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Antistatic properties of dicarboxylic acid esters 

FATMAKHANYM KH. ALIYEVA*, KAMALA O. ISRAFILOVA, HUSEYN N. 

GURBANOV, FAZIL I. AKHMEDOV, JAMALA G. BABAYEVA, AND NARMINA A. 

JAVADOVA 

Academician Y.H. Mammadaliyev Institute of Petrochemical Processes, Ministry of Science and 

Education of the Republic of Azerbaijan, 30 Khojaly Avenue, Baku, AZ 1025, Azerbaijan. 

(Received 22 June; revised 7 July; accepted 2 October 2026) 

Abstract: In the present study, the electrophysical properties of dicarboxylic acid 

esters and cyclohexenylsuccinic acid esters were investigated. Surface resistivity 

and electrical conductivity were measured using a two-electrode method with a 

teraohmmeter (E6-13A). The relationship between molecular structure and 

electrical conductivity were established. It was shown that an increase in the 

hydrocarbon chain length in both the alcohol and acid fragments leads to a 

decrease in electrical conductivity due to reduced molecular polarity. In contrast, 

the introduction of cyclic and aromatic fragments, as well as an increase in the 

number of ester functional groups, results in an increase in electrical conductivity 

due to higher molecular polarizability. Based on the experimental data, the 

charge relaxation time (τ) and conductivity enhancement factor (K) were 

calculated, enabling a quantitative assessment of the antistatic efficiency of the 

investigated compounds. For the dicarboxylic acid esters, τ values ranged from 

4.4 × 10-5 to 8.6 × 10-3 s, while K varied from 2.5×102 to 7.1 × 104. For 

cyclohexenylsuccinic acid esters, τ was found in the range of 4.6 × 10-5 to 6.5 ×

10-4 s, and K ranged from 4.8 × 103 to 6.7 × 104. The obtained results indicate 

efficient dissipation of electrostatic charge in low-polarity hydrocarbon media. 

An inverse relationship between electrical conductivity and charge relaxation 

time was observed, confirming that higher conductivity corresponds to faster 

charge decay. The conductivity values are comparable with those of commercial 

antistatic additives, indicating the potential applicability of the investigated 

compounds as functional antistatic additives for petroleum and lubricating 

systems. 

Keywords: electrical conductivity; surface resistivity; charge relaxation time; 

molecular structure; polarizability; hydrocarbon systems. 
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INTRODUCTION 

In modern petroleum refining and transportation systems, the accumulation of 

static electricity in hydrocarbon media represents a serious operational and safety 

issue. During technological processes such as pumping, filtration, and mixing of 

petroleum products, electrical charges are generated due to the triboelectric effect. 

In low-polarity hydrocarbon media, the relaxation of these charges is significantly 

limited, leading to their accumulation and the formation of high electrostatic 

potentials.1-5 

Highly hydrotreated and low-sulfur fuels are particularly susceptible to static 

charge accumulation due to the absence of naturally occurring polar components 

capable of charge dissipation. This significantly increases the risk of spark 

formation, which may result in ignition or explosion in the presence of flammable 

vapours. Therefore, controlling electrical conductivity is an essential requirement 

for the safe operation of fuel handling systems.6,7 

According to international standards and recommendations, antistatic 

protection is achieved through the introduction of specific additives that regulate 

charge dissipation in hydrocarbon systems.8-10 These additives are typically polar 

organic compounds that form weakly conductive pathways, enabling controlled 

charge relaxation and preventing charge accumulation. 

Materials used for electrostatic protection are generally classified as 

conductive, dissipative, and insulating systems according to international 

standards such as IEC 61340 and ASTM D257. 11-14 Their performance is defined 

by electrical resistance or conductivity levels, which determine their ability to 

either conduct or gradually dissipate static charges. In addition, key requirements 

for antistatic materials include efficient charge dissipation capability, grounding 

compatibility, and long-term stability of electrophysical properties under operating 

conditions.15-18 

Despite significant progress in this field, the relationship between the 

molecular structure of antistatic agents and their electrophysical performance 

remains insufficiently understood, particularly for dicarboxylic acid ester systems 

with variable structural features. 

In this context, dicarboxylic acid esters are of particular interest due to their 

structural versatility, including variation in hydrocarbon chain length and the 

introduction of cyclic and aromatic fragments, which allow targeted tuning of their 

electrophysical properties. In addition, these compounds exhibit good 

compatibility with hydrocarbon media and high thermal-oxidative stability. 

The aim of this work is to investigate the influence of molecular structure on 

the electrical conductivity of esters of succinic, adipic, sebacic, and 

cyclohexenylsuccinic acids and to evaluate their potential as antistatic additives 

for hydrocarbon systems. 
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EXPERIMENTAL 

Materials 

The studied dicarboxylic acid esters were synthesized according to a previously reported 

procedure.19,20 The purity of the obtained compounds was confirmed by physicochemical 

analysis and was not less than 99%.  

Methods 

The electrophysical characteristics of the investigated compounds were determined using 

a two-electrode method with a teraohmmeter (E6-13A), which allows measurement of electrical 

resistance over a wide range typical for low-conductivity media. The relative uncertainty of the 

measured electrophysical characteristics was estimated to be ±5% under the applied 

experimental conditions. 

Prior to measurements, the electrodes were thoroughly cleaned with ethanol to remove 

contaminants and moisture that could affect the accuracy of the results. The sample was placed 

in a measuring cell ensuring a fixed distance between the electrodes and uniform contact with 

the tested substance. The temperature was monitored using a thermocouple. All measurements 

were carried out at 20 ± 1°C. 

The electrical resistivity (ρ) was calculated using the following equation (1): 

ρ = R·S/d  (1) 

where R is the measured resistance, S is the electrode area, and d is the distance between 

the electrodes. 

The electrical conductivity (ϭ) was determined as the reciprocal of the resistivity. 

Based on the experimentally obtained conductivity values, additional electrophysical 

parameters characterizing the antistatic properties of the investigated compounds were 

calculated. 

The charge relaxation time (τ) was determined according to the relation: 

τ = εε0 / ϭ  (2) 

where ε is the relative dielectric permittivity of the medium and ε0 is the vacuum 

permittivity. For comparative calculations, a relative dielectric permittivity of ε = 3.5 was 

adopted as a representative value for the investigated series of weakly polar organic ester 

compounds. The adopted value was used as a calculation parameter and was not considered an 

experimentally determined individual dielectric permittivity for each compound. 

The conductivity enhancement factor (K) was calculated as the ratio of the electrical 

conductivity of the investigated compound to that of the base hydrocarbon medium: 

K= ϭ / ϭ0  (3) 

where ϭ0 = 1 × 10-11 S m-1 is a typical conductivity value for low-polar hydrocarbon 

systems. 

RESULTS AND DISCUSSION 

Experimental data on the electrophysical characteristics of the studied 

dicarboxylic acid esters are summarized in Table I. 
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TABLE I. Electrophysical characteristics of dicarboxylic acid esters 

Ester R / Ω ρ / Ω m ϭ/ S m-1 τ/s K

Dioctyl succinate 1.4 × 107 2.8 × 106 3.6 × 10-7 8.6 × 10-5 3.6 × 104 

Dinonyl succinate 6.2 × 108 1.44 × 107 6.9 × 10-8 4.5 × 10-4 6.9 × 103

Butyl octyl succinate 7.0 × 108 1.4 × 107 7.1 × 10-8 4.4 × 10-4 7.1 × 103 

2-Hydroxyethyl octyl succinate 1.6 × 107 3.2 × 106 3.1 × 10-7 1.0 × 10-4 3.1 × 104

2-(Hexanoyloxy)ethyl octyl succinate 2.0 ×107 4.0 × 106 2.5 × 10-7 1.2 × 10-4 2.5 × 104 

Bis[2-(hexanoyloxy)ethyl] succinate 7.0 ×107 1.4 × 106 7.1 × 10-7 4.4 × 10-5 7.1 × 104 

Dioctyl adipate 3.0 × 106 6.0 × 107 1.6 × 10-8 1.9 × 10-3 1.6 × 103

Butyl octyl adipate 1.1 × 108 2.2 × 107 4.5 × 10-8 6.9 × 10-4 4.5 × 103

2-(Hexanoyloxy)ethyl octyl adipate 4.5 × 107 9.0 × 106 1.1 × 10-7 2.8 × 10-4 1.1 × 104

Bis[2-(hexanoyloxy)ethyl] adipate 8.0 × 107 1.6 × 107 6.2 × 10-8 5.0 × 10-4 6.2 × 103

Bis(4-methylcyclohexyl) adipate 1.2 × 108 2.4 × 107 4.1 × 10-8 7.6 × 10-4 4.1 × 103

Heptyl 4-methylcyclohexyl adipate 1.4 × 109 2.8 × 108 3.6 × 10-9 8.6 × 10-3 3.6 × 102

Bis(4-methylcyclohexyl) sebacate 9.9 × 107 1.9 × 107 5.3 × 10-8 5.8 × 10-4 5.3 × 103 

Dibenzyl sebacate 3.0 × 107 6.0 × 106 1.7 × 10-7 1.8 × 10-4 1.7 × 104

2-Hydroxyethyl octyl sebacate 1.5 × 108 3.0 × 107 3.3 × 10-8 9.4 × 10-4 3.3 × 103

Bis[2-(hexanoyloxy)ethyl] sebacate 2.0 × 109 4.0 × 108 2.5 × 10-9 1.2 × 10-3 2.5 × 102 

Based on the obtained conductivity data, the charge relaxation time (τ) and 

conductivity enhancement factor (K) were calculated. 

The investigated esters exhibited charge relaxation times in the range of 4.4 × 

10-5 – 8.6 × 10-3 s, indicating their ability to promote efficient dissipation of 

accumulated electrical charges in low-polar hydrocarbon media. Compounds 

characterized by higher conductivity values consistently displayed shorter 

relaxation times, confirming the expected inverse relationship between charge 

transport capability and the rate of electrostatic charge decay. 

The conductivity enhancement factor varied from 2.5×102 to 7.1 × 104, 

demonstrating a substantial increase in electrical conductivity relative to the base 

hydrocarbon medium. These findings suggest that the synthesized esters are 

capable of significantly improving the electrostatic dissipation properties of low-

conductivity hydrocarbon systems. 

Analysis of the experimental results revealed that the electrical conductivity 

of the investigated dicarboxylic acid esters is strongly dependent on molecular 

structure. In general, elongation of the hydrocarbon chains in both the alcohol and 

acid fragments resulted in decreased conductivity, which may be attributed to 

reduced molecular polarity and diminished mobility of charge carriers. 

Molecular symmetry was also found to exert a pronounced influence on 

conductivity. Unsymmetrical esters exhibited higher conductivity values than their 

symmetrical counterparts, likely due to an increase in molecular dipole moment 

arising from structural asymmetry, which facilitates charge transfer processes. 

An increase in the number of ester functional groups led to enhanced 

conductivity. In particular, complex esters containing multiple ester moieties 
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demonstrated higher conductivity values compared with simple diesters, which can 

be associated with the greater number of polar centers participating in charge 

transport. 

The incorporation of cyclic and aromatic fragments produced a significant 

effect on the electrical conductivity of the investigated compounds. Aromatic 

substituents promoted conductivity enhancement owing to the high polarizability 

of π-electron systems and partial electron delocalization, whereas cyclic structures 

influenced molecular rigidity and electron density distribution, thereby facilitating 

charge mobility within the system. 

Comparable structure-conductivity relationships were also identified for the 

cyclohexenylsuccinic acid esters summarized in Table II. 

TABLE II. Electrophysical characteristics of cyclohexenylsuccinic acid esters 

Ester R / Ω ρ / Ω m ϭ, S m-1 τ / s K 

Dibutyl 2-(cyclohex-1-en-1-yl)succinate 1.8 × 108 1.8 × 107 5.6 × 10-8 5.5 × 10-4 5.6 × 103 

Butyl isobutyl 2-(cyclohex-1-en-1-

yl)succinate 
1.5 × 107 1.5 × 106 6.7 × 10-7 4.6 × 10-5 6.7 × 104

Butyl nonyl 2-(cyclohex-1-en-1-

yl)succinate 
2.1 × 108 2.1 × 107 4.8 × 10-8 6.5 × 10-4 4.8 × 103

Dibenzyl 2-( cyclohex-1-en-1-

yl)succinate 
1.1 × 108 1.1 × 107 9.0 × 10-8 3.4 × 10-4 9.0 × 103

Dinonyl 2-( cyclohex-1-en-1-

yl)succinate 
5.0 × 107 5.0 × 106 2.0 × 10-7 1.6 × 10-4 2.0 × 104 

Benzyl cyclohexyl 2-( cyclohex-1-en-1-

yl)succinate 
7.5 × 107 7.5 × 106 1.3 × 10-7 2.4 ×10-4 1.3 × 104 

For the investigated compounds, the charge relaxation time was found to vary 

within the range of 4.6 × 10-5 – 6.5 × 10-4 s, whereas the conductivity enhancement 

factor ranged from 4.8 × 103 to 6.7 × 104. Compounds exhibiting higher electrical 

conductivity consistently demonstrated shorter relaxation times, confirming the 

inverse relationship between charge transport efficiency and electrostatic charge 

dissipation rate, which is indicative of enhanced antistatic performance. 

The experimental results demonstrate that the electrical conductivity of 

cyclohexenylsuccinic acid esters is governed by the combined influence of several 

structural factors. Symmetrical aliphatic esters containing relatively short 

hydrocarbon chains exhibited lower conductivity values, which can be attributed 

to their lower polarity and reduced mobility of charge carriers. 

In contrast, disruption of molecular symmetry, particularly through the 

introduction of branched alkyl substituents, resulted in a pronounced increase in 

conductivity due to the enhancement of molecular dipole moment and 

redistribution of electron density. The incorporation of cyclic and aromatic 

fragments also contributed significantly to conductivity enhancement as a 
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consequence of increased electronic polarizability and stronger intermolecular 

interactions facilitating charge transport. 

Overall, the obtained results indicate that the electrostatic properties of 

cyclohexenylsuccinic acid esters can be effectively regulated through targeted 

modification of molecular architecture, including variation of alkyl chain structure, 

molecular symmetry, and incorporation of polarizable cyclic or aromatic moieties. 

To evaluate the practical relevance of the obtained results, the electrical 

conductivity of the synthesized esters was compared with that of commercially 

used antistatic additives (Tables III and IV). 

TABLE III. Electrophysical characteristics of commercial antistatic additives 

Additive Typical concentration / ppm ϭ / S m-1

STADIS 450 1-5 (1–5) ×10-7 

ASA-3 1-3 ~10-7 

INTRON 500 1-5 (1–5) ×10-7 

Antis DF3 1-2 ≥2×10-7 

TABLE IV. Comparative conductivity analysis 

System Range of ϭ / S m-1 

Dicarboxylic acid esters 2.5 × 10-9 – 7.1 × 10-7 

Cyclohexenylsuccinic acid esters 4.8 × 10-8 – 6.7 × 10-7

Commercial antistatic additives 1×10-7 – 5×10-7 

Base hydrocarbon media ~10-12 – 10-10 

The conductivity of the investigated esters is higher than that of the base 

hydrocarbon medium and, in several cases, comparable to the range of commercial 

antistatic additives. In particular, unsymmetrical and polar-functionalized esters 

exhibit conductivity values up to 7.1 × 10-7 S m-1, approaching those of widely 

used commercial formulations. 

It should be noted that commercial antistatic additives are effective at very 

low concentrations (ppm level), whereas the synthesized esters exhibit relatively 

high electrical conductivity, which may enable the achievement of antistatic 

performance at reduced additive dosages. 

Overall, the comparative analysis indicates that the investigated dicarboxylic 

acid esters and cyclohexenylsuccinic acid esters demonstrate electrophysical 

characteristics comparable to conventional antistatic additives, confirming their 

potential applicability as functional antistatic agents in hydrocarbon systems. 

CONCLUSION 

The results of the present study demonstrate that dicarboxylic acid esters and 

cyclohexenylsuccinic acid esters exhibit an enhanced ability to facilitate charge 

transport in low-polar hydrocarbon media, leading to an increase in electrical 

conductivity relative to the base hydrocarbon system. 
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It was established that the electrical conductivity of the investigated 

compounds is governed by molecular structure and depends on hydrocarbon chain 

length, molecular symmetry, and the presence of polarizable functional fragments, 

confirming the possibility of targeted tuning of their electrophysical properties. 

A clear correlation between electrical conductivity, charge relaxation time and 

conductivity enhancement factor was observed, whereby an increase in 

conductivity is accompanied by a decrease in τ and an increase in K, indicating 

improved charge dissipation efficiency. 

Overall, the obtained conductivity values indicate effective electrostatic 

charge dissipation in hydrocarbon media. The studied esters of dicarboxylic acids 

and cyclohexenylsuccinic acid esters exhibit conductivity values comparable to 

those of commercially available antistatic additives, suggesting their potential 

applicability as functional antistatic agents for fuels and lubricating systems. 

SUPPLEMENTARY MATERIAL 

Additional data are available electronically at the pages of journal website: 

https://www.shd-pub.org.rs/index.php/JSCS/article/view/13983, or from the corresponding 

author on request. 

И З В О Д 

АНТИСТАТИЧКА СВОЈСТВА ЕСТАРА ДИКАРБОКСИЛНИХ КИСЕЛИНА 

FATMAKHANYM KH. ALIYEVA, KAMALA O. ISRAFILOVA, HUSEYN N. GURBANOV, FAZIL I. AKHMEDOV, JAMALA 

G. BABAYEVA, AND NARMINA A. JAVADOVA 

Academician Y.H. Mammadaliyev Institute of Petrochemical Processes, Ministry of Science and Education of 

the Republic of Azerbaijan, 30 Khojaly Avenue, Baku, AZ 1025, Azerbaijan. 

У овом раду испитивана су електрофизичка својства естара дикарбоксилних киселина
и естара циклохексенилћилибарне киселине. Површинска отпорност и електрична
проводљивост мерене су методом две електроде помоћу тераомметра (Е6-13А). 
Успостављена је зависност између молекулске структуре и електричне проводљивости. 
Показано је да повећање дужине угљоводоничног ланца, како у алкохолном тако и у
киселинском фрагменту, доводи до смањења електричне проводљивости услед смањене
поларности молекула. Насупрот томе, увођење цикличних и ароматичних фрагмената, као
и повећање броја естарских функционалних група, доводи до повећања електричне
проводљивости услед веће поларизабилности молекула. На основу експерименталних
података израчунати су време релаксације наелектрисања (τ) и фактор повећања
проводљивости (К), што је омогућило квантитативну процену антистатичке ефикасности
испитиваних једињења. За естре дикарбоксилних киселина вредности τ кретале су се у
распону од 4,4 × 10⁻⁵ до 8,6 × 10⁻³ s, док је К варирао од 2,5 × 10² до 7,1 × 10⁴. За естре
циклохексенилћилибарне киселине, τ је био у опсегу од 4,6 × 10⁻⁵ до 6,5 × 10⁻⁴ s, а К се
кретао од 4,8 × 10³ до 6,7 × 10⁴. Добијени резултати указују на ефикасну дисипацију
електростатичког наелектрисања у нискополарним угљоводоничним срединама. Уочена је
обрнуто пропорционална зависност између електричне проводљивости и времена
релаксације наелектрисања, што потврђује да већа проводљивост одговара бржем опадању
наелектрисања. Вредности проводљивости су упоредиве са вредностима комерцијалних 
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антистатичких адитива, што указује на потенцијалну применљивост испитиваних једињења
као функционалних антистатичких адитива за нафтне и мазивне системе. 

(Примљено 22. јуна; ревидирано 7. јула; прихваћено 2. октобра 2026.) 

REFERENCES 

1. X. Li, L. Zhang, Y. Feng, H. Hu, X. Wang, Y. Zheng, N. Wang, Ch. Zhang, Q. Yu, F. 

Zhou, D. Wang, Nano Energy 104 (2022) 107930 

(https://doi.org/10.1016/j.nanoen.2022.107930) 

2. P.A. Khlyupin, R.T. Khazieva, A. Vahedi, SOCAR Proceedings. 1 (2021) 125 

(http://dx.doi.org/10.5510/OGP2021SI100516) 

3. Y. Seki, N. Yıldız, M. İnce, S. Şengül, K. Sever, M. Sarıkanat, T. Dikici, Plast. Rubb. 

Comp.: Macromol. Eng. 45 (2016) 362 

(https://doi.org/10.1080/14658011.2016.1201258)  

4. J. Staudt, J. Duchowski, S. Leyer, Tribol. Trans. 63 (2020) 393 

(https://doi.org/10.1080/10402004.2019.1690084) 

5. X. Zhao , Y. Zhou, J. Zhao, Zh. Guo, Y. Peng, Chem. Eng. Tran. 55 (2016) 223 

(https://doi.org/10.3303/CET1655038) 

6. X. Liang, Y. Bin, Z. Jie, WIPO Pat. WO2017096680A1 (2015) 

7. S. Kosiński, I. Rykowska, M. Gonsior, Piotr Krzyżanowski, Polymer Testing 112 

(2022) 107649 (https://doi.org/10.1016/j.polymertesting.2022.107649) 

8. M. A. Mamedyarov, F. Kh. Aliyeva, G. N. Gurbanov, Sinteticheskie smazochnye 

masla (struktura i svoystva) [Synthetic Lubricating Oils (Structure and Properties)], 

Nauchnyi Mir, Moscow, Russia, 2017. ISBN 978-5-91522-442-0 (in Russian) 

9. P. A. Yudaev, B. Tamboura, E. M. Chistyakov, Nanotech. construct. 15 (2023) 139 

(https://doi.org/10.15828/2075-8545-2023-15-2-139-151) 

10. O. V. Repina, S. V. Tarazanov, P. A. Nikulshin, Petrol. Chem. 63 (2023) 1009 

(https://doi.org/10.1134/S0965544123060166) 

11.  A. Tsurumaki, S. Tajima, T. Iwata, B. Scrosati, H. Ohno, Electrochim. Acta 248

(2017) 556 (https://doi.org/10.1016/j.electacta.2017.07.181) 

12. International Standard IEC 61340-6-1: Electrostatic control in healthcare 

environments – Material classification based on resistive properties, The 

International Electrotechnical Commission (2018) 

13. ASTM D257-14: Standard Test Methods for DC Resistance or Conductance of 

Insulating Materials (2021) 

14. A. C. Sparavigna, Available at SSRN(2016) 1 

(http://dx.doi.org/10.2139/ssrn.2833724) 

15. Sz. Kosiński, I. Rykowska, M. Gonsior, P. Krzyżanowski, Polymer Testing 112

(2022) 107649 (https://doi.org/10.1016/j.polymertesting.2022.107649) 

16. Y. Liu, S. Lu, J. Luo, Y. Zhao, J. He, Ch. Liu, Z. Chen, X. Yu, Polym. Adv. Technol. 

34 (2023) 1393 (https://doi.org/10.1002/pat.5978) 

17. Y. Qiu, C. Wang, Ch. Zhao, G. Yao, Zh. Wang, R. Yang, Materials 17 (2024) 1183 

(https://doi.org/10.3390/ma17051183) 

18. A. Yadav, M. Chakradhar, A. Chopra, J. Christopher, G. Kapur, Energy & Fuels 32

(2018) 1336 (https://doi.org/10.1021/acs.energyfuels.7b03341) 

19. M. A. Mamedyarov, F. Kh. Aliyeva, K. O. Israfilova, Oil Ref. Petrochem. 11 (2019) 

20 (https://www.elibrary.ru/download/elibrary_41716270_93267800.pdf) 

A
cc
ep
te
d 
m
an
us
cr
ip
t

https://doi.org/10.1016/j.nanoen.2022.107930
http://dx.doi.org/10.5510/OGP2021SI100516
https://doi.org/10.1080/14658011.2016.1201258
https://doi.org/10.1080/10402004.2019.1690084
https://doi.org/10.3303/CET1655038
https://doi.org/10.1016/j.polymertesting.2022.107649
https://doi.org/10.15828/2075-8545-2023-15-2-139-151
https://doi.org/10.1134/S0965544123060166
https://doi.org/10.1016/j.electacta.2017.07.181
http://dx.doi.org/10.2139/ssrn.2833724
https://doi.org/10.1016/j.polymertesting.2022.107649
https://doi.org/10.1002/pat.5978
https://doi.org/10.3390/ma17051183
https://doi.org/10.1021/acs.energyfuels.7b03341
https://www.elibrary.ru/download/elibrary_41716270_93267800.pdf


ANTISTATIC ESTERS 9 

20. M. A. Mammadyarov, F. Kh. Aliyeva, S. G. Aliyeva, K. O. Israfilova, E. M. 

Kuliyeva, Proc. Petrochem. Oil Ref. 21 (2020) 334 (https://ppor.az/jpdf/6-

Mammadyarov-3-2020.pdf). 

A
cc
ep
te
d 
m
an
us
cr
ip
t

https://ppor.az/jpdf/6-Mammadyarov-3-2020.pdf
https://ppor.az/jpdf/6-Mammadyarov-3-2020.pdf

