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2 𝑧 
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Abstract: The article describes the phenomenon of "frame representations" and "blends", their 

functioning in the language, and provides an explanation of the degree and frequency of use of these 

units in modern Russian and modern cognition. The semantic analysis of these concepts is carried out. 

Keywords: frame, frame representations, blends, frame technologies, script, attribute, slot, slot 
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Introduction 

Consider the propagation of waves in an infinitely elastic medium (Fig. 1). The main goal is to obtain 

an accurate analytical expression of displacement and stress. Equation of motion of the environment of 

a cylindrical source 
 

 
 

 

Fig. 1 Design scheme 
 

𝜇∇2𝑢→+(𝜆 + 𝜇) graddiv𝑢→= ρ𝜕
2𝑢→

 

𝑑𝑡2 

 

 
(1) 

 

in coordinates (r, θ) takes the form 

∆ (𝜇 ∙ ∆2 ∙ 𝜓 − 𝜌 
𝜕2𝜓

) 𝑙 
𝜕𝑡 

 
+ ∆( 

𝐸
 

1−𝑣2 

 
∆2𝜙 − 𝜌 

𝜕2𝜙
) = 0   (2) 

𝜕𝑡2 
 

where 

�⃗� = gradzφ+rot�⃗�  
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1 2 

| 

1 

or 

�⃗�→= V.𝑙→+ V.�⃗� → (𝜕𝜙 +  
1 𝜕𝜓

) �⃗⃗�→ + (1 𝜕𝜙 𝜕𝜓) �⃗⃗� →(3) 
  0   𝜕𝑟 𝑟 𝜕𝜃 𝑟 𝑟 𝜕𝜃 𝜕𝑟 𝜃 

Φ and ϕ are displacement potentials; (ζ_r ) → and (ζ_θ ) → - unit vectors (|(l_r ) → |=|(l_θ ) → |=1. 

Displacement potentials (3) satisfy the wave equations, т.е. 
 

 
 

where 

С2 = (𝜆 + 2 ∙ 𝜇)/ 𝜌,   С2 = 𝜇/𝜌 

∆2𝜙 = 
1 𝜕2𝜙 

С2  𝜕𝑡2 

, ∆2𝜙 =   
1   𝜕2𝜙

(4) 
𝐶2 𝜕𝑡2 

1 2 

Initial condition  (�⃗�→|t≤0≡0, 
�⃗⃗⃗�𝑢→ 

t≤0=0, (5) in the displacement potentials takes the form 
𝜕𝑡 

 

Φ(r, θ, t)|t=0 = 𝜓(r, θ, t)|t=0 = 0 r>α, -π<θ≤π (6) 

 

𝜕𝜙 (𝑟,𝜃,𝑡)
|t=0 = 

𝜕𝜓 (𝑟,𝜃,𝑡)
|t=0 =0.

 

r>α, -π<θ≤π 
𝜕𝑡 𝜕𝑡 

in a limitless environment t=0 transient load acts in the form 

𝜎𝑟𝑟(𝛼, 𝜃, 𝑡) = 𝑃𝑟(𝜃, 𝑡),
} (7)

 

𝜎0𝜃(𝛼, 𝜃, 𝑡) = 𝑃𝜃(𝜃, 𝑡) 

where𝑃0(𝜃, 𝑡)and𝑃𝑐(𝜃, 𝑡)specified external load. The problem is solved in dimensionless coordinates. 

(𝜎r, 𝜎θ, 𝜎rθ) = (𝜎r, 𝜎θ, 𝜎rθ) / μ, (ù, 𝜈) = (u, 𝜈) / a, 
(ф, 𝜓) = (ф, 𝜓) / α2 ,𝑟 = 𝑟 / α, (t ,T) = (t,T) c2/q , 

C = c1/c2 = (2/(1-v))1/2; c2 = 1, θ = 1. 
 

If the longitudinal and transverse potentials are known, it is possible to outstrip the stresses and 

displacements in a cylindrical (r, θ, z) coordinate system. 
 

𝜎 = 𝑐2 ∙ ∆2 ∙ 𝜙 − 𝑟 ∙ [
1 𝜕𝜙 

+  
1  𝜕2𝜙 

+  
1  𝜕𝜓 

+  
1

 
   

𝜕2𝜓 ] 
𝑟𝑟 1 𝑟 𝜕𝑟 𝑟2 𝜕𝜃2 𝑟2 𝜕𝜃 

 

𝑟2 𝜕𝑟𝜕𝜃 

𝜎𝜃𝜃 = (𝐼 + 𝑣) ∙ 𝐶2 ∙ ∆2 ∙ 𝜙 − 𝜎𝑟𝑟 
𝜎 =  −∆2 ∙ 𝜓 + 2 ∙ [

1 𝜕𝜓 
+  

1  𝜕𝜓2 

+  
1  𝜕𝜙 

+ 
1  𝜕𝜙2 

] 
   

(8) 

𝑟𝜃 𝑟 𝜕𝑟 𝑟2 𝜕𝜃2 𝑟2 𝜕𝜃 𝑟 𝜕𝑟𝜕𝜃 𝖩 
 
 

External load Pr (θ, t) and Pθ (θ, t) can be represented as: 
 

Pθ(θ,t) = ∑∞    {𝑃
(𝑛) 

(𝑡) 𝑐𝑜𝑛𝑛 ∙ 𝜃 + 𝑃(𝑛)(𝑡) sin 𝑛 ∙ 𝜃} 
 

(9) 
𝑛=0 𝑐 𝑠 

 

Pθ(θ,t) = ∑∞    {𝑆
(𝑛) 

(𝑡) 𝑐𝑜𝑛𝑛 ∙ 𝜃 + 𝑆(𝑛)(𝑡) sin 𝑛 ∙ 𝜃} 
𝑛=0 𝑐 𝑠 
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0 

1 2 

𝑛=0 

n=0 

𝑛=0 

𝑛=0 

1 

𝑃(𝑛)(𝑡) = {𝑞(𝑛) cos 𝑛 ∙ Ω ∙ 𝑡 − 𝑞(𝑛)𝑠𝑖𝑛 ∙ 𝑛 ∙ Ω ∙ 𝑡) } ∙ 𝐻(𝑡) 
𝑐 𝑐 𝑠 1 

𝑃(𝑛)(𝑡) = {𝑞(𝑛) sin 𝑛 ∙ Ω ∙ 𝑡 − 𝑞(𝑛)𝑐𝑜𝑠 ∙ 𝑛 ∙ Ω ∙ 𝑡) } ∙ 𝐻(𝑡) I 
𝑠 𝑐 𝑠 

𝑆(𝑛)(𝑡) = {𝑟(𝑛) cos 𝑛 ∙ Ω   ∙ 𝑡 − 𝑟(𝑛)𝑠𝑖𝑛 ∙ 𝑛 ∙ Ω ∙ 𝑡) } ∙ 𝐻(𝑡)❵  
𝑐 𝑐 1 𝑠 1 

𝑆(𝑛)(𝑡) = {𝑟(𝑛) sin 𝑛 ∙ Ω ∙ 𝑡 + 𝑟(𝑛)𝑐𝑜𝑠 ∙ 𝑛 ∙ Ω I ∙ 𝑡) } ∙ 𝐻(𝑡) 
𝑐 𝑐 1 𝑠 1 𝖩 

 

𝑞(𝑛), 𝑞(𝑛), 𝑟(𝑛) и 𝑟(𝑛)- amplitudes of external loads, H (t) - Heaviside unit functions. 
𝑐 𝑠 𝑐 𝑠 

Wave equation (4) taking into account (6) is solved by the method of integral Laplace transform 

f(p) = α{f(t)} = ∫
∞ 

𝑒−𝑝𝑡 ∙ 𝑓(𝑡)𝑑𝑡, (10) 

∆2ϕ = 𝑝
2 

𝜓 , ∆2ϕ = 𝑝
2 

𝜓 
𝐶2 𝐶2 

 

 

The solution to equation (10) is expressed in terms of the modified Bessel functions 
 

ϕ(𝑟, 𝜃, 𝑝) = ∑∞ 𝐾𝑛 [
𝑃∙𝑟

] [𝐴 
𝑐1 

(𝑝)𝑐𝑜𝑠𝑛𝜃   + 𝐵𝑛 (𝑝)𝑠𝑖𝑛𝑛𝜃]  
}(11) 

ϕ(r, θ, p) = ∑∞ Kn(p, r)[Cn(p)cosnθ + Dn(p)sinnθ, 
 

WhereКn(x) – modified Bessel functions, 

An,Bn,Cnend Dn– arbitrary constants are determined from the contact conditions. After that, we 
determine the corresponding voltage, which takes the following form. 

 

𝜎𝑟𝑟 (𝑟, 𝜃, 𝑝) = ∑∞ 
{[𝐴𝑛(𝑝) ∙ 𝐴 ∙ 𝐿𝑛(𝑝, 𝑐, 𝑟) + 𝐷𝑛(𝑝) + 𝐵 ∙ 𝐿𝑛(𝑝, 𝑐2, 𝑟)]𝑐𝑜𝑠𝑛𝜃 + 

1
 

+[𝐵𝑛(𝑝) ∙ 𝐴 ∙ 𝐿𝑛(𝑝, 𝑐1, 𝑟) − 𝐶𝑛(𝑝) ∙ 𝐵 ∙ 𝐿𝑛(𝑝, 𝑐2, 𝑟)]𝑠𝑖𝑛𝑛𝜃}, 
𝑟𝑟𝜃(𝑟, 𝜃, 𝑝) = ∑∞   {[𝐵𝑛(𝑝) ∙ 𝐵 ∙ 𝐿𝑛(𝑝, 𝑐1, 𝑟) − 𝐶𝑛(𝑝) ∙ 𝐴 ∙ 𝐿𝑛(𝑝, 𝑐2, 𝑟)] 𝑐𝑜𝑠𝑛𝜃 − I 

−𝐴𝑛(𝑝) ∙ 𝐴 ∙ 𝐿𝑛(𝑝, 𝑐1, 𝑟)] 𝑐𝑜𝑠𝑛𝜃 − [𝐴𝑛(𝑝) ∙ 𝐵 ∙ 𝐿𝑛(𝑝, 𝑐2, 𝑟) + (12) 

+𝐷𝑛 (𝑝) ∙ 𝐴 ∙ 𝐿𝑛 (𝑝, 𝑐2 , 𝑟)] 𝑠𝑖𝑛𝑛𝜃, 
❵

 
 

𝜎 (𝑟, 𝜃, 𝑝) = (1 + 𝑣 ∑∞ 𝑝𝑟  [ (  ) (  ) ] 
I

 
𝜃𝜃 

 
 

where 

𝑛=0 𝐾𝑛 (𝑐  
) 𝐴𝑛 𝑝 ∙ 𝑐𝑜𝑠𝑛𝑛𝜃 + 𝐵𝑛 𝑝 𝑠𝑖𝑛𝑛𝜃 − 𝜎𝑟𝑟(𝑟, 𝜃, 𝑝,𝖩 

ALn(p,cp,r) = [𝑝2 + 
2𝑛(𝑛−1)

] 𝐾   [
𝑝𝑟𝑐] + 

2𝑝 
Kn+1[

𝑝∙𝑟
] 

    

𝑟2 𝑛   𝑠𝑝
 2𝑠 𝑆𝑝 

BLn(p,cp,r) = 
2𝑛 

[
𝑛−1 

𝐾 
  

(
𝑝𝑟

) − 
𝑝  

𝐾 
  

(
𝑝𝑟

)], 
 

𝑟 𝑟 𝑛   𝑐𝑟
 𝑐𝑝 𝑛+1 𝑐𝑝 

A (p) = 
[𝐴𝐿𝑛(𝑝,𝑐2,𝑎)𝑝𝑛(𝑝)+𝐵𝐿𝑛(𝑝,𝑐2,𝑎)∙𝑆𝑛(𝑝)]

,
 

𝑐 𝑠 

n 
∆𝑛(𝑝) 

B (p) = 
[𝐴𝐿𝑛(𝑝,𝑐2,𝑎)𝑝𝑛(𝑝)−𝐵𝐿𝑛(𝑝,𝑐2,𝑎)∙𝑆𝑛(𝑝)]

,
 

𝑠 𝑐 
n 

∆𝑛(𝑝) 

C (p) = 
[𝐵𝐿𝑛(𝑝,𝑐1,𝑎)𝑝𝑛(𝑝)−𝐴𝐿𝑛(𝑝,𝑐1,𝑎)∙𝑆𝑛(𝑝)]

,
 𝑠 𝑐 

n 
∆𝑛(𝑝) 

D (p) = -   
[𝐵𝐿𝑛(𝑝,𝑐1,𝑎)𝑝𝑛(𝑝)+𝐴𝐿𝑛(𝑝,𝑐1,𝑎)∙𝑆𝑛(𝑝)] 

𝑐 
n 

∆𝑛(𝑝) 

𝑠 , 

∆𝑛(𝑝) = 𝐴𝐿(𝑝, 𝑐1, 𝑎)𝐴𝐿(𝑝, 𝑐2, 𝑎) - 𝐵𝐿(𝑝, 𝑐1, 𝑎)𝐵𝐿(𝑝, 𝑐1, 𝑎) 

𝑛 
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𝑘=1 

𝑘=1 

𝑘=1 

( ) 1 

∫1 

 
 

Passing from mapping (12) to the original, using the inversion theorem after mathematical 

transformations, we obtain the expressions for the stresses 

𝜎𝑟𝑟(r,θ,t) = ∑∞ 
𝜎𝑟𝜃(r,θ,t) = ∑∞ 
𝜎𝑟𝜃(r,θ,t) = ∑∞ 

𝑟1𝑘 (𝑐1, 𝑐2, 𝑎, 𝑝𝑘) ∙ 𝑟𝑘(𝑡) 
𝑟2𝑘 (𝑐1, 𝑐2, 𝑎, 𝑝𝑘) ∙ 𝑟𝑘(𝑡) 
𝑟3𝑘 (𝑐1, 𝑐2, 𝑎, 𝑝𝑘) ∙ 𝑟𝑘(𝑡) 

 

∞ 

𝑟𝑘(𝑡) = ∫ 𝑝(𝑟)𝐴(𝑡 − 𝑟)𝑑𝑟 

𝑂 
 

𝑟   (𝑐 , 𝑐 , 𝑎, 𝑝 ) = - 
 1  ∆𝑛𝑘𝑆𝑚𝑘+∆𝑛𝑘∙𝑆𝑚𝑘 

3𝑘 1 2 𝑘 𝑝𝑘 
𝜕∆ 

(    ) 
∆𝑝 𝑝=𝑝𝑘 

Where are the coefficients𝑆𝑚𝑘𝑆𝑚𝑘, ∆𝑛𝑘и∆𝑛𝑘are expressed in terms of special Bessel and Hankel 

functions of the first and second kind of the nth order. 

In a particular case, consider the propagation of radial waves about cylindrical holes, then the equation 

of motion (4) takes the following form: 
 

𝜕2𝑢 
+  

𝐼 𝐷𝑢 
− 

𝑢 
2 

=   
𝐼   𝜕 𝑢

; (13) 

 
whereα2 = (λ+2μ) / ρ 

𝜕𝑟2 𝑟 𝜕𝑟 𝑟2 𝑎2  𝜕𝑡2 

Cylindrical surfaces r = α at t≥0 are subjected to unsteady loads in the form 

(σrr)r=a = -pδ(t-T), (14) 

Where δ(t-T) – delta - Dirac functions. To solve equation (13), the integral Laplace transform (9) is 

also used and takes the following form: 

𝜕2𝑢 
+  

𝐼 𝜕𝑢 
− (

𝑝2  

+ 
1 

) 𝑢 = 0 
𝜕𝑟2 𝑟 𝜕𝑟 𝑎2 𝑟2 }(15) 

[(𝜆 + 2 ∙ 𝜇 ) 𝜕𝑢 
𝜕𝑟 

+ 𝜆 
𝑢 𝑟=𝑎 

] 
𝑟 

= −𝑝 ∙ 𝑒 −𝑝𝑡 

 
 

Solution (15) is also expressed in terms of the cylindrical Bessel functions of the first and second kind 
𝑃∙𝑒−𝑝𝑡𝐾1(

𝑝𝑟
) 

𝑈(𝑟, 𝑝) = 𝑝 𝑝𝑎 

𝑎 
𝜆+2𝜇 ∙𝐾0∙( 

𝑎
 

𝑎 

)+ 
2𝜇

∙𝐾 ( 
𝑎 

𝑝𝑎
)

 
𝑎 

 
(16) 

𝑃∙𝑒−𝑝𝑡(𝜆+2𝜇)
𝑝
∙𝐾0(

𝑝𝑟
)+  

2𝜇
𝐾1(

𝑝𝑟
) 

𝜎(𝑟, 𝑝) = 𝑝 𝑎 
𝑝𝑎 

𝑎 
2𝜇 

𝑎 𝑎 
𝑝𝑎 

𝑎
(𝜆+2𝜇)∙𝐾0∙( 

𝑎 
)+ 

𝑎 
𝐾1∙( 

𝑎 
) 𝖩 

 
In order to find the original, we use the following modified Bessel expression 

 

 

Kn(z) = 

1 
𝐹( ) 

2 
 1 

Г(𝑛+ ) 
2 

∙ (
𝑧2

 
2 

)   
∞ 

𝑒−𝑧𝑡 ((𝑡2 − 1) 

 
𝑛− 

 

1 

2) 𝑑𝑡(17) 
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After some transformations (16), using (17), the following expressions for displacements and stresses 

can be obtained: 
 

U(r,t) = 𝛼∙𝑃∙𝑒
−𝑃𝑇 

𝐾 (𝑝𝑟) 
𝑒𝑝 

/[𝐾 (𝑝) + 
𝑦 

𝐾 (𝑝)]𝑒𝑝 
   

𝛼(𝜆+𝑟∙𝜇)     1 𝑝 𝑜 𝑝    1 

𝜎` (𝑟, 𝑝) = −𝑝 ∙ 𝑒−𝑃𝑇 [𝐾 (𝑝, 𝑟) + 
𝑦 

𝐾 (𝑝𝑟)] 𝑒𝑝/[𝐾 (𝑝) + 
𝑦 

𝐾 (𝑝)]𝑒𝑝 
  

𝑟𝑟 0 𝑝𝑟   1 0 𝑝   1 

 

The results of the work were used to determine the original. 
 

𝑂дляО < 𝑡 − 𝑇 < 𝑟 − 1 
𝑒 

∫  𝑢(𝑟, 𝜂, 𝑇) ∙ 𝑞(𝑡 − 𝜂)𝑑𝜂 =  { 
0 

 
𝑎 ∙ 

𝑎 ∙ 𝑃 

(𝜆 + 2𝜇) 
∙
 

1 
√(𝑡 − 𝑇 + 1)2 − 𝑟2 

𝑟 
 

для𝑡 − 𝑇 > 𝑟 − 1 

𝑒 

 
𝑂, 0 < 𝑡 − 𝑇 < 𝑟 − 1 

 

 
где 

∫ 𝜎𝑟𝑟 

0 

(𝑟, 𝜂, 𝑇) ∙ 𝑞(𝑡 − 𝜂)𝑑𝜂 = { 𝑟2 + 𝑦((𝑡 − 𝑇 + 1)2 − 𝑟2) 
−𝑃    

𝑟2√(𝑡 − 𝑇)2 − 𝑟2 
𝑡 − 𝑇 > 𝑟 − 1 

 

g(t) = L-1 [epK0(p) + 
𝑒𝑝 

 

 

𝑝 

 
 

yK1(p)] = (1+y((t+1)2-1))/√(𝑡 + 1)2 − 1) 
 

let the load q be applied to the cylindrical hole at t≥0 

(σrr)r=a = -q(t), 

 
 

then the expression for displacement and stress takes the form: 

𝑂дляО < 𝑡 − 𝑇 < 𝑟 − 1 
 ل

𝑒 I 2 ∙ 𝑞 𝑡 + 1 
∙ [ 

 
 

√(𝑡 + 1)2 − 𝑟2 − 𝑟/2 ∙ 

∫  𝑢(𝑟, 𝜂, 𝑇) ∙ 𝑞(𝑡 − 𝜂)𝑑𝜂 = 
0 

𝑎 ∙ (𝜆 + 2𝜇) 

❪  

2𝑟    

𝑡 + 1 + √(𝑡 + 1) − 𝑟2 
I ∙ log ( )] 
𝗅 𝑟 

 

fort>r-1 
 
 

 

 

𝑒 

∫ 𝜎𝑟𝑟(𝑟, 𝜂, 𝑇) ∙ 𝑞(𝑡 − 𝜂)𝑑𝜂 
0 

 
 

𝑂, 𝑓𝑜𝑟0 < 𝑡 − 𝑇 < 𝑟 − 1 

= { 
−𝑞[ 

𝑡 + 1 − 𝑦 
√(𝑡 + 1)2 − 𝑟2 + (1 − 

2𝑟 

𝑦 

2) 
∙ log( 

 
 

𝑡 + 1 + √(𝑡 + 1) − 𝑟2 
𝑟 

 
)]𝑓𝑜𝑟𝑡 > 𝑟 − 1 

Were y=2μ/(λ+2μ) 
2 
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If a load is applied to the cylindrical hole in the form 

σrr(r,t)=Poe
-dT

 

then, as in the first case, the displacement and stress can be found using the Duhamel integral. 
 

𝑎(𝜆+𝑟𝜇)     𝑡 
 

 

𝑞(𝑡 − з) 𝑢(𝑟, 𝜂)𝑑𝜂 = 𝑡−𝑟+1 1 √(𝑡 − 𝑇 + 1)2 − 𝑟2𝑒𝑑𝑇𝑑𝑇 
1    𝑡

 
 

  

𝑞(𝑡 − ф)у (𝑡, з)𝑑з = 

𝑎∙𝑃0 
∫

𝑟−1 0 𝑟 
𝑟 ∫𝑟−1 

𝑟𝑟 
𝑡−𝑟+1 𝑟2+𝑦{(𝑡−𝑇+1)1−𝑟2 

𝑒−𝑑𝑇 𝑑𝑇
 

∫
0 𝑟2√(𝑡−𝑇+1)2−𝑟2 

 

 

The definitions of displacements and stresses in calculations are presented in Fig. 2 at 

𝑟 = 1,5;2,0;3,0;4,0; y=0,8. 

 

Rice. 2 Change of displacements of a cylindrical strip depending on time. 

 

The calculation results show that displacements and stresses reach their maximum values in the initial 

period of time. Now let us determine the stress-strain state of a cylindrical hole in the two-dimensional 

case. 
 

 

 

 
Here 

у𝑟𝑟
(𝑎, и, 𝑡) = 𝑃𝐻(𝑡)

}
 

у𝑟и
(𝑎, и, 𝑡) = 0 

 
 

P = {
𝑃𝑜 (1+cos

𝜋𝜃
) (𝜃 + Ω𝑡) , |𝜃|≤Q0 

Q0<|𝜃|<𝜋 
𝑟𝑜 𝜃0 

 

The expression qc(n) takes the following form 

∫ 
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c 

q (n) = {
𝑃0 sin 𝜃0 ( 

𝜋 

𝜋2−𝑛2∙𝜃2) 
, 𝑛 ≥ 1 𝑛 = 

𝜋
 

 
 

c 
𝑛

 𝑃0∙𝜃0 , 𝑛 = 0, 𝑛 = 𝜋/𝜃 𝜃0 

2𝜋 0 

 

q3
(n) = 0, K (n)=r0

(n) = 0 
 

The calculation results are shown in Fig. 3,4,5. 

Fig. 3 Change in radial stress as a function of time at 

𝜃 = 0 
 

 

Fig. 4 Change in radial stress at𝜃 = 
𝜋

 
3 
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Fig. 5 Voltage change depending on time and coordinates. 

 

 
(θ=0, π/3; π/6) depending on the time. It can be seen that all force factors take on a maximum value at 

the initial moment of time. Thus, we have obtained an accurate analytical expression of displacement 

and stress. 

Obtaining numerical results in a particular case (for axially symmetric radial loads) is compared with 

the results of work [2], the results of calculations at the initial time differ by up to 20% with increasing 

time differs from 5% -15%. 
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