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ON ENERGY OPPORTUNITIES IN ANISOTROPIC
BIPOLAR ELECTRICALLY CONDUCTIVE MEDIA

A study was made of the features of electric current transformation by an anisotropic electrically
conductive medium characterized by different types of conductivity (p- and n-types) in selected
crystallographic directions under ohmic contact conditions. It has been established that in the case
of an external sinusoidal electric current flowing through a device based on a rectangular plate of
the above mentioned anisotropic material, electric current vortices occur in its bulk. Based on the
analysis of the function m (K, a) (case | m |> 1), which determines the transformation coefficient of
the device, a conclusion is made about the energy interaction between the bulk of the anisotropic
plate and the external medium.. Studies have shown that the use of anisotropic electrically
conductive bipolar material leads to a significant higher (m> 1) or lower (m <-1) value of the
transformation coefficient m than in the case of unipolar anisotropic electrically conductive
materialss. The phenomenon of electroohmic transformation is caused by the appearance of
electric field vortices which are characterized by turbulent flow represented by the expression

rot j =+w,, where w is a circular frequency of vortex rotation, and signs «+» and «—» denote the

direction of its rotation and are determined by the value of the anisotropy coefficient K=c11/022.
Such electric vortices with a turbulent flow are an efficient mechanism of pumping energy between
the external medium and, in our case, the anisotropic plate of the device. It should be noted that in
some cases there is an anomalous value of the abovementioned coefficient. The application of the
considered method of electric current transformation with the help of the proposed devices, which
are based on a plate made of anisotropic electrically conductive material, significantly expands
the field of alternative electricity and other related fields of science and technology. Bibl.14, Fig. 7.
Key words: anisotropic medium; electrical conductivity; transformation; electric current;
efficiency; heating; cooling; generation.

Introduction

In [1], for the first time, the possibility of the transformation effect in anisotropic electrically
conductive unipolar media was shown. In this case, the device called anisotropic electroohmic
transformer is a rectangular plate of length a, height b and width ¢, made of anisotropic single-crystal
or layered electrically conductive materials, characterized by linear volt-ampere characteristicss. The
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selected crystallographic axes of anisotropic material 1 and 2, having the values of electrical
conductivity o11 and o622, which are unipolar in sign, are located in the plane of lateral faces a x b of
the plate, one of them being oriented at an angle a. On the end faces b x ¢ and the upper and lower
face a x c of this plate are the input and output electrical wires, respectively.

In the case of sinusoidal alternating electric current flowing through the end contacts 4 and 5 of
the electric current Jin, the electric current Jout flows through the output contacts 6, 7, and the
transformation coefficient m of such a device (Fig. 1) is represented by the following expression

Jout / Jn=m = pf (1)

where p is transformation coefficient of plate material, f = a/ b is its form factor.

h

a

N
V

R

Fig. 1. Schematic of anisotropic transformer design
1 — Plate of anisotropic electrically conductive material; 2 — electrical insulating layers;
3 —electrically conductive layers; 4, 5 — input electrical wires; 6, 7 — output electrical wires.

In so doing, the optimal value of slope angle « is found from the relationship
a = arctg VK (2)
where K = g11 / 022 is anisotropy coefficient of plate material.
Since in the case under study the condition % # % is satisfied, an eddy electric current arises

in the bulk of this anisotropic plate, which is characterized by a laminar flow [2].

The studies have shown that in the case under study the value of transformation coefficient does
not exceed 1 (m < 1) for the cases of both0 <K <land 1<K <. Inthecase of K=1,n=0.
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The method of transformation considered in [1, 3] is significantly different from the existing ones
and has a number of relevant advantages and disadvantages.

Presentaton of the main material and analysis of the results
The situation will change if we move to an anisotropic electrically conductive medium

characterized by different types of conductivity (p- and n-types) in the 1% and 2" selected
crystallographic directions (Fig. 2), while the contact between all layers is ohmic [4].

o

N\
N

Fig. 2. Orientation of the OX, OY and OZ crystallographic axes of anisotropic electrically

conductive plate and location of electric field vectors E;, E,, and induction vectors D;, D,

The electrical conductivity tensor of such a single-crystal or artificial anisotropic medium is given
by

(3':00 0 — 092 0 =10 —O'p 0 (3)

Creation from this material of a rectangular plate with dimensions axb xc (a = ¢ >> b) whose
main crystallographic axes OX and OY are arranged in the plane of its lateral surface axb, and one of
these axes is located at an angle « to the edge a (0 <a<90°) (Fig. 2), allows us to represent tensor &
as follows [5]:

0110052 a—opysin®a (o1 +0pp)sinacosa 0
G=0p|(c11+0p)sinacosa  oq18in® a—oyyc0s?a 0 (4)
0 0 033
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which is characterized by the presence of both longitudinal (o) and transverse (o, ) components
g =0 (011 cos? a — opp Sin? a) (5)
o, =og(o11 +090)sinacosa. (6)
In so doing, the transformation coefficient m; of the device based on the above rectangular plate is

given by

G_J__ (011+022)SinaC0506

mp =

(7)

o| o1 cos? a oy sin? o

Numerical estimates show that under a ~ ¢ >> b the boundary conditions on the end b xc and
lateral axb faces can be ignored [2].
Investigation of function

_(K+1)tga

ml(Kra) 2
K-tga

(8)

for extremum (om/da =0,062m/6a? <0 ) demonstrates that function extremum points are absent.
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Fig. 3. Dependence of the transformation coefficient m on the angle o at fixed anisotropy coefficients

a
0

of electrically conductive material K=0.75; 10; 50; 100.

This allows one to vary the value of the coefficient m of this device in a wide range by selecting
the appropriate angle a. This possibility is shown in Fig. 3 for four anisotropic electrically conductive
bipolar materials with anisotropy coefficients 0.75, 10, 50 and 100. From this plot it follows that there
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is always the possibility of selecting the angle a for a given m with the required value and sign.

For the angle a = 45° the expression (7) acquires the following form

o11+to K+1
m= 11022 _

(9)

011 —022 K-1

Analysis of these functions shows that the value of coefficient |m| > 1 allows making a conclusion
on the energy interaction between the bulk of anisotropic plate 1 and the external medium. Thus, the
use of anisotropic electrically conductive bipolar material leads to a much higher value of
transformation coefficient m than in the case of unipolar anisotropic electrically conductive
materials (Fig. 4.).

The explanation of this phenomenon can be presented using the concepts of vortex
electrodynamics. If an external electric current of a sinusoidal shape is passed through the plate, then
electric current vortices appear in its bulk, which are characterized by a turbulent flow. [6, 7] In our
case, similarly to [8, 9], the change in the nature of a vortex with a laminar flow to a turbulent one is
due to the reorientation of the directions of the corresponding components of the electric current and
field vectors. In this case, the longitudinal component of the electric current and field vector is located
parallel to the crystallographic direction of the second selected crystallographic axis. In so doing, the
direction of the electric current is parallel to the direction of the electric field.
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Fig. 4. Dependence of the transformation coefficient m on the value of anisotropy
to electrically conductive material at a=45" a) Dependence of the transformation coefficient m on the
anisotropy value at 0<K<1 and the angle « =45"; b) Dependence of the transformation coefficient m on the
anisotropy value at /<K<co and the angle a=45".

The flow of input electric current through the end contacts Jon causes an electric current Jout to
appear at the output contacts.
In this case, the vortex of electric current according to [10, 11] is as follows:

rot] = -w, ms 0<K<1, (10)

Totf = w, g 1<K<oo (11)

where o=F(oq1,0,,,a,b,¢,a) is the circular frequency of rotation of the electric vortex, the signs «+»

and «—» denote the direction of its rotation.
Such electric vortices are an efficient mechanism of pumping energy between the external
medium and, in our case, the bulk of the anisotropic electrically conductive alternating bipolar plate.
The presented mechanism of energy interaction has a good outlook for modern science and
technology.

Possible applications of the proposed method of energy conversion

In the general case, the choice of a specific design of the anisotropic device is determined by its
purpose and functional features, as well as the conditions of its operation.

In all possible designs of this device the basis is a rectangular plate 1 of anisotropic material
which in the selected crystallographic axes Ox and Oy is characterized by p- and n- types of
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conductivity, respectively. When using artificial anisotropic electrically conductive material, it will be
an alternating layered structure based on the layers of electrically conductive material 1 with thickness
71 and electrically conductive material 2 with thickness z>. The method of calculating this structure and
its optimization is similar to the method described in [12].

Selecting the appropriate value of the anisotropy coefficient of layers 1 and 2 of this plate, as well
as its geometrical dimensions makes it possible to create the required instruments and devices with
respective parameters. Consider the designs of specific devices based on the above anisotropic plates.

Anisotropic electroohmic generator (AEG)

In this case, the converter is AEG which is based on a rectangular anisotropic plate characterized
by the positive value of transformation coefficient m (1<K<oo) and the orientation of crystallographic
axis o1 at certain selected angle a.

The schematic design of such a generator is represented in Fig. 5, consisting of plate 1; electrical
insulating layer 2 and electrically conductive layer 3; input electrical wires 4, 5 connected to external
source of electric energy created by the master generator; output electrical wires 6, 7 to which the
external load is connected, with resistance Z.

2 3
—1 1 —\

“

Fig. 5. Schematic of AEG design
1 — Plate of anisotropic electrically conductive material; 2 —electrical insulating layers;
3 —electrically conductive layers; 4, 5 — input electrical wires; 6, 7 — output electrical wires.

When some power P(t)=PRysin(ayt) is supplied in the form of a master generator to AEG input,

electric vortices with turbulent flow appear in the bulk of plate 1, which then interact with the external
medium. This leads to origination of energy flows directed from this medium to the bulk of the plate
which is converted into electrical one. This results in the appearance on the output electrical wires 6, 7
of some electrical power Poyt Which is represented as follows:
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)(K +1)-tga

P, t = PO Sin(a)lto
o K—tgza

, (12)

Thus, right-hand rotation of electric vortices with turbulent flow determines the possibility of
operation of the plate in the mode of electricity generationn. Here, w1 is the frequency of the electric
vortex which is determined by the master generator.

The efficiency n in this case is as follows:

1

LR (43

m

where P;/P, are powers released in the bulk of both the plate and the external load of resistance Z,
respectively.

Maximum value of electrical power Pmax Which can be generated by AEG is determined as
follows:

Prax. = (S' M 'AT)/(Pl/PZ) 1 (14)
where M =a -b -c -d is the weight of the plate; d is the density of its material; s is specific heat of
material; 7o is ambient temperature; Tmax IS boundary operating temperature of plate 1 material.

Numerical estimates show that the efficiency value of the proposed device is within 0.5+0.99

It should be noted that under certain conditions the AEG under study can also actively function in
the mode of thermal power generation.

Anisotropic electroohmic heater (AEH)

A feature of this heater in comparison with the generator is the increased values of the
internal resistance of the plate. The schematic design of such AEH (Fig. 6) is similar to the design
of the above AEG with the difference that the resistance R=0.

Fig. 6. Schematic of AEH design
1 — Plate of anisotropic

electrically conductive material;
2 —electrical insulating layers;

3 — electrically conductive layers;

4,5 — input electrical wires;
6, 7 — output electrical wires.

12 Journal of Thermoelectricity /23, 2021 ISSN 1607-8829



A.A. Ashcheulov
On energy opportunities in anisotropic bipolar electrically conductive media

Anisotropic electroohmic cooler (AEC)

Unlike AEG and AEH, the design of AEC consists of anisotropic rectangular plate 1 and
electrical wires 4, 5 (Fig. 7). The anisotropy of electrical conductivity of the materials of plate 1 is
selected with the coefficient 0<K<1.

G

Fig.7. Schematic of AEC design
1 — Plate of anisotropic electrically conductive material;

4,5 —input electrical wires; 6, 7 — output electrical wires.

In this case, the application to contacts 4, 5 of the generator power leads to the occurrence in its
bulk of turbulent vortices of electric current with left-hand rotation. This leads to a decrease in the
internal energy of the anisotropic plate, which ultimately leads to a corresponding decrease in the plate
temperature T.

With a positive half-cycle of power supplied to the input of such a device, part of its internal
energy is absorbed by the external medium through one of the lateral faces (a x b), with a negative
half-cycle — through the opposite lateral face (a x b).

In this case, cooling capacity Q is determined as follows [13]:

(K+1)-tga

Q:WOUt 2
K-tg°ax

, (15)

and temperature difference AT between the external medium and the anisotropic device, which is
achieved by the adiabatic isolation of the faces of the plate,

AT = (Q-0es )/(s- M), (16)

where g, are losses due to cooling of electrically conductive and metal layers on the upper and lower

faces of the converter, s is heat capacity, M is its weight.
The efficiency ¢ of the analysed cooling process is represented by the classical expression:
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0= (T1-T2)/T1

where T1is ambient temperature, T is anisotropic plate temperature which is achieved on cooling.

It should be noted that as materials for the plate it is possible to use both semiconductors with a
narrow energy gap, semiconductors of p- and n- type conductivity, semimetals and metals of
appropriate conductivity.

The results of the studies show the outlook for using this device as highly efficient cooling
elements. This method allows for efficient utilization and accumulation of thermal energy released by
specific objects, various instruments and devices, pumping it into the external medium.

Conclusions

For the first time, an original physical model is proposed for energy interaction between
vortex electric field of a plate made of anisotropic electrically conductive material characterized
by different types of conductivity in the selected crystallographic axes and the external medium.
The analysis of this model shows that in the range 0<K<1 the transformation coefficient m is
characterized by the negative value, and in the range 1<K<oo - by the positive value. In the former
case, there is cooling effect, in the latter — the mode of electric energy generation and heat release.

The use of single-crystal and artificial anisotropic electrically conductive materials with
different conductivity types in the selected crystallographic axes makes it possible to obtain the
value of module m > 1 which is caused by the action of electric field vortices with a turbulent flow
in the bulk of the anisotropic plate.

Promising areas of practical application of such devices in the form of generators of
electricity, heat and cold are determined, calculated expressions are obtained for their efficiency,
which is in the range # = 0.5+ 0.98, and the cooling temperature of this device when using
appropriate materials with the necessary temperature dependence of their kinetic coefficients can
reach the temperature of liquid helium.

The proposed model will promote the emergence of new scientific and technical lines in the
field of electricity and all related areas.

References
1. Ashcheulov A., Derevianchuk M., Lavreniuk D. (2020). The phenomenon of electroohmic

transformation. Physics and Chemistry of Solid State, 21(4), 743-748.
https://doi.org/10.15330/pcss.21.4.743-748

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

3. Ashcheulov A.A., Derevianchuk N.Ya., Lavreniuk D.A., Romaniuk I.S. (2020). Transfornatsiia
elektricheskogo toka anisotropnoi elektroprovodnoi sredoi [Electric current transformation by
anisotropic electroconductive medium].  TKEA, 5-6, 28-32. — Retrieved from: DOI:
10.15222/TKEA2020.5-6.28

14 Journal of Thermoelectricity /23, 2021 ISSN 1607-8829


https://doi.org/10.15330/pcss.21.4.743-748

A.A. Ashcheulov
On energy opportunities in anisotropic bipolar electrically conductive media

10.

11.

12.

13.
14.

Ashcheulov A.A., Horobets M.V., Dobrovolskyi Yu.H., Romaniuk I.S. (2011). Termoelektrychni
moduli Peltier na osnovi krystaliv tverdykh rozchyniv Bi-Te-Se-Sb [Thermoelectric Peltier
modules based on Bi-Te-Se-Sb solid solution crystals]. Chernivtsi: Prut [in Ukrainian].

Nye J.F. (1985). Physical properties of crystals: their representation by tensors and matrices
(Oxford University Press).

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

Davidson L. (2003). An introduction to turbulence models. — Goéteborg: Charmles Un-ty of
Technology.

Khlopkov Yu.l., Zharov V.A., Gorelov S.L. (2005). Lektsii po teoreticheskim metodam
issledovaniia turbulentnosti [Lectures on the theoretical methods of turbulence study]. Moscow:
FFTI Publ [in Russian]. .

Yelizarova T.G., Shirokov I.A. (2013). Laminarnyi i turbulentnyi rezhimy raspada Taylor-Green
vikhria [Laminar and turbulent modes of the Taylor-Green vortex decay]. Preprints of the
Keldysh IPM, No 63. 16 c¢. URL: http:/library.keldysh.ru/preprint.asp?id=2013-63 [in Russian].
Boev A.G. (2009). Electromagnetic theory of tornado. Electrodynamics of vortex. Radiophysics
and Radioastronomy, 14 (2), 121-149.

Prokhorov A.M. (1988-1998). Fizicheskaia entsiklopediia. T.1-T.5. Spravochnoie izdaniie
[Physics encyclopedia. Vol.1-Vol. 5 Reference edition]. Moscow: Soviet encyclopedia, 1988-
1998 [in Russian].

Patent UA. Nel47993. A.A. Ascheulov, M.Ya. Derevianchuk, D.O. Lavrenyuk Anisotropic
electrically conductive material. Bull. Ne25/2021 dated 23.06.2021[in Ukrainian].

Patent UA M u 2021 03958. A.A.Ashcheulov. Thermostatic cooling process [in Ukrainian].
Vlasov A.N., et al. (20045). Energiia i fizicheskii vakuum [Energy and physical vacuum].
Volgograd: Stanitsa-2 [in Russian].

Submitted 15.07.2021

ISSN 1607-8829 Journal of Thermoelectricity /23, 2021 15


http://library.keldysh.ru/preprint.asp?id=2013-63

A.A. Ashcheulov
On energy opportunities in anisotropic bipolar electrically conductive media

AmeyJioB A.A. 00oK. mexH. HaAyK, npogecop

Incruryt Tepmoenektpukun HAH i MOH VYkpainu,
Bys. Haykw, 1, Yepnisii, 58029, Vkpaina,
e-mail: ashcheulovaa@rambler.ru

IMPO EHEPTETUYHI MOXJINBOCTI Y AHI3OTPOITHOMY
BIITOJIAPHOMY EJIEKTPOITPOBIZTHOMY CEPEJOBMUIIII

Ilposedeno Oocnidoicenns ocobnusocmeti nepemeopeHHs eleKmpUiHo20 CIMpPYMy AHI30MPORHUM
eNeKMPONPOBIOHUM CepedosuLeM sKe XapaKmepusyeEmobcsl PIsHUMU MUNamu nposionocmi (p- ma
N- munu) y GUOpAHUX KPUCMANOZDADIUHUX HANPAMKAX 8 YMOBAX OMIYHO20 KOHMAKMY.
Bcemanoesneno, wo y eunaoky npomixanHs 308HIUHb020 eNEKMPUYHO20 CIPYMY CUHYCOIOATbHOL
dopmu uepez npucmpiii 8 OCHOGI K020 € NPAMOKYMHA WIACMUHA i3 32a0)Y8aH020 Guuje
AHI30MPONHO20 Mamepiany, 8 il 00’emi GUHUKAIOMb BUXOPU eleKmpuuHozo cmpymy. Ha ocnogi
ananizy gynxyii m(K, a) (éunadox |m| > 1), wo eusnauac xoegiyicnm nepemeopents npucmpoio,
3p00IEHO BUCHOBOK NPO eHepemuuHy 63aeMOO0il0 MidC 00’ €MOM aHI30MPONHOI NAACMUHU i
306HiwNIM cepedosunem. IIposedeni 00CniOdiceHHss NOKA3ANU, WO BUKOPUCTNANHA AHI30MPONHO20
eNeKMPONPOBIOHO20 OINONAPHO20 MAMEPIATY Npu3go0ums 00 3HAYHO euwoi (m>1) abo uudicyoi
(M<-1) seruuunu roegiyicnma nepemeopenns m Hixc y GUNAOKY VHINOJIAPHUX AHIZ0MPONHUX
eNeKmponposionux mamepianie. Jo genomeny enrekmpoomiuHoz0 nepemeopeHHs eede Nosaea
BUXOPIG  eIeKMPUYHO20 NOJS, AKI  XApaKmepusylomuvcs — mypOyieHmHoI0 — medi€lo, o

npedcmaensiomscs eupazom ot j =z, de w — kpyzoea wacmoma obepmanns 6uxopy, a 3HaKuU

«t» ma «—» — No3HAuAIOMb HANPAMOK 1020 00epmanHas ma GUIHAYAIOMLCSA GEAUUUHOIO
koeiyienma auizomponii K=a11/022. Taki enexkmpuuni euxopu 3 mypOyieHmMHUM XAPAKMEPOM
meuii € epekmusHUM MEXAHI3MOM, WO NEPeKayye eHepeito MIdC 306HIWHIM cepedosuiem i 6
Hawiomy 6uUnAaoKy, aHi3omponnolo niacmunoro npucmpoio. Crio iomimumu, wo 8 OKpeMmux
BUNAOKAX CNOCMEPI2AEMbCS AHOMANbHE 3HAYEHHS 32a0y8aH020 Koediyicnma. 3acmocysans
PO32NAHYMO20 MeMOOy NepPemeopeHHs eleKMpPUYHO20 CIMPYMYy 3d OONOMO20i0 3aNpPONOHOBAHUX
npucmpois, 6 OCHO8I pobomu  AKUX € NAACMUHA — GUSOMOGIEHA 3  AHI30MPONHOZ0
e1eKMPONPOBIOHO20 Mamepiany, 3HAYHO POWUPIOE 2ATIY3i ANbMEPHAMUBHOT eNIeKIMPOeHep2emuKy
ma tHuUX noe sI3anux 3 HumM obaacmetl nayku ma mexuixu. bion. 14, puc.7.

Ki1r04yoBi ciioBa: aHi30TpOIIHE CEpEeIOBHINA; €ICKTPONPOBIIHICTE; MEPETBOPEHHS; SICKTPUIHIN

CTpYM; KOe(iIlieHT KOPUCHOT JIil; HarpiB; OXOIOHKEHHS; TeHepaIlis.
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O DQHEPTETUYECKHUX BO3MOKHOCTAX B AHU3OTPOIIHBIX
BUITOJIAPHBIX SJIEKTPOITPOBOJAHBIX CPEJAX

IIposederno uccredosanue ocobeHHocmell npeodPaA308anUs DIEKMPULECKO20 MOKA AHUZ0MPONHOU
INIEKMPONPOBOOHON CPeOll, XAPAKMEPUIYVIOWENC PAZHBIMU MURAMU NPOSOOUMOCmU (p- U n-
Munsl) 8 6blOPAHHBIX KPUCMATIOSDAGUUECKUX HANPAGLEHUSX 8 YCI08UAX OMUUECKO20 KOHMAKMA.
Yemanosneno, umo 6 ciyuae npomekanus GHEUWHE20 SJEKMPUUECKO20 MOKA CUHYCOUOATbHOU
Gopmbl  uepe3 ycmpoucmeo, 6 O0CHO8e KOMOPO20 UMEEMCs NpAMOY2ONbHASL NAACMUHA U3
BBILUEYNOMSHYINO20 AHUZOMPONHO20 MAMEPUANA, 6 ee 00beMe BOZHUKAIOM GUXPU INEKMPUYECKO20
moxa. Ha ocnose ananuza ¢ynxyuu m(K, a) (cnyuaii |m|>1), onpedensowuii kod¢pduyuenm
npeoopazo8anus yCmpoucmeda, cOenan 6vl800 00 IHepeemuueckoOM 63aUMOOetCmeuU MexHcoy
06beMOM aHU3OMPONHOU NIACTIUHBL U GHewlHell cpedoti. [Iposedennvie ucciedo8anus nOKa3auu,
YMO UCNONBb308AHUE AHUZOMPONHOL0 IJIEKMPONPOBOOHO20 OUNONAPHOZO MAMEPUANA NPUBOOUM K
3HauumenvHo 6onee evicoxou (M > 1) um 6bonee uuzkou (m<-1) eeruuune xosppuyuenma
npeoopa308anus m, Yem 8 Ciyuae YHUROIAPHBIX AHUZOMPONHBIX JIeKMPONPOBOOHbIX MAMEPUATIO8.
K ¢penomeny snexmpoxumuuecko2o npeepaujerust 6e0em nosgieHue Guxpell d1eKmpuiecko2o noJs,

Xapakmepusyiowuxcs. mypoyIenmusim meuenuem, npeocmasisiemvim evipaxcenuem ot j=zw

20e @ — Kpy208as 4acmoma 8paweHus 8Uxps, a 3HaKu «+» u «—» — 0003Hauaom HanpagneHue e2o
eépaujerus U ONnpedersiiomcsa eaudurol Kkodg@uyuenma anusomponuu K=cll/c22. Taxue
INeKMpuyecKue SUXpu ¢ mypOyIeHMHbLIM XAPAKMEPOM MedeHUs: AGIAIOMCA  IPHeKmueHbim
MEXAHUZMOM, NePeKAYUBAIOWUM DHEP2UI0 MedcOy GHewHell Cpedoli U 6 Haulem Ccayyae,
anuzomponnoti naacmunou ycmpovicmea. Cnedyem ommemumys, 4mMo 6 peOKux CIAyudasx
HaOmodaemcss  AQHOMANbHOE — 3HAYeHue  YHnoMaAnymozo  koapguyuenma.  Ipumenenue
Paccmampueaemozo Memooa npeobpazo6anusl IAEKMPULecKoeo moka ¢ HOMOWbI0 NPEOI0HCEHHbIX
ycmpoticms, 6 0CHO8e pabomvl KOMOPbIX NAACMUHA — U320MOGNeHd U3  AHU30MPONHO20
INEKMPONPOBOOAUE20  MAMEPUATA, 3HAYUMETbHO pacuwiupsiem o00aacmu  aibmepHAmuUeHOU
INEKMPOIHEPeMuUKY U Opyeue, C6A3AHHBIX ¢ Hell obnacmu Hayku u mexuuxu. bubn. 14, puc.7.

KiroueBble cjioBa: aHU30TPOIHAS Cpela; 3ICKTPOIPOBOAHOCTD; MPEBPAIICHHUE; DICKTPHUCCKUI

TOK; KO3(DQUIMEHT MMOJIE3HOTO JEHCTBUS; HATPEB; OXJIAXK/CHHE; TCHEePAIIUsI.
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