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Analytics

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 Pecniybnukacel ¥immbiK fbliibiM akademusicbl "KP ¥FA Xabapnapbi. [eonozausi xoHe
MmexHUKarbIK FbiribiMOap cepusicbl” fbinbIMU XKypHanbiHbiH Web of Science-miH xaHanaHfFaH Hyckachl
Emerging Sources Citation Index-me uHOekcmernyze KabbindaHraHblH xabapsaldel. byn uHdekcmerny
b6apbiceiHOa Clarivate Analytics komnaHusicel XypHandel odaH opi the Science Citation Index Expanded,
the Social Sciences Citation Index xeHe the Arts & Humanities Citation Index-ke kabbinday maceneciH
Kapacmbipyda. Webof Science sepmmeywinep, aesmopnap, 6acnawhbinap MeH MekeMmesriepee KOHmMeHm
mepeHdiei MeH canacbiH ycbiHalbl. KP YFA Xabapnapbi. [eonoeusi XeHe MeXHUKasbIK fblibiMOap
cepusicbl Emerging Sources Citation Index-ke eryi 6i30iH KoramOacmbiK YWiH eH e3ekmi xoHe 6edesnodi
2e0/102Us1 XKoHe mexHUKarbIK FbliibiMOap 6olbiHWa KoHmeHmke adanobifbiMbi30bi 6indipedi.

HAH PK coobuwaem, 4mo HayuyHbll xypHan «Mseecmuss HAH PK. Cepusi 2eonoauu U mexHu4eckux
Hayk» 6bin npuHsam 0ns uHlekcuposaHusi 8 Emerging Sources Citation Index, o6HoeneHHol eepcuu Web
of Science. CodepxaHue 8 amom UHOeKcuposaHUU Haxodumcsi 8 cmaduu pacCMOMmpeHUs: KoMmrnaHuel
Clarivate Analytics Ons OanbHelweao npuHsmus xypHana e the Science Citation Index Expanded, the
Social Sciences Citation Index u the Arts & Humanities Citation Index. Web of Science npednazaem
Kadyecmeo u eanybuHy KoHmeHma Ons uccriedosamesiel, asmopos, u3damesiell U y4pexoeHudl.
BkriroueHue Uzsecmusi HAH PK. Cepusi eeonozuu u mexHudeckux Hayk 8 Emerging Sources Citation
Index demoHCmMpupyem Hawy rnpueepXxeHHoCcMb K Hauboriee akmyarnbHOMY U 8/IUSIMEsIbHOMY KOHMeHmy
10 2e0/102UU U MeXHU4YeCKUM Haykam Oris Hauleeo coobwecmsa.
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GROUNDWATER HYDRO CHEMICAL REGIME AND
SOIL SALINITY UNDER LONG-TERM OPERATION
ON TASOTKEL IRRIGATED AND DRAINED LANDS

OF ZHAMBYL REGION

Abstract. The article describes hydrochemical regime and dynamics in soil salinity in conditions of long-term
operation at Tasotkel irrigated and drained lands located in Shudistrict, Zhambyl region.

The results of agro-meliorative surveys, stationary hydrogeological and hydrological observations, soil-
meliorative works and laboratory studies performed by the RSE Zonal hydrogeological-meliorative center of the
Ministry of Agriculture of the Republic of Kazakhstan, as well as information of regional water, agriculture and
statistics bodies used to conduct studies on the following theme.

Meliorative state assessment of irrigated lands according to hydrogeological indicators, as well as soil-
meliorative conditions in combination with agricultural conditions was made.

Key words: groundwater, hydro chemical regime, hydrogeological and meliorative conditions, soil-meliorative
conditions.

Introduction. Shu district is located on the north-eastern part of Zhambyl region. There are Shu,
Aksu, and Koragata Rivers used for irrigation of crops and livestock watering. Tasotkel water reservoir
was constructed on Shu River for irrigation on the territory of the region. Today, Tasotkel irrigation lands
occupy central part of the interfluve of Shu and Koragata Rivers, right-bank part of the Shu River above-
flooded terrace and a part of the foothill plain [1, 11].

Total area of the irrigated lands is equal to 21,469.2 hectares, including 20,212.2 hectares of arable
lands.

Climatic conditions in 2017 were characterized by a large amount of precipitation in the spring-
summer period. The amount of precipitation for the following hydrological year is 438.5 mm [2].

Fodder crops, vegetables, melons, potatoes, grains, sugar beet, and oilseeds are mainly cultivated on
irrigated lands. An increase in the average yield of such crops as sugar beet, sunflower and vegetables
observed for 2017.

Irrigation was carried out from the Tasotkel reservoir by gravity due to topography. In 2017, the total
amount of water abstraction estimated by 164.3 million m’, and for water supply - 94.7 million m’.
Volume of collector-drainage water increased to 6.166 million m® in comparison with 2016.

1. Geographical setting and climatic conditions. Tasotkel irrigation areas located in the middle
reaches of Shu River and occupies floodplain terraces and a part of the foothill plain. Absolute surface
landmarks decrease from the foothill part to river valleys varies from 500 to 420 m.
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Climatic conditions for the growing season were characterized by a humid and hot summer. Weather
conditions were favorable for the growth and development of crops. According to the data of "Tole-bi"
meteorological station, the minimum average monthly air temperature was -5.4 °C recorded in February,
the maximum in July 26.8°C (table 1.1, figure 1.1).

Table 1.1 — Meteorological characteristics of Tasotkel irrigation area for the 2016-2017 hydrological year

Month
2016 2017 Total
X1 | xu 1 | o | m | v [ v [ vi [vi|]vmm]| x| x

Average air temperature by month, °C

9 | oo | 52 | sa [ 25 | 19 | 199 | 237 | 268 | 236 | 183 | 103 |

Precipitation, mm

360 | 650 | 220 [ 610 | 140 | 860 | 440 | 410 | 05 | 66 | 140 | 484 | 4385

30
25
20

15

10 N
0 4

0 ‘ ‘/,“ | i | i : | :
5 7

Average air temperature by month, °C

-10
= ) = = > 0 > 2 = =
2 2 % % B8 E & & % % 32 3
5} o g B p= < ) o
2 g = o a o
z A —|-2016 ——2017 %
Figure 1.1 — Dynamics of average air temperature by month
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Figure 1.2 — Precipitation dynamics of Shu district for 2016-2017 hydrological years
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It follows from the diagram that the maximum temperature for 2017 is slightly higher than last year's
indicators and noted in July, but on average, it was at the level of long-term values.

The amount of precipitation for the hydrological year is equal to 438.5 mm, which is less by 18.2 mm
than in previous years, but more than the average annual values. Of these, during the vegetation period,
192.1 mm precipitated (figure 1.2). The rainiest months are April-May (130 mm).

2. Technical condition of water management systems and water use. The right-bank main chan-
nel (RMC) and the left-bank main channel (LMC), through which water conducted to irrigated lands and
for settlements completed of the earth-bed and the Tasotkel main channel (TMC) itself is made of concrete
bed [3, 4].

According to the RSE "Kazvodkhoz" and the SME "Tasotkel", the total amount of water abstraction
is 164.3 million m®, water supply - 94.7 million m®, of which 84.3 million m® were delivered to the Tasot-
kel irrigation array. The efficiency of the main channels estimated to 0.58.

Compared to 2016, the volume of water supply increased by 31,890.4 thousand m’ (62,786 thousand
m’ in 2016). This was due to discharges of irrigation water into the collectors K-1 and Kokozek during the
sewage treatment on the main channels.

The volume of collector-drainage waters reached 6.16mln.m’ or only 6.5% of the volume of water
supply, while in 2016 it did not exceed 3.649 mln.m’. The increase in the volume of drainage flow is
associated with an increase in water supply.

During the vegetation period, main channels made of earth-bed are going to silt. In November-
December 2016SME "Tasotkel" carried out mechanical cleaning on the Aktobe channel with the length of
14.6 km, Aktogan channel - 3.7 km and Kirov channel - 1.5 km.

During the past 15 years, there was no repair and restoration works to improve the state of the collec-
tor-drainage network (CDN). Thus it’s overgrown with weed vegetation and createda backwater drainage
(photos 1.2-3.2). On-farm (tray) irrigation networks are in an emergency condition. Main water losses
occur during the transportation of water from the head structures to water discharge points. The efficiency
of these channels varies from 0.40 to 0.55.

Photo 1.2 — Siltation of the collector K-1Photo 2.2 Silt and clogged collector K-1-1

To improve the current situation and ensure the optimal operation of drainage systems (NOK-1,
NOK-2 do not provide drainage from irrigated lands suspended to them) mechanical cleaning is required.

Particularly, in need of clearing the site on the territory of Tolebirural district, with the extension of
these collectors to a length of about 8 km to Koragata River and the deepening of the laid pipe under the
Tolebi rural district road to the Abay village [4, 14].
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Photo 3.2 — Silted and overgrown with reeds collector K-1-2

3. Quality of irrigation and collector-drainage waters. Mineralization and chemical compound of
surface and collector-drainage wateron the irrigated lands ofShu district were studied by samples taken
from three main channels, and also from Shu andKoragata rivers [5].

The mineralization of water in TMC varied from 0.49 to 0.58 g/L, and the chemical compound by its
anion-cation presence varied from bicarbonate-sulfate magnesium-calcium to sulfate-hydrocarbonate
magnesium-sodium. The SAR value was 1.1, i.e. the probability of soil alkalinization during irrigation
with such water is absent.

Mineralization of water in PMC varied from 1.07 to 1.35 g/L, with sulfate-hydrocarbonate calcium-
magnesium and sodium-calcium chemical compound mainly. The SAR did not exceed 2.1.

Mineralization of water in the K-1 collector during the vegetation decreased from 2.18 to 2.07 g/L,
with a sulfate-hydrocarbonate calcium-magnesium chemical compound. The SAR index at the end of
vegetation was equal to 1.0. Thus, in terms of mineralization, salt content and SAR index- the K-1
collector characterized with satisfactory quality and suitable for irrigation (figure 1.3).

34
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Figure 1.3 — Mineralization of irrigation and collector-drainage waters at Tasotkelirrigated lands
for 2013-2017, g/L
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It follows from the diagram that mineralization of water for irrigation varies depending on the season
and water content of the year. During the reporting year, mineralization in PMC has increased signifi-
cantly, in TMC has remained at the level of long-term values, and in the collector-drainage water, there
has been a slight decrease.

4.Hydrogeological and meliorative conditions. Groundwater table formation on Tasotkel area
significantly was influenced by irrigation type. During the growing season with the beginning of water
supply, groundwater levels rise, and in the non-vegetation period, form dome of irrigation-groundwater
drawn-off due to the drainage system operation and natural drainage of the territory. For seasonal and
long-term dynamics, groundwater fluctuations are directly influenced by irrigation regime, irrigation
norms, type of cultivated agricultural crops and technical conditions of the drainage system.

Groundwater level in April varied from 3.05 to 5.36 m. In May, after the water supplied to the fields,
there was an increase in groundwater level with the greatest intensity in the first month. The amplitude of
the rise in this period was equal to 0.11-0.35 m. During the entire irrigation period, the elevation of
groundwater level continued and peaked in August, groundwater at that time detected at a depth of 2.20-
4.53 m. With the termination of water supply, there was atendency to decrease in groundwater level. In the
middle of September, groundwater level markedonadepth 2.28-4.66 m. Groundwater levels with a depth
of more than 5 m observed only in winter and spring periods wells No. 523, 547, located in the floodplain
of Shu River.

Irrigation lands according to hydrogeological conditionsare divided into the foothill plain on the right
bank of Shu River, the flood plain of Shu River and the interfluve of Shu and Koragaty Rivers. Foothill
plain characterized by natural drainage of the territory, elevated slopes of groundwater table, which
provide intensive outflow from this area [6]. This creates a favorable level-salt regime of groundwater. For
example, for a well No. 64 located on the right bank of Shuriver, groundwater in winterperiod marked at a
maximum depth of 3.53 m (figure 1.4). With the beginning of the melting inspringperiod, a slight rise
ofgroundwater level on 9 cmis noticed. After that, irrigation water flows down to the fields; a general rise
in groundwater level is observed especially intensively in the first month of irrigation period - up to
22c¢cm.Maximum increase in groundwater table observed in September up to 0.85m and was marked on a
depth 2.68m. With the end of the irrigation period, there is a general decrease in groundwater. Near-well
location of the well, elevated slope of the groundwater table, and natural drainage of the territory
contributed to the leveling off the groundwater surface, which continues during the non-vegetation period.

The floodplain part of the right bank of Shuriver characterized by the occurrence of groundwater at a
depth to 3-5 m. For example, in a well No. 165 groundwater level before the beginning of irrigation was
equal to 3.76 m. Peak rise ofgroundwater level was observed in August, when level reached 2.91 m. With
the termination of irrigation, there is a gradual decrease in groundwater. Therefore, in September level
dropped to 3.05m. Groundwater restoration after the irrigation season continues throughout the non-
vegetation period and the baseline values reach the spring level marks.

At the watershed areas, in the interfluve of Shu and Koragata Rivers, groundwater level marked on a
depth of 2.5-5.5 m. Thus, for the borehole No.78, located in Tolebi district, groundwater level in April
marked at a depth of 3.02 m. With the beginning of irrigation period, the rise in levels indicated, which
continues until August. The amplitude of rising was equal to 0.81m up to the depthof2.21m. After the
termination of irrigation markedgeneral decline in groundwater level. Revealed that interfluve area
characterized by difficult conditions of groundwater outflow, with the aeration zone low filtration
properties [7]. Therefore, after the completion of irrigation, levels during the month decreased only by
0.07 m and in September marked drawdown at a depth of 2.28 m.

After the termination of irrigation in September, local sites with groundwater level occurrence from 2
to 3 m on an area of 2332.9 hectares (7% from irrigated lands) observed on the studied area. Significant
changes in the position of groundwater levels are not observed in comparison with the previous irrigation
year (figure 2.4).

Fresh and slightly saline groundwater quality is common for the studied area. Fresh groundwater
located mainly on the flood plain of Shu River with a salinity in April up to 0.27-0.91 g/L. Hydrogen car-
bonates and sulfates prevailed among the anions in the chemical composition, sodium and magnesium
from the cations. On the rest of the territory, slightly saline groundwater with mineralization of 1.00-
2.90g/L. In terms of chemical compound, these are sulfate or sulphate-hydrocarbonate sodium-magnesium
or sodium-calcium waters.
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Figure 2.4 — Distribution of irrigated lands areas according to the depth of groundwater level at the Tasotkel area in 2017

At the end of the irrigation period in the interfluve of Shu and Koragata Rivers, as well as in the
floodplains of Shu and Kokozek Rivers groundwater salinity reduced by 0.02-1.60 g/L due to dilution
with more fresh surface water. Thus, well No. 79 located in Tolebi district, shown groundwater salinity
decreased from 2.90g/L in May to 1.37g/L in September, chemical compound changed from sulfate-
chloride sodium to chloride-hydrogen carbonate sodium magnesium.For the well No. 160, located in the
Berlikustemsky rural district, salinity changed from 1.91g/L in May to 0.75g/L in September. Chemical
compound changed from sulfate calcium-magnesium to bicarbonate calcium-magnesium.

The rest territory is characterized byaccumulation of salts in groundwater up to 0.02-2.39 g/L. Thus,
well No. 8a, located in the Eskisu rural district, near TMC, shown the rise of groundwater mineralization
from 0.65 g/L in May to 1.30 g/L in September. Chemicalcompound anion-cation presence varied from
bicarbonate sodium to sulfate-hydrocarbonate magnesium sodium [10, 13]. Well No.4, located on the
foothill plain of the right bank of Shu River, in the Zhanakagam rural district. Here mineralization
increased from 0.50 g/L in May to 2.89 g/L in September due to the enrichment of groundwater with salt
from soils and evaporation. Chemical compound anion-cation presence changed from hydrocarbonate-
sulfate magnesium-sodium to sulfate-hydrocarbonate magnesium-calcium. With the rise of mineralization,
bicarbonates are replaced by sulfates for the vast majority of wells. In September, mineralization of
groundwater varied from 0.33 to 2.89 g/L, by the chemical compound among the anions predominated
sulfates and hydrogen carbonates, and among the cations, prevailed sodium. Well No. 80, located on the
interfluve of Shu and Koragata Rivers, on the western part of Tolebi rural district and wells No. 158, 523,
located on the foothill plain, with groundwater salinity respectively 3.10, 3.14 and 3.37g/L, during the
non-vegetation period, mineralization is usually restored to its original values.

The share of fresh groundwater is about 25% of regional usedfor irrigation in all rural districts.

Distribution of irrigated lands by the degree of groundwater mineralization in Tasotkel area shown in
figure 3.4. During the growing seasonnumbers of areas with fresh groundwater decreased by 1147.5 hec-
tares. On a long-term period, significant changes in redistribution of areas with different groundwater
mineralization do not occur, which indicates stabilization inhydrochemicalregime [2].

May 2017 September 2017

less than 1 g/L = 1,0-3,0 g/L

Figure 3.4 — Distribution of irrigated land areas by the degree of groundwater mineralization at Tasotkel irrigation land in 2017
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5. Soil-meliorative conditions. Irrigated lands of Shu district located within two landscape zones -
the foothill Plain of Kedykta Mountains and the Valley of Shu River. The foothill plain characterized by
light sierozems. On the valley of Shu River definedmainly semi-hydromorphic and hydromorphic soils.

Soil salinity depends on close occurrence of mineralized groundwater, the presence of saline under-
lying rocks, non-compliance with the irrigation regime, unsatisfactory condition of irrigation and
collector-drainage networks.

The presence of salinity facilitated by improperly applied agricultural technology. In particular, a
poorly planned irrigation field with a close occurrence of mineralized groundwater is one of the causes for
saline swamps appearance. The stronger the excessive moistening of the soil and the higher the level of
saline groundwater, the more preconditions for secondary salinization occurrence. On the elevations and
hills of the irrigated lands, defined an increase in a volume of evaporation. By virtue of this, along capil-
laries salts rise together with water. Withthe evaporation of water salts precipitates and accumulates in
soil. Failure to comply with agrotechnical measures and water use regulations on soils prone to salinity,
contributes to the emergence of so-called spotted salinization.

It should be noted that salinity is not an inevitable and mandatory consequence of irrigation. Proper
planned irrigation system often contributes to desalinization of saline soils. However, excess irrigation and
the absence of groundwater outflow causes salinization and even swamping. Incorrect irrigation, in
addition to salinization, can have many other negative consequences as a soil structure break down,
leaching, waterlogging and alkalinization even total loss of their territory.

Secondary salinization is one of the main degradation processes that determine ecological status of
lands [8, 12]. Soil salinity is estimated by the depth of upper boundary salt horizon; chemical type of salts;
by degree of salinity; on the percentage of saline soils participation. In this casesoil fertility and high
yields on saline soils-the basis of fertility-humus are lost, mineralized, soil moisture binds, the physical
properties of the soil become unfavorable for plants, and the activity of soil organisms is inhibited.

In figures 1.5-2.5 are shown are as of saline soils with sparse vegetation. Picture 3.5 shows the pro-
file of saline soil.

Figure 3.5 — Cross-section of highly saline soils
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If we consider the development of salinization processes on the Tasotkelirrigated lands, it should be
noted, that present water-salt regime of irrigated lands on the area remains stable. By the results of surveys
conducted in 2014 and in 2017, as well as by reconnaissance and agro-meliorative surveys data on the
irrigated lands confirmed stable water-salt regime.

The largest saline soil spots weredefined on the northeastern and western parts of the area, in parti-
cular, on the 2" and 3" terraces above the flood plain of Shu River. Significantly, less saline areaswere
allocated on the central and southern parts of the irrigation lands. If we consider the areas of saline soil
formations in the context of rural districts, the worst situation for salinization was observed in Koragaty,
Tolebi and Konaev districts.

Distribution of irrigated lands by the degree of salinity in 2017 is shownin figure 4.5. Slightly saline
soils accounted for 3473 hectares, medium saline soils - 830 hectares, strongly and very strongly saline-14
hectares.

830ha__ l4ha

",

2063%ha

" non-saline ¥ slightly-saline saline ¥ strongly-saline

Figure 4.5 — Distribution of irrigated lands at Tasotkel irrigation array
in terms of salinity for 2017

Relative stabilization for salinity on irrigated lands largely is related to the implementation of a
number of meliorative measures in recent years. Dynamics for the areas of salinity formation on the
Tasotkelirrigated lands for the period from 2013 to 2017 shown in figure 5.5.
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Figure 5.5 — Dynamics for the areas of salinity formation on the Tasotkelirrigated lands
for the period from 2013 to 2017
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Conclusions. According to the hydrogeological conditions for the pre-vegetation period, ground-
water level was defined on a depth of more than 3m for the whole area of the irrigated land. Of these, for
598.4 hectares groundwater level marked on a depth of more than 5.0 m. There are no areas with a depth
of groundwater less than 3.0 m.

By the chemical compound revealed fresh and slightly saline groundwater, on the whole territory of
the irrigation with a salinity in April 0.30-2.90 g/L. In terms of cation-anion presence, it is sulfate or sul-
fate-hydrocarbonate sodium-magnesium or sodium-calcium water types. Revealed area with groundwater
mineralization up to 1.0 g /L equal to 5400.0 hectares and 16069.2 hectares with mineralization 1.0-3.0 g/L.

Consideringthe development of salinization processes on Tasotkelirrigated lands we can make a
conclusion that at present time water-salt regime of studied area remains stable.

Over the period from 2013 to 2017 it was shown a decrease and redistribution of irrigated lands by
categories of their meliorative state. The reason for the reduction of land with an unsatisfactory recla-
mation state is the transfer of part of the low-productive irrigated arable lands to other categories of land
use.

According to the accepted criteria [6,7] as the depth of occurrence, groundwater saline ty and the
degree of soil salinity, on the area of 26 490.0 ha (77%) meliorative state of irrigated lands estimated as
normal. Lands classified ascategoryof a satisfactory condition allocated on an area of 7256.0 hectares
(21%). Irrigated lands are classified as unsatisfactory by reclamation state amounted to 789.0 ha (2%).

By the results of conducted studies, we believe that it is necessary to carry out a comprehensive
reconstruction of Tasotkelirrigated lands with a complete modernization of irrigation system for modern
technologies and equipped with automation and water measurement.

B. B. Kynamn', JI. B. Ym6eranues', B. M. annacz,
M. P. 3annapon3, A.T. MaKmeaHOBa3, B. C. PangOBa3, C. 3. Kururosa®

'KP AyblmmapyarsuibEbl MEHHCTPIIIr
Cy pecypcrapbl KOMUTETI ARMAKTBIK THIPOTe€0JIOTHSIIBIK-MEINOPATUBTIK OPTAJIBIK
peCIyOIHKAITBIK MEMJICKETTIK MEKEMECi,
ApuaIib yHHBepCHTETI, M3panis,
3K. U. Corbaes ateingarsl Kaz¥T3Y,
*Tapa3 MemiekerTik yHuBepcuTeTi, Kasakcran

"KAMBBLT OBJIBICHI IIY AYJIAHBI TACOTKEJ MACCHBIHJETT THIPOMEJIMOPATHUBTI
JKYHEHI KOIDKBLIABIK MANIAJIAHY JKAFJAVBIHIA TPYHT CYJIAPBIHBIH
TUPOXUMMSIBIK PEKMMIHIH ’KOHE TONBIPAKTHIH TY3JAHY
MPOLECTHIH KAJIBIITACYBI

Annoranusa. Makanana XKamosut o6neickr 1y aymaner TaceTken MacCHBIHIETI THAPOMEIAOPATHBTI KYHEHI
KOIDKBUIIBIK TalianaHy jKarJaiblHAa TPYHT CyJIapbIHBIH THMIPOXUMHUSUIBIK PEKUMIHIH JKOHE TONBIPAKTBIH TY3/1aHY
NIPOLIECIHIH KAJIBINTACY epEeKIIeIiKTep] KeATIpUIreH.

ConbiMen Katap, MaccuBTe KP Aypurmapyamsutsirbl MUHHCTpIIITT Cy pecypcrapbl KOMUTETI AWMAaKTBIK THI-
POT€0JIOTHSIIBIK-MEIIMOPATHBTIK OPTAIIBIK PECIYOIUKAIBIK MEMIICKETTIK MEKEMECIMEH OpBIHIAIFaH arpoMesHo-
PaTUBTIK 3epTTeyiep, TYPAKThl THAPOTEOJIOTHSIIBIK JKOHE THAPOJIOTHSUIBIK OakbuIaysap, TONBIPAKTHIK-MEINOPAaTHB-
TIK )KYMBICTap, J1a00paTOPUSUIBIK 3€pTTEYJIep HATIIKeNepl naiiialaHbUIIbL.

CyapbUIaTbIH Kep/IiH MEJIMOPAaTHBTIK KYHiH Oarajiay TMAPOTreoJIOrHsUIBIK KOPCETKIITEp, COHal-aK TOIbIpaK-
TBHIK-MEJIMOPATHBTIK KaFAaiyiap MaiMeTTepi OOWBIHIIACYIIAPYaIBUIBIK JKOHE aybUIIIAPYaIlbUIbIK XKaF1aiaapbIMeH
Oipre KenTipiIei.

Tyiiin ce3mep: IpyHT Cynapbl, THIPOTEOXUMHSIIBIK PEXUM, THAPOTrEOIOTHsIIBIK-MEMOPAaTHBTIK JKaraaiiap,
TOIBIPAKTHIK-MEIHOPATHUBTIK JKaFaainap.
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'PT'Y 30oHaNbHbII IHAPOTre0I0ro-MeIHOPATUBHBI LEHTP MHUHHCTEPCTBA CEbCKOro Xo3siicTsa PK,
zApI/II)JILCKI/Iﬁ yHUBepcurerT, U3pauis,
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®OPMHUPOBAHUE I'MIPOXUMHUYECKOI'O PEKUMA I'PYHTOBBIX BOJI U
JTUHAMMKHU 3ACOJIEHHUS [TOYB B YCJIOBUSIX MHOT'OJIETHEM SKCIITYATALIMA
T'UJAPOMEJNOPATUBHBIX CUCTEM HA TACOTKEJIbCKOM MACCUBE
JKAMBBLIICKOM OBJIACTH

AnHoTanusi. B crarbe npuBeneHbl 0COOCHHOCTH (POPMHUPOBAHMS THIPOXUMUYECKOTO PEKUMa IPYHTOBBIX BOJL
W ITUHAMHKH 3aCOJICHHUS TOYB B YCIIOBHSIX MHOTOJICTHEH SKCIUTyaTallddl THIIPOMEIHOPATHBHBIX CHCTeM Ha Tacot-
KEJIbCKOM MaccuBe, pacroyioskeHHOM B Lllyckom paiione JKaMOBIICKO# 067aCTH.

IIpu 3TOM, HCIIONB30BAHBI PE3yIBTATHl arpPOMEIHOPATUBHOTO OOCIETOBaHMSA, CTAMOHAPHBIX THAPOTEOIOTH-
YEeCKHX W THAPOJIOTHYECKUX HaOIIONEHUH, TTOYBEHHO-MEINOPATHBHBIX paboT, 1a00paTOpHBIX HCCIEAOBAHHUM, BBI-
MOJTHAEMBIX Ha MaccuBe PI'Y 30HanbHBINA THIPOTE0I0r0-METHOPATUBHBIN IIEHTP MHUHHCTEPCTBA CEITLCKOTO XO3STi-
crBa PK, a Taxxe nundopmanuu paloOHHBIX OPraHOB BOJTHOTO, CEJIBCKOTO X035 CTBA U CTATUCTUKH.

OreHKa MEIMOPATHBHOTO COCTOSIHUS OPOIIAEMBIX 3€MeENb IPUBEACHA 10 JAHHBIM THAPOTEOJIOTHYECKUX ITOKa-
3aTelied, a TaKKe IOYBEHHO-MEIMOPATUBHBIX YCIOBUI B COBOKYNHOCTH C BOIOXO3SIMCTBEHHBIMU U CEJIbCKOXO3S1H-
CTBEHHBIMH yCJIOBUSMHU.

Ki1roueBble cj10Ba: TPYHTOBBIE BOJBI, THAPOTCOXMMHUYECKHNA PEXUM, THAPOTEOIOTO-METHOPATHBHBIE YCIOBUS,
MTOYBEHHO-MEJHOPATUBHBIE YCIOBUSL.
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