
ISSN 2077-3528 
 

IJTPE Journal 
 

International Journal on 
TECHNICAL AND PHYSICAL PROBLEMS OF ENGINEERING 

(IJTPE) 
 
 

 
http://www.iotpe.com 

http://www.iotpe.com/ijtpe.html 
ijtpe@iotpe.com, ijtpe0@gmail.com 

 
 Issue 60 Volume 16 Number 3 

 
September 2024 

 
Serial No: 0060-1603-0924 

  
 

Founders and Publishers:          International Organization of IOTPE 
 

 

Taba Elm International Institute 
Tabriz, Iran 
www.tabaelm.com 

 

Institute of Physics 
Ministry of Science and Education 
Baku, Azerbaijan 
www.physics.gov.az 

    

 

Seraj Higher Education Institute 
Tabriz, Iran 
www.seraj.ac.ir 

 

Azerbaijan Research Institute of       
Energetics and Energy Design 
Azerenerji JSC, Baku, Azerbaijan 
www.azenerji.com/en/about/pei.html 

    

 

Gazi University 
Ankara, Turkey 
www.gazi.edu.tr  

Cleaner Production and  
Energy Efficiency Center 
Baku, Azerbaijan 
http://cpee.az 

    

  

Istanbul Technical University 
Istanbul, Turkey 
www.itu.edu.tr   

Nakhchivan State University 
Nakhchivan, Azerbaijan 
www.ndu.edu.az 

    

 

Isik University 
Istanbul, Turkey 
www.isikun.edu.tr 

 

University of Pitesti 
Pitesti, Romania 
www.upit.ro 

    

 

Van Yuzuncu Yil University 
Van, Turkey 
www.yyu.edu.tr  

University of the Basque Country 
Bilbao, Spain 
www.ehu.es 

    

  

Istanbul Rumeli University 
Istanbul, Turkey 
http://rumeli.edu.tr 

 

Near East University 
Lefkosa, Northern Cyprus 
www.neu.edu.tr 

    

   

Ostfold University College 
Fredrikstad, Norway 
www.hiof.no 

    

 



 
ISSN 2077-3528 

 

IJTPE Journal 
 

International Journal on 
TECHNICAL AND PHYSICAL PROBLEMS OF ENGINEERING 

(IJTPE) 
 

Published by International Organization of IOTPE 
 

http://www.iotpe.com 
http://www.iotpe.com/ijtpe.html 

ijtpe@iotpe.com, ijtpe0@gmail.com 
 

 Issue 60 Volume 16 Number 3 September 2024 
Serial No: 0060-1603-0924 

 
 

EDITORS-IN-CHIEF: 
Academician Arif Mamed HASHIMOV, Prof. Naser MAHDAVI TABATABAEI, Prof. Nicu BIZON 
 
SCIENTIFIC AND EXECUTIVE SECRETARIES: 
- Narges S. BOUSHEHRI, M.Sc. - Nima M. TABATABAEI, B.Sc. - Mostafa NIKBAKHT LAHDERAZI, B.Sc.  
- Ali JAFARI, M.Sc. - Javad M. TABATABAEI, Ph.D.  - Ali PASHAEI, Ph.D. - Hossein SHAFIEI MATANAGH, Ph.D. 
 
EDITORIAL BOARD: 
Prof. Omar ABIDI, Higher Institute of Nursing Professions and Health Techniques of Casablanca, Morocco 
Prof. Murat ARI, Cankiri Karatekin University, Cankiri, Turkey 
Prof. Said BELAAOUAD, Hassan II University, Casablanca, Morocco 
Prof. Lahoucine BELARCHE, Ibn Zohr University, Agadir, Morocco 
Prof. Javier BILBAO, University of the Basque Country, Bilbao, Spain 
Prof. Nicu BIZON, National University of Science and Technology Politechnica Bucharest, Pitesti University Centre, Pitesti, Romania 
Prof. Yasmina BOUCHAHM, University of Constantine 3, Salah Boubnider, Constantine, Algeria 
Prof. Nadia CHAFIQ, Hassan II University, Casablanca, Morocco 
Assoc. Prof. Sameh S. DAOUD, University of Ain Shams, Cairo, Egypt 
Assoc. Prof. Klodian DHOSKA, Polytechnic University of Tirana, Tirana, Albania 
Prof. Kamil M. DURSUN, Ostfold University College, Fredrikstad, Norway 
Prof. Anatoliy P. DZYUBA, Dnipro National University, Dnipro, Ukraine 
Prof. Naci GENC, Khoja Akhmet Yassawi University, Turkistan, Kazakhstan 
Acad. Arif M. HASHIMOV, Institute of Physics, Ministry of Science and Education, Baku, Azerbaijan 
Prof. Ramiz A. ISKANDEROV, Azerbaijan University of Architecture and Construction, Baku, Azerbaijan 
Prof. Alexey S. KAIROV, National University of Shipbuilding, Nikolaev, Ukraine 
Assoc. Prof. Samira A. KHANAHMEDOVA, Azerbaijan State University of Oil and Industry, Baku, Azerbaijan  
Prof. Lahouari KOTNI, University of Sciences and Technology of Oran, Oran, Algeria 
Assoc. Prof. Lyudmila V. KRIVOVA, Tomsk Polytechnic University, Tomsk, Russia 
Prof. Lamatinulu, Indonesian Muslim University, Makassar, Indonesia 
Prof. Dirgahayu LANTARA, Indonesian Muslim University, Makassar, Indonesia 
Assoc. Prof. Teerawong LAOSUWAN, Mahasarakham University, Maha Sarakham, Thailand 
Prof. Pranvera LAZO, University of Tirana, Tirana, Albania 
Prof. Naser MAHDAVI TABATABAEI, Seraj Higher Education Institute, Tabriz, Iran 
Prof. Mourad MADRANE, Abdelmalek Essaadi University, Tetouan, Morocco 
Prof. Brahim MAZIANE, Hassan II University, Casablanca, Morocco 
Prof. Mohamed MEKSAOUINE, University of Badji Mokhtar, Annaba, Algeria 
Assoc. Prof. Wan Hanna M.W. MOHTAR, National University of Malaysia, Selangor Darul Ehsan, Malaysia 
Prof. Brahim NACHIT, Hassan II University, Casablanca, Morocco 
Prof. Batyr B. ORAZBAYEV, Eurasian National University, Astana, Kazakhstan 
Prof. Ozgur C. OZERDEM, European University of Lefke, Lefke, Northern Cyprus 
Assoc. Prof. Kamil B. QURBANOV, Institute of Physics, Ministry of Science and Education, Baku, Azerbaijan 
Prof. Nariman R. RAHMANOV, Azerbaijan Research Institute of Energetics & Energy Design, Baku, Azerbaijan 
Assoc. Prof. Rustam B. RUSTAMOV, Institute of Physics, Ministry of Science and Education, Baku, Azerbaijan 
Prof. Fahreddin M. SADIKOGLU, Near East University, Lefkosa, Northern Cyprus 
Prof. Anas SAKOUT, University of La Rochelle, La Rochelle, France 
Prof. Heidar Ali SHAYANFAR, Iran University of Science and Technology, Tehran, Iran 
Prof. M. Cengiz TAPLAMACIOGLU, Gazi University, Ankara, Turkey 
Prof. Omer USTA, Istanbul Technical University, Istanbul, Turkey 
 



International Journal on “Technical and Physical Problems of Engineering” (IJTPE), Iss. 60, Vol. 16, No. 3, Sep. 2024 
 

 
CONTRIBUTORS: 
 
Alzahra University, Tehran, Iran 
Amirkabir University of Technology, Tehran, Iran 
Azarbaijan University, Tabriz, Iran 
Ferdowsi University of Mashhad, Mashhad, Iran 
Iran University of Science and Technology, Tehran, Iran 
Islamic Azad University, Tehran, Iran 
K.N. Toosi University of Technology, Tehran, Iran 
Sharif University of Technology, Tehran, Iran 
University of Mohaghegh Ardabili, Ardabil, Iran 
University of Qom, Qom, Iran 
University of Shiraz, Shiraz, Iran 
University of Tabriz, Tabriz, Iran 
University of Tehran, Tehran, Iran 
 
Azerbaijan State Marine Academy, Baku, Azerbaijan 
Azerbaijan State Oil and Industry University, Baku, Azerbaijan 
Azerbaijan Univ. of Architecture and Construction, Baku, Azerbaijan 
Azerbaijan Technical University, Baku, Azerbaijan 
Institute of Petrochemical Processes, Baku, Azerbaijan 
Khazar University, Baku, Azerbaijan 
Mingachevir State University, Mingachevir, Azerbaijan 
Odlar Yurdu University, Baku, Azerbaijan 
 
Altinbas University, Istanbul, Turkey 
Cankaya University, Ankara, Turkey 
Eskisehir Osmangazi University, Eskisehir, Turkey 
Yalova University, Yalova, Turkey 
Cankiri Karatekin University, Cankiri, Turkey 
Mersin University, Mersin, Turkey 
 
National University of Science and Technology Politehnica 
Bucharest, Pitesti University Centre, Pitesti, Romania 
University of Bucharest, Bucharest, Romania 
University of Galati, Galati, Romania 
University of Valahia, Targovishte, Romania 
 
European University of Lefke, Lefke, Northern Cyprus 
 
University of Granada, Granada, Spain 
 
University of Al-Nahrain, Baghdad, Iraq 
University of Babylon, Babylon, Iraq 
University of Baghdad, Baghdad, Iraq 
University of Basrah, Basrah, Iraq 
University of Imam Jaafer Al-Sadiq, Baghdad, Iraq 
University of Karbala, Karbala, Iraq 
University of Kufa, Najaf, Iraq 
University of Technology, Baghdad, Iraq 
University of Warith Al-Anbiyaa, Karbala, Iraq 
 
University of Blida, Blida, Algeria 
University of Guelma, Guelma, Algeria 
University of Oran, Oran, Algeria 
University of Oum El Bouaghi, Oum El Bouaghi, Algeria 
University of Relizane, Relizane, Algeria 
University of Sciences and Technology of Oran, Oran, Algeria 
 
Altai State Technical University, Barnaul, Russia 
Institute of Design and Technology Informatics, Moscow, Russia 
MIREA Russian Technological University, Moscow, Russia 
Novosibirsk State Technical University, Novosibirsk, Russia 
Moscow Polytechnic University, Moscow, Russia 
Moscow State Medical University, Moscow, Russia 
Saint Petersburg Polytechnic University, Saint Petersburg, Russia 
Tomsk Polytechnic University, Tomsk, Russia 
 
Technological University of Tajikistan, Dushanbe, Tajikistan 
Tajik Technical University, Dushanbe, Tajikistan 

 Turin Polytechnic University, Tashkent, Uzbekistan 
Tashkent Univ. of Information Technologies, Tashkent, Uzbekistan 
 
Almaty Univ. of Power Eng. and Telecom., Almaty, Kazakhstan 
Eurasian National University, Nur-Sultan, Kazakhstan 
 
Aarhus University, Aarhus, Denmark 
Aalborg University, Aalborg, Denmark 
 
University of Kassel, Kassel, Germany 
 
Bharathidasan University, Trichy, India 
Gujarat Technological University, Ahmedabad, India 
Hindustan Institute of Technology and Science, Chennai, India 
Jawaharlal Nehru Technological University, Hyderabad, India 
 
Indonesian Muslim University, Makassar, Indonesia 
Diponegoro University, Semarang, Indonesia 
Lampung University, Lampung, Indonesia 
Malang State University, Malang, Indonesia 
Surabaya State University, Surabaya, Indonesia 
University of Indonesia, Jakarta, Indonesia 
University of Baiturrahmah, Padang, Indonesia 
University of Mercu Buana, Jakarta, Indonesia 
 
National University of Malaysia, Selangor, Malaysia 
Technical University of Malaysia, Melaka, Malaysia 
 
Mahasarakham University, Maha Sarakham, Thailand 
 
Quy Nhon University, Quy Nhon, Vietnam 
 
Cadi Ayyad University, Marrakech, Morocco 
Sidi Mohamed Ben Abdellah University, Fez, Morocco 
University of Ibn Tofail, Kenitra, Morocco 
University of Ibn Zohr, Agadir, Morocco 
 
University of Ain Shams, Cairo, Egypt 
University of Badr, Cairo, Egypt 
University of Benha, Benha, Egypt 
University of Mansoura, Mansoura, Egypt 
 
Mutah University, Al-Karak, Jordan 
 
Multimedia University College of Kenya, Nairobi, Kenya 
 
Polytechnic University of Tirana, Tirana, Albania 
University of Tirana, Tirana, Albania 
University of Durres, Durres, Albania 
 
Technical University of Sofia, Sofia, Bulgaria 
 
Wroclaw University of Technology, Wroclaw, Poland 
 
Dnipro National University, Dnipro, Ukraine 
National Academy of Culture and Arts Management, Kiev, Ukraine 
National Univ. of Construction and Architecture, Kiev, Ukraine 
Poltava National Polytechnic University, Poltava, Ukraine 
State Research Institute of Building Structures, Kiev, Ukraine 
Zaporizhzhia National University, Zaporizhzhia, Ukraine 
 
University of the Caribbean, Barranquilla, Colombia 
 
Benito Juarez Garcia University, Puebla, Mexico 
 
Laval University, Quebec, Canada 
Northern Alberta Institute of Technology, Edmonton, Canada 
 
University of Texas at Arlington, Arlington, USA 
 

 
 
 
 
 
 
 



International Journal on “Technical and Physical Problems of Engineering” (IJTPE), Iss. 60, Vol. 16, No. 3, Sep. 2024 
 
 

SCIENTIFIC BOARD: 
 

Abid, M., Prof. (Morocco) 
Ahami, A.O.T., Prof. (Morocco) 
Ahmadkhani Maleki, B., Asst. Prof. (Iran) 
Ahrabian, Gh., Asst. Prof. (Iran) 
Akcam, N., Assoc. Prof. (Turkey) 
Aksen, A., Prof. (Turkey) 
Ardehali, M.M., Prof. (Iran) 
Ari, M., Prof. (Turkey) 
Banan, Kh., Prof. (Iran)  
Bay, O.F., Prof. (Turkey)  
Behjat, V., Assoc. Prof. (Iran) 
Bektas, S., Prof. (Northern Cyprus) 
Beloiu, R., Assoc. Prof. (Romania) 
Bilbao, J., Prof. (Spain) 
Bizon, N., Prof. (Romania) 
Boushehri, N.S.  (Iran) 
Bravo, E., Prof. (Spain) 
Camurcu, A.Y., Prof. (Turkey) 
Chirlesan, D., Assoc. Prof. (Romania) 
Costea, M., Assoc. Prof. (Canada) 
Darabi, A., Prof. (Iran) 
Daoud, S.S., Assoc. Prof. (Egypt) 
Demiroren, A., Prof. (Turkey) 
Dhoska, K., Assoc. Prof. (Albania) 
Dursun, K.M., Prof. (Norway) 
Dzyuba, A.P., Prof. (Ukraine) 
Effatnejad, R., Asst. Prof. (Iran) 
Eguia, P., Prof. (Spain) 
El Wahbi, B., Prof. (Morocco) 
Faiz, J., Prof. (Iran) 
Farsadi, M., Assoc. Prof. (Iran) 
Farsangi, M.M., Prof. (Iran)  
Feizi, M.R., Prof. (Iran) 
Forrisdal, O.K., Assoc. Prof. (Norway) 
Genc, N., Prof. (Turkey) 
Ghanbari, E., Prof. (Iran) 
Gholami, A., Prof. (Iran) 
Gonzalez, P., Prof. (Spain) 
Gozde, H., Assoc. Prof. (Turkey) 
Hardalac, F., Assoc. Prof. (Turkey) 
Hasanov, E.R., Prof. (Azerbaijan) 
Hasanova, S.I., Asst. Prof. (Azerbaijan) 
Hashimov, A.M., Acad. (Azerbaijan) 
Hatami, H., Asst. Prof. (Iran) 
Hernandez, J.R., Prof. (Spain) 
Huseynov, A., Prof. (Azerbaijan) 
Ionita, S., Prof. (Romania) 
Iskanderov, R.A., Prof. (Azerbaijan) 
Iskender, I., Prof. (Turkey) 
Istefanopulos, Y., Prof. (Turkey) 
Izykowski, J., Prof. (Poland) 
Jadid, Sh., Prof. (Iran) 
Jafari, A. (Iran) 
Kairov, A.S., Prof. (Ukraine) 
Kalantar, M., Prof. (Iran)  

 Kazemi, A., Assoc. Prof. (Iran) 
Kenarangui, R., Prof. (USA)   
Khadmaoui, A., Prof. (Morocco) 
Khalin, M.V., Prof. (Russia)  
Khalina, T.M., Prof. (Russia) 
Khanahmedova, S.A., Assoc. Prof. (Azerbaijan) 
Kocaarslan, I., Prof. (Turkey)  
Kocabas, D.A., Asst. Prof. (Turkey)  
Konditi, D.B.O., Prof. (Kenya)  
Kotni, L., Prof. (Algeria) 
Krivova, L.V., Assoc. Prof. (Russia) 
Kuznetsov, V., Prof. (Ukraine)  
Laosuwan, T., Assoc. Prof. (Thailand) 
Lazo, P., Prof. (Albania) 
Meksaouine, M., Prof. (Algeria) 
Meral, M.E., Prof. (Turkey) 
Madrane, M., Prof. (Morocco) 
Mokhtarpour, A., Asst. Prof. (Iran) 
Mohtar, W.H.M.W., Assoc. Prof. (Malaysia) 
Moradzadeh, M., Assoc. Prof. (Belgium) 
Mordt, H., Assoc. Prof. (Norway) 
Mustafayev, R.I., Prof. (Azerbaijan) 
Najafi, S., Prof. (Iran)  
Nasirzadeh, N., Asst. Prof. (Iran) 
Nurubayli, T.K., Prof. (Azerbaijan) 
Oprescu, B., Prof. (Romania) 
Oproescu, M., Assoc. Prof. (Romania) 
Orazbayev, B.B., Prof. (Kazakhstan) 
Oraee, H., Prof. (Iran) 
Ozerdem, O.C., Prof. (Northern Cyprus) 
Pashaei, A., Asst. Prof. (Turkey) 
Pavlyuchenko, D.A., Prof. (Russia) 
Qurbanov, K.B., Assoc. Prof. (Azerbaijan) 
Rahmanov, N.R., Prof. (Azerbaijan) 
Rebollar, C., Prof. (Spain) 
Rosolowski, E., Prof. (Poland) 
Rostami, A., Prof. (Iran) 
Sadikoglu, F.M., Prof. (Northern Cyprus) 
Saracoglu, R., Assoc. Prof. (Turkey) 
Sazli, M.H., Prof. (Turkey) 
Sefa, I., Prof. (Turkey) 
Senol, M.A., Dr. (Turkey) 
Serban, G., Prof. (Romania) 
Sharifian, M.B.B., Prof. (Iran) 
Shayanfar, H.A., Prof. (Iran) 
Shayeghi, H., Prof. (Iran) 
Stanescu, C., Prof. (Romania) 
Tabatabaei, J.M., Dr. (Turkey) 
Tabatabaei, Naser M., Prof. (Iran) 
Tabatabaei, Nejat M., Asst. Prof. (Germany)  
Taghizadegan, N., Prof. (Iran) 
Taplamacioglu, M.C., Prof. (Turkey) 
Usta, O., Prof. (Turkey) 
Varela, C., Prof. (Spain) 
Vishtibeyev, A. Prof. (Russia) 
Widyaningsih, N.S.H., Assoc. Prof. (Indonesia) 

 
 
 
 



International Journal on “Technical and Physical Problems of Engineering” (IJTPE), Iss. 60, Vol. 16, No. 3, Sep. 2024 
 
 

EDITORIAL NOTE 
 

We are pleased to present International Journal on 
“Technical and Physical Problems of Engineering” 
(IJTPE) in English and electronic print published 
seasonal periodically by the partners of International 
Organization on “Technical and Physical Problems of 
Engineering” (IOTPE). 

The partners of IOTPE organization are universities 
and institute from Azerbaijan, Iran, Turkey, Romania, 
Spain, Northern Cyprus and Norway. 

The IOTPE organization is a scientific association, 
founder and holder of International Conferences on 
“Technical and Physical Problems of Power 
Engineering” (ICTPE) have been held from 2002 to 2012. 
The ICTPE Conferences name and topics are improved to 
International Conference on “Technical and Physical 
Problems of Electrical Engineering” (ICTPE) have been 
held from 2013 to 2019. 

Finally, the ICTPE Conferences name and topics are 
improved to International Conference on “Technical and 
Physical Problems of Engineering” (ICTPE) in 2020 
Conference to cover subjects in all fields and topics of 
Electrical Engineering and have been held till now. The 
ICTPE Conferences were held biannually till ICTPE-
2008 and annually after ICTPE-2009 in the partner 
universities and institutes. 

The IOTPE organization is generally managing and 
performing a set of scientific-executive affairs to holding 
International Conference of ICTPE, publishing 
International Journal of IJTPE and directing International 
Enterprise of IETPE. 

Successful organizing and holding ICTPE conference 
and publishing IJTPE journal indicates close friendship 
and scientific collaboration of the scientists and 
researchers of member countries in engineering field 
development between the countries. The importance of 
holding ICTPE conference and publishing IJTPE journal 
are mutual understanding and recognition between the 
organizer countries through scientific, social and cultural 
development where yields increasing international 
cooperation in scientific areas. 

Furthermore, the importance subjects of ICTPE 
conference and IJTPE journal are related to the 
opportunity for researches and scientists from different 

countries to clarify and discuss the latest and mutual 
research achievements and improvements as well as 
generalization of the internationally obtained results in 
the area of engineering and new technologies. 

The conducting of ICTPE conference and IJTPE 
journal are based on important principle of the 
cooperative relationship between science and industry. 
This relationship is a basis for the activity of 
contemporary engineering companies. It is well known 
that important technical advance is possible only due to 
achievements of fundamental science. 

Publishing IJTPE journal is getting increasing 
importance for cooperation of researchers and scientific 
centers of different countries. We strongly believe the 
journal provides the establishing scientific relationships 
and also increase the cooperation of east and west 
countries on the subject of engineering fields and 
applying the new technologies on solving technical and 
physical problems. 

By the mean of IJTPE journal publication, the 
cooperation with the partners from the involved countries 
and also all of the worlds will be fostered. It is the main 
objective to enhance the level of multilateral exchanges, 
the involvement of authors in developing and improving 
the scientific research. 

The issues of IJTPE journal are registered, cited and 
indexed in some scientific organization and databases 
such as Elsevier-Scopus. 

We will do our best to disseminate the journal’s 
results and forward to the possible technological transfer 
of the accumulated knowledge of the scientific 
contributions of the authors. 

Finally, we wish to express our gratefulness to all the 
authors and scientists from all over the world who have 
scientific reports in preparing the transactions published 
in the journal. 
 
Editors-in-Chief 
 
Academician Arif Mamed HASHIMOV 
Prof. Naser MAHDAVI TABATABAEI 
Prof. Nicu BIZON 
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