N E WS ofthe Academy ofSciences ofthe Republic o fKazakhstan

NEWS
OF THE NATIONAL ACADEMY OF SCIENCES OF THE REPUBLIC OF KAZAKHSTAN

SERIES OF GEOLOGY AND TECHNICAL SCIENCES
ISSN 2224-5278
Volume 4, Number 442 (2020), 6- 11 https://doi.org/10.32014/2020.2518-170X.78

UDC 502

Y. Andasbayevl A. Idrissoval Zh. Kanagatovl, Y. Tokpanovl
G. Kalshanoval, S. Sanin2, G. Issayeva3

:Zhetysu State University named after I. Zhansugurov, Taldykorgan, Kazakhstan;
Macettepe University, Ankara, Turkey;
3AUES, Almaty, Kazakhstan.
E-mail: erl872@mail.ru, kgk67@mail.ru, sanin@hacettepe.edu.tr, guka_issaeva@mail.ru

RESEARCH ON THE QUALITY OF NATURAL WATER
OF ZHONGAR-ALATAU AND ALTYNEMEL NATIONAL NATURAL
PARKS OF THE ALMATY REGION, REPUBLIC OF KAZAKHSTAN

Abstract. The relevance of this research is connected with strengthening of anthropogenic and technogenic
impact of pollutants on the biosphere in the Republic of Kazakhstan and in the world. The greatest influence of
ecotoxicity is experienced by the water environment, being the final reservoir of the most pollutants. Over the past
25-30 years, the structure of water use has changed, which is expressed in a sharp increase in the social component of
water use. The share of household and drinking water supply increased from 11% in 1980 up to 28% in 2018. In this
connection, there is a real problem of drinking water quality, which is determined by contamination of natural water,
unsatisfactory water treatment at water supply stations, secondary pollution in spreading networks. The article
presents the results of physico-chemical indicators of the quality of natural water and experimental studies in
Zhongar-Alatau and Altynemel National Natural Parks. Quality control of natural water was carried out by the basic
laboratory of the Testing Center of Taldykorgan branch of Joint Stock Company “National Center of Expertise and
Certification”. The laboratory was certified by the State Standard of the Republic of Kazakhstan for the right to carry
out analyses of water sources and drinking water in all respects according to state standards. Experimental
conditions: air temperature - 20°C, relative humidity - 71%.
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Introduction. The geological-structural and climatic conditions of the territory of Zhongar-Alatau
National Natural Park (hereinafter, NNP) promote formation and spread fissure and fissure-veined type
underground water in Palaeozoic strata sediments, pore and pore-layers type in Meso-Cenozoic sediments.
Waters are joined with various aquifers and complexes.

The water-bearing complex of Paleozoic effusive-sedimentary deposits is associated with effusive
rocks, tuffs, conglomerates, less often with sandstones and limestones.

Good exposure and fissure of rocks with a significant amount of precipitation, presence of snowfields
and glaciers favor formation of fresh groundwater. The capacity of the most flooded fissure zone is 100-
150 m, underground water depth is up to 5 m in the valleys of thalwegs, up to 100 m on the slopes and
watersheds. Fissured water obtains the main nourishment in the spring from melting snow and during
autumn-summer rains.

Water-inflow feature of Paleozoic rocks naturally increases from the root of mountains to its peaks
and from higher mountain massifs to low mountain spurs. Discharge of the most wellsprings in effusive
and metamorphic rocks varies from 0.5 to 2 I/s, in granites, conglomerates, sandstones it is 2-3 I/s. Areas
oftectonic disturbances are especially watery, where the discharge of wellsprings reaches 5-10 I/s.

The water-bearing complex of Pre-Paleozoic and Paleozoic metamorphosed rocks is connected with
fissured gneisses, shales, sandstones, siltstones, conglomerates and it is developed in upstreams of the
Aksu, Lepsi rivers.
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The depth is 50-60 m, water-inflow is different and depends on nourishment conditions, location,
lithological composition and fissuring degree.

Wellsprings joined to the fissured zone have a discharge from 0.5 to 10 I/s. Water is fresh, mainly
contains bicarbonate calcium.

A groundwater regime is closely related to climatic factors. In the late spring and summer, due to
intensive snow melting, the discharges of wellsprings increase and reach a maximum value, whereas in
winter they decrease reaching a minimum value.

Intermountain areas, located among the mountain ranges, are characterized by a great variety of
shapes, sizes, altitude position, geological structure, and conditions of underground run-off. The capacity
of sediments in basins varies from ten to several hundred meters. Their geological structure is different.
Large basins are made of Neogene-Quaternary sediments, smaller ones (Pokatilovskaya, Kolpakovskaya
basins) only of Quaternary sediments.

The groundwater depth in Quaternary sediments predominantly of gravel and pebble composition
varies from 80 m near the mountains up to 1-2 m in the valleys of the basal rivers. The direction of
groundwater flow, as a rule, coincides with the slope of the surface and goes out from the outskirts to the
centres of basins, in river valleys along their stream flow.

The aquifer of the Upper Quaternary-Modern alluvial sediments widespreads in the valleys of the
Baskan, Lepsi, Tentek rivers, it is joined to the sediments of flood plains and first above-floodplain
terraces. The lithological composition of the water-bearing strata is various, ranges from boulder and
pebble in the upstream of rivers, to sandy, sandy-loamy and loamy in the lower reaches.

The underground water lays at a depth of 0.8-8.0 m. Mineralization varies from 0.1 to 1.4 g/l,
composition is calcium carbonate and magnesium, and transferring to plains the composition changes to
sulphate-hydrocarbonate calcium-sodium.

In the river valleys, underground water is closely connected with surface water. They feed on river
water, atmospheric precipitation and, to a lesser extent, flowing from the mountains. Water-inflow of
rocks is high, specific discharges of boreholes at least 1-2 I/s, wellsprings discharges - 2-3 I/s. Water is
predominantly fresh hydrocarbonate calcium and calcium-sodium, sometimes magnesium. Regime is
unstable. Fluctuations of underground water level are closely related to changes in water discharge in
rivers and depend on precipitation. Maximum discharges of wellsprings are observed in spring, Minimum
- in January and February.

Depending on the nourishment conditions in different landscapes and climatic zones, a composition
and mineralization of underground water changes. In general, fresh water is predominant in the territory of
the Zhongar-Alatau NNP, among which are ultra-fresh, slightly mineralized and relatively high
mineralized.

Ultra-fresh water (with mineralization up to 0.1 g/lI) is common in the fissured Paleozoic sedimentary
and igneous rocks ofthe nival and partly meadow belts.

Composition of water is calcium bicarbonate, less often the chloride-hydrocarbonate, sulphate-
hydrocarbonate sodium-calcium. With the decrease in the altitude, mineralization increases, the
composition becomes predominantly hydrocarbonate, chloride-hydrocarbonate sodium or magnesium-
calcium.

Weakly-mineralized (with mineralization of 0.2-0.5 g/l) fresh water is formed in meadow-forest,
forest-steppe and partly steppe landscapes, mainly in the midlands. The water is joined to fissured
Paleozoic rocks which expose on peaks and slopes of mountain massifs, as well as to loose sediments that
form intermontane basins. The composition of water is calcium bicarbonate with a small amount of
sulphates and chlorides.

Fresh underground water with mineralization from 0.5 g/l to 1 g/l is formed within the lower part of
the middle altitude, in the steppe belt.

The composition of water is calcium bicarbonate, often sulphate-hydrocarbonate sodium-calcium and
hydrocarbonate-sulphate calcium-sodium.

In the low mountain area, brackish water with different degrees of mineralization (from 1g/l to 5 g/l)
prevails in certain areas.

Review of scientific literature. In the territory of Zhongar-Alatau NNP underground water with
mineralization of 3-5 g/l is joined to saline Neogene sediments. Brackish water both pore and fissured,
have a hydrocarbonate-sulfate calcium-sodium or calcium-magnesium-sodium composition [1].
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According to the Research Contract of February 4, 2018, under the budget program 055 “Scientific
and (or) scientific and technical activities, sub-program 101" on the theme “Comparative analysis and
monitoring of air pollution, soil, water in anthropogenically disturbed buffer zone in a protected regime of
Zhongar-Alatau, Altynemel National Natural Parks” in these specially protected natural areas,
experimental studies were carried out to determine the quality o fnatural water.

The purpose of the research was to determine the quality and level of pollution of water in Zhongar-
Alatau and Altynemel NNP.

The following tasks were solved as a part of researches:

- defining physicochemical indicators ofthe quality of natural water;

- analysis the pollution level of studied water.

Quality control of natural water was carried out by the basic laboratory of the Testing Center of
Taldykorgan branch of Joint Stock Company “National Center of Expertise and Certification”. The
laboratory was certified by the State Standard of the Republic of Kazakhstan for the right to carry out
analyzes of water sources and drinking water in all respects according to state standards [2-6].
Experimental conditions: air temperature - 20°C, relative humidity - 71%.

Discussion. In Zhongar-Alatau NNP, the researches to define water quality were carried out on April
11, 2018.

Water samples were taken from the rivers Sarkan and Lepsi. The results of the researches are
presented in table 1.

According to the results of the research, natural water meets the regulatory requirements of GOST
according to the above quality indicators.

The territory of Altynemel National Natural Park (hereinafter, NNP) is a part of Ili semi-desert zone
on of Ili-Balkhash-Alakol desert basin. According to hydrogeological zoning in the studied region, the
basins of the underground water of the Altyn-Emel, Koyandytau ranges in the north and the Katutau,
Atyzhek, Koktas ranges in the east and in the south are allocated, between which there is a small
intermontain Basshiy-Konurolen underground water basin opened to the south towards Kopa-Ili artesian
basin of the first order.

The south-eastern part of the territory to the south of Katutau mountains is the northern side of the
Zharkent artesian basin ofthe second order [7].

Underground water is non-artesian, in some places sub-artesian. The greatest underground water lay
depth (65-100 m) is typical for the nourishment zone in the foothills. In the central part of the basin the
water level approaches the surface, the underground water of the water complex is unloaded in the form of
wellsprings.

Table 1- Results of experiments of defining water quality in Zhongar-Alatau NNP

No Item Standard indicator Sarkan river Lepsi river
1 Hardness, mmol/dm3 no more than 7 21 41
2 Alkalinity, mmol/dm3 0,56,5 23 36
3 Calcium, mg/dm3 25-130 17 23
4 Magnesium, mg/dm3 565 24 108
5  Hydrogen index, units, pH 6-9 771 7,87
6 Total mineralization (dry residue), mg/dm3 no more than 1000 100 150
7 Permanganate oxydizability, mg/dm3 no more than 5 1,26 1,72
8  Iron (total), mg/dm3 no more than 0,3 not detected 03
9 Sulfates, mg/dm3 no more than 500 40,31 401
10  Chlorides, mg/dm3 no more than 350 443 49
11 Hydrocarbonates, mg/dm3 30-400 140,3 219,6

The water-inflow of the complexes is high. Discharges of wells vary from 30 to 107.1 I/s, with
decreases of 0.6-1.5 m, respectively. The average wells discharge is 60 I/s. The specific discharge rates in
the Konurolen block are 1.23-5.14 I/s-m, on the average 4.0-5.0 I/s-m. In the transitional zone between
blocks, the specific discharge rates are reduced to 0.2-1.0 I/s-m. In the Basshi block the specific discharge
rates of wells are 0.1-7.14 l/s-m.
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In Altynemel NNP, the researches were carried out to define the quality of underground water on
April 29, 2018. Water samples were taken at Mynbulak cordon and in Basshi village, where Altynemel
NPP’s office is located

Results, shown in table 2, were obtained during the tests.

Table 2 - Results of the researches on defining water quality in Altynemel NNP

No Item Standard indicator Mynbulak cordom Basshi village
1 Hardness, mmol/dm3 7 at most 24 23
2 Alkalinity, mmol/dm3 056,55 21 19
3 Calcium, mg/dm3 25-130 18
4 Magnesium, mg/dm3 565 36 3
5 Hydrogen index, units, pH 6-9 7 7
6 Total mineralization (dry residue), mg/dm3 no more than 1000 200 120
7 Permanganate oxydizability, mg/dm3 no more than 5 0,64 0,48
8 Iron (total), mg/dm3 no more than 0,3 0,05 03
9 Sulfates, mg/dm3 no more than 500 49,1 179
10 Chlorides, mg/dm3 no more than 350 245 21
n Hydrocarbonates, mg/dm3 30-400 126 102

Conclusion. According to the data of Table 2, the following conclusion can be drawn: according to
the basic physicochemical indicators of quality, natural water meets the requirements of COST.

Thus, in Zhongar-Alatau and Altynemel National Nature Parks in April 2018, the researches were
carried out to determine the quality of natural water, laboratory tests confirmed compliance with the
normative requirements for the natural water quality of the Sarkan and Lepsi rivers, water at Mynbulak
cordon and in Basshi village.

E. AHpac6aesl A. Ngpucosal, XK. Kanaratosl, E. ToknaHoBl, I'. KanxaHoBal C. CaHuH2 I'. WcaeBa3

1 >KaHcYTipoB atbiHAarbl XKency MeMnekeTnk yHuBepcuteT” TangbikopraH, KasakcTaH,;
2Xamxetenne yHuBepcuteT AHkapa, Typkha;
3AY3C, Anmarsl, KasaxctaH

KA3SAXCTAH PECMNYBINKACHI AIMATbLI OB/1IbICBIHAAT bl )KOLIFTAP-ANATAY
KIOHE ANTTBIHEME ¥NTTbL, TABUTW NAPKTEPIHAEN1
CY Ke3AEPW W KYUTH3EPTTEY

AHHOTaumsa. 3epTTeyal, esekTiniri KasaxctaH Pecny6nvkacbl mMeH AYHUEXY3iHAE aHTPOMOreHAIK >K3He
TEXHOreHAL acTaiTbiH 3aTTapAblH 6rocdepara TUri3eTiH acepLy, KYLUeloiHe 6aiinaHbicTbl. KenTereH nacraylubl
3aTTapAblL, COHMbl HATWXKECI 6OMbIN caHanaTbiH 3KOTOKCKOMOTMAMBIK 3cepre Cy/bl opTa Gipwama Ken “wblpaifbl.
CoHrbl 25-30 Xxblfga cyfpl nadganaHy K¥pbiibiMbl Gipllama e3repicke “blparaHAblKTaH, OHbIH 3/71eyMeTTIK
K~pamgac 6eniri >xegen gambigpl. LLlapyalibinbIK X3He aybl3CyMeH kamTamachi3 eTygiH Yneci 1980 xbinrsl 11%-gaH
2018 xbinbl 28%-ra feiiH apTTbl. Tabury CygbiH facTaHyblHa 6ainaHbICTbl Cy K¥ObIpbl GekeTTepiHge TasanayablH
Kasipri TananTapAbl KaHaraTTaHAbIpMayblHa, 6eny TopanTapbiHAa eKiHLI peT nacTaHyblHa 6alinaHbICTbl aybi3CyAblH
canacbl LUbIHaibl €3eKTi Macefnere aiHanyga. Makanaga YXoHrap-Anatay >x3He AUITbIHEMEN “TTbIK Taburu
napkTepiHgeri Taburu cy canacbiHbIH QU3NKa-XUMUATBIK KEPCETLLLLTEPLLILLL HITUXENEPI XaHe Tax1pubenbakcnepu-
MeHTaNAbl 3epTTeynep 6epinreH. CyabiH canacbliH 6aKbinay «¥NTTbIK 3KCMEPTU3a XIHE CepTU(MKaLUA OpTasbIKy»
aKLMOHep/ILL KorambiHbIH 6a3anblK 3epTTey 3epTXaHacbiHAa Xacanabl. 3epTxaHa MEMEKETTIK CTaHAapTTapra calikec
6apnblk KepceTK1lwTep GolibiHWA Cy Ke3iHiH TangamacbiH anyra K¥Kbirbl 6ap KasakctaH Pecny6/MKacbiHbIH
MEMJIEKETTIK aTTecTaTay KOMWCCUACHI cepTudmkaTTaraH. 3epTtey >KYprisy LwaptTapbl: Temnepatypa 20°C,
canbICTbipManbl biNranabinbiK 71 %.

«>KoHrap-Anartay» "TTbIK Taburn napkl (6°gaH api - ¥TI1) aymarbiHbIH FeofornablK-K¥pbINbIMAbIK X3He
KIMMATTbIK XKarjainapbl Me30-KaliHO30l LeriHginepiHae naneo3oi KabaTTapbl, MOPO/bIK XX3HE MOPO/bIK-KabaTTbiK
LWeriHginepae XepacTbl CyNapbiHbIH XapblK YX3He XapblK-NPOXHIKabIK TYPIHLL, KafbINTacyblHa X3He TapaiyblHa
biknan eteg” Cy TYpAi Cy/bl AeHTel XaHe KelleHAepMeH KOCblnagbl.
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Maneo3oligbl aQdy3nBTI-LIEriHAI WerwAwepaLy Cy/bl Kewew 3¢ ¢y3nBn XbIHbIC, Tyd), KOHIIOMEpPaT, CUPEK
K"\M XK3He 3KTacTapmeH 6alifaHbICTbl.

JKaKcbl 3KCMO3MLMA X3He Ken Mefwephe >KayblH-LuallblH TYCETIH Tay XXbIHbICTAPbIHbIH Xapbliybl, Kap
ankKanTapbl MeH M"\34bIKTapablH 60/ybl XKepacTbl T Wbl CYbIHbIH Naiifa 60nyblHA KoMalinbl. YXKapblKLakTapablH cy
HackaH aiimarbiHbIH KyaTbl 100-150 M, )KepacTbl CynapbiHbIH TEPEHAITT - Ta/lbBEr ankanTapbiHaa 5 M, 6eTKeld MeH cy
6eniHicTepiHge 100 M gewHn menwepai k™paigbl. YKapbiiraH cy KekTemfe KapAblH epyLueH X3He KY3ri-xasFbl
XaHO6bIp Ke3iHAe Hen3n TamakTbl anagbl.

Maneo30i >bIHbICTAPbIHbIH CYNbl-arbIHAbIK CNaTTamachl Tay TYGIHEH LUbIHbIHA X3He LUK Tay MacCUBTEPIHEH
TEMEH Tay cluemieplue geiiiH 3aHapl TYPge Anrasgsl. 3ggysuBTi XaHe MeTaMOphUKa/bIK XbIHbICTapAarbl 6™nak-
TapAblH KEMNWIIFiHIH WhIrbiHbl 0,5-TeH 2 fi/c, rpaHnT, KOHToMepaT, K MTacTapga 2-3 n/c K \paiigpl.

Maneo3oin 3He Maneo3oin MeTaMop(U3AEHTeH KbIHBICTAPAbIH Cy/bl KeLleHi XkapbiiraH FHeicTep, TakTtarac,
K¥MTAC, aneBpOINT XK3HE KOHIIoMepaTTapra 6aiinaHbICTbl XxaHe AKCy, Jlena e3eHAepiHiIH XXOoraprbl XarbIHa AaMuabl.

XaTbin kany TepeHgiri 50-60 M k”palifpl, cy arbiHbl TYPAi TaMakTaHy, OpHaiacy arfalibliHa, MTON0rUANbIK
K\pamblHa YX3He Kapbliy A3peXxeciHe GainaHbICTbl. YKapbliraH aliMakka XaHacaTblH “Hreimanap 0,5-TeH 10 n/c-ra
JeLlH WbIrbIHra 3Keneai.

YKepacTbl CynapblHbIH PeXVUMI KIMMATTbIK (akTopnapra Thirbi3 6ainaHbiCTbl. KEKTEM COHbIHAA X3HE Xkasfa
Kap Xblfgam epuTiHAIKTEH MUbIMa Ke3fepiHiH Terinici Anrasgbl XsHe eH Xoraprbl M3Hre, an KbiCTa asaibin, eH
TEMEHTi M3Hre xeteg”

Tay >oTasfapbiHblH apacbiHAa OpHanackaH TayapasblK ayfaHfap HbicaH, efnem, OLIKTe OpHanacybl,
reonorusnbiK K pblibiMbl MEH >KepacTbl arblH XXarfainapbiHbiH anyaH TYpAiniri apkbiibl cunattanagbl. bacceiH-
Jepgeri weriHginepgid Kyatbl OHHaH GipHelue Y3 MeTpre fJellH aybITkuibl. OnaphbliH reonoruanbiK K pbiibiMbl
apTYpni. Ipi GacceliHgep HeoreH-TePTTIK LWeriHginepaeH, an ~caktaybl (MokaTunoska, Konnakoska LU/ HKbIpnapbl)
TeK TEPT/IK LUeriHginepaeH Tvpagb!.

XKepacTbl cynapbiHbIH TEPTMK LWeriHAiAe OpHaacy TepeHairi HeM3weH rpaBuAnbIK-ranaibik K pamMHbIH Tayra
XakblH 80 M-geH 6asanfibl e3eHfep ankabbiHAa 1-2 M-re fewH aybITKuabl. YKepacTbl Cy/nap arbiHblHbIH 6arbiThl,
afetTe, YCTiHM KabaTTbiH EHICTIFIMEH C3MKEC Kenefi >aHe LeTweH 6acceiHAepAiH OpTanbiKTapbiHa, OnapgblH
apHasbIK arbiCbl G0MbIHAArbI €3eH a/lKanTapblHa WhIragpl.

TyLWwH ce3fep: cabICTbipManbl Tasigay, MOHUTOPYHT, XepacTbl Cynapbl, Cy canachl, “NTTbIK NMapKTep.

E. AHpac6ael A. gpucosal, XX. Kanaratosl, E. ToknaHoBl, I'. KanxaHoBal C. CaHuH2 I'. VcaeBa3

DKeTbICYCKHIA rocyAapCTBEHHbIN yHMBEpCUTET UM. Minbsca XaHcyrypoBa, TangbikopraH, KasaxcraH;
2YHueepcuteT Xamketenne, AHkapa, Typuus;
3AY3C, Anmarsl, KasaxctaH

N3YYEHWE COCTOAHNA BOAONCTOUHNKOB
XXOHIAP-ANNATAYCKOIO N AITBIHEME/IbCKOTIO HAUMOHA/IBHbBIX
MPNPOAHBIX MAPKOB AJIMATUHCKOW OBJTACTW PECMYBANKWN KASAXCTAH

AHHOTauusa. AKTyalbHOCTb HACTOALLEr0 UCCNeA0BaHMSA CBA3aHa C YCWUIEHWEeM aHTPOMOreHHOro M TeXHOreH-
HOrO BIUSIHWS 3arpAsHAIOWLMX BeLLeCTB Ha 6uoctepy B Pecny6bnmke KasaxctaHa u B Mupe. Hanbonbluee BAnaHWe
9KOTOKCMYHOCTW WCMbITbIBAET BOAHAA Cpeda, SBNAACh KOHEUYHbIM pe3epByapoM 6O/bLUMHCTBA 3arpA3HAOLLMX
BelecTB. 3a nocnegHue 25-30 neT M3MeHWnach CTPYKTYpa WCMOMb30BaHWSA BOAbl, YTO BbIPasvaoCch B Pe3KOM
YBE/IMYEHNN COLMANbHOW COCTaBNAOWEN BOAOMNOMb30BaHNA. [lons XO3AACTBEHHO-MUTLEBOTO  BOLOCHAOXEHWS
Bbipocna ¢ 11% B 1980 r. go 28% B 2018 r. B cBSi3n € 3TM peasibHO CyLIECTBYET Npo6sieMa KayecTsa NUTHEBOM
BOAbI, Onpejensemas 3arps3HeHVieM NpUpoAHOI BOAbl, HEYAOBJETBOPUTENIbHON OUMCTKON €e Ha BOAOMPOBOAHbIX
CTaHLMAX, BTOPUYHBLIM 3arpsisHEHMEM B Pa3BOLALLMX CETAX. B cTaTbe faHbl pe3ynbTaTbl (IU3MKO-XUMUYECKMX MOKa-
3aTeneli kavecta NPUPOLHOI BOAbI U OMbITHO-3KCMEPUMEHTaNbHbIE UCCNef0BaHUA B MKOHrap-AnaTayckom u
ANTbIHEMENBCKOM HALMOHaNbHbLIX MPUPOAHLIX Napkax. KOHTponb KauecTBa BOAbl OCyLlecTBsncs 6a30Boi
nabopaTopuein UCMbITaTeNIbHOro LEHTPa aKUMOHEPHOro obLecTBa «HauuoHanbHbIA LEHTP 3KCMNEepTM3bl U CEepTU-
thrkaumm». JlabopaTopms aTTecToBaHa rocyfapCTBEeHHOM komuccuein Pecny6nnkm KasaxcTaH Ha NpaBo NpoBeAeHms
aHann30B BOAbI MCTOYHMKOB MO BCEM MOKA3aTesM COrfacHO rocyfapCTBEHHbIM CTaHAapTam. YCnoBus NpoBefeHus
NCMbITaHWiA: Temnepatypa 20°C, 0THOCUTENbHAS BAAXKHOCTL 71 %.

["e0n0ro-CTPYKTYpHbIE U KMMATUYECKME YCNIOBUA TEPPUTOPUM HALMOHAbHOTO NMPUPOAHOro Mapka “MXoHrap-
Anatay" (nanee-HMIM) cnocobcTBYOT (HOPMMUPOBAHMIO U PACcrPOCTPAHEHWIO TPELUMHHOMO U TPELLMHHO-NPOXMIKO-
BOr0O TWMNa NOA3eMHbIX BOJ, B OTOXEHUSAX Mase030MCKUX TOMLL, MOPOBOro U NOPOBO-CMIOEBOIO TUNa B Me30-KaliHo-
30/ACKMX OT/IOKEHUSAX. Boapbl COEAMHAIOTCA C pa3nMYHbIMU BOLOHOCHBIMU FOPU30HTaMMU U KOMMIEKCAMM.
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BOLOHOCHBIV KOMMNEKC Maie030MCKNX 3Py3nBHO-0CAA0HHbIX OT/IOXKEHWIA CBA3aH C 3y3nBHBEIMM MOpoja-
MU, Tyamu, KOHTIoMepaTaMu, pexxke ¢ NecyaHKamm 1 U3BECTHAKAMM.

XopoLas 3KCNo3nLUa 1 TPELLMHOBATOCTb FOPHbLIX MOPOA CO 3HAYMTENbHBLIM KOIMYECTBOM OCafKOB, Hanuue
CHEXHbIX NOJSiel 1 NegHMKOB 61aronpuATCTBYIOT 00Pa30BaHMIO NMPECHLIX MOA3EMHbIX BOA. MOLHOCTL Hambonee
3aTOM/IEHHON 30HbI TpewwmH coctasnsieT 100-150 M, rnybuHa noA3eMHbIX BO4 - 40 5 M B JO/IMHAX Ta/bBEroB, 40
100 m Ha CKOHax v Bogopasgenax. TpewuHoBaTas Boga Noy4vaeT OCHOBHOE MUTaHVe BECHOW OT TasHNSA CHera v BO
BPEMS OCEHHE-NIETHUX JOXAEN.

BofHO-NpMTOYHaA XapaKTepUCTMKa Mase030MCKNX MOpo4 3aKOHOMEPHO BO3pacTaeT OT KOPHA TFopbl K ee
BepLUMHaM U OT 60ree BbICOKMX FOPHbIX MACCMBOB K HU3KUM FOPHbIM OTporam. Pacxof 60/bLIMHCTBA POLHMKOB B
3(hpy3nBHBIX U MeTamopguueckmnx nopogax konednerca ot 0,5 go 2 n/C, B rpaHuTax, KOHrnomepaTax, necyaHuKax
OH cocTaBnseT 2-3 f/C. y4yaCTKM TEKTOHMYECKMX HapyLUEHWI OCOOGEHHO O06BOAHEHbI, e pacxof POAHUKOB
pocturaet 5-10 n/ c.

BOLOHOCHBIV KOMMIEKC JONae030MCKMX W Naneo30iCKUX MeTaMOP(M30BaHHbIX NOPOJ, CBA3aH C TPELLMHO-
BaTbIMU THelicamMu, CnaHuamu, MecuaHukamu, aneBpoauTaMu, KOHF/iIoMepaTamMu U pa3BMBAETCS B BEPXOBbSX PeEK
Axcy, Jlencw.

ny6uHa 3aneraHnsa coctasnseT 50-60 M, MPUTOK BOAbI PasHblii U 3aBUCMT OT YCNOBWUIA MUTaHUA, pacnono-
YKeHUA, NMNTONOMMYECKOr0 COCTaBa U CTeMeHN TPELLMHOBATOCTH.

CKBa@XMHbI, MPMMbIKAIOLLME K TPELMHOBATOM 30He, MMetoT pacxog oT 0,5 o 10 n/c. Boga npecHasi, B OCHOB-
HOM COAEPXXUT BuKapboHaT KabLus.

PeXXnm nof3eMHbIX BOZ TECHO CBfA3aH C KNUMATUYeCKMMWN (hakTopaMu. B KOHLe BECHbI 1 NEeTOM U3-3a UHTEH-
CVBHOIO TasHWsA CHera cOpoChbl CKBXXMHHbBIX UCTOYHNKOB YBENIMUMBAKOTCA Y AOCTUTAIOT MaKCUMa/IbHOTO 3HaueHus,
TOra Kak 3MMOI OHU YMeHbLUIAKOTCA, 0CTUTas MUHUMaIbHOTO 3HAUEHNS.

MeXXropHble palioHbl, PacrosioKeHHbIE CPeAN FOPHbIX XPeOTOB, XapaKTepusyrTCs 60bLIMM pasHoo6pasnem
(hopM, pasmepoB, BbICOTHOIO MOMIOXEHWUS, Fe0N0MMYECKOr0 CTPOEHUS U YCIOBMIA NOA3EMHOr0 CTOKa. MOLHOCTb
OTNIOXKEHWIA B 6acceilHax Konebnetcs 0T AecATM A0 HECKONIbKUX COTEH METPOB. VX reonornyeckoe CTpPOeHue
oTnnyaeTcs. KpynHble 6acceliHbl COCTOAT 13 HEOreH-YETBEPTMYUHbLIX OTNIOXKEHWIA, 6onee menkue (IMokaTunioBcKas,
KonnakoBckas KOTNOBWHbI) - TOMbKO Y3 YEeTBEPTUUHbLIX OT/I0XKEHUIA.

ny6uHa 3aneraHns rPYHTOBbLIX BOA B YETBEPTUYHBIX OT/IOXKEHMSX MPEVMYLLECTBEHHO FPaBUHO-TraNeYHOro
coctasa Konebnetca oT 80 M B6/m3M rop go 1-2 m B fonMHax 6asaibHbIX pek. HampaBneHue CTOKa rpyHTOBbLIX BOZ,
KaK MpaBw/io, COBMagaeT C YKNOHOM MOBEPXHOCTU U BbIXOAWUT OT OKpPauH K LieHTpam 6acCeiiHOB, B peYHble JOMWHbI
BLO/b UX PYCNOBOr0 TEYEHMS.

KntoueBble cnoBa: CpaBHUTENbHbI aHan3, MOHUTOPUHI, MOA3EMHbIE BOAbl, KAYeCTBO BOAbI, HALMOHa/IbHbIE
napku.
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