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MODELING THE TRIBOLOGICAL PROPERTIES OF POLYMER COATINGS BASED ON
PHENYLONE WITH COPPER (II) COMPLEX MODIFIERS USING MATLAB

Purpose. This study is dedicated to designing and evaluating antifriction polymer coatings based on
phenylone C2, an aromatic polyamide with high thermal stability, modified with copper (II) complexes of the
composition [Cu(HL)X;],, where HL represents derivatives of benzimidazole-2-thiocarboxylic acid arylamides.
The research aims to model the tribological behavior of these coatings, focusing on the effects of sliding speed,
specific load, and modifier concentration, to improve the performance and durability of friction units in
mechanical engineering applications under high-load conditions typical of industrial machinery.

Methods. The coatings were fabricated by dissolving phenylone C2 and copper (II) complex modifiers in
dimethylformamide, followed by impregnation onto a porous bronze substrate (20—25% porosity) under a
vacuum pressure of 0.00001 MPa for 30 minutes. The coated samples were cured at 420 K for 1.5 hours and then
at 723 K for 2 hours to ensure complete hardening. Tribological testing was conducted using an SMT-2010
friction machine in a block-on-disk configuration, lubricated with [-40A industrial oil (GOST 20799-88). Tests
spanned sliding speeds of 0.15 to 1.2 m/s and specific loads of 5 to 15 MPa, with a steel 45 counterbody
(hardness 45-50 HV, Ra 0.4-0.63 um). Friction coefficients were measured with an accuracy of +0.001, and
wear rates were determined gravimetrically with a precision of +0.01 mg/m after 10-hour test cycles.
Experimental data were analyzed in MATLAB to derive a predictive equation for the friction coefficient.

Results. Modification with copper (II) complexes significantly enhanced the tribological properties of
phenylone-based coatings. At a 1% modifier concentration, the friction coefficient decreased from 0.080 to
0.045, and wear resistance improved by 60%, with coating No. 2 (Cl anion, methoxyphenyl substituent)
demonstrating the best performance due to its balanced lubricity and durability. MATLAB processing yielded the
equation f(V,P)=0.0335+0.0095-V+0.0005-P, accurately describing the friction coefficient’s dependence on
sliding speed (V, m/s) and specific load (P, MPa) with a maximum deviation of less than 5%. Optical microscopy
revealed the formation of a protective tribochemical film on the counterbody surface, which reduces wear by
mitigating direct contact and enhancing surface smoothness.

Conclusions. The developed coatings offer substantial potential for high-load friction units in mechanical
engineering, providing reduced friction and enhanced wear resistance under lubricated conditions. The derived
equation serves as a reliable tool for predicting tribological behavior, facilitating design optimization. The
presence of a tribochemical film underscores the role of chemical interactions in performance improvement.
Future research could explore higher modifier concentrations beyond 1% to assess delamination limits and
extend the coatings’ applicability to extreme temperatures and loads encountered in advanced industrial settings.

KEYWORDS: phenylone, copper complexes, tribological properties, antifriction coatings,
approximating equations.
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Problem Statement

Advancements in modern mechanical
engineering and the chemical industry demand
materials capable of withstanding high loads,
elevated temperatures, and aggressive envi-
ronments [1]. Friction wunits, as critical
components of machinery, experience signi-
ficant mechanical stress, which adversely
impacts their reliability and service life [2].
Polymer coatings based on heat-resistant
materials such as phenylone present a
promising solution due to their antifriction
properties, high wear resistance, and ability to
operate under specific loads up to 20 MPa and
sliding speeds of 2-3 m/s [3]. However,
unmodified phenylone exhibits limitations,

including a high friction coefficient under dry
conditions and poor thermal conductivity,
resulting in overheating within friction units
[4]. These shortcomings highlight the need for
modifiers to enhance its tribological per-
formance. Copper (II) complexes with
heterocyclic thioamides have emerged as highly
effective antifriction additives, as demonstrated
by prior studies [5]. The objective of this study
is to develop antifriction polymer coatings
based on phenylone C2 modified with
[Cu(HL)X;], complexes [6] and to model their
tribological behavior using MATLAB [7].

Literature Review

Research into the tribological properties of po-
lymer materials has gained significant traction
over recent decades, driven by their widespread
applications in mechanical engineering and the
chemical industry [8]. Phenylone, an aromatic
polyamide, is prized for its thermal stability and
mechanical strength, yet its antifriction
properties require improvement [9]. Gupta B.
R. [4] noted that incorporating solid fillers, such
as graphite and molybdenum disulfide,
substantially reduces the friction coefficient of
polymer coatings, though this may compromise
structural integrity, a finding consistent with
broader polymer modification studies [10].
Ivanochkin P. G. et al. [3] demonstrated
that phenylone C2, when combined with fibrous
fillers, performs effectively under dry friction
conditions, achieving a friction coefficient of
0.15-0.20 at loads up to 15 MPa. However, in
lubricated conditions, additional modifiers are
necessary to enhance wear resistance and
maintain substrate adhesion [1, 11]. Copper

complexes  with  heterocyclic  ligands,
particularly thioamides, were investigated by
Panasiuk A. and Ranskyi A. [5] as lubricant
additives, achieving a 30—40% reduction in
wear through the formation of protective films
on friction surfaces, a mechanism corroborated
by recent tribochemical research [12].

Contemporary tribological modeling
increasingly relies on computational tools.
Dudka A. M. et al. [13] utilized MathCAD to
approximate the dependence of friction
coefficients on speed and load for
fluoropolymer coatings, while Belyak O. A. and
Suvorova T. V. [9] proposed numerical methods
for predicting the mechanical properties of
antifriction materials, underscoring the pivotal
role of mathematical modeling in optimizing
coating formulations [14, 15]. These studies
provide the foundation for the present research,
which addresses the unresolved challenge of
enhancing phenylone-based coatings for high-
load, lubricated applications [16-18].

Objective and Research Tasks

The objective of this study is to develop
antifriction polymer coatings based on
phenylone C2 modified with copper (1)
complexes of the composition [Cu(HL)X;],,
investigate their tribological properties under
varying conditions, and derive analytical
equations describing the friction coefficient’s
dependence on sliding speed, specific load,

and modifier concentration using MATLAB.
The research tasks include determining the
optimal  coating  composition  through
experimental testing and evaluating the
modifiers' impact on wear resistance and
microhardness, with the aim of improving the
performance of friction units in mechanical
engineering applications.
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Materials and Methods

The base material for the coatings was
phenylone C2, an aromatic polyamide with a
glass transition temperature of 563 K and
thermal stability up to 533 K. Modifiers
consisted of copper (II) complexes

[Cu(HL)X;],, synthesized via the reaction of
copper salts with arylamide derivatives of
benzimidazole-2-thiocarboxylic ~ acid.  The
compositions of the investigated polymer
coatings are detailed in Table 1.

Table 1

Composition of Investigated Polymer Coatings Based on Phenylone C2

Ta6oauus 1

CkJ1a1 JOCIIKYBaHHX ITOJIIMEPHAX OKPUTTIB Ha 0CHOBI (heHiOHY C2

wt.%

Coating No. | Phenylone C2, wt.% | Modifier, | Modifier Type (X — anion, R — substituent)

100 0 -

99

IT Ar-n-OCHj3;-Cl, (Cl, methoxyphenyl)

BHlWIN[—

99

1
99 1 IT Ar-n-Cl1-Cl, (Cl, chlorophenyl)
1 IT Ar-n-CHj3-Cl; (Cl, methylphenyl)

Samples were prepared by dissolving
phenylone C2 and the modifier in
dimethylformamide (DMF), followed by
impregnation of a porous bronze substrate
(porosity 20-25%) in a vacuum chamber at
0.00001 MPa for 30 minutes. The coatings were
applied via dipping and cured in a drying oven
at 420 K for 1.5 hours and 723 K for 2 hours to
ensure full solidification.

Tribological tests were conducted on an
SMT-2010 friction machine using a block-on-
disk configuration in a lubricated environment
with [-40A industrial oil (GOST 20799-88). The
counterbody was steel 45 (GOST 1050-74) with
a hardness of 45-50 HV and surface roughness
Ra of 0.4-0.63 um. Sliding speeds ranged from

0.15 to 1.2 m/s, and specific loads varied from 5
to 15 MPa. The friction coefficient was measu-
red with a precision of £0.001 using an integ-
rated friction force sensor, while wear rate was
determined gravimetrically with an accuracy of
+0.01 mg/m after 10 one-hour friction cycles.

Experimental data revealed that the
unmodified phenylone coating exhibited a
friction coefficient of 0.080 at a sliding speed of
0.6 m/s and specific load of 10 MPa. In
contrast, modified coatings achieved a reduced
friction coefficient of 0.045 at a 1% modifier
concentration, with wear resistance improving
by 60%. These findings indicate significant
enhancement of tribological properties through
modification.

Results and Discussion
The tribological performance of coating No. 2 was analyzed in detail across a range of sliding

speeds and specific loads, as presented in Table 2.

Dependence of Friction Coefficient of Coating No.

Table 2
2 on Sliding Speed and Specific Load at 1% Modifier

Concentration

Taoauus 2

3anexHicTh KoedimieHTa TepTs MOKpUTTS Ne 2 BiJ IIBUJKOCTI KOB3aHHS Ta IMTOMOTO HABAaHTAXEHHS NIPU
1% xoHueHTpauii Mmoaudikaropa

Sliding Speed, m/s | P=5MPa | P=10MPa | P=15 MPa
0.15 0.037 0.0395 0.042
0.3 0.039 0.042 0.045
0.6 0.042 0.045 0.048
0.9 0.045 0.048 0.051
1.2 0.047 0.050 0.053

To derive an analytical equation
capturing the friction coefficient’s dependence
on sliding speed (V) and specific load (P), the

experimental data were processed in MATLAB.
The following simplified code block was used
to obtain the equation:
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% MATLAB Code Block for Deriving Friction Coefficient Equation
% Purpose: Calculate the analytical equation f(V, P) = a + b*V + c*P for coating
No. 2
% Step 1: Input Data
% Define sliding speeds in m/s
speed = [0.15, 0.3, 0.6, 0.9, 1.2];
% Define specific loads in MPa
load = [5, 10, 15];
% Define friction coefficients for different conditions
friction = [0.037 ©.039 0.042 0.045 0.047; % at 5 MPa
0.0395 0.042 0.045 ©0.048 0.050; % at 10 MPa
0.042 0.045 0.048 0.051 0.053]; % at 15 MPa

% Step 2: Prepare Data for Approximation
% Initialize arrays to store all data points
all speeds = [];
all loads = [];
all_friction = [];
% Combine data into single vectors for fitting
for 1 = 1:3 % Loop over each load level

all speeds = [all_speeds, speed]; % Append speeds

all loads = [all_loads, 1load(i)*ones(1,5)]; % Append corresponding loads
(repeated 5 times)

all friction = [all_friction, friction(i,:)]; % Append friction coefficients
end
% Step 3: Calculate Equation of the Form f = a + b*V + c*P
% Check if polyfitn is available (requires Polyfitn Toolbox)
if exist('polyfitn', 'file')

coeff = polyfitn([all_speeds', all loads'], all friction', 1);

% Extract coefficients: a (intercept), b (speed coefficient), ¢ (load
coefficient)

a = coeff(1l); % = 0.0335
b = coeff(2); % = 0.0095
c = coeff(3); % = 0.0005

% Step 4: Display the Friction Coefficient Formula

fprintf('Derived Equation: f(V, P) = %.4f + %.4f*V + %.4f*P\n', a, b, c);
else

warning('Polyfitn Toolbox not found. Please install it or use an alternative
method (e.g., fit with polyll).');

% Alternative using fit (if Polyfitn is unavailable)

fit_obj = fit([all_speeds', all loads'], all_friction', ‘'polyll');

a = fit_obj.pee;

b = fit_obj.ple;

c = fit_obj.po1;

fprintf('Derived Equation (using fit): f(V, P) = %.4f + %.4f*V + %.4f*P\n', a,
b, c);
end

% Friction Coefficient Formula: f(V, P) = 0.0335 + 0.0095*V + 0.0005*P
The resulting equation is:

f(V,P) = 0.0335 + 0.0095-V + 0.0005 - P,

where V' is the sliding speed in m/s, and P is predicting tribological behavior under the tested
the specific load in MPa (coefficients rounded conditions.

for clarity). This equation accurately fits the The effect of modifier concentration on
experimental data, with a maximum deviation wear resistance and friction coefficient was
of less than 5%, confirming its reliability for assessed using data from Table 3 for coatings
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No. 2 and No. 3. Figure 1 graphically represents
the wear rate (mg/m) as a function of modifier
concentration (%) at a sliding speed of 0.6 m/s
and specific load of 10 MPa. Coating No. 2
(with CI anion and methoxyphenyl substituent)
exhibited a superior reduction in wear rate,

dropping from 5.12 mg/m at 0% concentration
to 2.05 mg/m at 1%, compared to No. 3’s
reduction from 5.12 mg/m to 2.15 mg/m. This
60% improvement in wear resistance highlights
the efficacy of the methoxyphenyl-modified
coating.

5.5 T T T T

Wear Rate {mg/m)
& -
T T

(5]
T

25

QO Coating No. 2
% CoatingNo. 3

] 0.1 0.2 0.3 0.4

0.5 0.6 0.7 0.8 0.9 1

Modifier Concentration (%)

Fig. 1 - Comparative Wear Resistance of Developed Polymer Coatings
Mau. 1 - [lopisnanvua 3Hococmiikicms po3podienux NoLiMepHUX NOKPUMMIe

Table 3

Dependence of Tribological Properties on Modifier Concentration (V = 0.6 m/s, P = 10 MPa)

Taoauus 3

3anexHicTh TPUOOJIOTTYHHUX BIACTHBOCTEH Bijl KOHIeHTpauii Moaudikaropa (V = 0,6 m/c, P =10 MIla)

Coating | Concentration, % | Wear Rate, mg/m | Friction Coefficient (f)

No. 2 0 5.12 0.080
0.25 3.99 0.065

0.5 2.85 0.050

0.75 2.45 0.0475

1.0 2.05 0.045

No. 3 0 5.12 0.080
0.25 4.06 0.066

0.5 3.01 0.052

0.75 2.58 0.049

1.0 2.15 0.046

To examine the influence of sliding speed
on the tribological properties of coating No. 2 at
a fixed load of 10 MPa, Figure 2 was
constructed based on Table 2 data. The graph
displays experimental friction coefficient

points ranging from 0.0395 at 0.15 m/s to
0.050 at 1.2 m/s, with a linear approximation
overlaid, confirming a stable increase in friction
with speed and aligning with the derived
equation.
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0.052 T T

0.05

0.048 — O  Experimental Data

Fit: f{\') = 0.0382 + 0.0095"V

0.046

0.044

Friction Coefficient

0.042 |

0.04 -

0.038
0 0.2 0.4

0.6 0.8 1 1.2

Sliding Speed (m/s)

Fig. 2 - Dependence of Friction Coefficient (f) of Coating No. 2 on Sliding Speed (V) at P =10 MPa
Mau. 2 - 3anexHicTb koedirienta Tepts (f) nokpurrs Ne 2 Bin mBunkocti ko3anus (V) npu P = 10 MIla

The comparative performance of coatings
No. 2 and No. 3 with varying modifier con-
centrations is illustrated in Figure 3, based on
Table 3 data. At a sliding speed of 0.6 m/s and
load of 10 MPa, the friction coefficient dec-
reases from 0.080 to 0.045 for No. 2 and from
0.080 to 0.046 for No. 3 as concentration rises
from 0% to 1%, with No. 2 showing a slight
advantage, consistent with its lower wear rate.

A comprehensive analysis of sliding
speed and specific load effects on coating No.
2’s friction coefficient is depicted in Figure 4 as
a MATLAB-generated surface plot. Covering

speeds from 0.15 to 1.2 m/s and loads from 5 to
15 MPa at 1% modifier concentration, the plot
shows a maximum friction coefficient of 0.053
at V= 1.2 m/s and P = 15 MPa, validating the
analytical equation’s predictive accuracy across
the tested range.

Increasing the modifier concentration to
1% effectively reduces both wear and friction
coefficient, though concentrations above 1%
result in coating delamination, indicating an
optimal threshold. Coating No. 2, featuring a Cl
anion and  methoxyphenyl  substituent,
consistently outperformed others in the study.

Conclusions

1. Modification of phenylone with
copper (II) complexes enhances the
tribological properties of polymer coatings,
reducing the friction coefficient from 0.080
to 0.045 and improving wear resistance by
60%.

2. Tribological properties’ dependence
on sliding speed, specific load, and modifier
concentration was experimentally
confirmed, providing a robust dataset for
analysis.

3. MATLAB processing yielded the
analytical equation (V' ,)=0.0335+0.0095-V
+0.0005-P for coating No. 2, offering a
reliable predictive tool for friction behavior.
4. The  developed  coatings  are
recommended for high-load friction units in
mechanical engineering, with future research
prospects focusing on optimizing load-
bearing capacity and long-term durability
under varying environmental conditions.
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0.06@ T T T T T T T T T

0.075

0.07 Coating No. 2 -

Coating No. 3

*Q

0.065

0.06 -

0.055

Friction Coefficient

0.05

0.045 -

0.04 -

| | | 1 | | 1 1 |
0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
Modifier Concentration (%)

0.035
0

Fig. 3 - Dependence of Friction Coefficient (f) on Modifier Concentration (%) for Coatings No. 2 and No. 3 at V
=0.6 m/s, P=10 MPa
Mau. 3 - 3anexHicTb koedirienta Tepts (f) Bix koHueHTpanii moxudikaropa (%) st nokpurriB Ne 2 ta Ne 3
npu V = 0,6 m/c, P =10 MIla

0.052
0.05

0.048
0.046

0.044

Friction Coefficient

0.042

0.04

0.038

0.4
0.2
Load (MPa) 5 0 Speed (m/s)

Fig. 4 - Dependence of Friction Coefficient (f) of Coating No. 2 on Sliding Speed (V) and Specific Load (P)
Mau. 4 - 3anexHicTh koedimienTa tepts (f) mokputrs Ne 2 Bixg mBuaKOCTI koB3aHHs (V) Ta MUTOMOTO
HaBaHTaxeHHs (P)
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MOJIEJIOBAHHS TPUBOTEXHIYHUX BJJACTUBOCTEM MOJIMEPHUX ITOKPUTTIB
HA OCHOBI ®EHIVIOHY 3 MOANPIKATOPAMU KOMIIJVIEKCHHUX CIIOJIYK MIAI (II)
3A JOITIOMOI'OIO MATLAB

Mera. JlocmiKeHHS MPHUCBIYCHO pPO3POOIi Ta OIMHIN AHTUPPUKLIIHHUX TOJTIMEPHUX MOKPHUTTIB Ha
ocHOBI (heHinmona C2, apoMaTHYHOTO TONiaMiAy 3 BHCOKOI TEPMOCTIHKICTIO, MOAN(]IKOBAHOTO KOMIDIEKCAMHU
migi (II) cknany [Cu(HL)X;],, ne HL — nmoxinHi apunaminiB OeH3uUMiIa301-2-TioKapOOHOBOI KHCIOTH. MeTOor0
poOOTH € MOJCTIOBaHHS TPUOOTEXHIYHOI MOBEMIHKM [HX MOKPUTTIB i3 AKIEHTOM Ha BIUIMBI IIBUIKOCTI
KOB3aHHS, INHUTOMOTO HAaBaHTAXEHHS Ta KOHIEHTpalii Moaudikaropa A MiIBUIIEHHS e(EKTUBHOCTI i
JIOBIOBIYHOCTI BY3IiB TEpTs B MAaIIMHOOYIIBHHX BY3JaxX 3a YMOB BHCOKHMX HaBaHTa)X€Hb, XapaKTEPHHUX IS
MIPOMHUCIIOBOTO 00JIaTHAHHS.

Metoau. [ToKpUTTS BUTOTOBIISUIM LIISIXOM po34MHEHHs (eHioHa C2 1 MonudikaTopiB KOMIUIEKCIB Mii
(II) y numeTnadopmamizi 3 MOJABIINM ITPOCOYEHHAM ITOPUCTOi OpoH30B0O1 migKnaaku (mopucticts 20-25%) 3a
BaKyyMHOT'O THCKY TpoTsroM 30 XBHIMH. 3pa3Kd 3 MOKPUTTAM IiIAaBalll TepMidHOMY TBepAiHHIO mpu 420 K
npotsitoM 1,5 romuam, a motim mpu 723 K mpotsarom 2 roawH s 3a0e3MedeHHS MMOBHOTO 3aTBEpIiHHS.
TpuboTtexHiuHi BUnpoOyBaHHsA mpoBomwiau Ha MamuHi Teprs CMT-2010 3a cxeMor «KOIOIKa-AHCK» Y
3MallleHOMY CEpEIOBHINI 3 BUKOPUCTaHHAM iHmycTpiambHOro Macia [-40A (I'OCT 20799-88). docmimkeHHs
OXOIDTIOBAJIM MIBHAKOCTI KoB3aHH:A Bix 0,15 mo 1,2 m/c 1 muToMi HaBaHTaXeHHA Bix 5 10 15 MIla 3 koHTpTLIOM
31 crauni 45 (tBepaictb 45-50 HV, mopctkicts Ra 0,4-0,63 mxm). KoeditieHTr TepTsi BUMIpIOBAIM 3 TOYHICTIO
+0,001, a mBHAKICTH 3HOIIYBaHHS BH3HAYAJIM IPaBIMETPUYHUM METOJOM i3 TouHicTio £0,01 mMr/m micns 10-
TOJAMHHUX IUKJIIB BUIpPOOyBaHb. EkcmepuMenTanpHi nmaHi o0poOmsmn B MATLAB i BuBEICHHS
MPOTHO3YIOYOT0 PIBHAHHA Koe(DillieHTa TepTs.

PesyabraTn. Moaudikauis xommiexkcamu Mini (II) 3HauHO mOKpammna TpUOOTEXHIYHI BIACTHBOCTI
MIOKPHUTTIB Ha OCHOBI (eHinoHa. [Ipn koHneHrpanii moxudikaropa 1% koedinient tepts 3un3uscs 3 0,080 1o
0,045, a 3HOCOCTIHKICTB 3pocia Ha 60%. [Tokputts Ne2 (anion Cl, 3amicHUK MeTOKCH(EH1I) MPOAEMOHCTPYBAJIO
HaWKpalll XapaKTepPUCTUKH 3aBISIKH ONTUMAJIbHOMY IOE€IHAHHIO 3MAllyBaJbHUX BJIACTHMBOCTEH 1 MIIJHOCTI.
O6pobka B MATLAB mana pisasaas f(V,P)=0,0335+0,0095-V+0,0005-P, sxe omucye 3anexHicTs KoedimieHTa
TepTs BiJ mMBHIKOCTI KoB3aHHA (V, M/c) i muromoro HaBaHTaxkeHHS (P, MIla) 3 MakcHMalpHOIO TOXHOKOIO
MeHII HDK 5%. OnTuyHa MIKpPOCKOINis BHSBWIA YTBOPEHHs 3aXMCHOI TpHOOXIMIUHOI IUTIBKM Ha TOBEPXHI
KOHTPTIJIa, [0 3MEHIITYE 3HOC 3aBISKHU 3HIKCHHIO MIPSIMOTO KOHTAKTY Ta MiIBUIIEHHIO TaIKOCTi TOBEPXHI.

BucHoBkH. Po3po0iieHi MOKPUTTS MarOTh 3HAYHUAN MOTEHI[ald sl BUKOPUCTAHHS Yy BY3Jax TepTs 3
BUCOKMMH HaBaHTAXXEHHSAMH B MAIIMHOOYAyBaHHI, 3a0e3ledyloud 3HIDKEHHS TepTs Ta IiABHIICHY
3HOCOCTIHMKICTh y 3MamieHnx ymoBax. OTpuMaHe PIiBHAHHSA € JOCTATHIM IHCTPYMEHTOM JUIS MPOTHO3YBaHHS
TPUOOTEXHIYHOT MOBEIIHKH, IO CHpHSIE€ ONTUMI3amii KOHCTpyKUid. HasBHiICTE TpHOOXIMIYHOI IITIBKH
MiAKPECITIOE BAXKIMBICTh XIMIYHAX B3a€MOJIIN y MOKPAIICHH]I XapaKTepuCTHK. [lomanbni qOCiIKeHHS MOXKYTh
OyTH cpsIMOBaHI Ha BUBYCHHS BHIIMX KOHIICHTpALiil MomudikaTopa (moHazn 1%) Ui OIIHKY MEX JesiaMiHamii
Ta PO3LIMPEHHS 3aCTOCOBHOCTI MOKPHUTTIB JIO €KCTPEMaJbHUX TEMIIEpaTyp i HaBaHTa)XEHb, XapaKTEPHUX IS
CY4acHOTO MPOMHCIIOBOTO 00JIa/IHAHHSL.

KJIIOYOBI CJIOBA: ¢eninon, xomnnexcu mioi, mpubOmexuiuni 61acmueocmi, aHmu@puxyiini
NOKPUMMSL, ANPOKCUMYIOHT DIBHAHHSL.
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KonduikT inTepecis
ABTOpH 3asBIIIOTH, IO KOH(IIKTY iHTepeciB mono myOmikarii pykonucy Hemae. KpiMm Toro, aBTopH
MOBHICTIO JIOTPUMYBQJIACh CTHYHHX HOPM, BKIIOYAIOYM IUIAriaT, Qanscudikamifo TaHUX Ta MOABIHHY
MyOJIiKaIlifo.
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