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Introduction. In many developed countries, special attention is being paid to 

mathematical modeling and numerical analysis of structures and constructions. 

Structural elements such as rods are widely used in many areas of engineering, 

mechanical engineering, and construction. This necessitates testing their strength, 

deformability, and stability using mathematical models. Leading countries, including the 

United States, Japan, Germany, Italy, Russia, and others, are focusing on developing 

mathematical modeling and calculation methods for construction and structural 

materials. 

Improving mathematical models and computational algorithms for solving linear 

and nonlinear problems of structural materials is relevant on a global scale. 

Since independence, the republic's mechanical engineering and construction 

industries have developed, and the requirements for the design process of structures and 

buildings have increased. Determining and assessing the stress-strain state of structural 

materials, with the extensive use of modern computer technology, are considered the 

most important tasks of design and survey work. 

Derivation of differential equations for spindle oscillations 

Based on the assumptions given in the work of V.K. Kabulov [1], the expressions 

for the displacement of the rod points during longitudinal, transverse and torsional 

vibrations are presented in the form. 

1 1 2u u z y = − − ,  2u v z= + ,  3u w y= −    (1) 

where , ,u v w  are the displacements of the rod center line; 1 2,   are the angles of 

inclination of the tangent to the elastic line under pure bending;   is the twist angle; 

Now, according to the Cauchy formula, taking into account formulas (1), we 

calculate the deformation components [1,2]: 
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1 2
11 ,

d ddu
z y

dx dx dx

 
 = − −  12 2 ,

dv d
z

dx dx


 = + −  

13 1,
dw d

y
dx dx


 = − −  .0233322 ===         (2) 

The stress and strain components are related as follows: 

1 2
11 ,

u
E z y

x x x

 


  
= − − 

   
 

12 2 ,
v

G z
x x


 

  
= + − 

  
  

13 1
,

w
G y

x x


 

 
= − −

 

 
 
 

 22 33 23 0.  = = =    (3) 

In this case, variations in kinetic energy can be represented as. 

3 31 1 2 2

t t V

u uu u u u
dt dVdt

t t t t t t
      

     
 = + +       

     (4) 

Here we perform integration by parts operations 

31 2
1 2 3

22 2

31 2
1 2 32 2 2

t

t V

t V

uu u
dt u u u dV

t t t

uu u
u u u dVdt

t t t

      

     

  
 = + + −    

  
− + + 

   

 

 

  (5) 

Substituting the expressions iu  from (1) into the variations of kinetic energy (5) 

we obtain 

( ) ( ) ( )

( ) ( ) ( )

( ) ( )

( ) ( )

31 2
1 2

22 2

31 2
1 22 2 2

1 2 1 2 1

1 2 2

t

t V

t V

V

uu u
d dt u z y v z w y dV

t t t

uu u
u z y v z w y dVdt

t t t

u z y u z u z y
t t

y u z y v z v
t t

z v z
t

         

         

       

      



  
 = − − + + + − −    

  
− − − + + + − = 

   

 
= − − − − − −  

 
− − − + + +

 


+ +



 

 



( ) ( ) ( )

( ) ( )

( ) ( ) ( )

( ) ( )

2 2

1 2 1 2 12 2

2 2 2

1 2 22 2 2

2 2

2 2

t

t V

w y w y w y dV
t t

u z y u z u z y
t t

y u z y v z v z v z
t t t

w y w y w y dVdt
t t

       

       

         

     

  
+ − − − −  

  
− − − − − − −

 

  
− − − + + + + +

  

 
+ − − − 

  

 
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Let us extract the integral over the cross-sections of the rod 

1 2

2 1 2
1

t x F F F

F F F

u
d dt dF zdF ydF u

t t t

u
zdF z dF zydF

t t t

 
   

 
   

  
 = − − − 

   

  
− − − − 

   

    

  

 

21 2
2

F F F

u
ydF yzdF y dF

t t t

 
   
  

− − − + 
   

     

2

F F F F

v v
dF zdF v zdF z dF

t t t t

 
     
      

+ + + + +   
      

     

2

2 22

1 2

2 2 2

t

F F F F

t x F F F

w w
dF ydF W ydF y dF dx

t t t t

u
dF zdF ydF u

t t t

 
     

 
   

       
+ − − − −   

        

  
− − − − 

   

   

    

 

2 22
2 1 2

12 2 2

2 22
21 2

22 2 2

F F F

F F F

u
zdF z dF zydF

t t t

u
ydF yzdF y dF

t t t

 
   

 
   

  
− − − − 

   

  
− − − + 

   

  

  

 

2 2 2 2
2

2 2 2 2

2 2 2 2
2

2 2 2 2

F F F F

F F F F

v v
dF zdF v zdF z dF

t t t t

w w
dF ydF W ydF y dF dxdt

t t t t

 
     

 
     

      
+ + + + +   

      

       
+ − − −    

        

   

   

 

Let's introduce the following notations: 

F

F dF=  , 
z

F

S ydF=  , 2

y

F

I z dF=  , 
yz

F

I yzdF=  ,  

y

F

S zdF=  , 2

z

F

I y dF=  .               (6) 

Taking into account the introduced notations (6), we rewrite the variations of 

kinetic energy 
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1 2

1 2
1

y z

t x

y y yz

u
d dt F S S u

t t t

u
S I I

t t t

 
   

 
   

   
 = − − −    

  
− − − −    

 
  

1 2
2z yz z

y y y

u
S I I

t t t

v v
F S v S I

t t t t

 
   

 
     

  
− − − +    

      
+ + + + +         

  

z z z t

w w
F S W S I dx

t t t t

 
     

       
+ − − − −          

  

2 22

1 2

2 2 2y z

t x

u
F S S u

t t t

 
   

  
− − − − 

   
   

 

2 22

1 2
12 2 2

2 22

1 2
22 2 2

y y yz

z yz z

u
S I I

t t t

u
S I I

t t t

 
   

 
   

  
− − − − 

   

  
− − − + 

   

 

 

2 2 2 2

2 2 2 2

2 2 2 2

2 2 2 2

y y y

z z z

v v
F S v S I

t t t t

w w
F S W S I dxdt

t t t t

 
     

 
     

      
+ + + + +   

      

       
+ − − −    

        

     (7) 

Now let us consider the variations of potential energy  : 

3

1 1

1

j j

jt t V

dt dVdt  
=

 
 =  

 
          (8) 

Substituting the expressions iu   from (1) into the variations of potential energy (8) 

we obtain 

1 2
11

12 2 13 1

t t V

u
dt z y

x x x

v w
z y dVdt

x x x x

 
  

 
     

   
 = − − + 

   

       
+ + − + − −         

  
 

Let's perform integration by parts. Before doing this, let's extract the integral over 

the cross-section of the rod. 



Scientific and Technical Journal of NamIET ISSN 2181-8622 

 

 
204 

Vol. 10 Issue 4                                                                                                                                           www.niet.uz 
       2025 

1 2
11 11 11

12 12 12 2

t t x F F F

F F F

u
dt dF z dF y dF

x x x

v
dF z dF dF

x x

 
      


     

  
 = − − +

  

 
+ + − +

 

     

  

 

 
13 13 13 1

1 2 12 13

F F F

x y z x x

t

w
dF y dF dF dxdt

x x

N u M M Q v M Q W dt


     

     

 
+ − − =

  

 = − − + + + − 

  


 

12
1 2

yx z

t x

MN M Q
u v

x x x x
   

  
− − − + +

   
   

13
12 2 13 1

xM Q
w Q Q dxdt

x x
   

  
+ + + +   

        (9) 

The following notations are introduced here: 

11x

F

N dF=  , 
11y

F

M z dF=  , 
11z

F

M y dF=  , 
12 12

F

Q dF=  , 

( )12 13x

F

M z y dF = −  
13 13

F

Q dF=      (10) 

Now let's consider variations of the work of external forces  . 

 

   

1

1

3 3 3

1

1 1 1

1 1 2 2 3 3

1 1 2 2 3 3 1 1 2 2 3 3 1

                    

i i i i i i x
i i it V S S

t V

x

t S t S

Adt P u dV q u dS u dS

P u P u P u dVdt

q u q u q u dSdt u u u dS dt

    

  

        

= = =

= + + =

= + + +

+ + + + + +

     

 

   

   (11) 

Here we will extract the integral over the cross-section of the rod using relation (1). 

1 1 1 1 2 2

2 3 3

1 1 1 1 2 2

2 3 3

1 1 1 1 2 2

t t x F F F F

F F F

t x l l l l

l l l

Adt PdF u zPdF yPdF P dF v

zP dF P dF w yP dF dxdt

q dl u zq dl yq dl q dl v

zq dl q dl w yq dl dxdt

u z y v

    

  

   

  

       


= − − + +




+ + − +




+ − − + +




+ + − 



+ − − + +

      

  

     

  

 
1

2 3 3 1 x

t S

z w y dS dt     + − 
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The following notations are introduced here: 

( )

1 1 1 1 1 1 12 2 2

x 2 3 2 3 13 3 3

( ) ,   ( ) ,   ( ) ,   ( ) ,    

( , ) ,       ( ) ;

x y z

F F F F

F F

N P PdF M P zPdF M P yPdF Q P P dF

M P P zP yP dF Q P PdF

= = = =

= − =

   

 
 

( )

1 1 1 1 1 1 12 2 2

x 2 3 2 3 13 3 3

( ) ,    ( ) ,    ( ) ,   ( ) ,

( , ) ,        ( ) ;

x y z

l l l l

l l

N q q dl M q zq dl M q yq dl Q q q dl

M q q zq yq dl Q q q dl

= = = =

= − =

   

 
 

1 1 1 1

1 1 1 1 1 1 1 1 1 12 2 2 1( ) ,  ( ) ,  ( ) ,   ( ) ,x y z

S S S S

N dS M z dS M y dS Q dS       = = = =     

( )
1 1

x 2 3 2 3 1 13 3 3 1( , ) ,      ( ) ;
S S

M z y dS Q dS     = − =           (12) 

Taking into account the introduced notations (12), we rewrite the variations of the 

work of external forces : 

( ) ( )

( ) ( )

( ) ( )

(



1 1 1 1 1

1 1 2 12 2 12 2

2 3 2 3 13 3 13 3

1 1 1 1 2

12 2 2 3 13 3

( ) ( ) ( ) ( )

( ) ( ) ( ) ( )

( , ) ( , ) ( ) ( )

( ) ( ) ( )

( ) ( , ) ( )

x x y y

t t x

z z

x x

x y z

x x

Adt N P N q u M P M q

M P M q Q P Q q v

M P P M q q Q P Q q w dx

N u M M

Q v M Q w dt

  

 

 

     

      


= + − + − 



− + + + +

+ + + + +

+ − − +

+ + +


  

         (13) 

We substitute variations of kinetic (7), potential (9) energy and work of external 

forces (13) into the Hamilton-Ostrogradsky variational principle 

( ) 0
t

dt  − +  =      (14) 
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                          (15) 

Variational equation (15) consists of three main parts. The first part is an integral 

of the first kind. Here, the components of the displacement vector are unknown functions. 

Therefore, their variations are not equal to zero, which means the coefficients of variation 

of the function must be identically equal to zero. 

The second part of the variational equation (15) describes the boundary conditions. 

In this part of the expression, the components of the displacement vector will not always 

be unknown functions. In geometric boundary conditions, the displacement components 

are specified. In this case, the variations of the known functions are zero, and under static 

boundary conditions, the expressions in parentheses are zero. Therefore, in the second 

part of the variational equation, each term with a variation factor of the displacement 

vector components is zero. These expressions characterize mixed boundary conditions; 

therefore, the expressions in parentheses are zero with the variation factors of the 

displacement vector components. 

The third part of the variational equation (15) describes the initial conditions. The 

initial conditions specify the velocity and displacement. 

Thus, from the variational equation (15) we obtain the following system of partial 

derivatives of differential equations with natural boundary and initial conditions: 
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where 

 , E  and G  - mechanical parameters of rod systems; 

F , yI , yS , zI , zS  and yzI - geometric parameters of rod systems; 

( )1xN P , 12 2( )Q P  and 13 3( )Q P  – volumetric longitudinal and transverse forces; 

1( )yM P , 1( )zM P  and 2 3( , )xM P P  – volumetric bending and torsional moments; 

( )1xN q , 12 2( )Q q  and 13 3( )Q q  – surface longitudinal and transverse forces; 

1( )yM q , 1( )zM q  and 2 3( , )xM q q - surface bending and torsional moments; 

( )1xN  , 12 2( )Q   and 13 3( )Q  – end longitudinal and transverse forces; 

1( )yM  , 1( )zM   and 2 3( , )xM   - end bending and torsional moments. 

Conclusion 

This article presents a new mathematical framework for calculating beam systems 

under spatially dynamic loading in a rectangular coordinate system. 

The system of partial differential equations (16), boundary conditions (17), and 

initial conditions (18) constitutes a general mathematical model for the dynamic analysis 

of beam systems under complex spatial loading. 

 

References 

1. Кабулов В. К. Алгоритмизация в теории упругости и деформационной 

теории пластичности. Т.: Фан. 1966. – 394 с. 

2. Юлдашев Т., Ризаев А., Исомиддинов А.  Развитие методов 

динамического расчета шпинделей хлопкоуборочных машин с учетом их сложно 

нагруженного состояния. Журнал. Вестник ТашГТУ, № 2(95), 2016г., с.9-15 

3. Isomiddinov A.I. Variational equation of motion of the spindles of 

harvesting apparatus under the effect of spatial forces. American Journal – AASCIT  № 

1(1) ,  2016 y., pp. 50-54 



Scientific and Technical Journal of NamIET ISSN 2181-8622 

 

 
282 

Vol. 10, Issue 4                                                                                                                                          www.niet.uz 
       2025 

C O N T E N T S 

TECHNICAL SCIENCES: COTTON, TEXTILE AND LIGHT INDUSTRY 

Saloxiddinova M.  
3 

Improving the separator design to prevent cotton fiber loss. 

Juraeva G. 
9 

Optimizing cotton fiber quality during the production process. 

Mamadaliev F. 

16 Analysis of problem in the aerodynamic system of cottonseed lintering 

equipment in cotton processing plants. 

Kozokov S. 

23 Conducting experiments with newly designed saw gin ribs in the cotton 

cleaning process for different cotton varieties. 

Usmonov I., Abdullajonov S. 

30 Methods and results for determining the parameters and operating modes 

of irradiating watermelon seeds with ultraviolet rays. 

Majidov A. 

36 Theoretical foundations of the technological parameters of a straight-flow 

fiber separation device. 

Rahmatova S. 

44 Scientific approach to considering properties in the design of garments 

made from knitted fabrics. 

Rahmatova S. 
48 

Technology for obtaining knitted fabrics from various raw materials. 

Turaboyev G. 

54 Methodology for determining the tribotechnical properties of structural 

materials interacting with raw cotton. 

TECHNICAL SCIENCES: AGRICULTURE AND FOOD TECHNOLOGIES 

Khurmamatov A., Boyturayev S. 
58 

Results of industrial water treatment from mechanical impurities. 

Khurmamatov A., Alimardonov Kh., Akhmedova K. 

65 Two-stage installation for deep air purification from fine-dispersed solid 

particles. 

Mamatusmonova D., Mamatov Sh. 

73 Technical characteristics of the use of vibrating conveyors for drying rosa 

caninas. 

Toshboyeva S., Dadamirzayev M. 
79 

Physicochemical properties of a functional sauce for fish canned products. 



Scientific and Technical Journal of NamIET ISSN 2181-8622 

 

 
283 

Vol. 10, Issue 4                                                                                                                                          www.niet.uz 
       2025 

Saribayeva D., Maxmudova D. 
83 

Study of protein–lipid composition in food products. 

Gulomkhojaeva N., Zokirova M. 

88 Study of polyphenolic compounds in jujube (ziziphus jujuba mill.) grown in 

Uzbekistan. 

Gulomkhojaeva N., Zokirova M. 

94 Investigation of the amino acid composition in black and white mulberry 

(morus nigra l. and morus multicaulis perr.) varieties. 

Kadirov A., Vokkosov Z. 

101 New technology for growing microorganisms of the bacillus sp, rhizobium 

sp, azotobacter sp. 

Rakhimova G. 

107 
Development of an effective technology for producing soy milk from local 

soy raw materials, studying its composition and physical and chemical 

properties 

CHEMICAL SCIENCES 

Khabibullaev J., Shomurotov Sh. 

112 Oxidation of various cellulose containing materials using the HNO₃/H₃PO₄–

NaNO₂ system. 

Nuritdinov A., Abdullaev O. 
122 

Technical parameters and energy efficiency of an oil sludge processing unit 

Okhundadaev A.  

127 Study of the effect of various factors on the synthesis of vinyl esters of wine 

acids 

Usmonova Z. 

133 Effectiveness analysis of thermally and steam activated plum seed 

adsorbents 

Kaxarova M.  

139 Technological scheme for extracting naphthalene from pyrolysis oil by the 

extraction (phase separation) method 

Oribzhonov M., Bektemirov A., Arislanov A., Azizov V. 

143 Method for producing biosuperphosphate fertilizers containing humic 

compounds 

Erkinov R., Soliyev M., Arislanov A.  

151 Synthesis of sulfur containing organic compounds by reaction of thiol-en 

and thiol-in 

Yusupov M., Nuritdinov A. 
156 

Elemental analysis of carboxyl-modified copper phthalocyanine pigment 



Scientific and Technical Journal of NamIET ISSN 2181-8622 

 

 
284 

Vol. 10, Issue 4                                                                                                                                          www.niet.uz 
       2025 

Nuritdinov A. 

162 Thermal analysis of carboxyl-modified cobalt and calcium metal 

phthalocyanine pigments 

Isakov B. 

168 Development and study of an anti-caking additive to improve the physico-

mechanical properties of ammonium nitrate 

TECHNICAL SCIENCES: MECHANICS AND MECHANICAL 

ENGINEERING 

Gulamova D., Bobokulov S., Eshonkulov E. 

173 Resistance and voltage anomalies above 200k bscco synthesized by solar 

technology 

Kutbidinov O., Abdullabekov D., Usmonov D., Xushbakov M. 

182 Analytical and experimental model for assessing the depreciation rate of 

transformer oil based on physicochemical factors 

Obidov A., Abdurasulov A. 
188 

Basis of implementation of resource-effective shaft production 

Utaev S. 
193 

Calculation of oil change intervals in diesel-based gas engines 

Isomiddinov A. 

200 Derivation of differential equations for spindle oscillation in a system of 

rectangular coordinates 

Dedakhanov A.  
209 Determination of fuel consumption for drying cotton raw materials 

Atambaev D.  

215 
Difference of the individual yarns in the composition of a wrapped yar on 

the quality of the yar and determination of acceptable values of the main 

factors affecting their production 

Rokhmonov D., Sulaymonov J. 

224 Development of a control algorithm for a smart irrigation system based on 

soil moisture and meteorological data 

Mamakhonov A., Khikmatillaev I. 

227 Modeling of a vibratory cleaning device with cosinosoidal and sinusoidal 

shapes in matching the longitudinal and transverse cutting surface 

Soliyev A. 

239 Theoretical study and characteristics of yarns in the production of circular 

knit fabrics 



Scientific and Technical Journal of NamIET ISSN 2181-8622 

 

 
285 

Vol. 10, Issue 4                                                                                                                                          www.niet.uz 
       2025 

Nomanov M. 

246 With improved blade mixer results of research work on the development of 

the 5lp linter 

Lastochkin P. 

259 The influence of carding parameters optimization on the useful time 

coefficient of a rotor spinning machine 

Mirzaakbarov A. 
260 

Improving the efficiency of the ginning process to enhance fiber quality 

ADVANCED PEDAGOGICAL TECHNOLOGIES IN EDUCATION 

Abdumanonov A. 

265 Enhancing the methodology for applying intelligent control systems in the 

teaching of technical sciences 

Makhmudov Z. 
271 

Increasing students' activity and knowledge level using test assignments 

ECONOMICAL SCIENCES 

Sarimsakov B., Mirzabdullayev R. 

275 The role of contemporary HR technologies in improving business 

performance 

 


