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Abstract. This paper presents a comparative assessment of the radiation
situation in populated areas located near the North Kazakhstan and Shu-Sarysu
uranium provinces. Using gamma spectrometry, pedestrian dosimetry, and
radon monitoring, the study assesses gamma radiation levels, radon equilibrium
equivalent volume activity, and results of radiospectrometry analyses of soil and
water. Additionally, the influence oflocal geological and hydrogeological conditions,
as well as historical mining activities, was analyzed to identify potential factors
contributing to spatial heterogeneity in radiation indicators. The results indicate
that in the territories of populated areas located near the two uranium provinces,
in general, they remain within the natural background, but there are anomalous
zones with excess radon EEVA values, and in some populated areas of the North
Kazakhstan region, exceeding the limit values. Elevated concentrations of naturally
occurring radionuclides were detected in certain soil and groundwater samples,
suggesting localized sources of radiological impact. A comparison with historical
monitoring data allowed for the identification of temporal trends and assessment
of the effectiveness of existing environmental protection measures. The results
emphasize the importance of continuous and comprehensive, systematic radiation
monitoring programs in the territories of both mothballed and operating uranium
mines to reliably protect public health and the environment.

Keywords: Uranium mining; radiation exposure; radon; radiological monitoring;
uranium province

Introduction

The Republic of Kazakhstan is a unique uranium ore region, accounting for approximately
30% of the world's uranium reserves. Kazakhstan ranks first in the world in uranium ore
production. The major uranium deposits within Kazakhstan are grouped into six uranium
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ore provinces: Shu-Sarysu, North Kazakhstan, Syrdarya, Ili, Caspian, and Balkhash provinces.
The largest of these are the Shu-Sarysu province, which contains about 69.7%, and the North
Kazakhstan province, which contains about 12.1% of Kazakhstan's total uranium reserves [1,2].

These provinces form the foundation of Kazakhstan's uranium industry, securing the
country's leading position in global uranium production and export.

The intensive industrial development of the North Kazakhstan province began in the mid-
1950s, almost simultaneously with its discovery and the commencement oflarge-scale geological
exploration activities in Kazakhstan. The deposits of the North Kazakhstan uranium ore province
were developed exclusively through mining (both underground and open-pit methods), which
led to significant negative changes in the surrounding environment [3]. Currently, the territory
of the North Kazakhstan and Akmolinsk regions hosts decommissioned uranium facilities and
radioactive waste storage sites. It should be noted that the main work on the conservation and
liquidation of uranium deposits in the North Kazakhstan region was completed as early as 2007
[4]. However, there are no monitoring activities for the radioecological condition of natural
environment objects. As a result, the population living near these areas is increasingly exposed
to radiation, potentially suffering chronic radiation-chemical effects from low doses of ionizing
radiation, as well as other dangerous and harmful radioactive substances and industrial factors.
This combination can significantly amplify the effects of low-level radiation exposure [5].

Uranium exploration and mining in the Shu-Sarysu province began to develop actively in
the 1950s and 1960s. Initial geological exploration activities related to the search for uranium
deposits began in the 1950s, when geologists in Kazakhstan started to investigate potential
areas with uranium reserves, including the territory of the Shu-Sarysu region.

In the early 1970s, industrial uranium mining commenced based on the explored deposits.
The Shu-Sarysu uranium province became a key region for uranium production in the country,
and Kazakhstan as awhole began to take aleading position in the global market. As infrastructure
and mining technologies developed, production volumes continued to grow. Subsequently,
uranium mining in this region became not only a significant economic factor for the country but
also an important element in the global energy system.

The Shu-Sarysu province accounts for 60.5% of Kazakhstan’s total uranium reserves and
resources. Currently, uranium is being mined through in-situ leaching at the Uvanas, Mynkuduk,
Kanzhugan, Moinkum, Akdala, Budennovskoye, and Inkai deposits. However, information
regarding the radiation situation in this region is limited. Researching to assess the radiation
situation in the territory and nearby settlements is an important step in ensuring the safety of the
population, protecting public health and the environment, as well as in taking timely measures
in case of elevated radiation levels. Such studies allow for the identification of potential risks,
the assessment of radiation impact on ecosystems, and the development of effective strategies
to minimize possible consequences.

It is known that uranium’s radiation effect on humans can lead to stochastic radiation
effects, including oncological diseases, genetic disorders, and non-oncological somatic diseases
[6,7]. According to the International Agency for Research on Cancer, cancer morbidity and
mortality are important and objective criteria for assessing the impact of ionizing radiation
[8,9]. It is known that prolonged exposure to uranium and its daughter products increases the
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contribution of the radiation component. Based on the level of exposure (chronic effects of low
doses), the mechanism of action (radiation-chemical), and the biological role of uranium in the
life processes of organisms, the analysis is based on the results of long-term consequences and
territories with varying uranium content in the environment [10].

This work aims to assess the radiation situation in the territories of settlements located near
two major uranium provinces of Kazakhstan.

Materials and Methods

The study provides an assessment of the radiation situation and analyzes the results of the
author’s own research conducted in the territories of settlements located near decommissioned
uranium mines and radioactive waste storage sites in North Kazakhstan: the settlement of
Aksu, the settlement of Shantobe in the Akmola region, the settlement of Saumalkol in the
North Kazakhstan region, and the territories of settlements located near uranium deposits: the
settlements of Taukent, Taikonur, Shu, Zhuantobe, and Tasty in the Turkestan region (Fig. 1).
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Figure 1. Locations of settlements and uranium provinces in Kazakhstan, showing
the distribution of uranium reserves.

To assess the radiation situation, the following measurement methods were used:

Gamma scanning of the territory was conducted using a mobile automotive radiological
laboratory “Gamma-Sensor” (SPC DOZA, Moscow, Russia) (Fig. 2). The spectrum acquisition
time on the spectrometer was set to 15 s. With this acquisition time, the statistical deviation
of the measured value of the equivalent dose rate (EDR) of gamma radiation at a given point
from its root-mean-square value was no more than 0.005 uSv/h with a confidence level of 0.95.
The vehicle speed during the survey was 6-10 km/h. The spectrometer was calibrated daily at
the control point for energy, and the calibration for the dose rate and the values of the geodetic
coordinates were checked simultaneously.
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Figure 2. Mobile automotive radiological laboratory “Gamma-Sensor”

Pedestrian measurements of gamma background in background areas, in the territories
of settlements, and outside the sanitary protection zones (SPZ) of decommissioned uranium
deposits were performed using dosimeters DKS-AT-1123 (ATOMTEX Scientific Production Unitary
Enterprise, Minsk, Republic of Belarus) and MKS-AT-1117M (ATOMTEX Scientific Production
Unitary Enterprise, Minsk, Republic of Belarus) (Fig. 3). The dose rate measurements were
conducted outdoors at a distance of 5 meters from the exterior walls, at a height of 1 meter. At
each location, between 8 and 10 measurements were performed, and the average value was used
for further analysis. The instrumental relative uncertainty of the DKS-AT-1123 dosimeters was
25%. All measurements were carried out in accordance with IAEA guidelines [11]. The relative
uncertainty in the estimation of H*(10), considering the repeatability of in-situ measurements
using the MKS-AT-1117M device, was approximately 20%. At each survey point, measurements of
the ambient dose equivalent rate (EDR) were taken both at ground level and at a height of 1 meter.

Figure 3. Dosimeters DKS-AT-1123 and MKS-AT-1117M
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The equivalent equilibrium volume activity of radon (EEVA) was measured using radon
monitors “AlphaRad.” The registration of alpha particle pulses from daughter products contained
on the filter was carried out using a semiconductor alpha particle detector with an area of 20
cm?. The AlphaRad Plus radon monitor (Fig. 4) utilizes a semiconductor detector to measure the
equilibrium-equivalent volumetric activity (EEVA). This device detects alpha particles emitted
by radon and its short-lived progeny, specifically ®Po and ?'*Po, enabling the determination
of radon concentration and subsequent calculation of EEVA. The EEVA represents the activity
concentration of radon progeny in equilibrium with radon gas in air and is expressed in Bq/m?>.
All measurements were conducted in accordance with ASTM D6327-10 [12].

Figure 4. AlphaRad Plus radon monitor

Indoor measurements were conducted during the summer season across all surveyed
settlements to ensure consistency and enable subsequent comparison of the results. Laboratory
analysis of environmental object samples for radionuclide content was conducted in the
accredited testing laboratory of radiometry and radiochemistry at the Institute of Radiobiology
and Radiation Protection.

Results

1.Radiation Situation in the Territories of Settlements Located Near Decommissioned
Uranium Mines and Radioactive Waste Storage Sites in Northern Kazakhstan

The conducted studies revealed that there are localized contaminated areas in the surveyed
settlements. Gamma scanning identified zones with EDR of gamma radiation levels, reaching up
to 12 times higher than background values (0.15 pSv/h). The highest EDR levels were recorded
near roadways and in the basements of residential buildings, which may be due to both the
geological structure and the use of building materials with elevated radioactivity.

The concentration of equivalent equilibrium volume activity of radon (EEVA) in the studied
residential and administrative buildings, in some cases, significantly exceeded the permissible
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limits. According to the republican regulatory documents maximum permissible level of the EEVA
of radon is 200 Bq/m? [13]. Among all sources of natural radioactivity, the main contribution
to the annual effective dose of radiation to the population is made by radioactive gas, radon.
Employees of the Institute of Radiobiology and Radiation Protection in the settlements of Aksu,
Shantobe of the Akmola region, and Saumalkol of the North Kazakhstan region measured the
EEVA of radon in residential premises in two seasons (winter and summer). In the summer
period, the average EEVA of radon in residential and administrative premises of the settlement
of Aksu was 144.3 Bq/m?3, Shantobe 36.4 Bq/m?3, Saumalkol 399.2 Bq/m?3, with a standard value
of 200 Bq/m3. In winter, the highest radon levels were recorded in the settlements of Saumalkol
and Aksu, where the exceedances were 45 and 24 times, respectively. A clear correlation was
observed between the radon concentration and the presence of cellars, ventilation levels, and
seasonal temperature fluctuations, which underscores the need for continuous monitoring and
the development of measures to reduce radon levels.

The results of the radon concentration analysis (EEVA) and the corresponding effective
dose rate (EDR) presented in the figure are average values for all measurements taken in each
settlement (Fig.5). In most of the studied samples, the EEVA values are within the permissible
level (less than 200 Bq/m?), and the EDR values are within the natural radiation background.
However, there were anomalous zones that demonstrated a significant excess of both the
average radon concentration (over 400 Bq/m?) and the effective dose rate (over 0.30 uSv/h).
However, the data shows sharp changes in values, with significant spikes, which suggests the
presence of very high radon concentrations found in residential and administrative buildings.
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Figure 5. Regression function graph of North Kazakhstan settlements

The analysis of soil samples showed elevated levels of radionuclides, particularly #‘Ra
and #*Th. Worldwide range of radium-226: 12-120 Bq/kg, potassium-40: 100-1200 Bq/kg
(UNSCEAR 2000). In the settlements of Shantobe and Aksu, the activity of °Ra exceeds the
norm by 3.6 and 7.5 times, respectively, while in Saumalkol, the content of #**Th was found to
be 1.4 times higher than the permissible limits. The main factors contributing to this level of
contamination are the residual effects of uranium and gold mining, as well as the possible use
of radioactive contaminated materials in construction.
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The water study revealed a significant exceedance of total alpha activity in water sources
used by the population. The highest levels of radiation contamination were found in the wells
of Saumalkol, where the exceedance of permissible values reached up to 7.6 times. In Shantobe,
the exceedance was 1.6 times. However, it is worth noting that these waters are not used for
drinking by the population but for livestock watering and garden irrigation. Nevertheless, this
highlights the need for the implementation of filtration and purification systems, as well as
more careful monitoring of the water supply.

Water samples were taken from wells and boreholes in the territories of the settlements.
In the water samples taken from wells in the settlements of Saumalkol, the level of total alpha
activity varies from 0.32 Bq/dm? to 1.53 Bq/dm?, while the total beta activity ranges from
0.05 Bq/dm? to 0.90 Bq/dm?. In the settlement of Novoukraintse, the water samples from a
well (4 meters deep), located 2 km from the deposit, show that total alpha activity exceeds
the permissible limit for drinking water by up to 7.6 times. The residents of these settlements
consume water for drinking from both wells and a centralized supply. In the water samples
collected from wells in the settlements of Aksu and Shantobe, the total alpha activity varied
from 0.14 to 0.32 Bq/dm?, while the total beta activity ranged from 0.18 to 0.24 Bq/dm?>. In
the water sample from Shantobe, the level of alpha activity exceeded the permissible limit for
drinking water by up to 1.6 times.

2. Radiation Situation in the Territories of Settlements Located Near Uranium Deposits
in Southern Kazakhstan

During gamma scanning, the EDR of gamma radiation in the sanitary protection zones (SPZ)
of the deposits varied from 0.06 to 0.10 uSv/h, which corresponds to the background value of
the area. However, a radioactive contaminated site was identified in the area of the Mynkuduk
uranium deposit, where EDR reached up to 0.56 uSv/h. In the settlements of Taukent, Taikonur,
Shu, Zhuantobe, and Tasty in the Turkestan region, the average EDR is 0.08 uSv/h, which is
within the background levels.

The values of EEVA in the settlements are as follows: in Taukent, it ranges from 5 to 160
Bg/m?; in Zhuantobe, from 1 to 35 Bq/m?; in Tasty, from 3 to 180 Bq/m?; in Qylty, from 4 to
62 Bq/m?; and in Shu, from 4 to 191 Bq/m?, with the republican maximum permissible value
being 200 Bq/m? [13]. The presented graphs reflect the average values of radon concentration
in the air and the corresponding effective annual dose of radiation to the population in five
settlements (Fig.6). According to the data obtained, in all samples the radon concentration is
below the maximum permissible level (MPC = 200 Bq/m?). Also, the calculated values of the
effective annual dose of radiation (EDR) in all settlements do not exceed the background level
(less than 0.10 pSv/hour). Thus, based on the analysis results, it can be concluded that the
radiation situation in the surveyed settlements is within the permissible values. However, it
should be emphasized that these are the results of only the summer season, the studies will be
continued and monitoring will be carried out in other seasons.
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Figure 6. of South Kazakhstan settlements

In the soil samples taken from the settlements, the specific activity of natural radionuclides
did not exceed the average national values and was within the permissible limits. Additionally,
samples were collected from a radioactive-contaminated site. The analysis revealed that the
specific activity of radium-226 was 1729.6+173 Bq/kg, and potassium-40 was 746.6+274.3 Bq/
kg. Worldwide range of radium-226: 12-120 Bq/kg, potassium-40:100-1200 Bq/kg (UNSCEAR
2000). The radium-226 value exceeds the average national value by 14.4 times, which necessitates
further research to clarify the sources of contamination, assess its continued impact on the
ecosystem and public health, and develop measures to minimize radiation exposure risks.

Water samples were taken from settlements and nearby rivers, such as the Sarysu and Shu
rivers. During the study, 11 artesian wells were identified, and samples were collected for analysis.
The study of water samples from settlements and rivers showed an average value of total alpha-
and beta-emitting radionuclides, a = 0.03 and 3 = 0.05. The results of the radiometric analysis
of the artesian wells showed that the total activity of alpha- and beta-emitting radionuclides in
the water ranged from « = 0.01 to « = 0.05 Bq/dm? and from 8 = 0.02 to 8 = 0.07 Bq/dm?>. The
values of total activity in water samples taken in populated areas and along the Sarysu and Shu
rivers did not exceed the maximum permissible value for alpha activity=0.2 and beta activity=1.

Discussion

According to the studies conducted in the territories of settlements near the decommissioned
uranium mines and radioactive waste storage sites, there is much more pronounced
contamination of the air (EDR), as well as soil, water, and radon levels. This is associated with
the history of uranium mining and the use of radioactive building materials. In particular, in
some settlements such as Saumalkol and Aksu, the radon concentration exceeds the permissible
limits by several dozen times, indicating serious contamination. High levels of alpha activity in
non-potable water have also been recorded. At the same time, soil contamination data show
that the activity of radionuclides **Ra and **?Th in certain localized areas of the settlements
exceeds the average national values, which may be linked to the residual effects of uranium and
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gold mining. It should be noted that uranium mining in the decommissioned uranium mines was
carried out using the underground mining method, which is considered more environmentally
harmful and leaves behind tailings. Thus, the studies reveal radiation contamination, requiring
measures to minimize radiation exposure, such as stricter control over building materials and
radon monitoring in residential buildings.

The radiation situation in the Shu-Sarysu uranium province and the nearby settlements is
more stable. EDR in most of the settlements remains within background levels, with only a
localized area near the Mynkuduk uranium deposit showing elevated gamma radiation levels.
Radon concentrations in the air also vary, but overall remain within permissible limits, except in
isolated cases. Water from rivers such as the Sarysu and Shu does not show significant radiation
contamination, although further monitoring is required. Soil samples from the radioactive-
contaminated site showed significant radiation activity, which requires further analysis. [t should
also be noted that uranium mining by the in-situ leaching method (ISL) impacts environmental
contamination, especially of groundwater. The uranium left in the soil may remobilize, leading
to the "rebound effect,” which temporarily increases the amount of uranium released over a
short period, creating a risk of further groundwater contamination[14-16].

Conclusion

Based on the studies conducted in settlements located near the uranium province of Northern
Kazakhstan, the radon EEVA and EDR indicators are generally within the normal range, but
there are anomalous areas that were found in the territories of the villages of Saumalkol and
Aksu, where the radon concentration and alpha activity of water exceed the permissible limits.
At the moment, uranium mines located in these territories are mothballed. However, the use
of materials from the territories of mothballed uranium mines contributes to the excess of
permissible values. The radiation situation in the Shu-Sarysu uranium province is more stable,
and theradiation values remain within the background values. However, the in-situleaching (ISL)
method for extracting uranium can also create long-term environmental risks, such as uranium
remobilization, leading to groundwater pollution. And this requires additional research. In the
future, research will be continued on the complete radiochemical analysis of self-flowing wells
and drinking water in the territories of the Shu-Sarysu province and nearby settlements.
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Ka3sakcraHaarbl ypaH eHJipyAiH pagualnMsuibIK, JeHreire acepi: eKi ypaH npoBUHLUS
MBICAJIBIHJAFbI 3ePTTEy

Angarna. by xxymbicta ContycTik Kasakcras »aHe llly-Capbicy ypaH NpoBHUHLUsIAPbI MaHbIHA
OpHaJIAaCKaH eJJii MeKeHJepAeri paJualUs/IbIK >KaFJalfa CaJbICTBIPMaJIbl 6GaFasiay >Kyprisiami.
KeJs1ikTi raMMa-crieKTpoMeTpHus4, asly AaJiajibl raMMa-TYCipiliM koHe paJjoH MOHUTOPUHTIH KOJAaHy
dJlicTepi apKblLIbl TaMMa-CayJieJleHy [eHreiJepi, paZjoHHBIH Teme-TeH KeJieM/iK O6eJsiceHaiuiri,
COH/Iaii-aK TOMNbIPaK IeH Cy CblHaMaJlapbIHbIH, PaJIMOCIEKTPOMETPUSBIK Taa[ayblHbIH HOTHXeJepi
3eprTenfi. KocbiMina TypZe 3epTTesin OThIpFaH ayMaKTapZarbl paJUalUsAbIK KepCEeTKIIITep/iH
KEeHICTIKTik OipkeJiki eMecTiriHiH ceGenTepiH *oHe BIKTHMMaJ 3KOJIOTHUSJBIK Kayil aliMaKTapblH
aHBIKTay MaKCaTbIHJAA JKEepTiJiKTi re0oJIOTUANBIK-TUAPOre0JOrUANbIK KaFAaWJap/blH, KJIUMaTThIK
dakTopJapAbIH KoHE Y3aK YaKbIT XKYPTisifireH Tay-KeH eHJIipy KbI3MeTiHiH acepi KapacCThbIPbLI/bI.
KacanbinraH 3epTTey HoTHKesepi kepceTkeHAel, ContycTik KasaxctaH koHe lly-Capbicy ypaH
NPOBUHIMAJAPbIHbIH KaHbIH/]A OpHA/IaCKaH eJi/ii MeKeH/iepAeri paJuanusaablK, GOH KaJllbl ajJFaH/1a
HOPMAaTHUBTIK JeHreiJeH acmaWTblHbl aHBIKTAIIIABL AJaiifia, Kelbip aymakrapAa paJlOHHBIH
TeHJiK KeJsieMJiK OesiceHAiNIriHiH HOpMaJbIK AeHTeWeH acybl GalKasizabl, coHpah-ak CoJsTycTik
KasakcTaH eHipiH/eri esiii UMeKeHAep/iH 6ipKaTap ayMaKTapblH/la CaHUTApPJIbIK HOPMaJaH KOFaphl
KepceTkKilTep Tipkes/i. XKekesereH Tonblpak *koHe Cy CbIHaMaslapblH/a TaOUFU PAJJUOHYKIU/TEP/IiH
IIOFBIPJIAHYBIHBIH, KOFApblIaybl aHBIKTAJBIN, PaJHAlUAJIbIK 9CEep/iH TEeXHOTEeH/[iK HeMece TaOufu
JIoOKau3alysiaHFaH Ke3/lepiHiH 6ap eKkeHiH kepceTe/[i. ApXUBTIK *K9He Ka3ipri JlepeKTepAi caabICThIpy
KEeHICTIKTiK-yaKbITTBIK, YPAICTEPAl aHBIKTAyFa, COHJAM-aK KOJJAaHbICTaFbl TAOUFATTHI KOPFay >KoHe
CAaHUTAPJIBIK IIapaJjap/blH THIMALIIriHE 0O'bEKTUBTI XKoHe KaH-KaKThI FbIIMU 6aFa 6epyre MyMKiH/AiK
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Gep/i. ATbIHFaH HOTHXKEJIEDP )KYMBIC iCTel TypFaH KoHe KOHCepBal|UsAJIaHFaH YpaH KeH OPbIH/APbIHbIH
acep allMaKTapblH/a XaJbIKTbIH AeHCAYJbIFbIH CEHIM/I KOpFay, ayMaKTapAblH TYPaKThl 9JIeyMeTTiK-
3KOJIOTHUSJIBIK IaMyblH KaMTaMachI3 €Ty KoHe KoplllaFaH OPTaHbI Y3aK Mep3iM/ii caKTay YIIiH TYpaKThl,
KellleHi *KoHe yHeJsli paJualusiblK MOHUTOPUHITIH KQXKeTTiJiriH alKbIHal AbI.
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MPOBUHITUSCHI
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Bo3jelicTBHe ypaHOA06GHIYM HA paJMallMOHHBIN ypoBeHb B Ka3axcraHe: ucciejoBaHue
Ha npuMepe JBYX yPAaHOBBIX NPOBUHIUHI

AHHOTauus. B 1aHHOM cTTaThe NpeAcTaB/AeHa CPAaBHUTeEJIbHAS OlleHKa paJMalluOHHON 06CTaHOBKHU
B HaceJIEHHBIX MYHKTax, pacrnoJiokeHHbIx BO6JiM3u CeBepo-Kasaxcranckoit u Ily-Capreicyiickod
ypaHOBbIX NPOBUHLUUN. C KCHOJb30BaHUEM TraMMa-CIEKTPOMETPUH, MeLIeXOAHOW TraMMa-CbeMKHU
M MOHUTOPHHIA pajJioHa NpOBeJieHa OlleHKa YPOBHEN raMma-usjydeHusi, o6beMHOW pPaBHOBECHOU
00beMHONM aKTUBHOCTU PaJi0oHA, a TaKKe Pe3yJbTaTOB PaJAUOCHEKTPOMETPUYECKOTO aHajJu3a Mpob
NOYBbI U BOJbl. J[OMOJHUTEJIbHO PACCMOTPEHO BJHMSHUE MECTHBIX T'€0JIOTO-TH/POTre0IOrHYeCcKUux
YCJIOBUM, KIUMaTH4YeCKUX GaKTOPOB U MOCAEICTBUN AJUTENbHON TOPHOA00bIBAOIEN 1eTebHOCTH
C LIeJIbI0 BBISBJIEHHUSI NMPUYHH MPOCTPAHCTBEHHOW HEOJHOPOJHOCTH PAJUAIlMOHHBIX MOKa3aTesed U
NOTEeHIUa/JbHbIX 30H 3KOJIOTUYECKOT0 PUCKA B TpaHHUILIAX HCCAELyeMbIX TEPPUTOPUU. PesyabTaThbl
II0Ka3aJiy, YTO B IeJIOM paJIMallMOHHBIN GOH B Hace/IEHHBIX MYHKTAaX, pacloJjIo’KeHHbIX B6/1M3u CeBepo-
Kazaxcranckoih u lly-Capbicyiickoll ypaHOBBIX MPOBHUHIIMM, OCTAéTcs B MNpejiesiax HOPMAaTUBHBIX
3HauyeHUH. OZfHAKO ObLIN BbISIBJIEHBI aHOMaJ/IbHbIE YYACTKH C JIOKJIBHBIMU MPEBbINIEHUSIMU 060bEMHOMN
aKTHUBHOCTHU Pa/IOH3, a B psiJie HaceJEHHBIX MyHKTOB CeBepo-KazaxcTaHckoro pernoHa 3adpuKCUPOBAHBI
3Ha4YeHUs, MPEBBIIIAOIIYE YCTaHOBJIEHHbIE CAHUTAPHBIE HOPMbIL. B OT/Ie/TbHBIX MTPO6AX MOYBHI U MPOo6ax
BO/Ibl ObLJI0 00HAPYKEHO MPEBBIIIEHUE COAEPHKAHUS IPUPOAHBIX PA/ITUOHYKIIU/OB, YTO CBUAETENBCTBYET
0 HaJMYUM JIOKAJU30BAaHHbIX MCTOYHHUKOB pPaJUALMOHHOTO BO3JEWCTBUS TEXHOTEHHOIO WJIU
NPUPO/IHOTO NMpPoUcXokK/jeHHs. ComocTaB/leHue C apXUBHBIMUA U COBPEMEHHBIMH IAaHHBIMU MO3BOJIUJIO
BBISIBUTh IPOCTPAHCTBEHHO-BPEMEHHbIE TEH/IEHI[UH, a TAK)KE IPOBECTH 00'bEKTUBHYIO U BCECTOPOHHIOK
Hay4YHYI0 OIleHKYy TeKyled 3PQPeKTUBHOCTU MNPUPOJOOXPAHHBIX U CAHUTAPHBIX MEPONPUSTHUH.
[TosrydeHHBIE pe3y/bTaThl HOAYEPKHUBAIOT HEOOXOJUMOCTD MTOCTOSHHOTO, KOMIIJIEKCHOT'O K CUCTEMHOT0
PaiMaliIMOHHOTO MOHUTOPUHTA /IS HA/IEXKHOM 3al[UThI 3/J0POBbsI HAaceJIeHHUs], yCTOMYHMBOTO COIIUATBHO-
3KO0JIOTUYECKOTO0 PAa3BUTHS TEPPUTOPUNA U JOJTOCPOYHOM OXpaHbl OKpyKawlleWl cpeAbl B 30HAX
BJIMSTHUSA JeUCTBYIOIINX U 3aKOHCEPBUPOBAHHbBIX YPAHOBBIX MECTOPOXAEHU .
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