
 

American Journal of Physical Chemistry 
2022; 11(2): 25-31 

http://www.sciencepublishinggroup.com/j/ajpc 

doi: 10.11648/j.ajpc.20221102.11 

ISSN: 2327-2430 (Print); ISSN: 2327-2449 (Online)  

 

The Phenomenon of Electric Field Energy Conversion in 
Anisotropic Metadielectric Media 

Аnatoly Аnatolyiovych Аshcheulov
1
, Mykola Yaroslavovych Derevianchuk

2, *
,  

Dmytro Oleksandrovych Lavreniuk
2
 

1Institute of Thermoelectricity, National Academy of Sciences and Ministry of Education and Science of Ukraine, Chernivtsi, Ukraine 
2Separated Structural Subdivision “Applied Сollege of Yuriy Fedkovych Chernivtsi National University”, Uriy Fedkovych Chernivtsi National 

University, Chernivtsi, Ukraine 

Email address: 
 

*Corresponding author 

To cite this article: 
Аnatoly Аnatolyiovych Аshcheulov, Mykola Yaroslavovych Derevianchuk, Dmytro Oleksandrovych Lavreniuk. The Phenomenon of Electric 

Field Energy Conversion in Anisotropic Metadielectric Media. American Journal of Physical Chemistry. Vol. 11, No. 2, 2022, pp. 25-31.  

doi: 10.11648/j.ajpc.20221102.11 

Received: March 23, 2022; Accepted: April 12, 2022; Published: May 7, 2022 

 

Abstract: The features of electric field transformation by anisotropic metamedium at a negative value of the dielectric 

constant in one of the selected principal crystallographic directions are studied. It is established that at the moment of application 

to the upper and lower faces of anisotropic metadielectric plate, which is the basis of the proposed alternative transformer, a 

certain potential difference leads to polarization of its volume and the appearance of both longitudinal and transverse components 

of the vortex electric field. This situation leads to axial folding of its internal field, which in turn leads to the appearance of 

electric field vortices characterized by a turbulent flow. Such electric vortices with a turbulent flow are an efficient mechanism 

for pumping energy between the physical vacuum and, in our case, the anisotropic metadielectric converter plate. The 

dependence of the transformation ratio of this medium on the anisotropy value of the plate material is analyzed. It is found that 

the use of anisotropic metadielectric material in comparison with the classical one is characterized by the values of 

transformation ratio greater than 1. Note that in some cases there is an anomalous increase in the above mentioned ratio. The use 

of anisotropic metadielectric converter under consideration will significantly expand the fields of alternative power engineering 

and other related fields of science and technology. 
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1. Introduction 

Features of electric phenomena in classical anisotropic 

dielectric media led to the emergence of a new method, as 

well as a number of original devices for transforming both 

alternating and constant electric fields, which make it 

possible to expand the practical possibilities of electrical 

engineering, as well as related industries [1-4]. 

The transformation coefficient n of a classical anisotropic 

dielectric converter is represented by the formula 

n m f= ⋅ ,                   (1) 

( ) ( )2 2
|| 11 22 11 22sin cos cos sinm ε ε ε ε α α ε α ε α⊥= = − +  

where m  is transformation ratio of a classical anisotropic 

unipolar plate material, /f a b=  is its form factor [3, 4]. 

The study of the values of the transformation ratio m for an 

extreme angle α ( 0dm dα = ) showed that the maximum 

value of m is observed at the angle max. 11 22arctgα ε ε=  

( ) ( )
max. max.

1

2

K K
m m

K
α

−
= = ,          (2) 

where K = ɛ11/ɛ22. 

In so doing, it should be noted that when classical 

anisotropic dielectric materials are used, the value of the 

transformation ratio m grows smoothly in comparison with 

the growth of the coefficient K, directly depends on the 
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choice of materials and, in this regard, is quite limited. Note 

that the maximum value of the transformation ratio m in the 

case of using classical anisotropic dielectric materials does 

not exceed 1. 

Note that the volume of an anisotropic dielectric plate, 

which is the basis of the transformer, is characterized by the 

presence of a vortex electric field with only a laminar flow. 

In 1931, P. Dirac showed the possibility of the existence of 

states with a negative value of dielectric (ε) and magnetic (µ) 

permeability in the region of helium temperatures. 

The physical interpretation of the effect that causes 

negative values of ε and µ of substances, later called 

metamaterials, was first presented in 1967 by V. G. Veselago 

[5]. Experimental confirmation of this phenomeon was 

established by American researchers at the University of 

California San Diego in 2000 [6]. 

To date, more than 1000 papers have been published in this 

direction, mainly in the fields of optics, radiophysics, and 

others [6-9]. 

This paper presents the results of previous research on the 

possibility of using anisotropic metadielectric materials for 

the electric field transformation. 

2. Model of Anisotropic Metadielectric 

Transformer (AMDT) 

Let us consider an anisotropic medium, the dielectric 

constant tensor ε̂  of which, in the main crystallographic axes 

OX, OY, OZ, is given by: 

11

0 22

33

0 0

ˆ 0 0

0 0

ε
ε ε ε

ε
= − .                 (3) 

One of the variants of such an anisotropic metadielectric 

medium is an alternating layered structure based on 

dielectrics with the positive and negative values of the 

dielectric constant ε. 

Creating from such a material a rectangular plate of size 

a b c× ×  ( a c b≈ >> ), the crystallographic axes OX and OY 

of which are located in the plane of its lateral face a b× , and 

one of these axes is located at some angle α to the edge a 

( 0 90a< < �

) (Figure 1), allows us to represent the tensor ε̂  as 

follows: 

( )
( )

2 2
11 22 11 22

2 2
0 11 22 11 22

33

cos sin sin cos 0

ˆ sin cos sin cos 0

0 0

ε α ε α ε ε α α

ε ε ε ε α α ε α ε α
ε

− +

= + −  (4) 

characterized by the presence of both longitudinal ( ||ε ) and 

transverse ( ε ⊥ ) components 

( )2 2
|| 0 11 22cos sinε ε ε α ε α= −              (5) 

( )0 11 22 sin cosε ε ε ε α α⊥ = + .             (6) 

 

Figure 1. Orientation of crystallographic axes ОХ, ОY and ОZ of anisotropic 

metadielectric plate and location of vectors of electric fields 1E
�

, 2E
�

, and 

induction 1D
�

, 2D
�

. 

 

Figure 2. Dependence of transformation ratio m of АМDT on the angle α at fixed anisotropy coefficients of metadielectric material K=0,75; 10; 50; 100.. 
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In so doing, the transformation ratio m of such a plate is of 

the form: 

( )11 22
1 2 2

|| 11 22

sin cos

cos sin
m

ε ε α αε
ε ε α ε α

⊥ +
= =

−
          (7) 

Numerical estimates show that at a c b≈ >>  the boundary 

conditions on the end b c×  and lateral a b×  faces can be 

neglected [3]. 

Investigation of function 

1 2

( 1)
( , )

K tg
m K

K tg

αα
α

+=
−

              (8) 

for an extremum ( 2 2
0, 0m mα α∂ ∂ = ∂ ∂ < ) demonstrates 

that extremum function points are missing. 

It should be noted that the value of the m ratio of anisotropic 

metadielectric material can be varied within wide limits by 

selecting the optimal angle α. This possibility is shown in 

Figure 2 for four anisotropic metadielectric materials with 

anisotropy coefficients 0.75, 10, 50 and 100. From this graph 

it follows that there is always the possibility of selecting the 

angle α for a given m with the required value and sign. 

In case of α.=45
º
 formula (7) will be given by 

11 22
1

11 22

1

1

K
m

K

ε ε
ε ε

+ += =
− −

               (9) 

Thus, the use of metamaterial with a negative value of the 

dielectric constant 22ε  in one of the selected main 

crystallographic directions leads to an anomalous increase in 

the value of the transformation ratio m, AMDT (Figure 3). 

 

Figure 3. Dependence of transformation ratio m of АМDT on the anisotropy value for dielectric metamaterial at α.=45º. 

a) Dependence of transformation ratio m of АМDT on the anisotropy value at 0<K<1 and the angle α.=45º; 

b) Dependence of transformation ratio m of АМDT on the anisotropy value at 1<K<∞ and the angle α=45º. 

The explanation of this phenomenon in the first 

approximation can be presented using the concepts of vortex 

electrodynamics and physical vacuum. 

The negative value of the dielectric constant of 

metamaterials is due to the antiparallel arrangement of the 

vectors of phase ФV and group BV velocities of the electric 

field E  [5-12]. 

In the case of AMDT, the values of the coefficient K of the 

anisotropic metadielectric material are determined by the 

selected crystallographic directions. In the first 

crystallographic direction OX (Figure 1) the arrangement of 

the vectors ФV and BV  is mutually parallel (classical), and 

in the OY direction the vectors ФV and BV  have antiparallel 

(meta) orientation. 

The application of some potential difference 

( ) sin( )mU t U tω= ⋅ to the upper and lower faces a b× of such 

a plate (Figure 1) leads to the polarization of its volume and 

the emergence of both longitudinal ||E
��

and transverse E⊥
��

 

components of the vortex electric field [13]. This situation 

leads to axial folding of its internal field, which in turn leads to 

the appearance of a vortex electric field with a turbulent flow, 

given by the following expression [14, 15] 

rotE ω=
��

,                 (10) 

where ( )11 22, , , , ,F a b cω ε ε α=  is the circular frequency of 

rotation of the electric vortex, the signs "+" and "–" indicate 

the direction of its rotation. 

We write the criterion for the appearance of a vortex by the 

formula 
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11 22E E

x y

∂ ∂
≠ −

∂ ∂
,                 (11) 

where E11, E22 are electric field intensities along the chosen 

crystallographic axes. 

Such axial electric vortices are an effective mechanism that 

pumps energy between the physical vacuum and, in our case, 

AMDT. 

As is known, the physical vacuum is a highly symmetrical 

structured vortex system characterized by the presence of an 

ultra-high amount of energy [16-19]. In the general case, it is 

represented by the formula as follows 

1

0,5

n

W A

∞

=

= ⋅∑ ħ ω,               (12) 

where A is the coefficient, ħ is the Planck constant; ω is 

circular frequency [17]. 

Depending on the direction of rotation of the electric vortex 

of the plate, which is determined by the anisotropy coefficient 

K of the plate material at 1<K<∞ – right, and at 0<K<1 – left 

– physical vacuum, respectively, gives energy to AMDT or 

receives it from the converter. 

Thus, the proposed model allows us to present the original 

technology for creating a method of energy transformation 

with high environmental performance. 

The application of the described AMDT shows that its 

transformation coefficient is the following expression 

.

1 12
.

( 1) ( )

( )

opt

opt

K tg a
n m f

bK tg

α
α

+
= ⋅ = ⋅

−
         (13) 

and here there is a sharp increase in the value of the 

transformation coefficient n1. 

The proposed method of interaction between AMDT and 

physical vacuum allows the generation of both electricity and 

heat and cold. 

A detailed presentation of the physical and mathematical 

model of this method is planned to be presented in future 

publications. 

3. Design Features of AMDT 

In the general case, the choice of a specific AMDT design is 

determined both by the purpose and functional features, and 

by the conditions of its operation. One of the possible design 

options for this device is shown in Figure 4. 

The basis of AMDT is a rectangular plate 1 of anisotropic 

metadielectric material, selected crystallographic axes OX and 

OY of which are located in the plane of the side face a × b, 

while the axis OY is oriented at an angle α to the length a [20]. 

The upper and lower faces a × c of this plate contain 

electrically insulating layers 2, of thickness ∆1 with dielectric 

constant εс, on the outer sides of which are placed conductive 

layers 3 of thickness ∆2 with input electric wires 4, 5. Output 

electric wires 6, 7 are placed on opposite end faces b × c. 

The analysis of the volumetric distribution of the electric 

field of the plate l with the orientation of the crystallographic 

axis ОY at an angle α (Figure 1) showed that the presence of 

electrically conductive layers 3 leads to some distortion in the 

distribution of equipotential surfaces of the electric field, and, 

consequently, to a decrease in the value of the transformation 

ratio m. 

 

Figure 4. AMDT design. 

1 - Plate of anisotropic metadielectric material; 2 - electrically insulating 

layers; 3 - electrically conductive layers; 4, 5 - input; 6, 7 - output electric 

wires. 

If, however, the axis OY is located at an angle j = α – β, the 

equipotential surfaces of the electric field are parallel to the 

faces a × c, (Figure 5), the value of the transformation 

coefficient of AMDT being determined by the expression: 

( )11 22
2 2 2

11 22

sin cos

cos sin

j j a
n

bj j

ε ε
ε ε

+ ⋅
= ⋅

−
.          (14) 

The value of the angle β in this case follows from the 

following expression: 

11 22

11 22

arctg
ε εβ
ε ε

+
=

−
.              (15) 

This design solution almost completely eliminates the 

impact of the conductive layers 3 on the volumetric 

distribution of the equipotential electric surfaces of the AMDT 

under consideration, and may also lead to some increase in the 

transformation coefficient. 

 

Figure 5. Distribution of equipotential surfaces of the electric field when the 

ОY axis is oriented at an angle j = α – β. 

The equivalent electrical substitution circuit of this device 

with respect to electric wires 4 and 5 is three capacitors С1, С2, 
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С3 connected in series (capacitors С1, С3 are formed by an 

electrically conductive layer 3 and surfaces a × c on both sides 

of the plate С2 - the upper and lower surfaces a × c. Wherein 

( )1 3 1cC C acε= = ⋅ ∆ ,             (16) 

( ) ( )2 11 220,5C bc aε ε= ⋅ − ⋅ .          (17) 

As long as ( )11 22cε ε ε>> − , and 1b >> ∆ , then 

1 3 2C C C= >> , hence, almost the entire potential difference 

∆U, connected to electric wires 4, 5, turns to be applied 

directly to the upper and lower faces a×c of plate 1. 

The transverse potential difference that occurs between the 

end faces b×c of the plate forms the output capacitance C4. 

( )4 11 220,5
bc

C
a

ε ε= ⋅ + ⋅ .            (18) 

It should be noted that anisotropic metadielectric material is 

a layered alternating structure based on the layers of classical 

dielectric 1 of thickness τ1 and metadielectric 2 of thickness τ2. 

The method for calculation of this structure and its 

optimization is similar to the method described in previous 

publications and patents of Ukraine [20]. 

Thus, selecting the appropriate value of the anisotropy 

coefficient for the materials of the anisotropic plate, as well as 

its geometric dimensions, we get the opportunity to create 

AMDT with the necessary parameters. 

4. Anisotropic Metadielectric Electric 

Field Generator 

In this case, anisotropic metadielectric material is 

characterized by positive value of transformation ratio m 

(1<K<∞) and orientation of crystallographic axis ε11 at some 

chosen optimal angle α [21]. 

The circuit of such a generator consists of an AMDT, the 

input electric wires 4, 5 of which are connected to an external 

source of electricity generated by the master generator. An 

external load with resistance Z is connected to the output 

electric wires 6, 7. 

When a certain power 0 1( ) sin( )P t P tω= is supplied to the 

input of the AMDT, electric vortices appear in the volume of 

plate 1, which interact with the physical vacuum. This leads to 

the emergence of an energy flow directed from the physical 

vacuum into the bulk of the AMDT. With a positive half-cycle, 

the energy of the physical vacuum is absorbed by the device, 

passing through one of the side faces of the AMDT, with a 

negative value - through the opposite side face (a×b). Finally, 

this results in the appearance on the output electric wires 6, 7 

of electric power Pout which is given by: 

( ) ( )
0 1 0 2

1
sinout

K tg
P P t

K tg

α
ω

α
+ ⋅

=
−

,       (19) 

thus, the right-hand rotation of electric vortices with a 

turbulent flow determines the possibility of AMDT operation 

in the power generation mode. 

The efficiency η1 in this case looks like this: 

1

2

1

( 1)
1

K tg
tg

K tg

η α δ
α

=
+ ⋅+ +
−

,           (20) 

where tg δ is dielectric loss of the material of plate 1. 

The maximum value of the electric power Рmax, which can 

be generated by the AMDT, is determined by the following 

expression: 

( )max.P s M T tgδ= ⋅ ⋅ ∆ ,             (21) 

where M = a ⋅ b ⋅ c ⋅ d is the mass of the plate; d is the density 

of its material; s is the specific heat of the material; Т0 is 

ambient temperature; Тlim is limit operating temperature of the 

material of plate 1. 

Table 1 shows some characteristics of the proposed device 

with different values of the anisotropy coefficient K, the form 

factor of AMDT f = 0.1. 

Analysis of these data shows an increase in the value of E⊥ 

and Р⊥ with a decrease in the anisotropy K of the plate material. 

Table 1. Characteristics of АМDT with form factor 0,1f = . 

Anisotropy coefficient, 

K = ε11/ε22 

Electric field magnitude, 

E|| V⋅сm-1 

Electric field magnitude, 

E⊥ V⋅сm-1 

Power value, 

P||W 

Power value, 

Р⊥ W 

2 1 30 1 27 
1,5 1 50 1 125 

1,2 1 110 1 1331 

1,1 1 210 1 9261 
1 1 0 1 0 

 

It should be noted that, under certain conditions, the 

considered AMDT can also actively operate in the heat power 

generation mode. 

5. Anisotropic Metadielectric Cooler 

As noted above, the left-hand rotation of electric vortices 

with a turbulent flow of the plate leads to a decrease in the 

internal energy of the AMDT. This brings about a 

corresponding decrease in the temperature T of the anisotropic 

plate [22]. 

With a positive half-cycle of power supplied to the AMDT 

input, part of its internal energy is absorbed by the physical 

vacuum through one of the side faces (a×b) with a negative 

half-cycle - through the opposite side face (a × b). 

In this case, the cooling capacity Q is determined as follows 



30 Аnatoly Аnatolyiovych Аshcheulov et al.:  The Phenomenon of Electric Field Energy Conversion in   

Anisotropic Metadielectric Media 

[23]: 

2

( 1)
out

K tg
Q W

K tg

α
α

+ ⋅=
−

,             (22) 

and the temperature difference ∆Т between the environment 

and AMDT, which is achieved by adiabatic isolation of the 

plate faces, 

( ) ( )lossT Q q s M∆ = − ⋅ ,             (23) 

where qloss is loss due to cooling of dielectric and metal layers 

on the upper and lower faces of the transformer, s is heat 

capacity, M is its mass. 

The efficiency η2 of the analyzed cooling process is as 

follows: 

2

2

1

( 1)
1

K tg
tg

K tg

η α δ
α

=
+ ⋅+ +
−

            (24) 

wherе tg δ is dielectric loss of the plate material. 

Table 2 presents the numerical values of the cooling 

capacity Q of AMDT depending on the value of the anisotropy 

coefficient K. 

Table 2. AMDT cooling capacity values. 

Din 1 1 1 1 

K 0.1 0.5 0.9 0.95 

Q 1.2 3 19 37 

With a value of K = 0.1 ÷ 0.98 and tg δ = 10
-2

 the efficiency 

η2 is within η2 = 0.5 ÷ 0.98 and cooling capacity θ = 1.2 ÷ 9.8 

W. 

The results of the research show the prospects for using this 

device as highly efficient refrigeration elements. This method 

allows for efficient utilization and accumulation of the released 

thermal energy from specific objects, various instruments and 

devices, pumping it into the physical vacuum medium. 

6. Conclusion 

For the first time, an original physical model of the energy 

interaction between the vortex electric field of an anisotropic 

metadielectric transformer plate and a physical vacuum was 

proposed. Analysis of this model shows that in the interval 

0<K<1 the value of the transformation ratio m is 

characterized by a negative value, and in the interval 1<K<∞ 

– positive. In the former case, there is a cooling effect, in the 

latter – power generation mode. 

The use of metadielectric material as compared to classical 

one is characterized by values of m greater than 1, which is 

primarily due to electric field vortices with a turbulent flow in 

the bulk of the anisotropic plate. 

Along with the vortex device considered above, the AMDT 

can amplify various signals in a wide spectral range; work 

effectively as an emitter in a wide spectral range; with an 

appropriate selection of optical materials, function as a 

generator of radiant energy in the IR, visible, UV and X-ray 

spectra; as a device for interfacing antenna devices with 

transceiver systems, etc. 

The areas of practical application of AMDT in the form of 

generators of electricity, heat and cold are determined, 

calculated expressions are obtained for their efficiency, which 

is in the range of η = 0.5÷0.98, and the cooling temperature of 

this device can reach the temperature of liquid helium. 

The proposed model will contribute to the advent of new 

directions in power engineering and other related fields of 

science and technology. 

7. Recommendations 

Further studies of this strategic direction, allowing to solve 

issues of general energy supply, should be carried out in the 

areas of research on the mechanisms of energy interaction of 

electric field vortices of a laminar and turbulent nature of the 

flow with the external environment. 

 

References 

[1] Patent of Ukraine № 134213 (2019). A. A. Ashcheulov, D. O. 
Lavreniuk, I. S. Romaniuk. Electricity transformation process 
[in Ukrainian]. 

[2] Patent of Ukraine № 135554 (2019). A. A. Ashcheulov, D. O. 
Lavreniuk, I. S. Romaniuk, M. M. Kondratenko. Dielectric 
transformer [in Ukrainian]. 

[3] Ashcheulov A. A., Derevianchuk M. Ya., Lavreniuk D. O. 
(2020). Effekt transformatsii v anisotropnykh dielektricheskikh 
sredakh [Transformation effect in the anisotropic dielectric 
media]. Tekhnologiya i Konstruirovaniye v Elektronnoi 
Apparature, 4, 24-27. Retrieved from: DOI: 
10.15222/TKEA2020.3-4.24 [in Russian]. 

[4] Аshcheulov A. A., Derevianchuk M. Ya., Lavreniuk D. O. 
(2021). On the possibility of electrostatic transformation by 
anisotropic dielectric environment. American Journal of 
Engineering Research (AJER), 10 (7), 112-118. Retrieved from: 
e-ISSN: 2320-0847 p-ISSN: 2320-0936. 

[5] Veselago V. G. (1968). The electrodynamics of substances with 
simultaneously negative values of ε and µ. Sov. Phys. Usp., 10, 
509-514. Retrieved from: DOI: 
10.1070/PU1968v010n04ABEH003699. 

[6] Metamaterials: physics and engineering explorations (2006). 
Nader Engheta and Ricchard W. Ziolkowski (Ed.). New Jersey: 
Wiley-IEEE Press, 440 p. 

[7] Metamaterials: technology and applications (2021). Pankaj K. 
Choudhury (Ed.). New York: Boca Raton; 1st Ed., 2021, 408 p. 

[8] Dielectric metamaterials: fundamentals, designs, and 
applications (2019). Brener Igal, Liu Sheng, Staude Isabelle, 
Valentine Jason and Holloway Christopher (Ed.). Cambridge, 
United Kingdom: Woodhead Publishing Series in Electronic 
and Optical Materials; 1st Edition, 310 p. 

[9] Electromagnetic metamaterials: modern insights into 
macroscopic electromagnetic fields (2019). Kazuaki Sakoda 
(Ed.). Singapore: Springer; 1st Ed., 292 p. 



 American Journal of Physical Chemistry 2022; 11(2): 25-31 31 

 

[10] Felinskiy S. G., Korotkov D. A., Felinskiy S. S. (2014). Kriterii 
sushchestvovaniia otritsatelnoi dielektricheskoi 
pronitsaiemosti v kristallakh [Criteria for the existence of 
negative dielectric constant in crystals]. Nanomaterialy, 
Nanotekhnologii, 12 (36), 585-593 [in Russian]. 

[11] Poplavko Yu. M. (2015). Fizika dielektrikov [Physics of 
Dielectrics]. Yu. I. Yakimenko (Ed.). Kyiv: NTUU “KPI” [in 
Russian]. 

[12] Nye J. (1967). Fizicheskiie svoistva kristallov i ikh opisaniie pri 
pomoshchi tensorov i matrits [Physical properties of crystals 
and their representation by tensors and matrices]. (2nd ed.). 
Moscow: Mir [Russian transl.]. 

[13] Samoilovich A. G. (2006). Termoelektricheskiie i 
termomagnitnyie metody preobrazovaniia energii 
[Thermoelectric and thermomagnetic methods of energy 
conversion]. Chernivtsi: Ruta [in Russian]. 

[14] Tamm I. E. (2003). Fundamentals of the theory of electricity. 
Moscow: FIZMATLIT. 

[15] Boev A. G. (2009). Elektromagnitnaia teoriia smercha. 
Eletrodinamika vikhria [Electromagnetic theory of tornado. 
Vortex electrodynamics]. Telecommunications and 
Radioengineering, 14 (2), 121–149. 

[16] Prokhorov A. M. Fizicheskaia encyclopedia (Т. 1-Т. 5 
Spravochnoie izdaniie) [Physics Encyclopedia (Vol. 1-Vol. 5. 

Reference work]. Moscow: Sov. Encyclopedia, 1988-1998 [in 
Russian]. 

[17] Vlasov A. N., et al. (2004). Energiia i fizicheskii vacuum 
[Energy and physical vacuum]. Volgograd: Stanitsa-2 [in 
Russian]. 

[18] Shipov G. I. (1987). Teoriia fizicheskogo vakuuma [Theory of 
physical vacuum]. Moscow: Nauka [in Russian]. 

[19] Kozlov V. V. (2013). Obshchaia teoriia vikhrei [General 
theory of vortices]. 2-nd ed. revised and enlarged. Moscow: 
Izhevsk: Institute of Computer Research [in Russian]. 

[20] Patent of Ukraine № u 2021 04174 (2021). A. A. Ashcheulov. 
Anisotropic electrostatic element [in Ukrainian]. 

[21] Patent of Ukraine № 149691. (2021). A. A. Ashcheulov. 
Process of obtaining electricity [in Ukrainian]. 

[22] Patent of Ukraine № u 2021 03958 (2021). A. A. Ashcheulov. 
Thermoelectric cooling process [in Ukrainian]. 

[23] Ashcheulov A. A., Derevianchuk M. Ya., Lavreniuk D. O., 
Romaniuk I. S. (2020). Transformatsiia eletricheskogo toka 
anisotropnoi elektroprovodnoi sredoi [Electric current 
transformation by anisotropic electrically conducting medium]. 
Tekhnologiya i Konstruirovaniye v Elektronnoi Apparature, 5-6, 
28-32. Retrieved from: DOI: 10.15222/TKEA2020.5-6.28 [in 
Russian]. 

 


