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& 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.

KasakcmaH Pecniybniukacel ¥immbik fbinbiM akademusicbl «KP YFA Xabapnapel. [eonozsusi xaHe
MexXHUKarbIK fbifibiMOap cepusicbl» fbibIMU XypHarnbiHbiIH Web of Science-miHq xaHanaHraH
Hyckacbl Emerging Sources Citation Index-me uHOekcmeriyee KabbinnOaHraHbiH xabaprnalosl. by
uHdekcmery 6apbicbiHOa Clarivate Analytics komnaHusicbl XypHandbl odaH api the Science Citation
Index Expanded, the Social Sciences Citation Index xoaHe the Arts & Humanities Citation Index-ke
Kabbinday maceneciH kapacmbipyda. Webof Science sepmmeywinep, aesmopnap, bacrnawbinap MeH
Mekemernepae KOHmeHm mepeHdiei MeH canacbiH ycbiHadbl. KP YFA Xabapnapel. [eonozaus xeHe
mexHuKarbiK fbifibiMOap cepusicbl Emerging Sources Citation Index-ke eHyi 6i30iH KoramdacmbiK
YWiH eH e3ekmi xxoHe 6ederidi 2eorioeusi XoHe MexXHUKasbIK fblibiMdap 6olbiHWa KOHMEHMKe
a0arnObifbiMbI30bi 6indipedi.

HAH PK coobwaem, ymo Hay4HbIl xypHan «3eecmus HAH PK. Cepusi 2eonoauu U mexHU4ecKux
Hayk» 6bi1 npuHam Ons uHdekcuposaHusi 8 Emerging Sources Citation Index, o6HoeneHHoU eepcuu
Web of Science. CodepxaHue 8 amom uHOeKkcupogaHuu Haxodumcs 8 cmaduu paccMOmpPeHUs
komnaHueu Clarivate Analytics 0nsi OanbHelwezo rnpuHsmus XypHarna 6 the Science Citation Index
Expanded, the Social Sciences Citation Index u the Arts & Humanities Citation Index. Web of
Science npednazaem kadecmeo u enybuHy KoHmeHma Ons uccriedosamerieli, asmopos,
usdamened u y4pexdeHul. BkrovyeHue Nzsecmuss HAH PK. Cepusi eeonoz2uu U mexHU4ecKux
Hayk 8 Emerging Sources Citation Index demoHcmpupyem Hawy rpueepxeHHocmb K Hauboree
akmyarsnbHOMy U 6/1UsimesilbHOMY KOHMEeHMY 10 2e0/102uU U MEXHUYECKUM Haykam Ors Hawezo
coobujecmea.
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RESEARCHING OF SULFURIC ACID LEACHING OF MAGNESIUM FROM
SERPENTINES

Abstract. The processes of magnesium extraction from waste — MPMP (multi-purpose mineral powder
0.025-0.25 mm in diameter) being the residual of technological processes on extraction of fibrous chrysotile
asbestos by ventilation pumps and sulfuric acid solutions — have been studied. It is shown that the rational
concentration of sulfuric acid needed to extract magnesium, where its use is close to 100%, is a solution
containing 0.3 SRQ of sulfuric acid taken relative to the content of the amount of magnesium in MPMP.
Apparent activation energy of MPMP dissolution reactions in a sulfuric acid solution being equal to 45.0
kJ/mol correspondingto the activation energy of diffusion-controlled processes was determined by kinetic
studies and processing of obtained data. It is shown that the rate and amount of extractable magnesium from
MPMP limit complex associates from silica that appear as a result of MPMP and sulfuric acid reactions at the
initial stage of interactions.

Key words: serpentine, silica, chrysotile-asbestos waste, sulfuric acid, magnesium, and sulfuric acid
extraction.

Introduction. Serpentines represent groups of minerals comprising a subclass of layered hydrosilicates,
including structural modifications having the following chemical composition: Mg, Si,0,(OH),.The main
structural varieties of serpentine corresponding to this composition are chrysotile, antigorite and lizardite; and
Fe?, Fe™, Al, Ni, Ca, etc. are normally present as impurities. A more valuable component of serpentine in the
view of chemical industry is magnesium (up to 25-26 wt.%), and silica part (SiO,— 44-45%), because they are
most demanded for production of materials for various purposes. As you know, the chrysotile asbestos mining
and beneficiation cycle is accompanied with formation of a huge amount of dumps and wastes normally
consisting of serpentine [1].

As a source of magnesium, scientists have been interested in thesetechnogenic wastesfor a long time.
However, despite the multiplicity and diversity of the above studies, today there are no stable industrially
developed technologies for their utilization in the world. Numerous proposed acidic methods and schemes
have not been practically implemented. This is equally applicableto Kazakhstan.

The Kazakhstan Zhitikara serpentine deposit is located in the Kostanay region, and Kostanay Minerals
JSC, a large enterprise for mining and production of various grades of chrysotile asbestos, isin the CIS. It
is nationally crucial to seek and utilize accumulated technogenic serpentine wastes (about 400 million tons)
being acceptable from the view of environmental viability and processability. Firstly, there are hundreds of
millions of tons of such wastes, which increases the environmental hazard, and secondly, there are no process
facilities in Kazakhstan for production of magnesium compounds (magnesium oxide, magnesium hydroxide
or magnesium salts — MgSO,, MgCl,, Mg(NO,),) being industrially important for the development of various
sectors of industry. They are used for production of steel, refractories, rubber and polymer products, as well
as in construction, leather, chemical, food, pharmaceutical, oil and gas and other sectors of industry. There are
no deposits of high-quality magnesian ores in Kazakhstan.

The key problem faced by researchers of acid treatment of serpentine is associated with the formation of
gel-like silicic acid at interaction of H" ions and magnesium hydrosilicate. Consequently, many of the proposed
methods for processing of serpentinewastes are characterized by a resource-intensive and complex process
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at all stages of the technological chain, which requires further researching of interaction of non-organic acids
and serpentine in order to develop rational and acceptable methods for processing of technogenic wastes,
including industrial wastes of Kostanay Minerals JSC.

According to the analysis of the literature covering development of methods for processing of serpentines
using various non-organic acids (mainly sulfuric, hydrochloric, nitric acids), besides the advantages of each
of the method, they also have some disadvantages preventing development of practical technologies.

Thus, [2] proposes a method of serpentine treatment with sulfuric acid solutions (20-50 wt.%) using
electromagnetic separation to separate amorphous silica from chromomagnetite concentrate; the ions of
iron, chromium and nickel remaining in the solution are precipitated in the form of hydroxides at pH=7-8.5.
After separation of the precipitate, the productive solution is carbonized with soda ash, and the separated
precipitate (MgCO,) is decomposed at 700°C, thus producing magnesium oxide. Sodium sulfate is obtained
as a by-product. As a result, the process is time-consuming, and every technological stage involves complex
processes, and the obtained silica is characterized by a limited scope of application. Two-stage leaching with
sulfuric acid proposed in [3], including filtration of pulp, neutralizationwith ammonia, dilution of solution,
introduction of magnesium carbonate nucleus and carbonation with carbon dioxide at pH=9.5-11.0 to form
MgCO,, and its subsequent drying and calcination to produce magnesium oxide, is also characterized by a
time-, money- and power-consuming process.

The methods used for processing of serpentine using hydrochloric acid [4,5] and nitric acid [6] to obtain
end products such as magnesium oxide, red pigment, concentrate containing nickel, chromium and iron, and
amorphous silica are characterized by similar practical disadvantages.

There are also other methods for studying the decomposition of serpentine characterized by different
schemes and reagents involved, for example, ammonium sulfate [7,8], which also have some disadvantages
in terms of processability and economic feasibility of their use for processing of serpentine wastes to obtain
a magnesium compounds and magnesium-containing materials.

Therefore, relevant researchesare in progress. New approaches in the study of the processes of complex
processing of serpentines, including chrysotile asbestos mining and beneficiation wastesare emerging.

Thus, the purpose of this work is to study the processes of sulfuric acid extraction of magnesium from
MPMPbeing a dusty waste that does not require additional grinding to extract magnesium by sulfuric acid
leaching to produce magnesium sulfate.

Experimental procedure. MPMP (multi-purpose mineral powder) waste is used in the work. This
waste is generated by Kostanay Minerals JSC (Zhitikara). MPMP is a greenish-gray granular polydisperse
fibrous material being the residual of technological processes of extraction of fibrous chrysotile asbestos by
ventilation pumps. Grain composition: 0.025 + 0.25 mm.

Average chemical composition of MPMP (wt.%): Mg - 25.80; Al - 0.40; Si - 17.64; Ca - 0.50; Cr - 0.20;
Fe - 4.64; Mn - 0.03; and Ni - 0.05 (according to the chemical analysis using JSM-6490 LV complete with
INCA Energy 350 energy dispersive microanalysis systems).

To study kinetic parameters of magnesium sulfate extraction from MPMP using sulfuric acid, samples of
all fractions were averaged, ground using planetary ball mill Retch GmbH PM - 200 with eleven W-tungsten
balls d-20 mm, at a speed of 350 rpm for 20 min. Fractions 0.074-0.104 mm in diameter were used in the
studies.

MPMP was treated with solutions of sulfuric acid (1.0-5.0 M) in 1000 ml thermostatted glass reactor
equipped with reverse cooler, propeller stirrer, sampler and pH meter.

For the purpose of the leaching process at a certain temperature, a portion of 500 ml 1.0M-5.0M acid was
heated to the required temperature. The propeller stirrer at 350 rpm was activated when adding 10 g of a
weighed sample of waste to the acid solution, and started time counting. Five milliliter samples for analysis
were taken the desired time intervals depending on the process conditions (in 2, 5 and 10 minutes at the
beginning, and in 20 and 30 minutes at the process end). The sample of pulp was quickly filtered using a
vacuum pump andmeasured filtrate weight using analytical balance. The filtrate was then dried at 105°C until
constant weight is achieved, and the dry filtrate weight was measured again. Chemical composition of dry
samples was determined using JSM-6490LV scanning electron microscope (JEOL Ltd, Japan) complete with
INCA Energy 350 energy dispersive microanalysis systems (Oxford Instruments).

The degree of magnesium extraction (XMg) from MPMP using sulfuric acid solutions was calculated on the
basis of the ratio of recovered amount of magnesium in filtrate to its amount in the initial sample of MPMP.

Results and discussion. Preliminary determination of the optimal grain composition of MPMP for the
purpose of sulfuric acid extraction of magnesium showed that the degree of magnesium extraction reaches
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its peak value (Figure 1); the most optimum grain composition is 0.104-0.074 mm. Taking this into account,
all further studies of the processes of magnesium extraction from MPMP with sulfuric acid solutions were
carried out using MPMP samples with a grain fraction in this range.

Based on the results of the chemical analysis of MPMP (Mg - 25.8 wt.% and Si - 17.64 wt.%), it was
assumed that this waste (MPMP) consists mainly of layered magnesium hydrosilicate — varieties of the
serpentine subclass, with the general formula Mg,Si,O.(OH),, and the MPMP reaction using sulfuric acid can
be described by the following equation:

Mg,Si,0,(OH), + 3H,S0, = 3MgSO0, + 2Si0, + 5H,0 (1)

According to the processes of quantitative interaction of MPMP (molar content of magnesium in a MPMP
sample) and sulfuric acid (calculated stoichiometric quantity of H,SO,) according to equation (1) shows that
the theoretical proportional dependence, i.e. the amount of extractable magnesium on the stoichiometrically
required quantity (SRQ) of H,SO, (Figure 1, (a) dotted line) can only be maintained up to concentrations of 0.3
SRQ H,SO,. In this case, as one can see from Figure 1, an equivalent amount (0.3 SRQ Mg**) of magnesium
ions passes from the MPMP into the solution. Further, when using the concentration (0.4-0.5) SRQ H,SO, for
extraction, this regularity breaks and decreases the equivalent extraction of magnesium into solution. Starting
from 0.6 SRQ H,SO, and up to the proportions taken in the equivalent molar ratio of magnesium in MPMP
and H,SO,(1:1) according to equation (1), the amount of extractable magnesium is always lower than the
theoretically calculated one on the amount (SRQ) H,SO, in solution prepared for extraction of magnesium
from MPMP. In case of 1:lratio, the degree of extraction or the amount of extractable magnesium in the
solution does not exceed 76% of its total amount in MPMP.

The processes of interaction of MPMP and H,SO, at different ratios of MPMP (Mg):H,SO, (SRQ) differ
not only in the amount of dissolved magnesium, but also in the kinetics of the reactions occurring on the
surface of MPMP.
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Figure 1 Dependence of the degree of Mg Figure 2 Dependence of extractable amount of
extraction on grain composition of MPMP. magnesium from MPMP (1) and pH factor (2)
Concentration Cuzs04=2.0M; 1-MPMP on amount of H2SO4 in solution, m (MPMP) =
waste, (T = 120 min, t = 60°C, S+L = 1+10) 10 g, T =10 min, t = 96°C

Kinetic studies of the interaction of MPMP and aqueous solutions of H,SO, in quantitative ratios, SRQ
H,SO, (mol) in relation to the molar amount of magnesium in a sample of MPMP (Mg):H,SO, (SRQ) in the
range from 1.0+0.1 to 1.0+1.0 shows that the nature of the dependence of the amount of recovered magnesium
on the amount of H,SO, in the recovery solution correlates quite well with the features of the layered structural
and molecular serpentine. As it is known [9], the structure of serpentinite consists of folded kaolin-like layers,
each layer of which consists of alternately located interconnected tetrahedral silicon-oxygen and octohedral
brucite-like layers. The two-layer packets that make up the structure are characterized by disproportionality
of trioctahedral “brucite” layers with hexanal patterns of silicon-oxygen tetrahedrons, which leads to an
uneven distribution of magnesium ions in individual packets of layered hydrosilicate.
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Figure 3. Ideal structure of crystalline chrysotile asbestos pattern [9]

Estimation of distribution of magnesium ions in serpentine structure (chrysotile) [9] shows that 1/3 portion
of magnesium in its molecular structure of the total amount in chrysotile is in the octahedral “brucite” layer,
while the other 2/3 is in the tetrahedral layer. Based on this, the chemical formula of serpentine (chrysotile)
can be more clearly described as Mg(OH),(MgOH),Si,0.. It is assumed that that 1/3 portion of magnesium
in the form of Mg(OH),, which is in the “brucite” octahedral layer, is more easily accessible to the effect of
H" acid ions, and 2/3 portion in the form of (MgOH),, which is in tetrahedral form, is relatively structurally
difficult to extract. Thus, extraction of magnesium into MPMP solution can be described by the following
reactions (2,3) having different kinetic character.

Mg(OH), + 2H" — Mg + 2H,0 2)
2Mg(OH) + 2H" — 2Mg* + 2H,0 (3)

As one can see from Figure 2, in case of interaction of serpentine (chrysotile) and H,SO,, the equivalent
extraction of magnesium from the equivalent amount of acid is only observed up to 0.3 SRQ H_SO,. This acid-
base interaction proceeds relatively quickly, which can be seen from Figures 4 and 5 showing the influence
of H,SO, concentration and process temperature on degree of magnesium dissolution from MPMP. It should
be noted that in the both cases the portion of recovered magnesium in H,SO, solution increases only up to a
certain level, in our case up to 0.76 of magnesium portion of its original weight in MPMP.
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Figure 4. Influence of H2SO4 concentration Figure 5. Influence of temperature on the
on the degree of Mg ion extraction from degree of Mg ion extraction from MPMP
MPMP at t°C 1-20; 2-40; 3-60; 4-80; 5-90,
Cr2so4: 1-1,0M; 2-2,0M; 3-3,0M; 4-4,0M; Ch2so4 =2,0M

5-5,0M, t° - 40°C.

Influence of temperature on the degree of magnesium extraction affects the time to reach the maximum
fraction of magnesium extraction from MPMP, so at 90°C, XMg = (.76 is achieved in 45 minutes, and at
80°C —it is achieved in 120 minutes. The shown times to reach the maximum recovery rate are obviously
explained by diffusion barriers preventing the movement of -H,O" ions to new reaction zones through
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interlayer channels of modified initial structure of the surface layers of serpentine as a result of the action
of sulfuric acid solution on them. Yander equation is normally used to describe kinetic regularities of such
hydrochemical processes[10], where the fraction of dissolved magnesium (in our case) from MPMP on time
of interaction with acid is related by the following equation:

[1-(1-X, )" P=K, 1 “4)

where, Xy portionofdissolvedmagnesium; t — interaction time (min); K ob effective or apparent speed
constant (min').

If the process of interaction of MPMP and sulfuric acid solution proceeds according to the laws described
by Yander’s equation, then the graph of the dependence of [1- (1—XMg)”3 J*on 1 should be linear, where tga. is
the slope of the straight lines corresponds to K.
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Figure 6. Dependency graph (1— (1 — Xumg)'?)? Figure 7. Dependence of Mg dissolution
on T at various concentrations of acid on the apparent rate constant on H>SO4 .
results of Figure 4 according to equation 4.

The corresponding graph (Figure6) was built by processing the curves shown in Figure 4, on the basis of
which the K . values were determined. A graph of InK . versus InC,,. | dependence was plotted, where tga is
the slope of the straight lines (Figure 7), the reaction order was n=0.71, to determine the order of the reaction
on sulfuric acid.
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Figure 8. Graph of (1-(1- Xumg)"?)? Figure 9. Graph of InK dependence on T'K"!
dependence on t on the results of Fig. 5, according to Arrhenius equation, Ea.pp = 45
equation 4. kJ/mole

A graph of dependence of [1- (l—XMg)1/3]20n 7 at different temperatures (Figure 8) was plotted by initial
processing of experimental data shown in Figure 4 to find the apparent activation energy of the reactions of
interaction of MPMP and sulfuric acid; the values of Ink were determined on the basis of tga —on angle of
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slope; then the apparent activation energy of the interaction reaction process was determined on the basis of
the dependence of Ink on 1/T (Figure 9) being equal to 45 kJ/mol, which corresponds to the activation energy
of diffusion-controlled processes.Diffusion-controlled can be, as noted earlier, the diffusion of H,O" ions
through thin interlayer channels. An additional obstacle can also be created by the emerging new aggregate
formations enriched with silica as a result of acid-base interaction of MPMP and H,SO, and removal of
magnesium from the octahedral brucite layer. These aggregate formations, in an acidic environment, will
obviously have the properties of silicic acids, which do not dissolve in a sulfuric acid solution, but are actively
protonized absorbing a certain equivalent amount of H" ions. Acidic environment promotes the formation of
cationic hydroxyls (Si-O-H") [11], especially in an acidic medium at pH=1-4, which easily form associates
using H-bonds. Depending on the rate and amount of emergence of new aggregate formations, two-, three-
and more complex associates (n-layer oligomers) can be formed from silica that can more tightly block the
channels of penetration into the structure of serpentine preventing the diffusion of H3O" ions. This assumption
is also supported by the fact that even when using high concentrations of sulfuric acid (SM) and temperature
(90°C), the ceiling value of the fraction of maximum magnesium recovery (XMg=O.76) remains unchanged
with these parameters of the process of MPMP dissolution in sulfuric acid solutions.

Conclusions. By studying the process of magnesium extraction from MPMP using sulfuric acid solutions
it was found that the maximum consumption of sulfuric acid (close to 100%) is achieved at concentration of
H,SO, in the solution used in the amount of 0.3 SRQ relative to the amount of magnesium in the MPMP. It
is assumed that this is explained by location of partially extractable magnesium ions in brucite-like layers of
layered magnesium hydrosilicates, the total amount of which in these layers is 1/3 of the total magnesium
content in the molecular structure of serpentine (Mg,Si,0,(OH),. At higher concentrations of H,SO,, the
yield of magnesium sulfate and the rate of dissolution decrease due to complex associates from silica arising
from acid-base interactions between MPMP and sulfuric acid solution. The research results can be useful in
the development of acid methods for magnesium extraction from serpentinite wastes of chrysotile-asbestos
beneficiation, especially when assessing the economic feasibility of the sulfuric acid method, since according
to the material balance, it is determined, first of all, by the cost of the reagent — sulfuric acid.
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CEPHNEHTUHAEPAI KYKIPT KbIIIKbIJIBIMEH OHJIEY APKbIJIbI
MATHHUMII AJTY IIPOLIECTEPIH 3EPTTEY

AnHOTanusl. TalmIbIKTBl XPU30THII-ACOECTTI JKEJJETKIMITIK COPFBIIITAPMEH ayJIbIH TEXHOJIOTHSIIBIK
MPOLIECTEPiHEH KeHiH KajaThliH Kbk — OMY-Ttan (om0Oeban munepanasl yHTaK 0,025-0,25 MM) KYKipT
KBIIIKBUIBIHBIH €PITIHAIEpIMEH MarHuial aixy mpormectepi 3eprrenai. MarHuiiai aixy VIOIH KYKipT
KBIIIKBUIBIHBIH YTHIMIBl KOHIIEHTPALUACHL, SFHU OHBI KoijaHy 100%-ra jkakpIHAAWTBIH Ke3i, OMY
KYpaMbIH/IaFbl MarHUi MOJIIEPiHEe KATBICTHI ajblHFaH CTEXHMOMETPHUSUIBIK KakeTTi menmiepi 0,3 OonarbiH
KYKIpT KBbIIIKBUIBIHBIH €PIiTiH/IICI €KeHIIT1 KopceTireH. KHHeTHKAIBIK 3epTTeyIIep )KOHE alIbIHFaH JIePEKTeP/i
OH/JIeY apKbuTbl MU Y3UIIBIK OaKbUTAHATHIH TPOIECTEP/IiH aKTHBTEHY DHEPrHUACHhIHA Colikec KeneTiH 45,0
k/J[/M011b TeH, OM ¥ -IbIH KYKIPT KbIIIKBUIBIHBIH €PITIHAICIHIET] epy PeaKUsIapbIHbIH aiKbIH aKTUBTCHIIPY
SHEPIHACH aHBIKTANIbl. OMY-aH MarHuiji aayIblH KbULIAMIBIFEI MEH MejiepiH OMY koHe KYKipT
KBIIIKBUIBIHBIH PEAKIMSICHIHBIH 0aCTaIKbl ©3apa OpEKeTTEeCYIEPiHiH Ke3eHIHIH HOTHKECIH I Mmaiija 00IaThiH
KpEMHE3eMHIH KYp/Iesi acColMaTTaphl IEKTEUTiHIH KOPCETIII.

Ty#ingi ce3mep: CeprieHTHH, KPEMHUW, XPU30THI-acOECT KaJJIBIKTAPhl, KYKIPT KBIIIKbLIbI, MAarHHIA,
KYKIpPT KbIIIKBIJIBIMEH OHJIEY.
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HNCCIIEJOBAHHME IMTPOLECCOB CEPHOKHUCJ/IIOTHOI'O U3BJEYEHUA MAT'HUA
N3 CEPIIEHTHHOB

AnHoTanus. VcciaenoBansl mpoIiecchl M3BICUEHUsT MarHus u3 orxona — [IMY (moporok MuHepanabHbII
yauBepcanbHbiii 0,025-0,25 MM), KOTOpBI OCTaeTCsl MOCJe TEXHOJIOTHUECKMX MPOLECCOB H3BICUCHHUS
BOJIOKHUCTOTO XPHU30THI-acOecTa BEHTEIALMOHHBIMI HAaCOCAaMHU, PacTBOPaMU cepHOM KucioTsl. [Tokasano,
YTO palMOHAIBHON KOHIIEHTpAIMel CEepHON KHCIOTHI JJIS W3BJICUEHHUS MarHus, IZIe €€ HCIIOIb30BaHHe
npubmkaercs k 100%, sBisieTcst pactBop, conepxkanmii 0,3 CHK cepHO# KHCIOTBI, B3SITOM OTHOCHTEIILHO
K COJCp)KaHUIO KonmuuecTBa MarHusl B coctaBe [IMY. Kunernueckumu ucciegoBaHUsIMH U 00pOOOTKON
MOJTYYEHHBIX JaHHBIX ONPEAETICHA KaXYIOLIAsCs SHEepPrus aKkTUBaLMM peakuuid pactBoperus [IMVY B
pacTBOpe cepHOil KHCIOTHI, paBHBIM 45,0k /[/MO01b, 9TO COOTBETCTBYET HEPTHUH aKTUBAINI TP PY3MOHHO-
KOHTPOJIMPYEMBIX MPOLIECCOB. YCTAHOBJIEHO, YTO CKOPOCTh M KOJIMYECTBO M3BJIeKaeMoro maruus usz [IMY
OTPAaHNYMBAIOT CJIOKHBIE ACCOLMATHI U3 KpEMHE3eMa, osABJIstoIInecs B pesynbrare peakuuit [IMY u cepHoit
KHCJIOTHI HAa HA4YaJIbHOM 3Tale B3auMOACHCTBUM.

KiroueBble cJI0Ba: CEpIEHTHH, KPEMHE3E€M, OTXOA XpHU30TWiI-acOecTa,cepHas KHCIOTa, MarHui,
CEpPHOKHCIIOTHOE U3BJICYCHHE.
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