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Abstract 

The rapid evolution of industrial automation has underscored the necessity for smarter, faster, 

and more adaptable systems. Packaging robot manipulators play a crucial role in enhancing 

production efficiency. This research investigates the application of artificial intelligence (AI) 

algorithms to optimize the operations of packaging robots. Specifically, the study focuses on 

trajectory planning, real-time object detection, and system adaptability. Key findings include a 

significant reduction in execution time and energy consumption while maintaining high 

precision levels. The results validate the integration of AI as a transformative approach in 

robotic packaging systems. 

 

 

Introduction 

Automation in packaging processes has become vital for industries aiming to meet high 

consumer demands. Packaging robot manipulators, which are designed to handle repetitive 

tasks such as picking, placing, sorting, and sealing, often face challenges related to: 

1. Precision in handling objects of varying sizes and shapes. 

2. Efficiency in high-speed operations. 

3. Adaptability to dynamic environments. 

Traditional programming approaches for robot manipulators rely on pre-defined instructions, 

which may lack the flexibility needed for real-time decision-making. AI introduces adaptive 

learning capabilities, enabling robots to self-optimize their tasks and respond dynamically to 

changes. 

 

Research objectives 

1. Trajectory planning: Develop AI algorithms to create smooth, energy-efficient 

movement paths. 

2. Real-time object detection: Implement computer vision to identify and classify objects 

with high accuracy. 

3. System adaptability: Evaluate the performance of AI algorithms in dynamic, real-world 

conditions. 
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2. Materials and methods 

2.1 Hardware and software architecture 

The experimental setup consists of: 

• Robot manipulator: ABB IRB 140 with six degrees of freedom. 

• Sensors: Force-torque sensors and cameras for object detection. 

• Control system: ROS (Robot Operating System) integrated with Python-based AI 

modules. 

 

2.2 AI Algorithms 

1. Trajectory optimization using reinforcement learning (RL): 

RL is employed to compute optimal movement paths that minimize energy consumption and 

execution time. The trajectory planning problem is modeled as a Markov Decision Process 

(MDP), where: 

 
• J: Objective function to minimize energy and maximize path smoothness. 

• E(t): Energy consumption at time ttt. 

• P(t): Smoothness of the trajectory. 

• α,β: Tunable coefficients. 

The Deep Q-Learning (DQL) algorithm was used to train the robot in a simulation 

environment to find optimal paths. 

 

2.Real-time object detection with YOLOv5: 

The You Only Look Once (YOLOv5) framework was implemented for high-speed object 

detection. The model was trained on a dataset of packaging items, achieving a detection 

accuracy of 96.7%. The formula for confidence scoring: 

Confidence =
Intersection of Prediction and Ground Truth

Union of Prediction and Ground Truth 
 

 

2.3 Experimental Setup 

• Environment: Simulated and real-world environments. 

• Objects: Boxes of varying dimensions (10 cm to 30 cm width) with random placements. 

• Metrics: 

1. Execution Time (s) 

2. Precision (%) 

3. Energy Consumption (kWh) 

4. Error Rate (%) 

 

3. Results 

3.1 Trajectory optimization 

The RL-based approach reduced the execution time and energy consumption significantly 

compared to conventional methods. 
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Table 1: Performance comparison of trajectory optimization 

Method 
Execution Time 

(s) 
Energy Consumption (kWh) Precision (%) 

Conventional 4.5 1.2 85.2 

RL-Based AI 2.8 0.9 95.6 

 

 
Graph 1: Comparison of trajectory paths with and without optimization 

 

3.2 Object detection accuracy 

The YOLOv5-based detection system consistently achieved over 96% accuracy. The 

confusion matrix below illustrates the classification results. 

 

Table 2: Confusion matrix for object detection 

Predicted \ Actual Small Box Medium Box Large Box 

Small Box 47 2 0 

Medium Box 1 50 3 

Large Box 0 4 48 

 

Graph 2: Object detection accuracy across 100 test runs (to be visualized). 

3.3 System Adaptability 

The system demonstrated adaptability to changing object placements and sizes, with minimal 

re-training. The AI-based manipulator maintained a collision rate below 1%. 

 

4. Discussion 

1. Impact of AI on Packaging Efficiency: 

2. AI algorithms improved precision by over 10% and reduced execution time by 37%, 

showcasing their effectiveness in real-world applications. 
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3. Energy Savings: 

The reinforcement learning model demonstrated a 25% reduction in energy consumption, 

aligning with sustainability goals. 

 

4. Limitations: 

o High computational requirements during initial training. 

o Dependency on high-quality sensor data for accurate object detection. 

 

5. Future Work: 

o Integration with 3D vision systems for complex packaging tasks. 

o Deployment in multi-robot environments for cooperative tasks. 

 

5. Conclusion 

The application of AI algorithms in packaging robot manipulators has proven to enhance 

efficiency, precision, and adaptability. The results validate the potential for large-scale 

adoption of AI-driven solutions in industrial settings. Future research will focus on multi-

robot systems and advanced vision-based object detection. 

 

References 

1. Sutton, R. S., & Barto, A. G. (2018). Reinforcement Learning: An Introduction. 

2. Redmon, J., & Farhadi, A. (2018). YOLOv3: An Incremental Improvement. 

3. Krizhevsky, A., Sutskever, I., & Hinton, G. E. (2012). ImageNet Classification with 

Deep Convolutional Neural Networks. 

4. Sh. Djuraev, D. To’xtasinov. Enhancing performance and reliability: the importance of 

electric motor diagnostics // Interpretation and researches. 2023. Vol.1, Iss.10 

5. Sharibaev N.Yu., Djuraev Sh.S., Toxtasinov D.X. Priorities in determining electric 

motor vibration with ADXL345 accelerometer sensor // Al-Farg’oniy  avlodlari. 2023. Vol.1, 

Iss.4, pp.226-230 

6. А.А.Мамаханов, Ш.С.Джураев, Н.Ю.Шарибаев, М.Э.Тулкинов, Д.Х.Тухтасинов. 

Устройство для выращивания гидропонного корма с автоматизированной системой 

управления // Universum: технические науки. 2020. No 8-2 (77), pp.17-20 

7. D. To‘xtasinov. Mathematical model of the relationship between the vibration of the 

electric motor and the defect in the bearing // Interpretation and researches. 2024. Vol. 2, Iss. 

11, pp.75- 78 

8. Д.Х. Тухтасинов, М.А. Исманов. Совершенствование системы управления 

колонной синтеза аммиака на основе нечеткой логики // Экономика и социум. Vol.12, 

Iss.55, pp.1236-1239 

9. N. Parpiyeva. Automatic control system of pressing equipment parameters // Ethiopian 

International Journal of Multidisciplinary Research. 2024. Vol.11, Iss,3, pp.147-153. 

10. Х. Парпиев, А.Б. Гафуров, П.Д. Ласточкин, Н.Х. Парпиева. Прочная 

супергидрофобная хлопчатобумажная ткань для фильтрации масляно-водяных смесей 

//Технология текстильной промышленности. 2023, № 2 (404), pp.83-91 



Volume 2, Issue 12, December 2024  ISSN (E): 2938-3757 

 

74 | P a g e  
 
 

11. Sh.S.Djurayev, X.B.Madaliyev. Traffic flow distribution method based on 14 

differential equations // Intent Research Scientific Journal. 2023. Vol.2, Iss.10, pp.1–10. 

12. Baxromjon o’g’li, M. H. (2024). Temir yo'l va avtomabil yo'llari ko'priklari sifatiga 

ta'sir qiladigan omillar va ularni bartaraf etish yo'llari. Pedagog, 7(6), 344-347. 

13. Тухтасинов, Д. Х. (2023). Методы на основе вейвлет преобразования в 

диагностике электродвигателей. Ta'lim innovatsiyasi va integratsiyasi, 11(7), 16-21. 

14. Тухтасинов, Д. Х. (2023). Сравнительный анализ методов вибрационной 

диагностики для повышения надежности электродвигателей. Ta'lim innovatsiyasi va 

integratsiyasi, 11(7), 22-29. 

15. Baxromjon ogli, M. X. (2023). Possibilities of using the KY-026 fire sensor in fire 

detection. Ta'lim innovatsiyasi va integratsiyasi, 11(6), 151-155. 

16. Nilufar Parpiyeva, & Abdulahadov Abduhalil Abduvali o’g’li. (2024). Checking the 

three-phase asynchronous motor connected to the network in the star and delta method. Web 

of Technology: Multidimensional Research Journal, 2(11), 275–282. 

17. Anvarovich, A. A. (2023). The importance of the MQ-2 sensor in fire 

detection. International journal of advanced research in education, technology and 

management, 2(6). 

18. Ruzimatov, S., & Azizbek, A. (2021). Management of production resources of the 

enterprise Improving the algorithmic model of information-analytical support of the 

process. Texas Journal of Multidisciplinary Studies, 3, 252-256. 

19. Anvarovich, A. A. (2022). Mikroprotsessorni boshqarish va ma'lumotlarni qayta qilish 

birligini tuzilik va asosiy diagramasini ishlab chiqish. Journal of new century 

innovations, 19(2), 107-113. 

20. Аскаров, А. А. (2023). Роль метода нечеткой логики при обнаружении пожаров на 

производстве. Лучшие интеллектуальные исследования, 10(3), 126-130. 

21. U.I. Erkaboev, N.Yu. Sharibaev, M.G.Dadamirzaev, R.G.Rakhimov. Effect of 

temperature and magnetic field on the density of surface states in semiconductor 

heterostructures. e-Prime - Advances in Electrical Engineering, Electronics and Energy. 2024. 

Vol.10, Article No 100815 

22. R.G.Rakhimov. Simulation of the temperature dependence of the oscillation of 

magnetosistivity in nanosized semiconductor structures under the exposure to external fields. 

Web of Technology: Multidimensional Research Journal. 2024. Vol.2, Iss.11, pp.209-2011  

23. M. Dadamirzaev, U. Erkaboev, N. Sharibaev, R.Rakhimov. Simulation the effects of 

temperature and magnetic field on the density of surface states in semiconductor 

heterostructures. Iranian Journal of Physics Research. 2024. 

24. U.I. Erkaboev, Sh.A. Ruzaliev, R.G. Rakhimov, N.A. Sayidov. Modeling temperature 

dependence of the combined density of states in heterostructures with quantum wells under 

the influence of a quantizing magnetic field. East European Journal of Physics. 2024. Vol.3. 

pp. 270-277. 

25. U.I. Erkaboev, N.Yu. Sharibaev, M.G.Dadamirzaev, R.G.Rakhimov. Modeling influence 

of temperature and magnetic field on the density of surface states in semiconductor structures. 

Indian Journal of Physics. 2024. 



Volume 2, Issue 12, December 2024  ISSN (E): 2938-3757 

 

75 | P a g e  
 
 

26. U.I. Erkaboev, G. Gulyamov, M. Dadamirzaev, R.G. Rakhimov, J.I. Mirzaev, N.A. 

Sayidov, U.M. Negmatov. The influence of light on transverse magnetoresistance oscillations 

in low-dimensional semiconductor structures. Indian Journal of Physics. 2024. 

27. R.G. Rakhimov, E.D. Turonboev. Using educational electronic software in the 

educational process and their importance. The Peerian Journal. 2024. Vol.31, pp.51-61 

28. R.G. Rakhimov, A.A. Juraev. Designing of computer network in Cisco Packet Tracer 

software. The Peerian Journal. 2024. Vol.31, pp.34-50 

29. R.G. Raximov, M.A. Azamov. Creation of automated software for online sales in 

bookstores. Web of Scientists and Scholars: Journal of Multidisciplinary Research. 2024. 

Vol.2, Iss.6, pp.42-55 

30. R.G. Raximov, M.A. Azamov. Technology for creating an electronic tutorial. Web of 

Scientists and Scholars: Journal of Multidisciplinary Research. 2024. Vol.2, Iss.6, pp.56-64 

31. U.I. Erkaboev, N.A. Sayidov, R.G. Rakhimov, U.M. Negmatov. The density оf stаtes in 

а quаntizing mаgnetiс field due tо the соllisiоn оf eleсtrоns оn сrystаl lаttiсe defeсts. 

Semiconductor Physics and Microelectronics. 2021. Vol.3, Iss.3, pp.62-67 

32. У.И. Эркабоев, Р.Г. Рахимов. Кинетическое уравнение носителей зарядов в 

наноразмерных полупроводниковых структурах при отсутствии квантующего 

магнитного поля. II-Международной конференции «Фундаментальные и прикладные 

проблемы физики полупроводников, микро- и наноэлектроники». Ташкент. 2023. 27-

28 октября. стр.99-101.  

33. Р.Г. Рахимов. Очиститель хлопка-сырца от мелкого сора. Научного журнала 

механика и технология. 2023. Том 2(5) Спецвыпуск. стр.293-297 

34. U. Erkaboev, N. Sayidov, R. Raximov, U. Negmatov, J. Mirzaev. Kvant o‘rali 

geterostrukturalarda kombinatsiyalangan holatlar zichligiga magnit maydon va haroratning 

ta’siri. Namangan davlat universiteti Ilmiy axborotnomasi. 2023. Iss. 6, pp.16-22 

35. У.И. Эркабоев, Р.Г. Рахимов, Ж.И. Мирзаев, Н.А. Сайидов, У.М. Негматов, С.И. 

Гайратов. Влияние температуры на осцилляции поперечного магнитосопротивления в 

низкоразмерных полупроводниковых структурах. Namangan davlat universiteti Ilmiy 

axborotnomasi. 2023. Iss. 8, pp.40-48. 

36. U.I. Erkaboev, R.G. Rakhimov. Determination of the dependence of transverse electrical 

conductivity and magnetoresistance oscillations on temperature in heterostructures based on 

quantum wells. e-Journal of Surface Science and Nanotechnology. 2024. 22(2), pp.98-106. 

37. U.I. Erkaboev, R.G. Rakhimov, J.I. Mirzaev, N.A. Sayidov, U.M. Negmatov. Influence 

of temperature and light on magnetoresistance and electrical conductivity oscillations in 

quantum well heterostructured semiconductors. Romanian Journal of Physics. 2024. Vol. 69, 

pp.610 

38. A.M. Sultanov, E.K. Yusupov, R.G. Rakhimov. Investigation of the Influence of 

Technological Factors on High-Voltage p0–n0 Junctions Based on GaAs. Journal of Nano- 

and Electronic Physics. 2024. Vol. 16, Iss. 2, Article ID 01006. 

39. N. Sharibaev, A. Jabborov, R. Rakhimov, Sh. Korabayev, R. Sapayev. A new method for 

digital processing cardio signals using the wavelet function. BIO Web of Conferences. 2024. 

Vol. 130, Article ID 04008. 



Volume 2, Issue 12, December 2024  ISSN (E): 2938-3757 

 

76 | P a g e  
 
 

40. Р.Г. Рахимов. Моделирование температурно-зависимости осцилляции 

поперечного магнитосопротивления и электропроводности в гетероструктурах с 

квантовыми ямами. Образование наука и инновационные идеи в мире. 2024. Vol. 37, 

Iss. 5, pp.137-152. 

41. Sh. Korabayev, J. Soloxiddinov, N. Odilkhonova, R. Rakhimov, A. Jabborov, A.A. 

Qosimov. A study of cotton fiber movement in pneumomechanical spinning machine adapter. 

E3S Web of Conferences. 2024. Vol. 538, Article ID 04009 

42. R.G. Rakhimov. On the merits of innovative and pedagogical approaches in the 

educational system. NamSU Scientific Bulletin. Special. (2020) 

43. R.G. Rakhimov. A cleaner of raw cotton from fine litter. Scientific journal of mechanics 

and technology. 2023. Vol. 2, Iss. 5, pp.293-297 

44. U.I. Erkaboev, R.G. Rakhimov, J.I. Mirzaev, N.A. Sayidov, U.M. Negmatov. Modeling 

the Temperature Dependence of Shubnikov-De Haas Oscillations in Light-Induced 

Nanostructured Semiconductors. East European Journal of Physics. 2024. Iss. 1, pp. 485-492. 

45. R.G. Rakhimov. Regarding the advantages of innovative and pedagogical approaches in 

the educational system. NamDU scientific Bulletin. Special. 2020 

46. Р.Г. Рахимов, У.И. Эркабоев. Моделирование осцилляций Шубникова-де Гааза в 

узкозонных полупроводниках под действием температуры и СВЧ поля. Наманган 

давлат университети илмий ахборотномаси. 2019. Vol. 4, Iss. 4, pp.242-246 

47. F.G. Uzoqov, R.G. Rakhimov. Calculation of gear geometry with cylindrical 

evolutionary transmission" program. DGU 14192. 14.01.2022 

48. F.G. Uzoqov, R.G. Rakhimov, S.Sh. Ro’zimatov. Online monitoring of education 

through software. DGU 18782. 22.10.2022 

49. F.G. Uzoqov, R.G. Rakhimov. Electronic textbook on "Mechanical engineering 

technology”. DGU 14725. 24.02.2022 

50. F.G. Uzoqov, R.G. Rakhimov. Determining the hardness coefficient of the sewing-

knitting machine needle. DGU 23281. 15.03.2023 

51. N.D. Nuritdinov, M.N. O'rmonov, R.G. Rahimov. Creating special neural network layers 

using the Spatial Transformer Network model of MatLAB software and using spatial 

transformation. DGU 19882. 03.12.2023 

52. F.G. Uzoqov, R.G. Rakhimov. Movement in a vibrating cotton seed sorter. DGU 22810. 

03.03.2023 

53. F.G. Uzoqov, R.G. Rakhimov. The program “Creation of an online platform of food 

sales”. DGU 22388. 22.02.2023 

54. F.G. Uzoqov, R.G. Rakhimov. Calculation of cutting modes by milling. DGU 22812. 

03.03.2023 

55. R.G. Rakhimov. The advantages of innovative and pedagogical approaches in the 

education system. Scientific-technical journal of NamIET. 2020. Vol. 5, Iss. 3, pp.292-296. 

56. R.G. Rakhimov, U.I. Erkaboev. Modeling of Shubnikov-de Haase oscillations in narrow-

band semiconductors under the influence of temperature and microwave fields. Scientific 

Bulletin of Namangan State University. 2022. Vol. 4, Iss.4, pp.242-246. 

57. U.I. Erkaboev, R.G. Rakhimov, J.I. Mirzaev, N.A. Sayidov, U.M. Negmatov. Calculation 

of oscillations of the density of energy states in heteronanostructured materials in the presence 

https://scholar.google.com/scholar?cluster=14950747359566428048&hl=en&inst=8697446408056752236&oi=scholarr
https://scholar.google.com/scholar?cluster=14950747359566428048&hl=en&inst=8697446408056752236&oi=scholarr


Volume 2, Issue 12, December 2024  ISSN (E): 2938-3757 

 

77 | P a g e  
 
 

of a longitudinal and transverse strong magnetic field. International conferences “Scientific 

foundations of the use of new level information technologies and modern problems of 

automation. 2022. pp.341-344 

58. U.I. Erkaboev, R.G. Rakhimov, J.I. Mirzaev, N.A. Sayidov, U.M. Negmatov. 

Calculations of the temperature dependence of the energy spectrum of electrons and holes in 

the allowed zone of a quantum well under the influence of a transverse quantizing magnetic 

field. International conferences “Scientific foundations of the use of new level information 

technologies and modern problems of automation. 2022. pp.344-347 

59. У.И. Эркабоев, Р.Г. Рахимов, Ж.И. Мирзаев, Н.А. Сайидов, У.М. Негматов. 

Вычисление осцилляции плотности энергетический состояний в 

гетеронаноструктурных материалах при наличии продольного и поперечного сильного 

магнитного поля. Научные основы использования информационных технологий 

нового уровня и современные проблемы автоматизации: I Международной научной 

конференции, 25-26 апреля 2022 года. стр.341-344 

60. У.И. Эркабоев, Р.Г. Рахимов, Ж.И. Мирзаев, Н.А. Сайидов, У.М. Негматов. 

Расчеты температурная зависимость энергетического спектра электронов и дырок в 

разрешенной зоны квантовой ямы при воздействии поперечного квантующего 

магнитного поля. Научные основы использования информационных технологий 

нового уровня и современные проблемы автоматизации: I Международной научной 

конференции. 25-26 апреля 2022 года. стр.344-347. 

61. U.I. Erkaboev, R.G. Rakhimov. Oscillations of transverse magnetoresistance in the 

conduction band of quantum wells at different temperatures and magnetic fields. Journal of 

Computational Electronics. 2024. Vol. 23, Iss. 2, pp.279-290 

62. Erkaboev U.I., R.G.Rakhimov. Modeling the influence of temperature on electron landau 

levels in semiconductors. Scientific Bulletin of Namangan State University. 2020. Vol.2, 

Iss.12. pp.36-42 

63. U. Erkaboev, R. Rakhimov, J. Mirzaev, N. Sayidov, U. Negmatov, M. Abduxalimov. 

Calculation of oscillations in the density of energy states in heterostructural materials with 

quantum wells. AIP Conference Proceedings. Vol. 2789, Iss.1, Article ID 040055. 

64. R. Rakhimov, U. Erkaboev. Modeling of Shubnikov-de Haaz oscillations in narrow band 

gap semiconductors under the effect of temperature and microwave field. Scientific Bulletin 

of Namangan State University. 2020. Vol.2, Iss. 11, pp.27-35. 

65. U.I. Erkaboev, R.G. Rakhimov, U.M. Negmatov, N.A. Sayidov, J.I. Mirzaev. Influence 

of a strong magnetic field on the temperature dependence of the two-dimensional combined 

density of states in InGaN/GaN quantum well heterostructures. Romanian Journal of Physics. 

2023. Vol. 68, Iss. 5-6, pp.614-1. 

66. U.I. Erkaboev, R.G. Rakhimov, N.Y. Azimova. Determination of oscillations of the 

density of energy states in nanoscale semiconductor materials at different temperatures and 

quantizing magnetic fields. Global Scientific Review. 2023. Vol.12, pp.33-49 

67. U.I. Erkaboev, R.G. Rakhimov. Simulation of temperature dependence of oscillations of 

longitudinal magnetoresistance in nanoelectronic semiconductor materials. e-Prime-

Advances in Electrical Engineering, Electronics and Energy. 2023. Vol. 5, Article ID 100236. 



Volume 2, Issue 12, December 2024  ISSN (E): 2938-3757 

 

78 | P a g e  
 
 

68. Erkaboev U.I, Rakhimov R.G., Sayidov N.A. Influence of pressure on Landau levels of 

electrons in the conductivity zone with the parabolic dispersion law. Euroasian Journal of 

Semiconductors Science and Engineering. 2020. Vol.2., Iss.1. 

69. Rakhimov R.G. Determination magnetic quantum effects in semiconductors at different 

temperatures. VII Международной научнопрактической конференции «Science and 

Education: problems and innovations». 2021. pp.12-16. 

70. U.I. Erkaboev, N.A. Sayidov, J.I. Mirzaev, R.G. Rakhimov. Determination of the 

temperature dependence of the Fermi energy oscillations in nanostructured semiconductor 

materials in the presence of a quantizing magnetic field.  Euroasian Journal of Semiconductors 

Science and Engineering. 2021. Vol.3, Iss.2, pp.47-52 

71. U.I. Erkaboev, R.G. Rakhimov, J.I. Mirzaev, U.M. Negmatov, N.A. Sayidov. Influence 

of a magnetic field and temperature on the oscillations of the combined density of states in 

two-dimensional semiconductor materials. Indian Journal of Physics. 2024. Vol. 98, Iss. 1, 

pp.189-197 

72. U. Erkaboev, R. Rakhimov, J. Mirzaev, N. Sayidov, U. Negmatov, A. Mashrapov. 

Determination of the band gap of heterostructural materials with quantum wells at strong 

magnetic field and high temperature. AIP Conference Proceedings. 2023. Vol. 2789, Iss.1, 

Article ID 040056 

73. Erkaboev U.I., Sayidov N.A., Rakhimov R.G., Negmatov U.M. Simulation of the 

temperature dependence of the quantum oscillations’ effects in 2D semiconductor materials. 

Euroasian Journal of Semiconductors Science and Engineering. 2021. Vol.3., Iss.1. 

74. Gulyamov G, Erkaboev U.I., Rakhimov R.G., Sayidov N.A., Mirzaev J.I. Influence of a 

strong magnetic field on Fermi energy oscillations in two-dimensional semiconductor 

materials. Scientific Bulletin. Physical and Mathematical Research. 2021. Vol.3, Iss.1, pp.5-

14 

75. R.G. Rakhimov. Clean the cotton from small impurities and establish optimal parameters. 

The Peerian Journal. Vol. 17, pp.57-63 (2023) 

76. U.I. Erkaboev, R.G. Rakhimov, J.I. Mirzaev, N.A. Sayidov. The influence of external 

factors on quantum magnetic effects in electronic semiconductor structures. International 

Journal of Innovative Technology and Exploring Engineering. 2020. Vol.9, Iss.5, pp.1557-

1563 

77. U.I. Erkaboev, N.A. Sayidov, U.M.Negmatov, J.I. Mirzaev, R.G. Rakhimov. Influence 

temperature and strong magnetic field on oscillations of density of energy states in 

heterostructures with quantum wells HgCdTe/CdHgTe. E3S Web of Conferences. 2023. 

Vol.401, Article ID 01090. 

78. U.I. Erkaboev, N.A. Sayidov, U.M.Negmatov, R.G. Rakhimov, J.I. Mirzaev. 

Temperature dependence of width band gap in InxGa1-xAs quantum well in presence of 

transverse strong magnetic field. E3S Web of Conferences. 2023. Vol.401, Article ID 04042 

79. U.I. Erkaboev, R.G. Rakhimov. Determination of the dependence of the oscillation of 

transverse electrical conductivity and magnetoresistance on temperature in heterostructures 

based on quantum wells. East European Journal of Physics. 2023. Iss.3, pp.133-145 

80. U. Erkaboev, R. Rakhimov, J. Mirzaev, U. Negmatov, N. Sayidov. Influence of the two-

dimensional density of states on the temperature dependence of the electrical conductivity 



Volume 2, Issue 12, December 2024  ISSN (E): 2938-3757 

 

79 | P a g e  
 
 

oscillations in heterostructures with quantum wells. International Journal of Modern Physics 

B. 2024. Vol.38, Iss.15, Article ID 2450185 

81. G. Gulyamov, U.I. Erkaboev, R.G. Rakhimov, J.I. Mirzaev, N.A. Sayidov. 

Determination of the dependence of the two-dimensional combined density of states on 

external factors in quantum-dimensional heterostructures. Modern Physics Letters B. 2023. 

Vol. 37, Iss.10, Article ID 2350015. 

82. Erkaboev U.I., Gulyamov G., Mirzaev J.I., Rakhimov R.G.,  Sayidov N.A. Calculation 

of the Fermi–Dirac function distribution in two-dimensional semiconductor materials at high 

temperatures and weak magnetic fields. Nano. 2021. Vol.16, Iss.9. Article ID 2150102. 

83. Erkaboev U.I., Rakhimov R.G., Sayidov N.A., Mirzaev J.I. Modeling the temperature 

dependence of the density oscillation of energy states in two-dimensional electronic gases 

under the impact of a longitudinal and transversal quantum magnetic fields. Indian Journal of 

Physics. 2022. Vol.96, Iss.10, Article ID 02435 

84. Erkaboev U.I., Gulyamov G., Rakhimov R.G. A new method for determining the 

bandgap in semiconductors in presence of external action taking into account lattice 

vibrations. Indian Journal of Physics. 2022. Vol.96, Iss.8, pp. 2359-2368 

85. Erkaboev U.I., Negmatov U.M., Rakhimov R.G., Mirzaev J.I., Sayidov N.A. Influence 

of a quantizing magnetic field on the Fermi energy oscillations in two-dimensional 

semiconductors. International Journal of Applied Science and Engineering. 2022. Vol.19, 

Iss.2, Article ID 2021123 

86. U.I.Erkaboev, R.G.Rakhimov, N.A.Sayidov. Mathematical modeling determination 

coefficient of magneto-optical absorption in semiconductors in presence of external pressure 

and temperature. Modern Physics Letters B. 2021, 2150293 

87. Gulyamov G., Erkaboev U.I., Rakhimov R.G., Mirzaev J.I. On temperature dependence 

of longitudinal electrical conductivity oscillations in narrow-gap electronic semiconductors. 

Journal of Nano- and Electronic Physic. 2020. Vol.12, Iss.3, Article ID 03012. 

88. Gulyamov G., Erkaboev U.I., Sayidov N.A., Rakhimov R.G. The influence of 

temperature on magnetic quantum effects in semiconductor structures. Journal of Applied 

Science and Engineering. 2020. Vol.23, Iss.3, pp. 453–460. 

89. Erkaboev U.I., Gulyamov G., Mirzaev J.I., Rakhimov R.G. Modeling on the temperature 

dependence of the magnetic susceptibility and electrical conductivity oscillations in narrow-

gap semiconductors. International Journal of Modern Physics B. 2020. Vol.34, Iss.7, Article 

ID 2050052. 

 

 

 


