʷʟʫʚʘʥʥʷʤ ʟ ʩʫʙʩʪʨʘʪʘʤʠ (CYP2J, CYP2C12, UGT1A9). 
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DFT-ɼʆʉʃɯɼɾɽʅʅʗ ʅʋʂʃɽʆʌɯʃʔʅʆʉʊɯ ʊʈɽʊʀʅʅʀʍ ɸʄɯʅɯɺ ʋ ʈɽɸʂʎɯɰ 

ʂɺɸʊɽʈʅɯɿɸʎɯɰ 

ʗʢʫʪʘ ʇ. ʆ., ʖʪʽʣʦʚʘ ʂ. ʉ., ʐʚʝʜ ʆ. ʄ. 

ɼʦʥʝʮʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ɺʘʩʠʣʷ ʉʪʫʩʘ 

iakuta.p@donnu.edu.ua 

 

ʊʨʝʪʠʥʥʽ ʘʤʽʥʠ ʚ ʦʨʛʘʥʽʯʥʽʡ ʭʽʤʽʾ ʚʠʩʪʫʧʘʶʪʴ ʷʢ ʨʝʘʛʝʥʪʠ ʘʙʦ ʢʘʪʘʣʽʟʘʪʦʨʠ ʮʽʣʦʛʦ 

ʨʷʜʫ ʨʝʘʢʮʽʡ. ɹʽʦʣʦʛʽʯʥʘ ʽ ʬʘʨʤʘʢʦʣʦʛʽʯʥʘ ʘʢʪʠʚʥʽʩʪʴ ʙʘʛʘʪʴʦʭ ʪʨʝʪʠʥʥʠʭ ʘʤʽʥʽʚ 

ʟʥʘʭʦʜʠʪʴ ʰʠʨʦʢʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʫ ʤʝʜʠʮʠʥʽ. ɸʤʽʥʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʷʢ ʙʘʨʚʥʠʢʠ ʽ 

ʽʥʜʠʢʘʪʦʨʠ ʫ ʧʨʦʤʠʩʣʦʚʠʭ ʽ ʜʦʩʣʽʜʥʠʭ ʮʽʣʷʭ. ʈʝʘʢʮʽʡʥʘ ʟʜʘʪʥʽʩʪʴ ʘʤʽʥʽʚ, ʚ ʧʝʨʰʫ ʯʝʨʛʫ, 

ʟʘʣʝʞʠʪʴ ʚʽʜ ʾʭ ʥʫʢʣʝʦʬʽʣʴʥʦʩʪʽ, ʱʦ ʟʫʤʦʚʣʝʥʘ, ʛʦʣʦʚʥʠʤ ʯʠʥʦʤ, ʦʩʥʦʚʥʽʩʪʶ, ʩʪʝʨʠʯʥʦʶ 

ʜʦʩʪʫʧʥʽʩʪʶ, ʧʦʣʷʨʠʟʦʚʥʽʩʪʶ ʘʪʦʤʘ ʅʽʪʨʦʛʝʥʫ. ɿʨʫʯʥʦʶ ʤʦʜʝʣʣʶ ʜʣʷ ʢʽʣʴʢʽʩʥʦʛʦ 

ʚʠʟʥʘʯʝʥʥʷ ʥʫʢʣʝʦʬʽʣʴʥʦʩʪʽ ʪʨʝʪʠʥʥʠʭ ʘʤʽʥʽʚ R3N ʻ ʨʝʘʢʮʽʷ ʾʭ ʢʚʘʪʝʨʥʽʟʘʮʽʾ (1), ʚ ʷʢʽʡ 

ʫʪʚʦʨʝʥʥʷ ʯʝʪʚʝʨʪʠʥʥʠʭ ʘʤʦʥʽʻʚʠʭ ʩʦʣʝʡ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʽʜ ʜʽʻʶ ʘʣʢʠʣʛʘʣʦʛʝʥʽʜʽʚ R'Hal. 

R3N + R'Hal Ÿ [R3R'N]+Halï (1) 

ʄʝʪʦʶ ʨʦʙʦʪʠ ʻ ʚʩʪʘʥʦʚʣʝʥʥʷ ʚʧʣʠʚʫ ʥʫʢʣʝʦʬʽʣʴʥʦʩʪʽ ʪʨʝʪʠʥʥʠʭ ʘʤʽʥʽʚ ʷʢ 

ʬʫʥʢʮʽʾ ʩʪʨʫʢʪʫʨʠ ʟʘʤʽʩʥʠʢʽʚ ʥʘ ʰʚʠʜʢʽʩʪʴ ʧʝʨʝʙʽʛʫ ʨʝʘʢʮʽʾ ʢʚʘʪʝʨʥʽʟʘʮʽʾ 

ʢʚʘʥʪʦʚʦʭʽʤʽʯʥʠʤʠ ʤʝʪʦʜʘʤʠ. ʆʙôʻʢʪʘʤʠ ʜʦʩʣʽʜʞʝʥʥʷ ʦʙʨʘʥʦ ʤʝʪʠʣʙʨʦʤʽʜ, ʘʤʦʥʽʘʢ ʽ 

ʩʝʨʽʷ ʪʨʝʪʠʥʥʠʭ ʘʤʽʥʽʚ: ʪʨʠʤʝʪʠʣʘʤʽʥ, ʜʠʤʝʪʠʣʝʪʠʣʘʤʽʥ, ʤʝʪʠʣʜʠʝʪʠʣʘʤʽʥ, ʪʨʠʝʪʠʣʘʤʽʥ. 

ʈʦʟʨʘʭʫʥʢʠ ʧʨʦʚʝʜʝʥʦ ʤʝʪʦʜʦʤ DFT ʚ ʥʘʙʣʠʞʝʥʥʽ B3LYP/6-31+G** (ʛʘʟʦʚʘ ʬʘʟʘ). 

ɿʥʘʡʜʝʥʦ ʧʝʨʝʭʽʜʥʽ ʩʪʘʥʠ (ʇʉ) ʨʝʘʢʮʽʾ (1) (ʨʠʩ.). ʅʘʣʝʞʥʽʩʪʴ ʣʦʢʘʣʽʟʦʚʘʥʠʭ ʇʉ 

ʚʽʜʧʦʚʽʜʥʽʡ ʨʝʘʢʮʽʾ ʜʦʚʝʜʝʥʘ ʩʧʫʩʢʘʤʠ ʟʘ ʧʨʦʮʝʜʫʨʦʶ IRC ʫ ʜʦʣʠʥʠ ʨʝʘʢʪʘʥʪʽʚ ʽ 

ʧʨʦʜʫʢʪʽʚ. ɻʝʦʤʝʪʨʽʷ ʨʦʟʨʘʭʦʚʘʥʠʭ ʇʉ ʚʽʜʧʦʚʽʜʘʻ ʤʝʭʘʥʽʟʤʫ SN2.  

 

 

(ʘ) (ʙ) 

ʈʠʩ. ʇʉ ʨʝʘʢʮʽʾ ʪʨʠʤʝʪʠʣʘʤʽʥʫ (ʘ) ʪʘ ʝʪʠʣʜʠʤʝʪʠʣʘʤʽʥʫ (ʙ) ʟ ʤʝʪʠʣʙʨʦʤʽʜʦʤ 

ʈʝʟʫʣʴʪʘʪʠ ʧʨʦʚʝʜʝʥʠʭ DFT-ʨʦʟʨʘʭʫʥʢʽʚ ʧʦʢʘʟʫʶʪʴ, ʱʦ ʟʙʽʣʴʰʝʥʥʷ ʦʙôʻʤʫ 

ʟʘʤʽʩʥʠʢʽʚ ʙʽʣʷ ʘʪʦʤʫ ʅʽʪʨʦʛʝʥʫ ʩʧʨʠʯʠʥʷʻ ʟʨʦʩʪʘʥʥʷ ʝʥʝʨʛʽʾ ʘʢʪʠʚʘʮʽʾ ʽ, ʚʽʜʧʦʚʽʜʥʦ, 

ʟʥʠʞʝʥʥʶ ʰʚʠʜʢʦʩʪʽ ʨʝʘʢʮʽʾ ʢʚʘʪʝʨʥʽʟʘʮʽʾ ʪʨʝʪʠʥʥʠʭ ʘʤʽʥʽʚ ʤʝʪʠʣʙʨʦʤʽʜʦʤ. ɺʠʭʦʜʷʯʠ ʟ 

ʪʝʨʤʦʜʠʥʘʤʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʨʝʘʢʮʽʾ (1), ʚʩʪʘʥʦʚʣʝʥʦ ʟʘʣʝʞʥʽʩʪʴ ʢʦʥʩʪʘʥʪʠ ʰʚʠʜʢʦʩʪʽ 

ʢʚʘʪʝʨʥʽʟʘʮʽʾ ʪʨʝʪʠʥʥʠʭ ʘʤʽʥʽʚ ʚʽʜ ʩʪʝʨʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʟʘʤʽʩʥʠʢʽʚ. ʆʪʨʠʤʘʥʽ ʜʘʥʽ ʻ 

ʦʩʥʦʚʦʶ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʨʝʘʢʮʽʡʥʦʾ ʟʜʘʪʥʦʩʪʽ ʪʨʝʪʠʥʥʠʭ ʘʤʽʥʽʚ ʫ ʨʝʘʢʮʽʷʭ 

ʥʫʢʣʝʦʬʽʣʴʥʦʛʦ ʟʘʤʽʱʝʥʥʷ. 
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ʈʦʟʚʠʥʫʪʘ ʧʣʦʱʘ ʧʦʚʝʨʭʥʽ, ʚʝʣʠʯʠʥʘ ʷʢʦʾ ʤʦʞʝ ʩʢʣʘʜʘʪʠ 2000 ʤ2/ʛ, ʪʘ 

ʤʝʟʦʧʦʨʠʩʪʘ ʩʪʨʫʢʪʫʨʘ ʚʽʜʥʦʚʣʝʥʦʛʦ ʦʢʩʠʜʫ ʛʨʘʬʝʥʫ (ɺʆɻ) ʚʠʢʣʠʢʘʶʪʴ ʽʥʪʝʨʝʩ ʱʦʜʦ 

ʡʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʷʢ ʥʦʩʽʷ ʢʘʪʘʣʽʟʘʪʦʨʽʚ. ʇʦʢʘʟʘʥʦ, ʱʦ ɺʆɻ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʪʘʢʦʞ 

ʚʣʘʩʥʦʶ ʢʘʪʘʣʽʪʠʯʥʦʶ ʘʢʪʠʚʥʽʩʪʶ ʚ ʨʝʘʢʮʽʷʭ ʛʽʜʨʫʚʘʥʥʷ ʥʽʪʨʦʩʧʦʣʫʢ, ʘʣʢʽʥʽʚ ʽ, ʟʦʢʨʝʤʘ, 

ʦʣʝʬʽʥʽʚ. ʉʪʨʫʢʪʫʨʘ ɺʆɻ ʟʘʣʝʞʠʪʴ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ ʪʝʨʤʽʯʥʦʾ ʦʙʨʦʙʢʠ. ʄʝʪʦʶ ʜʘʥʦʛʦ 

ʜʦʩʣʽʜʞʝʥʥʷ ʙʫʣʦ ʚʩʪʘʥʦʚʣʝʥʥʷ ʚʧʣʠʚʫ ʧʦʧʝʨʝʜʥʴʦʾ ʪʝʨʤʽʯʥʦʾ ʦʙʨʦʙʢʠ ʥʘ ʢʘʪʘʣʽʪʠʯʥʫ 

ʘʢʪʠʚʥʽʩʪʴ ɺʆɻ ʚ ʤʦʜʝʣʴʥʽʡ ʨʝʘʢʮʽʾ ʛʽʜʨʫʚʘʥʥʷ ʝʪʠʣʝʥʫ. 

ɿʨʘʟʢʠ ɺʆɻ ʙʫʣʦ ʦʪʨʠʤʘʥʦ ʟ ʦʢʩʠʜʫ ʛʨʘʬʽʪʫ (ʆɻ), ʩʠʥʪʝʟʦʚʘʥʠʤ ʟʘ 

ʤʦʜʠʬʽʢʦʚʘʥʠʤ ʤʝʪʦʜʦʤ ʍʘʤʝʨʩʘ, ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ: ʛʽʜʨʘʟʠʥ-ʛʽʜʨʘʪ ʦʙôʻʤʦʤ 10 ʤʣ 

ʜʦʜʘʚʘʣʠ ʚ 1 ʣ ʚʦʜʥʦʾ ʩʫʩʧʝʥʟʽʾ ʆɻ ʟ ʢʦʥʮʝʥʪʨʘʮʽʻʶ 1 ʛ/ʣ ʽ ʢʠʧôʷʪʠʣʠ ʧʨʦʪʷʛʦʤ 1 ʛʦʜʠʥʠ. 

ʆʪʨʠʤʘʥʠʡ ʤʘʪʝʨʽʘʣ ʧʨʦʤʠʚʘʣʠ 2 ʣʽʪʨʘʤʠ ʜʠʩʪʠʣʴʦʚʘʥʦʾ ʚʦʜʠ ʪʘ ʧʨʦʩʫʰʫʚʘʣʠ ʟʘ 110 ʦʉ 

ʧʨʦʪʷʛʦʤ 12 ʛʦʜʠʥ. ʉʠʥʪʝʟʦʚʘʥʠʡ ʧʨʦʜʫʢʪ ʧʦʟʥʘʯʝʥʦ ʷʢ Gr. ʄʘʪʝʨʽʘʣ Gr ʙʫʣʦ ʦʙʨʦʙʣʝʥʦ 

ʚ ʘʪʤʦʩʬʝʨʽ ʚʦʜʥʶ ʧʨʦʪʷʛʦʤ 1 ʛʦʜʠʥʠ ʟʘ 400 ʦʉ. ʊʝʨʤʽʯʥʦ ʦʙʨʦʙʣʝʥʠʡ ʟʨʘʟʦʢ ʙʫʣʦ 

ʧʦʟʥʘʯʝʥʦ ʷʢ Gr-ʅ2. ʄʘʪʝʨʽʘʣʠ Gr ʪʘ Gr-ʅ2 ʙʫʣʦ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʦ ʊɽʄ ʪʘ ʉɽʄ 

ʤʢ̔ʨʦʩʢʦʧʽʷʤʠ, ʝʣʝʤʝʥʪʥʠʤ ʘʥʘʣʽʟʦʤ, ʧʦʨʦʰʢʦʚʦʶ ʜʠʬʨʘʢʪʦʤʝʪʨʽʻʶ, ʈʘʤʘʥ-, ɯʏ ʪʘ 

ʈʌɽʉ-ʩʧʝʢʪʨʦʩʢʦʧʽʷʤʠ, ʧʠʪʦʤʫ ʧʣʦʱʫ ʧʦʚʝʨʭʥʽ ʚʩʪʘʥʦʚʣʝʥʦ ʟʘ ʽʟʦʪʝʨʤʘʤʠ ʘʜʩʦʨʙʮʽʾ 

ʘʟʦʪʫ. ɸʥʘʣʽʟ ʦʪʨʠʤʘʥʠʭ ʜʘʥʠʭ ʧʦʢʘʟʫʻ, ʱʦ ʪʝʨʤʦʦʙʨʦʙʢʘ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʙʽʣʴʰʝʥʥʷ 

ʨʦʟʤʽʨʽʚ ʢʨʠʩʪʘʣʽʪʽʚ ʪʘ ʩʧʽʚʚʽʜʥʦʰʝʥʴ C/N ʽ C/O, ʘ ʪʘʢʦʞ ʟʤʝʥʰʝʥʥʷ ʚʤʽʩʪʫ ʜʝʬʝʢʪʽʚ ʪʘ 

ʧʠʪʦʤʦʾ ʧʣʦʱʽ ʧʦʚʝʨʭʥʽ. 

ʂʘʪʘʣʽʪʠʯʥʫ ʘʢʪʠʚʥʽʩʪʴ ʟʨʘʟʢʽʚ ʙʫʣʦ ʚʩʪʘʥʦʚʣʝʥʦ ʚ ʧʨʦʪʦʯʥʦʤʫ ʪʨʫʙʯʘʪʦʤʫ 

ʨʝʘʢʪʦʨʽ ʚ ʪʝʤʧʝʨʘʪʫʨʥʦʤʫ ʜʽʘʧʘʟʦʥʽ 25ï400 ʦʉ. ʉʧʽʚʚʽʜʥʦʰʝʥʥʷ ʰʚʠʜʢʦʩʪʝʡ ʧʦʪʦʢʫ 

ʝʪʠʣʝʥʫ ʜʦ ʚʦʜʥʶ ʩʪʘʥʦʚʠʣʦ 1:9, ʚʽʜʧʦʚʽʜʥʦ, ʧʨʠ ʟʘʛʘʣʴʥʽʡ ʰʚʠʜʢʦʩʪʽ ʧʦʪʦʢʫ 50 ʤʣ/ʭʚ. 

ʅʘʚʘʞʢʠ Gr ʪʘ Gr-ʅ2 ʩʪʘʥʦʚʠʣʠ 110 ʪʘ 80 ʤʛ, ʚʽʜʧʦʚʽʜʥʦ. ɸʥʘʣʽʟ ʜʘʥʠʭ, ʧʨʝʜʩʪʘʚʣʝʥʠʭ 

ʥʘ ʈʠʩ., ʧʦʢʘʟʫʻ, ʱʦ ʤʘʪʝʨʽʘʣ Gr ʥʝ ʧʨʦʷʚʣʷʻ ʢʘʪʘʣʽʪʠʯʥʦʾ ʘʢʪʠʚʥʦʩʪʽ ʥʘ ʚʩʴʦʤʫ ʜʽʘʧʘʟʦʥʽ 

ʪʝʤʧʝʨʘʪʫʨ, ʚ ʪʦʡ ʯʘʩ ʷʢ ʫ ʚʠʧʘʜʢʫ Gr-ʅ2 ʧʦʯʘʪʢʦʚʘ ʰʚʠʜʢʽʩʪʴ ʨʝʘʢʮʽʾ ʩʪʘʥʦʚʠʣʘ 

0.1Ŀ10-8 ʤʦʣʴĿʩ-1Ŀʤ-2 ʟʘ 50 ʦʉ ʽ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʪʝʤʧʝʨʘʪʫʨʠ ʜʦʩʷʛʘʣʘ ʟʥʘʯʝʥʥʷ 

10.0Ŀ10-8 ʤʦʣʴĿʩ-1Ŀʤ-2 ʟʘ 300 ʦʉ. ʇʦʜʘʣʴʰʝ ʟʙʽʣʴʰʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʟʤʝʥʰʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʨʝʘʢʮʽʾ. ʊʘʢʠʤ ʯʠʥʦʤ, ʧʨʦʜʝʤʦʥʩʪʨʦʚʘʥʦ, ʱʦ ʧʦʧʝʨʝʜʥʷ ʪʝʨʤʽʯʥʘ 

ʦʙʨʦʙʢʘ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʘʢʪʠʚʘʮʽʾ ɺʆɻ ʚ ʨʝʘʢʮʽʾ ʛʽʜʨʫʚʘʥʥʷ ʝʪʠʣʝʥʫ. 

 

 

ʈʠʩ. ʊʝʤʧʝʨʘʪʫʨʥʘ ʟʘʣʝʞʥʽʩʪʴ ʰʚʠʜʢʦʩʪʽ ʨʝʘʢʮʽʾ ʛʽʜʨʫʚʘʥʥʷ ʝʪʠʣʝʥʫ ʥʘ Gr ʪʘ Gr-ʅ2 
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ɯʥʚʝʨʩʽʡʥʠʡ ʪʨʘʥʩʬʘʟʥʠʡ ʢʘʪʘʣʽʟ (ɯʊʂ) ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʢʣʘʩʠʯʥʦʛʦ ʤʽʞʬʘʟʥʦʛʦ 

ʢʘʪʘʣʽʟʫ ʜʦʟʚʦʣʷʻ ʧʨʦʚʦʜʠʪʠ ʦʨʛʘʥʽʯʥʽ ʨʝʘʢʮʽʾ ʚ ʚʦʜʥʽʡ ʬʘʟʽ. ʈʘʥʽʰʝ ʥʘʤʠ ʙʫʣʦ 

ʜʦʩʣʽʜʞʝʥʦ ɯʊʂ ʙʝʥʟʦʾʣʶʚʘʥʥʷ ʪʘ ʬʦʩʬʦʨʠʣʶʚʘʥʥʷ ʬʝʥʦʣʽʚ ʚ ʜʚʦʬʘʟʥʠʭ ʩʠʩʪʝʤʘʭ ʚʦʜʘ-

ʜʠʭʣʦʨʤʝʪʘʥ ʚ ʧʨʠʩʫʪʥʦʩʪʽ ʧʽʨʠʜʠʥ-1-ʦʢʩʠʜʽʚ ʡ ʚʩʪʘʥʦʚʣʝʥʦ ʦʧʪʠʤʘʣʴʥʽ ʫʤʦʚʠ 

ʧʨʦʚʝʜʝʥʥʷ ʩʠʥʪʝʟʫ ʚʽʜʧʦʚʽʜʥʠʭ ʝʩʪʝʨʽʚ. 

ʋ ʜʘʥʽʡ ʨʦʙʦʪʽ ʙʫʣʦ ʚʠʚʯʝʥʦ ʨʝʘʢʮʽʶ ʩʫʣʴʬʦʥʽʣʶʚʘʥʥʷ ʙʽʩʬʝʥʦʣʽʚ ʚ ʜʚʦʬʘʟʥʠʭ 

ʩʠʩʪʝʤʘʭ ʚʦʜʘ-ʜʠʭʣʦʨʤʝʪʘʥ. ʗʢ ʢʘʪʘʣʽʟʘʪʦʨʠ ʙʫʣʠ ʚʠʢʦʨʠʩʪʘʥʽ ʧʘʨʘ-ʟʘʤʽʱʝʥʥʽ ʧʽʨʠʜʠʥ-

1-ʦʢʩʠʜʠ. ʂʘʪʘʣʽʪʠʯʥʠʡ ʧʨʦʮʝʩ ʧʝʨʝʙʽʛʘʚ ʟʛʽʜʥʦ ʩʭʝʤʠ ʥʘʚʝʜʝʥʦʾ ʥʘ ʨʠʩ. ʐʚʠʜʢʽʩʪʴ 

ʚʠʟʥʘʯʘʣʴʥʦʶ ʩʪʘʜʽʻʶ ʙʫʣʘ ʨʝʘʢʮʽʷ (k1) ʫʪʚʦʨʝʥʥʷ ʢʘʪʽʦʥʫ N-ʩʫʣʴʬʦʥʽʣʦʢʩʠʧʽʨʠʜʠʥʽʶ ʚ 

ʦʨʛʘʥʽʯʥʽʡ ʬʘʟʽ. ɺʠʭʽʜ ʧʨʦʜʫʢʪʫ ʨʝʘʢʮʽʾ ʜʣʷ ʚʩʽʭ ʢʘʪʘʣʽʟʘʪʦʨʽʚ ʩʢʣʘʜʘʚ >95 %. 

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʥʘʡʝʬʝʢʪʠʚʥʽʰʠʤ ʢʘʪʘʣʽʟʘʪʦʨʦʤ ʩʫʣʴʬʦʥʽʣʶʚʘʥʥʷ ʚ ʫʤʦʚʘʭ ɯʊʂ ʻ 

4-ʜʠʤʝʪʠʣʘʤʽʥʦʧʽʨʠʜʠʥ-1-ʦʢʩʠʜ.  

 

 
ʈʠʩ. ʉʭʝʤʘ ɯʊʂ ʧʨʦʮʝʩʫ ʪʦʟʠʣʶʚʘʥʥʷ ʙʠʩʬʝʥʦʣʽʚ ʚ ʜʚʦʬʘʟʥʽʡ ʩʠʩʪʝʤʽ ʚʦʜʘ-

ʜʠʭʣʦʨʤʝʪʘʥ ʚ ʧʨʠʩʫʪʥʦʩʪʽ ʧʽʨʠʜʠʥ-1-ʦʢʩʠʜʽʚ 

 

ɿ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 4-ʜʠʤʝʪʠʣʘʤʽʥʦʧʽʨʠʜʠʥ-1-ʦʢʩʠʜʫ ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ 

ʩʫʣʴʬʦʥʽʣʶʚʘʥʥʷ ʛʽʜʨʦʭʽʥʦʥʫ ʪʘ 2,3-ʜʽʛʽʜʨʦʢʩʠʥʘʬʪʘʣʽʥʫ ʟ ʚʠʭʦʜʦʤ ʧʨʦʜʫʢʪʫ >90 %. 

ɹʫʜʦʚʫ ʦʪʨʠʤʘʥʠʭ ʧʨʦʜʫʢʪʽʚ ʙʫʣʦ ʧʽʜʪʚʝʨʜʞʝʥʦ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʝʪʦʜʽʚ ɯʏ- ʪʘ ʇʄʈ 

ʩʧʝʢʪʨʦʩʢʦʧʽʾ. ɺ ʫʩʽʭ ʚʠʧʘʜʢʘʭ ʦʪʨʠʤʘʥʦ ʙʽʩʫʣʴʬʦʥʘʪ, ʪʦʙʪʦ ʦʙʠʜʚʽ ʛʽʜʨʦʢʩʠʣʴʥʽ ʛʨʫʧʠ 

ʩʫʣɹʬʦʥʽʣʴʦʚʘʥʦ.  

ʊʘʢʠʤ ʯʠʥʦʤ, ʧʨʦʜʝʤʦʥʩʪʨʦʚʘʥʦ, ʱʦ ʤʝʪʦʜ ɯʊʂ ʤʦʞʝ ʙʫʪʠ ʫʩʧʽʰʥʦ ʟʘʩʪʦʩʦʚʘʥʦ 

ʜʣʷ ʟʜʽʡʩʥʝʥʥʷ ʩʫʣʴʬʦʥʽʣʶʚʘʥʥʷ ʙʽʩʬʝʥʦʣʽʚ ʧʨʠ ʢʽʤʥʘʪʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ ʫ ʚʦʜʥʦʤʫ 

ʩʝʨʝʜʦʚʠʱʽ ʪʘ ʟ ʚʠʩʦʢʠʤ ʚʠʭʦʜʦʤ ʚʽʜʧʦʚʽʜʥʦʛʦ ʙʽʩʫʣʴʬʦʥʘʪʫ. 
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ʇʆʃʋʏɽʅʀɽ ʄʀʂʈʆ-ʄɽɿʆʇʆʈʀʉʊʓʍ ɸʃʖʄʆʉʀʃʀʂɸʊʆɺ  

SBA-15/ZSM-5 ʏɸʉʊʀʏʅʆʁ ʎɽʆʃʀʊʀɿɸʎʀɽʁ SBA-15 

ɹʘʨʘʢʦʚ ʈ. ʖ., ʑʝʨʙʘʥʴ ʅ. ɼ., ʗʨʝʤʦʚ ʇ. ʉ., ʌʠʣʦʥʝʥʢʦ ʉ. ʅ., ʎʳʨʠʥʘ ɺ. ɺ. 

ʀʥʩʪʠʪʫʪ ʬʠʟʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠʤ. ʃ. ɺ. ʇʠʩʘʨʞʝʚʩʢʦʛʦ ʅɸʅ ʋʢʨʘʠʥʳ 
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ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʦʜʥʦʡ ʠʟ ʥʘʠʙʦʣʝʝ ʘʢʪʫʘʣʴʥʳʭ ʟʘʜʘʯ ʚ ʦʙʣʘʩʪʠ ʭʠʤʠʠ 

ʮʝʦʣʠʪʦʧʦʜʦʙʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʷʚʣʷʝʪʩʷ ʧʦʠʩʢ ʠ ʨʘʟʨʘʙʦʪʢʘ ʩʧʦʩʦʙʦʚ ʧʦʣʫʯʝʥʠʷ 

ʤʠʢʨʦ-ʤʝʟʦʧʦʨʠʩʪʳʭ ʘʣʶʤʦʩʠʣʠʢʘʪʦʚ (ʄʄɸʉ). ʕʪʠ ʤʘʪʝʨʠʘʣʳ ʚ ʦʧʨʝʜʝʣʝʥʥʦʡ ʩʪʝʧʝʥʠ 

ʩʦʯʝʪʘʶʪ ʩʚʦʡʩʪʚʘ ʮʝʦʣʠʪʦʚ ʠ ʤʝʟʦʧʦʨʠʩʪʳʭ ʤʦʣʝʢʫʣʷʨʥʳʭ ʩʠʪ (ʄʄʉ), ʚ ʯʘʩʪʥʦʩʪʠ, 

ʩʦʜʝʨʞʘʪ ʩʠʣʴʥʳʝ ʢʠʩʣʦʪʥʳʝ ʮʝʥʪʨʳ, ʘ ʪʘʢʞʝ ʤʝʟʦʧʦʨʳ, ʥʘʣʠʯʠʝ ʢʦʪʦʨʳʭ ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʧʦʚʳʰʝʥʠʶ ʩʢʦʨʦʩʪʠ ʜʠʬʬʫʟʠʠ ʠ ʫʚʝʣʠʯʝʥʠʶ ʜʦʩʪʫʧʥʦʩʪʠ ʢʘʪʘʣʠʪʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ 

ʮʝʥʪʨʦʚ ʜʣʷ ʤʦʣʝʢʫʣ ʨʝʘʛʝʥʪʦʚ. ʇʝʨʩʧʝʢʪʠʚʥʳʤ ʧʦʜʭʦʜʦʤ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʄʄɸʉ 

ʷʚʣʷʝʪʩʷ ʮʝʦʣʠʪʠʟʘʮʠʷ (ʢʨʠʩʪʘʣʣʠʟʘʮʠʷ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʦʙʨʘʟʦʚʘʥʠʷ ʮʝʦʣʠʪʥʦʡ ʬʘʟʳ) 

ʘʤʦʨʬʥʦʛʦ ʚʝʱʝʩʪʚʘ ʢʘʨʢʘʩʘ ʄʄʉ ʪʠʧʘ SBA-15 ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʪʝʤʧʣʘʪʘ 

(ʥʘʧʨʠʤʝʨ, ʪʝʪʨʘʧʨʦʧʠʣʘʤʤʦʥʠʡ ʛʠʜʨʦʢʩʠʜʘ, ʊʈɸʆʅ). ʎʝʣʴʶ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ 

ʷʚʣʷʝʪʩʷ ʚʳʷʩʥʝʥʠʝ ʚʣʠʷʥʠʷ ʫʩʣʦʚʠʡ ʮʝʦʣʠʪʠʟʘʮʠʠ ʪʝʤʧʣʘʪʩʦʜʝʨʞʘʱʝʛʦ ʄʄʉ SBA-15 

ʥʘ ʩʪʨʫʢʪʫʨʥʦ-ʩʦʨʙʮʠʦʥʥʳʝ ʠ ʢʠʩʣʦʪʥʳʝ ʩʚʦʡʩʪʚʘ ʧʦʣʫʯʝʥʥʳʭ ʄʄɸʉ SBA-15/ZSM-5. 

ʎʝʦʣʠʪʠʟʘʮʠʶ Si-SBA-15 (ʚ ZSM-5) ʧʨʦʚʦʜʠʣʠ ʧʨʦʧʠʪʢʦʡ ʄʄʉ ʚʦʜʥʳʤ 

ʨʘʩʪʚʦʨʦʤ ʊʈɸʆʅ, ʢʦʪʦʨʳʡ ʩʦʜʝʨʞʠʪ ʛʠʜʨʦʢʩʦʘʣʶʤʠʥʘʪ-ʠʦʥʳ. ɿʘʪʝʤ ʛʝʣʴ ʚʳʩʫʰʠʚʘʣʠ 

ʠ ʧʦʜʚʝʨʛʘʣʠ ʪʝʨʤʦʧʘʨʦʚʦʡ ʦʙʨʘʙʦʪʢʝ (ʊʇʆ) (ʦʙʨʘʟʮʳ ʥʘʭʦʜʠʣʠʩʴ ʚ ʢʦʥʪʘʢʪʝ ʩ ʧʘʨʘʤʠ 

ʚʦʜʳ) ʧʨʠ 100ï120 Áʉ. ʇʦʜʙʦʨ ʫʩʣʦʚʠʡ ʩʠʥʪʝʟʘ, ʚ ʯʘʩʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʪʝʤʧʣʘʪʩʦʜʝʨʞʘʱʝʛʦ ʄʄʉ, ʨʘʟʙʘʚʣʝʥʥʳʭ ʨʘʩʪʚʦʨʦʚ ʊʈɸʆʅ (ʤʦʣʴʥʦʝ ʦʪʥʦʰʝʥʠʝ 

ʊʈɸʆʅ/Si = 0,07ï0,1), ʩʥʠʞʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʪʝʨʤʦʧʘʨʦʚʦʡ ʦʙʨʘʙʦʪʢʠ ʜʦ 100ï120 Áʉ 

ʧʦʟʚʦʣʠʣ ʧʨʦʚʝʩʪʠ ʯʘʩʪʠʯʥʫʶ ʮʝʦʣʠʪʠʟʘʮʠʶ SBA-15 ʠ ʩʦʭʨʘʥʠʪʴ ʛʝʢʩʘʛʦʥʘʣʴʥʫʶ 

ʤʝʟʦʩʪʨʫʢʪʫʨʫ ʠʩʭʦʜʥʦʛʦ ʤʘʪʝʨʠʘʣʘ. ʕʪʦ ʜʘʣʦ ʚʦʟʤʦʞʥʦʩʪʴ ʫʚʝʣʠʯʠʪʴ ʢʦʥʮʝʥʪʨʘʮʠʶ ʠ 

ʩʠʣʫ ʜʦʩʪʫʧʥʳʭ ʜʣʷ ʦʙʲʝʤʥʳʭ ʤʦʣʝʢʫʣ ʢʠʩʣʦʪʥʳʭ ʮʝʥʪʨʦʚ ɹʨʝʥʩʪʝʜʘ (ʢʦʥʮʝʥʪʨʘʮʠʷ ï 

ʜʦ 32 ʤʢʤʦʣʴ/ʛ, 2,6-ʜʠ-ʪʨʝʪ-ʙʫʪʠʣʧʠʨʠʜʠʥ ʧʦʣʥʦʩʪʴʶ ʜʝʩʦʨʙʠʨʫʝʪʩʷ ʧʨʠ 400 Áʉ) ʠ 

ʃʴʶʠʩʘ (ʢʦʥʮʝʥʪʨʘʮʠʷ 28ï40 ʤʢʤʦʣʴ/ʛ, ʧʦʣʥʘʷ ʜʝʩʦʨʙʮʠʷ ʟʦʥʜʘ ï 400 Áʉ) ʚ ʧʦʣʫʯʝʥʥʳʭ 

ʄʄɸʉ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʠʩʭʦʜʥʳʤ AlSi-SBA-15 (ʮʝʥʪʨʳ ɹʨʝʥʩʪʝʜʘ ï 26 ʤʢʤʦʣʴ/ʛ, 

ʃʴʶʠʩʘ ï 13 ʤʢʤʦʣʴ/ʛ, ʧʦʣʥʘʷ ʜʝʩʦʨʙʮʠʷ ʟʦʥʜʘ ï 350 Áʉ). ʋʤʝʥʴʰʝʥʠʝ ʦʪʥʦʰʝʥʠʷ 

ʊʈɸʆʅ/Si ʚ ʩʫʭʦʤ ʛʝʣʝ ʦʪ 0,1 ʜʦ 0,07 ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʩʪʝʧʝʥʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ 

ʫʧʦʨʷʜʦʯʝʥʥʦʩʪʠ ʤʝʟʦʩʪʨʫʢʪʫʨʳ ʄʄɸʉ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʢ ʧʦʚʳʰʝʥʠʶ ʩʪʝʧʝʥʠ 

ʦʜʥʦʨʦʜʥʦʩʪʠ ʨʘʟʤʝʨʦʚ ʤʝʟʦʧʦʨ.  

ɼʣʷ ʚʳʷʚʣʝʥʠʷ ʦʪʣʠʯʠʡ ʚ ʢʠʩʣʦʪʥʦʩʪʠ ʧʦʣʫʯʝʥʥʳʭ ʄʄɸʉ ʦʪ ʤʝʭʘʥʠʯʝʩʢʠʭ 

ʩʤʝʩʝʡ ʬʘʟ ʮʝʦʣʠʪʘ (ZSM-5) ʠ ʄʄʉ (AlSi-SBA-15), ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʢʠʩʣʦʪʥʳʭ ʮʝʥʪʨʦʚ ʩʨʝʜʥʝʡ ʩʠʣʳ ʠ ʩʠʣʴʥʳʭ (ʧʦ 

ʪʝʨʤʦʧʨʦʛʨʘʤʤʠʨʦʚʘʥʥʦʡ ʜʝʩʦʨʙʮʠʠ ʘʤʤʠʘʢʘ) ʦʙʨʘʟʮʦʚ ʙʳʣʠ ʩʦʧʦʩʪʘʚʣʝʥʳ ʩ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʨʘʩʯʝʪʥʳʤʠ ʚʝʣʠʯʠʥʘʤʠ, ʧʦʣʫʯʝʥʥʳʤʠ ʠʩʭʦʜʷ ʠʟ ʧʨʝʜʧʦʣʦʞʝʥʠʷ ʦ 

ʧʨʠʩʫʪʩʪʚʠʠ ʦʪʜʝʣʴʥʳʭ ʬʘʟ ʮʝʦʣʠʪʘ ʠ ʄʄʉ ʚ ʄʄɸʉ. ʇʨʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʠʟʢʠʭ 

ʟʥʘʯʝʥʠʷʭ ʩʪʝʧʝʥʠ ʮʝʦʣʠʪʠʟʘʮʠʠ (ʜʦ 0,25) ʧʨʝʚʳʰʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʢʠʩʣʦʪʥʳʭ ʮʝʥʪʨʦʚ ʥʘʜ ʨʘʩʯʝʪʥʳʤʠ ʚʝʣʠʯʠʥʘʤʠ, ʚʝʨʦʷʪʥʦ, ʩʚʷʟʘʥʦ ʩ ʥʘʣʠʯʠʝʤ ʚ 

ʦʙʨʘʟʮʘʭ ʄʄɸʉ, ʢʨʦʤʝ ʢʨʠʩʪʘʣʣʠʪʦʚ ZSM-5, ʪʘʢʞʝ ʨʝʥʪʛʝʥʦʘʤʦʨʬʥʳʭ ʧʨʝʢʫʨʩʦʨʦʚ 

ʮʝʦʣʠʪʘ, ʦʙʣʘʜʘʶʱʠʭ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʢʠʩʣʦʪʥʳʭ ʮʝʥʪʨʦʚ, ʚ ʩʨʘʚʥʝʥʠʠ ʩ 

ʘʤʦʨʬʥʳʤ ʢʘʨʢʘʩʦʤ AlSi-SBA-15. ʇʨʠ ʙʦʣʝʝ ʚʳʩʦʢʠʭ ʩʪʝʧʝʥʷʭ ʮʝʦʣʠʪʠʟʘʮʠʠ (0,25ï

0,45) ʟʘʥʠʞʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʢʠʩʣʦʪʥʳʭ ʮʝʥʪʨʦʚ ʚ ʦʙʨʘʟʮʘʭ 

ʄʄɸʉ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʨʘʩʯʝʪʥʳʤʠ ʚʝʣʠʯʠʥʘʤʠ ʤʦʛʫʪ ʙʳʪʴ ʩʚʷʟʘʥʳ ʩ ʙʦʣʝʝ ʚʳʩʦʢʦʡ 

ʜʠʩʧʝʨʩʥʦʩʪʴʶ ʢʨʠʩʪʘʣʣʦʚ ʮʝʦʣʠʪʘ ʚ ʦʙʨʘʟʮʘʭ ʄʄɸʉ, ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʮʝʦʣʠʪʦʤ ZSM-5 

(ʩʨʝʜʥʠʡ ʨʘʟʤʝʨ ~1,5 ʤʢʤ). 
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ʈɽɻʈɽʉʉʀʆʅʅʓɽ ʄʆɼɽʃʀ QSAR 

ɹʝʨʜʥʠʢ ʄ. ʀ., ɼʷʯʝʥʢʦ ɸ. ɺ., ʀʚʘʥʦʚ ɺ. ɺ. 

ʍʘʨʴʢʦʚʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ɺ. ʅ. ʂʘʨʘʟʠʥʘ 
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ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʟʘʜʘʯʘ ʧʦʣʫʯʝʥʠʷ ʨʝʛʨʝʩʩʠʦʥʥʳʭ ʫʨʘʚʥʝʥʠʡ ʪʠʧʘ 

çʩʪʨʫʢʪʫʨʘ-ʩʚʦʡʩʪʚʦè ʩʪʘʥʦʚʠʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʚʦ ʤʥʦʛʠʭ ʦʪʨʘʩʣʷʭ ʭʠʤʠʠ. ʈʝʛʨʝʩʩʠʦʥʥʳʝ 

ʤʦʜʝʣʠ ʥʝʟʘʤʝʥʠʤʳ ʠ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʥʦʚʳʭ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʠ ʧʨʠ ʧʦʠʩʢʝ 

ʤʘʪʝʨʠʘʣʦʚ ʩ ʟʘʜʘʥʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ. ʇʨʠ ʵʪʦʤ ʦʩʥʦʚʥʘʷ ʤʘʩʩʘ ʨʘʩʯʝʪʦʚ ʧʨʦʚʦʜʠʪʩʷ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʪʘʥʜʘʨʪʥʦʛʦ ʤʝʪʦʜʘ ʥʘʠʤʝʥʴʰʠʭ ʢʚʘʜʨʘʪʦʚ (Ordinary Least Squares, 

OLS). ʆʜʥʘʢʦ, ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ, ʚ ʥʘʫʯʥʦʡ ʣʠʪʝʨʘʪʫʨʝ ʦʙʩʫʞʜʘʝʪʩʷ ʪʘʢʞʝ ʠ ʨʷʜ 

ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʧʦʜʭʦʜʦʚ ʢ ʧʦʩʪʨʦʝʥʠʶ ʨʝʛʨʝʩʩʠʦʥʥʳʝ ʫʨʘʚʥʝʥʠʷ. ʉʨʝʜʠ ʥʠʭ ʤʝʪʦʜ 

ʥʘʠʤʝʥʴʰʠʭ ʤʦʜʫʣʝʡ (Least Absolute Deviation, LAD ), ʨʝʛʨʝʩʩʠʷ ʥʘ ʛʣʘʚʥʳʭ 

ʢʦʤʧʦʥʝʥʪʘʭ (Principle Component Regression, PCR), ʥʝʧʦʣʥʳʡ ʤʝʪʦʜ ʥʘʠʤʝʥʴʰʠʭ 

ʢʚʘʜʨʘʪʦʚ (Partial Least Squares, PLS), ʤʝʪʦʜ LASSO (Least Absolute Selection and 

Shrinkage Operator), ʤʝʪʦʜ ʥʘʠʤʝʥʴʰʠʭ ʫʛʣʦʚ (Least Angle Regression Stagewise, LARS), 

ʤʝʪʦʜ ʦʨʪʦʛʦʥʘʣʴʥʳʭ ʨʘʩʩʪʦʷʥʠʡ (Orthogonal Distance Regression, ODR) ʠ ʪ. ʜ. ɺʤʝʩʪʝ ʩ 

ʪʝʤ, ʥʝ ʩʤʦʪʨʷ ʥʘ ʤʥʦʛʦʦʙʨʘʟʠʝ ʤʝʪʦʜʦʚ, ʚ ʣʠʪʝʨʘʪʫʨʝ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʨʘʙʦʪʳ, ʚ ʢʦʪʦʨʳʭ ʙʳ ʦʙʩʫʞʜʘʣʘʩʴ ʩʨʘʚʥʠʪʝʣʴʥʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠ ʧʨʠʤʝʥʠʤʦʩʪʴ ʵʪʠʭ 

ʧʦʜʭʦʜʦʚ. ʎʝʣʴʶ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʙʳʣʦ ʠʟʫʯʝʥʠʝ ʜʘʥʥʳʭ ʚʦʧʨʦʩʦʚ ʚ ʧʨʠʤʝʥʝʥʠʠ ʢ 

ʢʦʥʢʨʝʪʥʳʤ ʧʨʦʙʣʝʤʘʤ ʧʦʠʩʢʘ ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ ʩʦʦʪʥʦʰʝʥʠʡ ʩʪʨʫʢʪʫʨʘ-ʩʚʦʡʩʪʚʦ ʚ 

ʭʠʤʠʠ. ɼʣʷ ʵʪʦʛʦ ʥʘʤʠ ʨʘʟʨʘʙʦʪʘʥ ʢʦʤʧʣʝʢʩ ʢʦʤʧʴʶʪʝʨʥʳʭ ʧʨʦʛʨʘʤʤ ʨʝʘʣʠʟʫʶʱʠʡ 

ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʳʝ ʤʝʪʦʜʳ. ʈʘʩʩʤʘʪʨʠʚʘʣʠʩʴ ʧʨʦʙʣʝʤʳ ʧʦʩʪʨʦʝʥʠʷ ʨʝʛʨʝʩʩʠʦʥʥʳʭ 

ʫʨʘʚʥʝʥʠʡ ʜʣʷ ʦʧʠʩʘʥʠʷ ʨʂʘ, ʪʝʤʧʝʨʘʪʫʨ ʢʠʧʝʥʠʷ, ʜʘʚʣʝʥʠʷ ʥʘʩʳʱʝʥʥʦʛʦ ʧʘʨʘ ʠ ʪ. ʜ. 

ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʨʘʟʣʠʯʥʳʭ ʢʣʘʩʩʦʚ. 

ɼʣʷ ʠʣʣʶʩʪʨʘʮʠʠ ʧʨʠʚʝʜʝʤ ʥʝʢʦʪʦʨʳʝ ʨʝʟʫʣʴʪʘʪʳ, ʢʘʩʘʶʱʠʝʩʷ ʦʧʠʩʘʥʠʷ ʨʂʘ ʜʣʷ 

ʧʨʦʩʪʦʡ ʪʝʩʪʦʚʦʡ ʚʳʙʦʨʢʠ ʧʷʪʥʘʜʮʘʪʠ ʦʨʛʘʥʠʯʝʩʢʠʭ ʢʠʩʣʦʪ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʤʝʪʦʜʦʚ 

LASSO ʠ LARS ʠʟ ʙʦʣʝʝ ʯʝʤ ʜʚʫʭ ʪʳʩʷʯ ʜʝʩʢʨʠʧʪʦʨʦʚ ʙʳʣʦ ʦʪʦʙʨʘʥʦ ʪʨʠ: ʟʘʨʷʜ ʥʘ 

ʢʠʩʣʦʨʦʜʝ ʢʘʨʙʦʥʠʣʴʥʦʡ ʛʨʫʧʧʳ (ʭ1), ʦʢʩʠʛʨʫʧʧʳ (ʭ2) ʠ ʥʘ ʚʦʜʦʨʦʜʝ ʦʢʩʠʛʨʫʧʧʳ (ʭ3). ʇʦ 

ʨʝʟʫʣʴʪʘʪʘʤ OLS ʠ LAD  ʨʘʩʯʝʪʦʚ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʩʣʝʜʫʶʱʠʝ ʫʨʘʚʥʝʥʠʷ. 

ʆʜʥʦʧʘʨʘʤʝʪʨʠʯʝʩʢʠʝ: 

OLS:     805.0Q,852.0R,x35.9144.24pK 22

2a ==--= ,                    (1) 

LAD :     798.0Q,839.0R,x06.7953.20pK 22

2a ==--= .                    (2) 

ʊʨʝʭʧʘʨʘʤʝʪʨʠʯʝʩʢʠʝ: 

OLS:     746.0Q,971.0R,x61.67x80.46x93.1908.1pK
22

321a ==----= ,     (3) 

LAD :    201.0Q,969.0R,x17.61x12.55x22.1728.4pK 22

321a ==----= .    (4) 

ɿʜʝʩʴ R2 ʠ 2Q  ʢʦʵʬʬʠʮʠʝʥʪʳ ʜʝʪʝʨʤʠʥʘʮʠʠ. ʇʨʠʯʝʤ 2Q  ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʨʦʮʝʜʫʨʝ 

ʧʝʨʝʢʨʝʩʪʥʦʛʦ ʦʮʝʥʠʚʘʥʠʷ (leave-one-out cross validation, LOO-CV). ʂʘʢ ʚʠʜʠʤ, ʦʙʘ 

ʦʜʥʦʧʘʨʘʤʝʪʨʠʯʝʩʢʠʭ ʫʨʘʚʥʝʥʠʷ ʧʦʣʫʯʝʥʥʳʭ ʚ OLS ʠ LAD  ʧʨʘʢʪʠʯʝʩʢʠ ʦʜʠʥʘʢʦʚʳ ʚ 

ʧʨʦʛʥʦʩʪʠʯʝʩʢʦʡ ʩʧʦʩʦʙʥʦʩʪʠ. ʊʨʝʭʧʘʨʘʤʝʪʨʠʯʝʩʢʦʝ ʫʨʘʚʥʝʥʠʝ OLS ʜʦʩʪʘʪʦʯʥʦ ʪʦʯʥʦ 

ʦʧʠʩʳʚʘʝʪ ʠʩʢʦʤʦʝ ʩʚʦʡʩʪʚʦ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʫʨʘʚʥʝʥʠʝ LAD  ʦʢʘʟʳʚʘʝʪʩʷ ʥʝʘʜʝʢʚʘʪʥʳʤ, 

8.0QR
22
º- . ʇʨʠʤʝʥʝʥʠʝ ʤʝʪʦʜʘ PCR ʧʦʢʘʟʘʣʦ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʜʚʫʭ ʩʠʥʛʫʣʷʨʥʳʭ 

ʯʠʩʝʣ ʷʚʣʷʝʪʩʷ ʦʧʪʠʤʘʣʴʥʳʤ ʜʣʷ ʜʘʥʥʦʡ ʟʘʜʘʯʠ 95.0QR
22
ºº . 
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ɺʃɸʉʊʀɺʆʉʊɯ ʅɯʂɽʃɽɺʀʍ ɯʅʊɽʈʂɸʃɸʊɯɺ  

ʐɸʈʋɺɸʊʀʍ ʂʈʀʉʊɸʃɯɺ In4Se3 

ɹʦʣʝʜʟʶʢ ɺ. ɹ., ʂʦʚʘʣʶʢ ʄ. ɿ. 

ɯʥʩʪʠʪʫʪ ʧʨʦʙʣʝʤ ʤʘʪʝʨʽʘʣʦʟʥʘʚʩʪʚʘ ʅɸʅ ʋʢʨʘʾʥʠ, ʏʝʨʥʽʚʝʮʴʢʝ ʚʽʜʜʽʣʝʥʥʷ 

chimsp@ukrpost.ua 

 

ʄʦʥʦʩʝʣʝʥʽʜ ʽʥʜʽʶ ʨʽʟʥʦʛʦ ʬʦʨʤʫʣʴʥʦʛʦ ʩʢʣʘʜʫ ʥʘʣʝʞʠʪʴ ʜʦ ʰʘʨʫʚʘʪʠʭ 

ʢʨʠʩʪʘʣʽʚ, ʷʢʽ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʨʽʟʢʦ ʘʥʽʟʦʪʨʦʧʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ. ʂʨʠʩʪʘʣʽʯʥʘ 

ʩʪʨʫʢʪʫʨʘ ʪʘʢʠʭ ʩʧʦʣʫʢ ʜʦʟʚʦʣʷʻ ʟʘ ʜʦʧʦʤʦʛʦʶ ʽʥʪʝʨʢʘʣʶʚʘʥʥʷ ʮʽʣʝʩʧʨʷʤʦʚʘʥʦ 

ʟʤʽʥʶʚʘʪʠ ʾʭ ʬʽʟʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ. ʐʘʨʫʚʘʪʽ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʠ, ʽʥʪʝʨʢʘʣʴʦʚʘʥʽ ʘʪʦʤʘʤʠ 

3d-ʤʝʪʘʣʽʚ ʜʘʶʪʴ ʤʦʞʣʠʚʽʩʪʴ ʬʦʨʤʫʚʘʪʠ ʩʪʨʫʢʪʫʨʠ ʟ ʧʦʯʝʨʛʦʚʠʤʠ ʰʘʨʘʤʠ ʤʘʛʥʽʪʥʦʾ 

ʜʦʤʽʰʢʠ ʪʘ ʥʝʤʘʛʥʽʪʥʦʛʦ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʘ, ʧʨʠʯʦʤʫ ʰʘʨʠ ʦʩʥʦʚʥʦʛʦ ʤʘʪʝʨʽʘʣʫ 

ʚʠʢʦʥʫʶʪʴ ʨʦʣʴ ʽʟʦʣʷʮʽʾ ʤʝʪʘʣʝʚʠʭ ʧʨʦʰʘʨʢʽʚ.  

ɯʥʪʝʨʢʘʣʶʚʘʥʥʷ ʥʽʢʝʣʝʤ ʰʘʨʫʚʘʪʠʭ ʢʨʠʩʪʘʣʽʚ In4Se3 ʧʨʦʚʝʜʝʥʦ ʝʣʝʢʪʨʦʭʽʤʽʯʥʠʤ 

ʤʝʪʦʜʦʤ çʪʷʛʥʫʯʦʛʦè ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʦʣʷ ʚ ʛʘʣʴʚʘʥʦʩʪʘʪʠʯʥʦʤʫ ʨʝʞʠʤʽ. ɺ ʧʨʦʮʝʩʽ 

ʽʥʪʝʨʢʘʣʶʚʘʥʥʷ ʟʨʘʟʢʠ In4Se3 ʟʥʘʭʦʜʠʣʠʩʴ ʚ ʧʦʩʪʽʡʥʦʤʫ ʤʘʛʥʽʪʥʦʤʫ ʧʦʣʽ ʚʝʣʠʯʠʥʦʶ 

4 ʢɽ. ʂʦʥʮʝʥʪʨʘʮʽʷ ʽʥʪʝʨʢʘʣʴʦʚʘʥʦʛʦ ʥʽʢʝʣʶ ʚʠʟʥʘʯʘʣʘʩʴ ʟʘ ʢʽʣʴʢʽʩʪʶ ʝʣʝʢʪʨʠʢʠ, ʱʦ 

ʧʨʦʡʰʣʘ ʯʝʨʝʟ ʟʨʘʟʦʢ ʚ ʧʨʦʮʝʩʽ ʚʧʨʦʚʘʜʞʝʥʥʷ 

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʟʘʣʝʞʥʦʩʪʽ ʧʠʪʦʤʦʛʦ ʤʘʛʥʽʪʥʦʛʦ ʤʦʤʝʥʪʫ ʜʣʷ ʟʨʘʟʢʽʚ Ni0.2In4Se3 

ʽʥʪʝʨʢʘʣʴʦʚʘʥʠʭ ʚ ʤʘʛʥʽʪʥʦʤʫ ʧʦʣʽ, ʷʢʽ ʤʘʶʪʴ ʬʦʨʤʫ ʛʽʩʪʝʨʝʟʠʩʥʠʭ ʧʝʪʝʣʴ (ʨʠʩ.). ʉʣʽʜ 

ʚʽʜʤʽʪʠʪʠ, ʱʦ ʜʣʷ ʟʨʘʟʢʽʚ Ni0.2In4Se3 ʽʥʪʝʨʢʘʣʴʦʚʘʥʠʭ ʙʝʟ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ ʜʘʥʽ 

ʟʘʣʝʞʥʦʩʪʽ ʥʝ ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ. 

ʍʘʨʘʢʪʝʨ ʟʘʣʝʞʥʦʩʪʽ m = f(H), 

ʦʪʨʠʤʘʥʦʾ ʚʟʜʦʚʞ ʰʘʨʽʚ ʽʥʪʝʨʢʘʣʷʥʪʘ 

Ni0.2In4Se3, ʪʠʧʦʚʠʡ ʜʣʷ ʬʝʨʦʤʘʛʥʽʪʥʦʾ 

ʚʟʘʻʤʦʜʽʾ ʤʽʞ ʘʪʦʤʘʤʠ ʢʦʙʘʣʴʪʫ, ʘ 

ʧʠʪʦʤʠʡ ʤʘʛʥʽʪʥʠʡ ʤʦʤʝʥʪ ʥʘʩʠʯʝʥʥʷ 

mS = 0,00562 emu/g. ʋ ʚʠʧʘʜʢʫ 

ʚʠʤʽʨʶʚʘʥʴ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʧʣʦʱʠʥʽ 

ʰʘʨʽʚ, ʧʦʚʝʜʽʥʢʘ m = f(H) ʚʽʜʧʦʚʽʜʘʻ 

ʬʝʨʦʤʘʛʥʽʪʥʽʡ ʚʟʘʻʤʦʜʽʾ ʤʽʞ ʰʘʨʘʤʠ, ʘ 

ʥʘʤʘʛʥʽʯʝʥʽʩʪʴ ʩʪʘʥʦʚʠʪʴ mS = 

0,00698 emu/g. ɺʝʣʠʯʠʥʘ ʢʦʝʨʮʠʪʠʚʥʦʾ 

ʩʠʣʠ ʩʪʘʥʦʚʠʪʴ ʅʉ = 101,03 ʝʨʩʪʝʜ ʪʘ 

ʅʉ = 48,84 ʝʨʩʪʝʜ ʚʽʜʧʦʚʽʜʥʦ ʚʟʜʦʚʞ ʪʘ 

ʚʧʦʧʝʨʝʢ ʧʣʦʱʠʥʽ ʰʘʨʽʚ ʟʨʘʟʢʽʚ 

Ni0.2In4Se3, ʱʦ ʭʘʨʘʢʪʝʨʥʦ ʚ ʦʙʠʜʚʦʭ 

ʚʠʧʘʜʢʘʭ ʜʣʷ ʤʘʛʥʽʪʦʪʚʝʨʜʠʭ 

ʬʝʨʦʤʘʛʥʝʪʠʢʽʚ. 

  

ʈʠʩ. ɻʨʘʬʽʢ ʟʘʣʝʞʥʦʩʪʽ ʧʠʪʦʤʦʛʦ ʤʘʛʥʽʪʥʦʛʦ 

ʤʦʤʝʥʪʫ ʚʽʜ ʥʘʧʨʫʞʝʥʦʩʪʽ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ 

ʜʣʷ ʽʥʪʝʨʢʘʣʘʪʽʚ Ni0.2In4Se3, ʚʠʤʽʨʷʥʘ 

ʚʟʜʦʚʞ (1) ʪʘ ʚʧʦʧʝʨʝʢ (2) ʧʣʦʱʠʥʠ ʰʘʨʽʚ 
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ʌɯɿʀʂʆ-ʍɯʄɯʏʅɯ ʊɸ ʌʆʊʆʂɸʊɸʃɯʊʀʏʅɯ ɺʃɸʉʊʀɺʆʉʊɯ 

ʅɸʅʆʂʆʄʇʆɿʀʊɯɺ ʉ/ʊʽʆ2, S/ʊʽʆ2 ʊɸ ʉ/S/ʊʽʆ2 

ɹʦʥʜʘʨʝʥʢʦ ʄ. ɺ.1, ʍʘʣʷʚʢʘ ʊ. ʆ.1, ʇʝʪʨʠʢ ɯ. ʉ.2, ʑʝʨʙʘʥʴ ʅ. ɼ.3 
1ɯʥʩʪʠʪʫʪ ʩʦʨʙʮʽʾ ʪʘ ʧʨʦʙʣʝʤ ʝʥʜʦʝʢʦʣʦʛʽʾ ʅɸʅ ʋʢʨʘʾʥʠ, 

ʚʫʣ. ʛʝʥʝʨʘʣʘ ʅʘʫʤʦʚʘ, 13, 03164 ʂʠʾʚ, ʋʢʨʘʾʥʘ, bondarenko_maryna@ukr.net 
2ɯʥʩʪʠʪʫʪ ʭʽʤʽʾ ʧʦʚʝʨʭʥʽ ʽʤ. ʆ. ʆ. ʏʫʡʢʘ ʅɸʅ ʋʢʨʘʾʥʠ, 

ʚʫʣ. ɻʝʥʝʨʘʣʘ ʅʘʫʤʦʚʘ, 17, 03164 ʂʠʾʚ, ʋʢʨʘʾʥʘ 
3ɯʥʩʪʠʪʫʪ ʬʽʟʠʯʥʦʾ ʭʽʤʽʾ ʽʤʝʥʽ ʃ.ɺ. ʇʠʩʘʨʞʝʚʩʴʢʦʛʦ ʅɸʅ ʋʢʨʘʾʥʠ, 

ʧʨ. ʅʘʫʢʠ, 31, 03028 ʂʠʾʚ, ʋʢʨʘʾʥʘ 
 

ɺʽʜʦʤʦ, ʱʦ ʜʽʦʢʩʠʜ ʪʠʪʘʥʫ ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʷʢ ʬʦʪʦʢʘʪʘʣʽʟʘʪʦʨ, ʟʘʚʜʷʢʠ 

ʡʦʛʦ ʪʝʨʤʽʯʥʽʡ ʩʪʘʙʽʣʴʥʦʩʪʽ, ʥʝʪʦʢʩʠʯʥʦʩʪʽ ʽ ʜʝʰʝʚʠʟʥʽ. ʆʜʥʘʢ ʚʽʥ ʤʘʻ ʢʽʣʴʢʘ ʩʝʨʡʦʟʥʠʭ 

ʥʝʜʦʣʽʢʽʚ, ʘ ʩʘʤʝ ʥʝʜʦʩʪʘʪʥʴʦ ʚʠʩʦʢʠʡ ʢʚʘʥʪʦʚʠʡ ʚʠʭʽʜ ʨʝʘʢʮʽʾ, ʟʥʘʯʥʫ ʰʠʨʠʥʫ 

ʟʘʙʦʨʦʥʝʥʦʾ ʟʦʥʠ, ʚʠʩʦʢʫ ʰʚʠʜʢʽʩʪʴ ʝʣʝʢʪʨʦʥʥʦ-ʜʽʨʢʦʚʦʾ ʨʝʢʦʤʙʽʥʘʮʽʾ ʪʘ ʧʦʛʣʠʥʘʥʥʷ 

ʣʠʰʝ ʋʌ ʩʚʽʪʣʘ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʡʦʛʦ ʬʦʪʦʢʘʪʘʣʽʪʠʯʥʦʾ ʘʢʪʠʚʥʦʩʪʽ ʣʠʰʝ ʚ ʋʌ-ʦʙʣʘʩʪʽ 

ʩʧʝʢʪʨʘ, ʪʦʤʫ ʙʽʣʴʰʽʩʪʴ ʜʦʩʣʽʜʞʝʥʴ ʩʧʨʷʤʦʚʘʥʽ ʥʘ ʚʠʨʽʰʝʥʥʷ ʧʨʦʙʣʝʤʠ ʨʦʟʰʠʨʝʥʥʷ 

ʜʽʘʧʘʟʦʥʫ ʧʦʛʣʠʥʘʥʥʷ ʜʽʦʢʩʠʜʫ ʪʠʪʘʥʫ. ʆʩʪʘʥʥʽʤ ʯʘʩʦʤ ʫʚʘʛʘ ʥʘʫʢʦʚʮʽʚ ʟʦʩʝʨʝʜʞʝʥʘ ʥʘ 

ʚʠʢʦʨʠʩʪʘʥʥʽ ʤʝʪʦʜʫ ʜʦʧʫʚʘʥʥʷ TiO2 ʜʚʦʤʘ ʪʘ ʙʽʣʴʰʝ ʝʣʝʤʝʥʪʘʤʠ, ʪʘʢʠʤʠ ʷʢ N, S, C, F 

ʪʘ ʽʥ. ʎʝʡ ʩʧʦʩʽʙ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʦʷʚʠ ʧʦʛʣʠʥʘʥʥʷ ʫ ʚʠʜʠʤʽʡ ʦʙʣʘʩʪʽ ʩʧʝʢʪʨʘ, ʱʦ 

ʧʦʚôʷʟʘʥʦ ʟ ʫʪʚʦʨʝʥʥʷʤ ʥʦʚʠʭ ʝʣʝʢʪʨʦʥʥʠʭ ʨʽʚʥʽʚ ʚʠʱʝ ʚʘʣʝʥʪʥʦʾ ʟʦʥʠ TiO2. ʊʦʤʫ ʤʝʪʦʶ 

ʥʘʰʦʾ ʨʦʙʦʪʠ ʙʫʣʦ ʦʜʝʨʞʘʥʥʷ ʟʨʘʟʢʽʚ ʜʽʦʢʩʠʜʫ ʪʠʪʘʥʫ, ʤʦʜʠʬʽʢʦʚʘʥʠʭ ʩʽʨʢʦʶ ʽ ʚʫʛʣʝʮʝʤ 

ʪʘ ʜʦʩʣʽʜʞʝʥʥʷ ʾʭ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʭ ʽ ʬʦʪʦʢʘʪʘʣʽʪʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ. 

ʅʘʢʦʤʧʦʟʠʪʥʽ ʤʘʪʝʨʽʘʣʠ ʦʜʝʨʞʘʥʦ ʤʝʪʦʜʦʤ ʪʝʨʤʽʯʥʦʛʦ ʛʽʜʨʦʣʽʟʫ ʪʠʪʘʥ ʝʪʠʣʘʪʫ 

ʯʠ ʪʠʪʘʥ ʙʫʪʠʣʘʪʫ ʟ ʜʦʙʘʚʢʘʤʠ ʪʽʦʩʝʯʦʚʠʥʠ ʪʘ ʢʘʨʙʦʥʫ. ɿʨʘʟʢʠ ʙʫʣʦ ʧʦʟʥʘʯʝʥʦ ʷʢ ʉ/ʊʽʆ2 

(ʢʽʣʴʢʽʩʪʴ ʚʫʛʣʝʮʶ ʚʘʨʽʶʚʘʣʘ), S/ʊʽʆ2 (ʢʽʣʴʢʽʩʪʴ ʩʽʨʢʠ ʚʘʨʽʶʚʘʣʘ) ʪʘ ʉ/S/ʊʽʆ2 (ʢʽʣʴʢʽʩʪʴ 

ʩʽʨʢʠ ʚʘʨʽʶʚʘʣʘ). ʇʦʨʦʰʢʠ ʙʫʣʦ ʜʦʩʣʽʜʞʝʥʦ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʝʪʦʜʽʚ ʈʌɸ, ʉɽʄ, ʊɽʄ, 

ɺɽʊ, UV-VIS ʪʘ ɯʏ-ʩʧʝʢʪʨʦʩʢʦʧʽʾ.  

ɺ ʫʩʽʭ ʚʠʧʘʜʢʘʭ ʙʫʣʦ ʦʜʝʨʞʘʥʦ ʚʠʩʦʢʦʢʨʠʩʪʘʣʽʟʦʚʘʥʽ ʤʘʪʝʨʽʘʣʠ. ɺʠʷʚʣʝʥʦ, ʱʦ 

ʧʨʠ ʜʦʧʫʚʘʥʥʽ ʜʽʦʢʩʠʜʫ ʪʠʪʘʥʫ ʚʫʛʣʝʮʝʤ ʬʦʨʤʫʚʘʣʘʩʷ ʣʠʰʝ ʬʘʟʘ ʘʥʘʪʘʟʫ, ʧʨʠ ʜʦʜʘʚʘʥʥʽ 

ʩʽʨʢʠ ï ʘʥʘʪʘʟʫ ʪʘ ʨʫʪʠʣʫ, ʜʣʷ ʪʨʴʦʭʢʦʤʧʦʥʝʥʪʥʠʭ ʟʨʘʟʢʽʚ ï ʘʥʘʪʘʟʫ ʪʘ ʨʫʪʠʣʫ, ʧʨʠʯʦʤʫ 

ʬʘʟʫ ʨʫʪʠʣʫ ʬʽʢʩʫʚʘʣʠ ʜʣʷ ʟʨʘʟʢʽʚ ʟ ʧʽʜʚʠʱʝʥʠʤ ʚʤʽʩʪʦʤ ʩʽʨʢʠ. ʇʽʢʽʚ, ʭʘʨʘʢʪʝʨʥʠʭ ʜʣʷ 

ʙʨʫʢʽʪʫ, ʥʝ ʩʧʦʩʪʝʨʽʛʘʣʦʩʷ ʚ ʞʦʜʥʦʤʫ ʚʠʧʘʜʢʫ. ʈʦʟʤʽʨʠ ʯʘʩʪʦʢ ʥʘʥʦʢʦʤʧʦʟʠʪʽʚ 

ʟʤʝʥʰʫʶʪʴʩʷ ʧʦʨʽʚʥʷʥʦ ʟ ʯʠʩʪʠʤ ʜʽʦʢʩʠʜʦʤ ʪʠʪʘʥʫ. ʊʘʢ, ʜʦʙʘʚʢʠ ʚʫʛʣʝʮʶ ʫ 

ʜʚʦʢʦʤʧʦʥʝʥʪʥʠʭ ʩʠʩʪʝʤʘʭ ʩʧʨʠʷʶʪʴ ʦʜʝʨʞʘʥʥʶ ʥʘʥʦʢʦʤʧʦʟʠʪʽʚ ʟ ʨʦʟʤʽʨʘʤʠ ʯʘʩʪʦʢ 

14ï16 ʥʤ, ʩʽʨʢʠ ï 9ï10 ʥʤ, ʫ ʨʘʟʽ ʪʨʴʦʭʢʦʤʧʦʥʝʥʪʠʥʠʭ ʧʦʨʦʰʢʽʚ ʬʦʨʤʫʶʪʴʩʷ ʯʘʩʪʢʠ 

ʨʦʟʤʽʨʘʤʠ 6ï9 ʥʤ.  

ɺ ʽʟʦʪʝʨʤʘʭ ʩʦʨʙʮʽʾ-ʜʝʩʦʨʙʮʽʾ ʘʟʦʪʫ ʜʣʷ ʫʩʽʭ ʟʨʘʟʢʽʚ ʥʘʷʚʥʘ ʧʝʪʣʷ ʛʽʩʪʝʨʝʟʠʩʫ, ʱʦ 

ʩʚʽʜʯʠʪʴ ʧʨʦ ʾʭ ʤʝʟʦʧʦʨʫʚʘʪʫ ʩʪʨʫʢʪʫʨʫ. ʄʦʜʠʬʽʢʫʚʘʥʥʷ ʜʽʦʢʩʠʜʫ ʪʠʪʘʥʫ ʚʫʛʣʝʮʝʤ ʘʙʦ 

ʩʽʨʢʦʶ ʫ ʚʠʧʘʜʢʫ ʜʚʦʢʦʤʧʦʥʝʥʪʥʠʭ ʽ ʪʨʠʢʦʤʧʦʥʝʥʪʥʠʭ ʢʦʤʧʦʟʠʪʽʚ ʩʧʨʠʷʻ ʧʽʜʚʠʱʝʥʥʶ 

ʧʠʪʦʤʦʾ ʧʦʚʝʨʭʥʽ, ʧʨʠ ʮʴʦʤʫ ʫ ʚʠʧʘʜʢʫ ʜʚʦʢʦʤʧʦʥʝʥʪʥʠʭ ʟʨʘʟʢʽʚ ʩʝʨʝʜʥʽʡ ʦʙôʻʤ ʧʦʨ 

ʟʙʽʣʴʰʫʻʪʴʩʷ, ʘ ʨʘʜʽʫʩ- ʟʤʝʥʰʫʻʪʴʩʷ, ʘ ʜʣʷ ʪʨʴʦʭʢʦʤʧʦʥʝʥʪʥʠʭ ï ʥʘʚʧʘʢʠ. 

ɼʣʷ ʚʩʽʭ ʟʨʘʟʢʽʚ ʚʠʷʚʣʝʥʦ ʙʘʪʦʭʨʦʤʥʠʡ ʟʩʫʚ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟʽ ʩʤʫʛʦʶ ʧʦʛʣʠʥʘʥʥʷ 

ʯʠʩʪʦʛʦ TiO2, ʰʠʨʠʥʘ ʟʘʙʦʨʦʥʝʥʦʾ ʟʦʥʠ ʟʤʝʥʰʫʻʪʴʩʷ. ʌʦʪʦʢʘʪʘʣʽʪʠʯʥʫ ʘʢʪʠʚʥʽʩʪʴ 

ʤʘʪʝʨʽʘʣʽʚ ʚʠʚʯʘʣʠ ʥʘ ʧʨʠʢʣʘʜʽ ʤʦʜʝʣʴʥʦʾ ʨʝʘʢʮʽʾ ʜʝʩʪʨʫʢʮʽʾ ʢʘʪʽʦʥʥʦʛʦ ʙʘʨʚʥʠʢʘ 

ʩʘʬʨʘʥʽʥʫ ʊ ʫ ʚʦʜʥʠʭ ʨʦʟʯʠʥʘʭ ʧʨʠ ʋʌ ʪʘ ʚʠʜʠʤʦʤʫ ʦʧʨʦʤʽʥʝʥʥʽ. ʄʦʜʠʬʽʢʦʚʘʥʽ ʟʨʘʟʢʠ 

ʚʠʷʚʠʣʠʩʷ ʙʽʣʴʰ ʘʢʪʠʚʥʠʤʠ ʧʨʠ ʋʌ ʦʧʨʦʤʽʥʝʥʥʽ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʯʠʩʪʠʤ TiO2. ʂʨʽʤ ʪʦʛʦ, 

ʚʦʥʠ ʧʨʦʷʚʠʣʠ ʘʢʪʠʚʥʽʩʪʴ ʧʨʠ ʚʠʜʠʤʦʤʫ ʦʧʨʦʤʽʥʝʥʥʽ. ʇʽʜʚʠʱʝʥʥʷ ʬʦʪʦʢʘʪʘʣʽʪʠʯʥʦʾ 

ʘʢʪʠʚʥʦʩʪʽ ʤʦʜʠʬʽʢʦʚʘʥʠʭ ʟʨʘʟʢʽʚ ʤʦʞʝ ʙʫʪʠ ʧʦʚ'ʷʟʘʥʦ ʟʽ ʟʤʝʥʰʝʥʥʷʤ ʰʠʨʠʥʠ 

ʟʘʙʦʨʦʥʝʥʦʾ ʟʦʥʠ, ʤʽʞʬʘʟʦʚʠʤ ʨʦʟʧʦʜʽʣʦʤ ʟʘʨʷʜʽʚ, ʟ ʫʯʘʩʪʶ ʜʦʙʘʚʦʢ ʚ ʽʥʛʽʙʫʚʘʥʥʽ 

ʧʨʦʮʝʩʫ ʨʝʢʦʤʙʽʥʘʮʽʾ ʝʣʝʢʪʨʦʥʽʚ ʪʘ ʜʽʨʦʢ ʪʘ ʧʦʜʦʚʞʝʥʥʽ ʪʨʠʚʘʣʦʩʪʽ ʾʭ ʽʩʥʫʚʘʥʥʷ. 

ʄʝʭʘʥʽʟʤ ʧʽʜʚʠʱʝʥʥʷ ʬʦʪʦʢʘʪʘʣʽʪʠʯʥʦʾ ʘʢʪʠʚʥʦʩʪʽ ʢʦʤʧʦʟʠʪʽʚ ʥʘ ʚʠʜʠʤʦʤʫ ʩʚʽʪʣʽ 

ʤʦʞʥʘ ʧʦʷʩʥʠʪʠ ʬʦʨʤʫʚʘʥʥʷʤ ʜʦʜʘʪʢʦʚʠʭ ʝʥʝʨʛʝʪʠʯʥʠʭ ʨʽʚʥʽʚ ʚ ʟʘʙʦʨʦʥʝʥʽʡ ʟʦʥʽ TiO2.  



Physical Chemistry  ʌʽʟʠʯʥʘ ʭʽʤʽʷ 

180 

ʇʆʍɯɼʅɯ ʂʋʄɸʈʀʅʋ ʗʂ ʉʋɹʉʊʈɸʊʀ ʃɸʂʂɸɿʀ TRAMETES VERSICOLOR 

ɹʫʨʘʢʦʚ ɯ. ʄ.1, ʃʝʩʠʰʠʥʘ ʖ. ʆ.1, ʎʷʧʘʣʦ ʆ. ʉ.1, ʌʨʘʩʠʥʶʢ ʄ. ʉ.2, ʐʝʥʜʨʠʢ ʆ. ʄ.1 

1ɼʦʥʝʮʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ɺʘʩʠʣʷ ʉʪʫʩʘ 
2ɯʥʩʪʠʪʫʪ ʙʽʦʦʨʛʘʥʽʯʥʦʾ ʭʽʤʽʾ ʪʘ ʥʘʬʪʦʭʽʤʽʾ ʅɸʅ ʋʢʨʘʾʥʠ 
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ʃʘʢʢʘʟʠ ʢʘʪʘʣʽʟʫʶʪʴ ʦʢʠʩʥʝʥʥʷ ʚʝʣʠʢʦʛʦ ʧʝʨʝʣʽʢʫ ʩʫʙʩʪʨʘʪʽʚ, ʷʢʽ ʤʦʞʥʘ ʧʦʜʽʣʠʪʠ 

ʥʘ ʜʚʽ ʛʨʫʧʠ: ʜʦʥʦʨʠ ʝʣʝʢʪʨʦʥʽʚ ʽ ʧʨʦʪʦʥʽʚ (ʬʝʥʦʣʠ ʪʘ ʘʤʽʥʠ) ʪʘ ʜʦʥʦʨʠ ʝʣʝʢʪʨʦʥʽʚ 

(ʬʝʨʦʮʽʘʥʽʜʠ, 2,2¡-ʘʟʠʥʦʙʽʩ(3-ʝʪʠʣʙʝʥʟʪʽʘʟʦʣʽʥ-6-ʩʫʣʴʬʦʥʦʚʦʾ ʢʠʩʣʦʪʠ) ʜʽʘʤʦʥʽʻʚʘ ʩʽʣʴ 

(ɸɹʊʉ)). ʊʠʧʦʚʠʤʠ ʩʫʙʩʪʨʘʪʘʤʠ ʣʘʢʢʘʟ ʨʽʟʥʦʛʦ ʧʦʭʦʜʞʝʥʥʷ ʻ ʛʽʜʨʦʭʽʥʦʥ (ɻʍ), 

ʩʠʨʠʥʛʘʣʴʜʘʟʠʥ, ɸɹʊʉ ʪʦʱʦ, ʷʢʽ ʥʘʡʙʽʣʴʰ ʝʬʝʢʪʠʚʥʦ ʦʢʠʩʥʶʶʪʴʩʷ ʤʦʣʝʢʫʣʷʨʥʠʤ 

ʢʠʩʥʝʤ ʚ ʧʨʠʩʫʪʥʦʩʪʽ ʬʝʨʤʝʥʪʫ, ʘ ʢʽʥʝʪʠʯʥʽ ʧʘʨʘʤʝʪʨʠ ʨʝʘʢʮʽʾ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ 

ʥʠʟʴʢʠʤ ʟʥʘʯʝʥʥʷʤ ʢʦʥʩʪʘʥʪʠ ʄʽʭʘʝʣʽʩʘ (ʂm) ʽ ʚʠʩʦʢʠʤ ʯʠʩʣʦʤ ʦʙʝʨʪʽʚ ʬʝʨʤʝʥʪʫ (kcat). 

ʋ ʜʘʥʽʡ ʨʦʙʦʪʽ ʚʠʟʥʘʯʝʥʦ ʩʫʙʩʪʨʘʪʥʫ ʩʧʝʮʠʬʽʯʥʽʩʪʴ ʬʝʨʤʝʥʪʥʦʛʦ ʧʨʝʧʘʨʘʪʫ 

çLaccase from Trametes versicolorè (ʬʽʨʤʠ çSigmaè, ʅʽʤʝʯʯʠʥʘ) ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ 

ʚʧʝʨʰʝ ʩʠʥʪʝʟʦʚʘʥʠʭ ʧʦʭʽʜʥʠʭ ʢʫʤʘʨʠʥʫ: 7,8-ʜʠʛʽʜʨʦʢʩʠ-4-ʛʽʜʨʦʢʩʠʤʝʪʠʣʢʫʤʘʨʠʥʫ; 

6,7-ʜʠʛʽʜʨʦʢʩʠ-4-ʛʽʜʨʦʢʩʠʤʝʪʠʣʢʫʤʘʨʠʥʫ ʪʘ 6,7-ʜʠʛʽʜʨʦʢʩʠ-4-ʤʝʪʠʣʢʫʤʘʨʠʥʫ ʷʢ 

ʧʦʪʝʥʮʽʡʥʠʭ ʩʧʦʣʫʢ ʟ ʘʥʪʠʦʢʩʠʜʘʥʪʥʠʤʠ ʪʘ/ʘʙʦ ʤʝʜʽʘʪʦʨʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ.  

ʂʽʥʝʪʠʢʫ ʨʝʘʢʮʽʡ ʬʝʨʤʝʥʪʘʪʠʚʥʦʛʦ ʦʢʠʩʥʝʥʥʷ ʧʦʭʽʜʥʠʭ ʢʫʤʘʨʠʥʫ, ɻʍ ʪʘ ɸɹʊʉ 

ʤʦʣʝʢʫʣʷʨʥʠʤ ʢʠʩʥʝʤ ʜʦʩʣʽʜʞʫʚʘʣʠ ʤʝʪʦʜʦʤ UV-VIS-ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʽʾ. ʈʝʘʢʮʽʶ 

ʧʨʦʚʦʜʠʣʠ ʚ ʮʠʪʨʘʪʥʦʤʫ ʙʫʬʝʨʥʦʤʫ ʨʦʟʯʠʥʽ ʟ ʨʅ ï 4,5; ʨʦʟʯʠʥʠ ʩʫʙʩʪʨʘʪʫ ʽ ʬʝʨʤʝʥʪʫ 

ʟʤʽʰʫʚʘʣʠ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚ ʢʶʚʝʪʽ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʫ; ʢʦʥʮʝʥʪʨʘʮʽʾ ʩʫʙʩʪʨʘʪʫ ʚ 

ʨʝʘʢʮʽʡʥʽʡ ʩʫʤʽʰʽ ʚ ʧʦʯʘʪʢʦʚʠʡ ʤʦʤʝʥʪ ʯʘʩʫ ʟʤʽʥʶʚʘʣʠ ʚ ʽʥʪʝʨʚʘʣʽ 10-5ï10-4 M; 

ʢʦʥʮʝʥʪʨʘʮʽʷ ʣʘʢʢʘʟʠ ʙʫʣʘ ʧʦʩʪʽʡʥʦʶ ʽ ʩʪʘʥʦʚʠʣʘ 60 ʤʛ/ʣ; ʪʠʩʢ ʘʪʤʦʩʬʝʨʥʠʡ; 

ʪʝʤʧʝʨʘʪʫʨʘ ï 35 ÁC. ʇʦʯʘʪʢʦʚʫ ʰʚʠʜʢʽʩʪʴ ʨʝʘʢʮʽʾ ʦʢʠʩʥʝʥʥʷ ʩʫʙʩʪʨʘʪʽʚ ʚʠʟʥʘʯʘʣʠ ʷʢ 

ʪʘʥʛʝʥʩ ʢʫʪʘ ʥʘʭʠʣʫ ʧʦʯʘʪʢʦʚʦʾ ʧʨʷʤʦʣʽʥʽʡʥʦʾ ʜʽʣʷʥʢʠ ʢʽʥʝʪʠʯʥʦʾ ʢʨʠʚʦʾ; ʤʘʢʩʠʤʘʣʴʥʫ 

ʰʚʠʜʢʽʩʪʴ (Vmax) ʪʘ ʢʦʥʩʪʘʥʪʫ ʄʽʭʘʝʣʽʩʘ (KM) ʨʦʟʨʘʭʦʚʫʚʘʣʠ, ʚʠʭʦʜʷʯʠ ʟ ʨʽʚʥʷʥʥʷ 

ʄʽʭʘʝʣʽʩʘ-ʄʝʥʪʝʥ, ʣʽʥʝʘʨʠʟʦʚʘʥʦʛʦ ʫ ʧʦʜʚʽʡʥʠʭ ʦʙʝʨʥʝʥʠʭ ʢʦʦʨʜʠʥʘʪʘʭ ʃʘʡʥʫʽʚʝʨʘ-

ɹʝʨʢʘ. ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʝʜʩʪʘʚʣʝʥʽ ʚ ʪʘʙʣʠʮʽ. 

 

ʊʘʙʣʠʮʷ 

ʉʫʙʩʪʨʘʪ ʉʪʨʫʢʪʫʨʥʘ ʬʦʨʤʫʣʘ Vmax, ʤʢʄȚʩ
-1 KM, ʤʄ 

6,7-ʜʠʛʽʜʨʦʢʩʠ-4- 

ʛʽʜʨʦʢʩʠʤʝʪʠʣʢʫʤʘʨʠʥ 
 

0,08 428 

6,7-ʜʠʛʽʜʨʦʢʩʠ-4-

ʤʝʪʠʣʢʫʤʘʨʠʥ 
 

0,19 558 

7,8-ʜʠʛʽʜʨʦʢʩʠ-4-

ʛʽʜʨʦʢʩʠʤʝʪʠʣʢʫʤʘʨʠʥ 
 

0,28 223 

ʛʽʜʨʦʭʽʥʦʥ 
 

0,83 394 

ɸɹʊʉ 

 

1,37 86 

 

ɿ ʜʘʥʠʭ ʪʘʙʣʠʮʽ ʚʠʜʥʦ, ʱʦ ʚʩʽ ʜʦʩʣʽʜʞʫʚʘʥʽ ʢʫʤʘʨʠʥʠ ʝʬʝʢʪʠʚʥʦ ʦʢʠʩʥʶʶʪʴʩʷ ʫ 

ʧʨʠʩʫʪʥʦʩʪʽ ʣʘʢʢʘʟʠ; ʰʚʠʜʢʽʩʪʴ ʨʝʘʢʮʽʾ ʟʘʣʝʞʽʪʴ ʚʽʜ ʩʪʨʫʢʪʫʨʠ ʢʫʤʘʨʠʥʫ ʽ ʻ ʤʝʥʰʦʶ ʫ 

ʧʦʨʽʚʥʷʥʥʽ ʟ ʪʠʧʦʚʠʤ ʩʫʙʩʪʨʘʪʦʤ ʣʘʢʢʘʟʠ ï ʛʽʜʨʦʭʽʥʦʥʦʤ; ʥʘʡʙʽʣʴʰʫ ʩʧʦʨʽʜʥʝʥʽʩʪʴ ʪʘ 

ʢʘʪʘʣʽʪʠʯʥʫ ʘʢʪʠʚʥʽʩʪʴ ʬʝʨʤʝʥʪʥʠʡ ʧʨʝʧʘʨʘʪ ʧʨʦʷʚʣʷʻ ʜʦ 7,8-ʜʠʛʽʜʨʦʢʩʠ-4-

ʛʽʜʨʦʢʩʠʤʝʪʠʣʢʫʤʘʨʠʥʫ.  
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ʀɿɹʀʈɸʊɽʃʔʅʆɽ ʍʀʄʀʏɽʉʂʆɽ ʈɸʉʊɺʆʈɽʅʀɽ ʉʇʃɸɺɸ ɹʨɹ2 

ɺʘʨʬʦʣʦʤʝʝʚʘ ʖ. ɸ.1, ɽʛʦʨʦʚʘ ʃ. ʄ.1, ʃʘʨʠʥ ɺ. ʀ.2 
1ʍʘʨʴʢʦʚʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʘʚʪʦʤʦʙʠʣʴʥʦ-ʜʦʨʦʞʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

2ʅʀʀ ʭʠʤʠʠ ʧʨʠ ʍʅʋ ʠʤ. ɺ. ʅ. ʂʘʨʘʟʠʥʘ 

lilya15041935@gmail.com 

 

ʉʣʦʞʥʦʩʪʠ, ʚʦʟʥʠʢʘʶʱʠʝ ʧʨʠ ʨʘʟʤʝʨʥʦʡ ʦʙʨʘʙʦʪʢʝ ʧʦʚʝʨʭʥʦʩʪʠ ʤʝʜʥʳʭ 

ʩʧʣʘʚʦʚ, ʛʜʝ ʧʨʠʤʝʥʷʶʪʩʷ ʪʝʭʥʦʣʦʛʠʠ ʭʠʤʠʯʝʩʢʦʛʦ ʪʨʘʚʣʝʥʠʷ ʪʨʝʙʫʶʪ ʜʝʪʘʣʴʥʦʛʦ 

ʠʟʫʯʝʥʠʷ ʭʠʤʠʯʝʩʢʦʛʦ ʨʘʩʪʚʦʨʝʥʠʷ ʙʝʨʠʣʣʠʝʚʳʭ ʙʨʦʥʟ ʚ ʨʘʩʪʚʦʨʘʭ ʵʣʝʢʪʨʦʣʠʪʦʚ. ʉ 
ʮʝʣʴʶ ʦʧʪʠʤʠʟʘʮʠʠ ʧʨʦʮʝʩʩʘ ʪʨʘʚʣʝʥʠʷ ʙʝʨʠʣʣʠʝʚʦʡ ʙʨʦʥʟʳ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʭʠʤʠʯʝʩʢʦʛʦ ʨʘʩʪʚʦʨʝʥʠʷ ʩʧʣʘʚʘ ɹʨɹ2 ʚ ʨʘʩʪʚʦʨʘʭ ʨʘʟʣʠʯʥʦʛʦ ʩʦʩʪʘʚʘ. 

ʈʘʩʪʚʦʨʝʥʠʝ ʩʧʣʘʚʘ ɹʨɹ2 ʚ ʨʘʩʪʚʦʨʘʭ FeCl3 ʟʥʘʯʠʪʝʣʴʥʦ ʚʳʰʝ, ʯʝʤ ʚ ʜʨʫʛʠʭ 

ʠʩʩʣʝʜʫʝʤʳʭ ʨʘʩʪʚʦʨʘʭ ʪʨʘʚʣʝʥʠʷ, ʯʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʚʳʩʦʢʦʡ ʦʢʠʩʣʠʪʝʣʴʥʦʡ 

ʩʧʦʩʦʙʥʦʩʪʴʶ Fe3+. ʆʙʦʩʥʦʚʘʥʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʭʣʦʨʠʜʥʦʡ ʜʦʙʘʚʢʠ ʜʣʷ ʧʦʜʜʝʨʞʘʥʠʷ 

ʨʘʩʪʚʦʨʝʥʠʷ ʤʝʜʥʦʡ ʢʦʤʧʦʥʝʥʪʳ ʩʧʣʘʚʘ ɹʨɹ2 ʠ ʢʠʩʣʦʪʥʦʩʪʠ ʨʘʩʪʚʦʨʘ ʜʣʷ ʠʦʥʠʟʘʮʠʠ 

ʙʝʨʠʣʣʠʷ. 

ʆʧʨʝʜʝʣʝʥʘ ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʨʘʩʪʚʦʨʝʥʠʷ ʢʦʤʧʦʥʝʥʪʦʚ ʩʧʣʘʚʘ ɹʨɹ2 ʠ ʤʦʜʠʬʠʢʘʮʠʷ 

ʧʦʚʝʨʭʥʦʩʪʠ ʩʧʣʘʚʘ ʧʨʠ ʭʠʤʠʯʝʩʢʦʤ ʪʨʘʚʣʝʥʠʠ ʚ ʭʣʦʨʠʜʥʳʭ ʨʘʩʪʚʦʨʘʭ, ʯʪʦ 

ʧʨʝʜʩʪʘʚʣʝʥʦ ʚ ʪʘʙʣ. 

ʊʘʙʣʠʮʘ. ʈʝʟʫʣʴʪʘʪʳ ʦʧʨʝʜʝʣʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʠʦʥʦʚ ʤʝʜʠ (ɯɯ) ʠ ʙʝʨʠʣʣʠʷ ʚ ʪʨʘʚʠʣʴʥʳʭ 

ʨʘʩʪʚʦʨʘʭ (ʚʨʝʤʷ ʪʨʘʚʣʝʥʠʷ ʙʝʨʠʣʣʠʝʚʦʡ ʙʨʦʥʟʳ 20 ʤʠʥ.; 25 ʦʉ) 
ʉʦʜʝʨʞ. 

ʠʦʥʦʚ, 

ʛ/ʣ 

ʉʦʩʪʘʚʳ ʨʘʩʪʚʦʨʦʚ, ʤʦʣʴ/ʣ 

0,5 FeCl3 + 1,5 KNO3 + 0,5 HCl 0,5 FeCl3 + 1,5 KNO3 0,5 FeCl3 

Be2+ 0,0413 0,047 0,0964 

Cu2+ 3,53 4,7 5,04 

ʢʦʵʬʬʠʮʠʝʥʪʳ ʩʝʣʝʢʪʠʚʥʦʩʪʠ ʢʦʤʧʦʥʝʥʪʦʚ ʩʧʣʘʚʘ 

ZBe 0,6 0,5 0,95 

ZCu 1,7 2,04 1,06 

ʈʘʩʩʯʠʪʘʥʥʳʝ ʟʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʩʝʣʝʢʪʠʚʥʦʩʪʠ ʙʝʨʠʣʣʠʷ ʠ ʤʝʜʠ ʠʤʝʶʪ 

ʥʘʠʙʦʣʝʝ ʙʣʠʟʢʠʝ ʟʥʘʯʝʥʠʷ ʚ ʨʘʩʪʚʦʨʝ ʩʦʩʪʘʚʘ: 0,5 M FeCl3.  

ʄʝʪʦʜʦʤ ʵʣʝʢʪʨʦʥʥʦ-ʟʦʥʜʦʚʦʛʦ ʘʥʘʣʠʟʘ ʙʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ ʧʦʚʝʨʭʥʦʩʪʴ 

ʵʣʝʢʪʨʦʜʦʚ ʠʟ ʩʧʣʘʚʘ ɹʨɹ2 ʧʦʩʣʝ ʪʨʘʚʣʝʥʠʷ. ʅʝ ʥʘʙʣʶʜʘʝʪʩʷ ʦʙʨʘʟʦʚʘʥʠʷ ʧʣʦʪʥʳʭ 

ʧʘʩʩʠʚʠʨʫʶʱʠʭ ʩʣʦʝʚ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʙʝʨʠʣʣʠʝʚʦʡ ʙʨʦʥʟʳ ʧʦʩʣʝ ʪʨʘʚʣʝʥʠʷ ʚʦ ʚʩʝʭ 

ʠʩʩʣʝʜʫʝʤʳʭ ʨʘʩʪʚʦʨʘʭ, ʯʪʦ ʤʦʞʥʦ ʚʠʜʝʪʴ ʥʘ ʤʠʢʨʦʬʦʪʦʛʨʘʬʠʷʭ ʧʦʚʝʨʭʥʦʩʪʠ ʠʟ ɹʨɹ2 

(ʨʠʩ. ʘ-ʚ). 

   

ʘ ʙ ʚ 

ʈʠʩ. ʄʠʢʨʦʬʦʪʦʛʨʘʬʠʠ ʧʦʚʝʨʭʥʦʩʪʠ ʙʨʦʥʟʳ ɹʨɹ2 ʧʦʩʣʝ ʪʨʘʚʣʝʥʠʷ ʧʨʠ ɤ=74 ʦʙĿʩï1 ʚ 

ʨʘʩʪʚʦʨʘʭ ʩʦʩʪʘʚʘ, ʤʦʣʴ/ʣ: ʘ ï 0,5 FeCl3 + 1,5 KNO3; ʙ ï 0,5 FeCl3 + 1,5 KNO3 + 0,5 HCl; 

ʚ ï 0,5 FeCl3 + 1,5 KNO3 + 0,5 NH4Cl 

ʇʦʢʘʟʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʨʘʚʥʦʤʝʨʥʦʛʦ ʠ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʛʦ ʭʠʤʠʯʝʩʢʦʛʦ 

ʨʘʩʪʚʦʨʝʥʠʷ ʙʝʨʠʣʣʠʝʚʦʡ ʙʨʦʥʟʳ ʚ ʢʠʩʣʦʡ ʩʨʝʜʝ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʠʦʥʦʚ ʭʣʦʨʘ, ʥʠʪʨʘʪ-

ʠʦʥʦʚ ʠ ʠʦʥʦʚ-ʦʢʠʩʣʠʪʝʣʷ Fe3+. 
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ʊɽʆʈɽʊʀʏʅɽ ʊɸ ɽʂʉʇɽʈʀʄɽʅʊɸʃʔʅɽ ɼʆʉʃɯɼɾɽʅʅʗ ɽʃɽʂʊʈʆʅʅʀʍ 

ʉʇɽʂʊʈɯɺ ʇʆɻʃʀʅɸʅʅʗ ʂʋʇʈʋʄʋ (II ) 

ɺʘʩʠʣʴʻʚʘ ɸ. ɺ., ʍʨʠʩʪʝʥʢʦ ɯ. ɺ., ɯʚʘʥʦʚ ɺ. ɺ. 

ʍʘʨʢʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ɺ. ʅ. ʂʘʨʘʟʽʥʘ 

anastasia.vasileva1997@gmail.com 

 

ʂʫʧʨʫʤ (II) ʧʨʝʜʩʪʘʚʣʝʥʦ ʫ ʙʘʛʘʪʴʦʭ ʙʽʦʣʦʛʽʯʥʠʭ ʩʠʩʪʝʤʘʭ ʽ, ʷʢ ʮʝ ʜʦʙʨʝ ʚʽʜʦʤʦ, 

ʮʝʡ ʤʝʪʘʣ ʛʨʘʻ ʟʥʘʯʥʫ ʨʦʣʴ ʫ ʙʽʦʭʽʤʽʯʥʠʭ ʧʨʦʮʝʩʘʭ. ʇʨʘʢʪʠʯʥʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʟʥʘʡʜʝʥʦ 

ʜʣʷ ʙʘʛʘʪʴʦʭ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʢʦʤʧʣʝʢʩʽʚ ʢʫʧʨʫʤʫ. ʉʝʨʝʜ ʥʠʭ ʽ ʨʝʯʦʚʠʥʠ, ʱʦ ʧʨʦʷʚʣʷʶʪʴ 

ʙʽʦʣʦʛʽʯʥʫ ʘʢʪʠʚʥʽʩʪʴ. ɺ ʮʴʦʤʫ ʩʝʥʩʽ ʮʽʢʘʚʠʤʠ ʻ ʣʽʛʘʥʜʠ, ʜʦ ʩʢʣʘʜʫ ʷʢʠʭ ʚʭʦʜʷʪʴ 

ʘʤʽʜʦʢʩʠʤʥʘ -ʉ(Nʆʅ)(Nʅ2) ʬʫʥʢʮʽʦʥʘʣʴʥʘ ʛʨʫʧʘ. ɼʠʚ. ʩʪʨʫʢʪʫʨʫ 

N-[1-[ʘʤʽʥʦ(ʛʽʜʨʦʢʩʠʽʤʽʥʦ)-ʤʝʪʠʣ]ʮʠʢʣʦʛʝʧʪʠʣ]ʘʮʝʪʘʤʽʜʫ. 
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ɼʣʷ ʘʤʽʜʦʢʩʠʤʽʚ ʭʘʨʘʢʪʝʨʥʽ ʧʨʦʷʚʠ ʘʤʬʦʪʝʨʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʪʘ ʫʪʚʦʨʝʥʥʷ ʟ 

ʽʦʥʘʤʠ ʤʝʪʘʣʽʚ (ʟʦʢʨʝʤʘ ʟ ʢʫʧʨʫʤʦʤ) ʜʦʩʠʪʴ ʩʪʽʡʢʠʭ ʢʦʤʧʣʝʢʩʽʚ, ʚ ʷʢʠʭ ʽʦʥ ʤʝʪʘʣʫ 

ʟʚôʷʟʘʥʠʡ ʷʢ ʟ ʦʢʩʠʤʥʦʶ ʛʨʫʧʦʶ, ʪʘʢ ʽ ʟ ʘʤʽʥʦʛʨʫʧʦʶ.  

ɻʣʠʙʦʢʝ ʨʦʟʫʤʽʥʥʷ ʩʪʨʫʢʪʫʨʠ, ʩʪʽʡʢʦʩʪʽ ʪʘ ʩʧʝʢʪʨʘʣʴʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʢʦʤʧʣʝʢʩʥʠʭ ʩʧʦʣʫʢ Cu(II) ʥʝʤʦʞʣʠʚʝ ʙʝʟ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʝʦʨʝʪʠʯʥʠʭ (ʥʝʝʤʧʽʨʠʯʥʠʭ) 

ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʤʝʪʦʜʽʚ. ʊʫʪ ʩʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʥʘ ʪʝʧʝʨʽʰʥʽʡ ʯʘʩ ʩʪʨʫʢʪʫʨʘ ʥʘʚʽʪʴ 

ʥʘʡʧʨʦʩʪʽʰʠʭ (ʽ ʥʘʡʧʦʰʠʨʝʥʽʰʠʭ) ʢʦʤʧʣʝʢʩʽʚ Cu(II) ʚ ʚʦʜʥʝʚʠʭ ʨʦʟʯʠʥʘʭ ʻ ʧʨʝʜʤʝʪʦʤ 

ʪʝʦʨʝʪʠʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʪʘ ʜʝʙʘʪʽʚ. ʋʩʢʣʘʜʥʶʶʯʦʶ ʦʙʩʪʘʚʠʥʦʶ ʜʣʷ ʪʘʢʠʭ ʨʦʟʨʘʭʫʥʢʽʚ 

ʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʫʨʘʭʫʚʘʥʥʷ ʟʥʘʯʥʠʭ ʢʦʨʝʣʷʮʽʡʥʠʭ ʝʬʝʢʪʽʚ. ʅʘʷʚʥʽʩʪʴ çʚʘʞʢʦʛʦè ʷʜʨʘ 

ʘʪʦʤʫ ʢʫʧʨʫʤʫ ʜʦʟʚʦʣʷʻ ʦʯʽʢʫʚʘʪʠ ʧʨʦʷʚʫ ʧʝʚʥʠʭ ʨʝʣʷʪʠʚʽʩʪʩʴʢʠʭ ʝʬʝʢʪʽʚ. ʂʨʽʤ ʪʦʛʦ, 

ʨʦʟʨʘʭʫʥʢʠ ʩʧʝʢʪʨʘʣʴʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ, ʧʦʪʨʝʙʫʶʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʦʩʠʪʴ ʨʦʟʚʠʥʝʥʠʭ 

ʙʘʟʠʩʥʠʭ ʬʫʥʢʮʽʡ, ʱʦ ʚʢʣʶʯʘʶʪʴ ʥʝʦʙʭʽʜʥʠʡ ʥʘʙʽʨ ʜʠʬʫʟʽʡʥʠʭ ʪʘ ʧʦʣʷʨʠʟʘʮʽʡʥʠʭ 

ʩʢʣʘʜʦʚʠʭ. 

ɺʠʭʦʜʷʯʠ ʟ ʮʴʦʛʦ ʥʘʤʠ, ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʨʦʛʨʘʤʠ GAMESS, ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʨʷʜ 

ʪʝʩʪʦʚʠʭ DFT-B3LYP ʨʦʟʨʘʭʫʥʢʽʚ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʢʦʤʧʣʝʢʩʽʚ Cu(II). ʉʝʨʝʜ ʥʠʭ 

[Cu(H2O)4]
2+, [Cu(H2O)6]

2+, CuCl2, 
-2

4CuCl , [Cu(NH3)n(H2O)6-n]
2+, n = 1,2, ʪʘ ʢʦʤʧʣʝʢʩ ʽʟ 

ʚʠʱʝ ʚʢʘʟʘʥʠʤ ʣʽʛʘʥʜʦʤ ʥʘ ʦʩʥʦʚʽ ʘʤʽʜʦʢʩʠʤʘ. ɼʣʷ ʽʣʶʩʪʨʘʮʽʾ ʧʨʠʚʝʜʝʤʦ ʥʝʚʝʣʠʯʢʫ 

ʪʘʙʣʠʮʶ ʱʦ ʦʧʠʩʫʻ ʥʠʞʯʝ ʟʙʫʜʞʝʥʥʷ ʚ ʢʦʤʧʣʝʢʩʽ [Cu(H2O)4]
2+: 

ɹʘʟʠʩ SBKJC SBKJC MCP-TZP MCP-TZP cc-pVTZ cc-pVTZ 

l(ʥʤ) 717a 701b 751a 722b 809a 783b 

ʊʫʪ ʽʥʜʝʢʩʠ ʘ ʪʘ b ʧʦʟʥʘʯʘʶʪʴ ʤʝʪʦʜʠ ʨʦʟʨʘʭʫʥʢʫ ʝʣʝʢʪʨʦʥʥʠʭ ʟʙʫʜʞʝʥʴ ï ʊʘʤʤʘ-

ɼʘʥʢʦʚʘ ʪʘ ʯʘʩʦʚʦʟʘʣʝʞʥʦʾ ʪʝʦʨʽʾ DFT ʚʽʜʧʦʚʽʜʥʦ. ʗʢ ʤʦʞʥʘ ʙʘʯʠʪʠ ʧʩʝʚʜʦʧʦʪʝʥʮʽʘʣʴʥʽ 

ʨʦʟʨʘʭʫʥʢʠ ʜʝʤʦʥʩʪʨʫʶʪʴ ʟʥʘʯʥʝ ʟʘʥʠʞʝʥʥʷ ʨʦʟʨʘʭʦʚʘʥʦʾ ʜʦʚʞʠʥʠ ʭʚʠʣʽ ʧʦʛʣʠʥʘʥʥʷ. 

ɺʠʭʦʜʷʯʠ ʟ ʜʘʥʠʭ ʧʦʪʝʥʮʽʦʤʝʪʨʠʯʥʦʛʦ ʪʠʪʨʫʚʘʥʥʷ, ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʨʦʛʨʘʤʠ 

CLINP 2.1 ʙʫʣʠ ʨʦʟʨʘʭʦʚʘʥʽ ʣʦʛʘʨʠʬʤʠ ʢʦʥʩʪʘʥʪ ʩʪiʡʢʦʩʪi ʢʦʤʧʣʝʢʩʽʚ Cu(II) ʟ 

ʜʦʩʣʽʜʞʝʥʦʶ ʩʧʦʣʫʢʦʶ. ɸʜʝʢʚʘʪʥʠʡ ʦʧʠʩ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʙʫʣʦ ʜʦʩʷʛʥʫʪʦ ʧʨʠ 

ʚʨʘʭʫʚʘʥʥʽ ʥʘʩʪʫʧʥʠʭ ʨʝʘʢʮʽʡ: 

Cu2+ + L- = CuL+,           lgɓ1 = 7.92  (s=0.05), 

Cu2+ + 2L- = CuL2,         lgɓ2 = 14.31 (s=0.02). 
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ɼʣʷ ʝʣʝʢʪʨʦʭʽʤʽʯʥʦʛʦ ʩʠʥʪʝʟʫ ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʠʭ ʧʦʣʽʤʝʨʽʚ ʽ ʧʦʣʽʘʥʽʣʽʥʫ (ʇɸʥ), 

ʟʦʢʨʝʤʘ, ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʝʣʝʢʪʨʦʜʠ ʟ ʘʢʪʠʚʥʠʭ ʤʝʪʘʣʽʚ (Fe, Al , Cu, Ni ʪʘ ʽʥ.) ʪʘ ʩʧʣʘʚʽʚ. 

ʊʘʢʽ ʝʣʝʢʪʨʦʜʠ, ʘ ʦʩʦʙʣʠʚʦ ʘʣʶʤʽʥʽʻʚʽ, ʻ ʜʝʰʝʚʠʤʠ ʽ ʟ ʫʩʧʽʭʦʤ ʟʘʤʽʥʶʶʪʴ ʝʣʝʢʪʨʦʜʠ ʟ 

ʙʣʘʛʦʨʦʜʥʠʭ ʤʝʪʘʣʽʚ. ʆʢʨʽʤ ʟʘʚʜʘʥʴ ʟʫʤʦʚʣʝʥʠʭ ʜʦʩʣʽʜʞʝʥʥʷʤ ʘʥʪʠʢʦʨʦʟʽʡʥʦʛʦ ʟʘʭʠʩʪʫ 

ʘʢʪʠʚʥʠʭ ʤʝʪʘʣʽʚ ʪʘ ʩʧʣʘʚʽʚ ʥʘ ʾʭʥʽʡ ʦʩʥʦʚʽ ʧʦʜʽʙʥʽ ʝʣʝʢʪʨʦʜʠ ʩʣʫʛʫʶʪʴ ʧʣʘʪʬʦʨʤʘʤʠ 

ʜʣʷ ʝʣʝʢʪʨʦʭʽʤʽʯʥʦʛʦ ʩʠʥʪʝʟʫ ʥʘʥʦʩʪʨʫʢʪʫʨʦʚʘʥʦʛʦ ʇɸʥ, ʪʦʱʦ. ʉʝʨʝʜ ʤʝʪʦʜʽʚ 

ʝʣʝʢʪʨʦʭʽʤʽʯʥʠʭ ʩʠʥʪʝʟʽʚ ʇɸʥ ʥʘʡʙʽʣʴʰ ʧʦʧʫʣʷʨʥʠʤ ʻ ʧʦʪʝʥʮʽʦʜʠʥʘʤʽʯʥʠʡ ʤʝʪʦʜ 

ʦʢʠʩʥʝʥʥʷ ʘʥʽʣʽʥʫ (ɸʥ) ʷʢʠʡ ʜʦʟʚʦʣʷʻ ʢʦʥʪʨʦʣʶʚʘʪʠ ʧʨʦʮʝʩ ʦʩʘʜʞʝʥʥʷ ʧʣʽʚʦʢ ʯʠ 

ʥʘʥʦʩʪʨʫʢʪʫʨ ʇɸʥ ʽ ʦʪʨʠʤʫʚʘʪʠ ʡʦʛʦ ʚ ʨʽʟʥʠʭ ʬʦʨʤʘʭ-ʩʪʘʥʘʭ [1]. 

ʇʦʪʝʥʮʽʦʜʠʥʘʤʽʯʥʝ ʦʩʘʜʞʝʥʥʷ ʇɸʥ ʧʨʦʚʦʜʠʣʠ ʥʘ ʘʣʶʤʽʥʽʻʚʦʤʫ ʝʣʝʢʪʨʦʜʽ (Al-

ʝʣʝʢʪʨʦʜ) ʟ ʨʦʟʯʠʥʽʚ ɸʥ ʫ ʚʦʜʥʦʤʫ ʨʦʟʯʠʥʽ H2SO4 ʚ ʤʝʞʘʭ ʧʦʪʝʥʮʽʘʣʽʚ -200ï1200 ʤɺ 

ʚʧʨʦʜʦʚʞ 75 ʮʠʢʣʽʚ ʟʘ ʨʽʟʥʠʭ ʰʚʠʜʢʦʩʪʝʡ ʨʦʟʛʦʨʪʘʥʥʷ ʧʦʪʝʥʮʽʘʣʽʚ, ʤɺ/ʩ 25, 50 ʽ 75. 

ʄʦʨʬʦʣʦʛʽʶ ʫʪʚʦʨʝʥʴ ʇɸʥ ʥʘ ʧʦʚʝʨʭʦʥʴ ʈɽ, ʜʦʩʣʽʜʞʫʚʘʣʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ɯʏ-ʌʇ ʅʇɺ 

(NICOLET IS 10) ʘʥʘʣʽʟʫ, ʽʤʧʝʜʘʥʩʥʦʛʦ ʝʣʝʢʪʨʦʭʽʤʽʯʥʦʛʦ ʘʥʘʣʽʟʫ (ɹʦʜʝ ʜʽʘʛʨʘʤʠ) ʪʘ 

ʨʘʩʪʨʦʚʦʛʦ ʝʣʝʢʪʨʦʥʥʦʛʦ ʤʽʢʨʦʩʢʦʧʘ-ʤʽʢʨʦʘʥʘʣʽʟʘʪʦʨʘ (ʈɽʄʄɸ-102-02). 
ʅʘ ʨʠʩ. ʟʦʙʨʘʞʝʥʽ ʧʦʚʝʨʭʥʽ Al ʝʣʝʢʪʨʦʜʽʚ ʽʟ ʧʣʽʚʢʦʶ ʇɸʥ, ʦʩʘʜʞʝʥʦʶ ʟ 0,25 ʄ 

ʨʦʟʯʠʥʫ ɸʥ ʚ 0,5 ʄ H2SO4 ʟʘ ʰʚʠʜʢʦʩʪʽ ʨʦʟʛʦʨʪʘʥʥʷ ʧʦʪʝʥʮʽʘʣʫ 25, 50, ʪʘ 75 ʤɺ/ʩ. ʗʢ 

ʚʠʜʥʦ ʟ ʨʠʩ. ʧʦʚʝʨʭʥʝʚʘ ʤʦʨʬʦʣʦʛʽʷ ʟʤʽʥʶʻʪʴʩʷ ʧʨʠ ʟʤʽʥʽ ʰʚʠʜʢʦʩʪʽ ʨʦʟʛʦʨʪʘʥʥʷ 

ʧʦʪʝʥʮʽʘʣʫ. ɿʘ ʰʚʠʜʢʦʩʪʽ ʨʦʟʛʦʨʪʘʥʥʷ ʧʦʪʝʥʮʽʘʣʫ 25 ʤɺ/ʩ ʧʦʚʝʨʭʥʷ ʧʣʽʚʢʠ ʇɸʥ ʻ ʜʦʩʠʪʴ 

ʧʦʨʠʩʪʦʶ, ʥʘ ʷʢʽʡ ʯʽʪʢʦ ʚʠʜʥʦ ʫʪʚʦʨʝʥʽ ʩʪʨʠʞʥʽ, ʷʢʽ ʤʘʶʪʴ ʜʽʘʤʝʪʨ ~164 ʥʤ ʽ ʜʦʚʞʠʥʫ 

~220 ʥʤ, ʧʨʠ ʰʚʠʜʢʦʩʪʽ ʨʦʟʛʦʨʪʘʥʥʷ ʧʦʪʝʥʮʽʘʣʫ 50 ʤɺ/ʩ ʧʦʚʝʨʭʥʷ ʩʪʘʻ ʛʫʙʯʘʩʪʦʶ ʙʽʣʴʰ 

ʢʦʤʧʘʢʪʥʦʶ, ʘ ʧʨʠ ʰʚʠʜʢʦʩʪʽ 75 ʤɺ/ʩ ï ʥʽʙʠ ʦʧʣʘʚʣʝʥʦʶ (ʜʠʚ. ʨʠʩ. ʘ, ʙ  ̔ʚ, ʚʽʜʧʦʚʽʜʥʦ). 

     
ʘ                                              ʙ                                                ʚ 

ʈʠʩ. ʉɽʄ ʟʦʙʨʘʞʝʥʥʷ ɸl-ʝʣʝʢʪʨʦʜʘ ʟ ʧʣʽʚʢʦʶ ʇɸʥ. ʂʦʥʮʝʥʪʨʘʮʽʷ ɸʥ ï 0,25 ʄ, ʘ H2SO4 

ï 0,5 ʄ. ʐʚʠʜʢʽʩʪʴ ʨʦʟʛʦʨʪʘʥʥʷ ʧʦʪʝʥʮʽʘʣʫ, ʤɺ/ʩ: ʘ ï 25, ʙ ï 50, ʚ ï 75. ³10000 

ɺʣʘʩʪʠʚʦʩʪʽ ʇɸʥ ʪʘ ʡʦʛʦ ʧʣʽʚʦʢ ʜʦʩʣʽʜʞʝʥʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ɯʏ-ʌʇ ʅʇɺ ʘʥʘʣʽʟʫ ʽ 

ɹʦʜʝ ʜʽʘʛʨʘʤ, ʷʢʽ ʧʽʜʪʚʝʨʜʞʫʶʪʴ ʫʪʚʦʨʝʥʥʷ ʇɸʥ ʫ ʬʦʨʤʽ ʝʤʝʨʘʣʴʜʠʥʦʚʦʾ ʩʦʣʽ ʪʘ 

ʧʦʨʠʩʪʠʡ ʭʘʨʘʢʪʝʨ ʧʣʽʚʦʢ, ʷʢʠʡ ʟʤʽʥʶʻʪʴʩʷ ʟʘʣʝʞʥʦ ʚʽʜ ʟʙʽʣʴʰʝʥʥʷ ʰʚʠʜʢʦʩʪʽ 

ʨʦʟʛʦʨʪʘʥʥʷ ʧʦʪʝʥʮʽʘʣʫ. 

 

[1] Chapter 2. Morphology of Polyanilineôs Films Electrochemically Deposited on the Surface of Al -

Based Amorphous Metal Alloys / ʄ.ʄ. Yatsyshyn, L.ʄ. Boichyshyn, I.I. Demchyna, Yu.ɸ. Hnizdiukh 

/ Computational and Experimental Analysis of Functional Materials / O. V. Reshetnyak, G. E. Zaikov 

(Eds.) [Series: AAP Research Notes on Polymer Engineering Science and Technology]. - Toronto, New 

Jersey: Apple Academic Press, CRC Press (Taylor@ Francis Group), 2017. - P. 61-91. 
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ʉʀʉʊɽʄʀ ZrO 2(HfO2)ïNiO ʗʂ ʆʉʅʆɺɸ  

ʉʊɺʆʈɽʅʅʗ ʅʆɺɯʊʅɯʍ ʄɸʊɽʈɯɸʃɯɺ 

ɻʣʘʙʘʡ ʄ. ʉ. 

ɯʥʩʪʠʪʫʪ ʧʨʦʙʣʝʤ ʤʘʪʝʨʽʘʣʦʟʥʘʚʩʪʚʘ ʽʤ. ɯ. ʄ. ʌʨʘʥʮʝʚʠʯʘ ʅɸʅ ʋʢʨʘʾʥʠ, ʚʽʜʜʽʣ ʬʽʟʠʢʦ-

ʭʽʤʽʾ ʽ ʪʝʭʥʦʣʦʛʽʾ ʪʫʛʦʧʣʘʚʢʠʭ ʦʢʩʠʜʽʚ, ʚʫʣ., ʂʨʞʠʞʘʥʽʚʩʴʢʦʛʦ, 3, ʂʠʾʚ-142, 03680, 

ʋʢʨʘʾʥʘ 

tyshmarina@ukr.net 

 

ʉʠʩʪʝʤʠ ZrO2(HfO2)ïNiO ʚʽʜʢʨʠʚʘʶʪʴ ʰʣʷʭ ʜʦ ʨʦʟʨʦʙʢʠ ʥʦʚʠʭ ʦʢʩʠʜʥʠʭ 

ʢʝʨʘʤʽʯʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʜʣʷ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷ, ʝʥʝʨʛʝʪʠʯʥʦʾ, ʭʽʤʽʯʥʦʾ, ʘʚʽʘʢʦʩʤʽʯʥʦʾ, 

ʝʣʝʢʪʨʦʥʥʦʾ ʪʘ ʽʥʰʠʭ ʛʘʣʫʟʝʡ. ʆʩʦʙʣʠʚʘ ʫʚʘʛʘ ʧʨʠʜʽʣʷʻʪʴʩʷ ʨʦʟʨʦʙʮʽ ʢʝʨʘʤʽʯʥʠʭ 

ʧʘʣʠʚʥʠʭ ʢʦʤʽʨʦʢ, ʷʢ ʝʥʝʨʛʦʟʙʝʨʽʛʘʶʯʠʤ ʜʞʝʨʝʣʘʤ. ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʪʝ, ʱʦ ʘʥʦʜ Ni-ZrO2 

ʨʦʟʨʦʙʣʷʻʪʴʩʷ ʚʞʝ ʧʨʦʪʷʛʦʤ 40 ʨʦʢʽʚ, ʘ ʪʘʢʦʞ ʥʘ ʥʘʷʚʥʽʩʪʴ ʦʢʨʝʤʠʭ ʨʦʟʨʦʙʦʢ, ʱʦ 

ʟʘʙʝʟʧʝʯʫʶʪʴ ʪʝʨʤʽʥ ʨʦʙʦʪʠ ʢʦʤʽʨʢʠ ʧʦʥʘʜ 20 ʪʠʩ. ʛʦʜ, ʚʩʝ ʱʝ ʘʢʪʫʘʣʴʥʦʶ ʟʘʣʠʰʘʻʪʴʩʷ 

ʧʨʦʙʣʝʤʘ ʟʘʙʝʟʧʝʯʝʥʥʷ ʘʥʦʜʫ ʤʝʭʘʥʽʯʥʠʭ ʽ ʝʣʝʢʪʨʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʪʘ ʩʪʘʙʽʣʴʥʦʩʪʽ ʾʭ 

ʫ ʯʘʩʽ.  

ʇʦʜʚʽʡʥʘ ʩʠʩʪʝʤʘ ZrO2ïNiO ʥʝʦʙʭʽʜʥʘ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʬʘʟʦʚʠʭ ʧʝʨʝʪʚʦʨʝʥʴ ʷʢʽ 

ʚʽʜʙʫʚʘʶʪʴʩʷ ʚ ʫʤʦʚʘʭ ʚʽʜʥʦʚʣʝʥʥʷ NiO ʜʦ ʄʝ-Ni ʚ ʧʨʦʮʝʩʽ ʝʢʩʧʣʫʘʪʘʮʽʾ ʧʘʣʠʚʥʦʾ 

ʢʦʤʽʨʢʠ. ʉʠʩʪʝʤʠ ZrO2(HfO2)ïNiO ʧʝʨʩʧʝʢʪʠʚʥʽ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʤʘʪʝʨʽʘʣʽʚ ʥʘ ʦʩʥʦʚʽ 

ʩʧʨʷʤʦʚʘʥʦ ʟʘʢʨʠʩʪʘʣʽʟʦʚʘʥʠʭ ʝʚʪʝʢʪʠʢ ʪʘ ʥʘʥʦʢʨʠʩʪʘʣʽʯʥʠʭ ʧʦʨʦʰʢʽʚ.  

ɸʥʘʣʽʟ ʧʫʙʣʽʢʘʮʽʡ ʧʦ ʚʢʘʟʘʥʠʤ ʩʠʩʪʝʤʘʤ ʧʦʢʘʟʫʻ, ʱʦ ʜʘʥʽ ʧʦ ʩʠʩʪʝʤʽ HfO2īNiO 

ʚʽʜʩʫʪʥʽ, ʘ ʚ ʜʦʩʣʽʜʞʝʥʥʷʭ, ʧʨʠʩʚʷʯʝʥʠʭ ʤʘʪʝʨʽʘʣʘʤ ʩʠʩʪʝʤʠ ZrO2īNiO ʥʝ ʩʪʘʚʠʣʦʩʷ 

ʤʝʪʠ ʧʦʙʫʜʫʚʘʪʠ ʜʽʘʛʨʘʤʫ ʩʪʘʥʫ ʩʠʩʪʝʤʠ, ʘ ʣʠʰʝ ʧʨʦʚʦʜʠʣʠʩʴ ʧʦʰʫʢʠ ʝʚʪʝʢʪʠʯʥʠʭ 

ʩʢʣʘʜʽʚ.  

ʄʝʪʘ ʨʦʙʦʪʠ: ʧʦʙʫʜʫʚʘʪʠ ʤʦʜʝʣʽ ʜʽʘʛʨʘʤ ʩʪʘʥʫ ʩʠʩʪʝʤ ZrO2(HfO2)ïNiO. 

ɼʣʷ ʚʠʙʦʨʫ ʦʧʪʠʤʘʣʴʥʠʭ ʩʢʣʘʜʽʚ ʟʨʘʟʢʽʚ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʩʪʚʦʨʝʥʦ ʨʦʙʦʯʽ ʤʦʜʝʣʽ 

ʜʽʘʛʨʘʤ ʩʪʘʥʫ ʩʠʩʪʝʤ ZrO2(HfO2) NiO ʥʘ ʦʩʥʦʚʽ ʚʽʜʦʤʠʭ ʜʨʫʢʦʚʘʥʠʭ ʜʞʝʨʝʣ. ʇʦʢʘʟʘʥʦ, 

ʱʦ ʩʠʩʪʝʤʠ ʝʚʪʝʢʪʠʯʥʦʛʦ ʪʠʧʫ ʟ ʥʠʟʴʢʦʶ (<1 ʤʦʣ.%) ʨʦʟʯʠʥʥʽʩʪʶ NiO ʚ ZrO2(HfO2) 

(ʨʠʩ.). ʈʦʟʯʠʥʥʽʩʪʴ ʥʘ ʦʩʥʦʚʽ NiO ʚʽʜʩʫʪʥʷ. ʅʘ ʣʽʢʚʽʜʫʩʽ ʥʘʚʝʜʝʥʦ ʜʚʽ ʪʦʯʢʠ: ʝʚʪʝʢʪʠʯʥʫ 

(LźZrO2(HfO2)+NiO) ʪʘ ʤʝʪʘʪʝʢʪʠʯʥʫ (L+F-ZrO2(HfO2)źT-ZrO2(HfO2). ʆʙʠʜʚʽ 

ʪʝʤʧʝʨʘʪʫʨʠ ʥʘʚʝʜʝʥʦ ʦʨʽʻʥʪʦʚʥʦ.  

 
ʘ) 

 
 

ʙ) 

ʈʠʩ. ʄʦʜʝʣʽ ʜʽʘʛʨʘʤ ʩʪʘʥʫ ʩʠʩʪʝʤ ʘ) ZrO2 NiO, ʙ) HfO2 NiO 
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ʈʆʃʔ ʉʊʈʋʂʊʋʈʀ N-ɻɯɼʈʆʂʉʀʌʊɸʃɯʄɯɼɯɺ ʋ ʈɽɸʂʎɯɰ 

ɿ ʇɽʈʄɸʅɻɸʅɸʊʆʄ ʂɸʃɯʖ  

ɻʨʠʥʜʘ ʖ. ʄ.1, ʂʦʤʧʘʥʝʮ ɹʄ. ʆ.2, ʅʦʚ̔ʢʦʚʘ ʂ. ɺ.2, ʅ̔ʢʦʣʘʻʚʩʴʢʠʡ ɸ. ʄ.2,  

ʆʧʝʡʜʘ ʃ. ɯ.1, ʂʫʱ ʆ. ɺ.1 

1ɺʽʜʜʽʣʝʥʥʷ ʬʽʟʠʢʦ-ʭʽʤʽʾ ʛʦʨʶʯʠʭ ʢʦʧʘʣʠʥ ɯʥʩʪʠʪʫʪʫ ʬʽʟʠʢʦ-ʦʨʛʘʥʽʯʥʦʾ ʭʽʤʽʾ ʽ ʚʫʛʣʝʭʽʤʽʾ 

ʽʤ. ʃ. ʄ. ʃʠʪʚʠʥʝʥʢʘ ʅɸʅ ʋʢʨʘʾʥʠ 
2ɯʥʩʪʠʪʫʪ ʬʽʟʠʢʦ-ʦʨʛʘʥʽʯʥʦʾ ʭʽʤʽʾ ʽ ʚʫʛʣʝʭʽʤʽʾ ʽʤ. ʃ. ʄ. ʃʠʪʚʠʥʝʥʢʘ ʅɸʅ ʋʢʨʘʾʥʠ 

opeida_l@yahoo.com 
 

ʂʘʪʘʣʽʪʠʯʥʝ ʘʝʨʦʙʥʝ ʦʢʠʩʥʝʥʥʷ ʦʨʛʘʥʽʯʥʠʭ ʨʝʯʦʚʠʥ ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʟ 

ʤʝʪʦʶ ʦʜʝʨʞʘʥʥʷ ʮʽʥʥʠʭ ʢʠʩʥʝʚʤʽʩʥʠʭ ʧʦʭʽʜʥʠʭ. ʊʦʤʫ ʧʦʰʫʢ ʝʬʝʢʪʠʚʥʠʭ ʢʘʪʘʣʽʪʠʯʥʠʭ 

ʩʠʩʪʝʤ ʦʢʠʩʥʝʥʥʷ ʦʨʛʘʥʽʯʥʠʭ ʩʧʦʣʫʢ ʥʘ ʩʴʦʛʦʜʥʽ ʣʠʰʘʻʪʴʩʷ ʘʢʪʫʘʣʴʥʠʤ. ɺʚʘʞʘʶʪʴʩʷ 

ʧʝʨʩʧʝʢʪʠʚʥʠʤʠ ʦʨʛʘʥʦʢʘʪʘʣʽʟʘʪʦʨʠ, ʷʩʢʨʘʚʠʤʠ ʧʨʝʜʩʪʘʚʥʠʢʘʤʠ ʷʢʠʭ ʻ N-ʛʽʜʨʦʢʩʠʽʤʽʜʠ, 

ʰʠʨʦʢʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʥʘʙʫʚʘʶʪʴ ʩʠʩʪʝʤʠ ʛʽʜʨʦʢʩʠʽʤʽʜ ï ʦʢʠʩʥʠʢ.  

ʋ ʨʦʙʦʪʽ ʜʦʩʣʽʜʞʝʥʦ ʚʧʣʠʚ ʩʪʨʫʢʪʫʨʠ ʧʦʭʽʜʥʠʭ N-ʛʽʜʨʦʢʩʠʬʪʘʣʽʤʽʜʫ (NHʈIs), ʷʢʽ 

ʤʽʩʪʷʪʴ ʫ ʙʝʥʟʦʣʴʥʦʤʫ ʢʽʣʴʮʽ ʝʣʝʢʪʨʦʥʦʜʦʥʦʨʥʠʡ ʪʘ ʝʣʝʢʪʨʦʥʦʘʢʮʝʧʪʦʨʥʠʡ ʟʘʤʽʩʥʠʢʠ ʚ 

ʨʝʘʢʮʽʾ ʟ ʧʝʨʤʘʥʛʘʥʘʪʦʤ ʢʘʣʽʶ (KMnO4) ʚ ʘʮʝʪʦʥʽʪʨʠʣʽ (25 Áʉ). ɿʘ ʢʽʥʝʪʠʢʦʶ ʚʠʪʨʘʯʘʥʥʷ 

MnO4
- ʩʪʝʞʠʣʠ ʬʦʪʦʢʦʣʦʨʠʤʝʪʨʠʯʥʦ. ɺʠʷʚʣʝʥʦ ʩʫʪʪʻʚʝ ʟʙʽʣʴʰʝʥʥʷ ʰʚʠʜʢʦʩʪʽ 

ʦʢʠʩʥʝʥʥʷ NHʈIs ʧʨʠ ʟʨʦʩʪʘʥʥʽ ʢʠʩʣʦʪʥʦʩʪʽ ʩʝʨʝʜʦʚʠʱʘ, ʥʝʟʘʤʽʱʝʥʠʡ NHPI ʢʨʘʱʝ 

ʚʟʘʻʤʦʜʽʻ ʟ ʦʢʠʩʥʠʢʦʤ, ʥʽʞ ʡʦʛʦ ʧʦʭʽʜʥʽ ð ʰʚʠʜʢʽʩʪʴ ʦʢʠʩʥʝʥʥʷ NHPI ʧʝʨʤʘʥʛʘʥʘʪ-

ʽʦʥʘʤʠ ʟʤʝʥʰʫʻʪʴʩʷ ʧʨʠ ʚʚʝʜʝʥʥʽ ʷʢ ʝʣʝʢʪʨʦʥʦʜʦʥʦʨʥʠʭ, ʪʘʢ ʽ ʝʣʝʢʪʨʦʥʦʘʢʮʝʧʪʦʨʥʠʭ 

ʟʘʤʽʩʥʠʢʽʚ ʫ ʙʝʥʟʦʣʴʥʝ ʢʽʣʴʮʝ (ʪʘʙʣ. 1). 

ʊʘʙʣ. 1. ɿʘʣʝʞʥʽʩʪʴ ʩʧʦʩʪʝʨʝʞʫʚʘʥʦʾ ʢʦʥʩʪʘʥʪʠ ʰʚʠʜʢʦʩʪʽ (k) ʨʝʘʢʮʽʾ NHPIs ʟ KMnO4 ʚ 

ʢʠʩʣʦʤʫ ʩʝʨʝʜʦʚʠʱʽ. [KMnO4] = 2,5Ŀ10
-4 ʤʦʣʴ/ʣ, [NHPIs] = 8,0Ŀ10-4 ʤʦʣʴ/ʣ 

ɻʽʜʨʦʢʩʠʽʤʽʜ [CH3COOH], ʤʦʣʴ/ʣ kĀ103, ʩ-1 

NHPI 1,02 1,4 

4,5-Cl-NHPI 1,16 0,82 

4-Me-NHPI 1,16 0,24 

NAPI  1,16 0,23 

ɺʩʪʘʥʦʚʣʝʥʦ ʣʽʥʽʡʥʫ ʟʘʣʝʞʥʽʩʪʴ ʩʧʦʩʪʝʨʝʞʫʚʘʥʦʾ ʢʦʥʩʪʘʥʪʠ ʰʚʠʜʢʦʩʪʽ ʚʠʪʨʘʪʠ 

MnO4
- (k) ʚʽʜ ã[CH3COOH], ʱʦ ʻ ʜʦʢʘʟʦʤ ʚʧʣʠʚʫ ʧʨʦʪʦʥʽʚ ʥʘ ʰʚʠʜʢʽʩʪʴʚʠʟʥʘʯʘʣʴʥʫ 

ʩʪʘʜʽʶ ʦʢʠʩʥʝʥʥʷ ʛʽʜʨʦʢʩʠʽʤʽʜʽʚ KMnO4 ʪʘ ʜʦʤʽʥʫʶʯʦʾ ʨʦʣʽ ʧʨʦʪʦʥʦʚʘʥʦʾ ʬʦʨʤʠ Mn-

ʚʤʽʩʥʦʾ ʯʘʩʪʠʥʢʠ ï (HO)2MnO2
+ ʫ ʚʽʜʨʠʚʽ ʅ-ʘʪʦʤʘ ʚʽʜ ʟʚôʷʟʢʫ NOïH: 

(HO)2MnO 2
+ + NHPIs ­ (HO)3MnO+ + PINʆ. 

ʆʢʠʩʥʝʥʥʷ ʢʫʤʦʣʫ (RH) ʢʠʩʥʝʤ ʫ ʧʨʠʩʫʪʥʦʩʪʽ KMnO4 ʪʘ NHPI ʻ ʜʦʢʘʟʦʤ 

ʫʪʚʦʨʝʥʥʷ ʨʘʜʠʢʘʣʽʚ (ʢʽʥʝʪʠʢʫ ʦʢʠʩʥʝʥʥʷ ʜʦʩʣʽʜʞʫʚʘʣʠ ʟʘ ʧʦʛʣʠʥʘʥʥʷʤ ʆ2 

ʛʘʟʦʚʦʣʶʤʦʤʝʪʨʠʯʥʦ) (ʪʘʙʣ. 2). 

ʊʘʙʣ. 2. ʐʚʠʜʢʦʩʪʽ ʦʢʠʩʥʝʥʥʷ (W(O2)) ʢʫʤʦʣʫ ʚ ʘʮʝʪʦʥʽʪʨʠʣʽ ʤʦʣʝʢʫʣʷʨʥʠʤ ʢʠʩʥʝʤ ʫ 

ʧʨʠʩʫʪʥʦʩʪʽ NHPI ʪʘ KMnO4. [RH] = 3,52 ʤʦʣʴ/ʣ, [ʉʅ3CN] = 9,5 ʤʦʣʴ/ʣ 

ˉ ʟ/ʧ [NHPI] Ŀ103, ʤʦʣʴ/ʣ [KMnO4] Ŀ10
4, ʤʦʣʴ/ʣ W Ā105, ʤʦʣ/ɹʣĀʩ 

1 5,0 0 1,5 

2 0 2,5 3,1 

3 5,0 2,5 13,9 

ɿʘ ʜʘʥʠʤʠ ʪʘʙʣ. 2 ʰʚʠʜʢʽʩʪʴ ʨʝʘʢʮʽʾ ʚ ʜʦʩʣʽʜʽ 3, ʜʝ ʚ ʨʝʘʢʮʽʡʥʽʡ ʩʫʤʽʰʽ ʙʫʣʠ ʧʨʠʩʫʪʥʽ 

NHPI ʪʘ KMnO4, ʻ ʚ 3 ʨʘʟʠ ʙʽʣʴʰʘ ʥʽʞ ʩʫʤʘ ʰʚʠʜʢʦʩʪʝʡ ʚ ʜʦʩʣʽʜʘʭ 1 ʪʘ 2, ʜʝ ʢʦʞʥʘ ʟ 

ʽʥʽʮʽʶʶʯʠʭ ʜʦʙʘʚʦʢ ʙʫʣʘ ʚʟʷʪʘ ʦʢʨʝʤʦ, ʩʚʽʜʯʘʪʴ ʧʨʦ ʩʠʥʝʨʛʽʟʤ ʫ ʩʫʤʽʩʥʽʡ ʜʽʾ NHPI ʪʘ 

MnO4
ï. ʎʝ ʤʦʞʥʘ ʧʦʷʩʥʠʪʠ ʥʘʷʚʥʽʩʪʶ ʨʝʘʢʮʽʾ:  

NHPI + MnO4
ï ­ PINʆ + ʅMnO4

ï, 

ʷʢʘ ʚʽʜʙʫʚʘʻʪʴʩʷ ʨʘʟʦʤ ʟ ʦʢʠʩʥʝʥʥʷʤ ʧʝʨʤʘʥʛʘʥʘʪʦʤ ʢʫʤʦʣʫ ʯʠ ʡʦʛʦ ʛʽʜʨʦʧʝʨʦʢʩʠʜʫ.  

mailto:opeida_l@yahoo.com
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ɺʀɺʏɽʅʅʗ ʂɯʅɽʊʀʂʀ ʆʂʀʉʅɽʅʅʗ ɻɯɼʈʆʍɯʅʆʅʋ  

ɺ ʇʈʀʉʋʊʅʆʉʊɯ ʃɸʂʂɸɿʀ TRAMETES VERSICOLOR  

ʄɽʊʆɼʆʄ ɸʄʇɽʈʆʄɽʊʈʀʏʅʆɰ ʂʀʉʅɽʄɽʊʈɯɰ  

ɻʫʩʝʥʽʢʦʚʘ ɭ. ʉ., ʉʝʨʛʝʻʚʘ ʖ. ʖ., ʎʷʧʘʣʦ ʆ. ʉ., ʃʝʩʠʰʠʥʘ ʖ. ʆ., ʐʝʥʜʨʠʢ ʆ. ʄ. 

ɼʦʥʝʮʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ɺʘʩʠʣʷ ʉʪʫʩʘ 

a.tsyapalo@donnu.edu.ua 

 

ʋ ʟʚôʷʟʢʫ ʟ ʞʦʨʩʪʢʽʩʪʶ ʚʠʤʦʛ ʜʦ ʝʢʦʣʦʛʽʯʥʦʾ ʙʝʟʧʝʢʠ ʭʽʤʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʚʩʝ 

ʙʽʣʴʰʠʭ ʤʘʩʰʪʘʙʽʚ ʥʘʙʫʚʘʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʙʽʦʢʘʪʘʣʽʪʠʯʥʠʭ ʪʝʭʥʦʣʦʛʽʡ. 

ʆʩʪʘʥʥʽʤ ʯʘʩʦʤ ʥʘʫʢʦʚʮʽ ʧʨʠʜʽʣʷʶʪʴ ʟʥʘʯʥʫ ʫʚʘʛʫ ʜʦʩʣʽʜʞʝʥʥʶ ʚʣʘʩʪʠʚʦʩʪʝʡ ʬʝʨʤʝʥʪʫ 

ʣʘʢʢʘʟʠ, ʷʢʠʡ ʢʘʪʘʣʽʟʫʻ ʨʝʘʢʮʽʾ ʦʢʠʩʥʝʥʥʷ ʰʠʨʦʢʦʛʦ ʢʦʣʘ ʦʨʛʘʥʽʯʥʠʭ ʨʝʯʦʚʠʥ 

ʤʦʣʝʢʫʣʷʨʥʠʤ ʢʠʩʥʝʤ. ɿʘʚʜʷʢʠ ʮʴʦʤʫ ʣʘʢʢʘʟʫ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʫ ʨʽʟʥʦʤʘʥʽʪʥʠʭ 

ʧʨʦʤʠʩʣʦʚʠʭ ʧʨʦʮʝʩʘʭ. 

ɸʢʪʫʘʣʴʥʠʤ ʻ ʧʦʰʫʢ ʝʬʝʢʪʠʚʥʠʭ ʤʝʜʽʘʪʦʨʽʚ ʣʘʢʢʘʟʠ, ʟʜʘʪʥʠʭ ʧʽʜʚʠʱʫʚʘʪʠ ʾʾ 

ʢʘʪʘʣʽʪʠʯʥʫ ʘʢʪʠʚʥʽʩʪʴ. ɺ ʙʽʣʴʰʦʩʪʽ ʥʘʫʢʦʚʠʭ ʧʫʙʣʽʢʘʮʽʡ ʜʦʩʣʽʜʞʝʥʥʷ ʢʽʥʝʪʠʢʠ 

ʦʢʠʩʥʝʥʥʷ ʦʨʛʘʥʽʯʥʠʭ ʩʫʙʩʪʨʘʪʽʚ ʫ ʧʨʠʩʫʪʥʦʩʪʽ ʣʘʢʢʘʟʠ ʧʨʦʚʦʜʠʣʠʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʥʦʛʦ ʤʝʪʦʜʫ ʘʥʘʣʽʟʫ. ʇʨʦʪʝ ʧʨʠ ʧʝʨʝʭʦʜʽ ʜʦ ʪʨʠʢʦʤʧʦʥʝʥʪʥʦʾ 

ʩʠʩʪʝʤʠ ʣʘʢʢʘʟʘ-ʤʝʜʽʘʪʦʨ-ʩʫʙʩʪʨʘʪ ʩʤʫʛʠ ʧʦʛʣʠʥʘʥʥʷ ʩʚʽʪʣʘ ʚʠʭʽʜʥʠʭ ʨʝʯʦʚʠʥ ʪʘ 

ʧʨʦʜʫʢʪʽʚ ʨʝʘʢʮʽʾ ʤʦʞʫʪʴ ʧʝʨʝʢʨʠʚʘʪʠʩʷ, ʱʦ ʚʠʢʣʠʢʘʻ ʩʢʣʘʜʥʦʱʽ ʧʨʠ ʚʠʟʥʘʯʝʥʥʽ 

ʢʦʥʮʝʥʪʨʘʮʽʾ ʧʝʚʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʩʠʩʪʝʤʠ. 

ʄʝʪʘ ʨʦʙʦʪʠ: ʜʦʩʣʽʜʞʝʥʥʷ ʢʽʥʝʪʠʢʠ ʦʢʠʩʥʝʥʥʷ ʛʽʜʨʦʭʽʥʦʥʫ (ɻʍ) ʤʦʣʝʢʫʣʷʨʥʠʤ 

ʢʠʩʥʝʤ ʟʘ ʫʯʘʩʪʶ ʣʘʢʢʘʟʠ Trametes versicolor ʤʝʪʦʜʦʤ ʘʤʧʝʨʦʤʝʪʨʠʯʥʦʾ ʢʠʩʥʝʤʝʪʨʽʾ. 

ɽʢʩʧʝʨʠʤʝʥʪʠ ʧʨʦʚʦʜʠʣʠ ʚ ʪʝʨʤʦʩʪʘʪʦʚʘʥʦʤʫ ʨʝʘʢʪʦʨʽ, ʧʦʚʥʽʩʪʶ ʟʘʧʦʚʥʝʥʦʤʫ 

ʨʝʘʢʮʽʡʥʦʶ ʩʫʤʽʰʰʶ ʙʝʟ ʜʦʩʪʫʧʫ ʘʪʤʦʩʬʝʨʥʦʛʦ ʧʦʚʽʪʨʷ ʚ ʮʠʪʨʘʪʥʽʡ ʙʫʬʝʨʥʽʡ ʩʠʩʪʝʤʽ 

ʟʘ ʨʅ 4.5, ʊ = 308 ʂ ʪʘ ʘʪʤʦʩʬʝʨʥʦʛʦ ʪʠʩʢʫ. ʂʦʥʮʝʥʪʨʘʮʽʷ ʬʝʨʤʝʥʪʫ ʫ ʚʩʽʭ ʝʢʩʧʝʨʠʤʝʥʪʘʭ 

ʙʫʣʘ ʧʦʩʪʽʡʥʦʶ ʽ ʩʢʣʘʜʘʣʘ 57 ʤʛ/ʣ ʨʝʘʢʮʽʡʥʦʾ ʩʫʤʽʰʽ. ɿʘʧʠʩ ʢʽʥʝʪʠʯʥʠʭ ʢʨʠʚʠʭ ʙʫʣʦ 

ʚʠʢʦʥʘʥʦ ʟ ʜʦʧʦʤʦʛʦʶ ʪʝʨʤʦʦʢʩʠʤʝʪʨʫ çɽʢʩʧʝʨʪ-001è, ʦʙʣʘʜʥʘʥʦʛʦ ʝʣʝʢʪʨʦʜʦʤ ʂʣʘʨʢʘ. 

ʇʦʢʘʟʘʥʦ, ʱʦ ʚʠʪʨʘʯʘʥʥʷ ʢʠʩʥʶ ʚ ʩʠʩʪʝʤʽ ʧʦʯʠʥʘʻʪʴʩʷ ʦʜʨʘʟʫ ʧʽʩʣʷ ʚʚʝʜʝʥʥʷ 

ʣʘʢʢʘʟʠ. ʇʨʠʯʦʤʫ, ʚ ʽʥʪʝʨʚʘʣʽ ʢʦʥʮʝʥʪʨʘʮʽʡ ɻʍ ʚʽʜ 4.7Ŀ10-4 ʜʦ 1.15Ŀ10-3 ʤʦʣʴ/ʣ ʟʽ 

ʟʙʽʣʴʰʝʥʥʷʤ ʢʦʥʮʝʥʪʨʘʮʽʾ ʩʫʙʩʪʨʘʪʫ, ʟʙʽʣʴʰʫʻʪʴʩʷ ʽ ʰʚʠʜʢʽʩʪʴ ʚʠʪʨʘʯʘʥʥʷ ʢʠʩʥʶ ʚ 

ʩʠʩʪʝʤʽ (ʢʨʠʚʽ 1ï3 ʥʘ ʈʠʩ.). ʇʦʜʘʣʴʰʝ ʟʙʽʣʴʰʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ ɻʍ ʥʝ ʚʧʣʠʚʘʻ ʥʘ 

ʰʚʠʜʢʽʩʪʴ ʨʝʘʢʮʽʾ (ʢʨʠʚʘ 4), ʦʯʝʚʠʜʥʦ, ʯʝʨʝʟ ʜʦʩʷʛʥʝʥʥʷ ʥʘʩʠʯʝʥʥʷ ʬʝʨʤʝʥʪʫ 

ʩʫʙʩʪʨʘʪʦʤ. ɿ ʧʦʯʘʪʢʦʚʠʭ ʧʨʷʤʦʣʽʥʽʡʥʠʭ 

ʜʽʣʷʥʦʢ ʢʽʥʝʪʠʯʥʠʭ ʢʨʠʚʠʭ 

ʬʝʨʤʝʥʪʘʪʠʚʥʦʛʦ ʦʢʠʩʣʝʥʥʷ ɻʍ ʙʫʣʠ 

ʦʜʝʨʞʘʥʽ ʟʥʘʯʝʥʥʷ ʧʦʯʘʪʢʦʚʦʾ ʰʚʠʜʢʦʩʪʽ 

ʨʝʘʢʮʽʾ ʟʘ ʨʽʟʥʠʭ ʢʦʥʮʝʥʪʨʘʮʽʡ ʩʫʙʩʪʨʘʪʫ.  

ɿʘ ʨʽʚʥʷʥʥʷʤ ʄʽʭʘʝʣʽʩʘ-ʄʝʥʪʝʥ ʚ 

ʧʦʜʚʽʡʥʠʭ ʦʙʝʨʥʝʥʠʭ ʢʦʦʨʜʠʥʘʪʘʭ 

ʃʘʡʥʫʽʚʝʨʘ-ɹʝʨʢʘ ʙʫʣʦ ʚʠʟʥʘʯʝʥʦ 

ʤʘʢʩʠʤʘʣʴʥʫ ʰʚʠʜʢʽʩʪʴ ʪʘ ʢʦʥʩʪʘʥʪʫ 

ʄʽʭʘʝʣʽʩʘ ʣʘʢʢʘʟʥʦʛʦ ʦʢʠʩʥʝʥʥʷ ɻʍ, ʷʢʽ 

ʩʢʣʘʣʠ ʚʽʜʧʦʚʽʜʥʦ 3,1Ŀ10-7 ʄĿʩ-1 ʪʘ 740 ʤʢʄ.  

ʆʜʝʨʞʘʥʽ ʨʝʟʫʣʴʪʘʪʠ 

ʩʧʽʚʚʽʜʥʦʩʷʪʴʩʷ ʟ ʢʽʥʝʪʠʯʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ 

ʨʝʘʢʮʽʾ, ʦʜʝʨʞʘʥʠʤʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʽʥʰʠʭ 

ʤʝʪʦʜʽʚ. ʎʝ ʩʚʽʜʯʠʪʴ ʧʨʦ ʧʝʨʩʧʝʢʪʠʚʥʽʩʪʴ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʝʪʦʜʫ ʘʤʧʝʨʦʤʝʪʨʠʯʥʦʾ 

ʢʠʩʥʝʤʝʪʨʽʾ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʣʘʢʢʘʟʦ-

ʤʝʜʽʘʪʦʨʥʠʭ ʩʠʩʪʝʤ. 

  

ʈʠʩ. ʂʽʥʝʪʠʯʥʽ ʢʨʠʚʽ ʚʠʪʨʘʯʘʥʥʷ 

ʢʠʩʥʶ ʚ ʨʝʘʢʮʽʾ ʣʘʢʢʘʟʥʦʛʦ 

ʦʢʠʩʥʝʥʥʷ ɻʍ ʨʽʟʥʠʭ ʢʦʥʮʝʥʪʨʘʮʽʡ: 

ʉ[ɻʍ] = 4.7Ŀ10-4 ʄ (1); 7.0Ŀ10-4 ʄ (2); 

1.15Ŀ10-3 ʄ (3); 1.4Ŀ10-3 ʄ (4) 
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ʄɽʍɸʅɯʏʅɯ ɺʃɸʉʊʀɺʆʉʊɯ ɸʄʆʈʌʅʀʍ ʄɽʊɸʃɽɺʀʍ ʉʇʃɸɺɯɺ ʉʀʉʊɽʄ 

Fe82Nb2B14RE2 (RE = Y, Gd, Tb, Dy) 

ɼʘʥʠʣʷʢ ʄ.-ʆ. ʄ., ɹʦʡʯʠʰʠʥ ʃ. ʄ. 

ʃʴʚʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ɯʚʘʥʘ ʌʨʘʥʢʘ 

danuliak-olena@ukr.net 
 

ɸʤʦʨʬʥʽ ʤʝʪʘʣʝʚʽ ʩʧʣʘʚʠ (ɸʄʉ) ʚʦʣʦʜʽʶʪʴ ʮʽʥʥʠʤ ʢʦʤʧʣʝʢʩʦʤ ʤʝʭʘʥʽʯʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ, ʷʢʽ ʟʘʣʝʞʘʪʴ ʚʽʜ ʾʭʥʴʦʛʦ ʝʣʝʤʝʥʪʥʦʛʦ ʩʢʣʘʜʫ. ʇʝʨʰ ʟʘ ʚʩʝ ʾʭ ʦʩʦʙʣʠʚʽʩʪʶ 

ʻ ʧʦʻʜʥʘʥʥʷ ʚʠʩʦʢʦʾ ʪʚʝʨʜʦʩʪʽ ʪʘ ʤʽʮʥʦʩʪʽ. 

ʆʙôʻʢʪʦʤ ʜʦʩʣʽʜʞʝʥʥʷ ʙʫʣʠ ʘʤʦʨʬʥʽ ʤʝʪʘʣʝʚʽ ʩʧʣʘʚʠ ʥʘ ʦʩʥʦʚʽ ʟʘʣʽʟʘ ʣʝʛʦʚʘʥʽ 

ʨʽʜʢʽʩʥʦʟʝʤʝʣʴʥʠʤʠ ʤʝʪʘʣʘʤʠ (RE): Fe84Nb2B14, Fe82Nb2B14Y2, Fe82Nb2B14Gd2, 

Fe82Nb2B14Tb2 ʪʘ Fe82Nb2B14Dy2 ʫ ʚʠʛʣʷʜʽ ʩʪʨʽʯʦʢ ʟ ʪʦʚʱʠʥʦʶ ʽ ʰʠʨʠʥʦʶ (20ï25)Ț10-6 ʤ 

ʽ 3Ț10-3 ʤ, ʚʽʜʧʦʚʽʜʥʦ, ʦʪʨʠʤʘʥʽ ʤʝʪʦʜʦʤ ʩʧʽʥʽʥʛʫʚʘʥʥʷ ʨʦʟʧʣʘʚʫ. ɼʦʩʣʽʜʞʝʥʽ ʘʤʦʨʬʥʽ 

ʩʧʣʘʚʠ ʚʠʛʦʪʦʚʣʝʥʽ ʚ ɯʥʩʪʠʪʫʪʽ ʤʝʪʘʣʦʬʽʟʠʢʠ ʅɸʅ ʋʢʨʘʾʥʠ. 

ɼʣʷ ʚʩʪʘʥʦʚʣʝʥʥʷ ʤʝʭʘʥʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ɸʄʉ ʩʠʩʪʝʤ Fe82Nb2B14RE2 (RE = 

Y, Gd, Tb, Dy) ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʚʠʟʥʘʯʝʥʥʷ ʤʽʢʨʦʪʚʝʨʜʦʩʪʽ ʟʘ ɺʽʢʝʨʩʦʤ. ɼʣʷ 

ʚʠʧʨʦʙʫʚʘʥʥʷ ʥʘ ʤʽʢʨʦʪʚʝʨʜʽʩʪʴ ʟʘʩʪʦʩʦʚʫʚʘʣʠ ʧʨʠʣʘʜ ʇʄʊ-3. ʄʽʢʨʦʪʚʝʨʜʽʩʪʴ 

ʚʠʟʥʘʯʘʣʠ ʜʣʷ ʢʦʥʪʘʢʪʥʦʛʦ ʪʘ ʟʦʚʥʽʰʥʴʦʛʦ ʙʦʢʽʚ ʜʦʩʣʽʜʞʝʥʠʭ ɸʄʉ. ɿ ʦʜʝʨʞʘʥʠʭ 

ʨʝʟʫʣʴʪʘʪʽʚ, ʷʢʽ ʧʨʝʜʩʪʘʚʣʝʥʦ ʫ ʪʘʙʣʠʮʽ, ʙʘʯʠʤʦ ʱʦ ʤʝʭʘʥʽʯʥʽ ʧʘʨʘʤʝʪʨʠ ʜʣʷ ʢʦʥʪʘʢʪʥʦʛʦ 

ʪʘ ʟʦʚʥʽʰʥʴʦʛʦ ʙʦʢʽʚ ɸʄʉ ʩʠʩʪʝʤ Fe82Nb2B14RE2 (RE = Y, Gd, Tb, Dy) ʚʽʜʨʽʟʥʷʶʪʴʩʷ. ʎʷ 

ʨʽʟʥʠʮʷ ʟʫʤʦʚʣʝʥʘ ʪʝʭʥʦʣʦʛʽʯʥʠʤ ʧʨʦʮʝʩʦʤ ʚʠʨʦʙʥʠʮʪʚʘ ʘʤʦʨʬʥʠʭ ʩʪʨʽʯʦʢ. ʂʦʥʪʘʢʪʥʠʡ 

ʙʽʢ ʘʤʦʨʬʥʦʾ ʩʪʨʽʯʢʠ ʚʦʣʦʜʽʻ ʙʽʣʴʰʦʶ ʘʤʦʨʬʥʽʩʪʶ ʯʝʨʝʟ ʙʽʣʴʰʫ ʰʚʠʜʢʽʩʪʴ 

ʦʭʦʣʦʜʞʝʥʥʷ. ɺʥʘʩʣʽʜʦʢ ʬʦʨʤʫʚʘʥʥʷ ʩʪʨʽʯʦʢ ʽʟ ʰʚʠʜʢʽʩʪʶ 105ï106 ʂ/ʩ ʫ ʘʤʦʨʬʥʽʡ 

ʩʪʨʫʢʪʫʨʽ ɸʄʉ ʩʠʩʪʝʤ Fe82Nb2B14RE2 ʬʦʨʤʫʶʪʴʩʷ ʢʦʣʦʥʽʾ ʢʣʘʩʪʝʨʽʚ, ʷʢʽ ʤʽʩʪʷʪʴ ʜʦ 4 

ʘʪʦʤʽʚ. ʄʽʞʧʣʦʱʠʥʥʽ ʚʽʜʜʘʣʽ ʚ ʢʦʣʦʥʽʷʭ ʫ ɸʄʉ ʣʝʛʦʚʘʥʠʭ Dy ʻ ʤʝʥʰʽ ʪʦʤʫ ʤʝʞʽ 

ʜʠʩʣʦʢʘʮʽʡ ʧʨʠ ʚʠʩʦʢʠʭ ʥʘʚʘʥʪʘʞʝʥʥʷʭ ʥʝ ʨʫʡʥʫʶʪʴʩʷ, ʘ ʤʽʢʨʦʪʚʝʨʜʽʩʪʴ ʟʨʦʩʪʘʻ.  

ʃʝʛʫʚʘʥʥʷ ʙʘʟʦʚʦʛʦ ɸʄʉ Fe84Nb2B14 ʣʠʰʝ 2 ʘʪ. % RE ʟʙʽʣʴʰʫʻ ʟʥʘʯʝʥʥʷ 

ʤʽʢʨʦʪʚʝʨʜʦʩʪʽ ʫʩʽʭ ʩʧʣʘʚʽʚ, ʱʦ ʟʫʤʦʚʣʝʥʦ ʧʨʠʩʫʪʥʽʩʪʶ ʦʢʩʠʜʥʠʭ ʰʘʨʽʚ ʫʪʚʦʨʝʥʠʭ RE 

ʥʘ ʧʦʚʝʨʭʥʽ ɸʄʉ ʚʥʘʩʣʽʜʦʢ ʢʦʥʪʘʢʪʫ ̔ ʟ ʧʦʚʽʪʨʷʤ. ʅʘʡʙʽʣʴʰʠʤ ʟʥʘʯʝʥʥʷʤ ʤʽʢʨʦʪʚʝʨʜʦʩʪʽ 

ʩʝʨʝʜ ʣʝʛʦʚʘʥʠʭ ʩʧʣʘʚʽʚ ʚʦʣʦʜʽʻ ʩʧʣʘʚ Fe82Nb2B14Dy2. 

 

ʊʘʙʣʠʮʷ. ʄʽʢʨʦʪʚʝʨʜʽʩʪʴ ɸʄʉ ʩʠʩʪʝʤ Fe82Nb2B14RE2, ʜʝ RE = Y, Gd, Tb, Dy 

ɸʄʉ 

Hv, ɻʇʘ ʇʝʨʽʦʜ 

ʛʨʘʪʢʠ 

RE, Ȕ 

ɽʣʝʢʪʨʦʥʥʘ 

ʢʦʥʬʽʛʫʨʘʮʽʷ 

RE 

ɻʫʩʪʠʥʘ 

RE, ʛ/ʩʤį ʂʦʥʪʘʢʪʥʠʡ 

ʙʽʢ 

ɿʦʚʥʽʰʥʽʡ 

ʙʽʢ 

Fe84Nb2B14 8.73 9.44 - - - 

Fe82Nb2B14Y2 9.91 12.48 3.65 4d15s2 4.47 

Fe82Nb2B14Gd2 9.58 12.81 3.64 5d16s2 7.90 

Fe82Nb2B14Tb2 9.84 12.93 3.60 4f96s2 8.23 

Fe82Nb2B14Dy2 10.63 13.33 3.59 4f106s2 8.55 

 

ʆʪʞʝ, ʤʽʢʨʦʪʚʝʨʜʽʩʪʴ ʜʣʷ ʟʦʚʥʽʰʥʴʦʛʦ ʙʦʢʫ ʜʘʥʠʭ ɸʄʉ ʻ ʟʥʘʯʥʦ ʙʽʣʴʰʦʶ. 

ʃʝʛʫʚʘʥʥʷ RE ʩʧʣʘʚʫ Fe84Nb2B14 ʟʙʽʣʴʰʫʻ ʤʽʢʨʦʪʚʝʨʜʽʩʪʴ ʜʣʷ ʦʙʦʭ ʙʦʢʽʚ ʩʪʨʽʯʢʠ. 

ʇʨʠʨʽʩʪ ʤʽʢʨʦʪʚʝʨʜʦʩʪʽ ʚʥʘʩʣʽʜʦʢ ʣʝʛʫʚʘʥʥʷ RE ʢʦʣʠʚʘʻʪʴʩʷ ʚ ʜʽʘʧʘʟʦʥʽ 0.85ï1.90 ɻʇʘ 

ʜʣʷ ʢʦʥʪʘʢʪʥʦʛʦ ʙʦʢʫ ʪʘ ʚ ʜʽʘʧʘʟʦʥʽ 3.04ï3.89 ɻʇʘ ʜʣʷ ʟʦʚʥʽʰʥʴʦʛʦ ʙʦʢʫ ʩʪʨʽʯʢʠ ɸʄʉ. 
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03164, Ukraine 
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Construction of pH sensors is widely studied for a variety of chemical, medical, and 

biochemical applications. One of the most reliable approaches to create pH sensing material 

with improved properties is immobilization of acid-base indicator on solid support. Among 

inorganic proton permeable carriers silica attracts considerable attention due to high chemical 

and thermal stability, good biocompatibility and optical transparency, negligible swelling in 

solvents, easy control on the structural parameters and chemical composition. 

In the present work, we focused our attention on the synthesis of pH sensor based on 

mesoporous amorphous silica ï silochrome C-120 with chemically immobilized methyl red 

(MR). On the first stage, aminopropyl silica was synthesized by the reaction between silanol 

groups of silica surface and ethoxy groups of (3-aminopropyl)triethoxysilane. Then, grafting of 

acid-base indicator MR on aminopropyl silica was realized under mild conditions by use of 

coupling agent (1,1¡-carbonyldiimidazole). 

The content of MR moieties chemically immobilized on silica support was estimated by 

chemical and thermogravimetric analysis of surface layer as well as using diffuse reflectance 

UV-Vis (DRUV) spectroscopy. In the case of chemical analysis, cleavage of grafted MR from 

the carrier was achieved by hydrolysis of amide bonds in aqueous medium and reaction solution 

was analyzed by transmittance UV-Vis spectroscopy. The results of thermogravimetric analysis 

obtained for silica carrier with grafted MR moieties were compared with that ones for 

aminopropyl silica and content of chemically immobilized dye was estimated from the 

difference in weight loss. To determine the amount of chemically bonded MR by DRUV 

spectroscopy, calibration curves plotted for a series of standards across a range of dye contents 

deposited on aminopropyl silica near its expected amounts in synthesized organosilicas were 

used. Obtained results are represented in Table. Comparison of the MR content estimated by 

chemical, thermogravimetric, and DRUV analysis proves good agreement of obtained results. 

 

Table. Content of MR chemically immobilized on silica surface. 

Silica 

Content of MR 

DRUV analysis, 

mmol/g 

chemical analysis, 

mmol/g 

thermogravimetric 

analysis, mmol/g 

1-MR-NH2-C-120 0.026 0.024 0.027 

2-MR-NH2-C-120 0.020 0.020 0.022 

3-MR-NH2-C-120 0.018 0.016 0.015 

 

Chemical immobilization of MR on solid support may cause substantial changes in 

indicatorôs protolytic properties due to the involving of one of its functionalities into the 

covalent bonding with surface 3-aminopropyl groups. Therefore, acid-base equilibria of surface 

functional groups were studied by potentiometric titration method and the ionization constants 

values were estimated to confirm the ability of synthesized pH sensor material to acid-base 

response. It was found that the protonation of surface MR-containing functionalities proceeds 

at higher pH values in comparison with individual indicator dye. 
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ʀɿʋʏɽʅʀɽ ɸʅʊʀʈɸɼʀʂɸʃʔʅʓʍ ʉɺʆʁʉʊɺ ʆʉʅʆɺɸʅʀʁ ʐʀʌʌɸ 

ɻʆʉʉʀʇʆʃɸ ɺ ʈɽɸʂʎʀʀ ʉ ɼʌʇɻ ɺ ʇʈʀʉʋʊʉʊɺʀʀ HCl 

ɼʠʢʫʥ ɸ. ʄ., ʈʝʜʴʢʦ ɸ. ʅ., ʈʳʙʘʯʝʥʢʦ ɺ. ʀ. 

ʀʥʩʪʠʪʫʪ ʬʠʟʠʢʦ-ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠ ʫʛʣʝʭʠʤʠʠ  

ʠʤ. ʃ. ʄ. ʃʠʪʚʠʥʝʥʢʦ ʅɸʅ ʋʢʨʘʠʥʳ 

amdykun@gmail.com 

 

ʆʩʥʦʚʘʥʠʷ ʐʠʬʬʘ ʛʦʩʩʠʧʦʣʘ ï ʩʦʝʜʠʥʝʥʠʷ ʥʘ ʦʩʥʦʚʝ ʧʦʣʠʬʝʥʦʣʘ ʧʨʠʨʦʜʥʦʛʦ 

ʧʨʦʠʩʭʦʞʜʝʥʠʷ, ʛʦʩʩʠʧʦʣʘ, ʦʙʣʘʜʘʶʪ ʷʨʢʦ ʚʳʨʘʞʝʥʥʦʡ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʴʶ ʠ 

ʷʚʣʷʶʪʩʷ ʵʬʬʝʢʪʠʚʥʳʤʠ ʘʥʪʠʨʘʜʠʢʘʣʴʥʳʤʠ ʘʛʝʥʪʘʤʠ. ʆʜʥʘʢʦ, ʠʩʩʣʝʜʦʚʘʥʠʝ 

ʘʥʪʠʨʘʜʠʢʘʣʴʥʳʭ ʩʚʦʡʩʪʚ ʦʩʥʦʚʘʥʠʡ ʐʠʬʬʘ ʛʦʩʩʠʧʦʣʘ ʚ ʤʦʜʝʣʴʥʳʭ ʨʝʘʢʮʠʷʭ ʩʦ 

ʩʚʦʙʦʜʥʳʤ ʨʘʜʠʢʘʣʦʤ ɼʌʇɻ ʠʣʠ ʢʘʪʠʦʥ-ʨʘʜʠʢʘʣʦʤ ɸɹʊʉ ʦʛʨʘʥʠʯʝʥʦ, ʠʟ-ʟʘ ʚʳʩʦʢʦʡ 

ʩʢʦʨʦʩʪʠ ʧʨʦʮʝʩʩʘ ʥʘ ʥʘʯʘʣʴʥʳʭ ʩʪʘʜʠʷʭ. 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʚʚʝʜʝʥʠʝ ʢʠʩʣʦʪʳ ʚ ʨʝʘʢʮʠʦʥʥʫʶ ʩʨʝʜʫ ʩʫʱʝʩʪʚʝʥʥʦ ʫʤʝʥʴʰʘʝʪ 

ʩʢʦʨʦʩʪʴ ʨʝʘʢʮʠʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʬʝʥʦʣʦʚ ʩʦ ʩʪʘʙʠʣʴʥʳʤ ʨʘʜʠʢʘʣʦʤ ɼʌʇɻ. ɺ ʜʘʥʥʦʡ 

ʨʘʙʦʪʝ ʠʟʫʯʝʥʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʨʷʜʘ ʦʩʥʦʚʘʥʠʡ ʐʠʬʬʘ ʛʦʩʩʠʧʦʣʘ ʩ ɼʌʇɻ ʚ ʵʪʘʥʦʣʝ ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ ʤʠʢʨʦʢʦʣʣʠʯʝʩʪʚ ʅʉl. 

ʅʘ ʨʠʩ. ʧʨʝʜʩʪʘʚʣʝʥʦ ʩʪʨʦʝʥʠʝ ʠ ʚʦʟʤʦʞʥʳʝ ʪʘʫʪʦʤʝʨʥʳʝ ʬʦʨʤʳ ʠʟʫʯʝʥʥʳʭ 

ʦʩʥʦʚʘʥʠʡ ʐʠʬʬʘ ʛʦʩʩʠʧʦʣʘ. 

 

 
ʈʠʩ. ʉʪʨʦʝʥʠʝ ʪʘʫʪʦʤʝʨʦʚ ʦʩʥʦʚʘʥʠʡ ʐʠʬʬʘ ʛʦʩʩʠʧʦʣʘ 

 

ʊʘʙʣʠʮʘ. ʕʬʬʝʢʪʠʚʥʳʝ ʢʦʥʩʪʘʥʪʳ ʩʢʦʨʦʩʪʠ (ʣĬʤʦʣʴ-1Ĭʩ-1) ʨʝʘʢʮʠʠ ɼʌʇɻ 

((1,0Ñ0,04)Ĭ10-4ʄ) ʩ ʠʤʠʥʦʧʨʦʠʟʚʦʜʥʳʤʠ ʛʦʩʩʠʧʦʣʘ ((1,25Ñ0,05)Ĭ10-5ʄ) ʚ ʵʪʘʥʦʣʝ ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ HCl ʧʨʠ 283 ʂ 

 GDA GDFA GMTA GAMI 

k, ʣĬʤʦʣʴ-1Ĭʩ-1 231Ñ23 307Ñ25 385Ñ26 193Ñ20 

 

ʀʟ ʜʘʥʥʳʭ ʪʘʙʣ. ʩʣʝʜʫʝʪ, ʯʪʦ ʧʦ ʚʦʟʨʘʩʪʘʥʠʶ ʨʝʘʢʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʚ ʨʝʘʢʮʠʠ 

ʩ ɼʌʇɻ ʚ ʧʨʠʩʫʪʩʪʚʠʠ HCl ʠʟʫʯʝʥʥʳʝ ʦʩʥʦʚʘʥʠʷ ʐʠʬʬʘ ʦʙʨʘʟʫʶʪ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ: 

GMTA>GDFA>GDA>GAMI. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʦʙʘʚʣʝʥʠʝ ʤʠʢʨʦʢʦʣʣʠʯʝʩʪʚ ʅʉl ʚ ʨʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ ʧʦʟʚʦʣʠʣʦ 

ʦʮʝʥʠʪʴ ʨʝʘʢʮʠʦʥʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʠʤʠʥʦʧʨʦʠʟʚʦʜʥʳʭ ʛʦʩʩʠʧʦʣʘ ʚ ʨʝʘʢʮʠʠ ʩ ɼʌʇɻ ʩ 

ʫʯʝʪʦʤ ʥʘʯʘʣʴʥʦʡ ʩʪʘʜʠʠ ʨʝʘʢʮʠʠ.  
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ʂʀʉʃʆʊʅʆ-ʆʉʅʆɺʅʓɽ ʉɺʆʁʉʊɺɸ E- ʀ Z-ʌʆʈʄ 1,3-ɼʀʄɽʊʀʃ-2-

(ɻʀɼʈʆʂʉʀʄʀʅʆʄɽʊʀʃ)ʀʄʀɼɸɿʆʃʀʁ ʀʆɼʀɼɸ 

ʂʘʧʠʪʘʥʦʚ ʀ. ɺ., ʉʝʨʜʶʢ ɸ. ɸ., ɹʫʨʘʢʦʚ ʅ. ʀ., ʐʫʤʝʡʢʦ ɸ. ɽ., ʂʘʨʧʠʯʝʚ ɽ. ɸ. 

ʀʥʩʪʠʪʫʪ ʬʠʟʠʢʦ-ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠ ʫʛʣʝʭʠʤʠʠ ʠʤ. ʃ. ʄ. ʃʠʪʚʠʥʝʥʢʦ ʅɸʅʋ 

ʀʥʩʪʠʪʫʪ ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʅɸʅʋ 

ivkapitanov@gmail.com 

 

1,3-ɼʠʤʝʪʠʣ-2-(ʛʠʜʨʦʢʩʠʤʠʥʦʤʝʪʠʣ)ʠʤʠʜʘʟʦʣʠʡ ʡʦʜʠʜ (ʆʭʅ) ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʢʦʥʬʠʛʫʨʘʮʠʠ ʦʢʩʠʤʥʦʡ ʛʨʫʧʧʳ ʤʦʞʝʪ ʩʫʱʝʩʪʚʦʚʘʪʴ ʚ ʚʠʜʝ ʜʚʫʭ ʠʟʦʤʝʨʦʚ ï E- ʠ 

Z-ʬʦʨʤ. 

 

      
 

ʇʦʩʢʦʣʴʢʫ ʚʝʣʠʯʠʥʳ ʨʂʘ ʪʘʢʠʭ ʠʟʦʤʝʨʦʚ ʤʦʛʫʪ ʩʫʱʝʩʪʚʝʥʥʦ ʦʪʣʠʯʘʪʴʩʷ, ʯʪʦ, 

ʥʝʩʦʤʥʝʥʥʦ, ʙʫʜʝʪ ʦʢʘʟʳʚʘʪʴ ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʠʭ ʩʚʦʡʩʪʚʘ, ʥʘʤʠ ʩ ʧʦʤʦʱʴʶ 

ʗʄʈ-ʪʠʪʨʦʚʘʥʠʷ ʦʧʨʝʜʝʣʝʥʳ ʠʭ ʢʠʩʣʦʪʥʦ-ʦʩʥʦʚʥʳʝ ʩʚʦʡʩʪʚʘ. 

ʇʦʣʫʯʝʥʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʭʠʤʠʯʝʩʢʦʛʦ ʩʜʚʠʛʘ ʢʘʞʜʦʡ ʠʟ ʛʨʫʧʧ ʧʨʦʪʦʥʦʚ ʦʪ ʨʅ 

ʩʨʝʜʳ ʘʥʘʣʠʟʠʨʦʚʘʣʠʩʴ ʩ ʧʦʤʦʱʴʶ ʫʨʘʚʥʝʥʠʷ ŭ = ŭ0 ï ȹŭĀ[Ka/(Ka + aH+)], ʛʜʝ ŭ ï 

ʥʘʙʣʶʜʘʝʤʘʷ ʚʝʣʠʯʠʥʘ ʭʠʤʠʯʝʩʢʦʛʦ ʩʜʚʠʛʘ ʩʠʛʥʘʣʘ ʛʨʫʧʧʳ ʧʨʦʪʦʥʦʚ ʧʨʠ ʜʘʥʥʦʤ 

ʟʥʘʯʝʥʠʠ ʨʅ, ʤ.ʜ.; ŭ0 ï ʧʦʣʦʞʝʥʠʝ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʩʤʝʱʝʥʠʷ ʩʠʛʥʘʣʘ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ 

ʘʥʠʦʥʥʦʡ ʬʦʨʤʝ, ʤ.ʜ., ȹŭ ï ʚʝʣʠʯʠʥʘ ʩʤʝʱʝʥʠʷ ʩʠʛʥʘʣʘ, ʤ.ʜ.; Ka ï ʢʦʥʩʪʘʥʪʘ ʢʠʩʣʦʪʥʦʡ 

ʠʦʥʠʟʘʮʠʠ; aH+ ï ʘʢʪʠʚʥʦʩʪʴ ʠʦʥʦʚ ʚʦʜʦʨʦʜʘ. ʈʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ ʠ ʧʘʨʘʤʝʪʨʳ ʫʨʘʚʥʝʥʠʷ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ. 

 

ʊʘʙʣʠʮʘ. ʂʠʩʣʦʪʥʦ-ʦʩʥʦʚʥʳʝ ʩʚʦʡʩʪʚʘ (ʨʂʘ) 1,3-ʜʠʤʝʪʠʣ-2-(ʛʠʜʨʦʢʩʠʤʠʥʦ-

ʤʝʪʠʣ)ʠʤʠʜʘʟʦʣʠʡ ʠʦʜʠʜʘ (OxH) ʧʦ ʜʘʥʥʳʤ 1ʅ ʗʄʈ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ; 25 ÁC 

ʉʠʛʥʘʣ 
E-ʬʦʨʤʘ Z-ʬʦʨʤʘ 

AOx BOx COx AOx BOx COx 

ŭ0, ʤ.ʜ. 8.43 7.49 3.93 7.81 7.55 3.80 

ȹŭ, ʤ.ʜ. 0.29 0.15 0.10 0.20 0.13 0.10 

ʨʂʘ 8.60Ñ0.06 8.58Ñ0.08 8.56Ñ0.08 8.54Ñ0.06 8.50Ñ0.08 8.51Ñ0.08 

ʨʂʘ (ʩʨ.) 8.58Ñ0.08 8.52Ñ0.08 

ʇʨʠʤʝʯʘʥʠʷ. ɺ ʢʘʯʝʩʪʚʝ ʨʘʩʪʚʦʨʠʪʝʣʷ ʠʩʧʦʣʴʟʦʚʘʥ ʨʘʩʪʚʦʨ 1 M KCl ʚ ʩʤʝʩʠ D2O / ʅ2O 

(20:80). ʇʦʛʨʝʰʥʦʩʪʴ ʨʘʩʯʝʪʘ ʚʝʣʠʯʠʥ ŭ0 ʠ ȹŭ ʩʦʩʪʘʚʣʷʣʘ Ñ 0,01 ʤ.ʜ. 

 

ɼʘʥʥʳʝ ʪʘʙʣʠʮʳ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʪʦʤ, ʯʪʦ ʨʂʘ E- ʠ Z-ʬʦʨʤ 1,3-ʜʠʤʝʪʠʣ-2-

(ʛʠʜʨʦʢʩʠʤʠʥʦʤʝʪʠʣ)ʠʤʠʜʘʟʦʣʠʡ ʡʦʜʠʜʘ (ʆʭʅ) ʚ ʧʨʝʜʝʣʘʭ ʧʦʛʨʝʰʥʦʩʪʠ ʵʢʩʧʝʨʠʤʝʥʪʘ 

ʥʝ ʦʪʣʠʯʘʶʪʩʷ ʤʝʞʜʫ ʩʦʙʦʡ. 
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ʊɽʈʄʆɼʀʅɸʄɯʂɸ ʆʊʈʀʄɸʅʅʗ ʄʆʅʆɼʀʉʇɽʈʉʅʀʍ ʏɸʉʊʀʅʆʂ SiO2 

ɻɯɼʈʆʃɯɿʆʄ ʊɽʊʈɸɽʊʆʂʉʀʉʀʃɸʅʋ ɺ ʉʀʉʊɽʄɯ Si-O-H-C-N 

ʂʘʶʥ ɯ. ɻ., ʄʠʩʦʚ ʆ. ʇ. 

ɼɺʅɿ çʋʢʨʘʾʥʩʴʢʠʡ ʜʝʨʞʘʚʥʠʡ ʭʽʤʽʢʦ-ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪè ʋʢʨʘʾʥʘ, ɼʥʽʧʨʦ 
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ɸʢʪʫʘʣʴʥʽʩʪʴ ʦʪʨʠʤʘʥʥʷ ʤʦʥʦʜʠʩʧʝʨʩʥʠʭ ʯʘʩʪʠʥʦʢ SiO2 ʦʙʫʤʦʚʣʝʥʘ ʾʭ ʰʠʨʦʢʠʤ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʚ ʧʨʦʤʠʩʣʦʚʦʩʪʽ: ʦʪʨʠʤʘʥʥʷ ʦʧʘʣʽʚ, ʬʦʪʦʥʥʠʭ ʢʨʠʩʪʘʣʽʚ, ʚ ʭʽʤʽʯʥʽʡ 

ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʷʢ ʩʢʣʘʜʦʚʠʭ ʢʘʪʘʣʽʟʘʪʦʨʽʚ ʽ ʪ. ʜ. ʉʠʥʪʝʟ ʤʦʥʦʜʠʩʧʝʨʩʥʠʭ ʯʘʩʪʠʥʦʢ SiO2 

ʛʽʜʨʦʣʽʟʦʤ ʪʝʪʨʘʝʪʦʢʩʠʩʠʣʘʥʫ (ʊɽʆʉ) ʟʘ ʤʝʪʦʜʦʤ ʐʪʦʙʝʨʘ, ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʘ ʨʝʘʢʮʽʻʶ (1) 

ʚ ʚʦʜʥʦ-ʩʧʠʨʪʦʚʦ-ʘʤʽʘʯʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ.  

Si(OC2H5)4 + 2H2O Ÿ SiO2 + 4C2H5OH   (1) 

ʅʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʠʥʪʝʟʦʚʘʥʠʭ ʯʘʩʪʠʥʦʢ SiO2 ʚ ʟʥʘʯʥʽʡ ʤʽʨʽ ʚʧʣʠʚʘʶʪʴ ʥʘʩʪʫʧʥʽ 

ʪʝʭʥʦʣʦʛʽʯʥʽ ʧʘʨʘʤʝʪʨʠ: ʪʝʤʧʝʨʘʪʫʨʘ ʪʘ ʢʠʩʣʦʪʥʽʩʪʴ ʨʦʟʯʠʥʫ, ʢʦʥʮʝʥʪʨʘʮʽʷ ʨʝʘʛʝʥʪʽʚ. 

ɺʠʚʯʝʥʥʷ ʚʧʣʠʚʫ ʚʢʘʟʘʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤ ʰʣʷʭʦʤ ʫʪʨʫʜʥʝʥʝ ʯʝʨʝʟ 

ʚʠʩʦʢʫ ʨʝʘʢʮʽʡʥʫ ʟʜʘʪʥʽʩʪʴ ʊɽʆʉ. ʊʦʤʫ ʜʦʮʽʣʴʥʦ ʧʨʦʚʝʩʪʠ ʪʝʨʤʦʜʠʥʘʤʽʯʥʽ ʜʦʩʣʽʜʞʝʥʥʷ 

ʩʠʩʪʝʤʠ Si-O-H-C-N. 

ʊʝʨʤʦʜʠʥʘʤʽʯʥʽ ʨʦʟʨʘʭʫʥʢʠ ʚ ʩʠʩʪʝʤʽ Si-O-H-C-N ʧʨʦʚʦʜʠʣʠ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʧʨʦʛʨʘʤʥʦʛʦ ʢʦʤʧʣʝʢʩʫ çʉʝʣʝʢʪʦʨè. ʇʨʠʥʮʠʧ, ʟʘʢʣʘʜʝʥʠʡ ʚ ʧʨʦʛʨʘʤʽ, ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ 

ʤʽʥʽʤʽʟʘʮʽʾ ʽʟʦʙʘʨʥʦ-ʽʟʦʪʝʨʤʽʯʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ ɻʽʙʙʩʘ. ɺ ʪʝʨʤʦʜʠʥʘʤʽʯʥʽʡ ʤʦʜʝʣʽ 

ʚʠʢʦʨʠʩʪʘʥʽ ʩʪʘʥʜʘʨʪʥʽ ʙʘʟʠ ʜʘʥʠʭ ʧʨʦʛʨʘʤʠ çʉʝʣʝʢʪʦʨè: Yokokawa, sprons98, sprons07, 

dump. ʇʨʠ ʪʝʨʤʦʜʠʥʘʤʽʯʥʠʭ ʨʦʟʨʘʭʫʥʢʘʭ ʧʨʠʡʥʷʪʽ ʥʘʩʪʫʧʥʽ ʜʦʧʫʱʝʥʥʷ: ʩʠʩʪʝʤʘ Si-O-

H-C-N ʟʥʘʭʦʜʠʪʴʩʷ ʧʨʠ ʥʝʟʤʽʥʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ ʽ ʘʪʤʦʩʬʝʨʥʦʤʫ ʪʠʩʢʫ. 

ɺʘʨʽʘʮʽʾ ʪʝʤʧʝʨʘʪʫʨʠ ʨʝʘʢʮʽʾ ʪʘ ʢʦʥʮʝʥʪʨʘʮʽʡ ʨʝʘʛʝʥʪʽʚ ʜʣʷ ʷʢʠʭ ʧʨʦʚʝʜʝʥʽ 

ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʠʚʝʜʝʥʽ ʚ ʪʘʙʣʠʮʽ.  

 

ʊʘʙʣʠʮʷ. ɼʽʘʧʘʟʦʥʠ ʚʘʨʽʘʮʽʡ ʟʥʘʯʝʥʴ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʧʘʨʘʤʝʪʨʽʚ 

ʇʘʨʘʤʝʪʨ 
ʂʦʥʮʝʥʪʨʘʮʽʷ 

Si(OC2H5)4 

ʂʦʥʮʝʥʪʨʘʮʽʷ 

H2O 

ʂʦʥʮʝʥʪʨʘʮʽʷ 

NH4OH 

ʂʦʥʮʝʥʪʨʘʮʽʷ 

C2H5OH 
ʊʝʤʧʝʨʘʪʫʨʘ 

ɼʽʘʧʘʟʦʥ 

ʟʥʘʯʝʥʴ 
0é1,2 ʄ 0é19 ʄ 0é1,9 ʄ 0é10 ʄ 1é70 Üʉ 

 

ɺ ʨʝʟʫʣʴʪʘʪʽ ʦʪʨʠʤʘʥʠʭ ʜʘʥʠʭ ʚʩʪʘʥʦʚʣʝʥʦ: 

1) ɼʣʷ ʦʪʨʠʤʘʥʥʷ ʤʘʢʩʠʤʘʣʴʥʦʾ ʢʽʣʴʢʦʩʪʽ ʪʚʝʨʜʦʾ ʬʘʟʠ Siʆ2 ʧʨʠ ʨʽʟʥʠʭ 

ʧʦʯʘʪʢʦʚʠʭ ʢʦʥʮʝʥʪʨʘʮʽʷʭ (C2H5O)4Si ʚʩʪʘʥʦʚʣʝʥʘ ʥʝʦʙʭʽʜʥʘ ʢʦʥʮʝʥʪʨʘʮʽʷ C2H5Oʅ, ʷʢʫ 

ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʟʘ ʨʽʚʥʷʥʥʷʤ (2): 

]O)HSi(C[*42,1y 452-= .     (2) 

2) ɿʤʽʥʘ ʪʝʤʧʝʨʘʪʫʨʠ ʨʝʘʢʮʽʾ ʚʽʜ 1 ʜʦ 70 Üʉ ʥʝ ʚʧʣʠʚʘʻ ʥʘ ʢʦʥʮʝʥʪʨʘʮʽʾ ʽʦʥʥʠʭ 

ʩʧʦʣʫʢ ʩʠʣʽʮʽʶ ʚ ʨʦʟʯʠʥʽ ʪʘ ʪʚʝʨʜʦʾ ʬʘʟʠ SiO2. 

3) ɿʙʽʣʴʰʝʥʥʷ ʧʦʯʘʪʢʦʚʦʾ ʢʦʥʮʝʥʪʨʘʮʽʾ NH4OH ʚʽʜ 0 ʜʦ 1,9 ʄ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʟʤʝʥʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʪʚʝʨʜʦʾ ʬʘʟʠ Siʆ2 ʚ ʩʠʩʪʝʤʽ Si-O-H-C-N ʥʘ 1ʝ-5 ʄ ʥʝʟʘʣʝʞʥʦ ʚʽʜ 

ʧʦʯʘʪʢʦʚʦʾ ʢʦʥʮʝʥʪʨʘʮʽʾ ʊɽʆʉ. 

ʇʨʦʚʝʜʝʥʽ ʣʘʙʦʨʘʪʦʨʥʽ ʝʢʩʧʝʨʠʤʝʥʪʠ ʧʦʢʘʟʫʶʪʴ, ʱʦ ʧʨʘʢʪʠʯʥʠʡ ʚʠʭʽʜ SiO2 

ʤʝʥʰʠʡ ʚʽʜ ʪʝʦʨʝʪʠʯʥʦʛʦ ʥʘ 10ï15 %, ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʚʠʭʽʜʥʠʭ ʢʦʥʮʝʥʪʨʘʮʽʡ ʨʝʘʛʝʥʪʽʚ. 

ʇʦʷʩʥʝʥʥʷʤ ʚʽʜʤʽʥʥʦʩʪʽ ʨʝʟʫʣʴʪʘʪʽʚ, ʥʘ ʥʘʰʫ ʜʫʤʢʫ, ʻ ʚʠʩʦʢʘ ʢʦʥʮʝʥʪʨʘʮʽʷ NH4OH 

(ʷʚʣʷʻʪʴʩʷ ʩʣʘʙʢʦʶ ʦʩʥʦʚʦʶ) ʚ ʨʦʟʯʠʥʽ ʧʨʠ ʟʘʚʝʨʰʝʥʥʽ ʨʝʘʢʮʽʾ ʽ ʷʢ ʥʘʩʣʽʜʦʢ ʟʥʘʯʝʥʥʷ 

ʨʅ = 10,8 ʽ ʙʽʣʴʰʝ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʙʽʣʴʰ ʚʠʩʦʢʦʾ ʢʦʥʮʝʥʪʨʘʮʽʾ ʨʦʟʯʠʥʝʥʠʭ ʫ ʚʦʜʽ ʽʦʥʽʚ 

ʢʨʝʤʥʽʶ ʚ ʧʦʨʽʚʥʷʥʥʽ ʽʟ ʪʝʦʨʝʪʠʯʥʦ ʨʦʟʨʘʭʦʚʘʥʠʤ ʟʥʘʯʝʥʥʷʤ. ɺ ʪʝʨʤʦʜʠʥʘʤʽʯʥʠʭ 

ʨʦʟʨʘʭʫʥʢʘʭ ʟʥʘʯʝʥʥʷ ʨʅ ʚʘʨʽʶʻʪʴʩʷ ʚʽʜ 6 ʜʦ 7, ʱʦ ʧʦʷʩʥʶʻʪʴʩʷ ʯʘʩʪʢʦʚʠʤ 

ʧʝʨʝʪʚʦʨʝʥʥʷʤ NH4OH ʫ N2 ʽ NH3 ʪʘ ʾʭ ʚʠʚʝʜʝʥʥʷʤ ʽʟ ʨʦʟʯʠʥʫ ʫ ʚʠʛʣʷʜʽ ʛʘʟʫ. 
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ɺʀɿʅɸʏɽʅʅʗ ʉɸʃɯʎʀʃʆɺʆɰ ʂʀʉʃʆʊʀ ɺ ʈɯɿʅʀʍ ʉʇʆʃʋʂɸʍ 

ʂʦʟʣʦʚʘ ʖ. ɺ., ʐʚʝʮʴ ɯ. ɯ. 

ɼʦʥʝʮʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ  

Yuliya12@i.ua 

 

ʍʽʤʽʷ ʜʫʞʝ ʩʠʣʴʥʦ ʧʨʦʥʠʢʣʘ ʚ ʥʘʰʝ ʞʠʪʪʷ. ɰʾ ʨʦʣʴ ʚ ʨʽʟʥʠʭ ʩʬʝʨʘʭ ʧʨʦʤʠʩʣʦʚʦʩʪʽ 

ʚʝʩʴ ʯʘʩ ʟʨʦʩʪʘʻ. ʅʝ ʽʩʥʫʻ ʟʘʨʘʟ ʚʠʨʦʙʥʠʮʪʚʘ ʜʝ ʙ ʥʝ ʙʫʣʦ ʭʽʤʽʯʥʦʛʦ ʧʨʦʮʝʩʫ, ʙʫʜʴ ʪʦ 

ʪʝʭʥʽʢʘ, ʧʨʦʜʫʢʪʠ ʭʘʨʯʫʚʘʥʥʷ ʘʙʦ ʣʽʢʘʨʩʴʢʽ ʧʨʝʧʘʨʘʪʠ. ʅʝ ʚʩʽ ʚʠʧʫʱʝʥʽ ʪʦʚʘʨʠ 

ʚʽʜʧʦʚʽʜʘʶ ʟʘʷʚʣʝʥʽʡ ʷʢʦʩʪʽ, ʘ ʜʝʷʢʽ ʤʦʞʫʪʴ ʥʘʚʽʪʴ ʥʘʰʢʦʜʠʪʠ ʣʶʜʠʥʽ. ʊʦʤʫ ʥʘ ʧʝʨʰʝ 

ʤʽʩʮʝ ʚʠʭʦʜʠʪʴ ʧʦʢʘʟʥʠʢ ʦʮʽʥʢʠ ʷʢʦʩʪʽ ʧʨʦʜʫʢʮʽʾ. ɺ ʥʘʰ ʯʘʩ ʤʝʪʦʜʠ ʦʮʽʥʢʠ ʷʢʦʩʪʽ 

ʧʨʦʜʫʢʮʽʾ ʧʦʚʠʥʥʽ ʙʫʪʠ ʰʚʠʜʢʠʤʠ, ʥʘʜʽʡʥʠʤʠ, ʜʦʩʪʦʚʽʨʥʠʤʠ ʽ ʜʦʩʪʫʧʥʠʤʠ.  
ʄʝʪʦʶ ʨʦʙʦʪʠ ʻ ʨʦʟʨʦʙʢʘ ʤʝʪʦʜʠʢʠ ʚʠʟʥʘʯʝʥʥʷ ʜʦʤʽʰʢʠ ʩʘʣʽʮʠʣʦʚʦʾ ʢʠʩʣʦʪʠ ʚ 

ʨʽʟʥʠʭ ʩʧʦʣʫʢʘʭ, ʚ ʧʝʨʰʫ ʯʝʨʛʫ ʚ ʤʝʜʠʯʥʠʭ ʧʨʝʧʘʨʘʪʘʭ. ʆʩʦʙʣʠʚʦ ʚʘʞʣʠʚʦ ʻ ʚʠʟʥʘʯʝʥʥʷ 

ʢʦʤʧʦʥʝʥʪʘ, ʷʢʠʡ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʥʝʚʝʣʠʢʽʡ ʢʽʣʴʢʦʩʪʽ.  

ɿʘʩʪʦʩʦʚʫʶʪʴ ʩʘʣʽʮʠʣʦʚʫ ʢʠʩʣʦʪʫ ʚ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʙʘʨʚʥʠʢʽʚ, ʣʽʢʘʨʩʴʢʠʭ ʪʘ 

ʜʫʭʤʷʥʠʭ ʨʝʯʦʚʠʥ, ʚ ʭʘʨʯʦʚʽʡ ʧʨʦʤʠʩʣʦʚʦʩʪʽ (ʧʨʠ ʢʦʥʩʝʨʚʘʮʽʾ). ʉʘʣʽʮʠʣʦʚʘ ʢʠʩʣʦʪʘ 

ʰʠʨʦʢʦ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʚ ʤʝʜʠʮʠʥʽ, ʚʦʥʘ ʤʘʻ ʞʘʨʦʟʥʠʞʫʚʘʣʴʥʫ ʪʘ ʘʥʪʠ ʛʨʠʙʢʦʚʫ ʜʽʶ.  

ʗʢʽʩʥʝ ʚʠʟʥʘʯʝʥʥʷ ʩʘʣʽʮʠʣʦʚʦʾ ʢʠʩʣʦʪʠ ʙʘʟʫʻʪʴʩʷ ʥʘ ʨʝʘʢʮʽʾ ʟ ʭʣʦʨʠʜʦʤ 

ʟʘʣʽʟʘ (ɯɯɯ), ʟ ʫʪʚʦʨʝʥʥʷʤ ʟʘʙʘʨʚʣʝʥʦʾ ʢʦʤʧʣʝʢʩʥʦʾ ʩʧʦʣʫʢʠ ʘʙʦ ʟ ʩʫʣʴʬʘʪ ʤʽʜʽ (II) ʟ 

ʫʪʚʦʨʝʥʥʷʤ ʨʦʟʯʠʥʥʦʾ ʫ ʚʦʜʽ ʤʽʜʥʦʾ ʩʦʣʽ ʟʝʣʝʥʦʛʦ ʢʦʣʴʦʨʫ. ɺ ʥʘʰʦʤʫ ʜʦʩʣʽʜʞʝʥʥʽ 

ʟʘʩʪʦʩʦʚʫʚʘʣʠ ʨʝʘʢʮʽʶ ʟ ʭʣʦʨʠʜʦʤ ʟʘʣʽʟʘ (ɯɯɯ). ɺ ʷʢʦʩʪʽ ʝʪʘʣʦʥʫ ʟʘʩʪʦʩʦʚʫʚʘʣʠ ʩʘʣʽʮʠʣʦʚʫ 

ʢʠʩʣʦʪʫ ʤʘʨʢʠ çʯʜʘè. 

ʉʢʣʘʜ ʽ ʟʘʙʘʨʚʣʝʥʥʷ ʢʦʤʧʣʝʢʩʽʚ, ʷʢʽ ʫʪʚʦʨʠʣʠʩʴ ʧʨʠ ʚʟʘʻʤʦʜʽʾ ʩʘʣʽʮʠʣʦʚʦʾ 

ʢʠʩʣʦʪʠ ʟ ʽʦʥʘʤʠ ʟʘʣʽʟʘ, ʟʘʣʝʞʘʪʴ ʚʽʜ ʨʅ ʩʝʨʝʜʦʚʠʱʘ: 

- ʧʨʠ ʨʅ 1,8ï2,5 ʫʪʚʦʨʶʻʪʴʩʷ ʤʦʥʦʩʘʣʽʮʠʣʘʪʥʠʡ ʢʦʤʧʣʝʢʩ, ʷʢʠʡ ʤʘʻ ʩʠʥʴʦ- 

ʬʽʦʣʝʪʦʚʝ ʟʘʙʘʨʚʣʝʥʥʷ; 

- ʧʨʠ ʨʅ 4ï8 ʫʪʚʦʨʶʻʪʴʩʷ ʜʠʩʘʣʽʮʠʣʘʪʥʠʡ ʢʦʤʧʣʝʢʩ, ʷʢʠʡ ʤʘʻ ʯʝʨʚʦʥʦ-ʙʫʨʝ 

ʟʘʙʘʨʚʣʝʥʥʷ; 

- ʧʨʠ ʨʅ 8ï11 ï ʪʨʠʩʘʣʽʮʠʣʘʪʥʠʡ ʢʦʤʧʣʝʢʩ ʟʘʣʽʟʘ, ʷʢʠʡ ʤʘʻ ʞʦʚʪʝ ʟʘʙʘʨʚʣʝʥʥʷ. 

ɺ ʧʨʝʧʘʨʘʪʘʭ, ʷʢʽ ʙʫʣʠ ʦʙʨʘʥʥʽ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ, ʧʨʠ ʚʟʘʻʤʦʜʽʾ ʩ FeCl3, ʪʘʢʦʞ ʤʘʣʠ 

ʟʘʙʘʨʚʣʝʥʥʷ, ʱʦ ʩʚʽʜʯʠʪʴ ʧʨʦ ʥʘʷʚʥʽʩʪʴ ʚ ʥʠʭ ʩʘʣʽʮʠʣʦʚʦʾ ʢʠʩʣʦʪʠ.  

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʘʢʪʠʚʥʦʛʦ ʢʦʤʧʦʥʝʥʪʫ, ʟʘʩʪʦʩʦʚʫʻʤʦ ʬʦʪʦʤʝʪʨʠʯʥʠʡ 

ʘʥʘʣʽʟ. ʎʝ ʦʜʠʥ ʟ ʤʝʪʦʜʽʚ ʢʦʣʦʤʝʪʨʠʯʥʦʛʦ ʘʥʘʣʽʟʫ, ʷʢʠʡ ʚʭʦʜʠʪʴ ʚ ʛʨʫʧʫ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʭ 

ʤʝʪʦʜʽʚ. ʇʨʦ ʢʽʣʴʢʽʩʪʴ ʜʦʩʣʽʜʞʫʚʘʥʦʾ ʨʝʯʦʚʠʥʠ ʩʫʜʠʤʦ ʧʦ ʟʤʽʥʝʥʥʶ ʬʽʟʠʯʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʚ ʨʝʟʫʣʴʪʘʪʽ ʭʽʤʽʯʥʠʭ ʨʝʘʢʮʽʡ. ʇʨʠʥʮʠʧ ʘʥʘʣʽʟʫ ï ʽʩʥʫʚʘʥʥʷ ʧʨʦʧʦʨʮʽʡʥʦʾ 

ʟʘʣʝʞʥʦʩʪʽ ʤʽʞ ʩʚʽʪʦʧʦʛʣʠʥʘʥʥʷʤ ʽ ʢʦʥʮʝʥʪʨʘʮʽʻʶ ʧʦʛʣʠʥʘʣʴʥʦʾ ʨʝʯʦʚʠʥʠ.  

ɺʠʢʦʨʠʩʪʦʚʫʻʤʦ ʧʨʠʩʪʨʽʡ ï ʬʦʣʦʝʣʝʢʪʨʦʢʦʣʦʨʠʤʝʪʨ, ʷʢʠʡ ʟʘʙʝʟʧʝʯʫʻ ʜʦʙʨʫ ʪʦʯʥʽʩʪʴ 

(Ñ1ï2 ʚʽʜ. %). 

ʆʧʪʠʯʥʘ ʱʽʣʴʥʽʩʪʴ ʨʦʟʯʠʥʫ ʧʨʷʤʦ ʧʨʦʧʦʨʮʽʡʥʘ ʢʦʥʮʝʥʪʨʘʮʽʾ ʧʦʬʘʨʙʦʚʘʥʦʛʦ 

ʨʝʯʦʚʠʥʠ ʽ ʪʦʚʱʠʥʽ ʰʘʨʫ ʨʦʟʯʠʥʫ. ɼʘʥʘ ʤʝʪʦʜʠʢʘ ʧʨʦʧʨʘʮʴʦʚʘʥʦ ʥʘ ʨʽʟʥʠʭ 

ʢʦʥʮʝʥʪʨʘʮʽʷʭ ʜʦʤʽʰʢʽʚ ʢʠʩʣʦʪʠ, ʫ ʨʽʟʥʠʭ ʩʝʨʝʜʘʭ, ʪʦʙʪʦ ʧʨʠ ʨʽʟʥʠʢ ʨʅ. ʎʝ ʤʘʻ ʚʝʣʠʢʝ 

ʟʥʘʯʝʥʥʷ, ʙʦ ʩʘʤ ʧʨʝʧʘʨʘʪ ʚʞʝ ʤʘʻ ʧʝʚʥʫ ʩʝʨʝʜʫ,ʘ ʧʝʨʝʚʦʜʠʪʠ ʚ ʽʥʰʫ ʮʝ ʬʘʢʪʠʯʥʦ 

ʟ'ʻʜʥʘʥʥʷ ʜʝʷʢʠʭ ʨʝʯʦʚʠʥ. 

ʊʘʢʠʤ ʯʠʥʦʤ ʦʧʪʠʯʥʘ ʱʽʣʴʥʽʩʪʴ ʨʦʟʯʠʥʫ ʙʫʜʝ ʪʠʤ ʙʽʣʴʰʝ, ʯʠʤ ʙʽʣʴʰʝ ʚ ʥʴʦʤʫ 

ʤʽʩʪʠʪʴʩʷ ʧʦʬʘʨʙʦʚʘʥʦʛʦ ʨʝʯʦʚʠʥʠ, ʟʘ ʫʤʦʚʠ, ʦʜʥʘʢʦʚʦʾ ʪʦʚʱʠʥʠ ʰʘʨʫ ʨʦʟʯʠʥʫ ʜʘʥʦʾ 

ʨʝʯʦʚʠʥʠ. 

ɿʘʧʨʦʧʦʥʦʚʘʥʘ ʤʝʪʦʜʠʢʘ ʤʘʻ ʨʷʜ ʧʝʨʝʚʘʛ ʪʘ ʥʝʜʦʣʽʢʽʚ. ɺʦʥʘ ʪʨʫʜʦʤʽʩʪʢʘ, ʤʝʥʰ 

ʩʧʝʮʠʬʽʯʥʘ, ʙʽʣʴʰ ʝʢʩʧʨʝʩʥʘ, ʧʦʨʽʚʥʷʥʦ ʟ ʽʥʰʠʤʠ ʤʝʪʦʜʠʢʘʤʠ. ʇʝʨʝʚʘʛʦʶ ʻ ʦʪʨʠʤʘʥʥʷ 

ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʪʦʯʥʠʡ ʢʽʣʴʢʽʩʥʠʡ ʩʢʣʘʜ ʜʦʤʽʰʢʠ ʩʘʣʽʮʠʣʦʚʦʾ ʢʠʩʣʦʪʠ ʫ ʨʝʯʦʚʠʥʘʭ. 
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ʌɸɿʆɺɯ ʈɯɺʅʆɺɸɻʀ ɺ ʉʀʉʊɽʄɯ ZrO2-La2O3-Gd2O3 ʇʈʀ 1600 Áʉ 

ʂʦʨʥʽʻʥʢʦ ʆ. ɸ.1, ɸʥʜʨʽʻʚʩʴʢʘ ʆ. ʈ.1,2, ɹʠʢʦʚ ʆ. ɯ.1, ʉʧʘʩʴʦʥʦʚʘ ʃ. ʄ.1,2 
1ɯʥʩʪʠʪʫʪ ʧʨʦʙʣʝʤ ʤʘʪʝʨʽʘʣʦʟʥʘʚʩʪʚʘ ʽʤʝʥʽ ɯ. ʄ. ʌʨʘʥʮʝʚʠʯʘ ʅɸʅ ʋʢʨʘʾʥʠ  

2ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ çʂʠʾʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪ  

ʽʤʝʥʽ ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦè 

Kornienkooksana@ukr.net 

 

ʆʜʥʠʤ ʽʟ ʦʩʥʦʚʥʠʭ ʧʨʠʦʨʽʪʝʪʥʠʭ ʛʘʣʫʟʝʚʠʭ ʦʨʽʻʥʪʠʨʽʚ ʨʦʟʚʠʪʢʫ ʩʫʯʘʩʥʦʛʦ 

ʤʘʪʝʨʽʘʣʦʟʥʘʚʩʪʚʘ ʻ ʨʦʟʨʦʙʢʘ ʥʦʚʠʭ ʢʝʨʘʤʽʯʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʟʽ ʩʧʝʮʽʘʣʴʥʠʤʠ 

ʚʣʘʩʪʠʚʦʩʪʷʤʠ, ʱʦ ʧʨʘʮʶʚʘʪʠʤʫʪʴ ʟʘ ʫʤʦʚ ʚʠʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ. ʆʢʩʠʜʠ ʮʠʨʢʦʥʽʶ ʪʘ 

ʣʘʥʪʘʥʦʾʜʽʚ ʚʦʣʦʜʽʶʪʴ ʢʦʨʠʩʥʠʤʠ ʬʫʥʢʮʽʦʥʘʣʴʥʠʤʠ ʧʦʢʘʟʥʠʢʘʤʠ ð ʜʣʷ ʥʠʭ ʭʘʨʘʢʪʝʨʥʘ 

ʚʠʩʦʢʘ ʪʝʤʧʝʨʘʪʫʨʘ ʧʣʘʚʣʝʥʥʷ ʪʘ ʨʷʜ ʫʥʽʢʘʣʴʥʠʭ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʠʭ, ʪʝʧʣʦʬʽʟʠʯʥʠʭ ʪʘ 

ʽʥʰʽ ʚʣʘʩʪʠʚʦʩʪʝʡ. ʂʝʨʘʤʽʯʥʽ ʤʘʪʝʨʽʘʣʠ ʥʘ ʦʩʥʦʚʽ ʩʠʩʪʝʤʠ Zrʆ2ïLa2O3ïGd2O3 ʻ 

ʥʘʜʟʚʠʯʘʡʥʦ ʮʽʢʘʚʠʤʠ ʪʘ ʧʝʨʩʧʝʢʪʠʚʥʠʤʠ ʜʣʷ ʚʠʨʦʙʥʠʮʪʚʘ ʚʦʛʥʝʪʨʠʚʽʚ ʪʘ ʚʫʟʣʦʚʠʭ 

ʢʦʤʧʦʥʝʥʪʽʚ ʪʝʭʥʽʢʠ ʚʠʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ, ʟʦʢʨʝʤʘ ï ʪʝʨʤʦʙʘʨôʻʨʥʠʭ ʧʦʢʨʠʪʪʽʚ. ɿʘʜʣʷ 

ʝʬʝʢʪʠʚʥʦʛʦ ʪʘ ʦʧʪʠʤʘʣʴʥʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʘʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʘ ʪʘʢʦʞ ʜʣʷ ʫʜʦʩʢʦʥʘʣʝʥʥʷ 

ʧʨʦʮʝʩʫ ʾʭ ʚʠʨʦʙʥʠʮʪʚʘ, ʽʩʥʫʻ ʧʦʪʨʝʙʘ ʚ ʜʦʩʣʽʜʞʝʥʥʽ ʜʽʘʛʨʘʤ ʩʪʘʥʫ ʙʘʛʘʪʦʢʦʤʧʦʥʝʥʪʥʠʭ 

ʩʠʩʪʝʤ.  

ɺ ʜʘʥʽʡ ʨʦʙʦʪʽ ʚʧʝʨʰʝ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʝʪʦʜʽʚ ʈʌɸ ʪʘ ʧʝʪʨʦʛʨʘʬʽʾ ʜʦʩʣʽʜʞʝʥʦ 

ʬʘʟʦʚʽ ʨʽʚʥʦʚʘʛʠ ʪʘ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʬʘʟ, ʫʪʚʦʨʝʥʠʭ ʚ ʧʦʪʨʽʡʥʽʡ ʩʠʩʪʝʤʽ ZrO2ï

La2O3ïGd2O3 ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 1600 ʉ̄ (10 ʛʦʜ.) ʥʘ ʧʦʚʽʪʨʽ ʫ ʚʩʴʦʤʫ ʽʥʪʝʨʚʘʣʽ 

ʢʦʥʮʝʥʪʨʘʮʽʡ. ɺ ʷʢʦʩʪʽ ʚʠʭʽʜʥʠʭ ʨʝʯʦʚʠʥ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʘʟʦʪʥʦʢʠʩʣʫ ʩʽʣʴ ʮʠʨʢʦʥʽʶ 

ZrO(NO3)2Ŀ2H2O, La2O3, Gd2O3 ʟ ʚʤʽʩʪʦʤ ʦʩʥʦʚʥʦʛʦ ʢʦʤʧʦʥʝʥʪʫ 99.99 % ʪʘ ʘʟʦʪʥʫ 

ʢʠʩʣʦʪʫ ʤʘʨʢʠ çʏɼɸè. ɿʨʘʟʢʠ ʛʦʪʫʚʘʣʠ ʟ ʢʦʥʮʝʥʪʨʘʮʽʡʥʠʤ ʢʨʦʢʦʤ 1ï5 ʤʦʣ. % ʟ ʨʦʟʯʠʥʽʚ 

ʘʟʦʪʥʦʢʠʩʣʠʭ ʩʦʣʝʡ ʟ ʧʦʩʣʽʜʫʶʯʠʤ ʚʠʧʘʨʶʚʘʥʥʷʤ, ʩʫʰʢʦʶ ʪʘ ʧʨʦʞʘʨʶʚʘʥʥʷʤ ʧʨʠ 

1200 C̄ ʧʨʦʪʷʛʦʤ 2 ʛʦʜ.  

ʋ ʧʦʪʨʽʡʥʽʡ ʩʠʩʪʝʤʽ Zrʆ2ïLa2O3ïGd2O3 ʧʨʠ 1600 ʉ̄ ʥʦʚʽ ʬʘʟʠ ʥʝ ʚʠʷʚʣʝʥʽ. ʇʨʠ 

1600 Áʉ ʫ ʩʠʩʪʝʤʽ Zrʆ2ïLa2O3ïGd2O3 ʫʪʚʦʨʶʶʪʴʩʷ ʧʦʣʷ ʪʚʝʨʜʠʭ ʨʦʟʯʠʥʽʚ ʥʘ ʦʩʥʦʚʽ 

ʢʫʙʽʯʥʦʾ (F) ʽʟ ʩʪʨʫʢʪʫʨʦʶ ʪʠʧʫ ʬʣʶʦʨʠʪʫ ʽ ʪʝʪʨʘʛʦʥʘʣʴʥʦʾ (ʊ) ʤʦʜʠʬʽʢʘʮʽʡ Zrʆ2 

ʤʦʥʦʢʣʽʥʥʦʾ (ɺ) ʽ ʢʫʙʽʯʥʦʾ (ʉ) ʤʦʜʠʬʽʢʘʮʽʡ Gd2O3, ʛʝʢʩʘʛʦʥʘʣʴʥʦʾ (ɸ) ʤʦʜʠʬʽʢʘʮʽʾ La2O3, 

ʘ ʪʘʢʦʞ ʫʧʦʨʷʜʢʦʚʘʥʦʾ ʬʘʟʠ ʪʠʧʫ ʧʽʨʦʭʣʦʨʫ Ln2Zr2O7 (ʈʫ). 

ʊʚʝʨʜʠʡ ʨʦʟʯʠʥ ʥʘ ʦʩʥʦʚʽ ʢʫʙʽʯʥʦʾ ʤʦʜʠʬʽʢʘʮʽʾ ʽʟ ʩʪʨʫʢʪʫʨʦʶ ʪʠʧʫ ʬʣʶʦʨʠʪʫ 

ʟʘʡʤʘʻ ʜʦʩʠʪʴ ʟʥʘʯʥʫ ʧʣʦʱʫ ʽʟʦʪʝʨʤʽʯʥʦʛʦ ʧʝʨʝʨʽʟʫ. ʆʙʣʘʩʪʴ ʛʦʤʦʛʝʥʥʦʩʪʽ ʥʘ ʦʩʥʦʚʽ F-

ZrO2 ʥʘʧʨʘʚʣʝʥʘ ʚ ʩʪʦʨʦʥʫ ʽʩʥʫʚʘʥʥʷ ʚʧʦʨʷʜʢʦʚʘʥʦʾ ʬʘʟʠ ʪʠʧʫ ʧʽʨʦʭʣʦʨʫ La2Zr2O7 (ʈʫ) 

ʮʝ ʧʦʚôʷʟʘʥʦ ʟ ʪʠʤ, ʱʦ ʚ ʛʨʘʥʠʯʥʽʡ ʧʦʜʚʽʡʥʽʡ ʩʠʩʪʝʤʽ ZrO2-Gd2O3 ʬʘʟʘ ʪʠʧʫ ʧʽʨʦʭʣʦʨʫ 

ʟʘʟʥʘʻ ʧʝʨʝʭʽʜ ʧʦʨʷʜʦʢ/ʙʝʟʣʘʜ ʧʨʠ ʚʽʜʥʦʩʥʦ ʚʠʩʦʢʽʡ ʪʝʤʧʝʨʘʪʫʨʽ ~ 1550 Áʉ. ʎʠʨʢʦʥʘʪ 

ʛʘʜʦʣʽʥʽʶ (Gd2Zr2O7) ʽʩʥʫʻ ʷʢ ʨʦʟʫʧʦʨʷʜʢʦʚʘʥʘ ʬʘʟʘ ʪʠʧʫ ʬʣʶʦʨʠʪʫ ʧʨʠ ʚʠʩʦʢʠʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ, ʚ ʪʦʡ ʯʘʩ ʷʢ ʧʨʠ ʥʠʟʴʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʚʽʥ ʥʘʙʫʚʘʻ ʩʪʨʫʢʪʫʨʫ ʪʠʧʫ 

ʧʽʨʦʭʣʦʨʫ ʚ ʷʢʽʡ ʢʠʩʥʝʚʽ ʚʘʢʘʥʩʽʾ ʪʘ ʢʘʪʽʦʥʠ ʫʧʦʨʷʜʢʦʚʘʥʽ. ʇʘʨʘʤʝʪʨʠ ʝʣʝʤʝʥʪʘʨʥʠʭ 

ʢʦʤʽʨʦʢ F-ZrO2 ʟʤʽʥʶʶʪʴʩʷ ʚʽʜ ʘ = 0.5191 ʥʤ ʜʣʷ ʜʚʦʬʘʟʥʦʛʦ ʟʨʘʟʢʘ (F+Py), ʱʦ ʤʽʩʪʠʪʴ 

70 ʤʦʣ. % ZrO2 ï 21 ʤʦʣ. % La2O3 ï 9 ʤʦʣ. % Gd2O3 ʜʦ ʘ = 0.5182 ʥʤ ʜʣʷ ʪʨʠʬʘʟʥʦʛʦ 

ʟʨʘʟʢʘ (F+Py+M), ʱʦ ʤʽʩʪʠʪʴ 80 ʤʦʣ. % ZrO2 ï 14 ʤʦʣ. % La2O3 ï 6 ʤʦʣ. % Gd2O3 ʚʟʜʦʚʞ 

ʧʨʦʤʝʥʷ ZrO2 ï (70 ʤʦʣ. % La2O3 ï 30 ʤʦʣ. % Gd2ʆ3). 

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʚ ʩʠʩʪʝʤʽ Zrʆ2ïLa2O3ïGd2O3 ʧʨʠ 1600 ʉ̄ ʚ ʨʽʚʥʦʚʘʟʽ ʟʥʘʭʦʜʷʪʴʩʷ 

ʧʝʨʝʚʘʞʥʦ ʬʘʟʠ ʢʫʙʽʯʥʦʾ ʩʠʤʝʪʨʽʾ: F ī Fm3m, Py ï Fd3m, C ï Ia3. ʇʦʜʽʙʥʘ ʩʪʨʫʢʪʫʨʘ 

ʢʨʠʩʪʘʣʽʯʥʠʭ ˇʨʘʪʦʢ ʽ ʟʥʘʯʥʘ ʧʨʦʪʷʞʥʽʩʪʴ ʚʢʘʟʘʥʠʭ ʬʘʟ ʦʙʫʤʦʚʣʶʻ ʧʝʨʝʚʘʞʥʠʡ ʭʘʨʘʢʪʝʨ 

ʪʚʝʨʜʠʭ ʨʦʟʯʠʥʽʚ ʥʘ ʦʩʥʦʚʽ ʬʘʟ ʪʠʧʫ ʬʣʶʦʨʠʪʫ (F), ʧʽʨʦʭʣʦʨʫ (ʈʫ) ʽ ʢʫʙʽʯʥʦʾ ʤʦʜʠʬʽʢʘʮʽʾ 

(ʉ) ʦʢʩʠʜʽʚ ʨʽʜʢʽʩʥʦʟʝʤʝʣʴʥʠʭ ʝʣʝʤʝʥʪʽʚ ʪʘ ʾʭ ʜʚʦʬʘʟʥʠʭ ʩʫʤʽʰʝʡ ʚ ʧʦʪʨʽʡʥʽʡ ʩʠʩʪʝʤʽ. 

ʅʘʡʙʽʣʴʰʫ ʧʣʦʱʫ ʽʟʦʪʝʨʤʽʯʥʦʛʦ ʧʝʨʝʨʽʟʫ ʟʘʡʤʘʻ ʦʙʣʘʩʪʴ ʛʦʤʦʛʝʥʥʦʩʪʽ ʬʘʟʠ ʪʠʧʫ 

ʬʣʶʦʨʠʪʫ.  
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ʂʦʨʨʦʟʠʷ ʤʝʪʘʣʣʦʚ ʠ ʩʧʣʘʚʦʚ ʥʘʥʦʩʠʪ ʟʥʘʯʠʪʝʣʴʥʳʡ ʵʢʦʥʦʤʠʯʝʩʢʠʡ ʫʱʝʨʙ. 

ɽʞʝʛʦʜʥʦ ʦʢʦʣʦ 25 % ʦʪ ʦʙʱʝʛʦ ʢʦʣʠʯʝʩʪʚʘ ʠʟʛʦʪʘʚʣʠʚʘʝʤʦʛʦ ʤʝʪʘʣʣʘ ʩʦʩʪʘʚʣʷʶʪ 

ʫʙʳʪʢʠ ʦʪ ʢʦʨʨʦʟʠʦʥʥʦʛʦ ʨʘʟʨʫʰʝʥʠʷ. ʇʦʵʪʦʤʫ ʜʦʚʦʣʴʥʦ ʦʩʪʨʦ ʩʪʦʠʪ ʚʦʧʨʦʩ ʦʙ 

ʠʟʫʯʝʥʠʠ ʧʨʠʯʠʥ ʢʦʨʨʦʟʠʠ ʠ ʤʝʪʦʜʦʚ ʟʘʱʠʪʳ ʦʪ ʥʝʝ.  

ʆʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʚʠʜʦʚ ʢʦʨʨʦʟʠʠ ʤʝʪʘʣʣʦʚ ʷʚʣʷʝʪʩʷ 

ʘʪʤʦʩʬʝʨʥʘʷ ʢʦʨʨʦʟʠʷ ʩ ʢʠʩʣʦʨʦʜʥʦʡ ʜʝʧʦʣʷʨʠʟʘʮʠʝʡ, ʧʦʩʢʦʣʴʢʫ ʦʛʨʦʤʥʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʩʦʦʨʫʞʝʥʠʡ, ʢʦʥʩʪʨʫʢʮʠʡ ʠ ʤʝʭʘʥʠʟʤʦʚ ʵʢʩʧʣʫʘʪʠʨʫʝʪʩʷ ʚ ʘʪʤʦʩʬʝʨʥʳʭ ʫʩʣʦʚʠʷʭ. ʇʨʠ 

ʵʪʦʤ ʟʘ ʩʯʝʪ ʧʝʨʠʦʜʠʯʝʩʢʦʛʦ ʚʳʧʘʜʝʥʠʷ ʦʩʘʜʢʦʚ, ʢʦʥʜʝʥʩʘʮʠʠ ʚʣʘʛʠ ʠ ʪʝʤʧʝʨʘʪʫʨʥʳʭ 

ʧʝʨʝʧʘʜʦʚ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʤʝʪʘʣʣʘ ʦʙʨʘʟʫʝʪʩʷ ʪʦʥʢʘʷ ʧʣʝʥʢʘ ʚʦʜʳ. ʆʙʱʝʠʟʚʝʩʪʥʳʤ 

ʷʚʣʷʝʪʩʷ ʪʦʪ ʬʘʢʪ, ʯʪʦ ʧʦʜ ʪʦʥʢʦʡ ʧʣʝʥʢʦʡ ʚʣʘʛʠ ʩʢʦʨʦʩʪʴ ʨʘʟʨʫʰʝʥʠʷ ʤʝʪʘʣʣʘ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʚ 3é10 ʨʘʟ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩʦ ʩʢʦʨʦʩʪʴʶ ʢʦʨʨʦʟʠʠ ʚ ʦʙʲʝʤʝ ʚʦʜʳ. 

ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʦʚʳʰʝʥʠʝ ʩʢʦʨʦʩʪʠ ʢʦʨʨʦʟʠʠ ʚ ʪʦʥʢʠʭ ʩʣʦʷʭ 

ʵʣʝʢʪʨʦʣʠʪʘ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʴʰʝ, ʯʝʤ ʩʣʝʜʦʚʘʣʦ ʙʳ ʦʞʠʜʘʪʴ ʠʩʭʦʜʷ ʠʟ ʩʢʦʨʦʩʪʠ 

ʜʠʬʬʫʟʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʧʝʨʝʥʦʩʘ ʢʠʩʣʦʨʦʜʘ ʧʦ ʟʘʢʦʥʫ ʌʠʢʘ. ɺ ʣʠʪʝʨʘʪʫʨʝ ʜʣʷ 

ʦʙʲʷʩʥʝʥʠʷ ʜʘʥʥʦʛʦ ʷʚʣʝʥʠʷ ʚʳʩʢʘʟʳʚʘʝʪʩʷ ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʦ ʥʘʣʠʯʠʠ ʠʥʪʝʥʩʠʚʥʦʛʦ 

ʢʦʥʚʝʢʪʠʚʥʦʛʦ ʧʝʨʝʤʝʰʠʚʘʥʠʷ ʚ ʧʣʝʥʢʘʭ ʵʣʝʢʪʨʦʣʠʪʘ ʪʦʣʱʠʥʦʡ ʤʝʥʝʝ 100 ʤʢʤ. ʆʜʥʘʢʦ 

ʩʦʛʣʘʩʥʦ ʪʝʦʨʠʠ ʢʦʥʚʝʢʪʠʚʥʦʡ ʜʠʬʬʫʟʠʠ ʃʝʚʠʯʘ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʵʪʦ ʦʙʲʷʩʥʝʥʠʝ 

ʥʝʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʳʤ. ɼʣʷ ʫʩʪʨʘʥʝʥʠʷ ʜʘʥʥʦʛʦ ʧʨʦʪʠʚʦʨʝʯʠʷ ʤʦʞʥʦ ʧʨʝʜʣʦʞʠʪʴ 

ʜʨʫʛʦʡ ʤʝʭʘʥʠʟʤ ʧʝʨʝʥʦʩʘ ʚʝʱʝʩʪʚʘ ʠ ʟʘʨʷʜʘ ʚ ʪʦʥʢʠʭ ʧʣʝʥʢʘʭ. 

ʅʘʤʠ ʙʳʣ ʚʳʷʚʣʝʥ ʥʦʚʳʡ ʤʝʭʘʥʠʟʤ ʧʝʨʝʥʦʩʘ ʟʘʨʷʜʦʚ ʚ ʪʦʥʢʠʭ ʧʣʝʥʢʘʭ 

ʵʣʝʢʪʨʦʣʠʪʦʚ ʥʘ ʛʨʘʥʠʮʝ ʩ ʚʦʟʜʫʭʦʤ. ʆʩʥʦʚʥʳʤʠ ʫʩʣʦʚʠʷʤʠ ʝʛʦ ʧʨʦʷʚʣʝʥʠʷ ʷʚʣʷʶʪʩʷ: 

ʘ) ʥʘʣʠʯʠʝ ʧʦʚʝʨʭʥʦʩʪʠ ʨʘʟʜʝʣʘ ʬʘʟ ʛʘʟ-ʞʠʜʢʦʩʪʴ, ʠ ʙ) ʥʘʣʠʯʠʝ ʥʝʩʢʦʤʧʝʥʩʠʨʦʚʘʥʥʳʭ 

ʅ+ ʠʣʠ ʆʅ--ʠʦʥʦʚ, ʢʦʪʦʨʳʝ ʚ ʥʘʰʠʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʛʝʥʝʨʠʨʦʚʘʣʠʩʴ ʧʨʠ 

ʵʣʝʢʪʨʦʣʠʪʠʯʝʩʢʦʤ ʨʘʟʣʦʞʝʥʠʠ ʚʦʜʳ. 

ʇʨʠʯʠʥʦʡ ʘʥʦʤʘʣʴʥʦ ʚʳʩʦʢʦʡ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ ʧʦʚʝʨʭʥʦʩʪʠ ʚʦʜʳ ʠ ʚʦʜʥʳʭ 

ʨʘʩʪʚʦʨʦʚ ʵʣʝʢʪʨʦʣʠʪʦʚ ʷʚʣʷʝʪʩʷ ʩʪʨʫʢʪʫʨʘ ʧʦʚʝʨʭʥʦʩʪʠ. ʉʯʠʪʘʝʪʩʷ ʫʩʪʘʥʦʚʣʝʥʥʳʤ, ʯʪʦ 

ʚʦʜʘ, ʢʨʦʤʝ ʪʝʪʨʘʵʜʨʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʠʟ ʤʦʣʝʢʫʣ, ʦʙʲʝʜʠʥʝʥʥʳʭ ʚʦʜʦʨʦʜʥʳʤʠ 

ʩʚʷʟʷʤʠ, ʦʙʨʘʟʫʝʪ ʫʧʦʨʷʜʦʯʝʥʥʳʝ ʢʣʘʩʪʝʨʳ, ʦʩʦʙʦ ʫʩʪʦʡʯʠʚʳʝ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʚʦʜʳ. 

ʇʝʨʝʥʦʩ ʟʘʨʷʜʦʚ ʧʦ ʵʪʠʤ ʢʣʘʩʪʝʨʘʤ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʅ+-ʠʦʥʘʤʠ ʚ ʢʠʩʣʳʭ ʩʨʝʜʘʭ, 

ʆʅ--ʠʦʥʘʤʠ ʚ ʱʝʣʦʯʥʳʭ ʠ ʅ+ ʠ ʆʅ--ʠʦʥʘʤʠ ʚ ʥʝʡʪʨʘʣʴʥʳʭ. ʇʨʠ ʵʪʦʤ ʧʝʨʝʥʦʩ ʟʘʨʷʜʘ ʧʦ 

ʢʣʘʩʪʝʨʫ ʥʘʧʦʤʠʥʘʝʪ ʪʫʥʥʝʣʠʨʦʚʘʥʠʝ ʵʣʝʢʪʨʦʥʦʚ ʥʘ ʵʣʝʢʪʨʦʥʥʳʭ ʦʨʙʠʪʘʣʷʭ. ʊʘʢʦʡ 

ʤʝʭʘʥʠʟʤ ʧʝʨʝʥʦʩʘ ʥʘʟʳʚʘʝʪʩʷ ʢʨʦʢʝʪʥʳʤ. 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʨʘʩʯʝʪʦʚ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʩ ʫʤʝʥʴʰʝʥʠʝʤ ʪʦʣʱʠʥʳ ʩʣʦʷ ʚʣʘʛʠ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʢʦʵʬʬʠʮʠʝʥʪ ʫʚʝʣʠʯʝʥʠʷ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ ʠ ʢʦʵʬʬʠʮʠʝʥʪ 

ʫʚʝʣʠʯʝʥʠʷ ʧʣʦʪʥʦʩʪʠ ʢʦʨʨʦʟʠʦʥʥʦʛʦ ʪʦʢʘ. ʆʜʥʘʢʦ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʢʦʵʬʬʠʮʠʝʥʪ 

ʫʚʝʣʠʯʝʥʠʷ ʧʣʦʪʥʦʩʪʠ ʢʦʨʨʦʟʠʦʥʥʦʛʦ ʪʦʢʘ ʠʤʝʝʪ ʤʝʥʴʰʠʝ ʟʥʘʯʝʥʠʷ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʚʝʣʠʯʠʥʦʡ ʚʦʟʨʘʩʪʘʥʠʷ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ ʜʣʷ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʳ. ɺʝʨʦʷʪʥʦ, ʵʪʦ 

ʩʚʷʟʘʥʦ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʧʦʣʷʨʠʟʘʮʠʦʥʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʵʣʝʢʪʨʦʜʥʳʤ ʧʨʦʮʝʩʩʘʤ ʧʨʠ 

ʫʚʝʣʠʯʝʥʠʠ ʧʣʦʪʥʦʩʪʠ ʪʦʢʘ. 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠʯʠʥʦʡ ʘʥʦʤʘʣʴʥʦ ʚʳʩʦʢʦʡ ʩʢʦʨʦʩʪʠ ʢʦʨʨʦʟʠʠ ʤʝʪʘʣʣʦʚ ʧʦʜ 

ʪʦʥʢʠʤʠ ʧʣʝʥʢʘʤʠ ʚʦʜʳ ʤʦʞʝʪ ʙʳʪʴ ʫʚʝʣʠʯʝʥʠʝ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ ʧʦʚʝʨʭʥʦʩʪʠ 

ʨʘʟʜʝʣʘ ʬʘʟ ʛʘʟ-ʞʠʜʢʦʩʪʴ ʚʩʣʝʜʩʪʚʠʝ ʪʫʥʥʝʣʠʨʦʚʘʥʠʷ ʟʘʨʷʜʦʚ ʧʦ ʫʧʦʨʷʜʦʯʝʥʥʳʤ 

ʧʦʚʝʨʭʥʦʩʪʥʳʤ ʩʪʨʫʢʪʫʨʘʤ. 
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ɺʇʃʀɺ ɻɯɼʈʆʊɽʈʄɸʃʔʅʆɰ ʆɹʈʆɹʂʀ ʅɸ ʉʊʈʋʂʊʋʈʅɯ ɺʃɸʉʊʀɺʆʉʊɯ 

ʉʀʃɯʂɸʊʋ ʎʀʈʂʆʅɯʖ, ʉʀʅʊɽɿʆɺɸʅʆɻʆ ɿʆʃʔ-ɻɽʃʔ ʄɽʊʆɼʆʄ 

ʂʨʘʚʯʝʥʢʦ ʄ. ɺ., ʉʪʨʝʣʢʦ ɺ. ɺ. 

ɯʥʩʪʠʪʫʪ ʩʦʨʙʮʽʾ ʪʘ ʧʨʦʙʣʝʤ ʝʥʜʦʝʢʦʣʦʛʽʾ ʅɸʅ ʋʢʨʘʾʥʠ 

nikolaikravchenko32@gmail.com 

 

ʂʦʤʧʦʟʠʪʥʽ ʤʘʪʝʨʽʘʣʠ ʥʘ ʦʩʥʦʚʽ ʟʤʽʱʘʥʠʭ ʦʢʩʠʜʽʚ ʢʨʝʤʥʽʶ ʽ ʮʠʨʢʦʥʽʶ ʤʦʞʫʪʴ 

ʙʫʪʠ ʟʘʩʪʦʩʦʚʘʥʽ ʚ ʨʽʟʥʠʭ ʛʘʣʫʟʷʭ ʧʨʦʤʠʩʣʦʚʦʩʪʽ. ɺ ʽʥʩʪʠʪʫʪʽ ʨʦʟʨʦʙʣʝʥʠʡ ʩʧʦʩʽʙ 

ʦʜʝʨʞʘʥʥʷ ʩʬʝʨʠʯʥʦ ʛʨʘʥʫʣʴʦʚʘʥʦʛʦ ʩʠʣʽʢʘʪʫ ʮʠʨʢʦʥʽʶ ʟʦʣʴ-ʛʝʣʴ ʤʝʪʦʜʦʤ. ʇʨʦʮʝʩ 

ʩʠʥʪʝʟʫ ʛʨʘʥʫʣʴʦʚʘʥʦʛʦ ʛʽʜʨʦʛʝʣʶ ʩʠʣʽʢʘʪʫ ʮʠʨʢʦʥʽʶ ʧʨʦʚʦʜʠʪʴʩʷ ʚ ʙʝʟʧʝʨʝʨʚʥʦʤʫ 

ʨʝʞʠʤʽ ʟ̔ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʧʨʦʪʦʯʥʦʛʦ ʨʝʘʢʪʦʨʘ ʥʘ ʣʘʙʦʨʘʪʦʨʥʽʡ ʫʩʪʘʥʦʚʮʽ.  

ʇʝʨʩʧʝʢʪʠʚʥʠʤ ʥʘʧʨʷʤʢʦʤ ʟʘʩʪʦʩʫʚʘʥʥʷ ʩʠʣʽʢʘʪʫ ʮʠʨʢʦʥʽʶ ʻ ʤʦʞʣʠʚʽʩʪʴ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʡʦʛʦ ʜʣʷ ʚʠʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʦʯʠʱʝʥʥʷ ʚʦʜʠ. ɿ ʮʽʻʶ ʤʝʪʦʶ ʛʽʜʨʦʛʝʣʴ 

ʩʠʣʽʢʘʪʫ ʮʠʨʢʦʥʽʶ ʧʽʜʜʘʣʠ ʛʽʜʨʦʪʝʨʤʘʣʴʥʽʡ ʦʙʨʦʙʮʽ (ɻʊʆ) ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 270 Áʉ 

ʧʨʦʪʷʛʦʤ 5ï72 ʛʦʜʠʥ. ɿ ʨʠʩ. 1 ʽ ʨʠʩ. 2 ʚʠʜʥʦ, ʱʦ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʙʽʣʴʰʝʥʥʷ ʧʠʪʦʤʦʾ 

ʧʦʚʝʨʭʥʽ, ʘʣʝ ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ ʯʘʩʫ ɻʊʆ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʥʝ ʟʥʘʯʥʝ ʟʤʝʥʰʝʥʥʷ ʧʠʪʦʤʦʾ 

ʧʦʚʝʨʭʥʽ ʟʘ ʨʘʭʫʥʦʢ ʟʙʽʣʴʰʝʥʥʷ ʨʘʜʽʫʩʫ ʧʦʨ. ʉʬʝʨʠʯʥʦ ʛʨʘʥʫʣʴʦʚʘʥʠʡ ʩʠʣʽʢʘʪ ʮʠʨʢʦʥʽʶ 

ʟʘʣʠʰʘʻʪʴʩʷ ʩʪʽʡʢʠʤ ʧʽʜ ʚʧʣʠʚʦʤ ʛʽʜʨʦʪʝʨʤʘʣʴʥʠʭ ʫʤʦʚ.  

 

  
ʈʠʩ. 1. ʂʨʠʚ̔ ʨʦʟʧʦʜʽʣʫ ʧʦʨ ʟʘ ʨʦʟʤʽʨʘʤʠ 

ʝʬʝʢʪʠʚʥʠʭ ʨʘʜʽʫʩʽʚ ʩʠʣʽʢʘʪʫ ʮʠʨʢʦʥʽʶ 

Na-ʬʦʨʤʘ (1), ʧʽʜʜʘʥʽ ɻʊʆ ʧʨʠ 270 Áʉ: 

5 ʛʦʜ (2), 15 ʛʦʜ (3), 72 ʛʦʜ (4) 

ʈʠʩ. 2. ʂʨʠʚ̔ ʨʦʟʧʦʜʽʣʫ ʧʦʨ ʟʘ ʨʦʟʤʽʨʘʤʠ 

ʝʬʝʢʪʠʚʥʠʭ ʨʘʜʽʫʩʽʚ ʩʠʣʽʢʘʪʫ ʮʠʨʢʦʥʽʶ 

H-ʬʦʨʤʘ (1), ʧʽʜʜʘʥʽ ɻʊʆ ʧʨʠ 270 Áʉ: 

5 ʛʦʜ (2), 15 ʛʦʜ (3), 72 ʛʦʜ (4) 
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ELECTROCHEMICAL BEHAVIOR OF Fe -Fe3O4-NaOH-O2 ENERGY STORAGE 

ELECTRODE SYSTEMS 

Potapenko O. V., Kravchenko O. V., Pershina K. D. 

Inter-Agency of Electrochemical Energy Systems NAS of Ukraine 

KravchenkoAlex@i.ua 

 

Iron oxide mixtures are well known as promising electrode materials for secondary 

batteries. Interest to such systems has been driven by incentives to develop low-cost, 

environmentally friendly and ability to recharge systems. The charge capacity of Fe- air battery 

is formed due to possibility of the iron to realize redox reactions with oxygen in wide range of 

potentials in aqueous solutions. 

Experiment consisted of two stages: 1 ï for avoid passivation of iron (rusting) and 

reduce hydrogen evolution at the electrode surface during charging the working electrode was 

prepared from powdered materials containing metallic iron or iron oxides (80 % of a mixture 

of Fe and Fe3O4; 10 % ï acetylene soot and 10 % ï Polytetrafluoroethylene); 2 ï 

electrochemical behavior of Fe-Fe3O4 was studied using cyclic voltammetry (CVA) in alkaline 

media. Measurements were taken in open air 3-electrode cell: counter electrode (oxidized 

graphite), working electrode (Fe-Fe3O4) and reference electrode (Ag/AgCl). 
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Fig. 1. CVA of the Fe-Fe3O4 electrode 

(ɡ = 1 mV/s, t = 25 ʦʉ, 5M NaOH) 

Fig. 2. Charge-discharge curves of the Fe-

Fe3O4 electrode (i = 5 mɸ/cm
2, 5M NaOH) 

 

The CVA study determined range of the potential window of the iron-air system, it be 

E= -1.28 V (Fig. 1). It is slightly lower than that of the ironïnickel oxide cell of 1.41 V, but air-

breathing electrode can increase the energy density due the realization of five redox reactions 

with participation of ironcontent compounds. Analysis of the standard potentials of electrode 

reactions in aqueous solutions show that the charge / discharge process depends on the redox 

transformations of the pair Fe0/Fe2 + (E = -0.44 V via SHE) and Fe(OH)2/Fe0 (E = - 0.88 V via 

SHE) and on the concentration of dissolved oxygen and carbon dioxide (Fig. 1.2).Dissolved 

carbon dioxide promotes the formation of FeCO3, which is reduced to Fe0 at E = -0.756 V 

(SHE). The obtained specific capacitance of Fe-Fe3O4 electrode was 80ï100 mAh/g. The 

observed increasing of resistance and a decreasing of specific capacity during cycling is 

connected with two main factors: 1 ï with decreasing of the oxygen concentration; 2 ï with 

increasing of the amount of carbonates, which blocking the surface of the electrode. 
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STRUCTURED HIERARCHICAL ZEOLITES OVERGROWN ON EXPANDED 

OBSIDIAN OR PERLITE  

Kurmach M. M., Konysheva K. M., Yaremov P. S., Shvets O. V. 

L.V. Pisarzhevsky Institute of Physical Chemistry of the NAS of Ukraine, 31 Prosp. Nauky, 

03028 Kyiv, Ukraine  

mazinator3710@ukr.net 

 

Hierarchical zeolites are materials in which orderly combined two or more types of pore 

systems, for example zeolitic micropores and transport mesopores. The latter facilitate the 

transport of molecules to active centers and reduce diffusion limitations, what allow to expect 

high activity of such materials in different acid-base and redox process including ñbulkò (with 

diameter more than 1 nm) molecules. At the same time, these materials are quite expensive for 

use in industry. Synthesis of hierarchical zeolites overgrown on obsidian or perlite could 

significantly reduce the value of such materials. 

Structured hierarchical zeolites overgrown on expanded obsidian or perlite were 

obtained using Gemini-type surfactants as structure directing agents (SDA) and this 

aluminosilicates as unique Al source. Si/Al ratio change was achieved by preliminary acid 

treatment of starting perlite and obsidian. Structured hierarchical zeolites with MTW, MFI, 

MOR or BEA topology (as pure phases) were obtained varying of hydrothermal treatment time, 

SDA structure, and Si/Al ratio. Obtained materials consist of amorphous aluminosilicate 

(perlite or obsidian) phase on the surface of which zeolite nanosheets of 2ï10 nm thickness are 

overgrown. Values of external surface were quite high and achieved 200 m2Āgī1, while 

mesopore volume varied in range 0.25ī0.6 cm3Āgī1. It was established that degree of perlite or 

obsidian transformation into zeolite was increased with prolongation of time hydrothermal 

treatment and decrease of Al content in dealuminated obsidian and perlite. 

All synthesized zeolites contain in structure Brßnsted (BAS) and Lewis acid sites (LAS), 

which concentration varied in range 40ï200 ɛmolĀgī1. Concentration of BAS and LAS 

significantly depended on amount of amorphous phase in obtained structured hierarchical 

zeolites. Such materials will be tested as catalyst for different acid-base process. 
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Fig. TEM-image (A) of sample BEA-obsidian, concentration (B) of adsorbed pyridine on 

Lewis and Brßnsted acid sites of obtained composites 
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ʆʂʀʉʃɽʅʅʗ ɹɸʈɺʅʀʂɯɺ ʍʈʆʄʆɺʆɻʆ ʊɽʄʅʆ-ʉʀʅʔʆɻʆ 

ʊɸ ʄɽʊʀʃʆɺʆɻʆ ʌɯʆʃɽʊʆɺʆɻʆ ʇɽʈʆʂʉʀɼʆʄ ɺʆɼʅʖ 

ɺ ʇʈʀʉʋʊʅʆʉʊɯ ʉʆʃɽʁ ʇɽʈɽʍɯɼʅʀʍ ʄɽʊɸʃɯɺ 

ʂʫʮʝʥʢʦ ʅ. ɺ.1, ɾʠʣʴʮʦʚʘ ʉ. ɺ.1, ʆʧʝʡʜʘ ʁ. ʆ.1,2 
1ɼʦʥʝʮʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ɺʘʩʠʣʷ ʉʪʫʩʘ 

2ɺʽʜʜʽʣʝʥʥʷ ʬʽʟʠʢʦ-ʭʽʤʽʾ ʛʦʨʶʯʠʭ ʢʦʧʘʣʠʥ ɯʥʩʪʠʪʫʪʫ ʬʽʟʠʢʦ-ʦʨʛʘʥʽʯʥʦʾ ʭʽʤʽʾ 

ʽ ʚʫʛʣʝʭʽʤʽʾ ʽʤ. ʃ. ʄ. ʃʠʪʚʠʥʝʥʢʘ ʅɸʅ ʋʢʨʘʾʥʠ 

kutsenko.nat@donnu.edu.ua, sv.zhiltsova@donnu.edu.ua 

 

ʆʩʪʘʥʥʽʤ ʯʘʩʦʤ ʽʥʪʝʥʩʠʚʥʦ ʨʦʟʚʠʚʘʶʪʴʩʷ ʢʦʤʙʽʥʦʚʘʥʽ ʤʝʪʦʜʠ ʦʢʠʩʣʝʥʥʷ 

ʟʘʙʨʫʜʥʠʢʽʚ ʩʪʽʯʥʠʭ ʚʦʜ, ʷʢʽ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʦʪʨʠʤʘʥʥʷʤ ʆʅ-ʨʘʜʠʢʘʣʽʚ ʫ ʤôʷʢʠʭ 

ʫʤʦʚʘʭ. ʉʝʨʝʜ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʧʦʜʽʙʥʠʭ ʤʝʪʦʜʽʚ ʥʘʡʙʽʣʴʰ ʧʝʨʩʧʝʢʪʠʚʥʦʶ ʻ 

ʦʢʠʩʣʶʚʘʣʴʥʘ ʩʠʩʪʝʤʘ ʌʝʥʪʦʥʘ. ɺʝʣʠʢʘ ʫʚʘʛʘ ʾʡ ʧʨʠʜʽʣʷʻʪʴʩʷ ʯʝʨʝʟ ʧʨʦʩʪʦʪʫ ʨʝʘʣʽʟʘʮʽʾ, 

ʚʽʜʥʦʩʥʦ ʥʝʚʠʩʦʢʫ ʚʘʨʪʽʩʪʴ ʪʘ ʝʢʦʣʦʛʽʯʥʽʩʪʴ. ʇʦʨʷʜ ʽʟ ʢʣʘʩʠʯʥʦʶ ʩʠʩʪʝʤʦʶ ʌʝʥʪʦʥʘ 

(Fe2+ + H2O2) ʝʬʝʢʪʠʚʥʠʤʠ ʻ ʧʨʦʮʝʩʠ ʦʢʠʩʣʝʥʥʷ ʦʨʛʘʥʽʯʥʠʭ ʩʧʦʣʫʢ ʧʝʨʦʢʩʠʜʦʤ ʚʦʜʥʶ ʚ 

ʧʨʠʩʫʪʥʦʩʪʽ ʽʦʥʽʚ Cu2+, Mn2+, ʉʦ2+, Cr2+, Ag+ ʪʦʱʦ. ʄʝʪʦʶ ʜʘʥʦʾ ʨʦʙʦʪʠ ʙʫʣʦ ʜʦʩʣʽʜʠʪʠ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʽʦʥʽʚ ʟʤʽʥʥʦʾ ʚʘʣʝʥʪʥʦʩʪʽ ʚ ʌʝʥʪʦʥ-ʧʦʜʽʙʥʠʭ ʩʠʩʪʝʤʘʭ ʜʣʷ 

ʜʝʢʦʣʦʨʠʟʘʮʽʾ ʚʦʜʥʠʭ ʨʦʟʯʠʥʽʚ ʩʠʥʪʝʪʠʯʥʠʭ ʙʘʨʚʥʠʢʽʚ. 

ʂʽʥʝʪʠʢʫ ʟʥʝʙʘʨʚʣʝʥʥʷ ʭʨʦʤʦʚʦʛʦ ʪʝʤʥʦ-ʩʠʥʴʦʛʦ (ʍʊʉ, ɚmax = 553 ʥʤ) ʪʘ 

ʤʝʪʠʣʦʚʦʛʦ ʬʽʦʣʝʪʦʚʦʛʦ (ʄʌ, ɚmax = 585 ʥʤ) ʜʦʩʣʽʜʞʫʚʘʣʠ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʥʠʤ 

ʤʝʪʦʜʦʤ (SPECOL 1500, Analytik Jena). ɺʠʤʽʨʶʚʘʥʥʷ ʧʨʦʚʦʜʠʣʠ ʫ ʩʢʣʷʥʽʡ ʢʶʚʝʪʽ ʟ 

ʪʦʚʱʠʥʦʶ ʰʘʨʫ 1 ʩʤ ʚ ʜʽʘʧʘʟʦʥʽ ʜʦʚʞʠʥʠ ʭʚʠʣʴ 190ï1100 ʥʤ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 21Ñ2 Áʉ. 

ʌʝʥʪʦʥ-ʧʦʜʽʙʥʽ ʩʠʩʪʝʤʠ ʛʦʪʫʚʘʣʠ ʥʘ ʦʩʥʦʚʽ ʧʝʨʦʢʩʠʜʫ ʚʦʜʥʶ ʪʘ ʽʦʥʽʚ ʤʘʥʛʘʥʫ(ɯɯ), 

ʢʦʙʘʣʴʪʫ(II), ʟʘʣʽʟʘ(II) ʪʘ (III), ʙʝʟ ʨʝʛʫʣʶʚʘʥʥʷ ʨʅ ʩʠʩʪʝʤʠ. 

ʈʝʟʫʣʴʪʘʪʠ ʟʤʽʥʠ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʟʘʙʘʨʚʣʝʥʥʷ ʨʦʟʯʠʥʽʚ ʄʌ ʪʘ ʍʊʉ ʧʨʦʪʷʛʦʤ 30 ʭʚ 

ʥʘʚʝʜʝʥʦ ʚ ʊʘʙʣ. ʇʦʢʘʟʘʥʦ, ʱʦ ʥʘʡʙʽʣʴʰ ʝʬʝʢʪʠʚʥʦʶ ʚ ʫʤʦʚʘʭ ʧʨʦʚʝʜʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʫ 

ʻ ʢʣʘʩʠʯʥʘ ʩʠʩʪʝʤʘ (Fe2+ + H2O2), ʜʣʷ ʷʢʦʾ ʚʞʝ ʯʝʨʝʟ 5 ʭʚ ʚʽʜ ʧʦʯʘʪʢʫ ʝʢʩʧʝʨʠʤʝʥʪʫ 

ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʟʥʝʙʘʨʚʣʝʥʥʷ ʄʌ ʽ ʍʊʉ ʥʘ 96 ʽ 90 % ʚʽʜʧʦʚʽʜʥʦ. ɼʣʷ ʩʫʤʽʰʽ Fe3+ + H2O2 

ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʧʦʜʽʙʥʘ ʪʝʥʜʝʥʮʽʷ. 

 

ʊʘʙʣʠʮʷ. ɺʧʣʠʚ ʽʦʥʽʚ ʟʤʽʥʥʦʾ ʚʘʣʝʥʪʥʦʩʪʽ ʥʘ ʢʦʥʚʝʨʩʽʶ (S) ʄʌ ʪʘ ʍʊʉ ʫ ʯʘʩʽ.  

[ʄʌ]0 = 2,0Ŀ10-5 M; [ʍʊʉ]0 = 3,7Ŀ10-5 M; [Men+]0 = 1Ŀ10-3 M; [H2O2]0 = 2Ŀ10-3 M 

Men+ pH 
ʄʌ ʍʊʉ 

S5, % S20, % S30, % S5, % S20, % S30, % 

Fe2+ 5 96 97 97 90 90 90 

Fe3+ 3 93 94 94 92 93 93 

Co2+ 6 0 1,6 2,2 12 18 22 

Mn2+ 6 1,9 2,0 2,1 9 60 77 

 

ɯʦʥʠ Co2+ ʪʘ Mn2+ ʚʠʷʚʠʣʠʩʷ ʤʝʥʰ ʝʬʝʢʪʠʚʥʠʤʠ ʫ ʟʥʝʙʘʨʚʣʝʥʥʽ ʄʌ ʽ ʍʊʉ. 

ʄʘʢʩʠʤʘʣʴʥʠʡ ʩʪʫʧʽʥʴ ʟʥʝʙʘʨʚʣʝʥʥʷ ʩʪʘʥʦʚʠʪʴ 77 % ʜʣʷ ʩʠʩʪʝʤʠ ʍʊʉ + Mn2+ + H2O2. 

ʇʨʠ ʮʴʦʤʫ ʜʣʷ ʄʌ ʟʤʽʥʘ ʥʝ ʧʝʨʝʚʠʱʫʻ 2 %, ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʪʠʧʫ ʽʦʥʘ ʫ ʌʝʥʪʦʥ-ʧʦʜʽʙʥʽʡ 

ʩʠʩʪʝʤʽ. ʆʯʝʚʠʜʥʦ, ʮʝ ʧʦʚôʷʟʘʥʦ ʟ ʨʽʟʥʦʶ ʟʜʘʪʥʽʩʪʶ ʬʫʥʢʮʽʡʥʠʭ ʛʨʫʧ ʙʘʨʚʥʠʢʽʚ 

ʨʝʘʛʫʚʘʪʠ ʟ ʫʪʚʦʨʶʚʘʥʠʤʠ ʆ-ʮʝʥʪʨʦʚʘʥʠʤʠ ʨʘʜʠʢʘʣʘʤʠ, ʘ ʪʘʢʦʞ ʟʽ ʟʤʽʥʦʶ ʪʠʧʫ 

ʯʘʩʪʠʥʦʢ, ʱʦ ʙʝʨʫʪʴ ʫʯʘʩʪʴ ʫ ʨʝʘʢʮʽʾ ʫʪʚʦʨʝʥʥʷ ʪʘʢʠʭ ʨʘʜʠʢʘʣʽʚ, ʫ ʩʝʨʝʜʦʚʠʱʽ, 

ʙʣʠʟʴʢʦʤʫ ʜʦ ʥʝʡʪʨʘʣʴʥʦʛʦ, ʽ ʥʝʤʦʞʣʠʚʽʩʪʶ ʾʭ ʧʦʚʝʨʥʝʥʥʷ ʫ ʨʝʜʦʢʩ-ʮʠʢʣ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʚ ʫʤʦʚʘʭ ʧʨʦʚʝʜʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʫ ʽʦʥʠ ʤʝʪʘʣʽʚ ʟʤʽʥʥʦʾ 

ʚʘʣʝʥʪʥʦʩʪʽ ʚ ʧʨʠʩʫʪʥʦʩʪʽ ʧʝʨʦʢʩʠʜʫ ʚʦʜʥʶ ʟʘ ʝʬʝʢʪʠʚʥʽʩʪʶ ʟʥʝʙʘʨʚʣʝʥʥʷ ʍʊʉ ʤʦʞʫʪʴ 

ʙʫʪʠ ʨʦʟʪʘʰʦʚʘʥʽ ʚ ʥʘʩʪʫʧʥʽʡ ʧʦʩʣʽʜʦʚʥʦʩʪʽ: Fe2+ > Fe3+ > Mn2+ > Co2+. ʋ ʚʠʧʘʜʢʫ ʄʌ 

Fe2+ > Fe3+ > Mn2+ å Co2+. 
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STABILITY OF NANOPOROUS SILVER FOAMS IN ELECTROCATALYTIC 

DEHALOGENATION OF ORGANIC HALIDES  

Mishura A. M.1, Lytvynenko A. S.1, Gavrilenko K. S.2, Kolotilov S. V.1 
1L. V. Pisarzhevskii Institute of Physical Chemistry of the National Academy of Sciences of 

Ukraine, Nauky av., Kyiv, 03028, Ukraine 
2ChemBioCenter, National Taras Schevchenko University of Kyiv, Chervonotkatska str., 61, 

Kyiv, 02094, Ukraine  

anton.s.lytvynenko@gmail.com 

 

Nanoporous metal foams (NMFs) are relatively new class of nanoscale materials which 

consist of metals nanoparticles or filaments interconnected in such way that they form 3D 

structure. Such materials can be promising for creation of novel supercapacitors, heat sinks, 

catalysts, electrocatalysts etc. It was previously shown by us that Ag NMF fabricated by 

cathodic electrodeposition of Ag under high current density from acidic aqueous solutions 

manifested enhanced electrocatalytic activity in reactions of organic halides electroreduction 

compared to smooth Ag. However, for practical application of Ag NMF, their stability in the 

course of electrochemical processes should be evaluated. 

The aim of this work was to estimate stability of Ag NMF sample in the course of 

electrochemical reduction of organic halides by the means of cyclic voltammetry (CV) and to 

compare the stability in the reactions of reduction of different organic halides. 

The Ag NMF samples were deposited from AgBF4 + HBF4 aqueous solution onto glassy 

carbon disk electrode. The resulted coatings were tested by CV in electrochemical reduction of 

a set of organic halides, including 1-bromo-4-fluorobenzene (FPhBr), CF3CHClBr and CF2Br2 

(medium ï 0.1 (C4H9)4NBF4 in DMF). The potentials of cathodic peaks which could be 

attributed to the organic halides reductive dehalogenation were less negative on Ag NMF 

compared to smooth Ag which could indicate higher electrocatalytic activity of the former that 

could be explained by existence of active sites on the surface of Ag NMF. Series of consequent 

CV scans were performed for each halide in two regimes: 1) the scanning was stopped after 

each scan and the solution was thoroughly stirred; 2) the scanning was performed mostly 

without interruption and was stopped and the solution was stirred only before selected scans. 

CVs of consequent scans of all studied halides were highly reproducible within regime 1 which 

could indicate their stability in such regime. The scanning in regime 2 led to reversible 

(recovered after stirring) current decay of FPhBr (Fig.) and CF2Br2 reduction peaks (which 

could be explained by exhausting of the halides within the NMF pores) and to irreversible 

cathodic shift (Fig.) in the case of CF3CHClBr. Such irreversibility could be explained by the 

NMF active sites degradation due to formation of soluble Ag ˊ-complexes with CF2=CHCl 

(CF3CHClBr reduction product). 

 

Fig. CVs of FPhBr (5.3 mM, left) and CF3CHClBr (5.5 mM, right) on Ag NMF 
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ɽʌɽʂʊʀɺʅɯʉʊʔ ʈɽɸʂʎɯɰ ʌɽʅʊʆʅɸ ɺ ʇʈʆʎɽʉɯ ɿʅɽɹɸʈɺʃɽʅʅʗ 

ʄɽʊʀʃʆɺʆɻʆ ʌɯʆʃɽʊʆɺʆɻʆ 

ʄʘʢʘʨʦʚʘ ʃ. ʆ.1, ɾʠʣʴʮʦʚʘ ʉ. ɺ.1, ʆʧʝʡʜʘ ʁ. ʆ.1,2 
1ɼʦʥʝʮʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ɺʘʩʠʣʷ ʉʪʫʩʘ 

2ɺʽʜʜʽʣʝʥʥʷ ʬʽʟʠʢʦ-ʭʽʤʽʾ ʛʦʨʶʯʠʭ ʢʦʧʘʣʠʥ ɯʥʩʪʠʪʫʪʫ ʬʽʟʠʢʦ-ʦʨʛʘʥʽʯʥʦʾ ʭʽʤʽʾ 

ʽ ʚʫʛʣʝʭʽʤʽʾ ʽʤ. ʃ. ʄ. ʃʠʪʚʠʥʝʥʢʘ ʅɸʅ ʋʢʨʘʾʥʠ 

makarova.l@donnu.edu.ua 

 

ʉʠʥʪʝʪʠʯʥʽ ʙʘʨʚʥʠʢʠ, ʷʢʽ ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʪʝʢʩʪʠʣʴʥʽʡ, ʢʦʩʤʝʪʠʯʥʽʡ, 

ʭʘʨʯʦʚʽʡ, ʬʘʨʤʘʮʝʚʪʠʯʥʽʡ ʧʨʦʤʠʩʣʦʚʦʩʪʽ, ʻ ʦʜʥʠʤʠ ʽʟ ʟʘʙʨʫʜʥʠʢʽʚ ʥʘʚʢʦʣʠʰʥʴʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ. ʈʦʟʨʦʙʢʘ ʥʦʚʠʭ ʤʝʪʦʜʽʚ ʦʯʠʱʝʥʥʷ ʚʦʜʠ ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ ʜʦʩʣʽʜʞʝʥʥʷ 

ʧʨʦʮʝʩʽʚ ʦʢʠʩʣʝʥʥʷ, ʜʝ ʛʝʥʝʨʫʶʪʴʩʷ ʛʽʜʨʦʢʩʠʣʴʥʽ ʨʘʜʠʢʘʣʠ ʷʢ ʧʝʨʚʠʥʥʽ ʦʢʠʩʥʠʢʠ. ɼʦ 

ʥʠʭ ʥʘʣʝʞʠʪʴ ʨʝʘʢʪʠʚ ʌʝʥʪʦʥʘ (ʩʫʤʽʰ ʅʆʆʅ ʪʘ Fe2+). ʄʝʪʘ ʜʘʥʦʾ ʨʦʙʦʪʠ ï ʜʦʩʣʽʜʞʝʥʥʷ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʨʝʘʢʪʠʚʫ ʌʝʥʪʦʥʘ ʚ ʧʨʦʮʝʩʽ ʟʥʝʙʘʨʚʣʝʥʥʷ ʤʝʪʠʣʦʚʦʛʦ ʬʽʦʣʝʪʦʚʦʛʦ (ʄʌ) 

ʧʨʠ ʨʽʟʥʠʭ ʢʦʥʮʝʥʪʨʘʮʽʷʭ ʢʦʤʧʦʥʝʥʪʽʚ, ʨʅ ʩʠʩʪʝʤʠ, ʘ ʪʘʢʦʞ ʫ ʧʨʠʩʫʪʥʦʩʪʽ ʜʦʙʘʚʦʢ 

ʨʝʯʦʚʠʥ ʧʨʠʨʦʜʥʦʛʦ ʧʦʭʦʜʞʝʥʥʷ. 

ʂʽʥʝʪʠʢʫ ʦʢʩʠʜʘʮʽʡʥʦʾ ʜʝʩʪʨʫʢʮʽʾ ʙʘʨʚʥʠʢʘ ʚʠʚʯʘʣʠ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʥʠʤ 

ʤʝʪʦʜʦʤ ʟʘ ʜʦʚʞʠʥʠ ʭʚʠʣʽ 585 ʥʤ. ʨʅ ʩʠʩʪʝʤʠ ʜʣʷ ʙʽʣʴʰʦʩʪʽ ʜʦʩʣʽʜʽʚ ʩʪʘʥʦʚʠʣʦ 3,5. 

ɺʩʪʘʥʦʚʣʝʥʦ ʚʧʣʠʚ ʧʦʯʘʪʢʦʚʦʾ ʢʦʥʮʝʥʪʨʘʮʽʾ Fe2+ ʪʘ ʅ2ʆ2 ʥʘ ʧʦʯʘʪʢʦʚʫ ʰʚʠʜʢʽʩʪʴ 

(W0) ʨʝʘʢʮʽʾ ʪʘ ʧʝʨʝʪʚʦʨʝʥʥʷ (S) ʙʘʨʚʥʠʢʘ ʫ ʯʘʩʽ. ʇʦʢʘʟʘʥʦ, ʱʦ ʟʘ ʫʤʦʚ ʝʢʩʧʝʨʠʤʝʥʪʫ ʟ 

ʧʽʜʚʠʱʝʥʥʷʤ [ʅ2ʆ2] W0 ʟʨʦʩʪʘʻ, ʘ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ [Fe2+] ï ʟʤʝʥʰʫʻʪʴʩʷ. ʄʘʢʩʠʤʘʣʴʥʠʡ 

ʩʪʫʧʽʥʴ ʧʝʨʝʪʚʦʨʝʥʥʷ ʄʌ ʜʦʩʷʛʘʻʪʴʩʷ ʧʨʠ 0,9 ʤʄ [Fe2+]0 ʽ 0,5ï0,6 ʤʄ [ʅ2ʆ2]0. 

ʉʧʽʚʚʽʜʥʦʰʝʥʥʷ [ʅ2ʆ2]:[Fe2+], ʟʘ ʷʢʠʭ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʰʚʠʜʢʝ ʟʥʝʙʘʨʚʣʝʥʥʷ ʩʫʙʩʪʨʘʪʫ, 

ʣʝʞʘʪʴ ʫ ʤʝʞʘʭ 2:1ï4:1. ʇʦʢʘʟʘʥʦ ʚʧʣʠʚ ʨʅ ʥʘ ʩʪʫʧʽʥʴ ʟʥʝʙʘʨʚʣʝʥʥʷ ʩʫʙʩʪʨʘʪʫ. ʇʨʠ 

ʧʨʦʚʝʜʝʥʥʽ ʧʨʦʮʝʩʫ ʙʝʟ ʧʽʜʢʠʩʣʝʥʥʷ ʨʝʘʢʮʽʡʥʦʾ ʩʫʤʽʰʽ (ʨʅ ~5) ʟʥʝʙʘʨʚʣʝʥʥʷ ʄʌ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʦʚʽʣʴʥʽʰʝ: ʧʦʯʘʪʢʦʚʘ ʰʚʠʜʢʽʩʪʴ ʚ 1,5ï5 ʨʘʟʽʚ ʤʝʥʰʘ (ʟʘʣʝʞʥʦ ʚʽʜ 

ʢʦʥʮʝʥʪʨʘʮʽʾ ʩʫʙʩʪʨʘʪʫ); ʢʦʥʚʝʨʩʽʷ ʟʘ 30 ʭʚ ʚ 1,5ï2 ʥʠʞʯʘ. 

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʝʬʝʢʪʠʚʥʽʩʪʴ ʩʠʩʪʝʤʠ ʌʝʥʪʦʥʘ ʧʨʠ ʟʥʝʙʘʨʚʣʝʥʥʽ ʄʌ ʤʦʞʥʘ 

ʟʤʽʥʠʪʠ ʚʚʝʜʝʥʥʷʤ ʘʩʢʦʨʙʽʥʦʚʦʾ ʢʠʩʣʦʪʠ (ɸʂ) ʪʘ ʬʨʫʢʪʦʟʠ (ʌ) (ʪʘʙʣ.). ɸʥʘʣʽʟ ʜʘʥʠʭ, 

ʥʘʚʝʜʝʥʠʭ ʫ ʪʘʙʣʠʮʽ, ʧʦʢʘʟʘʚ, ʱʦ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʢʦʥʮʝʥʪʨʘʮʽʾ [ʌ]0 ʯʠ [ɸʂ]0, ʤʦʞʝ 

ʩʧʦʩʪʝʨʽʛʘʪʠʩʷ ʧʨʠʩʢʦʨʝʥʥʷ ʯʠ ʧʨʠʛʥʽʯʝʥʥʷ ʨʝʘʢʮʽʾ ʦʢʠʩʣʝʥʥʷ ʄʌ. ʇʨʠ ʚʚʝʜʝʥʥʽ 

1,5Ā10-3 ʄ [ʌ]0 ʯʠ [ɸʂ]0, S ʙʘʨʚʥʠʢʘ ʥʝ ʧʝʨʝʚʠʱʫʻ 28 % ʟʘ 60 ʭʚ, ʚ ʪʦʡ ʯʘʩ ʢʦʣʠ 

ʢʦʥʮʝʥʪʨʘʮʽʷ ʜʦʙʘʚʢʠ ʩʪʘʥʦʚʠʪʴ 5Ŀ10-5 ʄ, ʩʪʫʧʽʥʴ ʧʝʨʝʪʚʦʨʝʥʥʷ ʩʫʙʩʪʨʘʪʫ ʜʝʱʦ 

ʧʽʜʚʠʱʫʻʪʴʩʷ ʧʦʨʽʚʥʷʥʦ ʟ ʩʠʩʪʝʤʦʶ ʙʝʟ ʚʚʝʜʝʥʥʷ ʜʦʜʘʪʢʦʚʠʭ ʢʦʤʧʦʥʝʥʪʽʚ. 

 

ʊʘʙʣʠʮʷ. ɿʥʘʯʝʥʥʷ ʢʦʥʚʝʨʩʽʾ (S) ʦʢʠʩʣʝʥʥʷ ʄʌ ʨʝʘʢʪʠʚʦʤ ʌʝʥʪʦʥʘ  

ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʢʦʥʮʝʥʪʨʘʮʽʾ [ɸʂ]0 ʪʘ [ʌ]0. 

[ʄʌ]0 = 1,75Ŀ10-5 ʄ, [ʅ2ʆ2]0 = 4,0Ŀ10
-4 ʄ, [Fe2+]0 = 1,0Ŀ10

-4 ʄ, ʨʅ = 3,5 

[ɸʂ]0Ā10
3, ʄ 

S, % 
[ʌ]0Ā10

3, ʄ 
S, % 

1 ʭʚ 10 ʭʚ 60 ʭʚ 1 ʭʚ 10 ʭʚ 60 ʭʚ 

0 46 80 91 0 46 80 91 

0,005 53 90 96 0,005 59 93 97 

0,029 44 83 93 0,029 47 81 92 

0,05 36 77 89 0,05 35 71 88 

1,50 17 21 23 1,50 26 27 28 

 

ʊʘʢʠʤ ʯʠʥʦʤ, ʚʘʨʽʶʚʘʥʥʷ ʨʅ ʩʠʩʪʝʤʠ, ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʢʦʤʧʦʥʝʥʪʽʚ, ʘ ʪʘʢʦʞ 

ʚʚʝʜʝʥʥʷ ʘʩʢʦʨʙʽʥʦʚʦʾ ʢʠʩʣʦʪʠ ʯʠ ʬʨʫʢʪʦʟʠ ʜʦʟʚʦʣʷʶʪʴ ʚʘʨʽʶʚʘʪʠ ʰʚʠʜʢʽʩʪʴ ʽ ʩʪʫʧʽʥʴ 

ʟʥʝʙʘʨʚʣʝʥʥʷ ʩʫʙʩʪʨʘʪʫ. 

  



Physical Chemistry  ʌʽʟʠʯʥʘ ʭʽʤʽʷ 

201 

ɺʇʃʀɺ ɺʄɯʉʊʋ ʉʊɸɹɯʃɯɿɸʊʆʈɯɺ ʅɸ ʌɯɿʀʂʆ-ʍɯʄɯʏʅɯ ɺʃɸʉʊʀɺʆʉʊɯ 

ʅɸʅʆʂʈʀʉʊɸʃɯʏʅʀʍ ʇʆʈʆʐʂɯɺ ʉʀʉʊɽʄʀ ZrO2-Y2O3-CeO2 

ʄʘʨʝʢ ɯ. ʆ. 

ɯʥʩʪʠʪʫʪ ʧʨʦʙʣʝʤ ʤʘʪʝʨʽʘʣʦʟʥʘʚʩʪʚʘ ʤ̔. ɯ. ʄ. ʌʨʘʥʮʝʚʠʯʘ ʅɸʅ ʋʢʨʘʾʥʠ, ʚʽʜʜʽʣ ʬʽʟʠʢʦ-

ʭʽʤʽʾ ʽ ʪʝʭʥʦʣʦʛʽʾ ʪʫʛʦʧʣʘʚʢʠʭ ʦʢʩʠʜʽʚ, ʚʫʣ., ʂʨʞʠʞʘʥʽʚʩʴʢʦʛʦ, 3, ʂʠʾʚ-142, 03680, 

ʋʢʨʘʾʥʘ 

Mega_marekirina@ukr.net 

 

ʄʘʪʝʨʽʘʣʠ ʥʘ ʦʩʥʦʚʽ ʜʽʦʢʩʠʜʫ ʮʠʨʢʦʥʽʶ ʚʦʣʦʜʽʶʪʴ ʫʥʽʢʘʣʴʥʠʤ ʢʦʤʧʣʝʢʩʦʤ 

ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ, ʟʘʚʜʷʢʠ ʜʽʾ ʝʬʝʢʪʫ ʪʨʘʥʩʬʦʨʤʘʮʽʡʥʦʛʦ ʟʤʽʮʥʝʥʥʷ. 

ɺʽʜʩʫʪʥʽʩʪʴ ʨʝʘʢʮʽʡ ʟ ʞʠʚʠʤ ʦʨʛʘʥʽʟʤʦʤ ʜʦʟʚʦʣʷʻ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʙʽʦʽʥʝʨʪʥʫ ʢʝʨʘʤʽʢʫ ʥʘ 

ʦʩʥʦʚʽ ZrO2 ʚ ʷʢʦʩʪʽ ʟʘʤʽʥʠ ʧʘʨ ʪʝʨʪʷ ʪʘʟʦʩʪʝʛʥʦʚʠʭ ʩʫʛʣʦʙʽʚ ʽ ʩʫʮʽʣʴʥʦʢʝʨʘʤʽʯʥʠʭ 

ʢʦʥʩʪʨʫʢʮʽʡ ʚ ʦʨʪʦʧʝʜʠʯʥʽʡ ʩʪʦʤʘʪʦʣʦʛʽʾ. ɼʣʷ ʮʠʭ ʮʽʣʝʡ ʚ ʦʩʥʦʚʥʦʤʫ ʟʘʩʪʦʩʦʚʫʻʪʴ 

ʜʽʦʢʩʠʜ ʮʠʨʢʦʥʽʶ, ʩʪʘʙʽʣʽʟʦʚʘʥʠʡ Y2O3 (3Y-TZP). ʆʜʥʘʢ ʜʣʷ ʮʠʭ ʢʦʤʧʦʟʠʪʽʚ ʭʘʨʘʢʪʝʨʥʠʡ 

ʝʬʝʢʪ ʥʠʟʴʢʦʪʝʤʧʝʨʘʪʫʨʥʦʾ ʜʝʛʨʘʜʘʮʽʾ ʚʣʘʩʪʠʚʦʩʪʝʡ ʫ ʚʦʣʦʛʦʤʫ ʩʝʨʝʜʦʚʠʱʽ (ʩʪʘʨʽʥʥʷ), 

ʷʢʠʡ ʧʦʣʷʛʘʻ ʚ ʥʝʢʦʥʪʨʦʣʴʦʚʘʥʦʤʫ ʬʘʟʦʚʦʤʫ ʧʝʨʝʭʦʜʽ ʪʝʪʨʘʛʦʥʘʣʴʥʦʛʦ ʪʚʝʨʜʦʛʦ 

ʨʦʟʯʠʥʫ ʥʘ ʦʩʥʦʚʽ ZrO2 (TŸZrO2) ʚ ʤʦʥʦʢʣʽʥʥʫ ʤʦʜʠʬʽʢʘʮʽʶ (MŸZrO2). ʈʽʰʝʥʥʷʤ ʮʽʻʾ 

ʧʨʦʙʣʝʤʠ ʻ ʩʫʤʽʩʥʝ ʣʝʛʫʚʘʥʥʷ ZrO2 ʦʢʩʠʜʘʤʠ ʽʪʪʨʽʶ ʪʘ ʮʝʨʽʶ, ʪʦʤʫ ʟʘʢʦʥʦʤʽʨʥʠʤ ʻ 

ʽʥʪʝʨʝʩ ʜʦ ʨʦʟʨʦʙʢʠ ʤʘʪʝʨʽʘʣʽʚ ʩʠʩʪʝʤʠ ZrO2 - Y2O3 - CeO2, ʪʘʢ ʷʢ ʢʦʤʧʣʝʢʩʥʝ ʣʝʛʫʚʘʥʥʷ 

ZrO2 ʦʢʩʠʜʘʤʠ ʽʪʨʽʶ ʽ ʮʝʨʽʶ ʧʨʠʟʚʝʜʝ ʜʦ ʧʽʜʚʠʱʝʥʥʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʽʮʥʦʩʪʽ ʽ ʩʪʽʡʢʦʩʪʽ 

ʜʦ ʩʪʘʨʽʥʥʷ ʢʦʤʧʦʟʠʪʽʚ ʥʘ ʦʩʥʦʚʽ ZrO2.  

ʎʽʣʴ ʨʦʙʦʪʠ: ʚʠʚʯʠʪʠ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʽ ʟʤʽʥʠ ʚʣʘʩʪʠʚʦʩʪʝʡ ʥʘʥʦʢʨʠʩʪʘʣʽʯʥʠʭ 

ʧʦʨʦʰʢʽʚ ʩʠʩʪʝʤʠ ZrO2-Y2O3-CeO2 ʧʽʩʣʷ ʦʪʨʠʤʘʥʥʷ, ʪʘ ʪʝʨʤʽʯʥʦʾ ʦʙʨʦʙʢʠ. 

ɼʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʦʙʨʘʥʦ ʥʘʥʦʢʨʠʩʪʘʣʽʯʥʽ ʧʦʨʦʰʢʠ ʩʢʣʘʜʫ (ʤʦʣ. %): 95 ZrO2 ï 

3 Y2O3 ï 2 CeO2 (Zr3Y2Cʝ); 90 ZrO2 ï 2 Y2O3 ï 8 CeO2 (Zr2Y8Cʝ), ʦʜʝʨʞʘʥʽ 

ʛʽʜʨʦʪʝʨʤʘʣʴʥʠʤ ʩʠʥʪʝʟʦʤ ʫ ʣʫʞʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ. 

ʄʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʥʷ: ʨʝʥʪʛʝʥʦʬʘʟʦʚʠʡ ʘʥʘʣʽʟ; ʜʠʬʝʨʝʥʮʽʘʣʴʥʦ ï ʪʝʨʤʽʯʥʠʡ 

ʘʥʘʣʽʟ; ʝʣʝʢʪʨʦʥʥʘ ʤʽʢʨʦʩʢʦʧʽʷ; ʤʝʪʦʜ ɹɽʊ. 

ɺʠʟʥʘʯʝʥʦ, ʱʦ ʧʽʩʣʷ ʛʽʜʨʦʪʝʨʤʘʣʴʥʦʛʦ ʩʠʥʪʝʟʫ ʫ ʧʦʨʦʰʢʘʭ Zr2Y8Cʝ ʪʘ Zr3Y2Cʝ 

ʫʪʚʦʨʠʣʠʩʴ ʪʝʨʤʦʜʠʥʘʤʽʯʥʦ ʥʝʨʽʚʥʦʚʘʞʥʽ ʩʠʩʪʝʤʠ, ʜʦ ʩʢʣʘʜʫ ʷʢʠʭ ʚʭʦʜʷʪʴ 

ʥʠʟʴʢʦʪʝʤʧʝʨʘʪʫʨʥʠʡ ʤʝʪʘʩʪʘʙʽʣʴʥʠʡ ʢʫʙʽʯʥʠʡ ʪʚʝʨʜʠʡ ʨʦʟʯʠʥ ʥʘ ʦʩʥʦʚʽ ʜʽʦʢʩʠʜʫ 

ʮʠʨʢʦʥʽʶ F-ZrO2, ʪʘ ʊ-ZrO2.  

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʭʘʨʘʢʪʝʨ ʜʝʨʠʚʘʪʦʨʘʤ ʩʫʤʽʰʝʡ ʜʣʷ ʩʠʥʪʝʟʫ ʧʦʨʦʰʢʽʚ Zr3Y2Cʝ 

ʪʘ Zr2Y8Cʝ ʧʽʩʣʷ ʛʽʜʨʦʪʝʨʤʘʣʴʥʦʛʦ ʩʠʥʪʝʟʫ ʧʦʜʽʙʥʠʡ. ɻʦʣʦʚʥʘ ʚʽʜʤʽʥʥʽʩʪʴ ʧʦʣʷʛʘʻ ʫ 

ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʝʥʜʦʪʝʨʤʽʯʥʠʭ ʝʬʝʢʪʽʚ ʥʘ ʢʨʠʚʠʭ ɼʊɸ, ʧʨʠʩʫʪʥʦʩʪʽ ʥʝʟʥʘʯʥʦʛʦ 

ʝʥʜʦʪʝʨʤʽʯʥʦʛʦ ʝʬʝʢʪʫ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 315 Áʉ ʥʘ ʢʨʠʚʽʡ ɼʊɸ ʧʦʨʦʰʢʫ Zr3Y2Cʝ, ʪʘ 

ʥʝʟʥʘʯʥʦʛʦ ʝʢʟʦʪʝʨʤʽʯʥʦʛʦ ʝʬʝʢʪʫ ʧʨʠ ʚʢʘʟʘʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ ʥʘ ʢʨʠʚʽʡ ɼʊɸ ʧʦʨʦʰʢʫ 

Zr2Y8Cʝ. 

ʇʨʦʮʝʩ ʪʝʨʤʽʯʥʦʾ ʦʙʨʦʙʢʠ ʚʢʘʟʘʥʠʭ ʩʢʣʘʜʽʚ ʚ ʽʥʪʝʨʚʘʣʽ ʪʝʤʧʝʨʘʪʫʨ 400ï1300 Áʉ 

ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʬʘʟʦʚʠʤʠ ʧʝʨʝʪʚʦʨʝʥʥʷʤʠ F-ZrO2 Ÿ ʊ-ZrO2 ʪʘ ʩʧʽʢʘʥʥʷʤ ʦʜʝʨʞʘʥʠʭ 

ʧʦʨʦʰʢʽʚ. ʈʦʟʤʽʨ ʧʝʨʚʠʥʥʠʭ ʯʘʩʪʠʥʦʢ ʟʤʽʥʶʻʪʴʩʷ ʚʽʜ 10 ʜʦ 25 ʥʤ, ʧʠʪʦʤʘ ʧʦʚʝʨʭʥʷ 

ʧʦʨʦʰʢʫ ʩʢʣʘʜʫ Zr3Y2Cʝ ʟʤʽʥʶʻʪʴʩʷ ʚʽʜ 1 ʜʦ 82 ʤ2/ʛ, ʘ ʧʠʪʦʤʘ ʧʦʚʝʨʭʥʷ ʩʢʣʘʜʫ Zr2Y8Cʝ 

ʟʤʽʥʶʻʪʴʩʷ ʚʽʜ 2 ʜʦ 94 ʤ2/ʛ. 

ʆʜʝʨʞʘʥʽ ʧʦʨʦʰʢʠ ʙʫʜʝ ʚʠʢʦʨʠʩʪʘʥʦ ʧʨʠ ʤʽʢʨʦʩʪʨʫʢʪʫʨʥʦʤʫ ʧʨʦʝʢʪʫʚʘʥʥʽ 

ʢʦʤʧʦʟʠʪʽʚ ʥʘ ʦʩʥʦʚʽ ZrO2, ʩʪʽʡʢʠʭ ʜʦ ʧʨʦʮʝʩʫ ʩʪʘʨʽʥʥʷ ʫ ʚʦʣʦʛʦʤʫ ʩʝʨʝʜʦʚʠʱʽ. 
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ʀʟʫʯʝʥʠʝ ʩʝʨʥʦʢʠʩʣʦʪʥʳʭ ʨʘʩʪʚʦʨʦʚ ʵʣʝʢʪʨʦʬʠʣʦʚ (ɽ+) ʚ ʘʢʪʠʚʘʮʠʠ ʩʚʷʟʠ ʉïʅ ʚ 

ʫʛʣʝʚʦʜʦʨʦʜʘʭ ʘʨʦʤʘʪʠʯʝʩʢʠʭ (ArH) ʠ ʥʘʩʳʱʝʥʥʳʭ (RH) ʦʩʪʘʝʪʩʷ ʘʢʪʫʘʣʴʥʳʤ ʚ 

ʩʦʚʨʝʤʝʥʥʦʡ ʬʠʟʠʢʦ-ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ. ʂʠʥʝʪʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʧʦ ʩʫʙʩʪʨʘʪʥʦʡ 

ʩʝʣʝʢʪʠʚʥʦʩʪʠ ʠ ʝʝ ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʚ ʵʪʠʭ ʨʝʘʢʮʠʷʭ ʧʦʟʚʦʣʠʣʠ: 

1) ʘʨʦʤʘʪʠʯʝʩʢʦʝ ʵʣʝʢʪʨʦʬʠʣʴʥʦʝ ʟʘʤʝʱʝʥʠʝ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʢʦʥʪʨʦʣʠʨʫʝʤʳʝ 

ʦʩʥʦʚʥʦʩʪʴʶ ʘʨʝʥʘ ʠʣʠ ʝʛʦ ʧʦʪʝʥʮʠʘʣʦʤ ʠʦʥʠʟʘʮʠʠ; 2) ʵʣʝʢʪʨʦʬʠʣʳ ʚ ʨʝʘʢʮʠʷʭ RH + ɽ+ 

ʧʨʝʜʩʪʘʚʠʪʴ ʜʚʫʤʷ ʦʩʥʦʚʥʳʤʠ ʛʨʫʧʧʘʤʠ ï ʅ-ʵʣʝʢʪʨʦʬʠʣʳ (ʢʘʨʙʦʢʘʪʠʦʥʳ: 

ʘʜʘʤʘʥʪʠʣʴʥʳʡ 1-Ad+, ʧʨʦʪʦʥʠʨʦʚʘʥʥʳʝ ʘʥʪʨʘʮʝʥ ʠ ʬʦʨʤʘʣʴʜʝʛʠʜ, ʦʣʠʛʦʤʝʨʳ 

ʮʠʢʣʦʛʝʢʩʝʥʘ; ʢʦʤʧʣʝʢʩʳ ʨʪʫʪʠ(II) ʠ Pt2
III) ʦʪʨʳʚʘʶʪ ʛʠʜʨʠʜ-ʠʦʥ ʠ ʉ-ʵʣʝʢʪʨʦʬʠʣʳ 

(ʢʦʤʧʣʝʢʩʳ ʧʘʣʣʘʜʠʷ(II) ʠ ʚʘʥʘʜʠʷ(V), ʢʘʪʠʦʥʳ ʆʅ+ ʠ NO2
+) ʟʘʤʝʱʘʶʪ ʫ ʘʪʦʤʘ ʫʛʣʝʨʦʜʘ 

ʩ ʩʠʥʭʨʦʥʥʳʤ ʦʪʨʳʚʦʤ ʧʨʦʪʦʥʘ. ɼʣʷ ʚʳʙʦʨʘ ʘʢʪʠʚʥʦʡ ʯʘʩʪʠʮʳ ʠ ʤʝʭʘʥʠʟʤʘ ʝʝ ʜʝʡʩʪʚʠʷ 

ʚʝʩʴʤʘ ʧʦʣʝʟʥʳʤʠ ʧʨʝʜʩʪʘʚʣʷʶʪʩʷ ʜʘʥʥʳʝ ʧʦ ʢʠʩʣʦʪʥʦʤʫ ʢʘʪʘʣʠʟʫ. 

ɺ ʨʘʙʦʪʝ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʦ ʚʣʠʷʥʠʝ ʢʠʩʣʦʪʥʦʩʪʠ ʩʨʝʜʳ ʥʘ ʢʦʥʩʪʘʥʪʫ ʩʢʦʨʦʩʪʠ (k) 

ʚ ʨʝʘʢʮʠʷʭ ArH ʠ RH ʚ ʩʝʨʥʦʢʠʩʣʦʪʥʳʭ ʨʘʩʪʚʦʨʘʭ ʤʝʪʘʚʘʥʘʜʠʝʚʦʡ ʢʠʩʣʦʪʳ HVO3 ʠ 

1-ʘʜʘʤʘʥʪʘʥʦʣʘ (ʦʙʦʟʥʘʯʠʤ 1-AdOH). 

ʊʘʙʣʠʮʘ. ɿʘʚʠʩʠʤʦʩʪʴ ʚʝʣʠʯʠʥʳ logk* ʦʪ ʬʫʥʢʮʠʠ ʢʠʩʣʦʪʥʦʩʪʠ ɻʘʤʤʝʪʘ ïH0 ʠ ʦʪ 

ʬʫʥʢʮʠʠ ïHR
**  ʚ ʨʝʘʢʮʠʷʭ ArH ʠ RH ʚ ʨʘʩʪʚʦʨʘʭ HVO3 ï H2SO4 ʠ 1-AdOH ï H2SO4 

ʕʣʝʢʪʨʦʬʠʣ ʢʦʤʧʣʝʢʩʳ ʚʘʥʘʜʠʷ(V) 1-ʘʜʘʤʘʥʪʠʣʴʥʳʡ ʢʘʪʠʦʥ 

Cʫʙʩʪʨʘʪ ArH  2,3-(ʉʅ3)2ʉ4ʅ8 ʉ6ʅ5ʉʅ3 ʩ-ʉ6ʅ12 

[H2SO4] ʚ ʤʘʩ. %; T ʚ Áʉ 57 ï 65; 30 84 ï 90; 60 66 ï 78; 30 85 ï 94; 70 

ï(Dlʦgk / Dʅ0) 1,6 Ñ 0,1***  Ò 2,1  1,4 Ñ 0,2 1,48 Ñ 0,09 

ï(Dlʦgk / DʅR) 0,8 Ñ 0,1***  Ò 1,2 0,87 Ñ 0,08 0,83 Ñ 0,05 
 *ɼʣʷ ʨʝʘʢʮʠʡ ArH + Vʆ2

+, ArH + 1-Ad+, RH + 1-Ad+ k ʚ ʢʛĀʤʦʣʴï1Āʩï1, ʜʣʷ RH + V3O2
11+ 

k ʚ ʢʛ1,5Āʤʦʣʴï1,5Āʩï1. **ïHR ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʩʧʦʩʦʙʥʦʩʪʴ ʢʠʩʣʦʪʥʳʭ ʨʘʩʪʚʦʨʦʚ ʧʨʝʚʨʘʱʘʪʴ 

ʩʧʠʨʪʳ ʚ ʢʘʨʙʦʢʘʪʠʦʥʳ. ***ʉʨʝʜʥʝʝ ʧʦ ʜʘʥʥʳʤ ʜʣʷ ʪʦʣʫʦʣʘ, ʪʦʣʫʦʣʘ-d8 ʠ ʵʪʠʣʙʝʥʟʦʣʘ. 

ʂʘʢ ʩʣʝʜʫʝʪ ʠʟ ʪʘʙʣʠʮʳ, ʚ ʨʘʩʪʚʦʨʘʭ HVO3 ï H2SO4 ʠ 1-AdOH ï H2SO4 ʘʢʪʠʚʘʮʠʷ 

ʩʚʷʟʠ ʉïʅ ʚ ʥʘʩʳʱʝʥʥʳʭ ʫʛʣʝʚʦʜʦʨʦʜʘʭ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʘʢʪʠʚʘʮʠʝʡ ʙʝʥʟʦʣʘ ʠ 

ʘʣʢʠʣʙʝʥʟʦʣʦʚ, ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʙʦʣʝʝ ʢʠʩʣʦʡ ʩʨʝʜʝ, ʥʘʯʠʥʘʷ ʩ [H2SO4] Ó 84 %.  

ɺ ʩʣʫʯʘʝ ʨʘʩʪʚʦʨʦʚ HVO3 ï H2SO4 ʢʦʥʩʪʘʥʪʘ k ʨʘʩʪʝʪ ʩ ʨʦʩʪʦʤ [H2SO4]: ʜʣʷ ʘʨʝʥʦʚ 

ʦʪ 57 ʜʦ 65 % H2SO4, ʜʘʣʝʝ ʜʦ 68 % H2SO4 ʥʝ ʠʟʤʝʥʷʝʪʩʷ; ʜʣʷ 2,3-ʜʠʤʝʪʠʣʙʫʪʘʥʘ ʦʪ 84 

ʜʦ 90 % H2SO4, ʜʘʣʝʝ ʜʦ 93 % H2SO4 ʥʝ ʠʟʤʝʥʷʝʪʩʷ. ɺ ʨʝʘʢʮʠʠ ʩ RH ʚʝʣʠʯʠʥʘ ʥʘʢʣʦʥʦʚ 

ï(Dlʦgk/Dʅ0) ʠ ï(Dlʦgk/DʅR) ʧʦʯʪʠ ʚ 1,5 ʨʘʟʘ ʚʳʰʝ, ʯʝʤ ʚ ʨʝʘʢʮʠʠ ʩ ʘʨʝʥʘʤʠ. ʕʪʦ 

ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʪʝʤ, ʯʪʦ ʦʙʨʘʟʦʚʘʥʠʝ ʘʢʪʠʚʥʦʡ ʯʘʩʪʠʮʳ ʤʦʥʦʤʝʨʘ ʚʘʥʘʜʠʷ(V) Vʆ2
+ ʜʣʷ 

ʨʝʘʢʮʠʠ ʩ ArH ʪʨʝʙʫʝʪ ʤʝʥʝʝ ʛʣʫʙʦʢʦʛʦ ʧʨʦʪʦʥʠʨʦʚʘʥʠʷ (HVO3 + H+ ª VO2
+ + H2O), 

ʯʝʤ ʦʙʨʘʟʦʚʘʥʠʝ ʜʣʷ ʨʝʘʢʮʠʠ ʩ RH ʥʦʚʦʡ ʘʢʪʠʚʥʦʡ ʯʘʩʪʠʮʳ ʪʨʠʤʝʨʘ ʚʘʥʘʜʠʷ(V) [ïVïOï

VïOïVï] ʠʟ Vʆ2
+ ʠ ʜʠʤʝʨʘ ʚʘʥʘʜʠʷ(V) V2O3

4+ (VO2
+ + V2O3

4+ + 6H+ ªV3O2
11+ + 3H2O). 

ʂʦʥʮʝʥʪʨʘʮʠʠ ʘʢʪʠʚʥʳʭ ʯʘʩʪʠʮ ʜʦʩʪʠʛʘʶʪ ʨʘʚʥʦʚʝʩʥʦʛʦ ʧʨʝʜʝʣʘ ʠ ʥʝ ʠʟʤʝʥʷʶʪʩʷ ʚ 

ʦʙʣʘʩʪʠ [H2SO4] = 65ï68 % ʜʣʷ Vʆ2
+ ʠ 90ï93 % ʜʣʷ V3ʆ2

11+. 

ɺ ʨʘʩʪʚʦʨʘʭ 1-AdOH ʚʝʣʠʯʠʥʳ ʥʘʢʣʦʥʦʚ ʦʜʠʥʘʢʦʚʳ ʚ ʨʝʘʢʮʠʠ ʩ ʪʦʣʫʦʣʦʤ ʧʨʠ 

[H2SO4] = 66ï78 % ʠ ʩ ʮʠʢʣʦʛʝʢʩʘʥʦʤ ʧʨʠ 85ï94 % H2SO4. ɺ ʨʝʘʢʮʠʷʭ ʩ ArH ʠ ʩ RH 

ʨʝʘʛʠʨʫʝʪ ʦʜʥʘ ʠ ʪʘ ʞʝ ʘʢʪʠʚʥʘʷ ʯʘʩʪʠʮʘ 1-Ad+. ʇʨʠ ʧʦʚʳʰʝʥʠʠ [H2SO4] > 85 ʤʘʩ. % 

ʢʘʪʠʦʥʳ 1-Ad+ ʤʝʥʝʝ ʩʦʣʴʚʘʪʠʨʦʚʘʥʳ, ʙʦʣʝʝ ʘʢʪʠʚʥʳ ʠ ʩʧʦʩʦʙʥʳ ʨʝʘʛʠʨʦʚʘʪʴ ʩ RH. 
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ʆʇʀʉɸʅʅʗ ʄɸʉʆʇɽʈɽʅʆʉʋ ɹɯʃʗ ʆɹɽʈʊʆɺʆɻʆ ɼʀʉʂʆɺʆɻʆ 

ɽʃɽʂʊʈʆɼʋ: ɸʅɸʃɯɿ ʅɸɹʃʀɾɽʅʔ ɺ ɼʀʌʋɿʅʆʄʋ ʐɸʈɯ 

ʄʽʱʝʥʯʫʢ ɺ. ɺ.1, ʊʢʘʯʫʢ ʄ. ʄ.1, ɹʦʰʪʘʥ ʖ. ɺ.1, ʖʟʴʢʦʚʘ ɺ. ɼ.2 

1ɺɼʅɿ ʋʢʨʘʾʥʠ çɹʫʢʦʚʠʥʩʴʢʠʡ ʜʝʨʞʘʚʥʠʡ ʤʝʜʠʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪè 
2ɯʥʩʪʠʪʫʪ ʧʽʩʣʷʜʠʧʣʦʤʥʦʾ ʧʝʜʘʛʦʛʽʯʥʦʾ ʦʩʚʽʪʠ ʏʝʨʥʽʚʝʮʴʢʦʾ ʦʙʣʘʩʪʽ 

mishchenchuk.vitalij@bsmu.edu.ua 

 

ɸʢʪʫʘʣʴʥʽʩʪʴ. ʇʽʜ ʯʘʩ ʽʥʪʝʨʧʨʝʪʘʮʽʾ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ ʨʽʟʥʠʭ 

ʝʣʝʢʪʨʦʢʽʥʝʪʠʯʥʠʭ ʤʝʪʦʜʽʚ ʘʥʘʣʽʟʫ ʟʘ ʥʠʟʴʢʦʾ ʽʦʥʥʦʾ ʩʠʣʠ ʢʦʨʠʩʪʫʶʪʴʩʷ ʩʧʨʦʱʝʥʦʶ 

ʢʣʘʩʠʯʥʦʶ ʤʦʜʝʣʣʶ ʤʘʩʦʧʝʨʝʥʦʩʫ, ʢʦʣʠ ʧʨʠʝʣʝʢʪʨʦʜʥʠʡ ʧʨʦʩʪʽʨ ʨʦʟʙʠʚʘʻʪʴʩʷ ʥʘ 

ʜʠʬʫʟʥʠʡ, ʜʠʬʫʟʽʡʥʠʡ ʰʘʨʠ ʪʘ ʦʙôʻʤ ʨʦʟʯʠʥʫ. ɺ ʢʦʞʥʦʤʫ ʟ ʷʢʠʭ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʪʽ 

ʯʠ ʽʥʰʽ ʥʘʙʣʠʞʝʥʥʷ, ʟʦʢʨʝʤʘ ʚ ʜʠʬʫʟʥʦʤʫ ʰʘʨʽ ʧʨʠʡʤʘʻʪʴʩʷ ʨʽʚʥʦʚʘʞʥʠʡ 

ʙʦʣʴʮʤʘʥʽʚʩʴʢʠʡ ʨʦʟʧʦʜʽʣ ʢʦʤʧʦʥʝʥʪʽʚ, ʚ ʜʠʬʫʟʽʡʥʦʤʫ - ʫʤʦʚʘ ʝʣʝʢʪʨʦʥʝʡʪʨʘʣʴʥʦʩʪʽ, ʚ 

ʦʙ'ʻʤʽ ʨʦʟʯʠʥʫ ï ʧʦʩʪʽʡʥʽʩʪʴ ʢʦʥʮʝʥʪʨʘʮʽʡ ʢʦʤʧʦʥʝʥʪʽʚ. ʆʜʥʘʢ ʩʪʨʦʛʦʛʦ ʤʘʪʝʤʘʪʠʯʥʦʛʦ 

ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʚʩʽʭ ʥʘʙʣʠʞʝʥʴ ʧʦʚôʷʟʘʥʠʭ ʽʟ ʟʘʤʽʥʦʶ ʩʪʨʦʛʦʾ ʢʨʘʡʦʚʦʾ ʟʘʜʘʯʽ 

ʩʧʨʦʱʝʥʠʤʠ ʤʦʜʝʣʷʤʠ ʪʘ ʾʭ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʢʝʨʫʶʯʠʭ ʧʘʨʘʤʝʪʨʽʚ ʩʠʩʪʝʤʠ ʜʦ ʢʽʥʮʷ ʥʝ 

ʟʜʽʡʩʥʝʥʦ. 

ʄʝʪʘ ʨʦʙʦʪʠ. ɺ ʨʦʙʦʪʽ ʩʪʘʚʠʪʴʩʷ ʤʝʪʘ ʜʦʩʣʽʜʠʪʠ ʧʦʭʠʙʢʠ, ʷʢʽ ʚʠʥʠʢʘʶʪʴ ʧʨʠ 

ʽʥʪʝʨʧʨʝʪʘʮʽʾ ʨʝʟʫʣʴʪʘʪʽʚ ʝʣʝʢʪʨʦʢʽʥʝʪʠʯʥʠʭ ʤʝʪʦʜʽʚ ʘʥʘʣʽʟʫ, ʟʘ ʨʘʭʫʥʦʢ ʢʣʘʩʠʯʥʠʭ 

ʥʘʙʣʠʞʝʥʴ ʚ ʨʦʟʚôʷʟʢʫ ʢʨʘʡʦʚʦʾ ʟʘʜʘʯʽ ʙʘʣʘʥʩʦʚʠʭ ʨʽʚʥʷʥʴ. ɿʘʚʜʘʥʥʷ: 

1) ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʟʘʛʘʣʴʥʦʧʨʠʡʥʷʪʫ ʪʘ ʘʧʨʦʙʦʚʘʥʫ ʪʝʦʨʽʶ ʤʘʩʦʧʝʨʝʥʦʩʫ ʚ 

ʨʦʟʯʠʥʘʭ ʟ ʥʠʟʴʢʦʶ ʩʠʣʦʶ, ʟʥʘʡʪʠ ʩʪʘʮʽʦʥʘʨʥʽ ʢʦʥʮʝʥʪʨʘʮʽʡʥʽ ʨʦʟʧʦʜʽʣʠ ʢʦʤʧʦʥʝʥʪʽʚ 

ʨʦʟʯʠʥʫ ʚ ʜʠʬʫʟʥʦʤʫ ʰʘʨʽ ʪʘ ʧʦʨʽʚʥʷʪʠ ʾʭ ʟ ʨʽʚʥʦʚʘʞʥʠʤ ʙʦʣʴʮʤʘʥʽʚʩʴʢʠʤ 

ʢʦʥʮʝʥʪʨʘʮʽʡʥʠʤ ʨʦʟʧʦʜʽʣʦʤ. 

2) ɺʠʟʥʘʯʠʪʠ, ʷʢʽ ʧʦʭʠʙʢʠ ʤʦʞʫʪʴ ʚʠʥʠʢʥʫʪʠ ʚ ʨʦʟʨʘʭʫʥʢʘʭ ʢʽʥʝʪʠʯʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ (ʢʦʥʩʪʘʥʪʠ ʰʚʠʜʢʦʩʪʽ, ʢʦʝʬʽʮʽʻʥʪʫ ʧʝʨʝʥʦʩʫ) ʧʨʠ ʥʝʭʪʫʚʘʥʥʽ 

ʥʝʨʽʚʥʦʚʘʞʥʽʩʪʶ ʜʠʬʫʟʥʦʛʦ ʰʘʨʫ ʜʣʷ ʧʦʪʝʥʮʽʘʦʩʪʘʪʠʯʥʦʛʦ ʢʦʥʪʨʦʣʶ ʟ ʜʦʧʦʤʦʛʦʶ 

ʝʣʝʢʪʨʦʢʽʥʝʪʠʯʥʠʭ ʤʝʪʦʜʽʚ (ʥʘʧʨʠʢʣʘʜ ʤʝʪʦʜʦʤ ʩʪʘʮʽʦʥʘʨʥʦʾ ʚʦʣʴʪʘʤʧʝʨʦʤʝʪʨʽʾ) ʪʘ 

ʜʦʩʣʽʜʠʪʠ ʾʭ ʟʘʣʝʞʥʽʩʪʴ ʚʽʜ ʨʽʟʥʠʭ ʢʦʥʪʨʦʣʶʶʯʠʭ ʪʘ ʩʧʝʮʠʬʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʩʠʩʪʝʤʠ 

(ʢʦʝʬʽʮʽʻʥʪʫ ʰʚʠʜʢʦʩʪʽ, ʪʦʚʱʠʥʠ ʜʠʬʫʟʥʦʛʦ ʰʘʨʫ/ ʽʦʥʥʦʾ ʩʠʣʠ ʨʦʟʯʠʥʫ, ʧʦʪʝʥʮʽʘʣʫ, 

ʟʘʨʷʜʫ ʝʣʝʢʪʨʦʘʢʪʠʚʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ) ʚ ʦʙʣʘʩʪʽ ʬʽʟʠʯʥʦ ʨʦʟʫʤʥʠʭ ʜʽʘʧʘʟʦʥʽʚ ʾʭ ʟʤʽʥʠ. 

3)  ɺʠʟʥʘʯʠʪʠ, ʷʢ ʟʘʣʝʞʘʪʴ ʨʦʟʤʽʨʠ ʜʠʬʫʟʥʦʛʦ ʰʘʨʫ ʚʽʜ ʢʝʨʫʶʯʠʭ ʧʘʨʘʤʝʪʨʽʚ 

ʩʠʩʪʝʤʠ ʪʘ ʧʨʠʡʥʷʪʦʾ ʪʦʯʥʦʩʪʽ ʤʦʜʝʣʶʚʘʥʥʷ. 

ʈʝʟʫʣʴʪʘʪʠ ʨʦʙʦʪʠ. ʇʨʦʘʥʘʣʽʟʦʚʘʥʦ ʟʘʣʝʞʥʽʩʪʴ ʧʦʭʠʙʦʢ, ʷʢʽ ʚʠʥʠʢʘʶʪʴ ʧʨʠ 

ʢʣʘʩʠʯʥʠʭ ʥʘʙʣʠʞʝʥʥʷʭ ʩʪʘʮʽʦʥʘʨʥʦʾ ʤʦʜʝʣʽ ʤʘʩʦʧʝʨʝʥʦʩʫ ʚ ʧʨʠʝʣʝʢʪʨʦʜʥʦʤʫ ʧʨʦʩʪʦʨʽ 

ʥʘ ʆɼɽ, ʚʽʜ ʢʝʨʫʶʯʠʭ ʧʘʨʘʤʝʪʨʽʚ ʩʠʩʪʝʤʠ. ɿʥʘʡʜʝʥʦ ʦʙʣʘʩʪʽ, ʜʝ ʥʘʙʣʠʞʝʥʥʷ 

ʙʦʣʴʮʤʘʥʽʚʩʴʢʦʛʦ ʨʦʟʧʦʜʽʣʫ ʝʣʝʢʪʨʦʘʢʪʠʚʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʚ ʜʠʬʫʟʥʦʤʫ ʰʘʨʽ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʩʫʪʪʻʚʠʭ ʧʦʭʠʙʦʢ ʽ ʥʘʚʽʪʴ ʥʝʚʽʨʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. ɼʘʥʽ ʦʙʣʘʩʪʽ ʥʘʡʙʽʣʴʰʝ 

ʟʘʣʝʞʘʪʴ ʚʽʜ ʟʘʨʷʜʫ ʝʣʝʢʪʨʦʘʢʪʠʚʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ, ʽʦʥʥʦʾ ʩʠʣʠ ʨʦʟʯʠʥʫ, ʧʦʪʝʥʮʽʘʣʫ ʪʘ 

ʢʦʥʩʪʘʥʪʠ ʰʚʠʜʢʦʩʪʽ ʝʣʝʢʪʨʦʜʥʦʾ ʨʝʘʢʮʽʾ. ʇʘʢʘʟʘʥʦ ʟʘʣʝʞʥʽʩʪʴ ʨʦʟʤʽʨʽʚ ʜʠʬʫʟʥʦʛʦ ʰʘʨʫ 

ʚʽʜ ʢʝʨʫʶʯʠʭ ʧʘʨʘʤʝʪʨʽʚ ʪʘ ʧʨʠʡʥʷʪʦʾ ʪʦʯʥʦʩʪʽ ʤʦʜʝʣʶʚʘʥʥʷ. 

ɺʠʩʥʦʚʢʠ. ʈʝʟʫʣʴʪʘʪʠ ʜʝʪʘʣʴʥʦʛʦ ʪʝʦʨʝʪʠʯʥʦʛʦ ʘʥʘʣʽʟʫ ʝʬʝʢʪʘ ʃʝʚʠʯʘ, ʷʢʠʡ 

ʧʨʦʚʝʜʝʥʠʡ ʚ ʨʦʙʦʪʽ, ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʜʣʷ: 

-ʮʽʣʝʩʧʨʷʤʦʚʘʥʦʛʦ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʧʦʰʫʢʫ, ʚʠʷʚʣʝʥʥʷ ʪʘ ʘʥʘʣʽʟʫ ʝʬʝʢʪʘ 

ʃʝʚʠʯʘ; 

-ʩʪʚʦʨʝʥʥʷ ʫʤʦʚ ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʢʽʥʝʪʠʢʠ 

ʤʝʪʦʜʦʤ ʩʪʘʮʽʦʥʘʨʥʦʾ ʚʦʣʴʪʘʤʧʝʨʦʤʝʪʨʽʾ, ʷʢʽ ʜʦʟʚʦʣʷʪʴ ʫʥʠʢʥʫʪʠ ʧʦʭʠʙʦʢ ʧʦʚôʷʟʘʥʠʭ ʟ 

ʥʝʨʽʚʥʦʚʘʞʥʽʩʪʶ ʜʠʬʫʟʥʦʛʦ ʰʘʨʫ; 

-ʨʦʟʨʘʭʫʚʘʪʠ ʧʦʧʨʘʚʢʠ ʜʦ ʚʠʧʨʘʚʣʝʥʠʭ ʪʘʬʝʣʽʚʩʴʢʠʭ ʟʘʣʝʞʥʦʩʪʝʡ, ʷʢʽ ʙʘʟʫʚʘʣʠʩʷ 

ʥʘ ʨʽʚʥʦʚʘʞʥʠʭ ʤʦʜʝʣʷʭ ʜʠʬʫʟʥʦʛʦ ʰʘʨʫ, ʘ ʦʪʞʝ ʚʠʧʨʘʚʠʪʠ ʥʝʪʦʯʥʦʩʪʽ ʫ ʚʠʟʥʘʯʝʥʥʽ 

ʢʽʥʝʪʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʝʣʝʢʪʨʦʜʥʦʛʦ ʧʨʦʮʝʩʫ. 
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ʄʆɼɽʃʖɺɸʅʅʗ ʇʈʆʎɽʉʋ ɸɼʉʆʈɹʎɯɰ ɸʅʊʆʎɯɸʅɯɺ 

 ʆɾʀʅʀ ɿ ɺʆɼʅʀʍ ɽʂʉʊʈɸʂʊɯɺ ʅɸ ɹɽʅʊʆʅɯʊɯ 

ʅʦʚʦʪʥʘ ɺ. ʆ. 

ʆʜʝʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ɯ. ɯ. ʄʝʯʥʠʢʦʚʘ 
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ɺ ʦʩʪʘʥʥʽ ʨʦʢʠ ʜʦʚʝʜʝʥʦ, ʱʦ ʘʥʪʦʮʽʘʥʠ, ʷʢ ʧʨʠʨʦʜʥʽ ʙʘʨʚʥʠʢʠ, ʤʦʞʫʪʴ ʟʘʤʽʥʠʪʠ 

ʢʘʥʮʝʨʦʛʝʥʥʽ ʩʠʥʪʝʪʠʯʥʽ ʙʘʨʚʥʠʢʠ ʚ ʭʘʨʯʦʚʽʡ ʪʘ ʬʘʨʤʘʮʝʚʪʠʯʥʽʡ ʧʨʦʤʠʩʣʦʚʦʩʪʽ. 

ʇʽʜʚʠʱʝʥʠʡ ʽʥʪʝʨʝʩ ʜʦ ʘʥʪʦʮʽʘʥʽʚ ʦʙʫʤʦʚʣʝʥʠʡ ʪʘʢʦʞ ʪʠʤ, ʱʦ ʚʦʥʠ ʤʘʶʪʴ ʧʦʪʫʞʥʽ 

ʘʥʪʠʦʢʩʠʜʘʥʪʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʜʣʷ ʧʨʦʬʽʣʘʢʪʠʢʠ ʪʘ ʣʽʢʫʚʘʥʥʷ ʨʽʟʥʠʭ ʟʘʭʚʦʨʶʚʘʥʴ. ɺ 

ʙʘʛʘʪʴʦʭ ʢʨʘʾʥʘʭ ʩʚʽʪʫ ʧʨʦʚʦʜʷʪʴʩʷ ʜʦʩʣʽʜʞʝʥʥʷ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʘʥʪʦʮʽʘʥʽʚ ʚ 

ʧʨʦʤʠʩʣʦʚʠʭ ʤʘʩʰʪʘʙʘʭ, ʘʣʝ ʙʨʘʢʫʻ ʩʠʩʪʝʤʘʪʠʯʥʠʭ ʘʜʩʦʨʙʮʽʡʥʠʭ ʜʦʩʣʽʜʞʝʥʴ, ʷʢʽ ʙ 

ʜʦʟʚʦʣʠʣʠ ʦʧʠʩʘʪʠ ʘʜʩʦʨʙʮʽʡʥʠʡ ʧʨʦʮʝʩ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ʽ 

ʟʘʩʪʦʩʫʚʘʪʠ ʮʽ ʤʦʜʝʣʽ ʜʣʷ ʦʧʪʠʤʽʟʘʮʽʾ ʧʨʦʮʝʩʫ.  

ʄʝʪʘ ʜʘʥʦʾ ʨʦʙʦʪʠ: ʧʨʦʚʝʩʪʠ ʢʽʥʝʪʠʯʥʽ ʪʘ ʨʽʚʥʦʚʘʞʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʮʝʩʫ 

ʘʜʩʦʨʙʮʽʾ ʘʥʪʦʮʽʘʥʽʚ ʦʞʠʥʠ ʟ ʚʦʜʥʠʭ ʝʢʩʪʨʘʢʪʽʚ ʥʘ ʙʝʥʪʦʥʽʪʽ ʧʨʠ ʨʽʟʥʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʚ 

ʩʪʘʪʠʯʥʠʭ ʫʤʦʚʘʭ ʽ ʧʨʦʘʥʘʣʽʟʫʚʘʪʠ ʦʪʨʠʤʘʥʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʨʝʟʫʣʴʪʘʪʠ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʩʫʯʘʩʥʠʭ ʢʽʥʝʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ʪʘ ʨʽʚʥʷʥʴ ʽʟʦʪʝʨʤ ʘʜʩʦʨʙʮʽʾ. 

ʆʙôʻʢʪʦʤ ʜʦʩʣʽʜʞʝʥʥʷ ʙʫʣʠ ʷʛʦʜʠ ʦʞʠʥʠ, ʷʢʽ ʟʽʙʨʘʥʽ ʚ ɺʽʥʥʠʮʴʢʽʡ ʦʙʣʘʩʪʽ. 

ɼʦʮʽʣʴʥʽʩʪʴ ʚʠʙʦʨʫ ʦʞʠʥʠ ʦʙʫʤʦʚʣʝʥʘ ʪʠʤ, ʱʦ ʮʝ ʜʦʩʪʫʧʥʝ ʽ ʜʝʰʝʚʝ ʚ ʋʢʨʘʾʥʽ ʜʞʝʨʝʣʦ 

ʘʥʪʦʮʽʘʥʽʚ ʟ ʜʫʞʝ ʚʝʣʠʢʠʤ ʚʤʽʩʪʦʤ ʘʥʪʦʮʽʘʥʽʚ. ɽʢʩʪʨʘʢʪ ʘʥʪʦʮʽʘʥʽʚ ʦʞʠʥʠ ʛʦʪʫʚʘʣʠ 

ʤʝʪʦʜʦʤ ʤʘʮʝʨʘʮʽʾ ʛʦʤʦʛʝʥʽʟʦʚʘʥʠʭ ʟʘʤʦʨʦʞʝʥʠʭ ʷʛʽʜ ʚ 0,1 ʄ ʚʦʜʥʦʤʫ ʨʦʟʯʠʥʽ HCl. 

ɸʜʩʦʨʙʝʥʪʦʤ ʦʙʨʘʥʦ ʙʝʥʪʦʥʽʪ ɼʘʰʫʢʦʚʩʴʢʦʛʦ ʧʦʭʦʜʞʝʥʥʷ (ʋʢʨʘʾʥʘ), ʷʢʠʡ ʷʚʣʷʻ ʩʦʙʦʶ 

ʣʫʞʥʦʟʝʤʝʣʴʥʠʡ ʩʠʣʽʢʘʪ. 

ʋʤʦʚʠ ʧʨʠ ʢʽʥʝʪʠʯʥʠʭ ʜʦʩʣʽʜʞʝʥʥʷʭ: ʚʠʪʨʘʪʘ ʘʜʩʦʨʙʝʥʪʫ 3ï6 ʛ/ʣ, ʢʦʥʮʝʥʪʨʘʮʽʷ 

ʘʥʪʦʮʽʘʥʽʚ 60ï130 ʤʛ/ʣ, ʪʝʤʧʝʨʘʪʫʨʘ 293ï333 ʂ ʽ ʨʅ = 2ï4. ʋʤʦʚʠ ʧʨʠ ʨʽʚʥʦʚʘʞʥʠʭ 

ʜʦʩʣʽʜʞʝʥʥʷʭ: ʪʝʤʧʝʨʘʪʫʨʘ 293ï323 ʂ, ʢʦʥʮʝʥʪʨʘʮʽʷ ʘʥʪʦʮʽʘʥʽʚ 60ï240 ʤʛ/ʣ, ʚʠʪʨʘʪʘ 

ʘʜʩʦʨʙʝʥʪʫ 2 ʛ/ʣ, ʯʘʩ ʘʜʩʦʨʙʮʽʾ 2 ʛʦʜ, ʨʅ = 2. 

ʇʨʦʚʝʜʝʥʽ ʢʽʥʝʪʠʯʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʢʘʟʘʣʠ, ʱʦ ʘʜʩʦʨʙʮʽʷ ʘʥʪʦʮʽʘʥʽʚ ʦʞʠʥʠ ʥʘ 

ʙʝʥʪʦʥʽʪʽ ʰʚʠʜʢʦ ʟʨʦʩʪʘʻ ʧʨʦʪʷʛʦʤ ʧʝʨʰʠʭ 30 ʭʚ, ʘ ʧʦʪʽʤ ʟʙʽʣʴʰʫʻʪʴʩʷ ʧʦʚʽʣʴʥʦ ʜʦ 

ʨʽʚʥʦʚʘʞʥʦʛʦ ʯʘʩʫ, ʷʢʠʡ ʜʦʨʽʚʥʶʻ 60 ʭʚ ʚ ʽʥʪʝʨʚʘʣʽ 293ï303 ʂ ʽ 120 ʭʚ ʧʨʠ 323 ʂ. ɸʥʘʣʽʟ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʢʽʥʝʪʠʯʥʠʭ ʢʨʠʚʠʭ ʘʜʩʦʨʙʮʽʾ ʘʥʪʦʮʽʘʥʽʚ ʦʞʠʥʠ ʥʘ ʙʝʥʪʦʥʽʪʽ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʢʽʥʝʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ʧʩʝʚʜʦʧʝʨʰʦʛʦ ʪʘ ʧʩʝʚʜʦʜʨʫʛʦʛʦ ʧʦʨʷʜʢʽʚ ʧʦʢʘʟʘʚ, ʱʦ 

ʚʦʥʠ ʢʨʘʱʝ ʦʧʠʩʫʶʪʴʩʷ ʢʽʥʝʪʠʯʥʠʤ ʨʽʚʥʷʥʥʷʤ ʧʩʝʚʜʦʜʨʫʛʦʛʦ ʧʦʨʷʜʢʫ. 

ʇʨʠ ʧʨʦʚʝʜʝʥʽ ʘʜʩʦʨʙʮʽʡʥʠʭ ʨʽʚʥʦʚʘʞʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʚʘʞʣʠʚʦ ʚʠʟʥʘʯʠʪʠ 

ʚʽʜʧʦʚʽʜʥʽ ʢʦʨʝʣʷʮʽʾ ʜʣʷ ʽʟʦʪʝʨʤ ʘʜʩʦʨʙʮʽʾ. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʽʟʦʪʝʨʤʠ 

ʘʜʩʦʨʙʮʽʾ ʘʥʪʦʮʽʘʥʽʚ ʦʞʠʥʠ ʥʘ ʙʝʥʪʦʥʽʪʽ ʢʨʘʱʝ ʦʧʠʩʫʶʪʴʩʷ ʨʽʚʥʷʥʥʷʤ ʽʟʦʪʝʨʤʠ ʘʜʩʦʨʙʮʽʾ 

ʃʝʥʛʤʶʨʘ, ʥʽʞ ʨʽʚʥʷʥʥʷʤ ʽʟʦʪʝʨʤʠ ʘʜʩʦʨʙʮʽʾ ʌʨʝʡʥʜʣʽʭʘ. ɸʜʩʦʨʙʮʽʡʥʘ ʻʤʥʽʩʪʴ 

ʙʝʥʪʦʥʽʪʫ ʱʦʜʦ ʘʥʪʦʮʽʘʥʽʚ ʦʞʠʥʠ ʜʦʨʽʚʥʶʻ 100 ʤʛ/ʛ ʧʨʠ 293 ʂ, ʘ ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ 

ʪʝʤʧʝʨʘʪʫʨʠ ʟʤʝʥʰʫʻʪʴʩʷ ʜʦ 77 ʤʛ/ʛ ʧʨʠ 323 ʂ.  

ʊʝʨʤʦʜʠʥʘʤʽʯʥʽ ʨʦʟʨʘʭʫʥʢʠ ʘʜʩʦʨʙʮʽʾ ʘʥʪʦʮʽʘʥʽʚ ʦʞʠʥʠ ʥʘ ʙʝʥʪʦʥʽʪʽ ʧʦʢʘʟʘʣʠ, 

ʱʦ ʚ ʜʽʘʧʘʟʦʥʽ ʪʝʤʧʝʨʘʪʫʨ 293ï323 ʂ ʧʨʦʮʝʩ ʘʜʩʦʨʙʮʽʾ ʩʘʤʦʜʦʚʽʣʴʥʠʡ (ïDGo = 23,6ï

24,0 ʢɼʞ/ʤʦʣʴ) ʽ ʝʢʟʦʪʝʨʤʽʯʥʠʡ (Dʅo = ï30,2 ʢɼʞ/ʤʦʣʴ), ʟʤʽʥʘ ʝʥʪʨʦʧʽʾ ʧʨʦʮʝʩʫ 

ʘʜʩʦʨʙʮʽʾ ʤʘʻ ʚʽʜôʻʤʥʝ ʟʥʘʯʝʥʥʷ (ïDSo = 21,3ï21,4 ɼʞ/(ʤʦʣʴĿʂ)).  

ʊʘʢʠʤ ʯʠʥʦʤ, ʦʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʜʦʟʚʦʣʠʣʠ ʧʨʦʚʝʩʪʠ ʤʘʪʝʤʘʪʠʯʥʝ 

ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʦʮʝʩʫ ʘʜʩʦʨʙʮʽʾ ʘʥʪʦʮʽʘʥʽʚ ʦʞʠʥʠ ʟ ʚʦʜʥʠʭ ʝʢʩʪʨʘʢʪʽʚ ʥʘ ʙʝʥʪʦʥʽʪʽ, 

ʦʪʨʠʤʘʪʠ ʚʽʜʧʦʚʽʜʥʽ ʨʽʚʥʷʥʥʷ, ʽ ʚʦʥʠ ʤʦʞʫʪʴ ʙʫʪʠ ʟʘʩʪʦʩʦʚʘʥʽ ʜʣʷ ʧʨʦʛʥʦʟʫʚʘʥʥʷ 

ʦʧʪʠʤʘʣʴʥʠʭ ʫʤʦʚ ʘʜʩʦʨʙʮʽʾ ʘʥʪʦʮʽʘʥʽʚ ʦʞʠʥʠ ʥʘ ʙʝʥʪʦʥʽʪʽ ʪʘ ʩʚʽʜʦʤʦʛʦ ʢʝʨʫʚʘʥʥʷ 

ʘʜʩʦʨʙʮʽʡʥʠʤ ʧʨʦʮʝʩʦʤ ʚ ʧʨʦʤʠʩʣʦʚʠʭ ʫʤʦʚʘʭ. 
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ɼʆʉʃɯɼɾɽʅʅʗ ɺʃɸʉʊʀɺʆʉʊɽʁ ʉɽʈɽɼʆɺʀʑɸ ɺ ʇʈʀʇʆɺɽʈʍʅɽɺʆʄʋ 

ʐɸʈɯ ɻɯɹʈʀɼʅʀʍ ʆʈɻɸʅʆ-ʂʈɽʄʅɽɿɽʄʅʀʍ ʄɸʊɽʈɯɸʃɯɺ 

ʆʣʽʤʦʚʘ ɻ. ɸ., ʍʨʠʩʪʝʥʢʦ ɯ. ɺ. 

ʍʘʨʢʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ɺ. ʅ. ʂʘʨʘʟʽʥʘ 
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ɼʣʷ ʦʧʪʠʤʽʟʘʮʽʾ ʚʠʢʦʨʠʩʪʘʥʥʷ ʛʽʙʨʠʜʥʠʭ ʦʨʛʘʥʦ-ʤʽʥʝʨʘʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʚʘʞʣʠʚʦ 

ʚʦʣʦʜʽʪʠ ʽʥʬʦʨʤʘʮʽʻʶ ʧʨʦ ʪʦʧʦʛʨʘʬʽʶ, ʢʠʩʣʦʪʥʽʩʪʴ ʪʘ ʧʦʣʷʨʥʽʩʪʴ ʧʦʚʝʨʭʥʽ ʤʘʪʝʨʽʘʣʽʚ. 

ʇʨʠ ʜʦʩʣʽʜʞʝʥʥʽ ʢʠʩʣʦʪʥʦ-ʦʩʥʦʚʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʧʦʚʝʨʭʥʽ ʛʽʙʨʠʜʥʠʭ ʤʘʪʝʨʽʘʣʽʚ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʩʧʝʢʪʨʘʣʴʥʽ ʤʝʪʦʜʠ, ʭʽʤʽʯʥʽ (ʽʦʥʥʠʡ ʦʙʤʽʥ, ʘʜʩʦʨʙʮʽʶ) ʪʘ ʪʝʦʨʝʪʠʯʥʽ 

(ʢʚʘʥʪʦʚʦ-ʭʽʤʽʯʥʝ ʤʦʜʝʣʶʚʘʥʥʷ). ʈʽʟʥʦʤʘʥʽʪʪʷ ʤʝʪʦʜʽʚ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʚôʷʟʘʥʦ ʟ 

ʦʜʥʦʯʘʩʥʠʤ ʧʨʦʷʚʦʤ ʜʝʢʽʣʴʢʦʭ ʧʨʦʮʝʩʽʚ, ʱʦ ʚʽʜʙʫʚʘʶʪʴʩʷ ʥʘ ʧʦʚʝʨʭʥʽ, ʘ ʪʘʢʦʞ ʟ 

ʥʘʷʚʥʽʩʪʶ ʧʦʚʝʨʭʥʝʚʠʭ ʜʝʬʝʢʪʽʚ ʪʘ ʟ ʦʙʤʝʞʝʥʠʤʠ ʤʦʞʣʠʚʦʩʪʷʤʠ ʢʦʞʥʦʛʦ ʽʟ ʤʝʪʦʜʽʚ. 

ʅʘʜʽʡʥʫ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʚʣʘʩʪʠʚʦʩʪʽ ʩʝʨʝʜʦʚʠʱʘ ʥʘ ʧʦʚʝʨʭʥʽ ʛʽʙʨʠʜʥʠʭ 

ʤʘʪʝʨʽʘʣʽʚ ʥʘʜʘʻ ʟʦʥʜʫʚʘʥʥʷ ʧʦʚʝʨʭʥʽ ʩʦʣʴʚʘʪʦʭʨʦʤʥʠʤʠ ʽʥʜʠʢʘʪʦʨʘʤʠ.  

ɹʫʣʦ ʜʦʩʣʽʜʞʝʥʦ ʪʘ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʦ ʢʠʩʣʦʪʥʽʩʪʴ ʩʝʨʝʜʦʚʠʱʘ ʚ 

ʧʨʠʧʦʚʝʨʭʥʝʚʦʤʫ ʰʘʨʽ ʦʨʛʘʥʦ-ʢʨʝʤʥʝʟʝʤʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʤʦʜʠʬʽʢʦʚʘʥʠʭ ʘʤʽʥʦʛʨʫʧʘʤʠ 

(ʤʘʪʝʨʽʘʣ 1 ï ʩʠʣʽʢʘʛʝʣʴ ʟ ʧʨʠʱʝʧʣʝʥʠʤʠ ʛʨʫʧʘʤʠ ʥ-ʧʨʦʧʽʣʘʤʽʥʘ, ʩL = 0.7 ʤʦʣʴĿʛ-1, 

ʤʘʪʝʨʽʘʣ 2 ï ʘʝʨʦʩʠʣ ʟ ʧʨʠʱʝʧʣʝʥʠʤʠ ʛʨʫʧʘʤʠ ʥ-ʧʨʦʧʽʣʘʤʽʥʘ, ʩL = 0.56 ʤʦʣʴĿʛ-1) ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʩʪʘʥʜʘʨʪʥʦʛʦ ʙʝʪʘʾʥʦʚʦʛʦ ʽʥʜʠʢʘʪʦʨʫ (2,6-ʜʠʬʝʥʽʣ-4-(2,4,6-ʪʨʠʬʝʥʽʣ-

ʧʠʨʠʜʠʥʠʡ-1)ʬʝʥʦʣʷʪ).  

ɹʫʣʦ ʚʠʷʚʣʝʥʦ ʽʩʥʫʚʘʥʥʷ ʚ ʧʨʠʧʦʚʝʨʭʥʝʚʦʤʫ ʰʘʨʽ ʜʦʩʣʽʜʞʝʥʠʭ ʤʘʪʝʨʽʘʣʽʚ 

ʜʽʣʷʥʦʢ ʢʠʩʣʦʪʥʦʾ ʪʘ ʦʩʥʦʚʥʦʾ ʧʨʠʨʦʜʠ ʪʘ ʜʽʣʷʥʦʢ, ʱʦ ʨʦʟʨʽʟʥʷʶʪʴʩʷ ʟʘ ʢʠʩʣʦʪʥʠʤʠ 

ʚʣʘʩʪʠʚʦʩʪʷʤʠ.  
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ʈʠʩ. ʉʧʝʢʪʨ ʧʦʛʣʠʥʘʥʥʷ ʽʥʜʠʢʘʪʦʨʫ (1 ï ʘʜʩʦʨʙʦʚʘʥʦʛʦ ʟ ʝʪʘʥʦʣʫ ʥʘ ʧʦʚʝʨʭʥ ̔

ʤʘʪʝʨʘ̔ʣʘ 1, ʩS = 0.021 ʤʤʦʣʴ/ʛ; 2 ï ʘʜʩʦʨʙʦʚʘʥʦʛʦ ʟ ʜʠʭʣʦʨʝʪʘʥʫ ʥʘ ʧʦʚʝʨʭʥ ̔

ʤʘʪʝʨʘ̔ʣʘ 1, ʩS = 0.049 ʤʤʦʣʴ/ʛ) 

 

ʅʘ ʧʽʜʩʪʘʚʽ ʩʧʝʢʪʨʘʣʴʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʦʣʴʚʘʪʦʭʨʦʤʥʦʛʦ ʽʥʜʠʢʘʪʦʨʫ, 

ʘʜʩʦʨʙʦʚʘʥʦʛʦ ʥʘ ʧʦʚʝʨʭʥʽ ʜʦʩʣʽʜʞʝʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʽʟ ʝʪʘʥʦʣʫ ʪʘ ʜʠʭʣʦʨʝʪʘʥʫ (ʨʠʩ.) 

ʨʦʟʨʘʭʦʚʘʥʦ ʥʦʨʤʘʣʽʟʦʚʘʥʠʡ ʧʘʨʘʤʝʪʨ ʧʦʣʷʨʥʦʩʪʽ. ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʩʚʽʜʯʘʪʴ ʧʨʦ 

ʥʝʟʥʘʯʥʠʡ ʚʧʣʠʚ ʧʨʠʨʦʜʠ ʨʦʟʯʠʥʥʠʢʘ ʥʘ ʩʪʘʥ ʽʥʜʠʢʘʪʦʨʫ ʥʘ ʧʦʚʝʨʭʥʽ ʜʦʩʣʽʜʞʝʥʠʭ 

ʤʘʪʝʨʽʘʣʽʚ. 
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ʕʃɽʂʊʈʆʇʈʆɺʆɼʅʆʉʊʔ ʊɺɽʈɼʓʍ ʈɸʉʊɺʆʈʆɺ  

ʅɸ ʆʉʅʆɺɽ ʌɽʈʈʀʊɸ ɺʀʉʄʋʊɸ Bi0,95Pr0,05FeO3, Bi0,95La0,05FeO3, Bi0,9La0,1FeO3 

ʇʝʯʝʥʦʚʘ ɻ. ɻ., ɻʫʙʢʦ ʉ. ɺ., ɼʫʜʯʠʢ ɻ. ʇ., ɺʝʣʠʢʘʥʦʚʘ ʀ. ɸ. 

ɹʝʣʦʨʫʩʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʄʠʥʩʢ 

vialikanava@belstu.by 

 

ʌʝʨʨʠʪ ʚʠʩʤʫʪʘ BiFeO3 ʠ ʪʚʝʨʜʳʝ ʨʘʩʪʚʦʨʳ ʥʘ ʝʛʦ ʦʩʥʦʚʝ ʷʚʣʷʶʪʩʷ 

ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʩʝʛʥʝʪʦʤʘʛʥʝʪʠʢʘʤʠ. ʇʨʠ ʵʪʦʤ ʩʝʛʥʝʪʦʤʘʛʥʝʪʠʢʠ ʜʦʣʞʥʳ 

ʫʜʦʚʣʝʪʚʦʨʷʪʴ ʩʣʝʜʫʶʱʠʤ ʦʩʥʦʚʥʳʤ ʪʨʝʙʦʚʘʥʠʷʤ: ʠʤʝʪʴ ʥʠʟʢʫʶ ʧʨʦʚʦʜʠʤʦʩʪʴ ʧʨʠ 

ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ, ʠʤʝʪʴ ʚʳʩʦʢʠʝ ʟʥʘʯʝʥʠʷ ʤʘʛʥʠʪʦʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʵʬʬʝʢʪʘ ʠ 

ʚʳʩʦʢʠʝ ʟʥʘʯʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨ ʤʘʛʥʠʪʥʦʛʦ ʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʫʧʦʨʷʜʦʯʝʥʠʷ. 

ʅʘ ʢʘʬʝʜʨʝ ʬʠʟʠʯʝʩʢʦʡ, ʢʦʣʣʦʠʜʥʦʡ ʠ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʭʠʤʠʠ ɹʝʣʦʨʫʩʩʢʦʛʦ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʚʧʝʨʚʳʝ ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ 

ʜʚʫʭʩʪʘʜʠʡʥʳʡ ʪʚʝʨʜʦʬʘʟʥʳʡ ʤʝʪʦʜ ʩʠʥʪʝʟʘ, ʧʦʟʚʦʣʷʶʱʠʡ ʧʦʣʫʯʘʪʴ ʪʚʝʨʜʳʝ ʨʘʩʪʚʦʨʳ 

ʥʘ ʦʩʥʦʚʝ ʬʝʨʨʠʪʘ ʚʠʩʤʫʪʘ, ʥʝ ʩʦʜʝʨʞʘʱʠʝ ʧʨʠʤʝʩʥʳʝ ʬʘʟʳ ʤʫʣʣʠʪʘ ʠ ʩʝʣʝʥʠʪʘ. ʇʝʨʚʘʷ 

ʩʪʘʜʠʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʠʥʪʝʟʝ ʧʨʝʢʫʨʩʦʨʦʚ Bi2ïʭLnxFe4O9 (Ln ï La, Pr; ʭ = 0,2; 0,4) ʠʟ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʦʢʩʠʜʦʚ ʚʠʩʤʫʪʘ, ʣʘʥʪʘʥʘ, ʧʨʘʟʝʦʜʠʤʘ ʠ ʞʝʣʝʟʘ, ʚʪʦʨʘʷ ʩʪʘʜʠʷ ï 

ʩʠʥʪʝʟ ʮʝʣʝʚʳʭ ʧʨʦʜʫʢʪʦʚ Bi0,95La0,05FeO3, Bi0,9La0,1FeO3 ʠ Bi0,95Pr0,05FeO3 ʧʫʪʝʤ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʦʣʫʯʝʥʥʳʭ ʧʨʝʢʫʨʩʦʨʦʚ ʠ ʦʢʩʠʜʘ ʚʠʩʤʫʪʘ. 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʜʘʥʥʳʭ ʨʝʥʪʛʝʥʦʬʘʟʦʚʦʛʦ ʘʥʘʣʠʟʘ ʠ ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ 

ʫʩʪʘʥʦʚʣʝʥʳ ʦʧʪʠʤʘʣʴʥʳʝ ʪʝʤʧʝʨʘʪʫʨʥʦ-ʚʨʝʤʝʥʥʳʝ ʫʩʣʦʚʠʷ ʩʠʥʪʝʟʘ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ 

ʩʝʛʥʝʪʦʤʘʛʥʝʪʠʢʦʚ. ʈʘʩʩʯʠʪʘʥʳ ʧʘʨʘʤʝʪʨʳ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʨʝʰʝʪʦʢ ʪʚʝʨʜʳʭ 

ʨʘʩʪʚʦʨʦʚ, ʢʦʪʦʨʳʝ ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʣʠʪʝʨʘʪʫʨʥʳʤʠ ʜʘʥʥʳʤʠ ʜʣʷ ʥʝʟʘʤʝʱʝʥʥʦʛʦ 

ʬʝʨʨʠʪʘ ʚʠʩʤʫʪʘ BiFeO3.  

ʈʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʡ ʫʜʝʣʴʥʦʡ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ ʧʦʣʫʯʝʥʥʳʭ ʪʚʝʨʜʳʭ 

ʨʘʩʪʚʦʨʦʚ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʫʚʝʣʠʯʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʠʚʦʜʠʪ ʢ ʚʦʟʨʘʩʪʘʥʠʶ 

ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ, ʪ. ʝ. ʧʨʦʚʦʜʠʤʦʩʪʴ ʥʦʩʠʪ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʡ ʭʘʨʘʢʪʝʨ. ʇʨʠ 

ʠʟʤʝʥʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʠʥʪʝʨʚʘʣʝ 300ï1100 ʂ ʫʜʝʣʴʥʘʷ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ 

ʠʩʩʣʝʜʫʝʤʳʭ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ ʚʦʟʨʘʩʪʘʝʪ ʦʪ 1,1Ā10-10 ʉʤ/ʩʤ ʜʦ 18,4 Ā10-6 ʉʤ/ʩʤ.  

ʅʘ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʟʘʚʠʩʠʤʦʩʪʷʭ lnů ʦʪ 1/ʊ ʜʣʷ ʠʩʩʣʝʜʫʝʤʳʭ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ 

ʥʘʙʣʶʜʘʝʪʩʷ ʠʟʣʦʤ ʚ ʦʙʣʘʩʪʠ ʪʝʤʧʝʨʘʪʫʨ 540ï556 ʂ (ʚʙʣʠʟʠ ʪʝʤʧʝʨʘʪʫʨʳ ʅʝʝʣʷ), ʯʪʦ 

ʤʦʞʥʦ ʠʥʪʝʨʧʨʝʪʠʨʦʚʘʪʴ ʚʦʟʤʦʞʥʳʤ ʘʥʪʠʬʝʨʨʦʤʘʛʥʠʪʥʳʤ ʬʘʟʦʚʳʤ ʧʝʨʝʭʦʜʦʤ. ʇʦ 

ʣʠʥʝʡʥʳʤ ʫʯʘʩʪʢʘʤ ʟʘʚʠʩʠʤʦʩʪʠ lnů ʦʪ 1/ʊ ʦʧʨʝʜʝʣʝʥʘ ʵʥʝʨʛʠʷ ʘʢʪʠʚʘʮʠʠ ʵʣʝʢʪʨʠʯʝʩʢʦʡ 

ʧʨʦʚʦʜʠʤʦʩʪʠ ʧʦʣʫʯʝʥʥʳʭ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ. ɼʣʷ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ Bi0,95Pr0,05FeO3 

ʵʥʝʨʛʠʷ ʘʢʪʠʚʘʮʠʠ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ ʩʦʩʪʘʚʠʣʘ 0,92ï1,1 ʵɺ ʜʣʷ ʠʥʪʝʨʚʘʣʘ 

ʪʝʤʧʝʨʘʪʫʨ 700ï1000 ʂ ʠ 0,15ï0,33 ʵɺ ʜʣʷ ʠʥʪʝʨʚʘʣʘ ʪʝʤʧʝʨʘʪʫʨ 360ï520 ʂ, ʘ ʜʣʷ 

Bi0,9La0,1FeO3 ʠ Bi0,95La0,05FeO3 0,99ï1,0 ʵɺ (700ï1000 ʂ) ʠ 0,09ï0,13 ʵɺ (360ï520 ʂ). 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ ʢʘʯʝʩʪʚʝ ʥʘʫʯʥʦʡ ʦʩʥʦʚʳ ʜʣʷ 

ʨʘʟʨʘʙʦʪʢʠ ʥʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʦʙʣʘʜʘʶʱʠʭ ʩʝʛʥʝʪʦʤʘʛʥʠʪʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʠ 

ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʚ ʧʨʠʙʦʨʦʩʪʨʦʝʥʠʠ, ʤʠʢʨʦʵʣʝʢʪʨʦʥʠʢʝ ʠ ʭʠʤʠʯʝʩʢʦʡ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. 
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ɿʅɽɹɸʈɺʃɽʅʅʗ ʈʆɿʏʀʅʋ ʄɽʊʀʃʆɺʆɻʆ ʌɯʆʃɽʊʆɺʆɻʆ  

ʇʈʀ ɼɯɰ ʉʀʉʊɽʄʀ ʅ2ʆ2 + Fe3+ 

ʇʣʶʰʢʦ ʆ. ɺ.1, ɾʠʣʴʮʦʚʘ ʉ. ɺ.1, ʆʧʝʡʜʘ ʁ. ʆ.1,2 
1ɼʦʥʝʮʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ɺʘʩʠʣʷ ʉʪʫʩʘ 

2ɺʽʜʜʽʣʝʥʥʷ ʬʽʟʠʢʦ-ʭʽʤʽʾ ʛʦʨʶʯʠʭ ʢʦʧʘʣʠʥ ɯʥʩʪʠʪʫʪʫ ʬʽʟʠʢʦ-ʦʨʛʘʥʽʯʥʦʾ ʭʽʤʽʾ 

ʽ ʚʫʛʣʝʭʽʤʽʾ ʽʤ. ʃ. ʄ. ʃʠʪʚʠʥʝʥʢʘ ʅɸʅ ʋʢʨʘʾʥʠ 

pliushko.o@donnu.edu.ua 

 

ʇʦʰʫʢ ʝʬʝʢʪʠʚʥʠʭ ʩʠʩʪʝʤ ʜʣʷ ʦʯʠʱʝʥʥʷ ʩʪʽʯʥʠʭ ʚʦʜ ʚʽʜ ʦʨʛʘʥʽʯʥʠʭ ʟʘʙʨʫʜʥʠʢʽʚ 

(ʧʦʚʝʨʭʥʝʚʦ-ʘʢʪʠʚʥʽ ʨʝʯʦʚʠʥʠ, ʘʥʪʠʙʽʦʪʠʢʠ, ʧʨʦʜʫʢʪʠ ʥʘʬʪʦʧʝʨʝʨʦʙʢʠ, ʩʠʥʪʝʪʠʯʥʽ 

ʙʘʨʚʥʠʢʠ ʪʦʱʦ) ʻ ʘʢʪʫʘʣʴʥʦʶ ʟʘʜʘʯʝʶ. ʗʢ ʦʜʠʥ ʽʟ ʩʧʦʩʦʙʽʚ ʜʦʩʣʽʜʥʠʢʠ ʚʠʜʽʣʷʶʪʴ 

ʨʝʘʢʪʠʚ ʌʝʥʪʦʥʘ (ʅ2ʆ2 + Fe2+). ʂʨʽʤ ʮʽʻʾ çʢʣʘʩʠʯʥʦʾè ʩʠʩʪʝʤʠ ʽʩʥʫʶʪʴ ʪʘʢ ʟʚʘʥʽ 

çʌʝʥʪʦʥ-ʧʦʜʽʙʥʽè ʩʠʩʪʝʤʠ, ʜʝ ʟʘʤʽʩʪʴ ʽʦʥʽʚ ʜʚʦʚʘʣʝʥʪʥʦʛʦ ʟʘʣʽʟʘ ʟʘʩʪʦʩʦʚʫʶʪʴ ʽʥʰʽ ʽʦʥʠ 

ʤʝʪʘʣʽʚ ʟʤʽʥʥʦʾ ʚʘʣʝʥʪʥʦʩʪʽ, ʧʨʠ ʚʟʘʻʤʦʜʽʾ ʷʢʠʭ ʽʟ ʧʝʨʦʢʩʠʜʦʤ ʚʦʜʥʶ ʤʦʞʫʪʴ ʙʫʪʠ 

ʟʛʝʥʝʨʦʚʘʥʽ ʛʽʜʨʦʢʩʠʣʴʥʽ ʨʘʜʠʢʘʣʠ. ʄʝʪʦʶ ʜʘʥʦʾ ʨʦʙʦʪʠ ʙʫʣʦ ʚʠʚʯʝʥʥʷ ʚʧʣʠʚʫ ʽʦʥʽʚ 

ʟʘʣʽʟʘ(III ) ʥʘ ʦʢʠʩʣʝʥʥʷ ʦʨʛʘʥʽʯʥʠʭ ʩʧʦʣʫʢ ʧʝʨʦʢʩʠʜʦʤ ʚʦʜʥʶ ʥʘ ʧʨʠʢʣʘʜʽ ʙʘʨʚʥʠʢʘ 

ʤʝʪʠʣʦʚʦʛʦ ʬʽʦʣʝʪʦʚʦʛʦ ʧʨʠ ʨʽʟʥʠʭ ʫʤʦʚʘʭ ʧʨʦʚʝʜʝʥʥʷ ʧʨʦʮʝʩʫ. 

ʂʽʥʝʪʠʢʫ ʟʥʝʙʘʨʚʣʝʥʥʷ ʨʦʟʯʠʥʫ ʤʝʪʠʣʦʚʦʛʦ ʬʽʦʣʝʪʦʚʦʛʦ (ʄʌ) ʜʦʩʣʽʜʞʝʥʦ 

ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʥʠʤ ʤʝʪʦʜʦʤ ʧʨʠ ʜʦʚʞʠʥʽ ʭʚʠʣʽ 585 ʥʤ ʟʘ ʪʝʤʧʝʨʘʪʫʨʠ 22Ñ2 Áʉ. ʨʅ 

ʨʝʘʢʮʽʡʥʦʾ ʩʫʤʽʰʽ ~3,0. ɿʘ ʧʝʨʝʙʽʛʦʤ ʧʨʦʮʝʩʫ ʩʣʽʜʢʫʚʘʣʠ, ʧʦʨʽʚʥʶʶʯʠ ʧʦʯʘʪʢʦʚʫ 

ʰʚʠʜʢʽʩʪʴ ʟʥʝʙʘʨʚʣʝʥʥʷ ʨʦʟʯʠʥʫ ʩʫʙʩʪʨʘʪʫ, ʘ ʪʘʢʦʞ ʡʦʛʦ ʢʦʥʚʝʨʩʽʶ ʫ ʯʘʩʽ.  

ʇʦʢʘʟʘʥʦ, ʱʦ ʧʦʯʘʪʢʦʚʘ ʰʚʠʜʢʽʩʪʴ ʧʨʦʮʝʩʫ (W0) ʧʽʜʚʠʱʫʻʪʴʩʷ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ 

ʢʦʥʮʝʥʪʨʘʮʽʾ ʢʦʤʧʦʥʝʥʪʽʚ (ʧʝʨʦʢʩʠʜʫ ʚʦʜʥʶ, Fe3+) (ʪʘʙʣ.). ʇʨʠ ʮʴʦʤʫ ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʠʭ 

ʢʦʥʮʝʥʪʨʘʮʽʡ ʽʦʥʫ ʟʘʣʽʟʘ (ɯɯɯ) ʟʥʘʯʝʥʥʷ ʧʦʯʘʪʢʦʚʦʾ ʰʚʠʜʢʦʩʪʽ ʪʘ ʢʦʥʚʝʨʩʽʾ ʧʨʦʭʦʜʷʪʴ 

ʯʝʨʝʟ ʤʘʢʩʠʤʫʤ. ʂʦʥʚʝʨʩʽʷ ʯʝʨʝʟ 60 ʭʚ ʚʽʜ ʧʦʯʘʪʢʫ ʧʨʦʮʝʩʫ ʻ ʥʘʡʙʽʣʴʰʦʶ (86 %) ʜʣʷ 

ʩʠʩʪʝʤʠ [ʅ2ʆ2]0 = 1Ŀ10-3 ʄ, [Fe3+]0 = 1,84Ŀ10-3 ʄ. 

 

ʊʘʙʣʠʮʷ. ɿʤʽʥʘ ʟʥʝʙʘʨʚʣʝʥʥʷ ʨʦʟʯʠʥʫ ʄʌ (S) ʫ ʯʘʩʽ ʪʘ ʧʦʯʘʪʢʦʚʘ ʰʚʠʜʢʽʩʪʴ ʧʨʦʮʝʩʫ 

(W0) ʧʨʠ ʟʤʽʥʽ ʢʦʥʮʝʥʪʨʘʮʽʾ ʅ2ʆ2 ʪʘ Fe3+. [ʄʌ]0 = 2Ŀ10
-5 ʄ, ʨʅ = 2,9 

ʂʦʤʧʦʥʝʥʪ 
S, % W0Ŀ10

7, 

ʤʦʣʴĿʣ-1Ŀʭʚ-1 5 ʭʚ 10 ʭʚ 20 ʭʚ 30 ʭʚ 60 ʭʚ 

[ʅ2ʆ2]0Ŀ10
3, ʄ [Fe3+]0 = 0,99Ŀ10

-3 ʄ  

0,99 22 24 29 32 43 1,0 

2,01 20 25 32 39 56 2,7 

3,99 25 31 43 52 73 3,6 

6,02 26 34 44 53 73 4,9 

[Fe3+]0Ŀ10
3, ʄ [ʅ2ʆ2]0 = 1Ŀ10

-3 ʄ  

0,92 22 24 29 32 43 1,0 

1,84 25 33 48 62 86 4,9 

1,99 21 27 38 46 53 3,4 

4,04 24 28 35 41 57 2,9 

 

ʉʪʫʧʽʥʴ ʟʥʝʙʘʨʚʣʝʥʥʷ ʨʦʟʯʠʥʫ ʄʌ ʟʥʠʞʫʻʪʴʩʷ ʚ ʩʝʨʝʜʥʴʦʤʫ ʥʘ 20ï25 % ʯʝʨʝʟ 

5 ʭʚ ʚʽʜ ʧʦʯʘʪʢʫ ʚʠʤʽʨʶʚʘʥʴ. ʇʨʠ ʮʴʦʤʫ ʧʨʦʚʝʜʝʥʥʷ ʧʨʦʮʝʩʫ ʧʨʦʪʷʛʦʤ 60 ʭʚ ʥʝ ʜʦʟʚʦʣʷʻ 

ʜʦʩʷʛʪʠ ʧʦʚʥʦʛʦ ʟʥʝʙʘʨʚʣʝʥʥʷ ʨʦʟʯʠʥʫ ʟʘ ʫʤʦʚ ʧʨʦʚʝʜʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʫ. ʎʝ ʧʦʚôʷʟʘʥʦ 

ʟ ʪʠʤ, ʱʦ ʚ ʨʝʘʢʮʽʾ ʽʦʥʽʚ Fe3+ ʟ ʅʆʆʅ ʫʪʚʦʨʶʶʪʴʩʷ ʅʆʆÅ ʨʘʜʠʢʘʣʠ, ʥʘʙʘʛʘʪʦ ʤʝʥʰ 

ʘʢʪʠʚʥʽ ʥʽʞ ʅʆÅ. ʇʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʨʦʮʝʩʫ ʤʦʞʥʘ ʜʦʩʷʛʪʠ ʜʦʜʘʚʘʥʥʷʤ 

ʢʦʤʧʦʥʝʥʪʽʚ, ʱʦ ʩʧʨʠʷʪʠʤʫʪʴ ʧʝʨʝʭʦʜʫ Fe3+ Ÿ Fe2+ ʽ, ʚʽʜʧʦʚʽʜʥʦ, ʟʙʽʣʴʰʫʚʘʪʠʤʫʪʴ 

ʰʚʠʜʢʽʩʪʴ ʫʪʚʦʨʝʥʥʷ ʘʢʪʠʚʥʽʰʠʭ ʅʆÅ ʨʘʜʠʢʘʣʽʚ ʽ ʰʚʠʜʢʽʩʪʴ ʟʥʝʙʘʨʚʣʝʥʥʷ ʩʫʙʩʪʨʘʪʫ. 
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ʉʇɽʂʊʈʆʌʆʊʆʄɽʊʈʀʏʅɽ ɺʀɿʅɸʏɽʅʅʗ ʂʈʀʊʀʏʅʆɰ ʂʆʅʎɽʅʊʈɸʎɯɰ 

ʄɯʎɽʃʆʋʊɺʆʈɽʅʅʗ ʎɽʊʀʃʇɯʈʀɼʀʅɯʁ ɹʈʆʄɯɼʋ  

ɿ ɺʀʂʆʈʀʉʊɸʅʅʗʄ ɹɸʈɺʅʀʂɸ 

ʇʦʥʦʤʘʨʴʦʚ ɺ. ʂ., ʐʘʧʦʚʘʣʦʚ ʉ. ɸ. 

ʍʘʨʢʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʽʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ɺ. ʅ. ʂʘʨʘʟʽʥʘ 

vad.ponomarov@gmail.com 

 

ʂʨʠʪʠʯʥʘ ʢʦʥʮʝʥʪʨʘʮʽʷ ʤʽʮʝʣʦʫʪʚʦʨʝʥʥʷ (ʂʂʄ) ï ʚʘʞʣʠʚʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ 

ʧʦʚʝʨʭʥʝʚʦ-ʘʢʪʠʚʥʠʭ ʨʝʯʦʚʠʥ, ʱʦ ʚʽʜʦʙʨʘʞʫʻ ʾʭ ʟʜʘʪʥʽʩʪʴ ʜʦ ʘʩʦʮʽʘʮʽʾ. 

ʅʘ ʜʘʥʠʡ ʤʦʤʝʥʪ ʚʽʜʦʤʦ ʙʽʣʴʰ 100 ʨʽʟʥʠʭ ʩʧʦʩʦʙʽʚ ʚʠʟʥʘʯʝʥʥʷ ʂʂʄ, ʩʝʨʝʜ ʷʢʠʭ 

ʥʘʡʙʽʣʴʰ ʧʦʰʠʨʝʥʠʤʠ ʻ ʤʝʪʦʜʠ ʢʦʥʜʫʢʪʦʤʝʪʨʽʾ, ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʽʾ, ʘ ʪʘʢʦʞ ʩʧʦʩʦʙʠ, 

ʟʘʩʥʦʚʘʥʽ ʥʘ ʚʠʤʽʨʶʚʘʥʥʽ ʧʦʚʝʨʭʥʝʚʦʛʦ ʥʘʪʷʛʫ. 

ɺ ʜʘʥʽʡ ʨʦʙʦʪʽ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʥʝ ʚʠʟʥʘʯʝʥʥʷ ʂʂʄ ʧʦʚʝʨʭʥʝʚʦ-ʘʢʪʠʚʥʦʾ 

ʨʝʯʦʚʠʥʠ ï ʮʝʪʠʣʧʽʨʠʜʠʥʽʡ ʙʨʦʤʽʜʫ (ʎʇɹ) ʧʨʦʚʦʜʠʪʴʩʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷ ʦʨʛʘʥʽʯʥʦʛʦ 

ʙʘʨʚʥʠʢʘ ʩʫʣʴʬʦʨʦʜʘʤʽʥʫ (ʨʦʜʘʤʽʥ 200 ʉ). ɺʠʤʽʨʶʻʪʴʩʷ ʦʧʪʠʯʥʘ ʛʫʩʪʠʥʘ (ɸ) ʨʦʟʯʠʥʽʚ 

ʨʦʜʘʤʽʥʫ 200 ʉ ʟ ʜʦʜʘʚʘʥʥʷʤ ʨʽʟʥʠʭ ʢʦʥʮʝʥʪʨʘʮʽʾ ʎʇɹ. ɺʠʙʽʨ ʜʘʥʦʛʦ ʙʘʨʚʥʠʢʘ 

ʦʙʫʤʦʚʣʝʥʠʡ ʽʥʪʝʨʝʩʦʤ ʱʦʜʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʡʦʛʦ ʩʧʝʢʪʨʘʣʴʥʦ-ʧʨʦʪʦʣʽʪʠʯʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʟʘʜʘʯ ʚʠʟʥʘʯʝʥʥʷ ʂʂʄ, ʘ ʪʘʢʦʞ ʧʦʨʽʚʥʷʥʥʷʤ ʟ 

ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʽʥʰʠʭ ʙʘʨʚʥʠʢʽʚ. 

ɹʫʣʠ ʦʪʨʠʤʘʥʽ ʥʘʩʪʫʧʥʽ ʟʥʘʯʝʥʥʷ ʚ ʤʘʢʩʠʤʫʤʽ ʧʦʛʣʠʥʘʥʥʷ ʧʨʠ ʜʦʚʞʠʥʽ ʭʚʠʣʽ 

l = 565 ʥʤ ʪʘ ʪʦʚʱʠʥʽ ʩʚʽʪʣʦʧʦʛʣʠʥʘʶʯʦʛʦ ʰʘʨʫ ʚ 1 ʩʤ. ʋ ʜʦʩʣʽʜʘʭ ʢʦʥʮʝʥʪʨʘʮʽʷ 

ʙʘʨʚʥʠʢʘ ʧʽʜʪʨʠʤʫʚʘʣʘʩʴ ʧʦʩʪʽʡʥʦʶ ʽ ʨʽʚʥʦʶ 8,49Ŀ10 -6 ʤʦʣʴ/ʣ.  

ʊʘʙʣʠʮʷ. ɿʥʘʯʝʥʥʷ ʦʧʪʠʯʥʦʾ ʛʫʩʪʠʥʠ ʧʨʠ ʜʦʜʘʚʘʥʥʽ ʎʇɹ ʨʽʟʥʠʭ ʢʦʥʮʝʥʪʨʘʮʽʡ 
ʂʦʥʮʝʥʪʨʘʮʽʷ 

ʎʇɹ, ʤʦʣʴ/ʣ*104 
0 (ʯʠʩʪʠʡ 

ʙʘʨʚʥʠʢ) 
0,0979 1,01 1,61 4,02 7,04 8,04 9,45 

ɸ max 0,962 0,963 0,914 0,899 0,839 0,813 0,798 0,783 

ɻʨʘʬʽʯʥʦ ʙʫʣʦ ʚʠʟʥʘʯʝʥʦ ʟʥʘʯʝʥʥʷ ʂʂʄ, ʱʦ ʜʦʨʽʚʥʶʻ 3,07Ŀ10-4, ̫ʢʝ ʜʦʙʨʝ 

ʫʟʛʦʜʞʫʻʪʴʩʷ ʟ ʣʽʪʝʨʘʪʫʨʥʠʤʠ ʜʘʥʠʤʠ. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʤʝʪʦʜʽʚ 

ʢʦʤʧôʁ ʪʝʨʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʜʘʻ ʟʤʦʛʫ 

ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʢʠ ʧʨʦ ʨʦʟʤʽʨʠ ʤʦʣʝʢʫʣ 

ʎʇɹ ʪʘ ʨʦʜʘʤʽʥʫ 200 ʉ. ɼʣʷ ʎʇɹ 

(ʨʠʩ. 2.) ʚʽʜʩʪʘʥʴ ʤʽʞ ʘʪʦʤʦʤ ɸʟʦʪʫ ʪʘ 

ʢʨʘʡʥʽʤ ʘʪʦʤʦʤ ʢʘʨʙʦʥʫ ʩʢʣʘʜʘʻ 

12,00 ¡. ɼʦʚʞʠʥʘ ʟʚô̫ ʟʢʫ ʉ-ʉ 

ʩʪʘʥʦʚʠʪʴ 1,55 ¡ ʜʣʷ ʢʦʞʥʦʾ ʧʘʨʠ 

ʘʪʦʤʽʚ. ɼʣʷ ʨʦʜʘʤʽʥʫ 200 ʉ (ʨʠʩ. 3) 

ʚʽʜʩʪʘʥʴ ʤʽʞ ʘʪʦʤʘʤʠ ɸʟʦʪʫ ʩʪʘʥʦʚʠʪʴ 

9,34 ¡, ʘ ʚʽʜʩʪʘʥʴ ʤʽʞ ʘʪʦʤʘʤʠ 

ʉʫʣʴʬʫʨʫ ʪʘ ʆʢʩʠʛʝʥʫ ï 6,93 ¡. 

  

ʈʠʩ. 2. ɹʫʜʦʚʘ ʎʇɹ 

(ʥʘʧʽʚʝʤʧʽʨʠʯʥʠʡ ʤʝʪʦʜ AM1) 

ʈʠʩ. 3. ɹʫʜʦʚʘ ʨʦʜʘʤʽʥʫ 200 ʉ 

(ʥʘʧʽʚʝʤʧʽʨʠʯʥʠʡ ʤʝʪʦʜ AM1) 
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0
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2

l (nm)  
ʈʠʩ. 1. ɿʤʽʥʘ ʩʚʽʪʣʦʧʦʛʣʠʥʘʥʥʷ 

ʨʦʜʘʤʽʥʫ 200 ʉ ʧʨʠ ʜʦʜʘʚʘʥʥʽ ʎʇɹ. 

ʩ(ʎʇɹ), ʤʦʣʴ/ʣĿ104: 0 ï 0, 1 ï 4,02, 2 ï 8,04 
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ʇʆʊɽʅʎɯʆʄɽʊʈʀʏʅɽ ɼʆʉʃɯɼɾɽʅʅʗ ʇɽʈɽɹɯɻʋ ʇʈʆʎɽʉʋ ʆʏʀʉʊʂʀ 

ʈʆɿʊʆʇʋ KSr2Cl5 ʇɸʈʆʖ ʊɽʊʈɸʍʃʆʈʄɽʊɸʅʋ ʇʈʀ 973 ʂ 

ʈʝʙʨʦʚ ʆ. ʃ.1,2, ʏʝʨʛʠʥʝʮʴ ɺ. ʃ.1, ʖʨʯʝʥʢʦ ʆ. ɯ.2, ʈʝʙʨʦʚʘ ʊ. ʇ.1, ʇʦʥʦʤʘʨʝʥʢʦ ʊ. ɺ.1 
1ɯʥʩʪʠʪʫʪ ʩʮʠʥʪʠʣʷʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʅʘʮʽʦʥʘʣʴʥʦʾ ʘʢʘʜʝʤʽʾ ʥʘʫʢ ʋʢʨʘʾʥʠ, 

ʧʨ. ʅʘʫʢʠ, 60, ʍʘʨʢʽʚ, 61072 
2ʍʘʨʢʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤ. ɺ.ʅ. ʂʘʨʘʟʽʥʘ, ʧʣ. ʉʚʦʙʦʜʠ, 4, ʍʘʨʢʽʚ, 61077 

alrebrov@outlook.com 

 

ʇʨʦʮʝʩʠ ʦʙʨʦʙʢʠ ʛʘʣʦʛʝʥʽʜʥʠʭ ʨʦʟʪʦʧʽʚ ʛʘʟʦʧʦʜʽʙʥʠʤʠ ʛʘʣʦʛʝʥʫʶʯʠʤʠ ʘʛʝʥʪʘʤʠ 

ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʧʨʠ ʦʜʝʨʞʘʥʥʽ ʦʧʪʠʯʥʠʭ ʤʦʥʦʢʨʠʩʪʘʣʽʚ ʥʘ ʦʩʥʦʚʽ ʛʘʣʦʛʝʥʽʜʽʚ 

ʣʫʞʥʠʭ, ʣʫʞʥʦʟʝʤʝʣʴʥʠʭ ʪʘ ʨʽʜʢʽʩʥʦʟʝʤʝʣʴʥʠʭ ʤʝʪʘʣʽʚ ʜʣʷ ʟʥʠʞʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ 

ʦʢʩʠʛʝʥʚʤʽʩʥʠʭ ʜʦʤʽʰʦʢ, ʱʦ ʥʝʛʘʪʠʚʥʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʬʫʥʢʮʽʦʥʘʣʴʥʽ ʧʘʨʘʤʝʪʨʠ 

ʢʽʥʮʝʚʠʭ ʤʘʪʝʨʽʘʣʽʚ. 

ʉʧʦʣʫʢʘ ʩʢʣʘʜʫ KSr2Cl5 ʟ ʪʝʤʧʝʨʘʪʫʨʦʶ ʧʣʘʚʣʝʥʥʷ 916 ʂ [1] ʻ ʧʝʨʩʧʝʢʪʠʚʥʦʶ ʜʣʷ 

ʚʠʨʦʱʫʚʘʥʥʷ ʩʮʠʥʪʠʣʷʮʽʡʥʠʭ ʤʦʥʦʢʨʠʩʪʘʣʽʚ, ʘʢʪʠʚʦʚʘʥʠʭ ɭʚʨʦʧʽʻʤ (KSr2Cl5:Eu2+), 

ʟʘʚʜʷʢʠ ʜʦʩʢʦʥʘʣʽʡ ʽʟʦʤʦʨʬʥʦʩʪʽ ʽʦʥʽʚ Sr2+ ʪʘ Eu2+. 

ʄʝʪʦʶ ʜʘʥʦʾ ʨʦʙʦʪʠ ʙʫʣʦ ʚʠʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʧʨʦʮʝʩʫ ʦʯʠʩʪʢʠ ʨʦʟʪʦʧʫ 

KSr2Cl5 ʚʽʜ ʦʢʩʠʛʝʥʚʤʽʩʥʠʭ ʜʦʤʽʰʦʢ ʧʘʨʦʶ ʪʝʪʨʘʭʣʦʨʤʝʪʘʥʫ ʧʨʠ 973 ʂ, ʱʦ ʧʝʨʝʙʽʛʘʻ 

ʟʛʽʜʥʦ ʟ ʥʘʩʪʫʧʥʠʤ ʨʽʚʥʷʥʥʷʤ: 
-- +¬­+¬ ClCOOCCl 42 2

2

4 . 

ʂʦʥʪʨʦʣʴ ʧʝʨʝʙʽʛʫ ʧʨʦʮʝʩʫ ʧʨʦʚʦʜʠʣʠ ʟʘ ʧʦʪʦʯʥʦʶ ʢʦʥʮʝʥʪʨʘʮʽʻʶ ʦʢʩʠʜ-ʽʦʥʽʚ ʫ 

ʨʦʟʪʦʧʽ, ʷʢʫ ʚʠʟʥʘʯʘʣʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʦʪʝʥʮʽʦʤʝʪʨʠʯʥʦʛʦ ʢʦʣʘ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʤʝʤʙʨʘʥʥʦʛʦ ʦʢʩʠʛʝʥʦʚʦʛʦ ʝʣʝʢʪʨʦʜʫ Pt(O2)|ZrO2(Y2O3), ʱʦ ʻ ʦʙʦʨʦʪʥʠʤ ʜʦ ʽʦʥʽʚ O2-. 

ʇʨʦʮʝʩ ʦʙʨʦʙʢʠ ʨʦʟʪʦʧʫ ʧʘʨʦʶ CCl4 ʻ ʛʝʪʝʨʦʛʝʥʥʠʤ, ʦʪʞʝ, ʩʢʣʘʜʥʠʤ. ʇʦʢʘʟʘʥʦ, 

ʱʦ ʭʽʤʽʯʥʘ ʨʝʘʢʮʽʷ ʫ ʨʦʟʪʦʧʽ ʧʽʜʧʦʨʷʜʢʦʚʫʻʪʴʩʷ ʢʽʥʝʪʠʮʽ ɯɯ ʧʦʨʷʜʢʫ ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ 

O2-. ɿʥʘʯʝʥʥʷ ʢʦʥʩʪʘʥʪʠ ʰʚʠʜʢʦʩʪʽ ʧʨʦʮʝʩʫ ʙʫʣʦ ʦʮʽʥʝʥʦ, ʷʢ k = 1,8Ā105 ʢʛĀʤʦʣʴ -1Āʭʚ-1, 

ʧʨʠ ʮʴʦʤʫ ʨʦʟʪʦʧ ʤʦʞʝ ʙʫʪʠ ʦʯʠʱʝʥʠʡ ʜʦ ʨʽʚʥʦʚʘʞʥʦʾ ʢʦʥʮʝʥʪʨʘʮʽʾ ʽʦʥʽʚ O2- ʧʨʠʙʣʠʟʥʦ 

1,65Ŀ10-7 ʤʦʣʴĀ ʢʛ-1. ɿʥʘʯʝʥʥʷ ʢʦʥʩʪʘʥʪʠ ʻ ʥʘʙʘʛʘʪʦ ʥʠʞʯʠʤ, ʥʽʞ ʫ ʨʦʟʪʦʧʽ K2SrCl4 

(k=4,4Ŀ105 ʢʛĀʤʦʣʴ -1Āʭʚ-1), ʱʦ ʦʙʫʤʦʚʣʶʻ ʥʠʞʯʫ ʝʬʝʢʪʠʚʥʽʩʪʴ ʧʨʦʮʝʩʫ ʦʯʠʩʪʢʠ (ʛʨʘʥʠʯʥʝ 

ʟʥʘʯʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ ʦʢʩʠʜ-ʽʦʥʽʚ ʜʦʨʽʚʥʶʻ 2,63Ŀ10-8 ʤʦʣʴĀ ʢʛ-1) [2]. 

ʊʘʢʝ ʟʥʠʞʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʦʯʠʩʪʢʠ ʧʨʠ ʧʝʨʝʭʦʜʽ ʚʽʜ ʨʦʟʪʦʧʫ KSr2Cl5 ʜʦ K2SrCl4 

ʤʦʞʝ ʙʫʪʠ ʧʦʷʩʥʝʥʝ ʟʨʦʩʪʘʥʥʷʤ ʩʧʦʨʽʜʥʝʥʦʩʪʽ ʢʘʪʽʦʥʥʦʾ ʦʩʥʦʚʠ ʨʦʟʪʦʧʫ ʜʦ ʦʢʩʠʜ-ʽʦʥʽʚ: 

SrOOSr ­+ -+ 22 , 

ʚʥʘʩʣʽʜʦʢ ʟʨʦʩʪʘʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ ʚ ʥʴʦʤʫ ʩʠʣʴʥʦʾ ʢʘʪʽʦʥʥʦʾ ʢʠʩʣʦʪʠ Sr2+. ɺʪʽʤ, ʚ ʦʙʦʭ 

ʚʠʧʘʜʢʘʭ ʟʘʣʠʰʢʦʚʘ ʢʦʥʮʝʥʪʨʘʮʽʷ ʦʢʩʠʜ-ʽʦʥʽʚ ʻ ʮʽʣʢʦʤ ʟʘʜʦʚʽʣʴʥʦʶ ʟ ʪʦʯʢʠ ʟʦʨʫ ʯʠʩʪʦʪʠ 

ʨʦʩʪʦʚʦʛʦ ʭʣʦʨʠʜʥʦʛʦ ʨʦʟʪʦʧʫ. 

 

1. ʇʦʩʳʧʘʡʢʦ ɺ.ʀ. ɼʠʘʛʨʘʤʤʳ ʧʣʘʚʢʦʩʪʠ ʩʦʣʝʚʳʭ ʩʠʩʪʝʤ. ʏ. II. ɼʚʦʡʥʳʝ ʩʠʩʪʝʤʳ ʩ 

ʦʙʱʠʤ ʘʥʠʦʥʦʤ [ʦʪ KBH4-LiBH4 ʜʦ ZnCl2-ZrCl4]. ʉʧʨʘʚʦʯʥʠʢ / ɺ.ʀ. ʇʦʩʳʧʘʡʢʦ, 

ɽ.ɸ. ɸʣʝʢʩʝʝʚʘ, ʅ.ɸ. ɺʘʩʠʥʘ [ʠ ʜʨ.]. ï ʄ. : ʄʝʪʘʣʣʫʨʛʠʷ, 1979. ï 204 ʩ. 

2. Cherginets V.L. Investigation of course of K2SrCl4 melt deoxidization with CCl4 vapor 

/ V.L. Cherginets, T.P. Rebrova, T.V. Ponomarenko [et al.] // Reaction Kinetics, 

Mechanisms and Catalysis. ï 2017. ï V.120, No.1 ï P.31ï38. 
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ʌʆʊʆʂɸʊɸʃɯʊʀʏʅɸ ɸʂʊʀɺʅɯʉʊʔ ʅɸʅʆʂʆʄʇʆɿʀʊɯɺ Ni-TiO 2, 

ʆɼɽʈɾɸʅʀʍ ʅɸ ʅɯʂɽʃɽɺɯʁ ʄɸʊʈʀʎɯ 
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çʋʢʨʘʾʥʩʴʢʠʡ ʜʝʨʞʘʚʥʠʡ ʭʽʤʽʢʦ-ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪè 

ʧʨʦʩʧ. ɻʘʛʘʨʥ̔ʘ, 8, ɼʥʧ̔ʨʦ, 49005, ʋʢʨʘʥʾʘ 
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ɺʠʢʦʨʠʩʪʘʥʥʷ ʤʝʪʠʣʩʫʣʴʬʦʥʘʪʥʦʛʦ ʝʣʝʢʪʨʦʣʽʪʫ, ʱʦ ʤʽʩʪʠʪʴ ʚʦʜʦʨʦʟʯʠʥʥʫ ʩʽʣʴ 

ʪʠʪʘʥʫ(ɯV), ʜʣʷ ʝʣʝʢʪʨʦʦʩʘʜʞʝʥʥʷ ʧʦʢʨʠʪʪʽʚ Ni-TiO2 ʜʘʻ ʟʤʦʛʫ ʦʜʝʨʞʫʚʘʪʠ ʢʦʤʧʦʟʠʪʠ ʽʟ 

ʽʩʪʠʥʥʦʛʦ ʨʦʟʯʠʥʫ ʽ ʥʝ ʧʦʪʨʝʙʫʻ ʧʝʨʝʤʽʰʫʚʘʥʥʷ ʝʣʝʢʪʨʦʣʽʪʫ. ʉʫʪʪʻʚʦ ʪʘʢʦʞ, ʱʦ ʪʘʢʽ 

ʢʦʤʧʦʟʠʪʠ ʤʽʩʪʷʪʴ ʥʘʥʦʨʦʟʤʽʨʥʫ ʜʠʩʧʝʨʩʥʫ ʬʘʟʫ, ʷʢʘ ʫʪʚʦʨʶʶʪʴʩʷ ʫ ʧʨʠʝʣʝʢʪʨʦʜʥʦʤʫ 

ʰʘʨʽ ʫ ʚʠʛʣʷʜʽ ʢʦʣʦʾʜʫ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʧʽʜ ʯʘʩ ʝʣʝʢʪʨʦʣʽʟʫ. ʅʘʤʠ ʙʫʣʦ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ 

ʥʘʥʦʢʦʤʧʦʟʠʪʠ Ni-TiO2 ʜʝʤʦʥʩʪʨʫʶʪʴ ʙʽʣʴʰʫ ʬʦʪʦʢʘʪʘʣʽʪʠʯʥʫ ʘʢʪʠʚʥʽʩʪʴ ʧʦʨʽʚʥʷʥʦ ʽʟ 

ʢʦʤʧʦʟʠʪʘʤʠ, ʦʜʝʨʞʘʥʠʤʠ ʽʟ ʩʫʩʧʝʥʟʽʡʥʠʭ ʝʣʝʢʪʨʦʣʽʪʽʚ. ʇʨʦʪʝ, ʧʨʠ ʝʣʝʢʪʨʦʩʠʥʪʝʟʽ  

Ni-TiO2 ʽʟ ʽʩʪʠʥʥʦʛʦ ʨʦʟʯʠʥʫ ʦʜʝʨʞʘʪʠ ʧʦʢʨʠʪʪʷ ʽʟ ʟʥʘʯʥʠʤ ʚʤʽʩʪʦʤ ʜʠʩʧʝʨʩʥʦʾ ʬʘʟʠ ʥʝ 

ʚʜʘʻʪʴʩʷ. ʎʽʣʢʦʤ ʜʦʮʽʣʴʥʠʤ ʚ ʪʘʢʦʤʫ ʚʠʧʘʜʢʫ ʤʦʞʝ ʙʫʪʠ ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ ʥʘʤʠ ʨʘʥʽʰʝ 

ʩʧʦʩʽʙ ʥʘʥʝʩʝʥʥʷ ʢʦʤʧʦʟʠʪʫ ʥʘ ʤʝʪʘʣʝʚʫ ʤʘʪʨʠʮʶ ʟ ʨʦʟʚʠʥʝʥʦʶ ʧʦʚʝʨʭʥʝʶ. ʊʘʢʠʤ 

ʯʠʥʦʤ ʤʦʞʥʘ ʟʙʽʣʴʰʠʪʠ ʧʠʪʦʤʫ ʢʽʣʴʢʽʩʪʴ ʥʘʥʦʯʘʩʪʠʥʦʢ TiO2 ʥʘ ʧʦʚʝʨʭʥʽ ʝʣʝʢʪʨʦʜʫ. 

ɺ ʷʢʦʩʪʽ ʢʘʪʦʜʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʤʽʜʥʫ ʧʣʘʩʪʠʥʫ, ʥʘ ʨʦʙʦʯʫ 

ʧʦʚʝʨʭʥʶ ʷʢʦʾ ʩʧʦʯʘʪʢʫ ʥʘʥʦʩʠʣʠ ʥʽʢʝʣʝʚʝ ʧʦʢʨʠʪʪʷ ʽʟ ʤʝʪʠʣʩʫʣʴʬʦʥʘʪʥʦʛʦ ʝʣʝʢʪʨʦʣʽʪʫ. 

ʇʽʩʣʷ ʮʴʦʛʦ ʦʩʘʜʞʫʚʘʣʠ ʥʽʢʝʣʝʚʫ ʤʘʪʨʠʮʶ ʟ ʨʦʟʚʠʥʝʥʦʶ ʧʦʚʝʨʭʥʝʶ ʽʟ 

ʤʝʪʠʣʩʫʣʴʬʦʥʘʪʥʦʛʦ ʝʣʝʢʪʨʦʣʽʪʫ, ʱʦ ʤʽʩʪʠʚ ʢʘʨʙʦʥʽʣʴʥʠʡ ʥʽʢʝʣʝʚʠʡ ʧʦʨʦʰʦʢ. ʅʘ 

ʬʽʥʘʣʴʥʦʤʫ ʝʪʘʧʽ ʥʘ ʩʬʦʨʤʦʚʘʥʫ ʤʘʪʨʠʮʶ ʝʣʝʢʪʨʦʦʩʘʜʞʫʚʘʣʠ ʥʘʥʦʢʦʤʧʦʟʠʪ Ni-TiO2 ʽʟ 

ʤʝʪʠʣʩʫʣʴʬʦʥʘʪʥʦʛʦ ʝʣʝʢʪʨʦʣʽʪʫ, ʟʘ ʧʨʠʩʫʪʥʦʩʪʽ ʚ ʨʦʟʯʠʥʽ ʚʦʜʦʨʦʟʯʠʥʥʦʛʦ ʪʠʪʘʥʫ(ɯV). 

ʄʦʨʬʦʣʦʛʽʷ ʧʦʚʝʨʭʥʽ ʢʦʤʧʦʟʠʪʫ Ni-TiO2, ʦʜʝʨʞʘʥʦʛʦ ʥʘ ʛʣʘʜʝʥʴʢʽʡ ʧʦʚʝʨʭʥʽ ʪʘ ʥʘ 

ʤʘʪʨʠʮʽ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 1ʘ ʪʘ ʨʠʩ. 1ʙ, ʚʽʜʧʦʚʽʜʥʦ. 

ɽʣʝʢʪʨʦʩʠʥʪʝʟ ʥʘʥʦʢʦʤʧʦʟʠʪʫ ʟʘ ʟʘʧʨʦʧʦʥʦʚʘʥʦʶ ʩʭʝʤʦʶ ʧʦʪʨʝʙʫʻ ʫʨʘʭʫʚʘʥʥʷ 

ʟʙʽʣʴʰʝʥʥʷ ʽʩʪʠʥʥʦʾ ʧʦʚʝʨʭʥʽ ʧʨʠ ʚʠʙʦʨʽ ʩʪʨʫʤʦʚʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ. ʆʩʢʽʣʴʢʠ ʫʪʚʦʨʝʥʥʷ 

ʜʠʩʧʝʨʩʥʦʾ ʬʘʟʠ ʚʠʟʥʘʯʘʻʪʴʩʷ ʽʥʪʝʥʩʠʚʥʽʩʪʶ ʚʠʜʽʣʝʥʥʷ ʚʦʜʥʶ ʥʘ ʢʘʪʦʜʥʽʡ ʧʦʚʝʨʭʥʽ, ʪʦ 

ʚʠʭʽʜ ʟʘ ʩʪʨʫʤʦʤ ʮʴʦʛʦ ʧʨʦʮʝʩʫ ʻ ʦʜʥʠʤ ʽʟ ʢʣʶʯʦʚʠʭ ʬʘʢʪʦʨʽʚ ʬʦʨʤʫʚʘʥʥʷ Ni-TiO2. 

ʆʪʞʝ, ʛʫʩʪʠʥʘ ʩʪʨʫʤʫ ʧʨʠ ʝʣʝʢʪʨʦʦʩʘʜʞʝʥʥʽ ʥʘʥʦʢʦʤʧʦʟʠʪʫ ʥʘ ʤʘʪʨʠʮʽ ʤʘʻ ʙʫʪʠ 

ʟʙʽʣʴʰʝʥʘ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʨʦʟʚʠʥʝʥʦʩʪʽ ʧʦʚʝʨʭʥʽ. 

 
ʘ 

 
ʙ 

 

ʈʠʩ. 1. ʇʦʢʨʠʪʪʷ Ni-TiO2, 

ʦʩʘʜʞʝʥʝ ʥʘ ʛʣʘʜʝʥʴʢʽʡ ʧʦʚʝʨʭʥʽ 

(ʘ) ʪʘ ʥʘ ʤʘʪʨʠʮʽ (ʙ) x 250 

ʈʠʩ. 2. ʉʪʫʧʽʥʴ ʧʝʨʝʪʚʦʨʝʥʥʷ ʙʘʨʚʥʠʢʘ (ʍ) ʧʽʜ 

ʜʽʻʶ ʫʣʴʪʨʘʬʽʦʣʝʪʫ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʪʠʧʫ ʧʦʚʝʨʭʥʽ 

ʢʦʤʧʦʟʠʪʫ: 1 ï ʬʦʥ; 2 ï ʛʣʘʜʝʥʴʢʘ ʧʦʚʝʨʭʥʷ;  

3 ï ʨʦʟʚʠʥʝʥʘ ʧʦʚʝʨʭʥʷ ʤʘʪʨʠʮʽ 

 

ɼʦʩʣʽʜʞʝʥʥʷ ʬʦʪʦʢʘʪʘʣʽʪʠʯʥʦʾ ʘʢʪʠʚʥʦʩʪʽ ʦʜʝʨʞʘʥʠʭ ʧʦʢʨʠʪʪʽʚ ʧʨʦʚʦʜʠʣʠ ʧʨʠ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʦʜʝʣʴʥʦʛʦ ʨʦʟʯʠʥʫ ʤʝʪʠʣʦʚʦʛʦ ʦʨʘʥʞʝʚʦʛʦ. ʂʽʥʝʪʠʯʥʽ ʜʘʥʥʽ ʨʦʟʢʣʘʜʘʥʥʷ 

ʙʘʨʚʥʠʢʘ ʧʽʜ ʜʽʻʶ ʫʣʴʪʨʘʬʽʦʣʝʪʦʚʦʛʦ ʦʧʨʦʤʽʥʝʥʥʷ ʨʦʟʯʠʥʫ, ʚ ʷʢʦʤʫ ʤʽʩʪʠʣʠʩʴ ʟʨʘʟʢʠ 

ʥʘʥʦʢʦʤʧʦʟʠʪʫ Ni-TiO2 ʧʦʢʘʟʘʣʠ, ʱʦ ʧʦʢʨʠʪʪʷ ʥʘʥʝʩʝʥʽ ʥʘ ʥʽʢʝʣʝʚʫ ʤʘʪʨʠʮʶ ʟ 

ʨʦʟʚʠʥʝʥʦʶ ʧʦʚʝʨʭʥʝʶ ʧʨʦʷʚʣʷʶʪʴ ʬʦʪʦʢʘʪʘʣʽʪʠʯʥʫ ʘʢʪʠʚʥʽʩʪʴ ʟʥʘʯʥʦ ʚʠʱʫ ʟʘ 

ʘʥʘʣʦʛʽʯʥʽ ʦʩʘʜʠ, ʦʜʝʨʞʘʥʽ ʥʘ ʛʣʘʜʝʥʴʢʽʡ ʧʦʚʝʨʭʥʽ (ʨʠʩ. 2). 
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ɸʅʊʀʈɸɼʀʂɸʃʔʅɸ ɸʂʊʀɺʅɯʉʊʔ ʍɯʅʆʃɯʃɻɯɼʈɸɿʆʅɯɺ ɿ ʌɽʅʆʃʔʅʀʄʀ 

ʌʈɸɻʄɽʅʊɸʄʀ ʋ ʉʂʃɸɼɯ ʄʆʃɽʂʋʃ 

ʉʝʤʝʥʝʥʢʦ ʊ. ʉ., ʍʠʞʘʥ ʆ. ɯ., ʍʠʞʘʥ ʆ. ɯ.*, ʅʽʢʦʣʘʻʚʩʴʢʠʡ ɸ. ʄ. 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʙʽʦʨʝʩʫʨʩʽʚ ʽ ʧʨʠʨʦʜʦʢʦʨʠʩʪʫʚʘʥʥʷ ʋʢʨʘʾʥʠ 

*ɯʥʩʪʠʪʫʪ ʬʽʟʠʢʦ-ʦʨʛʘʥʽʯʥʦʾ ʭʽʤʽʾ ʽ ʚʫʛʣʝʭʽʤʽʾ ʽʤʝʥʽ ʃ. ʄ. ʃʠʪʚʠʥʝʥʢʘ ʅɸʅ ʋʢʨʘʾʥʠ 

olenakhyzhan@gmail.com 

 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʘʥʪʠʦʢʩʠʜʘʥʪʽʚ ʩʧʨʠʷʻ ʙʽʣʴʰ ʪʨʠʚʘʣʦʤʫ ʟʙʝʨʽʛʘʥʥʶ ʧʨʦʜʫʢʪʽʚ ʽ 

ʤʘʪʝʨʽʘʣʽʚ, ʚʠʨʽʰʫʻ ʜʝʷʢʽ ʧʠʪʘʥʥʷ ʟʙʝʨʝʞʝʥʥʷ ʟʜʦʨʦʚôʷ ʣʶʜʠʥʠ. ʉʢʣʘʜʥʘ ʝʢʦʣʦʛʽʯʥʘ 

ʩʠʪʫʘʮʽʷ ʚ ʋʢʨʘʾʥʽ ʦʙʫʤʦʚʣʶʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʘʥʪʠʦʢʩʠʜʘʥʪʽʚ ʪʘ 

ʙʽʦʘʥʪʠʦʢʩʠʜʘʥʪʽʚ ʜʣʷ ʟʘʧʦʙʽʛʘʥʥʷ ʽ ʣʽʢʫʚʘʥʥʷ ʨʷʜʫ ʭʚʦʨʦʙ, ʘ ʪʘʢʦʞ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ 

ʘʜʘʧʪʘʮʽʡʥʠʭ ʤʦʞʣʠʚʦʩʪʝʡ ʦʨʛʘʥʽʟʤʫ ʣʶʜʠʥʠ. ɹʽʣʴʰʽʩʪʴ ʜʦʙʘʚʦʢ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ 

ʥʘ ʧʨʘʢʪʠʮʽ ʥʘʣʝʞʠʪʴ ʜʦ ʢʣʘʩʽʚ ʬʝʥʦʣʽʚ. ʅʝʜʦʩʪʘʪʥʷ ʝʬʝʢʪʠʚʥʽʩʪʴ ʙʘʛʘʪʴʦʭ ʬʝʥʦʣʴʥʠʭ 

ʘʥʪʠʦʢʩʠʜʘʥʪʽʚ, ʚʽʜʩʫʪʥʽʩʪʴ ʘʙʦ ʜʦʨʦʞʥʝʯʘ ʚʠʭʽʜʥʦʾ ʩʠʨʦʚʠʥʠ ʜʣʷ ʾʭ ʦʪʨʠʤʘʥʥʷ ʻ 

ʧʨʠʯʠʥʘʤʠ ʥʝʤʦʞʣʠʚʦʩʪʽ ʾʭ ʫʩʧʽʰʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ. ɺʩʝ ʮʝ ʦʙʫʤʦʚʣʶʻ ʥʝʦʙʭʽʜʥʽʩʪʴ 

ʧʦʰʫʢʫ ʥʦʚʠʭ, ʚʠʩʦʢʦʝʬʝʢʪʠʚʥʠʭ ʘʥʪʠʦʢʩʠʜʘʥʪʽʚ ʽ ʙʽʦʘʥʪʠʦʢʩʠʜʘʥʪʽʚ. ʆʜʥʠʤʠ ʟ 

ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʘʥʪʠʦʢʩʠʜʘʥʪʽʚ ʽ ʙʽʦʘʥʪʠʦʢʩʠʜʘʥʪʽʚ, ʷʢʽ ʻ ʭʽʥʦʣʽʣʛʽʜʨʘʟʦʥʠ. ɺ ʩʪʨʫʢʪʫʨʽ 

ʮʠʭ ʩʧʦʣʫʢ ʟ ʦʜʥʦʛʦ ʙʦʢʫ ʤʽʩʪʠʪʴʩʷ ʬʨʘʛʤʝʥʪ ʭʽʥʦʣʽʥʫ, ʟ ʽʥʰʦʛʦ ʙʦʢʫ ï ʬʨʘʛʤʝʥʪ 

ʛʽʜʨʘʟʦʥʫ ʟ ʣʘʙʽʣʴʥʠʤ NH-ʟʚ'ʷʟʢʦʤ. ʍʽʥʦʣʽʥʦʚʝ ʷʜʨʦ ʚʭʦʜʠʪʴ ʜʦ ʩʢʣʘʜʫ ʣʽʢʘʨʩʴʢʠʭ 

ʧʨʝʧʘʨʘʪʽʚ (ʧʣʘʟʤʦʮʠʜ, ʭʽʥʽʥ) ʪʘ ʢʦʥʩʝʨʚʘʥʪʽʚ (ʝʪʦʢʩʠʭʽʥ). ʉʠʩʪʝʤʘʪʠʯʥʝ ʜʦʩʣʽʜʞʝʥʥʷ 

ʘʥʪʠʨʘʜʠʢʘʣʴʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʭʽʥʦʣʽʣʛʽʜʨʘʟʦʥʽʚ ʢʦʨʠʩʥʦ ʷʢ ʽʟ ʧʨʘʢʪʠʯʥʦʾ ʪʦʯʢʠ ʟʦʨʫ, 

ʪʦʤʫ ʱʦ ʚʝʜʝ ʜʦ ʧʦʰʠʨʝʥʥʷ ʘʩʦʨʪʠʤʝʥʪʫ ʨʝʯʦʚʠʥ ʟ ʘʥʪʠʦʢʩʠʜʘʥʪʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ, 

ʪʘʢ ʽ ʟ ʪʝʦʨʝʪʠʯʥʦʾ, ʦʩʢʽʣʴʢʠ ʩʧʨʠʷʻ ʧʦʛʣʠʙʣʝʥʥʶ ʟʥʘʥʴ ʱʦʜʦ ʟʚ'ʷʟʢʫ ʭʽʤʽʯʥʦʾ ʙʫʜʦʚʠ 

ʘʥʪʠʦʢʩʠʜʘʥʪʘ ʟ ʡʦʛʦ ʨʝʘʢʮʽʡʥʦʶ ʟʜʘʪʥʽʩʪʶ ʚ ʨʝʘʢʮʽʷʭ ʨʘʜʠʢʘʣʴʥʦʛʦ ʦʢʠʩʥʝʥʥʷ ʽ ʟ 

ʤʝʭʘʥʽʟʤʦʤ ʘʥʪʠʦʢʩʠʜʘʥʪʥʦʾ ʜʽʾ. ʄʦʜʝʣʣʶ ʜʣʷ ʚʠʚʯʝʥʥʷ ʘʥʪʠʨʘʜʠʢʘʣʴʥʦʾ ʘʢʪʠʚʥʦʩʪʽ 

ʩʧʦʣʫʢ ʻ ʨʝʘʢʮʽʷ ʟ ʚʽʣʴʥʠʤ ʩʪʘʙʽʣʴʥʠʤ ʨʘʜʠʢʘʣʦʤ ʜʠʬʝʥʽʣʧʽʢʨʠʣʛʽʜʨʘʟʠʣʦʤ. 

ʄʝʪʦʶ ʨʦʙʦʪʠ ʩʪʘʣʦ ʚʠʟʥʘʯʝʥʥʷ ʨʝʘʢʮʽʡʥʦʾ ʟʜʘʪʥʦʩʪʽ ʭʽʥʦʣʽʣʛʽʜʨʘʟʦʥʽʚ ʚ ʨʝʘʢʮʽʾ 

ʟʽ ʩʪʘʙʽʣʴʥʠʤ ʨʘʜʠʢʘʣʦʤ ʜʠʬʝʥʽʣʧʽʢʨʠʣʛʽʜʨʘʟʠʣʦʤ ʽ ʧʝʨʦʢʩʠʣʴʥʠʤʠ ʨʘʜʠʢʘʣʘʤʠ 

ʝʪʠʣʙʝʥʟʦʣʫ.  

ʂʽʥʝʪʠʢʘ ʨʝʘʢʮʽʾ ʭʽʥʦʣʽʣʛʽʜʨʘʟʦʥʽʚ ʟ ʜʠʬʝʥʽʣʧʽʢʨʠʣʛʽʜʨʘʟʠʣʦʤ ʚʠʚʯʘʣʘʩʷ 

ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʥʠʤ ʤʝʪʦʜʦʤ ʚ ʨʽʟʥʠʭ ʨʦʟʯʠʥʥʠʢʘʭ (ʛʝʢʩʘʥ, ʙʝʥʟʦʣ, ʤʝʪʘʥʦʣ, ʘʮʝʪʦʥ. 

ɼʣʷ ʚʽʜʥʦʩʥʦʛʦ ʧʦʨʽʚʥʷʥʥʷ ʾʭ ʘʥʪʠʨʘʜʠʢʘʣʴʥʦʾ ʘʢʪʠʚʥʦʩʪʽ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʘʩʷ ʘʢʪʠʚʥʽʩʪʴ 

ʬʝʥʽʣʛʽʜʨʘʟʦʥʫ ʙʝʥʟʘʣʴʜʝʛʽʜʫ ʪʘ ʪʠʧʦʚʦʛʦ ʘʥʪʠʦʢʩʠʜʘʥʪʫ ï ʽʦʥʦʣʫ. ʈʦʟʯʠʥʠ ʛʽʜʨʘʟʦʥʽʚ ʟ 

ʜʠʬʝʥʽʣʧʽʢʨʠʣʛʽʜʨʘʟʠʣʦʤ ʟʤʽʰʫʚʘʣʠ ʚ ʝʢʚʽʤʦʣʷʨʥʦʤʫ ʚʽʜʥʦʰʝʥʥʽ ʢʦʤʧʦʥʝʥʪʽʚ ʚ 

ʽʥʪʝʨʚʘʣʽ ʢʦʥʮʝʥʪʨʘʮʽʡ ʨʝʘʛʫʶʯʠʭ ʨʝʯʦʚʠʥ 10-3ï10-5 ʤʦʣʴÖʣ-1 ʽ ʨʝʻʩʪʨʫʚʘʣʠ ʟʤʽʥʫ 

ʧʦʛʣʠʥʘʥʥʷ ʨʘʜʠʢʘʣʫ ʚ ʯʘʩʽ ʚ ʜʽʘʧʘʟʦʥʽ ʪʝʤʧʝʨʘʪʫʨ 293ï323ʂ ʧʨʠ ɚmax = 520 ʥʤ.  

ɺʠʟʥʘʯʝʥʦ ʘʥʪʠʨʘʜʠʢʘʣʴʥʫ ʘʢʪʠʚʥʽʩʪʴ ʛʽʜʨʘʟʦʥʽʚ ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʩʪʘʙʽʣʴʥʦʛʦ 

ʨʘʜʠʢʘʣʫ ʜʠʬʝʥʽʣʧʽʢʨʠʣʛʽʜʨʘʟʠʣʫ. ʂʽʥʝʪʠʯʥʽ ʢʨʠʚʽ ʚʠʪʨʘʯʘʥʥʷ ʨʘʜʠʢʘʣʫ ʩʧʨʷʤʣʷʶʪʴʩʷ 

ʚ ʢʦʦʨʜʠʥʘʪʘʭ ʢʽʥʝʪʠʯʥʦʛʦ ʨʽʚʥʷʥʥʷ ʜʨʫʛʦʛʦ ʧʦʨʷʜʢʫ. ɿʥʘʡʜʝʥʽ ʟʘ ʤʝʪʦʜʦʤ ɺʘʥʪ-ɻʦʬʬʘ 

ʧʦʨʷʜʢʠ ʨʝʘʢʮʽʾ ʟʘ ʛʽʜʨʘʟʦʥʘʤʠ ʙʣʠʟʴʢʽ ʜʦ ʦʜʠʥʠʮʽ, ʪʦʙʪʦ, ʧʦʨʷʜʦʢ ʟʘ 

ʜʠʬʝʥʽʣʧʽʢʨʠʣʛʽʜʨʘʟʠʣʦʤ ʪʘʢʦʞ ʜʦʨʽʚʥʶʻ 1. ʈʦʟʨʘʭʦʚʘʥʽ ʢʦʥʩʪʘʥʪʠ ʰʚʠʜʢʦʩʪʽ ʨʝʘʢʮʽʾ 

ʛʽʜʨʘʟʦʥʽʚ ʟ ʨʘʜʠʢʘʣʦʤ ʻ ʩʫʤʘʨʥʠʤʠ ʚʝʣʠʯʠʥʘʤʠ, ʱʦ ʚʨʘʭʦʚʫʶʪʴ ʚʥʝʩʦʢ ʜʝʢʽʣʴʢʦʭ 

ʨʝʘʢʮʽʡʥʠʭ ʮʝʥʪʨʽʚ ʤʦʣʝʢʫʣʠ ʛʽʜʨʘʟʦʥʫ ʚ ʨʝʘʢʮʽʶ ʟ ʨʘʜʠʢʘʣʦʤ. ɺʠʚʯʝʥʦ ʚʧʣʠʚ 

ʨʦʟʯʠʥʥʠʢʘ ʥʘ ʨʝʘʢʮʽʡʥʫ ʟʜʘʪʥʽʩʪʴ ʛʽʜʨʘʟʦʥʽʚ ʫ ʨʝʘʢʮʽʾ ʟ ʜʠʬʝʥʽʣʧʽʢʨʠʣʛʽʜʨʘʟʠʣʦʤ. 

ɺʩʪʘʥʦʚʣʝʥʦ ʢʦʨʝʣʷʮʽʶ ʤʽʞ ʢʦʥʩʪʘʥʪʘʤʠ ʰʚʠʜʢʦʩʪʽ ʨʝʘʢʮʽʾ ʭʽʥʦʣʽʣʛʽʜʨʘʟʦʥʽʚ ʟ 

ʜʠʬʝʥʽʣʧʽʢʨʠʣʛʽʜʨʘʟʠʣʦʤ ʟʽ ʟʥʘʯʝʥʥʷʤʠ ʢʦʥʩʪʘʥʪ ʰʚʠʜʢʦʩʪʝʡ ʨʝʘʢʮʽʾ ʮʠʭ ʩʧʦʣʫʢ ʟ 

ʧʝʨʦʢʩʠʣʴʥʠʤʠ ʨʘʜʠʢʘʣʘʤʠ ʝʪʠʣʙʝʥʟʦʣʫ. 
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ɺʃʀʗʅʀɽ ʊʈʀʌʊʆʈʋʂʉʋʉʅʆʁ ʂʀʉʃʆʊʓ ʅɸ ʇʈʆʎɽʉʉ ʆʉʅʆɺʅʆ-

ʂɸʊɸʃʀɿʀʈʋɽʄʆɻʆ ʆʂʀʉʃɽʅʀʗ ɸʅʊʈʆʅɸ ʄʆʃɽʂʋʃʗʈʅʓʄ 

ʂʀʉʃʆʈʆɼʆʄ ɺ ɼʄʉʆ 

ʉʝʨʜʶʢ ɸ. ɸ., ʂʘʩʷʥʯʫʢ ʄ. ɻ. 

ʀʥʩʪʠʪʫʪ ʬʠʟʠʢʦ-ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠ ʫʛʣʝʭʠʤʠʠ ʠʤ. ʃ. ʄ. ʃʠʪʚʠʥʝʥʢʦ ʅɸʅʋ 

ganna.serdyuk@gmail.com 

 

ʉʯʠʪʘʝʪʩʷ, ʯʪʦ ʢʘʪʘʣʠʪʠʯʝʩʢʠʡ ʵʬʬʝʢʪ ʘʤʠʥʦʚ ʚ ʧʨʦʮʝʩʩʝ ʦʢʠʩʣʝʥʠʷ ʘʥʪʨʦʥʘ 

ʤʦʣʝʢʫʣʷʨʥʳʤ ʢʠʩʣʦʨʦʜʦʤ ʚ ɼʄʉʆ ʨʝʘʣʠʟʫʝʪʩʷ ʟʘ ʩʯʝʪ ʪʦʛʦ, ʯʪʦ ʘʤʠʥ ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʦʪʨʳʚʫ ʧʨʦʪʦʥʘ ʦʪ ʤʦʣʝʢʫʣʳ ʩʫʙʩʪʨʘʪʘ (ʘʥʪʨʦʥʘ) ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʢʘʨʙʘʥʠʦʥʘ. 

ɼʦʙʘʚʣʝʥʠʝ ʩʠʣʴʥʳʭ ʢʠʩʣʦʪ ʧʨʠ ʵʪʦʤ ʜʦʣʞʥʦ ʫʤʝʥʴʰʘʪʴ ʢʦʥʮʝʥʪʨʘʮʠʶ ʧʨʦʪʦʥʦ-

ʘʢʮʝʧʪʦʨʘ (ʘʤʠʥʘ) ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʩʥʠʞʘʪʴ ʝʛʦ ʢʘʪʘʣʠʪʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ. 

ɼʣʷ ʧʨʦʚʝʨʢʠ ʵʪʦʡ ʛʠʧʦʪʝʟʳ ʙʳʣʦ ʠʩʩʣʝʜʦʚʘʥʦ ʚʣʠʷʥʠʝ ʪʨʠʬʪʦʨʫʢʩʫʩʥʦʡ 

ʢʠʩʣʦʪʳ (TFA) ʥʘ ʦʢʠʩʣʝʥʠʝ ʘʥʪʨʦʥʘ ʚ ɼʄʉʆ, ʢʘʪʘʣʠʟʠʨʫʝʤʦʝ ʪʨʠʵʪʠʣʘʤʠʥʦʤ (ʨʠʩ.). 

ɼʘʥʥʘʷ ʢʠʩʣʦʪʘ ʷʚʣʷʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʩʠʣʴʥʦʡ ʦʨʛʘʥʠʯʝʩʢʦʡ ʢʠʩʣʦʪʦʡ ʠ ʭʦʨʦʰʦ 

ʨʘʩʪʚʦʨʷʝʪʩʷ ʚ ʠʩʩʣʝʜʫʝʤʦʡ ʩʠʩʪʝʤʝ. 

 

 
ʈʠʩ. ɿʘʚʠʩʠʤʦʩʪʴ ʥʘʯʘʣʴʥʦʡ ʩʢʦʨʦʩʪʠ ʧʦʛʣʦʱʝʥʠʷ ʢʠʩʣʦʨʦʜʘ ʚ ʨʝʘʢʮʠʠ ʦʢʠʩʣʝʥʠʷ 

ʘʥʪʨʦʥʘ (0,05 ʤʦʣʴ/ʣ) ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʪʨʠʬʪʦʨʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʳ (TFA) ʚ ʧʨʠʩʫʪʩʪʚʠʠ 

ʪʨʠʵʪʠʣʘʤʠʥʘ (0,0072 ʤʦʣʴ/ʣ) ʧʨʠ 307 ʂ ʠ 760 ʤʤ ʨʪ. ʩʪ. 

 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʢʠʩʣʦʪʳ, ʥʘʙʣʶʜʘʝʪʩʷ 

ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʝ ʩʥʠʞʝʥʠʝ ʥʘʯʘʣʴʥʦʡ ʩʢʦʨʦʩʪʠ ʧʦʛʣʦʱʝʥʠʷ ʢʠʩʣʦʨʦʜʘ. ʇʨʠ 

ʩʦʦʪʥʦʰʝʥʠʠ TFA : ʘʤʠʥ å 1 : 3 ʧʦʛʣʦʱʝʥʠʝ ʢʠʩʣʦʨʦʜʘ ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʣʥʦʩʪʴʶ 

ʧʨʝʢʨʘʱʘʝʪʩʷ. ʇʦʩʢʦʣʴʢʫ ʣʠʪʝʨʘʪʫʨʝ ʜʣʷ ʜʠʤʝʪʠʣʦʚʦʛʦ ʵʬʠʨʘ, ɼʄʉʆ, ʘʮʝʪʦʥʘ ʠ 

ʘʮʝʪʦʥʠʪʨʠʣʘ ʦʧʠʩʘʥʳ ʩʣʫʯʘʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʢʦʤʧʣʝʢʩʦʚ ʤʦʣʝʢʫʣ ʨʘʩʪʚʦʨʠʪʝʣʷ ʩ 

ʧʨʦʪʦʥʦʤ ʚ ʩʪʝʭʠʦʤʝʪʨʠʠ 1 : 3, ʥʘʙʣʶʜʘʝʤʫʶ ʟʘʢʦʥʦʤʝʨʥʦʩʪʴ ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʪʝʤ, ʯʪʦ 

ʦʙʨʘʟʫʶʱʘʷʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ TFA ʠ ʘʤʠʥʘ ʩʦʣʴ ʦʙʨʘʟʫʝʪ ʢʦʤʧʣʝʢʩ ʩ ʝʱʝ 

ʜʚʫʤʷ ʤʦʣʝʢʫʣʘʤʠ ʘʤʠʥʘ, ʪʝʤ ʩʘʤʳʤ ʠʥʘʢʪʠʚʠʨʫʷ ʠʭ. 
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ʋɼɽʃʔʅʓɽ ʍɸʈɸʂʊɽʈʀʉʊʀʂʀ ʃʀʊʀʁ-ʉɽʈʅʓʍ ʗʏɽɽʂ  

ɺ ʉʆʃʔ-ʉʆʃʔɺɸʊʅʓʍ ʕʃɽʂʊʈʆʃʀʊɸʍ 

ʉʠʨʦʰ ɺ. A., ɻʣʦʙʘ ʅ. ʀ. 

ʄʝʞʚʝʜʦʤʩʪʚʝʥʥʦʝ ʦʪʜʝʣʝʥʠʝ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʡ ʵʥʝʨʛʝʪʠʢʠ ʅɸʅ ʋʢʨʘʠʥʳ 
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ʃʠʪʠʡ-ʩʝʨʥʳʝ ʙʘʪʘʨʝʠ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʢʘʢ ʦʜʥʠ ʠʟ ʧʦʪʝʥʮʠʘʣʴʥʳʭ 

ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʪʦʢʘ ʥʦʚʦʛʦ ʧʦʢʦʣʝʥʠʷ. ɿʥʘʯʠʪʝʣʴʥʳʡ ʠʥʪʝʨʝʩ ʢ ʵʪʦʡ ʨʝʜʦʢʩ 

ʩʠʩʪʝʤʝ ʚʳʟʚʘʥ ʝʝ ʚʳʩʦʢʠʤʠ ʟʥʘʯʝʥʠʷʤʠ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʫʜʝʣʴʥʦʡ ʝʤʢʦʩʪʠ (1675 ɸĿʯ/ʢʛ) 

ʠ ʫʜʝʣʴʥʦʡ ʵʥʝʨʛʠʠ (2600 ɺʪĿʯ/ʢʛ). ʂʨʦʤʝ ʪʦʛʦ, ʩʝʨʘ ʷʚʣʷʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ, ʵʢʦʣʦʛʠʯʝʩʢʠ ʙʝʟʦʧʘʩʥʳʤ ʠ ʥʝʜʦʨʦʛʠʤ ʤʘʪʝʨʠʘʣʦʤ. ʆʜʥʘʢʦ, ʣʠʪʠʡ-

ʩʝʨʥʳʝ ʙʘʪʘʨʝʠ ʠʤʝʶʪ ʨʷʜ ʥʝʜʦʩʪʘʪʢʦʚ, ʧʨʝʧʷʪʩʪʚʫʶʱʠʭ ʠʭ ʢʦʤʤʝʨʮʠʘʣʠʟʘʮʠʠ. ʆʜʥʦʡ 

ʠʟ ʛʣʘʚʥʳʭ ʧʨʦʙʣʝʤ Li-S ʨʝʜʦʢʩ ʧʘʨʳ ʷʚʣʷʝʪʩʷ ʨʘʩʪʚʦʨʝʥʠʝ ʚ ʵʣʝʢʪʨʦʣʠʪʝ 

ʜʣʠʥʥʦʮʝʧʦʯʥʳʭ ʧʦʣʠʩʫʣʴʬʠʜʦʚ ʣʠʪʠʷ ʦʙʱʝʡ ʬʦʨʤʫʣʳ Li2Sn (n Ó 4) ʠ ʦʙʨʘʟʦʚʘʥʠʝ ʚ 

ʢʦʥʮʝ ʨʘʟʨʷʜʘ ʪʨʫʜʥʦʨʘʩʪʚʦʨʠʤʦʛʦ ʩʫʣʴʬʠʜʘ ʣʠʪʠʷ (Li2S) ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʨʝʘʢʮʠʷʤʠ 1 

ʠ 2, ʧʨʠʚʝʜʝʥʥʳʤʠ ʥʠʞʝ. 

                                                 (1) 

                               (2) 

ʕʪʠ ʧʨʠʯʠʥʳ ʚ ʦʩʥʦʚʥʦʤ ʠ ʧʨʠʚʦʜʷʪ ʢ ʜʦʩʪʘʪʦʯʥʦ ʙʳʩʪʨʦʤʫ ʩʥʠʞʝʥʠʶ ʫʜʝʣʴʥʳʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʣʠʪʠʡ-ʩʝʨʥʳʭ ʙʘʪʘʨʝʡ ʧʨʠ ʮʠʢʣʠʨʦʚʘʥʠʠ ʠ ʚʳʩʦʢʦʤʫ ʩʘʤʦʨʘʟʨʷʜʫ ʧʨʠ 

ʭʨʘʥʝʥʠʠ, ʦʩʦʙʝʥʥʦ ʧʨʠ ʧʦʚʳʰʝʥʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ. ʆʜʥʠʤ ʠʟ ʚʦʟʤʦʞʥʳʭ ʧʫʪʝʡ 

ʨʝʰʝʥʠʷ ʵʪʠʭ ʧʨʦʙʣʝʤ ʷʚʣʷʝʪʩʷ ʟʘʤʝʥʘ ʪʨʘʜʠʮʠʦʥʥʳʭ ʢʘʨʙʦʥʘʪʥʳʭ ʵʣʝʢʪʨʦʣʠʪʦʚ 

ʥʦʚʳʤʠ, ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʤʠ ʠʣʠ ʦʧʪʠʤʠʟʠʨʦʚʘʥʥʳʤʠ ʵʣʝʢʪʨʦʣʠʪʘʤʠ, ʢʦʪʦʨʳʝ ʙʳ 

ʧʨʝʜʦʪʚʨʘʱʘʣʠ ʥʝʞʝʣʘʪʝʣʴʥʳʝ ʧʨʦʮʝʩʩʳ ʨʘʩʪʚʦʨʝʥʠʷ ʧʦʣʠʩʫʣʴʬʠʜʦʚ. 

ʂʘʢ ʧʦʪʝʥʮʠʘʣʴʥʦ ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʵʣʝʢʪʨʦʣʠʪʳ ʜʣʷ ʣʠʪʠʡ-ʩʝʨʥʳʭ ʙʘʪʘʨʝʡ 

ʠʩʩʣʝʜʫʶʪʩʷ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʳʝ ʙʠʥʘʨʥʳʝ ʨʘʩʪʚʦʨʳ. ʂʦʤʙʠʥʘʮʠʷ ʦʧʨʝʜʝʣʝʥʥʳʭ ʩʦʣʝʡ 

ʣʠʪʠʷ ʠ ʛʣʠʤʦʚʦʛʦ ʨʘʩʪʚʦʨʠʪʝʣʷ ʧʨʠ ʚʳʩʦʢʠʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʚʝʜʝʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ 

ʫʩʪʦʡʯʠʚʳʭ ʩʦʣʴʚʘʪʥʳʭ ʩʪʨʫʢʪʫʨ, ʢʦʪʦʨʳʝ ʥʘʭʦʜʷʪʩʷ ʚ ʞʠʜʢʦʤ ʩʦʩʪʦʷʥʠʠ, ʜʘʞʝ ʚ 

ʦʙʣʘʩʪʠ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨ. 

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʫʜʝʣʴʥʳʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʣʠʪʠʡ-ʩʝʨʥʳʭ ʷʯʝʝʢ ʧʨʠ ʮʠʢʣʠʨʦʚʘʥʠʠ ʚ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ ʦʪ 25 Áʉ 

ʜʦ 60 Áʉ. ʂʘʢ ʵʣʝʢʪʨʦʣʠʪʳ ʚ Li-S ʷʯʝʡʢʘʭ ʠʩʧʦʣʴʟʦʚʘʥʳ ʙʠʥʘʨʥʳʝ ʩʤʝʩʠ ʜʠʤʝʪʠʣʦʚʦʛʦ 

ʵʬʠʨʘ ʪʝʪʨʝʵʪʠʣʝʥʛʣʠʢʦʣʷ ʠ ʩʦʣʠ ʙʠʩ(ʪʨʠʬʪʦʨʤʝʪʘʥ)ʩʫʣʴʬʦʥʠʤʠʜʘ ʣʠʪʠʷ ʨʘʟʣʠʯʥʦʡ 

ʢʦʥʮʝʥʪʨʘʮʠʠ (ʦʪ 0,33 ʤʦʣʴʥʳʭ ʜʦʣʝʡ ʜʦ 0,5 ʤʦʣʴʥʳʭ ʜʦʣʝʡ). ʇʨʝʜʚʘʨʠʪʝʣʴʥʦ ʜʣʷ ʵʪʠʭ 

ʨʘʩʪʚʦʨʦʚ ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʚʝʣʠʯʠʥʳ ʫʜʝʣʴʥʦʡ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʤʝʪʦʜʘ ʠʤʧʝʜʘʥʩʥʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠ ʚ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ 25õ60 ʦʉ. 

ʕʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʝ ʠʩʧʳʪʘʥʠʷ Li-S ʨʝʜʦʢʩ ʧʘʨʳ ʧʨʦʚʦʜʠʣʠ ʚ ʤʘʢʝʪʥʳʭ ʦʙʨʘʟʮʘʭ 

ʜʠʩʢʦʚʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʥʦʛʦʢʘʥʘʣʴʥʦʡ ʩʠʩʪʝʤʳ ʪʝʩʪʠʨʦʚʘʥʠʷ BST-

5V10mA (ʂʠʪʘʡ) ʧʨʠ ʧʣʦʪʥʦʩʪʠ ʪʦʢʘ 0,1 ʤɸ/ʩʤ2. 

ʅʘʤʠ ʙʣrʦ ʦʧʨʝʜʝʣʝʥʦ, ʯʪʦ ʨʘʩʪʚʦʨʳ ʩʦʩʪʘʚʘ ʜʠʤʝʪʠʣʦʚʳʡ ʵʬʠʨ 

ʪʝʪʨʘʵʪʠʣʝʥʛʣʠʢʦʣʷ ï ʠʤʠʜʥʘʷ ʩʦʣʴ ʣʠʪʠʷ (LiN(CF3SO2)2) ʠʤʝʶʪ ʧʨʠʝʤʣʝʤʳʡ ʫʨʦʚʝʥʴ 

ʧʨʦʚʦʜʠʤʦʩʪʠ (~10-3 ʉʤ/ʩʤ), ʜʘʞʝ ʧʨʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʩʦʣʠ 0,5 ʤʦʣʴʥʳʭ ʜʦʣʝʡ, ʚʳʩʦʢʠʝ 

ʪʝʨʤʠʯʝʩʢʫʶ ʠ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʫʶ ʩʪʘʙʠʣʴʥʦʩʪʴ. ʉ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ 

ʛʘʣʴʚʘʥʦʩʪʘʪʠʯʝʩʢʦʛʦ ʮʠʢʣʠʨʦʚʘʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʫʩʪʘʥʦʚʣʝʥʘ ʥʘʠʙʦʣʝʝ 

ʦʧʪʠʤʘʣʴʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʩʦʣʴ-ʩʦʣʴʚʘʪʥʦʛʦ ʨʘʩʪʚʦʨʘ, ʢʦʪʦʨʘʷ ʨʘʚʥʘ 0,4 ʤʦʣʴʥʳʭ ʜʦʣʠ 

ʩʦʣʠ, ʠ ʧʨʠ ʢʦʪʦʨʦʡ ʜʦʩʪʠʛʘʶʪʩʷ ʚʳʩʦʢʠʝ ʠ ʩʪʘʙʠʣʴʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ Li-S ʷʯʝʝʢ ʢʘʢ 

ʧʨʠ ʢʦʤʥʘʪʥʦʡ, ʪʘʢ ʠ ʧʨʠ ʧʦʚʳʰʝʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʘʭ (ʟʥʘʯʝʥʠʷ ʫʜʝʣʴʥʦʡ ʝʤʢʦʩʪʠ 

ʥʘʭʦʜʠʣʠʩʴ ʚ ʧʨʝʜʝʣʘʭ 600õ650 ʤɸĿʯ/ʛ). 
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ɽʃɽʂʊʈʆʆʉɸɼɾɽʅʅʗ ʂʆʄʇʆɿʀʊɯɺ Ni-TiO 2 ɯɿ ʄɽʊʀʃʉʋʃʔʌʆʅɸʊʅʆɻʆ 

ɽʃɽʂʊʈʆʃɯʊʋ, ʑʆ ʄɯʉʊʀʊʔ ɺʆɼʆʈʆɿʏʀʅʅʋ ʉɯʃʔ ʊʀʊɸʅʋ(ɯV) 

ʉʢʥʘʨ ʖ. ɭ., ʉʢʥʘʨ ɯ. ɺ., ʉʘʚʯʫʢ ʆ. ʆ., ɹʝʟʠʢ ɸ. ʆ. 

ɼʝʨʞʘʚʥʠʡ ʚʠʱʠʡ ʥʘʚʯʘʣʴʥʠʡ ʟʘʢʣʘʜ  

çʋʢʨʘʾʥʩʴʢʠʡ ʜʝʨʞʘʚʥʠʡ ʭʽʤʽʢʦ-ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪè 

ʧʨʦʩʧ. ɻʘʛʘʨʽʥʘ, 8, ɼʥʽʧʨʦ, 49005, ʋʢʨʘʾʥʘ 

yuriy.sknar@gmail.com 

 

ʆʩʘʜʠ Ni-TiO2 ʚʠʨʽʟʥʷʶʪʴʩʷ ʩʝʨʝʜ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʝʣʝʢʪʨʦʭʽʤʽʯʥʠʭ ʧʦʢʨʠʪʪʽʚ 

ʬʦʪʦʢʘʪʘʣʽʪʠʯʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ. ʎʝ ʦʙʫʤʦʚʣʝʥʦ ʪʠʤ, ʱʦ ʫ ʚʦʜʥʦʤʫ ʨʦʟʯʠʥʽ ʧʽʜ ʜʽʻʶ 

ʫʣʴʪʨʘʬʽʦʣʝʪʦʚʦʛʦ ʦʧʨʦʤʽʥʝʥʥʷ ʥʘ ʧʦʚʝʨʭʥʽ ʪʠʪʘʥ ʜʠʦʢʩʠʜʫ ʛʝʥʝʨʫʶʪʴʩʷ ʭʽʤʽʯʥʦ 

ʘʢʪʠʚʥʽ ʛʽʜʨʦʢʩʠʜ-ʨʘʜʠʢʘʣʠ. ʆʩʪʘʥʥʽ ʚʟʘʻʤʦʜʽʶʪʴ ʽʟ ʧʨʠʩʫʪʥʽʤʠ ʚ ʨʦʟʯʠʥʽ ʦʨʛʘʥʽʯʥʠʤʠ 

ʩʧʦʣʫʢʘʤʠ. ʎʝʡ ʬʝʥʦʤʝʥ ʚʠʷʚʠʚʩʷ ʢʦʨʠʩʥʠʤ ʧʨʠ ʟʥʝʰʢʦʜʞʝʥʥʽ ʪʦʢʩʠʥʽʚ, ʱʦ ʤʽʩʪʷʪʴʩʷ 

ʚ ʩʪʽʯʥʠʭ ʚʦʜʘʭ ʪʝʢʩʪʠʣʴʥʦʛʦ, ʭʘʨʯʦʚʦʛʦ, ʣʘʢʦʬʘʨʙʦʚʦʛʦ ʚʠʨʦʙʥʠʮʪʚ. 

ɿʘʟʚʠʯʘʡ ʢʦʤʧʦʟʠʪ Ni-TiO2, ʦʜʝʨʞʫʶʪʴ ʝʣʝʢʪʨʦʣʽʟʦʤ ʩʫʩʧʝʥʟʽʡʥʠʭ ʝʣʝʢʪʨʦʣʽʪʽʚ, 

ʱʦ ʤʽʩʪʷʪʴ ʜʠʩʧʝʨʩʥʠʡ ʪʠʪʘʥ ʜʠʦʢʩʠʜ. ʊʘʢʠʡ ʩʧʦʩʽʙ ʝʣʝʢʪʨʦʩʠʥʪʝʟʫ ʢʦʤʧʦʟʠʪʽʚ ʤʘʻ ʨʷʜ 

ʥʝʜʦʣʽʢʽʚ. ɿʦʢʨʝʤʘ, ʜʣʷ ʧʽʜʪʨʠʤʢʠ ʜʠʩʧʝʨʩʥʦʾ ʬʘʟʠ ʚ ʝʣʝʢʪʨʦʣʽʪʽ ʫ ʟʚʘʞʝʥʦʤʫ ʩʪʘʥʽ 

ʥʝʦʙʭʽʜʥʝ ʙʝʟʧʝʨʝʨʚʥʝ ʧʝʨʝʤʽʰʫʚʘʥʥʷ ʝʣʝʢʪʨʦʣʽʪʫ. ʂʨʽʤ ʪʦʛʦ, ʜʠʩʧʝʨʩʥʽ ʯʘʩʪʠʥʢʠ TiO2 

ʤʘʶʪʴ ʥʠʟʴʢʫ ʘʛʨʝʛʘʪʠʚʥʫ ʩʪʽʡʢʽʩʪʴ ʚ ʦʙôʻʤʽ ʝʣʝʢʪʨʦʣʽʪʫ. ʆʪʞʝ, ʚʝʣʴʤʠ ʧʨʠʚʘʙʣʠʚʦʶ 

ʚʠʜʘʻʪʴʩʷ ʽʜʝʷ ʦʜʝʨʞʫʚʘʪʠ ʢʦʤʧʦʟʠʮʽʡʥʽ ʧʦʢʨʠʪʪʷ ʽʟ ʽʩʪʠʥʥʠʭ ʨʦʟʯʠʥʽʚ, ʜʝ ʜʠʩʧʝʨʩʥʘ 

ʬʘʟʘ ʫʪʚʦʨʶʶʪʴʩʷ ʫ ʧʨʠʢʘʪʦʜʥʦʤʫ ʰʘʨʽ ʧʽʜ ʯʘʩ ʝʣʝʢʪʨʦʣʽʟʫ. ʊʘʢʝ ʤʦʞʣʠʚʝ ʟʘʚʜʷʢʠ 

ʧʝʨʝʙʽʛʫ ʧʘʨʘʣʝʣʴʥʦʛʦ ʢʘʪʦʜʥʦʛʦ ʧʨʦʮʝʩʫ ʚʠʜʽʣʝʥʥʷ ʚʦʜʥʶ, ʱʦ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ 

ʧʽʜʚʠʱʝʥʥʷʤ ʨʅ ʧʨʠʝʣʝʢʪʨʦʜʥʦʛʦ ʰʘʨʫ. ʇʨʦʪʝ, ʩʢʣʘʜʥʽʩʪʴ ʬʦʨʤʫʚʘʥʥʷ ʢʦʤʧʦʟʠʪʫ  

Ni-TiO2 ʽʟ ʽʩʪʠʥʥʦʛʦ ʨʦʟʯʠʥʫ ʧʦʣʷʛʘʻ ʫ ʥʘʜʪʦ ʥʠʟʴʢʠʭ ʟʥʘʯʝʥʥʷʭ ʨʅ ʛʽʜʨʘʪʦʫʪʚʦʨʝʥʥʷ 

ʪʠʪʘʥ(ɯV). ɺʠʢʦʨʠʩʪʘʥʥʷ ʪʨʘʜʠʮʽʡʥʠʭ ʝʣʝʢʪʨʦʣʽʪʽʚ ʥʽʢʝʣʶʚʘʥʥʷ ʟʘ ʪʘʢʦʾ ʢʠʩʣʦʪʥʦʩʪʽ 

ʥʝʤʦʞʣʠʚʝ ʟ ʦʛʣʷʜʫ ʧʨʘʢʪʠʯʥʦ ʥʫʣʴʦʚʦʛʦ ʚʠʭʦʜʫ ʟʘ ʩʪʨʫʤʦʤ ʥʽʢʝʣʶ. ʇʦʜʦʣʘʪʠ ʮʶ 

ʥʝʟʨʫʯʥʽʩʪʴ ʤʦʞʥʘ ʧʨʠ ʨʦʙʦʪʽ ʽʟ ʤʝʪʠʣʩʫʣʴʬʦʥʘʪʥʠʤ ʝʣʝʢʪʨʦʣʽʪʦʤ, ʛʨʘʥʠʯʥʽ ʟʥʘʯʝʥʥʷ 

ʨʅ ʜʣʷ ʷʢʦʛʦ ʩʫʪʪʻʚʦ ʥʠʞʯʽ, ʥʽʞ ʜʣʷ ʽʥʰʠʭ ʝʣʝʢʪʨʦʣʽʪʽʚ. ʋ ʜʘʥʽʡ ʨʦʙʦʪʽ ʦʜʝʨʞʘʥʽ 

ʢʦʤʧʦʟʠʪʠ Ni-TiO2 ʽʟ ʤʝʪʠʣʩʫʣʴʬʦʥʘʪʥʦʛʦ ʝʣʝʢʪʨʦʣʽʪʫ, ʱʦ ʤʽʩʪʠʚ ʫ ʷʢʦʩʪʽ ʧʨʝʢʫʨʩʦʨʫ 

ʪʠʪʘʥ(ɯV) ʭʣʦʨʠʜ. ɿʥʘʯʝʥʥʷ ʨʅ ʧʽʜʪʨʠʤʫʚʘʣʠ ʥʝ ʙʽʣʴʰʝ ï0,5. ʊʝʤʧʝʨʘʪʫʨʘ ʝʣʝʢʪʨʦʣʽʪʫ 

ʧʽʜʪʨʠʤʫʚʘʣʘʩʴ ʟʘ ʜʦʧʦʤʦʛʦʶ ʪʝʨʤʦʩʪʘʪʦʚʘʥʦʾ ʚʦʜʷʥʦʾ ʙʘʥʽ ʥʘ ʨʽʚʥʽ 303 ʂ. 

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʚʤʽʩʪ ʪʠʪʘʥ ʜʠʦʢʩʠʜʫ ʚ ʥʽʢʝʣʝʚʦʤʫ ʧʦʢʨʠʪʪʽ ʟʙʽʣʴʰʫʻʪʴʩʷ ʧʨʠ 

ʟʤʝʥʰʝʥʥʽ ʢʦʥʮʝʥʪʨʘʮʽʾ ʽʦʥʽʚ ʥʽʢʝʣʶ ʪʘ ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ ʢʦʥʮʝʥʪʨʘʮʽʾ ʽʦʥʽʚ ʪʠʪʘʥʫ(ɯV) ʚ 

ʝʣʝʢʪʨʦʣʽʪʽ. ʂʦʤʧʦʟʠʪʠ Ni-TiO2, ʦʜʝʨʞʘʥʽ ʟʘʟʥʘʯʝʥʠʤ ʩʧʦʩʦʙʦʤ, ʤʽʩʪʷʪʴ ʤʘʡʞʝ ʚ ʜʝʩʷʪʴ 

ʨʘʟʽʚ ʤʝʥʰʫ ʢʽʣʴʢʽʩʪʴ TiO2 ʧʦʨʽʚʥʷʥʦ ʽʟ ʧʦʢʨʠʪʪʷʤʠ Ni-TiO2, ʦʩʘʜʞʝʥʠʤʠ ʽʟ 

ʩʫʩʧʝʥʟʽʡʥʦʛʦ ʤʝʪʠʣʩʫʣʴʬʦʥʘʪʥʦʛʦ ʝʣʝʢʪʨʦʣʽʪʫ. ʇʨʦʪʝ, ʬʦʪʦʢʘʪʘʣʽʪʠʯʥʘ ʘʢʪʠʚʥʽʩʪʴ ʮʠʭ 

ʧʦʢʨʠʪʪʽʚ ʧʦʜʽʙʥʘ (ʨʠʩ.). 

 
ʈʠʩ. ʉʪʫʧʽʥʴ ʧʝʨʝʪʚʦʨʝʥʥʷ ʤʝʪʠʣʦʚʦʛʦ ʦʨʘʥʞʝʚʦʛʦ (X) ʧʽʜ ʜʽʻʶ ʫʣʴʪʨʘʬʽʦʣʝʪʫ ʚ 

ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʪʠʧʫ ʝʣʝʢʪʨʦʣʽʪʫ ʦʩʘʜʞʝʥʥʷ ʢʦʤʧʦʟʠʪʫ Ni-TiO2:  

1 ï ʬʦʥʦʚʠʡ ʤʝʪʠʣʩʫʣʴʬʦʥʘʪʥʠʡ ʝʣʝʢʪʨʦʣʽʪ; 2 ï ʩʫʩʧʝʥʟʽʡʥʠʡ ʤʝʪʠʣʩʫʣʴʬʦʥʘʪʥʠʡ 

ʝʣʝʢʪʨʦʣʽʪ, ʱʦ ʤʽʩʪʠʪʴ ʧʦʨʦʰʦʢ TiO2; 3 ï ʽʩʪʠʥʥʠʡ ʨʦʟʯʠʥ ʤʝʪʠʣʩʫʣʴʬʦʥʘʪʥʠʡ 

ʝʣʝʢʪʨʦʣʽʪ, ʱʦ ʤʽʩʪʠʪʴ ʚʦʜʦʨʦʟʯʠʥʥʫ ʩʽʣʴ ʪʠʪʘʥʫ(IV) 
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ʉʇɽʂʊʈɸʃʔʅʆɽ ʀʉʉʃɽɼʆɺɸʅʀɽ ʌʆʈʄ ɸʉʂʆʈɹʀʅʆɺʆʁ ʂʀʉʃʆʊʓ 

ɺ ʇʈʆʎɽʉʉɸʍ ʈɸɼʀʂɸʃʔʅʆ-ʎɽʇʅʆɻʆ ʆʂʀʉʃɽʅʀʗ 

ɽʬʠʤʦʚʘ ʀ. ɺ., ʉʤʠʨʥʦʚʘ ʆ. ɺ., ʆʧʝʡʜʘ ʀ. ɸ. 

ʀʥʩʪʠʪʫʪ ʬʠʟʠʢʦ-ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠ ʫʛʣʝʭʠʤʠʠ ʠʤ. ʃ. ʄ. ʃʠʪʚʠʥʝʥʢʦ  

ʅɸʅ ʋʢʨʘʠʥʳ, ʛ. ʂʠʝʚ 

O.V.Smirnova@nas.gov.ua 

 

ʉʨʝʜʠ ʠʥʛʠʙʠʪʦʨʦʚ ʨʘʜʠʢʘʣʴʥʦ-ʮʝʧʥʦʛʦ ʦʢʠʩʣʝʥʠʷ ʦʩʦʙʳʡ ʠʥʪʝʨʝʩ ʚʳʟʳʚʘʶʪ 

ʙʠʦʘʥʪʠʦʢʩʠʜʘʥʪʳ, ʷʨʢʠʤ ʧʨʝʜʩʪʘʚʠʪʝʣʝʤ ʢʦʪʦʨʳʭ ʷʚʣʷʝʪʩʷ ʘʩʢʦʨʙʠʥʦʚʘʷ ʢʠʩʣʦʪʘ (ɸʂ). 
ɺʩʝ ʙʠʦʭʠʤʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ, ʚ ʢʦʪʦʨʳʭ ʧʨʠʥʠʤʘʝʪ ʫʯʘʩʪʠʝ ɸʂ, ʦʩʥʦʚʘʥʳ ʥʘ ʝʝ 

ʩʧʦʩʦʙʥʦʩʪʠ ʦʙʨʘʪʠʤʦ ʦʢʠʩʣʷʪʴʩʷ ʜʦ ʜʝʛʠʜʨʦʘʩʢʦʨʙʠʥʦʚʦʡ ʢʠʩʣʦʪʳ (ɼɸʂ). ʕʪʠʤ 

ʦʙʩʪʦʷʪʝʣʴʩʪʚʦʤ ʠ ʦʩʣʦʞʥʝʥʦ ʠʟʫʯʝʥʠʝ ʘʥʪʠʦʢʩʠʜʘʥʪʥʳʭ ʩʚʦʡʩʪʚ ɸʂ ʚ 

ʩʚʦʙʦʜʥʦʨʘʜʠʢʘʣʴʥʳʭ ʧʨʦʮʝʩʩʘʭ ʦʢʠʩʣʝʥʠʷ, ʨʘʟʚʠʪʠʝ ʢʦʪʦʨʳʭ ʧʨʦʪʝʢʘʝʪ ʢʘʢ ʚ ʚʦʜʥʦʡ, 

ʪʘʢ ʠ ʚ ʣʠʧʠʜʥʦʡ ʬʘʟʝ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʋʌ- ʠ ʗʄʈ-ʩʧʝʢʪʨʦʩʢʦʧʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ ʜʦʢʘʟʘʥʦ 

ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʡ, ʦʢʠʩʣʝʥʥʦʡ ʠ ʠʦʥʥʳʭ ʬʦʨʤ ɸʂ ʚ ʘʧʨʦʪʦʥʥʦʡ ʩʨʝʜʝ ʠ 

ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠʤʝʥʥʦ ʘʧʨʦʪʦʥʥʳʭ ʩʠʩʪʝʤ ʚ ʢʘʯʝʩʪʚʝ ʤʦʜʝʣʴʥʳʭ ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʪʦʛʦ, ʢʘʢ ʛʠʜʨʦʬʠʣʴʥʘʷ ʧʦ ʩʚʦʝʡ ʧʨʠʨʦʜʝ ɸʂ ʚʝʜʝʪ ʩʝʙʷ ʚ ʦʨʛʘʥʠʯʝʩʢʦʡ 

ʬʘʟʝ ʚ ʧʨʦʮʝʩʩʘʭ ʨʘʜʠʢʘʣʴʥʦ-ʮʝʧʥʦʛʦ ʦʢʠʩʣʝʥʠʷ. 

ʋʌ-ʩʧʝʢʪʨʦʩʢʦʧʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ ʠʟʫʯʝʥʳ ʨʘʩʪʚʦʨʳ ɸʂ ʚ ʜʠʤʝʪʠʣʩʫʣʴʬʦʢʩʠʜʝ, 

ʚʦʜʝ ʠ ʢʫʤʦʣʝ. ɿʘʬʠʢʩʠʨʦʚʘʥʦ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʘʩʢʦʨʙʘʪ-ʠʦʥʘ ɸʅ -, ʘʥʠʦʥ-ʨʘʜʠʢʘʣʘ ɸǐ ʠ 

2,3-ʜʠʢʝʪʦʛʫʣʦʥʦʚʦʡ ʢʠʩʣʦʪʳ (ɼʂɻʂ), ʢʦʪʦʨʘʷ ʦʙʨʘʟʫʝʪʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʦʢʠʩʣʝʥʠʷ 

ʜʝʛʠʜʨʦʘʩʢʦʨʙʠʥʦʚʦʡ ʢʠʩʣʦʪʳ. ʇʦʣʫʯʝʥʳ ʟʘʚʠʩʠʤʦʩʪʠ ʦʧʪʠʯʝʩʢʦʡ ʧʣʦʪʥʦʩʪʠ 

ʦʙʨʘʟʦʚʘʥʥʳʭ ʚ ʜʘʥʥʦʤ ʨʘʩʪʚʦʨʝ ʯʘʩʪʠʮ ʦʪ ʚʨʝʤʝʥʠ. 

ʗʄʈ-ʩʧʝʢʪʨʦʩʢʦʧʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʳ ʧʨʦʜʫʢʪʳ 

ʠʥʠʮʠʠʨʦʚʘʥʥʦʛʦ ʦʢʠʩʣʝʥʠʷ ɸʂ ʚ ʩʨʝʜʝ ʜʠʤʝʪʠʣʩʫʣʴʬʦʢʩʠʜʘ. ɺ ʪʘʙʣʠʮʝ ʧʨʠʚʝʜʝʥʳ 

ʜʘʥʥʳʝ ʧʦ 13ʉ ʗʄʈ ʩʧʝʢʪʨʘʤ AK, ɼAK ʠ ɼʂɻʂ, ʘ ʪʘʢʞʝ ʠʩʩʣʝʜʫʝʤʦʛʦ ʨʘʩʪʚʦʨʘ ʜʦ 

ʦʢʠʩʣʝʥʠʷ (ʠʩʭʦʜʥʘʷ ɸʂ) ʠ ʦʢʠʩʣʝʥʥʦʛʦ ʨʘʩʪʚʦʨʘ (ʧʨʦʜʫʢʪ). ʇʦʣʫʯʝʥʥʳʡ ʚ ʭʦʜʝ 

ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʨʦʜʫʢʪ ʠʤʝʝʪ ʩʭʦʞʠʝ ʭʠʤʠʯʝʩʢʠʝ ʩʜʚʠʛʠ ʩ ɼAK, ʧʨʝʜʧʦʣʘʛʘʷ 

ʘʥʘʣʦʛʠʯʥʫʶ ʩʪʨʫʢʪʫʨʫ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʜʘʥʥʳʭ ʫʩʣʦʚʠʷʭ ɸʂ ʦʢʠʩʣʷʝʪʩʷ 

ʪʦʣʴʢʦ ʜʦ ɼɸʂ. 

 

ʊʘʙʣʠʮʘ. ɼʘʥʥʳʝ ʧʦ 13ʉ ʗʄʈ ʩʧʝʢʪʨʘʤ L-ʘʩʢʦʨʙʠʥʦʚʦʡ ʢʠʩʣʦʪʳ (L-AK), 

L-ʜʝʛʠʜʨʦʘʩʢʦʨʙʠʥʦʚʦʡ ʢʠʩʣʦʪʳ (L-ɼAK) ʠ ʜʠʢʝʪʦʛʫʣʦʥʦʚʦʡ ʢʠʩʣʦʪʳ (ɼʂɻʂ), ʘ ʪʘʢʞʝ 

ʠʩʩʣʝʜʫʝʤʦʡ ʩʠʩʪʝʤʳ ʜʦ ʦʢʠʩʣʝʥʠʷ (ʠʩʭʦʜʥʘʷ ɸʂ) ʠ ʦʢʠʩʣʝʥʥʦʡ ʩʠʩʪʝʤʳ (ʧʨʦʜʫʢʪ) 

ɺʝʱʝʩʪʚʦ 
ʍʠʤʠʯʝʩʢʠʝ ʩʜʚʠʛʠ, ŭ, ʤ. ʜ. 

ʉ1 ʉ2 ʉ3 ʉ4 ʉ5 ʉ6 

AK 170.6 117.9 152.9 74.8 68.3 61.9 

ʠʩʭʦʜʥʘʷ ɸʂ 170.68 117.23 152.95 74.59 68.31 61.95 

ɼAK 173.6 91.4 105.7 87.6 73.0 76.2 

ɼʂɻʂ 174.5 94.7 94.4 74.6 68.6 62.5 

ʇʨʦʜʫʢʪ 171.28 92.21 102.97 84.59 69.78 75.15 

 

ʀʟʫʯʝʥʠʝ ʠʥʠʮʠʠʨʦʚʘʥʥʦʛʦ ɸʀɹʅ ʦʢʠʩʣʝʥʠʝ ɸʂ ʚ ʘʧʨʦʪʦʥʥʦʡ ʩʨʝʜʝ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ 348 ʂ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʝʜʠʥʩʪʚʝʥʥʳʤ ʧʨʦʜʫʢʪʦʤ ʦʢʠʩʣʝʥʠʷ ʷʚʣʷʝʪʩʷ ɼɸʂ, 

ʜʘʣʴʥʝʡʰʝʝ ʦʢʠʩʣʝʥʠʝ ɼɸʂ ʚ ʜʘʥʥʳʭ ʫʩʣʦʚʠʷʭ ʥʝ ʧʨʦʠʩʭʦʜʠʪ. 
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ɺʇʃʀɺ ʊɽʄʇɽʈɸʊʋʈʀ ʆɹʈʆɹʂʀ ɺʀʍɯɼʅʀʍ ʇʆʈʆʐʂɯɺ 

ʅɸ ʉʇɯʂɸɭʄɯʉʊʔ ZTA -ʂʆʄʇʆɿʀʊɯɺ 

ʉʤʠʨʥʦʚʘ-ɿʘʤʢʦʚʘ ʄ. ʖ. 

ɯʥʩʪʠʪʫʪ ʧʨʦʙʣʝʤ ʤʘʪʝʨʽʘʣʦʟʥʘʚʩʪʚʘ ʽʤ. ɯ. ʄ. ʌʨʘʥʮʝʚʠʯʘ, ʤ. ʂʠʾʚ 

smirnovazamkova@ukr.net 

 

ʌʽʟʠʢʦ-ʭʽʤʽʯʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʥʘʥʦʢʨʠʩʪʘʣʽʯʥʠʭ ʩʝʨʝʜʦʚʠʱ ʥʘ ʦʩʥʦʚʽ Al2O3 

ʥʝʦʙʭʽʜʥʽ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʩʫʯʘʩʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʨʽʟʥʦʤʘʥʽʪʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ, ʪʦʤʫ ʱʦ ʾʭ 

ʤʽʢʨʦʩʪʨʫʢʪʫʨʘ ʽ ʚʣʘʩʪʠʚʦʩʪʽ ʟʥʘʯʥʦʶ ʤʽʨʦʶ ʚʠʟʥʘʯʘʶʪʴʩʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʚʠʭʽʜʥʠʭ 

ʧʦʨʦʰʢʽʚ, ʷʢʽ, ʚ ʩʚʦʶ ʯʝʨʛʫ, ʟʘʣʝʞʘʪʴ ʚʽʜ ʤʝʪʦʜʫ ʦʜʝʨʞʘʥʥʷ. ZTA ï ʢʝʨʘʤʽʯʥʽ ʤʘʪʝʨʽʘʣʠ 

ʥʘ ʦʩʥʦʚʽ Al 2O3, ʚ ʷʢʠʭ ZrO2 ʚʠʩʪʫʧʘʻ ʟʤʽʮʥʶʶʯʦʶ ʬʘʟʦʶ. 

ʂʦʤʙʽʥʦʚʘʥʠʤ ʤʝʪʦʜʦʤ ï ʛʽʜʨʦʪʝʨʤʘʣʴʥʠʤ ʩʠʥʪʝʟʦʤ ʫ ʣʫʞʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʟ 

ʥʘʩʪʫʧʥʠʤ ʤʝʭʘʥʽʯʥʠʤ ʟʤʽʰʫʚʘʥʥʷʤ, ʩʠʥʪʝʟʦʚʘʥʦ ZTA ʧʦʨʦʰʢʠ. ɺʤʽʩʪ ʪʚʝʨʜʦʛʦ 

ʨʦʟʯʠʥʫ ʥʘ ʦʩʥʦʚʽ ZrO2 ((% ʤʦʣ.) 90 ZrO2- 8Y2O3 ï 2CeO2) ʩʢʣʘʜʘʚ 10, 20, 30, 42 ʤʘʩ. % 

(Z10, Z20, Z30, Z42). ʆʜʝʨʞʘʥʽ ʧʦʨʦʰʢʠ ʚʽʜʧʘʣʝʥʦ ʚ ʽʥʪʝʨʚʘʣʽ ʪʝʤʧʝʨʘʪʫʨ 400ï1450 ʦʉ. 

ʄʝʪʦʜʦʤ ʭʦʣʦʜʥʦʛʦ ʦʜʥʦʚʽʩʥʦʛʦ ʧʨʝʩʫʚʘʥʥʷ ʟ ʪʝʨʤʽʯʥʦ ʦʙʨʦʙʣʝʥʠʭ ʧʦʨʦʰʢʽʚ ʦʜʝʨʞʘʥʦ 

ʟʘʛʦʪʦʚʢʠ ʜʽʘʤʝʪʨʦʤ 20 ʤʤ, ʷʢʽ ʩʧʝʯʝʥʦ ʧʨʠ 1600 ʦʉ ʧʨʦʪʷʛʦʤ 1,5 ʛʦʜʠʥ ʥʘ ʧʦʚʽʪʨʽ ʫ 

ʚʠʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʽʡ ʧʝʯʽ Nabertherm LHT 08/17. 

ɿʘʣʝʞʥʽʩʪʴ ʦʙôʻʤʥʦʾ ʫʩʘʜʢʠ ʩʧʝʯʝʥʠʭ ʟʨʘʟʢʽʚ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ ʪʝʨʤʽʯʥʦʾ ʦʙʨʦʙʢʠ 

ʚʠʭʽʜʥʦʛʦ ZTA-ʧʦʨʦʰʢʫ ʥʘʚʝʜʝʥʦ ʥʘ ʈʠʩ. 

 

 
ʈʠʩ. ɿʘʣʝʞʥʽʩʪʴ ʦʙôʻʤʥʦʾ ʫʩʘʜʢʠ ʩʧʝʯʝʥʠʭ ʧʨʠ 1600 ʦʉ ZTA ïʢʦʤʧʦʟʠʪʽʚ ʚʽʜ 

ʪʝʤʧʝʨʘʪʫʨʠ ʪʝʨʤʽʯʥʦʾ ʦʙʨʦʙʢʠ ʚʠʭʽʜʥʠʭ ʧʦʨʦʰʢʽʚ 
 

ʆʙôʻʤʥʘ ʫʩʘʜʢʘ ʟʨʘʟʢʽʚ ʧʽʩʣʷ ʩʧʽʢʘʥʥʷ ʟʘʣʠʰʘʻʪʴʩʷ ʧʦʩʪʽʡʥʦʶ ʜʣʷ ʢʦʤʧʦʟʠʪʘ Z10 

ʜʦ ʪʝʤʧʝʨʘʪʫʨʠ ʪʝʨʤʽʯʥʦʾ ʦʙʨʦʙʢʠ ʚʠʭʽʜʥʦʛʦ ʧʦʨʦʰʢʫ 1300 ʦ ʉ. ɼʣʷ ʢʦʤʧʦʟʠʪʽʚ 20Z ï 42Z 

ʦʙôʻʤʥʘ ʫʩʘʜʢʘ ʟʨʘʟʢʽʚ ʟʤʝʥʰʫʻʪʴʩʷ ʧʽʩʣʷ ʪʝʨʤʽʯʥʦʾ ʦʙʨʦʙʢʠ ʚʠʭʽʜʥʠʭ ʧʦʨʦʰʢʽʚ ʧʨʠ 

1000ʦʉ, ʧʨʠʯʦʤʫ ʥʘʡʤʝʥʰʽ ʟʥʘʯʝʥʥʷ ʟʘʬʽʢʩʦʚʘʥʦ ʜʣʷ ʢʦʤʧʦʟʠʪʫ Z42. ɺʢʘʟʘʥʽ ʟʘʣʝʞʥʦʩʪʽ 

ʧʦʚôʷʟʘʥʦ ʟ ʚʧʣʠʚʦʤ ʤʘʪʨʠʮʽ Ŭ ï Al2O3 ʥʘ ʜʠʩʧʝʨʩʥʫ ʬʘʟʫ ZrO2.  

ʍʘʨʘʢʪʝʨ ʟʘʣʝʞʥʦʩʪʝʡ ʚʠʟʥʘʯʘʻʪʴʩʷ ʬʘʟʦʚʠʤ ʩʢʣʘʜʦʤ ʪʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ 

ʤʽʮʥʦʩʪʽ ʘʛʣʦʤʝʨʘʪʽʚ ʚʠʭʽʜʥʠʭ ʧʦʨʦʰʢʽʚ. ʇʨʠ ʪʝʨʤʽʯʥʽʡ ʦʙʨʦʙʮʽ ʚʠʱʝ 1000 ʦʉ ʫ ʚʠʭʽʜʥʠʭ 

ʧʦʨʦʰʢʘʭ ʜʣʷ ʦʜʝʨʞʘʥʥʷ ZTA-ʢʦʤʧʦʟʠʪʽʚ ʨʦʟʧʦʯʠʥʘʻʪʴʩʷ ʩʧʽʢʘʥʥʷ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʫʪʚʦʨʝʥʥʷ ʤʽʮʥʽʰʠʭ ʘʛʣʦʤʝʨʘʪʽʚ. ʊʦʤʫ, ʧʨʠ ʩʧʽʢʘʥʥʽ ʟʘʛʦʪʦʚʦʢ ʟ ʚʢʘʟʘʥʠʭ ʧʦʨʦʰʢʽʚ 

ʤʦʞʫʪʴ ʧʨʦʷʚʣʷʪʠʩʷ ʧʨʦʮʝʩʠ çʟʦʥʘʣʴʥʦʛʦ ʦʙʦʩʦʙʣʝʥʥʷè, ʷʢʽ ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʟʥʠʞʝʥʥʷ 

ʚʜ̔ʥʦʩʥʦʾ ʱʽʣʴʥʦʩʪʽ ʩʧʝʯʝʥʠʭ ʟʨʘʟʢʽʚ.  

ɸʥʘʣʽʟʫʶʯʠ ʟʘʣʝʞʥʦʩʪʽ, ʤʦʞʥʘ ʜʽʡʪʠ ʚʠʩʥʦʚʢʫ, ʱʦ ʜʣʷ ʟʙʝʨʝʞʝʥʥʷ ʘʢʪʠʚʥʦʩʪʽ, 

ʪʝʨʤʽʯʥʫ ʦʙʨʦʙʢʫ ʚʠʭʽʜʥʠʭ ʧʦʨʦʰʢʽʚ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ZTA-ʢʦʤʧʦʟʠʪʽʚ ʥʝʦʙʭʽʜʥʦ 

ʧʨʦʚʦʜʠʪʠ ʜʦ 850 ʦʉ.  

ʆʜʝʨʞʘʥʽ ʧʦʨʦʰʢʠ ʥʘ ʦʩʥʦʚʽ Al2O3 ʚʠʢʦʨʠʩʪʘʥʦ ʜʣʷ ʚʠʨʦʙʣʝʥʥʷ ʫʱʽʣʴʥʶʶʯʠʭ 

ʢʽʣʝʮʴ ʜʣʷ ʥʘʩʦʩʽʚ. 
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ʉʊʈʋʂʊʋʈɸ ɻɯɹʈʀɼʅʀʍ ʇʆʃɯʄɽʈʅʀʍ ʂʆʄʇʆɿʀʊɯɺ ʅɸ ʆʉʅʆɺɯ 

ʄɯʂʈʆɺʆʃʆʂʆʅ ʎɽʃʖʃʆɿʀ ʊɸ ʇʆʃɯɸʅɯʃɯʅʋ 

ʉʫʭʘʨʘ ɸ. ɺ., ʂʦʟʣʦʚʩʴʢʘ ʆ. ʈ., ɺʝʨʝʱʘʛʽʥ ʆ. ʄ., ʉʪʝʮʽʚ ʖ. ɸ., ʗʮʠʰʠʥ ʄ. ʄ. 

ʃʴʚʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ɯʚʘʥʘ ʌʨʘʥʢʘ, 

alina.s.v.6.10@gmail.com 

 
ʇʦʰʫʢ ʢʦʤʧʦʥʝʥʪʽʚ ʪʘ ʨʦʟʨʦʙʢʘ ʤʝʪʦʜʠʢ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʧʦʣʽʤʝʨ/ʧʦʣʽʤʝʨʥʠʭ 

ʢʦʤʧʦʟʠʪʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʥʘ ʦʩʥʦʚʽ ʥʝʝʣʝʢʪʨʦʧʨʦʚʽʜʥʠʭ (ʅɽʇʇ) ʪʘ ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʠʭ 

ʧʦʣʽʤʝʨʽʚ (ɽʇʇ), ʷʢ ʦʪ ʧʦʣʽʘʥʽʣʽʥ, ʧʦʣʽʧʽʨʦʣ, ʧʦʣʽʪʽʦʬʝʥ ʪʘ ʽʥʰʽ, ʻ ʘʢʪʫʘʣʴʥʠʤ ʟʘʚʜʘʥʥʷʤ 

ʜʣʷ ʨʦʟʚôʷʟʘʥʥʷ ʧʨʦʙʣʝʤʠ ʧʦʻʜʥʘʥʥʷ ʚ ʦʜʥʦʤʫ ʮʽʣʦʤʫ ʨʽʟʥʠʭ ʟʘ ʧʨʠʨʦʜʦʶ ʧʦʣʽʤʝʨʥʠʭ 

ʤʘʪʝʨʽʘʣʽʚ. ʉʝʨʝʜ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʅɽʇʇ, ʷʢʽ ʧʦʚʩʶʜʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʫ ʚʝʣʠʯʝʟʥʠʭ 

ʤʘʩʰʪʘʙʘʭ, ʦʩʦʙʣʠʚʦʾ ʫʚʘʛʠ ʟʘʩʣʫʛʦʚʫʶʪʴ ʰʪʫʯʥʽ ʧʦʣʽʤʝʨʠ ʥʘ ʦʩʥʦʚʽ ʮʝʣʶʣʦʟʠ (ʎʣ), ʷʢʽ 

ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʚ ʨʽʟʥʠʭ ʛʘʣʫʟʷʭ ʪʘ ʪʝʭʥʦʣʦʛʽʷʭ, ʥʘʧʨʠʢʣʘʜ ʧʘʢʫʚʘʣʴʥʽ 

ʤʘʪʝʨʽʘʣʠ, ʚôʷʞʫʯʽ ʢʦʤʧʦʥʝʥʪʠ, ʜʦʜʘʪʢʠ ʜʦ ʭʘʨʯʦʚʠʭ ʧʨʦʜʫʢʪʽʚ. ʉʪʦʩʦʚʥʦ ʽʥʰʠʭ ʅɽʇʇ 

ʮʝʣʶʣʦʟʘ ʤʘʻ ʨʷʜ ʧʝʨʝʚʘʛ, ʪʘʢʠʭ ʷʢ ʥʠʟʴʢʘ ʩʦʙʽʚʘʨʪʽʩʪʴ, ʥʠʟʴʢʘ ʛʫʩʪʠʥʘ, ʥʝʪʦʢʩʠʯʥʽʩʪʴ, 

ʧʦʥʦʚʣʶʚʘʥʠʡ ʭʘʨʘʢʪʝʨ, ʟʜʘʪʥʽʩʪʴ ʜʦ ʙʽʦʣʦʛʽʯʥʦʛʦ ʨʦʟʢʣʘʜʘʥʥʷ, ʟʜʘʪʥʽʩʪʴ ʫʪʚʦʨʶʚʘʪʠ 

ʩʪʘʙʽʣʴʥʽ ʚʦʜʥʽ ʩʫʩʧʝʥʟʽʾ ʽ ʯʫʜʦʚʽ ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ, ʱʦ ʜʦʟʚʦʣʷʻ ʧʦʢʨʘʱʠʪʠ 

ʤʝʭʘʥʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ɽʇʇ. ʎʝʣʶʣʦʟʘ ʫ ʚʠʜʽ ʤʽʢʨʦ- ʯʠ ʥʘʥʦʚʦʣʦʢʦʥ ʤʦʞʝ ʩʣʫʛʫʚʘʪʠ 

ʷʢ ʚʘʞʣʠʚʠʤ ʢʦʤʧʦʥʝʥʪʦʤ, ʪʘʢ ʽ ʤʘʪʨʠʮʝʶ-ʥʦʩʽʻʤ ɽʇʇ, ʷʢ ʥʘʧʨʠʢʣʘʜ ʇɸʥ, ʚ 

ʢʦʤʧʦʟʠʪʥʠʭ ʤʘʪʝʨʽʘʣʘʭ. ʇʦʻʜʥʘʥʥʷ ʚʣʘʩʪʠʚʦʩʪʝʡ ʦʙʦʭ ʮʠʭ ʧʦʣʽʤʝʨʽʚ ʜʦʟʚʦʣʠʪʴ 

ʦʪʨʠʤʫʚʘʪʠ ʤʘʪʝʨʽʘʣʠ ʜʣʷ ʝʣʝʢʪʨʦʘʢʪʠʚʥʠʭ, ʘʜʩʦʨʙʮʽʡʥʠʭ ʪʘ ʢʘʪʘʣʽʪʠʯʥʠʭ ʧʦʢʨʠʪʴ, ʷʢʽ 

ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʚ ʦʧʪʠʯʥʽʡ ʩʝʥʩʦʨʠʮʽ, ʷʢ ʝʣʝʢʪʨʦʜʥʽ ʤʘʪʝʨʽʘʣʠ ʜʣʷ 

ʚʠʩʦʢʦʧʨʦʜʫʢʪʠʚʥʠʭ ʛʥʫʯʢʠʭ ʩʫʧʝʨʢʦʥʜʝʥʩʘʪʦʨʽʚ, ʪʦʱʦ. 

ʅʘʤʠ ʩʠʥʪʝʟʦʚʘʥʦ ʪʘ ʜʦʩʣʽʜʞʝʥʦ ʩʪʨʫʢʪʫʨʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʢʦʤʧʦʟʠʪʽʚ 

ʮʝʣʶʣʦʟʘ/ʧʦʣʽʘʥʽʣʽʥ, ʜʦʧʦʚʘʥʠʡ ʮʠʪʨʘʪʥʦʶ ʢʠʩʣʦʪʦʶ (ʎʂ). ɺ ʨʦʙʦʪʽ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ 

ʮʝʣʶʣʦʟʫ ʊʄ ʃʽʥʪʝʨʩ 1058 (Linters 1058), ʚʠʨʦʙʥʠʢ ɸɼʄ, ʉʐɸ, ʧʦʤʝʣ 1290 Õm, 

ʚ'ʷʟʢʽʩʪʴ 37050 ʤʇʘĿʩ, ʩʪʫʧʽʥʴ ʧʦʣʽʤʝʨʠʟʘʮʽʾ 2050. 

ʂʦʤʧʦʟʠʪʠ ʮʝʣʶʣʦʟʘ/ʧʦʣʽʘʥʽʣʽʥ (ʎʣ/ʇɸʥ) ʟ ʨʽʟʥʠʤ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ ʎʣ : ʇɸʥ 

ʦʪʨʠʤʫʚʘʣʠ ʭʽʤʽʯʥʠʤ ʦʢʠʩʥʝʥʥʷʤ ʘʥʽʣʽʥʫ (ɸʥ) ʘʤʦʥʽʡ ʧʝʨʦʢʩʦʜʠʩʫʣʴʬʘʪʦʤ (ɸʇʉ) ʫ 

ʚʦʜʥʦʤʫ 0,5 ʄ ʨʦʟʯʠʥʽ ʎʂ ʟʘ ʥʘʷʚʥʦʩʪʽ ʤʽʢʨʦʚʦʣʦʢʦʥ ʎʣ. ʉʧʽʚʚʽʜʥʦʰʝʥʥʷ ʚ ʨʝʘʢʮʽʡʥʠʭ 

ʩʫʤʽʰʘʭ (ʛ : ʛ) ɸʥ : ɸʇʉ ʩʪʘʥʦʚʠʣʦ 1,0 : 2,5, ʘ ɸʥ : ʎʣ ï 1,0 : 0,1 ʘʙʦ 1,0 : 0,25, ʘʙʦ 

1,0 : 0,5, ʘʙʦ 1,0 : 0,75, ʘʙʦ 1,0 : 1,0, ʘʙʦ 1,0 : 2,5. ʉʪʨʫʢʪʫʨʫ ʢʦʤʧʦʟʠʪʽʚ ʎʣ/ʇɸʥ ʪʘ 

çʯʠʩʪʦʛʦè ʇɸʥ ʜʦʩʣʽʜʞʫʚʘʣʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʨʝʥʪʛʝʥʽʚʩʴʢʦʾ (ʜʠʬʨʘʢʪʦʤʝʪʨ ɼʈʆʅ-3 ʟ ʉu-

ʂa ʚʠʧʨʦʤʽʥʶʚʘʥʥʷʤ (l = 1,54060 Ȕ), ʽʥʬʨʘʯʝʨʚʦʥʦʾ ʟ ʌʫʨôʻ ʧʝʨʝʪʚʦʨʝʥʥʷʤ 

ʩʧʝʢʪʨʦʩʢʦʧʽʡ (ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨ NICOLET IS 10), ʘ ʤʦʨʬʦʣʦʛʽʶ ʧʣʽʚʦʢ ʇɸʥ ʥʘ 

ʧʦʚʝʨʭʥʽ ʎʣ ʟʘ ʜʦʧʦʤʦʛʦʶ ʝʣʝʢʪʨʦʥʥʦʾ ʩʢʘʥʫʶʯʦʾ ʤʽʢʨʦʩʢʦʧʽʾ (ʨʘʩʪʨʦʚʠʡ ʝʣʝʢʪʨʦʥʥʠʡ 

ʤʽʢʨʦʩʢʦʧ-ʤʽʢʨʦʘʥʘʣʽʟʘʪʦʨ ʈɽʄʄɸ-102-02).  

ɿôʷʩʦʚʘʥʦ, ʱʦ ʎʣ ʪʘ ʫʪʚʦʨʝʥʠʡ ʇɸʥ ʚ ʢʦʤʧʦʟʠʪʘʭ ʤʘʶʪʴ ʘʤʦʨʬʥʫ ʩʪʨʫʢʪʫʨʫ. 

ɿʤʽʥʘ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ɸʥ : ʎʣ ʚ ʨʝʘʢʮʽʡʥʽʡ ʩʫʤʽʰʽ ʧʨʘʢʪʠʯʥʦ ʥʝ ʚʧʣʠʚʘʻ ʥʘ ʜʠʬʨʘʢʮʽʡʥʽ 

ʢʘʨʪʠʥʠ ʢʦʤʧʦʟʠʪʽʚ. ɺʠʟʥʘʯʝʥʠʡ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ɯʏ-ʌʇ ʩʧʝʢʪʨʦʩʢʦʧʽʾ ʩʪʫʧʽʥʴ 

ʦʢʠʩʥʝʥʥʷ ʇɸʥ ʚ ʩʢʣʘʜʽ ʢʦʤʧʦʟʠʪʽʚ ʩʪʘʥʦʚʠʪʴ 0,90Ñ0,03. ʄʽʞ ʧʦʚʝʨʭʥʝʚʠʤʠ ʛʨʫʧʘʤʠ ʎʣ 

ʽ ʇɸʥ ʽʩʥʫʻ ʩʠʣʴʥʘ ʤʽʞʬʘʟʦʚʘ ʚʟʘʻʤʦʜʽʷ ʟʘʚʜʷʢʠ ʫʪʚʦʨʝʥʥʶ ʚʦʜʥʝʚʦʛʦ ʟʚôʷʟʢʫ. ʇʠʪʦʤʘ 

ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʽʩʪʴ ʦʪʨʠʤʘʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʽʩʪʦʪʥʦ ʧʝʨʝʚʠʱʫʻ ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʽʩʪʴ 

ʮʝʣʶʣʦʟʠ ʽ ʩʪʘʥʦʚʠʪʴ 0,13Ĭ10ï3ï1,61Ĭ10ï3 ʉʤ cʤï1. ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʟʘʩʚʽʜʯʫʶʪʴ ʧʨʦ 

ʚʠʩʦʢʫ ʩʧʦʨʽʜʥʝʥʽʩʪʴ ʢʦʤʧʦʥʝʥʪʽʚ ʚ ʢʦʤʧʦʟʠʪʘʭ. 
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ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʦʨʙʮʠʦʥʥʳʝ ʤʝʪʦʜʳ ʨʘʟʜʝʣʝʥʠʷ ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ 

ʚʝʱʝʩʪʚ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʶʪʩʷ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʚʳʩʦʢʦʦʯʠʱʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʢʦʪʦʨʳʝ 

ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ ʢʘʯʝʩʪʚʝ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʩʫʙʩʪʘʥʮʠʡ. ʄʦʣʝʢʫʣʳ ʧʝʧʪʠʜʦʚ ʠ 

ʘʤʠʥʦʢʠʩʣʦʪ (ɸʂ) ʩʦʜʝʨʞʘʪ ʧʦʜʦʙʥʳʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʛʨʫʧʧʳ, ʢʦʪʦʨʳʝ 

ʦʙʫʩʣʘʚʣʠʚʘʶʪ ʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʠʦʥʠʪʘʤʠ. ʎʝʣʴ ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ - ʧʦʣʫʯʠʪʴ 

ʜʘʥʥʳʝ ʩʦʨʙʮʠʠ ɸʂ ʛʣʠʮʠʥʘ (Gly) ʠ ʧʨʦʣʠʣʣʝʡʮʠʣʛʣʠʮʠʥʘ (Pro-Leu-Gly) ʥʘ 

ʩʠʣʴʥʦʦʩʥʦʚʥʦʤ ʠʦʥʠʪʝ, ʧʦʟʚʦʣʷʶʱʠʝ ʧʦʜʦʙʨʘʪʴ ʵʬʬʝʢʪʠʚʥʳʝ ʫʩʣʦʚʠʷ ʠʭ ʨʘʟʜʝʣʝʥʠʷ. 

 
ʈʠʩ. 1. ʀʟʦʪʝʨʤʳ ʩʦʨʙʮʠʠ Pro-Leu-Gly ʠ Gly 

ʥʘ ʘʥʠʦʥʠʪʝ ɸɺ-17 (ʆʅ-) 

ʀʟʫʯʝʥʘ ʩʦʨʙʮʠʷ Pro-Leu-

Gly ʠ Gly ʚ ʩʪʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ 

ʥʘ ʘʥʠʦʥʠʪʝ ɸɺ-17 ʚ ʆʅ-ʬʦʨʤʝ, 

ʧʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʧʨʠʚʝʜʝʥʳ 

ʥʘ ʨʠʩ. 1. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ 

ʩʪʝʧʝʥʴ ʟʘʧʦʣʥʝʥʠʷ ʬʘʟʳ 

ʩʦʨʙʝʥʪʘ ʪʨʠʧʝʧʪʠʜʦʤ ʥʝ 

ʧʨʝʚʳʰʘʝʪ 0,7 ʤʤʦʣʴ/ʛ ʠʦʥʠʪʘ, ʠ 

ʜʦʩʪʠʛʘʝʪʩʷ ʧʨʠ ʨʘʚʥʦʚʝʩʥʦʡ 

ʢʦʥʮʝʥʪʨʘʮʠʠ 20 ʤʤʦʣʴ/ʣ, ʘ ʜʣʷ 

Gly ʤʘʢʩʠʤʘʣʴʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ 

ʚ ʬʘʟʝ ʩʦʨʙʝʥʪʘ ʩʦʩʪʘʚʣʷʝʪ 

0,9 ʤʤʦʣʴ/ʛ ʠʦʥʠʪʘ, ʢʦʪʦʨʘʷ 

ʜʦʩʪʠʛʘʝʪʩʷ ʧʨʠ ʨʘʚʥʦʚʝʩʥʦʡ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʝʛʦ ʚ ʨʘʩʪʚʦʨʝ > 

120 ʤʤʦʣʴ/ʣ. 

ʈʘʩʩʯʠʪʘʥʳ ʢʦʵʬʬʠʮʠʝʥʪʳ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʪʨʠʧʝʧʪʠʜʘ ʠ ɸʂ, 

ʧʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʛʨʘʬʠʯʝʩʢʠ (ʨʠʩ. 2). ʂʦʵʬʬʠʮʠʝʥʪ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ Pro-Leu-Gly ʚ ʬʘʟʫ 

ʩʦʨʙʝʥʪʘ ʚʳʰʝ, ʯʝʤ ʜʣʷ Gly, ʯʪʦ ʤʦʞʝʪ 

ʙʳʪʴ ʦʙʫʩʣʦʚʣʝʥʦ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʤʠ, ʚʦʟʥʠʢʘʶʱʠʤʠ ʧʨʠ 

ʩʦʨʙʮʠʠ ʪʨʠʧʝʧʪʠʜʘ. 

ʀʟʫʯʝʥʘ ʩʦʨʙʮʠʷ Pro-Leu-Gly ʠ 

Gly ʠʦʥʠʪʦʤ ɸɺ-17 ʚ ʜʠʥʘʤʠʯʝʩʢʠʭ 

ʫʩʣʦʚʠʷʭ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʩ ʫʚʝʣʠʯʝʥʠʝʤ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʨʦʧʫʩʢʘʝʤʦʛʦ ʨʘʩʪʚʦʨʘ 

Gly c 2ʛ/ʣ ʜʦ 20ʛ/ʣ ʩʪʝʧʝʥʴ ʟʘʧʦʣʥʝʥʠʷ 

ʝʤʢʦʩʪʠ ʢʦʣʦʥʢʠ ʫʤʝʥʴʰʘʝʪʩʷ ʩ 81,5 %  

 
ʈʠʩ. 2. ɿʘʚʠʩʠʤʦʩʪʴ lgD=f (ʉʨʘʚʥ) ʩʦʨʙʮʠʠ 

Pro-Leu-Gly ʠ Gly ʥʘ ɸɺ-17(ʆʅ-) 

ʜʦ 22,4 % ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɺ ʩʣʫʯʘʝ ʪʨʠʧʝʧʪʠʜʘ Pro-Leu-Gly, ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʩ 5 ʛ/ʣ ʜʦ 20 ʛ/ʣ, ʥʘʧʨʦʪʠʚ, ʥʘʙʣʶʜʘʝʪʩʷ ʫʚʝʣʠʯʝʥʠʝ ʩʪʝʧʝʥʠ ʟʘʧʦʣʥʝʥʠʷ 

ʝʤʢʦʩʪʠ ʢʦʣʦʥʢʠ ʩ 20,1 % ʜʦ 46,4 %. ʕʪʦ ʤʦʞʝʪ ʙʳʪʴ ʦʙʫʩʣʦʚʣʝʥʦ ʩʧʦʩʦʙʥʦʩʪʴʶ ʧʝʧʪʠʜʘ 

ʢ ʜʦʧʦʣʥʠʪʝʣʴʥʦʤʫ ʚʦʜʦʨʦʜʥʦʤʫ ʩʚʷʟʳʚʘʥʠʶ, ʧʨʠʚʦʜʷʱʝʤʫ ʣʠʙʦ ʢ ʦʙʨʘʟʦʚʘʥʠʶ 

ʜʠʤʝʨʠʟʦʚʘʥʥʳʭ ʤʦʣʝʢʫʣ, ʣʠʙʦ ʢ ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʩʦʨʙʘʪ-ʩʦʨʙʘʪʥʦʛʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩʦʨʙʠʨʦʚʘʥʥʳʭ ʤʦʣʝʢʫʣ ʧʝʧʪʠʜʘ ʩ ʤʦʣʝʢʫʣʘʤʠ, ʥʘʭʦʜʷʱʠʤʠʩʷ ʚ 

ʨʘʩʪʚʦʨʝ. 
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ɻʈɸʅʀʏʅɯ ʋʄʆɺʀ ʄʆɼɽʃɽʁ ʉʊɸʎɯʆʅɸʈʅʆɰ ʊɸ ʅɽʉʊɸʎɯʆʅɸʈʅʆɰ 

ʂɯʅɽʊʀʂʀ ɺ ɽʃɽʂʊʈʆʍɯʄɯʏʅʀʍ ʉʀʉʊɽʄɸʍ ɿ ɼʀʉʂʆɺʀʄ ʆɹɽʈʊʆɺʀʄ 

ɽʃɽʂʊʈʆɼʆʄ  

ʊʢʘʯʫʢ ʄ. ʄ.1, ʄʽʱʝʥʯʫʢ ɺ. ɺ.1, ɹʦʰʪʘʥ ʖ. ɺ.1, ʖʟʴʢʦʚʘ ɺ. ɼ.2 

1ɺɼʅɿ ʋʢʨʘʾʥʠ çɹʫʢʦʚʠʥʩʴʢʠʡ ʜʝʨʞʘʚʥʠʡ ʤʝʜʠʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪè 
2ɯʥʩʪʠʪʫʪ ʧʽʩʣʷʜʠʧʣʦʤʥʦʾ ʧʝʜʘʛʦʛʽʯʥʦʾ ʦʩʚʽʪʠ ʏʝʨʥʽʚʝʮʴʢʦʾ ʦʙʣʘʩʪʽ 

tmm777@rambler.ru 

 

ɸʢʪʫʘʣʴʥʽʩʪʴ. ʉʝʨʝʜ ʟʘʜʘʯ, ʷʢʽ ʩʪʦʷʪʴ ʧʝʨʝʜ ʩʫʯʘʩʥʦʶ ʥʘʫʢʦʶ, ʚʘʞʣʠʚʝ ʤʽʩʮʝ 

ʟʘʡʤʘʻ ʣʽʢʚʽʜʘʮʽʷ ʨʦʟʨʠʚʫ ʤʽʞ ʪʝʦʨʽʻʶ ʽ ʝʢʩʧʝʨʠʤʝʥʪʦʤ. ʆʜʥʠʤ ʽʟ ʰʣʷʭʽʚ ʪʘʢʦʛʦ 

ʟʙʣʠʞʝʥʥʷ ʻ ʤʦʜʝʣʶʚʘʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʝʢʩʧʝʨʠʤʝʥʪʫ ʚ ʨʘʤʢʘʭ ʨʽʟʥʠʭ ʪʝʦʨʝʪʠʯʥʠʭ 

ʧʽʜʭʦʜʽʚ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʚ ʷʢʦʩʪʽ ʢʨʠʪʝʨʽʶ ʩʧʨʘʚʝʜʣʠʚʦʩʪʽ ʫʟʛʦʜʞʝʥʦʩʪʽ ʤʦʜʝʣʴʥʦʛʦ 

ʨʦʟʨʘʭʫʥʢʫ ʽʟ ʝʢʩʧʝʨʠʤʝʥʪʦʤ. 

ʄʝʪʘ ʨʦʙʦʪʠ. ɺ ʨʦʙʦʪʽ ʩʪʘʚʠʪʴʩʷ ʟʘʚʜʘʥʥʷ ʧʨʦʘʥʘʣʽʟʫʚʘʪʠ ʛʨʘʥʠʯʥʽ ʫʤʦʚʠ, ʤʝʞʽ 

ʾʭ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʘ ʧʦʭʠʙʢʠ ʧʦʚôʷʟʘʥʽ ʟ ʧʨʠʡʥʷʪʠʤʠ ʥʘ ʧʨʘʢʪʠʮʽ ʥʘʙʣʠʞʝʥʥʷʤʠ ʚ 

ʩʬʦʨʤʫʣʴʦʚʘʥʽʡ ʤʘʪʝʤʘʪʠʯʥʽʡ ʤʦʜʝʣʽ ʥʝʩʪʘʮʽʦʥʘʨʥʦʾ ʪʘ ʩʪʘʮʽʦʥʘʨʥʦʾ ʝʣʝʢʪʨʦʭʽʤʽʯʥʦʾ 

ʢʽʥʝʪʠʢʠ ʥʘ ʦʙʝʨʪʦʚʦʤʫ ʜʠʩʢʦʚʦʤʫ ʝʣʝʢʪʨʦʜʽ (ʆɼɽ), ʷʢʘ ʩʪʨʦʛʦ ʚʨʘʭʦʚʫʻ ʤʘʩʦʧʝʨʝʥʦʩ 

ʟʫʤʦʚʣʝʥʠʡ ʜʠʬʫʟʽʻʶ, ʤʽʛʨʘʮʽʻʶ ʪʘ ʢʦʥʚʝʢʮʽʻʶ. 

ɿʘʚʜʘʥʥʷ: 1) ɺʠʟʥʘʯʠʪʠ ʤʝʞʽ ʢʦʥʪʨʦʣʶʶʯʠʭ ʧʘʨʘʤʝʪʨʽʚ ʩʠʩʪʝʤʠ (ʯʘʩʫ 

ʝʣʝʢʪʨʦʣʽʟʫ, ʧʣʦʱʽ ʧʦʚʝʨʭʥʽ ʨʦʙʦʯʦʛʦ ʝʣʝʢʪʨʦʜʘ, ʦʙôʻʤʫ ʝʣʝʢʪʨʦʣʽʪʫ, ʰʚʠʜʢʦʩʪʽ 

ʦʙʝʨʪʘʥʥʷ ʝʣʝʢʪʨʦʜʘ) ʜʣʷ ʷʢʠʭ ʨʝʘʣʴʥʠʡ ʩʪʘʮʽʦʥʘʨʥʠʡ ʨʦʟʧʦʜʽʣ ʢʦʥʮʝʥʪʨʘʮʽʡ 

ʢʦʤʧʦʥʝʥʪʽʚ ʥʝ ʙʫʜʝ ʚʽʜʨʽʟʥʷʪʠʩʷ (ʚ ʤʝʞʘʭ ʧʨʠʡʥʷʪʦʾ ʪʦʯʥʦʩʪʽ) ʚʽʜ ʨʦʟʧʦʜʽʣʫ, ʷʢʠʡ 

ʚʩʪʘʥʦʚʣʶʚʘʚʩʷ ʙ ʚ ʽʜʝʘʣʽʟʦʚʘʥʦʤʫ "ʙʝʟʢʽʥʝʯʥʦʤʫ ʨʝʟʝʨʚʫʘʨʽ"; 2) ɺʠʟʥʘʯʠʪʠ ʦʧʪʠʤʘʣʴʥʫ 

ʛʨʘʥʠʮʶ ʽʥʪʝʛʨʫʚʘʥʥʷ ʧʦ ʢʦʦʨʜʠʥʘʪʽ, ʪʦʙʪʦ ʚʽʜʜʘʣʴ ʚʽʜ ʧʦʚʝʨʭʥʽ ʝʣʝʢʪʨʦʜʘ, ʥʘ ʷʢʽʡ 

ʤʦʞʥʘ (ʚ ʤʝʞʘʭ ʧʨʠʡʥʷʪʦʾ ʪʦʯʥʦʩʪʽ) ʚʚʘʞʘʪʠ ʢʦʥʮʝʥʪʨʘʮʽʾ ʢʦʤʧʦʥʝʥʪʽʚ ʧʦʩʪʽʡʥʠʤʠ ʽ 

ʨʽʚʥʠʤʠ ʦʙôʻʤʥʠʤ, ʪʘ ʾʾ ʟʘʣʝʞʥʽʩʪʴ ʚʽʜ ʢʦʥʪʨʦʣʶʶʯʠʭ ʧʘʨʘʤʝʪʨʽʚ ʩʠʩʪʝʤʠ. 

ʈʝʟʫʣʴʪʘʪʠ ʨʦʙʦʪʠ. 1). ɺʽʜʥʦʩʥʘ ʧʦʭʠʙʢʘ ʫ ʚʠʟʥʘʯʝʥʥʽ ʢʦʥʮʝʥʪʨʘʮʽʾ ʙʽʣʷ 

ʧʦʚʝʨʭʥʽ ʝʣʝʢʪʨʦʜʘ, ʷʢʘ ʧʦʚôʷʟʘʥʘ ʟ ʝʬʝʢʪʦʤ çʚʠʩʥʘʞʝʥʥʷè ʢʦʥʮʝʥʪʨʘʮʽʾ, ʻ ʥʘʩʣʽʜʢʦʤ 

ʟʘʢʦʥʫ ʌʘʨʘʜʝʷ ʽ ʧʦʚôʷʟʘʥʘ ʽʟ ʢʝʨʫʶʯʠʤʠ ʪʘ ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʩʠʩʪʝʤʠ 

(ʯʘʩ ʜʦʩʣʽʜʞʝʥʥʷ Ű, ʦʙôʻʤ ʩʠʩʪʝʤʠ V, ʧʣʦʱʘ ʨʦʙʦʯʦʛʦ ʝʣʝʢʪʨʦʜʘ ɸ, ʝʣʝʢʪʨʠʯʥʠʡ ʩʪʨʫʤ I, 

ʧʦʯʘʪʢʦʚʘ ʢʦʥʮʝʥʪʨʘʮʽʷ ʝʣʝʢʪʨʦʘʢʪʠʚʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ci,0) ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ: 

)V()( 0,0, iiii cnFIcc tn=D ; 2). ʆʩʥʦʚʥʘ ʟʤʽʥʘ ʢʦʥʮʝʥʪʨʘʮʽʡʥʦʛʦ ʧʨʦʬʽʣʶ ʚʽʜʙʫʚʘʻʪʴʩʷ 

ʥʘ ʥʝʟʥʘʯʥʠʭ ʚʽʜʩʪʘʥʷʭ ʚʽʜ ʝʣʝʢʪʨʦʜʫ ʚ ʧʨʠʛʨʘʥʠʯʥʦʤʫ ʰʘʨʽ 0ÒʭÒʘ, ʯʝʨʝʟ ʱʦ ʥʝʦʙʭʽʜʥʦ 

ʟʙʽʣʴʰʠʪʠ ʢʽʣʴʢʽʩʪʴ ʪʦʯʦʢ ʽʥʪʝʛʨʫʚʘʥʥʷ ʚ ʮʠʭ ʤʝʞʘʭ. ʏʠʩʝʣʴʥʝ ʽʥʪʝʛʨʫʚʘʥʥʷ ʧʦ ʚʩʴʦʤʫ 

ʧʨʦʤʽʞʢʫ 0ÒʭÒL ʻ ʥʝʚʠʧʨʘʚʜʘʥʠʤ, ʦʩʢʽʣʴʢʠ ʥʘ ʧʨʦʤʽʞʢʫ aÒʭÒL ʢʦʥʮʝʥʪʨʘʮʽʡʥʠʡ 

ʧʨʦʬʽʣʴ ʧʨʘʢʪʠʯʥʦ ʥʝ ʟʤʽʥʶʻʪʴʩʷ. çɽʬʝʢʪʠʚʥʘ ʪʦʚʱʠʥʘè çaè ʜʠʬʫʟʽʡʥʦʛʦ ʰʘʨʫ ʩʫʪʪʻʚʦ 

ʚʧʣʠʚʘʻ ʥʘ ʢʦʥʮʝʥʪʨʘʮʽʡʥʠʡ ʨʦʟʧʦʜʽʣ (ʟʦʢʨʝʤʘ ʥʘ ʟʥʘʯʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ ʙʽʣʷ ʧʦʚʝʨʭʥʽ, 

ʟʘʣʝʞʥʫ ʚʽʜ ʥʝʾ ʰʚʠʜʢʽʩʪʴ ʨʝʘʢʮʽʾ ʽ ʪ. ʜ.) ʽ ʤʦʞʝ ʙʫʪʠ ʜʞʝʨʝʣʦʤ ʧʦʭʠʙʦʢ. ɼʣʷ ʧʦʪʨʝʙ 

ʯʠʩʝʣʴʥʦʛʦ ʽʥʪʝʛʨʫʚʘʥʥʷ ʝʬʝʢʪʠʚʥʫ ʪʦʚʱʠʥʫ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʧʨʠʡʥʷʪʦʾ ʪʦʯʥʦʩʪʽ ʩʣʽʜ 

ʙʨʘʪʠ ʚ ʤʝʞʘʭ ai=(2õ5)Āŭi (ŭi - ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʘ ʪʦʚʱʠʥʘ ʜʠʬʫʟʽʡʥʦʛʦ ʰʘʨʫ, ʷʢʘ ʟʘʣʝʞʠʪʴ 

ʚʽʜ ʰʚʠʜʢʦʩʪʽ ʦʙʝʨʪʘʥʥʷ ʆɼɽ ɤ, ʢʽʥʝʤʘʪʠʯʥʦʾ ʚôʷʟʢʦʩʪʽ 

( ) ( ){ }3231216131
14514.02980.016117.1 nnwnd iiii DDD ++= -

); 3). ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʟʙʽʞʥʦʩʪʽ ʩʪʘʮʽʦʥʘʨʥʦʛʦ ʢʦʥʮʝʥʪʨʘʮʽʡʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʜʦ ʨʦʟʧʦʜʽʣʫ çʙʝʟʢʽʥʝʯʥʦ ʚʝʣʠʢʦʛʦ 

ʨʝʟʝʨʚʫʘʨʫè ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʘ ʜʦʚʞʠʥʘ ʨʝʟʝʨʚʫʘʨʫ ʟ ʨʦʟʯʠʥʦʤ L ʧʦʚʠʥʥʘ ʙʫʪʠ ʥʝ 

ʤʝʥʰʦʶ ʥʽʞ (200õ500)Āŭi ; ʈʝʟʫʣʴʪʘʪʠ, ʷʢʽ ʦʜʝʨʞʘʥʽ ʚ ʨʦʙʦʪʽ, ʤʦʞʥʘ ʟʘʩʪʦʩʫʚʘʪʠ ʧʨʠ 

ʪʝʦʨʝʪʠʯʥʦʤʫ ʘʥʘʣʽʟʽ ʩʪʘʮʽʦʥʘʨʥʠʭ ʪʘ ʥʝʩʪʘʮʽʦʥʘʨʥʠʭ ʤʝʪʦʜʽʚ ʝʣʝʢʪʨʦʭʽʤʽʯʥʦʛʦ ʘʥʘʣʽʟʫ, 

ʘ ʪʘʢʦʞ ʧʨʠ ʤʦʜʝʣʶʚʘʥʥʽ ʩʪʘʮʽʦʥʘʨʥʦʾ ʪʘ ʥʝʩʪʘʮʽʦʥʘʨʥʦʾ ʤʘʢʨʦʢʽʥʝʪʠʢʠ ʥʘ ʦʙʝʨʪʦʚʦʤʫ 

ʜʠʩʢʦʚʦʤʫ ʝʣʝʢʪʨʦʜʽ. 
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ɻɯɼʈʋɺɸʅʅʗ ɼɯʆʂʉʀɼʋ ɺʋɻʃɽʎʖ ʅɸ ʂʆɹɸʃʔʊʆɺʆʄʋ 

ʂʆʄʇʆɿʀʊʅʆʄʋ ʄɽʄɹʈɸʅʅʆʄʋ ʂɸʊɸʃɯɿɸʊʆʈɯ 

ʊʨʝʧʷʜʴʢʦ ɼ. ʆ.1, ʂʦʨʞ ʈ. ɺ.2 
1ʅʊʋ ʋʢʨʘʾʥʠ çʂʠʾʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪ ʽʤʝʥʽ ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦè 

2ɯʥʩʪʠʪʫʪ ʙʽʦʦʨʛʘʥʽʯʥʦʾ ʭʽʤʽʾ ʪʘ ʥʘʬʪʦʭʽʤʽʾ ʅɸʅ ʋʢʨʘʾʥʠ 

trepyadko.d@gmail.com 

 

ʄʝʪʘ ʨʦʙʦʪʠ ʧʦʣʷʛʘʣʘ ʫ ʩʠʥʪʝʟʽ ʥʦʚʠʭ ʤʝʤʙʨʘʥʥʦ-ʢʘʪʘʣʽʪʠʯʥʠʭ ʢʦʤʧʦʟʠʪʽʚ 

ʛʽʜʨʦʛʝʥʽʟʘʮʽʾ ʉʆ2 ʪʘ ʜʦʩʣʽʜʞʝʥʥʽ ʾʭ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ. 

ɿʨʘʟʢʠ ʢʦʙʘʣʴʪʫ, ʥʘʥʝʩʝʥʦʛʦ ʥʘ ɔ-ʦʢʩʠʜ ʘʣʶʤʽʥʽʶ, ʛʦʪʫʚʘʣʠ ʤʝʪʦʜʦʤ ʦʩʘʜʞʝʥʥʷ 

ʢʘʪʽʦʥʽʚ ʥʘ ɔ-Al 2O3 ʽʟ ʚʦʜʥʦʛʦ ʨʦʟʯʠʥʫ ʥʽʪʨʘʪʫ ʢʦʙʘʣʴʪʫ. ɼʣʷ ʮʴʦʛʦ ʨʦʟʯʠʥ ʉʦ(NO3)3, 

ʚʠʛʦʪʦʚʣʝʥʠʡ ʽʟ ʛʝʢʩʘʛʽʜʨʘʪʫ ʟʘʧʣʘʥʦʚʘʥʦʾ ʤʘʩʠ, ʟʤʽʰʫʚʘʣʠ ʟ ʥʘʚʘʞʢʦʶ ʧʣʘʪʠʥʦʚʘʥʦʛʦ 

ɔ-ɸl2O3 ʬʨʘʢʮʽʾ 0,4 - 0,63 ʤʤ. ʆʪʨʠʤʘʥʫ ʩʫʩʧʝʥʟʽʶ ʧʦʚʽʣʴʥʦ ʧʽʜʩʫʰʫʚʘʣʠ ʧʨʠ 85 Áʉ 

ʚʧʨʦʜʦʚʞ 12 ʛʦʜʠʥ. ɺʠʩʫʰʝʥʽ ʟʨʘʟʢʠ ʢʘʪʘʣʽʟʘʪʦʨʘ ʚʽʜʥʦʚʣʶʚʘʣʠ ʚ ʧʦʪʦʮʽ ʚʦʜʥʶ ʧʨʠ 

ʥʘʛʨʽʚʘʥʥʽ ʜʦ ʪʝʤʧʝʨʘʪʫʨʠ 370 Áʉ ʚʧʨʦʜʦʚʞ 3 ʛʦʜʠʥ. ɺʽʜʥʦʚʣʝʥʠʡ ʢʘʪʘʣʽʟʘʪʦʨ 

ʧʘʩʠʚʫʚʘʣʠ ʧʘʨʘʤʠ ʚʦʜʠ ʧʨʠ 180 Áʉ ʧʨʦʪʷʛʦʤ 8 ʛʦʜʠʥ ʟ ʥʘʩʪʫʧʥʠʤ ʦʭʦʣʦʜʞʝʥʥʷʤ ʫ 

ʧʘʨʘʭ ʚʦʜʠ. 

ɼʦʩʣʽʜʞʝʥʥʷ ʧʦʚʝʨʭʥʽ ʟʨʘʟʢʽʚ ʩʠʥʪʝʟʦʚʘʥʦʛʦ ʢʦʙʘʣʴʪʦʚʦʛʦ ʘʢʪʠʚʥʦʛʦ ʢʦʤʧʦʥʝʥʪʫ 

ʚʠʢʦʥʫʚʘʣʠ ʤʝʪʦʜʦʤ ʩʢʘʥʫʶʯʦʾ ʝʣʝʢʪʨʦʥʥʦʾ ʤʽʢʨʦʩʢʦʧʽʾ (ʉEM) ʥʘ ʤʽʢʨʦʩʢʦʧʽ 

JSM ï 6490LV (JEOL, Japan). ɿʘ ʚʠʢʦʥʘʥʠʡ ʘʥʘʣʽʟ ʚʠʩʣʦʚʣʶʻʤʦ ʧʦʜʷʢʫ ʩ.ʥ.ʩ., ʢ.ʪ.ʥ. 

ɺ.ɺ. ʂʨʝʤʝʥʠʮʴʢʦʤʫ (ʊʝʭʥʽʯʥʠʡ ʮʝʥʪʨ ʅɸʅ ʋʢʨʘʾʥʠ). ɿʦʙʨʘʞʝʥʥʷ ʟʨʘʟʢʽʚ ʥʘ ʨʽʟʥʠʭ 

ʝʪʘʧʘʭ ʩʠʥʪʝʟʫ ʧʦʜʘʥʦ ʥʘ ʨʠʩ. 

 

   

   

ʈʠʩ. SEM ʟʦʙʨʘʞʝʥʥʷ 

ʚʠʭʽʜʥʦʛʦ ʧʣʘʪʠʥʦʚʘʥʦʛʦ 

ɔ-Al 2O3 

ʘʢʪʠʚʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʉʦ-

Pt/ɔ-Al 2O3, ʩʠʥʪʝʟʦʚʘʥʦʛʦ 

ʤʝʪʦʜʦʤ ʦʩʘʜʞʝʥʥʷ 

ʟʨʘʟʢʘ ʉʦ-Pt/ɔ-Al2O3, 

ʚʽʜʧʨʘʮʴʦʚʘʥʦʛʦ ʚ 

ʛʽʜʨʦʛʝʥʽʟʘʮʽʾ ʉʆ2 

 

ʅʘʚʝʜʝʥʽ ʜʘʥʽ ʩʚʽʜʯʘʪʴ ʧʨʦ ʜʦʩʪʘʪʥʴʦ ʨʽʚʥʦʤʽʨʥʠʡ ʨʦʟʧʦʜʽʣ ʝʣʝʤʝʥʪʽʚ ʫ 

ʧʨʠʧʦʚʝʨʭʥʝʚʦʤʫ ʰʘʨʽ ʚʠʭʽʜʥʦʛʦ ʧʣʘʪʠʥʦʚʘʥʦʛʦ ʢʘʪʘʣʽʟʘʪʦʨʘ Pt/ɔ-Al 2O3. ʅʘʥʝʩʝʥʥʷ 

ʢʦʙʘʣʴʪʫ ʽ ʥʘʩʪʫʧʥʽ ʧʨʦʮʝʜʫʨʠ ʧʨʦʞʘʨʶʚʘʥʥʷ ʪʘ ʚʽʜʥʦʚʣʝʥʥʷ ʢʘʪʘʣʽʟʘʪʦʨʘ ʚʠʢʣʠʢʘʶʪʴ 

ʚʠʩʘʜʞʝʥʥʷ ʜʨʽʙʥʦʜʠʩʧʝʨʩʥʠʭ ʯʘʩʪʦʢ ʥʘ ʧʦʚʝʨʭʥʽ ʢʨʫʧʥʠʭ ʛʨʘʥʫʣ ʥʦʩʽʷ ʽʟ ʩʠʣʴʥʦ 

ʥʝʨʽʚʥʦʤʽʨʥʠʤ ʨʦʟʧʦʜʽʣʦʤ ʢʦʙʘʣʴʪʫ. ʉEM ʟʦʙʨʘʞʝʥʥʷ ʟʨʘʟʢʘ ʢʦʙʘʣʴʪʦʚʦʛʦ ʘʢʪʠʚʥʦʛʦ 

ʢʦʤʧʦʥʝʥʪʫ, ʚʽʜʧʨʘʮʴʦʚʘʥʦʛʦ ʫ ʧʨʦʮʝʩʽ ʛʽʜʨʦʛʝʥʽʟʘʮʽʾ, ʩʚʽʜʯʠʪʴ ʧʨʦ ʩʝʛʨʝʛʘʮʽʶ 

ʧʦʚʝʨʭʥʝʚʠʭ ʜʨʽʙʥʠʭ ʯʘʩʪʦʯʦʢ. 

  


