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Abstract: This article studies the physical and mathematical models of technological processes based on induced 
vibrational motions and their significance in industrial sectors. The influence of vibrational (vibrational) action on 
mass transfer, energy distribution and structure stabilization in liquid, solid and mixed media is analyzed. Also, the 
energy-saving and eco-technological advantages of using vibrating systems in chemical and building materials 
production processes are shown. 
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INTRODUCTION:

In engineering and chemical technology, processes 
based on vibrational motion have attracted great 
interest in recent years. Systems under the influence 
of vibration significantly activate the processes of 
energy distribution and mass transfer. This is 
especially important in highly viscous liquid media 
and in processes with strong interaction between 
solid and liquid phases [1-3].  

The introduction of vibrating equipment in the 
building materials, chemical, petrochemical and food 
industries improves the quality of the process, allows 
for the efficient use of energy resources. For example, 
vibrating separators and extractors increase the 
efficiency of processing cement, gypsum, wood dust 
[4-7]. 

In industry, vibration processes and devices have a 
wide range of applications, including: construction, 
production of building materials and many other 
industries. Currently, general-purpose vibration 
generating devices are widely used and are 
manufactured by machine-building enterprises in a 
wide range. For example, in the production of 
building structures, the first place is occupied by the 
vibration compaction and molding of reinforced 
concrete products and unreinforced concrete 

products. Vibrating screening machines are used in 
many construction, quarries and similar enterprises. 
Vibrating screening machines are used in many 
construction, quarries and similar enterprises. 
Machines used for compacting road bases and 
pavements, soil are also widely used. Compaction and 
crushing, mixing and separation, loosening and 
excavating wells, unloading stuck materials from 
vehicles, processing frozen soils, loading bulk 
materials, washing sand and gravel - these are the 
processes that can be performed with vibrating 
machines, and many such examples can be given [8-
11].  

Problem statement 

The main task of the research is to determine the 
physical model of energy and mass transfer in 
technological processes under the influence of 
induced vibrational motion, to develop methods for 
their optimization, and to assess the possibilities of 
their application on an industrial scale. 

The development and expansion of the scope of 
application of vibration techniques is hampered by 
the lack of knowledge among most engineers about 
the principles of operation, design, and process 
dynamics of these machines. Although most vibration 
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machines have a simple design, their operation and 
the dynamics of vibration processes are extremely 
complex.  

Therefore, in order to successfully work in the field of 
vibration engineering and technology, future 
engineers will need to study a certain set of 
theoretical methods of analysis, practical data, and 
recommendations from a single perspective [12-15].  

Solution method 

Mathematical modeling and Computational Fluid 
Dynamics methods were used to find the solution. 
The energy distribution and mass transfer coefficient 
values were calculated depending on the amplitude, 
frequency, and type of vibrational motion. 

METHODS 

1. Experimental methods: liquid flow rate and 
temperature changes were determined in a shaking 
reactor under laboratory conditions. 

2. Computational modeling: carried out in the ANSYS 
Fluent program. 

3. Analysis method: the results were compared in 
terms of energy consumption and mass transfer 
efficiency. 

One of the most remarkable features of the world 
around us is that it is constantly undergoing a large 
number of changes, movements, and changes in 
appearance. All variable properties, parameters, and 
indicators that can be measured directly or indirectly 
are considered variable quantities from a 
mathematical point of view. A quantity whose value 
is determined by 1 number at any given moment is 
called a scalar. For example, the temperature at some 
point in our body, the pressure at some point in a 
volume of gas, etc. Despite the fact that the changes 
in scalar quantities are infinitely diverse, they are all 
divided into 2 classes: oscillatory and non-oscillating 
changes [16-21]. 

One of the most remarkable features of the world 
around us is that it is constantly undergoing a large 
number of changes, movements, and changes in 
appearance. All variable properties, parameters, and 
indicators that can be measured directly or indirectly 
are considered variable quantities from a 
mathematical point of view. A quantity whose value 
is determined by 1 number at any given moment is 
called a scalar. For example, the temperature at some 
point in our body, the pressure at some point in a 
volume of gas, etc. Despite the fact that the changes 
in scalar quantities are infinitely diverse, they are all 
divided into 2 classes: oscillatory and non-oscillating 
changes. 

RESULTS AND DISCUSSION 

Mechanical vibrations are encountered in nature or in 
artificial devices created by man. For example, the 
vibration of the earth's crust when it moves, the 
vibration of branches and leaves in the wind, the 
flapping of wings, the opening and closing of a lid, the 
heartbeat, the movement of an engine piston, the 
vibration of a clock pendulum, the vibration of 
window frames in buses due to poor sealing, etc [22-
26].  

Among oscillatory movements, it is important to 
distinguish periodic vibrations, that is, after a certain 
time, the vibration is completely restored. 

A function f(t) representing a process is called 
periodic if there is a constant quantity T, called the 
period, for which: 

f(t)=f(t T)=f(t 2T)=... =f(t nT)  (1) 

where:, n is a positive integer. 

In the two-dimensional or three-dimensional motion 
of a point along a solid surface, it may occur that it 
passes through each of the state’s several times along 
a closed trajectory in one direction. Such a motion of 
a point is called a circular motion. Circular motions 
can also be periodic. The projections of a circularly 
moving point oscillate about the axis of a rectilinear 
coordinate system. 

Due to the similarity of the laws and mathematical 
expressions of oscillatory and circular motions, the 
terms "conical pendulum", "rotational", and 
"elliptical oscillations" have been studied in physics 
and engineering [27-32]. 

Among the many types of oscillations, sinusoidal or 
harmonic oscillations occupy a special place. In this 
case, the oscillating quantity is represented by a 
sinusoidal function of time, for example: 

2
u=asin( t+  )

T


                   (2) 

where: u is the coordinate of the oscillating point 
from the middle position, a is the amplitude of the 
oscillation, T is the period of oscillation, t is the 

current value of time,     is the initial phase of the 

oscillations [33-37].  

The amplitude of oscillations is the absolute value of 
the maximum deviation from the mean in sinusoidal 
oscillations. The amplitude of oscillations is equal to 
two amplitudes in sinusoidal oscillations and is the 
distance between two opposite extremes of the 
oscillating point. The term "amplitude" is used for 
non-sinusoidal oscillations. In such cases, we speak of 
the maximum value of the oscillating magnitude or 
the half-wavelength of oscillations. For sinusoidal 
oscillations, the terms amplitude, maximum value, 
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and half-wavelength of oscillation are used as synonyms. 
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Figure 1. Vector representation of harmonic oscillations. 

The oscillation phase is called the argument of the 

sinusoidal function (2 t/T)+   , and the initial phase 

is the value of this argument at t=0, i.e. φ. The vector 
representation of harmonic oscillations can be 
expressed very precisely [38-42].  

If a radius vector of constant length a=SM (Fig. 1) 
rotates uniformly around its origin S and forms a circle 
at its other end M, then the projection of the vector 
will produce sinusoidal oscillations on any one of the 
diameters of the fixed circle. If the angles are 
between the right horizontal radius and the radius 
vector SM, and the initial value of this angle is equal 
to φ. at t=0, then the oscillations of the projection of 
the rotating radius vector on the vertical axis are 
expressed by equation (2). The oscillogram - the time-
dependent oscillations of these oscillations is shown 
on the right side of Fig. 1. The oscillations of the radius 
vector on the vertical axis are expressed by the 
following equation [1,2,3,18,19,20,21].: 

2
u=acos( t+  )

T


  (1) 

The frequency of oscillation is the inverse of the 
period T: 

f=1/T  (2) 

The unit of measurement for frequency is usually the 
hertz (one oscillation per second). It is more 
convenient to use the angular frequency in the study 
of vibrations [1,2,3,22,23,24,25].: 

 =2 f=2 /T  (3) 

This frequency is equal to the angular velocity of the 
radius-vector SM in Figure 1. Based on expression (5), 
the oscillation phase can be written as: 

 (2 t/T)+ =2 ft+ =  t+       (4) 

Oscillations with the same frequency occurring at the 
same time are called synchronous oscillations. 
Synchronous oscillations with the same phase are 
called in-phase oscillations [1,2,3,4,26,27,28,29]. Two 

synchronous oscillations that differ in  are called 
antiphase oscillations. 

If the coordinate of the oscillating point 

ax = x  cos (  t-  )     (5) 

Xa is the displacement amplitude; - is the initial 
phase - then, differentiating with respect to time, we 
obtain the following vibrational velocity [43-45]: 

av avdx/dt=x=-x  sin (vt- )=x  cos (vt- +  ) 
2


   (6) 

where: xav - is the velocity amplitude, after second 
differentiation we obtain the vibration acceleration 
as follows: 

2 2 2 2

av avd x/dt =x=-x  cos(vt-  )=x  cos(vt- +  )    (7) 

where: xav
2 is the acceleration amplitude. 

Vibration machines belong to the field of vibration 
engineering, which was formed and developed during 
the second half of the 20th century [49-51]. Vibration 
engineering includes: machines, stands, devices, 
instruments, and tools that perform a useful function 
due to a deliberately induced vibrating motion; 
apparatus and devices for measuring, monitoring, 
and controlling vibration; and devices for preventing, 
suppressing, damping, and isolating harmful 
vibrations [52-53]. 

A vibrating machine is characterized by the fact that 
its working body transmits the vibrational motion 
necessary to carry out or intensify a process. The 
schematization method is used when it is necessary 
to study the properties of complex objects, for 
example, the operation of a vibrating machine in a 
controlled manner. The complex object is replaced by 
a simplified scheme. This scheme can be studied for a 
limited time using convenient mathematical tools. 
One of the important factors in schematization is the 
nature and purpose of the problem to be solved. 
Schematization can only bring a close result to the 
sought-after solution if the adopted scheme 
corresponds to the problem being solved. 

An overly simplified or otherwise inadequate model 
(scheme) may be fundamentally unsuitable for 
solving a problem, because an overly simplified model 
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may lack the desired effects inherent in a real model 
[2,3,4,39,49,50,51]. 

The study found that when the vibrating frequency 
was in the range of 15–25 Gs, the mass transfer 
coefficient increased to 0.0028–0.0041 m/s. When 
the amplitude was increased from 2.5 mm to 4 mm, 
the energy distribution in the vibrating system 
became uniform, and the turbulent flows in the liquid 
stabilized. 

CONCLUSIONS  

1. The induced vibrational motion is an important 
factor in accelerating technological processes and 
saving energy. 

2. It is recommended that the optimal frequency 
range be 15–25 Gs, and the amplitude be 3–4 mm. 

3. When introduced into the chemical, food, and 
building materials industries, vibrational systems can 
increase product quality by 10–20%. 

4. In the future, it is advisable to develop optimal 
models of vibrational motion based on analysis. 

REFERENCES 

1. Rahmonov, B., & Karimov, D. (2023). Analysis 
of the application of vibration technologies in 
industrial processes. Uzbekistan Chemical 
Journal. 

2. Seader, J. D., & Henley, E. J. (2019). 
Separation Process Principles. Wiley. 

3. Khodzhaev, N. A. (2021). Fundamentals of 
Chemical Technology. Tashkent. 

4. Tojiev, B. (2022). Mathematical modeling of 
mass transfer processes in vibrating systems. 
Fergana. 

5. Smith, R. (2016). Chemical Process Design 
and Integration. Wiley. 

6. Макарова, В. И., & Бобренева, К. Л. (2009). 
Инновационно-инвестиционная 
деятельность стратегического развития 
предприятия. Машиностроитель, (8), 45–
52. 

7. Минко, И. С. (2018). Инновационность 
производства и развитие кластеров. 
Вестник ИНЖЕКОНа. Экономика, 3(16), 63–
67. 

8. Национальный доклад «Организационно-
управленческие инновации: развитие 
экономики, основанной на знания». 
(2018). Москва: Ассоциация Менеджеров. 

9. Яковлев, А. А. (2009, June 30). Технические 
инновации – это не только космос и ИТ. 
Независимая газета. 

10. Mamarizayev, I., & Abdunazarov, A. (2022). 
Multi-stage bubble extractor with increased 
contact time. Eurasian Journal of Academic 
Research, 2(7), 112–116. 

11. Komilova, K. (2022). Texnologik jarayonda 
qo‘llaniladigan qurilmalar tahlili. Eurasian 
Journal of Academic Research, 2(7), 106–111. 

12. Хурсанов, Б. Ж., & Алиматов, Б. А. (2020). 
Экстракционное извлечение редких 
металлов из отвалов ГОК. Universum: 
технические науки, (6-1 (75)), 42–45. 

13. Khursanov, B. J., & Abdullaev, N. Q. (2022). 
Influence on efficiency of gas quantity 
extraction process. Eurasian Journal of 
Academic Research, 2(6), 321–324. 

14. Khursanov, B. J., & Honkeldiev, M. A. (2022). 
Energy-saving bubble extractor with 
extended contact time. Eurasian Journal of 
Academic Research, 2(6), 115–117. 

15. Khursanov, B. J. (2022). Methods for 
calculating the economic efficiency of new 
technology. World Economics and Finance 
Bulletin, 10, 112–116. 

16. Khursanov, B. J. (2022). Extraction of rare 
metals from mining dumps in bubbling 
extractors. American Journal of Applied 
Science and Technology, 2(05), 35–39. 

17. Хурсанов, Б. Ж., & Алиматов, Б. А. (2022). 
Исследование взаимного уноса фаз в 
барботажном экстракторе с увеличенным 
временем контакта. Central Asian Journal of 
Theoretical & Applied Sciences, 3(5), 28–33. 

18. Дусматов, А. Д., Ахмедов, А. Ў., Абдуллаев, 
З. Ж., & Гапаров, К. Г. (2022). 
Междуслоевые сдвиги двухслойных 
комбинированных пластин и оболочек с 
учетом усадки композитных слоев. Oriental 
Renaissance: Innovative, Educational, 
Natural and Social Sciences, 2(4), 133–141. 

19. Xursanov, B., Latifjonov, A., & Abdulhakov, U. 
(2021). Application of innovative pedagogical 
technologies to improve the quality of 
education. Scientific Progress, 2(7), 689–693. 

20. Xursanov, B., & Abdullaev, N. (2021). 
Fundamentals of equipment of technological 
processes with optimal devices. Scientific 
Progress, 2(7), 679–684. 

21. Xursanov, B., & Akbarov, O. (2021). 
Calculation of gas volume in the mixing zones 
of extended contact time barbotage 
extractor. Scientific Progress, 2(7), 685–688. 



American Journal of Applied Science and Technology 106 https://theusajournals.com/index.php/ajast 

American Journal of Applied Science and Technology (ISSN: 2771-2745) 
 

 

22. Алиматов, Б. А., Соколов, В. Н., Салимов, З. 
С., & Хурсанов, Б. Ж. (2003). Исследование 
распределения капель по размерам в 
многоступенчатом барботажном 
экстракторе. Журнал прикладной химии, 
76(8), 1309–1311. 

23. Karimov, I., Boykuzi, K., & Madaliyev, A. 
(2021). Volume-surface diameters of drops in 
barbotage extractor. International Journal of 
Innovative Analyses and Emerging 
Technology, 1(5), 94–99. 

24. Xursanov, B. J., Mamarizayev, I. M. O., & 
Akbarov, O. D. O. (2021). Operation of mixing 
zones of barbotage extractor in stable 
hydrodynamic regime. Scientific Progress, 
2(8), 170–174. 

25. Xursanov, B. J., Mamarizayev, I. M. O., & 
Akbarov, O. D. O. (2021). Application of 
constructive and technological relationships 
in machines. Scientific Progress, 2(8), 164–
169. 

26. Xursanov, B. J., Mamarizayev, I. M. O., & 
Abdullayev, N. Q. O. (2021). Application of 
interactive methods in improving the quality 
of education. Scientific Progress, 2(8), 175–
180. 

27. Isomidinov, A., Boykuzi, K., & Khonnazarov, R. 
(2021). Effect of rotor-filter device operation 
parameters on cleaning efficiency. 
International Journal of Innovative Analyses 
and Emerging Technology, 1(5), 100–105. 

28. Isomidinov, A., Boykuzi, K., & Madaliyev, A. 
(2021). Study of hydraulic resistance and 
cleaning efficiency of gas cleaning scrubber. 
International Journal of Innovative Analyses 
and Emerging Technology, 1(5), 106–110. 

29. Алиматов, Б. А., & Хурсанов, Б. Ж. (1998). 
Расчет величины отстойной зоны 
барботажного экстрактора. Научно-
технический журнал ФерПИ, 1(2), 86–89. 

30. Alimatov, B., & Khursanov, B. (2020). Analysis 
of droplets size distribution and interfacial 
surface during pneumatic mixing. Asian 
Journal of Multidimensional Research, 9(6), 
165–171. 

31. Алиматов, Б. А., Соколов, В. Н., & Хурсанов, 
Б. Ж. (2001). Влияние газосодержания на 
производительность барботажного 
экстрактора по тяжелой жидкости. Научно-
технический журнал ФерПИ, 2, 93–94. 

32. Ахунбаев, А. А., Туйчиева, Ш. Ш., & 
Хурсанов, Б. Ж. (2020). Учет диссипации 

энергии в процессе сушки дисперсных 
материалов. Universum: технические 
науки, (12-1), 35–39. 

33. Дусматов, А. Д., Хурсанов, Б. Ж., Ахроров, 
А. А., & Сулаймонов, А. (2019). 
Исследование напряженно 
деформированного состояния 
двухслойных пластин и оболочек с учетом 
поперечных сдвигов. В Энерго-
ресурсосберегающие технологии и 
оборудование в дорожной и строительной 
отраслях (стр. 48–51). 

34. Мирзахонов, Ю. У., Хурсанов, Б. Ж., 
Ахроров, А. А., & Сулаймонов, А. (2019). 
Применение параметров натяжного 
ролика при теоретическом изучении 
динамики транспортирующих лент. В 
Энерго-ресурсосберегающие технологии и 
оборудование в дорожной и строительной 
отраслях (стр. 134–138). 

35. Алиматов, Б. А., Садуллаев, Х. М., Каримов, 
И. Т., & Хурсанов, Б. Ж. (2008). Методы 
расчета и конструирования жидкостных 
экстракторов с пневмоперемешиванием. 

36. Khursanov, B. J. (2022). An innovative 
approach to the design of technical and 
technological processes of production. 
Eurasian Research Bulletin, 11, 15–19. 

37. Khursanov, B. J. (2022). The factors of 
ensuring sustaining manufacturing 
competitiveness. Eurasian Journal of 
Engineering and Technology, 9, 93–100. 

38. Yusupova, N. X., & Nomoanjonova, D. B. 
(2022). Innovative technologies and their 
significance. Central Asian Journal of 
Mathematical Theory and Computer 
Sciences, 3(7), 11–16. 

39. Khursanov, B. J. (2023). Factors of 
preparation of high-quality clinker in rotary 
kilns. Eurasian Research Bulletin, 17, 73–77. 

40. Khursanov, B. J., & Mirzaev, D. B. (2023). Use 
of digital technologies in improving 
educational processes of technological 
machines and equipment specialists. Science 
and Innovation, 2(Special Issue 3), 565–567. 

41. Khursanov, B. J. (2023). An innovative 
approach to the design of technical and 
technological processes of agricultural 
products production and increasing the 
technical level. European Journal of Emerging 
Technology and Discoveries, 1(2), 93–100. 

42. Tojimatovich, K. I., & Jurakuziyevich, K. B. 



American Journal of Applied Science and Technology 107 https://theusajournals.com/index.php/ajast 

American Journal of Applied Science and Technology (ISSN: 2771-2745) 
 

 

(2023). Hydrodynamics of fluid transmission 
capacity of bubble extractor filter. European 
Journal of Emerging Technology and 
Discoveries, 1(2), 80–85. 

43. Khursanov, B. J. (2023). Improvement of 
educational processes in specialized subjects 
based on digital technologies. European 
Science Methodical Journal, 1(3), 18–23. 

44. Хурсанов, Б. Ж. (2023). Методы анализа 
технологических систем переработки 
энергии. Евразийский исследовательский 
вестник, 21, 87–92. 

45. Хурсанова, Б. Ж. (2023). Гидродинамика 
перемешивания жидкостей в 
барботажных экстракторах. European 
Journal of Interdisciplinary Research and 
Development, 21, 161–166. 

46. Khursanov, B. J. (2023). Natural geographical 
and geoecological problems and their 
solution. International Journal of Advance 
Scientific Research, 3(11), 296–301. 

47. Khursanov, B. J. (2025). Analysis of process 
intensification methods in shell tube heat 
exchangers. Modern American Journal of 
Engineering, Technology, and Innovation, 
1(6), 66–74. 

48. Khursanov, B. J. (2025). Analysis of 
intensification of heat exchange using a spiral 
spring. Modern American Journal of 
Engineering, Technology, and Innovation, 
1(6), 75–82. 

49. Khursanov, B. J. (2025). Fixed tube grate heat 
exchanger repair problems. European Journal 
of Emerging Technology and Discoveries, 
3(9), 12–19. 

50. Khursanov, B. J. (2025). Analysis of indicators 
of learning new technologies and technical 
level and efficiency. International Journal of 
Advance Scientific Research, 5(10), 44–55. 

51. Khursanov, B. J. (2025). Analysis of 
technological innovations and advanced 
technologies. American Journal of Applied 
Science and Technology, 5(10), 89–94. 

52. Khursanov, B. J. (2025). New technology for 
development – the importance of technology 
implementation. Western European Journal 
of Modern Experiments and Scientific 
Methods, 3(10), 76–85. 

53. Xursanov, B. J. (2025). Neftni qayta ishlash 
zavodidagi oqava suvlarning ekologiyaga 
ta’siri va ularni bartaraf etish. Сборник 
тезисов, 465. 

 

 


