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7. K. JUMADILOV, R. G. KONDAUROV, S. A. KHAKIMZHANOV, A. M. IMANGAZY

«Institute of Chemical Sciences named after A. B. Bekturov» JSC,
Almaty, Republic of Kazakhstan

INFLUENCE OF LONG-RANGE EFFECT BETWEEN
POLYMETHACRYLIC ACID AND POLY-4-VINYLPYRIDINE
HYDROGELS ON THE SORPTION ABILITY TO LANTHANUM IONS

Abstract. The phenomenon sorption of lanthanum ions by polymethacrylic acid
hydrogel (gPMAA) and poly-4-vinylpyridine hydrogel (gP4VP) intergel system was
studied. It was established that the structure of the basic hydrogel significantly influence
the self-organization of the PMAA hydrogels. Hydrogels mutual activation in an aqueous
medium, particularly dependencies of swelling coefficient, specific electric conductivity
and pH of water solutions are studied. The lanthanum ions extraction degree by individual
hydrogels PMAA and P4VP was 71% and 59%, respectively. At ratio4:2 (67% of
gPMAA-33% gP4V/P), up to 90% lanthanum ions were recovered. The individual PMAA
and P4VP polymer hydrogels have relatively low values of the polymer chain binding
degree 1.34% and 0.79%, respectively.

The obtained results indicate the possibility of creating selective intergel systems
for lanthanum ions production.

Keywords: intergel system, sorption, remote interaction, La®* ions, hydrogels, poly-
methacrylic acid, poly-4-vinylpyridine.

Introduction. Rare-earth elements are used in various industries: instrument
making, radio electronics, machine building, nuclear engineering, metallurgy,
chemical industry, etc. Lanthanum, cerium, praseodymium, neodymium are wi-
dely used in the glass industry in the form of oxides and other compounds [1].
These elements increase the translucence of the glass. Rare-earth elements are
part of special-purpose glasses that transmit infrared rays and absorb ultraviolet
rays, and heat-resistant glass [2]. Rare earth elements and their compounds are
widely distributed in the chemical industry, for example, in the production of
pigments, varnishes and paints, certain explosives, special steels and alloys, as
degasifiers [3].

Mutual activation of polymer hydrogels leads to significant changes in their
electrochemical and conformational properties. It should be noted that in previous
studies, the initial polymers were applied in a dry state. Remote interaction is
carried out by the following processes: rapid - hydration, ionization, dissociation,
association and slow - change in the conformational state of inter-node links. It is
obvious that the initial state of the rare-crosslinked hydrogels should influence the
rate of interactions in the intergel system (figure 1). Swollen polymers are better
subjected to mutual activation due to the fact that the macromolecular coil unfolds
during swelling, as a result, the activity of functional groups increases. In con-
nection with this, the purpose of this work was to study the sorption ability of
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Figure 1 — Intergel system: 1 — solution, 2 — membrane, 3 — acidhydrogel, 4 — base hydrogel.
Intergel systems — multicomponent systems, whichconsist of two or more hydrogelsand solution.
Importantmoment: there is no direct contactbetween polymers

the gPMAA-gP4VP intergel system consisting of preliminary swollen hydrogels
with respect to lanthanum ions.

As a result of previous studies [4-7], it was established that the remote in-
teraction of polymer hydrogels in intergel systems leads to significant changes in
the conformational state as a result of their self-organization.In connection with
this, the aim of this work was to study the effect of the second component (poly-
base) on the self-organization of polymer hydrogels of polymethacrylic acid in the
intergel system, as well as the study of the sorption properties of the gPMAA-
gP4VP intergel systems with respect to lanthanum ions.

Two main reactions occur in intergel systems:

1. Acid hydrogel dissociation:

H

m “m

2. Binding of cleaved proton by nitrogen heteroatom:
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Mutual activation of hydrogels due to proton binding by poly-4-vinylpy-
ridine [13].

Long-distance interactions mechanism. Pair of next reactions may explain
long-distance interactions between two hydrogel specimens [8]:

R;-COOH «>R;-COO™ + H* (1)
R,=NH+ H* <>R,=NH," 2

Normally reactions (1) and (2) do not break up the electric neutrality of a
system, but in our case the first reaction takes place in volume of one specimen,
and the other occurs in volume of sample which is placed at relatively long
distance. Hydrogen ions generated in volume of the first sample are chemically
bonding by neighboring specimen. In other words, polymethacrylic acid gel
(reaction 1) may be considered as a donor, and the gel-2 as an acceptor of protons
(reaction 2). Consequently, both gels obtain non-zero electrostatic charge (fi-
gure2), and behavior of the system now is determined by macroscopic charge
distribution.

Figure 2—Formation of macroscopic charge at long-distance interaction
between acceptor and donor networks [8]

First, non-zero charge of each specimen leads to repulsion of charged
functional groups of each gel from each other. It is necessary to underline, that
charges of functional groups inside each gel actually is moveable. Their motion
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has the same mechanism as holes conductivity in semiconductors. A proton may
disconnect from a —COOH group and join to neighbor dissociated —COQO" group.
Totally, such process may be considered as motion of -COQ™ charged «particle».
Repulsion of such negative particles leads to formation of a thin charged layer at
surface of a specimen, which take part in long-distance interaction with acceptor
of protons, while the degree of dissociation of weak carbon acid is low.

The lanthanum ions sorption by the gPMAA-gP4VP intergel system occurs
by ionic and coordination mechanisms[8].

Electrochemical processes usually occur under condition of electric neu-
trality of a system as whole and itsmacroscopic parts separately. A set of electro-
chemical reactions may be quite complicated, but the deviationsfrom neutrality
usually have scale determined by Debye length only, i.e. known types of chemical
processescannot result in appearance of macroscopic electric charge and electric
currents.

At the same time, appearance of macroscopic electric charge (as well as
electric current of pronounceablemagnitude) in biological systems is a result of
chemical reactions. The most important example is electricactivity of biological
neuron networks.

Now we report that organic chemical reaction directly resulting in charging
of a macroscopic specimen isobserved. Non-zero macroscopic charge appears
during long-distance interactions between two polymer hydrogels, when one
network is a cross-linked poly-acid, which generates moveable hydrogen ions,
and another cationic hydrogel can take part in a chemical reaction of bonding of
mentioned ions [8].

High sorption degree of polymers in intergel systems is due to the absence of
counter ions at ionized groups. This is consequence of intergel interactions, result
of which is mutual activation of hydrogels and uncompensated chargesformation
along the polymer chain. Uncompensated charge is formed due to cleavage of
proton from carboxyl groups during dissociation of acid hydrogel and binding of
this ion with heteroatom of polybasis in an aqueous medium. Wherein charge
density of basic hydrogels is limited by dissociation degree of acid hydrogel.
Subsequently both hydrogels are ionized and do not have counter ions at major
part of functional groups. Formation of ionized groups is caused by confor-
mational changes of internode links of polymer chains due to what unfolding of
macromolecular globe takes place. In this regard, the next goal of this work is to
study the impact of dry initial state of polymer hydrogels of PMAA and P4VP on
electrochemical and volume-gravimetric properties of gPMAA-gP4V/Pintergel
system. Feature of ionization process in intergel systems is in absence of counter
ions at ionized groups. This is consequence of intergel interactions, in result, there
is an occurrence of hydrogels mutual activation and uncompensated charges for-
mation along the polymer chain. Uncompensated charge is formed due to proton
cleaving from carboxyl group during acid hydrogel dissociation and association
of this ion by heteroatom of basic hydrogel in an aqueous medium. In this case
charge density of basic hydrogels is limited by dissociation degree of acid hyd-
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rogel. Consequently, both hydrogels are ionized and do not have counter ions at
charged links. The result is an increased sorption ability in comparison with
individual hydrogels.

Polymer hydrogels usually are considered as intelligent materials, and their
advancedapplications are developing in this way. In particular, different biomi-
metics and biomodeling applications arediscussing widely in current literature [8].

Interactions between different types of hydrogels are much less investigated
that hydrogels themselves; onecan found only separate reports on this subject in
current literature [9, 10]. Besides, cited articles [9,10] aredevoted to contact
interactions of hydrogels. Now we report about sufficiently new phenomena,
whichdemonstrate possibility of electrochemical interactions between specimens
placed at quite long distance fromeach other [8]

Republic of Kazakhstan — is one of the largest regions in the world, which
has significant reserves and prospects for expanding of the mineral resource base
of rare and rare earth metals. Today, however, the production of rare metlas, rare
earth metals and their compounds in Kazakhstan can be characterized as unstable,
not corresponding to its potential. In some enterprises production of these metals
decreased and suspended.

Meanwhile, in view modern and perspective requirements of science and
technology development in the world demand for rare metal and rare earth pro-
ducts increases, and production of pure rare and rare earth metals and their com-
pounds is highly profitable. Hence, for Republic of Kazakhstan priority direction
in future — production, selection, production of pure rare and rare-earth metals and
their compounds. Previous studies showed that in result of remote interaction
hydrogels, which are in intergel systems, have significant changes in volume-gra-
vimetric, sorption properties [1-3]. Hydrogels long-range effect (Jumadilov
effect) may be a basis for creation of new technologies in hydrometallurgy,
wastewater treatment, industrial and biological solutions, and in other areas, in
which there is a necessity in selective separation, concentration and extraction of
different charged particles [11].

EXPERIMENTAL PART

Equipment. Optical density measurements for the subsequent calculation of
the lanthanum (Il)nitrateconcentration were made using a Jenway-6305 (SC)
spectrophotometer.

Materials. The studies were carried out in an lanthanum (I11) nitrate hexa-
hydrate solution. The hydrogels of polymethacrylic acid were synthesized in the
presence of the cross-linking agent N,N-methylene-bis-acrylamide and the
oxidation-reduction system K,S,0g-Na,S,03. The poly-4-vinylpyridine hydrogel
(gP4VP) was synthesized by Sigma-Aldrich (2% cross-linking agent). The syn-
thesized hydrogels in the aqueous medium constituted the intergel pair «poly-
methacrylic acid hydrogel — poly-4-vinylpyridine hydrogel» (gQPMAA-gP4VP).
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The hydrogels swelling degrees were: o (JPMAA) = 20.65 g/g and a (gP4VP) =
=2.65 g/g.

Experiment. The experiments were carried out at room temperature. The
researchof this intergel system was carried out as follows: the calculated amount
of each hydrogel in dry form was placed in special polypropylene nets, the pores
of which are permeable to low molecular ions and molecules, but impermeable to
the dispersion of hydrogels. Then, an aliquot was taken for subsequent optical
density measurements.

Methodology of lanthanum ions determination. The method for lanthanum
ions determining in solution was based on the formation of a colored complex
compound of the organic analytic reagent arsenazo (l11) with lanthanum ions [12].

Extraction (sorption) degree (n) was calculated by the following equation:

_ Cinitial — Cresidual

x 100%
Cinitial
where Cinitiar 1S the initial concentration of lanthanum in solution, g/L; Ciesigue iS
theresidual concentration of lanthanum in solution, g/L.
Polymer chain binding degree (8) was determined by calculations in
accordance withthe following equation:

V.
e=%"edx100%

where vermes — the quantity of polymer links with sorbed lanthanum, mol; v —
thetotal quantity of polymer links (if there are two hydrogels in solution, it is
calculatedas sum of each polymer hydrogel links), mol.

The effective dynamic sorption capacity (Q) was calculated by the following
equation:

Vsorbed

msorbent(s)

where vgrp, IS the amount of sorbed metal, mole; Mapsorent - the mass of the sorbent
(if there are two hydrogels in solution, it is calculated as the sum of the two
hydrogels masses), g.

RESULTS AND DISCUSSION

The study of the electrochemical, volumetric-gravimetric properties of the
polymethacrylic acid hydrogel. During the interaction of polymethacrylic acid
hydrogel with an aqueous medium, various changes in the electrochemical
properties of water occur. Figure 3 demonstrates the dependence of the specific
electrical conductivity of the aqueous solution on time in the presence of the
PMAA hydrogel. The dependence curve clearly shows that the electrical conduc-
tivity values increase with time. A strong increase occurs in the first 6 hours of

157



XUMWYECKHH )KYPHAJI KA3AXCTAHA

Figure 3 — Kinetics of the electrical conductivity change of the PMAA hydrogel
in aqueous medium versus duration

interaction of the polymethacrylic acid hydrogel with the solution. This is faci-
litated by the dissociation of functional groups on the inter-node links of the
macromolecule. After that, up to 48 hours, there is practically no increase in the
electrical conductivity, which in turn leads to the conclusion that the system has
reached a state of equilibrium.

Figure 4 shows the pHchange of PMAA hydrogel in agueous medium versus
duration.At the initial time, the pH significantly decreases in value indicating that
protons released into the solution upon dissociation of the carboxyl groups.

Figure 4 — Kinetics of the pH change of PMAA hydrogelin aqueous medium versus of duration
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Then, there is an intensive growth of pH from 5.56 to 6.6 during 24 hours.
The main reason for this phenomena is the decomposition of associates within the
macromolecule, followed by the addition of protons to carboxylate-formed
anions. It should be noted that in this case intramolecular associates are stronger
than in the structure of polyacrylic acid. This is due to the higher degree of
hydrophobicity of the polymethacrylic acid hydrogel.

Figure 5 demonstrates the dependence of the swelling coefficient of the
polymethacrylic acid hydrogel. As can be seen from the figure, a sharp increase in
swelling is observed during 1 hour. This is due to the functional carboxyl
groups’dissociation and the unfolding of the polymer globe. Less intensive in-
crease is observed within 6 hours. Further, the increase in the swelling coefficient
occurs slowly, which allows one to conclude that equilibrium in the system is
reached.

Figure 5 — Kinetics of swelling coefficient change of the PMAA hydrogel
in aqueous medium versus of duration

The study of the electrochemical and volumetric-gravimetric properties of
the poly-4-vinylpyridine hydrogel. The dependence of the specific electrical
conductivity of the aqueous solution on time in the presence of poly-4-vinyl-
pyridine hydrogel is shown in figure6. The obtained results indicate that the
conductivity values decrease with time. This is due to the fact that the binding of
protons by nitrogen heteroatoms of vinyl pyridine occurs, H*formed as a result of
the process of water molecules dissociation. As can be seen from the figure, a
significant reduction occurs within 6 hours after the initiation of the poly base
interaction with the aqueous solution. Then, there is a slight decrease in electrical
conductivity up to 48 hours.
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Figure 6 — Kinetics of swelling coefficient change of the P4VP hydrogel
in aqueous medium versus of duration

Figure 7 — Kinetics of pH change in the presence of P4VP hydrogel

Figure 7 shows the dependence of the hydrogen ion concentration on time.
As can be seen from the figure, at the initial moment of time, a gradual increase in
the proton concentration occurs, then their content in the solution decreases,
indicating that the proton is associated with a polybase. At the initial instant of
time, the polybase, as evidenced by the high values of their concentration, weakly
binds the protons. Then, after 6 hours, the degree of their association increases,
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and the concentration of hydrogen ions in the solution decreases. This leads to an
increase in the pH of the medium.

Swelling of poly-4-vinylpyridine hydrogel occurs rather intensively during
1 hour, then swelling decreases. The main reason for the decrease in swelling can
be the folding of the macromolecule polymer globe. This is due to the intra-
molecular cross-links formation, such as

>N ...H+ .. N=.

As can be seen from figure8, after 24 hours the swelling coefficient remains
practically unchanged. In other words, we can say that the state of equilibrium is
reached.

Figure 8 — Kinetics of theP4VP hydrogel swelling ratio change

Mutual activation of hydrogels in the intergel system of polymethacrylic acid
hydrogel - poly-4-vinylpyridine hydrogel. In the process of remote interaction of
hydrogels in the gPMAA-gP4VP intergel system, the specific electric conduc-
tivity of aqueous solutions changes. The dependence of the specific electrical
conductivity on the molar ratio of hydrogels in time is shown in figure 9. As can
be seen from the graph, the increase in electrical conductivity occurs at a ratio of
gPMAA:gP4VP = 3:3 over the entire time of the remote interaction. The
maximum electrical conductivity reached after 48 hours. The minimum values of
the electrical conductivity are noted in the region of presence of only the poly-
base (QPMAA:gP4VP ratio=0:6), which is due to its weak dissociation.

The dependence of the hydrogen ions concentration is presented in figure 10.
As can be seen from the figure, the increase in the concentration of hydrogen ions
occurs at aratio of gPMAA:gP4VP = 3:3. If we compare these data with the data
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Figure 9 — Dependence on the specific electrical conductivity of aqueous solutions versus
the mole content of hydrogels at various duration.
Description of curves: 1 -0h;2-1h;3-3h;4-6h;5-24h;6-48h
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Figure 10 — pH dependence of aqueous solutions versus the mole content of hydrogels
at various duration.
Description of curves: 1 -0 h; 2-0.5h; 3 - 1h; 4 — 2h; 5—-6h; 6 — 24h; 7-48 h
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on the electrical conductivity, then we can conclude that at this ratio the process
of carboxyl groups dissociation predominates over the process of attaching
protons with vinylpyridine.

A significant decrease in the concentration of H* ions occurs at a ratio of
gPMAA:gP4VP = 1:5. In the case of specific electric conductivity, at the same
ratio, it is clear that the electrical conductivity values are low. The result of this is
the formation of the same charged functional groups without counterions. And as
a consequence - the transition of acid and basic hydrogels into a highly ionized
state.

Figure 11 shows the dependence of the swelling coefficient of the acid hyd-
rogel polymethacrylic acid on the molar ratio of hydrogels in the gPMAA:gP4VP
intergel system over time. The increase in the swelling coefficient of the polyacid
occurs gradually with time increasing. Moreover, it should be noted that the
increase in Ky occurs with an increase in the concentration of the poly base in the
solution. The minimum swelling occurs in the presence of only the polyacid in the
solution (ratio gPMAA:gP4VP=6:0). The maximum swelling of the polyme-
thacrylic acid hydrogel occurs at a ratio of gPMAA:gP4VP = 1.5 after 48 hours of
remote interaction of the hydrogels. This is due to the predominance of the proton
association process over the dissociation of carboxyl groups. The result of this is
the transition of the acid hydrogel into a highly ionized state.

Ksw, glg
80 —a—1
a2 1
704 | —4—3
—¥— 4
60 | ——5
—4—6
50 7

40 4

30

20 +

R .,
6:0 5:1 4:2 33 24 1:5
gPMAA: gP4VP (mal:mol)

Figure 11 — Dependence of the gPMAA swelling ratio in the presence of gP4VP
on the molar content of hydrogels at various duration.
Description of curves: 1 -0h;2-1h;3-3h;4-6h;5-24h;6-48h
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Figure 12 shows the dependence of the swelling coefficient of the main hyd-
rogel poly-4-vinylpyridine on the mole ratio of hydrogels in the gPMAA:gP4VP
intergel system over time.

Ksw, gig
45 -

4,0 4

3.5 1

3.0

2.5 1

2,0 4

0.5 1

0,0 4 = = = - - ]
T T T T T T T T
51 4:2 33 24 15 0:6

gPMAA:gP4VP (mol:mol)

Figure 12 — Dependence of the gP4VP swelling ratio in the presence of gPMAA
on the molar content of hydrogels at various duration.
Description of curves: 1-0h;2-1h;3-3h;4-6h;5-24h;6-48h

As the percentage of poly-acid increases, the swelling coefficient of the poly-
base increases. The minimum swelling of the poly-base occurs at a ratio of
gPMAA:gP4VP = 1:5. This is due to the formation of intramolecular cross-links
>N ... H + ... N=, which results in folding of the polymer globeand a decrease in
swelling. The maximum swelling area is the ratio of gPMAA:gP4VP= 5:1, with
Ky taking the maximum values at this ratio after 48 hours.

Study of mutual activation of hydrogels gPMAA and gP4VP in intergel
system. In presence of intergel system in an aqueous medium, there is an occur-
rence of various processes, which influence the ionic equilibrium in solution.
Such processes are:

1. Dissociation of -COOH™ groups of internode links:

-COOH — COO™"H" — -COO™ + H"

It should be noted that dissociation occurs stepwise: firstly, there is ioni-
zation with ionic pairs formation, after that ionic pairs partially dissociate on
separate ions.

2. lonization and partial dissociation of nitrogen heteroatom in pyridine ring:

=N+ H,0 - =NH"... OH" - =NH"+ OH"~
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3. Interaction of nitrogen heteroatom with proton, which was cleaved from
carboxyl group:
=N+ H"— =NH"
4. Formation of water molecules by interaction of H" and OH™ ions, which
were formed in result of reaction of functional groups with water molecules:
H'+ OH — H,0
Lanthanum ions extraction by the gPMAA-gP4VP intergel system. The
dependence of lanthanum ions extraction degree by the gPMAA-gP4VP intergel
system on the mole ratio of hydrogels in time is shown in figure 13. The maxi-
mum amount of lanthanum ions was extracted by the gPMAA-gP4VP intergel
system at the ratio of hydrogels 4:2 (67%gMPAA-33%gP4VP). The degree of
lanthanum ions extraction after 24 hours at this ratios was 90%. The obtained
results indicate that the degree of lanthanum ions extraction by individual
hydrogels of polymethacrylic acid and poly-4-vinylpyridine is low, the extraction
rates were71% and 59%, respectively. The remaining ratios of the intergel pair in
the gPMAA-gP4VP intergel system also have much higher lanthanum ion extrac-
tion rates compared to the lanthanum ions extraction of the PMAA and P4VP
individual hydrogels.

n. % —a— 1 h
100 ~ —+—2h

—&— 4 h
901 v 6h
80 - —+— 24 h

704
60
50+
40

ol .\\—‘\/\
204

10 4

0 —71tr - r - r - 1t - 1 1 - 1 1
60 51 42 33 24 15 06
gPMAA:gP4VP, mol.%:mol.%

Figure 13 — The dependence of the lantanum ions extraction degree
by the gPMAA-gP4VP intergel system on the mole ratio of hydrogels in time

Figure 14 shows the dependence of thepolymer chain binding degree in
relation to lanthanum ions) of the gPMAA-gP4VP intergel system in time. The
maximum value of the polymer chain binding degree in the intergel system after
24 hours was 1.52% at ratio of gPMAA-gP4VP 4:2. The polymer chain binding
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Figure 14 — The dependence of the polymer chain binding degreeof
the gPMAA-gP4VP intergel system on time in the lanthanum (I11) nitrate hexahydrate medium
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Figure 15 — The dependence of the effective dynamic exchange capacity
of the gPMAA-gP4VP intergel system on the mole ratio of hydrogels in time

166



ISSN 1813-1107 M 4 2018

degree values of polymethacrylic acid and poly-4-vinylpyridine individual hyd-
rogels after 24 hours werel.34% and 0.79%, respectively. At 2 hours of sorption,
a certain increase in the polymer chain binding degree was achieved. At 4 and 24
hours, a significant increase in the polymer chain binding degree was observed;
this is particularly noticeable for 4:2 and 3:3 ratios.

Figure 15 shows the dependence of the effective dynamic exchange capacity
of the gPMAA-gP4VP intergel system on the molar ratio of hydrogels in time.
The obtained data indicate that the mutual activation of polymer hydrogels in the
intergel pair leads to a significant increase in the values of the exchange capacity
in comparison with the individual hydrogels. The maximum value of the effective
dynamic exchange capacity was achieved atgPMAA-gP4VPratio of 4:2 at
24 hours of remote interaction of the hydrogels. Further remote interaction of
polymer hydrogels indicates that the gPMAA-gP4VP intergel system approaches
the equilibrium state which evidenced by slower growth of the effective dynamic
exchange capacity as at the beginning of the remote interaction of the hydrogels.

Conclusions.

1. Individual hydrogels PMAA and P4VP do not possess sufficiently high
sorption properties. The maximum degree of lanthanum ions extraction is 71%
and 59% for gPMAA and gP4VP, respectively.

2. The degree of lanthanum ions extraction in the intergel system reaches the
maximum values of 90% at gPMAA-gP4VP ratio of 4:2 after 24 hours.

3. Individual polymer hydrogels PMAA and P4VP have relatively low values
of the polymer chain binding degree (1.34% and 0.79%, respectively) with res-
pect to lanthanum ions due to the absence of the mutual activation phenomenon.

4. The maximum value of the polymer chain binding degreein the intergel
systems is1.52% at gPMAA-gP4VP ratios of 4:2.

5. The obtained results show the possibility of creating lanthanum sorbents
based on intergel systems where the conditions of activated hydrogels interaction
with La** ions change.

6. Intergel systems on gPMAA-gP4VPhydrogels basis can be recommended
for application in technologies of selective extraction of lanthanum ions from
industrial solutions, which also may contain other ions of rare earth elements.
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Pe3rome
T. K. ’Kymaoinos, P. I'. Konoaypos, C. A. Xaximocanos, A. M. Umanzasu

JJAHTAH NOHJIAPBIH COPBLIAJIAY BAPBICBIHJIA
WHTEPTEJIBAI XXYHEJETT [HOJIMMETAKPWJI KbIIIKbLJIBI )KOHE
[MOJIN-4-BUHWJITTUPUAVH T'MAPOT EJIAEPIHIH
©3IH-031 YIBIMIACTBIPYJIAPBI

IMonumetakpun Keikpuibl ruaporeni (IIMAKr) — monu-4-BUHUIMUPUANH THAPO-
reni (IT4BIIr) unTepresai xxyieCiMeH JIaHTaH HOHIAPBIH COPOLMsIAY MPOLECi 3epPTTEN/Ii.
[MoauMeTakpui KBIIIKBUIBI THAPOTETIHIH ©31H-031 YHBIMIACTHIPYbIHA HETI3T1 THIpOTrelb-
IiH KypbUIBIMBI KeOipek ocep ereriHi aHbIKTanmel. [IMAK sxome II4BII xekenmereH
THIPOTEIICPIHiH JTAHTaH MOHIAPBIH copOumsiiay mopexkeci coiikecinme 71 xome 59%
Kypaiinel. Tuaporensaepmin 4:2(67%ITAKr-33%I14BIIr) karsiHaceiHna 90% madTan
copouumsmanapl. ITAK xone I14BII rugporenbaepi moauMepitik Ti30ek OoitbiHaa Oaiina-
HBICY JIOPEXECi CaBICTBIPMAIBl Type TOMeH MoHuaepre ue (coiikecinme 1,34 xome
0,79%).

Tyiiin ce3uep: MHTEpremni xKyiie, 03iH-031 yitbiMaacTeipy, copoims, La* nonmapsr,
THIPOTEIbAED, MOTMMETAKPHJI KBIIIKBLIbI, MOJIH-4-BHHUITHPHIHH.
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BJIMAHUE DODPEKTA Z[éﬂbHOI[EPICTBHH MEXY I'MAPOI'EJISIMU
I[MOJIMMETAKPMNJIOBOU KUCJIOTHI 1 TTOJIN-4-BUHWJITIMPUINHA
HA COPBLIMIO NOHOB JJAHTAHA

Wzyden mporecc copOUMM HMOHOB JaHTaHAa WHTEPIeJICBOH CHCTEMOI THIPOTENb
nosimMeTakpritoBoit KUCTIoTeI(TIIMAK) — rupporens monu-4-sunnnmupuanna (rI14BIT).
YcTaHoBIEHO, YTO 3HAYUTENBHOE BIMSHME Ha caMmoopraHusanuio ruaporenedt [IMAK
OKa3bIBa€T CTPYKTYpa OCHOBHOTO rujporeis. CTeneHb N3BJICUCHUs] HOHOB JIaHTaHa WHIIH-
BuayanbHbeix rungporeneit [IMAK u T14BI1 cocraBnsier 71 u 59%, coorBercTBenHo. [Ipu
cootnomtenun 4:2 (67%rlIMAK-33%rI14BII) ussnekaercs o0 90% nanrana. Muausu-
nyansHble ionmmepHblie ruaporeny [IMAK u T14BIT 061anaroT OTHOCHTENBEHO HEBBICO-
KAMH 3HAYCHUSMH CTETEHH CBs3bBaHus monmMmeproi termm (1,34 u 0,79%, cootser-
CTBEHHO).

KiIioueBble c/I0BA: HHTEPreeBas cucTeMa, copouus, nousr La®*, ruaporeny, momu-
METaKpHJIOBasi KUCJIOTa, NOJIH-4-BUHIIITHPHIHH.
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