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Abnormal activity of functional groups during uranyl ions sorption
by polymethacrylic acid-poly-4-vinylpyridine intergel system

Uranyl ions sorption by intergel system consisting of polymethacrylic acid hydrogel (hnPMAA) and poly-4-
vinylpyridine hydrogel (hP4VP) has been studied. First, reciprocal activation of PMAA and P4VP polymeric
hydrogels in water environment was examined in order to predict intergel system sorption activity. Based on
the obtained results, it was found that area of maximum hydrogel activation was within the ratios of 100 %
hPMAA and 67 % hPMAA:33 % hP4VP. The maximum rate of uranyl ions extraction was also observed
within these ratios. The highest uranyl ions sorption by intergel system occurred at 83 %hPMAA:17 %
hP4V/P ratio. Maximum uranyl ions extraction rate after 56 hours of hydrogels remote interaction was 82.5 %,
when polymeric chain binding rate was 9.94 % and effective dynamic exchange capacity was 1.12 mmol/g.
Significant increase of intergel system sorption activity within the ratios of 100 % hPMAA and 67 %
hPMAA:33 % hP4VP in comparison with initial inactivated hydrogels 100 % hPMAA and 100 % hP4VP
was confirmed by combined calculation data of extraction rates of inactivated PMAA and P4VP polymeric
hydrogels. The obtained results illustrated changes of initial polymeric hydrogels’ electrochemical sorption
properties in intergel system leading to functional groups obtaining higher reactive ability, which made it
possible to use them for further development of highly efficient uranyl ions extraction sorption technology.

Keywords: hydrogels, intergel systems, reciprocal activation, sorption, extraction rate, polymethacrylic acid,
poly-4-vinylpyridine, uranyl ion.

Introduction

Rare-earth element containing ores extraction is often complicated in terms of their radioactivity, which
is caused by containing uranium, thorium, and their half-life products in their composition. Due to this fact,
the issue of rare-earth elements separation from radioactive elements, particularly uranium, is of high im-
portance nowadays [1-3]. Uranium can be removed from solutions by sorption, extraction, and other meth-
ods. At present, sorption methods are more preferred than extraction ones. Sorption methods are more eco-
friendly and have fewer technological cycles than extraction technologies [4, 5]. lon-exchange uranium ex-
traction process is based on ion-exchange resins ability to absorb uranium selectively and quantitively from
solutions and pulps after lixiviation. In sulfurous solutions, hexavalent uranium can be present as uranyl cati-
on (UO,*") and as anion sulphatic complexes ([JUO,(SO,)J% [UOx(SO.)s]") [6].

The objective of our research is to study functional hydrogels initial state and remote interaction (acti-
vation) time influence on polymers ratio in intergel systems, depth of uranyl ions sorption during their inter-
action with intergel systems and prospects of using these intergel systems for uranium extraction from prod-
uct solutions.

Experimental

Equipment. A MARK 603 conductometer (Russia) and Metrohm 827 pH-Lab pH-meter (Switzerland)
were used for measuring specific electrical conductivity and solutions pH. Sorbent mass was determined by
weighing at electronic analytical scales MSE125P-100-DU Sartorius Cubis (Germany).

Materials. The research was performed in water environment and in solution of hexaqua uranyl nitrate
(UO,* concentration = 100 mg/l). Cross-linked by divinylbenzene hydrogel poly-4-vinylpyridine (hP4VP) of
Sigma-Aldrich was used. Polymethacrylic acid hydrogels were synthesized applying cross-linking agent
N,N-methylene-bis-acrylamide and red-ox system K,S,0s — Na,S,03 in water environment. Synthesized
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PMAA hydrogel was reduced to smaller dispersions and separated by size. Fractions of 250<d<425 um were
used in the process. Hydrogel swelling ratios were opmaa) = 21.00 9/9, onpavey = 3.20 /9.

For the research objective, synthesized hPMAA and hP4VP hydrogels were combined into
polymethacrylic acid gel — poly-4-vinylpyridine gel ("(PMAA-hP4VP) intergel couple.

Experiment. Experiments were carried out at room temperature. hPMAA and hP4VP hydrogels were
taken in swollen state. Study of the intergel systems was done as follows: each hydrogel in dry state was
placed in separate polypropylene cages. hPMAA and hP4VP hydrogels were previously left in distilled water
for 24 hours for swelling. Then polypropylene cages with swollen hydrogels were placed in glasses with wa-
ter and hexaqua uranyl nitrate solutions. Electroconductivity and overgel liquid pH were determined with
hydrogels present in the solution.

Research of individual polymeric hydrogels sorption properties was done as follows:

1) Estimated amount of each hydrogel (polymethylacrylic acid, poly-4-vinylpyridine) in dry state was
placed into polypropylene cages.

2) Uranyl ions sorption by individual hydrogels of PMAA and P4VP was done for 56 hours. During this
period aliquots were taken for further determination of uranyl ions concentration.

Research of intergel systems sorption properties was done as follows:

1) Intergel system hPMAA-hP4VP was combined from synthesized PMAA and P4VP hydrogels;

2) Estimated amount of each hydrogel in dry state was placed into polypropylene cages;

3) Uranyl ions sorption by these intergel systems was done for 56 hours. During this period aliquots
were taken for further determination of uranyl ions concentration.

Uranyl ions determination procedure. Measurement of uranium mass concentration was carried out by
volumetric titanium-phosphate-vanadate method based on red-ox properties of uranium (IV) and urani-
um (VI) and its reduction and oxidation reactions.

Uranyl ions extraction (sorption) rate was calculated according to the formula:

nzﬁ*loo %,

in
where Ci, is uranyl ions initial concentration in solution, mg/l; Cis is uranyl ions residual concentration in
solution, mg/I.
Total polymer chain binding rate was calculated according to the formula:

0= or %100 %,
A%

where v, is an amount of sorbed uranyl ions, mole; v is hydrogel weighed portion (if two hydrogels are pre-
sent in the solution, this is calculated as summed amount of each of them), mole.

Effective dynamic exchange capacity of individual hydrogels and intergel system was calculated ac-
cording to the formula:

Q: Vsor
msorbent
where v, is an amount of sorbed uranyl ions, mole; m is polymer weighed portion (if two hydrogels are pre-
sent in the solution, this is calculated as summed weight of each of them), g.
Calculation of total inactivated hydrogels PMAA and P4VP sorption rate was done according to the
formula:

= nl*83%+n2*17 %
100%  100% )
where m, is 83 % hPMAA uranyl ions extraction rate, %; n, is 17 % hP4VP uranyl ions extraction rate, %.

Results and Discussion

Previously performed studies [7, 8] have shown that almost all intergel systems based on acidic
(polyacrylic and polymethacrylic acids) and basic (poly-4-vinylpyridine and poly-2-methyl-5-pyridine) light-
ly cross-linked polymeric hydrogels display higher activity than their initial components. It has also been
found that polymer ratios, which provide higher ions sorption, differ significantly depending on nature of
acidic and basic hydrogels and nature of rare-earth metals.

These results were obtained after studying sorption of lanthanum, cerium, dysprosium, neodymium,
samarium, and erbium by intergel systems. Influence of initial hydrogel state on sorption process was also
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identified. Depending on what gel is used for intergel couple formation (dry, swollen or partially swollen)
there can be different hydrogel ratios in intergel systems with high sorption capacity and rare-earth metal
ions sorption rate. However, no work was done to determine optimal conditions for maximum sorption and
ions selectivity in case of using intergel systems for uranyl ions extraction.
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Figure 1. Water solutions pH dependency on time in the presence of hPMAA-hP4VP intergel system

Figure 1 illustrates water solutions pH dependency on time in the presence of (PMAA-hP4VP intergel
system. It can be seen that initial PMAA hydrogel and intergel systems within ratios of 83 % hPMAA:17 %
hP4VP and 50 % hPMAA:50 % hP4VP have significantly lower pH, which is caused by H" ions emission
into solution as a result of functional carboxylic groups dissociation process. Twenty four hours later disso-
ciation continues less intensive, which indicates approaching electrochemical equilibrium in the solution.
Initial P4VP hydrogel and intergel systems within ratios of 33 % hPMAA:67 % hP4VP and 17 %
hPMAA:83 % hP4VP have minor pH decrease in initial area, which is most likely caused by solution pro-
tons binding by nitrogen atom in vinylpyridine. Forty eight hours later the systems did not show pH changes.

As a result of remote interaction, hydrogels form functional groups without counter-ions, which leads to
significant increase of intergel system sorption capacity.
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—v— 50% hPMAA-50% hP4VP
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Figure 2. Water solutions’ specific electrical conductivity time dependence
in the presence of hPMAA-hP4VP intergel system
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Figure 2 shows hPMAA-hP4VP water solutions’ specific electrical conductivity time dependence.
When environment pH decreases, concentration of H ions or H;O" hydroxonium increases, which leads to
specific electrical conductivity rise. It can be noticed from Figure 2 that, water electrical conductivity in-
creases over time in the presence of initial PMAA hydrogel. This is facilitated by functional group dissocia-
tion at macromolecule interstitial units. As a result, hydrogen ions are emitted into the solution and carbox-
ylate anions are formed. Initial P4VP hydrogel and intergel systems display specific electrical conductivity
increase only at an early stage. Further rise during 24-hour period is not intense. Then during 48-hour period
specific electrical conductivity increase is almost not seen, which suggests that electrochemical equilibrium
is reached.
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Figure 3 (a). Water solutions pH dependence on hPMAA-hP4VP mole ratio over time
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Figure 3 (b). Water solutions specific electrical conductivity dependence on hPMAA-hP4VP mole ratio over time

Figure 3 a, b represents hydrogen ions concentration and solutions’ specific electrical conductivity
change dependence on hydrogels mole ratio over time. Initial PMAA hydrogel and intergel systems within
ratios of 83 % hPMAA:17 % hP4VP and 50 % hPMAA:50 % hP4VP display reduction of solutions pH.
When environment pH decreases, concentration of H' ions, H;O" hydroxonium or other ions increases,
which leads to specific electrical conductivity rise. Besides, new negatively charged ions may appear in the
system. Increase of H* ions concentration happens due to PMAA hydrogel functional carboxylic groups’
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dissociation. Initial PMAA hydrogel and intergel systems within ratios of 33 % hPMAA:67 % hP4VP and
17 % hPMAA:81 % hP4VP display no significant changes in H* ions content. Water solution’s specific elec-
trical conductivity rise during hydrogels remote interaction when H* ions concentration does not change may
be caused by OH  ions presence in the solution as a result of interaction between P4VP hydrogel polybase
and water molecules.

By virtue of the processes mentioned above, hydrogels mutual activation happens. This implies hydro-
gels switching to highly ionized state, which leads to significant increase of intergel system sorption
capacity.
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Figure 4. Dependence of uranyl ions extraction rate by hPMAA-hP4V/P intergel systems over time

Figure 4 demonstrates dependence of uranyl ions extraction rate by initial hydrogels and hPMAA-
hP4VP intergel systems over time. It should be noted that polymeric macromolecules switching to highly
ionized state due to hydrogels mutual activation during their remote interaction leads to significantly in-
creased uranyl ions extraction rate with polymeric hydrogels in intergel couples in comparison with initial
hydrogels.
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Figure 5. Dependence of uranyl ions extraction rate by hPMAA-hP4VP intergel systems
on hydrogels mole ratio over time
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Major amount of uranyl ions is sorbed by initial PMAA hydrogel and intergel systems over 56 hours of
their interaction with salt solutions. Maximum uranyl ions extraction rate, namely 82.5 % is observed in
intergel system within the ratios of 100 % hPMAA and 67 % hPMAA:33 % hP4VP 56 hours later. Uranyl
ions extraction rate by initial polymeric hydrogels 100 % hPMAA and 100 % hP4VP is 80.5 % and 2.0 %,
respectively. Initial P4VP hydrogel shows minor sorption rate only at an early stage, it remains unchanged
over time. However, P4VP hydrogel, not having significant uranyl ions sorption rate, participates in initial
PMAA hydrogel activation, which can be seen prominently within the ratios of 100 % hPMAA and 67 %
hPMAA:33 % hP4VP.

Figure 5 indicates dependence of uranyl ions extraction rate by hPMAA-hP4VP intergel systems on hy-
drogels mole ratio over time. It can be seen from the graph that the highest uranyl ions sorption happens
within ratio of 83 %hPMAA:17 %hP4VP. Especially high-sorption rate increase is observed after 8.5 hours;
uranyl ions extraction rate at this point is 54.0 %. Uranyl ions extraction rate by individual polymeric hydro-
gels 100 %hPMAA and 100 %hP4VP is 43.0 % and 0.0 %, respectively. The main reason for such a high
extraction rate is high ionization of polymeric structures as a result of their mutual activation.

For the purpose of estimating intergel systems’ sorption activity within the ratios of 100 % hPMAA and
67 % hPMAA:33 % hP4VP in comparison with initial PMAA and P4VP hydrogels, 83 % hPMAA:17 %
hP4VP intergel systems were selected and summary calculations of extraction rates were done individually
for inactivated 83 % hPMAA and 17 % hP4VP hydrogels. Based on the results, difference of total extraction
rates between initial hydrogels and intergel systems was calculated. The outcomes show that intergel system
due to mutual activation has a higher uranyl ions sorption capacity than initial hydrogels. For calculation of
hydrogels activity through initial inactivated 100 % hPMAA and 100 % hP4VP hydrogels, an assumption
was made of initial hydrogels sorption capacity persistency in case of their concentration decrease in water
environment. The obtained data are shown in Table 1 and it is seen that intergel system sorption capacity
increase in relation to initial inactivated hydrogels over time occurs differently. 0.5 hour later, there is no
sorption rate increase; 2.5 hours later sorption rate increase is 10.53 %. Then 4.5 hours later, there is minor
decrease of sorption rate; the rate at this moment is 9.65 %. 8.5 hours later, there is a rapid increase of
intergel system’s sorption capacity, namely 50.84 %. Then, during 32-hour period, there is another decrease
of sorption activity; subsequently, after reaching 48-hour time, there is an increase. Intergel system’s sorp-
tion rate increase in relation to initial inactivated hydrogels according to calculation data was 19.39 %. This
dynamics of intergel system’s sorption activity change in relation to initial inactivated hydrogels that is most
likely related to a group of factors, one of which is conformational transformations significantly influencing
reaction mechanism. This way, intergel system’s sorption capacity increase calculations point out a
significant increase of intergel system’s sorption capacity in relation to initial inactivated hydrogels.

Table 1

Experimental results with 83 %hPMAA:17 %hP4VP ratio of intergel system extraction rates
and total calculation data of inactivated hydrogels

Sampling period, hours
0.5 2.5 45 8.5 24 28 32 48 56

16.0 21.0 27.0 43.0 66.0 76.5 77.0 80.0 80.5

Sorption parameters

100 % hPMAA initial hydrogel ex-
traction rate

100 % hP4VP initial hydrogel extrac-
tion rate

83 % hPMAA inactivated hydrogel
extraction rate calculation data

17 % hP4V/P inactivated hydrogel
extraction rate calculation data

83 % hPMAA and 17 % hP4VP inac-
tivated hydrogels extraction rate 13.8 19.0 22.8 35.8 55.3 64.3 64.9 67.5 69.1
summary calculation data

83 % hPMAA:17 % hP4VP intergel
system extraction rate

intergel system sorption capacity in
relation to initial inactivated 0.00 | 1053 | 9.65 | 50.84 | 22.97 | 19.75 | 13.25 | 17.04 | 19.39
hydrogels, %

3.0 9.0 2.0 0.0 2.0 3.0 4.0 5.0 2.0

13.3 17.5 225 | 358 55.0 | 63.8 64.2 66.7 68.8

0.5 15 0.3 0.0 0.3 0.5 0.7 0.8 0.3

10.0 21.0 25.0 54.0 68.0 77.0 73.5 79.0 82.5
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Table 2 shows polymeric chain binding rates (in relation to uranyl ions) by initial polymers and
hPMAA-hP4VP intergel systems over time. The most intense uranyl ions’ binding by initial polymers and
intergel systems occurs during the period of 48-56 hours. High values of polymeric chain binding rates in
relation to uranyl ions are observed within the ratios of 100 % hPMAA and 67 % hPMAA:33 % hP4VP and
equal to 9.94 %. This suggests a high rate of molecules ionization as a result of hPMAA and hP4VP
polymers mutual activation. hPMAA and hP4VP individual polymers chain binding rates in relation to
uranyl ions after 56 hours are 9.70 % and 0.24 %, respectively.

Table 2
Polymeric chain binding rates (in relation to uranyl ions)
by initial hydrogels and hPMAA-hP4VP intergel systems over time, %
Polymer chain bhinding rate (in relation to uranyl ions), %
T, h 0.5 2.5 45 8.5 24 28 32 48 56
100 %hPMAA 1.93 2.53 3.25 5.18 7.95 9.21 | 9.27 9.64 9.70
83 % hPMAA:17 %hP4\VP 1.20 2.53 3.01 6.50 8.19 9.27 | 8.85 9.52 9.94
67 % hPMAA:33 %hP4\VP 0.72 2.53 3.13 4.22 8.13 8.31 | 8.73 8.91 8.49
50 % hPMAA:50 %hP4\VP 0.24 1.69 2.29 4.34 6.93 7.23 | 747 8.49 8.01
33 % hPMAA:67 %hP4\VP 0.48 1.57 1.08 3.37 5.30 530 | 5.30 6.87 6.14
17 % hPMAA:83 %hP4VP 1.20 1.20 1.08 1.08 3.07 3.25 | 349 4.04 4.46
100 % hP4VP 0.07 1.08 0.24 0.00 0.24 0.36 | 0.48 0.60 0.24

Table 3 illustrates effective dynamic exchange capacity (in relation to uranyl ions) by initial hydrogels
and hPMAA-hP4VP intergel systems over time. The obtained data suggests that polymeric hydrogels’ mutu-
al activation in intergel couples leads to significant increase of exchange capacity values in comparison with
initial P4VP hydrogel. This is the most distinctive value after 56 hours of remote interaction. Intergel system
reaches maximum values of effective dynamic exchange capacity within the ratios of 100 % hPMAA and
67 % hPMAA:33 % hP4VP after 56 hours of remote interaction and is 1.12 mmol/g.

Table 3
Effective dynamic exchange capacity (in relation to uranyl ions)
by initial hydrogels and hPMAA-hP4VP intergel systems over time, %
Effective dynamic exchange capacity (in relation to uranyl ion), mmol/g
T, h 0.5 2.5 45 8.5 24 28 32 48 56
100 %hPMAA 0.22 0.29 0.38 0.60 0.92 1.07 | 1.08 1.12 1.11
83 % hPMAA:17 %hP4\VP 0.14 0.28 0.34 0.73 0.92 1.04 | 0.99 1.07 1.12
67 % hPMAA:33 %hP4\VP 0.08 0.27 0.34 0.46 0.88 0.90 | 0.95 0.97 0.92
50 % hPMAA:50 %hP4\V/P 0.03 0.18 0.24 0.45 0.73 0.76 | 0.78 0.89 0.84
33 % hPMAA:67 %hP4\VP 0.05 0.16 0.11 0.34 0.54 054 | 0.54 0.70 0.62
17 % hPMAA:83 %hP4VP 0.12 0.12 0.11 0.11 0.30 0.32 | 0.34 0.40 0.44
100 % hP4VP 0.03 0.10 0.02 0.00 0.02 0.03 | 0.05 0.06 0.02

Conclusions

During the research, it was identified that hydrogels maximum activity was within the ratios of 100 %
hPMAA and 67 % hPMAA:33 % hP4VP. Due to hydrogels mutual activation during their remote interac-
tion, polymeric macromolecules switch to a highly ionized state, which leads to a significant increase of pol-
ymeric hydrogels uranyl ions extraction rate in intergel couples in comparison with initial polymers. The
highest uranyl ions sorption by intergel system occurs at 83 % hPMAA:17 % hP4VP ratio. Maximum uranyl
ions extraction rate after 56 hours of hydrogels remote interaction was 82.5 %, when polymeric chain
binding rate was 9.94 %, and effective dynamic exchange capacity was 1.12 mmol/g. Significant increase of
uranyl ions sorption rate by intergel system in comparison with initial hydrogels is related to high rate of hy-
drogels ionization in intergel couple. Considerable increase of intergel system sorption activity within the
ratios of 100 % hPMAA and 67 % hPMAA:33 % hP4VP in comparison with initial inactivated 100 %
hPMAA and 100 % hP4VP hydrogels was confirmed by combined calculation data of extraction rates of
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inactivated PMAA and P4VP polymeric hydrogels. Intergel system’s sorption activity in comparison with
initial inactivated hydrogels grows differently over time. Especially high increase of intergel system’s sorp-
tion activity, namely 50.84 % can be seen after 8.5 hours. Intergel system’s sorption rate in comparison with
initial inactivated hydrogels after 56 hours was 19.39 %, according to calculation data. The obtained results
suggest that intergel systems can be used for highly efficient sorption technology of extracting uranyl ions
and other elements from commercial solutions as well as for concentration, separation of different ions from
water solutions for performing technological, environmental, and other objectives.
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T.K. Xymaninos, A.A. Yremena, X. XuUMdIPCIH,
P.I'. Kongaypos, 0.B. I'paxynsasuutoc

IMosmmMeTaKpHJI KbIIIKbLIBI-NMOJIU-4-BUHUJINIMPUINH HHTEPresiai
JKyiesiepiMeH ypaHWJI MOHIAPbIH COPOMAIAY OapbICHIHAAFbI
(GyHKIHOHAIABI TONTAPABIH AHOMAJIb/bI AKTUBTLIIr]

Tomumerakpun Keimukbuibl ([IMAKr) xone momu-4-sunmnmupunns ([14BIIr) ruaporennepiHeH TypaThiH
WHTEpreNal OKyHenepAiH ypaHWI HOHAApbIHA COpOLMSCH KapacThlpbUiraH. VHTrepremmi sxyHenepuiy
copOumsicelH Ooipkay yiniH ammsiMeH nommmepiik ruaporenzepaiy (IIMAKr, I14BIIr) cy oprachiHmarsl
e3apa aKTHUBTEHY TIpOIeCci 3epTTeimi. AJIBIHFAH HOTIDKEJIep HeTi3iHAe THAPOTeNASpIiH MaKCHMAaIIbI
aktuBTeHyi 100 % IIMAKT, 67 % IIMAKTr : 33 % I14BIIr kaTteiHacTapbIHAa OOJTAaTHIHBI AHBIKTAIABL. Y PaHHI
MOHAAPBIH MaKCUMAJIIBI IIBIFApy A9PEXkeci OChl KaThIHAcTapaa Oaiikanmansl. MHTEprenai xyienepain ypaHuia
MOHAApbIHa MakcuMaiael copoumsicel 83 % [IMAKT : 17 % I14BIIr xateiHacTapbiHAa OOJATHIHEI TaOBUIIHL.
T'upporenaepAid KalIbIKTaH ©3apa OpeKeTTeCYiHiH 56 caraThlHaH KeiliH ypaHHJI MOHIAapblH MaKCHMAJIIbI
meIFapy gopexeci 82,5 %, monnmepiik Tiz0ekTiH OalimaHbicy mapexeci 9,94 % sxoHe THIMII TMHAMHUKAIBIK
anMacy CUbIMIbUIBIFBI — 1,12 mmonb/T  Gonmel. bactanker aktmBTeHGeren 100 % [IMAKr sxone
100 % I14BIIr rumporenaepiMeH caJbICTHIPFaHIa HMHTEPreii JKyHelepliH COpOIMSUIBIK OelceHIUTriHIg
100 % IIMAKTr, 67 % IIMAKr:33 % I14BIIr kaThiHacTapblHAa aHAFYPIIBIM JKOFAapbl OOJATHIHBIH AKTHBTCH-
OereH ruApOreNAepIiH Kbl €CeNTIK MOHAEpl Honenaei. AJIBIHFAH HOTIDKEIEp MHTEpreiai Kyitenaepae
OacTankpl MOJMMMEPIIK THAPOTEIACPIIH INEKTPOXUMHSIIBIK JKOHE COPOUMSIBIK KaCHETTEpiHIH ©3TepeTiHiH,
SFHA ()YHKIMOHAIIABI TONTApIbIH pEeaKUusFra TYCy KaOileTi apTaTbiHBIH KepceTTi. bynm omapapl ypaHmia
WOHJIAPBIH MIBIFAPYABIH JKOFAphl THIMJI COpPOLMSUIBIK TEXHOJOTHSCHIH JKacay YIIIH KOJJaHyFa MYMKIHIIK
Oepeni.
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Abnormal activity of functional groups ...

Kinm ce30ep: rtumporennep, HWHTEpreiii jkydelnep, e3apa aKkTHBTEHy, cOpOLHs, LIBIFApY OOPExKeci,
HOJIMMETAKPUII KbILIKbUIBI, OJIN-4-BUHUINUPUANH, YPaHHI HOHBI.

T.K. Ixymanumnos, A.A. Yremea, X. XUMIPCOH,
P.I'. Konnaypos, 0.B. I'paxynsasuutoc

AHOMAJIbHAS1 AKTUBHOCTH (PyHKIIMOHAJIBHBIX TPy
IpU COPOLMH HOHOB YPAHHU/IA HHTEPreJIeBOil CUCTeMOM
«IOJTUMETAKPUJIOBAs KUCJI0TA — NOJH-4-BUHUIITUPHIANH)

W3yyena copOuus HOHOB ypaHHIIa MHTEPIeJICBOH CHCTEMOH, COCTOSIIEH M3 THAPOTENs IMOJUMMETaKpHIIOBOH
kucnotel (TTIMAK) n ruaporens nonu-4-sunmnmupunuaa (rI14BIT). Qs nporHo3upoBaHUs cOpOIMOHHOI
AKTHBHOCTH WHTEPIeJICBOM CHCTEMBI NEepBOHAYAIBHO OblIa M3yYeHa B3aWMHAs aKTHUBAIUS HOJMMEPHOTO
ruaporens [IMAK c T14BI1 B BogHo#t cpene. Ha 0CHOBe MOMy4eHHBIX Pe3yIbTaTOB OBUIO YCTAHOBICHO, YTO
001acTh MaKCHMAJIBbHOW aKTHUBAIlMM THAPOTeiell HaXOAUTCS B Tpenenax cooTHomieHuit mexay 100 %
rIIMAK u 67 % rIIMAK : 33 % rII4BII. B 3t0ii sx¢ 001acTi HabIIOAaeTCS MaKCUMallbHas CTCHEHb H3BJIe-
YEeHHUs] MOHOB ypaHWJA. YCTaHOBIICHO, YTO HaMOOJbIIas COpOLHs MOHOB ypaHHIAa MHTEPreleBOH CHCTEMOM
nporcxoauT npu cootHomreHun 83 % rlIMAK : 17 % rI14BI1. MakcumaibHas CTENICHb M3BIICUCHUS HOHOB
ypaHmIa IO UCTeYeHHH 56 I IUCTAHIIMOHHOTO B3aMMOAEHCTBHS rmaporenei coctaBmia 82,5 %, mpu 3TOM
CTENEHb CBS3BIBAHMS IOJIMMEpHOH mermu paBHsIack 9,94 %, a sddexTuBHas nuHaMHUIecKas oOMEHHas eM-
KocTb — 1,12 MMOJIB/T. 3HaYUTEIBHBIN POCT COPOIIMOHHON aKTUBHOCTH MHTEPrelIeBEIX CHCTEM B IIpeenax
cootnomenunit mexay 100 % rlIMAK u 67 % rIIMAK : 33 % rl14BII, mo cpaBHEHHIO ¢ HCXOJHBIMU HEAKTH-
BupoBanHeIMHU THAporensamMu 100 % rlIMAK u 100 % rI14BII, moaTBepansi cyMMapHbIe pacuETHBIC JaHHBIC
cTeneHel u3BiedeHus: HeakTuBHpoBaHHbBIX ruaporeneid [IMAK u I14BII. IlomyyeHHble pe3ynbTaThl CBUAC-
TENBCTBYIOT 00 U3MEHEHHUH 3JIEKTPOXUMHIECKHX, COPOIHOHHBIX CBOMCTB MCXOJHBIX MONUMEPHBIX THIPOTeE-
Jell B MHTEprelIeBOH cHcTeMe, IPHBOIAMIEM K TOMY, UTO (DYyHKIMOHAIbHBIE IPYMHIIEI IMpHOOpeTaroT Ooiee
BBICOKYIO PEaKI[OHHYIO CIOCOOHOCTB, M MPEIOCTABISIOT BO3MOXKHOCTh MX NPHMEHEHHS B IOCIERYOICi
pa3paboTke BHICOKOI()(HEKTHBHON COPOIIIOHHON TEXHOJIOTUH N3BJICUCHHUSI HOHOB ypaHUIIA.

Knrouesvie cnosa: TUAPOICIIA, UHTEPICICBbIE CUCTEMBI, B3aUMHasl aKTUBalus, COp6III/I${, CTCIICHb U3BJICYCHUSA,
TMOJIMMETAKpUJIOBas KUCJIOTa, HOJTI/I-4-BI/IHI/IJ'II'II/IpPII[HH, HOH ypaHua.
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