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REDISTRIBUTION OF THE CONCENTRATIONS
IN POLYELECTROLYTE HYDROGELS CONTACTS
AS THE BASIS OF NEW DESALINATION TECHNOLOGIES

Abstract. The possibility of using temperature-sensitive hydrogels for the demineralization of aqueous solu-
tions of low molecular weight salts is presented in this article. In particular, the proposed method is applicable to
saline groundwater, desalination problem, which is especially acute for many regions of Kazakhstan. The article
shows that the use of temperature-sensitive hydrogels allows to use solar radiation energy for producing demine-
ralized water. The proposed method is based on the concentrations redistribution effect, by which highly charged gel
upon swelling in a saline solution absorbs water depleted by a low molecular weight component. In the next stage of
the desalination cycle, the accumulated liquid is separated from the polyelectrolyte gel being in contact with the ther-
mosensitive polymer network. At the final stage, desalinated liquid separates from the thermosensitive gel by heating
at the sunlight. The intermediate stage is required because the direct heating of the polyelectrolyte gel does not
provide its collapse, and the heat-sensitive gels alone do not have the density of the grid charge sufficient for concen-
trations redistribution effect. To implement this method of desalination, it is necessary to develop a technique of
engineering calculation allowing to determine the characteristics of the heat-sensitive gel that is used for a particular
range of concentrations. This, in turn, requires a generalization of previously developed theory of the concentrations
redistribution effect in case of contact of the two grids with different degrees of ionization. Such theory is proposed
in this article. It is based on the solution of equations describing the balance of low-molecular ions concentrations at
the junction of two grids. It was found that the equations of this type can be solved analytically for the important in
practice cases. These solutions meet the qualitative analysis of system behavior. Our theory results in the correspon-
dence principle, i.e., the obtained solutions in the limiting case of the zero-degree ionization of one of the meshes
transform to the results of the previously developed theory. This enables the use of the proposed theory as a basis for
engineering calculation of temperature-sensitive hydrogels characteristics used in the desalination cycle.

Keywords: demineralized water, aqueous solutions, low-molecular ion, temperature-sensitive hydrogels, saline
groundwater.

Desalination of natural water is a challenge for a number of Kazakhstan regions including the region
where the capital is located. In the suburbs of Astana and surrounding areas, there are numerous sources of
groundwater, but their use (e.g., for agricultural purposes) is hindered by the presence of low molecular
weight salts, particularly by sodium chloride. At present, there are numerous methods of demineralization
of aqueous solutions (reverse osmosis, electro dialysis, etc.), but such purified water in the above regions
cannot be forwarded into economic turnover due to economic factors, primarily related to the energy
expenses.

Authors of the article [1] proposed the method of desalting the liquids based on the use of concen-
trations redistribution effect [2, 3], which was observed when a cross-linked polyelectrolyte network was
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placed into a low-molecular salt solution. Ifthe concentration of salt in solution is 3-5 times lower than the
concentration of ionized hydrogel groups (in terms of maximally swollen state), the polyelectrolyte
network will absorb the depleted solution, the concentration of which is less than the initial one. In
accordance to methodology [1], the depleted solution is separated from the hydrogel by the effect of
electric current.

Thus, the method of demineralization of water (including groundwater) [1], consists of two stages:
1) the gel accumulates the depleted solution by the low-molecular weight component, and 2) this solution
is separated from working substance by an electric current.

Expenses of energy necessary for separating the liquid from the hydrogel are quite high (they can be
precisely estimated using an analogy with Faraday's law [4]). However, the second stage of this method
can be realized by using thermo-sensitive hydrogels, which allows conducting demineralization directly
using energy of solar radiation.

Indeed, the main property of thermo-sensitive hydrogels [5,6] is the ability to undergo through phase
transition while increasing a temperature. This phase transition is characterized by rapid decrease in gel
volume, accompanied by the separation of accumulated water. It is essential that this phase transition takes
place under temperatures from 30 to 500C. Consequently, it can be caused directly by solar radiation
heating, which allows to exclude expenses on electric power for the second stage of desalination cycle.

However, the realization of this cycle being analogous to [1], in which the separation of demine-
ralized water is carried out due to heating of the working substance by solar radiation is hampered by the
specificity of the mechanism of phase transition that causes the collapse of thermo-sensitive hydrogels.
Namely, this phase transition takes place in the network, which simultaneously includes both hydrophobic
and hydrophilic functional groups [7]. The resulting degree of swelling is determined by the hydrophobic-
hydrophilic balance, which can be shifted to one side or the other by external influences. In particular, an
increase in temperature enhances hydrophobic interactions [7]; as a result, there is a phase transition of
given type. Consequently, only hydrogels with a relatively low amount of hydrophilic functional groups
can be thermo-sensitive. Otherwise, the hydrophobic-hydrophilic balance will be irreversibly shifted to the
region of hydrophilic interactions. This means that thermo-sensitive polymer hydrogels can not have a
significant density of the net charge becausehydrophilic interactions are the most pronounceddue to the
dissociation of ionogenic groups.

This property does not allow using thermo-sensitive hydrogels directly in the desalination cycle,
similar to the one described in the work [1]: that is why it is necessary to modify this approach.The tech-
nology of demineralization of water proposed in this article is based on the use of the following cycle. In
the first stage [1], the polyelectrolyte hydrogel interacts with demineralized water. At the same time, due
to the above mentioned effect of redistribution of concentrations, the swelling polymer network accumu-
lates a solution concentration of which is much lower than the initial one.

In the second stage, the swollen polyelectrolyte hydrogel is brought into contact with a weakly
charged thermo-sensitive network, which is in a non-swollen state. Due to the fact that in the volume of
the polyelectrolyte hydrogel the concentration of the low molecular weight salt is relatively small (for the
above mentioned reasons), the low density of its charge is no longer significant: some amount of the liquid
accumulated by the polyelectrolyte gel passes into a weakly charged thermo-sensitive network. In the third
stage, this liquid is separated from the thermo-sensitive gel by heating with solar heat.

Implementation of this methodology requires, among other things, the development in a methodology
of calculating the characteristics of the used working substances. Therefore, there comes a problem of a
theoretical description of the redistribution effect of the concentrations in a low-molecular salt that occurs
upon contact of two cross-linked networks with different network-charge densities. This problem is solved
in this article.

Let's write the Donnan balance equations in the following form, considering, for definiteness, the
case where both networks are saturated with sodium chloride.

[Na+] =a[Naﬂe (1)
[CT], =a“[Crk Q)
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where the chemical symbol in square parentheses represents the concentration of the corresponding
ions, a - the Donnan coefficient, the indices i, e referring to the ion concentrations inside and outside the
hydrogel, which has the maximum charge density, respectively.

Equations (1), (2), expressing Donnan's equilibrium, should be supplemented by ratios, presenting the
neutrality condition in both networks.

[-C00]. +[CrL=Na+l Q)
[-CO0Ji+[Cf] = [H]i, (@)

It is assumed that the density of both grids remains unchanged, and the degree of their dissociation is
close to 100%. Ifthere is no free solution in the system, the low-molecular component is distributed only
between the two networks that are under consideration, i.e.

WCTJi+(1-w)[Cr]. =c,, )

where w is the fraction of the volume occupied by the gel with a higher net charge density in the system.

Ratio (5) expresses the constant condition of the total amount of low-molecular salt in the system
under consideration. A similar condition for the concentration of cations should not be written down, since
it is linearly dependent on the already presented relationships.

Equations (1) - (5) represent a closed system that allows to find the concentrations in both parts of the
system if the net charge densities and the concentration of the initial solution are known.

We emphasize that the recorded system of equations is completely analogous to that used in [2, 8],
the difference is that the presence of a charge in both contacting networks is taken into account. The
results of the cited studies show that the calculation performed on the basis of the used equations
satisfactorily describes the experimental data. This gives reason to suppose that the characteristics of the
working substances used in the desalination cycle based on thermo-sensitive hydrogels can be obtained by
calculation.

Substituting ratios (3) and (4) in (1), we immediately obtain a system of three algebraic equations:

[-C00] +[Cr], =4-C001 +[Cf]) (6)

Substituting equations (3) and (4) into (1), we immediately obtain a system of three algebraic
equations, which includes relation (6) and expressions (5) and (2). Equations (6) and (2) form a system of
linear equations for the concentration of anions, which allows us to express these quantities through other
ones. By substituting (2) into (6), we have

[-CO0]i+a-'[OTL=4-C00 J+[Cr].) 7

Where it comes to

[-C00 -]i-a[-C00 -] (8)
[cl -] -
a-a 1

It also implies (2) that
[CI-]Ji=a-[CI-], =i-C00 -]i-al-C00 -] (9)
az2-1
Substituting (8) and (9) into relation (5), we obtain the only equation for the Donnan factor.

W_[-COO 1- a[-CO00 ]e+El_W)Ji-COO ] -a[-C00 ] (10)

______ =c0
a —1 a —a

Or
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(11)
.1 = Co

(00 ]—a[-<o0o0r], , |
va -1 a-a

Where it comes to

([-C007] - a[-C 00 Je}wH@--Wo) =co(a2- 1) (12)

It can be seen that this equation is quadratic relatively to Donnan’s factor.
For more convenience, we put the marks:

N, =[-C00],; Ne=[-C001 <13)

Then
(- aNe)(w+(1- w)a) =c0(a2- ) (14)
a 2(c0+Ne(L-w))-+-a{New -N 1(1-w))-(cO+Ntw) =0 (15)

Equation (15) has, as expected, a well-defined symmetry. Namely, if we go from the factor ato the
opposite of it

a =—a 1 (16)

i.e. to consider the symmetry case (respectively to the choice of the Donnan factor), then equation (15)
goes into relation

( +Ne(1-w)+a(New-Nt(1-w))-a2c0+Ntw)=0 (17)

It is seen that if in the equation (17), the "i" and "e" indices are interchanged, and if relations are
replaced
w=1-w (18)

Then it goes over into equation (15), which expresses the symmetry mentioned above.
The solution of the equation (15) has the form
a _Nj(l-w)- New+*{New- N,(1- w) +aco+Ne( ~WXcO+N,w) A
2(co+ Ne(d- w))

In the expression (19), the plus sign is chosen at the root since only the positive values ofthe Donnan
factor have a physical meaning.
For clarity, it can be rewritten using the reduced net charge density

N N (20)
n=— ;ne=—,
cO cO
We have
_ni(l- w)-new + J(new - ni(L- W) +4(L+ned- ~ )0 + fliw) (21)

2(1+ ne1- w))
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Dependences of the potential on the parameter ne less dense network for different values of w in two
different values ofn are presented in Figure 1a, b.

20 un
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Figure 1a- Dependences of the Donnan factora on the paraneter neat n =20 and
different values of w = 0.9 (2); 0.6 (2); 0.3 (3); 0.1 (4)

It is seen that in the region ne<nu a<1 holds, that is, as follows from (2), the concentration of anions
(coinciding in the case under consideration with the concentration of a low molecular weight salt) in a
more ionized network is lower than their concentration in a less ionized one. This completely corresponds
to the conclusions of [2, 3].

Namely, the unequal value of the degree of ionization of the networks leads to a redistribution of the
concentration of the low molecular weight salt, with the difference that, because of the nonzero degree of
ionization in both networks, this effect becomes less pronounced compared with the case where the
polyelectrolyte hydrogel is located in a solution ofthe low molecular weight salt.

and diifferent values: w = 0.9 (1); 0.6 (2); 03 (3); 0.1 (4)

This is also evident from Figure 1. Namely, with increasing ne, the value of the factor a decreases, i.e.
as the densities of the networks under consideration approach each other, the difference in the concen-
trations between the solutions accumulated by the two networks becomes less noticeable. More precisely,
this conclusion is valid for the region ne<n.

In the case when ne = nu as expected, the value ofa becomes merely equal to one. This is emphasized
by Figure 1b, in which the corresponding point is marked with dashed lines.
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With the inverse relation ne>n , a<1 holds, which also indicates the existence of a concentration
redistribution effect. However, in this case, the concentration of the low-molecular component in the
network characterized by the parameter ni, on the contrary, becomes larger than in the network charac-
terized by the parameter ne. In fact, the degree of ionization of the last network becomes larger.

Figure 1 also shows that in the region ne<ni, the value of a increases as the proportion of the volume
falling on a denser grid decreases (as w decreases). This is quite understandable, since as w decreases, the
volume increases, where a low-molecular component can be displaced.

Following [2, 3], we will use the given values of the concentrations

c N (22)
Ce=-"; n=-*-
e Ni Ni

Examples of the dependencies of the reduced concentration of a low molecular weight salt in a less
dense network on the initial reduced concentration are shown in Figure 2. (These dependencies are
constructed on the basis ofthe solution obtained for the Donnan factor.)

Ce

Figure 2 - Dependences of the reduced concentration of a low molecular weight salt
ina less dense network Ce fromthe initial CQ; range upto 0.05, n =0.1, w = 0.9 (2); 0.6 (2); 0.3 (3); 0.1 (4); 0.05

It is seen that the concentration of a low-molecular component in a less dense network decreases as
the fraction of the volume falling on a denser network decreases. This, in particular, shows that it is
possible to ensure the operation of the second stage of the cycle in question, choosing the ratio of the
volumes of polyelectrolyte and thermo-sensitive networks. Namely, by choosing a sufficiently large
volume of a thermo-sensitive network (in comparison with the volume of a polyelectrolyte gel), one can
choose conditions under which the concentration of the solution accumulated by this network will be
several times lower than the initial one.

Thus, the advantage of the proposed technology is the direct use of solar energy for the deminerali-
zation of water. When this range of operating temperatures lies in the range of 30-5000C. This figure is
easily achievable in solar heaters. There is also the possibility to provide a calculation of the characteris-
tics of the desalination cycle, built on the basis of thermosensitive polyelectrolyte hydrogels, by analytical
means. The calculations show that it is possible to select the characteristics of this cycle, which provides a
decrease in the concentration of the initial solution of the low molecular target by several times, which, in
particular, already ensures the possibility of introducing the water resources available in the vicinity of
Astana into economic circulation.
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V. 2. CyneiimeHoBl I'. A. MyH2 . T. Mak3,
L. b. Ka6gywesl, 3. A. KeHecoBa2, 3. E. Konuwes4

1AnMaTbl 3HEPreTMKa XaHe bGaiinaHbIC yH1BepcuTeT AnviaTbl, KasakcTaH;
2n-Papabn atbiHiarsl Kaszak MTTbIK yHYBepeUTeT AnMartbl, KasaxcTtaH;
3AKnapaTTaHabIpy X3He ecenTey UHCTUTYTbI, AnMaThbl, KaszaxcTaH;
4C. TopalirblpoB aTbiHAarbl MaBnogap MemIeKeTnK yHMBepcuTeT KasaxctaH

MNOJIMSNEKTPOJINTTL MrENBAEPALL KOHTAKTLINEHIEH KE3JE
KOHUEHTPALAHBI LAUTA BOH H Y! CY bl T¥LWbIJTAHOLIPY AbIL|,
XXALA TEXHOJTOIMMACHI

AHHoTaumA. A3 Moseky/asbl Cy epiTiHAiNepiMeH TepMOCesrill renbiepsai cyabl AeMuHepanu3aumanay YLLiH
KongaHyra 6onatbiH MYMKIHAIK KepceTinreH. CoHAai-ak ~CbiHbUITaH 34iC T/\34bl XepacTbl Cynapra, AarHn KP-Hbly,
KenTereH aliMakTapbiHAarbl Cy T \Wbliay M3CeseciH LUeLlyre apHaaraH amvan. Makasiaga TepMocesrill resibaepai
KO/aHbICKA eHM3Y apKblibl KYH 3HEPTUACHIHbIH PagvalnaCbIH AeMUHEpaIM3aLUMAIaHraH cyfbl any MakcaTbiHaa
Ko/gaHyra MyMLIHMDK Gepeai. BepinreH 3fic KOHUEHTpaUVsSHbI KaiiTa K¥py acepiHe Herisgenegi, ArHn KyLun 3apsg-
TanraH refib T34bl Cyja raHy KesiHge a3moseKy/isp/ibl KOMAOHEHTI darbiHaH KefeneHreH Cyapbl Cillpyi apkbiibl
Xy3ere acbipbUiafibl. TAWBIIAY LMKIbIHBIL, KeMeci Ke3elHAe XWHaraH cy nosmmMepsli TOPMeH YKaHacbIn Mosmanek-
TPOAUTTI renbaeH alibipbliadbl. CoublHAa TMLUbUTaHTaH ¢/ WAbLLITBLL, TEPMOCESTiLL FefbAi KyH C3yneciMeH Kbi3abIpy
apKbUbl abiHaAbl. Apa/ibiK Ke3eLdi KogaHy nofVaNeKTPONUTTI refibii NKeseld Kbi3abIpy OHbILL KEPEKTi MesLlepae
CbiryblH KaMTamacbI3 eTe a/iMalifbl, an TepMOCe3NnLU refbAepgiL, e3i Top 3apsaThl ThirbBAbIKKA Ve emec. M Hpaai
acepgai Xys3ere acblpy YLLIH MHXXeHeP/iK eCenTeysiep 34t0LU OMNacTbIpy KaXKET, dK3He 0/1 TepMOcesmnLU renbfL, ap-
Hailbl Ayana3oHbl KOHLUEHTpaLWsHbI KofgaHyra 60naTbiHAan cunaTTaMaiapibl aHbIKTayra MyMKLUALW 6epyi Tuic.
B\ okargaid, e3 KesenHje anrallkbl KOHLEHTPpaUWsHbI KaiiTa K¥py acepiHiL, TeopusicbIH 3pTYpni feureiigeri NoHm3a-
umsnaHraH el TopAbIL, KOHTaKTIfIeHy Xarfavibl OpbIH anraH Kesfe Xannbuiaydbl Tanan etedi. OcbiHAAA Teopus oCbl
XyMbICTa ~CbHbUIraH. OHbIL, Heri3iH a3moneKynsp/bl MOHAAPAbIL, eKl TOPMEH KOHTaKTiNeHreH Kesgeri 6anaHcbIH
cMNaTTaliTbIH Teudeyrnep LlewlyivMeH aikbiHganagbl. OCbiHAa TUNN Teugeynep NPaKTUKaibIK Maubi3abl »xarjaii-
napja aHa/MTUKarbIK LWeLliMaepai Tanan eTeTw ic XY3iHae aHbIKTanraH. BepinreH wewlimaep xYVe 6eTasbIcbiHbIL
canasbl TYpZe capanTamasiayblHa >kayan 6epegi. ¥KcaTy Karugacbl OpblHAaNabl, ATHN LLEKTeYNi xarfaifa anbHraH
HaTVXenep 6ip TopAbIL, MOHU3aUMAIaHY A3peXKeci HeMaLl KepceTKilliHe e 6onraHaa, anrallkbl\CbIHbUTaH Teopus-
MeH cunaTtTanagbl. BN xargai 6epinireH TeopysiHbl TyLbUiay LMK/bIHAA KOMaHbUIaTbiH TePMOCe3rilll refibaepail,
cunaTTamMasniapblH MHXEHEPiK ecenTey HerisiHae aHbIKTay YLLIH KamMTamacbI3 eTear

TYViiH cesgep: cy epiTiHAICIHiL AeMyHepav3aLysiiaHybl, TepMOCE3TiLLl reflb, Cy T Lbliay Macenenep” a3 Mo-
JeKynasnbl KOMMOHEHT, TPAbI CY.
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V. 2. CyneiimeHoBl I'. A. MyH2 . T. Mak3
LU. b. Ka6gywesl, 3. A. KeHecoBaz, 3. E. Konuwes4

1ANIMaTUHCKIWIA YHUBEPCUTET 3HEPreTVKM 1 CBA3N, AnMaTbl, KazaxcTaH,
2KazaxcKuii HauyoHa/bHbIA yHUBEpCUTET, AnMaTbl, KasaxcTaH,
JNHCTUTYT MHOPMALIMOHHBIX W BbIMUC/IATENBHBLIX TEXHOMOT WA, AnMaTbl, KasaxcTaH,
4AaBnogapcKuii rocyaapCTBEHHbIN yHMBEPCUTET uMeHn C. TopaiirbipoBa, KasaxcraH

MEPEPACNPEAENEHUNE KOHLEHTPALINIA .
MNPV KOHTAKTE MOJIN3INEKTPOTNTHBLIX TAPOIENTEN
KAK OCHOBA HOBbIX OINMPECHUTEJIbHbIX TEXHOJ1IOI 1A

AHHoTaums. MpoaeMoHCTPMpPOBaHa BO3MOXHOCTb MCMO/b30BaHUA TePMOYYBCTBUTE/IbHBIX TMApOrenein ois
JeMUHepa/IM3aLyn BOAHbIX PacTBOPOB HW3KOMOJIEKY/ISPHBLIX COMel. B 4acTHOCTM, NpeanoXeHHbIN crnocob nprime-
HMM K 3aCOfIeHHbIM FPYHTOBbIM BOAaM, NpobsieMa OMpecHeHWss KOTOPbIX OCTPO CTOWUT Ansi MHOTUX pervmoHoB PK.
MokasaHo, YTO MCMo/b30BaHVe TePMOYYBCTBUTENbHbIX MMAPOresiei NMo3BOISET NePeiiTy K UCTIONb30BaHMIO SHEPrim
CO/THEYHOI pagviaumm ANns NoydeHUst AeMMHepPanIv3oBaHHoOM Boabl. MpeasioxeHHbIi cnocob OCHOBLIBAETCS Ha adh-
(heKTe nepepacrpeaeneHnst KOHLEHTPaLWIA, 3a CHET KOTOPOro CUMbHO 3apsiKeHHbIN reflb NPy HabyxaHun B COJIEBOM
pacTBope MOr/IoLAaeT 06ejHEHHYHO MO HM3KOMOJEKY/ISIPHO KOMIMOHEHTe Body. Ha cnefytolleii ctagmm onpecHu-
TENbHOMO LMKMA aKKyMY/IMPOBaHHas YKMAKOCTb OTAENSIETCA OT NOMMANEKTPOIMTHONO Fefisi MPY ero KOHTaKTe C Tep-
MOYYBCTBUTE/IbHOM MO/IMMEPHO CETKON. Ha 3aBepLuatoLLeil cTaguu OMpecHEHHass XXMAKOCTb OTAeNsieTcs oT
TEPMOYYBCTBUTE/NBHOMO Tefisl 3a CUET HarpeBa COMHEUHbIMM fTydami. Heo6X0AMMOCTb UCT0/b30BaHMS NMPOMEXKYTOY-
HOVi CTagun onpeaensieTcs TeM, YTO MPSIMOA HarpeB MOMNANEKTPONIUTHOIO renist He 06GeCMeYMBaeT ero Kosnarc, a
TePMOYYBCTBUTE/bHbIE e/ camm Mo cebe He 06/1afatoT NIOTHOCTHLI0 CETOMHOIO 3apsiaa, AOCTaTOMHONM ANs Bblpa-
YKEHHOro NPosiB/ieHNs adheKTa nepepacrnpeaeneHnst KoHLEHTpaumiA. Jns peanvsaumm paccmMaTpuBaeMoro cnocoba
OMPecHeHNs1 HEOOXOAMMO CO3faHNe METOAMKM UHKEHEPHOMO pacyeTa, NMo3BOSIOLLErO ONPeAeUTL XapaKTePUCTMKN
TEPMOYYBCTBUTENBHOMO efsl, UCMO/b3YeMOro As1 KOHKPETHOIO AyanasoHa KOHLEHTpauUuiA. 3To, B CBOKO O4epesb,
TpebyeT 0000LLEHNST paHee pasBUTON Teopuy 3deKTa nepepacnpefesieHnss KOHLUEHTPpaUuiA Ha cydali KoHTaKTa
[IBYX CETOK C HEOfMHAKOBOW CTEMeHbI0 MOHM3aLUMK. Takasi Teopust MPeA/IoKeHa B AaHHOI paboTe. Ee ocHOBOI siBNs-
€TCA PeLLeHMe YPaBHEHWIA, ONMUCHIBAIOLLIMX 6aniaHC KOHLIEHTPpaLmiA HU3KOMO/IEKY/ISIPHBIX MOHOB MPWU KOHTaKTe [BYX
CETOK. YCTaHOB/IEHO, UTO B BaKHbIX [/151 MPAKTUKM ClyHasix YpaBHEHUST JAHHOMO TuMa LOMYCKaOT aHa/IMTUYECKIe
peLLeHnst. [aHHble peLLeHNst 0TBEYatOT KaueCTBEHHOMY aHam3y MoBefeHNs CUCTEMbI. BbIMOIHAETCA NPMHLMMN COOT-
BETCTBMSA, T.€. MOMyYeHHbIe PeLLeHVs B NPeaesibHOM C/lyYae HyneBOl CTerneHn MOHM3aUmMmM OfHOW 13 CETOK Mepexo-
JAT B pe3y/bTaTbl paHee pasBUTO Teopun. JTO 06eCreUMBaET MCMOMb30BaHME MPELIOXEHHON TEOPUN B KauecTBe
OCHOBbI [I/11 MHXXEHEPHOMO pacyeTa XapaKTepPUCTMK TePMOYYBCTBUTE/bHBIX MAPOresel, NCnosb3yeMbIX B ONPeCHN-
Te/IbHOM LIKTE.

KntoueBble c/oBa: AeMUHepa/M3aLms BOAHbLIX PacTBOPOB, TepMOYYBCTBUTE/IbHbIN refb, NPob/ieMbl ONpecHe-
HIS1, HU3KOMOJTEKY/SIPHbIA KOMMOHEHT, CO/eHble BObl.
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