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Аннотация. Внедрением хлопко-текстильного производство вопросы 

охраны труда и техники безопасности приобретает все большее значение в 

научном и практическом решении. Обеспечение работа способности рабочего 

персонала хлопко-текстильного производство зависит во многом от факторов 

как, условия труда, квалификации рабочего персонала, спецодежды и др. 

Аbstrct. With the introduction of cotton textile production, occupational health 

and safety issues are becoming increasingly important in scientific and practical 

solutions. Ensuring the work ability of working personnel in cotton-textile production 

depends largely on factors such as working conditions, qualifications of working 

personnel, workwear, etc. 
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 With the introduction of cotton textile production, issues of occupational health 

and safety at work are becoming increasingly important in scientific and practical 

solutions. The preservation of the ability of cotton textile production workers to depend 

on factors such as working conditions, worker qualifications, work clothes, etc. [1-4]. 

The paper considers the issue of the influence of the totality of these factors on 

the worker engaged in physical labor. In this case, you can provide that, the body of 

the worker includes the skin, muscles and solid bone. To resolve the issue of heat and 

moisture from the body of the worker and penetration into workwear, Darcy's law 

describes as a heterogeneous material [5-14] Fig. 1. 

The equation of motion of such a system can be written in the form (1). 

 𝐺𝑛  
𝜕2 𝑢

𝜕𝑥2
= ρ𝑛

𝜕2

𝜕𝑡2       (n=1,2,3…)
   

(1) 
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where, G n = λ n +2 μ n 

            λ1= λ b,   μ1= μ b – Lame's working body parameters, 

            λ2= λ c,   μ2= μ c – Lame workwear options, 

            𝜌1= ρ b,   ρ 2= ρ c – the specific gravity of the body of the worker and 

workwear. 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1. A model for calculating the release of a gas-liquid medium from a 

worker’s body and penetration into clothing. 

 

The condition for the periodicity of movements and stresses: 

 

U1(x, t) / x=l1 = U2 (x, t) / x= -l2 ,                                                     (2) 

 

                            G1(x, t) / x=l1 = G2(x, t) / x= -l2 , 

 

The continuity of Ui and G at X = 0 gives 

 

U1(x, t) / x=0 = U2 (x, t) / x= 0 ,                                                         (3) 

 

                    G1(x, t) / x=0 = G2(x, t) / x= 0 , 

 

The solution to problem (1) and (2) can be written as: 

 

U (x, t) = Un(x) exp [ i (𝜔 t) + k x)],                                                          (4) 

where, ω is the circular frequency, k is the wave number. 

 

The wave number can be expressed from the following relationships: 

 

cos (𝜔 l /c) = cos λ1 -  X sin λ1 sin λ2 ,                                                            (5) 

http://www.newjournal.org/
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where,    𝜆𝑖 =
w∙ln

𝐶𝑛
   ,   𝑥 =

𝑃1𝐺1+𝑃2𝐺2

√𝑃1∙𝑃2∙𝐺1∙𝐺2
2                             (6) 

 

Substituting the value of  λ in the dependence (5) we obtain: 

 

 Cos 𝑘𝑙 = cos
𝑤𝑙1

𝐶1
cos

𝑤𝑙2

𝐶2
− 𝑥𝑠𝑖𝑛

𝑤𝑙1

𝐶1
 𝑠𝑖𝑛

𝑤𝑙2

𝐶2
 ,                                (7) 

where,  С1= СВ,  С2= СC, - the speed of propagation of waves in the body of the 

worker and overalls. 

  

Thus, the relationship between the speed of the wave through the body of the 

worker and overalls is established. From equation (7) it follows that X≥ 1. 

Now we consider the case when the direction of movement of the heat wave is the 

body of the worker and work clothes, i.e. parallel to the location of the layer. The 

coordinate system for this case is shown in Fig. 2. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2. A model for calculating heat release from a worker’s body and 

movement through clothing. 

 

We use the Helmholtz decomposition to move a wave in a medium  

                      

 𝑈 = 𝛻𝑈 + ∇xφ                                                  (8) 

 

where, ∇ is the gradient operator. 

We write the equations of motion of the heat wave in three versions: 

1.Horizontally moving the wave, 

2.Vertically moving the wave, 

http://www.newjournal.org/
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3.Longitudinal wave movement. 

 

For all cases, the equations of motion of the wave must be satisfied if the scalar 

and vector potentials obey the condition: 

 

                         ∇2𝜑 =ρ/(λ+2𝜇)𝜑                                                   (9) 

 

                                  ∇2 φ=ρ/𝜇 φ                                                    

 

Now consider horizontally polarized shear waves. Let Uy be the only nonzero 

component of displacement. 

Then Uу = Uу (x, z, t) and we assume that φ = 0 in equation (9) φz is the only 

nonzero component. 

                                    ∇2𝑈𝑦 =
𝜌

μ
 ∙ 𝑈𝑦                                                     (10)  

 

The solution of equation (10) looks like this: 

 

𝑈𝑦
(𝑛)

= [𝐴𝑛 ∙ 𝑠𝑖𝑛𝔥𝑛 ∙ 𝓏𝑛 + 𝐵𝑛𝑐𝑜𝑠𝔥𝑛 ∙ 𝓏𝑛] exp [𝑖 𝑘 (𝑥 + 𝑣 ∙ 𝑡)          (11)   

 

where,      𝔥𝑛
2 = 𝑘𝑛

2 − 𝑘2;                     n=1,2…; 

       

         𝑘𝑛 = 𝜔/𝑣𝑛 

 

In the case of symmetric motion, the requirement of periodicity is heat mixing 

                      
𝑈𝑦

1

𝑧1
= 𝑙1

2

=
𝑈𝑦

2

𝑧2
= −𝑙2/2                                                 (12)   

 

Then equation (11) for the symmetric movement of heat into the body of the 

worker and overalls looks like: 

 

𝜇1 (
𝑘1

2

𝑘2 − 1) 𝑡𝑔   
1/2 𝔥1∙𝑙1

2
+ 𝜇2 (

𝑘2
2

𝑘2 − 1) 𝑡𝑔
1/2 𝔥2∙𝑙2

2
= 0                       (13)  

 

  

Similarly, for antisymmetric terms, it was found that 

 

𝜇2 (
𝑘1

2

𝑘2 − 1) 𝑡𝑔
1/2 𝔥1∙𝑙1

2
+ 𝜇1 (

𝑘1
2

𝑘2 − 1) 𝑡𝑔
1/2 𝔥2∙𝑙2

2
= 0                      (14)   
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Using the relation ω = k ∙ υ from equations (13) and (14), we can find the rate of 

heat generation from the frequency of the work of the worker. 

Now we turn to the consideration of longitudinally and vertically polarized heat 

shifts. 

We write the components of the displacement in the form: 

 

𝑈𝑥 = 𝑈𝑥(𝑥; 𝑧; 𝑡); 𝑈𝑦 = 0, 𝑈𝑧 = 𝑈𝑧(𝑥; 𝑧; 𝑡)                         (15)  

 

The scalar potential φ (x; z) in equations (8) has the components Ux and Uz, and 

the vector component φy (x; z) in φ. 

From the first expression according to equation (9) it follows that 

 

∇2𝑈𝑥 =
𝜌

2𝜇+λ
 𝑈𝑥;   ∇2𝑈𝑧 =

𝜌

2𝜇+λ
 𝑈𝑥;                                        (16)  

 

From the first expression according to equation (9) it follows that 

 

           ∇2𝑈𝑥 =
𝜌

𝜇
 𝑈𝑥;  ∇2𝑈𝑧 =

𝜌

𝜇
 𝑈𝑧;                                       (17)   

 

The equation of heat motion in a two-phase layer, in this case, the body of the 

worker and overalls look like this: 

 

𝑈1𝑧 = [𝐶1 ∙ cos 𝛽1 (𝑧 −
𝑙1

2
) + 𝐷1 sin 𝛽1(𝑧 −

𝑙1

2
)]exp [𝑖𝑘(𝑥 + 𝜗𝑡)]          (18)   

𝑈2𝑧 = [𝐶2 ∙ cos 𝛽2 (𝑧 +
𝑙1

2
) + 𝐷2 sin 𝛽2(𝑧 +

𝑙2

2
)]exp [𝑖𝑘(𝑥 + 𝜗𝑡)] 

 

where,             𝛽𝑛
2 = 𝜔2/(μ n/p)−𝑘2                                                      (19)   

 

 

  𝑈1𝑥 = [𝐴;∙ cos 𝔥1 (𝑧 −
𝑙1

2
) + 𝐵1 sin 𝔥1(𝑧 −

𝑙1

2
)] exp [𝑖𝑘(𝑥 + 𝜗𝑡)]  

      𝑈2𝑥 = [𝐴𝑥 ∙ cos 𝔥2 (𝑧 +
𝑙2

2
) + 𝐵2 sin 𝔥2(𝑧 +

𝑙2

2
)]exp [𝑖𝑘(𝑥 + 𝜗𝑡)]     (20)   

 

where,               𝔥𝑛
2 = [

𝓌2

λ𝑛+2𝜇𝑛
𝒫

] − 𝑘2                                                   (21) 

 

 

U1z and U2z are determined in two layers of the form of the equation under study 

http://www.newjournal.org/
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𝜕∪𝑥

𝜕×
+

𝜕∪𝑧

𝜕𝑧
= 0                                                         (22) 

 

Combine the results obtained for the two types of waves. 

The unknown amplitudes of the total wave motion are eight constants A1, A2, B1, 

B2, C1, C2, D1, D2. 

 

The conditions from the boundary have the form at Z = 0 

 

∪1x = ∪2x ; ∪1z = ∪2z ; 𝜎1x = 𝜎2x ; 𝜎1zx = 𝜎2zx                                     (23) 

 

The frequency of heat transfer across the body of the worker and work clothes is 

expressed as 

 

𝑈1𝑥/𝑧=𝑙1
= 𝑈2𝑥/𝑧=−𝑙2

; 𝑈1𝑧/𝑧=𝑙1
=  𝑈2𝑧/𝑧=−𝑙2

  

                                                                                               (24) 

𝜎1𝑥/𝑧=𝑙1
= 𝜎2𝑥/𝑧=−𝑙2

; 𝑈1𝑧𝑥/𝑧=𝑙1
=  𝑈2𝑧𝑥/𝑧=−𝑙2

 

 

Conditions (23) and (24) together form a system of eight homogeneous equations 

with respect to eight unknown constants. This system is naturally divided into two 

systems associated with the longitudinal movement of heat through the body of the 

worker and workwear. For example, to write the equation of motion of a longitudinal 

wave, B1 = B2 = C1 = C2 = 0. 

Consider the terms stored in the equations in the form: 

 

𝑈1𝑥 ⟶ 𝐷1 sin (𝑧 −
𝑙1

2
) 

 

Then the final equation of motion through the layer of the body of the worker and 

work clothes in the longitudinal direction is: 

 

4(𝜇1 − 𝜇2)𝐾1 ∙ 𝐾2 + 𝜔2𝑃1 [
𝜔2𝑃1

𝑘2 − 4(𝜇1 − 𝜇2)] ∙ 𝐾2𝑡𝑔
𝛽1𝑙1

2
+ 𝜔2𝑃2 [

𝜔2𝑃2

𝑘2 +

4(𝜇1 − 𝜇2)]  ∙  𝐾1𝑡𝑔
𝛽2𝑙2

2
−

𝜔4𝑃1∙𝑃2

𝑘2 𝑥[𝐿1𝑡𝑔
𝛽2𝑙2

2
+ 𝐿2𝑡𝑔

𝛽1𝑙1

2
] = 0,                    (25) 

 

where,                     𝐾1 = 𝑘2𝑡𝑔
𝛽1𝑙1

2
+ 𝔥1𝛽1𝑡𝑔

ℎ1∙𝑙1

2
;                                            

                                                                                                           

http://www.newjournal.org/
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𝐾2 = 𝑘2𝑡𝑔

𝛽2𝑙2

2
+ 𝔥2𝛽2𝑡𝑔

ℎ2 ∙ 𝑙2

2
; 

 

                     𝐿1 = 𝑘2𝑡𝑔
𝛽1𝑙1

2
+ 𝔥1𝛽1𝑡𝑔

ℎ1∙𝑙1

2
;                                            

                                                                                                           

               𝐿2 = 𝑘2𝑡𝑔
𝛽2𝑙2

2
+ 𝔥2𝛽2𝑡𝑔

ℎ2∙𝑙2

2
;                        (26) 

 

For transversal heat transfer 

А1=А2=Д1=Д2=0 

 

Then the final equation for the motion of heat looks like this: 

 
𝜇2−𝛽2

𝜇1−𝛽1
(𝑡𝑔2 𝛽1−𝑙1

2
+ 𝑡𝑔2 𝛽2−𝑙2

2
) + [1 +

𝜇2−𝛽2

𝜇1−𝛽2
] 𝑡𝑔

𝛽1−𝑙1

2
∙ 𝑡𝑔

𝛽2−𝑙2

2
= 0   (27) 

 

An analysis of various cases of the release of a heat wave through the body of a 

worker and the penetration of workwear shows that there is a close relationship 

between speed and wavelength and frequency. 

For example, as can be seen from equation (12), a decrease in the wave velocity 

through the layer of the body of the worker and overalls occurs with an increase in the 

frequency in the low-frequency region. This means that in order to intensify the 

propagation of the heat wave into the body of the worker and penetration into work 

clothes, cyclic loads in a certain frequency value are necessary. 

The solution of the frequency equation (4) on a computer showed that with 

dimensionless materialized data l1=0,5;  l2=0,5; С1=1,0; С2=2,0; 𝜌1=1,0; 𝜌2=2,0; 

G1=1,0; G2=20,0; and the smallest attenuation of oscillations is achieved at a frequency 

range of ω = 2.99 and 8.99,  26.99 s-1.  

The results obtained are of interest from the point of view of the need for the 

release of heat and a liquid medium from the body of the worker and penetration into 

work clothes. However, the system under consideration implies a physical change in 

the pore volume in the body of the worker with the cyclical nature of his work. 

The source of wave movements can be: air flow, the cyclical movement of the 

worker, clothing fluctuations, etc. Therefore, the conservation of energy to perform 

certain work is obvious, it is possible the release of heat and moisture from the body of 

the worker and penetration into overalls. 
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