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When metal nanoparticles (MNPs) are illuminated with a monochromatic laser wave, the frequency of which is
far from the plasmon frequency (the frequency of plasmon resonances), under certain conditions (depending on the
frequency of the wave, its polarization, the size and shape of the MNPs), absorption of light by MNPs can be
dominated by magnetic absorption (absorption caused by the magnetic component of the electromagnetic field of the
light (laser) wave). This work is focused on studying the features of absorption caused by the influence of the
magnetic component of laser radiation. This issue is rather poorly studied for MNPs of non-spherical shape.
Therefore, how the shape of the particle manifests itself in its absorption of laser radiation (laser pulses) is one of
the goals of our research. In this work, we will study the features of magnetic absorption of light (laser radiation)
depending on the shape of the particles. In this paper, we will investigate the influence of spheroidal MNPs on this
process. Calculations will be carried out using the kinetic equation method, because we will consider the case when
the size of the MNP is smaller than the length of free path of the electron in the MNP. Note that the kinetic approach
makes it possible to obtain correct results for the case when the size of the particle is greater than the length of the
free path. For non-spherical MNPs, we have developed a theory that makes it possible to calculate the energy of
magnetic absorption by a particle when it is irradiated with laser pulses. The dependence of magnetic absorption on
the ratio of the radii of curvature of spheroidal MNPs and the vector of the magnetic field of an electromagnetic
(laser) wave was constructed and theoretically investigated. An interesting result is the absorption of energy by a
spheroidal MNP as its disco similarity increases. We now use to estimate the relative contributions of electric W,
and magnetic Wn absorption to the total absorption. For example, let us take a gold MNP’s, then wp=5-10%°s7,
v=108 s, R=3-10°sm, w=2-10%s? (carbon dioxide laser), ¢'=~-600, " ~30 we received the next ratio
We/Wm = 2. We can see that for the given set of parameters magnetic absorption is twice as large as electric.
Obviously, for different parameters of the particle and a different frequency range electric absorption can be either
larger or smaller than magnetic absorption. Hence, when studying the dependence of optical absorption by MNP's
on particle form, we must allow for both electric and magnetic absorption. For an asymmetric MNP’s (for example
ellipsoidal particles), apart from everything else, the ratio of the electric and magnetic contributions to absorption
(as fixed frequency) is strongly dependent on the degree of particle asymmetric and wave polarization.

Keywords: electromagnetic wave, kinetic theory, magnetic absorption, metallic nanoparticles, electron,
plasmon, frequency

INTRODUCTION E(r, ) by the Ohm law. The solution of the
problem to find the current density vector j(r, 9
responsible for the energy absorption includes
two stages. First, we need to determine the fields
generated by the incident external wave during
interaction with the particle. Then we study how
the electron velocity distribution function
changes due to internal fields, that is, we find a
correction to the equilibrium Fermi distribution.
The shape of the particle affects the shape of the
internal fields. Therefore, we will assume that
the nanoparticle has an ellipsoidal shape. This
form is convenient for the development of
theories, and the results can be extended to other
ellipsoidal particles by changing only the radius
of curvature of the particles. If the wave length A

The study of the properties of MNP’s is not
only of purely scientific interest but also of
practical importance in certain applications. The
research of optical properties of MNP’s has a
long history [1-4]. In particular, the expression
for the absorption cross-section of a plane
electromagnetic wave with the frequency w by a
spherical nanoparticle with sizes smaller than the
radiation wavelength, has been known for a long
time [5]. The most general and referenced theory
of the optical properties of small particles is the
Mie theory [6]. This theory was developed for
spherical particles in the assumption that the
vector of the electric current density inside the
particle, j(r, 2), is related to the generating field
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much exceeds the nanoparticle size, then the
relationship of the internal and external fields, Eo
and Ho, is known [5]. The goal of this study is to
examine in detail the magnetic absorption of
MNP’s of ellipsoidal form for arbitrary
orientation of the particle with respect to the
direction of propagation of the incidence wave at
frequencies both above and below the
characteristic frequency of free passage of the
electron between walls of the particle.

THEORETICAL MODEL

Let a metal particle be in the field of an
external electromagnetic wave (laser irradiation)

{8}
H) (H,

where E,and H, are the electric and magnetic,
respectively, components of the wave field; and
k is the wave vector (k =2m/A, where A is the
wave length), w is the frequency of the incident

1)

Fig. 1. Elongated biaxial spheroid (z > (x = y))

From the viewpoint of practical application,
nanoparticles in the form of elongated or
flattened spheroids — which are formed by the
rotation of an ellipse around a short or long axis
— are of greatest interest. Figs.1 and 2
schematically illustrate these two types of
rotational ellipsoids.

In the case of an elongated spheroid (Fig. 1),
its two small half-axes are equal to each other
(b=c), whereas in the case of a flattened
spheroid (Fig. 2) its two large half-axes are equal
(a=b). If you introduce the designation R, for

the large half-axis, and R, for the small half-axis
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wave, t is the time of the incident wave, r is the
spatial coordinate. Then the solution of the
problem to find the current density vector

](F,t) responsible for the energy absorption

includes two stages. At the first stage, we should
determine internal fields generated by wave (1)
in the nanoparticle. At the second stage, we
should determine how those internal fields
change the velocity distribution function of
electrons, i.e. find a correction to the equilibrium
Fermi distribution induced by the internal fields.
The internal fields induced by wave (1) in the
nanoparticle depend on the nanoparticle form. In
this paper the nanoparticles with ellipsoidal form
will be analysed. It is convenient to develop a
theory for this form, because the results obtained
for the ellipsoidal form can be extended to a
wide range of nanoparticle forms (from discoid
to rod-like ones) by changing the curvature radii
of the ellipsoid.
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Fig. 2. Flattened biaxial spheroid (z (x =y))
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of ellipsoid, then in the case of elongated
spheroid R =z>R =x=y and the flattened

R =z<R =x=Yy.
The electric field of the laser pulse induces

inside the metal nanoparticle a potential electric
field g (r,t), and a magnetic vortex electric

field €, (r,t). If the characteristic size of the

nanoparticle R satisfies of the inequality
koR <<'1 holds, then in this case the Fourier
coordinate dependence of the components of the
electric and magnetic fields of the laser wave can
be neglected [7]. For an ellipsoidal nanoparticle,
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this allows us to obtain the following expressions
for internal potential E}(0,0) and vortex

E) (0,) electric fields as [7]:

J
EJ(0,0)= & (0.0) , )
1+, [g(a))—l}
. R z .
Evr :IT WHg(O,a})—RnyRYZHO (O,CU) . (3)

Here &(w)=¢'(w)+ic"(w) is the complex
dielectric constant of the metal nanoparticle, L; is
the geometric factors (depolarization
coefficients) [5], j =X, V, Z, Ry, Ry, R; is the half-
axis of the ellipsoid in the x, y and z directions,
respectively.

The internal fields g, (r,t) and E, (r,t)

induce the corresponding currents j, (r,t) and
i, (r,t). Therefore, the total energy absorbed by
the metal nanoparticle will be equal to [5]

W = Iw(t)dt =W, +W,_ =

:%Rejdtv dF[L(f,t)E; (f,t)-i— Ivr (F,t) a\; (I?,'[)J

(4)
where V is the volume of the nanoparticle, w(t) is
the power absorbed by the nanoparticle.

The absorption caused by the field £ (r,t)
is called electric (We), and the absorption caused
by the field g, (r,t) is called magnetic (Wm).

Turning to the Fourier representation, relation
(8) can be rewritten as follows:

1] e e
W:EJda)ReJdr[je(r,a))Em(r,a))+

+ ] (T, @) E,, (T, a))] )

We will consider only the absorption
associated with the action of the magnetic field
of the incident electromagnetic wave, i.e., the so-
called magnetic absorption. In this case Eg. (5)
will be rewritten as follows:

W, Z%jdmRejdﬁw(r,w)E;(W)- (6)
T
—o \%
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In the general case, the current j(r,) at

point f inside the nanoparticle caused by the
internal fields E (0,0) and E, (¥, ), can be

written as follows [7]:

T(F,a)):Ze(%j IVfl(F,V,w)dV, (7)

T

where e is the charge of the electron, m is the
mass of the electron, f,(r,v,e) is the Fourier

component of the nonequilibrium electron
distribution function in the nanoparticle which
serves as an additive to the equilibrium Fermi
distribution  function  f,(¢). The Fourier

component of the nonequilibrium electron
distribution function which given as

L (FV,0)= I £, (F.V,t)exp(iat)dt, (®)

can be found as a solution of the corresponding
linearized Boltzmann Kinetic equation [8], which
will be present at the following form:

(V—ia)) fl(f,\7,a))+\7w+
+e\7[Em(a))+ Evr(r,wﬂafoa((:):o_ ©)

Here y is the collisions frequency of
electrons in the particles bulk.

Equation (9) must be supplemented by
appropriate boundary conditions. As such, we
choose the condition of diffuse reflection of

electrons from the inner surfer of the
nanoparticle
f,(r.v,0) =0, v, <0. (10)

In (10), v, is the normal to the surface S

component of the electron velocity. The

substantiation of such boundary conditions can

be found, in particular, in [7]. Equation (9) is

easiest to solve by moving to new variables:
R R

X =Xo Vi=Vion
1

(11)

in which the ellipsoid takes the form of a sphere
equal in volume to a radius R=3R R’ . Solved
the partial differential equation (9) by the
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method of characteristics, we can obtain a
solution for the function f, (¥, V) in the form [7]

the?vFRL {CI)T(HO)2+

"T128 mc? ”
. X:R.
fl(F,V):—e%{VEeriaijvi (#jt R2 ,
& i1 m I 0
j +¢2[Ri+R”2j (Hy L 13
o 1-exp[ (7 —iw)t']
+V - - . (12) . . . 0
oy -iw) y—iw Here, v, is the Fermi velocity, and H and

H? are the amplitudes of the magnetic field
The parameter t':(l/v’z)[F’V’— components of the electromagnetic wave

(H,=fH?+HZas well as H°=E" that are

parallel (|l) and orthogonal (L) , respectively, to

—\/(R2 - r'z)v’2 +(F'\7’)2 } characterises  the

position of ~electron along the trajectory the axis of the ellipsoidal. Here ®" and ®7 -

r :_ty't'+]|c§t.h The_ rtadiUfh vect?r Rt gi?]/_esh :L‘e some functions of the eccentricity of the
position of the point on the surface at which the L 2 /2 .

. . ellipsoid =1-R{/R7| [7,9]. The function
trajectory begins (at t'=0). We recall that after Ipsod &, | /RE 17,91 uncil
the deformation (14) the ellipsoidal form of the @ looks like this [9]:
particle becomes spherical with radius R.

We will assume that the main mechanism of Ll s S —

electron scattering in metal nanoparticles is D, :E.[O dzsin T\/Sln 7+(R, /R)cos’z  (14)
electron scattering on the surface of the

nanoparticle. In this case, it is interesting to where 7 is the angle between the axis of rotation
consider the case of high-frequency o >> ws of the spheroid and the direction of the electron’s
magnetic absorption ws = ve /2R is the frequency velocity.

of electron oscillations between the walls of the As for the function @', for the two extreme
nanoparticle), because the vortex electric field cases of strongly elongated (R, <R,) and

E,, is proportional to frequency and therefore the

relative role of magnetic absorption increases
with increasing frequency.

The substitution of Eq. (12) into Eg. (6) and
(7) for the energy of magnetic absorption by a
spheroidal metal nanoparticle brings us to the
next expression [7]:

strongly flattened (R, <R, ) ellipsoids of rotation,
it has the following form [7]:

1

—4—82(1—8¢9§ +4g;‘)4/1—g§ +%(1+ 2g§)arcsin ,, R/R <L

O = P P (15)

4—;(1+85§ +45t) L+ &2 —%(1— 262)In(e, + 1427 ). R/R >1.
p

p

In the case of spherical nanoparticles, While studying the dependence of the form
R =R =a, ¢ -0, ®'=2/3 ®)=8/3. of nanoparticles on the energy absorption it is
convenient to take the ratio between the energy
absorbed by a spheroidal particle Wy and the

energy absorbed by a spherical particle W? with

WO =3Va ne’ve (HO)Z. (16) the same volume. From the (13) and (15) we

" 64 mc? obtain the next expression:

Using those parameters from the Eq. (13), we
obtain the next result [7]:
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®]'sin’ @
2 2
L+ (RR) |
(6 is the angle between the vector H® and the

spheroid axis).
Note that we consider the frequency interval

(18)

s
Wy §[&] DM cos? G+ (17)

w2\ R

y<<o<<a (1=

For typical metals, the frequency y ~ 10%* s,
The inequality v < w allows us to neglect the
bulk scattering of electrons. The inequality

w<<(w, o) means that we are far from

plasma resonances, and the electric absorption
does not “hide” the magnetic one.

Now let’s return to electrical absorption.
From relation (5) for electromagnetic absorption,
we obtain the following expression:

W, =i:“dwRe!df[L(f,a))E;(F,a))]. (19)

Next, following the method outlined above,
with the linearized Boltzmann kinetic equation,
we find the Fourier component of the no
equilibrium electron distribution function due to
the action of the electric field of an
electromagnetic (laser) wave:

(20)

of | - 3 X'R. 0
f(rv)=—e—2|VE_ + > a.v.| —L+v
1( ) ag|: in j?:‘l ij |[ R

t’ can be formally considered as the "time" of
the electron's movement along a characteristic
trajectory, a;j is the constant of the expansion of
the intensity of the generated electric magnetic
vortex electric field into the Fourier series [7]
Further calculations were carried out
according to the methodology given in the paper
[9]. This work considered the case when the
frequency of a monochromatic electromagnetic
wave is far from the frequency of plasmon
resonances. In this case, depending on the size
and shape of the MNP, as on well as the
frequency and polarization of the wave,
magnetic absorption will be dominant. For

l(h%] 1-e} +i2(l—izjarcsinep,
1 2 2e, e, de,

1 1 1 .
l1-—= Jl—ez +-—_arcsine_,
2( 2e J P 4ed P

2
p p

P =
1 1\ —= 1 Y
E[l'ﬁ‘g] 1+e§ +E|n( 1+e§+ep), RJ_>R”

p p

oy —iw)

=]

example, for gold particles with a size of 6 pm,
the magnetic absorption will be twice the electric

absorption at the frequency 2-10%s™.
Therefore, the final formula takes the form:
9 ne’ Ve

W, =V ——
16 mo” R,

[¢L‘EE‘2+(p”‘EHOZ}, (1)

where @, the function of

2 2 2.
thes? =[1-R} /R|:

and ¢, s

(22)

(23)
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Now we will compare the contribution of
electric and magnetic absorption. For simplicity,
let's do it for spherical MNP’s. For MNP’s, the
dimensions of which are both larger and smaller
than the free path length of the electron in the
MNP’s, the total energy of electric and magnetic
absorption, as can be seen from (13) and (21),
for spherical MNP’s will be equal to.

22
W=ves| — O ES (28)
8z (2+¢&")” 90c
where &' and &" are , respectively, the real and
imaginary parts of the dielectric constant, R is
the particle radius and c is the speed of light. The
first time in Eq. (24) describes electric
absorption (W.) and the second term magnetic
absorption (Wn). If the particles is larger than
mean free party, i.e., bulk scattering is dominant,
the expression for the dielectric constant of the
metal has standard form

2 2
i w, . Vo,
g =& +ig" =l-———+i — (25)
o' +v: oo +v?)

where w, is the plasma frequency, and v is the
collision rate.

We now use Eq. (24) and (25) to estimate
the relative contributions of electric and
magnetic absorption to the total absorption. For
example, let us take a gold MNP’s, then
wp =510 72, y=~108 s R=3-10"%sm,
w=2-10%s? (carbon dioxide laser), &' =~-600,
¢" = 30 from (24) we received the next ratio

W, 1(wR 2
=l el =2
c

m

(26)

From (25) we can see that for the given set
of parameters magnetic absorption is twice as
large as electric. Obviously, for different
parameters of the particle and a different
frequency range electric absorption can be either
larger or smaller than magnetic absorption.
Hence, when studying the dependence of optical
absorption by MNP’s on particle form, we must
allow for both electric and magnetic absorption.
For an asymmetric MNP’s (for example
ellipsoidal particles), apart from everything else,
the ratio of the electric and magnetic
contributions to absorption (as fixed frequency)
is strongly dependent on the degree of particle
asymmetric and wave polarization.
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RESULTS OF COMPUTATION
CALCULATION AND DISCUSSION

Here we present the results of computation
calculation and discuss them. In the calculations,
equation (17) was used for Fig. 3. Equation (27)
was used for Fig. 4. The equation (18) was the
frequency range. They were performed in
Wolfram Mathematics with a step of 0.1, with
subsequent construction of graphs in Origin. It is
of interest to study influence the effect of the
orientation of the magnetic field vector of the

incident wave H° with respect to the spheroid
axes on the process of magnetic absorption of
light (laser irradiation) in metal nanoparticles.
Fig. 3 show the dependences of the ratio
W, /W? for several values of the angle between

the vector H°and the spheroid semiaxis.

vvvvvv

6=0

-~
— o —

(5}
IS
[= ¥ 8
oo
=

Fig. 3. Dependence of the ratio W, /W? on the

ratio R, /R at 6=0and 6=n/2

In obtaining (17) we used the fact that
H}=H"cosf,H] =H"sing (0 is the angle
between the vector H® and the spheroid axis).
Therefore, we assume that spheroidal metal
nanoparticles are chaotically oriented in the
dielectric matrix we must averaging over

orientations of the spheroid axis Eq. (17). After
this we assume

Fig. 4 shows dependence of the average ratio
(W, /W) average value in parentheses on the

(27)

spheroidal semiaxes ratio R, /R, .



0O.Yu. Semchuk, O.0. Hauvriliuk, A.A. Biliuk

W/W,")
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L n . —RURy
2 4 6 8 10

Fig. 4. The dependence of the average ratio
<Wm/Wn?> on the spheroidal ratio R, /R,

The Fig. 4 exhibits the dependence of the
average ratio (W, /W?) on the spheroidal

semiaxes ratio R, /R,. From Fig. 4, the

following conclusion can be drawn. The more
oblate the spheroidal metal nanoparticle, the
larger is its averaged magnetic absorption. This
growth has a smooth character at R, /R >0.5.

From the analysis of Fig. 3 it follows that
depending on the angle 6 between the vector and
the spheroid axis, the nature of the magnetic
absorption changes. In particular, the maximum
growth of magnetic absorption by a spheroidal
metal nanoparticle is observed at two values of
the angle 6: 0 and 7. In addition, if a very oblate
(almost flat) particle is oriented normally to the
magnetic field vector (6 = 0 or m), then the effect
of its interaction with this field is maximum. But
if the same particle (almost flat) is oriented along
the magnetic field vector (9=7/2), then the

effect of its interaction with this field is small.
CONCLUSION

In this paper, the kinetic theory of the
magnetic  light absorption by a metal
nanoparticle with regard to the influence of a
nanoparticle form on this process is constructed.
In particular, the effect of spheroidal

510

nanoparticles is analyzed. It is convenient to
develop the theory for the ellipsoidal form,
because the results obtained for this form can be
extended to a wide range of nanoparticle forms
(from discoid to rod-like ones), The curvature
radii of the ellipsoid are varied in this case by
means of only the ratio between them, R, / R,

because the nanoparticle volume remains

constant. The main results obtained in this work

are as follows.

1. An expression (17) for the ratio between the
energies absorbed by the spheroidal and
spherical particles (with the same volumes) is
derived, which is suitable for applications.

2. An expression (27) is obtained for the
calculation of the averaged value of the ratio
between the magnetic absorption by the
spheroidal and spherical metal nanoparticles in
terms of the ratio between the curvature radii of
the spheroid R, /R, .

3. The paper also contains the results of
computational ~ experiments.  The  most
interesting result of the latter is the growth of
the energy absorption by the spheroidal

nanoparticle with the growth of R /R (its
disk-like character) at an arbitrary value of the
angle 6e{[0,7/2)U(x/2,z]}. The only

value, at which the curve Wm(RL/R”,@)/Wn?

asymptotically approaches zero, is 8 = m/2.

4. The magnetic absorption in the frequency
range Eq. (18), where it can be substantial. On
the other hand, the magnetic absorption in the
frequency range, where it can be substantial
does not depend on the frequency at all.

5. The results of the work can be used to study
solar cells with metal nanoparticles
incorporated into the photosensitive layer. Also
for the study of energy conversion processes in
these elements.
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Kineruuna Teopiﬂ MATHIiTHOIO MOIJIMHAHHSA JIA3€pHOIo Ol'[pOMiHlOBaHHﬂ METAaJI€BUMH
HAaHOYAaCTHHKaAMHU

0.10. Cemuyk, O.0. I'appuiiok, A.A. Bitok

Tuemumym ximii nogepxui in. O.0. Yyuxa Hayionanvhoi akademii nayx Yxpainu
eyn. I'enepana Haymosa, 17, Kuis, 03164, Ykpaina, philosoph.tb@gmail.com

Tpu oceimaenni memanesux nanouacmunox (MHY) monoxpomamuunor nasepHoi Xeuneio, yacmoma Kol oaneka 6io
NAA3MOHHOL Yacmomu (4acmomu NIA3MOHHUX Pe30OHAHCIB), NPU NeGHUX YMOBAX (3AIeHCHO 8i0 uacmomu X6usi, i noiapusayil,
posmipy ma popmu MHY), nocmunanni ceimna MHY moodice dominyeamu MazHimue RO2TUHAHHA (RO2TUHAHHS, CRPUYUHEHE
MAZHIMHOI CKIAO0B0I0 eleKMPOMASHIMHO20 NOJA C8imn06ol (1aseproi) xeuni). L poboma cKoHYeHmpo8ana HA 8UBHEHHI
ocobeocmell NOIUHAHHS, 3YMOBNIEHO20 BNIUBOM MACHIMHOI KOMNOHEHMU 1d3epHO20 SUNPOMIHIO8aHHA. Lle numarHa
Odocumbv manogusyere ona MHY necgepuunoi gpopmu. Tomy me, Ak nposgiaemvca (hopma YaACMUHKY 8 NOSTUHAHHI Helo
JA3ePHO20 BUNPOMIMIOBAHHS (TA3EPHUX TMNYIILCIB) € OOHIEI0 3 yiell Hawlo2o octiodcenns. Y yiti pobomi eusuamumemo
0COOMUBOCIE MACHIMHO20 NOIUHAHHSL CEIMIA (IA3EPHO20 UNPOMIHIOBAHHS) 6 3ANENHCHOCME 6i0 hopmu vacmunok. B pobomi
Mu oocrioxcysamumemo enaué Ha yeu npoyec MHY cghepoioanvhoi oopmu. Pospaxyrku npoeooumumemo memooom
KIHEMUYHOO PIGHSHHSL, MOMY WO PO32IAOAMUMEMO SUNAOOK, Ko posmip MHY menuwuil 6i0 dosdxicunu 6LbHO20 npoodiey
enexmpona ¢ MHY. 3ayeadicumo, wjo KinemuuHull nioxio 0ae 3mo2y ompumamu NPaswivHi pe3yiomamu Osi 6UNAOKY, KO
PO3MIp HacmuHKU OLblull 3a 0082CUHY itbHo20 npobizy. /it MHY necghepuunoi popmu namu pospobiero meopiio, sKka
MA€E 3MO2Y OOUUCTUMU eHepeil0 MACHIMHO20 NOSIUHAHHA YACMUHKAMU NpU i ONPOMIHEHHI NA3epHUMU IMIYTIbCAMU.
Tobyoosarno i meopemuuHo OOCHIONHCEHO 3ANEHCHICIb MACHIMHO20 NOTUHAHHA 6I0 GIOHOWIeHHS padiycié KpUGU3HU
cpepoidanvhux MHY i eekmopom MacHImMHO20 MO eneKmpomazHimuoi (1aseproi) xeuni. Llikasum pesynemamom €
noenuHarHs enepeii cgpepoidanvroro MHY y mipy 3pocmanns it ouckonodionocmi. Tenep mu 6UKOpUCmogyemo Onsi OYiHKU
BIOHOCHO20 BHECKY eeKMPUYHO20 M MASHIMHO20 NOSTUHAHHA 6 3a2abHe no2iuHanHA. Hanpuknao, eisbmemo 3onomi MHY
wp=510%s%, v=108 s, R=3-105sm, w=2-10"s? (syenexucnomuuii nasep), &' =—600, &" =. Mu ompumanu nacmynue
cnisgionoutennst WelWin = 2. Mu 6auumo, wjo ons 0arno2o nabopy napamempie MazHimHe NO2IUHAHHS 606iyi OLiblue, HidiC
enexmpuute. OueguoHo, wjo O PisHUx napamempie YacmunKy i pi3Ho2o 0ianasoHy Yacmom eneKmpudHe NO2TUHAHHA MOJiCe
Oymu K OLbWUUM, MAK | MEHWUM, Hidc MacnimHe. Omoice, BUBYAIOYU 3AEIICHICIb onmuuHo2o noenunants MHY 6i0 ¢hopmu
YACMUHOK, MU NOBUHHI 6pAX08Y8ami AK eleKmpuuHe, max i MazHimne no2nunauusa. Jna acumempuunux MHY (nanpuxnao,
eninCcoiOaNbHUX YACMUHOK), OKPIM YCb020 [HUL02O0, CNIBGIOHOUICHHS eNIeKMPUYHUX | MACHIMHUX BHECKI8 V NOTUHAHHSA (K
Qixcosana yacmoma) CUTbHO 3a7EHCUMb GI0 CIMYNEHS! ACUMEMPUYHOCIE YACMUHOK | X8UWIbOBOT NOIAPU3AYL.

Knrouosi cnosa: macnimue noeiunanus, mMemanesi HAHOYACMUHKU, eleKMPOH, NIA3MOH, YACmoma, eHepeis,
NO2NUHAHHA
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