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FORECAST OF POTENTIAL CHANGES
IN EXPLOITABLE GROUNDWATER RESERVES
UNDER THE INFLUENCE OF NATURAL
AND ANTHROPOGENIC PROCESSES
AT DEPOSITS EXPLORED FOR IRRIGATION

Abstract. The article analyzes the direction of anthropogenic changes in hydrogeological conditions, it is
revealed that groundwater in Kazakhstan is not threatened by the depletion of its reserves in the process of their
exploitation. No groundwater pollution has been established in the deposits explored for land irrigation in the
territories of South and East Kazakhstan. Changes in the hydrodynamic regime at deposits confined to river valleys,
cones of removal, and foothill plains were noted. The degree of groundwater reserves availability in the mentioned
deposits at the expense of their formation sources was assessed in order to determine the reliability of operation
under the influence of natural and anthropogenic processes, and the coefficient of groundwater reserves availability
for each deposit was determined.
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Introduction. In the modern period, a complex problem is the assessment of the impact of possible
climatic changes and anthropogenic processes on the formation of natural and forecast resources and
operational reserves of fresh and slightly brackish groundwater in deposits explored for irrigation. Taking
into account the diversity of natural and hydrogeological conditions of Kazakhstan, changes in the value
of natural resources, and in some cases natural reserves, can lead to both positive and negative
consequences [1, 2].

Global warming predicted in recent years could also cause significant climate change that could result
in impressive impacts to regional surface and groundwater resources [3-5]. At the same time, many
researchers note that global warming [6-8], if it occurs, does not necessarily mean a one-step warming.
Possible climate changes are expected to be heterogeneous across landscapes. Along with warming in
some regions, there may be significant cooling in others. Not everything is unambiguous with temperature
cycles either. The currently observed warming is believed to be occurring against the background of a
global long-term cycle of significant cooling.
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The above-mentioned problems of climate change are also very important for hydrogeologists when
considering the peculiarities of influence of possible climatic changes on the formation of groundwater
resources. This is natural, as the main source of groundwater formation is precipitation. Consequently,
scientifically based forecasts of changes in precipitation and river runoff in relation to possible climatic
changes, i.e. climate models, are needed. Such climatic models should be the basis for projected changes
in hydrogeological and, above all, hydrodynamic conditions. Based on this, given any increase or decrease
in the norm of atmospheric precipitation and river runoff, it is quite easy to predict the change of
groundwater flow in one or another direction, i.e. the natural resources of the upper aquifers.

It should be noted that the contribution of precipitation changes to the predicted changes in
groundwater levels and discharges is only 10-30%. In addition, climatological forecasts do not provide
quantitative insights into the intra-annual distribution of precipitation and evaporation. Thus, the planned
climate change scenarios under any assessment will not lead to any significant changes in the estimated
values of natural and predicted exploitable resources [1].

In the process of research on the impact of anthropization processes on the underground hydrosphere,
the trend of anthropogenic changes in hydrogeological conditions was revealed mainly in two directions.

The first is a change in the hydrogeodynamic regime of groundwater causing a decrease in the level
and depletion of groundwater reserves or an increase in the level causing the formation of technogenic
waterlogging of territories [1, 2, 9]. Analysis of the current state of exploitation of groundwater deposits
on the territory of Kazakhstan has shown that groundwater use of explored deposits occurs in insignificant
quantities. Of the total amount of explored groundwater reserves, less than 20% is utilized during this
period. There are very few groundwater deposits in Kazakhstan whose reserves would be used more than
40-50%. Consequently, groundwaters of Kazakhstan are not threatened by the depletion of their reserves
in the process of their exploitation.

The second is hydrogeochemical changes in groundwater caused by contamination of the latter with
gas, liquid and solid wastes from transportation, industry, agriculture, energy and life support facilities.
Such changes can capture both significant changes and be local in nature. Pollution of fresh groundwater
is of particular concern. Freshwater is a limited and vulnerable resource. It is difficult to overemphasize
the significance of pollution of another environment that provides humans with the ability to survive,
which could be compared to water pollution. At the same time, field studies have not established ground-
water contamination in deposits explored for irrigation in the territories of South and East Kazakhstan.
There are no sources of possible groundwater contamination in the vicinity of these deposits [10].

In future, under significant increase of regular irrigation area and intensive exploitation of ground-
water deposits explored for irrigation, the following changes are possible: decrease of their natural
(capacity) reserves; redistribution of main sources of supply, i.e., decrease of the role of infiltration of
atmospheric precipitation due to increase of depth of level occurrence; filtration of surface (river) water
will be carried out mainly in winter period only in rivers with permanent flow; increase of surface water
filtration on irrigation fields and from irrigation and main canals as a result of increase of their areas and
length of canals).

Materials and Methods. Conducted in 2023-2024, field studies within South Kazakhstan (Almaty,
Zhetysu, Zhambyl, Kyzylorda and Turkestan regions) and East Kazakhstan (Abai and East Kazakhstan
regions) have not revealed clearly expressed trends in the influence of climatic changes on groundwater
resources in general, as well as on exploitable reserves of specific deposits explored for land irrigation.
Some changes in the hydrodynamic regime (5-15 m lowering of the level) at such deposits, confined to
river valleys, outflow cones, foothill plains, are related to the low-water period, which to some extent
affected precipitation and surface water resources. Location of deposits of groundwater explored for
irrigation within the territory of South and East Kazakhstan is reflected in figure.

Thus, under changes in hydrogeological and hydrodynamic conditions, the value of natural
(capacitive) reserves may change, which is caused by a decrease in the thickness of aquifers. Natural
(renewable) resources under groundwater exploitation for irrigation may be redistributed, filtration from
rivers will decrease, filtration from irrigation systems and irrigation massifs will increase.

In these cases, it is important to assess the extent to which the exploitable groundwater reserves of the
deposits in question are secured from the sources of their formation: natural resources, natural reserves,
elastic reserves in the case of the use of pressurized groundwater and the impossibility of reliably
determining natural groundwater resources.
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LOCATION SCHEME OF GROUNDWATER DEPOSITS
EXPLORED FOR LANDS IRRIGATION
IN SOUTHERN AND EASTERN KAZAKHSTAN
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Location scheme of groundwater deposits explored for lands irrigation in Southern and Eastern Kazakhstan

For the study area, the analysis of groundwater storage capacity at each deposit explored for irrigation
was carried out to determine the possible impact of groundwater level reduction by 5-15 m on the size of
groundwater storage capacity. Earlier, in the process of hydrogeological exploration works on specific
deposits of groundwater explored for irrigation of lands, the assessment of the availability of exploitable
groundwater reserves was carried out taking into account the genetic type of the deposit and lithology of
water-bearing rocks, general hydrogeological and natural conditions.

Results. In order to assess the availability of operational groundwater reserves in deposits explored
for irrigation, for each deposit, taking into account its genetic type, lithology of water-bearing rocks,
general hydrogeological and natural conditions, natural reserves, natural resources, elastic reserves for
pressure water, and in some deposits the groundwater recharge is due to precipitation were determined
[11,12].

Natural reserves represent the mass (volume) of groundwater contained in the considered element of
the underground hydrosphere (reservoir, reservoir section, reservoir system, etc.). In turn, they are
subdivided into the so-called capacitive reserves, determined by the amount of water that is extracted
during drainage of the reservoir, and elastic reserves, which are formed when the piezometric level
(reservoir pressure) of pressurized groundwater decreases due to water expansion and compaction of the
mineral skeleton of the reservoir.

Capacitated natural reserves were determined by the formula:

Ve=FHu, (1)

where V, — natural (capacitive) reserves, m’; F — area in the contour of the reduced radius of influence, m’;
H — weighted average thickness of the aquifer, m; u — specific water yield of water-bearing rocks.
The value of elastic natural pressure water reserves is determined by the formula:

V.= uFH,,, (2)

where V, — elastic groundwater reserves, m’; u — elastic water yield; F' — area of aquifer distribution, m’;
H,,— weighted average head above the overlying layer, m.
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Water withdrawal availability at the deposit due to natural reserves development without taking into
account replenishment was determined by the formula:

0.==" 3

where Q, — water withdrawal due to natural reserves development, m3/day; V. — value of natural reserves,
m’, a — extraction coefficient (taken from 0.3 to 0.5); ¢ — water intake operation period, days.

A natural resource is a fed inflow or outflow of groundwater. Natural resources of an aquifer within a
certain area of distribution are characterized by the amount of its supply in undisturbed balance-
hydrodynamic conditions (infiltration of atmospheric precipitation, overflow from adjacent aquifers,
filtration from their surface watercourses and reservoirs).

Natural resources are formed under the influence of numerous natural factors: climatic characteristics,
conditions of aquifer occurrence, composition and thickness of aeration zone rocks, capacity and
permeability of water-bearing sediments, boundary conditions of the deposit, etc.

Natural resources were determined by the following methods:

— By groundwater flow rate, using Darcy's formula:

Q.=km'J-B-cos'a, 4)

where J — the average slope of the groundwater flow; km — average water permeability of the reservoir,
m?*day; B — length of the design profile, m; a — angle of flow meeting with the design section (if any).
— Due to infiltration of atmospheric precipitation in some cases were determined by the formula:

_ F'h+1000

Opi=—F—> )

t

where O, — value of infiltration of atmospheric precipitation, m’/s; h — precipitation layer, mm;
F — area of aquifer supply, km’; # — the time of the greatest infiltration of precipitation, .

To assess the availability of exploitable reserves for groundwater deposits explored for land irrigation
within the territories of South, West and East Kazakhstan, the coefficient of availability of exploitable
groundwater reserves Kgaiasiiy Was used, which is the ratio of the total value of natural reserves and
natural resources Quuimpiiiyy t0 the value of exploitable groundwater reserves explored for land irrigation
Qexploitable at each groundwater dGPOSit (Kavailability. = Qavailability/ Qexploitable)~

All calculations made on availability of operational groundwater reserves explored for land irrigation
were summarized in Table.

Analysis of the table shows that the coefficient of availability of operational groundwater reserves
(Kavaitavitiey) varies depending on hydrogeological conditions within significant limits and characterizes the
resource potential of a particular groundwater deposit. The larger the value of the coefficient of
availability of operational groundwater reserves, the more reliable are the resource components of a given
groundwater deposit (GWD).

Discussion. In Almaty region, the Kjasiiny value varies from 1.12 (Karadala GWD) to 4.17
(Yuzhno-Kopinskoe GWD). In general, all fields of the region are reliably provided with natural resources
and reserves, but at Karkarala GWD there is no possibility of reserves increase in the process of
exploitation.

In the Zhetysu region, the Ky value ranges from 1.26 (Aksu GWD) to 3.83 (Karatal GWD). All
deposits are reliably supplied with natural resources and reserves; there is no possibility of increasing
exploitable reserves in the Aksu GWD.

The Kaiwbiiey value in the deposits of Zhambyl region ranges from 1.23 (Biylikol GWD) to 18.8
(Yuzhno-Kopinskoe GWD). In principle, all explored exploitable groundwater reserves at all fields are
reliably secured, but there is no significant exploitable potential for increasing reserves at Biylikol GWD.

In Kyzylorda region the Kiyiupiiy value at groundwater fields is within 2.56-6.10 and only at Tolagai
GWD it sharply increased up to 60. This indicates that the Tolagai GWD has significant groundwater
resources and, if necessary, this can be proved by reassessment of exploitable reserves. Exploitable
groundwater reserves of the region are reliably provided at all fields.

In Turkestan region at groundwater deposits, the K, aiapiiny value ranges from 1.33 to 5.56. Exploitable
reserves of all fields are secured.
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Availability of exploitable groundwater reserves in deposits (ERG)

Administrative region. Name of GWD Geological index of aquifer Mineralization,
Cadastre GWD code (complex) g/l
1 2 3 4
Almaty South Kazakhstan
4849 Issyk-Turgen apQ 0.1-0.7
4878 Karadala N, K 0.2-0.7
4881 Karoi apQy 0.1-0.3
5056 Talgar apQ 0.2-04
5089 Uzun-Agach apQrn 0.1-0.9
5112 Chilik apQ 0.2-0.7
5144 Yuzhno-Kopinskoe apQy/ N, 0.2-0.9
Total GWD and reserves 7
Zhetysu
4736 Aksu apQr.in 0.1-0.5
4737 Alakol apQ-alQuy 0.2-0.4
5250 Baskan apQ 0.2-0.8
4777 Bashi dp Qi-ap Qu 0.1-0.8
4813 Djungar Quu 0.2-0.4
5242 Karatal Qi/ N, 0.8-0.9
4934 Kerbulak Qun/ N, 0.5-0.8
4970 Molaly aQI,H apQI,H 0.4-0.7
5108 Khorgos apQry-aQ 0.2-0.3
5198 Shilikta apQrn 0.2-0.6
Total GWD and reserves 10
Zhambyl
5238 Akzhar P-P, 0.4-0.6
4712 Aspara Q apQu-m-N 0.2-0.4
5168 BlyllkOl an-Nz 03-07
4799 Georgievskoye-Talapty aQu-1v 0.3-0.5
4809 Zhualyn apQu-m 0.2-0.5
4957 Merken apQu-m 0.1-0.2
4993 Podgornenskoye apQu-m 0.2-0.8
4994 Predpeskovoe aQ-N, 0.3-0.8
4944 Lugovskoye apQ m 0.2-0.8
5018 Talas-Assin (North) apQuriv- N 0.4-0.7
5144 Yuzhno-Kopinskoe apQi- N, 0.2-0.9
7985 Shakpakata C, 0.3-0.5
Total GWD and reserves 12
Kyzylorda
4833 Zhanadarya K 1.0-2.0
4908 Kuvandarya K, 1.3-14
4909 Kyzylkum K, 1.6-2.0
5033 Sarybulak K, 1.5-3.0
5070 Tolagai P, 0.5-1.0
Total GWD and reserves 5
Turkestan
5288 Bugun Q- N, 0.6-2.0
4972 Michurinskoe apQuLm 0.5
5048 Suzak N2 Ko 0.3-1.8
5047 Suykbulak-Intymak Ky 0.5
Total GWD and reserves 4
East Kazakhstan East Kazakhstan
4808 Dairov aQH Nz-Q] 0.2-0.7
5149 Kalgutin apQ 0.2-0.8
4887 Kuludzhun apQ 0.2-0.8
5862 Narym aQH,m 0.2-0.4
5153 Chilikta apQu -N>-Q, 0.2-0.3
Total GWD and reserves 5
Abai
4776 Balapanovskoye aQm No-Q Pos 0.2-0.6
4841 Zharbulak apQy, apQy, 0.1-0.5
4930 Karakol aQ-apQ 0.4-1.0
5195 Katynsu aQ-apQprv 0.2-0.5
5196 Kurailin aQ-apQ v 0.3-0.8
Total GWD and reserves )
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explored for land irrigation in South and East Kazakhstan

ERGW value for irrigation Availability of ERGW The total value of ERGW Coefficient of ERGW
thous. Km’/ 3 with natural with natural avallablht};, 3va11ab111ty
m3/day m/year s reserves, m>/s | resources, m’/s Qavaitabitiy, /S Kavaitavitiy= Qavaitavitin/ Qe

5 6 7 8 9 10 11
South Kazakhstan
583.2 0.2128 6.75 4.83 10.64 15.47 2.29
776.1 0.2832 8.9826 6.7 3.358 10.058 1.12
12.9 0.0047 0.1493 0.09 0.47 0.56 3.75
288.72 0.1053 3.3416 3.44 10.49 13.93 4.17
257 0.0938 2.9745 2.69 3.46 6.15 2.06
1341 0.4894 15.5208 14.27 14.61 28.88 1.86
73 0.0266 0.8449 1.4 2.3 3.7 4.37
3331.92 1.2158 38.5637
1497.5 0.5465 17.3321 2.8 19.06 21.86 1.261
864.7 0.3156 10.0081 3.79 22.66 26.45 2.64
259.2 0.0946 3.0 1.32 4.88 6.2 2.06
116.6 0.0425 1.3495 0.63 3.7 4.33 321
802.6 0.2929 9.2893 2.3 10.75 13.05 1.40
311 0.1135 3.5995 11.5 2.3 13.8 3.83
140.2 0.0511 1.6226 1.92 1.5 342 2.11
457.7 0.167 5.2874 2.3 5.8 8.1 1.53
2643.9 0.965 30.6006 16.7 28.2 44.9 1.47
755.1 0.2756 8.7395 3.5 10.564 14.064 1.61
7848.5 2.8643 90.8286
43.2 0.0157 0.5 0.67 0.378 1.048 2.09
129.6 0.0473 1.5 2.2 7.97 10.17 6.78
293.7 0.1072 3.3993 3.12 1.07 4.19 1.23
46.6 0.017 0.5393 0.190 0.647 0.837 1.55
292.1 0.1066 3.3807 0.083 7.5 7.583 2.24
116.7 0.0425 1.3506 2.6 8.28 10.88 8.05
330 0.1204 3.8194 0.07 5.8 5.87 1.54
294.9 0.1076 34131 4.8 3.17 7.97 2.33
500 0.1825 5.7870 13.4 8.4 21.8 3.76
228.1 0.0832 2.64 6.97 4.6 11.57 4.38
18.3 0.0066 0.2118 1.7 2.13 3.83 18.08
0.740 0.00027 0.00856 0.01 0.020 0.03 3.50
1793.94 0.6543 20.7627
21.6 0.0078 0.25 0.7 0.18 0.88 3.52
72.5 0.0264 0.8391 1.724 0.17 1.894 2.56
71.5 0.026 0.8275 3.92 0.26 4.18 5.05
21.1 0.0077 0.2442 1.3 0.19 1.49 6.10
4.8 0.0017 0.0555 2.65 0.69 3.34 60.0
191.5 0.0696 2.2163
302.4 0.1103 3.5 1.94 2.72 4.66 1.33
429 0.0156 0.4965 0.8 1.75 2.55 5.13
138.6 0.0505 1.6041 3.7 4.316 8.016 4.99
23.3 0.0085 0.2696 0.8 0.7 1.5 5.56
507.2 0.1849 5.8702
East Kazakhstan
667.3 0.2435 7.7233 0.5 10.2 10.7 1.38
45 0.0164 0.5208 0.3 1.8 2.1 4.03
136.7 0.0498 1.5821 0.08 2.7 2.8 1.77
85.7 0.0312 0.9918 0.089 1.00 1.089 1.09
139.1 0.0505 1.6099 0.4 3.22 3.62 2.25
1073.8 0.3914 12.4279
85.794 0.0313 0.9929 0.3 0.942 1.242 1.25
1071.3 0.391 12.3993 19.3 3.8 23.1 1.86
216 0.0788 2.5 1.2 2.07 3.27 1.30
483.8 0.1765 5.5995 1.9 6.5 8.4 1.5
380.12 0.1387 4.3995 1.22 6.68 7.9 1.79
2237.01 0.8163 25.8912
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The Kivaitapitiey value in the fields of East Kazakhstan region ranges from 1.0 (Narym GWD) to 4.03
(Kalgutin GWD). Exploitable reserves are secured. There is no prospect of possible increase of
groundwater reserves in the Kalgutin GWD.

In the Abai region, the Kuiaiiy Value at the fields varies insignificantly: from 1.25 to 1.86.
Exploitable reserves are secured, but there are no significant prospects for their increase in the future.

Conclusion. The analysis of the results of the completed study allowed us to draw the following
conclusions:

— the trend of anthropogenic changes in hydrogeological conditions occurs mainly in changes in the
hydrogeodynamic regime of groundwater and hydrogeochemical state of groundwater;

— groundwater contamination has not been established by field studies at deposits explored for
irrigation;

— some changes in the hydrodynamic regime (5-15 m lowering of the level) at deposits confined to
river valleys, outflow cones, foothill plains, are related to the low-water period;

— if hydrogeological and hydrogeochemical conditions can be changed, the value of natural (capacity)
reserves may change due to a decrease in the thickness of aquifers. In these cases, it is important to assess
the extent to which the exploitable groundwater reserves of the deposits in question are secured from the
sources of their formation;

— to assess the availability of exploitable reserves for groundwater deposits explored for land
irrigation, the coefficient of availability of exploitable groundwater reserves Koyqiapiiy Was used, which is
the ratio of the total value of natural reserves and natural resources to the value of exploitable groundwater
reserves explored for land irrigation Qeyiirabie;

— on all groundwater deposits explored for land irrigation in the regions of South and East
Kazakhstan, operational reserves are fully secured with natural resources and reserves;

—climatic changes in the groundwater level regime of individual deposits, due to low water years, will
not significantly affect the values of exploitable reserves of groundwater deposits explored for irrigation.

— the conducted studies allow for a timely assessment of possible changes in the sources of formation
of operational reserves of groundwater and to determine the most rational mode of exploitation of a
groundwater deposit explored for irrigation of lands, allowing for continuous exploitation of groundwater
during the growing season.

Financing. This research is funded by the Committee for Science of the Ministry of Science and
Higher Education of the Republic of Kazakhstan (grant No. BR 21882211).
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*acaubll, Ka3zakcTaHHBIH KepacThl CyJapblHA OJlap/bl MaiiajiaHy Ke3iHJe OJapblH KOpJIAPBIHBIH CapKbLIy KayIi
OonmaiiTeinbl aHbIKTaNAbl. OHTYCTIK )oHe IlbiFbic KazakcTan aymakrapblHAaFbl KepiiepAl cyapy YLIiH OapiaHFaH
KEH OpBIHJapbIH/A )KEPACThl CYJIapbIHbIH JIACTaHYbl aHBIKTAIFaH eMec. | MIpoiMHaAMUKAIIBIK PEXKUMHIH e3repicrepi
©3CH aHFapJIapblH/A, AJUTIOBUIUIIK >KEJIETKIIITEpAE KOHE Tay eTeriHJeri jka3blKTap/a OpHalacKaH KeH OpbIHIa-
poiHna Oaiikanael. TaOuru oHE TEXHOTEHIIK IIPOLIECTEP/iH 9CEpiHEH MaiijlaaHy CEHIMIUIrH aHBIKTay MakKca-
TBIH/Ia aTaJFaH KEeH OpbIHIAapbl OOMBIHINA >KepacThl CYJIApBIHBIH IaiganaHy KOpjapbIMEH OJlapAblH maiiga 0oy
Ke3epi OOMBIHIIA KaMTaMachl3 €Ty IopexeciHe Oaranay >Kyprisinmi, opOip KeH OpHBI OOMBIHINA XKepacThl Cyia-
PBIHBIH MaianaHy KOPBIMEH KaMTaMachl3 Ty KO (UIIMEHT] aHBIKTAIBL.

Tyiiin ce3aep: naigasaHpUIATEIH KOpJIap, )KepacThl CYJIapbIHBIH K€H OPBIHAAPHI, XKEpAi cyapy.
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MPOTHO3 BO3MOKHBIX U3MEHEHUI BEJTUYUHBI SKCILTY ATAIIMOHHBIX 3AIIACOB
noa BJUAHUEM MPUPOAHBIX U TEXHOI'EHHBIX ITPOITECCOB
HA MECTOPOXIEHUSAX ITIOJA3EMHBIX BO/J, PASBEJAHHBIX JJIs1 OPOIIEHUSA 3EMEJIb

Annortanus. [IpuBeneH aHATU3 HAIPABICHHOCTHA aHTPOIOTCHHBIX U3MEHCHHUU THAPOTCONIOTHIECKUX YCIOBHH.
BrisBiieHo, uto moa3eMHbIM BogaM KaszaxcraHa He yrpoKaeT HCTOIICHHE MX 3allacoB B MpoIecce dKCIuTyararmn. He
YCTAaHOBIICHO 3arpsi3HCHUE MOJI3EMHBIX BOJI HA MECTOPOXKICHUAX, Pa3BEeJaHHBIX JUIA OPOIICHUS 3eMenb B FOxHOM 1
Bocrounom Kazaxcrane. OTMeUeHbI U3MEHEHHS THIPOJIUHAMHUYECKOTO PEKUMa HA MECTOPOXKICHUSAX, PUYPOUCH-
HBIX K JIOJIMHAM PEK, KOHYCaM BBIHOCA, MPEATOPHBIM paBHUHAM. [Ipom3Be/ieHa OICHKA CTEMEHH O0eCIeYeHHOCTH
IKCILUTYaTAHOHHBIX 3aI1aCcOB MOJ3EMHBIX BOJ HA YKa3aHHBIX MECTOPOXKACHHSX 32 CYET UCTOYHHUKOB MX (OPMHUPO-
BaHMs C LEJIbIO ONPE/CICHHUS HAIe)KHOCTH IKCIUTyaTalliy 0]] BO3/ICHCTBUEM NPHUPOHBIX U TEXHOTCHHBIX IPOLEC-
coB. Ompenenex Ko3pPuineHT 06ecredeHHOCTH IKCINTYyaTallHOHHBIX 3aI1acoB MOA3EMHBIX BOJ IS Ka)IOTO Mec-
TOPOKIACHUS.

KiroueBble cjioBa: SKCIUTyaTalMOHHBIC 3a1aChl, MECTOPOKICHHUS MOA3EMHBIX BOJI, OPOIICHHE 3eMEIb.




