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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/1 to 36868 mg/1 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/1 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/1 to
1499 mg/1, which is 573.3-999.3 times the maximum permissible concentration; at the source of Aschybulak from
930 mg/l 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/l, 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/l 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 arecas of the carth, 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 I/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 homogencous 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/l): 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/l 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/l in 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 /1 in
1961-1963. up to 1499 mg | 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/l to 1980 mg/l, 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/l 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 26.57-39.41
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 TY3JBI TY3ALIKTHIH
THAPOXAMMUSLIIBIK KYPAMBIH TAJIIAY

Annoramusa, Makamaga Ty3apiOymak, AmpiOynak sxoHe TemenOymak ym ke3acH TypaTsiH UHAC) KemiHiH
TY30BI TY3JAPBIHBIH THAPOXHMILIIBIK KypaMblHA Tanaay Oepiaren. CyIblH OpTama >KbLIIBIK IIBIFBIHBI KO3/IEpre
cotikec: Tys0ymak - 12,3 m/c, AmpiOymak - 7.84 n/c xome TememOymak - 9,18 m/c. KenmiH Oammsikraps
KYKIPTCYTEKTIiH KYIITI Hici 0ap TynOara aitHamansl. [lenomararsl cy memmepi 30-35% Kypaiapl, ax temip cyabhumi
op OanmmiblK YIOiH maMaMeH 42 rpaMM, Ty3 KOHICHTPAIMSCH 6T KOFAPHI - MIMKI OANMIBIKTHIH 9p KuiorpaMbraa 200
rpamHaH acraM. Kpucramr KaHKAchl Kamplmi KapOOHATTapel MEH cyiab(arrapmaH Typazapl lmiHaeri OanmbIk
OipTeKTi Kapa, MaliIbl, KYKIpTCyTeri HiciMeH »a0bIcKak. Kym Oemmuexrepi Oap »xepuep 0ap [5].

100 rpamM memona KypaMbIHAA KYKipTcyTeri 6ap - 250 mr, opraHukaibIk 3artap - 1,54 r; kanpuuii kapOoHATHI
OotibIHIma KapOOHATTAp - 8,5, epeKIle aybIPIbIK Kyl - 1,56; 5KeIMy ChIHBIMABLIBLIFEL - 0,32 kamopus. Kenzeri nenounn
KOPBI aUTapIbIKTal.

Herisri (m3mKanbIk >KOHE XHMILIIBIK KOpCETKimTepre coiikec MHAECD KomiHIH OaNmIbIKTaphl: OAIIbIK
epITIHAICIHACTI Cy1a SpUTIH TY3AapAbIH KypaMbIHA ColiKec (I/1) - Ty3Fa KaHbIKKaH (150-1eH acram), cyapduarepain
KypaMbIHA COHKeC (TaOm¥m OaNMIBIKTHIH HMAWBI3ABIK KypambiHAarsl FeS) - sxorapel cympduari (0,50-1¢H sx0Fapsl),
OpTaHbIH peakumAckHA coikec (pH) - con cinrimi (7.0-9.0).

WHaep xeiHiH 0aIMIBIK CyBIHBIH CHIFBIHABICH KypaMsbl (1/71): kamermit 0,29; maramit 0,40; Hatpuit 0,47, xamuit
0,05; xapboHarTap aHbIKTanIMansl, dukapooHarrap 0,009; xmopuarep 2.70; cynbdarrap 1,20 xoHE KaTThl KAIABIK
6,20, pH -7,27.

Tammay kepcerkeHacH, Ty3apI0yIaKTaFsl XJIOPHATIH MeIIepl 3eprTey ke3eHinae 1961 xeumman 2017 sxpura
ngewin 19538 mr/m-nen 36868 mr/n apanbiFbiHAa 00xampl, Oy MEKTI payanasl MemuepacH 55,8-105.3 ece acamsr;
AmpiOynak Ooiterama 12880 mr/m-gen 28080 mr/m mettin, acem ketyi 36,8-80,2 ece; Tenebynakra 11900 Mr m-meH
26000 mr/m-re mewin, 34-74,3 ece apreik. Hartpumit tammayst OoiierammaTy3apiOynakra 10,877 mr/a -28,680 mr/n
Kypaiasl, Oy mekTi payanasl MemepacH 54-143.4 ece acamsr, AmpiOynak Oofsrama 8430 mr/n-acH 21697 mr/m-re
meiin, 42,2-108,5 ece; TenenOynak Oovbrama 8010 mr/m-meH 18280 wmr/m-re nmehiin, 40,05-91.4 ece apteik. By
TaNgAy KOPCETKCHACH, Oy TY3MBIKTAP HATPHH XJIOPHAI TYPIHC »KATAABL, al TY3OBI TY3ABIH CH KOI MeJjImepi
Ty3ap10ymaK ke3i Oomemm Taderaapl. Keszmepaeri KampIui KaTHOHAAPHIHBIH Kypambl OoifbrHma Ty3apiOyiak 860
Mr/n-neH 1499 mr/n-re meiin e3reperni, Oy mEKTI payanasl MemuepacH 573,3-999,3 ece; AmpiOynak kesiaae 930
Mmr/n-neH 1325 mr/n petiin, Oy INPMK-xen 620-883,3 ece xorapsr, TemenOynak ke3iwae 1000 mr 1 6actanm 1980
mr/n geitin, Oyn [HIPM-aen 666,7-1320 ece xorapel. Ty3apI0yiak kesiHzaeri cyiabdar annoHmaps 6otibiHma 4096
mr/-aeH 2007,75 mr/m-re petiin, Oy [IIPM-aew 8,2-40.2 ece sxorapsl, AmpiOymak ke3inae 3370 mr/a-aeu 10841,54
mr/n pewin, 6y HIPM-nmen 6,74-21,6 ece sxorapsr, Tenemoynak kesinae 3360 mr/n-aen 50816, 14 mr/n-re aeitin, 6y
IPM-zen 6,72-101,6 ece »xorapsl. Cymsdar-kampumii Typine cofikec TenenOysmak Ke3i YIIiH €H KOFapbl Ma3MYHbI
TOH. MHHCpAIIaHy MCH KATTHI 3aTTapAsl Tanaay MHaep KeTiHiH TY3IbI CpiTiHALICpiHae, onap: Ty3apI0yIaKk ke3iHae
22.3-ten 50,9 ecere metin; Amproynak kesinae 17.8-acH 38,5 ecere aciiin; TenenOymak xe3inae 17,1-aew 33,1 ecere
Jeitin, Oy MHaep KemiHiH TY3Japhl TY34bl MUHEPAJIbI CYJIAPFA SKATATHIHIBIFBIH KOPCETE 1.

3eprreynep MHACP KOMiHIH TY3AbI CPITIHAICI HATPHI XJIOPHIAl MCH KaJabIHH CYIb(ATHIHBIH TYPIHC KATATHIHBIH
kepcerTi. Ty3apikrapasH KypaMberaaa [1IPM colikec HaTpwit KaTHOHAAPHIHEIH Memiepi 40-taH 143-ke, kambimit 17-
neH 50 ecere aehin; xnopuari anmoHzap 34-teH 105 ecere neiiin; cymbdar anuoHzapsl 6-maH 101 ecere newiH.
Ty3apI10y1aK KO31HAe XI0Pbl AHHOHAAP MEH HATPHUH KaTHOHJAPBIHBIH MEIIICPI >KOFapBl, CyIb()aT aHHOHAAPHI MCH
KaIbIWil KAaTHOHMAPHIHBIH Memmmepl TenenOymakTblH KaWHAP KO3ACPIHAC >KOFApbl CKCHIH aTal OTKEH >KOH.
Conpiven, Ty3mp10y1aKk OYJIaFBIHBIH TY3ABUIBFBI HATPUH XymopuAri, anx TernenOymax Oyiarbl KadbLui CyJIb(PaTThI
TYpiHe ’kaTagpl. JKammel MUHEpanIaHy MEH KATThl 3aTTapra OaimaHsICThl Ty3apI0y1aK OYJIAFBIHBIH TY3IBLIBIFBI CH
MUHEPAIJAHFAH ICTCH KOPBITHIH/IBI )KAacayFa OOIazbl.

ConbMeH, ATbIpay OOIBICBIHAAFBI MHICP KOMiHIH SMIOIK OAMIBIKTAPBIH (DH3HKATIBIK-XHMISIBIK 3CPTTCY
OJIAPABIH TEPATCBTIK MAWAAJaHyFa apHAIFaH OANIIBIKKA KOMBUIATHIH TAJANTAapFa COMKEC KENeal JETCH KOPBITHIH/bI
’KacayFa MYMKIHAIK Oepeni. OkiHimke opai, HAEp KemiHIH »KOFapbl canaibl eMIIK OANIBIKTAPbIHBIH 3CPTTCITCH
KOPJAaphl a3, COHABIKTAH 0JapIbl OHEPKACINTIK MAacTadTa mai1anaHy MYMKIH €MEC.

Tyiiin ceznep: Ty3apiOymak, AmpiOynak, TerenOynak, HATpWil KATHOHAAPHL, KAIBIHMN KATHOHIAPBHI, XIOPHI
AHHOHJAPHL, CYIb(aT AHHOHIAPEL, TY3AbI TY3, MHHEPAIIAHY,, KYPFAK KAIABIK.
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! AThIpayCKHif TOCYJAPCTBEHHBIH YHUBEPCHTET UMEHH X.JI0CMyXaMenoBa;
2 KaJMBIIKHI TOCY AAPCTBCHHBI yHUBEpCcUTET MMeHH B.B. T0poa0BHKOBA,
Omicra, Pecny6mra Kaaveixus, Poccutickas Oeaepanmsa

AHAJIN3 THAPOXUMHYECKOI'O COCTABA
COJIEBHIX PACCOJIOB O3EPA HHJEP

AnHotamus. B cratbe maH aHAIM3 THAPOXMMHYCCKOTO COCTABA COJICBBIX PaccoiioB o3cpa UHaep, KOTOPHIH
COCTOHUT U3 TPEX UCTOUHUKOB Ty3ap10ymak, Ampoynak u TemenOyaak. CpeTHHEA TOTOBOM pacXoa BOABI COCTABIISCT
o uctouHukam: Ty30ymak — 12,3 a/cek, AmpiOynak — 7,84 n/cek u Tenemoynak — 9,18 a/cex.  I'psa3b o3epa mioBas
C CHJIBHBIM 3amaxoM ceposoaopoaa. Coxaepskanme Boael B menouac 30-35%, a CEPHHCTOTO Kene3a — OKOJo 42
TPAMMOB HA KI TPSA3H, KOHICHTPAIUSA COINCH OYCHb BBICOKAT — Oomee 200 TpaMM HA KT CBIPOH TPSA3H.
Kpucrammiaecknit CKeIeT COCTONT M3 KapOOHATOB W CYIb(aToB Kambitna. MHACPCKAS TPA3b OJTHOPOTHAS HCPHASL,
MACJITHUCTAs, JTUIKAs C 3aIIaX0M CEpOBOA0PoAa. BCeTpedaroTes y4aCcTKH, 3aCOPECHHBIC IECYAHBIMU YacTULAMU [ 5].

B 100 rpamMax memouaa COACPKUTCI CepoBOAOPOaa — 250 MT, OpraHmIeCKUX BEMmecTB — 1,54 rp; KapOOHATOB
B ICPECUCTE HA KapOOHAT Kajbumsa — 8,5, yaempHbIH Bec — 1,56; TemmoeMkocTs — 0,32 xamopuid. 3amacsl NCIOUIOB B
03¢Pe 3SHAYHTCTLHBIC.

ITo OCHOBHBIM (PH3HUKO-XUMHUICCKHUM TIOKA3aTSIIM Tpsa3b o3epa HHICP OTHOCHTCA: MO COACPIKAHHIO
BOAOPACTBOPUMBIX CONICH B TPA3CBOM PACTBOPE (B I/A) — COJCHACHINEHHBIM (Oomee 150), mo coaep KaHHIO
cyme(unos (FeS B mpomeHTaX K €CTCCTBEHHOH TPA3H) — CHIBHOCY Ib(raabM (Oonee 0,50), mo peakiu cpeast (pH)
— cmabomerounsM (7,0-9,0) [6].

Boanas BBITSDKKA Tpsa3u o3epa MuAep cocrout (r/m): kampmui 0,29; maramit 0,40; Hatpuit 0,47; xamait 0,05,
KapOOHATHI He OOHAPYXKEHBI, THAPOoKapOoHatel 0,009; xmopumasr 2,70; cyas(arst 1,20 u MIOTHBIH 0CcTaTOK 6,20, TpH
3HaueHuu pH -7.27

[TpoBeaACHHBIH aHAM3 MOKA3BIBACT, UTO COACPKAHHC XJIOPHIOB COCTAaBLeT HAa Ty3api0ymake ot 19538 mr/a oo
36868 Mr/n B mepuo a1 uccmeaoBaumid ¢ 1961 mo 2017 r., YTO MPEBHIMAIOT MPEACTEHO-I0Y CTHMY 0 KOHIICHTPAITHEO
B 55, 8-105,3 pa3.; Ha AmpiOymake ot 12880 mr/n mo 28080 mr/m, mpesbimmeHHEe cocTaBier 36,8-80,2 pa3; Ha
Tenembynake or 11900 mr/x o 26000 mr/a ¢ mpepbimeHneM 34-74,3 pa3. AHanm3 Mo HATPHUIO MOKA3aJ, UTO HA
Tyzapi0ymake cocrasmser 10877 mr/a -28680 Mr/i ¢ IpEeBBIMICHUEM IPEACIBHO-AOIYCTHMON KOHICHTpaImeH 54-
143.,4 pa3; Ha AmpiOynaake ot 8430 Mr/m mo 21697 mr/a mpu npessimeHud B 42,2-108,5 pa3; Ha TenenOynake ot
8010 mr/m no 18280 mr/n mpu mpessnmenun 40,05-91,4 pa3. JlaHHBIA aHATH3 MOKA3BIBACT, YTO JAHHBIC PACCOIBI
OTHOCATCSA K XJIOPHIHO-HATPHCBOMY THIY, MPH 3TOM HAWOOJICC COJNCHBIM TO HATPHIO H XJIOPHIAM SBIACTCS
ucTouHUK Ty3aei0ynak. [1o coaepKaHUIO KATHOHOB KAJbIHA Ha UCTOUHHKE Ty3ap10y 1aK BapsupyeT 0T 860 Mr/I 1o
1499 mr/a, uro B 573,3-999,3 pasza Goplie MpeACILHO-IOMY CTHMOM KOHICHTPAIIMA, HA UCTOYHHKE AIBIOYIaK OT
930 mr/m mo 1325 mr/a, uro B 620-883,3 pa3 eemme [1JIK; ra ucrounnke Tenenbyaak ot 1000 mr/x go 1980 mr/m,
yto B 666,7-1320 pa3 mpesbmuaer ITJK. ITo cympdar-anmonam Ha wmcrounuke Tysmpidynak ot 4096 mr/m mo
20077,85 mr/n, uro B 8,2-40,2 pasa Bemme [1/IK; Ha ncTounmke AmpiOymak ot 3370 mr/a go 10841,54 mr/m, uro B
6,74- 21,6 pa3 npessmmaet [T/IK; Ha ucrounnke TenxenOyaak ot 3360 mr/a a0 50816,14 mr/n, uro B 6,72-101,6 pa3
mpepbrmact [TJK. TIo cyas(paTHO-KaIpIHCBOMY THIY HAHOOICE BBHICOKOC COACPKAHHUC XAPAKTCPHO T HCTOYHHKA
TemenOynak. AHATH3 IO MHHCPAM3AMNA M CyXOMY OCTATKY IMOKA3bIBACT, YTO B COJICBBIX pacTBopax o3epa Muaep
OHH TIPEBBIMIAOT: HA UCTOYHUKE Ty3ap10ymak ot 22,3 10 50,9 pa3; Ha ucrounuke AmpiOymak ot 17,8 mo 38,5 pas; Ha
ucrounuke TenenOymak ot 17,1 10 33,1 pa3, 4To MOKA3BIBACT, YTO Paccobl 03epa MHaep OTHOCATCA K pacCOIbHBIM
MHHCPAIEHBIM BOJAM.

Hccnenopanus moKa3aau, 4YTO COJEBOM pacTBOp o3¢pa MHACP OTHOCHUTCH K XJIOPUIHO-HATPUEBOMY H
cyab(aTHO-KaMBIIHEBOMY THITY. B cocTase pacconos, coriacHo TTJK, mpeBhImacT CoacpskaHue KATHOHOB HATPHS OT
40 mo 143 pa3, xamgemusg ot 17 mo 50 pa3; anuoHOB Xja0puaa ot 34 mo 105 pa3; annoHOB cyib(parta ot 6 10 101 pa3a.
Heo0xoauMo OTMETHTD, YTO COACPKAHHC AHHOHOB XJIOPA W KATHOHOB HATPHS BBINIC HA MCTOYHHKC Ty3IBI0YIAK,
comepKaHue Cyab(aT aHHOHOB W KATHOHOB KAJNBIHA BHIMIC HA MCTOYHHKS TememOymak. Takum 00pasoM, paccor
HCTOUHHKA Ty3apI0yIak OTHOCHTCA K XJIOPHIHO-HATPHCBOMY, a HCTOYHHKA TemenmOymak — K cyjab(aTHO-
KAJBIUCBOMY THIY. B 3aBHCHMOCTH OT OOmICH MHUHCPATH3ALHH M CYXOTO OCTATKA MOYKHO CICNIATh BBIBOA, YTO K
HAU00JICC MHHCPAIM30BAHHBIM OTHOCHTCA PACCOI HCTOYHUKA Ty3abI0y IAK.

TaxkmMm o00pazoM, (HU3HKO-XHMHYCCKOC W3YUCHHC JICUCOHON rpa3u o3cpa MHmep Ateipayckodl o0macTu
MO3BOJICT CHACNATH BBIBOX 00 WX COOTBCTCTBHH TPCOOBAHHAM, NPSABABIACMBIM K TPA3IM I JICUCOHOTO
HCTIONBb30BaHmA. K COMaJCHHUIO, H3YUCHHBIE PECYPChI BBHICOKOKAUECTBEHHOM NeucOHOM rpa3m Muaepckoro osepa
HC3HAYHTCIIFHBIC H HCTIOIh30BATh HX B MPOMBIIUICHHOM MACIITA0¢ HE MPEACTABIHICTCS BO3MOKHBIM
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