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RK PROBABILISTIC HYDROGEOLOGICAL MAP

Abstract. Hydrogeological maps are currently one of the most important elements of the image of the
hydrogeological situation in both regional and local representation. In accordance with the existing instructions, they
are compiled on the basis of t opographic, geological and tectonic maps of various scales based on the results of
hydrogeological surveys and reflect the boundaries of the distribution of aquifers and complexes, confined, as a rule,
to geological-stratigraphic and tectonic formations and their real manifestations on the ground (sources, wells,
drilling wells). In addition to the General hydrogeological maps described above, special hydrogeological maps and
sections are compiled that reflect the individual sides of the hydrogeological process - maps of the depths of the
groundwater level, maps of the filtration properties of the host rocks, maps of the water supply and the level of
aquifers, maps of the chemical composition of groundwater and others.

All the above-mentioned hydrogeological maps and sections are static and do not reflect the dynamics of the
hydrogeological process in time. They only reflect on the geological and tectonic basis obtained during the
hydrogeological survey process one-time field initial hydrogeological parameters (flow rates of individual sources
and hydrogeological wells, the chemical composition and physical quality of groundwater, some hydrogeological
parameters of aquifers). For these reasons, they can not serve as a benign basis for predicting the further development
of the hydrogeological process. Forecast hydrogeological calculations based on such initial data are not characterized
by high accuracy and reliability, usually not higher than 15-30%.

In the present article on the basis of our own research we propose new principles and provide specific
examples of building a fundamentally different type of hydrogeological maps that reflect the dynamics of the
hydrogeological process in time, significantly increasing the accuracy and reliability of predictive hydrogeological
calculations and hydrogeological-reclamation forecasts (up to 1-5%). Such maps are built on the basis of long-term
monitoring data on the regime of groundwater and its chemical composition, pre-processed using mathematical
methods of probability theory and the theory of random functions on the actual material typical for the South of
Kazakhstan Tashutkul Irrigation massif. As a result, probabilistic hydrogeological maps of the position of
groundwater levels, aquifer capacity, groundwater resources of varying degrees of security (5, 25, 50, etc.,%) were
obtained. Received cards of various types of probability distribution and forecasting of hydro-geological process, etc.
In such complex probabilistic hydrogeological maps are sufficiently benign basis for prediction of the
hydrogeological-reclamation situation on irrigated tracts and can serve as a reliable basis for projecting the resource
potential of the groundwater of certain regions and social formations.

Key words: Existing hydrogeologiczny maps, cross sections. Static maps. Insufficient accuracy of existing
hydrogeological calculations and forecasts. Probabilistic hydrogeological maps. Monitoring baseline data. Methods
of probabilistic data processing. Significantly improved the accuracy of hydrological calculations and drainage-
hydrological forecasts.

Introduction. The deterioration of irrigated land in Kazakhstan [2,10,14,17,22,31] requires the
search for new, more economical methods and technologies of irrigation, and in addition new, primarily
local sources of irrigation water. This category includes groundwater with significant potential resources
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in Kazakhstan [2,8,9,14,17,19-22,31]. Analysis of the publications known in the scientific literature
[3,4,7,6,11,13,17,19,21-23,32,34,39-43] shows that despite the abundance of calculation formulas and
methods, a number of important issues arising in the calculation and design of vertical drainage on
irrigated areas and in the use of groundwater for irrigation remains to this time insufficiently studied.
These include: the need to take into account the regime of irrigation water infiltration at the upper
boundary of the flow, the definition of inter-drainage distances, taking into account the boundary
hydrogeological conditions, the definition of the reclamation effect of water intake, taking into account
changing natural and anthropogenic conditions.

Outlined above specific scientific issues addressed in the process of implementing a special State
research program for the study of the state Testconsole array of irrigation, which are typical for arrays of
river valleys and rivers of southern Kazakhstan (figure 1). As a result of improper operation of irrigation
systems there is a progressive rise of groundwater levels predetermining further salinization of soils and
groundwater [5,7,22,17]. Hydrogeological parameters of aquifers and hydrogeological wells were
investigated on the site of the existing vertical drainage in the novotroitskiy state farm in the field, water
balance observations and studies were carried out. As a result, the discrepancy of hydrogeological
parameters was established, obtained from surveys and data exploitation. The material on the regime of
groundwater for the entire available observation period (5-25 years) was collected and generalized for a
total of 256 observation points.

Figure 1- Physical and geographical map of southern Kazakhstan. Main irrigation areas:
1-Kyzylkum, 2 - Arys Turkestan, 3 - Talas, 4 - Tashutkul

On the basis of the statistical analysis of the data of regime observations, probabilistic and statistical
maps of groundwater levels, evaporation power and resources of different availability were constructed.
On the basis of the use of the materials of such maps, a method for calculating the supply at the upper
boundary of the groundwater aquifer and the use of this value in the calculations of groundwater intakes
[6,17,22] has been developed. Water balance studies have shown that in irrigated areas more than 90% of
groundwater supply is lost from irrigation networks and irrigation fields. When using the developed
original scheme of water management calculation of vertical drainage on the irrigation massif, irrigation
water saving will be up to 20 - 30% with simultaneous improvement of reclamation and hydrogeological
conditions. Been zoning Testconsole array of irrigation in terms of application of the developed methods
of calculation of underground water intake [17,22,41].

Methods of work. In accordance with the currently existing instructions [24-30,35] hydrogeological
maps are compiled on the basis of topographic, geological and tectonic maps of different scales on the
results of hydrogeological surveys and reflect the boundaries of the distribution of aquifers and
complexes, confined, as a rule, to geological-stratigraphic and tectonic formations and their real
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manifestations on the ground (sources, wells, boreholes). They are simultaneous, static, to a certain extent
random.

In our studies, forecast probabilistic and statistical maps were built on the basis of probabilistic and
statistical analysis of monitoring data on the network of observation wells. Generally, a series of
observations of at least 10 years in length for each well is recommended. The accuracy and reliability of
the maps themselves is determined by the density of the observation network. For maps of scale 1:100000
the density of the reference (opened underground water) network is considered sufficient in the presence
of an average of one point per 1km2. with a sparser grid mapping schema. Points with short series of
observations in our case resulted in a long representative series of wells with similar hydrogeological
conditions. Then, using the research methodology of the statistical population, we obtained the theoretical
law of probability distribution corresponding to the essence of the process [15,16,18,22,36,37]. On
integral curves of securities calculated the value of the securities of the depths to the water at each
observation well.. Under normal and lognormal laws, probabilistic paper (Hazen fiber) was used, on which
the curves acquire the character of straightened lines [36,37].

The most important hydrogeological information for the preparation of various water management
projects is usually contained in the level maps 1-,5-,50-,75-,95%-of security or repeatability in 1, 5, 20,
50 times per 100 years. Having a corresponding distribution curve for each well, we obtain depths
corresponding to the probability of repetition in a given number of years. Thus, groundwater levels of
50 % of availability serve as a source material for mapping the average annual depth of groundwater. Of
particular note are forecast maps ofthe depths of groundwater of rare occurrence (I every 100 years). Such
levels are usually not practically observed, but which can be expected with security of 1and 99 %.

In principle, it is possible and practical to draw up probabilistic and statistical maps of other
hydrogeological parameters - amplitudes of fluctuations in levels, resources, supply and evaporation of
groundwater to others, some ofthem are given below. The principles oftheir construction are similar.

The analysis of the actual predictive probability and statistical cards for example Testconsole
array of irrigation. The starting material for predictive probabilistic and statistical maps of
hydrogeological parameters for the site Testconsole array of irrigation, based on data from regime
observations for 230 wells network Dzhambul hydro-geological expedition of the Kazakh SSR MG (66
SLE.), Chimkent hydrogeological expedition reclamation of Gavrilovskaya Mivh of the USSR (110 SLE.)
and Dzhambul of oblselvodkhos of the Kazakh SSR (54 SLE.). The longest series of observations were
available for wells DGE (average 10-25 years), slightly lower (up to 5-8 years) on the network CHGME
and the least long (up to 3-5 years) on the network Dzhambul regional meliovodkhoz. The latter were used
only for data interpolation and boundary refinement (figure 2, table 1).

Table 1- The depth of groundwater levels of different security in the territory Testconsole array of irrigation (km2 %)

Provision, Groundwater levels, m
% 0-1 1-3 3.5 >5
1 70 461 61 71
10,1 70,2 9,2 10,3
5 36 445 72 100
5,4 67,1 10,8 15,0
25 25 434 94 110
3,77 65,5 14,8 16,1
50 12 370 144 137
18 55,8 21,8 20,6
75 10 276 251 131
16 41,6 38,6 19,8
9% 8 224 270 141,
1,2 36,8 40,2 21,7
99 - 208 265 190
32,5 40,0 27,5
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Figure 2 - Map of the location of the monitoring network on the Tashutkul irrigation array. Made: E.l. Lagutin, M.V. Luzina

With the area of the characterized part of the array about 37 thousand hectares (see table 1), the
density of the observation network is about 6.1 points per 10 km2 of array area, including about 1.4
representative points with long-term series of observations. This ensures the reliability of hydrogeological
parameters in relation to the scale of about 1:50000.

In figures 2-6 shows maps of groundwater levels of the Central part of the array Testconsole
irrigation of various degrees of security. For the comparative analysis the generally accepted gradations of
depth of groundwater levels - up to 1 meter, 1- 3m, 3 - 5m and more than 5 meters were chosen. In table
1 it is shown that with the increase of security (maximum depth) levels vary significantly, so 1 every
2 years (50 % security) groundwater levels up to 3 meters occupy 58 % of the area. Other depths (3-5 m
and more than 5 m) occupy about 40 %, 1time in 20 years close (up to ZM) occurrence is possible by
73 %, and 1time in 100 years these areas are about 90 %, including depths up to 1 meter are assumed to
0.1 % ofthe area. On the contrary, with high reliability in 19 years out of 20, depths up to 1 meter occupy
about 1%, 1-3 to 38.8% of the area. About 60 % of the area is characterized by a depth of more than
3 meters.

It should be noted that the concept of "security of the process" in refraction to the assessment of
groundwater levels is somewhat different from that adopted in hydrology. A wide variety of cutting
factors and their combinations determine the diversity oftheir impact on groundwater levels over time and
the corresponding diversity of the distribution of the process security over the area of the massif. for
rice.3-4 two maps are presented: a Map of the depth of groundwater levels of Tashutkul massif on a
specific date - March 1and a Map of statistical security (%) of groundwater levels on the same date.
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Figure 3 - Figure 4 -
Map of groundwater levels in the array Map of probabilities of exceedance levels
Testcursor irrigation (pre-vegetation period) of groundwater Testcursor array of irrigation
Made: E.I. Lagutin, M.V. Luzina (after the vegetation period).

Made: E.I. Lagutin, N.G. Vorodgeeva

Of particular interest is the Map of groundwater table (figure 4), the analysis of which shows that
with the overall prevalence of levels of 50 - 75 % of security on the array as a whole, there is a significant
diversity. Some very large areas of intensively irrigated land are characterized by relatively low security
(25-50 =%), in other cases, on the contrary, the security is relatively high, up to 75-95% or more (figure 5, 6).
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[

Figure 5 - Figure 6 -
Depth map of groundwater levels (25 % security). Depth map of groundwater levels (75 % security).
Made: E.l. Lagutin, N.G. Vorodgeeva Made: E.l. Lagutin, N.G. Vorodgeeva
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The importance to ameliorative hydrogeological evaluation to justify the design of drainage measures
for the calculation of underground water have special hydrogeological maps obtained from the use of data
on fluctuations of groundwater levels. These include, first of all, maps of the amount of evaporation
(supply) of groundwater through the aeration zone, maps of "pulsation™ of supply, maps of the rates of
change of groundwater levels and maps of groundwater resources of different security.

In other words, the amount of feed per time interval (At) is proportional to the change in groundwater
levels over the same time interval.

Maps of evaporation and groundwater supply are obtained from the analysis of the General equation
of groundwater supply.

y (dH/dt) = T (d2H/dx2) + T (d2H/dy2) + cW/dt (1)

For point conditions, where the left side characterizes the change in moisture, the right - the
distribution of pressure and power, the equation takes the form:

PAN/At = AH/At @)

In our calculations Ax =1 month.,, a AH=NT+1-Ht , that is. changes in groundwater levels for
1 month were analyzed, then the data were recalculated in another series (m3/day per 1 ha of area), after
which they were subjected to statistical processing. According to the results of statistical processing maps
of groundwater evaporation were constructed (figure 7, 8).
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Figure 7 - Figure 8 -
Map evaporation of groundwater Testcursor array of irrigation Map of local modules groundwater Testconsole array
(75 % security). Made: E.l. Lagutin, N.G. Vorodgeeva of irrigation. Made: E.I. Lagutin, N.G. Vorodgeeva

Analysis of such maps of different security for Tashutkul massif shows that in the year of 50 %
security or in every second calendar month evaporation of groundwater occurs only in the Central part of
the massif in small areas. On the overwhelming area of the massif there is the presence of groundwater
supply in sizes up to 5 - 10 m3day per 1ha, which indicates the rise of groundwater levels at a rate of up
to 0.01 - 0.1 m per month. The distribution of these values over the area of the array is very variegated.
However, there is reason to believe that higher rates of level fluctuations are due to artificial reasons, i.e.
intensively irrigated areas. Conditionally it is possible to allocate zones with speeds more than
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0,1 m/month and less than 0,1 m/month and the first to carry to conditions of intensive irrigation and
irrigation losses and the second - to conditions of weak irrigation losses. This situation, however, requires
further study and is not the subject of this study. In periods 5% probability of the process, i.e. 1time in
20 months the evaporation is negative, ie groundwater is fed in the sizes of 25 - 50 m3day per 1 ha on the
predominant areas of the Central part of the massif, 10 - 25 m3day per 1 ha on the southern part,
50-75 m3day per 1ha - inthe Northern and North-Eastern parts of the massif.

At 95 % of the provision of the process, that is, 1time in 20 months, evaporation from the surface of
groundwater occurs, and on the vast majority of the array (up to 90%) it is up to 25 m3day per 1ha. At
99% of the provision, i.e. 1time in 100 months. (1 time in 7.5 years) the process is characterized by
increased evaporation. While in the Central and southern parts it is 25-50 m3/day/ha, in the Northern part
of the massif it is mainly 50 - 100 m3day/ha and more than 100 (see figure 8) so of interest is the forecast
Map of mathematical expectations of the values of evaporation (power) of groundwater. On this map,
which contains essentially the average annual situation, separate zones are clearly distinguished,
characterizing the tendency to the total consumption of groundwater and to reduce their levels in
sufficiently large sizes (up to 0.1 m3day/ha) and zones characterized by some average annual nutrition
(also in sizes up to 0.1 m3/day/ha). The first are arranged in two horizontal bands at latitude G. Chu -
S. Novotroitskoe in the Northern part of the massif, also in irrigated areas of removal cones in the foothills
of HR. Khantau in the Eastern part of the massif (see figure 1B9.). In the rest of the territory there is a
supply of groundwater. These are primarily irrigated areas in the head parts of the left-Bank and right-
Bank main canals, in the Central part of the left Bank and in the Northern part of the district. The long-
term trend towards rising groundwater levels in these areas requires active intervention to prevent
salinization of soils and groundwater. The map of annual amplitudes of groundwater levels is made on the
basis of statistical data processing of annual changes in the amplitude of the wells ofthe regime network.
The most common annual amplitude in the range of 1-2 meters. On the Eastern edge of the massif with the
approach to the middle parts of the removal cones amplitudes increase to 2-3 and more meters.
Amplitudes on actively irrigated areas adjacent to the head of the left-Bank and right-Bank channels are
also high.

Based on the Map of annual amplitudes of groundwater level fluctuations (figure 7) a Map of
groundwater resource modules (figure 8). The module of groundwater reserves is the value of natural
reserves formed per unit area. Following this definition, annual groundwater volumes per 1 ha per year
were calculated in cubic metres. From the analysis of the map it follows that annually about
1.5-3.0 thousand m3ha of ground water is formed on the overwhelming area of the massif. In some
significant areas in the Eastern part of the array modules reach values of 3.0-4.5 thousand m3/ha. Even
higher modules of 4.5-7.5 thousand m3/ ha are observed in the head part of the left-Bank and right-Bank
channels on the areas of intensive irrigation

It should be noted that due to the rather good conditions of internal outflow in these areas, the
groundwater reserves indicated on the Map are drained, mainly in the autumn-winter period and replenish
the main drainage ofthe district - the Shu river.

Conclusion. The probabilistic hydrogeological maps of groundwater levels presented in this article
and the special hydrogeological maps obtained on their basis described above can and should be widely
used in the practice of design of reclamation measures in the development of the irrigated massif,
including the calculations of groundwater withdrawals and vertical drainage. In meliorative-
hydrogeological constructions, in particular, specific figures and areas of 5 and 25% of security are
important, which corresponds to a minimum of 75 % and 95 % of security. This means that these
minimum levels are possible once every 4 years (75 %) and once every 20 years (95 %). Can be used as
input data in the design of reclamation drainage, including vertical, appropriate level of security. Security
is 1%, i.e. 1every 100 years is very important in the design of foundations of critical structures, in order
to assess their possible subsidence. Maps of 75 % and above (maximum) can be used in the design of
groundwater intakes, and in accordance with the necessary design security, that is, the depth of
groundwater levels should not be below 75 % of the security specified in 15 cases out of 20. In addition,
such maps will be very useful in urban studies, predictive micro-seismic zoning, military engineering
surveys, airfield construction, etc.

We recommend you to authorized organizations (GKZ) to produce the estimated acceptance of the
protected categories of groundwater for deposits of underground water, drawing it on offer in this article a
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probabilistic methodology for hydrogeological maps, which certainly enhance the objectivity and
scientific conclusiveness protected final numbers and results.

Gratitudes. Deep gratitude to colleagues and companions in work in expeditions and further
processing of initial monitoring information - G.G. Loshkov, I.Zh. Kadyrova, M.V. Luzina,
N.G. Vorozheeva, E.A. Koytunenko.

E. W. NarytnHl, B. A. Cmonsp2 K. A. Koxobaes3 A. I'. Tepexos4 M. b. EaeHoB5

1Cy macenenepi X3aHe 3KoMorus MHCTUTYThbI, Tapas, Ka3akcTaH;

2 »Aporeonorus X3aHe reoakonorMsa UHCTUTYThbI, AnMaTbl, KasakcTaH;
3MaHac» Kblprbl3-TAak yHuBepcuTeT” buikek, Kbiproi3 Pecrnybnmkacsl;
4AKNapaTTbIK XX3He ecenTey TEXHOMOrUANapbl UHCTUTYTHI,

KasakctaH Pecny6ivkacsl OpTanbIK rblnbIMU-NPaKTUKaIbIK Korambl, AmaTbl, KasaxcTaH;
S e03koc» FbinbiMu-eHAIpicTiK tmpmacsl «KLLIC, KocTaHaii, KaszaxcTtaH

MALBI3AbI TMAPOIEONOINANDBIK; KAPTAJIAP

AHHOTaumA. M'aporeonornsanbik KapTanap Kasipri yakbITTa eHipnik XaHe XepriKn KepiHicteri rugporeono-
rMANbIK Xarfainasl 6eiHeneyaiH MaHbI3abl 3eMEHTTEPIHIH Gipi 60/bIN Tabblnagbl. KongaHbicTarbl HycKaynbiKTapra
C3llKec oOnap rvAaporeonormanbik TYCipiniM HaTWXenepi 6oibiHWa 3p TYpai MaclutabTarbl TOnorpadusnbik,
reonornsAnbIK X3He TEKTOHWKANbIK KapTanap HerisiHae acanabl X3He 34eTTe reonorusanblK-CTpaTurpamsaibiK
X3He TEKTOHMKanbIK TY3inimMgepre ywTacTblpbliraH Cy TYTKbIl [AEHrelKuMeKTep MeH KelleHfep-fw, Tapaty
LLIEKapaCbIH >X3He OnapAblH >KeprifikTi Xepheri HakTbl KepiHicTepiH (aa3gep, KyablkTap, Gyproiiay YHrbiManapbl)
Kepcetedi. YKorapblfa cunatTa/iraH Xarbl FMAPOreoNiorManblK KaptanapiaH 6acka rvaporeoniormanbiK npoLecTLy
XKEKesereH akTapblH afpceTeTLl apHalibl FMAPOreonormsa/blK Kaptanap MeH TLUKTep - >Xep acTbl Cynapbl AeH-
refiHiH >xaTy TepeHAIriHiH KapTanapbl, CblibICbIMAbl XbIHbICTapAbliH CY3y KacMeTTepiHiH KapTanapbl, Cy eTKi3-
TILTIFIHIH XK3He Cy TYTKbIW KabaTTapiblH AEHrei eTKI3riWTIriHIH KapTanapbl, Xep acTbl Cy/MapbiHbIH XUMUSbIK
KypaMbIHbIH KapTanapbl X3He 6ackanap xacanagpl.

XKorapblga GenriieHreH 6ap/biK ruaporeonornanbIK Kaptasiap MeH TLLWKTep CTaTUKabIK X3He rvMaporeoso-
rUAMbIK NPOLECTLY YakblT AMHaMUKacbiH KepceTneiai. Onap Tek ruaporeonormabik-TYcipy npoueci 6apbicbiHaa
a/ibIHraH reonornAbIK-TEKTOHUKANbLIK Heri3ge 6ipMeMeHTTI faanblk 6acTankbl rMApPOreonorMasblK napameTpepi
(xekenereH Ke3gep MeH rMAPOreonorMAbIK yiibiManapablH Ae6uTi, Xep acTbl CybIHbIH XUMUAMLIK Kypambl MeH
(hmsmKasbIK canacbl, Cy TYTKbIW KabaTTapAblH Keibip rugporeonornsanbik napameTpaep” kepcetegi. KepcetinreH
cebenTep 6OibIHLLIA O/1ap rMAPOreoNorUs/bIK MPOLECTLY, OAaH 3pi AamyblH 60mKayblH canackI3 Herisi 6ona anmai-
Obl. MyHpain 6actankbl gepekTepre HensgenreH 6omkamabl Mugporeonoruanbik ecenteynep, agerte 15-30%-gaH
XKOrapbl eMec A3/M14IKNEH X3He CEeLUMALLKMEH epeKLleneH6eii.

Ocbl 6anTa e3 3epTTeynepiHiH HerisiHge 6i3 aHa KarugarTapibl YCbIHAMbI3 >X3He T[UAPOreoornabIK
KapTanapablH NpuHUMNA 6acka TypiH KypyAblH HaKTbl MbiCaiAapblH KenTipemi3, 0N yakbIT 60liblHLIA rMaporeo-
NOrUsNbIK MPOLECTLY, AMHAMMKACbiH agpceTed” 60mkaMablK MMApOreonorusaibik ecenteysep MeH raporeoso-
rUANbIK-MENMOPaTUBIK 60/MKamMaapablH L34 MeH AypbICTbIrbIH aiTapnbikTail apTTbipagsl (1-5%-ra geliiH).
MyHpain KapTanapgpl 6i3 >kep acTbl CyfapbiHbIH PEXUMI X3HE 0MapablH XUMUANbIK Kypambl Typasibl Ken >bligblK
MOHUTOPUMHITIK ManiMeTTep 6asacbiHfa, KasakcTaHHbIH OHTYCTiriHe TaH TalyTKyn cyapy aikabblHbIH HaKTbl
matepuanbiHaa bIKTMMangblKTap TeOPUAChIHbIH MaTEMATUKANbIK 3A4ICTEPIH YK3He Ke3AeicoK (hyHKUmAnap Teopus-
CblH MaiifanaHa oTbIpbiN aNfblH ana eHgenreH. HaTwkeciHae Xep acTbl Cynapbl JeHrelHLL, Cy TYTKbIW KabaTTblH
KyaTTblIbIbIHbIH, KamMTamachI3 eTifly AeHrelii apTypni XKep acTbl cynapbl pecypcTapbiHbiH (5, 25, 50 xaHe T.6., %)
XarfabiHbIH bIKTUMa TMAPOreoNorsanblK KapTanapbl anbiHabl. Konnekcte MyHAai bIKTUMaT ryaporeonorusiblk
KapTasiap Cyapmasbl ankanTtapiarbl rMaporeonornsabik-MennopaTvBIK xarganasl 6omkay VL XXeTKiniKTi cananbl
Heri3 60/bIn TabblNagbl X3He XXeKenereH eHipaep MeH 3neyMeTnK TY3iNiMAepaiH XXep acTbl CynapbiHbIH PECYPCTHIK
aneyeTiH 60/mkay YLWiH CeHiMAi Heri3 60/1a anagpl.

TYViH ce3nep: Kasipri ruaporeonorysnbIk Kaptanap, Tiniktep. Kaptanap/siH cTaTuKabibirbl. KongaHbicTars!
rMaporeonornAnbliK ecentep MeH 6o/mkaMmaapibliH A3NAT XKETKIMIKCI3. bIKTMMan rugporeonornsanbik Kaptanap.
MOHUTOPMHITIK BacTankbl fepekTep. [epekTepai bIKTUMANAbIK eHAey afictepi. 'uaporeonorusnbik ecenteynep
MeH MeNMopaTUBIK-rMAPOreosiorUsbIK 60/mKaMaapabIH e43yip Xorapbl 43NA4T.
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E. . Narytunl B. A. Cmonap2 K. A. Koxxobaes3 A. I'. Tepexos4 M. b. EanreHos5

MHCTUTYT BoAHbIX Npobnem 1 aKonorum, Tapas, KasaxcTaH;

IHCTUTYT rMAPOreonorMm 1 recakonornm, Anmartbl, Kasaxcras;
KbIproi3cko-TypeLkuii yHnBepeuTeT "MaHac”, briukek, Kbiproidckas Pecny6mka;
ANHCTUTYT MH(OPMALMOHHBIX U BbIYUCANTENBHbLIX TeEXHOormin o MOH PK, Anmartbl, KasaxcTa;
5TOO "Hay4yHo-npoussoacTBeHHas (rpma Meoakoc”, KocTaHaii, KasaxcTaH

BEPOATHOCTHbLIE TMAPOIMEOJ/TIOrMYECKUE KAPTbI

AHHOTauusa. 'mMaporeonornyeckne KapTbl SBASIOTCA B HACTOALLEE BPEMS OAHVM W3 BKHEWLUUX 371EMEHTOB
1306paKEHUs TUAPOTe0IOrMYeCKO CUTyauun Kak B PEervoHa/lbHOM, TaK WM B NOKanbHOM MpefcTaBneHun. B
COOTBETCTBUM C CYLLECTBYHOLMMU MHCTPYKLUAMY OHW COCTAB/IAOTCA HA OCHOBE TOMOrpafnyeckKunx, reosiormyeckmnx
M TEKTOHWMYECKUX KapT pasnnyHOro Maclutaba no pesysbTatam rMaporeosormyeckoil CbeMKU Y OTPaKAOT rpaHuLbl
pacnpocTpaHeHnst BOLOHOCHLIX TOPU30HTOB MU KOMI/IEKCOB, NMPUYPOYEHHBIX, KaK Npasuio, K reonoro-crpaturpagu-
YECKMM N TEKTOHWYECKUM 006pa3oBaHUAM, W WX peasibHble MPOAB/EHUS Ha MECTHOCTUM (MCTOYHWKK, KOMOALMI,
6ypoBble CKBaXMHbI). KpoMe onucaHHbIX Bbile O6LUMX MMAPOreonormyYecknX KapT, COCTaBAAOTCA CreumabHble
rMAPOreosIorMYeckKre KapTbl U paspesbl, OTPaXKarolime OTAe/bHble CTOPOHbI MMAPOreosorMyeckoro npouecca -
KapTbl FNy6VH 3aneraHns YpoBHs MOA3EMHbIX BOA, KapTbl (MAbTPALMOHHBIX CBOWCTB BMELLAHOLLMX MOPOA, KapTbl
BOZAOMPOBOAVMOCTU W YPOBHENPOBOAHOCTU BOAOHOCHBIX FOPU30HTOB, KapTbl XMMUYECKOr0 COCTaBa MoA3eMHbIX BOA
M apyrue.

Bce 0603HayeHHbIe BbiLLe rMApPOreosiornyeckmne KapTbl 1 paspesbl e4VHOMOMEHTHBI U HE OTPaXKatOT LUHAMUKY
rMApOrecsIorMyecKoro npouecca Bo BpeMeHW. OHW NiNLib OTPaXKatoT Ha reooro-TeKTOHUYECKON OCHOBE MOJyYeH-
Hble B XOfle TVMAPOreosoro-CbeMOYHOr0O MpoLecca Mosesble UCXOAHbIE TMAPOreo/orMyeckme napameTpbl (4ebutsi
OTA€e/MbHbIX UCTOYHWKOB U FMAPOre0orMuecknX CKBaXKUH, XUMUYECKWIA COCTaB U (IM3NUECKMe KauecTsa NoA3eMHON
BOZbl, HEKOTOPble rMAporeonornyeckne napameTpbl BOLOHOCHBIX FOPU30OHTOB). M0 yKa3aHHbIM NPUYMHAM OHU He
MOFYT CMY>XWUTb [06POKa4eCTBEHHOW OCHOBOW MPOrHO3MPOBaHWA Aa/bHENLLIEro pasBUTUS FMAPOreonornyeckoro
npotiecca. INporHo3Hble rYaporeosorMyeckme pacyeTbl, OCHOBAHHbIE Ha TaKUX UCXOAHbIX AaHHbLIX, He OT/IMYaloTCs
BbICOKOW TOUYHOCTbIO M JOCTOBEPHOCTbLIO, 0ObIYHO He Bbile 15-30% .

B HacToslei cTaTbe Ha OCHOBaHWU COBCTBEHHbLIX MCCNEA0BAHWIA HAMW MPEeLNaraloTcs HOBble MPUHLMMNbLI U
MPUBOAATCA KOHKPETHbIE MPUMepPbI NMOCTPOEHUS MPUHLMNUAIBHO APYroro TUna ruaporeosiorMyecknx Kapt, oTpa-
XaroLmX AUHaMUKY rMaporeosiorMyeckoro rnpoLecca B0 BPEMEHW, CYLLIECTBEHHO MOBbILLAKOLLIME TOYHOCTb U JOCTO-
BEPHOCTb MPOrHO3HbIX MAPOre0/IOrMYECKMX PaCcYeToB W MAPOreosoro-MennmopaTBHbIX NPOrHo3oB (go 1-59%).
Takue KapTbl NOCTPOEHbI HAMW Ha 6a3e MHOr0/IeTHUX MOHUTOPVHIOBbLIX JAaHHbLIX O PeXKMMe MOA3EMHbIX BOA U UX
XMMUYECKOM CcOcTaBe, 06paboTaHHbIX NpeaBapuTeNbHO C WCMOMb30BaHWEM MaTeMaTUYecKuxX MEeTOAOB Teopuu
BEPOSTHOCTEN WM Teopun CnyyalHbIX (YHKUMA Ha (aKTMYeCKOM MaTepuane TUMMYHOro Ans tora KasaxcraHa
TalLyTKY/IbCKOro MaccuBa OpoLleHus. B pesynbtate OblIv NOMYyYeHbl BEPOATHOCTHBIE TMAPOreosorMyeckue KapTbl
MO/OXEHMS YPOBHEN FPYHTOBbIX BOA, MOLLHOCTeli BOGOHOCHOIO rOpPM30HTa, PECYPCOB NOA3EMHBIX BOJ, Pa3/NYHONM
cTeneHu obecrieyeHHocTu (5, 25, 50 n T.4. %). BblAM NONYYeHbl KapTbl Pa3fIMYHbIX TUMNOB pacnpefeneHns BepoT-
HOCTE M MPOrHO3MPOBaHWA TMAPOreosiorMYecKoro npouecca. B Komnnekce Takve BEpPOSTHOCTHbIE TMAPOreoso-
rMyecKme KapTbl CyXaT LOCTaTOYHO [06POKaYeCTBEHHON OCHOBOW [ NPOrHO3VMPOBAHUA TVAPOreosioro-Menmo-
PaTMBHON CUTyaLMM Ha OpOLUAEMbIX MACCMBAaX W MOTYT CNYXWTb HALEXHOW OCHOBOW [A/11 MPOrHO3MPOBaHMA
pecypcHOro noTeHupana noA3eMHbIX BOJ OTAE/bHbIX PEFMOHOB U COLMasIbHbIX 0Bpa30BaHuiA.

Kntouesble cnosa: CyLLeCTBYIOLMe TVAPOreo/orMyecke KapThbl, paspesbl. CTaTuyHOCTb KapT. Hepocra-
TOYHas TOYHOCTb OCHOBAHHbLIX Ha HMX CYLUECTBYIOLMX TMAPOreosorMyeckux pacyeToB W MPOrHo3oB. BepoaT-
HOCTHbIe MAPOreosiorMyeckre KapTbl. MOHUTOPUHIOBbIE UCXOAHbIE faHHble. BeposaTHOCTHas 06paboTKa.
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