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EXTRACTION -SPECTROPHOTOMETRIC STUDY   

 ON THE CHROMIUM  (VI) - 2-HYDROXY -5-NITRO THIOPHENOL -HYDROPHOBIC 

AMINES -WATER -CHLOROFORM SYSTEM  

 

Annotation. The present work is devoted to the study of the conditions for the interaction of 

chromium (VI) with 2-hydroxy-5-nitrothiophenol. In the presence of hydrophobic amines, these 

compounds are extracted into the organic phase in the form of a mixed-ligand complexes. It was 

found that the spectrophotometric characteristics of mixed-ligand complexes Cr (VI) and Cr (III) 

are identical, that is, in interaction with 2-hydroxy-5-nitrothiophenol, Cr (VI) were reduced to Cr 

(III). The proposed method under the already established optimum conditions was applied for the 

determination of Cr (III) in alloys,in sewage water and Bottom sediments and in soils.   

Keywords: chromium, 2-hydroxy-5-nitrothiophenol, mixed-ligand complexes, extraction -

photometric method 

 

ɸʣʠ ɿ. ɿʘʣʦʚ
1
, ʅʘʟʘʥʠ ɸ. ʅʦʚʨʫʟʦʚʘ

2
, ʉʫʣʪʘʥ ɻ. ɸʣʠʝʚ

3
 

1
ɸʟʝʨʙʘʡʜʞʘʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʧʝʜʘʛʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ɹʘʢʫ, 

ɸʟʝʨʙʘʡʜʞʘʥ 
2
ɸʟʝʨʙʘʡʜʞʘʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʥʝʬʪʠ ʠ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ɹʘʢʫ, 

ɸʟʝʨʙʘʡʜʞʘʥ 

ɸʚʪʦʨ, ʦʪʚʝʪʩʪʚʝʥʥʳʡ ʟʘ ʧʝʨʝʧʠʩʢʫ: ɸʣʠ ɿ. ɿʘʣʦʚ, zalov1966@mail.ru
 

 

ʕʂʉʊʈɸʂʎʀʆʅʅʆ-ʉʇɽʂʊʈʆʌʆʊʆʄɽʊʈʀʏɽʉʂʆɽ ʀʉʉʃɽɼʆɺɸʅʀɽ 

ɺ ʉʀʉʊɽʄɽ ʍʈʆʄ (VI)- 2-ɻʀɼʈʆʂʉʀ-5-ʅʀʊʈʆʊʀʆʌɽʅʆʃ-

ɻʀɼʈʆʌʆɹʅʓɽ ɸʄʀʅʓ-ɺʆɼɸ-ʍʃʆʈʆʌʆʈʄ 

 

ɸʥʥʦʪʘʮʠʷ. ʅʘʩʪʦʷʱʘʷ ʨʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ ʠʟʫʯʝʥʠʶ ʫʩʣʦʚʠʡ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʭʨʦʤʘ 

(VI) ʩ 2-ʛʠʜʨʦʢʩʠ-5-ʥʠʪʨʦʪʠʦʬʝʥʦʣʦʤ. ɺ ʧʨʠʩʫʪʩʪʚʠʠ ʛʠʜʨʦʬʦʙʥʳʭ ʘʤʠʥʦʚ ʵʪʠ ʩʦʝʜʠʥʝʥʠʷ 

ʵʢʩʪʨʘʛʠʨʫʶʪʩʷ ʚ ʦʨʛʘʥʠʯʝʩʢʫʶ ʬʘʟʫ ʚ ʚʠʜʝ ʨʘʟʥʦʣʠʛʘʥʜʥʳʭ ʢʦʤʧʣʝʢʩʦʚ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ 

ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʘʟʥʦʣʠʛʘʥʜʥʳʭ ʢʦʤʧʣʝʢʩʦʚ Cr (VI) ʠ Cr (III ) 

ʠʜʝʥʪʠʯʥʳ, ʪ. ʝ. ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ 2-ʛʠʜʨʦʢʩʠ-5-ʥʠʪʨʦʪʠʦʬʝʥʦʣʦʤ Cr (VI) 

ʚʦʩʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʜʦ Cr (III). ʇʨʝʜʣʦʞʝʥʥʳʡ ʤʝʪʦʜ ʧʨʠ ʫʞʝ ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʦʧʪʠʤʘʣʴʥʳʭ 

ʫʩʣʦʚʠʷʭ ʙʳʣ ʧʨʠʤʝʥʝʥ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ Cr (III) ʚ ʩʧʣʘʚʘʭ, ʚ ʩʪʦʯʥʳʭ ʚʦʜʘʭ ʠ ʜʦʥʥʳʭ 

ʦʪʣʦʞʝʥʠʷʭ, ʘ ʪʘʢʞʝ ʚ ʧʦʯʚʘʭ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʭʨʦʤ, 2-ʛʠʜʨʦʢʩʠ-5-ʥʠʪʨʦʪʠʦʬʝʥʦʣ, ʨʘʟʥʦʣʠʛʘʥʜʥʳʝ ʢʦʤʧʣʝʢʩʳ, 

ʵʢʩʪʨʘʢʮʠʦʥʥʦ-ʬʦʪʦʤʝʪʨʠʯʝʩʢʠʡ ʤʝʪʦʜ 

 

Introduction  

  Chromium is one of the toxic metals. Chromium (VI) compounds, which are among the 

most dangerous pollutants of natural objects, have the most dangerous carcinogenic effect [1]. In 

this regard, in modern practical chemical analysis, it becomes necessary to determine this pollutant 
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element [2]. Drinking, natural and technical waters require special control, the chromium content of 

which is strictly regulated. To assess the content of toxic components in various environmental 

objects, methods based on the determination of elements with organic reagents are promising and 

are being actively developed. 

The interaction of chromium(VI) with 1,5-diphenylcarbazide immobilized in a transparent 

polymethacrylate matrix was studied. The optimal conditions for the interaction of a metal with a 

reagent in the solid phase were found [3]. 

A method has been developed for photometric determination in solutions of Cr(III) and 

Fe(III) with simultaneous presence. The method is based on the difference between the electronic 

spectra of Cr(III) and Fe(III) complexes with Na2EDTA. The optimal conditions for carrying out 

the reaction and the metrological characteristics of the method were determined. The iron cation 

complex is formed at the moment of mixing the solutions. Complexation of the Cr(III) cation occurs 

slowly at room temperature. The results of the reaction are well repeated, the coefficient of 

variation does not exceed 1.4% [4]. 

Mixed-ligand complexes (MLCs) of chromium (VI) with o-hydroxythiophenols (HTPD) and 

its derivatives [2-hydroxy-5-chlorothiophenol, 2-hydroxy-5-bromothiophenol and 2-hydroxy-5-

iodothiophenol in the presence of hydrophobic amines studied by spectrophotometric method. It has 

been established that mixed-ligand complexes are formed in a slightly acidic medium (pH 3.0ï5.0). 

It has been established that the optimal concentration of HTPD and Am for complexation is 1.0Ĭ10
-

3
 M and 1.12Ĭ10

-3
 M, respectively. The maximum absorption of light is observed at 475-488 nm. 

The calculated molar absorption coefficients (Ůmax) belong to the interval (2,92 ï 3,28)Ĭ10
4
. 

A linear calibration plot plotted between absorbance and metal ion concentration shows that 

Cr(III) can be determined in the range of 0,5ï16 Õg/ml. Extraction-photometric methods for the 

determination of chromium have been developed. The proposed method is successfully used to 

determine the amount of chromium in alloys and soil [5]. 

This work is devoted to the study of the conditions for the interaction of chromium (VI) with 

2-hydroxy-5-nitrothiophenol (HNTP). In the presence of hydrophobic amines (Am), these 

compounds are extracted into the organic phase as MLCs. Of the hydrophobic amines (Am), N,N-

dimethylaminomethyl-4-methylphenol (Am1) and N,N-dimethylaminomethyl-4-ethylphenol (Am2) 

were used. 

Experimental 

Reagents and apparatus. A solution of Chromium (VI) (1 ɛg/ml)
 
was made by dissolving 

(0.1935 g) of K2Cr2O7 (pure for analysis) in 1000 ml of water. Concentration of solution of 

chromium was established gravimetric [6]. Working solution with concentration of  0,1 mg/ml was 

prepared by dilution of stock with deionized water. 

 HNTP were synthesized according to the procedure [7]. HNTP their purity was verified by 

paper chromatography and melting point determination. Solutions of HNTP and Am in chloroform 

(0.01M) were used.   As an ekstragent the cleared chloroform was applied. 

The ionic force of solutions was supported a constant (Õ = 0.1) introduction of the calculated 

quantity of  KCl. To create the optimal acidity, 1M solutions of  KOH and HCl were used.  

 The absorbance of the extracts was measured using a KFK-2 photocolorimeter and an SF-26 

spectrophotometer; the equilibrium value of the pH of aqueous phase was measured using a I-120.2 

potentiometer with a glass electrode. All measurements was carried out at 20Ñ5
ʦ
 ʉ.  

Studies on the oxidation state of chromium (VI). It is known that o-hydroxythiophenols 

have reducing properties in an acidic environment [5, 8-12]. To determine the oxidation state 

chromium in MLC, we conducted two series experiments. In the first series, we used Cr (VI), and in  

the second series we used Cr (III), obtained by adding an additional reducing agent (SnCl2 or KI). 

Was found that the spectrophotometric characteristics of MLC Cr (VI) and Cr (III) were identical, 

that is, in interaction with HNTP, Cr (VI) were reduced to Cr (III). 

 General procedure for the determination of chromium (III). Portions of stock solutions 

of chromium (III) varying from 0.1 to 1.0 ml with a 0.1ml step, a 2.2 ml portion of  a 0.01 M 
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solution of HNTP, and a 2.5 ml portion of a 0.01M solution of Am were placed in to calibrated test 

tubes with ground-glass stoppers (the volume of the organicphase was 5 ml). The required value of 

pH was adjusted by adding 1M HCl. The volume of the aqueous phase was increased to 20 ml using 

distilled water. In 15 minnute after the complete separation of the phases, the organic phase was 

separated from the aqueous phase and the absorbance of the extracts was measured on KFK-2 at 

room temperature and 440 nm (l=0.5cm).  

Charge of complexes. Experiments on electromigration in a U-tube and sorption on EDE-

10P, anion exchangers demonstrated anionic character of single use, ligands, at studying the 

electromigration of complexes, it was found that the complexes of chromium (VI) red binary o-

hydroxythiophenolate are transferred to the cathode. When the charge sign of complexes with one 

ligand was determined by ion chromatography, the anion exchange EDE-10P completely absorbed 

the colored component of the solution. When hydrophobic amines (Am) were introduced into the 

system, extraction of these compounds in the organic phase as a complex of MLC was observed. 

Among the hydrophobic amines, N,N-dimethylaminomethyl -4-methylphenol (Am1) and N, N-

dimethylaminomethyl-4-ethylphenol (Am2)  were used. On the basis of the data obtained, new 

selective and highly sensitive prospectuses were developed for extraction-spectrophotometric 

determination of a small amount of chromium in alloys of different varieties, soils and water. 

Results and discussion 

The choice of the extractant.  For the extraction of complexes we used CH3Cl, C2H4Cl2, 

CCl4, C6H6, C6H5Cl, C6H5-CH3, xylol, iso-butanol, iso-pentanol, ethyl oxide, n-butanol and their 

mixes. Extractibility of complexes was estimated in coefficient of distribution and extent of 

extraction. CH3Cl, C2H4Cl2 and CCl4 appeared to be the best extractants (97,5-99,2 %). Fast 

division of layers and the maximum value of molar coefficient of absorption were received at 

extraction of complexes by chloroform. After a single extraction with CH3Cl 98.5% of chromium 

was extracted as an ion associate. Further researches were conducted with CH3Cl. The 

concentration of chromium in the organic phase was determined with diphenylcarbazide [13] by 

photometric measurements after back extraction, while in the aqueous phase it was determined by 

the difference. Thus basicity of amines has no noticeable impact on conditions and extraction of 

complexes. 

Influence of the pH of the aqueous phase. The effect of pH on the formation of Cr(III)-

HNTP-Am complex was studied, in order to find a suitable pH that can be adopted in the 

determination of Cr(III) (Table 1, Fig. 1). The absorbance was found to be maximum in the pH 

range 3,9-5,3. Hence further analytical investigations were carried out in media of pH 4,5. 

Extraction of Cr (III) enhanced with the increase in the acidity of the initial solution; the further 

increase in acidity lead to the gradual decrase of recovery, which was obviously associated with a 

decrease in the concentration of the ionized form of HNTP. Probably, it is present in the solution in 

the non-dissociated state. At pH Ó 8,6, the complexes were hardly extracted, obviously because of 

the decrease in the degree of Am protonation. The effect of pH on the intensity of the color reaction 

is shown in the Fig. 2. Existence of one maximum of absorbance in the specified limits ʨʅ confirms 

the assumption of formation of one complex connection. The nature of acids (HCl, H2SO4) almost 

does not influence a complex formation of chromium with HNTP and Am. 
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Fig.1. Absorbance of mixed-ligand complexes as a function of the pH of the aqueous phase. 

1- Cr(III) -HNTP-Am1; 2- Cr(III) -HNTP-Am2 

CCr=3.84Ĭ10
-5

 M, CHNTP =1.6Ĭ10
-3

 M, CAm=1.5Ĭ10
-3

 M, KFK-2, ɚ = 440nm, ǎ=0.5 cm. 

 

Electronic absorption spectra. The absorption maxima (ɚmax) of the ternary  Cr(III)- 

HNTP-Am complexes lie in the range of 465-470 nm (Table 1). All colour reactions were very 

contrast since the initial solutions are colourles (ɚmax (HNTP) = 280 nm). Thus, batochromic shift 

makes 185-190 nm. Close values of maxima of light absorption allow to draw a conclusion that the 

formed complexes were ionic associates. Contrast of reactions was high: initial reagents - are 

colourless, and complexes ï are intensively painted. Molar coefficients of absorption make (2.92-

3.28)Ĭ10
4
. 

Optimal operating conditions. In a weakly acidic medium, HNTP reacts with chromium 

(III) to form a color anionic complex. In the presence of hydrophobic amines, a compound is 

formed which readily dissolves in chloroform. The maximum absorption of the extracted complex 

(in 5 ml of chloroform) is achieved when the pH of the aqueous phase is in the range of 4.0-5.3 and 

the reagent concentrations are (1.2 - 4.0)Ĭ10
-3

 mol/ml HNTP and (0.92 - 4.0)Ĭ10
-3

 mol/ml Am. Our 

experiments are carried out at pH 4.5 in the presence of 1.6Ĭ10
-3

 mol/ml HNTP and 1.5Ĭ10
-3

 

mol/ml at. The volume of the aqueous phase is 20 ml and contains 20 ɛg of Cr (III). Phase 

equilibrium is achieved after 90 s, but the extraction is carried out for 3 min in all experiments. 

Absorption of the workpiece remains constant for 15 minutes.  

Stoichiometry of the Complexes and the Mechanism of Complexation. It was found using 

the Nazarenko method that Cr(III) in the complexes was present in the form of Cr
3+

. The number of 

protons replaced by chromium in one HNTP molecule appeared to be one [14]. Starik-Barbanel 

relative yield method, equilibrium shift method (Fig. 2),  crossed lines method   and Asmusô 

methods were employed to elucidate the composition of the complex [15].  The results show that 

the molar ratio of Cr: HNTP: Am is 1: 3: 3. 

A 

pH 
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0.3 

0.4 

7 8 9 4 5 6 3 

  

0.5 

0.6 
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Fig. 2. Determination of the ratio of components by the equilibrium shift method for (a) 

Cr(III) -HNTP-Am1 and (b) Cr(III)-HNTP-Am2. 

1. Cr:HNTP; 2.Cr : Am. 

 

Ions of chromium at interaction with three molecules of HNTP (HNTP = H2R) form three 

charged anionic complexes, which were extracted with three molecules of protonated Am. The 

composition of the extractable complexes can be represented by the formula [Cr(HR)3](AmH
+
)3. It 

is  assumed that at a complex formation there are processes 

Cr
3+

 + 3H2R ź[Cr(HR)3]
3ï

 + 3H+ 

[Cr(HR)3]
3ï

 + 3AmH
+
ź [Cr(HR)3](AmH

+
)3 

The stability constant determined by crossed lines method. The sizes of equilibrium cons-

tant Ke calculated on a formula [ ]+-= ɸmʅDʂe lg2lglg were presented in table 1. 

Calculation of extent of polymerization of complexes was carried out on the equation [16]. 

The made calculations showed that MLC in an organic phase won't be polymerized and are in a 

monomeric form (g=1,04-1,13). 

Formed ion-association complex between anionic chelates of chromium (III) with HNTP 

and Am. The stability constant of Cr(III)-HNTP-Am complexes was calculated and found to be lgɓ 

= 8,13-10,34 at room temperature [17]. 

Influence of various ions. The effect of a diverse set of ions on the determination of 

chromium (III) with HNTP and Am is studied at pH  4,5 in the presence of 15 ɛg Cr(III) in 20 mL 

of an aqueous solution. The following ions (in n-fold excess) do not interfere: Cd (II) (435), Cu (II) 

(80), Ce (III) (125), Zn (II), Co (II) and HPO4
2-

 1200, V (IV,V) and Ni  (II) (130), Mo (VI) (10), Fe 

(II) (40), W (VI) (13), Mn (II) (30), Al (III), (120). The interference in the determination of 

chromium is caused by U (VI), Nb (V), Re (VII), Ti (IV), NO
-3

, SCN
-
, tartrate and urea. Using 1,5 

mg F
-
 and 2Ĭ10

-3
 mol/l sulfosalicylic acid as masking agents, let us assume a 125-fold excess of Al 

and a 10-fold excess of Nb (V). A solution containing 2Ĭ10
-5

 mol/ml Ŭ, Ŭ'-dipyridyl, will mask a 

250-fold excess of Cu (II), and 10 mg of HPO4
2-

 will mask a 30-fold excess of Fe (III) and a 60-fold 

excess Mg (II). Elements of W, Nb and Si are separated as the corresponding insoluble acids during 

the dissolution of the sample. 

In conclusion the analytical parameters pertaining to the proposed method are given in 

Table 1. 

Table 1 

Optical characteristics, precision and accuracy of the spectrophotometric determination of 

Cr(III) with HNTP and Am  

Compound The pH 

range of 

maximum 

extraction 

R,% ɚmax 

(nm) 

 

ὑĿ10
-4

 

ɔ lgKe lgɓ Working range, 

ɛg/ml 

Cr- HNTP- Am1 4,1-5,3 97,5 470 2,92 1,04 5,40 8,13 0,5-16 

Cr- HNTP- Am2 3,9-5,2 99,2 465 3,28 1,13 5,69 10,34 0,5-18 

lg[R] 

x

x

AA

A

-max

lg  

 

 

 

 

1 

-3.5 -4.0 

0.5 

-0.5 

2 

x

x

AA

A

-max

lg  

lg[R]  

1 

-3.5 -4.0 

0.5 

-0.5 

2 

a) b) 
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Effect of chromium (III) concentration. The adherence to Beerôs law was studied by 

measuring the absorbance value of the series of solutions containing different concentrations of the 

metal ion. A linear calibration graph drawn between absorbance and the metal ion concentration 

indicates that Cr(III) may be determined in the range 0,5-18 ɛg/ml. Table 2 summarizes the 

calibration characteristics obtained with Cr (III)-HNTP-Am1 and Cr(III)-HNTP-Am2.  

 Table 2 

Analytical characteristics of some ternary complexes of Cr with HNTP and Am 

Parameter Cr(III) -HNTP-Am1 Cr(III) -HNTP-Am2 

The equation of calibration curves ʫ = 0,012 + 0,253x ʫ = 0,016 + 0,257x 

Correlation coefficient  0,9983 0,9989 

Linear calibration range  (Õg/ml) 0,5-16 0,5-18 

Limit of detection  (ng/ml) 10 13 

Limit of quantification (ng/ml) 33 32 

Sandellôs sensitivity (ng/ml) 1,9 2,0 

 

Table 3 demonstrates the data which allow a comparison of the analytical parameters of the 

procedures for the determination of cromium with the earlier known procedures [13, 18-21]. 

 

Table 3 

Comparative characteristics of the procedures for determining chromium 

Reagent* pH ( solvent) ɚ, nʤ ŮĬ10
-4

 Beerôs law 

range, ɛg/ml
 

[Ref.] 

 

PAN 0,2ï0,8 M 

HCl  

(CH3COCH3) 

390-

400 

1,28 0,3 ï 2,0 [18] 

 

5-Br-DMPAP 0,1ï10 ʄ 

HCl (CHCl3) 

546 7,8 0,02 ï 0,56 [19] 

 

5-Br-PADAP 4,7 600 7,93 0,6 ï 15,0 [20] 

 

PAR 4,0-5,0 540 4,7 3,2-13,0 [21] 

Cr- HNTP- Am1 4,1-5,3 

(CHCl3) 

470 2,92 0,5-16 Proposed 

method 

Cr- HNTP- Am2 3,9-5,2 

(CHCl3) 

465 3,28 0,5-18 

*Note: PAN ï 1-(2-Pyridylazo)-2-naphthol; 5ïBr-DMPAP  ï 2-(5-bromo-2-pyridylazo)-5-

dimethylaminophenol); 5-Br-PADAP ï 2-(5-brorno-2-pyridylazo)-5-diethylaminophenol; PAR ï 4-

(2-pyridylazo)resorcinol; HNTP ï 2-hydroxy-5-nitrothiophenol; Am1 ï N, N-dimethylaminomethyl -

4-methylphenol;  Am2 ï N, N-dimethylaminomethyl -4-ethylphenol.   

Analytical applications 

The proposed method under the already established optimum conditions was applied for the 

determination of Cr (III) in alloys, in sewage water and Bottom sediments and in soils.   

 Determination of chromium (III) in alloys.  A 0.4-0.7 g sample of alloys [Stainless Steel, 

(%)(Cr-11-13, C-0.1ï0.4, Ni-10, Fe-77), Ferrochrome, (%) (Cr ï 65, Fe ï 35)] was carefully 

dissolved in 12 ml of H2SO4 (1:3). 2 ml of mix (1:3) conc. HCl and HNO3 was added  and heated to 

release of nitrogen oxides. Filtered insoluble precipitate and a filtrate transferred  into a 50 ml 

volumetric flask.  After cooling solution was diluted with water to a tag. Select aliquot  portions of 

the received solution, transfer to a in a separatory funnel, the required value of pH was adjusted by 

adding 0.1M HCl. 2,2 ml 0,01 M of HNTP and  2.5 ʤL 0.01M Am was added. The volume of an 

organic phase adjusted to 5 ml chloroform, and total amount - to 25 ml the distilled water. After 10 
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min of shaking, a portion of the organic extract was transferred through a filter paper into a cell and 

the absorbance was read at ǎ=490 nm against chloroform. The Chromium content was found from a 

calibration graph. The results are summarized in Table 4. 

Table 4 

Determination of chromium (III) content in alloys (n = 5, P = 0.95) 

Method Sample composition  Average of Cr(III) 

found  (%) 

Sr 

 

Cr- HNTP- Am1 Stainless Steel 10,99Ñ0,062 0,16 

Cr- HNTP- Am2 Stainless Steel 10,99Ñ0,062 0,19 

Cr- HNTP- Am1 Ferrochrome 64,81 Ñ 0,045 0,12 

Cr- HNTP- Am2 Ferrochrome 65,02 Ñ 0,026 0,14 

 

Determination of chromium (III)  in soils. The proposed procedures for the determination 

of Chromium were applied to its determination in light-chestnut soil from the Caspian zone. A 0,5 g 

weight was finely ground in an agate mortar and calcined in muffle furnace for 3 h. after cooling, 

the sample was treated and dissolved in an graphite cup in a mixture of 16 ml of conc. HF, 5mL of 

conc. HNO3, and 15 ml of conc. HCl at 50-60ϊC. to remove excess hydrogen fluoride, a 8 ml 

portion of conc. HNO3 was added triply to the solution that was each time evaporated to 5-6 ml. 

After that, the solution was transferred into a 100 mL volumetric flask and its volume was brought 

to the mark with distilled water. Chromium was determined in aliquot portions of the solution  

using the proposed procedures.   

The proposed procedures for determining chromium in soils  were verified by 

diphenylcarbazide method. The results of the analysis are listed in Table 5 indicate the successful 

applicability of the proposed method to real sample analysis. 

 

Table 5 

Correctness and reproducibility of determination of chromium in soil (n=5, P=0.95) 

Method % ,X- Ĭ10
-4

 
SD Ĭ10

-4
 S2 ˢ

ὸϽὛ

Ѝὲ
 

Standard method 

Diphenylcarbazide 2,89 0,156 0,6 (2,89Ñ0,027) 

Proposed method 

HNTP-Am1 2,80 0,123 0,7 (2,80Ñ0,013) 

HNTP-Am2 2,84 0,139 0,5 (2,84Ñ0,011) 

 

Determination of chromium (III)  in sewage water and bottom sediments, 1l taken for 

analysis of waste water is evaporated to obtain a precipitate, do not boil, The precipitate was 

dissolved in 5 ml of HNO3, was transferred to a 50 ml flask and diluted to the mark with water, 

Chromium was determined in aliquot portions of the solution  using the proposed procedures,   

The results of the analysis are shown in Table 6, which indicates the successful applicability 

of the proposed method to the actual analysis of the samples, 

 

Table 6 

Determination of chromium (III)  in sewage water and bottom sediments (n=5, P=0,95) 

Analysis object Added, 

ɛg 

 

Found, ɛg  

ˢ
Ͻ

Ѝ
, ɛg / kg 

Sr 

 

Sewage water 

Sample 1 3,0 3,47 0,47Ñ0,045 0,13 

Sample 2 7,0 7,73 0,73Ñ0,013 0,18 
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Bottom sediments 

Sample 1 3,0 4,60 1,60Ñ0,028 0,29 

Sample 2 5,0 6,25 2,25Ñ0,033 0,30 
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ʀʥʬʦʨʤʘʮʠʷ ʦʙ ʘʚʪʦʨʘʭ 
ɸ.ɿ. ɿʘʣʦʚ ï ʜʦʢʪʦʨ ʭʠʤʠʯʝʩʢʠʭ ʥʘʫʢ, ʟʘʚʝʜʫʶʱʠʡ ʢʘʬʝʜʨʦʡ ʭʠʤʠʠ ɸɻʇʋ; 

ʅ.ɸ. ʅʦʚʨʫʟʦʚʘ ï ʢʘʥʜʠʜʘʪ ʭʠʤʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ ɸɻʇʋ; 

ʉ.ɻ. ɸʣʠʝʚ ï ʢʘʥʜʠʜʘʪ ʭʠʤʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ ɸɻʋʅʇ. 
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CORROSION INHIBITORS BASED ON COTTONSEED OIL  

Abstract. The presented work shows the results of research in the field of application of 

functionally substituted derivatives of cottonseed oil. It is noted that compounds derived from fatty 

acids of cottonseed oil can protect metal surfaces from aggressive chemical environments, in 

particular acid, carbon dioxide and hydrogen sulfide corrosion. 

Keywords: vegetable oils, corrosion inhibitors, cottonseed oil fatty acids, green chemistry 
 

ʇʨʠʤʝʥʝʥʠʝ ʠʥʛʠʙʠʪʦʨʦʚ ʟʝʣʝʥʦʡ ʢʦʨʨʦʟʠʠ, ʢʦʪʦʨʳʝ ʩʥʠʞʘʶʪ ʩʢʦʨʦʩʪʴ ʢʦʨʨʦʟʠʠ ʜʦ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʫʨʦʚʥʷ ʩ ʤʠʥʠʤʘʣʴʥʳʤ ʚʦʟʜʝʡʩʪʚʠʝʤ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ, ʷʚʣʷʝʪʩʷ 

ʦʜʥʠʤ ʠʟ ʥʦʚʳʭ ʢʣʶʯʝʚʳʭ ʧʦʜʭʦʜʦʚ ʢ ʙʦʨʴʙʝ ʩ ʢʦʨʨʦʟʠʝʡ ʚ ʩʦʚʨʝʤʝʥʥʦʤ ʦʙʱʝʩʪʚʝ [1]. ʉ 

ʪʦʯʢʠ ʟʨʝʥʠʷ ʩʦʚʤʝʩʪʠʤʦʩʪʠ ʩ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʦʡ ʵʪʘ ʦʙʣʘʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʝʪʝʨʧʝʚʘʝʪ 

ʟʥʘʯʠʪʝʣʴʥʳʝ ʠʟʤʝʥʝʥʠʷ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʠʟ-ʟʘ ʨʘʩʪʫʱʝʡ ʵʢʦʣʦʛʠʯʝʩʢʦʡ 

ʦʩʚʝʜʦʤʣʝʥʥʦʩʪʠ ʠʥʛʠʙʠʪʦʨʳ ʢʦʨʨʦʟʠʠ ʧʦʜʣʝʞʘʪ ʩʪʨʦʛʠʤ ʦʛʨʘʥʠʯʝʥʠʷʤ ʠ ʧʨʘʚʠʣʘʤ, 

ʧʨʠʤʝʥʷʝʤʳʤ ʧʨʠʨʦʜʦʦʭʨʘʥʥʳʤʠ ʘʛʝʥʪʩʪʚʘʤʠ ʚ ʨʷʜʝ ʩʪʨʘʥ. ʉʦʛʣʘʩʥʦ ʵʪʠʤ ʪʨʝʙʦʚʘʥʠʷʤ, ʵʪʠ 

ʭʠʤʠʯʝʩʢʠʝ ʚʝʱʝʩʪʚʘ ʜʦʣʞʥʳ ʙʳʪʴ ʵʢʦʣʦʛʠʯʝʩʢʠ ʧʨʠʝʤʣʝʤʳʤʠ ʠ ʙʝʟʦʧʘʩʥʳʤʠ. ɺ ʩʚʝʪʝ 

ʵʪʦʛʦ ʚ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʙʳʣʠ ʧʨʝʜʧʨʠʥʷʪʳ ʠʥʪʝʥʩʠʚʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ 

ʨʘʟʨʘʙʦʪʢʫ ʠʥʛʠʙʠʪʦʨʦʚ ʟʝʣʝʥʦʡ ʢʦʨʨʦʟʠʠ ʠʟ ʨʘʩʪʠʪʝʣʴʥʳʭ ʵʢʩʪʨʘʢʪʦʚ. ɼʦʩʪʫʧʥʦʩʪʴ, 

ʥʝʜʦʨʦʛʠʝ, ʙʠʦʨʘʟʣʘʛʘʝʤʳʝ ʠ ʙʝʟʦʧʘʩʥʳʝ ʚʝʱʝʩʪʚʘ ʜʝʣʘʶʪ ʵʪʠ ʚʝʱʝʩʪʚʘ ʤʥʦʛʦʦʙʝʱʘʶʱʠʤʠ 

ʘʣʴʪʝʨʥʘʪʠʚʘʤʠ ʦʧʘʩʥʳʤ ʪʨʘʜʠʮʠʦʥʥʳʤ ʠʥʛʠʙʠʪʦʨʘʤ ʢʦʨʨʦʟʠʠ. ʎʝʣʴ ʵʪʦʡ ʦʙʟʦʨʥʦʡ ʩʪʘʪʴʠ 

ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦʙʳ ʢʨʘʪʢʦ ʦʙʦʙʱʠʪʴ ʧʦʜʙʦʨʢʫ ʥʝʜʘʚʥʠʭ ʨʘʙʦʪ ʧʦ ʠʩʧʦʣʴʟʦʚʘʥʠʶ 

ʨʘʩʪʠʪʝʣʴʥʳʭ ʵʢʩʪʨʘʢʪʦʚ ʚ ʢʘʯʝʩʪʚʝ ʫʩʪʦʡʯʠʚʳʭ ʠ ʟʝʣʝʥʳʭ ʠʥʛʠʙʠʪʦʨʦʚ ʢʦʨʨʦʟʠʠ. ʂʨʦʤʝ 

ʪʦʛʦ, ʦʙʩʫʞʜʘʣʠʩʴ ʧʨʝʠʤʫʱʝʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʵʪʠʭ ʚʝʱʝʩʪʚ ʜʣʷ ʟʘʱʠʪʳ 

ʤʝʪʘʣʣʦʚ. 
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  ʉʪʨʦʛʦʝ ʵʢʦʣʦʛʠʯʝʩʢʦʝ ʟʘʢʦʥʦʜʘʪʝʣʴʩʪʚʦ ʠ ʨʘʩʪʫʱʘʷ ʵʢʦʣʦʛʠʯʝʩʢʘʷ ʦʩʚʝʜʦʤʣʝʥʥʦʩʪʴ 

ʩʨʝʜʠ ʫʯʝʥʳʭ ʧʨʠʚʝʣʠ ʢ ʨʘʟʨʘʙʦʪʢʝ çʟʝʣʝʥʳʭè ʘʣʴʪʝʨʥʘʪʠʚ ʜʣʷ ʩʤʷʛʯʝʥʠʷ ʢʦʨʨʦʟʠʠ. ɺ 

ʨʘʙʦʪʝ [2] ʙʳʣ ʧʨʦʚʝʜʝʥ ʦʙʟʦʨ ʣʠʪʝʨʘʪʫʨʳ ʧʦ ʠʥʛʠʙʠʪʦʨʘʤ ʟʝʣʝʥʦʡ ʢʦʨʨʦʟʠʠ, ʠ ʙʳʣʠ 

ʚʳʜʝʣʝʥʳ ʭʘʨʘʢʪʝʨʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ. ʉʨʝʜʠ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʣʠʩʪʴʝʚ ʵʢʩʪʨʘʢʪ Andrographis 

paniculata ʧʦʢʘʟʘʣ ʣʫʯʰʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʥʛʠʙʠʨʦʚʘʥʠʷ (98%), ʯʝʤ ʵʢʩʪʨʘʢʪ ʜʨʫʛʠʭ 

ʣʠʩʪʴʝʚ. Strychnos nuxvomica ʧʦʢʘʟʘʣ ʣʫʯʰʝʝ ʠʥʛʠʙʠʨʦʚʘʥʠʝ (98%), ʯʝʤ ʜʨʫʛʠʝ ʵʢʩʪʨʘʢʪʳ 

ʩʝʤʷʥ. Moringa oleifera ʧʦʢʘʟʘʥʘ ʢʘʢ ʭʦʨʦʰʠʡ ʠʥʛʠʙʠʪʦʨ ʢʦʨʨʦʟʠʠ ʤʷʛʢʦʡ ʩʪʘʣʠ ʚ 1M HCl ʩ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ ʠʥʛʠʙʠʨʦʚʘʥʠʷ 98% ʩʨʝʜʠ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʬʨʫʢʪʦʚʳʭ ʵʢʩʪʨʘʢʪʦʚ. Bacopa 

monnieri ʧʦʢʘʟʘʣʘ, ʯʪʦ ʝʝ ʤʘʢʩʠʤʘʣʴʥʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʥʛʠʙʠʨʦʚʘʥʠʷ ʩʦʩʪʘʚʣʷʝʪ 95% ʧʨʠ 

600 ppm ʩʨʝʜʠ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʵʢʩʪʨʘʢʪʦʚ ʩʪʝʙʣʷ. ɹʳʣʦ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʚʩʝ ʫʢʘʟʘʥʥʳʝ 

ʨʘʩʪʠʪʝʣʴʥʳʝ ʵʢʩʪʨʘʢʪʳ ʠʥʛʠʙʠʨʫʶʪ ʢʦʨʨʦʟʠʶ ʤʷʛʢʦʡ ʩʪʘʣʠ ʚ ʢʠʩʣʦʡ ʩʨʝʜʝ. 

 ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʠʥʛʠʙʠʪʦʨʦʚ ʢʦʨʨʦʟʠʠ ʷʚʣʷʝʪʩʷ ʵʢʦʥʦʤʠʯʝʩʢʠ ʵʬʬʝʢʪʠʚʥʦʡ 

ʩʪʨʘʪʝʛʠʝʡ ʫʤʝʥʴʰʝʥʠʷ ʢʦʨʨʦʟʠʠ ʫʛʣʝʨʦʜʠʩʪʦʡ ʩʪʘʣʠ [3]. ɺʩʝ ʙʦʣʴʰʝ ʚʥʠʤʘʥʠʷ ʫʜʝʣʷʝʪʩʷ 

ʨʘʟʨʘʙʦʪʢʝ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʥʝʜʦʨʦʛʠʭ, ʙʠʦʨʘʟʣʘʛʘʝʤʳʭ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠ ʙʝʟʦʧʘʩʥʳʭ 

ʩʦʩʪʘʚʦʚ ʠʥʛʠʙʠʪʦʨʦʚ. ʕʢʩʪʨʘʢʪʳ ʥʘ ʨʘʩʪʠʪʝʣʴʥʦʡ ʦʩʥʦʚʝ ʦʮʝʥʠʚʘʣʠʩʴ ʚʦ ʤʥʦʛʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʥʦʞʝʩʪʚʘ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʠ ʤʝʪʦʜʦʚ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ʍʦʪʷ ʨʘʩʪʠʪʝʣʴʥʳʝ ʵʢʩʪʨʘʢʪʳ ʢʘʞʫʪʩʷ ʤʥʦʛʦʦʙʝʱʘʶʱʠʤʠ ʘʣʴʪʝʨʥʘʪʠʚʘʤʠ 

ʢʦʤʤʝʨʯʝʩʢʠ ʩʠʥʪʝʟʠʨʫʝʤʳʤ ʠʥʛʠʙʠʪʦʨʘʤ, ʪʨʝʙʫʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʘʷ ʦʧʪʠʤʠʟʘʮʠʷ. 

ɹʦʣʴʰʠʥʩʪʚʦ ʠʩʩʣʝʜʦʚʘʥʠʡ ʨʘʩʪʠʪʝʣʴʥʳʭ ʵʢʩʪʨʘʢʪʦʚ ʥʝ ʚʳʷʩʥʷʶʪ ʚʣʠʷʥʠʝ ʜʨʫʛʠʭ 

ʩʠʥʝʨʛʝʪʠʯʝʩʢʠʭ ʢʦʤʙʠʥʘʮʠʡ ʚ ʢʦʤʤʝʨʯʝʩʢʠʭ ʩʦʩʪʘʚʘʭ ʠʥʛʠʙʠʪʦʨʦʚ. ʇʦʵʪʦʤʫ ʜʘʣʴʥʝʡʰʝʝ 

ʨʘʟʚʠʪʠʝ ʨʘʩʪʠʪʝʣʴʥʳʭ ʵʢʩʪʨʘʢʪʦʚ ʚ ʢʘʯʝʩʪʚʝ ʠʥʛʠʙʠʪʦʨʦʚ ʢʦʨʨʦʟʠʠ ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʟʥʘʯʠʪʝʣʴʥʳʡ ʠʥʪʝʨʝʩ. 

    ɺ ʩʪʘʪʴʝ [4] ʠʩʩʣʝʜʦʚʘʪʝʣʠ ʨʘʩʩʤʦʪʨʝʣʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʠʥʛʠʙʠʪʦʨʦʚ ʟʝʣʝʥʦʡ 

ʢʦʨʨʦʟʠʠ ʥʘ ʦʩʥʦʚʝ ʨʘʩʪʠʪʝʣʴʥʳʭ ʵʢʩʪʨʘʢʪʦʚ ʜʣʷ ʩʤʷʛʯʝʥʠʷ ʢʦʨʨʦʟʠʠ ʫʛʣʝʨʦʜʠʩʪʦʡ ʩʪʘʣʠ. ɺ 

ʦʙʟʦʨʝ ʪʘʢʞʝ ʦʙʩʫʞʜʘʣʘʩʴ ʠʭ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʚ ʧʨʝʜʦʪʚʨʘʱʝʥʠʠ ʢʦʨʨʦʟʠʠ, ʚʳʟʚʘʥʥʦʡ H2SO4, 

HCl ʠ CO2. 

   ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘ ʩʦʚʨʝʤʝʥʥʦʤ ʵʪʘʧʝ ʚʝʩʴʤʘ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ 

ʥʦʚʳʭ ʠʥʛʠʙʠʪʦʨʦʚ ʢʦʨʨʦʟʠʠ ʥʘ ʦʩʥʦʚʝ ʧʨʦʠʟʚʦʜʥʳʭ ʨʘʩʪʠʪʝʣʴʥʳʭ ʤʘʩʝʣ. ɺ ʵʪʦʡ ʨʘʙʦʪʝ 

ʥʘʤʠ ʧʦʢʘʟʘʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʦʙʣʘʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʭʣʦʧʢʦʚʦʛʦ ʤʘʩʣʘ ʠ ʝʛʦ 

ʬʫʥʢʮʠʦʥʘʣʴʥʦ ʟʘʤʝʱʝʥʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ ʚ ʢʘʯʝʩʪʚʝ ʠʥʛʠʙʠʪʦʨʦʚ ʢʦʨʨʦʟʠʠ. 

   ʊʘʢ, ʚ ʨʘʙʦʪʝ [5] ʩʦʦʙʱʘʝʪʩʷ, ʯʪʦ ʦʜʥʠʤ ʠʟ ʵʬʬʝʢʪʠʚʥʳʭ ʤʝʪʦʜʦʚ ʧʦʚʳʰʝʥʠʷ 

ʥʝʬʪʝʦʪʜʘʯʠ ʧʣʘʩʪʦʚ ʷʚʣʷʝʪʩʷ ʟʘʢʘʯʢʘ ʚ ʧʣʘʩʪ ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ. ʋʛʣʝʢʠʩʣʦʪʘ, ʦʙʨʘʟʫʶʱʘʷʩʷ 

ʧʨʠ ʨʘʩʪʚʦʨʝʥʠʠ ʉʆ2 ʚ ʚʦʜʝ, ʨʘʩʪʚʦʨʷʝʪ ʥʝʢʦʪʦʨʳʝ ʚʠʜʳ ʮʝʤʝʥʪʘ ʠ ʧʣʘʩʪʦʚʳʭ ʧʦʨʦʜ ʠ 

ʧʦʚʳʰʘʝʪ ʠʭ ʧʨʦʭʦʜʠʤʦʩʪʴ. ɺ ʧʨʠʩʫʪʩʪʚʠʠ ʉʆ2 ʩʥʠʞʘʝʪʩʷ ʥʘʙʫʭʘʝʤʦʩʪʴ ʛʣʠʥʠʩʪʳʭ ʯʘʩʪʠʮ. 

ʋʛʣʝʢʠʩʣʳʡ ʛʘʟ ʨʘʩʪʚʦʨʷʝʪʩʷ ʚ ʤʘʩʣʝ ʚ 4-10 ʨʘʟ ʣʫʯʰʝ, ʯʝʤ ʚ ʚʦʜʝ, ʧʦʵʪʦʤʫ ʤʦʞʝʪ 

ʧʝʨʝʭʦʜʠʪʴ ʠʟ ʚʦʜʥʦʛʦ ʨʘʩʪʚʦʨʘ ʚ ʤʘʩʣʦ. ʇʨʠ ʧʝʨʝʭʦʜʝ ʠʥʪʝʨʬʝʡʩ ʥʘʧʨʷʞʝʥʠʝ ʤʝʞʜʫ ʥʠʤʠ 

ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʞʘʝʪʩʷ, ʘ ʧʝʨʝʤʝʱʝʥʠʝ ʫʚʝʣʠʯʠʚʘʝʪʩʷ. ʂʨʦʤʝ ʪʦʛʦ, ʫʛʣʝʢʠʩʣʳʡ ʛʘʟ ʚ ʚʦʜʝ 

ʩʧʦʩʦʙʩʪʚʫʝʪ ʩʤʳʚʫ ʥʝʬʪʷʥʦʡ ʧʣʝʥʢʠ, ʧʦʢʨʳʚʘʶʱʝʡ ʟʝʨʥʘ ʠ ʧʦʨʦʜʳ, ʠ ʩʥʠʞʘʝʪ ʚʝʨʦʷʪʥʦʩʪʴ 

ʨʘʟʨʳʚʘ ʚʦʜʷʥʦʡ ʧʣʝʥʢʠ. ʇʨʠ ʵʪʦʤ ʢʘʧʣʠ ʥʝʬʪʠ ʧʨʠ ʥʠʟʢʦʤ ʤʝʞʬʘʟʥʦʤ ʥʘʪʷʞʝʥʠʠ ʩʚʦʙʦʜʥʦ 

ʧʨʦʭʦʜʷʪ ʚ ʧʦʨʦʚʦʤ ʢʘʥʘʣʝ ʠ ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʥʝʬʪʠ ʫʚʝʣʠʯʠʚʘʝʪʩʷ. ʇʨʠ 

ʨʘʩʪʚʦʨʝʥʠʠ ʉʆ2 ʚ ʥʝʬʪʠ ʚʷʟʢʦʩʪʴ ʥʝʬʪʠ ʫʤʝʥʴʰʘʝʪʩʷ, ʧʣʦʪʥʦʩʪʴ ʫʚʝʣʠʯʠʚʘʝʪʩʷ, ʥʦ 

ʟʥʘʯʠʪʝʣʴʥʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʦʙʲʝʤ: ʤʘʩʣʦ ʥʘʙʫʭʘʝʪ (sui generis). ʋʚʝʣʠʯʝʥʠʝ ʦʙʲʝʤʘ ʥʝʬʪʠ ʚ 

1,5-1,7 ʨʘʟʘ ʟʘ ʩʯʝʪ ʨʘʩʪʚʦʨʝʥʠʷ ʚ ʥʝʡ ʉʆ2 ʚʥʦʩʠʪ ʟʥʘʯʠʪʝʣʴʥʳʡ ʚʢʣʘʜ ʚ ʧʦʚʳʰʝʥʠʝ 

ʥʝʬʪʝʦʪʜʘʯʠ ʧʣʘʩʪʘ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʤʝʩʪʦʨʦʞʜʝʥʠʡ, ʩʦʜʝʨʞʘʱʠʭ ʤʘʣʦʚʷʟʢʠʝ ʥʝʬʪʠ. ʍʦʪʷ, 

ʥʘʨʷʜʫ ʩ ʧʝʨʝʯʠʩʣʝʥʥʳʤʠ ʜʦʩʪʦʠʥʩʪʚʘʤʠ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʠʥʪʝʥʩʠʬʠʢʘʮʠʠ ʢʦʨʨʦʟʠʦʥʥʦʛʦ ʧʨʦʮʝʩʩʘ ʜʝʪʘʣʝʡ, ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʧʦʵʪʦʤʫ 

ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʠʥʛʠʙʠʪʦʨʳ ʢʦʨʨʦʟʠʠ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʧʨʠʝʤʣʝʤʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʦʚʝʨʭʥʦʩʪʥʦ-ʘʢʪʠʚʥʳʭ ʚʝʱʝʩʪʚ, ʦʙʣʘʜʘʶʱʠʭ ʥʠʟʢʦʡ ʪʦʢʩʠʯʥʦʩʪʴʶ, 

ʚʳʩʦʢʦʡ ʤʦʣʝʢʫʣʷʨʥʦʡ ʤʘʩʩʦʡ ʠ ʛʠʜʨʦʬʦʙʥʦʩʪʴʶ. ɺ ʵʪʦʡ ʨʘʙʦʪʝ ʚ ʢʘʯʝʩʪʚʝ 

ʘʥʪʠʢʦʨʨʦʟʠʦʥʥʳʭ ʜʦʙʘʚʦʢ ʧʨʝʜʣʦʞʝʥʳ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʝ ʞʠʨʥʳʝ ʢʠʩʣʦʪʳ ʨʘʩʪʠʪʝʣʴʥʳʭ 

ʤʘʩʝʣ (ʧʦʜʩʦʣʥʝʯʥʦʝ ʠ ʭʣʦʧʢʦʚʦʝ). ɼʣʷ ʵʪʦʛʦ ʨʘʩʪʠʪʝʣʴʥʳʝ ʤʘʩʣʘ ʩʥʘʯʘʣʘ ʦʤʳʣʷʣʠ ʩ 



15  

ʧʦʩʣʝʜʫʶʱʠʤ ʩʫʣʴʬʠʨʦʚʘʥʠʝʤ ʧʦʣʫʯʝʥʥʳʭ ʞʠʨʥʳʭ ʢʠʩʣʦʪ. ɿʘʪʝʤ ʙʳʣʠ ʧʦʣʫʯʝʥʳ 

ʥʘʪʨʠʝʚʳʝ ʩʦʣʠ ʠ ʤʦʥʦʵʪʘʥʦʣʘʤʠʥʦʚʳʝ ʢʦʤʧʣʝʢʩʳ ʩʫʣʴʬʦʧʨʦʠʟʚʦʜʥʳʭ ʞʠʨʥʳʭ ʢʠʩʣʦʪ. ʅʘ 

ʘʧʧʘʨʘʪʝ ACM GĶLL AC ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʵʣʝʢʪʨʦʜʦʚ ʠʟ ʫʛʣʝʨʦʜʠʩʪʦʡ ʩʪʘʣʠ ʤʘʨʢʠ 080ɸ15 

ʧʣʦʱʘʜʴʶ 7,9 ʩʤ
2
 ʠʟʫʯʝʥʳ ʘʥʪʠʢʦʨʨʦʟʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ ʧʦʣʫʯʝʥʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ 

ʧʦʜʩʦʣʥʝʯʥʦʛʦ ʠ ʭʣʦʧʢʦʚʦʛʦ ʤʘʩʝʣ. ɿʘʱʠʪʥʳʝ ʜʝʡʩʪʚʠʷ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ 

ʠʩʩʣʝʜʦʚʘʣʠ ʚ ʉʆ2ïʥʘʩʳʱʝʥʥʦʤ ʬʦʥʦʚʦʤ ʨʘʩʪʚʦʨʝ 1% NaCl, ʧʨʠʛʦʪʦʚʣʝʥʥʦʛʦ ʨʘʩʪʚʦʨʝʥʠʝʤ 

ʭʠʤʠʯʝʩʢʠ ʯʠʩʪʦʛʦ NaCl ʚ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʝ ʠ ʩ ʜʦʙʘʚʣʝʥʠʝʤ ʢ ʵʪʦʤʫ ʨʘʩʪʚʦʨʫ 25-100 

ppm ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʠʥʛʠʙʠʪʦʨʦʚ ʧʨʠ 50
ʦ
ʉ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʝ ʠʥʛʠʙʠʪʦʨʳ 

ʢʦʨʨʦʟʠʠ ʦʙʝʩʧʝʯʠʚʘʶʪ ʵʬʬʝʢʪʠʚʥʫʶ ʟʘʱʠʪʫ ʧʦʚʝʨʭʥʦʩʪʠ ʩʪʘʣʠ ʫʞʝ ʧʨʠ ʢʦʥʮʝʥʪʨʘʮʠʷ 

ʠʥʛʠʙʠʪʦʨʘ 25-50 ppm. ʂʨʦʤʝ ʪʦʛʦ, ʤʦʥʦʵʪʘʥʦʣʘʤʠʥʦʚʳʝ ʢʦʤʧʣʝʢʩʳ ʩʫʣʴʬʦʧʨʦʠʟʚʦʜʥʳʭ 

ʞʠʨʥʳʭ ʢʠʩʣʦʪ ʥʘ ʦʩʥʦʚʝ ʧʦʜʩʦʣʥʝʯʥʦʝ ʠ ʭʣʦʧʢʦʚʦʝ ʤʘʩʣʦ ʦʢʘʟʘʣʠʩʴ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤʠ 

ʠʥʛʠʙʠʪʦʨʘʤʠ ʧʨʦʮʝʩʩʘ ʢʦʨʨʦʟʠʠ ʩʪʘʣʴʥʳʭ ʵʣʝʢʪʨʦʜʦʚ, ʯʝʤ ʥʘʪʨʠʝʚʳʝ ʩʦʣʠ. ʋʩʪʘʥʦʚʣʝʥʦ, 

ʯʪʦ  ʜʣʷ ʠʥʛʠʙʠʪʦʨʦʚ ʥʘ ʦʩʥʦʚʝ ʧʦʜʩʦʣʥʝʯʥʦʛʦ ʤʘʩʣʘ ʩ ʢʦʥʮʝʥʪʨʘʮʠʝʡ 25 ppm 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʪʦʨʤʦʞʝʥʠʷ ʢʦʨʨʦʟʠʠ ʩʦʩʪʘʚʣʷʝʪ 94,2-96,0%, ʚ ʵʪʦʡ ʞʝ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʟʥʘʯʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʪʦʨʤʦʞʝʥʠʷ ʜʣʷ ʠʥʛʠʙʠʪʦʨʦʚ ʥʘ ʦʩʥʦʚʝ ʭʣʦʧʢʦʚʦʛʦ ʤʘʩʣʘ ʤʝʥʴʰʝ 

ʥʘ 7,8% ʠ ʩʦʩʪʘʚʣʷʝʪ 86,4-88,2%. 

    ɺ ʨʘʙʦʪʝ [6] ʠʟʫʯʝʥʳ ʢʦʣʣʦʠʜʥʦ-ʭʠʤʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ, ʧʦʚʝʨʭʥʦʩʪʥʦ-ʘʢʪʠʚʥʳʝ 

ʩʚʦʡʩʪʚʘ, ʚʢʣʶʯʘʷ ʤʝʞʬʘʟʥʦʝ ʥʘʪʷʞʝʥʠʝ ʩʦʣʝʡ Na
+
, K

+
, NH

4+
, NH

3+
-CH2-CH2-OH ʠ NH

2+
-

(CH2-CH2-OH)2 ʩʫʣʴʬʘʪʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ ʵʪʘʥʦʣʘʤʠʜʦʚ ʚʳʩʰʠʭ ʢʘʨʙʦʥʦʚʳʭ ʢʠʩʣʦʪ. ʕʪʠ 

ʇɸɺ ʠʩʩʣʝʜʦʚʘʥʳ ʪʘʢʞʝ ʚ ʢʘʯʝʩʪʚʝ ʠʥʛʠʙʠʪʦʨʦʚ ʩʝʨʦʚʦʜʦʨʦʜʥʦʡ ʢʦʨʨʦʟʠʠ, ʥʝʬʪʝʩʙʦʨʥʳʭ ʠ 

ʥʝʬʪʝʜʠʩʧʝʨʛʠʨʫʶʱʠʭ ʨʝʘʛʝʥʪʦʚ. ʈʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʢʦʤʧʣʝʢʩʥʳʝ ʩʦʣʠ ʤʦʛʫʪ ʙʳʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ ʢʘʯʝʩʪʚʝ ʵʬʬʝʢʪʠʚʥʳʭ ʠʥʛʠʙʠʪʦʨʦʚ ʢʦʨʨʦʟʠʠ ʠ ʨʝʘʛʝʥʪʦʚ ʜʣʷ ʫʜʘʣʝʥʠʷ 

ʥʝʬʪʷʥʳʭ ʧʣʝʥʦʢ ʩ ʚʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. 

   ʆʪʤʝʯʘʝʪʩʷ [7], ʯʪʦ ʚ ʩʚʷʟʠ ʩ ʥʝʫʢʣʦʥʥʳʤ ʫʭʫʜʰʝʥʠʝʤ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʩʠʪʫʘʮʠʠ ʚʦ 

ʚʩʝʤ ʤʠʨʝ ʚʦʟʨʦʩ ʠʥʪʝʨʝʩ ʢ ʧʨʘʢʪʠʯʝʩʢʦʤʫ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʧʨʦʜʫʢʪʦʚ ʨʘʩʪʠʪʝʣʴʥʦʛʦ 

ʧʨʦʠʩʭʦʞʜʝʥʠʷ, ʚ ʯʘʩʪʥʦʩʪʠ ʜʦʙʘʚʦʢ ʢ ʙʫʨʦʚʳʤ ʨʘʩʪʚʦʨʘʤ ʩ ʫʣʫʯʰʝʥʥʳʤʠ ʢʦʨʨʦʟʠʦʥʥʳʤʠ 

ʠ ʪʨʠʙʦʣʦʛʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ. ɺ ʨʘʙʦʪʝ ʧʨʝʜʣʦʞʝʥ ʧʨʠʥʮʠʧ ʧʦʣʫʯʝʥʠʷ ʟʘʱʠʪʥʦʡ ʜʦʙʘʚʢʠ 

ʢʦʨʨʦʟʠʦʥʥʦ-ʩʤʘʟʳʚʘʶʱʝʛʦ ʜʝʡʩʪʚʠʷ ʜʣʷ ʙʫʨʦʚʳʭ ʨʘʩʪʚʦʨʦʚ. ʅʘʠʣʫʯʰʠʡ ʩʦʩʪʘʚ 

ʢʦʤʧʦʟʠʮʠʠ ï 3% ʜʦʙʘʚʢʘ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦ ʩʤʦʣʳ + 0,1% ʙʘʢʪʝʨʠʮʠʜʥʳʡ ʠʥʛʠʙʠʪʦʨ 

ʢʦʨʨʦʟʠʠ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʩʩʣʝʜʦʚʘʥʠʡ ʜʦʢʘʟʘʥʦ, ʯʪʦ ʘʥʪʠʢʦʨʨʦʟʠʦʥʥʘʷ ʧʨʠʩʘʜʢʘ 

ʵʢʦʣʦʛʠʯʝʩʢʠ ʙʝʟʦʧʘʩʥʘ ʠ ʙʠʦʨʘʟʣʘʛʘʝʤʘ. 

    ʈʘʙʦʪʘ [8] ʥʘʧʨʘʚʣʝʥʘ ʥʘ ʠʟʫʯʝʥʠʝ ʚʦʜʥʦʛʦ ʵʢʩʪʨʘʢʪʘ ʩʝʤʷʥ ʭʣʦʧʯʘʪʥʠʢʘ ʚ ʢʘʯʝʩʪʚʝ 

ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʠʥʛʠʙʠʪʦʨʘ ʢʦʨʨʦʟʠʠ ʤʷʛʢʦʡ ʩʪʘʣʠ ʚ 1 ʤʦʣʴ/ʣ HCl ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʛʨʘʚʠʤʝʪʨʠʯʝʩʢʠʭ ʪʝʩʪʦʚ, ʧʦʪʝʥʮʠʦʜʠʥʘʤʠʯʝʩʢʠʭ ʧʦʣʷʨʠʟʘʮʠʦʥʥʳʭ ʢʨʠʚʳʭ, ʠʟʤʝʨʝʥʠʡ 

ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʛʦ ʠʤʧʝʜʘʥʩʘ ʠ ʤʦʨʬʦʣʦʛʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʧʦʚʝʨʭʥʦʩʪʠ ʩ ʧʦʤʦʱʴʶ 

ʩʢʘʥʠʨʫʶʱʝʡ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ (ʉʕʄ). ɺʦʜʥʳʡ ʵʢʩʪʨʘʢʪ ʩʝʤʷʥ ʭʣʦʧʢʘ ʜʝʡʩʪʚʦʚʘʣ 

ʢʘʢ ʭʦʨʦʰʠʡ ʠʥʛʠʙʠʪʦʨ ʢʦʨʨʦʟʠʠ, ʜʦʩʪʠʛʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʥʛʠʙʠʨʦʚʘʥʠʷ 95,7% ʧʦʩʣʝ 24 

ʯʘʩʦʚ ʧʦʛʨʫʞʝʥʠʷ ʧʨʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʠʥʛʠʙʠʪʦʨʘ 800 ʤʛ/ʣ. ʇʨʠ ʛʨʘʚʠʤʝʪʨʠʯʝʩʢʠʭ 

ʠʩʧʳʪʘʥʠʷʭ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘʙʣʶʜʘʣʦʩʴ ʩʥʠʞʝʥʠʝ ʵʥʝʨʛʠʠ ʘʢʪʠʚʘʮʠʠ (ɽʘ), ʯʪʦ 

ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʣʦ ʦ ʭʠʤʠʯʝʩʢʦʡ ʘʜʩʦʨʙʮʠʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʤʝʪʘʣʣʘ. 400 ʤʛ/ʣ 

ʚʳʩʦʢʦʤʦʣʝʢʫʣʷʨʥʦʡ ʬʨʘʢʮʠʠ, ʚʳʜʝʣʝʥʥʦʡ ʠʟ ʦʙʱʝʛʦ ʵʢʩʪʨʘʢʪʘ, ʧʦʢʘʟʘʣʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʠʥʛʠʙʠʨʦʚʘʥʠʷ, ʨʘʚʥʫʶ 800 ʤʛ/ʣ ʚʩʝʛʦ ʵʢʩʪʨʘʢʪʘ, 97,3% ʠ 94,2% ʧʦ ʜʘʥʥʳʤ 

ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʛʦ ʠʤʧʝʜʘʥʩʘ ʠ ʧʦʣʷʨʠʟʘʮʠʦʥʥʳʭ ʢʨʠʚʳʭ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ 

ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʤʘʢʨʦʤʦʣʝʢʫʣʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʝ ʫʯʘʩʪʠʝ ʚ ʪʦʨʤʦʟʥʦʤ 

ʧʨʦʮʝʩʩʝ. 

 ʉʧʦʩʦʙʥʦʩʪʴ ʥʦʚʳʭ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʘʥʠʦʥʥʳʭ ʧʦʚʝʨʭʥʦʩʪʥʦ-ʘʢʪʠʚʥʳʭ ʚʝʱʝʩʪʚ ʥʘ 

ʦʩʥʦʚʝ ʭʣʦʧʢʦʚʦʛʦ ʤʘʩʣʘ ʟʘʱʠʱʘʪʴ ʫʛʣʝʨʦʜʠʩʪʫʶ ʩʪʘʣʴ ʚ ʨʘʩʪʚʦʨʘʭ, ʥʘʩʳʱʝʥʥʳʭ ʉʆ2, ʙʳʣʘ 

ʠʩʩʣʝʜʦʚʘʥʘ ʩ ʧʦʤʦʱʴʶ ʠʟʤʝʨʝʥʠʡ ʩʢʦʨʦʩʪʠ ʣʠʥʝʡʥʦʡ ʧʦʣʷʨʠʟʘʮʠʦʥʥʦʡ ʢʦʨʨʦʟʠʠ, ʧʦʪʝʨʠ 

ʤʘʩʩʳ ʠ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʥʘʪʷʞʝʥʠʷ [9]. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʵʪʠ 

ʠʥʛʠʙʠʪʦʨʳ ʧʦʢʘʟʘʣʠ ʦʯʝʥʴ ʭʦʨʦʰʝʝ ʠʥʛʠʙʠʨʦʚʘʥʠʝ ʢʦʨʨʦʟʠʠ ʜʘʞʝ ʧʨʠ ʥʠʟʢʠʭ 

ʢʦʥʮʝʥʪʨʘʮʠʷʭ. ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʠʥʛʠʙʠʨʦʚʘʥʠʷ ʚ ʧʨʦʮʝʥʪʘʭ (IE %) ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʧʨʠ 
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ʫʚʝʣʠʯʝʥʠʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʠʥʛʠʙʠʪʦʨʘ. ʇʨʦʮʝʩʩ ʠʥʛʠʙʠʨʦʚʘʥʠʷ ʩʚʷʟʳʚʘʶʪ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 

ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʤʝʪʘʣʣʘ ʘʜʩʦʨʙʮʠʦʥʥʦʡ ʧʣʝʥʢʠ, ʟʘʱʠʱʘʶʱʝʡ ʤʝʪʘʣʣ ʦʪ ʘʛʨʝʩʩʠʚʥʳʭ 

ʘʛʝʥʪʦʚ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʘʜʩʦʨʙʮʠʷ ʠʥʛʠʙʠʪʦʨʦʚ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʫʛʣʝʨʦʜʠʩʪʦʡ ʩʪʘʣʠ 

ʧʦʜʯʠʥʷʝʪʩʷ ʠʟʦʪʝʨʤʝ ʘʜʩʦʨʙʮʠʠ ʃʝʥʛʤʶʨʘ. ʀʟʤʝʥʝʥʠʝ ʟʥʘʯʝʥʠʡ ʩʚʦʙʦʜʥʦʡ ʵʥʝʨʛʠʠ 

ʫʢʘʟʳʚʘʝʪ ʥʘ ʪʦ, ʯʪʦ ʘʜʩʦʨʙʮʠʷ ʥʦʩʠʪ ʭʠʤʠʯʝʩʢʠʡ ʭʘʨʘʢʪʝʨ. ʌʦʨʤʠʨʦʚʘʥʠʝ ʟʘʱʠʪʥʦʡ ʧʣʝʥʢʠ 

ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʤʝʪʘʣʣʘ ʠʩʩʣʝʜʦʚʘʥʦ ʩ ʧʦʤʦʱʴʶ FTIR. 

  ɺ ʨʘʙʦʪʝ [10] ʥʘ ʦʩʥʦʚʝ ʭʣʦʧʢʦʚʦʛʦ ʤʘʩʣʘ ʠ ʜʠʵʪʘʥʦʣʘʤʠʥʘ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʥʦʚʳʝ 

ʧʦʚʝʨʭʥʦʩʪʥʦ-ʘʢʪʠʚʥʳʝ ʚʝʱʝʩʪʚʘ, ʩʪʨʫʢʪʫʨʘ ʢʦʪʦʨʳʭ ʧʦʜʪʚʝʨʞʜʝʥʘ ʤʝʪʦʜʦʤ ʀʂ-ʌʫʨʴʝ-

ʩʧʝʢʪʨʦʩʢʦʧʠʠ. ʀʩʩʣʝʜʦʚʘʥʳ ʧʦʚʝʨʭʥʦʩʪʥʳʝ ʠ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʵʪʠʭ 

ʩʦʝʜʠʥʝʥʠʡ. ʂʦʨʨʦʟʠʦʥʥʦʝ ʧʦʚʝʜʝʥʠʝ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʧʦʚʝʨʭʥʦʩʪʥʦ-ʘʢʪʠʚʥʳʭ 

ʠʥʛʠʙʠʪʦʨʦʚ ʢʦʨʨʦʟʠʠ ʦʮʝʥʠʚʘʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʦʪʝʥʮʠʦʜʠʥʘʤʠʯʝʩʢʠʭ (ʪʘʬʝʣʝʚʩʢʠʭ) 

ʧʦʣʷʨʠʟʘʮʠʦʥʥʳʭ ʢʨʠʚʳʭ, ʤʝʪʦʜʦʚ ʣʠʥʝʡʥʦʡ ʧʦʣʷʨʠʟʘʮʠʠ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʩʢʦʨʦʩʪʠ 

ʢʦʨʨʦʟʠʠ. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʵʪʠ ʠʥʛʠʙʠʪʦʨʳ ʧʦʢʘʟʘʣʠ ʦʯʝʥʴ 

ʭʦʨʦʰʝʝ ʠʥʛʠʙʠʨʦʚʘʥʠʝ ʢʦʨʨʦʟʠʠ ʜʘʞʝ ʧʨʠ ʥʠʟʢʠʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ. ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʟʘʱʠʪʳ 

ʫʚʝʣʠʯʠʚʘʣʘʩʴ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʢʦʥʮʝʥʪʨʘʮʠʠ ʠʥʛʠʙʠʪʦʨʘ, ʜʦʩʪʠʛʘʷ ʤʘʢʩʠʤʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ʚ 

ʜʠʘʧʘʟʦʥʝ ʦʪ 87,37 ʜʦ 97,91 % ʧʨʠ 100 ppm ʧʦʩʣʝ 20-ʯʘʩʦʚʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ 

ʧʨʦʮʝʩʩ ʘʜʩʦʨʙʮʠʠ ʧʦʜʯʠʥʷʝʪʩʷ ʠʟʦʪʝʨʤʝ ʘʜʩʦʨʙʮʠʠ ʃʝʥʛʤʶʨʘ. 

    ɺ ʥʘʰʠʭ ʨʘʙʦʪʘʭ ʙʳʣʠ ʧʨʠʛʦʪʦʚʣʝʥʳ ʢʦʤʧʦʟʠʮʠʠ ʥʘ ʦʩʥʦʚʝ ʠʤʠʜʘʟʦʣʠʥʦʚ ʞʠʨʥʳʭ 

ʢʠʩʣʦʪ ʧʘʣʴʤʦʚʦʛʦ ʤʘʩʣʘ ʩ ʜʦʙʘʚʣʝʥʠʝʤ ʢʠʩʣʳʭ ʩʦʣʝʡ ʢʠʩʣʦʪ ʧʘʣʴʤʦʚʦʛʦ ʤʘʩʣʘ  (Co, Zn, Cu, 

Fe, Mn, Cr, Ni, Ca) ʩ ʧʦʣʠʵʪʠʣʝʥʧʦʣʠʘʤʠʥʦʤ ʇʕʇɸ ʚ ʤʦʣʴʥʦʤ ʩʦʦʪʥʦʰʝʥʠʠ 1:1 ʠ ʠʩʧʳʪʘʥʳ 

ʠʭ ʘʥʪʠʢʦʨʨʦʟʠʡʥʳʝ ʩʚʦʡʩʪʚʘ ʠ ʟʘʱʠʪʥʳʡ ʢʦʨʨʦʟʠʦʥʥʳʡ ʵʬʬʝʢʪ ʚ ʩʦʩʪʘʚʝ ʪʫʨʙʠʥʥʦʛʦ ʤʘʩʣʘ 

ʊ-30. ʈʝʟʫʣʴʪʘʪʳ ʠʩʧʳʪʘʥʠʡ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣ. 1  

ʊʘʙʣʠʮʘ 1. ʈʝʟʫʣʴʪʘʪʳ ʠʩʧʳʪʘʥʠʡ ʢʦʤʧʦʟʠʮʠʡ, ʧʦʣʫʯʝʥʥʳʭ ʜʦʙʘʚʣʝʥʠʝʤ ʩʦʣʝʡ 

ʤʝʪʘʣʣʦʚ ʢʠʩʣʦʪ ʧʘʣʴʤʦʚʦʛʦ ʤʘʩʣʘ ʠ ʧʨʦʠʟʚʦʜʥʳʭ ʠʤʠʜʘʟʦʣʠʥʘ ʚ ʪʫʨʙʠʥʥʦʝ ʤʘʩʣʦ ʊ-30 ʚ 

ʨʘʟʣʠʯʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ 

   

ʂʦʜ 

ʢʦʤʧʦʟʠʮʠʠ 

ɿʘʱʠʪʥʳʡ ʢʦʨʨʦʟʠʡʥʳʡ ʵʬʬʝʢʪ, ʩʫʪʢʠ 

ɺ 

ʛʠʜʨʦʢʘʤʝʨʝ ñɻ-4ò  

ɺ 

ʤʦʨʩʢʦʡ ʚʦʜʝ 

ɺ 0.001%-ʥʦʤ ʨʘʩʪʚʦʨʝ   
H2SO4  

ʊʫʨʙʠʥ

ʥʦʝ ʤʘʩʣʦ T-30  
37 19 14 

X-232 97 55 48 

X-233 94 52 44 

X-234 128 73 64 

X-235 69 37 28 

X-236 55 30 22 

X-237 111 68 52 

X-238 50 27 20 

X-243 108 60 49 

X-244 113 68 56 

X-245 133 74 68 

X-246 100 60 50 

X-239 170 81 75 

X-240 134 71 66 

X-241 176 89 78 

X-242 163 78 67 

X-251 138 71 63 

X-252 154 80 72 

X-253 163 88 75 

X-254 127 67 54 

X-247 117 69 59 
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   ʂʘʢ ʚʠʜʥʦ ʠʟ ʪʘʙʣ. 1, ʢʦʤʧʦʟʠʮʠʷ  X-233 (ʪʫʨʙʠʥʥʦʝ ʤʘʩʣʦ T-30 + ʧʨʦʠʟʚʦʜʥʦʝ ʥʘ 

ʦʩʥʦʚʝ ʢʠʩʣʦʪ ʧʘʣʴʤʦʚʦʛʦ ʤʘʩʣʘ ʠ ʠʤʠʜʘʟʦʣʠʥʘ ʥʘ ʦʩʥʦʚʝ ʇʕʇɸ + Zn ʩʦʣʴ ʢʠʩʣʦʪ 

ʧʘʣʴʤʦʚʦʛʦ ʤʘʩʣʘ  ʚ ʢʦʥʮʝʥʪʨʘʮʠʠ  90%+9%+1%) ʧʨʦʷʚʣʷʝʪ ʟʘʱʠʪʥʳʡ ʢʦʨʨʦʟʠʦʥʥʳʡ 

ʵʬʬʝʢʪ ʚ ʛʠʜʨʦʢʘʤʝʨʝ ñɻ-4ò ʚ ʪʝʯʝʥʠʝ 94 ʩʫʪʦʢ, ʚ ʤʦʨʩʢʦʡ  ʚʦʜʝ -  52 ʩʫʪʦʢ, ʚ 0.001%-ʥʦʤ 

ʨʘʩʪʚʦʨʝ  H2SO4 - 44 ʜʥ.̫ ʂʦʤʧʦʟʠʮʠʷ  X-234  (ʪʫʨʙʠʥʥʦʝ ʤʘʩʣʦ T-30 + ʧʨʦʠʟʚʦʜʥʦʝ ʥʘ 

ʦʩʥʦʚʝ ʢʠʩʣʦʪ ʧʘʣʴʤʦʚʦʛʦ ʤʘʩʣʘ ʠ ʠʤʠʜʘʟʦʣʠʥʘ ʥʘ ʦʩʥʦʚʝ ʇʕʇɸ + Zn ʩʦʣʴ ʢʠʩʣʦʪ 

ʧʘʣʴʤʦʚʦʛʦ ʤʘʩʣʘ ʚ ʢʦʥʮʝʥʪʨʘʮʠʠ  90%+1%+9%) ʧʨʦʷʚʣʷʝʪ ʟʘʱʠʪʥʳʡ ʢʦʨʨʦʟʠʦʥʥʳʡ ʵʬʬʝʢʪ 

ʚ ʛʠʜʨʦʢʘʤʝʨʝ ñɻ-4ò ʚ ʪʝʯʝʥʠʝ128 ʜʥʝʡ, ʚ ʤʦʨʩʢʦʡ ʚʦʜʝ 73 ʜʥʝʡ, ʚ 0.001%-ʥʦʤ ʨʘʩʪʚʦʨʝ  

H2SO4 - 64 ʜʥʝʡ.  

    ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʢʦʤʧʦʟʠʮʠʠ X-238, X-246,X-242, X-254 (T-30 ʪʫʨʙʠʥʥʦʝ ʤʘʩʣʦ + 

ʧʨʦʠʟʚʦʜʥʦʝ ʥʘ ʦʩʥʦʚʝ ʢʠʩʣʦʪ ʧʘʣʴʤʦʚʦʛʦ ʤʘʩʣʘ ʠ ʠʤʠʜʘʟʦʣʠʥʘ ʥʘ ʦʩʥʦʚʝ ʇʕʇɸ + Cu, Ni, 

Co, Ca ʩʦʣʠ ʢʠʩʣʦʪ ʧʘʣʴʤʦʚʦʛʦ ʤʘʩʣʘ  ʧʨʠ ʢʦʥʮʝʥʪʨʘʮʠʠ 90%+9%+1%) ʧʨʦʷʚʣʷʶʪ ʟʘʱʠʪʥʳʡ 

ʢʦʨʨʦʟʠʦʥʥʳʡ ʵʬʬʝʢʪ ʚ ʛʠʜʨʦʢʘʤʝʨʝ ñɻ-4ò ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʚ ʪʝʯʝʥʠʝ 50, 100, 163, 127 ʜʥʝʡ, ʚ 

ʤʦʨʩʢʦʡ ʚʦʜʝ ï ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ  27, 60, 78, 67 ʜʥʝʡ, ʚ  0.001%-ʥʦʤ ʨʘʩʪʚʦʨʝ H2SO4 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 20, 50, 67, 54 ʜʥʝʡ, ʢʦʤʧʦʟʠʮʠʠ X-237,  X-245, X-241, X-253 (T-30 ʪʫʨʙʠʥʥʦʝ 

ʤʘʩʣʦ + ʧʨʦʠʟʚʦʜʥʦʝ ʥʘ ʦʩʥʦʚʝ ʢʠʩʣʦʪ ʧʘʣʴʤʦʚʦʛʦ ʤʘʩʣʘ ʠ ʠʤʠʜʘʟʦʣʠʥʘ ʥʘ ʦʩʥʦʚʝ ʇʕʇɸ + 

Cu, Ni, Co, Ca ʩʦʣʠ ʢʠʩʣʦʪ ʧʘʣʴʤʦʚʦʛʦ ʤʘʩʣʘ ʧʨʠ ʢʦʥʮʝʥʪʨʘʮʠʠ 90%+1%+9%) ʚ ʛʠʜʨʦʢʘʤʝʨʝ 

ñɻ-4ò ʧʨʦʷʚʣʷʶʪ ʟʘʱʠʪʥʳʡ ʵʬʬʝʢʪ ʚ ʪʝʯʝʥʠʝ 111, 133, 176, 163 ʜʥʝʡ, ʚ ʤʦʨʩʢʦʡ ʚʦʜʝ - 68, 74, 

89, 88 ʜʥʝʡ, ʚ 0.001%-ʥʦʤ ʨʘʩʪʚʦʨʝ H2SO4 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 52, 68, 78, 75 ʜʥʝʡ. 

    ʂʦʤʧʦʟʠʮʠʠ X-249, X-250 (T-30 ʪʫʨʙʠʥʥʦʝ ʤʘʩʣʦ + ʧʨʦʠʟʚʦʜʥʦʝ ʥʘ ʦʩʥʦʚʝ ʢʠʩʣʦʪ 

ʧʘʣʴʤʦʚʦʛʦ ʤʘʩʣʘ ʠ ʠʤʠʜʘʟʦʣʠʥʘ ʥʘ ʦʩʥʦʚʝ ʇʕʇɸ + Mn ʩʦʣʴ ʢʠʩʣʦʪ ʧʘʣʴʤʦʚʦʛʦ ʤʘʩʣʘ ʧʨʠ 

ʢʦʥʮʝʥʪʨʘʮʠʠ 90%+1%+9%) ʧʨʦʷʚʣʷʶʪ ʟʘʱʠʪʥʳʡ ʢʦʨʨʦʟʠʦʥʥʳʡ ʵʬʬʝʢʪ ʚ ʛʠʜʨʦʢʘʤʝʨʝ ñɻ-

4ò ʚ ʪʝʯʝʥʠʝ 107, 118 ʜʥʝʡ, ʚ ʤʦʨʩʢʦʡ ʚʦʜʝ -  65, 70 ʜʥʝʡ, ʚ 0.001%-ʥʦʤ ʨʘʩʪʚʦʨʝ H2SO4 -  53, 

64 ʜʥʝʡ.  

 ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʢʦʤʧʦʟʠʮʠʷ X-257 (T-30 ʪʫʨʙʠʥʥʦʝ ʤʘʩʣʦ + ʧʨʦʠʟʚʦʜʥʦʝ ʥʘ ʦʩʥʦʚʝ 

ʢʠʩʣʦʪ ʧʘʣʴʤʦʚʦʛʦ ʤʘʩʣʘ ʠ ʠʤʠʜʘʟʦʣʠʥʘ ʥʘ ʦʩʥʦʚʝ ʇʕʇɸ + Fe ʩʦʣʴ ʧʨʠ ʢʦʥʮʝʥʪʨʘʮʠʠ 

90%+9%+1%) ʧʨʦʷʚʣʷʝʪ ʟʘʱʠʪʥʳʡ ʢʦʨʨʦʟʠʦʥʥʳʡ ʵʬʬʝʢʪ ʚ ʛʠʜʨʦʢʘʤʝʨʝ 119 ʜʥʝʡ, ʚ ʤʦʨʩʢʦʡ 

ʚʦʜʝ 61 ʜʝʥʴ, ʚ 0.001%-ʥʦʤ ʨʘʩʪʚʦʨʝ H2SO4 53 ʜʥʷ, ʘ ʢʦʤʧʦʟʠʮʠʷ X-258 (T-30 ʪʫʨʙʠʥʥʦʝ 

ʤʘʩʣʦ + ʧʨʦʠʟʚʦʜʥʦʝ ʥʘ ʦʩʥʦʚʝ ʢʠʩʣʦʪ ʧʘʣʴʤʦʚʦʛʦ ʤʘʩʣʘ ʠ ʠʤʠʜʘʟʦʣʠʥʘ ʥʘ ʦʩʥʦʚʝ ʇʕʇɸ + 

Fe ʩʦʣʴ ʧʨʠ ʢʦʥʮʝʥʪʨʘʮʠʠ 90%+1%+9%) ʧʨʦʷʚʣʷʶʪ ʵʬʬʝʢʪ ʟʘʱʠʪʳ ʤʝʪʘʣʣʘ ʚ ʛʠʜʨʦʢʘʤʝʨʝ 

ʪʝʯʝʥʠʝ 178 ʜʥʝʡ, ʚ ʤʦʨʩʢʦʡ ʚʦʜʝ  - 86 ʜʥʝʡ, ʚ 0.001%-ʥʦʤ ʨʘʩʪʚʦʨʝ H2SO4 ï 78 ʜʥʝʡ. 

ʂʦʤʧʦʟʠʮʠʷ X-259 (T-30 ʪʫʨʙʠʥʥʦʝ ʤʘʩʣʦ + ʧʨʦʠʟʚʦʜʥʦʝ ʥʘ ʦʩʥʦʚʝ ʢʠʩʣʦʪ 

ʧʘʣʴʤʦʚʦʛʦ ʤʘʩʣʘ ʠ ʠʤʠʜʘʟʦʣʠʥʘ ʥʘ ʦʩʥʦʚʝ ʇʕʇɸ + Cr ʩʦʣʴ ʧʨʠ ʢʦʥʮʝʥʪʨʘʮʠʠ 

90%+9%+1%) ʠʤʝʝʪ ʟʘʱʠʪʥʳʡ ʵʬʬʝʢʪ ʚ ʛʠʜʨʦʢʘʤʝʨʝ ʚ ʪʝʯʝʥʠʝ 116 ʜʥʝʡ, ʚ ʤʦʨʩʢʦʡ ʚʦʜʝ  - 

69 ʜʥʝʡ, ʚ ʨʘʩʪʚʦʨʝ 0.001%  H2SO4 - 55 ʜʥʝʡ, ʘ ʢʦʤʧʦʟʠʮʠʷ X-261 (T-30 ʪʫʨʙʠʥʥʦʝ ʤʘʩʣʦ + 

ʧʨʦʠʟʚʦʜʥʦʝ ʥʘ ʦʩʥʦʚʝ ʢʠʩʣʦʪ ʧʘʣʴʤʦʚʦʛʦ ʤʘʩʣʘ ʠ ʠʤʠʜʘʟʦʣʠʥʘ ʥʘ ʦʩʥʦʚʝ ʇʕʇɸ + Fe ʩʦʣʴ 

ʧʨʠ ʢʦʥʮʝʪʨʘʮʠʠ 90%+1%+9%)  ʠʤʝʝʪ ʟʘʱʠʪʥʳʡ ʵʬʬʝʢʪ ʚ ʛʠʜʨʦʢʘʤʝʨʝ ʚ ʪʝʯʝʥʠʝ159 ʜʥʝʡ, ʚ 

ʤʦʨʩʢʦʡ ʚʦʜʝ ï 81ʜʝʥʴ, ʚ 0.001%-ʥʦʤ ʨʘʩʪʚʦʨʝ H2SO4 -  73 ʜʥʷ. 

X-248 111 69 57 

X-249 107 65 53 

X-250 118 70 64 

X-255 89 50 40 

X-256 104 58 48 

X-257 119 61 53 

X-258 178 86 78 

X-259 116 69 55 

X-260 150 79 65 

X-261 159 81 73 

X-262 131 77 67 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʣʫʯʝʥʥʳʝ ʢʦʤʧʣʝʢʩʳ ʥʘ ʦʩʥʦʚʝ ʢʠʩʣʦʪ ʧʘʣʴʤʦʚʦʛʦ ʤʘʩʣʘ, ʢʘʢ 

ʧʦʢʘʟʘʣʠ ʧʨʦʚʝʜʝʥʥʳʝ ʠʩʧʳʪʘʥʠʷ, ʦʙʣʘʜʘʶʪ ʚʳʩʦʢʦʡ ʘʥʪʠʢʦʨʨʦʟʠʦʥʥʦʡ ʘʢʪʠʚʥʦʩʪʴʶ ʠ 

ʤʦʛʫʪ ʙʳʪʴ ʧʨʝʜʣʦʞʝʥʳ ʚ ʢʘʯʝʩʪʚʝ ʥʦʚʳʭ ʠʥʛʠʙʠʪʦʨʦʚ ʢʠʩʣʦʪʥʦʡ ʢʦʨʨʦʟʠʠ. 

 

ʉʇʀʉʆʂ ʀʉʊʆʏʅʀʂʆɺ 

1. Zakeri A., Bahmani E., Sabour A., Aghdam R.   Plant extracts as sustainable and green 

corrosion inhibitors for protection of ferrous metals in corrosive media: A mini review // Corrosion 

Communications, 2022, Vol. 5, No 2, pp. 25-38 

2. Singh A., Ebenso E., Quraishi M.A.  Corrosion Inhibition of Carbon Steel in HCl 

Solution by Some Plant Extracts // International Journal of Corrosion, 2012, No 2, pp. 124-128 

3. Fazai B., Becker T., Kinsella B., Lepkova K.  A review of plant extracts as green 

corrosion inhibitors for CO2 corrosion of carbon steel // Material Degradations, 2022, Vol. 6, No 5, 

pp. 3634-3641 

4. Surbhi J.   Using Plant Extracts to Prevent Carbon Steel Corrosion // Material 

Degradations, 2022,Vol. 9, No 2, pp. 347-352 

5. Mammadkhanova S.A.  Comparative capacity of CO2-corrosion inhibitors on the base of 

sunflower and cottonseed oils // International Research Journal of Engineering and Technology, 

2017, Vol. 4, N 4, pp. 548-550 

6. Ismayilov I.T., Khamiyeva G.A., Abdullayeva M.H., Manafov E.A. Surfactants based on 

the cottonseed oil as problem resolving reagents for ecological problems of oil industry // European 

Science Review, 2019, Mo 2, pp. 231-238 

7. Bondarenko V.P., Golubev V.G., Zhantasov M.K., Sadyrbayeva A.S. Investigation of 

anti-corrosion properties of environmentally safe additives to drilling solutions based on tar of 

cotton oil // Chemistry Today, 2017, Vol. 35, No 6, pp. 137-146 

8. Hernandes I., Cumha J., Santana C., Aquino J.   Application of an Aqueous Extract of 

Cotton Seed as a Corrosion Inhibitor for Mild Steel in HCl Media // Material Research, 2021, Vol. 

21, No 1, pp. 1-9 

9. Abbasov V.M., Hany A., Aliyeva L.I., Ismayilov I.T. Novel  anionic surfactants based on 

cottonseed oil and their corrosion inhibition efficiency for carbon steel in CO2 saturated solution // 

PPOR, 2012, Vol. 13, No 2, pp. 112-135 

10. Hany A., Ismayilov I.T., Abbasov V.M., Efremenko E.N.  Preparation, Surface active 

properties, and Anticorrosion Application of some novel surfactants based on cottonseed oil and 

diethanolamine on carbon steel in CO2 environments // Journal of Advances in Chemistry, 2013, 

Vol. 1, N 1, pp. 5-17 

ʀʥʬʦʨʤʘʮʠʷ ʦʙ ʘʚʪʦʨʘʭ 
ɼ.ɹ. ɸʛʘʤʘʣʠʝʚʘ ï ʢʘʥʜʠʜʘʪ ʭʠʤʠʯʝʩʢʠʭ ʥʘʫʢ, ʚʝʜʫʱʠʡ ʥʘʫʯʥʳʡ ʩʦʪʨʫʜʥʠʢ, 

ʟʘʚʝʜʫʶʱʠʡ ʣʘʙʦʨʘʪʦʨʠʝʡ çʂʦʥʩʝʨʚʘʮʠʦʥʥʳʝ ʞʠʜʢʦʩʪʠ ʠ ʠʥʛʠʙʠʪʦʨʳ ʢʦʨʨʦʟʠʠè. 

ʅ.M. ʄʘʤʝʜʦʚʘ ï ʢʘʥʜʠʜʘʪ ʭʠʤʠʯʝʩʢʠʭ ʥʘʫʢ, ʚʝʜʫʱʠʡ ʥʘʫʯʥʳʡ ʩʦʪʨʫʜʥʠʢ. 

 

Information about the authors 
D.B. Agamaliyeva ï Candidate of Chemical Sciences, Ph.D., Leading Researcher, head of 

the Laboratory "Preservation Fluids and Corrosion Inhibitors". 

N.M. Mammadova ï Candidate of Chemical Sciences, Leading Researcher. 

 

 

 

 

  



19  

ʋɼʂ 547.541.2. 

 

ɸʡʩʝʣʴ ɺʘʛʠʬ ʢʳʟʳ ɸʣʠʝʚʘ
1
, ɿʠʘʨʘʪ ʅʘʛʠʝʚʥʘ ʇʘʰʘʝʚʘ

2
 

1,2
ʀʥʩʪʠʪʫʪ ʥʝʬʪʝʭʠʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʅʘʮʠʦʥʘʣʴʥʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ 

ɸʟʝʨʙʘʡʜʞʘʥʘ, ɹʘʢʫ, ɸʟʝʨʙʘʡʜʞʘʥ 
1
 ilgar.ayyubov@mail.ru 

2
 ziyarat.80@gmail.com 

ɸʚʪʦʨ, ʦʪʚʝʪʩʪʚʝʥʥʳʡ ʟʘ ʧʝʨʝʧʠʩʢʫ: ɸʡʩʝʣʴ ɺʘʛʠʬ ʢʳʟʳ ɸʣʠʝʚʘ, 

ilgar.ayyubov@mail.ru 

 

ʀɿʋʏɽʅʀɽ ʇʈʆʎɽʉɸ ʈɸʉʊɺʆʈɽʅʀʗ ʎɽʃʃʖʃʆɿʓ ɺ ʇʈʀʉʋʊʉʊɺʀʀ 

ʀʆʅʅʓʍ ɾʀɼʂʆʉʊɽʁ 

 
ɸʥʥʦʪʘʮʠʷ. ɺ ʨʘʩʩʤʦʪʨʝʥʥʦʡ ʩʪʘʪʴʝ ʧʨʝʜʩʪʘʚʣʝʥ ʦʙʟʦʨ ʥʘʫʯʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʚ ʦʙʣʘʩʪʠ 

ʠʟʫʯʝʥʠʷ ʧʨʦʮʝʩʩʘ ʨʘʩʪʚʦʨʝʥʠʷ ʮʝʣʣʶʣʦʟʳ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʨʘʟʣʠʯʥʳʭ ʠʦʥʥʳʭ ʞʠʜʢʦʩʪʝʡ. ʇʦʢʘʟʘʥʳ 

ʥʘʠʙʦʣʝʝ ʦʧʪʠʤʘʣʴʥʳʝ ʫʩʣʦʚʠʷ ʧʨʦʚʝʜʝʥʠʷ ʧʨʦʮʝʩʩʘ, ʧʨʝʠʤʫʱʝʩʪʚʘ ʥʝʢʦʪʦʨʳʭ ʠʦʥʥʳʭ ʞʠʜʢʦʩʪʝʡ ʚ 

ʵʪʦʤ ʧʨʦʮʝʩʩʝ, ʘ ʪʘʢʞʝ ʧʝʨʩʧʝʢʪʠʚʳ ʧʨʠʤʝʥʝʥʠʷ ʠʦʥʥʳʭ ʞʠʜʢʦʩʪʝʡ ʜʣʷ ʨʘʩʪʚʦʨʝʥʠʷ ʮʝʣʣʶʣʦʟʳ ʠ 

ʧʦʣʫʯʝʥʠʷ ʥʦʚʳʭ ʧʨʦʜʫʢʪʦʚ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʩʠʥʪʝʟʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʠʦʥʥʳʝ ʞʠʜʢʦʩʪʠ, ʮʝʣʣʶʣʦʟʘ, ʨʘʩʪʚʦʨʝʥʠʝ, ʩʦʨʘʩʪʚʦʨʠʪʝʣʠ, ʛʣʫʙʦʢʠʝ 

ʵʚʪʝʢʪʠʯʝʩʢʠʝ ʨʘʩʪʚʦʨʠʪʝʣʠ 

 

Aysel V.Aliyeva
1
, Ziarat N. Pashayeva

2
 

1,2
Institute of petrochemical processes of the National academy of sciences of Azerbaijan, 

Baku  
1
 ilgar.ayyubov@mail.ru 

2
 ziyarat.80@gmail.com 

Corresponding author: Aysel V.Aliyeva, ilgar.ayyubov@mail.ru 

 

STUDY OF CELLULOSE DISSOLUTION IN THE PRESENCE OF IONIC LIQUIDS  

   

Abstract. The reviewed article presents an overview of scientific results in the field of 

studying the process of cellulose dissolution in the presence of various ionic liquids. The most 

optimal conditions for the process, the advantages of some ionic liquids in this process, as well as 

the prospects for the use of ionic liquids for dissolving cellulose and obtaining new products of 

organic synthesis are shown. 

Keywords: ionic liquids, cellulose, dissolution, cosolvents, deep eutectic solvents 

 

 ʎʝʣʣʁʣʦӢʟʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ  ʧʦʣʠʩʘʭʘʨʠʜ ʩ ʬʦʨʤʫʣʦʡ 

(C6H10O5)n. ʄʦʣʝʢʫʣʳ ʮʝʣʣʶʣʦʟʳ - ʥʝʨʘʟʚʝʪʚʣʸʥʥʳʝ ʮʝʧʦʯʢʠ ʠʟ ʦʩʪʘʪʢʦʚ ɓ-ʛʣʶʢʦʟʳ, 

ʩʦʝʜʠʥʸʥʥʳʭ ʛʣʠʢʦʟʠʜʥʳʤʠ ʩʚʷʟʷʤʠ ɓ-(1Ÿ4). ʆʥʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʙʝʣʦʝ ʪʚʸʨʜʦʝ, 

ʩʪʦʡʢʦʝ ʚʝʱʝʩʪʚʦ, ʥʝ ʨʘʟʨʫʰʘʝʪʩʷ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ (ʜʦ 200ÁC). ʗʚʣʷʝʪʩʷ ʛʦʨʶʯʠʤ ʚʝʱʝʩʪʚʦʤ 

ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ ʨʘʟʣʦʞʝʥʠʷ ð 275 Áʉ, ʪʝʤʧʝʨʘʪʫʨʘ ʩʘʤʦʚʦʩʧʣʘʤʝʥʝʥʠʷ ð 420 Áʉ (ʭʣʦʧʢʦʚʘʷ 

ʮʝʣʣʶʣʦʟʘ). ʆʥʘ ʥʝʨʘʩʪʚʦʨʠʤʘ ʚ ʚʦʜʝ, ʩʣʘʙʳʭ ʢʠʩʣʦʪʘʭ ʠ ʙʦʣʴʰʠʥʩʪʚʝ ʦʨʛʘʥʠʯʝʩʢʠʭ 

ʨʘʩʪʚʦʨʠʪʝʣʝʡ. ʆʜʥʘʢʦ ʙʣʘʛʦʜʘʨʷ ʙʦʣʴʰʦʤʫ ʯʠʩʣʫ ʛʠʜʨʦʢʩʠʣʴʥʳʭ ʛʨʫʧʧ 

ʷʚʣʷʝʪʩʷ ʛʠʜʨʦʬʠʣʴʥʦʡ (ʢʨʘʝʚʦʡ ʫʛʦʣ ʩʤʘʯʠʚʘʥʠʷ ʩʦʩʪʘʚʣʷʝʪ 20ð30 ʛʨʘʜʫʩʦʚ). 

  ɺ ʭʠʤʠʯʝʩʢʦʤ ʘʩʧʝʢʪʝ ʙʦʣʴʰʦʡ ʠʥʪʝʨʝʩ ʚʳʟʳʚʘʝʪ ʧʨʦʮʝʩʩ ʨʘʩʪʚʦʨʝʥʠʷ ʮʝʣʣʶʣʦʟʳ, 

ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʧʦʠʩʢʦʤ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʘʩʪʚʦʨʠʪʝʣʷ ʜʣʷ ʵʪʦʡ ʮʝʣʠ. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʥʘʠʙʦʣʝʝ ʧʦʜʭʦʜʷʱʠʤʠ ʨʘʩʪʚʦʨʠʪʝʣʷʤʠ ʜʣʷ ʮʝʣʣʶʣʦʟʳ 

ʷʚʣʷʶʪʩʷ ʠʦʥʥʳʝ ʞʠʜʢʦʩʪʠ. ɺ ʵʪʦʡ ʨʘʙʦʪʝ ʥʘʤʠ ʧʦʢʘʟʘʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ 

ʦʙʣʘʩʪʠ ʠʟʫʯʝʥʠʷ ʧʨʦʮʝʩʩʘ ʨʘʩʪʚʦʨʝʥʠʷ ʮʝʣʣʶʣʦʟʳ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʠʦʥʥʳʭ ʞʠʜʢʦʩʪʝʡ. 

ʆʪʤʝʯʝʥʳ ʬʘʢʪʦʨʳ, ʦʢʘʟʳʚʘʶʱʠʝ ʚʣʠʷʥʠʝ ʥʘ ʵʪʦʪ ʧʨʦʮʝʩʩ, ʘ ʪʘʢʞʝ ʥʘʠʙʦʣʝʝ ʦʧʪʠʤʘʣʴʥʳʝ 

ʫʩʣʦʚʠʷ ʩ ʜʦʩʪʠʞʝʥʠʝʤ ʤʘʢʩʠʤʘʣʴʥʦʡ ʩʝʣʝʢʪʠʚʥʦʩʪʠ ʧʨʦʮʝʩʩʘ. . 
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 ʊʘʢ, ʚ ʨʘʙʦʪʝ [1] ʩʦʦʙʱʘʝʪʩʷ ʦ ʧʝʨʚʦʥʘʯʘʣʴʥʳʭ ʨʝʟʫʣʴʪʘʪʘʭ, ʢʦʪʦʨʳʝ ʜʝʤʦʥʩʪʨʠʨʫʶʪ, 

ʯʪʦ ʮʝʣʣʶʣʦʟʘ ʤʦʞʝʪ ʙʳʪʴ ʨʘʩʪʚʦʨʝʥʘ ʙʝʟ ʘʢʪʠʚʘʮʠʠ ʠʣʠ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʦʙʨʘʙʦʪʢʠ ʚ 

ʭʣʦʨʠʜʝ 1-ʙʫʪʠʣ-3-ʤʝʪʠʣʠʤʠʜʘʟʦʣʠʷ ʠ ʜʨʫʛʠʭ ʛʠʜʨʦʬʠʣʴʥʳʭ ʠʦʥʥʳʭ ʞʠʜʢʦʩʪʷʭ ʠ 

ʨʝʛʝʥʝʨʠʨʦʚʘʥʘ ʠʟ ʥʠʭ. ʕʪʦ ʤʦʞʝʪ ʧʦʟʚʦʣʠʪʴ ʧʨʠʤʝʥʷʪʴ ʠʦʥʥʳʝ ʞʠʜʢʦʩʪʠ ʚ ʢʘʯʝʩʪʚʝ 

ʘʣʴʪʝʨʥʘʪʠʚʳ ʥʝʞʝʣʘʪʝʣʴʥʳʤ ʜʣʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʨʘʩʪʚʦʨʠʪʝʣʷʤ, ʢʦʪʦʨʳʝ ʚ ʥʘʩʪʦʷʱʝʝ 

ʚʨʝʤʷ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʨʘʩʪʚʦʨʝʥʠʷ ʵʪʦʛʦ ʚʘʞʥʦʛʦ ʙʠʦʨʝʩʫʨʩʘ. 

 
ʈʘʩʪʚʦʨʝʥʠʝ ʮʝʣʣʶʣʦʟʳ ʠʦʥʥʳʤʠ ʞʠʜʢʦʩʪʷʤʠ (ʀɾ) ʠ ʛʣʫʙʦʢʠʤ ʵʚʪʝʢʪʠʯʝʩʢʠʤ 

ʨʘʩʪʚʦʨʠʪʝʣʝʤ (ɼʕʉ) ʧʦʟʚʦʣʷʝʪ ʦʩʫʱʝʩʪʚʠʪʴ ʢʦʤʧʣʝʢʩʥʦʝ ʨʘʩʪʚʦʨʝʥʠʝ ʮʝʣʣʶʣʦʟʳ [2]. ɺ 

ʦʩʥʦʚʥʦʤ ʮʝʣʣʶʣʦʟʘ ʤʦʞʝʪ ʨʘʩʪʚʦʨʷʪʴʩʷ ʚ ʥʝʢʦʪʦʨʳʭ ʛʠʜʨʦʬʠʣʴʥʳʭ ʠʦʥʥʳʭ ʞʠʜʢʦʩʪʷʭ, 

ʪʘʢʠʭ ʢʘʢ ʭʣʦʨʠʜ 1-ʙʫʪʠʣ-3-ʤʝʪʠʣʠʤʠʜʘʟʦʣʠʷ (BMIMCl) ʠ ʭʣʦʨʠʜ 1-ʘʣʣʠʣ-3-

ʤʝʪʠʣʠʤʠʜʘʟʦʣʠʷ (AMIMCl). ʀʦʥʥʳʝ ʞʠʜʢʦʩʪʠ ʥʘ ʦʩʥʦʚʝ ʭʣʦʨʠʜʦʚ ʷʚʣʷʶʪʩʷ ʧʦʜʭʦʜʷʱʠʤʠ 

ʨʘʩʪʚʦʨʠʪʝʣʷʤʠ ʜʣʷ ʨʘʩʪʚʦʨʝʥʠʝ ʮʝʣʣʶʣʦʟʳ. ʍʦʪʷ ʀɾ ʦʯʝʥʴ ʧʦʣʝʟʥʳ ʚ ʪʦʥʢʦʡ ʭʠʤʠʯʝʩʢʦʡ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʠʭ ʧʨʠʤʝʥʝʥʠʝ ʚ ʬʘʨʤʘʮʝʚʪʠʯʝʩʢʦʡ ʠ ʧʠʱʝʚʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʙʳʣʠ 

ʦʯʝʥʴ ʦʛʨʘʥʠʯʝʥʳ ʠʟ-ʟʘ ʧʨʦʙʣʝʤ ʩ ʪʦʢʩʠʯʥʦʩʪʴʶ, ʯʠʩʪʦʪʦʡ, ʠ ʚʳʩʦʢʦʡ ʩʪʦʠʤʦʩʪʴʶ. ʉ ʫʯʝʪʦʤ 

ʵʪʠʭ ʦʛʨʘʥʠʯʝʥʠʡ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʥʦʚʳʡ ʟʝʣʝʥʳʡ ʘʣʴʪʝʨʥʘʪʠʚʥʳʡ ʨʘʩʪʚʦʨʠʪʝʣʴ, ʢʦʪʦʨʳʤ 

ʷʚʣʷʝʪʩʷ DES. ʕʪʠ ʟʝʣʝʥʳʝ ʨʘʩʪʚʦʨʠʪʝʣʠ ʤʦʞʥʦ ʦʧʨʝʜʝʣʝʥʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʨʝʘʛʝʥʪʳ 

ʩʣʝʜʫʶʱʝʛʦ ʧʦʢʦʣʝʥʠʷ ʜʣʷ ʙʦʣʝʝ ʫʩʪʦʡʯʠʚʦʛʦ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʨʘʟʚʠʪʠʷ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʵʪʦʪ ʦʙʟʦʨ ʥʘʧʨʘʚʣʝʥ ʥʘ ʦʙʩʫʞʜʝʥʠʝ ʨʘʩʪʚʦʨʝʥʠʷ ʮʝʣʣʶʣʦʟʳ ʣʠʙʦ ʩ ʠʦʥʥʳʤʠ ʞʠʜʢʦʩʪʷʤʠ, 

ʣʠʙʦ ʩ ɼʕʉ. 

ʈʘʩʪʚʦʨʝʥʠʝ ʮʝʣʣʶʣʦʟʳ ʩ ʠʦʥʥʳʤʠ ʞʠʜʢʦʩʪʷʤʠ ʧʦʟʚʦʣʷʝʪ ʢʦʤʧʣʝʢʩʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʮʝʣʣʶʣʦʟʫ, ʩʦʯʝʪʘʷ ʜʚʘ ʦʩʥʦʚʥʳʭ ʧʨʠʥʮʠʧʘ çʟʝʣʝʥʦʡè ʭʠʤʠʠ: ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʵʢʦʣʦʛʠʯʝʩʢʠ 

ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʦʛʦ ʨʘʩʪʚʦʨʠʪʝʣʷ ʠ ʙʠʦʚʦʟʦʙʥʦʚʣʷʝʤʦʝ ʩʳʨʴʝ [3]. ʎʝʣʣʶʣʦʟʘ ʤʦʞʝʪ ʙʳʪʴ 

ʨʘʩʪʚʦʨʝʥʘ ʙʝʟ ʦʙʨʘʟʦʚʘʥʠʷ ʚ ʥʝʢʦʪʦʨʳʭ ʛʠʜʨʦʬʠʣʴʥʳʭ ʠʦʥʥʳʭ ʞʠʜʢʦʩʪʷʭ, ʪʘʢʠʭ ʢʘʢ 1-

ʙʫʪʠʣ-3-ʤʝʪʠʣʠʤʠʜʘʟʦʣʠʷ ʭʣʦʨʠʜ (BMIMCl) ʠ 1-ʘʣʣʠʣ-3-ʤʝʪʠʣʠʤʠʜʘʟʦʣʠʷ ʭʣʦʨʠʜ 

(ɸʄʀʄCl). ʄʠʢʨʦʚʦʣʥʦʚʦʡ ʥʘʛʨʝʚ ʟʥʘʯʠʪʝʣʴʥʦ ʫʩʢʦʨʷʝʪ ʧʨʦʮʝʩʩ ʨʘʩʪʚʦʨʝʥʠʷ. ʎʝʣʣʶʣʦʟʘ 

ʤʦʞʝʪ ʙʳʪʴ ʣʝʛʢʦ ʨʝʛʝʥʝʨʠʨʦʚʘʥʘ ʠʟ ʠʩʧʦʣʴʟʦʚʘʥʥʦʡ ʜʣʷ ʨʘʩʪʚʦʨʝʥʠʷ ʠʦʥʥʦʡ ʞʠʜʢʦʩʪʠ 

ʧʫʪʝʤ ʜʦʙʘʚʣʝʥʠʷ ʚʦʜʳ, ʵʪʠʣʦʚʦʛʦ ʩʧʠʨʪʘ  ʠʣʠ ʘʮʝʪʦʥʘ. ʇʦʩʣʝ ʨʝʛʝʥʝʨʘʮʠʠ ʠʦʥʥʳʝ 

ʞʠʜʢʦʩʪʠ ʤʦʛʫʪ ʙʳʪʴ ʚʦʩʩʪʘʥʦʚʣʝʥʳ ʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʧʦʚʪʦʨʥʦ. ʌʨʘʢʮʠʷ ʣʠʛʥʦʮʝʣʣʶʣʦʟʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʠ ʧʦʣʫʯʝʥʠʝ ʧʨʦʠʟʚʦʜʥʳʭ ʮʝʣʣʶʣʦʟʳ ʠ ʢʦʤʧʦʟʠʪʦʚ ʷʚʣʷʶʪʩʷ ʜʚʫʤʷ ʠʟ ʝʛʦ 

ʪʠʧʠʯʥʳʭ ʧʨʠʤʝʥʝʥʠʡ. ʍʦʪʷ ʥʝʢʦʪʦʨʳʝ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʪʘʢʠʝ ʢʘʢ 

ʵʢʦʥʦʤʠʯʝʩʢʠʡ ʩʠʥʪʝʟ ʠʦʥʥʳʭ ʞʠʜʢʦʩʪʝʡ ʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʪʦʢʩʠʢʦʣʦʛʠʠ ʠʦʥʥʦʡ ʞʠʜʢʦʩʪʠ 

ʚʩʝ ʝʱʝ ʦʯʝʥʴ ʥʫʞʥʳ, ʢʦʤʤʝʨʮʠʘʣʠʟʘʮʠʷ ʵʪʠʭ ʧʨʦʮʝʩʩʦʚ ʚ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʜʦʩʪʠʛʣʘ 

ʙʦʣʴʰʠʭ ʫʩʧʝʭʦʚ. 

 
ʆʪʤʝʯʘʝʪʩʷ [4], ʯʪʦ ʠʟ-ʟʘ ʨʘʩʪʫʱʝʡ ʦʩʚʝʜʦʤʣʝʥʥʦʩʪʠ ʦʙ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʝ ʠ 

ʯʨʝʟʤʝʨʥʦʡ ʵʢʩʪʨʘʧʦʣʷʮʠʠ ʥʝʚʦʟʦʙʥʦʚʣʷʝʤʳʭ ʤʘʪʝʨʠʘʣʦʚ ʧʨʠʤʝʥʝʥʠʝ ʠ ʦʙʨʘʙʦʪʢʘ 
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ʫʛʣʝʚʦʜʥʳʭ ʧʦʣʠʤʝʨʦʚ (ʧʦʣʠʩʘʭʘʨʠʜʦʚ) ʧʨʠʚʣʝʢʣʠ ʦʛʨʦʤʥʦʝ ʚʥʠʤʘʥʠʝ, ʧʦʩʢʦʣʴʢʫ ʦʥʠ 

ʷʚʣʷʶʪʩʷ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤʠ ʧʨʠʨʦʜʥʳʤʠ ʠ ʙʠʦʚʦʟʦʙʥʦʚʣʷʝʤʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠ ʥʘ 

ɿʝʤʣʝ. ʆʜʥʘʢʦ ʥʝʨʘʩʪʚʦʨʠʤʦʩʪʴ ʙʦʣʴʰʠʥʩʪʚʘ ʧʦʣʠʩʘʭʘʨʠʜʦʚ ʚ ʙʦʣʴʰʠʥʩʪʚʝ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʨʘʩʪʚʦʨʠʪʝʣʝʡ, ʚʢʣʶʯʘʷ ʚʦʜʫ, ʦʛʨʘʥʠʯʠʚʘʝʪ ʠʭ ʧʨʠʤʝʥʝʥʠʝ. 

ʆʛʨʘʥʠʯʝʥʥʘʷ ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʧʦʣʠʩʘʭʘʨʠʜʦʚ ʦʙʲʷʩʥʷʝʪʩʷ ʩʠʣʴʥʳʤʠ ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʤʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʤʠ ʤʝʞʜʫ ʧʦʣʠʤʝʨʥʳʤʠ ʮʝʧʷʤʠ, ʢʦʪʦʨʳʝ ʦʙʝʩʧʝʯʠʚʘʶʪ ʠʤ ʚʳʩʦʢʫʶ ʩʪʝʧʝʥʴ 

ʢʨʠʩʪʘʣʣʠʯʥʦʩʪʠ. ɹʦʣʝʝ ʪʦʛʦ, ʥʝʢʦʪʦʨʳʝ ʦʨʛʘʥʠʯʝʩʢʠʝ ʨʘʩʪʚʦʨʠʪʝʣʠ, ʪʘʢʠʝ ʢʘʢ ʤʦʨʬʦʣʠʥ, N-

ʤʝʪʠʣʤʦʨʬʦʣʠʥ-N-ʦʢʩʠʜ (NMMO), N-ʤʝʪʠʣʤʦʨʬʦʣʠʥ (NMM), ʤʦʯʝʚʠʥʘ ʠ ʪʠʦʤʦʯʝʚʠʥʘ ʚ 

ʩʦʯʝʪʘʥʠʠ ʩ ʛʠʜʨʦʢʩʠʜʦʤ ʥʘʪʨʠʷ ʠ ʪ. ʜ., ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʜʣʷ ʨʘʩʪʚʦʨʝʥʠʷ ʫʛʣʝʚʦʜʥʳʭ 

ʧʦʣʠʤʝʨʦʚ ʩ ʦʩʦʙʳʤ ʫʧʦʨʦʤ ʥʘ ʮʝʣʣʶʣʦʟʫ. ʆʜʥʘʢʦ ʦʙʨʘʙʦʪʢʘ ʧʦʣʠʩʘʭʘʨʠʜʦʚ ʵʪʠʤʠ 

ʨʘʩʪʚʦʨʠʪʝʣʷʤʠ ʥʝ ʪʦʣʴʢʦ ʪʦʢʩʠʯʥʘ ʜʣʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʠ ʞʠʚʳʭ ʩʫʱʝʩʪʚ, ʥʦ ʪʘʢʞʝ 

ʚʳʩʚʦʙʦʞʜʘʝʪ ʥʝʩʢʦʣʴʢʦ ʚʨʝʜʥʳʭ ʜʣʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʭʠʤʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ, ʢʦʪʦʨʳʝ 

ʤʦʛʫʪ ʚʳʟʳʚʘʪʴ ʥʝʩʢʦʣʴʢʦ ʧʦʙʦʯʥʳʭ ʨʝʘʢʮʠʡ ʠ ʥʝʙʣʘʛʦʧʨʠʷʪʥʦ ʚʣʠʷʪʴ ʥʘ ʠʭ 

ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ. ɺ ʥʘʩʪʦʷʱʝʤ ʦʙʟʦʨʝ ʩʦʙʨʘʥʳ ʥʝʢʦʪʦʨʳʝ ʦʩʥʦʚʥʳʝ ʨʘʙʦʪʳ, 

ʚʳʧʦʣʥʝʥʥʳʝ ʚ ʦʙʣʘʩʪʠ ʨʘʩʪʚʦʨʝʥʠʷ ʮʝʣʣʶʣʦʟʳ ʚ ʠʦʥʥʳʭ ʞʠʜʢʦʩʪʷʭ ʩ ʩʦʨʘʩʪʚʦʨʠʪʝʣʷʤʠ ʠ 

ʙʝʟ ʥʠʭ (ɼʄʉʆ, ɼʄʌɸ, ɼʄɸʮ ʠ ʜʨ.). 

 
ɹʣʘʛʦʜʘʨʷ ʩʚʦʝʤʫ ʠʟʦʙʠʣʠʶ ʠ ʰʠʨʦʢʦʤʫ ʩʧʝʢʪʨʫ ʧʦʣʝʟʥʳʭ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ 

ʩʚʦʡʩʪʚ ʮʝʣʣʶʣʦʟʘ ʩʪʘʣʘ ʦʯʝʥʴ ʧʦʧʫʣʷʨʥʦʡ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʤʘʪʝʨʠʘʣʦʚ ʨʘʟʣʠʯʥʦʛʦ 

ʥʘʟʥʘʯʝʥʠʷ [5] 

 
ɺ ʜʘʥʥʦʤ ʦʙʟʦʨʝ ʦʙʦʙʱʝʥʳ ʧʦʩʣʝʜʥʠʝ ʜʦʩʪʠʞʝʥʠʷ ʚ ʦʙʣʘʩʪʠ ʨʘʟʨʘʙʦʪʢʠ ʥʦʚʳʭ 

ʮʝʣʣʶʣʦʟʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʪʝʭʥʦʣʦʛʠʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʦʥʥʳʭ ʞʠʜʢʦʩʪʝʡ. ʈʘʩʪʚʦʨʝʥʠʝ 

ʮʝʣʣʶʣʦʟʳ ʚ ʠʦʥʥʳʭ ʞʠʜʢʦʩʪʷʭ ʠʩʧʦʣʴʟʦʚʘʣʦʩʴ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʥʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ 

ʦʙʨʘʙʦʪʢʠ, ʤʝʪʦʜʦʚ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ ʮʝʣʣʶʣʦʟʳ ʠ ʥʦʚʳʭ ʮʝʣʣʶʣʦʟʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, 

ʚʢʣʶʯʘʷ ʩʤʝʩʠ, ʢʦʤʧʦʟʠʪʳ, ʚʦʣʦʢʥʘ ʠ ʠʦʥʥʳʝ ʛʝʣʠ. 
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  ɺ ʨʘʙʦʪʝ [6] ʨʘʩʪʚʦʨʝʥʠʝ ʮʝʣʣʶʣʦʟʳ ʚ ʨʘʟʣʠʯʥʳʭ ʠʦʥʥʳʭ ʞʠʜʢʦʩʪʷʭ ʦʧʠʩʘʥʦ ʢʘʢ 

ʩʦʚʩʝʤ ʥʝʜʘʚʥʷʷ ʪʝʤʘ ʜʣʷ ʧʨʦʮʝʩʩʘ ʧʨʷʤʦʛʦ ʨʘʩʪʚʦʨʝʥʠʷ, ʢʦʪʦʨʳʡ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʜʣʷ 

ʧʦʣʫʯʝʥʠʷ ʨʝʛʝʥʝʨʠʨʦʚʘʥʥʳʭ ʮʝʣʣʶʣʦʟʥʳʭ ʚʦʣʦʢʦʥ. ʇʨʠʛʦʪʦʚʣʝʥʠʝ ʧʨʠʩʘʜʦʢ ʙʳʣʦ 

ʦʨʛʘʥʠʟʦʚʘʥʦ ʠʟ ʩʫʩʧʝʥʟʠʠ ʮʝʣʣʶʣʦʟʳ ʚ ʚʦʜʥʦ-ʠʦʥʥʦʡ ʞʠʜʢʦʩʪʠ ʧʫʪʝʤ ʫʜʘʣʝʥʠʷ ʚʦʜʳ ʧʨʠ 

ʧʦʚʳʰʝʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ, ʚʘʢʫʫʤʝ ʠ ʚʳʩʦʢʠʭ ʩʢʦʨʦʩʪʷʭ ʩʜʚʠʛʘ. ɺ ʢʘʯʝʩʪʚʝ ʠʦʥʥʳʭ 

ʞʠʜʢʦʩʪʝʡ ʠʩʧʦʣʴʟʫʶʪ ʭʣʦʨʠʜ 1- N -ʙʫʪʠʣ-3-ʤʝʪʠʣʠʤʠʜʘʟʦʣʠʷ, ʭʣʦʨʠʜ 1-ʵʪʠʣ-3-

ʤʝʪʠʣʠʤʠʜʘʟʦʣʠʷ, ʭʣʦʨʠʜ 1- N -ʙʫʪʠʣ-2,3-ʜʠʤʝʪʠʣʠʤʠʜʘʟʦʣʠʷ, ʭʣʦʨʠʜ 1- N -ʙʫʪʠʣ-3-

ʤʝʪʠʣʠʤʠʜʘʟʦʣʠʷ. ɹʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ ʘʮʝʪʘʪ ʙʫʪʠʣ-3-ʤʝʪʠʣʠʤʠʜʘʟʦʣʠʷ ʠ ʘʮʝʪʘʪ 1-ʵʪʠʣ-3-

ʤʝʪʠʣʠʤʠʜʘʟʦʣʠʷ. ʈʘʩʪʚʦʨʳ ʮʝʣʣʶʣʦʟʳ ʚ ʠʦʥʥʳʭ ʞʠʜʢʦʩʪʷʭ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʳ ʩ ʧʦʤʦʱʴʶ 

ʩʚʝʪʦʚʦʡ ʤʠʢʨʦʩʢʦʧʠʠ, ʢʦʥʠʯʝʩʢʦʡ ʨʝʦʤʝʪʨʠʠ ʠ ʘʥʘʣʠʟʘ ʯʘʩʪʠʮ. ʂʨʦʤʝ ʪʦʛʦ, ʵʪʠ ʨʝʟʫʣʴʪʘʪʳ 

ʩʨʘʚʥʠʚʘʣʠ ʩ ʨʘʩʪʚʦʨʘʤʠ ʮʝʣʣʶʣʦʟʳ ʚ ʤʦʥʦʛʠʜʨʘʪʝ N -ʤʝʪʠʣʤʦʨʬʦʣʠʥ- N -ʦʢʩʠʜʘ. ʅʘʢʦʥʝʮ, 

ʮʝʣʣʶʣʦʟʥʳʝ ʧʨʠʩʘʜʢʠ ʙʳʣʠ ʩʬʦʨʤʠʨʦʚʘʥʳ ʩ ʧʦʤʦʱʴʶ ʧʨʦʮʝʩʩʘ ʩʫʭʦʛʦ ʠ ʤʦʢʨʦʛʦ 

ʧʨʷʜʝʥʠʷ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʮʝʣʣʶʣʦʟʥʳʭ ʚʦʣʦʢʦʥ. ʉʚʦʡʩʪʚʘ ʧʦʣʫʯʝʥʥʦʛʦ ʚʦʣʦʢʥʘ ʙʳʣʠ 

ʦʧʨʝʜʝʣʝʥʳ ʠ ʙʫʜʫʪ ʦʙʩʫʞʜʘʪʴʩʷ. 

ʉʦʦʙʱʘʝʪʩʷ [7], ʯʪʦ ʮʝʣʣʶʣʦʟʘ, ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʡ ʧʨʠʨʦʜʥʳʡ ʧʦʣʠʤʝʨ, 

ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʘ ʚ ʢʘʯʝʩʪʚʝ ʟʝʣʝʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʙʠʦʨʘʟʣʘʛʘʝʤʳʭ ʠ 

ʙʠʦʩʦʚʤʝʩʪʠʤʳʭ ʤʘʪʝʨʠʘʣʦʚ ʩ ʧʨʠʚʣʝʢʘʪʝʣʴʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʧʫʪʝʤ ʭʠʤʠʯʝʩʢʦʡ 

ʤʦʜʠʬʠʢʘʮʠʠ ʠʣʠ ʩʤʝʰʠʚʘʥʠʷ ʩ ʜʨʫʛʠʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ. ʕʬʬʝʢʪʠʚʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʮʝʣʣʶʣʦʟʳ ʥʝ ʪʦʣʴʢʦ ʩʤʷʛʯʘʝʪ ʢʨʠʟʠʩ ʠʩʢʦʧʘʝʤʳʭ ʨʝʩʫʨʩʦʚ, ʥʦ ʠ ʟʘʱʠʱʘʝʪ ʦʢʨʫʞʘʶʱʫʶ 

ʩʨʝʜʫ ɿʝʤʣʠ. ʆʜʥʘʢʦ ʮʝʣʣʶʣʦʟʫ ʯʨʝʟʚʳʯʘʡʥʦ ʪʨʫʜʥʦ ʨʘʩʪʚʦʨʠʪʴ ʠʟ-ʟʘ ʟʥʘʯʠʪʝʣʴʥʳʭ 

ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ ʠ ʯʘʩʪʠʯʥʦ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʜʣʷ ʵʪʦʡ 

ʮʝʣʠ ʠʩʧʦʣʴʟʫʶʪ ʠʦʥʥʳʝ ʞʠʜʢʦʩʪʠ. ɺ ʵʪʦʡ ʨʘʙʦʪʝ ʘʚʪʦʨʳ ʠʩʧʦʣʴʟʦʚʘʣʠ ʙʫʪʠʣʠʤʠʜʘʟʦʣʠʫʤ 

ʭʣʦʨʠʜ ʚ ʢʘʯʝʩʪʚʝ ʠʦʥʥʦʡ ʞʠʜʢʦʩʪʠ ʜʣʷ ʨʘʩʪʚʦʨʝʥʠʷ ʮʝʣʣʶʣʦʟʳ ʠ ʠʟʫʯʠʣʠ ʚʣʠʷʥʠʝ 

ʨʘʟʣʠʯʥʳʭ ʬʘʢʪʦʨʦʚ ʥʘ ʧʨʦʪʝʢʘʥʠʝ ʧʨʦʮʝʩʩʘ. ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ 

ʪʘʙʣ.  1 
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ʊʘʙʣʠʮʘ 1.  

ɺʣʠʷʥʠʝ ʨʘʟʣʠʯʥʳʭ ʬʘʢʪʦʨʦʚ ʥʘ ʨʘʩʪʚʦʨʝʥʠʝ ʮʝʣʣʶʣʦʟʳ ʚ ʠʦʥʥʦʡ ʞʠʜʢʦʩʪʠ 

[C4mim]Cl. 

ʋʩʣʦʚʠʷ  ʦʙʨʘʙʦʪʢʠ ʮʝʣʣʶʣʦʟʳ ɺʨʝʤʷ 

ʨʘʩʪʚʦʨʝʥʠʷ, 

ʯ. 

ɺʳʭʦʜ, 

% ʈʝʘʛʝʥʪ 

ʦʙʨʘʙʦʪʢʠ 

ʄʦʱʥʦʩʪʴ, 

ɺʪ 

ʇʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ, 

ʯ. 

ʊʝʤʧʝʨʘʪʫʨʘ, 
0
ʉ 

ʄʝʭʘʥʠʯʝʩʢʦʝ 

ʬʨʝʟʝʨʦʚʘʥʠʝ 

 6 25 11,1 1,18 

ʄʝʭʘʥʠʯʝʩʢʦʝ 

ʬʨʝʟʝʨʦʚʘʥʠʝ 

 12 25 8,9 0,95 

ʄʝʭʘʥʠʯʝʩʢʦʝ 

ʬʨʝʟʝʨʦʚʘʥʠʝ 

 18 25 7,6 0,94 

ʄʝʭʘʥʠʯʝʩʢʦʝ 

ʬʨʝʟʝʨʦʚʘʥʠʝ 

 24 25 6,8 0,95 

ʕʪʘʥʦʣ  4 25 4,5 1,04 

ʕʪʘʥʦʣ  6 25 3,8 1,06 

ʕʪʘʥʦʣ  8 25 3,1 1,05 

ʕʪʘʥʦʣ  10 25 2,6 1,06 

ʋʣʴʪʨʘʟʚʫʢʦʚʦʝ 

ʦʙʣʫʯʝʥʠʝ 

30 20 ʤʠʥ 25 2,2 1,05 

ʋʣʴʪʨʘʟʚʫʢʦʚʦʝ 

ʦʙʣʫʯʝʥʠʝ 

30 30 ʤʠʥ 25 1,5 1,06 

ʋʣʴʪʨʘʟʚʫʢʦʚʦʝ 

ʦʙʣʫʯʝʥʠʝ 

30 40 ʤʠʥ 25 0,9 1,05 

ʋʣʴʪʨʘʟʚʫʢʦʚʦʝ 

ʦʙʣʫʯʝʥʠʝ 

75 20 ʤʠʥ 25 1,4 1,02 

ʋʣʴʪʨʘʟʚʫʢʦʚʦʝ 

ʦʙʣʫʯʝʥʠʝ 

75 40 ʤʠʥ 25 0,8 1,01 

ʄʠʢʨʦʚʦʣʥʦʚʦʝ 

ʦʙʣʫʯʝʥʠʝ 

200 30 ʤʠʥ 25 2,6 1,06 

ʄʠʢʨʦʚʦʣʥʦʚʦʝ 

ʦʙʣʫʯʝʥʠʝ 

400 30 ʤʠʥ 25 2,4 1,02 

ʄʠʢʨʦʚʦʣʥʦʚʦʝ 

ʦʙʣʫʯʝʥʠʝ 

600 30 ʤʠʥ 25 1,6 1,04 

ʄʠʢʨʦʚʦʣʥʦʚʦʝ 

ʦʙʣʫʯʝʥʠʝ 

200 20 ʤʠʥ 50 1,3 1,03 

ʄʠʢʨʦʚʦʣʥʦʚʦʝ 

ʦʙʣʫʯʝʥʠʝ 

600 20 ʤʠʥ 50 0,9 0,98 

 

ʋʚʝʣʠʯʠʚʘʶʱʠʡʩʷ ʨʦʩʪ ʥʘʩʝʣʝʥʠʷ ʠ ʠʥʜʫʩʪʨʠʘʣʠʟʘʮʠʷ ʧʦʩʪʦʷʥʥʦ ʫʛʥʝʪʘʶʪ ʩʫʱʝʩʪʚʫ   

ʶʱʠʝ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʨʝʩʫʨʩʳ, ʧʦʚʳʰʘʷ ʫʨʦʚʝʥʴ ʟʘʛʨʷʟʥʝʥʠʷ ʠ ʛʣʦʙʘʣʴʥʳʡ ʩʧʨʦʩ ʥʘ 

ʪʦʧʣʠʚʦ. ʈʘʟʣʠʯʥʳʝ ʘʣʴʪʝʨʥʘʪʠʚʥʳʝ ʠʩʪʦʯʥʠʢʠ ʵʥʝʨʛʠʠ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ 

ʨʝʰʝʥʠʷ ʵʪʠʭ ʧʨʦʙʣʝʤ ʙʝʟʚʨʝʜʥʳʤ ʜʣʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʩʧʦʩʦʙʦʤ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 

ʙʠʦʵʪʘʥʦʣ (ʠʟ ʩʘʭʘʨʥʦʛʦ ʪʨʦʩʪʥʠʢʘ, ʢʫʢʫʨʫʟʳ) ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʰʠʨʦʢʦ 

ʧʦʪʨʝʙʣʷʝʤʳʭ ʚʠʜʦʚ ʙʠʦʪʦʧʣʠʚʘ ʚ ʤʠʨʝ. ʃʠʛʥʦʮʝʣʣʶʣʦʟʥʘʷ ʙʠʦʤʘʩʩʘ ʷʚʣʷʝʪʩʷ ʝʱʝ ʦʜʥʠʤ 

ʧʨʠʚʣʝʢʘʪʝʣʴʥʳʤ ʨʝʩʫʨʩʦʤ ʜʣʷ ʫʩʪʦʡʯʠʚʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʙʠʦʵʪʘʥʦʣʘ [8]. ʕʪʘʧ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʦʙʨʘʙʦʪʢʠ ʠʛʨʘʝʪ ʨʝʰʘʶʱʫʶ ʨʦʣʴ ʚ ʧʨʝʚʨʘʱʝʥʠʠ ʣʠʛʥʦʮʝʣʣʶʣʦʟʳ ʚ 

ʙʠʦʵʪʘʥʦʣ, ʧʦʚʳʰʘʷ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʴ ʮʝʣʣʶʣʦʟʳ ʢ ʬʝʨʤʝʥʪʘʪʠʚʥʦʤʫ ʛʠʜʨʦʣʠʟʫ. ʊʝʤ ʥʝ 

ʤʝʥʝʝ, ʵʢʦʥʦʤʠʯʥʘʷ ʧʨʝʜʚʘʨʠʪʝʣʴʥʘʷ ʦʙʨʘʙʦʪʢʘ ʣʠʛʥʦʮʝʣʣʶʣʦʟʳ ʧʦ-ʧʨʝʞʥʝʤʫ ʦʩʪʘʝʪʩʷ 

ʩʣʦʞʥʦʡ ʟʘʜʘʯʝʡ. ʀʦʥʥʳʝ ʞʠʜʢʦʩʪʠ (ʀɾ), ʦʩʦʙʝʥʥʦ ʘʮʝʪʘʪ 1-ʵʪʠʣ-3-ʤʝʪʠʣʠʤʠʜʘʟʦʣʠʷ 

(EmimAc), ʷʚʣʷʝʪʩʷ ʵʬʬʝʢʪʠʚʥʳʤ ʨʘʩʪʚʦʨʠʪʝʣʝʤ ʜʣʷ ʨʘʩʪʚʦʨʝʥʠʷ ʮʝʣʣʶʣʦʟʳ ʩ ʫʣʫʯʰʝʥʥʦʡ 
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ʢʠʥʝʪʠʢʦʡ ʬʝʨʤʝʥʪʘʪʠʚʥʦʛʦ ʦʩʘʭʘʨʠʚʘʥʠʷ. ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʦʮʝʩʩʘ, ʘ 

ʪʘʢʞʝ ʚʦʟʤʦʞʥʦʩʪʠ ʧʦʚʪʦʨʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʀɾ ʚʦʜʘ ʧʦʢʘʟʘʥʘ ʚ ʢʘʯʝʩʪʚʝ ʩʦʚʤʝʩʪʠʤʦʛʦ 

ʩʦʨʘʩʪʚʦʨʠʪʝʣʷ ʜʣʷ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʦʙʨʘʙʦʪʢʠ ʣʠʛʥʦʮʝʣʣʶʣʦʟʳ. ɸʥʘʣʠʟ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʩʤʝʩʠ ʀɾ-ʚʦʜʘ ʥʘ ʦʩʥʦʚʝ ʧʦʥʠʤʘʥʠʷ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʫʨʦʚʥʷ ʤʦʞʝʪ ʧʦʤʦʯʴ ʚ ʨʘʟʨʘʙʦʪʢʝ 

ʵʬʬʝʢʪʠʚʥʳʭ ʨʘʩʪʚʦʨʠʪʝʣʝʡ ʜʣʷ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʦʙʨʘʙʦʪʢʠ. ɺ ʵʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʙʳʣʦ 

ʚʳʧʦʣʥʝʥʦ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʤʦʣʝʢʫʣʷʨʥʦʡ ʜʠʥʘʤʠʢʠ ʚʩʝʭ ʘʪʦʤʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʤʝʩʝʡ 

EmimAc-ʚʦʜʘ, ʯʪʦʙʳ ʧʦʥʷʪʴ ʧʦʚʝʜʝʥʠʝ ʤʠʢʨʦʢʨʠʩʪʘʣʣʦʚ ʮʝʣʣʶʣʦʟʳ, ʩʦʜʝʨʞʘʱʠʭ ʚʦʩʝʤʴ 

ʦʢʪʘʤʝʨʦʚ ʛʣʶʢʦʟʳ, ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʠ ʪʝʤʧʝʨʘʪʫʨʝ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ 

ʦʙʨʘʙʦʪʢʠ. ʈʝʟʫʣʴʪʘʪʳ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʦʢʘʟʳʚʘʶʪ ʵʬʬʝʢʪʠʚʥʦʝ 

ʨʘʟʜʝʣʝʥʠʝ ʮʝʧʝʡ ʮʝʣʣʶʣʦʟʳ, ʧʨʠ ʵʪʦʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʮʝʣʣʶʣʦʟʳ ʠ ʘʮʝʪʘʪʘ ʷʚʣʷʝʪʩʷ 

ʜʚʠʞʫʱʝʡ ʩʠʣʦʡ ʨʘʩʪʚʦʨʝʥʠʷ. ʊʘʢʞʝ ʟʘʤʝʯʝʥʦ, ʯʪʦ ʧʨʝʜʚʘʨʠʪʝʣʴʥʘʷ ʦʙʨʘʙʦʪʢʘ ʩʤʝʩʴʶ 50 ʠ 

80% ʀɾ ʵʬʬʝʢʪʠʚʥʘ ʜʣʷ ʩʥʠʞʝʥʠʷ ʢʨʠʩʪʘʣʣʠʯʥʦʩʪʠ ʮʝʣʣʶʣʦʟʳ. ʇʨʠ ʚʳʩʦʢʦʡ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʀɾ ʚʦʜʘ ʩʫʱʝʩʪʚʫʝʪ ʚ ʢʣʘʩʪʝʨʥʦʡ ʩʝʪʠ, ʢʦʪʦʨʘʷ ʧʦʩʪʝʧʝʥʥʦ ʨʘʩʰʠʨʷʝʪʩʷ ʚ 

ʩʨʝʜʫ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʜʦʣʠ ʚʦʜʳ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʧʦʪʝʨʝ ʝʝ ʩʦʩʦʣʴʚʘʪʠʨʫʶʱʝʡ ʘʢʪʠʚʥʦʩʪʠ. . 
 ʎʝʣʣʶʣʦʟʘ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʧʨʠʨʦʜʥʳʭ 

ʧʦʣʠʤʝʨʦʚ, ʥʦ ʧʨʠʤʝʥʝʥʠʝ ʮʝʣʣʶʣʦʟʳ ʦʛʨʘʥʠʯʝʥʦ ʠʟ-ʟʘ ʩʣʦʞʥʦʩʪʠ ʨʘʩʪʚʦʨʝʥʠʷ ʮʝʣʣʶʣʦʟʳ ʚ ʚʦʜʝ ʠ 

ʦʙʳʯʥʳʭ ʭʠʤʠʯʝʩʢʠʭ ʨʘʩʪʚʦʨʠʪʝʣʷʭ. ɺ ʧʦʩʣʝʜʥʠʝ ʜʝʩʷʪʠʣʝʪʠʷ ʙʳʣʠ ʠʟʫʯʝʥʳ ʠʦʥʥʳʝ ʞʠʜʢʦʩʪʠ ʜʣʷ 

ʵʬʬʝʢʪʠʚʥʦʛʦ, ʫʩʪʦʡʯʠʚʦʛʦ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠ ʯʠʩʪʦʛʦ ʨʘʩʪʚʦʨʝʥʠʷ ʮʝʣʣʶʣʦʟʳ [9]. ɺ ʵʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ 

ʙʳʣ ʩʠʥʪʝʟʠʨʦʚʘʥ ʨʷʜ ʠʦʥʥʳʭ ʞʠʜʢʦʩʪʝʡ ʥʘ ʦʩʥʦʚʝ ʠʤʠʜʘʟʦʣʠʷ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʢʘʯʝʩʪʚʝ 

ʨʘʩʪʚʦʨʠʪʝʣʝʡ ʮʝʣʣʶʣʦʟʳ, ʚʢʣʶʯʘʷ ʜʠʤʝʪʠʣʬʦʩʬʘʪ 1,3-ʜʠʤʝʪʠʣʠʤʠʜʘʟʦʣʠʷ ([mmim]dmp), 

ʜʠʤʝʪʠʣʬʦʩʬʘʪ 1-ʵʪʠʣ-3-ʤʝʪʠʣʠʤʠʜʘʟʦʣʠʷ ([emim]dmp), ɼʠʤʝʪʠʣʬʦʩʬʘʪ 1-ʙʫʪʠʣ-3-ʤʝʪʠʣʠʤʠʜʘʟʦʣʠʷ 

([bmim]dmp), ʜʠʤʝʪʠʣʬʦʩʬʘʪ 1-ʛʝʢʩʠʣ-3-ʤʝʪʠʣʠʤʠʜʘʟʦʣʠʷ ([hmim]dmp), ʜʠʵʪʠʣʬʦʩʬʘʪ 1-ʵʪʠʣ-3-

ʤʝʪʠʣʠʤʠʜʘʟʦʣʠʷ ([emim]dep), 1,3-ʜʠʵʪʠʣʠʤʠʜʘʟʦʣʠʡ ʜʠʵʪʠʣʬʦʩʬʘʪ ([eeim]dep) ʠ ʜʠʵʪʠʣʬʦʩʬʘʪ 1-

ʙʫʪʠʣ-3-ʵʪʠʣʠʤʠʜʘʟʦʣʠʷ ([beim]dep). ʕʢʩʧʝʨʠʤʝʥʪʳ ʧʦ ʨʝʦʣʦʛʠʠ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʜʣʷ ʠʟʫʯʝʥʠʷ 

ʧʦʚʝʜʝʥʠʷ ʮʝʣʣʶʣʦʟʳ ʧʨʠ ʪʝʯʝʥʠʠ ʚ ʵʪʠʭ ʠʦʥʥʳʭ ʞʠʜʢʦʩʪʷʭ ʠ ʩʦʨʘʩʪʚʦʨʠʪʝʣʷʭ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ 

ʨʘʩʪʚʦʨʷʶʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʮʝʣʣʶʣʦʟʳ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩ ʫʤʝʥʴʰʝʥʠʝʤ ʚʷʟʢʦʩʪʠ ʨʘʩʪʚʦʨʠʪʝʣʷ, ʘ 

ʨʝʦʣʦʛʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʥʘʠʙʦʣʝʝ ʩʠʣʴʥʦ ʟʘʚʠʩʷʪ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʨʘʩʪʚʦʨʝʥʥʦʡ 

ʮʝʣʣʶʣʦʟʳ. ʉʠʩʪʝʤʳ, ʩʦʩʪʦʷʱʠʝ ʠʟ ʮʝʣʣʶʣʦʟʳ ʚ [mmim]dmp, [emim]dmp ʠ [emim]dep, ʚʝʜʫʪ ʩʝʙʷ ʢʘʢ 

ʚʷʟʢʦʫʧʨʫʛʠʝ ʛʝʣʠ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʩʦʩʪʘʚʳ ʮʝʣʣʶʣʦʟʳ ʚ [bmim]dmp, [hmim]dmp, [eeim]dep ʠ 

[beim]dep ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʚʷʟʢʦʫʧʨʫʛʦʝ ʧʦʚʝʜʝʥʠʝ ʞʠʜʢʦʩʪʠ. ʕʪʠ ʨʝʟʫʣʴʪʘʪʳ ʧʦʚʣʠʷʶʪ ʥʘ 

ʨʘʟʨʘʙʦʪʢʫ ʥʦʚʳʭ ʨʘʩʪʚʦʨʠʪʝʣʝʡ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʧʦʣʠʤʝʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʦʩʥʦʚʝ ʮʝʣʣʶʣʦʟʳ.  

  ʇʨʝʜʣʦʞʝʥ ʧʘʪʝʥʪ [10], ʚ ʢʦʪʦʨʦʤ ʩʦʦʙʱʘʝʪʩʷ, ʯʪʦ ʮʝʣʣʶʣʦʟʘ ʨʘʩʪʚʦʨʷʝʪʩʷ ʚ ʠʦʥʥʦʡ 

ʞʠʜʢʦʩʪʠ ʙʝʟ ʜʝʨʠʚʘʪʠʟʘʮʠʠ ʠ ʨʝʛʝʥʝʨʠʨʫʝʪʩʷ ʚ ʨʘʟʣʠʯʥʳʭ ʩʪʨʫʢʪʫʨʥʳʭ ʬʦʨʤʘʭ ʙʝʟ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʨʝʜʥʳʭ ʠʣʠ ʣʝʪʫʯʠʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʨʘʩʪʚʦʨʠʪʝʣʝʡ. ʈʘʩʪʚʦʨʠʤʦʩʪʴ ʮʝʣʣʶʣʦʟʳ 

ʠ ʩʚʦʡʩʪʚʘ ʨʘʩʪʚʦʨʘ ʤʦʞʥʦ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʧʫʪʝʤ ʚʳʙʦʨʘ ʢʦʤʧʦʥʝʥʪʦʚ ʠʦʥʥʦʡ ʞʠʜʢʦʩʪʠ ʩ 

ʥʝʙʦʣʴʰʠʤʠ ʢʘʪʠʦʥʘʤʠ ʠ ʛʘʣʦʛʝʥʠʜʥʳʤʠ ʠʣʠ ʧʩʝʚʜʦʛʘʣʦʛʝʥʠʜʥʳʤʠ ʘʥʠʦʥʘʤʠ, ʦʪʜʘʶʱʠʤʠ 

ʧʨʝʜʧʦʯʪʝʥʠʝ ʨʘʩʪʚʦʨʫ. ʅʠʞʝ ʧʦʢʘʟʘʥʳ ʧʨʝʜʣʦʞʝʥʥʳʝ ʠʦʥʥʳʝ ʞʠʜʢʦʩʪʠ: 

 

 
  ʇʝʨʝʨʘʙʦʪʢʘ ʮʝʣʣʶʣʦʟʳ, ʨʘʩʪʚʦʨʝʥʥʦʡ ʚ ʠʦʥʥʳʭ ʞʠʜʢʦʩʪʷʭ (ʀɾ), ʧʦʟʚʦʣʷʝʪ ʨʘʟʨʘʙʘʪʳʚʘʪʴ 

ʥʦʚʳʝ ʤʘʪʝʨʠʘʣʳ [11]. ʇʦʤʠʤʦ ʥʘʣʘʞʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʨʦʜʫʢʪʦʚ ʠʟ ʮʝʣʣʶʣʦʟʥʦʛʦ ʚʦʣʦʢʥʘ, 

ʨʘʟʨʘʙʘʪʳʚʘʶʪʩʷ ʠʥʪʝʨʝʩʥʳʝ ʪʝʭʥʠʯʝʩʢʠʝ ʧʨʠʣʦʞʝʥʠʷ, ʪʘʢʠʝ ʢʘʢ ʩʫʧʝʨʤʠʢʨʦʚʦʣʦʢʦʥʥʳʝ ʚʦʣʦʢʥʘ, 

ʚʦʣʦʢʥʘ ʠʟ ʩʤʝʩʠ ʮʝʣʣʶʣʦʟʳ ʠ ʭʠʪʠʥʘ, ʧʨʝʢʫʨʩʦʨʳ ʜʣʷ ʫʛʣʝʨʦʜʥʳʭ ʚʦʣʦʢʦʥ ʠ ʧʦʣʥʦʩʪʴʶ 

ʮʝʣʣʶʣʦʟʥʳʝ ʢʦʤʧʦʟʠʪʳ. ɺ ʵʪʦʡ ʨʘʙʦʪʝ  ʧʨʝʜʩʪʘʚʣʝʥ ʧʦʜʨʦʙʥʳʡ ʦʙʟʦʨ ʵʪʠʭ ʥʦʚʳʭ ʨʘʟʨʘʙʦʪʦʢ ʠ 
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ʦʧʠʩʳʚʘʝʪʩʷ, ʢʘʢ ʚʳʙʠʨʘʶʪʩʷ ʀɾ ʜʣʷ ʧʝʨʝʨʘʙʦʪʢʠ ʮʝʣʣʶʣʦʟʳ ʩ ʦʩʦʙʳʤ ʘʢʮʝʥʪʦʤ ʥʘ ʧʨʦʤʳʰʣʝʥʥʫʶ 

ʨʝʘʣʠʟʘʮʠʶ. ʈʘʩʩʤʦʪʨʝʥʳ ʩʦʚʨʝʤʝʥʥʳʝ ʧʨʦʮʝʩʩʳ ʧʨʷʜʝʥʠʷ ʠ ʧʦʢʘʟʘʥʦ, ʢʘʢ ʫʥʠʢʘʣʴʥʦ ʚʳʙʨʘʥʥʳʝ 

ʀɾ  ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʥʝ ʪʦʣʴʢʦ ʜʣʷ ʪʨʘʜʠʮʠʦʥʥʦʛʦ ʧʨʷʜʝʥʠʷ ʚʦʣʦʢʥʘ, ʥʦ ʠ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ 

ʥʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʦʩʥʦʚʝ ʮʝʣʣʶʣʦʟʳ. 

    ʄʘʪʝʨʠʘʣʳ ʥʘ ʦʩʥʦʚʝ ʮʝʣʣʶʣʦʟʳ ʧʨʠʚʣʝʢʣʠ ʙʦʣʴʰʦʝ ʚʥʠʤʘʥʠʝ ʠʟ-ʟʘ ʩʧʨʦʩʘ ʥʘ 

ʵʢʦʣʦʛʠʯʝʩʢʠ ʯʠʩʪʳʝ ʤʘʪʝʨʠʘʣʳ ʠ ʘʣʴʪʝʨʥʘʪʠʚʳ ʚʦʟʦʙʥʦʚʣʷʝʤʳʤ ʠʩʪʦʯʥʠʢʘʤ ʵʥʝʨʛʠʠ. ɺ ʙʣʠʞʘʡʰʠʝ 

ʛʦʜʳ ʦʞʠʜʘʝʪʩʷ ʫʚʝʣʠʯʝʥʠʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʵʪʠʭ ʤʘʪʝʨʠʘʣʦʚ ʚ ʩʚʷʟʠ ʩ ʧʨʦʛʨʝʩʩʠʨʫʶʱʠʤ 

ʩʦʢʨʘʱʝʥʠʝʤ ʧʦʩʪʘʚʦʢ ʥʝʬʪʝʭʠʤʠʯʝʩʢʦʡ ʧʨʦʜʫʢʮʠʠ. ʆʩʥʦʚʳʚʘʷʩʴ ʥʘ ʦʛʨʘʥʠʯʝʥʠʷʭ ʮʝʣʣʶʣʦʟʳ ʩ 

ʪʦʯʢʠ ʟʨʝʥʠʷ ʨʘʩʪʚʦʨʝʥʠʷ/ʦʙʨʘʙʦʪʢʠ ʠ ʦʨʠʝʥʪʠʨʫʷʩʴ ʥʘ çʟʝʣʝʥʫʶ ʭʠʤʠʶè, ʧʦʷʚʣʷʶʪʩʷ ʥʦʚʳʝ ʤʝʪʦʜʳ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʮʝʣʣʶʣʦʟʳ, ʪʘʢʠʝ ʢʘʢ ʨʘʩʪʚʦʨʝʥʠʝ ʠ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʷ ʚ ʠʦʥʥʳʭ ʞʠʜʢʦʩʪʷʭ, 

ʠʟʚʝʩʪʥʳʭ ʢʘʢ çʟʝʣʝʥʳʝ ʨʘʩʪʚʦʨʠʪʝʣʠè [12]. ɺ ʵʪʦʤ ʦʙʟʦʨʝ ʦʙʦʙʱʘʶʪʩʷ ʧʦʩʣʝʜʥʠʝ ʠʦʥʥʳʝ ʞʠʜʢʦʩʪʠ, 

ʠʩʧʦʣʴʟʫʝʤʳʝ ʧʨʠ ʧʝʨʝʨʘʙʦʪʢʝ ʮʝʣʣʶʣʦʟʳ, ʚʢʣʶʯʘʷ ʧʨʝʜʚʘʨʠʪʝʣʴʥʫʶ ʦʙʨʘʙʦʪʢʫ, ʛʠʜʨʦʣʠʟ, 

ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʶ ʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʚ ʭʠʤʠʯʝʩʢʠʝ ʚʝʱʝʩʪʚʘ ʥʘ ʦʩʥʦʚʝ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʧʣʘʪʬʦʨʤʳ. 

ʊʘʢʞʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʥʝʜʘʚʥʷʷ ʣʠʪʝʨʘʪʫʨʘ, ʚ ʢʦʪʦʨʦʡ ʠʩʩʣʝʜʫʝʪʩʷ ʧʨʦʛʨʝʩʩ, ʜʦʩʪʠʛʥʫʪʳʡ ʜʣʷ ʀɾ ʚ 

ʠʭ ʧʝʨʝʭʦʜʝ ʦʪ ʘʢʘʜʝʤʠʯʝʩʢʦʛʦ ʢ ʢʦʤʤʝʨʯʝʩʢʦʤʫ ʧʨʠʤʝʥʝʥʠʶ ʮʝʣʣʶʣʦʟʥʦʡ ʙʠʦʤʘʩʩʳ. 

  ɺ ʨʘʙʦʪʝ [13] ʮʝʣʣʶʣʦʟʫ (7% ʚʦʜʳ) ʪʱʘʪʝʣʴʥʦ ʜʠʩʧʝʨʛʠʨʦʚʘʣʠ ʚ ʨʘʟʣʠʯʥʳʭ ʠʦʥʥʳʭ 

ʞʠʜʢʦʩʪʷʭ (ʀɾ) ʠ ʠʩʩʣʝʜʦʚʘʣʠ ʤʫʪʥʦʩʪʴ ʩʤʝʩʠ, ʯʪʦʙʳ ʦʪʣʠʯʠʪʴ ʨʝʘʣʴʥʦʝ ʨʘʩʪʚʦʨʝʥʠʝ ʦʪ 

ʪʦʥʢʦʡ ʜʠʩʧʝʨʩʠʠ. ʀʩʩʣʝʜʦʚʘʣʠ ʨʘʩʪʚʦʨʷʶʱʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʭʣʦʨʠʜʘ 1-ʙʫʪʠʣ-3-

ʤʝʪʠʣʠʤʠʜʘʟʦʣʠʷ (BMIMCl ʠʟʚʝʩʪʝʥ ʢʘʢ ʨʘʩʪʚʦʨʠʪʝʣʴ ʮʝʣʣʶʣʦʟʳ) ʠ 11 ʜʨʫʛʠʭ 

ʢʦʤʤʝʨʯʝʩʢʠʭ ʀɾ (ʥʝ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʭ ʢʘʢ ʨʘʩʪʚʦʨʠʪʝʣʠ ʮʝʣʣʶʣʦʟʳ). ʀʟ ʧʦʩʣʝʜʥʠʭ 

ʪʦʣʴʢʦ 1,3-ʜʠʤʝʪʠʣʠʤʠʜʘʟʦʣʠʷ ʜʠʤʝʪʠʣʬʦʩʬʘʪ (DMIMDMP) ʤʦʛ ʨʘʩʪʚʦʨʷʪʴ 

ʮʝʣʣʶʣʦʟʫ. ʀʩʩʣʝʜʦʚʘʥʦ ʚʣʠʷʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʚʦʜʳ ʥʘ ʨʝʘʣʴʥʦʝ ʨʘʩʪʚʦʨʝʥʠʝ ʮʝʣʣʶʣʦʟʳ ʚ 

ʵʪʠʭ ʜʚʫʭ ʀɾ. ʄʘʢʩʠʤʘʣʴʥʦʝ ʪʝʦʨʝʪʠʯʝʩʢʦʝ ʢʦʣʠʯʝʩʪʚʦ ʨʘʩʪʚʦʨʝʥʥʦʡ ʙʝʟʚʦʜʥʦʡ ʮʝʣʣʶʣʦʟʳ 

ʚ ʀɾ ʦʧʨʝʜʝʣʷʣʠ ʤʝʪʦʜʦʤ ʵʢʩʪʨʘʧʦʣʷʮʠʠ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ. ɼʣʷ ʮʝʣʣʶʣʦʟʳ ʚ 

BMIMCl ʦʥʘ ʩʦʩʪʘʚʠʣʘ 8,75 ʛ/100 ʛ ʀɾ ʧʨʠ 95Áʉ. ɼʄʀʄɼʄʌ ʤʦʛ ʜʦʙʠʪʴʩʷ ʨʝʘʣʴʥʦʛʦ 

ʨʘʩʪʚʦʨʝʥʠʷ ʮʝʣʣʶʣʦʟʳ ʪʦʣʴʢʦ ʚ ʧʨʘʢʪʠʯʝʩʢʠ ʙʝʟʚʦʜʥʦʡ ʩʠʩʪʝʤʝ. 
    ʀʩʩʣʝʜʦʚʘʥʦ ʨʘʩʪʚʦʨʝʥʠʝ ʠ ʠʟʚʣʝʯʝʥʠʝ ʮʝʣʣʶʣʦʟʳ ʠʟ ʢʫʩʦʯʢʦʚ ʜʨʝʚʝʩʠʥʳ ʩʦʩʥʳ ʩ 

ʧʦʤʦʱʴʶ ʜʚʫʭ ʪʠʧʦʚ ʠʦʥʥʳʭ ʞʠʜʢʦʩʪʝʡ ʠ ʩʦʨʘʩʪʚʦʨʠʪʝʣʝʡ [14]. ʈʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʠʦʥʥʘʷ 

ʞʠʜʢʦʩʪʴ ʜʠʵʪʠʣʬʦʩʬʦʥʘʪʘ 1-ʵʪʠʣ-3-ʤʝʪʠʣʠʤʠʜʘʟʦʣʠʷ/ʜʠʤʝʪʠʣʩʫʣʴʬʦʢʩʠʜ (ʤʘʩʩʦʚʦʝ ʩʦʦʪʥʦʰʝʥʠʝ 

1:0,5) ʩʧʦʩʦʙʥʘ ʨʘʩʪʚʦʨʷʪʴ ʩʦʩʥʦʚʫʶ ʮʝʣʣʶʣʦʟʫ ʚ ʪʝʯʝʥʠʝ 8 ʤʠʥ ʧʨʠ 105Áʉ. ʇʨʠ ʵʪʦʤ ʩʪʝʧʝʥʴ 

ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʨʝʛʝʥʝʨʠʨʦʚʘʥʥʦʡ ʮʝʣʣʶʣʦʟʳ ʜʦʩʪʠʛʘʣʘ 244. ʈʘʩʪʚʦʨʝʥʥʫʶ ʮʝʣʣʶʣʦʟʫ ʤʦʞʥʦ ʙʳʣʦ 

ʨʝʛʝʥʝʨʠʨʦʚʘʪʴ ʠʟ ʨʘʩʪʚʦʨʘ ʢʦʤʧʦʥʝʥʪʘ ʧʨʠ ʜʦʙʘʚʣʝʥʠʠ ʚʦʜʳ. ɿʘʪʝʤ ʨʝʛʝʥʝʨʠʨʦʚʘʥʥʫʶ ʮʝʣʣʶʣʦʟʫ 

ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʣʠ ʧʦʨʦʰʢʦʚʦʡ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʜʠʬʨʘʢʮʠʝʡ, ʠʥʬʨʘʢʨʘʩʥʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʝʡ ʩ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʝʤ ʌʫʨʴʝ ʠ ʠʟʤʝʨʝʥʠʷʤʠ ʪʝʨʤʦʛʨʘʚʠʤʝʪʨʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ. ʈʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʚ 

ʧʨʦʮʝʩʩʝ ʨʘʩʪʚʦʨʝʥʠʷ ʥʝ ʙʳʣʦ ʜʝʨʠʚʘʪʠʟʘʮʠʠ ʨʝʘʢʮʠʠ ʠ ʯʪʦ ʨʘʩʪʚʦʨʝʥʠʝ ʩʦʩʥʦʚʦʡ ʮʝʣʣʶʣʦʟʳ ʙʳʣʦ 

ʧʨʷʤʳʤ ʧʨʦʮʝʩʩʦʤ. ʂʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʮʝʣʣʶʣʦʟʳ ʙʳʣʘ ʧʨʝʦʙʨʘʟʦʚʘʥʘ ʠʟ ʮʝʣʣʶʣʦʟʳ I ʚ 

ʮʝʣʣʶʣʦʟʫ II ʧʦʩʣʝ ʨʝʛʝʥʝʨʘʮʠʠ. ʊʘʢʞʝ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʨʝʛʝʥʝʨʠʨʦʚʘʥʥʘʷ ʮʝʣʣʶʣʦʟʘ ʦʙʣʘʜʘʝʪ 

ʭʦʨʦʰʝʡ ʪʝʨʤʠʯʝʩʢʦʡ ʩʪʘʙʠʣʴʥʦʩʪʴ .ʁ 

ʇʨʦʚʝʜʝʥʦ ʩʨʘʚʥʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʜʚʫʭ ʠʦʥʥʳʭ ʞʠʜʢʦʩʪʝʡ ʜʣʷ  ʨʘʩʪʚʦʨʝʥʠʷ ʜʨʝʚʝʩʥʦʡ 

ʮʝʣʣʶʣʦʟʳ (ʪʘʙʣ. 2) 

ʊʘʙʣʠʮʘ 2. 

 ʉʨʘʚʥʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʦʥʥʳʭ ʞʠʜʢʦʩʪʝʡ ʚ ʧʨʦʮʝʩʩʝ ʨʘʩʪʚʦʨʝʥʠʷ ʮʝʣʣʶʣʦʟʳ 

ʀʦʥʥʘʷ 

ʞʠʜʢʦʩʪʴ 

ʊʝʤʧʝʨʘʪʫʨʘ, 
0
ʉ 

ɼʄʌɸ, % ʆʧʠʣʢʠ, % ɺʨʝʤʷ, ʯ. ʄʦʨʬʦʣʦʛʠʷ 

[APy]Cl 120 30 1 120 ʌʣʦʢʫʣʷʥʪ 

[Emim]DEP 100 30 1 90 ʄʝʤʙʨʘʥʥʘʷ 

 ʊʘʢʞʝ ʘʚʪʦʨʘʤʠ ʧʨʦʚʝʜʝʥʦ ʩʨʘʚʥʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩʦʨʘʩʪʚʦʨʠʪʝʣʝʡ ʚ ʧʨʦʮʝʩʩʝ 

ʨʘʩʪʚʦʨʝʥʠʷ ʜʨʝʚʝʩʥʦʡ ʮʝʣʣʶʣʦʟʳ (ʪʘʙʣ. 3). 

ʊʘʙʣʠʮʘ 3.  
ʉʨʘʚʥʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩʦʨʘʩʪʚʦʨʠʪʝʣʝʡ ʚ ʧʨʦʮʝʩʩʝ ʨʘʩʪʚʦʨʝʥʠʷ ʮʝʣʣʶʣʦʟʳ  

ʉʦʨʘʩʪʚʦʨʠʪʝʣ ɹ ɼʄʉʆ ɼʄʌɸ ɼʄɸʉ ʇʠʨʠʜʠʥ 

ɺʨʝʤʷ, ʤʠʥ 90 150 259 240 

ʉʪʝʧʝʥʴ 

ʧʦʣʠʤʝʨʠʟʘʮʠʠ 

185 170 155 205 
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ʮʝʣʣʶʣʦʟ r

 

ɿʝʣʝʥʳʡ ʩʠʥʪʝʟ ʠʦʥʥʳʭ ʞʠʜʢʦʩʪʝʡ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ (RTIL) ʧʨʝʜʩʪʘʚʣʝʥ 

ʢʘʢ ʙʝʟʦʧʘʩʥʳʡ ʠ ʩʣʦʞʥʳʡ ʨʘʩʪʚʦʨʠʪʝʣʴ ʜʣʷ ʵʬʬʝʢʪʠʚʥʦʛʦ ʨʘʩʪʚʦʨʝʥʠʷ ʣʠʛʥʦʮʝʣʣʶʣʦʟʥʦʡ 

ʙʠʦʤʘʩʩʳ ʤʘʩʣʠʯʥʦʡ ʧʘʣʴʤʳ [15]. ʈʷʜ ʢʠʩʣʦʪʥʦ-ʠʦʥʥʳʭ ʞʠʜʢʦʩʪʝʡ ɹʨʝʥʩʪʝʜʘ ʙʳʣ 

ʧʨʠʛʦʪʦʚʣʝʥ ʧʨʷʤʦʡ ʥʝʡʪʨʘʣʠʟʘʮʠʝʡ ʛʠʜʨʦʢʩʠʜʘ ʜʠʵʪʠʣʜʠʤʝʪʠʣʘʤʤʦʥʠʷ ʥʝʩʢʦʣʴʢʠʤʠ 

(ʵʢʦʥʦʤʠʯʥʳʤʠ ʠ ʙʝʟʚʨʝʜʥʳʤʠ ʜʣʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ) ʢʠʩʣʦʪʘʤʠ ɹʨʝʥʩʪʝʜʘ ʚ ʢʘʯʝʩʪʚʝ 

RTIL. ʉʪʨʫʢʪʫʨʥʘʷ ʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʙʳʣʘ ʚʳʧʦʣʥʝʥʘ ʩ ʧʨʠʤʝʥʝʥʠʝʤ 

ʨʘʟʣʠʯʥʳʭ ʤʝʪʦʜʦʚ, ʪʘʢʠʭ ʢʘʢ ʠʥʬʨʘʢʨʘʩʥʦʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʌʫʨʴʝ (FT-IR), ʷʜʝʨʥʳʡ 

ʤʘʛʥʠʪʥʳʡ ʨʝʟʦʥʘʥʩ (ʗʄʈ), ʪʝʨʤʦʛʨʘʚʠʤʝʪʨʠʯʝʩʢʠʡ ʘʥʘʣʠʟ (TGA), ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʘʷ 

ʩʢʘʥʠʨʫʶʱʘʷ ʢʘʣʦʨʠʤʝʪʨʠʷ (DSC), ʜʟʝʪʘ-ʥʘʥʦʟʠʟʘʪʦʨ ʠ ʜʠʥʘʤʠʯʝʩʢʦʝ ʨʘʩʩʝʷʥʠʝ ʩʚʝʪʘ ( 

DLS) ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʯʪʦʙʳ ʢʦʥʩʪʘʪʠʨʦʚʘʪʴ ʚʣʠʷʥʠʝ ʘʥʠʦʥʘ ʥʘ ʨʘʩʰʠʨʝʥʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ 

ʨʘʩʪʚʦʨʝʥʠʷ ʮʝʣʣʶʣʦʟʳ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ RTIL ʚ ʤʷʛʢʠʭ ʫʩʣʦʚʠʷʭ. ɺ ʢʘʯʝʩʪʚʝ ʨʘʩʪʚʦʨʠʪʝʣʷ 

ʧʦʣʠʩʘʭʘʨʠʜʘ ʜʠʵʪʠʣʜʠʤʝʪʠʣʘʤʤʦʥʠʡʬʦʩʬʘʪ (ɸ1ʌ) ʧʦʢʘʟʘʣ ʠʩʢʣʶʯʠʪʝʣʴʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ 

ʠʟʚʣʝʢʘʪʴ 65 % ʮʝʣʣʶʣʦʟʳ ʠʟ ʙʠʦʤʘʩʩʳ ʙʝʟ ʢʘʢʦʡ-ʣʠʙʦ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʦʙʨʘʙʦʪʢʠ ʚ 

ʪʝʯʝʥʠʝ 30 ʤʠʥ. ʅʘʩʪʦʷʱʝʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʤʦʞʝʪ ʩʪʘʪʴ ʚʘʞʥʳʤ ʰʘʛʦʤ ʥʘ ʧʫʪʠ ʢ ʩʠʥʪʝʟʫ 

ʵʬʬʝʢʪʠʚʥʳʭ RTIL ʠ ʩʦʟʜʘʥʠʶ ʫʣʫʯʰʝʥʥʦʡ ʮʝʣʣʶʣʦʟʳ ʜʣʷ ʚʳʩʦʢʦʪʝʭʥʦʣʦʛʠʯʥʳʭ 

ʢʦʤʧʦʟʠʪʦʚ ʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʮʝʣʝʡ. 

 
  ʀʦʥʥʳʝ ʞʠʜʢʦʩʪʠ [Bmim]Cl, [Bmim]Br, [Bmim]HSO4, [Bmim]BF4 ʠ [Bmim]PF6 ʙʳʣʠ 

ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʜʣʷ ʠʟʫʯʝʥʠʷ ʚʣʠʷʥʠʷ ʘʥʠʦʥʦʚ ʥʘ ʨʘʩʪʚʦʨʝʥʠʝ ʮʝʣʣʶʣʦʟʳ 

[16]. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʨʘʩʪʚʦʨʝʥʠʝ ʮʝʣʣʶʣʦʟʳ ʩʚʷʟʘʥʦ ʩ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ ʤʝʞʜʫ ʘʥʠʦʥʘʤʠ ʠ ʮʝʣʣʶʣʦʟʦʡ, ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʧʣʦʪʥʦʩʪʴʶ 

ʟʘʨʷʜʘ ʥʘ ʘʥʠʦʥʝ. ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʮʝʣʣʶʣʦʟʳ ʚ ʰʝʩʪʠ ʠʩʩʣʝʜʦʚʘʥʥʳʭ 

ʠʦʥʥʳʭ ʞʠʜʢʦʩʪʷʭ: [Bmim]Cl > [Bmim]Br > [Bmim]HSO4 > [Bmim]BF4, 

[Bmim]PF6. ʊʝʨʤʦʛʨʘʚʠʤʝʪʨʠʯʝʩʢʠʡ ʤʝʪʦʜ ʧʨʠʤʝʥʷʣʩʷ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʪʘʙʠʣʴʥʦʩʪʠ 

ʠʦʥʥʳʭ ʞʠʜʢʦʩʪʝʡ. ʇʨʦʮʝʩʩ ʨʘʩʪʚʦʨʝʥʠʷ ʢʦʥʪʨʦʣʠʨʦʚʘʣʠ ʩ ʧʦʤʦʱʴʶ ʧʦʣʷʨʠʟʘʮʠʦʥʥʦʛʦ 

ʤʠʢʨʦʩʢʦʧʘ. ʈʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʨʘʩʪʚʦʨʝʥʠʝ ʮʝʣʣʶʣʦʟʳ ʩʚʷʟʘʥʦ ʩʦ ʩʪʘʙʠʣʴʥʦʩʪʴʶ 

ʠʦʥʥʳʭ ʞʠʜʢʦʩʪʝʡ. ɼʣʷ ʘʥʘʣʦʛʠʯʥʳʭ ʠʦʥʥʳʭ ʞʠʜʢʦʩʪʝʡ ʙʦʣʝʝ ʥʠʟʢʘʷ ʩʪʘʙʠʣʴʥʦʩʪʴ 

ʧʨʠʚʦʜʠʣʘ ʢ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʨʘʩʪʚʦʨʠʤʦʩʪʠ. ʂʘʢ ʠʩʭʦʜʥʳʝ, ʪʘʢ ʠ ʨʝʛʝʥʝʨʠʨʦʚʘʥʥʳʝ ʦʙʨʘʟʮʳ 

ʮʝʣʣʶʣʦʟʳ ʙʳʣʠ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʳ ʩ ʧʦʤʦʱʴʶ ʰʠʨʦʢʦʫʛʦʣʴʥʦʡ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʜʠʬʨʘʢʮʠʠ ʠ 

FTIR. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʩʪʨʫʢʪʫʨʳ ʠʩʭʦʜʥʦʡ ʮʝʣʣʶʣʦʟʳ ʠ ʨʝʛʝʥʝʨʠʨʦʚʘʥʥʦʡ ʮʝʣʣʶʣʦʟʳ 
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ʘʥʘʣʦʛʠʯʥʳ; ʦʜʥʘʢʦ ʢʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʮʝʣʣʶʣʦʟʳ ʙʳʣʘ ʧʨʝʦʙʨʘʟʦʚʘʥʘ ʚ ʮʝʣʣʶʣʦʟʫ 

II ʠʟ ʮʝʣʣʶʣʦʟʳ I ʠʩʭʦʜʥʦʡ ʮʝʣʣʶʣʦʟʳ. 

  ɺ ʨʘʙʦʪʝ  [17]  ʠʩʩʣʝʜʦʚʘʥʦ ʨʝʘʢʮʠʦʥʥʦʝ ʧʦʚʝʜʝʥʠʝ ʮʝʣʣʶʣʦʟʳ ʚ ʠʦʥʥʦʡ ʞʠʜʢʦʩʪʠ, 

ʭʣʦʨʠʜʝ 1-ʵʪʠʣ-3-ʤʝʪʠʣʠʤʠʜʘʟʦʣʠʷ ([C2mim][Cl]), ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʨʘʩʪʚʦʨʷʪʴ 

ʮʝʣʣʶʣʦʟʫ. ʆʙʨʘʟʮʳ ʮʝʣʣʶʣʦʟʳ ʦʙʨʘʙʘʪʳʚʘʣʠ [C2mim][Cl] ʧʨʠ 100, 120 ʠ 140Áʉ. ɺ ʥʘʯʘʣʝ 

ʦʙʨʘʙʦʪʢʠ ʩʦʣʶʙʠʣʠʟʠʨʦʚʘʥʥʘʷ ʮʝʣʣʶʣʦʟʘ ʚ [C2mim][Cl] ʜʝʧʦʣʠʤʝʨʠʟʫʝʪʩʷ ʚ ʨʘʟʣʠʯʥʳʝ 

ʥʠʟʢʦʤʦʣʝʢʫʣʷʨʥʳʝ ʩʦʝʜʠʥʝʥʠʷ, ʪʘʢʠʝ ʢʘʢ ʮʝʣʣʦʙʠʦʟʘ, ʮʝʣʣʦʙʠʦʟʘʥ, ʛʣʶʢʦʟʘ, ʣʝʚʦʛʣʶʢʦʟʘʥ 

ʠ 5-ʛʠʜʨʦʢʩʠʤʝʪʠʣʬʫʨʬʫʨʦʣ. ʇʦ ʤʝʨʝ ʧʨʦʜʦʣʞʝʥʠʷ ʦʙʨʘʙʦʪʢʠ ʯʘʩʪʴ ʥʠʟʢʦʤʦʣʝʢʫʣʷʨʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ ʨʝʘʛʠʨʦʚʘʣʘ ʩ ʠʦʥʥʦʡ ʞʠʜʢʦʩʪʴʶ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʥʦʚʳʭ ʧʦʣʠʤʝʨʦʚ ʯʝʨʥʦʛʦ 

ʮʚʝʪʘ, ʩʦʜʝʨʞʘʱʠʭ ʘʟʦʪ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, [C2mim][Cl] ʷʚʣʷʝʪʩʷ ʥʝ ʪʦʣʴʢʦ ʨʘʩʪʚʦʨʠʪʝʣʝʤ 

ʮʝʣʣʶʣʦʟʳ, ʥʦ ʠ ʨʝʘʛʝʥʪʦʤ ʢʘʢ ʜʣʷ ʜʝʧʦʣʠʤʝʨʠʟʘʮʠʠ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʨʘʟʣʠʯʥʳʭ 

ʥʠʟʢʦʤʦʣʝʢʫʣʷʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʪʘʢ ʠ ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʡ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʵʪʠʭ ʩʦʝʜʠʥʝʥʠʡ. 

 ʇʦʢʘʟʘʥʦ [18], ʯʪʦ ʠʦʥʥʳʝ ʞʠʜʢʦʩʪʠ (ʀɾ) ʷʚʣʷʶʪʩʷ ʤʥʦʛʦʦʙʝʱʘʶʱʠʤʠ 

ʨʘʩʪʚʦʨʠʪʝʣʷʤʠ ʜʣʷ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʦʙʨʘʙʦʪʢʠ ʣʠʛʥʦʮʝʣʣʶʣʦʟʥʦʡ ʙʠʦʤʘʩʩʳ, ʥʦ ʚ 

ʦʩʥʦʚʥʦʤ ʠʭ ʧʦʣʫʯʘʶʪ ʠʟ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʦʚ ʥʝʬʪʠ. ɹʝʥʟʘʣʴʜʝʛʠʜʳ ʠʟ ʜʝʧʦʣʠʤʝʨʠʟʦʚʘʥʥʦʛʦ 

ʣʠʛʥʠʥʘ, ʪʘʢʠʝ ʢʘʢ ʚʘʥʠʣʠʥ, ʩʠʨʝʥʝʚʳʡ ʘʣʴʜʝʛʠʜ ʠ 4-ʤʝʪʦʢʩʠʙʝʥʟʘʣʴʜʝʛʠʜ, ʧʨʝʜʩʪʘʚʣʷʶʪ 

ʩʦʙʦʡ ʚʦʟʦʙʥʦʚʣʷʝʤʦʝ ʩʳʨʴʝ ʜʣʷ ʩʠʥʪʝʟʘ ʠʦʥʥʳʭ ʞʠʜʢʦʩʪʝʡ. ɿʜʝʩʴ ʤʳ ʩʦʦʙʱʘʝʤ ʦ ʩʠʥʪʝʟʝ 

ʥʦʚʳʭ ʠʦʥʥʳʭ ʞʠʜʢʦʩʪʝʡ ʥʘ ʦʩʥʦʚʝ ʣʠʛʥʠʥʘ ʩ ʫʜʣʠʥʝʥʥʳʤʠ N-ʘʣʢʠʣʴʥʳʤʠ ʮʝʧʷʤʠ ʠ 

ʠʟʫʯʘʝʤ ʠʭ ʪʦʯʢʠ ʧʣʘʚʣʝʥʠʷ, ʩʧʦʩʦʙʥʦʩʪʴ ʨʘʩʪʚʦʨʷʪʴ ʮʝʣʣʶʣʦʟʫ ʠ ʧʨʦʬʠʣʠ ʪʦʢʩʠʯʥʦʩʪʠ ʚ 

ʦʪʥʦʰʝʥʠʠ Daphnia magna ʠ hʪʘʤʤʘ E. coli 1A1. ʇʦʩʣʝʜʥʠʡ ʦʨʛʘʥʠʟʤ ʙʳʣ ʩʧʨʦʝʢʪʠʨʦʚʘʥ 

ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠʟʦʧʨʝʥʦʣʘ, ʙʠʦʪʦʧʣʠʚʘ ʠ ʧʨʝʢʫʨʩʦʨʘ ʜʣʷ ʪʦʚʘʨʥʳʭ ʭʠʤʠʢʘʪʦʚ. ʅʦʚʳʝ 

N,N-ʜʠʵʪʠʣ- ʠ N,N-ʜʠʧʨʦʧʠʣʤʝʪʠʣʙʝʥʟʠʣʘʤʤʦʥʠʝʚʳʝ ʀɾ ʙʳʣʠ ʞʠʜʢʠʤʠ ʧʨʠ ʢʦʤʥʘʪʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ, ʜʝʤʦʥʩʪʨʠʨʫʷ ʩʥʠʞʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʧʣʘʚʣʝʥʠʷ ʥʘ 75-100 ÁC ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʠʭ ʘʥʘʣʦʛʦʤ N,N,N-ʪʨʠʤʝʪʠʣʙʝʥʟʠʣʘʤʤʦʥʠʷ. ʋʜʣʠʥʝʥʠʝ N-ʘʣʢʠʣʴʥʳʭ ʮʝʧʝʡ ʪʘʢʞʝ 

ʧʦʚʳʰʘʣʦ ʘʥʪʠʙʘʢʪʝʨʠʘʣʴʥʫʶ ʘʢʪʠʚʥʦʩʪʴ ʚ 3 ʨʘʟʘ, ʘ ʠʦʥʥʳʝ ʞʠʜʢʦʩʪʠ, ʧʨʠʛʦʪʦʚʣʝʥʥʳʝ ʠʟ 

ʚʘʥʠʣʠʥʘ, ʧʨʦʷʚʣʷʣʠ ʚ 2-4 ʨʘʟʘ ʤʝʥʴʰʫʶ ʪʦʢʩʠʯʥʦʩʪʴ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʞʠʜʢʦʩʪʷʤʠ, 

ʧʨʠʛʦʪʦʚʣʝʥʥʳʤʠ ʠʟ ʩʠʨʝʥʝʚʦʛʦ ʘʣʴʜʝʛʠʜʘ ʠ 4-ʤʝʪʦʢʩʠʙʝʥʟʘʣʴʜʝʛʠʜʘ. ʋʩʪʘʥʦʚʣʝʥʘ 

ʪʝʥʜʝʥʮʠʷ ʘʥʪʠʙʘʢʪʝʨʠʘʣʴʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʘʥʠʦʥʦʚ ʀɾ ʣʠʛʥʠʥʦʚʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ: 

ʤʝʪʘʥʩʫʣʴʬʦʥʘʪ < ʘʮʝʪʘʪ < ʛʠʜʨʦʢʩʠʜ. ɺʦ ʚʩʝʭ ʥʦʚʳʭ ʀɾ ʤʝʪʦʜʘʤʠ ʩʚʝʪʦʚʦʡ ʤʠʢʨʦʩʢʦʧʠʠ ʠ 

ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʥʘʙʣʶʜʘʣʠ ʨʘʩʪʚʦʨʝʥʠʝ ʤʠʢʨʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʮʝʣʣʶʣʦʟʳ ʦʪ 2 ʜʦ 4 

ʤʘʩ.% ʯʝʨʝʟ 20 ʤʠʥ ʧʨʠ 100 Áʉ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʘʚʪʦʨʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʠʦʥʥʳʝ ʞʠʜʢʦʩʪʠ, 

ʧʨʠʛʦʪʦʚʣʝʥʥʳʝ ʠʟ ʧʨʦʜʫʢʪʦʚ ʦʢʠʩʣʝʥʠʷ H-, S- ʠ G-ʣʠʛʥʠʥʘ, ʦʙʣʘʜʘʶʪ ʨʘʟʣʠʯʥʦʡ 

ʮʠʪʦʪʦʢʩʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʴʶ ʚ ʦʪʥʦʰʝʥʠʠ E. coli ʠ D. magna, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʨʝʜʧʦʣʦʞʠʪʴ, 

ʯʪʦ ʵʪʠ ʩʦʝʜʠʥʝʥʠʷ ʤʦʛʫʪ ʙʳʪʴ ʘʜʘʧʪʠʨʦʚʘʥʳ ʜʣʷ ʢʦʥʢʨʝʪʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʚ 

ʙʠʦʧʝʨʝʨʘʙʘʪʳʚʘʶʱʝʤ ʟʘʚʦʜʝ. 

   ʀʟʫʯʝʥʦ ʧʦʚʝʜʝʥʠʝ ʮʝʣʣʶʣʦʟʳ ʧʨʠ ʨʘʩʪʚʦʨʝʥʠʠ ʚ ʩʤʝʩʷʭ ʜʠʤʝʪʠʣʩʫʣʴʬʦʢʩʠʜʘ 

(ɼʄʉʆ) ʠ ʨʘʟʣʠʯʥʳʭ ʠʦʥʥʳʭ ʞʠʜʢʦʩʪʝʡ (ʀɾ) ʧʨʠ 25 Áʉ [19]. ɺʳʩʦʢʘʷ ʨʘʩʪʚʦʨʠʤʦʩʪʴ 

ʮʝʣʣʶʣʦʟʳ ʙʳʣʘ ʜʦʩʪʠʛʥʫʪʘ ʚ ʩʤʝʩʷʭ ʀɾ ʠ ɼʄʉʆ ʧʨʠ ʤʦʣʴʥʳʭ ʜʦʣʷʭ 1:2, 1:2 ʠ 1:1 ʜʣʷ 

ʘʮʝʪʘʪʘ 1-ʙʫʪʠʣ-3-ʤʝʪʠʣʠʤʠʜʘʟʦʣʠʷ, ʘʮʝʪʘʪʘ 1-ʧʨʦʧʠʣ-3-ʤʝʪʠʣʠʤʠʜʘʟʦʣʠʷ ʠ 1 -ʵʪʠʣ-3-

ʤʝʪʠʣʠʤʠʜʘʟʦʣʠʷ ʘʮʝʪʘʪ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʇʨʠ ʚʳʩʦʢʠʭ ʤʦʣʷʨʥʳʭ ʩʦʦʪʥʦʰʝʥʠʷʭ ɼʄʉʆ/ʀɾ 

(10:1ï2:1) ʙʦʣʝʝ ʜʣʠʥʥʘʷ ʘʣʢʠʣʴʥʘʷ ʮʝʧʴ ʢʘʪʠʦʥʘ ʀɾ ʧʨʠʚʦʜʠʣʘ ʢ ʙʦʣʝʝ ʚʳʩʦʢʦʡ 

ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʮʝʣʣʶʣʦʟʳ. ʆʜʥʘʢʦ ʙʦʣʝʝ ʢʦʨʦʪʢʠʝ ʢʘʪʠʦʥ-ʘʣʢʠʣʴʥʳʝ ʮʝʧʠ ʩʧʦʩʦʙʩʪʚʫʶʪ 

ʨʘʩʪʚʦʨʝʥʠʶ ʮʝʣʣʶʣʦʟʳ ʚ ʩʦʦʪʥʦʰʝʥʠʠ 1:1. ʈʝʦʣʦʛʠʯʝʩʢʠʝ ʠʟʤʝʨʝʥʠʷ, ʠʥʬʨʘʢʨʘʩʥʘʷ 

ʩʧʝʢʪʨʦʩʢʦʧʠʷ ʩ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝʤ ʌʫʨʴʝ (FTIR) ʠ ʠʟʤʝʨʝʥʠʷ ʷʜʝʨʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʨʝʟʦʥʘʥʩʘ 

(ʗʄʈ) ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʜʣʷ ʧʦʥʠʤʘʥʠʷ ʨʘʩʪʚʦʨʝʥʠʷ ʮʝʣʣʶʣʦʟʳ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʫʚʝʣʠʯʝʥʠʝ 

ʜʦʣʠ ɼʄʉʆ ʚ ʙʠʥʘʨʥʳʭ ʩʤʝʩʷʭ ʧʨʠʚʦʜʠʪ ʢ ʧʦʚʳʰʝʥʠʶ ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʮʝʣʣʶʣʦʟʳ ʟʘ ʩʯʝʪ 

ʩʥʠʞʝʥʠʷ ʚʷʟʢʦʩʪʠ ʩʠʩʪʝʤ. ɼʣʷ ʢʘʪʠʦʥʦʚ ʩ ʙʦʣʝʝ ʜʣʠʥʥʳʤʠ ʘʣʢʠʣʴʥʳʤʠ ʮʝʧʷʤʠ 

ʥʘʙʣʶʜʘʣʦʩʴ ʙʦʣʝʝ ʩʠʣʴʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʞʜʫ ʀɾ ʠ ʮʝʣʣʶʣʦʟʦʡ ʠ ʙʦʣʝʝ ʚʳʩʦʢʘʷ 

ʚʷʟʢʦʩʪʴ ʩʤʝʩʝʡ ɼʄʉʆ/ʀɾ. ʇʦʣʫʯʝʥʥʳʝ ʚ ʵʪʦʡ ʨʘʙʦʪʝ ʥʦʚʳʝ ʟʥʘʥʠʷ ʤʦʛʫʪ ʙʳʪʴ ʧʦʣʝʟʥʳ 

ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʵʢʦʥʦʤʠʯʥʳʭ ʩʠʩʪʝʤ ʨʘʩʪʚʦʨʠʪʝʣʝʡ ʜʣʷ ʙʠʦʧʦʣʠʤʝʨʦʚ. 
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   ʎʝʣʣʶʣʦʟʘ ʷʚʣʷʝʪʩʷ ʠʩʪʦʨʠʯʝʩʢʠʤ ʧʦʣʠʤʝʨʦʤ, ʚʦʟʤʦʞʥʦʩʪʠ ʦʙʨʘʙʦʪʢʠ ʢʦʪʦʨʦʛʦ 

ʙʳʣʠ ʦʛʨʘʥʠʯʝʥʳ ʦʪʩʫʪʩʪʚʠʝʤ ʪʦʯʢʠ ʧʣʘʚʣʝʥʠʷ ʠ ʥʝʨʘʩʪʚʦʨʠʤʦʩʪʴʶ ʚʦ ʚʩʝʭ ʤʦʣʝʢʫʣʷʨʥʳʭ 

ʨʘʩʪʚʦʨʠʪʝʣʷʭ, ʥʝ ʦʙʨʘʟʫʶʱʠʭ ʧʨʦʠʟʚʦʜʥʳʝ [20]. ʉʦʚʩʝʤ ʥʝʜʘʚʥʦ ʠʦʥʥʳʝ ʞʠʜʢʦʩʪʠ (ʀɾ) 

ʩʪʘʣʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʨʘʩʪʚʦʨʝʥʠʷ ʠ ʨʝʛʝʥʝʨʘʮʠʠ ʮʝʣʣʶʣʦʟʳ, ʥʘʧʨʠʤʝʨ, ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ 

ʧʨʦʮʝʩʩʦʚ ʧʨʷʜʝʥʠʷ ʪʝʢʩʪʠʣʴʥʳʭ ʚʦʣʦʢʦʥ. ɺ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʨʘʩʪʚʦʨʳ ʦʨʛʘʥʠʯʝʩʢʠʭ 

ʵʣʝʢʪʨʦʣʠʪʦʚ (ʆʕʉ), ʢʦʪʦʨʳʝ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʙʠʥʘʨʥʳʝ ʩʤʝʩʠ ʠʦʥʥʦʡ ʞʠʜʢʦʩʪʠ ʠ 

ʧʦʣʷʨʥʦʛʦ ʘʧʨʦʪʦʥʥʦʛʦ ʩʦʨʘʩʪʚʦʨʠʪʝʣʷ, ʤʦʛʫʪ ʜʝʤʦʥʩʪʨʠʨʦʚʘʪʴ ʜʘʞʝ ʣʫʯʰʫʶ ʪʝʭʥʠʯʝʩʢʫʶ 

ʩʧʦʩʦʙʥʦʩʪʴ ʢ ʨʘʩʪʚʦʨʝʥʠʶ ʮʝʣʣʶʣʦʟʳ, ʯʝʤ ʯʠʩʪʳʝ ʀɾ. ɺ ʵʪʦʡ ʨʘʙʦʪʝ ʘʚʪʦʨʘʤʠ 

ʠʩʧʦʣʴʟʦʚʘʥ OES, ʩʦʩʪʦʷʱʠʝ ʠʟ ʜʚʫʭ ʀɾ ʘʮʝʪʘʪʘ ʪʝʪʨʘʘʣʢʠʣʬʦʩʬʦʥʠʷ ʠ 

ʜʠʤʝʪʠʣʩʫʣʴʬʦʢʩʠʜʘ ʠʣʠ ɔ-ʚʘʣʝʨʦʣʘʢʪʦʥʘ ʚ ʢʘʯʝʩʪʚʝ ʩʦʨʘʩʪʚʦʨʠʪʝʣʝʡ. ʎʝʣʣʶʣʦʟʘ ʤʦʞʝʪ 

ʙʳʪʴ ʩʥʘʯʘʣʘ ʨʘʩʪʚʦʨʝʥʘ ʚ ʵʪʠʭ OES ʧʨʠ 120ÁC, ʘ ʟʘʪʝʤ ʨʝʛʝʥʝʨʠʨʦʚʘʥʘ ʧʨʠ ʦʭʣʘʞʜʝʥʠʠ, ʯʪʦ 

ʧʨʠʚʦʜʠʪ ʢ ʤʠʢʨʦ- ʠ ʤʘʢʨʦʬʘʟʦʚʦʤʫ ʨʘʟʜʝʣʝʥʠʶ. ʕʪʦ ʷʚʣʝʥʠʝ ʦʯʝʥʴ ʥʘʧʦʤʠʥʘʝʪ 

ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʡ ʧʝʨʝʭʦʜ ʪʠʧʘ ʚʝʨʭʥʝʡ ʢʨʠʪʠʯʝʩʢʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʨʘʩʪʚʦʨʘ (UCST). ʕʪʦ 

ʥʘʙʣʶʜʘʝʤʦʝ ʧʦʚʝʜʝʥʠʝ ʵʪʠʭ ʩʠʩʪʝʤ, ʧʦʜʦʙʥʦʝ UCST, ʧʦʟʚʦʣʷʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴ 

ʢʦʥʪʨʦʣʠʨʫʝʤʫʶ ʨʝʛʝʥʝʨʘʮʠʶ ʮʝʣʣʶʣʦʟʳ ʚ ʢʦʣʣʦʠʜʥʳʝ ʜʠʩʧʝʨʩʠʠ ʩʬʝʨʠʯʝʩʢʠʭ 

ʤʠʢʨʦʯʘʩʪʠʮ (ʩʬʝʨʦʣʠʪʦʚ) ʩ ʚʳʩʦʢʦʫʧʦʨʷʜʦʯʝʥʥʦʡ ʬʦʨʤʦʡ ʠ ʨʘʟʤʝʨʦʤ. ʍʦʪʷ ʦʙ ʵʪʦʤ 

ʷʚʣʝʥʠʠ ʩʦʦʙʱʘʣʦʩʴ ʜʣʷ ʜʨʫʛʠʭ ʩʠʩʪʝʤ ʥʘ ʦʩʥʦʚʝ IL ʠ NMMO, ʤʝʭʘʥʠʟʤʳ ʠ ʬʘʟʦʚʦʝ 

ʧʦʚʝʜʝʥʠʝ ʥʝ ʙʳʣʠ ʯʝʪʢʦ ʦʧʨʝʜʝʣʝʥʳ. ʏʘʩʪʠʮʳ ʧʦʣʫʯʘʶʪʩʷ ʥʠʞʝ ʪʝʤʧʝʨʘʪʫʨʳ ʬʘʟʦʚʦʛʦ 

ʨʘʩʩʣʦʝʥʠʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʫʧʨʘʚʣʷʝʤʦʡ ʤʫʣʴʪʠʤʦʣʝʢʫʣʷʨʥʦʡ ʘʩʩʦʮʠʘʮʠʠ. ʇʨʦʮʝʩʩ 

ʨʝʛʝʥʝʨʘʮʠʠ ʷʚʣʷʝʪʩʷ ʩʣʝʜʩʪʚʠʝʤ ʤʥʦʛʦʧʘʨʘʤʝʪʨʠʯʝʩʢʦʡ ʚʟʘʠʤʦʟʘʚʠʩʠʤʦʩʪʠ, ʛʜʝ ʩʚʦʶ ʨʦʣʴ 

ʠʛʨʘʶʪ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʣʠʤʝʨʘ, ʩʦʩʪʘʚ OES, ʪʝʤʧʝʨʘʪʫʨʘ, ʩʢʦʨʦʩʪʴ ʦʭʣʘʞʜʝʥʠʷ ʠ ʚʨʝʤʷ. 

ʆʙʩʫʞʜʘʝʪʩʷ ʚʣʠʷʥʠʝ ʫʩʣʦʚʠʡ ʵʢʩʧʝʨʠʤʝʥʪʘ, ʢʦʥʮʝʥʪʨʘʮʠʠ ʮʝʣʣʶʣʦʟʳ ʠ ʚʨʝʤʝʥʠ ʥʘ 

ʨʝʛʝʥʝʨʘʮʠʶ ʮʝʣʣʶʣʦʟʳ ʚ ʚʠʜʝ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʦʛʦ ʛʝʣʷ ʠʣʠ ʯʘʩʪʠʮ. 
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ʇʆʃʋʏɽʅʀɽ ʄʆʅʆ- ʀ ɼʀʕʌʀʈʆɺ ʄɸʃɽʀʅʆɺʆʁ ʂʀʉʃʆʊʓ 

ʕʊɽʈʀʌʀʂɸʎʀɽʁ ʄɸʃɽʀʅʆɺʆɻʆ ɸʅɻʀɼʈʀɼɸ 

 

ɸʥʥʦʪʘʮʠʷ. ɺ ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʩʪʘʪʴʝ ʧʦʢʘʟʘʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʦʙʣʘʩʪʠ 

ʨʝʘʢʮʠʠ ʵʪʝʨʠʬʠʢʘʮʠʠ ʤʘʣʝʠʥʦʚʦʛʦ ʘʥʛʠʜʨʠʜʘ ʨʘʟʣʠʯʥʳʤʠ ʩʧʠʨʪʘʤʠ. ʉʦʦʙʱʘʶʪʩʷ 

ʦʧʪʠʤʘʣʴʥʳʝ ʫʩʣʦʚʠʷ ʧʨʦʚʝʜʝʥʠʷ ʨʝʘʢʮʠʡ, ʤʝʭʘʥʠʟʤ ʠ ʧʦʣʫʯʝʥʠʝ ʤʦʥʦ- ʠ ʜʠʵʬʠʨʦʚ 

ʤʘʣʝʠʥʦʚʦʡ ʢʠʩʣʦʪʳ. ʇʦʢʘʟʘʥʳ ʢʠʥʝʪʠʯʝʩʢʠʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʵʪʠʭ ʨʝʘʢʮʠʡ, ʧʦʨʷʜʦʢ 

ʨʝʘʢʮʠʠ ʠ ʢʘʪʘʣʠʟʘʪʦʨʳ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʚ ʵʪʠʭ ʧʨʦʮʝʩʩʘʭ 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʘʣʝʠʥʦʚʳʡ ʘʥʛʠʜʨʠʜ, ʩʧʠʨʪʳ, ʵʪʝʨʠʬʠʢʘʮʠʷ, ʤʦʥʦ- ʠ ʜʠʵʬʠʨʳ 

ʤʘʣʝʠʥʦʚʦʡ ʢʠʩʣʦʪʳ, ʢʘʪʘʣʠʟʘʪʦʨʳ ʨʝʘʢʮʠʡ 
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OBTAINING MONO - AND DIESTERS OF MALEIC ACID BY ESTERIFICATION  

OF MALEIC ANHYDRIDE  

 Abstract. The presented article shows the results of research in the field of the esterification 

reaction of maleic anhydride with various alcohols. The optimal reaction conditions, the mechanism 

and the preparation of maleic acid mono- and diesters are reported. The kinetic regularities of these 

reactions, the reaction order and the catalysts used in these processes are shown. 

Keywords: maleic anhydride, alcohols, esterification, maleic acid mono- and diesters, 

reaction catalysts 

 

ɺ ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʩʪʘʪʴʝ ʧʦʢʘʟʘʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʦʙʣʘʩʪʠ ʩʠʥʪʝʟʘ ʤʦʥʦ- 

ʠ ʜʠʵʬʠʨʦʚ ʤʘʣʝʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʨʝʘʢʮʠʝʡ ʵʪʝʨʠʬʠʢʘʮʠʠ ʤʘʣʝʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʠ ʝʝ 

ʘʥʛʠʜʨʠʜʘ. ʊʘʢ,   ʧʨʦʚʝʜʝʥʦ ʢʠʥʝʪʠʯʝʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʨʝʘʢʮʠʠ ʵʪʝʨʠʬʠʢʘʮʠʠ ʤʘʣʝʠʥʦʚʦʡ 

ʢʠʩʣʦʪʳ ʵʪʘʥʦʣʦʤ ʥʘ ʢʘʪʠʦʥʠʪʘʭ Indion 730, Indion 225H, AmberliteIR120, Amberlyst 35 

[1]. Indion 730 ʧʦʢʘʟʘʣ ʙʦʣʝʝ ʚʳʩʦʢʫʶ ʢʦʥʚʝʨʩʠʶ ʤʘʣʝʠʥʦʚʦʡ ʢʠʩʣʦʪʳ, ʯʝʤ ʜʨʫʛʠʝ 

ʢʘʪʘʣʠʟʘʪʦʨʳ. ɺʣʠʷʥʠʝ ʨʘʟʣʠʯʥʳʭ ʧʘʨʘʤʝʪʨʦʚ, ʪʘʢʠʭ ʢʘʢ ʩʢʦʨʦʩʪʴ ʧʝʨʝʤʝʰʠʚʘʥʠʷ (600-1000 

ʦʙ/ʤʠʥ), ʨʘʟʤʝʨ ʯʘʩʪʠʮ (0,172-0,834 ʤʤ), ʤʦʣʴʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ (ʤʘʣʝʠʥʦʚʘʷ ʢʠʩʣʦʪʘ ʢ 

ʵʪʘʥʦʣʫ, 1:4-1:10), ʟʘʛʨʫʟʢʘ ʢʘʪʘʣʠʟʘʪʦʨʘ (50-120 ʢʛ/ʣ). ʤ
3
 ʦʙʲʝʤʘ ʨʝʘʛʝʥʪʘ), ʪʝʤʧʝʨʘʪʫʨʘ 

(323-353 ʂ). ʇʩʝʚʜʦʛʦʤʦʛʝʥʥʘʷ ʤʦʜʝʣʴ ʙʳʣʘ ʧʨʠʤʝʥʝʥʘ ʜʣʷ ʧʨʦʚʝʨʢʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ 

ʜʘʥʥʳʭ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ, ʠ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʵʥʝʨʛʠʷ ʘʢʪʠʚʘʮʠʠ ʩʦʩʪʘʚʣʷʝʪ 

12,54 ʢʢʘʣ/ʤʦʣʴ. 

 ʂʠʥʝʪʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʝʘʢʮʠʠ ʵʪʝʨʠʬʠʢʘʮʠʠ ʤʘʣʝʠʥʦʚʦʛʦ ʘʥʛʠʜʨʠʜʘ ʙʫʪʘʥ-1-

ʦʣʦʤ, ʠ 2-ʤʝʪʠʣʧʨʦʧʘʥ-1-ʦʣʦʤ ʧʨʦʚʦʜʠʣʠ ʚ ʧʦʣʫʧʝʨʠʦʜʠʯʝʩʢʦʤ ʨʝʘʢʪʦʨʝ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 

ʯʝʪʳʨʝʭ ʢʠʩʣʦʪʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ: ʩʝʨʥʘʷ ʢʠʩʣʦʪʘ, ʬʦʩʬʦʨʥʦ-ʚʦʣʴʬʨʘʤʦʚʘʷ ʢʠʩʣʦʪʘ, 

ʠʦʥʦʦʙʤʝʥʥʘʷ ʩʤʦʣʘ Dowex 50WX8 ʠ ʪʝʪʨʘʙʫʪʠʣʮʠʨʢʦʥʘʪ [2,3]. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʬʦʩʬʦʨʥʦ-

ʚʦʣʴʬʨʘʤʦʚʘʷ ʢʠʩʣʦʪʘ ʦʢʘʟʘʣʘʩʴ ʥʘʠʙʦʣʝʝ ʘʢʪʠʚʥʳʤ ʢʘʪʘʣʠʟʘʪʦʨʦʤ. ɼʠʘʧʘʟʦʥ ʪʝʤʧʝʨʘʪʫʨ 

383ï413 ʂ, ʤʦʣʷʨʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ ʩʧʠʨʪʘ ʢ ʢʠʩʣʦʪʝ ʢʦʣʝʙʣʝʪʩʷ ʚ ʧʨʝʜʝʣʘʭ 2,2-5:1. 

ʇʨʠʚʝʜʝʥʳ ʢʠʥʝʪʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ. ʂʠʥʝʪʠʢʘ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʠʤʝʝʪ ʚʪʦʨʦʡ ʧʦʨʷʜʦʢ ʢʘʢ ʧʦ 

ʢʠʩʣʦʪʝ, ʪʘʢ ʠ ʧʦ ʩʧʠʨʪʫ. ʈʝʘʢʮʠʷ, ʧʨʦʚʝʜʝʥʥʘʷ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʪʝʪʨʘʙʫʪʠʣʮʠʨʢʦʥʘʪʘ ʙʳʣʦ 
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ʦʯʝʥʴ ʤʝʜʣʝʥʥʦʡ ʠ ʟʘʚʠʩʝʣʘ ʪʦʣʴʢʦ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʢʠʩʣʦʪʳ. ɺʣʠʷʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ 

ʩʢʦʨʦʩʪʴ ʨʝʘʢʮʠʠ ʭʦʨʦʰʦ ʩʣʝʜʫʝʪ ʫʨʘʚʥʝʥʠʶ ɸʨʨʝʥʠʫʩʘ. 

ʀʟʫʯʝʥʘ ʢʠʥʝʪʠʢʘ ʨʝʘʢʮʠʠ ʤʝʞʜʫ ʢʘʩʪʦʨʦʚʳʤ ʤʘʩʣʦʤ ʠ ʤʘʣʝʠʥʦʚʳʤ ʘʥʛʠʜʨʠʜʦʤ ʙʝʟ 

ʢʦʥʜʝʥʩʘʮʠʠ ʠ ʢʘʪʘʣʠʟʘʪʦʨʘ [4]. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʢʦʥʮʝʥʪʨʘʮʠʷ ʧʨʦʜʫʢʪʦʚ, ʢʠʥʝʪʠʯʝʩʢʠʝ ʠ 

ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʦʧʨʝʜʝʣʷʣʠʩʴ ʩ ʧʦʤʦʱʴʶ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ 

ʧʦʜʪʚʝʨʞʜʘʣʠʩʴ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʜʘʥʥʳʤʠ. ʈʝʘʢʮʠʶ ʧʨʦʚʦʜʠʣʠ ʚ ʧʦʣʫʧʝʨʠʦʜʠʯʝʩʢʦʤ 

ʨʝʘʢʪʦʨʝ ʧʨʠ ʧʦʩʪʦʷʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. ʈʝʘʢʮʠʷ ʧʨʦʚʦʜʠʣʘʩʴ ʧʦʩʨʝʜʩʪʚʦʤ ʦʧʨʝʜʝʣʝʥʠʷ 

ʢʠʩʣʦʪʥʦʛʦ ʯʠʩʣʘ (ASTM D4662-03) ʠ ʧʦʢʘʟʘʣʘ ʢʠʥʝʪʠʢʫ ʧʝʨʚʦʛʦ ʧʦʨʷʜʢʘ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ 

ʘʥʛʠʜʨʠʜʫ. ɼʣʷ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʤʘʩʣʘ ʛʠʜʨʦʢʩʠʣʴʥʦʝ ʯʠʩʣʦ (OHv) ʦʧʨʝʜʝʣʷʣʠ ʧʫʪʝʤ 

ʪʠʪʨʦʚʘʥʠʷ ʩʦʛʣʘʩʥʦ ʩʪʘʥʜʘʨʪʫ ASTM D4274-05. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʤʦʣʝʢʫʣʷʨʥʳʭ ʤʘʩʩ 

ʦʧʨʝʜʝʣʷʣʠ ʩ ʧʦʤʦʱʴʶ ʛʝʣʴ-ʧʨʦʥʠʢʘʶʱʝʡ ʭʨʦʤʘʪʦʛʨʘʬʠʠ (ɻʇʍ), ʘ ʘʥʘʣʠʟ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ 

ʛʨʫʧʧ ʦʧʨʝʜʝʣʷʣʠ ʩ ʧʦʤʦʱʴʶ ʠʥʬʨʘʢʨʘʩʥʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ (ʀʂ). 

 
ɺ ʧʘʪʝʥʪʝ [5] ʧʨʝʜʣʦʞʝʥʦ ʧʦʣʫʯʝʥʠʝ ʩʣʦʞʥʳʭ ʵʬʠʨʦʚ ʤʘʣʝʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʩ 

ʦʜʥʦʘʪʦʤʥʳʤ ʩʧʠʨʪʦʤ ʧʫʪʝʤ ʦʙʨʘʟʦʚʘʥʠʷ ʤʘʣʝʠʥʦʚʦʛʦ ʘʥʛʠʜʨʠʜʘ ʟʘ ʩʯʝʪ ʦʢʠʩʣʝʥʠʷ 

ʫʛʣʝʚʦʜʦʨʦʜʘ, ʧʨʦʤʳʚʢʠ ʚʳʭʦʜʷʱʝʛʦ ʛʘʟʦʦʙʨʘʟʥʦʛʦ ʧʦʪʦʢʘ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʚʦʜʥʦʛʦ ʨʘʩʪʚʦʨʘ 

ʤʘʣʝʠʥʦʚʦʡ ʢʠʩʣʦʪʳ, ʢʦʪʦʨʳʡ ʧʦʜʚʝʨʛʘʶʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʶ ʠ ʜʝʛʠʜʨʘʪʘʮʠʠ ʥʘ ʧʝʨʚʦʡ ʩʪʘʜʠʠ 

ʩ ʦʜʥʦʘʪʦʤʥʳʤ ʩʧʠʨʪʦʤ ʚ ʜʠʩʪʠʣʣʷʮʠʦʥʥʦʡ ʢʦʣʦʥʥʝ. ʈʝʘʢʮʠʷ ʧʨʦʜʫʢʪʘ ʧʝʨʚʦʡ ʩʪʘʜʠʠ 

ʧʨʦʪʝʢʘʝʪ ʧʦʜ ʜʘʚʣʝʥʠʝʤ ʠ ʚ ʪʘʢʠʭ ʫʩʣʦʚʠʷʭ, ʧʨʠ ʢʦʪʦʨʳʭ ʧʨʦʠʩʭʦʜʠʪ ʢʠʧʝʥʠʝ.    

ɼʠʙʫʪʠʣʤʘʣʝʘʪ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʘʨʬʶʤʝʨʥʳʡ ʵʬʠʨ, ʠʩʧʦʣʴʟʫʝʤʳʡ ʚ ʢʘʯʝʩʪʚʝ 

ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ ʧʨʦʜʫʢʪʘ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ ʢʨʘʩʦʢ, ʢʣʝʝʚ ʠ ʩʦʧʦʣʠʤʝʨʦʚ [6]. ʕʪʝʨʠʬʠʢʘʮʠʶ 

ʤʘʣʝʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʠ ʙʫʪʘʥʦʣʘ ʠʟʫʯʘʣʠ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʢʠʩʣʦʛʦ ʢʘʪʠʦʥʠʪʘ ʚ ʢʘʯʝʩʪʚʝ 

ʢʘʪʘʣʠʟʘʪʦʨʘ. ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʙʳʣʦ ʧʨʦʚʝʨʠʪʴ ʧʨʠʛʦʜʥʦʩʪʴ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʛʝʪʝʨʦʛʝʥʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ, ʪʘʢʠʭ ʢʘʢ Indion 225H ʠ Amberlyst-15, ʚ ʩʠʥʪʝʟʝ 

ʜʠʙʫʪʠʣʤʘʣʝʘʪʘ. ʈʘʟʣʠʯʥʳʝ ʧʘʨʘʤʝʪʨʳ, ʦʧʨʝʜʝʣʷʶʱʠʝ ʢʦʥʚʝʨʩʠʶ ʨʝʘʢʮʠʠ, ʪʘʢʠʝ ʢʘʢ 

ʤʦʣʷʨʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ, ʟʘʛʨʫʟʢʘ ʢʘʪʘʣʠʟʘʪʦʨʘ, ʤʦʣʝʢʫʣʷʨʥʳʝ ʩʠʪʘ, ʩʢʦʨʦʩʪʴ ʧʝʨʝʤʝʰʠʚʘʥʠʷ 

ʠ ʚʣʠʷʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ, ʙʳʣʠ ʦʧʪʠʤʠʟʠʨʦʚʘʥʳ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʦʡ ʩʢʦʨʦʩʪʠ ʠ 

ʢʦʥʚʝʨʩʠʠ. ʕʥʝʨʛʠʷ ʘʢʪʠʚʘʮʠʠ ʨʘʩʩʯʠʪʘʥʘ ʢʘʢ 71,5 ʢʢʘʣ/ʤʦʣʴ. ʂʦʵʬʬʠʮʠʝʥʪ ʜʠʬʬʫʟʠʠ DAB 

(ʤʘʣʝʠʥʦʚʘʷ ʢʠʩʣʦʪʘ ʚ ʥ-ʙʫʪʘʥʦʣʝ) ʧʨʠ 80ÁC ʙʳʣ ʨʘʩʩʯʠʪʘʥ ʢʘʢ 5,08Ĭ10
-10

 ʤ
2
/ʩ, ʘ 
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ʵʬʬʝʢʪʠʚʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʜʠʬʬʫʟʠʠ (De-A) ʙʳʣ ʨʘʩʩʯʠʪʘʥ ʢʘʢ 5,08Ĭ10
-11 
ʤ

2
/ʩ. 

ʂʦʵʬʬʠʮʠʝʥʪ ʤʘʩʩʦʧʝʨʝʥʦʩʘ ʪʚʝʨʜʦʝ ʪʝʣʦ-ʞʠʜʢʦʩʪʴ (ksl-A) ʙʳʣ ʨʘʩʩʯʠʪʘʥ ʢʘʢ 6,77Ĭ10
-6

 ʤ/ʩ 

ʜʣʷ ʨʘʟʤʝʨʘ ʯʘʩʪʠʮ Amberlyst-15 0,5 ʤʤ.     

ɺ ʨʘʙʦʪʝ [7]  ʦʩʫʱʝʩʪʚʣʝʥ ʩʠʥʪʝʟ ʤʦʥʦʵʬʠʨʦʚ ʤʘʣʝʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʨʷʜʘ ʉ1-ʉ7 

ʧʦʩʨʝʜʩʪʚʦʤ ʨʝʘʢʮʠʠ ʵʪʝʨʠʬʠʢʘʮʠʠ ʤʘʣʝʠʥʦʚʦʛʦ ʘʥʛʠʜʨʠʜʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʩʧʠʨʪʘʤʠ ʠ  

ʦʧʨʝʜʝʣʝʥʳ ʠʭ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ (ʪʘʙʣ. 1) 

ʊʘʙʣʠʮʘ 1.   

ʌʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʠ ʚʳʭʦʜʳ ʤʦʥʦʵʬʠʨʦʚ ʤʘʣʝʠʥʦʚʦʡ ʢʠʩʣʦʪʳ 

ʨʷʜʘ ʉ1-ʉ7 

ʈʘʜʠʢʘʣ   R ɺʳʭʦʜ, % ʇʦʢʘʟʘʪʝʣʴ ʧʨʝʣʦʤʣʝʥʠʷ ʇʣʦʪʥʦʩʪʴ, ʛ/ʩʤ
3
 

ʧʨʠ 20
0
ʉ ʧʨʠ 25

0
ʉ ʧʨʠ 20

0
ʉ ʧʨʠ 25

0
ʉ 

ʉʅ3 98 1.4624 1.4643 1.2457 1.2503 

ʉ2ʅ5 65 1.4569 1.4593 1.1832 1.1822 

ʉ3ʅ7 98.5 1.4580 1.4555 1.1340 1.0916 

ʉ4ʅ9 98.7 1.4560 1.4554 1.1030 1.0629 

ʉ5ʅ11 98 1.4577 1.4555 1.0787 1.0629 

ʉ6ʅ13 98 1.4572 1.4560 1.0525 1.0455 

ʉ7ʅ15 98 1.4560 1.4582 1.0315 1.0254 

 

ʅʝʩʢʦʣʴʢʦ ʚʠʜʦʚ ʢʘʪʠʦʥʦʦʙʤʝʥʥʳʭ ʩʤʦʣ ʦʮʝʥʠʚʘʣʠʩʴ ʚ ʢʘʯʝʩʪʚʝ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʚ 

ʨʝʘʢʮʠʠ ʩʠʥʪʝʟʘ ʜʠʤʝʪʠʣʤʘʣʝʘʪʘ ʠʟ ʤʝʪʘʥʦʣʘ ʠ ʤʘʣʝʠʥʦʚʦʛʦ ʘʥʛʠʜʨʠʜʘ ʚ ʨʝʘʢʪʦʨʝ ʩ 

ʥʝʧʦʜʚʠʞʥʳʤ ʩʣʦʝʤ [8]. ʂʘʪʘʣʠʟʘʪʦʨ ɼʅɺ-1 ʧʦʢʘʟʘʣ ʥʘʠʣʫʯʰʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠ ʙʳʣ 

ʚʳʙʨʘʥ. ɼʠʤʝʪʠʣʤʘʣʝʘʪ ʩʠʥʪʝʟʠʨʦʚʘʣʠ ʥʘ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʢʦʣʦʥʢʝ ʩ ʢʘʪʘʣʠʟʘʪʦʨʦʤ ɼʅɺ-1 ʚ 

ʨʝʘʢʮʠʦʥʥʦʡ ʟʦʥʝ. ʂʦʥʚʝʨʩʠʷ ʤʘʣʝʠʥʦʚʦʛʦ ʘʥʛʠʜʨʠʜʘ ʤʦʛʣʘ ʜʦʩʪʠʛʘʪʴ 100 %, ʘ ʚʳʭʦʜ 

ʜʠʤʝʪʠʣʤʘʣʝʘʪʘ ~ 99 %. ʕʪʦʪ ʤʝʪʦʜ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʧʝʨʝʛʦʥʢʠ ʦʢʘʟʘʣʩʷ ʧʨʠʛʦʜʥʳʤ ʜʣʷ 

ʧʦʣʫʯʝʥʠʷ ʜʠʤʝʪʠʣʤʘʣʝʘʪʘ. 

    
ɼʠʤʝʪʠʣʤʘʣʝʘʪ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚʦ ʤʥʦʛʠʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʠʥʪʝʟʘʭ ʚ ʢʘʯʝʩʪʚʝ ʜʠʝʥʦʬʠʣʘ 

ʜʣʷ ʜʠʝʥʦʚʦʛʦ ʩʠʥʪʝʟʘ. ʆʥ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʜʦʙʘʚʢʠ ʠ ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ ʧʨʦʜʫʢʪʘ ʜʣʷ 

ʧʣʘʩʪʤʘʩʩ, ʧʠʛʤʝʥʪʦʚ, ʬʘʨʤʘʮʝʚʪʠʯʝʩʢʠʭ ʧʨʝʧʘʨʘʪʦʚ ʠ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʧʨʦʜʫʢʮʠʠ. ʆʥ 

ʪʘʢʞʝ ʷʚʣʷʝʪʩʷ ʧʨʦʤʝʞʫʪʦʯʥʳʤ ʧʨʦʜʫʢʪʦʤ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʢʨʘʩʦʢ, ʢʣʝʝʚ ʠ ʩʦʧʦʣʠʤʝʨʦʚ. 

ɼʠʤʝʪʠʣʤʘʣʝʘʪ ʪʘʢʞʝ ʥʘʰʝʣ ʧʨʠʤʝʥʝʥʠʝ ʚ ʧʨʠʣʦʞʝʥʠʷʭ, ʛʜʝ ʞʝʣʘʪʝʣʴʥʳ ʫʣʫʯʰʝʥʠʷ 

ʪʚʝʨʜʦʩʪʠ ʠ ʫʜʘʨʥʦʡ ʚʷʟʢʦʩʪʠ ʧʦʣʠʤʝʨʥʳʭ ʧʣʝʥʦʢ. ʉʶʜʘ ʦʪʥʦʩʠʪʩʷ, ʚ ʯʘʩʪʥʦʩʪʠ, ʫʣʫʯʰʝʥʠʝ 

ʘʥʪʠʘʜʛʝʟʠʚʥʳʭ ʩʚʦʡʩʪʚ ʩʦʧʦʣʠʤʝʨʦʚ ʚʠʥʠʣʘʮʝʪʘʪʘ ʩ ɼʄʄ. ʆʥ ʪʘʢʞʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ 

ʢʘʯʝʩʪʚʝ ʚʥʫʪʨʝʥʥʝʛʦ ʤʦʜʠʬʠʢʘʪʦʨʘ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʩʪʝʢʣʦʚʘʥʠʷ ʧʦʣʠʤʝʨʦʚ 

ʩʪʠʨʦʣʘ ʠʣʠ ʚʠʥʠʣʭʣʦʨʠʜʘ. 

 ɺ ʨʘʙʦʪʝ [9] ʠʟʫʯʝʥʘ ʵʪʝʨʠʬʠʢʘʮʠʷ ʤʝʪʘʥʦʣʘ ʤʘʣʝʠʥʦʚʳʤ ʘʥʛʠʜʨʠʜʦʤ. ʆʩʥʦʚʥʦʝ 

ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʣʦʩʴ ʢʠʥʝʪʠʢʝ ʦʙʨʘʟʦʚʘʥʠʷ ʤʦʥʦʤʝʪʠʣʤʘʣʝʘʪʘ. ɺ ʢʘʯʝʩʪʚʝ ʨʝʘʢʪʦʨʘ 

ʧʝʨʠʦʜʠʯʝʩʢʦʛʦ ʜʝʡʩʪʚʠʷ ʠʩʧʦʣʴʟʦʚʘʣʠ ʪʨʝʭʛʦʨʣʫʶ ʢʦʣʙʫ ʩ ʦʙʨʘʪʥʳʤ ʭʦʣʦʜʠʣʴʥʠʢʦʤ ʠ 

ʤʝʰʘʣʢʦʡ. ʊʝʤʧʝʨʘʪʫʨʫ ʧʦʜʜʝʨʞʠʚʘʣʠ ʠ ʢʦʥʪʨʦʣʠʨʦʚʘʣʠ ʪʝʨʤʦʩʪʘʪʦʤ. ɼʘʥʥʳʝ ʦ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʠ ʚʨʝʤʝʥʠ ʩʦʙʠʨʘʣʠ, ʥʘʙʣʶʜʘʷ ʟʘ ʠʟʤʝʥʝʥʠʝʤ ʦʙʱʝʛʦ ʩʦʜʝʨʞʘʥʠʷ 

ʢʠʩʣʦʪʳ. ʋʨʘʚʥʝʥʠʝ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʤʦʥʦʤʝʪʠʣʤʘʣʝʘʪʘ ʙʳʣʦ ʧʦʣʫʯʝʥʦ ʧʫʪʝʤ ʘʥʘʣʠʟʘ 

ʜʘʥʥʳʭ, ʢʦʪʦʨʦʝ ʩʦʩʪʘʚʣʷʝʪ r = 2,57 x 10
5
 exp (-47080 / RT) CACB. 

 ʆʧʠʩʘʥ ʩʧʦʩʦʙ ʩʠʥʪʝʟʘ ʜʠʤʝʪʠʣʤʘʣʝʘʪʘ [10]. ʇʨʦʮʝʩʩ ʚʢʣʶʯʘʝʪ ʩʣʝʜʫʶʱʠʝ ʩʪʘʜʠʠ: 

ʤʘʣʝʠʥʦʚʳʡ ʘʥʛʠʜʨʠʜ ʠ ʤʝʪʘʥʦʣ ʧʦʜʚʝʨʛʘʶʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʶ ʚ ʨʝʘʢʪʦʨʝ ʤʦʥʦʵʪʝʨʠʬʠʢʘʮʠʠ 

ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 70-100Áʉ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʤʦʥʦʤʝʪʠʣʤʘʣʝʘʪʘ; ʤʦʥʦʤʝʪʠʣʤʘʣʝʘʪ ʧʦʩʪʫʧʘʝʪ ʚ 

ʢʦʣʦʥʥʫ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʵʪʝʨʠʬʠʢʘʮʠʠ ʠʟ ʢʦʣʦʥʥʳ, ʧʘʨ ʤʝʪʘʥʦʣʘ ʧʦʩʪʫʧʘʝʪ ʚ ʢʦʣʦʥʥʫ 
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ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʵʪʝʨʠʬʠʢʘʮʠʠ ʠʟ ʧʦʣʦʞʝʥʠʷ ʥʠʞʝ ʚʝʨʭʥʝʛʦ ʫʨʦʚʥʷ ʞʠʜʢʦʩʪʠ ʢʘʞʜʦʛʦ ʩʣʦʷ 

ʪʘʨʝʣʢʠ ʢʦʣʦʥʥʳ ʠ ʢʦʥʪʘʢʪʠʨʫʝʪ ʩ ʤʦʥʦʤʝʪʠʣʤʘʣʝʘʪʦʤ ʠ ʪʚʝʨʜʳʤ ʢʘʪʘʣʠʟʘʪʦʨʦʤ ʥʘ ʪʘʨʝʣʢʝ 

ʢʦʣʦʥʥʳ, ʘ ʜʠʤʝʪʠʣʤʘʣʝʘʪ ʩʛʝʥʝʨʠʨʦʚʘʥʦ.   

 ʄʘʣʝʘʪ ʢʘʩʪʦʨʦʚʦʛʦ ʤʘʩʣʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʧʨʦʜʫʢʪʘʭ ʤʝʜʠʮʠʥʩʢʦʛʦ ʥʘʟʥʘʯʝʥʠʷ, 

ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʩʤʘʟʦʯʥʳʭ ʤʘʪʝʨʠʘʣʘʭ, ʦʣʠʬʘʭ, ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʭ ʢʨʘʩʢʘʭ ʠ ʚ ʢʘʯʝʩʪʚʝ 

ʤʦʥʦʤʝʨʘ ʚ ʥʝʢʦʪʦʨʳʭ ʧʦʣʠʤʝʨʘʭ [11]. ʕʪʦ ʩʦʝʜʠʥʝʥʠʝ ʦʙʨʘʟʫʝʪʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʨʷʤʦʡ 

ʨʝʘʢʮʠʠ ʤʝʞʜʫ ʢʘʩʪʦʨʦʚʳʤ ʤʘʩʣʦʤ ʠ ʤʘʣʝʠʥʦʚʳʤ ʘʥʛʠʜʨʠʜʦʤ, ʢʦʪʦʨʫʶ ʤʦʞʥʦ ʫʩʢʦʨʠʪʴ ʩ 

ʧʦʤʦʱʴʶ ʩʚʦʙʦʜʥʦʨʘʜʠʢʘʣʴʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʠʟʫʯʘʣʦʩʴ ʚʣʠʷʥʠʝ 

ʪʝʤʧʝʨʘʪʫʨʳ ʦʙʨʘʙʦʪʢʠ ʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʜʠ-ʪʨʝʪ-ʙʫʪʠʣʧʝʨʦʢʩʠʜʘ (ɼʊɹʇ) ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦ 

ʤʘʣʝʘʪʘ ʢʘʩʪʦʨʦʚʦʛʦ ʤʘʩʣʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʦʣʦʛʠʠ ʧʦʚʝʨʭʥʦʩʪʠ ʦʪʢʣʠʢʘ. ʈʝʟʫʣʴʪʘʪʳ 

ʧʦʢʘʟʘʣʠ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʨʘʜʠʢʘʣʴʥʦʛʦ ʠʥʠʮʠʘʪʦʨʘ ʫʚʝʣʠʯʠʣʦ ʩʢʦʨʦʩʪʴ ʨʝʘʢʮʠʠ, ʯʪʦ 

ʧʨʠʚʝʣʦ ʢ ʩʦʢʨʘʱʝʥʠʶ ʚʨʝʤʝʥʠ ʨʝʘʢʮʠʠ ʠ ʧʦʚʳʰʝʥʠʶ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ. ʆʧʪʠʤʘʣʴʥʳʝ 

ʨʘʙʦʯʠʝ ʫʩʣʦʚʠʷ ʙʳʣʠ ʥʘʡʜʝʥʳ ʧʨʠ 120ÜC, 1 ʤʦʣʴ ʤʘʣʝʠʥʦʚʦʛʦ ʘʥʛʠʜʨʠʜʘ/ʤʦʣʴ ʢʘʩʪʦʨʦʚʦʛʦ 

ʤʘʩʣʘ ʠ 0,005 ʤʦʣʴ DTBP/ʤʦʣʴ ʢʘʩʪʦʨʦʚʦʛʦ ʤʘʩʣʘ, ʚʳʭʦʜ ʤʘʣʝʘʪʘ ʢʘʩʪʦʨʦʚʦʛʦ ʤʘʩʣʘ 90,2% 

ʟʘ 90 ʤʠʥ. 

 ɺ ʨʘʙʦʪʝ [12] ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʤʦʥʦʵʬʠʨʳ ʤʘʣʝʠʥʦʚʦʛʦ ʘʥʛʠʜʨʠʜʘ ʠ 

ʵʪʠʣʝʥʦʢʩʠʜʥʳʭ ʘʜʜʫʢʪʦʚ ʨʷʜʘ C12-14 s-ʩʧʠʨʪʦʚ ʜʘʶʪ ʢʦʣʠʯʝʩʪʚʝʥʥʳʡ ʚʳʭʦʜ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 

ʨʝʘʢʮʠʠ ʥʠʞʝ 70ÁC ʩ ʢʘʪʘʣʠʟʘʪʦʨʦʤ ʠʟ ʘʮʝʪʘʪʘ ʥʘʪʨʠʷ. ʇʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʨʝʘʢʮʠʠ ʚʳʰʝ 

100Áʉ ʜʠʵʬʠʨʳ, ʦʙʨʘʟʫʶʱʠʝʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʡ ʨʝʘʢʮʠʠ, ʩʥʠʞʘʶʪ ʚʳʭʦʜ 

ʤʦʥʦʵʬʠʨʦʚ. ʅʘʩʪʦʷʱʠʝ ʨʝʟʫʣʴʪʘʪʳ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʩ ʧʦʤʦʱʴʶ ʧʦʪʝʥʮʠʦʤʝʪʨʠʠ ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʦʙʱʝʡ ʢʠʩʣʦʪʳ, ʤʘʣʝʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʠ ʤʦʥʦʵʬʠʨʘ. ʆʙʩʫʞʜʘʝʪʩʷ ʪʘʢʞʝ 

ʢʠʥʝʪʠʢʘ ʨʝʘʢʮʠʠ. 

ʈʘʩʯʝʪʥʦ-ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʡ ʘʥʘʣʠʟ ʵʪʝʨʠʬʠʢʘʮʠʠ ʤʘʣʝʠʥʦʚʦʛʦ ʘʥʛʠʜʨʠʜʘ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʧʠʨʪʦʚ ʩ ʧʨʷʤʦʡ ʮʝʧʴʶ ʠʩʧʦʣʴʟʦʚʘʣʠ ʚ ʢʘʯʝʩʪʚʝ ʤʦʜʝʣʠ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʬʦʨʤʠʨʫʶʱʝʛʦʩʷ ʧʨʦʜʫʢʪʘ [13]. ɹʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʦʙʨʘʟʫʶʪʩʷ ʢʘʢ ʤʦʥʦʵʬʠʨʥʳʝ, ʪʘʢ ʠ 

ʜʠʵʬʠʨʥʳʝ ʧʨʦʜʫʢʪʳ. ʇʨʠ ʧʘʨʘʤʝʪʨʘʭ ʵʢʩʧʝʨʠʤʝʥʪʘ ʜʣʷ ʩʧʠʨʪʦʚ ʜʦ 1-ʧʨʦʧʘʥʦʣʘ. 

ɺʳʯʠʩʣʠʪʝʣʴʥʘʷ ʤʦʜʝʣʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʦʣʫʵʤʧʠʨʠʯʝʩʢʠʭ ʨʘʩʯʝʪʦʚ ʦʙʥʘʨʫʞʠʣʘ, ʯʪʦ 

ʨʘʟʣʠʯʠʷ ʙʦʣʝʝ 50 ʢɼʞ/ʤʦʣʴ ʧʨʦʠʟʚʦʜʠʣ ʤʦʥʦʵʬʠʨ ʢʘʢ ʝʜʠʥʩʪʚʝʥʥʳʡ ʧʨʦʜʫʢʪ. ʆʜʥʘʢʦ ʧʨʠ 

ʨʘʟʥʠʮʝ ʵʥʝʨʛʠʡ ʤʝʥʝʝ 50 ʢɼʞ/ʤʦʣʴ, ʦʙʥʘʨʫʞʝʥʳ ʢʘʢ ʜʠʵʬʠʨ, ʪʘʢ ʠ ʤʦʥʦʵʬʠʨ. ʕʪʦ 

ʧʦʢʘʟʳʚʘʝʪ ʭʦʨʦʰʫʶ ʩʚʷʟʴ ʤʝʞʜʫ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʜʘʥʥʳʤʠ ʠ ʤʘʪʝʤʘʪʠʯʝʩʢʠʤʠ 

ʨʘʩʯʝʪʘʤʠ ʜʣʷ ʧʨʝʜʩʢʘʟʘʥʠʷ ʦʙʨʘʟʦʚʘʥʠʷ ʧʨʦʜʫʢʪʘ (ʪʘʙʣ. 2). 

ʊʘʙʣʠʮʘ 2    

ɺʳʭʦʜʳ ʧʨʦʜʫʢʪʦʚ ʨʝʘʢʮʠʠ ʵʪʝʨʠʬʠʢʘʮʠʠ ʤʘʣʝʠʥʦʚʦʛʦ ʘʥʛʠʜʨʠʜʘ ʩʧʠʨʪʘʤʠ 

ʣʠʥʝʡʥʦʛʦ ʩʪʨʦʝʥʠʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 60
0
ʉ ʠ ʚʨʝʤʝʥʠ ʨʝʘʢʮʠʠ 5 ʯ. 

ʉʧʠʨʪ ɺʳʭʦʜ ʤʦʥʦʵʬʠʨʘ, % ɺʳʭʦʜ ʜʠʵʬʠʨʘ, % 

ʄʝʪʘʥʦʣ 55 25 

ʕʪʘʥʦʣ 56 12 

1-ʇʨʦʧʘʥʦʣ 66 2 

1-ɹʫʪʘʥʦʣ 77 - 

1-ʇʝʥʪʘʥʦʣ 76 - 

3-ʇʝʥʪʘʥʦʣ 80 - 

1-ɻʝʢʩʘʥʦʣ 29 - 

1-ʆʢʪʘʥʦʣ 29 - 

1-ɼʝʢʘʥʦʣ -29 - 

 

ɺ ʨʘʙʦʪʝ [14] ʙʳʣʠ ʠʟʫʯʝʥʳ ʜʚʘ ʨʘʟʣʠʯʥʳʭ ʵʢʦʣʦʛʠʯʝʩʢʠ ʙʝʟʦʧʘʩʥʳʭ ʤʝʪʦʜʘ ʩʠʥʪʝʟʘ 

ʵʬʠʨʘ  ʜʠʤʝʪʠʣʤʘʣʝʘʪʘ ( ɼʄʄ). ʇʝʨʚʳʡ ʤʝʪʦʜ ʚʢʣʶʯʘʝʪ ʧʨʠʤʝʥʝʥʠʝ ʤʦʣʠʙʜʘʪʘ ʩʝʨʥʦʡ 

ʢʠʩʣʦʪʳ (ʄʉɸ) ʚ ʢʘʯʝʩʪʚʝ ʪʚʝʨʜʦʛʦ ʢʠʩʣʦʪʥʦʛʦ ʢʘʪʘʣʠʟʘʪʦʨʘ ʧʨʠ ʵʪʝʨʠʬʠʢʘʮʠʠ ʤʘʣʝʠʥʦʚʦʡ 

ʢʠʩʣʦʪʳ ʤʝʪʘʥʦʣʦʤ. ɹʳʣʦ ʦʧʨʝʜʝʣʝʥʦ ʚʣʠʷʥʠʝ ʪʨʝʭ ʧʘʨʘʤʝʪʨʦʚ, ʘ ʠʤʝʥʥʦ ʪʝʤʧʝʨʘʪʫʨʳ, 

ʚʨʝʤʝʥʠ ʠ ʢʦʣʠʯʝʩʪʚʘ ʢʘʪʘʣʠʟʘʪʦʨʘ, ʥʘ ʚʳʭʦʜ ʧʨʦʜʫʢʪʘ. ʀʩʧʦʣʴʟʫʷ ʤʝʪʦʜʦʣʦʛʠʶ 

ʧʦʚʝʨʭʥʦʩʪʠ ʦʪʢʣʠʢʘ (RSM), ʦʩʥʦʚʘʥʥʫʶ ʥʘ ʮʝʥʪʨʘʣʴʥʦʡ ʢʦʤʧʦʟʠʪʥʦʡ ʚʨʘʱʘʶʱʝʡʩʷ 

https://www.sciencedirect.com/topics/earth-and-planetary-sciences/maleate
https://www.sciencedirect.com/topics/earth-and-planetary-sciences/molybdates
https://www.sciencedirect.com/topics/earth-and-planetary-sciences/molybdates
https://www.sciencedirect.com/topics/earth-and-planetary-sciences/response-surface-methodology
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ʢʦʥʩʪʨʫʢʮʠʠ (CCRD), ʤʘʢʩʠʤʘʣʴʥʘʷ ʢʦʥʚʝʨʩʠʷ ʤʘʣʝʠʥʦʚʦʡ ʢʠʩʣʦʪʳ (87,6%) ʙʳʣʘ ʧʦʣʫʯʝʥʘ 

ʧʨʠ ʫʩʣʦʚʠʷʭ ʨʝʘʢʮʠʠ 120ÁC, 0,27 ʛ MSA ʠ 103 ʤʠʥ. ɺ ʜʨʫʛʦʤ ʤʝʪʦʜʝ ɼʄʄ ʙʳʣ 

ʩʠʥʪʝʟʠʨʦʚʘʥ ʧʫʪʝʤ ʬʝʨʤʝʥʪʘʪʠʚʥʦʡ ʵʪʝʨʠʬʠʢʘʮʠʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʠʤʤʦʙʠʣʠʟʦʚʘʥʥʦʛʦ ʬʝʨʤʝʥʪʘ Candida ʘʥʪʘʨʢʪʠʯʝʩʢʘʷ  ʣʠʧʘʟʘ ɺ ʚ ʢʘʯʝʩʪʚʝ 

ʢʘʪʘʣʠʟʘʪʦʨʘ. ʄʘʢʩʠʤʘʣʴʥʘʷ ʢʦʥʚʝʨʩʠʷ ʩʦʩʪʘʚʠʣʘ 72,3% ʧʨʠ ʦʧʪʠʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ: 62,5 Áʉ, 

0,27 ʛ ʬʝʨʤʝʥʪʘ ʠ 249 ʤʠʥ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʧʦʚʪʦʨʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʦʢʘʟʘʣʦ, 

ʯʪʦ ʄʉʂ ʧʦʪʝʨʷʣ ʩʚʦʶ ʢʘʪʘʣʠʪʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ ʧʦʩʣʝ ʧʷʪʠ ʮʠʢʣʦʚ. ʆʜʥʘʢʦ 

ʠʤʤʦʙʠʣʠʟʦʚʘʥʥʳʡ ʬʝʨʤʝʥʪ ʩʦʭʨʘʥʷʣ ʩʚʦʶ ʘʢʪʠʚʥʦʩʪʴ ʠ ʩʪʘʙʠʣʴʥʦʩʪʴ. ʈʝʟʫʣʴʪʘʪʳ 

ʧʦʢʘʟʘʣʠ, ʯʪʦ ʦʙʘ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʤʝʪʦʜʘ ʵʬʬʝʢʪʠʚʥʳ ʜʣʷ ʩʠʥʪʝʟʘ ɼʄʄ. ɹʦʣʝʝ ʚʳʩʦʢʘʷ 

ʢʦʥʚʝʨʩʠʷ ʤʦʞʝʪ ʙʳʪʴ ʜʦʩʪʠʛʥʫʪʘ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʄʉʂ ʚ ʢʘʯʝʩʪʚʝ ʢʘʪʘʣʠʟʘʪʦʨʘ, ʯʪʦ 

ʤʦʞʝʪ ʙʳʪʴ ʢʦʤʧʝʥʩʠʨʦʚʘʥʦ ʣʫʯʰʝʡ ʚʦʟʤʦʞʥʦʩʪʴʶ ʧʦʚʪʦʨʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʬʝʨʤʝʥʪʘ. ʈʝʘʢʮʠʷ, ʢʘʪʘʣʠʟʠʨʫʝʤʘʷ ʬʝʨʤʝʥʪʘʤʠ, ʙʳʣʘ ʙʦʣʝʝ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʡ, ʥʦ ʜʣʷ 

ʧʦʣʫʯʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʚʳʭʦʜʘ ʨʝʘʢʮʠʠ ʪʨʝʙʦʚʘʣʦʩʴ ʙʦʣʴʰʝ ʚʨʝʤʝʥʠ. 

 
ʅʦʚʘʷ ʪʨʦʡʥʘʷ ʫʥʜʝʢʘʚʦʣʴʬʨʘʤʦʪʠʪʘʥʦʚʘʷ ʛʝʪʝʨʦʧʦʣʠʢʠʩʣʦʪʘ (H4Ti(H2O)TiW11O39) 

ʙʳʣʘ ʫʩʧʝʰʥʦ ʩʠʥʪʝʟʠʨʦʚʘʥʘ ʤʝʪʦʜʦʤ ʠʦʥʥʦʛʦ ʦʙʤʝʥʘ-ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʷ. ʆʥʘ ʙʳʣʘ 

ʠʩʧʦʣʴʟʦʚʘʥʘ ʚ ʢʘʯʝʩʪʚʝ ʢʘʪʘʣʠʟʘʪʦʨʘ ʵʪʝʨʠʬʠʢʘʮʠʠ ʤʘʣʝʠʥʦʚʦʛʦ ʘʥʛʠʜʨʠʜʘ 2-

ʵʪʠʣʛʝʢʩʠʣʦʚʳʤ ʩʧʠʨʪʦʤ ʚ ʞʠʜʢʦʡ ʬʘʟʝ. ɺʣʠʷʥʠʝ ʚʨʝʤʝʥʠ ʨʝʘʢʮʠʠ, ʩʦʦʪʥʦʰʝʥʠʷ ʘʥʛʠʜʨʠʜʘ 

ʢ ʩʧʠʨʪʫ ʠ ʢʦʣʠʯʝʩʪʚʘ ʚʦʜʦʥʦʩʠʪʝʣʷ ʪʦʣʫʦʣʘ ʧʨʠ ʩʠʥʪʝʟʝ ʜʠ-2-ʵʪʠʣʛʝʢʩʠʣʤʘʣʝʘʪʘ ʙʳʣʠ 

ʠʩʩʣʝʜʦʚʘʥʳ ʠ ʥʘʡʜʝʥʳ ʦʧʪʠʤʘʣʴʥʳʝ  ʫʩʣʦʚʠʷ ʜʣʷ ʩʠʥʪʝʟʘ ʩʣʦʞʥʦʛʦ ʵʬʠʨʘ. ʂʘʪʘʣʠʟʘʪʦʨ 

ʠʤʝʝʪ ʭʦʨʦʰʠʝ ʧʨʝʠʤʫʱʝʩʪʚʘ, ʪʘʢʠʝ ʢʘʢ ʚʳʩʦʢʘʷ ʩʢʦʨʦʩʪʴ ʵʪʝʨʠʬʠʢʘʮʠʠ, ʤʝʥʴʰʝʝ 

ʧʦʪʨʝʙʣʝʥʠʝ ʢʘʪʘʣʠʟʘʪʦʨʘ [15]. 

Cʠʥʪʝʟʠʨʦʚʘʥʳ ʯʝʪʳʨʝ ʵʬʠʨʘ ʷʥʪʘʨʥʦʡ ʠ ʤʘʣʝʠʥʦʚʦʡ ʢʠʩʣʦʪ, ʨʘʟʜʝʣʝʥʳ ʩ ʧʦʤʦʱʴʶ 

ʪʦʥʢʦʩʣʦʡʥʦʡ ʭʨʦʤʘʪʦʛʨʘʬʠʠ (ʊʉʍ) ʠ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʳ ʩ ʧʦʤʦʱʴʶ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʠ ʩ 

ʣʘʟʝʨʥʦʡ ʜʝʩʦʨʙʮʠʝʡ/ʠʦʥʠʟʘʮʠʝʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʘʪʨʠʮʳ (MALDI-MS) [16]. ʉʨʘʚʥʝʥʠʝ 

ʤʘʪʨʠʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʧʦʢʘʟʘʣʦ, ʯʪʦ 2,6-ʜʠʛʠʜʨʦʢʩʠʙʝʥʟʦʡʥʘʷ ʢʠʩʣʦʪʘ (2,6-ɼɻɹ) 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʙʦʣʝʝ ʚʳʩʦʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʦʥʠʟʘʮʠʠ, ʯʝʤ 2,5-ɼɻɹ ʜʦ ʨʘʟʜʝʣʝʥʠʷ 

ʊʉʍ. ʇʦʣʦʞʝʥʠʝ ʢʘʞʜʦʛʦ ʦʙʨʘʟʮʘ ʩʣʦʞʥʦʛʦ ʵʬʠʨʘ ʥʘ ʧʣʘʩʪʠʥʝ ʜʣʷ ʊʉʍ ʦʮʝʥʠʚʘʣʠ ʧʫʪʝʤ 

ʩʨʘʚʥʝʥʠʷ ʧʨʦʷʚʣʝʥʥʦʡ ʧʣʘʩʪʠʥʳ ʩ ʜʫʙʣʠʨʫʶʱʝʡ ʧʣʘʩʪʠʥʦʡ, ʚʠʟʫʘʣʠʟʠʨʦʚʘʥʥʦʡ ʧʫʪʝʤ 

ʧʦʛʨʫʞʝʥʠʷ ʚ ʨʘʩʪʚʦʨ. ʂʘʢ ʧʨʘʚʠʣʦ, ʤʘʩʩ-ʩʧʝʢʪʨʳ, ʧʦʣʫʯʝʥʥʳʝ ʩ ʚʠʟʫʘʣʠʟʠʨʦʚʘʥʥʳʭ 

ʧʣʘʩʪʠʥ, ʙʳʣʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʣʦʭʠʤʠ. ɺʦʩʧʨʦʠʟʚʦʜʠʤʳʝ ʤʘʩʩ-ʩʧʝʢʪʨʳ ʩ ʚʳʩʦʢʠʤ 

ʩʦʜʝʨʞʘʥʠʝʤ ʧʠʢʦʚ ʙʳʣʦ ʪʨʫʜʥʦ ʧʦʣʫʯʠʪʴ, ʠʩʧʦʣʴʟʫʷ ʤʘʪʨʠʮʫ 2,6-DHB ʠʟ ʩʳʨʳʭ 

ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʵʬʠʨʦʚ, ʵʢʩʪʨʘʛʠʨʦʚʘʥʥʳʭ ʩ ʧʣʘʩʪʠʥ ʜʣʷ ʊʉʍ. ɿʥʘʯʠʪʝʣʴʥʳʝ ʫʣʫʯʰʝʥʠʷ ʢʘʢ 

ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʩʪʠ, ʪʘʢ ʠ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʙʳʣʠ ʜʦʩʪʠʛʥʫʪʳ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʛʨʠʬʝʣʷ 

ʢʘʨʘʥʜʘʰʘ ʚ ʢʘʯʝʩʪʚʝ ʤʘʪʨʠʮʳ MALDI. ʊʝʢʫʱʘʷ ʤʝʪʦʜʦʣʦʛʠʷ ʙʫʜʝʪ ʧʦʣʝʟʥʘ ʭʠʤʠʢʘʤ-

ʦʨʛʘʥʠʢʘʤ, ʧʦʩʢʦʣʴʢʫ ʦʥʘ ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʨʫʢʦʚʦʜʩʪʚʦʤ ʜʣʷ ʧʨʦʩʪʦʡ ʠ ʙʳʩʪʨʦʡ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʘʣʳʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ. 

 ʀʟʫʯʝʥʳ ʨʝʘʢʮʠʠ 1,1-ʜʠʵʪʦʢʩʠʬʪʘʣʘʥʘ ʩ ʜʠʵʪʠʣʤʘʣʝʘʪʦʤ ʠ ʤʘʣʝʠʥʦʚʳʤ ʘʥʛʠʜʨʠʜʦʤ 

[17]. ʈʝʘʢʮʠʷ ʩ ʜʠʵʪʠʣʤʘʣʝʘʪʦʤ ʚ ʟʘʧʘʷʥʥʦʡ ʧʨʦʙʠʨʢʝ ʜʘʣʘ ʩʤʝʩʴ ʜʠʵʪʠʣ-1-

ʛʠʜʨʦʢʩʠʥʘʬʪʘʣʠʥ-2,3-ʜʠʢʘʨʙʦʢʩʠʣʘʪʘ ʠ ʝʛʦ ʆ-ʵʪʠʣʧʨʦʠʟʚʦʜʥʦʛʦ. ʊʝ ʞʝ ʨʝʘʛʝʥʪʳ ʧʨʠ 

ʘʪʤʦʩʬʝʨʥʦʤ ʜʘʚʣʝʥʠʠ ʜʘʚʘʣʠ ʫʢʘʟʘʥʥʳʡ ʚʳʰʝ ʵʪʦʢʩʠʵʬʠʨ ʚʤʝʩʪʝ ʩʦ ʩʤʝʩʴʶ ʠʟʦʤʝʨʥʳʭ 

ʜʠʵʪʠʣ-1,2-ʜʠʛʠʜʨʦ-1-ʛʠʜʨʦʢʩʠ-4-ʵʪʦʢʩʠʥʘʬʪʘʣʠʥ-2,3-ʜʠʢʘʨʙʦʢʩʠʣʘʪʦʚ. ʈʝʘʢʮʠʷ ʩ 
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ʤʘʣʝʠʥʦʚʳʤ ʘʥʛʠʜʨʠʜʦʤ ʜʘʣʘ ʪʦʣʴʢʦ ʘʥʛʠʜʨʠʜ ʜʠʵʪʠʣ-1-ʵʪʦʢʩʠʥʘʬʪʘʣʠʥ-2,3-ʜʠʢʘʨʙʦʥʦʚʦʡ 

ʢʠʩʣʦʪʳ. ʕʪʠ ʨʝʘʢʮʠʠ ʦʙʝʩʧʝʯʠʚʘʶʪ ʜʘʣʴʥʝʡʰʝʝ ʧʦʥʠʤʘʥʠʝ ʤʝʭʘʥʠʟʤʘ ʨʝʘʢʮʠʠ ʬʪʘʣʘʥʦʚ ʩ 

ʜʠʝʥʦʬʠʣʘʤʠ. 

ʇʨʦʚʝʜʝʥʘ ʨʘʟʨʘʙʦʪʢʘ ʦʧʪʠʤʘʣʴʥʦʛʦ ʥʝʧʨʝʨʳʚʥʦʛʦ ʧʨʦʮʝʩʩʘ ʵʪʝʨʠʬʠʢʘʮʠʠ ʵʪʘʥʦʣʘ 

ʤʘʣʝʠʥʦʚʦʡ ʢʠʩʣʦʪʦʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʦʚʝʨʭʥʦʩʪʥʦ-ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʢʘʪʘʣʠʟʘʪʦʨʘ, 

ʬʫʥʢʮʠʦʥʘʣʠʟʠʨʦʚʘʥʥʦʛʦ ʩʫʣʴʬʦʥʦʚʦʡ ʢʠʩʣʦʪʦʡ, ʚ ʩʪʝʢʣʷʥʥʦʤ ʨʝʘʢʪʦʨʝ ʩ ʥʘʩʘʜʢʦʡ 

(ʚʥʫʪʨʝʥʥʠʡ ʜʠʘʤʝʪʨ 3 ʩʤ ʠ ʚʳʩʦʪʘ 46 ʩʤ) ʧʨʠ 80ÁC [18]. ʆʧʪʠʤʠʟʘʮʠʶ ʚʝʩʘ ʢʘʪʘʣʠʟʘʪʦʨʘ (ʛ) 

ʠ ʩʢʦʨʦʩʪʠ ʧʦʪʦʢʘ ʩʳʨʴʷ (ʤʣ/ʤʠʥ) ʧʨʦʚʦʜʠʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʦʣʦʛʠʠ ʧʦʚʝʨʭʥʦʩʪʠ 

ʦʪʢʣʠʢʘ (RSM) ð Central Composite Design (CCD). ʅʝʧʨʦʪʠʚʦʨʝʯʠʚʦʩʪʴ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ 

ʤʦʜʝʣʠ, ʨʘʟʨʘʙʦʪʘʥʥʦʡ CCD, ʙʳʣʘ ʧʨʦʚʝʨʝʥʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʠʩʧʝʨʩʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ 

(ANOVA). ʆʧʪʠʤʘʣʴʥʳʤʠ ʫʩʣʦʚʠʷʤʠ ʜʣʷ ʢʦʥʚʝʨʩʠʠ ʤʘʣʝʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʷʚʣʷʶʪʩʷ ʤʘʩʩʘ 

ʢʘʪʘʣʠʟʘʪʦʨʘ 26,42 ʛ ʠ ʩʢʦʨʦʩʪʴ ʧʦʪʦʢʘ ʩʳʨʴʷ 3,11 ʤʣ/ʤʠʥ. ɹʳʣʦ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ 

ʧʨʝʜʩʢʘʟʘʥʥʘʷ ʢʦʥʚʝʨʩʠʷ ʠ ʬʘʢʪʠʯʝʩʢʘʷ ʢʦʥʚʝʨʩʠʷ ʤʘʣʝʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʩʦʩʪʘʚʣʷʶʪ 47,83 ʠ 

46,89 % ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʧʨʠ ʜʦʚʝʨʠʪʝʣʴʥʦʤ ʫʨʦʚʥʝ 95 % Ñ0,22. ʉʨʘʚʥʝʥʠʝ ʦʙʳʯʥʦʛʦ 

ʨʝʘʢʪʦʨʘ ʧʝʨʠʦʜʠʯʝʩʢʦʛʦ ʜʝʡʩʪʚʠʷ ʩ ʨʝʘʢʪʦʨʦʤ ʩ ʫʧʣʦʪʥʝʥʥʳʤ ʩʣʦʝʤ ʚ ʦʧʪʠʤʠʟʠʨʦʚʘʥʥʳʭ 

ʫʩʣʦʚʠʷʭ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʪʨʝʙʫʝʤʦʝ ʢʦʣʠʯʝʩʪʚʦ ʢʘʪʘʣʠʟʘʪʦʨʘ ʥʘ ʛʨʘʤʤ ʤʘʣʝʠʥʦʚʦʡ ʢʠʩʣʦʪʳ 

ʤʝʥʴʰʝ ʚ PBR. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ RSM-CCD ʤʦʞʥʦ ʘʜʘʧʪʠʨʦʚʘʪʴ ʜʣʷ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʤʘʣʝʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʚ ʵʪʝʨʠʬʠʢʘʮʠʠ. 
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APPLICATION OF  PLANT GROWTH STIMULANTS  

 

Abstract. The article presents the prospects for the use of plant growth stimulants for 

agricultural and ornamental crops. The main representatives of plant growth regulators are shown 

and the main plant cultures for their use are considered. The influence of various growth regulators 

on the development and productivity of plants has been studied. 
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  ʌʠʪʦʛʦʨʤʦʥʳ ʠʣʠ ʨʝʛʫʣʷʪʦʨʳ ʨʦʩʪʘ ʨʘʩʪʝʥʠʡ ʠʛʨʘʶʪ ʨʝʰʘʶʱʫʶ ʨʦʣʴ ʚ ʧʨʦʮʝʩʩʝ 

ʨʦʩʪʘ ʠ ʨʘʟʚʠʪʠʷ ʨʘʩʪʝʥʠʡ. ʇʦʤʠʤʦ ʪʨʘʜʠʮʠʦʥʥʳʭ ʧʨʦʤʳʰʣʝʥʥʳʭ ʛʦʨʤʦʥʦʚ, ʠʟʫʯʝʥʥʳʭ ʜʦ 

ʩʠʭ ʧʦʨ (ʘʫʢʩʠʥ, ʛʠʙʙʝʨʝʣʣʠʥʳ, ʮʠʪʦʢʠʥʠʥ, ʘʙʩʮʠʟʦʚʘʷ ʢʠʩʣʦʪʘ), ʩʦʦʙʱʘʝʪʩʷ ʦ ʨʘʟʣʠʯʥʳʭ 

ʜʨʫʛʠʭ ʙʠʦʤʦʣʝʢʫʣʘʭ, ʩʧʦʩʦʙʥʳʭ ʜʝʡʩʪʚʦʚʘʪʴ ʢʘʢ ʛʦʨʤʦʥʳ [1]. ʅʝʩʢʦʣʴʢʦ ʥʦʚʳʭ 

ʨʝʛʫʣʷʪʦʨʦʚ ʨʦʩʪʘ ʨʘʩʪʝʥʠʡ, ʦʙʥʘʨʫʞʝʥʥʳʭ ʚ ʥʝʜʘʚʥʝʤ ʧʨʦʰʣʦʤ, ʚʢʣʶʯʘʶʪ ʪʘʢʠʝ 

ʩʦʝʜʠʥʝʥʠʷ, ʢʘʢ ʤʝʣʘʪʦʥʠʥ, ʩʝʨʦʪʦʥʠʥ, ʩʪʨʠʛʦʣʘʢʪʦʥ, ʛʘʨʮʠʘʥʦʣʠʜ ʠ ʢʘʨʨʠʢʠʥʳ. ʄʝʣʘʪʦʥʠʥ 

ʠ ʩʝʨʦʪʦʥʠʥ, ʢʦʪʦʨʳʝ ʨʘʥʝʝ ʠʟʫʯʘʣʠʩʴ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʚ ʩʚʷʟʠ ʩ ʠʭ ʬʫʥʢʮʠʝʡ 

ʥʝʡʨʦʪʨʘʥʩʤʠʪʪʝʨʘ ʫ ʞʠʚʦʪʥʳʭ, ʪʘʢʞʝ ʰʠʨʦʢʦ ʩʦʦʙʱʘʶʪʩʷ ʠ ʜʣʷ ʨʘʩʪʝʥʠʷʭ. ʕʪʠ ʜʚʘ 

ʛʦʨʤʦʥʘ ʚʳʧʦʣʥʷʶʪ ʦʧʨʝʜʝʣʝʥʥʳʝ ʬʫʥʢʮʠʠ ʚʦ ʚʨʝʤʷ ʙʠʦʪʠʯʝʩʢʠʭ ʠ ʘʙʠʦʪʠʯʝʩʢʠʭ ʩʪʨʝʩʩʦʚ, 

ʘ ʪʘʢʞʝ ʚ ʧʨʦʮʝʩʩʝ ʨʦʩʪʘ ʠ ʨʘʟʚʠʪʠʷ ʨʘʩʪʝʥʠʡ.  

ʤʝʣʘʪʦʥʠʥ    ʩʝʨʦʪʦʥʠʥ 

 

ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʩʪʨʠʛʦʣʘʢʪʦʥ, ʦ ʢʦʪʦʨʦʤ ʨʘʥʝʝ ʩʦʦʙʱʘʣʦʩʴ ʢʘʢ ʦ ʩʪʠʤʫʣʷʪʦʨʝ 

ʧʨʦʨʘʩʪʘʥʠʠ  ʜʣʷ ʥʝʢʦʪʦʨʳʭ ʚʠʜʦʚ ʩʦʨʥʷʢʦʚ, ʪʘʢʞʝ ʠʛʨʘʝʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʤʦʜʠʬʠʢʘʮʠʠ 

ʘʨʭʠʪʝʢʪʫʨʳ ʨʘʩʪʝʥʠʡ. ʉʪʨʠʛʦʣʘʢʪʦʥ ʪʘʢʞʝ ʧʨʠʜʘʝʪ ʫʩʪʦʡʯʠʚʦʩʪʴ ʨʘʩʪʝʥʠʷʤ ʚʦ ʚʨʝʤʷ 

ʘʙʠʦʪʠʯʝʩʢʠʭ ʩʪʨʝʩʩʦʚ, ʪʦ ʝʩʪʴ ʟʘʩʫʭʠ, ʟʘʩʦʣʝʥʠʷ, ʩʪʨʝʩʩʘ ʦʪ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ, 
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ʪʝʤʧʝʨʘʪʫʨʳ, ʛʦʣʦʜʘʥʠʷ ʧʦ ʧʠʪʘʪʝʣʴʥʳʤ ʚʝʱʝʩʪʚʘʤ, ʘ ʪʘʢʞʝ ʨʘʟʣʠʯʥʳʭ ʙʠʦʪʠʯʝʩʢʠʭ 

ʩʪʨʝʩʩʦʚ.  

ʩʪʨʠʛʦʣʘʢʪʦʥʳ 

 

ʄʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʚʤʝʩʪʝ ʩ ʦʩʥʦʚʥʳʤʠ ʨʘʩʪʠʪʝʣʴʥʳʤʠ ʛʦʨʤʦʥʘʤʠ - ʘʫʢʩʠʥʦʤ ʠ 

ʮʠʪʦʢʠʥʠʥʦʤ ʜʣʷ ʨʝʛʫʣʷʮʠʠ ʦʨʛʘʥʦʛʝʥʝʟʘ. ɼʦʢʣʘʜʳ, ʨʘʟʲʷʩʥʷʶʱʠʝ ʧʨʠʨʦʜʫ ʵʪʠʭ ʥʦʚʳʭ  

ʦʪʢʨʳʪʳʭ ʙʠʦʤʦʣʝʢʫʣ, ʠʭ ʚʣʠʷʥʠʝ ʥʘ ʧʨʦʮʝʩʩʳ ʨʦʩʪʘ ʠ ʨʘʟʚʠʪʠʷ ʨʘʩʪʝʥʠʡ, ʘ ʪʘʢʞʝ ʠʭ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʜʨʫʛʠʤʠ ʪʨʘʜʠʮʠʦʥʥʳʤʠ ʛʦʨʤʦʥʘʤʠ ʠ ʜʨʫʛʠʤʠ ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʠ 

ʥʝʦʨʛʘʥʠʯʝʩʢʠʤʠ ʤʦʣʝʢʫʣʘʤʠ ʦʩʪʘʚʣʷʶʪ ʦʪʢʨʳʪʦʡ ʜʚʝʨʴ ʜʣʷ ʜʘʣʴʥʝʡʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ.  

ʘʫʢʩʠʥ    ʮʠʪʦʢʠʠʥʠ 

 

ɻʘʨʮʠʘʥʦʣʠʜ, ʚʳʜʝʣʝʥʥʳʡ ʠʟ Trichoderma harzianum ʠʟʫʯʘʣʠ ʥʘ ʧʨʝʜʤʝʪ ʝʛʦ ʨʦʣʠ ʚ 

ʨʦʩʪʝ ʨʘʩʪʝʥʠʡ ʠ ʩʠʩʪʝʤʥʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ. ʕʪʠ ʚʪʦʨʠʯʥʳʝ ʤʝʪʘʙʦʣʠʪʳ Trichoderma 

ʩʧʦʩʦʙʩʪʚʫʶʪ ʨʦʩʪʫ ʟʘ ʩʯʝʪ ʣʫʯʰʝʛʦ ʨʘʟʚʠʪʠʷ ʢʦʨʥʝʡ ʠ ʘʢʪʠʚʘʮʠʠ ʟʘʱʠʪʥʳʭ ʨʝʘʢʮʠʡ 

ʨʘʩʪʝʥʠʡ. ʂʘʨʨʠʢʠʥʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʛʨʫʧʧʫ ʨʝʛʫʣʷʪʦʨʦʚ ʨʦʩʪʘ ʨʘʩʪʝʥʠʡ. ʀʟʚʝʩʪʥʦ, ʯʪʦ 

ʚ ʜʳʤʫ ʛʦʨʷʱʝʛʦ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʩʳʨʴʷ ʩʪʠʤʫʣʠʨʫʝʪʩʷ ʧʨʦʨʘʩʪʘʥʠʝ ʩʝʤʷʥ. ɺ ʵʪʦʡ ʩʪʘʪʴʝ 

ʧʨʦʚʦʜʠʪʩʷ ʦʙʟʦʨ ʣʠʪʝʨʘʪʫʨʳ, ʦʧʠʩʳʚʘʶʱʠʭ ʜʘʥʥʳʝ ʦ ʨʘʟʣʠʯʥʳʭ ʥʦʚʳʭ ʨʝʛʫʣʷʪʦʨʘʭ ʨʦʩʪʘ 

ʨʘʩʪʝʥʠʡ ʠ ʠʭ ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʨʦʣʠ ʚ ʩʝʣʴʩʢʦʤ ʭʦʟʷʡʩʪʚʝ. 

     

ʢʘʨʨʠʢʠʥʳ 

 

ʆʪʤʝʯʘʝʪʩʷ [2], ʯʪʦ ʨʝʛʫʣʷʪʦʨʳ ʨʦʩʪʘ ʨʘʩʪʝʥʠʡ, ʧʨʠʤʝʥʷʝʤʳʝ ʢ ʪʝʧʣʠʯʥʳʤ 

ʢʫʣʴʪʫʨʘʤ, ʤʦʛʫʪ ʧʦʜʘʚʣʷʪʴ ʠʣʠ ʩʪʠʤʫʣʠʨʦʚʘʪʴ ʨʦʩʪ, ʫʩʠʣʠʚʘʪʴ ʚʝʪʚʣʝʥʠʝ, ʘ ʪʘʢʞʝ 

ʩʪʠʤʫʣʠʨʦʚʘʪʴ ʠʣʠ ʟʘʜʝʨʞʠʚʘʪʴ ʮʚʝʪʝʥʠʝ. ɺ ʨʘʙʦʪʝ ʧʨʠʚʝʜʝʥ ʦʙʟʦʨ ʥʦʚʳʭ ʨʝʛʫʣʷʪʦʨʦʚ ʨʦʩʪʘ 

ʨʘʩʪʝʥʠʡ 
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ʜʘʤʠʥʦʟʠʜ  ʵʪʝʬʦʥ 

 

 ɺ ʨʘʙʦʪʝ [3] ʙʳʣʦ ʠʩʩʣʝʜʦʚʘʥʦ ʚʣʠʷʥʠʝ ʥʦʚʦʛʦ ʨʝʛʫʣʷʪʦʨʘ ʨʦʩʪʘ ʨʘʩʪʝʥʠʡ, 

ʪʨʠʘʢʦʥʪʘʥʦʣʘ (TRIA), ʥʘ ʨʦʩʪ ʠ ʫʨʦʞʘʡʥʦʩʪʴ ʨʘʩʪʝʥʠʡ ʨʦʜʘ Pisum sativum L. ʕʢʩʧʝʨʠʤʝʥʪ 

ʧʨʦʚʦʜʠʣʩʷ ʚ ʧʦʣʝʚʳʭ ʫʩʣʦʚʠʷʭ ʚ ʇʝʨʫ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʦʣʥʦʩʪʴʶ ʨʘʥʜʦʤʠʟʠʨʦʚʘʥʥʦʛʦ 

ʙʣʦʯʥʦʛʦ ʜʠʟʘʡʥʘ ʩ ʚʦʩʝʤʴʶ ʦʙʨʘʙʦʪʢʘʤʠ ʠ ʪʨʝʤʷ ʧʦʚʪʦʨʝʥʠʷʤʠ. ʆʙʨʘʙʦʪʢʠ ʟʘʢʣʶʯʘʣʠʩʴ ʚ 

ʥʝʢʦʨʥʝʚʦʤ ʧʨʠʤʝʥʝʥʠʠ ʪʦʣʴʢʦ TRIA ʠ ʚʦ ʚʩʝʭ ʚʦʟʤʦʞʥʳʭ ʢʦʤʙʠʥʘʮʠʷʭ ʩ ʪʨʝʤʷ 

ʨʝʛʫʣʷʪʦʨʘʤʠ ʨʦʩʪʘ ʨʘʩʪʝʥʠʡ ʥʘ ʦʩʥʦʚʝ ʘʫʢʩʠʥʦʚ (AUX), ʛʠʙʙʝʨʝʣʣʠʥʦʚ (GA) ʠ ʮʠʪʦʢʠʥʠʥʦʚ 

(CK) ʥʘ ʨʘʩʪʝʥʠʷʭ ʛʦʨʦʭʘ ʩʦʨʪʘ v. ʈʦʥʜʦ. ʉʘʤʳʝ ʚʳʩʦʢʠʝ ʫʨʦʞʘʠ ʟʝʣʝʥʳʭ ʩʪʨʫʯʢʦʚ ʙʳʣʠ 

ʧʦʣʫʯʝʥʳ ʧʨʠ ʧʨʠʤʝʥʝʥʠʠ TRIA+AUX+GA+CK ʠ TRIA+AUX+CK. TRIA+AUX 

ʫʚʝʣʠʯʠʚʰʠʭ ʟʥʘʯʝʥʠʷ ʧʝʨʝʤʝʥʥʳʭ ʫʨʦʞʘʡʥʦʩʪʠ, ʪʦʛʜʘ ʢʘʢ TRIA+GA ʫʚʝʣʠʯʠʣ ʟʥʘʯʝʥʠʷ 

ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʭ ʧʝʨʝʤʝʥʥʳʭ. TRIA+CK ʧʦʢʘʟʘʣ ʩʪʠʤʫʣʠʨʫʶʱʠʡ ʵʬʬʝʢʪ ʥʘ 

ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʠ ʢʦʣʠʯʝʩʪʚʦ ʟʝʨʝʥ ʚ ʩʪʨʫʯʢʝ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ TRIA+AUX+CK 

ʜʝʡʩʪʚʦʚʘʣ ʩʠʥʝʨʛʝʪʠʯʝʩʢʠ ʥʘ ʧʦʢʘʟʘʪʝʣʠ ʫʨʦʞʘʡʥʦʩʪʠ, ʧʦʩʢʦʣʴʢʫ ʠʭ ʩʦʚʦʢʫʧʥʳʡ ʵʬʬʝʢʪ 

ʧʝʨʝʚʝʰʠʚʘʣ ʵʬʬʝʢʪ ʢʘʞʜʦʛʦ ʨʝʛʫʣʷʪʦʨʘ ʨʦʩʪʘ ʚ ʦʪʜʝʣʴʥʦʩʪʠ. ʆʙʨʘʙʦʪʢʘ TRIA ʧʨʝʚʟʦʰʣʘ 

ʢʦʥʪʨʦʣʴʥʫʶ ʦʙʨʘʙʦʪʢʫ ʧʦ ʧʘʨʘʤʝʪʨʘʤ ʫʨʦʞʘʡʥʦʩʪʠ, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʝʝ ʙʦʣʴʰʦʡ 

ʧʦʪʝʥʮʠʘʣ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʫʩʪʦʡʯʠʚʦʤ ʩʝʣʴʩʢʦʤ ʭʦʟʷʡʩʪʚʝ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ 

ʧʨʦʜʦʚʦʣʴʩʪʚʝʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʚ ʙʫʜʫʱʝʤ. 

ʪʨʠʘʢʦʥʪʘʥʦʣ 

    ʉʦʦʙʱʘʝʪʩʷ [4,5], ʯʪʦ ʛʦʨʤʦʥʳ ʨʦʩʪʘ ʨʘʩʪʝʥʠʡ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʩʪʨʫʢʪʫʨʥʦ ʥʝ 

ʩʚʷʟʘʥʥʳʡ ʥʘʙʦʨ ʥʝʙʦʣʴʰʠʭ ʤʦʣʝʢʫʣ, ʧʦʣʫʯʝʥʥʳʭ ʠʟ ʨʘʟʣʠʯʥʳʭ ʦʩʥʦʚʥʳʭ ʤʝʪʘʙʦʣʠʯʝʩʢʠʭ 

ʧʫʪʝʡ. ʕʪʠ ʩʦʝʜʠʥʝʥʠʷ ʷʚʣʷʶʪʩʷ ʚʘʞʥʳʤʠ ʨʝʛʫʣʷʪʦʨʘʤʠ ʨʦʩʪʘ ʨʘʩʪʝʥʠʡ ʠ ʦʧʦʩʨʝʜʫʶʪ 

ʨʝʘʢʮʠʶ ʢʘʢ ʥʘ ʙʠʦʪʠʯʝʩʢʠʝ, ʪʘʢ ʠ ʥʘ ʘʙʠʦʪʠʯʝʩʢʠʝ ʩʪʨʝʩʩʳ. ɿʘ ʧʦʩʣʝʜʥʠʝ ʜʝʩʷʪʴ ʣʝʪ ʚ 

ʙʠʦʣʦʛʠʠ ʨʘʩʪʠʪʝʣʴʥʳʭ ʛʦʨʤʦʥʦʚ ʧʨʦʠʟʦʰʣʦ ʤʥʦʛʦ ʟʘʭʚʘʪʳʚʘʶʱʠʭ ʜʦʩʪʠʞʝʥʠʡ, ʚʢʣʶʯʘʷ 

ʥʦʚʳʝ ʦʪʢʨʳʪʠʷ ʚ ʦʙʣʘʩʪʠ ʙʠʦʩʠʥʪʝʟʘ, ʪʨʘʥʩʧʦʨʪʘ, ʚʦʩʧʨʠʷʪʠʷ ʠ ʨʝʘʢʮʠʠ ʛʦʨʤʦʥʦʚ. ɺ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʳ ʨʝʮʝʧʪʦʨʳ ʜʣʷ ʤʥʦʛʠʭ ʦʩʥʦʚʥʳʭ ʛʦʨʤʦʥʦʚ, ʯʪʦ ʜʘʝʪ 

ʥʦʚʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʠʟʫʯʝʥʠʷ ʭʠʤʠʯʝʩʢʦʡ ʩʧʝʮʠʬʠʯʥʦʩʪʠ ʧʝʨʝʜʘʯʠ ʩʠʛʥʘʣʦʚ ʛʦʨʤʦʥʦʚ. 

ʕʪʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʪʘʢʞʝ ʚʳʷʚʠʣʠ ʫʜʠʚʠʪʝʣʴʥʦ ʚʘʞʥʫʶ ʨʦʣʴ ʫʙʠʢʚʠʪʠʥ-ʧʨʦʪʝʘʩʦʤʥʦʛʦ ʧʫʪʠ 

ʚ ʧʝʨʝʜʘʯʝ ʩʠʛʥʘʣʦʚ ʛʦʨʤʦʥʦʚ. ʂʨʦʤʝ ʪʦʛʦ, ʥʝʜʘʚʥʷʷ ʨʘʙʦʪʘ ʧʦʜʪʚʝʨʞʜʘʝʪ, ʯʪʦ ʧʝʨʝʜʘʯʘ 

ʩʠʛʥʘʣʦʚ ʛʦʨʤʦʥʦʚ ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʥʘ ʥʝʩʢʦʣʴʢʠʭ ʫʨʦʚʥʷʭ ʚʦ ʚʨʝʤʷ ʨʦʩʪʘ ʠ ʨʘʟʚʠʪʠʷ 

ʨʘʩʪʝʥʠʡ. ɺ ʙʫʜʫʱʝʤ ʛʣʘʚʥʦʡ ʟʘʜʘʯʝʡ ʩʪʘʥʝʪ ʧʦʥʠʤʘʥʠʝ ʪʦʛʦ, ʢʘʢ ʠʥʬʦʨʤʘʮʠʷ, ʧʝʨʝʜʘʚʘʝʤʘʷ 

ʵʪʠʤʠ ʧʨʦʩʪʳʤʠ ʩʦʝʜʠʥʝʥʠʷʤʠ, ʠʥʪʝʛʨʠʨʫʝʪʩʷ ʚ ʧʨʦʮʝʩʩʝ ʨʦʩʪʘ ʨʘʩʪʝʥʠʡ. 

    ɺ ʠʩʩʣʝʜʦʚʘʥʠʠ [6] ʠʟʫʯʘʣʠ ʚʣʠʷʥʠʝ ʥʝʢʦʪʦʨʳʭ ʨʝʛʫʣʷʪʦʨʦʚ ʨʦʩʪʘ ʨʘʩʪʝʥʠʡʚ 

ʢʫʣʴʪʫʨʘʣʴʥʦʡ ʩʨʝʜʝ ʙʘʢʪʝʨʠʡ Proteus mirabilis, P. vulgaris, Klebsiella pneumoniae, Bacillus 

megaterium, B. cereus. ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʫʨʦʚʥʝʡ ʵʪʠʭ ʨʝʛʫʣʷʪʦʨʦʚ ʨʦʩʪʘ ʨʘʩʪʝʥʠʡ 

ʠʩʧʦʣʴʟʦʚʘʣʠ ʤʝʪʦʜ ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʦʡ ʞʠʜʢʦʩʪʥʦʡ ʭʨʦʤʘʪʦʛʨʘʬʠʠ (ɺʕɾʍ). ʈʝʟʫʣʴʪʘʪʳ 

ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʙʘʢʪʝʨʠʠ, ʠʩʧʦʣʴʟʦʚʘʥʥʳʝ ʚ ʵʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ, ʩʠʥʪʝʟʠʨʦʚʘʣʠ ʨʝʛʫʣʷʪʦʨʳ 

ʨʦʩʪʘ ʨʘʩʪʝʥʠʡ, ʘʫʢʩʠʥ, ʛʠʙʙʝʨʝʣʣʠʥ, ʮʠʪʦʢʠʥʠʥ ʠ ʘʙʩʮʠʟʦʚʫʶ ʢʠʩʣʦʪʫ. 
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 ʘʙʩʮʠʟʦʚʘʷ ʢʠʩʣʦʪʘ 

   ɺ ʨʘʙʦʪʝ [7] ʠʩʧʦʣʴʟʦʚʘʣʠ ʩʠʥʝʨʛʝʪʠʯʝʩʢʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʢʨʘʩʥʦʛʦ ʧʝʨʮʘ ʠ 

ʧʦʤʠʜʦʨʦʚ ʩʪʠʤʫʣʠʨʦʚʘʪʴ ʨʦʩʪ ʨʘʩʪʝʥʠʡ ʩ ʧʦʤʦʱʴʶ ʚʳʙʨʘʥʥʳʭ ʤʥʦʛʦʬʫʥʢʮʠʦʥʘʣʴʥʳʭ 

ʨʝʛʫʣʷʪʦʨʦʚ ʨʦʩʪʘ ʨʘʩʪʝʥʠʡ: Bacillus subtilis AH18 ʠ Bacillus licheniformis K11. ʆʙʘ ʰʪʘʤʤʘ 

PGPR B. licheniformis K11 ʠ B. subtilis AH18 ʧʨʦʜʫʮʠʨʦʚʘʣʠ ʘʫʢʩʠʥʳ, ʧʨʦʪʠʚʦʛʨʠʙʢʦʚʫʶ ɓ-

ʛʣʶʢʘʥʥʘʟʫ ʠ ʩʠʜʝʨʦʬʦʨʳ ʠ ʙʳʣʠ ʩʧʦʩʦʙʥʳ ʨʘʩʪʚʦʨʷʪʴ ʥʝʨʘʩʪʚʦʨʠʤʳʝ ʬʦʩʬʘʪʳ. ɸʫʢʩʠʥʳ, 

ʧʨʦʜʫʮʠʨʫʝʤʳʝ B. subtilis AH18 ʠ B. licheniformis K11, ʦʯʠʱʘʣʠ ʠ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʣʠ ʠʟ 

ʢʫʣʴʪʫʨʘʣʴʥʳʭ ʬʠʣʴʪʨʘʪʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʦʣʦʥʢʠ PVP, ʢʦʣʦʥʦʯʥʦʡ ʭʨʦʤʘʪʦʛʨʘʬʠʠ 

Sephadex LH-20, ɺʕɾʍ, ɻʍ-ʄʉ ʠ 1H-ʗʄʈ. ɹʳʣʦ ʧʦʜʪʚʝʨʞʜʝʥʦ, ʯʪʦ ʦʯʠʱʝʥʥʳʡ ʘʫʢʩʠʥ 

AH18 ʩʦʜʝʨʞʠʪ ʧʨʦʠʟʚʦʜʥʳʝ, ʩʦʩʪʦʷʱʠʝ ʠʟ IAA ʩ ʤʦʣʝʢʫʣʷʨʥʦʡ ʤʘʩʩʦʡ 175, IBA ʩ 

ʤʦʣʝʢʫʣʷʨʥʦʡ ʤʘʩʩʦʡ 203 ʠ IPA ʩ ʤʦʣʝʢʫʣʷʨʥʦʡ ʤʘʩʩʦʡ 189. ʉʦʦʪʥʦʰʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ 

ʦʙʨʘʟʫʶʱʝʛʦʩʷ ʘʫʢʩʠʥʘ AH18 ʙʳʣʦ ʩʣʝʜʫʶʱʠʤ: IAA:IBA:IPA=1:1,5:2,6. ʆʯʠʱʝʥʥʳʡ ʘʫʢʩʠʥ 

ʂ11 ʩʦʩʪʦʷʣ ʠʟ ʀʄʂ ʩ ʤʦʣʝʢʫʣʷʨʥʦʡ ʤʘʩʩʦʡ 203. ɺ. licheniformis ʂ11 ʠ ɺ. subtilis ɸʅ18 

ʩʪʠʤʫʣʠʨʦʚʘʣʠ ʧʨʦʨʘʩʪʘʥʠʝ ʩʝʤʷʥ ʠ ʨʦʩʪ ʢʦʨʥʝʡ ʢʨʘʩʥʦʛʦ ʧʝʨʮʘ, ʧʦʤʠʜʦʨʦʚ, ʟʝʣʝʥʦʛʦ ʣʫʢʘ 

ʠ ʰʧʠʥʘʪʘ. ɺ ʯʘʩʪʥʦʩʪʠ, ʫ ʨʘʩʪʝʥʠʡ ʢʨʘʩʥʦʛʦ ʧʝʨʮʘ ʠ ʧʦʤʠʜʦʨʦʚ ʥʘʙʣʶʜʘʣʦʩʴ ʫʚʝʣʠʯʝʥʠʝ 

ʨʦʩʪʘ ʢʦʨʥʝʡ, ʩʪʝʙʣʝʡ ʠ ʣʠʩʪʴʝʚ ʜʦ 20%. ʂʦʛʜʘ ʛʦʨʰʢʠ ʦʜʥʦʚʨʝʤʝʥʥʦ ʦʙʨʘʙʘʪʳʚʘʣʠ 

ʢʦʤʙʠʥʘʮʠʝʡ ʘʫʢʩʠʥʘ AH18 ʠ ʘʫʢʩʠʥʘ K11, ʩʢʦʨʦʩʪʴ ʨʦʩʪʘ ʨʘʩʪʝʥʠʡ ʢʨʘʩʥʦʛʦ ʧʝʨʮʘ ʠ ʪʦʤʘʪʘ 

ʙʳʣʘ ʙʦʣʝʝ ʯʝʤ ʥʘ 20% ʚʳʰʝ, ʯʝʤ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʦʜʥʠʤ ʘʫʢʩʠʥʦʤ. 

   ɸʙʠʦʪʠʯʝʩʢʠʝ ʩʪʨʝʩʩʳ ʨʘʩʪʫʪ ʚʦ ʚʩʝʤ ʤʠʨʝ ʫʛʨʦʞʘʶʱʠʤʠ ʪʝʤʧʘʤʠ [8, 9]. ʅʘʧʨʦʪʠʚ, 

ʩʧʨʦʩ ʥʘ ʧʨʦʜʫʢʪʳ ʧʠʪʘʥʠʷ ʧʦʩʪʦʷʥʥʦ ʨʘʩʪʝʪ ʩ ʨʦʩʪʦʤ ʥʘʩʝʣʝʥʠʷ, ʠ ʩʪʨʝʩʩ ʦʪ ʩʦʣʝʡ, ʢʘʢ 

ʩʦʦʙʱʘʝʪʩʷ, ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʳʤ ʩʪʨʝʩʩʦʤ, ʚʣʠʷʶʱʠʤ ʥʘ ʬʦʪʦʩʠʥʪʝʪʠʯʝʩʢʠʡ ʘʧʧʘʨʘʪ ʠ ʪʝʤ 

ʩʘʤʳʤ ʩʥʠʞʘʶʱʠʤ ʨʦʩʪ ʠ ʫʨʦʞʘʡʥʦʩʪʴ. ɻʘʣʦʪʦʣʝʨʘʥʪʥʳʝ ʨʘʩʪʝʥʠʷ, ʩʪʠʤʫʣʠʨʫʶʱʠʝ ʨʦʩʪ 

ʨʠʟʦʙʘʢʪʝʨʠʡ , ʦʙʣʘʜʘʶʱʠʝ ʩʧʦʩʦʙʥʦʩʪʴʶ ʨʘʙʦʪʘʪʴ ʚ ʫʩʣʦʚʠʷʭ ʩʦʣʝʚʦʛʦ ʩʪʨʝʩʩʘ ʠ 

ʩʧʦʩʦʙʩʪʚʫʶʱʠʝ ʨʦʩʪʫ ʨʘʩʪʝʥʠʡ, ʥʘʨʷʜʫ ʩ ʫʩʠʣʝʥʥʳʤ ʩʠʥʪʝʟʦʤ ʚʪʦʨʠʯʥʳʭ ʤʝʪʘʙʦʣʠʪʦʚ , 

ʚʢʣʶʯʘʷ ʬʠʪʦʛʦʨʤʦʥʳ (ʠʥʜʦʣʫʢʩʫʩʥʘʷ ʢʠʩʣʦʪʘ (ʀʋʂ) ʠ ʣʝʪʫʯʠʝ ʩʦʝʜʠʥʝʥʠʷ, ʰʠʨʦʢʦ 

ʠʟʫʯʘʶʪʩʷ. ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʦʧʠʩʳʚʘʝʪʩʷ ʚʳʜʝʣʝʥʠʝ, ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʠ ʠʜʝʥʪʠʬʠʢʘʮʠʷ 

ʀʋʂ, ʧʨʦʜʫʮʠʨʫʶʱʠʭ ʛʘʣʦʪʦʣʝʨʘʥʪʥʳʡ PGPR ʠʟ ʨʠʟʦʩʬʝʨ rCumin cyminum ʢʫʣʴʪʠʚʠʨʫʝʪʩʷ 

ʚ ʟʘʩʦʣʝʥʥʳʭ ʨʘʡʦʥʘʭ ʂʘʯʯʭʘ, ɻʫʜʞʘʨʘʪ, ʀʥʜʠʷ. ʇʝʨʚʦʥʘʯʘʣʴʥʦ ʩʧʦʩʦʙʥʦʩʪʴ ʢ ʩʝʢʨʝʮʠʠ 

ʀʋʂ ʙʳʣʘ ʦʮʝʥʝʥʘ ʜʣʷ 20 ʙʘʢʪʝʨʠʘʣʴʥʳʭ ʠʟʦʣʷʪʦʚ, ʠ ʜʣʷ ʜʘʣʴʥʝʡʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʠ 

ʦʪʦʙʨʘʥʳ ʪʨʠ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʠʟʦʣʷʪʘ, ʢʦʪʦʨʳʝ ʦʙʣʘʜʘʣʠ ʩʧʦʩʦʙʥʦʩʪʴʶ ʩʠʥʪʝʟʠʨʦʚʘʪʴ ʀʋʂ 

ʚ ʩʦʣʝʚʳʭ ʫʩʣʦʚʠʷʭ (2% ʤʘʩ./ʦʙ. NaCl). ʂʫʣʴʪʫʨʳ ʙʳʣʠ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʳ ʢʘʢ Bacillus 

subtilis , Rheinheimera sp. ʠ Rhizobium sp. ʧʫʪʝʤ ʯʘʩʪʠʯʥʦʛʦ ʩʝʢʚʝʥʠʨʦʚʘʥʠʷ ʛʝʥʘ 16S  

ʨʈʅʂ ʥʫʢʣʝʦʪʠʜʥʳʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʙʳʣʠ ʦʪʧʨʘʚʣʝʥʳ ʚ NCBI, GenBank. ʉʧʦʩʦʙʥʦʩʪʴ 

ʧʨʦʜʫʮʠʨʦʚʘʪʴ ʀʋʂ ʚ ʫʩʣʦʚʠʷʭ ʩʦʣʝʚʦʛʦ ʩʪʨʝʩʩʘ ʙʳʣʘ ʦʮʝʥʝʥʘ ʜʣʷ ʚʩʝʭ ʪʨʝʭ ʢʫʣʴʪʫʨ ʠ 

ʩʦʩʪʘʚʠʣʘ 250 Ñ 0,1 ʤʢʛ/ʤʣ, 220 Ñ 0,1 ʤʢʛ/ʤʣ ʠ 200 Ñ 0,1 ʤʢʛ/ʤʣ 

ʜʣʷ Rheinheimera sp . ʈʠʟʦʙʠʫʤ ʩʧ. ʘ ʪʘʢʞʝ Bacillus subtilis ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʉʫʤʤʘʨʥʘʷ 

ʦʮʝʥʢʘ ʙʠʦʩʠʥʪʝʟʘ ʀʋʂ Rheinheimera sp . ʧʨʦʚʦʜʠʣʠ ʩ ʧʦʤʦʱʴʶ ʊʉʍ 

ʠ ɺʕɾʍ ʵʢʩʪʨʘʛʠʨʦʚʘʥʥʦʛʦ ʀʋʂ ʠ ʵʪʘʣʦʥʥʳʭ ʠʥʜʦʣʴʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. ʕʪʦ ʧʝʨʚʳʡ ʩʣʫʯʘʡ, 

ʢʦʛʜʘ Rheinheimera sp. ʚʳʙʨʘʥ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ IAA ʠ ʨʘʟʨʘʙʦʪʢʠ ʛʘʣʦ-ʪʦʣʝʨʘʥʪʥʦʛʦ PGPR 

ʜʣʷ ʧʦʣʝʚʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʧʨʠʣʦʞʝʥʠʡ. 

   ʈʠʟʦʙʘʢʪʝʨʠʠ, ʩʪʠʤʫʣʠʨʫʶʱʠʝ ʨʦʩʪ ʨʘʩʪʝʥʠʡ, ʦʙʣʘʜʘʶʪ ʩʧʦʩʦʙʥʦʩʪʴʶ 

ʢʦʣʦʥʠʟʠʨʦʚʘʪʴ ʢʦʨʥʠ ʨʘʩʪʝʥʠʡ ʠ ʫʚʝʣʠʯʠʚʘʪʴ ʠʭ ʨʦʩʪ ʠ ʫʨʦʞʘʡʥʦʩʪʴ ʩ ʧʦʤʦʱʴʶ ʨʘʟʣʠʯʥʳʭ 

ʤʝʭʘʥʠʟʤʦʚ [10]. ɹʦʣʴʰʠʥʩʪʚʦ ʧʩʝʚʜʦʤʦʥʘʜ ʦʪʥʦʩʷʪʩʷ ʢ PGPR ʠ ʤʦʛʫʪ ʧʨʦʜʫʮʠʨʦʚʘʪʴ 

ʛʦʨʤʦʥʳ ʨʦʩʪʘ ʨʘʩʪʝʥʠʡ, ʪʘʢʠʝ ʢʘʢ ʘʫʢʩʠʥʳ. ʇʨʦʠʟʚʦʜʩʪʚʦ ʘʫʢʩʠʥʘ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ 

https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/plant-growth-promoting-rhizobacteria
https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/plant-growth-promoting-rhizobacteria
https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/secondary-metabolite
https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/rhizosphere
https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/bacillus-subtilis
https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/bacillus-subtilis
https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/rhizobium
https://www.sciencedirect.com/topics/biochemistry-genetics-and-molecular-biology/rna-gene
https://www.sciencedirect.com/topics/biochemistry-genetics-and-molecular-biology/rna-gene
https://www.sciencedirect.com/topics/biochemistry-genetics-and-molecular-biology/anabolism
https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/high-performance-liquid-chromatography


41  

ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʭ ʤʝʭʘʥʠʟʤʦʚ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʙʘʢʪʝʨʠʷʤʠ ʜʣʷ ʨʘʟʚʠʪʠʷ ʢʦʨʥʝʡ ʨʘʩʪʝʥʠʡ, ʠʭ 

ʨʦʩʪʘ ʠ ʧʦʣʫʯʝʥʠʷ ʫʨʦʞʘʷ. ɺ ʵʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʙʳʣʦ ʚʟʷʪʦ 52 ʦʙʨʘʟʮʘ ʨʠʟʦʩʬʝʨʥʦʡ ʧʦʯʚʳ 

ʧʰʝʥʠʮʳ ʚ ʨʘʟʥʳʭ ʧʨʦʚʠʥʮʠʷʭ ʠ ʚʳʜʝʣʝʥ ʠ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥ 181 ʠʟʦʣʷʪ ʬʣʫʦʨʝʩʮʝʥʪʥʳʭ 

ʧʩʝʚʜʦʤʦʥʘʜ. ʆʮʝʥʠʚʘʣʠ ʧʨʦʜʫʢʮʠʶ ʘʫʢʩʠʥʘ ʠʟʦʣʷʪʘʤʠ, ʘ ʪʘʢʞʝ ʦʮʝʥʠʚʘʣʠ ʚʣʠʷʥʠʝ 

ʢʦʥʮʝʥʪʨʘʮʠʠ trp ʥʘ ʧʨʦʜʫʢʮʠʶ ʘʫʢʩʠʥʘ. ʅʘ ʩʣʝʜʫʶʱʝʤ ʵʪʘʧʝ ʙʳʣʠ ʦʪʦʙʨʘʥʳ 24 ʠʟʦʣʷʪʘ ʩ 

ʥʠʟʢʦʡ, ʩʨʝʜʥʝʡ ʠ ʚʳʩʦʢʦʡ ʩʧʦʩʦʙʥʦʩʪʴʶ ʢ ʧʨʦʜʫʢʮʠʠ ʘʫʢʩʠʥʦʚ, ʢʦʪʦʨʳʝ ʙʳʣʠ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʠʥʦʢʫʣʷʮʠʠ ʨʘʩʪʝʥʠʡ ʧʰʝʥʠʮʳ ʚ ʪʝʧʣʠʮʝ. ʀʟʤʝʨʷʣʠ ʩʳʨʫʶ ʠ ʩʫʭʫʶ ʤʘʩʩʫ 

ʧʦʙʝʛʦʚ ʠ ʢʦʨʥʝʡ, ʜʣʠʥʫ ʢʦʨʥʝʡ, ʘ ʪʘʢʞʝ ʠʟʫʯʘʣʠ ʤʦʨʬʦʣʦʛʠʶ ʢʦʨʥʝʡ ʠ ʢʦʨʥʝʚʳʭ 

ʚʦʣʦʩʢʦʚ. ʐʝʩʪʴ ʦʪʦʙʨʘʥʥʳʭ ʠʟʦʣʷʪʦʚ ʠʩʧʦʣʴʟʦʚʘʣʠ ʜʣʷ ʦʮʝʥʢʠ ʠʭ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʧʰʝʥʠʮʫ 

ʚ ʧʦʣʝʚʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʚ ʌʘʨʩʝ, ʂʝʨʤʘʥʰʘʭʝ, ʄʘʟʘʥʜʘʨʘʥʝ, ʉʝʤʥʘʥʝ, ʍʦʨʘʩʘʥʝ ʠ 

ɼʝʟʬʫʣʝ. ʈʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʚʳʜʝʣʝʥʥʳʝ ʧʨʦʜʫʮʠʨʦʚʘʣʠ ʘʫʢʩʠʥʳ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 0,31 

ʜʦ 77,9 ʤʢʛ/ʤʣ. ʠʟʦʣʠʨʦʚʘʥʥʳʝ, ʧʨʠʥʘʜʣʝʞʘʱʠʝ Psudomonas putida ʠ P. aeroginosa, 

ʧʨʦʜʫʮʠʨʦʚʘʣʠ ʙʦʣʴʰʝ ʘʫʢʩʠʥʘ, ʯʝʤ ʠʟʦʣʷʪʳ P. fluorescens. ʀʥʦʢʫʣʷʮʠʷ ʠʟʦʣʷʪʦʚ ʫʣʫʯʰʘʣʘ 

ʩʳʨʫʶ ʠ ʩʫʭʫʶ ʤʘʩʩʫ ʢʦʨʥʝʡ ʠ ʧʦʙʝʛʦʚ ʨʘʩʪʝʥʠʡ, ʥʦ ʧʦ-ʨʘʟʥʦʤʫ ʚʣʠʷʣʘ ʥʘ ʜʣʠʥʫ 

ʢʦʨʥʝʡ. ʅʝʢʦʪʦʨʳʝ ʠʟʦʣʷʪʳ ʦʪʨʠʮʘʪʝʣʴʥʦ ʚʣʠʷʣʠ ʥʘ ʜʣʠʥʫ ʢʦʨʥʷ.  

    ʉʚʦʙʦʜʥʦʞʠʚʫʱʠʝ ʙʘʢʪʝʨʠʠ, ʢʦʪʦʨʳʝ ʘʢʪʠʚʥʦ ʢʦʣʦʥʠʟʠʨʫʶʪ ʢʦʨʥʠ ʨʘʩʪʝʥʠʡ ʠ 

ʦʢʘʟʳʚʘʶʪ ʧʦʣʦʞʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʨʘʟʚʠʪʠʝ ʨʘʩʪʝʥʠʡ, ʥʘʟʳʚʘʶʪʩʷ ʩʪʠʤʫʣʷʪʦʨʘʤʠ ʨʦʩʪʘ 

ʨʘʩʪʝʥʠʡ. ɹʘʢʪʝʨʠʠ, ʩʪʠʤʫʣʠʨʫʶʱʠʝ ʨʦʩʪ ʨʘʩʪʝʥʠʡ, ʤʦʛʫʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʨʦʩʪʫ ʨʘʩʪʝʥʠʡ ʠ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʚʦʡ ʩʦʙʩʪʚʝʥʥʳʡ ʤʝʪʘʙʦʣʠʟʤ ʜʣʷ ʨʘʩʪʚʦʨʝʥʠʷ ʬʦʩʬʘʪʦʚ, ʚʳʨʘʙʦʪʢʠ ʛʦʨʤʦʥʦʚ 

ʠ ʬʠʢʩʘʮʠʠ ʘʟʦʪʘ, ʘ ʪʘʢʞʝ ʦʥʠ ʤʦʛʫʪ ʥʘʧʨʷʤʫʶ ʚʣʠʷʪʴ ʥʘ ʤʝʪʘʙʦʣʠʟʤ ʨʘʩʪʝʥʠʡ. PGPR ʪʘʢʞʝ 

ʫʚʝʣʠʯʠʚʘʝʪ ʧʦʛʣʦʱʝʥʠʝ ʨʘʩʪʝʥʠʷʤʠ ʚʦʜʳ ʠ ʧʠʪʘʪʝʣʴʥʳʭ ʚʝʱʝʩʪʚ, ʫʣʫʯʰʘʷ ʨʘʟʚʠʪʠʝ ʢʦʨʥʝʡ 

ʠ ʧʦʚʳʰʘʷ ʬʝʨʤʝʥʪʘʪʠʚʥʫʶ ʘʢʪʠʚʥʦʩʪʴ ʨʘʩʪʝʥʠʡ; ʢʨʦʤʝ ʪʦʛʦ, PGPR ʤʦʞʝʪ ʩʪʠʤʫʣʠʨʦʚʘʪʴ 

ʜʨʫʛʠʝ ʤʠʢʨʦʦʨʛʘʥʠʟʤʳ ʢʘʢ ʯʘʩʪʴ ʩʠʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʵʬʬʝʢʪʘ ʜʣʷ ʫʣʫʯʰʝʥʠʷ ʠʭ ʚʦʟʜʝʡʩʪʚʠʷ 

ʥʘ ʨʘʩʪʝʥʠʷ, ʩʧʦʩʦʙʩʪʚʫʷ ʨʦʩʪʫ ʨʘʩʪʝʥʠʡ ʠʣʠ ʧʦʜʘʚʣʷʷ ʧʘʪʦʛʝʥʳ. ʄʥʦʛʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʧʦʢʘʟʘʣʠ ʥʝʩʢʦʣʴʢʦ ʧʨʝʠʤʫʱʝʩʪʚ ʠʩʧʦʣʴʟʦʚʘʥʠʷ PGPR ʥʘ ʢʫʢʫʨʫʟʝ ʠ ʩʘʭʘʨʥʦʤ 

ʪʨʦʩʪʥʠʢʝ. ʕʪʠ ʙʘʢʪʝʨʠʠ ʷʚʣʷʶʪʩʷ ʦʪʣʠʯʥʦʡ ʘʣʴʪʝʨʥʘʪʠʚʦʡ ʜʣʷ ʬʝʨʤʝʨʦʚ, ʧʦʟʚʦʣʷʶʱʝʡ 

ʩʦʢʨʘʪʠʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʭʠʤʠʯʝʩʢʠʭ ʫʜʦʙʨʝʥʠʡ ʠ ʧʝʩʪʠʮʠʜʦʚ, ʥʝ ʦʢʘʟʳʚʘʷ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ 

ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ ʠ ʩʥʠʞʘʷ ʫʨʦʞʘʡʥʦʩʪʴ. ʅʘʩʪʦʷʱʠʡ ʦʙʟʦʨ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʦʧʳʪʢʫ 

ʧʨʦʷʩʥʠʪʴ ʢʦʥʮʝʧʮʠʶ ʨʠʟʦʙʘʢʪʝʨʠʡ ʚ ʪʝʢʫʱʝʤ ʩʮʝʥʘʨʠʠ ʠ ʠʭ ʦʩʥʦʚʥʳʝ ʤʝʭʘʥʠʟʤʳ 

ʩʪʠʤʫʣʠʨʦʚʘʥʠʷ ʨʦʩʪʘ ʨʘʩʪʝʥʠʡ ʩ ʧʦʩʣʝʜʥʠʤʠ ʦʙʥʦʚʣʝʥʠʷʤʠ [11].  

    ɺ ʪʝʧʣʠʮʝ ʙʳʣ ʧʨʦʚʝʜʝʥ ʵʢʩʧʝʨʠʤʝʥʪ ʜʣʷ ʠʟʫʯʝʥʠʷ ʜʦʩʪʫʧʥʦʩʪʠ ʬʦʩʬʦʨʥʳʭ 

ʫʜʦʙʨʝʥʠʡ ʚ ʢʠʩʣʳʭ ʧʦʯʚʘʭ ʠ ʦʮʝʥʢʠ ʚʣʠʷʥʠʷ ʬʦʩʬʦʨʥʳʭ ʠ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʬʠʪʦʛʦʨʤʦʥʦʚ ʥʘ 

ʫʨʦʞʘʡʥʦʩʪʴ ʠ ʧʦʛʣʦʱʝʥʠʝ ʧʠʪʘʪʝʣʴʥʳʭ ʚʝʱʝʩʪʚ ʢʫʢʫʨʫʟʦʡ (ʩʦʨʪ ɻʦʣʜʘ ʌɸʆ-240). ʇʦʯʚʫ 

ʠʟʚʝʩʪʢʦʚʘʣʠ 1,05 ʛ Ca(OH)2 ʠ 12,2 ʛ CaSO4 Ŀ2H2O ʥʘ 1,7 ʢʛ  ʧʦʯʚʳ ʧʦ ʢʨʠʚʦʡ 

ɼʞʝʥʩʝʥʘ. ʌʦʩʬʦʨ ʧʨʠʤʝʥʷʣʠ ʚ ʚʠʜʝ ʤʦʥʦʘʤʤʦʥʠʡʜʠʛʠʜʨʦʬʦʩʬʘʪʘ ʠʟ ʨʘʩʯʝʪʘ 0, 26 ʠ 52 ʤʛ 

ʈ 1,7 ʢʛ
 .
ʧʦʯʚʫ ʧʫʪʝʤ ʚʥʝʩʝʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʝʡʪʨʘʣʴʥʦʛʦ ʢʦʤʧʦʩʪʘ ʚ ʢʘʯʝʩʪʚʝ 

ʙʫʬʝʨʥʦʛʦ ʤʘʪʝʨʠʘʣʘ. ɺ ʢʘʯʝʩʪʚʝ ʵʢʟʦʛʝʥʥʳʭ ʬʠʪʦʛʦʨʤʦʥʦʚ ʧʨʠʤʝʥʷʣʠ ʙʝʥʟʠʣʘʜʝʥʠʥ (ɹɸ) ʠ 

ʛʠʙʙʝʨʝʣʣʠʥ (ɻɸ). ɸʟʦʪ, ʢʘʣʠʡ, ʤʘʛʥʠʡ, ʤʝʜʴ, ʤʘʨʛʘʥʝʮ, ʮʠʥʢ, ʙʦʨ ʠ ʤʦʣʠʙʜʝʥ ʨʘʚʥʦʤʝʨʥʦ 

ʥʘʥʦʩʠʣʠ ʥʘ ʚʩʝ ʛʦʨʰʢʠ. ɺ ʚʘʨʠʘʥʪʘʭ ʩ ʚʥʝʩʝʥʠʝʤ ʬʦʩʬʦʨʥʳʭ ʫʜʦʙʨʝʥʠʡ ʙʝʟ ɹʂ ʚʳʭʦʜ 

ʩʫʭʦʛʦ ʚʝʱʝʩʪʚʘ ʠ ʧʦʛʣʦʱʝʥʠʝ ʈ ʨʘʩʪʝʥʠʷʤʠ ʙʳʣʠ ʚʳʰʝ ʥʘ 15,9 ʠ 19,5% ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʈ ʩ ɹʂ. ɸʥʘʣʦʛʠʯʥʳʤ ʦʙʨʘʟʦʤ, ʚ ʚʘʨʠʘʥʪʘʭ, ʛʜʝ ʧʨʠʤʝʥʷʣʠʩʴ 

ʬʦʩʬʦʨʥʳʝ ʫʜʦʙʨʝʥʠʷ ʙʝʟ ɻɸ, ʚʳʭʦʜ ʩʫʭʦʛʦ ʚʝʱʝʩʪʚʘ ʠ ʧʦʛʣʦʱʝʥʠʝ ʬʦʩʬʦʨʘ ʨʘʩʪʝʥʠʷʤʠ 

ʙʳʣʠ ʚʳʰʝ ʥʘ 9 ʠ 15,4% ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ [12]. 

 ɼʚʫʭʣʝʪʥʠʡ ʧʦʣʝʚʦʡ ʵʢʩʧʝʨʠʤʝʥʪ ʙʳʣ ʧʨʦʚʝʜʝʥ ʚ ʬʠʣʠʘʣʝ ɺʘʨʘʤʠʥ-ʇʠʰʚʘ 

ʀʩʣʘʤʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ɸʟʘʜ, ʀʨʘʥ, ʜʣʷ ʠʟʫʯʝʥʠʷ ʚʣʠʷʥʠʷ ʩʪʨʝʩʩʘ ʦʪ ʟʘʩʫʭʠ ʠ 

ʚʥʝʢʦʨʥʝʚʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʥʝʢʦʪʦʨʳʭ ʛʦʨʤʦʥʦʚ ʥʘ ʨʦʩʪ ʩʘʬʣʦʨʘ [13]. ʉʪʨʝʩʩ ʟʘʩʫʭʠ 

ʠʥʜʫʮʠʨʦʚʘʣʠ ʥʘ ʪʨʝʭ ʫʨʦʚʥʷʭ ʠ ʨʘʩʩʤʘʪʨʠʚʘʣʠ ʚ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʳʭ ʫʯʘʩʪʢʦʚ. ʇʦʣʠʚ ʧʦʩʣʝ 

ʠʩʪʦʱʝʥʠʷ ʚʦʜʳ ʥʘ 75% ʩʯʠʪʘʣʩʷ ʥʦʨʤʘʣʴʥʳʤ ʧʦʣʠʚʦʤ (ʢʦʥʪʨʦʣʴ), ʧʦʣʠʚ ʧʦʩʣʝ ʠʩʪʦʱʝʥʠʷ 

ʚʦʜʳ ʥʘ 60 ʠ 45% ʦʧʨʝʜʝʣʷʣʩʷ ʢʘʢ ʫʤʝʨʝʥʥʘʷ ʠ ʩʠʣʴʥʘʷ ʟʘʩʫʭʘ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʅʝʢʦʨʥʝʚʦʝ 

ʚʥʝʩʝʥʠʝ ʛʫʤʠʥʦʚʦʡ ʢʠʩʣʦʪʳ (ɻʂ), ʩʘʣʠʮʠʣʦʚʦʡ ʢʠʩʣʦʪʳ (ʉʂ), ʛʠʙʙʝʨʝʣʣʦʚʦʡ ʢʠʩʣʦʪʳ 

(ɻɸ3), ʘʩʢʦʨʙʠʥʦʚʦʡ ʢʠʩʣʦʪʳ (ɸʂ), ʚʦʜʳ ʠ ʥʝʣʠʩʪʚʝʥʥʦʝ ʚʥʝʩʝʥʠʝ ʨʘʩʩʤʘʪʨʠʚʘʣʠ ʢʘʢ 



42  

ʧʦʜʫʯʘʩʪʢʠ. ʆʩʥʦʚʥʦʝ ʚʣʠʷʥʠʝ ʨʝʞʠʤʦʚ ʦʨʦʰʝʥʠʷ ʙʳʣʦ ʟʥʘʯʠʪʝʣʴʥʳʤ ʥʘ ʫʨʦʞʘʡ ʩʝʤʷʥ, 

ʚʳʭʦʜ ʤʘʩʣʘ, ʧʘʣʴʤʠʪʠʥʦʚʫʶ ʢʠʩʣʦʪʫ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʦʜʳ (ʕʀɺ). ʂʨʦʤʝ 

ʪʦʛʦ, ʦʩʥʦʚʥʦʡ ʵʬʬʝʢʪ ʚʥʝʢʦʨʥʝʚʳʭ ʧʦʜʢʦʨʤʦʢ ʙʳʣ ʟʥʘʯʠʤʳʤ ʜʣʷ ʫʨʦʞʘʷ ʩʝʤʷʥ, ʚʳʭʦʜʘ 

ʤʘʩʣʘ, ʩʪʝʘʨʠʥʦʚʘʷ ʢʠʩʣʦʪʘ ʠ WUE. ʅʦʨʤʘʣʴʥʦʝ ʦʨʦʰʝʥʠʝ ʜʘʣʦ ʤʘʢʩʠʤʘʣʴʥʳʡ ʚʳʭʦʜ ʤʘʩʣʘ 

(2270 ʢʛ/ʛʘ), ʢʦʪʦʨʳʡ ʩʥʠʟʠʣʩʷ ʥʘ 25,9% ʠ 37,1% ʧʨʠ ʩʣʘʙʦʤ ʠ ʩʠʣʴʥʦʤ ʩʪʨʝʩʩʦʚʳʭ ʨʝʞʠʤʘʭ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʄʘʢʩʠʤʘʣʴʥʳʡ ʠ ʤʠʥʠʤʘʣʴʥʳʡ ʚʳʭʦʜʳ ʤʘʩʣʘ ʧʦʣʫʯʝʥʳ ʧʨʠ ʧʨʠʤʝʥʝʥʠʠ 

ʉʂ ʠ ʚʥʝʢʦʨʥʝʚʦʡ ʦʙʨʘʙʦʪʢʠ ʩʦ ʩʨʝʜʥʠʤʠ ʟʥʘʯʝʥʠʷʤʠ 1970 ʠ 1357 ʢʛ/ʛʘ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʍʦʪʷ ʩʦʜʝʨʞʘʥʠʝ ʧʘʣʴʤʠʪʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʫʚʝʣʠʯʠʚʘʣʦʩʴ ʚ ʫʩʣʦʚʠʷʭ 

ʟʘʩʫʰʣʠʚʦʛʦ ʩʪʨʝʩʩʘ, ʩʦʜʝʨʞʘʥʠʝ ʦʣʝʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʚ ʪʘʢʠʭ ʫʩʣʦʚʠʷʭ ʟʥʘʯʠʪʝʣʴʥʦ 

ʩʥʠʞʘʣʦʩʴ. ʊʝʢʫʱʠʝ ʜʘʥʥʳʝ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʪʦʤ, ʯʪʦ ʚʥʝʢʦʨʥʝʚʦʝ ʧʨʠʤʝʥʝʥʠʝ ʉʂ ʤʦʞʝʪ 

ʙʳʪʴ ʨʝʢʦʤʝʥʜʦʚʘʥʦ ʧʨʠ ʦʧʪʠʤʘʣʴʥʦʤ ʚʦʜʦʩʥʘʙʞʝʥʠʠ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʠ ʢʦʣʠʯʝʩʪʚʘ 

ʤʘʩʣʠʯʥʳʭ ʩʝʤʷʥ ʩʘʬʣʦʨʘ.  

 ʉʪʠʤʫʣʠʨʫʶʱʝʝ ʜʝʡʩʪʚʠʝ ʛʫʤʠʥʦʚʳʭ ʚʝʱʝʩʪʚ (ɻɺ) ʥʘ ʨʦʩʪ ʨʘʩʪʝʥʠʡ ʥʘʙʣʶʜʘʣʦʩʴ ʠ 

ʰʠʨʦʢʦ ʜʦʢʫʤʝʥʪʠʨʦʚʘʥʦ [14]. ʀʩʩʣʝʜʦʚʘʥʠʷ ʯʘʩʪʦ ʧʦʢʘʟʳʚʘʣʠ ʧʦʣʦʞʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ 

ʧʨʦʨʘʩʪʘʥʠʝ ʩʝʤʷʥ, ʦʙʨʘʟʦʚʘʥʠʝ ʢʦʨʥʝʡ ʠ ʦʙʱʫʶ ʙʠʦʤʘʩʩʫ ʨʘʩʪʝʥʠʡ. ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ 

ʵʪʠʭ ʥʘʙʣʶʜʝʥʠʡ ʙʳʣʘ ʥʝʦʧʨʝʜʝʣʝʥʥʦʡ, ʚ ʦʩʥʦʚʥʦʤ ʠʟ-ʟʘ ʦʪʩʫʪʩʪʚʠʷ ʧʦʥʠʤʘʥʠʷ ʤʝʭʘʥʠʟʤʘ 

ʩʪʠʤʫʣʠʨʦʚʘʥʠʷ ʨʦʩʪʘ ʨʘʩʪʝʥʠʡ. ʏʘʩʪʦ ʵʪʠ ʵʬʬʝʢʪʳ ʩʚʷʟʳʚʘʶʪ ʩ ʧʨʷʤʳʤ ʜʝʡʩʪʚʠʝʤ 

ʛʦʨʤʦʥʦʚ ʨʦʩʪʘ ʨʘʩʪʝʥʠʡ; ʪʦʛʜʘ ʢʘʢ ʚ ʜʨʫʛʠʭ ʩʣʫʯʘʷʭ ʪʝʨʤʠʥ çʛʦʨʤʦʥʦʧʦʜʦʙʥʘʷ ʘʢʪʠʚʥʦʩʪʴè 

ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʜʣʷ ʦʧʠʩʘʥʠʷ ʩʪʠʤʫʣʷʮʠʠ ʨʦʩʪʘ ʨʘʩʪʝʥʠʡ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʠʩʩʣʝʜʦʚʘʪʝʣʷʤ ʥʝ 

ʫʜʘʣʦʩʴ ʜʦʢʘʟʘʪʴ ʥʘʣʠʯʠʝ ʚ ʧʨʝʧʘʨʘʪʘʭ ɻɺ ʨʝʛʫʣʷʪʦʨʦʚ ʨʦʩʪʘ ʨʘʩʪʝʥʠʡ, ʣʠʙʦ ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ 

ʜʦʢʘʟʘʪʝʣʴʩʪʚʘ ʦʩʪʘʶʪʩʷ ʥʝʫʙʝʜʠʪʝʣʴʥʳʤʠ. ɺ ʥʘʩʪʦʷʱʝʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʙʳʣʘ ʧʦʩʪʫʣʠʨʦʚʘʥʘ 

ʠ ʧʨʦʚʝʨʝʥʘ ʘʣʴʪʝʨʥʘʪʠʚʥʘʷ ʛʠʧʦʪʝʟʘ, ʧʨʝʜʧʦʣʘʛʘʶʱʘʷ, ʯʪʦ ʫʩʠʣʝʥʠʝ ʨʦʩʪʘ ʨʘʩʪʝʥʠʡ, 

ʚʳʨʘʱʝʥʥʳʭ ʚ ʧʠʪʘʪʝʣʴʥʦʤ ʨʘʩʪʚʦʨʝ (ʅʇ), ʩʦʜʝʨʞʘʱʝʤ ɻɺ, ʷʚʣʷʝʪʩʷ ʨʝʟʫʣʴʪʘʪʦʤ 

ʫʣʫʯʰʝʥʠʷ ʜʦʩʪʫʧʥʦʩʪʠ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ, ʚ ʯʘʩʪʥʦʩʪʠ Fe. ʇʠʪʘʪʝʣʴʥʳʝ ʨʘʩʪʚʦʨʳ, 

ʩʦʜʝʨʞʘʱʠʝ N, P, K, Ca, Mg, S, B, Mo, Cu, Mn, Zn ʠ Fe ʚ ʢʦʥʮʝʥʪʨʘʮʠʷʭ, ʩʯʠʪʘʶʱʠʭʩʷ 

ʦʧʪʠʤʘʣʴʥʳʤʠ ʜʣʷ ʨʦʩʪʘ ʨʘʩʪʝʥʠʡ, ʪʝʩʪʠʨʦʚʘʣʠ ʥʘ ʨʘʩʪʚʦʨʠʤʦʩʪʴ Fe, Zn ʠ Mn, 7 ʜʥʝʡ ʧʦʩʣʝ 

ʧʦʜʛʦʪʦʚʢʠ. ʂʨʦʤʝ ʢʦʥʪʨʦʣʴʥʳʭ ʨʘʩʪʚʦʨʦʚ ʧʨʠ ʟʥʘʯʝʥʠʷʭ ʨʅ 5, 6, 7 ʠ 7,5 ʚ ʨʘʩʪʚʦʨʳ 

ʜʦʙʘʚʣʷʣʠ ʦʪ 0 ʜʦ 200 ʤʛ ʣ ʣʝʦʥʘʨʜʠʪʦʚʦʡ ʛʫʤʠʥʦʚʦʡ ʢʠʩʣʦʪʳ (ɻʂ) ʠ ʧʨʦʚʝʨʷʣʠ ʥʘ 

ʨʘʩʪʚʦʨʠʤʦʩʪʴ Fe ʠ Zn. ɻʂ ʟʥʘʯʠʪʝʣʴʥʦ ʫʚʝʣʠʯʠʚʘʣʘ ʩʦʜʝʨʞʘʥʠʝ ʚ ʨʘʩʪʚʦʨʝ Fe ʚʦ ʚʩʝʭ 

ʠʩʧʳʪʘʥʥʳʭ ʨʘʩʪʚʦʨʘʭ ʠ Zn ʧʨʠ ʨʅ 7,5. Mn ʚ ʦʩʥʦʚʥʦʤ ʦʩʪʘʚʘʣʩʷ ʚ ʨʘʩʪʚʦʨʝ ʚ 

ʥʝʦʨʛʘʥʠʯʝʩʢʦʡ ʬʦʨʤʝ. ʕʢʩʧʝʨʠʤʝʥʪʳ ʧʦ ʚʳʨʘʱʠʚʘʥʠʶ ʨʘʩʪʝʥʠʡ ʧʨʦʚʦʜʠʣʠʩʴ ʢʘʢ ʥʘ 

ʜʚʫʜʦʣʴʥʳʭ ʨʘʩʪʝʥʠʷʭ (ʜʳʥʠ ʠ ʩʦʷ), ʪʘʢ ʠ ʥʘ ʦʜʥʦʜʦʣʴʥʳʭ ʨʘʩʪʝʥʠʷʭ Poaceae (ʨʘʡʛʨʘʩ) ʠʟ-ʟʘ 

ʟʥʘʯʠʪʝʣʴʥʦʡ ʨʘʟʥʠʮʳ ʚ ʠʭ ʤʝʭʘʥʠʟʤʝ ʧʦʛʣʦʱʝʥʠʷ Fe. ʋ ʨʘʩʪʝʥʠʡ, ʚʳʨʘʱʝʥʥʳʭ ʙʝʟ Fe, 

ʥʘʙʣʶʜʘʣʩʷ ʩʝʨʴʝʟʥʳʡ ʜʝʬʠʮʠʪ Fe, ʢʦʪʦʨʳʡ ʤʦʞʥʦ ʙʳʣʦ ʣʠʰʴ ʯʘʩʪʠʯʥʦ ʚʦʩʧʦʣʥʠʪʴ 

ʜʦʙʘʚʣʝʥʠʝʤ ʤʠʥʝʨʘʣʴʥʳʭ ʩʦʣʝʡ Fe. ɼʦʙʘʚʣʝʥʠʝ ɻʂ ʠʣʠ ʬʫʣʴʚʦʢʠʩʣʦʪʳ (ʌʂ) ʙʝʟ 

ʜʦʙʘʚʣʝʥʠʷ Fe ʠ Zn ʧʨʠʚʦʜʠʣʦ ʢ ʯʘʩʪʠʯʥʦʤʫ ʫʩʠʣʝʥʠʶ ʨʦʩʪʘ ʠ ʢʦʨʨʝʢʮʠʠ ʜʝʬʠʮʠʪʘ Fe ʠʣʠ 

ʥʠ ʢ ʦʜʥʦʤʫ ʠʟ ʜʚʫʭ ʨʝʟʫʣʴʪʘʪʦʚ ʚ ʨʘʟʣʠʯʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʧʨʝʜʧʦʣʦʞʠʪʴ, 

ʯʪʦ ʵʬʬʝʢʪ ʫʩʠʣʝʥʠʷ ʨʦʩʪʘ, ʥʘʙʣʶʜʘʝʤʳʡ ʚ ʨʘʩʪʚʦʨʘʭ, ʩʦʜʝʨʞʘʱʠʭ Fe, Zn ʠ HS, ʙʳʣ ʩʚʷʟʘʥ ʩ 

ʤʠʢʨʦʵʣʝʤʝʥʪʘʤʠ, ʘ ʥʝ ʩ ʬʠʪʦʛʦʨʤʦʥʘʤʠ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʜʦʙʘʚʣʝʥʠʝ Fe, Zn ʠ ʕɼʊɸ, ɻʂ ʠʣʠ 

ʌʂ ʧʨʠʚʦʜʠʣʦ ʢ ʟʜʦʨʦʚʳʤ, ʙʦʛʘʪʳʤ ʭʣʦʨʦʬʠʣʣʦʤ ʨʘʩʪʝʥʠʷʤ ʠ ʫʩʠʣʝʥʠʶ ʨʦʩʪʘ, ʪʝʤ ʩʘʤʳʤ 

ʧʨʝʜʦʩʪʘʚʣʷʷ ʜʦʢʘʟʘʪʝʣʴʩʪʚʘ ʪʦʛʦ, ʯʪʦ ʫʣʫʯʰʝʥʥʦʝ ʧʠʪʘʥʠʝ Fe ʠ, ʚʦʟʤʦʞʥʦ, Zn ʷʚʣʷʝʪʩʷ 

ʦʩʥʦʚʥʳʤ ʤʝʭʘʥʠʟʤʦʤ ʩʪʠʤʫʣʷʮʠʠ ʨʦʩʪʘ ʨʘʩʪʝʥʠʡ ʩ ʧʦʤʦʱʴʶ HS. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʪʝʨʤʠʥʘ 

çʛʦʨʤʦʥʦʧʦʜʦʙʥʘʷ ʘʢʪʠʚʥʦʩʪʴè ʤʦʞʝʪ ʙʳʪʴ ʨʝʟʫʣʴʪʘʪʦʤ ʩʭʦʜʩʪʚʘ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ 

ʵʬʬʝʢʪʦʚ, ʧʦʣʫʯʘʝʤʳʭ ʫ ʨʘʩʪʝʥʠʡ, ʧʦʣʫʯʘʶʱʠʭ ʜʦʩʪʘʪʦʯʥʦʝ ʢʦʣʠʯʝʩʪʚʦ Fe ʠ Zn. 

    ʈʝʛʫʣʷʪʦʨʳ ʨʦʩʪʘ ʨʘʩʪʝʥʠʡ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʦʛʨʦʤʥʫʶ ʛʨʫʧʧʫ ʚʝʱʝʩʪʚ, ʢʦʪʦʨʳʝ 

ʩʧʦʩʦʙʥʳ ʠʟʤʝʥʷʪʴ ʤʦʜʝʣʴ ʨʦʩʪʘ ʨʘʩʪʝʥʠʡ ʠ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ ʫʣʫʯʰʝʥʠʷ ʨʦʩʪʘ ʠ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʨʘʩʪʝʥʠʡ [15]. ʀʩʩʣʝʜʦʚʘʥʠʝ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʥʘ ʧʘʩʪʙʠʱʘʭ ʉʠʣʠʥ-ɻʦʣ ʚʦ 

ɺʥʫʪʨʝʥʥʝʡ ʄʦʥʛʦʣʠʠ (ʂʠʪʘʡ), ʯʪʦʙʳ ʫʩʪʘʥʦʚʠʪʴ ʨʦʩʪ ʠ ʧʨʦʠʟʚʦʜʩʪʚʦ ʙʠʦʤʘʩʩʳ Stipa 

krylovii ʚ ʦʪʚʝʪ ʥʘ ʵʢʟʦʛʝʥʥʦʝ ʧʨʠʤʝʥʝʥʠʝ ʨʘʟʣʠʯʥʳʭ ʨʝʛʫʣʷʪʦʨʦʚ ʨʦʩʪʘ ʚ ʨʘʟʣʠʯʥʳʭ 

ʢʦʥʮʝʥʪʨʘʮʠʷʭ, ʘ ʠʤʝʥʥʦ. ʥʘʬʪʘʣʠʥ-ʫʢʩʫʩʥʘʷ ʢʠʩʣʦʪʘ (ʅɸɸ), 6-ʙʝʥʟʠʣʘʤʠʥʦʧʫʨʠʥ (6-ɺɸ), 

ʙʨʘʩʩʠʥʦʩʪʝʨʦʠʜ (ɹʈ), ʥʠʪʨʦʬʝʥʦʣʷʪ ʥʘʪʨʠʷ (ʉʅʌ) ʠ ʬʦʨʭʣʦʨʬʝʥʫʨʦʥ, ʘ ʪʘʢʞʝ 
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ʛʠʙʙʝʨʝʣʣʦʚʘʷ ʢʠʩʣʦʪʘ (ɻɸ3). ʇʨʠʤʝʥʝʥʠʝ ʨʝʛʫʣʷʪʦʨʦʚ ʨʦʩʪʘ ʟʥʘʯʠʪʝʣʴʥʦ ʫʚʝʣʠʯʠʣʦ ʨʦʩʪ ʠ 

ʧʨʦʠʟʚʦʜʩʪʚʦ ʙʠʦʤʘʩʩʳ S. krylovii. ɺʳʩʦʪʘ ʚʝʛʝʪʘʪʠʚʥʦʛʦ ʧʦʙʝʛʘ ʙʳʣʘ ʫʚʝʣʠʯʝʥʘ ʚ ʦʩʥʦʚʥʦʤ 

ʟʘ ʩʯʝʪ ʧʨʠʤʝʥʝʥʠʷ 100 ʤʛ/ʣ GA3, ʪʦʛʜʘ ʢʘʢ ʚʳʩʦʪʘ ʨʝʧʨʦʜʫʢʪʠʚʥʦʛʦ ʧʦʙʝʛʘ ʫʚʝʣʠʯʠʣʘʩʴ ʥʘ 

25 ʤʛ/ʣ 6-ɹʂ, 100 ʤʛ/L SNP + 5 ʤʛ/L ʬʦʨʭʣʦʨʬʝʥʫʨʦʥʘ ʠ 50 ʤʛ/L SNP + 2,5 ʤʛ/L 

ʬʦʨʭʣʦʨʬʝʥʫʨʦʥʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʥʪʨʦʣʝʤ. ʉʚʝʞʫʶ ʙʠʦʤʘʩʩʫ ʫʚʝʣʠʯʠʚʘʣʠ ʧʫʪʝʤ 

ʚʥʝʩʝʥʠʷ 0,02 ʤʛ/ʣ BR, 10 ʤʛ/ʣ SNP + 0,5 ʤʛ/-ʬʦʨʭʣʦʨʬʝʥʫʨʦʥʘ ʠ 50 ʤʛ/ʣ SNP + 2,5 ʤʛ/ʣ 

ʬʦʨʭʣʦʨʬʝʥʫʨʦʥʘ. ʇʨʠʤʝʥʝʥʠʝ 5 ʤʛ/ʣ 6-ɹʂ ʠ 50 ʤʛ/ʣ SNP + 2,5 ʤʛ/ʣ ʬʦʨʭʣʦʨʬʝʥʫʨʦʥʘ 

ʦʢʘʟʘʣʦʩʴ ʙʦʣʝʝ ʧʦʣʝʟʥʳʤ ʜʣʷ ʫʣʫʯʰʝʥʠʷ ʩʫʭʦʡ ʙʠʦʤʘʩʩʳ S. krylovii ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʢʦʥʪʨʦʣʝʤ. ɺ ʟʘʢʣʶʯʝʥʠʝ, ʵʢʟʦʛʝʥʥʦʝ ʧʨʠʤʝʥʝʥʠʝ ʨʘʟʣʠʯʥʳʭ ʨʝʛʫʣʷʪʦʨʦʚ ʨʦʩʪʘ ʫʣʫʯʰʠʣʦ 

ʨʦʩʪ ʠ ʧʨʦʠʟʚʦʜʩʪʚʦ ʙʠʦʤʘʩʩʳ S. krylovii. ʂʨʦʤʝ ʪʦʛʦ, ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤ ʙʳʣʦ ʧʨʠʤʝʥʝʥʠʝ 

ʉʅʇ + ʬʦʨʭʣʦʨʬʝʥʫʨʦʥ ʠ 6-ɹɸ. 5 ʤʛ/ʣ ʬʦʨʭʣʦʨʬʝʥʫʨʦʥʘ ʠ 50 ʤʛ/ʣ SNP + 2,5 ʤʛ/ʣ 

ʬʦʨʭʣʦʨʬʝʥʫʨʦʥʘ.  

  ʀʩʩʣʝʜʦʚʘʥʠʷ ʚ ʦʙʣʘʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʥʦʚʳʭ ʨʝʛʫʣʷʪʦʨʦʚ ʨʦʩʪʘ ʨʘʩʪʝʥʠʡ ʪʘʢʞʝ 

ʩʦʦʙʱʘʣʠʩʴ ʚ ʨʘʙʦʪʘʭ [16-22]. ɺ ʵʪʠʭ ʨʘʙʦʪʘʭ ʧʦʢʘʟʘʥʘ ʧʝʨʩʧʝʢʪʠʚʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʦʚʳʭ 

ʬʠʪʦʛʦʨʤʦʥʦʚ ʜʣʷ ʫʣʫʯʰʝʥʠʷ ʨʦʩʪʘ ʠ ʨʘʟʚʠʪʠʷ ʢʘʢ ʧʠʱʝʚʳʭ, ʪʘʢ ʠ ʜʝʢʦʨʘʪʠʚʥʳʭ ʨʘʩʪʝʥʠʡ. 
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ɸʥʥʦʪʘʮʠʷ. ɺ ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʩʪʘʪʴʝ ʦʙʦʙʱʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʦʙʣʘʩʪʠ 

ʩʠʥʪʝʟʘ ʠ ʧʨʠʤʝʥʝʥʠʷ ʦʩʥʦʚʘʥʠʡ ʄʘʥʥʠʭʘ ʚ ʢʘʯʝʩʪʚʝ ʠʥʛʠʙʠʪʦʨʦʚ ʢʦʨʨʦʟʠʠ, 

ʦʩʫʱʝʩʪʚʣʝʥʥʳʝ ʚ ʧʦʩʣʝʜʥʠʝ ʜʚʘ ʜʝʩʷʪʠʣʝʪʠʷ. ʀʟʫʯʝʥʳ ʦʩʥʦʚʥʳʝ ʬʘʢʪʦʨʳ, ʦʢʘʟʳʚʘʶʱʠʝ 

ʚʣʠʷʥʠʝ ʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʥʛʠʙʠʨʦʚʘʥʠʷ (ʢʦʥʮʝʥʪʨʘʮʠʷ ʠʥʛʠʙʠʪʦʨʘ, ʪʝʤʧʝʨʘʪʫʨʘ, ʧʨʠʨʦʜʘ 

ʩʫʙʩʪʨʘʪʦʚ ʠ ʜʨ.). ʇʦʢʘʟʘʥʳ ʦʩʥʦʚʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʤʝʪʦʜʳ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʥʛʠʙʠʨʦʚʘʥʠʷ (ʤʝʪʦʜ ʧʦʪʝʨʠ ʤʘʩʩʳ, ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʝ 

ʤʝʪʦʜʳ, ʩʢʘʥʠʨʫʶʱʘʷ ʵʣʝʢʪʨʦʥʥʘʷ ʤʠʢʨʦʩʢʦʧʠʷ, ʘʪʦʤʥʦ-ʩʠʣʦʚʘʷ ʤʠʢʨʦʩʢʦʧʠʷ, ʤʝʪʦʜ 

ʢʨʘʝʚʦʛʦ ʫʛʣʘ, ʧʦʪʝʥʮʠʦʤʝʪʨʠʯʝʩʢʘʷ ʧʦʣʷʨʠʟʘʮʠʷ ʠ ʜʨ.).  
ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʦʩʥʦʚʘʥʠʷ ʄʘʥʥʠʭʘ, ʠʥʛʠʙʠʪʦʨʳ ʢʦʨʨʦʟʠʠ, ʨʝʘʢʮʠʷ 

ʘʤʠʥʦʤʝʪʠʣʠʨʦʚʘʥʠʷ, ʩʫʣʴʬʘʪ-ʚʦʩʩʪʘʥʘʚʣʠʚʘʶʱʠʝ ʙʘʢʪʝʨʠʠ 
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Abstract. This article summarizes the results of research in the field of synthesis and 

application of Mannich bases as corrosion inhibitors carried out in the last two decades. The main 

factors influencing the efficiency of inhibition (inhibitor concentration, temperature, nature of 

substrates, etc.) have been studied. The main experimental methods used to determine the inhibition 

efficiency (weight loss method, electrochemical methods, scanning electron microscopy, atomic 

force microscopy, contact angle method, potentiometric polarization, etc.) are shown. 
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ʆʩʥʦʚʘʥʠʷ ʄʘʥʥʠʭʘ ʦʙʣʘʜʘʶʪ ʰʠʨʦʢʠʤ ʩʧʝʢʪʨʦʤ ʦʙʣʘʩʪʝʡ ʧʨʠʤʥʝʥʠʷ, ʩʨʝʜʠ 

ʢʦʪʦʨʳʭ ʦʩʦʙʦ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ ʠʭ ʧʨʠʤʝʥʝʥʠʷ ʚ ʢʘʯʝʩʪʚʝ ʠʥʛʠʙʠʪʦʨʦʚ ʢʦʨʨʦʟʠʠ. ɺ ʵʪʦʡ 

ʩʪʘʪʴʝ ʧʦʢʘʟʘʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʦʩʫʱʝʩʪʚʣʝʥʥʳʭ ʚ ʪʝʯʝʥʠʝ ʧʦʩʣʝʜʥʠʭ ʜʚʫʭ 

ʜʝʩʷʪʠʣʝʪʠʡ ʚ ʦʙʣʘʩʪʠ ʩʠʥʪʝʟʘ ʠ ʧʨʠʤʝʥʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʦʩʥʚʦʘʥʠʡ ʄʘʥʥʠʭʘ ʚ ʢʘʯʝʩʪʚʝ 

ʠʥʛʠʙʠʪʦʨʦʚ ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ ʢʦʨʨʦʟʠʠ. 

ʊʘʢ, ʚ ʨʘʙʦʪʝ [1] ʪʨʠ ʥʦʚʳʭ ʙʠʩ-ʦʩʥʦʚʘʥʠʷ ʄʘʥʥʠʭʘ ʙʳʣʠ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʨʝʘʢʮʠʝʡ 

ʢʦʥʜʝʥʩʘʮʠʠ ʘʮʝʪʦʬʝʥʦʥʘ ʠ ʬʦʨʤʘʣʴʜʝʛʠʜʘ ʩ ʨʘʟʣʠʯʥʳʤʠ ʘʣʠʬʘʪʠʯʝʩʢʠʤʠ ʜʠʘʤʠʥʘʤʠ. ʀʭ 

ʧʦʚʝʜʝʥʠʝ ʧʦ ʠʥʛʠʙʠʨʦʚʘʥʠʶ ʢʦʨʨʦʟʠʠ ʜʣʷ ʩʪʘʣʠ N80 ʚ 15% ʨʘʩʪʚʦʨʝ HCl ʦʮʝʥʠʚʘʣʠ ʩ 

ʧʦʤʦʱʴʶ ʠʟʤʝʨʝʥʠʡ ʧʦʪʝʨʠ ʚʝʩʘ, ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʡ, ʩʢʘʥʠʨʫʶʱʝʛʦ 

ʵʣʝʢʪʨʦʥʥʦʛʦ ʤʠʢʨʦʩʢʦʧʘ (ʉʕʄ), ʘʪʦʤʥʦ-ʩʠʣʦʚʦʡ ʤʠʢʨʦʩʢʦʧʠʠ (ɸʉʄ), ʨʝʥʪʛʝʥʦʚʩʢʦʡ 

ʬʦʪʦʵʣʝʢʪʨʦʥʥʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ (ʈʌʕʉ) ʠ ʠʟʤʝʨʝʥʠʷ ʢʨʘʝʚʦʛʦ ʫʛʣʘ. ʈʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʘʣʠ, 

ʯʪʦ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʥʛʠʙʠʨʦʚʘʥʠʷ ʧʦʚʳʰʘʣʘʩʴ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʢʦʥʮʝʥʪʨʘʮʠʠ, ʘ ʪʘʢʞʝ ʜʣʠʥʳ 

ʘʣʢʠʣʴʥʦʡ ʮʝʧʠ ʠʥʛʠʙʠʪʦʨʘ, ʧʨʠ ʵʪʦʤ ʥʘʠʣʫʯʰʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʥʛʠʙʠʪʦʨʘ ʜʦʩʪʠʛʘʣʘ 

98,20% ʜʣʷ 0,3% M-8-M ʚ 15% HCl ʧʨʠ 90ÁC. ʕʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʝ ʠʩʧʳʪʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ 

ʵʪʠ ʠʥʛʠʙʠʪʦʨʳ ʦʪʥʦʩʷʪʩʷ ʢ ʩʤʝʰʘʥʥʦʤʫ ʢʦʥʪʨʦʣʴʥʦʤʫ ʪʠʧʫ. ʈʝʟʫʣʴʪʘʪʳ ʈʌʕʉ ʠ ʠʟʤʝʨʝʥʠʷ 

ʢʨʘʝʚʦʛʦ ʫʛʣʘ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʠʥʛʠʙʠʪʦʨʳ ʦʙʨʘʟʫʶʪ ʧʣʦʪʥʳʡ ʘʜʩʦʨʙʮʠʦʥʥʳʡ ʩʣʦʡ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʩʪʘʣʠ N80. ʄʝʭʘʥʠʟʤ ʘʜʩʦʨʙʮʠʠ ʠʥʛʠʙʠʪʦʨʦʚ ʧʦʜʯʠʥʷʝʪʩʷ ʠʟʦʪʝʨʤʝ ʃʝʥʛʤʶʨʘ, 

ʧʨʠ ʵʪʦʤ ʬʠʟʠʯʝʩʢʘʷ ʘʜʩʦʨʙʮʠʷ ʠ ʭʠʤʠʯʝʩʢʘʷ ʘʜʩʦʨʙʮʠʷ ʩʫʱʝʩʪʚʫʶʪ ʦʜʥʦʚʨʝʤʝʥʥʦ. ʄ-8-ʄ 
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ʩʨʘʚʥʠʚʘʣʠ ʩ ʜʚʫʤʷ ʢʦʤʤʝʨʯʝʩʢʠʤʠ ʠʥʛʠʙʠʪʦʨʘʤʠ ʧʨʠ ʧʦʚʳʰʝʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʠ ʜʘʣʠ 

ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʫʶ ʩʢʦʨʦʩʪʴ ʢʦʨʨʦʟʠʠ 15,13 ʤʤ/ʛʦʜ ʥʘ ʩʪʘʣʠ N80 ʚ 15% HCl ʧʨʠ 120ÁC. 

ʆʩʥʦʚʘʥʠʝ ʄʘʥʥʠʭʘ 1-((ʎʠʢʣʦʛʝʢʩʠʣʘʤʠʥʦ)ʤʝʪʠʣ)ʤʦʯʝʚʠʥʘ ʙʳʣʦ ʩʠʥʪʝʟʠʨʦʚʘʥʦ ʠ 

ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʦ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʧʝʢʪʨʦʚ FT-ʀʂ, H
1
ʗʄʈ ʠ C

13
ʗʄʈ, ʘ ʪʘʢʞʝ ʠʩʧʳʪʘʥʦ ʚ 

ʢʘʯʝʩʪʚʝ ʠʥʛʠʙʠʪʦʨʘ ʢʦʨʨʦʟʠʠ ʜʣʷ ʤʷʛʢʦʡ ʩʪʘʣʠ ʚ 1 N. ʨʘʩʪʚʦʨʘʭ HCl ʠ H2SO4 ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʦʚ ʧʦʪʝʥʮʠʦʜʠʥʘʤʠʯʝʩʢʦʡ ʧʦʣʷʨʠʟʘʮʠʠ ʠ ʠʤʧʝʜʘʥʩʘ ʧʝʨʝʤʝʥʥʦʛʦ 

ʪʦʢʘ  ʚ ʜʠʘʧʘʟʦʥʝ ʪʝʤʧʝʨʘʪʫʨ 303ï333 ʂ [2]. ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʠʥʛʠʙʠʨʦʚʘʥʠʷ ʫʚʝʣʠʯʠʚʘʣʘʩʴ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʠʥʛʠʙʠʪʦʨʘ ʠ ʪʝʤʧʝʨʘʪʫʨʳ ʚ 1 N. HCl, ʪʦʛʜʘ ʢʘʢ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʥʛʠʙʠʨʦʚʘʥʠʷ ʫʚʝʣʠʯʠʚʘʣʘʩʴ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʠʥʛʠʙʠʪʦʨʘ ʠ 

ʩʥʠʞʘʣʘʩʴ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ. ʈʝʟʫʣʴʪʘʪʳ ʧʦʪʝʥʮʠʦʜʠʥʘʤʠʯʝʩʢʦʡ ʧʦʣʷʨʠʟʘʮʠʠ 

ʧʦʢʘʟʘʣʠ, ʯʪʦ ʠʥʛʠʙʠʪʦʨ ʜʝʡʩʪʚʫʝʪ ʢʘʢ ʠʥʛʠʙʠʪʦʨ ʩʤʝʰʘʥʥʦʛʦ ʪʠʧʘ. ʀʩʩʣʝʜʦʚʘʥʠʝ 

ʠʤʧʝʜʘʥʩʘ ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʢʦʨʨʦʟʠʷ ʩʪʘʣʠ ʚ ʦʩʥʦʚʥʦʤ ʢʦʥʪʨʦʣʠʨʦʚʘʣʘʩʴ 

ʧʨʦʮʝʩʩʦʤ ʧʝʨʝʥʦʩʘ ʟʘʨʷʜʘ. ʇʦʚʝʨʭʥʦʩʪʥʳʡ ʘʥʘʣʠʟ ʧʨʦʚʦʜʠʣʠ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ 

ʉʕʄ. ɸʜʩʦʨʙʮʠʷ ʠʥʛʠʙʠʪʦʨʘ ʩʣʝʜʫʝʪ ʠʟʦʪʝʨʤʝ ʘʜʩʦʨʙʮʠʠ ʃʝʥʛʤʶʨʘ. ɼʣʷ ʧʦʣʫʯʝʥʠʷ 

ʠʥʬʦʨʤʘʮʠʠ ʦ ʤʝʭʘʥʠʟʤʝ ʠʥʛʠʙʠʨʫʶʱʝʛʦ ʜʝʡʩʪʚʠʷ ʨʘʩʩʯʠʪʳʚʘʣʠ ʧʘʨʘʤʝʪʨʳ ʘʢʪʠʚʘʮʠʠ ʠ 

ʘʜʩʦʨʙʮʠʠ. 

ʀʥʛʠʙʠʨʫʶʱʝʝ ʜʝʡʩʪʚʠʝ ʦʩʥʦʚʘʥʠʷ ʄʘʥʥʠʭʘ - N-(1-ʤʦʨʬʦʣʠʥʦʙʝʥʟʠʣ)ʩʝʤʠʢʘʨʙʘʟʠʜʘ 

(ʄɹʉ), ʠʩʩʣʝʜʦʚʘʣʠ ʥʘ ʢʦʨʨʦʟʠʶ AA6061 ʚ 0,5 ʄ ʨʘʩʪʚʦʨʝ HCl ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ 

303-323 ʂ. ʊʝʩʪʠʨʦʚʘʥʠʝ ʧʨʦʚʦʜʠʣʦʩʴ ʤʝʪʦʜʘʤʠ ʧʦʪʝʥʮʠʦʜʠʥʘʤʠʯʝʩʢʦʡ ʧʦʣʷʨʠʟʘʮʠʠ (PDP) 

ʠ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʛʦ ʠʤʧʝʜʘʥʩʘ (EIS). ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʠʥʛʠʙʠʨʦʚʘʥʠʷ ʄɹʉ 

ʫʣʫʯʰʘʣʘʩʴ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʝʛʦ ʢʦʥʮʝʥʪʨʘʮʠʠ (0,01ï2,56 ʤʄ) ʠ ʧʦʚʳʰʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ. 

ʄɹʉ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣ ʩʤʝʰʘʥʥʦʝ ʧʦʚʝʜʝʥʠʝ ʠʥʛʠʙʠʪʦʨʘ ʚʦ ʚʩʝʭ ʠʩʩʣʝʜʦʚʘʥʥʳʭ 

ʜʠʘʧʘʟʦʥʘʭ ʢʦʥʮʝʥʪʨʘʮʠʡ ʠ ʪʝʤʧʝʨʘʪʫʨ. ʄɹʉ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣ ʤʘʢʩʠʤʘʣʴʥʫʶ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʥʛʠʙʠʨʦʚʘʥʠʷ 98% ʧʨʠ 2,56 ʤʄ ʠ 323 ʂ. ʀʥʛʠʙʠʪʦʨ ʩʣʝʜʦʚʘʣ ʩʤʝʰʘʥʥʦʡ 

ʘʜʩʦʨʙʮʠʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʩʧʣʘʚʘ ʠ ʧʦʜʯʠʥʷʣʩʷ ʤʦʜʝʣʠ ʠʟʦʪʝʨʤʳ ʃʝʥʛʤʶʨʘ. ʈʝʟʫʣʴʪʘʪʳ, 

ʧʦʣʫʯʝʥʥʳʝ ʩ ʧʦʤʦʱʴʶ EIS, ʭʦʨʦʰʦ ʩʦʛʣʘʩʦʚʳʚʘʣʠʩʴ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ PDP. ɹʳʣ ʧʨʝʜʣʦʞʝʥ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʤʝʭʘʥʠʟʤ ʠʥʛʠʙʠʨʦʚʘʥʠʷ ʢʦʨʨʦʟʠʠ AA6061. ɸʜʩʦʨʙʮʠʷ ʤʦʣʝʢʫʣ 

ʠʥʛʠʙʠʪʦʨʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʩʧʣʘʚʘ ʙʳʣʘ ʧʦʜʪʚʝʨʞʜʝʥʘ ʠʩʩʣʝʜʦʚʘʥʠʝʤ ʤʦʨʬʦʣʦʛʠʠ 

ʧʦʚʝʨʭʥʦʩʪʠ ʩ ʧʦʤʦʱʴʶ ʩʢʘʥʠʨʫʶʱʝʛʦ ʵʣʝʢʪʨʦʥʥʦʛʦ ʤʠʢʨʦʩʢʦʧʘ (ʉʕʄ) ʠ ʘʪʦʤʥʦ-ʩʠʣʦʚʦʛʦ 

ʤʠʢʨʦʩʢʦʧʘ (ɸʉʄ). ʊʝʦʨʝʪʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʝʦʨʠʠ ʬʫʥʢʮʠʦʥʘʣʘ 

ʧʣʦʪʥʦʩʪʠ (DFT) ʧʦʜʪʚʝʨʜʠʣʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ. 

 
ʢʝʪʦ-   ʠ ʝʥʦʣ-ʬʦʨʤʘ  ʄɹʉ 

 

ɺ ʨʘʙʦʪʝ [4] ʩʠʥʪʝʟʠʨʦʚʘʥ ʠʥʛʠʙʠʪʦʨ ʢʦʨʨʦʟʠʠ, ʩʦʜʝʨʞʘʱʠʡ ʘʪʦʤʳ ʘʟʦʪʘ ʠ 

ʩʦʧʨʷʞʝʥʥʫʶ ˊ-ʩʚʷʟʴ, ʘ ʝʛʦ ʢʦʥʝʯʥʳʡ ʧʨʦʜʫʢʪ, ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʡ ʧʦ ʦʧʪʠʤʘʣʴʥʳʤ ʫʩʣʦʚʠʷʤ 

ʦʨʪʦʛʦʥʘʣʴʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʧʳʪʘʥʠʡ, ʥʘʟʚʘʥ ʦʩʥʦʚʘʥʠʝʤ ʤʫʣʴʪʠ-ʄʘʥʥʠʭʘ 

(ʄɹʊ). ʀʥʛʠʙʠʨʫʶʱʝʝ ʜʝʡʩʪʚʠʝ ʠʥʛʠʙʠʪʦʨʘ ʢʦʨʨʦʟʠʠ ʥʘ ʩʪʘʣʴʥʦʡ ʣʠʩʪ N80 ʦʮʝʥʠʚʘʣʠ ʚ 

ʥʘʩʳʱʝʥʥʦʤ CO2 ʨʘʩʪʚʦʨʝ, ʩʦʜʝʨʞʘʱʝʤ 3 ʤʘʩ.% NaCl; ʩʢʦʨʦʩʪʴ ʢʦʨʨʦʟʠʠ ʩʦʩʪʘʚʣʷʣʘ 0,0446 

ʤʤ/ʛʦʜ, ʘ ʩʪʝʧʝʥʴ ʠʥʛʠʙʠʨʦʚʘʥʠʷ ʢʦʨʨʦʟʠʠ ʩʦʩʪʘʚʣʷʣʘ 90,4%. ʉʦʛʣʘʩʥʦ ʠʩʩʣʝʜʦʚʘʥʠʷʤ ʚ 

ʦʙʣʘʩʪʠ ʵʣʝʢʪʨʦʭʠʤʠʠ ʠ ʪʝʦʨʠʠ ʘʜʩʦʨʙʮʠʠ, ʄɹʊ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʤʝʰʘʥʥʳʡ ʠʥʛʠʙʠʪʦʨ 

ʢʦʨʨʦʟʠʠ, ʢʦʪʦʨʳʡ ʚ ʦʩʥʦʚʥʦʤ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʢʘʪʦʜʥʫʶ ʧʦʜʘʚʣʷʶʱʫʶ 

ʩʧʦʩʦʙʥʦʩʪʴ. ɸʜʩʦʨʙʮʠʷ ʄɹʊ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʩʪʘʣʴʥʦʛʦ ʣʠʩʪʘ ʧʨʦʪʝʢʘʝʪ ʧʦ ʠʟʦʪʝʨʤʝ 

ʘʜʩʦʨʙʮʠʠ ʃʝʥʛʤʶʨʘ; ʦʥ ʤʦʞʝʪ ʩʘʤʦʧʨʦʠʟʚʦʣʴʥʦ ʘʜʩʦʨʙʠʨʦʚʘʪʴʩʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʩʪʘʣʴʥʦʛʦ 

ʣʠʩʪʘ N80, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʭʦʨʦʰʠʡ ʵʬʬʝʢʪ ʠʥʛʠʙʠʨʦʚʘʥʠʷ ʢʦʨʨʦʟʠʠ. ʇʦʚʝʨʭʥʦʩʪʴ 

ʩʪʘʣʴʥʦʛʦ ʣʠʩʪʘ N80 ʙʳʣʘ ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʠ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʘ ʩ ʧʦʤʦʱʴʶ ʘʪʦʤʥʦ-ʩʠʣʦʚʦʛʦ 
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ʤʠʢʨʦʩʢʦʧʘ (ɸʉʄ). ʀʟ ʨʝʟʫʣʴʪʘʪʦʚ ʚʠʜʥʦ, ʯʪʦ ʩʪʘʣʴʥʦʡ ʣʠʩʪ N80 ʩ ʜʦʙʘʚʣʝʥʠʝʤ ʄɹʊ 

ʟʥʘʯʠʪʝʣʴʥʦ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʧʫʩʪʦʡ ʢʦʥʪʨʦʣʴʥʦʡ ʛʨʫʧʧʳ; ʧʦʚʝʨʭʥʦʩʪʴ ʩʪʘʣʴʥʦʛʦ ʣʠʩʪʘ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʛʣʘʜʢʘʷ, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʪʦ, ʯʪʦ ʄɹʊ ʦʙʨʘʟʫʝʪ ʵʬʬʝʢʪʠʚʥʫʶ ʟʘʱʠʪʥʫʶ 

ʧʣʝʥʢʫ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʩʪʘʣʠ N80, ʢʦʪʦʨʘʷ ʠʥʛʠʙʠʨʫʝʪ ʩʪʘʣʴʥʦʡ ʣʠʩʪ. 

ʆʩʥʦʚʘʥʠʷ ʄʘʥʥʠʭʘ ZG/ZH (ʢʠʩʣʦʪʥʳʝ ʠʥʛʠʙʠʪʦʨʳ ʢʦʨʨʦʟʠʠ) ʙʳʣʠ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʙʝʥʟʘʣʴʜʝʛʠʜʘ, 2-ʘʤʠʥʦʪʠʘʟʦʣʘ, ʘʮʝʪʦʬʝʥʦʥʘ/ʮʠʢʣʦʛʝʢʩʘʥʦʥʘ ʚ ʢʘʯʝʩʪʚʝ 

ʩʳʨʴʷ ʠ ʚʳʙʦʨʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʧʨʦʧʦʨʮʠʠ ʚʨʝʤʝʥʠ ʨʝʘʢʮʠʠ, ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʩʦʦʪʥʦʰʝʥʠʷ 

ʩʳʨʴʷ [5]. ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʠʥʛʠʙʠʨʦʚʘʥʠʷ ʢʦʨʨʦʟʠʠ ʜʚʫʭ ʚʠʜʦʚ  ʦʩʥʦʚʘʥʠʷ ʄʘʥʥʠʭʘ ʥʘ ʩʪʘʣʠ 

N80 ʠʩʩʣʝʜʦʚʘʥʳ ʤʝʪʦʜʦʤ ʧʦʪʝʨʠ ʤʘʩʩʳ ʠ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ. ʈʝʟʫʣʴʪʘʪ ʤʝʪʦʜʘ 

ʧʦʪʝʨʠ ʤʘʩʩʳ ʧʦʢʘʟʘʣ, ʯʪʦ ʦʙʘ ʚʠʜʘ ʠʥʛʠʙʠʪʦʨʦʚ ʦʢʘʟʘʣʠ ʧʨʝʚʦʩʭʦʜʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʩʪʘʣʴ 

N80 ʚ 15% ʨʘʩʪʚʦʨʝ ʩʦʣʷʥʦʡ ʢʠʩʣʦʪʳ. ʕʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʡ ʤʝʪʦʜ ʧʦʢʘʟʘʣ, ʯʪʦ ʢʘʢ ZG, ʪʘʢ ʠ 

ZH ʚ ʦʩʥʦʚʥʦʤ ʷʚʣʷʶʪʩʷ ʢʦʤʧʦʟʠʪʥʳʤʠ ʠʥʛʠʙʠʪʦʨʘʤʠ ʢʦʨʨʦʟʠʠ, ʢʦʥʪʨʦʣʠʨʫʶʱʠʤʠ 

ʘʥʦʜʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ, ʠ ʠʭ ʵʬʬʝʢʪ ʠʥʛʠʙʠʨʦʚʘʥʠʷ ʢʦʨʨʦʟʠʠ ʙʳʣ ʜʦʧʦʣʥʠʪʝʣʴʥʦ 

ʧʦʜʪʚʝʨʞʜʝʥ ʤʝʪʦʜʦʤ ʠʤʧʝʜʘʥʩʘ ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ. ʇʦʚʝʜʝʥʠʝ ʘʜʩʦʨʙʮʠʠ ʤʝʞʜʫ 

ʠʥʛʠʙʠʪʦʨʘʤʠ ʠ ʩʪʘʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʤʦʜʝʣʠ ʠʟʦʪʝʨʤʳ ʃʝʥʛʤʶʨʘ.   

 

    ʦʩʥʦʚʘʥʠʝ ʄʘʥʥʠʭʘ ZG 

 
ʦʩʥʦʚʘʥʠʝ  ʄʘʥʥʠʭʘ ZH 

 

ɺ ʨʘʙʦʪʝ [6] ʜʣʷ ʩʠʥʪʝʟʘ ʥʦʚʦʛʦ ʢʠʩʣʦʪʥʦʛʦ ʠʥʛʠʙʠʪʦʨʘ ʢʦʨʨʦʟʠʠ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ 

ʘʣʠʬʘʪʠʯʝʩʢʠʡ ʘʤʠʥ, ʬʦʨʤʘʣʴʜʝʛʠʜ ʠ ʣʠʛʥʦʩʫʣʴʬʦʥʘʪ ʥʘʪʨʠʷ. ʆʥʠ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʢʘʢ 

ʩʳʨʴʝ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʥʦʚʳʭ ʦʩʥʦʚʘʥʠʡ ʄʘʥʥʠʭʘ ʚ ʢʘʯʝʩʪʚʝ ʵʢʦʣʦʛʠʯʝʩʢʠ ʯʠʩʪʳʭ 

ʠʥʛʠʙʠʪʦʨʦʚ ʢʦʨʨʦʟʠʠ. ʀʥʛʠʙʠʨʦʚʘʥʠʝ ʵʪʠʤʠ ʦʩʥʦʚʘʥʠʷʤʠ ʄʘʥʥʠʭʘ ʢʦʨʨʦʟʠʠ ʤʷʛʢʦʡ ʩʪʘʣʠ 

ʚ 2ʄ ʨʘʩʪʚʦʨʝ HCl ʠʩʩʣʝʜʦʚʘʣʠ ʤʝʪʦʜʦʤ ʧʦʪʝʨʠ ʚʝʩʘ. ʉ ʧʦʤʦʱʴʶ ʦʜʥʦʬʘʢʪʦʨʥʳʭ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʙʳʣʦ ʦʧʨʝʜʝʣʝʥʦ ʦʧʪʠʤʘʣʴʥʦʝ ʤʦʣʷʨʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ 

ʠʟʫʯʘʣʦʩʴ ʚʣʠʷʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʜʦʟʠʨʦʚʢʠ ʠʥʛʠʙʠʪʦʨʘ ʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠʥʛʠʙʠʨʦʚʘʥʠʷ 

ʢʦʨʨʦʟʠʠ ʧʨʦʜʫʢʪʦʚ. ʊʘʢʞʝ ʦʙʩʫʞʜʘʣʠʩʴ ʘʜʩʦʨʙʮʠʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʤʷʛʢʦʡ ʩʪʘʣʠ ʠ 

ʤʝʭʘʥʠʟʤ ʠʥʛʠʙʠʨʦʚʘʥʠʷ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦʪʝʥʮʠʦʜʠʥʘʤʠʯʝʩʢʦʡ ʧʦʣʷʨʠʟʘʮʠʠ ʧʦʢʘʟʳʚʘʶʪ, 

ʯʪʦ ʵʢʩʪʨʘʢʪʳ ʷʚʣʷʶʪʩʷ ʠʥʛʠʙʠʪʦʨʘʤʠ ʩʤʝʰʘʥʥʦʛʦ ʪʠʧʘ. 

ʈʝʥʪʘʙʝʣʴʥʳʝ ʥʦʚʳʝ ʦʩʥʦʚʘʥʠʷ ʄʘʥʥʠʭʘ 1-(ʧʠʨʠʜʠʥ-4-ʠʣ(ʧʠʨʨʦʣʠʜʠʥ-1-

ʠʣ)ʤʝʪʠʣ)ʤʦʯʝʚʠʥʘ (UPyP), 1-(ʤʦʨʬʦʣʠʥʦ(ʧʠʨʠʜʠʥ-4-ʠʣ)ʤʝʪʠʣ)ʤʦʯʝʚʠʥʘ (UMP) ʠ 1-( 
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ʧʠʧʝʨʠʜʠʥ-1-ʠʣ(ʧʠʨʠʜʠʥ-4-ʠʣ)ʤʝʪʠʣ)ʤʦʯʝʚʠʥʘ (UPP) ʙʳʣʠ ʩʠʥʪʝʟʠʨʦʚʘʥʳ, 

ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʳ ʠ ʠʩʩʣʝʜʦʚʘʥʳ ʚ ʢʘʯʝʩʪʚʝ ʠʥʛʠʙʠʪʦʨʦʚ ʜʣʷ ʢʦʨʨʦʟʠʠ ʧʦʚʝʨʭʥʦʩʪʠ ʤʷʛʢʦʡ 

ʩʪʘʣʠ ʚ 1,0 ʄ ʨʘʩʪʚʦʨʝ ʩʦʣʷʥʦʡ ʢʠʩʣʦʪʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʦʪʝʨʠ ʚʝʩʘ, 

ʧʦʪʝʥʮʠʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʠʟʤʝʨʝʥʠʷ ʧʦʣʷʨʠʟʘʮʠʠ ʠ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʛʦ 

ʠʤʧʝʜʘʥʩʘ (EIS). ʇʨʠʚʝʜʝʥʳ ʨʝʥʪʛʝʥʦʚʩʢʠʝ ʩʪʨʫʢʪʫʨʳ UMP ʠ UPP. ʕʬʬʝʢʪʠʚʥʦʩʪʴ 

ʠʥʛʠʙʠʨʦʚʘʥʠʷ ʚʦʟʨʘʩʪʘʝʪ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʢʦʥʮʝʥʪʨʘʮʠʠ ʠʥʛʠʙʠʪʦʨʘ ʠ ʩʥʠʞʘʝʪʩʷ ʩ 

ʧʦʚʳʰʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ ʨʘʩʪʚʦʨʘ. ʇʦʪʝʥʮʠʦʜʠʥʘʤʠʯʝʩʢʠʝ ʧʦʣʷʨʠʟʘʮʠʦʥʥʳʝ ʠʟʤʝʨʝʥʠʷ 

ʧʦʢʘʟʘʣʠ, ʯʪʦ ʚʩʝ ʠʥʛʠʙʠʪʦʨʳ ʩʤʝʰʘʥʥʦʛʦ ʪʠʧʘ. ʈʘʩʩʯʠʪʘʥʳ ʠ ʦʙʩʫʞʜʝʥʳ ʟʥʘʯʝʥʠʷ 

ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʠ ʘʢʪʠʚʘʮʠʦʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ. ɸʜʩʦʨʙʮʠʷ ʠʥʛʠʙʠʪʦʨʦʚ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʤʷʛʢʦʡ ʩʪʘʣʠ ʚ ʧʨʠʩʫʪʩʪʚʠʠ HCl ʩʣʝʜʫʝʪ ʠʟʦʪʝʨʤʝ ʘʜʩʦʨʙʮʠʠ ʃʝʥʛʤʶʨʘ. ɺʟʘʠʤʦʩʚʷʟʴ ʤʝʞʜʫ 

ʤʦʣʝʢʫʣʷʨʥʦʡ ʩʪʨʫʢʪʫʨʦʡ ʠ ʠʭ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ ʠʥʛʠʙʠʨʦʚʘʥʠʷ ʙʳʣʘ ʠʟʫʯʝʥʘ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʩʯʝʪʦʚ ʪʝʦʨʠʠ ʬʫʥʢʮʠʦʥʘʣʘ ʧʣʦʪʥʦʩʪʠ (DFT). ʇʦʢʘʟʘʥʦ, ʯʪʦ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʨʝʟʫʣʴʪʘʪʳ ʥʘʭʦʜʷʪʩʷ ʚ ʭʦʨʦʰʝʤ ʩʦʛʣʘʩʠʠ [7]. 

ʅʝʩʦʤʥʝʥʥʦ, ʮʝʥʥʦʩʪʴ ʠ ʚʘʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʤʝʪʦʜʦʚ ʚ ʥʘʫʢʝ ʦ 

ʢʦʨʨʦʟʠʠ ʧʦʩʪʝʧʝʥʥʦ ʧʦʣʫʯʘʝʪ ʧʨʠʟʥʘʥʠʝ [8]. ʋʛʣʫʙʣʝʥʠʝ ʚ ʤʳʩʣʴ, ʯʪʦ ʥʝʢʦʪʦʨʳʝ 

ʤʦʣʝʢʫʣʷʨʥʳʝ ʵʣʝʢʪʨʦʥʥʳʝ ʜʝʩʢʨʠʧʪʦʨʳ, ʪʘʢʠʝ ʢʘʢ ʧʦʪʝʥʮʠʘʣ ʠʦʥʠʟʘʮʠʠ, ʩʨʦʜʩʪʚʦ ʢ 

ʵʣʝʢʪʨʦʥʫ, ʟʘʟʦʨ HOMOïLUMO ʠ ʜʠʧʦʣʴʥʳʡ ʤʦʤʝʥʪ ʠʤʝʶʪ ʟʥʘʯʝʥʠʝ, ʧʦʪʦʤʫ ʯʪʦ ʦʥʠ 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʫʥʠʢʘʣʴʥʦʝ ʨʝʰʝʥʠʝ ʚ ʧʨʦʙʣʝʤʝ ʧʦʥʠʤʘʥʠʷ ʠʥʛʠʙʠʨʫʶʱʠʭ ʩʚʦʡʩʪʚ 

ʠʥʛʠʙʠʪʦʨʦʚ ʢʦʨʨʦʟʠʠ, ʧʨʠʚʦʜʠʪ ʥʘʩ ʢ ʩʣʝʜʫʶʱʝʤʫ ʟʘʪʨʫʜʥʠʪʝʣʴʥʦʤʫ ʧʦʣʦʞʝʥʠʶ. 

ʅʘʜʝʞʥʦʩʪʴ ʪʘʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʷʚʣʷʝʪʩʷ ʧʨʝʜʤʝʪʦʤ ʦʞʝʩʪʦʯʝʥʥʳʭ ʩʧʦʨʦʚ, ʠ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʥʘʩʪʦʷʱʝʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʷʚʣʷʝʪʩʷ ʧʨʦʜʦʣʞʝʥʠʝʤ ʵʪʦʡ ʧʦʧʳʪʢʠ ʨʘʩʩʤʦʪʨʝʪʴ ʙʦʣʝʝ ʨʘʥʥʠʝ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ, ʧʨʠʚʝʜʝʥʥʳʝ ʜʣʷ ʥʝʢʦʪʦʨʳʭ ʦʩʥʦʚʘʥʠʡ ʐʠʬʬʘ ʠ ʄʘʥʥʠʭʘ ʚ 

ʢʘʯʝʩʪʚʝ ʠʥʛʠʙʠʪʦʨʦʚ ʢʦʨʨʦʟʠʠ ʩʪʘʣʠ ʚ ʥʝʡʪʨʘʣʴʥʳʭ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʘʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʨʘʩʯʝʪʦʚ ʪʝʦʨʠʠ ʬʫʥʢʮʠʦʥʘʣʘ ʧʣʦʪʥʦʩʪʠ. ʅʘ ʦʩʥʦʚʝ ʠʩʪʦʯʥʠʢʦʚ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʝʡ, ʪʘʢʠʭ 

ʢʘʢ ʩʪʨʫʢʪʫʨʘ ʤʦʣʝʢʫʣʷʨʥʦʡ ʤʦʜʝʣʠ, ʦʧʠʩʘʥʠʝ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʫʩʠʣʠʡ ʠ ʦʰʠʙʢʠ, ʩʚʷʟʘʥʥʳʝ ʩ 

ʧʨʠʨʦʜʦʡ ʢʚʘʥʪʦʚʦ-ʭʠʤʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ, ʙʳʣ ʩʜʝʣʘʥ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʥʝʚʦʟʤʦʞʥʦ ʧʦʣʫʯʠʪʴ 

ʮʝʣʦʩʪʥʫʶ ʢʘʨʪʠʥʫ ʦ ʤʝʭʘʥʠʟʤʝ ʠʥʛʠʙʠʨʦʚʘʥʠʷ ʢʦʨʨʦʟʠʠ ʠ ʩʚʦʡʩʪʚʘʭ ʠʟʫʯʘʝʤʳʭ 

ʩʦʝʜʠʥʝʥʠʡ ʯʝʨʝʟ ʚʳʯʠʩʣʷʝʤʳʝ ʜʝʩʢʨʠʧʪʦʨʳ. 

  ʂʦʨʨʦʟʠʦʥʥʦ-ʠʥʛʠʙʠʨʫʶʱʝʝ ʧʦʚʝʜʝʥʠʝ ʩʪʘʣʠ ʈ110 ʚ 20% ʨʘʩʪʚʦʨʝ HCl ʩ 

ʦʩʥʦʚʘʥʠʝʤ ʄʘʥʥʠʭʘ ʠ ʙʝʟ ʥʝʛʦ ʚ ʢʘʯʝʩʪʚʝ ʠʥʛʠʙʠʪʦʨʘ ʠʩʩʣʝʜʦʚʘʣʠ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʤʠ 

ʠʟʤʝʨʝʥʠʷʤʠ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʤʠ ʧʦ ʚʳʤʘʯʠʚʘʥʠʶ [9]. ʊʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ 

ʧʦʢʘʟʘʣʠ, ʯʪʦ ʨʘʩʪʚʦʨʝʥʠʝ P110 ʚ ʨʘʩʪʚʦʨʝ HCl ʷʚʣʷʝʪʩʷ ʵʥʜʦʪʝʨʤʠʯʝʩʢʠʤ ʧʨʦʮʝʩʩʦʤ. . 

ʀʩʩʣʝʜʦʚʘʥʠʷ EIS ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʨʝʜʣʦʞʝʥʥʦʝ ʦʩʥʦʚʘʥʠʝ ʄʘʥʥʠʭʘ ʤʦʞʝʪ ʵʬʬʝʢʪʠʚʥʦ 

ʠʥʛʠʙʠʨʦʚʘʪʴ ʢʦʨʨʦʟʠʶ, ʦʙʨʘʟʫʷ ʘʜʩʦʨʙʮʠʦʥʥʳʡ ʩʣʦʡ, ʚʳʧʦʣʥʷʶʱʠʡ ʨʦʣʴ ʙʘʨʴʝʨʘ. 

ʇʦʣʷʨʠʟʘʮʠʦʥʥʳʝ ʢʨʠʚʳʝ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʵʪʦ ʠʥʛʠʙʠʪʦʨ ʩʤʝʰʘʥʥʦʛʦ ʪʠʧʘ, ʢʦʪʦʨʳʡ ʤʦʞʝʪ 

ʫʤʝʥʴʰʠʪʴ ʨʝʘʢʮʠʠ ʘʥʦʜʥʦʛʦ ʨʘʩʪʚʦʨʝʥʠʷ ʠ ʢʘʪʦʜʥʦʛʦ ʚʳʜʝʣʝʥʠʷ ʚʦʜʦʨʦʜʘ ʦʜʥʦʚʨʝʤʝʥʥʦ. 

ʎʝʣʴ ʨʘʙʦʪʳ [10] ʩʦʩʪʦʷʣʘ ʚ ʪʦʤ, ʯʪʦʙʳ ʠʩʧʳʪʘʪʴ ʚʧʝʨʚʳʝ ʩʠʥʪʝʟʠʨʦʚʘʥʥʦʝ  

ʦʩʥʦʚʘʥʠʝ ʄʘʥʥʠʭʘ ʚ ʢʘʯʝʩʪʚʝ ʢʠʩʣʦʪʥʦʛʦ ʠʥʛʠʙʠʪʦʨʘ ʢʦʨʨʦʟʠʠ, ʘ ʪʘʢʞʝ ʠʟʫʯʠʪʴ ʤʝʭʘʥʠʟʤ 

ʜʝʡʩʪʚʠʷ ʠʥʛʠʙʠʪʦʨʘ ʢʦʨʨʦʟʠʠ. ʆʩʥʦʚʘʥʠʝ ʄʘʥʥʠʭʘ - 1-ʬʝʥʠʣ-3-(1-ʧʠʨʨʦʣʠʜʠʥʠʣ)ʧʨʦʧʘʥʦʥ 

(PHPP), ʙʳʣʦ ʩʠʥʪʝʟʠʨʦʚʘʥʦ ʩ ʘʮʝʪʦʬʝʥʦʥʦʤ, ʧʠʨʨʦʣʠʜʠʥʦʤ ʠ ʬʦʨʤʘʣʴʜʝʛʠʜʦʤ ʧʨʠ ʨʅ = 

ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ 2-3. ʉʪʨʫʢʪʫʨʘ PHPP ʙʳʣʘ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʘ ʩ ʧʦʤʦʱʴʶ ʵʣʝʤʝʥʪʥʦʛʦ 

ʘʥʘʣʠʟʘ ʠ ʠʥʬʨʘʢʨʘʩʥʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʩ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝʤ ʌʫʨʴʝ. ʀʥʛʠʙʠʨʦʚʘʥʠʝ ʢʦʨʨʦʟʠʠ 

PHPP ʥʘ ʩʪʘʣʠ N80 ʚ 15-% HCl ʙʳʣʦ ʠʟʫʯʝʥʦ ʤʝʪʦʜʦʤ ʧʦʪʝʨʠ ʚʝʩʘ, ʩʢʘʥʠʨʫʶʱʠʤ 

ʵʣʝʢʪʨʦʥʥʳʤ ʤʠʢʨʦʩʢʦʧʦʤ (SEM) ʠ ʵʥʝʨʛʦʜʠʩʧʝʨʩʠʦʥʥʳʤ ʨʝʥʪʛʝʥʦʚʩʢʠʤ ʘʥʘʣʠʟʦʤ (EDAX), 

ʘ ʘʜʩʦʨʙʮʠʦʥʥʦʝ ʧʦʚʝʜʝʥʠʝ PHPP ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʠʟ ʩʪʘʣʠ N80. ʈʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʥʛʠʙʠʨʦʚʘʥʠʷ ʜʦʩʪʠʛʣʘ 99,8%, ʘ ʩʢʦʨʦʩʪʴ ʢʦʨʨʦʟʠʠ ʩʦʩʪʘʚʠʣʘ 2,65 ʛĿʤ
-2
Ŀʯ

-1
 

ʧʨʠ ʢʦʥʮʝʥʪʨʘʮʠʠ PHPP 0,6% ʚ 15% HCl, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, ʯʪʦ PHPP ʦʙʣʘʜʘʝʪ 

ʧʨʝʚʦʩʭʦʜʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʠʥʛʠʙʠʨʦʚʘʥʠʷ ʢʦʨʨʦʟʠʠ. ʈʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ SEM ʠ EDAX 

ʧʦʢʘʟʘʣʠ, ʯʪʦ PHPP ʤʦʞʝʪ ʘʙʩʦʨʙʠʨʦʚʘʪʴʩʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʩʪʘʣʠ N80. ʇʨʦʮʝʩʩ ʘʜʩʦʨʙʮʠʠ 

PHPP ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʩʪʘʣʠ N80 ʙʳʣ ʭʝʤʦʩʦʨʙʮʠʦʥʥʳʤ. ʕʪʦʪ ʧʨʦʮʝʩʩ ʧʨʦʪʝʢʘʣ 

ʩʘʤʦʧʨʦʠʟʚʦʣʴʥʦ ʠ ʧʦʜʯʠʥʷʣʩʷ ʠʟʦʪʝʨʤʝ ʘʜʩʦʨʙʮʠʠ ʃʝʥʛʤʶʨʘ. 
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 ɸʜʩʦʨʙʮʠʷ ʯʝʪʳʨʝʭ ʧʨʦʠʟʚʦʜʥʳʭ ʧʠʧʝʨʠʜʠʥʠʣʤʝʪʠʣʠʥʜʦʣʠʥ-2-ʦʥʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʤʷʛʢʦʡ ʩʪʘʣʠ ʚ 1  ʄ ʨʘʩʪʚʦʨʝ HCl ʠ ʝʛʦ ʩʚʦʡʩʪʚʘ ʠʥʛʠʙʠʨʦʚʘʥʠʷ ʢʦʨʨʦʟʠʠ ʙʳʣʠ ʠʟʫʯʝʥʳ ʩ 

ʧʦʤʦʱʴʶ ʨʷʜʘ ʤʝʪʦʜʦʚ, ʪʘʢʠʭ ʢʘʢ ʧʦʣʷʨʠʟʘʮʠʷ, ʩʧʝʢʪʨʦʩʢʦʧʠʷ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʛʦ 

ʠʤʧʝʜʘʥʩʘ (ʕʀʉ), ʧʦʪʝʨʷ ʚʝʩʘ ʠ ʢʚʘʥʪʦʚʦ-ʭʠʤʠʯʝʩʢʠʡ ʨʘʩʯʝʪʥʳʡ ʤʝʪʦʜʳ [11]. ɹʳʣʠ 

ʨʘʩʩʯʠʪʘʥʳ ʠ ʦʙʩʫʞʜʝʥʳ ʟʥʘʯʝʥʠʷ ʵʥʝʨʛʠʠ ʘʢʪʠʚʘʮʠʠ (Ea) ʢʦʨʨʦʟʠʠ ʤʷʛʢʦʡ ʩʪʘʣʠ ʠ 

ʨʘʟʣʠʯʥʳʭ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ. ʇʦʪʝʥʮʠʦʜʠʥʘʤʠʯʝʩʢʠʝ ʧʦʣʷʨʠʟʘʮʠʦʥʥʳʝ 

ʠʟʤʝʨʝʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʚʩʝ ʠʥʛʠʙʠʪʦʨʳ ʩʤʝʰʘʥʥʦʛʦ ʪʠʧʘ. ʉʪʝʧʝʥʴ ʧʦʢʨʳʪʠʷ ʧʦʚʝʨʭʥʦʩʪʠ 

ʦʧʨʝʜʝʣʷʣʠ ʩ ʧʦʤʦʱʴʶ ʠʟʤʝʨʝʥʠʷ ʧʦʪʝʨʠ ʤʘʩʩʳ, ʠ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʦʮʝʩʩ 

ʘʜʩʦʨʙʮʠʠ ʠʩʩʣʝʜʫʝʤʳʭ ʠʥʛʠʙʠʪʦʨʦʚ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʤʷʛʢʦʡ ʩʪʘʣʠ ʧʦʜʯʠʥʷʝʪʩʷ ʠʟʦʪʝʨʤʝ 

ʘʜʩʦʨʙʮʠʠ ʃʝʥʛʤʶʨʘ. 

ɺ ʧʘʪʝʥʪʝ [12] ʦʧʠʩʘʥʦ ʠʟʦʙʨʝʪʝʥʠʝ, ʦʪʥʦʩʷʱʝʝʩʷ ʢ ʤʥʦʛʦʨʘʟʚʝʪʚʣʝʥʥʦʤʫ ʠʥʛʠʙʠʪʦʨʫ 

ʢʦʨʨʦʟʠʠ ʥʘ ʙʘʟʝ ʦʩʥʦʚʘʥʠʷ ʄʘʥʥʠʭʘ ʠ ʢ ʩʧʦʩʦʙʫ ʝʛʦ ʧʦʣʫʯʝʥʠʷ. ʉʧʦʩʦʙ ʚʢʣʶʯʘʝʪ (1) 

ʜʦʙʘʚʣʝʥʠʝ 3-7 ʤʦʣʝʡ ʢʝʪʦʥʘ ʠ 3-7 ʤʦʣʝʡ ʘʣʴʜʝʛʠʜʘ ʚ ʨʝʘʢʮʠʦʥʥʳʡ ʩʦʩʫʜ, ʜʦʚʝʜʝʥʠʝ ʨʅ ʜʦ 

2-6 ʩ ʧʦʤʦʱʴʶ ʢʠʩʣʦʪʳ, ʨʝʛʫʣʠʨʦʚʘʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʜʦ 20-50Áʉ ʠ ʧʝʨʝʤʝʰʠʚʘʥʠʝ ʚ ʪʝʯʝʥʠʝ 

20-30 ʤʠʥʫʪ; (2) ʜʦʙʘʚʣʝʥʠʝ 1 ʤʦʣʷ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʧʦʣʠʘʤʠʥʘ ʚ ʨʝʘʢʮʠʦʥʥʳʡ ʩʦʩʫʜ ʧʨʠ 

ʧʝʨʝʤʝʰʠʚʘʥʠʠ ʠʣʠ ʜʦʙʘʚʣʝʥʠʝ ʢʝʪʦʥʘ ʩ ʦʪʨʝʛʫʣʠʨʦʚʘʥʥʳʤ ʨʅ, ʘʣʴʜʝʛʠʜʘ ʠ ʦʨʛʘʥʠʯʝʩʢʦʛʦ 

ʨʘʩʪʚʦʨʠʪʝʣʷ ʢ ʦʨʛʘʥʠʯʝʩʢʦʤʫ ʧʦʣʠʘʤʠʥʫ, ʧʦʜʜʝʨʞʘʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ ʫʨʦʚʥʝ 60-90Áʉ ʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʚ ʪʝʯʝʥʠʝ 1-3 ʯʘʩʦʚ ʠ ʧʦʩʣʝ ʟʘʚʝʨʰʝʥʠʷ ʨʝʘʢʮʠʠ, ʥʘʛʨʝʚʘʥʠʝ ʩʠʩʪʝʤʳ ʜʦ 

110Áʉ ʚ ʘʪʤʦʩʬʝʨʝ ʘʟʦʪʘ ʜʣʷ ʫʜʘʣʝʥʠʷ ʚʦʜʳ; ʦʨʛʘʥʠʯʝʩʢʠʡ ʧʦʣʠʘʤʠʥ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʦʨʛʘʥʠʯʝʩʢʦʝ ʩʦʝʜʠʥʝʥʠʝ, ʩʦʜʝʨʞʘʱʝʝ ʪʨʠ ʠʣʠ ʙʦʣʝʝ ʧʝʨʚʠʯʥʳʭ ʘʤʠʥʦʛʨʫʧʧ ʠ/ʠʣʠ 

ʚʪʦʨʠʯʥʳʭ ʘʤʠʥʦʛʨʫʧʧ. ʀʥʛʠʙʠʪʦʨ ʢʦʨʨʦʟʠʠ ʥʘ ʙʘʟʝ ʦʩʥʦʚʘʥʠʷ ʄʘʥʥʠʭʘ ʧʨʦʷʚʣʷʝʪ 

ʧʨʠʟʥʘʢʠ ʩʠʣʴʥʦʡ ʘʜʩʦʨʙʮʠʦʥʥʦʡ ʩʠʣʳ. 

ʀʩʩʣʝʜʦʚʘʥʦ ʠʥʛʠʙʠʨʦʚʘʥʠʝ ʢʦʨʨʦʟʠʠ ʜʚʫʤʷ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʤʠ ʦʩʥʦʚʘʥʠʷʤʠ 

ʄʘʥʥʠʭʘ ʜʣʷ ʤʷʛʢʦʡ ʩʪʘʣʠ ʚ 1M H2SO4 ʤʝʪʦʜʘʤʠ ʧʦʪʝʨʠ ʚʝʩʘ ʠ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʤʠ 

ʤʝʪʦʜʘʤʠ [13]. ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʠʥʛʠʙʠʨʦʚʘʥʠʷ ʟʘʚʠʩʠʪ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʠʥʛʠʙʠʪʦʨʘ ʠ 

ʪʝʤʧʝʨʘʪʫʨʳ. ʀʥʛʠʙʠʪʦʨʳ ʜʝʡʩʪʚʫʶʪ ʧʫʪʝʤ ʘʜʩʦʨʙʮʠʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʤʷʛʢʦʡ ʩʪʘʣʠ ʠ 

ʧʦʜʯʠʥʷʶʪʩʷ ʠʟʦʪʝʨʤʝ ʃʝʥʛʤʶʨʘ, ʫʢʘʟʳʚʘʶʱʝʡ ʥʘ ʤʦʥʦʩʣʦʡʥʫʶ ʘʜʩʦʨʙʮʠʶ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ. ʊʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʘʜʩʦʨʙʮʠʷ ʠʥʛʠʙʠʪʦʨʦʚ 

ʧʨʦʠʩʭʦʜʠʪ ʟʘ ʩʯʝʪ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. ʇʦʣʷʨʠʟʘʮʠʦʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʠʥʛʠʙʠʪʦʨʳ ʚʝʜʫʪ ʩʝʙʷ ʢʘʢ ʩʤʝʰʘʥʥʳʝ ʚ 1M H2SO4, ʚʣʠʷʷ ʢʘʢ ʥʘ ʘʥʦʜʥʦʝ 

ʨʘʩʪʚʦʨʝʥʠʝ ʤʝʪʘʣʣʘ, ʪʘʢ ʠ ʥʘ ʢʘʪʦʜʥʦʝ ʚʳʜʝʣʝʥʠʝ ʚʦʜʦʨʦʜʘ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʉʕʄ 

ʧʦʢʘʟʳʚʘʶʪ ʦʙʨʘʟʦʚʘʥʠʝ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʘʜʩʦʨʙʮʠʦʥʥʦʡ ʧʣʝʥʢʠ ʦʩʥʦʚʘʥʠʡ ʄʘʥʥʠʭʘ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʤʷʛʢʦʡ ʩʪʘʣʠ. 

ɼʚʘ ʠʥʛʠʙʠʪʦʨʘ ʢʦʨʨʦʟʠʠ ʥʘ ʦʩʥʦʚʝ ʄʘʥʥʠʭʘ, ZJ-1 ʠ ZJ-2, ʙʳʣʠ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʧʦ 

ʨʝʘʢʮʠʠ ʄʘʥʥʠʭʘ [14]. ʇʨʦʜʫʢʪʳ ʙʳʣʠ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʳ ʩ ʧʦʤʦʱʴʶ ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ. 

ʀʥʛʠʙʠʨʫʶʱʝʝ ʜʝʡʩʪʚʠʝ ʵʪʠʭ ʜʚʫʭ ʠʥʛʠʙʠʪʦʨʦʚ ʥʘ ʩʪʘʣʴ ʈ110 ʙʳʣʦ ʠʟʫʯʝʥʦ ʩ ʧʦʤʦʱʴʶ 

ʠʟʤʝʨʝʥʠʷ ʧʦʣʷʨʠʟʘʮʠʦʥʥʦʡ ʢʨʠʚʦʡ, ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʛʦ ʠʤʧʝʜʘʥʩʘ ʠ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʤʦʣʝʢʫʣʷʨʥʦʡ ʜʠʥʘʤʠʢʠ. ʊʘʢʞʝ ʦʙʩʫʞʜʘʣʠʩʴ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʤʝʭʘʥʠʟʤ 

ʠʥʛʠʙʠʨʦʚʘʥʠʷ ʢʦʨʨʦʟʠʠ ʠ ʘʜʩʦʨʙʮʠʦʥʥʦʝ ʧʦʚʝʜʝʥʠʝ. ʈʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʜʚʘ 

ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʠʥʛʠʙʠʪʦʨʘ ʢʦʨʨʦʟʠʠ ʦʢʘʟʘʣʠ ʦʯʝʚʠʜʥʦʝ ʠʥʛʠʙʠʨʫʶʱʝʝ ʜʝʡʩʪʚʠʝ ʥʘ ʩʪʘʣʴ 

ʈ110 ʚ ʩʨʝʜʝ 1 ʤʦʣʴ/ʣ NaCl+CO2, ʦʜʥʘʢʦ ZJ-1 ʧʦʢʘʟʘʣ ʣʫʯʰʠʡ ʠʥʛʠʙʠʨʫʶʱʠʡ ʵʬʬʝʢʪ ʩ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ ʠʥʛʠʙʠʨʦʚʘʥʠʷ ʢʦʨʨʦʟʠʠ ʜʦ 92,06%. ʕʪʠ ʜʚʘ ʠʥʛʠʙʠʪʦʨʘ ʢʦʨʨʦʟʠʠ 

ʦʪʥʦʩʠʣʠʩʴ ʢ ʩʤʝʰʘʥʥʳʤ ʠʥʛʠʙʠʪʦʨʘʤ ʢʦʨʨʦʟʠʠ, ʦʩʥʦʚʘʥʥʳʤ ʥʘ ʘʥʦʜʥʦʤ ʢʦʥʪʨʦʣʝ. ʀ 

ʘʥʦʜʥʘʷ, ʠ ʢʘʪʦʜʥʘʷ ʨʝʘʢʮʠʠ ʩʜʝʨʞʠʚʘʣʠʩʴ ʚ ʧʨʦʮʝʩʩʝ ʢʦʨʨʦʟʠʠ ʟʘ ʩʯʝʪ ʘʜʩʦʨʙʮʠʦʥʥʦʡ 

ʧʣʝʥʢʠ, ʦʙʨʘʟʫʝʤʦʡ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʤʝʪʘʣʣʘ ʠʥʛʠʙʠʪʦʨʘʤʠ ʢʦʨʨʦʟʠʠ. ʂʨʦʤʝ ʪʦʛʦ, ZJ-1 ʠ ZJ-2 

ʤʦʛʫʪ ʚʳʪʝʩʥʷʪʴ ʤʦʣʝʢʫʣʳ ʚʦʜʳ ʠ ʘʜʩʦʨʙʠʨʦʚʘʪʴʩʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʤʝʪʘʣʣʘ, ʵʣʝʢʪʨʦʥʳ 

ʥʝʧʦʜʝʣʝʥʥʦʡ ʧʘʨʳ, ʦʙʝʩʧʝʯʠʚʘʝʤʳʝ ʘʢʪʠʚʥʳʤʠ ʘʪʦʤʘʤʠ N ʠ O, ʤʦʛʫʪ ʦʙʨʘʟʦʚʳʚʘʪʴ 

ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʝ ʩʚʷʟʠ ʩ ʚʘʢʘʥʪʥʦʡ ʦʨʙʠʪʘʣʴʶ Fe. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʤʦʣʝʢʫʣʳ ʠʥʛʠʙʠʪʦʨʘ 

ʢʦʨʨʦʟʠʠ ʤʦʛʫʪ ʘʜʩʦʨʙʠʨʦʚʘʪʴʩʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʤʝʪʘʣʣʘ, ʘ ʵʬʬʝʢʪ ʠʥʛʠʙʠʨʦʚʘʥʠʷ ʢʦʨʨʦʟʠʠ 

ʫʩʠʣʠʚʘʝʪʩʷ ʟʘ ʩʯʝʪ ʩʠʣʴʥʳʭ ʭʠʤʠʯʝʩʢʠʭ ʩʠʣ ʩʚʷʟʝʡ. ʇʦ ʩʨʘʚʥʝʥʠʶ ʩ ʠʥʛʠʙʠʪʦʨʦʤ ZJ-2 
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ʤʦʣʝʢʫʣʘ ʠʥʛʠʙʠʪʦʨʘ ZJ-1 ʦʙʣʘʜʘʝʪ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʵʥʝʨʛʠʝʡ ʘʜʩʦʨʙʮʠʠ ʠ ʣʫʯʰʠʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʠʥʛʠʙʠʨʦʚʘʥʠʷ ʢʦʨʨʦʟʠʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʩʧʣʘʚʦʚ ʥʘ ʦʩʥʦʚʝ Fe. 

ʉʠʥʪʝʟʠʨʦʚʘʥʦ ʠ ʠʩʩʣʝʜʦʚʘʥʦ ʥʦʚʦʝ ʧʨʦʠʟʚʦʜʥʦʝ ʜʠʙʝʥʟʠʣʘʤʠʥʘ-ʭʠʥʦʣʠʥʘ (ɼʕʍ) ʚ 

ʢʘʯʝʩʪʚʝ ʠʥʛʠʙʠʪʦʨʘ ʢʦʨʨʦʟʠʠ ʥʠʟʢʦʫʛʣʝʨʦʜʠʩʪʦʡ ʩʪʘʣʠ ʚ 15% ʨʘʩʪʚʦʨʝ HCl ʨʘʟʣʠʯʥʳʤʠ 

ʩʧʦʩʦʙʘʤʠ, ʚ ʪʦʤ ʯʠʩʣʝ ͔ͨͯͭͣ ʠʟʤʝʨʝʥʠʷ ʧʦʪʝʨʠ ʤʘʩʩʳ, ʠʟʤʝʨʝʥʠʷ ʢʨʘʝʚʦʛʦ ʫʛʣʘ, 

ʣɻʝʢʪʨʦʭʠʤʠʯʝʩʢʠʭ ʠʟʤʝʨʝʥʠʡ (ʕʀʉ), ʩʢʘʥʠʨʫʶʱʝʡ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ (ʉʕʄ). ), 

ʩʢʘʥʠʨʫʶʱʝʛʦ ʟʦʥʜʘ ʂʝʣʴʚʠʥʘ (ʉʂʇ) ʠ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʨʘʩʯʝʪʦʚ [15]. ʈʝʟʫʣʴʪʘʪʳ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʵʪʦ ʦʩʥʦʚʘʥʠʝ ʄʘʥʥʠʭʘ ʷʚʣʷʝʪʩʷ ʵʬʬʝʢʪʠʚʥʳʤ ʠʥʛʠʙʠʪʦʨʦʤ 

ʢʦʨʨʦʟʠʠ ʧʨʠ ʦʢʠʩʣʝʥʠʠ ʥʝʬʪʠ ʠ ʛʘʟʘ. ɺ ʜʚʫʭʬʘʟʥʦʡ ʩʠʩʪʝʤʝ ʤʘʩʣʦ-ʚʦʜʘ ʩʤʘʯʠʚʘʝʤʦʩʪʴ 

ʤʷʛʢʦʡ ʩʪʘʣʠ ʤʦʞʥʦ ʠʟʤʝʥʠʪʴ ʟʘ ʩʯʝʪ ʘʜʩʦʨʙʮʠʠ, ʧʦʜʯʠʥʷʷʩʴ ʠʟʦʪʝʨʤʝ ʘʜʩʦʨʙʮʠʠ 

ʃʝʥʛʤʶʨʘ. ʅʘʢʦʥʝʮ, ʢʚʘʥʪʦʚʦ-ʭʠʤʠʯʝʩʢʠʝ ʨʘʩʯʝʪʳ ʠ ʧʘʨʘʤʝʪʨʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʤʦʣʝʢʫʣʷʨʥʦʡ ʜʠʥʘʤʠʢʠ ʪʘʢʞʝ ʧʦʢʘʟʳʚʘʶʪ ʦʧʨʝʜʝʣʝʥʥʫʶ ʢʦʨʨʝʣʷʮʠʶ ʤʝʞʜʫ 

ʪʝʦʨʝʪʠʯʝʩʢʠʤʠ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʨʝʟʫʣʴʪʘʪʘʤʠ. 

 
 

ʀʟʫʯʝʥʦ ʟʘʱʠʪʥʦʝ ʜʝʡʩʪʚʠʝ ʦʩʥʦʚʘʥʠʡ ʐʠʬʬʘ ʠ ʄʘʥʥʠʭʘ ï ʧʨʦʠʟʚʦʜʥʳʭ ʤʦʨʬʦʣʠʥʘ 

ʠ ʙʝʥʟʦʪʨʠʘʟʦʣʘ ï ʥʘ ʢʦʨʨʦʟʠʶ ʩʪʘʣʠ ʚ ʥʝʡʪʨʘʣʴʥʳʭ ʩʨʝʜʘʭ [16]. ʕʪʠ ʚʝʱʝʩʪʚʘ ʨʘʥʝʝ 

ʠʩʩʣʝʜʦʚʘʣʠʩʴ ʢʘʢ ʠʥʛʠʙʠʪʦʨʳ ʘʪʤʦʩʬʝʨʥʦʡ ʢʦʨʨʦʟʠʠ. ɿʘʱʠʪʥʳʝ ʩʚʦʡʩʪʚʘ ʨʘʩʩʯʠʪʳʚʘʣʠ ʧʦ 

ʚʣʠʷʥʠʶ ʠʥʛʠʙʠʪʦʨʦʚ ʥʘ ʩʢʦʨʦʩʪʴ ʘʥʦʜʥʦʛʦ ʨʘʩʪʚʦʨʝʥʠʷ. ʕʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʝ ʠʟʤʝʨʝʥʠʷ 

ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʩʤʝʰʘʥʥʦʤ ʵʣʝʢʪʨʦʣʠʪʝ 70 ʤʛ/ʜʤį NaCl + 80 ʤʛ/ʜʤį Na2SO4, ʩʦʜʝʨʞʘʱʝʤ 10 % 

ʠʟʦʧʨʦʧʠʣʦʚʦʛʦ ʩʧʠʨʪʘ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʠʥʛʠʙʠʪʦʨʦʚ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚʩʝ 

ʠʟʫʯʝʥʥʳʝ ʠʥʛʠʙʠʪʦʨʳ ï ʧʨʦʠʟʚʦʜʥʳʝ ʤʦʨʬʦʣʠʥʘ ʠ ʙʝʥʟʦʪʨʠʘʟʦʣʘ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳ, ʯʝʤ 

ʥʝʟʘʤʝʱʝʥʥʳʝ ʠʩʭʦʜʥʳʝ ʩʦʝʜʠʥʝʥʠʷ. ɺ ʨʘʙʦʪʝ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʟʘʚʠʩʠʤʦʩʪʠ ʠʥʛʠʙʠʪʦʨʦʚ 

ʢʦʨʨʦʟʠʠ ʵʪʦʛʦ ʢʣʘʩʩʘ ʦʪ ʢʦʤʧʣʝʢʩʘ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ, ʪʘʢʠʭ ʢʘʢ ʜʘʚʣʝʥʠʝ 

ʥʘʩʳʱʝʥʥʳʭ ʧʘʨʦʚ, ʵʣʝʢʪʨʦʥʥʘʷ ʧʣʦʪʥʦʩʪʴ ʥʘ ʛʝʪʝʨʦʘʪʦʤʘʭ, ʧʦʪʝʥʮʠʘʣʳ ʠʦʥʠʟʘʮʠʠ (ʇʀ) 

ʠʥʛʠʙʠʪʦʨʦʚ ʠ ʛʠʜʨʦʬʦʙʥʳʝ ʢʦʥʩʪʘʥʪʳ ʍʘʥʰʘ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʣʠʪʝʨʘʪʫʨʥʳʭ ʠ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʟʘʱʠʪʥʳʡ ʵʬʬʝʢʪ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ ʤʦʨʬʦʣʠʥʘ ʠ 

ʙʝʥʟʦʪʨʠʘʟʦʣʘ ʦʙʫʩʣʦʚʣʝʥ ʵʬʬʝʢʪʦʤ ʛʠʜʨʦʬʦʙʥʦʩʪʠ ʤʦʣʝʢʫʣ. ʉʥʠʞʝʥʠʝ ʩʢʦʨʦʩʪʠ ʘʥʦʜʥʦʛʦ 

ʨʘʩʪʚʦʨʝʥʠʷ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʠʥʛʠʙʠʪʦʨʦʚ ʦʙʫʩʣʦʚʣʝʥʦ ʫʤʝʥʴʰʝʥʠʝʤ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ 

ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʵʣʝʢʪʨʦʜʥʦʛʦ ʩʣʦʷ ʧʨʠ ʘʜʩʦʨʙʮʠʠ ʠʥʛʠʙʠʪʦʨʦʚ. 

ʆʩʫʱʝʩʪʚʣʝʥ ʩʠʥʪʝʟ ʥʦʚʦʛʦ ʦʩʥʦʚʘʥʠʡ ʙʠʩ-ʄʘʥʥʠʭʘ TZBM, ʩʦʜʝʨʞʘʱʠʡ ʪʠʘʟʦʣʴʥʳʡ 

ʮʠʢʣ. ʊɿɹʄ ʦʪʣʠʯʘʣʩʷ ʩʪʘʙʠʣʴʥʦʡ ʩʪʨʫʢʪʫʨʦʡ ʧʨʠ 260Áʉ ʠ ʠʥʛʠʙʠʨʫʶʱʠʤ ʜʝʡʩʪʚʠʝʤ ʥʘ 

ʫʛʣʝʨʦʜʠʩʪʫʶ ʩʪʘʣʴ ʚ ʛʘʟʦʞʠʜʢʦʩʪʥʦʡ ʩʨʝʜʝ ʩ Cl- + H2S + CO2 ʧʨʠ 180Áʉ [17]. ʇʫʪʝʤ 

ʘʥʘʣʠʟʘ ʧʦʪʝʨʠ ʤʘʩʩʳ ʩʪʘʣʠ, ʧʦʜʚʝʨʛʰʝʡʩʷ ʚʦʟʜʝʡʩʪʚʠʶ ʨʘʟʣʠʯʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʡ TZBM, 

ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʦʭʚʘʪʳ ʠʥʛʠʙʠʪʦʨʘ, ʘʜʩʦʨʙʠʨʦʚʘʥʥʦʛʦ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ, ʠ ʨʝʟʫʣʴʪʘʪʳ 

ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʠ ʤʦʜʝʣʠ ʠʟʦʪʝʨʤʳ ʃʝʥʛʤʶʨʘ. ʂʨʦʤʝ ʪʦʛʦ, ʦʪʨʠʮʘʪʝʣʴʥʘʷ ʩʚʦʙʦʜʥʘʷ ʵʥʝʨʛʠʷ 

ɻʠʙʙʩʘ ʫʢʘʟʳʚʘʣʘ ʥʘ ʩʘʤʦʧʨʦʠʟʚʦʣʴʥʳʡ ʧʨʦʮʝʩʩ ʘʜʩʦʨʙʮʠʠ. 
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ɺ ʦʙʟʦʨʥʦʡ ʨʘʙʦʪʝ [18] ʨʘʩʩʤʦʪʨʝʥʳ ʧʦʩʣʝʜʥʠʝ ʨʘʟʨʘʙʦʪʢʠ ʠʥʛʠʙʠʪʦʨʦʚ ʢʦʨʨʦʟʠʠ ʥʘ 

ʙʘʟʝ ʦʩʥʦʚʘʥʠʡ ʄʘʥʥʠʭʘ ʟʘ ʧʦʩʣʝʜʥʠʝ ʜʝʩʷʪʴ ʣʝʪ, ʚʢʣʶʯʘʷ ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʳʡ 

ʥʠʟʢʦʪʦʢʩʠʯʥʳʡ ʠ ʥʦʚʳʡ ʠʥʛʠʙʠʪʦʨʳ  -  ʦʩʥʦʚʘʥʠʷ ʄʘʥʥʠʭʘ. ɹʳʣʠ ʩʦʧʦʩʪʘʚʣʝʥʳ ʩʢʦʨʦʩʪʴ ʠ 

ʤʝʭʘʥʠʟʤ ʠʥʛʠʙʠʨʦʚʘʥʠʷ ʨʘʟʣʠʯʥʳʭ ʠʥʛʠʙʠʪʦʨʦʚ, ʘ ʪʘʢʞʝ ʦʙʦʙʱʝʥʳ ʧʨʝʠʤʫʱʝʩʪʚʘ ʠ 

ʥʝʜʦʩʪʘʪʢʠ ʨʘʟʣʠʯʥʳʭ ʠʥʛʠʙʠʪʦʨʦʚ. ɺ ʦʩʥʦʚʥʦʤ ʦʙʩʫʞʜʘʝʪʩʷ ʧʨʦʮʝʩʩ ʨʘʟʨʘʙʦʪʢʠ ʨʘʟʣʠʯʥʳʭ 

ʠʥʛʠʙʠʪʦʨʦʚ ʢʦʨʨʦʟʠʠ. ʛʣʫʙʦʢʦ ʨʘʩʩʤʦʪʨʝʥʦ ʠʭ ʜʝʡʩʪʚʠʝ ʠ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʥʦʚʳʭ 

ʠʥʛʠʙʠʪʦʨʦʚ ʢʦʨʨʦʟʠʠ ʥʘ ʙʘʟʝ ʦʩʥʦʚʘʥʠʡ ʄʘʥʥʠʭʘ. ʕʪʦ ʦʜʥʦ ʠʟ ʙʫʜʫʱʠʭ ʥʘʧʨʘʚʣʝʥʠʡ 

ʨʘʟʚʠʪʠʷ ʠʥʛʠʙʠʪʦʨʦʚ ʢʦʨʨʦʟʠʠ, ʢʦʪʦʨʳʝ ʦʙʣʘʜʘʶʪ ʧʨʝʠʤʫʱʝʩʪʚʘʤʠ ʚʳʩʦʢʦʡ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ, ʟʘʱʠʪʳ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʠ ʥʠʟʢʦʡ ʩʪʦʠʤʦʩʪʠ.  

ʉʢʦʨʦʩʪʴ ʢʦʨʨʦʟʠʠ ʘʣʶʤʠʥʠʷ ʠʩʩʣʝʜʦʚʘʣʠ ʚ ʦʪʩʫʪʩʪʚʠʝ ʠ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʥʝʢʦʪʦʨʳʭ 

ʪʨʝʪʠʯʥʳʭ ʢʝʪʦʥʦʚʳʭ ʦʩʥʦʚʘʥʠʡ ʄʘʥʥʠʭʘ ʚ 2 ʄ ʨʘʩʪʚʦʨʝ HCl ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʦʚ 

ʧʦʪʝʨʠ ʤʘʩʩʳ ʠ ʛʘʣʴʚʘʥʦʩʪʘʪʠʯʝʩʢʦʡ ʧʦʣʷʨʠʟʘʮʠʠ [19]. ʆʙʘ ʤʝʪʦʜʘ ʜʘʣʠ ʩʭʦʞʠʝ 

ʨʝʟʫʣʴʪʘʪʳ. ʈʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʥʛʠʙʠʪʦʨʘ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩ 

ʫʚʝʣʠʯʝʥʠʝʤ ʢʦʥʮʝʥʪʨʘʮʠʠ ʠʥʛʠʙʠʪʦʨʘ ʠ ʩʥʠʞʘʝʪʩʷ ʩ ʧʦʚʳʰʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ 

ʩʠʩʪʝʤʳ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʘʜʩʦʨʙʮʠʷ ʵʪʠʭ ʦʩʥʦʚʘʥʠʡ ʄʘʥʥʠʭʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ Al 

ʧʦʜʯʠʥʷʝʪʩʷ ʠʟʦʪʝʨʤʝ ʘʜʩʦʨʙʮʠʠ ʊʝʤʢʠʥʘ. ɻʘʣʴʚʘʥʦʩʪʘʪʠʯʝʩʢʠʝ ʧʦʣʷʨʠʟʘʮʠʦʥʥʳʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʵʪʠ ʩʦʝʜʠʥʝʥʠʷ ʷʚʣʷʶʪʩʷ ʠʥʛʠʙʠʪʦʨʘʤʠ ʩʤʝʰʘʥʥʦʛʦ ʪʠʧʘ. ɹʳʣʠ 

ʨʘʩʩʯʠʪʘʥʳ ʠ ʦʙʩʫʞʜʝʥʳ ʥʝʢʦʪʦʨʳʝ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ.   

ɺ ʨʘʙʦʪʝ [20] ʩʚʷʟʴ ʤʝʞʜʫ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ ʩʦʝʜʠʥʝʥʠʡ ʠ ʠʭ 

ʬʘʢʪʦʨʘʤʠ ʠʥʛʠʙʠʨʦʚʘʥʠʷ  ʘʪʤʦʩʬʝʨʥʦʡ ʢʦʨʨʦʟʠʠ ʩʪʘʣʠ ʨʘʩʩʤʦʪʨʝʥʘ ʥʘ ʧʨʠʤʝʨʝ ʦʩʥʦʚʘʥʠʡ 

ʐʠʬʬʘ ʠ ʄʘʥʥʠʭʘ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʠʥʛʠʙʠʨʫʶʱʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʩʦʝʜʠʥʝʥʠʡ ʤʦʞʝʪ ʙʳʪʴ 

ʧʨʝʜʩʢʘʟʘʥʘ ʧʦ ʢʦʨʨʝʣʷʮʠʷʤ ʤʝʞʜʫ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʠ ʨʘʩʯʝʪʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ, 

ʪʘʢʠʤʠ ʢʘʢ ʜʘʚʣʝʥʠʝ ʥʘʩʳʱʝʥʥʦʛʦ ʧʘʨʘ, ʧʦʣʥʘʷ ʵʣʝʢʪʨʦʥʥʘʷ ʧʣʦʪʥʦʩʪʴ ʥʘ ʛʝʪʝʨʦʘʪʦʤʘʭ ʠ 

ʢʦʥʩʪʘʥʪʘ ʛʠʜʨʦʬʦʙʥʦʩʪʠ. ʇʨʝʜʩʢʘʟʘʥʥʳʝ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʬʘʢʪʦʨʳ ʠʥʛʠʙʠʨʦʚʘʥʠʷ 

ʥʦʚʳʭ ʦʩʥʦʚʘʥʠʡ ʄʘʥʥʠʭʘ ʩʦʛʣʘʩʫʶʪʩʷ ʚ ʧʨʝʜʝʣʘʭ Ñ10%. 

ɼʚʘ ʥʦʚʳʭ ʦʩʥʦʚʘʥʠʷ ʄʘʥʥʠʭʘ N-(3-(ʙʝʥʟʦ[d][1,3]ʜʠʦʢʩʦʣ-5-ʠʣ(ʧʠʨʨʦʣʠʜʠʥ-1-

ʠʣ)ʤʝʪʠʣ)-4-ʛʠʜʨʦʢʩʠʬʝʥʠʣ)ʘʮʝʪʘʤʠʜ (I1) ʠ N-(3-(ʙʝʥʟʦ[d][1,3]ʜʠʦʢʩʦʣ-5-

ʠʣ(ʤʦʨʬʦʣʠʥʦ)ʤʝʪʠʣ)-4-ʛʠʜʨʦʢʩʠʬʝʥʠʣ)ʘʮʝʪʘʤʠʜ (I2) ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʠ ʦʮʝʥʝʥʦ ʠʭ 

ʧʦʚʝʜʝʥʠʝ ʚ ʦʪʥʦʰʝʥʠʠ ʠʥʛʠʙʠʨʦʚʘʥʠʷ ʢʦʨʨʦʟʠʠ ʩ ʧʦʤʦʱʴʶ ʠʟʤʝʨʝʥʠʡ ʧʦʪʝʨʠ ʚʝʩʘ, 

ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʭ, ʢʚʘʥʪʦʚʦ-ʭʠʤʠʯʝʩʢʠʭ ʠ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

[21]. ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʠʥʛʠʙʠʪʦʨʳ ʦʢʘʟʘʣʠʩʴ ʩʤʝʰʘʥʥʦʛʦ ʪʠʧʘ. ʀʩʩʣʝʜʦʚʘʥʠʷ EIS 

ʧʦʜʪʚʝʨʜʠʣʠ, ʯʪʦ ʧʨʦʮʝʩʩ ʢʦʨʨʦʟʠʠ ʢʦʥʪʨʦʣʠʨʫʝʪʩʷ ʧʦʩʨʝʜʩʪʚʦʤ ʧʨʦʮʝʩʩʘ ʧʝʨʝʥʦʩʘ 

ʟʘʨʷʜʘ. ɸʜʩʦʨʙʮʠʷ ʠʥʛʠʙʠʪʦʨʦʚ I1 ʠ I2 ʩʣʝʜʫʝʪ ʠʟʦʪʝʨʤʝ ʘʜʩʦʨʙʮʠʠ ʃʝʥʛʤʶʨʘ, ʘ ʟʥʘʯʝʥʠʷ 

ȹGads ʧʦʟʚʦʣʷʶʪ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʚʦʟʤʦʞʥʘ ʢʘʢ ʬʠʩʦʨʙʮʠʷ, ʪʘʢ ʠ 

ʭʝʤʦʩʦʨʙʮʠʷ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʠʥʛʠʙʠʪʦʨʦʚ 

ʧʦʣʫʯʘʝʪʩʷ ʙʦʣʝʝ ʛʣʘʜʢʘʷ ʧʦʚʝʨʭʥʦʩʪʴ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʠʩʭʦʜʥʳʤ ʦʙʨʘʟʮʦʤ. 

ʉʠʥʪʝʟʠʨʦʚʘʥʳ, ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʳ ʠ ʠʟʫʯʝʥʳ ʧʨʦʠʟʚʦʜʥʳʝ ʄʘʥʥʠʭʘ ʥʠʢʦʪʠʥʘʤʠʜʘ 

(NA), ʘ ʠʤʝʥʥʦ N-(ʤʦʨʬʦʣʠʥʦ(ʬʝʥʠʣ)ʤʝʪʠʣ)ʥʠʢʦʪʠʥʘʤʠʜ (NMB) ʠ N-(ʬʝʥʠʣ(ʧʠʧʝʨʠʜʠʥ-1-

ʠʣ)ʤʝʪʠʣ)ʥʠʢʦʪʠʥʘʤʠʜ (NPB) ʚ ʢʘʯʝʩʪʚʝ ʠʥʛʠʙʠʪʦʨʦʚ ʤʷʛʢʦʡ ʩʪʘʣʠ (ʄʉ) ʚ 1,0 ʄ ʩʦʣʷʥʦʡ 

ʢʠʩʣʦʪʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʛʨʘʚʠʤʝʪʨʠʯʝʩʢʠʭ, ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʠ 

ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʨʘʩʯʝʪʦʚ [22]. ʅʠʢʦʪʠʥʘʤʠʜ ʪʘʢʞʝ ʧʦʜʚʝʨʛʘʣʩʷ ʚʩʝʤ ʵʪʠʤ 

ʠʩʩʣʝʜʦʚʘʥʠʷʤ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʘʜʩʦʨʙʮʠʷ ʤʦʣʝʢʫʣ ʅɸ, ʅʄɹ ʠ ʅʌɹ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʤʷʛʢʦʡ ʩʪʘʣʠ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 1,0 ʄ HCl ʧʨʦʪʝʢʘʝʪ ʩʘʤʦʧʨʦʠʟʚʦʣʴʥʦ ʠ ʧʦʜʯʠʥʷʝʪʩʷ ʠʟʦʪʝʨʤʝ 

ʘʜʩʦʨʙʮʠʠ ʃʝʥʛʤʶʨʘ, ʘ ʪʘʢʞʝ ʠʟʦʪʝʨʤʝ ɼʫʙʠʥʠʥʘïʈʘʜʫʰʢʝʚʠʯʘ. ʊʘʬʝʣʝʚʩʢʠʝ ʠʟʤʝʨʝʥʠʷ 

ʧʦʣʷʨʠʟʘʮʠʠ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʚʩʝ ʠʩʩʣʝʜʦʚʘʥʥʳʝ ʠʥʛʠʙʠʪʦʨʳ ʦʪʥʦʩʷʪʩʷ ʢ ʩʤʝʰʘʥʥʦʤʫ 

ʪʠʧʫ. ʀʟʤʝʨʝʥʠʷ EIS ʧʦʢʘʟʘʣʠ, ʯʪʦ ʜʦʙʘʚʣʝʥʠʝ NA, NMB ʠ NPB ʫʤʝʥʴʰʘʶʪ ʝʤʢʦʩʪʴ 
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ʜʚʦʡʥʦʛʦ ʩʣʦʷ (Cdl) ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʫʚʝʣʠʯʠʚʘʶʪ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʧʝʨʝʥʦʩʫ ʟʘʨʷʜʘ (RCT) 

ʧʨʦʮʝʩʩʘ ʢʦʨʨʦʟʠʠ. ʀʂ-ʌʫʨʴʝ-ʘʥʘʣʠʟ, ʤʠʢʨʦʬʦʪʦʛʨʘʬʠʠ ʉʕʄ ʠ ʘʥʘʣʠʟ ɸʉʄ ʧʦʜʪʚʝʨʜʠʣʠ 

ʥʘʣʠʯʠʝ ʧʣʝʥʢʠ ʠʥʛʠʙʠʪʦʨʘ ʠ ʝʝ ʨʦʣʴ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʄʉ. ʂʚʘʥʪʦʚʦ-ʭʠʤʠʯʝʩʢʠʝ ʨʘʩʯʝʪʳ ʥʘ 

ʫʨʦʚʥʝ DFT ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʜʣʷ ʢʦʨʨʝʣʷʮʠʠ ʧʘʨʘʤʝʪʨʦʚ ʵʣʝʢʪʨʦʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʤʦʣʝʢʫʣ 

NA, NMB ʠ NPB ʩ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʨʝʟʫʣʴʪʘʪʘʤʠ. 

  
ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʢʦʨʨʦʟʠʝʡ ʧʦʜʢʠʩʣʝʥʠʷ ʥʝʬʪʷʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʚ ʨʘʙʦʪʝ [23] ʚ 

ʦʩʥʦʚʥʦʤ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʘʣʠʬʘʪʠʯʝʩʢʠʡ ʘʤʠʥ, ʤʝʪʘʥʘʣʴ ʠ ʣʠʛʥʦʩʫʣʴʬʦʥʘʪ ʥʘʪʨʠʷ ʚ 

ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʦʛʦ ʩʳʨʴʷ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʥʦʚʦʛʦ ʦʩʥʦʚʘʥʠʷ ʄʘʥʥʠʭʘ ʚ ʢʘʯʝʩʪʚʝ 

ʵʢʦʣʦʛʠʯʝʩʢʠ ʯʠʩʪʦʛʦ ʠʥʛʠʙʠʪʦʨʘ ʢʦʨʨʦʟʠʠ. ʀʥʛʠʙʠʨʦʚʘʥʠʝ ʢʦʨʨʦʟʠʠ ʥʠʟʢʦʫʛʣʝʨʦʜʠʩʪʦʡ 

ʩʪʘʣʠ ʚ 5 %-ʥʦʤ ʨʘʩʪʚʦʨʝ ʩʦʣʷʥʦʡ ʢʠʩʣʦʪʳ ʦʩʥʦʚʘʥʠʷʤʠ ʄʘʥʥʠʭʘ ʠʟʫʯʝʥʦ ʤʝʪʦʜʦʤ ʧʦʪʝʨʠ 

ʚʝʩʘ. ʇʫʪʝʤ ʦʜʥʦʬʘʢʪʦʨʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʦʧʨʝʜʝʣʷʝʪʩʷ ʦʧʪʠʤʘʣʴʥʦʝ ʤʦʣʷʨʥʦʝ 

ʩʦʦʪʥʦʰʝʥʠʝ ʠ ʚʳʙʠʨʘʶʪʩʷ ʪʠʧʳ ʩʳʨʴʷ. ʄʝʞʜʫ ʪʝʤ, ʠʟʫʯʘʣʦʩʴ ʚʣʠʷʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʠ 

ʜʦʟʠʨʦʚʢʠ ʠʥʛʠʙʠʪʦʨʘ ʢʦʨʨʦʟʠʠ ʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʥʛʠʙʠʪʦʨʦʚ ʢʦʨʨʦʟʠʠ ʧʨʦʜʫʢʪʦʚ. ʊʘʢʞʝ 

ʦʙʩʫʞʜʘʣʠʩʴ ʠʭ ʘʜʩʦʨʙʮʠʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʤʷʛʢʦʡ ʩʪʘʣʠ ʠ ʤʝʭʘʥʠʟʤ ʠʥʛʠʙʠʨʦʚʘʥʠʷ. 

ʆʮʝʥʝʥʦ ʠʥʛʠʙʠʨʦʚʘʥʠʝ ʢʦʨʨʦʟʠʠ ʪʨʝʤʷ Ŭ,ɓ-ʥʝʥʘʩʳʱʝʥʥʳʤʠ ʢʘʨʙʦʥʠʣʴʥʳʤʠ 

ʩʦʝʜʠʥʝʥʠʷʤʠ ʥʘ ʩʪʘʣʠ N80 ʧʨʠ ʚʳʩʦʢʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʠ ʚ ʩʨʝʜʝ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʦʡ ʢʠʩʣʦʪʳ, 

ʘ ʪʘʢʞʝ ʠʩʩʣʝʜʦʚʘʥ ʤʝʭʘʥʠʟʤ ʠʥʛʠʙʠʨʦʚʘʥʠʷ [24]. ʈʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʢʦʨʠʯʥʳʡ 

ʘʣʴʜʝʛʠʜ ʠ ʙʝʥʟʘʣʘʮʝʪʦʥ ʦʙʣʘʜʘʶʪ ʚʳʨʘʞʝʥʥʳʤ ʘʥʪʠʢʦʨʨʦʟʠʦʥʥʳʤ ʵʬʬʝʢʪʦʤ ʠ ʤʦʛʫʪ 

ʵʬʬʝʢʪʠʚʥʦ ʩʥʠʞʘʪʴ ʢʦʨʨʦʟʠʶ ʩʪʘʣʠ ʚ ʢʠʩʣʦʡ ʩʨʝʜʝ. Ŭ,ɓ-ʅʝʥʘʩʳʱʝʥʥʳʝ ʢʘʨʙʦʥʠʣʴʥʳʝ 

ʩʦʝʜʠʥʝʥʠʷ, ʩʦʜʝʨʞʘʱʠʝ ʙʝʥʟʦʣʴʥʦʝ ʢʦʣʴʮʦ ʭʦʨʦʰʦ ʘʜʩʦʨʙʠʨʫʶʪʩʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʩʪʘʣʠ. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʜʦʢʘʟʘʥʦ, ʯʪʦ ʧʦʣʠʤʝʨʠʟʘʮʠʷ Ŭ,ɓ-ʥʝʥʘʩʳʱʝʥʥʳʭ ʢʘʨʙʦʥʠʣʴʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʩʪʘʣʠ ʧʨʠ ʚʳʩʦʢʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʠ ʚ ʩʨʝʜʝ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʦʡ 

ʢʠʩʣʦʪʳ ʧʨʠʚʦʜʠʪ ʢ ʭʦʨʦʰʝʤʫ ʘʥʪʠʢʦʨʨʦʟʠʦʥʥʦʤʫ ʵʬʬʝʢʪʫ, ʯʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʩʪʨʦʝʥʠʝʤ Ŭ,ɓ-

ʥʝʥʘʩʳʱʝʥʥʳʭ ʢʘʨʙʦʥʠʣʴʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. 

ʇʨʝʜʣʦʞʝʥ ʩʧʦʩʦʙ ʧʦʣʫʯʝʥʠʷ ʩʪʦʡʢʦʛʦ ʢ ʚʳʩʦʢʠʤ ʪʝʤʧʝʨʘʪʫʨʘʤ ʠʥʛʠʙʠʪʦʨʘ ʢʦʨʨʦʟʠʠ 

ʥʘ ʦʩʥʦʚʝ ʯʝʪʚʝʨʪʠʯʥʦʡ ʘʤʤʦʥʠʝʚʦʡ ʩʦʣʠ ʦʩʥʦʚʘʥʠʷ ʄʘʥʥʠʭʘ ʠ ʝʛʦ ʧʨʠʤʝʥʝʥʠʝ [25]. ɺ 

ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʠʩʧʦʣʴʟʦʚʘʣʠ ʘʤʠʥʦʚʦʝ ʚʝʱʝʩʪʚʦ (ʠʥʜʦʣ, 

ʙʝʥʟʛʠʜʨʠʣʧʠʧʝʨʠʜʠʥ, ʜʠʬʝʥʠʣʵʪʠʣʘʤʠʥ, ʜʠʙʝʥʟʠʣʘʤʠʥ ʠʣʠ ʜʠʠʟʦʧʨʦʧʘʥʦʣʘʤʠʥ ʚ 

ʦʨʛʘʥʠʯʝʩʢʦʤ ʨʘʩʪʚʦʨʠʪʝʣʝ), ʘʣʴʜʝʛʠʜʥʦʝ ʚʝʱʝʩʪʚʦ (3-(2-ʪʠʝʥʠʣ)ʙʝʥʟʘʣʴʜʝʛʠʜ ʠʣʠ ʢʦʨʠʯʥʳʡ 

ʘʣʴʜʝʛʠʜ) ʠ  ʢʝʪʦʥʦʚʦʝ ʚʝʱʝʩʪʚʦ (ʙʝʥʟʘʣʘʮʝʪʦʥ, ʜʠʬʝʥʠʣʩʪʠʨʠʣʘʮʝʪʦʥ ʠʣʠ 1,1-

ʜʠʬʝʥʠʣʘʮʝʪʦʥ). ʇʨʦʮʝʩʩ ʧʨʦʩʪ ʠ ʦʩʫʱʝʩʪʚʠʤ, ʘ ʝʛʦ ʩʳʨʴʝ ʥʝʪʦʢʩʠʯʥʦ, ʙʝʟʦʧʘʩʥʦ ʠ 

ʵʢʦʣʦʛʠʯʝʩʢʠ ʯʠʩʪʦ, ʘ ʧʨʠʛʦʪʦʚʣʝʥʥʳʡ ʠʥʛʠʙʠʪʦʨ ʢʦʨʨʦʟʠʠ ʦʙʣʘʜʘʝʪ ʦʯʝʚʠʜʥʦʡ 

ʫʩʪʦʡʯʠʚʦʩʪʴʶ ʢ ʢʠʩʣʦʪʥʦʡ ʢʦʨʨʦʟʠʠ ʫʛʣʝʨʦʜʠʩʪʳʭ ʩʪʘʣʝʡ ʚ ʥʝʬʪʝʛʘʟʦʚʳʭ ʩʢʚʘʞʠʥʘʭ. 

ɺ ʨʘʙʦʪʝ [26] ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠʥʛʠʙʠʨʦʚʘʥʠʷ ʢʦʨʨʦʟʠʠ ʘʣʶʤʠʥʠʷ ʚ ʨʘʩʪʚʦʨʝ HCl 

ʯʝʪʳʨʝʭ ʥʦʚʳʭ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʦʩʥʦʚʘʥʠʡ ʄʘʥʥʠʭʘ (3-ʦʢʩʦ-3-ʬʝʥʠʣʛʠʜʨʦʭʣʦʨʠʜ N,N-

ʜʠʤʝʪʠʣʧʨʦʧʘʥʘʤʠʥʘ (MB1), 3,5-ʜʠʦʢʩʦ-5-ʬʝʥʠʣ-N,N-ʜʠʤʝʪʠʣʧʝʥʪʘʥʘʤʠʥ ʛʠʜʨʦʭʣʦʨʠʜ 

(MB2), 2,2-ʜʠʤʝʪʠʣ,3-ʦʢʩʦ-N,N-ʜʠʤʝʪʠʣʛʠʜʨʦʭʣʦʨʠʜ ʙʫʪʘʥʘʤʠʥʘ (MB3) ʠ 3-ʦʢʩʦ-N,N-

ʜʠʤʝʪʠʣʙʫʪʘʥʘʤʠʥʛʠʜʨʦʭʣʦʨʠʜ ((MB4) ʠʩʧʦʣʴʟʦʚʘʣʠ ʤʝʪʦʜʳ ʧʦʪʝʨʠ ʚʝʩʘ, ʪʝʨʤʦʤʝʪʨʠʯʝʩʢʠʝ 

ʠ ʧʦʪʝʥʮʠʦʤʝʪʨʠʯʝʩʢʠʝ ʤʝʪʦʜʳ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʥʛʠʙʠʪʦʨʘ ʚʦʟʨʘʩʪʘʝʪ ʩ 

ʫʚʝʣʠʯʝʥʠʝʤ ʢʦʥʮʝʥʪʨʘʮʠʠ ʠʥʛʠʙʠʪʦʨʘ.  

ʉʦʦʙʱʘʝʪʩʷ [27], ʯʪʦ ʣʘʪʫʥʴ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʤʘʪʝʨʠʘʣʘ ʜʣʷ 

ʠʟʛʦʪʦʚʣʝʥʠʷ ʪʨʫʙ ʢʦʥʜʝʥʩʘʪʦʨʦʚ, ʥʘʩʦʩʦʚ ʠ ʨʘʙʦʯʠʭ ʢʦʣʝʩ ʩʠʩʪʝʤ ʚʦʜʷʥʦʛʦ ʦʭʣʘʞʜʝʥʠʷ 

ʵʣʝʢʪʨʦʩʪʘʥʮʠʡ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʢʦʨʨʦʟʠʷ ʣʘʪʫʥʠ ʧʨʠʦʙʨʝʪʘʝʪ ʙʦʣʴʰʝʝ ʟʥʘʯʝʥʠʝ, ʧʦʩʢʦʣʴʢʫ 
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ʩʠʩʪʝʤʳ ʧʦʜʚʝʨʞʝʥʳ ʦʙʝʩʮʠʥʢʦʚʘʥʠʶ. ɸʟʦʣʴʥʳʝ ʩʦʝʜʠʥʝʥʠʷ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʚ ʢʘʯʝʩʪʚʝ 

ʠʥʛʠʙʠʪʦʨʦʚ, ʩʪʨʘʜʘʶʪ ʪʝʤ ʦʛʨʘʥʠʯʝʥʠʝʤ, ʯʪʦ ʦʥʠ ʧʦʜʚʝʨʞʝʥʳ ʨʘʟʣʦʞʝʥʠʶ ʦʢʠʩʣʷʶʱʠʤʠ 

ʙʠʦʮʠʜʘʤʠ ʥʘ ʦʩʥʦʚʝ ʛʘʣʦʛʝʥʦʚ, ʢʦʪʦʨʳʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʢʦʥʪʨʦʣʷ ʤʠʢʨʦʙʥʦʛʦ ʨʦʩʪʘ. ʕʪʦ 

ʧʨʠʚʦʜʠʪ ʢ ʜʦʧʦʣʥʠʪʝʣʴʥʦʤʫ ʩʧʨʦʩʫ ʥʘ ʦʢʠʩʣʷʶʱʠʡ ʙʠʦʮʠʜ ʠ ʫʚʝʣʠʯʝʥʠʶ ʧʦʪʨʝʙʣʝʥʠʷ 

ʭʠʤʠʢʘʪʦʚ ʚ ʩʠʩʪʝʤʝ ʦʭʣʘʞʜʘʶʱʝʡ ʚʦʜʳ, ʯʪʦ ʪʨʝʙʫʝʪ ʨʘʟʨʘʙʦʪʢʠ ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ 

ʠʥʛʠʙʠʪʦʨʦʚ ʜʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʢʦʨʨʦʟʠʠ ʣʘʪʫʥʠ ʚ ʩʠʩʪʝʤʘʭ ʦʭʣʘʞʜʘʶʱʝʡ ʚʦʜʳ. ʎʝʣʴʶ 

ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʦʮʝʥʢʘ ʧʨʠʛʦʜʥʦʩʪʠ ʧʨʦʠʟʚʦʜʥʳʭ ʦʩʥʦʚʘʥʠʷ ʄʘʥʥʠʭʘ, ʘ ʠʤʝʥʥʦ 4-ʤʝʪʠʣ-2-

ʬʦʨʤʠʣ-6-(ʧʠʧʝʨʠʜʠʥ-1-ʠʣʤʝʪʠʣ)ʬʝʥʦʣʘ (ʄʌʌʇ) ʠ 4-ʤʝʪʠʣ-2-ʬʦʨʤʠʣ-6-(ʤʦʨʬʦʣʠʥ-1-

ʠʣʤʝʪʠʣ)ʬʝʥʦʣ (MFMP) ʚ ʢʘʯʝʩʪʚʝ ʠʥʛʠʙʠʪʦʨʦʚ ʢʦʨʨʦʟʠʠ ʣʘʪʫʥʠ ʚ ʩʠʩʪʝʤʘʭ ʚʦʜʷʥʦʛʦ 

ʦʭʣʘʞʜʝʥʠʷ ʚ ʩʤʦʜʝʣʠʨʦʚʘʥʥʳʭ ʫʩʣʦʚʠʷʭ. ʆʙʘ ʩʦʝʜʠʥʝʥʠʷ ʧʨʦʷʚʣʷʶʪ ʭʦʨʦʰʫʶ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʥʛʠʙʠʨʦʚʘʥʠʷ ʢʦʨʨʦʟʠʠ ʣʘʪʫʥʠ ʚ ʨʘʟʣʠʯʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ. 

ʀʭ ʩʧʦʩʦʙʥʦʩʪʴ ʨʘʙʦʪʘʪʴ ʚ ʢʘʯʝʩʪʚʝ ʩʘʤʦʠʥʜʠʢʘʪʦʨʘ ʧʦʤʦʛʘʝʪ ʚ ʥʝʧʨʝʨʳʚʥʦʤ ʤʦʥʠʪʦʨʠʥʛʝ 

ʩʠʩʪʝʤ ʚʦʜʷʥʦʛʦ ʦʭʣʘʞʜʝʥʠʷ. 

ʅʦʚʦʝ ʩʠʥʪʝʟʠʨʦʚʘʥʥʦʝ ʦʩʥʦʚʘʥʠʝ ʄʘʥʥʠʭʘ ï ʘʤʠʠʥʦʮʠʢʣʦʛʝʢʩʘʥ-N'-ʤʝʪʠʣʤʦʯʝʚʠʥʘ 

(ɸʂʄʋ) ʙʳʣʦ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʦ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʧʝʢʪʨʦʚ FT-IR, H
1
NMR ʠ C

13
NMR, ʘ 

ʪʘʢʞʝ ʙʳʣʦ ʠʩʧʳʪʘʥʦ ʚ ʢʘʯʝʩʪʚʝ ʠʥʛʠʙʠʪʦʨʘ ʢʦʨʨʦʟʠʠ ʤʷʛʢʦʡ ʩʪʘʣʠ ʚ 1 N ʩʝʨʥʦʡ ʢʠʩʣʦʪʝ 

[28]. ʀʥʛʠʙʠʪʦʨʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʵʪʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʧʨʦʚʦʜʠʣʠ ʤʝʪʦʜʦʤ ʧʦʪʝʨʠ ʤʘʩʩʳ ʚ 

ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ 303ï333 ʂ, ʧʦʪʝʥʮʠʦʜʠʥʘʤʠʯʝʩʢʦʡ ʧʦʣʷʨʠʟʘʮʠʝʡ ʠ ʤʝʪʦʜʘʤʠ 

ʧʝʨʝʤʝʥʥʦʛʦ ʠʤʧʝʜʘʥʩʘ. ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʠʥʛʠʙʠʨʦʚʘʥʠʷ ʫʚʝʣʠʯʠʚʘʣʘʩʴ ʩ ʫʚʝʣʠʯʝʥʠʝʤ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʠʥʛʠʙʠʪʦʨʘ ʠ ʩʥʠʞʘʣʘʩʴ ʩ ʧʦʚʳʰʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ. ʇʦʪʝʥʮʠʦʜʠʥʘʤʠʯʝʩʢʠʝ 

ʧʦʣʷʨʠʟʘʮʠʦʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ɸʂʄʋ ʷʚʣʷʝʪʩʷ ʠʥʛʠʙʠʪʦʨʦʤ ʩʤʝʰʘʥʥʦʛʦ 

ʪʠʧʘ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʠʤʧʝʜʘʥʩʘ ʧʦ ʧʝʨʝʤʝʥʥʦʤʫ ʪʦʢʫ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʢʦʨʨʦʟʠʷ ʩʪʘʣʠ ʚ 

ʦʩʥʦʚʥʦʤ ʢʦʥʪʨʦʣʠʨʫʝʪʩʷ ʧʨʦʮʝʩʩʦʤ ʧʝʨʝʥʦʩʘ ʟʘʨʷʜʘ. ʇʦʚʝʨʭʥʦʩʪʥʳʡ ʘʥʘʣʠʟ ʧʨʦʚʦʜʠʣʠ ʩ 

ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ ʉʕʄ. ɸʜʩʦʨʙʮʠʷ ʠʥʛʠʙʠʪʦʨʘ ʧʨʦʪʝʢʘʝʪ ʧʦ ʠʟʦʪʝʨʤʘʤ ʘʜʩʦʨʙʮʠʠ ʊʝʤʧʢʠʥʘ 

ʠ ʃʝʥʛʤʶʨʘ. 

ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʠʥʛʠʙʠʨʦʚʘʥʠʷ ʢʦʨʨʦʟʠʠ ʧʨʦʠʟʚʦʜʥʳʤ ʪʠʦʤʦʯʝʚʠʥʳ 1-[ʤʦʨʬʦʣʠʥ-4-

ʠʣ(ʬʝʥʠʣ)ʤʝʪʠʣ]ʪʠʦʤʦʯʝʚʠʥʳ (ʄʇʄʊ) ʜʣʷ ʥʠʟʢʦʫʛʣʝʨʦʜʠʩʪʦʡ ʩʪʘʣʠ ʚ 0,5 ʄ HCl 

ʠʩʩʣʝʜʦʚʘʥʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ 303 ʂ, 313 ʂ, 323 ʂ ʠ 333 ʂ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʤʝʪʦʜʠʢ, ʪʘʢʠʭ  ʢʘʢ ʠʟʤʝʨʝʥʠʷ ʧʦʪʝʥʮʠʦʜʠʥʘʤʠʯʝʩʢʦʡ ʧʦʣʷʨʠʟʘʮʠʠ ʠ 

ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʛʦ ʠʤʧʝʜʘʥʩʘ (EIS) ʠ ʤʝʪʦʜ ʪʝʦʨʠʠ ʬʫʥʢʮʠʦʥʘʣʘ ʧʣʦʪʥʦʩʪʠ 

[29]. ʈʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʧʨʦʠʟʚʦʜʥʦʝ ʪʠʦʤʦʯʝʚʠʥʳ ʷʚʣʷʝʪʩʷ ʧʨʝʚʦʩʭʦʜʥʳʤ 

ʠʥʛʠʙʠʪʦʨʦʤ ʢʦʨʨʦʟʠʠ ʤʷʛʢʦʡ ʩʪʘʣʠ. ʀʟʫʯʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʥʛʠʙʠʨʦʚʘʥʠʷ ʠʥʛʠʙʠʪʦʨʦʤ 

ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʜʦ 323 ʂ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʥʛʠʙʠʨʦʚʘʥʠʷ 

ʚʦʟʨʘʩʪʘʣʘ, ʘ ʧʨʠ 333 ʂ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʥʛʠʙʠʨʦʚʘʥʠʷ ʩʥʠʞʘʣʘʩʴ ʟʘ ʩʯʝʪ ʜʝʩʦʨʙʮʠʠ 

ʠʥʛʠʙʠʪʦʨʘ. ʀʥʛʠʙʠʪʦʨ MʇMT ʧʦʢʘʟʳʚʘʝʪ ʤʘʢʩʠʤʘʣʴʥʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʥʛʠʙʠʨʦʚʘʥʠʷ 

ʢʦʨʨʦʟʠʠ 91,08% ʠ 91,2% ʧʨʠ ʢʦʥʮʝʥʪʨʘʮʠʠ 1000 ʯʘʩʪʝʡ ʥʘ ʤʠʣʣʠʦʥ ʧʨʠ 323 K ʩʦʛʣʘʩʥʦ 

ʠʟʤʝʨʝʥʠʷʤ PDP ʠ EIS ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʀʟʤʝʨʝʥʠʷ ʇɼʌ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʄʇʄʊ ʜʝʡʩʪʚʫʝʪ ʢʘʢ 

ʠʥʛʠʙʠʪʦʨ ʩʤʝʰʘʥʥʦʛʦ ʪʠʧʘ, ʚʢʣʶʯʘʶʱʠʡ ʢʘʢ ʬʠʟʠʯʝʩʢʫʶ ʩʦʨʙʮʠʶ, ʪʘʢ ʠ 

ʭʝʤʦʩʦʨʙʮʠʶ. ʕʪʦ ʪʘʢʞʝ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʩʪʘʥʜʘʨʪʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʩʚʦʙʦʜʥʦʡ ʵʥʝʨʛʠʠ 

ʘʜʩʦʨʙʮʠʠ (ʦʪ ī 31,14 ʜʦ ī 36,68 ʢɼʞ/ʤʦʣʴ). ɸʜʩʦʨʙʮʠʷ ʄʇʄʊ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʄʉ 

ʧʦʜʯʠʥʷʝʪʩʷ ʠʟʦʪʝʨʤʝ ʘʜʩʦʨʙʮʠʠ ʃʝʥʛʤʶʨʘ ʧʨʠ ʚʩʝʭ ʪʝʤʧʝʨʘʪʫʨʘʭ. ɿʥʘʯʝʥʠʷ ʨʝʛʨʝʩʩʠʠ (RĮ), 

ʧʦʣʫʯʝʥʥʳʝ ʠʟ ʛʨʘʬʠʢʘ ʠʟʦʪʝʨʤʳ ʘʜʩʦʨʙʮʠʠ, ʙʣʠʟʢʠ ʢ ʝʜʠʥʠʮʝ. ʄʦʨʬʦʣʦʛʠʶ ʧʦʚʝʨʭʥʦʩʪʠ 

ʥʝʠʥʛʠʙʠʨʦʚʘʥʥʳʭ ʠ ʠʥʛʠʙʠʨʦʚʘʥʥʳʭ ʦʙʨʘʟʮʦʚ ʤʷʛʢʦʡ ʩʪʘʣʠ ʘʥʘʣʠʟʠʨʦʚʘʣʠ ʩ ʧʦʤʦʱʴʶ 

ʩʢʘʥʠʨʫʶʱʝʡ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ (ʉʕʄ), ʵʥʝʨʛʦʜʠʩʧʝʨʩʠʦʥʥʦʡ ʨʝʥʪʛʝʥʦʚʩʢʦʡ 

ʩʧʝʢʪʨʦʩʢʦʧʠʠ (ʕɼʉ) ʠ ʋʌ-ʚʠʜʠʤʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ. ɼʦʣʷ ʧʝʨʝʥʦʩʘ ʵʣʝʢʪʨʦʥʦʚ æN, 

ʧʦʣʫʯʝʥʥʘʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʩʦʩʪʘʚʣʷʝʪ 0,5417, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ 

ʙʦʣʝʝ ʚʳʩʦʢʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʤʦʣʝʢʫʣʳ ʠʥʛʠʙʠʪʦʨʘ ʦʪʜʘʚʘʪʴ ʵʣʝʢʪʨʦʥʳ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ 

ʤʝʪʘʣʣʘ. 

ɺ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ, ʧʦʣʫʯʝʥʥʳʝ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʜʚʫʭ ʢʝʪʦʥʦʚʳʭ 

ʦʩʥʦʚʘʥʠʡ ʄʘʥʥʠʭʘ (ɺʄ1 ʠ ɺʄ2) ʚ ʢʘʯʝʩʪʚʝ ʠʥʛʠʙʠʪʦʨʦʚ ʢʦʨʨʦʟʠʠ ʚ ʩʦʣʝʚʦʤ ʨʘʩʪʚʦʨʝ 

(ʩʪʘʥʜʘʨʪʥʘʷ ʤʦʨʩʢʘʷ ʚʦʜʘ - 3,5% NaCl) ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʤʘʨʦʢ ʩʪʘʣʠ, ʩ ʨʘʟʣʠʯʥʳʤʠ 
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ʣʝʛʠʨʫʶʱʠʤʠ ʵʣʝʤʝʥʪʘʤʠ [30]. ʕʢʩʧʝʨʠʤʝʥʪʳ ʧʦ ʢʦʨʨʦʟʠʠ ʧʨʦʚʦʜʠʣʠʩʴ ʩ ʧʦʤʦʱʴʶ 

ʧʦʪʝʥʮʠʦʜʠʥʘʤʠʯʝʩʢʠʭ ʧʦʣʷʨʠʟʘʮʠʦʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. ʇʦ ʧʦʣʷʨʠʟʘʮʠʦʥʥʳʤ ʢʨʠʚʳʤ 

ʨʘʩʩʯʠʪʳʚʘʣʠ ʧʣʦʪʥʦʩʪʴ ʠ ʩʢʦʨʦʩʪʴ ʪʦʢʘ ʢʦʨʨʦʟʠʠ. ʆʮʝʥʝʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʥʛʠʙʠʪʦʨʦʚ ʠ 

ʦʙʩʫʞʜʝʥʳ ʤʝʭʘʥʠʟʤʳ ʟʘʱʠʪʳ. 

ʆʩʥʦʚʘʥʠʝ ʄʘʥʥʠʭʘ - N-(4-(ʤʦʨʬʦʣʠʥʦʤʝʪʠʣʢʘʨʙʘʤʦʠʣʬʝʥʠʣ)ʬʫʨʘʥ-2-ʢʘʨʙʦʢʩʘʤʠʜ 

(MFC), ʙʳʣʦ ʩʠʥʪʝʟʠʨʦʚʘʥʦ ʠ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʦ ʩ ʧʦʤʦʱʴʶ FT-IR, 
1
H ʗʄʈ ʠ 

13
C ʗʄʈ. 

ʄʦʣʝʢʫʣʷʨʥʘʷ ʤʘʩʩʘ MFC ʙʳʣʘ ʧʦʜʪʚʝʨʞʜʝʥʘ ʩ ʧʦʤʦʱʴʶ ɻɾʍ-ʄʉ [31]. ʀʥʛʠʙʠʨʫʶʱʝʝ 

ʜʝʡʩʪʚʠʝ MFC ʥʘ ʣʘʪʫʥʴ ʚ ʩʨʝʜʝ 1 M HCl ʙʳʣʦ ʠʩʩʣʝʜʦʚʘʥʦ ʩ ʧʦʤʦʱʴʶ ʠʟʤʝʨʝʥʠʷ ʧʦʪʝʨʠ 

ʚʝʩʘ, ʧʦʪʝʥʮʠʦʜʠʥʘʤʠʯʝʩʢʦʡ ʧʦʣʷʨʠʟʘʮʠʠ, ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʛʦ ʠʤʧʝʜʘʥʩʘ 

(EIS) ʠ ʮʠʢʣʠʯʝʩʢʦʡ ʚʦʣʴʪʘʤʝʪʨʠʠ (CV).ʊʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ, ʪʘʢʠʝ ʢʘʢ ʩʚʦʙʦʜʥʘʷ 

ʵʥʝʨʛʠʷ, ʵʥʪʨʦʧʠʷ ʠ ʵʥʪʘʣʴʧʠʷ, ʙʳʣʠ ʨʘʩʩʯʠʪʘʥʳ ʜʣʷ ʦʧʠʩʘʥʠʷ ʤʝʭʘʥʠʟʤ ʠʥʛʠʙʠʪʦʨʘ 

ʢʦʨʨʦʟʠʠ. ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʠʥʛʠʙʠʨʦʚʘʥʠʷ MFC ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʠ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 30-60ÁC. ʇʦʣʷʨʠʟʘʮʠʦʥʥʳʝ ʠʟʤʝʨʝʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ MFC 

ʜʝʡʩʪʚʫʝʪ ʢʘʢ ʠʥʛʠʙʠʪʦʨ ʢʦʨʨʦʟʠʠ ʩʤʝʰʘʥʥʦʛʦ ʪʠʧʘ. ʉʦʧʨʦʪʠʚʣʝʥʠʝ ʧʝʨʝʤʝʥʥʦʤʫ ʪʦʢʫ 

ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʟʥʘʯʝʥʠʝ Rct ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʚ ʢʦʥʮʝʥʪʨʘʮʠʠ ʠʥʛʠʙʠʪʦʨʘ. CV 

ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʦʢʠʩʣʝʥʠʝ ʤʝʜʠ ʢʦʥʪʨʦʣʠʨʫʝʪʩʷ ʜʦʙʘʚʣʝʥʠʝʤ ʠʥʛʠʙʠʪʦʨʘ ʢ ʤʝʪʘʣʣʠʯʝʩʢʦʡ 

ʣʘʪʫʥʠ. ɸʥʘʣʠʟ ʧʦʚʝʨʭʥʦʩʪʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʢʘʥʠʨʫʶʱʠʭ ʵʣʝʢʪʨʦʥʦʚ mi ʢʨʦʩʢʦʧ (ʉʕʄ) 

ʧʦʢʘʟʳʚʘʝʪ ʟʥʘʯʠʪʝʣʴʥʦʝ ʫʣʫʯʰʝʥʠʝ ʤʦʨʬʦʣʦʛʠʠ ʧʦʚʝʨʭʥʦʩʪʠ ʣʘʪʫʥʠ ʧʨʠ ʜʦʙʘʚʣʝʥʠʠ 

ʠʥʛʠʙʠʪʦʨʘ. ɸʜʩʦʨʙʮʠʷ ʄʌʎ ʥʘ ʣʘʪʫʥʠ ʧʦʜʯʠʥʷʝʪʩʷ ʠʟʦʪʝʨʤʝ ʘʜʩʦʨʙʮʠʠ ʃʝʥʛʤʶʨʘ. 

ʄʦʣʝʢʫʣʷʨʥʘʷ ʩʪʨʫʢʪʫʨʘ MFC ʙʳʣʘ ʠʩʢʘʞʝʥʘ ʜʦ ʢʚʘʥʪʦʚʦ-ʭʠʤʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʝʦʨʠʠ ʬʫʥʢʮʠʦʥʘʣʘ ʧʣʦʪʥʦʩʪʠ (DFT), ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʪʦ, ʯʪʦ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʥʛʠʙʠʨʦʚʘʥʠʷ MFC ʪʝʩʥʦ ʩʚʷʟʘʥʘ ʩ ʢʚʘʥʪʦʚʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ. 

 
 

ʈʘʟʨʘʙʦʪʘʥ ʥʦʚʳʡ ʠʥʛʠʙʠʪʦʨ ʥʘ ʦʩʥʦʚʝ ʩʤʝʰʘʥʥʦʛʦ ʦʩʥʦʚʘʥʠʷ ʄʘʥʥʠʭʘ (C15H15NO) ʠ 

Na2WO4 ʜʣʷ ʟʘʱʠʪʳ ʩʪʘʣʠ N80 ʦʪ ʢʦʨʨʦʟʠʠ ʚ ʨʘʩʪʚʦʨʝ ʩʦʣʷʥʦʡ ʢʠʩʣʦʪʳ [32]. ʀʥʬʨʘʢʨʘʩʥʳʡ 

ʩʧʝʢʪʨ, ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʝ ʠʟʤʝʨʝʥʠʷ, ʨʝʥʪʛʝʥʦʚʩʢʘʷ ʬʦʪʦʵʣʝʢʪʨʦʥʥʘʷ ʩʧʝʢʪʨʦʩʢʦʧʠʷ ʠ 

ʩʢʘʥʠʨʫʶʱʘʷ ʵʣʝʢʪʨʦʥʥʘʷ ʤʠʢʨʦʩʢʦʧʠʷ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʜʣʷ ʧʦʥʠʤʘʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ 

ʤʝʭʘʥʠʟʤʘ ʠʥʛʠʙʠʨʦʚʘʥʠʷ. ʈʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʩʤʝʰʘʥʥʳʝ ʠʥʛʠʙʠʪʦʨʳ ʩʥʠʞʘʶʪ 

ʧʣʦʪʥʦʩʪʴ ʪʦʢʘ ʢʦʨʨʦʟʠʠ ʠ ʧʦʚʳʰʘʶʪ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ ʨʘʟʜʝʣʘ. ʕʬʬʝʢʪʠʚʥʦʩʪʴ 

ʠʥʛʠʙʠʨʦʚʘʥʠʷ ʤʘʢʩʠʤʘʣʴʥʘ ʧʨʠ ʩʦʦʪʥʦʰʝʥʠʠ C15H15NO ʢ Na2WO4 ʚ ʩʤʝʩʠ 1:1. ʇʨʠ 

ʥʘʙʣʶʜʝʥʠʠ ʩ ʧʦʚʝʨʭʥʦʩʪʝʡ ʢʦʣʠʯʝʩʪʚʦ ʷʤʦʢ ʠ ʤʝʣʢʠʭ ʪʨʝʱʠʥ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʫʤʝʥʴʰʘʣʦʩʴ 

ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʦʧʪʠʤʠʟʠʨʦʚʘʥʥʳʭ ʠʥʛʠʙʠʪʦʨʦʚ. ʀʥʛʠʙʠʨʫʶʱʘʷ ʧʣʝʥʢʘ ʤʦʞʝʪ ʫʩʧʝʰʥʦ 

ʧʨʝʧʷʪʩʪʚʦʚʘʪʴ ʧʨʦʥʠʢʥʦʚʝʥʠʶ ʠʦʥʦʚ ʭʣʦʨʠʜʘ ʚ ʦʙʲʝʤʥʫʶ ʩʪʘʣʴ. 

ʇʨʠʤʝʥʝʥʠʝ ʦʩʥʦʚʘʥʠʡ ʄʘʥʥʠʭʘ ʚ ʢʘʯʝʩʪʚʝ ʠʥʛʠʙʠʪʦʨʦʚ ʢʦʨʨʦʟʠʠ ʪʘʢʞʝ 

ʦʙʩʫʞʜʘʣʦʩʴ ʚ ʨʘʙʦʪʘʭ [33-35].  

ɺ ʧʘʪʝʥʪʝ [36] ʧʨʝʜʣʦʞʝʥ ʠʥʛʠʙʠʪʦʨ ʢʦʨʨʦʟʠʠ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʧʣʘʩʪʦʚʦʡ ʚʦʜʳ 

ʥʝʬʪʷʥʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ, ʢʦʪʦʨʳʡ ʩʦʜʝʨʞʠʪ ʛʨʫʧʧʫ ʠʤʠʜʘʟʦʣʠʥʘ ʠ ʛʨʫʧʧʫ ʬʦʩʬʦʥʦʚʦʡ 

ʢʠʩʣʦʪʳ. ɺ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʠʩʧʦʣʴʟʦʚʘʣʠ ʜʠʵʪʠʣʝʥʪʨʠʘʤʠʥ, ʦʣʝʠʥʦʚʫʶ 

ʢʠʩʣʦʪʫ, ʛʝʪʝʨʦʧʦʣʠʢʠʩʣʦʪʫ, ʩʣʫʞʘʱʫʶ ʢʘʪʘʣʠʟʘʪʦʨʦʤ, ʠ ʜʠʤʝʪʠʣʙʝʥʟʦʣ, ʩʣʫʞʘʱʝʡ 
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ʚʦʜʦʥʦʩʠʪʝʣʝʤ, ʇʦʢʘʟʘʥʦ, ʯʪʦ ʠʥʛʠʙʠʪʦʨ ʢʦʨʨʦʟʠʠ ʠʤʝʝʪ ʚʳʩʦʢʫʶ ʩʢʦʨʦʩʪʴ ʠʥʛʠʙʠʨʦʚʘʥʠʷ 

ʢʦʨʨʦʟʠʠ, ʣʝʛʢʦ ʨʘʩʪʚʦʨʷʝʪʩʷ ʚ ʚʦʜʝ ʠ ʤʦʜʠʬʠʮʠʨʫʝʪʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʝʰʝʚʦʛʦ ʩʳʨʴʷ; ʠ 

ʥʠʟʢʫʶ ʩʪʦʠʤʦʩʪʴ ʧʨʠʛʦʪʦʚʣʝʥʠʷ. 

ʀʥʛʠʙʠʨʦʚʘʥʠʝ ʢʦʨʨʦʟʠʠ ʤʷʛʢʦʡ ʩʪʘʣʠ ʚ ʨʘʩʪʚʦʨʝ ʩʦʣʷʥʦʡ ʢʠʩʣʦʪʳ ʦʩʫʱʝʩʪʚʣʷʣʠ 

ʜʚʫʤʷ ʧʠʨʘʟʦʣʢʘʨʙʦʢʩʘʤʠʜʘʤʠ, ʥʘʟʚʘʥʥʳʤʠ 5-(4-(ʜʠʤʝʪʠʣʘʤʠʥʦ)ʬʝʥʠʣ)-3-ʬʝʥʠʣ-4,5-

ʜʠʛʠʜʨʦ-1ʅ-ʧʠʨʘʟʦʣ-1-ʢʘʨʙʦʢʩʘʤʠʜ ɼʇʂ-1 ʠ (E)-5-(4-(ʜʠʤʝʪʠʣʘʤʠʥʦ)ʬʝʥʠʣ)-3-(4-

(ʜʠʤʝʪʠʣʘʤʠʥʦ)ʩʪʠʨʠʣ)-4,5-ʜʠʛʠʜʨʦ-1H-ʧʠʨʘʟʦʣ-1-ʢʘʨʙʦʢʩʘʤʠʜ ɼʇʂ-2 ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʠʟʤʝʨʝʥʠʡ ʧʦʪʝʨʠ ʚʝʩʘ, ʧʦʣʷʨʠʟʘʮʠʦʥʥʳʭ ʢʨʠʚʳʭ ʊʘʬʝʣʷ ʠ ʩʧʝʢʪʨʦʩʢʦʧʠʷ 

ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʛʦ ʠʤʧʝʜʘʥʩʘ (ʕʀʉ) [37]. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ɼʇʂ-1 

ʠ ɼʇʂ-2 ʷʚʣʷʶʪʩʷ ʵʬʬʝʢʪʠʚʥʳʤʠ ʠʥʛʠʙʠʪʦʨʘʤʠ ʢʦʨʨʦʟʠʠ ʚ 1 ʤʦʣʴ/ʣ  ʨʘʩʪʚʦʨʘ 

HCl. ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʠʥʛʠʙʠʨʦʚʘʥʠʷ ɖ (%) ʫʚʝʣʠʯʠʚ
ï 1

 ʘʝʪʩʷ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʠʥʛʠʙʠʪʦʨʦʚ ʠ ʜʦʩʪʠʛʘʝʪ 84,56 % ʧʨʠ 4 Ĭ 10
ï4

 ʤʦʣʴ/ʣ  ʠ 80 % ʧʨʠ 1,6 Ĭ 10
ï4 .
ʤʦʣʴ/ʣ ʜʣʷ ɼʇʂ-1 

ʠ ɼʇʂ-2 ʧʨʠ 303 ʂ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɸʜʩʦʨʙʮʠʷ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʧʠʨʘʟʦʣʦʚ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʄʉ ʧʦʜʯʠʥʷʝʪʩʷ ʠʟʦʪʝʨʤʝ ʘʜʩʦʨʙʮʠʠ ʃʝʥʛʤʶʨʘ. ʂʨʠʚʳʝ ʧʦʣʷʨʠʟʘʮʠʠ ʊʘʬʝʣʷ ʧʦʢʘʟʳʚʘʶʪ, 

ʯʪʦ ʦʙʘ ʩʦʝʜʠʥʝʥʠʷ ʜʝʡʩʪʚʫʶʪ ʢʘʢ ʠʥʛʠʙʠʪʦʨʳ ʩʤʝʰʘʥʥʦʛʦ ʪʠʧʘ, ʘ ʩʧʝʢʪʨʳ EIS ʧʦʢʘʟʳʚʘʶʪ 

ʫʚʝʣʠʯʝʥʠʝ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʧʝʨʝʥʦʩʫ ʩ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʠʥʛʠʙʠʪʦʨʦʚ. ɸʥʘʣʠʟ ʧʦʚʝʨʭʥʦʩʪʠ 

SEM ʧʦʢʘʟʳʚʘʝʪ ʦʙʨʘʟʦʚʘʥʠʝ ʟʘʱʠʪʥʦʡ ʦʨʛʘʥʠʯʝʩʢʦʡ ʧʣʝʥʢʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʩʪʘʣʠ. ɺʟʘʠʤʦʩʚʷʟʴ ʤʝʞʜʫ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ ʠʥʛʠʙʠʨʦʚʘʥʠʷ ʧʠʨʘʟʦʣʦʚ ʠ ʠʭ ʩʪʨʫʢʪʫʨʥʳʤʠ 

ʧʘʨʘʤʝʪʨʘʤʠ ʙʳʣʘ ʠʩʩʣʝʜʦʚʘʥʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʩʯʝʪʦʚ DFT. 

 
ʉʠʥʪʝʟʠʨʦʚʘʥʳ ʠ ʠʩʩʣʝʜʦʚʘʥʳ ʧʨʦʠʟʚʦʜʥʳʝ D-ʛʣʶʢʦʟʳ ʜʠʛʠʜʨʦʧʠʨʠʜʦ-[2,3-d:6,5-d']-

ʜʠʧʠʨʠʤʠʜʠʥ-2,4,6,8(1H,3H,5H,7H)-ʪʝʪʨʘʦʥʘ (GPH). ʚ ʢʘʯʝʩʪʚʝ ʠʥʛʠʙʠʪʦʨʦʚ ʢʦʨʨʦʟʠʠ 

ʤʷʛʢʦʡ ʩʪʘʣʠ ʚ 1ʄ ʨʘʩʪʚʦʨʝ HCl ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʛʨʘʚʠʤʝʪʨʠʯʝʩʢʠʭ, ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʭ, 

ʧʦʚʝʨʭʥʦʩʪʥʳʭ, ʢʚʘʥʪʦʚʦ-ʭʠʤʠʯʝʩʢʠʭ ʨʘʩʯʝʪʦʚ ʠ ʤʝʪʦʜʦʚ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʄʦʥʪʝ-ʂʘʨʣʦ 

[38]. ʇʦʨʷʜʦʢ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʥʛʠʙʠʨʦʚʘʥʠʷ GPH-3 > GPH-2 > GPH-1. ʈʝʟʫʣʴʪʘʪʳ ʪʘʢʞʝ 

ʧʦʢʘʟʘʣʠ, ʯʪʦ ʤʦʣʝʢʫʣʳ ʠʥʛʠʙʠʪʦʨʘ ʩ ʚʳʩʚʦʙʦʞʜʝʥʠʝʤ ʵʣʝʢʪʨʦʥʦʚ (-OH, -OCH3) 

ʟʘʤʝʩʪʠʪʝʣʠ ʧʨʦʷʚʣʷʶʪ ʙʦʣʝʝ ʚʳʩʦʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ, ʯʝʤ ʠʩʭʦʜʥʘʷ ʤʦʣʝʢʫʣʘ ʙʝʟ ʢʘʢʠʭ-

ʣʠʙʦ ʟʘʤʝʩʪʠʪʝʣʝʡ. ʇʦʣʷʨʠʟʘʮʠʦʥʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʦʟʚʦʣʷʝʪ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ 

ʠʩʩʣʝʜʫʝʤʳʝ ʩʦʝʜʠʥʝʥʠʷ ʦʪʥʦʩʷʪʩʷ ʢ ʩʤʝʰʘʥʥʦʤʫ ʪʠʧʫ, ʥʦ ʧʨʦʷʚʣʷʶʪ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ 

ʢʘʪʦʜʥʦʝ ʠʥʛʠʙʠʨʫʶʱʝʝ ʜʝʡʩʪʚʠʝ. ɸʜʩʦʨʙʮʠʷ ʵʪʠʭ ʩʦʝʜʠʥʝʥʠʡ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʤʷʛʢʦʡ ʩʪʘʣʠ 

ʧʦʜʯʠʥʷʝʪʩʷ ʠʟʦʪʝʨʤʝ ʘʜʩʦʨʙʮʠʠ ʃʝʥʛʤʶʨʘ. ɸʥʘʣʠʟʳ SEM, EDX ʠ AFM ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʜʣʷ 

ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʠʥʛʠʙʠʨʫʶʱʝʛʦ ʜʝʡʩʪʚʠʷ ʤʦʣʝʢʫʣ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʤʷʛʢʦʡ ʩʪʘʣʠ.  
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ɺ ʨʘʙʦʪʝ [39] ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ, ʧʦʣʫʯʝʥʥʳʝ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʦʩʥʦʚʘʥʠʡ 

ʄʘʥʥʠʭʘ (ʠ ʠʭ ʧʨʦʠʟʚʦʜʥʳʭ) ʚ ʢʘʯʝʩʪʚʝ ʠʥʛʠʙʠʪʦʨʦʚ ʢʦʨʨʦʟʠʠ ʚ ʩʦʣʝʚʳʭ ʩʨʝʜʘʭ ʜʣʷ 

ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʩʪʘʣʝʡ, ʩ ʨʘʟʣʠʯʥʳʤʠ ʣʝʛʠʨʫʶʱʠʤʠ ʵʣʝʤʝʥʪʘʤʠ. ʆʩʥʦʚʘʥʠʷ ʄʘʥʥʠʭʘ 

(ʢʝʪʦʥʦʚʳʝ ʩʦʝʜʠʥʝʥʠʷ ʩ ʥʘʬʪʝʥʦʚʳʤʠ ʠ ʘʟʦʪʩʦʜʝʨʞʘʱʠʤʠ ʢʦʣʴʮʘʤʠ) ʙʳʣʠ ʩʠʥʪʝʟʠʨʦʚʘʥʳ 

ʢʘʢ ʪʘʢʦʚʳʝ (ʧʦʣʷʨʥʳʝ) ʠ ʚ ʚʠʜʝ ʭʣʦʨʛʠʜʨʘʪʦʚ (ʠʦʥʥʳʝ) ʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʧʦ 

ʢʦʨʨʦʟʠʠ ʚ ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʦʪ 0 ʜʦ 1300 ppm. ʕʢʩʧʝʨʠʤʝʥʪʳ ʧʦ ʢʦʨʨʦʟʠʠ ʧʨʦʚʦʜʠʣʠʩʴ ʩ 

ʧʦʤʦʱʴʶ ʧʦʪʝʥʮʠʦʜʠʥʘʤʠʯʝʩʢʠʭ ʧʦʣʷʨʠʟʘʮʠʦʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. ʇʦ ʧʦʣʷʨʠʟʘʮʠʦʥʥʳʤ 

ʢʨʠʚʳʤ ʨʘʩʩʯʠʪʳʚʘʣʠ ʧʣʦʪʥʦʩʪʴ ʠ ʩʢʦʨʦʩʪʴ ʪʦʢʘ ʢʦʨʨʦʟʠʠ. ʆʮʝʥʠʚʘʣʘʩʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʠʥʛʠʙʠʪʦʨʘ ʠ ʥʘ ʦʩʥʦʚʘʥʠʠ ʵʪʠʭ ʟʥʘʯʝʥʠʡ ʦʙʩʫʞʜʘʣʠʩʴ ʤʝʭʘʥʠʟʤʳ ʟʘʱʠʪʳ. 

 ʅʦʚʳʡ ʠʥʛʠʙʠʪʦʨ 2,6-ʜʠʭʣʦʨ-3-ʬʪʦʨʘʮʝʪʦʬʝʥʦʥʘʣʘʤʠʥ (ɼʌɸʌɸ) ʙʳʣ ʩʠʥʪʝʟʠʨʦʚʘʥ 

ʚ ʨʝʘʢʮʠʷ ʄʘʥʥʠʭʘ ʤʝʞʜʫ ʵʪʠʣʝʥʜʠʘʤʠʥʦʤ, ʧʘʨʘʬʦʨʤʘʣʴʜʝʛʠʜʦʤ ʠ 2,6-ʜʠʭʣʦʨ-3-

ʬʪʦʨʘʮʝʪʦʬʝʥʦʥ (ɼʌɸʌ) ʠ ʠʟʫʯʝʥʦ ʝʛʦ ʠʥʛʠʙʠʨʫʶʱʝʝ ʜʝʡʩʪʚʠʝ ʥʘ ʢʦʨʨʦʟʠʶ ʤʷʛʢʦʡ ʩʪʘʣʠ 

A3 ʚ 1,0 ʄ ʨʘʩʪʚʦʨʝ ʩʦʣʷʥʦʡ ʢʠʩʣʦʪʳ ʧʦ ʧʦʪʝʨʝ ʤʘʩʩʳ, ʧʦʪʝʥʮʠʦʜʠʥʘʤʠʯʝʩʢʦʡ 

ʧʦʣʷʨʠʟʘʮʠʝʡ, ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʡ ʠʤʧʝʜʘʥʩʥʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ (ʕʀʉ) ʠ ʩʢʘʥʠʨʫʶʱʝʡ 

ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʝʡ (ʉʕʄ)  [40]. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʥʛʠʙʠʨʦʚʘʥʠʷ (% IE) 

ɼʌɸʌɸ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩ ʝʛʦ ʢʦʥʮʝʥʪʨʘʮʠʝʡ. ʂʨʠʚʳʝ ʊʘʬʝʣʷ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʵʪʦ 

ʩʦʝʜʠʥʝʥʠʝ  ʚʝʜʝʪ ʩʝʙʷ ʢʘʢ ʠʥʛʠʙʠʪʦʨ ʩʤʝʰʘʥʥʦʛʦ ʪʠʧʘ, ʠ ʨʝʟʫʣʴʪʘʪʳ EIS ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ 

ʧʝʨʝʥʦʩ ʟʘʨʷʜʘ ʠ ʩʦʧʨʦʪʠʚʣʝʥʠʝ (Rct) ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ɼʌɸʌɸ. ʉ 

ʫʚʝʣʠʯʝʥʠʝʤ ʢʦʥʮʝʥʪʨʘʮʠʠ ɼʌɸʌɸ ʢʘʞʫʱʘʷʩʷ ʵʥʝʨʛʠʷ ʘʢʪʠʚʘʮʠʠ (ɽʘ) ʨʘʩʪʚʦʨʝʥʠʷ 

ʥʝʩʢʦʣʴʢʦ ʫʤʝʥʴʰʠʣʘʩʴ, ʯʪʦ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ ʭʝʤʦʩʦʨʙʮʠʝʡ  ɼʌɸʌɸ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʤʝʪʘʣʣʘ.  

ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʠʥʛʠʙʠʨʦʚʘʥʠʷ ʯʝʪʳʨʝʭ ʠʥʛʠʙʠʪʦʨʦʚ ʢʦʨʨʦʟʠʠ HCl ʧʨʠ ʢʦʨʨʦʟʠʠ 

ʤʷʛʢʦʡ ʩʪʘʣʠ, ʚʢʣʶʯʘʷ 2-ʤʝʨʢʘʧʪʦʙʝʥʟʠʤʠʜʘʟʦʣ (ɸ), 2-ʘʤʠʜʦʙʝʥʟʠʤʠʜʘʟʦʣ (ɺ), 2-

ʤʝʪʠʣʙʝʥʟʠʤʠʜʘʟʦʣ (ʉ) ʠ ʙʝʥʟʠʤʠʜʘʟʦʣ (D), ʙʳʣʘ ʪʝʦʨʝʪʠʯʝʩʢʠ ʦʮʝʥʝʥʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʢʚʘʥʪʦʚʦ-ʭʠʤʠʯʝʩʢʠʭ ʨʘʩʯʝʪʦʚ ʠ ʤʦʣʝʢʫʣʷʨʥʳʭ ʨʘʩʯʝʪʦʚ. ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʜʠʥʘʤʠʢʠ ʠ ʘʥʘʣʠʟ 

ʤʝʭʘʥʠʟʤʘ ʠʥʛʠʙʠʨʦʚʘʥʠʷ ʢʦʨʨʦʟʠʠ [41]. ɻʣʦʙʘʣʴʥʳʝ ʠʥʜʝʢʩʳ ʘʢʪʠʚʥʦʩʪʠ ʧʦʢʘʟʘʣʠ, ʯʪʦ 2-

ʤʝʨʢʘʧʪʦʙʝʥʟʠʤʠʜʘʟʦʣ ʦʙʣʘʜʘʣ ʩʘʤʦʡ ʚʳʩʦʢʦʡ ʨʝʘʢʮʠʦʥʥʦʡ ʘʢʪʠʚʥʦʩʪʴʶ ʩʨʝʜʠ ʯʝʪʳʨʝʭ 

ʤʦʣʝʢʫʣ. ɼʣʷ ʪʨʝʭ ʜʨʫʛʠʭ ʤʦʣʝʢʫʣ ʠʥʜʝʢʩʳ ʌʫʢʫʠ ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʦʙʱʝʡ ʵʣʝʢʪʨʦʥʥʦʡ 

ʧʣʦʪʥʦʩʪʠ ʫʢʘʟʳʚʘʶʪ ʥʘ ʪʦ, ʯʪʦ 2-ʘʤʠʜʦʙʝʥʟʠʤʠʜʘʟʦʣ ʦʙʣʘʜʘʝʪ ʜʚʫʤʷ ʮʝʥʪʨʘʤʠ 

ʵʣʝʢʪʨʦʬʠʣʴʥʦʡ ʘʪʘʢʠ, ʯʪʦ ʜʝʣʘʝʪ ʚʦʟʤʦʞʥʦʡ ʤʥʦʛʦʮʝʥʪʨʦʚʫʶ ʘʜʩʦʨʙʮʠʶ ʤʦʣʝʢʫʣʳ ʥʘ 

ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʧʦʚʝʨʭʥʦʩʪʷʭ ʠ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʙʣʘʜʘʝʪ ʙʦʣʝʝ ʚʳʩʦʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ 

ʠʥʛʠʙʠʨʦʚʘʥʠʷ ʢʦʨʨʦʟʠʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 2-ʤʝʪʠʣʙʝʥʟʠʤʠʜʘʟʦʣʦʤ ʠ ʙʝʥʟʠʤʠʜʘʟʦʣʦʤ. 

. ʈʝʟʫʣʴʪʘʪʳ ʤʦʣʝʢʫʣʷʨʥʦ-ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ 2-

ʤʝʪʠʣʙʝʥʟʠʤʠʜʘʟʦʣ ʙʦʣʝʝ ʫʩʪʦʡʯʠʚʦ ʘʜʩʦʨʙʠʨʫʝʪʩʷ ʥʘ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʧʦʚʝʨʭʥʦʩʪʷʭ, ʯʝʤ 

ʙʝʥʟʠʤʠʜʘʟʦʣ, ʧʨʠ ʨʘʩʩʤʦʪʨʝʥʠʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʦʣʝʢʫʣ ʠʥʛʠʙʠʪʦʨʘ ʩ ʪʨʝʤʷ ʩʣʦʷʤʠ 

ʘʪʦʤʦʚ ʞʝʣʝʟʘ. ʉ ʧʦʤʦʱʴʶ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʨʝʟʫʣʴʪʘʪʦʚ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʦʨʷʜʦʢ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʯʝʪʳʨʝʭ ʠʥʛʠʙʠʪʦʨʦʚ ʩʣʝʜʫʶʱʠʡ: A>B>C>D, ʯʪʦ ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʨʝʟʫʣʴʪʘʪʘʤʠ. 
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ɺ ʥʘʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ [42-48] ʦʩʫʱʝʩʪʚʣʝʥ ʩʠʥʪʝʟ ʥʦʚʳʭ ʩʝʨʦʩʦʜʝʨʞʘʱʠʭ 

ʦʩʥʦʚʘʥʠʡ ʄʘʥʥʠʭʘ ʥʘ ʦʩʥʦʚʝ ʪʨʝʭʢʦʤʧʦʥʝʥʪʥʦʡ ʨʝʘʢʮʠʠ ʘʤʠʥʦʤʝʪʠʣʠʨʦʚʘʥʠʷ ʩ ʫʯʘʩʪʠʝʤ 

ʪʠʦʩʧʠʨʪʦʚ, ʬʦʨʤ(ʙʝʥʟ)ʘʣʴʜʝʛʠʜʘ ʠ ʚʪʦʨʠʯʥʳʭ ʘʤʠʥʦʚ (ʘʣʠʬʘʪʠʯʝʩʢʠʭ, ʘʣʠʮʠʢʣʠʯʝʩʢʠʭ ʠ 

ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʭ). ʆʧʨʝʜʝʣʝʥʳ ʠʭ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʠ ʦʩʥʦʚʥʳʝ ʦʙʣʘʩʪʠ 

ʦʧʨʝʜʝʣʝʥʠʷ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʧʦʣʫʯʝʥʥʳʝ ʩʝʨʦʩʦʜʝʨʞʘʱʠʝ ʦʩʥʦʚʘʥʠʷ ʄʘʥʥʠʭʘ ʦʙʣʘʜʘʶʪ 

ʚʳʩʦʢʦʡ ʘʥʪʠʤʠʢʨʦʙʥʦʡ ʠ ʘʥʪʠʬʫʥʛʘʣʴʥʦʡ ʘʢʪʠʚʥʦʩʪʴʶ ʚ ʦʪʥʦʰʝʥʠʠ ʨʘʟʣʠʯʥʳʭ 

ʧʘʪʦʛʝʥʥʳʭ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ, ʘ ʪʘʢʞʝ ʷʚʣʷʶʪʩʷ ʵʬʬʝʢʪʠʚʥʳʤʠ ʠʥʛʠʙʠʪʦʨʘʤʠ ʧʨʦʪʠʚ 

ʩʝʨʦʚʦʜʦʨʦʜʥʦʡ ʢʦʨʨʦʟʠʠ, ʧʦʜʘʚʣʷʷ ʨʦʩʪ ʩʫʣʴʬʘʪ-ʚʦʩʩʪʘʥʘʚʣʠʚʘʶʱʠʭ ʙʘʢʪʝʨʠʡ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʦʙʣʘʩʪʠ ʩʠʥʪʝʟʘ 

ʦʩʥʦʚʘʥʠʡ ʄʘʥʥʠʭʘ ʠ ʠʭ ʧʨʠʤʝʥʝʥʠʷ ʚ ʢʘʯʝʩʪʚʝ ʠʥʛʠʙʠʪʦʨʦʚ ʢʦʨʨʦʟʠʠ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ 

ʘʢʪʫʘʣʴʥʦʩʪʴ ʵʪʠʭ ʨʘʙʦʪ ʦʩʪʘʝʪʩʷ ʟʥʘʯʠʤʦʡ ʠ ʧʦ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ. ʉʠʥʪʝʟ ʥʦʚʳʭ ʦʩʥʦʚʘʥʠʡ 

ʄʘʥʥʠʭʘ ʠ ʧʨʠʤʝʥʝʥʠʝ ʠʭ ʚ ʢʘʯʝʩʪʚʝ ʠʥʛʠʙʠʪʦʨʦʚ ʩʦʟʜʘʝʪ ʧʨʝʜʧʦʩʳʣʢʠ ʜʣʷ ʧʨʦʜʦʣʞʝʥʠʷ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ ʠ ʨʘʩʰʠʨʝʥʠʶ ʘʩʩʦʨʪʠʤʝʥʪʘ ʵʪʠʭ ʩʦʝʜʠʥʝʥʠʡ ʜʣʷ ʧʦʜʘʚʣʝʥʠʷ 

ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ ʢʦʨʨʦʟʠʠ. 
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SPICY WILD PLANTS OF THE PAVLODAR IRTYSH REGION  

 

Annotation. In the article we recommend types of spicy plants suitable for any dishes. Moreover, 

many wild plants have been used as spices for a long time, and the use of some has been proposed and tested 

by us. 

The harmlessness and safety of the proposed plants for humans has been tested by centuries of 

experience in their food use, as well as experience in traditional medicine. If a plant contains any potent 

substances and its use in large quantities is undesirable, then this is reported when describing the use of this 

plant for cooking. 

Key words: rational use, spicy plants, properties, pepper substitute, burning taste 

 

ɺʢʫʩʥʘʷ ʠ ʧʦʣʝʟʥʘʷ ʝʜʘ ʦʙʳʯʥʦ ʘʩʩʦʮʠʠʨʫʝʪʩʷ ʩ ʜʦʩʪʠʞʝʥʠʷʤʠ ʩʦʚʨʝʤʝʥʥʳʭ 

ʪʝʭʥʦʣʦʛʠʡ ʦʙʨʘʙʦʪʢʠ ʧʠʱʠ ʠ ʥʦʚʠʥʢʘʤʠ ʩʝʣʝʢʮʠʦʥʝʨʦʚ, ʥʦ ʜʘʣʝʢʦ ʥʝ ʚʩʝʛʜʘ ï ʩ 

ʧʝʨʚʦʠʩʪʦʢʘʤʠ, ʪʦ ʝʩʪʴ ʩ ʜʠʢʦʡ ʧʨʠʨʦʜʦʡ. ʄʝʞʜʫ ʪʝʤ ʧʦʪʝʥʮʠʘʣ ʧʨʠʨʦʜʳ, ʚ ʪʦʤ ʯʠʩʣʝ 

ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʮʘʨʩʪʚʘ, ʚ ʦʨʛʘʥʠʟʘʮʠʠ ʨʘʟʥʦʦʙʨʘʟʥʦʛʦ ʠ ʧʦʣʝʟʥʦʛʦ ʧʠʪʘʥʠʷ ʯʝʣʦʚʝʢʘ ʛʦʨʘʟʜʦ 

ʚʳʰʝ ʣʶʙʳʭ ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʥʦʚʰʝʩʪʚ. ʏʝʣʦʚʝʢ ʧʦʢʘ ʝʱʝ ʠʩʧʦʣʴʟʫʝʪ ʥʝ ʚʩʝ ʜʠʢʦʨʘʩʪʫʱʠʝ 

ʨʘʩʪʝʥʠʷ ʠ ʥʝ ʚʩʶ ʧʨʦʜʫʢʮʠʶ ʦʪ ʜʠʢʠʭ ʞʠʚʦʪʥʳʭ, ʘ ʦʢʫʣʴʪʫʨʠʚʘʥʠʶ ʧʦʜʚʝʨʛʣʘʩʴ ʣʠʰʴ 

ʥʝʟʥʘʯʠʪʝʣʴʥʘʷ ʯʘʩʪʴ ʜʠʢʦʡ ʧʨʠʨʦʜʳ. ʇʦʵʪʦʤʫ ʥʦʚʳʝ ʚʢʫʩʳ ʥʘʜʦ ʠʩʢʘʪʴ ʥʝ ʚ ʣʘʙʦʨʘʪʦʨʠʠ, ʘ 

ʚ ʧʨʠʨʦʜʝ. ʀ ʵʪʦ ʚ ʧʦʣʥʦʡ ʤʝʨʝ ʢʘʩʘʝʪʩʷ ʧʨʷʥʳʭ ʨʘʩʪʝʥʠʡ, ʢʦʪʦʨʳʝ ʜʝʣʘʶʪ ʧʠʱʫ ʚʢʫʩʥʦʡ, 

ʧʨʠʚʣʝʢʘʪʝʣʴʥʦʡ ʠ ʭʦʨʦʰʦ ʫʩʚʦʷʝʤʦʡ. 

ɸʠʨ ʙʦʣʦʪʥʳʡ ï ʤʥʦʛʦʣʝʪʥʝʝ ʪʨʘʚʷʥʠʩʪʦʝ ʨʘʩʪʝʥʠʝ ʩʝʤʝʡʩʪʚʘ ʘʨʦʠʜʥʳʭ ʚʳʩʦʪʦʡ 

ʙʦʣʝʝ ʤʝʪʨʘ. ʂʦʨʥʝʚʠʱʝ ʤʦʱʥʦʝ, ʤʷʩʠʩʪʦʝ, ʯʣʝʥʠʩʪʦʝ, ʜʣʠʥʦʡ ʙʦʣʝʝ 50 ʩʤ. ʃʠʩʪʴʷ ʧʨʦʩʪʳʝ, 

ʦʯʝʨʝʜʥʳʝ, ʣʠʥʝʡʥʳʝ. ʎʚʝʪʦʯʥʘʷ ʩʪʨʝʣʢʘ ʪʨʝʭʛʨʘʥʥʘʷ, ʩ ʞʝʣʦʙʢʦʤ ʠ ʛʦʣʳʤ ʦʪʢʣʦʥʝʥʥʳʤ 
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ʩʦʮʚʝʪʠʝʤ-ʧʦʯʘʪʢʦʤ, ʢʦʪʦʨʳʡ ʩʥʠʟʫ ʧʦʜʧʠʨʘʝʪʩʷ ʰʧʦʨʮʝʤ ʤʝʯʝʚʠʜʥʦʡ ʬʦʨʤʳ. ʎʚʝʪʝʪ ʚ 

ʠʶʥʝ-ʠʶʣʝ. ʎʚʝʪʢʠ ʟʝʣʝʥʦʚʘʪʦ-ʞʝʣʪʳʝ. ɿʘʚʷʟʴ ʪʨʝʭʛʨʘʥʥʘʷ. ʇʣʦʜ ï ʤʝʣʢʘʷ ʩʫʭʦʚʘʪʘʷ 

ʢʨʘʩʥʦ-ʙʫʨʘʷ ʷʛʦʜʘ.  

ɸʠʨ ʠʤʝʝʪ ʤʥʦʛʦʚʝʢʦʚʳʝ ʪʨʘʜʠʮʠʠ ʧʨʠʤʝʥʝʥʠʷ ʫ ʪʶʨʢʩʢʠʭ ʥʘʨʦʜʦʚ. ʃʝʯʝʙʥʳʝ ʠ 

ʘʥʪʠʩʝʧʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʘʠʨʘ ʙʦʣʦʪʥʦʛʦ ʙʳʣʠ ʭʦʨʦʰʦ ʠʟʚʝʩʪʥʳ ʝʱʝ ʚʦʠʥʘʤ ʏʠʥʛʠʩʭʘʥʘ. 

ʀʩʪʦʨʠʯʝʩʢʠʝ ʧʨʝʜʘʥʠʷ ʛʣʘʩʷʪ, ʯʪʦ ʚʦʠʥ ʩʯʠʪʘʣʩʷ ʛʦʪʦʚʳʤ ʢ ʣʶʙʦʤʫ ʧʦʭʦʜʫ, ʝʩʣʠ ʠʤʝʣ ʩ 

ʩʦʙʦʡ ʤʝʰʦʯʝʢ ʥʘʩʫʰʝʥʥʳʭ ʢʦʨʥʝʚʠʱ ʘʠʨʘ: ʦʥʠ ʧʦʤʦʛʘʣʠ ʧʨʠ ʧʨʦʩʪʫʜʥʳʭ ʠ ʞʝʣʫʜʦʯʥʳʭ 

ʟʘʙʦʣʝʚʘʥʠʷʭ. ɿʫʙʥʫʶ ʙʦʣʴ ʫʩʪʨʘʥʷʣʠ ʪʝʤ, ʯʪʦ ʧʦʤʝʱʘʣʠ ʚ ʜʫʧʣʦ ʥʝʙʦʣʴʰʦʡ ʢʫʩʦʯʝʢ 

ʢʦʨʥʝʚʠʱʘ ʘʠʨʘ: ʙʦʣʴ ʫʪʠʭʘʣʘ, ʘ ʜʘʣʴʥʝʡʰʘʷ ʧʦʨʯʘ ʪʚʝʨʜʦʡ ʪʢʘʥʠ ʟʫʙʘ ʧʨʠʦʩʪʘʥʘʚʣʠʚʘʣʘʩʴ. 

ʇʨʝʞʜʝ ʯʝʤ ʦʩʪʘʥʦʚʠʪʴʩʷ ʣʘʛʝʨʝʤ ʚʦʟʣʝ ʢʘʢʦʛʦ-ʪʦ ʚʦʜʦʝʤʘ, ʤʦʥʛʦʣʦ-ʪʘʪʘʨʳ ʧʦʩʳʣʘʣʠ 

ʚʧʝʨʝʜ ʛʦʥʮʦʚ, ʢʦʪʦʨʳʝ ʩʘʜʠʣʠ ʥʘ ʧʦʙʝʨʝʞʴʝ ʘʠʨ [1, ʩ.23]. 

ɹʣʘʛʦʜʘʨʷ ʤʦʥʛʦʣʦ-ʪʘʪʘʨʘʤ ʘʠʨ ʜʦʰʝʣ ʜʦ ʃʘʜʦʛʠ ʠ ʌʠʥʩʢʦʛʦ ʟʘʣʠʚʘ, ʦʜʥʘʢʦ ʚ 

ɽʚʨʦʧʝʡʩʢʦʡ ʯʘʩʪʠ ʈʦʩʩʠʠ ʦʥ ʨʘʟʤʥʦʞʘʝʪʩʷ ʣʠʰʴ ʚʝʛʝʪʘʪʠʚʥʦ, ʢʦʨʥʝʚʠʱʘʤʠ, ʥʝ ʦʙʨʘʟʫʷ 

ʧʦʯʘʪʢʦʚ-ʩʦʮʚʝʪʠʡ.  

ɺ ʩʦʚʨʝʤʝʥʥʦʡ ʬʘʨʤʘʢʦʧʝʝ ʢʦʨʥʝʚʠʱʘ ʘʠʨʘ ʥʘʭʦʜʷʪ ʧʨʠʤʝʥʝʥʠʝ ʢʘʢ 

ʘʥʪʠʩʝʧʪʠʯʝʩʢʦʝ, ʨʘʥʦʟʘʞʠʚʣʷʶʱʝʝ, ʩʦʢʦʛʦʥʥʦʝ, ʞʝʣʯʝʛʦʥʥʦʝ ʩʨʝʜʩʪʚʦ, ʠʩʧʦʣʴʟʫʝʤʦʝ ʧʨʠ 

ʧʨʦʩʪʫʜʥʳʭ ʟʘʙʦʣʝʚʘʥʠʷʭ, ʭʦʣʝʮʠʩʪʠʪʘʭ, ʛʘʩʪʨʠʪʘʭ, ʷʟʚʘʭ ʠ ʢʠʰʝʯʥʳʭ ʠʥʬʝʢʮʠʷʭ, ʜʣʷ 

ʧʦʣʦʩʢʘʥʠʷ ʨʪʘ ʠ ʛʦʨʣʘ ʧʨʠ ʘʥʛʠʥʝ ʠ ʟʘʙʦʣʝʚʘʥʠʷʭ ʜʝʩʝʥ [2, ʩ.640]. ʂʦʨʥʝʚʠʱʝ ʘʠʨʘ (ʠ ʚ 

ʤʝʥʴʰʝʡ ʩʪʝʧʝʥʠ ï ʥʘʜʟʝʤʥʘʷ ʯʘʩʪʴ) ʩʦʜʝʨʞʘʪ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʝ 

ʚʝʱʝʩʪʚʘ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ï ʩʘʧʦʥʠʥʳ, ʪʝʨʧʝʥʦʠʜʳ, ʵʬʠʨʥʳʝ ʤʘʩʣʘ ʠ ʘʥʪʨʘʛʣʠʢʦʟʠʜʳ, 

ʢʦʪʦʨʳʝ ʠ ʦʙʫʩʣʦʚʣʠʚʘʶʪ ʰʠʨʦʢʦʝ ʦʟʜʦʨʦʚʠʪʝʣʴʥʦʝ ʧʨʠʤʝʥʝʥʠʝ ʵʪʦʛʦ ʨʘʩʪʝʥʠʷ. ʂʦʨʥʝʚʠʱʘ 

ʘʠʨʘ ʩʦʜʝʨʞʘʪ ʜʫʰʠʩʪʦʝ ʢʘʣʘʤʫʩʦʚʦʝ ʤʘʩʣʦ, ʩʦʩʪʦʷʱʝʝ ʠʟ ʧʠʥʝʥʘ, ʢʘʤʬʝʥʘ. ʂʘʤʬʦʨʳ, 

ʙʦʨʥʝʦʣʘ, ʵʚʛʝʥʦʣʘ, ʘ ʪʘʢʞʝ ʚʠʪʘʤʠʥ ʉ (150 ʤʛ%), ʛʣʠʢʦʟʠʜ ʘʢʦʨʠʥ, ʘʣʢʘʣʦʠʜ ʢʘʣʘʤʠʥ, 

ʭʦʣʠʥ, ʩʤʦʣʳ, ʢʨʘʭʤʘʣ [5, ʩ.384]. 

ɸʠʨ ʠʟʣʝʯʠʚʘʝʪ ʤʥʦʛʠʝ ʟʘʙʦʣʝʚʘʥʠʷ ʞʝʣʫʜʦʯʥʦ-ʢʠʰʝʯʥʦʛʦ ʪʨʘʢʪʘ, ʦʙʣʘʜʘʝʪ 

ʞʝʣʯʝʛʦʥʥʳʤ ʠ ʧʨʦʪʠʚʦʚʦʩʧʘʣʠʪʝʣʴʥʳʤ ʜʝʡʩʪʚʠʝʤ, ʘ, ʢʨʦʤʝ ʪʦʛʦ, ʩʦʜʝʨʞʘʱʠʝʩʷ ʚ ʥʝʤ 

ʩʘʧʦʥʠʥʳ ʵʤʫʣʴʛʠʨʫʶʪ ʞʠʨʳ, ʩʧʦʩʦʙʩʪʚʫʷ ʠʭ ʧʝʨʝʚʘʨʠʚʘʥʠʶ ʠ ʫʤʝʥʴʰʘʷ ʥʝʧʨʠʷʪʥʳʝ 

ʦʱʫʱʝʥʠʷ ʧʦʩʣʝ ʦʙʠʣʴʥʦʡ ʪʨʘʧʝʟʳ. ʈʝʛʫʣʷʨʥʘʷ ʦʯʠʩʪʢʘ ʧʝʯʝʥʠ ʧʨʠʝʤʦʤ ʢʦʨʥʝʚʠʱ ʘʠʨʘ 

ʩʧʦʩʦʙʩʪʚʫʝʪ ʜʝʪʦʢʩʠʢʘʮʠʠ ʦʨʛʘʥʠʟʤʘ, ʫʣʫʯʰʝʥʠʶ ʚʩʝʭ ʦʙʤʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʠ ʦʙʱʝʛʦ 

ʩʘʤʦʯʫʚʩʪʚʠʷ. ʕʤʫʣʴʛʠʨʫʶʱʠʝ ʩʚʦʡʩʪʚʘ ʢʦʨʥʝʚʠʱ ʘʠʨʘ ʤʦʛʫʪ ʧʦʤʦʯʴ ʜʘʞʝ ʣʶʜʷʤ ʩ 

ʫʜʘʣʝʥʥʳʤ ʞʝʣʯʥʳʤ ʧʫʟʳʨʝʤ.  

ʕʬʠʨʥʳʝ ʤʘʩʣʘ ʘʠʨʘ ʦʙʣʘʜʘʶʪ ʘʥʪʠʩʝʧʪʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ ʠ ʦʢʘʟʳʚʘʶʪ 

ʨʘʟʜʨʘʞʘʶʱʝʝ ʜʝʡʩʪʚʠʝ ʥʘ ʞʝʣʫʜʦʯʥʦ-ʢʠʰʝʯʥʳʡ ʪʨʘʢʪ, ʠ ʧʨʝʧʘʨʘʪʳ ʵʪʦʛʦ ʨʘʩʪʝʥʠʷ ʤʦʛʫʪ 

ʫʩʪʨʘʥʷʪʴ ʥʝ ʪʦʣʴʢʦ ʧʦʥʦʩʳ, ʥʦ ʠ ʟʘʧʦʨʳ, ʯʪʦ ʘʢʪʫʘʣʴʥʦ ʧʨʠ ʣʝʯʝʥʠʠ ʩʪʘʨʯʝʩʢʦʡ ʘʪʦʥʠʠ 

ʢʠʰʝʯʥʠʢʘ ʠ ʧʨʠ ʫʭʦʜʝ ʟʘ ʧʦʞʠʣʳʤʠ ʣʶʜʴʤʠ. 

ɹʣʘʛʦʜʘʨʷ ʩʘʧʦʥʠʥʘʤ, ʩʦʜʝʨʞʘʱʠʤʩʷ ʚ ʘʠʨʝ, ʜʦʩʪʠʛʘʝʪʩʷ ʫʣʫʯʰʝʥʠʝ ʚʩʘʩʳʚʘʥʠʷ 

ʚʝʱʝʩʪʚ ʚ ʞʝʣʫʜʦʯʥʦ-ʢʠʰʝʯʥʦʤ ʪʨʘʢʪʝ, ʟʘ ʩʯʝʪ ʯʝʛʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʧʦʣʥʦʪʘ ʫʩʚʦʝʥʠʷ ʧʠʱʠ, 

ʫʣʫʯʰʘʝʪʩʷ ʚʩʘʩʳʚʘʥʠʝ ʚʠʪʘʤʠʥʦʚ, ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ, ʣʝʢʘʨʩʪʚ (ʯʪʦ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ 

ʙʳʩʪʨʦʪʳ ʠ ʧʦʣʥʦʪʳ ʫʩʚʦʝʥʠʷ ʪʘʙʣʝʪʠʨʦʚʘʥʥʳʭ ʧʨʝʧʘʨʘʪʦʚ, ʧʨʠʙʣʠʟʠʚ ʝʛʦ ʢ 

ʠʥʲʝʢʮʠʦʥʥʦʤʫ). ʕʪʦ ʧʦʟʚʦʣʠʪ ʨʘʮʠʦʥʘʣʴʥʦ ʧʨʠʤʝʥʷʪʴ ʣʝʢʘʨʩʪʚʘ ʠ ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʝ 

ʜʦʙʘʚʢʠ, ʘ ʪʘʢʞʝ ʧʦʤʦʞʝʪ ʠʩʪʦʱʝʥʥʳʤ ʣʶʜʷʤ ʙʳʩʪʨʦ ʥʘʙʨʘʪʴ ʚʝʩ [6, ʩ.569]. 

ʉ ʫʯʝʪʦʤ ʪʦʛʦ, ʯʪʦ ʩʘʧʦʥʠʥʳ ʠ ʩʘʧʦʥʠʥʦʚʳʝ ʛʣʠʢʦʟʠʜʳ, ʩʦʜʝʨʞʘʱʠʝʩʷ ʚ ʘʠʨʝ, 

ʚʳʟʳʚʘʶʪ ʛʝʤʦʣʠʟ ʵʨʠʪʨʦʮʠʪʦʚ [7, ʩ.592], ʦʪʚʘʨʳ ʘʠʨʘ ʤʦʛʫʪ ʫʩʪʨʘʥʷʪʴ ʥʘʨʫʞʥʳʝ (ʤʝʩʪʥʦ) ʠ 

ʞʝʣʫʜʦʯʥʦ-ʢʠʰʝʯʥʳʝ (ʧʨʠ ʧʨʠʝʤʝ ʚʥʫʪʨʴ) ʢʨʦʚʦʪʝʯʝʥʠʷ. ʂʦʨʥʝʚʠʱʘ ʘʠʨʘ ʤʦʛʫʪ ʩʪʘʪʴ 

ʵʬʬʝʢʪʠʚʥʳʤ ʩʨʝʜʩʪʚʦʤ ʜʣʷ ʫʩʪʨʘʥʝʥʠʷ ʟʘʧʘʭʘ ʘʣʢʦʛʦʣʷ ʠ ʝʛʦ ʤʝʪʘʙʦʣʠʪʦʚ, ʘ ʪʘʢʞʝ ʣʶʙʳʭ 

ʥʝʧʨʠʷʪʥʳʭ ʟʘʧʘʭʦʚ ʠʟʦ ʨʪʘ, ʙʣʘʛʦʜʘʨʷ ʩʦʜʝʨʞʘʥʠʶ ʩʘʧʦʥʠʥʦʚ ʠ ʜʨʫʛʠʝ ʪʝʨʧʝʥʦʠʜʳ ï 

ʩʝʢʩʚʠʪʝʨʧʝʥʦʠʜʦʚ, ʚ ʯʘʩʪʥʦʩʪʠ, ʢʘʣʘʤʝʥʘ [8, ʩ.349]. 

ʉʚʷʟʳʚʘʥʠʝ ʩʘʧʦʥʠʥʘʤʠ ʧʨʦʜʫʢʪʦʚ ʙʝʣʢʦʚʦʛʦ ʦʙʤʝʥʘ (ʤʦʯʝʚʦʡ ʢʠʩʣʦʪʳ ʠ ʫʨʘʪʦʚ) 

ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʘʠʨ ʠ ʜʨʫʛʦʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʨʘʩʪʠʪʝʣʴʥʦʝ ʩʳʨʴʝ ʜʣʷ 

ʧʨʦʬʠʣʘʢʪʠʢʠ ʤʦʯʝʢʘʤʝʥʥʦʡ ʙʦʣʝʟʥʠ, ʧʦʜʘʛʨʳ, ʦʩʪʝʦʭʦʥʜʨʦʟʘ, ʤʝʪʘʙʦʣʠʯʝʩʢʠʭ ʘʨʪʨʠʪʦʚ, ʘ 

ʪʘʢʞʝ ʦʙʱʝʡ ʠʥʪʦʢʩʠʢʘʮʠʠ ʦʨʛʘʥʠʟʤʘ ʠ ʩʚʷʟʘʥʥʦʡ ʩ ʵʪʠʤ ʪʦʰʥʦʪʳ, ʨʚʦʪʳ, ʦʪʚʨʘʱʝʥʠʷ ʢ 
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ʞʠʚʦʪʥʦʤʫ ʙʝʣʢʫ (ʧʨʦʚʝʨʝʥʦ ʥʘʤʠ ʚ ʦʪʥʦʰʝʥʠʠ ʦʥʢʦʣʦʛʠʯʝʩʢʠʭ ʧʘʮʠʝʥʪʦʚ). ɸʠʨ ʠ ʜʨʫʛʠʝ 

ʨʘʩʪʝʥʠʷ, ʩʦʜʝʨʞʘʱʠʝ ʩʘʧʦʥʠʥʳ, ʤʦʛʫʪ ʪʘʢʞʝ ʩʪʘʪʴ ʩʨʝʜʩʪʚʦʤ ʜʣʷ ʫʣʫʯʰʝʥʠʷ ʛʠʙʢʦʩʪʠ 

ʩʫʩʪʘʚʦʚ ʠ ʧʦʟʚʦʥʦʯʥʠʢʘ ʟʘ ʩʯʝʪ ʫʩʪʨʘʥʝʥʠʷ ʠʟʙʳʪʢʘ ʘʟʦʪʠʩʪʳʭ ʤʝʪʘʙʦʣʠʪʦʚ, ʧʨʠʯʝʤ 

ʦʩʦʙʝʥʥʦ ʵʬʬʝʢʪʠʚʥʳʤ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʨʘʩʪʠʪʝʣʴʥʳʤ ʩʳʨʴʝʤ, ʩʦʜʝʨʞʘʱʠʤ ʧʨʠʨʦʜʥʳʝ 

ʩʘʣʠʮʠʣʘʪʳ ï ʘʥʘʣʦʛʠ ʘʩʧʠʨʠʥʘ, ʢʦʪʦʨʳʝ ʪʘʢʞʝ ʚʳʚʦʜʷʪ ʤʦʯʝʢʠʩʣʳʝ ʩʦʣʠ ʠʟ ʦʨʛʘʥʠʟʤʘ. ʕʪʦ 

ʚʘʞʥʦ ʥʝ ʪʦʣʴʢʦ ʜʣʷ ʧʨʦʬʠʣʘʢʪʠʢʠ ʚʦʟʨʘʩʪʥʳʭ ʠʟʤʝʥʝʥʠʡ ʚ ʦʧʦʨʥʦ-ʜʚʠʛʘʪʝʣʴʥʦʤ ʘʧʧʘʨʘʪʝ, 

ʥʦ ʠ ʜʣʷ ʣʠʮ ʦʧʨʝʜʝʣʝʥʥʳʭ ʧʨʦʬʝʩʩʠʡ (ʥʘʧʨʠʤʝʨ, ʧʨʠ ʟʘʥʷʪʠʷʭ ʭʦʨʝʦʛʨʘʬʠʝʡ). ɸʠʨ ʷʚʣʷʝʪʩʷ 

ʤʦʱʥʳʤ ʧʨʦʪʠʚʦʩʪʨʝʩʩʦʚʳʤ ʩʨʝʜʩʪʚʦʤ: ʧʦ ʫʩʧʦʢʘʠʚʘʶʱʝʤʫ ʚʦʟʜʝʡʩʪʚʠʶ ʦʥ ʩʨʘʚʥʠʤ ʩ 

ʘʤʠʥʘʟʠʥʦʤ, ʥʦ ʧʨʠ ʵʪʦʤ ʩʦʚʝʨʰʝʥʥʦ ʙʝʟʚʨʝʜʝʥ ʠ ʙʝʟʦʧʘʩʝʥ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʙʦʣʴʰʠʥʩʪʚʘ 

ʜʨʫʛʠʭ ʜʠʢʦʨʘʩʪʫʱʠʭ ʠ ʢʫʣʴʪʠʚʠʨʫʝʤʳʭ ʧʨʷʥʦʩʪʝʡ, ʘʠʨ ʥʝ ʧʦʚʳʰʘʝʪ ʘʨʪʝʨʠʘʣʴʥʦʛʦ 

ʜʘʚʣʝʥʠʷ, ʘ ʥʘʦʙʦʨʦʪ, ʩʧʦʩʦʙʩʪʚʫʝʪ ʝʛʦ ʩʥʠʞʝʥʠʶ ʠ ʥʦʨʤʘʣʠʟʘʮʠʠ [9, ʩ.352]. 

ʂʦʨʥʝʚʠʱʘ ʘʠʨʘ ʠʩʧʦʣʴʟʫʶʪʩʷ ʥʝ ʪʦʣʴʢʦ ʚ ʤʝʜʠʮʠʥʝ ʠ ʚ ʙʳʪʫ, ʥʦ ʠ ʚ ʨʘʟʣʠʯʥʳʭ 

ʦʪʨʘʩʣʷʭ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. ɸʠʨ ʢʘʢ ʢʦʥʩʝʨʚʠʨʫʶʱʝʝ ʠ ʧʨʷʥʦ-ʘʨʦʤʘʪʠʯʝʩʢʦʝ ʨʘʩʪʝʥʠʝ 

ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʝʪʩʷ ʚ ʣʠʢʝʨʦ-ʚʦʜʦʯʥʦʡ ʠ ʨʳʙʦʢʦʥʩʝʨʚʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʫʧʣʦʪʥʝʥʠʶ ʤʷʩʘ ʧʨʠ ʠʟʛʦʪʦʚʣʝʥʠʠ ʢʦʣʙʘʩʳ ʠ ʚʝʪʯʠʥʳ, ʩʦʦʙʱʘʝʪ ʧʦʣʫʯʝʥʥʦʤʫ ʧʨʦʜʫʢʪʫ 

ʪʦʥʢʠʡ ʘʨʦʤʘʪ [10, ʩ.244]. ɸʠʨ ʚ ʩʤʝʩʠ ʩ ʫʛʣʝʤ ʠʩʧʦʣʴʟʫʶʪ ʚ ʙʳʪʫ ʜʣʷ ʦʯʠʩʪʢʠ ʚʦʜʳ, 

ʥʝʧʨʠʛʦʜʥʦʡ ʜʣʷ ʧʠʪʴʷ. ɸʠʨ ʠʩʧʦʣʴʟʫʶʪ ʚ ʢʘʯʝʩʪʚʝ ʢʦʨʤʘ ʜʣʷ ʢʨʫʧʥʦʛʦ ʨʦʛʘʪʦʛʦ ʩʢʦʪʘ, ʚ 

ʢʦʥʜʠʪʝʨʩʢʦʡ ʠ ʧʘʨʬʶʤʝʨʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. ʂʦʨʥʝʚʠʱʝ ʧʨʠʤʝʥʷʶʪ ʜʣʷ ʙʦʨʴʙʳ ʩ 

ʙʣʦʭʘʤʠ ʠ ʜʨʫʛʠʤʠ ʥʘʩʝʢʦʤʳʤʠ, ʜʫʙʣʝʥʠʷ ʢʦʞʠ, ʧʦʣʫʯʝʥʠʷ ʢʨʘʭʤʘʣʘ. ʀʟʚʝʩʪʥʦ, ʯʪʦ 

ʢʦʨʥʝʚʠʱʘ ʘʠʨʘ ʩʦʜʝʨʞʘʪ ʟʥʘʯʠʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʢʨʘʭʤʘʣʘ, ʥʦ ʠʭ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʝ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʢʘʯʝʩʪʚʝ ʢʨʘʭʤʘʣʠʩʪʳʭ ʦʚʦʱʝʡ ʟʘʪʨʫʜʥʠʪʝʣʴʥʦ ʠʟ-ʟʘ ʩʠʣʴʥʦʛʦ ʟʘʧʘʭʘ ʠ 

ʦʩʪʨʦʛʦ ʚʢʫʩʘ ʢʘʢ ʩʚʝʞʠʭ, ʪʘʢ ʠ ʚʳʩʫʰʝʥʥʳʭ ʢʦʨʥʝʚʠʱ. ɹʦʛʘʪʳ ʢʦʨʥʝʚʠʱʘ ʘʠʨʘ ʠ ʢʘʣʴʮʠʝʤ, 

ʢʦʪʦʨʳʡ ʦʪʢʣʘʜʳʚʘʝʪʩʷ ʚ ʟʥʘʯʠʪʝʣʴʥʳʭ ʢʦʣʠʯʝʩʪʚʘʭ ʚ ʚʠʜʝ ʦʢʩʘʣʘʪʘ [11, ʩ.236]. 

ʀʟ ʢʦʨʥʝʚʠʱ ʘʠʨʘ ʠʟʛʦʪʘʚʣʠʚʘʶʪ ʟʘʪʳʯʢʠ ʜʣʷ ʙʦʯʝʢ, ʠ ʵʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʣʫʯʰʝʡ 

ʩʦʭʨʘʥʥʦʩʪʠ ʩʦʣʝʥʠʡ, ʘ ʪʘʢʞʝ ʩʦʦʙʱʘʝʪ ʦʚʦʱʘʤ ʩʚʦʝʦʙʨʘʟʥʳʡ ʧʨʠʚʢʫʩ ʠ ʘʨʦʤʘʪ. ɸʠʨ 

ʪʨʘʜʠʮʠʦʥʥʦ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʚ ʢʘʯʝʩʪʚʝ ʧʨʷʥʦʩʪʠ ʚʦ ʤʥʦʛʠʭ ʨʘʡʦʥʘʭ ʂʘʚʢʘʟʘ ʠ ɿʘʢʘʚʢʘʟʴʷ. ɺ 

ʥʝʙʦʣʴʰʦʤ ʢʦʣʠʯʝʩʪʚʝ ʘʠʨ ʤʦʞʥʦ ʫʧʦʪʨʝʙʣʷʪʴ ʢʘʢ ʟʘʤʝʥʠʪʝʣʴ ʣʘʚʨʦʚʦʛʦ ʣʠʩʪʘ, ʘ ʪʘʢʞʝ 

ʢʣʘʩʪʴ ʚ ʢʦʤʧʦʪʳ ʠʟ ʩʚʝʞʠʭ ʠ ʩʫʰʝʥʳʭ ʬʨʫʢʪʦʚ, ʮʫʢʘʪʳ, ʚʘʨʝʥʴʝ ï ʜʣʷ ʧʨʠʜʘʥʠʷ ʠʤ ʧʨʷʥʦʛʦ 

ʚʢʫʩʘ ʠ ʘʨʦʤʘʪʘ [5, ʩ.384]. ɸʠʨ, ʥʘʨʷʜʫ ʩ ʠʩʩʦʧʦʤ ʠ ʤʷʪʦʡ, ʥʝʦʜʥʦʢʨʘʪʥʦ ʫʧʦʤʠʥʘʝʪʩʷ ʚ 
ɹʠʙʣʠʠ (ɺʝʪʭʦʤ ʟʘʚʝʪʝ) ʠ ʜʨʫʛʠʭ ʜʦʩʪʦʚʝʨʥʳʭ ʠʩʪʦʨʠʯʝʩʢʠʭ ʠʩʪʦʯʥʠʢʘʭ ï ʢʘʢ ʮʝʥʥʦʝ ʧʨʷʥʦʝ 

ʠ ʘʨʦʤʘʪʠʯʝʩʢʦʝ ʨʘʩʪʝʥʠʝ. 
ʄʝʣʢʦʣʝʧʝʩʪʥʠʢ ʢʘʥʘʜʩʢʠʡ ï ʦʜʥʦʣʝʪʥʝʝ ʪʨʘʚʷʥʠʩʪʦʝ ʨʘʩʪʝʥʠʝ ʩ ʧʨʷʤʳʤ ʨʘʟʚʝʪʚʣʝʥʥʳʤ ʠ 

ʦʧʫʰʝʥʥʳʤ ʩʪʝʙʣʝʤ ʚʳʩʦʪʦʡ ʦʪ 30 ʜʦ 160 ʩʤ. ʃʠʩʪʴʷ ʦʯʝʨʝʜʥʳʝ, ʣʠʥʝʡʥʦ-ʣʘʥʮʝʪʥʳʝ, ʦʧʫʰʝʥʥʳʝ, 

ʮʝʣʴʥʦʢʨʘʡʥʳʝ, ʥʠʞʥʠʝ ï ʩ ʨʝʜʢʠʤʠ ʟʫʙʯʠʢʘʤʠ ʧʦ ʢʨʘʷʤ. ʎʚʝʪʦʯʥʳʝ ʢʦʨʟʠʥʢʠ ʤʝʣʢʠʝ, ʙʝʣʝʩʳʝ, 

ʩʦʙʨʘʥʳ ʚ ʫʟʢʠʝ ʤʝʪʝʣʴʯʘʪʳʝ ʩʦʮʚʝʪʠʷ. ʇʝʨʠʬʝʨʠʯʝʩʢʠʝ ʷʟʳʯʢʦʚʳʝ ʮʚʝʪʢʠ ʙʝʣʦʚʘʪʳʝ, ʘ ʩʨʝʜʠʥʥʳʝ 

ʪʨʫʙʯʘʪʳʝ ï ʞʝʣʪʳʝ, ʩ ʭʦʭʦʣʢʦʤ. ʉʝʤʝʥʘ ʤʝʣʢʠʝ, ʙʣʘʛʦʜʘʨʷ ʭʦʭʦʣʢʫ ʨʘʟʥʦʩʷʪʩʷ ʚʝʪʨʦʤ. 

ʕʪʦʪ ʧʦʚʩʝʤʝʩʪʥʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʡ ʩʦʨʥʷʢ ʙʳʣ ʟʘʚʝʟʝʥ ʚ ɽʚʨʘʟʠʶ ʠʟ ʂʘʥʘʜʳ, ʧʦ ʦʜʥʠʤ 

ʜʘʥʥʳʤ, ʚ 17 ʚʝʢʝ, ʧʦ ʜʨʫʛʠʤ - ʚ 19-ʤ, ʢʦʛʜʘ ʠʟ ɸʤʝʨʠʢʠ ʚ ɽʚʨʦʧʫ ʦʥ ʧʨʦʥʠʢ ʩ ʯʫʯʝʣʦʤ ʧʪʠʮʳ, 

ʥʘʙʠʪʳʤ ʩʝʤʝʥʘʤʠ ʵʪʦʛʦ ʨʘʩʪʝʥʠʷ [13. ʩ. 310]. ʉʝʡʯʘʩ ʵʪʦ ʦʜʠʥ ʠʟ ʥʘʠʙʦʣʝʝ ʟʣʦʩʪʥʳʭ ʩʦʨʥʷʢʦʚ, 

ʫʩʪʦʡʯʠʚʳʡ ʜʘʞʝ ʢ ʩʦʚʨʝʤʝʥʥʳʤ ʛʝʨʙʠʮʠʜʘʤ. 

ɸ ʫ ʩʦʨʥʷʢʘ ʤʝʣʢʦʣʝʧʝʩʪʥʠʢʘ ʝʩʪʴ ʠ ʢʫʣʴʪʫʨʥʘʷ ʜʝʢʦʨʘʪʠʚʥʘʷ ʬʦʨʤʘ, ʥʘʟʳʚʘʝʤʘʷ ʵʨʠʛʝʨʦʥ 

(ʧʦ ʨʦʜʦʚʦʤʫ ʣʘʪʠʥʩʢʦʤʫ ʥʘʟʚʘʥʠʶ). ɺ ʧʨʠʨʦʜʝ ʚʩʪʨʝʯʘʶʪʩʷ ʠ ʜʨʫʛʠʝ ʜʠʢʦʨʘʩʪʫʱʠʝ ʬʦʨʤʳ 

ʤʝʣʢʦʣʝʧʝʩʪʥʠʢʘ (ʥʘʧʨʠʤʝʨ, ʤʘʣʦʛʦʣʦʚʳʡ), ʢʦʪʦʨʳʝ ʪʘʢʞʝ ʷʚʣʷʶʪʩʷ ʩʦʨʥʳʤʠ ʠ ʨʫʜʝʨʘʣʴʥʳʤʠ 

ʨʘʩʪʝʥʠʷʤʠ. 

ʄʝʣʢʦʣʝʧʝʩʪʥʠʢ ʢʘʥʘʜʩʢʠʡ ʙʝʟʚʨʝʜʝʥ ʜʣʷ ʯʝʣʦʚʝʢʘ. ɺ ʥʘʨʦʜʥʦʡ ʤʝʜʠʮʠʥʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʨʠ 

ʤʘʪʦʯʥʳʭ, ʛʝʤʦʨʨʦʠʜʘʣʴʥʳʭ, ʞʝʣʫʜʦʯʥʦ-ʢʠʰʝʯʥʳʭ ʢʨʦʚʦʪʝʯʝʥʠʷʭ, ʨʘʩʩʪʨʦʡʩʪʚʘʭ ʞʝʣʫʜʢʘ, 

ʟʘʙʦʣʝʚʘʥʠʷʭ ʛʣʘʟ, ʘ ʪʘʢʞʝ ʜʣʷ ʦʪʨʘʱʠʚʘʥʠʷ ʚʦʣʦʩ [14, ʩ. 297]. 

ɹʣʘʛʦʜʘʨʷ ʩʚʦʝʦʙʨʘʟʥʦʤʫ ʞʛʫʯʝʤʫ ʚʢʫʩʫ ʣʠʩʪʴʷ ʠ ʜʨʫʛʠʝ ʥʘʜʟʝʤʥʳʝ ʯʘʩʪʠ ʨʘʩʪʝʥʠʷ ʤʦʛʫʪ 

ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʢʘʢ ʟʘʤʝʥʠʪʝʣʴ ʧʝʨʮʘ ʚ ʩʘʣʘʪʘʭ, ʦʩʦʙʝʥʥʦ ʜʣʷ ʣʶʜʝʡ, ʩʪʨʘʜʘʶʱʠʭ ʟʘʙʦʣʝʚʘʥʠʷʤʠ 

ʞʝʣʫʜʢʘ, ʘ ʪʘʢʞʝ ʚ ʵʢʩʧʝʜʠʮʠʦʥʥʦ-ʧʦʣʝʚʳʭ ʫʩʣʦʚʠʷʭ. ʊʘʢʦʡ ʩʧʦʩʦʙ ʧʨʠʤʝʥʝʥʠʷ ʥʘʜʟʝʤʥʳʭ ʯʘʩʪʝʡ 

ʤʝʣʢʦʣʝʧʝʩʪʥʠʢʘ ʙʳʣ ʚʧʝʨʚʳʝ ʧʨʝʜʣʦʞʝʥ ʅ.ɽ.ʊʘʨʘʩʦʚʩʢʦʡ ʠ ɹ.ɾ.ɹʘʡʤʫʨʟʠʥʦʡ [15, ʩ. 3]. ʈʘʥʝʝ ʚ 
ʢʘʯʝʩʪʚʝ ʟʘʤʝʥʠʪʝʣʷ ʧʝʨʮʘ, ʚ ʪʦʤ ʯʠʩʣʝ ʜʣʷ ʣʠʮ, ʩʪʨʘʜʘʶʱʠʭ ʟʘʙʦʣʝʚʘʥʠʷʤʠ ʞʝʣʫʜʢʘ, ʙʳʣʦ ʠʟʚʝʩʪʥʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʫʭʠʭ ʣʠʩʪʴʝʚ ʙʘʟʠʣʠʢʘ, ʘ ʪʘʢʞʝ ʠʭ ʩʤʝʩʠ ʩ ʨʦʟʤʘʨʠʥʦʤ.  
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ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʥʘʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʥʘʜʟʝʤʥʳʝ ʯʘʩʪʠ ʤʝʣʢʦʣʝʧʝʩʪʥʠʢʘ ʢʘʥʘʜʩʢʦʛʦ 

ʤʦʛʫʪ ʭʨʘʥʠʪʴʩʷ ʚ ʚʳʩʫʰʝʥʥʦʤ ʚʠʜʝ (ʚ ʟʘʢʨʳʪʦʡ ʧʦʩʫʜʝ) ʥʝʩʢʦʣʴʢʦ ʣʝʪ ʙʝʟ ʧʦʪʝʨʠ 

ʭʘʨʘʢʪʝʨʥʦʛʦ ʚʢʫʩʘ ʠ ʘʨʦʤʘʪʘ. ʇʨʠ ʵʪʦʤ ʞʝʣʘʪʝʣʴʥʦ ʠʟʙʝʛʘʪʴ ʩʙʦʨʘ ʪʨʘʚʳ ʩ ʦʪʮʚʝʪʘʶʱʠʤʠ 

ʮʚʝʪʢʘʤʠ, ʯʪʦʙʳ ʥʝ ʜʦʧʫʩʪʠʪʴ ʨʘʩʩʝʠʚʘʥʠʷ ʩʝʤʷʥ ʩ ʭʦʭʦʣʢʦʤ ʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʩʦʨʥʷʢʘ.  
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  ɺ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʩʪʘʪʴʝ ʧʦʢʘʟʘʥʳ ʦʩʥʦʚʥʳʝ ʤʝʪʦʜʳ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʚ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʜʣʷ ʩʥʠʞʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʚ ʩʦʩʪʘʚʝ 

ʜʠʟʝʣʴʥʳʭ ʜʠʩʪʠʣʣʘʪʦʚ. ʊʘʢ, ʚ ʨʘʙʦʪʝ [1] ʩʦʦʙʱʘʝʪʩʷ, ʯʪʦ ʟʘ ʧʨʦʰʝʜʰʠʝ ʛʦʜʳ ʧʨʦʮʝʩʩ 

ʛʠʜʨʦʦʯʠʩʪʢʠ ʙʳʣ ʟʥʘʯʠʪʝʣʴʥʦ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥ, ʯʪʦʙʳ ʦʙʣʝʛʯʠʪʴ ʧʨʦʠʟʚʦʜʩʪʚʦ 

ʵʢʦʣʦʛʠʯʝʩʢʠ ʯʠʩʪʦʛʦ ʜʠʟʝʣʴʥʦʛʦ ʪʦʧʣʠʚʘ ʟʘ ʩʯʝʪ ʩʥʠʞʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʩʝʨʳ ʠ 

ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʩʦʚʨʝʤʝʥʥʳʤʠ ʥʦʨʤʘʤʠ ʚʳʙʨʦʩʦʚ. ɺ ʵʪʦʤ 

ʠʩʩʣʝʜʦʚʘʥʠʠ ʧʦʢʘʟʘʥʳ ʨʘʟʣʠʯʥʳʝ ʢʠʥʝʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʨʝʘʢʮʠʠ ʛʠʜʨʦʜʝʘʨʦʤʘʪʠʟʘʮʠʠ ʠ 

ʚʣʠʷʥʠʝ ʩʢʦʨʦʩʪʠ ʨʝʘʢʮʠʠ ʥʘ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ, ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥ ʧʨʦʤʳʰʣʝʥʥʳʡ ʨʝʘʢʪʦʨ 

ʛʠʜʨʦʦʯʠʩʪʢʠ ʛʘʟʦʡʣʷ ʠ ʣʝʛʢʠʭ ʮʠʢʣʦʚʳʭ ʥʝʬʪʷʥʳʭ ʬʨʘʢʮʠʡ. ʈʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʩʨʘʚʥʠʚʘʣʠʩʴ ʩ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʜʘʥʥʳʤʠ ʠʟ ʧʨʦʚʝʜʝʥʥʦʛʦ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʦʧʳʪʘ ʠ 
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ʧʨʝʜʣʦʞʝʥʘ ʣʫʯʰʘʷ ʤʦʜʝʣʴ ʥʘʙʣʶʜʘʝʤʦʛʦ ʧʨʦʮʝʩʩʘ. ʇʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʨʝʘʢʪʦʨʘ ʠ ʦʙʱʘʷ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʦʮʝʩʩʘ ʩʠʣʴʥʦ ʟʘʚʠʩʷʪ ʦʪ ʢʠʥʝʪʠʢʠ ʛʠʜʨʦʜʝʘʨʦʤʘʪʠʟʘʮʠʠ ʚ ʦʪʥʦʰʝʥʠʠ 

ʢʦʥʚʝʨʩʠʠ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ, ʠ ʪʝʤ ʙʦʣʝʝ ʚ ʦʪʥʦʰʝʥʠʠ ʧʦʚʳʰʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʚ 

ʨʝʘʢʪʦʨʝ, ʯʪʦ ʚʣʠʷʝʪ ʥʘ ʚʩʝ ʢʣʶʯʝʚʳʝ ʧʘʨʘʤʝʪʨʳ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ, ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʩʤʘʯʠʚʘʥʠʷ ʢʘʪʘʣʠʟʘʪʦʨʘ ʠ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʦʥʚʝʨʩʠʶ ʩʝʨʳ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʦʣʫʯʝʥʥʳʭ 

ʨʝʟʫʣʴʪʘʪʦʚ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʨʝʘʢʪʦʨʘ ʩʠʣʴʥʦ 

ʟʘʚʠʩʠʪ ʦʪ ʨʝʘʢʮʠʠ ʛʠʜʨʦʜʝʘʨʦʤʘʪʠʟʘʮʠʠ. ʃʫʯʰʠʝ ʧʨʝʜʩʢʘʟʘʥʠʷ ʦ ʪʝʤʧʝʨʘʪʫʨʘ, ʘ ʪʘʢʞʝ 

ʢʦʥʚʝʨʩʠʠ ʩʝʨʳ ʠ ʘʨʦʤʘʪʠʢʠ (ʦʪʢʣʦʥʝʥʠʝ ʦʪ ʟʥʘʯʝʥʠʝ 0,87 K, 0,01% ʠ 2,57% ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ) 

ʜʦʩʪʠʛʘʶʪʩʷ ʩ ʧʦʤʦʱʴʶ ʢʠʥʝʪʠʢʠ ʃʝʥʛʤʶʨʘ-ʍʠʥʰʝʣʴʚʫʜʘ ʚ ʤʦʜʝʣʠ, ʧʨʝʜʣʦʞʝʥʥʦʡ ʆʚʫʩʫ-

ɹʦʘʢʴʝ. 

ɺ ʨʘʙʦʪʝ [2] ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʧʨʦʚʝʜʝʥʥʳʝ ʧʦ 

ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʶ ʢʘʯʝʩʪʚʘ ʛʠʜʨʦʦʯʠʱʝʥʥʦʛʦ ʜʠʟʝʣʴʥʦʛʦ ʪʦʧʣʠʚʘ (ɻɼʊ) ʤʝʪʦʜʦʤ 

ʵʢʩʪʨʘʢʮʠʠ ʠʦʥʥʦʡ ʞʠʜʢʦʩʪʠ ʥʘ ʦʩʥʦʚʝ N-ʤʝʪʠʣʧʠʨʨʦʣʠʜʦʥʘ ʠ ʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʳ. ɺʣʠʷʥʠʝ 

ʨʘʟʣʠʯʥʳʭ ʬʘʢʪʦʨʦʚ ï ʩʦʦʪʥʦʰʝʥʠʝ ʢʦʤʧʦʥʝʥʪʦʚ, ʪʝʤʧʝʨʘʪʫʨʘ ʠ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ 

ʵʢʩʪʨʘʢʮʠʠ ʙʳʣʦ ʠʟʫʯʝʥʦ ʥʘ ʚʳʭʦʜ ʠ ʩʪʝʧʝʥʴ ʦʯʠʩʪʢʠ, ʚ ʯʘʩʪʥʦʩʪʠ ʥʘ ʩʪʝʧʝʥʴ 

ʜʝʘʨʦʤʘʪʠʟʘʮʠʠ ʠ ʦʙʝʩʩʝʨʠʚʘʥʠʷ ɻɼʌ. ɺʳʷʩʥʝʥʦ, ʯʪʦ ʚ ʩʣʫʯʘʝ ʨʝʘʣʠʟʘʮʠʠ ʩʝʣʝʢʪʠʚʥʦʡ 

ʦʯʠʩʪʢʠ ɻɼʌ ʠʦʥʥʦʡ ʞʠʜʢʦʩʪʠ ʧʨʠ ʩʦʦʪʥʦʰʝʥʠʠ ʠʦʥʥʦʡ ʞʠʜʢʦʩʪʠ ʢ ʠʩʭʦʜʥʦʤʫ ʩʳʨʴʶ 3:1, 

ʚʨʝʤʷ ʢʦʥʪʘʢʪʘ ʢʦʤʧʦʥʝʥʪʦʚ ï 3 ʯʘʩʘ, ʪʝʤʧʝʨʘʪʫʨʘ ʵʢʩʪʨʘʢʮʠʠ 60
0
ʉ, ʦʩʪʘʪʦʯʥʘʷ ʘʨʦʤʘʪʠʢʘ ʚ 

ʨʘʬʠʥʘʪʝ ʩʦʩʪʘʚʣʷʝʪ 4% ʤʘʩ., ʘ ʩʝʨʦʩʦʜʝʨʞʘʱʠʝ ʩʦʝʜʠʥʝʥʠʷ ï 0,0153 % ʤʘʩʩ. ʇʨʠ ʵʪʦʤ 

ʮʝʪʘʥʦʚʦʝ ʯʠʩʣʦ ʩʦʩʪʘʚʣʷʝʪ 52. ʇʨʘʢʪʠʯʝʩʢʠ ʧʦʣʥʘʷ ʜʝʘʨʦʤʘʪʠʟʠʨʦʚʘʥʥʦʝ ʩʳʨʴʝ ʧʦʣʫʯʘʶʪ 

ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʵʢʩʪʨʘʢʮʠʠ ï 20-25
0
ʉ, ʤʘʩʩʦʚʦʤ ʦʪʥʦʰʝʥʠʠ ʩʦʩʪʘʚʘ ʠʦʥʥʦʡ ʞʠʜʢʦʩʪʠ ʢ 

ʠʩʭʦʜʥʦʤʫ ʩʳʨʴʶ ï 2:1 ʠ ʚʨʝʤʝʥʠ ʢʦʥʪʘʢʪʘ ʢʦʤʧʦʥʝʥʪʦʚ ï 1 ʯʘʩ. ɺ ʚʳʰʝʫʢʘʟʘʥʥʳʭ ʫʩʣʦʚʠʷʭ 

ʵʢʩʪʨʘʢʮʠʠ, ʦʩʪʘʪʦʯʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʩʝʨʦʩʦʜʝʨʞʘʱʠʭ ʩʦʝʜʠʥʝʥʠʡ ʚ ʨʘʬʠʥʘʪʝ, ʧʦʣʫʯʝʥʥʦʛʦ ʩ 

ʚʳʭʦʜʦʤ 88%, ʩʦʩʪʘʚʣʷʝʪ 0,0130% ʤʘʩʩ. ʎʝʪʘʥʦʚʦʝ ʯʠʩʣʦ ʦʯʠʱʝʥʥʦʛʦ ɻɼʌ ʩʦʩʪʘʚʣʷʝʪ 52. 

ɹʣʘʛʦʜʘʨʷ ʩʚʦʡʩʪʚʘʤ ï ʢʠʥʝʤʘʪʠʯʝʩʢʦʡ ʚʷʟʢʦʩʪʠ, ʮʝʪʘʥʦʚʦʤʫ ʯʠʩʣʫ ʠ ʦʜʥʦʚʨʝʤʝʥʥʦ 

ʦʩʪʘʪʦʯʥʦʤʫ ʩʦʜʝʨʞʘʥʠʶ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚ, ɻɼʌ ʧʦʩʣʝ ʩʝʣʝʢʪʠʚʥʦʡ ʦʯʠʩʪʢʘ 

ʢʦʤʧʦʟʠʮʠʝʡ ʠʦʥʥʦʡ ʞʠʜʢʦʩʪʠ, ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʪʨʝʙʦʚʘʥʠʷʤ ɽʚʨʦ-5. 

ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʷ [3] ʩʦʩʪʦʷʣʘ ʚ ʪʦʤ, ʯʪʦʙʳ ʚʳʷʩʥʠʪʴ, ʤʦʞʝʪ ʣʠ ʜʦʙʘʚʣʝʥʠʝ ʚʪʦʨʦʡ 

ʩʪʘʜʠʠ ʜʝʘʨʦʤʘʪʠʟʘʮʠʠ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʢʦʥʮʝʥʪʨʘʮʠʶ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʚ 

ʜʠʟʝʣʴʥʦʤ ʪʦʧʣʠʚʝ ʩ ʥʠʟʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ. ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ 

ʜʠʟʝʣʴʥʦʝ ʪʦʧʣʠʚʦ ʤʦʞʥʦ ʙʳʣʦ ʥʘʟʚʘʪʴ ʛʦʨʦʜʩʢʠʤ ʜʠʟʝʣʴʥʳʤ ʪʦʧʣʠʚʦʤ ʩ ʥʠʟʢʠʤ 

ʩʦʜʝʨʞʘʥʠʝʤ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ (MK1 ʚ ʐʚʝʮʠʠ), ʢʦʥʮʝʥʪʨʘʮʠʷ ʘʨʦʤʘʪʠʯʝʩʢʠʭ 

ʩʦʝʜʠʥʝʥʠʡ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʤʦʞʝʪ ʩʦʩʪʘʚʣʷʪʴ ʥʝ ʙʦʣʝʝ 5 %. ɻʦʨʦʜʩʢʦʝ ʜʠʟʝʣʴʥʦʝ ʪʦʧʣʠʚʦ 

ʩ ʥʠʟʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʨʝʘʛʠʨʦʚʘʣʦ ʩ ʛʘʟʦʦʙʨʘʟʥʳʤ ʚʦʜʦʨʦʜʦʤ 

ʥʘʜ ʩʣʦʝʤ ʢʘʪʘʣʠʟʘʪʦʨʘ Pt/Al2O3 ʚ ʨʝʘʢʪʦʨʥʦʡ ʩʠʩʪʝʤʝ ʩ ʥʠʩʭʦʜʷʱʠʤ ʧʦʪʦʢʦʤ. ʕʪʘ ʨʝʘʢʮʠʷ 

ʙʳʣʘ ʠʟʫʯʝʥʘ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʜʘʚʣʝʥʠʷʭ ʠ ʪʝʤʧʝʨʘʪʫʨʘʭ. 

ʆʪʥʦʩʠʪʝʣʴʥʦ ʚʳʩʦʢʦʝ ʩʦʜʝʨʞʘʥʠʝ ʘʟʦʪʘ ʠ ʩʝʨʳ ʚ ʩʣʘʥʮʝʚʦʤ ʤʘʩʣʝ ʤʦʞʝʪ ʦʢʘʟʳʚʘʪʴ 

ʥʝʙʣʘʛʦʧʨʠʷʪʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʝʛʦ ʧʦʪʝʥʮʠʘʣʴʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʢʘʯʝʩʪʚʝ ʘʣʴʪʝʨʥʘʪʠʚʥʦʛʦ 

ʪʦʧʣʠʚʘ. ɺ ʨʘʙʦʪʝ [4] ʧʦʢʘʟʘʥʳ ʨʝʟʫʣʴʪʘʪʳ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ 

ʛʠʜʨʦʦʯʠʩʪʢʠ ʜʠʟʝʣʴʥʦʛʦ ʪʦʧʣʠʚʘ ʬʨʘʢʮʠʠ (200ï360Áʉ) ʬʫʰʫʥʴʩʢʦʡ ʩʣʘʥʮʝʚʦʡ ʥʝʬʪʠ. 

ɻʠʜʨʠʨʦʚʘʥʠʝ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʚ ʨʝʘʢʪʦʨʝ ʩ ʥʝʧʦʜʚʠʞʥʳʤ ʩʣʦʝʤ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʩʫʣʴʬʠʜʠʨʦʚʘʥʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ Ni-W/Al 2O3 ʠ ʉʦ-ʄʦ/Al 2O3. ʀʟʫʯʝʥʦ ʚʣʠʷʥʠʝ 

ʪʝʤʧʝʨʘʪʫʨʳ, ʜʘʚʣʝʥʠʷ, ʞʠʜʢʦʩʪʥʦʛʦ ʯʘʩʦʚʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ, ʩʢʦʨʦʩʪʠ (LHSV) ʠ 

ʩʦʦʪʥʦʰʝʥʠʷ ʚʦʜʦʨʦʜ/ʩʳʨʴʝ ʧʨʠ ʛʠʜʨʦʦʙʝʩʩʝʨʠʚʘʥʠʠ (HDS) ʠ ʛʠʜʨʦʜʝʘʟʦʪʠʨʦʚʘʥʠʝ (ɻɼʅ). 

ʉʨʘʚʥʠʚʘʣʠ ʢʘʪʘʣʠʪʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ ʜʚʫʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ. ʈʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ 

ʧʦʚʳʰʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ, ʚʳʩʦʢʦʝ ʜʘʚʣʝʥʠʝ ʠ ʜʣʠʪʝʣʴʥʦʝ ʚʨʝʤʷ ʧʨʝʙʳʚʘʥʠʷ (ʦʙʨʘʪʥʦʝ 

LHSV) ʩʧʦʩʦʙʩʪʚʦʚʘʣʠ ʫʜʘʣʝʥʠʶ ʩʝʨʳ ʠ ʘʟʦʪʘ, ʘ ʚʣʠʷʥʠʝ ʩʦʦʪʥʦʰʝʥʠʷ ʚʦʜʦʨʦʜ/ʩʳʨʴʝ ʙʳʣʦ 

ʤʝʥʝʝ ʦʱʫʪʠʤʳʤ. ʉʪʝʧʝʥʴ ʫʜʘʣʝʥʠʷ ʘʟʦʪʘ ʙʳʣʘ ʩʫʱʝʩʪʚʝʥʥʦ ʚʳʰʝ, ʯʝʤ  ʩʝʨʳ. 

ʕʬʬʝʢʪʠʚʥʦʩʪʴ HDS ʜʚʫʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʙʳʣʘ ʩʦʧʦʩʪʘʚʠʤʘ ʚ ʪʷʞʝʣʳʭ ʫʩʣʦʚʠʷʭ. 

ʂʘʪʘʣʠʟʘʪʦʨ Ni-W/Al 2O3 ʦʢʘʟʘʣʩʷ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʝʝ ʘʢʪʠʚʥʳʤ ʧʨʠ ɻɼʅ, ʯʝʤ ʢʘʪʘʣʠʟʘʪʦʨ 

CoMo/Al 2O3 ʚʦ ʚʩʝʭ ʚʳʙʨʘʥʥʳʭ ʫʩʣʦʚʠʷʭ. ʄʘʩʣʦ, ʦʯʠʱʝʥʥʦʝ ʚ ʦʧʪʠʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ 
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ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʥʠʟʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʩʝʨʳ, ʘʟʦʪʘ ʠ ʘʣʢʝʥʦʚ. ʇʦʵʪʦʤʫ ʝʛʦ ʤʦʞʥʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʢʘʢ ʙʦʣʝʝ ʮʝʥʥʦʝ ʪʦʧʣʠʚʦ. 

ʇʘʪʝʥʪ [5] ʦʪʥʦʩʠʪʩʷ ʢ ʩʧʦʩʦʙʫ ʜʝʘʨʦʤʘʪʠʟʘʮʠʠ ʥʝʬʪʷʥʳʭ ʜʠʩʪʠʣʣʷʪʦʚ, 

ʚʢʣʶʯʘʶʱʠʡ ʩʪʘʜʠʠ ʧʦʜʘʯʠ ʠʩʭʦʜʥʦʛʦ ʘʨʦʤʘʪʠʯʝʩʢʦʛʦ ʫʛʣʝʚʦʜʦʨʦʜʥʦʛʦ ʩʳʨʴʷ ʚ ʫʩʪʘʥʦʚʢʫ 

ʛʠʜʨʦʦʯʠʩʪʢʠ, ʢʦʥʪʘʢʪʘ ʠʩʭʦʜʥʦʛʦ ʩʳʨʴʷ ʩ ʚʦʜʦʨʦʜʦʤ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʢʘʪʘʣʠʟʘʪʦʨʘ ʜʣʷ 

ʛʠʜʨʠʨʦʚʘʥʠʷ ʜʠʩʪʠʣʣʷʪʘ ʠ ʩʦʜʝʨʞʘʱʠʭʩʷ ʚ ʥʝʤ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʩ ʧʦʣʫʯʝʥʠʝʤ 

ʜʝʘʨʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʧʨʦʜʫʢʪʘ, ʠ ʠʟʚʣʝʯʝʥʠʝ ʜʝʘʨʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʧʨʦʜʫʢʪʘ ʠʟ ʫʩʪʘʥʦʚʢʠ 

ʛʠʜʨʦʦʯʠʩʪʢʠ. 

ɺ ʨʘʙʦʪʝ [6] ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʧʨʦʛʨʘʤʤʳ, ʥʘʧʨʘʚʣʝʥʥʦʡ 

ʥʘ ʠʟʫʯʝʥʠʝ ʚʣʠʷʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʚ ʜʠʟʝʣʴʥʦʤ ʪʦʧʣʠʚʝ ʠ 

ʮʝʪʘʥʦʚʦʛʦ ʯʠʩʣʘ ʥʘ ʚʳʙʨʦʩʦʚ ʚʳʭʣʦʧʥʳʭ ʛʘʟʦʚ ʜʠʟʝʣʴʥʦʛʦ ʜʚʠʛʘʪʝʣʷ. ʈʝʧʨʝʟʝʥʪʘʪʠʚʥʳʡ 

ʤʦʜʝʣʴʥʳʡ ʨʷʜ ʠʟ ʩʝʤʠ ʩʦʚʨʝʤʝʥʥʳʭ ʘʚʪʦʤʦʙʠʣʝʡ ʤʘʣʦʡ ʛʨʫʟʦʧʦʜʲʝʤʥʦʩʪʠ, ʘ ʪʘʢʞʝ ʜʚʫʭ 

ʜʚʠʛʘʪʝʣʝʡ ʙʦʣʴʰʦʡ ʤʦʱʥʦʩʪʠ, ʙʳʣʠ ʠʩʧʳʪʘʥʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʝʚʨʦʧʝʡʩʢʠʭ ʧʨʦʮʝʜʫʨ 

ʠʩʧʳʪʘʥʠʡ ʩ ʰʝʩʪʴʶ ʚʠʜʘʤʠ ʪʦʧʣʠʚʘ ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʚ ʜʠʘʧʘʟʦʥʝ 

ʦʪ 15 ʜʦ 37 ʦʙ.%. ʊʝʩʪʦʚʳʝ ʪʦʧʣʠʚʘ ʙʳʣʠ ʧʨʦʠʟʚʦʜʝʥʳ ʧʫʪʝʤ ʛʣʫʙʦʢʦʛʦ ʛʠʜʨʠʨʦʚʘʥʠʷ 

ʙʘʟʦʚʦʛʦ ʪʦʧʣʠʚʘ. ʕʪʦʪ ʧʨʦʮʝʩʩ ʚʣʠʷʝʪ ʥʘ ʜʨʫʛʠʝ ʧʘʨʘʤʝʪʨʳ ʢʘʯʝʩʪʚʘ ʪʦʧʣʠʚʘ, ʚ ʪʦʤ ʯʠʩʣʝ 

ʧʣʦʪʥʦʩʪʴ, ʩʦʜʝʨʞʘʥʠʝ ʩʝʨʳ ʠ ʮʝʪʘʥʦʚʦʝ ʯʠʩʣʦ. ʏʪʦʙʳ ʩʙʘʣʘʥʩʠʨʦʚʘʪʴ ʵʪʠ ʠʟʤʝʥʝʥʠʷ, 

ʤʘʪʨʠʮʘ ʚʢʣʶʯʘʣʘ ʩʝʨʫ ʠ ʚʦʩʧʣʘʤʝʥʝʥʠʝ ʪʦʧʣʠʚʘ ʩ ʧʨʠʩʘʜʢʘʤʠ-ʫʣʫʯʰʠʪʝʣʷʤʠ. ʊʦʧʣʠʚʦ 

ʛʠʜʨʦʢʨʝʢʠʥʛʘ ʪʘʢʞʝ ʙʳʣʦ ʚʢʣʶʯʝʥʦ ʚ ʟʘʢʘʟ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʳʷʚʠʣʦ ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ 

ʩʚʦʡʩʪʚ ʪʦʧʣʠʚʘ ʥʘ ʫʛʘʨʥʳʡ ʛʘʟ ʠ ʚʳʙʨʦʩʳ ʪʚʝʨʜʳʭ ʯʘʩʪʠʮ ʦʪ ʣʝʛʢʦʚʳʭ ʘʚʪʦʤʦʙʠʣʝʡ. ʉʘʤʳʝ 

ʩʠʣʴʥʳʝ ʢʦʨʨʝʣʷʪʦʨʳ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʩ ʮʝʪʘʥʦʚʳʤ ʯʠʩʣʦʤ. ɺʢʣʶʯʝʥʠʝ ʘʨʦʤʘʪʠʯʝʩʢʠʭ 

ʪʝʨʤʠʥʦʚ ʚ ʢʦʨʨʝʣʷʮʠʶ ʫʨʘʚʥʝʥʠʷ ʩ ʮʝʪʘʥʦʚʳʤ ʯʠʩʣʦʤ ʥʝ ʜʘʣʠ ʫʣʫʯʰʝʥʠʷ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʢʦʨʨʝʣʷʮʠʷʤʠ ʩ ʫʯʝʪʦʤ ʪʦʣʴʢʦ ʮʝʪʘʥʦʚʦʛʦ ʯʠʩʣʘ. 

ʈʘʙʦʪʘ [7] ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʚʳʙʦʨʦʯʥʳʡ ʦʙʟʦʨ ʧʦʜʭʦʜʦʚ ʢ ʧʨʦʝʢʪʠʨʦʚʘʥʠʶ ʠ 

ʩʚʷʟʘʥʥʦʛʦ ʩ ʥʠʤʠ ʢʘʪʘʣʠʟʘ ʠ ʭʠʤʠʠ ʜʣʷ ʛʣʫʙʦʢʦʡ ʜʝʩʫʣʴʬʫʨʘʮʠʠ ʠ ʛʣʫʙʦʢʦʡ 

ʜʝʘʨʦʤʘʪʠʟʘʮʠʠ (ʛʠʜʨʠʨʦʚʘʥʠʷ) ʫʛʣʝʚʦʜʦʨʦʜʥʦʛʦ ʪʦʧʣʠʚʘ, ʦʩʦʙʝʥʥʦ ʜʠʟʝʣʴʥʦʛʦ 

ʪʦʧʣʠʚʘ. ʇʨʦʙʣʝʤʦʡ ʛʣʫʙʦʢʦʡ ʜʝʩʫʣʴʬʫʨʘʮʠʠ ʜʠʟʝʣʴʥʦʛʦ ʪʦʧʣʠʚʘ ʷʚʣʷʝʪʩʷ ʩʣʦʞʥʦʩʪʴ 

ʫʜʘʣʝʥʠʷ ʪʫʛʦʧʣʘʚʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʩʝʨʳ, ʦʩʦʙʝʥʥʦ 4,6-ʜʠʤʝʪʠʣʜʠʙʝʥʟʦʪʠʦʬʝʥʘ, ʩ ʧʦʤʦʱʴʶ 

ʦʙʳʯʥʳʭ ʧʨʦʮʝʩʩʦʚ ʛʠʜʨʦʜʝʩʫʣʴʬʫʨʘʮʠʠ. ʇʨʦʙʣʝʤʘ ʫʩʫʛʫʙʣʷʝʪʩʷ ʠʥʛʠʙʠʨʫʶʱʠʤ ʜʝʡʩʪʚʠʝʤ 

ʧʦʣʠʘʨʦʤʘʪʠʯʝʩʢʠʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʠ ʩʦʝʜʠʥʝʥʠʡ ʘʟʦʪʘ, ʢʦʪʦʨʳʝ ʧʨʠʩʫʪʩʪʚʫʶʪ ʚ ʥʝʢʦʪʦʨʳʭ 

ʩʤʝʩʷʭ ʜʠʟʝʣʴʥʦʛʦ ʪʦʧʣʠʚʘ ʥʘ ʛʣʫʙʦʢʦʤ ɻɼʉ. ʉ ʥʦʚʳʤʠ ʧʨʘʚʠʣʘʤʠ ɸʛʝʥʪʩʪʚʘ ʧʦ ʦʭʨʘʥʝ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ (EPA) Tier II, ʩʦʛʣʘʩʥʦ ʢʦʪʦʨʳʤ ʢ ʠʶʥʶ 2006 ʛ. ʩʦʜʝʨʞʘʥʠʝ ʩʝʨʳ ʚ 

ʜʠʟʝʣʴʥʦʤ ʪʦʧʣʠʚʝ ʜʦʣʞʥʦ ʙʳʪʴ ʩʥʠʞʝʥʦ ʩ ʪʝʢʫʱʠʭ 500 ʯʘʩʪʝʡ ʥʘ ʤʠʣʣʠʦʥ ʜʦ 15 ʯʘʩʪʝʡ ʥʘ 

ʤʠʣʣʠʦʥ, ʥʝʬʪʝʧʝʨʝʨʘʙʘʪʳʚʘʶʱʠʝ ʟʘʚʦʜʳ ʩʪʘʣʢʠʚʘʶʪʩʷ ʩ ʩʝʨʴʝʟʥʳʤʠ ʧʨʦʙʣʝʤʘʤʠ, 

ʩʚʷʟʘʥʥʳʤʠ ʩ ʩʦʙʣʶʜʝʥʠʝʤ ʩʧʝʮʠʬʠʢʘʮʠʡ ʧʦ ʩʦʜʝʨʞʘʥʠʶ ʩʝʨʳ ʚ ʪʦʧʣʠʚʝ ʥʘʨʷʜʫ ʩ 

ʪʨʝʙʫʝʤʳʤ ʩʥʠʞʝʥʠʝʤ ʩʦʜʝʨʞʘʥʠʷ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚ. ɹʫʜʫʪ ʦʙʩʫʞʜʘʪʴʩʷ 

ʧʨʠʥʮʠʧʳ ʠ ʧʨʦʙʣʝʤʳ ʩʫʱʝʩʪʚʫʶʱʠʭ ʧʨʦʮʝʩʩʦʚ ʛʠʜʨʦʦʙʝʩʩʝʨʠʚʘʥʠʷ, ʘ ʪʘʢʞʝ ʢʦʥʮʝʧʮʠʠ, 

ʧʨʝʠʤʫʱʝʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ ʨʘʟʣʠʯʥʳʭ ʥʦʚʳʭ ʧʦʜʭʦʜʦʚ. ɺ ʯʘʩʪʥʦʩʪʠ, ʙʫʜʫʪ ʦʙʩʫʞʜʘʪʴʩʷ 

ʩʣʝʜʫʶʱʠʝ ʥʦʚʳʝ ʧʦʜʭʦʜʳ ʢ ʨʘʟʨʘʙʦʪʢʝ ʜʣʷ ʫʜʘʣʝʥʠʷ ʩʝʨʳ: 1) ʥʦʚʳʝ ʢʘʪʘʣʠʟʘʪʦʨʳ ʜʣʷ 

ʩʚʝʨʭʛʣʫʙʦʢʦʡ ʛʠʜʨʦʜʝʩʫʣʴʬʫʨʘʮʠʠ ʚ ʦʙʳʯʥʳʭ ʫʩʣʦʚʠʷʭ ʧʨʦʮʝʩʩʘ HDS; 2) ʥʦʚʘʷ ʢʦʥʮʝʧʮʠʷ 

ʜʠʟʘʡʥʘ ʫʩʪʦʡʯʠʚʳʭ ʢ ʩʝʨʝ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʥʘ ʦʩʥʦʚʝ ʙʣʘʛʦʨʦʜʥʳʭ ʤʝʪʘʣʣʦʚ ʜʣʷ 

ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʛʠʜʨʠʨʦʚʘʥʠʷ; 3) ʥʦʚʳʡ ʧʨʦʮʝʩʩ ʜʝʩʫʣʴʬʫʨʘʮʠʠ ʧʫʪʝʤ ʘʜʩʦʨʙʮʠʠ ʠ 

ʫʣʘʚʣʠʚʘʥʠʷ ʩʝʨʳ ʚ ʘʪʤʦʩʬʝʨʝ H2;  4) ʥʦʚʳʡ ʧʨʦʮʝʩʩ ʜʝʩʫʣʴʬʫʨʘʮʠʠ ʧʫʪʝʤ ʩʝʣʝʢʪʠʚʥʦʡ 

ʘʜʩʦʨʙʮʠʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʙʝʟ H2 ʠ ʩʚʷʟʘʥʥʘʷ ʩ ʥʠʤ ʠʥʪʝʛʨʠʨʦʚʘʥʥʘʷ 

ʢʦʥʮʝʧʮʠʷ ʧʨʦʮʝʩʩʘ; 5) ʦʢʠʩʣʠʪʝʣʴʥʦʝ ʦʙʝʩʩʝʨʠʚʘʥʠʝ ʚ ʞʠʜʢʦʡ ʬʘʟʝ; ʠ 6) ʙʠʦʜʝʩʫʣʴʬʫʨʘʮʠʷ. 

ʇʦʢʘʟʘʥʦ [8], ʯʪʦ ʦʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʩʧʦʩʦʙʦʚ ʫʣʫʯʰʝʥʠʷ 

ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʩʚʦʡʩʪʚ ʜʠʟʝʣʴʥʳʭ ʪʦʧʣʠʚ ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʨʠʩʘʜʦʢ. ʆʜʥʘʢʦ 

ʨʘʟʥʦʦʙʨʘʟʠʝ ʧʨʠʩʘʜʦʢ ʠ ʵʬʬʝʢʪ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ ʟʘʪʨʫʜʥʷʶʪ ʧʦʜʙʦʨ ʧʨʠʩʘʜʢʠ ʢ 

ʢʦʥʢʨʝʪʥʦʤʫ ʩʦʩʪʘʚʫ ʜʠʟʝʣʴʥʦʛʦ ʪʦʧʣʠʚʘ ʠ ʫʩʣʦʚʠʷʤ ʵʢʩʧʣʫʘʪʘʮʠʠ. ɿʘʢʦʥʦʤʝʨʥʦʩʪʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʛʨʫʧʧ ʧʨʠʩʘʜʦʢ ʩ ʫʛʣʝʚʦʜʦʨʦʜʘʤʠ ʜʠʟʝʣʴʥʦʡ ʬʨʘʢʮʠʠ ʜʦ 

ʩʠʭ ʧʦʨ ʥʝ ʠʩʩʣʝʜʦʚʘʥʳ. ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥʦ ʚʣʠʷʥʠʝ ʬʨʘʢʮʠʦʥʥʦʛʦ, ʛʨʫʧʧʦʚʦʛʦ ʠ 
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ʩʪʨʫʢʪʫʨʥʦ-ʛʨʫʧʧʦʚʦʛʦ ʩʦʩʪʘʚʘ ʧʨʷʤʦʛʦʥʥʳʭ ʜʠʟʝʣʴʥʳʭ ʪʦʧʣʠʚ ʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʠʩʘʜʦʢ, 

ʫʣʫʯʰʘʶʱʠʭ ʭʣʘʜʦʪʝʢʫʯʝʩʪʴ. ʈʘʩʩʤʦʪʨʝʥʦ ʚʣʠʷʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʜʦʙʘʚʦʢ ʥʘ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʭ ʜʝʡʩʪʚʠʷ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠ ʚʳʙʦʨʝ ʧʨʠʩʘʜʢʠ ʜʣʷ ʜʠʟʝʣʴʥʦʛʦ ʪʦʧʣʠʚʘ ʠ 

ʦʧʨʝʜʝʣʝʥʠʠ ʝʝ ʦʧʪʠʤʘʣʴʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʦʧʪʠʤʘʣʴʥʦʝ ʩʦʜʝʨʞʘʥʠʝ 

ʨʘʟʣʠʯʥʳʭ ʛʨʫʧʧ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʚ ʜʠʟʝʣʴʥʦʤ ʪʦʧʣʠʚʝ, ʧʨʠ ʢʦʪʦʨʦʤ ʧʨʠʩʘʜʢʘ ʜʣʷ ʫʣʫʯʰʝʥʠʷ 

ʪʝʢʫʯʝʩʪʠ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʘ. 

ɺ ʨʘʙʦʪʝ [9] ʠʩʩʣʝʜʫʝʪʩʷ ʚʣʠʷʥʠʝ ʬʨʘʢʮʠʦʥʥʦʡ ʧʝʨʝʛʦʥʢʠ ʥʘ ʚʳʭʦʜ ʠ ʢʘʯʝʩʪʚʦ 

ʙʠʦʪʦʧʣʠʚʘ, ʧʦʣʫʯʘʝʤʦʛʦ ʥʘ ʣʘʙʦʨʘʪʦʨʥʦʡ ʫʩʪʘʥʦʚʢʝ ʧʨʠ ʘʪʤʦʩʬʝʨʥʦʤ ʜʘʚʣʝʥʠʠ ʩ 

ʧʦʣʫʯʝʥʠʝʤ ʪʨʝʭ ʧʝʨʝʛʦʥʥʳʭ ʬʨʘʢʮʠʡ: ʟʝʣʝʥʦʛʦ ʙʝʥʟʠʥʘ, ʟʝʣʝʥʦʛʦ ʘʚʠʘʮʠʦʥʥʦʛʦ ʢʝʨʦʩʠʥʘ ʠ 

ʟʝʣʝʥʦʛʦ ʜʠʟʝʣʴʥʦʛʦ ʪʦʧʣʠʚʘ. ʂʘʯʝʩʪʚʦ ʧʝʨʝʛʥʘʥʥʳʭ ʬʨʘʢʮʠʡ ʦʮʝʥʠʚʘʣʠ ʩ ʧʦʤʦʱʴʶ ʬʠʟʠʢʦ-

ʭʠʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ, ʀʂ-ʌʫʨʴʝ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʠ ʘʥʘʣʠʟʘ ɻʍ-ʄʉ. ʌʨʘʢʮʠʦʥʥʘʷ ʧʝʨʝʛʦʥʢʘ 

ʩʳʨʦʛʦ ʙʠʦʪʦʧʣʠʚʘ ʜʘʚʘʣʘ ʙʠʦʪʦʧʣʠʚʦ ʚ ʚʠʜʝ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʳʭ ʬʨʘʢʮʠʡ ʩ ʥʘʠʙʦʣʴʰʠʤʠ 

ʟʥʘʯʝʥʠʷʤʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʚ ʧʨʝʜʝʣʘʭ, ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʥʘʮʠʦʥʘʣʴʥʳʤʠ ʠ 

ʤʝʞʜʫʥʘʨʦʜʥʳʤʠ ʨʝʛʫʣʠʨʫʶʱʠʤʠ ʦʨʛʘʥʘʤʠ, ʠ ʩ ʘʥʘʣʦʛʠʯʥʳʤʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ 

ʢʨʠʚʳʤʠ ʜʠʩʪʠʣʣʷʮʠʠ ʢ ʩʪʘʥʜʘʨʪʥʳʤ ʢʨʠʚʳʤ ʜʠʩʪʠʣʣʷʮʠʠ. ɻʍ-ʄʉ ʘʥʘʣʠʟ ʧʦʢʘʟʘʣ, ʯʪʦ ʪʨʠ 

ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʳʝ ʬʨʘʢʮʠʠ ʠʤʝʣʠ ʙʦʣʝʝ ʚʳʩʦʢʦʝ ʩʦʜʝʨʞʘʥʠʝ ʫʛʣʝʚʦʜʦʨʦʜʦʚ, ʯʝʤ 

ʥʘʩʳʱʝʥʥʳʝ ʢʠʩʣʦʨʦʜʦʤ ʩʦʝʜʠʥʝʥʠʷ ʠ ʩʦʜʝʨʞʘʱʠʝ ʫʛʣʝʚʦʜʦʨʦʜʳ, ʭʘʨʘʢʪʝʨʥʳʝ ʜʣʷ 

ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ, ʪʘʢʠʭ ʢʘʢ ʙʝʥʟʠʥ, ʘʚʠʘʮʠʦʥʥʳʡ ʢʝʨʦʩʠʥ ʠ ʜʠʟʝʣʴʥʦʝ ʪʦʧʣʠʚʦ. 

ʉʝʨʦʩʦʜʝʨʞʘʱʠʝ ʩʦʝʜʠʥʝʥʠʷ ʚ ʪʨʘʥʩʧʦʨʪʥʦʤ ʪʦʧʣʠʚʝ ʧʨʠ ʩʞʠʛʘʥʠʠ ʧʨʝʚʨʘʱʘʶʪʩʷ ʚ 

SOx, ʢʦʪʦʨʳʡ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʢʠʩʣʦʪʥʳʭ ʜʦʞʜʝʡ ʠ ʟʘʛʨʷʟʥʝʥʠʷ ʚʦʟʜʫʭʘ [10]. 

ɺ ʮʝʣʷʭ ʟʘʱʠʪʳ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʤʥʦʛʠʝ ʩʪʨʘʥʳ ʦʙʷʟʘʣʠ ʩʥʠʟʠʪʴ ʫʨʦʚʝʥʴ ʩʦʜʝʨʞʘʥʠʷ 

ʩʝʨʳ ʚ ʪʦʧʣʠʚʝ ʜʦ 10 ppm ʢ 2009 ʛ. ʙʣʠʞʘʡʰʠʝ ʥʝʩʢʦʣʴʢʦ ʣʝʪ. ɺ ʥʝʬʪʷʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ 

ʪʦʧʣʠʚʘ ʩ ʥʠʟʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʩʝʨʳ ʯʘʩʪʦ ʧʦʣʫʯʘʶʪ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʮʝʩʩʦʚ ʛʠʜʨʦʢʨʝʢʠʥʛʘ 

ʠʣʠ ʛʠʜʨʦʦʯʠʩʪʢʠ. ʍʦʪʷ ʧʨʦʮʝʩʩʳ ʛʠʜʨʦʦʯʠʩʪʢʠ ʦʢʘʟʘʣʠʩʴ ʦʯʝʥʴ ʵʬʬʝʢʪʠʚʥʳʤʠ ʜʣʷ 

ʩʥʠʞʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʩʝʨʳ, ʜʘʣʴʥʝʡʰʝʝ ʧʦʚʳʰʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʛʠʜʨʦʦʙʝʩʩʝʨʠʚʘʥʠʷ 

ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ ʚʩʝ ʙʦʣʝʝ ʞʝʩʪʢʠʤʠ ʫʩʣʦʚʠʷʤʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʧʨʠ ʨʘʩʪʫʱʠʭ ʟʘʪʨʘʪʘʭ. ɹʦʣʝʝ 

ʪʦʛʦ, ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʛʣʫʙʦʢʦʛʦ ʛʠʜʨʦʦʙʝʩʩʝʨʠʚʘʥʠʷ ʤʦʪʦʨʥʳʭ ʪʦʧʣʠʚ ʷʚʥʦ ʚʦʟʨʘʩʪʫʪ ʥʝ 

ʪʦʣʴʢʦ ʧʦʪʨʝʙʣʝʥʠʝ ʵʥʝʨʛʠʠ ʠ ʚʦʜʦʨʦʜʘ, ʥʦ ʠ ʙʫʜʫʪ ʠʥʜʫʮʠʨʦʚʘʪʴʩʷ ʥʝʞʝʣʘʪʝʣʴʥʳʝ 

ʧʦʙʦʯʥʳʝ ʨʝʘʢʮʠʠ (ʪʘʢʠʝ ʢʘʢ ʥʘʩʳʱʝʥʠʝ ʙʦʣʴʰʝʛʦ ʢʦʣʠʯʝʩʪʚʘ ʦʣʝʬʠʥʦʚ). ʊʘʢʠʝ ʧʦʙʦʯʥʳʝ 

ʨʝʘʢʮʠʠ ʧʨʠʚʦʜʷʪ ʢ ʩʥʠʞʝʥʠʶ ʦʢʪʘʥʦʚʦʛʦ ʯʠʩʣʘ ʙʝʥʟʠʥʘ. ʀʦʥʥʳʝ ʞʠʜʢʦʩʪʠ, ʥʦʚʳʡ ʢʣʘʩʩ 

ʟʝʣʝʥʳʭ ʨʘʩʪʚʦʨʠʪʝʣʝʡ, ʚ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʧʦʜʚʝʨʛʘʣʠʩʴ ʠʥʪʝʥʩʠʚʥʳʤ ʠʩʩʣʝʜʦʚʘʥʠʷʤ ʧʦ 

ʫʜʘʣʝʥʠʶ ʪʠʦʬʝʥʦʚʳʭ ʩʦʝʜʠʥʝʥʠʡ ʩʝʨʳ (ʥʘʧʨʠʤʝʨ, ʜʠʙʝʥʟʦʪʠʦʬʝʥʘ) ʠʟ ʪʦʧʣʠʚʘ ʠʟ-ʟʘ 

ʦʛʨʘʥʠʯʝʥʠʡ ʪʨʘʜʠʮʠʦʥʥʦʛʦ ʤʝʪʦʜʘ ʛʠʜʨʦʦʙʝʩʩʝʨʠʚʘʥʠʷ ʧʨʠ ʫʜʘʣʝʥʠʠ ʵʪʠʭ ʩʦʝʜʠʥʝʥʠʡ. 

ʀʦʥʥʳʝ ʞʠʜʢʦʩʪʠ ʦʙʣʘʜʘʶʪ ʩʧʦʩʦʙʥʦʩʪʴʶ ʠʟʚʣʝʢʘʪʴ ʘʨʦʤʘʪʠʯʝʩʢʠʝ ʩʝʨʦʩʦʜʝʨʞʘʱʠʝ 

ʩʦʝʜʠʥʝʥʠʷ ʚ ʫʩʣʦʚʠʷʭ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʙʝʟ ʧʦʪʨʝʙʣʝʥʠʷ H2. ʂʨʦʤʝ ʪʦʛʦ, ʠʦʥʥʳʝ 

ʞʠʜʢʦʩʪʠ ʥʝ ʩʤʝʰʠʚʘʶʪʩʷ ʩ ʪʦʧʣʠʚʦʤ, ʘ ʠʩʧʦʣʴʟʦʚʘʥʥʳʝ ʠʦʥʥʳʝ ʞʠʜʢʦʩʪʠ ʤʦʛʫʪ ʙʳʪʴ 

ʨʝʛʝʥʝʨʠʨʦʚʘʥʳ ʠ ʧʝʨʝʨʘʙʦʪʘʥʳ ʧʫʪʝʤ ʧʨʦʤʳʚʢʠ ʨʘʩʪʚʦʨʠʪʝʣʝʤ ʠʣʠ ʜʠʩʪʠʣʣʷʮʠʠ. 

ɼʝʩʫʣʴʬʫʨʘʮʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʦʥʥʳʭ ʞʠʜʢʦʩʪʝʡ ʧʨʠʚʣʝʢʘʝʪ ʚʩʝ ʙʦʣʴʰʝʝ ʚʥʠʤʘʥʠʝ. ɺ 

2003 ʛ. ʃʦ ʠ ʩʦʘʚʪ. ʚʧʝʨʚʳʝ ʩʦʦʙʱʠʣʠ ʦ ʭʠʤʠʯʝʩʢʦʤ ʦʢʠʩʣʝʥʠʠ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʵʢʩʪʨʘʢʮʠʝʡ 

ʠʦʥʥʦʡ ʞʠʜʢʦʩʪʴʶ ʜʣʷ ʦʢʠʩʣʠʪʝʣʴʥʦʡ ʜʝʩʫʣʴʬʫʨʘʮʠʠ. ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ IL [BMIm]PF6 ʚ 

ʢʘʯʝʩʪʚʝ ʵʢʩʪʨʘʛʝʥʪʘ, ʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʳ ʚ ʢʘʯʝʩʪʚʝ ʢʘʪʘʣʠʟʘʪʦʨʘ ʠ H2O2 ʚ ʢʘʯʝʩʪʚʝ 

ʦʢʠʩʣʠʪʝʣʷ ʫʜʘʣʝʥʠʝ ʩʝʨʳ ʠʟ ɼɹʊ ʚ ʤʦʜʝʣʴʥʦʤ ʤʘʩʣʝ ʙʳʣʦ ʟʥʘʯʠʪʝʣʴʥʦ ʫʚʝʣʠʯʝʥʦ ʜʦ 85%. 

ʉʦʦʙʱʘʣʦʩʴ ʪʘʢʞʝ ʦʙ ʦʢʠʩʣʝʥʠʠ ʩʝʨʦʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ 

ʩʫʣʴʬʦʥʳ ʧʨʠ ʢʘʪʘʣʠʟʝ ʧʦʣʠʦʢʩʦʤʝʪʘʣʣʠʯʝʩʢʠʤʠ ʢʠʩʣʦʪʘʤʠ ʠ ʠʭ ʩʦʣʷʤʠ ʚ ʠʦʥʥʳʭ 

ʞʠʜʢʦʩʪʷʭ. ʂʨʦʤʝ ʪʦʛʦ, ʭʦʨʦʰʦ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʛʦʤʦʛʝʥʥʳʝ ʢʘʪʘʣʠʟʘʪʦʨʳ ʪʨʫʜʥʦ ʦʪʜʝʣʠʪʴ ʦʪ 

ʧʨʦʜʫʢʪʦʚ ʠʭ ʨʝʘʢʮʠʠ, ʯʪʦ ʦʛʨʘʥʠʯʠʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʠʭ ʧʦʚʪʦʨʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ. ɺ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʦʦʙʱʘʶʪ ʦ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʭ ʩʠʩʪʝʤʘʭ ʆʈɺ, ʩʦʜʝʨʞʘʱʠʭ ʪʦʣʴʢʦ H2O2 ʚ 

ʢʘʯʝʩʪʚʝ ʦʢʠʩʣʠʪʝʣʷ, ʢʠʩʣʫʶ ʠʦʥʥʫʶ ʞʠʜʢʦʩʪʴ, [HMIm]BF4 ʠʣʠ [Hnmp]BF4 ʚ ʢʘʯʝʩʪʚʝ 

ʵʢʩʪʨʘʛʝʥʪʘ ʠ ʢʘʪʘʣʠʟʘʪʦʨʘ. ɹʳʣʦ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʦ, ʯʪʦ ʨʘʟʣʠʯʥʳʝ ʪʠʧʳ ʠʦʥʥʳʭ 

ʞʠʜʢʦʩʪʝʡ ʥʘ ʦʩʥʦʚʝ ʠʤʠʜʘʟʦʣʘ, ʧʠʨʠʜʠʥʠʷ ʠ ʘʤʤʦʥʠʷ ʩ ʨʘʟʣʠʯʥʳʤ ʘʥʠʦʥʦʤ ʧʦʪʝʥʮʠʘʣʴʥʦ 

ʧʨʠʤʝʥʠʤʳ ʜʣʷ ʫʜʘʣʝʥʠʷ ʩʝʨʳ ʠʟ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʪʦʧʣʠʚʘ. ʍʦʣʙʨʝʡ ʠ ʜʨ. ʠʩʩʣʝʜʦʚʘʣʠ 
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ʤʦʱʥʦʩʪʴ ʠʟʚʣʝʯʝʥʠʷ ɼɹʊ ʠʟ ʜʦʜʝʢʘʥʘ. ɺ ʵʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʩʧʦʩʦʙʥʦʩʪʴ ʜʝʩʫʣʴʬʫʨʘʮʠʠ 

ʠʦʥʥʳʭ ʞʠʜʢʦʩʪʝʡ ʨʘʥʞʠʨʫʝʪʩʷ ʧʦ ʢʘʪʠʦʥʫ ʚ ʩʣʝʜʫʶʱʝʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ: 

ʤʝʪʠʣʧʠʨʠʜʠʥʠʡ Ó ʧʠʨʠʜʠʥʠʡ å ʠʤʠʜʘʟʦʣʠʡ å ʧʠʨʨʦʣʠʜʠʥ ʩ ʛʦʨʘʟʜʦ ʤʝʥʝʝ ʟʥʘʯʠʪʝʣʴʥʳʤ 

ʠʟʤʝʥʝʥʠʝʤ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʠʧʘ ʘʥʠʦʥʘ. ʅʝʜʘʚʥʦ ʙʳʣʦ ʠʩʩʣʝʜʦʚʘʥʦ ʥʝʩʢʦʣʴʢʦ 

ʧʠʨʠʜʠʥʠʝʚʳʭ ʠʦʥʥʳʭ ʞʠʜʢʦʩʪʝʡ ʜʣʷ ʮʝʣʝʡ ʜʝʩʫʣʴʬʫʨʘʮʠʠ. ɺ ʵʪʦʡ ʛʣʘʚʝ ʩʠʩʪʝʤʘʪʠʯʝʩʢʠ 

ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʫʜʘʣʝʥʠʝ ʩʦʝʜʠʥʝʥʠʡ ʩʝʨʳ ʠʟ ʜʠʟʝʣʴʥʦʛʦ ʪʦʧʣʠʚʘ ʩ ʧʦʤʦʱʴʶ ʨʘʟʣʠʯʥʳʭ 

ʠʦʥʥʳʭ ʞʠʜʢʦʩʪʝʡ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʜʚʦʜʷ ʠʪʦʛ ʨʝʟʫʣʴʪʘʪʘʤ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʤʦʞʥʦ 

ʟʘʢʣʶʯʠʪʴ, ʯʪʦ ʢ ʦʩʥʦʚʥʳʤ ʤʝʪʦʜʘʤ ʜʝʘʨʦʤʘʪʠʟʘʮʠʠ ʜʠʟʝʣʴʥʦʡ ʬʨʘʢʮʠʠ ʤʦʞʥʦ ʦʪʥʝʩʪʠ 

ʛʠʜʨʦʜʝʘʨʦʤʘʪʠʟʘʮʠʶ, ʧʨʠʤʝʥʝʥʠʝ ʠʦʥʥʳʭ ʞʠʜʢʦʩʪʝʡ ʠ ʜʨʫʛʠʭ ʩʧʝʮʠʘʣʴʥʳʭ ʨʘʩʪʚʦʨʠʪʝʣʝʡ, 

ʘ ʪʘʢʞʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʝʨʥʦʡ ʢʠʩʣʦʪʳ. 
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DERIVATIVES OF PALM OIL AS CORROSION INHIBITORS  

Abstract. The presented work shows the results of research in the field of application of 

functionally substituted derivatives of palm oil. It is noted that compounds derived from fatty acids 

of sunflower oil can protect metal surfaces from aggressive chemical environments, in particular 

acid, carbon dioxide and hydrogen sulfide corrosion. 

Keywords: vegetable oils, corrosion inhibitors, palm oil fatty acids, green chemistry 
   

 ɺ ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʨʘʙʦʪʝ ʥʘʤʠ ʦʩʫʱʝʩʪʚʣʝʥ ʘʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʥʘʫʯʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʦʙʣʘʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʧʨʦʠʟʚʦʜʥʳʭ ʭʣʦʧʢʦʚʦʛʦ ʤʘʩʣʘ ʚ ʢʘʯʝʩʪʚʝ ʠʥʛʠʙʠʪʦʨʦʚ 

ʢʦʨʨʦʟʠʠ ʠ ʦʪʤʝʯʝʥʳ ʧʝʨʩʧʝʢʪʠʚʳ ʠʭ ʧʨʠʤʝʥʝʥʠʷ ʚ ʢʘʯʝʩʪʚʝ ʠʥʛʠʙʠʪʦʨʦʚ ʟʝʣʝʥʦʡ ʭʠʤʠʠ. 

ʊʘʢ, ʚ ʨʘʙʦʪʝ [1] ʠʩʩʣʝʜʦʚʘʥʦ ʚʣʠʷʥʠʝ ʧʘʣʴʤʦʚʦʛʦ ʤʘʩʣʘ ʚ ʢʘʯʝʩʪʚʝ ʠʥʛʠʙʠʪʦʨʘ ʢʦʨʨʦʟʠʠ ʥʘ 

ʢʦʚʢʠʡ ʯʫʛʫʥ (ʂʏ) ʠ ʤʷʛʢʫʶ ʩʪʘʣʴ. ʀʩʧʦʣʴʟʦʚʘʣʘʩʴ ʤʝʪʦʜʠʢʘ ʧʦʪʝʨʠ ʚʝʩʘ. ʅʘ ʢʘʞʜʳʡ 

ʢʫʧʦʥʦʙʨʘʟʝʮ ʥʘʥʦʩʠʣʠ ʧʘʣʴʤʦʚʦʝ ʤʘʩʣʦ, ʧʨʝʞʜʝ ʯʝʤ ʧʦʜʚʝʨʛʘʪʴ ʝʛʦ ʚʦʟʜʝʡʩʪʚʠʶ 

ʨʘʟʣʠʯʥʳʭ ʚʥʝʰʥʠʭ ʬʘʢʪʦʨʦʚ. ʈʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʚ 1M NaOH ʥʝ ʧʨʦʠʟʦʰʣʦ ʟʘʤʝʪʥʦʡ 

ʢʦʨʨʦʟʠʠ ʢʘʢ ʥʘ ʦʙʨʘʟʮʘʭ ʠʟ ʢʦʚʢʦʛʦ ʯʫʛʫʥʘ, ʪʘʢ ʠ ʥʘ ʦʙʨʘʟʮʘʭ ʠʟ ʤʷʛʢʦʡ ʩʪʘʣʠ ʜʘʞʝ ʚ 

ʪʝʯʝʥʠʝ 1344 ʯʘʩʦʚ (7 ʥʝʜʝʣʴ) ʵʢʩʧʝʨʠʤʝʥʪʘ. ʂʦʛʜʘ ʦʙʨʘʟʮʳ ʧʦʜʚʝʨʛʘʣʠʩʴ ʚʦʟʜʝʡʩʪʚʠʶ 

ʧʨʝʩʥʦʡ ʚʦʜʳ, ʠʥʛʠʙʠʨʦʚʘʥʥʦʡ ʧʘʣʴʤʦʚʳʤ ʤʘʩʣʦʤ, ʩʢʦʨʦʩʪʴ ʢʦʨʨʦʟʠʠ ʦʙʨʘʟʮʦʚ ʂʏ ʩʥʘʯʘʣʘ 

ʙʳʣʘ ʚʳʩʦʢʦʡ, ʘ ʟʘʪʝʤ ʨʝʟʢʦ ʩʥʠʟʠʣʘʩʴ. ʆʜʥʘʢʦ ʜʣʷ ʦʙʨʘʟʮʦʚ ʠʟ ʤʷʛʢʦʡ ʩʪʘʣʠ ʠʟʥʘʯʘʣʴʥʦ 

ʙʳʣʘ ʥʠʟʢʘʷ ʩʢʦʨʦʩʪʴ ʢʦʨʨʦʟʠʠ, ʢʦʪʦʨʘʷ ʚʧʦʩʣʝʜʩʪʚʠʠ ʨʝʟʢʦ ʚʦʟʨʦʩʣʘ. ʅʘ ʠʤʧʨʝʛʥʠʨʦʚʘʥʥʦʤ 

ʂʏ, ʧʦʜʚʝʨʛʥʫʪʦʤ ʚʦʟʜʝʡʩʪʚʠʶ ʚʦʟʜʫʭʘ, ʧʦʪʝʨʠ ʦʪ ʢʦʨʨʦʟʠʠ ʙʳʣʠ ʥʝʟʥʘʯʠʪʝʣʴʥʳʤʠ ʠʣʠ 

ʦʪʩʫʪʩʪʚʦʚʘʣʠ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʧʨʦʧʠʪʘʥʥʘʷ ʥʠʟʢʦʫʛʣʝʨʦʜʠʩʪʘʷ ʩʪʘʣʴ, ʧʦʜʚʝʨʛʥʫʪʘʷ 

ʚʦʟʜʝʡʩʪʚʠʶ ʚʦʟʜʫʭʘ, ʠʟʥʘʯʘʣʴʥʦ ʧʦʜʚʝʨʛʣʘʩʴ ʢʦʨʨʦʟʠʠ. ɼʣʷ ʤʦʜʝʣʠʨʫʝʤʦʡ ʤʦʨʩʢʦʡ ʚʦʜʳ, 

ʠʥʛʠʙʠʨʦʚʘʥʥʦʡ ʧʘʣʴʤʦʚʳʤ ʤʘʩʣʦʤ, ʙʳʣʦ ʥʝʙʦʣʴʰʦʝ ʥʘʯʘʣʴʥʦʝ ʢʦʨʨʦʟʠʦʥʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ, 

ʟʘ ʢʦʪʦʨʳʤ ʧʦʩʣʝʜʦʚʘʣʦ ʨʝʟʢʦʝ ʫʚʝʣʠʯʝʥʠʝ ʢʦʨʨʦʟʠʦʥʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ. ʀʟ ʵʪʦʛʦ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʧʘʣʴʤʦʚʦʝ ʤʘʩʣʦ ʤʦʞʝʪ ʙʳʪʴ ʭʦʨʦʰʠʤ ʩʳʨʴʝʤ ʜʣʷ 
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ʧʨʠʛʦʪʦʚʣʝʥʠʷ çʵʢʦʣʦʛʠʯʝʩʢʠ ʯʠʩʪʳʭè ʠʥʛʠʙʠʪʦʨʦʚ ʢʦʨʨʦʟʠʠ. ɹʳʣʦ ʜʦʢʘʟʘʥʦ, ʯʪʦ ʧʘʣʴʤʦʚʦʝ 

ʤʘʩʣʦ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʦ ʚʳʩʦʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʥʛʠʙʠʨʦʚʘʥʠʷ, ʦʩʦʙʝʥʥʦ ʚ ʦʪʥʦʰʝʥʠʠ 

ʢʦʨʨʦʟʠʠ ʢʦʚʢʦʛʦ ʯʫʛʫʥʘ ʚ 1M NaOH ʠ ʥʘ ʚʦʟʜʫʭʝ. ʆʥ ʪʘʢʞʝ ʧʦʢʘʟʘʣ ʩʝʙʷ ʢʘʢ ʥʘʜʝʞʥʳʡ 

ʟʘʱʠʪʥʳʡ ʵʢʨʘʥ ʦʪ ʢʦʨʨʦʟʠʠ ʤʷʛʢʦʡ ʩʪʘʣʠ ʚ 1M NaOH. 

ʀʥʛʠʙʠʪʦʨ ʟʝʣʝʥʦʡ ʭʠʤʠʠ ʥʘ ʦʩʥʦʚʝ ʢʦʩʪʦʯʢʦʚʦʛʦ ʧʘʣʴʤʦʚʦʛʦ ʤʘʩʣʘ (PKO) ʙʳʣ 

ʧʨʠʛʦʪʦʚʣʝʥ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʝʛʦ ʠʥʛʠʙʠʨʫʶʱʝʛʦ ʜʝʡʩʪʚʠʷ ʥʘ ʢʦʨʨʦʟʠʶ ʩʪʘʣʠ ASTM A36 ʚ 

ʨʘʩʪʚʦʨʝ ʭʣʦʨʠʜʘ ʥʘʪʨʠʷ. ʄʝʪʦʜ ʘʤʠʥʦʣʠʟʘ ʠʩʧʦʣʴʟʦʚʘʣʠ ʜʣʷ ʩʠʥʪʝʟʘ ʟʝʣʝʥʦʛʦ ʠʥʛʠʙʠʪʦʨʘ ʠ 

ʧʦʣʫʯʝʥʠʷ ʜʠʵʪʘʥʦʣʘʤʠʥʘ ʞʠʨʥʦʡ ʢʠʩʣʦʪʳ. ɿʘʪʝʤ ʛʦʪʦʚʠʣʠ ʩʤʝʩʴ ʇʂʆ ʠ ʜʠʵʪʘʥʦʣʘʤʠʥʘ  ʚ 

ʩʦʦʪʥʦʰʝʥʠʷʭ 1:6 ʠ 1:20. ʕʪʠ ʩʤʝʩʠ ʜʦʙʘʚʣʷʣʠ ʚ ʨʘʩʪʚʦʨ ʭʣʦʨʠʜʘ ʥʘʪʨʠʷ ʩ ʢʦʥʮʝʥʪʨʘʮʠʝʡ 50, 

100, 500 ʠ 1000 ppm ʠ ʠʩʧʦʣʴʟʦʚʘʣʠ ʚ ʢʘʯʝʩʪʚʝ ʨʘʙʦʯʝʛʦ ʨʘʩʪʚʦʨʘ ʧʨʠ ʢʦʨʨʦʟʠʦʥʥʳʭ 

ʠʩʧʳʪʘʥʠʷʭ. ʂʦʨʨʦʟʠʦʥʥʳʝ ʠʩʧʳʪʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʥʦʜʥʦʡ ʧʦʣʷʨʠʟʘʮʠʠ. 

ʇʦʜʪʚʝʨʞʜʝʥʠʝ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʧʦʚʝʨʭʥʦʩʪʠ ʩʪʘʣʝʡ ʧʨʦʚʦʜʠʣʠ ʩ ʧʦʤʦʱʴʶ ʦʧʪʠʯʝʩʢʦʛʦ 

ʤʠʢʨʦʩʢʦʧʘ. ʈʝʟʫʣʴʪʘʪʳ, ʧʦʣʫʯʝʥʥʳʝ ʧʨʠ ʠʩʧʳʪʘʥʠʷʭ ʥʘ ʢʦʨʨʦʟʠʶ, ʧʦʢʘʟʘʣʠ, ʯʪʦ 

ʠʥʛʠʙʠʪʦʨʳ ʧʘʣʴʤʦʚʦʛʦ ʤʘʩʣʘ, ʦʩʦʙʝʥʥʦ ʧʘʣʴʤʦʷʜʨʦʚʦʛʦ ʤʘʩʣʘ (ʇʂʆ), ʦʙʝʩʧʝʯʠʚʘʶʪ 

ʭʦʨʦʰʠʡ ʘʥʪʠʢʦʨʨʦʟʠʦʥʥʳʡ ʵʬʬʝʢʪ. ʅʘʩʪʦʷʱʘʷ ʨʘʙʦʪʘ ʜʘʣʘ ʦʯʝʥʴ ʤʥʦʛʦʦʙʝʱʘʶʱʠʝ 

ʨʝʟʫʣʴʪʘʪʳ ʚ ʧʨʠʛʦʪʦʚʣʝʥʠʠ ʠʥʛʠʙʠʪʦʨʦʚ ʩʳʨʦʡ ʢʦʨʨʦʟʠʠ. 

 ɺ ʨʘʙʦʪʝ [3] ʩʦʦʙʱʘʝʪʩʷ, ʯʪʦ ʙʠʦʜʠʟʝʣʴʥʳʝ ʧʨʦʜʫʢʪʳ ʧʨʦʷʚʣʷʶʪ ʢʦʨʨʦʟʠʦʥʥʳʝ 

ʩʚʦʡʩʪʚʘ. ɹʠʦʜʠʟʝʣʴ ʩʦʜʝʨʞʠʪ ʢʦʤʧʦʥʝʥʪʳ ʥʘʩʳʱʝʥʥʳʭ ʠ ʥʝʥʘʩʳʱʝʥʥʳʭ ʩʣʦʞʥʳʭ ʵʬʠʨʦʚ, 

ʢʦʪʦʨʳʝ ʠʤʝʶʪ ʪʝʥʜʝʥʮʠʶ ʙʳʪʴ ʥʝʩʪʘʙʠʣʴʥʳʤʠ, ʯʫʚʩʪʚʠʪʝʣʴʥʳʤʠ ʢ ʩʚʝʪʫ, ʪʝʤʧʝʨʘʪʫʨʝ ʠ 

ʠʦʥʘʤ ʤʝʪʘʣʣʦʚ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʵʪʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʥʘʧʨʘʚʣʝʥʦ ʥʘ ʩʠʥʪʝʟ ʙʠʦʜʠʟʝʣʷ ʠʟ 

ʨʘʟʣʠʯʥʳʭ ʨʘʩʪʠʪʝʣʴʥʳʭ ʤʘʩʝʣ (ʧʘʣʴʤʦʚʦʝ ʤʘʩʣʦ, ʧʦʜʩʦʣʥʝʯʥʦʝ ʤʘʩʣʦ ʠ ʤʘʩʣʦ ʩʚʝʯʥʦʛʦ 

ʦʨʝʭʘ), ʘ ʪʘʢʞʝ ʥʘ ʘʥʘʣʠʟ ʝʛʦ ʢʦʨʨʦʟʠʦʥʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʞʝʣʝʟʥʳʝ ʩʪʨʫʞʢʠ ʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʙʠʦʜʠʟʝʣʷ. ʕʪʘʧʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʠ ʩʣʝʜʫʶʱʠʝ: ʩʠʥʪʝʟ ʤʝʪʠʣʦʚʦʛʦ ʵʬʠʨʘ 

ʠ ʝʛʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ, ʢʦʨʨʦʟʠʦʥʥʳʝ ʠʩʧʳʪʘʥʠʷ. ʈʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʤʝʪʠʣʦʚʦʛʦ ʵʬʠʨʘ ʦʙʨʘʟʮʦʚ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʪʨʝʙʦʚʘʥʠʷʤ SNI7182: 2015. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ɻʍ-

ʄʉ ʥʘʠʙʦʣʴʰʠʝ ʢʦʤʧʦʥʝʥʪʳ ʤʝʪʠʣʦʚʳʭ ʵʬʠʨʦʚ ʩʚʝʯʥʦʛʦ ʤʘʩʣʘ ʠ ʧʦʜʩʦʣʥʝʯʥʦʛʦ ʤʘʩʣʘ 

ʩʦʩʪʘʚʣʷʣʠ 35,04% ʤʝʪʠʣʦʣʝʘʪʘ ʠ 46,79% ʤʝʪʠʣʦʣʝʘʪʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʚ 

ʧʘʣʴʤʦʚʦʤ ʤʘʩʣʝ ʩʘʤʳʤʠ ʙʦʣʴʰʠʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ʙʳʣʠ 41,60% ʤʝʪʠʣʦʣʝʘʪʘ ʠ 41,16%. 

ʤʝʪʠʣʧʘʣʴʤʠʪʘʪ. ʀʩʧʳʪʘʥʠʝ ʥʘ ʢʦʨʨʦʟʠʶ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʩʢʦʨʦʩʪʴ ʢʦʨʨʦʟʠʠ ʞʝʣʝʟʥʦʛʦ ʛʚʦʟʜʷ 

ʚ ʙʠʦʜʠʟʝʣʝ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʙʳʣʘ ʥʠʞʝ 70 ᴈ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʨʝʟʫʣʴʪʘʪʦʚ ɻʍ-ʄʉ 

ʠ ʉʕʄ ʙʠʦʜʠʟʝʣʴ ʩʦʜʝʨʞʘʣ ʚʳʩʦʢʦʝ ʩʦʜʝʨʞʘʥʠʝ ʥʝʥʘʩʳʱʝʥʥʳʭ ʞʠʨʥʳʭ ʢʠʩʣʦʪ ʠ ʠʤʝʣ 

ʥʠʟʢʫʶ ʩʢʦʨʦʩʪʴ ʢʦʨʨʦʟʠʠ, ʪ. ʝ. ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʤʝʪʠʣʦʚʳʡ ʵʬʠʨ ʧʘʣʴʤʦʚʦʛʦ 

ʤʘʩʣʘ, ʤʘʩʣʘ ʩʚʝʯʥʦʛʦ ʦʨʝʭʘ ʠ ʧʦʜʩʦʣʥʝʯʥʦʛʦ ʤʘʩʣʘ ʩʦʩʪʘʚʣʷʣ 0,006, 0,011 ʠ 0,011 ʤ.ʜ./ʛʦʜ. 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʘ ʧʨʠ 70 ᴈ ʦʥʠ ʩʦʩʪʘʚʣʷʣʠ 0,011, 0,016 ʠ 0,017 ʤʣʥ./ʛʦʜ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʈʝʟʫʣʴʪʘʪʳ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʠ ʨʝʟʫʣʴʪʘʪʘʤ ʉʕʄ ʧʨʠ ʚʳʩʦʢʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʠ ʟʥʘʯʠʪʝʣʴʥʦ 

ʚʳʩʦʢʦʤ ʩʦʜʝʨʞʘʥʠʠ ʥʝʥʘʩʳʱʝʥʥʳʭ ʞʠʨʥʳʭ ʢʠʩʣʦʪ. ʅʘ ʵʪʦ ʫʢʘʟʳʚʘʣʦ ʦʙʨʘʟʦʚʘʥʠʝ ʷʤʦʢ. 

   ʕʢʩʪʨʘʢʪ ʧʫʩʪʳʭ ʧʣʦʜʦʚ ʤʘʩʣʠʯʥʦʡ ʧʘʣʴʤʳ (OPEFB) ʙʳʣ ʦʮʝʥʝʥ ʢʘʢ ʠʥʛʠʙʠʪʦʨ 
ʢʦʨʨʦʟʠʠ ʤʷʛʢʦʡ ʩʪʘʣʠ ʚ 1 ʄ ʩʦʣʷʥʦʡ ʢʠʩʣʦʪʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʘ ʩʥʠʞʝʥʠʷ ʚʝʩʘ 

[4]. ʕʢʩʪʨʘʢʪ OPEFB ʛʦʪʦʚʠʣʠ ʚ ʨʘʟʣʠʯʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ 0,2ï1,0 % ʦʙ.. ʜʣʷ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʠʟʫʯʝʥʠʷ. ʆʧʪʠʤʠʟʘʮʠʷ ʥʘ ʦʩʥʦʚʝ ʮʝʥʪʨʘʣʴʥʦʛʦ ʢʦʤʧʦʟʠʪʥʦʛʦ ʜʠʟʘʡʥʘ 

ʙʳʣʘ ʟʘʜʝʡʩʪʚʦʚʘʥʘ ʜʣʷ ʘʥʘʣʠʟʘ ʬʘʢʪʦʨʦʚ ʠ ʤʘʢʩʠʤʠʟʘʮʠʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʠʥʛʠʙʠʨʦʚʘʥʠʷ. ʄʘʢʩʠʤʘʣʴʥʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʥʛʠʙʠʨʦʚʘʥʠʷ ʦʮʝʥʠʚʘʣʘʩʴ ʜʦ 

99,95%. ʀʩʩʣʝʜʦʚʘʥʠʷ ʩ ʧʦʤʦʱʴʶ ʠʥʬʨʘʢʨʘʩʥʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʌʫʨʴʝ-ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ 

(FTIR) ʠ ʩʢʘʥʠʨʫʶʱʝʡ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ (SEM) ʧʦʜʪʚʝʨʜʠʣʠ ʥʘʣʠʯʠʝ ʘʢʪʠʚʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ ʠ ʦʪʣʦʞʝʥʠʝ ʵʢʩʪʨʘʢʪʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʤʝʪʘʣʣʘ. ʊʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʝ 

ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʘʜʩʦʨʙʮʠʷ ʧʨʦʪʝʢʘʝʪ ʧʦ ʠʟʦʪʝʨʤʝ ʃʝʥʛʤʶʨʘ, ʘ ʤʝʭʘʥʠʟʤ 

ʠʥʛʠʙʠʨʦʚʘʥʠʷ ʠʤʝʝʪ ʪʝʥʜʝʥʮʠʶ ʢ ʬʠʟʠʦʥʦʤʠʠ. 

ɺ ʨʘʙʦʪʝ [5] ʙʳʣʦ ʠʩʩʣʝʜʦʚʘʥʦ ʜʝʡʩʪʚʠʝ ʵʢʩʪʨʘʢʪʘ ʣʠʩʪʴʝʚ ʤʘʩʣʠʯʥʦʡ ʧʘʣʴʤʳ (Elaeis 

guineensis) ʚ ʢʘʯʝʩʪʚʝ ʠʥʛʠʙʠʪʦʨʘ ʢʦʨʨʦʟʠʠ ʫʛʣʝʨʦʜʠʩʪʦʡ ʩʪʘʣʠ ʚ ʩʦʣʝʚʦʤ 

ʨʘʩʪʚʦʨʝ. ʋʛʣʝʨʦʜʠʩʪʘʷ ʩʪʘʣʴ ʙʳʣʘ ʚʳʨʝʟʘʥʘ ʠ ʦʙʨʘʙʦʪʘʥʘ ʜʦ ʢʦʨʨʦʟʠʦʥʥʳʭ ʦʙʨʘʟʮʦʚ ʠ 

ʧʦʛʨʫʞʝʥʘ ʚ 0,5 ʄ ʨʘʩʪʚʦʨ NaOH, ʩʦʜʝʨʞʘʱʠʡ ʨʘʟʣʠʯʥʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʠʥʛʠʙʠʪʦʨʘ (0,5%, 
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1%, 1,5%, 2%, 2,5% ʦʙ./ʦʙ.) ʚ ʪʝʯʝʥʠʝ ʧʷʪʥʘʜʮʘʪʠ ʥʝʜʝʣʴ. ɺ ʵʪʦʡ ʩʪʘʪʴʝ ʩʦʦʙʱʘʝʪʩʷ ʦ 

ʨʝʟʫʣʴʪʘʪʘʭ, ʧʦʣʫʯʝʥʥʳʭ ʤʝʪʦʜʦʤ ʧʦʪʝʨʠ ʚʝʩʘ, ʨʘʩʩʯʠʪʘʥʳ ʩʢʦʨʦʩʪʠ ʢʦʨʨʦʟʠʠ, ʠʟʤʝʥʝʥʠʝ 

ʩʪʝʧʝʥʠ ʧʦʢʨʳʪʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ, ʠʟʤʝʥʝʥʠʝ ʵʥʝʨʛʠʠ ʘʢʪʠʚʘʮʠʠ 

ʠ ʪʝʧʣʦʪʳ ʘʜʩʦʨʙʮʠʠ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʘʜʩʦʨʙʮʠʷ Elaeis guineensis 

ʩʥʠʞʘʝʪ ʩʢʦʨʦʩʪʴ ʢʦʨʨʦʟʠʠ ʩʪʘʣʠ ʚ ʩʦʣʝʚʦʤ ʨʘʩʪʚʦʨʝ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʥʘʠʙʦʣʝʝ 

ʧʦʜʭʦʜʷʱʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʠʥʛʠʙʠʪʦʨʘ ʩʦʩʪʘʚʣʷʝʪ 2,0% ʩ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ ʠʥʛʠʙʠʨʦʚʘʥʠʷ 

45%. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʵʢʩʪʨʘʢʪ ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʵʬʬʝʢʪʠʚʥʳʤ 

ʠʥʛʠʙʠʪʦʨʦʤ ʢʦʨʨʦʟʠʠ ʫʛʣʝʨʦʜʠʩʪʦʡ ʩʪʘʣʠ ʚ ʩʦʣʝʚʦʤ ʨʘʩʪʚʦʨʝ ʩ ʢʦʥʮʝʥʪʨʘʮʠʝʡ 

2,0%. ʄʝʭʘʥʠʟʤ ʠʥʛʠʙʠʨʦʚʘʥʠʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʭʝʤʦʩʦʨʙʮʠʠ, ʠ ʘʜʩʦʨʙʠʨʦʚʘʥʥʳʝ ʤʦʣʝʢʫʣʳ 

ʠʥʛʠʙʠʪʦʨʘ ʣʝʞʘʪ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʩʧʣʘʚʘ, ʙʣʦʢʠʨʫʷ ʘʢʪʠʚʥʳʝ ʦʯʘʛʠ ʢʦʨʨʦʟʠʠ ʥʘ 

ʩʧʣʘʚʝ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʨʠʜʘʥʠʝ ʩʧʣʘʚʫ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʢʦʨʨʦʟʠʦʥʥʦʡ ʩʪʦʡʢʦʩʪʠ ʚ 

ʠʩʩʣʝʜʫʝʤʦʡ ʩʨʝʜʝ. 

ʂʦʨʨʦʟʠʦʥʥʘʷ ʩʪʦʡʢʦʩʪʴ ʘʨʤʘʪʫʨʳ ʠʟ ʫʛʣʝʨʦʜʠʩʪʦʡ ʩʪʘʣʠ ʦʮʝʥʠʚʘʣʘʩʴ ʚ 

ʤʦʜʝʣʠʨʦʚʘʥʥʦʤ ʙʝʪʦʥʝ, ʢʘʨʙʦʥʠʟʠʨʦʚʘʥʥʳʤ ʧʦʨʦʚʳʤ ʨʘʩʪʚʦʨʦʤ (SCPCPS), ʟʘʛʨʷʟʥʝʥʥʳʤ 

ʠʦʥʘʤʠ ʭʣʦʨʘ ʩ ʠ ʙʝʟ ʧʨʠʩʫʪʩʪʚʠʷ ʧʦʨʦʰʢʘ ʚʦʣʦʢʦʥ ʧʘʣʴʤʦʚʦʛʦ ʤʘʩʣʘ (POFP) ʚ ʢʘʯʝʩʪʚʝ 

ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʠʥʛʠʙʠʪʦʨʘ ʢʦʨʨʦʟʠʠ ʧʦʩʨʝʜʩʪʚʦʤ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʡ ʠʤʧʝʜʘʥʩʥʦʡ 

ʩʧʝʢʪʨʦʩʢʦʧʠʠ (ʕʀʉ) ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʨʝʤʝʥʠ. ʈʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ POFP ʚʣʠʷʝʪ 

ʥʘ ʦʙʨʘʟʦʚʘʥʠʝ ʧʘʩʩʠʚʥʦʛʦ ʩʣʦʷ, ʢʦʪʦʨʳʡ ʩʤʷʛʯʘʝʪ ʧʨʦʮʝʩʩ ʢʦʨʨʦʟʠʠ. ʉʘʤʘʷ ʚʳʩʦʢʘʷ 

ʢʦʥʮʝʥʪʨʘʮʠʷ ʠʥʛʠʙʠʪʦʨʘ ʧʨʠʚʝʣʘ ʢ ʩʘʤʳʤ ʚʳʩʦʢʠʤ ʟʥʘʯʝʥʠʷʤ ʢʦʨʨʦʟʠʦʥʥʦʡ ʩʪʦʡʢʦʩʪʠ [6]. 

ʆʪʤʝʯʘʝʪʩʷ [7], ʯʪʦ ʣʠʛʥʠʥ ʷʚʣʷʝʪʩʷ ʚʪʦʨʳʤ ʥʘʠʙʦʣʝʝ ʝʩʪʝʩʪʚʝʥʥʳʤ ʦʨʛʘʥʠʯʝʩʢʠʤ 

ʧʦʣʠʤʝʨʦʤ ʥʘ ɿʝʤʣʝ ʠ ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʫʯʝʥ ʠʟ ʦʪʭʦʜʦʚ ʧʨʦʠʟʚʦʜʩʪʚʘ ʜʨʝʚʝʩʥʦʡ ʤʘʩʩʳ 

ʤʘʩʣʠʯʥʦʡ ʧʘʣʴʤʳ ʚ ʚʠʜʝ ʯʝʨʥʦʛʦ ʱʝʣʦʢʘ. ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʠʥʛʠʙʠʨʦʚʘʥʠʷ ʢʨʘʬʪ-ʣʠʛʥʠʥʦʤ 

(KL) ʠ ʩʦʜʦʚʳʤ ʣʠʛʥʠʥʦʤ (SL) ʢʦʨʨʦʟʠʠ ʥʠʟʢʦʫʛʣʝʨʦʜʠʩʪʦʡ ʩʪʘʣʠ ʚ 3,5% (ʚʝʩ/ʦʙʲʝʤ) 

ʭʣʦʨʠʜʘ ʥʘʪʨʠʷ ʧʨʠ ʜʚʫʭ ʫʨʦʚʥʷʭ pH ʙʳʣʘ ʦʮʝʥʝʥʘ ʤʝʪʦʜʦʤ ʧʦʪʝʨʠ ʚʝʩʘ, 

ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ ʠ ʘʥʘʣʠʟʦʤ ʧʦʚʝʨʭʥʦʩʪʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʂʦʥʮʝʥʪʨʘʮʠʷ 

ʠʥʛʠʙʠʪʦʨʘ 50ï800 ʯʘʩʪʝʡ ʥʘ ʤʠʣʣʠʦʥ (ʤʘʩʩʘ/ʦʙʲʝʤ) ʧʨʠ 25ÁC. ʂʘʢ KL, ʪʘʢ ʠ SL ʤʦʛʫʪ 

ʩʣʫʞʠʪʴ ʭʦʨʦʰʠʤʠ ʠʥʛʠʙʠʪʦʨʘʤʠ ʜʣʷ ʚʳʰʝʫʧʦʤʷʥʫʪʦʡ ʩʠʩʪʝʤʳ. KL ʜʘʚʘʣ ʤʘʢʩʠʤʘʣʴʥʫʶ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʥʛʠʙʠʨʦʚʘʥʠʷ 95 ʠ 92% ʜʣʷ pH 6 ʠ pH 8 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʧʨʠ ʚʳʩʦʢʠʭ 

ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʠʥʛʠʙʠʪʦʨʘ, ʪʦʛʜʘ ʢʘʢ SL ʜʘʚʘʣ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʥʛʠʙʠʨʦʚʘʥʠʷ 97 ʠ 95% ʜʣʷ 

pH 6 ʠ pH 8 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʧʨʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʠʥʛʠʙʠʪʦʨʘ 800 ppm. ʇʦʣʷʨʠʟʘʮʠʦʥʥʳʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʜʪʚʝʨʜʠʣʠ, ʯʪʦ KL ʠ SL ʷʚʣʷʶʪʩʷ ʠʥʛʠʙʠʪʦʨʘʤʠ ʩʤʝʰʘʥʥʦʛʦ ʪʠʧʘ. ʀ KL, ʠ 

SL ʧʦʜʯʠʥʷʶʪʩʷ ʠʟʦʪʝʨʤʝ ʘʜʩʦʨʙʮʠʠ ʃʝʥʛʤʶʨʘ ʧʨʠ ʜʚʫʭ ʫʨʦʚʥʷʭ pH ʠ 25 ÁC. ʀʂ-ʌʫʨʴʝ-

ʩʧʝʢʪʨʦʩʢʦʧʠʷ ʠ ʘʥʘʣʠʟ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʜʪʚʝʨʜʠʣʠ, ʯʪʦ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʤʷʛʢʦʡ ʩʪʘʣʠ ʚʣʠʷʣʘ 

ʘʜʩʦʨʙʮʠʷ ʣʠʛʥʠʥʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʩʦʝʜʠʥʝʥʠʡ ʪʨʝʭʚʘʣʝʥʪʥʦʛʦ ʞʝʣʝʟʘ ʠ 

ʣʠʛʥʠʥʘ. ʂʦʤʧʦʥʝʥʪʳ ʨʞʘʚʯʠʥʳ, ʦʩʦʙʝʥʥʦ ʣʝʧʠʜʦʢʨʦʢʠʪ, ʙʳʣʠ ʫʤʝʥʴʰʝʥʳ; ʩʣʝʜʦʚʘʪʝʣʴʥʦ, 

ʣʠʛʥʠʥ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʢʘʯʝʩʪʚʝ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʨʞʘʚʯʠʥʳ. 

ʀʟ ʞʠʨʥʳʭ ʢʠʩʣʦʪ, ʩʦʜʝʨʞʘʱʠʭʩʷ ʚ ʧʘʣʴʤʦʚʦʤ ʤʘʩʣʝ, ʙʳʣʦ 

ʩʠʥʪʝʟʠʨʦʚʘʥʦ ʥʝʠʦʥʦʛʝʥʥʦʝ ʧʦʚʝʨʭʥʦʩʪʥʦ-ʘʢʪʠʚʥʦʝ ʚʝʱʝʩʪʚʦ-ʛʝʤʠʥʠ, ʘ ʠʤʝʥʥʦ ʙʠʩ(2-((2-

ʧʘʣʴʤʠʪʦʘʤʠʜʦʵʪʠʣ)ʘʤʠʥʦ)ʵʪʠʣ)1ʅ-ʠʤʠʜʘʟʦʣ-4,5-ʜʠʢʘʨʙʦʢʩʠʣʘʪ, ʢʦʪʦʨʦʝ ʙʳʣʦ ʦʮʝʥʝʥʦ ʢʘʢ 

ʠʥʛʠʙʠʪʦʨ ʢʦʨʨʦʟʠʠ ʜʣʷ cʫʧʝʨʤʘʨʪʝʥʩʠʪʥʦʡ ʥʝʨʞʘʚʝʶʱʝʡ ʩʪʘʣʴ ʪʠʧʘ UNS S41425 ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ H2S [8]. ʀʩʧʦʣʴʟʫʝʤʳʝ ʤʝʪʦʜʠʢʠ ʚʢʣʶʯʘʣʠ ʧʦʪʝʥʮʠʦʜʠʥʘʤʠʯʝʩʢʠʝ 

ʧʦʣʷʨʠʟʘʮʠʦʥʥʳʝ ʢʨʠʚʳʝ, ʠʟʤʝʨʝʥʠʷ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʣʠʥʝʡʥʦʡ ʧʦʣʷʨʠʟʘʮʠʠ ʠ 

ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʛʦ ʠʤʧʝʜʘʥʩʘ. ɼʦʧʦʣʥʠʪʝʣʴʥʦ ʧʦʣʫʯʝʥʥʳʡ ʠʥʛʠʙʠʪʦʨ ʙʳʣ 

ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥ ʩ ʧʦʤʦʱʴʶ ʠʥʬʨʘʢʨʘʩʥʦʡ ʠ 
1
H, 

13
C ʗʄʈ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ. ʈʝʟʫʣʴʪʘʪʳ 

ʧʦʢʘʟʘʣʠ, ʯʪʦ ʩʢʦʨʦʩʪʴ ʢʦʨʨʦʟʠʠ ʩʪʘʣʠ ʟʘʤʝʪʥʦ ʩʥʠʞʘʣʘʩʴ ʧʨʠ ʜʦʙʘʚʣʝʥʠʠ ʠʥʛʠʙʠʪʦʨʘ 

ʠʤʠʜʘʟʦʣʴʥʦʛʦ ʪʠʧʘ, ʜʦʩʪʠʛʘʷ ʤʘʢʩʠʤʘʣʴʥʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʠ ʦʧʨʝʜʝʣʝʥʥʦʡ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʠʥʛʠʙʠʪʦʨʘ, ʫʤʝʥʴʰʘʷʩʴ ʧʨʠ ʜʘʣʴʥʝʡʰʝʤ ʫʚʝʣʠʯʝʥʠʠ ʝʛʦ ʢʦʥʮʝʥʪʨʘʮʠʠ. ʕʪʦ 

ʩʥʠʞʝʥʠʝ ʩʢʦʨʦʩʪʠ ʢʦʨʨʦʟʠʠ ʙʳʣʦ ʩʚʷʟʘʥʦ ʩ ʬʠʟʠʯʝʩʢʦʡ ʘʜʩʦʨʙʮʠʝʡ ʠʥʛʠʙʠʪʦʨʘ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʩʪʘʣʠ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʠʟʦʪʝʨʤʦʡ ʘʜʩʦʨʙʮʠʠ ʣʝʥʛʤʶʨʦʚʩʢʦʛʦ ʪʠʧʘ, ʚʣʠʷʶʱʝʡ 

ʢʘʢ ʘʥʦʜʥʳʝ, ʪʘʢ ʠ ʢʘʪʦʜʥʳʝ ʨʝʘʢʮʠʠ. 
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ʆʪʤʝʯʘʝʪʩʷ [9], ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʨʠʨʦʜʥʦʛʦ ʠʥʛʠʙʠʪʦʨʘ ʢʦʨʨʦʟʠʠ ʷʚʣʷʝʪʩʷ 

ʘʣʴʪʝʨʥʘʪʠʚʦʡ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʠʥʛʠʙʠʪʦʨʦʚ ʢʦʨʨʦʟʠʠ ʠ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ 

ʠʥʛʠʙʠʪʦʨʦʚ. ɺʳʙʦʨ ʢʨʘʩʥʦʛʦ ʧʘʣʴʤʦʚʦʛʦ ʤʘʩʣʘ ʚ ʢʘʯʝʩʪʚʝ ʧʨʠʨʦʜʥʦʛʦ ʠʥʛʠʙʠʪʦʨʘ ʢʦʨʨʦʟʠʠ 

ʦʙʫʩʣʦʚʣʝʥ ʪʝʤ, ʯʪʦ ʤʘʩʣʦ ʙʦʛʘʪʦ ʤʦʣʝʢʫʣʘʤʠ ʙʝʪʘ-ʢʘʨʦʪʠʥʘ ʠ ʚʠʪʘʤʠʥʘ ɽ, ʦʙʣʘʜʘʝʪ 

ʚʳʩʦʢʠʤʠ ʘʥʪʠʦʢʩʠʜʘʥʪʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ. ʂʨʦʤʝ ʪʦʛʦ, ʧʨʠʩʫʪʩʪʚʠʝ ʤʦʣʝʢʫʣ ʛʝʪʝʨʦʘʪʦʤʦʚ ʚ 

ʢʨʘʩʥʦʤ ʧʘʣʴʤʦʚʦʤ ʤʘʩʣʝ ʦʙʝʩʧʝʯʠʪ ʣʫʯʰʫʶ ʘʜʩʦʨʙʮʠʶ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʩʪʘʣʠ ʠ, ʪʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʧʨʝʜʦʪʚʨʘʪʠʪ ʢʦʨʨʦʟʠʶ. ʕʪʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʚʦʜʠʪʩʷ ʜʣʷ ʠʟʫʯʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʨʘʩʥʦʛʦ ʧʘʣʴʤʦʚʦʛʦ ʤʘʩʣʘ ʚ ʢʘʯʝʩʪʚʝ ʠʥʛʠʙʠʪʦʨʘ ʢʦʨʨʦʟʠʠ ʤʷʛʢʦʡ ʠ 

ʫʛʣʝʨʦʜʠʩʪʦʡ ʩʪʘʣʠ ʚ 1 ʄ ʨʘʩʪʚʦʨʝ ʩʦʣʷʥʦʡ ʢʠʩʣʦʪʳ. ʎʝʣʴʶ ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ 

ʦʧʨʝʜʝʣʝʥʠʝ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʛʨʫʧʧʳ ʚ ʢʨʘʩʥʦʤ ʧʘʣʴʤʦʚʦʤ ʤʘʩʣʝ ʠ ʧʨʦʚʝʜʝʥʠʝ 

ʤʦʨʬʦʣʦʛʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʩʪʘʣʠ ʧʦʩʣʝ ʧʦʛʨʫʞʝʥʠʷ ʚ ʨʘʩʪʚʦʨ ʩʨʝʜʳ ʩ 

ʠʥʛʠʙʠʪʦʨʦʤ ʠ ʨʘʩʪʚʦʨ ʩʨʝʜʳ ʙʝʟ ʠʥʛʠʙʠʪʦʨʘ. ʅʘ ʦʩʥʦʚʝ ʧʦʪʝʨʠ ʚʝʩʘ ʠ ʤʝʪʦʜʘ ʧʦʣʷʨʠʟʘʮʠʠ 

ʊʘʬʝʣʷ ʦʙʝ ʩʪʘʣʠ ʧʨʝʪʝʨʧʝʣʠ ʩʥʠʞʝʥʠʝ ʩʢʦʨʦʩʪʠ ʢʦʨʨʦʟʠʠ, ʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʥʛʠʙʠʪʦʨʘ 

ʫʚʝʣʠʯʠʣʘʩʴ ʧʨʠ ʜʦʙʘʚʣʝʥʠʠ ʢʨʘʩʥʦʛʦ ʧʘʣʴʤʦʚʦʛʦ ʤʘʩʣʘ. ʅʘ ʦʩʥʦʚʝ ʠʟʦʙʨʘʞʝʥʠʷ, 

ʧʦʣʫʯʝʥʥʦʛʦ ʩ ʧʦʤʦʱʴʶ ʩʢʘʥʠʨʫʶʱʝʛʦ ʵʣʝʢʪʨʦʥʥʦʛʦ ʤʠʢʨʦʩʢʦʧʘ, ʷʩʥʦ ʚʠʜʥʦ, ʯʪʦ 

ʧʦʚʝʨʭʥʦʩʪʴ ʩʪʘʣʠ, ʧʦʢʨʳʪʦʡ ʢʨʘʩʥʳʤ ʧʘʣʴʤʦʚʳʤ ʤʘʩʣʦʤ, ʤʝʥʝʝ ʧʦʜʚʝʨʞʝʥʘ ʢʦʨʨʦʟʠʠ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩʦ ʩʪʘʣʴʶ ʙʝʟ ʧʦʢʨʳʪʠʷ. ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʢʨʘʩʥʦʛʦ ʧʘʣʴʤʦʚʦʛʦ ʤʘʩʣʘ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʘʢʠʭ ʠʥʩʪʨʫʤʝʥʪʦʚ, ʢʘʢ ʠʥʬʨʘʢʨʘʩʥʳʡ ʩʧʝʢʪʨʦʤʝʪʨ ʩ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝʤ 

ʌʫʨʴʝ (FTIR) ʠ ʛʘʟʦʚʘʷ ʭʨʦʤʘʪʦʛʨʘʬʠʷ (GC), ʜʦʢʘʟʘʣʘ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʥʝʩʢʦʣʴʢʠʭ 

ʛʝʪʝʨʦʘʪʦʤʥʳʭ ʤʦʣʝʢʫʣ, ʢʦʪʦʨʳʝ ʜʝʡʩʪʚʫʶʪ ʢʘʢ ʘʜʩʦʨʙʝʥʪ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʩʪʘʣʠ. 

ʂʦʨʨʦʟʠʷ ʤʝʪʘʣʣʦʚ ʩʪʘʣʘ ʧʨʦʙʣʝʤʦʡ ʤʠʨʦʚʦʛʦ ʟʥʘʯʝʥʠʷ ʠʟ-ʟʘ ʝʝ ʧʘʛʫʙʥʳʭ 

ʧʦʩʣʝʜʩʪʚʠʡ, ʢʦʛʜʘ ʘʛʨʝʩʩʠʚʥʳʝ ʩʨʝʜʳ ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʨʘʢʪʠʯʝʩʢʠ ʚʦ ʚʩʝʭ ʦʪʨʘʩʣʷʭ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʠ ʩʫʱʝʩʪʚʫʝʪ ʤʥʦʞʝʩʪʚʦ ʤʝʪʦʜʦʚ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʜʣʷ ʝʝ ʟʘʤʝʜʣʝʥʠʷ ʠʣʠ 

ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ, ʥʦ ʝʩʪʴ ʥʝʩʢʦʣʴʢʦ ʦʛʨʘʥʠʯʝʥʠʡ, ʢʦʪʦʨʳʝ ʦʛʨʘʥʠʯʠʚʘʶʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʵʪʠʭ 

ʤʝʪʦʜʦʚ. ʠ ʦʜʥʠʤ ʠʟ ʵʪʠʭ ʦʛʨʘʥʠʯʝʥʠʡ ʷʚʣʷʝʪʩʷ ʠʭ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ. 

ʆʜʥʠʤ ʠʟ ʵʪʠʭ ʤʝʪʦʜʦʚ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʜʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʢʦʨʨʦʟʠʠ, ʷʚʣʷʶʪʩʷ ʭʠʤʠʯʝʩʢʠʝ 

ʠʥʛʠʙʠʪʦʨʳ, ʠ ʦʥʠ ʜʝʣʷʪʩʷ ʥʘ ʜʚʝ ʢʘʪʝʛʦʨʠʠ, ʦʨʛʘʥʠʯʝʩʢʠʝ ʠ ʥʝʦʨʛʘʥʠʯʝʩʢʠʝ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ 

ʦʪ ʭʠʤʠʯʝʩʢʠʭ ʢʦʤʧʦʥʝʥʪʦʚ ʠʥʛʠʙʠʪʦʨʦʚ. ʅʝʦʨʛʘʥʠʯʝʩʢʠʝ ʠʥʛʠʙʠʪʦʨʳ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ 

ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʢʦʨʨʦʟʠʠ, ʥʦ ʦʥʠ ʪʦʢʩʠʯʥʳ, ʧʦʵʪʦʤʫ ʚ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʙʦʣʴʰʦʝ ʚʥʠʤʘʥʠʝ 

ʫʜʝʣʷʝʪʩʷ ʠʥʛʠʙʠʪʦʨʘʤ, ʙʝʟʦʧʘʩʥʳʤ ʜʣʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. ʇʦʩʢʦʣʴʢʫ ʦʥʠ ʜʦʩʪʫʧʥʳ ʧʦ 

ʮʝʥʝ, ʚʦʟʦʙʥʦʚʣʷʝʤʳ, ʙʠʦʨʘʟʣʘʛʘʝʤʳ ʠ, ʩʘʤʦʝ ʛʣʘʚʥʦʝ, ʙʝʟʦʧʘʩʥʳ ʢʘʢ ʜʣʷ ʦʢʨʫʞʘʶʱʝʡ 

ʩʨʝʜʳ, ʪʘʢ ʠ ʜʣʷ ʯʝʣʦʚʝʢʘ, ʅʘʠʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʦ ʠʩʩʣʝʜʫʶʪʩʷ ʠʥʛʠʙʠʪʦʨʳ ʢʦʨʨʦʟʠʠ 

ʨʘʩʪʠʪʝʣʴʥʳʭ ʵʢʩʪʨʘʢʪʦʚ. ɺ ʵʪʦʤ ʦʙʟʦʨʝ [10] ʦʙʦʙʱʘʶʪʩʷ ʜʦʩʪʠʞʝʥʠʷ, ʚʦʟʤʦʞʥʦʩʪʠ ʠ 

ʥʝʜʘʚʥʠʡ ʧʨʦʛʨʝʩʩ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʨʘʟʣʠʯʥʳʭ ʧʦʨʮʠʡ ʧʘʣʴʤʦʚʦʛʦ ʤʘʩʣʘ ʚ ʢʘʯʝʩʪʚʝ 

ʠʥʛʠʙʠʪʦʨʘ ʢʦʨʨʦʟʠʠ ʚ ʨʘʟʣʠʯʥʳʭ ʫʩʣʦʚʠʷʭ ʠ ʥʘ ʨʘʟʣʠʯʥʳʭ ʤʝʪʘʣʣʘʭ, ʘ ʪʘʢʞʝ ʦʮʝʥʠʚʘʝʪʩʷ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʟʣʠʯʥʳʭ ʤʝʪʦʜʦʣʦʛʠʡ. ʇʘʣʴʤʦʚʦʝ ʤʘʩʣʦ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ 

ʠʟ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʥʘʪʫʨʘʣʴʥʳʭ ʤʘʩʝʣ ʚ ʘʟʠʘʪʩʢʠʭ ʩʪʨʘʥʘʭ, ʪʘʢʠʭ ʢʘʢ ʄʘʣʘʡʟʠʷ. ʕʪʠ 

ʨʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʧʘʣʴʤʦʚʦʝ ʤʘʩʣʦ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʠʥʛʠʙʠʪʦʨʦʚ ʟʝʣʝʥʦʡ ʭʠʤʠʠ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʦʪʣʠʯʥʳʤ ʩʧʦʩʦʙʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʘʣʴʤʦʚʦʛʦ 

ʤʘʩʣʘ ʩ ʧʦʣʴʟʦʡ ʜʣʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʠ ʧʦʢʘʟʘʥ ʥʝʜʘʚʥʠʡ ʧʨʦʛʨʝʩʩ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʨʘʟʣʠʯʥʳʭ ʧʦʨʮʠʡ ʧʘʣʴʤʦʚʦʛʦ ʤʘʩʣʘ ʚ ʢʘʯʝʩʪʚʝ ʠʥʛʠʙʠʪʦʨʘ ʢʦʨʨʦʟʠʠ ʚ ʨʘʟʣʠʯʥʳʭ ʫʩʣʦʚʠʷʭ 

ʠ ʥʘ ʨʘʟʣʠʯʥʳʭ ʤʝʪʘʣʣʘʭ ʠ ʦʮʝʥʢʘ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʟʣʠʯʥʳʭ ʤʝʪʦʜʦʣʦʛʠʡ 

ʂʦʨʨʦʟʠʷ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʩʙʦʷʤ ʚ ʠʥʬʨʘʩʪʨʫʢʪʫʨʝ ʧʨʝʜʧʨʠʷʪʠʷ ʠ ʤʘʰʠʥʘʤ, ʨʝʤʦʥʪ 

ʢʦʪʦʨʳʭ ʦʙʳʯʥʦ ʦʙʭʦʜʠʪʩʷ ʜʦʨʦʛʦ, ʟʘʛʨʷʟʥʷʷ ʧʨʦʜʫʢʪ ʠ ʥʘʥʦʩʷ ʫʱʝʨʙ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʝ 

[11]. ʀʥʛʠʙʠʪʦʨ ʟʝʣʝʥʦʡ ʭʠʤʠʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʠʥʛʠʙʠʪʦʨ ʢʦʨʨʦʟʠʠ, ʢʦʪʦʨʳʡ ʦʙʳʯʥʦ 

ʧʦʣʫʯʘʶʪ ʠʟ ʵʢʩʪʨʘʢʪʘ ʨʘʩʪʝʥʠʡ ʠ ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʠʥʛʠʙʠʨʦʚʘʪʴ ʢʦʨʨʦʟʠʶ ʧʦʩʨʝʜʩʪʚʦʤ 

ʤʝʭʘʥʠʟʤʘ ʭʝʤʦʩʦʨʙʮʠʠ ʠ/ʠʣʠ ʬʠʟʠʯʝʩʢʦʡ ʩʦʨʙʮʠʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʤʝʪʘʣʣʘ ʠʣʠ ʚʩʪʫʧʘʷ ʚ 

ʨʝʘʢʮʠʶ ʩ ʠʦʥʘʤʠ ʤʝʪʘʣʣʘ ʠ ʦʙʨʘʟʫʷ ʦʩʘʜʦʢ ʙʘʨʴʝʨʥʦʛʦ ʪʠʧʘ ʥʘ ʝʛʦ ʧʦʚʝʨʭʥʦʩʪʠ. ɺ ʵʪʦʡ 

ʩʪʘʪʴʝ ʦʙʩʫʞʜʘʝʪʩʷ ʠʥʛʠʙʠʨʦʚʘʥʠʝ ʢʦʨʨʦʟʠʠ ʥʠʟʢʦʫʛʣʝʨʦʜʠʩʪʦʡ ʩʪʘʣʠ ʧʫʪʝʤ ʜʦʙʘʚʣʝʥʠʷ 

ʧʘʣʴʤʦʚʦʛʦ ʤʘʩʣʘ ʠ ʢʫʢʫʨʫʟʥʦʛʦ ʤʘʩʣʘ ʚ ʢʘʯʝʩʪʚʝ ʠʥʛʠʙʠʪʦʨʦʚ ʟʝʣʝʥʦʛʦ ʮʚʝʪʘ. ʄʳ ʪʘʢʞʝ 

ʩʨʘʚʥʠʣʠ ʜʝʡʩʪʚʠʝ ʵʪʠʭ ʠʥʛʠʙʠʪʦʨʦʚ ʚ ʚʦʜʥʦʡ ʠ ʤʦʨʩʢʦʡ ʩʨʝʜʝ. ʂʦʨʨʦʟʠʦʥʥʦʝ ʧʦʚʝʜʝʥʠʝ 
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ʥʠʟʢʦʫʛʣʝʨʦʜʠʩʪʦʡ ʩʪʘʣʠ ʦʧʨʝʜʝʣʷʣʠ ʠʤʤʝʨʩʠʦʥʥʳʤʠ ʠ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʤʠ 

ʠʩʧʳʪʘʥʠʷʤʠ. ʀʩʧʳʪʘʥʠʝ ʥʘ ʧʦʛʨʫʞʝʥʠʝ ʧʨʦʚʦʜʠʣʠ ʧʫʪʝʤ ʧʦʛʨʫʞʝʥʠʷ ʦʙʨʘʟʮʦʚ ʚ 

ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʫʶ ʚʦʜʫ ʠ 3. 5% ʨʘʩʪʚʦʨ NaCl ʩ ʠʥʛʠʙʠʪʦʨʘʤʠ ʠ ʙʝʟ ʥʠʭ ʚ ʪʝʯʝʥʠʝ 1, 2, 4, 6 ʠ 

8 ʥʝʜʝʣʴ. ʂʦʥʮʝʥʪʨʘʮʠʷ ʠʩʧʦʣʴʟʫʝʤʳʭ ʠʥʛʠʙʠʪʦʨʦʚ ʩʦʩʪʘʚʣʷʣʘ 100 ʛ/ʣ ʢʘʢ ʜʣʷ ʢʫʢʫʨʫʟʥʦʛʦ 

ʤʘʩʣʘ, ʪʘʢ ʠ ʜʣʷ ʧʘʣʴʤʦʚʦʛʦ ʤʘʩʣʘ. ɼʣʷ ʘʥʘʣʠʟʘ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʧʦʣʴʟʦʚʘʣʠ ʩʢʘʥʠʨʫʶʱʫʶ 

ʵʣʝʢʪʨʦʥʥʫʶ ʤʠʢʨʦʩʢʦʧʠʶ, ʵʥʝʨʛʦʜʠʩʧʝʨʩʠʦʥʥʫʶ ʩʧʝʢʪʨʦʩʢʦʧʠʶ ʠ ʨʝʥʪʛʝʥʦʚʩʢʠʡ 

ʜʠʬʨʘʢʪʦʤʝʪʨ. ʈʝʟʫʣʴʪʘʪʳ ʠʩʧʳʪʘʥʠʡ ʥʘ ʧʦʛʨʫʞʝʥʠʝ ʧʦʢʘʟʳʚʘʶʪ ʥʝʙʦʣʴʰʦʝ ʫʚʝʣʠʯʝʥʠʝ 

ʚʝʩʘ ʥʠʟʢʦʫʛʣʝʨʦʜʠʩʪʦʡ ʩʪʘʣʠ, ʧʦʛʨʫʞʝʥʥʦʡ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʠʥʛʠʙʠʪʦʨʦʚ, ʯʪʦ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʬʦʨʤʠʨʦʚʘʥʠʠ ʪʦʥʢʦʛʦ ʟʘʱʠʪʥʦʛʦ ʩʣʦʷ, ʢʦʪʦʨʳʡ ʜʝʡʩʪʚʫʝʪ ʢʘʢ ʙʘʨʴʝʨ 

ʧʨʦʪʠʚ ʢʦʨʨʦʟʠʠ. ʀʥʛʠʙʠʪʦʨ ʢʫʢʫʨʫʟʥʦʛʦ ʤʘʩʣʘ ʚ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʝ ʧʦʢʘʟʳʚʘʝʪ 

ʥʘʠʙʦʣʴʰʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʥʛʠʙʠʨʦʚʘʥʠʷ. ɽʛʦ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʥʛʠʙʠʨʦʚʘʥʠʷ ʩʦʩʪʘʚʣʷʝʪ 

93,9%, ʯʪʦ ʥʝʤʥʦʛʦ ʚʳʰʝ, ʯʝʤ ʫ ʧʘʣʴʤʦʚʦʛʦ ʤʘʩʣʘ (91,5%) ʚ ʘʥʘʣʦʛʠʯʥʦʡ ʩʨʝʜʝ.  

ʂʨʘʩʢʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʩʨʝʜʩʪʚʘ ʟʘʱʠʪʳ ʦʪ ʢʦʨʨʦʟʠʠ ʧʦʚʝʨʭʥʦʩʪʝʡ ʩ 

ʪʝʯʝʥʠʝʤ ʚʨʝʤʝʥʠ [12]. ʕʪʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʥʘʧʨʘʚʣʝʥʦ ʥʘ ʨʘʟʨʘʙʦʪʢʫ ʢʨʘʩʢʠ ʥʘ 

ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʦʩʥʦʚʝ, ʠʟʛʦʪʦʚʣʝʥʥʦʡ ʠʟ ʤʝʪʠʣʦʚʦʛʦ ʵʬʠʨʘ ʧʘʣʴʤʦʚʦʛʦ ʤʘʩʣʘ (POME), 

ʧʦʣʫʯʝʥʥʦʛʦ ʠʟ ʩʳʨʦʛʦ ʧʘʣʴʤʦʚʦʛʦ ʤʘʩʣʘ (CPO). ɼʣʷ ʟʘʱʠʪʳ ʪʨʫʙʦʧʨʦʚʦʜʘ ʦʪ ʢʦʨʨʦʟʠʠ ʙʳʣ 

ʨʘʟʨʘʙʦʪʘʥ ʥʦʚʳʡ ʩʦʩʪʘʚ ʢʨʘʩʢʠ, ʯʪʦ ʩʥʠʞʘʝʪ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʨʘʩʭʦʜʳ. ʂʨʘʩʢʘ ʥʘ 

ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʦʩʥʦʚʝ ʩʦʩʪʦʠʪ ʠʟ ʯʝʪʳʨʝʭ ʢʦʤʧʦʥʝʥʪʦʚ: ʨʘʩʪʚʦʨʠʪʝʣʷ, ʩʚʷʟʫʶʱʝʛʦ, ʜʦʙʘʚʦʢ 

ʠ ʧʠʛʤʝʥʪʘ. ʈʘʩʪʚʦʨʠʪʝʣʝʤ ʚ ʢʨʘʩʢʝ ʥʘ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʦʩʥʦʚʝ ʷʚʣʷʝʪʩʷ POME. ɺ ʢʘʯʝʩʪʚʝ 

ʜʦʙʘʚʦʢ ʠʩʧʦʣʴʟʫʶʪʩʷ ʩʤʘʯʠʚʘʶʱʠʝ ʠ ʜʠʩʧʝʨʛʠʨʫʶʱʠʝ ʘʛʝʥʪʳ. ʇʠʛʤʝʥʪ, ʠʩʧʦʣʴʟʫʝʤʳʡ ʚ 

ʢʨʘʩʢʝ ʥʘ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʦʩʥʦʚʝ, ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ TiO2. ʈʝʮʝʧʪʫʨʘ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʦʩʪʦʷʥʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʜʦʙʘʚʦʢ ʠ ʩʚʷʟʫʶʱʝʛʦ, ʥʦ ʚʘʨʴʠʨʫʷ ʢʦʣʠʯʝʩʪʚʦ 

POME ʥʘ 10 ʤʣ, 15 ʤʣ, 20 ʤʣ, 25 ʤʣ ʠ 30 ʤʣ ʩ ʜʦʙʘʚʣʝʥʠʝʤ ʚʦʜʳ. ʉʪʘʥʜʘʨʪʥʳʝ ʤʝʪʦʜʳ 

ʠʩʧʳʪʘʥʠʡ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʩʢʦʨʦʩʪʠ ʢʦʨʨʦʟʠʠ (ASTM G5-94 (2011)) ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʜʣʷ 

ʢʘʞʜʦʛʦ ʦʙʨʘʟʮʘ. ɺ ʟʘʢʣʶʯʝʥʠʝ ʜʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠ ʩʦʟʜʘʥʠʠ ʩʦʩʪʘʚʘ ʢʨʘʩʢʠ ʥʘ ʙʠʦʣʦʛʠʯʝʩʢʦʡ 

ʦʩʥʦʚʝ ʜʣʷ ʣʫʯʰʝʛʦ ʠʥʛʠʙʠʪʦʨʘ ʢʦʨʨʦʟʠʠ; ʦʧʪʠʤʘʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʩʚʷʟʫʶʱʝʛʦ, ʜʦʙʘʚʦʢ ʠ 

ʧʝʥʦʛʘʩʠʪʝʣʷ, ʢʦʪʦʨʦʝ ʩʣʝʜʫʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ, ʩʦʩʪʘʚʣʷʝʪ 20 ʤʣ, 10 ʤʣ ʠ 10 ʤʣ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʃʠʛʥʦʮʝʣʣʶʣʦʟʥʘʷ ʙʠʦʤʘʩʩʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʙʠʦʨʘʟʣʘʛʘʝʤʳʡ ʧʨʦʜʫʢʪ, ʦʪʭʦʜʳ 

ʠʣʠ ʦʩʪʘʪʢʠ, ʧʨʦʠʩʭʦʜʷʱʠʝ ʠʟ ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ ʠ ʘʢʚʘʢʫʣʴʪʫʨʳ, ʚ ʦʩʥʦʚʥʦʤ ʩʦʩʪʦʷʱʠʝ ʠʟ 

ʮʝʣʣʶʣʦʟʳ, ʛʝʤʠʮʝʣʣʶʣʦʟʳ ʠ ʣʠʛʥʠʥʘ [13]. ɺʘʡʷ ʤʘʩʣʠʯʥʦʡ ʧʘʣʴʤʳ (OPF) ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ 

ʠʟ ʦʩʥʦʚʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʣʠʛʥʦʮʝʣʣʶʣʦʟʥʦʡ ʙʠʦʤʘʩʩʳ ʚ ʄʘʣʘʡʟʠʠ, ʧʦʩʢʦʣʴʢʫ ʦʥʘ ʝʞʝʛʦʜʥʦ 

ʧʨʦʠʟʚʦʜʠʪʩʷ ʚ ʙʦʣʴʰʠʭ ʢʦʣʠʯʝʩʪʚʘʭ ʚ ʚʠʜʝ ʦʪʭʦʜʦʚ ʦʧʝʨʘʮʠʡ ʧʦ ʧʝʨʝʨʘʙʦʪʢʝ ʤʘʩʣʠʯʥʦʡ 

ʧʘʣʴʤʳ. ʃʠʛʥʠʥ, ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʚ ʢʘʯʝʩʪʚʝ ʘʥʪʠʦʢʩʠʜʘʥʪʘ, ʩʪʘʣ ʦʩʥʦʚʥʳʤ 

ʦʙʲʝʢʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʆʜʥʘʢʦ ʝʛʦ ʛʠʜʨʦʬʦʙʥʦʩʪʴ ʦʛʨʘʥʠʯʠʚʘʣʘ ʝʛʦ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ 

ʣʶʙʳʭ ʜʨʫʛʠʭ ʚʦʟʤʦʞʥʳʭ ʧʨʠʤʝʥʝʥʠʡ. ɼʣʷ ʨʝʰʝʥʠʷ ʵʪʦʡ ʧʨʦʙʣʝʤʳ ʥʝʦʙʭʦʜʠʤʘ 

ʤʦʜʠʬʠʢʘʮʠʷ ʝʛʦ ʩʣʦʞʥʦʡ ʩʪʨʫʢʪʫʨʳ. ɺ ʵʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʩʦʦʙʱʘʝʪʩʷ ʦ ʩʨʘʚʥʠʪʝʣʴʥʳʭ 

ʩʪʨʫʢʪʫʨʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ ʠ ʘʥʪʠʦʢʩʠʜʘʥʪʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʘʚʪʦʛʠʜʨʦʣʠʟʦʚʘʥʥʦʛʦ 

ʵʪʘʥʦʣʦʨʛʘʥʦʩʦʣʴʚʝʥʣʠʛʥʠʥʘ (ɸʅʌʕʃ), ʵʢʩʪʨʘʛʠʨʦʚʘʥʥʦʛʦ ʠʟ ʆʇʌ, ʠ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ 

ʘʚʪʦʛʠʜʨʦʣʠʟʦʚʘʥʥʦʛʦ ʵʪʘʥʦʣʦʨʛʘʥʦʩʦʣʴʚʝʥʣʠʛʥʠʥʘ ʧʫʪʝʤ ʚʢʣʶʯʝʥʠʷ ʤ-ʢʨʝʟʦʣʘ (ɸɻʉʕʆʃ) 

ʠ 4-ʥʠʪʨʦʬʝʥʦʣʘ (ɸʅʌʕʃ). ʍʠʤʠʯʝʩʢʘʷ ʤʦʜʠʬʠʢʘʮʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʨʛʘʥʠʯʝʩʢʦʛʦ 

ʧʦʛʣʦʪʠʪʝʣʷ ʚ ʧʨʦʮʝʩʩʝ ʜʝʣʠʛʥʠʬʠʢʘʮʠʠ ʧʦʚʳʩʠʣʘ ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ 

ʣʠʛʥʠʥʘ ʟʘ ʩʯʝʪ ʩʥʠʞʝʥʠʷ ʝʛʦ ʛʠʜʨʦʬʦʙʥʳʭ ʩʚʦʡʩʪʚ ʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʩʪʨʫʢʪʫʨʳ ʚ ʙʦʣʝʝ 

ʤʝʣʢʠʝ ʬʨʘʛʤʝʥʪʳ. ʀʥʛʠʙʠʨʫʶʱʝʝ ʜʝʡʩʪʚʠʝ ʥʘ ʢʦʨʨʦʟʠʶ ʥʠʟʢʦʫʛʣʝʨʦʜʠʩʪʦʡ ʩʪʘʣʠ ʚ 0,5 ʄ 

ʨʘʩʪʚʦʨʝ HCl ʠʟʫʯʘʣʠ ʤʝʪʦʜʘʤʠ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʛʦ ʠʤʧʝʜʘʥʩʘ (ʕʀʉ) ʠ 

ʧʦʪʝʥʮʠʦʜʠʥʘʤʠʯʝʩʢʦʡ ʧʦʣʷʨʠʟʘʮʠʠ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʩʢʦʨʦʩʪʴ ʢʦʨʨʦʟʠʠ 

ʥʠʟʢʦʫʛʣʝʨʦʜʠʩʪʦʡ ʩʪʘʣʠ ʤʦʞʝʪ ʙʳʪʴ ʩʥʠʞʝʥʘ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʣʠʛʥʠʥʘ. 

ɺ ʥʘʰʠʭ ʨʘʙʦʪʘʭ ʙʳʣʠ ʧʨʠʛʦʪʦʚʣʝʥʳ ʢʦʤʧʦʟʠʮʠʠ ʥʘ ʦʩʥʦʚʝ ʪʫʨʙʠʥʥʦʛʦ ʤʘʩʣʘ ʊ-30 ʠ 

ʩʦʣʝʡ ʞʠʨʥʳʭ ʢʠʩʣʦʪ ʧʘʣʴʤʦʚʦʛʦ ʤʘʩʣʘ (Co, Zn, Cu, Fe, Mn, Cr, Ni, Ca) ʚ ʨʘʟʣʠʯʥʳʭ 

ʢʦʥʮʝʥʪʨʘʮʠʷʭ ( 5 %, 7 %, 10 %) ʠ ʚ ʨʘʟʣʠʯʥʳʭ ʩʦʦʪʥʦʰʝʥʠʷʭ (1:4, 1:9, 9:1 ʠ ʜʨ.) ʠ 

ʠʩʩʣʝʜʦʚʘʥ ʠʭ ʘʥʪʠʢʦʨʨʦʟʠʦʥʥʳʡ ʵʬʬʝʢʪ ʜʣʷ ʩʪʘʣʠ ʚ ʘʛʨʝʩʩʠʚʥʳʭ ʩʨʝʜʘʭ. ɿʘʱʠʪʥʳʡ ʵʬʬʝʢʪ 

ʧʦʣʫʯʝʥʥʳʭ ʢʦʤʧʦʟʠʮʠʡ ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʪʘʙʣ. 1 




