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NAS RK is pleased to announce that News of NAS RK. Series of geology and technical
sciences scientific journal has been accepted for indexing in the Emerging Sources Citation
Index, a new edition of Web of Science. Content in this index is under consideration by Clarivate
Analytics to be accepted in the Science Citation Index Expanded, the Social Sciences Citation
Index, and the Arts & Humanities Citation Index. The quality and depth of content Web of
Science offers to researchers, authors, publishers, and institutions sets it apart from other
research databases. The inclusion of News of NAS RK. Series of geology and technical
sciences in the Emerging Sources Citation Index demonstrates our dedication to providing the
most relevant and influential content of geology and engineering sciences to our community.

KaszakcmaH Pecniybnukacel ¥immbiK fbliibiM akademusicbl "KP ¥FA Xabapnapbi. [eonozausi xoHe
MmexHUKarbIK FbiribiMOap cepusicbl” fbinbIMU XKypHanbiHbiH Web of Science-miH xaHanaHfFaH Hyckachl
Emerging Sources Citation Index-me uHOekcmernyze KabbindaHraHblH xabapsaldel. byn uHdekcmerny
b6apbiceiHOa Clarivate Analytics komnaHusicel XypHandel odaH opi the Science Citation Index Expanded,
the Social Sciences Citation Index xeHe the Arts & Humanities Citation Index-ke kabbinday maceneciH
Kapacmbipyda. Webof Science sepmmeywinep, aesmopnap, 6acnawhbinap MeH MekeMmesriepee KOHmMeHm
mepeHdiei MeH canacbiH ycbiHalbl. KP YFA Xabapnapbi. [eonoeusi XeHe MeXHUKasbIK fblibiMOap
cepusicbl Emerging Sources Citation Index-ke eryi 6i30iH KoramOacmbiK YWiH eH e3ekmi xoHe 6edesnodi
2e0/102Us1 XKoHe mexHUKarbIK FbliibiMOap 6olbiHWa KoHmeHmke adanobifbiMbi30bi 6indipedi.

HAH PK coobuwaem, 4mo HayuyHbll xypHan «Mseecmuss HAH PK. Cepusi 2eonoauu U mexHu4eckux
Hayk» 6bin npuHsam 0ns uHlekcuposaHusi 8 Emerging Sources Citation Index, o6HoeneHHol eepcuu Web
of Science. CodepxaHue 8 amom UHOeKcuposaHUU Haxodumcsi 8 cmaduu pacCMOMmpeHUs: KoMmrnaHuel
Clarivate Analytics Ons OanbHelweao npuHsmus xypHana e the Science Citation Index Expanded, the
Social Sciences Citation Index u the Arts & Humanities Citation Index. Web of Science npednazaem
Kadyecmeo u eanybuHy KoHmeHma Ons uccriedosamesiel, asmopos, u3damesiell U y4pexoeHudl.
BkriroueHue Uzsecmusi HAH PK. Cepusi eeonozuu u mexHudeckux Hayk 8 Emerging Sources Citation
Index demoHCmMpupyem Hawy rnpueepXxeHHoCcMb K Hauboriee akmyarnbHOMY U 8/IUSIMEsIbHOMY KOHMeHmy
10 2e0/102UU U MeXHU4YeCKUM Haykam Oris Hauleeo coobwecmsa.
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INTERPHASE DISTRIBUTION OF BORIC ACID
BETWEEN AQUEOUS SOLUTIONS
AND MODIFIED CELLULOSE

Abstract. Regarding the need for processing of hydromineral raw materials, many researchers have an in-
creased focus on core and applied problems of producing organic sorbents based on natural materials, in particular,
different kinds of cellulose modified by mercerization methods (treatment with alkali solutions) and chemical change
of functional groups.

The research addresses the interfacial distribution of boric acid on a mercerized, then chemically modified
crushed kernel of common apricot, Prunus armeniaca (apricot).

It was found that the sorbent material has selective properties for boric acid, extracting it from the aqueous
phase and concentrating H;BO; in the solid phase of the sorbent (modified cellulose). On the basis of carried out
elemental chemical and mass spectrometric analyzes, along with IR spectrum of sorbents, the structure of sorbents
was identified, and a mechanism for the absorption of boric acid by the phase of modified cellulose (CM) was
proposed.

Keywords: boric acid; modification; interphase distribution.

Nomenclature of user. In this work rational nomenclature for naming organic compounds was
applied. The extra-system units (% and the amount of the solute in a liter of solution) were used to specify
the concentration and the rate of extraction. Abbreviations were spelled out in full at their first occurrence
in the text.

Introduction. Spectrophotometric analysis and acid-base titration in the presence of polyhydric
alcohols of mannitol, xylitol, sorbitol, etc. were applied in order to analyze the amount of boron (the
relative error of the analysis is £3.5%) [1-3].

The literature describes the use of cellulose and polyhydric alcohols as components for the synthesis
of various sorbents. For example, the works [4-6] describe methods for preparing composite sorbents
using cellulose fibrillated fibers together with compounds of iron and calcium to extract inorganic ions
from aqueous solutions, but do not consider the extraction of boric acid.

In the invention [7], it is proposed to obtain an effective sorbent for wastewater treatment from metal
ions by immobilizing finely dispersed MgCO; and Mg(OH), onto fibrillated cellulose fibers.

In the patent of the Russian Federation No. 2528696 [8] in order to extract silver and phosphorus it is
proposed to obtain a sorbent by treating fibrillated cellulose fibers in a salt solution of zinc and sodium
sulfide.

According to the patent of the Russian Federation No. 2520457 [9] a composite sorbent consisting of
polyvinyl alcohol and nanophasic oxyhydroxide separated from waste from groundwater deironing
stations is used to purify aqueous environment from arsenic.

In the work [10], carboxymethylcellulose (CMC) containing layered double hydroxides was
synthesized by the ion exchange method [10]. Experiments have shown that on such CMC, the adsorption
of boron increases with increasing contact time, boron concentration and pH.




Uszeecmus Hayuonanvuot akademuu nayk Pecnyonuxu Kaszaxcman

A study of the removal of boron from simulated and real water systems in the northern part of Chile
using ultrafiltration reinforced with a polymer in water, for example, polyglycidyl methacrylate-N-methyl-
D-glucamines, which was used to form complexes with boron, is presented in the work [11]. The retention
capacity of the polymer membrane was maintained at a level of 2-4 mg per gram of polymer.

For producing adsorbents obtained from natural polymer [12] two forms (powder and fiber) of
cellulose derivatives and N-methylglucamine [12] were synthesized. The sorption capacity of the cellulose
derivatives by boron was the same as that of commercially available polystyrene resin with N-methyl-
glucamine type groups. It was found that cellulose derivatives are superior to a polystyrene resin as the
adsorbent for boron (III) in the processing of large amounts of wastewater.

It should be noted that the general shortage of sorbents obtained using glucomine is due to a
significant biodegradation of glucomine, since the latter is a nutrient for bacteria.

Thus, there is no information in the literature on neither on chemical modification of mercerized
cellulose, by "sewing" of chlorinated derivatives of polyhydric alcohols to its polymeric carbon skeleton
(matrix), nor the structure and sorption properties of these compounds. Nevertheless, the interest of
researchers in the study of cellulose derivatives as sorbents remains [3].

The purpose of this research was to study the redistribution of the initial boron content in the form of
H;BO; between the phases of the aqueous solution and the sorbent in time, on chemically modified
cellulose (CM).

In order to achieve this goal, the following tasks were set:

— chemical processing of cellulose in order to improve its operational, physical and chemical
properties;

— establishment of the mechanism of the sorption process on (CM);

— examination of regularities of interphase distribution of boron in the solution-solid phase system for
the development of practical recommendations.

Experimental part. To improve the capacity of the CM sorbent, it was additionally modified by
chemically "sewn" molecules of hexahydrolic alcohol (sorbitol). The synthesis was carried out in two
stages.

The first stage is the synthesis of 1-chloro or 1.6-dichlorosorbite. Six-atom alcohol-sorbitol is treated
with hydrogen chloride at 95 °C in toluene during 6 hours.

957 C C1-CH,-(CHOH),-CH,Cl +
2CH,0H- (CHOH),- — 2H,0 @

CH,0OH+3HCI toluene
CI-CH,-(CHOH),-
CH,OH+H,0

Chlorination in reaction (I) proceeds by the mechanism of nucleophilic substitution. The reaction
product is treated with a solution of sodium carbonate until neutral, and then washed with water. After
separation of the aqueous layer, the mixture of the chlorine derivatives of sorbitol is purified by
distillation.

The chlorinating agent — hydrochloric acid was prepared by the known reaction of a mixture of
sulfuric acid and sodium chloride when heated.

IT stage — chlorinated sorbitol is "sewn" chemically to mercerized cellulose at 100-110 °C by 10%
solution of K,CO; during 5 hours:

CH:OH = — CH:0FE =
| 2 ' K;COy3; | [T
\' . | 2 30, | |
I o \ N nCH,Cl-(CH,OH),-CH, IOM C | \."'“ | I\., +1KCl +nH,0+ nCO,1 (II)
\ L [N |
i !
I Ll ' H—OH  |n

where R is the residue of a polyhydric alcohol "sewn" to the cellulose monomer.

— 80 ——
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The reaction product is filtered off, washed with water, alcohol and again with water until neutral,
then it is brought to an air-dry state. The composition of the substance was determined by independent IR
spectroscopy, elemental chemical and mass spectrometric analyzes. A chromatography-mass spectrometer
Clarus SQ 8 was used for this work.

IR spectra of absorption of reaction products are recorded on an IR-20B spectrophotometer in
potassium bromide tablets in the range of 600-3800 cm™'.

The percentage of carbon and hydrogen was equal: C - 78.86%, H - 9.66%. According to these data,
the calculated ratio of carbon to hydrogen atoms is 1: 1.41 and it practically coincides with their theo-
retical ratio in a monomer.

The calculation was made using the well-known method for determining the formula of a chemical
compound based on its percentage and element composition:

C:H=7885/12.0:9.65/1.0=6.57:9.65=1:1.47

In figures 1 and 2, IR spectra of chlorinated sorbitol and modified cellulose are presented for com-
parison.
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Figure 1 — IR spectra of a) chlorinated sorbitol, b) modified cellulose

In the IR spectra in the range of 3400-3200 cm™, there is an intense wide band of valence vibrations ¥
that arise when intermolecular hydrogen bonds-polyassociates are formed.

In the spectra of chlorinated sorbitol, based on the significantly increasing of the intensity of the
vibrational bands with the participation of the bond (C-Cl), the substitution of two primary (OH) groups
for chlorine atoms can be suggested.

Sewing chlorinated sorbitol proceeds quite fully, which is proved by the minimization of the band of
stretching vibrations U¢;B in the range of 700 cem™,
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Figure 2 — The influence of time on the amount of boron sorption
a) unmodified cellulose b) modified cellulose
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In the range of 970-900 cm™, average low-density absorption bands characteristic of deformation
vibrations of methane groups (CH) are observed.

In the 750-700 cm™ range, intense narrow bands characteristic of the bond (C-CI) appear both in the
mixture of the chlorinated derivatives of sorbitol and in the finished product.

Results and discussions. The extraction of boron from water in both types of CM is studied depen-
ding on the initial boron concentration, contact time and phase ratio (S: L).

Under static conditions, in a state of equilibrium on a modified CM the degree of extraction reaches
95-97%. The modified CM is more efficient compared to the unmodified one. The sorption capacity of the
CM reaches more than 6mg per gram of sorbent, which is at the level of the best existing boron selective
ion exchangers. In order to obtain more information, the data of the experiments were processed using the
program Excel Microsoft (figures 3, 4). Figures contain a quantitative characteristic of the influence of
time and boron concentration on the degree of its sorption.

The regression equations for the dependence of the degree of boron extraction on the time factor on
unmodified and modified cellulose at different initial concentrations of boron in the solution were
approximated by linear dependence for computer processing (table).

Dependence of the degree of boron extraction on the initial concentration

Unmodified cellulose Modified cellulose

initial y=ax+b coefficient of initial y=ax+b coefficient

concentration type approximation R? | concentration type of approximation R?
of boron, g/l of equations (correlation) of boron, g/l of equations (correlation)

0.024 y =0.8433x — 15.08 0.8845 0.024 y=0.5437x + 38.7 0.8643

0.0406 y=0.862x —19.3 0.8668 0.0406 y=0.678x+23.2 0.9018

0.0504 y =0.853x —20.87 0.8524 0.0504 y=0.5597x +24.91 0.8884

0.0769 y =0.853x —20.87 0.8524 0.0769 y =0.7453x + 0.62 0.8804

0.0938 y =0.8363x —22.82 0.8485 0.0938 y=0.7173x — 4.48 0.8785

Note: a — tangent of the slope of the line to the axis of the abscissa, b — the segment cut off by the straight line along the

ordinate axis.

It can be seen from the table that the coefficient of approximation achieves values greater than 0.85,
which indicates the reliability of the results obtained.

Figure 3 shows the information obtained by calculation, describing the influence of the time factor on
the amount of boron sorption on two types of cellulose.
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Figure 3 — The diagram of the dependence of boron sorption
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It can be seen from the graph (figure 3) that as the time and concentration increase, the degree of the
extraction rate of H;BO; decreases. This is due to the gradual saturation of the sorbent phase with boron,
which leads to an increase in diffusion difficulties in the transportation of H;BO; molecules in nano- and
micro-dimensional pores of sorbents.

A sufficiently complete extraction occurs in all cases with a sorption time of more than 130 minutes,
and the modified sorbent is much more efficient than the unmodified one.

Based on the Microsoft Excel program calculation a combined empirical equation is obtained, that
relates the dependence of the influence of the initial boron concentration and sorption time on the
extraction value:

Y =(0.86-0.3 - X) - 1-85.2 - X + 14.7 (1)

where: Y is the boron sorption, (% of the initial content), X is the initial concentration in the solution, g/ 1;
7 is the time of the sorption process, min.

In a graphical form, this dependence is shown in Figure 3a in the form of a diagram.

As can be seen from the diagram of the combined dependence of the degree of sorption on the initial
boron concentration for different sorption times (30 to 150 min or more), the degree of increase of the
target substance decreases with an increase of the initial boron concentration and a decrease of the phase
contact time. As noted earlier, this type of dependence is associated with an increase in the degree of
boron saturation of the sorbent phase and diffusion difficulties.

Since the obtained dependences are linear, this allows extrapolating the results of sorption to other
values of the variables: the time of the process and the initial content of the extracted substance, without
conducting new experiments.

Experiments were carried out using modified mercerized cellulose with "residues" of chlorine
derivatives of polyhydric alcohols sewn to it (The results are given in figure 2b).

As it is shown on this figure in comparison with unmodified cellulose, the recovery of H;BO; on this
sorbent is also more effective.

The degree of sorption of boron on modified cellulose is described by the empirical equation, which
we obtained using the above described calculation method.

Y =(2.54 X +0.5) - 1-630.2 - X + 52.6 )

From the analysis of the diagram obtained by visualizing this equation (Figure 3b) it follows that the
general pattern of the change in the magnitude of the dependence of sorption on the variable factors will
remain the same as for the unmodified sorbent. However, the efficiency and speed of extraction is much
higher. This is confirmed by a very significant relative increase of the tangent in the slope of the majority
of straight lines (about 0.60-0.75 percent of extraction per minute). The tangent of the slope of the straight
line to the abscissa axis graphically represents the speed of the process, which was used to estimate the
speed of the process.

Figure 2b shows that in the case of long process duration and a large percentage of boron extraction,
irrespective of its initial concentration, the straight lines converge at one point. This is obviously due to
the almost complete saturation of the sorbent with boron over time. The saturation of the sorbent for all
solutions occurs in this case with a shorter sorption time of about 100 minutes.

It is convenient to use the diagram (figure 3) proposed by us to determine the efficiency of sorption of
a substance at given concentrations of boron and the sorption time, for example at a boron concentration
of 0.2 g /1 in 165 minutes 95% of the substance is extracted and 150 min less than 80% (figure 3 b). The
proposed methodology for drawing up such diagrams can be used to visualize a wide range of other
processes of interphase redistribution and concentration of matter in heterogeneous systems.

Thus, it can be concluded that the mercerization of the studied cellulose species and the subsequent
"sewing" of chlorine derivatives of polyhydric alcohols to it led to a significant increase in the sorption
capacity of cellulose.

With an increase in the background salt, the extraction of the substance is significantly improved as a
result of the salting out effect. For example, it was found that, other things being equal, an increase in the
NaCl concentration from 0.005 N to 1.00 N increases the coefficient of interphase distribution of boron
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(Kc) 226 times between the sorbent phase and the aqueous solution from 3350 to 7640, respectively,
(initial concentration of 1.40 g / I, S: L = 1: 50). The values of Kc for different concentrations of salting
out agent (NaCl) are given below:

Kc | 3350 | 4800 | 5515 | 6230 | 7640

[NaCllu |  0.005 | 0050 | 0250 | 0500 | 100

The free energy of the isochoric process AF is related to Kc, the equilibrium constant of the chemical
reaction or the chemisorption process by the following formula:

-AFozgg = 2,3 ‘RT- ngc

where: T is the absolute temperature, K; R is the universal gas constant.

Calculation using this formula using the values of Ks for the smallest and largest concentration of the
salting out agent NaCl (0.005 and 1.00 N) showed that the free energy of sorption for a more concentrated
salting out solution with respect to the less concentrated salting out solution increases 1.31 times (almost
30%). This is due to a decrease in water activity with an increase in the salt background as a result of the
binding of water molecules to hydrated ion shells.

Further, the influence of the ratio of the solid and liquid phases (S: L) on the process was studied.
Studies have shown that under comparable conditions, a change in S: L + 1: 100; 1:75; 1:50; 1:25
significantly increases the extraction of boron in modified cellulose by (30-50%) compared to unmodified
cellulose.

Data on the sorption capacity of sorbents allow us to conclude that the CM exhibits a static capacity
of 6.02 mg/g dry sorbent, i.e. at the level of synthetic boron selective anion exchangers (ANB).

We have noticed that CM is not susceptible to biocorrosion, unlike ANB since it does not contain
glucose derivatives in its structure.

Practical interest is the extraction of boron at its small (milligram) concentrations and a large salt
background, modeling the composition of natural and man-made mineral raw materials.

Under dynamic conditions more closely approximated to real technological conditions, the CM also
does not concede by its effectiveness to ANB [3], purifying the water from the boron below the MRL
(0.5mg/1)[3,21,22].

The equation (II) shows that the mechanism of boron absorption is analogous to polycondensation
reactions with the splitting of water and the formation of heteropolymers in inorganic, colloidal chemistry
and biochemistry, as well as technologies for processing hydromineral raw materials. The thermodynamic
evaluation of this reaction, taking into account the salting out effect according to the formula given above
for free energy, showed that AF®, is in the range from -10.5 to -20.0 kJ / mol. The free energy of Gibbs
calculated by us in the reaction: 2 OH — H,O + O equals -19.0 kJ / mol which means it is in the same
interval. It is interesting that the energy of hydrogen bond widely distributed in nature is also in the range
of 12.6+33.6 kJ / mol [23].

Other things being equal, the CM is significantly cheaper than synthetic ANB type sorbents, because
it is obtained from cellulose waste, and when modified, non-defective materials are used. The CM after
use is easily regenerated by washing with a 3% solution of hydrochloric acid. The recovery of boron-
containing waters after the regeneration of sorbents is sufficiently effective in the form of components of
fertilizers [18, 19, 20], while simultaneously obtaining purified water, which will help solve the problem
of complex use of mineral raw materials and ecology [24, 25].

Study of the interphase distribution of boric acid between aqueous solutions and the solid phase of
chemically modified cellulose, the development of non-waste technologies for processing and utilization
of natural and man-made boron-containing hydromineral raw materials.

Conclusion. Based on the work done, the following conclusions can be drawn:

—a method for obtaining an efficient borselective sorbent by chemical "sewing" to mercerized natural
cellulose (CM) of chlorinated derivatives of polyhydric alcohols has been developed;

— CM is a more affordable and inexpensive sorbent and, other things being equal, does not concede to
the best boron elective ion exchangers of the ANB type (boron-selective anionite) by its sorption
characteristics;
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— in heterogeneous systems it is proposed to depict data on the interphase distribution of matter in
analytical (mathematical) and graphical interpretation (in the form of diagrams), taking into account three
variables (time, concentration and recovery percentage), which allows obtaining results without
conducting additional experiments.
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A. M. Capcenos, B. K. bumumo6aes, b. A. Kancanxamos, K. K. Jlenecos, K. M. 'annapoBa
«Ty3 TeXHONOTUACBHIHBIH FBUIBIMU 3epTTey opTanbiFbdy Koramueik Kopsl, Actana, Kasakctan

MOIANPUKAIIUAJITAHY AH HEJIJIIOJIO3A MEH CY EPITIHAEPIHIH APACBIH/IATBI
BOP KbIIIKBIJIBIHBIH ®A3AAPAJIBIK BOJIIHYI

AHHOTauMA. [MIpOMHHEPpAIIBI MUKI3ATTHl OHJIEY KAXKETTIIITiHe OalIaHbICThl KONITEreH 3epTTeyIIiiep TaOuFu
MaTepHaaap HETi3iHIe OPraHuKaIIBIK COPOSHTTEP Il allyIbIH Iprefi KoHe KoJaaHOambl MaceliepiHe, aTal aiTKaHaa,
Mepcepu3anus dicTepiMeH MoAu(UKalMsUIaHFAaH OPTYPI LesuTosio3ara (CUITUIL epiTiHAiIepiMeH eHIey) JKoHe
(DYHKIMOHAJIBIK TONTAP/IbIH XUMHUSUTBIK MOAN(DUKALUSICHIHA KbI3BIFYIBLUIBIK TAHBITAIbI.

bop KbIIKbUIBIHBIH (ha3aapaiblK 06yl HakThUlbl, Prunus armeniaca (aOprKOC) MepcepHu3IeHIeH, COAaH Keiin
XUMUSIIBIK TYPJIe MOAU(DUKAIIUSUIAHFAH YCAKTAJIFaH OPIiK CYHeriHe 3epTTey KYPri3iiii.

CopOeHT MarepuanbiHia OOp KbILKBUIBIHA apHajJFaH CeNeKTHBTI Kacuerrepi Oap, OHBIH Cy (a3achlHaH
anbiabin, H;BOs-HI copOeHT (e3repTiireH LeJunoi03a) KaTThl (a3acklHAa HIOFBIPIaH/BIPATHIHEl aHBIKTANABL. Die-
MEHTTIK XMMUSUIBIK JKOHE Macc-CIIEKTPOMETPHSUIBIK Tanzjay »Kyprisinai, copoenrrepain MK-criextpnepi tycipinai,
OJIap/bIH HETi3iHAe KypbUIbIMaap Oepinii »oHe 00p KBIIKBUIBIH Moaupukanusuianran uestonosa (ML) dasacs
apKBUTBI )KYTY MEXaHU3MI1 YCHIHBLIJIBL.

Tyiiin ce3aep: 00p KBIIKBUIB; ©3repTY; (azaapalblK TaApaIybl.

A. M. Capcenos, B. K. Bumumo6aes, b. A. Kancaasimos, K. K. Jlenecos, K. M. 'annaposa
Oo6mectBenHbIil Donn «Hay4uHO-HCCIe10BaTEIbCKUI IIEHTP COJCBBIX TEXHOIOT i), AcTaHa, KaszaxcTan

MEX®A30BOE PACNPEJEJEHUE BOPHOM KHACJIOTBI
MEXAY BOOAHBIMU PACTBOPAMHU U MOANPULITNPOBAHHOMU L EJIJIFOJIO3bI

AHHoOTanms. B cBs3u ¢ HEOOXOAUMOCTBIO NEPepadOTKU THIPOMHUHEPATBHOTO CHIPbsS MHOTHE HCCIEIOBATEIH
NPOSBIISIIOT HHTEpeC K QyHIaMEHTaIbHBIM M NPUKJIAIHBIM IpoOIeMaM HOJy4eHHsl OPraHHYecKUX COpOSHTOB Ha Oc-
HOBE INIPUPOJHBIX MaTepUaloB, B YaCTHOCTH K pa3JIMYHBIM BHIAM LEIUIIOIO03bI, MOAU(DUIMPOBAHHONH METOAaMH
Mepcepu3anuu (00paboTKON pacTBOpaMH MIEJI0YEH ), a TAKKE XUMUYECKUM U3MEHEHHEM (DyHKIMOHAIbHBIX TPYIIIL.

B pabore m3yueHo mexdaszHoe pacnpeneneHue OOpPHOH KHMCIOTHI Ha MEPCEPU30BAHHOM, 3aT€M XHMHYECKH
MOIUGHUIIMPOBAHHON APOOIJICHON KOCTOUKE adpHKOca OOBIKHOBEHHOI0, Prunus armeniaca (yproka).

YCcTaHOBIIEHO, 4TO BEIIECTBO COPOCHTA 00JIa1aeT CeIEKTUBHBIMU CBOMCTBAMHU K OOPHOM KHCIIOTE, U3BIIEKasl €€
n3 BogHO# (asel n koHneHTpupys H;BO; B TBepnoii daze copbenra (MoaudupoBaHHoii 1emnonose). [lpoBeneHs
9JIEMEHTHBIH XMMHUYECKHH M Macc-CHEKTPOMETPUIECKUH aHamu3bl, CHATH MK-cnekTpbl copOeHTOB, HA OCHOBAaHMH
KOTOPBIX J[aHa UX CTPYKTYpa, a TakKe MPEAJIOKEeH MEXaHU3M HOTIJIOMeHHss OOpHOH KHUCIOTH (a3oi MOIUPHIIUPO-
BaHHOH 1eutroio36! (LIM).

KuroueBble cjioBa: O0opHas KHCI0Ta; MOAUGDUKAIN;, MEX()a30BOe paclpeieieHue.
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