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Abstract 

Influence of the microwave oven - radiation on processes of the fissile deformation and a relaxation of me-

chanical tension in the loaded exemplars of stainless steel is established at action of impulses of current and the 

different directions of a vector E microwave ovens - radiations concerning an exemplar axis. The analysis of a 

microstructure of exemplars with current and without current in various parameters showed significant influence 

of external power impacts on deformation of grains of steel. Change of phase structure on the maintenance of 

martensitic and austenitic phases in steel is established. Results demonstrate existence of the additional mechanism 

of an electroplastic strain in crossed fields of microwave radiation and an internal magnetic field of current. 

 

Keywords: Microwave radiation, impulse current, steel 12X18H10T, deformation, microstructure, electro-

plastic deformation, ponderomotive factors. 

 

Physical conditions of creation of ponderomotive 

effects at electroplastic deformation are investigated, 

for receiving materials with a complex of high physi-

comechanical and office characteristics. It is shown that 

in the conditions of electroplasticity, realization of best 

values of ponderomotive factors is reached with fre-

quencies when the magnetic field doesn't manage to get 

significantly into material, at the same time diffusion 

rate will depend, as on conduction of metal, and current 

frequency. With body height of a pulse repetition rate 

that, magnetic and electric field is displaced to an ex-

emplar surface, and with increase in radius of an exem-

plar body height of a magnetic intensity and decrease 

of a current density is observed.  

Realization of an electroplastic strain of metals in 

the conditions of exaltation of their electronic subsys-

tem high-energy influences programs management of 

deformation processes and modifies properties of ma-

terials. It opens a new path for management of a plastic 

strain of metals of nonconventional methods by means 

of high-energy influences at realization of electro-

plastic deformation at the expense of the arising pon-

deromotive factors. 

 

INTRODUCTION 

The perspective direction of development of solid 

state physics and physical materials science in the pre-

sent is, creation of high-intensity technologies for re-

ceiving materials with a complex of high physicome-

chanical and office characteristics. 

One of the most effective approaches for the solu-

tion of this task, is implemented at electronically plastic 

strain (EPD) of metals at exaltation of their electronic 

subsystem by high-energy influences, for the purpose 

of the programmed management of deformation pro-

cesses. In the flexing area, through the material loaded 

above a yield point short impulses of current lasting 10-

4 were passed. And Jm density = 103 And/mm2. In an 

exemplar there is an exaltation of an electronic subsys-

tem of metal and the electroplastic effect in the form of 

oscillations of deforming efforts, without essential heat 

effect and a thermal dilatation is implemented. 

In scientific and applied aspect it is necessary to 

count and simulate by means of mathematical programs 

and graphic images, physical conditions of creation of 

ponderomotive factors, in relation to concrete techni-

cally important materials, in the conditions of defor-

mation by dead, dynamic and reversal loads. 

The impulse current in the metal deformed above 

a yield point causes the ponderomotive action caused 

by periodic compression of exemplars in the radial di-

rection an internal magnetic field of current and exalta-

tion in exemplars of elastic vibrations with a frequency 

of following of impulses. Under the influence of own 

magnetic field of current which ring lines covers an ex-

emplar there is a polarization of an electronic subsys-

tem of metal and, as a result, emergence of a cross elec-

tric field [1-4].Let 𝐻𝑚(𝑥, 𝑡)– an internal magnetic field 

in an exemplar. Let's considerthe look equation: 

𝐻𝑚(𝑥, 𝑡) = ∫ 𝐺(𝑥, 𝑥′, 𝑡)𝑓(𝑥′)
∞

−∞

𝑑𝑥′,         (1) 

where 

 𝐺(𝑥, 𝑥′, 𝑡) = (4𝜋𝐷𝑡)−1/2𝑒𝑥𝑝 [
(𝑥′−𝑥)2

4𝐷𝑡
]. 

𝐻𝑚(𝑥, 𝑡) = (4𝜋𝐷𝑡)−
1
2 ∫ {𝑓(𝑥′)  

∞

0

+ 𝑓(−𝑥′) 𝑒𝑥𝑝 [−
(𝑥′ + 𝑥)2

4𝐷𝑡
]} 𝑑𝑥′. (2) 

Meeting a boundary condition, we will have: 

𝐻𝑚(0, 𝑡) = (4𝜋𝐷𝑡)−
1
2 ∫ 𝑒𝑥𝑝 [−

𝑥′2

4𝐷𝑡
]

∞

0

∙ {𝑓(𝑥′) − 𝑓(−𝑥′)}𝑑𝑥′.                 (3) 

The condition will be satisfied if 𝑓(−𝑥′) =
−𝑓(𝑥′) (0 ≤ 𝑥′ ≤ ∞). 
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Let's substitute (3), taking into account a condi-

tion, in (2) and we will receive: 

𝐻𝑚(𝑥, 𝑡) = (4𝜋𝐷𝑡)−
1
2 ∫ 𝑓(𝑥′) {𝑒𝑥𝑝 [−

(𝑥′ − 𝑥)2

4𝐷𝑡
]

∞

0

−𝑒𝑥𝑝 [−
(𝑥′ + 𝑥)2

4𝐷𝑡
]} 𝑑𝑥′.            (4) 

Let's substitute (3) in (4) and we will receive: 

𝐻𝑚(𝑥, 𝑡) =
𝐻0

√4𝜋𝐷𝑡
∫ {𝑒𝑥𝑝 [−

(𝑥′ − 𝑥)2

4𝐷𝑡
]

∞

0

−𝑒𝑥𝑝 [−
(𝑥′ + 𝑥)2

4𝐷𝑡
]} 𝑑𝑥′.            (5) 

Let's break integral into two items and we will en-

ter new variable integrations: 

𝛼 =
𝑥′ − 𝑥

√4𝐷𝑡
, 𝛽 =

𝑥′ + 𝑥

√4𝐷𝑡
,            (6) 

Let’s receive 

𝐻𝑚(𝑥, 𝑡) =
𝐻0

√𝜋
∫ 𝑒−𝛼2

𝑑𝛼

𝑥

√4𝜋𝐷𝑡

−
𝑥

√4𝜋𝐷𝑡

=
2𝐻0

√𝜋
∫ 𝑒−𝛼2

𝑥

√4𝜋𝐷𝑡

0

, 

or 

𝐻𝑚(𝑥, 𝑡) = 𝐻0𝜃 (
𝑥

√4𝜋𝐷𝑡
),           (7) 

where 𝜃(𝑧) =
2

√𝜋
∫ 𝑒−𝛼2

𝑑𝛼
𝑧

0
. Then (7) ‒ a material 

magnetic field in an exemplar. 

Where �⃗⃗�  strength of an internal magnetic 

field,rexemplar section in which is defined a field gra-

dient. 

Let's allocate the surface element of 𝑑𝑙 , and as for 

all surface elements the impulse current has one value, 

the complete magnetic intensity of�⃗⃗�  is equal 

�⃗⃗� =
1

4𝜋
𝐼 ∫

𝑠𝑖𝑛𝛼

𝑟2
𝑑𝑙 .                 (8) 

But considering 𝑟𝑠𝑖𝑛𝑎 =  𝑅 

𝑑𝑙 

𝑟2
=

𝑑𝛼 

𝑅
.                         (9) 

Substituting in (10) formula (9) and passing to an 

integration on acorner 𝛼 ranging from 𝛼1 to 𝛼2: 

�⃗⃗� =
1

4𝜋
∫

𝑠𝑖𝑛𝛼

𝑅
𝑑𝛼 =

𝛼2

𝛼1

1

4𝜋𝑅
∫ 𝑠𝑖𝑛𝛼 ∙ 𝑑𝛼 

𝛼2

𝛼1

= −
1

4𝜋𝑅
(𝑐𝑜𝑠𝛼2 − 𝑐𝑜𝑠𝛼1),       (10) 

That as a result 

�⃗⃗� =
1

4𝜋𝑅
(𝑐𝑜𝑠𝛼2 − 𝑐𝑜𝑠𝛼1).           (11) 

The electromagnetic field for the fixed bodies is 

described by a set of equations of Maxwell, an Ohm's 

law and coupling equations, and current changes under 

the harmonic law, taking into account 𝑖 = ∫ 𝑗 𝑑𝑆, 𝐻 also 

changes harmoniously [3]: 

𝐻𝑟 = 𝑑𝐻𝑐𝑜𝑠𝜃 =
𝑅

𝑟
𝑑𝐻.                (12) 

Using Biot-Savart-Laplassa's law, we will receive: 

𝑑𝐻 =
𝐼𝑑𝑙𝑠𝑖𝑛𝛼

4𝜋𝑟2
,                     (13) 

Substituting the last expression in formula (13): 

𝐻0
⃗⃗ ⃗⃗  =

𝐼𝑅

4𝜋𝑟3
∫𝑑𝑙 =

𝐼𝑅𝑑𝑙

4𝜋𝑟3
 .             (14) 

Substituting (14) in (7), we will receive value of 

strength of a magnetic field in an exemplar: 

�⃗⃗� =
𝐼𝑅𝑑𝑙

4𝜋𝑟3

2

√𝜋
∫ 𝑒−𝛼2

𝑑𝛼 
𝑧

0

(
𝑥

√4𝜋𝐷𝑡
).     (15) 

Let's calculate j current density in an exemplar. In 

this case the impulse current in an exemplar has only 

one guide of Ax(y,z),Iy=0,Iz=0. Then it is possible to 

use decisions for the potential of an internal magnetic 

field in three areas [4]. Fortop: 

𝐴1
⃗⃗⃗⃗ =

𝜇0𝐼

4𝜋
∫ (𝑒−𝜆|𝑧−ℎ| + 𝑗1⃗⃗  𝑒

−𝜆|𝑧+ℎ|)
∞

−∞

𝑒2𝑗𝜆𝑦

𝜆
𝑑𝜆. (16) 

For the second area: 

𝐴2
⃗⃗ ⃗⃗ =

𝜇0𝜇2𝐼

4𝜋
∫ (𝑒𝑞2𝑧 + 𝑗2⃗⃗  𝑒

−𝑞2𝑧)
∞

−∞

𝑒𝜆(2𝑗𝑦−ℎ)

𝜆
𝑑𝜆. (17) 

Forlower: 

𝐴3
⃗⃗ ⃗⃗ =

𝜇0𝐼

4𝜋
∫ 𝑗3⃗⃗  

∞

−∞

𝑒𝜆(2𝑗𝑦+𝑧−ℎ)

𝜆
𝑑𝜆.      (18) 

The solution of the equations (16)–(18) is possible 

taking into account: 

𝑘2 = −𝐽𝜎𝜔𝜇𝜇0;  𝑞
2 = 𝜆2 − 𝑘2,             (19) 

𝑗1⃗⃗  =
(𝜆2𝜇2

2 − 𝑞2
2)(𝑒𝑞2𝑇 − 𝑒−𝑞2𝑇)

(𝜆𝜇2 + 𝑞2)
2𝑒𝑞2𝑇 − (𝜆𝜇2 − 𝑞2)

2𝑒−𝑞2𝑇
, 𝑗2⃗⃗  

=
2𝑞2(𝑞2 − 𝜆𝜇2)𝑒

−𝑞2𝑇 + 2𝑞2(𝑞2 + 𝜆𝜇2)𝑒
𝑞2𝑇

(𝜆𝜇2 + 𝑞2)
2𝑒𝑞2𝑇 − (𝜆𝜇2 − 𝑞2)

2𝑒−𝑞2𝑇
, 𝑗3⃗⃗  

=
4𝜆𝑞2𝜇2𝑒

𝜆𝑇

(𝜆𝜇2 + 𝑞2)
2𝑒𝑞2𝑇 − (𝜆𝜇2 − 𝑞2)

2𝑒−𝑞2𝑇
.                 (20) 

Density of currents can be determined through po-

tential: 

𝑗 = −𝐽𝜎𝜔𝐴2.                         (21) 

Apparently from the equations (16)–(21) key pa-

rameters defining formation of currents are magnetic 

conductivity, electrical conductance of material of an 

exemplar and frequency of current 
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