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

KaszakcmaH Pecniybnukacbl ¥nmmebiK fbliibiM akademusicbl "KP ¥FA Xabapnapbi. [eonoausi xoHe
MeXxHUKarbIK FbifibiIMOap Cepusicbl” fbinbIMU XypHanbiHbiH Web of Science-miH xaHanaHfaH HyckKachbl
Emerging Sources Citation Index-me uHOekcmernyze KabbindaHraHblH xabapnaldbl. byn uHdekcmeny
b6apbicbiHOa Clarivate Analytics kommnaHusicel XypHandel odaH opi the Science Citation Index Expanded,
the Social Sciences Citation Index xeHe the Arts & Humanities Citation Index-ke Kabbinday moceneciH
Kapacmebipyda. Webof Science sepmmeywinep, asmopnap, bacnawhbinap MEH MeKeMesiep2e KOHmMeHm
mepeHOiei meH canacblH ycbiHaObl. KP YFA Xabapnapbi. [eonoeusi xoHe mexHUKasblK fblibiMOap
cepusicel Emerging Sources Citation Index-ke eHyi 6i30iH KoramOacmabiK yWiH eH e3ekmi xoHe 6edesndi
2eo0rs102usl XoHe mexHuKarnbIK fblribiMdap 6olbiHWa KOHMeHmke adandblfbiMbi30b! 6ir1dipedi.

HAH PK coobwaem, ymo Hay4HbIl xypHan «3gecmusi HAH PK. Cepusi 2eonoauu u mexHU4eCKUxX
Hayk» bbln npuHsam 0Onsa uHdekcuposaHusi 8 Emerging Sources Citation Index, obHoeneHHoul sepcuu Web
of Science. CodepxaHue 8 amomMm uHOeKkcuposaHuU Haxodumcsi 8 cmaduu paccMompeHuUsi KomnaHueul
Clarivate Analytics Ons OanbHeliweao npuHsamus xypHana e 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 uccriedosameriel, asmopos, u3damernel U y4dpexoeHud.
BknoyeHue Useecmusi HAH PK. Cepusi eeonoeuu u mexHudeckux Hayk e Emerging Sources Citation
Index demMoHCmMpupyem Halwy NpueepXeHHOCMb K Haubonee akmyasbHOMY U 8/1USIMESIbHOMY KOHMEHMY
10 2e0/102UU U MEXHUYECKUM Haykam Orisi Hawezao coobujecmea.
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OPTIMIZATION OF QUANTITATIVE INDICATORS
OF COMPLEX SEISMO-HYDROGEOCHEMICAL MONITORING
WITH THE PURPOSE OF FORECASTING STRONG EARTHQUAKES

Abstract. The quantitative indicators of seismic hydrogeochemical monitoring (SHCM) conducted on the
geodynamic forecasting sites of Asia are considered. It is noted that continuous multi-parameter observation is
implemented on the basis of simultaneous measurement from several to tens of parameters of groundwater. The most
common complex includes about 10-15 parameters (F, CI, HCOs, CO3, SO4, H4Si04, Rn, He, Ha, CO», Ph, Eh, Qngle,
Hievel, Twater-) monitoring over many decades it has been established that the informativeness of the obtained forecast
data does not depend on the number of measured parameters, but is determined by the cumulative effect of sensitive
components for a given water product observed. Therefore, the optimization of the list of observable parameters for
the entire landfill as a whole should be differentiated taking into account the features of each water point. This allows
you to dramatically reduce the number of parameters of observation and get rid of the "ballast" indicators.

Key words: seismic hydrogeochemistry, monitoring, earthquakes, forecast, hydrogeochemical anomalies,
informative.

After Tashkent (1966), Dagestan (1970) and especially, the Haichen catastrophic earthquake (1975),
predicted by Chinese seismology, intensive multidisciplinary seismic prognostic studies began all over the
world. Along with seismological and geophysical methods, large-scale geochemical and hydrogeological
observations were deployed in order to search for precursors and forecast strong earthquakes [1,3,4,5,8,9].
It is necessary to emphasize that earthquakes of various energies constantly occur on the Earth as a
continuous chain of events; meanwhile, the forecast can be made only for those rare events that are of a
destructive nature. The need to forecast such earthquakes for different areas is determined differently,
based on the level of their seismic activity [2,3].

Ideology of geochemical and hydrogeological monitoring. The forecast paradigm was based on the
well-known models of earthquake preparation and on this basic avalanche-unstable crack formation
(AUC) and diffusion-dilatant development of the source (DD). It was assumed that in the focal zone of the
earthquake there occurs a jump-increasing accumulation of elastic energy, which after a critical state
passes to a mechanical discontinuity of the continuity of the medium with the generation of seismic
waves, 1.e. to an earthquake. It is assumed that in this process a wide class of precursors of various
amplitudes should arise in deformation, geophysical, geochemical, and hydrogeological fields. The
occurrence of hydrogeochemical anomalies was associated with the arrival of new fluids from the focal
zone or the displacement of different chemical composition in the preparation zone of the earthquake
[1,2,4-11]. The forecast paradigm consisted in solving the inverse problem: by the signs - the precursors
and by the time of their development in the controlled area to establish the probable time and place of
occurrence of the expected event, and by the intensity of anomalies - their probable energy. This scientific
concept has determined the main way to achieve the goal - the creation of continuous mode
multidisciplinary observations at special test sites on the principle: the wider the area and the larger the set

— |4 ——
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of observation parameters, the more reliable the detection of precursors. With sufficiently strong financial
support from the states, especially the USSR, China, Japan, Italy, Greece, etc., in the 1980s — 1990s, large-
scale monitoring observations were conducted to predict earthquakes on so-called geodynamic or
prognostic sites. For example, in the USSR such landfills unfolded in all seismic areas of the Caucasus,
Central Asia, Kazakhstan, Baikal and the Kuril-Kamchatka region, where they began to observe more than
a hundred wells and water points. The most powerful development of hydrogeochemical (HGC) and
hydrogeodynamic (HGD) observations unfolded in the People's Republic of China on the basis of more
than 1,000 wells and special wells with the extensive development of a network of "people's-observers-
enthusiasts.”" At various landfills, the list of observed parameters with discreteness from continuous hourly
to daily was different, but the overall large set of indicators, in general, in the world amounted to more
than 40 items [1,13-15] (table 1-9). It should be noted that the largest developed program of field
observations with a large set of measured parameters was organized in Kazakhstan [1,3,4,5,8,9] (tables 1
and 2). All observation grounds in the USSR were constructed according to special guidelines [12].

The main results of field observations and experimental studies.

For each water point, first of all, long-term background values of the parameters were obtained and
their anomalous fluctuations were recorded on the eve of many strong earthquakes. They were noted at
various distances from the epicenters (tens and hundreds of kilometers). Such anomalies consisted of
intermittent alternating temporal changes of various parameters having various forms, which can be
reduced to the following four morphogenetic groups: coves, semi-bottoms, ‘“‘jumps-pulsations” and
spontaneous bursts. In amplitude of changes, they usually exceed the background values of the parameters
by 20-50% to 100%, and sometimes they have significant one-time variations. The most important
features of these anomalies are: 1) the instability of their development over time and in the area (flicker);
2) their rapid return to the initial background value after earthquake relaxation; 3) “long-range”,
manifested in tens and hundreds of km from the earthquake source, it turned out that many anomalies are
not associated with specific earthquakes and were caused by the impact on the relevant parameters of
external atmospheric and cosmophysical factors and man-made interference [1]. Anomalies caused by the
nature of periodic rhythmic phenomena. These factors created a lot of noise and false alarms, comparable
in magnitude and time with the anomalies that occur during the preparation of earthquakes.

Very often, HGC and HGD anomalies occurred in the non-focal zone of earthquakes at significant
distances, reflecting the stress-strain state (SSS) in the surface part of the earth's crust, where water
observation points are located. The observed anomalies were a consequence of the development of
deformation processes. Thus, we can conclude that the fluid anomalies of the expected earthquake are the
result of an imbalance in the local equilibrium hydrogeochemical water-rock-gas systems with the
generation of dissipative temporal anomalies as a response of these systems to external forces in full
compliance with Le Chatelier's law [1]. From this it becomes obvious that strong earthquakes are being
prepared on a fairly large area as a result of the restructuring of the geoblocks' SSS and their repacking
[1,2,4,6,9-11]. Detailed studies of the time course, parameters of geochemical, hydrogeochemical and
hydrogeodynamic fields on the eve of earthquakes showed that anomalies are not only statistically
significant changes in the course of parameters of different nature and changes in the frequency-spectral
characteristics of the series itself in those time intervals that reflect the non-linear development of the
instability process itself with the formation of a violation in the correlation of regular components of time
series such as, for example, with Ram, Twawer, TF (tidal forces). It is established that the high-frequency
component of the geochemical, hydrogeochemical and hydrogeodynamic fields carries the greatest
information in terms of recognizing geodynamic instability.

At the beginning of seismic hydrogeochemical studies (70-90s of the 20th century) in large research
laboratories of GEOKHI, IGEM and IPD of the Academy of Sciences of the USSR; SIMS and
VSEGINGEO MG of the USSR, as well as the Institute of Seismology, Academy of Sciences of Uzb.
SSR, IS AN Kaz. SSR, Institute of Physics, Academy of Sciences Kirg. USSR and others, where mass
spectrometers and other devices were installed, and it was revealed that on the eve of the realization of
strong earthquakes, significant precursor changes in the isotopic ratios of many elements take place:
hydrogen, oxygen, carbon, uranium, helium, argon (*He / “He, '*C / '°C, *°*Ar / °Ar, #*U / #%). However,
due to the high complexity and laboriousness of these analyzes, their high costs and the impossibility of
performing analyzes in a continuous mode, such parameters have not been developed in the number of
indicative monitoring indicators of earthquakes.

15 ——
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Table 1 — The list of measured parameters of the complex hydrogeochemical monitoring

and the equipment used at the Almaty prognostic site for the purpose of predicting strong earthquakes (Kazakhstan)

S . Method of Definition
Main indicators Ne Options -
Manual measurements Automatic measurements
1 Hievel Visual (by line), Ultrasound method
by level gauge
. Volumetric
Dynamic performance 2 Q (using a measuring tank volumetric
and a stopwatch) All automatic
3 Phole Manometer Manometer sensors instituted
1 oh - - on AWP
Potentiometric method Potentiometric method | Readings are
5 Eh (ionomers) automatically
ivi taken each
Physical and chemical 6 P Water conductivity Portable tester hour
indicators 7 Twater visual Thermometer
. Emanational device,
8 Rn Emanational method ("Radon")
9 Gf Volumetric method
10 Ca?"
11 Mg?* Volumetric visual method (titrimetric)
The main ion-salt
.. 12 Cl
composition -
of thermal waters 13 H4Si04
14 S04> Colorimetric method ("KFK-2", "KFK-3")
15 F
1 6 K+ : " "
" Flame Photometric Method ("PFP -7")
17 Na
18 HCO;3-
19 C032- Volumetric titromereous method ("BAT" -block aut. Titration)
20 OH"
21 Heen Chromatographic Spontaneous gas method (chromatograph “COLOR - 800”)
22 Hep
23 Ha
Gas composition 24 CHa4
25 CO2
26 02
27 N2
Geophysical indicator " "
of external fields 28 (EHIT) Natural neutron flux (NNF). (detector of slow neutrons "PKC-01H-COJIO")
29 Paru 1El'l'M 1 1 1 1
Related Parameters a /%utomatlc recording of air tempfrature and atmospheric pressure
30 Thsos ("Barometers and thermometers")

Table 2 — The abbreviated list of hydrogeochemical parameters adopted
for seismic forecast observations in the MG system of the Kazakh SSR in 1985-1988 (Kazakhstan)

Defined parameters

Rn, F, CI, Li, Sz, He, Ha, CH4

Quantity

8

Table 3 — Bishkek polygon (Kyrgyzstan)

Dynamic and physical parameters Gases Chemical composition of groundwater Quantity
Ph, Eh. Qcks. Hwn. Troant C02, Gf F, C1, HCOs, S04, Ca, Mg?* 13
Table 4 — Tashkent polygon (Uzbekistan)
Dynamic and physical parameters Gases Chemical composition of groundwater Quantity
Ph, Eh, Qcks, Hye , Tson C02, H2,CH, Rn, He, Al Br, B, F, HCO03, S04, Cl, Si 20
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Table 5 — Dushanbe polygon (Tajikistan)

Dynamic and physical parameters Gases Chemical composition of groundwater Quantity
Ph, Qcxs, Hyp, Trom HsS, He, Rn, C02 HC03\C052,Cr 11

Table 6 — Urumgqi polygon (XUAR of China)

Dynamic and physical parameters Gases Chemical composition Quantity
Ph, Eh, QCKB, Hyp ,TBO}JH Rl’l, COZ, He, HaS Cl, HC03_, F-, SO4-2, Mg2+ 15

Table 7 — Dagestan seismic polygon (Caucasus)

Dynamic and physical parameters Gases Chemical composition of groundwater Quantity
Qcxs, Ph, M Rn, C02CHa4, H2, T°C, H2S HCO0s, CT, S04>Ca, Na, Mg 15

Table 8 — Kurile-Kamchatka polygon (Russia)

Dynamic parameters Gases Chemical composition of groundwater Quantity
Qcxs, Hyp C3Hs, C2Hs4 HCO; ,CT, S04**, Na~, Ca?* 9

Table 9 — Japan Geochemical Monitoring Program

Dynamic parameters Gases Isotopes Chemical composition of groundwater Quantity
Gases and Hyp, Trom Rn, C0», He 3He/*He CI, S04, K, Na, Ca, Mg, Si, B, Mo, Sr 16

Optimization of the required list of measured parameters of hydrogeochemical monitoring.

A large list of parameters on landfills has always created a lot of technical problems, as well as
difficulty in the operational processing of many time series. Conducting full chemical analyses of
groundwater online is difficult. Meanwhile, the experience of long-range field observations [9] makes it
possible to move from initially multicomponent observations to rationally reduced, which allows
significant savings in financial resources, facilitates chemical analyzes, makes fuller use of automated
observation systems. The procedure of optimization of the list of measured parameters implies, first of all,
to comply with the condition: “not to lose information”. It is necessary to observe such parameters that
meet the following requirements:

1) the highest frequency of abnormal changes before earthquakes;

2) simple and real-time measurability of parameters in automatic mode with a data sampling
frequency of at least 1 hour;

3) availability of a reliable instrumental base of measured parameters;

4) sensitive parameter response to deformation processes in locally equilibrium hydrogeochemical
systems.

I[ mformative I
most
informative HCO5, €05, SO,>,
Ca, Na, Teoau

|environmenta] changes |
Eh, Ph, CT,
H1S104

Fundamental classification of informativity of seismic and hydrogeochemical field indicators

Qctzs H\P Rn.*
CO:_. He

It has been established that there is no single stable for all precursor parameter or set of
hydrogeochemical parameters for all regions and polygons and even observation points, which indicates
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the absence of universal precursors of earthquakes. Analysis of data for all forecasting polygons of the
world shows that anomalous variations of certain parameters are not permanent indicators of earthquake
preparation. Indicator in some cases, the components in other cases were not. Some earthquakes were
generally not preceded by any anomalies, but occurred suddenly. However, in general, a certain range of
parameters is established, which manifests itself most often when monitoring earthquakes. These include:
the level of groundwater (flow rate of self-discharging wells (Hievel, Q), as well as Tyaer, Rn, CO,, He, Hg,
and in the composition of groundwater CI, SO,*, HCOsNa *, Ca? * and thermodynamic indicators states
of water - Eh (redox potential), as well as the cumulative parameter - E, Pn ionic strength (Is),
groundwater (solution). The degree of relative and informativeness is presented in the figure.

Comparative data analysis of the entire list of parameters over a long observation period allows you
to go from studying the seismic prognostic information content of a wide range of components to a
rationally reduced list of parameters (table 10), up to 13 items (no chemistry to 7). Together, by calculating
the integral indices, they give, possibly, maximum information about the real seismic situation at the
landfill. In case of lack of opportunities for express chemical analyzes of water, it is possible to conduct
monitoring on the basis of the necessary abbreviated list of 5 items, which can be carried out completely
on an automated basis (table 11).

Table 10 — List of parameters of the complex seismic and hydrogeochemical monitoring of groundwater for predicting strong
earthquakes, recommended by the results of long-term observations at the forecasting sites of Kazakhstan, Kyrgyzstan,
Uzbekistan and XUAR of China

Main indicators List of indicative parameters Quantity
Physical parameters Ph, Twater 2
Dynamic parameters Qpote, Hievel 2
Gas components Rnwater, Rnsoit, C02, He,Ha 4
Chemical composition [Na*, Ca%'], C1, HCO", SO4? 5

Total 13

Table 11 — Necessary abbreviated list of parameters of seismic and hydrogeochemical monitoring
for prediction of seismic hazard in local areas of automated observation

Groundwater dynamics Qnole o Hievel Quantity
Variations of radon in the surface atmosphere Runsoil 1
3 Through gas flows CO2, H2 2

Such methods allow you to continuously calculate very important and sensitive integral indicators of
groundwater, such as the ionic strength of the solution (Is) and the time course of anion-cation ratios
(Pacr— A/K), as well as determine the radon emanation (Rn) in water and in the surface atmosphere (soil)
and their ratios. Such optimization of the list of integrated HGC monitoring fundamentally improves the
quality of measurements, helps to simplify monitoring technology, significantly save material resources
and speed up data processing, and also allows concentrating on the operational collection of a limited
range of data and improving the short-term forecast method of strong earthquakes.

Such methods make it possible to calculate important and sensitive integral indicators of
groundwater, such as the ionic strength of the solution (Is) and the anion-cation ratio (P = A / K), as well
as determine the radon emanation (Rn) both in water and in the surface atmosphere (soil). Such
optimization of the list of integrated HGC monitoring fundamentally improves and facilitates the
monitoring technology, allowing you to significantly save material resources and speed up data
processing, which leads to an improvement in the short-term forecast method of strong earthquakes. At the
final stage, on the basis of such monitoring data, a seismohydro-information analytical system should be
created for earthquake prediction [13].

Conclusion. A large list of measured parameters does not increase the information content of the
landfill; moreover, it distracts for the prompt processing of a huge array of related and secondary data. In
this regard, it is necessary to optimize the list of observed parameters for each water point and determine
their degree of information in the general list. The key to success in this option lies in the efficiency and
continuity of a limited range of parameters for a short-term forecast. In all cases, it is necessary to measure
the indicators of external factors (Ram, Tair, €tc.) that affect the course of indicative parameters.
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'KP BFM Ceiicmonorus HHCTUTYTHI, Anmarsl, Kazakcran;
’MagnsaunoB areiHaarsl OP CelicMonorus HHCTUTYTHI, TamikeHt, ©36excTan

KOMILIEKCTIK CEICMOTHIPOT EOXUMUSIIBIK MOHUTOPUHT TIH
CAH/JIBIK KOPCETKIIITEPIH KYIITI )KEP CLIKIHICTEPIH
BOJIKAY MAKCATBIHJIA OHTAJIAH/IBIPY

AHHOTAUMs. A3WSHBIH T€OOUHAMUKAIBIK OOJDKay ydacKeJepiHAe >XYPTri3iireH CeHCMUKANBIK THIPOTEOXH-
MusUTBIK, MOHUTOPHHTTIH (CI'TXM) caHAbIK KepceTKimTepi KapacThIpbUTFaH. KemnTereH mapamerprepmi Y3IiKci3
GaKpLIaIl OTHIPY JKEP acThl CyJapBIHBIH OipHEIIe OHAAraH IapaMeTpiiepiHe Oip Me3rinae ejmiey Heri3iHae Ky3ere
aCBIPBUIATHIHBIH aTan eTy Kepek. Ex ken Taparan xemen 10-15 mapamerpai (F, CI, HCOs, COs, SO4, HsSi04, Rn, He,
H,, CO,, Ph, Eh, Qsv, Hyp, Teons) KamTunsl. Kenteren onparaH xpuiaap Oolbl OakpUIaHFaH aklapaT ajlbIHFaH
aKmapaTTap/blH aKMapaTThUIBIFGI OJIIICHICH MapaMeTpiiep CaHblHA TAYENIi eMec, OipaK OaiiKanaThlH Cy ©HIMIEpiHE
ce3iMTa KOMIIOHEHTTEPIIH KyMYJISITUBTIK 9CEPIMEH aHBIKTAJIFaHbl aHBIKTAIbl. COHIBIKTAH TYTACTAl MMOJUTOHIAP
YIIiH OakblIaHATHIH MapameTpiiep Tiz0eciH OHTaillaHIbIpy OpOip Cy HYKTECIHIH epeKIIeNiKTepiH eCKepe OTHIPHII
capanaHybl Kepek. byn Oalikay mapaMeTpliepiHiH CAaHBIH aWTapibIKTall a3aiiTyra oHe «0amiacT» WHIWKATOpIIa-
PBIHAH KYThUTyFa MYMKIH/IK Oepei.

Bacrankeima reoxumusitblk (I'™) skoHE THApOTEONOTHsUTBIK MOHUTOPUHTTIH (ITM) xep ciikiHiciHe HalbIH-
IBIKTHIH TaHBIMAJI MOJIENbEpiHe — KOIIKiH-TYPAKCHI3 )KaphIKTapaslH Haiiaa oomysra (JIHT) Hemece nudy3usipik-
MUITATAaHTTHIK (OKYCTHIK namyfa ([J1) HerizmenreH OomaThiH. 3epTTEymIiep Kep CIIKiHICI OIMIAKTHI aiiMarbIHIA
cepriMIi SHEPTUsIHbIH JKUHAKTAIYBIHBIH KYPT apTybIH OOJDKaibl, OJ KPUTHUKANIBIK JEHrelre >KETKEHHEH KeiliH,
CefiCMHKaJIbIK TOJKBIHIAP/BIH Maiaa 00JybIMEH OPTAHBIH MEXaHUKAIBIK XKbIPAThLIybIHA KOIIEIl JKep CUIKIHICiHe
neitin. By mporecre oprypni canamapaa — aedopMaliys, MarHUTTIK, Fe€O(U3UKAIBIK, T€OXUMHUSIIBIK, THAPOTeO-
JMUHAMUKAJIBIK, TE€OTEPMAJIIBIK JKOHE T.0. aliIbIH-aa aybITKYJIapAblH KeH TOOBI maiifa 00aapl IereH CeHIM OOJIIbI.
byn xarnaiina I'TX xene ['X npexypcopiiapbiHblH naiina 60mysl GpOKYCTHIK aiMaKTapJaH CYHBIKTHIKTAp.IbIH JKaHa
OeuiKTepiHIH KellyiMeH HeMece opTYpIli XUMHSUIBIK KypamJap MeH Ia3 SMMEHTTEpPiHIH CyJapblHbIH apajlacybIMEeH
JKOHE KYIITI JKep CUIKIHICTEepiH JalbIHIAy aiiMaFblHAA Kep KbIPTHICHIHBIH KbI3YBIMEH TiKeNeW OalIaHbICTBI OOJIJIBL.
[IetH MoHiIHAE, OOMKAMIIBI TTApaJAUTMa KEpi €CENTi MIeNry YIIiH OONABI: OOKaMABI XKep CUIKIHICIHIH OOMKaMIbI
YaKbITBI MEH OPHBIH JXKOHE OJIApJblH OaKbUIAHATHIH aiMaKTarbl JaMy YaKbITBIH JKOHE aHOMAIMSIIAPABIH KapKbIH-
JIBUTBIFBIMEH OHBIH BIKTHMAJIBIFBIH aHBIKTAY.

MyHpgaif TYKBIppIMJaMa MaKcaTKa >KETYIiH HeTI3ri JXOJBIH aHBIKTagbl — JXep CUIKIHICIHE JaibIHIBIKTHI
OakpUIay YIIH apHAWBl TOMHTOHAAP KYPY: aiiMak HEFYpJIBIM KeH 0osca jkoHe OaKpUlay KHBIHTHIFBI HEFYPIIBIM KOTl
00J1ca, JKep CLIKiIHICIHE TaHBIHIBIK OCITIepiH JaIIPeK aHbIKTaNHIbI.

Tyiiin ce3aep: celicMUKANIBIK THAPOr€OXUMHS, MOHHUTOPHUHI, K€ CUIKIHICI, OOJDKay, T'MAPOreOXUMHSIBIK
ayBITKyJIap, aKIMapaTTHUIBIK.

A.Y. Aéaymaaes!, I1I. C. FOcymos?

"Uucturyr Ceiicmonoruu KH MOH PK, Anvarsl, Kasaxcran;
2HuctutyT ceficmonorun AH PY3 um. MapisanoBa, Tarmkenrt, Y30ekucran

ONTUMM3ALNUS KOJIMYECTBEHHBIX TMMOKA3ATEJIEM KOMILIEKCHOT' O
CEUCMOT'MAPOTEOXUMHYECKOI'O MOHUTOPHHTA
C IO EJBIO ITPOI'HO3A CUIBHBIX 3EMJIETPACEHUU

AHHoTanusl. PaccMOTpeHBl KOJMUYECTBEHHBIE II0Ka3aTeld CEeHCMOTHIPOreOXMMHYECKOTO MOHHTOpPHHTA
(CI'TXM), npoBouMBIE Ha T€OAMHAMHUYECKUX MPOTHOCTUYECKUX MonMuroHax Asuu. OTMeuaercs, 4YTo HepephIBHOE
MHOTonapaMeTpuieckoe HaOJIIOAEHHE pealn3yeTcs Ha OCHOBE OIHOBPEMEHHOTO W3MEPEHHsl OT HECKOJBKHX [0
JIECSITKOB [TapaMeTpPOB MOJ3eMHBIX BoA. Hanbonee pacnpocTpaHeHHBIH KOMIUIEKC BKJItOYaeT B cebst oxomno 10-15 ma-
pametpoB (F, CI, HCO;, CO;, SO4, HsSiO4, Rn, He, Hy, CO,, Ph, Eh, Qcs, Hyp,Tsom.) B pesynbrare anammsza
5 PEeKTUBHOCTH KOJMYECTBEHHBIX Moka3zareneld [T X MOHMTOpMHra 3a MHOTHE JECATHIICTHS YCTaHOBJIEHO, YTO
WHPOPMATHBHOCTH ITONYYCHHBIX NPOTHO3ZHBIX NAHHBIX HE 3aBHCHT OT KOJHMYECTBA M3MEPEHHBIX IapaMeTpoB, U
OTIpeNeNsIeTCsl COBOKYIMHBIM Y(PQPEKTOM UYyBCTBUTENBHBIX KOMIIOHEHTOB U JAHHOTO BOJOITYHKTa HAOIIOICHUS.
[TosToMy omnTHMH3aLUs TEPEYHS HAOMIONACMBIX IIApaMeTPOB JUIsI BCETO TIOJIMTOHA B IEJIOM, MOJDKHA OBITh
mddepenipoBana ¢ y4etoM 0COOSHHOCTH KaXKJOTO BOIOMYHKTa. DTO MO3BOJISET PE3KO COKPATHTH KOJIMYECTBO
napamMeTpoB HAOMIOAEHUS 1 H30aBIATHCS OT «0aIaCTHBIXY MOKa3aTeeH.
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M3HavanpHO uaeosiorus reoxumudeckoro (I'X) u ruaporeosnornyeckoro monutopunra (I'TM) Gbi1a ocHOBaHa
Ha M3BECTHBIX MOJIENSAX MMOATOTOBKH 3€MIIETPSICEHUH — JaBHHHO-HEYCTOHYMBOTO TpeurrnHooOpazoBarus (JIHT) mmmn
muddysnonHo-aunatantHoro passutusi ovara (JI/1). McciemoBarenu mpennonaranyd, 4To B 04aroBod oOmactu
3eMJIETPSICCHUI TPOUCXOJUT CKayKOOOpa3HOE HapacTarollee HAKOIUIGHUE YIPYyrod SHEpPruu, KOTOpas Iocie
JIOCTHIKECHUSI KPUTUYECKOTO YPOBHS HEPEXOAMUT K MEXaHHMYECKOMY pa3pbiBy CPEAbl C TeHepaluel CeHCMHUYecKHX
BOJIH, T.€. K 3eMJIeTpsceHHI0. bblla yBEepeHHOCTH B TOM, YTO B 3TOM IIPOLIECCE BO3HHMKAET INMUPOKHH Kiacc
MPEIBAPSIONINX aHOMAIUH B Pa3IMYHBIX MOJIX — Ae()OpMaIHOHHOM, MATHUTHOM, T€O(H3MYECKOM, TEOXUMHUYECKOM,
THIIPOTeOANHAMUYECKOM, T'€OTEPMUYECKOM U T.A. IpHu 3ToM Bo3HMKHOBeHHe ['TX u I'T npeaBecTHUKOB HaNpsSMYyIO
CBSI3BIBAJIOCH C TIOCTYIUIGHHEM HOBBIX IOPIHUHA (DIFOMIOB W3 OYAroBHEIX 30H HIIM CMEIICHHEM BOJ Pa3IMIHOTO
XUMHYECKOTO COCTaBa M Ta30BBIX SMaHAM W TPOTPEBOM 3eMHOH KOpPHI B OOJACTH MOIATOTOBKH CHIIBHBIX
3emyerpsiceHnii. COOCTBEHHO mapaJnrMa IMPOTHO3a 3aKITI0YaNach B pelIeHHH 00paTHON 3aJadu: M0 MpeABECTHIKAM
U BpEeMEHaM HUX DPa3BUTHSA HAa KOHTPOJMPYEMOW IUIOMAAW yCTAaHOBUTH BEPOATHOE BPEMS M MECTO pealn3alui
0’KHIaEMOT0 3eMJIETPSICEHHS, a IO HHTEHCUBHOCTH TPOSIBIICHHSI aHOMAIHK — €T0 BEPOSATHYIO CHITY.

Takas KOHLENIUA ONpeAeTria OCHOBHOW MyTh K JOCTIDKEHHIO IETH — CO3JaTh CIEIHAaIbHbBIC MMOJUTOHBI IS
OTCIIe)KMBAHMUS MIOJATOTOBKY 3€MJICTPSICEHHH 10 MPHUHIMITY: YeM LIMPE IUIOINAAX U 00Jibllie HA0Op HAOJIIOEHHUS, TEM
HaJle)KHee OOHapyKEeHHE MPU3HAKOB MOATOTOBKHU 3eMIIETPSICEHUI.

KiroueBble cjI0Ba: CEHCMOTHIPOr€OXHUMMS, MOHUTOPHHI, 3€MJIETPSICEHHS, MPOTHO3, THAPOI€OXUMHUYECKUE
aHOMaJTNH, HH()OPMATUBHOCTS.
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