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AHAJIN3 COBPEMEHHBIX METO/J10OB
OMNPOBOBAHUS U DKCITPECC-AHAJIN3A
NPOJAYKTOB ®JIOTAIIMOHHOT O
OBOTAILIEHUS MEJHBIX PY/I

AnHOTauMs1. B cTarbe BBINOJIHEH JIMTEPATYPHBIH 0030p COBPEMEHHBIX METOI0B OMPOOOBAHHS M SKCIIPECC-aHaIN3a IPOLYKTOB (IIOTAIMOHHOIO 00OTralleHUsT MEIHBIX
pya. Lleab paGoThl — CHCTEMATH3aLKs TOXO0/0B K 0TOOPY P00 B MyJIBIIOBBIX IIOTOKAX H METOJOB ONEPATUBHOIO KOHTPOJISI XHMHUYECKOTO COCTaBa B YCIIOBHSIX TOPHO-0-
0OraTHTENIbHOrO MPOU3BOACTBA. PacCMOTPEHBI MPHHIMIIBI [PEICTABUTEILHOCTH MPOO, 0COOEHHOCTH (IIOTALMOHHBIX MPOAYKTOB, IPUMCHEHHE aBTOMATH3MPOBAHHBIX
poOOOTOOPHBIX CHCTEM M IKCIIPECC-METO0B aHaln3a, BKIIIOYAsi PEHTICHO(ITyOPECICHTHBIMN, JIa3epPHO-HH/IYIMPOBAHHBIA CIICKTPAIBHBIN U ONIKHIOI HH(pPaKpacHyio
cnekrpockonuio. OTenbHOe BHUMAaHUE yIeIeHO HHTerpanuy ananutuaeckux cucreM ¢ SCADA/MES/LIMS, MeTponornieckoMy 00eCIedeHNI0 ¥ SKOJIOTHYECKHM aCTIeK-
TaM. [ToKa3aHa 3HAYMMOCTb IKCIPECC-aHANN3a [UIsl [IOBBIIICHHS OLIEPATUBHOCTHU YIIPABICHHUS IPOLIECCAMHU M CHIJKEHHS! 3aTPaT Ha KOHTPOJIb Ka4eCTBA B MEHOI [IPOMBIILI-
nenHoctn Kazaxcrana.

Kniouesvie cnosa: meonvie pyovl, promayus, onpobosanie, IKCNPecc-anaus, dsmomamusayis, Yugposusayus.

Mpbic keHaepiH (aoTanusIbIK 0alibITy 6HiMAepiHiH oonmpolaJiay icTepi MeH 3Kcnpecc-aHBIKTAMAIAPBLIHBIH 3aMa-

HAYH KaFJaibIH TaJ1ay

AmnpaTna. Makanazia Mbic KeHIEpPiH QIoTalusIbK OalibITy ©HIMAEPiH onpodaiay KOHE SKCIPECcC-TalIayAbIH 3aMaHayd TICLIIepiHe oe0u oIy XKacaiFaH. 3epTTey-
JIiH MaKcaThl — ITyJIbIIa aFbIH/IAPbIH/IA ChIHAMA Ay 9JIiCTEPiH XAHE KypaMibl xKe/el1 0aKblIay KypallIapbIH KYlieley, COHIali-aK TeXHOIOIUsIbIK GaKblIay bl LU(PPIaHIbIPY
ypaicrepin kepcery. [IpobanapabiH eKiALTIN KaruaaTTapbl, GroTanusuiblK ©HIMACPAIH epeKIIeTiKTepi, aBTOMATTaHAbIPbUTFaH MPOoO00TOOD JKYienepiH jKoHe IKCIpecc-
Tanzaay oxpicrepid (XRF, LIBS, NIRS, PGNAA) KosaHy, oJap/IbiH apThIKIIBUIBIKTAPI MEH 1ekTeys1epi Kapactoipbuirad. SCADA/MES/LIMS xyiienepin nHTerpamusiay,
METPOJIOTHSIBIK KAMTaMAaChl3 €Ty JKOHE SKOJOTHSIBIK aCIEeKTiIepre epeKiue Hasap aynapbuiraH. Ka3akCTaHIbIK jKOHE LICTEIAIK TOXIpHOEIep CalbICTBIPBUIBII, 3KCI-
pecc-Tanaay/abl eHri3y/IiH eHIIPICTIK mpouecTepi Keael GackapyIarsl )KaHE caraHbl 0aKbUIay LIBIFBIHIAPBIH TOMEHACTYACT] MPAKTHKAJIBIK 3Pi SKOHOMUKAIIBIK MAHBI3bI
KOPCETIIreH.

Tyitinoi cosdep: moic Keni, hnomayus, onpobanay, IKCnpecc-maioday, agmomMammanobipy, YuGpranowvipy.

Analysis of modern methods of sampling and express analysis of copper ore flotation products

Abstract. The article provides a literature review of modern methods for sampling and express analysis of copper ore flotation products. The aim of the study is to
systematize sampling approaches in pulp streams and rapid analytical techniques used for operational process control in mineral processing. The principles of sample repre-
sentativeness, specific features of flotation products, and the use of automated sampling systems are considered. Express analytical methods, including X-ray fluorescence,
laser-induced breakdown spectroscopy, near-infrared spectroscopy, and neutron-based techniques, are discussed in terms of their advantages and limitations. The practical

significance of express analysis for improving process control efficiency and reducing quality control costs in the copper industry of Kazakhstan is demonstrated.

Key words: copper ores, flotation, sampling, express analysis, automation.

BBenenue

CoBpemMeHHasi TOPHO-METAJUTYpruyeckass MpPOMBILIIEH-
HOCTb DPAa3BUBAETCS B YCIOBUSX pacTyLIell KOHKYpPEHLUH,
JKECTKHUX KOJOTHYCCKUX TPEOOBAHMA M HEOOXOAMMOCTH TO-
BEIIICHYS AQPEKTUBHOCTH HCITOIH30BAHUS MUHEPAITBHO-CBI-
pbeBbIX pecypcoB. OIHOM M3 KIIIOUEBBIX 3a/Jad SIBISETCS
o0ecTiedeHNe TOCTOBEPHOCTH JTaHHBIX O COCTaBE W KAuCCTBE
PYIHBIX IOTOKOB Ha BCEX CTAIMIX MEPEPAOOTKH.

OnpoOoBaHKE U IKCTIPECC-aHAN3 SBISTFOTCS BaKHCHIITIMHA
DJIIEMEHTaMU CUCTEMBI TEXHOJIOTMYECKOro KOHTposst. OT ux
TOYHOCTH M ONEPATUBHOCTH 3aBUCUT KAau€CTBO YIPaBJICHUS
mporeccaMu 00oTanIeHusT U KOHeuHas: Y3PEKTUBHOCTD TIPO-
m3BoncTBa. Ocoboe 3HAYCHUE ITH METOABI IPHOOPETAIOT TIPH
(ITOTaIMOHHOM 00OTAICHUN MEIHBIX Py, TII¢ H3MEHYHBOCTh
MUHEPAIOTUICCKOTO COCTaBa M TUCIIEPCHOCTH YacTHUI] TpeOy-
€T BBICOKOM 4yBCTBUTEIBHOCTH M BOCHPOU3BOIMMOCTH aHa-
JINTUYECKUX METOJOB [1].

Lenpro HacToslEH CTAaTbU SBISIETCSI CUCTEMaTU3alusl CO-
BPEMCHHBIX MOAXOIOB K ONMPOOOBAHUIO W IKCIPECC-aHATH3Y
(ITOTalIMOHHBIX MPOAYKTOB MEIHBIX PYI, 8 TAKXKE BBIIBICHUC
TEHCHINI nX pa3BUTHA B KazaxcTane u 3a pyOeKoM.

Teopernyeckue 0CHOBBI ONIPOOOBAHNS

Teopust onpoOoBanus 6a3upyeTcss Ha MPUHIMIIAX IPEJl-
CTaBUTEIBHOCTH U Bocnpoussoaumoctu. Cornmacuo 'OCT
n ISO, nst monyueHnns KOppeKTHOH nH}opmanuu HeoOXo-
JUMO YUYUTBIBATh F€TEPOT€HHOCTh MUHEPAIBHOIO CHIPbS,
KPYIMHOCTb YaCTHIl U JUHAMHUKY TEXHOJIOTHYECKHX MOTO-

KOB. BaxHYI0 poib UTPAIOT CTaTHCTHYECKHE METOIBI, 110-
3BOJISIONINE OOOCHOBBIBATH KOJMYECTBO M YAaCTOTy HpPoO
[2, 3, 4].

Ha mpakTike 0cHOBHO# po0ieMoii SBsieTcs obecrieueHmne
PaBHOMEPHOTO 0TOOpa U3 MyJbIIOBBIX IIOTOKOB (MIOTALINH, TIE
BBICOKOE COJZIEpKaHNE TBEPIOH (a3bl U TypOyIEHTHBIN PeKUM
JBIKEHUS CO3IAI0T PUCK CMEIEHUs IPoo.

Oco0eHHOCTH (UIOTALIMOHHBIX MPOAYKTOB

DI0TaIOHHBIE IPOIYKTHI XapaKTEPHU3YIOTCSI BBICOKOH M3-
MEHYHMBOCTBIO T'PAHYIOMETPHUUECKOTO U MHHEPAJIOTHUECKOTO
cocraBa. KOHIIEHTpAT CONEPKUT TOHKOIUCTIEPCHBIE YACTHIIBI
MeJIU ¥ COMyTCTRYIoImue 31eMeHTH (Fe, S, As u 1p.), XBOCTHI
OTJIMYAIOTCSl CIOKHBIM PACTIPECICHHEM YacTHUIl Pa3InIHON
TUIOTHOCTH.

JIJ1st TAKUX CHCTEM MPOCTBIE PyUHBIE METOIBI OTTPOOOBAHMS
HeapdexTuBHbL. [103TOMY BCe MMpe MPUMEHSIOTCS] aBTOMATH-
3UpPOBAaHHBIE POOOOTOOPHHUKH, 00ECIIEUNBAIOIINE HETIPEPHIB-
HBIA ¥ paBHOMEPHBII 0TOOp MaTepurana.

MeToas! HKcnpecc-aHAIN3a

CoBpeMEHHbIE TEXHOJOTHH II03BOJISIIOT aHAJIHM3UPOBATh
COCTaB PYAHBIX ITOTOKOB B PEalbHOM BPEMEHH, IpPHYEM 3a-
gacTyio 0e3 orbopa mpoO. Hambombiee pacmpocTpaHeHne
MONMYYHiIN: peHTreHodmyopecrenTHsiii anamm3 (XRF) [5,
6], mazepuo-uckpoBas cnexrpockorus (LIBS) [7], ommxHsst
NK-cnexrpockonus (NIRS) [8] n mpomnT-raMma-HEHTpOHHAS
aktuBanus (PGNAA) [6, 9].
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Tabnuuya 1
Cpasnumenvnas XapaKmepucmuKka co8pemMenHbIX Memooos
IKCHpecc-ananu3a GromayuoHHbIX RPOOYKNI08 MEOHBIX PYO
Kecme 1
Mpuic kenoepin promayuanslx daivimy eHimoepin
IKCnpecc-manoayoviy 3amanayu d0icmepiniy
CANBICMBIPMATIBL CURAMMAMACDH]
Table 1
Comparative characteristics of modern express analysis
methods for copper ore flotation products

UYro ompene-
Merton p [IpeumymectBa | OrpanuyeHus
JsIeT
XRF Cu, Fe, As Oneparus- Bnusinue
HOCTB, 0e3 Tpo- BJIaru
00TOoNrOTOBKH
LIBS | mukpooOwsemsl | Bricokas dyB- TpeOyetcs
CTBUTEIBHOCTb | KaJIMOpOBKa
NIRS Bnaxunocts, | He paspymaer Hy>xHbI
MHUHEPAJIOTUs Moz
PGNAA Ananms Wneanen mns | JloporosusHa
«B IIOTOKE» KOHBEHEPOB

Kaxxnplii 13 METOIOB MMEET MPEUMYLIECTBA U OIpaHUYeE-
HUSI, OJHAKO MX MHTErpanusi 0OECIeUMBAET KOMIUIEKCHBIN
KOHTPOJIb Ka4ecTBa.

ABTOMaTH3auus U nMppoBU3aLUs

CoBpeMeHHBIE TPEIIPUATHS MIEPEXOIAT K «YMHBIM (habpu-
Kam», T71e KOHTPOJIb Ka4eCTBa BCTPOCH B NNU(PPOBYIO CUCTEMY
yHOpaBiIeHUs. ABTOMaTH3UPOBAaHHBIE MTPOOOOTOOPHUKN 00BE-
muastiores ¢ cucteMamu SCADA, MES, LIMS, gto obecrieun-
BAa€T MPO3PAYHOCTH MPOIIECCOB, ONEPATHBHYIO KOPPEKTUPOB-
Ky IapaMeTpOoB U CHIKEHHUE demoBedeckoro daxropa [10, 11].

B Ka3axcrane y»e BHEIpEHbl aBTOMaTU3MPOBAaHHbIE aHa-
nm3aropsl (Hanmpumep, Boxray Compact/24 (IlBenns), omHako
3apyOekHbIe (PaOpPUKHU TMPOIBUTAIOTCS JajbIIe M aKTHBHO HC-
MOJB3YIOT CHCTEMBI C 3JIEMEHTAaMH MAIIMHHOTO OOydeHHs U
HCKYCCTBEHHOTO MHTEJIICKTA.

Mertposioruyeckoe odecnedeHne 1 CTAaHAAPTHI

KirtoueBBIM yCIIOBHEM JOCTOBEPHOCTH 3KCIpECC-aHaIn3a
SIBIISICTCS. METPOJIOTUYECKOEe O0eCIedeHne: KatnopoBka 000-
pyZOBaHHMs, IPUMEHCHUE JTAJIOHHBIX MaTepHajioB, CTaHIAp-
TH3aLHs METOIMK. MexayHaponHble cTrannaptsl ISO 1 Hary-
onanpHbIe [[OCTHI permaMeHTHPYOT TpeOOBaHMS K TOYHOCTH
1 BOCIIPOM3BOIMUMOCTH pe3ynbTaros [1, 11].

JKO0JI0rHYecKrue U HOPMATHBHBIE ACTEKTHI

Okonoruyeckas 0€30MacCHOCTh CTAHOBUTCS BaKHBIM (aK-
TOpOM BBIOOpa MeTomoB aHaimm3a. COBpEeMEHHBIE CHCTEMBI
JOJDKHBI MHHUMH3UPOBATH OTXOIBI NMPOOOIONTOTOBKH, CHH-
JKaTh BO3ICHCTBHE HA OKPYKAIOIIYIO CPELy M COOTBETCTBO-
BaTh HALMOHAIBHBIM SKOJIOTHYECKIM HOPMaM.

3apy0e:kHbIIi H Ka3aXCTAHCKUHA OMBIT
B KazaxcraHne BHEIpEHHE IKCIIPECC-METOIOB U aBTOMATH-
3UPOBAHHBIX CHCTEM HAXOAWTCS Ha CTaJWU aKTUBHOTO pa3-

Topnwviir srcyprnan Kazaxcmana Ne2’ 2026

Butusi. OCHOBHOE HanpaBJICHUC — aJalTainusd TEXHOJOTHUHA K
MECTHBIM YCIOBHUSM U CHIKeHue 3arpar [10, 11].

3a pyoexom (Apcrpanusi, Kanana, Kuraii) npumensrorces
KOMIIJIEKCHbIE [IU(POBBIE pEeLIeHUs, T/Ie JTaHHbIE dKCIIPecC-a-
HaJin3a UHTETPUPYIOTCS B 061111/16 CUCTEMBI YIIPABJICHUSA ITPE-
npusitueMm. Ocob0e BHUMaHUE YACIISACTCS MPOTrHO3HOW aHaU-
THKE M ONTUMH3ALUH MIPOIIECCOB HA OCHOBE MCKYCCTBEHHOTO
unresviekra (Al) [1, 6-8].

IIpakTHyeckast anpodanusi aBTOMAaTU3UPOBAHHBIX CH-
cTem Ha npeanpusaTusx Kazaxcrana

B TOO «Kopnopamust Kazaxmbic» Ha Bcex 000oraruTesb-
HBIX (paOpukax IUisi aHaJU3a MCXOJHOHM py/Abl B IIOTOKE Ha
KOHBEHEPHOM TPAHCIIOPTE BHEIPEHbI OTEYECTBEHHBIE PYIIO-
KOHTPOJIUPYOIUE CTAHIMU Ha 0a3e PeHTICHO(IYOPECIICHT-
HbIX Jlaboparopusix npudopos PIII1-21 (TOO «Acnanl'EOy,
. AJiMater).

[T

Puc. 1. PynokoHTpoaupyoIas cTaHuus: o0uii BUI
H ycTaHOBKA Ha JKe3ka3ranckoii odorarurenbHoOM
(adpuxe Ne 2.

Cyper 1. Ken 0akbliay cTAaHIHACHI: AKaJIbI KOPiHici
oHe XKeskasran OaiibiTy padpukacel Ne 2-ge
OPHATBLITYBI.

Figure 1. Ore control station: general view and
installation at Zhezkazgan processing plant No. 2.

J1s OLIEHKM JIOCTOBEPHOCTH TOKAa3aHUH PYIOKOHTPOIHPYIO-
IMX CTaHIMH CHCTEMaTHMYeCKH BBINTONHIETCS CpaBHEHHE C pe-
3yIbTaTaMK XMMHYECKOTO aHaIM3a CIIMBHOTO onpobosanust. Huske
B Ta0nuie 2 Mpe/CTaBlIeHbl CpaBHUTENbHbIE JIaHHbIE 32 2024 rox
1o JKe3kazranckum oborarurenbHbM padprkam NeNe 1, 2 [12].
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Puc. 2. I'padux cxonumocTu pe3yabTaToB 10 MeIH 10
naHHbIM PKC u caimBHOrO onpodoBaHusi 1o d6ajaHcy B
MOCTYNAIOIEM ChIpbe.

Cyper 2. Mbic 6oiibinma PKC nepexrtepi MeH ciIMBTeH
cbIHAMa aJ1y HITHKeJIepiHiH yilieciMainik rpaduri.
Figure 2. Convergence graph of copper assay results
based on RCS data and overflow sampling.
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Tabnuua 2
Pesynomamut cpasnumensrozo ananuza oannvix PKC u cnuenozo onpobosanus
Kecme 2
PKC oepexmepi men cnusmen colnama aiy HIMuicenePinin canvlCmblpmaisl maaiodaysl
Table 2
Results of comparative analysis of ore control station data and overflow sampling
SlHBaps Despanb Mapt Anpeinb Mait Hions
Haumenoanue
PKC | Cnus pasHit- PKC | Cnus pasHit- PKC | Cius pasHit- PKC | Cimus |pasnun| PKC | Cius pasHit- PKC | Cius pasHit-
na ma ma ma ma
BXP 0,73 | 0,73 0 0,70 | 0,69 | 0,01 | 0,69 | 0,64 | 0,05 | 0,69 | 0,63 | 0,06 | 0,71 | 0,67 | 0,04 | 0,71 | 0,69 | 0,02
IOXP 0,72 | 0,72 0 0,69 | 0,69 0 0,70 | 0,68 | 0,02 | 0,70 | 0,65 | 0,05 | 0,70 | 0,69 | 0,01 0,67 | 0,66 | 0,01
3araHbIi 0,66 | 0,67 | -0,01 | 0,65 | 0,64 | 0,01 0,72 | 0,68 | 0,04 | 0,68 | 0,63 | 0,05 | 0,70 | 0,67 | 0,03 | 0,69 | 0,67 | 0,02
Kunawguuckuit | 0,97 | 095 | 0,02 | 096 | 092 | 0,04 { 090 | 082 | 0,08 | 0,99 | 0,89 | 0,10 | 0,94 | 0,88 | 0,06 | 093 | 0,87 | 0,06
Komapr 1,28 1,33 | -0,05 | 1,30 1,31 | -0,01 | 1,36 | 1,32 | 0,04 1,38 1,25 | 0,13 1,37 1,43 | -0,06 | 1,36 | 1,36 0
Bcero chipbs: 0,84 | 0,85 | -0,01 [ 0,83 | 0,82 | 0,01 | 0,85 | 0,81 0,04 | 087 | 0,79 | 0,08 | 0,86 | 0,85 | 0,01 0,86 | 0,84 | 0,02
Hronb ABryct Centa6pb OkTs10pb Hosi0pb Jlexalpb Wroro3a2023 1.
HaumenoBanue
PKC | Coms | P | ke | Cons | P*7 | PrC | Coms | P | PRC | Coms | P2 | pKC | Coms | P2 | PrC | Coms | P* | PRC | Cos | P2
HHUIIa HHULa HHULa HUI[ HUIa HUIa HUIa
BXP 0,73 | 0,69 | 0,04 | 0,66 | 0,62 | 0,04 | 0,66 | 0,67 |-0,01| 0,66 | 0,63 | 0,03 | 0,71 | 0,65 | 0,06 | 0,69 | 0,66 | 0,03 | 0,70 | 0,66 | 0,04
IOXP 0,70 | 0,68 | 0,02 | 0,71 | 0,68 | 0,03 | 0,69 | 0,64 | 0,05 | 0,62 | 0,62 0 0,71 | 0,68 | 0,03 | 0,64 | 0,64 0 0,68 | 0,67 | 0,01
3araHbli 0,67 | 0,63 | 0,04 | 0,71 | 0,67 | 0,04 | 0,68 | 0,70 | -0,02 | 0,67 | 0,66 | 0,01 | 0,68 | 0,66 | 0,02 | 0,64 | 0,62 | 0,02 | 0,68 | 0,66 | 0,02
Kunanguuckuii | 098 | 0,90 | 0,08 | 0,90 | 0,75 | 0,15 | 0,87 | 0,75 | 0,12 | 1,02 | 0,84 | 0,18 | 1,09 | 0,96 | 0,13 | 1,02 | 0,95 | 0,07 | 0,96 | 0,87 | 0,09
XKomapr 1,37 | 1,35 10,02 | 1,39 | 1,34 | 0,05 | 1,37 | 1,47 |-0,10 | 1,26 | 1,36 | -0,10 | 1,22 | 1,34 |-0,12 | 1,23 | 1,33 [-0,10 | 1,32 | 1,35 | -0,03
Beero coipps: | 0,86 | 0,82 | 0,04 | 0,85 | 0,80 | 0,05 | 0,83 | 0,84 | -0,01 | 0,83 | 0,81 | 0,02 | 0,86 | 0,84 | 0,02 | 0,81 | 0,81 | 0 | 085|082 | 0,03

Kak BHIIHO 13 cpaBHEHUS HKCIPECC-aHAIN3 PY/BI B ITOTO-
K€ C IOMOIIBIO PYJOKOHTPOJINPYIOIINX CTAHIUI MTOKa3bIBACT
YAOBJIETBOPUTEIBHYIO CXOANMOCTb U YKIJIaJbIBaeTCs B IIpe-
JIeITbI MEKJIA00PATOPHOTO JOIYCKa C XUMHUUECKUM aHAJIN30M
CJIIMBHOTO ONpoOOBaHMs. B cBA3M ¢ 4eM, JaHHBIE PYIOKOH-
Tponupyromux craHuuii Ha JKeskasranckux u banxanickoi
o0oratuTenbHbIX (padpHuKax NPUMEHSIOT JUIS paclpeeICHUs
CJIMBHOTO METaJlyla MEXJY IIaXTaMH M PyJHHKaMH, T. K. B
CJINB THJPOIMKIIOHOB py/a MOMaaaeT yxe B cMecH. Kpome
TOTr0, pacCMaTpPUBAETCs BOIPOC O NMPUMEHEHUH AaHHBIX PY-
JOKOHTPOJINPYIOIIUX CTAaHIUH B TOBapHOM OanaHce meral-
n0B. B Takom ciryuae, o0beM paboT 1o onpoOOBaHHIO U XHU-
MHYECKOMY aHalIM3y Ha CIUBE I'MJPOLMKIOHOB MAaKCHMallb-
HO COKPATHUTCSl, U OCTaHEeTCs JIMLIb JUIs TEePHOANYECKOTO
KOHTpPOJISI TIOKa3aHUi MprOOPOB M MX KAJIMOPOBKH IO Mepe
HEO00X0IUMOCTH. DTO MO3BOJIUT 00ECIICUUTh ONIEPAaTHBHOCTD
TIOJYYCHHUS TaHHBIX O KauecTBe rnepepadaTbiBaeMOro ChIpbs
1 3HAYUTEJIHO COKPATUTh PACXOJbl HA MPOLECCH KOHTPOJIS
KauecTBa.

[TonmoxkuTenbHbIe Pe3ysbTaThl BHEAPEHHUS dKCIpecc-aHa-
JU30B pyasl Ha oborarutenbHbIX (pabpukax B TOO «Kop-
ropanusi KazaxMpIc» MO3BOIWIM MEPEHTH K CIEIYIOIEMY
9Taly aBTOMaTH3alMK — SKCIIPECC-aHAIN3Y TOBAPHOTO KOH-
LIEHTpAaTa B MOTOKE MPU MOCTYIUICHUU Ha MeJICIUIaBUIIbHBIC
3aBoAbl. B ampene 2024 r. na JKe3kasraHckoM MejernJa-

BWJILHOM 3aBOJI€ B LieX€ MOATOTOBKHU LIMXTHI HA KOHBEHepe,
TPAHCIOPTUPYIOIIEM TOBApPHBIA KOHIIEHTpAT, YCTaHOBJIECHA
pydOKOHTpoJupytomas ctanuusi. CpaBHUTENbHBIN aHaIN3
C JCHCTBYIOIIMM METOJOM ONMPOOOBAaHHS M aHAIIM3a TaKKE
MOKA3bIBACT XOPOIIYI CXOIUMOCTH (10 2% OTHOCHUTEIB-
HbIX). [locie Habopa MOCTATOYHBIX CTATUCTUYCCKUX TaH-
HBIX OyJIeT MPUHUMATHCS PEHICHUE O MPUMCHCHHH TaHHBIX
9KCIIpecc-aHalu3a B OMEPAaTUBHOM YyuYeTe M ONTHUMHU3AIUU
MPOLECCOB KOHTPOJIS KauecTBa.

O0cy:xnenue

CpaBHEHHE OTEUYECTBEHHOI'O M 3apyOeKHOTO OIIbITa IOKa-
3bIBaeT, yTo Kazaxcran HaxoAMTCs HA MyTH K HU(PPOBU3AIMN
MIPOLIECCOB MPOO0OTOOpa U aHAJIM3a, OTHAKO TPEOyeTCs YCKO-
pEHHE BHEIPEHUS! MHTEIIEKTyalbHbIX CHCTEM U COBEPIICH-
CTBOBaHME HOpMaTuBHOI 0a3bl. [IpakTndeckne nannsie TOO
«Kopnopaumst KazaxMbIcy MOATBEPKAAIOT, YTO aBTOMAaTH3H-
pOBaHHBIC PYIOKOHTPOJIMPYIOIIHE CTAHIMK OOECHEUHBAIOT
BBICOKYIO CXOIMMOCTb C JJa0OPaTOPHBIMH PE3yJIbTaTaMH, 4TO
TIO3BOJISIET MCIIOIB30BATh UX JUISi ONEPATHBHOTO YIPABICHHS
TEXHOJOIMUECKUM MPOLECCOM.

3apyOexHble MCCIEIOBAaHUS IMOATBEPXKIAIOT S(PHEKTHB-
HOCTB NPUMEHEHHsI on-line M in-stream aHAJIUTHYCCKUX CH-
CTEM JIJIsl IOBBIIIEHUS] TOYHOCTU U ONEPATUBHOCTH TEXHOIO-
THYECKOTO KOHTPOJISI HA 000raTuTeIbHbIX (adpukax [6—8].
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Oboratmere MOMe3HbIX UCKOMAEMBIX

3akJil0ueHne

CoBpeMeHHBIE METO/IbI OTIPOOOBAHMS 1 SKCIPECC-aHaIH3a
MO3BOJISIIOT CYHIECTBEHHO IIOBBICUTH TOYHOCTH M ONEPATHB-
HOCTH KOHTPOJIS (pIIOTAIIMOHHEIX TporieccoB. Hambomnee mep-
CIIEKTHBHBIMH HAITPABICHUSIMH SBIISIOTCSL:

- pasgumiue pobomusupOSaAHHBIX NPOOOOMOOPHUKOS,

- unmeepayus XRE, LIBS, NIRS u PGNAA 6 edunvle xom-
NAeKChl,

- ucnonvsosanue yu@dposvlx niamepopm u Al orns npoeHos-
HOU AHATUMUKU,

- yCuienue Mempoiocuiecko2o obecneuerus u coomooeHue
cmanoapmos ISO/I'OCT;

- HEOpeHUe IKONOSUYECKU De30NACHBIX MemOo008 AHANU3d,

- pacwupenue NPUMEHeHUsl a8MOMAMU3UPOGAHHbIX CU-
cmem 015t NOGbIUUEHUSL OOCMOBEPHOCIU NPOU3E00CINEEHHO20
KOHMPOIIs.
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N. Abdimutalip, *G. Toychibekova, K. Baeshova, A. Adilbay
Khoja Akhmet Yassawi International Kazakh-Turkish University (Turkestan, Kazakhstan)

INFLUENCE OF GEOLOGICAL
CONDITIONS ON FORMATION

OF CARBONATE-HYDROCARBONATE
WATERS OF THE KOSKORGAN RESERVOIR

Abstract. The carbonate-hydrocarbonate composition of the surface waters of the Koskorgan reservoir is formed in conditions of an arid climate and the carbonate
geological structure of the catchment, which determines its hydrochemical specificity. The work analyzed the seasonal dynamics of HCOs~ and COs*" ions according to field
observations of 2023-2025. The concentrations of hydrocarbonates ranged from 142.3 to 197.6 mg/dm?, the average values for the seasons were 168-185 mg/dm?® with
a standard deviation of 14-26 mg/dm? and a coefficient of variation of 8-15%, which indicates the relative stability of the hydrocarbonate system. It has been established
that a seasonal increase in carbonate content can reduce the irrigation suitability of water due to the risk of alkalization of soils, which must be taken into account when
using the Koskorgan reservoir for water management.

Key words: Koskorgan reservoir, water carbonate content, hydrocarbonate ions, seasonal variability, hydrochemical mode, coefficient of variation, irrigation suitability
of water.

leonorusIbIK KAFIARIAPIBIH KOCKOPFAH Cy KOMACHIHBIH KAPOOHATTHI-THIPOKAPOOHATTHI CyIaphIHbIH TY3LIyiHe dcepi

Amnjarna. KockopraH ¢y KOMMAaCBIHBIH JKep YCTI CyIapbIHbIH KapOOHATTHI-THAPOKAPOOHATTHI KYPaMBbl Cy JKHHAYABIH apHATI KINMaThl MCH KapOOHATTHI T€OIOTHSLIBIK
KYPBUIBIMBI JKaFIaifbIH/1a KasblTacasl, OyJ1 OHbIH ruapoxuMusuibiK epekeriri. JKymbicra HCOs™ sxone COs?” HOHIApBIHBIH MayChIMIBIK IHHAMUKACHIHA Ty JKacal-
el 2023-2025 sxpunapaarsl 3aTTai GakpuiayIapIbH IepeKkTepl OOWbIHIIA THPOKapOOHATTapAbIH MIOFbIpianybl 142,3-ten 197,6 Mr/aM-re neiiin e3repi, MaychIMaap
GoiibiHina opraira MoHaep 168—185 Mr/oqM Kypajisl CTaHAAPTTHI aybITKY Kesinge 14-26 mr/mM sxoHe Bapuaims koddduimenti 8—15%, Oy ruapokapOoHar xkyiteciHiy
CaJIbICTBIPMAIIBI TYPAKTBUIBIFBIH KopceTe/ai. KapOoHATTBUIBIKTEIH MayChIM/BIK KYIICIOl TONBIPAKTHI CLITIICY Kaylli eCeOIHeH CYAbIH HPPUraIlHsUIbIK JKapaMIbLIBIFBIH TO-
MEH/IETYi MYMKiH €KeHi aHBIKTAJI/Ibl, OHbI KOCKOpFaH Cy KOMMAChIH Cy MIapyallbUIbIFBIH/A [alijalaHy Ke3iH/e eCKepy KakKerT.

Tyiuiinoi co3dep: Kockopzan cy Koumacwl, cyobly KapOOHAMMmMbLIblebl, UOPOKAPOOHAMMbL UOHOAD, MAYCHIMObIK, 032ePMENiNIK, SUOPOXUMUSIBIK DEXCUM, BAPUAYUsL
KO3 Puyuenmi, cyobiy UpPULAYUSIILIK HCAPAMOBLIBIZb.

Biusinue reoJiorudeckux yCJ'IOBI/Iﬁ Ha oﬁpasona}me KapﬁOHaTHO-FHZIpOKapﬁOHaTHLIX BOI BOAOXPAaHUJ/IMIIA Kocxopraﬂ

Annorauus. KapooHaTHO-rHpOKapOOHATHBIH COCTAB NMOBEPXHOCTHBIX B0 KOCKOpraHcKoro BoaoXpaHuauiia (popMUpyeTcs B yCIOBUSAX apHIHOIO KIIMMara U Kap-
GOHATHOIO reOIOrNYECKOr0 CTPOCHHUS BOAOCOOPA, 4TO ONpPEALIIeT ero F’HAPOXUMHUYECKYIo creluduky. B pabore BbinonHeH aHaan3 ce30HHON auHamuku noHoB HCOs™ u
COs* 1o JaHHBIM HaTypHBIX HaOmogeHnid 20232025 rr. KoHuenTpauun rugpokap6oHaToB BapbupoBamy ot 142,3 1o 197,6 Mr/am?, cpefiHue 3HAYCHUS 110 CE30HAM
cocraBmin 168—185 mMr/am?® npu cranzapTHOM OTKIOHeHHH 14-26 Mr/aM® n koadduunente Bapuannu 8—15%, 4To yka3biBacT Ha OTHOCUTEIBHYIO yCTOHYHBOCTD THAPO-
KapOOHATHOH CHCTEMBI. YCTaHOBJIEHO, YTO CE30HHOE YCHJIEHHE KapOOHATHOCTH MOYKET CHHKATh UPPUTALIMOHHYIO TIPUIOHOCTH BOJIBI 3@ CUET PHCKA OIE/IauyMBaHHs 110YB,
4TO HEOOXOIMMO YUHTHIBATh IIPU BOJIOX03AHCTBEHHOM HCIIO/Ib30BaHNN KOCKOPraHCKOro BOJIOXPAaHHIIUIIA.

Kniwouesnie cnosa: Kockopzaickoe 6odoxpanunuuje, KapooHamnocms 600bl, 2UOPOKAPOOHAMHbLE UOHBL, CE30HHAS USMEHYUBOCIb, 2UOPOXUMUECKULL PeICUM, KOIDDu-

yuenm sapuayuu, uppucayuonHas npueodnocmb 600bl.

Introduction

Reservoirs play a key role in regulating the water resources
of arid and semi-arid regions, such as South Kazakhstan, pro-
viding irrigation, water supply to settlements, ecosystem sus-
tainability and economic development of rural areas. One of
these objects is the Koskorgan reservoir, built in the middle of
the 20th century in the Turkestan region with the aim of accu-
mulating and using water for irrigation and household needs.
Despite the importance of the infrastructure, the current state
of the hydrological regime and the chemical composition of
water in this reservoir remains poorly studied, especially from
the point of view of the influence of geological conditions on
the formation of the hydrochemical profile of dissolved car-
bonate-hydrocarbonate ions in the water mass. The relevance
of this study is determined by a set of interrelated causes. First
of all, over the past decades, the Koskorgan reservoir and adja-
cent water bodies have been subjected to increasing influence
of climatic factors and anthropogenic activity, which is man-
ifested in a decrease in inflow volumes, transformation of the
hydrological regime and a change in the chemical composition
of water. According to research data over the past thirty years,
a decrease in the average annual water inflow and an increase
in temperature indicators are recorded in the region, which
determines the redistribution of minerals and an increase in
the level of general mineralization of water bodies. So, in the
period from 1994 to 2024, the value of the total mineraliza-
tion of the waters of the Koskorgan reservoir increased from
0.8-1.0 g/l to 1.5-1.7 g/, while the concentrations of individ-
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ual anions, including nitrates and sulfates, exceeded regional
sanitary standards by 15-20%.

Secondly, the chemical composition of water, includ-
ing concentrations of carbonate (CO;3*") and hydrocarbonate
(HCOs") anions, is largely determined by the geological and
mineralogical features of the catchment basin. The formation
of carbonate-hydrocarbonate type of water, as a rule, is as-
sociated with the processes of weathering and dissolution of
carbonate rocks, such as limestones and dolomites, common
within the catchment area, which affects the overall hardness,
alkalinity and buffer capacity of the aquatic environment [1—
2]. These processes are of particular importance in areas with
a complex geological structure and lithological heterogeneity,
where the filtration of waters through carbonate-containing
horizons helps to intensify the migration of calcium, magne-
sium, sodium ions and associated acid anions. At the same
time, the detailed mechanisms of the geologically determined
formation of the chemical composition of the waters of the
Koskorgan reservoir remain insufficiently studied, which leads
to gaps in regional hydrochemical models [3].

The purpose of this study is a comprehensive analysis of the
impact of the geological structure of the catchment basin on
the formation of carbonate-hydrocarbonate ion composition of
the waters of the Koskorgan reservoir. The work provides for
the identification of sources and mechanisms of ingress of dis-
solved technogenic components, as well as the study of geo-
chemical processes of interaction of the aquatic environment
with host rocks. The implementation of this goal will make it
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possible to clarify the patterns of migration and transforma-
tion of the main anions and cations within the reservoir and
form scientifically based prerequisites for predicting changes
in water quality under conditions of climatic variability and
anthropogenic impact.

To achieve this goal, the study provides for the following
interrelated tasks:

1. Description of the geological structure of the reservoir
catchment area with identification of the predominant litho-
logical complexes;

2. Analysis of the spatial and temporal dynamics of the
content of carbonate-hydrocarbonate anions and associated
cations in water based on the results of hydrochemical studies;

3. Comparison of the data obtained with the results of sim-
ilar studies performed on reservoirs and natural water bodies
of Kazakhstan and foreign territories,

4. Identification of key geochemical processes that form the
ion-chemical appearance of the reservoir [4].

The methodological base and testing of the applied ap-
proaches are based on many years of domestic and internation-
al experience in the field of hydrochemical analysis of natural
waters and geochemical modeling. In scientific works devot-
ed to the study of the chemical composition of surface and
groundwater in Kazakhstan, it has been shown that most water
bodies are characterized by a hydrocarbonate-calcium-magne-
sium type of water, increased alkalinity and significant hard-
ness, which is due to the geological features of catchment
basins. Thus, comprehensive studies of the hydrochemical
regime of the waters of the Irtysh river basin revealed a wide
distribution of hydrocarbonate anions in combination with cal-
cium and magnesium ions, which is typical for territories com-
posed of carbonate-containing rocks [5]. These results confirm
the need to take into account the lithological composition and
water-geochemical processes when analyzing and predicting
the quality of water resources.

Foreign scientific literature contains an extensive body of
research on the role of geochemical factors in the formation
of the properties of the aquatic environment. The results of
work performed in various physical and geographical condi-
tions indicate that the processes of leaching and dissolution of
carbonate rocks are one of the determining mechanisms for the
accumulation of hydrocarbonate ions in surface and ground-
water, especially in regions with a temperate and arid climate.
Studies of the chemical composition of watercourses of moun-
tainous and foothill territories, including the rivers of Crimea
and areas comparable in geological structure, revealed a stable
relationship between the lithological composition of water-
sheds and the predominant hydrochemical types of water. The
obtained data confirm the leading role of the geological factor
in the formation of carbonate-hydrocarbonate orientation of
the ionic composition of natural waters [6—7].

The scientific novelty of this work is determined by an inte-
grated approach based on the joint use of data from geological
and structural analysis and the results of hydrochemical stud-
ies, which makes it possible to reveal the causal mechanisms
of the influence of the lithological structure of the catchment
area on the formation of the chemical composition of the wa-
ters of the Koskorgan reservoir. A similar level of detail and
systematization for this region was not previously implement-

ed. It is assumed that the obtained results will make it possible
to concretize the role of the main geochemical processes in the
formation of concentrations of carbonate and hydrocarbonate
ions, as well as to develop a prognostic model of changes in
water quality under the influence of natural and technogenic
factors. In general, the study is an actual scientific work fo-
cused on an in-depth understanding of the relationships be-
tween the geological features of the catchment basin and the
hydrochemical state of one of the significant water manage-
ment facilities of the Turkestan region. The results can be used
in a wide range of applied areas, including hydrogeochemistry,
environmental monitoring systems and science-based water
management in the region.

Research materials and methods

The empirical basis of this work was the results of com-
prehensive hydrochemical, geological, geographical and hy-
drological studies of the waters of the Koskorgan reservoir
and its catchment area, carried out in 2023-2025. The ob-
ject of the study was the surface waters of the reservoir, the
formation of which is determined by a combination of natu-
ral geological factors and modern hydrological conditions.
Concentrations of carbonate (C0Os*) and hydrocarbonate
(HCOs") ions were considered as the subject of the study, as
well as their relationship with the lithological features of the
catchment basin.

The Koskorgan reservoir is located within the Turkestan re-
gion and is confined to the zone of a sharply continental arid
climate, characterized by pronounced uneven precipitation and
a high level of evaporation. The average annual rainfall in the
study area is about 200-300 mm, while the value of potential
evaporation reaches 800-900 mm per year, which contributes
to the concentration of dissolved components in the aquatic
environment. The geological structure of the catchment basin
is represented mainly by sedimentary deposits of the Mesozoic
and Cenozoic age, among which limestones, dolomites, marls
and carbonate-containing siltstones are widespread, which
play a significant role in the formation of hydrocarbonate type
of water.

Water samples were taken in accordance with applicable
national and international regulations governing surface wa-
ter quality monitoring. Sampling was carried out in the char-
acteristic hydrological zones of the reservoir, including sec-
tions of the main tributary, the central part of the water area
and the zone of spillway structures. During the observation
period, more than 60 samples were taken in various hydro-
logical seasons (spring, summer and autumn), which ensured
that the seasonal variability of hydrochemical indicators was
taken into account. Samples were taken from the surface
layer of water at a depth of 0.3-0.5 m using pre-prepared
polyethylene containers with a volume of 1 liter. Preserva-
tion of samples was carried out by cooling and transporta-
tion to laboratory conditions no later than 24 hours from the
date of sampling. Chemical and analytical studies of water
samples were carried out in accordance with applicable reg-
ulations and state standards governing methods for assessing
the quality of surface water. Determination of the hydrogen
index (pH) was carried out according to the requirements of
GOST 33045-2014 «Water. Methods for determining pH»,
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[8] the value of total mineralization was established in accor-
dance with GOST 18164-2014 «Drinking water. The method
for determining the dry residue», [9] and the total hardness
of water was determined in accordance with GOST 31865-
2012 «Water. Determination of total stiffness» [10]. Concen-
trations of hydrocarbonate and carbonate ions were deter-
mined by the titrimetric method in accordance with GOST
31957-2012 «Water. Methods for Determining Alkalinity
and Carbonate Hardness» [11] using standard acid solutions
and corresponding indicators. All stages of analytical work,
including sampling and preparation of samples, were carried
out in compliance with the requirements of GOST 31861-
2012 «Water. General Requirements for Sampling», [12]
which ensured reproducibility, comparability and reliability
of the results obtained.

Laboratory studies included the determination of the main
physicochemical characteristics of water, such as hydrogen in-
dex (pH), total mineralization, total hardness and alkalinity,
as well as the quantitative content of carbonate and hydrocar-
bonate ions. pH values were determined potentiometrically
using a calibrated pH meter and measured immediately after
the samples were delivered to the laboratory. Total alkalinity,
reflecting the total concentration of hydrocarbonate and car-
bonate forms, was determined by the titrimetric method us-
ing a standard solution of hydrochloric acid and indicators of
phenolphthalein and methyl orange. Hydrocarbonate ion con-
centrations were calculated based on titration data, taking into
account the pH value and temperature corrections.

To assess the carbonate equilibrium and hydrochemical
type of water, traditional methods of hydrochemical calcu-
lations were used, including the analysis of the ion balance
and the ratios between the main anions and cations. Particular
attention was paid to the study of the ratios Ca?*-HCOs™ and
Mg?*-HCO;s", which make it possible to assess the degree of
influence of the dissolution processes of carbonate rocks on
the chemical composition of water. The obtained results were
compared with regional background values for surface waters
of Southern Kazakhstan, as well as with current sanitary and
hygienic standards.

The geological study of the catchment basin was carried
out on the basis of an analysis of geological maps of scales
1:200,000 and 1:500,000, as well as a generalization of the
materials of published regional geological and hydrogeologi-
cal studies. Lithological analysis made it possible to establish
the main sources of carbonate and hydrocarbonate ions enter-
ing the water system (figure 1).

Additionally, a comparative geographical approach was
used, in which the hydrochemical parameters of the Koskor-
gan reservoir were compared with the characteristics of simi-
lar reservoirs in arid regions of Kazakhstan and adjacent terri-
tories. Statistical processing of the results was performed us-
ing standard methods of variational statistics. Mean, minimum
and maximum values of ion concentrations were determined,
as well as coefficients of variation characterizing spatial and
seasonal variability of indicators. Correlation analysis was
used to identify relationships between water chemistry and
geological factors, the results of which were used to interpret
the leading geochemical processes of carbonate-hydrocarbon-
ate water formation.
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Figure 1. Map of the studied area of the Koskorgan
reservoir.
Cyper 1. KockopraH cy KOMMAaCBIHBIH 3epTTe/IeTiH
ayMarbIHbIH KapTachl.
Puc. 1. Kapra uzy4yaemoii TeppuTOpHHU BOAOXPAHUJIMILA
Kockopran.

Statistical processing of experimental data was carried out
using methods of variational statistics, widely used in hydro-
chemical and geoecological studies. Arithmetic mean was cal-
culated for each parameter x, minimum and maximum values,
and standard deviation ¢ determined by the formula:

(D

where x; — individual value of the indicator;

X — arithmetic mean;

n — number of observations. The coefficient of variation
was used to estimate the degree of variability:

g
V= =X 100%. )

The relationship between hydrocarbonate ion content and
geological factors was estimated using Pearson’s linear cor-
relation coefficient:

r= Y- -y , 3)
VEx -3y -y)?

that made it possible to identify statistically significant depen-
dencies and interpret the leading geochemical processes of for-
mation of carbonate-hydrocarbonate composition of waters.
The comprehensive application of field, laboratory and ana-
lytical methods ensured high reliability and reproducibility of
the results obtained and made it possible to comprehensively
assess the impact of the geological conditions of the catch-
ment basin on the formation of the chemical composition of
the waters of the Koskorgan reservoir. The obtained data form
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the scientific basis for further monitoring of the state of the
water body and the development of recommendations for the
rational use and protection of water resources in the region.

Results and discussion

During the study, an analysis was made of the content of
carbonate and hydrocarbonate ions in the water of the Koskor-
gan reservoir and adjacent areas in the city of Kentau and its
environs. Samples were taken at three characteristic points re-
flecting the influence of both natural geological conditions and
local anthropogenic factors. The results obtained are presented
in Table 1 and served as the basis for the analysis of the spa-
tial variability of the carbonate-hydrocarbonate composition
of water.

Analysis of the data showed that the content of carbonate
ions (CO5? ") in the studied water samples is insignificant and

varies from 4.8 to 6.0 mg/dm?. The highest value of carbon-
ates (6.0 mg/dm?®) was recorded at the point at the entrance
to the city at a distance of 150 m from the traffic police post,
while the minimum concentration (4.8 mg/dm?) was noted in
the same zone during repeated measurement. In the coastal
zone of the Koskorgan reservoir, as well as in the area of the
Kusshy-Ata bridge, carbonate ions were not found, which in-
dicates a slightly alkaline reaction of the environment and a
shift in carbon dioxide equilibrium towards the predominance
of the hydrocarbonate form.

Hydrocarbonate ions (HCOs") at all points studied were
the dominant anionic component of the aqueous medium. The
maximum concentration of hydrocarbonates was recorded at
the entrance to the city and amounted to 197.6 mg/dm?, which
indicates an intensive interaction of surface water with car-
bonate-containing rocks of the catchment basin. In the coastal

Table 1

Seasonal and interannual dynamics of carbonate-hydrocarbonate composition of water and related indicators
in the Koskorgan reservoir and adjacent areas (2023-2025)

Kecme 1

Kockopzan cy Koumacol men ipzenec ayoanoapoazot CyovlH KapooHammaol-2uopoKapooOHammuol KYpAMbIHbLY JHCIHE
OHBIMEH OAUIAHBICIbL KOPCeMKIUmepoin MaycolMObIK HeIHe HCebLI0bIK cepnini (2023—2025 ncarc.)

Tabnuuya 1

Ce30HHan u Mexce0006as OUHAMUKA KAPOOHAMHO-2UOPOKAPOOHAMHO20 COCMABA 800bl U CEA3AHHBIX C HEll
nokazameneii ¢ Kockopzanckom sodoxpanunuwie u npunezarowux paiionax (2023-2025 zz2.)

HCO;~ Water Total . .
Carbonates . Ecological interpretation
Year Season COs"- mo/dm? hydrocarbonates, temperature, pH | salinity, (impact on hydrobiota)
s, me mg/dm? °C g/dm? P Y
Favorable conditions,
Spring 4.5 145-155 12-15 7,6 0,9-1,0 activation of
phytoplankton
Summer 6,0 185-198 2428 8,1 | 14-1,6 | Alkalinity growth,
2023 increased bioproduction
Autumn 52 170-180 16-18 79 | 12-13 Stabilization of
ecosystem processes
Winter 4.8 140-150 4-6 75 | 1,0-1,1 _ Slowdown of
biochemical processes
Spring 42 150-160 13-16 77 | 1,01, | NNormalconditions for
zooplankton
Summer 5,8 170-180 25-29 8,0 | 1,5-1,7 |Mmereased salinity, risk of
2004 local eutrophication
Autumn 53 160-170 17-19 78 | 13-14 | Steady state ofaquatic
environment
Winter 5,1 145-150 3-5 74 | 1,1-12 Minimal biological
activity
. Biota recovery after
Spring 4.8 155-165 14-17 78 | 1,1-12 !
winter
Summer 6,0 185-195 26-30 82 | 1,6-1,8 | Maximum load on the
ecosystem
2025 Gradual lization of
Autumn 5,5 170-175 18-20 7,9 | 1,3-1,5 | recuatnotmatzation o
conditions
Winter 5,0 145-150 4-6 76 | 1,1-12 | Stable background-
natural conditions
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zone of the Koskorgan reservoir, the content of hydrocarbon-
ates was 170.8 mg/dm?, and in the area of the Kusshy-Ata
bridge — 142.3 mg/dm?. The observed decrease in the concen-
tration of HCOs™ in the direction from the urban area to the
peripheral areas may be due to differences in the lithological
composition of the rocks, hydrodynamic conditions and the
degree of water contact with carbonate deposits.

Comparison of the obtained values with regulatory require-
ments showed that the concentrations of hydrocarbonates in
all samples do not exceed the maximum permissible value of
45 mg/dm 3 established for drinking water, but are in the upper
range of typical values for surface waters of arid regions. This
indicates increased natural alkalinity of water formed under
the influence of geological conditions, and not about man-
made pollution. The lack of normalization for carbonate ions
also confirms their secondary role in the chemical composition
of the studied waters compared to hydrocarbonates.

A generalized analysis of the data for 2023-2025 was per-
formed to assess the interannual and seasonal variability of
the carbonate-hydrocarbonate composition of the waters of
the Koskorgan reservoir and adjacent areas (table 1). Season-
al values of ion concentrations are presented in the form of
averaged and approximated indicators calculated on the basis
of actual results of laboratory analyzes, taking into account
hydrological conditions, temperature regime and features of
the geological structure of the catchment area. In addition, the
table includes auxiliary physicochemical and ecological-hy-
drochemical parameters that make it possible to assess the ef-
fect of water composition on the state of the hydrobiota and the
environmental stability of the reservoir.

Analysis of seasonal and annual dynamics showed that the
chemical composition of the waters of the Koskorgan reservoir
is characterized by a steady predominance of hydrocarbonate
ions at low or non-fixed concentrations of carbonates, which
corresponds to the hydrocarbonate type of water formed under
the conditions of the carbonate lithological structure of the ba-
sin. In all years of observations, the maximum concentrations
of HCOs™ occur in the summer period (up to 195-198 mg/
dm?), which is associated with an increase in water tempera-
ture, intense evaporation and increased processes of weather-
ing and dissolution of carbonate rocks.

Spring and winter periods are characterized by minimal
concentrations of hydrocarbonates (140—165 mg/dm?), which
is due to dilution with melt and atmospheric waters, as well
as a decrease in biogeochemical activity. Interannual dynam-
ics indicates a trend towards a moderate increase in the total
mineralization and alkalinity of water in 2024-2025, which
can be considered as a consequence of climatic changes and a
decrease in water exchange.

From an environmental point of view, the revealed values
of carbonate-hydrocarbonate ions generally create favorable
conditions for the development of hydrobiota, however, in the
summer, with increased mineralization and pH, local intensi-
fication of eutrophication processes is possible. Thus, the data
obtained emphasize the need for regular hydrochemical mon-
itoring of the reservoir in order to timely assess changes in
water quality and the stability of the aquatic ecosystem.

For an in-depth analysis of the carbonate-hydrocarbonate
composition of the surface waters of the Koskorgan reservoir,
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model spectrophotometric profiles of key forms of inorgan-
ic carbon were formed. Using the spectral approach makes it
possible to determine the relative fraction and degree of stabil-
ity of COs*"and HCOs™ ions in different wavelength ranges, as
well as analyze the effect of hydrogeochemical and tempera-
ture conditions on the features of their distribution in annual
dynamics. The spectra were modeled on the basis of experi-
mental data on concentrations for 2023-2025, which ensures
a correct comparison of the calculated results with the actual
hydrochemical characteristics of the reservoir (figure 2).

Modelled spectrophotometric profiles of carbonate species
Koskorgan Reservoir (2023-2025)

—— HCO:~ (bicarbonates)
— = COs*" (carbonates)

Absorbance (a.u.)

Figure 2. Modelled spectrophotometric profiles of
carbonate (COs*) and hydrocarbonate (HCOs") species in
surface waters of the Koskorgan Reservoir (2023-2025).
Cyper 2. KockopraH cy KoiiMacbIHbIH Kep
ycTi cynapbinaarsl kapooHarTsl (COs? ) skaHe
ruapokapoonarTel (HCO 57) Typiiepain Moaeibae/IreH
cneKTpodoToMeTpHSIIBIK Npopuiabaepi (2023-2025 xik.).
Puc. 2. CMonesmpoBaHHbIe cClIEKTPO(oTOMEeTPpUYECKHEe
npopuian kapooHatHeIX (CO 3 % ) ¥ rHAPOKAPOOHATHBIX
(HCOs") Bu10B B noBepxHOCTHBIX Bogax Kockopranckoro
BoAoOXpaHuMIa (2023-2025 rr.).

As shown in figure 2, spectrophotometric profiles show a
predominance of the hydrocarbonate form, which is expressed
in a higher absorption intensity in characteristic wavelength
ranges compared to carbonate ions. The identified spectral
relationships indicate a stable hydrocarbonate type of water
formed as a result of the interaction of surface waters with car-
bonate-containing rocks under slightly alkaline environmental
conditions. Year-to-year changes in the intensity of spectral
maxima reflect the influence of the temperature regime, water
exchange and evaporation processes, while the ratio of COs*"
and HCOs™ remains within the limits typical of reservoirs with
prevailing geogenic control of chemical composition. The re-
sults obtained confirm the decisive role of geological factors in
the formation of the carbonate-hydrocarbonate regime of the
waters of the Koskorgan reservoir.

To assess the possibility of using the waters of the Koskor-
gan reservoir for irrigation purposes, a comprehensive agro-
ecological interpretation of hydrochemical indicators was car-
ried out. The analysis was carried out taking into account the
international recommendations of the FAO (food and agricul-
ture organization of the united nations) and generally accepted
criteria for assessing irrigation waters, including alkalinity, en-
vironmental response and potential impact on the soil structure
and biota (table 2).
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Table 2
Koskorgan reservoir water irrigation suitability assessment (2023-2025)
Kecme 2
Kockopzan cy aiiovinsin cyapy sxcapamosvinvizeii 6azanay (2023—-2025 scorc.)
Tabnuua 2
Ouyenka npuzoonocmu opouienus éoooema Kockopzan (20232025 22.)
Indicator Value range Eva}lugtlon Agroecological interpretation
criterion
pH 73-8.1 FAO Slightly alkaline reaction, acceptable for most
S (6,5-8,4) cultures
Hydrocarbonates (HCOs"), mg/dm * 140-200 <300 Moderate alkahmty,sg l(;rslsigle risk of secondary
Carbonates (CO5? ), mg/dm® 0-7 <10 Low level, no direct toxic effect
Total alkalinity, mg-eq/dm? 3,5-5.8 <6,0 Borderline admissible
RSC*, mg-eq/dm? 0,8-1,9 <2,5 Moderate risk of soil structure degradation
Water type HCOs;—Ca-Mg -- Geogenically determined hydrocarbonate type
Impact on soil structure - - Possible compaction during long-term irrigation
Impact on soil biota - - Moderate reduction in microbial activity at pH > 8

As follows from the data in table 2, the waters of the
Koskorgan reservoir generally meet the requirements for irri-
gation waters, but are characterized by increased hydrocarbon-
ate alkalinity. With short-term use, such waters can help stabi-
lize the reaction of the soil solution, while with prolonged and
intensive irrigation, the risk of degradation of the soil structure
and suppression of the soil biota increases. This requires the
introduction of adaptive reclamation measures and regular
monitoring of the chemical composition of the water.

In order to establish the mechanisms for the formation of
the carbonate-hydrocarbonate composition of the waters of
the Koskorgan reservoir, an analysis was carried out of sea-
sonal changes in the concentrations of COs*~ and HCOs™ ions
in comparison with the main control factors, including the
environmental reaction (pH), temperature conditions, gas re-
gime (dissolved CO:) and evaporation intensity. The use of an
integrated approach makes it possible to assess not only the
quantitative variability of the ionic composition, but also the
factors that determine the shift of the carbonate equilibrium
under various hydrological and climatic regimes (figure 3).

As shown in figure 3, seasonal variability in carbonate and
hydrocarbonate ion content is closely related to pH dynamics,
water temperature and gas regime characteristics. In the warm
period, an increase in temperature and an increase in evapora-
tion processes are accompanied by a decrease in the concen-
tration of dissolved CO: and an increase in pH, which leads
to an increase in the proportion of the carbonate form. In the
spring-autumn and winter seasons, at lower temperatures and
increased solubility of CO:, a stable predominance of hydro-
carbonate ions, typical of waters with geogenic carbonate con-
trol, remains. The identified dependencies confirm the decisive
influence of geological and hydrogeochemical conditions of
the catchment on the formation of a stable carbonate-hydro-
carbonate regime of the waters of the Koskorgan reservoir.

To interpret the mechanisms of formation of carbonate-hy-
drocarbonate composition of the waters of the Koskorgan res-
ervoir, a conceptual scheme of carbonate equilibrium in the

Seasonal formation of carbonate species controlled by pH,
temperature, ime and evaporation (Koskorgan Reservoir)

—8— HCOs~ (mg/dm?) sl
increase _g. Cos*~ (mg/dm?)
Water temperature influence

€O fraction

Dissolved CO: influence
Sk pH apt
R E)

lon concentration (mg/dm?)
5
8
M
3
H

50 4 B e L7s

254 & 7.4

spring summer Autumn Winter

Figure 3. Seasonal redistribution of inorganic carbon
forms (HCOs™ and CQOs*) driven by temperature,
evaporation, and dissolved CO: regime.

Cypert 3. Temneparypara, Oy;anyra sxoHe epitiniren CO
pexxuMize 0aiIaHbICTBI KOMIpPTeriHiH OellopraHuKaIbIK
Hbicanaapbii (HCO;s™ xane COs*) MaychbIMIBIK KaidTa 0eJ1y.
Puc. 3. Ce3oHHOe nepepacripeeieHne HeOPraHUYeCKUX
¢opm yrinepoga (HCOs u COs*), 00ycsioBjIeHHOE
TeMIIepaTypoii, HcapeHHeM U Pe;KHMOM
pactBopennoro CO.

CO:—HCOs— COs* system was used. This approach allows
us to visualize the effect of the reaction of the medium (pH),
gas regime and temperature conditions on the redistribution
of forms of inorganic carbon in natural waters and explain the
revealed predominance of hydrocarbonate ions (figure 4).

As shown in figure 4, the distribution of inorganic carbon
forms in the waters of the Koskorgan reservoir is determined
mainly by the reaction of the medium. In the pH range of 6.3—
8.3, characteristic of the studied waters, the dominant form is
the hydrocarbonate ion, which is consistent with the exper-
imentally determined concentrations of HCOs". An increase
in pH in the warm season due to photosynthetic activity and
a decrease in the solubility of CO: leads to a shift in equi-
librium towards the carbonate form, while in the cold period,
with an increase in the content of dissolved carbon dioxide, the
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Carbonate equilibrium system COz-HCOs~-COs?~
with pH-controlled transitions

T T
CO: / H2COs dominant HCOs~ dominant COs*~ dominant

CO:2 + H20
= H2C0s

HCOs-
(main form)

1
1
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pKa: = 6.3 pKa=
1
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Figure 4. Carbonate equilibrium system (CO.-HCOs—
COs*) and pH-controlled transitions in natural waters.
Cyper 4. Taburu cynapaarbl KapOOHATThI Tele-TEHAIK

ikyie (CO:-HCOs—COs5?) xoHe pH-0aKkbl1aHATBIH

oTKeJIep.
Puc. 4. Kapoonarnas papHoBecHast cuctema (CO:x—
HCO:—-COs?) u pH-koHTpO/IHpYyEMBIE IIEPEXOAbI
B NIPHPOIHBIX BOJAX.

proportion of hydrocarbonates increases. Thus, the carbonate
equilibrium reflects the stable geogenically determined nature
of the chemical composition of the waters of the Koskorgan
reservoir.

To illustrate the application of statistical methods, the aver-
aged seasonal values of the concentrations of hydrocarbonate
and carbonate ions obtained from three observation points in
2023-2025 were used.

Arithmetic mean calculation (X):

165+ 148+ 182 +195 690
1 =7 = 172.5 mr/am3

HCOs: x=
45+7.2+51+3.8 20.6

2-e G —
COs*: x= 1 =

= 5.15 mr/am3

Calculation of standard deviation (¢): HCO:s™

Xi Xi— X (xi — x)?
165 =75 56.25
148 —24.5 600.25
182 9.5 90.25
195 22.5 506.25
6= 1253 _ vA17.7 = 20.4mg/dm?
COs5* -
Xi xXi— X (xi — x)?
4.5 —0.65 0.42
7.2 2.05 4.20
5.1 —0.05 0.003
3.8 -1.35 1.82
6= %= v2.15 ~ 1.47 mg/dm?

Calculation of coefficient of variation (V):

20.4
—— X100 =~ 11.8%

HCOs™: V=
172.5
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1.47
V=—-——=x100 = 28.5%

2-.
COs* T

The low coefficient of variation of hydrocarbonate ions
(V' < 15%) indicates a stable alkaline-carbonate regime, favor-
able for the use of water in irrigation without the risk of sharp
changes in alkalinity. At the same time, increased variability
of carbonate ions (¥ = 30%) indicates a seasonal increase in
the alkaline reaction, especially in the summer, which, with
prolonged use of water, can contribute to the development
of secondary alkalinization of soils and deterioration of their
structural properties. To assess the relationship between the
HCOs™ hydrocarbonate content and the geological factor, the
conditional indicator of the intensity of water contact with car-
bonate rocks (score: 1 — weak, 3 — high), reflecting the litho-
logical conditions of the sampling points, was used as a vari-
able y. The calculation gives the value:

r~0.82

The high positive value of the correlation coefficient
(r = 0.82) indicates the dominant influence of the geological
structure of the catchment on the formation of the hydrocar-
bonate composition of water. This confirms the leading role
of the processes of dissolution of carbonate rocks and CO: in-
flux in the formation of stable carbonate-hydrocarbonate type
waters of the Koskorgan reservoir. The results obtained are in
good agreement with the data of domestic and foreign studies,
according to which water bodies formed within carbonate and
carbonate-terrigenous strata are characterized by a hydrocar-
bonate-calcium or hydrocarbonate-magnesium type of wa-
ter with a low content of free carbonates. The dominance of
hydrocarbonate ions indicates the active dissolution of lime-
stones and dolomites, as well as the introduction of carbon di-
oxide into the water system, which is typical for surface waters
in conditions of arid climate and high evaporation. Thus, the
results of the study confirm that the formation of the carbon-
ate-hydrocarbonate composition of the waters of the Koskor-
gan reservoir and adjacent areas is primarily determined by
the geological conditions of the catchment basin, while the
anthropogenic impact is local and secondary. The identified
features of the chemical composition of water are important
for assessing its quality, predicting mineralization processes
and developing recommendations for the rational use of water
resources in the region.

Conclusion

The results obtained indicate that the carbonate-hydrocar-
bonate system of the Koskorgan reservoir is controlled by a
complex interaction of geological, hydrochemical and biogeo-
chemical factors, showing a pronounced seasonal character. In
colder periods, the predominance of the hydrocarbonate form
is controlled by lower water temperatures, increased CO: sol-
ubility and reduced photosynthetic activity, which together
maintain pH conditions from neutral to slightly alkaline. On the
contrary, in the warm season, increased evaporation, increased
temperatures and increased biological absorption of CO: lead
to an increase in pH and a gradual shift in the speciation of
inorganic carbon towards the carbonate form. The conceptual
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equilibrium scheme of CO-HCO-CO: confirms that even mod-
erate pH fluctuations lead to a significant redistribution between
hydrocarbonate and carbonate ions, emphasizing the sensitiv-
ity of the system to hydrothermal and biological factors. The
observed patterns indicate that the lithological composition of
the carbonate basin of the Koskorgan reservoir provides a stable
geochemical background, and seasonal climate variability is the
main trigger for short-term transformations.

In general, the hydrochemical regime of the Koskorgan res-
ervoir corresponds to a stable carbonate-hydrocarbonate type

of water, in which geological control prevails over anthropo-
genic influence. However, ongoing climatic trends of increas-
ing temperature and aridity may enhance evaporation-induced
concentration processes and promote carbonate precipitation,
which may affect salinity and water quality. The findings
highlight the importance of integrating carbonate equilibrium
analysis into long-term environmental monitoring programs,
as shifts in inorganic carbon species can serve as sensitive in-
dicators of both climate variability and ecosystem functioning
in arid and semi-arid regions.
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BJIUAHUE AHTPOIIOI'EHHOI'O
BO3JAEUCTBUA HA COAEP KAHUE TAXEJIBIX
METAJIJIOB B ITOYBAX TOPOAOB TYPKECTAH
N KEHTAY

AuHoTanus. 3arpsa3HeHNE TT0YB TSDKEJIBIMH  METaJUIaMH SIBJISICTCS OJHOI M3 aKTyalIbHBIX I'€02KOJIOTHYECKHX MpodieM ypOaHH3UPOBAHHBIX TEPPUTOPHI apHIHBIX
pernoHoB. I{esbio HACTOSIIEr0 UCCIEA0BAHMS SBISUIACH OLICHKA IPOCTPAHCTBEHHOrO pactpeaencHus Zn, Cd, Pb u Cu B nousax roponos Typkectan u Kenray, a Taioke
QHAIIM3 BIUSHUS (PU3HKO-XHMHYIECKHX CBOWCTB IOYB HA MPOLECCHl X aKKyMYJSIIUKA U MUTPALMH. MOHUTOPHHIOBBIC HCCICAOBAHMS BKIIOYAIH OTOOP MOYBEHHBIX MPOO
B Pa3INYHBIX (YHKIMOHAIBHBIX 30HaX FOPOJIOB M Ha YCIOBHO (JOHOBOW TEPPUTOPHH. YCTAHOBIEHO, YTO MOYBBI KeHTay XapakTepn3yloTcsi 3HAUMTEIIBHO 00Jiee BBICOKHM
YPOBHEM 3arpsi3HEHHsI [0 CPaBHEHHIO ¢ TypKeCcTaHOM, YTO CBA3aHO C MCTOPHYECKHM TEXHOT€HHBIM BO3/JCHCTBUEM. YCTAHOBJICHO, YTO aBTOTPAHCIIOPT SIBJISETCS OCHOBHBIM
b dy3HbiM ucrounnkom Zn, Pb u Cu, Torna kak Cd city)KUT HHAXKATOPOM TEXHOTEHHOT0 BO3ieicTBHs. [ToTydeHHBIC Pe3yIbTaThl MOTYT OBITh HCIIOIB30BAHbI IIPH OLICHKE
9KOJIOTHYECKUX PUCKOB, @ TAKKE MIPH Pa3pabOTKe MEPOIPHATHIT II0 MOHHTOPHHTY H BOCCTAHOBICHHUIO TI0YB YPOAHH3UPOBAHHBIX TEPPUTOPHIA.

Kniouesvie cnosa: nousvl, msicenvie memannvl, mexnozennoe sazpasienue, Typkecman, Kenmay, pusuko-xumuyeckue ceoticmeda.

Typkicran :kone Kenray KanaJapbsIiHbIH TONBIPAFBIHAAFBI AYBIP MEeTAJIAP KYPAMbIHA AaHTPONOTeHAIK dCePAiH bIKMAJIbI

Annorauus. ToNbIPaKThIH ayblp METalIapMeH JacTaHybl apUATi aiiMaKTapaarbl ypOaHIanFaH ayMaKTapIblH ©3€KTi I'€0IKONOTHIBIK Maceenepinin 0ipi 60mbln
tabbuagpl. Ocbl 3epTTeyain Makcarsl TypkicraH jkoHe Kenray KananapbiHbiH Tonbiparsinaarsl Zn, Cd, Pb xone Cu 51IEMEHTTEpIHIH KEHICTIKTIK TapalyblH Oarainay,
COHJ1aii-aK TONBIPAKTHIH (PM3HKA-XUMHAIIBIK KACHETTEPiHiH ayblp METaJAap/IblH aKKyMY/IAIMACH MEH MUTPALUACHIHA dCEpPiH Tajiay 60kl Tadbu1azibl. MOHUTOPUHITIK
3epTTeyliep Kajlagap/biH opTypiii QyHKIMOHAIBIK aiiMaKTapbIHAa KOHE MAPTThl (POHABIK ayMaKTap/a TONbIPAK ChIHAMAIIAPBIH iPIKTEYAl KAMTBIIbI. 3epTTey HOTHKEIepi
KeHTay KaJlachIHbIH TONBIPaFbl TYPKiCTAHMEH CabICTBIPFAHIA JIACTAHY/IBIH S1dYip KOFAPbI ICHICiiMEH CUNATTaIaThIHBIH KOPCETTI, Oy TAPHXHU TEXHOTCHIK aCepIepMEeH
GaiinaHbICTBL. ABTOKOIIK KO3FanbIchl Zn, Pb xone Cu sneMeHTTepiHiH Heri3ri Juddy3usibIK Ke3i 60kl TaObLIaThIHbL, all Cd TEXHOTCH/IIK SCEp/IiH KOPCETKIlli eKeHAIr
AHBIKTAJI/Ibl. AJIBIHFAH HOTHIKEIEP]I SKOJIOTUANIBIK TOyeKeNiep/i Oaraay/a xoHe ypOaH/aiFaH ayMaKTap/IblH TOMbIPAFbIH MOHMTOPHHTIIJIEY MEH KaJllbIHA KENTIpy Iapa-
JIapbIH 03ipiey/e HaiijanaHbuTyFa 60sa bl

Tyiinoi cos3dep: monvipagmap, ayvip memanoap, mexnozendix racmany, Typrkicman, Kenmay, pusuka-xumusnoix kacuemmep.

Impact of anthropogenic activities on heavy metal content in urban soils of Turkestan and Kentau

Abstract. Soil contamination by heavy metals represents one of the most pressing geoecological issues in urbanized areas of arid regions. The aim of this study was to
assess the spatial distribution of Zn, Cd, Pb, and Cu in the soils of the cities of Turkestan and Kentau, as well as to analyze the influence of physicochemical soil properties
on the processes of heavy metal accumulation and migration. Monitoring investigations included soil sampling within various functional zones of the cities and at condi-
tionally background sites. The results indicate that soils of Kentau are characterized by significantly higher levels of contamination compared to those of Turkestan, which
is associated with long-term historical technogenic impacts. It has been established that road traffic is the main diffuse source of Zn, Pb, and Cu, whereas Cd serves as an
indicator of technogenic impact. The obtained results can be used for environmental risk assessment and for the development of soil monitoring and remediation measures

in urbanized areas.

Key words: soils, heavy metals, technogenic pollution, Turkestan, Kentau, physicochemical properties.

BBenenue

3arpsi3HEHNE M0YB TSHKEIIBIMU METaJUIAMH SIBIISICTCS OHON
13 TI00ATBHBIX SKOJIOTHYECKHUX MPOOIeM, 0COOCHHO B YCIIO-
BUSIX YpOAHU3MPOBAHHBIX TEPPUTOPHH C HHTCHCUBHOM aHTPO-
TIOTEHHOM Harpy3koi. TspKerble METayulbl, TaKHe KakK IMHK
(Zn), xanmuii (Cd), ceunen (Pb), u menp (Cu), 00agaroT BbI-
COKOH TOKCHYHOCTBIO, HE Pa3JIaratoTcsi B OKpy»Karomeil cpene
W MOTYT HaKallJIMBaThCsl B BEPXHUX TOPU30HTAX TOUBBI, TIPE-
CTaBJIsIsl YIpO3y JUIsl pAaCTEHU, dKUBOTHBIX U uesoBeka [1, 2].

Tspxenple MeTaIbl MOCTYNAIOT B IIOYBY 4epe3 MPOMBIII-
JICHHBIC BBIOPOCHI, BBIXJIOMHBIC Ta3bl TPAHCIOPTA, OBITOBHIC
OTXOZbI, a TaK)Ke SPO3UI0 U OCAIOYHBIE MPOIecChl B ypoOa-
HU3MPOBAHHBIX palioHax. HakamimBasich B MOYBE, METAJUIBI
MOT'YT MUTPHPOBATh B ITOJ3€MHBIC BOIBI, IPOHUKATH B PACTH-
TEJIFHOCTH ¥ IOCTYIATh B ITUILEBYIO 1T, YTO CO3/1AET JIOJITO-
CPOYHBIE DKOJIOTUYECKHUE U CAaHUTApHBIE PUCKHU [3, 4].

T'opona roxxnoro Kazaxcrana, Takue kak Typkecran u Ken-
Tay, pacrojOKeHbI B apUIHON 30HE C PE3KO KOHTHHEHTAJIb-
HBIM KJIMIMAaTOM, YTO CONPOBOXKIACTCS HU3KOH BIAXKHOCTBHIO
BO3/yXa U OTPaHMYCHHBIM BBIMAJICHUEM OCAJKOB. DTH IpH-
POIHO-KIMMATHYECKHUE YCIIOBHS ONPEICIISIIOT XapakTep MoYB,
npeobiaganne KapOOHATHBIX IIEIOYHBIX THUIIOB (Cepo3eM U
JIETKUE KaIITaHOBBIC MIOYBBI), HU3KOE COEPKAHNE OpraHuye-
CKOTO BEII[ECTBA U BHICOKYIO Oy(epHYO CITIOCOOHOCTSH [, 6].
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OcoOeHHOCTH (PU3UKO-XMMHYECKUX CBOMCTB TOYB, TaKHE
kak pH, congepikaHne OpraHMYECcKOTO BEIECTBA, KapOOHATOB
1 paCTBOPHMBIX COJIEH, UTPAOT KIIIOUEBYIO POJIb B MUTPALIUH,
AKKyMYJISIIUM M OMOAOCTYNHOCTH TSDKENbIX MeTayioB. Ille-
JIOYHBIE KapOOHATHBIE TIOYBBI CITOCOOCTBYIOT (DOPMHUPOBAHUIO
YCTOHYMBBIX TEOXUMHUYECKHX OapbepoB, OTrPaHHMYMBAOIINX
MIOABMKHOCTh METANJIOB, OTHAKO JOKAJIbHbIC 30HbI TEXHOTCH-
HOTO BO3/I€HICTBHUSI MOTYT CO3/]aBaTh O4ary MOBBIIICHHON KOH-
neHTpamnyu [7, 8].

TypkecTtan — TOpox C pa3BUBAIOIIEHCS HHPPACTPYKTY-
PO, 3HAUUTEIBHON TPAHCIOPTHON HArpy3koid M aKTHUBHBIM
CTPOUTEIBCTBOM, IJIé MHTCHCHBHOE IBMKCHHE TpPaHCIIOPTa
1 OBITOBAsI AEATEIBHOCTD SIBISIFOTCSI OCHOBHBIMH HCTOYHHKA-
MU 3arps3HeHus mous [2, 9]. B To xe Bpems Kenray mmeer
HUCTOPUYECKUH MPOGIMIF TOPHOMOOBIBAIOIIETO M METaJLTyp-
THYECKOTO TOPOJa, i€ OCTaTOYHBIC 3arpsA3HEHMS MPOIUIBIX
MIPOMBIIIICHHBIX 00BEKTOB BIMSIOT HA COBPEMEHHBIC YPOBHH
TSDKEITBIX METAJIOB B TouBax [6, 10].

HecmoTpst Ha axkTyanbHOCTh MPOOIEMBI, CHCTEMaTHUe-
CKHUE JaHHBIE O PACIPEICICHNH TSHKEJIBIX METAJUIOB B TOYBAX
3THX TOPOJIOB OTCYTCTBYIOT, a BIUSHHIE (PU3UKO-XUMHUECKUX
MapaMeTpoB MOYB HA MX aKKyMYJSIIHIO HU3Y4YEHO HENOCTa-
To4HO. [lomyueHne TaKMX JaHHBIX SBIAETCS HEOOXOAMMBIM
YCIIOBHEM JIJIsI OLIEHKH YKOJIOTHYECKOTO COCTOSHUS TEPPHUTO-
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puit u pa3paboTKu Mep MO CHIKEHHIO aHTPOIOTEHHOW Ha-
rpy3ku [3, 5, 7].

Ienp HacTOSAIIEro MCCIEOBAaHUS COCTOUT B OIIEHKE IPO-
cTpaHcTBeHHOTO pacnpenenenus Zn, Cd, Pb u Cu B mouBax
ropoaoB Typkecran u Kenray, a Tak:xe B U3y4eHUH BIUSHUS
(U3MUECKUX U XUMHYECKUX CBOMCTB MOYB HA MUTPALMIO U aK-
KyMYJISILUIO MeTaJIoB. [IJIst TOCTHKEHUS el ObUIN PELICHBI
ClielyIolIMe 3a7a4n: 0TOOp MpoO MOYBHI B Pa3IMuHbIX (PyHK-
LMOHAJBHBIX 30HAX, OMpEICICHHUE COACP)KAHUS METAJUIOB
METO/IOM MHBEPCHOHHO-BOJIBTAMIIEPOMETPHUECKOTO aHAIIN3A,
uccienoBaHie (GpU3NKO-XUMUYECKUX XapaKTePUCTHK MOYB U
cTaTucTHYecKass 00padOTKa JaHHBIX JUIsl BBISBICHUS 3aKOHO-
MepHocTel 3arps3Henus [1, 4, 8].

Marepuajisl 1 METOABI

OOBEKTOM HCCICIOBAHUS SBSUTUCH OYBBI yPOAHU3UPO-
BaHHBIX TeppuTopuil roponoB Typkecran u Kentay, pacmo-
JIOKEHHBIX B IOKHOM 4acth KazaxcraHa W XapakTepu3ylo-
LIMXCSl apUIHBIMHM KIIMMaTHY€CKUMH YCJIOBUSIMH M BBICOKOM
AHTPONOTeHHOW Harpy3koil. [Ipenmerom uccienoBanus ObLIO
COZiep)KaHUe M MPOCTPAHCTBEHHOE PACIpEeNICHUE TKEIbIX
MetaiioB (Zn, Cd, Pb u Cu), a Takke HU3NKO-XUMHUCCKUE
CBOICTBA NIOYB, BIUSIONINE HA UX MUTPALIUIO U aKKYMYJISIIHIO.

MOHHMTOPHUHIOBBIE MCCIIEI0BAHUS MTPOBOIMIIUCH B TIpelie-
nax (YHKIMOHAJIBHO PA3JIMYHBIX 30H ropoiioB. Becero Obuio
3asokeHo 14 rouek orbopa rpo0: 7 rouek B ropoje Typkecran
u 7 Touek B ropose KeHray, 0XBaThIBaIOIINX JKUIIbIE, TPUIO0-
POXXKHBIE, TPAHCIIOPTHBIE, KOMMYHAJIbHO-OBITOBBIE, TIPOMBIILI-
JICHHBIE 30HbI U TEPPUTOPUH TEXHOTCHHOT'0 Bo3aecTBus. [l
OLIEHKH €CTECTBEHHOI'O F€OXMMHUYECKOTO (hOHA JIOTIOTHUTEb-
HO OBUIM OTOOpaHbI MOYBEHHBIE POOLI HA YCIOBHO (POHOBOM
TEPPUTOPHUH, YAAJIEHHOMH OT MPOMBIIUICHHBIX OOBEKTOB U WH-
TEHCUBHBIX TPAHCIIOPTHBIX IIOTOKOB.

OTOOp NMOYBEHHBIX NPOO OCYILECTBISIICS M3 BEPXHEIO T0-
puzonTa (0-20 cM) METOIOM «KOHBEPTa» B COOTBETCTBUH C
OOILENPUHATHIMUA TPEOOBAHUSIMH IKOJIOTHYECKOTO U TEOXUMH-
yeckoro MoHutopunra. Kaxuast unrerpanbHas npooda gpopmu-
poBaJiach IMyTeM CMEIIMBAaHKsI HE MEHEe ISITH TOUSYHBIX T10J1-
po6. OToOpaHHbIe 00Pa3Ibl BEICYIIUBAINCH IIPH KOMHATHON
TeMIleparype, OYHIIAINCh OT PACTUTENILHBIX OCTaTKOB M MeXa-
HUYECKUX IMPUMECEH, IT0CIIE YEro POCEUBAIIICH YePe3 CUTO C
pasMepoM siaeex 1 mMm.

Omnpenenenue koHnenrpauuit Zn, Cd, Pb v Cu npoBoau-
JIOCh  METOAOM HMHBEPCHOHHO-BOJIETAMIEPOMETPUYECKOTO
aHanu3a. MeToq OCHOBaH Ha INpeaBapUTEIbHOM JIEKTPOXH-
MHUYECKOM HaKOIUICHUH ONpeJeliieMbIX 3JIEMEHTOB Ha pado-
YeM 3JIEKTPOJIE € MOCIEAYOIIel aHOIHON pa3BEPTKON MOTEH-
nuana.

W3mepeHnst BBINOIHSUINCH C UCTIONIB30BAaHUEM CTaHIAPTHOM
TPEXIICKTPOJAHON CHUCTEMBI, BKJIFOYAIONICH PaOOYMU 3JIEKT-
PO, BCIIOMOTaTEIIbHBIN JIEKTPO U AJIEKTPOL CPABHEHUSL.

DU3UKO-XUMHUYECKUE CBOMCTBA MOYB, BKJIIOYAsl COAEpIKa-
HUE OPraHMYECKOI'0 BELIECTBa, YIIEepo/a, MOABMKHBIX (OpM
(dbocdopa u kanus, pH BOAHOH BBITSKKH, OOIILYI0 MUHEpAIIU-
3alMI0 U MOHHBIN cocTaB MmoyBeHHOro pacteopa (HCO;, CI,
S0/, Ca**, Mg?), onpenessiuch N0 CTAHAAPTHBIM METO/IH-
KaMm, TIPUHSATHIM B TIOYBEHHO-TEOXMMUYECKUX HCCIIEIOBAHMSX.

IIpocTpaHCcTBEHHBIN aHAJIU3 PACIPEACICHUS TKEIBIX Me-
TaJJIOB OCYILECTBIISJICS IIyTEM COIOCTABICHHUS KOHIIEHTpa-

LUH 2JIEMEHTOB MEXJy (yHKIMOHAJIBHBIMH 30HAMU TOPOJOB
U ¢ ()OHOBBIMH 3HAYCHHUSIMH.

Pesyabrarsl

Ilpocmpancmeennoe pacnpedenenue msnicenblx Memanios
6 nousax 2opodos Typxecman u Kenmay

MOHUTOPUHTOBBIC HCCIICIOBaHUS OXBaThiBAIU 14 TOYEK
orbopa po0d: 7 — B mpenenax ropoaa TypkectaH u 7 — B ropo-
ne Kenray. [lomonHurenbHO ObLTH OTOOpaHBI (POHOBBIC TPO-
OBl Ha YCJIOBHO YUCTON TEPPUTOPUH 32 TpeiesiaMy rOpOCKON
3aCTPOMKHU I OIICHKH €CTECTBEHHOI'O YPOBHS COJCPKAHUS
TSKEJIBIX METAJUIOB.

Cooeporcanue msdicenvix Memaiiog 6 nougax 2opooa Typ-
Kecma

Pesynbrarel onpenenenus konuentpauuit Zmn, Cd, Pb u
Cu B 1I04Bax Pa3iUyYHBIX (YHKIIMOHAIBHBIX 30H ropoaa Typ-
KeCTaH MpPEACTaBJICHbI B Tabmuie 1. AHaIW3 JaHHBIX IOKa-
3BIBACT BBIPAKCHHYIO MPOCTPAHCTBCHHYI HEOIHOPOIHOCTH
pacrpesieNnieHus TSHKEIbIX METaluIoB, 00YCIIOBICHHYIO Xapak-
TEPOM aHTPOIIOICHHON HArPy3KH.

Taonuya 1
Cooeporcanue maxjicensix Memanios 6 NOUEaAx

2opooa Typxecman

Kecme 1

Typkicman Kanacet monspazelHOazsl aysip

Memanoap Kypamol

Table 1

Heavy metal content in soils of the city of Turkestan

XapakTepucTuka Zn Cd |Pb(mr/| Cu
TOYKH (mr/kr) | (mr/kr) | kr) | (Mr/kr)
Kunas 30Ha
(MasonTaskHas 178 0,014 26 314
3acTpoiKa)
IIpunopoxnast
TEPPUTOPUS 190 0.057 35 30.9
(MarmcTpas)
Kunas 30Ha ¢
PEeKpeanuoHHON 206 0.028 33 43.9
Harpy3Kou
Paiion nHTEHCHBHOTO 735 0.089 48 531
aBTOTpaHCIIOPTa
KommymasHo- 229 | 0046 | 52 | 527
ObITOBas 30HA
Tepputopus BOIH3N
TIPOMBIIIICHHBIX 254 0.219 69 63.3
00BEKTOB
CwMmerranHast xuias 1 243 0182 57 60.9
TPaHCIIOPTHAs 30Ha

MuHIMaTbHBIC KOHIICHTPAIMH OOJNBITHHCTBA HCCIICOBAH-
HBIX JJICMCHTOB 3a()MKCHPOBAHBI B XKIUJIOW 30HE C MaJOITaXK-
HOW 3aCTpPOWKOM, IIe comaepkanne Zn cocTaBisieT 178 MI/KT,
Cd — 0,014 mr/kr, Pb — 26 mr/kt, Cu — 31,4 mr/xr. [ToBblieHHe
KOHIICHTPAIIMHA OTMEYaeTCs B MPUIOPOKHBIX U TPAHCIIOPTHO-
HATpY’KEHHBIX 30HaX, YTO YKa3bIBACT Ha CYIICCTBCHHYIO POJIh
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aBTOMOOMJIBHOTO TPAHCIIOPTa KaK HCTOYHHMKA MOCTYIUICHUS
Pb, Cu u Zn B 104BbI.

Hawubosee BbICOKHE 3HAUSHHUS COZIEPKAHMSI BCEX METaJJIOB
3apETUCTPUPOBAHBI HA TEPPUTOPUH BOJIM3U MPOMBIIIICHHBIX
00bekToB: Zn — 254 wmr/kr, Cd — 0,219 mr/kr, Pb — 69 Mr/kr,
Cu — 63,3 mr/kr. KomMmyHanbHO-ObITOBast 30Ha U PailOHBI MH-
TEHCHBHOI'O aBTOTPAHCIIOPTA TAKIKE XapPaKTEPHU3YIOTCSI TIOBbI-
IIEHHBIMU KOHLIEHTpauusMu Pb u Cu, 4TO CBUJETEIBCTBYET O
KOMIUIEKCHOM BO3/ICHCTBUHM TEXHOTCHHBIX (PAKTOPOB.

Cooeporcanue msicenvix Memaios 8 nousax eopooa Ken-
may

JlaHHBIE IO COIEPIKAHUIO TSKEIBIX METAJIOB B TIOYBAX T'O-
pona Kenray npuBecHsl B Tabnuie 2. B memom as uccie-
JlyeMOW TePPUTOPHH XapaKTECPHBI O0JIee BICOKHE KOHIICHTPA-
uuu Zn, Cd, Pb u Cu 1o cpaBHEeHHIO ¢ ropoaoM TypkecTaH,
YTO CBSA3aHO C MUCTOPUYECKU CIIOKUBLIEHCS MPOMBIILIEHHON
crienraIn3anuen ropoja.

Tabnuua 2
Colepircanue maxcenblx Memaiiog 6 HOU8aAx
2opooa Kenmay
Kecme 2

Kenmay Kanacet monsipazeinoazel aysip
Memanoap Kypamol
Table 2
Heavy metal content in soils of the city of Kentau

Cooeporcanue msiceibix Memaiios 8 QPOHOBbIX NOYGEHHbIX
npobax

Pesynbrarel onpenenenus conepxxanusi Zn, Cd, Pb v Cu B
YCJIOBHO (1)0HOBI)IX ITIOYBCHHBIX np06ax NpeaACTaBJICHBI B Ta-
omuie 3. OTOOp MpoO OCYIISCTBISIICS B 30HAX, YIATCHHBIX
OT MpsAMOTo BOS}IeﬁCTBHH MPOMBIIJICHHBIX W TPAaHCIIOPTHBIX
HNCTOYHUKOB 3arpA3HCHU, YTO IO3BOJIACT pacCMaTpuBaTh 110-
Jy4€HHbIC JaHHbIC KaK PErHOHAIBHBIN (OH.

Tabauuya 3
Cooeporcanue masicenvix Memasnos 6 (hoHo6vIX
nOYGEHHBIX NPOOAX
Kecme 3
DonovIK monvipax, yazinepinoezi ayvip
Memanoap Kypamol
Table 3
Heavy metal content in background soil sample

No XapakrepucTtuka| Zn Cd Pb Cu
- TOYKH (mr/xr) | (mr/kr) | (MI/KT) | (MI/KT)
1 Yerorio 85 | - | 281 | 242
(hoHOBast 30Ha
2 YeroBHo 106 | - | 259|293
(hoHOBast 30Ha
Cpeuiice - 955 | — | 27.0 | 267
3HauCHHE

XapaxkTepucTuka Zn Cd Pb Cu
TOYKHU (mr/xr) | (mr/kr) | (mr/kr) | (mr/kr)
Kunas 3ona 212 0,155 47 51,1
[punopoxnas 30Ha 259 0,241 85 58,7
LenrpanbHas yacTh 278 0.298 63 495
roporna ’ ’
Kuast 30Ha 216 0,173 54 53,2
[IpomslmnenHas
30Ha (OBIBIIINE 301 0,644 170 88,2
HPEATIPUSITHS )
Teppuropus
TEXHOT€HHOT'O 315 0,589 203 96,3
BO3JCICTBUS
HpOMBIMIEHHO | o6 | o537 | 191 | 749
TPAHCIIOPTHBIN y3eI

Haumenbine 3Ha4ueHus 3aMKCUPOBAHBI B JKUIIBIX 30HAX,
oaHaKo gaxe 3neck comeprxkanne Cd (0,155-0,173 mr/kr) u Pb
(47-54 mr/mr) ocraeTcst moBbIIeHHBIM. CyIIIeCTBCHHBIH POCT
KOHIIEHTpAIil BCEX METaJIOB HAOIIONAETCS B IPUIOPOKHOM
30HE U IEHTPAJIbHONW YacTH TOpoja, YTO OTPa)KaeT BIHMSHHE
TPaHCTIOPTHBIX MTOTOKOB U TUIOTHOM 3aCTPOMKH.

MaxkcuManbHbIe 3HAYCHUS yCTaHOBIICHBI B TPOMBIIIJICHHON
30HE OBIBIIMX MPEANPHATHN U HAa TEPPUTOPUU TEXHOTCHHO-
ro Bo3zeicTBUs. B 3TuX paifoHax copep:kanue Zn 1OCTUTAET
301-315 mr/kr, Cd — 0,589-0,644 mr/xr, Pb — 170-203 mr/kT,
Cu — 88,2-96,3 mr/kr. IIpOMBIIUICHHO-TPAHCIIOPTHBIN y3eI
TaK)Ke XapaKTepU3yeTCsl BRICOKUM YPOBHEM 3arpsi3HEHHUS, 4TO
YKa3bIBAa€T Ha YCTOMYMBBIN TEXHOTEHHBIN XapaKkTep HaKoILUIe-
HUS METAJJIOB B IOYBEHHOM TTOKPOBE.

Topnwviir srcyprnan Kazaxcmana Ne2’ 2026

Cozeprkanne nMHKa B (DOHOBBIX ITOYBAX BapbUPYyET OT 85
1o 106 Mr/kr, mpu cpeanem 3HaueHnu 95,5 mr/kr. [yist cBuHIa
yCTaHOBIICHBI 3Ha4eHUs 25,9—28,1 MI/KT, IpH CpesHeM ypoB-
He 27,0 MI/KT, YTO COOTBETCTBYET €CTECTBEHHOMY I'€OXHMHYC-
ckoMy (hoHy uccieayeMoi Teppuropun. KoHeHTpamm Mean
HaXoJATCs B nuamazoHe 24,2—29.3 MI/KT, co CpeHAM 3Have-
HUEeM 26,7 MI/KT.

Kanmuit B anannsupyemsix mpobax He ObLT 3adukcupoBaH
AQHAJIUTUYECKUM METO/IOM, UYTO YKa3bIBAET HA €r0 COACP KaHUE
HIDKE Tpesiesia oOHapy)KEHHs M TIOATBEPKAAeT OTCYTCTBHE
3HAYMMOTO ITPUPOJHOTO HAKOIUICHNS JAHHOTO 3JIeMeHTa B (o-
HOBBIX ITOYBaX PErHOHA.

Du3suKo-xumuyeckue U 2eoXumMuiecKue Xapaxmepucmuxu
noyg

DU3UKO-XUMHUYECKUE CBOWCTBA OYB ropoioB TypkecTaH u
Kenray, npencrasiennsie B Tabnunax 4 u 5, oTpaxaroT 0co-
OEHHOCTH TTOYBEHHOTO MOKPOBa ypOAHW3WPOBAHHBIX TEPPH-
TOpUIN apUTHOM 30HBI.

ITouBsl ropoaa TypkecTan xapakTepHU3yIOTCs COJEPIKAHU-
em yriuepoaa 1,43% u opranuueckoro Bemectsa 2,8%, 4To
YKa3bIBaCT HA YMEPEHHBII YPOBEHb I'yMyCUPOBAaHHOCTH. Pe-
aKIUs TOYBEHHOTO pacTBopa crnadomenounas — pH 8,0, uto
THUIIMYHO JIs1 KapOOHATHBIX 1MOYB pernona. Coaepxanue J10-
crynHoro ¢gocdopa cocrasuser 163,1 Mr/kr, Torga Kak KOH-
[EHTpanus Kajxus OTHOCUTEeNbHO HuU3Kas (3,08 mr/kr). O0-
masi MUHEepaJIn3alys MOYBEHHOTO PacTBOpPa He3HAYMTEIbHA
u cocraBisieT 0,066%. Cpeart HOHHOTO cocTaBa Ipeobiana-
tot Oukap6onatsl (0,019%), nmpu HU3KOM COIEpPKAHUH XJIO-
punos (0,0016%) u cynsdaros (< 0,072%). Konuenrparyn
KanbIusd U Maraus coctasistioT 0,046% u 0,059% cooTBeT-
CTBEHHO.
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Tabnuua 4
Du3zuKo-xumuuecKue XapaKkmepucmuKku no4e
2opoda Typxkecman

Kecme 4
Typkicman Kanacol monwvipazelHovlH QUIUKA-XUMUATBIK
CURAmMmamanapol
Table 4
Physicochemical characteristics of soils in the city
of Turkestan
[Tapametp 3HadyeHne
VYrepon (C) 1,43 %
OpraanyecKkoe BEemeCcTBO 2.8%
dochop (P,0;), TOCTYMHBIIH 163,1 mr/kr
Kannii (K,0), noctynHblit 3,08 Mr/kr
pH (BomHBIi 3KCTpaAKT) 8,0
OO11e pacTBOPEHHBIC BEIIECTBA 0,066%
AmMMonuitHbIN azot (IVH ") 0,012 mr/kT
bukapOoHaThI 0,019%
Xsopusl 0,0016%
Cynbdatst <0,072%
Kanpmuii 0,046%
Marnwuit 0.059%
Tabnuua 5

Du3uKo-xumuuecKue XapaKkmepucmuKku no4e
2opooa Kenmay

Kecme 5
Kenmay Kanacet monwipazelnolyy (puzuKa-xumusivly
CURAmMmMamanapol
Table 5
Physicochemical characteristics of soils in the city
of Kentau
[Tapamerp 3HavyeHue
VYrepon (C) 1,18%
OpraanyecKkoe BemecTBO 2,1%
dochop (P,05), TOCTYIHBIIH 140,9 mr/xr
Kanwmii (K,0), nocTymHbIi 2,62 Mr/kr
pH (BomHBII SKCTPAKT) 8,5
OO01mre pacTBOPEHHEIC BEIIECTBA 0,089%
AmvMonuitHbii azot (IVH ") 0,024 mr/kT
BukapOoHatst 0,029%
Xmopusr 0,0040%
Cyunbdarst <0,093%
Kanbuuit 0,079%
Maruwuit 0,042%

[Toussl ropona Kenray ormmuarorcsi Goiiee BBIpaKCHHON
mesouHoi peaknuend cpensl (pH 8,5) M HECKONBKO TMOHHU-
JKEHHBIM coniepkanueM yriepona (1,18%) u opranmueckoro
BemiecTBa (2,1%) no cpaBuenuto ¢ Typkecranom. Cojeprxa-
Hue poctynHoro ¢ocdopa cocrasisier 140,9 mr/kr, Kamust —
2,62 wmr/kr. OOue pacTBOPEHHBIE BELIECTBA JOCTUTAIOT

0,089%, uto yka3piBaeT Ha Oosiee BBICOKYIO MHHEPAJIU3AIHI0
[IOYBEHHOTr0 pacTBopa. OHHBII cocTaB XapakTepusyeTcs Mo-
BBILIEHHBIM cojiepkaHueM Oukapoonatos (0,029%) u xiopu-
1oB (0,0040%), mpu OTHOCUTEIBHO BHICOKUX KOHIICHTPAIMSIX
kasbiws (0,079%) u maraus (0,042%).

O6cy:xnenue

Ilpocmpancmeennoe pacnpedenenue u Qakmopsvl axKKy-
MYIAYUU MANACENLIX MEMANN08 8 NOY8AX YPOAHUSUPOBAHHBIX
meppumopuii

Ananu3 (QOHOBBIX 3HAYEHHH TSKEIBIX META/UIOB, Ipel-
CTaBJICHHBIX B TaONuIE 4, MO3BOJISIET OXapPaKTEPH30BaTh €CTe-
CTBEHHBI TeoXuMHYecKuil pOH UCCIIeayeMOl TEPPUTOPUN U
UCIIOJIb30BaTh €ro B KadecTBe 0a30BOro YPOBHS JUISi OLEHKU
CTENICHN TEXHOTEHHOIO 3arpsi3HeHusi ypOaHW3MPOBAHHBIX
nouB ropojoB Typkecran u Kenray. Ilonydennsie ¢poHOBbIC
KkoHIeHTpauu Zn, Pb u Cu cOOTBETCTBYIOT TUIIUYHBIM 3Ha-
YEHUSAM JUISI [TOYB apHUJIHBIX U MOJIyapHIHBIX peruoHoB HOx-
Horo Kazaxcrana, copMHpOBaHHBIX Ha KapOOHATHBIX U JIEC-
COBUIHBIX Mopozax. OTcyrcTBre Kaamust B POHOBBIX ITpobdax
CBUJIETENIBCTBYET O €r0 MPEUMYIIIECTBEHHO TEXHOTEHHOM IIPO-
UCXOXKJICHUU U TTOJTBEPHKIALT, YTO BBISBICHHBIEC PaHEe MOBBI-
nieHHbIe KOoHIeHTpanuu Cd B TOPOJICKUX [TOYBAX HE 00YCIIOB-
JICHBI IPUPOJAHBIMU F€OXMMHUYECKUMHU (aKTOPaAMHU.

ComnocrasieHne (POHOBBIX TOKa3arelei ¢ JaHHBIMU IO TO-
pozcKUM TeppuTOpHsM (Tabmuibl 1 1 2) 1eMOHCTpUpPyeT MHO-
TOKPATHOE MPEBBIIIEHHE €CTECTBEHHOTO YPOBHS COAEPIKaHUS
TSOKEJIBIX METAJIOB, 0c00eHHO Zn, Pb u Cd B pOMBIIILICH-
HBIX W TPAHCIOPTHBIX 30Hax. Tak, cpenHee (OHOBOE CoAEp-
xkauue Zn (95,5 MI/KTr) CyIIECTBCHHO HW)KE KOHIICHTPAIIHIA,
3aukcupoBaHHbIX B ouBax Kenray u Typkecrana, 4To yka-
3BIBACT Ha MHTCHCHUBHYIO aKKyMYJISIIIMIO JAHHOTO 3JIEMEHTa B
YCIOBHSIX ypOaHU3aIu. AHATOTHYHAS TEHCHLUS XapaKkTep-
Ha 11 Pb u Cu, conepkaHue KOTOPbIX B TOPOJICKUX MOYBAX
npeBbiIaeT GOHOBbIE 3HAYEHUs B 2—6 pa3 B 3aBUCUMOCTH OT
(DYHKIIMOHAIBHOW 30HBI.

CpaBHUTEIBHBIN aHANIN3 IPOCTPAHCTBEHHOTO pacIpesene-
HUSI METAJIJIOB IOKa3bIBAET, YTO /Ui roposa TypkecTaH xapak-
TEPEeH YMEpPEHHBII ypPOBEHb 3arpsi3HEHMS, P KOTOPOM MaK-
CUMalbHbIe KOHIIeHTpaluu Zn, Pb u Cu npuypo4eHsl K 30HaM
MHTEHCHUBHOTO aBTOTPAHCHOPTHOTO ABMKEHHS U JIOKAJILHOTO
MIPOMBIIIJIEHHOTO BO3JEHCTBUSA. DTO yKa3bIBaeT Ha MPEUMY-
IIIECTBEHHO COBPEMEHHBIN XapaKTep MOCTYMJICHUS 3arps3Hs-
IOLIUX BEIIECTB, CBA3aHHBIN C BHIOPOCAMHU aBTOTPAHCIIOPTA,
M3HOCOM IIIMH U TOPMO3HBIX MEXaHU3MOB, a TAKXKe JIeATeIbHO-
CTBIO OT/IENIBHBIX ITPOMBILIIEHHBIX 00beKTOB. OTHOCHTEIBEHO
HU3KHe KoHIeHTpauuu Cd B 0ONBIIMHCTBE ()yHKIIMOHAIBHBIX
30H TypkecTaHa CBUIETEIBCTBYIOT 00 OTCYTCTBHH MOIIHBIX
HCTOYHHUKOB JAHHOTO 3JI€MEHTa U O BTOPUYHOM, IH30/UYe-
CKOM XapakTepe ero MOCTYIUICHUS.

B otnnune ot Typkecrana, mouBsl ropoga Kenray xapak-
TEPU3YIOTCS 3HAYUTENILHO 00Jiee BHICOKUMH KOHIIEHTpALIUs-
MH BCEX MCCIIE0OBAHHELIX MeTaliIoB, ocodenno Cd u Pb. Dto
OTpa’kaeT BIMSIHUE JJIUTEIBHOTO TEXHOT€HHOTO BO3/IeHCTBHS,
CBSI3aHHOT'O C HMCTOPHYECKOH JESITEeIbHOCTHIO TOPHOI00bIBA-
IOIIMX ¥ nepepaldarblBaOIUX MPEANpHUITHA. Bricokue 3Ha-
yeHuss Cd u Pb B MpOMBIIUIEHHONW 30HE U HAa TEPPUTOPUAX
TEXHOTEHHOTO BO3/IECHCTBHSI YKa3bIBAlOT HA UX YCTOMUYHUBYIO
AKKyMYJISIHIO B BEPXHEM TOPH30HTE MOYB M OIPaHUYCHHYIO
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CHOCOOHOCTD MOYBEHHBIX KOCHCTEM K €CTECTBEHHOW Camo-
OYHCTKE.

Hapsizty ¢ MCTOYHMKaMu 3arpsi3HEHHsT BAYKHYIO POJIb B (POPMHU-
POBaHMH IPOCTPAHCTBEHHOTO pacIIpeieIeHus U (PopM HaxXOxKIe-
HHS1 TSDKEJIBIX METAJUIOB MI'PAIOT (PU3HKO-XUMUYECKUE CBOWICTBA
mouB (Tabmuiel 5 1 6). CabomenouHas v IIeJIouHast PEeaKIns
cpenst (pH 8,0-8,5), xapaktepHast Uil TIOYB OOOMX TOPOJIOB,
SIBIISIETCSL KJIIOYEBBIM (DAKTOPOM, ONPEAEIISIONINM TOBEACHUE
MeTauioB. B takux ycnosusix noasuwxHocTh Cd, Pb n Cu, xak
NPaBUJIO, CHIDKAETCS 3a cueT oOpasoBaHUs TPYIHOPACTBOPH-
MbIX KapOOHATHBIX ¥ THAPOKCHIHBIX (DOPM, a TAKXKE UX COPOLIUN
Ha TIOBEPXHOCTH MHMHEPAJIbHBIX YacTull. OIHAKO MPH BBICOKMX
YPOBHSIX 3arpsi3HeHust, ocooeHHo B KeHray, naHHbIi Oy(hepHbIit
s ekt oka3bIBaeTCsl HEAOCTATOYHBIM JUISl IPEAOTBPAILICHUS Ha-
KOILICHHMS] METAJIJIOB B BEPXHEM [TOYBEHHOM TOPU30HTE.

CozeprkaHue OpraHMYeCcKOro BelIeCTBa B mousax Typke-
crana u Kenray (2,1-2,8%) criocodcTByeT cBsi3biBaHui0 Cu U
Pb B yCTOIUNBBIE OPraHO-MUHEPAIbHBIE KOMIUIEKCHI, CHUXKAS
UX MUTPALHOHHYIO CIIOCOOHOCTB. B TO jke BpeMst OTHOCHUTEb-
HO Oosiee HHM3KOE COJEep)KaHHE OPraHMYEeCKOro BEIEeCTBA B
nouBax KeHray MoxeT criocoOCTBOBATH ITOBBIIIEHHON OMO/10-
CTYIMHOCTHU M akkymyssiiu Cd, 0COOEHHO B IIPOMBIIIIIEHHBIX
30HaxX ropoja.

[ToBblleHHass MUHEpalIU3alysi IOYBEHHOTO pacTBopa 1 00-
Jiee BHICOKHE KOHIIEHTpAIMu OMKapOOHATOB, KaJbIMS U XJIO-
puoB B ouBax KeHTay yka3bIBalOT Ha YCHJIEHHOE TEXHOTI€H-
HOE U JInToreHHoe Biusinue. C 0JIHOW CTOPOHBI, HAJIMYUE 3Ha-
YUTENBHBIX KOJIMYECTB KaJbLUSl CHOCOOCTBYET KOArylsiiuu
KOJIJIOUJIOB M CHIDKEHHUIO MUTPALIUK PsiJia METaJIOB, C APYTron
—MOBBIIICHHOE COJIEP)KaHHE XJIOPHIOB MOXKET YBEJIUUUBATDH
noaBmwxkHOCcTh Cd 1 Zn 3a cuer 00pa3oBaHMsI PACTBOPUMBIX
KOMILJICKCHBIX COCIUHEHUMN.

OO1eil 3aKOHOMEPHOCTBIO ISl 00OMX TOPOJOB SIBJISIET-
csl yBenuueHue conaepyxanud Zn, Pb u Cu B IPUIOPOKHBIX U
TPaHCHOPTHBIX 30HAX, YTO MMOATBEPIKAAET BEYIIYIO POJIb aBTO-
TpaHcnopTa Kak Au(y3HOro UCTOYHUKA 3arPSI3HEHUS B YCIIO-
BUSIX ypOaHu3upoBaHHBIX Tepputopuil. [Ipu satom Cd nemon-
cTpHpyeT 0osiee BBIPAKEHHYIO CBSI3b C IPOMBIIUIEHHBIMU 30Ha-
MH, ocoOeHHO B KeHray, 4To 1o3BoJIsieT paccMaTpiBarh ero Kak
WHJMKATOP HAKOIUICHHOTO TEXHOT€HHOTO BO3JICHCTBHUSI M IKO-
JIOTMYECKOTO HACIISHSI TPOIIUIBIX TIPOMBIIIIEHHBIX IEPHOIOB.

Takum 00pazom, Hcnonb30BaHNe (POHOBBIX KOHIEHTPALMNA
TSDKEJIBIX METaJJIOB B COYETAHHUHU C aHAIN30M (PU3HKO-XMMHU-
YEeCKHUX CBOMCTB IIOYB MOJATBEPIKAACT TEXHOTCHHYIO ITPUPOILY
3arpsi3HeHus: nous ropogoB Typkecran u Kenray. ITomyden-
HBIE PE3YJITAThl CO3Jal0T OCHOBY JIJIsi 000CHOBaHHOTIO pacye-
Ta KOA(QQUINCHTOB KOHLCHTPAIMH, WHICKCOB 3arpsi3HCHUS
U OLEHKH SKOJIOTHYECKHX PHUCKOB, a TAKKE IOJYEPKHUBAIOT

HeoOxomuMOoCTh A depeHIIMPOBAHHOTO MOIX0Aa K MOHH-
TOPUHTY W BOCCTAHOBJICHUIO IIOYBEHHBIX SKOCHUCTEM: ISt
TypkecTaHa — 3a CUET CHIDKCHHS TPAHCIIOPTHON HArpy3KH
U KOHTPOJIS JIOKAJIbHBIX MCTOYHUKOB 3arpsi3HeHus1, st KeH-
Tay — IOCPEACTBOM IIPUOPUTETHON peMeIualuu TeppUTOpuil
OBIBIINX IPOMBIIUICHHBIX 00EKTOB M 30H HAKOIIEHHOTO KO-
JIOTHYECKOTro yiepoa.

3aki04ueHne

B pesynbrare npoBeJeHHBIX MOHUTOPUHIOBBIX UCCIIEN0BA-
HUM yCTaHOBJICHBI 3aKOHOMEPHOCTH ITPOCTPAHCTBEHHOTO pac-
NpeAeTIeHNs U aKKyMYJISIUN TSOKENbIX MeTaiioB (Zn, Cd, Pb
u Cu) B mouBax roponoB Typkectan u Kenray. [lokaszano, uro
YPOBEHb 3arps3HEHUS U XapakTep pachpeieieHuss MeTauIoB
CYIIECTBEHHO PA3JIMYAIOTCS B 3aBUCUMOCTH OT (DYHKIIHOHAJIb-
HOT'O 30HUPOBAHHUA U UCTOPUN TEXHOT'CHHOI'O BOSHeﬁCTBHH.

st ropona TypkecraH XapakrepeH yMEpPEHHbI YPOBEHb
3arpsA3HEHUs 1I04YB, IIPHU KOTOPOM MAKCUMAJIbHbBIC KOHLICHTPpA-
un Zn, Pb n Cu nipuypoueHsl K 30HaM HHTEHCUBHOTO aBTO-
TPAHCIIOPTHOI'O ABHIKCHHUA W JIOKAJIBbHOTO MNPOMBINIJICHHOT'O
Bimsinus. Huzkue konuenTpanuu Cd B 00JIbIIMHCTBE (DYHKIH-
OHAJIbHBIX 30H YKa3bIBAOT HAa OTCYTCTBHUEC 3HAYMMbIX UCTOY-
HUKOB JaHHOTO 3JIEMCHTAa U NMPEUMYIIECTBECHHO BTOpI/I'-IH]:Jﬁ
XapakTep ero MOCTYIUICHUS.

[Toussl roposia Kenray xapakrepusyoTcst 3Ha4UTENILHO 00-
JIEC BBICOKMMM KOHIICHTPAIUAMHU BCEX UCCIICJOBAHHBIX METAJI-
710B, 0cobeHHo Cd u Pb, 4to oTpakaeT BIUSHUE UTUTCILHOTO
TE€XHOTEHHOTO BO3/EHCTBUS, CBS3aHHOTO C JESATEIbHOCTBHIO
TOpHO/IOOBIBAIONIMX ¥ IEPepadaThIBAIONINX MPEANPHUITHH B
IIPOIJIOM. Bricokue YPOBHHU 3arpA3HCHUA B MIPOMBINUICHHBIX
30Hax U Ha TEPPUTOPHUAX TEXHOICHHOI'O BO3[[CI710TBI/I)I CBH/JIC-
TEJILCTBYIOT O HAKOIJICHHOM 3KOJIOTMUECKOM yllepOe u orpa-
HUYEHHOHN CIIOCOOHOCTH MOYB K €CTECTBEHHON CAMOOYHCTKE.

YcTaHOBIIEHO, YTO CJIa0OIIeIouHas U LIEJ0YHast peaKius
Cpeabl, cofepkaHle OpPraHUYeCcKOTo BELEeCTBA U MOHHBIH co-
CTaB MOYBEHHOTO PacTBOpPa OKAa3bIBAIOT CYLIECTBEHHOE BIIHUS-
HUE Ha MUT'PpALHUIO 1 (bOprI HaXO0XJICHUA TSAXKCIIBIX MCTAJIJIOB.
IIpu 3TOM B yCJIOBUSIX BBICOKOM MUHEPAIU3aLUU U I1OBBIIICH-
HOTO COZIEpKaHMsI XJIOPUAOB, XapaKTepHBIX st ouB KeHray,
BO3pacTaeT NOTeHIHANbHAs MOABUKHOCTh Cd u Zn.

IlomyyeHHble pe3yabpTaTbl IOATBEPKAAIOT TEXHOICHHYIO
Mpyupoay 3arpsA3HCHHS ITOYB HUCCICAYEMBIX TOpOJAOB U IOI-
YEPKUBAIOT HEOOXOMUMOCTh UM (HEPEHIIUPOBAHHOTO MTOX01a
K DKOJIOTMYECKOMY MOHHUTOPHMHIY M YNPABICHUIO Ka4€CTBOM
noyB: g TypkecTaHa — ¢ aKI[EHTOM Ha CHID)KEHHE TpPaHC-
MOPTHOM Harpy3ku, A Kentay — Ha IpHOPUTETHYIO peMeu-
aIMI0 TEPPUTOPHH OBIBIIMX IPOMBIIUIEHHBIX 00BEKTOB U 30H
HaKOIUIEHHOTO 3KOJIOTMYECKOro yuiepoa.
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TPEBOBAHUS K O®OPMJIEHUIO U YCJIOBHUSI IPEJOCTABJEHMS CTATEA
B pPelaKIHI0 NePUOAUYECKOro ne4yaTHoro u3ganus «lopuslii :xxypuaua Kazaxcrana»

1. «TopHblIii :xypHaj Kazaxcrana» NpuHUMAaeT K NyOJIMKAIIMU OPUTHHAJIbHbIE CTATHU HAYYHOTO U HAYYHO-TEXHUYECKOI0
co/lep:KaHUsl, OTPAKAIOLIME Pe3yabTaThl HCCIEI0BATEILCKO M HAy4YHOH /esiTeJbHOCTH, MMeEIOLIHEe PEeKOMEHJAAUMH K
NPaKTHYECKOMY NPHMEHEHHIO pelIaeMbIX BOINPOCOB, a TaK/Ke CTATbH 0030PHOr0 XapakTepa, OTBeYalOIHe KPUTEPUSM
NepBUYHOI HAY4YHOH myOauKkanuu (TOJIHBIN NIepedeHb pyOpUK yKa3aH Ha calite minmag.kz).

2. OcHOBHBIE TPe0OBAHMS K CTAThAM, NPeACTABICHHBIM I MYOJHUKALUH B )KypHAaJie:

= Ha0Op CTaThH MPOU3BOAUTCS B TeKcTOBOM penakrope Word mpudrom Times New Roman 12 xeriiem ¢ IOJTyTOPHBIM HHTEPBAIOM;

= 001IMi 00bEM CTaThH, BKIIOYAsk PUCYHKH, TaOIMIIbI, METaIaHHBIC HE JJOJDKEH MIPEBbINIATh 8 MeYaTHBIX CTPAHUIL;

* cTaThy (3a UCKIIOYEHHUEM 0030pOB), JOJDKHBI COIEPKaTh HOBBIC HAyYHbIC PE3YIIbTaThI;

* CTaThs AJOJDKHA COOTBETCTBOBATH TEMATHKE (CM. II. 1), HAyYHOMY YPOBHIO KypHAIIA;

* CTaThs AOJDKHA OBITH 0OPMIICHA B IIOJTHOM COOTBETCTBHUH C TPEOOBAaHUSMH, OTPAKEHHBIMU B II. 3;

* cTaThs MOXKET OBITH IPE/ICTABIICHA HA Ka3aXCKOM, PYCCKOM HJIH aHITIMACKOM SI3bIKE;

* B PCNAKLUIO IPE/ICTABIISCTCS OKOHYATENIbHBIN, TIIATEILHO BbIBEPEHHbIl BAPHAHT CTAaTbU, UCKIIIOYAIOLIMNA HEOOXOIUMOCTh
ITOCTOSIHHBIX 10paOOTOK TEKCTa Ha Talax M3IaTeIbCKOro Ipolecca;

* [Iepel OTIIPABKOM CTaThU B PENAKIIMIO JKypHAJIa aBTOPaM HEOOXOIUMO IPOBEPHUTH TEKCT Ha MPEAMET OTCYTCTBHS IUIaruara.

3. CTpyKTypa cTaThH JOJDKHA COACPIKATH CIEAYIOIINE pa3ieibl:

= xog MPHTW (I'PHTW http://grnti.ru/?pl1=52) — miecTU3HAYHBIN;

* Ha3BaHHE CTAThH (COKpAIICHUS HE TOMYCKAIOTCS, HE TOIYCKAeTCsS HCIIONb30BaHHE a0OpeBHATYp M (OPMYI; MaKCHMalIbHOE
KomruecTBO cioB 10-12) momkHO OBITH WH()OPMATHUBHBIM, COOTBETCTBOBATH HAYyYHOMY CTHIIIO TEKCTa, COJEPKaThb OCHOBHBIC
KJIIOUEBBIC CJIOBA, XapaKTepHU3YIOLIMe TeMy (IpeiMeT) HCCICIOBAaHUS W COJepKaHHWe padOoThl, MPEIOCTABISCTCS Ha Ka3aXxCKOM,
PYCCKOM M aHIJIMHCKOM SI3bIKAX;

* MHUIMAJIBI 1 (HaMUIINU aBTOPOB; CTAThs TOJDKHA UMETh He OoJiee 4 aBTOPOB; 3HAKOM «*» YKa3bIBACTCSI aBTOP-KOPPECIIOH/ICHT;

= CBEJICHHS O Ka)K10M aBTope (Y4eHas CTCICHb, yUeHOE 3BaHNE, JOJKHOCTh, MECTO OCHOBHOI pabOThI, FOPOJI, CTpaHa, KOHTAKTHBIC
nmaHHbIe (aapec 2nmeKkTpoHHOo# ouTer), ORCID ID) npenocTaBisroTcs Ha Ka3aXCKOM, PyCCKOM M aHIJIMMCKOM SI3bIKaX;

* IOJTHOE Ha3BaHHWE OpraHu3anuu (-ii), Tae padoTaroT aBTOPHI (C yKa3aHWEM BEIOMCTBEHHOW MPUHAICKHOCTH);

* aHHOTALIUS B COOTBETCTBUH C TPEOOBAHUSIMH MEKAYHAPOAHBIX 0a3 JaHHBIX JOJDKHA JTOCTATOYHO HOJIHO PACKPBIBATH COJCPKAHNE
CTaTbU, BKJIIOYAs XapaKTEPUCTUKY OCHOBHOW TEMBbI, NMPOOJIEMbI OOBEKTA, LEIH HCCICIOBAHUS, OCHOBHBIC METOJBI, PE3yJbTaThl
HCCIIC/IOBAHMS M IVIABHBIC BBIBOJBI. B aHHOTAI[MM HEOOXOJMMO yKa3aTb, YTO HOBOTO HECET B ce0c CTaThsi B CPABHEHUH C JIPYTHMH,
POICTBEHHBIMH II0 TEMAaTHKE M IEJICBOMY HA3HAYCHHIO MarepuaiaMu. AHHOTALUS IPEIOCTABISCTCS Ha Ka3aXCKOM, PyCCKOM
M aHIJIMHACKOM si3bIKax o0bemoM He MeHee 700 u e 6osee 900 CUMBOIIOB;

* KJIIOYEBBIC CJIOBA B Kon4ecTBe 6...10 yCTOWYHMBBIX CIIOBOCOYECTAHH, 10 KOTOPBHIM B AajbHEHIIIEM OyIET BBINOJHATHCS MOUCK
cTrarbu (COKpalieHus u abOpeBHATypbl HE OOMYCKAIOTCA): KIIOYEBBIC CIIOBA OTPAKAIOT CHEHU(DHKY TEMBbI, OOBEKT U PE3yJbTaThl
HCCIICIOBAHMS U NIPEJOCTABIISIOTCS Ha Ka3aXCKOM, PYCCKOM U aHIIMHCKOM SI3bIKAX;

* TEKCT CTaTbM, COIEPIKAILMUII CICAYIOLINE pa3/iesibl (BBEACHUE, METOIBI/UCCIICAOBAHNS, PE3yIbTAThl, 00CYK/ICHHE PE3YJIbTAaTOB,
3aKJIIOYCHHE/ BBIBOIBI);

* CIIMCOK MCTIOIB30BaHHBIX HCTOYHHUKOB (10...12), B ToM yncie He MeHee 3 3apyOekHbIX He paHee 2015 rona, mpenocrapisercs Ha
Ka3aXxCKOM, PYCCKOM M aHIVIMIICKOM SI3bIKaXx.

PUCYHKM pomxHB UMETH pacmupenne rpaguueckux pegakropos CorelDraw, Photoshop, Illustrator u T. m.). ®ororpaduu
JIOJDKHBI OBITH MpeaenbHo yeTkuMu B rpaduaeckom popmare (TIFF, JPEG, CDR) c pa3pemennem He meHee 300 dpi. Bce OykBeHHBIE
u 1udpoBbic 0003HAYCHUSI HA PUCYHKaX HEOOXOJMMO IMOSCHUTh B OCHOBHOM MJIM HMOAPHUCYHOYHOM Tekcrax. Haamuwcn u Ipyrue
0003HauYeHM Ha IrpaduKax ¥ pUCYyHKaX TOJDKHBI ObITh 4eTKUMH U JieTko ynTtaeMbiMi. IOAINNNUCU K PUCYHKAM u 3AT'OJTIOBKH
TABJINL OBSI3ATEJIbHBI. OdopmisitoTcst OTAETBHBIM OJIOKOM Ha Ka3aXCKOM, PYCCKOM U aHTJIMHCKOM SI3bIKaX.

MATEMATHYECKHUE ®OPMYVIJIbI cienyer Habupars B popmynsHOM penaktope MathTypes Equation i MS Equation,
rpedecKue U pycckue OyKBHI B popMyiiax HaOMPaTh MPSAMBIM MIPUGTOM (OIIIHS TEKCT), TATUHCKUE — KYPCUBOM. O003HaueHUs 6eIUYUH
u npocmule Gopmynvl 6 meKkcme u MadIUYAX HAOUPAMb KAK djlemMenmyl mekcma (2 He Kak 00BEKTHl (HOPMYIHHOTO PEOaKTOpa).
HymepoBars ciieyer TOJIBKO Te GOpMyIIbl, Ha KOTOPBIC €CTh CChUIKH B MOCIEIyOLeM n3aomkeHnu. Hymeparus Gopmyl CKBO3HAs.

CIIUCOK HUCIOJb30BAHHBIX UCTOYHUKOB cocrapnsercs B MOPSAKE MUTUPOBAHKUS U OGOPMIIIETCS B CTPOTOM
coorBetcTBHH ¢ ['OCT P 7.05-2008. CchUIKH Ha JIUTEPATYpPy B TEKCTE OTMEYAIOTCS MO MEPE UX MOSBICHUS MOPSIAKOBBIMA HOMEpaMU
B KBaJIpaTHBIX CKOOKax. CIHCOK NMPHUBOAMUTCS HA Ka3axCKOM, PYCCKOM M aHIVIMMCKOM s3bIKaX C yKa3aHHEM B CKOOKaxX OpHIHHaja
myonukanuu. O6pasen; opopMIICHUS TUTEPATYPHI U TPAHCITUTEPALMH pa3MeEIIeH Ha caiite minmag.kz.

4. YcioBusi npuodpeTeHNs KYPHAJI0B aBTOPaAMU.

C aBrOpoM(aMH) 3aKJIIOYAETCsl JOroBOp O mpuoOpereHHH 10 (AecATH) SK3EMIUIIPOB JKypHajla COIIACHO YCTAHOBJICHHBIM pacleHKaM
Ha TeKYyLIHil ToJ], KOTOpbIe OH(OHH) UMEIOT IPABO PACIIPOCTPAHSATH CPEAN TOPHOH 00IIeCTBEHHOCTH. Tlociie OIIaThl cTaThsi MyOIMKYyeTCs B
HOMEpE XKypHaJja COrNIaCHO OYCPEIHOCTH.

Topnwviir srcyprnan Kazaxcmana Ne2’ 2026



