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NAS RKis pleased to announce that News of NAS RK. Series of chemistry and
technologies 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 chemistry and technologies in
the Emerging Sources Citation Index demonstrates our dedication to providing the most relevant
and influential content of chemical sciences to our community.

Kasakcmar Pecniybrniukacbl Y¥nmmbiK fbifibiM akademusicel "KP ¥FA Xabapnapbi. Xumusi xoHe
mexHorsoeusi cepusicbl” fbinbiMU XypHarnbiHbiH Web of Science-miH xaHanaHraH Hyckacsi Emerging
Sources Citation Index-me uHOekcmenyzae KabbindaHFaHbIH xabaprnaldbl. byn uHdekcmeny 6apbicbiHOa
Clarivate Analytics komnaHusicel XypHandbl odaH api the Science Citation Index Expanded, the Social
Sciences Citation Index xoHe the Arts & Humanities Citation Index-ke kKabblnday wmacesneciH
kapacmeipyOa. Webof Science 3epmmeywinep, asmopsap, bacnawbiiap MeH MeKeMmesiepee KOHMeHm
mepeHdiei MeH canacbiH ycbiHaobl. KP ¥FA Xabapnapbl. XuMusi XXoHe mexHoroausi cepusicel Emerging
Sources Citation Index-ke eHyi 6i30iH KoramOacmbIK YWiH eH 63eKmi xoHe 6edesidi XUMUSIIIbIK FblribiMOap
bolibiIHWa KoHmeHmke adarsnobifbiMbi30bl 6indipedi.

HAH PK coobwaem, ymo Hay4HbIl xypHan «h3eecmus HAH PK. Cepusi xumuu u mexHosnoaul» 6bir
npuHam Ans uHdekcuposaHusi 8 Emerging Sources Citation Index, obHosneHHol eepcuu Web of Science.
ColepxxaHue 8 amom uHOeKcuposaHuUu Haxodumcs 8 cmaduu paccMmompeHusi komnaHueli Clarivate
Analytics 0nsi danbHeliweeo npuHImMusi xypHana e the Science Citation Index Expanded, the Social
Sciences Citation Index u the Arts & Humanities Citation Index. Web of Science npednazaem kadyecmeo u
enybuHy koHmeHma 0ns uccriedosameried, asmopos, usdamerel u yupexdeHul. BknoyeHue Msgecmus
HAH PK e Emerging Sources Citation Index GemMoHcmpupyem Hawy MnpueepXxeHHocmb K Hauboree
akmyasibHOMY U 8/1USIMmesIbHOMY KOHMEeHMY o XUMUYEeCKUM Haykam Ors Hauleeo coobujecmea.
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ANALYSIS OF THE HYDROCHEMICAL COMPOSITION
OF SALT BRINS OF LAKE INDER

Abstract. The article presents an analysis of the hydrochemical composition of the salt brines of the Inder Lake,
which consists of three sources Tuzdybulak, Aschybulak and Telepbulak. The analysis shows that the chloride
content on Tuzdybulak ranges from 19538 mg/l to 36868 mg/l during the research period from 1961 to 2017, which
exceeds the maximum permissible concentration by 55,8-105.3 times; on Aschybulak from 12880 mg/l to 28080
mg/l, the excess is 36.8-80.2 times; on Telepbulak from 11900 mg/l to 26000 mg/l with an excess of 34-74.3 times.
Analysis of sodium showed that on Tuzdybulak it is 10,877 mg/l -28,680 mg/l with an excess of the maximum
permissible concentration of 54-143.4 times; on Aschybulak from 8430 mg/l to 21697 mg/l with an excess of 42.2-
108.5 times; on Telepbulak from 8010 mg/l to 18280 mg/l with an excess of 40.05-91.4 times. This analysis shows
that these brines are of the sodium chloride type, while the most saline in terms of sodium and chloride is the
Tuzdybulak source. According to the content of calcium cations at the source, Tuzdybulak varies from 860 mg/l to
1499 mg/l, which is 573.3-999.3 times the maximum permissible concentration; at the source of Aschybulak from
930 mg/1 to 1325 mg/l, which is 620-883.3 times higher than the MPC; at the source of Telepbulak from 1000 mg/1
to 1980 mg/1, which is 666.7-1320 times higher than the MPC. According to sulfate anions at the Tuzdybulak source,
from 4096 mg/l to 20077.85 mg/l, which is 8.2-40.2 times higher than the MPC; at the Aschybulak source, from
3370 mg/1 to 10841.54 mg / 1, which is 6.74-21.6 times higher than the MPC; at the source of Telepbulak from 3360
mg/l to 50816.14 mg/l, which is 6.72-101.6 times higher than the MPC. According to the sulphate-calcium type, the
highest content is typical for the Telepbulak source. The analysis of mineralization and solids shows that in salt
solutions of Lake Inder they exceed: at the source of Tuzdybulak from 22.3 to 50.9 times; at the source of
Aschybulak from 17.8 to 38.5 times; at the source Telepbulak from 17.1 to 33.1 times, which shows that the brines
of Lake Inder belong to brine mineral waters.

Key words: Tuzdybulak, Aschybulak, Telepbulak, sodium cations, calcium cations, chloride anions, sulfate
anions, salt brine, mineralization, dry residue.

Introduction. As you know, Atyrau region is characterized by difficult climatic conditions. It is
located in a semi-desert zone with a sharply continental climate.

In this regard, the organization of a new health resort in the Atyrau region is of great importance for
the improvement of the population of the region.

In the region there are necessary mineral resources for the organization of a spa resort in the village of
Inderborsk. Rapa Lake Inder has a long history of study [1].

The healing mud of salt lakes is formed in certain geological conditions. Brines that have
accumulated in lower areas of the earth, feeding on atmospheric precipitation and other various water
sources, mainly under arid conditions, evaporate and form various mineral salts in some parts, and
therapeutic mud sludge accumulates under them for a long time.

Healing mud is available on the north coast of Inder Lake. These dirt accumulates at the places of
exits of large sources Tuzdybulak, Telepbulak and Aschybulak. Mud yields associated with the source of
Telepbulak are approximately 200-250 m long from west to east, 60 m wide from north to south with a
visible thickness of 17 cm. The dimensions of the mud outlet associated with the Aschybulak spring are
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200 m long, 10 m wide and 10 cm thick. The length of the mud outlet at the Tuzdybulak spring is 210 m,
the width is from 54 to 74 m, the thickness is 10-20 cm. The therapeutic mud outlets associated with the
Telepbulak spring are approximately 200-250 m long from west to east, north to north wide south up to
60m with a visible power of 17cm. The dimensions of the mud outlet associated with the Aschybulak
spring are 200 m long, 10 m wide and 10 cm thick. The length of the mud outlet at the source of
Tuzdybulak is 210 m, width is from 54 to 74 m, thickness is 10-20 cm [2].

Methods. In this work, we used methods of comparative analysis of data on the hydrochemical
composition of the salt brines of Inder Lake, according to the results of ongoing studies in different years
from 1961 to 2017 [2-5]. All results were compared with regulatory documents GOST 26449.1-85, ST RK
1015-200, SanPin 2.1.4.1074-01 and RD 5224.365-2008.

Results. Inder Lake is located in the Atyrau region, 170 km north of Atyrau and 1.2 km from the left
bank of the Ural River. Length 13.5 km, maximum width 11 km. Its area is 123 km?. Inder Lake is fed by
atmospheric precipitation and due to the waters of the main aquifer (thickness 14 meters) of the gypsum
stratum of the Inder rise, which is unloaded on the northern shore of the lake in the form of numerous
descending and ascending sources, the total flow rate of which ranges from 31.0 to 147.5 1/sec (average
60.5 I/sec) [3].

A total of 33 sources were recorded, arising mainly from karst gypsum or from Permian-Triassic
sandstones. Three groups of sources have the greatest value in flow rate: 1) Tuzdybulak, Aschybulak on
the northeastern outskirts and 2) Telepbulak - on the northwestern part of the lake.

The average annual water consumption is according to sources: Tuzdybulak - 12.3 1/s, Aschybulak -
7.84 1/s and Telepbulak - 9.18 I/s.

In spring and winter, the lake is sometimes covered with a thin layer of brine, and in summer and
autumn brine remains only in the northern and northwestern parts, and even then in small areas.

From the north, the lake is surrounded by hills called the Inder Mountains. The southern part of the
lake is shallow, imperceptibly passing into the steppe plateau.

The northern part of the lake lies on the southern wing of a large salt dome uplift and has a complex
geological structure. The southern, sloping shores of the lake are composed exclusively of the latest
Caspian sediments.

The productive stratum of the lake is composed of thick sediments of self-landing cooked high-
quality salt. The maximum installed thickness of salt deposits in the lake is 56.2 m.

Indera's lake salt (Figure 1) is divided into five lithological differences: new salt, old salt, granular,
pomegranate and black salt. There are no sharp boundaries between them, and their selection is somewhat
arbitrary. The main distinguishing features of these salt differences are as follows [4]:

» The new salt is dazzlingly white, finely crystalline (the size of halite crystals is from fractions of mm
to 2-5 mm), densely cemented. It is difficult to break with a shovel, easily breaks through with a crowbar.
New salt covered almost the entire surface of the salt.

* The old salt tightly cemented 0.05-0.50; yellowish gray, medium crystalline, clay-carbonate with
rare gypsum crystals.

* The bulk is transparent, light gray, crystalline, friable, in some places slightly cemented, slightly
contaminated with clay-clay material. Easy to take with a shovel. When driving wells, it easily crumbles
from the walls. In this regard, wells can only be cased.

» The grenade differs from the above differences in its well-formed halite crystals. The maximum
dimensions of the latter are 15-26mm. The salt is clear, light gray, sometimes pinkish, coarse-grained.
Small crystals of gypsum and an admixture of carbonate-clay material are observed, rarely in significant
quantities. Pomegranate is more difficult to drill than granular, due to the cementation of the rock.

* The black salt gray, dark gray, dense, silted, gypsum, self-salt. The structure is medium and large
crystalline. The sizes of halite crystals range from 5-20 mm. A distinctive feature from other differences is
a rather significant contamination with clayey-salty carbonate material, gypsum and a sharply increased
density, in contrast to grenades and granules. The black salt lays the salt stratum and salty, clay-sand
saline and gypsum formations. The salt stratum of Lake Inder has a high porosity reaching 40%. Due to
this, the lake has reserves (about 1 billion m®) of highly mineralized brine, the chemical composition of
which is characterized by more or less constancy.
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Figure 1 - Inder Lake self-settling salt

Mineral mud or black silts with healing properties are classified as fine. Mud solution is less than
50%. In the mud, particles with a diameter of more than 0.25 mm (clogging) are absent. The colloidal
absorption complex is very significant.

Inder mud in its component composition has balneological properties.

The mud of the lake is silt with a strong odor of hydrogen sulfide. The water content in the peloid is
30-35%, and sulphurous iron - about 42 grams per kg of mud, the salt concentration is very high - more
than 200 grams per kg of raw mud. The crystalline skeleton consists of calcium carbonates and sulfates.
Inder mud is homogeneous black, oily, sticky with the smell of hydrogen sulfide. There are sites littered
with sand particles [5].

100 grams of the peloid contains hydrogen sulfide - 250 mg, organic substances - 1.54 g; carbonates
in terms of calcium carbonate - 8.5, specific gravity - 1.56; heat capacity - 0.32 calories. Peloid reserves in
the lake are significant.

According to the main physical and chemical indicators, the mud of the Inder Lake is: according to
the content of water-soluble salts in the mud solution (in g/l) - to salt-saturated (more than 150), according
to the content of sulfides (FeS as a percentage of natural mud) - highly sulfide (more than 0.50) ,
according to the reaction of the medium (pH) - slightly alkaline (7.0-9.0) [6].

The water extract of the mud of Lake Inder consists of (g/1): calcium 0.29; magnesium 0.40; sodium
0.47; potassium 0.05; no carbonates detected, bicarbonates 0.009; chlorides 2.70; sulfates 1.20 and a dense
residue of 6.20, with a pH value of -7.27 [7].

Their balneological value is determined by their moisture capacity (natural humidity), texture (shear
resistance), the degree of clogging by large fractions, heat capacity and heat holding ability, mineralization
of the mud solution, the presence of hydrogen sulfide and iron sulfides, redox potential and the reaction of
the medium.
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The requirements for the quality of therapeutic mud include such normative indicators, the mismatch
of which excludes the possibility of therapeutic use of preloads [8]:

- humidity determines the consistency of the mud mass, which only at a certain water content can
remain plastic, retain on the patient’s body and have a high heat-holding ability;

- contamination with mineral particles or plant debris worsens the plasticity of the mud, and in the
presence of large inclusions (crystals, fragments of shells, etc.) causes burns;

- shear resistance characterizes the plasticity of the mud procedural mass and, therefore, its suitability
for mud applications [9].

Discussion. As can be seen from the diagrams in Figure 2, the chemical composition of aqueous salt
solutions is dominated by the content of chloride anions and sodium cations at all three sources:
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Figure 2 - Analysis of the results of the hydro chemical composition of Inder Lake for the period from 1961 to 2017
a) the source of Tushybulak; b) the source of Aschybulak; c¢) the source of Telepbulak

* the chloride content on Tuzdybulak is from 19538 mg/l in 1961-1963 up to 36868 mg/l in 2013; on
Aschybulak from 12880 mg/l in 1982 mg/1 to 28080 in 2013; on Telepbulak from 11,900 mg/l in 2017 to
26,000 mg/l in 2013.

* the sodium content on Tuzdybulak is from 10877 mg/l in 1961-1963 up to 28680 mg/l in 2017; on
Aschybulak from 8430 mg/l in 1961-1963 until 21697 mg/l in 2017; on Telepbulak from 8010 mg/l in
1982 to 18280 mg/1in 2013 [10].
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These data indicate that the mud solution of Lake. Inder refers to the sodium chloride type.

In accordance with regulatory documents (GOST 26449.1-85), the concentration of chlorides in the
MPC of chlorides is 350 mg/l, while at the sources of Lake Inder they exceed 55,8 to 105.3 times at the
source of Tuzdybulak; from 36.8 to 80.2 times at Aschybulak and from 34 to 74.3 times at Telepbulak
source [11].

The maximum permissible concentration of sodium according to RD 5224.365-2008 is 200 mg/l,
while in salt solutions of Inder Lake they exceed: from 54 to 143.4 times at the source of Tuzdybulak;
from 42.2 to 108.5 at Aschybulak and from 40.05 to 91.4 times at the source of Telepbulak [12].

The content of calcium cations is lower than the content of sodium cations, but despite this, they
exceed the maximum permissible concentration, which is 1.5 mg / 1 for drinking water according to
SanPin 2.1.4.1074-01. The content of calcium cations is: at the source of Tuzdybulak from 860 mg /| in
1961-1963. up to 1499 mg I in 2013, which is 573.3-999.3 times more than the MPC; at the Aschybulak
source, from 930 mg/l in 1982 to 1325 mg/l, which is 620-883.3 times higher than the MPC; at the source
Telepbulak from 1000 mg/1 to 1980 mg/1, which is 666.7-1320 times higher than the MPC [13].

The content of sulfate anions is lower than the content of chlorine anions, but exceed the MPC, which
is 500 mg/l according to the standard ST RK 1015-2000. The content of sulfate anions is: at the
Tuzdybulak source from 4096 mg/l in 2013 to 20077.85 mg/l in 2017, which is 8.2-40.2 times higher than
the MPC; at the Aschybulak source, from 3370 mg/l in 1982 to 10,841.54 mg/l in 2017, which is 6.74-
21.6 times higher than the MPC; at the source Telepbulak from 3360 mg/l in 1982 to 50816.14 mg/l in
2017, which is 6.72-101.6 times higher than the MPC [14].

Thus, the saline solutions of Lake Inder can also be attributed to the sulfate-calcium type.

The increased content of salts of sodium chloride and calcium sulfate lead to an increase in the
salinity of the saline solution, which is: for the source of Tuzdybulak from 33481 mg/l in 1961-1963 up to
76,400 mg/l in 2017, for the Aschybulak source from 26,710 mg/l in 1982 to 57,700 mg/l in 2017, for the
Telepbulak source from 2,650 mg/l in 1982 to 49580 mg/l in 2013. According to GOST 26449.1-85, the
MPC of mineralization is 1500 mg/l, in salt solutions of Inder Lake they exceed: at the source of
Tuzdybulak from 22.3 to 50.9 times; at the source of Aschybulak from 17.8 to 38.5 times; at the source of
Telepbulak from 17.1 to 33.1 times [15].

According to the classification, depending on the total salinity, the waters of Lake Indera belong to
brine mineral waters.

According to the dry residue, the same pattern is observed as with saline salinity with a slight
deviation of up to 10%: at the Tuzdybulak source from 54150 mg/l in 1982 to 78808 mg/I in 2017, which
exceeds the MPC equal to 1000 mg/l according to GOST 26449.1-85 in 54.15-78.8 times; at the source of
Aschybulak from 26570 mg/l in 1982 to 59406 mg/l in 2017, which exceeds the MPC by 26.57-59.41
times; at the source of Telepbulak from 25650 mg/l in 1982 to 49654 mg/l in 2013, which exceeds the
MPC by 25.65-49.65 times. Dry solids data for 1961-1963 not available [16].

Conclusion A comparative analysis of the hydrochemical composition showed that the saline solution
of Lake Inder belongs to the sodium chloride and calcium sulfate type. According to the MPC, the
composition of brines exceeds the content of sodium cations from 40 to 143 times, calcium from 17 to 50
times; chloride anions from 34 to 105 times; sulfate anions from 6 to 101 times. It should be noted that the
content of chlorine anions and sodium cations is higher at the source of Tuzdybulak, the content of sulfate
anions and calcium cations is higher at the source of Telepbulak. Thus, the rosol of the source Tuzdybulak
belongs to the sodium chloride, and the source of Telepbulak to the sulfate-calcium type [17].

Depending on the total mineralization and solids, it can be concluded that the brine of the Tuzdybulak
spring is the most mineralized.

Thus, the physico-chemical study of the therapeutic mud of Inder Lake in the Atyrau region allows us
to conclude that they meet the requirements for mud for therapeutic use. Unfortunately, the studied
resources of high-quality therapeutic mud of Inder Lake are insignificant and cannot be used on an
industrial scale [18].

The unique chemical composition of therapeutic mud in combination with brine baths makes Lake
Inder attractive for recreation of citizens of Kazakhstan and vacationers from neighboring regions of
Russia [19].
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WHJIEP KOJITHIH, TY3/IbI TY3AbIKTBIH
TUIPOXUMMSIIBIK KYPAMBIH TAJIIAY

Annoranusi. Makanana Ty3neiOynak, AmpiOynak skoHe TemenOyiak ym Ke3feH TypaThiH MHIep KedmiHiH
TY3IbI TY3JapBIHBIH THIPOXUMMUSUIBIK KypamblHa Tannay Oepinren. CyJIplH opTama >KbUIABIK IHIBIFBIHBI Ke3Jepre
coiikec: Tys30ymak - 12,3 n/c, Ampioyiak - 7,84 n/c xone TenmembOymak - 9,18 n/c. Kemmiy Oanmibikrapbl
KYKIPTCYTEKTiH KYLITi nici Oap tyHnOara aiinanaznpl. [lenonnrarsl cy memmiepi 30-35% kypaiinsl, an Temip cysibgui
op OaMIBIK YIIiH mamMaMeH 42 rpamMM, Ty3 KOHIICHTPAIMICH ©T€ XKOFaphl - IIMKI OAIIBIKTEIH op Kuorpambida 200
rpaMHaH actaM. Kpucramn KaHKachl KalbIMid KapOOHATTapel MEH cyibdarrapmaH Typansl. [mmiHmeri OaimibIk
OipTeKTi Kapa, MaiIbl, KyKipTcyTeri niciMeH xabbickak. Kym Gemmexrepi 6ap sxepiep 6ap [5].

100 rpamM menona KypamblHAa KyKipTeyTteri 6ap - 250 mr, opranukaisik 3artap - 1,54 r; kanbiuid kapOoHaTHI
OolibIHIa KapOoHatTTap - 8,5, epeKiie aybIpibIK KyIi - 1,56; Kbuty chlidbIMAbLIbIFEL - 0,32 kanopust. Kenneri nenoun
KOpBbI ailTapJIbIKTan.

Herisri (u3uKanblK JXKOHE XHUMHSUIBIK KOpCeTKimTepre colikec MHmep KojiHiH OaiibIKTaphl: OaIIIbIK
epiTiHAICIHAeTI Cy/la epUTIH TY3IapAbIH KYpaMbIHa coiikec (T/1) - Ty3Fa KaHbIKKaH (150-meH actam), cynbOuaTepIiy
KypaMbIHa colikec (TaOWFU OaNIIBIKTHIH MarBI3OBIK KypaMblHIarsl FeS) - sxoraper cympduari (0,50-meH sxoFapsr),
opTaHbIH peakuusicbiHa catikec (pH) - con cinrini (7.0-9.0).

Wnnep keutiHiH OaIBIK CYBbIHBIH CBIFBIHABICH Kypambl (r/1): kanbiuid 0,29; marauii 0,40; Hatpuii 0,47; kanuii
0,05; xapboHnarTap aHbIKTanMansl, oukapoonarrap 0,009; xmopuarep 2.70; cyabdarrap 1,20 sx0HE KATThI KaJIbIK
6,20, pH -7,27.

Tanmay xepcerkennei, Ty3apI0yIaKTarsl XJIOPUATIH MeIIepi 3epTrey keseHinae 1961 xvurman 2017 xeuira
neitin 19538 mr/n-men 36868 mr/m apansiFpiHna 0oxamel, OyT mIeKTi payangsl MemmepaeH 55,8-105,3 ece acamsr
Anrpioynak 6otibramra 12880 mr/m-gen 28080 mr/in meiiin, acein keryi 36,8-80,2 ece; TeneOynakra 11900 mr i-neH
26000 mr/n-re neitin, 34-74,3 ece apteik. Harpwuii tannmaysl OoitbiHmaTy3nsi0ynakra 10,877 mr/m -28,680 mr/n
Kypaiinsl, Oyi1 niekTi payanasl MesuepaeH 54-143,4 ece acaapr; Ampioyniak ooiibiaina 8430 mr/n-geH 21697 mr/n-re
neitin, 42,2-108,5 ece; Tenenoyrak Oodibama 8010 mr/n-men 18280 mr/a-re meitin, 40,05-91,4 ece apTeik. by
Tanmay KepceTKeHaeH, Oyl TY3ABIKTap HATPHHA XJIOPWALI TYpiHE >KaTaabl, ajl TY3IObl TY3IbIH €H KOl MeJmepi
Ty3neiOynak ke3i Oombim TaOBUTamel. Kesmepreri Kanpuuii KaTHOHAAPHIHBIH KypaMbl OoibiHINa Ty3meioyimax 860
Mmr/a-gen 1499 mr/n-re peitin e3repeni, Oyt mekTi payanusl MemmepaeH 573,3-999,3 ece; AmpiOynak ke3inae 930
mr/n-ged 1325 mr/n peiiin, 6y IHPMK-aen 620-883,3 ece xorapsr; TenenoOynak kesinae 1000 mr i1 6actan 1980
Mmr/n aeiiin, oy [IIPM-nen 666,7-1320 ece xorapbl. Ty3npiOyiiaK ke3iHaeri cynbdar aHuoHaaps! OolibiHima 4096
mr/n-ged 2007,75 mr/n-re peiin, 6y HIPM-nen 8,2-40,2 ece sxorapbl; Ansioyiak kesinae 3370 mr/n-gen 10841,54
mr/n petiin, Oy [IIPM-nen 6,74-21,6 ece sxorapsl; TenenOynak ke3iaae 3360 mr/n-men 50816,14 mr/n-re meitin, 6y
[IPM-nen 6,72-101,6 ece xorapsl. Cynbdar-kansuii Typiae coiikec TenemOyiiak Ke3i YIIiH €H >KOFapbl Ma3MYHEI
ToH. MuHepaliaHy MeH KaTThl 3aTTapbl Tainay Munaep xedtiHiH Ty3/bl epitiHniepinae, onap: Ty3api0yiak ke3inae
22,3-ten 50,9 ecere neitin; Ampioynak kesinae 17,8-nen 38,5 ecere aetiin; Tenenoyiak kesinae 17,1-aen 33,1 ecere
neiiin, Oys1 MHaep KemiHiH TY31apbl Ty3/1bI MUHEPaJbl CyJIapFa jKaTaThIHIBIFBIH KOPCETE .

3eprreynep VHaep KeutiHiH TY3/1bI €piTIHAICI HATPUI XJIOPUII MEH KaJbLMil CyNb(haThIHBIH TYPIiHE )KATAThIHBIH
kepcerTi. Ty3npIkTapabH KypaMbiaga [IIPM cofikec HaTpwii KaTnOHOApHIHEIH Memepi 40-tan 143-ke, kambrmii 17-
nmeH 50 ecere pmeiiin; xiopunri anuonmap 34-ter 105 ecere neifin; cynbdar annonmapel 6-man 101 ecere neifiH.
Ty3np10y1aK Ke3iH/e XJI0pJIbl aHHOHAAP MEH HaTPUH KaTHOHJAPBIHBIH MOJILIEp] J)KOFaphl, Cyib(haT aHHOHAAPEl MEH
KaJbLMi KaTHOHAAPbIHBIH Meumepi TenenOyiakTblH KallHap Ke3JepiHAe >OFapbl €KEHIH aral ©TKEH >KOH.
ConbiMen, Ty3nbiOyiiak OyJIarbIHBIH TY3BUIBIFBI HATPUH XyopuATi, an TenenOyiak Oyiiarbl KanblUi Cyab(parThl
TypiHe >xataipl. XKanmel MUHepasaHy MeH KaTTbl 3aTTapra OailiaHbiCThl Ty3abp10yaK OYJIaFrbIHBIH TY3/bUIBIFBI €H
MUHEpPAJIJJaHFaH JIEreH KOPBITHIH/IBI )KacayFa 00J1aIbl.

ConrpiMeH, ATpIpay OONBICHIHAAFBl WHAEp KONiHIH eMOIK OalIBIKTapbiH (DU3UKAJIBIK-XUMUSIIBIK 3EpTTCY
OJIap/bIH TEpaNeBTiK NMalaanaHyra apHajaFaH OaIIbIKKA KOMBUIATHIH TajJalTapra COMKec KeJlelli IeTeH KOPBITHIH/IbI
JKacayra MYMKIHAIK Oepeni. OkiHilke opail, MHaep KeiHiH )KOFaphl carnaibl eMAIK OallbIKTapbIHBIH 3€PTTENTeH
KOpJIaphl a3, COHIBIKTaH OJIapbl OHEPKICINTIK MAaCIITa0Ta NaijaiaHy MYMKIH eMec.

Tyiiin ce3nep: Ty3meiOyiak, Ampioyiak, TenenOyiak, HATPUA KaTHOHOAPHI, KAIBIMA KATHOHIAPHI, XJIOPHIT
aHHOHJAPHI, CYIb(AT aHHOH AP, TY3/IbI TY3, MUHEPAJIIaHy, KYPFAK KaJJIbIK.
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' ATbIpayckuil TOCy JapCTBEHHBIN yHUBEPCUTET MMeHU X.JlocMyxaMenoBa;
2 KanMbILIKHKI TOCY1apCTBEHHBIN yHHBepcuTeT nMenr b.B. Toponosukoga,
Onucra, Pecnybnuka Kanmbikus, Poccuiickas @enepanns

AHAJIM3 THAPOXUMHNYECKOI'O COCTABA
COJIEBBIX PACCOJIOB O3EPA HUHJIEP

AHHoTauus. B crarbe NaH aHanu3 TUIPOXMMHUYECKOTO COCTaBa COJIEBBIX paccojioB o3epa Mupaep, KoTopsiit
COCTOMT M3 TpeX UCTOUHHUKOB Ty3apI0ymnak, Ampioynak u TenenoOymak. CpeaHuid TroI0OBOM pacXoj BOABI COCTABIISAET
o ucrounukam: Ty30yiak — 12,3 n/cek, AmpiOynak — 7,84 ii/cex u TenenOynak — 9,18 ii/cex.  I'psA3b 03epa witoBast
C CHJIBHBIM 3amaxoM cepoBojpopona. Conepxanne Bonsl B menouae 30-35%, a cepHUCTOTO jkene3a — OKoio 42
rpaMMOB Ha KI Tps3HM, KOHIEHTpalusi cojiei o4yeHb Bbicokas — Oosee 200 rpamMMm Ha Kr CBIpOH T'pS3H.
Kpucrammmueckuii CKeJleT COCTOUT M3 KapOOHATOB W Cyib(haToB Kanbius. MHnepckas rps3b OIHOpOIHAs 4yepHas,
MacJISIHUCTAas, JIMITKAs C 3aI1axoM CepoBoJIoposia. BerpedaroTest y4acTKy, 3aCOpeHHbIE TeCUaHbIMU YacTUIIaMHU [5].

B 100 rpammax nenouzia coaepKuTcsi cepoBosioposaa — 250 Mr, opraHndeckux BemectB — 1,54 rp; kapOoHaTOB
B IepecyeTe Ha KapOOHAT Kaublus — 8,5, yaenpHbId Bec — 1,56; TerumoemkocTs — 0,32 kanmopwuii. 3amacsl MEJIOUIOB B
03epe 3HAYUTENbHBIE.

ITo OCHOBHBIM (PHU3HKO-XUMHUYECKHUM TIIOKa3aTellsiM Tps3b o3epa HHIOEp OTHOCHUTCS: TO CONCPKAHUIO
BOZIOPAaCTBOPUMBIX COJICH B TpsA3eBOM pacTtBope (B T/iI) — cosieHachlmeHHbIM (Oonee 150), mo comepkaHuio
cynsbhunos (FeS B mporeHTax K eCTECTBEHHOU IpsA3n) — cuiibHOCYIbMuaHBIM (00see 0,50), mo peakuu cpeast (pH)
— cnabomenounsm (7,0-9,0) [6].

Bonanas BeITsDKKA rpsi3u o3epa Mumep cocrout (r/m): kambiuit 0,29; marauii 0,40; natpuii 0,47; xammii 0,05;
KapOOHAThI He 0OHApYKeHbI, ruapokapoonatst 0,009; xmopumnsr 2,70; cynbdarer 1,20 u mwioTHbINH ocTaTok 6,20, pu
3HaueHuu pH -7,27

[IpoBeneHHBIN aHATN3 TOKA3BIBAET, YTO COJICPIKAHUE XJIOPHIOB COCTaBisieT Ha Ty3npiOynake ot 19538 mr/im no
36868 mr/i B mepuosl uccienoBanuii ¢ 1961 no 2017 r., 9TO NPEBHIIAIOT PEAETBHO-I0ITYCTUMYIO KOHIIEHTPALIUIO
B 55, 8-105,3 pa3.; Ha Ampioynake ot 12880 mr/m go 28080 wmr/n, mpepbimieHue cocrasisier 36,8-80,2 pa3; Ha
TenenOynake ot 11900 mr/n no 26000 mr/n ¢ npesbiieHneM 34-74,3 pa3. AHanIM3 M0 HATPUIO MOKa3all, YTO Ha
Ty3neiOynake coctaBisier 10877 mr/m -28680 Mr/n ¢ mpeBbIIEHHEM MPEAeEHO-I0MYCTUMON KOHIIEHTpAIen 54-
143.4 pa3; Ha AmpiOynake ot 8430 mr/ax mo 21697 mr/a npu npessimennu B 42,2-108,5 pa3; Ha TenenOymake oT
8010 mr/m no 18280 mr/n mpu npesbrmennn 40,05-91,4 pa3. JlaHHBIN aHATU3 TTOKA3bIBA€T, YTO JAHHBIC PACCOIIBI
OTHOCATCS K XJIOPHIHO-HATPHEBOMY THIy, MpPH 3TOM HambOoJee COJCHBIM IO HATPUI0 M XJIOPUIAM SBIISIETCS
ncrounuk Ty3aeiOynak. [To comepkaHuio KaTHOHOB KAIBIUSA Ha UCTOYHMKE Ty3ap10ynak BapeupyeT ot 860 mMr/a a0
1499 mr/m, ato B 573,3-999,3 pa3za Gosblle npeaeabrHO-I0MYCTUMONW KOHIIEHTPAIlMU; Ha UCTOYHHUKE AIIBIOYIaK OT
930 mr/n mo 1325 mr/x, uro B 620-883,3 pa3 Beiue [1JIK; Ha uctounuke TenenOynak ot 1000 mr/n mo 1980 mr/i,
4yro B 666,7-1320 pa3 npessimaer [1]IK. ITo cynsdar-anmonam Ha ucrounuke TysawiOynak ot 4096 mr/n no
20077,85 mr/mn, uaro B 8,2-40,2 pa3a Beime I1JIK; Ha uctounnke AmpiOynak ot 3370 mr/a qo 10841,54 mr/m, 9to B
6,74- 21,6 pa3 npessimraet [1/IK; Ha ucrounnke TenenOymak ot 3360 mr/n go 50816,14 mr/n, uro B 6,72-101,6 pa3
npessimaet [1JIK. o cynedarHo-KanbIreBOMy THITy HanOoJiee BBICOKOE COAEPKaHNE XapaKTEpHO JUIl MCTOYHHKA
TemenOynak. AHanIM3 M0 MUHEPAJIH3alUNd H CyXOMY OCTAaTKy ITOKAa3bIBAaeT, YTO B COJEBBIX pacTBopax o3zepa MHaep
OHHM TIPEBHIMIAIOT: Ha ucTouHNKe Ty3ap10ynak ot 22,3 no 50,9 pa3; Ha ucrounuke Ampioynak ot 17,8 no 38,5 pas; Ha
ucrounnke TemenOymak ot 17,1 go 33,1 pa3, 4To mMOKa3bIBaeT, YTO PacCcOIbl o3epa MHIEp OTHOCATCA K PacCOIBHBIM
MHHEpAIBHBIM BOJIAM.

HccnenoBanust mokaszajid, 4YTO COJIEBOM pacTBop o3epa WHIep OTHOCHUTCS K XJIOPUJIHO-HATPUEBOMY U
cyibdaTHo-KanpLeBoMy TUIy. B cocraBe paccosos, cornacuo [1/IK, npeBbliinaer cojiepikaHie KATHOHOB HATPHS OT
40 mo 143 pas, kanbims ot 17 go 50 pa3; annonoB xjopuaa ot 34 1o 105 pa3; anuoHoB cynbdara ot 6 1o 101 paza.
Heob0xoaumMo OTMETUTB, YTO CO/IEPKAHUE aHHMOHOB XJIOpPAa W KaTHOHOB HATpPUs BbIIE Ha MCTO4HUKE Ty3abIOynak,
coJiepkaHue CyJb(aT aHMOHOB M KaTHOHOB Kalbls Bbllle HAa ucrouyHuke TenenOynak. Takum oOpasom, paccoi
ucrouyHuka Ty3aplOyslak OTHOCHTCS K XJIOPHJHO-HATPHEBOMY, a HCTOYHMKa TesenOyinak — K cyibgarHO-
KaJbLIEBOMY THITy. B 3aBHCHMOCTH OT 0OIIel MUHEpalM3allMi M CyXOro OCTaTka MOYKHO CHeJIaTh BBIBOA, YTO K
HanOoJiee MUHEPaIM30BaHHBIM OTHOCUTCS PACcCOJl HCTOYHHUKA Ty31bI10y1aK.

Takum o00pa3oM, QHU3NKO-XHUMHYECKOe H3yYeHHe JieueOHON Trps3u o3epa MHmep Arteipayckoit obmactu
MO3BOJISIET CHENATh BBIBOM 00 WX COOTBETCTBHH TpPEOOBAaHWSM, NPENBSIBIIEMBIM K Tps3sSM U1 JIe4eOHOTO
ucnoip3oBaHusa. K coxaleHWro, W3y4eHHBIE Pecypchl BRICOKOKAUYECTBEHHOW IeueOHOM Tpsa3u Mumepckoro osepa
HEe3HAYNTENbHBIE H NCTIOIh30BaTh X B IPOMBIIIICHHOM MAacIITabe He MPEICTaBIAETCS BO3MOKHBIM
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