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An influence of the adsorbed molecules layer on the optical characteristics of the spherical metallic
nanoparticles has been studied in the work. In order to do this one considers the additional term which takes into
account the scattering of electrons at the interface between metal and adsorbate. The analytical expressions for the
frequency dependences for the parameter of coherence loss due to the scattering at the interface “metal — adsorbed
layer” have been obtained. It has been found that the presence of the adsorbed molecules results in the electron
scattering anisotropy, and, hence, in the anisotropy of the optic response of such systems. The result of the indicated
anisotropy is the appearance of the additional maximum in the infrared part of the spectrum in the frequency
dependences for the optical characteristics. An evolution of the frequency dependences for the components of the
polarizability tensor and the absorption cross-section and scattering cross-section for the two-layer spherical
nanoparticles of the type “metal — adsorbate” under the variation of their geometrical parameters has been
analyzed. It has been shown that the weak maximum of the real, imaginary parts and the module of the transverse
component of the polarizability tensor and the absorption and scattering cross-sections in the infrared part of the
spectrum appears due to inducing of the local density of the states by adsorbate. The reason of the shift of the
maxima of the absorption cross-section and scattering cross-section for the nanoparticles of the constant sizes with
the cores of different metals has been found. It has been demonstrated the existence of the small-scale oscillations at
the frequency dependences for the components of the polarizability tensor and at the absorption and scattering
cross-sections, caused by an oscillating contribution of the surface electron scattering. The dependence of the
location and the value of the maximum of the absorption cross-section for the particle “metal — adsorbate” with the
constant geometrical parameters and content on the dielectric permittivity of the medium, in which the nanoparticle
is situated, has been proved.

Keywords: composite nanoparticle, adsorbate, polarizability, absorption cross-section, scattering cross-section,
surface plasmonic resonance, local density of the states

INTRODUCTION into heat due to electron-electron and electron-
photon scattering. In this case, the properties of
the surface plasmons in nanoparticles depend on
the properties of the adsorbed molecules of
dielectrics, which surround them [8-10]. Thus,
in some cases the energy of the plasmonic
oscillations is converted into the transfer of
electron towards the adsorbed material, which
contributes to the generation of the electric
currents [9, 10], gas dissociation [11], water
splitting reactions [12], generation of higher
optical harmonics [13], selective acceleration of
the organic reactions [14], etc. It is believed that
the transfer of electrons, induced by plasmons,
takes place when plasmon decays into electron-
hole pairs [15]. This process has low efficiency

Nanoplasmonics has recently become an
important area of the research in optics and
material science with the different applications
(chemical and biological sensors [1], surface-
enhanced Raman spectroscopy [2, 3]), hanooptic
devices [4-6] etc.), in which the unique optical
characteristics of the plasmonic materials are
used.

Metallic ~ nanoparticles  absorb  and
concentrate light energy in a small volume like a
nanoscopic antenna [7]. The plasmonic
oscillations are excited in the particle after the
primary absorption of light. The energy of these
oscillations is mainly re-emitted or converted
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because hot electrons quickly relax back to
Fermi level, due to electron-electron scattering,
before they can move to molecules on the
surface of the nanoparticle. However, it has been
shown in the recent work [16] that the excitation
of plasmon can result in the direct transfer of
electron into the loosened orbitals of adsorbate
molecules and in the generation of the interfacial
electron-hole pairs. This process makes the
interfacial transfer of electrons, induced by
plasmons, far more effective. Such direct way of
electron transfer competes with the absorption
and scattering. Hence, it is very important to
guantify the relative contribution of these
relaxation mechanisms in order to estimate and
optimize the plasmonic properties of metallic
nanoparticle for the practical use.

As is known, plasmons decay in 5-20 fs.
Such rapid relaxation makes it difficult to
investigate it directly in experiments with high
temporal resolution [17]. An alternative to such
measurements is to determine the width of the
spectral line of the surface plasmonic resonance
(SPR) of the individual nanoparticle [18],
because the width of SPR line is directly
proportional to the plasmon decay rate.

Four basic mechanisms of dissipation
contribute into the width of SPR line [19]. They
are bulk damping vy, , radiation damping vy,,,,

scattering on the surface vy, and the damping

caused by the chemical interaction on the
interface vy -

The above mentioned mechanisms make the
width of the plasmonic line the function of the
shape of nanoparticle [20], optical properties of
the material [21] and the environment [22]. Any
method of the nanoparticle production,
especially the wet chemical synthesis, leads to
the significant size and shape distribution of the
particles [23], which is the reason of the
widening of SPR line, obtained under the studies
of the nanoparticle ensembles. Therefore, only
the width of SPR line, obtained in spectroscopy
of the individual particles, is quantitatively
related to the attenuation processes of the
collective oscillations [24].

The attenuation at the chemical interface is
the understudied relaxation mechanism. In [21]
on the basis of the comparison of the plasmonic
line width, measured for the ensemble of silver
nanoparticles in the gas phase, and the particles,
embedded into the matrix SiO, [21, 25, 26], it
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was suggested that this mechanism is related to
the capability of plasmon to decay due to the
interaction with the interfacial electronic states.
Recently in [16], the interfacial mechanism of
the charge transfer, which is similar to the
attenuation at the chemical interface, has been
given in order to explain the high efficiency of
the photoinitiated transfer of electrons from
golden sphere to the attached nanorod CdSe.

Moreover, it is not clear whether the
attenuation at the chemical interface and the
scattering of electrons on the surface are two
different phenomena or not, because both of
them are related to the interface between metallic
nanoparticle and its molecular surrounding. The
studies of the ensembles of the nanoparticles,
performed in [22], give the primary evidence
that the attenuation at the chemical level also
depends on the size. The classical model, which
describes the scattering at the interface as an
inelastic scattering on the surface of the
nanoparticle, has been proposed later in [27].
This theory predicts that both attenuation at the
chemical interface and the scattering of electrons
on the surface depend on the effective electron
path length.

It has been found in [27] that the scattering
at the chemical interface is anisotropic, because
the coherence loss parameter is anisotropic. It
should be pointed out that the optical phenomena
in the layered spherical nanoobjects of the
different morphology has already been studied in
a number of works. Thus, the works [28, 29]
deal with the plasmonic phenomena in bimetallic
nanoparticles, and the works [30-32] deal with
the plasmonic phenomena in the composite
particles of the type “metallic core — dielectric
shell” and “dielectric core — metallic shell”.

However, the problem connected with the
excitation of the surface plasmonic resonances in
the metallic nanoparticles, covered with
adsorbate layer, has not been considered in the
literature. In this regard, the study of the
frequency dependences for the longitudinal and
transverse parameter of the coherence loss under
the scattering at the chemical interface, as well
as the construction of the plasmonic effects
theory in the nanoparticle of the type “metallic
core — layer of adsorbed molecules” taking into
account the indicated scattering mechanisms is
an actual problem.
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BASIC RELATIONS

Let us consider the spherical metallic
nanoparticle with the radius R, covered with
the adsorbed molecules layer with the thickness
t (the total radius of the composite nanoparticle
R=R¢+t) which is situated in the dielectric

environment with the permittivity em (Fig. 1).

Fig. 1. Geometry of the problem
that

the

Let us assume
assumptions are valid.

1. From one hand, the metallic core is
small, that is why the contribution of the
radiation attenuation into the effective relaxation
rate can be neglected, and, from an other hand,
the sizes of metallic core are such that the
guantum size effects in the metallic core do not
manifest themselves. This fact gives an
opportunity to study the optical properties of the
nanoparticle, which is under the consideration, in
the frameworks of the classical electrodynamics,
and also to assume that three mechanisms
additively contribute into the effective relaxation
rate: bulk and surface scattering, and the
scattering at the interface between the metallic
core and adsorbate.

2. Moreover, the scattering at the chemical
interface due to the transition of metal electrons
to the loosened levels of adsorbate molecules is
anisotropic.

Let us consider the relations for the
absorption cross-section and scattering cross-
section of the composite nanoparticle as the
starting point for the study
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where o is the incident light frequency; c is the
velocity of light, and the components of the

polarizability —tensor for the two-layer
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In the expression (3) V is the volume of the
)" js the diagonal components of

nanoparticle, ¢
the dielectric tensor of the composite
nanoparticle, which are determined by the

relation
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In formulas (4) and (5): ¢ is the dielectric
permittivity of the adsorbed layer substance
(shell); B, =(R./R)’ is the volumetric content

of metal, and the transverse (longitudinal)
components of the dielectric tensor of the
metallic core have the form

(1)2

eci(”) (0)=¢" - L

0

where ¢” is the contribution of the crystal lattice
into the dielectric function; o, is the plasmonic
frequency, and the expression for the effective
relaxation rate has the form

()

Vet = Youk 1 7Vs +Yéfllil))' (7)

The surface relaxation rate can be written
down as [33]

Vo= Sk, ®)

size 5
Rc

where v is the Fermi velocity of electrons;
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— an effective parameter, which describes the
degree of coherence loss under the scattering of
electrons on the surface of the nanoparticle,
v, =V; /2R, — the frequency of the individual
oscillations of electron.

The last addend in formula (7) describes the
relaxation processes, caused by the presence of
the interface “metal — adsorbed layer”

yéﬂ;) =. A/L(ilT)terface \é_;: , 10)

C

where the frequency dependences for the
coefficient .1 are determined by the

formulas [27]
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In formulas (1) and (12):
o, =64w.Q/3nn,v. (n,is the concentration of
electrons, Q is the number which depends on the
symmetry of the adsorbed resonance state,
Q =0.2 for s- and p, -states, Q ~0.33 — for py -
and py - states); o.=g./h (e is the Fermi
energy); na is the surface density of adsorbed
atoms; o, — frequency of SPR, and
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is the localized density of the states, which are
induced by adsorbate, ¢, and I's are an amplitude
and the width of the spectral lines
correspondingly; d is the distance between the
center of the adsorbed molecule and the image
plane.

After the substitution (15) into (13) we
obtain
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After the calculation of the integrals in (16)
we obtain (see Appendix, formulas (A.1) and
(A.2),
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Using the formulas for the differences of arctangents and logarithms, we finally obtain
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After the substitution of the result of the
integration (17) into the expression (11) we
obtain

2
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Now let us calculate the value . ™™ In

1
order to do this we substitute the expression (15)
into (14), then we substitute the result into (10)
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After the calculation of the integral . 7 (see

Appendix), we obtain the following expression
for the parameter . "™ :

(20)
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Let us find the expression for the frequency
of the surface plasmonic resonance using the
condition of the equality to zero of the
denominator of the expression (3) in non-
dissipative approximation (y, =0). Using the
expressions (4) and (5), we obtain

(ec +2€S)(es +26m)+ZBC (ec —es)(es —em):O,
Using the formulas (6) and (21), we obtain
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or finally
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Thereafter, the relations (1)—(3) taking into
account formulae (4)—(10), (18), (20), (22) are
used in order to obtain the numerical results.

THE RESULTS OF THE CALCULATIONS
AND THE DISCUSSION

The calculations have been performed for
the nanoparticles of the different radius and of
different metals, covered with oleylamine layer
(OAm) of the different thickness, when the
composite structure Me@ OAm is situated in the

different environments. The parameters, used in
the calculations, are given in Tables 1-3, the
distance between the center of adsorbed
molecule and the image plane d = 10 nm.

Fig. 2 shows the frequency dependences for
the real and imaginary parts and for the module
of the longitudinal component of the
polarizability tensor for Au nanoparticles of the
different radius, covered with oleylamine layer
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of the fixed thickness. The curves Real, (7o)

have closely located maximum and minimum
and Reay, (ho) itself is alternating function of

the frequency (Fig.2a). Differing from
Real, (ho), the function Imal, (7e) is the

positive defined function and has one extreme
(maximum), which corresponds to the surface
plasmonic resonance (Fig.2b). It should be
pointed out that the greater the radius is (the
content of the metallic fraction in the composite
nanoparticle), the more expressed are the

extremes of the real and imaginary parts aj , but
their location does not change (that is the

frequency of the surface plasmonic resonance
remains constant). The frequency dependences
for the module of the longitudinal component of
the polarizability tensor have two extremes
(Fig. 2¢), and, moreover, the maximum
coincides with the maximum Imoj, (7o) (is

reached under the frequency of SPR), and the
minimum is located in the near ultraviolet range.

Such location of the minimums ol (7o) is
associated with the fact that Real,~0, and
Ima, rapidly decreases in the indicated spectral
range.

Table 1. Parameters of metals (for example, [31, 34] and the references therein)
Parameters Metals
Au Ag Cu Pd Pt
n,, 10% sm™ 5.91 5.85 17.2 2.53 9.1
€ 9.84 3.70 12.03 2.52 4.42
ho,, eV 9.07 9.17 12.6 9.7 15.2
Y pucr €V 0.023 0.016 0.024 0.091 0.069
g, eV 5.59 5.72 7.56 8.49 13.6
v, 10° m/s 1.41 1.49 1.34 2.84 2.98
Table 2. Parameters of dielectrics [35, 36]
Substance Air Toluene TiO2 Ceo
€m 1 2.24 4.0 6.0
Table 3. Parameters of adsorbate [36]
Na, SN2 &F — €3, €V | P\ Ts
1.27-10% 1 1 2.13

Fig. 3 shows the frequency dependences for
the real and imaginary parts and for the module
of the transverse component of the polarizability
tensor. Let us point out that the behavior of these
dependences significantly differs from the
behavior of the curves Real, (i), Imal (7o)

and |ol, (ho)|. Namely, all these dependencies

have the weakly expressed maximum in the far
infrared range of the spectrum, but as for the rest
part of the spectrum Reog (7o), Imag (o) and

lovg (ho)| are practically independent on  the
frequency.
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The Fig. 4 shows the curves of the frequency
dependences for the absorption cross-section and
the scattering cross-section. It should be pointed

out that if the dependences Cg* (7w) have one
maximum then the number of the maximas
Co® (hw) depends on the size of the particle. It
can be explained by the fact that
C&* ~(2Imag +Imal, ). Hence, the absorption
cross-section can reach the maxima when
Imaj, (ho) OF Imag (ko) reach the maxima

(Fig.2b and 3 D). The maxima
max| Imag (hw) ] appears under the increase of
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the metallic core, hence, the second maxima
CZ"® also appears in this case.

4

3
]
L%}
o

Rea!-10°, nm’
(=}

5
10

Ima!, nm’

1 2 3 4
ho, eV

Fig. 2. The frequency dependences for the real (a)
and imaginary (b) parts, and for the module
(c) of the longitudinal component of the
polarizability tensor for the nanoparticles
Au@OAm of the different radius in toluene:
1 — Re=10nm; 2 — R=30nm; 3 —
Rc =50 nm at thet =5 nm

Fig. 5 shows the results of calculations for
the absorption cross-section and the scattering
cross-sections for the nanoparticles of the same
size with the cores of different metals. The
curves Cg*(hw) and C3*(hw) have the same

particularities as the similar curves in Fig4. It
should be pointed out that if the maximums of
the absorption cross-section and the scattering
cross-section in the optical and ultraviolet parts

482

of the spectrum for the particles with the cores of
different metals are reached under the
frequencies which significantly differ from each
other, then the frequencies, which correspond to
the maxima in the infrared range, differ
insignificantly.

10°

nm
t

1
@

Rea,

Imo.,,

- nm’
56
< \\
“w
“w
o
o
(7] o>~

ho, eV

Fig. 3. The frequency dependences for the real (a)
and imaginary (b) parts, and for the module
(c) of the transverse component of the
polarizability tensor for the nanoparticles
Au@OAm at the same values of the

parameters, as in Fig. 2

It can be explained by the fact that the difference
in location of the strongly expressed maxima is
associated with the differences between the
frequencies of bulk plasmons and the
contribution of the crystal lattice into the
dielectric permittivity for different metals, while
the weakly expressed maximum is associated
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with the capability of adsorbate to induce the
local density of the states. The results of the
calculations of the frequency dependences for
the absorption cross-section for the particle of
the fixed size with golden core under the
different values Ae=g.—g, confirm such

explanation (Fig. 6 a). Thus, with the increase Ae
in the sequence of the curves 1—-2—3—4 one

observes “blue” shift of max [Cg‘@bs] into the near

infrared range, however, the maximum itself
becomes less expressed, whereas neither location
of the maximum nor its amplitude in the optical
range does not change.

g 10 2
<10’
F510°
SRS
10! 1
104S
107‘
10
107"
1 2 3 4
ho, eV
Fig.4. The frequency dependences for the

absorption cross-section (a) and scattering
cross-section (b) for the nanoparticles
Au@OAmM at the same values of the

parameters, as in Fig. 2

Fig. 6 shows the curves of the frequency
dependences for the absorption cross-section for
the particles of the fixed size with golden core,
which are situated in dielectrics with the
different permittivity. The results of the
calculation demonstrate “red” shift of the
maximums of the absorption cross-section with
small increase in their amplitude under the
increase in Tp.
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nm’
=

ho, eV

Fig.5. The frequency dependences for the
absorption cross-section (a) and scattering
cross-section (b) for the nanoparticles

Me@OAmM (R =30 nm; t =5 nm) in toluene

- I* 2.24

¢
¢

-, =4
¢

B Wt~
' '

ho, eV

Fig. 6. The frequency dependences for the absorption
cross-sections of the nanoparticles Au@OAm
(Rc = 30 nm; t =5 nm) under the different values

Ag=gr—g, in toluene (@) and in the different
dielectric media at the Ae =1 eV (b)
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In conclusion, in should be noted that the
low-amplitude oscillations on the curves 2 b, c,
3,4 a,5aand 6 in red and infrared ranges of the
spectrum are caused by the kinetic effects, which
give the oscillating contribution into the surface
relaxation rate.

CONCLUSIONS

The classical theory of the optical absorption
by the spherical nanoparticles of metal taking
into account the influence of the layer of
molecules, adsorbed on its surface, on the
relaxation processes has been modified.

It has been shown that the increase in
content of metallic fraction in the composite
nanoparticle results in the increase in the
extreme values of the real and imaginary parts
and module of the longitudinal component of the
polarizability tensor, and also in the increase in
the maximum value of the absorption cross-
section and scattering cross-section, that is in the
increase in the absorption and scattering at the
frequency of the surface plasmonic resonance.

It has been demonstrated that the curves of
the frequency dependences for the real and
imaginary parts and module of the transverse
component of the polarizability tensor
qualitatively differ from the similar curves for
the longitudinal component of the polarizability
tensor by the presence of the weakly expressed

maximum in the far infrared region of the
spectrum, the appearance of which is associated
with the local density of the states, induced by
adsorbate.

It has been found the existence of the small
oscillations of the absorption cross-section of the
real and imaginary parts and the module of the
longitudinal and transverse components of the
polarizability tensor, caused by the contribution
of the surface relaxation.

It has been shown that the location of the
maxima of the absorption cross-section and
scattering cross-section in the visible and
ultraviolet ranges of the spectrum for the
composite nanoparticles of the fixed sizes with
the cores of different metals significantly differs
due to the difference in such parameters of
metals as the frequency of bulk plasmons and the
contribution of ion core into the dielectric
permittivity.

It has been demonstrated that the location and
the amplitude of the maxima of the absorption
cross-section for the nanoparticle of the fixed size
and the content depend on the properties of the
medium, in which the nanoparticle is situated.
Thus, the increase in the permittivity of dielectric
results in the increase in the amplitude of the
maxima, and the maxima itself shifts into the
domain of the smaller frequencies.

APPENDIX. THE CALCULATION OF THE INTEGRALS

Calculating the integrals . 4 and . 4 in (16), we obtain

L=

L (Erho—E (1,2 L
“  d(E+ho-E,)
oo (E+ho-E,) +(T,/2)

:_2(ho;— Ea){arctg 2(gp +ho—E,)

_(hw_Ea)

2:

—arctg

a

't EdE f (E+ho—E,)d(E+ho—E,)
(E+ho-E,)

(A1)

5.

+%{In((aF +ho-E,) +(F2 sz_ln[(SF ~E,) +(F2 jzj};
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P (E+ho)de _ i (E-E)J(E-E)
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+(ho+E,) SJE d(Ez_Ea) =
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_ 2(ho+E,) 2(8F—Ea)_
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—arctgz(&+j)_Ea)}+%{ln[(sF ~E,) +(1“2 ]2]—
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Now the integral . 7 in the expression (18). In order to do this let us move to a new variable €é=¢g—¢,.
As the result, the integral has the form

P de (A3)

I T v

Let us use the method of undetermined coefficients for the calculation of the integrals in (A.3)

dé
,I [52 +(T, /2)1[(5& ho)’ + (Fa/Z)Z] ) (A.49)
EF—&q A£+ B E e Fa C§+ D ~ :/3 @) +/3(2)

~2 a2 + - 2 2
oioe, & +(T,/2) oo, (E+H0) +(T,/2)

In order to determine these coefficients, let us equate the expressions at the different degrees & in the left-
hand side and the right-hand side of the expression (A.4)

2 2
(A§+B)[(§+hm)2+(%j }(c:ﬂ D){§2+(%j }:1. (A.5)
Thus, we obtain the system of equations from (A.5).

A+C=0;
2hwA+B+D=0;

r? r?
(Ta+h2m2jA+ 2hmB+T"C =0; (A.6)

2 2
&-i-hz(,l)z B+r“ D=1.
4 4

Solving the system (A.6), we obtain
2 ) 1 2 ) 3

ho(RPe? +12)

,C= , Dm0’
P’ +T2" 7 ho(e® +T7) W +T7

- (A7)

Let us calculate the integrals . ™ and .~ *):
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w2 T Ede 1 (e—e) +(0,/2)

2 §,+i de
y e hel? T 4 d(&+no)
’/3( ) = XY v 2 2
st (E+H0) +(T,/2)" Ty, e, (E+ho) +(T,/2)
2 " (E+he)d(E+ho) 2 d(e+ho)

hols i (B+ho) +(T,/2)° Ta . (E+h0) +(T,/2) )

2 2
:%(arctgw_arctg (SF —ga)]_'_ 1 . In (SF + h(,o—gza) +(1"a/22) .
T r fl(DFa (SF _ga) +(1"a/2)

a a

Hence, the integral . 7 is equal to

2(e: +ho—¢,)

4
= rs arctg

2 —
—arctg (e 83)]+hwlr2x

[(oe e, + (0, /2)" | (50—, + (1, /2)' | (A$)
[(ee—e.)' +(r,/2) |

Substituting (A.8) into (19), we obtain the formula (20).

xIn

Bnuus mapy agcop0oBaHuX MoJIeKYJI Ha JIOKAJIi30BaHi MOBEPXHEBi MJIAa3MOHM B
cepuyHNX MeTaIeBUX HAHOYACTHHKAX

H.A. Cmupnosa, A.B. Koporyn, I.M. Titos

Hayionanvnuii ynieepcumem «3anopizvka nonimextixa»
sy JKykoscvkozo, 64, 3anopidcocs, 69063, Yrkpaina, andko@zp.edu.ua
Incmumym memanoghizuxu im. I'.B. Kyporomosa Hayionanvhoi akademii nayx Yrpainu
oymeap Axademixa Bepuadcwvkoeco, 36, Kuis, 03142, Vrpaina
UAD Systems
eya. Onexcanopiscvka, 84, 3anopiocoics, 69002, Yrpaina

B pobomi oocnioxceno eniug wiapy aocopbosaHux MONEKY1 HA ONMUYHI XAPAKMEPUCMUKU COepuuHux
Memaneeux HAHOYACMUHOK. 3 Y€ Memow y eupazax 0as weUuOKOCmi peiaxkcayii HaseHull 000amKosull YieH, o
8pAX08yY€ pO3CIHOBAHHS eJIeKMPOHI6 Ha Mmedci memany 3 adcopbamom. OmpumaHo auanrimuyui eupasu O
YACMOMHUX 3AAE)CHOCIEl Napamempa mpamuy K02epeHmHOCME 3a PAXYHOK PO3CII08AHHS HA MedxCT nodiny «Memai
— aocopbosanuil wap». Bcmanosneno, wjo HAAGHICMb AOCOPOOBAHUX MONEKYN NPU3600UMb 00 AHI30MpPOnii
PO3CIIO8AHHS €leKMPOHI6, [, K HACAIOOK, AHI30MPORII ONMUYHO20 6i02YKYy NOoOIOHUX cucmem. Pesynomamom
3A3HAYEeHOT aHi30Mponii € NOABA Y YACMOMHUX 3ANEHCHOCAX ONMUYHUX XAPAKMEPUCIUK 000AMKOB020 MAKCUMYMY
8 ingpauepsoniii obnacmi cnekmpa. IIpoananizoeano egomoyito 4ACMOMHUX 3ANEHCHOCE KOMNOHEHm MeH30pd
NoAAPU308AHOCNI | Nepepi3ié NONUHAHHA MA PO3CII08AHHA 080UAPOBUX CepUYHUX HAHOUACIMUHOK MURY «Memal —
aocopbamy npu 3MmiHi ixXHix eeomempuunux napamempis. Ilokazano, wo ciabKo GUPAdICEHUN MAKCUMYM OIUCHOI,
VABHOI YacmuH i MOOYJIA NONEPeyHOi KOMNOHEHMU MeH30pa NOAAPUZ0BAHOCHI, 4 MAKONC Nepepi3ie NOTUHAHHA Md
Ppo3citosanns 8 inppauep8oniil obnacmi cnekmpa GUHUKAE BHACTIOOK THOYKYB8AHHA a0COpOAMoM JOKAAbHOL 2yCmutu
cmanie. Bcmanosneno npuduny 3Cy8y MAKCUMYMiI6 Nepepizié NOIUHAHHA MA PO3CI06aHHs Ol HAHOYACMUHOK
NOCMIUHUX PO3MIPIE i3 A0pamu pizHux mMemanie. IIpodemMoHcmposano icHy8aHHs OPIOHOMACUMAOHUX OCYUIAYIL HA
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YACTNOMHUX 3ANIeHCHOCHAX KOMNOHEHM MeH30pad NOJAPU308AHOCMI | nepepizié NO2IUHAHHA MA PO3CIl08AHHS,
00YMOBIEHUX OCYUTIOIOUUM BHECKOM NOBEPXHEB020 PO3CIIOBAHHS eNeKMPOHis. J[06e0eH0 3anedcHICmb NOI0NCEHHS.
Ma 6eNUYUHU MAKCUMYMY Nepepi3y NOSNUHAHHA YACTMUHKU «Memal — adcopoamy i3 He3MIHHUMU 2eOMempPUIHUMU
napamempamu ma cKiadom 6io 0ieleKmpuyHoi NPOHUKHOCMI cepedosuyd, 8 SKOMY 3HAXOOUMbCS HAHOYACMUHKA.

Knwwuoei cnosa: xomnosumna Hamouacmunxa, aocopoam, NOAAPUIOEAHICMb, Nepepisu NOAUHAHHA 1

pO3Cii06£ZHH}Z, noeepx%teeuzl NAA3MOHHUL PE3OHAHC, JIOKANbHA 2YCMUHA cmawie
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