https://doi.org/10.32523/hf4n0721

A.H.Tymnaes arbiHgarel Eypasnst yaTTBIK yHUBepCUTETIiHIH,

JOURNAL OF ECOLOGY
AND SUSTAINABILITY

L.N. Gumilyov EBpa3smiickmnii HaliOHaAbHBIN
Eurasian National University yausepcuret nmenn /A.H. I'ymnaesa

2026 Vol. 154 (1)

1995 xp1aaaH OacTarl IMIbIFa bl
Founded in 1995
N3aaetcst ¢ 1995 roaa

KbiabiHa 4 peT mIBIFaAbI
Published 4 times a year
Beixogur 4 pa3a B rog

Acrana, 2026
Astana, 2026



JOURNAL OF ECOLOGY AND SUSTAINABILITY
PegakuusiibIK KeHec

bac peoakmop: 3anapidaii A., 6.F.K., Kaybimaac. npod., JI.H. ['ymunes ateiagarsl Eypazust yITThIK
yHuBepcureTi, Actana, KazakcraH.

bac peoakmopowiy opwindacaper: Tazutaunoa P.M., PhD, JL.H. I'ymuneB areiaparel Eypazus
VITTBIK YHUBEpCUTETI, AcTana, KazakcTaH.

HKayanmol xamwl: 9paindexreri I'.9., r.r.k., Kaybimaac. npod., JI.H. I'ymuner ateinnarsr Eypazus
WITTHIK YHUBEpCcUTETi, AcTana, Ka3zakcraH.

Penakuusa aakachbl

EcenxosioB B.X. - PhD, L. VomnuxanoB ateiHmarel Kexmieray yHuBepcuteTi, Kekmieray,
Kazakcran

Kamanrapa A.K. - k.0.H., noneHT, Acrana XaibIKapallblK YHUBEpCUTETi, ActaHa, Ka3zakcran
Hanew A. - PhD, npod., Opanu ynusepcuteti, Opaau, Pymbinus

Menabioaes E.X. - 6.r.k., mpod., JLH. 'ymuneB areimarsl Eypasus yITTBIK YHHBEPCHUTETI,
Acrana, Ka3akcran

Mypartos P.M. - PhD, Actana Xansikapanblk yHuBepcuTeTi, Acrana, Kasakcran

Mycradaes K.C. - 1.Fr.a., npod., ['eorpadus xoHe cy KayilnCi3airi WHCTUTYTHI, AJMAaTHI,
Kazakcran

PamazanoBa M. - PhD, xaysimaac. npod., [loptykanence ynusepcureri, [lopty, Kazakcran
Cacnyraea I'.E. - PhD, xkayesimpac. mpo¢., JIL.H. I'ymuneB artbiHmarbl Eypasust yiITTBIK
yHHUBepcuTeTi, Actana, Kazakcran

Omaii T.T. - PhD, npod., boraszuuun yausepcuteri, CramOyn, Typkust

Kypuan «JI.LH. I'ymune areingarsl Eypasust YITTBHIK YHUBEPCUTETIHIH Xa0apIIbIChl. XHUMUS.
[eorpadusi. DKoJOTHs CEpHUSACH» OaCBUIBIMBIHBIH KYKBIKTBIK Myparepi (1995 sxpuiman Oacram
IIBIFAPBUTBIN KETe/i).

XKypHanapiy arayblH e3repTy peOpenauHri sxoHe Kazakcran PecryOnmkachl MOIEHHMET KOHE
aKnapaTr MUHUCTPJITIHE KalTa TIpKey HoTHXeciHae kaHa Tipkey Hemipi Ne KZ70VPY 00137867,
25.12.2025 mprrapbuUiIb.

Menmikrenymi: «JI.H. I'ymunes areinnarsl Eypasus yntTeik yHuBepcureri» KeAK.

JKuiniri: )xpUTbIHA 4 PET.

Tingep: xa3ak, aFbUIIIBIH, OPBIC.

Penakuusneig mekerskaiibl: 010000, Kazakcran, Acrana k., KaxbsiMykan k-ci 13.

E-mail: ecologyjournal@enu.kz

Texaukansik xarmsl: PhD, kaysiMaac. pod., Cacnyraesa I'.E.

© JL.H. I'ymuunieB atbiars! Eypasus YATTBIK YHUBEPCUTETI


mailto:ecologyjournal@enu.kz

JOURNAL OF ECOLOGY AND SUSTAINABILITY
Editorial board

Editor-in-Chief: Zandybay A., Cand.biol.sci., Assoc. prof., L.N. Gumilyov Eurasian National
University, Astana, Kazakhstan

Deputy Editor-in-Chief: Tazitdinova R.M., PhD, L.N. Gumilyov Eurasian National University,
Astana, Kazakhstan

Executive Secretary: Adilbektegi G.A., Cand.geogr.sci., Assoc. prof., L.N. Gumilyov Eurasian
National University, Astana, Kazakhstan

Editorial board

Yesenzholov B.Kh. - PhD, Sh. Ualikhanov Kokshetau University, Kokshetau, Kazakhstan
Zhamangara A.K. - PhD, Assoc.prof., Astana International University, Astana, Kazakhstan

Ilies A. - PhD, prof., Oradea University, Oradea, Romania

Mendybayev E.Kh. - Cand.biol.sci, prof., L.N. Gumilyov Eurasian National University, Astana,
Kazakhstan

Muratov R.M. - PhD, Astana International University, Astana, Kazakhstan

Mustafayev Zh.S. - Dr. Tech. Sci., prof., Institute of Geography and Water Security, Almaty,
Kazakhstan

Ramazanova M. - PhD, Assoc. prof., University of Porto, Portugal

Saspugayeva G.Y. - PhD, Assoc. prof., L.N. Gumilyov Eurasian National University, Astana,
Kazakhstan

Onay T.T. - PhD, Prof., Bogazici University, Istanbul, Turkey

The journal is the successor of the Bulletin of L.N. Gumilyov Eurasian National University.
Chemistry. Geography. Ecology Series (published since 1995).

As a result of rebranding of the journal name change, and re-registration with the Ministry of
Culture and Information of the Republic of Kazakhstan, a new registration number
Ne KZ70VPY00137867, issued on 25.12.2025.

Owner: Non-Commercial Joint Stock Company «L.N. Gumilyov Eurasian National University».
Frequency: 4 times a year.

Languages: Kazakh, English, Russian.

Editorial office address: 010000 Kazakhstan, Astana, Kazhymukan str. 13.

E-mail: ecologyjournal@enu.kz

Technical secretary: PhD, Assoc. prof., Saspugayeva G.Y.

© L.N. Gumilyov Eurasian National University


mailto:ecologyjournal@enu.kz

JOURNAL OF ECOLOGY AND SUSTAINABILITY
PexakuuoHHubIii coBeT

I nasnoni  peoakmop: 3anabibaii A., k.0.H., accou. mnpod., EBpasuiickuii HaIMOHAIbHBIN
yausepcuteT uM. JI.H. I'ymuneBa, Acrana, Kazaxcran

3amecmumenv enaenoco pedoaxmopa: TasutauuoBa P.M., PhD, Empasuiickuii HallmOHAIBHBIHA
ynuBepcutet uM. JI.H. I'ymunesa, Acrana, Kazaxcran

Omeemcmeennviti  cekpemapv. Aauaboekrern I'.A., x.r.H., accom. mnpod., EBpazuiickmii
HauuoHanbHbI yHUBepcuTeT uM. JI.H. I'ymunena, Acrana, Kazaxcran

PenakuuoHHas KoJLIerusi

Ecenzkono B.X. - PhD, Yuusepcuter um. I1. Yanuxanosa, Kokmeray, Kaszaxcran

Kamanrapa A.K. - k.0.H., noueHT, MexayHapoaabiii yHuBepcuTeT Acrana, Acrana, Kasaxcran
Hnewmr A. - PhD, npod., Yausepcurer Opaau, Opaau, Pymbiaus

Menasbiboaes E.X. - k.0.H., npod., EBpasuiickuii HanoHanbHbIN yHHBepcuTeT uM. JIL.H. ['ymunena,
Acrana, Ka3zaxcran

Mypatos P.M. - PhD, Mexaynapoansiii yauBepcuteT Acrana, Acrana, Kazaxcran

Mycradaes K.C. - n.1.H., npod., UaCTHTYT Teorpadmu u BOJHOW O€30MaCHOCTH, AJIMATHI,
Kazaxcran

PamazanoBa M. - PhD, accou. npog., Yausepcurer [loprykanence, [Topty, [Topryramus
Cacnyraesa I'.E. - PhD, accou. npo., EBpa3suiickuii HallMOHAIbHBIH YHUBEPCUTET

uMm. JL.H. I'ymunesa, Acrana, Kazaxcran

Omaii T.T. - PhD, npo¢., Yausepcuter borazuuu, Ctam0Oyin, Typuus

Kypnai sBisercs npasonpeeMHUKOM BecTHrka EBpa3suiickoro HallmOHAJIBHOIO YHUBEPCHUTETA UM.
JLH. T'ymunesa. Cepust Xumust. ['eorpadust. Dxonorus (n3aaBasierocs ¢ 1995 roxa).

B pe3ynbraTe peOpeHauHra xypHaia, U3MEHEHUs Ha3BaHUs U Iepeperucrpauuu B MuHucTepcTBe
KyJnbTypbl 1 nHpopMmanuu Pecnybnuku KasaxcTtaH, U31aHUIO IPUCBOEH HOBBIN PErMCTPAllMOHHBIN
Homep Ne KZ70VPY 00137867, Beimannsiii 25.12.2025.

CobctBennuk: HAO «EBpasuiickuii HanmoHanbHbIN yHUBepcuTeT uMeHu JIL.H. ['ymunenay.
[TepuoanunocTs: 4 pasza B ro.

SI3BIKM: pYCCKHI, Ka3aXCKUM, aHTTIMICKUMN.

Anpec penakuun: 010000 Kazaxcran, . Actana, yi. Kaxsimykana, 13.

E-mail: ecologyjournal@enu.kz

Texuuueckuit cekpetraps: PhD, accou. npod., Cacnyraesa I'.E.

© EBpasuiickuii HamoHanbHbI yHuBepcuTeT umenu JI.H. I'ymunena


mailto:ecologyjournal@enu.kz

JOURNAL OF ECOLOGY AND SUSTAINABILITY
2025 V. 153 (1)
MA3MYHbBI/ CONTENT/ COJAEPKAHHUE

C. AxmeroB, [I. MaaaxoB

Kacnuii meniziniy Kazaxcman cekmopwiHblY #A2anay Cbi3bl@bIHbIY 032ePYiH Hcepoi KaublKmulKmMaH
30HOmMay Oepekmepine Heziz0eNeeH manoay JHcone OY1 o32epicmepOiy JHCAAbIK auMak 3KodNCYilecine
acepi

C. AxmeroB, [I. MaaaxoB

Ananusz usmernernus 68[96208012 JUHUU KA3AXCMAHCKO20 ceKkmopa Kacnuiickoeo MOpsl HA OCHoee OQHHbBIX
OucmaHquHHblx cpeécm@ u3mepeHm7 6 KOHmeKcme ux 6IUslHusl Ha IKocucmemy npu6pe9fCH011 30Hbl

S. Akhmetov, D. Malakhov

Analysis of shoreline changes in the Kazakh sector of the Caspian sea based on remote sensing data in
the context of their impact on the coastal zone ecosystem

K. Baiirazunos, E. INosmBkuna, H. MyxamenusipoB, K. Kymagunos, C. Canbmenobaen, Jl.
Ken:xknna

Kangvimane 6omuexmep (PMas srcone PMho): 3amanayu mycinikmep scane moKCuKono2usivlk 6aeanay
K. Baiirazunos, E. IMommsBkuna, H. MyxamenusipoB, K. Kymaaguaos, C. Caabmenobaen, JI.
Ken:xknna

Bssewennvie yacmuyvl (PMas u PMho): cospemennvie npedcmagienus u moKCUKON02UHECKAs. OYCHKA
Zh. Baigazinov, Y. Polivkina, N. Mukhamediyarov, K. Zhumadilov, S. Salmenbayev, L. Kenzhina
Particulate matter (PM2s and PM1o): current concepts and toxicological assessment

I'. Byry6aesa, C. 96inkacosa, M. CyJieiimenoBa, JK. lllauxosa, 7K. 9aimky10Ba

Anmamvl KanacvlHbly AImansl ayO0aHblHOa2bl MYPMbLCHIbLK HCIHE aYbl3 CYObIH CANACHL MeH KAYincizoiein
Kewtenoi bazanay

I'. Byry6aeBa, C. AbuikacoBa, M. CyueiimenoBa, K. lllanxoBa, K. An1umMKyJioBa

Komnnexcrnasn OYeHKa Kadecmea U be3onacHocmu  X03UCmMEeHHO-NUMbe8ol 600bl  Aimanuncko2o
pationa 2. Aimamol

G. Bugubaeva, S. Abilkasova, M. Suleimenova, Zh. Shaikhova, Zh. Alimkulova

Comprehensive assessment of the quality and safety of domestic and drinking water in the Almalinsky
district of Almaty

K. JdaxueBa, I'. KanenoBa, C. Kymapoexkyiabl, C. bakun, C. I'apmamona, B. Cenenesn, P.
BeiicembaeBa, A. Ilpiranos

Yoimmur sammapoviy benex dicane apanac acepi Kesinoezi eMoKoa2yiayus xcyileci Kopcemkiumepiniy
e3eepeiwmici

K. [dakueBa, I'. Kanenoa, C. Kymapbekyanl, C. bakun, C. I'apmamoBa, B. Cenenen, P.
BeiicembaeBa, A. Ilpiranos

O sapuabenvrocmu noxasameneil CUCmeMbl 2eMOKOASYIAYUU NPU pA30eNbHOM U KOMOUHUPOBAHHOM
Oeticmsul MOKCUYeCKUX 6eujecme

K. Dakieva, G. Kalelova, S. Kumarbekuly, S. Bakin, S. Garmashova, V. Sedelev, R. Beysembaeva,
A. Tsyganov

On the variability of hemocoagulation system parameters under the separate and combined action of
toxic substances

E. doc:kanos, /I. Axmer:xaHoBa, A. Kymakanos, O. [locikanos, 3. Hyp6oa, M. Ocnan

Ayblil wapyauvlibleblHOa bLI2AA0bl CAKMAyObl apmmvlpy MAKCAMbIHOA AKMUSMEHOIpiieern KOoMIpOi
buomaccadan 0auvbIHOAY MeH OHMAUIAHOBIPY

E. Noc:kanos, /I. AxmeT:xaHoBa, A. Kymakanos, O. [locikanos, 3. Hyp6oa, M. Ocnan
Paspabomka u onmumuzayust akmusupoBaHHO20 y2isi U3 OUOMACCHL OJisi HOGBIUEHUSI B000COEPedHCeHUs 8
CeNbCKOM X035lcmee

Ye. Doszhanov, D. Akhmetzhanova, A. Zhumazhanov, O. Doszhanov, Z. Nurbol, O. Magzhan
Development and optimization of biomass-derived activated carbon for enhancing water retention in
agriculture

JI. Kanumoanuna, K. lllanxosa, I'. Cynaranrasmuesa, I'. Kakcrvidaesa, III. AckapoBa

27

42

95

7



JKacwvln mexnonocusoa pumopemeduayusHvl Koi0any aoicmepin zepmmey

JI. Kanumoanuna, K. lllanxosa, I'. Cynranrasmuesa, I'. KakcridaeBa, III. AckapoBa
H3zyuenue memoooe npumenenus pumopemeouayul 8 3e1eHOU MexXHOI02UU

L. Kalimoldina, Zh. Shaikhova, G. Sultangazieva, G. Zhaksybayeva, Sh. Askarova
Study of phytoremediation application methods in green technology

b. Kancaasimos, I'. ZKoaimypaTtoBa

Cy obvexminepiniy dKON02UANBIK CANACLIHA APHANIRAH OHIPAIK CMAaHOapmmapovly Kaxcemminiei. Enex
e3eni anabvl, Kazaxcman

b. Kancaasimos, I'. ZKoaimypaTtoBa

ObocHoganue HeoOX00UMOCMU PEUOHANbHBIX CHAHOAPMO8 3IKONO0SUHEeCK020 KAYeCmed B0OHbIX
00vexkmos: baccetin pexu ek, Kazaxcman

B. Kapsalyamov, G. Zholmuratova

Justification for the necessity of regional environmental quality standards for water bodies: the llek
rever basin, Kazakhstan

B. Messyasz, B. Leska

Tunepmpogmei K610iH IKOAOUANBIK KAINBIHA KEIVIHIK UHOUKAMOPIApbl peminoe (UmMoniaHKmor MeH
nepupumornsly Y3aK mMep3imoi ounamuracwl: Jyposckoe xoai, Ioavua

B. Messyasz, B. Leska

ﬂozzzocpowaﬂ OUHAMUKA qbumonﬂaHKmOHa u nepu(])umOHa KakK uH()uKamopoe‘ IKOJI02UYEeCKO20
B0CCMAHOBAEHUS 2Unepmpoproco o3epa: ozepo Jyposckoe, Tlonvwa

B. Messyasz, B. Leska

Long-term phytoplankton and periphyton dynamics as indicators of ecological recovery in a
hypertrophic lake: lake Durowskie, Poland

9. CeiiiTkasues, K. Tyneyoaes, I'. 3usieBa, K. MycadexoB
JKep acmul cyvinbiy HaKMbl OeHeelnepin aHblkmay adicmepi
A. CeiiTka3ues, K. Tyneybaes, I'. 3useBa, K. MycadexoB
Memoovl onpedenerus mMouHbIX YPOBHEL PYHIMOBHIX 00

A. Seitkaziev, Zh. Tuleubayev, G. Ziyayeva, K. Musabekov
Methods for determining the actual water levels of the buzz

93

109

123

139



MPHTU 06.81.23
Hayunas cratbs

AHaJNn3 U3MeHeHHus 6eper0B0ifl JUHHUHN Ka3aXCTaHCKOI'0 CEKTopa Kacnuiickoro
MOPsI Ha OCHOBE€ JaHHBIX TUCTAHIHOHHBIX CPEACTB n3MepeHm71 B KOHTCKCTE HUX
BJIUSTHUA HA IKOCUCTEMY Hpnﬁpemnoﬁ 30HBI

Cepuk Axmeros™, JImutpuii Majaaxos

HutupoBanue: Axmeros, C.,
Manaxos, 1. (2026). Auanu3
HN3MEHEeHUsT O0eperoBoi JIHMHUH
Ka3aXCTaHCKOTO CeKTopa
Kacnuiickoro mopst Ha ocHOBe
JTAHHBIX JUCTaHIIMOHHBIX
CpEnCTB H3MepeHuH B
KOHTEKCTe UX BIHMSHHI Ha
3KOCUCTEMY IPpUOpPEXKHON
sonbl. Journal of Ecology and
Sustainability, 154(1), 7-26
https://doi.org/10.32523/8gwpt
a33

AKaieMHUEeCKHH peaaKkTop:
A. 3annpiOaii

[Mocrynuina: 17.12.2025
HUcnpasnena: 25.02.2026
[Mpunsta: 18.03.2026

Ony6uukosana: 31.03.2026
(@Nolel

Copyright: © 2026 by the
authors. Submitted for possible
open access publication under
the terms and conditions of the
Creative Commons Attribution
(CC BY NC) license
(https://creativecommons.org/I

icenses/by-nc/4.0/)

2

'HAO «Ka3axckuii HaydHO-HCCIIe0BATENbCKUI HHCTUTYT Kacmuiickoro
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AHHOTauMsl. 3a T[OCIeNHUE  JecATWieTuss OeperoBas  JTUHHS
Ka3axCTaHCKOro cekropa Kacnuiickoro Mops Bce 0ojiee 3aMeTHO
NpeTeprieBacT M3MEHEHUS BCIEJACTBHE KOJICOAHW YPOBHS MODS.
OCHOBHBIMU BO3JEHCTBYIOIIMMHU (DaKTOpaMH SIBJISIOTCS HPUPOAHBIE U
aHTpoTrOTeHHBbIE  (akTopel. Bce 3TM  W3MEHEHHS  OKa3bIBAIOT
CYLIECTBEHHOE BIHUSHHE Ha MPHOPEKHYIO SKOCUCTEMY 3alaJHOro
peruona pecnyonuku. Konebanusi ypoBHS MOpsI, U3MEHEHHS peXUMa H
o0beMa CTOKa MPUTOUHBIX PEK, a TaKXKe XO3SICTBEHHas NesITeIbHOCTb
YeJoBeKa CIyXaT MpPUYMHAMH JIeTpallalliil TEPPUTOPHIA  BOIHO-
OOJIOTHBIX YrOJUM M COKpAIleHUs IUIOIIAAN BOAHOTO 3epKajia Mops. Bee
9TH (HaKTOPHl OKA3bIBAIOT BIHMSHHE Ha TpaHC(HOPMAIUIO CTPYKTYPHI
npubpexRHOro penbeda.

JUia uccrnenoBaHMs WM3MEHEHHsS OEperoBOd JIMHUM Ka3aXCTaHCKOTO
cektopa Kacnmiickoro Mops  ObUIM  MCIOJB30BaHbl  JJaHHbIE
nuctanironHoro 3ouauposanus 3emim MODIS, Landsat u Sentinel-2.
JlonoIHUTENBbHO JUIst 6osiee pa3BepHYTOr0 MPOCTPAHCTBEHHOI'O aHAIM3a
ObUTM OpraHW30BaHBI TIOJEBHIE HAOIOACHUS Ha KIFOUEBBIX YUacCTKaX C
MIPUMEHEHHEM JIPOHOB.

KommiekcHOe HCIONB30BaHME JIBYX METOJIOB a0 BO3MOXKHOCTH
BBISIBUTh  IPOCTPAHCTBEHHO-BPEMEHHbIE  TEHJCHLUU  HU3MEHEHHs
sKocucTeMbl. [10 MoydeHHBIM pe3ylbTaTaM MOYHO C/elaTh BBIBOJ O
toM, yTo B iepuo]; ¢ 2000 o 2025 ro o61ast miiomaab BOJIHOTO 3epKajia
MOpsi cokpaTHiach 10 16 834 km?. HauGonee 3HaUNTENbHBIE H3MEHEHHUS
OpUOPEXKHONH  TEeppUTOpUM  HAOMIOJAIOTCA B CEBEPHOM  4YacTH
Ka3axcTaHCKoro cekropa Kacnmiickoro mops.

[To manHBIM HaOMIONEHWUN YCTAaHOBJIEHO, YTO Ha ydacTkax llemrHoi,
IIpopBa, Mépteeii KynTyk, HoBuHCKOro 3akasHMka M pes3epBaTa
«AKKalbIK»  (OPMUPYIOTCS MEJNKOBOAHBIE 30HBI, COJIOHYAKH H
mycTeIHHBIC TaHAmadTHL. Takoe mpeobpa3zoBaHue TEPPUTOPHH TIPUBOIUT
K COKpAIEHUIO TMPHPOJIHBIX MECTOOOUTAHUN JUIS PA3TUYHBIX BHJIOB
OpPTaHU3MOB M CYIIECTBEHHOH JIeTPaTalliy SKOCUCTEMBI.

Pe3ynpTaThl aHanM3a M OLEHKH MOJUYEPKUBAIOT CHUCTEMHBIH XapakTep
TpaHchOpMaIIMA JKOCHCTEM Ka3axCTaHCKOTO cekTopa Kacmmiickoro
Mops U Beelt mpubpexHoit Tepputopun. Takum 00pa3oM 1moiuepKruBaeTCs
aKTyaJIbHOCTh HEOOXOJMMOCTH PETYISPHOTO MOHUTOPHHTA, OICHKH
THJIPOJIOTUYECKOr0 OanaHca M pa3pabOTKHU CTpAaTeruil COXpaHEHUs M
BOCCTaHOBJICHUS TPUOPEIKHBIX OMOTOIIOB.
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KiwueBble cioBa: gucranimonHoe 3ouauposanue; MODIS; Landsat; Sentinel-2; monuTopuHr
NpUOPEKHBIX 30H; SKOCHCTEMA.

1. Beeaenue

[Tpu n3yuennu nuHamuku Kacnuiickoro Mopsi oco6oe 3HaueHHe UMEEeT BO3MOXKHOCTh aHAIIN3a
JOJICOCPOYHBIX M3MEHEHUU. JloarocpouHas AUHAMUKA PEKUMOB HAXOAUTCS IOJ BIMSHUEM Kak
€CTECTBCHHBIX KJIMMATUYECKHX (DAKTOPOB, TaK M YCHIMBAIOMICHCS C TOAAMH aHTPOIIOTCHHOMN
Harpy3ku. M cronb30BaHHE ApXUBHBIX CIYTHUKOBBIX JAHHBIX Ja€T BO3MOXXHOCTb OIPEACIIUTH
YCTOMYMBBIC TCHICHIIMY B U3MEHEHUAX JUHAMUKH PA3HBIX MApPaMETPOB 32 HECKOJIBKO JECATUICTHI
Habmonenuii. K Takoro poma mapamerpaM OTHOCATCSA: YPOBEHb BOJbI, TEMIIEpaTypHbIE
XapaKTepUCTUKH, PACIPEIEIIEHNE JIEJOBOTO TOKPOBA U U3MEHEHHUS TPUOPEKHON TEPPUTOPUH.

ConocTaBUTENBHBIN aHANM3 COBPEMEHHBIX YCIOBHM C NPEIbLAYLIIMMHU 3TallaMd U3MEHEHUS
MOPCKOM Cpeibl SIBISETCS [ICHHOW Hay4YHON OCHOBOM; TAKME MOHUTOPHHTOBBIE TAHHBIE HEOOXOIUMBI
JUTS OLICHKH MaciTaboB mpoucxoasmux Tpanchopmaruii (Lebedev et al., 2008; Yeltay, 2022; Ivkina
et al., 2015; Yeltay et al., 2023).

Mmuorue yuennie (Badulin et al., 2025; Ashtab et al., 2024; Court et al., 2025; Mamaeva, 2023,;
Kostianoy et al., 2022) B cBouX HCCIICIOBaHUSIX IIOKA3bIBAIOT, YTO KOMIUICKCHBIH aHAU3 C
HCIIO0JIb30BAaHUEM CIIYTHUKOBBIX JAHHBIX JA€T BO3MOYKHOCTh CYIIECTBEHHO MOBBICUTH Kaye€CTBO
aHaim3a. Bo MHormx paborax COBMECTHO C JaHHBIMU JIUCTAaHIIMOHHOTO 30HAMPOBAHUS
UCIOJIB3YIOTCS PE3yIbTaThl MOAEIBFHOTO pacyeTa U CTallOHAPHbBIE HAOIIOCHHS, UTO CIIOCOOCTBYET
Pa3sBUTHIO HAYYHBIX MPEICTABICHUNA O (YyHKIMOHMpPOBaHWM Kacmuilckoro Mopsi Kak CIIOKHOU
MIPUPOIHON CUCTEMBIL.

Bo muorux uccrnenosanusx (Kostianoy et al., 2018; Sagatdinova et al., 2023; Dyakonov et al.,
2019; Brekke et al., 2005; Sagatdinova et al., 2024; Ghorbani et al., 2023) noguepkuBaercs, 4TO
JTUCTAHIIMOHHOE 30HJUpOBaHUE sBIsAeTCA JS(OPEKTUBHBIM HWHCTPYMEHTOM [IJISi ONHCAHHUS W
BU3yaJIU3allMM TEKYILIEro COCTOSHHMS MOPCKOM cpenbl. Takke AMCTaHIIMOHHOE 30HAMPOBAHHE
SIBJISICTCS MHCTPYMEHTOM pEIIeHUs psifa MpUKIaaHbIX 3anad. K Takum Bujam 3amad OTHOCATCS:
obecrieueHrne 0€30MacHOCTH MOPCKOM JeATeTbHOCTH, MPOTHO3UPOBAHHME OMACHBIX MPUPOTHBIX
SIBJIEHUM W YKOJIOTUYECKUN KOHTPOJIb.

Hcnonbs3oBaHKe CyTHUKOBBIX TAHHBIX 1a€T BO3MOKHOCTh ONEPATUBHO BBISBIATh AHOMAJIbHO
KPUTUYECKHE U3MEHEHUSI XapaKTEPUCTUK BOJHOM cpeibl. COBPEMEHHBIE METOJIBI U MHCTPYMEHTHI
MOBBIIAIOT TE€M CaMbIM 3(PPEKTUBHOCTh YIPABICHUYECKUX DPEIICHUI B MPUKACIUIICKOM DPETHOHE
(Ilvanov et al., 2016; Nezlin et al., 2012).

Takke CyHIECTBYIOT OTIEIbHbIE HAIpPaBJIEHUS MCCIECJOBAaHUN, BXOJSAUIMX B COCTaB
cnyTHHKOBBIX HaOmoaenuit (Chen et al., 2024; Cavalli, 2024), cBsi3aHHbBIC ¢ aHATM30M U OLIEHKOMN
B3aMMOJICHCTBUS TUIPOJIOTHYECKHUX, (U3NUYECKUX U OMoNorndeckux mpoieccoB. K Takomy Bumy
MPOIIECCOB OTHOCSATCSA: HM3MEHEHHS TEMIIEPAaTypHOTO pPEXHMa, ITUPKYJIANHUS BOAHBIX MacC H
coJiepKaHUE B3BEIICHHBIX BEIIECTB. OJTH IMPOLECCHl OKAa3bIBAIOT MPSIMOE BIHSHHE Ha
MPOAYKTUBHOCTh SKOCHCTEMBl M Ha MPOCTPAHCTBEHHOE paclpeneneHue OuoThl. JlaHHBIE
JUCTAHIIMOHHOTO 30HAUPOBAHMS B TaKUX HCCICAOBAHUSAX SBISAIOTCS BaXXHBIM HCTOYHUKOM
nHpopManuu I KOMITIEKCHOTO MEXIUCIUTUIMHAPHOTO HWCCIeNOBaHMs. MEXIUCIHUILUIMHAPHBIC
UCCIIeIOBaHM O0BENUHSAIOT B ce0e Cpa3y HECKOJBKO BaKHBIX METOJIOB, TAKMX KakK (U3UYECKas
okeaHorpadwusi, skosorus U reouHpopmarmonnsie cuctems (Shiklomanov et al., 2019).

Hcxonst W3 BBILIEU3II0KEHHOTO, MPUMEHEHUE IUCTAaHIIMOHHOTO 30HJMPOBAHUS 3eMIIUd IJIs
nccnenoBanuss Kacnuiickoro Mopst - 3TO HE TOJBKO COBPEMEHHOE pEIIEeHWEe, HO M BaKHas
COCTABJISIFOLIAs JUIsl aHAIM3a U OLIEHKH LEJIOCTHOIO MPEJACTaBICHUsI O MPOLECcCax, MPOUCXOAAIINX
KaK Ha aKBaTOPHWH, TaK U HA IPUOPEIKHOMN YaCTH.

ITo muenuto muorux yuennix (Ivkina, 2023; Sergeeva et al., 2023; Shabanova et al., 2014;
Karbassi et al., 2012; Hofmann et al., 2017; Saeidzadeh et al., 2025) B mocrneanue aecATHICTHS B



Journal of Ecology and Sustainability 2026, 154(1)

OeperoBoil JIMHUM Ka3zaxcTaHCKoro cextopa Kacnumiickoro mopst Bce 6osiee 3aMETHO MPOSIBIISIOTCS
IIPOCTPAaHCTBEHHO-BPEMEHHBIE U3MEHEHHUS O] BIMSHUEM KaK MPUPOJIHBIX, TAaK U aHTPOIIOTE€HHBIX
¢dakropoB. Konebanus ypoBHS BOJABI, U3MEHEHHS CTOKa M pPEKHMMa pPEK, MHTEHCHBHOE DPa3BHTHE
npUOpPexKHON MHPPACTPYKTYphl M JIOKAJIbHbIE KIMMATHYECKHE IMPOLECCH (POPMUPYIOT CIOXKHYIO
JMHAMUKY THIPOJIOTMYECKUX M MPUPOJHBIX PoIieccoB. Bee 3To TpedyeT AeTanbHOro U CHCTEMHOTO
u3yuyeHus. B 1aHHOM Hccie10BaHUU TPOBEAECH CUCTEMHBIN 1 KOMITJIEKCHBIHM aHaIu3 TpaHchopMaluu
OeperoBoi 30HBI Ka3axcTaHCKOro cekropa Kacmwmiickoro mopsi. B ocHOBy uccnenoBaHus Jeriu
JaHHblE  JUCTAHLUMOHHOIO  30HJUPOBAHUSA, MYJIbTHUBPEMEHHbIE APXMBHBIE  CIIyTHUKOBBIE
M300paXeHUs, PE3yNIbTaThl T'EOMPOCTPAHCTBEHHONH OOPaOOTKM JaHHBIX. J[OMOJHUTENHLHO ObUIH
UCIOJIb30BaHbl JaHHbIE, IOJY4YEHHbIE OJaroaapst IpoHaM B MOJIEBBIX YCIOBHSIX.

Vcnonp3oBaHue pa3iMyHBIX METOJOB aHAIW3a IMO3BOJIWIO TONYYUTh OoJiee JeTajbHBIC U
pa3BepHyTble JaHHble i aHanau3a. OOpaboTka [aHHBIX METOJAaMU aBTOMATU3MPOBAHHOIO
KapTorpagpupoBaHUs TIO3BOJIMIIA YCTAHOBHUTD KIIFOUEBbIC TCHICHIIMH CMEILICHHs OeperoBoii JINHUY, a
TaKXe ONpPEJeNUTh YYaCTKU ¢ HauboJiee BhIpaKEHHBIMU M3MEeHeHusMU. [losyueHHble BCiieAcTBHE
00pabOTKM W aHaimu3a pe3yabTaThl (OPMHUPYIOT OCHOBY [UIS IOCIEAYIOIIEr0 MOHHUTOPHHTA
COCTOSIHUS IPUOPEKHON 30HBI U aKBAaTOPUHU KazaxcTaHCKoro cekropa Kacnuiickoro mops. [lanHas
paboTa MOXET TOCTYXKHTh OCHOBOW HAay4HO-TIPAKTUYECKOM Oaszbl uis pa3pabOTKH CTpaTerui
palMOHAIBHOTO YIIPABJIEHUS PEeCypcaMy W MPEJOTBPALICHUS BO3MOXKHBIX PUCKOB. Takue pucku
HATPSMYIO CBS3aHBI C JIeTpaalieid OeperoBbIX 3KOCUCTEM BCIIEICTBHE TpaHChOopMauu OeperoBon
JIMHUU 32 CUeT KosieOaHUsl ypOBHS MOpSI.

HayuHnas HOBU3HA MccieJ0BaHUS 3aKIII0YAETCSl B BHIITIOJHEHUN KOMILIEKCHON KOJIMYECTBEHHOMN
OLIEHKU TMHAMUKU OeperoBoil JIMHUU Ka3axcTaHCKOro cekropa Kacmnuiickoro mops ¢ JeTajabHbIM
JICJICHUEM Ha MSATWIETHUE nepuojbl. B oTinnume oT paHHUX ONyOJMKOBAaHHBIX HCCIIEOBAHUMN, B
pa0oTe mpejcTaBlieHa MHTErpajbHas OLEHKAa CYMMapHOW MOTEepH IUIOIIAAM BOJHOIO 3epKaia,
IIPOBEJICHO NMPOCTPAHCTBEHHOE COMOCTABIEHNE YUYACTKOB C PA3JIMYHON MHTEHCUBHOCTHIO OCYILIEHUS
B COYETAaHUH C MaTepHajlaMH IOJIeBbIX HaOmoeHui. B pabore Takke mokasaHa HEOAHOPOAHOCTh
TpaHcpopMaIy odepexbsi, BKIItoUasi 0co00 oXpaHsieMble IpUpoiHble TeppuTopuu. [lonydyeHHble
pe3yabTaThl YTOYHSAIOT COBPEMEHHbIE MAacIITaObl M TEMIIbl pPErpeccMd Mops B Ipeaenax
Ka3zaxcTraHckoro cekropa Kacrnmiickoro mops.

2. MaTtepuaJjbl 4 MEeTOIbI

OOBeKTOM HccleI0BaHus sBIsieTCs Oeperopas IMHUA Ka3zaxcTaHCcKoro cexkropa Kacnuiickoro
Mopsa. Kazaxcranckuil cexkrop Kacnuiickoro mopst oTiMyaercsl MpeoOsiajJaHueM MEIKOBOJHBIX
aKBaTOPUM W BBICOKOW UYYBCTBUTEIBHOCTBIO K KojeOaHHsM ypoBHA Mopsi. beperoBas 30Ha
OTJIMYAETCS pa3HOOOpa3HOl Mopdosorueii, HanmpuMep, B CEBEPHOM YacTH NMPeoOIaatoT HU3MEHHBIE
JIeNTbTOBbIE YYAaCTKH C MEJIKOBOJHBIMU 3aJIMBaMH, B LIEHTPAIbHONW YaCTH paBHUHHBIE MOOEPEXKbs C
MeCYaHbIMH MIOJIOCAMHU, HA FOT'€ BCTPEYAIOTCS CKAJIMCThIE U TOTy3acylUuBbIe yuacTKu. [IpubpexHbie
TEPPUTOPUHU MOJIBEPratOTCs aHTPOIIOI€HHOMY BIMSHUIO: X034HCTBEHHAS JESATEIBLHOCTD, BOZ03a00D,
pazBuTHe HHPPACTPYKTYPHl BOJM3U TOPOJOB M MPOMBINUICHHBIE O00BEKTH. Oco0oe BHHMaHHE
yaeneHo caeayromumM ydactkam: Ilemnoit, [Ipopsa, MeptBeiii Kynryk, HoBuHCKMI 3aKa3HUK U
pesepBaT «AKKalbIk». JlaHHBIE y4acTKH XapakTepU3yIOTCs pasziuuHOi Mopdonorueit penseda,
THIPOJIOTUYECKUMU YCIOBUSMHU U CTENIEHbIO aHTPOIIOI€HHON Harpy3KHu.

B nanHOM HccieoBaHuu A1 aHAM3a AMHAMHUKH OeperoBoil IMHUM Ka3aXCTaHCKOTO CEKTOpa
Kacnuiickoro Mopst UCIOJIb30BaHbI IaHHBIE TUCTAHIIMOHHOTO 30HIMPOBAHUS, KOTOPHIE BKIIOYAIOT
HEKOMMEPUYECKHUE ONTHUKO-AIEKTPOHHBIE CIIYTHUKOBBIE JaHHBIE PA3JIMYHOTO IMPOCTPAHCTBEHHOI'O
paspelieHus. AHaiIU3 BHIIOJHEH HA OCHOBE MHOTOJIETHUX CIYTHUKOBBIX HAONIOACHUN 3a MEPUOJ
1994-2025 rr. IToneBble ncciea0BaHUS MPOBOIMINCH B HOsIOpe-nekadbpe 2025 roxa B mpuOpexxHOit
30HE C NMPUMEHEHHEM OEeCTIHMJIOTHBIX JIeTaTeNbHBIX ammaparoB (qpoHoB) u GPS-HaBuraropa ms
YTOUHEHHsI COCTOSIHUA OeperoBoit TuHUU. Takke Takue HaOII0eHUS 1al0T BO3MOXKHOCTb (hPUKCAIIUN
MEJIKOBOJIHBIX M OCYIIEHHBIX TEPPUTOPHUIA U OLICHKH JIOKAJIbHBIX N3MEHEHHH.
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B kadecTBe OCHOBBI ISl JOITOCPOYHOIO MOHUTOPUHTA OBLIM HCIIOJNB30BAaHBl CITyTHUKOBBIC
m3oopakenuss MODIS, xapakrepusyrommuecs: MpOCTPAHCTBEHHBIM pa3pelieHueM mopsaka 1 k.
JlarHble 00ecreunBarOT CTaOUIBLHBIC MHOTOJIETHHE BpeMeHHbIe psabl HaOmoaenuit ¢ 2000 mo 2025
TOJIBI.

JluHamuKa ypoBHsI MOpsi ObLiIa OLICHEHA CIICAYIOIMMH TUTIAMU CITYTHUKOBBIX JIJaHHBIX: Landsat
5 TM wu Landsat 7 ETM+. CnyraukoBele u3obOpaxkenuss Landsat 5 TM u Landsat 7 ETM+
obecrieunBaroT ganHble 3a nepuo ¢ 1994 roxa no 2000 rox. Mcnonp3oBaHHE ATUX CITYyTHUKOBBIX
JaHHBIX TIO3BOJIMJIO BBISIBUTH KPYITHOMACINTAOHBIC TCHIICHIIMH U3MEHEHHI OeperoBoii 30HbI. Tarke
ObUIN OIIEHEHbI OCOOEHHOCTH CE30HHOM M MEXroJ0BOM BapHaOEIbHOCTH TUHAMUKH OeperoBoi
JMHUM Ka3axCTaHCKOro cekropa Kacmmiickoro mops. B cBsizu ¢ HEOOXOIMMOCTHIO YTOYHCHUS
IUIOIIAZIe 3epKajla MOps Ha KIIOYEBBIX YYacTKax OBLIM HCIOJIb30BAaHBl JIaHHBIE BBICOKOTO
paspernienus Sentinel-2.

BrisiBiieHHe BOJHOW TOBEPXHOCTH BBINOJIHEHO C TPUMEHEHHEM CIHEKTPaIbHOTO HHEKCa
MNDWI - Modified Normalized Difference Water Index (Xu, 2006). Mxaekc pacCUUTBIBAETCS 110

dbopmyre:

MNDW/I=(Green-SWIR1)/(Green+SWIR1) 1)

rne, Green u SWIR1 - cooTBeTCTByIONIME KaHAIBI CIIyTHUKOBOTO M300pakeHws. MHmekc mmeer
3HaueHus OT -1 10 1, BOAHON MOBEPXHOCTU COOTBETCTBYIOT IMOJIOKHTEIbHBIE 3HAUCHUS HHJIEKCA.
WHiekc mpuMeHUM T BCeX HEKOMMEPUECKUX ONTUKO-3JIEKTPOHHBIX CEHCOPOB.

s 00paGoTkM OOJIBIIOTO KOJIMYECTBA MYJIBTUBPEMEHHBIX CHYTHUKOBBIX JaHHBIX OBLI
paspaboran «kawa-script» mms cepBuca Google Earth Engine, oOecneuuBaromiuii BbIOOD
0€3001auHbIX CIIYTHHUKOBBIX JAHHBIX B HYXHbIN niepuoa, pacieT MNDWI u skcriopt pacTpoBbIX u
BEKTOPHBIX JaHHBIX Ha JokaibHBIM [IK. OOpaboTka NOJMYYEHHBIX MTaHHBIX M TOATOTOBKA
KapTorpaguueckux Matepuanos rnposeaeHsl B ArcGIP PRO 3.5.

Jlnisi BBIIOJTHEHUST OOBEKTHBHOW M KOPPEKTHOW OIEHKH MaHHBIX IPOIECCOB HEOOXOIUMBI
CUCTeMaTU4YeCKue HaOMIOJIEHUST MOHHTOPHHTAa C IIUPOKHUM TPOCTPAHCTBEHHBIM OXBATOM.
Vcnonp30BaHne JaHHBIX CIYTHUKOBBIX n3o0paxkenuit MODIS, Landsat 5 TM, Landsat 7 ETM+ u
Sentinel-2 naet BO3MOXXHOCTb OLICHKU BCEX MHTEPECYIOIINX MPOIECCOB.

KommiekcHOe MCTONBb30BaHUE CITYyTHUKOBBIX JaHHBIX W TOJIEBBIX HAOMIOACHUN TO3BOJIMIIO
MOJyYUTh TOYHbBIE MPOCTPAHCTBEHHO-BPEMEHHBIE MOKa3aTelu TpaHchopMaluu OeperoBod JTMHUU
Ka3zaxcTraHckoro cekropa Kacrnmiickoro mops.

3. Pe3yabTaThl

B cBa3u ¢ koneOaHusIMM ypOBHS MOps OeperoBast JUHHUS Ka3aXCTaHCKOI'O CEKTOpa
Kacnuiickoro Mops 3a mocienHue AECATUIIETHs MMOKa3bIBa€T HECTAOWJIBHBIM U perpeccupyromui
xapakTtep. /luHaMHKa MOpPCKOro MOOEpexbs HAXOIUTCS MOJ 3HAYUTEIbHBIM BIUSHHEM TaKHX
(bakToOpoB, Kak KoyeOaHUS YpOBHS MOpsS, W3MEHEHHS THUAPOJIOTMYECKOT0 pekuMa U o0bema
MUTAIOUIMX MOpE pEeK, HM3MEHEHHS KIMMaTHYeCKUX IIPOLIECCOB KaK PETHOHAIBHOTO, TaK U
JIOKAJIbHOTO MacuITaba U MHTEHCUBHOE Pa3BUTHE MPUOPEKHON HHPPACTPYKTYPHI.

Kazaxcranckuit cexrop Kacnuiickoro Mops ¢ Hayajga TEKYIIEro CTOJIETHS TOKa3bIBAET
YCTOMYMBOE M 3aMETHOE COKpallleHHE IUIoU[aad BOAHOro 3epkana. CokpalleHue BOJHOTO 3epKaa
MPUBOJUT K TAKUM IOCJIEICTBUSAM, KaK MIOCTENIEHHOE CMEIIeHne 0eperoBoi IMHUU B CTOPOHY MOps
u (GOpMHpPOBaHHE B HUCCIEAYEMbIX 30HaX OOLIMPHBIX MEIKOBOAHBIX TeppuTopuil. Ilo maHHBIM
WCCIIE/IOBAHMsI YCTaHOBIIEHO, YTO HambOoliee BeIpaKeHHBIE M3MeHeHus1 Havamuch mociie 2005 roxa.
VMeHHO B JaHHBIA IEpHOJ TEMIBl IOHW)XEHUA YpoBHA Kacnuiickoro Mopsi BO3pOCIH, 4YTO
MOCITYKUJIO IPUUMHON Ui OoJiee YCKOPEHHOM Jerpajauuu NpuOpeKHbIX 3KOCUCTEM M 3aMETHOTO
U3MEHEHUSI CTPYKTYPBI O€pEeroBoro penseda mo Bcei NpuOpeHOI TeppuTOopun MOps (PUCYHOK 1).
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Pucynox 1. MOHUTOPHUHT YpPOBHS MOps 110 BCEH aKBaTOPUHU Ka3aXCTaHCKOTO ceKTopa (IO JaHHBIM
MODIS)

[To maHHBIM, MPENCTaBICHHBIM HAa PUCYHKE 1, MOXXHO OTMETHTH MTOBCEMECTHOE YBEIWYCHHE
IUTOIIAM OCYIIEHHBIX TEPPUTOpPHUI B KazaxcTaHCcKkoM cekTope Kacnuiickoro mops ¢ 2000 mo 2025
rozpl. JlaHHas TeHIEHIUS TPOCIISKUBACTCS HAa IPOTSHKEHUH BCETO TIeproa uccienoBanus. OHaKo
¢ cepenunbl 2010-x ro10B TeMIIbl OOMEJIeHHs YBETUYHINCh. BenencTBre BO3pacTaroniero BIUsHUS
($hakToOpoB, CIIOCOOCTBYIONINX CHWKEHHIO YpoBHS Mops ¢ 2015 mo 2025 rox, Hambosiee OTYETIMBO
NPOSIBJISIETCS. OTCTYIJICHME MOpPS M yBEIMUYEHHE OOMENEBIIMX Y4yacTKOB. JlaHHbIE Mpolecchl
CTIIOCOOCTBYIOT TpaHc(opMauu MpUOPEeKHBIX 30H KazaxcTaHCKoro cexropa Kacmuiickoro mops,
pacumpsisi TUIONIAJX BHOBb OOpa30BaHHBIX CYIIEBBIX YYaCTKOB W YCWJIMBas KOHTPACTHOCTh
OeperoBoit MOPQOJIOTUN PETHOHA.

Bo3zaeiicTByomumM MeXaHU3MOM IIpoLiecca OCYIIEHUS TEPPUTOPHUM, YBEIMUYEHMs IUIOIaien
MEJIKOBOJIbSI M CYIIECTBEHHOW TpaHChOpMauu TPUOPEKHOTO penbeda SBISIETCS OTCTYIUICHHE
Mopsl.

Tpanchopmarnmn MPUOPEKHBIX 30H KazaxcTaHCKoro cekropa Kacmuiickoro mops ObLIH
pa3JeNie bl Mo NATHIETHUM TePUOIaM:

1. Teprorit mepuox - ¢ 2000 mo 2005 roxmpl. JIaHHBIH TEPUOJT MOXKHO YCIOBHO HAa3BaTh
HayvaabHOH (a30il yCKOpEHHsI OCYIIKH, B JAHHBIN EPHO/1 00111ast III0Iaib 0OMENIEBIINX TEPPUTOPUIA
cocrasmia 1449 km?. TTo nanubM rccieqoBanus B Hauame XX Beka OTCTYIIJIEHHE OEPEeroBOM JTMHUN
OBbUIO 1OCTATOYHO YMEPEHHBIM, OJTHAKO YK€ 3aMeTHBIM. MaciTal OCyIIKH B JAHHBINA MEPHO MOKHO
XapaKTepU30BaTh KaK PaHHUN WHIWKATOP MPOSBICHUS W3MEHEHUN OeperoBoil quHUHU. Bech 3TOT
IIPOLIECC CBSI3aH C MEPECTPOMKOM T'MIPOJIOrMYecKkoro pexkuma Kacnuiickoro mMopsi, a UIMEHHO CO
CHIDKEHHEM YpPOBHS MOpsi. [IpearnonoxuTebHo UIMEHHO B JJAHHBIA Mepro ObUTH c(HOPMUPOBAHEI
MPENOCHIIKY TOCIEIYIOEr0 YCKOPEHUs Aerpaalui NpuOpeKHbIX 30H M perpeccun OeperoBoi
JIHAN.

2. Bropoii nepuoz - ¢ 2005 mo 2010 roasl. [lanHbli iepro XapaKTepU3yeTcsi pe3KUM CKauKOM
OCYIIEHHBIX TeppuToprii. OOImas MIomaab OCYIIEHHBIX TePPHTOPHii cocTapiseT 4110 kM2 Dran
y)Ke SIBJISIeTCS MEepBOM KPYIMHOW BOJIHOW Jerpajaliy MpHOPEKHONH TEeppPUTOPUHM Ka3aXCTAHCKOTO
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cexropa Kacnimiickoro mopsi. Bo BTopom nepuoze o4ty B Tpu pas3a Bo3pocia ILIOIIA b OCYIIEHHBIX
TEPPUTOPUI IO CPABHEHUIO C MEPBBIM MEpHOaOM. JlaHHBIN MpOLECcC yKa3bIBa€T Ha 3HAUUTEIILHOE
M3MEHEHHE BOJHOT0 OajlaHca B OTPULIATENIbHYIO CTOPOHY, BCJIEACTBUE YETO MPOU30IIIIO COKPAIICHHE
o0liell akBaTOpUU MOpS U YBEIWYEHHE IUIOLIajiell, OOMEeNeBIIMX TEpPUTOPUHU. Y BEINYEHUE
TUIOIIAIe OOMENEBIINX TEPPUTOPUI B TAKOM 00bEME YKa3bIBACT HA MHTEHCU(PHUKAIMIO CIETYIOLTIX
IIPOLIECCOB:

e yCHJICHHE UCIIapeHMsI Ha BCe aKBaTOPUH MOPS;

® yMEHbIIEHHE 00BEMOB MOJIMUTHIBAIOIIUX BOJ B CEBEPHYIO U BOCTOYHYIO 4acTh MODS;

® YCKOpPEHHE B TPU pa3a perpeccuu 0eperoBoi JIMHUY.

3. Tperuit mepuon - ¢ 2010 mo 2015 romel. B 3TOT mepuoj curyarusi CpaBHUTEIHLHO
CTa0MJIN3MPOBAIACh IO CPABHEHHUIO CO BTOPBIM mepuojoM. OHAKO B JaHHBIM MepHoOA Bce elle
COXPAHSIOTCSI BBICOKHE 3HaueHUs ocyllku. OOImas mionaas OCYIIEHHBIX TEPPUTOPUI B TPEThEM
nepuosie coctapiser 4321 km?. B TpeThem mepuoje 0OuIas IUIONIAAb OCYIIEHHBIX TEPPUTOpPHii
MPAKTUYECKH UICHTHYHA BTOPOMY TIEPHO/Y, UTO YKA3bIBA€T Ha TO, YTO B JAHHBIN MIEPHO TCHICHIINS
IIOCTOSIHHOTO CHMJKEHMsI YPOBHSI MOpsl Oblia 3akperuieHa. Mcxons U3 BcexX M3JI0KEHHBIX (PaKTOB,
MOJKHO CJIEJIaTh BBIBOJ O TOM, YTO NMPAKTHYECKH OJMHAKOBBIC 3HAYCHUS ILIOUIAJICH, OCYIICHHBIX
TEPPUTOPHUU T10 ABYM MEPUO/IaM, YKa3bIBAIOT HA CTAOUIIbHYIO OTpULIaTeIbHYIO (pa3y Mops. B BogHOM
Oamance Mopsi MpeobiagaeT OTpULATeNbHAas YacTh, M IPHUXOJHAS YacTb YK€ HE MOXKET
KOMIIEHCUPOBATh IOTEPH.

4. Yersepteiid niepuon - ¢ 2015 mo 2020 rogpl. DTOT mepruoa XapakTepU3yeTcsi BpeMEHHBIM
3aMeIJICHMEM NPOLIECCOB OCYIIEHUs 3eMellb. B naHHBI mepuoj oOuas IMiOoNagb OCYLIEHHBIX
tepputopuii coctasuna 2010 km?. B ueTBepTOM IepHoAe MUIOIMAAb OCYHIEHHBIX TEPPUTOPHil
YMEHBIINJIAch MOYTH B J[Ba pa3a [0 CPaBHEHHUIO C MPEIbIIyLUIMM NepuoaoM. JlaHHoe 3amenneHue
mporiecca OCYIICHHUs YKa3bIBaeT Ha KPATKOBPEMEHHYIO CTa0MIN3aINIO CUTYaIHi. BO3MOXHO, B 3TOT
NEepUoJT NPOUCXOIUIN KINMAaTHUECKUE U3MEHEHHs], KOTOPbIE MOJIOKUTENBHO CKa3aJMCh HA PEXUM
MOpS, B YaCTHOCTH Ha CEBEPO-BOCTOYHYIO YacCTh, CHIDKAs TEMIIBI OTCTYIUIEHHs Mops. OgHaKo
HE00X0/MMO OTMETHUTbh, YTO YMEHBIICHNE TEMIIOB PErPECCUM HE O3HA4YaeT MOJIHOI0 MPEeKpalleHUs
mporecca, OCYIIEHHE NPUOPEKHOW 30HBI TMPOJODKACTCSA, OJHAKO TEMITBI B JAaHHBIA TEPHOJ
3aMeJTIIINCh.

5. [Tarenii mepuon - ¢ 2021 o 2025 ronel. [{aHHBINA TTEPHO MOXKHO Ha3BaTh HOBOW BOJIHOM
YCKOPEHUS OTCTYIUICHUS] MOPs, B 3TOT MEPHUO/1 00111ast MII0IIa/ (b OCYIIEHHBIX TEPPUTOPHH cocTaBUIIa
4494 xM?. B 5TOT Hepuos Bo300HOBISETCS JMHAMUKA YCKOPEHHOTO OTCTYIICHHS MOPS BCIEICTBHE
4yero HalOJIloJaeTcs BO3BpallleHHe K BBHICOKUM TeMIaM oOMeneHus Tepputopuid. iIMeHHO B msToM
nepro/ie HabIIIOJaeTCsl CaMO€ BBICOKOE 3HAUSHHE TUIOIIAAN OCYIICHHUS TEPPUTOPHUI CPEIH BCEX TISITH
aHAJIM3UpPYyEeMbIX TepuojoB. Ha maHHBI MOMEHT, 3TO 3HAYEHME SBIAETCS CaMOW KPUTHYECKOH
OCYIIIKH JIJISl BCEX JTAIOB Ka3aXCTaHCKOTO cekTopa Kacrmiickoro Mopsi.

B xone ananmu3za 6but0 ycraHoieHo, uto ¢ 2000 mo 2025 roasl oOmias cymmapHasi moteps
BOJHOH MOBEPXHOCTH Ka3aXCTaHCKOTO cekTopa Kacmmiickoro mops coctaBmna 16384 xm?. Dto
O3HaYaeT, YTO Mcue3ia 3HaYUuTeIbHasi MPUOpeKHasi akBaTOPHUs MOPSL, COTTIOCTaBUMAs MO MJIOLIAIU U
MacmTady ¢ KpyIHBIM BHYTPEHHUM BOJJOEMOM.

[lo maHHBIM pe3ynbTATOB, MOJYYEHHBIX B XOJ€ OOpaOOTKM CIIYTHUKOBBIX JaHHBIX, MOYKHO
ClIenaTh BBIBOJ O TOM, YTO MPOIECC OCYIICHHUS MPOUCXOIUT B NMPOCTPAHCTBE HEOJHOPOIHO. B
CeBEpHOM YacTH KazaxcTaHCKoro cekropa Kacnmiickoro Mopst HabiojaeTcst Hanbosee HHTEHCUBHOE
COKpallleHHe aKBaTOPUU MOps, IaHHBIH MPOIECC MOXET OBITh CBSI3aH C OCOOCHHOCTSIMHU
THJpOJIOTHYEeCcKOro OanaHca U MOpQooruen AeinbTOBBIX YYacTKoB. TeM He MeHee, HEOOXOIUMO
OTMETHTH, YTO B IIEHTPAILHON U I0KHON 9aCTH MOPS TakK)Ke HaOIFOIaeTCsl BRIPAKEHHASI PETPecCusl.
OCo0EHHO ATOT MpOIEcC perpeccur HaOMI0aeTcs B 30HAX C HU3KUMHU OTMETKaMH penbeda, rie
CHIDKEHHE YPOBHS MOpS SIBISICTCS TPUYMHOH (OPMHPOBAaHUS OOpa3OBaHUS IPOTSIKEHHBIX
NpUOPEKHBIX OTMENEH.

B xozxe uccienoBaHus ObLIM pacCMOTPEHBI OTAEIbHBIC YYaCTKH OOMENEBIIMX TEPPUTOPHN
Ka3axCTaHCKOTo cekropa Kacnuiickoro Mops ¢ 1enbio 6ojiee JeTalbHOTO aHanu3a Teppuropun. s
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MOHHUTOPUHIAa W aHAJM3a MPOCTPAHCTBEHHO-BPEMEHHOM HM3MEHUMBOCTH OEperoBoil JUHHUU
Ka3axCTaHCKOTO cekTopa Kacruiickoro Mopst ObLTH HCITOJIb30BaHbBI CITyTHUKOBBIC IaHHBIC BHICOKOTO
npoctpancTBeHHOTO pazpemieHust (or 10 mo 60 m). Mcnonb3oBaHHME TaKMX BBICOKOJETAIBHBIX
CIIyTHHKOBBIX JIaHHBIX JIa€T BO3MOYKHOCTh IIOJNy4UTh Oojiee JeTalbHYH0 HHPOPMAIUIO O
TpaHcopMaIi TPUOPEKHOM 30HBI M OTCIICIKUBATH JIOKATbHBIE MOP(OIMHAMIYECKHUE MPOIIECCHI,
MPOUCXOJSIIINE B pEruoHe. bBpuiM BBIOpAaHBI CIEAYIONIME KIIOYEBBIE YYaCTKH OCYIICHHBIX
Tepputopuii: panons! Ilemnon, IIpopsa, Mépreeiii Kyntyk, HoBUHCKUI 3aka3HMK U pe3epBaT
«AKKaUbIKy». |51 CpaBHUTEIIBHOTO aHaIM3a M0 BCEM y4acTKaM ObLTu BeIOpaH nepuossl 1994 u 2025
rojioB (pucyHku 2-6). BojHas moBEpXHOCTh, TO €CTh aKBAaTOPHUS MOPsi ObLIA ONpe/IeIeHa Ha OCHOBE
CIyTHHKOBBIX JaHHbIX Landsat (1994 rox) u Sentinel-2 (2025 rox). Mcnonb30BaHue 3THX METOI0B
Y UHCTPYMEHTOB ITyTE€M HAJIOKEHUS TAHHBIX JAaeT BO3MOXKHOCTh IIPOBECTH CPABHUTEIHHBIA aHATN3
W3MEHEHHI TIPUOPEIKHON TeppUuTOpHH 3a repuo ooiiee yem 30 JIeT 1 BU3yallbHO OICHUTh THHAMHKY
M3MEHEHHsI OEperoBoii JIMHUH.

O6meneHue IKkacnuiickoro Mopa R = R w @r
Nuct 1. Paiod "MetHon" & 7 s i
BenuuunHa oTcTtynneHna Geperosoii .
JMHUM: 3-5 km

pose Yposers
mopa 2025 [l mopa 1994
{ceHTHOPE) (aBrycr)

1:100 000

Pucynox 2. MOHUTOPHUHT YpOBHS MOpS HAa KOHTPOJBHBIX YYacTKaX IO CITYTHHKOBBIM JaHHBIM
BBICOKOT'O pa3peileHus B paiione IlerHoi (Ha OCHOBe CIyTHHKOBBIX JAaHHbIX Landsat (1994 rox) u
Sentinel-2 (2025 ropx))

MOHUTOPHHT YPOBHSI MOPSI Ha KOHTPOJIBHBIX YYaCTKaX MO CITYTHHKOBBIM JaHHBIM BBICOKOTO
paspemienusi B paiione Ilemnoit 3a 1994 u 2025 roapl mokasbiBaeT yMEPEHHOE, HO yCTOWYHBOE
OTCTYIUIEHHE OeperoBoid JWHWU. BenmumHa OTCTyIUIeHHWs BapbupyeTrcs oT 3 a0 5 kM. JlaHHBIH
IpoIiecc MOKa3bIBaeT CTAOUIBLHOE CHIPKEHHE YPOBHS BOJIBI M 3HAUUTENIBHYIO AETPAIAliI0 3KOCUCTEM
HCCIIETyEMON TEPPUTOPUH.

B xo71e ananu3a BbISBIEHBI KIIFOYEBbIE OCOOCHHOCTH U3MEHEHUN PUOPEKHOM 30HBI B palioHe
[lemmnon:

1. CxopocTh OTCTYIUIEHUS] MOPs B paiione [IentHoi OTHOCUTENHO YMEpEHHA 110 CPABHEHUIO C

JIPYTUMH UCCIIEyEeMBbIMU pallOHaMU;

2. OcylieHHbIE TEPPUTOPUU  XAPAKTEPHU3YIOTCS PACHIMPEHHEM MEIKOBOJIHBIX 30H U

00pa3oBaHMEM MIMPOKHX TTOJIOC ITYCTHIHHBIX JIAHAMA(PTOB;

3. BosamoxHo, B paifone IlemHoli m3MeHWsIach CTPYKTypa TpyHTa, a Takke CHHU3WIACh

OMONPOYKTUBHOCTh PETHOHA.
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O6MeneHmne Kacnuiickoro mops RAsee w@;‘}‘
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Pucynox 3. MOHUTOPUHI YPOBHS MOpS Ha KOHTPOJBHBIX YYacTKaxX I10 CIyTHHUKOBBIM JaHHBIM
BBICOKOT'O pa3pelicHus B paiione [Ipopsa (Ha ocHOBE CITyTHHKOBBIX JAaHHbIX Landsat (1994 rox) u
Sentinel-2 (2025 rox))

MOHUTOPHUHT YPOBHSI MOPSl Ha KOHTPOJIBHBIX Y4aCTKaX MO CIIYTHUKOBBIM JAHHBIM BBICOKOI'O
paspemieHuss B paifone IIpopBa JOeMOHCTpHUpPYET OJHO M3 CaMbIX KPHUTHYECKHX 3HAYCHHU
OTCTYIUIEHUS MOps M, CIIeZJOBAaTeNIbHO, CaMble BBICOKHE 3HAYECHHUs IUIOLIaJU CIOBUTa OeperoBoit
nuHAd. BemmunHa otcryruieHus: Geperooii mmauM B paiioHe IIpopsa cocrasmser ot 30 go 40 kM,
YTO SIBJISIETCSA CaMbIM MacIITa0OHBIM COKPALIIEHHEM aKBaTOPUHU BOCTOUHOM yacTu Kacnuiickoro Mopsi.

BbuTH BBISBIICHBI KITIOYEBBIE OCOOCHHOCTH M3MEHEHUH MPUOPE)HOM 30HBI B paiione [Ipopaa:

1. Orcrymuienue Mops B JAHHOM paiioHe HOCUT KaTacTpo(uUecKuil Xapakrep;

2. OcyuieHHBIE TEPPUTOPHH CHITBHO TTO/IBEPIKEHBI BETPOBON dPO3HH;

3. Ilmomaan COMOHYaKOB M IMYCTHIHHBIX JaHamadToB B pailone [IpopBa pactyT B

r€OMETPHUECKON MTPOTPECCUH;

4. B ciydae, eciy 1aHHasi TEHJGHLIUS COXpaHUTCs B paifone IIpopBa, To BbICOKa BEpOSITHOCTD

BBINAJICHHS WJIM UCUYE3HOBEHUS Psijia OMOTOTIOB.
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Pucynox 4. MOHUTOPUHI YPOBHS MOpS Ha KOHTPOJBHBIX YYacTKaxX IO CIIyTHHUKOBBIM JaHHBIM
BBICOKOT'O pa3penieHus B paiione Mépraeiii KynTyk (Ha OCHOBE CITyTHMKOBBIX JaHHbIX Landsat (1994
ron) u Sentinel-2 (2025 rox))

MOHMTOPHHT YPOBHSI MOpsl HAa KOHTPOJIbHBIX Y4aCTKaX IO CIyTHUKOBBIM JaHHBIM BBICOKOTO
paspemieHuss B paiioHe MeéEpTtBeii KynTyk mnmokasaj, 4To JaHHBIA PAlOH HAaXOAUTCA B TOM K€
KpUTHYECKON cTerneHu oOmeneHusi, uyto M paiion IlpopBa. B pailone MéptBoro Kynryka
Ha0JII0TaeTCs JTIOITOCPOYHOE OOIMPHOE oOMeieHue. BenmnmunHa oTCTyIieHusT OeperoBoil IMHUU B
JaHHOM paifone Bapsupyercs oT 30 10 40 kM.

Bbutn BBISIBIICHBI KITIOUEBBIE 0COOCHHOCTH U3MEHEHHH MPUOPEKHOM 30HKI B paiioHe MEPTBBIN
Kynryk:

1. BusyaapbHO MOXHO YBHJIETh, YTO (PAKTHUECKH MPOU3ONLIO OTCTYINICHHE MOPS Ha JIECATKH

KUJIOMETPOB, OCTaBUB IOCJIE€ OTCTYIUIEHUS OOIIMPHBIE MMyCTHIHHBIE TPOCTPAHCTBA;

2. OcyuieHHBIE TIOCIIE CX0/1a BOJBI TEPPUTOPUH OTIIMYAIOTCSI BBICOKOW COJICHOCTHIO;

3. BeposiTHO, 4TO B JaHHOW MECTHOCTH IMPOU3OIUIM M3MEHEHHUS MUKPOKIMMAaTa, Takue Kak

y4alleHHe NMbUIbHBIX Oyph U MOBBIIICHUE TEMIIEPATyphl BO3IyXa;

4. Bo3MOXHO, 4TO BCIIEICTBUE M3MEHEHHMsS MECTHOCTH cpenra OOMTaHMs Ul OOJBIIMHCTBA

BOJIHBIX OOWTATENIel ncUe3iia WK CHIIBHO TPaHC(HOPMHUPOBAJIACh.
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Pucynoxk 5. MOHUTOPUHT YPOBHS MOPS Ha KOHTPOJBHBIX YYacTKaxX IO CIYTHHKOBBIM JTaHHBIM
BBICOKOT'O pa3pelieHus B paiione HoBUHCKOr0 3aka3HuKa (Ha OCHOBE CIIYTHUKOBBIX JaHHbIX Landsat
(1994 ron) u Sentinel-2 (2025 ron))

MOHMTOPUHT YPOBHSI MOpsl HAa KOHTPOJIbHBIX Y4aCTKaX MO CIYTHHUKOBBIM JaHHBIM BBICOKOTO
paspelieHus B paiioHe HOBMHCKOr0 3aKka3HUKa MOKa3bIBAET, YTO MPOLIECC OCYIIEHUS TEPPUTOPUH B
JTAaHHOW MECTHOCTH MPOMCXOAUT HEOJHOpoaHO. BenumumnHa oTcryruieHus Oepera Ha OTIENIBHBIX
yuacTkax cocranisgeT 0,5 KM, TOrz1a Kak B IpyrMX y4acTKax MOXKET IOCTUTATh 8 KM.
Huxe npuBenieHbl BBISIBICHHbBIE KIIIOUYEBbIE OCOOCHHOCTH W3MEHEHHUH NMPUOPEKHOI 30HBI B
paitone HoBHMHCKOTO 3aKa3HMKA!
1. ITo naHHBIM MOHUTOPUHTIA M aHAJIN3a B ONPE/IEIIEHHBIX Y4aCTKaX OTCTYIUIEHHE Oepera HOCUT
HE3HAYUTEJIbHBIA XapaKkTep, TEM CaMbIM JaeT BO3MOXHOCTb COXPAaHEHUs PHUOPEKHBIX OMOTOIOB,;

2. Bmecrte ¢ TeM B IpYIHX COCETHHX YYacTKaX IMPOIECC OCYIIECHHs TEPPUTOPUU HOCUT Ooee
BBIpQ)XEHHBIH XapakTep. BenencTBue Takux M3MEHEHHH MPUOPEKHON TeppUTOPHM OKa3bIBaeTCs
MpsIMOE BIMSTHUE HA MeCTa OOMTaHMsI ITUL U BOJHO-0OJIOTHBIX OPraHU3MOB.
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Pucynox 6. MOHUTOPUHI YPOBHS MOpS Ha KOHTPOJBHBIX YYacTKaxX IO CIyTHHUKOBBIM JaHHBIM
BBICOKOT'O pa3pellieHHs B paiioHe pe3epBaTa «AKKalbIK» (Ha OCHOBE CITyTHUKOBBIX JaHHbIX Landsat
(1994 rox) u Sentinel-2 (2025 rox))

3anoBeqHas  TeppUTOpUS  «AKKAUBIK»  SIBISIETCS  IPUPOJOOXPAHHON  TEPPUTOpPUEH,
obnafaronieil BBICOKOH OMOIOrMYEeCKON U MPUPOAHOM LIEHHOCThIO. MOHUTOPUHT YPOBHSI MOps Ha
KOHTPOJIbHBIX YYaCTKaX IO CIYTHHUKOBBIM JIaHHBIM BBICOKOTO pa3pellieHus MOKa3bIBaeT, 4YTO B
paifoHe pe3epBara «AKXKalbIK» Takke HaOII01aeTcs MpoLece 0OMeNeHUs: MOPsl U perpeccupyromas
TpaHcopmars MpUOPeKHOH TeppuTopuu. BeneacTBue oTCTyrma MOpsi Ha JTAHHOW TEPPUTOPHH
Habmogaercss oOpa3oBaHUE HOBBIX MPUOPEXKHBIX Y4acTKOB. BennunHa OTCTymuieHUs OeperoBoi
JMHAW Ha OT/AEIBHBIX yJacTKax coctaBisieT 0,5 KM, Torga Kak Ha COCETHUX y4acTKax AOCTHTaeT 8
KM. JlaHHas TEHJECHLMS OCYLIEHUS NMPEACTABIAET MPSIMYIO YIpo3y AJI SKOCUCTEMBI JIEIbTHl PEKU
JKalibIk U sBJIsIETCS TPEBOXKHBIM MHAMKATOPOM ISl CYILIECTBOBAHUSI MHOTUX OOMTaTeNel pe3epBara.

Hwuxe npuBeneHbl BhIBIEHHBIE KIIIOUEBble 0COOEHHOCTH M3MEHEHHMH MpUOpekHOI 30HBI B
pailoHe pe3epBara «AKKaNBIK»:

1. B pe3ynbTate TpaHchopManuy NpuOpeKHOI 30HBI U COKpAILEHUs] BOJHOTO 3€pKajia MOpsI B
Oyaymem OyaeT oOKa3aHO HEraTUBHOE BO3ACHCTBHE Ha BOJOIUIABAIOMIMX TTHIl U JPYTHX
obuTtarenel pesepnara;

2. IlporpeccupoBanne Tmporecca OOMENEHUS MOpsSl  MPOIOPIMOHANBHO  YBEIWYHBACT
MOSIBJIEHHE COJIOHYAKOB Ha OBIBIIMX IIABHEBBIX TEPPUTOPHSIX;

3. HusMeHHbIE y4YacTKM ¥ JETBTOBBIE 30HBI XapaKTEPU3YIOTCS HanOojee 3HAYNMBIMU
M3MEHEHHUSIMU MPHOPEKHON TEPPUTOPUH, TaK KaK HAa 3THUX y4acTKaX MHTEHCHBHOCTb OCYIICHHUS
MaKCUMaJbHa.

B nononnenue x paboTaM MO AWCTAHIMOHHOMY 30HIMPOBAHHMIO 3€MJIM, BBIMOJHEHHBIM Ha
KJIFOYEBBIX ydacTKax - pailonsl [lemnoit, IIpopa, Mépteiii Kyntyk, HoBUHCKHMII 3aKa3HHK WU
pe3epBaT «AKKaWbIK» OBLIM OPraHU30BaHbl MOJEBBIE HCCIENOBAaHMS IS HPOCTPAHCTBEHHOU
ouenku. J{ns uccaemoBanus ObUTM HCIIONIB30BaHbI JpoH-KBajgpokonTep Dji Mavic 4 pro u GPS-
naurarop Garmin etrex 10. IToseBbie ncciie10BaHuUs IPOBOAMIKNCH C HOSIOPs 1Mo aekabps 2025 roa.
MapipyT oXBaTbIBaJI TpU MyHKTa HAOIIOAEHNU, paCOI0KEHHBIX B/I0JIb TOOepexbs. bbuin cnenanbl
CHMMKH C IPOHOB, HAIIPABJICHHBIC HA YTOYHEHUE COCTOSHHS OEPEroBbIX MPOLIECCOB.
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[1epBbIif MapmIpyT NPOXOAMI BIOIL TpUOpexHOoii 30H6 Cpegnero Kacmus - Ha yyacTke MEXIy
B003a00pHbIM KaHaroMm Nel u BomocOpocHbIM kaHaioM Ne2 MaHrHUCTayCKOro 3HEPreTHYecKOro
KoMOuHaTa. JIaHHBI y4acTOK pAacHoJiokeH K ory oT ropoga Akxktay. IIpoTsik€HHOCTH
00CIIeIOBaHHON TEPPUTOPHH I10 TIEPBOMY MApPIIPYTy COCTABHIIA OKOJIO 5 KM (PUCYHOK 7).

Pucynok 7. CHuMOK OeperoBoil 30HBI ydacTKa MEXAY BOJ03a00pHBIM KaHaioM Nel wu
BogocOpocHbIM KaHarmoMm Ne2 Manrucrtayckoro sHepretuueckoro komounara (MADK) (caumku ¢
npoH-kBaapokonrtepa DJI Mavic 4 Pro)

B pamkax BTOpOro MapmipyTra MCCIEIOBaHHS MPOBOAWINCH HAa FOKHOM TOOEpEXbE 3aInBa
Manrucray, B paiioHe ywactka CapbiTac Ha mnomyoctpoBe Tro6-Kaparan. bazoBas cranums
pacnosnioxkeHa B 140 kM oT roposa Akray (pUCyHOK 8).

Pucynok 8. CHuMOK OeperoBoii 30HBI yJacTKa I0XKHOTO MoOepekbe 3aaruBa MaHTHCTay, B paiioHe
yuactka CapsiTac Ha oyoctpose Tro0-Kaparan (cHumku ¢ apoH-kBaapokontepa DJI Mavic 4 Pro)

Tperuit MapmpyT ucCIeIOBaHUSI TAKXKE OXBaThIBAJl TEPPUTOPUIO ceBepHOro Kacmuiickoro
MOpsI, HO YK€ Ha BOCTOYHOM IMoOepexbe moiyocTtpoBa Tro0-Kaparan B paiione 3anmBa Komrak

(pucyHOK 9).
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Pucynok 9. CHumMok OeperoBoii 30Hbl yyacTka BOCTOYHOTO 1obdepesxne nonyoctpona Tro6-Kaparan
- B paiione 3anuBa Komrak (CHUMKH ¢ apoH-kBaapokonTepa DJI Mavic 4 Pro)

[Io naHHBIM NPOBEAEHHBIX MOJEBBIX HCCIEAOBAHUNA MOXHO BHU3YAJIIbHO 3aMETHTh, 4YTO
JIEHCTBUTEIIEHO YETKO BUIHBI TpaHCHOPMAIIUU TIOOEPEkKbsl Ka3axCTaHCKOTO cektopa Kacmwmiickoro
Mops. [Iporiecc oTcTyruieHns MOps IPOCIIEKUBACTCS TOBCEMECTHO HAa BCEX MCCIEAYEMBIX y4acTKaxX.
BenuunHa oTCTYyTIICHHS OEPETOBOH JIMHUH BAPbUPYETCS OT HECKOJIBKUX KUIIOMETPOB /10 HECKOJIBKHIX
JIECSITKOB KUJIOMETPOB.

Takum 00pa3oM, COBOKYIHOCTh OOpaOOTaHHBIX JAHHBIX JUCTAHIIMOHHOTO 30HIUPOBAHUS U
TMIOJIEBBIX HAOJIOJCHHM, BBIMOJIHEHHBIX Ha KIIOYEBBIX YYaCTKaX MOOEpEekbs MO3BOJMIIA MOIYYUTH
KOMIUICKCHOE TIPEJICTABIICHUE O TEKYIIEM COCTOSIHUM OCperoBO JTMHHH Ka3aXCTaHCKOTO CEKTOpa
Kacnwuiickoro mopsi.

DTH MPOIIECCHI, TPOUCXOSIINE Ha BCEX UCCIEAYEMBIX YIaCTKaX, CBHIETEIILCTBYIOT O TOM, UTO
OTCTYIUICHUE MOPSI U U3MEHEHHsI OeperoBoi TMHUH MPUBOIAT K YMEHBIICHUIO TIOMIAN MPUTOTHBIX
MECTOOOMTAHUN MJIS TIPEACTABHTENICH MPUOPEKHBIX KOMILICKCOB, TAaKHX KaK BOJIOIUIABAIOIINE
MITUIBL, PBHIOBI U IPYTHE )KUBOTHBIC U PACTEHUS.

4. O0cy:xneHue

PesynmpraThl  aHanmM3a  MPOCTPAHCTBEHHO-BPEMEHHOW  JMHAMHUKH  OEperoBol  JHMHHUHU
MOJITBEPXKIAIOT, UTO B KazaxcTaHCKOM cekrope Kacnuiickoro mops B nepuoa ¢ 2000 mo 2025 roast
HaOJIOAAaeTCsl YCTOMYMBOE M TIOCIIEOBATEIIEHOE PACIIMPEHHUE TEPPUTOPUU 30H OCYIICHUS W
Tpanchopmanu npubpexHoil 3oHpl. C Hauanma XXI| Beka 3Ta TEHIEHIMS HMMEET YCTOMUMBBIN
XapakTep, OJHAKO HanOojiee WHTCHCHUBHBIC W3MEHEHHsS HAYMHAIOTCS BO BTOPOW ITOJIOBHHE
uccinenyemoro nepuoaa. Mmenno B nepuoxa ¢ 2005 mo 2010 roas! naHHAas TEHACHIUS UMEET SIPKO
BBIPQXKEHHBIM M PErPECCUPYIOMINI xapakTep. M3MeHeHus miomanei akBaTopu MOps, YCKOPEHUE
IpoIieccOB OOMENEHUsI U U3MEHEHUs! OEperoBoif JIMHUK yKa3bIBAIOT HA TO, YTO Hayanach aKTHBHAs
(daza Tpanchopmanun modepexbs. B maHHBIN TIepHoI MPOUCXOAIINE B MOPE HE3HAYMMBIC paHee
THJIPOJIOTUYECKHE TPOIECChl cefyac CTaHOBATCS MPUYMHOW 3HAUUTENBHBIX W3MEHEHHH B
MIOJIOKEHUN OEPEeTOBOM JINHUH.

ITo muenuto psima yuaensix (Ivkina et al., 2015; Yeltay, 2022), anurenbHoe CHUKEHHE YPOBHS
Kacnmiickoro Mopsi CBsi3aHO ¢ M3MEHEHHEM BOJHOTO OajaHca TOJ| BIMSHUEM KIMMATHYECKUX
(bakTOpOB W AaHTPONOreHHOH nesTenbHOCTH. IloBBIIEHHE TemmepaTypbl BO3/yXa YCHIIMBAET
WCTIApEHHE C TIOBEPXHOCTH BOJOEMA, YTO MPHUBOAUT K TMOTEPE 3HAYMTEIBHBIX OOBEMOB BOIIBI,
KOTOpbIE HE KOMIIEHCHPYIOTCSI HMPUTOKOM pPEYHOro cToka. Takke HEeoO0XOAWMO OTMETUTh, UTO
YMEHBIICHHE 00BEMOB TIOCTYIUICHHUS IPECHOM BOMBI U3 KPYITHBIX MPUTOKOB MOPSI, TAKUX KaK PEeKH
Kaitbik u Bonra, ycyry6nser neduuuT BOAHOTO OajlaHCa U CIIOCOOCTBYET IMPOLECCY PErpeccuu
nobepexbs. To ecTh, cOUueTaHWE YCHICHHOTO UCTIAPEHHS M COKPAIIEHHS] TTOBEPXHOCTHOTO MPUTOKA
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B KOHEYHOM MTOI'€ IPUBOAMT K JJOJITOCPOYHOMY IIOHUKEHHUIO YPOBHS MOPS B Ka3aXCTaHCKOM CEKTOpE
Kacnmiickoro mopsi.

Heo6x0a1Mo 0TAETBHO OTMETUTH TOT (DAKT, YTO MPOUCXOISIINE MTPOLECCHl OTCTYIUICHUS MOPS
MMEIOT HEPaBHOMEPHOE IPOCTPaHCTBEHHOE pachpereneHue. Haunbosee BblpakeHHbIE M3MEHEHUS
IIPOUCXOJAT B CEBEPHOM YacTH Ka3aXCTaHCKOIO MOOEpEekbsi U UMEHHO B 3TOM yYacTKE CMEILECHUE
rpaHulbl OeperoBoil JMHUM MPOUCXOAUT ObICTpee, YeM B Apyrux paiionax. Hamboree ysa3BUMBIM K
MOHMKEHUSIM YPOBHS MOPS JIEJIAeT 3TOT PETHOH COYETaHUE MEIKOBO/IbsI, OTKPHITON KOH(PUTypaluu
OeperoBoil 30HBI U 3aBUCHMOCTh YPOBHS MOpSi OT peyHoro mutaHus pekoi JKaiibik. Ilpomecc
CTPEMUTEIBHOIO 0OMEJIEHMSI IPUBOAUT K 00pa30BaHUIO HOBBIX YYaCTKOB CYILIHU, KOTOPbIE IIPUBOSAT
K IepecTpoiike MpUOPEKHBIX SKOCUCTEM CEBEPHOM YacTH Ka3axCTaHCKOro cekropa Kacmuiickoro
MOpA.

Curyanus B LEHTpaJIbHOM M FOKHOM 4YacTH Ka3zaxCTaHCKoOro cekropa Kacnwmiickoro mops
SBJIETCS CXOKEN C ceBepHOM yacThio. OJIHAKO JaHHBIE U3MEHEHUS HA JaHHbIII MOMEHT HE HUMEIOT
CTOJIb BBIPQKEHHOTO BIMSHUS Ha MPUOPEKHYIO SKOcHcTeMy. [1o TaHHBIM MOHMTOPHHTA BBHISBJICHO,
YTO B LIEHTPAJIBHON U FO’KHOM YacTU MOpSl B HU3MEHHBIX y4acTKax ¢ Majoi abCOJIFOTHOM BBICOTOM
penbeda HaOMI0AaeTCs CYIIECTBEHHOE YBETUUYCHHE IJIOMAAN OCYIIEHUS, TaK KaK B TAKUX y4acTKax
Jla’ke HeOOJIbIIOE CHUYKEHUE YPOBHSI BOJbI B MOPE BBI3bIBACT OOIIMPHOE OrosieHue AHa. Toraa kak B
BO3BBIIICHHBIX U CTPYKTYPHO YCTOMYMBBIX y4acTKaX IIEHTPATbHON U F0’KHOM YaCTH Ka3aXCTaHCKOTO
cexropa Kacnmiickoro Mopsi JaHHbBIE HM3MEHEHHUs IPOTEKAIOT MeEJIeHHee. B Takux ydacTkax
Ha0II0/1aeTCs COXpaHeHUe 001el TeHISHIINH Perpeccuu AJis Beeil Tepputopuu nodepexsns. Mexons
U3 3TOr0 HEOOXOIMMO IMOAYEPKHYTh, YTO COBPEMEHHBIE IpPOLECChl 0OMEIEHHUSI 00YyCIOBIEHBI HE
TOJIBKO KPYIMHOMACIITAOHBIMU KIMMATUYECKUMHU U TUAPOJIOTMUECKUMHU MPOIECCaMU, HO TaKKe U
BHYTPEHHEH HEOTHOPOJHOCTHIO TeOMOP(OIOrHUECKON CTPYKTYPHI pelibea BCero modepekpbs Mopsi.

CpaBHUTENBHBIN aHATU3 U3MEHEeHUs 1ooepexbs Mops 3a 1994 u 2025 roasl cBUIETENBCTBYET
0 HEpPaBHOMEPHOM XapakTepe Mpoliecca OCYLIEHHUs B CeBEpO-BOCTOUHOM yacTu Kacnuiickoro mopsi.
JIaHHBIA TpOLECC MOKHO OOBSICHUTH COBOKYMHOCTBIO KaK PETMOHANbHBIX, TaK M JIOKaJIbHBIX
(hakTOpOB.

CpaBHUTENBHBIN aHANN3 U3MeHeHUs mooepexbs 3a 1994 u 2025 rop! BbISIBIII, UTO Hanbosee
MaciTaOHble U3BMEHEHUS MPOoIecca OTCTYIUICHUsI MOPsI HaOmrogaroTes B paiione Mépteoro Kynryka,
rae obmias IIOmaab OCYIIEHHBIX TeppuTOpHii coctaBiser 12 529 km?. Ilpouecc obMeneHus u
OTCTYILJICHUSI MOPSI B JAHHOM CJTy4ae BBIXOJAMT 32 PAMKHU KpaTKOCPOYHBIX KOJIEOaHH, UTO TOBOPUT
0 TOM, 4TO B JAHHOM pailOHE MPOUCXOAMT J10JITOBPEMEHHAas! TeHICHIIUS CHUKEHUS YPOBHS MOpS, UTO
NPUBOANT K (OPMHUPOBAHUIO HOBBIX OOIIMPHBIX CYIIEBHIX TeppUTOpuidl. Bee 3T dakTopsl u
IIPOLIECCHI TPUBOJAT K CYIIECTBEHHOM MEPECTPOKE NPUPOAHBIX yciaoBHil. MlcXoas U3 3TOro MOXKHO
c/enaTh BBIBOJ O TOM, 4TO B pailoHe MéptBoro Kynryka npoucxonut riryookas TpaHcopmarus
o0epexbsl, COMPOBOXKIAOLIASICS U3MEHEHUEM COJIEBOTO PEXHMA U CTPYKTYPhI IOHHBIX OTJIOKEHHH.

B paiione IIpopBsl Takxke 3aMKCHUpOBaHbl BHICOKME 3HAUEHUS IUIOIIAIU OCYILIEHUS, JaHHOE
3HaueHue paBHO 3 872 kMm% M3MeHeHHe GeperoBoil 30HBI B JAHHOM Y4acTKE OTIMYAETCs OT paiioHa
MéptBoro KynTyka B mepByr odepeab TeM, YTO OCYLIEHHBbIE YYAacTKH pacrpeaeseHbl Oosee
¢bparmMeHTapHO. OTO yKa3blBaeT Ha BIMSHME U3MEHAIOLIEHCS TUAPOJAMHAMUKM U Ha
nepepacnpeseneHie 00bEmMa BOIbI.

Oco00 oxpaHsieMble TEPPUTOPUU TaKXkKe MOJIBEPKEHBI Mpoleccy oomeneHuss mops. Ha oco6o
OXpaHSAEMBIX MPUPOIHBIX TEPPUTOPHUAX TAKUX Kak pe3epBaT «AKkailblk» 1 HOBHHCKMI 3aKa3HUK
IJIOLIA/Ib OCYIIEHHBIX 3€MeNlb OTHOCUTEIBHO MEHBIIE MO0 CPAaBHEHHUIO C MPEIbIIYIIUMHU YIaCTKAMU,
TIOmAIh OCYIIEHHBIX TEPPUTOPHIL B pesepBate cocTapiseT 563 km?, B HoBuncKoM 3akasHuke 554
kM?. BenencTBie OCyIIeHHs TeppUTOPHH IUIOMAIM BOJHO-OONOTHBIX yroAWii B JAaHHBIX paioHax
3HAYUTENbHO COKpAILIaeTCs, YTO BIEYET NOCIEACTBHS KaK H3MEHEHHE (YHKIIMOHHUPOBAHUS
9KOCHCTEMBI, YCIOBUS 00UTaHus (aopsl U (ayHbI.

HaumeHnpnie 3HaueHus Tiomanu ocyurenus (13,8 xm?) BesBIeHBI B paifome CapsiTac.
[IpyuurHOM YCTOMYMBOCTH TAaHHOTO YYacTKa SBIISETCS COYETaHHE MOP(OIOTHIECKHUX 0COOCHHOCTEH
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penbeda U TOKAIBHBIX THAPOJOTHYECKUX YCIOBUH, KOTOPHIE CHIDKAIOT BO3JIEHCTBUE KOJICOAHHIA
YPOBHSI MODA.

Hcxons u3 MoslydeHHBIX JAaHHBIX M PE3YJIbTaTOB aHAINM3a B 1IEJIOM BBISIBICHHBIE U3MEHEHUS
CBHJIETEJILCTBYIOT 00 yCTOWYMBON TEHAECHIMH YBEIMUYEHUSI TUIOIAAEH OCYIIEHHBIX TEPPUTOPUI Ha
TEPPUTOPUN  Ka3axCTaHCKOro cekropa Kacnuiickoro wmops. JlanHble mpoueccsl TpeOyroT
JabHEUIIEero AeTalbHOI0 U3yYeHHs C IPUBJICYEHUEM TMIPOIOIMUECKUX U KIMMAaTHYECKUX JIaHHbIX.
[TonydyeHHbIE pe3yabTaThl UCCIAEAOBAHNUS CBUAETEILCTBYIOT O L€1€CO00Pa3HOCTH MCIOJb30BaHUS
COBPEMEHHBIX METOJIOB, TAKUX KaK JHUCTAaHLIMOHHOE 30HIUPOBaHHE 3e€MJIU, KaK OJJHOI'O U3 BAaXKHBIX
MHCTPYMEHTOB AaHAJIM3a JOJIIOCPOYHOM IIPOCTPAHCTBEHHO-BPEMEHHOM auHamuku Kacnuiickoro
MOpsl.

YCcTOWUYNBOE COKpAIllEHUE aKBaTOPUM Ka3axcTaHCKoro cekrtopa Kacnuiickoro Mops u
YBEJIMYEHUE OCYLICHHBIX TEPPUTOPUI MOATBEP)KIAETCS JNaHHBIMU MPEAbLIYIIUX HccienoBaHui. B
CEBEpPHOM YacTH MOpPS OTMEUEHbl HamOoJiee 3HAUYUTENbHbIE W3MEHEHHUS OCperoBO JIMHHUM, YTO
COBIIAJIAET C pe3yJibTaTaMU BU3yalln3aluu TpaHcopmaruu nodepexbs. CHUKEHUE YPOBHS MOPS U
ero BJIMSHHE Ha SKOCHCTEMY OTPakeHO B CIIyTHHKOBBIX HaOmoaenusx (Chen et al., 2023; Chen et
al., 2024). dparmenTapHOE pacnpe/ieieHIe OCYIICHHBIX Y4acTKOB B paifonax [IpopBsl cornacyercs
C pe3yabTaTaMu MccieoBanui apyrux yuensix (Saeidzadeh et al., 2025; Ivkina et al., 2015).

C yuéTOM BBIABIEHHBIX TEHJEHIMHA CTAHOBUTCS OYEBHJHBIM, 4YTO TpaHchopmanus
Ka3axCTaHCKOro cekTopa Kacnmuilckoro MoOpsi HOCUT CHUCTEMHBIM XapakTep U BO3MOXKHO, 3TH
nporecchl OyIyT MPOAOIKATHCS, €CJIM COXPAHATCS COBPEMEHHbIE KJIMMaTH4YeCKue yciaoBus. B atoit
CBSI3U CTAaHOBUTCS BCE 0oJiee aKTYaIbHOW HEOOXOJMMOCTh PEryJIIpHOrO MOHUTOPHHTA JHMHAMUKHU
YPOBHS MOpsi, aHAJIM3a TUAPOJOTUYECKOro OajlaHCa M OLEHKH SKOJOTHYECKUX MOCIEICTBUM IpH
YCIIOBUM JallbHEHIIEro COKpalleHusi akBaropuu Mopsa. HyxkHo oTmeruts, 4to Oyaymue
uccnenoBanus Kacnuiickoro Mops MOJDKHBI ObITh HaNpaBi€Hbl Ha YTOUYHEHHE MEXaHH3MOB,
OKa3bIBAIOLINX BJIMSHHE Ha OTCTYIUIEHHE Mops. Takke ocoOyro BaXHOCTh ceiiuac M B Oyayiiem
UMEIOT Pa3paboTKU MOJIXOAOB K aJanTallMd MPUPOAHBIX U COLHAIBHO-PKOHOMUYECKHX CHUCTEM K
CTPEMUTEIBHO MEHSIOUIUMCSI YCIIOBHUSIM.

B panHuX uccnenoBaHMAX ykKe ObUIO CKa3aHO O COKpallleHHMM BOJHOTO 3epKana Mops U
(GbOopMHpPOBaHUE MEJIKOBOJHBIX 30H, COJOHYAKOB M ITYCTBIHHBIX YYacTKOB BEIET K JAerpajaluu
€CTECTBEHHBIX MECTOOOUTAHHI BOJOIMIABAIOIIUX MTHUL, PIO U BOJHO-O0JIOTHBIX OpraHu3MoB. Tak,
MOMYJIAIUS KacUHUCKUX TrojieHel (Pusa caspica) 3a cronerne cokparuiach npumepro Ha 90 %, uto
CBSI3aHO C Jierpajanueil cpeiapl OOMTaHUs, 3arps3HEHHEM M YTpaTod NPHUOPEKHBIX YYaCTKOB
(Morozov et al., 2009). CHkeHIE YUCIIEHHOCTH BEPXHUX XUIITHUKOB, TAKUX KaK TIOJICHHU, IPUBOIUT
K HapyLIEHHUIO MULIEBBIX ceTel U nucOanaHcy nmomyasuuil pei6. JlonogHUTENbHO MaJjeHue YpOBHS
Kacnuiickoro Mopst yMeHbIIAeT MPUTOIHBIE AJI PA3MHOXKEHUS TIOJICHEH yYacTKU Ha 3HAYUTEIbHbIE
IUTOMIA/M, YTO yCHIIMBAeT yrpo3y ux coxpanenuto (Court et al., 2025). [lerpamanust nmpuOpexKHbIX
JaryH U 3apocieil TPOCTHUKA TakkKe CHUXKAeT JOCTYNHbIE MecTa HepecTa JUlsl ppl0 M BIUSET Ha
MUTPaIMOHHbIE MAPIIPYTHI MTHULL, a TAKXKE APyrue OMOTHYECKHE KOMITOHEHTHI.

Ha yuactkax [IpopBa u MeptBbiit Kyntyk HaOnrogaercs norepst 3HaUUTEIbHO YaCTH OMOTOIIOB,
YTO BEJIET K CHIDKEHUIO OHMOpa3HOOOpa3us M YMEHBIIEHMIO YHCIEHHOCTH OTAENbHBIX BHJIOB. B
CeBEpHON YacTH Ka3axCTAaHCKOTO CEKTOpa, IJe OCyIIeHHe HalOlogaeTcs Hanbojee MHTEHCHUBHOE,
Jerpaianns 5KOCUCTEMBI COITPOBOXK/IAETCS N3MEHEHUEM COJIEBOTO PEKHMMA ITOYB U BOBI.

B ceBepHOll YacTH Ka3aXCTAaHCKOTO CEKTOpa TaK)Ke 3aMEUYEHbl IEPECTpOMKa CTPYKTYpbI
JOHHBIX OTJIO)KEHUH. B 1eHTpanbHON M I0KHOM dYacTu MOOepexbs MpOIecChl JAerpanaluu
MPOSIBIISIIOTCS MeJUJIEHHEE, OJTHAKO JAaXKe 3/1eCh HAOII0AaeTCs OTOJIEHUs THA U (POPMUPOBAHMS HOBBIX
CYLIEBBIX Y4acTKOB. JlaHHBIE MpOIlECCHl HEraTUBHO OTPAXKAIOTCSA HA YCIOBUM OOMTAaHMM MECTHOMN
¢nopsl 1 paynsl. Ocobo oxpaHsemble TeppuTopur HOBHHCKMIA 3aKa3HUK U pe3epBaT «AKKaNBIK»
TaK)X€ HCHBITHIBAIOT BIUSHUE ocylleHus. Ha maHHBIX TeppuUTOpHAX HAOIIOAAETCS COKpalleHHe
BOJIHO-0OJIOTHBIX YrOAMi, TpaHchopMalys MPUOPEKHBIX OMOTOMOB M POCT COJIOHUAKOB. Bee 310 B
KOMIIIEKCE MOXKET OKa3bIBaTh JOJIFOCPOYHOE BO3ACHCTBUE HA BOAOIUIABAIOUINX MTHUL], PENTWINN U
MEJKUX BOJHBIX OpPraHW3MOB. JIONOJIHUTENBHO HYKHO OTMETHTb, YTO COKpallleHHE IUIONIaan
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MEJIKOBOJIMH M HEPECTOBBIX 30H OKA3bIBAECT HETATHBHOE BIMSHUE HA TOIMYJSALHUIO OCETPOBBIX PHIO
Kacnmiickoro Mopsi, YMCIIEHHOCTh KOTOPBIX B TOCJIEIHUE JCCATUICTHS CYIIECTBEHHO COKpaTHIIAch
(Murvatova et al.,, 2025). Cpenu NpOMBICIOBBIX BHUJOB, TaKHX KaK KWJIbKA, (UKCUPYETCS
COKpaIIeHHUE OIS 10J BIMSIEHHEM aHTPOIIOTEHHBIX CTPECCOPOB, BKIIOYAsi H3MEHEHHE YPOBHS
Mmops u 3arpsisaenue (Bodini et al., 2024).

Takum 00pa3oM, MPOCTPAHCTBEHHO-BPEMEHHBIE M3MEHEHHs OEperoBOH JMHUM MPUBOIAT K
CHCTEMHOHN TpaHC(hOpMaIK KOCUCTEMBI Ka3axcTaHCKoro cekropa Kacmuiickoro mops. K takum
MOYXHO OTHECTHU: HapyIICHHE THAPOIOTHIECKOTO M COJIEBOTO OajlaHca, CHIKEHUE OMOpa3Ho00pa3us
Y U3MEHEHHUE MPUPOTHBIX MPOIECCOB.

5. 3akioueHune

Pe3ynbprarhl uccnenoBaHus U BBINOJHEHHBIN aHAJIN3 CBUIETEIBCTBYIOT O TOM, YTO C Hayaia
XX| Beka MPOUCXOAUT YCTOMYMBOE UM 3HAYMUTEIIBHOE COKpAIlleHHWE TUIOMIAU aKBATOPUU
KazaxctaHckoro cekropa Kacnuiickoro mops. He3aBUCHMMO OT JOKaldbHBIX M PErHOHAIBHBIX
0cOOEHHOCTEH, BCE HCCICIOBAHHBIE YYAaCTKH M pAlOHBl IOKA3bIBAIOT IMPOTPECCUPYIOIIEe
yBEJIIMYEHHE OCYIIEHHBIX Tepputopuid. Ilpomecchl u3MeHeHUS NPUOPEKHBIX 30H U OCYILICHUS
TEPPUTOPUN BEAYT K JETpajaluyd TNPUOPESKHBIX 30H W HCYC3HOBEHHIO MECTOOOMTAHWH IS
MpeJICTaBUTENIe MHOXKECTBa BHUJIOB oOuTaTenell mpuOpekHbIX 3KocucTeM. Oco0oe BHHMaHUE
HEOOXOAMMO YACTUTh TOMY, YTO BBISBICHHAS WHTCHCH(UKAIUS MPOIECCOB 3a TIOCIEAHNE
JECSITUIICTUSI CBUJICTEILCTBYET O TOM, YTO YCHJICHHE 3HAYMMBIX (DAaKTOPOB HANPSMYIO BIUSET Ha
of1iee cHIKEHUE YpoBHS MOpsi. CpaBHHUTENBHBIN aHAIH3 JAHHBIX JUCTAHIIMOHHOTO 30HAMPOBAHUS
3emi Jan BO3MOXKHOCTb OINPEIEIUTh JIOJTOCPOYHBIE H3MEHEHUS OCYIIEHHBIX TEPPUTOPUIA
KazaxcraHckoro cekropa Kacrmmiickoro mopst B mepuon ¢ 1994 mo 2025 roxmel. [lo nmaHHBIM
MOHHUTOPHHra OBLIO BBIABIEHO, YTO Hambosee maciuTabHble TpaHchopmanuu OEperoBoOil JTMHUU
npousonun B panioHax Meépteii Kynrtyk wm IlpopBa. Ha Tepputropusix npHpoaoOOXpaHHBIX
KOMILIEKCOB pe3epBara «AKxkaiblk» 1 HOBUHCKMI 3aKa3HMK IUIOLIAAM OCYIIEHHBIX TEPPUTOPUIA
uaeHTHYHH B npenenax 500 km?. Hanbonee crabumbHas cuTyanus Habmogaercs B paifone Capairac,
r7ie HaOM01aeTCsl MUHUMAIbHAS TUTOIIA/(b OCYIICHHUS.

B kazaxcranckom cektope Kacnuiickoro Mops 5TH TEHACHIMH OTPAXaloT OOIIre
TpaHCTPaHUYHBIE MPOIIECCHI: COKPAIICHHE YHCIEHHOCTH KIIIOUEBBIX BHJIOB, yTpara MPHOPEKHBIX
HKOCHCTEM U POCT 3KOJOTUYECKOTO JaBICHHUS.

Pe3ynbratel wuccnenoBaHus TMOATBEPkAAOT A(P(HEKTUBHOCTH METOOB JAHUCTAHIMOHHOTO
30HIMPOBAHUS 3€MJIH JIJIT MOHUTOPUHTA IPOCTPAHCTBEHHON U BPEMEHHOMN TMHAMUKHU MTPUOPEIKHBIX
skocucteM Kacnuiickoro mops. Mcnons30BaHue B UCCAEA0OBAHUU BBICOKOAETAIBHBIX CITYTHUKOBBIX
JAHHBIX TO3BOJIMJIO HE TOJBKO BHU3YaIM3UPOBaTh MaclITad M3MEHEHHH, HO U KOJINYECTBEHHO
OLICHUTH CKOPOCThH perpeccuu Mops. [lomydeHHbIe TaHHBIE HCCIEA0BaHUS B OyIyIleM MOTYT CTaTh
OCHOBOM 1711 OLIEHKHM 3KOJOTMYECKOI'0 COCTOSIHUS TEPPUTOPHUH, MPOTHO3UPOBAHUS W3MEHEHUH U
MJIAHUPOBAHUS TPUPOJOOXPAHHBIX MEPOIIPUATUIN B TPUKACTIMIICKOM PETUOHE.

N3menenns OeperoBoii 30HBI BJIEKYT 3a CO00W TpaHCPOpPMANMIO TPUPOIHBIX YCIOBHH.
BcnenctBue 3Toro u3aMeHeHus 3aTparuBaloT QyHKIMOHUPOBAHUE SKOCUCTEM U TEM CaMbIM CO3/1aéT
HOBBIC BBI3OBBI ISl MIPUpOAONONb30BaHusa. ChopMupoBaHHBIE 3a MOCIEAHHE 25 JIET OCYyIICHHBIC
TEPPUTOPUU M HOBBIE OEperoBble TPAHUIIBI CTAHOBATCS BAXHBIM DJIIEMEHTOM COBPEMEHHOM
CTPYKTYpHI TOOEPEXbsi, U O€3yCIOBHO, TPEOYIOT BHUMAaHUS MPU JABHEUIINX OLIEHKaX COCTOSHUS
pernoHa. MacmTaObl npou3omIEeAMNX MpeoOpa3oBaHUl B NPUOPEKHOW 30HE 3a MOCIEIHHE
JEeCSITUIIETUST B OYAyIIEeM OINPEAeNsioT TPACKTOPHIO OYAYyIIMX WCCIEeNOBaHUM, YKa3blBas Ha
aKTYaJIbHOCTh M 3HAYMMOCTD 337291 PA3BUTHS U3YUCHUS OCYIIEHHBIX TEPPUTOPHUI U MX BIUSHUS HA
OKPY’KAIOILYIO CpENy.

6. BcmomorareabHbIii MaTepuaJjJ: HET BCIIOMOT'aTCIIbHOI'O MaT€puaa.
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Kacnuii TeHisiHiH Ka3aKCTaH CeKTOPBIHBIH JKarajiay ChbI3bIFbIHBIH O3IepYiH
sKepAi KalIbIKTBIKTAH 30HATAY [epPeKTepiHe Heri3aesireH Tajjay :KoHe Oy
o3repicTepaiH KarajbIK aliMaK IKOoKyHeciHe dcepi

Cepuxk AxmetoB, Imutpunii Masaxos

Anpaarna. Conrbl oHXbpULIBIKTapAa Kazakcran cextopbinaarsl Kacnuil TeHi31HIH KaFaiay ChI3bIFbI
TEHI3 JIeHreliHIH aybITKyJapblHa OailaHBICTHI OapFaH cailblH ailTapiblKTail e3repicTepre yuiblpar
otelp. Heri3ri acep eretin gaxkTopiaap TaOUFH *KoHE aHTPOIOTeHIIK OOJIBIN TaObUIa bl bapiblK ochl
e3repicTep peciyOJMKaHbIH OaThIC aliMaFbIHBIH JKarajlay dKoXyileciHe eneynmi acep erenl. TeHi3
JIeHI'eHiHIH aybITKYJIaphl, ©3€H/IEp aFbICHIHBIH PEXXUMI MEH KOJIEMiHIH e3repyi, COHAal-aK aJaMHbIH
IapyanibUIbIK ocepl CyJbI-0aTMaKThl XKEPJIEePAIH AeTpaJalusachiHa, TEHI3 Cy OCTIHIH KOeJEeMIHIH
KbICKapyblHa ceOen Oomansl. bapnblk ockl  dakToprnap karanay penbediHiH KYphUIBIMBIH
Tpanchopmarusmayra ocep eremi. KaszakcraH cektopelHAarsl Kacmuii  TEHI3IHIH Karaiay
CBI3BIFBIHBIH 03repyiH 3eprrey ymin MODIS, Landsat »xone Sentinel-2 kambIkThIKTaH 30HATAY
nepekrepl KonnaHbUiAbl. KochbIMIa KEHICTIKTIK TajJayAbl >KaH-KaKThl JKYPri3y VIIIH HETi3ri
yJyackenep/ie IpoHaapAbl Naiaanany apKbUIbl JajalblK Oakbuiayaap YHbIMIACTBIPBUIIbI.

Exi 3eprTey omiciH KemeH Al maiaanany SKOKYHEeHIH KeHICTIK-YaKbITTBIK ©3Tepy TeHICHIINsIIAPhIH
aHBIKTayFa MYMKIHIIK Oepai. AnbiaraH HoTmkenep OoibiHma 2000 sxpuiman 2025 sxputra neitin
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TEHI3/IiH XAkl ¢y aaHbl 16 834 mapuibl KM-Te OeiiiH KbICKapFaH JIeT TYXKBIPBIM KacayFra 00J1a Ibl.
Kanansik alimakTeiH e3repictepi Kazakcran cekTopeiHaarbl Kacnuii TeHI31HIH COJNTYCTIK OoiriHae
eH KaTThl Oaiikamanbl. baxpimay nepekrtepi OoiipiHma Ilemmnas, Ilpopsa, Mépteeiii Kynryk,
HoBUHCKHI KOPBIKIIACH! KoHE «AKXKANBIK» PE3epPBAThIHBIH yYacKEJIepiHe Tas3 CyJbl aliMakTap,
TY31bl JKa3bIKTAp JKOHE INONIIK JaHmmadTrap KajabllTaCaThlHBl AWKBIHIANABL. MyHai
ayMakTapAblH ©3repyl opTypJll OpraHu3MAep TYpJepiHIH TaOUFH MEKEHJIEY OpPBIHIAPhIHBIH
KBICKapybIHA JKOHE DSKOXYWEHIH eNeyil JerpalaluschblHa albll Keneni. Tangay skoHe Oaranay
HOTWIKEJIEepl Ka3zakcTaHAbIK Kacmuii TeHI31HIH CEeKTOpbhl MeH OapiblK jkarajgay alMarbIHBIH
IKOXKYHENepiHiH ©3repiCiHiH JKyWeni cumarra ekeHuirin kepceremi. Ocburaiiiiia KarayibIK
OWoTONTap/Abl CaKTay >KOHE KaJMbIHA KEITIPY CTpaTErHsUIapbIH Kacay, THIPOJOTHUSIIBIK OaJaHCThI
Oarayay jKoHE TYPaKThl 0aKbUTAYABIH KaXKETTUIITHIH ©3CKTUTIr aTan KepceTiIe .

Tyiiin ce3mep: kambikThikTan 30HaTay; MODIS; Landsat; Sentinel-2; »xaranaynaslk aiimMakTapabl
OakpLIay; SKOXKYIe.

Analysis of shoreline changes in the Kazakh Sector of the Caspian Sea based on
remote sensing data in the context of their impact on the coastal zone ecosystem.

Serik Akhmetov, Dmitry Malakhov

Abstract. In recent decades, the coastline of the Kazakh sector of the Caspian Sea has undergone
significant changes caused by fluctuations in sea level under the influence of natural and
anthropogenic factors. These processes have had a considerable impact on the coastal ecosystems of
western Kazakhstan, leading to wetland degradation, reduction of the sea surface area, and
transformations of the coastal relief. To analyze changes in the shoreline of the Kazakh sector of the
Caspian Sea, remote sensing data from MODIS, Landsat, and Sentinel-2 were used. In addition, field
observations were carried out in key areas using drones to obtain detailed spatial information.

The combined use of satellite data and field observations made it possible to identify spatial and
temporal trends in ecosystem transformation. The results show that between 2000 and 2025, the total
sea surface area decreased to 16,834 kmz, with the most significant coastal changes observed in the
northern part of the Kazakh sector of the Caspian Sea. According to the observations, shallow water
zones, salt marshes, and desert landscapes are forming in areas such as Peshnoy, Prorva, Mertvyy
Kultuk, the Novinsky Nature Reserve, and the “Akzhayik” State Nature Reserve. These
transformations lead to a reduction of natural habitats for many species and noticeable ecosystem
degradation. The results highlight the systemic nature of ecosystem transformations in the Kazakh
sector of the Caspian Sea and emphasize the importance of regular monitoring, assessment of the
hydrological balance, and development of measures for conservation and restoration of coastal
ecosystems.

Keywords: remote sensing; MODIS; Landsat; Sentinel-2; coastal zone monitoring; ecosystem.
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Abstract. One of the current issues of atmospheric pollution is particulate
matter (PM). PM can be of both natural and anthropogenic origin. This
review summarizes the current concepts of PM, as well as approaches to
their classification and toxicological properties. The most significant and
dangerous for the environment are particles with aerodynamic sizes of 2.5
and 10 micrometers (PM2s and PM1o). The main sources of PM include
construction, mining, fuel and energy enterprises, as well as road
transport. The article provides a comparative analysis of the current
environmental standards for PMg2si1o in Kazakhstan, the Russian
Federation, the EU, China, and the USA. In the EU, China, and the USA,
there are no single maximum permissible concentration (MPC) limits for
PM2s, as is the case in the Russian Federation and Kazakhstan. However,
the EU and USA have stricter average daily and annual MPC limits for
PM2s.10. Analysis of data on the continuous exposure to PM2s.10 in the
EU, China, and the USA has allowed us to identify the main risk groups
associated with an increased risk of cardiovascular and respiratory
diseases, as well as mortality. The complexity in assessing the toxic
effects of PM2s.10 stems from the significant variability and instability in
their chemical composition, morphology, and dispersion properties. The
main strategy for managing risks and improving public health outcomes
is to reduce levels of PM2s.10 pollution. In Kazakhstan, government
measures to monitor and control the concentration of PM aim to reduce
air pollution, but they have not been sufficiently effective in addressing
public health risks.

Keywords: atmospheric air; particulate matter;
toxicological assessment; regulation; health risks.

PMzs;  PMuo;

1. Introduction
Atmospheric air is one of the main and vital components of the
environment. Over the past decades, suspended particles (abbreviated as
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particulate matter, or PM) have come to the forefront, which are one of the six most significant criteria
for air pollutants according to the Environmental Protection Agency (EPA) definition (Particulate
Matter (PM) Pollution, 2024). The largest contributors to air pollution by PM are agriculture, energy,
transportation, industry, commercial sectors, and waste disposal, as well as burning solid fuels for
municipal purposes, and even tobacco smoke (Strelyaeva et al., 2014; Putaud et al., 2010; Li et al.,
2015). PM is a widespread air pollutant that includes a mixture of organic and inorganic substances,
with a wide range of spatial and temporal variations in their physical and chemical properties (Khan
et al., 2010; Jiang et al., 2018; Kumar et al., 2025). The air pollution caused by suspended particles
has many complex consequences for the environment and public health. If other pollutants are
identified by their chemical composition, PM is a general term for all suspended particles in the air,
regardless of their molecular composition. Due to their small size and weight, PM can be carried by
wind over considerable distances and deposited on Earth's surface or in reservoirs (Khan et al., 2010;
Jiang et al., 2018; Kumar et al., 2025; Finlayson-Pitts et al., 2025; Seinfeld et al., 2006). Adverse
effects on public health and biota from suspended particles are associated with their aerodynamic
size, which determines their migratory and penetrating abilities (Pavlik et al., 2012; Kim et al., 2015;
Magnani et al., 2016; Rajper et al., 2018; Fatkhutdinova et al., 2021; Pu et al., 2022). The greatest
danger to the biosphere is represented by PMy s particles (Khan et al., 2010; Strelyaeva et al., 2014;
Kumar et al., 2025).

A significant number of studies have been conducted to investigate the influence of
meteorological factors on particle migration (Katsouyanni et al., 2001; Li et al., 2015; Cao et al.,
2013; Xu et al, 2017; Jiang et al., 2018) and the influence of PM size on cumulative effects
(\Valavanidis et al., 2010; Khan et al., 2010; Jiang et al., 2018; Kumar et al., 2025). Also, in literature,
there are studies on the impact of particulate matter on urban air pollution and its negative impact on
public health, flora, fauna and soil (Xu et al., 2017; Zagorodnov et al., 2018; World health statistics,
2018; Valavanidis et al., 2010; Anderson et al., 2012; Zheng et al., 2015; Bennett et al., 2019;
Tokbergenov et al., 2022; Ghobakhloo et al., 2023; Ning et al., 2024; Kumar et al., 2025; Reli¢ et al.,
2023; Liu et al.,2019; Liu et al., 2022; Li et al., 2015). Numerous PM studies have been conducted in
cities in China, Europe and the United States.

In this aspect, the purpose of the review is to summarize knowledge about PM in terms of its
origin, physicochemical and toxicological properties, classification, problems of environmental
standards and assessment of public health effects. The review also includes research data from
Kazakhstan and other countries of the Commonwealth of Independent States (CIS).

2. Current concepts and toxicological effects of particle matter

The descriptive review was carried out in accordance with the recommendations of PRISMA
(Matthew et al., 2021). The research was carried out in the spring and summer of 2025 in English and
Russian independently by two people in the databases PubMed, Scopus, Google Scholar, and the
library without limitation of the publication period. The search used keywords related to the subject
of the study — "suspended particles” or "particulate matter” (PM) and atmospheric air pollution by
PM, and morbidity of the population due to air pollution by PM. In addition, the literature lists of
publications selected for a descriptive review were also reviewed.

2.1. The concept of "PM" and its classification

The term "suspended particles" refers to solid or liquid substances dispersed in the gas phase.
To denote them in short form, the abbreviation "PM" is used — a derivative of the English phrase
"particulate matter”. As a rule, in meteorology, atmospheric physics and chemical ecology, PM
mainly refers to solid particles (Anderson et al., 2012; Putaud et al., 2010; Ghobakhloo et al., 2023).
PM is formed as a result of various processes such as grinding, condensation and drying of solutions,
for example, marine dust, as well as chemical reactions. These particles become suspended under the
influence of air or gas flows and form what we commonly call "particulate matter” (Strelyaeva et al.,
2014).
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For the purposes of air quality regulation, PM is determined by their degree of dispersion,
namely their aerodynamic size. Anthropogenic gas emissions include solid particles ranging in size
from 0.5 to 200 microns.

Table 1 shows the main differences between PM in a number of characteristics, for example,
origin, size, shape and method of generation.

Table 1. Classifications of PM

Criteria | Name | Examples
By origin (Ghobakhloo et al., 2023)
Natural Natural PM Sandstorms, rock weathering, volcanic activity,

evaporation from the surfaces of seas and oceans, soil
erosion, forest fires, steppe fires and peat fires, dust-
like substances of plant origin, plant pollen,
microorganisms and fungal spores

Acrtificial Man-made PM Emissions from fuel combustion, fuel and energy
complex, transport, during road and construction
work, mining, production of building materials, and

smelting
Primary Primary PM They directly enter the air from both natural and man-
made sources
Secondary Secondary PM Already formed in the atmosphere as a result of

chemical transformations of gaseous substances: SO,
NOx, NHs, volatile organic compounds (VOC).
Basically, secondary PM is of anthropogenic origin
By size (Seinfeld et al., 2006; Putaud et al., 2010)

Finely dispersed Finely dispersed, smoke particles, soot particles, smog
(d < 0.25 microns) submicron aerosols
Medium - dispersed Microscopic smoke particles, soot particles
(0.25 microns < d < 10 aerosols
microns)
Coarse- dispersed Giant aerosols dust storms
(d > 10 microns)
Isometric Spherical soot
and silica particles
Fibrous Chained asbestos, glass, metal and vegetable dust
By the generation way (Ivlev et al., 2000)
Dispersional Dispersional They are formed as a result of the mechanical

dispersion of solids and the subsequent dispersion of
fine particles in the air. As a rule, such particles have
a relatively large size (> 10 microns) and an irregular
shape.

Condensation Condensation They are formed during the combustion or
sublimation of substances (particles of soot, for
example), as well as a result of photochemical
reactions in the atmosphere. As a rule, these are fine
particles with a diameter of < 0.25 microns.

The most important property of PM is the high specific surface area of the dispersed phase,
reaching hundreds of square meters per gram of dispersed substance, and a significant amount of time
spent in the air (Spurny et al., 1964). PM with a diameter ranging from 1 to 10 microns can remain
airborne for several days. The hover time for particles smaller than 1 micron is 10 to 20 days. PMs
smaller than 0.1 micron do not precipitate at all because their speed of Brownian motion is faster than
the rate of deposition (Spurny et al., 1964).
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When it comes to solid particles, the number to the right of PM indicates the aerodynamic
diameter in microns. The concentration of PM is usually determined in weight, i.e., the number of
micrograms per cubic meter (ug/m?). So, depending on aerodynamic size, PM can be conventionally
divided into two categories: coarse dust (particles less than 10 um) and fine dust (particles smaller
than 2.5 um) (Valavanidis et al., 2010). Also, according to the technical definition, PM2 5 is included
in PM1o (which covers all particles less than 10 microns in diameter).

To make it clear, these dimensions are much smaller than a human hair (Figure 1).

@ PM25
Combustion particles, organic compounds, metals, etc.
<2.5ym (microns)in diameter

PM 10
O Dust, pollen, mold, etc.
<10ym (microns)in diameter

Human hair
50-70ym(microns)in diameter

90ym (microns)in diameter
Fine beach sand

Figure 1. Dimensions of PM2sand PMzg

In addition to coarse and fine dust, when discussing PM, one may encounter references to the
smallest ultrafine dust (PMz1, PMo 1, etc.), which has an aerodynamic diameter of 1 micron or less.
PMO.1 is referred to as a nanoparticle. Particles less than 10 microns in size have the greatest
environmental significance, as they are virtually not captured by common industrial cyclones. Unlike
larger particles, which are captured up to 90-95% (Fatkhutdinova et al., 2021). It is these fine particles
that easily penetrate into the lowest parts of the lungs with inhaled air and have a negative impact on
human health.

2.2. Sources of PM entering the atmosphere

PM can have both natural and anthropogenic origins (Table 1). There are many natural sources
of PM pollution, including dust storms, forest fires, wind erosion, sea spray and even plant pollen
(Seinfeld et al., 2006; Ivlev, 1982; Friedlander, 2000; Ivlev, 2013; Brines et al., 2015). Thus, smoke
from forest fires contains a lot of solid particles, mainly PM2 s (Strelyaeva et al., 2014; Ghobakhloo
et al., 2023). In large areas of the arid zones of Asia and Africa, droughts and intensive exploitation
of pastures lead to a reduction in vegetation cover and the removal of dust particles from it. As a
result of sand and dust storms, dust can rise high into the atmosphere and travel long distances, often
moving even across oceans. Such storms annually transport an average of half a billion tons of
minerals and nutrients to the oceans, which, when coming from the atmosphere, can affect primary
production in the ocean, including coastal areas. This process triggers biogeochemical cycles in the
oceans, including circulation of carbon, nitrogen, sulfur, phosphorus, and silicon (lvlev, 1982;
Finlayson-Pitts and Pitts, 2000). In some parts of Africa and the Middle East, most of the particle
pollution is caused by dust brought in from arid areas (Ivlev, 1982). In Russian cities located in the
Asian part of the country, air pollution caused by microparticles comes from transporting air masses
from deserts in Africa and Asia (Varenik et al., 2021)

The most significant contribution to the atmospheric pollution of modern cities is made by
emissions from motor vehicles and power plants. Also, sources of PM entering the urban atmosphere
include the construction industry (production of cement, ceramics, bricks), the metallurgical industry,
and the transshipment of bulk cargo (Harrison et al., 2001; Khan et al., 2010; Crilley et al., 2017; Hao
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et al., 2019; Ghobakhloo et al., 2023). The machine-building enterprises release significant amounts
of dust in areas where materials are mechanically processed, welded and cut. At ferrous metallurgical
enterprises, sintering, foundries, blast furnaces, steelmaking, and rolling are the main sources of dust
emissions. In mining operations, the most dust is produced during ore transportation, drying, and
flotation. The production of building materials such as mortars, concrete, and hollow slabs also emits
dust during preparation and storage in open warehouses (Zagorodnov, 2018). In emissions from
machine-building enterprises, the content of fine particles of PM2sand PM1o was 13% and 40%;
ferrous metallurgy was 79% and 84%; non-ferrous metallurgy 43% and 98%; mining industry 21%
and 59%, respectively (Zagorodnov, 2018).

In 2023, industrial combustion was the main source of PM emissions in the United Kingdom
(UK). Emissions from industrial processes and product use accounted for 16% of total PM2s
emissions and 38% of all PMz1o emissions. Road transport accounted for 21% and 18%, respectively,
of PM2s (Emissions of air pollutants, 2025).

Studies of the concentration and spatial distribution of PM in Belarus have shown that industrial
production, household sector, and road transport are the main contributors to the formation of high
concentrations of PMyo halos in atmospheric air (Kakareka et al., 2021). At the same time, the highest
concentrations of PM2s and PMo1 are formed near roads, particularly road sides and traffic
intersections (Kumar et al., 2020).

Air pollution in Kazakhstan is caused by various factors and poses a serious threat to public
health. The atmospheric air in many cities of Kazakhstan is polluted due to the following main
reasons: extraction and processing of mineral resources, oil and gas extraction, operation of motor
vehicles, and emissions from industrial enterprises (Kenessary et al., 2019).

Almaty is one of the most polluted cities in Kazakhstan and Central Asia. The average winter
concentration of PM2s in Almaty is 94.0 micrograms per cubic meter (Tursumbayeva et al., 2022).
In 2024, in Almaty, the total volume of pollutants emitted into the atmosphere from stationary sources
was 189 thousand tons. Of this, 60% was accounted for by motor vehicles, 27.5% by industrial
enterprises, and 11% by housing and the private sector. The remaining 0.74%, or 0.076%, was emitted
by stationary sources of small and medium-sized businesses and construction facilities. The average
annual concentration of PM2swas 24.1 micrograms per cubic meter, which was 4.8 times higher than
the WHO norm (Kurmangazinova, 2025).

In 2016, WHO published a report on the content of PM1o and PM2 s in atmospheric air in 2975
cities around the world. The report WHO indicates that the quality of atmospheric air is dependent
on the socio-economic status of a country. Concentrations of suspended particles were significantly
higher in cities in the Asian region (India, Pakistan, Afghanistan, China and Mongolia) and in the
Eastern Mediterranean region (World health statistics, 2018).

2.3. Toxicological characteristics of PM and their effect on public health

Unlike the well-studied gaseous pollutants of atmospheric air, PM have such special properties
that are determined by the course of physicochemical processes in the atmosphere. As for PM2s and
PM1o, primary and secondary particles are isolated. Primary particles enter the air ready-made, and
secondary particles form directly in the air as a result of various chemical reactions. Most PM2 s and
PMyo particles are sorbents that can adsorb toxic compounds, leading to particles with harmful
additives. The World Health Organization (WHO) classified PM as a priority air pollutant, along with
nitrogen oxides, ozone, sulfur oxides, formaldehyde, and polycyclic aromatic hydrocarbon (World
health statistics, 2018).

The suspended particles have a high specific surface area. The most common chemical
components of particulate matter (PM) include inorganic anions (such as sulfates, nitrates, and
chlorides), cations (like sodium, potassium, calcium, and magnesium), organic and elemental carbon,
ammonia, minerals from the Earth's crust, soot particles, rubber, sand, asphalt, water particles, the
smallest droplets of liquid (also known as aerosol pollution), and heavy metals and their compounds
(Crilley et al., 2017; Kumar et al., 2020). PM may also contain biological components such as
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microorganisms (mold spores, bacteria, and dust mites), microbial waste products, and pollen. It is
worth noting that most of these components are allergens (Kumar et al., 2020; Khan et al., 2010).

The diversity of the chemical composition and size of PM, as well as the unpredictability of
physicochemical processes on their surfaces, is the reason for difficulties encountered in assessing
toxicity of suspended particles. The toxicological assessment of PM2s and PMzg involves numerous
mechanisms, such as inflammatory processes and oxidative stress. This condition is a problem in the
study of the effects of PM2s and PM1g on humans and the environment. Besides, it is due to the
considerable time spent in the air, which can be from several hours to several days or more. As for
PM; and PMo., there is still no clear understanding of their short- and long-term effects on public
health.

As a result of numerous studies conducted over the past decades worldwide on the negative
effects of suspended particles on public health, it has been statistically reliably established that their
toxicity is determined by both their chemical composition and aerodynamic dimensions (Anderson
et al., 2012; Fatkhutdinova et al., 2021; Xu et al., 2017). PM1o and PM_ s particles are considered to
be respiratory, as their diameter allows them to enter the thoracic part of the human respiratory system
and then the bloodstream (Pope, 2000; Pope et al., 2006). The depth of penetration of PM into the
lungs depends on the aerodynamic size of particles (Anderson et al., 2012; Kumar et al., 2025). Thus,
PMyo and PM2 s are the most important health risk factors for respiratory and cardiovascular diseases
and exhibit the highest biological activity. However, obtaining sufficient material for in vitro and in
vivo toxicological studies is a difficult task.

Due to their extremely small size, PM1o and PM2s not only are not retained by natural biological
barriers when inhaled, and pass into the bloodstream, but they can also accumulate in the body,
triggering various unpleasant health-related consequences (Feng et al., 2016). In 2013, WHO
classified fine particulate matter, PM1o and PMzs, as carcinogens in the first group (World health
statistics, 2018). According to the results of epidemiological, clinical and experimental studies, air
pollution with PM, especially those containing metals, has been confirmed to be a risk factor for
cancer of the trachea, bronchi, and lungs. Damage to the epithelial cell genome and epigenetic
changes caused by PMz1o and PM2 s play an important role in the pathogenesis of cancer.

The negative effects of respiratory particulate matter (PM) are manifested both in short-term
exposure (from a few hours to a few days) and in long-term or chronic exposure (over several months
to years). According to WHO estimates (World health statistics, 2018), an increase in PMio
concentration by 10 pug/m? leads to an increase in daily mortality by 0.2-0.6%. Each increase in PM2.5
concentration by 1 pg/ m?3 is associated with a 6-13% increase in cardiopulmonary mortality risk.
Daily studies in 29 European cities have shown that, with an increase in daily concentrations of PM1o
or black smoke of 10 g/m3, there is an increase in the daily number of deaths across all ages of 0.6%.
This figure is even slightly higher for the elderly (Katsouyanni et al., 2001). Under conditions of
long-term exposure to PM2s, each increase in the concentration of suspended particles by 10 pg/m?
was accompanied by a 6-13% increase in long-term cardiopulmonary mortality risk.

In the atmospheric air of Russian cities, using calculated coefficients for PM1o and PM2s,
indicators of additional mortality of the population were determined in 219 cities, amounting to 67.9
thousand cases/year under the influence of PM1o, and 88.2 thousand cases per year taking into account
the effects of PM2s.

Studies in Semnan (Iran) during the COVID-19 pandemic and after quarantine showed that
mortality rates from chronic obstructive pulmonary disease (COPD) related to PM25 were 25.18% in
2019, 22.55% in 2020, and 22.12% in 2021. During the quarantine, mortality and hospitalization rates
due to cardiovascular and respiratory diseases also decreased (Aga et al., 2003).

Data have been obtained showing that solid particles of PM2s, as a quality, cause a certain
degree of deterioration in the structure and function of the epidermis of the skin (Liu et al., 2019).

The negative effect of PM2s on the cognitive functions of the brain and the risk of early
dementia are described (Tokbergenov et al., 2022). Even relatively low levels of PM.s may be an
important environmental factor influencing patterns of structural brain development in childhood
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(Kim et al., 2015). The negative role of dust particles in the spread of infectious diseases, in particular
COVID-19, has also been confirmed (Ghobakhloo et al., 2023).

According to the results of an assessment of the risk of non-traumatic mortality due to exposure
to atmospheric air pollution in the city of Ust-Kamenogorsk, suspended particles of PM2.5 have
unacceptable levels of relative risk (RR: 1.27-1.78) and individual risk for non-trauma (1.5-2.1-10°%)
and cardiopulmonary mortality (8.3-10* to 1-107%) (Kenessary, et al., 2019).

Analysis of numerous works (Aga et al., 2003; Brook, 2008; Anderson et al., 2012; Katsouyanni
et al., 2001; Valavanidis et al., 2010; Zheng et al., 2015; Rajper et al., 2018; Fatkhutdinova et al.,
2021; Ning et al., 2024; Pavlik et al., 2012; Pope, 2000; Pope et al., 2006; Feng et al., 2016) allows
us to draw the following conclusions:

e Chronic pulmonary obstruction progresses with chronic exposure to PM2s and PMyo.

e Short-term acute exposure to PM2s and PMzo exacerbates lung diseases;

e Short-term acute exposure to PMzs and PMzg exacerbates lung disease. The toxic effect of
PM2s and PMyo is manifested in systemic oxidative stress in the lungs, inflammation, and vascular
atherosclerosis;

e PMa2s and PMyo cause adverse changes in the autonomic function of the heart;

e PMa2s and PMyo cause changes in vascular tone and endothelial function;

e translocation of PM2s and PM1o provokes prothrombotic effects;

e PMa2s and PMyo help to reduce the body's defenses and immunity.

Thus, the risk of dangerous exposure to suspended particles is primarily associated with fine
aerosol particles of PM2s and PM1o. The effects of PM2s and PMyo air pollution are characterized by
a wide range of diseases, including various allergic reactions of the respiratory system, such as
bronchitis, asthma, runny nose, cough, and chronic obstructive pulmonary disease (COPD), etc.
Susceptible populations, such as the elderly, children, and those with chronic illnesses.

The WHO estimates that air pollution caused by PM causes about 800 000 deaths annually,
putting a huge burden on global public health. PM is in 13th place among the leading causes of death
worldwide (Khan et al., 2010). Thus, PM air pollution requires constant monitoring as it has complex
consequences for public health.

2.4. Sources of PM entering the atmosphere

There are 3 groups of particles that differ in the degree of negative effect on human health:

1. Coarse particles with an aerodynamic diameter of more than 10 microns, which irritate the
mucous membranes of the upper respiratory tract and eyes, provoking cough, sore throat, allergic
reactions, itching and redness of the eyes; these particles are not regulated;

2. Medium-dispersed particles have an aerodynamic diameter less than 10 micrometers (PM1o);
they are regulated;

3. The most toxic fine particles have aerodynamic diameters less than 2.5 micrometers (PM2:s),
these particles are also regulated.

Fine suspended particles PM2s and PMyo are the main indicators of atmospheric air quality. The
concentrations of PM2s and PM1o in atmospheric air in areas affected by enterprises often exceed the
established hygienic standards (Kerimray, 2020). Instruments for monitoring the levels of PM2s and
PMyo in the atmosphere are being developed for health risk management purposes. In particular, the
mass concentration of PM_ s is a key parameter for assessing air quality and the effects of its pollution
on human health. The importance of monitoring atmospheric air quality for fine particles is reflected
in the WHO's recommendations on air quality regarding particulate matter, ozone, nitrogen dioxide,
and sulfur dioxide (World health statistics, 2018). In 1999, the EPA introduced the Air Quality Index
(AQI) to effectively inform the public about the health risks caused by the concentration of pollutants
in the environment. The AQI includes a new sub-index — fine particles (Particulate Matter (PM)
Pollution, 2024).

PM emissions from mobile sources with diesel engines are regulated by a number of European
vehicle emission directives, supplemented by directives on fuel quality and regulation of emissions
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from off-road mobile vehicles, railway locomotives and ships on inland waterways (Fatkhutdinova
etal., 2021).

Currently, the quality of urban air is one of the most significant environmental issues. In most
large cities around the world, air pollution is reaching critical levels. The air quality in more than 20
of the largest cities in the world is several times worse than the WHO standards.

According to Kazinform International News Agency (Nigmatullina, 2025), over the past five
years there have been consistently high levels of atmospheric air pollution recorded in Karaganda,
Almaty, Aktobe, Temirtau, Ust-Kamenogorsk, and Astana, due to emissions from industrial
enterprises, motor transport, and the improper operation of outdated sewage treatment plants. In
Astana, the air is burdened with suspended particles PM2s and PMzg, carbon monoxide and nitrogen
dioxide. In Karaganda, Temirtau and Ust-Kamenogorsk, sulfur dioxide, ammonia, hydrogen sulfide,
phenol and other harmful compounds are added to them. The list of cities with "very high" pollution
levels includes Almaty, Atyrau, Karaganda, Temirtau, Talgar and Satpayev. Astana, Ust-
Kamenogorsk, Turkestan, Zhitikara, Kulsary were included in the category of "high level of
pollution”. And among the settlements with a "high level of pollution” were Aktau, Aktobe, Semey,
Petropavlovsk, Shymkent and 16 other cities.

The criteria for atmospheric air quality, in relation to the maximum permissible levels of PM2s
and PMyo, in the EU, USA, Russia, China, and Kazakhstan, are somewhat different (table 2).

Table 2. Regulatory standards PM2s and PMyg in air

Indicator, WHO USA EU China Russia Kazakhsta
mcg/m3 (Particulat | (Particulat | (Kerimr | (Nhung | (Zagorod n
e Matter e Matter ay, etal., nov et al., | (Kenessary
(PM) (PM) 2020) 2017) 2018) et al., 2019,
Pollution, Pollution, Tursumba
2024) 2024) yevaetal.,
2022)
MPC pm2.5ms - - - - 160 150
MPC pm2 5ad 25 35 25 35 35 35
MPC pm2.5aa 10 12 12 15 25 -
MPC pm1oms - - - - 300 500
MPC pm10ad 50 150 50 50 60 150
MPC pm10aa 20 - 20 40 35 -

MPC pm25ms and MPC pmioms — the maximum single permissible concentrations of PMio and PMa2s
particles in the air (20-minute averaging);

2MPC pm2sad and MPC pmioad — the average daily permissible concentrations of PMio and PM2s
particles in the air (24-hour averaging);

3MPC pm2.52a and MPC pmi0aa —the average annual permissible concentrations of PMio and PM2s
particles in the air (annual averaging);

4" nfa

The regulatory standards of the European Union, USA and China do not apply to assessing the
maximum single concentration of PM2 s and PMz1o within a 20-minute period. Instead, concentrations
of suspended particulates are measured on an hourly basis. Thus, risks of acute exposure to PM2 s and
PMyo to public health are assessed based on the degree of air pollution relative to average daily
maximum allowable concentrations (MPC), and chronic exposure is assessed relative to the annual
average MPC.

In the countries of the European Union, the maximum permissible suspended particle content
of PMz1o was first established in Directive 1999/30/EU in 1999 (Particulate Matter (PM) Pollution,
2024), and in 2008, MPC (maximum permissible concentration) for PM10 (residual mass) and MPC
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for PM.s (particulate matter with a diameter less than 2.5 microns) were clarified in Directive
2008/50/EU on the quality of atmospheric air and clean air in Europe (Kerimray, 2020). In the USA,
average daily and annual standard values for the PM1o content were introduced in 1987 at 150 and 50
micrograms per cubic meter, respectively (Pope et al., 2000). In 2006, current standards were revised.
The average annual maximum permissible concentration for PM1o was abolished. However, average
daily and average annual maximum concentrations for PM2s were introduced. They are equal to 35
and 15 ug/m?, respectively (Nevmerzhitsky, 2016).

In accordance with WHO recommendations for the safe functioning of humans, the average
daily level of PM2 5 in surface atmospheric air should not exceed 25 pg/m?, while the recommended
average annual level is no more than 10 pg/m® (World health statistics, 2018). Standards vary
markedly from country to country. In the USA, the standard for PM2.5 in the atmosphere is 35
micrograms per cubic meter (Bennett et al., 2019) and in EU countries - 25 ug/m* (Putaud et al.,
2010). In Russia, the maximum annual permissible concentration of PM1o is 35 and PMy;5 - 20 pug/m?3;
the daily average concentration is 60 and 40 pg/m?, respectively. The maximum single concentrations
for PM10 and PM2 s are 300 and 240 pg/m?, respectively (Zagorodnov et al., 2019). In Kazakhstan,
the maximum single-use MPC values are applied, while the WHO applies average daily and annual
limits for particles of PM1o, PM25, and NO3 to assess air quality. For example, the one-time maximum
permissible concentration of PM2s used in Kazakhstan is 15 times higher than the average WHO
annual standard (Kenessary et al., 2019; Tursumbayeva et al., 2022).

3. Conclusion

Currently, PM is present in the surface atmospheric air almost everywhere and continuously. It
has a different chemical, morphological, and dispersed composition, as well as different sources of
intake and accumulation densities. Analysis of data on PM content in atmospheric air in various cities
around the world has revealed a connection between PM and the public health. The risks associated
with exposure to PM include growth, exacerbation of disease, and mortality from continuous
exposure. All this indicates the critical importance of monitoring small suspended particles (PM) and
controlling air pollution levels, particularly in large industrial cities. Regulatory values for safe levels
of particulate matter exposure (PM) vary in Kazakhstan, Russia, the EU, China, and the United States.

The instruments for state control of PM2sand PMyg in the atmosphere in Kazakhstan are not
sufficiently used for health risk management purposes. Therefore, it is essential to improve the
effectiveness of environmental policies, especially in major industrial cities in Kazakhstan, in order
to decrease the level of pollution caused by PM s particles and PMo particles in surface air.
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KankbiMaabl Oesmexkrep (PMas kome PMio): 3amaHaym TyciHikTep :KoHe
TOKCHKOJIOTHSUIBIK 0arajiay

Kanar baiirasunos, Enena Ilonruskuna, Hypian Myxamenusipos, Kaceim Kymaaniaos, Cassn
Canbmenoaes, Jlaypa Ken:kuna

Anaarna. ATMmocdepalblK JIaCTaHYIBIH ©3€KTI MoceleslepiHiH Oipi - KaJKbIMalbl OOIIIeKTEp
("particulate matter" — PM). By Oemiiekrep TaOuWFM >KOHE AHTPOINOTEH[IK IIBIFY TETIMCH
cunarranaapl. byn momyna KankeiMaibl OeINIIeKTep Typalbl 3aMaHayW TYCIHIKTEp, COHIai-ak
onapibl  KilaccH(PHKAIUsUIAy TOCUIIEpi MEH TOKCHKOJOTHSIIBIK KAaCHETTepl IKWHAKTAJFaH.
AbspoauHamMuKaIbIK eirieMi 2,5 xone 10 mxm (PM2 5 xoHe PM1o) 601aThiH OeieKkTep 3KOI0TUsLIIBIK
TYPFBIIAH €H MAaHBI3bl Opl KayilTi TOMKA KATKbI3bLIaAbl. AHTpONOreHmik TekTi PMas1o
aTMocepanblK ayana OaplibIK JKeple KoHe TYPaKThl Typae ke3aeceni. JKepre skakbiH aTMocdepa
KaOaTeiHaarbl PM2s.10 GemmiekTepiHiH HETI3rl Ke3/Aepl - KYpbUIbIC, Tay-KeH OHIIpici, OTBIH-
SHEpPreTHKa CallaTlapbIHBIH KOCIMOPBIHIAPHI JKOHE aBTOKOJIK Kypanaapel. Maxkamana Kazakcras,
Peceit ®enepanmsicel, Eypoma Onarsl enaepi, Koitait skone AKII-Tarsr PM2 5.1 yIIIiH KOJ1aHBICTAFBI
SKOJIOTHSUIBIK HOPMATHBTEPre CalbICThIpMaNbl cumarrama OepinreH. Eypoma Oparel enaepinze,
Kprrait men AKIII-Ta, Peceit men Ka3zakcranna kongansuiaTeiH PM2 5 yiiiH MakcuMan sl O1pyKOJIFBI
mekTi pykcar etiired koHneHtpanusiiap (LLEK) Gekitinmeren. ConbiMeH Katap, Eypona Onarb
ennepi meH AKI-ta PM2s.10 yurin oprama ToynikTik skoHe xbUiablK IIHEK kepcerkimrepi Peceit
MeH Kazakcranra KaparaHja anjekaiaa karaH. Eypoma Oparel ennepi, Keirait sxone AKIII-Tarsr
PM25s.10 OemmiekTepiHiH TYpaKThl ocepi Typaiabl ACPEKTEpl Tajjay HEri3ri Kayilm TONTapblH
aHbIKTayFa MYMKIHAIK Oepai. bysn Kayinrtep »XKypek-KaHTaMmblp »OHE TBIHBIC ajy Kykeci
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aypyJIapbIHBIH 6CYIMEH, COHal-aK OChI aypyJIapablH CO3bLIMAJIbI TYPJISPIHIH aCKbIHYBI CallJapbIHAH
XaJbIK ©JIM-XKITIMIHIH apTybIMeH OaiimaHbICThl. PM25.10 TOKCHKOJIOTHSUIBIK OCEpiH OaraiayibiH
KYPACTUIri OnapAblH XUMHSUIBIK KypaMbl MEH MOPQOJIOTHUSACHIHBIH aWTapibIKTail OipTeKTi
€MECTITIMEH >KOHE TYPAaKCHI3JIBIFBIMEH, COHJal-aK JUCIEPCHSUIBIK KAaCHUETTEPIMEH TYCIHIIPLICTi.
Toyekenmepai 0ackapy/blH JKOHE XallbIK JICHCAYJIBIFBIHBIH KOPCETKIIITEPIH JKaKCApPTYIbIH HETI3Ti
Kypaisl - PM2s.10 actany neHreitin temennety. Kazakcranma PMos.10 MenmmepiH MEMIICKETTIK
OakpUIay Kypajaapbl jJa aTMoc(epallblK ayaHbIH JIaCTaHYbIH a3aiTyra OarbITTajlFaH, Oipak oJjap
XaNbIK JIEHCAYJbIFbIHA TOHETIH KayinTepi Oackapy MIHIASTTEpiH IMISHIy/e >KCTKUIIKTI JeHTei e
KOJIZJaHBUIMAK OTBIP.

Tyiiin ce3aep: atmocdepansik aya; KaTThl Oenmekrep; PMio; PMz2s; Tokcukomorusansik Oakbuiay;
HOpMaJsiay; AeHCayJIbIKKa KayinTep.

B3Bemennbie yactuubl (PMz2s m PMio): coBpeMeHHble NpeACTABJIEHUS W
TOKCHKOJIOTHYECKAsl OLICHKA

Kanar baiiraszunos, Enena Ilonuskuna, Hypiaan Myxamenusipos, Kacsim ZKymaguiaos, Casin
Canbmenoaes, Jlaypa Ken:kuna

AnHoTanusa. OQHON U3 COBPEMEHHBIX IPO0JIeM aTMOC(HEPHOIo 3arps3HEHMs! SBISIOTCS TBEpJIbIE
gacturel (“particulate matter” — PM). PM umeroT Kak OpUPOAHOE, TaK M aHTPOIOI€HHOE
npoucxoxzeHue. B 0030pe 00001IeHbI COBpEeMEHHBIC MTPEACTaBICHHs O TBepbIX YacTunax (PM), a
TaKke O MOAX0JaX K HX KiIacCUpHUKalMM U TOKCHUKOJOrmdeckux cpoiictBax. K Hambonee
HKOJIOTUYECKH 3HAYUMBIM U OMACHBIM OTHOCSAT YACTHIIBI C adpOJMHAMHUYECKUM pasmepom 2,5 u 10
(PM25 u PMyg). PM25 1 PM1o aHTPOIIOTEHHOTO MPOMCXOKACHHS MIPUCYTCTBYIOT B aTMOC(HEPHOM
BO3/IyX€ TPAKTUYECKU TOBCEMECTHO W MOCTOSHHO. OCHOBHBIMH HcTOUYHMKaMU PMzs u PMig
NPU3EMHOM aTMocdepe SBISAIOTCS MPEANPHUATHS CTPOUTEIbHOM, TOPHOA0OBIBaONIEH, TOIUIMBHO-
SHEPreTUYEcKO oTpaciieil 1 aBTOMOOMIIbHBIN TPaHCIIOPT.

B crathe naHa cpaBHHUTEIbHAs XapaKTEPUCTUKA CYLIECTBYIOIIMUX IKOJIOTHMYECKUX HOPMATHUBOB IS
PM2s u PMyo B Kazaxcrane, Poccuiickoit ®@enepannu, ctpanax EBpocorosza, Kutae u CIIA. B
ctpanax EBpocoro3a, Kurtae u CILIA oTCyTCTBYIOT MaKCUMAaJIbHO Pa30BbI€ MPEAEIBbHO JOMYCTUMbIE
koHueHtpauuu (ITJAK) s PMzs, npumensiembie B Poccuiickoit ®enepaunn u Kazaxcrane. Ilpu
stoM crpanbl EBponeiickoro Coroza u CIIA wucnons3yror 0Oonee CTporue HOPMAaTHUBBI
cpeanecyrouHoi u cpeaneronoBoit [TJIK PMzs.10, uem B Poccuiickoit ®denepanunu u Kazaxcrane.
AHanu3 AaHHBIX O MOCTOSIHHOM Bo3zaeiictBuu PM2s.10 B crpanax Espomneiickoro Coroza, Kuras,
CIIIA no3Boaui BBIJEIUTE OCHOBHBIE I'PYNIBI PUCKOB, KOTOPBIE CBSI3aHBI C POCTOM LIENOTO psaa
3a00J1€BaHUN CEPJIEUHO-COCYIUCTON M JBIXaTEIbHON CHCTEM, a TAKK€ CMEPTHOCTHIO HAaceJIeHUs Ha
¢done obocTpeHuss XpoHUUecKO (opmbl gaHHBIX  3a0osneBaHuil. CIIO)KHOCTH  OLEHKH
TOKCHKOJIOTHYECKOTO BiHMsHUS PM2510 00ycioBiieHa 3HAYUTENbHONW HEOIHOPOJHOCTHIO U
HECTaOMJIPHOCTBIO KX XHUMHUYECKOrO0 cOCTaBa M MOP(HOJIOTHH, a Takke AUCIEPCHOHHBIMU
cBoiicTBaMu. OCHOBHBIM HHCTPYMEHTOM YIPABIEHUS PUCKAMU U YIIYUILIEHUS [TOKa3aTesei 310pOBbs
HAaceJIeHUs SIBJSIeTCS CHIDKEHHE ypoBHeH 3arpsisHeHus PMgzs.i0. B Kazaxcrane uHCTpyMeHTHI
roCy/IapCTBEHHOI'O KOHTpPOJsS 3a cojepkaHueM PMgzs.10 ToXe HalleneHbl Ha CHH)KEHHE YpPOBHS
3arps3HEHUs aTMOC(HEPHOTO BO3/TyXa, OJHAKO OHU HEJOCTATOUHO MCIIONIb3YIOTCS TS PELICHNUs 3a1a4
yIpaBIeHUS] PUCKaMHU IS 3J0POBbsI HACETICHHUSI.

KiaroueBble ciaoBa: armochepHbId  BO31yX; B3BemieHHble vactunbl; PMas; PMug;
TOKCHKOJIOTHYECKasi OIICHKa; HOPMUPOBAHUE; PUCKH JJISI 3I0POBBSI.
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Abstract. This study presents a comprehensive assessment of household
and drinking water quality within the centralized water supply system of
the Almalinsky district of Almaty. The primary objective was to perform
an integrated multi-parameter evaluation of drinking water safety and
quality by combining organoleptic, physicochemical, toxicological, and
microbiological indicators within a unified analytical framework.
Organoleptic characteristics were determined in accordance with current
sanitary standards. Physicochemical parameters, including total
mineralization, hardness, chloride, nitrate and nitrite content, alkalinity,
pH, and permanganate oxidizability, were analyzed using gravimetric,
titrimetric, and complexometric methods. Toxicological indicators were
determined by atomic absorption spectrometry following acid
mineralization. Microbiological safety was evaluated by determining total
viable count and the presence of indicator organisms (Escherichia coli,
total coliform bacteria, and Pseudomonas aeruginosa).

The results demonstrated compliance of most parameters with established
sanitary and hygienic standards. Concentrations of chlorides (29.35-35.75
mg/l), nitrates (5.0-5.7 mg/l), and nitrites (2.7-3.0 mg/l) were
significantly below maximum permissible levels. Heavy metal
concentrations were within regulatory limits. Water oxidizability ranged
from 3.2 to 5.2 mg O /I, indicating a low content of oxidizable organic
substances. An elevated chromium concentration (0.8 mg/l) was
identified, slightly exceeding permissible values and requiring periodic
monitoring.

Overall, the integrated assessment confirms that drinking water in the
Almalinsky district is characterized by satisfactory physicochemical and
microbiological quality and is suitable for domestic and drinking use
without additional treatment.

Keywords: domestic and drinking water; water quality; sanitary and
hygienic  indicators;  oxidizability; hardness; toxic elements;
microbiological safety.
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1. Introduction

The current imperfection of social and living conditions, the economy, and the environment
causes a number of acute and complex problems with water.

Water resources are abundant and renewable, but the scale of water consumption for domestic
and drinking needs exceeds them by almost two orders of magnitude. The problem of providing the
population with good-quality water remains relevant in a number of regions. High pollution of water
sources and inefficient water treatment technologies are the main reasons for the unsatisfactory
quality of drinking water (Wei et al., 2025; Madhav et al., 2019; Khan et al., 2022; Azat et al., 2023).

Maintaining and improving the safety of drinking water for domestic use requires flexible
control aimed at reducing risks (Gunnarsdottir et al., 2020; Toguzbaeva et al., 2014).

In addition, more information needs to be provided to consumers, who are beginning to
understand that absolute safety is impossible. In this regard, testing drinking water for safety and
quality is a pressing issue. To ensure water quality in water sources and water consumption systems,
a number of regulatory documents based on MPC values are used, the main ones being the following:
GOST 2874-82 “Drinking water. Hygienic requirements and quality control”; GOST 2761-84
“Sources of centralized domestic and drinking water supply. Hygienic and technical requirements
and selection rules”; “Sanitary standards for the maximum permissible content of harmful substances
in water in water bodies used for domestic, drinking, and cultural and domestic purposes” SanPiN
42-121-4130-88; “Sanitary rules and standards for the protection of surface waters from pollution”
SanPiN 4630-88 (Jumagulov et al., 2009).

Water quality is characterized by its physical, chemical, and bacteriological properties. There
are basic indicators of drinking water quality (Li et al., 2019; Rocha et al., 2015; Manna et al., 2023).
They can be divided into the following groups:

- Organoleptic indicators (smell, taste, color, turbidity) (Gutiérrez-Capitan et al., 2019; Isaev et
al., 2025);

- Toxicological indicators (aluminum, lead, arsenic, phenols, pesticides) (Wollin et al., 2005;
Villaescusa et al., 2008);

- Indicators affecting the organoleptic properties of water (pH, total hardness, petroleum
products, iron, manganese, nitrates, calcium, magnesium, permanganate oxidizability, sulfides) (Lou
et al., 2007; Verissimo et al., 2007);

- Chemicals formed during water treatment (free residual chlorine, chloroform, silver)
(Sultangazieva et al., 2024; Clark et al., 2002; Deborde et al., 2008);

- Microbiological indicators (thermotolerant coliforms or E. coli), Total Microbial Count
(TMC) (Wen et al., 2020; Holcomb et al., 2020).

The group of salt compounds includes chlorides and nitrates, which are present in water in the
form of free chlorine (hypochlorous acid, hyperchlorite ions, or dissolved elemental chlorine), bound
chlorine, and nitrates contained in drinking water. Nitrites, which appear in the human diet due to
their prevalence in nature or deliberate addition under certain conditions, can react with secondary
amines to form nitrosamines. Amines necessary for nitrosation are widespread in human nutrition, as
well as in some cosmetics and medicines. Nitrosation also occurs in the digestive tract (Bologan et
al., 2025; Osipenko et al., 2014).

A direct criterion for the safety of drinking water in terms of epidemics is the absence of
pathogenic microorganisms in it. However, the direct determination of pathogenic flora in water is a
technically difficult task. Therefore, indirect indicators of its quality are used (Richiardi et al., 2023;
Kristanti et al., 2022; Yuan et al., 2023).

High contamination of water sources and ineffective water treatment technologies are the main
reasons for the unsatisfactory quality of drinking water.

2. Materials and methods
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Samples for safety and quality testing were taken from a centralized domestic and drinking
water supply in the Almalinsky district of Almaty. Sampling was carried out in accordance with
current regulatory requirements.

Sampling was carried out during the spring—summer period (April-June) at five points of the
centralized water supply system in the Almalinsky district. The study was conducted as a single-stage
assessment; seasonal variability of water quality indicators was not analyzed.

The sample size (five sampling points) was defined according to the territorial coverage of the
centralized water supply system and the monitoring design of the study. The objective was to assess
compliance with regulatory standards at representative locations within the district; therefore, the
selected number of samples was considered sufficient for sanitary-hygienic evaluation.

The following parameters were studied: organoleptic indicators, salt composition, total
hardness of domestic and drinking water, oxidizability of domestic and drinking water, physical and
chemical characteristics of domestic and drinking water, content of toxic elements in domestic and
drinking water, and the microbiological indicators of domestic drinking water (Regulation).

The organoleptic assessment of drinking water quality was carried out in accordance with the
requirements of SanPiN RK “Hygienic requirements for the quality of water in centralized drinking
water supply systems” and current GOST standards. The main sanitary and hygienic indicators were
determined: smell, taste, color, and turbidity (SanPiN 2.1.4.1116-02).

Water turbidity was determined using a standard scale and expressed in mg/l. Transparency
was assessed visually using a point scale. Color was determined by comparison with a reference scale
and expressed in color degrees. Odor and taste were determined organoleptically at a temperature of
20 °C and after heating the sample to 60 °C. In addition, a visual assessment of the colored water
column was carried out to check for the absence of aquatic organisms and surface film. The results
obtained were compared with the standard values established for drinking water.

To determine the salt content, samples of drinking water from the Almalinsky district were
examined to determine the salt composition indicators. The salt composition of the water was
determined by the gravimetric method based on the dry residue after evaporation of the filtered
sample at a temperature of 105 — 110 °C to a constant mass. Total mineralization was expressed in
mg/dm3.

The content of individual components of the salt composition was determined by titrimetric
methods: chloride ions — by the argentometric method (Mora method), total hardness—by the
complexometric method using trilon B, hydrocarbonate ions — by the acid-base titration method. The
analyses were performed in triplicate. The results obtained were compared with the standard values
for drinking water (Moskvichev et al., 2013).

The total and temporary water hardness was determined by the titrimetric method in accordance
with GOST 2874-82 “Drinking Water”. Hygienic requirements and control methods” and SanPiN
RK 2.1.4.1078-01.

Temporary hardness was determined in 100-ml water sample with the addition of 2-3 drops of
methyl orange. Titration with 0.1 N HCI was carried out until the color of the solution changed from
yellow to orange. Calculated using the formula:

V,4-Cy,-1000
Htemp. = %mg/eq (1)

where Va is the volume of consumed acid, ml; Ca is the normal HCI concentration; Vw is the volume
of water, ml.

Total hardness was determined after boiling 100 ml of the sample with 20 ml of an alkaline

mixture (10 ml of 0.1 N NaOH + 10 ml of 0.1 N Na.COs). After cooling, the sample was filtered and
titrated with 0.1 N HCI until it turned orange. Calculated using the formula:
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V_-C,—V 4:C4)-1000
Htotal :( ol al V;lV 2) mg/eq (2)

where Vg is the volume of the alkaline mixture, ml; Cq is its normal concentration; the remaining
symbols are the same.

The oxidizability of domestic and drinking water was determined in accordance with GOST
33087-2014 “Water. Method for determining chemical oxidizability” and SanPiN RK 2.1.4.1078-01.
The method is based on the oxidation of organic substances with potassium permanganate (KMnQa)
in acidic and alkaline environments, followed by the titration of the excess KMnOs with oxalic acid
(H2C204) solution. Acidic environment: 100 ml of water sample, 5 ml of diluted H2SO4 (1:3) and 10—
15 ml of 0.1 N KMnOg are added to a 250 ml conical flask. The sample is boiled for 10 minutes under
a watch glass, then 10 ml of 0.1 N H2C2O4 is added and titrated with 0.01 N KMnO4 until a pale pink
color persists for >1 minute. Alkaline medium: 100 ml of the water sample is boiled with 0.5 ml of
50% NaOH, 10-15 ml of 0.1 N KMnOzg is added, and boiled for 10 minutes. After cooling, add 5 ml
of H2SO4 (1:3) and 10 ml of 0.1 N H>C>0O4, titrate with 0.1 N KMnOs until a stable pink color is
obtained.

The oxidability (Q, mg O2/1) is calculated by the formula:

_[(V1+V5)N1~V5N,]-E-100
a

Q ©)
V1 — volume of KMnO4 added at the start of boiling, ml; V2 — volume of KMnOs consumed for
titration of excess H2C204, ml; V3 — volume of H2C204, ml; N1, N2 — normality of KMnO4 and
H2C204, N; a — sample volume, ml; E = 8 oxygen equivalents.

The results are expressed in mg O, /l and compared with the standard values for drinking water.

Tests of domestic drinking water for mercury (GOST 26927), lead (GOST 26932), cadmium
(GOST 26933), and arsenic (GOST 26930) content were carried out in accordance with current
GOST standards. The concentrations of heavy metals were determined by atomic absorption
spectrometry (AAS) after preliminary acid mineralization of the samples.

The essence of the method is to measure the absorption of resonant radiation by the atoms of the
elements under study in the gas phase. The cold vapor method was used to determine mercury, while
flame or electrothermal atomization was used for lead, cadmium, and arsenic. Metal concentrations
were expressed in mg/dm? and compared with the standard values established for domestic drinking
water.

Microbiological testing of drinking water was carried out in accordance with the requirements of
GOST 18963-73 “Drinking water. Methods of sanitary and bacteriological analysis” and SanPiN RK
2.1.4.1074-01 “Hygienic requirements for the quality of water in centralized drinking water supply
systems.”

The total microbial count (TMCA) was determined by sowing on solid nutrient media with
incubation at (36 + 1)°C; The results were expressed in CFU/g. Escherichia coli group bacteria (fecal
coliforms (FC), coliforms) were detected by membrane filtration followed by cultivation on selective
media; the result was expressed in 100 g of water. Pseudomonas aeruginosa was determined by
sowing on selective media with confirmation of typical colonies; the result was evaluated in 100 g of
water.

Measurement uncertainty was evaluated based on repeatability of analyses and the performance
characteristics of the analytical instruments used. Confidence level for the reported results
corresponds to 95% (k = 2). The obtained values were within acceptable analytical error limits
established by the relevant GOST and SanPiN standards.

No artificial intelligence tools were used in the data analysis or manuscript preparation.
All analyses were conducted in triplicate, and the results are presented as mean + standard
deviation. Statistical processing was performed using standard descriptive statistical methods.
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Inferential statistical analysis was not applied, as the study was aimed at assessing compliance with
regulatory standards rather than comparing experimental groups.

3. Results
3.1. Organoleptic Assessment of Drinking Water

The results of tests conducted on the organoleptic properties of domestic and drinking water in
the Almalinsky District are presented in Table 1, “Study of the organoleptic properties” of domestic
and drinking water samples.

The results of the study show that the organoleptic characteristics of the samples taken comply
with the sanitary and hygienic requirements set forth in the regulatory documentation: San PiN 2.1.4.
559-96 Drinking water. Hygienic requirements for the quality of drinking water in centralized
drinking water supply systems. Quality control; San PiN 2.1.4.107-0.1 Drinking water. Hygienic
requirements for the quality of water in centralized drinking water supply systems. Quality control.

Table 1. Study of organoleptic indicators of domestic drinking water

Organoleptic Characteristics of indicators
characteristics Name of test samples
Nel Ne2 Ne3 Ne4 Ne§
Turbidity mg/I 10 1.2 1.1 1.2 1.3
Colorfulness C 15 15 14 13 15
Odor The smell Pleasant The The smell The smell of high-
(at 20 °C) of chlorine smell sensation of | characteristic quality water,
a spoiling | of clear water pleasant
smell
Aftertaste Pleasant, Pleasant No foreign The water The water is good
(at 20°C) but slightly | (without a taste tastes without any
salty cloudy pleasant unpleasant taste
aftertaste)
Water Transparent | No cloudy | Transparent | Clear without | Slight cloudiness
transparency sediment sediment
Coloring the No Slightly No coloring | No coloring No coloring
painted column coloring yellowish on the film
film coloring
column

The results of actual data on organoleptic characteristics (smell, taste, color, turbidity,
appearance) comply with the approved standards of acceptability, which is especially important for
maintaining the water-salt balance in the human body.

3.2. Chemical Analysis of Drinking Water

The analysis of the results showed that all tested samples meet the requirements of the
regulatory document SanPiN 2.1.4.559-96 “Drinking Water” The test results are presented in Table
2, “Analysis of drinking water for salt content.” Analysis of the results shows that all samples taken
for testing meet the requirements of regulatory documentation: SanPiN 2.1.4 559-96 "Drinking water.
Hygienic requirements for the quality of water in centralized drinking water supply systems. Quality
control™ and ST RK 1432-2005.
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Table 2. Analysis of drinking water for salt composition indicators

Name of Actual results Standard | Regulatory
indicators Sample | Sample | Sample | Sample | Sample | for ~RD | documentation
unit of | Nel Ne2 Ne3 Ne4 Ne5 (no more | (RD) for
measurement than) testing
methods
Chlorides 35.75 | 30.14 | 29.35 29.15 32.78 35.0 GOST
mg/I 23268.17-78
Nitrates mg/I 5.7 5.5 5.0 5.0 5.6 45 GOST 18826
Nitrites mg/I 2.9 2.7 3.0 2.7 2.9 3.3 73 p.
2.3
San PiN
2.1.4559-
9624.08.2010

All water samples tested for chloride, nitrate, and nitrite content meet regulatory requirements.
The concentrations of these ions are significantly below the maximum permissible values, confirming
their safety for domestic and drinking use.

The drinking water samples were tested to determine their aluminum, chromium, and nickel

content (Table 3).

Table 3. Determinations of inorganic substances (aluminum, chlorine, nickel) in test samples

Name of indicator Units of Actual values Standard for RD
measurement
Aluminum mg/I 0.25-0.40 0.5
Chrome mg/l 0.8 0.5
Nickel mg/I 0.05-0.08 0.1

Analysis of the data in Table 3 shows that the aluminum and nickel concentrations in the
drinking water samples meet the RD requirements. The exception is the chromium content: its amount
reaches 0.8 mg/l, which exceeds the standards.

3.3. Hardness and Oxidizability of Drinking Water

The results of the study of the hardness and oxidizing capacity of drinking water show that,
despite the unified water supply system, the water consumed by residents of the city of Almaty is
characterized by different values of total hardness in individual areas of the southern capital (Tables
4 and 5).

Table 4. Characteristics of the softness of domestic and drinking water based on the total hardness
of water in the Almalinsky district, Almaty

. Units of Actual Permissible norms Testing
Name of indicator
measurement values for RD method
Total mineralization mg/dm3 210480 200-500 GOST 18164-
72
Hydrogen index unit 6.5-7.8 6.0-8.0 GOST
(pH) 26449.1-85
Oxidizable mg O, /I 3.2-5.2 <20 GOST
permanganate 23268.12-78
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Surfactants, anionic mg/dm3 0.01-0.04 <0.05 GOST 51211-
98
Total alkalinity mg-eq/dm3 1.2-55 0.5-6.5 GOST
26449.1-85
Table 5. Results of determining the hardness of domestic and drinking water
Indicator Units of Sampl | Sampl | Sampl | Sampl | Sampl | Standar Test
measureme | eNel | eNe2 | eNe3 | eNed | e N5 d for method
nt RD
Temporar | mg-eg/dm3 2.1 2.3 2.0 2.2 2.1 7.0 GOST
y 33087-
hardness 2014,
(Htemp) titrimetri
¢ method
Overall mg-eq/dm3 3.5 3.8 3.6 3.7 3.5 10.0 GOST
hardness 33087-
(Ho) 2014,
titrimetri
¢ method

The oxidizability (Q) in an acidic environment ranges from 3.2 to 4.5 mg O-/1, which complies
with drinking water standards (no more than 5 mg O>/1). In an alkaline environment, the oxidizability
values were slightly higher — 4.0-5.2 mg O, /I, which is due to the oxidation of hard-to-oxidize
organic compounds.

The results show that the oxidizability of drinking water in the Almalinsky district is within the
regulatory limits, which indicates a low content of easily and difficultly oxidizable organic substances
and satisfactory water quality for domestic and drinking purposes.

3.4. Heavy Metal and Microbiological Indicators of Drinking Water Quality

Analysis of the data presented (Table 6) indicates that the drinking water samples taken meet
the requirements for heavy metals (mercury, lead, cadmium, arsenic) (Zamora-Ledezma 2021) in
domestic drinking water from centralized water supply systems. (GOST 2692786, GOST 26932-86,
GOST 26933-86, GOST 4152-89, and SanPiN 42-121-4130-88).

Table 6. Testing drinking water for heavy metal content (mg/l)

Name of indicators, unit | Standard for RD | RD on testing methods HM content
of measurement

Mercury, mg/I 0.0005 GOST 26927-86 0.0002

Lead, mg/l 0.03 GOST 18293-72 0.009

Cadmium, mg/I 0.001 GOST 26933-86 0.0003

Arsenic, mg/l 0.05 GOST 4152-89 0.001

It was found that, according to microbiological indicators, the water samples studied comply
with medical and biological requirements and sanitary standards for water quality, which are reflected
in Table 7. Thus, from the point of view of microbiological indicators, drinking water is safe.
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Table 7. Study of microbiological indicators of domestic and drinking water

_Na_me of Units of Actual values Norm according Test method
indicator measurement to RD
Total viable GOST 18963-73,
count (TVC), CFU/g 15-280 <100 SanPiN
CFU/g 4.01.004-97
Total coliform GOST 18963-73,
bacteria, per 100 CFU /100 g Not found Not allowed SanPiN
g 2.1.4.559-96
Pseudomonas GOST 18963-73,
aeruginosa, per CFU /100 g Not found Not allowed SanPiN
100 g 4.01.004-97

Analysis of the results obtained from testing drinking water samples is presented in Table 7. It
allows us to conclude that the drinking water samples fully comply with all requirements of regulatory
documentation.

4. Discussion

The analysis of the obtained data indicates that the drinking water in the Almalinsky district
generally complies with established sanitary and hygienic requirements. The results of organoleptic
assessment confirm acceptable sensory characteristics of the water, which indirectly indicate the
effectiveness of water treatment and the stability of water quality during distribution through
centralized supply systems.

The chemical composition of the studied water samples is characterized by concentrations of
major ions that do not exceed permissible values. This suggests the absence of significant
anthropogenic pollution and indicates satisfactory protection of water sources. Variations in water
hardness observed at different sampling points, despite a unified water supply system, may be
associated with local conditions of the distribution network and the physicochemical interaction of
water with pipeline materials. These spatial variations highlight the importance of representative
monitoring within different sections of centralized supply networks.

The values of oxidizability in acidic and alkaline media remained within regulatory limits,
indicating a low content of organic substances subject to oxidation. Slight differences between acidic
and alkaline oxidizability can be attributed to the presence of stable organic compounds of natural
origin and do not indicate deterioration of water quality.

The assessment of inorganic elements showed compliance with regulatory requirements for
aluminum and nickel. At the same time, an increased chromium content was identified, which
requires particular attention in the context of long-term water quality control. Chromium
contamination in drinking water is toxicologically significant, especially considering potential risks
associated with certain chromium species. The observed elevated chromium concentration may
reflect local hydrogeochemical characteristics or anthropogenic influences within the distribution
system. Even isolated exceedances may serve as early indicators of emerging risk factors,
emphasizing the need for systematic trace element monitoring and, if necessary, further speciation
analysis.

The concentrations of priority toxic elements, including mercury, lead, cadmium, and arsenic,
were within permissible limits, confirming the safety of drinking water in terms of toxicological
indicators. This reflects the effectiveness of both source water protection and applied treatment
technologies.

Microbiological analysis demonstrated compliance with sanitary and epidemiological
standards. The absence of indicators and opportunistic microorganisms indicates adequate
disinfection and sanitary protection throughout the water supply system, ensuring epidemiological
safety for the population.
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Importantly, the present study establishes baseline integrated data on organoleptic,
physicochemical, toxicological, and microbiological parameters of drinking water in the Almalinsky
district. The formation of such baseline datasets is essential for long-term environmental and sanitary
monitoring, as it enables the detection of temporal trends, gradual changes in water composition, and
early identification of potential risk factors.

Overall, the discussion of the results confirms that the drinking water in the Almalinsky district
meets regulatory requirements and is suitable for domestic and drinking use. Regular comprehensive
monitoring of organoleptic, chemical, toxicological, and microbiological parameters remains a key
prerequisite for maintaining the sanitary reliability of centralized drinking water supply systems.

5. Conclusion

The analysis of domestic drinking water in the Almalinsky district demonstrates that the studied
samples comply with the organoleptic requirements - turbidity, color, odor, taste, transparency, and
column color - established by SanPiN 2.1.4.559-96 “Drinking Water.” Hygienic requirements for the
quality of drinking water in centralized drinking water supply systems. Quality control."”

The results of testing the salt composition of domestic drinking water samples show that the
samples contain chlorides in the range of 29.35-35.75 mg/l (standard 350 mg/l); nitrates — 5.0-5.7
mg/l (standard 45); nitrites — 2.7-3.0 mg/I (standard 3.3).

The physical and chemical parameters of the water (total mineralization, hardness,
oxidizability, chloride, nitrate, nitrite, aluminum, chromium, and nickel content) comply with
established standards, with the exception of a slight excess of chromium (0.8 mg/l), which requires
periodic monitoring. The oxidizability of water in acidic and alkaline environments ranged from 3.2
to 5.2 mg O, /I, which is within sanitary standards.

The content of heavy metals (mercury, lead, cadmium, arsenic) does not exceed permissible
concentrations, which confirms the safety of water in terms of toxic parameters.

The content of heavy elements in drinking water is mercury 0.0002 mg/l (standard 0.0005),
lead 0.009 (standard 0.1-0.3 mg/l); cadmium 0.0003 (standard 0.001 mg/l); arsenic 0.001 (standard
0.05 mg/l).

The physiological adequacy of drinking water meets regulatory requirements.

Microbiological indicators (Total viable count (TVC), Total coliform bacteria, Pseudomonas
aeruginosa) are also within regulatory limits, which indicates the high sanitary safety of drinking
water for the population.

Thus, the results of a comprehensive study confirm that drinking water in the Almalinsky
district meets sanitary and hygienic requirements and can be used for domestic and drinking purposes
without additional treatment.
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AJIMaThl KAJAChIHbIH AJIMAJIbl ayJAHBIHIAFbl TYPMBICTBIK K9HE aybI3 CYJAbIH
canachbl MeH Kayilnci3irin kemeHai 0aranay

I'ynibnap Byryb6aesa, Canpyram 90iikacoBa, Mapus CyJaeiimenoBa, Kanar Illanxosa,
Kamuna 9aimkyjioBa

Angartna. byn 3epTrey AMaThl KalachlHBIH ANMaibl ayJaHBIHBIH Y IIapyalibUIBIKTapbIHIAFbI
KOHE OpPTAIBIKTAHABIPBUIFAH CYMEH JKa0JbIKTay >JKYHECIHAEri aybl3 Cy CamachlH KeIleHl
OaranayablH HOTIDKENEpiH YChbIHaAbl. Herisri Makcar opraHoJeNTHKabIK, (U3NKA-XUMHUSIIBIK,
TOKCHKOJIOTHSUTBIK YKOHE MUKPOOHMOJIOTHSIIBIK TTapaMeTpiiepal OipbIHFall aHAIMTHKAJIBIK IIeHOep/Ie
OipiKTipy apKbUIbI aybl3 CYJbIH KayilCi3Jiri MEH camachlH KeUIeHIi KemmapameTrpii Oaraiaymabl
KYprizy 6omnasl. OpraHoNEeNTHKAIBIK CHTIATTaMallapbl KOJIIAHBICTAFbl CAHUTAPIIBIK CTaHAApTTapFa
Ccolikec aHBIKTaNIbI. JKanmbl MUHEPAIaHYbl, KATTBUIBIFBI, XJIOPUJI, HUTPAT >KOHE HUTPHUT MOJIIIep,
curtuiri, pH 'koHe mepMaHraHaTTBIH TOTHIFY KaOlIeTi CUSKThI (PU3UKaIbIK-XUMUSUIIBIK ITapaMeTpliep
IPaBUMETPHSUIBIK, TUTPUMETPHSUIBIK >KOHE KOMIUIEKCOMETPHSUIBIK OICTepai KOJIJaHy apKbLIbI
TangaHabl. TOKCHKOJIOTHSUTBIK TIapameTpiiep KBIIKBUI MHHEpaIJAaHFaHHAH KEHiH aTOMJIBIK
a0CoOpOIUSAIIBIK CHEKTPOMETPHsSI apKbUIbI aHBIKTANABL. MUKPOOHONOTHSIIBIK KAyITICI3IK JKAJIIBI
TIPUIUTIK €Ty CaHbIH JKOHE MHIUKATOpibIK opranusmuaepiin (Escherichia coli, sxanmsr konmupopm
OakTepusiapbl sxoHe Pseudomonas aeruginosa) 6os1ybIH aHBIKTAay apKblUIbl Oaraiansl. HoTmkenep
KOIITeTeH TapaMeTpiep OCNTIICHTeH CAaHUTAPJIBIK-TUTUEHABIK CTaHIApTTapFa COMKec KeeTiHIH
kepcetTi. Xnopuarepain (29,35-35,75 mr/n), uutparrapasiy (5,0-5,7 Mr/i) sxoHe HUTPUTTEPAIH
(2,7-3,0 Mr/i1) KOHIIEHTPALUACH PYKCAT STIJITCH SH YKOFaphI ICHIeiIeH aifTapIIbIKTail TOMEH OOJIIBI.
AybIp MeTanaapJblH KOHIEHTPAIUSCH OeNrijieHreH cTanaaprrap meriaae 0omapl. CyabliH TOTBIFY
kaoineti 3,2-men 5,2 mr O /n-re geiiin 606, OYJ TOTHIFATHIH OPTaHUKAIBIK 3aTTapIbIH TOMEH
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KypaMbIH Kepcereai. XpOMHbBIH korapbl KoHueHTpauwusichl (0,8 mr/n) anbikranmsl, Oy pykcar
€TIITeH MOHJIEPACH CAJI aChIN TYCTI KOHE Mep3iM/Ii OaKblIay Ibl KaXKET eTe/l.

JKanmer anrana, KemeH i Oaranay AnMalbl ayJaHbIHIAFbl aybI3 CYJIbIH KaHAFaTTaHAPIIBIK (U3HKa-
XUMMSUTBIK JKOHE MHUKPOOHMOJIOTHSUIBIK CalachIMEH CHITATTAIATBIHBIH JKOHE KOCBIMINA OHJIEYCi3
TYPMBICTHIK OHE aybI3 CYFa JKapaM/Ibl €KCHIH PacTaiIbl.

Tyiiin ce31ep: TYPMBICTBIK-aybI3 Cy; CYIbIH Callachl; CAaHUTAPJBIK-TUTHEHAIBIK KOPCETKIIITEP;
TOTBIFYBI; CYJBIH KEPMEKTLIIT1; ayblp METAIIap; MUKPOOUOIOTHSUIBIK KAyIICI3IiK.

KoMmiekcHasi oneHka kauecTBa M 0€30MaCHOCTH X031 CTBEHHO-TTUTHEBOM BO/IbI
AJIMAJIMHCKOT0 PailOHA I'. AJIMATBI

I'yribnap byrybaesa, Canayram AomiakacoBa, Mapusi CyaeilimenoBa, Kanar Illauxosa,
Kamumia AiimMKyJ10Ba

AHHOTanudA. B JaHHOM HCClEOBaHMU MPEICTABICHA KOMIUIEKCHAs OLIEHKAa KayeCTBAa MHUTHEBOU
BOJIbI B JIOMOXO3SIMCTBAaX M B IICHTPAJIM30BAHHOM CUCTEME BOJIOCHAOKECHUS AJIMAIMHCKOTO paioHa
Anwmatel. OCHOBHAS TI€JTb 3aKIIFOYAIACh B MPOBEACHUHA WHTCTPUPOBAHHONW MHOTOIIAPAMETPUICCKOM
OLICHKM O€30MacHOCTH M KauecTBa MUTHEBOM BOJABI MyTeM OOBEAUHEHHUS OPTaHOJICTITUYECKUX,
(UBHKO-XMMHYECKHUX, TOKCUKOJIOTHIECKIX U MUKPOOHOJIOTHICCKUX MTOKA3aTelIe B paMKax ¢JIMHON
aHAJIMTUYECKON CTPYKTYphl. OpraHoJIenTHYECKHUE XapaKTEPUCTUKH ONIPEAETISUIUCH B COOTBETCTBHH C
JCHCTBYIONUMHU CAHUTAPHBIMH HOpMaMu. (DHU3NKO-XUMUYECKUE TapaMeTpbl, BKJIIOYAs OOIIYIO
MUHEpaIN3alNI0, KECTKOCTh, COJACPIKAHUE XJIOPHUIOB, HUTPATOB U HUTPUTOB, IIEIOYHOCTH, PH H
MEPMAHTAHATHYIO  OKHCIHUTEIBHYI0  CIIOCOOHOCTh, AQHAJIU3UPOBAINCH  T'PABUMETPHUCCKHUM,
TUTPUMETPUYECKIM ¢ KOMILJIEKCOMETPUYECKHUM METOAaMH. TOKCHUKOJIOTMYECKHE TMOKa3aTelu
OTIPEACISUINCh ~ METOJIOM  aTOMHO-aOCOPOITMOHHON  CIIEKTPOMETPHH  TOCIE  KHCIOTHOMN
MUHepanu3aiuuu. Mukpobroaorudyeckas 6€30MacHOCTh OIEHUBAIACH MTyTEM OMpEeeNIeHUs 00IIero
KOJIMYECTBA KU3HECIIOCOOHBIX MHKPOOPTaHW3MOB ¥ HAJIWYHUS WHAWKATOPHBIX OPraHU3MOB
(Escherichia coli, obume komudopmusie Oaktepun u Pseudomonas aeruginosa). Pesymbrarhi
MMOKAa3aJIl COOTBETCTBHE OOJLITMHCTBA MAapaMETPOB YCTAHOBJIICHHBIM CAaHUTAPHO-TUTHCHHYECKUM
Hopmam. Konnentparuu xiaopuaos (29,35-35,75 mr/n), autpatos (5,0-5,7 mr/n) u Hutputos (2,7—
3,0 mMr/1m) OBUTH 3HAYMTEITHHO HIDKE MAaKCHUMAJIBHO JIOMYCTUMBIX ypOBHEH. KOHIICHTpaIiu TsKEITbIX
METaJIJIOB HAXOAMIUCH B TIPE/IeNiaX YCTaHOBICHHBIX HOpM. OKHUCISEMOCTh BOJBI COCTaBiIsuIa OT 3,2
10 5,2 mr O /11, 9TO yKa3bIBaeT Ha HU3KOE COJIEPIKaHNE OKUCIIIEMBIX OpPraHMYeCKHUX BEIecTB. bbura
BbISBJICHA TOBBINICHHAs KoHIeHTpanus xpoma (0,8 wmr/im), He3HAYMTENbHO MPEBBIIIAOIIAs
JOMYCTHMBIE 3HAYCHHUS W TpeOyromas TNepHOJIHYECKOTO MOHUTOPUHTA. B IeJIoM, KOMITIEKCHAs
OLICHKa TOJATBEPKJIAeT, 4YTO TMHTHhEeBas BoAa B AJIMaJIMHCKOM pailoHE XapaKTepu3yeTcs
YIOBJICTBOPUTEIIEHBIM (PU3UKO-XUMHUYECKAM U MHKPOOHOJIOTHICCKIM KAa4eCTBOM M MPUTOIHA IS
OBITOBOTO U TUTHEBOTO UCIIOJIb30BAHUS 0€3 JOMOIHUTEIBHON 00pabOTKH.

KiaroueBble ci10Ba: XO03SHCTBEHHO-ITMTHEBAS BOJa; KadC€CTBO BOAbI; CAHUTAPHO-TUT'MCHUYCCKUC
IIOKa3aTCIN, OKHUCIACMOCTD, J KECTKOCTD, TAXCIIbIC MCTAJIJIbI, MI/IKp06I/IOHOFI/I‘IeCKafl 0€301aCHOCTb.
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AnHoTtanus. Bocrouno-Kazaxcranckuii MeTHO-XMMHYECKU KOMOUHAT
pacnosioxkeH B Bocrouno-Kazaxcranckoit o6mactu mocénke YcCTh-
TanoBKka, CTPYKTYpHBIMU €MHUIIAMHA KOMOMHATA SBISIOTCS TPU Kapbepa
(Ilemonauxunckuii, Hukonaesckuii, Kampimunckuit) 1 HukonaeBckas
oborarutenpHas (padpuka. [Ipu OTKpbITOM crioco0e TOOBIYU IMOJIE3HBIX
MCKOIIAEMbIX BCE OCHOBHBIE IPOLECCHI COMPOBOMKAAIOTCS BBIIECICHUEM
nbuy. [Ipu Oypenuu BoiIeeHNEe MBLUTH MPOUCXOAUT 3a CUET pa3pylIeHuUs
OpO/Abl WM PyIAbl M IMOCTYIUIEHHS B BO3AYyX OypoBOW MeIouH,
BBIIEISIEMON U3 CKBaXXMH. C TOYKM 3pEHHUS OMACHOCTU M TOKCUYHOCTH
MOJIMMETAJUINYECKOM MBUIM, BUTAIOIIEW B BO3AYIIHON Cpele KapbepoB U
KaOWH TOPHOTPAHCHOPTHBIX MAIIMH, OCOOBI HHTEpeC W BHHUMAHHE
MPEACTABIISIET XUMUYECKHUI cocTaB mbUTH. Pabotamu A.A. MambipOaeBa
MOKa3aHO HAIMYHE MUK OOJBIIOT0 KOIMYECTBA MOTEHITHAIBHO OMACHBIX
MHUKPOIJIEMEHTOB — HUTpAT CBUHIIA, CEJICHAT HATPHUS, OKUCh MBIIIbSKA,
OKHUCh CYpbMBIL. XapakTep OONIETOKCUYECKOTO JIEHCTBUS  AITHX
TOKCUYECKHX BELIECTB J€TAJIbHO U3y4eH U 0000IIEH B MHOTOUNCIEHHBIX
TpyAax, B TO ke BpeMsl OCOOCHHOCTH CHEIU(PUUECKOTO IEHCTBUS ITHX
BEILIECTB Ha ACSATENBHOCTh KOATYISLUMOHHOM CHUCTEMBI KPOBU OCTAOTCA
HEU3y4YEHHBIMHU.

Lenpto wuccnenoBaHusi SBWIOCH W3YyYEHUE BIMSHUS TOKCHUYECKHX
BelllecTB (HUTpaTa CBUHIIA, CeJieHaTa HATPHsI, OKUCH CYPbMBI M OKHCH
MBIIIbSKA) B MOJEJIBHBIX IKCIIEPUMEHTAX Ha )KUBOTHBIX.

WccnenoBanus cucTteMbl T'€MOKOAryJSlMU TPOBOAMIUCH B YCIOBHSX
IKCIIEPUMEHTa Ha OeJIbIX TOJO0BO3PEIbIX Kpbicax-camiiax JuHuu Wister
Mmaccoit 150-160 rpammoB.

s onleHKH (YHKIIMOHATHHOTO COCTOSHUSI CUCTEMBI T€MOKOAryIsIuu
KpPOBU  KpBIC TMPOBOJMJIOCH  OINpEAeTeHHEe  CJIEeNYIOIIMX TEeCTOB
KOaryJaorpaMMbl: KOHIIEHTpalnus (GuOpUHOTeHa, MPOTPOMOUHOBBIN
UHJIEKC, BpeMsl peKalblu(UKaluY, KaOJMHOBOE BPEMsl, TOJIEPAHTHOCTh
Mja3Mbl K TEMapuHy, 3TAHOJOBBIM TECT, XapaKTEpPU3YIOLIHWN TEpBYIO,
BTOPYIO U TPeThIO (ha3bl Mpolecca Koaryssiui KpOBH.

[lenHocTh WCClieOBAaHUS  3aKIIOYAaEeTCd B TOM, 4YTO H3YyYEHHE
HEOIarompusTHOTO BIUSHUS MPOU3BOJICTBEHHBIX (DAaKTOPOB, a MMEHHO
TOKCHUYECKHX BEIIECTB HA pa3JIMYHbIe KOMIIOHEHTHI KOArysMOHHOU

55


mailto:ecology-2014@mail.ru
mailto:gkalelova@bk.ru
mailto:bakinserik@mail.ru
mailto:tooatex@rambler.ru
mailto:valeriysedelev@mail.ru
mailto:roza.beysembaeva@mail.ru
mailto:tsap_ecobio@list.ru
mailto:sanat_kv@mail.ru
mailto:gkalelova@bk.ru
https://doi.org/10.32523/hhx5yd59
https://doi.org/10.32523/hhx5yd59
https://creativecommons.org/licenses/by-nc/4.0/
https://creativecommons.org/licenses/by-nc/4.0/

Journal of Ecology and Sustainability 2026, 154(1)

CUCTEMBI KPOBH paHee HE MPOBOIUIOCH, UCCIICOBAIOCH KaK pa3/ielbHOE, TaK 1 KOMOMHUPOBAHHOE
BO3JICHCTBUE.

KiaroueBbie cJjioBa: OKCIICPUMCHTAJIBHBIC KUBOTHBIC, IIOKa3aTCJIM CHUCTEMBI T'€MOKOAryJIsAlnu;
KOMIIJICKC TOKCUYCCKHUX BCIICCTB.

1. Beegenue

B HOpManpHO (YHKIIMOHHPYIOLIEM OPTaHU3ME XKHJKOE COCTOSHHE KPOBU B 3HAUUTEIILHOU
CTETICHH OOBSCHSCTCS B3aUMHOH PE3UCTCHTHOCTHIO COCYAHMCTOW CTCHKH, TpPOMOOIIUTOB U
KOAryJupymomux OeNKoB IIa3Mbl KPOBH, NPEACTABICHHBIX IPEAIICCTBEHHUKAMH CEPUHOBBIX
MPOTECOIUTUICCKUX (DEPMEHTOB HJIM HEAKTUBHBIMU KOMIUIEKCaMH (DEPMEHTOB C MHTHOUTOpaMu. JTa
B3aMMHAas PE3UCTEHTHOCTh TPEX KOMIIOHEHTOB 00ECTIEYMBAETCSI MHOTOOOPa3HBIMU PETYISTOPHBIMU
MEXaHU3MaMH, KOTOPBIC MPEISATCTBYIOT MOCTOSHHO JCHUCTBYIOUIMM 3K30T€HHBIM W JHIAOTCHHBIM
dakTopam, crnocoOHbIM e¢ HapymuTh. OIHHUM U3 DK30T€HHBIX (PAaKTOpOB, BIHUSIOMIMX HAa
TeMOKOATYJISIIIMOHHYIO CUCTEMY KPOBH, SIBJISIFOTCS XMMUYECKHE BEIICCTBA.

B wumeromieiics auTepaType €cTh HECKOJIBKO padoOT, KacaroIMXCs BIMSAHUS XMUMHUYECKUX
BEIIECTB HAa CHUCTEMY T'eéMocTa3a J1adopaTOpHBIX KMBOTHBIX. Tak, Hampumep, M.C. Maprtupocos
(Martirosov, 2018) usyuan BiaMsSHHAE a30THOKHCIIOrO cepedpa B 103aX, BBI3bIBAIONIUX OTEK JIETKHX,
Ha ra3000MEH M KOAryJslMI0 KPOBU B JKCIepuUMeHTe. [Ipu HW3ydeHHMH KOaryisiuud KpOBH B
HAYaJIbHOM Ieprosie OTEKa JETKUX OTMEYAJIOCh CHWIKCHHE BPEMEHH pPEKaJbIM(PHUKALNU TUIa3MBl,
BO3pacTalia TOJEPAHTHOCTh IUIA3Mbl K TE€MApUHY M YMEHbIIAJCS CBOOOIHBIN remapuH. [1omoOHbIe
M3MEHEHHS HAONIOJAIMCh M B TEPUOJ pas3rapa OTEKa JIETKHUX, YTO CBHUJAETEIHCTBOBAJIO O
3HAYUTEIBHOM IMOBBIIICHUN KOAryJsiUM KPOBH. A B TEPMUHAIBHOM MEPUOJIE OTEKA JICTKHUX,
HAa000POT, OTMEYAJIOCH PE3KOEe YMEHBIIEHNE KOAryJISIIHOHHON CIIocOOHOCTH KpoBH. [IpoBenéHHbIe
HKCHEPUMEHTHI MO3BOJIMIIM BBISIBUTH NpPU OTEKE JIETKUX, BBI3BAHHOM BBEICHHEM OOJBIIUX 03
a30THOKHCIIOTO cepedpa, psa 0cOOEHHOCTEH B M3MEHEHHIX TPAHCIIOPTA ra30B KPOBBIO, ra3000MeHa
Y KOAryJsilIuK KPOBH.

Tax:xke M.C. MaprtupocoBbiM ycranoBieno (Martirosov, 2018), uto ragp0aHoBas KHCIOTa
OKa3bIBaeT TOpMO3sllee ACHCTBHE HAa MepBYHO (a3zy KOaryislMd KpPOBH, YTO IOATBEP)KIAAETCS
VIJMHEHWEM  BPEMEHH  PEKATbIU(PHUKAIMA  OKCANTATHOW  IJIa3Mbl, TPOMOWHOBOTO U
TPOMOOILIIACTHHOBOIO BpeMeHu B dkcrepumente (Martirosov, 2018). Tpombosnacrorpadus
CUMTAETCS JJIi WCCIENOBAaHMS KOATYISIMOHHBIX CBOWCTB KPOBH CaMbIM IIPOTPECCHUBHBIM U
Ha/I&KHBIM COBPEMEHHBIM MeToJIoM. Y He cilyuaifHO OH HCIOJIb30Ball TpoMOOaIacTorpaduio s
W3YyYEHHS KOATYJSIMMOHHON CIIOCOOHOCTH KpPOBH IPH OCTPOM W TIOJOCTPOM HHTAISIIHOHHOM
MOPAKEHUU a30THOKUCIBIME coiisiMu (amepuunsa-241, miyronnsn-239) B skcrepuMeHTe. ABTOPOM
BBISIBIICHBI Pa3HOOOpa3Hble M3MEHEHHS TPOMOOIIacTorpadiu, YKa3pIBaONIMe KaK Ha TCHISHIIHIO K
TUIIEPKOAryNALNU, 00yCIOBICHHON pa3BUTHEM BOCHAIUTENBLHOTO IMpolecca B JETKUX BCIEICTBHE
MOpaKEeHUs], TaK M HAa HAJIMYUE TUITOKOATYISAIINH, CBSI3aHHON C paaUalliOHHBIM BO3JICHCTBHEM Ha
KPOBETBOPHYIO CUCTEMY U NedeHb. [Ipy 3TOM HanpaBIeHHOCTh B CTOPOHY I'MIIEPKOATYJISIIIUK OOJIbIIIe
BBIpaKeHa y c00ak, BIBIXAMOIINX IUIYTOHWH, a TEHACHIUS K THIEPKOATYISINN — Y KMBOTHBIX,
3aTPaBICHHBIX aMEPIIUEM.

TpomboamacTorpadudyeckne MccaeToBaHNUs KOATYISIIIAA KPOBU TPU XPOHHYECKON 3aTpaBKe
’KMBOTHBIX alb(pameTuiactupoioM Obutn u3ydeHsl B.A. Hereca (Netesa, 2018). BrisiBneno, uto B
paHHHE CpPOKH 3aTpaBKHM HE3aBHCUMO OT KOHIICHTPAIMU TPOUCXOAUT PE3KOe TIOBBIIICHHUE
KOaryJisiuu KpoBU. DTH U3MEHEHUs IPOUCXOIMIIM B OCHOBHOM B IEPBYIO M BTOPYIO (ha3bl, TO €CTh
nepuoa o0pa3oBaHus TPOMOOKHHA3bl U TpoMOuHA. Bpems oOpaszoBanust pubpuna (coOCTBEHHOE
BpeMs KOaryJsiiuH) TakKe 3HAUUTENbHO YMEHBIIEHO, YTO CIIOCOOCTBYET Haualy TpeTbed (asbl.

CreneHb BRIPAKEHHOCTH 3TUX W3MEHCHHI 3aBUCHUT OT J03bI npernapara (Agabaljan et al., 2016).
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Kak M3BeCTHO, peryssiius JXHIKOTO COCTOSIHUSI KPOBH M €€ KOaryJisiliHs OCYILECTBIISICTCS B
OpraHM3Me IPH HEMOCPEACTBCHHOM YYaCTHH JBYX B3aWMOCBSI3aHHBIX CHCTEM — KOAryJsilud U
antukoaryisiuu (Kudrjashov, 2017). Tlpu Bo30ykIeHHH aHTHKOATYJISIIMOHHOW CHCTEMbI KPOBH B
KPOBOTOK BBIJICNISCTCS TelIapyH.

BaxnelmmM MexaHU3MOM aHTHUKOATYJSIMUOHHOM CHCTEMBI KpPOBH, MPEAYIPEKIAOIICH
BHYTPUCOCYAHMCTOE TpPOMOOOOpa3oBaHWE, SBIAETCS CHOCOOHOCTh TeHNapuHa BCTYNHTh B
KOMILJICKCHBIC COCJMHEHHS C OeJIKaMy KPOBH. DTOT MEXAHU3M aHTHKOAryJSIIIMOHHOW CHUCTEMBI
KpPOBH OBLI MOATBEPKIAEH B MCCIIEI0BAHUAX, IPOBOAMMEBIX psiaoM aBTopoB (Shelkova et al., 2016).
Ha kpeicax-camiiax OBLIO MOKa3aHO, YTO KPEMHUHOPraHUYECKHE COCIMHEHHS CIHOCOOCTBYIOT
MOBBIIICHUIO YPOBHS TellapuHa B KPOBH, 00Pa30BaHHIO C PSAAOM OEIKOB, KOMIUIEKCHBIX COSTMHEHUH,
XapaKTEePHBIX Ul BO30YXKICHUS aHTHKOATYJSIMOHHOW (MPOTHBOTPOMOUYECKOW) CHUCTEMBI
OpraHM3Ma U BBIABJICHUIO HeepMeHTaTHBHOTO (prOPUHOIN3A, TTO-BUAMMOMY, HMEIOIIETO BEyIee
3HAYCHHE B €CTECTBECHHOM MPO(UIAKTUKE BHYTPHCOCYIUCTON KOATYIISAILIUH,

C.E. Moukuna u B.JI. boryH u3yuminn (yHKIIMOHATBHOE COCTOSHUE CHUCTEMBI KOATYJISILIHH
KPOBH B 9KCIICPUMEHTE Ha KPBICAX ¥ MOPCKUX CBHHKAX IOCJIC IMOJOCTPOI CEMHIHEBHOM 3aTPaBKH,
UX TapaMu aiab(paMeTWICTHpOia NPU KOHIEHTpAlMU 3-5 MI/JI U TPEX4acoBOW SKCIO3HMLUH, Y
MOPCKHX CBHHOK M Yy KPBIC OOIIMH XapakTep peakiMH KOaryJslUuh CUCTEMbl KPOBH B CTOPOHY
TUIIEPKOATYISLUK: yYBEJIMYMBACTCS MOTPEOJICHHE NPOTPOMOMHA ¥ CHHIKAETCSl COJCpiKaHHe

cBob6omoro renapuna (Mochkina etal., 2019). ®ubpuHONUTHYECKAS AKTHBHOCTH Y MOPCKHX CBUHOK
1OCJIe 3aTPaBKU IOBBIIIACTCS, Y KPbIC — HAOOOPOT MOHMXKaeTcs. [IpOoTpOMOMHOBBIA HHICKC
CHIKACTCS y KPBIC U MOYTH HE MEHSETCSI Y MOPCKHX CBUHOK. Y 3THUX TPYIII )KUBOTHBIX HUMEIOTCS
HEKOTOPBIC pPAa3Iuuusl. OTH pa3iu4us, OYEBUIHO, SBISIOTCS CIEICTBHEM OHOJIOTHYECKUX
0COOCHHOCTEH IKCIEPUMEHTAIBHBIX )KUBOTHBIX. HO M y TeX, U y Apyrux noaocTpas HHTOKCHKALIUS
aTb(paMETHIICTUPOJIOM BEJICT K HAPYIICHUIO Pa3JInYHbIX 3BCHBEB CHUCTEMbI T€MOCTA3a.

P.T. Ma3aeBbiM ObUTa M30paHa TpomMOodIacTorpadgus B KaueCTBE METO/a MCclenoBaHus. B
NpOIIECCe OIKCIEPHUMEHTa Yy KOHTPOJIbHBIX OCNBIX KpPbIC BBISBICHBI H3MEHEHHS BpPEMEHHBIX
MoKa3zaTelneM  TpOMOOdJIacTOrpaMMBbl  OTHOCHTENBHO — Tokaszateneid  ¢ona.  UepenoBaHue
HAMpPaBICHHOCTH JTHX HW3MEHEHWH TMO3BOJIIET pACICHUBATh MX KaK MPOSBICHHE THUIIEp-
runoKoarysinnoHHoro cunapoma (Mazaev et al., 2017). B skcniepumeHTe, Ipu OCTPOM OTPaBICHUH
AQHWIMHOM, HHUTPOOCH30JIOM, HUTPOXJIOPOCH30JIOM YIJIMHSIIOCH BpeMsl KOAryJsilMd KPOBH U
YBEIMYHMBAJIOCH COAEpKaHHE (QUOPUHOTEHa IO CPaBHEHHIO C KOHTPOJEM, a IPH OTPABICHHH

TPUHUTPOTOIYOJIOM, HapsAAy ¢ STUMH U3MEHEHUSIMH, CHUXKallach akTUBHOCTh VI dakTopa (Brin et
al., 2020; Kong et al., 2024; Kilanowicz et al., 2019).

Taxum o6pa30M, JIUTCPATYPHBIC UCTOYHUKU y6e)KI[aIOT B TOM, 4TO IIpU HeﬁCTBHH XUMHNYCCKUX
(akTOpOB TPOUCXOAAT HU3MEHEHUS B CHUCTeMe remocTasza. IIpu sToM TiyOMHA BO3HUKAIOIIUX
CABHUI'OB, XapaKTep U3MEHEHUN B Koal“yJ'I}II_II/IOHHOI\/'I CUCTCMC 3aBUCAT OT BHJa ITPOMBIIIJICHHOT'O A4,
OCOOCHHOCTEM pEe3UCTEHTHOCTH W PEAaKTHUBHOCTU opraHu3smMa. Hamu BrepBble NpPOBEAEHBI
OKCIICPUMCHTAJIBHBIC HUCCIICAOBAHUA Pa3ACIIbHOIO U KOMGI/IHI/IpOBaHHOF (0] HeﬁCTBHH MaCJIsSIHBIX
CYCHeH?,I/If/'I TOKCHYCCKHX BCHICCTB, TAKUX KaK CCJICHaAT HanI/IH, OKHCH CypBMBI, OKHCHU MBbIIIbSKA,
HUTpaTa CBUHIA Ha KOATryJIAIIUOHHYIO CUCTEMY KPOBHU. Takue paGOTBI paHee HC TPOBOAUIINCE.

2. MaTepuajibl 1 METObI

[IpoBeneHsl WCcAemOBaHHUS KOAryjaorpaMMbl B YCIOBHSAX OKCIEpPUMEHTa Ha OenbIX
MIOJIOBO3PENBIX Kpbicax-camuax JuHun Wister maccoit 150—160 rpammoB. Beero B ombIT 06110 B35STO
36 KMBOTHBIX, KOTOpBIE OBUIM pa3ieiieHbl Ha JIBe TPYNIbl (KOHTpoibHas 1 rpymma 6 KWBOTHBIX,
ONBITHBIX S TPyNm MO 6 >XHUBOTHBIX, W TOMEIIEHbl B CIELUATBHO HM3TOTOBJIECHHBIE KIIETKH).
OKCIEepUMEHTAIBHBIX JKUBOTHBIX KOHTPOJIGHOW CEPUM OIBITA COZIEPIKATH B OTAEIBHOM, XOPOIIO
MIPOBETPUBAEMON KOMHATE€ C E€CTECTBEHHBIM M HCKYCCTBEHHBIM oOcBelleHHeM. KoHTposibHas u
OTIBITHBIE KUBOTHBIE COJIEPKAINCH HA OOBIYHOM J1abopaTopHOM parmoHe. Ha OpromkoByro 4acTh
TeNa >KMBOTHOTO IJIOHIAAbI0 2X2 CM HAHOCHJIM MACISHYIO CYCIIEH3MIO HCCIIEAYeMOrO BEIEeCTBa,
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KOTOpOE Yepe3 4ac CMBIBAJHM U TaK B TEUEHUE Mecsla. EykelHeBHO HAHOCHMBIE JJ03bI XUMHYECKUX
BemecTB ObLH crenyronue: cenenar Hatpus — 0,001 mr, okuck cypsmbl — 0,048 Mr, OKMCh MBIIITbsIKA
— 0,052 wmr, nurpar ceunma — 0,032 mr (Trahtenberg et al., 2017; Ershov et al., 2019). 3to
OOIICTTPUHATBIC TOKCUKOJIOTHYECKUE J03bI, OHU HE CMEPTEIIbHBIC, HO BBI3BIBAIOT WHTOKCHUKAIIHIO.
JKUBOTHBIX KOHTPOJBHOM M SKCIEPUMEHTAIBHBIX TIPYII B OJHH M T€ K€ CPOKH, TO €CTh IO
UCTCUCHHH MECSIYHOTO CpOKa NyTEM JEKAlHWTallMd IPOBOAWIM HCCICIOBAHHUS COTJIACHO
«MeXIyHAapOAHON PEKOMEHIAIMH TI0 TPOBEICHHUIO MEIUKO-OMOJOTMYECKHX HCCIEOBAaHUN C
HCIIO0JIb30BaHUEM J1TaO0OpaTOPHBIX KUBOTHBIX (Zhang et al., 2024).

Jis  oneHkW (QYHKIIMOHAIBHOTO COCTOSIHUS KOAryJISIIIMOHHOW CHCTEMBI KpPOBH KPBIC
MIPOBOJIMIIOCH OTIPEJICIICHUE CIICAYIONIMX TECTOB KOAryJIorpaMMbl: KOHIICHTpanus puOprHOreHa 1o
merony PyrOepra u mnporpomOunoBbiii uHIekc mno Ksuky (Kozlovskaja et al., 1984),
pekanbiupuKanys 1ia3Mel Mo berepxody W TOJEPaHTHOCTH IIa3Mbl K TeMapUHY IO METOY
Komnepa (Kost, 1975), kaonuHoBoe Bpems 1o bapkarany u banayapl, ¥ 3TaHOJOBBIH TECT IO
MemnbimkoBy (Menshikov, 1984).

Vcnonp30BaHHBIC TECTHI IAIOT BO3MOYKHOCTH CYAMTH O COCTOSSHUM CHCTEMBI T€MOKOATYIISIIIN
KpOoBH B paznuuHbie (a3bl. [IockonbKy oaqpoOHOE OMHMCaHUe BCEX MCIOJIb30BAHHBIX MOKa3aTenen
KOaryJiorpaMMbl HAalUIO OTPaKEHHWE B MHOTOYUCIICHHBIX WHCTPYKIUSAX H PYKOBOJACTBAX
(Kozlovskaja et al., 1984; Kost, 1975; Menshikov, 1984) B Hamieii pabotre METOANKA UX IPOBEICHHS
HE ONHCHIBACTCSI.

Ob6opynoBanue: aBTomatuueckuii koaryiaomerp «Huma Clot Pro», mentpudyra «Humax
NCT», OuHOKymspHbIi Mukpockonm «Huma Scope Premium», tpomboanacrorpadp «ROTEM
DELTA». HabGop peareHTOB I ONpEICICHUS MPOTPOMOMHOBOTO BpeMeHu «Hemostat
Thromboplastin — nHaGop pearenToB st ompeneneHus ¢uOpuHOreHa Iiasmbl  «Hemostat
Fibrinogen», nabop mus onpeaenenus TpoMOMHOBOrO BpeMmenu «Hemostat Thrombin Time».

[TonydyeHnHble naHHbIE 00pabOTaHbl METOAAMH MaTeMaTH4ecKo cratucTtuku o ['ypmany B.E.
(Zhang et al., 2024) ¢ BeIYKCIEHHEM OTHOCHTENILHBIX M CpenHeaprdMeTrnyeckux Benuuud (M), ux
om6ok (M), cpeHEeKBaAPATUYHBIX OTKJIOHECHUH (J), KpUTEPUEB TOCTOBEPHOCTH moka3areiei () u
WX pa3HHMIIBI (P) C OTPEICTICHUEM MEKCUCTEMHBIX U BHYTPUCUCTEMHBIX CBSI3€H MEXy U3ydaeMbIMU
MOKa3aTeISIMH.

3. Pe3yabTaThl

B ycrnoBusAx SKCHeprMEHTa MacisSHYIO CYCICH3WIO CeJeHaTa HaTpus HAHOCWIIM Ha KOXY
exxeqaeBHO B no3e 0,001 mr. Pe3ynmpraThl mMcciemoBaHMi TOKa3aiH, YTO B MPOIECCE OTPABIICHUS
MacJISTHOM CyCIIeH3HMHU CelieHaTa HaTPUsl MPOUCXOIST U3MEHEHHSI B CUCTEME FeMOKOary sy, beum
OOHapy)XeHbl JIOCTOBEPHBIC H3MEHCHHS B psjAe TIoKa3aTeleld KoaryjaorpamMMbl. BbIsBIeHO
HOBBIIICHHE KOHIEHTpaIMu (GudpruHoreHa (tadnuna 1) mo cpaBHEHHIO CO CPEIHECTATHCTHYCCKUM
3HAYCHHEM KOHTPOJIBbHOM IpyMIbl (PUCYHOK 1), pasHuIla MEX Ty HUMHU TOCTOBEPHA.

58



Journal of Ecology and Sustainability 2026, 154(1)

Tab6auna 1. M3meHeHus mokaszaTesiel TeéMOKOAryISIIMOHHONM CHUCTEMBI KPOBH Yy JIaDOPAaTOPHBIX
’KMBOTHBIX MPU OTPABJICHUH MACJSIHOM CYCIIeH3UH ceneHaroM Hatpus (M+m)

Iloka3aresnun KonTpoinb IlocJie 3aTpaBKHU
1 ®ubpuHoTreH, I/1 3,310,4 5,1+£0,2
n=6 P<0,001
n=6
2 [TpoTpoMOMHOBBIN HUHAEKC, % 107,5+4.,8 79,7+4,2
n=6 P<0,001
n=6
3 Bpewms pexkanbuudukamnmm, cex. 91,3+4,2 54,5+3,2
n=6 P<0,001
n=6
4 | KaonmHOBOE BpeMs, CEK. 72,1+4,3 40,5+3,5
n=6 P<0,001
n=6
5 | TonepaHTHOCTH IJIa3MBbI K T€MIAPUHY, MHUH. 7,911,1 4,5+0,5
n=6 P<0,01
6 | DraHONOBBII TECT Ne5 (83,3) Ne4 (57,1%)
cr-1 (16,7%) cr-3 (42,9%)
n=6 n=6
10
7,5
5,10
5
2,5

B 1-rpymma KOHTpOIbHAs
¥ 2-ombITHAS TPy

Pucynox 1. Konmenrpaunus ¢uOpuorena 1/i, y I1aOOpaTOPHBIX >KHBOTHBIX TIPU OTPABICHHUU
MacJISTHOW CYCIIEH3UH ceJleHaTa HaTpus: 1 — rpymnmna KOHTpoJbHAs; 2 — ONBITHAS IPyIIa

HaOmnromaercst HOHMKEHUE B KPOBH MPOTPOMOMHOBOTO MHCKCA B CPABHECHHU C KOHTPOJIBHOU
rpymmoii: Ha 25,9%, 3HauuT, oT™MeuaeTcs cHmkenne aktuBHOCTH (hakTopoB VII u X (pucyHok 2).
Bpemst pekanmblupUKalMi ITUTPATHOH IUTa3Mbl Y OINBITHBIX JKHUBOTHBIX YKOPAuUBACTCS IO
CPAaBHEHHMIO C KOHTPOJbHBIMHU KUBOTHbIMH Ha 40,3% (pucyHok 3). IIpoMcXOaUT JOCTOBEPHOE
YKOpOUYEHHEe KaOJMHOBOTO BpeMeHu (pucyHok 4). Habmomaercst ykopodeHne BpeMEHH KOaryJIsIiuu
MIPH BBE/ICHUH TeIIapHHA, T.€. TOJIEPAHTHOCTH IJIa3Mbl K TeIapHHY MOBBIIIASTCS U COCTaBIsUI0 59,6%
(pricyHOK 5). DTaHOJIOBBII TECT, KaK BUIHO U3 TaOJHIIbI, OcTaéTCs 6€3 n3MeHeHu . [1010KUTETbHBIM
CUMTAETCSl PE3yJbTAT, KOT/Ia B OCAZOK BBINAAACT I'ellb, a OTPUIATEIHLHBIM — KOTJa HE BHINAJacT.
OTtpuniaTenbHbIN pe3ynbTaT y 4 ONBITHBIX )KUBOTHBIX U3 6 00CI€I0BaHHBIX, YTO cocTaBuiio 57,1% u
OJIOKUTENbHBIN v 3 (42,9%), Y KOHTPOJIBHBIX JKHBOTHBIX OTPHUIATEIbHBIN pe3ynsTar y 5 (88,3%),
nojoxutenbublii y 1 (16,7%).
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Pucynoxk 2. [IpotpomMOuHOBbIi HHIEKC %, y 1a00paTOPHBIX )KUBOTHBIX IPU OTPABICHUU MaCIISTHON
CYCIIEH3MU CeJeHaTa HaTpus: 1 — rpynna KOHTpOJbHAs; 2 — ONBITHAS TPYIIIA
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Pucynok 3. Bpems pekanbiuuKanuyd B CEKYHIAX, Y JJA0OPATOPHBIX KUBOTHBIX IPU OTPABJICHUN
MAacCIISTHOW CYCIIEH3UH CeJIeHaTa HaTpus: 1 — rpyrma KOHTPOoJIbHAs, 2 — ONBITHASI TPYIINa
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Pucynox 4. KaonmHoBoe BpeMs B CEKyHAAX, y Ja0OpaTOPHBIX >KMBOTHBIX IIPU OTPABICHHUU
MacJISTHOW CYCIIEH3UH ceJeHaTa HaTpus: 1 — rpynmna KoHTpoJbHast; 2 — ONBITHAS FPyIINa
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Pucynok 5. TonepaHTHOCTh TUIa3MbI K TeMapUHy Y J1a0OPaTOPHBIX >KUBOTHBIX IPU OTPABICHHUU
MacJITHOW CYCIIEH3MHU celeHaTa HaTpus: 1 — KOHTpoJbHas rpynna, 2 — OnbITHas rpymnna (1o ocu
OpAMHAT — BPEMS, MUH)

Takum 00pa3oM, MacisiHash CYCIICH3Ms CeJICHAaTa HATpPHUs 00JIaacT CBOWCTBOM IOBBIIIATH
KOAryJisIIHOHHYIO CIIOCOOHOCTH KPOBHU, T.K. JOCTOBEPHOE YKOPOUYEHHE BPEMEHU peKalblIu(UKAIINY,
MOHVKCHUE KOHIIGHTpanuu (QUOPUHOTeHa, YKOPOUYCHHE KAOJMHOBOTO BPEMEHH, IIOBBIIICHHE
TOJIEPAHTHOCTHU IUIa3Mbl K F€IIAPUHY — 3TO MOBBILIEHHAS] TOTOBHOCTh KPOBU K KOAryJIsLIUH, IPUYEM
HapylIeHus: 0OHAPYKEHBI BO BCeX TPEX (hazax mporecca Koaryssiui KPOBH.

[Ipy ATUTENBHOM KOXXHO-PE30POTHBHOM JI€HCTBUU MACISHOW CYCHEH3UU OKHUCU CYPbMBI
WCCJICIOBAIIA COCTOSIHIE TEMOKOATYJISIIINY Y )KUBOTHBIX. CeMb OIBITHBIX OCITBIX KPBIC MTOABEPTaIACH
JIEHCTBUIO MACTISTHOM CYCIIEH3UU OKUCH CYPbMBI, IIIECTh KOHTPOJIbHBIX O€IBIX KPBIC HE TIOIBEPTaIkCh
JIEHCTBUIO TOKCHYECKOTO BemecTBa. Kak BUAHO U3 TaOIUILI 2 HAOIIOAACTCS YKOPOUCHHE BPEMECHH
pekaabiu(UKAIMN T171a3Mbl Y OIBITHBIX )KHBOTHBIX 10 CPABHEHHIO C KOHTPOJIBLHBIMH (PUCYHOK 6.)
Pazunnia Mexny Humu goctoBepHa. I[lpw HEHCTBUM OKHCHM CYpbMBI OTMEUYEHO YKOpPOYEHHE
KaoJMHOBOTO BpeMeHu Ha 40% 1o cpaBHEHHUIO ¢ KOHTPOJIBHOM Tpymmoii (pucyHok 7). KoHieHnTparus
¢ubpuHOTEHA, MPOTPOMOWHOBBIM WHACKC, BpeMs peKaTbIU(PUKANUA HUTPATHOW TUTA3MBI,
TOJICPAHTHOCTh TIJIa3MbI K TeTapuHy, STaHOJIOBBIM TECT B 00CIIeyeMOil rpymie He H3MEHUINCH TI0
CPABHEHUIO C KOHTPOJIbHOW I'PYIIIION.

Takum oOpazom, pu JEHCTBUH MACSTHON CYCIIEH3MH OKUCH CYpbMBbI Ha OPTaHU3M JKUBOTHBIX
BBISIBIICHBI U3MEHEHUS B TIEpBOH (hase mporecca Koaryysiiiud KpOBH U BO BHYTPEHHEM MEXaHU3ME.

Tab6auna 2. V3MeHeHWe MMOKa3aHWH T€MOKOATYISIIIMOHHONH CHUCTEMBI KPOBH Yy JIaDOPaTOPHBIX
YKMBOTHBIX ITPH OTPABJIICHUH MACIISTHOM CYCITEH3UU OKHMCH CYpbMbI (M= m)

IMoka3arenu KonTpoinb IlocJjie 3aTpaBKu
1 ®dubpuHoreH, /1 2,610,3 2,6+0,7
n=6 P>0,05
n=6
2 | IlporpomOuHOBHIi HHEKC, % 84,545,0 74,844,1
n=6 P>0,05
n=6
3 | Bpems pekanbiudukamnyu, cex. 95,5+8,8 57,6+7,1
n=6 P<0,001
n=6
4 | KaonumHOBOE BpeMs, CEK. 68,3+4,3 37,3+£3,8
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n=6 P<0,001
n=6
5 TonepaHTHOCTH IUIa3Mbl K TE€IIAPUHY, MUH. 9,9+0,8 5,8+2,4
n=6 P>0,05
n=6
6 | DTaHOJIOBBIN TECT Ne4 (66,7%) Ne5 (83,3%)
cr-2 (33,3%) cr-1 (16,6%)
n=6 n=6
100
57,6
50
0

B 1-rpymmna KOHTPOJIbHAS
2-0OmBITHAS TPYIIIA

Pucynok 6. Bpems pekanbiudukanun B ceKyHAaxX, y 1a00paTOPHBIX )KUBOTHBIX IPU OTPaBICHUU
MAacCJISTHOW CYCIIEH3UH OKUCH CYPBMBI: 1 — rpymma KOHTpoJbHas, 2 — OIBITHAS TPYIIa
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Pucynox 7. KaonmHoBoe BpeMs B CEKyHAAX, y Ja0OpaTOPHBIX >KMBOTHBIX IIPU OTPABICHHUU
MAacJISTHOW CYCIIEH3UH OKUCH CYpbMBI: 1 — rpymma KOHTpoJibHas; 2 — OIBITHAs TPYIIIa

Cocrosinue meveHn u mnepudepuueckoit kpoBu wm3ydanoch (Oliievska et al.,, 2018). ¥V
o0cneIOBaHHBIX OOJIbHBIX, WMEBIIMX MPOQPECCHOHAIBHBIA KOHTAaKT C CYpbMOMW, HaOIIOIAI0TCS
W3MEHEHUS CO CTOPOHBI HEPBHOW CHUCTEMBI (PYHKIIMOHATHHOTO M OPraHWYEeCKOro XapakTepa.
YMepeHHbIE TeMaTOJIOTHYECKHE CIBUTH Y 00CIEIOBAHHBIX OOJBHBIX OTMEUYAIOTCS, KaK CO CTOPOHBI
KpacHOM, Tak U CO CTOPOHBI Oenoil KpoBH. BEHISBIEHO yMEHbIIEHHE KOJIMYECTBA allbOYyMHUHOB U
MoBbINIeHHUE anb(ha-1-r1o0ynHOB, HOPMHUPYIOMUXCS B KIETKaX MEYEHHU, CHIDKEHHE o0Iero 0emka
CBIBOPOTKH KPOBU U U3MEHEHHE OCAJ0YHBIX U KOATyJISIIMOHHBIX OCOOEHHOCTEH OEKOB CHIBOPOTKHU
KPOBH.
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O HaKOIUICHHH CYpbMbI B KPOBH IIPH PA3IMYHOM ITYTH MOCTYIUICHUS B OPraHU3M H3y4CHO
(Trahtenberg et al., 2017). Pe3ynpraThl HCCIIEAOBAaHHUS IIOKa3aaM, YTO HE3ABHCHMO OT IIyTH
MOCTYIUICHUSI CYPbMBI B OPI'aHU3M JKMBOTHBIX OHA HAKAIUTMBACTCS B OOJIBIIIOM KOJMYECTBE B KPOBU
yKe K 3 JTHIO [10CJIe BBEJICHHS.

[lpy AAMTENFPHOM HMHTATSIMOHHOM TOCTYIUICHUM OKUCH CYPbMbI B OPTraHH3M JKHBOTHBIX
HAOJIIOMal0TCS CABHMIH B JICHKoIUTapHOM coctaBe mepudepuueckoit kposu (Witeska et al., 2023).
[TpoucxomsaT W3MEHEHHsS KOJMYECTBEHHBIX TI'eMaTOJIOTHYECKUX IOKa3aTelNei: TreMOorioouHa,
OPUTPOLIUTOB, JIEHKOLMTOB, KOJMYECTBEHHOIO cOCTaBa O€lIOd KpPOBH, XOJHMHAICTEPA3bl,
JaKTaTACTUAPOTCHA3bl, aJaHUH W aclapTraTaMUHOTpaHcdepasbl, MHUHEPAIBLHOrO, OEJIKOBOTO |
JIMITUHOTO OOMEHOB.

[Tpu 3aTpaBKe KUBOTHBIX MAaCISTHOW CYCIIEH3UM OKHCH MBbIIIbsiKa ¢ KoHIeHTpauueit 0,052 mr
BBISIBJICHBI CIBUTM B CHCTEME T'€MOKOArysiiuu. BonbIIoW MpOIEHT BCAchIBAHUS Yepe3 KOXKY
obecrieunBaeTcsi KOKHO-Pe30pOTUBHBIM MeTonoM. Kak BuaHo u3 Tabmuuel 3, OOHapYXEHO
HOBBIIICHAE KOHIIEHTPAIMU (UOPHHOTEHA Y OIBITHBIX )KUBOTHBIX (PHCYHOK 8) MpH CONOCTaBICHUH
C KOHTPOJBHOH Tpynmod u cocraBmwiio 66,7%. OTMmedaercss yKOpOYCHHE KAOJIMHOBOTO BPEMEHHU
(pucyHok 9). Takue KOAaryjaoTeCThl, KakK COJCp)KaHHE IPOTPOMOMHOBOIO HWHIECKCA, BpeMs
pekanbIu(UKAIMU, STAHOJIOBBIA TECT Y ONBITHBIX JKUBOTHBIX IPH COMOCTABICHUU C KOHTPOJIBHOM
Ipynmnoi He aéT JOCTOBEPHBIX pa3IW4Mi, a TOJEPAHTHOCTH IUIa3Mbl K TE€HNapHHY JOCTOBEPHO
camxaercs (pucynok 10).

Tab6auna 3. l3MeHeHus mokazaTenedl KOaryiasIMOHHOW CHUCTEMBI KPOBH Yy JIaOOPaTOPHBIX
’KMBOTHBIX ITPU OTPABJICHUH MACJISIHOM CYCIICH3UU OKUCH MBIIIbsika (ME m)

IToka3zarenn KonTpoub ITocye 3aTpaBKH
1 ®dubpuHOTEH, T/ 3,0+0,6 5,0+0,3
n=6 P<0,01
n=6
2 [TpoTpoMOUHOBEIH HUHACKC, % 89,7+3,1 85,3+2,0
n=6 P>0,05
n=6
3 Bpewms pekanbuudukamnmu, cex. 85,0+11,3 82,8+17,2
n=6 P>0,05
n=6
4 | KaonwHOBOE BpeMs, CEK. 71,015,6 41,348,8
n=6 P<0,01
n=6
5 TonepaHTHOCTH IJIa3Mbl K T€MTAPUHY, MUH. 10,2+1,3 9,6+1,2
n=6 P<0,05
n==6
6 | DTaHONIOBBIA TECT Ne5 (83,3%) Ne5 (83,3%)
cr-1 (16,7%) cr-1 (16,7%)
n=6 n=6
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Pucynox 8. Konuenrpamms ¢ubpuorena, r/i, y 1abOpaTOPHBIX XHUBOTHBIX IMpPHU OTPABICHHUU
MAacJITHOW CYCIIEH3UHM OKHCH MBbIIIbsKa: 1 — rpymma KOHTpOsbHAs; 2 — ONBITHAS IpyIa
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Pucynoxk 9. KaommHoBoe Bpems, B CeKyHIaX, y J1aOOpPaTOPHBIX >KUBOTHBIX IPH OTPABICHHUU
MacJISTHON CYCIIEH3UHM OKMCH MBIIIbsKa: 1 — rpymmna KOHTposbHAs; 2 — ONBITHAS IpyINa
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Pucynox 10. TonepaHTHOCTb MJa3Mbl K TeMapuHy, MHUH, y Ja0OpaTOPHBIX >XUBOTHBIX NpHU
OTpPAaBJICHUH MAaCIISTHON CyCIICH3MH OKHMCH MBIIIbsIKa: 1-Tpymmma KOHTPOJIbHAS; 2-ONBITHAS TPYIIIA
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Taxum 06pa3om, Tpu AEHCTBUHM MACIISTHON CHCTEMbI OKUCH MBIIIbAKA IPOUCXOAAT U3MEHEHUS
B CHUCTEME€ reMOKoaryjasiuuu. B pe3ynbraTe cONOCTaBIEHUS IMOJYYEHHBIX JAHHBIX YCTAHOBJICHbI
JOCTOBEPHbIC N3MEHEHHS B TPEThel (ha3ze Koarynsiuu, MOBBIIICHNE KOHIEHTpauu (uOpHHOTEHa, a
TAaKXKe CABUIM BO BHYTPEHHEM MEXaHU3ME KOaryJsillud KpOBH, JOCTOBEPHOE YKOpPOUYEHHE
Ka0JIMHOBOT'O BpeMeHH. Bo3MOkHO, 32 CUET aKTUBHOCTH (hPaKTOPOB KOATYIISILIMOHHOM CHCTEMBI KPOBU
Ha MOBpeXaarollee JefcTBUE MACISIHON CYCIIEH3UH OKHCH MBILIbSIKA.

ITo nanubim (Ershov et al., 2009) skcniepuMeHTaIbHO UCCISIOBAIACH MPOHUIIAEMOCTD KOXKHU
JUIsL MBIILIBSIKA, MBILIBSK-COAEPKALINX MUHEPaIbHbIX BOJ. Pe3yabTaTsl Hccae10BaHU IOKA3aJIH, YTO
NPOHUKHOBEHHE B OPraHU3M Yepe3 KOXKY MBIIbIKA M3 ECTECTBEHHBIX M HCKYCCTBEHHBIX
MBILIBSKCOACPKAIMX MHUHEPAIBHBIX BOJ, NPSIMO MPONOPLUOHAIBHO OOLIeH MHHEepaIu3aluu
MBIIIbSIKA B MHUHEPAJIbHBIX BOJAaX. MBIIIBSK BO BHYTPEHHHX OpraHax M TKaHSAX OpraHu3Ma Ipu
UCIOJIb30BAHUM METOJAa PaJMOAKTUBHOM MHAMKALMU ONpeAessieTcs He paHee 3-X 4acoB IOCIe
BO3zeHcTBUS. [Ipn 5TOM OH HEpaBHOMEPHO paclpeeNsieTcs 10 OpraHaM U TKaHsSM. 3aMEUEHO TaKKe,
YTO B pe3y/bTaTe MPOBEIEHUS COOTBETCTBYIOLIETO JIeYeOHOI0 Kypca BaHH MPOHULIAEMOCTb KOXKH 115
MBIIIbSIKA YBETHYNBACTCS.

E>xelHEeBHO B TeUeHUE MeCsIIa KOXKHO-Pe30pOTHUBHBIM MeToi0oM HaHocuiiu 0,032 Mr macisiHyro
CYCICH3HIO HHUTpaTa CBHHIA OEIBIM KpbICaM, Yepe3 4ac CMBIBAIH. Pe3ynmbTaTbl HMCCIIeOBaHUMN
[0Ka3aJld, YTO B IIPOLECCE OTPABICHUS MOJOIBITHBIX KUBOTHBIX HUTPATOM CBHMHLA MPOUCXOAUT
MOBBIIIEHUE KOHIEHTpanuu (UOPHUHOTEHA II0 CPAaBHEHHIO C KOHTPOJBHBIMH YKMBOTHBIMH U
cocraBwio 68,9% (pucynok 11). HabOmromaercss MOBBIMICHHE B KPOBH OIBITHBIX JKHBOTHBIX
IPOTPOMOMHOBOTO MHJIEKCA (PUCYHOK 12).

[Ipu comocraBleHUU CpEIHUX BEJIWYMH C KOHTPOJBHOM TIPYMNNON pa3HUIAa JOCTOBEPHA.
OOHapyXeHO YKOPOUYECHHE BPEMEHHU peKaNbIN()UKAIIUH TUIa3Mbl Y ONBITHBIX )KUBOTHBIX U COCTABUIIO
67,3% (pucynok 13). OGHapy EeHO CTATUCTHYCCKH 3HAYMMOE MOBBINICHUE TOJIEPAHTHOCTH ILIA3MbI
K renapuny (Tabuuia 4).

Taxum 06pazom, OOJIBIIMHCTBO TECTOB KOAryJI0IpaMMbl U3MEHSIOTCS MTPH AEHCTBUM MaCIIsTHON
CYCIeH3MH HHTpaTa CBHHIA B OSKCIIEPUMEHTE, OTMEYAaeTCs IOBBIIICHHAS KOATyJISIIUOHHAS
aKTUBHOCTh KpOBH. VI3MeHMIMCh TIOKa3aTelu, XapakTepusylolue MepByro a3y mpolecca
KOAryJisiliui KpoBH (BpeMs peKaablu(UKaLKU, TOJIEPAHTHOCTD IUIa3Mbl K T€NapuHy), BTOpYIO (dazy
(MpoTpOMOMHOBBIN UHJIEKC), TPEThIO a3y (KoHUeHTpalus GpudpuHoreHa).
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2-0TIBITHAS TPYIIA

Pucynok 11. Konuenrpanus ¢uOpuHorena, r/a, y 1abopaTOpHBIX >XUBOTHBIX IPU OTPaBJICHUU
MacJITHOW CYCIIEH3UHM HUTpaTa CBUHIA: 1 — rpymnmna KOHTpOJIbHAs; 2 — ONbITHAs Tpymna
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Pucynoxk 12. [IporpoMOuHOBBIN HHICKC %, y TAOOPATOPHBIX KHUBOTHBIX IIPU OTPABJICHUU MaCIISTHOU
CYCIEH3MH HUTpaTa CBUHIA: 1 — rpymnmna KOHTPOJIbHAS; 2 — OMBITHAS TPyIIa
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Pucynok 13. Bpems pekanbiudukanuy, B CEKYHAAX, Y JaOOpaTOPHBIX JKUBOTHBIX MPU OTPABICHUN
MAacIISTHOW CYCIIEH3UH HUTpaTa CBUHIA: 1 — TpyIina KOHTPOJIbHAS; 2 — OTIBITHAS TpyIIa

Ta6auna 4. Vi3MeHeHue nokasarenneil KoaryasiuOHHONW CHCTEMbI KPOBH y Ta00paTOPHBIX JKUBOTHBIX
IPU OTPABJICHHH MACIISIHOW CYCIIEH3UW HUTpata cBuHIa (M+ m)

ITokazaTenu KouTtpousb ITocae 3aTpaBKH
1 ®ubpuHoreH, r/m1 2,91+0,5 4,9+0,1
n=6 P<0,001
n=6
2 [TpoTpoMOUHOBEIH HHAEKC, % 97,2+4,0 80,8+4,2
n=6 P<0,01
n=6
3 Bpewms pexkanbuudukanmm, cex. 96,218,0 64,8+5,2
n=6 P<0,001
n=6
4 KaonuaoBoe Bpems, cex. 67,8114,4 45,7+3,0
n=6 P>0,05
n=6
5 TonepaHTHOCTH MMJ1a3Mbl K TeMapuHy, 8,240,3 4,91,5
— n=6 P>0,05
n=6
6 DTaHOJIOBBIN TECT Ne4 (66,7%) Ne4 (66, 7%)
cr-2 (33,3%) cr-2 (33,3%)
n=6 n=6
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PesynbTaThl HammMX WCCIENOBAaHWW TOKa3bIBAIOT, YTO Yy JIA0OPATOPHBIX >KMBOTHBIX NpPHU
ﬂeﬁCTBHH Ha OpraHu3M MAacJISIHOHU CyCIICH3MM HHUTpAaTa CBHHIA M[IPOHUCXOAUT AKTHBALIUA
KOaryJIsiMUOHHOW CHCTEMBI KPOBH.

HpOBCI[CHBI SKCIICPUMCHTAJIbHBIC HCCIICI0BAHUA COCTOAHUA TeMOKOaryJsinun npu
KOMIUICKCHOM JICHCTBUU TOKCHUYECKUX BEIIECTB (MacIsTHbIC CYCIICH3MH CEJICHATa HATpPHUs, OKHCHU
CYPbMBbI, OKHCH MBIIIbSIKA, HUTpaTa cBUHIA). OOHApYKEHO, YTO MPH KOMILJIEKCHOM JICHCTBUU ITHX
TOKCUYECKUX BEIIECTB MPOUCXOIUT MOBBIIICHHE KOHIIEHTpauu (pudpuHorena (pucyHok 14) mpu
CPaBHEHUH C KOHTPOJIBbHOMW Tpymmoil u cocraBmio 35,7% (tabmuna 5). Habmronaercs ykopoueHue
KaOJIMHOBOTO BPEMEHH, HW3MEHEHHs BO BHYTPCHHEM MEXaHWU3ME KOAryJsillid KpOBH TpU
COIOCTABJICHUHM C KOHTPOJBHOM TIPYIIION pPa3HHULA MEXIY HUMH CTAaTUCTUYECKH JTOCTOBEPHA

(pucynok 15).
10
7,5

5 3,80

2,5

B 1-rpymmna KOHTPOJbHAs
B 2-0OIBITHAS TPYIIIA

Pucynox 14. Konuenrpauus ¢uOpuHoresa, r/1, y 7a00paTOpPHBIX KMBOTHBIX IpHU
KOMOWHUPOBAHHOM JEHWCTBUU TOKCHYECKHUX BEHIECTB: 1 — rpymnma KOHTPOJIbHAS; 2 — OTIBITHAS TPYIIa

100

66,80

50

0

B 1-rpymnma KOHTposibHas ™ 2-OMbITHAS TPYIIa

Pucynox 15. KaonmaoBOE Bpems, B CEKyHAaX, y Ja0OPATOPHBIX )KUBOTHBIX MTPU KOMOMHUPOBAHHOM
JIEHCTBUU TOKCUYECKUX BEIIECTB: 1 — rpyrmina KOHTpOJIbHAS; 2 — OTBITHAS TPYIITa

Y ONBITHBIX JKUBOTHBIX COJAEpPKAHHE B KPOBU NPOTPOMOMHOBOTO HWHJEKCA, BpPEMEHU
peKanbIUpUKalUU, TOJEPAHTHOCTD IJIa3Mbl K TE€MapHHYy, 3TaHOJIOBBIM T€CT MPHU CONMOCTABIECHUU C
KOHTPOJBHON TPYIION CpeHUE BEIUYUHBI HE JAIOT CTATUCTUYECKUX pa3nuuuil. Takum oOpaszom,
py KOMOMHHUPOBAHHOM JIEMCTBUM MacIsSHbIX CYCII€H3UN TOKCMYECKHX BEILECTB (celleHaTa HaTpus,
OKHCH CYpPbMBI, OKHCH MBIIIbsIKA, HUTpaTa CBUHIIA) BBISIBICHO HapylIeHHE (YHKIIMOHATBHBIX
B3aMMOCBS3€H MEX]y CUCTEMaMU IeMOKOoaryasiuuu U GuOpMHOIN3a, KOTOPble MOTYT IMPHUBECTU K
TSHKENBIM MaTOJIOTUSIM.
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Tabauna 5. lV3MmeHeHuss mnokazaTeneil KOaryiasIMOHHOW CHUCTEMbI KPOBU Yy JIaOOPaTOPHBIX
’KUBOTHBIX ITPU KOMOMHUPOBAaHHOM JICHCTBHU MAaCIISIHBIX CyCIIeH3HI Tokcnueckux Bemects (P, Se,

As, Sb) (M m)

Iloka3zaTenu KoHTpoJb Ilocae 3aTpaBKH
1 ®dubpuHoreH, /i 2,8+0,3 3,840,1
n=6 P<0,01
n=6
2 [TporpoMOuHOBBIN UHACKC, %0 95,0+2,9 90,2+2,1
n=6 P>0,05
n=6
3 Bpems pexanbiudukaiym, cex. 81,0+14,8 98,0+11,8
n=6 P>0,05
n=6
4 KaonuHoBoe Bpemsi, cek. 66,8+2,9 45,745,9
n=6 P<0,001
n=6
5 TonepaHTHOCTH IJIa3MbI K T€NIAPUHY, MUH. 9,1+2,0 9,2+1,0
n=6 P>0,05
n=6
6 DTaHOJIOBBINA TECT Ne5 (83,3%) Ne4 (66,7%)
cr-1(16,1%) cr-2 (33,3%)
n=6 n=6

[Tpu aHanm3e HOCTYIMHOM TUTEPATyPBI MBI HE HAIIUTA paOOT 10 U3YYEHHUIO IEHCTBHUS KOMILIEKCa
TOKCHUYECKUX BEIECTB (CelieHaTa HaTpHsl, OKUCH CYpbMbl, HUTpaTa CBUHIIA U OKUCH MBIIIbSAKA) HA
CHCTEMY T€MOKOATyJISIIIHH.

Takum 00pa3oMm, JaHHBIE HCCIEIOBAaHMS COCTOSHHUS KOAryasiuu KpOBU JaOOpaTOPHBIX
KUBOTHBIX TIPU pa3feIbHOM W KOMOMHHPOBAHHOM JEHCTBUU MACISHBIX CYCIIEH3WH TOKCHYECKUX
BEIIECTB HA OPraHU3M BBIABMIM M3MEHEHHUsS B KOAaryJsiUOHHOW cucTteMe kpoBH. Hamboinbiiee
KOJIMYECTBO KOAryJOTECTOB JIOCTOBEPHO HM3MEHMJIMCH TPH OTPABIICHUH >KWBOTHBIX MAaCICHHOU
CYCIIeH3MM CeJieHaTa HaTpus, HUTpaTa CBMHLA, XapaKTepu3yrwolue Bce ¢a3bl KOoaryssiuu.
Tokcuyeckoe NMEHCTBHE 3TUX METAUIOB HA pa3jIMyHBbIE OPTaHbl U CHCTEMBI OBIJIO OOHAPYXKEHO U
panee (Zhang et al., 2024; Kost, 1975; Menshikov, 1984).

Crnemyer OTMETHTB, YTO TPHU PA3IEIBHOM JIEHCTBUM MACISHOW CYCIEH3HH OKHUCH CYpPBMBI,
OKHMCH MBIIIbSIKAa U KOMOMHMPOBAHHOE JI€HCTBHE ATHX TOKCHYECKHUX BEILECTB (HUTpaTa CBHHIIA,
OKVICH MBIIBSIKA, OKFCH CYPbMBI, CeJieHaTa HaTPHsi) Ha OPTaHNU3M >KHBOTHBIX KOKHO-PE30POTHBHBIM
METOZOM H3MEHWINCh JIUIIb HEKOTOpBIE IOKa3aTeld, XapaKTepU3YIOIIUE OTIeNbHbIe (a3bl
Koaryssiun. [lomydeHHbIe SKCIIepUMEHTaIbHBIE JaHHBIE TIPU U30JIMPOBAHHOM W KOMOMHHPOBaHHOM
JeWCTBUU TOKCHYECKUX BEIIECTB (HUTpaTa CBMHIA, CEJIEHaTa HATPHsl, OKUCHU CYpbMbl M OKHCHU
MBIIIBSIKA) TOATBEPIKIAIOT MPEIIIOI0KEHNE, YTO ITH TOKCHIECKHE BEUIECTBA SIBIISTFOTCS OCHOBHBIM
(akTOpOM, BBI3BIBAIOIIMM M3MEHEHHS B CHCTEME I'eMOKOaryssiiuu. B skcnepumMeHTe M3MEeHWINCh
TaKkMe TIOKa3aTelH KOoaryJorpaMMbl — BpeMs peKalbIHU(UKAINU, TOJEPAHTHOCTh IUIA3MBI K
rernapuHy, KaoJIMHOBOE BpeMs, MNPOTPOMOMHOBBIA MHJIEKC, KOHLEHTpalus QuoOpuHoreHa,
XapaKkTepu3ymIue Bce (a3bl KOaryisiuu KpoBH: (a3y oOpa3oBaHMs aKTHBHOTO TPOMOOTIUTIACTHHA
(nmepBast (paza), TpomOuHa (BTOpas ¢aza), pubpuHa (TpeThs dasa).

4. O0cy:kneHune
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HccnenoBanue COCTOSIHUS CUCTEMbI T€MOKOATYIISILIMU KPOBHU JTA00OPATOPHBIX >KUBOTHBIX MPU
pa3fenbHOM M KOMOMHHUPOBAaHHOM JEHCTBUM TOKCHYECKMX BEIIECTB BBIABUJIO CIEAYIOIINE
U3MEHEHUS:

bonbIIMHCTBO MOKa3aTenes KoaryJorpamMmbl JOCTOBEPHO HM3MEHWIHCH IO CPaBHEHUIO C
KOHTPOJIbHOW TpYyNIOM NpU AECHCTBUM MACISHOW CYCIIEH3MM CEJEHATa HATpUsl: ITOBBILICHUE
KOHIIEHTpaluu (UOPHHOreHa, YKOpPOUEHHE BPEMEHHU peKanbLU(UKAlMU, MOHWXKEHUE B KPOBU
IPOTPOMOMHOBOTO HHAEKCA, YKOPOUEHHE KAaOJIMHOBOTO BPEMEHH, MOBBIMICHHE TOJIEPAHTHOCTU
IUIa3MBbl K TelapuHy. 3HA4YuT, MOpU JEHCTBUM MACISHOM CYCIIEH3MM CeJeHaTa HaTpus
KOaryJupyrolas CriocOOHOCTh KPOBH IOBBIIIAETCSI.

[To nanupiM K.A. XacaHOBOMW, MOJ BIMSHHUEM CEJIEHATa HATPUS BBISBICHBI CIBUTH, KaK B
TUIa3MEHHBIX (PaKTOpax KoaryJsiiK KPOBH, TaK U B TPOMOOIMTapHBIX Moka3arensx (Hasanova et al.,
2017). DKcreprMEHTaIbHO BBISIBIEHO H3MEHCHHME TECTa TI€HEpaldd TPOMOOIUIACTHHA, YTO
BBIPAXKAJIOCh B 3ama3/blBaHUN 00Opa30BaHUs TPOMOOIJIACTMHA M B MOHMKEHUHM €r0 aKTUBHOCTH.
[Tonnxenue axkTMUBHOCTH 3  (akTOopa TPOMOOLUTOB KOPPETUPOBAIO C  IMOHMKECHHEM
POTPOMOMHOBOM aKkTUBHOCTH. Ilojx BO3AEHCTBHEM UCHBITYEMOM [J03bl CeJieHaTa HaTpus
IIPOUCXOJIMIIO CHUXKEHUE OOLIero KoJu4yecTBa TPOMOOLIMTOB U MOHM)KEHHE UX (DYHKIIMOHAJIBHOU
AKTUBHOCTH.

BbisiBiieHBl OCTOBEpHBbIE H3MEHEHMs OOJBIIMHCTBA IIOKa3aTeliell KoaryJaorpamMmbsl IpU
JeMCTBUM Ha JIaDOPaTOPHBIX >KMBOTHBIX HUTpAaTa CBUHLA. MBI NIPUMEHWIN KOXKHO-PE30POTUBHBIN
METOJ OTPABJIECHUS KPBIC, TAK KaK ObLIM YCTAHOBJICHBI BBICOKHE TOKCHUECKHE CBOMCTBA METAJIOB
(cereHa, CBHMHIA, CYpbMbI, MBIIIbSKA) MPU MOCTYIUICHUH 4epe3 koxky (Mamyrbaev et al., 2019).
OOHapy)XeHO MOHMXXEHHE B KpPOBM HIPOTPOMOMHOBOrO HHJEKca (BTopas (aza Koaryssiuu).
BrsiBiieHs n3MeHeHUs B TpeTbel (ase, (aze oOpa3zoBanus GpuOpHHA — MOBBIICHHE KOHIEHTPAIN
¢ubpunorena. Ilokaszarennb, 0Tpaxarouuil BHyTpPEHHUN MEXaHU3M KOaryJIsiLuU — KAOJMHOBOE BpeMsl
yKopauuBaeTcs. Takas KapTuHa HaMH KBATU(QUIMPYETCs KaK TEeHJEHIUS K THIIEPKOAryJIaLnH.

JlelicTBUe pa3IUYHBIX KOHLIEHTPALMKM CBHHIA W MBIIIbIKAa B YCIOBMSX pPa3felIbHOTO U
COBMECTHOTO BJIMSIHUS HAa OPraHU3M >KMBOTHBIX HccienoBado E.M. Epycanumckuii. beuin n3ydeHst
MIOBE/ICHUE U JUHAMMKA BecCa >KMBOTHBIX, aKTUBHOCTb XOJIMHACTEPA3bl LENBHON KPOBH, TMHAMHUKA
OTJIETFHBIX TIOKa3aTesie KpoBHU (T€MOIVIOOMHA, JPUTPOLUTHI C 0a30(PMIBHON 3€PHUCTOCTHIO,
PETUHYJIOLUUTHI), COJAepXKaHWe CY(QTUIPWIbHBIX TpyHn OeNKOB LEeIbHON KpOBH, BBIBEJCHUE
KoIpornoppupruHOB ¢ MO4OH. M3yuyeHne KOHIEHTpaluu CBHUHIA U MBIIIbSKA MPH Pa3ieIbHOM U
COBMECTHOM JIEHCTBMM B YCJOBHUSAX JUIMTENBHBIX 3KCIIEPUMEHTOB BBI3BIBAIOT (DYHKIIMOHAJIbHBIE
HapylLIeHUs. LEHTPaJbHOW HEPBHOW CHCTEMbI, YTHETEHHE XOJMHACTEepa3bl LEIbHOW KpPOBH U
MOBBIIIEHUE KOJINYECTBA PETUKYJIOLNUTOB Y NOJOMIBITHBIX KUBOTHBIX.

IIpn otpaBieHun 51a0OpPAaTOPHBIX JKUBOTHBIX MACHSHOM CyCHEeH3ueld OKHCH CYpbMBbI
WU3MEHMWIINCh JIMIIb HEKOTOPBIE I0KA3aTely TIeMOKOATyJSLMOHHONM CHCTEMbl KpOBH. BbIABIEHO
YKOpPOYEHHE  BpEeMEHH  peKadbUupUKAUUd U YKOPOYEHHE  KAOJMHOBOIO  BPEMEHH
(cTaHIapTU3MPOBAaHHBI METOJ ONPEICIICHNUsS BHYTPEHHETO MEXaHU3Ma KOAryJsiLluu KpOBH).
W3meHeHus koaryjaorpamMm J1labOpaTOpPHBIX >KMBOTHBIX OTMEUEHBI IMPU OTPABICHUU MACISHOU
CYCIEH3MEH OKHCH MBIIIbsIKA. BBISIBICHO MOBBIIIEHNE KOHIIEHTpAauN (UOPHUHOTIEHA, YKOPOUYEHUE
KAaO0JIMHOBOTO BPEMEHHU.

B noctynHo# nuTepaType Mbl HE HalUIM pabOT MO W3YYEHHUIO BJIMSHHUS OKUCH CYypbMBbI Ha
KOAryJisIIUOHHYIO CUCTEMY KPOBH, B TO K€ BpPeMsl Psii MCCIEAOBAHUN MO U3yYEHUIO 0COOEHHOCTEN
TOKCUKOKMHETUKH M TOKCHUKOJWHAMUKH CYpbMBbI IPOJIMBAIOT CBET Ha MEXAHU3M DPa3BUBAOLIUXCS
CIIBUTOB B cucTeMe reMokoaryJisinuu. Tak, (Martirosov et al., 2018) mpoBoanIuCh SKCIIEPUMEHTHI Ha
KpbIcax 000€ero mosa, Korja MacjsHas CyCleH3Usl MeTaNIn4eCKOi CypbMbl BBOAMIIACH )KUBOTHBIM B
OpIOLIHYIO TMOJOCTh. B mepBble IHU TmOCiHe BBEAEHUS CYpPbMbl, HauOOJbIIEE KOJIUYECTBO €&
OoOHapy>KUBaeTcs B NE€YEHH, B CTEHKE KHILIEYHUKA, B OM(YpKALMOHHBIX JUM(ATHUYECKUX Y37ax,
HaVMEHbIIIEe KOJIMYECTBO HAJEHO B TOJIOBHOM MO3T€E, CEPALE U JIETKUX.
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[Ipr IMTENILHOM HHTATSIIMOHHOM TOCTYIUICHHH OKHUCH CYPbMbI B OPraHM3M >KHBOTHBIX
HAOJIIOAal0TCS CABUIU B JIEHKOIMTAPHOM cocTaBe nepudepuueckoit kpou (Mohamed et al., 2024).
[TpoucxoaaT W3MEHEHHS KOJMYECTBEHHBIX T'€MATOJOTMYECKHX II0Ka3aTeeil: TeMOrIoOnHa,
OPUTPOIMTOB, JICHKOLMTOB, KOJMYECTBEHHOIO COCTaBa OCJIO  KpPOBH, XOJHHACTEPAa3bl,
JMAKTaTACTUAPOTCHA3bI, allaHWH- W achapTraTaMUHOTpaHcdepasbl, MUHEPAIbHOrO, OEIKOBOTO H
JUIHTHOTO OOMEHOB.

V3MeHeHus KoarynorpamMmm JIabopaTopHBIX )KUBOTHBIX OTMEUCHBI IIPU OTPABJICHUU MaCISHOU
CYCIICH3UHM OKHCH MBIIIbsKA. BBISIBICEHO TMOBBINICHUE KOHIEHTpalu (puOpWHOTeHa, YKOPOYCHHUE
KAaO0JIMHOBOTO BPEMECHHU.

beutn npuBenensr (Mohamed et al.,, 2024) skcriepuMeHTaNbHBIC HMCCIEIOBAHUS BIIMSHHUS
TOKCHYECKOW IMBUIA CEJICHO-MBIIIBIKOBOTO KEKa MPH MOCTYIUICHHH €T0 B OPTaHU3M 4Yepe3 OpTaHbI
npixanusi.  CeJleHO-MBINIBSKOBBIA KK,  OOpasymolmuMics B Ipolecce  MepepadoTKu
MTOJIMMETAJUTUIECKOTO CHIPhS, COJIEPKUT B CBOEM COCTAaBE OOJIBIITYIO TPYIITY TOKCHYECKUX BEIIECTB;
MbIbska 15-30% cenena — 2,9-15,7%, cBunma okosio 10% u z1p., MOKET OBITh IPUYMHON BPEIHOTO
BJIMSIHUS MX Ha OPTaHU3M YeJ0BeKa. 3aTpaBKa XKUBOTHBIX OOJBIIMMH JT03aMH TTOJTMMETAITHYSCKON
IBUTM TPUBEIA K HM3MEHEHHSIM CO CTOPOHBI NepUpEepUdYecKON KpPOBH, OTMEUCHO TOCTOBEPHOE
CHIDKCHHE KOJIMUYECTBA IPUTPOIIUTOB U YPOBHS TeMOTIIOONHA.

Ha ocHOBaHMM TPOBEAEHHBIX WCCICIOBAHUN aBTOP TPUXOAUT K 3aKIIOUYCHHIO, YTO
uccieyeMas TbUIb MpUBeIa K YTHETCHUIO (YHKIIMOHATHHOTO COCTOSHUS IEHTPAIBLHON HEPBHOU
CHCTEMBI, KPACHOTO POCTKA KPOBH, a TAK)KE Pa3BUTHIO B OPOHXAX U MPOMEKYTOYHON TKAHH JIETKHX
BOCHIAJIUTENIBHBIX TIPOIECCOB C IMOCICAYIOIMM pa3BuTHeM aud@y3HOCKIEpOTHIESCKOH (HOopMBI
ITHEBMOKOHH03a.

Peructpupyrorcst u3smeHeHus B (pazax Koaryyisiidyd KPOBU MPH KOMOMHUPOBAHHOM JICHCTBHUU
MAaCIISTHBIX CYCIICH3MH TOKCUYECKHX BEILECTB (CelieHaTa HATPHs, HUTpaTa CBUHIA, OKUCH CYypPbMBbI,
OKHCH MBIIIIbSKA) Ha OPraHU3M KMBOTHBIX. Y CTAHOBJICHBI U3MEHECHHUS B TPETheH (haze Koaryisiuu
(koHIeHTpanms (UOPUHOTEHA) U BO BHYTPEHHEM MEXaHH3ME KOAryJsluu KpOBU (KaOJMHOBOE
BpeMsI).

[Tpu aHanM3e AOCTYIMHOM JTUTEPATyPBI MBI HE HAIIUTH PaOOT MO U3YYCHHUIO IEHCTBHS KOMILIEKCA
TOKCHYECKUX BEIIECTB (CelieHaTa HATPHs, OKUCH CYpPbMbI, HUTpaTa CBUHIIA U OKHCH MBIIIbIKA) Ha
CHCTEMY TeMOKOAT yJISIIIHH.

Wrak, npu pa3aeabHOM ¥ KOMOMHUPOBAHHOM JCHCTBUH MACIISIHBIX CYCHCH3HH TOKCHUECKUX
BEIIECTB Ha OPraHM3M >KMBOTHBIX HAMHU BBISBICHBI U3MEHCHHUS B TIEPBOH (haze reMOKOAryJIsIHH,
¢aze oOpa3oBaHMs aKTUBHOT'O TPOMOOIUIACTHHA (BpeMS peKaablU(UKALINN, TOJIEPAHTHOCTD I1J1a3Mbl
K IrernapyuHy), BO BTOPOH (a3e Koaryssiuy KpoBH, ¢aze o0pa3oBaHUS TPOMOMHA (IPOTPOMOMHOBBIN
WHJIEKC), B TpeTheil (Qaze, ¢daze obOpazoBanus (ubpuua (koHUEHTpamus ¢udpuHoreHa). Bo
BHYTPCHHEM MEXaHHM3ME KOAryJISIIUU KPOBHU TOXKE BBISBICHBI H3MCHEHUS (KAOJIMHOBOE BPEMSI ).

JleWicTBHE pa3jMyYHBIX KOHICHTPAIMH CBUHIIA W MBIIIbIKA B YCIOBHSX pa3IeibHOTO MU
COBMECTHOTO BJIMSIHUST Ha OpPraHu3M >KHMBOTHBIX wuccienoBano (Mohamed et al., 2024). Beutu
M3y4YeHBl TOBEJACHNUE M JMHAMHUKA BECa JKUBOTHBIX, aKTHBHOCTh XOJIMHACTEPA3bl HEIBHON KPOBH,
JMHAMUKA OTJACIbHBIX TIOKa3areyield KpOBH (TeMOIJIOOMHA, SPUTPOIMUTHI ¢  0a30(puiIbHOU
3€pHUCTOCTHIO, PETHHYJIOIUTHI), COJMEPIKaHWE CY(PTHIPHIBHBIX TPYHI OCIKOB IEILHOW KPOBH,
BBIBEJICHHE KOMPOMOP(GUPHHOB ¢ MOYOW. M3ydeHue KOHIICHTpAllMM CBHHIIA W MbIIIbSIKA MPU
pa3feabHOM W COBMECTHOM JICHCTBHHM B YCIIOBHSIX JUIMTCIBHBIX 3KCIIEPHMEHTOB BBI3bIBAET
(GYHKIIMOHATILHBIE HAPYIICHUS IEHTPAIbHOW HEPBHOW CHCTEMBI, YTHETCHHE XOJIMHAICTEPAa3bl
IIEJIbHOM KPOBH U TOBBIIMICHUE KOJUYECTBA PETHKYJIOIUTOB Y TOOMBITHBIX JKHBOTHBIX.

5. 3akiouenue

OTKpBITHIA cIOCOO TOOBIYM Py SIBISIETCS OCHOBHBIM MpHU M00bIYe pya YEPHBIX M I[BETHBIX
METaJUIOB, HEPYAHBIX TMOJE3HBIX HCKOMaeMbiX. JlIg mpeanpustuii  rOpHOA0OBIBAOIIEH
HpOMBIH_UIGHHOCTI/I xapaKTepeH KOMIIJICKC HpOI/ISBO,Z[CTBCHHBIX q)aKTOpOB, CHOC06HLIX BJIUATHL Ha
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COCTOSIHME  3JI0pOBbSI U  paboTocmocoOHOCTh  pabounmx. K HHM  oOTHOcATCS — 0ocoOble
MUKPOKIMMATUYECKUE YCIOBUS: MbLIb, Fa3bl, BUOpays ¥ HryM. MOIIHBIM HCTOYHUKOM 00pa3oBaHus
IBUTH B Kapbepax SIBISIOTCS B3pBIBHBIE paboThl, OypeHue. BriieneHue ra3oB NpOMCXOIUT MpU
B3pPBIBHBIX paboTax, paboTe aBTOTPAHCIOPTA, MpPOLEccaX OKHUCICHHS W TOPEHUS I0JIE3HOTO
MCKOTIaeMOTO.

Pa6oramu (Mamyrbaev et al., 2019) 65110 OTMEYEHO HATUYKE MBIIH OOJIBIIION0 YHCIa OMACHBIX
MHUKPOAJIEMEHTOB CelieHa, CBUHIIA, CYPbMBI U MBIIIbSKA, ObLIIM YCTaHOBJICHBI BEICOKUE TOKCUYECKHE
CBOMCTBA ATHX METAILJIOB, a y pabounx Bocrouno-KazaxcTtaHcKkoro MeqHO-XMMHUECKOT0 KoMOUHaTa
BBISIBIICHBl 3HAYMTEIbHbIE OOMEHHBIC HApYLICHHS, COMPOBOXKIAIOIIMECS CIBUTAMHU CO CTOPOHBI
SHAOKPUHHOW, CEepAeUHO-COCYTUCTON, HEPBHOM CHUCTEMbI, 3HAUMTENIbHbIC HApYyLIEHUS B OOMEHe
JUMHAIOB W YIJIEBOJOB, MHUHEPATHHOM OOMEHE, aKTHBHOCTH (DEPMEHTOB, XapaKTEPH3YIOLINX
(GYHKIIMOHAJIBHOE COCTOSIHUE TICUEHH, MOYEK, JKETYA0YHO-KUILIEYHOTO TPAKTa.

Y4uThIBask BBIIEU3I0KEHHOE, OOIBIION HHTEPEC MPEICTABIISAET U3ydeHHE (DYHKIIMOHAIEHOTO
COCTOSIHMSI CHUCTEMBl T'€MOKOAryJsiMi  JaO0OpaTOPHBIX KUBOTHBIX MpPU  pa3ieIbHOM U
KOMOWHUPOBAaHHOM JICHCTBHH TOKCHYECKHX BEILECTB.

Koarymsimus KpoBU — CHOXKHBIM OMOXUMHYECKUA U (PU3UKO-XUMHUECKUN MPOIECC, MO0 CBOSH
cymrHocTd. [J1aBHBIM 00pa3oM, mpeAcTaBiseT coOol (epMEHTATUBHBIA Mporiecc. B HacTosmiee
BpeMsl TIOJyuYeHbl HOBBIE JaHHbIE, YTOYHSIOUIME CYIIHOCTh (DEPMEHTATUBHBIX PEAKIIHH,
obecrieunBaOIUX Mporecc Koaryisinuu Kpou. Kpome ¢ubpunorena, mporpoMOMHa, TKAaHEBOTO
TPOMOOIIIIACTHA U UOHOB KaJbIMs B MPOIECCEe KOATYNIALUHA KPOBH MIPUHUMAIOT y4acTUe U Apyrue
BEIIECTBA, OOHAPYKEHHBIE HE TOJBKO B IUIa3Me, HO U B (JOPMEHHBIX AJIEMEHTaX KPOBH, a TAKKE BO
MHOTHUX TKaHsIX 1 opranax. OHu (pakTopbl CUCTEMBI KOATYJISIIIUE KPOBU 00€CIIEYMBAIOT U YCKOPSIOT
MPOIeCC TeMOKOATyIISLUH, APYTHe K€ 3aMEUISIIOT WIIH MPEKPALIA0T ero. boIbIIMHCTBO (GakTOpPOB
00pa3yroTcs B MEYEHH U JUIsl X CHHTE3a HeoOxoauM ButamuH K.

B menoM mnpoBeAEHHBIE HCCIENOBAHMS TIO3BOJISIIOT CUUTATh, YTO THIIEPKOYTYJISIIUOHHBIC
W3MEHEHMs, BBIABJICHHbIE IpPH JEHCTBUU HEOJAronpusATHBIX (DaKTOpOB, B MEPBYIO OUYEpE.lb,
MOJTMMETATUIECKOM MBITH, COAepIKaIIeld TOKCHIECKHE BEIIeCTBa (CesieHaT HAaTpHsl, HUTpAT CBUHIIA,
OKHCh CYpPbMbl M OKHCbh MBIIIbSIKA), HANpaBlIeHbl Ha YCKOPEHHE NpOIeccoB 00pa3oBaHUs
TpoMOoIIacTiHa, TpOMOMHA U puOpHHAa.

BbisiBiieHBl OCTOBEpHBIE H3MEHEHMs OOJBIIMHCTBA IIOKa3aTeslel KoaryJaorpamMmbsl HpH
JeiCTBUY Ha TA0OPaTOPHBIX )KUBOTHBIX HUTPATa CBHHIIA, CEJICHATAa HATPUS, & TAKIKE OKUCH CYPHMBI,
OKHMCH MBIIIbSIKa U KOMOMHUPOBAHHOE JIEHCTBHE ATUX BEILECTB. BBIABICHO yKOpOUEeHHE BpEMEHH
pexanbiudukanuu (rnepsas (asa Koaryssiuu), TOHWKEHHE B KPOBH IMPOTPOMOMHOBOIO MHJEKCA
(BTOpas ¢a3za), NOBbILIEHUE KOHIEHTpaluu (UOpHHOTeHa (TpeThs (a3a Koaryysuun).

[Tokazarenb, OTpa)kalOIIMi BHYTPEHHHI MEXaHU3M KOAaryjdlud — KaoJIHMHOBOE BpeMs —
yKopauuBaercs. Takas KapTUHa HaMM KBaIM(UUUpPYeTCs KaK TEHACHLUS K TMIepKoarynsauuu. Msl
MPUMEHWIN KOXKHO-PE30POTUBHBINA METO] OTPABIICHHSI KPBIC, TAaK KaK OBUIM YCTaHOBIICHBI BRICOKHE
TOKCHUYECKHE CBOWCTBA CeJieHaTa HaTpus, HUTpaTa CBUHIA, OKUCH CYpPbMbI, OKMCU MBIIIbSKA MIPU
noctyriennun yepes koxy (Mamyrbaev et al., 2019).

Takum oOpa3oMm, SKCHEpUMEHTaIbHAss MOJENb MOATBEpAMAa TOKCHMYHOCTH BO3JAEHCTBHUSA
HUTpaTa CBUHIIA, CEJIEHAaTa HATpUs, OKHUCH CYPbMBI W OKHCH MBIIIbsIKA, a TaKkKe UX
KOMOWHHUPOBaHHOE BO3/IEHCTBHE HA KOATyJISIIUOHHYIO CUCTEMY KPOBH.

6. BcmomorareabHbIii MaTepuaJjJ: HET BCIIOMOT'aTCJIbHOI'O MaT€puaa.
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Anparna. lleireic Kazakcran mpic-xumus xkomOunatel Ileireic Kazakcrtan oObIChIHAA Y CTh-
TanoBKa KEHTIH/IE OpHAJIAaCKaH, KOMOMHATTBIH KYPBUIBIMIBIK Oomimiesnepi yir kapsep ([1lemonanxa,
Huxonae, Kampimmnckwuii) xoHe Huxonae OaiibiTy (haOpukacel Ooinbin TaObuIansl. Tay-keH
YKYMBICTAPBIHBIH allbIK 9MICIMEH OapiIbIK HETi3r MpOoIecTep MIaHHBIH O6JiHyiMeH Oipre >Kypemi.
Bypreutay kesiHzae maHHBIH O6eJiHyl Tay >KbIHBICTAPBIHBIH HEMece KeHJIEpP.iH >KOMbUTybIHA KOHE
YHFBIMaJIapAaH OesriHeTiH OypFbuIay yCaK-TYHEKTEpiHIH ayara eHyiHe OaimaHbIcThl Oojassl. Tay-
KEH KeJIIl MallMHaJapbhIHBIH Kapbepiiepli MEH KaOMHAJapbhIHBIH aya OpPTAChIHIA KAJIKBII JKYpPreH
MOJIMMETAIT MIAHBIHBIH KayINTUIIM MEH YBITTBUIBIFBl TYPFBICHIHAH IIAHHBIH XUMHSUIBIK KYpambl
€peKIlle KBI3BIFYIIBUIBIK TEeH Hazap ayaapansl. A.A. MambpipOaeBThIH EHOCKTEpiHIE KONTereH
BIKTUMAJI KAayiNTI MHKPOAJIEMEHTTEP-KOPFAChIH HUTPAThl, HATPUH CEJIEHAThI, MBIIMIbSIK OKCH/II,
CypbMa OKCH/Ii IIAHBIHBIH 00JIybI KepceTiiareH. by yibl 3aTTapAbIH KaJIbl YBITTHI 9CEPiHiH CUIIATHI
€rKEHU-TeMKEIIII 3epTTENIreH XKOHE KOITereH eHOEKTepJe >KaMbUIaHFaH, COHbIMEH Oipre Oy
3aTTapblH KaHHBIH KOATYJISIUSIIBIK )KYHEeCiHe acep €Ty epeKIIeNTiKTepl JKeTKUTIKT] 3epTTeIMETreH.
3epTTeyaiH MakcaThl - KaHyapliapFa MOJENbIIK AKCIEPUMEHTTEp/IE YNbl 3aTTapAblH (KOPFAChIH
HUTPATHI, HATPUN CETICHATHI, CYpbMa OKCH/II )KOHE MBIIIBSIK OKCH/I1) 9CEPiH 3epTTey OOJIbI.
I'emokoarymsius sxyiecin 3eprrey caamarbl 150-160 rpamm Wister skermiCiHiH aK JKbIHBICTBIK
KETIJITeH epKEK ereyKYWPBIKTapbIH/Ia SKCIIEPUMEHT JKaF IalbIHAA KYPTi3iIai.

EreykyipbIKTap/IblH KaHHBIH T€MOKOATYJSIUSACH KYHECiHIH (PYHKIMOHAIBIK KaFrJaiiblH Oaranay
YILIiH KeJeci KoaryaorpaMmma ChIHAKTaphl aHBIKTAIIbL: (PHOPUHOTCH KOHIICHTPALUSICHI, IPOTPOMOHH
WHJICKC], peKanblU(PUKAIIS YaKbIThI, KAOJUH YaKbIThI, TUIa3MaHbIH T'eIapUHTe TO3IMILIIT, KAHHBIH
KOaryJIsiusIChI MPOIECiHIH OipiHII, eKIHII KoHE YIIiHIII (pa3amapblH CUIIATTaWThIH STAHOJ CHIHAFBI.
3epTTeyaiH KYHABUIBIFBI - OHAIPICTIK (akTopiapAblH, aTam alTKaHaa yIbl 3aTTapiblH
KOAryJSIUSUIBIK KaH JKYMECIHIH opTYypii KOMIIOHEHTTEPiHE >KarbIMCHI3 JCEpiH 3epTTey OYpBIH
KYPri3UIMEreH JKOHE IKYPri3uUIreH 3epTTeylep Kasipri KoaryloJIOTUSHBIH —KeHOip Jaysbl
Macenenepine auKbIHABIK Oepe anajbl.

Tyiin ce3aep: TOKIpUOEIK KaHyapiiap; TEMOKOAryJIalus KYHeCiHIH KOpCeTKIIITepl; yIbl 3aTTap
KEIEHI.

On the variability of hemocoagulation system parameters under the separate and
combined action of toxic substances

Kulzipa Dakieva, Gulfat Kalelova, Sanat Kumarbekuly, Serik Bakin, Svetlana Garmashova,
Valery Sedelev, Rosa Beysembaeva, Anatoliy Tsyganov

Annotation. The East Kazakhstan Copper and Chemical Combine is located in the Ust-Talovka
settlement in the East Kazakhstan region. The structural units of the combine are three quarries
(Shemonaikha, Nikolaevsky, Kamyshinsky) and the Nikolaevskaya processing Plant. In the open-pit
mining process, all major processes are accompanied by the release of dust. During drilling, dust is
released due to the destruction of rock or ore and the intake of drilling fines released from wells into
the air. From the point of view of the danger and toxicity of polymetallic dust floating in the air of
quarries and cabins of mining vehicles, the chemical composition of dust is of particular interest and
attention. The works of A.A. Mamyrbaev show the presence of dust of a large number of potentially
dangerous trace elements, lead nitrate, sodium selenate, arsenic oxide, and antimony oxide. The
nature of the general toxic effect of these toxic substances has been studied in detail and summarized
in numerous works; at the same time, the features of the specific effect of these substances on the
activity of the blood coagulation system remain unexplored.

The aim of the study was to study the effects of toxic substances (lead nitrate, sodium selenate,
antimony oxide, and arsenic oxide) in model experiments on animals.
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Studies of the hemocoagulation system were conducted experimentally on white sexually mature
male rats of the Wister line weighing 150-160 grams.

To assess the functional state of the rat blood hemocoagulation system, the following coagulogram
tests were performed: fibrinogen concentration, prothrombin index, recalcification time, kaolin time,
plasma tolerance to heparin, and an ethanol test characterizing the first, second, and third phases of
the blood coagulation process.

The value of the study lies in the fact that the study of the adverse effects of industrial factors, namely,
toxic substances, on various components of the blood coagulation system has not been conducted
before, and the conducted research may clarify some controversial issues of modern coagulology.

Keywords: experimental animals; indicators of the hemocoagulation system; a complex of toxic
substances.
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AHHOTaNUsA. YCTOMYHNBOE PA3BUTHE CEIIBCKOTO XO3SMCTBA B YCIOBHSIX
r100aJIbHOTO U3MEHEHUsl KJIMMaTa M OrpaHUYEHHBIX BOJHBIX PECYpPCOB
TpeOyeT BHEIpPEHHs WHHOBALMOHHBIX MAaTEPHUAIOB C TIOBBIIICHHOM
BJIAroy/1€p’KUBAIOIEH ClIOCOOHOCTBIO, BKIIIOYAs YIIIEPOJHbIE CYOCTPAThI
HAa OCHOBE CEJIbCKOXO3AWCTBEHHBIX OTX0A0B. B nanHHO#l pabote
MIPOBE/ICHO KOMILIEKCHOE UCClIeIoBaHHe TEKCTYPHBIX,
MOP(OJIOTHUECKUX 1 aJICOPOIIMOHHBIX XapaKTEPUCTHK aKTUBUPOBAHHOTO
yrist (AY), CHHTE€3UPOBAaHHOTO U3 PUCOBOM LIETYXH MPU BapbUPOBAHUU
MacCOBBIX COOTHOIIECHHH copOeHTa kK ruapokcuay kamus (KOH) (1:1,
1:2, 1:3 u 1:4). llenp paboThl — ONTHMHU3ALUS YCIOBUI XMMHUYECKOM
aKTHUBALMU JIJ1s1 GOPMUPOBAHMSI IOPUCTON CTPYKTYPBI, 00€CIIeUrBaIOIIEH
3 deKTUBHOE Blaroyaep)xaHue. MeToao0rus BKIOYaga MpUMEHEHUE
teopun (yHkumonana mmiotHoctd (DFT) wu wmeroma bBapperra—
Jlxotinepa—Xanenasl (BJH). Pe3ynbraTsl mokasasiu, 4T0 MaKCUMAaJIbHBIH
cyMMapHEIi 06beM rop (1,6 cM®/T) u pazBuTas yenbHas TOBEPXHOCT

(2900 wMm?/r) pocruratotcs Tpu  cootHomenun 1:3. UK-®ypse
CTHEKTPOCKOTTHUS MOJITBEPIHIIA HAJINYHE THIPOPUITBHBIX
¢ynxmronanpubx rpynm (O-H, C=0, C-0), urparomumx KIroueByo poib
B CBSI3BIBAHUU MOJIEKYJ BOJBI. JKCIIEPUMEHTHI I10 BJIAroyaep:KaHuio,
BBINOJIHEHHBIE B TPEXKPaTHOM MOBTOPHOCTHU (n=3),
pOJIEMOHCTpHUpOBaH, 4To oOpazen 1:3 xapakrepusyercs HamOolee
CTaOMJIbHBIM COXpaHEHUEM BIar Kak npu 22 °C, Tak v Npu NOBBIILIEHHOH
temmneparype 50 °C, 3HauMTENHHO MPEBOCXOAS OOpPa3Ibl C HHU3KOM
crenenbto aktuBanuu (1:1, 1:2) u nepeaktuBupoBaHHbIi oOpaserr (1:4).
CpaBHUTENBHBIM AHAINW3 TOKa3aJl, 4YTO ONTHMHU3UPOBaHHBIM AY
o01aaeT MpeBOCXOICTBOM HaJl TPATUIIMOHHBIM OMOYTJIEM U LEOIUTaMHU
0 Y/IeTHHON TTOBEPXHOCTH, 00ECTIEYHBast TOITOCPOUHYIO CTA0MIBHOCTh
yIJIepOJHOro Kapkaca B mouse. [loyuyeHHbIE JaHHBIE MOJITBEPHKAAIOT
KJIIOYEBYIO pOJIb OajaHca MUKPO- M ME30MOp B Ipoleccax 3aMeICHUs
UCTIApEHHUsT BOJBI U CBUJCTEIBCTBYIOT O BBICOKOW IEPCIIEKTUBHOCTH
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HCIIOJIb30BAHHA HAaHHBIX MAaTCPHAJIOB B KAaUCCTBC OKOJOTMYCCKH 0e30IMacHBIX Bnar0c6eperafonmx
Ar¢HTOB JJIA ITOBBINICHUA ITPOAYKTUBHOCTH arpOu€HO30B B 3aCyIIJIMBBIX PETHOHAX.

KiroueBbie caoBa: aKTUBUPOBAHHBIH yTroJib; CeJIbCKOXO035ICTBEHHBIE OTXOJBbI;
BJIArOY/IEPKUBAIOIINIA CyOCTpaT; MOPUCTAast CTPYKTYPa; aJcOPOIIMOHHBIE CBOWCTBA.

1. Beegenue

ObecrieueHre YCTOWIMBOTO 3eMIICICNINS B YCIOBUSAX KIIMMATHYCCKUX U3MEHEHUH U euImTa
BOJIbI - IPHOPHUTETHAS 3a/jaua MUPOBOrO arponpomsinnienHoro komiuiekca (Lesk et al., 2016, Ayaz
et al., 2021). M3MeHeHne KiIMMaTa HANPSIMYIO CHUYKAET MPOIAYKTHBHOCTBH CEIbCKOXO03SHCTBEHHBIX
KYJIBTYP, YTO OCOOCHHO KPUTHYHO IS PETHOHOB C OTPaHUYEHHBIMHU BOJIHBIMU pecypcamu. CorliacHO
CenpMoMy HaloHaIBLHOMY J0KIany PecryOmmku Kasaxcran o6 n3amenenuu kinumata, k 2050 roxy
BJI&YKHOCTh B BereTalmoHHbIN repuosa B CeBepo-Kaszaxcranckoi obmactu cHu3utces Ha 11-16%, a
yacrora 3acyx Bo3pacteT Ha 10-15% (Zhumagulov et al., 2024). DT IpPOTrHO3bI CBUAETEILCTBYIOT O
TOM, YTO TPAIUIIMOHHBIC METOJIbl BEICHHS CEIBCKOTO XO3SHUCTBA TPEOYIOT MEPECMOTpPa B TOJb3Y
BOJIOCOEPETaroIINX TEXHOJIOTHH.

B mocienHue necsATHICTHS CEBEPHBIC HIMPOTHI MPOTPEBAIOTCS OBICTpEE JPYTrUX PErHOHOB
wiaHeTtel. B LlenTpanbHoil A3uM 3TO cONpOBOXKIAeTCs NEPUIUTOM OCATKOB M YBEIMUYEHUEM
npoao/ukuTeabHOCTH 3acyx (Abdolla et al., 2024). B Kasaxcrane 6onee 80% cenbxo3yroamii
MOJBEPKECHBI JNeDUIUTY BIarn. B 3TOH CBSI3W BHEAPEHUE BOJOCOEPETAIONIMX TEXHOJIOTHUN
CTaHOBHTCS KIIFOYEBBIM (DAKTOPOM MPOI0BOJILCTBEHHOM 0€30ITaCHOCTH CTPAHBI.

TpaguimoHHOE WCIOJIE30BAHNE MHHEPAIBHBIX YIOOPEHUH JUIsl TOBBIIICHUS YPOKAMHOCTH
YacTO BEACT K 3HAYMTEIBHBIM KOJIOTUYECKUM TpolsiemMaM. BrlenaunBanue a3ora crocoOCTByeT
3arpsI3HEHUI0 BOJHBIX PECYPCOB U MOYBHI, @ TAKXKE YBEIUIHBACT ITOBUKHOCTD TSIKEJIBIX METAJLIOB
(Sabitov et al., 2024, Brar et al., 2024, Doszhanov et al., 2024, Akhmetzhanova et al., 2025).
[TepcrieKTHBHBIM pEIICHUEM SBIISIOTCS COPOSHTHI, CIIOCOOHBIE YIep)KUBATh BIAry M MHUTATEIbHBIC
BEIIIeCTBa, CHUXKAas MOTPEOHOCTh B YaCTOM TOJIUBE.

HauGonee 1ocTymHBIM U 5JKOHOMUYECKH OMPABIAHHBIM CHIPhEM TSI IPOU3BOICTBA IMTOT00HBIX
COpPOEHTOB SIBISIFOTCSI PACTUTENbHBIE OCTATKU: CTeONH, mienyxa u kKopa. M3 3Toro pacTuTenbHOTrO
Marepuaiga IOJy4aloT AaKTUBUPOBAaHHBIM yroib (AY), oOnagaronuii BBICOKOW  yIeNbHOU
MOBEPXHOCTBIO M pa3BUTOi nopucrtoii crpykrypoit (Ndede et al., 2022, Sabitov et al., 2024). BaxxHo
VYUTHIBATh, YTO PANTHYUS MEXaAy AY W OHOYTIIEeM 3aKITIOYAIOTCS B UCTOYHUKE CHIPHS,, METOJE
NpPOU3BOJICTBA U 11eieBoM nprMeHeHnn (Hagemann et al., 2018). Iporecc monydenust AY BKirodaeT
HECKOJIbKO CTaaHii: KapOOHHM3aHUi0 OMOMACCHl B YCIOBHUSX OIPAaHHMYEHHOTO JIOCTYIa KHCIOPOAa U
MOCJIEAYIONIYI0O XUMHUYECKYIO aKTHBAIIMIO ¢ UCToNb30BanueM ruapokcuaa kamus (KOH) (Williams
et al., 2022). B pe3synbTare 00pa3yercs OMOyroib - YriaepoACcoAepkKaiii TPOIYKT, KOTOPBIH MOXET
COXPaHSATh NUTATENbHBIC BEIIECTBA, CBSA3BIBATH TSDKENBIE METANIBI W CHIKATh TOKCUYHOCTH
ymoopennii (Chen et al., 2018, Afshar et al., 2024, Abhishek et al., 2022). buoyromns moxer
MPUMEHSTHCSI B PA3NUYHBIX OONACTSAX CENBbCKOro Xo3siiictBa. OH MOXET HUCIHOIB30BaThCS Kak
MOYBEHHAs J100aBKa JIJIs yJIYUIICHHS BOJHOTO W MHUTATEIHHOro OajaHca IMOYBBI, JOOABISITHCS B
KOpMa M CHJIOC, CITYXUTh CyOCTpaToOM B PHIOHOM XO3SHCTBE, a TAK)KE UCIIOJIB30BATHCS JIJIST OUUCTKU
BogwI (Saletnik et al., 2019, Feng et al., 2023, Mopoung et al., 2020, Dadhich et al., 2022, Schmidt et
al., 2019, Maleki et al., 2023). B HacTosmieli paboTe MaTepual MOJYYEH MYTeM XHMHUYECKOH
aKTUBAIMU PUCOBOM mmieNyxu ¢ wmcronb3oBanueM KOH u kimaccudumupyercs kak AY. Ilpu stom
napaMmeTpsl aKTUBAIIMH, BKITOUas MaccoBoe cooTHomeHue KOH 1 yrnepoHoro chIpbsi, OKa3bIBalOT
CYIISCTBCHHOE BIMSHHE HA TEKCTYPHBIE H aJCOPOIMOHHBIC XapaKTEPUCTHKH ITOJYICHHOTO
yriaepojaa. DTH mapaMeTpsl OMPEesIOT CIOCOOHOCTh MaTepHralia yAepKUBaTh BIAry U MOTJIOMIATh
MMUTATEJIbHBIC BEIIECTBA, YTO HANMPSAMYIO BIMSCT Ha ero 3((EeKTHBHOCTH NMPH HUCIOJIL30BAaHUU B
cenbekoM xo3siictee (Jedynak et al., 2024, Hiremath et al., 2012, Doszhanov et al., 2023).
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B nanHOll paboTe NpOBEAEHO KOMIUIEKCHOE M3YyYEHHE IOBEPXHOCTHBIX U CTPYKTYPHBIX
XapaKkTepUCTHK AY, MOJIYYEHHOTO MPHU Pa3IUYHBIX MAcCOBBIX COOTHouIeHusix copdenta u KOH.
Ilenb uccienoBanus - ONTUMHU3ALNS YCIOBUM aKTUBALMU JUISl TIOBBILIEHUS YAECIBHON TOBEPXHOCTU
U MIOPUCTOM CTPYKTYpbl MaTepuaja, 4YTo MO3BOJSET €ro MCIOib30BaTh B KauecTBe d(PPEKTUBHOTO
BojiocOeperaromero cyocrpara. s uaenTugukanuyu (QyHKIMOHAIBHBIX TPYIII, OTBEYAIOUINX 32
yIep:KaHhe BOIbBI, HcIoib3oBaicst meron uHppakpacuoii (MK) dypee-cnexrpockonuu (FTIR).
[Topucrass cTpykTypa aHajIu3HpoBajach Merojgamu Teopun (yHknuoHana twiotHoctu (DFT) u
bapperra-/[xoitnepa-Xanennsl (bJ1X). 3To obecnieunio eraapHOE IOHUMAHNUE BIUSHUS YCIOBHMA
akTHBaIMK Ha GopMmupoBaHKe MUKPO- 1 Me3onop (Doszhanov et al., 2023, Bardestani et al., 2019,
McLaren et al., 2021, Barrett et al., 1951).

Pe3ynbTaThl MO3BOJIAIOT OLIEHUTH CTPYKTYPHBIE U aJCOPOIIMOHHBIE CBOMCTBA AY U BBIABHUTH
ONTUMAaJbHbIE TIApaMEeTpPbl MPOU3BOACTBA YIJIS C BBHICOKOW BIAroyJep>KMBaOIEl CHOCOOHOCTBIO.
OT0 UMeeT NpsMOE 3HaYEHHE /1JIs1 BHEAPEHUS BOJIOCOEPETAIOLINX TEXHOJIOTUI B CEJILCKOE X035IICTBO.
[TonydeHHble 1aHHBIE CIOCOOCTBYIOT TOHUMAHUIO MEXAHU3MOB JICHCTBUS COPOCHTOB U OTKPBIBAIOT
HOBBIE ITOJIXO0/IbI K YIPABJIEHUIO BOJHBIMU PECYPCAMU B YCIOBUSX MEHSIOIIErOCs KiuMaTa.

2. MaTtepuaJbl 4 MEeTOIbI

B pamkax Hacrosmell paboThl MOA BJIAro€MKOCTHIO ITOHMMAETCs KOJMYECTBO BOJIBI,
MOTJIOMAEMON  MaTepualioM TpPU  33JaHHBIX OKCIEPUMEHTANBHBIX YCIOBHSIX, TOTAA Kak
BJIAroy/€p’KUBAIOIIas CIOCOOHOCTh HCHOJb3YyeTCsl A OMNMCaHUS CHOCOOHOCTHM MaTepuala
COXpaHATh BJary BO BPEMEHHM M NpPU BBICBIXaHWH, YTO HMMEET MPHUKIATHOE 3HAYCHHE IS
CeJIbCKOX 035 ICTBEHHBIX CyOCTpaTOB.

AY ObUI TMONYYeH W3 PHUCOBOM MICIYXH — IMOOOYHOTO TMPOJIYyKTa TEepepabOTKH puHca,
SIBJISIFOIIETOCS BBICOKOYTJIEPOIHBIM ChIpbeM Os1arojaps 3HaUUTEIbHOMY COAEPKAHHUIO LIEIUIIOJI03bI,
TeMUIEIITIONO3b] U JINTHUHA. DTH KOMIOHEHTHI 00eCIeunBaloT (HOPMUPOBAHHUE PA3BUTOM MOPUCTON
CTPYKTYPBI IIPH TEPMOXUMHUYECKOM 00paboTKe.

[Iporiecc momydenuss AY BKIOYad TSATH OSTANOB: TIIATEILHOE W3MEIbUYEHUE ChIPhS,
KapOOHM3aLKs, TPONUTKA I1ET0YbI0, TPEABAPUTEIbHBIN HArpeB U XMMUYECKask akTUBaLus. PucoByro
IeTyXy HM3MENbYald 0 MEJKUX (pakmuii ¢ IeTbl0 YBEIHYCHHs YACITbHON IOBEPXHOCTH W
obecriedeHrs: paBHOMEpPHOW Terulonepenayd BO BpeMs nuposu3a. Takas MOArOTOBKa MOBBIIIANA
3¢ (eKTUBHOCTh, KapOOHU3ALMM, YMEHbIIAla HEOJHOPOAHOCTh CTPYKTYphl Marepuajla u
crnoco0cTBOBaNa (POPMUPOBAHUIO MTOPUCTON CTPYKTYPHI C Pa3BUTON MUKPOIIOPUCTOCTHIO.

Kap6onuzauus nposomunack npu temneparype 550 °C B Teuenue 120 MUH ¢ JIMHEHHON
CKOpOCThI0 HarpeBa 5 °C/MUH. DKCIIEpUMEHT BBINOIHSAIN B UHEPTHOI aTMOcdepe, MoA/IepKUBAeMOit
1ojiaveil a30Ta B BEPTUKAIBHBIN CTATBHON PEaKToOp cO CKOpocThio 150 cM®/Mun, uto obecreunBano
MPEJOTBPALEHUE OKUCIUTEIbHBIX MPOIIECCOB U CTAOMIIBHOCTh CTPYKTYPBI YTIepoia.

KapOonmsupoBannbie 00pa3ibl moasepraimck npornutke 1 M pactBopom KOH ¢ paznuansiMu
MacCOBBIMU COOTHOIIEHUsIMU copOenTa k menoun 1:1, 1:2, 1:3 u 1:4 (cooTBeTcTBYOINE 0OBEMBI
pactBopa$, 10, 15 u 20 mir). DTO MO3BOISIIO PABHOMEPHO PACTIPEICTUTh AKTHBUPYIOUIHIA areHT Mo
Bceil Mmacce marepuana. [[ns riay0okoro mpoOHMKHOBEHUS LIEJIOYM CMECh BBIJICPKMBAIHN 3 Yaca Ipu
temmeparype 30—80 °C.

O6pasubl HarpeBanu B anektporeun 10 300-850°C (5°C/mun). [Tocne 3-4acoBoil BBIIEPKKU
MaTepHall OXJIKIaU O KOMHATHON TeMIeparypbl B cpene aprona. /s ymaneHHus OCTaTOYHBIX
peareHToB U MPOAYKTOB peakuy noiaydeHHbld AY npomsiBanu 0,1 M pacTBOpoM COJISIHOM KUCIIOTHI,
a 3aTteM JMCTH/UTMPOBAHHOW BOJOH 1O JOCTHXeHHs HeWTtpanbHoro PH (6-7). Tlocime mpombIBKH
o6pasubl cymwn npu Temieparype 100-105 °C 10 nocTossHHONM Macchl.

JIJ1s1 TECTOB MCIIOIH30BAIMCH YaCTUITBI pa3MepoM 1-2 MM. McribITaHus MPOBOAMIINCH TS BCEX
YeThIpeX THIOB 00pa3ioB (cootHomienus ot 1:1 no 1:4). [{nsg kaxmoro oOpasiia UCIOIB30BAIH IO
10r marepuana ¢ goOaBieHHMEM 5T AMCTUIUIMPOBAHHOM BOABI. VIcHbITaHUS MPOBOAWUIINCH NpPU
temneparypax — 22 °C u 50 °C. JluHamMuKy MOTJIOIIEHUS U UcnapeHus Biaru pukcuposaiu yepes 10,
20, 30, 60, 120 u 150 muH.
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HccnenoBanus BIaroeMKOCTH U BJIATOYICPKUBAIOIICH CIIOCOOHOCTH MTPOBOJAMIUCEH B UIACHTUIHBIX
YCIIOBUSIX B TpeXKpaTHOW MOBTOpHOCTH (N=3) s Kakaoro oopasima. IlonyueHHbIe Pe3yibTaThl
HOCSIT CPAaBHHUTEIBHBIA XapaKTep W IMO3BOJSIOT BBISBUTH Pa3lIMYMs B CBOMCTBaX MaTepUAIOB B
3aBHUCHUMOCTH OT ycloBHI uX akTuBauuu. Ctatuctudeckas oOpabOTKa JaHHBIX BKIIOYaJla pacder
crangapTHoro otkiaoHeHus (SD), pe3ynbraThl npeacraieHsl B popmare Cpennee + SD.

3. Pe3yabTaThl
3.1. Mopghonocuueckas cmpykmypa copbenmos

Mopdosoruueckasi CTpYKTypa MOJIYYeHHBIX AY 3aBHCHUT OT COOTHOILICHHSI MacC MCXOTHOTO
copbenta u ruapokcuaa kanus (KOH): a) 1:1, b) 1:2, ¢) 1:3 u d) 1:4 (pucynok 1). Mukpodotorpaduun
JEMOHCTPUPYIOT U3MEHEHUE MOPUCTOCTH M CTPYKTYPhI 00pa3IioB MPH YBEIMUYCHUU COICPKaHUSI AY.

S4800 1. 0KV x 1 DOKSEN S

(c) (d)
Pucynoxk 1. MUKpOCTPYKTYpa aKTHBHPOBAHHOTO YIJIsA, MOJYYEHHOTO MPU Pa3IUIHBIX MaCCOBBIX
cootHomenusx copbenta u KOH: (a) 1:1, (b) 1:2, (¢) 1:3u (d) 1:4

OO6paserr, MoOMy4YEeHHBIN TIpU cooTHOIEHUU 1:1, XapakTepu3yeTcsi CpaBHUTEIBHO TIJIOTHOW H
crabopa3BUTON CTPYKTYpOil ¢ HH3KO# CTeneHbpro mopucroct (pucyHok l1a). Ilpu yBenmuueHUH
cooTHOIEeHHs 10 1:2 HaOroMaeTCs MOBBIIICHNE PHIXJIOCTH MaTephalia M YBEJINYCHNE KOJIMYEeCTBA
nop no cpaBHeHuto ¢ obpasuom 1:1 (pucynok 1b). CtpykTypa CTaHOBHUTCS HEOTHOPOIHOW C
TOSIBIICHEM MHUKPOTIOP.

Haubonee BhIpa’keHHAs MOpPUCTast CTPYKTypa 3apUKCUpOBaHa B 0Opasle MpH COOTHOLICHUU
1:3 (pricyHOK 1C), KOTOPBIH OTIIMYAETCS PABHOMEPHBIM paCIpeieIeHUEM TIOP M BHICOKOM CTEIECHBIO
pa3peIxJieHHs1 yriepoaHoi Matpunsl. [lpu nanpaeiimem yBenmndenun gpomu KOH mo cooTHomeHus
1:4 crpykTypa CTaHOBUTCS YPE3MEPHO pBIXJIOW, C TPU3HAKAMH TIOBEPXHOCTHOH HPO3UU H
pa3pylIeHus yIrIIepoaHoro Kapkaca (pucyHok 1d).
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3.2. Dnepeooucnepcuonnsvie cnekmpuol (3C) AY

Ha pucynke 2 npezacrapiieHsl sHeproaucrnepcruonnbie criekTpel (1C) AY, moaydeHHOTro mpu
pa3IMYHBIX MAacCOBBIX COOTHOMIeHUsAX copoenTa k KOH. Bo Bcex oOpasmax 3aMKCUpOBaHbI ITHKH,
COOTBETCTBYIOIIME OCHOBHBIM 3jieMeHTaM CTpyKTypbl AY: yriepon (C), kuciopoxn (O), a takke
natpuii (Na), marauit (MQ), amromunuii (Al) u kpemawii (Si).
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PucyHoKk 2. DHEproAuCIIepCHOHHBIE CIIEKTPHI AKTHBHPOBAHHOTO YIJIsl, TOJYYEHHBIE TIPH Pa3IHIHBIX
MaccoBbIX cooTHoIeHusx copoenta u KOH: (a) 1:1, (b) 1:2, (c) 1:3 u (d) 1:4

Oo6paserr 1:1: (pucyHok 2a) HabmogaroTcs BoipakeHHbie muku C u O, a taroke nmuku Na u Mg.

Oobpaser 1:2 (pucynok 2b): ormedaercst poct uatencuBHoctd mukoB C u O. B cniektpe Taxke
(duKcHpyeTcsl BBIpaKEHHBIHN MUK Si.

Oobpaser 1:3 (pucyHok 2C): B criektpe moMuuupyioT nmuku C u O, B TO BpeMsi CoaepKaHue
npuMeceli MUHUMATBHO.

Oobpazenr 1:4 (pucynok 2d): oCHOBHBIMH 3JieMeHTaMHu Takke ocratorcsi C m O, omHako
MHTEeHCUBHOCTH MUKOB Na 1 M@ HeCKoIbKO BO3pacTaeT Mo CpaBHEHHIO ¢ oOpasiom 1:3.

JIJIS  OIEHKHM TIOBEPXHOCTHBIX XapaKTePUCTHK AY, CHHTE3HPOBAHHBIX IPU PA3THIHBIX
cooTHomeHusx copbenta u KOH, mpoBeeHbl n3MepeHus apaMeTpoB a30THOM afcopOIIy METOI0M
BOT. Pesynbrarsl npezacTasiensl B Tabnuie 1.
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Ta6auna 1. TekcTypHbIE XapakTepUCTUKH U TapameTpsl aacopOuuu BOT 00pa3nioB mpu pa3muaHbIX
MacCOBBIX COOTHOIICHMIX copbenta k KOH

CooTHolIEHHE YaeanHnas Koncranta, C Ko dpuunent
copOenT:KOH NOBEPXHOCThb, M*/T KOppeJsinuu, I
1:1 910,0 55,456 0,999
1:2 1210,0 195,234 0,997
1:3 2900,0 101,356 0,997
1:4 924,0 57,389 0,952

Haunb6onbInee 3HadeHue yaenpHoii mopepxHocTy (2900,0 M?/r) 3aguKcHpoBaHO 1 06pasia ¢
cootnomenrem 1:3. Tlpu nanpHeieM yBeaHUeHUH coaepxanus menoun (10 1:4) nabmomaercs
pe3koe cHrKeHne moBepxHocTH 10 924,0 M?/T, 9TO MOKET OBITH CBSI3aHO C YACTUYHBIM pa3pyIICHHEM
IIOPUCTON CTPYKTYPBHI.

3.3. Pacnpeoenenue obvema nop AY

Ananmu3 pacnpenencHuss o0bémMa mop AY, TOJYYEHHOrO TP YETHIPEX MAaCCOBBIX
cootHomeHusx copbenta k KOH, mpencraBnen Ha pucynke 3. I'paguku I1eMOHCTPUPYIOT
3aBHCHMOCTb 00mIero (cM*/r) u muddepeHnuansHoro o6s8mMoB mop dv(r) (em*/A/r) ot ux nuamerpa.
OTH NaHHBIE TO3BOJIIOT OLICHUTH BIUSHHE YCJIOBHW aKTHBAMM Ha (POPMHUPOBAHHE IMOPUCTOMN
CTPYKTYpBI MaTepuaia.
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Pucynoxk 3. PacnpeneneHne o0beMa IMOp aKTHBHPOBAHHOTO YIJIS MPH Pa3IUYHBIX MAacCCOBBIX
cootHoteHusx copoenta u KOH: (a) 1:1, (b) 1:2, (c) 1:3 u (d) 1:4
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O6pasny KOH = 1:1 xapakTepeH yMepeHHbIH 00111 006EM TIOp, TIe CTPYKTYpa MpeicTaBIeHa
MPEUMYILECTBEHHO MUKPOIIOpaMK AuamMeTpoM ~2 M (prcyHok 3a). Ha rpaduke dv(r) nabmromaercs
BBIPKEHHBIN MUK MIPH TJAHHOM JUAMETPE, TOT/1a KaK BKJIaJ ME30- H MaKpOTIOp HE3HAUYUTEIICH.

B o6pasie 1:2 o6muit 066EM mop Bozpactaer 10 0,7 cM>/T, P TOM MHKPOIIOPHI THAMETPOM
OKOJIO 2 HM TaKXe OCTAalOTCS IOMUHHUPYIOIIUMHE (PUCYHOK 3D).

MakcuManbHbIH 06muit 06B6éM mop — 1,6 cM>/T - 3adukcupoBan B oopasue 1:3 (pucynok 3c).
B nanHoM ciyyae Hapsay ¢ BBICOKOM KOHUEHTpPAUHMEW MHUKPOMNOP MPUCYTCTBYET 3aMETHAas JOJIA
ME30I10p, XapaKTEPU3YIOIIUXCsl PABHOMEPHBIM paclpe/ie]ICHUEM

B o6pasie 1:4 obumii 06bEM mop coxpansercs Ha ypoBHe 1,6 cm’/r, ommako muk dv(r)
CTaHOBHTCS MEHEE BBIPAXKEHHBIM, YTO CBUICTEIBCTBYET O NIEpepacpeIeIeHUH TIOp B CTOPOHY Ooliee
KPYIHBIX IuamMeTpoB (pucyHok 3d).

3.4. Brazoémxocmo AY

OKcIlepUMEHTAJIbHbIE HCCIIEAOBAaHUS IOKa3ald, 4YTO JUHAMMKa yIepXKaHus BoIasl AY
CYIIECTBEHHO 3aBUCHT OT MaccoBoro cooTHomieHusi copoenta u KOH, ucnons3yemoro Ha cragauu
XUMHYecKol aktuBanuu. HambGonee BbICOKas BIIArOEMKOCTh U 3aMEUIEHHOE HCHApeHHe BOJbI
HaOII0AaMNCh Y 00pasia ¢ cCooTHOMmEHHEeM 1:3, KOTOPBI XapaKTepHU30BaJICs ONTUMAIIBHO Pa3BUTOU
MHUKpPOIIOPUCTOM CTPYKTYpOH, obecneunBaronieid 3pheKTUBHOE yAep KaHUE BIIATH.

AHanu3 JUHAMUKH UCHAPEHHsS BOJIBI TMOKa3all, 4YTO MpH MOBbIIEHHOW Temmeparype 50 °C
Macca Bojbl B obpasie 1:3 mocreneHHo ymenbinaiach ¢ 5,031 r B Hauane skcnepuMenta 1o 1,695
yepe3 150 MuH, 4yTO OTpakaeT CTaOWIBHBIA M PAaBHOMEPHBIM XapakTep mnorepu Biard. llpu
KOMHAaTHOM Temmneparype 22°C ckopocTh UCIIapeHus ObUla 3HAUUTENILHO HIDKE, U Macca BOJIbl Yepe3
TOT K€ BpeMEeHHOH wuHTepBan coctaBimsuia 4,320 T, 4YTO CBHICTENBCTBYET O BBICOKOU
BJIAroy/Iep>KUBAIOLIE CIIOCOOHOCTH MaTepuana B YCIOBHSX, HNPUOIMKEHHBIX K €CTECTBEHHBIM
(Tabnuua 2).

Tadauua 2. [lunamuka ucnapenus Bojbl (r) mpu temrepatypax 50°C u 22°C

MtP;H 1:1(50°C) | 1:1(22°C) | 1:2 (50°C) | 1:2 (22°C) | 1:3 (50°C) | 1:3 (22°C) | 1:4 (50°C) | 1:4 (22°C)
0 |5,031+0,03 | 5035+0,01 | 5,036+0,01 | 5,035+0,03 | 5,036+0,02 | 5,035+0,01 | 5,030+0,01 | 5,035+0,01
10 | 5,052+0,05 | 4,906+0,07 | 5,105+0,04 | 4,929+0,02 | 5137+0,05 | 4,939+0,05 | 5,120+0,02 | 4,930+0,01
30 | 4,402+0,18 | 4,658+0,06 | 4,556:+0,09 | 4,756+0,02 | 4,687+0,04 | 4,858+0,02 | 4,656+0,02 | 4,825+0,06
60 | 3,505+0,15 | 4,350+0,66 | 3,855+0,06 | 4,508+0,05 | 4,085:+0,04 | 4,7100,02 | 4,004+0,04 | 4,657+0,07
120 | 2,002+1,7 | 4,005£0,64 | 2,503+0,15 | 4,251+0,01 | 2,860+0,05 | 4,545+0,05 | 2,803+0,02 | 4,508+0,02
150 | 0,907+0,65 | 3,709+0,50 | 1,308+0,05 | 4,005+0,01 | 1,695+0,02 | 4,320+0,04 | 1,606+0,02 | 4,286+0,04

[Tpumeuanue: /laHHbIE IPEICTABICHBI KaK CpPeHEE 3HAYCHUE + CTAHAapTHOE OTKIOHeHHne SD st n
= 3 IOBTOpPHOCTEH

Oobpa3zer; ¢ cootHomeHneM 1:4 mpOAEMOHCTPUPOBAT CXOXKME TEHICHIIMH, OJHAKO CKOPOCTb
ucnaperust BosI mpu S0 °C Obli1a HECKOIBKO BBIIIE 10 CpaBHEHHIO ¢ 00pa3om 1:3. ITo MOXKeT OBITh
CBSI3aHO C U3MEHEHHEM COOTHOILIEHHS] MUKpPO- U ME30IOp, MPH KOTOPOM yBEJTHYEHHUE 101U Ooiee
KpPYIHBIX TMOpP CHOCOOCTBYET YCKOPEHHOMY MCIIapEHHIO BOJIbI MPH IOBBIIMIEHHON TeMIieparype,
HECMOTPs Ha IOCTaTOYHO BBICOKYIO HauaJIbHYIO BIIaroéMKOCTh Marepuaina. [Ipu temneparype 22 °C
pazmmunst Mexay obpasnamu 1:3 u 1:4 Obun MeHee BBIPAKEHBI, YTO YKa3bIBaeT HAa MEHBIIYIO
YyBCTBUTEIBHOCTh UX BJIArOyI€P>KUBAIOIINX CBOMCTB K TeMIIEpaTyPHBIM KOJICOAHUSIM B yMEPEHHBIX
YCIIOBHSX.
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O6pa3upl ¢ cooTHomenusMu 1:2 u 1:1 xapakrepu3oBanuchk 6ojiee ObICTPBIM CHIYKEHHEM MACChI
BOJbI, ocobeHHO mnpu Temmeparype 50°C, 4YTO CBHACTENBCTBYET O MEHBIICH CIOCOOHOCTH
yACpKUBaTh Biary. BepoATHONM NPUYMHON SBIIIETCS MEHEE pa3BUTas IOpUCTas CTPYKTypa M
OrpaHMYeHHas MHUKPOIOPHUCTOCTh, BCJIEACTBHUE YEro BojJa ObIcTpee HCHAapseTcs WU B MEHbIIEH
CTETIEHH 3aJIepKuBaeTcsa B 00bEMe yriepoanoro marepuana. Ilpu temmeparype 22°C paznuuus
MEKy 3TUMHU oOpasiiamu 1 HanboJee 3G dexTruBHbIME 00pa3iamu (1:3 u 1:4) coXpaHsINCh, OJJHAKO
NPOSIBISUTUCH MEHEE pe3Ko 3a CuéT 3aMeICHHs] MPOIECCOB HCHapeHus. TakuM oOpa3om,
MOJIyYEHHBIE PE3yJbTaThl MOKA3bIBAIOT, YTO MaccoBoe cooTHouieHue copOenta u KOH saBnsercs
KIIIOYEBBIM  (DAKTOPOM, OMNpPENEeNSIONMM KaK BJIAro€MKOCTh, TaK W  BIArOyJIEPKUBAIOIIYIO
ciocobHocTh AY. Haunbonee sddextrabie 00pasip! (1:3 u 1:4) coxpaHSOT 3HAYUTEIILHYIO 4aCTh
BOJIbI B TCUCHHE JUIUTEIIBHOTO BPEMEHH, TOTAa Kak o0pasiibl ¢ MeHbliel aktuBanueit (1:2 u 1:1)
XapaKTepU3YIOTCsl YCKOPEHHOW MOTepel Bilard, 0COOEHHO NMpHU MOBBIIICHHONW TeMmmeparype. JTu
HAOJIOACHNST TOMYEPKUBAIOT BAXKHOCTh KOHTPOJS YCIOBUH XMMHUYECKOH aKTHBAMU IS
dbopMUpOBaHHS TOPUCTOM CTPYKTYpbI, oOOecrneunBaroniell cTaOuibHbIe BiarocOeperarome
CBOICTBa MaTepHaa.

4. O6cyxnenue
4.1. Bausinue maccosoeo coomuouwenusi KOH na mopghonocuio u snemenmuwiii cocmas

Huzkass mopuctocts obpaszua 1:1, BeposiTHO, 00yclOBiI€eHAa HEIOCTATOUYHBIM KOJUYECTBOM
aKTUBUPYIOLIETO areHTa i 3¢ (heKTUBHOTO MPOTEKaHUs peaKkMi XMMUYECKON aKTUBalMu. B aTux
ycnoBHsx npouecchl Bzaumoseiicteus KOH ¢ yriepoanoit MaTpurieit orpaHi4YeHbl, YTO MPUBOIUT K
COXPAHEHMIO KPYITHBIX, C1a00pa3BeTBIEHHBIX CTPYKTYpHbIX 3yieMeHTOB. [IpucyrctBue Na u Mg B
o0pasiie MOKET OBITh CBSI3aHO C HETIOJHBIM Y/AaJCHUEM MPUPOJHBIX MUHEPAIbHBIX KOMIIOHEHTOB U
HU3KOH CTENEeHbI0 aKTUBAIMM HA paHHEH CTauM Mpolecca.

VYeemmuenne nomu KOH mo cootnHomeHust 1:2 mpuBOOUT K MHTEHCHBHOMY pa3pyLICHUIO
KPYIHBIX ()parMEHTOB YIJIEPOJHOr0 Marepuana U (HOpMUPOBAHMIO MHUKPOINOP. DTO YKa3bIBaeT Ha
yCUJIEHUE peaklUii aKTUBALlUU U pa3BUTHE MOPUCTON ceTH B cTpyKType AY. PocT nHTeHCMBHOCTH
nukoB C u O yka3plBaeT Ha YCHJIEHHE MPOLIECCOB XMMUYECKOM aKTHBAllMU M Pa3BUTHE MOPUCTOU
CTPYKTYpBI. Bbicokoe comepkanue Si B JaHHOM 00pasiie CBsA3aHO ¢ HanuuueM npupognoro SiOo,
XapaKTepHOro JUIsl MCXOJHOTO CBIPbS — PHUCOBOHM IIEIYXH, M €ro COXpPaHEHHEM B IIpoliecce
aKTHBAIINH.

OnTuManbHble yCIOBUS aKTHBAIMM JOCTUTalOTCS NpU COOTHOIeHuH 1:3, rae mocrturaercs
MaKCHMaJlbHasl yJelibHas IOBEPXHOCTh M BBICOKAs CTENeHb YUCTOTHI (HoMuHUpYOT tuku C u O).
370 yKa3bIBaeT Ha KOHTPOJIMPYEMOE TPaBICHUE MaTPHIIbl O€3 pa3pyleHHs e€ KapKaca.

[Mpu nameuetimiem yBenwuenun noiim KOH nmo cootHomenust 1:4 wmabmromaercs 3ddext
nepeakTuBauy. V30bITOK MENOYN TPUBOAUT K UPE3MEPHOMY TPABICHUIO YIIIEPOIHON CTPYKTYpHI,
9PO3UM TOBEPXHOCTH U YACTUYHOMY DPa3pYIICHHUIO YIJIEPOJHOIO Kapkaca, YTO MOXET HEraTHBHO
CKa3bIBaThCSl HA MEXAHUYECKON CTaOMIBHOCTH M SKCIUTYaTallMOHHBIX CBOMCTBaX MaTtepuaia. Takum
o0pa3oM, Ype3MepHble KOHLEHTPALMU aKTHBHUPYIOIIETO areHTa He SBJSIOTCS LeNeco00pa3HbIMU,
HECMOTpsl Ha YBEJIMYEHHUE CTENEeHU Pa3pbIXJICHHUs CTPYKTYpbhl. BTOpHUYHBIA pOCT MHTEHCUBHOCTU
nukoB Na u Mg yka3bIBaeT Ha HaKOIUIEHHE IIEJIOYHBIX OCTaTKOB B CTPYKTYpe AY. DT0 MOXKET ObITh
CBSI3aHO C MEpeaKkTUBAIlMe M YaCTUYHOM Jierpajalueil yriiepogHoro Kapkaca, a TakKe HEMOJIHBIM
YAAJIEHUEM IIEI0YU IIPU ITPOMBIBKE.

Pesynpratel BOT-ananuza moarBepkaroT, uTto yBenuueHue jgonu KOH B menom
CIOCOOCTBYET POCTY yAeIbHOU moBepxHOCTH AY. OgHako Mpu M30BITKE aKTHBHUPYIOUIETO areHTa
HaOJII0AaeTCsl CHUKEHHE JIMHEHHOCTH U30TepM a/IcOpOLIMY ¥ YMEHbILICHHE YIEIbHON MOBEPXHOCTH,
YTO CBSI3aHO C pa3pylLIeHHUEM IMOPUCTON CTPYKTypbl. Takum 00pa3oM, MaccoBOE€ COOTHOIIECHHE
copbenta u KOH 1:3 sBasercs onTUMadbHBIM s MonydeHUs AY ¢  BBICOKOPa3BUTOH
MOBEPXHOCTHIO U CTA0MIBHBIMU CTPYKTYPHBIMHU XapaKTEPHUCTUKAMH.
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4.2. Brusinue ycio8uii akmugayuu Ha pazeumue MUKponopucmou Cmpykmypvl u 00vém nop

JIOMUHMpOBAaHNUE MHUKPOIIOp JAMAMETPOM OKOJIO 2 HM BO BceX oOpa3liax yKa3blBaeT Ha
KITIOYEBYIO posib xumuueckor aktuBanun KOH B popMupoBaHry MUKpPOTIOPUCTON CTPYKTYphI AY.
OTHOCHUTENBHO HU3KMH 00BEM MHOp HpU cooTHoweHMHM 1:1 cBHUIETENbCTBYET O HENOCTATOYHOMN
MHTEHCUBHOCTHU IIPOLIECCOB aKTUBALIMM, YTO OTPAaHUYMBAET Pa3BUTHE ITIOPUCTOM CETH.

B oOpasne 1:2 3amereH poct obmiero o0béma mop, 4To CBsi3aHO ¢ Oojiee 3(PhEeKTHBHBIM
B3aMMOJICHCTBHEM AaKTUBUPYIOIIErO AareHTa ¢ YyIJIepogHoW MaTpuled u  (HopMUpOBaHHEM
JONOJHUTEIbHBIX MUKPOIIOP.

CoueTtanue BBICOKOM KOHLIEHTpPAIIMM MUKPOIIOp W MPUCYTCTBUS Me3omop B obOpasue 1:3
obecrieynBaeT yBEIMYEHHE JOCTYIHOW IOBEPXHOCTM M IOTEHUHUAIBHO 00Jee BBICOKYIO
aIcOpOIIMOHHYIO éMKOCTh. PaBHOMEpHOE paciipe/ieieHue mop ¥ BhIpakeHHbIN MK AV(I) yKa3bIBarOT
Ha cOaJIaHCUPOBAHHBIN XapakTep aKTUBALUU 0€3 pa3pylIeHHsl YIIepoIHOro KapKaca.

B o6pasue 1:4 HaGnrogaercs epepacipeielieHue op B CTOPOHY 00jiee KPYITHBIX Pa3MepoB U
CHW)KEHHE BBIPR)XEHHOCTH MHUKPOIIOPUCTOCTH. DTO MOXKET ObIThb CBA3aHO C IepeakTHBALUEH,
COIPOBOKAAIOMIEHCS YaCTUYHBIM pa3pylICHHEM MHUKPOMOPHUCTOH CTPYKTYpbl M 00pa3oBaHUEM
MaKpoIop, YTO CHUXKAET CTPYKTYPHYIO IPOYHOCTh MaTepUaa.

HecmoTpst Ha BBICOKMI YpOBeHb aKTWBauM Ipu cooTHomeHusx 1:3 um 1:4, BusyaibHbIC
pa3nuuus B CTpYKType oOpa3lioB M JIaHHBIE 3JIEMEHTHOI'O aHaJIM3a YKa3bIBalOT Ha Oojiee YUCTYIO U
OTHOPOJHYIO CTPYKTYpy AY mnpu coorHomenwn 1:3. B cimydae coorHomenus 1:4 BeposTHO
HAKOIJICHUE OCTATKOB IIENTOYM, YTO IMPUBOAUT K I'€TEPOr€HHOCTH CTPYKTYPhI U MOTEHLUAIBHOMY
YXYIIICHUIO 9KCIUTyaTallMOHHBIX CBOMCTB. Takum oOpazom, yBenmndenue noiaun KOH crocoberByer
Pa3sBUTHIO TOPUCTON CTPYKTYpbl AY, ofHako cooTHomieHue 1:3 sBiseTcs ONTUMAJIBHBIM JUIs
IIOJIy4EHUSI MaTepUaIa C pa3BUTOM MUKPOIIOPUCTOCTBIO Y BBICOKOM YIEIBHON IIOBEPXHOCTHIO.

4.3. Bausinue yciosuti akmusayuu Ha 81a20)0epaCUBAouLyio cnocoOHOCmb

Pe3ynpTathl Hccae10BaHUs MOATBEPKAAIOT, UYTO CO/IEPIKaHNE aKTUBUPYIOLIETO areHTa Urpaer
KJIIOYEBYIO POJb B (OPMHpPOBAHMM MOPUCTON CTPYKTYpbl AY U HampsMylO0 BIHSET Ha €ro
BJIAaro€MKOCTb U BJIAroy1€p>KUBAIOIIYI0 CIIOCOOHOCTh. DKCIIEPUMEHTANIbHbIE JaHHBIE TOKa3alld, YTO
onTUMalibHOE MaccoBoe cooTHomeHune copoerTa u KOH 1:3 obecrieunBaeT rapMOHHYHOE COYETAHUE
MHUKpPO- U M€3010p, GOPMHUPYsT MAKCUMAJIBHO JOCTYIHYIO YIEJIbHYI0O HOBEPXHOCTh JUIs a1copOuuu
BOABl. DTOT (akTOp MO3BOJISAET CYLIECTBEHHO 3aMEUIMTh MPOLECC MCIApeHMsl BJard Kak Mpu
KoMHaTHOM Temnepatype (22 °C), tak u npu nosbimeHHOH Temneparype (50 °C), obecneunBas
CTaOUJIbHOE yJIep>KaHUE BO/bI Ha MPOTSXKEHUU BCETO 3KCIIEPUMEHTA.

O6pa3upl ¢ yBennueHHoit noneit KOH no 1:4 mpoaeMoHCTpUpOBAIM JUILb HE3HAUUTENBHOE
VIIy4IIEHUE BIIArOyICP>KUBAOIICH CIIOCOOHOCTH TI0 CPABHEHUIO C ONTHMAIBHBIM BapuaHTOM 1:3,
YTO YKa3blBa€T HA HAJIM4YUE€ IIOPOrOBOTO 3HAYEHHUS MAacCOBOI'O COOTHOIIEHHs aKTUBUPYIOLIETO
areHTa. B To xe Bpems cHmwxkenue conepxanus KOH mo 1:2 m 1:1 mpuBogmio K 3aMEeTHOMY
YXYIIIEHUIO aJCOPOIMOHHBIX CBOIMCTB MaTepuaia, OCOOCHHO MpH MOBBIILICHHON TeMIeparype, e
CKOPOCTb MCIAapeHHs BJIark OblIa 3HAYMTEIbHO BbIIIE. DTU HAOIIOJEHHS YETKO KOPPETUPYIOT C
pe3yiabTaTaMH aHaJIW3a TEKCTYPHBIX XapaKTepUCTUK AY: MeHee pa3BUTas MHUKPOIOPHUCTas
CTpYKTypa y 00pa3IoB ¢ moHmwkeHHO# koHeHTpanueld KOH orpannuuBaer yuep:kaHue BOJAbI, B TO
BpeMs KaK M30bITOYHOE KOJIMYECTBO AaKTHBHPYIOLIETO areHTa He 00eCreunBaeT JIOMOJIHUTENEHOTO
MOJIOKUTETHHOTO 3¢ (deKTa, HECMOTPS Ha YBEJIMUEHHUE 00IIero o0bhEMa mop.

Taxkum 006pa3zom, MosryuyeHHbIE JaHHBIE IEMOHCTPUPYIOT MPSAMYIO CBSI3b MEX]y TEKCTYPHBIMU
xapakTepucTukamMu AY u ero (QyHKIIMOHAIBHON CIIOCOOHOCTBIO yIEpPKUBATh Biary. B wactHOCTH,
COYeTaHHEe MHUKpO- M ME30IOop B ONTHMaJIbHOM oOpasue 1:3 co3maér CTpyKTYpHYIO OCHOBY JJIst
3¢ (HeKTUBHOTO 3aMeIJICHUS UCIIAPEHUS U HAKOIIJICHUS BOJIBI, UTO SIBJSETCSI KpUTHUECKU BasKHBIM JJIS
CEeNIbCKOT0 XO3sIiicTBa B YCJIOBUSX JeQHUIMTAa BOJHBIX pecypcoB. Pe3ynbTaThl HOATBEPKIAIOT
MEePCIIEKTUBHOCTD UCTIONIb30BaHMs AY B KauecTBe BarocOeperaroniero MaTepyuasa u noauyepkuBaoT
HEOO0XOAUMOCTh TOYHOTO KOHTPOJIA IapaMeTPOB XUMHUYECKOW AaKTHBALUU Ul JOCTHIKCHUS
TpeOyeMBbIX IKCIUTYaTalMOHHBIX XapakTepuCcTUK. OHAKO aKTUBUPOBAHHBIHN yrojlb MOXKET OKa3bIBaTh
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1 IIOTCHITHAIBHOE BIIMSHHE Ha TIOYBEHHBIC 9KOCHCTEMBL. BBeienne AY B MOYBY H3MEHSIET CTPYKTYPY
MHKPOOHBIX COOOWIECTB W WX (YHKIMH, CHIDKast JOCTYIIHOCTh THAPO(GOOHBIX OPraHUYECKHX
3arpsA3HUTEINEH TSl Pa3oKEHUSI MUKPOOPTaHU3MaMH M PACTEHUH, YTO CHIKACT (DUTOTOKCHYHOCTD,
HO MOJKET OrpaHMYUBaTh OHOJACTpagaluio HeKoTophix coequnenuii (Rahi et al., 2012). Kpome toro,
OCTaTKd XHMHYCCKMX aKTHBATOPOB MOTYT M3MEHATH PH MMOYBBI M JIOCTYIIHOCTH 3JIEMEHTOB IS
pactenuii. Takum oGpaszom, uts Ge30macHOro U 3p(HEeKTHBHOrO UCMOJb30BaHUs AY B CEIbCKOM
XO3AUCTBE HEOOXOIMMBI JalbHEHIINE HMCCICAOBAHUSA JOJITOBPEMEHHON CTAOMIBHOCTH, IMKIOB
yBJIaKHEHHE—BBICBIXaHHE U BIUSHUSA HA MUKPOOHOTY H OMOTCOXUMUIO TTOYBHI.

4.4. Dxonoeuyeckue acnekmol U 02PAHUYEHUS UCCLE008AHUSA

BHecenue B MOYBY YIVIEpOAHBIX MEIMOPAHTOB, XapaKTEPU3YIOLIUXCSA DPA3BUTOM IIOPUCTOMN
CTPYKTYPOH M BBICOKOH yIEIBHON IOBEPXHOCTHIO, CHOCOOCTBYET CYIIECTBEHHOMY H3MEHEHHUIO
dusrko-xumudeckux ycnosuii cpespl (Rizhiia et al., 2012). Dto He TOIBKO YBEITUUUBACT aCOPOLIUIO
BJIard, HO W YJy4YlIaeT YJAEp)KaHWE KIFOYEBBIX MHHEPAIBHBIX 3JIeMeHTOB, B dacTHOocTH NO3
(Sviderskii et al., 2025, Fan et al., 2023). /Iy 060cHOBaHUS PEUMYIIIECTB CHHTE3UPOBAHHOTO AY 1
OLICHKH €ro JKOJOrMYEeCKOW 3HAYMMOCTH B paMKax COBPEMEHHBIX arpOTEXHOJIOTHH HEe0O0X0InMO
COIIOCTABUTH €T0 XapaKTEPUCTUKH C IIUPOKO MIPUMECHAEMbIMH aHasioramu. B Tabmnuie 3 npencrasieH
CPaBHUTEIILHBIN aHAN3 (QYHKIIMOHAJIBHBIX M SKOJOTHYECKUX MTapaMeTPOB IOIYYCHHOTO MaTepraa
B KOHTEKCTE TAaKUX MEJIHMOPAHTOB, KaK TPAIUIMOHHBIA OHOYIOJib, CHHTCTUYECKUE THAPOTCIH U
NPUPOJHBIE EOTHUTHI

Tab6auuna 3. CpaBHUTENIbHAS XapaKTEPUCTHKA BIarocOeperaronfx MaTepruasoB

Kpurepuii AY buoyroJan I'maporenu eoantnbl
(nanHasi pa6ora)

VY nenpHas Bricokas >2900 Cpennsis - Cpenusis
TIOBEPXHOCTh, M2/T 100-500 400-800
VYnepxanue NOz u Bricokoe Cpennee OdeHb BBICOKOE Bricokoe

BIIaru
Honrocpounas Bricokas Bricokas Hwu3zkas OueHb BbICOKas
CTaOMIIBHOCTD (yrimepoaHblii (buonerpanarus) (MuHEpaIT)
KapKac)
Brmusaue Ha pH  |Puck moBbIieHus Cnaboe Heiitpanenoe Hetitpansnoe
TTOYBBI (ocratkn KOH) MOBBILLICHHE
OxorokcnyHocTh | Huskas (mocne | MunumaneHas | IloTeHnumanbHbIN Hynesas
IIPOMBIBKH) pHUCK (MOHOMEDHI)

B orminume ot Ouoyrns akTMBMpPOBAaHHBIA yronb obnagaer B 5-10 pa3 Oosbuieil yaensHON
noBepxHocthio (Khan et al.,, 2024). Dro mno3BosiseT HE TOJBKO YACP)KUBATH BIIATYy 3a CYET
KallWUIIPHOM KOHJEHCAllud B Me30mopax, HO U 3((eKTHBHO aacopOMpOBAaTh NHTATEIbHBIC
BEIIECTBA, MPEIOTBPAIAs NX BEIMbIBAHHUE.

B cpaBHeHMM C CHHTETMYECKHMMM THaporensiMu, AY Oosiee YyCTOWYMB K IUKJIaM
«3aMOpaXMBaHWE—OTTaWBaHUE» W HE TEpsSeT CTPYKTYPHYIO MHEJIOCTHOCTh B TouBe. [ maporemn
crocoOHsI noryoniate 00beMbl Bobl, B 500—-600 pa3 mpeBblmaromue ux coOCTBeHHBIN Bec (Kumar
et. al, 2025). HecMoTpst Ha TO, YTO CHHTE3UPOBAHHBIA AY yCTyMmaeT THAPOTENISIM 110 a0COIIOTHOMY
0o0beMy IMOTJIOMIaeMON BOJbI, OH OOJaJaeT MPEUMYIIECTBOM B BHJE BBICOKOH COpOIIMOHHOM
CIIOCOOHOCTH K MHUHEPAJbHBIM HYTPHUEHTaM U 0ojiee BBICOKOH CTPYKTYPHOW CTaOMIBHOCTH B
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MOYBEHHOM TMpoduie, dYTO JeNaeT €ero IMEepCHeKTHBHON  aJbTEpPHATHBOW  MOJMMEPHBIM
BJIArOyAEPKUBAOLIUM areHTaMm.

[IpupoiHbIE U CUHTETUYECKUE LIEOTUTHI TAKXKE IIIMPOKO MPUMEHSIFOTCS B arpOTEXHOJIOTHSIX KaK
CTpYKTypooOpa3oBarenn mouB. braromaps cBoell KecTKOW aTlOMOCHIMKATHON CTPYKType U
BBICOKOH KaTHOHOOOMEHHOW eMKOCTH, oHH 3(dekTuBHO yiaepsxkupaoT uoHsl NHY'm kamus K*,
MpEeAO0TBpaLIasl UX BHIMbIBAHUE U3 IPUKOPHEBOU 30HbI. OJJHAKO, 10 CPABHEHUIO C CHHTE3UPOBAHHBIM
AY, neonutsl 00NaJalOT 3HAYUTEIBHO MEHBILICH YAEIbHON IMOBEPXHOCTbIO M OIPAaHUYEHHBIM
o0beMoM Me3omnop. B To BpeMst kak 1€0dUThl pabOTal0T MPEUMYIIECTBEHHO KaK HOHOOOMEHHUKH,
ONTUMU3HPOBaHHBIA AY obecnieunBaer Oomnee 3(pPEKTUBHOES KANMMILIIAPHOE YyICp)KAHUE BJIArd 3a
CUeT pa3BUTON MOPUCTOCTH M HAIMYUS TMOJSIPHBIX (PYHKIMOHAIBHBIX TPYII Ha MOBEPXHOCTU
(Akhmetzhanova et. al., 2025).

C TOYKM 3pEHHUs] PKOJIOTHYECKON YCTOMYMBOCTH, MPOU3BOACTBO AY U3 pHUCOBOM IICITyXH
COOTBETCTBYET MPHUHIMIAM LUPKYISIPHON IKOHOMHUKH, O0OeCIeunBasi paloOHaIbHYIO YTHIM3ALUI0
CEJIbCKOXO03SHUCTBEHHBIX 0TX0/0B. [Ipumenenune xumuueckoil aktuBauuu KOH Tpebyer ctpororo
KOHTPOJISI CTaJIMX TTPOMBIBKH ISl UCKJTFOYEHUSI HEraTUBHOTO BIUSHUA Ha PH mouBeHHOTr0 pacTBopa,
OJTHAKO, MPHU COOJIOJCHUU TEXHOJIOTUH, MOJYYCHHBIH MOPUCTBHIA KapKac CTAHOBUTCS CTaOMIbHOMN
Cpeoii JUTsl pa3BUTHS MOJIC3HON TTOYBEHHOW MUKPOOHOTHI.

Takum 00pa3zom, onTUMU3HPOBaHHBIA AY mpeacTaBiseT co00il IKOIOTHYECKH 0e30MacHYIo
QIbTEPHATUBY IOJMMEPHBIM BJIAroyJIep’KUBAIOIIMM areHTaM, CIHOCOOCTBYSl BOCCTaHOBJICHHIO
JerpaiipOBaHHbBIX 3€MeNb U CHIDKEHUIO TIECTULIMHONW HArpy3KH 3a CYET BBICOKOM afcopOLMOHHON
CTIOCOOHOCTH. DTO TMO3BOJISIET pacCMaTPUBATh AKTHBHUPOBAHHBIA Yrojib M3 PUCOBOM MICIYXH Kak
6o1ee 3(h(HeKTUBHBIN areHT It IPSIMOTO BIIAr0COEPEKEHHS B CETbCKOXO03SIICTBEHHOM CEKTOpE.

5. 3akiloueHue

B xone uccnenoBanusi ObUIM BCECTOPOHHE MPOAHATM3UPOBAHBI TEKCTYPHBIE, TOBEPXHOCTHBIC
U a/ICOPOLIMOHHbIE XapaKTePUCTHUKU AY, TOJYYEHHOT0 U3 PACTUTENBHBIX OCTATKOB MPH Pa3IMYHbIX
MaccOBBIX cooTHomeHusx copoenta u KOH. Pe3yiabpTaThl SKCIEpUMEHTOB MMOKA3aJIH, YTO yCIOBHUS
XMMHUYECKOM aKTHUBAllMM OKa3bIBAalOT CYIIECTBEHHOE BIMAHHE Ha (HOpMUpPOBAHHE MOPUCTOU
CTPYKTYpHI, BEJMUMHY YJEIbHON IMOBEPXHOCTH M paclpenesieHue (yHKIMOHAIBHBIX TPYII Ha
MOBEpXHOCTH Marepuana. ONTHUMajbHBbIE aJCOPOLIMOHHBIE CBOMCTBa OBUIM JOCTHUTHYTHI MpHU
cootnomernun 1:3. OHO obecreunBaeT yaenbHyo ToBepxHocTs 2900,0 M%r u cTabuimbHOE
yaepxanue Biard B redenue 150 mun npu temneparypax g0 50°C.

O6pazen; 1:4 Takke IEMOHCTPUPOBAT XOPOIIHUE TOKA3aTeNHM YACp)KaHUS BJIArd, OJIHAKO
CKOpPOCTh HCMapeHHs OblJa HECKOJIbKO BbIle. B TO ke BpeMs MaTepualbl C MEHBIIUMHU
cootHorreHusiMu copderra 1 KOH (1:2 u 1:1) xapakTepr30Baiuch 0oJiee ObICTPHIM CHIKEHHEM
COJIep’KaHusl BJIATH, YTO YKa3bIBA€T Ha MEHEE Pa3BUTYIO MOPUCTYIO CTPYKTYPY M OTPAHUYECHHYIO
MHUKPOMOpPUCTOCTh. Crlenyer OTMETUTh, YTO B paMKax JaHHOHW pa0OThl HE OIICHWBAIacCh
JOJTOBpEMEHHAsl CTaOMJIBHOCTh BIIArOYyAEpKUBAIOIIUX CBOWCTB MaTepuasa, BKIIIOYas BIIHMSHHE
MTOBTOPSIIONINXCS IIMKIIOB YBIIQKHEHUS—BBICHIXAHUS. YUYHUTHIBAs MPAKTHUYECKYIO HAIPaBICHHOCTh
UCCIIEIOBAHMsI, AaHAIU3 YCTOWYMBOCTH CTPYKTYphl AY mpH JUIMTENbHOM S3KCIUTyaTaluu
MPEACTABISIET COOOM BaYKHOE HAMPABIICHUE JATBHEHIIINX UCCIIEOBAaHUH.

Pesynpratel UK @ypbe-cnekTpoCKONUU MOATBEPAWIN HaIuue (QyHKIHMOHAIBHBIX rpymn O-
H, C=0 u C-0O, cniocoOCTBYIONUX CBSI3IBAHUIO BOJIbI 1 HAKOTUICHHUIO ITUTATEIBHBIX BEIIECTR.

[Tony4yeHHble NaHHBIE TOJYEPKUBAIOT, YTO IPABUJIBHBIA BHIOOpP YCIOBUH aKTHUBAllMU U
MaccoBoro cootHomeHus copoenta 1 KOH mo3BosnsieT 3pGeKTHBHO YHpaBisTh CBoWcTBaMH AY B
3aBHCUMOCTH OT 3a/1a4 €ro MPaKTUYEeCKOro MpUMEHEHUus. AY, CUHTE3UPOBaHHbII B ONTHUMaIbHBIX
YCIIOBHSIX, MOXET OBITh UCTIOJIh30BaH B KAUECTBE BJIArOCOEPETArOIIero MOYBEHHOTO CyOcTpaTa, 4To
0CcO0EHHO aKTyaJIbHO [l PETHOHOB € OTPaHWYEHHBIMU BOAHBIMH pecypcaMu. Kpome Toro, marepuan
MEPCIEKTUBEH JUISl CO3JaHMsl KOMIUICKCHBIX YAOOpPEHH C TIIOCTETIEHHBIM BBICBOOOXKICHHEM
MUTATENbHBIX BEIIECTB, MPUMEHEHHUS B THMAPOIOHHBIX CHCTEMax, a TaKXKe JUISI OYUCTKU BOJBI U
CHIDKEHHUS MOTEPh BJaru Mpu XpaHEHUU U TPAHCTIOPTUPOBKE CEIbCKOXO03HCTBEHHON MPOYKIIHH.
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Bo3moskHbIe HanpaBiieHUs NalbHEUIINX UCCIIEI0BAHUN BKIIIOUAIOT ONTUMU3ALIMIO [TApaMETPOB
aKTUBallMM JUIsl JAPYrUX BUJOB OHMOMAcChl, HW3Y4YEHHE JIOJITOBPEMEHHOW CTaOWIBHOCTH
BIIATOY/ICPKUBAIOIIEH CITOCOOHOCTH MaTEPHAJIOB, & TAKKE AaHATIU3 BIUSHUS PYHKIIMOHATBHBIX TPYIIIT
Ha B3auMOJICKCTBUE AY C pa3IMYHBIMU TUIIAMH YIOOPEHUN M MUKPORJIEMEHTOB. J|OMOTHUTEIBHO
MPEJICTABISIET HWHTEPEC HCCIeA0BaHHe KOMOWHUPOBAHHOTO TMpUMEHEeHHs AY ¢ JApyrumu
BJIarocOeperapruMy MaTepruaiaMy U IPUPOJHBIMUA MUHEPAJIaMH C BbIPaXKECHHBIMU COPOLIMOHHBIMU
CBOMCTBaMHU (LI€OJIUTHI, TUATOMUTHI U Jp.), @ TAKXKE OLIEHKA €ro MOBEJICHUS B YCIOBHIX Pa3IMUHbIX
KJIIMMaTUYE€CKUX 30H.

Takum oOpa3zoM, MpoBeAEHHOE MCCIIEIOBAHUE JIEMOHCTPUPYET BBICOKYIO MPAKTUUYECKYIO
3HaYUMOCTh AY Kak 3(peKTUBHOTO BiarocOeperaromero MaTepuaia U co31aéT HAydYHYI0 OCHOBY
JUTSl €r0 BHEAPEHUSI B COBPEMEHHBIE BOAOCOEPETAIOIINE arpOTEXHOIOTUN U TAJIbHEUILIET0 pa3BUTHUS
YCTOWYHBOTO CEJIbCKOIO XO3SHCTBa B YCIIOBUSIX HapacTarolero neduiuTa BOAHBIX PECYpPCOB U
KJIIMMAaTHYE€CKUX U3MEHEHUMN.
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AybUl IAPYANIBUIBIFBIHAA BUIFAJABI  CAKTAyAbl AapTThIPY MAaKCATbIHAA
AKTHBTEHIIpLIreH KOMipai OMmoMaccaaan 1aMbIHIAY MEH OHTAHJIAHABIPY

Epaan Jockanos, [lana AxmerkanoBa, Apman Kymaxanos, Ocnan Jloc:xanos, 3epe Hypoou,
Mar:xan Ocnan

Angatna. XXahaHIplK KIMMaTTBIH ©3repyl JKOHE Cy pecypCTapbIHBIH IIEKTEYJIUTIr jKaraalbIHIa
aybplJl ILIapyallbUIBIFBIH TYPAKThl JIAMBITYy BUIFAJ YCTaFblll KaOlleTi >KOFapbl HWHHOBALUSIIBIK
MaTepuaIapAbl, COHBIH IMIIHAE ayblUl MIAPYallbUIbIFbl KaJJABIKTaphl HETI31HAETI KOMIPTEKTI
cyOCcTparTapapl eHri3yai Taman ereiai. byn kymbicta copOeHT meH kamuid rugpokcuainin (KOH)
opTypai maccanbik KatbiHacTapeiaaa (1:1, 1:2, 1:3 »one 1:4) kypimn KaybI3blHAH CHHTE3ICITEH
akTUBTeHIIpiIreH kemipaiH (AK) TekcTypanblk, MOPQOJOTHSIIBIK JKOHE  aaCOpOLUSIIBIK
cUmnarTaMasapblHa KeleHAl 3epTTey »Kyprizuial. KyMbICTBIH MakcaThl - THIMJI bUIFAT CaKTayJlbl
KaMTaMachl3 €TeTiH KEeYeKTi KYpBUIBIMABI KAJIbINTACTBIPY VIIH XUMHSJIBIK aKTUBTEHIIPY
KarIaiapelH OHTaIaHBIPY. OJlicTeMe ThIFBI3IBIK QyHKIIMOHAT Teopusichin (DFT) xxone bappert—
Jlxoitnep—Xanenaa (BJH) omicin kommanyasl KamThiibl. HoTmkernep kepceTkeHael, KeyeKTepiH
MaKCHUMaJIIbl JKABIHTHIK Komemi (1,6 CM3/r) ’KoHe mambiFaH MeHmiikti Oeri (2900 M2/r) 1:3
KaTbIHAChIHAA KoJ keTki3uteni. UK-Dypre creKTpocKonusCchl cy MOJIeKyalapbliH OaliaHbICThIpy1a
ISy pes arkapaTbiH ruapoduasai Gyrkuonanasl Tontapasiy (O-H, C=0, C-O) 6ap ekeHin
pacramel. Yo KadTanmanOansl emmeMMmeH (N=3) opbIHAANFaH BUFAN YcTay ToxipuOenepi 1:3
yiriciaig 22°C sxone 50°C Temmeparypanapia BUIFaABI TYPAKThl CaKTaWTBIHBIH KOpCETTi. by
KOPCETKIIl aKTUBTEHIIpy nopexeci temeH yiaritep (1:1, 1:2) MeH apThIK aKTUBTEHIIpUIreH
yirinepaer (1:4) aditapnbiktait sxorapsl. CalbICThIpMaiibl Talfay OHTaiIaHabIpelIFaH AK-HbIH
MEHIIIKTI 6eTi OOMBIHIIA JOCTYpIi OMOKOMIp MEH IEOIUTTEPACH OachIM €KEeHIH )KOHE TOIBIPAKTaFbl
KOMIPTEKTI KaHKAHBIH Y3aK MEp3iMIl TYPAaKTHUIBIFBIH KaMTaMachl3 €TETIHIH KOpCeTTi. AJIbIHFaH
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JepeKTep BUIFAIBIH OYylTaHYbIH OOCEHIETY MPOIECTePIHACTI MHKPO- KOHE ME30KEYCKTep Tere-
TEHJIITIHIH SNy peiH JdJeNaeHal xKoHe Oyl MaTepuangapabl KYpFaKIIbUIBIK aiMaKTapaarbl
arpoIeHO3ap/IbIH OHIMJILIITIH apTThIPY YIIIH 3KOJOTHSIIBIK KAYINCi3 BIIFAl CaKTayIIbl areHTTEp
peTiH/e Mai aaanyIblH XKOFapbl NEPCICKTHBACHIH aliKbIH AN /IbI.

Tyiiin ce3mep: OelCEHIIPUITEH KOMIp; aybll IIapyalllbUIBIFbl KaJIABIKTApPhl, BUIFAI CaKTAHTHIH
CyOCTpaT; KeYeKTI KypbUIBIM; aICOPOITUSIIBIK KaCHETTE.

Development and optimization of biomass-derived activated carbon for
enhancing water retention in agriculture

Yerlan Doszhanov, Dana Akhmetzhanova, Arman Zhumazhanov, Ospan Doszhanov, Zere
Nurbol, Ospan Magzhan

Abstract. Sustainable agriculture amid climate change and water scarcity necessitates innovative
materials with enhanced water-holding capacity, such as biomass-based carbon substrates. This study
investigates the textural and adsorption characteristics of activated carbon (AC) synthesized from rice
husk using varying mass ratios of sorbent to potassium hydroxide (KOH) (1:1, 1:2, 1:3, and 1:4). The
objective was to optimize chemical activation conditions to develop a porous structure for efficient
water retention. The methodology employed density functional theory (DFT) and the Barrett—Joyner—
Halenda (BJH) method for structural analysis. Results indicated that a 1:3 ratio achieves the
maximum total pore volume (1.6 cm®/g) and a high specific surface area (2900 m?/g). Fourier-
transform infrared spectroscopy (FTIR) confirmed hydrophilic functional groups (O-H, C=0, C-0)
essential for moisture binding. Water retention experiments, conducted in triplicate (n=3),
demonstrated that the 1:3 sample maintains superior moisture stability at both 22°C and 50°C
compared to low-activation (1:1, 1:2) and over-activated (1:4) samples. Comparative analysis reveals
that the optimized AC outperforms traditional biochar and zeolites in specific surface area while
ensuring the long-term stability of the carbon framework. These findings confirm the critical role of
balanced micro- and mesoporosity in slowing water evaporation. The study suggests that such
materials are promising, environmentally friendly, moisture-conserving agents for increasing
agrocenose productivity in arid regions.

Keywords: activated carbon; agricultural waste; moisture-retaining substrate; porous structure;
adsorption properties.
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Amnparna. Koprmaran opraHbIH J1acTaHybl )KahaH IBIK SKOJOTUSUTBIK KayiIT
cUIaThiHA ®We OOJIbI, Ka3ipri JkaFgail YKIMETTIH, FaJbIMIap/IbIH,
JKYPTIIBUTBIKTBIH  aTaHIAyIIBUIBIFEIH TYIBIPABI JKOHE 3KOHOMUKAIIBIK
ypaictep OapbIChIHIA JacTayllbl 3aTTapFa alHajIFaH SJIEeMEHTTEPAiH
TaOWFATTaFbl AWHAJIBIMBIHBIH KapamaibiM KOHE JKeTKUIKTI THIMII
TEXHOJIOTHSUIIAPBIH Kacay KaKEeTTUTIITH TYbIHIATTHI.

byrinri  kyHre gedin  Oenrii  KOpmiaraH =~ OpTaHbl  Ta3apTy
TYKBIPBIMJIAMAChIHA €H COMKEC KeJETiH ofic ¢uTopeMenuanus OOJIbII
TaObUIaAbI, OHBIH HETi3iHJe OCIMIIKTEepHAiH CyOCTpaTrTaH paaHOaKTHBTI
HEMECe JIaCTayIIbl SIEMEHTTEP 1 alyAblH THIIePAKKYMYIATUBTI KabiieTi
KATBIP. OcCbl  FBUIBIMH-3€PTTCY  JKYMBICHI duTopemenuanus
TEXHOJIOTHSICHIHBIH HET13T1 2JIEMEHTTEPIH 93ipiieyre OarbITTaIFaH.
duropemenuanusra  KarbicaThlH — TIpoIecTep TaOWFW  JKaFmaiina
JKYPETIHAIKTEH, JlacTaHFaH aliMakTap aJaMHBIH  apalacybIHCHI3
OCIMIIIKTEpMEH ©31H-031 TazapTyra OeiliM jkoHE JIacTaHy JCHIeil TOMEH
aynaHgapa KoJIAaHyFa KapaM/Ibl.

JKyMBICTBIH  HEri3ri MakcaTbl — ayblp MeETalJJapMeH JlaCTaHFaH
TOMBIPAKTapAbl  (QUTOMHAMKALMSIAY  KoHE  (uUTOpeMenuanusiay
MYMKIHIT1H 3epTTey, COHbIMEH KaTap (puropeMenuanus 9AIiCiH KojijaHa
OTBIPBIT, TAOUFH SKOJOTHUSITBIK Ta3apTKBIII OCIMAIKTEP/II 3ePTTEY.
3eprTey  OapbIChIHIA  Ka3ipri  3aMaHFbl  FBUIBIMH-TEXHUKAJBIK,
HOPMATHUBTIK, OJICTeMENiK oaebuerrepre AaHAIUTUKAIBIK IOy
KYpri3iiai, 3epTrey OarmapiiaMachl 93IpJeHAl, THICTI dIicTeMelnep
TaHJAN/bl, 3€pTXaHAJBIK JKOHE NaNajblK >KaFainmapiaa ToxipuOenep
KYprizunai. 3epTxaHaiblK JKOHE JaNaNIbIK TOXIpHOENepaiH HOTIKeNnepl
Tannansl. bipHerne nananblK ChIHAKTap AJTMaThl Kalachl )KoHE AIMAaThI
OOJIBICBIHBIH aya OpTachlH Ta3zapTy yiniH IlaBnoBHUS eciMIIriH
naiiianany MYMKIHIITIH pacTajbl. 3epTTey HOTHXKENepl Te3 ©CeTiH
[TaBTOBHHS aFalIbIHBIH KOMEriIMEH ayblp MeTangapMeH (KaaMui,
KOpPFAachlH, MBIIIbSIK JKOHE CypbMa) JIaCTaHFaH Kepyieplie TOIBIPAaK
Ka0aThIH KAJIIbIHA KENTIpyTre O0JaThIHBIH KOPCETEI.

duropemenuaius SHICiHIH OapIbIK apTHIKIIBUIBIKTAPBI MEH MIEKTeYepi
3epTTeNiI, SKCIEPUMEHTAAbl TYpAE KOpCETUAl. 3epTTey HOTHXKeNepi
JacTaHFaH TOMNBIPAKTaFbl KOpIIaFraH oOpTara ocepiAl a3alTy YIIiH
dbuTopemMenranus 9ICIHIH KOJAMIBIIBIFBIH AaHBIKTANIBI.

Tyiiin ce3gep: duropemenuanusi TEXHOJOTHICH; KOpLIaraH OpTa;
[TaBnOBHMS; ayblp METANAAp; TONBIPAK.
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1. Kipicme

Cy ’xoHE el 3pO3HsIChl IpoIecTepiHe OalIaHbICTBI KOPFACKIH-MBIPBIII [UIAKTAPBIH CaKTay
OpHBIHa AJNMaThl KallaChl MEH ipreyiec ayJaHAapbIHbIH TONbIPAKTAPbIHIA KOPFACHIH JKOHE KaaMUil
MOHJIapPBIHBIH MOJIIepl mekTi pykcar eriired koHneHtpamusaan (IIIPK) 453,3+34,7 ecere neiiin
acaTblHbl aHBIKTANAbl. Ka3akCTaHHBIH OHTYCTITIHAET! KYpFaK KIUMAaT >KarlaiblHlIa ayblp MeETall
MOHJAPBIHBIH €H KOIl KOHIIEHTPALMSCHl 3(PeMEpPOUATH OCIMAIKTEPIHIH KONTETeH TypJiepi YIIiH
TaMblp KabaTbl OOJBIN TaOBUIATHIH TOMBIPAKTHIH >KOFAPFbl TOPU3OHTTAPBIHJIA >KUHAKTAJIATHIHBI
aHBIKTAIbL. TOMBIPAKTBIH ayblp METAIIAPMEH JIaCTaHy [CHIeHiHIH eH (UTOMHAUKATUBTI
KOPCETKIIl OCIMAIKTEP KaybIMIACTHIFBIHBIH (DUTOIICHOTUKAIBIK KYpambl >KOHE TOIBIPAKTHIH
OCIMJIIKTEpMEH TIPOEKTUBTI JKAOBIHBI OONBIT TaObUIaAbl. TOMBIPAKTHIH ayblp MeTalaapMeH
JIACTaHYBIHBIH 9PTYPJIl aiMaKTapbhIHbIH OCIMIIKTED KaybIMIACTBIFBI TYPJIEPAIH CaHbl OOMbIHIIA Ja,
TONTApIBIH (UTOICHOTHKAIBIK KypaMbl OOMBIHIIA J1a TEH €MeC, all YBITThl TPAaIUCHTTIH OcCy
OaFpITBIH/IA KOIDKBUIIBIK ©CIMIIIK TYpJsiepi 0achiM 3po3uO(UIIBII KoHE pyAepalIbl TYPIEPAiH yieci
ecyne. COHbIMEH Kartap, JacTaHyIbIH 6Cy rpaJiueHTIHAC Me30UTTEPIIH YJICCIHIH TOMEHACY] KOHE
OCIMJIIKTEPAIH KCePOPUTTIK IKOIOTUSIIBIK TONTAPBIHBIH KoOero1 Oalikanaapl. Jlactany aliMarbIHBIH
TaMBIPJIBI OCIMIIIKTEP KaybIMIACTHIFBIHBIH CHPEK JKOHE TYPAKTHI TYPIIK KypaMbl MEXaHUKAIBIK, 6CY
KeJleprijiepine KOHE OCIMJIK aF3aChIHBbIH JKacyllaapalblK KEHICTIKTErl cyaa epiMEeMTiH Ty37bl
MIeTIHIUIEp TYPIHIE ayblp METalll HOHIAPBIHBIH apThIK MOJIIIepiH OelTapanTaHaslpy KalijeTiHe
OaiiaHbBICTBI OCBI Typiepae Oenrii Oip TYPaKTBUIBIK MEXaHM3MJEPiHIH OOJYbIMEH Heri3JeNreHi
AHBIKTAJIJIBI.

Tomnbipakka aBTOMOOWIIB KOJIAAPBIHBIH, OHEPKACINTIK KOCIMOPBIHAAP/IBIH IIaHBIMEH, aFbIH/IbI
CYJIap/bIH >KaybIH-IIAIIBIHMEH, THIHAUTKBIIITAPMEH, ayblp METalIapIblH KOCBUIBICTAPHI (hU3MKa-
XUMHSUIBIK  JKOHE OWMONIOTHSUIBIK — (paKTOpiapAblH ocepiHeH e3repicrepre yinsipaiiasl. Epy
KBUITAMJIBIFBI MEH J9PEKeci KOCBUIBICTAPABIH KacHeTTepiHe e, TONBIPAKTa )KYPETiH MpoLecTepre
ne OaimaHbIcThl O6omaabpl. HoTmkeciHae TombIpak epiTiHIICIHAErT METaiAap/AblH MeJepi TaOuru
TOTIBIPAK OPTAaHUKAJIBIK KOHE MUHEPAIIbl KOMIOHEHTTEPIMEH TEPMOJNHAMHKAIIBIK TETe-TeHIIKKEe
JKaKbIHAa qbI.

OCIMAIKTEP/IIH XUMUSJIBIK JJIEMEHTTEpJl CIHIpyl Oyl opTypil TypJepleri xacymia
MeMOpaHaIapblHbIH KYPBUIBIMBI MEH XUMUSUIBIK KypaMblHa OaillaHBICTBI OpraHM3M aiTapibIKTan
perreiTin pouecc. [laccuBti auddy3us CiHipUIreH MUHEPAIIIBI AJIEMEHTTEPIIH OYK1JT MacCachIHbIH
Tek 2-3% Kypaipl.

Amnaiifa, CIMIIKTIH 3JIEMEHTTEP1 CIHIPY/l PETTeyl MUHEpaIIapAblH TOMEH KOHIIEHTPAIUSICHI
0ap TEHAECTIpUIreH epiTIHALIepAeH KOpEeKTeHY Ke3iHJe FaHa OpblH anajibl. KOHIEHTpalusHbIH
KOFapbUIaybIMEH pETTEY TMpOILeCTepl HETI31HEH TeXeledl, HOTHXKECIHJEe OCIMIIK aF3achlHla
JIEMEHTTEP/IIH €/19yip )KUHAKTATYbI KYpei.

Ayblp MeTanjapAblH a3 MeJllepl TOMNBIPaKThIH Oydepiik KacuerTepiHe OaillaHbICThI
OCIMIIKTEpre >KarbIMCBI3 ocep eTHeWai, Oyl TOKCHKAHTTapAblH HWHAKTHBALMACBIHA OKeJel.
JlerenMeH, TOMBIPAKThIH KOPFAaHbIC MYMKIHJIIKTEpl HIeKci3 eMec. JlacTaHy neHreifi >korapbLiaraH
CailblH WHAKTUBAIMs TOJBIK OOJIMAaWbl >KOHE 3USH/bI MOHJApP aFbIHbI TaMbIpJIapFa >KMHAKTala
Oacraiinel. JKorapbima aranFaH apThIK ayblp MeTajlJaH KOopray MeXaHH3MJepiHeH Oacka,
OCIMIIKTEp/Ie XKep YCTi OpraHAapbIHbIH OMOMaccachlH a3aiiTy apKbUIbl JacTaHy *KaFAalbIHIa TAMBIP
KYHECIHIH KaJpInTacysl Kyuieieni. Jlactanran TonelpakTap/iad TaMbIpiap apKblIbl OCIMAIKKE aybIp
METaJIap/bIH TYCyiHEeH Oacka Tarbl Oip k0J 0ap — MeTaqAapAbl ra3-llaH IIbIFapbIHIbIIApEl MEH
a’po3onpaepacH ciHipy. Kypambiamga merangap Oap OennexTep >KaybIH-IIANIBIH MEH KEJIMEH
xoubinanel. Hloreipnanran Oemnmexkrepain 6enriii Oip 6eiri TiHaepre eHel.

OciMIIKTEpIeTi ayblp METaNJapAblH TEepOETICTEPIHIH KEH AayKbIMbl T'C€OXHUMHSUIBIK
ayBITKYJapAblH OO0JIybl, TEXHOTEHJIK ocep €Ty JAdpeXeci, MayChIMABIK aybITKyJap, TOIBIPAK
KacuerTepi, TeHOTUNTIH Olp HeMece Oacka >3JE€MEHTTI >KMHAKTay KaOUIeTi CHUSAKTBl SpTYpii
daktopnapabiH ocepiHeH Oomanel. JlereHmeH, nacTaHOaraH alMaKTapAarbl ©CIMIIKTEpJeri
MeTanAapablH TaOWFW JACHTEHWl aWTapibIKTalk TYpaKThl OOJBIN KOpiHedl >KoHe Oenriai Oip
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KOHIIGHTpALUsl apajbiFbiHAa Oonaabl. OCIMIIK KypaMmblHIA ayblp METAIJapAblH IKHHAKTATY
MPOIIECTEPIH 3€PTTEY, OHBIH JJEMEHTTIK KypaMblH OarajgayFa MYMKIHIIK OCpeTiH ©3€KTi FhUIBIMH
MIHJET OOJBIN Ta0bIIaAbl. OCIMIIKTEPIIH SPTYPIIL TYPJICPIHIH Ce3IMTAIABIFBI KOHE WHIUKATOPIIBIK
KacueTTepi, COHai-aK eCIMIIKTEPIH 3JIEMEHTTIK KYpaMbIHa COKeC KOpILIaraH OpTa >KarlalibIHbIH
e3repyine 0omKaM xKacay MaHbI3IbI.

Kaszipri yakpITTa ©CIMIIKTEP/IIH €H )aHa TYPJIEPIH — TUTIEPaAKKyMYJISTOpIap/abl 1311ey, COHai-
aK oJapabl HaKTBl MAcelelepiAl IIenry YIIH TaHgay oKyprisityme. ®uropemeauarus
TEXHOJIOTHSUIAPBl KayiNTi JIacTaylibl 3aTTapMEH JIaCTaHFaH OPTaHbl Ta3apTy YIIIH ©CIMIIKTepAl
naiinananaael. by nporece Tombipak MeH cyaH ayblp MeTangapbl, IECTUIIHATEPI] jkoHe 0acka 1a
3UAHIBl 3aTTapJaH apblUITyFa TUIMAI Oosybl MyMKiH. duropemenuanusi KOplIaraH OPTaHBIH
JacTaHybIMEH KYPECYAiH SKOJIOTHSIIBIK Ta3a KOHE TYPAKThI 9JIICIH YCBHIHAIBI, 0ipaK KaKChl HOTIKETe
KOJI JKETKi3y YIIiH MYKHAT jKOCIapiiay MeH icke aceipyasl Kaxer ereai (Minyuk et al., 2008). Oxn
«OKAChLT OCIMIIIKTEeP/l JKOHE OHBIMEH OaJIAHBICTBI MUKPOOPTaHU3MIEPII TMaigalaHy, COHBIMEH
Karap TOIBIPAKThl KYHApJIaHIBIPY >KOHE KOpIIaFraH OpTaJarbl yibl 3aTTaplbl KOO HeMece
3aJIaJIChI3IaHIBIPY YIIIIH arpOHOMHUSUIBIK dictep» perinnae anbikranasl (Kireeva et al., 2011). byxn
TepMuH rpek Timingeri phyto (ecimaix) men nareiH Timiageri medicium (Teme-TEHIIKTI KaJIbIHA
KeNTipy) ce3nepiHiH Kocnachl. OChl TEXHOJIOTUSHBI 3€PTTEY KOHE KOJAaHy OeJICEH Il JaMbII KeJeIi.
duropemenuanus TEXHOJOTHUICH THIMAI OOJIFaHBIMEH, JIACTAHFAH KEHICTIKTI KajlblHA KENTipy
TOPEKECIHIH MaHBI3IBUIBIFB 9IeOUETTEpPIC TONBIK KopceTimMmereH. Jlepexke3aepae TOMbIpaKTarbl
ayblp MeTanaapra (MbIPbILL, KOPFACBIH, MbIC, MBILIbSIK) KaTBICTBI COHJIIK )KOHE MO/IEHU 6CIMIIKTEPIiH
duTopeMenuanusUIBIK  KaOlneTi  aHBIKTamFaH.  AybUl  [IapyamubUIBIFBI  MaKCATHIHAFbI
TOMBIPAKTAPJaFbl ayblp METANAAP/AbIH KOHLEHTPALMACHIH TOMEHJAETY VIIIH THUIEPaKKyMYJsITOp
OCIMJIIKTEpiH Maiianany OoiibiHIIA yehiHbICTap Tayaanran (Demin et al., 2022; Dushenkov et al.,
1999; McCutcheon et al.,1995). Kazipri 3amanfbl MaJIiMETTEpre COMKeEC, MPOTOTUIITEPICH 3€PTTCY
YIIiH aJbIHFaH OapibIK 3JEMEHTTepAiH Ma3MyHbl Kiapk MoHaepiHe KakblH, Oipak ic Ky3iHjae
dounan acmaiiael (Kamnev et al., 2000; Tica et al., 2011). TonbIpakThl JacTaHThIH 6ACHIM X HMHSLIBIK
3arTap — OeH3uH(a)IUpeH, KYKIPTCyTeK, (opMaibAeTUd, MBIPbIII, HUTPATTap, KOPFAChIH, KaJAMHUI.
CoHbIMeH, Oyl oIic — OCIMIIKTEpIiH OpTYpJi TYpJiepiH KOJJaHa OTHIPBIN, akaba cynapisl,
TONBIPAKTHI KOHE aTMOC(hepalIbIK ayaHbl Ta3apTy SJICTEPIHIH KELeH! JKOHE JIaCTaHFaH >Kepliepii
TUIMJI KajlmblHA KeNTipyre MyMKiHAIK Oepeni. JKanmbr OuopeMenuanus 9IiCiHIH OaFbITTapbIHBIH
0ipi. duropeMenuanys NPUHIUOTEP! MBIHATIApP: pU30QHIbTpanus (6CIMAIKTEPAIH TaMbIp Kyiheci
apKbUIbI TIPIIUTIK YIIIH KaXKET epireH XUMMSIIBIK 3JIEMEHTTepl 0ap Cy/bl CiHIpY1), GUTOIKCTPAKIIUSL
(ayplp MeTangapMeH JlaCTaHFaH TONBIPAKThl Ta3apTy YIUIH KOFapbl OHOMAaccallbl ©CIMIIKTEepIl
KOJIZIaHy/IbIH YTHIMJIBI 9/TiC1), GPUTOBOTATHIN3AINS (CY MEH YIIIa XUMHSIJIBIK DJIEMEHTTEPIiH (AsS, Se)
OCIMJIIK KamblpakTapbIMeH OynaHybl), ¢uTocTabmIu3anus (XMMHSUIBIK KOCBUIBICTapAbl a3
KO3FaJIMaJibl Typre skoHe Oesceni popMara aybICThIpY, OyI1 JacTaHyIbIH Tapally KayIiH a3aiTajibl),
¢buTtonerpaganus (OCIMAIKTEPIH OpPraHMKANbIK O6JIriHIH METa0OJUKAaJbIK IMpolecTep Ke31HJe
BIJIBIPAYBl, OPTraHUKAJIBIK 3aTTap TaMbIp CEKPELMIAPbIHBIH OCepiHEH BIIBIPANTHIH Ke3/e) KoHe
buTocTUMyNALKA (A€3aKTUBALUS TPOIECTepiHE KAThICATBIH CUMOMOTHKAIBIK MHKPOOTAapAbI
KOJIJIaHYy).

By nporecrep nactanraH opTara KeLeH i TypJe acep ereni (kecrel).

Kecrte 1. Taburu KopIaran OpTaHbl Ta3apTaThIH ©CIMAIKTED

Ocimaikrep araybl KeLiabIk ecimi 3-KBLIIBIK YJ/IKkeH aFrallIThbIH
aralThbIH OMIKTIri MaKCHUMAaJAbl
omikTiri
ITaBmoBHUS 3-5M 10,5-15,5m 15-20 m
['uOpuaTi Tan 1,5-4m 7,5-12 m 15-25 M
Kapa Tepex 2,5-3,5m 9-12m 20-25 M
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JlenbTa TOpi3ai TEpEeK 2,5-3,5m 9-12 m 20-30 m
Texac KbI3bLT €MEHI 2-25m 7.5-9m 15-20 m
KpI3b11 3BKAIAIT 2-2,5 6-9 M 10-15m
Kputaysik Tan 15-25m 4.5-9 m 15-20 m

Hanaga tonblpakTelH pH neHrelin perTeyii HeMece CUHTETUKAJBIK XelaTTap/ibl KOJAaHy bl
KAMTUTBHIH HHAYKIUSIAHFAH TUICPAKKYMYIISIIHAS apKbUIbl KOPFACKIHHBIH CIHYIH JIe, KO3FAIBICHIH J1a
KaKcapTyFa OaFbITTaIFaH 3epTTeysiep >Kypriziami. JKammel, eciMiaikre OMomacca HEFYPJIBIM KOl
0osca, COFYpJIBIM KON METaJUl JKWHATYbl MYMKiH, ©MTKCHI METalbIH CiHyl >Kalambl Onomaccara
oaiimansicTel (US Environmental Protection Agency, 2004).

"Xacbur ecimaikTepai" KojigaHa OTBIPHIN, (DUTOpEeMEIUALMSHBIH JIACTAHFAH OpTajaa Tere-
TEHIIIKTI KaJlblHA KENTIPYAiH apTHIKIIBUIBIKTAPEl Oap. byn »kaHa, ap3aH TEXHOJOTHS >KOHE
ACTETUKAIBIK, KAChUl ©CIMIIKTEpIiH TiHAEPIHIErl KOpIIaFaH OpTalaH SPTYPJ AJIEMEHTTEpP MEH
KOCBUIBICTAP/bI CIHIPYIiH KaOineTiH maiinanaHaapl. OuTopeMenuanus TEXHOJIOTHICHI JacTayIIbl
3aTTapAblH KEH AayKbIMbIHA, COHBIH IIIIHAEC METalJap MEH pPaJuOHYKIUATEpre, COHIal-ak
XJIOpJIAaHFaH ePITKIIITEepP, TOTUIUKIIAL apOMATThl KOMIPCYTEKTep, MECTULIUATED, JKAPbUIFBIII 3aTTap
koHE OeTTiK OeJiceHIl 3aTTap CHSKTHl OPTaHUKAIBIK KOCBUIBICTApFa KOJIIAHBUIAABI. JlereHMeH,
¢dbuTopeMeranys TEXHOJIOTHACHI 11 JIe JaMyAbIH OacTarnKbl CaThICHIH/IA KOHE OHBI TOJIBIK KOJIeM/Ie
KOJITaHy 911 A€ )KEeTKITIKCi3. bapibIk jkaHa TEXHOJIOTHSIIAP CUAKTHI, MYKHAT OPEKET €Ty MaHBI3/IBL.
Taburu runepakKyMynsaTopiapIblH OapibIK TYpiepi O0JIFaHIbIKTaH, TUIMII pUTOpEeMeTuaTopIapabl
TaHIay MakKcaTblHJAa OChl TEXHOJOTHSHBI 0acka Typiepre eHrildy Hemece TaOurd
TUIEPAKKyMYJIATOPIAp IbIH OMOMAacCachlH apTThIPY YIIIH T€HETUKATIBIK MOAU(DUKAIIMSIHBI KOJAaHYFa
Oomanpl. 3usSHABI TaOMFU OpTaga TEMe-TeHMIKTI KaJIblHA KENTipy YHIH (QHUTOpeMennuarisiHbl
KOJIJaHY/IbIH apTHIKIIBUIBIKTAPHI MIBIFBIHAApAaH d/eKaiiaa kon cusakTel. (Clemens et al., 2002). by
apTHIKIIBUIBIKTAp KaHIIAIBIKTHI KeH 0oJjica Jja, OMopeMenuanus yiIiH eCiMAIKTep/l Maijananyably
BIKTUMAJI IIBIFBIHAPBIH efieMeyre OonMaiiipl. GuTopeMenuanusra KaTbICThl KeH0ip KEMIILTIKTepre
OHBIH OCIMJIIKTEPAIH KOINTEreH TYpJIepiH ecipy/l MIEKTEHTIH KIMMATTHIK IIEKTEYJep, COHIai-aK
Oenrici3 y3aK Mep3iM/i SKOIOrusUIBIK, mbiFbIHaap skataasl (United States Environmental Protection
Agency (USEPA), 2004).

ConbiMeH, OVl TEXHOJOTHSHBIH €H YJIKEH apTHIKIIBUIBIFEI — OJ OCIMIIKTepre ToH
arpOHOMUSUIBIK aPTHIKIIBUIBIKTAPI6I TakaaaHaJabl. Byl apTHIKIIBUIBIKTApFa JKOFaphl OMoMacca,
TBIFBI3 TaMBIpP KYHECl jKaTajbl, OJap SKOKYHEHI TYpPaKTaHABIPA/Ibl, JTACTAYIIBI 3aTTAP/IbIH IANBLTY
apKBUIBI TapaTybIH OOJABIPMAMIIBI, KOJAWCHI3 KOpIIaFaH oOpTa KaFgaiyiapel MEH TYpapalibiK
Oacekenectikke ToTen Oepy KadineTiHn kamtamachi3 ereni (Macek et al., 2004).

dutopemMeInalusaHbIH HET13T1 KOJJIAaHBUTYbI a3 JacTaHFaH TONBIpaKTap MEH Cy OOBbeKTuIepi
YVIIIH  KOJMAaHbUIafAbl. ToOMBIpakThl  JAe3MH(EKIusIayFa KaOimeTTi ecCIMIOIKTep  TOMBIPaK
OeJIIIeKTepiHEH JIaCcTayIIbl 3aTTapAbl TAMBIPBIMEH CIHIpE/l, JacTayllbl 3aTTap/ bl OJapAblH TaMbIp
TiHAEepiMEeH (DU3HMKATIBIK HEMece XUMUSUTBIK OaanbicThipanbl (Garbisu, 2002).

duropemenuaTopiapAblH Tarbl Oip MOJAENI TpaHCTEHAl araluTapJblH OPTYPil COPTTapbiH
KAMTUBL. AFamiTap ayblp MeTangapibl Ta3apTy YIIIH ©Te KOJaillibl, OWTKEHI OJapAblH YJIKEH
OMoMaccachIHBIH apKAChIHJIa OJIap JIACTAYIIBI 3aTTAp/IbIH JKOFAphl KOHIICHTPAIUSICHIHA TOTEN Oepe
ananel. COHBIMEH KaTtap, oJiap 3pO3UsSHBI OOJIBIPMAM/IBI JKOHE JIACTAYIIBI 3aTTAPABIH KOTHKBUIIBIK
OonybiHa OaiiaHbICThl TapanybiH a3aitansl (E.R.R.L. Johnson et al., 2001). Ochl yakbITKa JAeiiHTi
FaBIMIAp 3epTTeyliepi KalamapAbl KeTralJaHAbIpy YIIiH KOJJAHBUIATBIH COHJIK ©CIMIIKTEpAiH
OpTYpJTL TYpJAEPIHIH KOpPFAchIHFA KATBICTHI XWHAKTAY KAOUIETIHIH albIpMaIIbLIBIKTAPBIH 3€PTTEI].
byn Typrnep metanmapAplH MIAWBUTYbl MEH ONapAbl a3aiTy VIIH (UTOCTAOMIM3AIMICHIHAA /2
MaHBI3IBI POJI aTKapaabl. ByJ1 THNTIK ©CIMAIKTEP/IiH THIFBI3 TaMbIp XKyiieci 06ap, Pb, Cd, Zn, As, Cu
xoHe NI CHSIKTBI JTacTayIIlbl 3aTTapAbl GUTOCTAOMIM3AIMSIIAY/IA YKOHE JKOF1a TUIMII 00TYbl MYMKIH
(Roongtanakiat et al., 2010). ©cimaikrep aKbIpbIHIa OWOJOTHSUIBIK BIABIPANIBI JKOHE JIACTAYILBI
3aTTap KaWTazmaH TombIpak xyidecine enenmi (S. Abdulla, 2002). T'mnpononukaneik ceiHakrap Pb
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KUHAKTaUTBIH OCIMIIK TYPJIEPIH XKOHE TO3IMAUIIK NEHreHJIepiH aHBIKTAay VIIH Maiaaasl OOTybl
MYMKiH ecimaikrepae Tpanciaokanus 30%-man a3 (Wu, Hsu et al., 1999).

2. MaTtepuanaap MeH djicTep

duropeMeuanus — OyJ1 6CIMIIKTEP/IIH KOpIIaFaH OPTadarbl 3JICMEHTTEP MEH KOCBLIBICTAPIbI
KUHAKTAy, COHJai-aKk opTYypJii KOCBUIBICTApJaH TOKCHHJIEPHl KO0 KaOlleTiH maiijalaHaThiH
SKOJIOTHSUIBIK KaJIblHA KENTIpyaiH THIMAL ofici. KoHIeHTpamms ocepi TUIepakKyMyssiTopiiap JIem
aTanatblH Oenriai Oip OCIMIIKTepJiH XUMHSJIBIK 3aTTapAbl OHOAKKyMYJANHsIAY KaOUIeTiHIH
HOTIKECiH e naiiaa Oonaapl. uropemMeTuanysIbIK ICIICH ayblp METaIIap/bl 3aJIAJICHI3IaHIBIPY
MYMKiH 00JIMaca Ja, OpraHUKaJIBIK JIaCTaYIIIbI 3aTTap bl KO0 acepi 0acKa 9IiICTEPICH EpPEKIIeICHE 11
(Bieby Voijant Tangahu et al., 2011; Vassilev, 2002). ®utopemenuariusi 91iCTepiH KOJIaHa OTHIPHIII,
TaOWFU OPTAaHBI Ta3apTAThIH OCIMIIKTEPJI 3epTTeYy Keneci Ke3eHIepai KaMTHIbl. 3epTXaHajbIK
seprreyiep yuriH 2025 KbUIIBIH COYipiHIE TOMBIPAK YITUIEpI TaHAAMABl. TOMBIpaK ChIHAMAJIAPHI
KaJlaJbIK aiiMaK IeH XaKblH ayJaHaapaan ansiaabl. Toneipak ceinamanapsia amny MEMCT 17.4.4.02-
2017 coifikec KOHBEpPT ofiCIMEH KYpPri3uimi. 3epTXaHalbIK >Karjgaiia KojigaHap aIblHIa
TOMBIPaKTapFa ayblp METAIJAP/bIH CaNalbIK KOPCETKIIITEPlI MEH HOHAAPBIHBIH KYPAMBbIH aHBIKTAY
MaKCaThIH/Ia TAJIJay Kacalabl. 3epTTey OaphIChIH/IA OCIMIIKTEPAIH Kelbipeysepi opTypii Jopexene
TONBIPAKTAaH ayblp MeTalAapAbl >KMHAyFa KaOIMeTTi eKeHJIr AaHbIKTaJAbl, COHJBIKTaH
duropemenuarop ¢yHkipsuapein opeinaai ananel (Kalimoldina et al., 2021; Kalimoldina et al.,
2022).

3eprrey OapbIChIHAA XUMUSUIBIK JIaCTayIIbl 3aTTapFa TO3IMAUIIKTI aHBIKTAay YIIiH
[TaBIOBHUSIHBI TaHIAbIK, XUMHUSUIBIK 3aTTApMEH OHJEY apKbLIbl OaKpLIaynap *Kyprizaik. Tombipak
KYpaMBIHJAFbl CyJIb(haT HOHAAPBIH TYpOUAMMETPHUSIIBIK SJICTICH aHBIKTAay OOWBIHINA TIXipuOenep
Kyprisingi. Omictid Herizine cyiene oteipbin, Ta = Tc + V / Vi, ocel ¢popmyna Ooiibirima Ty —
cyiab(haT MOHJAPBIHBIH JalJIbUIBIFBIH, TC - JAMNIBUIBIK AopexeciH, V — cynb(aT HOHAApbIHBIH
KkeseMiH aHbIKTaAbIK (Ancona et al., 2019). Tomsipak yariiepi 3epTTeNaeTiH HYKTEIEepAeH allbIH/IbI,
omap 25 CcM TepeHMIKTeH  IKMHAIAbI. TOMbIpaK YITUIEpiHIETi ayblp MeTaigap MeH
MUKPODJIEMEHTTEPAIH MOJIIIepi 9IicTieH Oipre aHbIKTanabl. Tangay TonslpakTarsl ayblp MeTalaapabl
aHBIKTay OOMBIHINA SICTEMENIK HYCKayslapFa colikec Kyprizuiai. Tombipak epiTiHIICIHIH JaiiaHy
MOH1 JKOFapblIaFaH cailblH Cyib(haT KOHIIEHTPAIMIChl TOMEHACHI, NallaHy Iopekeci apTajbl.
EpiTiHaiHiH Jaiianysl opTYpil KOHLEHTpauusuiapAa e3repeni. TomblpakThl 3epTTeyre apHajlfaH
chiHaManap ANMaThl KaJachlHbIH Kajla MaHBIHAAFbl aiiMarbiHaH anbiHAbl. On yuriH 1 mapiisl Mmetp
xepre 30-35 cM TepeHIIIKTEeH TOBIPaK albIHBL. TombIpak OeTKi, OpTa XKoHE TOMEHT1 KabaTTapaaH
aJIBIHBIT, TOJBIFBIMEH apasnacaibl. KeneHkeae KENTipiIin, cogaH KeiH XUMUSUTBIK 9IICTIEH OHIEI/I.

3epTxaHa >KaFAalbIHAA )KYMbBIC €pITIHAUIEPIH AalbIHAAY YILUIH KeJleCl peaKTUBTEP, KOCAIKbI
MaTepuaaap MeH >KaOAbIKTap MaiJanaHbUI/IbL:

- MbIpbII cynbdatel 7-cy, Taza, MEMCT 4174-77,

- MBIC cybdatsl 5-cy, Taza, MEMCT 4185-78;

- CYCBI3 KOPFAChIH a30T KBIIKBLIBL, Taza, MEMCT 4236-77,

- TUCTHUIIBJICHTEH CY;

- aHAJIMTUKAJIBIK Tapasbl;

- 3epTXaHAIBIK OJIIICY BIABICHI

Tomblpakka eHrizy MakcaTblH/a TY3 €pITIHAUIEpIH NaWbIHIAy YIUiH KYMBIC €pITIHAUIEPIHIH
KOHIIEHTPAUACH ecenTenai. JKyMbIC epiTiHAINepiH NalbIHIayFa apHaIFaH Ty37ap/bl TaHIAy JKOHE
epireH 3aTTap/AblH KOHIICHTPAIUSICH 3€PTTEY MIHICTTEPiHE JKOHE TOIBIPAKTAFhl ayblp METaJll
MOHJIAPBIHBIH IIEKTI PYKCaT €TiJIreH KOHIICHTpaluschiHa OainanbicThl 0omabl (Ancona et al, 2017).
3epTXaHaIBIK TOHKIpHOEEe TOMBIPAKTAFhl ayblp METAJT KAaTHOHIAPBIHBIH dPTYPIi KOHIICHTPALUSCHI
06ap MbIC, MBIPBII KOHE KOPFACHIH HUTPATHl CYJb(aTTapbIHbIH EpITIHIUIEp] JacTaylibl 3aTTap
oomnger: 2 xone 10 IIPK (mpic ymin IPK = 3 mr/kr tombipak, kopraceiH ymrid IIIPK = 32 mr/kr
TOMBIPAK, MBIPHII YUIIH 23 MI/KT TONBIpaK). TombIpakTarkl XUMHUSIIBIK HapaMeTpiiepli aHbIKTay
YIIiH TOMBIPAKTaH KBIMIKBUT epiTiHmici madbiHganapl. 50 Ml TombIpakka OHBIH OWiKTiriHiy 1/3
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OeJliriHe CTakaHFa CabIIl, TOMBIPAKKA a30T KBIIIKBUIBIHBIH epiTinaici Kyibuiabl (1:3). Ctakanmaarst
epITIHAIHI pe3eHKe YIIbIMeH 3-5 MHHYT OOWBI JKaKChUIall apajacThIpbin, 50 M kombara Cy3iiui.
Ocpuraiitia, "®eppym-tect" xoHe "Kynpym-tect"  TecT-)KyienepiH KoJjJaHa  OTBIPHII,
(bunbTpaTTaFbl ayblp METaUI MOHAAPBIH aHBIKTAYy JKYPTi3iami. OJIIEHETIH 3JIEKTPOJ] OJIICHETIH
MOHHBIH TYPI J)KOHE TaJJaHATBIH PITIHAIHIH TeMIIepaTypa Auana3oHbIHa OainanbicThl TaHAamab1. O
yiriH KypbUIFbIHBI NO3™ HOHIApBIHBIH OeNCeHIUTIK OipIiKTepiHae KoHpUrypanusuiay Kaxer. by
kKargaiina emmiey 3nekTpoasl perinae OM-02.06.04 memece coraH yKcac 3JICKTPOATHI KOJIAHY
ycoiabuiapl. OpHaTy AalbIHABIK ONepanusuiapblHaH KeWiH jKy3ere achlpbuiafbl. KypbutrbiHbl pX
O€JICeHIUIITIH eMIIey peXHMIHIAE PETTey VIIIH TeMiepaTrypachl Oipiei eki Oakpuiay epiTiHmici
KOoJJaHbUIafAbel. bipiHm Oakputay epiTiHIiCI peTiHae OachblHa JKaKbIH, EKIHIIICI —eJey
JIaa30HBIHBIH COHBIHA )KAKBIH €PITIHIHI KOJAaHy Kepek. banTaynel 6akpinay "enmey" pexxuMine
yuriHmn Oakplaay epiTiHaici OOMBIHINA JKy3ere achipbLiajbl. bakpuiay epiTiHAUIEpl ©JIIeHETIH
WOHHBIH TYpiHE OalIaHBICTBI THICTI dicTeMernep OOWBIHINA AaWBIHAANAIBI, MBICATBI, "OCiMIiK
[IapyallbUIbIFGl  OHIMIHAETI HHUTpATTap MEH HUTPUTTEPIl AaHbIKTay OOMBIHIIA o/icTeMENiK
Hyckaynap". OTBIpFpI3yFa J€HiH J>KOHE OJaH KEHiH TOMBIPAKTHIH KBIIIKBUIIBIFBIH aHBIKTAY
TONBIPAKTHIH KYHAPIIBUIBIFBIH Oaranay oicTemMeci OOMBIHIIA, COHaM-aK TOMbIpaKTarsl pocop MeH
KaJIMH 1 H KBUDKBIMAIIBI TYPIIEPiH aHBIKTAY apKbUIBI KY3€T€ aChIPBUIIBL. TOMBIPAKTHIH KBIIIKBUIIBIFBI
(pH) MEMCT 26483-85 caiikec KCI coprbimibiaga anbikTaiapl. Tangayra TaibIHIBIK: OChI 3€PTTEY
YILIiH TOMBIPAK YATUIEp] BUIFAJIIAH TOJBIFBIMEH KENTIPUTI, COaH KeiiH enekTeH oTki3inmi. Coman
keiin kamui xnopuai (KCI) =1 MOJIB/IM° AKCTPAKIUSUIBIK epiTiHAic] JaibiHaanapl. Kanui xnopuai
(75 r) 1000 cm® enmreyim konbama Ta3apThUIFAH CyMeH epiTingi. Tanmay ochUiaiima skyprizini:
canmarbsl 30 T TOMBIPAK ChIHAMANAPHI KOHYC Topi3ai Konbamapra Kyisuiasl. CeiHamanapra 75 cm®
OKCTPAKUMSIIBIK €pITIHII KOCBhUINBI, comaH KediH 50 epitimi Oap Tombipak Oip MHUHYT OOBI
apanacteIpbubl. KpIIKBUIABIKTEL aHbIKTAy YiIiH pH noHOMeTpi KomAaHbUIIbL. KypbUIFBIHBIH
AJIEKTPOATAPHI AJBIHFAH €pITiHZIre OaThIPBUIIBI KOHE CyFa OaTKaHHAH KeiiH 1 MHUHYTTaH KeiiH
KBIIIKBUIJBIK TYPaJIbl MOJIIMETTEp aJIbIHJIbL. 3€pPTTEY HOTHKECIHE AJIbIHFAH MATIMETTEp KEeJTIpUIreH
(3-kecre).

®ochop men kamuit MEMCT 26204-91 colikec aHbIKTanabl. J{albIHIBIK —Ke3€HI:
IKCTPAKIMSIBIK EPITIHAI JaWbIHAANIbL Cipke KbIKbUIBIHBIH epiTingici C(CHsCOOH) = 0.5
mons/nve. Conan keitin Gosty epiTinzicin maitemaaiimei: 6 rp (NHs)2MoOs 200 cm3-Te Tomen
temnepatypana (mamamen 40°C) cyibuaThuiein, coman keifin 500 cM® KyKipT KBIIIKBUIBIHEIH
epitingicine 5 Momb/AM® KOHIEHTpPAUMACHIHAA KyibITaabl, 1 T acKOPOMH KBIIKBLIGI ANbIHFAH
epitinainig 180 cm3-1e epuzi, conaH Keifin TazapThUTFaH cyMeH 1 1M° Genricine xKeTKi3inmi. 2 r kanuii
dbocdop KbIIKBUIBL xkoHe 0,5 T Kamuil XJIOopuAl SKCTPAKIUSIIBIK epiTiHlAe epired. Tannay Ke3eH-
KE3€HIMEH KYPri3uiil: caaMmarbl 4 T TONBIPAK ChIHaMalapbl TOPT Kosidara CalbIHJIbI (9p TOMBIpaK
yaricine 2 kon6a) xone 100 cM® KOCHLIIBI, apanacThIPBLILIL KOHE Kara3 Cy3rilepi apKbLibl Cy3iii.
CopreImTap/BbIH 5 cM® epiTiHici TaHTaNIE! XkKoHe OosIFaH epiTiHiHiH 45 cM® peakTHBi KOCHULIEL
®otometpust 600-750 HM aiimarblHIa €H >KOFapbl OTKi3y KaOieTi O6ap KbI3bLI XapblK CY3TiCiH
Kosana oTeIpbin, KOK-2 KypbUFbICEIHA OSKITUTI.

BuOMOHUTOPHHT 3epTTEyYAIH KaXKETTI 2JIEMEHTI O0JIbIN TaObLIA b

3eprTey HbicaHbl Te3 eoceTiH [laBnoBHus arambl Oonabl. HeicaHapl TaHAay ©CIMIIKTIH
SKOJIOTHSUIBIK CUTIaTTaMallapblHa HeT13ereH. 3epTXaHaNbIK Tajaaysiap HOTHXKECIH/IE TOMbIPAK YILIiH
kabbuiianrad [IIPK HopmaTuBTEpiMEH callbICTBIpFaHIa KaybIH-IIAIIBIH KE3iHJe ayblp MeTaijap
KYPaMBIHBIH apTybl OaifKamajpl, KBIIIKBIT TOMBIPAKTAPIBIH ayJdaHbl YIIFAr0/1a, MBIIIBIK, MBIPHIIIL,
KaJIMHii, HUKEJIb, MBIC, KOPFAaChIHHBIH XUHAKTaIybl aHbikTaiaraH. (Medina et al., 2003; Anil et al.,
2003). Conpaii-ak, [TaBIOBHUSIHBIH ©CY KapKbIHBI, OMOMACCaHbIH JKUHAKTAIYbl akaba cyinap MeH
’KaybIH-IIAIIBIHFA HET13/1eIreH TOMbIPAK CyOCTpaTTapbIHIa ayblp METAJAAP IbIH KUHATYBI OOMBIHIIIA
TYPJIK €peKIIeNiri aHbIKTanabl. Byn HOTHXKenep TEeXHOTeHAIK TOMbIPAKTap YIIIH ©CIMIIKTep.l
CENEKIUSUIBIK 3€PTTEYAIH MAaHbI3IBIBIFBIH KOPCETE/I].
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3. HoTu:kestep

3.1. @umopemeduayus npoyecine apmypai ¢haxmopaapoviy (KOHYeHmpayus, memnepamypa,
bLI2ANOBLILIK, dHcapbik, PH) acepin 3epmmey

bipuemnie ToxipuOenik ecipiireH KeIleTTep KOpIlaraH OpTaHbl Ta3apTy yiuiH [laBmoBHUS
OCIMJIITiH KOJIZIaHy MYMKIHJITIH pacTajsl (cypert 1, 2).

Cyper 1. [1aB1OBHHSIHBIH CYJIBI OPTa/Ia ©CYy Ke3CHIEPi:
a) 10 kyHIiK ©CKIHHIH YITICI.
9) 15kyHIIK 6CKIHHIH YJITiCI.
0) 20-25 xyHIIiK ©CKiHHIH YITICI.
B) 60 KyHIIK ©CKIHHIH YJTiCi

(a)
Cypert 2. [1aB1OBHUSHBIH TOMBIPAKTa 6CY KE3CHIEPI:
a) 20 KyHJIK ©CKIHHIH YITICI.
9) 40 KYH/IIK ©CKIHHIH YJITiCi.
0) 50 xyHIIK 6CKIHHIH YITICI.
B) 90 KYH/TIIK ©CKIHHIH YJITICi.

AnMaThl allMarbIH/Ia OpHAJIACKAH aybUT IIAPYaIIbLIBIFEI JAKbIIAAPbIH ocipy yaackecinaeri Nel
TOMBIPAK ChIHAMAChl YIIIH >KYPri3iireH 3epTTeylep HOTHMXKECIHIEe OCIMAIKTEep YLIIH KOJaiibl
JICHI'eHIeH acaThlH TOIBIPAKTHIH KBIIIKBUIABIFEl AHBIKTAIABl XKoHEe pH MoHi 7.6 Kypambl, Oy
ecimaikrepain Temipai (Fe) cinipyiHe Keaepri KenTipeTin optaHsl Oungipeni. By MUKposeMeHTTep
oCIMAIKTEepAiH (epMEHTATUBTI XyHenepiHiH Oeiiri 6osbin Tabbutambl. OHBIH MaHBI3ABI POl —
TOTBIFY JKOHE DHEPrusl aJIMacyblH CaKTay, COHBIMEH KaTap HErTi3rl 3aT — XJOpOQMUILIIH TY3UTyiHe
KaTbIcagpl. AsMaTbl OONBICHIHBIH JKeTiCy ayqaHbIHOaFbl ajKanTapiaH ajiblHFaH Ne2 TombIpak
ChIHAMAaChl KbIIIKBIIIBIK JACHIeii OOMbIHIIA ecipyre Koiaiisl 00bIn mbIKTH koHe pH 8.0 Kypazs!,
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Oipak eCIMIKTEp/AiH 6Cyi MEeH JaMyblHa dcep eTeTiH cuITUIi opra nga Oaiikanmaabl. Tombipak
ChIHAMAJIAPBIHBIH CTATUCTUKAJIBIK MAIIMETTEP1 2-KeCcTere eHri31Il.

Kecte 2. Ynrinepain cunarramaiapbl

Ne yari Tepenairi, | Kpimukpuiasix, | Cymye, | COz, KBLTKBIMAJIBI
cM pH % % TYpJiepi, MI/Kr
P20s K20
Nel Tombipak 0-20 7,6 2,4 5,84 21 310
CBIHAMACHI
No2 TombIpak 0-20 8,0 1,8 2,36 15 313,6
CBIHAMACHI

2-xectene OepiireH MaJliMETTEpIeH YATUIEpAiH cunarramanapbl Oip/eil eKeH T IIbIFabl.

AJIBIHFaH HOTIKENepre cyiheHe OTBIPHIM, OIpIHIII YITiHIH dKOFapbl canalibl KypaMbl Typaibl
KOPBITBIH/IBI JKacayra 0o0iajbl. XHUMUSUIBIK JIACTAYIIbI 3aTTapjbl CIHIPreH Ke3le, KeWIe MeTasul
TOMBIPAKTHIH OPTaHUKANBIK 3aTTapbIMEH OaiylaHbIcaabl, OYJI OHBI AIy MYMKIH €MeC ©CIMJIK eTei.
TonbipakThIH canackl MOPQOIOTHSIIBIK, XUMHUSUIIBIK KOHE (PU3UKAIBIK KacHeTTepre OaillaHBICTHI.
OmapapIH HEeTi3riIepi: TyMYCTBIH KAJIBIH/IBIFbI, KAPaNTipiKTiH MaHbI3bI, TOMBIPAKTAFbl (PU3UKAIIBIK Ca3,
TYMYCTBIH IIHKI3aT KOPbI, TOMBIPAKTaFbl a30T, (ochop KOHE KaIMil CHSIKTBI DIIEMEHTTED,
OeJIIeKTepAiH Meepi OOMBIHIIA TapaTybl, KbIIIKBULIBIK KOHE T.0.

Kecte 3. Tonbipak opTachIHBIH O6CIMAIKTEPAIH 6CyiHE acepi

TonbipakTein pH MoHi Ocimaik Tipuijiirine acepi
>8,3 Kenrteren ecimaikTep yIIiH THIM CIITLI OpTa
7,5 Temipain (Fe) 6omybl aHBIKTAIIBI
7,2 6,8 — nen 7,2-re neltin — aepiik Oeiraparn
7,0 6,0 — nen 7,5-ke AeiiiH — KONTereH oCIMIIKTEp YIIH KOJIaiIbl
6,8
6,0
5,5 TonbIpakThlH MUKpOOHaIbl OEICEHAUTITHIH TOMEHIEY1
<4.6 Kemnteren eciMaikTep YIiiH THIM KBIIIIKBUT OpTa

3-kecTeHiH HoTIXKenepi OoibIHIIa TobIpakThiH pH 6,0-1¢H 7,5-Ke neiiin KenTereH ociMIikTep
YIIiH Konainel, pH 5,5-Te TombIpakTeiH MUKpOOHAN sl OenceHainiri tomenaeiai. pH>8 cinrini opra
OCIMJIIKTep/iH ocyiHiH OasynaybiHa okenexi. CoHbiMeH, 3-kectene kepcerinrenaer pH 6,0-7,5
COMKeciHIIe KOMaimel opTa. TOMBIPAKTHIH KBIIKBUIIBUIBIK OPTAaChl 3€pTXaHANBIK HOHOMep U-
160MMU-ne aHBIKTAIIEL.

3.1.1. Ocimoixmepdiy nacmayuivl 3ammapovl CiHIpY HcaHe MYPIeHOIPY MeXAHUIMOEPiH manoay
Kazipri ke3geri OapiblK OMICTEpHAiH INNHAE ayblp METAIJapMEH JacTaHFaH TOMBIPAKTHI
dbuTopeMearanusIay TEXHOIOTUSATIAPBl €H KOIl 3epTTeireH Oobll TaObliaabl. OCIMAIKTEp aybIp
MeTalIap/ibl CiHIprene, keiae Oy MeTaniap TONbIPaKTaFbl OPraHUKAJIBIK 3aTTAPMEH dPEKETTECE/Il.
AybIp MeTalI HOHJapbIH OaKplIay Ke31H/1€ TOTbIPAK MeH OCIMIIKTEpi JalbIHIay COHKeC KYPri3iial.
KaxeTTi KOHIIEHTpanusgarbl MOJUTFOTAHT TY3JApBIHBIH EPITIHAUIep] MalbIHAANIBI (aybIp METall
TY3JapBIHBIH JKYMBIC epITIHAUIepIH JailblHaay onicTeMenik HyckayibiFbl). 20x30x10 cm
IUTACTUKAJIBIK KOHTeHHepiepre 1 kr Tomblpak opHanmacThIpbliabl. Toxipube cxemachlHa CoMKec
TOMBIPAKThl MYKHST BUIFAJIAHIBIPFAaHHAH KeHiH op KoHTelHepre 50 Mi ayblp MeTamun epiTiHaici
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KOCBULIIBL. By 3epTTeyne ¢puropeMennanusHbIg 1eyeTi TYPIiH Ta3apTy epeKiienirine 0aiiaHbICThI
00Jpl. ATaFaH 3epTTENTeH OCIMAIKTIH (huTopemMeaunalusara OeHiMIUTIrT TOMBIPAKTa JKHHAKTAIFaH
aybIp METaapIbIH 00JTybIHA OAWIaHBICTBI MAHbI3/IBI OOJIIBI.

MBICTBIH HAaHOOOIIEKTEePl ACKOPOUH KBIIIKBUIBIMEH TOTHIKCHI3JAH IBIPY apKbUIBI aJTbIH/IbI.

Kympic OapbIChIHIAa aCKOPOWH KBIIIKBUIBIHBIH TOTBIKCHI3JAHABIPFRIBI  MEH IKEJIATUH
TYPaKTaHJBIPFBINIBIHBIH ~ KaTBICYBIMEH  CyJbl ~ OpPTaiarbl  MBIC  CYJIb(ATBIHBIH  OpTYpIIi
KOHIICHTPALUAAAFbl EpITIHAICPIH KOJJaHa OTBHIPBIN, OHTAWIBI JKarJaljapbl aHBIKTAy YILIiH
MBICTBIH OaKTepHsFa Kapchl OCIICEHAUTITIHE opTYpIli (hakTOopaapabIH (KOJJAHBUIATHIH peareHTTEPiH
KOHIIGHTpaUusAChl, opTaHblH pH MoHi) ocepi 3eprrenai. KypampiHaa ackopOMH KbIIIKBUIBIHA
HETi3eNreH MbIC CcyiabdaTbl 0ap TONBIPAKTHIH KBIMIKbUIFA TO3IMIUIITIH JKaKcapTy YIIiH
TypaktaHaeipeuiran  Oemmekrepae (mamamen 0.01 Monb/T) KOHIEHTpAIMSUIBI €PITiHII aTyIbIH
KaparaibiM JKOHE DKOJOTHSUIBIK Ta3a dfici crekrpodoToMeTpie 3epTTei. OHIENreH TOoIbIpaK
YJITiIEpiHiH CIHIpY CHEKTpiepi MbIC HaHOOOIIEKTEePiHiH OeTKI IIa3MOHIBIK PE30HAHCHIHA COMKeC
kenetin 0.2-0.9 auanasonbiHa TOH MoHAEpAi kepcerTi (cyper 3). MakcuMaiIbl ONTHKAIBIK
TeIFbI3ABIK  0.58+0.02 TonkeiH Y3bIHABIFBIHAA Oabikanmel, Oyn 40-60 HM cdepanblk MbIC
HaHOOOJIIEKTEPIHIH 91e0U AepeKTepiHe colKkec Keneai. 3epTXaHalbIK CKaHepieyIll 3JIeKTPOHIbI
MUKPOCKOTHS KYPBUIBIMBIK CHIATTaMaJIap/IbIH JKaKCapybIH TYCIHAIPETIH MBIC HAaHOOOIIEKTepi
KOCBUIFaH TOIBIPAK OOJIIICKTEPiHIH TYPAKThl arperaTTapblHbIH TY311yl aHBIKTAJIJIBI.

3.2. [lepexmepoi manoay adicmepi (cmamucmuxaivly oyoey, epajpukmep men ouazpammanap)
BesmekTepiiH KapbIKThl TaJFaMIbl CiHIpYIHE KACHETIHE COMKEC ONTUKAJIBIK ThIFbI3IIBIFbI
MaKCHMAaJIJIbl MOHTE He OOJIATHIH TOJKBIH Y3BIHIBIFBIH TaHIAW OTHIPA, 3ePTTEICTIH KOMIIOHCHTTIH

KOHIICHTPALIUSICHI €CENTEII.

0,873

0.523

0.3

A OOTHEATEE, TEEFEEIEE,

0,175

Car, moue/n

CypeT 3. MrIic Cy.J'IB(I)aTBIHBIH KOHICHTPAUACBIHBIH OIITUKAJIBIK ThIFbI3AbIKKA chpi

AJMaThI TEXHOJOTUSUTBIK YHUBEPCHUTETI «A3BIK-TYIIK Kayincizairi F3W» Tonbipak neH eciMaik
MaTepHaIBIHIAFbl  ayblp MeETalJap CIEKTPOPOTOMETPHUSIIBIK OMICIMEH aHBIKTAIIBL.  AYBIp
MeTaNap IbIH KbUTKbIMAIBI (JOpMATAPBIH OH Iy IeH KeliH 60 KyHHEH KeliH KOpFachlH MEH KaJMUN
WOH/IapbIHBIH KOHIICHTPAUACHIHBIH THiciHIIe 45% sxoHe 52% TeMeHereHin kepcetTi (kecte 4).
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Kecte 4. TonbIpakThiH KYpaMbIHIAFbl aybIp METAJIAPAbIH KOPCETKII

Kepcerkimrep aTaysl, eJimem HoTmxenepi HK
Oipriri
AybIp MeTaaap:
-Pb,mr/kr 2,0516+0,0052 MEMCT P 53381-2009
-Cd, Mr/kr 3,1571+0,045 MEMCT P 50686-94

OHJleNTeH TONMBIPAK ydyackelepi aWKblH OaKTepUIMATIK Kacuerrepre ue. MBICTBIH
HAHOOOJIIEKTEPIH KABIITACTHIPY/IbIH OHTAMIIBI MAPTTAPhI JKOHE OJIAp/Ibl TOMBIPAK ydacKelepiHe
KOJIJaHYy aHBIKTaJAbl. OHJENreH TOMbIpakKa MUKPOOKa Kapchl KacHeTTepAl OepeTiHi KoHE OHBIH
OCpIKTIK CHMaTTaMaJIapbIH JKaKCapTAaThIHbI aHBIKTAIIbI. MBICTBIH HAaHOOOIIIIEKTEPiHIH OaKTepHsFa
Kapchl KaCHETTEPiH aHBIKTAy YIIiH OipKarap 3epTTeynep Kypriziiaai. byr 3eprrey ymiiH Tombipak
ydackenepi MHKpPOOKa Kapchl KacHUeTTepil ChIHAy YVIIIH alblHFaH MbIC HaHOOOIIIeKTEepPiHiH
epITIHIIICpIMEH OHIEIIII.

Bakpuiay ynrici Yori Nel Yoiri Ne2 Yori Ne3 Yori Ne4

Cypet 4. MbICc HaHOOOIIEKTEPIHIH OPTYPJIl KOHIIEHTPAIMSUIAPBIMEH OHJIEYTE ICHIH XKoHE OHICY/ICH
KeliH TombIpakTarsl OakTepusiaapabiH 6omy kepcerkimrepi: Nel - 0,01 r/m, Ne2 -0,1 r/n, Ne3 - 0,3
r/a, Ne4 - 0,5 r/n

Mpbic HaHOOOJIIIEKTEPIMEH OHJIENTeH TOMBIPAK YJIATrUIepiHiH OakTepHsfa Kapchl KaCUETTEpiH
3epTTey VIIH Oakrtepusiiapsl Oap yiriutep Ilerpu TabakiiacklHa OpPHAJNACTHIPBUIIABI KOHE
OakTepusIapJblH a3al0 alMarbl aHBIKTAAbl. MBICTBIH HAHOOOJIIEKTEpiHIH OakTepHusFa Kapchbl
KAaCHUETTEPiH aHBIKTAY YILIH 1€ MUKPOOUOJIOTUSIIBIK 3€PTTEYIIep KYPri3iiii.

Hotmwxkenep craHmapTThl MHUKpPOCKONHUS MBIC HAHOOOIIIEKTEPIMEH OHJENTeH OaKbuiay
yJIriciHe MHUKpOOTap/bl aHbIKTAMaraHbIH, Al ©HJEJIIMEreH Yrifieri OakTepusiap cCaHbl pyKcar
eTIJITeH NIEKTEH achlll KeTKEHIH KepceTTi (cyper 4). byn xarmaia MbICTBIH OHOXKETIMIUTITIHIH
apTybl OaiikaiMaabl, OYJ1 KOJIaHBIUIATHIH QJIICTIH AKOJOTHSUIBIK KayilCi3AiriH KepceTei.

Kecte 5. CuSO4 epiTiHIICIHIH KOHIIEHTPAIUSCHIHAH ONTHKAIBIK THIFBI3ABIKTHIH 63repyi

Ccusos4, MOJIB/ 11 0,1 0,15 0,3 0,4 0,5 0,6 0,7

AU 0,3 0,4 0,5 0,6 0,7 0,8 0,9

Kecrenik wmomiMeTTep/ieH MbIC CyIb(aThIHBIH KOHIICHTPAIMSICHIHBIH KOFapblIaybIHA
0aliIaHbBICThI YITiHIH ONTHKAJIBIK THIFBI3IBIFBI APTAThIHBI KOpiHe i (kecTe 5).
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Kecte 6. bactankel 3aTTap/ipIH KOHIIEHTPAIHSCHI

Ne 3arThIH 0acTanKbl KOHUEHTPALHUACHI, MOJIb/JI
Kenarun CuSO4 CsHsOs

1 0,05 0,1 0,05
2 0,1 0,15 0,1
3 0,2 0,3 0,3
4 0,05 0,4 0,1
5 0,1 0,5 0,1
6 0,2 0,6 0,1
7 0,3 0,7 0,2

6-kecTeZieH KOpiHIN TypFaHaal, 6CIMIIKTIH ©CYiHIH OHTaiIbl mapThl — mamamer 0,3 Mob/1
epITIHAIHIH KOHIIEHTPAIUSICHI.

4. Tanpnay

3epTTey HOTHKeNepi OOMBIHIIA TOMBIPAK YATUIEPIHAET ayblp MeTanaapaan (GuTopeMuuaus
ONiCIH KOJJIaHa OTHIPBIN, TOIBIPAK YJTUIEPIHIH canaylblK KepceTkimrepi jxoHe [laBinoBHUS
COpOLMSUIBIK KacHeTTepl aHbIKTaIJbl. XHUMUSUIBIK JIacTayllbl 3aTTapAblH JacTaHybl dcipece
aBTOMOOWJIb KOJIBIHBIH JKaHBIHAA kM1 OaiiKamampl, OYJ OChI KYMBICTBIH HoTmxkeci. Ocpuiaiimia,
Anmatel OOJBICBIHJA TOIBIPAKKA HKOJIOTHSUIBIK pPYKCaT €TIIreH ocep €Ty JEHIeHiHIH apTysbl
Oalikanmanpl JKOHE OHBIH CapKbUIybl MEH JIACTAaHYBIHBIH HAaKTBhl Kaymi O0ap. ABTOTpaHCIOPT
HIBIFApbIH/BUIAPbIHAH OOJIIHETIH ayblp METAJIapMeH >Kep Y4YacKeJIEpiHIH JIACTaHYbIHBIH YJIFalo
ypaici OenruieHni, Anmarbl Kajachl KarJalblHOA OChI KepceTKiluTep OOMbIHIIA TOMBIPaK
MOHHUTOPHHI1 KaxeT. JKorapelia aiiTbuiraHgapJaH JlacTayllbl 3aTTap/blH, ocipece MeTallap/blH
OCIMJIIKTEepAET1 OMOaKKyMYJISIUSACHl TYPaKTaHABIPFBILLITAPFa 9CEP €Tyl MYMKIH JK9HE 3apar IeKKeH
OCIMJIIK MaTepHAaIIbIH Ta3apTKBIII 3aTTAPMEH OHACYAl KAXKET eTeIi.

5. KopbITBIHABI

Kasipri yakpITTa aHTpPONOT€HAIK >KYKTEMEHIH apTybl HOTHXKECIHJE KOpIIaraH OpPTaHbIH
JacTaHy MoceJieliepiH wiemyre OaillaHBICTBl MEepCHeKTHBAIbl OaFbITTapblH Oipl ©CIMAIKTEpAIH
KOpIIIaFaH opTajiaH (aya, Cy HEMece TOMBIPAK) 3USHIBI 3aTTap/Ibl CIHIPY KoHE OJlap/Abl TIHIAEPIHAC
KMHAKTay HeMece MeTa0onuTTepre aiHanmaTblH  (U3MOJOTHSUIBIK — IpolecTep  Ke3iHae
OeiTapanTaHabIpy KabiyeTiHe HET13/IeITeH dburopemeauanus 0O0JIBITT TaObLIAbI.
dutopeMenuanusIIbIK TOTEHIIMAN 3epTTey OapbIChIHAA AHBIKTAIIBI, TOMBIPAKTAFBl TXKIpHOE
HYCKaJlapbl OOWBIHIIIA MBIIIBSK ITEH KOPFACHIHHBIH KaJIbl KYPaMBIHIAFbI €J1eYIIi e3repicrep OonFaH
KOK, IETEHMEH COHFBI Ke3eHJe (TambI3/la) OCIMIIK MaTepPHAIbIHA MBIIILIKTHIH >KOFaphbl MOJIIIepi
AHBIKTAJIIBL.

Ocbutaiiiia, QuropeMeananus OICiHIH OapibIK apTHIKIIBUIBIKTAPEl MEH IIeKTeysepi
3epPTTENIN, OAKCIEPUMEHTANIBI TypAe KepceTinmi. HoTwkenep TOMBIPAKTHIH — AKOJOTHSIIBIK
KAyITCi3/Iiri MeH KYHAPJIBUIBIFBIH KaMTaMachl3 eTeTiH [[aBmoBHUS oCiMAIriH Ta0uru GUTOpEMETUAHT
petinae nonenaeiai. TaOuru opTajaH MOJUTIOTAHTTAP/IBI KOO YIITTH (UTOPEMETUAITNS 9/T11C1 KOTAIIbI
OpTaHbI KaJIbIHA KENTIPYAiH KOJAAHBICTAFbI JICTEpiHe OaiaMa O0IbIT TaObLIa b

3epTTey )KYMBICBIHBIH HOTHIKECIH/IE KeJIeCcl MaKcaTTapFa KOoJl KEeTKI31IIi:

-TaOUFaTThI YTHIM/IBI Taljaany1arsl PUTOpeMeInalvs TEXHOIOTUsACKH OolibiHIIa [TaBmOoBHIS
OCIMJIITIH 3epTTEY KOHE aHBIKTAY;

- [1aBnoBHMS pUTOpEMEAMAHTTAPBIHBIH KOPIIaFaH OPTAHbIH CaNajlbIK KOPCETKIMTEPiHE dCepiH

3epTTey.
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Ocpinaiiia, TaOUFu Ta3apTKBIIITAPIBIH SPTYPJIi KOHIIEHTPALUSIAFBl XUMHUSUTBIK PeareHTTepIl
CIHIpY KacHeTTepi, COHAaN-aK XUMHUSUIIBIK JIACTAaHY KE31HJET1 TOMBIPAK MapaMeTpiepiHiH KoplIiaraH
opTara ocepi 6ap eKeHIIT1 aHBIKTAJIIbI.

ACKOpPOMH KBIIIKBUIBIH TOTBIKCHI3MAHABIPY apKbulbl Typakrtaniaeippuiran 0.01 monw/a
KOHIIEHTPAIUSCHIH/Ia MBIC HAHOOOIIIIIEKTEPIH KOJIaHY aHBIKTAJIIbI:

1. [Tatorennik MukpodIopara Kapchl aWKbIH OAKTEPUIIMITIK KACUETTEPl KaMTaMachl3 eTeIl

2. TonbIpakThiH (GU3HKA-MEXaHUKAIBIK OHIMIUIITIH jKaKcapTaIbl

3. [Taiiamel MUKpOOPTaHU3MIIEPTE TEPIC 9CEp eTIeH i

4. AypIp MeTanaapAblH UMMOOMITH3AIUSIChIHA BIKIAT €T/l

3eprTey HoTHOKENepi OolbIHIIA (PU3MKA-XUMHUSIIBIK TaJIIay d1icTepl Konaanpuabl. HoTmkenep
HaHOMAaTepHaAap bl MaiaalaHa OTBIPBIN, JIACTAHFAH TOMBIPAKTHI PEeMETUAIUSUIAYAbIH KEIICH T
TEXHOJIOTUSUIAPBIH KYPYFa MepCIeKTUBajIap anabl.

By xymeicta [1aBmoBHUS ©CIMIITiHIH AJMaThl KATACHIHBIH Tay OOKTEpiHAET! aiiMarbIHBIH
TOMBIPAK-KIMMATTHIK JKaFdainapbiHaa ©3iHIH (U3UKAIBIK KacCUeTTepl MEH dJIeyeTTi KYHAPIbUIBIK
NeHredi  OoWbIHIIA  (uUTOpeMenuanus KarJaillapplH  TOJILIFBIMEH — KaHAFaTTaHIBIPATHIHBI
KOPCETIJITEH.

6. KochiMIna MaTepuaiiap: KOChIMILIA MATEPHAJ HKOK.

7. ABTOPJIBIK YJiecTep
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sufficiently effective technologies for the circulation of elements in nature that were converted into
pollutants during economic processes.

The most suitable method for the currently known concept of environmental purification is
phytoremediation, which is based on the hyperaccumulative ability of plants to extract radioactive or
polluting elements from the substrate.

This research work is aimed at developing the basic elements of phytoremediation technology.
Since the processes involved in phytoremediation occur naturally, polluted areas are usually self-
cleaned by plants without human intervention and are suitable for use in areas with low levels of
pollution.

The purpose of the work is to study natural, environmentally friendly plants using the
phytoremediation method. In the course of the research, an analytical review of modern scientific,
technical, regulatory, and methodological literature was conducted, a research program was
developed, appropriate methods were selected, and experiments were conducted in the laboratory and
in the field. The results of laboratory and field experiments are analyzed.

Several field tests have confirmed the possibility of using Paulownia plants to purify the air
environment of Almaty and the Almaty region. The results of the study show that the soil layer can
be restored in areas contaminated with heavy metals (cadmium, lead, arsenic, and antimony) using a
fast-growing Paulownia tree. All the advantages and limitations of the phytoremediation method have
been investigated and experimentally demonstrated. The results of the study determine the
acceptability of the phytoremediation method to reduce environmental impact in polluted soil.

Keywords: phytoremediation technology; Paulownia; environment; heavy metals; soil.

HN3yyeHue MeTOA0B NPpUMeHeHUs pUTOPpEMEeINALIUN B 3€JICHON TEXHOJIOTHHU

Jlaiina Kanumonauna, Kanar Illanxosa, I'yn0apam Cyaranrasuesa, I'yixan JKakcei0aeBa,
IInnap Ackaposa

AHHOTalus. 3arpsA3HEHHE OKpY)KAloIIeld Cpelpl HOCHUT XapakTep TIJ100anbHOM 3KOJOTHYECKON
OMACHOCTH, HBIHEUIHSSl CHUTyallusi BbI3bIBAET OECIIOKOWCTBO Yy MPAaBUTENIbCTBA, YYEHBIX,
OOIIECTBEHHOCTH U BBI3bIBAET HEOOXOJUMOCTh Pa3pabOTKH MPOCTHIX U JOCTATOUHO 3()(PEKTUBHBIX
TEXHOJIOTUI KpyroBOpOTa B IPUPOAE JIEMEHTOB, IIPEBPAILICHHBIX B 3arpsI3HAIOIINE BEILIECTBA B XOE
SKOHOMMYECKHX MPOIIECCOB.

HauOonee moaxoisimuM METOJOM JUIsl M3BECTHOM Ha CErOJHSIIHUM JeHb KOHLENIMH OYHCTKU
OKpY>KaloIllel cpeibl sBisieTcsl UTopemMeuanusi, B OCHOBE KOTOPOM JIE)KUT TMIEPAKKyMYJISITUBHAS
CIOCOOHOCTh pacCTEHUH U3BJIEKATh PAAMOAKTHBHbIE WM 3arpA3HSIONIME 3JIEMEHTHI U3 cyOcTpara.
JlanHasi Hay4HO-HMCClleZloBaTeNbCcKass paboTa HampaBieHa Ha pa3pabOTKy OCHOBHBIX 3JE€MEHTOB
TexXHoJoruu (utopemenuanuu. IlockonbKy mpolecchl, yd4acTByIOIIME B (UTOpEMeaHaIui,
MIPOUCXOJSAT B €CTECTBEHHBIX YCIIOBUSX, 3arpsA3HEHHbIE pallOHBI, KaK MPaBUJIO, CAMOOYMIAIOTCS
pacTeHUsIMH 03 BMEIIATENbCTBA YEJIOBEKAa M MOAXOJAT JUIS UCIOJIB30BAHUS B pallOHaX ¢ HU3KUM
YpOBHEM 3arps3HEHHUSL.

Lenb paboThHI — M3yUYEeHUE HATYPATbHBIX IKOJIOTHYECKH YUCTHIX PACTEHUH C UCTIOJIb30BaHUEM METO/1a
duropemennanuu. B xome uccienoBaHus ObUT MPOBEIEH aHATUTHYSCKUNU 0030p COBPEMEHHOM
HAyYHO-TEXHUYECKOW, HOPMATHBHOM, METOAMYECKOW JIMTepaTypbl, pa3paboTaHa mporpaMma
UCCIIeIOBaHMs, 10,J00paHbl COOTBETCTBYIOLINE METOJIMKH U MPOBEJEHBI OIBITHI B JIA0OPATOPHBIX U
MOJIEBBIX YCIOBHX. [IpoaHanu3upoBaHbl pe3yabTaThl JaOOPAaTOPHBIX U MOJEBBIX IKCIIEPUMEHTOB.
Heckonbko mosyieBbIX UCTIBITAHUM MOATBEPANIN BO3MOXKHOCTh MCTIONb30BaHUs pacTeHus [1aBnoBHus
JUIE OYMCTKM BO3JIYHUIHOM cpeasl ropojga Ajimarel M AnMaTHHCKOW o6nactu. Pe3ymbraTsl
UCCIIEIOBAaHMs TIOKA3bIBAIOT, 4YTO CJIOM ITOYBBI MOXET OBITh BOCCTAHOBJIEH Ha Yy4yacTKax,
3arpsI3HEHHBIX TSKEIBIMM METAJUIaMU (KaJMUEM, CBUHIIOM, MBIIIBSIKOM U CYpbMONi), C IOMOULIbIO
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obicTpopactymero  naepeBa  llaBmoBHuu. bpumm  wWccnemoBaHBI M OKCHEPUMEHTATBHO
MIPOJIEMOHCTPUPOBAHBI BCE MPEUMYIIECTBA U OIpaHUYEHHsS] MeTo/a puTopemMenuanuu. Pe3ynpraTsl
WCCIICTIOBAHMS OTIPEICIIIOT TPUEMIIEMOCTh MeToa (PUTOpEMEINAIINH IJIsi CHIKEHUST BO3ICHCTBUS
Ha OKPY’KaIOIYIO CpPely B 3arpsI3HEHHOI MOYBeE.

KiroueBbie c¢j10Ba: TEXHOJOTHS (pHTOpeMeI[I/IaL[I/II/I; OKpYyXXaroiias cpcaa, HaBJ’IOBHI/Iﬂ; TAKCIIbIC
MCETAJlJIbI, I1I0YBaA.
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Abstract. In arid and semi-arid regions, unified national water quality
standards do not always ensure effective regulation of anthropogenic
pressure on surface waters and may lead to inconsistencies in permissible
discharge standards (PDS) calculations. This study substantiates the need
for regional environmental quality standards using the llek River basin,
one of the most impacted transboundary systems in Western Kazakhstan,
as a case study.

The research applies a mass-balance approach to PDS calculation and
evaluates the influence of background pollutant concentrations and
hydrological variability on regulatory outcomes. Boron and hexavalent
chromium (Cr(V1)), typical for the natural and technogenic conditions of
the basin, were selected as key indicator substances. Long-term
hydrochemical and hydrological data were analyzed to assess spatial and
temporal variability under different discharge scenarios.

The results show that elevated background concentrations, especially of
boron, significantly affect calculated PDS values. Under such conditions,
unified standards may produce negative PDS values, formally indicating
the impossibility of discharge regulation regardless of actual
anthropogenic input. This reveals the limitations of uniform regulatory
approaches in hydrologically variable and environmentally heterogeneous
regions.

The findings demonstrate that regionalized environmental quality
standards, accounting for climatic conditions, background levels,
hydrological regime, and ecosystem stability, are essential for
scientifically sound discharge regulation and sustainable water resource
management.

The practical significance of the study lies in the applicability of the
proposed approach for improving environmental regulation and water
management practices.

Keywords: environmental quality standards; regionalization; permissible
discharge standards; boron; hexavalent chromium (Cr(V1)); arid regions;
llek River.

1. Introduction

Environmental regulation of water bodies in the Republic of
Kazakhstan has historically been based on the application of unified
maximum permissible concentrations (MPCs) of pollutants, developed
primarily within a sanitary-hygienic framework. These standards are
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aimed at protecting human health and, as a rule, do not take into account regional natural and climatic
conditions, hydrological variability, or the geochemical characteristics of river basins, which are
especially pronounced in arid and semi-arid regions of Central Asia (Chapman, 1996; Vorosmarty et
al., 2010).

In practical water protection management, MPC values are used as the basic criterion for
calculating permissible discharge standards (PDS), which represent one of the key instruments for
regulating anthropogenic pressure on water bodies. According to the current methodology, PDS is
defined as the maximum allowable mass of a pollutant that may enter a water body without violating
established water quality standards at the downstream control section (United Nations Economic
Commission for Europe, 2019; World Health Organization, 2017). In simplified form, the PDS
calculation can be expressed as:

PDS = (Cperm - Chg) - Q - K 1)

Cperm - is the permissible concentration of a pollutant in the water body (water quality
standard),

Chbg - is the background concentration upstream,

Q - s the river discharge at the control section,

K - is the dilution and transformation coefficient.

The key parameter in this equation is Cperm, since its value directly determines the possibility
or impossibility of regulated wastewater discharge.

In the baseline approximation, K = 1 was assumed.

1.1. Problems associated with the use of unified MPCs in PDS calculations

In the river basins of Kazakhstan, situations frequently occur in which background
concentrations of certain pollutants exceed established MPC values. This is particularly typical for
substances with a pronounced natural or natural-technogenic origin, such as boron, sulfates,
chlorides, and, in some areas, chromium compounds (United Nations Environment Programme,
2019; World Bank, 2021; Asian Development Bank, 2020). In such cases, the following condition is
observed: Cbg > Cperm

which results in zero or negative PDS values: PDS <0

From a management perspective, this outcome implies a formal prohibition of discharge
regardless of the actual presence or absence of an anthropogenic pollution source. As a result, the
PDS mechanism loses its primary function - regulation of incremental anthropogenic load - and is
transformed into an instrument of formal non-compliance.

Figure 1 illustrates the formation of a “management deadlock™ in PDS calculations:

When the condition Chg >Cperm is fulfilled, PDS calculations yield negative values, making
normative regulation of anthropogenic pressure on the water body practically impossible.
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MPC < background concentration — negative PDS — impossibility of regulatory control
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Figure 1. Conceptual scheme of interactions between hydrological regime, water quality, and
discharge regulation (Source: authors *own elaboration)

1.2. Arid conditions as a factor of systematic errors in water quality regulation
A significant part of the territory of Kazakhstan is characterized by:
« high evaporation rates,
« prolonged low-flow periods,
« concentration of dissolved substances,
« a substantial contribution of groundwater inflow and saline geological formations (Falkenmark
and Rockstrom, 2004; Vorosmarty et al., 2010; World Bank, 2021).

Under such conditions, unified MPC values that are not adjusted to regional background levels
cease to reflect actual ecological risks. This problem is especially evident in the Ilek River basin - a
transboundary water body subjected to long-term technogenic impact and characterized by complex
natural and geochemical conditions (Berdenov et al., 2022; Utepov et al., 2021; Dyussembayeva et
al., 2023; Solodova et al., 2021; RSE Kazhydromet, 2024).

A comparison of unified water quality standards and background concentrations for priority
pollutants (boron, Cr(V1), mineralization, sulfates, and chlorides) in the llek River basin is presented
in Table 1.

Table 1. Comparison of unified water quality standards and background concentrations in the llek
River basin

Parameter Range of Unified water |Relationship between| Environmental and
background guality standard Cbg and MPC management
concentrations, (MPC), mg/L interpretation
(Cbg), mg/L
Boron (B) 06-1.2 0.5 Cbg > MPC Background

concentrations
frequently exceed the
MPC, resulting in
negative PDS values
and a formal prohibition
of discharges
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Hexavalent 0.0005 - 0.003 0.01 Cbg< MPC PDS can be formally
chromium calculated;  however,
(Cr(vD) migration forms and

redox transformation
Cr(Vl) — Cr(lll) are
not considered

Total 800 — 1500 1000 Cbg = MPC High natural

mineralization mineralization of arid

(total dissolved rivers leads to recurrent

solids) borderline exceedances

Sulfates (SO+*) 250 - 600 500 Chg </=MPC Pronounced  seasonal
variability;

concentrations increase
during low-flow periods

Note. The ranges of background concentrations presented in the table are based on published
hydrochemical monitoring data for the llek River basin and adjacent arid territories of Western
Kazakhstan. Unified water quality standards (MPCs) are given in accordance with the currently
applicable sanitary—hygienic and water protection regulations of the Republic of Kazakhstan. The
relationship between background concentrations Cbg and MPC values determines the sign and
magnitude of the concentration difference AC = Cperm — Cbg, which is used in the calculation of
permissible discharge standards (PDS).

1.3. Inconsistency of the sanitary-based approach with ecosystem requirements

International practice in environmental regulation over recent decades demonstrates a gradual
transition from the sanitary—hygienic concept toward ecosystem-based and risk-oriented approaches.
Within this framework, Environmental Quality Standards (EQS):

are established with consideration of the sensitivity of aquatic organisms;

are adapted to regional environmental conditions;

are used as target indicators of ecosystem status (European Commission, 2000; European
Environment Agency, 2018; U.S. Environmental Protection Agency, 2016; United Nations
Environment Programme, 2018; Hering et al., 2010).

In contrast, the application of unified maximum permissible concentrations (MPCs) without
regional adaptation within the permissible discharge standards (PDS) system:

« distorts the assessment of anthropogenic contributions;

« complicates the implementation of environmental protection measures;

« creates conflicts between regulatory authorities and water users;

« reduces confidence in environmental monitoring results.

A comparison of water quality regulation concepts - MPCs (sanitary-based approach) versus
EQS (ecosystem-based approach) - is presented in Table 2.

Table 2. Comparison of the sanitary—hygienic water quality regulation concept (MPC) and the
ecosystem-based approach using Environmental Quality Standards (EQS)

MPC (sanitary-based approach) EQS (ecosystem-based approach)
Objective: Protection of human health Objective: Conservation of aquatic ecosystems
Regulatory object: Water as a resource Regulatory object: Aquatic ecosystem
Primary criterion: Unified concentration values [Primary criterion: Ecological risk and
(without regional adaptation) sensitivity of aquatic biota
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Consideration of background concentrations:  |Consideration of background concentrations:

Formal or absent Mandatory

Hydrology and climate: Practically not Hydrology and climate: Considered

considered (seasonality, aridity)

Link with PDS: PDS values may be <0 Link with PDS: PDS values are controllable and
achievable

Management outcome: Formal control and Management outcome: Effective load

conflicts with water users management and reduction of ecological risk

It is shown that the use of unified maximum permissible concentrations (MPCs) without
consideration of regional natural conditions and background concentrations limits the possibility of
correct calculation of permissible discharge standards (PDS). In contrast, the ecosystem-based
approach ensures the controllability of anthropogenic loads and establishes a direct link between
water quality regulation and ecological risk.

The comparative analysis of water quality regulation concepts (Table 2) demonstrates that the
transition from the sanitary-hygienic MPC model to ecosystem-oriented Environmental Quality
Standards (EQS) represents a key prerequisite for eliminating methodological inconsistencies in PDS
calculations in arid river basins.

In modern environmental regulation systems, large industrial enterprises are increasingly
regulated through integrated environmental permits based on Best Available Techniques (BAT).
However, even under BAT-based regulation, the calculation of permissible discharge standards
remains dependent on the applied environmental quality standards. If unified standards do not reflect
regional natural background concentrations, regulatory inconsistencies may arise even when
advanced treatment technologies are applied. Therefore, the development of regional environmental
quality standards may complement existing regulatory instruments and improve the practical
implementation of integrated environmental permitting systems. In recent years, the environmental
regulatory framework in the Republic of Kazakhstan has been undergoing significant modernization.
In accordance with the new Environmental Code of the Republic of Kazakhstan (2021), the Ministry
of Ecology and Natural Resources has initiated the development of environmental quality standards
for environmental components, including surface water bodies. In addition, environmental regulation
for Category | enterprises is currently implemented through integrated environmental permits based
on the principles of Best Available Techniques (BAT). These regulatory developments highlight the
growing importance of regionally adapted environmental quality standards in Kazakhstan.

Scientific novelty of the study lies in the methodological justification of the necessity of
regional environmental quality standards for water bodies in arid regions. Unlike traditional
regulatory approaches based on unified maximum permissible concentrations, the proposed
framework demonstrates how elevated natural background concentrations may lead to negative
permissible discharge standards and create a regulatory management deadlock. The study shows that
the regionalization of environmental quality standards allows the restoration of the physical and
managerial meaning of permissible discharge calculations under conditions of hydrological
variability and natural geochemical specificity of river basins.

1.4. Aim and objectives of the study

The aim of this study is to substantiate the necessity of developing regional environmental water
quality standards using the llek River basin as a case study, as a tool for ensuring the correct
calculation of permissible discharge standards and sustainable water resource management.

To achieve this aim, the following objectives were addressed:

1. To analyze the influence of background pollutant concentrations and hydrological variability
on permissible discharge standard calculations.

113



Journal of Ecology and Sustainability 2026, 154(1)

2. To perform demonstrative PDS calculations for boron and hexavalent chromium under
different river discharge scenarios.

3. To identify methodological limitations associated with the use of unified water quality
standards.

4. To justify the advantages of regional environmental quality standards from ecological and
management perspectives.

2. Materials and Methods
2.1. Study area and conceptual framework

The object of the study is the llek River basin (Republic of Kazakhstan), for which unified
environmental water quality standards without regional adaptation are traditionally applied in water
protection practice. The methodological basis of this study is to demonstrate how the selection of a
unified water quality standard (Cperm) in comparison with a regionally adapted standard affects the
results of permissible discharge standard (PDS) calculations under conditions of elevated background
pollutant concentrations (Chg)

The calculations were performed using a mass-balance approach for a control section located
downstream of the discharge point. This approach corresponds to the commonly applied practice of
discharge regulation and surface water quality management.

2.2. Input parameters and river discharge scenarios
To account for hydrological variability typical of steppe and arid rivers, three river discharge
scenarios were considered in the calculations:

QE{Qiow,Qavg, Qnign}={3, 5, 7} m%/s 2)

The following substances were selected as priority pollutants:

boron (B) - an element with a pronounced natural and natural-technogenic origin in the llek
River basin;

hexavalent chromium (Cr(VI1)) — a highly toxic pollutant characteristic of technogenically
impacted areas.

The selection of these substances is justified by their environmental significance and their
frequent use as indicator pollutants in regional water quality assessments.

2.3. Method for calculating permissible discharge standards (PDS)
2.3.1. Concentration difference as a determining parameter

The main calculation parameter in determining permissible discharge standards is the difference
between the permissible and background concentrations:

AC =Cperm 'Cbg (3)

where Cperm - is the permissible concentration of a pollutant in the water body (either a unified or
a regionally adapted water quality standard); Cbg - is the background concentration upstream of the
discharge point.

When the condition AC<O is satisfied, the PDS calculation yields negative values, indicating
the impossibility of normative discharge regulation within the framework of the applied water
quality standard.

2.3.2. Mass-based form of PDS calculation

Under the assumption of complete mixing of wastewater and river water at the control section
and in the absence of explicit consideration of pollutant transformation processes, the basic formula
for calculating permissible discharge standards is expressed as:
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PDS=AC-Q-K @)

Q is the river discharge at the control section (m?¥/s); K - is an integrated coefficient accounting
for dilution, transformation, and self-purification processes.

In the present study, a baseline approximation with K = 1 was adopted. Considering that 1 mg/L
is equivalent to 1 g/m?3, the daily permissible discharge standard was calculated using the following
expression:

PDSday (kg day™t) =86.4 - (Cperm —Cbg) - Q - K 5)

2.4. Assumptions and limitations of the method

Since the objective of this study is to provide a methodological justification for the necessity of
regional water quality standards, the following assumptions were adopted in the calculations:

e complete mixing of wastewater and river water at the control section (single-box model);

e stationary hydrological conditions for each discharge scenario;

e absence of explicit consideration of pollutant transformation and decay processes (K = 1);

e background concentrations represent natural and natural-technogenic conditions upstream
of the discharge point;

e for hexavalent chromium, redox transformations (Cr(VI1) — Cr(111)) were not considered
and are regarded as a subject for further research.

The adopted assumptions are sufficient to identify the fundamental dependence of permissible
discharge standards on the relationship between permissible (Cperm) and background (Chg)
concentrations.

It should also be noted that the calculations presented in this study are conceptual and intended
to demonstrate the regulatory implications of the relationship between background concentrations
and applied water quality standards. The model does not include detailed hydrodynamic processes,
pollutant transformation Kinetics, or spatial heterogeneity of river systems. These aspects may be
considered in future studies using more complex hydrochemical and ecological modeling approaches.

2.5. Input data table
Table 3 presents the input parameters and boundary conditions applied in the PDS calculation
framework.

Table 3. Input parameters used for permissible discharge standard (PDS) calculations in the llek
River basin

Parameter Symbol Unit Value Notes
River discharge (low s Low-flow scenario
flow) Qiow m3/s 3
River discharge s Baseline scenario
(average) Qavg me/s 5
River discharge (high) s Conditionally high-flow

Qhrign m/s 7 scenario
Background boron Elevated regional
concentration Cbg(B) mg/L 0.8 background
Unified boron standard MPC
Cperm(B) mg/L 0.5
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Regional boron Demonstrative value
standard Cperm,reg(B) mg/L 1.0

Background Cr(VI) Low background level
concentration Cbg(Cr(VI)) mg/L 0.001

2.6. Output calculation parameters

For each pollutant and for each river discharge scenario, the following parameters were
determined:

« concentration difference, AC (mg/L);

« daily permissible discharge standard, PDSday (kg/day);

« sign and magnitude of PDS values as indicators of the validity of normative discharge
regulation.

3. Results
3.1. Results of permissible discharge standard (PDS) calculations
Based on the mass-balance equation for permissible discharge standard calculation:

PDS_day (kg day™1) = 86.4 - (Cperm —Chg) - Q - K (6)

Daily permissible discharge standards were calculated for boron (B) and hexavalent chromium
(Cr(VI)) under three river discharge scenarios (Q=3, 5, 7 m?/s).

The calculations were performed using a transformation coefficient of K = 1, which
corresponds to the baseline assumption of complete mixing and the absence of explicit consideration
of pollutant transformation processes.

The calculated PDS values for the considered discharge scenarios are summarized in Table 4.

Table 4. Results of permissible discharge standard (PDS) calculations for priority pollutants in the
llek River basin

Water quality 3 AC=Cperm- Cbg,
Pollutant standard Q, m3/s mg/L PDSday, kg/day
Boron (g) | Unified (MPC=0.5 3 03 ~77.76
mg/L)
5 —0.3 —129.60
7 —0.3 -181.44
Boron (B) |Regional (1.0 mg/L) 3 +0.2 51.84
5 +0.2 86.40
7 +0.2 120.96
Cr(VI) Unified (0.01 mg/L) 3 +0.009 2.33
5 +0.009 3.89
7 +0.009 5.44

3.2. Interpretation of calculation results

The calculation results demonstrate fundamentally different PDS behavior for the analyzed
pollutants depending on the relationship between background concentrations and water quality
standards.

For boron, when the unified water quality standard (MPC = 0.5 mg/L) is applied, the
concentration difference AC takes negative values under all river discharge scenarios. This leads to
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negative values of PDSday, the absolute magnitude of which increases linearly with increasing
discharge. These results indicate a formal absence of permissible discharge regardless of hydrological
conditions.

When a regional water quality standard for boron (Cperm, reg = 1.0 mg/L) is used, the
concentration difference becomes positive, resulting in positive PDS values. In this case, PDSday
increases proportionally with river discharge, which corresponds to the mass-balance logic of the
calculation and reflects the influence of river water availability on allowable anthropogenic load.

For Cr(VI), under the selected input parameters, the concentration difference remains positive
for all discharge scenarios. The calculated PDSday values increase linearly with increasing Q,
indicating the absence of formal inconsistency between background concentrations and the applied
water quality standard within the adopted calculation framework.

The conceptual scheme illustrating the relationship between hydrological regime, water quality,
and the environmental regulation system - determining permissible discharge calculations and the
need for regional environmental water quality standards - is presented in Figure 2. The scheme
demonstrates that variability in river discharge and background pollutant concentrations directly
affects both the magnitude and the sign of PDS values, thereby defining the limitations of applying
unified water quality standards.
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Figure 2. Conceptual scheme illustrating the interaction between hydrological regime, water quality,
and discharge regulation: (a) long-term dynamics of water discharge; (b) structure of water quality
regulation system. (Source: authors *own elaboration)

The scheme presented in the figure illustrates the role of hydrological variability and
background hydrochemical conditions in the formation of permissible discharge standards used
within the water resources management system.

It is evident that the application of unified water quality standards without regional adaptation
may lead to calculation inconsistencies and managerial constraints. In contrast, regional
environmental water quality standards ensure consistency between hydrological conditions,
ecological risk, and regulated anthropogenic load.

3.3. Intermediate conclusions from the results

The obtained calculation results confirm that both the sign and magnitude of permissible
discharge standards are largely determined by the relationship between background pollutant
concentrations and applied water quality standards. When background concentrations exceed unified
water quality standards, PDS calculations yield negative values. In contrast, the application of
regionally adapted standards ensures physically and mathematically consistent results.

4. Discussion

4.1. Formation of a ‘management deadlock ” zone in discharge regulation
The results of permissible discharge standard calculations presented in the Results section
(Table 4), in combination with the conceptual scheme shown in Figure 1, indicate the formation of a
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so-called «management deadlock» zone within the system of environmental regulation of water
bodies. This zone arises when background pollutant concentrations exceed unified water quality
standards (MPCs), resulting in the condition Cbg >Cperm and, consequently, in negative PDS values.

As shown in Figure 1, under such conditions, the calculation of permissible discharge standards
loses its managerial meaning: instead of limiting the incremental anthropogenic load, a formal
prohibition of discharges is imposed regardless of the actual contribution of the water user. The
negative PDSday values obtained for boron across the entire range of river discharge scenarios (Q =
3-7 m®/s) demonstrate that an increase in river water availability does not remove the system from
the management deadlock zone, but only increases the absolute magnitude of the negative calculated
standard.

Thus, the hydrological factor alone is unable to compensate for the methodological
inconsistency between unified water quality standards and the regional natural-geochemical
background (Chapman, 1996; Meybeck and Helmer, 1989; Falkenmark and Rockstrom, 2004).

4.2. Relationship between the management deadlock zone and hydrological variability

The conceptual scheme presented in Figure 2 makes it possible to consider the management
deadlock zone within a broader context of interactions between the hydrological regime, water
quality, and the environmental management system. Hydrological variability - expressed through
low-flow, average, and high-flow conditions - characteristic of arid and semi-arid regions, directly
affects the dilution capacity of river systems and the magnitude of permissible pollutant loads
(\Vorosmarty et al., 2010; United Nations Economic Commission for Europe, 2019; World Health
Organization, 2017). However, as demonstrated by the calculation results, this mechanism is not fully
realized when unified MPC values are applied.

Under conditions of elevated background concentrations - typical for steppe rivers with intense
evaporation, significant groundwater contribution, and specific geochemical characteristics of
catchments - the regulation system becomes insensitive to changes in river discharge. This contradicts
the fundamental logic of water resources management, according to which an increase in water
availability should be accompanied by an increase in permissible anthropogenic load under
unchanged ecological risk (United Nations Environment Programme, 2019; World Bank, 2021).

Thus, the management deadlock zone represents a mismatch between hydrological reality and
the normative model used for permissible discharge standard calculations.

Similar challenges associated with elevated background concentrations and water quality
regulation have also been reported in other arid and semi-arid river systems worldwide. Studies of
rivers in Central Asia, Australia, and parts of the western United States demonstrate that natural
mineralization and geochemical background often exceed unified regulatory thresholds. These
examples further support the necessity of regional environmental quality standards adapted to local
hydrochemical conditions.

4.3. Management implications of negative PDS values

From a management perspective, negative permissible discharge standard values indicate:

« the impossibility of establishing an allowable discharge limit;

« the absence of differentiation between natural background and anthropogenic contributions;

« the formalization of environmental requirements without linkage to actual ecological effects.

Within this zone, environmental regulation is transformed from a water quality management
instrument into a mechanism for recording normative non-compliance. This leads to an increase in
conflicts between regulatory authorities and water users, as well as a decline in confidence in
monitoring results and calculation procedures (Asian Development Bank, 2020; Berdenov et al.,
2022).
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4.4. Role of regional water quality standards in overcoming the management deadlock

A comparison of permissible discharge standard calculations for boron using unified and
regionally adapted water quality standards (Table 4) demonstrates that the regionalization of
standards allows the system to be removed from the management deadlock zone. When a regional
standard (Cperm, reg ) is applied, the concentration difference AC becomes positive, and PDS values
exhibit a linear dependence on river discharge. This behavior corresponds to the mass-balance logic
of the calculation and restores the physical meaning of discharge regulation.

This result is consistent with international practice in the application of Environmental Quality
Standards (EQS), within which standards are established with consideration of background
concentrations, ecosystem sensitivity, and hydrological variability (Singh, 1995; U.S. Environmental
Protection Agency, 1991).In this context, regional environmental water quality standards may be
regarded as a key element in the transition from a sanitary—hygienic regulatory model to ecosystem-
based and risk-oriented water resources management.

From an ecosystem perspective, the use of regionally adapted environmental quality standards
is also important for maintaining the stability of aquatic ecosystems in arid river basins. Elevated
background concentrations of certain elements, such as boron or mineralization components, may
represent natural geochemical conditions rather than anthropogenic pollution. In such cases,
environmental regulation based solely on unified sanitary standards may incorrectly interpret natural
hydrochemical features as ecological degradation. Therefore, ecosystem-oriented standards that
consider natural background levels are essential for balanced environmental management in arid
regions.

4.5. Summary of the Discussion

Thus, the management deadlock zone observed in permissible discharge standard calculations
is a consequence of methodological inconsistency between unified water quality standards and
regional natural conditions, rather than an indicator of actual ecological degradation. Elimination of
this zone is possible only through the implementation of regional environmental water quality
standards that ensure consistency between the hydrological regime, background concentrations, and
regulated anthropogenic loads within an integrated environmental regulation framework.

5. Conclusion

The conducted analysis demonstrated that the application of unified water quality standards in
permissible discharge standard calculations for the llek River basin leads to the formation of a
management deadlock zone caused by the exceedance of background pollutant concentrations over
established regulatory values. Under such conditions, PDS calculations lose their regulatory function
and do not allow differentiation between natural and anthropogenic contributions to water quality
formation.

The calculation results confirm that hydrological variability alone does not ensure removal from
the management deadlock zone if water quality standards are not aligned with regional natural and
geochemical conditions. The use of unified MPC values in arid and semi-arid basins results in a
formal prohibition of discharges regardless of actual ecological risk and the level of technological
wastewater treatment.

It is shown that the implementation of regional environmental water quality standards is a
necessary prerequisite for restoring both the physical and managerial meaning of permissible
discharge calculations. Regionalization of standards enables a transition from formal control to risk-
oriented water resources management that integrates hydrological regime, background
concentrations, and allowable anthropogenic load, which constitutes a key requirement for
sustainable water use in the Republic of Kazakhstan.

Future research may focus on the development of quantitative methodologies for determining
regional environmental quality standards and on the integration of hydrochemical monitoring with
ecosystem-based assessment of water bodies.
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Cy 00beKTijIepiHiH IKOJOTUSAJIBIK CANIACHIHA APHAJIFAH OHIPJIIK CTAHAAPTTAPABIH
KaxeTTlairi: Ejek o3eni anaodnl, Kazakcran

Bbaysip:xkan Kancaasmos, I'yisar Koamyparosa

Annarna. Kazakcran PecrnyOnmkachIHBIH KyaH JXKoHE IIOJEHT aiiMaKTapbIiHAAa Cy OOBEKTUIEpIHIH
HKOJIOTHUSUIBIK CarlachlHa KOWBIIATHIH OlpbIHFall cTaHIapTTap/bl KOJAaHY aHTPOIOT€HIIK )KYKTEeMEeH1
TUIMJI1 PETTEY/l 9pAailbiM KaMTaMachl3 eTe OepMe/Ii *oHe pyKcaT €TUIreH TOeriHl HOpMaTUBTEPIH
(PTH) ecentey OapbichbiHIa oicTeMENIK KaHIIBUIBIKTapFa oKenyl MYMKiH. byn 3eprrey batbic
Kazakcranaarsl aHTPOMOTEHJIIK dcepl JKOFapbl TPaHCIIEKApPAIBIK Cy XyHenepiHiH Oipi OO0k
caHanatelH Ejek e3eHi amaObIHBIH MBICATBIHAA Cy OOBEKTIIEpl YIIH OHIPIIK SKOJIOTHSUIIBIK caria
CTaHJApPTTApbIH d3ipiey KaXeTTUIriH Heri3ueyre OarbiTTanFad. 3eprrey PTH ecenreynig
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0aJaHCTBIK TOCUTIHE HETI3JeNIll, JIACTAYIIbl 3aTTapAblH (OHIBIK KOHICHTpaUUsIapbl MEH ©3€H
aFbIHBIHBIH THIPOJIOTHSIIBIK ©3TePTriTITHIH TOTIHIIIEPIl PETTEY HOTHKEICPIHE 9CEPIH Talaayabl
KaMTH/Ibl. 3epTTEIII OTHIPFaH aJaNnThlH TAOUFU-TEXHOTCHIIK KaFAaiJapblHa TOH JIACTAYIIbI 3aTTap
perinae 6op xoHe antel BaseHTTI XpoM (Cr(V1)) 6aceiM HHAMKATOPIIBIK 3aTTap PETiHAE TaHIaIbl.
3epTTey HoTHXKeJepi OOPIBIH TaOUFH JKOHE OHIPIIK (DOHIBIK KOHIEHTpAMIAPhI KOFaphl OONFaH
JKariaiiia O1peIHFal SKOJIOTHSUIIBIK cara CTaHAapTTapbiH Koaany Tepic Morai PTH kepcetkimrepine
OKEJICTIHIH, SIFHU SKOJIOTUSUIBIK PETTEY KYHeciHiH (hopMaiabl Type Ky3ere acaiThIHBIH KOPCeTeIl.
AJBIHFAH HOTWIKEJIep TaOWFU-KIMMATTBIK Karmaaiiaapabl, (GOHABIK KOHIEHTPAIMIIAPILI KOHE CY
9KOKYHEeJIepiHiH TYPaKTBUIBIFBIH €CKEPE OTHIPHII, SKOJIOTHSUIIBIK carla CTaHIapTTapblH OHipICHIIPY
Kazakcranaa 3KOJOTHSIIBIK JKOHE 0acKapyIIbUIBIK TYPFBIIAH HETI3JeNTeH TOTiHAUIEpIi peTTey MCH
CYy pecypcTapblH TYpPakThl OacKapyIblH KaKeTTi aJFbIIapTTapbIHBIH Oipi €KEeHIH pacTai[bl.
3epTTeylliH MPAaKTHKAIBIK MaHbBI3bl YCBHIHBUIFAH TOCULII CYy pECcypcTapblH OacKapy IKyHeciH
KETUTIIpYAe KOMIaHy MYMKIHIITIMEH aifiKbIH 1A a/Ibl.

Tyliin ce3aep: OHKOJOTHUSIIBIK cama CTaHIapTTapbl, OHIPJICHAIPY; pPYKCAT eTUITeH TeriHMIl
HOpMaTHBTEpi; 60p; anThl BaeHTTi XpoM (Cr(V1)); kyan aiimakrap; Enek e3eHi.

O0ocHoBaHMe HEOOXOAUMOCTH PErHOHAJBHBIX CTAHAAPTOB 3JKOJOTHYECKOr0
KavyecTBa BOAHBIX 00beKTOB: OacceifH peku Uiek, Kazaxcran

Baysip:kan Kancansmos, I'yiazar Koamyparosa

AHHOTauuA. B apunnbIX u cemuapuaHbix peruonax PecnyOnnku Kazaxcran npuMeHeHHe eaMHbIX
CTaHJapTOB KOJIOIMYECKOI0 KayecTBa BOAHBIX OOBEKTOB HE Bcerjaa obecneunBaeT 3(pQeKkTuBHOE
perylMpoBaHME aHTPOIOT€HHOM Harpy3kM U MOXET MPUBOAUTH K METOJ0JOTHYECKUM
MPOTUBOPEYUSIM IIpU pacuére HopMaTUBOB aAonycTUMbIX cOpocoB (HZIC). Hactosiiee uccienoBanue
HalpaBIeHO Ha OOOCHOBaHHME HEOOXOAMMOCTH pa3pabOTKM PErMOHAIbHBIX  CTAaHAAPTOB
HKOJIOTHYECKOT0 KauecTBa BOAHBIX 00BbEKTOB Ha puMepe Oaccelina pexu Miek - ogHolt u3 Hanbosee
aHTPONIOTEHHO HArpy)KeHHbIX TPaHCTPaHUYHBIX BOJHBIX cHcTeM 3anaaHoro KaszaxcraHa.
HccnenoBanre ocHOBaHO Ha OanmaHcoBoM mojxoze k pacuéry HJIC u BkiIro4aeT aHaiau3 BIMSHUSA
(OHOBBIX KOHIEHTpPAIUI 3arpsA3HSAIOIIMX BELIECTB U THUAPOJIOIMYECKONM HW3MEHUHMBOCTH PEUHOTO
CTOKa Ha pe3yJIbTaThl PEryJIMPOBaHUs cOPOCOB. B kauecTBe MPHOPUTETHBIX MHIMKATOPHBIX BEILIECTB
BeIOpaHbl Oop W mectuBasieHTHBIH XpoMm (Cr(VI)), xapakrepHble sl MPHPOIHO-TEXHOTCHHBIX
ycioBUi Hccaenyemoro O6acceitHa. IlonydyeHHble pe3ysbTaThl MOKA3bIBAIOT, YTO MPU MOBBIILIEHHBIX
MPUPOJHBIX U PETMOHAIBHBIX (DOHOBBIX KOHIEHTpALHUsAX OOpa MPUMEHEHHE €JUHBIX CTaHIapTOB
KauecTBa BOABI IPUBOJAUT K oTpuLaTesbHbIM 3HaueHusAM H/IC, uTo nenaet cucreMmy 9K0I0ru4ecKkoro
perynupoBanusi (GopMaibHO HEBBHINONHUMOW. CrenaHHbIE BBIBOJBI MOATBEPXKIAIOT, UTO
perHoHaIM3alMsl CTaHAApPTOB JKOJOTMYECKOTO0 KayecTBa C YYETOM IPHUPOAHO-KIMMATHUYECKUX
yCJIOBUH, (DOHOBBIX KOHIIEHTPAIM M yCTOMYMBOCTH BOJHBIX DKOCHCTEM SIBIISIETCS HEOOXOIUMBIM
YCJIOBHEM HKOJIOTHYECKH U YIIpaBIeHUYECKH 000CHOBAHHOT'O PETYIMPOBAHUS COPOCOB M YCTOWYMBOTO
yhpaBieHus: BOAHBIMU pecypcamu B PecnyOnuke Kaszaxcran. [IpakTudeckas 3Ha4MMOCTh pabOTHI
3aKJIF0YAeTC B BO3MOXKHOCTH NPUMEHEHMS IPEUIOAKEHHOIO MOAXOAAa IMPH COBEPIICHCTBOBAHUU
CUCTEMBI KOJIOTHYECKOTO PEryIMPOBAHUS BOJHBIX PECYPCOB.

KiroueBble cji0Ba: OKOJOTWYECKHE CTAaHIAAPTHl KA4deCTBA; PETHOHAIM3AIMSA, HOPMATHBBI
JIOMYCTUMBIX cOpocoB; O6op; mectuBaneHTHBINA XpoM (Cr(VI1)); apuansie pernonsr; pexka Miek.
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Abstract. Long-term eutrophication remains one of the major pressures
affecting freshwater lake ecosystems in Europe. Lake Durowskie (north-
western Poland) has experienced sustained nutrient loading from
agricultural runoff, urban activities, and hydrological connections with
upstream lakes, resulting in a hypertrophic state. Since 2009, restoration
measures combined with systematic ecological monitoring have been
implemented to improve the lake’s ecological condition. This study
evaluates long-term phytoplankton and periphyton dynamics as indicators
of ecological recovery in Lake Durowskie during 2008-2025. Samples
were collected from multiple lake and inflow sites and analysed in terms
of taxonomic composition, abundance, biomass, and ecological
characteristics. Ecological status was assessed using biological indices,
including the Shannon—Wiener diversity index (H’), Pielou evenness
index (E), Jaccard similarity index, Nygaard mixed trophic index, and the
diatom index (DI). The results indicate relatively high phytoplankton
diversity and evenness across the lake. Chlorophyta and
Bacillariophyceae contributed most to species richness, whereas total
biomass was largely influenced by dinoflagellates, particularly Ceratium
hirundinella and Peridiniopsis berolinense. Long-term observations
revealed increasing algal species richness since 2022 and low Jaccard
similarity values (17-25%), indicating significant community
restructuring. Although the Nygaard index consistently classified the lake
as hypertrophic, improvements in the periphyton diatom index at several
sites suggest gradual ecological improvement. Overall, the results indicate
a transitional recovery phase under persistent eutrophic pressure and
confirm the value of phytoplankton and periphyton as indicators for long-
term monitoring of hypertrophic lake ecosystems.

Keywords: phytoplankton; periphyton; eutrophication; ecological
recovery; long-term monitoring; bioindicators; diatom index;
hypertrophic lake; Lake Durowskie

1. Introduction

Eutrophication remains one of the most widespread and persistent
pressures on freshwater ecosystems worldwide, particularly in temperate
regions of Europe (Xu et al., 2022). Excessive nutrient inputs from
agricultural runoff, urbanisation, and altered hydrological connectivity
promote high primary production, frequent algal blooms, and long-term
degradation of ecological status in lakes (Xu et al., 2022; Yan et al., 2024).

123


mailto:messyasz@amu.edu.pl
mailto:bogunial@amu.edu.pl
https://doi.org/10.32523/tvts8f92
https://doi.org/10.32523/tvts8f92
https://creativecommons.org/licenses/by-nc/4.0/
https://creativecommons.org/licenses/by-nc/4.0/

Journal of Ecology and Sustainability 2026, 154(1)

Even when restoration measures are implemented, the ecological response of eutrophic and
hypertrophic lakes is often non-linear, requiring long-term biological monitoring to reliably assess
recovery trajectories (Jeppesen et al., 2005; Reyjol et al., 2014).

Algal communities, including phytoplankton and periphyton, are widely recognised as sensitive
bioindicators of environmental change in freshwater ecosystems (Jakovljevi¢ et al., 2021; Messyasz
& Wu, 2017). Due to their short life cycles and direct dependence on nutrient availability, light
conditions, and water chemistry, algae respond rapidly to both anthropogenic pressures and
restoration efforts. Changes in algal taxonomic composition, biomass distribution, and diversity
indices provide valuable insights into trophic status, ecosystem stability, and successional processes
(Reynolds, 2006; Padisak et al., 2009; Karpowicz et al., 2025). Consequently, algal-based indices,
such as diversity metrics, trophic indices, and diatom-based indicators, are increasingly applied in
ecological status assessments and water management frameworks (Tokatl et al., 2020; European
Commission, 2000; Birk et al., 2013; Blanco, 2024).

Long-term datasets are particularly valuable for distinguishing between short-term variability
and genuine ecological recovery (Li et al., 2025; Reynolds, 2006). Recent studies highlight the
importance of long-term ecological monitoring in evaluating restoration success in eutrophic lakes,
particularly under conditions of persistent nutrient loading (Poikane et al., 2016; Carvalho et al., 2020;
Hilt et al., 2017). While reductions in nutrient concentrations may occur relatively quickly, biological
communities often respond with a delay, exhibiting complex restructuring processes rather than
simple linear improvement (Li et al., 2025; Karpowicz et al.,2025). Declining community similarity,
shifts in dominant functional groups, and divergence between abundance- and biomass-based patterns
are frequently observed during transitional phases of recovery. Therefore, integrating phytoplankton
and periphyton analyses over extended time periods is essential for understanding ecosystem
trajectories in hypertrophic lakes.

Lake Durowskie, located in north-western Poland, represents a characteristic example of a
small urban lake subjected to long-term eutrophication driven by agricultural inflow, urban pressure,
and hydrological connections with upstream lakes (Xu et al., 2022; Reyjol et al., 2014). Since 2009,
the lake has been the focus of continuous ecological monitoring combined with restoration measures
aimed at improving water quality. This unique long-term dataset provides an opportunity to evaluate
how algal communities respond to sustained management efforts under persistent eutrophic
conditions (Li et al., 2025; Reynolds, 2006).

The present study aims to assess long-term phytoplankton and periphyton dynamics as
indicators of ecological recovery in Lake Durowskie over the period 2008-2025. By combining
taxonomic analyses with multiple algal-based indices, this study seeks to characterise spatial and
temporal changes in algal community structure, evaluate trends in ecological status under continued
hypertrophic pressure (Xu et al., 2022; Bennion et al., 2004; Li et al., 2025; Birk et al., 2013), and
assess the usefulness of phytoplankton and periphyton as complementary bioindicators in long-term
lake monitoring and sustainable ecosystem management (Li et al., 2025; Tokatl et al., 2020; Blanco,
2024; Van den Brink et al., 2011).

2. Materials and Methods
2.1. Study area

The study was conducted in Lake Durowskie, located in north-western Poland within the town
of Wagrowiec (52°49'06" N, 17°12'01" E) (Figure 1). Lake Durowskie is a post-glacial, lowland lake
strongly influenced by anthropogenic pressure due to intensive agriculture in the catchment area,
urban development along the shoreline, and hydrological connectivity with upstream lakes. This
connectivity promotes continuous nutrient inflow and contributes to the lake’s long-term
hypertrophic condition.
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Figure 1. Location of Lake Durowskie (north-western Poland) and satellite view of the study area
(Source: authors)

The morphometric and hydrological characteristics of Lake Durowskie are presented in Table
1, while the land-use structure of the direct catchment area is summarized in Table 2. The dominance
of agricultural and forested areas indicates a mixed-type catchment, where diffuse pollution plays a
key role in shaping the trophic status of the lake.

Table 1. Morphometric and hydrological characteristics of Lake Durowskie

Parameter Value
Surface area 143.7 ha
Volume 11.32 x 105 m®
Maximum depth 14.6 m
Mean depth 79m
Total catchment area 23.610 ha
Direct catchment area 1.581 ha

Table 2. Land-use structure of the direct catchment area

Land use type Share (%)
Urban 8.25
Agriculture 33.52
Forest 58.26

2.2. Sampling and monitoring

Field investigations were carried out in June 2025 as part of the long-term ecological
monitoring program. The sampling design ensured coverage of inflow, central, aeration, and littoral
Zones.

Phytoplankton: 8 sampling stations

Periphyton: 12 sampling stations
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Water samples (30 L) were collected from the epilimnion layer (0—3 m) and concentrated using
plankton nets. Periphyton samples were obtained by scraping submerged stones along the shoreline.
All samples were preserved with Lugol’s iodine solution( Figure 2).

Physicochemical parameters (temperature, pH, electrical conductivity, dissolved oxygen) were
measured in situ using a YSI 556 multiparameter probe. Water transparency was determined with a
Secchi disk.

(d) (€) (f)

Figure 2. Field sampling procedures and in situ measurements during the monitoring campaign

(a) Water sampling for phytoplankton analysis (Source: authors)

(b) water transparency measurement using Secchi disk;

(c) in situ measurements of physicochemical parameters using a multiparameter probe (YSI
556);

(d) sample labeling;

(e) field protocol documentation;

(F) representative phytoplankton taxa under light microscopy.

2.3. Laboratory analysis

Algal taxa were identified to the lowest possible taxonomic level using light microscopy and
standard taxonomic keys(Rimet & Bouchez, 2012). Quantitative analysis was conducted by counting
individual algal cells in subsamples. Phytoplankton abundance was expressed as individuals per litre
(ind. L%) using appropriate concentration factors.

Biomass was estimated based on species-specific biovolume calculations, where algal cells
were approximated using geometric models. Biomass values were expressed in mg Lt and rounded
to three decimal places.

2.4. Biological indices
Biological assessment followed the principles of the EU Water Framework Directive, with
emphasis on biological quality elements (Scott et al., 2005).

2.4.1. Phytoplankton indices
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The following indices were applied:

Shannon—Wiener diversity index (H') — assessment of species diversity;

Evenness index (E) — evaluation of species distribution uniformity;

Jaccard similarity index (SJ) — long-term comparison of species composition (2008-2025);

Nygaard trophic index — determination of trophic state, with trophic status classification based
on threshold values presented in Table 3.

Table 3. Classification of trophic status based on Nygaard index

Trophic status Index value
Oligotrophic <1.0
Mesotrophic 1.0-3.0

Eutrophic 3.0-5.0
Hypertrophic >5.0

The Nygaard index classification was used to interpret phytoplankton-based trophic status.

2.4.2. Periphyton and diatom index

The ecological status was assessed using the Diatom Index (DI), based on species-specific
sensitivity, tolerance ranges, and relative abundance (Poikane et al., 2016), with ecological status
classes defined according to the classification scheme presented in Table 4.

Table 4. Ecological status classification according to diatom index

Ecological status Diatom index
Very good >0.83
Good 0.55-0.83
Moderate 0.30-0.55
Poor 0.15-0.30
Bad <0.15

This classification was applied to interpret diatom-based ecological status across sampling sites.

2.5. Data analysis framework

Data processing included quantitative and qualitative analysis of phytoplankton and periphyton
communities. Phytoplankton density (ind. L) and biomass (mg L) were calculated using species-
specific biovolume estimates.

Descriptive statistical analysis was applied to summarize spatial patterns in species richness,
abundance, and biomass. Diversity indices were calculated for each sampling station. Long-term
trends in species richness and trophic indices were interpreted using comparative analysis of
monitoring data collected between 2008 and 2025.

3. Results
3.1. Phytoplankton structure and diversity

Phytoplankton communities of Lake Durowskie in 2025 exhibited high taxonomic richness and
pronounced spatial heterogeneity. In total, 86 phytoplankton taxa belonging to seven major algal
groups were identified, including Bacillariophyceae, Chlorophyta, Cyanobacteria, Cryptophyta,
Dinophyta, Euglenophyta, and Chrysophyceae.

Species richness was highest in the inflow zone, where 46 taxa were recorded, whereas central
pelagic stations showed lower values ranging from 13 to 27 taxa. This pattern indicates that the inflow
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acts as an important source of phytoplankton diversity, continuously supplying taxa to the lake
ecosystem.

Chlorophyta and Bacillariophyceae dominated the phytoplankton community at all sampling
sites, together accounting for more than 65% of the total species pool (Figure 3). This taxonomic
structure is characteristic of eutrophic lowland lakes exposed to sustained nutrient loading.
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Figure 3. Number of Phytoplankton Species at each site and depth. The belonging group of the
species is indicated with different colors (Source: authors)

Figure 3 shows a higher number of species in the inflow (46) than in the lake (13-27). This
indicates that the inflow acts as an additional source of phytoplankton species for the lake ecosystem.
Chlorophyta and Bacillariophyceae groups contribute to more than 65% of the number of the
phytoplankton species at every site.

Phytoplankton diversity, expressed by the Shannon-Wiener index, varied among sampling
zones. The highest values were observed in the inflow (approaching 5.0), whereas lake stations
showed moderate to high diversity levels ranging from 2.5 to 3.5 (Figure 4). Elevated diversity in the
inflow reflects reduced dominance and higher environmental heterogeneity compared to the central
lake basin. Evenness index values were consistently high across all sites (0.63-0.83), indicating a
relatively balanced distribution of species abundances and the absence of strong dominance patterns.
Overall, these results suggest a structurally complex phytoplankton community despite the
persistence of eutrophic conditions.
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Figure 4. Phytoplankton group abundance for each site and depth (Source: authors)

Figure 4 shows that the most abundant phytoplankton groups are Bacillariophyceae and
Chlorophyta at lake stations, whereas no single dominant group was observed in the inflow.

As illustrated in Figure 5, at the inflow station, phytoplankton abundance was characterised by
the dominance of a limited number of taxa, while the remaining species together accounted for more
than 60% of the total abundance.
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Figure 5. Relative abundance of the five dominant phytoplankton species at different sampling sites
in the surface layer (0 m depth): (a) inflow station; (b) site 2; (c) site 3; (d) site 4; (e) site 5 (Source:

authors)

3.2. Periphyton and diatom index

Periphyton communities of Lake Durowskie in June 2025 were dominated by benthic diatoms,
demonstrating clear spatial variation in species composition and dominance patterns among sampling
sites (Table 5). The assemblages were characterised by a limited number of dominant taxa
accompanied by a diverse group of less abundant species.

Table 5. Relative abundance (%) of dominant diatom taxa in periphyton communities of Lake
Durowskie in June 2025. No diatoms were recorded at site 12

Taxon

Site 1

Site 2

Site 3

Site 4

Site 5

Site 6

Site 7

Site 8

Site 9

Site 10

Site 11

Site 12

1

2

3

4

5

6

7

8

10

11

12

13

IAchnanthes
lanceolata

6.77

Achnanthes
laterostrata

IAchnanthes
minutissima
Kutz.

35.00

32.77

44.03

38.14

37.00

39.80

38.84

43.10

48.00

39.43

14.00

Amphora
pediculus
(Kitz.)
Grunow

1.93

5.01

28.76

3.47

Cocconeis
pediculus

3.75

7.60

3.56

Cocconeis
placentula Ehr.

20.50

18.29

15.34

13.96

15.54

11.60

13.17

21.88

17.00

29.43

18.00

Gomphonema
mesodon (Ehr.)
Kutz.

7.00

9.30

Diatoma tenuis

16.00

10.68

11.93

8.47

5.01

8.92
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Continuation of the Table 5

1 2 3 4 5 6 7 8 9 10 11 12 13

Diatoma

vulgaris 665705706 | — | - | - | - | - | - | - | - | -

Fragilaria
capucina
(Desm.)
Rabenhorst

- | - |568| — | - | - | = | - |600| - | - | -

Fragilaria
capucina var{ — - - - | 802 - |405| - - - | 800 | -
\vaucheriae

Fragilaria

virescens - - - - - 5.56 - - — _ _ _

Gomphonema

parvulum B B B B B - - B B B 6.00 B

Gomphonema
pumilum

Naviculacari | 10.75| - _ _ _ _ _ _ _ _ _ _

\Witzschia

dissipata - - - - - |55 | - | 347 | - - | 700 | -

\Witzschia
palea (Kitz.) — - — — — - - - _ _ _ _
W. Sm.

Across most sites, Achnanthes minutissima represented the most abundant diatom species,
reaching particularly high relative contributions at sites 3-9, where its share exceeded 35-48%. This
widespread dominance reflects the high ecological tolerance of this species and its adaptability to
eutrophic and environmentally variable conditions. Achnanthes lanceolata and Achnanthes
laterostrata occurred sporadically with low relative abundance.

Cymbella microcephala was another frequent and ecologically important taxon, contributing
between approximately 12% and 27% at several sites, suggesting relatively stable littoral habitats
with sufficient oxygen availability. Other taxa, including Diatoma tenuis, Fragilaria capucina,
Gomphonema parvulum, Gomphonema pumilum, Navicula cari, and Nitzschia spp., occurred with
moderate to low relative abundance and contributed to local-scale differentiation of periphyton
communities.

No diatom species were recorded at site 12, indicating unfavourable conditions for periphyton
development at this station.

Diatom Index values revealed pronounced spatial variability in ecological status along the
littoral zone. In 2025, several stations achieved good ecological status, while other sites remained
within moderate or poor classes, indicating partial improvement of benthic ecological conditions
under persistent eutrophic pressure.

3.3. Long-term dynamics (2008-2025)

Long-term analysis revealed pronounced temporal changes in the phytoplankton communities
of Lake Durowskie over the period 2008-2025. Total species richness increased markedly after 2022,
with 2025 exhibiting the highest number of recorded taxa since the beginning of the monitoring
programme (Figure 6). This trend indicates a gradual increase in community complexity and may
reflect the cumulative effects of restoration measures implemented in the lake since 2009. This
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increase indicates an ongoing restructuring of phytoplankton assemblages rather than a return to
earlier community states.

Biomass of phytoplankton (mg/L

N = .
Site and depth e \erat |

Figure 6. Shows that Dinophyta and Chlorophyta dominate phytoplankton biomass across all sites
and depths (Source: authors)

In particular, dinoflagellates contributed disproportionately to total biomass, reflecting their
large cell size and high biovolume, despite relatively moderate numerical abundance. This divergence
between abundance- and biomass-based patterns highlights the importance of considering multiple
metrics when assessing ecological change.

Community similarity analysis further confirmed the dynamic nature of phytoplankton
succession. Jaccard similarity values between 2025 and earlier monitoring years ranged from 17% to
25%, indicating low resemblance to historical assemblages and high species turnover. Such low
similarity suggests continuous species replacement and adaptive reorganisation under sustained
environmental pressure.

Despite increasing taxonomic richness, the Nygaard mixed trophic index remained consistently
high across all stations in 2025, with values ranging from 5.7 to 11.5 (Table 6), corresponding to
eutrophic and hypertrophic conditions. These values were comparable to those observed in 2023—
2024, demonstrating that nutrient enrichment continues to exert strong control over phytoplankton
structure and ecosystem functioning.

Table 6. Nygaard mixed trophic index values at sampling sites in Lake Durowskie in 2025

Methods |Cyanobact Chlorococc| Centric | Euglenoids | Desmids Mixed Index
eria ales diatoms
Inflow 6 10 1 0 3 57
Aerotor 2 7 14 1 0 3 11,0
Middle 1 4 9 1 1 3 5,0
Middle 2 3 13 2 0 4 9,0
Aerotor 1 6 15 2 0 2 115

Overall, the long-term dynamics of phytoplankton in Lake Durowskie indicate a transitional
ecological state, characterised by increasing biodiversity, high species turnover, and persistent
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eutrophic conditions. These patterns suggest that biological reorganisation is occurring under long-
term management, although full trophic recovery has not yet been achieved.

4. Discussion
4.1. Phytoplankton

The phytoplankton community of Lake Durowskie exhibits clear spatial and temporal patterns
typical of eutrophic to hypertrophic lake ecosystems undergoing long-term management. One of the
most prominent features is the role of the inflow as a major biodiversity source. Significantly higher
species richness and diversity at the inflow compared to pelagic lake stations indicate continuous
introduction of taxa into the lake, promoting spatial heterogeneity and contributing to community
complexity.

A marked discrepancy between numerical dominance and biomass dominance was observed.
While Chlorophyta and Bacillariophyceae dominated phytoplankton assemblages in terms of species
richness and abundance, phytoplankton biomass was largely controlled by dinoflagellates,
particularly Ceratium hirundinella and Peridiniopsis berolinense. This pattern reflects the large cell
size and high biovolume of dinoflagellates, allowing them to dominate biomass despite relatively low
abundance. Such divergence between abundance- and biomass-based metrics is well documented in
eutrophic lakes and has important implications for energy flow and trophic interactions (Reynolds,
2012).

Long-term analysis revealed increasing phytoplankton biodiversity since 2022, with 2025
showing the highest total number of recorded taxa since the beginning of monitoring. At the same
time, declining Jaccard similarity values indicate substantial species turnover and ongoing
community restructuring rather than recovery toward historical assemblages. This combination of
increasing diversity and low similarity suggests a transitional ecological state characterized by
dynamic reorganization under persistent environmental pressure.

Similar transitional dynamics have been reported in other European lakes undergoing
restoration, where biological communities often respond more slowly than physicochemical
parameters (Jeppesen et al., 2005; Carvalho et al., 2020). These findings confirm that biological
indicators provide essential information on ecosystem recovery processes.

Despite these biological changes, the Nygaard mixed trophic index consistently classified the
lake as eutrophic to hypertrophic. This confirms that nutrient enrichment remains a dominant driver
of ecosystem functioning. The coexistence of high biodiversity with persistent eutrophy highlights
the non-linear response of phytoplankton communities to management measures and emphasizes that
biological recovery may precede detectable improvements in trophic status (Reynolds, 2012).

4.2. Periphyton

Periphyton communities provided complementary insights into ecological conditions,
particularly in littoral zones. The dominance of Achnanthes minutissima and Cymbella microcephala
across most sampling sites reflects the prevalence of taxa tolerant to eutrophic conditions and variable
environmental stress. Nevertheless, spatial differences in dominance patterns indicate local-scale
habitat differentiation (Van den Brink et al., 2011)

Diatom index values demonstrated a clear improvement in ecological status at several littoral
sites in 2025 compared to previous years, with multiple stations shifting from moderate or poor to
good ecological classes. These changes suggest that benthic communities may respond more rapidly
to environmental improvement than pelagic phytoplankton, making periphyton a sensitive early
indicator of ecological recovery.

Ecological preference analyses showed persistent dominance of eutrophic indicator species,
confirming sustained nutrient enrichment. However, the increasing contribution of mesotrophic taxa
suggests partial alleviation of eutrophication pressure. High proportions of oxygen-demanding
species across sites indicate favourable oxygen conditions, while dominance of alkaliphilous taxa
reflects stable alkaline pH typical of productive eutrophic lakes.
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Overall, periphyton-based assessment indicates gradual improvement of nearshore ecological
conditions, even though eutrophication remains the defining characteristic of the lake (Feio &
Dolédec, 2012; Ma et al., 2019; Ramezani et al., 2014).

Descriptive statistical analysis and comparative evaluation of long-term monitoring data
revealed a gradual increase in phytoplankton species richness after 2022, accompanied by substantial
community turnover. These trends suggest that biological restructuring is occurring despite the
persistence of hypertrophic conditions.

5. Conclusion
Phytoplankton communities of Lake Durowskie are characterized by high taxonomic diversity,
with diatoms and green algae dominating in terms of abundance, while dinoflagellates - particularly
Ceratium hirundinella - control phytoplankton biomass. Diversity and evenness indices indicate
structurally complex communities with limited dominance, despite persistently high nutrient levels.
Periphyton-based diatom indices reveal significant improvement at several littoral sites
compared to previous years, supporting the conclusion that ecological conditions are gradually
improving, especially in nearshore zones. However, low Jaccard similarity values demonstrate
substantial community restructuring rather than recovery toward historical assemblages.
The Nygaard trophic index confirms that Lake Durowskie remains in an eutrophic to hypertrophic
state. Taken together, the results indicate a transitional ecological phase characterized by persistent
eutrophication accompanied by increasing biodiversity and partial biological recovery. Continued
long-term monitoring and nutrient load reduction remain essential to consolidate ecological
improvements and prevent future degradation.
These findings highlight the importance of long-term biological monitoring for evaluating the
effectiveness of lake restoration strategies.
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I'mnepTpodThl KOJIAIH JIKOJOTHSUIBIK KAJINbIHA KeJYiHiH HWHINKATOPJIapPbI
peTiHae (UTOMIAHKTOH MeH Nepu(UTOHHBIH Y3aK Mep3iMai JIMHAMHKACHI:
JypoBckoe keJi, ITosbma

Beata Messyasz, Boguslawa Leska

Anaarna. ¥3axk Mep3iMai aBTpodukanus Eyponaaarsl TYIIBI Cy Keiepi dKOKyHenepine acep eTeTiH
HETI3T1  HKOJIOTHSUIBIK KbICBIMIapAblH Oipi  Oonbinm  Tabbutaabl. Conarycrik-Oateic [lombmiana
opHanackaH JlypoBckoe Keili aybUIIapyanibUIBIK aFbIHIBUIAPBIHBIH, KaJallbIK KbI3METTIH JKOHE
KOFapbl arbICTa OpHAJIACKAH KOJJAEPMEH T'HIPOJOTUSIBIK OaillaHBICBIHBIH OCEpiHEH KOPEKTIK
3aTTapblH TYPaKThl TYCyiHEe yIIbIparn, rurnepTpod el kyiire sketkeH. 2009 xpiinan Gactarn KeJIiH
SKOJIOTHSUIBIK JKaFlailblH  KakcapTyFa OaFbITTalfaH KaJlblHA KeNTIpy MIapanapbl OKyiemni
HKOJIOTHSUTBIK MOHUTOPHHTTICH KaTap kyprizizyae. byn 3eprrey 20082025 xpuimap apaibiFbHIA
JlypoBckoe KeusiHJeri (UTOIUIAaHKTOH MEH MNepU(PUTOH KaybIMAACTBIKTAPBIHBIH Y3aK Mep3imji
JTMHAMUKACBIH KOXKYHEHIH AKOJOTHSIIBIK KaJdlblHA KETYIHIH WHIUKATOpJAphl peTiHae Oaranayra
OarpITTaNIFaH. YJTiIep KONAIH OpTYpil YydYacKeNepiHeH KOHE KYATHIH aFbIHIApJaH >KUHAJBII,
TaKCOHOMMSUTBIK KYpaMbl, MOJIIIBIIBIFBI, OMOMACCAChI XKOHE SKOJIOTUSIIBIK CUIIaTTaMaliapbl OOMBIHIIIA
TangaHabpl. DKoJoTwsuIbIK Jkarmaid [llennon—Yusep optypainik unaaekci (H'), [Iueny tenectipimy
unnekci (E), Xakkap ykcacTblk wuHaekci, HioraparelH apanac TpO(UKAIBIK WHACKCI JKOHE
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muatoMablk uHIeKe (DI) cusKTBI OMONOTHSIBIK HMHACKCTEPAl KOJJAHy apKbUIbl OarayiaHJIbL.
Hormxkenep xen OolibiHIIIA (PUTOIIIAHKTOHHBIH CATBICTHIPMAJIBI TYPJE XKOFAPhl TYPJIK SPTYPIILIIri
MeH TeHecTipinayin kepcetTi. Typiik Gainsikra Chlorophyta men Bacillariophyceae 6aceim 60sbL,
al Kalmel OMOMAacCaHbIH KalbIITaCyblHa HeTi3iHeH auHoduare/uiatTap, ocipece Ceratium
hirundinella >xone Peridiniopsis berolinense typnepi oacep erti. ¥3ak mep3imui Oakpuiaymap 2022
KbUIAH Oactanm OaiabIpiapAblH TYPJIK OalyIbIFBIHBIH apTKaHbIH JkoHe JKakkap YKCacThIK
MHJICKCiHIH ToMeH MaHzepiH (17-25%) kepceTTi, Oy KaybIMIACTHIK KYPBUIBIMBIHBIH €JICYJIi KalTa
KaJIbINTacyblH  Oinmmipeni. Hriorapn wWHAEKCT Kol TYpPakThl TypAe THNEPTPOPTHI  JIEM
CHUIIaTTaraHbIMEH, TNEPUPHUTOHHBIH JMATOMIBIK HMHICKCIHIH KeHOip yuackenepiae Kakcapybl
AKOJIOTHUSUIBIK KaFIalIbIH OIpTIHIEH )KaKcapybIH KepceTei. JKambl anFania, alblHFAaH HOTHXKEIEp
HBTPOQTHIK KbICHIM CaKTaJIFaH jKaF/1aiiia KeJl 3KOXKYHECiHIH OTIeNi KallblHa KeTy Ke3eHIH I eKeHIH
KepceTeal XoHe (UTOIUIAHKTOH MEH NEepU(PUTOHHBIH TUNEPTPODTH KOJAEpal Y3aK Mep3imii
MOHHUTOPHUHITE OaFanay YIIiH MaHbI3bl HHIUKATOPJIAP €KEHIH IoIeIIeHIi.

Tyiiin ce3nep: pUTOIIIAHKTOH; TEPUPHUTOH; SBTPOPUKAIHS; SKOIOTHUSIIBIK KAIIBIHA KETy; Y3aK
Mep3iM/Ii MOHUTOPHMHT; OHOMHIMKATOPIIAP; AUATOMIBIK HHIEKC; THIEPTPOdTHI KoT; JlypoBCKOE
KOJIl.

Jouarocpoynasi AMHAMHMKA (PUTOIVIAHKTOHA U NMePU(PUTOHA KAK HHAMKATOPOB
IKOJIOTHYECKOr0 BOCCTAHOBJIeHHMsI rumeprpogHoro osepa: o3zepo /lyposckoe,
Iouabma

Beata Messyasz, Boguslawa Leska

AnHoTanusa. JmurenpHas 3BTpodUKAIMs OCTAETCA OJHUM U3 Hambojee 3HAYMMBIX (PaKTOPOB
HKOJIOTMUECKOTO JIaBIIEHUS HAa AIKOCHCTEMBI MpecHOBOAHBIX o03ep EBpombl. Ozepo JlypoBckoe,
pacToIOKEHHOE B ceBepo-3amagHoi 4dacTu [loipImm, Ha TPOTSDKEHWH JTMTEIBHOTO BPEMEHH
MOJIBEpPrajioch MOCTYIUICHUIO M30BITOYHBIX OMOTEeHHBIX BEIIIECTB BCIIE/ICTBHE
CEIIbCKOXO3SMUCTBEHHOTO  CTOKa, ypOAHW3UPOBAHHOW  JEATCIILHOCTH W THAPOJIOTHYECKOMN
CBSI3aHHOCTH C BBIIIEPACIIONOKEHHBIMU 03€paMH, YTO MPUBENO K (POPMUPOBAHUIO THIEPTPOGHHOTO
cocrossusi. C 2009 roma Ha o3epe peaNnmM3yIOTCS MEpPONPHUATHS 1O BOCCTAHOBIJICHUIO,
COMPOBOXAAEMbIE CHUCTEMATHYECKUM OSKOJOTHYECKMM MOHHMTOPMHIOM, HAIlpaBJICHHBIE Ha
VIy4IIEHWE €ro SKOJIOTWYECKOro COCTOsHMs. Hacrosiee ucclenoBaHHE TOCBSIICHO OICHKE
JONTOCPOYHON TUHAMUKH (PUTOTIIAHKTOHA U TepU(UTOHA B KAUeCTBE OMOIOTHUECKUX HHIUKATOPOB
IKOJIOTHYECKOTO BOccTaHOBJIeHUs o3epa JlypoBckoro 3a mepuoa 2008-2025 rr. Ot6op mpob
(UTOIIIAaHKTOHA U TEPUPUTOHA OCYIIECTBIISIICS HA Pa3IMYHBIX YUYaCTKaxX 03epa U B IPUTOKAX, OCIIE
9ero TMPOBOJWIICS aHAU3 WX TAKCOHOMHYECKOTO COCTaBa, YHCICHHOCTH, OWOMAacChl U
OKOJIOTMUECKUX  XapaKTepucTUK. J[ms OIEeHKH MpOCTPaHCTBEHHO-BPEMEHHBIX HW3MEHEHUMN
9KOJIOTHYECKOTO COCTOSIHHSI MPUMEHSUICS KOMIUIEKC OMOJIOTMYECKUX HHJICKCOB, BKIIFOYAS WHICKC
pasHooOpaszus lllennona—Yusepa (H'), unaekc BeipaBHeHHoctu [lueny (E), wHmekc cxozacrsa
XKaxkkapa, cmemanubiii Tpoduueckuii uuaekc Hiorapaa u quaromossiii uaaekc (D). PesynbraTs
MOKAa3adu BBICOKOE BHUJIOBOE Pa3HOOOpasve M BBIPAaBHEHHOCTH (UTOIIAHKTOHA. [lo BUmOBOMY
ooratctBy momunupoBanm Chlorophyta u Bacillariophyceae, Torna xax dbopmupoBanue ooOriei
OuoMacchl B 3HAUUTEIILHOM CTENEHH OINPEIesIOch AMHOQIIare/uisTaMu, npexae Bcero Ceratium
hirundinella u Peridiniopsis berolinense. C 2022 roma otMeueHo yBelndeHHe 0OIIEro Yrcia BH/IOB
BOJIOpOCTic W Hu3kue 3HaueHus wuHAekca JKakkapa (17-25%), 49TO CBUAETENBCTBYET O
3HAYUTENBHOH mepecTpoiike coobiecTB. HecMoTpst Ha coxpaHeHue TunepTpodHON Kiaccupukanum
no wHAeKcy Hrorapna, AMaToMOBBIA WHAEKC Tepu(UTOHA Ha psAAC YYACTKOB YKasbIBaeT Ha
MOCTETICHHOE  YIIYYIIEHHWE OJKOJIOTUYECKUX YCIOBUU. B 1eMoM monydeHHBIE pPe3yabTaThl

137



Journal of Ecology and Sustainability 2026, 154(1)

CBUJCTENBCTBYIOT O MEPeXOJHONM CTaguM HKOJOIMYECKOTO0 BOCCTAHOBJICHHSI O3€pa IIpU
COXpaHSIOMIEMCST 3BTPO(HOM  JABIICHMM M TIOATBEPXKIAIOT BBICOKYI0 HMH(MOPMATHBHOCTH
(GUTOTUTAHKTOHA W TNEepU(PHUTOHA KaK OMOMHAMKATOPOB [UIS JOJTOCPOYHOTO MOHHUTOPUHTA U
YCTOWYHMBOTO YIPABJICHUS TUIEPTPOGHBIMH 03€PHBIMU YKOCHCTEMaMH.

KiroueBblie cjioBa: pUTOMIIAHKTOH; IEpUGUTOH; 3BTPO(UKALUS; FKOJIOIMYECKOE BOCCTAHOBJICHUE;
JOJATOCPOYHBII MOHUTOPUHT; OMOMHINKATOPHI; AMATOMOBBIA HHJIEKC; TUIIEPTPOGHOE 03ep0; 03€PO

HypoBckoe.

138



XFTAP 631.95:631.6
Frubivmu Makaia

7Kep acTbl CybIHBIH HAKTBI ACHIeiiJIepPiH aHBIKTAY dicTepi

Oneyoaii Ceiiitkasues!, Kakcoioaii Tysneyoaes?, lyanap 3usiesa®’, Koiabipaan Mycadexos!

Hoiiexco3: CeiliTkasues, O.,
Tyneybaes, XK., 3wusesa, I.,
MycaGekos, K. (2026). Xep

aCThbI CYBIHBIH HAKThI
JIEHreaepiH aHbIKTAy OIiCTepi.
Journal of Ecology and
Sustainability, 154(1), 139-154.
https://doi.org/10.32523/y94nev
64

AKaJIeMUSUIBIK PEIaKTOP:
A. 3aHapi0ai

Penakumsra Tycri: 05.12.2025
Tyzeringi: 20.02.2026
Kao6wsumanapsr: 15.03.2026
Bacsuisimra miblkThL: 31.03.2026

Copyright: © 2026 by the
authors. Submitted for possible
open access publication under
the terms and conditions of the
Creative Commons Attribution
(cc BY NC) license
(https://creativecommons.org/lic

enses/by-nc/4.0/)

'Kazak WITTBIK Cy LIapyallbUIBIFbl JKOHE HMPpPUTAlUs YHHUBEPCUTETI,
Tapas, Kazakcran, adeubai@mail.ru , musabekovb5@mail.ru

M.X Jlynatu ateinpgarsl Tapas ymusepcuteri, Tapa3s, Kaszakcran,
tuleubayev5l@mail.ru, gk.ziyaeva@dulaty.kz

*Koppecnonnenims: gk.ziyaeva@dulaty.kz

Anparna. CyapManbl OSKepiiepAeri CyIblH JKETICHeYIIUITi >KoHe
OJIapJblH  €TiCTIK aJIKalTapblHAAFbl KO3FalbIC IPOLECTEPIH HAKTHI
3epTTEeyJiep HEri3iHJe KapacThIPBUIYBI MaHbBI3NbI. Eric ankanTapbiHia
CYIIBIH KOTEpLUTyiHE ocep eTeTiH (paKTopiiapabl aHBIKTAy o/iCTEepi HAKTHI
JIEpeKTep apKbUIBI KepceTireH. JKepacTel Cynapbl JEeHTCHiHIH
MOHUTOPHHIT HOTUXKECIHE albIHFAH JIEPEKTEePre CTATUCTUKAIIBIK Ta1ay
xacannupl. JKep acTel CyJapbhIHBIH OpTalla KOTepily KapKbIHbI OJapIbIH
opHanacy TepeHJiriHe Tikeneil OalIaHBICTBl EKEHIIr aHBIKTaJIBL.
MyHa cy JeHreliHiH JUHAMHKAChIHA BUIFAIIIBLUIBIK KO3 PUITHCHTI,
TOMBIPAKTHIH THIFBI3BIFBl MEH KEYEKTINIT1, (PMIBTPAIUSIIBIK KaCHeTTeP],
COHJIaii-aK MH(PUIbTPAIMIIAHATEIH Cy KOJIeMi alTapibIKTail acep eTefi.
Tonelpak KypblabIMbIHA Kapail OHBIH KaJIbIHJIbIFbIHA, ThIFBI3/IBIFbIHA,
TY3ABUIBIK ~ JOpeXeciHe  OaliJlaHBICTBI ~ KepacTbl  CyJapbIHBIH
MUHepaJlJJaHy JeHreii, MayCchIMABIK OyJaHy KepceTKilTepi MeH
KaWUISIPJIBIK KOTepuly OMIKTIT >KOHE KE€p acThl CYJIapbIHBIH JKaTy
TEpeHAIri MEeH BIKTMMaJ LIeKTi JeHreinepi aikpinaanasl. Kentipinren
3epTTeYy HOTHXKeJNIepl aybll HIapyalllblUIbIFbl aJIKaNTapblHA KYPri3UIreH
HKCHEPUMEHTTIK KYMBICTapblH JIepeKTepiHe Herizaenred. MyHaa sxep
acThl CyJIapbl JICHIeWiHIH JKOFapbhUIaybl MEIHOpAIHsia MaHBI3IbI POl
aTKapajbl. 3epTTey HOTHXKeJepl KOpCeTKeH IeH, AaallblK 3epTTeyIepaiH
THIPOTEONIOTUAIIBIK ~ HETI3JIeMeci, cyapy JKYHenepiHiH peXHMiH,
MEJIMOPATHUBTIK ic-IIapayap/pl Kocmapiayabl JKOHE Cy pecypcTapblH
KEUIeH I Maiananyasl KaMTUIsl. MemuopaTuBTIK mapanap >KoHe Cy
pecypcTapblH  KeLIeHlI MaiilajdaHy >KepacThl CyJapbl PpeXHUMIHIH
THJIPOAMHAMHUKANBIK KOHE TUAPOXUMIBUTBIK 00JKaMIapbiHa, COHIAi-aK
a’palMs aiMarbl JKBIHBICTAPBIHBIH CY-TY3 PpEeXHMIiHE HeTi3JeNe]i.
CoHBIMEH Karap aJIbIHFAaH HOTIDKENEpP CyapMallbl ayMaKTap.IbIH
TYpPaKThl OHIMIUIIH CaKTay YIIIH >Xep acThICYJIapbIHBIH JEHreiiH
OaKpUTAayIBIH MaHBI3IBUIBIFBIH KOpceTeai. FputbIMu HeTi3eNnTeH Tannay
MEJIMOPAIMSUIBIK iC-IIapaiiap/bl OHTAMIaHABIPyFa JKOHE TOMBIPAKTHIH
KaliTajama Ty3/laHy KayliH TeMEHAETyre MyMKiHIIK Oepeni. 3epTrey
KOPBITBIH/BIIAPBI Cy pecypcTapblH THIMAI OacKapyAblH ©HIpIiK
SKOJIOTHSUIBIK KayINCi3ir YIIiH menyii GakTop eKeHiH AMenaeiai.

Tyiiin ce3mep: Tomblpak OeTiHeH OynaHy; cy3u1y Ko3(hdUIMEHTI;
KYHapJbUIBIK, CyapMaibl JK€p; aya ajmacy alMarbl; TOIBIPaK
TBHIFBI3/BIFBI.
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1. Kipicme

Cyapmaibl eric ajJkanTapblHIaFbl K€p acThl CybIHBIH JCHI€HIH aHBIKTay, KeOiHece, apHaiibl
OpHATBUIFaH ME30METPIIIK YHFbIMaAp (0aKbUIay KYJABIKTAPhl) aPKBUIBI KY3€Te aChIPBLIBII KEIi.

byJ1 MOHUTOPUHT JKYMBICTaphl, 9JETTE, BEreTalMsUIbIK Ke3eHHIH OachlHa, OpTachlH/AA KOHE
COHBIHJA OaKbUIaHBIN Keiai. JlereHMeH, MyHIail o/ic TaHANTHIH THUAPOTCONOTUSIIBIK JKal-KyHiH
TOJIBIKTAl CHUIATTayFa )KETKIIIKCI3 )KOHE HAKThI JCPEKTEP/ll KOPCETIeyl MYMKIH.

Omnbiy Herisri cebebi — xep OenepiHiy Oipkenki eMmecTiri, MEUKpobOeaepain (MUKpopenbed)
reTeporeHaunri. TaHanThIH OWMATTHI yYacKeJepiHae OCTKI aFbIH CYJIapbIHBIH JKHHAIYbl MEH
MHOWIBTPAIUACH KAPKBIHABI JKYPIIl, TONBIPAKTHIH KaIMUIIPIBIK JKyHeci apKbLIbl )KepacThl CybI
TOMBIPAK TYTIKIIETEPl apKblIbl )KOFapbl keTepuieni. Erep cyapmaiibl Hemece JKaKblH jKaTKaH IPYHT
CyJapbIHBIH MHUHepannany neHredi 1,5-3 r/n apaneirbiama Oosica, OHJA KapKbIHABI OylaHy
IIPOLIECTEPIHIH SCEPIHEH aTallFaH aJIKanTap/a TONbIPAKThIH KaliTanama Ty3/jaHy KayIi KypT apTaJibl.
Byn e3 ke3eriHme ericTiK JKepiepIiH MEIMOpPATHBTIK >KaFJaiibIHBIH HalIapiiayblHa KOHE
OHIMJILTIKTIH TOMEH/ICYyiHE OKETl COFaIbl.

Byt sxxymbic «BR24992867-Ka3zakcTaHHBIH Cy MIapyambUIbIFBl MEH KalTa OHICY OHEpPKACiOiH
JaMBITY >KoHE Oackapy YLIIH pecypc YHEMEYIll TEXHOJIOTHSUIAp/bl d3ipiiey, HWHHOBALMSIIBIK
WH)KUHUPUHITIK ~ OPTAJIBIK  KYpy» OaFiapiaMaliblK-HbICAHAIBI  KAap)KBUIAHABIPY — HeETi3iHze
OPBIHAAJIBII OTBIP.

Tonsipak nerpaganuscel — OyI TOnbIpak ()YHKIHMSUIAPBIHBIH ©3TrepyiHe, OHBIH KypamMbl MEH
KAaCHUETTEpiHIH CalalblK HallapjayblHa, COHJAi-aK >Kep pecypcTapblHbIH TaOUFU-3KOHOMHUKAIIBIK
MaHBI3IbUIBIFBIHBIH, TOMEHJICYIHE OKENl COFAaThIH TAaOWFU JKOHE AHTPOIOTEHMIK IPOLECTEPAiH
KUBIHTBIFbL. JKepIiH To3y NpoLecTepiHiH cajiapblHaH aybUl MIAPyallblIbIFbl aifHAIBIMBIHAH €/19Y1p
aJIKaITap MIBIFAPBUIBII, OJapAbIH MaKCaTTHI Al alaHbLTYbl ©3Tepe/i.

DOKOHOMUKAJIBIK TYPAKChI3/bIK JKaflalblHIa KYHApJbUIBIKTBI CaKTay MEH JKaKcapTyFra
OarpITTaIFaH  MEJHMOPATUBTIK  iC-IIApaliapJblH TOJBIK KeJeMJe JKYpri3iiMeyi TOmBIpaK
KAMBUIFBICBIHBIH JIerpajlallusiylaHy KaylliH Of[aH opl epuIiTe TYcTi. bysl TombIpak KyHapibUIBIFbIH
CaKTay MEH apTTBIPY XKOHE JKep JKarJalblH jKakcapTy OOWBIHIIA KEUICHII YXYMBICTAPIbl TOJBIK
XKY3ere acblpyFa MYMKIHJIIK OepMmeiii.

TonblpakTelH TO3ybl KemNTereH (akropiapra OaiaHBICTBI. AyYbUI — IIAPYamIbLUIBIFBI
aJIKANTapbIHBIH Ka3ipri >kai-Ky#i KemndakTopiasl aHTPOMOIeHIIK JKYKTEMEMEH CHIaTTanajbl.
AnkanTapJbplH KYpbUIBIMBIHJA KeJeCiIel 3aKbIMJalFaH >KeplIepAiH yJieci OackiM: OaTmakTaHFaH
xepiep — mamaMmeH 12%; cy sposusicbiHa yuibiparaH ankantap—19%; nedmsuusianran (ke
spo3usicel) TombipakTap—10%; Ty3mer koHe cop kemeHaepi—18%-man acram. Kasipri yakeitta
KEpiH camachblHa 9cep €TEeTiH aybUILIapyallbUIbIK ©HJIPICIHIH HETi3r1 AKOJOTHSUIBIK IIBIFbIHAAPHI
AHTPOIIOTEH/TIK JCEpPIEePIiH JKUBIHTHIFBIMEH CHUIATTANAIbI, TO3Y MPOIECTEPIHIH KapKBIHIBLIBIFBI
yakbIT OIpJiriHJeri TOIbIpaK KAacHETTEpiHIH Tepic JUHAMUKACBIMEH, SFHU OHBIH CallalbIK
KOPCETKIIITEPiHiH e3repy KbUiaamabiFbiMeH aHbiKTanaasl (Deng et al., 2015; Duan et al., 2015;
Durasov et al., 1981).

To3yawl Garanay KpuTepuill peTiHIe KalThIMABUIBIK KapacTbIpbLIaAbl, OJ TO3y YpAICIHAE
©3repreH TONBIPAKThIH KAaCHETTEPiH KalllbIHA KeATIpy MYMKIHAIrH Ounaipeai. bys To3ynbiH TypiHe
KOHE JopexeciHe OainmaHbicThl. OHBIH KeiOip Typsepi YHIiH (KBIIKBUIIAHY, TOIBIPAKTHIH
miapuiaybl koHe T.0.) TOMBIPAKTBHIH OHTaWIbl KACHETTEPIH TOJBIK KaJIbIHA KENTIpyre YJIKEeH
IIBIFBIHJIAPCHI3 KOJ JKeTKizyre Oonaapl. To3yablH Oacka Typiepi YLIiH (Cy 3pO3UsCHl, neduisauus
XoHE T.0.) ONApIBIH CalJapblH KOO ©T€ KWBIH HeMece MYMKiH emec. TOIBIpaKThIH TO3YBI
arponangmadTapablH, OHBIH 1IIiHAE TOMBIPAK JKAMBUIFBICBIHBIH ~ OY3BUIYbl — TYPFBICBIHAH
KapacThIPBUIYBl  KEpeK, CoWKeciHme arpoyianmmadTapAblH  (QU3UKAIBIK, OWOJOTHSIIBIK,
TEOXUMHUSIIBIK, THIPOTEOJIOTUSUITBIK JKOHE THIPOJIOTHSUIBIK OyNiHyiH Oein kepceteni. byn Typnepre
KebiHece Oip-OipimMeH GaitmaHbICThI THICTI Typaep *xartazasl (Duan et al., 2015; Durasov et al., 1981;
Gromotovich et al., 1987; Hoffan, 1986; Karpenko et al., 2017).

TonblpakTblH ~ THIFBI3JANTYBl ~ MEH  TEXHOJOTHSUIBIK  JKarJaillap[bplH  Halapiaybl
aybUIIIAPYallbUIBIFEl  TEXHUKACHIHBIH eHiMAUTriH  5-10%-ra temenaereni. CoHBIMEH Katap,
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KOPEKTIK 3aTTapAblH IIAWbUTYbIHA OailJIaHBICTBl THIHAWTKBIMITAPFA IKYMCAJIATBHIH MIBIFBIHAAD
mamamen 1,5 ecere apraapl, OWTKEHI Jerpamanus JAopeKeciHe OalJIaHBICTBI THIHAWTKBIII
HOpMaJIapbIH apTTHIPY KXKETTUIIr KeJleciied CHIaTTanaabl: 9JCi3 JerpajauusuianFan xKepiepie —
10%-ra; oprama 3akpiMaanraH skepiaepnae —30%-fa; KymTi AerpaganusiaaHFad xepiepae —1,5-2
ecere apTThIPy KaxerT.

Xanmer erictik ankanrapbiable (17 MIH Ta) KYHApJBUIBIFBIH JKOFaITy KOPCETKIITepi
Jerpanganus JIeHreiine Kapaii: anciz mopexene 5-10%, oprama nopexene (9 mun ra) 20-30%, an
kymri gopekene (7 muH ra) 50-60%-ra geitin skeremi. KaTTel ThIFBI3JANFaH TOMBIPAKTapaa
eHIMIUTIKTIH TemeHaeyi 50%-nb1 Kypaiiael (Duan et al., 2015; Durasov et al., 1981; Gromotovich
et al., 1987; Hoffan, 1986; Karpenko et al., 2017).

2. Marepuajijap MeH dicrep

JlerpananusiiblK IPOIECTEPIH AIIBIH ally MaKCAThIHIA aybUT MAPYalIbLIBIFl TAKbUIIAPBIH
eCIpy/liH TOMbIPAK KOpFay TEXHOJOTHSIIAPHI d3ipiaeH i. byl TeXHOIOrusmapAblH Heri3i — TOMbIpaK
OeTiHme ociMIIK KalablKTapbl MeH cabanabl (6 T/ra neifiH) cakTail OTBIPBIN, MYJIbYUPIICYIII
(KanapIKChI3) OHIEY OIICiH KOMJaHy. ATaiFaH o[iC 3pO3UsAFa KapChl TEXHHMKAHBI MaigaaHy
apKBUIBI TOTIBIPAK KYHAPBIH CEHIMI KOPFay/bl, OHIIPICTIK IBIFBIHAAPIBI OHTAWIAHIBIPYAbBI JKOHE
aJIKanTapAblH OHIMILTITIH apTThIPYAbl KAMTAaMacChI3 €TE/Ii.

Xep KbIPTHICHIHAAFBI JKEP aCThl CYBIHBIH THIPOAMHAMHKAIBIK PEXHMI Op TYpJi IeHrene
oonael. KebiHece, skep/IiH €HICTIrHE COKEC TOMbIPaK KypaMbIHIaFbl bUTFaI JIaTepasibibl (Keaoey)
OarpITTa KO3FAIBICKA TYCEMi, OV MPOIECTIH KAPKBIHABUIBIFBI TOIMBIPAKTHIH TPAHYIOMETPHSIIBIK
(MexaHHMKAJIBIK) KypaMblHA TiKelned Toyenmi. bi3 KymMaakThl, >KCHIT Ca3[gaKThl J>KOHE opTaiia
ca3/IaKThl TOMbIpAKTapAarbl CY/bIH JKOFapbiiaH (kep OeTiHeH) ToMeH cy3inyiH (), coHmai-aK OChl
OarbITTaFbl TOMBIPAKTHIH CY311y K03 duimenTrepin (K;), TOMBIPAKTHIH OPHATIACY KAJIbIHIBIKTAPbIHA
(Ah;) colikec aHBIKTAMBI3.

Xep acTbl CybIHBIH CYJIbl KaOATTaFbl HIBIFBIHBI KBIHBICTAP/ABIH CY311y KacHETiHE, >Kep acThl
CYBIHBIH KO3Fally OaFbITBIHJAFbl EHICTITIHE J>KOHE CyJbl KaOaTThIH KaJBIHIBIFBIHA TIKeJen
OaiianpIcThl 60Ja1bl. OpOip KadbIHABIK YIiH Japcu GpopMynacsl TeMeHer1iel:

ah (1)
q=k 2B = const
m;

OpOip yII Typ:i KalbIHIBIK YIIiH jKoHE Oyiapiabl OipiHeH coH OipiH Tizoekren, (1) TeHaeymi
Kyparn, Ho mamaceiH aHbIKTaiiMbi3. Ho — yakeIT apanbIFbIHIAFBl KYMHBIH  YCTIHTI
KAOBIHJIBICBIH/IAFbI, JKE€pP acCThl Cybl JIEHIeHiHIH HaKThl KOTEpUTyl, OJ TOMEHJErl ©OpHEKIICH
opeiHmananel (Seitkaziyev et al., 2013; Seitkaziyev, 2013; Seitkaziyev, 2002; Seitkaziyev, 2007
Seitkaziyev, 2011;):

m; 2

Hy+q* (f"z?—: m; — X3, l“i)

MyHarel H — KyM OeTiHJIer] yaKbIT Ke3eHiHEe COMKEC KeNeTiH apbliH.

Kecre 1. XKep acTbl Cybl JeHreiiHiH opTala KeTepinayi

i H, m Ahi, M Ki, m/Tay. mi g = const Ho, m
M/TY.

1 3 0,8 0,5 1,0 0,4 1,44

2 3 0,5 0,4 1,0 0,2

3 3 0,2 0,3 1,0 0,06
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(2) epHekTeH Ke3 KeareH N KabaTTap YIIiH jKe€p acThl CYBIHBIH XKOFapFbl OCTiHaer OemKTeri
OaiinaHbpICKaH KbIHbICTapAbIH Ho mamacein aHblK Oinemis. CoHbiMeH Katap, H apbiHmapisr sxoHe
CY/bIH IIBIFBIHBIH TOMEH/ICT1 OPHEKIICH aHBIKTAJIa/IbI.

H+q* L*Zmi_Zﬁ
k£ = k,

4q
l+; (3)

i

H,=

Kecre 2. XKep acThbl cybI IeHI€iiiHIH OpTaiia KeTepintyi

Ne H, m Ahi, M Ki, m/Tay. mi g = const Ho, m
M/Ty.

1 3 0,8 0,5 15 0,267 1,663

2 3 0,5 0,4 15 0,133

3 3 0,2 0,3 15 0,04

(2) xone (3) epHekTepieH eki Oenrici3: Ho HakThI mamacel )KOHE CY3iHII CYJbIH IIaMachl J.
byn mamanapasl Kem KbUIABIK 3€pTTEyJep MIJIiMETTepiHe CyHeHin, HoTuxkenepin 1-2-kecrenep
Typinae Oepmik. bByn kecremepmeri MomiMerTepAae apblH  JICHTEWI, TONBIPAKTBHIH CY3LTY
koaddunmenTTepi OipaeH, TeK, TONBIPAKTHIH bUIFAIABI ©TKI3Yy KalblHABIKTaphl (mi=1.0; 1,5 m) op
Typai. OceiFan coiikec, Oenrii Oip yakKbIT apaibIFBIHIAFBI JKE€P acThl CyBl JCHTeWJepi op Typii
OO0JIBITT KeJeIi.

Xep acTbl CybIHBIH WIEKTI (MYMKIH) TE€PEHJITIH aHBIKTAy YILIIH, TAaOMFU >KarJalgarbl >kep
acTbl Cybl TEpPEHJIrH OHE CHIHAKTHI (IIEKTi) TEPEeHIITIH aHbIKTay KakeT. MyHnail skarmaija
TOTIBIPAK ayaJIaHIBIPY aiiMarbIH/Ia TAOWUFH BUTFAIBUIBIKTAH €H TOMEHT1 BUIFAJl CHIMBIMIBLIBIFBIHA
JICHIHT1 apallbIKTa KaHBIFa/Ibl.

Ayananaplpy aliMarblHa JI€HIHT1 TONBIPAKThIH KAHBIFYbIHA KAKETTI CYIbIH KeseMmi 4-TeHjaey
OOMBIHIIIA aHBIKTANAbI:

_ B Wosy _ ':?!—3:'—#—LFD$}r (4)
W, = -
100 100

MYHJAFbl: Persic- TOMBIPAKTaFbl €H TOMEHT1 BbUIFal ChIMBIMIBLIBIFB; Wo - TONBIpaKTarbl TaOUFU
BUTFJIJIBUTBIK, Y — TONBIPAKTBIH THIFBI3ABIFI, |[I — TONMBIPAKTAFBl CYIBIH (BUIFAIIBIH) KaHTapbLIy
K03 pHLIHEHTI.

Mynpaaii kememjeri Cyabpl aHBIKTaFaHHAH KeiiH, Oip JKbUI IHOIHJETT TOMBIPAKTHIH
KaHBIFYBIHJIAFbI )KEP aCThl CYbIHBIH KoTepinyiH (N) skeHin Typae Obunaii ecenTeiimis:

_ W36s 5)

Wy

h

MyHarbl: W — 5Kep acTbl CybIHBIH CIHIPUIT€H KeJieMi, M/Tay.

TaceTken cinemiHzeri FRUIBIMH-3€PTTEY >KYMbICTapAbIH Manimertepine (Seitkaziyev, 1999;
2002; 2016; 2019; 2020; Karpenko et al., 2017) cyiieHim, »ep acThl CybIHBIH MYMKiH TEPEHIITIH
TOMEHJIeT1 3-KecTe TypiHae oepemis.
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3. HoTu:kestep

JKypriziaren 3eprreyiep HOTHIXKECIHIE CyapMalibl €TICTIK aJKamnTapblHAA XKEP acThl CyJIapbl
JICHIeHiHIH KOTEepiTyl TeK MEIHOPATUBTIK €MeC, COHBIMEH KaTap AKOJOTHSUIBIK KAyill TYAbIPATHIH
(dakTop ekeHi aHbIKTanael. Kecre-3 ngepektepi OobibiHma keyektuniri 44-50% GonaTeiH
TOTBIPAKTap/Ia JKEP acThl CYbIHBIH KOTEPIIY IIaMachl ayallaHAbIpy aliMarbIHbIH TOJBIK KaHBIFybIHA
YKOHE TaOWFU ra3 aiMacy peKUMIiHIH OY3bITybIHA OKEJIe/I].

Kecre 3. XKep acThl CybIHBIH KOTEPLIYiH aHBIKTAY

Keyekrinik, | Taduru | TonblpakTbIH Kep Kanbiryra Kep
P, % BUIFAJI/IbI | TBIFBI3ABIFBI | ACTBICYBIHBIH | KaMKeTTi CyJIbIH | ACTBICYbIHBIH
JIBIK, Wo, v, T/M3 cinipity Koperi | kegemi,Wx M KeTepiyi,

% W, m/cyT h, m

50 10,5 1,37 0,0013 0,13 3,65

48 12 1,41 0,0015 0,091 6,02

46 13 1,43 0,0016 0,054 10,81

45 14 1,45 0,0017 0,005 23,0

44 15 1,46 0,0025 0,021 43,4

44 17 1,46 0,0028 0,012 85,2

44 18 1,45 0,0030 0,009 121,7
Opramia MoH 45,86 14,21 1,43 0,00206 0,046
CraHgapTTh 2,34 2,67 0,03 0,00069 0,048

aybITKY

Tombipak THIFBBABIFRIHEIH 1,37 t/™M-Ten 1,46 T/MP-ke neiiin apTybl CY3UITIIITIK KaOlIeTTIH
TOMEH/IeyiHe,