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Abstract. Introduction. The development of polymer binders for construction and composite
materials requires purposeful control over the structure of spatially cross-linked polymer networks, since
the internal structural parameters largely determine the mechanical, sorption, and performance
characteristics of materials. In this context, the quantitative evaluation of crosslink density and the number
of junctions in polymer networks as a function of system composition represents an important scientific
task. Methodology. In this study, spatially cross-linked copolymers based on polyethylene glycol maleate
modified with acrylic acid were synthesized by a “cold” radical curing method at various mass ratios of
the components. The structure of the obtained materials was confirmed by Fourier transform infrared
(FTIR) spectroscopy. Quantitative assessment of the structural parameters of the polymer network was
performed using equilibrium swelling data of the copolymers in water. The crosslink density, number of
network junctions, and average molecular weight between junctions were calculated using the Flory—
Rehner equation. Results of the study. It was established that an increase in the polyester component
content in the investigated systems leads to a decrease in the swelling degree and to the formation of a
denser spatially cross-linked structure, characterized by an increase in crosslink density and a reduction in
the molecular weight between network junctions. The obtained results demonstrate the possibility of
purposeful control over the structural parameters and properties of polyester binders by varying the
system composition, thereby opening prospects for their application in construction and composite
materials.
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1. Introduction

Currently, when creating polymer binders for construction and composite
materials, special attention is paid to the study and targeted regulation of the
structure of spatially cross-linked polymer networks, since the parameters of the
structural organisation of the network largely determine the durability and
performance characteristics of materials [1]. For thermosetting and network
polymer systems, key characteristics of the internal structure include crosslink
density and molecular weight between nodes, which affect mechanical strength,
deformation behaviour, sorption properties, and resistance to moisture and
temperature [2].

In polyester systems based on unsaturated polyesters and reactive monomers,
the curing process is accompanied by the formation of a three-dimensional
polymer network with nodes that unite macromolecular chains into a single
spatial structure. The number of such nodes is one of the main quantitative
characteristics of the degree of cross-linking and the level of structural
organisation of the material [3]. An increase in node density usually leads to an
increase in rigidity and a decrease in chain mobility, while less dense networks
are characterised by increased elasticity and swelling capacity [4].

For systems based on polyethylene glycol maleate (p-EGM) modified with
acrylic acid (AA), the formation of a polymer network occurs as a result of radical
curing involving double bonds of the polyester component and acrylic monomer.
The mass ratio of the components determines the concentration of reactive groups
and, accordingly, the number of nodes in the spatially cross-linked structure [5],
which makes the composition of the system an effective tool for controlling its
structural parameters.

Quantitative assessment of the number of nodes is an important stage of
structural analysis, allowing us to move from describing the composition and
experimentally observed properties to characterising the internal structure of the
material [6]. One of the most informative methods of such assessment is the study
of the equilibrium swelling of network polymers, in which the degree of swelling
reflects the balance between the elastic forces of the polymer network and the
thermodynamic interaction of the polymer with the solvent [7]. For spatially
cross-linked systems, an increase in the number of nodes is accompanied by a
decrease in the material's swelling capacity [1].

Based on the swelling data, the calculation of crosslink density using the
Flory—Rehner equation, which links the parameters of the polymer network with
the thermodynamic characteristics of the system, is widely used [8]. Despite its
known limitations, this approach remains one of the most common in the study of
networked polyester and acrylate materials [3]. Its application is particularly
relevant for polyester binders used in construction, where an optimal combination
of strength, water resistance and dimensional stability is required [2]. Analysis of
p-EGM-AA systems across a wide range of compositions allows establishing the
relationship between the formulation, structural parameters and operational
properties of materials [5].
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Thus, calculating the number of nodes in the p-EGM-AA polymer network
based on swelling data is a valid structural analysis tool that allows linking the
characteristics of the composition and internal structure with the functional
characteristics of materials and creates a basis for further optimisation of
polyester binders [3].

2. Experimental part

The research was conducted in four stages. At the first stage, the starting
unsaturated polyester, polyethylene glycol maleate, was synthesized, and its
average molecular weight (Mw) was determined by GPC and turbidimetry to be
~1232 Da.

In the second stage, using the ‘cold’ radical curing method of the initial p-
EGM with acrylic acid at different mass ratios of the components, the following
systems were obtained: p-EGM15 (p-EGM-AA 15:85 wt.%), p-EGM30 (p-
EGM-AA 30:70 wt.%), p-EGM45 (p-EGM-AA 45:55 wt.%) and p-EGM60 (p-
EGM-AA 60:40 wt.%). Benzoyl peroxide (BPO, initiator) and dimethylaniline
(DMA, activator) were used as the initiating system in a mass ratio of 1.0:0.5
wt.%. Curing was carried out at a temperature of 293K without additional heat
exposure [9,10]. The initial reaction mixtures were prepared by thoroughly
mixing the components until a homogeneous system was obtained, after which
the ‘cold’ curing initiation system was added and left at a set temperature until the
formation of a spatially cross-linked structure was complete.

After curing, the cured samples were purified to remove unreacted
monomers. Purification was carried out by sequential washing with dioxane and
then distilled water. The composition of the cured polymers was determined by
HPLC analysis of the resulting mother liquors in dioxane. After washing, the
samples were dried at room temperature until a constant weight was achieved,
which was monitored by repeated weighing.

The third stage of the study included determining the structure of the
obtained systems based on p-EGM of various compositions by IR spectroscopy
and determining their degree of swelling. The swelling study was carried out in
distilled water. For each composition, weights of dry copolymer with a mass of
~3.0 g were used. The weights were placed in an excess of solvent and kept at a
constant temperature until an equilibrium mass was established. The swelling
equilibrium was considered to be reached when there was no change in the mass
of the sample within the weighing error [11]. After reaching equilibrium, the
samples were removed from the water, surface moisture was removed with filter
paper, and they were weighed immediately.

The degree of swelling (S) of the copolymers was calculated using formula
(1):

S — My — mdry (1)
mdry
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where mswel IS the mass of the sample in a state of equilibrium swelling (after
blotting the surface), g;
Mary IS the mass of the dry sample, g.

Each swelling measurement was performed in at least three parallel
experiments. The deviation of mass values did not exceed +2%, indicating good
reproducibility of the results. The tables present the average values of the
measured parameters.

At the final stage, calculations were made of the number of nodes (N) in the
polymer network and the molecular mass (M) between them. For this purpose, to
calculate the structural parameters of the polymer network, the experimentally
determined value of the degree of swelling S, calculated as the relative increase in
sample mass, was converted into the mass swelling coefficient Qn according to
formula (2):

Q,=1+S (2)

The volume fraction of the polymer in the swollen state ¢, was determined
taking into account the densities of the polymer and solvent according to equation

(3):
1/ /Odry

_1/10dry +(Qm _l)/psolv

where par is the density of the dry polymer, g/cm?;
psolv IS the density of the solvent (for water, psonv = 1 g/cm?), glem?,

?, 3)

The polymer density was assumed to be a constant value in accordance with
generally accepted assumptions for calculations of spatially cross-linked polyester
systems.

The assumption of a constant density of the dry polymer for all investigated
compositions is based on the similarity of the chemical nature of the resulting
cross-linked network structures and the absence of fundamentally different phase
components in the system. Variation in the mass ratio of p-EGM and AA
primarily leads to changes in crosslink density rather than to the formation of
chemically heterogeneous materials.

The calculated density values for the different samples differ only slightly
(Table 2), which confirms the validity of using an averaged approach. The
potential error associated with this assumption does not exceed the experimental
uncertainty in the determination of the swelling degree and does not affect the
established qualitative trends in the variation of v. and M.

The number of polymer network nodes (cross-link density) was calculated
using the Flory—Rehner equation (4):
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y ——InA-0) -0, 29}
Vl((P;js _(;2)

where ve — concentration of network chains, mol/cm?;
V1— molar volume of solvent (for water V1=18 cm*/mol);
x — was selected based on literature data for polyether-acrylate
systems in an aqueous medium [8].

(4)

Next, the concentration of cross-linked chains was converted into the number
of polymer chain nodes per unit volume using the expression (5):

N=v-N, (5)

where Na — Avogadro's number.

The obtained values were used for quantitative comparison of the structural
characteristics of copolymers of different compositions and analysis of the effect
of the degree of swelling on the parameters of the spatially cross-linked network.

The following reagents (‘Sigma-Aldrich’) were used for the study: acrylic
acid, benzoyl peroxide, dimethylaniline, dioxane. All reagents were of analytical
grade and used without additional purification. The starting unsaturated polyester,
p-EGM, was previously obtained by the polycondensation reaction of ethylene
glycol with maleic anhydride using a standard method [11].

3. Results and discussion

The curing of the initial unsaturated polyester — p-EGM — was carried out
using a binary ‘cold’ curing initiation system consisting of BPO and DMA
(1.0:0.5 wt.%) at a temperature of 293K.

The actual composition of the obtained cured systems p-EGM15, p-EGM30,
p-EGM45 and p-EGM60 was determined by HPLC. The results are presented in
Table 1:

Table 1 — Dependence of the composition of copolymers and some of their parameters on the composition
of the initial mixtures of p-EGM (M1) with AA (Mz)

Composition of the initial polymer- | Composition of cured
monomer mixture, wt.% systems, wt.% Yield. % Degree of swelling, S
M1 M2 m1 m2
15.04 84.96 13.98 86.02 92.8 38.29+1.91
30.21 69.79 28.87 71.13 91.2 11.51+0.58
45.06 54.94 43.54 56.46 89.7 2.17+0.11
60.12 39.88 58.12 43.88 89.1 1.4440.07

* The reported data represent average values; the relative error in the determination of the swelling degree
does not exceed £5%.
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IR spectra of p-EGM (100 wt.%)
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Figure 1 — IR spectra of p-EGM and copolymers based on it.
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The data obtained, presented in Table 1, indicate a direct dependence of the
cured product yield on the AA content. It is also worth noting that varying the AA
content allows products with different physicochemical properties to be obtained,
which makes them promising materials in various industries, both as effective
polymer gel sorbents and as hydrophobic compounds used as polymer binders for
the manufacture of building materials.

The structure of the synthesized compounds was studied using IR
spectroscopy. The spectra of the initial p-EGM and p-EGM-AA copolymers of
various compositions are characterized by a set of absorption bands indicating the
formation of the corresponding polymer structures (Fig.1). For the initial p-EGM,
an intense band of valence vibrations of carbonyl groups of ester fragments in the
range of 1725-1730 cm™* was recorded, as well as a band related to the vibrations
of unsaturated —C=C— bonds of maleate units in the range 1575-1590 cm™.
Deformation vibrations of methylene —CH, groups appear in the range 1455-1465
cm™. High-intensity bands in the range 1140-1160 cm™ correspond to vibrations
of ether -C—O—C- bonds of the polyester chain.

When an increased content of AA (copolymer p-EGM15) is introduced, a
broad absorption band appears in the IR spectrum in the range of 3100-3600
cm™, caused by the contribution of valence vibrations of hydroxyl groups of
carboxyl fragments involved in the formation of hydrogen bonds. A characteristic
feature of the modification is an increase in the intensity of the carboxyl group —
COOH band in the range 1710-1715 cm™ compared to the initial p-EGM, which
indicates an increase in the content of acrylic acid in the copolymer structure. At
the same time, the band corresponding to the vibrations of unsaturated double
bonds in the range 1575-1585 cm™ is preserved, but its intensity is noticeably
reduced, which indicates a partial copolymerization reaction involving -C=C—
bonds [12].

Next, the structural parameters of spatially cross-linked copolymers of the p-
EGM-AA system were calculated, which made it possible to quantitatively
characterize the features of polymer network formation and establish the
relationship between the composition, internal structure, and properties of the
materials. The use of equilibrium swelling data in water in combination with the
Flory—Rehner equation made it possible to move from a qualitative description of
the behaviour of copolymers to a quantitative assessment of the density of cross-
links and the molecular organization of the polymer matrix.

It should be noted that in the calculation of the crosslink density v. and the
average molecular weight between network nodes M., the polymer—solvent
interaction parameter y was taken from literature data for polyester—acrylate
systems in an aqueous medium [8]. It is well known that the value of y can
significantly influence the quantitative values of the calculated parameters, since
it enters the Flory—Rehner equation in an exponential form.

Sensitivity analysis indicates that when y is varied within reasonable limits
(£0.02-0.03), the absolute values of v. and M¢ may change; however, the overall
trend in the variation of structural parameters with changes in system composition
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remains unchanged. Therefore, despite the possible uncertainty associated with
the choice of y, the observed relationships are robust and reliably reflect the effect
of the component mass ratio on the spatial organization of the polymer network.

It should be taken into account that the Flory—Rehner equation is based on
several simplifying assumptions, including an ideal network structure, uniform
distribution of crosslink junctions, and the absence of structural defects such as
loops, dangling chains, and local inhomogeneities in crosslink density. In real
polyester—acrylate systems, deviations from the idealized model are possible due
to microstructural heterogeneity and the statistical nature of radical
copolymerization. Therefore, the calculated values of crosslink density and
molecular weight between network junctions should be regarded as effective
(estimated) parameters reflecting the averaged characteristics of the polymer
network.

The experimental swelling values were reduced to a dimensionless quantity S
(degree of swelling), reflecting the relative increase in sample mass compared to
the dry state. Based on the value of S, the mass swelling coefficient Qm was
calculated, and taking into account the densities of dry copolymers, the volume
fraction of the polymer in the equilibrium swollen state ¢, was determined.
Subsequent calculation of the crosslink density ve and the average molecular
weight between the network nodes Mc allowed us to comprehensively
characterize the structural parameters of the forming polymer network. The
calculation results are presented in Table 2.

Table 2 — Structural parameters of the polymer network of copolymers of the p-EGM-AA system

Composition
(Wt'%A)K;EGM' Qm pary, glecm? 02 ve , molicm3 M, g/mol
p-EGM15 39.29 1.2697+0.0635 0.020 (4.90+0.25)-10°8 (2.59+0.13)-10°
p-EGM30 1251 | 1.2842+0.0642 | 0.063 | (4.40£0.22)-10° | (2.92+0.15) 10
p-EGM45 317 | 1.3041+0.0652 | 0261 | (1.18+0.06):10° | (1.11+0.06)'10°
p-EGM60 244 | 1.3195:0.0660 | 0345 | (2.58+0.13):10° | (5.11+0.26) 10

* The reported data represent average values; the relative uncertainty of the calculated structural
parameters (ve and Mc) does not exceed +5%.

** Since the numerical compositions of the cured products are quite close to those of the initial mixtures,
it is customary to designate the resulting polymers according to the values of the initial compositions for
clarity

Analysis of the data obtained shows that a change in the mass ratio of
components in p-EGM-AA systems is accompanied by pronounced changes in
the structural characteristics of the polymer network. Copolymers with a high AA
content are characterized by high Qm values and low values of the polymer
volume fraction ¢,. This indicates the formation of a sparse spatially cross-linked
structure in which macromolecular chains have high mobility and the number of
polymer network nodes is small. Such systems are characterized by a significant
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ability to sorb water, which is due to both the low density of cross-links and the
presence of hydrophilic functional groups.

With an increase in the proportion of p-EGM in the composition of cured
products, there is a regular increase in the volume fraction of the polymer in the
equilibrium swollen state and a corresponding increase in the density of cross-
links ve. For compositions with a higher polyester content, ¢, values reach 0.26—
0.35, and the crosslink density increases to about 10 mol/cm®. This indicates the
formation of a denser spatially cross-linked structure in which the mobility of
macromolecular segments is significantly limited by the elastic forces of the
polymer network. The decrease in the swelling ability of such systems is a direct
consequence of an increase in the number of nodes and an increase in the elastic
resistance of the network to solvent penetration.

Of particular interest is the analysis of the average molecular weight between
nodes in the M¢ network, which is an integral characteristic of the degree of
structural organization of spatially cross-linked polymers. Calculation of M.
showed that as the density of cross-links increases, the value of this characteristic
decreases by more than two orders of magnitude. For sparse networks with low
node density, M. values reach 10° g/mol, which corresponds to long and mobile
macromolecular segments between cross-link nodes. At the same time, for denser
networks, M. decreases to values of the order of 10-10° g/mol, which indicates a
significant shortening of the chain segments and an increase in the rigidity of the
polymer matrix.

The obtained trends are consistent with modern concepts of the behavior of
spatially cross-linked polymers: an increase in crosslink density leads to higher
network elasticity, restricted segmental mobility of macromolecules, and a
reduced swelling capacity. The calculation of the parameters v. and M. makes it
possible to quantitatively describe the internal organization of p-EGM-AA
copolymers and to provide a well-founded interpretation of the changes in their
sorption characteristics depending on composition.

Thus, the results of calculating structural parameters based on equilibrium
swelling data demonstrate that varying the mass ratio of components in the p-
EGM-AA system is an effective way to control the spatial organization of the
polymer network. The data obtained provide a reliable basis for further analysis of
the relationship between the operational characteristics of the copolymers
obtained, and can also be used to justify their potential application as polyester
binders for construction and composite materials.

In contrast to previously published studies on polyester network systems
[3,5], the present work provides a comprehensive analysis of the effect of p-
EGM-AA composition on the quantitative parameters of the network structure
over a wide range of component ratios using an energy-efficient ‘cold’ curing
method. This approach makes it possible to expand the understanding of the
mechanisms of structural organization of polyester—acrylate networks and their
regulation at the synthesis stage.
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4. Conclusions

Based on the data on equilibrium swelling in water, the structural parameters
of spatially cross-linked p-EGM-AA copolymers were calculated. It was found
that a change in the mass ratio of the components leads to variations in the
volume fraction of the polymer in the swollen state, the density of cross-links, and
the molecular weight between the network nodes. It was shown that an increase in
the proportion of the polyester component is accompanied by an increase in the
density of cross-links and a decrease in the inter-node molecular weight, which
indicates a densification of the spatially cross-linked structure. A relationship has
been identified between the structural parameters of the polymer network and the
swelling ability of copolymers, which is due to the balance of elastic and
thermodynamic factors. The calculation of the number of nodes confirmed the
informative value of the equilibrium swelling method for the quantitative analysis
of the structure of polyester network systems and substantiated the prospects for
the use of p-EGM-AA copolymers as polyester binders for construction and
composite materials.
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MNOJIUITHJIEHTIMKOJBbMAJIEUMHAT INIEH AKPWJI KbIINKbIJIBIHBIH KEHICTIKTIK
TIFVI'EH CONTOJIMMEPJIEPIHIH K¥PbLJIBIM/bIK IIAPAMETPJIEPI

TI'K. Bypkeeaal, A.K. Kosanesa™ , H.M.}Kymaﬁekl, HA. HyKqu, P.P. Kensicemaeg?

YAxademux E. A. boxemos amvindaevl Kapazanov ynimmulx 3epmmey ynuepcumemi,
Kapazanow, Kasaxcman
2 Kapazanowl meouyuna ynusepcumemi, Kapazanovl, Kaszaxcman

Tyiiinaeme. Kipicne. KypblUlblc JkoHE KOMIO3MLMSIBIK MaTepuajapra apHalraH MOJUMEpIi
OallIaHBICTBIPFBIITAPIBI 3ipiiey KEHICTIKTIK TITUIreH HOIMMEPIK TOpIapAblH KYPBUIBIMBIH MaKCaTThl
TypAe Oackapy[pl Tajam eTe[ll, OWTKEeHi 1IKi KYPBUIBIM apaMeTpiiepi MaTepraiiapIblH MEXaHUKAJbIK,
COpOLMAIBIK JKOHE TafianaHy cHIaTTaMaiapblH alKbiHAAWABL. OcbiFaH OailTaHBICTBI XKylie KypaMblHa
TOyeJi TIrUTyJep THIFBI3ABIFEI MEH MOJMMEpPIIK TOp TYHWIHIEPiHIH CaHBIH CaHABIK TYpFbIIaH Oaranay
©3eKTi FBUIBIMH MiHIET OOnbIn  TaObUIagsl. Odicmeme. JKyMBICTa aKpHI — KBIIIKBIIBIMEH
MOTU(UKAIMSIAHFaH [TOJUATHUIICHITTUKOJIBMAIICMHAT HETI3iHAerT KEHICTIKTIK TITUITeH COHOoIuMepIiep
OpPTYpJi KOMITIOHEHTTEPAIH MAacCalblK KaThIHACTApBl KE3iHAE «CYBIK» pauKalAbl KaTalTy omiciMeH
IBIHABL. AJIBIHFAaH MaTepHAJIapIblH KYPBUIBIMBI HH(PAKBI3BUI CIICKTPOCKOIHS ONIiCIMEH pacTallfbl.
IMomumepik TOpABIH KYPHUIBIMIBIK apaMeTpIIepiH CaHIbIK Oaralay YIIiH COIOIMMEpIEPIiH Cyaa Teme-
TEHJIIK ICIHY JepeKTepi maiaanaHsuiasl. Tirinylep THIFBI3IBIFEL, TOP TYHIHACPIHIH CaHBI KOHE TYHIHAED
apacelH/IaFbl opTaiia MoJekylnanslk Macca @®nopu—Penep TeHzeyi HerisiHume ecentenni. 3epmmey
Homuoiceaepi. 3epTTENeTiH Kyienepae nonudGUPIiK KOMIIOHEHTTIH YJIECIHIH apTybl iCiHY I9pekeciHiH
TOMEH/ICYiHE JKOHE TITUTyJep THIFBI3ABIFBIHBIH apTybl MEH TOp TYHIHIEpl apachblHIaFbl MOJEKYJIAIBIK
MAacCaHBIH KEMYIMEH CHIIATTaJaThIH HEFYPJIbIM THIFBI3 KEHICTIKTIK TIirlIreH KYPBUIBIMHBIH KaJBINITACYbIHA
OKEJICTiHI AaHBIKTANJBL AJIBIHFAaH HOTIDKENEp JKyWe KypaMblH ©3repTy apKbUIBl IHOMM3(HPIIK
0alTaHBICTHIPFBIITAPABIH KYPBUIBIMABIK ITapaMeTpiepi MeH KacHeTTepiH MakcaTThl TYpAE peTTeyre
OO0NaTHIHBIH KOpPCETEAl XKOHE ONapAbIH KYPHUIBIC IE€H KOMIO3MLUSIBIK MaTepuaniapia KONIaHBLIY
OoJalakTapblH alaibl.
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Kenscemaes Paxumoex Panuxosuy 6.2.K., Kaybimo. npogeccopol

CTPYKTYPHBIE TIAPAMETPBI IPOCTPAHCTBEHHO-CIUUTBIX COIIOJIMMEPOB
MOJUATUJNEHTTUKOJBMAJEUHATA U AKPHJIOBOM KHCJIOTHI

I.K. Bypxeesa', A.K. Koeanesa**, H.M. JKymabex", H.A. Hyxun', P.P. Kenscemaee?

Kapazanounckuii nayuonanbuwlii uccredosamensckuti yrusepcumem umenu akademuxa E.A. Bykemoea,
Kapazanoa, Kazaxcman;
2Kapazanounckuii MeOuyuHcKuil yHueepcumen

Pe3tome. Bsedenue. Pa3paboTka MOIMMEPHBIX CBS3YIOIIMX JUISI CTPOUTENBHBIX M KOMIO3HMIMOHHBIX
MaTepuanoB TpeOyeT LEJIEeHANPAaBICHHOIO YNpPABICHUS CTPYKTYpPOH IPOCTPAHCTBEHHO-CIIUTBIX
MTOJIMMEPHBIX  CETEeH, IIOCKOIBKY IIapaMeTpsl BHYTPEHHETO CTPOCHUS B 3HAYUTENBHON CTEHNECHH
OIPE/ICNISIOT MEXaHUUECKUE, COPOLIMOHHBIE U HKCILTyaTal[MOHHbIE XapaKTePUCTUKH MaTepuaioB. B atoit
CBSI3U aKTyaJbHOW 3ajaueil sIBJISIETCS] KOJIMYECTBEHHAsl OLEHKA IUIOTHOCTU CIIMBOK M KOJIMYECTBA Y3JIOB
MOJIMMEPHOI CeTM B 3aBUCUMOCTH OT COCTaBa CHUCTeMbl. Memooonoeus. B pabote uccienoBaHbl
MIPOCTPAHCTBEHHO-CILIUTHIE COTIOJIMEPHI Ha OCHOBE MTOJIMATHIICHT JIMKOJIbMAaJIeHHATa,
MOAMGHUIMPOBAHHOTO aKPHIOBOW KHCJIOTOH, MOJyYEHHbIE METOJOM «XOJIOHOTO» PaJUKalIbHOTO
OTBEP)KACHUS IIPU PA3IMYHBIX MACCOBBIX COOTHOIICHUSX KOMIOHEHTOB. CTpyKTypa IOJIy4eHHbBIX
MarepuanoB Obuta mnoarBepikaeHa MertonoM HMK-cnexkrpockonuu. [Iinst KOJMYECTBEHHOM —OLIEHKH
CTPYKTYpHBIX IIapaMETpPOB IIOJIMMEPHOM CETH KCIHOJIb30BaHbl JaHHBIC PaBHOBECHOTO HaOyXaHHUS
COTIONIIMEPOB B BoJ€. PacueT MIOTHOCTH CIIMBOK, KOJIMYECTBA Y3JI0B M CPEAHEH MOJEKYJISIPHOH MAacChl
MEXJly Y3JaMU BBINOJIHEH C NpUMEHeHHeM YypaBHeHus Dnopu—PeHepa. Pesynomamvl uccie008anus.
Y CcTaHOBIIEHO, YTO yBEIWYEHHUE JOJIN NOIUI(PHUPHOTO KOMIIOHEHTA B MCCIEAYEMbIX CHCTEMaX HPUBOANT K
CHIDKEHHIO CTENeHH HaOyxaHus W (OPMHPOBaHHIO 0ojee IUIOTHOH MPOCTPAaHCTBEHHO-CUINTON
CTPYKTYPBI, XapaKTePU3YyIOUIEHCs] POCTOM IUIOTHOCTU CIIMBOK M YMEHBIIEHHEM MOJIEKYIIPHOW Macchl
MeX1y y3inamu cetu. [lomydyeHHbIe pPe3yNbTaThl IEMOHCTPUPYIOT BO3MOXHOCTB IIE€JIE€HAIPABICHHOTO
yIpaBlICHUS CTPYKTYPHBIMH IIapaMeTpaMH M CBOWCTBAMH TOJMA(UPHBIX  CBSAYIONMX ITyTEM
BApPBUPOBAHUS COCTAaBa, 4YTO OTKPHIBAET MEPCIEKTHBBI WX TPUMEHEHHS B CTPOUTEIBHBIX U
KOMITO3HLIMOHHBIX MaTepHaiax.

Ki1roueBble €J10Ba: HEHACHIIICHHBIA MOMMA(QHUP, «XOJIOJHOE» OTBEPXKICHHUE, ITPOCTPAHCTBEHHO-CIIUTHIC
nojuMepsl; HaOyxaHue; IUIOTHOCTh CIIMBOK; ypaBHeHue ®rnopu—Penepa, MexysinoBas MOJEKyIJsipHas
Macca
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