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A version of quantitative description is offered in interconnection of electromagnetothermomecha-
nical processes in electroconducting ferromagnetic bodies in external time-periodic magnetic
field. Using the methods of similarity and dimensional theory, a system of electrodynamics and
thermoelasticity equations is reduced to the dimensionless form. The quantitative analysis of cha-
racteristic dimensionless criteria for technically pure iron was carried out. The effects for which
characteristic dimensionless parameters are much less in comparison to unit are neglected.
A simplified system of equations of the model to find the magnetic field, temperature, displace-
ments and mechanical stresses in electroconducting ferromagnetic bodies is written. The parame-
ters at which the medium mobility should be considered are found.

Keywords: clectromagnetic field, magnetothermomechanics, conducting ferro-
magnetic bodies, methods of similarity and dimensional theory.

Introduction. Mathematical models that describe the interaction of electromagnetic
field (EMF) with a substance are usually quite bulky and generally are of little use for
practical calculations [1-4 and others]. Original equations of such models contain many
terms which make negligible contribution compared to other analogical. Generally the
contribution of many terms is neglected, not giving sufficient justification. It turns out
that depending on the concrete external action and material, many terms can be neg-
lected, and the model in this case is considerably simplified.

We assume that the considered body is exposed to an external time-periodic
EMEF, given by the vector of the magnetic field intensity on the surface of the body

H“)(7,t)=H, (7 )cos (1), (1)
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where 7 is the radius-vector of the point of the surface; o =2nv,v is frequency, # is
time; H, (171) is amplitude of the time-harmonic magnetic field.

It is important to find conditions under which you need to consider the medium
mobility [5-10] on investigating thermomechanical processes in ferromagnetic electro-
conducting bodies in external magnetic field given by the law (1).

We proceed from the fact that the equations both of electrodynamics and thermo-
mechanics are invariant with respect to Galilean transformations [11-16]. For this purpose
we consider two coordinate reference systems K and K'. The system K' is moving
relative to the system K with constant velocity v, which direction is randomly chosen.

Space-time points in these systems are denoted, respectively, by (7,7) and (7,¢'), and

by all values of the system K' under consideration we place a prime. In continuum
mechanics native reference frame K' is associated with Lagrange and the laboratory
one K with Euler. We write the transformation laws of the coordinates 7, time ¢ and
operators of differentiation with respect to coordinates and time:

=1

F=F-vt, t'=t, V'=V, A=A, 0/ot=0/ot+v-V=d/dt, 2)
where V and A are, respectively, Hamiltonian and Laplace operators. The value d/dt

in the literature is called also as a total time derivative [2, 8].

1. Mathematical model of electromagnetothermomechanics
in its native reference frame

We write the basic formula of electrodynamics and thermomechanics of slowly moving
ferromagnetic [8-17] (invariant with respect to Galilean transformation) in native
(moving) reference frame.

Consider the ferromagnetic materials which are characterized by non-linear rela-

tionship between the induction vectors B’ (magnetization M') and the intensity of the
magnetic field A’ and are connected by the relation:

B = MO(H'+M'(H')). 3)
Confine ourselves to consideration isotropic ferromagnetic media, in which induction
vector B' (or magnetization M ") is parallel to the stress vector H' of magnetic field, i. e.:

B =), () =y ()T @
Here x(I:I ') and u(I:I ') =1+ x(I:I ') are, respectively, the relative magnetic suscepti-
bility and permeability of the medium; p, is magnetic constant.

Note that a variety of relations u(I:I ') (or x(I:I ')) for different ferromagnetic

materials is sufficiently well described in [18-20 et al.].
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As regards the electrical properties, ferromagnetic materials are conventional
dielectrics for which the relationship between the induction vector D' and stress vector
E' of electric field has the form:

D'=g,eE’, %)

where ¢ is relative dielectric permeability of the medium; ¢, is electric constant.

The third phenomenological electrodynamics relation refers to electroconductive
bodies, which are ferromagnets. This is Ohm’s law, which relates the conduction

current density ;' with the intensity of magnetic field. Based on the work [21], we

write it as:
J=ME+E,). (6)
— _ 1- 2\/ » q' . . . .
Here E; =¢,V'| a;T'+ 35 o’ 34 is the electric field intensity due to the fields
P q,

of non-electromagnetic physical nature; A is electric conductivity; 7' is absolute tem-
perature; ¢’ is the first invariant of the stress tensor &' ; ¢’ is specific electric charge per

unit mass of the body; o is the temperature coefficient of linear expansion; £, and
v, are elasticity modulus and Poisson ratio; ¢, =2¢, . The formulas for the values o,

and ¢, are given in [21], which because of the awkwardness, will not be given here.

Taking into account the relation (5), we write the Maxwell equation and the law
of conservation of electric charge for the body region:

. OE' - o = 0B 9(pd) o -
- L Y LI CL DI By
ot ot ot
67— pq, ¥B—0. @

Here p’ is the density of the body and the symbols V'x and V’- denote the operations

of the rotor and divergence in their native reference frame.

EMF as regards the material continuum we consider to be external effect, which
manifests itself in the body through the energetic and power factors of interaction.
Energy characteristics of the fields we introduce using the law of conservation of EMF
as Poynting theorem condition [20]. Then for this case, the stored energy in the body
W' of EMF (including the relations (3)-(6)) can be written as:

W =0,5[80 o(E') +H'-E'] @®)

The volume total thermal output Q' in the ferromagnet due to the flow of
electric current and reversal of magnetization is [20]:
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- _ oM' ., OH'
"= E'+ 2| H - —-M'-——|. 9
0'=J ( o7 at,J ©)

The ponderomotive force F and force moment N are the force factors of EMF
interaction with the material medium. The expression for the ponderomotive force
density using a statistical model of electromechanic interaction between the field and
the medium is convenient to represent as [20, 22]:

F'=F+5", (10)

Fy=p'qE'+j' B, (11)
(9?':80(8—1)[(173'-5')173#E'x(E'x?')]+(A7['-§')§'+A7I’><(§'><§'), (12)

and the force 17“0' is created by electric charges and currents. The first two terms of the

force §' are responsible for the polarization, and two others — for reversal of magne-
tization the medium.

The ponderomotive force acting on an arbitrary region of the medium can be
reduced to tension force acting on the surface of this region [7, 14, 23, 24]:

F'=V'-P'-3G' /o', (13)
where
G =g,eE'x B’ (14)

is EMF vector of momentum density in the medium.
In the case of ponderomotive force (10) for the Maxwell tension tensor we have:

P'=g,eEQE' +H ®B' +wl . (15)
Here
w =t (wry (a7 |- (2) 16)

[ is unit tensor, and the symbol « ® » denotes operation of dyadic product.
The ponderomotive moment N has the form [3, 5, 14, 25]:

N'=D'xE'+B'xH'. a7
For isotropic materials the relations (3) and (5) hold (i.e., when the vectors

D'||E" and B'||H") and as a result we have N'=0.
We write the balance relations [2, 26] for the density of mass p’, momentum p'v' :
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op’ — ap'v) o N 0G'
4V = =V'-(6"+P 18
or (p)=0. ot' ( ) o (18)

and also the definition of the strain tensor &' according to Cauchy:
é'=o,s(?'@a’m'@ﬁ'+6’®ﬁ'-ﬁ'®§'). (19)
In mechanics of deformable solids the velocity v' of center of mass is associated

with the movement of the center of mass by the relation v' = du'/dt" .
We write also Duhamel-Neumann law:

E

6'=(1+Vp)(’;_2vp){(I—ZVP)é'+[vpe'—(1+vp)(xT(T'—To)]f} (20)
and the heat conduction equation [2, 27]
, , o opE oe' , , oT' ,00'
KAN'T'+Q'=p CE 1—2vp T'— ¥ pCG§+aTT§. 21

P
3
Here e'=2e&a =V'-i' is the first invariant of the strain tensor; 7 is the initial
a=1
temperature; C, and C, are the specific heat capacities at constant strains and stresses,
which are coupled by relation [27]:

2o, E, e
(1-2v,)p"

In the experimental determination of heat capacities Cs, the heat capacity C, is
measured and is calculated theoretically using the formula (22).

Here are the laws of change of the values of electromagnetothermomechanics at
transition from moving (primed) to fixed (unprimed) reference systems.
The laws of transformation of EMF vectors and material relations of electrodynamics:

C,(1")=C, - 22)

E:uo[ﬁ+M(ﬁ—soavxE)],D:gog(waE). (23)

The laws of transformation of energetic and power factors of EMF action:

W'=w-v.G, G'=G, w=w+(1+1/e)v-G, Q'=0-F,-¥+AQ,
Fy=F,, §'=§'+V(3-G)fe, N'=N, B, =R, +v,G,+v-Gle,
PO;B=PQB+VBGQ+DQ(5 B) (a#B), (24)
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where

AQ=0 Suo[ (v-V) i - - (v-?)ﬁ] (25)
The laws of transformation of thermomechanical values:

T'=T, p'=p, u'=u, V=dildt, é=¢é¢, 6'=6. (26)
The balance relations of mass and momentum:

fl‘; V. (pflﬂ 0, jt(p%}v(mﬁmﬁ)—”;—f. 27)

The heat conduction equation:

dr o E d e dT do
KAT + F V+A C,—+—— C +o,7—, 28
o= O=rC o Ty T ar P T -
and the expression for AQ is given by (25).
To the system of equations of electromagnetothermomechanics (3)-(28) it is
necessary to add the corresponding electrodynamic, thermal and mechanical initial,
boundary and contact conditions that correspond to a particular case.

2. The initial system of equations of electromagnetothermomechanics
in dimensionless form

We confine ourselves to the situation when the frequency of external EMF does not get
in the neighborhood of the natural frequencies of the body, i. e. we do not consider the
resonances phenomena. Using the method of similarity and dimensional theory [28, 29],
we introduce the relevant characteristic values of the considered magnitudes and reduce
a system of equations of electromagnetothermomechanics (3)-(28) to a dimensionless
form. These considerations apply both equations in the moving K’ and not moving K
frames of reference. However, all equations and relations in dimensionless values we
write in the fixed laboratory frame of reference, since it holds all cases studied.

All dimensionless values (except time t= w¢) will be denoted by an asterisk «*»

below. Let / be a characteristic size of the body. Then for the dimensionless radius-
vector and operators V and A we have:

P=Fll, V.=IV, A.=IA. (29)
Dimensionless functions Z« considered (scalar, vector and tensor) we introduce as:

Z=7,+2,7,, (30)

where Z = {p q.W,0,T,H,B,M E,},F,G,N,v,i,P, ,é}, Z, is the original (in the
absence of an external magnetic field H;) value of Z.

In this case, the non-zero initial values the density of the body p, and the
absolute temperature 7,. All values Z, we enumerate on the amplitude of the magnetic
field H, as follows:
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B =pouH,, M, =yH, w=pH!, W=F=c=ppH;,

H g, eH . H g,eH H2 “oquz
Elz_l’ D, = L, ]1=_lv 4 == 21’ O =y, Hi=—7,
A Al [ po Al A /

H? euH? Co ICo Co wlCo
T=—-, Glzu—;a e =—7, U =— p1:p0 > 1= : GD
KA AC 2 2 2 2

Here p and y =p—1 are the initial relative magnetic permeability and susceptibi-

2 2
2(1+
lity of the medium; Co = (V—AJ = Muo wH; = (I-II_I_IJ is the second Kaulinha

Cy Ep c

HH E, :
parameter, v, = |——H, is Alfvena velocity; ¢, = | ————— is the of propaga-
Po 2p,(1+v,)

tion speed of transverse waves; H, = 0
\/ +V, JHK, \/ uuo

Taking into account the choice of definitions (29)-(31), we rewrite the basic
relations of electromagnetothermomechanics (2)-(28) in dimensionless values. Then
we obtain the following.

General relations of electrodynamics:

L OB, Lo
VoxH, =g,—+j., V.xE, =-2y VB, =0,
ot
Vv, E*—(1+—Op*jq*, g — (1+—p*)q* +V.-j, =0,
2 ot
i:i Qﬁ* 6>|<3 _.* = du* 5 _.>): :I:I* _S_OCO_.*X _.*3
dt ot 2 dt 2
wB.=H,+yM., D,=E.+vy*Cov,xB,, E.=E,+y*Co¥,xB.,
= Sc 1 B +v7Cov xB.+v.| g o 1 32
0 +—p* g« Ve + E. +y°Cov_x o P+ ——0u—&,, ¢« |- (32)
oT ¢c
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Fy.=Jj.xB.+¢,(1+Cop./2)q. E., &, ZX[( ”*.?*)E*+A7I*x(?*x§*)]+

+(1-1/e)e, [(E* -ﬁ*)+E* ><(§* X q*)]+8S Coﬁ*(ﬁ* é*) (2¢),

1 (20 = 1 - . G
By =He By +—(X2 M? —Hf)+gu Ei ——E! |+0,5¢, Co| v, G, + V.- ,

2u 2¢ €
P =H. B, +e,E Ep+0,5¢,Covig Goy (a#P). (33)

Balance equations:

¢ o1 E
d Cop. ). | = (~ 4 dG.,
8p$|:(1+ : JV*}—V*-(G*+P*)—88 - (34)

Relations of thermomechanics:

8, =%(?* ®ii, +ii. @V, +%6* ® ii, -m@ﬁ*j,

1-2v

.. v, .
O =€+ e,.—¢er L |1,
P

Co dT. 1+v de
AT +0.=Pe | 1+—p. |— L v (1+e, T )—=
Q ( 2p)dr —av, r(rer )
= Pe_ (1+Qp*JdT* +27%e, (1+8Teﬂ)@,
2 T
l+¢e,T. 20°E T,
C,(T)=C,-AC—1Er2  Ac= 120 (35)
1+Cop. /2 (1-2v,)p,

2
In formulas (32), (33) the following notations are introduced: ¢, =/, , g, = (Zu /1 ) ,

2
/ 1 . ..
€y, =| = | » where o, =L, I, =— 28 , 1= £8P0 s characteristic frequency
! €& A\, 34, P

and sizes of bias currents; Rm =2y* = kuuomlz is magnetic Reynolds number; y =1/3,

8 is the relative depth of penetration of EMF; ¢ = 0,5(0)1 /¢, )2 is a parameter that
characterizes the contribution of inertial forces compared to electromagnetic forces;
Pe, =ol’ / a, and Pe, =wl’ / a, are the Pecle numbers corresponding to the thermal

diffusivity at constant strains a, =x/(p,C,) and stresses (pressure) a; =«/(p,C,).
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o, E 2 ..
g.=a,1,, €. = P , & =(H /H and also the characteristic
T t0 To Te 1 Te

(1—2vp)1<7u|,tp0
. . .. K 3F
magnetic field intensities: Hy, =\xATy, Hyy=——, H = -

oc,(Po’ (1—2vp)7\‘|,tp0(p0.
We estimate the criteria when the material of the body is technically pure iron.
As characteristics of material we take the following [30-32]: =1, p=250,

A=102-10"A/(V-m), p,=7,87-10°kg/m’, E, =2,1-10"N/m’>, v, =0,28,
or =1,22-10° K™, k=74W/(m-K), C, =460]/(xg-K), T, =300K, ¢, =1,4086V,
g, =2,42-10°C/xg, &, =8,854-10"2 C*/(N-m?), t, =47-107 N/A?, c=3-10° m/s.

We find first the values that do not depend on the frequency v and amplitude H,

of the external magnetic field and also the characteristic size of the body /. We have:
o, =1,15-10" Hz,/, =1,65-10"" ' m,/, =1,48-10"" m,c, =3228,5m/s’,AC=5,42J/(xg-K),
AC/C, =1,18-107, C, =454,6 J/(xg-K), a, =2,07-10° m’ /s, a, =2,04-107° m’ /s,
&y =3,66-107, &, =24,57, H;, =4,76-10°A/m, H;=431-10°A/m, H, =
=3,17-10°A/m, H, =1,62-10" A/m.

Note that the characteristic frequency , reaches the values of X-rays, and
typical dimensions /, and /. — the atomic sizes.

Up to 1,18 % we will ignore the difference between the specific heat C, and C,

and hence between the coefficients of thermal diffusivity a. and a,. In this case, as the
value C we take the value found experimentally by using the thermodynamic approach

[27, 30, and others]. Sometimes C =(C, +C,) / 22457317 / (kg-K) and, respectively,
a=(a,+a,)/2=2,055m/s are taken as such.

Large value of parameter €, indicates that in the Duhamel-Neumann law (20)

thermal stresses are much higher than the power ones [1, 27], so the law is not changed.

You can ignore the parameter €7 that is in the heat conduction equation (35). But
there it enters into combinations with parameter y° as a product y ’e7 (and it needs more
research).

The maximum temperature at which a ferromagnet loses its magnetic properties
is Curie temperature (7, = 1043 K for iron). The intensity of magnetic field correspon-

ding to given temperature is H,, =[x A (T, —T,) =7,49-10° A/m . So, for the frequency
range, the body size and magnetic field intensity under consideration we obtain:

-16 , 106 _1n-14 . 10-22 _10-13 . 1n-21 () -3 -
e, ~107°+10°, ¢, 107 107, g, 1077 +10?", Cox0+2,14:107, H,/H,, ~
~0+2,36-107.

Thus, in the dimensionless system of equations of electrothermoelasticity (32)-
(35), we reject the parameters (which means that the terms at which they are also) in
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oo » Will

magnitude less than 1 % (< 0,01). Then the values ¢, ¢, &,,, Co and Hl/H

be neglected always, especially where there is their product (e. g. £.Co or g, Co ). This
means that for electroconducting bodies the currents of displacement can be neglected,
that is a term &,g0F / ot of the first equation of system (7) and change of electric charge
in time 9(pgq) /8z in the last equation of the system. Although the electric charge we

leave in the fourth equation of system (7), but in all other formulas we will reject it.
Difference between the substantial and local derivatives disappears, that is d/dt =0/ 0t .

The density of mass distribution can be considered constant, i. €. p = py. In the expression ES

we reject the dependence on ¢ and g (we have a small dependence on temperature).
In factors of EMF action (formulas (24) and (25)) and the balance equations (18) we
neglect the terms associated with the electric field intensity and pulse density of EMF.
Relation (19) between the strain tensor and displacement vector we take to be linear.

Table 1 shows the values of seven magnitudes depending on the magnitudes v, /
and H, (see the third column), the range of values of which is very wide: from those
where they can be neglected to such when they are much higher than others. In the
fourth column are given the values of parameters v, / and H, (or rather their combina-
tions) at which the proposed seven variables can be neglected. In the last column as an
example a commercial frequency is considered.

The Table shows, the relatively small frequency range v and intensity of the
external field H, as well as body size /, for which you can ignore the values considered
(at the so called low-frequency induction heating [1]). As for the general case we will
consider them in the original equation.

Let us make one more remark relatively the electroconductive nonferromagnetic
material for which there is no Curie temperature. Then, as the basis we need to take other

characteristic. The most logical temperature is the melting point temperature 7, above
which the body is in the liquid phase (melt). For the technically pure iron itis 7,,,, =1835K.
Table 1
The values of parameters v, .
. . The previous column
The value range of given [/ and H; for which . .
Ne | The value . . . is for commercial
magnitude the magnitude considered frequency v = 50 Hz
is less than 1% g y
1 v? 5,03-10 °+1,01-10 " vi?<10"°m?/s [<1,42:10*m
2| v 1,84-10 °+3,68:10 " vI?<2,72:10 *m?/s 1<2,33-10 °m
3| y%Co 0+2,16:10 " VvIPH? <2,60-10° A?/s IH,<2,2810* A
4 & 4,73-10 ''+1,89-10 " vi<72,7m/s [<1,45m
5 P, 1,53-10 %+3,06-10 "2 vi*<32,72m?%/s [<0,65m
6 | Hy/Hyr 0+0,17 H,<431-10> A/m
7 €1 0+2,48 H,<7,49-10* A/m
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Then H

Imelt —

kA(T, -T,)=1,08-10°A/m and Co=4,43-10". Although the
parameter Co slightly increased, but the overall picture has not changed. So the criteria
listed in the Table will not be neglected.

3. A simplified mathematical model of magnetothermomechanics

If you disregard the above criteria, the original system of equations of electromagneto-
thermomechanics (3)-(28) will be of simplified form.
Output relations of electrodynamics:

=
E+¥xB+a;@VT), B=p,u(H)H. (36)

o= Wo[s M - 0H) . 2 2 - s

=j-E+—H —M - — |-v-F,, F,=jxB,
0= 2( ot ot o o=/
F=(§1-9)B+Nix(VxB), F=V-B, P=A@B+wi. G7)

Balance equations:
ov = ~ ou

=p,, —=V +P), v=—. 38
P=Po 075, ( ) or (38)

Thermomechanics relations:
‘=o,5(?®ﬁ+ﬁ®ﬁ),
E

O e A S N AL

E
AT+Q=16—T+ or k£, 8e 101 L% dJo (39)
K a Ot (1—2\/ )K 8t a at K at

Conclusions. Thus, the original system of equations of electromagnetothermome-
chanics (3)-(28) is reduced to system of equations of magnetothermomechanics (36)-
(39), which is a working one to find EMF, temperature distribution and mechanical
stresses in ferromagnetic conductive bodies under the action of an external time-
harmonic EMF specified by (1).

The research was conducted due to partial financial support of the NAS of Ukraine and Russian
Foundation for Basic Researches within the framework of the research project VB-RFFD/382-2.
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[o BnnuBy pyxomMmocTi cepeaoBMLLa Ha 3yMOBJIEeHi MarHiTHAM nonem
TepMoOMeXaHiyHi npouecu y pepomMarHiTHUX Tinax

Onekcanap Naykesuny, Muxanno Conogsik, Poctucnas Tepneubkui, JltoboB MaeBcbka

Buxnaodeno eapianm KinbKicno2o onucy 63aemo38 si3Ky eneKmpomMacHimomepmMmomMexanivnux npoye-
ci8 y eeKmponposgioHUX hepoMacHIMHUX MiNax y 308HIUHbOMY NEPIOOUUHOMY 3A HACOM MACHIM-
HoMy noni. Bukopucmogyrouu memoou meopii nodibnocmi ma po3mipHOCmel, cucmemy pieHsHb
eNeKMPOOUHAMIKU MA MEPMONPYIHCHOCME 36e0eH0 00 Oe3po3miproi ¢opmu. [Iposederno xinvkic-
HULl aHANI3 XapaKkmepuux 0e3po3MIpHUX Kpumepiie Onisi mexHiuno uucmoeo 3aniza. Hexmyemucs
epexmamu, 015 AKUX XApaKmepHi 6e3po3MipHi napamempu Haba2amo MeHuti NOPIGHAHO 3 OOUHU-
yero. 3anucano cnpowjeny cucmemy pigHaHb MOOei O 3HAXOONCEHHS MACHIMHO20 NOJA, memne-
pamypu, nepemiujerv i MexaniyHux HaAnNpysiCeHv Y hepomasHimuux minax. 3Hail0eno napamempu,
3 AKUX NOMPIOHO 8PAX08YEAMU PYXOMICMb CepedosuLyd.

O BNMAHMM NOABUNXHOCTU cpeabl HaA O6ycnOBﬂeHHble MarHUTHbIM
noinem TepmMmomMmexaHmn4yeckKkume rnpouecchbi B (beppOMarHVITHbIX Tenax

AnekcaHgp MaukeBud, Muxaun Conogsk, Poctucnas Tepnieukui, Jlobos "aeBckas
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H3nooicen eapuanm KOIUHeCMEEHHO20 ONUCAHUS 63AUMOCES3U DNIEKMPOMASHUMOMEDMOMEXAHU-
YECKUX NPOYECCo8 8 SNEKMPONPOSOOHbIX (DEPPOMASHUMHBIX MELAX 80 GHEUIHEM NEPUOOUHECKOM
60 6pemenu MacHumnom none. FMcnonv3ys memoost meopuu noooous u pazmeprocme, Cucmemy
VPABHEHUIl NeKMPOOUHAMUKU U MEPMOYIPY2OCMU C8e0eHO K OespasmepHoil ¢hopme. [Iposeden
KOJUYECMBEHHbII AHAIU3 XAPAKMEPHBIX OE3PAMEPHBIX Kpumepues OJish MEXHUYECKU YUCIOo20 Jice-
nesa. Ilpenebpecaemcs s¢hghexmamu, Onsi KOMopvlx XxapakmepHvie Oe3pazmepHvle Napamempol
HAMHO20 MeHbULe, NO CPAGHEHUI) ¢ eOuHUYel. 3anucana ynpoujeHHas CUcmema ypasHeHul Mooenu
0151 HAXOJICOEHUSL MACHUMHOZ20 NOJIS, MEeMNEPAMYpPbl, NePEeMeUjeHUll U MEXAHUYECKUX HANPAINCEHULL
6 NeKMPONPOBOOHLIX heppomaznumublx menax. HailOenvl napamempwl, npu KOMOPHIX HYHICHO
VUUMBIBAMb NOOBUNCHOCHb CPEObL.
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