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The reliability of pipelines in the gas and oil transportation complex is largely determined by corrosion
damage and mechanical defects on the external and internal surfaces. The purpose of this study is to develop
nanomodified epoxy composite bandage systems with improved thermophysical characteristics for pipeline
repair. The studies show that controlled introduction of micro- and nanodispersed fillers into the polymer
matrix significantly increases the thermal stability of epoxy composites. In particular, the temperature of
the onset of mass loss increases by 47-55 K compared to the unmodified epoxy matrix. It was established
that the rational ratio of components (10 wt. % of trimethoprim and 0.050 wt. % of fullerene-carbon black
mixture) in the epoxy matrix ensures the formation of a polymer with the maximum value of the activation
energy of thermal destruction (E, = 175 kd/mol). The improvement of the thermophysical characteristics of
the polymer is due to the formation of a hybrid structure, which is realized through the combined action of
three mechanisms: the barrier effect of nanofillers, which form a compacted structure and limit the diffusion
of oxygen; chemical crosslinking due to the interaction of trimethoprim amino groups with epoxy functional
groups; physical interfacial interaction, in particular 7—z-interaction with the graphite-like surface of nano-
particles, which leads to a decrease in the segmental mobility of macromolecules and an increase in the
energy barriers of the course of thermal destruction processes. The scientific novelty of the work lies in
establishing a combined chemical-physical mechanism for stabilizing epoxy composites modified with a bidis-
perse system of functional fillers, which provides coordinated control over diffusion processes, the polymer
network's crosslinking density, and the kinetics of thermal degradation at elevated temperatures. The de-
veloped materials exhibit reduced mass loss and increased resistance to thermal-oxidative degradation, con-
firming their feasibility as highly effective matrices for polymer bandage systems used to repair oil and gas
pipelines operating under elevated temperature loads.
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1. INTRODUCTION
1.1 Statement of the Problem

Pipeline transport is a key component of energy
infrastructure, ensuring the continuous transportation of
oil and natural gas, which are critically important for
industry and society. A significant portion of the main
pipelines operates beyond their design service life, leading
to the accumulation of various defects, including corrosion
damage, cracks, mechanical deformations, and defects in
welded joints. The development of such damage reduces
the strength and integrity of pipelines, increases the risk
of failures, and results in significant economic and
environmental consequences [1-4]. In this context,
technologies for repairing pipelines without interrupting
the transportation of energy resources are of particular
importance, as they ensure process continuity and reduce
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operating costs. One of the most effective and
technologically feasible approaches is the application of
polymer composite bandage systems. These systems
consist of composite repair structures and polymeric
binding materials designed to localize defects, redistribute
stresses in damaged zones, restore load-bearing capacity
and sealing performance, and enhance the durability of
pipeline sections by forming an external reinforcing shell
without the need for complex welding operations.
Currently, polymer composite bandage systems based
on epoxy matrices are widely used due to their high
adhesion to metal substrates, corrosion resistance, and
ease of application. A promising approach to improving
their performance is the modification of the epoxy matrix
with nanodispersed fillers, which promote the formation of
a denser polymer structure, reduce diffusion permeability
to aggressive media, and enhance the mechanical and
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thermal properties of the material. Thus, the development
of nanomodified polymer composite bandage systems for
the repair of oil and gas pipelines is a relevant scientific
and applied task aimed at improving the reliability of
pipeline systems, reducing failure rates, and minimizing
environmental risks during operation [5-7].

1.2 Analysis of Recent Research and Publications

According to recent studies [8], the use of functional
epoxy nanocomposites enhances the anticorrosion
performance of materials by up to 50 % and reduces the
wear rate by up to 40 % [9, 10]. This improvement is
attributed not only to the mechanical reinforcement of
the epoxy matrix but also to the formation of a
hierarchical barrier structure that hinders the diffusion
of aggressive species (water, oxygen, chloride ions, and
sulfates) to the metal surface. The incorporation of
carbon nanoparticles at concentrations of 0.5-1.0 wt. %
results in a significant increase in composite strength
(by 25-40 %) and elastic modulus (up to 20 %), as well as
improved fracture toughness due to crack propagation
inhibition, crack deflection and branching, and energy
dissipation at the matrix-nanofiller interface [11-14]. At
the micro- and nanoscale levels, these particles act as
nucleation and structuring centers, leading to
densification of the polymer network and a reduction in
free volume available for the penetration of aggressive
media. In addition, the formation of so-called “labyrinth-
like” structures increases the effective diffusion path
length, thereby reducing mass transport rates within
the material. Furthermore, an increase in adhesion
strength by 30-40 % has been reported with the addition
of nanoparticles [14, 15]. This effect is attributed to
enhanced interfacial interactions and the possible
formation of physicochemical bonds between the
functional groups of the epoxy oligomer and the
nanofiller surface. High adhesion strength is a critical
parameter for ensuring the long-term performance of
bandage systems, as it determines resistance to
delamination under cyclic mechanical and thermal
loading. In addition, the incorporation of nanodispersed
carbon fillers improves the thermal stability of the
composite by restricting segmental mobility of
macromolecular chains and stabilizing the polymer
structure [15-20]. Collectively, these effects promote the
formation of a dense and structurally stable polymer
matrix with enhanced barrier properties. Such
materials demonstrate improved performance under
cyclic thermal loading conditions, which is particularly
important for pipelines transporting heated media or
operating in harsh climatic environments.

The aim of this work is to enhance the efficiency of
pipeline repair technologies by developing nanomodified
polymer composite bandage systems with improved
thermophysical performance for oil and gas pipeline
applications.

2. MATERIALS AND RESEARCH METHODS

For the preparation of polymer materials intended
for bandage systems, the following components were
used: an epoxy oligomer ED-20 as the binder (ISO
18280:2010) and polyethylene polyamine (PEPA) as the
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curing agent (TU 6-05-241-202-78), with a component
ratio (%) of ED-20 : PEPA = 100 : 10 by weight.

To improve the performance characteristics of the
composite materials, the following modifiers were
introduced: a biocidal filler, trimethoprim (C14H18N4Os3,
CAS: 738-70-5), which is a synthetic antibiotic capable
of inhibiting the growth of microorganisms and bacteria
(particle size: 5-10 um), and a nanodispersed fullerene—
carbon black mixture (NFCM), which acts as a
structural nanomodifier of the epoxy matrix. The
incorporation of NFCM promotes the formation of a
dense crosslinked polymer network, resulting in
enhanced mechanical strength and improved
thermophysical properties (particle size: 30-40 nm).

The technology for forming epoxy composites was
carried out in a specific sequence, as described in the

works [5, 8].
Thermal stability was evaluated using
thermogravimetric analysis (TGA) and differential

thermal analysis (DTA) performed on a “Thermoscan-2”
derivatograph [18].

The activation energy of thermal degradation was
determined by mathematical processing of TGA data
using the Broido method [16].

3. DISCUSSION OF RESEARCH RESULTS

Bandage repair of pipelines in oil and gas
transportation systems involves the installation of a
composite reinforcing structure on the damaged section
of a pipeline. This structure redistributes stresses,
reduces stress concentration in the defect zone, and
restores sealing integrity. Particular attention is paid to
the polymer material used as the matrix of the bandage
system, as it governs adhesion to the metal substrate,
load transfer capability, and the long-term durability of
the repair structure. One of the key criteria for selecting
the polymer matrix is its thermal stability, which
ensures the retention of mechanical, physical, and
barrier properties over the operational temperature
range of the pipeline. Adequate thermal stability
prevents thermally induced degradation, loss of
adhesion, and the formation of defects within the
repaired zone. To evaluate the thermal stability and
determine the operating temperature range of the
polymer matrix used in the bandage system,
thermogravimetric analysis (TGA) and differential
thermal analysis (DTA) were employed. These methods
enable the assessment of thermal transformation
processes in the developed materials and the
determination of their allowable service temperature
limits. The obtained data are essential for predicting the
service life of epoxy composites under variable thermal
loading conditions.

Based on the comprehensive analysis of the
experimental results, it was established that the
maximum operating temperature of the protective
coating modified with a nanodispersed fullerene—carbon
black mixture should not exceed 555 K. Similarly, the
maximum operating temperature of the coating
modified with the biocidal filler trimethoprim should not
exceed 550 K.

It was assumed that the introduction into the volume
of epoxy oligomer ED-20 of two functional fillers at the
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same time — nanodispersed fullerene-carbon black
mixture (NFCM) and trimethoprim (TMP) will provide
a synergistic effect in the form of increased heat
resistance and stable operation of epoxy composites
intended for the repair of pipelines of the gas and oil
transportation complex. Thus, based on the
generalization of the results of mathematical modeling
[20], which establish the quantitative dependences of
"composition-structure-properties" of the polymer
system, a scientifically substantiated selection of three
epoxy compositions with different ingredient contents
for further research was carried out, in particular:

PM 1 — epoxy oligomer ED-20 — 100 wt. %; hardener
polyethylenepolyamine PEPA — 10 wt. %; dispersed filler
(5...10 um)  trimethoprim Ci1sH1sN4O3 — 5.0 wt. %;
nanodispersed fullerene-carbon black mixture
(30...40 nm) — 0.050 wt. %;

PM 2 — epoxy oligomer ED-20 — 100 wt. %; hardener
polyethylenepolyamine PEPA — 10 wt. %; dispersed filler
(5...10 pm) trimethoprim C14H1sN4Os — 10.0 wt. %;
nanodispersed fullerene-carbon black mixture
(30...40 nm) — 0.050 wt. %;

PM 3 — epoxy oligomer ED-20 — 100 wt. %; hardener
polyethylenepolyamine PEPA — 10 wt. %; dispersed filler
(5...10 pm) trimethoprim C14H1sN4Os3 — 15.0 wt. %;
nanodispersed fullerene-carbon black mixture
(30...40 nm) — 0.050 wt. %.

According to thermogravimetric analysis (Fig. 1, Ta-
ble 1), the incorporation of differently dispersed fillers
(PM1-PM3) resulted in an increase in the initial mass
loss temperature (7o) from 587 K for the unmodified
epoxy matrix to 634-642 K for the developed epoxy com-
posite coatings. Thus, the 7o value increased by approx-
imately 47-55 K compared to the unfilled matrix.
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Fig. 1 — Results of thermogravimetric (TGA) and differential
thermal analysis (DTA) of composites containing a two-
component filler: (1) PM1 (5.0 wt. % TMP + 0.050 wt. % NFCM);
(2) PM2 (10.0 wt. % TMP + 0.050 wt. % NFCM); (3) PM3 (15.0
wt. % TMP + 0.050 wt. % NFCM)

The obtained results indicate a high structural
stability of the polymer network, which can be attributed
to two main factors: physical and chemical interactions.

(1) Physical interactions. Trimethoprim contains two
benzene rings with delocalized m-electrons, while the
nanodispersed fullerene—carbon black mixture (NFCM)
represents an amorphous graphitic carbon material
possessing a m-electron system similar to that of graphene
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fragments or fullerenes. The adsorption of trimethoprim
on the NFCM surface via 7z stackings interactions
between its aromatic rings and the graphitic surface of the
nanoparticles leads to the formation of an interconnected
network of physical bonds. These interactions act as
bridge-like linkages between the polymer matrix and the
filler, resulting in increased cohesive strength of the epoxy
composite due to restricted mobility of polymer chains and
their segments.

(i1) Chemical interactions. Trimethoprim can interact
with reactive groups of the epoxy matrix, as confirmed by
wide-angle X-ray diffraction (WAXD), as well as with
secondary hydroxyl groups formed during polymerization.
These interactions are likely to proceed via nucleophilic
addition mechanisms involving electron-donating
nitrogen atoms of trimethoprim, which may participate in
post-curing reactions of the epoxy network. Such processes
promote additional intermolecular bonding and partial
immobilization of flexible —-CHz2— segments of the polymer
chains. As a result, segmental mobility decreases, leading
to suppression of thermo-oxidative degradation through a
reduction in the number of reactive sites and stabilization
of the molecular architecture of the composite.

From a thermodynamic perspective, the formation of
additional intermolecular interactions reduces the
configurational entropy of the system by limiting the
degrees of freedom of polymer chain segments. This
structural ordering introduces a kinetic barrier to the
initiation and propagation of thermal degradation
processes, which is reflected in an increase in the
activation energy of thermodestruction.

Furthermore, it was established that for the developed
composites at the temperature 77 (714-753 K), the relative
mass loss (em) ranges from 54 % to 67 %, which is 13-36 %
lower than that of the unmodified epoxy matrix. This
indicates effective inhibition of thermal degradation
processes and improved structural integrity of the polymer
under thermal loading.

Table 1 — Results of thermogravimetric analysis (T'GA)

Composition of polymer com- 5 Em,
posites (wt.%) (To, KT, Kllno, K%, HT7, K %

Epoxy matrix 587|616 625|641 |714] 80

PM with a TMP

content of 15.0 wt. %. 6096246406521 740 69
PM with a NFCM

content of 0.050 wt.%. 605620642 653|733 | 58
PM 1: with a TMP content of

5.0 wt. %. + 634 | 642|658 671|745 67

NFCM content of 0.050 wt. %.

PM 2: with a TMP content of
10.0 wt. %. + 642 648|659 | 672|753 | 54
NFCM content of 0.050 wt. %.

PM 3: with a TMP content of
15.0 wt. %. + 603 |616|629|641|737| 84
NFCM content of 0.050 wt. %.

Differential thermal analysis (DTA). On the DTA
curves (Fig. 1, Table 2), we observed a shift in the
temperature of the onset of the exoeffect from Tinis = 460 K
to Tinit = 503-518 K. An increase in the initial temperature
of the exoeffect by 43-58 K compared to the unfilled matrix
and by 30-45 K, compared to the developed polymers
containing a single filler, indicates a slowdown in thermal
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destruction due to the complex strengthening of the
structure.

From a thermodynamic perspective, the interaction of
trimethoprim with the fullerene—carbon black mixture
and the polymer matrix can be interpreted as the for-
mation of coordination-stabilized complexes and hydro-
gen-bonded networks. In particular, the amino groups of
trimethoprim can interact with the functional groups of
the epoxy oligomer and form hydrogen bonds with hy-
droxyl (-OH) groups generated during epoxy ring opening
[21-25]. However, an increase in trimethoprim content
(particularly in PM3) leads to a reduction in thermophysi-
cal properties compared to PM1-PM2. This effect is at-
tributed to spatial-structural (topological) constraints as-
sociated with the aggregation of trimethoprim particles at
higher concentrations. As a result, a decrease in the onset
temperature of the exothermic effect (T = 488 K) is ob-
served, approaching values characteristic of composites
modified with a single functional filler.

Table 2 — Results of differential thermal analysis (DTA)

J. NANO- ELECTRON. PHYS. 18, 03008 (2026)

mj,+Am
Am

(100 — Am)% = (100 - ( 100)) %, (2
where min — sample mass at the temperature (71 =573 K
= const); Am — mass of the polymer as the temperature in-
creases.

To calculate the activation energy for the thermal deg-
radation of the epoxy composites, the experimental data
were processed using a graphical-analytical approach by
fitting the thermogravimetric data to a logarithmic func-
tion of mass loss (Table 4). This approach enables lineari-
zation of the TGA data and facilitates the determination
of kinetic parameters of the degradation process. In par-
ticular, the dependence of the logarithm of the residual
mass fraction on the reciprocal temperature was con-
structed, allowing the activation energy (. to be deter-
mined from the slope of the corresponding linear fit using
the Broido method.

Table 3 — Mass loss of the studied epoxy composites
determined from TGA curves

To determine the operating temperature range of the
epoxy composites, the Broido method was applied [14, 16].
This method is based on thermogravimetric analysis
(TGA) and involves a graphical-analytical approach to
evaluating the activation energy (£, of thermal
degradation processes. The method involves constructing
a linear relationship between the logarithmic function of
the residual mass fraction and the reciprocal temperature
(1/T). The activation energy is then determined from the
slope of the resulting straight line (tg @) according to the
Broido equation (1).

—tg(p) = yilxi, (1)

The mass loss data for the investigated polymer
systems (PM1-PM3) were obtained from TGA
measurements (Table 3). These data were subsequently
converted to relative mass-loss values (%) using
Equation (2), which accounts for the initial and residual
sample masses at each temperature point.

T - — PM 1 PM 2 PM 3
emperature Intervals o . T K 00— A 100 — A _
.. Maximal ’ i m m (100
Composition oftpoly- Exoeffects Temperaturd g % g % 8 Am), %
mer 001;15051 T K| T/, K ATy, K| AT, K| Exoeffects, 573 | 0.025| —7.10] 0.019]| —5.40 |-0.006] 1.70
(wt.%) Tnas, K 583 | 0.020] —5.68] 0.017| —4.83 |-0.010] 2.84
: 593 | 0.015| —4.24]| 0.013| —3.69 |-0.013] 3.69
gll\’/fxy.tr}‘llatﬁﬁ, 440 1 659 | 199 | 3.05 518 603 | 0.010| —2.84]| 0.010| —2.84 |-0.017] 4.83
with a 488 | 663 | 175 | 1.54 550 613 | 0.005] —1.42] 0.005] —1.42 [~ 0.025] 7.10
content of 15.0 wt. %. 623 | —0.00d 1.42 |-0.001 028 |-0.042] 11.93
PM with a NFCM - 28 7 : - :
content of 0.050 wt. %. | 475 | 670 | 160 | 1.59 555 633 | —0.025 7.10 |-0.015 4.26 |-0.069] 19.60
PM 1: with a TMP con. 643 | —0.045 12.78 |-0.025| 7.10 |-0.095] 26.99
tent of 5.0 wt. %. + 653 | —0.085 24.15 |- 0.045 12.78 |-0.123] 34.94
NFCM  content of| 202 | 692 | 189 | 1.35 565 663 | —0.109 29.83 |- 0.065 18.47 |-0.149] 42.33
0.050 wt. %. 673 | —0.119 33.81 |-0.085 24.15 |-0.175| 49.72
PM 2: with a TMP con- 683 | —0.13d 39.20 |- 0.101] 28.69 |-0.199] 56.53
0,
tent of 10.0wt.%. +| o | wor | 176 | 150 568 693 | —0.161] 45.74 |- 0.125 35.51 |-0.216] 61.36
NFCM  content of 703 | —0.199 56.53 |- 0.134] 38.07 |- 0.225| 63.92
0.050 wt. %. 713 | —0.200 56.82 |- 0.159 45.17 |- 0.238] 67.61
PM 3: with a TMP con-
tent of 15.0wt.%. +| o0 | coo | 174 | 1.54 562 The application of this method provides a reliable eval-
NFCM ocontent of uation of the energy barrier associated with thermal deg-
0.050 wt. %. radation and allows for comparison of the thermal stability

of the studied composites with different compositions. The
obtained kinetic parameters characterize the polymer's re-
sistance to thermal degradation and are essential for pre-
dicting its behavior at elevated temperatures.

Table 4 — Calculated values of the logarithm of the residual
mass fraction of epoxy composites

T K 1097, In [100/(100 — Am)]

’ K-1 PM 1 PM 2 PM 3
573 1.745 - — —4.063
583 1.715 - — —3.547
593 1.686 - - —3.280
603 1.658 - - —3.006
613 1.631 — — —2.608
623 1.605 —4.247 —5.862 —2.063
633 1.580 —2.608 —3.134 —1.522
643 1.555 —1.989 —2.608 —1.157
653 1.531 —1.286 —1.989 —0.844
663 1.508 —1.038 —1.589 —0.597
673 1.486 —0.885 —1.286 —0.375
683 1.464 —0.698 —1.084 —0.182
693 1.443 —0.492 —0.824 —0.050
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703 1.422
713 1.403

—0.182
—-0.175

—0.736
—0.509

0.019
0.120

The activation energy of thermal degradation was
evaluated using Equation (3), where the slope (tan @)
was obtained from the linear approximation of the
graphical dependence (Fig. 2) in accordance with Equa-
tion (1).

Eo=—-Rtg(p) 3

The slope of this dependence reflects the rate of mass
loss as a function of temperature and allows the kinetic
parameters of the degradation process to be quantified.
The negative sign indicates that the mass of the sample
decreases with increasing temperature.

1,00

y=-17,229x + 24,480
.00 \
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Fig. 2 — Logarithmic dependence of the residual mass fraction

on reciprocal temperature (1037, K-1) during thermal
degradation of epoxy composites: (a) PM1; (b) PM2; (c) PM3

The obtained activation energies provide insight into
the thermal stability of the studied epoxy composites.
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Higher E, values correspond to greater resistance of the
polymer structure to thermal degradation, indicating a
more stable, densely crosslinked network. Conversely,
lower activation energies suggest facilitated
degradation processes associated with increased
molecular mobility or structural heterogeneity in the
material.

Based on the mathematical processing of the experi-
mental data (Table 5), it was established that PM2 ex-
hibits the highest activation energy among the studied
materials (Eq = 175 kd/mol). This result indicates a re-
tardation of thermal degradation of the epoxy composite
due to modification with a functional filler at an optimal
composition.

Table 5 — Calculated activation energy values for thermal
degradation of epoxy composites

Composition of
polymercom- |(Xg| Xx | Yo | Yz tqp)
posites (wt.%)

Energy
Activation
Eq, kd/mol

PM 1: with a
TMP content of
5.0 wt. %. + 1.6( 1.4 |17.2(24.4 17.2 145
NFCM content
of 0.050 wt. %.

PM 2: with a
TMP content of
10.0 wt. %. + 1.6| 1.4 [21.0(29.6| 21.0 175
NFCM content
of 0.050 wt. %.

PM 3: with a
TMP content of
15.0 wt. %. + 1.7 1.4 |13.0[18.8| 13.0 108
NFCM content
of 0.050 wt. %.

Based on a comprehensive analysis of thermogravimet-
ric (TGA) and differential thermal analysis (DTA) data, a
mechanism for enhancing the thermal stability of the de-
veloped epoxy composite modified with a nanodispersed
fullerene—carbon black mixture (NFCM) and trimethoprim
has been established. The incorporation of the nanodis-
persed carbon filler leads to the formation of a percolation-
like barrier structure that significantly hinders the diffu-
sion of oxygen and volatile degradation products. This ef-
fect is reflected in a shift of the onset temperature of ther-
mal decomposition (7b) toward higher values and a reduc-
tion in the mass loss rate. In addition, an increase in the
temperature corresponding to the maximum decomposi-
tion rate (Tmax) is observed, indicating suppression of
thermo-oxidative degradation processes.

Modification of the polymer matrix with trimethoprim
increases the effective crosslink density and restricts the
segmental mobility of macromolecules, as evidenced by an
increase in the glass transition temperature. This behavior
is attributed to both the chemical interaction of the amino
groups of trimethoprim with epoxy groups of the matrix
and the formation of 7z stacking interactions with the gra-
phitic surface of the nanoparticles. As a result, a hybrid
network forms, combining covalent and physical (intermo-
lecular) bonds, thereby increasing the energy barrier to pol-
ymer degradation.

Kinetic analysis of the thermal degradation process
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reveals an increase in the effective activation energy (E.)
for the main decomposition stages, indicating a more
complex degradation mechanism and enhanced
stabilization of the polymer matrix. This finding is
consistent with a reduced rate of volatile product
evolution and an increased residual mass fraction (em)

at elevated temperatures, suggesting the formation of a

more thermally stable structure.

Thus, the improvement in thermal stability of the de-
veloped composite is achieved through the synergistic
action of three key mechanisms:

(1) the barrier effect of the nanodispersed filler, which
limits mass transport;

(i1) an increase in the crosslink density of the polymer
network due to chemical modification;

(ii1) the formation of additional physical interfacial in-
teractions that raise the activation energy of ther-
mal degradation. The combined effect of these fac-
tors shifts the onset of mass loss to higher temper-
atures and enhances the overall thermal stability
of the material, thereby improving its suitability
for applications under elevated thermal loads.

The combined effect of these factors shifts the initial
temperature of mass loss into the high-temperature re-
gion and increases the material's thermal stability,
thereby improving its suitability for use under elevated
temperature loads.

4. CONCLUSIONS

Based on comprehensive research, the following re-
sults were obtained:

1. Based on thermogravimetric (TGA) and differential
thermal analysis (DTA) of the developed polymer materi-
als used as matrices in bandage systems, it was estab-
lished that the incorporation of trimethoprim into the
epoxy oligomer ED-20 at a content of 10 parts by weight,
together with a nanodispersed fullerene—carbon black
mixture (0.050 parts by weight), results in an increase in
the thermal stability of the coatings, in particular, an in-
crease in the onset temperature of thermal degradation by
47-55 K compared to the unfilled epoxy matrix. The en-
hancement of thermophysical properties is attributed to
the combined effect of (i) chemical interactions (additional
crosslinking via amino groups of trimethoprim), (i1) physi-
cal adsorption through 7 stacking interactions between
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Hanomoaudikosani nosimepHi koMno3urHi 0augakHi cucTeMHU i PEMOHTY TPYOOIIPOBOAiB
ra3o-Ha()TOTPAHCIOPTHOrO KOMILIIEKCY

0.0. Campomnog!, A.B. Byreros!, K.M. JIsamopa? ) A.B. Canponoral, B.B. Cormenko!l,
P.T. Bimax3, M.B. Bpaio!

1 Xepconcvka OepocasHa mopcevka arxademis, 73000, Xepcon, Yipaina
2 O0ecvruil deporcasruli azpapHuil yrisepcumem, 65012, Odeca, Yrpaina
3 Isano-PparKi8CvKULL HAUIOHAIbHUL MeXHIYHULL YHIsepcumem Hagmu i 2azy, 76000, m. Ieano-@Oparkiscvk, Vipaina

Hami#iricts TpyOOIIPOBOIIB ra30-HAQPTOTPAHCIIOPTHOTO KOMILJIEKCY 3HAYHOK MIPOI0 BH3HAYAETHCS HASB-
HICTI0 KOPO3IMHUX YIIKOIKEHD 1 MeXaHIYHUX JTeeKTiB 30BHINIHIX Ta BHYTPIIIHIX IT0BepX0oHb. MeToi0 qaHoro
JIOCJTTKEHHSA € PO3POOIeHHA HAHOMOIU(DIKOBAHUX €TIOKCHTHUX KOMIIO3UTHUX DaHIAKHUX CHCTEM 13 ITOKpa-
IIEHUMH TeILIOPISNYHIMH XapaKTePUCTUKAMH JJIsI PEMOHTY TPyOOIIpoBOoaiB. PeayabraTu HOC/TiIKeHb CBIjI-
4aTh, 10 PeryJIb0BaHe BBEJICHHS B IIOJIMEPHY MATPHUINO MIKPO- Ta HAHOAVCIIEPCHUX HATIOBHIOBAYIB 3abe3rie-
qye CyTTeBE MABUINEHHA TePMIYHOI CTa0lJIbHOCT] eITOKCUIHUX KOMIIO3UTIB. 30KpeMa, TeMIIepaTypa modaTKy
BTpaTu Macu 3pocrae Ha 47-55 K mopiBHsHO 3 HEMOIM(IKOBAHOIO €IIOKCHIHOK MaTpuliein. BeraHosieHo, 1110
paifioHaJ bHe CIiBBigHOIIeHH KoMIoHeHTIB (10 Mac.4. TpumeTorpumy Ta 0,050 Mac.d. dyJiepeHo-camoBoi cy-
MIIII) v eIOKCUAHIN MaTpHIll 3abesmedye pOPMyBAHHS IIOJIIMEPY 3 MAKCUMAJILHUM 3HAYEHHAM eHepril akTu-
Barii Tepmivnol gecrpykii (B, = 175 kJlsx/moin). [TokpatmeHuss TemIopisnyHUX XapaKTePUCTUE II0JIIMEPY
3yMoBJIeHe (POPMYBAHHAM TiOPUIHOI CTPYKTYPH, IO PEANi3yeThCA Yeped CYKYIIHY Hil0 TPhOX MeXaHI3MIB:
bap’epHOro edeKTy HAHOHAIIOBHIOBAYIB, AKI (DOPMYIOTH VIIJIBHEHY CTPYKTYPY Ta OOMEKYIOTh AuyY3i0 KU-
CHIO; XIMIYHOTO 3IIMBAHHA BHACIIIOK B3a€MOJil aMIHOTPYII TPUMETOIIPUMY 3 €IMOKCHUIHUMU (PyHKI[I0HAIb-
HuUMU rpynamy; disunasaol Mixkda30B0i B3aeMoil, 30KpeMa 7—7-B3aeMO/i1 3 rpadiToro i0HO0 IT0BEPXHEIO Ha-
HOYACTOK, II10 IIPU3BOJUTE [0 3HIKEHHS CerMEeHTAIHHOI PyXJIMBOCTI MAKPOMOJIEKYJI 1 IIIIBUIIIEHHS eHEePTeTH-
gHEX Oap’epiB mmepediry mporieciB Tepmivrol gectpykiii. HaykoBa HoBH3HA pobOTH II0JISITA€ Y BCTAHOBJIEHHL
TIOETHAHOTO XIMIKO0-(PI3MYHOr0 MeXaHI3My cTablIi3alri ermoKCHIHNX KOMIIO3HUTIB, MOIU(MIKOBAHUX OlTucIiepc-
HOIO CUCTEMOI0 (PYyHKITIOHAIbHUX HATIOBHIOBAYIB, IKMH 3a0e3Ieuye yarokeHe KepyBaHHs TUQYIIHHUMY IIPO-
IecaM, IJIBHICTIO 3IMTMBAHHS IOJIMEPHOI CITKM Ta KIHETHKOIO TEPMIYHOI JIECTPYKITT B YMOBAX IIBUIIEHIX
Temnepatyp. Po3pobiieHi marepiasn XxapaKkTepru3y0ThCS SHIKEHHIM BTPATH MACH Ta IIIIBUIIEHOI CTIHKICTIO
JI0 TEPMOOKHCJIIOBAJIBHOL JECTPYKIIII, 110 IITBEP/KYE IXHIO OIIIHHICTE BUKOPUCTAHHS SIK BUCOKOE(EKTUB-
HUX MATPUIb y HOJIMEPHUX OAHTAKHUX CHCTEMAaX JIJISI PEMOHTY HA(TO- Ta Ta30IpOBOJIB, SKI eKCIIyaTy-
IOTBCS B YMOBAX ITIJIBUIIEHUX TEMIIEPATYPHUX HABAHTAKEHb.

Kmiouosi ciosa: Hanomogndikosani enmokenani kommosuTu, PemoHT TpyOomposoais, ITomimepni 6amgasi
cucremu, Tepmocritikicts, TepMmorpasimerpuunmii anaiis, Kinetura tTepmiunoi mecrpykirii, Exepria axrusa-
1mii, Piznusa B3aeMoisa, XiMiuHa B3aeMOJIid.
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