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K/IFOYEBBIE CJIOBA

ABCTPAKT

CPE/IHEr0I0BOM Pacxo/| BOJIbI
peka

TEHICHIUS

JIMHEHHBIN TPEH]

OLIEHKa

aHam3

g u3ydeHus NpOCTPaHCTBEHHOM U BPEMEHHOM U3MEHYUBOCTH CPEJHETOJ0BOI0 PACX04a BObI
pek B BomocOope OacceitHa peku Hypa HCHOJIB30BaHBI MHOTOJCTHHE MAaTEPHAIIBI
rugposornyeckux nocroB bec-Oo6a, Illemenkapa, banbiktel, Akmenmmt u P. Komkap6aesa, a
takke pek lllepyOaitnypa, Coxbelp, AkOacray, YnkeH-KyHmennaer m KoH, oTHOCHTENTBHO
PaBHOMEPHO PAcHOJIOXKEHHBIX B Hpejenax OacceifHa ¢ mmomanso 58100 kMm% ¢ mepuoaom
Habmoxeruit 1932...2021 roapl. AHANHA3 AHHAMUKHI THAPOIOTHISCKHUX TIPOIIECCOB B BogocOope
OacceiiHa pexn Hypa mokaspIBaeT, YTO MHOTOJETHHE KOJICOAHHS CPETHETOJOBBIX PacXo0oB
BOJIBI PEK COJCP)KaT CTOXACTHYECKYI0O M ACTCPMHHHPOBAHHYIO (B BHJAE JIMHEWHOTO TPEHZA)
KOMIIOHEHTHI.

ITomyyeHbl CTaTUCTHYECKH MJOCTOBEPHBIE OIICHKHM IapaMeTpPOB LUKIMYECKOH CTPYKTYpPHI
MHOT'OJIETHUX KoJieOaHuH ((pa3a, aMILIUTyAa, CHHXPOHHOCTH) CPEIHETOJOBBIX PACX0JI0B PEYHON
Bozbl. IlokazaHo, 4TO YeperoBaHWE MHOTOBOIHBIX JIET C MaJOBOJHBIMH, CBA3aHHBIE C (hazaMu
pa3BUTHS Tpollecca MHOTONETHHX KOJeOaHUH CTOKa, MPEJACTaBUMO B BHJE 3aBHCAMIMX OT
BpeMeH! (QyHKUMH, 00JaafoIMX JUHAMUYECKUMH CPEJHUMH C Pa3IMYHON MHTEHCHBHOCTBHIO.
370 00CTOSATENHCTBO MOXKET MOCITYKUTh HAYYHOH OCHOBOM IPOTHO3HMPOBAHMSI PEYHOTO CTOKA.

ITo craTbe:

Tomyueno: 27.10.2024
Tepecmotpeno: 19.02.2025
Mpunsto: 20.02.2025
Omny6mmkoBano: 01.04.2025

Jiist uMTHpPOBaHMSA:
Mycradae XK., KosbikeeBa A.,
Myraitein = Y., AOpmeme K.,
TypceinOaeB H. AHanu3 u oneHka
TEH/ICHIIN H3MCHEHHUS
THAPOJTOTHYECKOr0 PEKMMa PEK B
BosocOope Gaceeitna pexu Hypa //
I'napomeTeoposIorust U SKOJIOTUs,
Nel (116), 2025, 7-23.

MPHTMN 87.35.29

1. BBEJJEHUE

OcoOenHocty 30HBI (OpMHpPOBaHUsS BOJAHBIX pecypcoB LlentpansHoro Kasaxcrana,
OTJIMYAIOIINXCS HHU3KOTOPHBIMHM ~CHCTEMaMHM, BBINOJHSAIOMNX BaXXHBIE CTOKOOOpa3yronye
(hyHKIMH, CYIIECTBEHHO BIIMSIOT Ha BOJAHYIO M NPOJOBOJBCTBEHHYIO 0OE30MACHOCTh M YCIIOBHSA
JKU3HN HaceJeHus. OTH (QyHKIMHM ONpeNessifoT HaydHYIO0 M IPAaKTHYECKYIO LeJIeco00pa3HOCTh
M3y4YEeHUs] B IPOCTPAHCTBEHHBIX W BPEMEHHBIX acleKTaX 3aKOHOMEPHOCTH (HOPMHPOBAHUS
pPEYHOr0 CTOKAa, UMEIOIUE BaXXHOE 3HAUYEHUE IPU PEHIEHWH MPAKTHUYECKUX 3ajad
BOJIOTIOJIB30BAHMS U IIEPCIIEKTUB AaJbHEHIIEro pa3BuTHs pernoHoB LlenTpansHoro Kasaxcrana.
Bonoc6opnast Teppuropus Oacceitna pekn Hypa, Gepymiee Hauamo B HM3KOTopbsix Kazaxckoro
MEIIKOCOTIOYHHKA, OTHOCHTCSI K BHyTpeHHeMY OecctouHoMy paiioHy LleHtpanpHoro Kazaxcrana.
Pexka Hypa oTHocuTCs K OIHOM W3 OCHOBHBIX BOJHBIX apTepuil OrpoMHOM TeHrus-
KypranpmxkuHckol BHagMHBL, KOTOpas BXOAUT B cocTaB KoOpramkblHCKOTO MPUPOAHOTO
3alMoBelHUKA W Ha TPOTSHKCHUM THICAYCNETHH CIIy>)KWJI TPOCTPAHCTBEHHBIM 0azucoM  uis
MPUPOIONIONB30BaHNUS, IPUPOJ000YCTPOHCTBA M HAPOJOHACEICHUSI.

Pacnonoxxennslii B TiyOmHE EBp0oa3WaTCKOro KOHTHHEHTa Yy CEBEPHOH T'paHMIIBI
CyOTpOnHYecKOoil 30HbI, PETHOH XapaKTepH3yeTcsi KOHTUHEHTAIBHBIM KIIMMaTOM, HEpaBHOMEPHBIM
pacripenienieHueM aTMOC(EpHBIX 0CaIKOB, BHITOJHIIOMNX BaKHBIE CTOKOOOpasyiomue HyHKINH,
CIocOOCTBYeT (OPMUPOBAHUIO CBOEOOpa3HBIX THJIPOJOTMYECKHX IIMKIOB BO BCEX peKax
BogocOopa OacceitHa pexku Hypa, 00ycIIOBIEHHBIM CHETOBBIM U JI0K/IEBBIM ITUTAHUEM.
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Mycmadaes u dp.

T'udpomemeoporozus u axoroeus Nol (116), 2025
CrnenoBarenbHO, U3y4€HHE B IPOCTPAHCTBEHHBIX U BPEMEHHBIX aCHEKTaX 3aKOHOMEPHOCTEH

(hopMHpOBaHUs THAPOIOTMYECKOTO CTOKa B pekax BogocOopa Oacceitna pekn Hypa onpenenstor
HEOOXOANMOCTD BBISIBIICHHS OCHOBHBIX TCHACHIMH B N3MEHEHUH CPEIHET0I0BOTO PACX0/1a BOMBL,
B paMKaX KOTOPBIX OTKPBIBAETCSI BO3MOXKHOCTh aHAJIU3UPOBATh U NPOTHO3UPOBATH TUHAMUKY
BOJHBIX PECYPCOB Ha COBPEMEHHOM 3Talle, U IPOTHO3UPOBATH Ha Oy IyIliee B MPOIECCEe M3MEHEHNUS
KJIMMaTa U aHTPOIIOTEHHOI e TeIbHOCTH.

CymectByer OONBIIOE KONHYECTBO padOT, MOCBALMICHHBIX M3YUCHHIO OCOOEHHOCTEH
(hopMHpOBaHUs THIPOIOTHIECKOTO CTOKA HAa TEPPUTOPUH BojtocOopa Oacceitna peku Hypa, cpean
KOTOPBIX CJIEIYET BBIICIUTH PaOOTHI:

- JLK. MaxmymoBoii [1], rae mpeacTaBieHbl pe3yJbTaThl OLEHKH BOAHBIX PECYpPCOB PEK
Ecunp n Hypa B ycia0BUSX aHTPOIIOT€HHOM A€ATEIbHOCTH;

- M.MacumbaeBoii, M.I'. MakapoBoii [2], rie ¢ ucIons30BaHUEM Pa3HOCTHO-HHTETPATbHON
KpUBOH IMOKa3aHa HEPaBHOMEPHOCTh AMHAMUKH roloBoro croka pek Ecunbs u Hypa, koropbie
MOTYT pa3INuaThcs B COTHH pa3 10 rojam;

- P.I'. A6npaxumosa u A.I'. Enraii [3], riie npuBeieHs! pe3yIbTaThl PACUETOB XapaKTECPUCTUK
TOJJOBOTO M MAaKCHUMAaJbHOTO CTOKa MO JMHe peku Hypa, B yCIOBHSIX XO34HCTBEHHOIO
HCTIONIb30BaHMS BOJBI B €€ OacceiHe;

- PI. A6ppaxumosa u A.I'. Enrtait [4], rne paccMOTpeHBI pacyeTHbIC XapaKTePUCTHKH
MHHHUMAJIBHOTO 3UMHETO U JIETHE-OCEHHETO CTOKA M WX M3MEHEHHS C y4eTOM XO3SHCTBEHHOU
JIeATENBHOCTH 110 nuHe pexu Hypa;

- P.K. AmanoBoii [5], HanpaBIeHHBIX Ha ONpeIeieHHe HOPMBI M W3MEHYMBOCTH CTOKA
Oacceitna pexu Hypa, SBISIONIMXCS OOHOBJICHHOW THAPOJIOIMYECKON 0a30i COCTAaBIISAIOUICH B
THIPOJIOTMYECKUX pacyeTax MpH MPOEKTHPOBAHUN BOAOXO3SIMCTBEHHBIX CHCTEM;

- XKypxoimoBa u C.H. AxmemunoBa [6], rme mnpuBemeHsl THIPOIOTHIECCKHE,
THIPOXVMHUYECKHE W THUAPOOMOJIOTMYECKHE XapaKTEPUCTHKH OOCIEJOBAHHBIX YYAaCTKOB DPEKH
Hypa ¢ yuerom 06beMa 00€CIIEUCHHOTO CTOKA;

- A.C. TTenunnoBoii, Kpucrnan Omnm, JI.K. Txycynbekosa [7], rae anst npubImKeHHON
OIICHKKW HOPMbI BECCHHETO CTOKa W MOIAYJId MAaKCUMaJbHOI'O0 CTOKa HEHU3YYCHHBIX PEK
HenrpansHoro Kasaxcrana, moiydeHbl 3aBUCHMOCTH CJIOS BECEHHETO CTOKa OT IUIOIMIAAN
BoocOOpa M 3aBUCHUMOCTH MOJYJS MaKCHUMAaJbHOTO CTOKa, [ MPUOIIDKEHHON OLIEHKU
BEJINYMHBI BECEHHETO CTOKa HEeM3y4eHHBIX pek LlenTpansHoro Kaszaxcrana;

- ®.K. AxusnoBoii, H. b. 3unabaun, XK. E. Mycaramuesoii, E. M. Kapakynosa, M.A.
My3neibaeBa [8], rae u3ydeHsl BogHbBIC pecypchl Mexaypeubs Hypa-Ecunb u npeiaratores myTa
MX PalMOHAIILHOTO UCIIOIb30BAHUS 1J11 yCTOMUMBOW OpPraHU3aliy CEeJIbCKUX TEPPUTOPUI.

Kak BHIHO M3 NMPOBEJCHHOTO aHAJIM3a M ITOIXO0/I0B OLEHKU THIPOJIOTHYECKOTO ITOKa3aTess
pek OacceitHa pexu Hypa, HanmpaBlieHHBIX Ha pEIIeHHE YaCTHBIX 3ajad, Te B KaueCTBE ammapara
WCCIIEZIOBAaHMS HCIIONB3YyeTCsl Tpolecc (OPMUPOBAHHUS THIPOJIOIMYECKOTO CTOKA PEYHBIX
6acceﬁHOB, HE O3BOJIAIOT NIPH PA3JIMYHBIX MPCATIOIOKCHUAX O KOJIMUCCTBCHHBIX 1 KAUYCCTBCHHBIX
acIIeKTax MCCIIEAYEMOro Mpolecca MHOMyduTh HU(POBYI0 HHPOpMAaNMIO A CO3MaHHUA Oa3bl
JaHHBIX U OaHKa TUAPOJIOTUYCCKUX H3MEHECHHI B MMPOCTPAHCTBEHHBIX U BPEMEHHBIX aCIICKTaXx.

Hawubonee 3¢ deKTHBHBIM HHCTPYMEHTOM CHCTEMHOTO aHaJIM3a IIPOIeccoB (popMUpOBaHMS
THAPOJIOTHYECKOTO peXuMa pek OacceiiHa pekn Hypa B NpPOCTPaHCTBEHHBIX M BPEMEHHBIX
ACIIEKTaX MOTYT CIIYXKHTb CIICI[HaJIbHbIC CHCTEMHO-aHAJMTHUECKHE MOJIEIH, 0a3upyIomuXcss Ha
TCOpUU COBpeMeHHOﬁ MaTeMaTHYECKOMN CTaTUCTHUKHU, OTpaXXarMNX TEHACHINN U3MCHCHHUA 3TOT0
HIPUPOJHOTO MPOILECCE BO BPEMEHHOM MHTEPBANIE U SBIIAIOLIUXCS OCHOBHBIM HMHCTPYMEHTAPHEM,
o0ecreunBaroOmuX aJeKBaTHOE OIMCAHWE PEANBHBIX THIPOIOTHYECKUX IPOIECCOB, KOTOPHIE
NPE/ICTABISIOT OTJIMYUTEIBHYI0O OCOOCHHOCTh IpeislaraeMoil HaydHOH paboThl B CpaBHEHHE C
CYIIECTBYIOIINMH.

Lenv uccnedosanus — aHanW3 W OLEHKA INPOCTPAHCTBEHHO-BPEMEHHON H3MEHYHMBOCTH
CPEIHETOJJOBOTO pacxoAa BOJABI PEK Ha TeppUTOpHH BomocOopa Oacceifna pexu Hypa mms
BBISIBIICHHSI OCHOBHBIX TEHJEHIIMN MX U3MEHEHUS U HUKINIECKON UX CTPYKTYPBI.

2. MATEPHUAJIBI U METO/IbI

Obwexm ucciedo8anusl.
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Pexa Hypa, 6epymas Hadano ¢ 3amagaeix oTporos rop Keeurtac Kapkapaisr-AkTayckoro
HuzkoropHoro maccuBa Ha BbicoTe 1000...1200 M Kazaxckoro MenKoCONOYHHMKA SIBISIETCS
I1aBHOM BOJXHOM aptepuedt orpoMHoM Tenrus3-KypraappkMHCKOH BIAAMHBI M OXBAaTbIBAET
teppuropuio Kaparanaunckoii (70 % ot miomanu Bogoc6opa peku 58100 km?) 1 AKMOIHHCKOI
(30 %) oGmacreii Pecrry6nukn Kazaxcran.

Haubonee kpynabiMu mputokamu peku Hypa sBistores pexu Cokyp, Llepy6Gaiinypa,
Axbacray, Kon n Yaken Kynmerasl, Oepymunx Hawama B ropax Kaman-Kapaxkan, >Xaxcer-
Kapaxan, >Kempaplagplp u  KosiHABI, KOTOpbIE HaxXoIATCS B npegaenax Kasaxckoro
MEIIKOCOTIOYHHKA (PUCYHOK 1).

Jnst BBIABIICHUSI PErHMOHANBHBIX OCOOCHHOCTEH THIPOJIOIMYECKOT0 PEXUMa TEPPHUTOPHU
BostocOopa bacceitHa pexn Hypa mpoaHann3npoBaHa B IPOCTPAHCTBEHHOM M BPEMEHHOM acTIeKTaxX
JMHAMMKa cToka Ha 10 THAPONIOrHYecKuX NOCTax Ha peKax, PacHoJIOKEHHBIX K CEBEPY OT OCEBOTO
xpebta B ropax Kazaxckoro Memkoconodanka, Kotopeie otHocatcs K LlenTpansaomy Kazaxcrany

(pucynok 1 u Tabnuna 1).

Eciuts 1. CamapkasAcKoe BEOOXPaHEIIHINE
AcTana 2. MaTyMaKcKOe EOZOXPaHHITHINE

"', Ecim 3. Canapcxoe EOJOXpaHIITHINE
Acmana 4 llepybaiHypHHCKOE BOZOXPAHIITHINE

XaHan
Hypa-Eciuts 4

N\peenoexa

Hypa : | R
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§.{ Kopzaxcuin R Kopueesxa
a y
Bepux P & Kymagormnec Uxatosa Temupray .-l\ Y. ewenxapa
9 a: /
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4 » IllepyGaitaypa
o bec-Oba
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@ - MeTeocTanmns
A - nuponoct )
AKCY-ARB

Pucynoxk 1. Cxema pasmewenusi 2udponozuueckux nocmos 8 sodocoope baccetina pexu Hypa

B pabote wucmoyib30BaHbl MaTepuaibl W3 THUAPOJOTUYECKUX €XKETOJHUKOB «Pecypch
noBepxHocTHBIX BoJ CCCP...» [9], «'ocynapcTBeHHbIH BOAHBIN KagacTp, ExxeroaHbie qaHHbIe O
PEeXMME U pecypcax MOBEPXHOCTHBIX BoJ, PecryOmuku Kaszaxcran...» (1936...1999 rr.) [10] u
«["ocynapcTBeHHBIH BoaHEIH KamacTp PecrryOmmku Kazaxcras...» (2000...2021 rr.) [11...12], rae
OCHOBHBIM KPUTEPHEM IPH BHIOOpPE THUAPOJOTHYECKUX MOCTOB U PeK ObLIa JAITUTEILHOCTH PSAJOB
HaOJroIeHUI 3a cToKOM OoJee 20 JIET ¢ pa3InIHON THIPOIOTHIESCKON 00CTAaHOBKOM.

OlLleHKH HaNpaBJICHHOCTH U UHTEHCUBHOCTH U3MEHEHHUH THAPOIIOTUYECKUX MTapaMeTpOB
PEK B MPOCTPAHCTBEHHBIX W BPEMEHHBIX ACTIEKTaX BBITIOJTHEHBI C HCIOJIH30BAHUEM COBPEMEHHBIX
METOIOB TIPUKJIATHON CTATUCTUKU, OA3UPYIOIIUXCS HAa 00PabOTKe U aHATU3E TUAPOIOTHYSCKIX
HHPOPMALUH C UCTIONB30BaHIEM IT(PPOBOI TEXHOIOTHH.

Jns aHanu3a U OIIEHKW KOJUYECTBEHHOTO M KauyeCTBEHHOI'O MOHHTOPHMHIA pek OacceiiHa
Hypa, ¢ y4eToM COBpEMEHHOTO COCTOSIHUS THIPOJIOTUICCKAX HAOIFOICHUH, HCIIOIH30BaH METOT
«peka aHalora - peKa» WU «peKa - peKa aHajoray, O00eCIeYMBAaIONMN BOCCTAHOBICHUE
MPOMYIICHHBIX PSJIOB IO JaHHBIM O CTOKE PEKH aHajora WIM PEeKH MYHKTa, ObLI B3SAT METO[
JTUHEHHONW KOpPENAIUA MEXITy JIBYyMS TEepPEMEHHBIMH, OIUCHIBAIOIINNA KOPPEISAIMOHHYIO
JIUHENHYI0 3aBUCUMOCTh, UMEIOILUX CIAEAYIOLIUI BUJL

QRP; = a - QRA; +b — QRA; = (QRP; — b)/a )
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rne QRP;- cpenHerojloBble pacxojibl Bojbl peku - nocta, mY/c; QRA;- cpeaHeronoBuie

pacxojpl BOJABI PEKM — aHanora, M%/c; @ = tga — yrioBoil kod(duuuent perpeccun; b —
Op/IMHAaTa OTKJIOHEHUS MPSIMOM JIMHUY OT HYJIEBOW TOUKH rpaduka.

Tabuauna 1
OcHosHble 2udponozuieckie Xapakmepucmuku pek 600ocbopa bacceuna pexu Hypa

Peka- myHKT | TLiomans Bog0COOpa, KM? | OTtMmeTKa HYJIS IOCTA, M | Ilepuon Hada101eHMIA
Hypa - bec-O6a 1050 709,31 1935...1942, 1964...2021
Hypa - llenienkapa 13890 540,36 1951...2021
Hypa - BamsIkTs 17360 488,17 1935...2021
Hypa - Akmerut 36800 411,35 1976...2021
Hypa — P. Komkapbaea 50760 349,65 1932...2021
lepy6aitaypa - Kapamypbia 15400 1947...1957, 1965...2021
CoxksIp -Axxap 1340 521,00 1948...1992, 2005...2021
Axbacray -XXamanayn 452 703,14 1955...1991
Kon - bepnuxk 1950...1991, 2001...2021
VYnken Kynmpis - CkobeneBHa 461 452,34 1959...1991, 2008...2021

Jnst aHanmu3a ¥ OLIEHKH OCOOEHHOCTEH pa3BUTHS TMHAMUKH THIPOJIOTMYECKUX MPOLIECCOB B
pekax BomocOopa OacceitHa pekn Hypa wucmoms3oBaH BpeMEHHBIH psn, 0Opa30BaHHBIN
CpeaHeronoBbIME pacxonamu Boasl (QR;) XapakTepHu3yONIMX 3HAYCHHUS THAPOIOTHIECKOTO Psia
B MoMeHT BpemeHu (SNY;). JleTepMHHHPOBAHHAS KOMIIOHEHTA B MHOTOJIETHHX KOJeOGaHMIX
PEYHOr0 CTOKAa BRIpa)KaeTcs JTMHEHHBIM TPEHIOM, HMEIOIIETO CIEAYIONMNA 00l BU:

QP, = a-SNY; + b )

rie QP;- CpeIHETO0BbIE PAcXoibl BOIBI B peke, Mo/c; @ - koddduumeHT perpeccu,
MOKA3bIBAIOIINI H3MEHEHHE Pe3yJIbTaTa ¢ N3MEHEHHEM BPEMEHHOTO psiia Ha OJHY COUHUILLY; b —
CBOOOAHBIN TapaMeTp ypaBHEHHH PETPECCHH, IOKA3bIBAIONIMK 3HAYCHHE BPEMEHHOTO pAZa
QP;mipu SNY; = 0; SNY; — BenmnunHA AETCPMUHUPOBAHHOW KOMIOHEHTHl KOJeOaHUA PEIHOTO
CTOKa B | -OM To1y.

IIpu »TOM, ypaBHEHHE AECTEPMHHUPOBAHHOTO JHMHEHHOro TpeHAa (2), XapaKTepU3yHOUIUii
3aKOH HBOJIIOLUH YPOBHS THIPOJIOTHYECKOTO MPOLIEcca BO BPEMEHH, CBUICTEIBCTBYET O TOM, UYTO
(hOpMHPOBAHUIO CPEAHET0JIOBOTO Pacxoja BOJbl B PEUHBIX OacceliHax CBOWCTBEHHA TEH/CHIINS,
ABJISTFOLIEHCS pyHKIMEeH BpeMeHH, KOTOpast MOXKET CIIYXKHT OCHOBAHHEM JUIS ONIPEACICHIS TaKIuX
CTaTUCTUYECKUX I10KA3aTeIeH KakK:

- abcomotHbiit npupoct (AISI; ), XapakTepu3yIOUMi yBEIUYEHHE WA yMEHBIICHUE
KOJIMYECTBEHHOTO 3HaueHMs1 BpeMeHHOro psga (SIEP,;) B KOHLE paccMaTpHBacMOro MepHo.a
(EPUR,;) no cpaBHEHHMIO C €ro HavajabpHOro 3HaueHus (SIBPg;) B Hauaje paccMaTpUBAEMOTO
neprogaa (BPUR,; = 1 = const), KOTOPEIi onpeaessieTcst o ypaBHEHHUIO:

AISI; = SIEP,; — SIBP; = [(a - EPUR,; + b) — (a - BPUR; + b)] =
= (a-EPUR,;+ b —a-BPURy; + b) (a- EPUR,; + a - BPURy;) =
= a - (EPUR,; — BPURy;) = a - (EPUR,; — 1); ®)

- TeMIT MpHUpocTa uccieayemoro rnokaszarens (QRIUS;) moka3biBaeT OTHOCHUTEIBHYIO
BEJIMYMHY aOCOJIIOTHOTO MpUpOCTa Hccieayemoro mokaszatens ( AISI; ) 3a TpoMexyToK
paccMaTpHuBaeMoro Nepro/ia, U pacCUNTHIBAETCS MO (hopMyJe:

QRIUS; = AISI;JEPUR,; = {[a - (EPURy; — 1)]/EPUR;} - 100; 4)

- ko3bdurment pocra wucciexyemoro mokaszarens ( GRIUS; ) mpexacrasmser coGoit

OTHOLICHHE KOJMYECTBEHHOTO 3HaueHus Jitoboro uccnenyemoro nokaszatens (SIEP,;) B KOHIE
paccmarpuBaemoro mepuona ( EPUR;) k ero HauampHOMy 3HaucHuio (SIBPp;) B Hauaie
paccMarpuBaemoro nepuoaa (BPUR;) v npencrapieH cieayorei GopMyIioi:
GRIUS; = SIEP,;/SIEP,; = (a- EPUR,; + b)/(a - BPUR,; + b) =
= (a-EPUR,; + b)/(a+ b). (5)
[Ipu 3TOM CTPYKTYpHBIH UM CHCTEMHBIH aHAIN3 ypaBHEHHUH (2...5) CBUAETENBCTBYET O TOM,
4YT0 (OPMUPOBAHUIO CPEIHEMHOTOJIETHUX TOJIOBBIX pAacxXoZ0B BOJbBI peyHOro OacceiiHa
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Taoauma 2

T'udpomemeoporozus u axoroeus Nol (116), 2025
CBOIICTBEHHA TEHJEHLMs, sABIsIOmasAca (GyHKUUMEH BpEMEHH, KOTOpas MOXET CIIyXKUTb

OCHOBAHHUEM JUIS JOJITOCPOYHOTO IIPOTHO3UPOBAHMS, TAK KaK B ypaBHCHUU (2) MIEPBEIC ClIaracMbie
BBIPAXKAIOT CIyYaifHyI0 9acTh THIPOJIOTHIECKOTO IPOIIECCa, a TIOCIEAHNE - TeTePMUHHPOBAHHYIO
9acTh 3TOTO Mpollecca.

3. PE3YJIBTATBI U UX OBCYXJEHUE

Oyenka 2udpono2uuecko20 MOHUMOPUH2A U 60CCHAHOGNEHUSL CIOKA PEK.

J1nst BOCCTaHOBJIEHHS BpDEMEHHOTO Psijia THPOJIOTHIECKOTO CTOKA B OCHOBHOM HCTIOJNB3YETCS
METO]I IMHEHHOW KOPPEISINN MEXIY IBYMS IEPEMEHHBIMH. DTOT METOA IIUPOKO IPUMEHSACTCS B
THJPOJIOIMYECKUX pacyeTax C LeJbI0 IPUBEICHHUS XapaKTEPUCTHKH PSI0B CTOKA C MHOTOJISTHUMU
3HAYEHMAMH ITyTEM BOCCTAHOBJICHHS MPOIYIICHHBIX PSAIOB 10 JAHHBIM O CTOKE PEKH-aHaJora.

ITpu BeIOOpe pekn aHamora HEOOXOMUMO YUUTHIBATH MPOCTPAHCTBEHHYIO CBSI3aHHOCTD
paccMaTpuBacMOH  THAPOJIOTHYECKON  XapaKTepPHUCTHKH, Oa3upyomuXcs Ha  CXOACTBE
KJIMMaTH4eCKUX M THUIPOJOTUYECKHX YCIOBHUH, Teorpaguyeckyio OJM30CTh PacIOI0KEHHUS
BOJIOCOOPOB HMOMHOTHITHOCTh CTOKAa PEKM - aHAIoOra M PEKH - IyHKTa, a Takke ¢ (Gopmamu
TEePPUTOPUAIILHOM OpraHu3anuy (GOpMHUPOBaHMS T'HMIPOJOTHYECKOTO CTOKa peK, TO €eCTb
JMHEHHBIE, TA€ THAPOIOTHYECKHIE MOCTHI IIPOPOUCHBI HEMOCPEACTBEHHO K N3yJaeMOMy OacceiHy
PEKH ¥ JIMHEHHO-TUIONIAHbIE, I/Ie 30HbI (POPMHUPOBAHMS TUAPOIIOTHYECKOTO CTOKA WACHTUYHBI.

AHanm3 COBPEMEHHOTO COCTOSIHHSI THAPOJIOTHYECKOTO MOHHTOPHHTa peK OaccelfHa pexH
Hypa mnokasan, 4ro, BO-NEpBBIX, TIuaposormueckuii moct bec-Oba HaxoguTcs B 30HE
(opMHpOBaHMS CTOKa, T/€ AHTPONOTEHHbIE (AaKTOPHI HE OKa3pIBAIOT BIMSHMAS Ha HX
THIIPONIOTUYECKUN PEKUM, BO-BTOPBIX, OTCYTCTBYIOIIME T'Maposiorudeckue psel B 1943...1963
rofiax MOXKHO BOCCTAHOBHTH C HCIIOJIb30BaHHEM JAHHBIX IHAposorndeckoro nocta lllemenkapa,
KOTOPBIH B 3TOT IEPHOJI HAXOAMICS BHE 30HBI aHTPOIIOTCHHOHN NESATENbHOCTH, B-TPETHUX, B
THIPOJIOTMYECKUX pacueTax B KadecTBE METOAa aHalora MOXKHO HCIIOIb30BaTh NPsIMOE H
o0OpaTHOE pellleHHe 3a7ayy 10 CXeME «PEKH aHajuora - PeKH IyHKTa» - «PEKU MyHKTa - PEKH
aHajora», KOTopas HE NMPOTUBOPEUYHUT NPUHLUITY DPEIICHWS MaTeMaTHYecKOW 3aJadd, TaK Kak
JICUCTBYIOIME THAPOIOTUYECKHIE TIOCTHI UMENIH  TIPEPBAHHBIE PsIJIbI HAOIIOACHHUH.

Jnst BOCCTaHOBJIEHUSI YCIOBHO-ECTECTBEHHOTO CpEIHETOJOBOIO pacxoia BOABI pPEK B
BOJIOCOOPHBIX TeppuTopusx OacceiiHa peku Hypa B KkauecTBe mpenukTopa BBIOpaH
rugposorndeckuil moct bec-O6a, pacnonokeHHbIN B 30He (GopMupoBaHus cToKa pekn Hypa, B
paMKax KOTOPOTO OTKPBIBAETCS BO3MOXHOCTb, TIJie IOCTPOCHHE TpadUKOB 3aBUCHMOCTH
CPEeIHEroJ0BOr0 pacxona Bomabl peku-ananory (QRA;) u pexu-myHkra (QRP;) ¢ npepBaHHBIMH
HaOIFOICHUsIME OBLIIH MPOU3BENCHBI HA OCHOBE mporpaMmmuoro obecredenust Microsoft Excel, B
pe3ynbTaTe MOJTyYeHbl KOJMYECTBEHHBIE 3HAYEHUs MapaMeTpOB KOPPENSIMOHHON JHHEHHOH
3aBUCHMOCTH JIBYX TIEPEMEHHBIX (PUCYHKH 2...3 u Tabnuua 2).

Koppenayuonunvie mooenu, xapaxmepusyiowjue 3a8UCUMOCIb CPEOHe20008bIX PACX0008 600bl MeHCOY 2UOPOLOSULECKUMU
nocmamu u pexamu ananoza (pexa Hypa-bec-Ob6a) u pexa-nynkma 8 600ocbope bacceiina pexu Hypa

Hupexc
Peka- myHkT YpaBHeHue perpeccuu 2
JeTepMHHAIINHN (Ri )
Hypa- Ilemenkapa QRP; = 5,7613 - QRA; + 0,2683 0,7339
Hypa - Banbikrs: QRP; = 7,7110 - QRA; + 3,5219 0,5202
Hypa - Axmenmur QRP; = 15,22740 - QRA; + 7,3391 0,6451
Hypa-P. KomkapGaesa QRP; = 22,4840 - QRA; + 6,7136 0,5277
LllepyGaitnypa- Kapaypei QRP; = 52990 - QRA; + 1,7542 0,6364
CoxIp - Akkap QRP; = 1,3500 - QRA; + 0,4905 0,5381
Axbacray - XKanaayn QRP; = 0,2053 - QRA; + 0,0457 0,6013
Vixen-Kynnpi3 -CrobeneBka QRP; = 1,7000- QRA; + 0,2707 0,5263
Kon -bepsmk QRP; = 4,0592 - QRA; + 0,3473 0,5676

AHanu3 KOpPpENSLUOHHBIX MOJENEH, XapaKTepU3yHOIlUe 3aBUCHUMOCTb CpPEJHEr0JJOBBIX
Pacxo/0B BOIBI MeXAy pekoii ananora (QRA;) u pexu-nynkra (QRP;) B Bonocbope bacceiiHa peku
Hypa (pucynku 2..3 u Ttabmuuma 2) CBHAETEIBCTBYET O TOM, 4YTO CYIIECTBYET CHIIbHAS

KOpPEISIMOHHAs 3aBHCUMOCTb Npu3Haka-pesyiabrata QRA; ot daktopa QRA;, Tak KaK MHAEKC
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Mycmadaes u dp. T'udpomemeoporozus u axoroeus Nol (116), 2025
nerepmuHanuy (R?), BBIpaKeHHBIH KBaApaTOM JMHEHHOTro Koddduimenta xoppensauu (R =
VR?) nocratouno Beicokuii U usmensercs ot 0,5202 mo 0,7339, a kodpPHIMEHT KOPPEIALUH,
KoTopsIid u3mensiercs ot 0,7213 o 0,8597 noka3piBaeT HanbOoJIee XOPOIIYI0 3HAYUMOCTbD.

30 45
y = 5.7613x + 0.2683 5 40 | y=7711x+35219 .
25 R*=0.7339 ¢ = R? = 0.5202 °
S = 35
g 20 g2 30
g -
=g 15 E5 20
2z 5% 15
22w 2
55 = 10
53 s S s
E o 0
0 1 ) 3 , 0 1 2 3 4
T'uaposorudeckuii moct bec-O6a I'maponoruyeckuii noct bec-O6a
5 80 y =15.274x + 7.3391 . 60 | y= 22.24_84X +6.7136
g R2=0.6451 g 5 R?=0.5277 .
= [ ] =R
ISE] 0= &'3
= 5 s 40 [ ]
23 2¢ e ®
3 tw| e,
% < E E 2 e® o
=2 o . @
= g5~ 10
— E 0
0 1 2 3 4 0 05 1 15 2
I'naponoruieckuit nocr bee-O6a T'unponorudeckuii moct bec-O6a

Pucynoxk 2. I paguk koppensiyttoHHot c653u MeANcOy CPeOHe20008bIM PACX000M 800bl

2140[)0]10214‘166‘7(020 nocma -arnajloea u ZUOPOJZOZM’{eCKOZO nocma-nyHKkma no pexam Hypa

Pe3ynpraThl, NONyYyeHHBIE B TPOIECCE aHaIM3a THIPOJOTHYECKOW HMH(OpMALUH
KOPPEAIMOHHON MOJENM, XapaKTepU3YIOIHe 3aBHUCUMOCTh CPEIHErOJIOBBIX PAaCXOJO0B BOJBI
MEKIy THIPOJIIOTHIECKUMHE ITOCTAMH  PEKH-aHaJIoTa M peKH-IyHKTa B BojocOope OacceitHa pekn
Hypa ¢ BbICOKMMHU KO3 (QUIUECHTaAMU KOPPEISLHH, TOKa3bIBAIOIIUX MaTeMaTHUYECKHHA CMBICI U
3HAYUMOCTh MOTYT OBbITh HCIOJIB30BaHBI, IPH HAJIMYHMH JaHHBIX HAOIIOICHUH B peKe-ITyHKTax, B
KayecTBE AaHAJIOTOB ISl BOCCTAHOBJIGHHUS OTCYTCTBYIOIIMX IAaHHBIX B pPEKe-aHANOre, 4TO HE
MPOTUBOPEYHUT 3aKOHY MaTeMaTHKU ¥ npuposl [13...15].

Ha ocHOBe HaKOMJIEHHBIX AAHHBIX THAPOJIOTMYECKOr0 MOHHUTOPHUHIA PEK Ha TEPPUTOPUHU
BomocOopa Oacceitna pexkn Hypa 3a mepwonmy 1932...2021 romsl ¢ UCIONB30BAaHHEM
KOPPENSAIHOHHBIX MOJEJeH BOCCTAaHOBJIEHBI CPEIHETOMOBBIE pacxXoisl BoAbl peku Hypa B
runponorndeckux nocrax bec-Oo6a, lllemrenkapa, banpikter, Akmemmt u P. KomkapbaeBa, a
takxke B pekax lllepybaitnypa, Cokelp, Axbactay, YnkeHn Kynapiast u KoH, uyTo mo3Bonmio
co3maHMio 0a3pl HMCCIIEAOBaHWM, TMO3BOJSIOIMX B KAakOH-TO Mepe aHAIM3UPOBaTh W
MIPOTHO3MPOBATH IMHAMUKY BOJHBIX PECYPCOB B IPOCTPAHCTBEHHBIX M BPEMEHHBIX ACHEKTAaX.

Pezuonanvuvie ocobennocmu usmenenuss 2uOpOIOSULECKO20 CMOKA peK HA Meppumopuu
600ocbopa baccetina pexu Hypa 6 npocmpancmeeHHbIX U 6peMEHHbIX ACNEKMAax.

Jnst OIIEHKH penpe3eHTaTUBHOCTH CPEJHEr0 MHOTOJETHEr0 3HAYeHHUS THIPOJIOTHYECKOTO
CTOKAa peK HCIIOJNb30BaHbl PAa3sHOCTHBIE HWHTETPANbHBIE KPHUBBIE, KOTOPBIE XapaKTEePHU3YIOT
U3MEHEHHUs1 BO BPEMEHU HapacTalolllell CyMMbl OTKJIOHEHHS 3HAYE€HUH CpPeJHErofoBOro pacxoia
BOJIBI PEK OT €T0 CPeHETr0 MHOTOJICTHEro 3HadeHus [16..17]:

QR; = XL, QR; = (X, QR;/N = f(t) - QAP; = QR;/QAP; » MC,, (6)
MC - (MC; — 1) - XL, (MC; — 1), (7
rae, QR; — CpemHEeroJoBble 3HAYEHHs pacxoja BOABI pEKM BpeMeHHoro psama, N —

MPOJIOJDKUTEIFHOCTE BPEMEHHOTO psJia WM YWCIIO JIET HENpephIBHBIX HaOmroneHuit; QAP; -
cpenHeapruMETHYECKUE 3HAYCHUsSI PAaCcXOZOB BOJBI PEKH BPEMEHHOTo psia; MC;- MOayJIbHBIN
K03 PHUIINEHT paccMaTpUBAEMO THAPOIOTHIECKOI XapaKTePUCTHKH.
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Mycmadaes u dp.

T'udpomemeoporozus u axoroeus Nol (116), 2025

25 y = 5,2990x + 1,7542 8 | y=1,3500x + 0,4905
v 5 2 5 R?=0,5381
5 2 20 R2=0,6364 S 6 > °
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s E é: 15 3 % S L]
ELERt StE e *
5 & s L&
3e2 . 5 2 .
s 2 e g
s E g0
=E 0 0 ; y E o0 1 2 3 4
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= 5 R?= 03269 5 R2=0.5676
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Pucynoxk 3. I pagpuk koppersiyuoHHOU cés3u MeHcOy CPeoHe20008biM PACX000M 800bl PEKl-

amanoea u peku-nynKkma no pexam bacceina pexu Hypa

CpaBHeHHE DPa3HOCTHO-MHTETPAJIBHBIX KPHUBBIX CPEIHErOJ0BOTO Pacxoja BOIBI PEKH
Oacceitna Hypa (pucyHok 4) moxa3siBaeT, 4to 3a Oonee weM 90 - JeTHW mepuox B
JIONITOBPEMEHHBIX M3MEHEHHUSIX OCHOBHBIX (ha3 BOJHOTO peXMMa Ha KaXKJOH M3 PeK BBIIEISIOTCS
JUTATeNbHBIe  (Da3bl TIOBBIMICHHS W TOHIDKCHHSA CPEIHETOJOBOIO pacxola BOIBI pa3HOU
npojosnKuTeNbHOCTH. Habop Takux (a3 mo ruaponornueckuM nocram B d6acceiine pexku Hypa, ux
MOCJIEIOBATEIFHOCTE M XapakTep 3HAYHTENFHO OTIMYAIOTCA MEXITy co0oif, Tak kak (¢aza
MOBLIIIEHHS BOJHOCTH bec-Ob6a u Akmermmt Hadmonaercs ¢ 1945 mo 1994 roawl, a 3arem ¢ 1995
roja HauMHaeTcs (pa3a IMOHIKCHUS BOTHOCTH JO KOHIIA pAacCMaTpHBaeMOro Imepuona. B
ruaposiornueckoM nocre lllenienkapa noBbleHre BOAHOCTH Habmronaercs ¢ 1945 rona mo 1975
rof, a ¢ 1976 rona HaunHaeTcs (asza moHKeHUs BogHOCTH 10 2018 roma. Xapakrep H3MEHEHUS
CPEIHEr0JI0BOTO pacxoja BOABl B Tuapojormueckumx mocrax bamsiktel u P. Komxapbaesa
MPaKTHYeCKA MajJo OTJIMYaeTCs, TaK KaK 3a paccMaTpUBacMBI Tepuoj HaOmromaeTcs ¢asza
MOHM)XEHUSI BOJHOCTH, YTO OOYCIOBICHO HE BIUSHUSAMH KINMATHYeCKHX (aKTOpOB, a
BO3CHCTBHEM aHTPOIIOTCHHEIX (PaKTOPOB.

AHanu3 pa3HOCTHO-MHTETPATBHBIX KPUBBIX CPEIHET0JIOBBIX PAcX0J0B BOABI PEeK Bomocbopa
Oacceitna pexu Hypa moxa3zai (pUCyHOK 5), 9T0, HECMOTPS Ha 3HAYUTEIHHYIO BapHa0EIbHOCTH 110
rojiam, JUisl BCeX pPeK U3y4aeMOro peruoHa XapaKkTepHbl O0IHe 3aKOHOMEPHOCTH U3MEHEHHUSI, TaK
kak Ha pekax UlepyOaitnypa, Coxblp, AxbOacray, YnkeH-Kymmenaer m Ko B Hauame
paccMaTpuBaeMoro mnepuojia HabmogaeTcs pUTM MOHMKEHHON BogHOCTH OT 1932 roga mo 1944
rojia, IMEIOIINX OTHOCUTEIHLHO HeOOIbIIyIo JumnTebHOCTh (12 seT). Ha Beex paccMaTpruBaeMBIX
pekax BogocOopa Oacceiina peku Hypa ¢ 1945 roga otdeTsiuBo BhiAeHseTCs (as3a MOBBIMICHUS
BOJHOCTH C Pa3IM4YHON TNPOAOJDKHTENbHOCTHIO. [loBbIIeHHass BogHOcTh peku lllepyOaitnypa
npoaoimkanack 1o 1977 rona, Cokeip — 1o 1952 rona, Akbactay — 101983 rona, Yinken-KyHas3 bt
— 10 1969 roga u Kon — o 1967 rona.
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Mycmadaes u dp. T'udpomemeoporozus u axoroeus Nol (116), 2025

—0—bec-O0a —@—Illemenkapa —@—banbiktel —@— Axmemut —@—P. Komkap6aepa

Pucynoxk 4. Pasnocmuo-unmezpansHule Kpugbie cpeoHe20008bIX pacxo008 00bl peKu

baccetina Hypa

ITpu 3TOM B KOHIIE paccMaTpUBaEMOro Neproaa HabII0JaeTCs ITOBBIILICHNE BOJHOCTH BO BCEX
U3y4aeMbIX peKax, IPOJODKUTEIBHOCTH KOTOPBIX BAphUPYETCS B TOCTATOYHO MIMPOKUX Ipeeiax
1o 2018 roma, a ¢ 2019 roma ormeuaercst ¢a3pl HOBHIMICHUS CPESIHETOIOBOTO PAcXoa BOABI BO
BCeX pekax Oacceiina pexu Hypa.

Pe3ynpraThl aHaIM3a COBMELIEHHBIX Pa3sHOCTHBIX MHTETPANBHBIX KPUBBIX CPEIHETOIOBBIX
pacxonoB Bozbl pek lllepy6aiinypa, Cokblp, AkbGacray, Ynken-Kyunpzasl u KoH (pucyHok 5), a
Takke pekn Hypa B mpememax ruapoiormdecknx moctoB bec-O6a, Illemenkapa u AxMmemuT
(pucyHOK 4) MOKa3bIBaIOT, YTO WX KOJIeOaHUsl CHHXPOHHBI, @ MEXAY THIPOJOTHYECKUMH TOCTaAMHU
Banpikter 1 P. KomkapbaeBa acHHXpOHHO, 4TO TpeOyeT HEOOXOAMMOCTH YYHTHIBATh HX IIPH
OLIEHKE BOJOOOECIICUCHHOCTH HACEICHHs, TEPPUTOPHH U OOBEKTOB AKOHOMHKH, a TaKXe
TEpPUTOPUATILHOM OPTaHU3aIMH BOAOIOIB30BAHNS B YCIOBHAX Ae(UIINTAa BOJHBIX PECYPCOB.

Obwue 3aKOHOMEPHOCMU UBMEHEHUST CPeOHe20008020 PAcXo0d 800bl PeK HA Meppumopuu
so0ocbopa pexu Hypa.

[Ipy u3y4eHHM TEHACHIMU pPa3BUTHA IUHAMHYECKMX MPOIECCOB M SBJICHUH IIHPOKO
WCTIONB3YIOTCS KPHBBIE POCTA, NPEJACTABICHHBIX B BHJIE MaTeMaTHYeCKUX (QYHKIMH OJHON
MEePEMEHHOM BO BPEMEHHBIX AacleKTaX, MO3BOJISIONIMX BBIUYUCIEHHE MX CTaTUCTUYECKHUX
XapaKTePUCTHK a0CONOTHOTO POCTa, TEMIIA prpocTa u ko3ddunuenrta npupocra [18...20].

J171st OLIeHKM TeHJICHIIMM N3MEHEHHH CPEHEr0I0BOr0 pacXo/ia BOJIbl B peKax BoAocOopa peKku
Hypa, Ha ocHOBe co3maHHON 0a3bl MCCIEJOBAaHMS 10 THAPOJIOTHYECKHM TOKa3aTeIsIM 3a EPHO.
1932...2021 rompl, BBINOJIHEHBI CTATHCTUYECKHE PacueThl W IIOCTPOCHBI I'padUKH JHHEHHOTO
TpeHaa (pUCYHKH 6...9).

Ananu3 rpaduKoB, TPHUBEICHHBIX Ha PUCYHKax 6...8, TOKa3blBaeT, YTO MHOI'OJIETHHUE
KoJieOaHMs CPETHETOIOBBIX PacXol0B BOABI pek B OacceifHe pexn Hypa B mpocTpaHCTBEHHBIX U
BPEMEHHBIX aCIIEKTaX OTHOCATCS K pa3psily CIOXKHBIX MPUPOIHBIX MIPOIECCOB M MM CBOIICTBEHHA
HE TOJBKO CTOXacTWYeCKas COCTaBIIOINAs, HO M Takke oO0JafaeT JeTepMHUHHPOBAHHON
COCTaBJISIOLIEH B BUJE JIMHEITHOTO TpEeHa.
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Mycmadaes u dp.

T'udpomemeoporozus u akorozus Ne1 (116), 2025

T'on
2040

—@— lllepybaiinypa —@—Cokelp —@— AxOacray =—@— VYikeH-Kynmpiaer —@—Kon

Pucynok 5. Pasnocmuo-unmezpanvhvie Kpugvle cpeoHe20008blX pacxo008 800bl peK 8000cO0pa

bacceiina pexu Hypa

QRipd/c y=-0,0019x + 0,9268 y = 0,0157x + 3,9263 QR /c
%0 R?=0,004 R? = 0,0074 3-5
2 3.5
20 3

2.5
15 5

10 15
1

° 0.5
0 0

1920 1940 1960 1980 2000 2020 2040
—0— [llemenkapa —8&— bec-O06a
Ton

Pucynok 6. I paghux usmenenus cpedne20006020 pacxooa 600vl pexu Hypa no cuoponozuueckum
nocmam Bec-0O6a (1-npasas opounama) u [llewenxapa (2-neeas opounama) 3a 1932...2021 2001

U UX TUHEUHbLL MPeHO

QRi,MS/C
o y =0,1818x +12,3930
90 y =-0,0035x + 20,2050 81 ,
R2=0,00004 R?=0,0821
80 '
70 y =0,1022x +3,7954
60 R2=0,1476

50
40
30
20
10

0
1920 1940 1960 1980 2000 2020 2040

T'on

—@— BajIbIKTEI =@ AKMEILIUT

Pucynoxk 7. I pagux usmernenus cpedne20008020 pacxoda 600vl pexu Hypa no euoponozuveckum

nocmam Banvikmul, Axmewum u P. Kowxapbaesa 3a 1932...2021 20061 u ux nuHetiHvll mpeHo
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Mycmadaes u dp. T'udpomemeoporozus u akoroeus No1 (116), 2025

25 | QR,m3/c y =0,0178x +0,6880 QR,m3/c) 7
R2=0,141
20 y =0,0028x + 5,9402 6
R?=10,0002 5
15 =0,0055x +3,0508 4
R2=0,0021

10 3
2

5
1
0 0

1920 1940 1960 1980 2000 2020 2040

—@— lllepy0aiinypa —@— Kon —@— CoxsIp

Pucynoxk 8. paghux usmenenus cpedne20006020 pacxooa 800wt pex Lllepybaiinypa (1-neeas
opounama), Cokwip (2- npasas opounama) u Kow (3-nesas opounama) 3a 1932...2021 20061 u ux

JUHEUNbI MPEHO

CraTuctideckn 0OOCHOBaHHAsS OLCHKA TCHIACHIIMHA HW3MEHEHHS CPEIHETOJOBOTO pacxoja
BOJIbI pek OacceifHa pexu Hypa u ux (yHKIHMOHANIbHBIC YPaBHEHHS CIY)XaT HE TOJBKO HAyYHOU
OCHOBOH TSI IPOTHO3UPOBAHMSA MPUTOKA PEUHBIX BOJ B OTACIBHBIX THAPOJIOTHUYSCKHX MOCTaX, a
TaKKe SIBISICTCS MaTeMaTHMYeCKUM WHCTPYMEHTapueM Uil OIpeleNieHHss HX aOCONOTHOTO
NPUPOCTa, TEMMa TMPUPOCTa W KOIPPHUIMEHTa TPHPOCTA, OTPAXKAMIIUEC HIMCHEHHS
KJIUMAaTHYCCKUX U (HU3UKO-reorpa)uuecKux MpPOIECCOB Ha BOMOCOOPHOI TEPPUTOPUH PEYHOIO
OacceiiHa, XapaKTepHOE IJI1 COBPEMEHHOTO Ieproia (HaunHasl ¢ cepennHbl 32-X rooB XX Beka u
0 HACTOsIIIIee BpeMsl).

8 | QR,m/c QR,m3/c 1
y= _0’0001)( + 012275 y= 0,0144X + 0,9741 L 0.9
7 R = 0.0003 R>=0,0506 '
6 ’ - 0.8
° ! - 0.7
5 ' - 06
4 - 0.5
' b - 0.3
2 Rl ‘ | H ! "' ; =l - 02
' g .
1 - . '4}“1:‘11» 4g, o1
R/ )
0 0
1920 1940 1960 1980 2000 2020 2040
—@— VixeH-KyHab13 el —@&— AkOactay

Pucynok 9. I pagux usmenenust cpedne20006020 pacxooa 800wl pex Axbacmay (1-npasas

opounama) u Yaxen Kynowizowl (2-n1esasn opounama) 3a 1932...2021 20001 u ux aunetinviii mpeno

AHanu3 JMHAMHKM MHOTOJICTHUX KOJIeOaHMH CpeIHErofloBOro pacxoia BOJbBl PEK Ha
TeppuTOpuu BoAocOopa OacceitHa pekn Hypa mokaspiBaeT, 4TO MM CBOHCTBEHHa HE TOJBKO
CTOXACTUYECKast COCTABIIAIONIAs, HO TAKXKE OHHM 00JIa/IaloT U IETEPMHUHUPOBAHHOM COCTABIISIIOLIEH
B BHJE PAaBHOHANPABICHHBIX (TIOJIOKUTEIBHBIX W OTPHIATENIBHBIX) JTHHEHHBIX TPEHIOB,
CIOCOOCTBYIOIIMX K M3MEHEHHIO B HEOOJIBIINX JMANna3oHaX MX CTATHCTHYECKUX IapaMeTpoB 3a
1932...2021 roasr (Tabmuma 3).

17



Mycmadaes u dp.
Tabiuna 3

T'udpomemeoporozus u axoroeus Nol (116), 2025

Cmamucmuyeckue napamempul cpedne20008020 pacxodd 600bl pek Ha meppumopuu baccetina pexu Hypa

Pexa- myHKT

I'maposiornyeckas XapaKTepUCTHKA PSIZIOB CPEHET0J0BOI0 PACX0/a BOJbI PeK 3a
paccMaTpuBaeMblii nepuon, M5/c

HAYAJI0 | KOHIIA | max | min | cpeaHee
Hypa -bec-O6a 0,04 0,33 3,77 0,03 0,84
Hypa- Hlemenkapa 0,51 3,01 21,30 0,48 4,64
Hypa - BamsikTsr 3,83 7,44 42,20 0,36 8,44
Hypa - Akmemut 7,95 3,10 66,60 3,68 20,05
Hypa-P. Komkapbaesa 4,76 32,10 91,48 2,10 20,67
[epy6aitnypa- Kapamypbia 1,97 2,46 20,90 0,40 6,08
CoxsIp - AKXKap 0,54 1,78 6,25 0,07 1,50
Axbacray - Xanaayn 0,05 0,11 0,86 0,02 0,22
Viken-Kyunei3 -CrkobeneBka 0,34 5,81 6,99 0,12 1,63
Kon -bepmk 0,51 1,69 16,38 0,11 3,30

Ha ocHoBe co3maHHOW 6a3bl MCCIIENOBAaHMS MO THAPOJIOTHMYECKHM II0OKA3aTeNisIM peK Ha
TeppuTOopuH BomocOopa OacceiiHa pexu Hypa, mocTaTouyHO AIMTENBHOTO psifa HaOMIOJNEHUWH C
HPOJOIDKUTENBHOCTEI0 90 JteT, mnoiydmnd  (QyHKIMOHAIBHYIO THAPOJIOTHYECKYI0 MOJEIb,
0a3MpyIOLIYIOCs Ha JIMHEWHOM TPEHJIE ¥ MO3BOJISIONIYIO0, IPEXK/E BCEr0, OLICHUTh, KaK N3MEHSAETCS
JMHAMHYECKH CPEIHErOJOBBIC PAacXOAbl BOABI PEK 3a paccMaTpUBAEMbId pacdeTHBIH Hepuon
(Tabnuia 4).

Tabauna 4

Jluneino-KoppersiyuoHHAs 2UOPONOSULECKAst MOOEb CPeOHe200068020 PACX00d 600bl PeK HA Meppumopuu 6000cbopa baccelina
pexu Hypa

Pexa- myHkT ‘ ‘YpaBHeHue perpeccumn HujeKe JeTepMUHALIHH (Riz)

Hypa -bec-O6a QP; = —0,0,0019 - SNY; + 0,9268 0,00400

Hypa- Hlemrenkapa QP; = 0,0157 - SNY; + 3,9263 0,00740

Hypa - BanbIKTe QP; = 0,1022 - SNY; + 3,7954 0,14760

Hypa - Axmemnr QP; = —0,0035 - SNY; + 20,2050 0,00004

Hypa-P. Komkxap6aepa QP; = 0,1818- SNY; + 12,3930 0,08210
IlepyGaitaypa- Kapamypsia QP; = 0,0028 - SNY; + 5,9402 0,00020

Coxpip - Axkap QP; = 0,0178 - SNY; + 0,6880 0,14100

Axbacray - JKanaayn QP; = —0,0001 - SNY; + 0,2275 0,00030
Vinken-Kynaprs -CkoGeneska QP; = 0,0144 - SNY; + 0,9741 0,05060

Kon -Bepmux QP; = 0,0055 - SNY; + 3,0508 0,03750

Taoauna 5

JIyisi BBIABJICHHUS XapakTepa TEHACHIMM M WHTCHCHBHOCTH HW3MCHEHHUS CPEIHEr0[0BOI0
pacxosia BOZIbl peK Ha TEPPUTOPHH BOjIocOOpa Oacceiina pexu Hypa Ha OCHOBE BpEeMEHHBIX PsIIOB
MCIIOJIb30BaHbl CTATHCTHYECKUE MMOKA3aTelld, Kak abCOJIOTHOTO MPUPOCTA, TeMIla MPUPOCTa U
K03 HIIHeHTa TPUPOCTA, MO3BOJSIOIIUX OTCICIUTH CKOPOCTh MPOTCKAHMS 3THUX MPOIIECCOB U
SIBIICHUH (Tabnuma 5).

Cmamucmuyeckas oyeHKa MeHOeHYUU USMEHEHUs CPeOHe20008020 PACX00d 800bl PeK HA meppumopuu 6000cbopa daccelina

pexu Hypa

Peka- myHkT

CraTHCTHYECKHE 0KA3aTeJ M TEHIeHIMH H3MEeHEeHHsI BO BpeMeHH
CPeIHero10Boro pacxosa Boanl pex (QP;)

AISI; AISI; | GRIUS;
Hypa -Bec-Ob6a -0,1691 -0,0019 0,8192
Hypa- Llemenkapa 1,3973 0,0155 1,3505
Hypa - BambikTs 9,0958 0,1011 3,3075
Hypa - Axkmemut -0,3115 -0,0035 0,9848
Hypa - P. Komkap6aea 16,1802 0,1798 2,2723
[Iepy6aiinypa - Kapamypsia 0,2492 0,0028 1,0415
CoxbIp - AKxap 1,5842 0,0176 3,2193
Axbacray - Xanaayn -0,0089 -0,0001 0,9613
Vnken-Kynnei3 - CrkobeneBka 1,2816 0,0142 2,3264
Kon - Bepnuk 0,4895 0,0054 1,1584

AHanu3 IWMHAMHUKH CPEIHErof0BOrO pacxoja BoAbl OacceiiHa pexu Hypa B paspese
THIPOJIOTMYECKHUX ITOCTOB U PEK MOKa3all, 4To 3a paccMaTpuBaeMsblil nepuon 1932...2021 roxsl,

18



Mycmadaes u dp.

T'udpomemeoporozus u axoroeus Nol (116), 2025
TPEHJIbl MX HEPABHO3HAYHO, YTO MOKET ObITh CBA3AHO C MX IeorpaduMyecKuM M BBICOTHBIM

TIOJIOKCHHUEM U TTOKa3aTelisi TUIa MUTaHUs:

- TEHACHLMA W3MEHEHHS CPEINHErofoBOro pacxoxa BoAbl peku Hypa B crBOpe
rugpojornyeckoro rmnocra bec-O6a, pacnonoxeHHOro B 30HE (OpMHpOBaHMS — CTOKa
oTpunarensHas, Habmomaercs ux nameHenue ot 0,04 no 0,33 M/, cpenueapudmermaeckas — 0,84
M%/c, MmakcumanbHas — 3,77 M%c u MuanmanbHas -0,03 M%/c, aGCONMOTHBIN IPUPOCT COCTABIIAET —
«» 0,1691 m%/c, Temn npupocra — «-» 0,0019 M%/c u ko3 duruent pocra — 0,8192 3a 90 ner;

- TEHJACHIMs W3MEHEHHs CpPEIHEeroJoBOro pacxojga Boasl pekn Hypa B crBOpe
THAPOJIOTHYECKoro mocta cena lllemeHkapa, pacrojoXKEHHOTO B 30HE TPaH3HMTa TE€OCTOKA
TNIOJIOKMTENbHAs, HabmoaeTcs ux usmenenue ot 0,51 mo 3,01 m¥c, cpenneapudmernueckas —
4,64 m%c, makcumanbnas — 21,30 m%c u munumansnas -0,48 m%c, abcomoTHbI mpHpocT
cocrasnsget — «+» 1,3973 m¥/c, Temn npupocta — «+» 0,0155 M¥/c u koapduument pocta —1,3505
3a 90 JeT;

- TEHJACHUWs HW3MEHEHHs CpPEIHEroJloBoro pacxona Boabl peku Hypa B crTBope
THAPOJIOTHYECKOTO IOCTa cela BaJBIKTBI, PACIONOKEHHOTO B 30HE aKKyMYJSIIUH TI'€OCTOKa
TIOJIOKMTENbHAs, HAOIOIaeTCs MX u3MeHenue ot 3,83 mo 7,44 m¥c, cpenneapudmernueckas —
8,44 m%c, makcumanbHas — 42,20 m%c u munuManbHas -0,36 M%c, abGcomoTHBIA mpupocT
cocTaBiseT — «+» 9,0958 m%/c, Temn npupocra — «+» 0,1011 m¥/c u kosdppunuent pocra —3,3075
3a 90 JeT;

- TEHJCHUWs HW3MEHEHHs CpPEIHEroJoBoro pacxona Boabl peku Hypa B crTBope
THAPOJIOTHYECKOTO IMOCTa CEeN0 AKMEIINT, PACIONIOKEHHOTO B 30HE PACCEMBaHMS I'€OCTOKA
oTpuLaTebHasd, HaOMoAaeTca X u3MeHenue ot 7,95 no 13,10 m¥c, cpenneapudmeTnyeckas —
20,05 m%c, makcumanbHas — 66,60 M3/c W MuHUManbHas -3,68 M%/c, aGCOMIOTHBIA MPUPOCT
cocTapiser — «-» 0,3115 m%/c, Temn npupocta — «-» 0,0035 M%/c u xoapdument pocra —0,9848
3a 90 JeT;

- TEHJACHUMsS W3MEHEHHsS CpPEJHEeroJoBOro pacxojga Boasl peku Hypa B crBope
THAPOJIOTHYECcKoro nocra ceno P. KomrkapbaeBa, pacroioKeHHOro B 30HE pacCeHBaHUsI T€OCTOKA
TNIOJIOKMTENbHAs, HaOoaaeTcs uX u3MeHenue ot 4,76 no 32,10 m%c, cpenneapudmernueckas —
20,67 m%/c, makcumaneHas — 91,48 m%/c m mMuHmMManbHas -2,10 m%/c, abGconmOTHBIH MIPUPOCT
cocTasnset — «+» 16,1802 m*/c, Temn npupocTa — «+» 0,1798 M%/c u koapduuuent pocra — 2,2723
3a 90 JeT;

- TEHJEHIMS M3MEHEHHs CpeIHErofIoBoro pacxona Boisl peku lllepyOaitHypa B cTBOpe
THAPOJIOTHYECKOT0 MocTa ceo KapamypsiH, nonoxuTenbHast, HabnroaaeTcs ux usMenerue ot 1,97
1o 2,46 m*lc, cpenneapudmernueckas — 6,07 m%/c, makcumanbaas — 20,90 M%/c u MuHUMaNbHAS -
0,40 m%/c, aBCOMIOTHBII IPUPOCT cocTaBseT — «+» 0,2492 m/c, Temn npupocta — «+» 0,0028 M%/c
u ko3¢ ¢urment pocra — 1,0415 3a 90 ner;

- TEHACHUMWsS W3MEHEHHS CpEeIHEroJoBoro pacxonga BoAbl pekd COKbIp B CTBOpE
THJIPOJIOTHYECKOTO MOCTa celio AKKap, MOJIOKUTebHas, HabmonaeTcs ux m3meHenne ot 0,54 mo
1,78 M/c, cpenneapudmernueckas — 1,50 Mm%/c, MakcuManpHas — 6,25 M%/c u MurnMaibHas -0,07
m%/c, abcomoTHBI TpupocT coctaBnseT — «+» 1,5842 m%/c, Temn npupocta — «+» 0,0176 mM%/c u
koadumuert pocta — 3,2193 3a 90 ner;

- TeHJCHIMsS W3MEHEHMs CpEIHEroJ0BOro pacxoaa Boabl peku Axbacray B CTBOpE
THAPOJIOTHYECKOTo 1ocTa ceno JKaHaayn oTpuiatenbHast, HaOogaeTcs ux m3Menenue ot 0,05 1o
0,11 m%c, cpenneapupmernueckas — 0,22 m%/c, makcumanbHas — 0,86 M%/c u Munumanbhas -0,02
m%/c, aBCoMOTHBIH TpUpocT cocTaBiseT — «-» 0,0089 m%/c, Temn npupocrta — «-» 0,0001 M%/c u
koa¢durmeHT pocta — 0,9613 3a 90 ner;

- TEHJCHLUS M3MEHEHUsI CPEeJHErol0BOro pacxojaa BoIbl peku YikeH-KyHAbI3 B cTBOpe
rugpoJorunyeckoro mnocra ceno CkoOeneBKa, IMOJIOKHUTENbHAS, HAOMIOAETC UX U3MEHEHHE OT
0,34 110 5,81 m%/c, cpenneapudmerrueckas — 1,63 M%/c, MmakcumanbHas — 6,99 M%/c ¥ MUHIMaTbHAS
-0,12 m%/c, abcomoTHbIM npupocT coctaBisgeT — «+» 1,2816 m%/c, Temn npupocta — «+» 0,0142
M%/c u koadurment pocra — 2,3264 3a 90 ser;

- TEHJCHIMS W3MEHEHHs CpEeIHErofloBOoro pacxona Boiasl peku KoH B cTBOpe
THJPOJIOIMYECKOro TocTa ceno bepiuk, nonoxxurensHast, Habmoxaercs ux usmenenue ot 0,51 1o
1,69 m%/c, cpenneapudmernueckas — 3,30 m%/c, MmakcumanbHasg — 16,38 m%/c u MuanmansHas -0,11
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M%/c, aBCOMOTHEIH IPUPOCT cocTaBuaeT — «+» 0,4895 m%/c, Temn mpupocta — «+» 0,0054 M%/c u

ko3¢ ¢unnent pocra — 1,1584 3a 90 ner;

AHalu3 1 OLEHKH IMHAMHUKH M 3aKOHOMEPHOCTEH (JOPMHUPOBAHUS CPETHET0JOBOTO Pacxoa
BOJIBI PEK, a TAKXKE TEHACHIIMU U MHTEHCUBHOCTH MX U3MEHEHHUSI Ha TEPPUTOPUH OacceiiHa peKu
Hypa B npocTpaHCTBEHHBIX M BPEMEHHBIX aCIEKTaX IO3BOJIMIIHM BBLIBHTH HX CTOKOOOpa3yromiue
0COOCHHOCTH, 3aBHCSIIUX OT BHAA M PEXKHMa aTMOC(EPHBIX OCAJKOB HHM3KOTOPHBIX CHCTEM
Kazaxckoro MekoconoyHHKaA.

Ha ocHOBe BBINOJIHEHHOTO HCCIICAOBAHUS, CJIEAYeT OTMETHUTh, YTO C YBEIHMYCHUEM
IUTUTEIIBHOCTH BPEMEHHBIX THIPOJOTHYESCKUX DPSANOB M3y4aeMbIX PEK B MPOCTPAHCTBEHHBIX U
BPEMEHHBIX aCMEKTax CO3/aHbl HEOOXOJMMBbIC IPEAIOCHUIKM JUIs BBISIBICHHS OCHOBHBIX
3aKOHOMEPHOCTEH pasBUTHA THIPOJOTHMYECKHX IIPOIECCOB, YTO IO3BOJSET IIONYYUTH Ooliee
HaJe)KHbIe W OOOCHOBAaHHBIE MPOTHO3BI O OYAYIIMX THIAPOJOTHYECKHX PEKUMaX PEYHBIX
GacceifHOB.

4. BAK/IIOYEHUE

PesynbraThl, TONydYeHHBIE B  IpPOLIECCE TUAPOJOTMYECKOIO  MOHMTOpPHHTa IO
runponorndeckuMu moctamu bec-O0a, lemenkapa, bansikter, Axkmemmut n P. Komxkap6aera
Oacceitna pexu Hypa, a Taxoke B pekax llepy0aiinypa, Coksip, AkOactay, ¥ akeH-Kyuasi3 u Kow,
3a 1932...2021 romsl, MO3BOJIMIN Ha OCHOBE MH(POBOI TEXHOJIOTHH CO3aTh 0a3y MUCCICIOBAHUS
CPEIHEr0JIOBOTO pacxojia BOJIBI M Ha OCHOBE UX MOJNYyYUTh CHCTEMY JIMHEHHBIX ypaBHEHHH,
XapaKTepU3yIOUIUX 3aBUCHMOCTh CPETHETO0BBIX PACXOJOB BOIBI MEXKIY THAPOIOTHIECKHUMHU
nmocraMu U pekamu anajora (peka Hypa - bec-O6a) m pekamu-IyHKTa, Jaja BO3MOXKHOCTH
BOCCTAaHOBUTH M YBEIUUUTD JUINTEIBHOCTh BPEMEHHBIX THIPOJIIOTHYECKHUX PAAOB, KOTOPHIE MOTYT
OBITH HCIOJIB30BAHBI JJIS1 TEPPUTOPHUATBHOTO IIJIAHUPOBAHMS BOIOIOIB30BaHUS.

Jnst uicee0BaHms MUKJINIECKIX MHOTOJIETHUX KOJICOAHUH CPETHEr010BOTO PACcX0/1a BOJBI
pex Hypa, Illepy6aiinypa, Cokblp, AxOactay, YikeH-Kynasi3 m KoH wucnosibp3oBaH MeTon
HOPMHUPOBAHHBIX PA3HOCTHBIX WHTETPAIBHBIX KPUBBIX M B PE3yJIbTaTe KOTOPHIX IIOJYyYCHO
CTaTHCTHYECKOE OOOCHOBaHUE MapaMeTpoOB LUKIJIOB, OOHApYXKEHHBIX B CHHXPOHHBIX U
ACHHXPOHHBIX KOJICOAHHAX PEYHOTO CTOKA, KOTOPHIE B3aMMOCBS3aHBI CO CTOKOOOPA3yIOIUMHU
(akTOpamMH M CBOMCTBEHHBI Hapsay CO CTATUCTUYECKUMHU CPEJHEMHOTOJIETHUMH BEIMYMHAMU U
JVMHAMHUYECKHUE, SBILIONIHEcs QYHKIHSIMU BO BPEMEHH, KOTOPBIE MOTYT OBITh NCIIOJIB30BAHBI IS
peleHNs HaCyIIHBIX TPOU3BOJCTBEHHBIX BOIIPOCOB.

Jnst aHanm3a M OLEHKH O0COOEHHOCTEH (POPMHUPOBAHUS THAPOIOTHUECKHX HPOIECCOB, HA
OCHOBE CO3JJaHHOW 0a3bl MCCIIETOBAHHM, Oa3HPYIONINXCSA Ha BPEMEHHBIX PSJIOB CPEIHETOI0BOTO
pacxona Boabl pek OacceliHa pexu Hypa 3a 1932...2021 roasl, B paMKaX HCIIOJNB30BAaHUS METOIA
TEHJIEHINM, IIyTeM OKCTPANOJIMPOBAaHUS €ro YpaBHEHHUS CBA3M, XapaKTePH3YIOIIMX 3aKOH
9BOJIFOLIUH THIPOJIOTHYECKOTO MPOIIEcca BO BPEMEHH, MOJyUIeHb! (DyHKIIMOHAJIBHBIC yPaBHEHUS, B
BUIC DABHOHANPABICHHBIX (MOJOXKHUTEIBHBIX M  OTPHIATEIBHBIX) JHMHCWHBIX TPEHIOB,
SABJISTFOLIIMXCS. MaTEMaTHIECKIM HWHCTPYMEHTAPHEM /IS OIPE/IeNICHHsT X a0COJIOTHOTO MPUPOCTa,
TeMIIa IpUpocTa U Kod3(duiinenTa npupocra, ITo MO3BOJIOT aHATU3UPOBATh U IIPOTHO3UPOBATH
JMHAMHKY BOJHBIX PECYpPCOB Ha COBPEMEHHOM 3Talle, ¥ MPOTHO3UPOBAThH Ha Oy Iylee B Ipolecce

HN3MCHCHHUS KiIMMaTa U aHTpOHOFEHHOﬁ JACATCIBbHOCTH.

BKJIA/Il ABTOPOB

Konnenryamzamus — )KCM, ATK; ynpasnenne nanasiMu- JKCM; dopmansnerii anamms — Y1, KBA,
HAT; meromonorus - XXCM, ATK; mporpammuoe obGecnieuerne -XKCM, ATK; pykoBoactBo -XKCM;
Busyanmuzauus -ATK, KBA, HAT,; nanucanue ucxomnoro texcta — ATK, KBA, HAT; nanucanue u
peaaKkTHpoBaHuE OKOHYaTeNnbHOro Tekcra- ATK.
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KEY WORDS ABSTRACT

mean annual river discharge To study the spatial and temporal variability of the mean annual river discharge within
river the Nura River basin, long-term hydrological data from the monitoring stations Bes-
trend Oba, Sheshenkara, Balykty, Akmeshit, and R. Koshkarbayev, as well as from the rivers
:ie:edai”t‘;gn y Sherubainura, Sokyr, Akbastau, Ulken-Kundyzdy, and Kon, were utilized. These

stations are relatively evenly distributed across the basin, covering an area of 58,100

gzgglzéfn km?, with observation periods spanning from 1932 to 2021. The analysis of hydrological
process dynamics within the Nura River basin watershed reveals that long-term
fluctuations in mean annual river discharge comprise both stochastic and deterministic
components, the latter represented by a linear trend.
Statistically significant estimates of the parameters characterizing the cyclic structure of
About article: long-term fluctuations in mean annual river discharge (phase, amplitude, and
Received: 27.10.2024 synchronicity) were obtained. It has been demonstrated that the alternation of high-water
Revised: 19.02.2025 and low-water years, associated with the phases of long-term discharge fluctuation

Accepted: 20.02.2025

Published: 01.04.2025 development, can be represented as time-dependent functions exhibiting dynamic means

with varying intensities. This phenomenon may serve as a scientific basis for river
discharge forecasting.

I[pumeyanue w3naTeNsi: 3asBJICHHS, MHCHHS W JaHHBIC BO BCEX MyOJMKAIMAX MPHUHAICKAT TOJIBKO aBTOPY (aBTOpaM), a HE KypHAIy
"T'HuaPOMETEOPOIIOTHS U SKOJIOTHA" H/WIIN PEAaKTOPy (perakTopam).

23


mailto:z-mustafa@rambler.ru
mailto:aliya270863@gmail.com
mailto:unzila8282@mail.ru
mailto:abdeshev.kuanysh@mail.ru
mailto:nurANT_78@mail.ru

"
ST "Ny THAPOMETE0POJIOrHs M DKOJIOT HS

KA3TUNPOMET
/ o

.
.

Hayunas crares

BHYTPUI'OJOBOE PACITPEAEJIEHUE CTOKA TUIIMYHbLIX PEK
KA3AXCTAHA (HA IPUMEPE PEK BYKTBIPMA, ECWJIb, )KAMBIK)

Anus A. Hyp6ammna' =, Aiicyny A. Typcynosa k.I.H., XXanar T. Canasatosa®?

1AO «MucTuTyT reorpaduu u BoAHOMN Ge3omacHocTH», Anmarsl, Kasaxcran; aliya.nurbatsina@gmail.com (AAH), ais.tursun@bk.ru (AAT),

salavatova.07@gmail.com (OKTC)

2 Kazaxckuii HanMoHaIbHBI yHUBEPCUTET MMEHH amb-Dapabu, (pakyIbTeT reorpaduu ¥ MPUPOIONIONE30BaHus, AnMarel, Kasaxcran;

salavatova.07@gmail.com (OKTC)

Agrop koppecnionaeHt: Anus A. Hyp6auuna, aliya.nurbatsina@gmail.com

K/IFOYEBBIE CJIOBA

ABCTPAKT

BHYTPUTO10BOE
pacIpe/elIeHUue CToKa
BOJIHBII peKUM
HM3MEHEHHUs KIMMara
CE30HHBII CTOK
TCHJICHIINS N3MECHEHUS
CTOKa

I'moGanbHble M3MEHEHHUS KIIMMaTa U MHTCHCUBHAs XO3AWCTBEHHAs! NEATENbHOCTh MPUBOMAAT K
mepepacIpeieficHHI0 BOJHOTO PEeXKUMa peK. M3ydeHne 3aKOHOMEpPHOCTEeH BHYTPHUTOOBOTO
pacrpeneneHusl peYHOTO CTOKA SBISACTCS OJHUM W3 BaKHEHIINX BOIPOCOB PAIlOHAIBEHOTO U
KOMILIEKCHOTO MCTIONIb30BaHUS BOIHBIX PecypcoB. B mpencTaBIeHHOM HAyYHOM HCCIIeJOBaHUT
MIPOaHaTH3UPOBAHEI MHOTOJICTHHAE PETHOHABHBIC TCHICHIINN BHYTPUTOAOBOTO pacIIpeIeIeHUs
pedHOTO cTOKa BoAocOopoB p. Bykreipma — c. Jlecnas [Ipucrans, p. XKabaii - r. Atbacap, p.
Vinken-Kobaa — ¢. Ko6ma ¢ 1985 mo 2022 rr. Hay4uHsle miccieoBaHUS MPOBEACHBI HA OCHOBE
METOJIOB  CTaTUCTHYECKOTO  aHalu3a C  HKCIOJb30BaHMEM  MHOTOJETHHX  3HA4YeHUU
CpPETHEMECSYHBIX M CPEAHETONOBBIX BEIMYMH PEUYHOTO CTOKA, CPEIHEMECSYHBIX BEITUYHMH
TeMIepaTyp BO3IyXa, CpPEIHEMECIYHBIX CyMM aTMOC(EpHBIX ocankoB. PaccMmorpeHa
MHOTOJICTHSSL JTHHAMHUKA CTOKO(GOPMHUPYIOIUX (PAKTOPOB M MapamMeTpPOB CTOKA ¢ y4eToMm (a3
pa3MuHON BOJHOCTH. BBISBIEHO, 4YTO HAa TEPPUTOPUM paccMaTpuBaeMbIX OacceifHOB
MIPOUCXOJISIT CYIIECTBEHHbIE H3MEHEHHSI BO BHYTPUTOJJOBOM PACTpEACICHIUN CTOKA, TAKUE KaK
YMCHBIIICHAE JOJH BECEHHETO CToKa, sl peku JKabail (myHKT ATOacap) BECECHHHI CTOK B
ampese cocTaBisul oT 63,5 % (B ManoBogHEIH rox) 10 79,2 % (B MHOTOBOJIHBIH T'0J) OT TOT0OBOTO
cToka, st peku Yiken Kooaa (myskT Ko6nxa) nosst BeceHHero cToka BapsupoBanach ot 38,4 %
(8 ManoBoHEI TOA) 10 71,6 % (B MHOTOBOAHBIN TOx), a st peku bykTeipma (myHKT JlecHas
[Ipucranp) BeceHHE-IETHUI CTOK 3a IEPHOJ C ampeis MO HIoNb cocTaBmi okoio 60...80 %
roloBoro croka. OTHOCHUTENBHO MEXEHHOTO CTOKa, To Ha pekax Kabait m Ynken KoOna
HaO0JII0IaeTCsl yBEIMUEHUE J0JIM MEXEHHOTO CTOKA, B YaCTHOCTH, B 3UMHHI Tiepros (Iekadpb—
Mmapt). Hampumep, nnsa XKabaif MeXeHHBIH CTOK B 3UMHHE MECAIBI COCTaBsieT MeHee 1 % B
MaJIOBOJIHBIE TOJa, HO €T0 TPEH/I MOJIOXKHUTEIbHBIH, YTO YKa3bIBaeT Ha TEHACHIINIO K YBEIHUECHUIO
3ol Jonu. Jns peku BykThlpMa MEXEHHBIM CTOK TakyKe yBEJIWYUBAETCS, XOTd B SIHBape U
Jiekadpe TPeHIbl OTPUIATEIIbHBIC.
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1. BBEJEHUE

BopHsle mpo6ieMBbl M BO3MOXKHBIE MTOCIEACTBHS INI00ATBHOTO M PETHOHAIBHOTO N3MEHEHHUS
KJIMMaTa CTajo OJJHUM W3 IJIABHBIX, B CIIEHAPHSX pa3BUTHs Oyaymiero. Kimmmarnueckne M3MEHSHHS
C OJIHOM CTOpPOHBI NPHUBEAYT K BOAHOMY JAe(DUIHUTY, C OPYrod CTOPOHBI — HEXKeJIaTelbHOMY
nepepaciipeielieHHI0 PEeYHOro CTOKa BHYTpH roxa. Ecmm mo0aBuUTh K 3TOMY KpaifHe
HEpaBHOMEPHOE pacHpeelieHne BOAHBIX pECYpPCOB BaXHOCTh OIEHKH BHYTPHIOJOBOTO
pacrpeeNneHus CToKa pek MpH COBPEMEHHBIX KIMMATHUECKUX YCIOBUSX CTAHOBUTCS OYEBHIHOM.

OxoHOMUYECKHH 3(h(HEKT OT peann3yeMbIX Ha MPAKTHKE BOJOXO3IHCTBEHHBIX MEPOIPUATHHA
HpsIMBIM 00pa3oM CBSI3aH HE TOJBKO CO 3HAHWEM T'0JI0OBOTO 00BeMa BOABI B BOZOTOKax, HO M MX
pacmpezieneHleM B TEUEHUE IOfla IO OTJCIbHBIM CE30HAM, MECSILIaM.

HccnenoBanne 3akOHOMEpPHOCTEH BHYTpUrojgoBoro pacmpenenenust croka (BPC) pex
SBIISICTCA OJHUM M3 BaXXHEHIINX BOMPOCOB, B CBS3U C TEM, YTO pacHpeAesieHHe CTOKa OT ToAa K
roJy MOCTOSHHO M3MEHSETCS BCIEACTBHE PA3NIMUUs B BEIMYMHAX PAcXoja BOJABI B OJMHAKOBBIE
(ha3br BOZHOTO pexuMa (IHUKH MOJIOBO/BS, TTABOAKOB, HU3KAasi MEXEHb) M M3-3a CABHIa BPEMEHH
HACTYIUICHHS] OJHO3HAYHBIX (pa3 pexknMa B pa3udHbIC TOIBI.

https://doi.org/10.54668/2789-6323-2025-116-1-24-37 YAK 556.5
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BHyTpurosnosoe pacnpeieeHHe pe4HOro CTOKa 3aBUCUT OT pasnuuHblX (akropos. K HuM

OTHOCATCSI KIMMAaTUUYECKUE YCIIOBHS (KOJIMYECTBO U PEXHUM OCAJKOB, TEMIIEpaTypa BO3lyXa B
TIEPHO/ TasTHUS CE30HHBIX CHETOB U JIEAHUKOB, CIIAPEHNE C TOBEPXHOCTH BOJOEMOB), penbed, THII
OHUTaHUs pekK, ruaporeonorus u T. 1. [1...3]. Kpaiite BaxxHO, 4TOOBI METOIBI 1 METOUKH pacyeTa
BHYTPHUT'OJIOBOTO pPACHpENeNieHHss CTOKa OBUIM TPOAHANIW3UPOBAHBI C TOYKH 3PEHUS WX
KOPPEKTHOT0 OTPayKE€HHsI CYLIECTBYIOIUX MPUPOIHBIX 3aKOHOMEPHOCTEH BHYTPUIOJJOBOTO CTOKA.

Cormnacuo Ceoxy, npasui 1 CTpOUTEIBHEIM HOpMaM, | TipaBuiiaM [4...5], pacuerst BPC pex
MPOU3BOJAT AJS KaJCHJApHOTrO, BOAOXO3AHCTBEHHOIO MM THAPOJIOrMYEecKoro roga. B ropHsix
paifoHax ocoOeHHO Oopmioe BIHMSHUE OKaszbiBaeT penbed. OH ompexmernser oOIIHMe yCIOBHA
YBIIQ)KHEHUS, JOCTYITHOCTh PEYHBIX OAcCEHHOB BIa)KHBIM BO3AYIIHBIM MaccaM, BEJUYUHY H
pacmpeneneHne aTMoc(epHBIX OcagkoB. JlaHHBIE O BHYTPHIOZOBOM paclpeleiIeHUH CTOKa
UCIIOJNIB3YIOTCS MPH pa3paboTKe MEpOIpUsITHI N0 O0pbOE ¢ HABOAHEHHUSMH, IIPH OPOILEHUH, MTPH
pa3paboTKe MPOEKTOB IIPOMBIIUICHHOTO M X035 CTBCHHOT'O BOZOCHA0KCHUS.

Cy1ecTByeT TpU OCHOBHBIX METOJIa pacueTa BHYTPUIOJJOBOTO PACIpeaesICHHs CTOKA: METO/
KOMIIOHOBKH; ~METOA  pEaJbHOTO TOJd; METOA CPEJHHMX paclIpelelieHHil CTOoKa 3a
BOJIOXO035IIICTBEHHBIH I'0Jl 33a1aHHOM IpaJalluy BOJHOCTH.

Meron AumpestnoBa B.I'. [6] maer Hammydwmme pe3yibTaThl ISl T€X PEK, HA KOTOPBIX
HaOJIoaeTcss 3aBUCMMOCTh BHYTPUTOJIOBOTO pacIlpeieeHUsi CTOKa OT BOJHOCTH Toja — 3TO
paBHUHHBIC PEKH, MMCIOIIME CHETOBOE MUTaHHE. MeTojq OCHOBaH Ha NPUHATHH PaBEHCTBA
00eCTIeYeHHOCTH CTOKa 3a TOA, JUMUTHUPYIOIUI Hepuo] M JIUMUTHPYIOUUH ce30H. Pacuer
3HAYeHNH CTOKAa 3a TOJ, JIUMHTHPYIOIIMH NEpHON W JIMMUTHPYIOIIMH CE30H OOBIYHO
OCYIIECTBJISIETCS MO CJIEIYIOIIMM TpajiallisiM BOJHOCTU: MHOTOBOAHAs (P=25 %), cpenuss (P=50
%), manosojuas (P=75 %) da3sr.

Haunbonee npocTeIM METOZIOM SBJISIETCS PacyeT paclpeesieH s CTOKa 0 peaJbHbIM TojlaM.
W3 psna HabmioneHWH BBIOMpaAeTCs MOJENb M3 TPEX JIET, XapaKTEpPHBIX MO CBOEH BOJHOCTH U
paclpeie/IeHHI0 CTOKa, ¢ SMIMPHYECKUMH OOECIIEYCHHOCTSMH T'OJOBOTO M CE30HHOTO CTOKA,
OMM3KUM K 33laHHBIM. MeTo pacdera BHyTPUTOZOBOTO PACHPENEICHHS 110 MOJEIH PEATLHOTO
rojia He UCKIII0YaeT CyOBEKTUBHOCTHU MPH BHIOOPE TaKOW MOJCIH, U 0OCCIEYCHHOCTH TOIOBOTO
CTOKa M CTOKa JIMMUTHPYIOIIUX IIEPHO/a U CE30Ha B IpeJieNiaX peaJbHOro To1a He BCeraa ObIBAalOT
OJITHO3HAYHBI.

B mMupoBoii mpakTHke ImpoOieMe OLEHKH BHYTPUTOMOBOTO CTOKa YZenseTcs Oombplioe
KoJIn4ecTBO BpeMeHH. Metoasl Manna Kennana paccMaTpuBaioTes B paboTax Mo U3yUeHHIO PeK
Hywubumxan, Tapum, Beit [7...9]. [lomumo 3toro B cratbe [7] akieHTHpyeT BHHUMaHHE Ha
MIPUMEHEHNH HHJEeKCca KOHIIeHTpanuu croka CDI, BOJTHOBON aHAIN3, HEMTapaMeTPUUECKOTO TECThI
Manna-YurHu. B cratbe [9] paccunthiBaeTes Tect IlerTuTa, Ui onpeneieHus 3HaYUTEIBHOTO
H3MEHEHUS XapaKTePHUCTHK pactpeieneHus. Beiisner Anann3 paccMarpuBaetcs B crathbsix [7, 10],
ungexc SPI Obw1 paccumtan B cratbe [8]. Craths [11] onmchiBaeT MaTteMaTHYECKyH MOJEIb,
KOTOpas UCIOJIb3yeT MUHUMAJIbHBIE HCXOIHBIE JaHHBIE JJIS OLIEHKU BHYTPUTOA0BOro croka. OHa
BKJIIOYAET y4eT BOJHOTO OajaHca, TeMIlepaTypbl BO34yXa, OCaJKOB M (PMIIbTPAIIMOHHBIX CBOMCTB
TMOYBBI.

B Kazaxcrane mpo6neme oneHkn BPC u xapakTepuCTHKaM BOIHOTO PEXHMa YIEINSIIOCH
0O0JBIIIOC BHUMAHHE B paMKax KPYIHBIX HCCICIOBaHUN 10 OacceiiHaM pek W 0OOOIICHHBIX B
XOpOoIIO W3BECTHHIX MoOHorpadusx kak Pecypcel moBepxHocTHRIX Box CCCP, xoropsie
OXBaTBIBAIM HAOJIOACHNUS 3a MEPUO/] C Hadasia IHAposIoTnYeckux Habmoaeruit 10 1970-x roaos.
W3BecTHBI Takke Hay4dHbIE PaOOTHI IO OT/AEIBHBIM PeYHBIM OacceiiHam KaszaxcraHa 3a paziaudHble
MepHO bl HAOTIOICHNH, OCBEIIAOIINE KaK ompeesienne 3akonomeprocTeit BPC, Tak u oTiensHbIe
XapaKTePUCTUKH MUHUMAIBHOTO, MO0 MakcHManbHOro ctoka. Tak B paborax Kysuna I1.C. [12]
paccmaTpuBaetcst pexxuM pek FOxkubIx paiionoB 3anagnoit Cubupu, CeBeproro u LleHTpansHOTO
Kazaxcrana, Ckouensic H.W. paccunran BPC mnst HemsyuenHeix pek ['opHoro Aunras [13],
bepkanues 3.T. uzydan rugponorudeckuil pexxuM pek LlentpansHoro, CeBepHOTo M 3amaaHoro
Kazaxcrana [14].

Cospemennsie uccienoanus BPC, Bxiouaromux 0Oojiee MO3JHHUE MTEPHOIBI HAOIIOICHUN
00006meHs! B 2-x MoHorpadusx: Bomguele pecypebl Kazaxcrana: oreHka, IpOTHO3, YIpaBJICHHE.
Pecypcsl peunoro croka Kaszaxcrama mon Hay4Hoit pemakiuein P.W. Tampnepuna [15] u K],
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Hocraii, C.K. Anmumkynos, A.A. CamapoBa Pecypcel peunoro croka Kazaxcrana — Kawmra 2

Bo3o6HoBIsieMble pecypchl moBepxHOCTHBIX Boj FOra u FOro-Bocroka Kaszaxcrana [16]. Takxke
COBPEMCHHBIC HCCIICIOBAHUS THUAPOJOTHYECKOTO pexnMa pek Kaszaxcrana mnpuBeneHsl B
OT/ICNTbHBIX HAYYHBIX CTAThX Ka3aXCTAaHCKHX TuapojioroB [17...19]. Tak, HanmpuMep, OLEHKO
BHYTPHUI'OJIOBOTO pacmpefiefieHnss pedHoro croka pek CesepHoro ckioHa JKersicy Amatay
sanumancs C.K. Anumkynos [20] 6acceiina p.Eptuc — A.A. Typcynosa [21] Gacceiina Iy, Tanac
— KM. Kyne6aes [22], XKaiisik-Kacmmitckoro 6Gacceitna — C.K. Jlapnerramues [23]. Awmanu3
BHYTpE-TOZOBOTO pacnpeneneHuss B OacceiiHe peku Ecunb omucanm B cBoedt padore JILK.
Maxmynosa [24].

Llenpro HacTOSIIEr0 HCCIEIOBaHMS SBISIETCS HM3yYSHHWE COBPEMEHHOIO BHYTPHIOZOBOTO
pacripenieleHusl CTOKa Ha THITWYHBIX OacceiftHax pek bykreipmsbl, Ecnne u XKaitpik. [ToHnmanue
BBISIBJICHHBIX TEHICHIMH NMOMOXeET pa3paboraTh Oojee >(pQEeKTUBHBIE CTpAaTErHMy YIpPaBICHUS
BOJHBIMHU PECypCaMH U aIaNTalluy K U3MEHIIOINUMCS KITMMATHICCKAM YCIOBHSM.

2. MATEPHUAJIbI U METO/1bl

Ob6vexm uccnedo8anus.

Uccrenyempie pexu (Bykreipma, Ecwmnp, JKaifbik) paccMaTpuBamuch Kak THIIMYHEIC
BOJOCOOPBl PEK, HaXONAIIMeCs B pa3IM4YHBIX MPUPOJHO-KIMMATHUECKUX YCIOBHAX U
OTIPEZICTIAIONINE IIEHHOCTh BOIHBIX PECYpCOB JUIA PA3IMYHOTO pPOJa OTpaciell 3KOHOMHKH:
CeIIbCKOE XO035CTBO, KOMMYHAJIbHO-OBITOBOW CEKTOp, THIPOIHEPTETHKA U JIP., AJISl CMATYCHHE
HETaTUBHBIX MOCJIEACTBUH B BpeMs IOJOBObS B BECCHHEE BPEMsI M PallMOHAIBHOTO yIPABICHUS
BOJIHBIMHU PECYpCaMH B 3aBHCUMOCTH OT pEXKHMa peK B TEUCHHUE ToJ1a.

Bacceitnbl pex Bykrsipma, Ecrime u XKaibik ObUTH BEIOpaHBI KaK PETHOHBI, XapaKTePU3YIOIIIE
paznuuHble reorpaduueckue 0coOCHHOCTH (DOPMHUPOBAHUS CTOKA, B 3HAYUTENBHOH CTENEHU
UCIIBITHIBAIONINX BO3JCHCTBHA M3MEHeHMs kiauMmara [25...26]. BomocGopHble obmactu B
3aMBIKaIOIUX CTBOpax: p. bykreipma — c. Jlecnas IIpucranb, p. XKabaii-r. AtOacap, p. Yiken-
Kob6na — c. Kobma moka3aHsl Ha pucyHKe 1.

BykTeipMa onHa M3 Haubojee KPYMHBIX peKk Ha AjTae, OTHOCSIUXcA K nputokam Eptuca,
HaxomuTcss Ha Tepputopun BocrouHo-Kazaxcranckoit o6mactu. Jlmmaa Bykteipmer 336
KHJIOMETpa, miomaas Bogocbopa 12 660 km? [27]. Bnagaer B ByKTHIpMHHCKOE BOAOXPAHMIIHIIE,
ocHoBHbIe puToku: benas bepens, CapeimcaxTsl, Xamup, bepe3oBka u ap. [Iuranue cmemanHoe:
50...55 % creroBoro, 25...35 % noxzaesoro, 15 % rpyHroBoro. CpenHui roJOBOI pacxo BOJBI
214 m%c [28].

JKabaii mpassiii nputok Ecuins. J[nuna pexn — 196 xm. [Tnomans BogocbopHoro 6acceitna —
8800 xm?. Peka mpoTtekaet o Tepputopru CaHIBIKTayCcKOTO H ATOacapckoro paifoHOB, nMeeT 14
nputokoB [29]. Bmecte ¢ pekamu Kosyton, Teprucakkan, AKKaHOYpibiK 1 UMaHOYPIIBIK BXOJUT
B Ecmibckuit peunoit OacceliH. 3aMep3aeT B Hadaie (B OTHENBHBIC TOIBI B CEpEIHMHE) HOSOPS,
BCKPBIBACTCS B CEpEAMHE aIpers.

Pexa Ko6ma o6pasyercs ciussanem pek Kapa Ko6xa u Caper Ko6na, Bnamaer B p. Enek cnea
y c. TlokpoBka. Ha mpuycTheBOM ydacTke Ha MPOTSDKEHHH 14 KM MpOTeKaeT BAOIb TPAHMIIBI
AxTio6uHCKOl 1 Opendyprekoii obnacreil. Jmuua pexu 225 kM, wiomaas Bogocbopa 14700 km?.
OcHogHubie puToku: p. Tepucakkan, p. Caykaus, p. Tamast, p. M. Ko6aa [30].

Mamepuanul.

3auacTyro rOIOBbIE MOKA3aTeIM CTOKA OCPEJHSIOT T€ M3MEHEHMs, KOTOpbIE MPOHCXOISAT
BHYTPH TOJla B PACHpPEACICHUN CTOKAa W HE OTPAXKAIOT pEaIbHOW KapTHHBI M3MEHEHHS BOIHOTO
pexuma pek. Crok pek Ecunb, Bykreipma u JXKaliblk XapakTepusyroTcst OONBIION MEXroJ0BOH 1
BHYTPHUI'OJIOBOIl M3MEHYMBOCTBIO, IMPHYEM OOBEMBI CTOKAa YAaCThIX MAaJOBOJHBIX W PEAKUX
MHOTOBOJIHBIX JIET MOTYT OTJIMYaThcss B 1Ba M Oosiee pa3. TeHOEHIIMM BHYTPHUIOIOBOTO
pacripesieieHUsl CTOKa OIIEHMBAJINCH CTAHAAPTHBIMH METOJAaMH CTaTHCTHYECKOTO aHaIIN3a.
Hcnonp3oBanuck NPOCTPaHCTBEHHO-BPEMEHHOW aHAIM3, METOJ pPEalbHOr0 TOAa, METOJ
KOMITOHOBKH.

ITpu pacuerax BHYTPHUIoJOBOTO PAcIpeJiesieHns] CTOKAa PeK B paboTe ObUIM MCIIOIB30BaHBI
otpunmanpubie ganusie PITI «Kasruapomer» [31].
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Pucynok 1. Booocooprvie ooracmu I'Tl p. Yixen Ko6oa — c. Koboa, p. Kabaii — 2. Ambacap u p.

byxkmuvipma — c. Jlecnas Ipucmans

[Tpu pacuerax BHYTPUrOJOBOTO PACIpeNesieHNs] CTOKAa PEeK B paboTe OBLIM HCIIOIb30BaHBI
opunmaneueie ganusie PITT «Kasruapomer» [31].

OO0paboTKa MaHHBIX MPOBOAMIACH I BpeMeHHOro mepuwoma ¢ 1985 mo 2022 rr.
I'mpponoruyeckue pacueThbl U CTATUCTUUECKUIA aHATU3 IPOBEIEHBI C UCIIOJIb30BaHNE CTaHIAPTHBIX
nakeToB MS Excel, Statistica.

CornacHo Coxy npaBmi U CTpOUTENBHBIM HOpMaM | nipaBuiiam [4...5], pacuerst BPC pek
MPOU3BOJAT JUIA KaJICHIApHOT0, BOJIOXO3STMCTBEHHOTO MIIH T'HIPOJIOTHYEcKOro roja. CymecTByeT
TPU OCHOBHBIX METOAA pacyeTa BHYTPUIOJOBOIO PAaCIpENEeHHs] CTOKAa: METOJ KOMIIOHOBKH;
METOJ| pEalbHOr0 TIoJla; METOJ CPEIHUX paCHpelesieHUd CTOKa 3a BOJOXO3SIMCTBEHHBINH IoJ
3a/1aHHOM rpalalluy BOJHOCTH.

Meton AmumpestnoBa B.I'. [6] maer Hammydime pe3ysibTaThl JUsI TEX PEK, HAa KOTOPBIX
HAOIIOAAeTCs 3aBHCHMOCTh BHYTPHUT'OJIOBOTO pacCIpeleIeHUs] CTOKa OT BOTHOCTH TOJa — 3TO
PaBHMHHBIE PEKH, MMEIOIIME CHEroBoe NuTaHWe. MeTox OCHOBaH Ha NPHUHATHH PaBEHCTBA
00EeCTIeYeHHOCTH CTOKa 3a TOJ, JUMHTHUPYIOIIWN MepHox W JTUMHTHUPYIOMHUN ce30H. Pacuer
3HaYeHUH CTOKa 3a TOA, JIUMHUTHPYIOIIMHA TEpHOA U JHMHUTHPYIOIIUH Ce30H OOBIYHO
OCYIIECTBIIIETCS 110 CISAYIONIMM IPaJIalusiM BOTHOCTH: MHOTOBOHAs (P=25 %), cpennss (P=50
%), manoBogHas (P=75 %) ¢a3sbr.

Haubonee mpocTeIM METOJIOM SIBISIETCS. PacyeT paclpeieICHUs] CTOKa MO PeallbHBIM TO/IaM.
N3 psna wHabmrofeHWA BHIOMPAETCS MOJENb M3 TPeX JIeT, XapaKTepPHBIX 1O CBOEW BOAHOCTH M
pacrpeielIeHHI0 CTOKa, ¢ AMITMPHYECKHMH 00ECHEYEHHOCTSIMH T'OJI0OBOTO M CE30HHOTO CTOKa,
ONMM3KKUM K 3aJaHHBIM. MeToJI pacueTa BHYTPUTOJOBOTO PACHPEICICHHS 110 MOJIEIH PEabHOTO
rojia He UCKJII0YaeT CyObEeKTHMBHOCTH IPU BBHIOOpE TaKOH MOJENH, U 00ECIIe4eHHOCTH T'0JJOBOTO
CTOKa M CTOKA JIMMUTHPYIONINX IIEPHOAA U Ce30HA B Ipeieax pealbHOro T0/1a He BCeTaa OBIBAIOT
OJIHO3HAYHBI.

27



Hypbavuna u dp.

T'udpomemeoporozus u axoroeus Nol (116), 2025
KoadduimenTs! auneiinoro tpersa (a u b) ucrnons3yores it KOIMYECTBEHHOTO OIHCAHMS

JVMHAMHMKA HM3MEHEHWH MECSYHBIX PAcXoJ0B BOJBI BO BPEMEHHM M BBIIBJICHHUS JOJITOCPOYHBIX
TeHAeHIUH. OHHU IIOMOTal0T OTBETHUTD Ha KIIIOYEBBIC BOIPOCHI: H3MEHSIOTCS JIU PACXOJIBI BOJBI CO
BpEMEHEM, KaKOB XapaKTep 3THX M3MEHEHHH (pOCT, CHW)KEHHE WM CTaOMJIBHOCTb) M C KaKoW
CKOPOCTBIO OHM TporcxomsaT. Kospdurment Hakiona (b) mokaspiBaeT, HACKOIBKO M3MEHACTCS
CPeIHHMI MECSYHBIH pacXoj BOJABI 332 €AMHHIy BpEMEHH (HalpuMmep, MECSI WIM TOA), UYTO
HO3BOJISIET NIPOTHO3MPOBATh OyIyIIHe 3HAYCHUS WIN OLCHUBATH BIMSAHHE BHEIIHUX (DAKTOPOB,
TaKMX KaK H3MCHEHHE KIMMara WIH aHTPOIOreHHoe BoszxaeiictBue. CBOOGOAHBIA wiieH ()
ompenernseT HaYaJlbHBIH YpPOBEHb PAcXollOB, YTO BaKHO Ui OOLIEH MHTEPIpETallld TPeHIa H
CPaBHHUTEJIHHOTO aHaJHM3a Pa3HBIX BPEMEHHBIX NEPUOOB MM TMAPOJIOTHYECKUX O00BEKTOB. J{ms
pacuéra K03((GUIMEHTOB JMHEHHOTO TPEHIAa MECSYHBIX PAaCXOJOB BOJIBI HCIIOIB3YETCS METOX
HaMMEHBIINX KBaIPaTOB, PACCYUTHIBAEMBI 110 YPAaBHEHHIO:

Q:=a+bxn+g, (1)

rne Q¢ — MecSYHBIA pacxo] BOABI, N — TIOPSIKOBBEI HOMEpP Mecsla, 8 — CBOOOMHBIA HIICH
(HauanmbHOE 3HaueHHe), D — KOIDUIMEHT HAKIOHA (XapaKTepH3YIOUINil CKOPOCTh W3MEHEHHS
pacxofoB), a &n — ciydaiHas ommOka. Kosdguiuentsr a u b ompemensiorcst depe3 cpeaHue
3HAYEHUS BDEMEHHOIO PAJia U BpPEMEHHU, a TAK)KE CYMMBI IIPOU3BEICHUN U KBA[PATOB OTKJIOHECHHU.

OCHOBHBIC ITOKa3aTeNU BKIIOYAIOT CTATHCTHYECKYIO 3HAYMMOCTh Kod(d¢uuueHra b,
ompenensieMyro uepe3 t-tect. 3Hak W BenmdyMHA D HHTEPIPETHPYIOTCS Kak IOKA3aTelH
HaIpaBJICHUS ¥ CKOPOCTH H3MEHEHHUS PacX0J0B BOJBI BO BpeMeHH [32].

Oyenxa menOeHyull U3MeHeHUs SHYMpUueo008020 pacnpedenenus cmoxa pek Ecunb,
Bykteipma u JKaiibik. {1st cTaTHCTHYECKOTO OOOCHOBAaHMS HAJIWYMSA WIM OTCYTCTBHS TpEHAA
ucnons3oBanack meroauka WM. Tlomska [33], mokasaBimas Hawiydminidi pe3yjibTaT IMpH
rJI00aIbHOM MCCIIEAOBaHNH BOJHBIX pecypcoB Poccuiickoit eneparm. s MpUHITHS THIIOTE3BI
0 Hanu4uu JuHeiiHoro TpeHaa no Meroauke M.M. Ilonska TpeOyeTcs BBINOIHEHHE CIEAYIOMINX

YCIIOBUM:
p o’ o
0 < la,| 229, )
_ 2
rac o — ;:[chepcml OTKJIOHCHHUSA H8.6JHO}I€HHI)IX BCJIMUHUH OT JIMHHUU TpeH):[a, rae KaTeFOPI/IH
onpez[em{eTcs[ KakK:
__2 2
0 =0 (1-R?), (3)
o
rie ¥ g, — CPEIHee KBAIPATHYECKOE OTKIOHEHHE PErPECCHOHHOTO KOd(duImenta ai, KOTOPOE

OTpeIeNsIeTCs CIACAYIONMM 00pasom:

o _ 12 o 4
"= s @
Ecmm ycioBusA (1) HEC BBbIIIOJIHAIKOTCA, TO JIAHEWHBII TPEHA ABJIICTCA HE3HAYMMbIM C

BEPOSATHOCTHIO 5 %.

3. PE3YJIbTATBI U UX OBCYKIEHUE

B mamHOM pasgene Tpom3BEACHBI pacueThl BHYTPHUTOJOBOTO paclpeleNeHUs CTOKa II0
METOy KOMIIOHOBKHU [6] u peanbHOro roga. B 06oux Meromax ObLIM BBHIOpPAaHBI TPU Ipajallvd
OIICHKH BOJHOCTH: MHOTOBOJAHEIN (25 %), cpemueBomnsbiit (50 %), 1 ManoBoHbIH (75 %).

BHyTpuromosoe pacmnpeneieHne cToka mo o00MM MeToaaM IoKazano (PUCYHOK 2) 4To IS
ruIposorndeckoro mocra p. XKabait — c. Arbacap Bo BceX TpeX Tpalalllsix OICHKHA BOJHOCTH
MaKcHMalbHas BOJHOCTh HaOmromaeTcs B anpene mecsie (63,5...79,2 %), 4to mpucyIie s pek
PaBHHHHOTO THUIMA. 3a HCCICAYEMBIH MIEPUO]I, IO METOIy PEATBHOTO T0JIa, CAMBIM MHOT'OBOJIHBIM
rogom cuntancs 1995 r., ¢ MaKiCManbLHBIM PAacXOA0M B 3ToM roxy — 145,7 M%/c.
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a — MHOTOBOJIHBIH ToJl, 0 — CpeAHU TI0 BOJHOCTH TOJ, B — MAJIIOBOJIHEI IO
3CJICHAs JIMHUA — METOJ KOMIIOHOBKH (B % OT rog0BOIO CTOKa), KpacHas JIMHUA — METOJ pC€aJIbHOT'O
roaa.

Pucynok 2. Buympuzooosoe pacnpedenenue cmoka Ha p. Kabail — 2. Ambacap ons iem

paznuunou so0Hocmu 3a 1985...2022 ze.

a 5} B
% 25 % % 50 % % 5%
40 40 40
30 30 LN
20 Ve u 20 / ‘\ 20 / \
f w 10 f g 10 Ve |
g - - B
olmand BBy 0 e, g lma s — WEg
T==2>5357xXXx3 SE2>>352xXXx3 SE22535352XRR
Q, M¥c 25 % - 1992 r. Q, m¥%c 50 % - 2017 r. Q. M 75%-2011r.
1000 800 A 800
800 1 600 Jd \ 600 f\
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\ 400 w \ 400 \
400 \ /
200 " - 200 .\I—l- g 200 V‘
0 - . Thg 0 E———.._] 0 ————— %.
—==>>szrxxxz TEEz>s53IxxRy T=EZ2>s53FxXXRg

a— MHOFOBO,Z[HBIﬁ rond, 6 - Cpe,HHI/Iﬁ 110 BOJHOCTHU I'0, B — MaﬂOBO,E[HBII;‘I roxa
3CJICHAA JIMHUA — METO] KOMITIOHOBKH (B % ot Toa0BOTO CTOKa), KpacHas JIMHUA — METO pE€AJIbHOTO
roaa

Pucynoxk 3. Buympuzodosoe pacnpedenenue cmoxa Ha p. Bykmuvipma — c. Jlecnas Ipucmans 0ns

Jiem pasauunol 6oonocmu 3a 1985...2022 ze.

Boanocts Ha I'TI p. Bykteipma — c. JlecHas IIpuctanp B MHOrOBOJHBIN roj Anuiaacsh 4...5
MmecsieB. Pexa BykThlpMa XapakTepu3yeTcsl pacTIHYTHIM BECEHHE-JETHHM IIOJIOBOJBEM H
MaBOJIKaMH B TEII0€ BpeMs roja. 3a 4...6 MecsieB NoIHOBOJHOro nepuojaa npoxoaut 60...80 %
rojioBoro croka (puc. 3). B MHoroBoAHBIN rox — 1992 r., 3HaUeHHE KA TOJIOBObS COCTABUIIO
880 m¥/c.

Boxsocts Ha peke Yiken Ko6na B MHOTOBOJHBIE M CpEIHIE 110 BOJHOCTH T'Ofa XapaKkTepHa
pexaM paBHHHHOTO THHa, TAe okono 80 % croka pacrpelerstoTcsi B TeUeHHH 2...3 MecsleB
MOJIOBOIbsI. HanbonbInii MECSIIHBIN CTOK B OCHOBHOM Ha0IoAaeTcs B anpene (puc. 4).
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a — MHOTOBOJIHBIH ToJl, 0 — CpeAHU TI0 BOJHOCTH TOJ, B — MAJIIOBOJIHEI IO

3CJICHAsA JIMHUA — METOJ KOMIIOHOBKH (B % ot Toa0BOTO CTOKa), KpacHas JIMHUA — METOJ pC€aJIbHOT'O

roaa.

Pucynok 4. Buympuzodosoe pacnpedenenue cmoka Ha p. Yiken Koboa — c¢. Koboa 0ns nem

paznuunou so0Hocmu 3a 1985...2022 ze.

OLIeHKa TeH,I[eH].[I/Iﬁ U3MCHCHHS BHYTPUI'OAOBOI'O pacnpeAcjICHUus CTOKa PCK ECI/IJ'IB,

bykteipma u XKaiipik. s I'TI p. XKabaii — r. Atbacap Obuio paccuuraHo BPC 1985...2022 u

PE3yJbTaThl pacupeACJICHUA BOAHOCTH MIPCACTABIICHBI B Ta6J'H/H_Ie 1.

gz)i;;s;o;osoe pacnpedenenue cmoka p. Kabaii — c. Ambacap 01a 1em pasnuunol 6o0Hocmu (8 % om 20008020 cmoka)
Oﬁecneqel‘i)ﬂoch (IB\f.c.l.lé) Jleto-ocens (VI...X) 3uma (XI...I1I) Cymma 3a
rona, % v | VvV VIV v | IX | X [ Xt [ Xu | 1t [ 1] ron
25 79,2 6,9 3,5 1,6 0,9 0,7 1,2 4,8 0,5 0,3 0,3 0,1 100
50 70,6 12,5 3,9 2,2 1,3 1,2 1,7 31 1,3 0,9 0,8 0,5 100
75 63,5 19,0 3,9 2,2 1,2 1,0 1,6 41 14 0,8 0,8 0,7 100
Hus T'I p. Bykteipma — c. JlecHas [Ipuctanp 6bu10 paccuntano BPC 1985...2022 u
Pe3yAbTaThl pactpe/eieHrs BOJHOCTH MPEACTAaBIEHBI B Ta0OHUIIE 2.
Taoauna 2
Buympueoodosoe pacnpedenenue cmoxa p. Bykmuvipma — c. Jlecnas Ipucmans 0ns iem pasnuunou 600Hocmu (8 % om 20008020
cmoxa)
OlecneyeHHOCTH roja, BE;:;T?.-$;IT)O Ocens (VIII...XI) 3uma (XII...III) CymmMa 3a
% IV [V [ VIVl [ vl [ X | X [ Xt [ xu [ 1 [ [ ron
25 38,7 21,9 55 9,3 7,3 53 4,2 2,8 11 1,1 0,9 19 100
50 38,5 24,4 55 7.9 6,8 48 40 29 1,2 12 10 18 100
75 442 235 4,1 8,9 57 38 32 24 0,9 09 08 18 100

Hus TTI p. Yaken Kob6ga — ¢. Ko6ga 6w10 paccunrano BPC 1985
pactpeieneHus] BOJHOCTH IPECTABICHBI B Ta0HIe 3.

...2022 u pe3ynmpTaThl

Cpenu paccMaTpHBaeMbIX peK ropHast peka ByKTbipma xapakTepu3yeTcsi BRICOKUM BECEHHEe-

JICTHUM IIOJIOBOABEM, a4 PABHUHHBIC PEKU BBICOKMM BECCHHHUM IOJIOBOJALBEM U HU3KOH 3UMHEH

MCXKCHBIO.
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Tabauna 3
Buympueodosoe pacnpedenenue cmoka p. Yaxern Kobda — c. Kob6oa ons nem pasnuunou sooHocmu (8 % om 20008020 cmoka)
OGecnieueHHOCTE (I]ifc“f,) Jleto-ocens (VI...XI) 3uma (XIL...III) Cymma 3a
o
roaa, % v | Vv VI Vvih vl [ IX | X [ Xt [ Xu | 1t [ 1] ron
25 71,6 54 2,8 1,7 1,3 1,1 15 2,3 1,2 1,0 0,9 9,1 100
50 62,9 10,2 2,4 1,6 1,4 1,2 1,5 1,8 4,0 35 3,3 6,4 100
75 38,4 21,6 4,1 2,4 1,8 1,7 2,1 2,9 6,7 55 5,0 1,7 100
B nmanHO# paboTe U1 OIICHKM TEHACHIMH M3MEHEHHH MECSYHBIX PacXoJOB BOJBI IO
HCCIIeIyeMBIM OacceiiHaM OBLT MpOBeNeH pacueT Ko3(duiueHToB uHeiHoTro Tperna (a, °C/10
mer) 3a mepuox ¢ 1985..2022 rr. Pesymprarel pacdera kK03()(UIIMEHTOB JTHMHEWHOTO TpeHAa
PEYHOTO CTOKA MPUBEICHBI B TAOIHUIIE 4.
Tabauna 4
Koahpuyuenm nuneiinozo mpenoa (a, m%/c/10 nem) mecsunvix pacxo0og 600wt no 111
Iepuon Mecsing Ton
Tocr 1 | 2 | 3] 4 [ 5 [ 6 [ 789 [10]11]12
p. Ynken Kobna — c. Kobna 1985...2022 0,14 019 093 -6,88 0,45 0,04 -0,05 -0,08 -0,09 -0,09 0,03 0,08 -0,46
p. XKabaii — c. Atbacap 1985...2022 0,13 0,08 -0,09 3368 -2,89 0,02 008 041 016 014 023 0,16 2,62
p. Bykteipma — c. Jlecnas
1985...2022 -1,92 -148 692 5709 1133 1878 531 465 -210 413 562 -0,82 9,09
IIpucrann
B memoM, mouTH Ha BCEX HCCIEAYyEMBIX PEKax [0Js CTOKA B 3UMHHE MECSIbI MMEeT
TEH/ICHIIMIO YBEJIMYCHUS, JIUIb Ha ByKThIpMe B sIHBape U JieKadpe HaOJII0Tal0TCsI OTPHUIIATEIbHBIC
Tpenasl. Ho, HECMOTps Ha 3TO, MOYKHO CKa3aTh, YTO CTOK 3UMHHX MECSIIIEB UMEET MOJIOKHUTEIbHYIO
teHaeHIMIO. CTOK BECCHHE-JICTHErO IMEpPHOAa, KOTAa B AITHX pailoHaxX HaONI0JacTCs CE30H
MOJIOBO/IbSI, XaPAKTEPU3yeTCsl B OCHOBHOM TaKKE MOJIOKUTEIBHBIMH TCHACHIMSAMH, HE CUUTAS
OTJICNIbHBIC MECSAIIBI C OTPUIATEIBHBIM TPEHIOM. Pe3ybTaThl pacueToB MPUBEACHBI B TA0OIHIIE 5.
Taoéauna 5
Ilposepra nHaruuus IuHeno20 MpeHod 8 psioax peuHo20 CmoKa
Ilepuon Jducnepcuu
Hoct 3HaunMocTH
_ 2 2 ai 2 o a;
o o Tpenaa
p. Viken KoGna — c. KoGna 1985...2022 0,39 0,41 0,01 0,15 -
p. XKabaii — c. AtGacap 1985...2022 0,12 0,14 0,01 0,15 -
p. Byxteipma — c. Jlecnas Ipucrans 1985...2022 172,27 176,85 -0,19 0,15 +

VYcnoBust (hOpMUpPOBAHUS PEYHOTO CTOKA B PACCMATPUBAEMBIX OacceiHax OTJIMYAIOTCS
3HAYUTENBHBIM pa3HOOOpa3MeM KIMMaTHYeCKnX W oporpadMueckux ycloBuil, penbeda
MECTHOCTH, YTO OTPAKAETCsI HA HEPaBHOMEPHOCTH paclpe/ieeHus] Kak aTMOC(EPHBIX 0CaIKOB,
TaK M TEMIEPATypHl BO3AyXa U KaK CIEACTBUE PEYHOTO CTOKA.

AHanu3 MoKa3bpIBaeT, YTO 32 COBPEMEHHBIHN MEPHO/I, HA TEPPUTOPUU OACCEHHOB HAOIIIOIAETCS
CTaTHCTHMYECKH 3HAUYMMOE TIOBBIICHWE TeMIepaTypsl Bo3ayxa. Teppuropus Kasaxcrana,
HaxoJdmiadacsa B CPEAHUX IMUPOTAX EBpa3HﬁCKOI‘O KOHTHHEHTa M YyJaJICHHass OT OKCAaHOB Ha
3HAYUTEIBEHOE PacCTOsSHKE, NporpeBaeTcsi 0ojee 3HAYUTEFHBIMHA TEMIIAMH, YeM 3eMHOH map B
cpenueM. 3a mepuox ¢ 1976 r. CKOPOCTh MOBBIIICHHS CPEIHETOZO0BOM TeMIepaTyphl BO3IyXa
cocraBuia Jyis 3emHoro mapa 0,18 °C/10 ner, s tepputopun KazaxcraHa cKopocTh 0Ka3anach
3HaunTeapHO Bhimie — 0,32 °C/10 ner [34], nambosee 3aMeTHOE MOTEIIEHHME OTMEYAETCS B
3amagHoM peruone Ha 0,47...0,54 °C/10 ner.

IToBeIlIEHNE TEMIIEPATYPBI BO3IyXa MPUBOJUT K YMCHBIICHUIO HAKOIJICHUA CHETa B 3UMHUN
neprosi, 0cOOCHHO B PaBHUHHBIX PETHOHAX, IJI€ TEeMIIEpaTypbl MOTYT Yalle MPEBHIIIATh TOUYKY
3aMep3aHud. DTO HANpsSAMYIO BIMSIET Ha O0OBEM TaJOro CTOKAa, KOTOPBIH (hOPMHPYET OCHOBHOU

00bEM BECEHHEr0 CTOKa B PCKax € MPEUMYIIECTBEHHO CHCETOBBIM IUTAHUCM. Takum 06pa30M,
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CHIDKEHHE JTOJM BECEHHETO CTOKA B TOJOBOM OaslaHCe PeK, OTMEUEHHOE B MCCIICIOBAHUHN, MOXHO
CBSI3aTh C YMCHBIIICHUEM CHEXXHOTO IMOKPOBA. Teruibie 3MMBI MOTYT CIIOCOOCTBOBATh YBEIUYUCHHUIO
JIOJIH JOKAEBOTO W TPYHTOBOTO TIHTaHUS B MEKEHHBIN NepHo]] (3SUMHUE MECSIIBI). ITO 0OBSICHICT
MOJIOXKHUTCIBHYIO TCHICHIIMIO MEKEHHOTO CTOKa, OTMEUYCHHYH B paboTe, OCOOCHHO s
PaBHUHHBIX peEK.

B cpennem no teppuropun Kazaxcrana rooBoe KOJIMYECTBO OCAAKOB YOBIBAJIO B IEPUOJI C
1960 r. o 1970 r., B mocnenuuii 46-1eTHUI EPUO AONTOIIEPHOAHBIC TEHACHITIH OTCYTCTBOBAIIH,
HAOJIFO1aJI0Ch JIUIIh YePEIOBAHHE KOPOTKUX MEPHOJIOB C MOJOXKHUTEIBHBIMUA M OTPULIATCIEHBIMH
AQHOMAITMSIMK ~ KoJimdecTBa ocamkoB [35]. TeHmeHIMS K YEepeNOBAHHIO TIEPHOIOB  C
MOJIOKHUTEIBHBIMHA M OTPHULATCIBHBIMU aHOMAIIUSMHU OCAIKOB 0€3 JOJTOCPOYHOrO TPEHIAa TAKKEe
BT Ha BHYTPHUTOAOBOE pacmperesicHne croka. CHIKEHHE BECEHHETO CTOKAa MOXKET OBITh
YCHJICHO 3a CYET YMCHBIICHUS 3UMHHX OCAJKOB B BHJIC CHEra, TOTJa KaK OCAJKH B JICTHUH U
OCEHHHI TTepHO/HI (JYalie B BHIE JTOKI) YBEIMIABAIOT OO CTOKA B 3TH ce30HBI. Kak mokasana
MPOBEPKA HAIMYHUS JIMHESHHOTO TPEHIA B PAAaX PEYHOTO CTOKA, TPEH/I 3HAYHMM JIHIIb JUIS [TOCTA P.
Bykteipma — c. Jlecnas Ilpuctane. PaccmarpuBaemsbiii MeTon 3(QQeKTHBEH MpPH HOPMAIBHO
pacnpeeneHHoN BIOOpKe («0Oenoro mymay). OHaKO psjIbl CTOKA 3TOMY YCIOBHIO, KaK MPABUIIO,
HE OTBEYAIOT, I[IOSTOMY OICHHBAHWE JMHEHHOTO TpPEHAA, a, CIEJOBaTeNbHO, W BEIBOJ
CTallUOHAPHOCTHU MCXOIHOTO psAda, ABJIACTCA ONpaBIaHHLBIM B TON MEpPEC, HACKOJBKO HCXOAHas
WHPOPMALUS OTIIMIACTCS OT HOPMAIBHOTO PAaCIPEICIICHHS.

Hust T p. XKabaii — r. Atbacap pe3yabTaThl paclpeaeieH s BOJHOCTH NPEICTaBICHbl Ha
PHUCYHKeE 5.
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Pucynok 5. Cpasnenue nepuooos enympue0006020 pacnpedenenue cmoka 8 npoyenmax om

20006020 cmoka p. XKabaii — c. Ambacap

[poanammuposas nanHsie BPC MOXHO chenmaTh BBEIBOZ, YTO HAaMOOJNBINHN CTOK Ha pPEKe
JKabaii mpoxomuT 3a BpeMs BECEHHEro MOJIOBOAbS OT 63,5 10 79,2 % OT romoBOro CTOKa,
HauMEHbIINN pacxoa MeHee 1 % NpOoXOoauT B 3UMHIOIO MEXEHb.

Hnsa T'Il p. Bykteipma — c. Jlecnas Ilpucranp pe3yiibTaThl paclpeiesieHus BOJAHOCTU
MpeJICTaBJICHEI HA PUCYHKE O.
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Pucynok 6. Cpasnenue nepuodog nympuzo008020 pacnpeoeienue CmoKka 8 RPpoYeHmax om

20006020 cmoka p. byxmuvipma — c. Jlecnas Ipucmano
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Jns ropHOM pekn ByKThIpMa IEpHOI TOJIOBOAbS MPOCTUPAETCS € AIIPEN 0 aBIyCT MECSALBI,

a HauOONBIINI CTOK MPUXOJIUTCS Ha Mall Mecsan — ot 25 1o 30 %. Taxke BKJa] CTOKa B amnpelie
3HaUMTENeH 1 npeactasiser ot 20 no 21,2 %.
Hus T'IT p. Yiken Kobaa — c. Kobna pesynbraTsl pacnpeiesieHus: BOJXHOCTH MTPECTaBIICHEI
Ha pUCYHKE 7.
80 +
70
60 -
50 -
40
30 ~
20 -
10 -

0 w—'. A8 II T T II T .'._I_-'-_I_-'-_I_-'-_I_-._I_.'-_I_-._|
| I m v Vv VI VIl VIl IX X Xl Xl
m 25% m50% 75% Mecspr

%

Pucynoxk 7. CpasHeHue nepuooog sHympuzo006020 pacnpeoeneHue cimoxa 8 npoyeHmax om

20006020 cmoka p. Yaken Ko6oa — c. Koboa

ITo pacyeTHBIM JaHHBIM BHYTPHUTOJOBOIO PACTIPEISIICHNUS, HANOOIBINUT CTOK Ha peke YIIKeH
KoGna npoxoauT 3a BpeMsi BeCeHHEro moiyioBobs 38,4 % croka juisi manoBogHoro roxaa (75 %
obecredeHHOCTH) U 71,6 % cToKa 11 MHOTOBOAHOTO Toa (25 % 00eCIeYeHHOCTH).

4. BAKJIIOYEHHUE

Ha Bcex wuccienyeMbIx pekax BHYTPUTOJOBOE paclpelielieHHe CTOKa BechbMa
HEpaBHOMEPHOE, MAKCHMANBHBIA CTOK BOJBI HA PEKax MPOXOAUT 32 BECCHHUH MEpHOJ, B MOMCHT
TasHHS CHEra W TONaJaHHs B PEKy Taloro croka. ['opHas peka BykTeipmMa umeer Oosee
pacIIacTaHHEIN IEpHO/] TOJIOBOAbS, HEXKeIll paBHUHHBIE pekn JKabait u Yiken Koona. Pexum pex
OTpa)kaeT BIMSHUE BCEro KOMIUIEKCAa (DU3UKO-TeorpaUyeckux W KIMMAaTHYECKHX (aKTOpOB,
CBOWMCTBEHHBIX TaHHBIM MPUPOIHBIM 30HaM. Cpeii HUAX TIIaBHAS POJIb IPHHAIICKHUT OCaIKaM U FX
pachpeesiCHUIO B TOTY, PSXKUMY TEMIICpaTyphbl BO3yXa, HCIIAPEHUIO U HH(IIbTPAIIHH.

[IpoBeneHHOE WCCIIEOBAaHNE BHYTPUTOIOBOTO pAaCHpeieiicHus CTOKa pek BykTeipma,
Xabait u Ynken KoOja 1no3Bosiuiio BBISIBUTH CYIIECTBEHHbIE U3MEHEHHUS B JMHAMUKE CE30HHOIO
pacripenielieHusl CTOKa, 00yCIIOBJICHHBIC BIUSHUEM TIIOOANBHBIX KIMMATHYCCKHX W3MEHCHUH WU
JIOKAJIBHBIX THAPOJIOTHYeCKUX (PakTopoB. JloJist BECEHHETO CTOKA, TPAJAUIIMOHHO JOMUHUPYIOLIETO
UL peK C TpeoONIalaHueM CHETOBOTO IHTAHHS, yYMEHbINWIack. Tak, s peku JKabait moms
BECEHHETO CTOKa CHM3Wach 10 63,5 % B MaJlOBOJAHBIC TObI, YTO 3HAYUTEIHHO HHXKE, UeM
MOKa3aTeld MHOTOBOJIHBIX TmepuoaoB (mo 79,2 %). Hdusa pexu YinkeH KobOma BeceHHHH CTOK
BapbsupoBaics ot 38,4 % (B manoBoaHbId rox) a0 71,6 % (B MHOTOBOJHBINA TOJ), JEMOHCTPUPYS
CXOJKHE TCHCHIIMH CHHYKCHHSI B MAJIOBOHBIC TOJIbI. Y MEHBIIICHHE JJOJU BECEHHETO CTOKA CBA3aHO
C COKpallleHHEeM CHEXHOTO TMOKPOBA B YCIOBHUSIX MOTEIUICHHMS KIWMaTa W yBEJIWYEHHEM JOJU
JIOXKIEBOTO ¥ TPYHTOBOTO THTAaHHWSA PEK B Jpyrue Ce30HBL. Ha BcexX HCClieIyeMbIX pekax
HAOJIFOIaeTCsl MOJIOKUTEIbHAS TEHACHIMS K YBEIMYCHHUIO JOJIM MEXCHHOTO CTOKA, OCOOCHHO B
3uMHHE Mecanbl. Tak, Ha peke JKabail CTOK B 3UMHWMIA Iepro ocraics Hibke 1 % B MaloBOJHBIC
TOJIbI, HO €T0 JIOJIST PACTET, UTO MOATBEPKAACTCS MOJOKUTEIBHBIM TpeHA0M. Jliist pexu BykTeipma,
HECMOTPs Ha OOIIMI POCT MEKEHHOTO CTOKa, B IckaOpe U sTHBape HAOJIFOIAI0OTCS OTPHIATEIBLHBIC
TpeHabl. OgHaKo oOIMiA BKIIaJ 3MMHETO CTOKA B TOJIOBOY OallaHC PacTeT, 4TO MOXKET ObITh CBS3aHO
C U3MCHCHHSMH TEMIIEPATypHOTO PEXKHMMA, CHIKCHHEM TIyOMHBI TpOMEp3aHHs TPYHTOB U
nepepacnpeieieHneM BOTHBIX PECYPCOB.

[Tony4yeHnHble faHHBIE UMEIOT BaXKHOE 3HAUYEHUE JUISl BOAOXO3SICTBEHHOIO JIAHUPOBAHUS,
O0COOEHHO B YCJIOBHAX YCHIIWBAIOMIETOCS BOAHOTO Neduinta. CHUKEHHE IO BECEHHETO CTOKa
TpeOyeT KOPPEKTHPOBKH CHCTEM YIIPABICHUS BOJHBIMH PECypCaMH, BKIIOYAs ONTHMH3AIHIO
BOZIOCHAOXKEHUS, PEryJIHMpPOBAHUE PEYHBIX OACCEHHOB W pa3BUTHE TEXHOJIOTHH aJanTalud K
W3MEHEHUIO KIIMMaTa.
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JOCTYIIHOCTDB JAHHBIX

JlaHHBIE, NCTIONB30BaHHEIE B 9TOM HCCIICIOBAaHUH HOJTydEeHBI aBTOPAMH U3 OTKPHITHIX 0a3 JTaHHBIX
PTTI «Kasrunpomery.

BKJIAJI ABTOPOB

Konnenryanmuzanus — AAH; ynpasnenue nanabiMu —KTC; ¢opmaneubiii ananmuz —AAT, XTC;
metononorus —AAH, AAT; pykoBonctBo - AAT; Busyanuzanusa —KTC; HanucaHue MCXOJHOTO TEKCTa —
AAH, XXTC; nanucanue U peIakTUPOBaHUE OKOHYATEIBHOTO TekcTa —AAH.

OUHAHCUPOBAHUE

JlanHoe uccnenoBanue OblI0 puHaHCHpPOoBaHO KomuTeTOoM Haykn MUHHCTEPCTBA HAyKH M BBICILIETO
obOpazoBanust Pecry6muku Kaszaxcran (I'pant NeAP 19678734 «OueHka COBpPEMEHHBIX M IMPOTHO3HBIX
THAPOJIOTHYECKUX M3MEHEHHH OacceliHoB pek KasaxcraHa Ha OCHOBE MOJCIMpPOBaHUA (Ha IpHUMEpPE pek
Bykreipma, Ecunb, XKaltbik)»).

CIIMCOK JINTEPATYPBI

1. CuiT,TianF., Yang, T., Wen J., Khan M. Y. A. Development of a comprehensive framework for assessing the impacts of climate
change and dam construction on flow regimes. Journal of Hydrology, 2020, Vol. 590, pp. 125358.
https://doi.org/10.1016/j.jhydrol.2020.125358

2. Korneychuk N. N., Kirichuk G. Y. Structural and functional organization of phytomicroperiphyton of the transboundary stviga river.
Hydrobiological Journal, 2018, Vol. 54, No. 1. https://doi.org/10.1615/hydrobj.v54.i1.10

3. UYurpunen A.T., IyckaeB K.K., Carmyp3aeB A.A., Mucurenosa A.E., CanaBatoBa XK.T. HccienoBanie OCHOBHBIX XapaKTEPUCTHK U
BHYTPHIOZOBOTO PACIIPEICIICHHUsI CTOKA BOJIBI pek Tepputopuu T. Anmarsl / Tuapomereoponorus u sxonorus. — 2021, — Ne. 3 (102).
—C. 44-62.

4. CII33-101-2003. Onpexenenne pacueTHBIX THAPOIOTHUeCKUX Xapakrepuctik. — M.: 'occropoit Poccun, 2004. — 72 c.

5. CHull 2.01.14-83. OmnpezeneHus pacdeTHBIX THAPOJIOTHICCKUX XapakTepuctuk. ['occtpoit CCCP. — M.: Ctpoiiuzaar, 1985. — 36 c.

6. Amnnpesnos B.I'. Buyrpuronosoe pacnpeznenenne croka. — JI.: I'mapomereounsnat, 1960. — 327 c.

7. Ling H., Xu H., Fu J. Changes in intra-annual runoff and its response to climate change and human activities in the headstream areas
of the Tarim River Basin, China. Quaternary International, 2014, Vol. 336, pp. 158-170.

8. Ren K, Huang S., Huang Q., Wang H., Leng G. Environmental flow assessment considering inter-and intra-annual streamflow
variability under the context of non-stationarity. Water, 2018, Vol. 10, No. 12, pp. 1737.

9. Tu X, Singh V. P., Chen X., Chen L., Zhang Q., Zhao Y. Intra-annual distribution of streamflow and individual impacts of climate
change and human activities in the Dongijang River Basin, China . Water Resources Management, 2015, Vol. 29, pp. 2677-2695.

10. Alifujiang, Y., Abuduwaili J., Groll M., Issanova G., Maihemuti B. Changes in intra-annual runoff and its response to climate
variability and anthropogenic activity in the Lake Issyk-Kul Basin, Kyrgyzstan. Catena, 2021, Vol. 198, pp. 104974,

11. Savichev O. G., Moiseeva Y. A. A model of intra-annual flow distribution with scanty observational data. IOP Conference Series:
Earth and Environmental Science. IOP Publishing, 2018, Vol. 211, No. 1, pp. 012040.

12. Kyszun I1.C. Pexxum pex HOxubIX paiionoB 3amamHoit Cubupu, CeepHoro n Llentpansaoro Kazaxcrana. — JI.: I'mnpomereonsnar,
1953. - 538 c.

13. Ckonensc H.U. Pacyer BHyTPHToZ0BOTO pacipeeseHus CToKa A Henm3y4eHHbIX pek ['opHoro Anras // Tpyast KasHUTMU. — 1975.
—C. 15-20.

14. Bepxanmue 3.T. 'maponormyeckuii pexxum pek Llenrpansaoro, CeBepHoro u 3amagHoro Kazaxcrana. — Anma-Ara: AH Kaz CCP,
1959. -278 c.

15. Pecypchbl peunHoro croka. Bo3oOHOBIsieMBIe pecypchl TOBEPXHOCTHBIX BOJA fora W Ioro-Boctoka Kazaxcrana. Bo3oOHoBisiemble
pecypchl MOBEPXHOCTHHIX BoJ 3ananHoro, CesepHoro u LlerTpansHoro n Boctounoro Kazaxcrana / mox Hayy. pea. P.U. anpiiepuna.
— Anmmarsr, 2012. — T. VII. - Ku.1. — 684 c.

16. [Hocrait XK.J., AmumkynoB C.K., CamapoBa A.A. Pecypcrsl peuHoro crtoka. Bo3oOHOBIIsIEMbIe pecypchl MOBEPXHOCTHBIX BOJ fOra U
foro-socroka Kazaxcrana. Bo3oOHOBIsIeMBIE pecypchl MOBEPXHOCTHBIX BoJ 3anmanHoro, CeBepHoro u LleHTpansroro u Boctodnoro
Kaszaxcrana. — Anmater, 2012. — T. VII. — Ku.2. — 684 c.

17. [HaenerrammeB C.K. CoBokymHas omieHKa HOPMBI MECTIHOTO cTOKa pek CeBepHoit u 3ananHoi Ixyrrapuu / Bectank Kas['V. Cepust
reorpaduyeckas. — 1996. — Ne3. — C. 99-109.

18. Ywurpuren A.I'. BHyTpHromoBoe pacmnpeneneHne cToka NpaBoOepekHBIX MPUTOKOB pekn Eprtuc B mpenenax Pecrybnmkn Kazaxcran
// Bectauk Ka3HY. Cepus reorpaduueckas. — 2012. — Ne1(34). — C. 54-63.

19. TypcyHoBa A.A., MripzaxmeToB A.b., KypkebaeB A.A. BHyTpuromoBoe pacmpeneneHne croka pek Oacceitna o3. bamkamr //
I'mppometeoposorus u skonorust. — 2010. — Ned — C. 118-129.

20. Ammmkyno C.K., PaiimbexoBa XK.T., HcanmaeBa C.)K. OreHka BHYTPUTOJOBOTO pacrpeieieHuss croka pek CeBepHOro CKIIOHA
XKetpicy Anaray // Bectauk KasHY. Cepus reorpaduueckas. — 2022. — Nel (64). — C. 70-76.

21. TypcynoBa A.A., AnmaszoBa T.b., Tamunosa D.K. OreHka BHyTPUTOJOBOTO paclpeeicHUs] PEYHOTro cToka Oacceiina p.Eptuc /
Marepuaiisl MeX/IyHapoIHOIH Hay4YHO-TIpakTHYecKoi KoHpepeHuun «IlepcrieKTuBsI pa3BUTHS COBpEMEHHOH Haykmy», Uepycanmum 4-
6 mas 2016 r. — U3paunp, 2016. — C. 262-269.

22. Kyneb6aes K.M. Buytpuronosoe pacrnpenesneHue croka pek 6acceiina Iy, Tanac // Bonpocsl reorpaduu u reoskonoruu. — Anmarsl,
2013. — Ne2 — C.52-55.

23. Jasnerramues C.K., [loctaecBa A.J]. Boccranosienue psgoB BeceHHero croka pek JKaiisik-Kacrnmiickoro 6Gacceiina //
I'unpomereoposnorust u akosorus. — Anmatel, 2014. — Nel. — C. 88-95.

24. Makhmudova L., Beisembin K., Moldakhmetov M., Mussina A. Intra-annual flow distribution of the rivers in the Yesil river basin.
Water Conservation and Management, Vol. 8, No. 2, pp.241-250. https://doi:10.26480/wcm.02.2024.241.250

25. Iusapesa C.I1., ABe3oBa A. [Ipumenenne moaenu HBV st pacuera croka p. O6a Ha MepCreKTUBY ¢ y4eTOM H3MEHEHHs KitnMara //
T'uapomereoposorus u sxosorus. — 2012, — Ne4, — C.66-77.

26. Kumkumbaea A.A., Cmupaosa E.E., bonaroBa A.A. Onpenenenue TeHICHIIMN N3MEHEHUs: cToka p. IIlapblH Ha MEepPCHEeKTHBY IO

BiIHssHUEeM KimMmara // Bomeele pecypcebl LleHTpambHOW A3MM W WX HCIONb30BaHHE: MaTepHaiabl MEXKIYHapOTHOH Hay4dHO-
MPaKTHYECKON KOH(PEPEHIINH, TIOCBSIICHHON NoABEeHNIO HTOTroB 00bsBIeHHOr0 OOH necarmnetus «Boxa miist ®U3HM». - AIMAaTHI,
2016. — Kn. 2. — C.343-347.

34


https://doi.org/10.1615/hydrobj.v54.i1.10

Hypbavun
27.

28.
29.

30.

31.

32.
33.

34.
35.

auop. T'udpomemeoporozus u axoroeus Nol (116), 2025
Kazaxcran. Harmonansuas sanukinonenus. — Anmarsl: Kazaxckas samukinonenus, 2004, — T. 1. — ISBN 9965-9389-9-7.

Bombmas coBerckas sHnukmonenust: B 30 1. / ri1. pen. A. M. IIpoxopos. — 3-e m31. — M.: CoBetckas sHIukiIonenus, 1969-1978.
Hycynkeizsr M.H., beiicen6aeBa C.)K. [Ipumenenue nporpammsr MIKE-hydro amst MonenupoBaHus HaBOAHEHUS ydacTka OacceiiHa
pexu XKabaii /Progress in Science. — 2023. — Ne. 4.

Pecypcbt noBepxnoctHbix Bog CCCP: I'maponoruyeckast uzyuenHocts. T. 12. Hwknee IloBomkbee n 3ananusiii Kazaxcran. Boi. 2.
Ypano-OmOunckuit paiion / mox pen. 3. I'. Mapkosoii. — JL.: 'unpomereonsaar, 1966. — 152 c.

ExerogHsle  JaHHBIE O pPEXHME M pecypcax  IOBEPXHOCTHBIX  BOJ  cymd. [OmekropHHbii  pecypc] URL:
https://www.kazhydromet.kz/ru/gidrologiya/ezhegodnye-dannye-o-rezhime-i-resursah-poverhnostnyh-vod-sushi-eds), nara
obpamenus: 15.08.2024

Jpyxunaua B.C., Cukan A.B. Merozs! craTucTndeckoil 00paboTku runpoMereoposorndeckoil nadpopmannu. CI16: M3narenscTBo
PITMY, 2001. - 170 c.

Tonax 1. N. OuennBanue MMHEHHOTO TPEeHIa BPEMEHHBIX MeTeopoiorndeckux psgos / Tpyast ITO. — JI.:.I'MU, 1975. — Bem. 364. —
C.51-58.

Esxeronnslii Gro/IeTeHb MOHUTOPUHTA COCTOSHUS U M3MeHeHus knumara Kasaxcrana: 2022 rog. — Hyp-Cynran, 2023.

Bocemoe Hammonansnoe CooGmenne u Ilarenii [AByxroamunsiit Joknan Pecy6nuku Kazaxcran Pamounoii konBenimun OOH 06
M3MEHEHUH KiumaTa. Actana, 2022. — 205 c.

REFERENCES

1.

10.

11.

12.

13.

14.

15.
16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

Cui T., Tian F., Yang, T., Wen J., Khan M. Y. A. (2020). Development of a comprehensive framework for assessing the impacts of
climate change and dam construction on flow regimes. Journal of Hydrology, WVol. 590, p. 125358.
https://doi.org/10.1016/j.jhydrol.2020.125358

Korneychuk N. N., Kirichuk G. Y. (2018). Structural and functional organization of phytomicroperiphyton of the transboundary Stviga
river. Hydrobiological Journal, VVol. 54, No. 1. https://doi.org/10.1615/hydrobj.v54.i1.10

Chigrinets A. G., Duskaev K. K., Satmurzayev A. A., Insigenova A. E., Salavatova Zh. T. (2021). Issledovanie osnovnykh
kharakteristik i vnutrigodovogo raspredeleniya stoka vody rek territorii g. Almaty [Study of the main characteristics and intra-annual
distribution of river water flow in Almaty]. Gidrometeorologiya i ekologiya, No. 3(102), pp. 44-62 [in Russian].

SP 33-101-2003. (2004). Opredelenie raschetnykh gidrologicheskikh kharakteristik [Determination of calculated hydrological
characteristics]. Moscow: Gosstroy Rossii, 72 p. [in Russian].

SNiP 2.01.14-83. (1985). Opredelenie raschetnykh gidrologicheskikh kharakteristik [Determination of calculated hydrological
characteristics]. Moscow: Stroyizdat, 36 p. [in Russian].

Andreyanov V. G. VVnutrigodovoe raspredelenie stoka [Intra-annual distribution of runoff]. Leningrad: Gidrometeoizdat, 1980, 327 p.
[in Russian].

Ling H., Xu H., Fu J. (2014). Changes in intra-annual runoff and its response to climate change and human activities in the headstream
areas of the Tarim River Basin, China. Quaternary International, Vol. 336, pp. 158-170.

Ren K., Huang S., Huang Q., Wang H., Leng G. (2018). Environmental flow assessment considering inter-and intra-annual streamflow
variability under the context of non-stationarity. Water, Vol. 10, No. 12, p. 1737.

Tu X., Singh V. P., Chen X., Chen L., Zhang Q., Zhao Y. (2015). Intra-annual distribution of streamflow and individual impacts of
climate change and human activities in the Dongijang River Basin, China. Water Resources Management, Vol. 29, pp. 2677-2695.
Alifujiang, Y., Abuduwaili J., Groll M., Issanova G., Maihemuti B. (2021). Changes in intra-annual runoff and its response to climate
variability and anthropogenic activity in the Lake Issyk-Kul Basin, Kyrgyzstan. Catena, VVol. 198, p. 104974.

Savichev O. G., Moiseeva Y. A. (2018). A model of intra-annual flow distribution with scanty observational data. IOP Conference
Series: Earth and Environmental Science, IOP Publishing, Vol. 211, No. 1, p. 012040.

Kuzin P. S. Rezhim rek Yuzhnykh raionov Zapadnoi Sibiri, Severnogo i Tsentral'nogo Kazakhstana [Regime of rivers in the southern
regions of Western Siberia, Northern and Central Kazakhstan]. Leningrad: Gidrometeoizdat, 1953, 538 p. [in Russian].

Skotselyas N. I. (1975). Raschet vnutrigodovogo raspredeleniya stoka dlya neizuchennykh rek Gornogo Altaya [Calculation of intra-
annual runoff distribution for unstudied rivers of Mountain Altai]. Trudy KazNIGMI, pp. 15-20 [in Russian].

Berkaliev Z. T. Gidrologicheskii rezhim rek Tsentral'nogo, Severnogo i Zapadnogo Kazakhstana [Hydrological regime of rivers in
Central, Northern, and Western Kazakhstan]. Alma-Ata: AN Kaz SSR, 1959, 278 p. [in Russian].

Resursy rechnoho stoka [River flow resources]. VVol. VI, book 1. Edited by R. I. Galperin. Almaty, 2012, 684 p. [in Russian].
Dostay Zh. D., Alimkulov S. K., Saparova A. A. (2012). Resursy rechnoho stoka [River flow resources]. Vol. VII, book 2. Almaty,
684 p. [in Russian].

Davletgaliev S. K. (1996). Sotsial'naya otsenka normy mesyachnogo stoka rek Severnoi i Zapadnoi Dzhungarii [Comprehensive
assessment of monthly runoff norms of rivers in Northern and Western Dzhungaria]. Vestnik KazGU, Geographical series, No. 3, pp.
99-109 [in Russian].

Chigrinets A. G. (2012). Vnutrigodovoe raspredelenie stoka pravoberezhnykh pritokov reki Ertis v predelakh Respubliki Kazakhstan
[Intra-annual distribution of runoff of the right-bank tributaries of the Irtysh River in Kazakhstan]. Vestnik KazNU, Geographical
series, No. 1(34), pp. 54-63 [in Russian].

Tursunova A. A., Myrzakhmetov A. B., Kurkebaev A. A. (2010). Vnutrigodovoe raspredelenie stoka rek basseina oz. Balkash [Intra-
annual distribution of runoff in the Balkhash Lake Basin]. Gidrometeorologiya i ekologiya, No. 4, pp. 118-129 [in Russian].
Alimkulov S. K., Raimbekova Zh. T., Isaldaeva S. Zh. (2022). Otsenka vnutrigodovogo raspredeleniya stoka rek Severnogo sklona
Zhetysu Alatau [Assessment of intra-annual runoff distribution of rivers on the northern slope of the Zhetysu Alatau]. Vestnik KazNU,
Geographical series, No. 1(64), pp. 70-76 [in Russian].

Tursunova, A. A., Appazova, T. B., Talipova, E. K. (2016). Otsenka vnutrigodovogo raspredeleniya rechnogo stoka basseina r. Ertis
[Assessment of intra-annual river flow distribution in the Irtysh River basin]. Materialy mezhdunarodnoy nauchno-prakticheskoy
konferentsii «Perspektivy razvitiya sovremennoy nauki», May 4—6, 2016, Jerusalem, Israel, pp. 262—269 [in Russian].

Kulebaev, K. M. (2013). VVnutrigodovoe raspredelenie stoka rek basseina Shu, Talas [Intra-annual runoff distribution of the Shu-Talas
river basin]. Voprosy geografii i geoekologii, No. 2, pp. 52-55 [in Russian].

Davletgaliev S. K., Dostaeva A. D. (2014). Vosstanovlenie ryadov vesennego stoka rek Zhaiyk-Kaspiyskogo basseina [Reconstruction
of spring runoff series of the Zhaiyk-Caspian basin rivers]. Gidrometeorologiya i ekologiya, No. 1, pp. 88-95 [in Russian].
Makhmudova L., Beisembin K., Moldakhmetov M., Mussina A. (2024). Intra-annual flow distribution of the rivers in the Yesil river
basin. Water Conservation and Management, Vol. 8, No. 2, pp. 241-250. https://doi:10.26480/wcm.02.2024.241.250

Shivareva S. P., Avezova A. (2012). Primenenie modeli HBV dlya rascheta stoka r. Oba na perspektivu s uchetom izmeneniya klimata
[Application of the HBV model for future runoff calculation of the Oba River considering climate change]. Gidrometeorologiya i
ekologiya, No. 4, pp. 66-77 [in Russian].

35


https://www.kazhydromet.kz/ru/gidrologiya/ezhegodnye-dannye-o-rezhime-i-resursah-poverhnostnyh-vod-sushi-eds
https://doi.org/10.1615/hydrobj.v54.i1.10

Hypbavun
26.

27.
28.

29.
30.
31.

32.
33.
34.

35.

auop. T'udpomemeoporozus u axoroeus Nol (116), 2025
Kishkimbaeva A. A., Smirnova E. E., Bolatova A. A. (2016). Opredelenie tendentsii izmeneniya stoka r. Sharyn na perspektivu pod
vliyaniem klimata [Determination of runoff change trends of the Sharyn River under climate influence]. Vodnye resursy Tsentralnoy
Azii i ikh ispolzovanie: Materialy mezhdunarodnoy nauchno-prakticheskoy konferentsii, posvyashchennoy podvedeniyu itogov
obyavlennogo OON desyatiletiya «Voda dlya zhizni», Vol. 2, pp. 343-347 [in Russian].

Kazakhstan. Natsionalnaya entsiklopediya [Kazakhstan. National Encyclopedia] (2004). Almaty: Kazakhskaya entsiklopediya, vol. I,
ISBN 9965-9389-9-7 [in Russian].

Prokhorov A. M. (Ed.). (1969-1978). Bolshaya sovetskaya entsiklopediya: v 30 t. [Great Soviet Encyclopedia: in 30 volumes] (3rd
ed.). Moscow: Sovetskaya entsiklopediya. [in Russian].

Nusupkyzy M. N., Beisenbaeva S. Zh. (2023). Primenenie programmy MIKE-hydro dlya modelirovaniya navodneniya uchastka
basseina reki Zhabay [Application of MIKE-Hydro software for flood modeling of the Zhabay River basin section]. Progress in
Science, No. 4 [in Russian].

Resursy poverkhnostnykh vod SSSR: Gidrologicheskaya izuchennost [Surface Water Resources of the USSR: Hydrological Study].
Vol. 12. Nizhnee Povolzhye i Zapadnyy Kazakhstan. Issue 2. Uralo-Embinskiy rayon, edited by Z. G. Markova. Leningrad:
Gidrometeoizdat, 1966, 152 p. [in Russian].

Annual data on the regime and resources of surface waters of land. [Electronic resource] URL:
https://www.kazhydromet.kz/ru/gidrologiya/ezhegodnye-dannye-o-rezhime-i-resursah-poverhnostnyh-vod-sushi-eds), date  of
access:, date of access: 15.08.2024

Druzhinin V. S,, Sikan A. V. Metody statisticheskoy obrabotki gidrometeorologicheskoy informatsii [Methods of Statistical Processing
of Hydrometeorological Information]. St. Petersburg: 1zdatelstvo RGGMU, 2001,170 p. [in Russian].

Polyak I. 1. (1975). Otsenivanie lineynogo trenda vremennykh meteorologicheskikh ryadov [Estimation of Linear Trend in Time Series
of Meteorological Data]. Trudy GGO, Vol. 364, pp. 51-58 [in Russian].

Ezhegodnyy byulleten monitoringa sostoyaniya i izmeneniya klimata Kazakhstana: 2022 god [Annual Bulletin of Monitoring the State
and Climate Change of Kazakhstan: 2022], 2023, Nur-Sultan [in Russian].

Vosmoe Natsionalnoe Soobshchenie i Pyatyy Dvukhgodichnyy Doklad Respubliki Kazakhstan Ramochnoi Konventsii OON ob
izmenenii klimata [Eighth National Communication and Fifth Biennial Report of the Republic of Kazakhstan to the UN Framework
Convention on Climate Change], 2022, Astana, 205 p. [in Russian].

KA3AKCTAHHBIH THIITIK O3EHIEPI AFBIHBIHBIH JKbLT
IIUTHJETT TAPAJIYBI (BYKTBIPMA, ECLIL, JKAWBIK O3EH/IEPIHIH
MBICAJIBIHIA)

Annst A.

Hyp6auuna'*, Aiicyny A. Typcynosa® r.r.k., Kaunar T. CanaBarosal?

! «I"eorpadus *xoHe Cy Kayincizairi MHCTHTYTHI », Anmatsl, Kasakcran; aliya.nurbatsina@gmail.com, ais.tursun@bk.ru,

salavatova.
2 on-dapab
salavatova.

07@gmail.com
u aTbiHIarel Kasak yinTTeIK yHEBepcuTeTi, ['eorpadust sxoHe TaOuraTTh nalnanany ¢akyiereri, Anmarsl, KasakcraH;
07@gmail.com

ABtop koppecrionzneHt: Anmst A. Hyp6aruna, aliya.nurbatsina@gmail.com

TYHUIH CO3JIEP ABCTPAKT

HKBIIIBIK aFbIHIBI OOITy KiumatTeiH sxahaHIBIK ©3repyi jkoHe SKOHOMHUKAIBIK KBI3METTEPAiH KapPKBbIHIBLIBIFBI
Cy pexuMi ) ©3CHIICPIIH Cy PeXKUMIH KalTa peTTey i KaXeT eTe/li. ©3¢H aFbIHBIHBIH JKbIJI CAUBIHFBI
KIMMATTBIH &3rCpy1 Tapajly 3aHABUIBIKTAPBIH 3€pPTT€y Cy pPeCYpCTapblH  YTHIMIBI JKOHE KEIIeHI
MayCBIMIIBIK arblH maiiranany IeIH MaHBI3IbI MaceseepiHiy Oipi OObIT TaObIIaabl. ¥ CHIHBUTFAH FRIITBIMHI
AFbIHHBIH ©3T€pYy TCHACHIUACHI

MakaJna

3eprreyne bykreipma e3eHi — JlecHas [Ipucransb a., XKabait e3eHi-Arbacap K., YJIKeH-
Kobna e3eni — Kobna a. cy anmantapblHbIH ©3€H aFblHBIHBIH IKBULABIK Tapallysbl
KOTDKBUIIBIK OHIpIIK ypaictepi 1985 sxbpuraan 2022 xbutra AediH Taaaaubl. FeuibiMu
3epTTeyliep ©3eHJCpiH OpTallla aiJbIK XKOHE OpTallla JKbUIIBIK arbIHBIHBI, OpTalla
aliIbBIK  aya TeMIeparypachl, >KayblH-LIAUIBIHHBIH OpTalla aijblK MeJIIepiHiH
KOIDKBUIIBIK MOHJIEPIH MaiijajiaHa OThIPBII, CTATHCTHKAJIBIK TaJay SicTepl Heri3inae
KYprisingi. Op Typii arblHObl KaIBINTACTHIPYIIBI (DaKTOpiapabl €cKepe OTBIPHII,
arblHIOBl KYpaylibl (a3anapIblH JKOHE arblH TapaMeTpiepiHiH ¥3aK Mep3iMIi
JMHAMHKAChl KapacThIpbuianbl. Kapamnbim oTeipraH OacceliHnep ayMarblHAA KOKTEMTi
aFbIH YJIECIHIH a3alobl CHSKTHI aFbIHHBIH KBUI iIIiHAET1 OeMiHyiHIIe eneyli e3repicTep
OpBIH alFaHbl aHbIKTaIbl, JKabail e3eHi ymin (AtOacap MyHKTI) coyip albIHAa
KOKTEMT1 aFbIH KBUIIBIK aFbIHHAH 63,5 % - maH (cysl a3 xkbutbl) 79,2 % - Fa neiiid (kem
cy xbUTbl), YakeH Ko6na e3zeni yuria (ynken Ko6ma mynkri Ko6ma) kexTemri aFbIHHBIH
JKalbIH/AA: yneci 38,4 %-man (cysr a3 xbUibl) 71,6 % - Fa meiiiH (Kem cy JKbUIBI) ©3Tepii, aj

JKiGepinni: 06.11.2024 Bykreipma e3eni yuiiH (OpMmaH aitnarbl IyHKTI) cOyip MEH UIUIE apajibIFbIHAA

Kaiira xapangsr: 11.02.2025
Ka6bsurmanasr: 13.03.2025

Kapwusinan,

KOKTEMTi-)Ka3Fbl aFbIH JKbUIABIK aFbIHHBIH mamaMmeH 60...80 % -. Kkypamsl. Apaisik,
e 01.04.2025 arbIHFa KeyeTin Goncak, XKabaii »xome ynken KoOpa esenuepinze, aran alTKaHna,
KBICKBI Ke3eHJe (KeNTOKCaH—HAaypbhI3) apaiblK aFblH YJIECIHIH VJIFalobl OalKamajpl.
Mpicansl, JKabaii yiriH KeIc aiylapblHAa apajblK aFblH Ccy a3 buigapaa 1 % - jax as,
Oipak OHBIH Yp/ici OH, OYJI OCHI YJIECTiH 6Cy TeHJICHIMSICHIH KopceTei. ByKTeipMa e3eHi
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INTRA-ANNUAL DISTRIBUTION OF RUNOFF OF TYPICAL RIVERS
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KEY WORDS ABSTRACT

intra-annual runoff distribution Global climate change and intensive economic activity lead to redistribution of the rivers
water regime water regime. The study of patterns of intra-annual distribution of river runoff is one of
climate change the most important issues of rational and integrated use of water resources. The

seasonal runoff

presented research analyses long-term regional trends in the intra-annual distribution of
runoff change trend

river runoff in the catchments of the Bukhtyrma - Lesnaya Pristan, Zhabay - Atbasar,
and the Ulken Kobda - Kobda from 1985 to 2022. Scientific research was carried out on
the basis of statistical analysis methods using multiyear values of average monthly and
average annual values of river runoff, average monthly values of air temperatures,
average monthly sums of atmospheric precipitation. The multiyear dynamics of flow-
forming factors and runoff parameters taking into account phases of different water
availability is considered. It is revealed that on the territory of the basins under
consideration there are significant changes in the intra-annual distribution of runoff,
such as a decrease in the share of spring runoff, the spring runoff for the river Zhabay -
Atbasar was from 63,5 % (in a low-water year) to 79,2 % (in a high-water year) in
April of the annual flow, the proportion of spring flow for the Ulken Kobda - Kobda
varied from 38,4 % (in a low-water year) to 71,6 % (in a high-water year), and the

About article: spring-summer flow for the period from April to July for the Buktyrma - Lesnaya Pristan
Received: 06.11.2024 was about 60...80 % of the annual flow. In terms of low-water flow, the Zhabay and
Revised: 11.02.2025 Ulken Kobda rivers show an increase in the share of low-water flow, particularly during
Accepted: 13.03.2025 the winter period (December-March). For example, for the Zhabay, the low-water flow
Published: 01.04.2025 in winter months is less than 1 % in dry years, but its trend is positive, indicating a

tendency to increase this share. The low-water flow is also increasing, for the Bukhtyrma
river, although the trends are negative in January and December.

IpumeuyaHue W3AATeNsi: 3asABICHUS, MHEHUS M JAHHBIE BO BCeX MyONMKANMAX MPHHAUISKAT TOJIBKO aBTOPY (aBTopam), a He KypHaIy
"T'uapOMETEOpOIIOT S U SKOJIOTHA" H/WIIK pelakTopy (peaakropam).
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MOCJIEACTBUSA PE3KOI'O IOHUKEHUSI YPOBHS
KACIIUHUCKOI'O MOPS B TIPUBPEKHOMU 30HE
A3BEPBANJIKAHCKOH PECIIYBJIUKHU

Humeman K. Cynefimanisr

Cywmrauntckuii ['ocynapcTBeHHbIi YHuEBepceuTeT, nucceptanT HAHA, Baky, Azep6aiikan; dilshad8080@mail.ru
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KJ/IIOYEBBIE CJIOBA

ABCTPAKT

Kacnuiickoe mope
MpUOPEIKHBIE PAiOHBI
MIOBEM YPOBHS MOPSI
MaJIeHUe YPOBHS MOPSI
MIPOTHO3 YPOBHS
BOJIHEIN GajaHc

B cratee paccmarpuBaroTcs W3MEHEHHs ypoBHsA Kacmmiickoro Mops B TEepHOX
HHCTPYMEHTAJIbHEIX HabmiomeHuit ¢ 1837 mo 2022 romel, 0cOOEHHO €ro peryispHoe
MOHW)KEHUE B mocienHue roapl 1995..2022 rr. AHanu3upoBaHbl TAKXKE BIMSHHE 3TOTO
mpoliecca Ha NPUOPEKHYH 30HY AsepOaiikanckoil PecryOmuku. BbisBieHBI, 4TO B
pe3yibpTaTe 3TOro Ipoluecca Mope ObIIO MOATAHYTO HAa Pa3HbIX MeCTaX Ha PacCTOSHUE
100...1000 M ot Oepera. [1nomanas TeppuTOpHA OCBOOOXKICHHAS OT MOPSI COCTABJIIET OKOJIO
38 ThIc. Ta cymu. llenp wuccienoBaHMS: aHAIW3UPOBATh BIMSHUE H3MEHEHUS YPOBHSA
Kacnuiickoro mopst Ha npudpexHsie Tepputoprn AzepOaiimkanckoit PecryGnuku.

Io cratbe:

Monyueno: 24.02.2025
IMepecmotpeno: 17.03.2025
Mpunsro: 27.03.2025
Omy6inkoBano: 01.04.2025

Jlsist uuTHpOBaHuUs:
Cyneiimannst .. [locneactBus
PE3KOro  TMOHIKEHUSI YPOBHS

Kacnuiickoro Mopst B
npuOpexHON 30HE
A3zepOaiiKaHCKON
PecryOmuxu//
T'unpomereoponorus u

skoorus, Nel (116), 2025, 38-
44,

MPHTI 37.25.23

1. BBEJIEHHUE

Kacnmiickoe Mope — camoe 00JIbIIIoe 03epo Ha IUIaHeTe 3eMJisl, He MMEIOIIEee MPSIMOTo
coequHEHUS ¢ MUpOBBIM OkeaHOM. BaxkHelimelr ocoberHOCTRI0 Kacmiickoro Mops sBseTCs
TO, YTO €r0 YPOBEHb MOCTOSHHO M3MEHSIETCS] TO MOBBIMIACTCS M MOHMWKaeTcs. Mctopuueckue
JAHHBIE TTOKAa3BIBAIOT, YTO 3a IOCIeNHUE 4 THIC. JIET aMIUTUTYyAa M3MEHEHUs ypoBHs Kacmms
cocrapmsima 15 M, 3a mocmemame 200 ner (pucyHok 1) (B mepHOM HWHCTPYMEHTATBHBIX
Habmomenuit) - 3,5 m [1...6].

_H,cm

Toner
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=100

1% I O T O T O

Pucynox 1. Usmenenue yposna Kacnuiickozo mops 6 1837-2040 ee. (no dannwvim bakunckozo

@dymwmoxka)

https://doi.org/10.54668/2789-6323-2025-116-1-38-44 YAK 551.466.7


https://doi.org/10.54668/2789-6323-2025-116-1-38-
mailto:dilshad8080@mail.ru
mailto:dilshad8080@mail.ru
https://orcid.org/0000-0002-7109-4062
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OcHOBHOM NpUYMHON U3MEHEeHHs! ypoBHS Kacnuiickoro Mopsi sIBJISIFOTCS] KIIMMATHUECKHE
TIPOIIECCHI, MPOUCXOIAIINE HEMOCPEACTBEHHO B €T0 Oacceline. B pe3ynbrare STHX MpoieccoB
MEHSETCS BOJHBIN OaTaHC MOPSI, YTO BBI3BIBACT MOBHINICHHUE U MIOHIKCHHUE €r0 YPOBHs. BoaHbII
0aJaHC COCTOUT M3 JBYX YacTel — MPUXOIHBIN M PaCcXOIHbIH. BoaHEII OamaHc cKiIaapBacTCs 13
BOJI, MOCTYIAIOIIUX B MOpe (pEYHbIC CTOKH, aTMOC(EpPHBIC OCAIKH, TPYHTOBBIC BOJBI), U
OTTOKOB (MCIapeHHe C TOBEPXHOCTH MOps U cTOK B 3anuB Kapa-Borasz-T'om). B rogsl, xorma
BOJIHBIN OaJlaHC TOJOXKHUTEBHBIA, €ro YpPOBCHb IOBBINIACTCS, a KOTJAa OTPHUIATCIBHBIM,
cHIKaeTcs (pucyHok 2). Takke ompeneNeHHYIO0 poNib B KOJEOAHHSX YPOBHS MOpPS WTPAIOT
U3MEHCHHUS TJI00aIbHOTO KIMMaTa (ero HeJlaBHee MOTEIUICHHUE) U aHTPOIIOTCHHBIC BO3ICHCTBHS
[1, 4...5]. B romsl, Koraa BOAHBIM GaaHC MTOJIOKUTENBHBIHN, €T0 YPOBEHD TTOBBINIACTCS, a KOT/Ia
OTPUIIATEIILHBINA — CHIDKACTCS.
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Pucynok 2. Ilonuocenue yposus Kacnuiickozo mops (2005-2021 22.).

HeratuBHble mocnencTBusi W3MEHEHHs YypoBHA Kacmmiickoro Mops OTYETIMBO
NIPOSIBIISIFOTCST B IPUOpEexkHOM 30He Azepbaiimkanckoil Pecriyoniku. B aToii 30He Haubosbuiee
BO3/IeiiCTBIE MPUXOJUTCS] HA IOKHYIO YacTh HaIlleH TEpPUTOPHU — OT JeNbTHI peku Kypsl 1o
pUOpPEXHBIX 30HbI JIeHKOpaHbCKOTO ¥ AcTapuHCKOTo paiioHOB. OCHOBHAs NPUYMHA 3TOTO —
penbed MecTHOCTH M reoMopdoIoTniecKre 0coOeHHOCTH modepexns. OLeHKa MOCIeaCTBUH
n3MeHeHus ypoBHS Kacmmifckoro Mops Ha 3TH PErHOHBI MMeeT OOoJIbIIoe MpPaKTHYecKoe
sHagenue [7...10].

2. MATEPHUAJIBI U METObI
B paborte ucnonn3oBanbl qaHHbie 00 yposrae Mopst HI'MC Aszep0Oaiimkana.

3. PE3YJIbTATBI U OBCYKJIEHUE

3a nepuoa HHCTpYMEHTaJIbHBIX Ha0M0AeHNH ypoBeHb Kacnmiickoro Mops perepren Tpu
PE3KHUX U3MEHEHHUS:

- B 1929...1977 rogax ypoBeHb cHu3mics Ha 320 cm;

- B 1978...1995 romax o" moxHsics Ha 246 cm;

- ac 1995 no 2022 rog cHusmics Ha 190 cm.

C 2005 roza ypoBeHb MOPSI HEIPEPHIBHO CHUKAETCS CO CPEAHEN CKOPOCTHIO MpuMepHOo 10
- 15 cM B rog (pucyHok 2)

Ha ypoBue (-28.96 m BC) nnmmuHa OeperoBoid MoOpckoil nuHHH A3sepbOalikaHCKON
PecrryGmuku cocrasisier okosno 750 kM. B pesyinbrare 18-nerHero mombema ypoBHS MOpS
(1978...1995 rr.) GBLITO 3aTOILIEHO OKOJIO 50 THIC. I'a 3eMeNTb B IPUOPEKHOM 30HE PECITyOIIUKH.
B HaunOospnieli cTeneHy ot 1o ybeMa ypoBHs MOpsI IIOCTpajajia FoXKHasl 30Ha MTPUOPEKHO 30HBI
(roxxuee nenbTel pexu Kypsr - 80 %). 3a 3ToT mepnonx Ha BceW MPUOPEKHOW TEPPUTOPUHU
cepbe3Ho nocTtpagany 50 HaceleHHBIX MyHKTOB, 250 MpOMBINUIEHHBIX Npeanpuaruil, 20 kM
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KEJIE3HOJOPOXKHBIX IyTei, 60 KM aBTOMOOWIBHBIX JOPOT, CAHATOPHO-KYPOPTHBIX yUPEKICHUH
Ha 100 THIC. WenoBek u mp. Ilo omenkam, cymma ymiep6a Ha SKOHOMHKY B pe3yJbTaTe 3TOTO
nporecca Obi1a B 006EMe 2 musrapaa nomwtapos CHIA [1, 3,5, 11...12].

B Ttabmume | mpuBenmeHBl 3HAYEHUWS IUIOMIANCH 3aTOIUICHHBIX Tepputopuii B 11

aJIMUHHCTPAaTUBHBIX PalilOHOB, PACHONIOKEHHBIX B NPUOpeXHOW 30He Hameil Pecryonuku. Ha
pucyHKe 3 TpeIcTaBIeHBl AUarpaMMbl, ITOKA3bBIBAIOIINE XapaKTCPHCTHKU TEPPHUTOPHH,
IOJIBEP>KEHHBIE 3aTOIIeHNI0. Ha prcyHke 4 okaszaHsl IUIOIIAAN TEPPUTOPUiL, 0CBOOOKICHHBIE
OT MOPSI B Pe3yJIbTaTe MOHMKEHHU YPOBH Mops (3a mocienaue 26 net) B 1996...2021 rr. (1o

aJIMUHUCTPAaTUBHBIM paiioHaM A3zepOaiijkanckol PecryOmuku, ra).

Ta6auna 1

3amonnennvie u 0c80H0HCOCHHbIE OM MOPSL 3eMENbHbIE YUACMKU N0 AOMUHUCHPAMUBHBIM PATIOHAM (2a)

Jauna Geperosoii

3aTonJieHHbIC TEPPUTOPHHU

TeppuTopuu 0cBOGOKIEHHbIH

Paiion JIMHUH, KM 1977...1995 ot Mops 1996...2022
Yposens -26,50 m BC Yposens -28,40 m BC
Xaumac 66 2070 1573
JuBrau 20,7 1040 790
CuasaHb 39,6 610 464
XbI3BI 26,1 510 388
Mbpus Baky 289,6 3820 2029
Canpsa 11,7 60 46
Hedreuana 94,6 13270 10085
3anoBeHUK KbI3buI-aray 102 23900 18164
Macaiisl 315 2670 2903
Jlenkopann 35,1 410 312
Actapa 21,1 90 68
Wroro 738,10 48450 36822
Xaumac; . Acrapa; Xaumac  Illabpan Cwuasanb,
Acrapa; 90 2070 Wlabpar;  CHARAMD  Xiwy 510 joucopuns 0.19%  427%  215%  126% ot
1040 610 0.85% '
Baky; 3820
Jlenkopans; 410 M Baxg/
CanbsH; ;‘;ﬂ;"l 7.88%
60 Rl CanbstH
Macamisr; 0.12%
2670
/
/ - / _ Hedryana
Ke3put-Arau 2;1.’ 39%

Kb13b11-Aray;
23900

Hedruana; 13270

B Acrapa Xaumac = [[abpan Cuazanb
B XbI3b1 baky B CanbsaH Hedruana
Ko3pi1-Arau - Macaist B JIeHkopaHb

49.33%

B Acrapa Xaumac
B XbI3bI baxy
Kenbu-Araa © Macaist

= [ITabpan Cuazanb
B CanbsiH Hedtuana
B JleHKOpaHb

Pucynok 3. 3amonnennvle niowaou 6 pesyavmame pe3ko2o No0bemda ypPoeHs MOPsL 8

1978...1995 ee. (no aomunucmpamusHoim pationam Azepbaiiodxcanckou Pecnybauku): a)
naowaou, 2a, 6) ee 0015 8 HeoOpabamvleaeMol NIOWAOU, 8 NPOYEHMAX
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Jlenxopanp Acrapa, Xaumac
baxy 312; 68 1573 Wlabpan 790 Cuazams 464
2029 !
Xs1361 388
Macamrsr 2903
Canpsin 46
S Hefrun
10085
= AcTapa = Xaumac ITaGpan CnasaHsp = XBI3BI Macammsl
= CanbsH HedTtuana Ke13p1-Arag = baky = JleHkopaHb

Pucyuoxk 4. ITnowads meppumopuu, 0c606024cOeHHbIE OM MOPSL 8 Pe3YIbmAame NOHUICEHUS
yposHs mops 6 1996...2021 ze. (no aomunucmpamuervim pationam Azepoaiioxcanckou
Pecnybnuku, ea) [2...3].

IIpuponnsie ycnoBus Kacrnuiickoro Mopst U ero 6eperoB TECHO CBA3aHBI C U3MEHCHHEM
ypoBHsS Boabl. OCHOBHOH (pakTOp 3THX M3MEHEHHWH CBS3aH ¢ M3MCHECHUSIMH PETHOHAIBFHOTO
KJIMMAaTa ¥ HOCUT LMKIMYECKUIl Xapakrep.

I'paduk cpenneromoBoro m3MeHeHus ypoBHs Kacmmiickoro Mops (pucyHok 1) 3a mepron
HHCTpyMEHTaIbHBIX HaOmonenuit (1837..2022 ronpl) TOKa3bIBaeT, YTO B OTOT MEPHOJ
MIPOUCXOIUIIA HECKOIBKO PEe3KUe MaJeHUe YPOBHS MOpsS. DTH IMPOIECCH OKa3ald Cephe3HOe
BJIMSHHME Ha AMHAMUKY U MOP(OJIOTHI0 MOPCKHX Mobepexuid. Pe3koe nmaneHne ypoBHs MOps
BEI3BAJIO Ba)KHBIC M3MEHEHUS B JaHAMAPTE €r0 CEBEPHOTO U CEBEPO-BOCTOYHOTO MOOECPEIKBSI.
B pesynpraTe 3TOr0 mporecca MHOTHE YYaCTKH MEIKOBOJMH B yNOMSHYTHIX HMPHUOPEKHBIX
30HaX MEPECOXJIM, HEKOTOPHIC 3aMBBI MMOJHOCTHIO MCUE3IH, a Ha MX MecTe 00pa3oBalMCh
comonuaku [9, 13...14]. B menom pasnuunsie THIB HOpM perbeda, chopMUPOBABIIHECS B
mpudpexHoit 30He Kacms, HanpsMyto CBsI3aHBI C BIFSIHIEM Mops. B pe3yibraTe MOHMKCHUS
Kacnmiickoro mopst Ha 2 M B 1929...1941 rr. ero miomaap Mo NepuMeTpy MOpsl YMEHBIITHIACh
Ha 50 Thic. KM%, GeperoBasi JUHMS B CEBEPO-BOCTOYHBIX paifoHAaX MecTaMy OTCTYIHJIA Ha
120...140 xm, HaHecna OobLION yHepd MOPTOBOHM WMHQPACTPYKTYpe M MOPCKHM MHyTSM, B
pe3yIpTaTe Y4ero 3HAYUTEIBHO 3aTPYAHIICS BXO U BEIXOJI CYJIOB B MOPE M PEKH, 3HAYUTEIHFHO
CHHU3WICS YPOBEHb I'PYHTOBBIX BOJI, YCHIIMIICS TIPOLIECC OMYCTHIHUBAHUSA U IpyTHe HETaTHBHBIE
nporeccsr [4...6, 11].

[Tagenue ypoBHA MOpsS B IPHUKACHHUIICKHX NPHOPEXHBIX paiioHax AsepOaiKaHCKOH
PecnyOmmuku B 1929...1967 rogax mpuBeso K CIeAYIOIIAM HETATUBHBIM COOBITHSIM:

- BeperoBas nuHMsA Ha ydacTke OT JenbThl peku Kypsl o 3ammBa KeI3pur-Arad
oTzaeeHa OT MOps Ha 5...7 KM;

- IInomanp 3acynuinBOil TeppUTOpUH OT ocTpoBa [lupannaxu A0 IEIbThl PEeKu
Jlenxopanb — 77,1 km?;

- Ha mexoToppIx ywacTkax naHgmadTHas CTPYKTypa MOOEpEeXbs CYIIECTBEHHO
HM3MEHUIIACh;

- B mpuGpexHOii 30He YCHIMINCH MPOIECCH Oy CTHIHIBAHUS;

- YpoBeHb rPyHTOBBIX BOJ[ 3HAYMTENBHO cHI3MICS [1, 5, 11].
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B Hacrosmiee Bpemst (2023) ypoBeHb MOpSI HAXOAWTCS Ha aOCOJIIOTHOW BBICOTE MHHYC
28,75 M. (oTHOCUTENHLHO YPOBHS banTtuiickoro Mopsi). CiaenyeT OTMETHTD, 9TO YPOBEHb MOPS B
1977 rony ObuT Ha caMmoM HU3KOM 3a nocienuue 400 ger — munyc 29,0 m BC.

Ecmu ypoens mops ynanet no muryc 30,0 m BC, Ha paznuunbix yuactkax Kacnmiickoro
nobepexbst PecrryOnuky MOTYT MPOM30MTH CiIeayIOIINe HETaTUBHBIE COOBITHS:

- B Bakunckoit OyxTe: mionians U 00bEM BOIBI OYXTHI YMEHbIIATCS A0 2 pa3 (1o

cpasHenHIo ¢ 1930 rogom): maomans — 100...50 km?

; 00beM ymenbmmtes — 0,8...0,4 kv>.
BonooOMeH Mex 1y 3aIMBOM B MOPEM MOKET YMEHBIINTHCA 10 3 pas;

- Beicora BeTpoBbIX BONH cHHM3MTCA ¢ 3 M g0 0,8 M, a BHICOTa BOJIH NPHIMBOB U
otmBoB ¢ 1 M 10 0,5 m;

- Ha Tepputopun ANIIEpOHCKOro MojyocTpoBa: JaHmmadt (KoHpHUTryparys)
CEBEPO-BOCTOYHON U BOCTOYHOM YaCTEH MOITyOCTPOBA CYIIECTBEHHO U3MEHUTCS;

- CesepHblii 1 FOxHBIH ANIepoHCKHH 3aIMBBI CTAHYT 3HAYUTENILHO MENbYE;

- OcTtpoB UnitoB MOXeT OBITH COETMHEH ¢ 0cTpoBOM [lnparnaxu (OpBIIHi ApTeM);

- Octpos Ilecuanslit MOXKeT coeAUHUTHCA ¢ MbIcoM CynTas;

- MBpic I1Iax MOKET HOTHOCTBIO IEPECOXHYTh;

- B roro-3amasHOM pailioHE, B HEKOTOpPBHIX pailoHaX OCOOCHHO MEXIY MbICAMHU
Canrauan, Anat, [lupcaar, bannosan mope orctynut Ha 10...12 kMm;

- Mope oTcTynuT Ha 2...3 KM B paiioHe MbIca JIeHkopaHb-Kepraupyn;

- 3HaunTenbHas TeppuTopus (OomnblIe MOJNIOBHHBI) 3anuBa KbI3bUI-Arad MOXET
NIEPECOXHYTH;

- B nenpre pexu Kypsl OyayT co3maHbl OTMENH U HEOOIBIINE OCTPOBA;

- B HexoTopbix Mectax B npubpexHoi 30oHe Habpanb-111abpanu Mope oTcTynmuT Ha
4..5 kM.

4. BAKJIIOYEHUE
B nepuoas! pe3kux usMeHeHuit ypoBHsa Kacnuiickoro mops: nmoasem (1978...1995 rr.)
OTIpEJICTICHBI TUIOMAIN 3aTOIUICHHBIE TEPPUTOPHH, OCTABaBIIMECS IO MOPEM M TaJIcHHE
(1996...2023 rT.) OCBOOOXKACHHBIE OT MOpSI B MPUOPEKHBIX paifoHax AsepbaiimKaHCKOM
Pecrry6nuku 1o aiMUHUCTpAaTUBHBIMU paiioHamu. B pesynbrare nagenns yposHs Kacnuiickoro
MoOpsI 10 2 M 3a ocleanne 17 JeT naomaab TEPPUTOPUU OCBOOOKICHHBIE OT MOPSI COCTABIISIET
OKOJIO 38 THICSIY TEKTapoOB 3eMJIM. B 3TOT meproa OCHOBHasl 4acTh 3€MeNb, MPHHAICKHUT
I0’KHOH MpHOpexHOi 30He Hamtel PecrryOmuku — paifoHy KbI3bu1 - Arauckoro 3anmBa, a TaKke

npuOpexxHpIM yaacTkaM Hedruanmuckoro paiioHa.

JOCTYINHOCTDb JAHHbIX

JlaHHBIC, HCIOJB30BAaHHBIE B 3TOM HCCIEJOBAHUH MOJNYYEHbl W3 [ MIPOMETEOpOIOrHYecKOi
ciryx0b1 AzepOaifkaHa.
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The article considers changes in the Caspian Sea level during the period of
instrumental observations from 1837 to 2022, especially its regular lowering in the
last years of 1995...2022. The impact of this process on the coastal zone of the
Republic of Azerbaijan is also analysed. It was revealed that as a result of this process
the sea was pulled up at different places at a distance of 100...1000 m from the coast.
The area of territories freed from the sea is about 38 thousand hectares of land.
Purpose of the study: to analyse the impact of the Caspian Sea level change on the
coastal territories of the Republic of Azerbaijan.
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44


mailto:dilshad8080@mail.ru
mailto:dilshad8080@mail.ru
mailto:dilshad8080@mail.ru
mailto:dilshad8080@mail.ru

o
o
2oy THapoMeTeoposiorust U 9K0JI0r st

/ oo

.

Scientific article

ASSESSMENT OF THE IMPACT OF MINING ENTERPRISES IN THE
AKTOBE REGION ON THE ENVIRONMENT (USING THE EXAMPLE OF

CHROMIUM DEPOSITYS)

Asima Koshim?
Aigul Sergeyeva®
Aida Kaliyeva®?

doctor of sciences in geography, Aliya Aktymbayeval?*'= candidate of science in geography,
candidate of science in geography, Damir Kanatkaliev* “*', Murat Makhambetov® PhD,

Lal Farabi Kazakh National University, Almaty, Kazakhstan; asima.koshim@gmail.com (AK), a.aktymbayeva@kaznu.edu.kz (AA),
kanatkaliev01@gmail.com (DK), kaliyeva.aida@kaznu.kz (AK?)

2 Centre for Sustainable Development in Central Asia, al-Farabi Kazakh National University, in partnership with The Hong Kong Polytechnic
University, Almaty, Kazakhstan; a.aktymbayeva@kaznu.edu.kz (AA), kaliyeva.aida@kaznu.kz (AK?)

3 K. Zhubanov Aktobe regional university, Aktobe, Kazakhstan; sergeyeva.aigul@gmail.com (AS), zharatylystanu.arsu.edu@mail.ru (MM)
Corresponding author: Aliya Aktymbayeva, aliya.aktymbayeva@kaznu.edu.kz

KEY WORDS

ABSTRACT

mining industry
technogenic impact
remote sensing of the
Earth (ERS)
interpretation methods
quarries

Khromtau

Remote sensing (ERS) is a powerful tool for exploring quarries and assessing their environmental
impact. This method provides extensive capabilities for monitoring, mapping and analyzing
changes caused by mining activities. The mining industry has a significant negative impact on
the environment, especially quarrying, which leads to landscape changes, contamination of water
sources and deterioration of soils. In the Aktobe region of Western Kazakhstan, the mining of
chromite ores around the city of Khromtau causes serious environmental problems. The study is
aimed at improving the methodology for assessing the technogenic impact of a deposit near the
city of Khromtau using Earth remote sensing (ERS) data. The study was based on field research
conducted in 2012...2020 and data from men Landsat-5TM (1986 y) and Landsat-8 OLI (2023
y) satellite images. Analysis of satellite images made it possible to identify and map zones of
technogenic impact, assess environmental risks and determine the scale of anthropogenic
disturbances. For more than 30 years, the area of quarries and disturbed areas has increased
significantly, which negatively affects the ecological state of the city of Khromtau and its
environs. Heavy metals such as chromium tend to bioaccumulate, which is hazardous to human
health and the environment. The use of remote sensing allows you to quickly obtain up-to-date
information for monitoring and managing the environmental condition, which helps improve the
quality of life and preserve natural resources. The use of remote sensing in the study of quarries
of chromite deposits allows not only to identify the scale and nature of technogenic impact, but
also to propose measures to mitigate negative consequences for the environment.

About article:
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IRSTI 39.03.19

1. INTRODUCTION

The activities of the mining industry, engaged in the extraction and beneficiation of various
types of ore raw materials, have a negative impact on the environment and human health. Mining
is carried out by open and closed methods. More than 85 % of deposits are developed by the open
pit method. In the open pit method, a large amount of rock is thrown out of the subsurface and large
volumes of residual dumps — slag heaps — are formed. For example, in Germany, more than 400
thousand hectares were damaged by open-pit mining alone, and in the USA, dumps alone occupied
developed economies, places that have become industrialized and technogenic landscapes - cause
the most damage to the natural landscape, agriculture and forestry. The vast majority of mining
sites are now completely closed, and even restoration work was completed many years ago, and
there are now no signs of former mining waste left in their places. The Lausitz lignite basin of the
70 m high dump of the Espenhein open pit, where FRG mining operations were completed, is now
used as a storage area for Creburn waste. Waste accompanying ore beneficiation, concentrated
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in spoil heaps and artificial water bodies, leads to subsidence of the ground cover and changes

in the landscape. And erosion of land and water spreads environmentally hazardous chemicals over
long distances. In the process of production, the ecological situation that has developed in the
territories of industrial facilities location (mines, mines, processing plants) is completely or
partially disturbed [2]. These changes are manifested in a set of various reverse phenomena, the
most important of which are the orientation of agricultural areas to mining operations, depletion
and damage to ground and surface water, flooding and waterlogging of developed lands,
desiccation and salinization of soils, air pollution with harmful substances, chemical elements,
hydrogeological, geochemical and microclimatic changes can be stated [3].

Similarly, Sukinda (India) — One of the most polluted places in the world, home to one of the
largest chromium quarries. The number of people affected there is 260,000. The chromium content
in 60 % of the drinking water is twice the international standard allowed. 87 % of deaths in the area
are related to diseases caused by chromium poisoning [4].

Chrome ore (chromites) is one of the most valuable metal ores in the world. Identified
chromite resources are estimated in 47 countries of the world and are valued at $15 billion tons.
South Africa ranks first in terms of reserves (accounting for 76 % of proven reserves). Kazakhstan
ranks second in the world (accounting for 9 % of world reserves) and the share of commodity
chromium in the world economy is 15...20 % (Figure 1). In addition, chromite resources are also
found in the USA, India, Philippines, Turkey, Madagascar, Brazil, Zimbabwe and the countries of
the Philippines [5].
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Figure 1. Global chromium production

Chromium mines and plants are major sources of environmental pollution. For example,
Sukinda (India) — One of the dirtiest places in the world because it is home to one of the largest
chrome mines. The number of people affected is 260,000, 60 % of the drinking water contains twice
as much chromium as the international standard allows. 87 % of deaths in the area were caused by
chromium poisoning [6].

With the development of new technologies that allow for the expansion of industrial
development, modern machinery and equipment, the process of mining is constantly increasing,
which in turn increases the anthropogenic-technogenic impact on ecosystems [7]. the main factor
of environmental change is technogenic processes arising from the exploitation of various forms of
mining. In this regard, the Law of RK “On Environmental Protection” stipulates: “local executive
bodies of oblasts regulate nature management on issues of land protection from depletion,
desertification, water and wind erosion, sedimentation, waterlogging, soil salinization” [8]. In
addition, as of January 1, 2016, the world officially launched the Sustainable Development Agenda,
an active reconstruction plan for 2030. The plan is based on the 17 Sustainable Development Goals,
which are integrated and indivisible and balance the three pillars of sustainable development:
economic, social and environmental. In this regard, this study is in line with the following
Sustainable Development Goals: 3-health and well-being; 6-sanitation with clean water; 11-
sustainable cities and towns; 12-production with responsible consumption and 15-conservation of
terrestrial ecosystems [9].
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In the mining industry, remote sensing of the Earth by satellite (RS) is becoming an

increasingly necessary method due to the ability to cover large areas associated with mining,
identify surface features, and monitor landscape changes [10]. In addition, the use of remote sensing
technologies provides unique opportunities for comprehensive assessment of the environmental
impact of mining. In addition, monitoring using remote sensing helps in the identification and
digital assessment of environmental changes, development of effective measures related to the
management of natural resources and reduction of negative environmental impact. The introduction
of these technologies will also create conditions for sustainable development of the mining industry
and protection of ecosystems [11].

One of such mining enterprises with a negative impact on the environment is the extraction
of chromite ores located in the Aktobe region of Western Kazakhstan (Figure 2).

Figure 2. Chrome deposits near the city of Khromtau

The mining industry plays an important role in the economic development of Aktobe region,
being one of the main sources of income and employment in the region. Chromium deposits, which
have been mined for many years, are considered particularly important. Intensive extraction of
natural resources and changes in environmental and social conditions occur in parallel, so it is very
important to study and assess them accurately [12].

The world's largest reserves of chrome ore are located in Aktobe region, which is the reason
for the high activity of mining enterprises. The development of chrome deposits has a significant
impact on various components of the environment: air, water, soil, plants and animals. At the same
time, on the one hand, the socio-economic situation of the local population improves: jobs are
created, infrastructure is updated, on the other hand, due to environmental problems there are also
negative consequences associated with the deterioration, reduction of living conditions of the
population [13...14].

The research work will be devoted to the identification and analysis of environmental and
social impacts of mining in the Aktobe region, based on space images, as well as assessment of the
environmental impact of chrome mining enterprises, development of proposals to minimize the
impact and ensure sustainable development of the region. They will be aimed at developing
strategies and measures aimed at reducing environmental risks and ensuring harmonious
development of the mining region. We hope that the studies will contribute to improving mineral
management practices and promoting sustainable development of the Aktobe region, striking a
balance between economic growth and environmental protection.

In this regard, the purpose of our study is to improve the methods for assessing the
anthropogenic impact of deposits near Khromtau using remote sensing data.
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2. MATERIALS AND METHODS

It is important for Kazakhstan to extract valuable raw materials, as it ranks 1st in the world
in terms of ore quality and has a high value on the world market, which is set by counterparties [7].
Donskoy Mining and Processing Plant is a city-forming enterprise and contributes to the economic
growth and development of the region and the country as a whole. In addition, the mining and
processing of chrome ores provides jobs for thousands of Kazakhstani people. Kazakhstan is one
of the world's leading chrome producers and actively cooperates with other countries in trade and
technology. This will help strengthen international economic ties and enhance the country's
standing on the world stage. The presence of large chrome deposits is a strategic advantage for
Kazakhstan. It ensures the country's stability and independence in providing basic materials for
various industries.

The object of the study is chrome ore deposits located near the town of Khromtau (Figure 1).
Khromtau city is a city of district significance and the administrative center of Khromtau district.
It is 95 kilometers from the city of Aktobe. The city is inhabited by 30,2 thousand people (2023).
The area of the city is 97,7 km? [15].

There are 3 enterprises of state importance in the city: the main enterprise - Donskiy Mining
and Processing Combine (hereinafter referred to as DMPC) — a branch of TNK Kazchrome JSC;
the second — Aktobe Copper Company JSC for processing of copper-zinc ores and the third -
Voskhod Oriel LLP, engaged in extraction and processing of chrome. The Geophysical X deposit
is located in Khromtau district of Aktobe region, in the South Kempirsay Ore Massif on the north-
eastern border of Khromtau city.

The social and economic situation of the city is directly related to the prospects of
development of the mining and processing plant, which produces almost all volumes of chrome ore
in Kazakhstan.

Geomorphologically, the city and adjacent territories belong to parts of Mugalzhar Mountain,
which is represented as an eluvial-deluvial sloping plain consisting of fine gravel of bedrock formed
by loams, clayey sands. The relative elevation is 300...350 meters. In the southeast of the city there
are hills 380...440 m high.

The city and adjacent territories are located in the dry steppe zone. The steppe zone consists
of chestnut-brown soils, where sand and rocks are found. The climate of the region is sharply
continental, with the Siberian anticyclone acting over the territory in winter and subtropical desert
air blowing in summer. The temperature rises to 20..22 °C in winter and to +20 +25 °C in
summer. The average amount of precipitation is 350...450 mm. The average wind speed is 8 m/s.

Tributaries of the llek River — Karagash, Akzhar, Sarymyrza, Zharly-bulak, etc. — flow
through the study area.

The basis for the study of the deposit is 2012...2020. the results of field studies of the authors
[16...18] were obtained. In addition, we analyzed the materials of researchers who considered the
problem of the impact of mining on the environment, many of whom believe that the main sources
of destruction and pollution of various components of the natural environment are technogenic
massifs located near the enterprise, which have a significant ecological impact on the environment
[2, 10, 19...23]. One thing should be noted here: open-pit mining, compared to underground
mining, the surface of the land, the area of which reaches hundreds and even thousands of hectares
(at large enterprises) [19], is significantly destroyed, which, in turn, is partially or completely
destroyed in the process of mining [24...25].

There are different methodological approaches to the study of the territorial impact of the
mining-industrial complex on ecosystems. In this regard, we reviewed some works on the
methodology of using remote sensing data to identify the objects of study [26...27].

Nowadays, remote sensing techniques are widely used, as the development of this technique
has made it possible to obtain high quality images of the Earth's surface with high capabilities and
in different color spectra. The use of satellite imagery in the study of the impact of mining on
ecosystems offers new opportunities related to the identification, mapping, monitoring of
anthropogenic impact zones and environmental risk assessment. In addition, RS imagery can be
viewed in conjunction with other cartographic sources, especially topographic maps and extensive
material collected during field surveys.
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Earth remote sensing data will help to consider the problems of localization of areas subject

to anthropogenic impact when assessing the categories of environmental risks, i.e. identification of
objects associated with the release and exchange of rock mass (quarry-fill formation, etc.), soil-soil
and water channel impact, creation of artificial water bodies.

During the writing of the article, data on the indicators of the mining industry were obtained
from the Ministry of Industry and Construction of the Republic of Kazakhstan [28] and the website
of the Committee on Statistics of the Republic of Kazakhstan [29]. High spatial resolution (30 m)
images from the U.S. Geological Survey (USGS) [30] were used for mapping to assess the
dynamics and development of the territories. The cloud-free Landsat-5 TM (13.07.1986) and
Landsat-8 OLI (20.08.2023) satellite images were processed in ArcMap 10.8, resulting in the
creation of maps. Based on the analysis of these satellite images, changes in the landscape and
natural environment were identified. The primary focus of our research is to identify anthropogenic
factors, their consequences, and to consider their impact on the ecological condition of the city of
Khromtau.

The analysis of the geo-ecological state of the city of Khromtau based on various temporal
satellite images is a significant study aimed at identifying environmental changes over the years.
The informational content of images taken at different times varies not only depending on the issue
being addressed but also on the region and season of the shooting. Since each type of landscape in
a particular geographical zone is characterized by its own interconnections and patterns, natural
objects also possess local decoding features [31...32]. The data and results obtained allowed for an
assessment of the impact of anthropogenic factors on the landscape and resources of the city,
identification of areas with specific environmental problems, and the proposal of measures to
address them. The use of satellite images is an effective tool for monitoring and managing the
environmental condition of the city and its surroundings, helping to improve the quality of life of
its residents and preserve the environment.

The cartographic method, implemented through the ArcGIS program, allows for the
integration of various types of information and the conduct of spatial analysis, taking into account
numerous factors [33...35]. Maps created based on satellite images enable the visualization of
disturbed landforms and the assessment of the environmental condition of an area [11].

The study of the geo-ecological condition of the city of Khromtau using periodic satellite
images offers several advantages and methodological features compared to other known methods.
Periodic satellite images provide highly accurate data with precise imagery, facilitating a more
detailed analysis of changes in the landscape and natural environment.

The use of periodic images allows for the monitoring of environmental changes over extended
periods, enabling the identification of trends and the prediction of possible future scenarios. This
ability to track changes over time is critical for understanding long-term environmental impacts
and developing strategies to mitigate negative effects.

Therefore, the application of satellite imagery and GIS technology for studying the geo-
ecological condition of Khromtau offers high accuracy, broad coverage, and the ability to monitor
changes over time. These methods, combined with cross-verification of results, ensure the
reliability and validity of conclusions, contributing to effective environmental management and the
improvement of the population's quality of life.

3. RESULTS AND DISCUSSION

All chromite resources in Kazakhstan are located in the Aktobe region, with reserves totaling
300 million tons in the Kempirsai Massif.

The history of the chromite industry in this region dates back to 1938, when the Donskoy
Mining and Processing Plant began operating, coinciding with the development of the Kempirsai
chromite deposit. During this time, the town of Khromtau and the Aktobe Ferroalloy Plant were
established to support the mining workforce. By 1959, the mines “Vostochny” and
“Komsomolsky” had produced over 1 million tons of ore. In 1968, the Ferak Ferroalloy Plant began
operations, followed by the first processing plant at the Donskoy Processing Plant in 1973. The
development of the “Molodezhnaya” mine started in 1974, and the “Central” mine in 1978 (Figure
3).
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Industrial-scale chromite deposits are located in the Western Kazakhstan Complex (WKC),

with over 20 of these deposits concentrated in the Kempirsai range, which stretches for 80 km in
length and 30 km in width. This region contains more than 120 chromite deposits at depths of up
to 1400 meters. Over the past 80 years, 226 million tons of ore have been extracted from more than
20 mines and quarries in this area. The annual production volume is approximately 6 million tons.
The ore reserves are sufficient for several generations, as new deposits continue to be discovered
and developed, making this an important focus for large companies.

In the Khromtau region, extensive geological work has been carried out, leading to the
discovery of rich chromite ore deposits with chromium oxide content as high as 55 %. For instance,
at the “Geological” deposit, 1 million tons of reserves have been identified, with an additional 3
million tons of ore planned for extraction. New ore bodies are currently being explored at the
“Geological-2” and “Geophysical-7” sites. Intensive efforts are now underway to develop the
secured reserves at these deposits, which has adversely affected the environmental situation in the
city of Khromtau and quarries surround surrounding areas, as the city. In 2023 alone, 300,000 tons
were extracted from the Dubersay quarry and 150,000 tons from the Mirny quarry [7].

=

Figure 3. Chrome industry

In the vicinity of Khromtau and the surrounding areas, there are several large deposits. One
of the largest quarries is located to the south of the city, just 300 meters from residential areas and
50 meters from an abandoned sector (see Figure 2). The size of the quarry is 900x500 meters, with
a depth of 150 meters (see Figure 4). In the southwestern part, approximately 800 meters from the
city, there are two enormous quarries measuring 800...900x400...500 meters with a depth of
100...150 meters. In the northeastern part of the city, about three kilometers away, there are two
more large quarries, each approximately 900 meters in length and over 1 kilometer in width, with
widths ranging from 500 to 900 meters (see Figure 2). At the bottom of all the quarries, artificial
lakes have formed, measuring 300...500x150...200 meters.

We focused exclusively on the quarries where chromite ore is extracted (see Figure 4). There
are several large deposits located in the suburbs and surrounding areas.

e v ,/"

Figure 4. A large quarry near the city of Khromtau
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The terrain of the deposits and the surrounding areas is characterized by its location on the

eastern slope of the Or-llek watershed, forming a ridge elongated in a submeridional direction. The
slightly ridged surface is covered with numerous temporary water valleys. The land is dissected by
erosional ravines with relative heights ranging from 5...10 meters to 15...50 meters. This region
manifests as a denudation-accumulation plain, which has been significantly altered due to the
industrial activities of the Donskoy Mining and Processing Plant. The average elevation of the area
is approximately 400...450 meters, with the northwestern part reaching up to 480 meters in absolute
height. The slopes behind the erosional ravines generally descend several meters over a distance of
1 kilometer. The steepest slopes, ranging from 50...100 %, are typical of riverbeds and ravines. In
the upper reaches of the Oysylkara River basin, there are numerous depressions with an area of 300
square meters and a depth of 2,0 meters.

The slopes of the quarries are very steep, conical, and elongated, with gravity-driven sliding
processes occurring in many places (see Figure 5). Near the quarries, waste dumps (slag heaps)
have formed, consisting of the worked-out rock and soil excavated during the quarrying process.
The height of the slopes in various quarries reaches 50...100 meters, with lengths ranging from 60
to 150 meters (see Figure 6).

Figure 6. Artificial dumps formed by chrome residue

Open-pit mining processes involve drilling, blasting, crushing, and overburden removal using
new technologies. Special drilling machines and specific quantities of explosives are used for
blasting operations, which include:

— This is done with specialized equipment that uses circular motions to break up the soil layer
and penetrate deeper into the ground (Loosening of soil layers).

— The ore is mixed with chemical reagents, and chromium is extracted from the mixtures as a
result of the chemical reaction (Ore processing)

— These systems are used to collect and analyze data on the state of the deposits in real-time,
ensuring precise and efficient management of the mining process (Automated monitoring systems).

Rock extraction operations are carried out using excavators, which have significant
environmental impacts, necessitating measures to mitigate these effects. To address this, since
2019, the plants have undergone updates and implemented the new ERGW production system. The
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modernization of equipment and the launch of the new ERG Green processing plant have made it

possible to recycle all production slag [7].

The soil extracted from quarries (slag heaps: clay, loam, primarily gravel) is exposed to open
air and undergoes various gravitational, sliding, and weathering processes. Chromium, classified
as a heavy metal, poses significant environmental risks because heavy metals are prone to
bioaccumulation. Bioaccumulation occurs when a chemical element concentrates in the
environment and gradually builds up within a biological organism over time. These compounds
accumulate in living organisms before they can be broken down or transformed, leading to
absorption and storage in biological tissues. This accumulation poses long-term health risks to both
the environment and living organisms, including humans, as heavy metals can have toxic effects
on various biological systems.

Chromium waste heaps render the land unsuitable for agricultural use, contaminate the soil
with harmful trace elements, and disperse dust into the air. These waste dumps have a significant
anthropogenic impact on both the lithosphere and the atmosphere. When wind speeds reach 2 m/s
over a period of 55 days, the amount of dust dispersed into the environment is approximately 5,3
tons per year. However, at wind speeds of 7 m/s (over 297 days), the amount of dispersed dust
dramatically increases to 40 tons per year.

A significant environmental issue in the region is the contamination of the llek River and its
tributaries with chromium compounds. The Ilek River is widely known as the “Chromium River”
because the problem of contamination with hexavalent chromium has persisted for more than 60
years. The Aktobe Chromium Compounds Plant was launched without filtration systems in 1958,
and within a year, chromium levels in the river had already exceeded permissible limits. In 1994,
the maximum chromium concentration in the river's maximum allowable concentration (MAC)
increased by 4,8 times, and four years later (in 1998), it increased by 18,4 times. To reduce
chromium levels in the silt to acceptable levels, it is necessary to release a volume of water equal
to that of the Aktobe Reservoir into the river annually. However, by 2005, the maximum chromium
concentration in the silt had decreased to 8,6 times the MAC. Despite the decrease in concentration,
chromium can still cause serious harm to human health.

It is known that chromium belongs to the group of heavy metals. Heavy metals are dangerous
because they tend to bioaccumulate - increasing the concentration of chromium compounds in
living organisms over time more rapidly than changes in the environmental concentration of the
chemical element. These compounds are often collected in water along with industrial waste. It has
been reported that the concentration of hexavalent chromium in 60 % of the drinking water in
Khromtau exceeds the national standard by two times, affecting approximately 2,6 million people
in the city [6].

To address this problem, industrial waste is being deposited into artificial depressions near
the quarry (see Fig. 7), where nearby grazing cattle drink the water.

. | |

SN
AENZZEN A

Figure 7. Industrial waste cast into an artificial lake

-

Local residents note that such occurrences happen quite often, and they have become
accustomed to them, despite the fact that these conditions cause respiratory diseases, which are
particularly common among children who drink cow's milk. Additionally, hexavalent chromium
compounds, released into the environment through industrial waste, are part of a group of chemicals
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with mutagenic and carcinogenic properties, which are potentially dangerous to reproductive

health. In specific environmental conditions, humans are typically exposed to a complex mix of
chemical substances that interact with adverse physical and biological factors.

To map the dynamics of changes in the natural components of the deposits and monitor the
changes in relief due to anthropogenic impact, satellite images from 1986 and 2023 (spanning 37
years) were obtained. The interpretation of these satellite images revealed the areas of disturbed
zones from open-pit chromite mining, as well as individual large forms of technogenic relief, such
as quarries, waste dumps, and waste accumulation sites (see Figure 8). The interpretation indicators
were corroborated by field research results. The city of Khromtau and its surroundings, as
previously mentioned, are surrounded by dumps (mine dumps) formed from the rocks extracted
from the deposits. As a result, a unique pit microrelief has developed in the city. The decoding data
were confirmed by the results of field research.

e

Figure 9. The process of comparing relief shapes when decoding images

The remote sensing method allowed for the determination of the area of technogenic
disturbances, including waste dumps: the total area of disturbed land in 1986 was 115,8 square
kilometers, and by 2023 it had increased to 298,3 square kilometers, an expansion of 2,5 times. The
image interpretation results showed that over 37 years, the area of the city increased by 2,6 times,
while the area of quarries expanded by 3 times (see Table 1).

Table 1
Dynamics of land changes in the city of Khromtau and its surroundings
Objects | 1986 (sq. km) | 2023 (sq. km) | Dynamics
Careers 154,2 4764 3>
Khromtau city square 3,6 9,4 2,6>
The Barren lands 115,8 298,3 25>
Areas with sparse vegetation 415,6 398,3 09<
Dense thickets 77,5 16,0 48<
Farm lands 219,3 116,2 19<
Water forms 1,5 0,5 3,0<
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4. CONCLUSION

Thus, the environmental situation in the city of Khromtau and the surrounding areas is
considered unfavorable. This is due to the fact that a stable chromium biogeochemical province has
formed in these regions, including the city and adjacent territories, which leads to an increased
movement of chromium within the biosphere along the path: soil-plants-animals-humans.

Heavy metals, including chromium, are considered hazardous compounds because they have
the ability to bioaccumulate, meaning that this chemical element accumulates in a biological
organism faster than it can be broken down or altered. Additionally, the soil and vegetation cover
and agricultural lands are altered, with areas reduced by 1,0...4,8 times, water bodies decreasing by
3,0 times, and many small rivers being destroyed or dried up (see Figure 9).
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Figure 9. Anthropogenic disturbance of the terrain in the area of the city of Khromtau

The impact of chromite mining is evident in the depletion of land, contamination of soil with
harmful trace elements, and the excessive release of dust into the atmosphere, leading to an
imbalance in natural components and environmental pollution.

Satellite imagery plays a significant role in assessing changes in the environmental
conditions and topography resulting from mineral extraction. Through the interpretation of these
images, maps showing the changes (dynamics) in the topography of the mining area have been
created (see Figure 7), and the extent of disturbed lands has been determined (see Table 1).

All of the aforementioned points necessitate qualified intervention, ranging from
environmental assessments to direct impacts on the entire natural complex. The application of rapid
Earth remote sensing methods has enabled the acquisition of precise and up-to-date information on
the environmental conditions of natural and mountain-technical systems. The effective integration
of information obtained from remote ssing data and other sources, including field expedition data,
demonstrates efficient mechanisms for addressing a wide range of both practical tasks and
theoretical research.

The data and research findings can be utilized to provide informational support for decision-
making in the fields of environmental protection and sustainable development. The results of the
study contribute to improving the quality of life for the population in the city of Khromtau and other
regions by providing measures to enhance the environmental situation.

Thus, the following general conclusions can be drawn from the above:
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1)The extraction and processing of ore materials, particularly chromite ore, in mining and
processing plants are the primary sources of environmental pollution and pose significant risks to
human health.

2) The development of chromite ore extraction processes, including gravitational, landslide,
wind, and water erosion, as well as the collapse of the earth's surface, destruction of soil and
vegetation cover, soil salinization, and intensification of desertification processes, leads to
anthropogenic and technogenic changes in the natural landscape.

3) The remote sensing method allows for the identification and determination of zones of
anthropogenic impact, the mapping of technogenic relief zones, and the identification of areas of
environmental threats.

4) The total area of disturbed land in the chromite ore mining region reached 77,470 hectares,
meaning that over 37 years, this area has increased by six times.

Currently, the chromite and ferrochrome market is growing after a temporary decline during
the pandemic. Large-scale projects for the development of chromium production include the
construction of new mines and plants, which require strict control over production and its
environmental impact. Therefore, in the coming decades, the mining industry, including chromite
ore extraction, will remain an environmental risk factor not only for the living population but also
for the natural components of the entire region's environment.
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Tay-KeH oHepKaciOi

TEXHOTCHJIIK 9cep

XKepni kameikran 3oaaTay (OKK3)
9KOJIOTUSUIBIK Kayil-KaTepliep
KOpLIaFaH opTa

Xpomray

MakaJna kaiibIHaa:
XKibepinai: 22.08.2024
Kaiira xapangsr: 10.01.2025
Kab6purmanasr: 28.01.2025
Kapusmanzsr: 01.04.2025

Kepni xambikTeikTan  3oHaTay (KK3) ayMakTblH  JKOJOTHSIIBIK — JKaFdalbIH
OakpIIayIbIH KyaTThl Kypasbl OOJNBIT TaOBIIambl, ocipece, Tay-KeH ©HepKacioi
aitmarpiaia. Tay-keH eHepkociOi KoplnaraH opTara alTapibIKTald Kepi ocep ere,
ocipece alIbIK OiCIICH OHIIpY Ke3iHIe: NaHAmadTThIH e3repyiHe, Cy Ke3IepiHiH
JIacTaHybIHA )KOHE TOTBIPAKTHIH HallapiayblHa okeneni bateic KazakcTanHbH AKTO0C
oOnpIchiHIa XpoMTay KaJachbIHBIH MAaHBIHAA XPOMHT KEHICpPiH OHAIpY Kypaeri
9KOJIOTHSUIBIK ~ IpoOsiemMarnap TyFbI3yna YCBIHBUIBII OTHIpFaH 3eptrey Kepai
KambIKThIKTaH 30HATay (JKK3) mepekrtepin mnaiiganana oThIpbIN, XpoMTay Kajachl
MaHBIH/IaFBl KE€H OPHBIHBIH TEXHOTCHIK OCEpiH Oaranay OIICTEMECIH XKETUIAipyre
OarprTTanrad. 3eprrey 2012...2020 xputgapsl KYPri3uIreH JaiaiblK 3epTTeysep MeH
Landsat-5TM (1986 x.) xone Landsat-8 OLI (2023 »x.) cyTHHKTepiHiH IepeKTepine
Herizaenred. ArcGIS GarnapiamanapsiH nmaiianana OTHIPBIN, CIIYTHUKTIK CypeTTepai
Talgay TEXHOTEHMAIK ocep €Ty aWMaKTapblH aHbIKTayFa JKOHE KapTara TycipyTe,
SKOJIOTHSUTBIK  KayinTepAi Oaramayra >KOHE AaHTPONOTCHIIK >KeplepIiH ayKbIMBIH
aHpIKTayFa MyMKiHIOiK Oepmi. JXK3 momiMeTTepai Tanmay TEXHOTEHIK dcep eTy
aliMaKTapblH aHBIKTayFa J>KOHE Kaprorpadusiayra, SKOJIOTHSUIBIK Kayilm-KaTeplepai
Oaranayra, aHTPOTIOT€HIIK dCepiH MacIITa0bIH ecenTeyre MyMKiHzik 6epai. Corrsl 30
KBUIAA KapbepiiepAiH >KoHe OY3bUIFaH JKepJepliH aylaHbl aWTapibIKTal ecTi, Oy
XpomTay Kanachkl MEH OHBIH MaHBIHAFbl SKOJIOTHSJIBIK XKaF[aiFa Tepic acep eTTi. Xpom
CHSKTBI ayblp MeTaliap OMOaKKyMYJISILHS IpoLieciHe OeliM, 01 afaM AeHCayIbIFbl MEH
KOpIIaraH oprara Kayinrti. by xarmaiina KaumbIKTaH 30HATAybl KOJIAHY KOpIIaraH
OpTaHbIH JXarnailblH Oakpulay >kKoHE OacKapy YILUIH ©3eKTi aklaparThl )KbUIaM ajyFa
MYMKiHAIK Oepeni, TaOufu pecypcrapAbl cakTayra KeMmekTecelmi. XpoM KeH
OPBIHIAPBIHBIH ~ KapbepiepiH 3epTTey/le KamlbIKTaH 30HATAY ONICIH KOJAaHy
TEXHOTEH/IK 9Cep/liH MacIITaObl MCH EPEKIIEIIKTEPiH aHbIKTayFa FaHa eMeC, COHBIMEH
KaTap KOpIIaraH OpTaFra TUTI3ETiH JKaFbIMCBI3 calJapbl a3aiTy IIapajlapblH YCHIHYFa
MYMKIHJIIK Oepe/ti.
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K/IFOYEBBIE CJIOBA

TOPHOIOOBIBAIOIIAS
HPOMBIIIIEHHOCTD

TEeXHOTE€HHOE BO3/IeiCTBHE
JUCTAaHIIMOHHOE  30HIMPOBAHUE
3emuu (/133)

9KOJIOTHYECKUE PUCKU
OKpYy>Karomas cpeza

Xpomray

Ilo craThe:

Tomygeno: 22.08.2024
Ilepecmotpeno: 10.01.2025
Ipunsro: 28.01.2025
Omny6mkoBano: 01.04.2025

ABCTPAKT

Hucrannmonnoe 3oHmupoBanne 3emim (/I33) mpencraBimser co0oil  MOIIHBIHA
WHCTPYMEHT ISl KICCIIEJOBAHMUS KaphEPOB U OLICHKU WX BO3ACHUCTBHS HA OKPYKAIOIYIO
cpedy. DTOT METOA NPEAOCTABISCT IIHPOKHE BO3MOXKHOCTH [UII MOHHUTOPHHTA,
KapTorpaupoBaHHs W aHalW3a W3MEHECHHH, BBI3BAHHBIX T'OPHOJOOBIBAIOIIEH
JeSITENIbHOCTBIO. [ OpHO00BIBAIONIass TPOMBIIUIEHHOCTh OKAa3bIBAET 3HAYUTEILHOE
HETaTHBHOE BO3JCUCTBHE HA OKPYXKAIOIIYIO CPEY, OCOOCHHO MPHU KaphepHOU 100bIYe,
YTO MPHUBOJUT K HM3MEHEHWIO JaHAmadTa, 3arps3HEHUI0 BOJHBIX HCTOYHHKOB H
YXYAUICHUIO COCTOSIHMA TOoYB. B AxTroOmHCKOW obmactm 3amamnHoro Kazaxcrana
no0blua XPOMHTOBBIX PYyJ BOKPYT TOpoJa XpoMTay BBI3BIBAET CEPhE3HBIE
JKOJIOTHUECKHe Tpobsembl. MccienoBanne HamMpaBlIeHO Ha COBEPIICHCTBOBAaHUE
METOJMKH OLUEHKU TEXHOT'€HHOI'O BO3JECHCTBHSI MECTOPOXKACHHUS OKOJIO I. XpOMTay C
HCTOJNB30BaHUEM JAaHHBIX AHCTAHIMOHHOTO 30HmupoBanus 3emun (/133). OcHoBoi
HCCIICIOBAHMS TOCTYXHJIN TMOJICBBIE HCCieoBaHus, npoBenéHHeie B 2012...2020
rojiax, ¥ JaHHbIe CITyTHUKOBBIX CHUMKOB MeH Landsat-5TM (1986 r) u Landsat-8 OLI
(2023 r) AHanM3 KOCMUYECKMX CHIMKOB ITO3BOJIMJI BBISIBUTH M KApTOTpahUpOBaTh 30HBI
TEXHOTCHHOTO BO3JICHCTBUS, OIICHUTH KOJIOTUICCKHE PUCKU ¥ OTPEACTUTh MacIITa0bI
AHTPOTIOTEHHBIX HapymeHuH. 3a Oonee uyeM 30 JeT IUIOMIA[b KAPBEPHBIX H
HapYIIEHHBIX TEPPUTOPHMA 3HAYMTEIHLHO BO3POCIA, YTO HETaTHBHO CKa3bIBACTCS HA
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9KOJIOTUYECKOM COCTOSTHUU TopoAa XpOMTay U €ro OKpeCcTHOCTEH. TsKeble MEeTaIIIbI,
Takhe Kak XpOM, UMEIOT TEHACHIINIO K OMOaKKyMYJIALNH, YTO OMACHO UISl 310POBBS
4elloBeka W OKpykaromed cpensl. Mcmonp3oBanuwe J133 MO3BOJSET ONEPaTUBHO
MOJTy4aTh aKTyaTbHYI0 HH()OPMAIIHIO JJI1 MOHUTOPHHTA M YIIPABICHHUS SKOIOTHIECKIM
COCTOSIHHEM, HYTO CIOCOOCTBYET YIYYIIEHHIO KadecTBAa JKU3HH W COXPaHEHHUIO
IpUPOJHBIX pecypcoB. [Ipumenenue /33 B uccienoBaHUU KapbepoB XPOMHTOBBIX
MECTOPOXKICHUH MMO3BOJISIET HE TOJIBKO BBISBUTH MAcIITA0bI M XapaKTep TEXHOTEHHOTO
BO3ICUCTBUS, HO U MPEUIOKUTh MEPHI 110 CMATYCHUIO HETaTUBHBIX IOCIEACTBUN i
OKpY’KaroIien cpesibl.

Publisher's Note: Statements, opinions, and data in all publications are those of the author(s) alone and not those of the Journal of
Hydrometeorology and Ecology and/or the editor(s).
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K/IFOYEBBIE CJIOBA

ABCTPAKT

HMHBEHTAPU3ALHs
HCTOYHMKY 3arpsi3HCHUS
aTMOC(EepHBIN BO3IyX
3arps3HAIOIINE BEIIeCTBA
3ananHo-Ka3axcTaHckuii
peruoH

Jns 3¢h¢hexTHBHOTO yHpaBIeHHS KadecTBOM aTMOC(EpPHOTO BO3AyXa HEOOXOIMa IIOJTHAs
WHBEHTApW3alnsl HCTOYHWKOB 3arpsA3HCHHMA. B cratbe paccMOTpeHa IWHAMEKA BBIOPOCOB
3arps3HAIONINX BeMecTB Mo 4 obmactsam 3amagHo-Kazaxcrarckoro permona 3a 2018...2022 rr.
OT CTaMOHAPHBIX W TEPEIBUKHBIX HCTOYHHUKOB, a TAKKE OT aBTOHOMHBIX HCTOYHHUKOB TEILIA.
OTMeuaeTcsi TCHICHIUS Ha MOHMKCHHUE BHIOPOCOB 3arps3HSIONINX BEIICCTB OT CTAI[HOHAPHBIX
HUCTOYHUKOB, 3a MCKIIOYCHHEM MaHrucTayckoii obmactu. B paspese oOmacrteit mposescHa
WHBEHTApH3AllMsl WMCTOYHHKOB 3arps3HCHHs | KaTeropwu, HAHOCAIIMX HauOOJBIINI Bpen
oKpyskatomiei cpeze. Hanbosnee kpynHble NPEANPHITHSA, ¢ KOJIMYSCTBOM HCTOYHHUKOB OoJice
1000, pacmonoxensl B AThipayckoil W Manructayckoit obGmactsax. CHekTp AeaTeIbHOCTH
mpeanpusaTHid c(hOKyCHpOBaH B OCHOBHOM Ha He(Tera3zoJoOBIBAalONIEM KOMIUIEKCE, a TaKKe
CeNbCKOXO3SHCTBEHHOM TIPOM3BOJICTBE, CTPOUTEILCTBE M HEKOTOPHIX JIpPyrux cdepax
nesTedbHOCTH. HamOonbIlas TUTOTHOCTH — pa3MEIICHHsT NPEANPHUSATHH  OTMEYaeTcs B
Masnrucrayckoit 001acTi, a HauMeHbIas — B 3anagHo-Kasaxcranckoil. [IpuBenena auHaMuka
OCHOBHBIX 3arpsI3HSIONINX BEIIECTB, NOCTYMUBIINX OT MPEINPUSITHNA B aTMOC(EpHBIN BO3IYX:
CEPHHUCTOTO aHTHIPHA, OKUCH yTIepoa, OKCHIA ¥ TUOKCHIA a30Ta, METaHa, yriepoja (caxa),
cepoBojioposia, yrieBogopozoB mpenenabHeix C12..C19, Ttomyonma, OeH3oia, Kcuiodia,
dopmanpaeruma. Iloka3aHo, YTO HCMOJB30BAHHE TIAa30BOTO OTOIUICHHS M aBTOHOMHBIX
HMCTOYHUKOB TEIJIa CTAJIO MOMYJISIPHOW aJIbTePHATUBON MPUMEHEHHIO YISl B PETHOHE, YPOBEHD
razupukanuu  Koroporo coctasiser 98,2 %. IlepeaBHKHbIE WCTOUHMKH 3arps3HEHHs
MIpeICTaBIEeHBI IETKOBBIM, TPY30BBIM TPAHCTIOPTOM U aBTOOYyCaMu, OCHOBHBIMHU BHJIaMU TOTLITUBA
KOTOPBIX SBIAETCS OCH3MH, ra3 WIM JU3eJbHOE TOIUIMBO. Ha 100 JerkoBhIX aBTOMOOMIIEH
npuxogutcs 78 % oT o0Imero ymcia TPaHCIOPTHBIX cpencTB. OKCUA yTiiepoaa, HEeMETaHOBBIC
JeTy4Yne OpraHWYEeCKHe COSAWHEHWS W OKCHIBI a30Ta SBIIOTCS HambOoliee BPEIHBIMHU
3arps3HAIONINMH BEIICCTBaMH, BBHIOpAchIBAcMbIC TOPOKHBIM TpaHCTopToM. s pa3paboTKu
[ENIEBBIX MEPONPHUATHH 10 CHIDKCHHIO 3arps3HEHHs Iellecoo0pa3HO  HCIONb30BaTh
HHPOPMALIUIO O CTPYKTYpPE M 00beMax BRIOPOCOB OT Ka)KJOTO THIIA HCTOYHHKOB.

ITo craTbe:

Tomyueno: 21.09.2024
Tepecmotpeno:28.02.2025
Mpunsto: 29.03.2025
Ony6mmkoBano: 01.04.2025

MPHTW 87.17.15

1. BBEJEHUE

ATMocdepHBIi BO3IYX, )KU3HEHHO Ba’KHBIH KOMIIOHEHT IPUPOTHOM CPEAbl, B COOTBETCTBHU
C PKOJIOTHYECKUM 3aKOHOAaTeILCTBOM PecryOnmkn KazaxcraH mourexuT oxpaHe oT 3arpsi3sHeHNS.
Ilon 3arps3HeHHeM aTMOC(HEpPHOTO BO3AyXa IOHMMAETCsl HaJIM4Me B aTMOC(HEpHOM BO3IyXe
3arps3HAIONINX BEIIECTB B KOHICHTPALMAX WIM (U3NYECKUX BO3ACHCTBHHA Ha YPOBHSX,
MPEBBIIAIOIINX  YCTAHOBJICHHBIE TOCYAApCTBOM  JKOJOTMYECKHE€ HOPMAaTHBBI  KadyecTBa
aTMOC(EepHOTO BO3/IyXa, OKA3bIBAIONICE HETATHMBHOE BO3ICHCTBHE Ha 3/I0pPOBBE YEIOBEKAa M
JKMBOTHBIX, COCTOSIHWE pacTeHHWil M sKocucTeM. Mcroynumkamu 3arpsisHeHUs aTMmocdepHOro
BO3AyXa NPHU3HAIOTCA IOCTYIUICHHUS 3arpsA3HAIONNX BEMIECTB, (GHM3MYECKUX BO3ICHCTBHH B
aTMOc(epHBII BO3yX B pe3yJIbTaTe aHTPOIIOTEHHBIX U MPUPOIHBIX (€CTECTBEHHBIX) (haKTOPOB, a

https://doi.org/10.54668/2789-6323-2025-116-1-59-76 YAK 504.3.054
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T'udpomemeoporozus u axoroeus Nol (116), 2025
TaKKe O0Opa3oBaHME 3arps3HAIONIMX BELIECTB B aTMOC(QEPHOM BO3JIyXe B De3yjbTaTe

MPOUCXOJIAIINX B HEM XUMHUYECKHX, PU3MIECKUX U OMOJIOTMYECKUX TPOLIECCOB.

EcrecTBeHHOE  3arps3HEHHME BO3AyXa BBI3BAHO  BYJIKAHWYECKOH  JEATEIBHOCTBHIO,
BBIBETPUBAHUEM T'OPHBIX ITOPO/I, BETPOBOH 3p03Hel, MaCCOBBIM IIBETEHUEM PACTEHUH, THIMOM OT
JIECHBIX W CTEMHBIX M0OXApPOB. AHTPOIIOTCHHOE 3arpsi3HEHHE CBA3aHO C BHIOPOCAMH Pa3IMYHBIX
3arpsI3HSIONINX BELIECTB B IIPOIIECCE AEATEIHHOCTH 4YeNOBEKa, HalpUMeEp, NPOMBIILICHHbIE
HPEANPUATHS, TEIUIOUIEKTPOCTAHIINH, TEIUIOIEKTPOIIEHTPAIH, aBTOHOMHBIE HCTOYHHUKH TEILIA U
ap. Ilo cBouMm wMacmtabaM OHO 3HAYMTENBHO MPEBOCXOMUT IPUPOAHOE 3arpsi3HEHHE
arMocdepHoro Bosayxa [1].

B 3aBucuMocTH OT MacmTa0OB paclpOCTpaHEHHMs, T.€. IO CTENEHH BO3JCHCTBUS Ha
OKPYXAIOIIyI0 CpENy, BBIACISIIOT pPAa3IH4YHbIE THIMBI 3arpsA3HEHHMS aTMOC(Ephl: MECTHOE,
PETHOHANBHOE U TII00aIbHOE.

B ozmHOM M3 mocneqHMX HCCIENOBaHMH MPAHCKUX YUYCHBIX IPEACTaBICHA WHHOBALMOHHAS
METOJIOJIOTUS aHAJIN3a KOHIIEHTPALMH Pa3IMYHbIX 3arpsa3HUTENeH BO3 yXa IyTeM KaTeropusannu
Y KJIACTEPU3AIMU KPYIHBIX TPOMBIIUICHHBIX MPEANPHUATHH, 9TO IPEIaracT YHUKAIbHBIN B3I
Ha CIIOXKHOE SIBIICHUE 3arpsA3HEHHS BO34yXa B KOHTEKCTE IPOMBIIUICHHOM AesiTenbHoCTH [2].

IMox BBIOpOocOM 3arps3Hstonmx BemecTB (3B) B armocdepHBI BO3IyX MOHHMAaeTCS
MOCTYIUICHHE 3arps3HAIONIMX BEIIECTB B aTMOC(EPHBIH BO3MyX OT HCTOYHHKOB BbIOpoca [3].
[IpoMbInUIeHHOE TPENIPHUATHE WIN JII000H APYroil 00BEKT, OT KOTOPOTrO BBHIOPOCHI MOMAJalo0T B
OKPYXKAIOUIYIO Cpely, SIBISETCS ICTOYHUKOM 3arpsi3HeHus. VIcTouHHKaMu BEIOPOCOB SIBIISIIOTCS U
IBIMOBBIC TpPYOBI 3aBOJIOB M KOTEJNBHBIX, W TEXHOJOTHMYECKHE YCTAHOBKH M JC(IICKTOPHI,
TEIJIOBO3bI U CAMOJIEThI, TPAHCIIOPTHBIE TOTOKH aBTOIOPOT .

CymiecTBYIOT pa3Hble MOIXObI K KIACCU(HUKANKA NCTOYHHKOB BBIOPOCOB 3arpsA3HSIONINX
BemiecTB [4...8], KOTOpbIe memsITCS MO MpPU3HAKAM: MPOUCXOXKACHUIO — MPOU3BOACTBEHHBIC,
OBITOBBIC, TPAHCIOPTHBIC, OTpPAacisiM MPOMU3BOJICTBEHHOH JESATENBHOCTH — 3HEPIreTHKa,
MPOMBIIUICHHOCTh, TPAHCIIOPT, CTPOUTENILCTBO, CEIBCKOE XO35ICTBO, JECHOE X03HCTBO, JIeTKas
NPOMBIIUICHHOCTh, BKJIIOYAs MHIIEBYI0; OpTaHW3allid BBIOPOCOB — OPTaHW30BAaHHbIC,
HEOpraHM30BaHHbIC; CTENICHN MOABMKHOCTH — CTAl[IOHAPHBIC, NIEPEIBIKHbIE; T€OMETPUUECKIM
napaMeTpaM — TOYEYHBIC, IUIONIaIHbIC, JIMHEHHbIC; arperaTHOMY COCTOSHHIO — ra3000pa3HbIe,
JKHJIKUE, TBEP/IbIC; BLICOTE BHIOPOCOB — BBICOKUE, CPEAHEH BHICOTHI, HU3KUE, HA3eMHBIE; MOIIHOCTH
BBIOpOCa — MOLIHBIE, KpYNHBIE, Menkue [9].

Cornacuo crartbe 10 Dkomormueckoro kojekca PecmyOmukn Kasaxcran [3] ocHOBHBIM
AQHTPOIIOTeHHBIM (DAKTOPOM, OKa3bIBAIOIIMM BO3JEHCTBHE Ha OKPYXKAIOUIYIO Cpemy, SBISIFOTCS
OMHCCHU 3arps3HSIOUIMX BELIECTB B aTMOC(EpHBIH BO3IYX OT CTAMOHAPHBIX U IEPEIBIIKHBIX
HCTOYHHKOB.

WHBeHTapu3alusi MCTOYHUKOB BBHIOPOCOB 3arpsi3HSIOLIMX BELIECTB — ATO OMpe/eleHHe
nepeyHs BEIOpachlBaeMbIX Ha 0OBEKTE IMPOU3BOJICTBA BEUIECTB, UX MCTOYHUKOB, 000pYJOBaHNS,
OT KOTOPOT'O BBIACISIOTCS JaHHBIC BEIECTBA, MX KOJMYECTBA B CEKYHAYy M B TOJ, a TaKXe
napaMeTpsl BeiOpoca ra3oBoit cmecu [10].

WHBeHTapH3aiio HEOOX0AMMO PETYIISIPHO MTPOBOAUTD JUISl TOT0, YTOOBI UMETh aKTyaJIbHbIE
JTaHHBIC JJIs1 OCYIIECTBIICHUS TIOJIHOW OLIEHKH BJIMSIHUS HA aTMOC(EPHBIA BO3IYX 3arpsA3HSIOMINX
BellecTB. Vcxolst M3 3THX AaHHBIX BIIOCJIEICTBUHM YCTAHABIIMBAIOTCS HOPMATHBBI TPENEIBHO
JIOIYCTUMBIX BBIOPOCOB TAPHUKOBBIX Ta3oB B aTMOc(epHBId BO3AyX (Kak B LEJIOM IO
NPEANPUSITHIO, TaK M M0 OTACIBbHBIM MX MCTOYHHKAM) M OCYILIECTBISIETCSI UX TOCYAapCTBEHHBIN
yuer. Kpome TOro, WHBEHTapu3alUs MOMOTaeT OINpPENEIUTh XapaKTepPUCTUKU  (Kak
KOJIMYECTBEHHBbIE, TAK W KAueCTBEHHbIC) 3arps3HSIONIMX BEIECTB, MPAaBUILHO OIIEHUBAThH
3¢ PEKTUBHOCTh HCIIOJIB30BAHMS CHIPHEBBIX PECYPCOB M YTWIIM3AIMK OTXOJOB, IUIAHHPOBATh
OXpaHHbIE MEPOIPHATHSI MO 3aIUTE aTMOCHEPHOT0 BO3/AyXa.

MHBeHTapu3anus HCTOYHUKOB 3arpsi3HEHHST aTMOC(EPHOTO BO3/yXa SIBIISIETCS aKTyalbHOU
Juist 3anaaHoro-Ka3axcTaHCKOTo pernoHa, T.K. 3/16Ch COCPEAOTOUSHO 3HAUYNUTEIbHOE KOJIHMYECTBO
HepTe1oOBIBAIONINX MPEANPUATHH M JPYTrHUX OTpaciedl NpPOMBINIIEHHOTO MPOM3BOJICTBA,
CTPOUTENIbHOW HMHAYCTPUH, CEIbCKOXO3IMCTBEHHOTO CEKTOpa AKOHOMHUKHU. B cCBsI3M ¢ 3TUM

NpeaAMETOM HCCIIEAOBAHUS ABJIACTCA U3YyUYCHUC Ka4Y€CTBaA aTMOC(I)epHOI‘O BO3yXa, a 00BEKTOM —

60



Carvruxos u 0p.

T'udpomemeoporozus u axoroeus Nol (116), 2025
WCTOYHUKN 3arpsi3HEHUs: aTMocepHOro Bo3Ayxa AKTIOOMHCKOW, ATBIpayCKOW, 3amalIHo-

Kazaxcranckoii 1 Manrucrayckoii obnacreit 3ananHo-KasaxcraHckoro pernosa.

Lenv oannoco ucciedosanusi — MPOBEACHUE WHBEHTAPU3ALNUN HCTOYHHUKOB 3arps3HEHHS
aTMoc(epHoro Bo3ayxa 3amanHo-Kazaxcranckoro peruona (3KP).

Jns peanmzanum 1ieny, HEOOXOAMMO PEIIUTh PSAZ 3a7ad: MPOBECTH AHAIHM3 3arpA3HCHHS
atMocepHoro Bo3nyxa 3KP; onpenenuts 00bextsl 3KP, 3arpssustomme atMocepHbIi BO3IyX;
MOKa3aTh JUHAMUKY BBIOpocoB B artmocthepy 3KP OCHOBHBIX 3arpsi3HSIOMMX BEIIECTB OT
CTaIMOHAPHBIX U MEPEABIKHBIX HCTOYHHKOB, BKIIIOUasi aBTOHOMHbIE UcTOYHUKH Teruia (ANUT).

JlaHHOE wWccnenoBaHME MEPCIEKTHBHO C TOYKH 3PEHUS pa3pabOTKH MEpONPHATHH MO
HHU3KOYTJIEPOTHOMY Pa3BUTHIO PETHOHA.

HuskoyrneponHoe pa3BuTHE SBISETCS HEOOXOAWMBIM YCIOBUEM YCTOHYMBOTO Pa3BUTHUS U
HalleJIeHO Ha TPeNOTBpalleHHe KaTacTpOo(pUUECKHX IOCIEACTBHH TIJI00ATBHOIO H3MEHEHHs
kiumara [11], o1HOBpeMEHHO CYLIECTBEHHO YIIydllasi KaueCTBO BO3Ayxa. TpaaniHOHHbIE METOIBI
MPOU3BOJICTBA YHEPTHH U NPOMBIIUIEHHBIE MPOLECCHl, OCHOBAHHBIC HAa C)KUTAHHU MCKOIIAEMOTO
TOIUINBA, SBIISIFOTCS OCHOBHBIMHM MCTOYHHKAaMH BBIOPOCOB MAPHMUKOBBIX T'a30B M 3arps3HIIOIINX
BEILECTB, TAaKMX KaK JUOKCUJ YIJepoja, OKCHIbl a30Ta M cepbl U Menkue dacTuipl (PM2.5 u
PM10). CHmwxeHre BBIOPOCOB YTJIEKHCIIOTO Ta3a W JPYTUX 3arps3HSIONIMX BEHIECTB 3a CYET
WCIIOJIb30BaHHsl BO30OHOBISIEMBIX HMCTOYHHKOB JHEPIrHMM W BHEApPEHHS dHEProd(dexTUBHBIX
TEXHOJIOTHH CHOCOOCTBYET HE TOJBKO CTAOMIM3AlMM KIMMAaTa, HO M YMCHBIICHHIO YpPOBHS
3arpsi3HEHUS] aTMOC(EPHOTo BO3/yXa. JTOT JABOWHON 3((EKT MO3BOJISET YIYYIIUTh 340POBHE
HACEJICHUS W COCTOSIHHE SKOCHCTEM, YTO SIBJISICTCS BaKHBIM IIAaroM Ha IYTH K YCTOHYMBOMY
Pa3BUTHIO.

2. MATEPHUAJIBI 1 METO/1bI

OTBETCTBEHHBIM TOCYAAPCTBEHHBIM OPraHOM IO (DOPMHPOBAHMIO AAHHBIX O BBIOpOCAX
3arps3HSIONINX BELIECTB B aTMOC(EPHBIH BO3AyX sBIsSETCs BIOpo HAIMOHANBHOW CTATHCTHKU
ATCHTCTBa TIO CTpaTermdecKoMy IUIAaHMpOBaHWIO W pedopmam Pecrmybmmxm Kazaxcran (BHC
ACIIUP PK). Uudopmanus popmupyercst Mo UToraMm o0IIerocy1apcTBEHHOTO CTaTHCTHYECKOTO
Habmonenus o ¢gopme 2-TII Bo3ayx (rogoBast) — crenuaIM3MPOBAHHBIA CTATHCTHIECKUI OTYET,
B KOTOPOM OTPa)KalOTCsl CBEJICHUS O BBHIOPOCAX 3arps3HSIONIMX BEIIECTB B aTMOC(EPHBIA BO3IYX
(bropo HammoHanbHOH cratucTuku, 2024). JlnHAMHKa BBHIOPOCOB 3arps3HSIONIMX BEIISCTB B
Pecniy6nmuke Kazaxcran u mo obnactsam 3amanHo-KazaxcTaHCKOTO pernoHa paccMaTpuBaiach 3a
neproa ¢ 2018 mo 2022 rr. [12]. INoka3zaTenn OLEHUBAIUCH B COOTBETCTBUH C «MeTOAUKOMN
(hopMupoOBaHUSA MOKa3zaTeNel CTAaTUCTUKU OKpY Karomiell cpeasl», yIBepkaeHHoH [Ipukazom u.o.
npencenarens Komurera no cratuctuke MHO PK Ne223 ot 25 nekabpst 2015 roaa [13].

Kazaxcran Ha exeronHoi ocHoBe ¢ 2000 r. OTUMTHIBAETCS MO BBIOpPOCAM 3arpsI3HSIOMINX
BEIeCTB B paMKax KOHBEHIINY O TpaHCTPaHUYHOM 3arps3HEHUHN BO3/1yXa Ha OOJIbIIINE pacCTOSTHUS
[14]. Texuudeckoe pYKOBOACTBO MO TOJATOTOBKE HAIMOHAIBHBIX KaJacTPOB BBIOPOCOB
EMEP/EEA [15] conepxuT omucaHue moaxo0B K cOOpy AaHHBIX, KO3(QDHUIIMEHTbI BHIOPOCOB U
caM IIOpSJIOK pacueTa BHIOPOCOB 3arps3HAIOIIMX BELIECTB. MeETO/Abl OCHOBaHbI Ha MaCCOBOM
pacxozie ToIMBa MO0 Ha JPYTHX KOJIWYECTBEHHBIX XapaKTEPHCTHKAX HA HAIIMOHAILHOM YPOBHE
U OXBaTBIBAIOT TaKHE€ CEKTOpa DSKOHOMUKHU: SHEpPreTHKa, MPOMBIIIJICHHBIE MPOIECCH U
WCIIONIb30BAaHUE TIPOAYKTOB, CEIIBCKOE XO3SIHCTBO, JIECHOE XO3IHCTBO W JPYIrHe BHIBI
3eMJICTIONIB30BAHMS, OTXO/IBI, T.€. COOTBETCTBYIOT CEKTOpaM, IPUHATHIM B paMKaxX OTYETHOCTH IO
MapHUKOBBIM ra3am 1o [lapukckoMy COrialleHuto.

J1J1s BBITIOJTHEHUS PacYeTOB BEIOPOCOB 3arpS3HIONINX BEIIECTB MPH CXKUTAHUH IPHUPOITHOTO
ra3a OT aBTOHOMHBIX HICTOYHHKOB TeIlJIa HCII0Ib30Ballach ciienyromnias hopmyia:

E = VXEF, 1)

rzie E — oOmme BEIOpOCH! 3arpsi3HSIONIEro BemecTsa (T), V — 00beM COXOKEHHOTO IIPUPOIHOTO ras3a
(m*), EF — ko3¢ ¢ummeHT sMuccHn Ii1si KOHKPETHOTO BemecTna (T/M?).
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T'udpomemeoporozus u axoroeus Nol (116), 2025
Kospduuuentsl sMuccuil 1 HEKOTOPBIX 3arpsi3HAIONIMX BEIIECTB IPH  CHKUTaHUU

npupogHoro rasa B3aTel u3 PykoBonctBa EMEP/EEA mo wHBeHTapmsanuu BbIOpPOCOB
3arpA3HAIONIMX BElIecTB B atmocdepy [15].

OCHOBHBIM HMCTOYHHUKOM HH(OPMAIMHU IJIs pacdyeTa 3MUCCUH OT TPaHCIOPTa MOCITYKUIIN
craructryeckrne coopauku BHC ACIINP PK: tomnmmBHO-3HepreTndeckuil Oamanc PecmyOmmkn
Kazaxcran [16] u Tpaucnopt Pecnyonuku Kasaxcran [17] (https://stat.gov.kz). @opmyna ams
pacdera, cleIyomas:

Ei = ¥ Ym(FCimXE; jm), )

rae Ei — BeiGpochl 3arpssusomiero semectsa, r; FC jm — HOTPEOICHHE TOIINBA ISl KATCTOPUH
Tpancmopra, kr; E; jm — KOO HIHCHT BEIOPOCOB, I/KT.

3HaueHHus npeAenbHO jgomycTUMbIX koHueHTpaumit (ITJK) 3arpssmsrommx BemiecTB
pernamenTupyorcs [Ipukazom MunHCTpa 31paBooxpaneHus Pecry6nuku Kaszaxcran [18].

3. PE3YJIbTATHBI U UX OBCYXJIEHUE

[To nanubiM Bropo HaumoHansHO# cTatuctuku PecryOnuka Kasaxcran u3 obmiero oosema
BEIOpOIIEHHBIX B aTMocepHbIil Bo3ayx PecmyOnmku Kazaxcran 3arps3sasromux Bemects 79,6 %
COCTaBWIJIM ra3000pasHble U xuakue, 20,4 % — tepapie. B 2022 roxy BEIOPOCH! 3arps3HSIONINX
BEIIIECTB B aTMOC(EPHBII BO3AYX OT CTAIIMOHAPHBIX UCTOYHUKOB cOCTaBWIH 2 314,7 THIC. TOHH U
UX YPOBEHb IT0 CPAaBHEHHUIO C MPEABLAYIINUM roJioM cHu3miucA Ha 3,8 %. [lpeanpusatusimMu yaoBieHo
u obe3BpexeHo 93,4 % 3arpA3HIAIONMX BEIIECTB M3 OOIIEro KOJMYECTBA, OTXOMAIINX OT BCEX
CTAIIMOHAPHBIX UCTOYHHUKOB 3arpszHenus [12]. Ha pucyske 1 mpeacTaBieHa THHAMHKA BBIOPOCOB
3arpsA3HsAoNMX BemecTB B PecnyOnmke Kaszaxcran m mo obmactsim 3amagHo-Kaszaxcranckoro
peruona 3a mepuoa ¢ 2018 mo 2022 rr. Cpenu u3ydaeMbIX 00JacTell yCTOWYHMBBIC MOKA3aTeIH
3arpsA3HEHUsT aTMoc(epbl OT CTAIMOHAPHBIX HCTOYHWKOB HAOMIOAAIOTCA B AKTIOOMHCKOW H
ATBIpayCcKOW, KOTOpBIE pa3fiesisloT TPEThbe M 4YETBEPThIE MECTa B PECIYOJIMKE MO YPOBHIO
3arpsi3HeHus nocie [TaBmogapckoii u Kaparanauackoit obmacreit.

IMoka3zaTenu 3arps3HEHHS OT CTAlMOHAPHBIX OOBEKTOB B MaHrucTayckoil W 3amaaHo-
Kazaxcranckol 00macTaX 3HAYMTENHFHO HIDKE, OJHAKO B MaHTHCTaycKoil 00JacTH ypOBEHB
3arps3HEHus B 3 pasa BeIIe IO pernoHy. Habmonaercs BeIpaxxeHHas TeHICHIMA HA TTOHIKEHHUE
BEIOpocoB 3B kak B menom mo pecrmyOnuke Ha 33,96 THIC. TOHH €XKETrOJHO, TaK U B O0NACTAX:
ATtpipayckas — 8,46 ThIC. TOHH 3a ron, AkTioOuHCcka — 4,24 TBHIC. TOHH 3a TOX, 3alaaHo-
Kazaxcranckas — 6,0 Tpic. TOHH 3a roa. OmHako B MaHTHCTayCKOW OOJIACTH TMPOCIICKUBACTCS
TEHJIEHINS K pOcTy BBIOpocoB 3B Ha 3,71 ThIC. TOHH €XEro/iHO.

Just reppuropun Kazaxcrana 3a vcciieyeMblil IepHo]l HanOoIIbIIee KOJIMIECTBO BEIOPOCOB
3B ormeuanock B 2019 r. u cocraBuiio 2483,1 Thic. TOHH, HauMeHbIee 3adukcupoBaHo B 2022 .
(2314,7 ThIC. TOHH).

Jdnst Atbipayckoil 00iacTH CBOMCTBEHHO MaKCHMMAaJIbHOE KOJMYECTBO BbIOpocoB 3B 3a
UccleyeMblid Tepruo Ut TeppuTopuu 3anaaHo-Kasaxcranckoro permona, KoTopoe Koeoercs
ot 172,3 teic. ToHH B 2018 1. 10 132,1 ThIC. TOHH B 2022 r. AKTIOOMHCKas 00JacTh 3aHUMAET
BTOpOe MecTo mo BbiOpocam 3B, 3mecs makcumym 3adukcupoBan B 2018 r. u cocTaBmi
158,1ThIC.TOHH, a B TOCIEIyIOUIMe TOXbl KOJMYECTBO BHIOPOCOB CHU3WIOCH 10
136,5...137,4 TbIC. TOHH.

3amanHo-Kazaxcranckas u Manrucrayckass o0JacTH HMEIOT HAaWMEHBINWH BKJIaJ B
3arpsi3HeHUe BO3AyITHOTO OacceiiHa 3amagHo-Ka3axcraHCKOTO pernona, 4To cocTtaBisieT 26 % oT
obmero konmyectBa BbIOpocoB 3B permona (pucynox 2). KoindectBo BbIOpocoB 3B maHHBIX
obnacTeii B 3 pasza HIKe, 4eM B AThIpayCKOi 1 AKTIOOMHCKOH 00J1acTsIX U KOJEOIETCs B TUaNa30He
25,8...78,7 TBIC. TOHH.

B 3amagno-Ka3zaxcranckoi 00macTi TEHACHINS Ha MOHWKEHUE BEIOpocoB 3B coxpansercs,
HanOoJIbIIIee KOJINYECTBO BEIOPOCOB 3adukcupoBano B 2018 1. - 48,2 ThIc. TOHH, HAaNMEHbIIEE — B
2022 r. (25,8 TeIC. TOHH). B Manrucrayckoif o0macTH OTMEYAeTCsl yBENHYEHHE KOJIMYECTBa
BBIOPOCOB 3a TOT k€ MEepHO/. 371eCh MUHUMaJIbHOE 3HaUeHue npuuuiock Ha 2019 r. u cocraBmiio
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64,5 teICc. TOHH, MakcuMainbHOe B 2022 r. — 78,7 thIc. TOHH. CoryacHo maHHbIM HarmonanbHO#M

najaTtel MpeInprUHUMATeNei «AtaMeken» MaHrucrayckas o0J1acTh BJISAETCS PETMOHOM, KOTOPBI
obecmieunsaet 6,0 % BBII crpansr [19].

ArtpIpayckas 00acTb AxTIOOHHCKAs 001acTh
THIC. TOHH _
200 y =-8.46x + 182 TBHIC. TOHH y = -4.24% + 153.46
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Pucynok 1. Junamuxa svibpocos 3acpasusiowux eeujecme ¢ Pecnyonuxe Kazaxcman

= AThIpayckast
‘ = AKTIOOMHCKas
= 3anagHo-Kaszaxcranckas

Mamnrucrayckas

Pucynoxk 2. Bxnao obnacmeii 6 obdujee 3aepsazuerue 3anaono-Kasaxcmarnckozo pecuona

ocpeonennblil 3a nepuoo 2018...2022 ze.

B cootBercTBUM co cTraThel 12 Okonoruueckoro Kogexca PK n Ha ocHoBanuu MHCTpykiun
IO OTIPEJETICHUIO KaTeropuH 00BEKTa, OKa3bIBAIOIIET0 HETATUBHOE BO3ACHCTBUE HA OKPY KAIOLIYIO
cpeny Bce OOBEKTHI, OKa3bIBAIONIME HETaTHBHOE BO3JCHCTBHE HAa OKPYXAIOIIYI0 Cpely, B
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T'udpomemeoporozus u axoroeus Nol (116), 2025
3aBUCHMOCTH OT YPOBHS M PHMCKa TaKOTO BO3ACHCTBHUSA IOAPA3EIAIOTCS HA YETBIPE KaTCTOPHUH.

PaspemieHrie Ha 3MHCCHH B OKPYXAWOMIYI0 cpeay 00s3aHbl monmyduTh npennpustus 1 u 11
KaTerOpuy, OKAa3bIBAIONINX 3HAYWTENBHOE W YMEPEHHOE HETraTUBHOE BO3JCHCTBHE Ha
okpyxatonryto cperay [3].

B 3amagno-Kaszaxcranckom pernone B 2022 r. HacuuThBaetcs 87783 crammoHapHBIX
UCTOYHHUKOB BbIOpocoB 3B I kareropum, uto cocraBnsier 35 % or o0miero mo pecmyOiHKe.
KommgecTBo cranmoHapHBIX HCTOYHUKOB 3ama Ho-Ka3axcTaHCKOro pernoHa MMeeT THHAMUKY Ha
yMmenbiicane B mepuoa ¢ 2018 r. mo 2022 r. wa 7240 eamHuI, 49TO COOTBETCTBYeT 7,6 %.
[pennpustii ¢ ycraHOBICHHBIMH HOpMamu I1/IB B pernonHe OOJBIIMHCTBO, KOJNHYECTBO HX
yBenuuuBaercs ot 85 % (2018 r.) 1o 93 % (2022 r.). OprannzoBaHHble HCTOUHNKH 3B B pernone
cocraBmsioT 47,7...52,8 % 0T cTanmpoHapHBIX 3a MepHoA uccienoBanus (pucyHok 3). OmgHaxo,
yuirb 2 % 13 HUX 000pyTOBAHO OYUCTHBIMHU COOPYKEHUAMHU. [Ipu 3TOM BEIOPOCH B aTMOCc(hepy OT
CTallMOHAPHBIX HCTOYHUKOB HE IIPEBHIMIAIOT YCTAaHOBJICHHBIE IIPENCIHHO-IOIYCTUMBIC WIIN
JIeKJIapUPyeMbIe BEIOPOCHI 3arPSI3HSIONINX BEIIECTB M HACUMTHIBAIOT He Ooee 46 % [20].

[Ipu ycnoBuM HambHEWIIETO pPA3BUTHSA MPEOUPUATHI IeNecO00pa3HO HCIOIBb30BaTh
COBPEMCHHBIC 3KOJOTMYCCKH YHCTHIX TEXHOJIOTUH M WHHOBAIIMOHHBIC METOBI YJIABIUBAHUS U
00e3BpeKUBaHIS SMUCCHOHHBIX BEIOPOCOB B OKPYIKAIOIIYIO CPETY, YTO MOATBEPIKIAIOT KUTACKHEe
yuenble [21], KOTOpble C MOMOIIBIO PETPECCHOHHBIX MOJENEH OIEHUBAIM BJIHSHHE
MIPOM3BOJICTBCHHBIX OTPAaHUYCHIH Ha SKOJIOTHIECKUE U YKOHOMHYECKHE ITOKa3aTeIN IPEATIPHATHI
3a mepuoa 2016...2019 rr. PesynpraThl HcclieOBaHMS TOKa3aliH, YTO TPON3BOJCTBEHHBIE
OTpaHMYCHHUS 3HAUMTCIBHO CHIDKAlOT KoHmeHTpammu SO2 u  NOy, BBIOpachIBacMBIX
npennpustusiMu. [Iporpecc mocturaeTcss 3a CYeT YBEJIWYEHHs] KOJMYECTBA JKOJOTHYECKUX
MATEHTOB U IOBBIIICHUS O0IIEH MPOU3BOAUTEIFHOCTH (PAKTOPOB IPOU3BOICTBA.

3a mepuoJ WCCICAOBAaHHUS YHCIO CTAI[HOHAPHBIX HCTOYHUKOB IO O0O0JACTAM pEruoHa
U3MEHsETCs B IMUPOKUX Mperenax. Hanmbonpmiee WX KOJIMYECTBO OTMeUaeTcs B ATHIpayCKOiH
(34245 equuun B 2018 r.) 1 Manructayckoii (28304 emunui B 2022 1.) 001acTsIX, B AKTIOOUHCKOM
oOnactTi HacuuThIBaeTcs B cpemHeM 22489 enmuun, a B 3amamHo-Kazaxcranckod oOmacth —
HauMEHbIIIee YUCI0 UCTOUHUKOB 11619 enunun B 2019 1.

emecoobpa3Ho mpoBeCTH KIACCUPHUKANNIO MPEIIMPUATHH IO YACITY HCTOYHHKOB BEIOPOCOB,
I 9TOro HCIoib3oBadack mkaiga: 20 u Mmenee, 21...50, 51...100, 101...200, 201...500,
501...1000, 6omee 1000 ucrounmnkoB. Ha prucyHke 4 npeacraBieHa KiacCH()pUKAIINS TPE TP THHA
(xateropus ) Mo KOIMYECTBY MCTOUYHUKOB, SMUCCUU 3B KOTOPBIX HAHOCST CYIIECTBEHHBIA Bpe.
OKpy>Karomiel cpeze 3amaaHo-Ka3axcTaHCKOTO pernoHa B pa3pese o0macTeil.

[Ipeanpustus 3amanHo-Ka3zaxcTaHCKOTO pernoHa 3HAYUTENBHO Pa3IMyaloTcs Mo odbeMam
MIPOM3BOJICTBA, pa3pabaThIBAEMBIM MECTOPOKACHUAM, BUIAM OCYIICCTBIIEMON IEATEIFHOCTH, a
CJIeIOBaTENIbHO, U M0 KOJUYECTBY HCTOYHHUKOB BBIOpOCcOB 3B. B pernone BuIIENSIOTCS KpYITHBIS
npeanpusTas, umeromne 6onee 500 ncToyHUKOB BBIOpocoB 3B (Tabmmma 1). OgHako, 10 UX He
npeBbimaer 15 % ot obmero kommyectBa mpexanpuatuii kareropuun [ B 3KP. Ha nomro
OpeaNpUATHH UMEIOIIKX KOIUYecTBO HCTOYHUKOB OT 20 10 100 1 ot 101 1o 500 npuxoaurcs no
30,6 %, uto cocraBisieT HauboJjblIee 3HAYCHUE IO pernoHy. [lpennpusiTuii ¢ KOIMYECTBOM
ncTouHUKOB 20 1 MeHee cocTaBisioT 24 %.

I[Ipu mnpoBeneHWM WHBEHTApU3AUU BHIOPOCOB BBIIBISIIOTCS M YYHUTHIBAIOTCS BCE
CTallMOHAPHBIC WCTOYHUKHU, YCTAHABJIMBAIOTCS WX XapaKTEPUCTHKH, a TAKKE OIMPEICISIOTCS
KOJIMYECTBEHHBIE U KAaUYE€CTBEHHBIE MOKA3aTeN BBHIOPOCOB M3 BCEX CTAIlMOHAPHBIX MCTOYHHUKOB
BBIOPOCOB, CHCTEMATH3UPYIOTCS U TOKYMEHTHPYIOTCSI TIOJTYYCHHBIC PE3YJIbTAThl, B COOTBETCTBUU
C yTBEpXKACHHBIMHU [IpaBmiiaMu OCYIIECTBICHUS WHBEHTAPHU3AIMU CTAIIMOHAPHBIX HCTOYHHUKOB

BBIOpOCOB [22].
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ArTpIpayckast 06acTb AxTIOOUHCKas 0071aCTh
©IMHHIL e IIMHHIL
40000 r 30000 r
30000 F 20000 L
20000 F
10000 L 10000
0 0
2018 2019 2020 2021 2022 2018 2019 2020 2021 2022
3ananHo-KasaxcraHckas o6iacts Masnrucrayckas 061actb
eIMHHIL e IIMHHIY
20 000 30 000
20 000
10 000
10 000
0 0
2018 2019 2020 2021 2022 2018 2019 2020 2021 2022

3ananao-KazaxcraHckuil pernon

1111

2018 2019 2020 2021 2022

€IMHUIL

100000
80 000
60 000
40 000
20 000

0

B KosnnuecTBO CTallMOHAPHBIX HCTOYHHUKOB

B KonnuecTBO OpPraHM30BaHHBIX UCTOYHUKOB

PﬂcyHOK 3. ﬂunamuka KoJudecmea CmayuOHAapHblX UCMOYHUKOB 3ACPAHAIOWUX 6euleCcine

3anaono-Kasaxcmanckozo pecuona é paspese ooracmeil

1001 u 6onee

g 501-1000
= o=
E =
2 g 201-500 -
2 o
S & 101200 —
£ g
2 g 51-100 m
=
< 21-50
20 1 MeHee L]
0 5 10 15 20 25 30 35

KonnuectBo npeanpusatuii

B Atpipayckas obnacTe ™ AkTroOMHCKas o6imacts ™ 3amanHo-Kasaxcranckas obmacte Masrucrayckas 001acThb

Pucynoxk 4. Knaccuguxayus npeonpusmuii (kamezopus 1) 3anaono-Kasaxcmanckozo pecuona 6

paspese obnacmeiti no cocmosnuio Ha 2023 2.
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Taoauma 1

T'udpomemeoporozus u axoroeus Nol (116), 2025

Ipeonpusimust 3KP ¢ koruwecmeom ucmounuxog 3B 6oaee 500

I[IpeanpusTHe, KOJUYECTBO HCTOYHHKOB 3B

Obuacrs 501...1000 Goee 1000
ATbIpayckas ®umian «HOPT KACIIMAH OIEPEUTUHT TOO «TeHrusImeBpOI»;
KOMITAHW»; AO «DOmbamyHaiiras»
AO «Maren Ilerponeymy; HI'AY «XKaiipikmyHaiirasy,
AO «KoXKam» HI Y «Kaiinapmynaiirasy,
HI'TY «loccopmyHaiiras»
AKTIOOMHCKAS HI'TY «OxTa0pscKHEPTE;

3anagno-Kazaxcran-
CKast

Mamnrucrayckas

AO «KMK MyHait»;
AO «CHIIC- AxTobemyHaiirasy;
TOO «Carus [lerponeym Kommauny;
JAT'OK-®umman AO «THK «Kazxpom»;

TOO «KazaxtypkMeHMyHaii» 10 AKTIOOMHCKOW 00acTu
AO3E «Kapauaranak [lerponeym Onepelitunr b.B.» Ka-

3axcranckuii prmman KHI'KM; -

TOO «KauxmyHaii»
Duman AO «Ka3Aszor» - «lllarsuiel IHloMbIITED); AO «O3enmyHaiirasy;
TOO «KapakynykmyHaii»; AO «KapaxanbacmyHaii»;
TOO «Kom-MyHait»; AO «ManrucraymyHanras»

®dwman Komnanuu «Buzachi Operating Ltd»

JUis OIEHKH IUIOTHOCTH pacHpefeieHus MPeanpuaTtuil B peruoHe, pacCuuTalud HX
KOIMYECTBO Ha Thic. KM% VYcTaHoBieHO, uto mjis 3KP yacToTa pacHosoxeHMi mpeanpusTuii
cocraBnser B cpeaHeM 2,1 eaunun/ Thic. kM%. TIpy 3ToM 10 006JacTAM  IIPEANPUSTHS
pacmpenensioTcs He PaBHOMEpHO: B MaHrucrayCckod W AThIpayCKOH OOJaCTsIX IUIOTHOCTh
pacnpeseleHds OpeAnpuaTHil Hambonbmias M cocTaBiusgeT 3,1 emunmi/ Thic. KM? U

2 COOTBCTCTBCHHO, 4 HAMMCHbIIIAsA IIJIOTHOCTh OTMEYACTCA B AKTIOOMHCKO#

2,9 equuul / TeIC. KM
(1,5 eaunun / teic. km?) u 3anaano-Kasaxcranckoii (1 equnun / Thic. kM%) 06nacTsXx.

WuBenTapu3anust BEIOPOCOB 3arpsi3HAIOIINX BEIIECTB OT NMPOMBIIUICHHBIX NPEIIPUATHH H
JPYTHUX UCTOYHHUKOB, B TOM YHCJIC HA OCHOBE aHAJIN3a HEOIpeJeIeHHOCTEH; pa3paboTka peecTpa
3arpsA3HUTENICH  BO3MyXa, YXYAIIAIOIMMX €ro  KadecTBO; IMPOTHO3  HEONArompHATHBIX
METEOPOJIOTHIECKUX YCIOBHH U pa3paboTKa MOJIeNei KauecTBa BO3/lyXa HIMEIOT KU3HEHHO BayKHOE
3HAUCHME JUIS CMSTUYEHUs MOCJIACTBUH aHTPOIIOTEHHOIO 3arps3HeHus] aTMOc(epHOro BoO3myxa
[23...26].

Crektp BBIOpacweiBaeMbIX B atMochepy 3B npeampusrusmu Pecyomuku KasaxcraH, Tak u
3KP, B yacTHOCTH, 4Ype3BbIUANHO IIMPOK U BKIIOYAET MPEACTaBUTENECH BCEX UYETHIPEX KIACCOB
omacHoctH [27...28].

AHanu3 TUHAMUKH BBIOPOCOB CEPHUCTOTO aHTHAPHJA, OKUCH YIiepojia, OKCHA0B a30Ta 3a
nepuon ¢ 2018 mo 2022 rr., MpecTaBICHHBIX HAa pUCYHKE 5 yOSTUTEeThbHO CBHICTEIBCTBYET, UTO B
ATpIpayckoil 1 AKTIOOMHCKOM 00J1acTSIX 0OBEMBI BEIOPOCOB 3HAYMTENIFHO MPEBBIIIAIOT APYTHE
obmactu 3KP: o cepHUCTOMY aHTHOPHUAY B 5...8 pas, yrapHomy rasy B 3...5 pa3. JlaHHBIH (akT
MOJTBEPK/IaeT YCTAHOBJICHHBIE PaHee Pa3Indys B INIOTHOCTH MIPEANPHUATHH HA eUMHHUITY TUIOLIa 1
no obnactsM u crienuukoil npeanpustuid. Hanmensiine 3HaueHHs BHIOPOCOB OKCHIOB a30Ta
COOTBETCTBYIOT 3amaaHo-KasaxcTanckoil obmactu, Haubospmme — ATeipayckoid. OTHOCHTENBHO
BBICOKHE 3HaY€HUsI BRIOPOCOB OKCHIOB a30Ta 3a(ukcupoBaHbl B MaHTHCTayCKOM 00sacTy.

BpemenHoii X0 BRIOPOCOB METaHa, yriiepojia, yriaeBoaopoaoB npenenbabix C12...C19 u
CepoBOJIOPOAa TOKa3aH Ha pucyHke 5. HaOmronmarorcss MakcHUMallbHble 3HAYeHHS CAXH W
cepoBoaOpoaa B AKTIOOMHCKOH obmacTtw, B 1,5...2 pa3a 3THX BEIIECTB MEHBIIE B ATHIPayCKOH
obmactu. Ilo smuccusM MeTaHa JMaAUpyeT ATbIpayckas oOyiacTb. MHHMMaJbHBIE 3HAUCHHUS
smuccuil ankaHoB (yriaeBogopoas! npeaensaeie C12...C19) 3adukcupoBaHsl B BO3AyXe 3amagHo-
Kazaxcranckoii obnactu. Jleryune opranmdeckue coenunenus (JIOC) co3paroTcs 4eJI0OBEKOM B
XO0Jie TIPOMBINUIEHHBIX M OBITOBBIX IpolieccoB. Hampumep, mpu QaxenpHOM CXKHTaHHU Ta3a
o0pasyetcs merad u HeMetaHoBbie JIOC (HMJIOC). OHu IIHPOKO UCTIONIB3YIOTCS B IPOU3BOICTBE
pacTBOpHUTENeH, TaKOKPACOYHBIX MAaTEPHUANOB, NMECTHLIHAOB, (papMalleBTUUECKUX IPErnapaTroB U
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JpYrux npoaykroB. Mx ucnapeHue B aTMochepy IPUBOJIUT K 3arpA3HEHHIO OKPYsKalolled cpesbl

1 HCTATUBHBIM MOCJICACTBUAM [JId 3J0POBbs UCJIOBCKA.
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Pucynox 5. /[unamuxa evibpocos 3azpazusiowux seujecms no oonacmsam 3KP

B paccmarpuBaemyto TpyIny JIETYYHX OpPraHMYECKHX COSAMHEHHUI BOLLIM TOJYOJI, OEH307,
KCHIIoJI, (hopManbAeru]l JMHAMUKa KOTOPBIX MpeAcTaBIeHa Ha pucyHke 6. HauBricmne 3HaueHUs
TOJyoda W OeH30i1a XapakTEepHBI JUIl ATBIPaycKOW 00JacTH, Kcuiona — Juisl ATBIPayCKOW H
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T'udpomemeoporozus u axoroeus Nol (116), 2025
3anamHo-Kazaxcranckod, ¢opManpaeruga — i MaHTHCTayCKOW  oOyiiacTd.  OMHUCCUHU

dopmanpaeruna konedmrores or 20 mo 50 TOHH B TOX, OJHAKO MHHUMAIILHBIC 3HAYCHUS
HaOrogaroTcst B 3anagno-Kasaxcranckoi o0acTu.
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= ATHIpayCKas 0071acTh AKTIOOHHCKAs 0071acTh 3anaHo-Ka3axcTaHcKas 00IacTh MaHrucrayckas 001acTh

Pucynoxk 6. /Junamuxa 6616pocos 0CHOBHbIX 1emyHUx OP2AHUYECKUX COCOUHEHUL NO 001aACmAM
3KP

B AKTHOOMHCKOM 00J1aCTH HEOPTaHUYECKOH MBUTH, COIEpIKAIICH ABYOKHCH KpeMHust oT 20 10
70 % (mwamoT, HEMEHT, NbUIb, IIEMEHTHOTO PON3BOJICTBA-TIINHA, TIIMHUCTHIN CJIaHEel, JJOMEHHBIN
IIJIaK, IECOK, KIIMHKEP, 30J1a KPEMHE3eM, 30J1a YIJIeH Ka3axCTaHCKUX MECTOPOXKACHUH) B 5...6 pa3
6outbiie, yeM B Apyrux oomactax 3KP, 4To MOXXeT OBITH CBS3aHO C JIESTEIFHOCTHIO TOPHOPYAHON
MPOMBILICHHOCTH MO J00bIYe U nepepaboTke MeH, XpoMa TaKuMHU npennpustusimu kak TOO
«AxTtrobuHckass menHas kommanms»y, AO «THK «Kazxpom», a takke TOO «Xpomrayckuit
KAPNUYHBIN 3aBo» H Ap. AMMuaka B 2,5...3 pasa Ooxpumie B MaHrucrayckoit o0mactu
otHOcuTensHO obnactert 3KP, uro Moxet ObITE ciiencTBreM (yHKIHOHMpOBaHUS AO «KazAzoT».

B3eemiennsie BemectBa B nepuo ¢ 2018...2020 rr. mpeobiaganu B atMochepHOM BO3IyXe
HaJx Teppuropuei AxTIOOMHCKOW oOmactu. Opmako Kk 2021...2022 TT. HX KOJHYECTBO
YMEHBIIMIIOCH B 2,5...3 pa3a, 4TO NPHBEIO K BHIPAaBHUBAHMIO JAHHOTO IOKa3aTeis MO BCEM
paccmarpuBaeMbIM o0nacTsM. [1lo oOCHOBHOMY MPOAYKTY 1epepaboTky HedTH OCH3MHY IMHAMUKA
MOKA3bIBACT IIMPOKHI MUANa30H HW3MEHYMBOCTU 3a Mepuoj ucciemoBaHus. Hanbompmime ero
3HAYEHUs B Bo3AyXe 3adukcupoBansl 10 2020 roja, ocobeHHo B MaHTrHCcTaycKoi oonactu. JlaHHas
TEHJICHIS He XapaKTepHa Iy ATBIpayCKoi 001acTH.

B nenom ananus cnenuduyecknx 3arpAa3HAIOMINX BENIECTB aTMOC(EpPHOro BO3/IyXa IoKasal,
yTo HabOmIoJaeTcss CHWXKeHHWe BBIOpocoB B mepuoa manaemun COVID-19, obycrioBieHHOE
COKpalleHneM 00beMOB ITPOU3BO/ICTBA.

AUT He cBsA3aHHBIE C IIEHTPATM30BAHHBIMH CHCTEMAaMH TEIUIOCHAOXKEHUS W EIUHOMN
9HEPreTHYeCKOd CHUCTEMOH CTpaHbl, NpeJHAa3HAUYEHHbIE JUIA IIOJyYeHUS TEIUIOBOW W/Min
anekTpuyeckoit sHeprum [29]. OHM wHCHONB3YIOTCS Ui 00OrpeBa IKHMJIBIX IOMELIEHHIA,
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Carvruxos u 0p.

T'udpomemeoporozus u axoroeus Nol (116), 2025
KOMMEPYECKUX IIOMENIEHUH WM IIPOMBINIJIEHHBIX OOBEKTOB B CilydasX, KOrjga JOCTyNl K

LEHTPAIM30BaHHOMY OTOILICHUIO HEBO3MOJKEH HJIM 9KOHOMHUYECKH HelesecooopaseH.

XKurensamu 3anagHo-Kazaxcranckoro peruona AUT HCIonb3yeTcs Kak B ropojackux (63 %),
Tak u ¢ cenabckux (37 %) HaceneHHbIX MyHKTax. OqHaKo, B MaHTrucTayckoil 061acTi KOJIM4eCTBO
AUT B TOpoAe ™ CenbCKOW MECTHOCTH MpuUOIM3UTENbHO ofuHakoBo (54 % u 46 %
COOTBETCTBEHHO). B ATbhIpayckoi u 3amangHo-Kazaxcranckol 00sacTsX KOJMYECTBO IOPOJICKUX
AUT B 1,5 pa3a mpeobnamaeT Ha/J UCIOIB30BAaHUEM B CEIBCKON MECTHOCTH, a B AKTIOOMHCKOM
obnactu — noutH B 3 pasza. B 3amagno-KazaxcTaHCKOM pernoHe HaXxoJAsTCs OCHOBHBIE Ta30BbIE
MECTOPOXKICHUSI CTPaHBL, IO3TOMY OCHOBHOW BuI TommmBa AWT sBusercs ra3 (ypoBeHBb
rasuukanuu cocraBisier 98,2 % HaceleHUs M0 COCTOSHMIO Ha siHBaph 2023 1.).

[pu cxwuranmm npupomuHoro raza or AWT B armocdepy BvIOpachBaeTcs OO0IBIIOE
KOJIMYECTBO JIMOKCHJA YIJIEpo/ia, TaK HauOOJbIee ero KOJINYEeCTBO OTMEUAeTCs B ATHIpayCKOH
(1295549 xr/rom) m 3amagHo-Kazaxcranckoit (1136433 kr/rom) oOmacTsx, 4yTh MEHBIIE B
Masnrucrayckoit (1048966 kr/roq) W HauMeHbIee KOJIMYECTBO B AKTIOOMHCKOW oOnacTu
(911872 kr/rox). B aHaIOrMYHOM PaHXHPOBAHWH BBHIOPACHIBAIOTCS OKHCH YTIIEPOJa U OKCHIIBI
azoTa, WX KonuuecTBo cocrtaBisieT 1,5 % u 3,6 % ot BeiOpocoB CO2. HMJIOC u merana
BBIOpachIBaeTCS Ha MOPSIIOK MEHBIIIE, YeM OKHCH yTJIEpoJia M OKCHIOB a30Ta. JInaupytomee mecto
coxpaHsieTcsi 3a ATbIpayckod oOnacTblo. B3BelleHHBIX 4YacTHI] B BO3IyXe HaOJIOmaeTcs
HaMMEHBIIIee KOJTMIeCTBO, KoTopoe kojebiercs B 3KP ot 166 kr/rox B AKTFOOMHCKON 00JIacTH 10
236 xr/rox B ATbIpayckoii obnactu (Tadbmuna 2).

Taoéauna 2
Buviopocwt 3B om AUT npu coicueanuu npupoono2o 2asza (ke/200)
3B Kai&rzgzz;mﬁ ATbIpayckasi AKTIOOUHCKAs Kazaznc?r);l:;caﬂ Mamnrucrayckas
obJacTb obJacTb o00JacTb
peruoH 00J1acTh
Juokcun yrnepona (CO2) 4392 820 1295 549 911 872 1136 433 1048 966
Meran (CHa) 7987 2 356 1658 2 066 1907
Oxcuast azota (NOy) 159739 47111 33159 41325 38144
Bssemiennsie yactuiipl (PM) 799 236 166 207 191
Oxkucs yriepoaa (CO) 63 896 18 844 13264 16 530 15258
HMJIOC 11182 3298 2321 2893 2670
Oxcuppt cepot (SOx) 1597 471 332 413 381

TpancnoptHas cucrema 3KP wurpaer KirodeByr0 poib B OOCSCIICYCHHH IKOHOMHYECKOMH
aKTUBHOCTH pErHOHa U YAOBJIETBOPEHHM NOTPEOHOCTEH HaceleHHs B MOOWIBHOCTH. Buusl
JIOPO’KHOTO TPAHCIIOPTA BKIIOYAIOT JIETKOBOH TPAHCIIOPT, TPY30BbIE aBTOMOOMIM M aBTOOYCHI,
KaX/IbIi U3 KOTOPBIX NMEET CBOM OCOOEHHOCTH U HCIIOJIB3yEeT Pa3IMYHbIE BB TOIUIMBA: OCH3MH,
ra3 W au3enbHoe TOrumBO. OCHOBHAs YacTh aBTONAPKa COCTABIAIOT JIETKOBBIE aBTOMOOWIN M
aBTOOYCHI, paboraromue Ha OeH3mHE (70 % m 58 % COOTBETCTBEHHO), a TaKkKe TPY30BOH
TPaHCHOPT, UCIIONB3YIOMINI TU3EIbHOE TOILINBO, cocTaBiseT 58 % (Tabmuma 3).

KosnruecTBO €IMHUIL TPAHCIIOPTA B LIEJIOM 10 00JIACTSIM PETHOHA PACIpeIelieHO PABHOMEPHO.
JlerkoBo# TpaHCHOPT 3aHMMaeT Ookoyo 85 % aBTomapka PEernoHa, Ha BTOPOM MECTE HaXOIUTCS
rpy30Boil TpaHcmopT. B permone HaOmiomaercs oOmmuit TpeHA Ha YMEHBIICHHE KOJIMYECTBa
TPAHCIIOPTAa, B CBSI3U C YTHIIM3aLMeH HE BBIICAIINX U3 CTPOS U YCTapeBIINX aBTOMOOMICH.

Cpennee mnotpebnenne O€H3MHA JOPOXKHBIM TpaHcmopToM B KaszaxcraHe coriacHo
TOILTMBHO-3HepreTrnyeckomy Oamancy PK 3a 2022 rox cocraBmino 4699,0 Teic. TOHH OcH3MHA
MOTOpPHOTO, 1526,8 ThIC. TOHH AM3EIBHOTO TOTUIMBA, 539, THIC. TOHH CXXMXEHHOTO ra3a. CoriacHo
PykoBonctsa [15] paccunrtansl BEIOpOCH! 3arpsi3Hstoniux BemecTs a1t 3KP (Tabiuna 4).

OcHOBHOW 00BEM BBIOPOCOB B pe3yibTaTe CKWUTaHMA OCH3MHA NPUXOJUTCS Ha OKCHI
yraepona (CO); mpu CKUTaHUs AU3EITBHOTO TOIIMBA — Ha OKCHIBI a30Ta (NOy), B IIeJIOM SMUCCHUS
UMeeT HEKOTOPYI0 TEHJCHLHUIO K CHIDKEHHIO 3a CUET YMEHBIIEHUS KOJIMYECTBA JIETKOBOTO
aBToTpaHcnopra. Hanbonpmee Konu4ecTBO BEIOPOCOB B Pe3yJIbTaTe CKUTAHHS Ta30BOTO TOILUIMBA
npuxojurcst Ha okcuy yraepoaa (CO), sMuccus 3arps3HSIONIMX BEIIECTB BO3pAacTacT 3a CYET
YBEJIMYEHUS KOJIMYECTBA TPAHCIIOPTA HAa Ta30BOM M CMEIIAHHOM BH/IE TOIUINBA.

Takum 00pa3oM OCHOBHOH 00BEM BBIOPOCOB 3arps3HSIONIMX BELIECTB OT JOPOKHOTO
TpaHcHopTa mnpuxomurcs Ha okcun yriepoga (CO), HeMeTaHOBBIE JIETy4He OpTaHHYECKHe
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Carvruxos u 0p. T'udpomemeoporozus u axoroeus Nol (116), 2025
coenuaenust (HMJIOC) u okcunbt azota (NOy), KOTOpPBIE OTHOCATCS K YHCTY HanOoJiee BPEaHbBIX

SarpﬂSHHTeﬂeﬁ JJId 310PpOBbA YCJIOBCKA U Oprma}omeﬁ Cpeabl.

ngZZZZ:monapka no obracmam 3anaono-Kazaxcmanckozo pecuona (koausecmso edunuy mpancnopma)
Bua tpancnopra 2018 | 2019 | 2r002£:) | 2021 | 2022
3ananHo-Kazaxcranckuil peruon
JIETKOBO# TPAHCIIOPT 520438 503863 483327 458974 470192
rpy30BOii TPAHCTIOPT 67514 76 496 77 935 82 702 68 872
aBTOOYCBI 17 799 16 973 16 326 16 263 16 619
AThIpayckas o0acTh
JIETKOBO# TPAHCIIOPT 114484 110439 104819 97360 98227
rpy30BOH TpaHCHIOPT 16 878 18 817 19 075 20098 16 219
aBTOOYCHI 5751 5535 5481 5516 4997
AXTIOOHMHCKAs1 0071aCTh
JIETKOBOH TpaHCIOPT 149229 142850 135700 128504 132833
IpYy30BO# TPAHCIIOPT 19132 22 423 23127 24 572 19 695
aBTOOYCHI 3567 3400 3226 3237 3405
3anagno-Ka3axcranckas 061acTs
JIETKOBO# TPAHCIOPT 116470 114092 111770 107461 111300
rpy30BOii TPAHCTIOPT 12 524 14537 15 161 16 252 13 284
aBTOOYCBI 3791 3582 3422 3393 3820
Masnrucrayckas ob61actb
JIETKOBO# TPAHCIOPT 140255 136482 131038 125649 127832
IpYy30BO# TPAHCIIOPT 18 980 20719 20572 21780 19674
aBTOOYCHI 4690 4 456 4197 4117 4397

TpancnoptHas cuctema 3KP npenctaBnseT co6oit pa3sHOOOpa3HbIl U JUHAMUYHBIA CEKTOD,
BKJIIOYAONINH JIETKOBBIE aBTOMOOWIM, Tpy30BbIE TPAHCHOPTHBIE CpEACTBA W aBTOOYCHI,
UCTIONB3YIOMKME pPAa3MUYHble BUABI ToIuMBa. Kaxgoe W3 ATHX HampaBlIeHHH HMEET CBOHU
MpPEUMYIIECTBA M HEJIOCTATKH C TOYKH 3peHus 3(P(EeKTUBHOCTH M HKOJIOTHYHOCTH. PazBurne
TPAHCHOPTHOM MH(PACTPYKTYphI, MOJEpHHU3ALNS aBTOMAapKa U Tepexo] Ha Oojiee IKOJIOTHIECKU
YHCTBIE BUBI TOIUTMBA MOTYT 3HAYMTENIHHO YIIyUYIINTh CHTYaIHIO, CIIOCOOCTBYS yCTOHYHNBOMY
Pa3BUTHIO PETHOHA.

4. BAK/IIOYEHUE

[IpencraBneH BCECTOPOHHMI aHAIN3 BBIOPOCOB 3arpsi3HSIONIMX BELIECTB B 3allajHo-
Kazaxcranckom peruone 3a nepuoa ¢ 2018 o 2022 roap! oT cTaimoHapHBIX UCTOYHUKOB, AUT n
TPaHCIIOPTHBIX cpencTB. Habmromaercs: BeIpaKeHHast TEHACHINS Ha TIOHIKEHHE BBIOpocoB 3B ot
CTallMOHAPHBIX HCTOYHHKOB KaK B IIEJIOM II0 peciryoirke, Tak U B 06mactax 3KP, 3a uckmouernem
Masnrucrayckoit oonactu. OT™MedaeTcss HK3MEHUYNBOCTH KOJIYecTBa BEIOpocoB 3B 1o romam.

Jns  3anmanHo-KazaxcTaHCKOro perdoHa XapakTepPHO HE3HAUYMTENIbHOE YMEHBIIEHHE
KOJIMYECTBA CTallMOHAPHBIX HCTOYHUKOB, JIMIIL B MaHrucrayckoil obmactu HaOmomaercss MxX
YBEJIMYEHHUE 32 CYET MHTEHCHUBHOTO OCBOCHHUE PECYPCOB HE(TETa30BOr0 KOMILIEKCA CTPAHBI.

IIpoBeneHa MHBEHTapu3alUMs NPEINPUATHH MO KOINMYECTBY CTALIMOHAPHBIX HCTOYHHKOB
3arps3HEHUs BO3/IyXa B pazpese odyacteil. Pe3ynprarsl kiaccupuKkanyuu npeanpustaii I kareropuu
MO KOJMYECTBY CTAllMOHAPHBIX MCTOYHMKOB IOKAa3alIM, 4TO BO Bcex obmactsax 3KP akTuBHO
paboTaroT MpeanpusaTHs ¢ KoiaumdecTBOM HCTOYHHKOB 501...1000. OmgHako B AThIpaycKod u
MasrucTayckoil o6aacTsIXx umerorcst 0ojee KpyHHbIE MPEANPHATHS ¢ KOJIMYECTBOM HCTOYHHKOB
6omee 1000, x wHuHM otHOCATCE TOO «Tenrmsmespomm»; AO «Ombamynairaz», HIAY
«KalipikMyHaiirasy, Hr Oy «KaitHapmyHaiirasy, HI' Oy «JloccopmyHaiirasy,
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Carvruxos u 0p.

T'udpomemeoporozus u axoroeus Nol (116), 2025
AO «O3enmynaiira3y», AO «KapakanbacmyHnait», AO «ManrucraymyHairas» u np. boasmmHCTBO

npeAanpusTuid  chOKYyCHpOBAaHO  Ha  J00bIYe,  HepepabOTKe W TPAHCHOPTUPOBKU
He(Tera30100bIBAIONINX YHEPTrOHOCUTENICH, a TakKe CTPOUTEINHHBIX PAabOTax M TPOM3BOJCTBE
MPOAYKTOB CEJIBCKOXO3SHCTBEHHOIO MPOU3BOJICTBA M Jp. PacyeTHBIM IyTeM YCTaHOBJICHA
IVIOTHOCTH IpeanpuaTuii no o6aactssm 3KP Ha Thic. kM2, HaUGOJIbLIAS IOTHOCTh XapaKTEPHA IS
Manrucrayckoii 00J1acTH, a HAUMEHbIIIas — 3amagHo-Ka3axcraHckoi.

Tabauna 4
Obvem 8b10pP0CO8 3aePAZHAIOUWUX 8euyecms om 00podcho2o mpancnopma 3KP, meic. moun
Lozl | [efe) [ HMJOC | NOx | PM | N20 | NHs
O6muit 06beM
2018 60,90 7,49 9,07 0,29 0,16 0,74
2019 55,12 6,78 8,21 0,27 0,14 0,67
2020 58,62 7,21 8,73 0,28 0,15 0,71
2021 55,40 6,78 8,38 0,27 0,15 0,69
2022 53,83 6,67 8,06 0,27 0,14 0,64
Bensun
2018 55,48 6,58 5,72 0,02 0,13 0,72
2019 50,21 5,96 5,18 0,02 0,12 0,66
2020 53,40 6,34 5,50 0,02 0,13 0,70
2021 51,33 6,09 5,29 0,02 0,12 0,67
2022 47,76 5,67 4,92 0,02 0,12 0,62
Jlu3enbpHOE TOIUIMBO
2018 0,64 0,13 2,49 0,21 0,02 0,01
2019 0,58 0,12 2,26 0,19 0,02 0,01
2020 0,62 0,13 2,40 0,20 0,02 0,01
2021 0,64 0,13 2,47 0,21 0,02 0,01
2022 0,55 0,12 2,15 0,18 0,01 0,01
T'a3 cxkKEHHBIN
2018 4,78 0,77 0,86 0,06 0,01 0,00
2019 4,33 0,70 0,78 0,06 0,00 0,00
2020 4,60 0,74 0,83 0,06 0,00 0,00
2021 3,43 0,55 0,61 0,04 0,00 0,00
2022 5,52 0,89 0,99 0,07 0,01 0,01

OCHOBHBIMU ~ 3arps3HSIOIIMMH  BEIIECTBAMM, IIOCTYNMBIIMMH OT NPEANpPUSITHH B
aTMOC(hEepHBIN BO3IYX, SABJISIOTCS JUOKCH]] CEPhI, OKHCIIBI a30Ta, OKKCIBI yriepoaa, JIOC, ammuak,
cepoBogopoa. 3a mepuoy 2018...2022 rr. moka3aHa AWHAMUKA U3MEHEHHUS BEIOPOCOB CEPHHUCTOTO
aarugpuaa (SOz), okucu yriepoaa (CO), okcuaa u guokcumaa azota (NO, NOy), merana (CHy),
yraepona (caxa), cepoBomopoma (H2S), yrameBomopomoB mpenmenpHbix C12-C19, Tomyona
(CsHsCHs3), 6enzomna (CsHs), kcumona (CsH1o), hopmansaeruaa (CH20).

K mpemmMymiecTBaM aBTOHOMHOTO TETUIOCHAOKEHHWS MOKHO OTHECTH T'MOKOCTh Trpaduka
WCIIONIb30BaHMSI, YTO TO3BOJISIET PEryJIMPOBaTh TEIUIOCHAOKEHHE OTNEJBFHO B3ATOTO 3/1aHHS He
TONBKO B pa3HBIE CE30HBI, HO M B pa3HOE BpeMs CYTOK OTONHMTEIHHOTO CE30HA, YTO MO3BOJSET
CYIIECTBEHHO COKPAaTHTh pacxojibl Ha TeriocHaOkenne. AUT u nx oGcmyxuBaHue AenieBie, 4eM
[EHTPAJIBbHBIE CUCTEMBI M SKOJIOTHYECKH 00Jiee BBHITOAHBL. VICIoIp30BaHNE Ta30BOTO OTOIUICHUS U
AUT crano nonynspHoil anbrepHaTHBOM npuMeHeHuo yriast B 3KP u apyrux crpanax. YpoBeHb
razudukanuu 3KP cocraBnser 98,2 %, 4To sBIseTcs caMbIM BRICOKAM B Kazaxcrane.

Asromapk 3KP mpencraBieH JIETKOBBIM, TPY30BBIM TPAHCIOPTOM M aBTOOYCaMH, Ha JIOJIO
JIETKOBBIX aBTOMOOWied npuxomurcsi 78%. Bun TormnmBa 3aBHCHT OT THIIA TPAHCIOPTHOTO
cpencTea: OEH3WH, Ta3 WIN JU3EIbHOE TOTUTMBO. MIHBEHTapH3aIysl napka TPAaHCIIOPTHBIX CPEICTB
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Carvruxos u 0p. T'udpomemeoporozus u axoroeus Nol (116), 2025

HeoOXonuMa Ui OIEHKH 3arpsA3HEHHs UMH aTMOC(HEpHOTO BO3MyXa B 3aBUCHMOCTH OT THIIA
UCIIOJIb3YEMOT0  TOIUIMBA, YTO TIIO3BOJISET BBIICHUTH BPEMEHHBIE U IPOCTPAHCTBEHHbIE
3aKOHOMEPHOCTH BEIOPOCOB M JETATM3UPOBATH HATPY3KY OT TPAHCIOPTA HA OKPYIKAIOIIYIO CPEay.
Oxkcun yriepona (CO), HeMeraHoBble JeTyune opranunueckue coenuuenus (HMJIOC) u okcus
azota (NOy) SBISTIOTCS OJHUMH U3 HamOoJiee BPEAHBIX 3aTPSA3HSIONINX BEIIECTB, BEIOPACHIBAEMBIX
JIOPOXKHBIM TpPaHCIIOPTOM. Bpen OT 3TuX BelecTB MHOTOTPaHEH M 3aTparuBaeT Kak 3/0POBbE
YeII0BEeKa, TAK M OKPY’KAIOIIYIO Cpeay.

VHBeHTapu3anus HCTOYHUKOB BEIOPOCOB U AC€TaIbHBIN aHaJIN3 BeIOpackiBaeMbIX 3B ciyxut
OCHOBOW I MOICNHPOBAHHUS W TIPOTHO3WPOBAHHS YPOBHSA 3arpsi3HEHHsT aTMOc(ephl Ha
MIEpPCIIEKTHBY, SIBISETCS ACHCTBEHHBIM HHCTPYMEHTOM YIPABJICHHS KaueCTBOM aTMOC(HEpHOTO
BO3AyXa.

JOCTYIIHOCTb JAHHBIX

JlaHHBIE, HCIIOIB30BaHHBIE B 3TOM HCCIICAOBAHUY, IOIYYEHbI aBTOPaMH U3 LIECTH UCTOYHUKOB: bropo
HallMOHANBPHOM  CTaTHCTHMKM  ATEHTCTBA IO  CTpPaTeTMYeCKOMY IUIAHMPOBaHMIO W pedopMam
Pecrry6mmikn Kazaxcran; HarpionansHOTo OKIIama O COCTOSIHUM OKpY>Karomei cpensl U 00 MCIOJIb30BaHUT
HNPUPOIHEIX pecypcoB PecryOmmku Kazaxcran 3a 2022 rof; 5KONOTHYECKHX WHANKATOPOB MOHHUTOPHHTA H
OLIEHKH OKpyxaromei cpensl; HannonansHol nepenucu Hacenenus 2021 roga; TOIIMBHO-3HEPIETUYECKOTO
Oamanca PecmyOmmkm Kasaxcran (Bropo mo cratuctuke ACIIMP PK); crartmcrudecknx cOOpHHKOB
«Tpancnopt Pecniy6omukn Kazaxcram» (Bropo o cratuctuke ACIIHP PK).

BKJIAJI ABTOPOB

Konnenryamuzamus —BI'C, TJIT, CEIl; ynpasnenue namaeiMu —3PT, I'TM, UAM; dopmansHbIil
anam3 —BI'C, TJIT, CEIl; meronomorus —TJIT, CEIL, 3PT; pykoBonctso —BI'C, TJIT, CEIl; Busyanu3zanus
—I'TM, UAM; nanucanue ucxoguoro texkcra —IJIT, CEII, 3PT, I'TM, MUAM; Hanucanue U peqakTUPOBaHNE
okonyatenbHoro tekcra —TJIT, CEIL

BJIAT'OJAPHOCTD

ABTOpBl O7arofapsAT AaHOHMMHBIX PELEH3EHTOB M PEJaKIMOHHYIO KOJUIETHIO JKypHala 3a
KOHCTPYKTHBHBIE 3aMEYaHNs, IPEII0KEHHS H PEKOMEHIAIHH.

OUNHAHCHUPOBAHUE

Pa6oTa BeImosHEHA TIpH o iepkke KomureTa Haykn MUHHCTEPCTBA HAYKH U BBICIIIETO 00pa30BaHUs
Pecny6nmku Kazaxcran (mporpamma BR21882122 «YcroiiurBoe pa3BUTHE IPUPOTHO-XO3SIMCTBCHHBIX U CO-
LaJIbHO-9KOHOMUYECKUX CcHcTeM 3anaaHo-Ka3aXCTaHCKOro perMoHa B KOHTEKCTE 3€JICHOTO POCTa: KOM-
TUIEKCHBIM aHan3, KOHIEILHUS, TIPOTHO3HbIE OLIEHKU U CLIEHAPU).
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ATMocdepanblK ayaHbIH canachblH THIMII Oackapy YILIIH JlacTaHy Ke3AEpiHiH TOJBIK
WHBEHTAPHU3alUACHl MaHBI3bI O00bin Tabbuianel. Ockl Makananga 2018...2022 xeuinap
apanerbiHOarbl  bateic Kaszakcran aiiMarbiHBIH 4 OONBICHI OOWBIHIIA JTACTAYIIHI
3aTTapblH CTAI[OHAPIBI KOHE JKBUDKBIMAIBI KO3/IEpICH, COHBIMEH KaTap >KbUTYIIBIH
aBTOHOMJIBI KO3iHEH TYCETIH TacTaJbIMAApPBIHBIH IWHAMHUKACHl KapacThIPBUIFaH.
CrannoHapnibelK Ke3/AepICH JiacTayIlbl 3aTTapblH JIAKTHIPBUIBIMAAPBIHBIH TOMEHICY
TeHACHIsICBl MaHFpicTay OONBICHIHAH Oacka oObpuIcTapma Oafikamansl. OOmbIcTap
OoffpiHIIa OipiHII CaHATTaFBl JIAaCTaHY KO3IEPiHIH HWHBEHTAPH3AIMACHIH  IKYPTi3y
OaphIChIH/A, ONAPJBIH KOPIIIaFaH OpTara ¢H KOl 3UsSH THTi3eTiHI aHbIKTabl. JlacTaHy
ke3zepiniy canbl 1000-HaH Kem eH ipi KocimopbiHAap AThIpay oHe MaHreicTay
oOubIcTapbIHa OpHANAacKaH. KocimopbiHIapAbIH KbI3MET CHEKTpl HEeri3iHeH MyHai-ra3
OHJIIpY KellIeHIHe, COH/aii-aK aybll MapyallbUIbIFbl OHAIPici, KYPBUIBIC XKoHE Oackana
canmanmapra OarpiTTanFaH. KocimopelHAapasl €H THIFBI3 OpHajJacybl MaHFbICTay
00MBICBIHAA MBIH KM eceOiMeH, an eH a3bl bateic Kasakcran o6nbichinga Oaikanabl.
Kacimopsianapnan atMocdepanblK ayara TYCKEH HETi3Ti JlacTayllbl 3aTTapAblH KYKIpT
AHTUAPHUI, KOMIPTETi TOTHIFBI, a30T OKCHII JKOHE THOKCHMI, METaH, KeMmipreri (Kyiie),
kykipreytek, Cl12..C19 mekTi KemipcyTeKkTep, TOXyod, OEH307, KCHJIOI,
(hopManpIeTUATIH IHHAMHUKACHL KenTipinreH. ['a30€H JKBUIBITY JKOHE JKBUDKBIMAJIBI
aBTOHOMJIBI Ke3Aep.iH KoinaHbutybl bateic Kaszakcran eHipiHZe KeMipai KoJimaHyFa
TaHbIMaJl OayaMa OOJIBINT TaOBUIAABI, OHBIH Ta3maHAbIpy ncHreii 98,2 % Kypaiiabl.
JKpUDKBIMAJIBI JTACTAYIIBI 3aTTap KO3/epi JKEHL, KYK KOJITIMEeH JKoHe aBTOOycTapMeH
YCBHIHBIIFaH, OJIApABbIH HETIi3r1 OTBIH TypJiepi OEH3MH, ra3 HeMece IU3elb OThIHBI. JKeHin
ABTOKOJIIKTEP KOJIIK KYpaJAapbIHbIH JKaJIbl CAaHBIHBIH 78 % Kypaiiabl. KemipTek okcui,
METaHFa JKaTMaWTbIH YINNaJbl OPraHUKalbIK KOCBUIBICTAD JKOHE a30T OKCHATEpi
ABTOKOJIIKIICH IIBIFAPAThIH €H 3WSHJbI JIACTaylIbl 3aTTapAblH Oipi OOJBIT TaObLIa bl
Jlactanypl a3aiiTy OOMBIHIIIA MAaKCATTHI MapaTapabl 93ipiey YIIiH op Typii Ke3IepiHeH
JaKTBIPBUIBIMAAP/BIH KYPBUIBIMBIH JKOHE KeJEeMIEPiH TYCiHy JacTaHyZpl a3aiTyIbIH
MaKCaTThI IIapasiap bl 93ipJIey YIIiH MaHBI3IbI OOJIBIN TaOBLIAIBL.
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inventory For effective management of atmospheric air quality, a complete inventory of pollution
pollution sources sources is necessary. The article examines the dynamics of pollutant emissions in 4
atmospheric air regions of the West Kazakhstan region for 2018...2022 from stationary and mobile
pollutants sources, as well as from autonomous heat sources. A downward trend in emissions of

West Kazakhstan region pollutants from stationary sources is noted, with the exception of the Mangistau Oblast.

An inventory of category | pollution sources causing the greatest harm to the
environment was conducted by region. The largest enterprises, with more than 1001
sources, are located in the Atyrau and Mangistau Oblasts. The range of activities of the
enterprises is focused mainly on the oil and gas production complex, and there are also
agricultural production, construction and others. The highest density of enterprises is
observed in Mangistau, and the lowest in West Kazakhstan Oblast. The dynamics of the
main pollutants released into the atmosphere by enterprises are given: sulfur dioxide,
carbon monoxide, nitrogen oxide and dioxide, methane, carbon (soot), hydrogen sulfide,
saturated hydrocarbons C12...C19, toluene, benzene, xylene, formaldehyde. It is shown
that the use of gas heating and autonomous heat sources has become a popular

About article: alternative to the use of coal in the region, the gasification level of which is 98,2 %.
Received: 21.09.2024 Mobile sources of pollutants are represented by cars, trucks and buses, the main types
Revised: 28.02.2025 of fuel for which are gasoline, gas or diesel fuel. Passenger cars account for 78% of all
Accepted: 29.03.2025 vehicles. Carbon monoxide, non-methane volatile organic compounds and nitrogen
Published: 01.04.2025 oxides are among the most harmful pollutants emitted by road transport. To develop

targeted measures to reduce pollution, it is advisable to use information on the structure
and volume of emissions from each type of source.

IlpumeyaHnue w3aaTesisi: 3asBICHHS, MHCHHMS W JAHHbIE BO BCEX IyONMKALMAX NPUHAIUIOKAT TOJBKO aBTOPY (aBTOpam), a HE XypHAIy
"TuapoMeTeopoIOT s 1 SKOJIOTHA" H/UIIN pelakTopy (peaaKTopam).
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K/IFOYEBBIE CJIOBA

ABCTPAKT

TBEPJIbIE OBITOBBIE OTXOBI
yIpaBJIeHHE OTXOaMU
nepepaboTKa

YCTOIYHMBOE pa3BUTHE
OTBETCTBEHHOE NOTpeOIICHUE
Anmatst

IIyP 12

Poct ypOanmzanuu u yBenuueHue o0beMOB TBepAbIX ObITOBHIX 0TX070B (THO) B Anmars
TpeOytoT BHenpeHHs >(P(EKTHBHOW CHCTEMBI YIIPaBIEHHS OTXOJaMH, COOTBETCTBYOLICH
INPUHIUIAM YCTOHYMBOrO pa3BUTUA. JlaHHOE UCCIENOBaHME HANpPAaBICHO HAa aHaIu3
3apy6exxHoro onbiTa yramusanu TEO (FOxuas Kopes, Smonus, BennkoOpuTanus), BEISBICHAE
YCHENIHbIX NPAKTUK U UX aJalTaluio K YCIOBHSIM AJMAaThI.

Metononorust BKIIIO9aeT CPAaBHUTENBHBIN aHAIN3, OLEHKY dKOHOMUYECKUX, YKOJOTUYECKUX H
COLMAJIBHBIX (DAKTOPOB, a TAK)KE MOJICIIMPOBAHIE BO3MOKHOI CHCTEMBI YIIPABJICHUS OTXOIaMH.
B xopie uccnenoBanust BBISBICHBI KITIOYEBbIE AJIEMEHThI () (EKTUBHBIX CTPATETHii epepadboTKu
W YTHJIU3aLUHN OTXOJI0B, TAKUX KaK LHU(PPOBU3AIMS, Pa3/eibHbIA cOOp, CTUMYIHPYIOIINE MEPHI
U TOCYAapCTBEHHO-4aCTHOE MapTHEPCTBO.

PesynbraTroM paboThl sBISETCS pa3pabOTKa ONTUMAILHOW Mopenu ympasienus THO ms
AJMaThl C Y4eTOM JIOKAJbHBIX YCIOBHUI, KOTOpas BKIIOYAaeT MEXaHU3MBI 3aKOHOJATEIHLHOIO
peryimpoBaHys, TEXHOJIOTHYECKNE WHHOBALUU W TOBBIIIEHHE OCBEAOMIIEHHOCTH HAaCEICHUS.
Peanusanus npennoKeHHOW CHCTEMBI MO3BOJIUT CHU3UTH HArpy3Ky Ha OKpY’KaloOIyIO Cpexy U
MOBBICUTH 3P (PEKTUBHOCTh YTHIM3AIMH OTXOJIOB B paMKax Lenei ycroiunsoro passurust OOH
(ITYP Nel2).

ITo craTbe:

Tomygeno: 20.02.2025
Ilepecmotpeno: 07.03.2025
Mpunsto: 15.03.2025
Omny6mmkoBano: 01.04.2025
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90.

MPHTU 87.53.13

1. BBEJEHUE

CoBpeMeHHBIE TOpPOAA CTAJKHUBAIOTCA C OCTPOH NPOOJIEeMON YIpaBIECHHS TBEPIBIMHU
osrToBeIMH  oTX0nmamu (TBO), m AnmaTel He SBJISEeTCS HCKIIOUeHHEeM. B ycmoBusix pocra
ypOaHu3amuu ¥ HEoOXOIMMOCTH YCTOWYMBOTO pPa3BHTHS aKTyaJbHOCTh JaHHOH MpPOOIeMbI
BO3pacTaeT. YIpaBJIEHHE OTXOJAaMH SBISETCS KIIOYEBBIM JJIEMEHTOM B pealn3alliy Lenen
ycroitunBoro pa3sutus (LIYP Nel2 — oTBeTcTBEeHHOE TOTPEOICHHE U TPOU3BOJICTBO), UTO TPEOyeT
pa3paboTku 3P HeKTUBHBIX cTpaTernii 1 MexaHu3mMoB yrunuzaiuu THO [1].

Hacrosmas paboTa paccMaTpuBaeT yCHENIHbIE MEXIYHApOIHbIE MPAKTUKK OOpaIieHus c
orxonamu B HOxxHoit Kopee, SAnornu u JIoHIOHE ¢ 1IeNpI0 alalTallliy UX K YCIOBHSIM AJMATHI.

Llens wuccnemoBanmst — pa3paboTKa ONTHMAIbHOM CHUCTEMBI YIIPABIEHHS TBEPABIMA
opiToBeIMU OTX0J1aMU (TBO) B AnMaTel Ha OCHOBE aHajM3a MeXayHaponHoro ombita (FOxHas
Kopes, fAnonns, JIonnon), ¢ y4eToM JIOKaJIbHBIX SKOHOMUYECKUX, COLMAIBHBIX U 9KOJIOTHYECKUX
YCIIOBUH, a Takke WHTETPAIMK MPUHIMIIOB ycToiunBoro pazsutus (LIYP Nel2 «OtBercTBeHHOE
NOTpeOIIeHNEe ¥ IPOU3BOJICTBOY).

3amaun UCCIENOBAHMS:

—  AHanus CyIIecTBYIOLIEH CUCTEMBI YIIPABICHHUS OTXOJaMH B AJIMAaThl U BBIABICHUE €€
HE/I0OCTaTKOB,

—  HNzyuenwme 3apyGexxHbix mojenell yrwmmsannd ThO n OLeHKY MX HPUMEHHMMOCTH K
YCIIOBUSM AJIMATHI;

—  Pa3paboTky pekOoMeHIaluii 10 BHEAPEHHIO OSKOHOMUYECKH, OSKOJIOTMYECKH U
conuaybHO 3 (GEKTHBHBIX PEHICHUH B CHCTEMY 0OpaIieHHs ¢ OTXOJaMH TOpo/a;
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CHUCTEMBL.

Ananuz mexywei cucmemut ynpasienus TbO 6 Anmameoi.

Ha nmannerit MomeHT yrnpasienne TBO B AnMaThl OCYIISCTBIICTCS Yepe3 cucTeMy cbopa,
TPAHCHOPTHPOBKHA W 3aXOPOHEHHs OTXOJ0B Ha moimroHax. CorjacHo otdeTram MuHHCTEpCTBA
9KOJIOTMH, T€OJIOTHH W TPHUPOAHBIX pecypcoB Kazaxcrana, mepepaboTka OTXOJOB OCTaeTcsl Ha
HI3KOM ypoBHe (21,1 % nHa 2021 roxm), a 79 % NONMNrOHOB HE COOTBETCTBYIOT CaHHTAPHBIM
TpeboBanusam [1].

PaccmoTpeB TeopeTryeckyro 0a3y ympaBleHHS M YTHIH3AaAN TBEPIBIX OBITOBBIX OTXOJOB
(TBO), MOXXHO BBIIEJIUTH HECKOJBKO KIIOYEBBIX KOHLEMIHUH, KOTOpble CHOPMHUPOBAIN OCHOBBI
COBPEMEHHOTO TOoAXoja K 3Toi mpobieme. OqHON M3 HEHTPANbHBIX WACH SBISETCS KOHICTIIIHS
9KOHOMHUKHM 3aMKHYTOTO IMKJa (circular economy), KoTopas mpezloJjiaraeT MaKCHMalbHOE
WCIIONIB30BAaHUE PECYpPCOB M MHHHUMH3AIMIO OTXOJOB 33 CUET WX IepepabOTKH, MOBTOPHOTO
UCIIOJIb30BaHMUsI M BOCCTAHOBJIEHUA. B 3TOM KOHIENIMK OTXO0/bl BOCHIPUHUMAIOTCS HE KaK yrposa
n mpobieMa, a KaKk pecypc, KOTOPBIH HEoOXomuMo 3(PQPEKTHBHO HHTETPHPOBATH B HOBHIE
NPOU3BOCTBEHHBIC 1Ienouku [2]. B psme crpan, Takux kak FOxnas Kopes u Snonus, nanxas
KOHIICTIIINST aKTUBHO TIPHMEHSCTCS i TOCTIDKEHHS YCTOWYMBOTO YPOBHS MepepadOTKH H
YMEHBIICHUS BO3ICICTBYUS Ha OKPYXKAWILyI cpeny. UYTo Kacaercs poiu LENed yCTOWYUMBOIO
pasButua (L[YP), To oHHM wWrparoT BaxXHYI0 poib B (OPMHUPOBAHWU TOCYIHAPCTBEHHOW U
MYHUIUMAIBHON MOJUTHKYM MO yTWwin3anuu oTxomoB. LIYP Nel2, xotopas ¢dokycupyercs Ha
OTBETCTBCHHOM TOTPEOJICHUH W TPOU3BOACTBE, MPEIIOIaraeT mepexo] OT IHHEHHOW SKOHOMHUKH
(pou3BOACTBO-NIOTPEOICHUE-YTHIIN3AIMA) K 00Jiee OTBETCTBEHHOMY PEIICHHUIO 33124 YIIPaBICHUS
orxonamu [3]. B Kasaxcrane, kak ¥ BO MHOTHMX JAPYTHX CTpaHax, HEOOXOAMMO CO3[aBaTh U
BHEJPSATh CTPATETMUECKHE MPOTPaMMHBIE JIOKYMEHTBI, KOTOpbIE OTBEYAalOT Ha BBI3OBHI
YCTOHYMBOTO pa3BUTHS B KOHTEKCTE oOpamieHus ¢ otxogamu. OcoOCHHOEe BHUMAHHE B TIOCIICTHIC
TOJIBI Y/AESETCS MOBBIIICHUIO OCBEOMIIEHHOCTH HACENEHHUS U BOBJICUEHHUIO I'PAXKIaH B MPAKTUKH
paszensHoro coopa u nepepadoTku oTx00B [4]. OCOOEHHOCTH OAX0I0B K YIPABICHHIO OTXOAaMH
B KOHTEKCTE OTBETCTBEHHOTO MOTPEOJEHUs] BKIIOYAIOT aKIEHT Ha II03HaBaTeJbHbIE U
CTHUMYJIMPYIOIIAE METOMBI, TaKue Kak HH()OpMAIMOHHBIC KaMIIaHUH, 0Oy4eHHE M TOCIeAyIomiee
MaTepHajibHOE BO3HArpaXkJIe€HHE TeX, KTO AaKTUBHO COPTHPYET OTXOAbl. OCOOEHHO Ba)KHBIM
ABISICTCSA co3faHre d(PGEKTUBHON HWHPPACTPYKTYpHl HepepadOTKH, KoTopas Ol oOecmednBaia
JIETKYIO IOCTYITHOCTD ISl HACETICHHSI U CTUMYJIHpoBajia 0ojiee BRICOKUN YPOBEHb BOBJICUEHHOCTH.
Bcé 310 momuepkuBaeT BaKHOCTh KOMIDIEKCHOTO IMOIXOAA — OT IOJUTHYSCKUX WHHIAATHB [0
MPAKTHYECKUX [1ar0B U H3MEHCHHI B OOIIIECTBEHHOM CO3HaHHUH [5].

CoBpeMeHHBIC HaydYHBIC HCCICIOBAHUSA JEMOHCTPHPYIOT, YTO YIIPABICHHE TBEPIBIMHU
OBITOBBIMU OTXOJIaMH IEPEXOAUT OT TPATUIIMOHHBIX METOJIOB 3aXOPOHEHHMS K 00JI€€ KOMIUIEKCHBIM
CTpaTerusiM, OOBEIWHSIONIMM WHHOBAIIMOHHBIC TEXHOJIOTHH IepepabOTKH, IPHUMEHCHHE
OPHUHIMIOB SKOHOMHKH 3aMKHYTOTO IIHKJIa W aKTHBHOE BOBJIeueHHe obiectsa [6]. B muteparype
MOJPOOHO PacCMAaTPHUBAIOTCS COBPEMEHHBIC KOHIICTIIHH, B OCHOBE KOTOPBIX JISKUT HHTETPAIUS
TEXHUYECKUX PEUICHUH, SKOHOMHYECKUX CTHMYJOB U COLMAIBHBIX WHUIMATHB, MO3BOJISIOIINX
CYIIECTBEHHO CHU3WUTHh HETAaTHBHOE BO3/ICHCTBHE OTXOJOB HAa OKPYXKAIOMIYIO cperny. AKIEHT
JenaeTcd Ha HEOOXOIMMOCTH HE TOJIBKO MepepadOTKH, HO M MOBTOPHOTO HCHOJIb30BAHUS
MaTepHaJiOB, YTO IIO3BOJIIET CO3JaBaTh HOBBIC NMPOIYKTHI M OOECIEUMBACT OJITOBPEMEHHYIO
YCTOHYMBOCTH TIPOM3BOICTBA [7].

Oco6oe BHrManue yaemsercs ponu LIYP, B wactHocT LIYP Nel2, kotopast HampaBiieHa Ha
OTBETCTBEHHOE MOTpeOIeHue W TMPOU3BOJACTBO. llenn 3Toi TIo0anbHONW WHUITMATHBBI HAILIA
oTpaxkeHHe B (JOPMHPOBAHUH T'OCYNAPCTBEHHON M MYHUIMNAILHOW IOJUTHKH, TIe pa3paboTka
HOPMATHBHO-TIPAaBOBBIX aKTOB M TPOTPaMM TOMJIEPKKH CTAaHOBHUTCS HEOTHEMIIEMOM YacThIO
CTpaTeruy o yNpaBJeHUIO OTXOJaMHU. B 3TOM KOHTEKCTE roCyJapCTBEHHBIE OpraHbl CTPEMSTCS
CTHUMYJINPOBATh MEepexo/ K MOJAEISIM, OCHOBAaHHBIM Ha PAallMOHAIBHOM HCIIONB30BAaHHH PECYPCOB,
COKpalleHNH O00pa30BaHMs OTXOJOB W IOBBIIIEHUM UX IepepabOTKH, 4YTO II03BOJISET
MUHHMH3HPOBATh SKOJIOTHUECKUI ymiepd M CIIOCOOCTBYET YCTOHYHMBOMY pa3BUTHIO TOPOJOB
[8...9].
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Oco0eHHOCTH NOAXOJIOB K YNPAaBIEHHIO OTXOJaMU B YCIOBUAX OTBETCTBEHHOIO

HOTPeOIICHHUsT 3aKII0YaloTCs B KOMIUIEKCHOM PAaCCMOTPEHUH MPOOIEMbI, e TPaJHIMOHHBIC
METOIbl CMEHSIOTCSL CHCTEMHBIMH  PEIICHHSIMH, OOBEAMHSIONIMMHI  pas3lelbHblii  cBop,
U(POBU3ALKIO TIPOLECCOB M AKTUBHOE ydacThe rpaxaad. Takoii moaxo/ Mo3BOJSET HE TOIBKO
ONTHMHU3UPOBATH PACXOJBI U MOBBICHTH SKOHOMUYECKYIO 3((PEKTHBHOCTH, HO M (POPMHPOBATH
9KOJIOTUYECKYIO KyJbTYPY CpEIu HACENCHHS, CO3[aBas MPOYHYIO OCHOBY Ui JOJTOCPOYHOTO
pasBuTHs TOpozcKoi cpeas [10].

2. MATEPHUAJIbBI U METO/IbI

Martepuaisl HcCIeIOBAHUS:

—  JlaHHBIE O TEKyIIEM COCTOSHHHM CHCTeMHBl ympasieHns 15O B AnMmarsel
(cTaTucTHYeCKHE OTYETHI, 3aKOHOAATEIIbHBIE aKThI);

—  MexayHapoauslit onbIT ynpasienus otxoaamu (FOxunas Kopes, Anonus, Jlonnon);

—  DKoJoruyeckue ¥ SJKOHOMHYECKHUE TTOKa3aTed NepepadoTKN U yTUIIU3AINH OTXO/I0B.

MeToabl UCCIETOBAHHU:

—  CpaBHHUTENbHBIN aHAIN3 — U3YUYEHHE 3apyOeKHBIX MOJIETIeH YIIpaBIeHHs OTX0AaMH 1
UX TIPIMEHUMOCTb K YCIOBHAM AJIMaTHI;

- DKOHOMHUYECKas OICHKAa — aHanu3 3aTpaT U 3((GEKTUBHOCTH Pa3IHYHBIX MOJIXOI0B
(cucrema PAYT, nepepaboTka, nu(ppoBU3aI);

—  ConuoylorH4ecKuil aHanu3 — OIIGHKAa BOBJICUEHHOCTH HACEJIeHHS M TOTOBHOCTH K
paszensHOMY cOOpy OTXOMOB;

- MoaenupoBanue — pa3paboTKa ONTUMAIbHONW CHCTEMbI yHpaBICHHUS OTXOJaMU IS
ANMaTsl ¢ IPOTHO3MPOBaHUEM €€ H3PPEKTUBHOCTH.

B pamkax uccienoBaHus MPUMEHSETCS CPaBHUTENBHBIA aHaIM3 cucTeM ynpasieHus ThO,
TIO3BOJISIOIINH OLEHUTH dPPEKTUBHOCTH Pa3NUYHBIX MOJETICH Ha OCHOBE KOMILIEKCHOTO Habopa
kputepreB. OCHOBHBIMH  KPHUTEPUSIMHM  SIBJISIFOTCSL TEXHOJIOTHH — IEepepabdOTKH  OTXOJOB,
9KOHOMHUYECKast 3P PEKTUBHOCTb, IKOIOTHUCCKHE TOKA3ATEIH U CTEIICHb BOBJICUCHHOCTH O0IIECTBA
B TIpOIecC 0OpalIeHUsI ¢ OTXOJaMH.

3. PE3YJIbTATBI U UX OBCYXJIEHHNE
CpasnumenbHblll aHAIU3 U BbIAGIEHUE ONMUMATbHOU MOOenu 05t Aimamboi.

Ha ocHOBe cpaBHHTENBHOTO aHANM3a 3apyOEkKHBIX cucTeM ympasieHus ThO BeIIensoTcs
KOHKPETHBIE 3JIEMEHTBI, KOTOPBIE MOTYT OBITH HETOCPEICTBEHHO aJalTHPOBAHBI IS YCIOBUH
Anmvatel. VMcxons u3 3apaHee ONpEAENEHHBIX KPHUTEpPHEB — TEXHOJIOTHI TmepepaboTkH,
9KOHOMHUYECKOH 3(PPEKTUBHOCTH, IKOJIOTHUECKOH YCTOHYMBOCTH 1 BOBJICUEHHOCTH OOIIECTBA —
ObLTH MpoaHanu3upoBaHbl MpakTHKK FOxHOM Kopew, Slnonuu u Jlongona. Pe3ynbpTatel aHammza
MO3BOJISIIOT  C(OPMUPOBATH HHTETPHUPOBAHHYIO MOJIEb, COBMEMIAIONIYIO JIYYIIHE IPaKTUKH
3apy6exnoro omsita [11...13].

B IOxHoit Kopee ycnenHo (pyHKIMOHHUPYET CHCTeMa, OCHOBaHHAas Ha mpuHImIe «Pay-As-
You-Throw» (PAYT), 4To cTUMyIHpYyeT HAaceJIeHHE K pa3AebHOMY COOpPY OTXOJIOB U CHIKEHHUIO
uX 00pa3oBaHMs. DTa MOJEIH CONMPOBOXKIAETCS HHHOBAIMOHHBIMU TEXHOJIOTHAMHE NEepepaboTKN U
CTPOTUM KOHTPOJIEM CO CTOPOHBI MyHMITUIIAJIBHBIX BiiacTeil. I3 He€ MOXKHO 3aMMCTBOBATh HUMEHHO
3JIEMEHT YKOHOMHUYECKOI MOTHBAIMH TPaXKJaH, KOTAa cOOp M yTHIIM3anus OTX0/I0B OIUTAYHBAIOTCS
no akTuaeckomy o0bémy [14...16].

SnoHckas MoJenb XapaKTepU3yeTCsl BBICOKOW CTEHNEHBbIO COPTHPOBKH OTXOIOB U
WCIIOJIb30BaHUEM TIEPEIOBBIX IIepepadaTHIBAIONINX TEXHOJIOTHI. 3aKOHOAaTeIbHbIC MHUIIUATHBREI U
COLIMAIbEHO-?)KOHOMHYECKHE MEXaHMU3MBI MOJJIEPKKH YCTOHYMBOTO NMOTpeOIeHHs 00ecreynBaoT
BBICOKMII YpOBEHb IIEpepabOTKHM ¥ MHHUMH3AIHIO 3KOJIOTHYECKoro BozaeicTtusa. Otciona
1e7IeCO00Pa3HO TMEepeHATh HCIOJIb30BaHUE aBTOMATH3UPOBAHHBIX CHCTEM COPTHPOBKH, a TaKXkKe
pa3pabOTKy HOPMATHBHBIX aKTOB, CTHUMYJIHPYIOIIMX BHEIPEHHE OKOJOTMYECKH YHCTHIX
TexHojoruit [17...19].

JIOHOOHCKMIT OMBIT TMPENCTaBAsAET KOMIUIEKCHBIM TOIXOXM, TJ€ WHTETPUPYIOTCS
oOIeCTBEHHBIE W YacTHble WHHMIMATHBBL. CHcTeMa OCHOBaHAa Ha IU(POBU3AIMU IPOLECCOB
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Kysmeo6a u dp.

Taoauna 1

T'udpomemeoporozus u axoroeus Nol (116), 2025
YIpaBJIEHUs] OTXOJaMH, YTO IO3BOJIAET OOECHEYMTh ONEPATUBHBIA MOHHUTOPHMHI, NPO3PauHOE

pacnpezieneHlue pecypcoB M KOOPAWHALMIO MEXIY T'OCYyNapCTBEHHBIMH M OW3HEC-CTPYKTYpaMHu.
Ota Mozenb IEMOHCTPUPYET BAXKHOCTh CO3JAaHHS €AMHONW HMH(GOPMAIMOHHOW CHCTEMBI IS
KOHTPOJIS 32 TOTOKAMH OTXOJIOB H OTIEPATHBHOTO PearupoBaHus Ha BO3HHUKarouie mpodaemsl [20].

Cpasnumenvnoiil ananusz cucmem ynpaenenus ThO ¢ FOoicnou Kopee, fnonuu u Jlonoone

Kpurepun KO:xnas Kopes Snonus BesimkoOpuranus

TexHo0orun nepepadoTku IIpumensrores Hcnons3oBanue HcnonpzoBanue IU(pPOBBIX
MHHOBAIIMOHHEIE TEXHOJNIOTHH  IIePEIOBBIX METOJIOB miatrhopM  JUIT  MOHHTOPHHTA
nepepaboTky, COPTUPOBKH, MIPOLIECCOB, UHTETpaIuys
aBTOMAaTHU3UPOBAaHHBIE aBTOMAaTU3UPOBAHHBIX U HHQOPMAIIMOHHBIX ~ CHCTEM  C
CHCTEMBI pa3JIe]IbHOTO cOopa,  TEPMHUYECKHX YCTAHOBOK niepepadaTHIBAIOIINMH
COBPEMEHHbIE IS IepepaboTKU MOIIHOCTSAMH.
COPTHPOBOYHBIE JTUHUU. OTXOJIOB.

JKOHOMHUYECKAS MOTHBALUS Cucrema «Pay-As-You- 3aKoHOJaTe/IbHbIC Paspabotka 9KOHOMUYECKUX
Throw» (PAYT), mpu VHHULUATUBHL U CyOCHINHM,  MHCTPYMEHTOB B paMKax

3akoHonaTe/IbHAN 0a3a

YuyacTHe 001IECTBEHHOCTH

IudpoBusanuss ¥ MOHUTOPUHT

I/IHTer alusga HHUIUATUB

KOTOpOM OIJIaTa 3aBUCUT OT
00B&Ma 00pasyrommxcst
OTXOJIOB, CTUMYJIUPYET
CHI)KEHHE UX KOJIUYECTBA.
Crporue HOPMBI I KOHTPOJIb
MYHHIUIIAIBHBIX OPTaHOB,
o0s3aTenbHBIE TPEOOBAHUS K
pasznenbHOMY cOopy U
nepepadoTKe.

Bricokast BoBIeYEHHOCTh
HaceJeHNsI, 00yCIOBICHHA
SKOHOMHYECKHMH CTUMYJIAMH
1 00IIeCTBEHHOIT
HHPOPMAIIMOHHOM
TIOAIEPKKOM.

[IIupokoe npumMeHeHHe
MGPOBBIX TEXHOIOTHIT st
OTCIIeKUBaHUS 00BEMOB
0TX0JI0B 1 3()(PEKTUBHOCTH
nepepadboTKH.

Kommnnexcnas unterpanus
MEXly MyHHINIaTbHBIMA
CTPYKTypamu, OM3HECOM H
TpaXIaHCKUM OOIIECTBOM,
4TO 00ecnednBaeT 3aMKHY ThIH
LUK 0OpaIIeHNs C OTX0JaMU.

HarpaBJICHHbIC Ha
MOJICPIKKY TepepaboTKu
U COKpauieHne
00pa3zoBaHMs OTXOJIOB.
Kommnexkcnoe
3aKOHOJJATEeNbCTBO,
MOJI/ICPKUBAIOIIIEe
YCTOHYMBOE OTPEOICHUE
U CTUMYJIApYOIIee
nepepaboTKy OTXOJIOB.
CubHast KyJbTypa
9KOJIOTMYECKOU
OTBETCTBEHHOCTH U
AKTHBHOEC y4acThe
rpak/iaH B mporpamMmMax
pasnenbHoro coopa.
HcnonszoBanue
ABTOMATHU3UPOBAHHBIX
CHCTEM H
PpOGOTH3NPOBAHHBIX
JTHHUH U ONTUMUA3AIAT
MIPOLIECCOB.

Db dexTrBHAS
KOOPIMHALHS MEXKITY
rocy1apCTBEHHBIMH
mporpaMmamu, Ou3Hec-
CEKTOPOM U
00IIIECTBEHHBIMU
OpraHU3alUsIMH.

MyOIMYHO-9aCTHOTO TapTHEPCTBA,
YTO CIIOCOOCTBYET ONTHMHU3ALNH
PacxooB.

[IpuHATHE MECTHBIX HOPMATHUBHBIX
aKTOB, HaInpaBJICHHBIX Ha
HWHTETpaluio  OOIIECTBEHHBIX U
YACTHBIX HHHIIMATHB, C aKIECHTOM
Ha MPO3PaYHOCTb M KOHTPOJIb.

AKTHBHOE NPUBJICYCHUC HACCICHHS
yepes uuQpoBLIe CEpPBUCHI,
o0pa3zoBaTenbHble KaMIIAHUU U
npo3payHoe HHGOPMHUPOBAHUE O
pe3ybTrarax.

Pazpabotka eIMHOU
WHPOPMAITHOHHOH CHCTEMBEI,
TI03BOJIAIOLIEH OCYUIECTBIATH

MOHUTOPHUHI B PEXHUME PEaIbHOIO
BPEMEHH, aHATTM3UPOBATh JaHHBIC U
MIPUHAMATh oTepaTUBHBIC
peleHus.

CunbHOE COTPYIHHYECTBO MEXKIY
TOCY/IapCTBEHHBIMH W YaCTHBIMH
CTPYKTypaMH, YTO MPHUBOAUT K
KOMIUIEKCHOMY ¥ yCTOHYHBOMY
YTIPABICHHIO OTXOJAMH.

ITpoBenEHHbBII CpaBHUTENBHBIM aHAJM3 MOKA3bIBAET, YTO KaXkJas M3 CHCTEM HMEET CBOU
YHUKaJIbHbIE CUIIbHBIE CTOPOHBI, KOTOPBIE MOTYT OBITh aJ[alITHPOBAHBI JJIsl YCIOBUI AJIMaThI:

Oxnas Kopest nemoHcTpUpyeT BBHICOKYIO 3(Q(EKTHBHOCTh 3a CUET BHEIAPEHUS CHCTEMBI
PAYT, mo3Bonsiomed CTUMYIMPOBATh TpakJaH 3KOHOMHYECKH. Takoil Moaxox crmocoOcTByeT
CHIDKEHHIO 00pa30BaHUs OTXOJOB M AaKTUBHOMY YYaCTHIO HACEJICHHS B paszeiabHOM coope. s
AnMaTel BaXHO PacCMOTPETh BO3MOKHOCTh BHEIPEHHUS aHAJOTMYHOTO MeEXaHW3Ma OIUIAThI,
aJanTUPOBAHHOTO K MECTHBIM yCIIOBUSIM [21...24].

SnoHuUs BBIAENAETCS BBICOKHM YPOBHEM TEXHOJIOTHYECKOH OCHAIIEHHOCTH, OCOOEHHO B
chepe COPTHPOBKM W TEpepadOTKH. 3aKOHOJAaTeNbHbIE WHHUIMATUBBI, I10JICPKHUBAIOIINE
yCTOWYMBOE TOTpebeHre, a TakXKe TOCYJapCTBEHHBIE CyOCHIUU CIMOCOOCTBYIOT CTaOWMIBHOMY
Pa3BUTHIO CHCTEMBEL. BHeapeHne COBpPEMEHHBIX ABTOMATHU3MPOBAHHBIX JHHUH COPTHPOBKH H
nepepaboTKy, a TakkKe pa3paboTka HOPMATHBHBIX aKTOB, MOTYT CTaTh KIIFOYEBBIMH MEpaMu IS
ONTHMU3AIIMU CUCTEMBI B Anmarsr [24...26].

JloHgoH mpennaraeT KOMIUIEKCHBIM MOAXOJ, B KOTOPOM 3HAYUTEIbHYIO PpOJb WIpPaeT
IUQPOBU3aMA W HWHTErparus OOMIECTBEHHBIX M 4YacTHRIX HMHHAIMATHB. Co3maHne enuHON
MH(OPMALMOHHOM CHCTEMBI MO3BOJISIET ONEPATHBHO OTCIEKHMBATh JUHAMHUKY OOpAICHHS C

OTXOJJaMH, YTO CIIOCOOCTBYET IIOBBIIICHHIO NPO3PAYHOCTH M 3(PPEKTHBHOCTH YIPABICHUS.
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Kysmeo6a u dp.

Taoauma 2

T'udpomemeoporozus u axoroeus Nol (116), 2025
IlonoGHast MozieNIb MOKET OBITH YCHEIIHO aalTUPOBaHa AJsd AJMAThl C y4ETOM HEOOXOAUMOCTH

00BETMHECHUS YCUIINH MyHHUIIMNIAIBHBIX BIIACTEH, OM3Heca U obmecTBeHHOCTH [27...29].

Hcxoms U3 aHaM3a, ONTHMaIbHAS MOJICIb A1 AJIMAThI JOJDKHA COYCTATh IKOHOMUICCKHE
CTUMYJIbI, TEPEIAOBBIC TEXHOJOTMH MEPepadOTKU W IM(PPOBOH MOHUTOPHHT C aKTUBHOU
MHTETpalell TOCyIapCTBEHHBIX M YaCTHBIX MHUIMATHB. Takoi MOAX0J MO3BOJIUT OOECIECYUTH
3¢ ¢dextuBHOe ynpasienue ThO, COKpaTHTh HETATHBHOE BO3ACHCTBHE HAa OKPYXKAIOMIYIO Cpely U
TO/IIEPKATh TI€JIH YCTONYMBOTO pa3BHTHSA, 3amoxennsie B [IYP Nel2 [30].

Ananuz mexywe2o cocmosnus cucmemsol ynpasienus ThO 6 Anmamoi

IMoka3arTennb

| Tekyuiee cocTosiHHE | PexoMenayemMoe yiryunieHue

YpoBeHb nepepadoTKH 0TX0/10B 21,1 % nepepabatriBaercs, Hoctimas 40 % x 2030 rogy u 50 % x 2050 romy (cormacHo

HNndpacrpykrypa pasaejabHoro

coopa

Yposenn nupposusanun

78,9 % 3axopaHHBaeTCA. rocIporpamme).

OrpaHUYEHHOE KOJINYECTBO Pacmmpenue ceTu MyHKTOB IIpUEMa U pa3JIelIbHOTO cOopa.
KOHTEHHEPOB I

paznenpHoro coopa.

OtcyTcTBHE euHON cucTeMbl  BHenpeHue 1udpoBoit miathopmsl 11 ydeTa U aHaJIN3a JaHHBIX.

MOHHUTOPHHTA.
OO0mecTBeHHAS BOBJICYCHHOCTD Hwuskwuit ypoBeHb WndopmaronHble KaMIIaHUH, 00pa30BaTEIbHBIE IPOTPAMMBI,
9KOJIOTHYECKOI (hMHAHCOBBIE CTUMYIIBL
OCBEZIOMJICHHOCTH.
JKoHOMHUYECKAsT MOIe]b dukcupoBaHHasl 1jara 3a Beenenue cucrembl PAYT, crumynupylomed cokpauieHue

BBIBO3 OTXOIOB, 0e3 ydeTa ux OTXOOOB.
o0beMa M cocTaBa.

Tekymas cucremMa yOpapJeHHs OTXOoZaMd B AuMarel  TpeOyeT 3HAYUTENbHOI
MojepHu3anmu. KiroueBble HarpaBiieHHs YJIy4dlIeHHsS BKIIOYAIOT pacliupeHre HHPPacTpyKTyphl
nepepaboTky, LU(GPOBH3ALMIO ydeTa, a TAKKe BHEAPCHHE HSKOHOMHUYECKHX CTHMYJIOB JUIS
HaceneHuss u OuzHeca. PAYT u um¢ppoBoil MOHHTOPHHT IO3BOJISIT MOBBICUTH 3()()EKTHBHOCTH
CHCTEMBI U CHH3UTH Harpy3Ky Ha IOJHUTOHBI.

Tadauna 3
Onmumanvuas mooenv ynpasieruss ThO onss Aimamor
KomnoneHnt | Onucanue

IKOHOMHYECKHE CTUMY.JIbI Beenenne PAYT nma HaceneHuss m OW3Heca, HAlOTOBBIE JBIOTHI UIS TepepabaThIBAIONINX
KOMITaHHH.

TexHoJoruyeckas MoiepHU3ALMS BHenpeHne aBTOMaTH3MPOBAHHBIX COPTHPOBOYHBIX CTaHIMH, pacHIMpeHHe IepepadaThIBAONIINX
3aBOJIOB.

Pa3BuTHe 3aKoHOaTe/IbHO 0a3bl Pa3paboTka HOBBIX HOPMATHBHBIX AaKTOB, PETYJHUPYIOIIMX IepepaboTKy W CTUMYJIHPYIOLIIHX
paznenbHbIi cOop.

Oopa3oBaTebHbIE MPOTPAMMBI WndopmarmonHsie kaMnaHuy, 00ydIeHe HaCeIeHNs, MIKOJIbHBIE SKOJIOTHIECKIE TPOTPaMMEIL.

Iindposuzanus ynpasjaeHus

Co3znanue enquHOM 1aThopMbl 11 y4eTa, MOHUTOPHHTA H OTYETHOCTH 110 OOPAIIEHHIO C OTXOJaMH.

OnTtumanbsHas Monenb ynpasieHuss ThO misg AnMartel JOJDKHA BKJIHOYATh KOMIUIEKCHBIN
MOAXOJ, HMHTErPUPYsS SKOHOMHYECKHE, TEXHOJOTHYeCKHe W 00pa3oBaTelibHble HHUIINATHBBI.
Brenpenne nndpoBbIX peleHni 1 aBTOMaTH3UPOBAHHBIX CUCTEM MTO3BOJIUT HE TOJIBKO MOBBICHTH
YPOBEHb MepepabOTKH OTX0/I0B, HO 1 MUHUMHU3UPOBATh HKOJOTHUECKHUIT yIepo.

OKkoHOMHUYECKass MoTuBamust udepe3 cucreMy PAYT. Bmenenue ormraTel (paKTHUECKOTO
00béMa 00pa3yromuXxcss OTXOJOB CTUMYJIUPYET KUTENeH K pasfeNbHOMY cOOpY M CHHXKEHHUIO
oOpazoBanust Mmycopa. Takoit moaxon mokazan cBor 3¢hdexruBHOCTs B FOxHOM Kopee u moxer
OBITHh aTaNTUPOBAH I MECTHBIX YCIIOBHH C Y4€TOM IKOHOMHUYECKHX peauil AJIMaThbI.

[lepenoBble TEXHOJIOTMN COPTHPOBKU M NepepaboTku. MHTerpamust aBToMaTu3npOBaHHbBIX
CHCTEM COPTUPOBKH, NepepabaThIBaOIINX 3aBOJIOB C BHICOKUMH JKOJOTUUECKHUMHU CTaHIApTaMHu
HCIIOJIb30BAaHUEM COBPEMEHHBIX METOJIOB TEPMHUYECKOH 00paOOTKH, Kak B SIMOHWH, MTO3BOJIUT
MIOBBICHTB JIOJTIO TIEpepadOTKN OTXOAOB M CHU3UTH HKOJIOTHYECKYIO HATPY3KY.

IudpoBuzanmss u Monutopunr. Co3paHue enWHON WH(POPMAIMOHHOH CHCTEMBHI,
MO3BOJITIONIEH B peaJbHOM BPEMEHHM OTCIIEKHBATH MPOIECCH cOOpa, TPAaHCHOPTHPOBKH U
nepepabOTKH OTXOJIOB, OOECHEYHUT OIEpaTHBHOE YNpaBJIEHHE CHCTEMOW. DTa Mepa sBiseTcs
KITFOYEBOH [ ONITUMM3AIIAHN TIPOIIECCOB U ABISETCA XapaKTepHOH YepTOH JIOHIOHCKOTO OIIBITA.

WnTerpanus rocy1apcTBEHHBIX M YaCTHBIX MHUIUATUB. DOPMUPOBAHUE NAPTHEPCTB MEXKTY

MYHHUIUIIAJIBHBIMU BJIACTAMU, OM3HECOM U O6H_ICCTBGHHBIMI/I OpraHn3anusaMH MO3BOJIMT MPHUBJICYb
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Kysmeo6a u dp.

T'udpomemeoporozus u axoroeus Nol (116), 2025
MHBECTULIUM, 00ecrednuTh (PUHAHCOBYIO YCTOMUMBOCTb M IIOBBICUTH ONEPATUBHOCTH IMPUHATHS

peuienuii B cdepe ynpasnenus ThO.

Hcxonst m3 3TorO, mMpeiyaraeMas MHTETPHPOBAaHHAS MOJENb Uil ANMarsl OObEAMHSET
Jy4IINe 3JIEMEHTHI 3apyOeKHBIX MPAKTUK W aJlalTHPOBaHa MOJ crielu(puiecKue IJKOHOMHYECKHE,
COIIMABHBIC M 3KOJIOTHYECKHE YCIOBHUS roposa. Peanmus3anust JaHHON MOJETH MO3BOJIUT HE TOJIBKO
MOBBICUTB 3((EKTUBHOCTD MEPEpPadOTKH TBEPBIX OBITOBBIX OTXOJIOB, HO U CO3JIaTh YCTOHYHBYIO
MH(PACTPYKTYpYy YNpaBICHUS OTXOIAMH, COOTBETCTBYIOUIYIO IEISAM YCTOHYMBOTO Pa3BHTHS U
MPUHIUIIAM OTBETCTBEHHOTO MOTPEOICHUS.

Bui600b1 no pesynomamam ananusa.

DOKoHOMHYECKHE CTHUMYIbl (10 mpumepy lOxHoit Kopew) mo3BonsT CHU3UTE 00BEM
OTXO/I0B, TIOBBICHTh Y9aCTHE HACEICHHS B pa3AeiIbHOM cOope.

[lepenoBbie TexHOJOrMM mepepabOTKU (10 OMBITY SMOHMM) MO3BOJAT CYHIECTBEHHO
YBEIMYIHUTH OO epepadaThIBaEMbIX OTXO/IOB.

udposuzanus n mMonutopunr (kak B JloHmoHe) obecreyar NMpo3pavyHOCTh CHUCTEMBI U
KOHTPOJIb 32 TIPOLIECCAaMH OOPAIIEHHUS ¢ OTXOJaMHU.

OO0pazoBarenbHble U 00IECTBEHHBIC HHUIIMATHBEI IOMOTYT BOBJIEYb HACEIEHHE B CUCTEMY
pa3zensHOTo cOopa, 4To ABJIAETCS KIIFOUYEBBIM (PAKTOPOM YCIICIITHOCTH CUCTEMBI.

Apantanys MEKIyHapOIHOIO OINbITa K MECTHBIM YCJIOBUSIM MO3BOJHUT pa3paboTaTh
3((HEeKTUBHYIO CTPATETHIO YIPABICHUS OTX0aMH B AJIMaThI, COOTBETCTBYIOMIyI0 L[YP Nol2.

Pazpabotka ontumansHOI cucteMsl yTunu3anuu ThO ams AnMmartsl.

[Mpennaraemast KOHIENIMS ONTHUMATBHONW CHCTEMBI YIPaBICHUS TBEPABIMH OBITOBBIMHU
orxonamu (TBO) nns Anmatel Ga3upyeTcss Ha MHTErpalyy YCIEIHIHBIX 3apyOeKHbBIX MPAaKTHK C
YY4eTOM JIOKaJbHBIX oOcoOeHHocTeil roponma. OcHOBHas wHaes 3aKIOYacTCs B CO3AaHHH
KOMILUICKCHOM, aJanTHBHOW MOJIENH, CIIOCOOHOW HE TOJILKO CHHU3UTh O0BEM 3aXOPOHIEMBIX
OTXO/0OB, HO M MAaKCHMAaJbHO YBEIWYHUTh OO HX MepepabOTKH, yaydmias IpH 3TOM
9KOJIOTMYECKYI0 00CTAaHOBKY M Ka4eCTBO JKU3HH TOPOXKaH.

B 4...6 Tabnumax moxa3aH pacuéT IOJHOW TOMOBOW CTOMMOCTH YTHIIH3AIIH TBEPIBIX
OBITOBBIX OTXOAOB AT AJMaThl. MBI Hayaau C ONpeneNeHus OOLIel YHCICHHOCTH HacelIeHUs
roposa, paBHou 2 228 675 4enoBeK, U YCIOBHO PAaCHpEeAeNWId €ro IO TUIaM 3acTpPOIKH, UYTO
MO3BOJISIET OLIGHUTh pPa3HbIe HOPMBI O0pa3oBaHMsl OTXOAOB B 3aBUCHUMOCTH OT IUIOTHOCTH
HacelneHHsA. Hampumep, U1 JKuTeNed WHIUBUAYATbHOH (KOTTEIKHOW) 3aCTPOWKH MPHUHITO
3Ha4YeHHEe HOPMBI OTX0/10B 0K0JI0 350 KT Ha 4eJI0BeKa B TOJ, a U1 MHOTO3TaKHBIX 3aHUN — OKOJIO
300 xr. IloxcTaBisist 3TH HOPMBI M YMHOXas Ha COOTBETCTBYIOIIYIO YHCIICHHOCTH, ITOJIyYaeM
CyMMapHO€ roJIOBO€ 00pa30oBaHKE OTXOJI0B, KOTOPOE B UTOTE COCTABUIIO IpuMepHO 703 ThIC. TOHH.
[anee, ¢ y4eToM NpeaIioIoKUTEILHOTO paclipeAeIeH st OTX00B 1o MeTogaM yTwm3anuu (75 %
HaNpaBISIIOTCA Ha 3axopoHenue, 20 % mepepabaThiBatoTcs U 5 % CKUTAIOTCSA) U YCTAaHOBJICHHBIX
Tapu(oB 3a TOHHY IS KaKIOTO METOJd, PACCUMTHIBAIOTCS 3aTpaThl Ha KaKAbIM W3 BHJOB
yrunm3anuyd. Hampumep, 3aTpaThl Ha 3aXOpPOHEHHME OMNPEAEISIIOTCS KakK MPOM3BEAeHHE 00BheMa
OTXO0/I0B, TTOCTYMAIONINX Ha HOJUTOHEL, ¥ cTaBKH 25 USD 3a TOHHY, 4TO AaeT 3HAYMTENBHYIO YacTh
obmeii cymmbl. Bce pacxonasl CkIIaibIBalOTCs, BKIIOYAs TaKKe 3arpartbl Ha cOop U
TPaHCIIOPTHPOBKY OTX0J0B 10 cTaBke 15 USD 3a TOHHY, 4TO MO3BOJSIET MOJYYHUTh HTOTOBYIO
cymmy okoJio 33,22 muH. USD B rox.

[omnHas cronmocts yrrmuzarmm (FCA):

Ha ocHoBe pacmperneneHus HaceleHHs MO THUIIAM 3aCTPOMKHM M TPEANOaraeMbIX HOPM
00pa3oBaHKs OTXO0JI0B NOIyYeHO od1ee rogoBoe oopasoBanne THO okono 703 Teic. ToHH. [Ipn
YCIIOBHBIX II€HaX 3a 3aXOpOHEHHWe, MepepaboTKy, CXKHraHWe W cOOp PACXOABl COCTAaBISIOT
npumepHo 33,22 maa USD B rog.

Ta6auna 4
Pacnpedenenue nacenenus

Tun 3acTpoiiku | % I YuCJIeHHOCTD, Yeil.
NupuBuayaibHas 15 2228 675 x 0,15 =334 301
MaJio3TaxHast 25 2228 675 x 0,25 =~ 557 169
Cpennestaxuas 30 2228 675 x 0,30 = 668 603
MHoro3Ta:kHast 30 2228 675 x 0,30 = 668 603
Hroro 100 2228 675
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Ta6auuna 5
T0dosoe obpazosanue omx00068 no munam (8 moHHax)
Tun 3acTpoiiku | Hopma (kr/4es./rox) Oo0pa3oBanue 0TX0/10B (T/T0])
WHauBuaya bHast 350 334 301 x 350 /1000 = 117 005
MaJiodTazkHas 320 557 169 x 320 /1000 = 178 294
CpenHesTaxkHasi 310 668 603 x 310 /1000 =207 367
MHoro3Ta:kHas 300 668 603 x 300 /1000 =200 581
Oo0mee — =703 247 1/Ton,
Tabauuna 6
Pacuém noanot cmoumocmu ymunuzayuu ThO (FCA) onss Aamamor
CraTbsi pacxo/10B Pacuér | 3nauyenne (USD)
3axoponenue (75 % ot 703 247 1) 703 247 T x 0,75 x 25 USD/ 5274351 x25=13 185875
IlepepadoTtka (20 % ot 703 247 1) 703 247 T x 0,20 x 50 USD/t 140 649 T x 50 =7 032 450
C:xuranue (5 % ot 703 247 1) 703 247 T x 0,05 x 70 USD/t 35162 T x70=2461 340
CoOop u TpaHCIOPTHPOBKA (Ha 703 247 T x 15 USD/t 703 247 x 15 =10 548 705
Bech 00beM)
Hroro (FCA) CymMMa Bcex pacxozioB 33218 370 USD/ron
B Tabmmne 7 sra oOmas cymMMa JenuTcs Ha OOmMiT TogoBOil 00BEM OTXOZOB, YTOOBI
ONPEAENIUTh CPEIHIOI CTOMMOCTb YTHJIM3AaLMU OJHOM TOHHBI, KOTOpas COCTAaBJISIET MPUMEPHO
47,26 USD. Dro 3HavyeHHE CIIy>)KUT BaXKHBIM I[OKazaTeJeM Uil CpaBHEHHS S((PEKTHBHOCTH
CHCTEMBbl YTWUJM3ALMM U TO3BOJSET OLEHUTb, HACKOJbKO pAIMOHAIBHO MCIHOJIb3YIOTCA
(hMHAHCOBBIE PECYPCHI.
Ta6auna 7
Pacuém cpednux sampam na mouHy omxo0os
[oka3aTeanb | Pacuér | 3nauenne (USD/T)
Oo6uast rogoBasi croumocts yruiusanuu (FCA) 33218 370 USD —
T'onoBoii 00LéM oTX010B 703247 1 —
Cpeanue 3aTpaThl Ha 1 TOHHY 0TX0/10B 33218370/ 703 247 ~ 47,26 USD/t
Cpeanue 3aTpaThl HA TOHHY OTXO/IOB:
[omyuennas ctoumoctsh 47,26 USD/T cOOTBETCTBYET pacdeTaM M IOKA3bIBA€T, CKOJIBKO B
CpeaHeM 00XOAUTCS yTHIH3AIKs | TOHHBI OTXO0B MPHU TEKYIIUX JOMYIICHUAX.
B Tabmmme 8§ nemMoHCTpHpyeTcs, KaK MOKHO PACIpeIeIUTh 3TH 3aTPAaThl MEXIY KUTCISIMHI
ropoaa. Eciu pazgenuts o0IIyio roI0BYI0 CTOMMOCTD YTHIM3ALMU HA YUCICHHOCTh HAaceJIeHH,
MOJIy4aeM, YTO Ha OJHOTO KUTeNs npuxoautcs npumepHo 14,91 USD B rox, 4yTo 3KBHBaJIEHTHO
okouo 1,24 USD B mecsin. Takoit Tapug MOXET CIIy>KUTh OTHPaBHOM TOYKOH U1t (POPMHUPOBAHUS
CUCTEMBI OIIIATHI 32 YCIIYTH 10 cOOpY M YTHIU3alUH OTXOJIOB, a TAKXKE JJISI OTpeieTcHrs 00béMa
CcyOCHIuil WM WHBIX MEXaHU3MOB (DMHAHCHPOBAHHS, €CIH 3aTPaThl HE MOJDKHBI IMOJHOCTHIO
JIO’)KUTHCS Ha MJICYH HACEJICHHUS.
Tabaunua 8
Pacuém mapughos ons nacenenus
Iloka3zarteab | Pacuér | 3HayeHune
Oo6mas rogoBas croumocts yruausanuu (FCA) 33218 370 USD —
YucaeHHOCTh HAceTeHusl AJIMAThI 2228 675 gen. —
TonoBoii Tapud Ha 1 sxuresst 33218 370/2 228 675 ~ 14,91 USD/uen./rox
Mecsiunblii Tapud Ha 1 xutes 1491/12 ~ 1,24 USD/uen./mec.

Tapudsr ast HaceneHus:

JLJ1st OKPBITHS BCEX PACcX0I0B PU PABHOMEPHOM PACIIPEIeNICHUH 3aTpaT MEXLY KUTEISIMHU,
rofoBoii Tapud coctaBuT okoio 14,91 USD Ha uenoBeka, 4To 3KBUBaJIEHTHO ITpuMepHO 1,24 USD
B MeCSIl. DTH MOKa3aTeN MOTYT CIIY>KUTh OPHEHTHPOM /It JOPMHUPOBAHMS CHCTEMBI OILIATHI 32
BBIBO3 OTXOJIOB (HaIIpuMep, IO IPUHIINITY «IUIATH 32 BEIOPOIICHHOE ).

Hacenenue n 066ém otxo10B. [IpunsTo, uto 70 % sxuteneil kuBET B «ropoackoii» 3oue (1,56
MJH 4ed.), a 30 % — B «mpuUropoaHo-cenbckoi» (0,67 muH yen.). HopMbl 00pa3oBaHus 0TXOA0B
YCIIOBHO B35THI 13 MeToUKH: ~312,9 kr/4yen./rox (Urban) u ~367,8 kr/uen./roxn (Rural).
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Taoauna 9

Cpasnumenvroil ananuz cucmem ynpasierusi ThO ¢ FOxcnou Kopee, Anonuu u Jlondone

T'udpomemeoporozus u axoroeus Nol (116), 2025
Konretinepsr. [TnotHOCTE 0TX010B ~130 Kr/™M3, K03 PunmenT 3anomaerus ~0,85 nqaét okomo

121,55 xr Ha 1 kouteiinep. [loacunTap cyTouHOE 00pa30BaHUE OTXOMOB M pa3/ICiHB HA Maccy,

BMEIIIaeMYI0 OTHIM KOHTEHHEPOM, MOJIydaeM OPHEHTHPOBOYHOE KOJIMYECTBO KOHTEHHEPOB.

IMapamerp Eaununna I'opoackas 30Ha IIpuropoano- IIpumeyanne
(Urban) ceabckas (Rural)
Hacenenne el 1560 000 668 675 OO6miee Hacenenne Anmatel: 2 228 675
Yell.
[punsato ~70 % (Urban) 1 ~30 % (Rural)
T'onoBoe oOpa3oBanue Kr/aen./rox 312,9 367,8 YcnoBHBIC TaHHBIC U3 METOIUKH
0TX0/10B Ha 1 xKuTens
Of1ee rogoBoe oopasoBaHue T/TOJ ~488 100 ~246 000 1 560 000%x0,3129 u 668 675x0,3678
0TX0/10B (memmm Ha 1000 171t IepeBoja B TOHHEI)
Yacrora coopa pas/rox 365 (exeIHEBHO) 104 (2 paza/uen) [IpumepHas gacToTa A5 pa3sHbIX 30H
Cpenusisi cTeneHb nosst (0-1) 0,85 0,85 YuuThIBaeT HENOJIHOE 3aII0JHEHUE
3am0/IHeHUs] KOHTeliHepa
O0bém KoHTEliHepa M3 11 11 «EBpoKOHTEHHED»
IlnoTHOCTH 0TX0/10B Kr/M3 130 130 Cpemusis s TBO  (3aBucur  OT
MopdOIOTUm)
J¢ddexTBHAT BMECTHMOCTH KI'/KOHT. ~121,55 ~121,55 1,1x130%0,85 ~ 121,55 kr
KOHTeiliHepa
CyTo4Hoe o0pa3oBaHue T/CyTKU ~488 100 /365 = ~246 000 /365 ~675 [Ins Rural MOXHO Takke CMOTPETh «Ha
0TXO0/I0B 1338 OJIMH JIeHb COOpa», HO YIPOIIEHHO ACITHUM
Ha 365
OpueHTHPOBOYHOE KOJI-BO IIT. ~11 000 ~5500 (1338 t/cyt x 1000 kr/t) / 121,55 Kr/KOHT.
KOHTelHepoB =~11 000
Jlnst Rural ananoruyHo
CpenHee paccTosiHHE 10 KM 15 30 YcioBHas oreHKa
MOJUIOHA
Cpennsisi CKOPOCTb KM/4 30 30
JBHIKEHUST
Bpewms 3arpy3ku 1 MUH 1 2 VYcmoBHo, ¢ yu€toM Oonee CIOXKHBIX
KOHTeiiHepa ycnoBuii B Rural
HHBecTHIIMM B KOHTeiiHepbI USD/1ur. 200 200 Venosuast croumocts ommoro 1,1 w3
KOHTeWHepa
Bcero xonreiinepon IIT. 11 000 5500
O6uas cTOHMOCTh i USD 2,2 11 (11 000x200)/1 000 u (5 500x200)/1 000
KOHTeiiHepoB
Cpoxk ci1y:KObI KOHTEHHEPOB JeT 5 5
AMopTH3aLUsI KOHTei{HEpPOB maH USD/ron 0,44 0,22 (2,2/5)u (1,1/5)
B I'0JY
KoanvecTBo MycopoBo3oB IIT. 60 30 VYcioBHas oLieHKa ¢ y4ETOM 00bEMOB
Ctoumocts 1 MycopoBo3a usbD 150 000 150 000
HWuBecTHIINE B aBTONAPK miH USD 9,0 45 60x150 000 u 30x150 000
Cpok amopTu3auumu JeT 7 7
(MycopoBo3bI)
AMopTH3alus aBTONAPKA B i USD/rox ~1,29 ~0,64 (9,0/7) u (4,517)
roj
Mpoune O&M (mepcona, wiH USD/rox 2,5 1,0 [lpumepHble  3HaueHHs (3aBUCAT  OT
TOIUIMBO, PEMOHT M T.[1.) 3apIUIaT, LIeH TOIUTMBA U Tp.)
HToro rogoBbie 3aTpaThl mid USD/ron (2,5+1,29+0,44) = (1,0+0,64+0,22) = Cymma O&M + amopTr3anus aBromnapka +
4,23 1,86 aMOopTU3aIys KOHTCHHEPOB
3aTpaTsl Ha TOHHY (TO/I0BbIE USD/t 4,23 /488 100 = 1,86 /246 000 = 7,57
3aTpaThl / 00bEM 0TX0I0B) 8,67
3aTpaTtbl Ha 1 skuTeas USD/uen./ron 4,23 mau / 1,56 1,86 M / 0,67 mutH
(ropoBbie 3aTpaTthl / MIH =~ 2,71 ~2,78

HaceJIeHUe)

WNuectnnnu B koHTeitHepsl. Llena ~200 USD 3a enqununity (mpumep). Cpok ciryk0bI 5 et —
amopTm3anus = «O0mIas CTOMMOCTh KOHTEHHEPOB / 5».

MycopoBo3sl u apTonapk. Ouenka komdectsa MamuH (60 u 30) ycioBHa; peaabHOE YUCIIO
3aBHCUT OT JIOTUCTHKH, PecoB, paccTostHuNA. CTOMMOCTH 0JfHOTO MycopoBo3a ~150 teic. USD,
CPOK CITy>KOBI 7 JIeT.
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IIpoune omepanmonusie 3arparel (O&M). BrimodaloT TOIIMBO, 3apIiiaThl TEpCOHANA,

PEMOHT, CTpaxoBaHue, HaJOoTu U T.A. 3Hadenus (2,5 muH u 1,0 mun USD) nansl 1uis npumepa u
MOTYT OTJINYATHCS B PEATBHOCTH.

Hrorossie rogosele 3aTpaThl. Cymmupyrorea O&M, amopTH3anus aBTonapka, aMopTH3aIus
KoHTeliHepoB. {1 roposckoii 3086 ~4,23 Mt USD/ron, mst cenbckoit ~1,86 e USD/ron.

3arpaThl Ha TOHHY. Bbrumcisitorcss kak «['omoBble 3aTpaTbl / oOmMH 00BEM OTXOHOBY.
omygaem 8,67 USD/t (ropon) u 7,57 USD/t (ceno).

3arpatsl Ha KuTENsA. «]'0TOBBIC 3aTPaThl / KONMUYECTBO xutenei». Okono 2,71 USD/uen./ron
(ropon) u 2,78 USD/gen./rox (ceno).

[Ipaktryeckoe npumeneHne. CpaBHEHHE CLIEHAPHEB: MOKHO MEHSTH HapaMeTpsl (4acToTy
BBIBO3a, IICHy KOHTEWHEPOB, CTOMMOCTH TOIUTMBA H T.I.), YTOOBI HAWTH ONTHUMAJBHYIO CXEMY.
Omnpenenenne Tapuda: €Ciid TOpoJI XOUeT, YTOOBI )KUTENIN HANPSIMYIO OTUIAYHUBAIN BBIBO3 OTXOJIOB,
MOJKHO HCHOJB30BaTh Mokazarenb «USD/gen./romy. AHamu3 OKymaeMOCTH: pacdéThl MOMOTAOT
MOHSTBH, HACKOJIBKO MPOEKT TpeOyeT CyOCcHaAnii WM WHBECTHIMI OT OIOKeTa, U KaK M3MEHHUTCS
CTOMMOCTH TIPH YBEITNYCHIH/YMEHBIICHUN YHCIIa KOHTEHHEPOB WIIH MyCOpPOBO30B.

Ta6auna 10
Pacuém cmoumocmu coopa u evisoza ThO

I[Mapamerp | 3Hayenue | Ennnunbt
1. Ucxomuble naHHbIE
O06BEM 00CITYKHBAEMBIX OTXOI0B (TOI0BOIA) 300 000 T/ToN
CpenHee pacCTOsSIHUE JI0 MOJIMTOHA 20 KM
CpenHsst CKOpOCTb JBMKEHHUSI MyCOpOBO3a 30 KM/4
CpenHee BpeMs Ha 3arpy3Ky OJHOTO KOHTEHHEpa 1 MHH
Db dexTHBHOCTE 3arpy3Kku (OIIEHKA MPOU3BOJUTEILHOCTH) 4,6 /4
CpezHee KOINYECTBO PEHCOB HAa OAUH MyCOPOBO3 B JIeHb 4 peiicoB/neHp
2. ABTronapk (MycOpOBO3bI)
Oo11ee KOJIMYECTBO MYCOPOBO30B 20 mT
CTOMMOCTH OJJHOTO MyCOPOBO32 150 000 usD
OO011ast CTOMMOCTB aBTOMAapKa (KaluTaIbHbIC 3aTPaThl) 3000 000 uUsD
Cpok amopTH3anun 7 ner
AMOpPTU3alIOHHbIE OTYUCIIEHUS (B FOJ) 428 571 USD/rox
3. Onepannonnsie (O&M) 3arpaThbl
KonraecTBO cOTpYJHUKOB (BOJUTEIH, OIIEPATOPHI U IIp.) 60 qem
T'onoBEIe 3aTpaThl Ha TIEpCOHAT 600 000 USD/rox
3arparsl Ha TOIUIUBO 300 000 USD/rox
IIpoune HakmagHbIe pacXoabl (PEMOHT, CTpaXOBaHUE, aIMHH. H T.JI.) 100 000 USD/rox
Htoro O&M (onepanioHHbIe PacxXopl) 1 000 000 USD/rox
4. UtoroBast CTOMMOCTH B TOJ
O61ue rooBsie 3aTpathl (amMmopTuzanus + O&M) 1428 571 USD/ron
5. Pacuét eJMHUYHEIX [TOKa3aTeNeit
3arpatsl Ha TOHHY (0OIIHE TOJOBBIE 3aTPAThl / 00BEM OTXOIOB) 4,76 USD/t
CpenHuii BeC 0TXO/I0B B OJJHOM KOHTEHHepe 0,20 T/KOHTEIHED
Yucno moapéMoB koHTeitHepoB B roa (300 000 T/ 0,2 T) 1 500 000 MOBbEMOB B TOJ
CTOMMOCTH OJTHOTO TTOIBEMA KOHTEHHEpa 0,95 USD/moaném
6. Tapud nnst HaceTeHUst
Hacenenue (06c¢iyxuBaemas TEppUTOPHS ) 1 000 000 qen
3arpartst Ha 1 xxurens (1 428 571 USD /1 000 000 uern) 1,43 USD/uen/ron

0O0BEM obcykuBaeMbix 0TX00B (300 ThIC. T/TOMI) — YCIIOBHBIN MOKa3aTelb, OTPAXKAIOLIHN
CyMMapHbIi cO0p Mycopa B paccMaTpUBaeMoi 30He. B peasbHBIX yCIOBHSIX HEOOXOANMO y4ecTh
(axrryeckue ganHble 1o 00bE€My THO B Anmarts.

PaccrosiHre M CKOpOCTh HampsIMyl0 BJIMSIIOT Ha BpeMs B IIyTH M, COOTBETCTBEHHO, Ha
3aTpaThl Ha TOTUIMBO ¥ aMOPTH3AIMIO TEXHUKH.

D dexTuBHOCTD 3arpy3ku (4,6 1/9ac) u cpenHee BpeMs 3arpy3ku (1 MUH Ha KOHTeHHep) —
mapamMeTpsl, II03BOJIIONINE OLEHUTH MPOM3BOJUTEIHHOCTH MYCOPOBO30B M OINPENEIUTh
KOJINYECTBO PEHCOB.

ABtonapk. Mcxons u3 HE0OX0IMMOTO YUCIIa PEHCOB H 00bEMOB OTXO/0B, PACCUNTHIBACTCS
KOJIMYeCTBO MycopoBo30B. Kanuransnsie 3aTparsl (3 mitn USD) amopTu3upyrorcst B TedeHue 7 Jet
(cranmapTHas TpakTHKa UL MOJOOHON TEXHHWKH). ['0OBBIE aMOPTH3ALMOHHBIE OTYHCICHUS
coctaBisitoT ~428,6 Teic. USD.

Onepanuonusie (O&M) 3aTpaThl BKIIOYAIOT:

—  Ilepconan (3apruiaTel BoanuTeael, rpy3yMKOB, MEXaHUKOB M IPOYMX CHELUAIIHCTOB).
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—  TommBo (pacCUUTHIBAETCS UCXOIS U3 MTPOOeTa U pacxojia TOIUIHBA).

—  IIpoune pacxonsl (cTpaxoBaHue, HAIOTH, PEMOHT, aIMUHHCTPUPOBAHUE U T.JI.).

—  OOmme roaoBEIE 3aTpaThl — CyMMa aMOPTH3alMU U ONEPAlMOHHBIX pacxojoB. B
HameM npumMepe 310 ~1,43 mun USD B ron.

3arpatsl Ha ToHHY (USD/T) 11 cromMocTts moapéma korTeitHepa (USD/moapéM) mo3BONISIOT
OLCHUTh I(PPEKTUBHOCTH cUCTeMBbl. Eciy Tokaszarenb CIHMIIKOM BBICOK, MOXHO HCKaTh ITyTH
ONTHMU3AIUH (COKPALICHUE ITyCTHIX IPOGETOB, MOBBILICHUE IPOM3BOANTEIBHOCTH H T.J.).

Tapud s nacenenus (USD/uen/ron) mokaspIBaeT, CKOJLKO JOJIDKEH 3aIUIaTUTh Ka) bl
JKHUTEIb, 9YTOOBI MOKPBITH BCE PACXOAbL. B peallbHOCTH 4acTh PacxoJ0B MOXKET (PMHAHCHPOBATHCS
u3 Or0/KeTa ropo/ia, a 4acTh — 4epe3 HpsiMble Tapr(bl WIIH HHBIE MEXaHU3MBI.

[IpakTuueckoe npuMeHeHNE

—  OnTumusanus aBTonapka: eciii (akTuyeckas 3arpy3ka MyCOpOBO30B HU3Kasi, MOKHO
COKPATUTh KOJIWIECTBO MAIINH WX YJIyUIIUTh JIOTHCTHKY.

—  PerymupoBanue TapudoB: 3Has ce0ECTOMMOCTh BBIBO3a OTXOJOB, T'OPOJ MOXKET
NPUHAMATh PEUICHUS O CyOCHAMSX WM BHEOPEHHH CHUCTEM THIIA «IUIATH 3a BBIOPOLICHHOE»
(PAYT).

—  CpaBHeHHE BapHaHTOB: aHAJOTHYHBIE PAacYEThl MOXKHO IPOBECTHU YIS APYTUX THUIIOB
KoHTelHepoB (240-muTpoBble OoukM Ha Koiécax, 1,1 M® «eBpOKOHTEHHephH» M T.A.), YTOOBI
BBIOpAaTh ONTHMAIIBHYIO CXEMY.

B pesynbrare npoBeneHHOM paboThl ObUT pa3pabOTaH KOMIUIEKCHBIH MOJAXOJ] K OLEHKE U
pacdery 3(h(HEKTHBHOCTH CHCTEMBI yTWIN3AINHU TBEPABIX ObITOBBIX 0TX0/0B (THO) B AnMatel. Mbl
UCIIONIB30BAIM JIaHHBIE O UHCIEHHOCTH HaceleHus (2 228 675 uwen.), a Takxke YUYHUTHIBAJIU
0COOCHHOCTH pacTpeleseHns] TOpoa M0 THIIAM 3aCTPOMKH, YTO IO3BOJMIO TOYHO PAcCUHUTATh
00beM 00pa3oBaHUsl OTXOJOB U COOTBETCTBYIOLIME 3aTpaThl HAa MX yTwiuzanuio. KiroueBbiM
pE3yNbTaTOM CTal0 ONpENeNICHHEe IIOJHON ronoBoi crommoctH ytwimsanmuu TBO, kortopas
cocraBuia okojio 33,22 muH USD. Dra cymma Obuia JeTaln3upoBaHa MO BHAAM YTHIH3ALMU:
3aXOpOHEHHE, nepepaboTKa, CKUI'aHWE M cOOp/TpaHCcIOpTHpOBKa cTpasbl. [Ipnm 3TOM cpenHme
3aTpaThl Ha OJIHY TOHHY OTXOJIOB COCTaBMIM 0KoJio 47,26 USD/T, 4TO Ciy’)KUT OPHEHTHPOM ISt
aHanm3a 3(QQEKTUBHOCTh CYyIIECTBYIOmEH cucTeMbl. Ha OCHOBE 3TMX pacdyeToB OBUIM TaKXKe
Npe/IIoKeHbl BapuaHThl (OpMHUpOBaHMs Tapu(oOB, KOTOpPBIC IO3BOJISIOT JKUTEISIM TOpoja
MOKPHIBATH PACXO/BI 110 YTHIIM3ALUH OTX00B. TakuMm 00pa3om, rogoBoi Tapu( Ha OTHOTO KHUTEIST
B Anmatel coctaBusl okoyio 14,91 USD, uto skBuBaneHTHo 1,24 USD B mecsm. 3To Moxer
MOCITYKUTh OCHOBOM JJIs JabHEHIINX PEHISHHH 110 yIyUIIEeHHIO CUCTEMBbI yITPaBICHHUs OTXO/IaMH,
B TOM YHCJIC TIPEAJIOKECHHS MTOATCPKUBAIOIINX CYOCHIUI MM BHEIPEHUS COBPEMEHHBIX METO/I0B
cbopa orxoznoB. [IpeanokeHHbIE pacueTbl W METOJOJIOTHS SBISIFOTCS XOPOIIEH OCHOBOW ISt
peanuzaiuu crpaTeruu 0ojiee yCTOHUMBOroO U 3()(HEKTHBHOIO YIpaBJIEHUS! OTXOAaMHU B AJIMATBI.
Pa3zpaboTanHble pacyeTHBIE ITOJIXOJBI OTKPHIBAIOT BO3MOXKHOCTH Uit OoJiee TIIATEIbHOW M
aJaNTHPOBAHHOW TOJUTHUKH B OONACTH JKOJOTHM, YTO OyHeT CcrnocoOCTBOBATH JOCTHXKEHHUIO
YCTOWYMBOTO Pa3BUTHUS M YIyUIIEHHIO Ka4eCTBa )KU3HU TOPOJKaH.

B utore npoBe€HHOE HCCIeI0BAaHUE IEMOHCTPUPYET, UYTO HHTETPAIIH 3apyOeKHOTO OMbITa
B YIIPaBJICHUH TBEPJIBIMH OBITOBBIMH OTXOAAMH C Y4YETOM JIOKaJIbHBIX OCOOEHHOCTEH AJMaTh
MpencTaBiIsieT co00l PEAMCTUYHYI0O M JKOHOMHYECKH OOOCHOBAaHHYIO CTpaTeruio. AHaiu3
MEXAYHApOAHBIX MPAKTUK, BKItovaromuid moaenu KOxuoit Kopeu, SAnonun u Jlonaoxa, nokasadi,
YTO COYETAaHHWE COBPEMEHHBIX TEXHOJOTMH MepepaldoTKH, d(Q(EeKTUBHON CHUCTEMBI Pa3/elIbHOTO
cobopa ¥ 1M(POBOrO MOHUTOPUHTAa IO3BOJISIET 3HAYUTEIBHO TMOBBICUTH 3(deKTHBHOCTH
YTHIM3aIHHA OTXOJ0B. DKOHOMHUYECKHE PAacUETHI, BHITIOJTHEHHBIE HA OCHOBE HMPUHIIUIIOB ITOJIHOTO
yuera 3atpat (FCA), BBISIBIIIN, YTO CPEIHSISE CTOMMOCTh YTHIIM3AI[MH COCTaBJIIET puMepHo 47,26
USD 3a ToHHY, a JiIsl IOKPBITUS BCEX pacxooB HeoOxoaum Tapud okoio 14,91 USD Ha uenoBeka
B rox (1,24 USD B mecsi).

OTH IaHHBIE CBUETENBCTBYIOT O TOM, YTO IIPH MPABUIBHOIN OpPTaHU3AIMK U ONITUMH3AINN
MHQPACTPYKTYpHl, pacxonoB Ha cOOp, TPAHCHOPTHPOBKY U IEpepabdOTKy OTXOAOB MOXKHO
obecreunTh yCcToiunBOoe (hMHAHCHPOBAHHE CHCTEMBI, HE Meperpyskas OI0/KeT )KHUTeNel ropoja.

86



Kysmeo6a u dp.

T'udpomemeoporozus u axoroeus Nol (116), 2025
IpuBenénnble pacy&Thl TAKKE YKa3bIBAlOT HA BO3MOKHOCTb afalTalluy 3apyOeKHBIX MOJIX0A0B K

yCIOBHSM AJIMAaTBhI C YIETOM Pa3iIMyYUil B INIOTHOCTH 3aCTPOWKH U HOpMaX 00pa30BaHUs OTXOJIOB.

[IpennoxeHHass MOJENb yNIpaBiIeHUsS OTXOJaMH, OCHOBaHHAs Ha KOMIUIEKCHOM TIOJXOJE,
MOJKET CTaTh OCHOBOM ISl pa3paboTKU d3(PPEKTHUBHON rOPOICKOM MOIUTHKH B cepe YTHIN3AIUN
TBO. JJanpHeime uccneqoBaHus U cOOp 0oilee TOYHBIX MECTHBIX JAaHHBIX MO3BOJSAT YTOYHUTH
pacu€Thl U 00ECICUUTh ellle 0oee ONTUMANTBEHOE PACTIPEICIICHUE PECYPCOB, YTO B COBOKYITHOCTH
Oyzer crocoOCTBOBATh AOCTIKCHHIO Il yCTOWYMBOTO pa3BUTHs, B dacTHOCTH L[YP Nel2 —
OTBETCTBCHHOE MOTPEOJICHUE U TIPOU3BOICTBO.

4. 3BAK/IIOYEHUE

B pesymnpraTe nmpoBegEHHOTO HCCIeI0BaHMs OblTa pa3paboTaHa MHTETPHPOBAHHAS MOJEIH
yIpaBJCHUs] TBEPABIMH OBITOBBIMH OTXOJaMH Ul Topoja AJMaTbl, OCHOBaHHAas Ha
CPaBHHUTEIHHOM aHAJIHW3€ YCIEUIHBIX 3apyOEKHBIX MPAKTHK W Y4ETEe JOKAJIBHBIX OCOOCHHOCTEH
roposna. OObeqMHEHHE TaKUX 3JEMEHTOB, KakK cucTeMa 3KoHomuueckod MotuBauuu (PAYT),
MIEpE/IOBbIE TEXHOJIOTUH COPTUPOBKH M NepepabOTKH, IHU(POBOH MOHHUTOPHHI MHPOLECCOB H
UHTErpalys TOCyAapCTBEHHBIX U YaCTHBIX HHUIIMATHUB, II03BOJIAET CO3/1aTh KOMIUIEKCHYIO CUCTEMY,
CIOCOOHYIO0 3HAYMTEIHHO IIOBBICHTH YPOBEHb IEPEPAOOTKH OTXOIOB M CHH3UTh HETaTUBHOE
BO3CHCTBHE Ha OKPYKAIOLIYIO CPELy.

[MpennoxxeHHass MoOJENb AEMOHCTPHPYET CBOIO IIEJIECOO0Pa3HOCTh 4Yepe3 COUYeTaHHE
SKOHOMHUYECKUX, TEXHOJOTMUECKUX U COIMATBHBIX PELICHUH, YTO CHOCOOCTBYET JOCTHKECHUIO
neneit LIYP Nel2 «OtBeTcTBeHHOE mTOTpeOIeHHEe M IPOU3BOCTBO». BHEAPeHIE MTaHHOM CHCTEMBI
MO3BOJIUT HE TOJBKO ONTUMH3MPOBATH ITPOLECCHl OOpaleHus] ¢ OTXOJaMH B AJIMaThl, HO H
copMHUpPOBATh YCTOMUMBYIO HH(PACTPYKTYpY, CIOCOOHYIO aJalTHPOBaThCd K JIUHAMHKE
ypOaHHU3alMU U U3MEHEHUIO YKOJIOTMYECKUX YCIOBHIl.

[lepcriekTHBBI HaNbHEHIINX HUCCIEIOBAHUH CBSI3aHBI C yTIIyOJIEHHEM aHaIN3a JOKATbHBIX
0COOCHHOCTEH TOPOJICKOTO XO3SIMCTBA, OLEHKOH 3((GEKTUBHOCTH BHEAPEHUs UU(PPOBBIX
MHCTPYMEHTOB MOHHUTOPHHIa, a TakXke pa3pabOTKON IOTOJIHUTENBHBIX SKOHOMHYECKHX U
3aKOHOJATEJBHBIX MEXaHM3MOB, CIHOCOOCTBYIOIIMX JAajbHEHIIed MOJEPHU3AIMH CHCTEMBI
yIpaBIeHUS 0TX0AaMH. JlanbHeHIINe HceIe0BaHNs TAaK)Ke MOTYT OBITh HAlIPaBIICHB! HA M3YUYCHHUE
B3aUMO/ICHCTBUSI M@Ky YYaCTHUKAMU CUCTEMBI U ()OpMUpPOBaHHUE O0JIee TOYHBIX MOJIEIICH OLIEHKH
9KOJIOTMYECKOTO M COIMANBHOTO 3(dexTa oT BHEAPEHUs] HMHHOBAIIMOHHBIX TEXHOJIOTHH B cepe
YTUIIN3aIUH OTXOIOB.

JOCTYIIHOCTb JAHHbBIX

I[aHHLIe, HCIOJIb30BaHHBIC B 3TOM UCCJIEJOBAHNH, ITOJIYUYCHBI aBTOPAaMH U3 OTKPBITHIX U MJIaTHBIX
HUCTOYHHKOB.

BKJIAJI ABTOPOB

Konnenryanuszanus — KKX; ynpasnenue nanabivu — EAK, IIICC; ¢popmanbhsrii ananus — EAK, TMM;
metopoinorus — 'MM; pykoBoactso — I'MM, KKX; Busyanuzanus — EAK; Hanucanue ucxoqHoOro Tekcra —
EAK; Hanucanue u pegakTupoBaHue okoH4aTenbHoro texcra - EAK, HICC.

OUHAHCHUPOBAHUE

JanHoe uccienoBanue 6pu10 uHaHCHpOBaHO KoMuTeTOM Haykn MHHHCTEPCTBA HAYKH U BBICIIETO
obpazoBanust Pecrry6mmku Kaszaxcran (I'pant NeAP 19678734 «OueHka COBPEMEHHBIX W IIPOTHO3HBIX
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Bykreipma, Ecunb, XKalbik)»).
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OPHBIKTBI J1aMy
JKayanThl TYThIHY

AnmaTel
TAM 12

Kamonust, ¥ieiOpuTaHus) KoAEre >KapaTyAblH IICTSIIIK TOXIpUOECiH Taimayra,
TaOBICTBI TOXKipUOeNepl aHbIKTayFa >KoHE oJlapAbl AJIMAaThl KariaiibiHa Oerimpaeyre
OarbITTaIFaH.
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OmicTeMe CaTBICTHIPMAIBl TAAAYAbl, SJKOHOMUKAIBIK, SKOJIOTHSIIBIK XKOHE dJIEYMETTIK
(daktoprmapnel  Oaramayapl JKoHE KaJIBIKTapIbl OacKapyAblH MYMKIH JKYHeciH
MOZACIBACYl KAMTHIBL. 3epTrey OapbIChiHAa TUPIaHABIPY, O6ellek JKHHAY,
BIHTAJIAHABIPY IIapajiapbl JKOHE MEMJICKETTIK-KEKEMEHINK OPINTEeCTIK CHSAKTHI
KaJIBIKTapAbl KaliTa OHIey MEH KoJIeTe jKapaTyIbIH THIMII CTPaTeTusUIapbIHBIH HET13T1
SJIEMEHTTEPi aHBIKTAJIIBL.

JKYMBICTBIH ~ HOTHIKECI  3aHHAMAJNBIK  PETTEy  TETIKTEPiH,  TEXHOJOTHSIIBIK,
HMHHOBAIUSIIAP/IBI JKOHE XATBIKTHIH Xa0apAapIibIFbIH apTTHIPYIBl KAMTUTHIH JKESPTiTIKTI
XKarmaaiiaapapl eckepe oTwiphin, Anmatel yiriH KTK 6ackapynslH OHTalIbBI MOJAETIH
o3ipiey Ooumbll TaObuIanbl. YCBHIHBUIFAH JKYHEHI ICKe achlpy KOpIIAraH oOpTara
KYKTeMeH1 azaiityra sxoHe BY¥Y¥-wwiH Typakrtel namy wMaxcarrapel (Nel2 TAM)
nieHOepinae Kanaplkrap bl KoJiere jkapaTy THIMJIUIITIH apTThIpyFa MYMKIHIIIK Oepei.
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ABSTRACT

The growth of urbanization and the increase in the volume of solid household waste
(MSW) in Almaty require the introduction of an effective waste management system
consistent with the principles of sustainable development. This study is aimed at
analyzing the foreign experience of solid waste disposal (South Korea, Japan, Great

Almaty Britain), identifying su_ccessful practices ar_ld adapting Fhem to the conditions of AIma;y.

SDG 12 The methodology includes comparative analysis, assessment of economic,
environmental and social factors, as well as modeling of a possible waste management
system. The study identified key elements of effective waste recycling and disposal
strategies, such as digitalization, separate collection, incentive measures, and public-
private partnerships.

About article: The result of the work is the development of an optimal MSW management model for

Received: 20.02.2025 Almaty, taking into account local conditions, which includes legislative regulation

ii‘é'eset‘ia?z'sogg%gs mechanisms, technological innovations and public awareness raising. The

Publighed.: 01.04.2025 implementation of the proposed system will reduce the burden on the environment and
increase the efficiency of waste disposal within the framework of the UN Sustainable
Development Goals (SDG No. 12).
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"TuapOMeTeOpOIIOT S 1 SKOJIOTHA" H/WIN pelakTopy (peJaKTopam).
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East Kazakhstan was carried out. It has been identified that the most intense conflicts occur along
the shores of lake Alakol, within the Katon-Karagay National Nature Park, and in the Semey
ormany region. These conflicts in the field of natural resource use are driven, on one side, by the
high conservation and recreational value of natural landscapes, and on the other, by the
increasing intensity of economic activities, particularly in the sectors of transportation and
recreation. The obtained results can be utilized to enhance functional zoning, plan measures for
nature conservation, and organize ecological monitoring of recreational areas..
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1. INTRODUCTION

In contemporary conditions, recreational natural resource use in various countries and
regions is attaining importance comparable to that of agriculture, both in terms of economic benefits
and environmental impact. The development of recreation as a form of spatial utilization is
accompanied by a significant increase in recreational flows, the expansion of recreationally
developed areas, a diversification of recreational activities, and, consequently, an increased burden
on natural systems. Addressing the spatial distribution of various types of recreational systems and
their interaction with other forms of natural resource use has become one of the key challenges for
modern society.

Modern recreational natural resource use in East Kazakhstan is characterized by
multifunctionality, leading to disruptions in the optimal territorial structure and intensifying
environmental conflicts. In this context, it becomes essential to map the structure of natural resource
use conflicts in recreational complexes to prevent and resolve them while preserving both unique
landscapes and the territorial specialization of regions.

A natural resource use conflict represents a contradiction between territorial priorities for
nature conservation and economic development within a specific natural resource use regime. This
results in actual or potential degradation of natural systems or their key components, a decline in
biodiversity, productivity, and landscape value, as well as a reduction in the overall efficiency of
territorial functions [1].

Theoretical and methodological foundations for studying, classifying, and mapping the
structure of natural resource use conflicts are discussed in the scientific literature [2...4]. In
international research, the concept of natural resource use closely aligns with the notion of spatial
planning of territories [5...6]. The primary aim of most such studies is to develop scientifically
grounded schemes for spatial planning, including solutions for natural resource use conflicts in the
context of multiple stakeholders [7...12].

The objective of this study is to identify and map the spatial structure of recreational natural
resource use conflicts in model sites of East Kazakhstan.

https://doi.org/10.54668/2789-6323-2025-116-1-91-99 UDC911.2


mailto:saltik81@mail.ru
mailto:ulykpanova@mail.ru
mailto:ozgeldinova@mail.ru
https://orcid.org/0000-0003-0538-2645
https://orcid.org/0000-0001-6004-9066
https://orcid.org/0000-0001-6856-1507
https://orcid.org/0000-0002-5242-6826
https://orcid.org/0000-0002-0038-3158

Mukayev et. al

T'udpomemeoporozus u axoroeus Nol (116), 2025

2. MATERIALS AND METHODS

The rapid growth of recreational complexes inevitably leads to conflicts between
recreational and other types of natural resource use. A distinctive feature of conflict situations
caused by recreational natural resource use is that, when interacting with other forms of natural
resource use, recreation often undermines the very factors and conditions necessary for its own
development.

Such conflict situations include [13]:

competitive relations with traditional nature management, depriving recreation of the basic
prerequisites for the development of ethnic and rural tourism;

the change in the space of recreational agricultural activity, leading to the destruction of the
traditional landscape, which is the most important recreational resource;

A conflict between recreational activities and conservation efforts, leading to environmental
issues that result in the degradation of natural landscapes and, consequently, hinder the recreational
development of the region.

Functions that cannot share the same territory are considered antagonistic. This occurs when
a territory is used for activities that are mutually incompatible. In such cases, these functions are
spatially separated by a sufficient distance to minimize their negative impacts on one another.
Functional antagonism not only complicates their interaction but also contributes to destruction and
degradation. Consequently, challenges arise, such as accommodating the interests of antagonistic
functions. These issues can be addressed through the creation of buffer zones that mitigate their
mutual influence.

Such pairs within the study region include [14]:

residential — environmental;

recreational — transport;

environmental — transport.

For mapping recreational natural resource use conflicts in the selected model recreational
systems, Sentinel-2 satellite imagery, data obtained through territory survey methods and image
processing, information from the Google Earth geoportal, and field research materials with GPS
referencing conducted during the summer of 2022 were utilized. All data were integrated into a
unified cartographic projection and coordinate system.

The main stages of determining the spatial structure of the conflicts of recreational nature use
in East Kazakhstan:

Collection of data on the components of the natural environment of model recreational
systems with the compilation of cartographic material of the object of study;

Compilation of maps-hypotheses of nature management of selected recreational systems
based on satellite images;

Conducting field research on model sites with the preparation of the final map of the nature
use of recreational systems;

Identification of conflicts of nature use of model recreational systems and mapping;

Analysis of the obtained data and the search for optimal solutions to resolve the identified
conflicts. Determination of the most efficient land-use strategy, with the identification of areas
requiring changes in the nature of their utilization.

3. RESULTS AND DISCUSSION

And in the process of reconnaissance, model recreational systems were determined taking
into account the types of nature management and using Sentinel-2 high spatial resolution satellite
imagery for 2022, the images were selected for the summer season, with the lowest possible cloud
cover. As a result, the coast of Lake Alakol, the territory of the Republican State Institution
"Katon-Karagai State National Natural Park", and the territory of the State Forest Natural Reserve
"Semey Ormany" were chosen as model recreational systems (Figure 1).
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Figure 1. Selected model recreational systems within East Kazakhstan (Source: Author, created in
the program ArcGIS.10.4 using the "National Geographic World Map") 4) East Kazakhstan; B)
State Forest Nature Reserve "Semey-Ormany”,; C) "Katon-Karagai State National Nature Park";

D) East coast of Lake Alakol.

The main purpose of the formation of the "Semey Ormany" Reserve is to protect and carry
out environmental measures to restore the ribbon forests of the Irtysh region, which perform
irreplaceable protection functions and have important geoecological, scientific, environmental, and
recreational significance. In this region, there are various types of vegetation: steppe, forest, desert,
shrubs, and meadows. The protected area in the study area is 251 km?.

The Katon-Karagay State National Nature Park is one of the largest national parks in
Kazakhstan. Its primary mission is the preservation and restoration of the natural landscapes of
Southern Altai, which hold significant conservation, scientific, and recreational value. The park’s
main objectives include: protecting the state natural reserve fund, biodiversity, and unique natural
and historical-cultural complexes and sites of particular recreational, ecological, and scientific
importance; studying natural processes in their undisturbed state and conducting ecological
monitoring; purposeful and rational use of the park's territory to advance science, culture, and
education; restoring degraded natural and historical-cultural sites based on recommendations from
scientific organizations. The total area of the park is 6,435 km?.

On the territory of the eastern coast of Lake Alakol, the following conditions contribute to
the development of the tourist and recreational sphere: microclimatic conditions and the chemical
composition of the water attract recreants to improve health, as well as to create a beach area; certain
groups of recreants create an opportunity to develop water sports and recreation and ecological
tourism on the lake shore; attractiveness for tourists due to the location of the region under study in
the vicinity of a large transport highway, which is of international importance.

Residential — environmental conflict. In the modern world, the relationship between natural
and man-made landscapes is a form of the increasing pressure of the anthropogenic factor on the
natural system. Under the influence of recreational and economic transformations, nature protection
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zones are experiencing significant changes. At the same time, the natural environment transformed

under the influence of economic, industrial, and recreational needs is subject to a violation of the
ecological balance, which results in an increase in air and water pollution, changes in climatic
indicators, degradation of soil cover, destruction and change of vegetation species.

The residential-environmental conflict of nature management is a consequence of the
antagonistic contradictions between the residential and environmental types of nature management.
This type of conflict of nature management arises as a result of the construction of residential
facilities in protected areas or the neighborhood of residential construction with environmental
protection in the area's territorial aspect. Residential objects include anthropogenic impact in the
form of a residential factor that negatively affects specially protected natural areas. It should be
noted that long-term residential influence leads to a decrease in the quality of the state of the natural
environment in the nature protection zone.

Conflicts of nature management in certain areas of the Katon-Karagai National Park and the
"Semey Ormany" Forest Reserve were formed as a result of the simultaneous manifestation of
residential and environmental antagonistic functions.

On the territory of the Katon-Karagai National Park, a multifunctional
residential-environmental conflict forms the village of Arshaty (Katon-Karagai district), located in
the central part of the nature protection zone, with an area of 0, 91 km?. The main type of nature use
of the village of Arshaty with a population of more than a thousand people is agriculture and animal
husbandry (Figure 2).

Symbols:
- Water objects
Natural vegetation

Open soil
- Roads
- Infrastructure

Conflicts:
m Residential- environmental

Figure 2. Map of conflicts of nature management "Katon-Karagai State National Natural
Park" (Source: Author, created in the program ArcGl1S.10.4)

Residential — environmental conflict a type of conflict, as in the Katon-Karagai National
Park, was formed in the forest reserve of the “Semey Ormany” between the residential function,
which is represented by the village of Gunboat, and environmental protection. The village of
Kanonerka with an area of 2, 169 km? in the Beskaragai district of the East Kazakhstan region. The
main type of nature use of the village of Kanonerka with a population of 1892 people is agriculture
and animal husbandry.

Further expansion of residential nature management on the territory of specially protected
areas will lead to a noticeable violation of the ecological condition of sites subject to a
multifunctional conflict of nature management. In particular, this is related to the development of
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settlements, residential and industrial facilities in areas of specially protected natural zones, or the

placement of residential structures near (less than 1 km from) protected natural areas.

The residential factor hurts nature conservation areas. Long-term anthropogenic impact, in
this case residential, leads to a gradual deterioration of the state of the natural environment of the
nature protection zone.

Recreational — transport. A conflict zone has emerged between recreational and
transportation types of natural resource use in the recreational area of the village of Kabanbay,
located on the eastern shore of lake Alakol. This type of conflict of nature management combines
the clash of antagonistic recreational and transport functions.

As already noted, one of the indicators of the attractiveness of the eastern shore of Lake
Alakol is its proximity to a major transport highway of international importance. It should be noted
that the radius of the zone of influence for objects of the transport function is, in our case, a distance
of one-kilometer-long, which is characteristic of the zone of the maximum negative influence of the
transport and industrial enterprises by the current sanitary and hygienic standards of environmental
safety of the Republic of Kazakhstan.

In the zones of mass organized and unorganized recreation of the recreational zone of the
Kabanbai village, this type of conflict of nature management is acutely felt. The uncontrolled
development of organized and unorganized recreation of tourists and recreants in the studied region
leads to a violation of the ecological balance of the natural system. And not everywhere, but only
around recreational centers, such as recreation centers, health centers, sanatoriums, suburban areas,
as well as along highways. Especially the increase in recreational impact is noted in the areas of
Kabanbai village most visited by recreants and tourists, such as the recreation area "Orange", the
family recreation center "Alakol East Kazakhstan region", "Inzhu Alkol", the family recreation
center "Dawn", etc. The low level of the landscaping of these territories, the absence of a road and
path network in some areas of the studied territory, and the location of recreation areas in remote
areas significantly limit the free movement of recreants and residents over long distances.
Transformation, burning, and trampling of vegetation cover, compaction of soil cover, unauthorized
felling of trees, and contamination of the territory with solid household waste occur in such
territories (Figure 3).

Smbols:

- Water objects
- Wetlands

- Infrastructure
- Natural vegetation

- Open soil

Figure 3. Map of environmental management conflicts on the eastern shore of Lake Alakol
(Source: Author, created in the program ArcGlS.10.4)
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The objects of transport infrastructure harm the state of the coast of Lake Alakol, creating a

transport load. The result of the transport impact on recreational areas is the development of road
digression of soils (destruction, compaction of soils, etc.), which leads to the development of
processes of water and wind erosion of the soil cover and vegetation transformation. Road transport
along the busy main line pollutes the air and soil with lead and other chemical compounds.

Environmental — transport. Conflicts of nature management have formed on the territory of
the "Semey Ormany" Forest Reserve in the form of an antagonistic form of relations between
environmental and transport nature management. Transport facilities, as noted above, exhibit a
negative anthropogenic impact, being located within a radius of less than 1 km to nature-protected
areas, according to sanitary and epidemiological requirements for sanitary protection zones of
objects of the Republic of Kazakhstan (Figure 4).

Symbols:

Natural vegetation
Il Roids
| Wg‘nands

Open soil
- Water objects
B ifrastructure

Conflicts:

~| HEEEN Transport-environmental
| e — |

&& Residential-environmental | -

Km
5 10 20 30 )

Figure 4. Map of conflicts of nature use of the state forest nature Reserve "Semey-Ormany"
(Source: Author, created in the program ArcGl1S.10.4)

In this territory, any economic, industrial, and recreational activities are prohibited, except
environmental and scientific activities. The territory of the protected regime is represented by the
least ecologically disturbed part of the studied region with a protected conservation regime, the
purpose of which is to preserve landscape and biological diversity. The buffer zone is 284 km2. A
buffer zone is formed around the protected regime, which has a custom-made protection regime.
This zone is aimed at reducing the impact of the recreational and economic functions of nature
management in the protected area.

There is also a zone for the restoration of disturbed natural systems and a zone of sustainable
development in the study area. The zone of restoration of disturbed natural systems is represented
by heavily destroyed areas with reduced natural restorative properties and is intended for the
implementation of measures to restore landscape and biological diversity, as well as the restoration
of their economic significance.

The Sustainable Development Zone does not have a special nature conservation regime.
However, all types of economic activities are prohibited in this territory, as a result of which adverse
changes in the natural environment may occur in the zone of the protected regime and the buffer
zone of the "Semey Ormany" Reserve [15].
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In the studied region, the area of the conflict of nature management has developed in the

north-western part of the territory, where the highway of the international transport corridor
"Omsk-Pavlodar-Semey-Maykapchagai" passes. The development of transport routes in the studied
region gradually leads to the degradation and destruction of the upper horizon of the soil cover and a
decrease in the productive properties of meadows and pastures. The transport factor often causes
dust and pollution of vegetation with chemical elements. Road embankments, in turn, often become
the causes of waterlogging of areas of a certain territory. As a result of the transport impact in the
studied region, partial destruction of herbaceous vegetation cover is observed in places areas located
near (less than 1 km) with transport routes.

The result of road digression is the developing processes of water and wind erosion of soils
and the modification of vegetation, in the direction of increasing the area of weeds. Grader and
asphalt roads are often the causes of increased road digression with a significant deterioration of the
natural environment in the studied region.

Thus, the impact of the transportation factor on conservation areas leads to the deterioration
of the geoecological condition of the environmental components in the natural resource use conflict
zone. This is manifested in the gradual degradation of vegetation and soil cover (destruction and
transformation of certain plant species due to the "concentration™ of roadways and the destruction of
the topsoil), as well as the pollution of natural components in general.

4. CONCLUSION

1. Theoretical and methodological approaches and methods of identifying and analyzing
conflicts of recreational nature management are investigated and analyzed.

2. Collection of data on model recreational systems with the compilation of cartographic
material of research objects based on satellite images.

3. Compilation of maps-hypotheses of nature management of selected recreational systems
based on satellite images. Based on Sentinel-2 satellite images and field research data, the mapping
of conflicts of recreational nature management of selected model recreational systems within
Eastern Kazakhstan was carried out. The following classes are allocated: water bodies, natural
vegetation, open soil, roads, infrastructure, wetlands, beaches.

4. The identified natural resource use conflicts are driven, on one side, by the high
conservation and recreational value of the natural landscapes, and on the other, by the increasing
anthropogenic activity, particularly in the transportation and recreation sectors. Two types of
conflicts were identified within the "Semey ormany" reserve.

A) Residential — environmental conflict: Katon-Karagai State National Nature Park, "Semey
Ormany" State Forest Nature Reserve;

B) Recreational — transport: the coast of Lake Alakol;

C) Nature protection and transport: State Forest Nature Reserve "Semey Ormany".

The main modifications associated with modern conflicts of recreational nature
management are analyzed.

5. The analysis of the obtained data and the search for optimal solutions to resolve the
identified conflicts. Determination of the most effective land-use options, considering various types
of activities and identifying areas that require changes in the nature of their utilization. The results of
the study can be used to improve functional zoning, develop plans for conservation measures, and
organize geoecological monitoring of recreational systems.
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Turkestan region

This study focuses on analyzing the long-term development of landscapes in the Turkestan region
and the impact of climate change on regional landscapes. Through palynological and stratigraphic
analyses, the influence of climatic fluctuations on plant communities and landscape structure
from the Oligocene to the Holocene was identified. The research revealed that the vegetation
cover in the Turkestan region has developed adaptation mechanisms to cope with climatic
changes. It was determined that the current landscapes of the Turkestan region were shaped as a
result of historical climatic instabilities, forming the foundation for the resilience of the region's
vegetation. The findings enhance our understanding of the evolution of regional landscapes and
provide insights into developing strategies for sustainable adaptation to climate change. It has
been established that the present-day landscapes of the Turkestan region formed as a result of
adaptation to historical climatic changes. These findings are essential for devising strategies for
preserving regional vegetation cover and ensuring sustainable adaptation to climate change. The
results obtained deepen our understanding of the landscape evolution and resilience mechanisms
in the Turkestan region, providing a basis for assessing the region’s future ecological stability.
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1. INTRODUCTION

In the present era, global climate change has emerged as one of the foremost ecological
threats, adversely affecting the stability of natural environments and the preservation of
biodiversity. The persistent rise in temperatures, shifts in the geographical distribution of
atmospheric precipitation, and intensifying water scarcity are particularly evident in arid and
semi-arid regions. These ecosystems exhibit heightened sensitivity to climatic fluctuations due to
their dependency on water resources and the reduced ecological stability of natural systems,
which is further exacerbated under anthropogenic pressure. In this context, the desert and semi-
desert landscapes of the Turkestan region are of particular significance for research, as they serve
as a clear example of the impact of climate change [1].

The landscapes of the Turkestan region are complex systems that have evolved over
millennia through adaptation to climatic changes. Studying these landscapes is significant not
only for reconstructing historical geoecological conditions but also for predicting how current
ecosystems might respond to changing climatic factors [2]. Paleoclimatic and paleobotanical
research serve as essential tools for understanding the dynamics of landscape formation and
assessing the impact of past climatic conditions. In particular, historical records of plant

communities act as reliable indicators capable of accurately reflecting long-term climatic changes

(3].
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The significance of this study lies in its ability to reconstruct the landscape structure of the

Turkestan region by analyzing paleobotanical remains to investigate changes in vegetation cover
during past geological epochs [4]. These studies aim to evaluate the landscape evolution of the
region within the context of climatic fluctuations and to predict potential scenarios of future
ecological changes. Establishing a scientific basis for ensuring the stability of natural systems in
the desert and semi-desert areas of the Turkestan region represents the core scientific and practical
relevance of this research [5].

The primary objective of this study is to scientifically substantiate the leading role of climatic
factors in the formation and long-term evolution of landscapes in the Turkestan region.

To achieve this goal, the following scientific and methodological tasks were defined:

Conduct an in-depth analysis of the paleoclimatic conditions that influenced the formation of
landscapes in the Turkestan region;

Determine the historical transformation of plant communities and their interrelation with
climatic factors;

Perform a comprehensive analysis of the evolutionary changes in landscapes based on
stratigraphic and paleobotanical data.

The chosen research object is the landscapes of the Turkestan region (Figure 1), as this area
directly experiences the impact of climatic changes and serves as a critical zone for assessing
geosystem stability.
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Figure 1. Map of the Study Area

The research focus is on the patterns and mechanisms by which climatic factors influence the
composition, structure, and spatial distribution of vegetation in the Turkestan region. The selection
of this area as the research subject is justified by the high sensitivity of its ecosystems to climatic
fluctuations and the critical role of vegetation cover in determining the stability of regional
ecosystems.

The results of the study demonstrated that climatic factors played a decisive role in the
formation and long-term evolution of landscapes in the Turkestan region. A comprehensive
analysis of paleobotanical and stratigraphic data revealed that changes in plant communities were
closely linked to climatic fluctuations during past geological periods. Based on this data, the
paleoclimatic dynamics of the region were reconstructed, allowing for an assessment of the long-
term impacts of climate on regional landscapes.
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The obtained data illustrate how the landscapes of the present-day Turkestan region have

adapted to climatic fluctuations and highlight that these adaptation mechanisms are closely tied to
long-term evolutionary processes. Within the scope of the study, the analysis of the historical
evolutionary changes in the landscapes of the Turkestan region provided deeper insights into the
impact of climate on regional ecosystems.

Overall, this research was aimed at scientifically evaluating the long-term effects of climatic
factors on regional landscapes. The findings significantly contribute to understanding the historical
changes in the landscapes of the Turkestan region and the patterns of their adaptation to climatic
factors.

2. MATERIALS AND METHODS

The Turkestan region was selected as the study area due to its diverse landscape complexes
formed under continental climatic conditions. The natural features of the region include various
geomorphological structures such as plains, river valleys, and foothills. The climate in this area is
characterized by aridity, with long, hot summers and mild winters, which directly influence the
dynamics of its landscapes. The plant communities of the Turkestan region exhibit high sensitivity
to climatic changes, providing a favorable context for studying their ecological adaptation
mechanisms. The geographical and climatic characteristics of the area hold significant scientific
value for exploring the long-term landscape evolution through paleoclimatic analysis.

Palynological analysis was utilized as the primary source of data for this study, as it enables
a deeper understanding of the historical evolution of landscapes and the climatic changes in the
region. During the research, pollen samples were collected from various ecosystems across the
Turkestan region. These samples were used to examine the changes in plant communities and their
adaptation to climatic factors [6].

Methods of Palynological Analysis: The palynological data employed in this study were
sourced from previously published scientific works [7]. These data sets included processed pollen
samples that were prepared for analysis, ensuring that the results obtained in this research were
directly based on information validated by the scientific community. During the palynological
studies, pollen grains were identified using microscopy to determine their species composition and
quantitative proportions. This method enabled the reconstruction of climatic conditions and the
distribution of vegetation in ancient geological periods, providing critical data for understanding
the historical evolution of landscapes in the Turkestan region [8].

Statistical Modeling Based on Probability Theory: To evaluate the adaptation of plant
communities in the Turkestan region to climatic factors (temperature and precipitation), a statistical
model grounded in probability theory was applied [9]. A normal distribution function was
employed to describe the survival probability of plants, modeling how variations in climatic
parameters influence the survival rates of different plant species (Equation 1).

The model's formula is as follows:

(T T;.rplf, )2 (R Rup! ) z
20% 20’%

P(T,R) = exp ( (1)

Description of variables:

P(T,R) — probability of plant survival under given temperature (T) and precipitation (R)
conditions;

T — actual temperature;

R — actual precipitation amount;

Tope and R,,.Ropt — optimal temperature and precipitation levels for the plant species;

or XoHe ox — Mean deviations of temperature and precipitation.

Data Processing and Analysis Methods: The data collected in the study were processed and
incorporated into the model. The effects of temperature and precipitation levels on the survival
probabilities of plant species were quantitatively evaluated. The results obtained provided insights
into the paleoclimatic evolution of the landscapes in the Turkestan region and the adaptation of
current ecosystems to climatic changes.
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Interpretation of Results: The model-derived data were analyzed to draw conclusions on how

climate changes influence the structure of plant communities. The results established a scientific
basis for predicting the long-term effects of climatic fluctuations on regional landscapes and for
understanding mechanisms of ecological adaptation.

This study provided an understanding of how plant communities in the Turkestan region adapt
to climate change and helped identify the long-term stability of ecosystems. By integrating
palynological and statistical methods, it was possible to reconstruct the ecological history of the
region and forecast the potential impacts of future climate changes.

3. RESULTS AND DISCUSSION

The study results revealed that climate changes during the Oligocene significantly impacted
the vegetation cover in the Turkestan region. Drawing on data from various scholars [11],
palynological research conducted in the Bosaga area of the Tamdytau region demonstrated that the
climate during the Oligocene was characterized as dry and continental.

During this period, the uplift of the Himalayas, Tibet, and Tien Shan mountains, along with
the recession of the Tethys Sea, restricted the spread of moisture-bearing air masses into the region,
leading to a more continental and arid climate [12]. The annual precipitation was approximately
200...300 mm, decreasing to below 200 mm towards the end of the period. The average annual
temperature was around 16,5°C, forcing the vegetation cover to adapt to these changes.

The probability of survival for various plant species was calculated using a probabilistic
model during the study. The results enabled a quantitative assessment of the adaptability of plant
species to changing climatic factors.

Juglans sp.: This species requires a temperate and humid climate. However, due to low
precipitation levels during the Oligocene, its survival probability decreased to 0,37 %. These data
indicate that walnut had a limited distribution in dry climates.

Quercus sp.: Oaks exhibited high drought tolerance, with a survival probability of 12,94 %,
indicating their adaptability to the arid climate of the Turkestan region.

Betula sp.: The survival probability for birch was 7,19 %, suggesting that although birches
were present in dry climatic conditions, they were limited to specific areas.

Palmae sp.: Being dependent on tropical and subtropical climates, palms had a survival
probability of only 0,02 %. This indicates that palms were rare in the region during the Oligocene,
surviving only in microclimatic niches.

Pinaceae: Pines were identified as species well-adapted to cold and dry climates, with a
survival probability of 21,38 %. This reflects their ability to withstand seasonal droughts, allowing
them to become widespread in the region.

According to data by I.S. Suleimanov (1967), the spore-pollen spectra collected from the
Bosaga area revealed the composition of vegetation during the Oligocene period. The high
proportion of angiosperm pollen (60...71 %) indicates their dominance during this time.
Gymnosperms (9...24,5 %) and spores (0.5...6 %) accounted for lower shares. These findings
highlight the degree of plant cover adaptation to the prevailing climate. The study results indicate
that during the Oligocene, the climate of the Turkestan region was significantly drier and more
continental than it is today. Low precipitation levels and high temperatures had a substantial impact
on the structure of the vegetation cover. Drought-resistant species such as pines and oaks became
widespread, while moisture-loving species like walnuts and palms were confined to limited
microclimatic areas.

The climatic changes during the Oligocene had a profound effect on the landscapes of the
Turkestan region. The reduction in precipitation and increase in temperatures contributed to the
development of an arid climate, favoring the spread of only drought-adapted plant species. The
uplift of mountain ranges and the recession of the Tethys Sea restricted the influx of moisture-
bearing air masses, which further intensified the continental climate. These changes reshaped the
vegetation structure, leading to the dominance of drought-tolerant species in the region's
landscapes.

The assessment of climatic conditions in the Turkestan region during the Oligocene and their
impact on vegetation using paleoclimatic and probabilistic modeling methods has provided deeper
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insights into the region's ecological history. Palynological data demonstrated how plant

communities adapted to climatic changes. Literature sources and study findings confirm the
increase in continentality of the climate due to the recession of the Tethys Sea and the uplift of
mountain ranges [12].

Overall, this research has laid the foundation for a scientific re-evaluation of the historical
development of landscapes in the Turkestan region and the climatic adaptation of its vegetation
cover.

During the Early to Middle Miocene, the climatic conditions in the Turkestan region
underwent significant changes, which also impacted the vegetation cover. The climate at that time
was hotter and drier than it is today. The average annual temperature was estimated to be around
+5°C, with annual precipitation levels at approximately 400 mm [13]. These climatic conditions
significantly limited the survival of various plant species. The dominance of semi-desert and desert
landscapes, along with the spread of drought-tolerant plants, led to the development of an
ecosystem that was well-adapted to harsh, arid conditions.

The study results have revealed the adaptation mechanisms of plants in response to climatic
changes. Drought-resistant species such as the Chenopodiaceae, as well as Labiatae and
Geraniaceae common in semi-arid landscapes, demonstrated resilience to climatic fluctuations. The
survival probability of the Chenopodiaceae was 1,81 %, indicating its limited distribution in cold
and dry climates. Labiatae had a survival probability of 2,07 %, suggesting their presence only in
regions closer to temperate climates.

The survival probabilities of temperate-climate-preferring trees, such as Juglans and Quercus,
were notably low. The walnut's survival probability was merely 0,01%, while that of the oak was
1,83 %. This indicates their minimal distribution or confinement to small areas during the cold and
arid Miocene climate.

The cold and dry climate of the Miocene exerted substantial ecological pressure on the
vegetation cover in the Turkestan region. The distribution of forest plants was significantly
restricted, while drought-resistant species became dominant. The predominance of semi-desert and
desert plants during this period reflects the development of ecosystems adapted to the region's harsh
climatic conditions.

The cold and dry climate of the Miocene had a profound impact on the landscapes of the
Turkestan region. Decreasing precipitation and lower temperatures led to the expansion of semi-
desert and desert ecosystems. Drought-resistant species dominated, while the distribution of
temperate-climate trees became limited. During this period, forested landscapes were replaced by
semi-desert and arid landscapes. Climate change significantly altered the structure of the region’s
ecosystems, favoring the survival of only drought-adapted species.

The cold and dry climatic conditions of the Miocene period significantly altered the structure
of the vegetation cover in the Turkestan region. Drought-tolerant plants, particularly species such
as Chenopodiaceae, Labiatae, and Geraniaceae, became dominant, while temperate-climate trees
like Juglans and Quercus survived only in limited areas. These climatic changes provide insights
into the ecological adaptation mechanisms of plants and the historical development of regional
landscapes.

By the end of the Pliocene, climatic conditions in the Turkestan region underwent significant
changes. The southward shift of the subtropical zone, along with a cooling trend, led to the
establishment of a cold and dry climate in the region. The average annual temperature dropped to
about 2...3°C, with precipitation levels around 300 mm [13]. These climatic shifts had a substantial
impact on the vegetation cover, as the cold and arid conditions imposed limitations on plant
adaptation during this period.

The study results indicate that the cold and dry climatic conditions during the Pliocene had a
significant impact on the distribution of plant species. Coniferous trees such as Alnus and Pinus
were relatively well-adapted, with survival probabilities of 10,54 % for alder and 15,97 % for pine.
This suggests that these trees were well-suited to cold and arid climates and played an important
role in the region's ecosystems.

However, the cold and dry climate restricted the distribution of some plants. For instance,
Betula had a survival probability of only 0,17 %, indicating that despite its drought tolerance, it
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struggled to thrive in extremely cold conditions. Additionally, xerophytes like Chenopodiaceae and

Artemisia were adapted to drought but were still limited by the cold climate. The survival
probability for Chenopodiaceae was 0,86 %, and for Artemisia, it was 4,39 %.

The cooling climate of the Pliocene and the dominance of drought-resistant plants shaped the
region’s landscape structure. Drought-tolerant species such as Chenopodiaceae and Artemisia were
widespread during this period, while temperate-climate-preferring species like Betula and Juglans
had a much more restricted presence. Semi-desert and desert landscapes became dominant, with
forested areas shrinking significantly.

The cold and arid climate of the Pliocene had a profound impact on the landscapes of the
Turkestan region. The dominance of drought-tolerant species contributed to the expansion of semi-
desert and desert landscapes. The distribution of forest plants was limited, with only temperate-
adapted species persisting in small isolated areas. These climatic changes not only influenced the
formation of desert landscapes but also shaped the structure of present-day ecosystems.

During the Pliocene period, the cooling climate in the Turkestan region significantly
influenced the distribution of drought-adapted plants. Coniferous trees such as Pinus and Alnus
demonstrated high adaptability, while drought-resistant species like Chenopodiaceae and Artemisia
exhibited lower survival probabilities. This period was marked by the expansion of semi-desert
landscapes and structural changes in the vegetation cover driven by climatic shifts.

In the mid-altitude zones of Central Asia, glacial periods intensified drought conditions,
promoting the expansion of desert areas. The gradual enlargement of the Karakum and Kyzylkum
deserts is evidenced by the increase in loess deposits. The frequent glacial-interglacial cycles during
the Middle Pleistocene became a key factor driving overall aridification in Central Asia.

Climatic Changes During the Holocene: According to I. I. Borzenkova [14], during the
warming phases of the Holocene, improved moisture conditions were observed in regions such as
the Aral and Balkhash areas of Central Asia. In contrast, periods of global cooling led to increased
aridification in the region. The study of Holocene climatic conditions in the Turkestan region
revealed conflicting perspectives among researchers.

These studies provide deeper insights into how climatic changes influenced the development
of the natural environment in the Turkestan region and highlight how human activities adapted to
these changing conditions. The analysis of scientific research indicates that the climatic conditions
of the Holocene underwent several phases: cooling, warming, increased moisture, and alternating
cool-humid and warm-humid phases. Such fluctuating climatic conditions had a pronounced impact
on relatively small areas like the Turkestan region.

During the pre-Holocene and its initial phases, a sharp increase in birch (Betula) pollen was
observed in the spore-pollen spectra (SPS). This surge is associated with glaciation, abundant
meltwater, and elevated soil moisture levels. Around 12,000 to 10,000 years ago, following the
intensive degradation of glaciers, xerothermic conditions in the region were restored. Factors
contributing to this included the absence of competition with other tree species and the substantial
accumulation of morainic substrates enriched by glacial and meltwater.

According to K.S. Afanasyev [15], birch trees formed distinctive forest patches at elevations
above 2700 meters near glaciers in the Aksu area. The spread of birch forests in the pre-Holocene
period was driven not directly by climatic changes but by the abundant soil moisture resulting from
glacier melt. Spruce (Picea) forests were located at higher elevations, primarily on north-facing
slopes.

At the beginning of the Holocene, a decline in birch forests was observed. Xerophytic plants
—such as Artemisia (wormwood), Chenopodium (goosefoot), and Ephedra — became dominant on
southern slopes. Semi-deserts and dry steppes expanded across foothills and plains. In the high
mountain zones, moist meadows and Kobresia grasslands were prevalent on north-facing slopes
and in the lower sections of valleys.

The melting of glaciers in the Tien Shan Mountains was largely completed around 12,000 to
10,000 years ago, leading to the formation of the last morainic complexes. In the mountainous areas
of southern Turkestan, glacier retreat coincided with the re-establishment of woodlands. Initially,
these forests were dominated by birch and moisture-loving herbaceous plants. Spore-pollen data
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from the Kainar Bog indicate that birch pollen made up to 30 % of the samples during this period,

reflecting abundant moisture in the region (see Figure 2).
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Figure 2. Spore-pollen diagram of the Kainar Bog [16] (Northern slope of the Terskey Alatau
Range, at an altitude of 2350 m above sea level)
Legend: 1 — pollen of trees and shrub-like plants, 2 — pollen of herbaceous plants and subshrubs,
3 —spores, 4 — pollen of sedges (excluding tree pollen), 5 — peat, 6 — clays with plant remains, 7 —
clays, 8 — sand and gravel

In the Middle Holocene (approximately 7,500 to 5,000 years ago), the climate became drier,
leading to an increase in the xerophytization of vegetation (see Figure 3). Research conducted in
the Aylama Bog indicates an increase in the prevalence of Ephedra (joint-pine), Artemisia
(wormwood), and grasses. During this period, drought-resistant plants became dominant. In the
foothills of the Turkestan region, Ephedra, Artemisia, and grasses also spread widely. In the lower
zones, semi-desert and dry steppe landscapes became established.The current semi-deserts and
steppes are considered a continuation of the climatic and vegetation patterns from this period. The
widespread distribution of birch forests in the foothills of the Turkestan region during the Early
Holocene suggests the occurrence of short-term humid phases. These conditions play a crucial role
in understanding the climatic characteristics of the region, as the close relationship between plant
communities and climate during the Early Holocene highlights their interdependence.
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Figure 3. Spore-pollen diagram of the Aylama Bog [16] (Northern slope of the Terskey
Alatau Range, Chon-Kyzylsu River valley, at an altitude of 3250 m above sea level, subalpine belt)
Legend: as in Figure 1.

The Early Holocene Period (12...8 thousand years ago) was characterized by glacial melting,
resulting in abundant meltwater, which significantly increased soil moisture. This created favorable
conditions for the development of forest communities. Spore-pollen data indicate that during this
period, the proportion of birch pollen was particularly high. For instance, studies at the Kainar Bog
show that birch pollen accounted for up to 30 %, indicating a relatively moist climate. The soils
nourished by meltwater supported the growth of forest stands.However, in subsequent periods, a
trend toward drier climate conditions began, leading to a decline in birch forests and their
replacement by xerophytic plants. This transition laid the foundation for the current desertification
processes observed in the mountainous regions of the Turkestan area. The transformation of forest
landscapes was directly linked to the degradation of glaciers and increasing aridification.

In the Middle Holocene, climatic changes had a significant impact on the region's landscape.
According to paleoclimatic studies, glaciers receded substantially during this time, and new forests
may have formed at elevations between 2,200...2,400 meters above sea level. These changes
coincided with the retreat of glaciers in the Tien Shan ranges.

The initial composition of these forests included birch and moisture-loving herbaceous plants.
However, around 6...5 thousand years ago, a drying trend became evident. This resulted in a
decrease in the proportion of spruce and birch pollen, while xerophytic plants like Artemisia
(wormwood), Ephedra, and grasses became more widespread. The formation of xerophytic
communities in the foothills of the Turkestan region was a significant outcome of this period (see
Figure 4).
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During this phase, the increasing prevalence of Ephedra, Artemisia, and grasses indicates the

dominance of drought-resistant species. This marks a gradual trend toward aridification in the
region’s climatic conditions.
In the Late Holocene (around 3,000 years ago), a significant increase in arid conditions was
observed in the Turkestan region (see Figure 5). During this period, glaciers were restricted to
higher elevations, situated significantly above their current levels. The decline of forested areas
was accompanied by the establishment of xerophytic plant communities on south-facing slopes.
This transition underscores the persistence of drier conditions and the adaptation of vegetation to

changes in the present day.

Figure 4. Spore-pollen diagram of the Sharkratma Peat Bog [16] (Northern slope of the

Terskey Alatau Range, at an altitude of 3560 m above sea level, alpine belt)

Legend: as in Figure 1.

Pollen of tree and
shrub species Pollen of herbaceous and shrub plants
it o g[8
g o g g T &g
g | § g £ g . |8 HAAE - R
g - Eﬁ SEEEl 4 i g ] £ Blalsls 8 g |g5|¥
45 Overall 4 & £ i S § g |2
k5 composition 2 3 % g B <§§5 R o E 2
5 Pz
20 40 60 80 20 20 10 20 40 60 10 20 10 5 20
5 Gl t H i H
3] a - - AR
& p I+ r i1
o] ¢ HEEE
B 2 + i
o 9 I ! t ) 1 )
8 e |
L $ r \‘ b a &
=4 a L H
2 ” 9 - - |kl
a ] H+ \ k- -
o} o - |
g ' N FLEEF
o} @ -
ol a Hh - L
A ° o A3d '
8 a[] q ° ++ u Ny u
a b H| H+ }+ K
(]
o] =} - D
£} o i+ ) It L g &
c! o H K
B o - H
8 g % i - i
2 I'ﬂaa 7 E@é I i }{-
%' “C-2900+_65 * E i u U
& © [ I e
@ b L D
= I ‘; Wi 3 5
< H + - =
o q - H -
c! o b I+ +
8. o - It +
3] El P H+ a
4|5
g 4 "cue P | & - @
i - +
h \

The loss of forested areas accelerated the adaptation of the region's natural environment to
arid conditions. Only a few moist meadows remained on north-facing slopes, while semi-desert and
dry steppe landscapes became established in the lower plains. The late Holocene sub-Atlantic
phases (SA-1, SA-2, SA-3) reflect climatic variability and laid the foundation for the formation of
the current natural landscapes in the Turkestan region.
Analysis of paleoclimatic and spore-pollen data demonstrates that climatic changes played a
significant role in the landscape development of the Turkestan region. Climatic fluctuations during
different phases of the Holocene influenced the shifts in vegetation cover and the formation of
natural landscapes. These studies provide insights into the historical dynamics of the region's
natural environment and offer a basis for predicting the effects of adaptation to ongoing climatic
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Figure 5. Spore-pollen diagram of the Chichkan Peat Bog [16] (Northern slope of the
Terskey Alatau Range, at an altitude of 2000 m above sea level, dry steppe belt)
Legend: as in Figure 1.

In the foothills of the Turkestan region, a similar vegetation cover likely developed. Around
the middle of the Mid-Subatlantic period (approximately 1,000 years ago), the climate became drier
again, with rising summer temperatures. This led to the thinning of forests and the transition of
meadows into steppe communities. However, in the past 1,000 years, the climate began to cool
again, accompanied by glacier expansion. This glaciation phase corresponds to the "Little Ice Age."”

During the warming period in Central Asia between the 7th and 12th centuries, annual
precipitation increased to at least 150 mm, with most precipitation occurring in winter. The final
significant cooling of the "Little Ice Age™ led to the complete desertification of the Karakum and
Kyzylkum regions.

According to E.V. Glushko, a prolonged dry phase lasting from 1750 BCE to 900 CE and a
semi-arid phase ending around 600 CE were identified. During the first dry phase, average July
temperatures rose from approximately 26 °C to 29 °C, and annual precipitation decreased from 170
mm to as low as 90 mm. These conditions led to the spread of desert and semi-desert landscapes.
Subsequently, a period of increased moisture occurred in the mid-1st millennium BCE, with July
temperatures dropping to 25...28°C and precipitation increasing to 140...250 mm/year. During this
period, forest and woodland communities developed on alluvial plains, while fertile chestnut soils
with shallow groundwater supported meadow and steppe communities.

In the later phases, as July temperatures once again increased to 26...29 °C and precipitation
dropped to 100...200 mm/year, the landscape underwent significant restructuring.
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The region between the Karatau Mountains and the Syr Darya River is notable for its close

association between archaeological sites from various eras and the valleys of these geographic
features. The Karatau mountain formations began to be utilized during the Neolithic period,
coinciding with the early stages of human cultural development. As tools advanced, the expansive
alluvial plains between Karatau and the Syr Darya became increasingly exploited. These plains
consist of various layers of gravel, sand, and sandy loam, with elevations ranging from 200 to 300
meters above sea level. The accumulation plains are intersected by the valleys of small rivers
flowing down from the Karatau Mountains.

A significant example of studies in the northern foothills of Karatau is the research conducted
at the Bronze Age site of Arpauzen (Figure 6) [17].
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Figure 6. Palynological diagram of Holocene deposits in the Karatau Mountains at the
Arpauzen site [17]

The Arpauzen site is located on the northeastern slopes of the Karatau Range. These slopes
are generally convex or straight, with exposed rock formations visible in certain areas. To the
northeast, steep slopes descend into valleys, where tectonically uplifted blocks featuring Devonian
red sandstones are prominent.

Palynological data indicate that cold deserts dominated this area at the beginning of the
Holocene. The Syr Darya River, spanning over 3,000 km, forms an extensive delta at its entry into
the Aral Sea (see Figure 7) [18].

These findings suggest that the early Holocene landscape in the Karatau region was
significantly different from today, with colder and more arid conditions prevailing. The study of
the Arpauzen site provides insights into how tectonic activity and climatic changes shaped the
region's topography and vegetation cover over time.

The development of the Syr Darya Valley is closely linked to the gradual shift of the river
channel toward the right bank. The river’s flow depended heavily on the glacial reserves in the
mountains, as well as the year-round precipitation in the form of rain and snow.

Spore-pollen spectra from the Otyrar Oasis have revealed pollen from plants typical of a
humid and temperate climate, which are no longer found in the region today. These include trees
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such as linden (Tilia sp.), birch (Betula sp.), and alder (Alnus sp.). In comparison to Holocene

sediments, ancient deposits are evident in samples 1 and 2 (see Figure 8) [17].
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Figure 7. Palynological diagram of Holocene deposits along the Syr Darya River [18]

Palynological research was conducted using trench materials, which demonstrated significant
climatic changes during the medieval period. Over the past 6,000 years, there have been alternating
phases of optimal, moderate, and sharply dry ecological conditions. Moreover, the occurrence of
dry and pluvial periods was consistent across different areas of this region [17].

Studying the evolution of the vegetation cover and climate in the Turkestan region has
provided insights into the adaptation of natural systems to climate change and their long-term
instability.

The results of paleoclimatic reconstruction have led to several key conclusions. During the
periods studied (Oligocene, Miocene, Pliocene, Pleistocene, and Holocene), climatic changes had
a direct impact on the structure and distribution of plant communities. These findings underscore
the crucial role of climate in shaping the region's ecological history and provide a foundation for
understanding how current and future climatic shifts may continue to influence the natural
environment.

Glacial fluctuations and changes in sea levels intensified climatic instability, contributing to
the formation of semi-desert and desert landscapes (see Figure 6) [18]. During the Middle Miocene
and Pliocene epochs, the climatic conditions in the Turkestan region became significantly drier,
leading to the expansion of deserts and semi-desert areas. In the Middle Miocene, the drying up of
water bodies and the intensification of wind activity contributed to the formation of desert
landscapes. In the Pliocene, the further drying of the climate resulted in the development of desert
ecosystems and the adaptation of new species of flora and fauna. The natural changes during these
periods laid the foundation for the formation of the current desert landscapes and ecosystems.
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Figure 8. Palynological diagram of Holocene deposits from Otyrar, trench 181 (upper
section) [17]

Additionally, in the Middle to Late Holocene, the melting of glaciers led to an increase in
river water levels and the re-expansion of forest and woodland areas (see Figure 7) [17]. Drought-
resistant species like Pinus and members of the Chenopodiaceae family became widespread,
contributing to the stability of plant communities. In contrast, species like Juglans and Palmae had
weak adaptability and survived only in favorable microclimatic niches.

The current natural conditions of the Turkestan region are the result of historical climatic
fluctuations. The forests, woodlands, and river systems not only shaped the region’s ecological
landscape but also influenced early human activities and economic development. The existing
semi-deserts and steppes are a continuation of the long-term paleo-climatic changes that have
shaped the region over millennia. The geographical and climatic conditions of the region provided
the early inhabitants with the opportunity to efficiently utilize natural resources such as forests and
rivers. These resources significantly influenced their survival strategies, especially in agriculture,
animal husbandry, and handicrafts. Forests provided timber, firewood, and construction materials,
while rivers were crucial for water supply and irrigation. Such conditions played a decisive role in
the economic development of early societies, as well as in shaping their culture and way of life.

In contrast, the current deserts and steppe areas are the result of long-term paleoclimatic
changes that shaped the landscapes of the Turkestan region. These changes occurred over millions
of years through various climatic periods and fluctuations, leading to the present state of the
region’s natural environment and landscapes. As a result of paleoclimatic changes, deserts and
steppes emerged, plants and animals adapted to these conditions, and a dry climate became
prominent.
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4. CONCLUSION

The conducted research has provided a comprehensive assessment of the long-term evolution
of landscapes in the Turkestan region and the impact of climatic changes on regional ecosystems.
Through the integrated analysis of palynological and stratigraphic data, the study has elucidated
the influence of climatic fluctuations on plant communities and landscape structures from the
Oligocene to the Holocene periods. Specifically, the dominance of drought-resistant plants during
dry and cold phases, and the spread of forest vegetation during more humid phases, was clearly
identified.

The results demonstrate that the current natural conditions of the Turkestan region are a direct
consequence of prolonged historical climatic changes. For instance, the intensification of arid
conditions during the Pliocene and Pleistocene led to desertification, whereas increased
precipitation during the Holocene facilitated the recovery of plant communities and boosted
biodiversity. Thus, the natural systems of the Turkestan region have demonstrated adaptive
resilience to climatic changes, establishing a complex ecological equilibrium.

The data obtained through this study provide a foundation for understanding long-term
adaptation mechanisms to climatic factors, allowing for an evaluation of the region’s resilience to
future climatic shifts. These findings contribute to the development of strategic measures aimed at
enhancing the stability of desert and semi-desert areas. Additionally, the results hold significant
scientific and practical value for predicting the landscape development of the region and the
adaptation of its current ecosystems to climate change.

In summary, studying the historical evolution of landscapes in the Turkestan region is not
only theoretically significant but also crucial for developing strategies for the protection of regional
ecosystems and sustainable development.
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KIIMMATTBIK ©3TepicTep Bbyn 3eprrey Typkicran oOIbICHIHBIH JTaHIIA(TTAPBIHBIH Y3aK Mep3iMAl AaMybl MEH
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OCIM/IK KayBbIMAACTBIFbI rOJIOLIEHTE JeHinri apaJbIKTa KJINMATTBIK ayBITKYJIapAbIH oCIMIIK

KIMMATTHIK Oeftimueny
MAICOKITUMATTHIK 3ePTTEY
CTpaTUrpaUSIIBIK ICPEKTEP

KaybIMJACTHIKTAPBIHA JKOHE JaHAmA(PT KYPHUIBIMBIHA BIKMAJT €TY 3aHIbUIBIKTAPEI
aHBIKTAABl. TypKicTaH OONBICEI JAHAMA(TTAPBIHBIH OCIMIIK KaMBUFBICHIHBIH

oCiMIIKTEp i KITUMATTBIK ~ ©3TepicTepre HKEeMIeNy MEXaHW3MIEpPiHIH [JaMbIFaHBIH KOPCETTi.
TAPUXU TPaHCHOPMAIHSICHI Typkictan  OONBICBIHBIH ~ Ka3ipri  nmaHAmadTrapaslH  TapuXd  KIUMATTHIK,
TypxkicTan 00JbICH TYpaKChI3ABIKTapFa OeHiMaedy HOTWKECIHAE KalbIITaCKaHBl AaHBIKTANABI, Oy

aliMaKTBIH OCIMIIK KaMBUIFBICBIHHBIH TYPAKTBUIBIFBIH CAKTayIblH HETi31H Kypaijpl.
AJBIHFaH MOJIMETTep aiiMakThIK JaHAIA(TTAPbIH SBOJIOIMACHIH TYCIHYre »KoHe
KJIMMATTBIK ©3repicTepre TypakThl OeiiMaeny cTpaTerdsuiapblH d3ipiieyre MYMKIHIIK
6epeni. TypkictaH 0OJBICBIHBIH Ka3ipri TanamadTTap Tapuxu KJIMMaTTBIK e3repictepre
HKEeMJIeNTy HOTHIKECIHIE KalbINTacKaHbl Oenrini Oonmsl. Byn aepextep aiiMakThIK
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K/IIOYEBBIE CJIOBA ABCTPAKT

KIMMaTUYECKUEe U3MEHCHUS OT0 HWccieoBaHME HANpaBiI€HO HA aHAIM3 JIOJATOCPOYHOTO PA3BUTHS JaHAMAGTOB
IPOCTPaHCTBEHHO-BPEMECHHOH TypxecTaHckoi 00JIacTH W BIHMSHUS KIMMaTHYECKUX W3MEHEHHMH Ha perHOHaIbHbIE
aHaJim3

nmaramadTel. [TaguHOMOTHYECKNH U cTpaTUTpadHUECKUil aHAJTN3 TTO3BOJIMII BBIIBUTH
3aKOHOMEPHOCTH BO3JCHCTBHS KIMMATHYECKHX KOJNeOaHWII Ha pPacTHUTEIbHBIC
coobmiecTBa M CTPYKTYpy JaHAMA(GTOB B MIEPHOJ OT OJUTOIEHA IO TojioneHa. brurto
MoKa3aHo, uto JaHAmadTer TypkecTaHCKON 007aCTH Pa3BHIM MEXaHU3MBI aIallTalluN

MAJIMHOJIOTMYECKUM aHaTu3
pacTUTeNbHbIE COOOIIeCTBA
KIIMMaTHU4YCCKaA aJarTalua

MaJICOKJIMMAaTUYCCKOC
HCCIIeI0BAHHE pacTUTENLHOTO TIOKpOBa K KIMMAaTUYECKHUM HM3MEHEHMSIM. YCTAaHOBJIEHO, YTO
CTpaTI/Il“paq)I/ILIeCKI/Ie JaHHBIE COBPEMCHHBIC HaH}II_Haq)TI)I TypKCCTaHCKOﬁ obyactu C(bOpMI/IpOBaIII/ICB B pE3yJIbTATC
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ABCTPAKT

9KOJIOTHUS

KaJaJbIK ayMaKTap
9KOJIOTHSJIBIK 9Cep

KB0

XaJIBIK JICHCAYJIBIFBI
JIACTaHy

KapTa

bi3niH 3aMaHBIMBI3Ia €H YJIKCH KacipeTTepniH Oipi ayaHbIH »ammail j1acTaHybl OOJIBII
TaObLIa]Ibl, OJ1 KJIMMATTHIH ©3repyiHe SKEeJill COFaJibl, COHBIMEH KaTap aypyIlaH/bIK IT€H eTiM-
JKITIMHIH apTybIH JKbUIIaMAATHIN XaIbIKTBIH JCHCAYJBIFbIHA Kepi ocep erenmi. FvuitbiMu
MaKajaza COHFbI JKbUIAApIaFbl ATMAThl KaJIACBIHAAFbl XaJbIK CAHBIHBIH apTybl, aBTOKOIIIK,
K20 xoHe kKeke CeKTOpIarbl YIMIICpIiH camachl3 KeMip jKaryblHa OaillaHBICTBI AJIMATHI
KaJachl ayacChIHBIH JIACTAHYBl MCH TYPFBIHIAPBIHBIH JCHCAYJIBIFBIHA KEpi oCep ETKEHIITI
Typalel Mocenenep KapacTelppirFaH. CoHpmaii-ak KeMipMeH JKYMBIC ICTEHTIH JIEKTp
CTaHIUSUTAPBIHBIH IIBIFAPBIHIBUIAPE aTMOC(Eepara KOTEPLICTIH JKOHE IIaHEeTaHbI JKBUTBITYFa
KOMEKTECeTiH MAapHUKTIK Ta3IapIblH Maiina OOJyBIHA BIKIAJN €Till, Kajla XaJKBIHBIH eMip
CYpYiHE KUBIHABIKTap TyAbIpyaa. COHBIMEH KaTap SKOJIOTHSIIBIK JacTaHyAaH aTMOC(EpabIK
ayana SOz, CO,, NO2, PMy 5 xoHe PM1g CHSKTBI KayilTi KJIaccKa jKaTaThIH JIEMEHTTEPiHIH
IIEKTEH THIC apTybl, XaJbIK OPTAChIHAA OPOHXUT, HHO)EKIUSIIBIK OPOHXHT, THEBMOHUS JKOHE
OKIICHIH CO3BUIMAJIBI Ay PYJIapPbIHBIH KUIJICHYIHE aJIbII KEJICTIHAIr KENTIPIIreH. ABTOKOIIKTIH
nadnananeuIFald razgapel MeH JKDO IIbIFapbIHIBUTAPBIHBIH aTMOC(EpANBIK ayara ocep €Ty
JICHreiiepl TalaHbIl 3epaeiieHai. AIMaThl KalIaChIHBIH aTMOC(hEpasbK ayaHbIH CalachiH,
KaJaJblK 3KOXKYHeJIepai Kopray MEH KallblHa KelTipy, ypOaHHW3alWsUIaHFaH aymakTapia
aJ1aM YILIH KaiJibl, 9KOJIOTHSUIBIK KayiIlci3 eMip Cypy OpTachliH Kypy )KoHE KOJIay JKOHiH/eri
ic-mapaHbl SHTI3y/Ie JIACTaHy JOPEKECIH I KapTara TYCipy MEH ocepiH HaKTHI Oaramayna
KamanelH 2016...2024 >xpUmapiaFbl CTATHCTHUKANBIK JEPEKTEep HETi3iHIe JKOIOTHSIIBIK
KapTajap KypacTeIpbuIIsl. by xapramap ypOaHU3alMsSHBIH TaOUFU OpTaFa aHTPOIOTCHIIK
dCcepiH TOMEHIETY XKOHIH/IET1 IeIiMICPAl 931pIey MEH SKOJIOTHUSUIBIK TeTle-TCHIKTI caKkTayaa
JKBULIAM, 9pi HAKTHI )K00aTapapl JaibIHIayFa MyMKIHIIK Oepei.
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1. KIPICIIE

Ayara, KypibIKKa JKoHE IUIAHETAaHBIH CY JKYHeciHe IIbIFapbuIaThIH KaJIABIKTAp KOpIIaraH
OpTa MEH ayaHbl JIacTall, a/laM JICHCAYJIbIFbIHA alKbIH JKOHE LIYFbUI YK3UCTEHIMAIIbI Kayill
TeHAipeai. Ocipece KaJlaJIbIK JKepiepie KOpIlaraH OpTa ayachlHbIH JIACTAHYBIHBIH apTYBI
QJIEMHIH KONTEreH eJJiepiH KaTThl ajlaHJaTyJia JKoHEe JICHCAyJIbIKKA YJIKEeH jkahaHIbIK Kayir
perinne Tanbutyzna. Con CHSIKTBL, AJIMaThlja COHFBI JKBUIJAphl WHIYCTPHSIIAHABIPY MEH
KajajapJarbl SHEPrUsHbl TYTBIHYIBIH apTyblHa OalIaHBICTBI, ayaHbIH JIACTAHYBIHBIH OCYi
alikpIH KepiHic Tabyna. bys neHcaynblkka, SKOHOMHKara, KOpIaraH OpTara JKoHE KJIMMarka
0alIaHBICTBI MaHBI3ABI TpoOieManapasl TyaelpAbl. An JlyHuexysimik [leHcaynslK caxray
Y HBIMBIHBIH MOJTiMeTi Oo#bIHIIa, 2012 KBUIBI YHUE KY3iHIE 3,7 MIJLIHOH afgaM aTMoc(epaHbl
JlacTayIbl 3aTTapMEH THIHBIC ATy/bIH CO3bIJIMANbl HEMECEe OTKIp aypyJiapbl dcepiHeH KaWThIC
Gonnel nen ecenteninai. byn eniMHiH 6ackiM keminiri (88 %) aamyiusl engepae Oosrax [1].

ATMoOcChepanbIK JacTayIibl 3aTTap HETI3Ti JKOHE KOCAJIKBl KOMIIOHEHTTEPACH TYPasbl.
Herisri nactaymsl 3aTTtap KeJKTep, OHAIPICTIK 3ayBITTap >KOHE TYPMBICTHIK KaJlIBIKTapJaH
IIBIFApBUTAB 1a, YCaK OeJmeKTepi KeJeMi MEH XHUMILUIBIK KypaMbl JKaFbIHAaH op Typii
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JAaCTayIIbl 3aTTaPBbIH KUBIHTBIFBI, acipece PMy s, kemipteri ToThirsl (CO), a30T okeuai (NO2),
azot okcuni (NO) sxoHe KYKipT okcuai (SO3z) KaMTHIBL. AJl KOCAJIKBI JACTAYIIBUIAP KEPIi
KopliaraH aTMoc(epaHblH TOMEHIT KabaTTapblHIa Haiaa OoJaThIH JKOHE JKepAeri 030H MEH
Ka30ambl OTBHIHABI JKaFy HOTIDKECIHAET1 a’po30JblepAi KaMTHUTBIH OacTamlKbl JAaCTAFbIIITap
apachIHIarbl XUMISUIBIK peakiusiap Ke3inae naiina Oonansl. COHABIKTAH ayaHBIH JIACTaHybl
OYKiT aeMIe XaubIKThIH ACHCAYIIBIFBIHA Kepi 9Cep eTeTiH eH YIKeH AKOJIOTHSUIBIK Kayil OOJIBITT
TaOblIagsl. HakThl yakpIT peXHUMIHAE OJILEHETIH JAacTayIlbl 3aTTaplblH KPUTEPUIIIEPIHIH
iImiHAe Tapaldysl MEH [EHCAyNbIKKA YIKeH Kayil TeHIipyiHe OailmaHBICTHI ycak OeImIexTep
(PM25) kasipri yakpITTa afaM JCHCAYJbIFbIHA €H 3USHIbI Oonbin caHanaasl (Cyper-1). PMas
OCepiHeH KYpeK-KaH TaMBIpJIapbl aypyliapbl, PecUpaTOPIBIK aypyiap jKOHE ME3TiICi3 oM
KeITen Tapanyna. JlyHHeKY3UIiK 1eHcayblK cakray yibIMbIHbIH (JIJICY) Garanays! 6oiibiHIIa
aTMocQepalblK ayaHbIH Ycak OelnmiekTepiniH JactaHybiHaH (PM2 5), 5KBUT caliblH OYKiJ oreMaeri
amaMaapbiH 4,2 MIJUTHOH Me3rijIci3 eimi skoHe 90 %-maH actaMbl ynaHaasr [2].

PM;s emmemi 2,5 MuKpoHFa IeiiHri ayajgarsl KOpmIaraH opTa OeJjmeKkTepi peTiHze
aHbIKTANaAbl. byn Oenmiekrep opTYpil XUMHSUIBIK KYpaMaap[bsl KaMTHIBI JKOHE OpTYpJi
Ke3JepACH aNbIHAIbl. AJlaM OHIIPICiHIH €H KONl TaparaH Ke3[epiHe Ka30a OTHIHBIMEH JKYMBIC
ICTCHTIH aBTOMOOWJIBIACD, OJICKTP OSHEPTHSICHIH OHAIPY, OHEPKAICINTIK KBI3MET, aybLI
IIapyambUIBIFBl JKOHE OHOMaccaHbl JKary »araabl. PMps MHUKPOCKONMSUIBIK MeJmepi Oy
OeIeKTep/1iH MHr IS Ke3iHae KaHFa TepeH CiHyiHe MYMKIHIK Oepeni, OyJ1 eMiKiie, oKIe
parsl ’KaHe KYPEK aypybl CHSKTHI ICHCAYJIBIKKA YJIKEH ocep €Tyl MyMKiH. COHbIMEH KaTap TeMeH
CaJIMaKIieH, JKeAel PeCIHpaTOpIbIK MHOEKIUSIAPIBbIH JKOFApbUIAybIMEH JKOHE HWHCYJbTKA
JKETKi3yiMeH KayinTi 00JbIn TaObIIa 1. bi3 THIHBIC aaThIH ayaHBIH canackl AYHIDKY31 OOibIHIIIA
aliTapibIKTail ©3repreH, KONTereH TOMEH JKoHe opTalla TaObICkl 0ap enaepaiH TYPFhIHAAPHI KOIl
3apaam IIeKkeH, an Keibipeynepi PMas nmenreitmepi J/ICY¥-HbIH aya camachl >KOHIHJETI
HYCKayJIbIKTapbIHAH Oec ece apThil KeTKeHairi qonenaenmi [3].

human hair _ ! R

Cypet 1. PMys — niy adam oenecinde mapany cyrbacot

JICY nepexrtep 0OazachlHAa >KWHAKTanFaH PMays xkepycTi enmemaepiH KamTy OYKia
anemje OipKesIKi eMec >KOHE >KOFaphl XOHEe opTamla Kipici Oap enjepnae jkoHE HerisiHeH
Kerraiina, Eypomana, Yuaicranna sxone Conryctik Amepukana morsipianrad (Cyper-2) [4].
Ocsr cyperre 2010...2019 xbunap apansiFbiaarbl PMos nepexrepi 0ap enni MeKeHIepAiH
OpHAaJIaCKaH >Kepi MEH eJeyJiep caHbl OOWBIHIIA KapTackl kepceTinreH. [lepexkopasiH 2022
JKBUTFBI HYCKACHIHJIA eI MeKeHAepIiH 58 % Kipici koFapsl enepe, 34 % TaObICH opTamagaH
JKOFaphl enzepae, 7,7 % TaObIChl OpTamaaH TOMEH eJIep/ie )KoHe TaOBIChI TOMEH eNJIepIie TEK
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0,3 % Tipkenren. Myuga NO kepceTkillli Typa COHIail HOTIKe KopceTkeH [5]. Aya camachiH
MOHHUTEPHUTTEY JKHi KYPTi3iIMEUTIH, XaNbIKTap TBHIFBI3 KOHBICTAHFAH €N MEKeHIep.e
aypyJlapZblH CaHbIH 3epTTey OapbIChIHIA, CEOEIICI3 eJIIM XKITIM KaHE aypy TypJiepi aije Kaiina
JKOFaphl eKeHITiH kopceTkeH [6]. XKammsl, komma 6ap nepekTep ayaHbIH JlacTaHy JCHIeHiHIH
JKOFaphl eKeHiH kepcereni; 94 % enmi Mekenaepae PMys sxone PMig JJJICY OGekiTken aya
caracsl OOMBIHIIIA HYCKAYJIBIKTaFbl KOHIIEHTPAINACHIMEH MYIIJIEM COMKEC KeIMEHTI JoeAeHIn
OTBIP.

Cypet 2. PM2,5 — niy adam denecinde mapany cynoacwi [4]

Aya canacelH 0akpuIay JKOHE 3€pTTEy >KYMBICTApBIH HETI3IHEH JaMblFaH eIaep MEH
Kayajap/a ui sxone y3aikei3 skyprizai [7]. Tokuo (JKamonust) cusikThl ipi Kana 6oibiriia 2002
KBUIIBIH KaHTapbl MeH 2013 KBUIIBIH KeNTOKCAaHBl apanbsiFbiHaa Tokno MutpomonuTiHig 23
ypOaHu3anysiianran OesiMiieciHne KaWTeic OosraH 2086 Hopectere 3epTTey >KYMBICTaphl
xyprizinres. Hotmxkecinae 6ip kyHaik PM» s TRIHBIC ay cebenTepine OailaHBICTEI HOpEcTeep
MEH MMOCTHEOHATAJIBIbI 6JIIM KayIliH JKOFApbUIATATBIH/BIFGI AaeaaeHai. MyHna PMos-tig 10
MKr/M(3) Goiica HopecTe eiiMi YIIiH BIKTHMANIBIK Ko3ddumuentrepi 1,06 (95 %, ceHimmimik
untepBansl: 1,01...1,12) xoHe nocTHeoHaTanapIK eniM yuiid 1,10 (1,02...1,19) GonranabiFst
aikprHaanFad. Ochl 3epTTeY HOTHKECIHE CYHEHe OTHIPBIN KYHIENIKTI opTama PMy 5 )xoHe ofaH
Jla YJIKeH OeJiekTep OeJIin mbiFapyia aya carnachblH HYCKAayJIbIKTap HETi3iHIe KaTaH Oakpliay
xypri3y ycoiabutrad [8]. Jloc-Anmkenec okpyri, Kamudopuust Kypama HItaTrapaarst eH ipi
KaJaJblK MYHAl KEH OPHBI OpHAJIaCKaH ayMakK OOJIbII TaObLIaAbl. ATaaMBIII KaJIAHBIH HET13T1
KOpIIaFaH OPTACHIH JIacTaylIbIchl MyHal. CoJl ayMaKTarbl TONBIPBIKTaH, Cy/IaH KOHE ayachblHaH
chiHamMa anFaHaa Kypambiaga kagmuii (Cd), xopracein (Pb), mapranern; (Mn), aukens (Ni),
BaHaauii (V), xpoMm (Cr), MeIpbim (Zn), anromuanit (Al), Memnssk (As), Temip (Fe) sxore Mn
CUSIKTHI aybIp MeTaiap Oap exeHi anbikranrad. CoraH colikec FajbIMJIap aJaM JIeHCayJIbIFbIHA
ocepiH 3epTTey MaKcaThiHAa 239 KaThICYIIBIIaH asK jKOHE KOJI THIPHAK YJITUIEpIiH allbIl ChIHaMa
acaraH. MyH/1a jkac epeKIeTiKTepi op TypJi MyHail Oyprbulay anaHbIHAH €H a3 KallbIKTHIFbI
113 M skoHEe MaKCHMaIIIBI KAIIBIKTEIFEL 970 M TypFeIHAapFa )KyprizinreH. Hotmxkecinge keitdip
MeTaniap CTaHAapTThl aybITKyJaH 3 ece »OFapbl XKoHe KelOipi opTalra MOHHEH acaThIHABIFBI
nanenaenren [9]. Iapmwxne (Opanums) MeTpo MaMaHAApBIHBIH ra30eH yiaHy Oapcbin [10],
TaiiBanb (KpiTait) kemip keHOpHBIH urepyaeri nactanybid [11] sxone Can-Tlaymy (Bpaswums)
KanacelHblH 30 OKBUIZAFbl JIACTaHYBIH KapacTeipraH [12]. Aya camacblH MEH angam
JICHCAYJIBIFbIHA 9CepiH TYPaKThl MOHUTOPUHITEY, Oaraiiay, Kajaraiay jkoHe OHBIMEH Kypecy
oTe MaHbI3/bl 00JbIN caHataasl [13].

Kazaxcranma 2024 >XbUTFbl KaHTapAAFBl CATATHCTHKAIBIK MasiMeTTep Ooiisiama 70 enai
MEKEHHIH iIIiHeH aTMocdepalblK ayaHblH TOMEH JlacTaHy HopexeciHe 32, opraimia JiacTaHy
Jopexecine 27, )KOFaphl JIJACTaHy JopekeciHe 8 KoHe oTe )KOFaphl JacTaHy Jopekecine 3 eni
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MekeH aHblKrasFal. An 2020...2024 >xputnapiblH COHFBI 5 JKbUIBIHAA aTMOC(HEPANIBIK ayaHbIH
JIACTaHYBIHBIH, TYPaKThl JKOFapbl aeHreiti Kaparaumpl, ActaHa, AiMaTtel xoHe Temipray
KanajapblHJa Oalikanaabl. Anmarsl KanackiHaa PMys acriansl OesmekTepi, KoMipTeri OKCUi
JKOHE a30T AMOKCHJI HETi3Ti JacTaymbl eKeHIiri kepcetinreH. COHOBIK eniMi3 OOHBIHIIA aya
JlacTaHybl aJFallKbl KarapJa TYpaTblH AJIMaThbl KaJlachlHBIH HETI3r1 JacTaylIbUIapblH
MOHHUTOPHHITEY JKOHE SKOJIOTHATIBIK XKAFIai(bl yaKThIIbI OaKpUIay ©T€ ©3€KTi Macese OOJbII
TaObITagbl. AyMakTapJblH JKai-KyHiH MOHHUTOPHHTINEY OJKYHECiHIH axbIpamac Oeiri
SKOJIOTHSUTBIK KapTa OOJbIn TaOBUIamel. DKOJOTHAIBIK KapTa ©3 Ke3eTiHAe aKmapaTThIK
KamMTaMachbl3 eTyje TUIMAl OonbIln caHajmajgsl. Ma3MyHBI MEH NPaKTHKAIBIK KOJJaHBLIYBI
JKaFbIHAH Op TYPIi, onap Oenriii O6ip TYTHIHYIIBIFA )KETKI3UIETIH COHFBI MOJIIMETTEP MAaCCHBIH
Kypaiapl (CTaTHCTHKAIBIK ManiMerTep OasackiMeH Oipre) [14]. DKomoOrusibiK Kapranap
MOHHUTOPHHITE €Ki JKaKThl PeJI aTKapajbl: Oip ’KarblHaH, SKOJOTHSAJIBIK KapTalap >Ka3bUFaH
JepeKTepl TIpKEYIiH THIMAI Kypajibl OOJIbINT TaObUIa/bl; SKiHII XKaFbIHAH, KapTOrpadusIbIK
3epTTey OMICiH TapTa OTHIPHII, TAaJIAy MPOIECiHAE OCHl KapTajlapIaH ajbIHFaH aKIapar jkaHa
OakpuIayIapABI )KOCTApIIay/ IbIH OacTanksl HyKTeci 00bin Tadbutaas! [15].

2. MOJIIMETTEP MEH 9JICTEP

JKanmer aTMocdepanblKk ayaHBIH JacTaHy cCalacklH Oarajay YIIH €Ki KepCEeTKill
konpanbuianpl: CU (cTaHoapTThl MHAEKC) — JlacTaylibl 3aTTapiblH €H YJIKEH OJIIICHI'CH
koHneHTpanusacel [IIPKm-re sxone BPK-IIIPK oHBIH 0ip peTTik KOHIEHTpAIMACHIHAH aCHII
KeTyIiH eH Kem KaiTamanysl (% TypiHae kepceriireH) Ooibin OemiHemi. ToyimiriHe ayaHbIH
JacTaHy camnachkiH Oaranay ymin CU xepceTkimni KonanaHbIIaael. AyaHbslH Jactany neareii CU
xoHe bPK mMonnepi OoiibiHma 4 canar GolibiHIIa OaranaHansl. Kecre-1 atMocdepaHbIH ayaHblH
JacTaHy MHJEKCI OOMBIHINA TOPEKECiHIH JKIKTETyl KeNTipiireH.

Kecte 1
Ammocpepanviy iacmany uHOekciniy dapececin bazanay
Canarrap JlacTanysbl | Kepcerkim | Bip aiira 6arasay
| T cu 0...1
OMeH HIL% 0
I K cu 2.4
OFapbUIaraH HIT.% 119
cu 5...10
o Koraput HIL% 20...49
v OTe KOoFaphl cn 10

HIL% »50

Ocbl aTanMblll KepceTKilke caiikec eniMizae 2019 Kpuibl ayaHbIH JacTaHy WHIEKCIHIH
nepekrepi Ooitbiama Acrana (Hyp-Cyrran), Kaparange, Temipray, Axrebe, bamkam,
OckemeH, JKe3kasraH jxoHe AJIMAThl CUSIKTBI CEeTi3 Kasla/la ayaHblH JIACTaHY JICHT eI «OKOFaphi»
Oonran (keTineH ken Hemece oFaH TeH) (Cyper-3). Ka3zakcTaHHBIH XaIKbI €H KOIT KOHBICTAaHFAH
Actana (Hyp-CynraH) MeH AJiMaTel KajlamapblHIa KaTThl jactaHraH. An IlaBmomap xoHe
Cewmeiinie ayaHbIH JIacTaHy JIeHredi «korapbiiaran». COHBIMEH KaTap 3epTTelreH 0acka TepT
KaJlajia ayaHbIH JIACTAHY JIEHIeli «TOMEeH» KOpCeTKilTi kepceTkeH [16...17].

OcCHI 3epTTey HOTHKECiHE colikec xanmbl TokTatburraH Oemmekrep (TSP) xepcerkimmi
OoiibiHIIa TaHaFaH Kataigap 2019 sKbUIbl KaTThI JJacTaHFaH. JKalnbl TOKTaTbUIFaH OeJIIeKTep
KOHIIGHTpanuschl OoH (OH eki KamavblH imiHAge) 100 Mkr M3~ TeH ackaH, an SO2
KOHIIEHTPAIUACHI JKeTi (OH TOPT KajaHbIH immiHae) 20 MKr Mm3-ten acter. SO opTaiia KbUIIBIK,
koHueHTparuschl Anmateiia (128 mMxr M ), Ockemenze (90 Mxr M) xone Temiprayma (58
MKT M) eTe xoraphl 6onran. Ceris Kana (OH TOPT KalalaH) ayaHbIH JacTaHy uHuekci (API)
OOMbIHIIA ayaHBIH JIACTAaHYBIHBIH <OKOFapbl» JeHreiin kepcerkeH (Cyper-4). Kpic meH ka3
apachIHJarbl JIaCTaHybl OOWBIHINA aifbIpMalIbUIBIKTAp Kem, OyJl e3repicrep Kamajiap MeH
JacTaylbl 3aTTapra OalnaHBICTEI OOJNBINT TaObUIAABl. MyHJarbl MayChIMIBIK e3repicrepai
TYCiHAIpY KUBIH, OUTKEHI OHEPKACINTIK OEICEHIITIK Typaibl HAKTHI AepeKTep koK [16...17].
Cypert-5 xepcerinrenaert 2022 xpuiga AmMarthl Kanackl OOWBIHINA OapibIK aymaHAapaa KbIC
YKOHE )Ka3 alIapbIHBIH apachIHIaFbl aHKBIH alipMaIIbIIBIK KOPCETIITeH.
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Exi MUUIMOHHAH acTaM XajKbl 0ap AJMathia KeJlik caHbl KyH caiibiH apTyaa. Kasip
Kaaga 600 MBIHHAH acTaM TeMmip TyJinap pecMu TipkenreH 6osca, 300 MbIHFa XKYBIK KOJIIK KYH
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callblH Kaja ayMmarblHa Kipil-IIBIFAAbl CKeH. AJIMAThl OKIMJITiIHIH TaICHIPHICHEI OOMBIHINA
3eprrey kacaraH «2OkoCepuc-C» JKIIC momimeriHmme, Kaja ayachlH JlacTayna €H YJIKCH
YJlecKe ue — JIaJ1 ochl aBToKedikrep. Onap atMocdepa KypaMbIHIAFbl 3USHIBI 3aTTaplIblH 65
maibI3bIH Kypaiinel geninred. Oman keifinri opeiaFa KOO xatkp3eurrad. Ocipece K20 2
TOJIBIFBIMEH KOMIPMEH JKYMBIC iCTel[i, OHBIH YCTiHe PecnyOnmukaHbIH SHEprusi KesiepiHie
OTHIH peTiHIe HeriziHeH ap3aH EkibacTy3 kewmipi maimaiaHbUIafbl, OHBIH KypaMBIHAA KYJI
Mmodepi 40...45 % kypaiinsl. Onemaik HapbIKTBIH carajibl KeMipiHjeri Kyiuid memmepi 10 %
- nma" acmaiinel. COHIOBIKTama KaJaHBIH eH Oip yacTtaymsl ke3i peringe Ekibacty3 kewmipiH
aiityra Oonansl. OHja Oip TOHHA KOMip/i )KaKKaH/a ayara )KapThl TOHHA JIacTayIIbl 3aTTEKTEP
merFapansl. An Toymirine Ammatsr KO0 270,3 mMplH ToHHa Kemip TyThiHamel. COHIOBIKTAH
KBUTY DJIEKTP OPTaJbIKTapbIHAH ayara ©Te >KOFapFbl MeJIIEep/e a30T KbINIKbUIBIH, MarHui,
TeMip, KaJbIuii Oelie/li )aHe ayaHb IACTAYyIIbl HETi3ri Ke3aepiniy 6ipi 60mbin Tabsitans: [18].
MyHzarbl ayaHbl JlacTayllbl 3aTTap/blH IIEKTI MoHJEpiH Oaranay craHgaprrapsl Kazakcran
men JIJICY-na e3inzik atisipmambuisikrap 6ap [19]: JIJICY ayaHsiH camachlH Garaiay YIIiH
PM1o, PM2 5 x0ne NO; YIIIiH KYHICITIKTI %KOHE KBULIBIK OPTAIla IIEKTI MOHACP I MaiiianaHaIbl,
an Kaszakcranma eH korapel Oip perTik MoHAepMeH OaramaHanbl. KazakcTaHoarsl
KonpaHbulaThiH PMos ymin 6ip perrik Mmakcumanabl IIIPK oprama xeupaeik JACY
CTaHOapTBIHAH OH aNTHl ece xorapsl (Kecre-2).

JUICY men Kazaxcmannvly ayadazel 1acmayuivl 3ammapovlly OeH2eliniy uekmi MoHoepi

Jlacrayuibt Bip perrik MAC, mxr m~3 Oprama 1ayaikrik MAC, Mkr m~3 Oprama xpuasik HIPK, Mxr M3
Ka3zakcran | JACY Ka3zakcran | JACY Ka3zakcran JAACY
TSP 500 - 150 - - -
PM1o 300 - 60 50 - 20
PM2s 160 - 35 25 - 10
SOz 500 - 50 20 - -
NO2 200 - 40 - - 40

AyaHbIH JacTaHy aeHreiin Oaranay ymin Kazakcranna IIIPK monzaepine coiikec KeneTiH
MHACKCTEp KOJIaHbUIaasl. EH MaHBI3ABICH - ayaHbIH JacTany unuaekci (API). Onbl ecentey
YILiH 9pTYpIi JIacTayIIbl 3aTTap IbIH KOHIICHTPAIMsIAPEIHBIH OpTalla MoHepiHe coiikec IIIPK-
ra Oemineni xoHe SO, IIIPK MoHiHE KaThICTBI KOA(QUIMEHTIIEH CaNBICTHIPbUIAAbI . by
seprreyne Kasakctan xamamaper ymrin APl monpmepi Kaszakcran xamamaps! ymin Kaszakcran
PecniyGnmkaceiabig 2020 KbUtFa apHaJIFaH KOPLIAFaH OPTaHbIH XKal-KYHi TypaJibl aknapaTThIK
OromterenbaeH anblHabl [18]. Kasakcran PecriyOnukachIHBIH TaOUFH pecypcTapblH NaiaiaHy
Typasbl MATIMETTEpiHe coiikec 1-1m1i TOKcaHaarsl tactany neHreiii 2020, 2021, 2022 xpuigaps
xorapsbl xkaHe 2023, 2024 xkpuimapsl ©Te xKoFapbl kKepceTkimTi kepcetkeH (Cyper-6).

%
60 T 51
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Cyper 6. 2020...2024 scviroapoaser 1-uii moxcanoazvl 1acmany OeHeelinbly KOpCcemKiuli

3eprTey kopceTkeHnel KaszakcTaHHBIH ayafarbl JaCTAyIIbl 3aTTap/IbIH JSHIeHiHIH MIeKTi
MOHJIEpPI MCH ayaHBIH JIACTAaHY HWHJAEKCI ©Te JXOFaphl KOPCETKIMTEepAl KOpPCEeTi OTHIp.
Howmxecinne enmiMi3aeri 5KOHOMUKAJBIK OpTalbIFbl AJIMATHl JIaCTaHFaH Kajiajap KaTapblHa
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KATKBI3BUIBII OTHIP. Ochbl cebenTi AMaThl Kanachl TYPFBIHAAPBIHBIH THIHBIC ally OpraHiapsl
aypyJapsIMEH COHFBI 5 KBUI ilIiHIE TipKemyi >kuineHe Oacraran. Mysna 79,7 %-b1 OpOHXHT,
5,9 %-b1 uHQEKIMATBIK OpoHXUT, 6,4 %-bI TTHeBMOHUS, 3,4 %-bl act™Ma, 3,2 %-bI OKICHIH
CO3BUIMAIIBI aypyJIapsl skoHe 1,4 %o-bI HHEKIUAIBIK eMec OpOHXUT. AT OyJ1 KOPCETKIIITED JKac
epekiienirine 6ailaHpICTBIIA 9p TYPi KepcetiTepai kepceryne (Kecte-3).

Ne Aypy aTaybl Kac kesengepi, %
Baaaaap 0...14 :xac | Kacecnipimaep 14...18 xkac | Epecexrep 18-1eH xorapbl

1 XKenmen 6ponxut 55,8 4,1 40,2

2 HHpekunsibK OpoHXUT 48,6 4,7 46,7

3 MHbEeKIMATIBIK eMeC OPOHXHT 44,9 4,4 50,6

4 OKIICHIH CO3BIIMAIIBI AyPYIaphl 17,6 2,7 76,5

5 Actma 384 51 56,4

6 Oxrie KaObIHYbI 47,3 3,9 64,6

JKoraphbina KepceTireH KopceTKIITepre HeTi31eNe OTHIPHII, ajaM ICHCAYIIBIFbIHA 9CEPiH
a3aiTy MakcaTbIHJIa, TYPAKThl TYPJEC MOHHUTOPHUITEY ©Te MaHbI3/IbI kKahaHABIK Maceseaepre
aifHaBII OTHIP. A Oy Makamana 0i3 ATMaThl Kalachkl ayachlH JIACTAyIIBI 3aTTapAiH KeHICTIK-
YaKBITTBIK Tapally e3repicTepiH OakpLiay KyTri3ly MakcaThIHIa HETi3ri JacTaylibl Ke3aepre
TaNAay JKacaiblK. OKOJOTHMSUIBIK JKarJalblH Oafajay YIIH = OipiHINIAEH, KaJlaHbIH
arMoc(epaisik acTtaymbl 3artap PMas, PMio, kemipreri Toteirsl (CO), azot okcuai (NO2),
a3ot okcumi (NO) sxoHe KykipT okcui (SO3) MeIIEpPiHiH MIEKTIK I9PEKEICH apTy KOPCeTKIIIi
sepaeneHai. Exinmimen, 2 koHmeHTpamus aeHreinepi 2016..2024 sxempapaarsl PMK
«Kasrugpomer», AirKAZ aknapaTteik 6a3a, [QAir HaKTBI YaKbIT PEKHUMIHAC aya camachl
Typainbl uHIeKc aepekrepi, Kazakcran PecryOnuKachbiHBIH TaOUFU pecypcTapbiH Maiganany
Typaibl MoJIMeTTepre, ai KOHE JKbUI CalblH INBIFApbUIaThIH KazakcTaHHBIH Y JITTBIK
THIPOMETEOPONIOTHSLTBIK Kbi3MeTiHIH Ka3akcran PecryOnukachl KopIiaraH OpTachIHBIH JKaii-
Ky#i TypaJibl aknapaTThIK OIOJUICTEHHEH aJIbIHBIN TaJIay JKacajbIH/bI. Y IIIHIIIIEH, KaJlaHbIH
SKOJIOTHSUTBIK JKaFAaiiblH OaKplUiay YIIH SKOJNOTHSIJIBIK aTiacTap MEH JTUHAMHKAIBIK
kapTanapabl Kypyaa ArcGIS-ti GargapiaMachl, al MHTEPAKTHUBTI SKOJIOTHSUIBIK KapTajaap/Ibl
Kypyaa uatepHeT-pecypcrap Google My Maps Hemece ArcGIS Online Typinzeri kapTamapast
KOJI1aHy 0apbIChl KApacThIPbUIA/IBL.

3. HOTHXKEJIEP ’)KOHE OJIAP/JIbI TAJIKBIVIAY

DKOJIOTHSIIBIK OPTAHBI, 9KOXKYHECIH caKTay MEH KaJllIbIHA KeNTIpye KapTajaapasl a3ipiey
K00aHbI )KYy3ere achlpyAa TYbIHAAWTBIH SKOJOTHSUIBIK aCTIeKTIIEP Il TaJIay YIIiH 6Te MaHbI3/Ibl,
opi OJapIbIH 3JIEMEHTTEP]l KEeHICTIKTE OpHAJIACYBIH JKOHE alMaKTBIK OpTaMeH OaiylaHbICHIH
HaKTbl KepceTell /e, AaHAIWTHKAJbIK acleKkTileH Oacka, Kaprajap ailKbIHIBIK KOCYFa
KOMEKTECETIiH KYOBUIBICTAapAsl OciiHeneylae KepHeKi Kypamel Oombim TaObutamel. [AX
KapTachIHBIH KOpILIaFaH OPTaHbI CaKTay MEH TYPaKThUIBIFbIHIA TAOUFU pecypcTap/sl Oackapy,
KIIMMATTBIH ©3TepyiH TYCiHy, KOpIIaraH OpPTaHbIH CalachlH OaKplIay, CaKTaybl KOJIAy >KOHE
TYPaKThI KaJla KYPBUIBICHIH JKOCIIapJiay YILiH 0aFa KeTIec KeHICTIKTIK AepeKTepAi KaMTaMachl3
ereyni 3eprreiai. An ocel Makanana I"”AXK GarmapaaMchiH KOJIAAHBII, ayMaKThIH SKOJIOTHSUIIBIK
JKaraalIap KapTaJapbiH a3ipieyai 5 ke3eHre Oein tanmaabik. Omap:

- 3epTTey ayMarbIH Oaranay CyOBeKTICIH aHBIKTay JKoHE KapTorpadusuiay;

- MaKcaTTHl TYKBIpEIMIAY (MiHAET KO0, Oaranay KpUTepHiJIepiH TaHaay);

- ayMakThIK IIeKkapa MeH OipiikTepli (Keke ayAaHIacThIpy — MPOoOJIeMalIbIK apeaniap),
KOHTYpJapAb! (TaHAmaTHIK TeTIMAED, Kepai nainanany xoHe T. 0.) alKpIHAAY;

- Oaranay (aHBIKTAIFaH ayMakTHIK OIpJIKTEpiH OCHl CYOBEKT YIIIH KacHeTTepiHiH
KOJIaHIBUTBIFBI OOHBIHINIA OaFasay), MIKaJaJapblH 93ipJiey MeH Oaranay Kyprisy;

- KapTorpadusulblk MoJenbli, Oenri yienepiH a3ipiey, JereHAaHbl, TyCiHAIpMe
MOTIHJIEpiH x00anay >koHe T.O.

JKuHanraH 5KOJIOTHSUIBIK aKIapaTThl capanTay apKblIbl TpaduKTepieH Kopi kapTa OeTine
BH3Yyalu3alusIaFaH aiKbIH, HAKTHI JKOHE TYCIHIKTI. ATMOC(epamblK aya camachblH Oakpliay
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OeKeTTepiHeH aJbIHFaH KOPCETKIIITepAi Kapra OeTiHe WIbIFapy >KOHE HHTEpPHOILHsIIAY
apKBUIBI ayaJaFbl OPTYPIIl JacTayIIbl 3aTTEKTEPIiH HET13ri OMIaKTaphl Kal jkKep eKeHiH HAKThI
Kepyre 00Ja/ibl.

ArcGIS-Ti 6armapmamachIHIa YCRIHBUTFaH KapTanap 6oisiama SO; - eTKip mici 6ap Tyccis
ra3 HerizineH Anmainsl jxoHe Typkici® aynmanmapsiHaa TipkenreH. Herisri ke3i xeke yitnep
Hemece JKDO0-1 Gomsim tabsutanst (Cyper-7).
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Cypert 7. SO-niy kepcemxiwumepiniy UHMeEPNOAAYUACH

An CO; KalaHbIH OpPTAJBIK XXOHE COJTYCTIK OOJIKTepiHAE KOI HIOFbIpJaHFaH, Oy
ayMakTapJa aBTOKeJIK KO3FaJbIChl )KOFaphl AeHreiine xoHe contyctik Oemikre XXOO-Tapsi
opuaniackal (Cyper-8). Mynna NO; — ©TKip KarbIMChI3 HiCl 6ap KbI3bLI-KOHBIP TYCTI YIIbI Ta3
HETI3Ti MIOFBIPJIaHFAaH JKepiiepi KallaHBIH OPTaJbIK OONiriHeH MIeTKI JKaKTapbhlHIA, Talay
MOJIiIMETTEPiHE COMKEC HETI3ri JlacTaylubl Ke3i aBTOKeJNK Jen TyKelpbiMaanasl (Cyper-9).
Kanamb13apia atMmocdepachHIarsl ycak maHHbIH PM1o-HBIH KepCeTKIlITepi KaJlaHbIH OPTaJIbIK
JKOHE OHTYCTIK OeiKTepiH/e MKOFaphl eKeHIrH kepemi3. byran cebemn »onnap, TYpFbIH Y
KYpBUTBICTapHl JkoHe T.0. eHmipicrepnin ocepi (Cyper-10). Consiven katap AJICY-HbIH aya
carachl XOHIHJET1 HYCKayJIbIKTapblHaH Oec ece apThIK, 9pi JAEeMIKIe, OKIe parbl )KoHE KypeK
aypYBIH KO3IBIPYIIBI JacTaymibl 3aTTeK PMa2 s kepceTkimi 3eprremin 2022 sXbUTFBI 3¢pTTENHTeH
MOJTIMETTEPre COMKeC KapTachl jKacalblHAbL. MyHIa acTaHy KepceTkimn Oodbrriia TypkciO,
Aunaray xone XXericy aynaHIapbIHIa ©Te JKOFapbl €KEHIiH, COHIal-aK OpPTAIbIK aylaHAapFa
JKaJIIbLIall TapaiFaHblH Kepyre 6onaabl. Kapra OoliblHIIA KOO KOHBIP TYCIIEH OENTiICHIeH OTe
KOFaphl JIoperke/ie KOPCEeTKEeH YII ayAaHaap/a TYPJi eHAIPICTIK 3aBOJTAp, KEKE CEKTOPJIBIK
TYPFBIH Yilliep, Kajiara jkKaH — XaKTaH KipeTiH Heri3ri aBTO KOIJap JKOHE ap3aH, KyJi Kerl
canacei3 Exibacty3 keMipid kongaHatsiH KOO 2 sKbUTbITY Ka3aHIbFb! opHaackad (Cyper-11).

CoHIbIKTaHa TaCTaHy ©Te KOFapbl OOJBIT OTHIP.
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Cyper 10. PM10-nviy kopcemxivumepiniy uHmepnoasiyuscel
PM2s — HBIH KaJaHBIH ayachlH MayCBIMJIBIK JIACTAHYBIH JXOHE aipMallbLIBIKTAPbIH
HaKTbulay MakcaTbiHaa 2022 KbplIAarbl KbIC, KOKTEM, a3 JKOHE KYy3 allapbhlHIAFbl JacTaHy
©3repiCiHIH YKOJOTHSIIBIK KapTaChl KacabIHAbL. 3epTTey HOTHKECI OOMBIHINA KbIC aillapbIHIa
KBUTBITY ME3TUIACPiHIH eceOiHeH ayanarsl PMp s KOHIICHTpaHsACH KOKTEM JKOHE a3 aijlapbIHa
KaparaHJIa ©Te JKOFaphbl, MAaKCUMAJJbl KOPCETKIIITEPre JKYbIK MOHAEPAI KepcerTi. An ka3
aiiappIHaa Oy KOPCETKII AKOIOTHSIIBIK Ta3a et aiityra 6omanst (Cyper-12).
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Cyper 11. 2022 srcorrevr Anmamer Kanacvinviy PMo s-men nacmany kapmacul
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Cypert 12. 2022 sicvinevl Aimamol KanacbiHbly KblC, KOKIMEM, H#CA3 HCIHe K3 AUIapblHOa2bl

PMa s-men nacmany e3eepiciniy 9K0102usIbIK KAPMACHL

JKanmer Anmmatbel Kamacel OOMBIHINA JKBUIBITY MEp3iMiHAE ayara OeiHeTiH JTacTayIbl

3aTTap/bly Oip KYHAIK KepceTkinti OolbiHIIa TanFbl carat 6:00...8:00 kewki carat 19:00...22:00

yakeIT apansirbiHaarel 2023 sxemiaeiH 20.03 sxone 05.06 kyHIOEepiHe 3epTTey KACATBIHIBL.

Mysa 20.03 kyHi GOHBIHIIIA TAHEPTEH MEH KEIITe/Ie KalaHbIH JJACTAHYbI ©T€ )KOFapbhl eKCHJIIr1

tipkenred. Ce0ebi Haypbl3 alblHIA JKBUIBITY MayChIMBI JIi asKTalMaraH, KEIIKI YaKbITTa

TYpFBIHAAD Yitnepinne OoonarbiHAbIKTaH (Cyper-13), OChbl yakbITTa JlacTaHy ASPEKeci IKOoFapsbl

OoNBIm  OTBIp. AN Hayphel3 allblHA KapaFaHIa MAayChiM aiiblHIa AJMAaThl KaJlaChIHBIH

9KOJIOTHSUIBIK JKaF/Iaibl )kakcapabl. byraH ce0ern KbUIBITY MayChIMbIHBIH asKTalybl MEH Ky

KOIl KeMip INEeHTEepiHiH XYMBIC KeJEeMiHIH TeMEHAEyiHe Tikened OailaHbICTBI OOJambl.

CoHbIMEH KaTap jKayblH-IIAIIbIH JKUIJIEHYl JKOHE ayaHbIH KbUIYbl, JNEreHMeHJe AJIMaThl

KaJIaChIH/Ia ayaHbIH JIACTAHYbBI OChI Me3rije/ie JacTanysl Oaiikanbin (Cyper-14).
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Cypert 13. 20.03.2023 sicoln 6otiblHUA TACMAHY KOPCEMKIuiL
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Cypert 14. 05.06.2023 stcvln 60tibIHWA TACMAHY KOPCeMKiull
AJMaThl KaJaChIHBIH JACTAHYBIH HAKTHIPAK TaJAay YIIIiH TEK Oip FaHa RJIEMCHTTI KapTa
OeTiHe IIBIFapy JKaIBl aya camachl JKAWibl TOJBIK MoliMeT Oepe amMaiinel. COHIOBIKTAH
opTypii
MPOMOPIMSIBIK apa-KaThIHACKIH KapTa OeTiHAe auarpamMmanap apKbUIbl BU3yaln3alusiiam

OCKITIITEH  MyHKTTEpAeri JJIEMEHTTEpiH  Oip-OipiMEH  CaJIBICTBIPFaHIaFbI
HaKThI kepyre 6omanel. Connpaii-ak 2016...2020 sxbu1aap apaibIFbIHIAFEl AJIMATHI KAJIACHIHBIH
aya camachlHBIH HETI3ri Kepcertkimrepi cyper-15 kenripinreHn. CoHBIMEH KaTap KaJlaHBIH
aTMocdepanblK ayachlHBIH KYPaMBIHJAAFbI JIACTAYIIbI 3aTTap Meuiepi auarpammanap, AJIN
sxkoHe CU rpadukrep men AJIM, CU xome HII aya camackiH Oaranay IIKanamapbl IIETIK
KOPCETKIIITEPi KecTe TYpiHae Kochuibin kikremin 1:250 000 macinradta AnMaThl KaaachIHBIH

aTMoc(epanblK ayachIHBIH KYpaMbIHIAFbI JACTAYIIBI 3aTTap KapTachl KYPaCTHIPBLIIBL.

Anmatbl KanacbiHblH aTMocdepanblK ayacbliHblH KypaMblHAaFb!
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Cypert 15. Armamul Kanacvlibly ammochepanvii ayacelibly KYPamblHOAEbL TACAYULb
3ammap Kapmacol

127



Kaxvinbex xare m.o. T'udpomemeoporozus u axoroeus Nol (116), 2025

COHJIBIKTaH 3KOJOTHSIBIK OPTAHBIHBIH JIACTAHYBIH 0aKbLIdy MCH YaKBITBUIBI KaJIIbIHA
KenTipy MakcaTeiHga ctacTukainblk, PMK «Kasrugpomer», AirKAZ akmapattsik 6a3a, IQAir
HaKTbl YyaKbIT pPEXHMIHIE aya camachl Typallbl HMHJIEKC Jepekrepi oHe Kazakcran
PecnyOnmkachIHBIH TaOWFH PECypCTaphlH MalJaNaHy Typaibl MONIMETTEPiH JKEKe JKEeKe
KapacTbIpraHmia, ojapasl skuHakran ['AXK GarmapimaMchlH KOJNJaHy apKbUIbl KapTa peTiHze
YCBIHFaH THIM1 OOJIBIT TaOBLITAT/IB.

4. KOPBITBIH/IbI

AJMaThI KaackIHBIH HETI3T1 3KOJIOTUSIIBIK Mpo0aeMaapsl - aTMochepanbik ayaaa SOz,
CO3, NO», PM3 5 xoHe PM10 CHSKTHI KayilTi KITaCcCKa JKaTATHIH MJIEMEHTTEPiHIH KOII MOJIIIEpIe
Tapaybl, Kajla XaJbIKThIH JACHCAYJIBIFbIHA KePl 9CepiH THTi3ilN, XaJIbIK apachblHJa THIHBIC )KOHE
XKYIHKe aypyJIapAbIH Kallail Tapary KepceTKilli apTy/a, COHBIMEH KaTap >Kep KaMbIIFBICHIHBIH,
(topansbIH, (hayHaHBIH, XKep YCTi )KOHE JKep acThl CyJIapbIHBIH XKalllail JJacTaHybl ©3€KTi Macee
6ompin otelp. CoHpaii-ak KaJaHBIH XalbIK CAHBIHBIH apTybl, aBTOKeIik, KOO jxoHE xKeke
CEKTOpAAFrbl YHIEpAiH canachl3 KOMip JKaFybl XOHE KOMIPMEH >YMBIC ICTEHTIH 3JIEKTp
CTaHIMSIAPBIHBIH LIBIFAPBIHABUIAPH! Kaja XaJIKbIHBIH eMip CYpyiHE KUBIHIBIKTap TYIBIPYIa.
CoHbpIMEH KaTap aBTOKOJIKTIH NaimainaHeuFaH Tazgapsl MeH KOO mbiFapblHIbUIAPBIHBIH
aTMoc(epalblK ayara 9cep €Tyl IIEKTEH THIC apTKAHABIFBI JOJENACHIN, AIMaThl KalaChIHBIH
aTMoc(epaliblK ayaHbIH CalachlH, KalalblK SKOXYHellepAl KOopray MEH KajllblHa KeJTipy,
ypOaHU3anusUIaHFaH ayMaKTap/a aiaM YIIiH KaiiIbl, 3KOJIOTHAJIBIK KayiIci3 eMip CYpy OpTachlH
KYpy YLIIH JIaCTaHy JIOPEKECIH JIJI KapTara TYCipy MEH 9CepiH HakKThl Oarayiay 3KOJIOTHSIIBIK
TeMme-TeHMIKTI caKTayla >KbUIAaM, opi HAKTHI KoOamapapl AaWbIHIayFa MYMKIHIIK Oepermi.
Kananarsl sxarnaiinel sxakcapty Maxkcatelaga KOO 2 mbFapbIHABIIAPEIHBIH CAaHBIH KBICKApTY,
OHBI Ta3fa aybICTHIPY, MIBIFapBIHBIIAP B OaKbLIAY ABIH O3BIK TEXHOJIOTHSIIAPBIH OPHATY HEMECe
JKaHa HKOJOTHSUIBIK Ta3a DJIEKTP CTAHIMSIAPHI MEH JKbUIY OPTAJIBIKTApbhIH Cally, ajl KoK
CEKTOPBIH/A JKaFfaiiibl JKakcapTy YIIIH METpO MapIIpyTTapblH, JKEKE >OHE KOFaMIBIK
KOJNIIKTep/li OMOOTHIHFA  ayBICTBHIPYIbl KEHEWTy ycbiHbUIaael. CoOHBIMEH Karap, Yi
[IapyanbUIBIKTapBIHIa TYPFBIH YIIep i )KBUIBITY YIIiH KOMip/i maiananyra OipTiHICT THIHBIM
calry Kaxer.

ABTOPJIAPJIBIH KOCKAH YJIECI

TyxsipeiMaamanay — bIDK; nepexrepni 6ackapy - CBT; pecmu tangay — bDK, EEB, XXTK; Onicreme —
bDK, CBT; bacramker ;ko0ans! a3y - 'BK; Loy a3y sxone pemakmusiiay — bIK, ['BK.

KAPXKBIJIAHABIPY

Byn makana BR21881939 «Tay-keH MeTaiuryprust KelleHi YIIiH pecypc YHEMISHTIH SHeprus oHIipyIi
TEXHOJIOTHSIIAp/bl 93ipiiey JKOHE WHHOBAIMSUIBIK-WHXKUHUPHHITIK OPTAJBIK Kypy» Oaraapiamaiblk-
HBICaHAJIBI KapXKbUIaHABIPY JK00achl OOMBIHINA OPBIH/IAIIIBI.
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OmHuM u3 cambIX Oonblinx OenCTBMH B Hamle BpeMs SIBISIETCSI MacCOBOE
3arps3HEHUE BO3IyXa, KOTOPOE BHI3BIBACT N3MEHEHHE KIIMMATA, a TAK)KE HETaTHBHO
BIIMSIET HAa 3[J0POBbE HACEJNICHHS, YCKOPSA POCT 3a00JIEBaEMOCTH M CMEPTHOCTH. B
HAYYHOH CTaThe PacCMATPHBAIOTCS BOIPOCH! YBEIWYCHUS YUCICHHOCTH HACEICHUS
T. AJMaThl 3a TIOCJICTHHUE TOMBI, 3arpsI3HEHUS BO3MyXa M HETaTUBHOTO BIMSHUS Ha
3I0pPOBbE HACENCHHUA T. AJIMATBI B CBS3M C HEKAYECTBCHHBIM COKHTAHHUEM YTIIS
aBToTpaHcnoprom, TJOLl w momMamMm dYacTHOTO ceKTopa. BEBIOPOCH YTONBHBIX
SJIEKTPOCTAHIIMKA TaKXe CO3JAl0T TPOOJeMBbl Uil BBDKHBAHHUS TOPOACKOTO
HaceJeHHsl, Cioco0CTBYsI 00pa30BaHHIO MAPHUKOBBIX Ta30B, KOTOPHIC OAHUMAIOTCS
B atMocdepy M MOMOraroT corperb IuiaHety. Kpome Toro, m3-za 3arpsi3sHEHHS
OKpyXaromieil cpenbl B arMoc(epHOM BO3JIyXe HaOJIOJAeTCsl 4Ype3MEpHOe
YBEIIMUCHHUE DJIEMCHTOB, OTHOCAIIUXCS K KJIaccy pucka, Takux kak SOz, CO2, NOy,
PM2s 1 PMio, YTO NPHBOAMT K YBEJIHWYEHHIO 3a00JIEBAEMOCTH OpOHXHTOM,
WHQPEKINOHHBIM OPOHXHUTOM, ITHEBMOHHUEH 1 XPOHUYECKUMHE 3a00ICBaHISAMH JICTKHX
B cpeme HaceleHus. I[IpoaHanm3WpoOBaHBI W W3YYEHBl YPOBHH BO3JCHCTBHUS
BEIXJIOITHBIX TA30B aBTOTpaHCHopTa U BEIOpocoB TOL Ha atMocdepHsIii Bo3ayx. Ha
OCHOBE CTaTHUCTMYECKHMX JAaHHbIX ropoxa 3a 2016...2024 roxel cocTaBiEeHbI
9KOJIOTHYECKUE KAPTHI IT0 TOYHBIM KaPTHPOBAHUIO CTEIICHU 3arpsA3HCHUS M TOYHOH
OLIGHKE BJIMSHHUSA TOpOJa Ha BHEAPCHHE MEPONPUATHH MO yIy4IIEHHIO KadyecTBa
aTMoc(epHOro Bo3ayXxa ropona ANMAaThl, 3allUTEe ¥ BOCCTAHOBICHHUIO T'OPOACKHX
9KOCHCTEM, CO3JaHMIO M TMOAJEPKAHUI0 KOM(OPTHOH, SKOJIOTHUECKH Oe30macHon
cpenbl OOMTaHUsI JJIsl YelloBeKa Ha ypOaHM3MPOBAHHBIX TEPPUTOPHSAX. DTH KapThl
MO3BOJIIIOT pa3pabaThIBaTh PEIICHHUS IO CHHXXEHHIO aHTPOIOTEHHOTO BO3JACHCTBHUSA
ypOaHU3aluy Ha TPUPOJHYIO CPEAY U TOTOBUTH OBICTPhIE M KOHKPETHBIE MPOEKTHI
0 MOJIIePKAHUIO SKOJIOTHIECKOro OanaHca.
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CHANGES IN AIR POLLUTANTS IN ALMATY

Yryszhan Zhakypbek* PhD, Yerkezhan Begimzhanova, Gulmira Kezembaeva PhD,
Serik Tursbekov candidate of technical sciences, Zhenis Kozhayev PhD

Satbayev University, Almaty, Kazakhstan; y.zhakypbek@satbayev.university, y.begimzhanova@stud.satbayev.university,
g.kezembayeva@gmail.com, s.turshekov@satbayev.university, zh.kozhayev@satbayev.university
Corresponding author: Yryszhan Zhakypbek, y.zhakypbek@satbayev.university

KEY WORDS

ABSTRACT
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One of the biggest problems in our time is mass air pollution, which leads to climate
change, as well as negatively impact public health, accelerating the growth of
morbidity and mortality. The scientific article examines the issues of population
growth of Almaty in recent years, air pollution, and its negative impact on the health
of Almaty’s residents due to low-quality coal burning in thermal power plants, private
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pollution sector homes, and emissions from motor vehicles. Emissions from coal-fired power
map plants also contribute to the formation of greenhouse gases that rise into the
atmosphere and warm the planet, posing challenges for the urban population.
Additionally, due to environmental pollution, an excessive increase in pollutants such
as SOy, COy, NO», PM_5, and PMyg in the air has been observed, leading to a rise in
the incidence of bronchitis, infectious bronchitis, pneumonia, and chronic lung
diseases among the population. The levels of exposure of car exhaust gases and
emissions from thermal power plants were analyzed and studied. Based on statistical
data from 2016 to 2024, precise maps of pollution levels and an accurate assessment
of city’s impact on the implementation of measures to improve air quality in Almaty

About article: were compiled. These efforts include protecting and restoring urban ecosystems,

Received: 27.01.2025 creating and maintaining a comfortable and environmentally save living environment

Revised: 16.03.2025 for people in urbanized areas. These maps enable the development of solutions to

Accepted: 27.03.2025 reduce the anthropogenic impact of urbanization on the natural environment and

Published: 01.04.2025 facilitate the preparation of swift and specific projects to preserve environmental
balance.

Bacnarepain eckeprmeci: GapiblK KapHsAJaHBIMAAPAAFbl MoJliMaeMenep, MiKipiaep MeH AepekTep «[ MApOMEeTeoponorus U 3KOJIOTHSD
JKypHaJIbIHA JKOHE/HEMece pelakTopFra(Jiapra) eMec, TeK aBTopra(Jiapra) THECLIi.
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Human economic activity plays a key role in shaping the modern landscape. To maintain high
environmental quality, protect nature, and ensure the rational use of natural resources, it is
essential to comprehensively consider all types of anthropogenic changes, both direct and
indirect. In this regard, the study of ecogeomorphogenesis under conditions of climate change
and anthropogenic impact is becoming particularly significant, making it one of the most
important tasks for maintaining the sustainable state of the natural environment. In this context,
the objective of this study was to investigate ecogeomorphogenesis within the basin of the
Zhayyk River, specifically analyzing its current state with regard to anthropogenic influence to
better understand the processes of formation and transformation of the ecogeomorphological
condition of the study area. The Zhayyk River basin is a complex natural system whose formation
and development are determined by the interaction of geomorphological, hydrological, and
ecological processes. Under the conditions of a changing climate and increasing anthropogenic
impact, significant transformations in the relief, riverbed processes, and hydrological
characteristics of the river are being observed. This article examines the current
ecogeomorphological state of the Zhayyk River basin. Recommendations are provided for the
sustainable management of the river basin’s natural resources, including measures to mitigate
negative environmental impacts and develop strategies for adapting to changing climatic
conditions.
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1. INTRODUCTION

Ecogeomorphogenesis, also known as ecological geomorphology, is one of the branches of
applied geomorphology and a relatively young scientific discipline. Its emergence is associated
with the need to study problems arising in the process of preserving life on Earth. As early as the
mid-1860s, scientists noticed the rapid disappearance of rare species of flora and fauna in various
regions of the world, raising concerns about the threat to the future of human civilization. These
factors served as a stimulus for the formation and development of the science of
ecogeomorphogenesis [1...2].

This field of study examines the structure, formation processes, historical development, and
current dynamic state of relief. It is closely related to anthropogenic morphogenesis, which
encompasses a set of phenomena and processes resulting from human economic activity that lead
to changes in natural landforms. In other words, anthropogenic influence on the environment
continues to intensify, affecting an increasing number of aspects of natural systems [3...4].

Many researchers have studied the territory of the Pre-Caspian Tectonic Depression.
Numerous monographs, specialized collections, and a large number of scientific articles and
conference abstracts have been devoted to these issues.

The study of the geological structure — specifically, the sequence of rock formation, their
thickness and spatial arrangement, the development of geological structures, and their changes
under the influence of tectonic movements and geological history — has been carried out by
scientists from various fields, resulting in numerous collections, books, and monographs.

James Hutton is considered the founder of modern geology, having proposed the principle of
actualism. Charles Lyell further developed these ideas and laid the foundations of stratigraphy.
Significant contributions to the study of tectonic structures were made by Alexander Kropotkin and
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Vladimir Obruchev, who explored the geology of Siberia and Central Asia. Later, Alfred Wegener

proposed the theory of continental drift, which eventually led to the development of plate tectonics.
In the 20th century, Harry Hess and John Wilson explained the mechanisms of lithospheric plate
movement. Today, geological research continues in leading scientific institutions such as the
United States Geological Survey (USGS) and the Russian Academy of Sciences (RAS) [5...7].

The West Kazakhstan region has attracted the attention of many geologists who have made
significant contributions to the study of its geological structure and mineral resources. Among them
is Muftakh Diarovich, who investigated the geology and geochemistry of halogenic formations in
western Kazakhstan, establishing patterns in the formation and distribution of mineral deposits in
the Pre-Caspian Depression and the Southern Pre-Ural Trough [8...10].

Specialists from the West Kazakhstan Geological Administration (ZKGU) have played an
important role in geological and geophysical research in the region, particularly in the exploration
and prospecting of oil and gas fields.

The objective of this study is to analyze the ecogeomorphological state of the Zhayyk River
basin and identify the main factors influencing terrain transformation.

The article examines the types of modern processes occurring in the Zhayyk River basin.
Exogenous factors play a major role in shaping the contemporary landscape. The most widespread
processes within the territory include physical weathering, debris formation, karst processes, takyr
(clay flat) formation, and aeolian (wind-driven) processes.

2. MATERIALS AND METHODS

As research material, cartographic and textual data on the geology and morphology of the
Zhayyk River basin from the modern period were used.

In the study of the ecogeomorphological state of the Zhayyk River basin, the following
methods were applied:

Cartographic analysis — the use of topographic and geomorphological maps to identify
changes in the relief.

Statistical analysis — processing of long-term data on climate, river flow, and relief dynamics.

Geographical and descriptive methods — conducting fieldwork and descriptive studies, during
which research materials were obtained.

The object of study is the Zhayyk River basin, as it is an important natural entity influenced
by both natural and anthropogenic factors. In recent decades, significant changes in
geomorphological processes have been observed, caused by climate change, anthropogenic impact,
and intensive economic development of the territory.

Through the application of the above-mentioned methods, this study has examined the main
characteristics and the current state of the ecogeomorphogenesis of the Zhayyk River basin.

3. RESULTS AND DISCUSSION

In tectonic terms, the West Kazakhstan region is associated with the northern part of the Pre-
Caspian Depression, which is located in the southeast of the East European Platform. Due to its
spatial position, morphology, and development history, it is classified as a syneclise. The northern
boundary of the Pre-Caspian Depression is marked by the Zhadyovsky Escarpment, which is
geologically defined by the Tokarev regional fault. The Pre-Caspian Depression represents a
depression of the Russian Platform, filled with Paleozoic, Mesozoic, and Cenozoic deposits and
complicated by numerous salt domes. It is one of the world’s largest salt-bearing basins,
characterized by extensively developed salt-dome tectonics. The depression is expressed in the
relief as a lowland area. The crystalline basement dates back to the Precambrian [11].

The sedimentary cover of the depression is divided into three complexes:

Subsalt complex, which includes rocks older than the Kungurian stage of the Lower Permian.

Salt-bearing complex, containing extensive halogenic deposits.

Supersalt complex, consisting of Upper Permian, Mesozoic, and Cenozoic formations.

The geomorphological and tectonic features of the Pre-Caspian Depression are
interconnected. The study area is characterized by recent tectonic uplifts and subsidence, which are
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expressed in the relief (e.g., the Zhanybek-Urda and Malouzensk uplifts, the Ashiozek Depression,

and the Furmanov-Zhangalin subsidence zone).

Salt tectonics is one of the most distinctive features of the geological structure of the
depression. In 1953, Yu.A. Meshcheryakov conducted research that provided data on the mobility
of salt-dome structures in the northern Pre-Caspian region, leading to the creation of a scheme of
recent tectonics for this area [12].

In the study region, the intensity of vertical movements of the Earth's crust increases both
westward and eastward from the Zhayyk River valley. In the Pre-Caspian Lowland, within the
valleys of the Bolshoy and Maly Uzen rivers and the Ashiozek River, the uplift rate of the Earth's
crust reaches 2 mm per year. In the western part of the Podural Plateau, vertical movements also
range from 0 to 2 mm per year, while in the eastern part, subsidence of up to 2 mm per year is
observed. In the Obshchy Syrt area, crustal uplift increases from 2 mm per year to 4 mm per year.
North of the Kushum River, the Zhayyk River valley experiences uplift up to 4 mm per year,
whereas south of this section, crustal subsidence reaches 2 mm per year [13].

The oldest deposits penetrated by drilling are from the Devonian period. Paleozoic (PZ)
deposits correspond to Devonian, Carboniferous, and Permian formations.

Devonian (D) deposits are found only in the marginal zones of the Pre-Caspian Depression at
depths exceeding 3,000 meters, consisting mainly of carbonate formations with interbeds of
terrigenous deposits in the lower sections.

Carboniferous (C) deposits are found in the marginal zones of the Pre-Caspian Depression
and consist of limestones with interbeds of dolomites and argillites. The total thickness of
Carboniferous deposits reaches 2,200 meters or more.

Permian (P) deposits outcrop on breached salt domes but generally occur at great depths (up
to 5 km). In the northern Pre-Caspian region, they are found at depths of 2.5 km, whereas in the
central part, geophysical data indicate burial depths of up to 8 km.

Permian deposits are divided into two sequences:

Lower Permian (P1) includes Asselian, Sakmarian, Artinskian, and Kungurian stages,
represented by limestones with interbeds of anhydrite, gypsum, calcite, dolomite, and argillites.
The maximum thickness of the Lower Permian pre-Kungurian deposits does not exceed 270 meters.

Upper Permian (P2) deposits are rarely exposed at the surface and are widespread in the
southern part of the region. The lower part consists of marine and lagoonal clay-carbonate rocks,
while the upper section is predominantly composed of red and variegated continental sand-clay
sediments [14].

Mesozoic (MZ) deposits include Triassic, Jurassic, and Cretaceous formations. In the region,
Lower Triassic deposits are exposed at the surface.

Lower Triassic deposits are represented by red-colored sand-clay formations, found in the
Chagan River basin and in the crests of some salt domes. They primarily consist of red-colored
siltstones, argillites, clays, sandstones, limestones, and marls, with a thickness ranging from 560 to
1,000 meters.

Jurassic deposits are exposed in small areas of the Podural Plateau and the Pre-Caspian
Lowland, where they are mainly associated with salt domes. Borehole data indicate their
widespread distribution across the Pre-Caspian Depression. These formations consist of alternating
sand and clay layers, with thicknesses reaching up to 1,040 meters.

Lower Cretaceous (K1) deposits are divided into two main sequences: a predominantly clay-
rich layer and a predominantly sandy layer. These deposits consist of clays, quartz-glauconitic
sands, siltstones, argillites, and sandstones. Their thickness reaches up to 100 meters [15].

Cenozoic (KZ) deposits are widespread throughout the region and include formations from
the Paleogene, Neogene, and Quaternary periods.

Paleogene deposits are widely distributed in the Pre-Caspian Depression, found in the
Obshchy Syrt, the Podural Plateau, and the eastern part of the Pre-Caspian Lowland. These
formations include deposits from the Paleocene, Eocene, and Oligocene. Paleocene sediments are
entirely marine, whereas Eocene and Oligocene deposits contain both marine and continental
facies. The total thickness reaches 200 meters.
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Figure 1. The Cretaceous remnant and the slopes of the Cretaceous remnant

Geomorphological features:

The geomorphology of the West Kazakhstan region is diverse. Studies by Veselovoy and
Geldeeva (1992) classified the region’s horizontal and vertical dissection. The Pre-Caspian
Lowland is characterized by a weakly dissected accumulative plain with low relief intensity. The
average horizontal dissection is 25 km, increasing in the western lowland near salt domes.

The terrain includes five major geomorphological regions:

The western part of the Podural Plateau.

The southern part of the Obshchy Syrt upland.

The Pre-Syrt Escarpment.

The northern part of the Pre-Caspian Lowland.

The middle course of the Zhayyk River valley.

The highest point in the northeast of the region is 279 meters, while elevations decrease
southwestward to -15 meters.

In the Pre-Caspian Lowland, the interfluve between the Zhayyk and Volga rivers has a general
northwest-southeast inclination, while the left bank of the Zhayyk slopes northeast-southwest,
leading to the river valley.

The Obshchy Syrt extends into the region only with its southern spurs, forming a structurally
elevated plateau. Absolute elevations reach 80...150 meters, with isolated hills exceeding 200...250
meters. The largest valleys include those of the Chagan and Derkul rivers.

To the east of the region, sand massifs are found in the lower reaches of the Kaldygayty and
Zhaksibay rivers. The landscape is dissected by meandering, shallow channels and ancient
depressions, varying in depth from 1 to 3 meters with gently sloping sides. The key elements of the
interfluve terrain are depressions and elevated areas between them.

4. CONCLUSION

The Late Khvalynian Plain is located below zero elevation marks, where weakly expressed
shoreline ridges and dry deltas are partially preserved, with less dissection than the Early
Khvalynian Plain, particularly in areas where the deposits have a clayey composition. In sections
with sandy deposits, the surface has undergone and continues to undergo significant aeolian
reworking. A rather narrow, northernmost part of the plain extends into the region.

To the west, the Urda Sand Massif borders a vast erosion-tectonic depression known as Khaki.
Further east, almost reaching the Zhayyk River, stretch the VVolga-Ural sand massifs. The northern
part of the Volga-Ural Sands is interrupted by the erosion-tectonic depression of the Kamysh-
Samara Lakes, which serves as a discharge area for floodwaters from the Uzen rivers. This
depression is a vast lowland, complicated by a system of lakes of varying size and shape,
interconnected by channels. In summer, most of these lakes dry up, leaving salt deposits on their
surface. On the left bank of the Late Khvalynian Plain, a massif of sharply defined ridges and
hummocks with relative heights of 10...20 meters stands out.
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10.

11.

12.

13.

The Zhayyk River valley in the northern part of the area is quite wide. Between the villages
of Kushum and Chapaevo, where the Kushum River branches off from the Zhayyk, the valley
reaches a width of 45 km. South of Chapaevo, as it approaches the Inder Uplift, the Zhayyk valley
narrows from 20 km to 10 km. North of the village of Antonovo, another deltaic branching occurs,
with the main channel being the Bagyrday River.

Terrace formations are developed on the slopes of the Zhayyk River valley. Upstream from
the mouth of the Utva River tributary, a series of four terraces of the Zhayyk River can be observed,
while downstream, only two terraces remain. The first terrace (relative height of 6...12 meters) and
the second terrace (relative height of 12...14 meters) are well-defined and wide on the right bank
of the Zhayyk. The first terrace is dissected by a sparse network of abandoned channels, while the
second terrace has a smoother surface, particularly near the river, becoming sandier and, in some
places, loamier as it extends further away. The slopes of the Zhayyk valley are shaped by erosion.
In the northern section, ravines are deeply incised, often reaching groundwater levels, and are
covered with forest. The terrace surfaces, especially the upper one, exhibit microrelief features such
as burrow mounds, micro-slopes, micro-depressions, and steppe depressions.

The floodplain of the Zhayyk within the Pre-Syrt Escarpment reaches a width of 4...6 km,
while in the Pre-Caspian Lowland, its width varies from 2...3 km to 8...10 km. As with the valley
as a whole, the floodplain narrows southward. It is separated from the upper terraces by a ledge
4...6 meters high. The floodplain surface is deeply dissected by a network of narrow channels and
is dotted with oxbow lakes and small floodplain lakes.

The Zhayyk River is the second-largest river to enter the Caspian Sea after the Volga. In its
northern section, it flows in a sublatitudinal direction, while south of Uralsk, it follows a meridional
course. The river flows through loose Pliocene and Quaternary deposits, originating from the
Obshchy Syrt and Podural Plateau, passing through the Pre-Syrt Escarpment, and finally entering
the young Pre-Caspian Lowland.
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The article examines the diversity of landscapes in terms of the importance of studying nature
and ecosystems. In general, landscape diversity encompasses components of bio and ecosystems,
affecting their stability and change. The use of geographic information systems (GIS) to assess
landscape diversity helps to determine the quantitative and qualitative results of spatial and
temporal changes in the natural environment. In addition, the article shows the relationship
between landscape diversity and water bodies. This is because water resources play a key role in
shaping landscapes, their structure and functions. The landscape diversity of the study area was
assessed using a number of indices: uniqueness, relative richness, landscape mosaic, landscape
complexity, landscape fragmentation and entropic dimension of landscape complexity (Shannon
index). These indicators help identify areas of low geographic and hydrological potential using
quantitative data obtained from them, and plan various preventive measures.
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1. INTRODUCTION

At the beginning of the twentieth century, scientists studying nature and its components came
to the need to consider objects of study as systems, that is, the totality of certain components that
are naturally [1] interconnected and other components that resulting to new properties [2].

In recent years, due to the increased anthropogenic impact on the environment, the volume of
bio- and ecodiversity in the natural environment has begun to decline. The impact of anthropogenic
load was reflected not only on the state of the surrounding environment, but also on the pollution
of water bodies [2].

In connection with the emergence of such complex problems in science, a new direction of
landscape research was formed, studying the relationship between human activities and the natural
environment [2].

Hydrological exploration of landscape diversity, that is, the study of landscapes as applied to
the field of hydrology, began at an early time. In recent decades, landscape hydrology has infiltrated
systemic ideas that should be seen as a frontier discipline between hydrology and landscape science.

In the course of geographical, landscape and hydrological studies, a large amount of
information has been collected. However, the disadvantage of these studies is that during the study,
scientific areas are considered separately. According to the recommendations of scientists working
in these areas, it is necessary to consider the components that combine the qualitative and
quantitative aspects of the natural-territorial complex (flow rate and volume, structure of the
natural-territorial complex, their dynamics, etc.) together, and not separately, and develop new
methodological approaches that combine these aspects. Thus, taking into account obstacles in
interdisciplinary research and the introduction of new methodological approaches affects the
development of new science, developing on the basis of the integration of geography and hydrology
[1...3].
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In general, the hydrological functions of the landscape are those that support the water-

resource and water-ecological properties of the catchment. The hydrological functions of the
landscape are understood as the processes of converting the humidity of precipitation entering the
natural complex, and the processes of water loss from the territory, expressed by the amount and
quality of water entering water bodies [1]. The evaluation of these functions is related to the
qualitative and quantitative characteristics of the water drainage, taking into account all
interactions, including local parameters of moisture circulation [1].

At the present stage, a landscape-ecological approach to the study of patterns of runoff
formation is developing. The essence of this pattern is the direct connection between the landscape
structure of the catchment and the hydrological processes occurring there. At the same time, the
possibilities of quantitative and qualitative assessment of factors affecting the formation of runoff
are directly related to hydrological processes, climatic and landscape-structural features of the
territory. According to the prevailing hydrological process, flow-forming, transit and accumulating
landscape hydrological complexes are distinguished [3].

2. MATERIALS AND METHODS

Geographical and hydrological research originates in the works of European and Russian
research scientists [3].

Landscape hydrological studies combine two aspects: water and landscape features. Over the
course of several years of research, hydrologists have studied and identified a number of landscape
features. In landscape hydrological studies, assessment of the landscape, prediction of hydrological
flow and determination of quantitative characteristics of the flow make it possible to indirectly
determine the stability and equilibrium value of the flow [1, 4].

Recently, more and more attention has been paid to quantifying the biological and landscape
diversity of the natural environment. However, in most cases, the landscape-hydrological complex
is formed from a set of natural territorial complexes

Quantitative identification of landscape diversity was initially done through landscape map
analysis. Later, in connection with the development of technology, new methods for studying
landscape diversity began to be developed. Such research methods include the use of earth sensing
observations and space imagery. In general, two types of landscape diversity studies can be
distinguished. The first method is the use of landscape maps, the second is the use of space images
during research [2...3, 5].

The use of these methodologies makes it possible to assess the diversity of landscapes in
different areas. The diversity of the scale of the territories is associated with the degree of natural-
territorial complexes, which are the subject of study of the morphological parts of landscape,
typological or regional complexes [2].

Studies of landscape diversity identify areas requiring protection and conservation, determine
the role of the modern formal forest protection system in landscape conservation and
diversification, identify areas for economic use of landscapes in different territories, and organize
the most important eco-audits and solve other environmental and applied problems [2].

On the territory of the East Kazakhstan region, which is the subject of the study, more than a
thousand rivers flow. The main rivers and tributaries: Ertis, Bukhtyrma, Ulbi and other rivers.

3. RESULTS AND DISCUSSION

The aim of the work is to conduct an analysis using different approaches and indicators of
landscape diversity, which will be implemented using common properties and patterns. The
landscapes of the East Kazakhstan region were taken as the object of research.

The main material for the study is a landscape map of the East Kazakhstan region. Using
information on the totality of landscape species within each administrative region and the ratio of
their areas, a number of indicators were calculated that have proven themselves in studying the
landscape diversity of different regions. The main indicators used in assessing landscape diversity
include: landscape complexity, landscape mosaic, landscape fragmentation, uniqueness index,
relative wealth index [6...8].
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Figure 1. Physical map of East Kazakhstan region

Assessment of landscape diversity traditionally works with such characteristics as the number
of landscape types, the number of contours, their size, shape, share in the landscape structure of the
territory, etc. Theoretical and methodological approaches to the assessment of landscape diversity
are presented in the works of M.D. Grodzinsky, K.N. Dyakonov, K.S. Ganzey, A.N. Ivanova, E.A.
Pozachenyuk, Yu.G. Puzachenko, A.S. Sokolov, A.O. Domaransky, etc. Due to this, it has been
sufficiently developed and studied [7, 9...10]. In our work, the main unit of research for assessing
the landscape diversity of the territory of the East Kazakhstan region is the landscape. 80 separate
landscapes are identified here (Fig. 2) [11].

As follows from the legend of a fragment of the landscape map of the East Kazakhstan region,
the landscapes of the territory of the East Kazakhstan region are diverse. For example, mountain,
low mountain, valley, forest-steppe, steppe and hilly flat landscapes are found here.

Quantitative data obtained using formulas for determining the landscape diversity of East
Kazakhstan make it possible to identify connections between landscapes, quantify them and
conduct a comparative analysis [2]. Quantitative assessment of landscape diversity was carried out
by the GIS program based on the landscape map of the East Kazakhstan region. We divided and
classified landscapes into classes and types using a GIS program.

Studying the map of the administrative districts of the East Kazakhstan region, differentiated
by the value of the main Shannon index, which estimates landscape diversity, you can see that the
maximum values are concentrated in the southwest, south and southeast of the region (Ayagoz,
Urjar and Tarbagatai districts - index above 1,40). This is primarily due to the location of the
Akshatau, Tarbagatai, Birliktau mountain ranges in these areas, as well as the good distribution of
the hydrographic network in these areas and the complication of the landscape picture. One of the
main components that make up the landscape are water bodies. In these areas there are large and
small rivers and lakes, such as Sasykkol, Alakol and Ayagoz, Bakanas, Emel. In addition, high
diversity contributes to the organization of recreation and specially protected natural areas.
Accordingly, in these areas there are such specially protected natural areas as: Tarbagatai National
Park, State Forest Natural Reserve "Semey Orman" Significantly lower values are in the
Shemonaikhinsky and Glubokovsky districts with an index value below 0,35. Accordingly, this is
due to the relatively small number of landscape areas and their large scale, the distribution of river
systems with an irregular channel. The areas of greatest importance include Ayagoz (1,78),
Tarbagatay (1,46), Urjar (1,47). The least significant areas are Glubokoe (0,29), Shemonaikha
(0,32), Beskaragai and Borodulikha (0,47) (Fig. 3).
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Figure 2. Landscape map of East Kazakhstan region

In terms of uniqueness, the area distribution corresponds to the Shannon index distribution.
The areas with the highest values of the uniqueness index are Ayagoz (1,75), Urjar (1,42),
Tarbagatai (1,40). All of them are located in the south, southwest, southeast of the East Kazakhstan
region. In the central part of the region, two districts with the lowest indicators of uniqueness are
distinguished - Kokpektinsky district (0,80) and Ulansky (0,40) district. As in the Shannon index,
the map highlights lower values in areas in the north and northeast of the East Kazakhstan region.

In terms of relative wealth, areas of the south of the East Kazakhstan region are noted. Ayagoz
District (1) is the most important, followed by Urjar District (0,75) and Tarbagatai District (0,73).
Areas with minimum values  are located in the northern part of the region. The smallest indicator
on this index (0,20).

The landscape complexity index shows the ratio of the total number of landscape areas to the
average area of landscapes. In the regions of the East Kazakhstan region, the index ranges from
0,29 to 0,05. The lowest indicator is in Ayagoz district (0,29), Borodulikhinsky (0,05), Beskaragai
and Glubokovsky districts (both 0,08). This is due to the significant mosaic and high degree of
anthropogenic impact.

Landscape mosaic is determined by the fragmentation of sections of one type of landscape in
the district, that is, the more sections correspond to one type of landscape, the higher the index. The
highest indicators for this index are in Ayagoz, Urjar, Tarbagatai districts (index above 0,85) (Fig.
4).
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Figure 4. Landscape Mosaic Index Gypsogram

Landscape fractionality shows the ratio of the area of landscape plots to the area. This

indicator characterizes such an aspect of the landscape structure as the density of landscape areas.
from the minimum is 0,11 (from 0.12 in the Tarbagatai

The deviation of the maximum values
and Urjar regions to 0,06 in the Zharminsky region).
The fragmentation of the landscape shows the ratio of the average area of  landscape

contours to their area. The highest values for this indicator in Ayagoz, Urjar, Tarbagatai districts
these districts. That is, the higher

(index above 0,95) are explained by the increase in the area of
the area value, the higher the granularity.
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Figure 5. Relationship between Shannon Diversity Index and neighborhoods

Legend: Administrative districts (1 - Glubokoe, 2 - Shemonaikha, 3 - Borodulikha, 4 - Ulan,
5 - Beskaragay, 6 - Altai, 7 - Kurshim, 8 - Katonkaragay, 9 - Kokpekti, 10 - Zaysan, 11 - Zharma,
12 - Abai, 13 - Tarbagatay, 14 - Urzhar, 15 - Ayagoz).

It can be seen that the relationship between landscape diversity indicators and areas, as we
can see in this figure, has a high level of interdependence, while the correlation indicator has a
value of R? = 0,910 (Fig. 5). That means the connection between neighborhoods and landscape
diversity is good. Low-connected areas include Glubokovsky, Shemonaikhinsky, and good
connections are Urdzharsky, Ayagozsky districts.

4. CONCLUSION

Currently, the natural biogeocenotic balance is disturbed due to the high anthropogenic load
of mankind. As a result of such changes, the natural balance of water bodies was disturbed, and
many of them underwent changes. However, despite these changes, many ecosystems continue to
recover. Such connections indicate the sustainability of biogeocenoses and the close
interdependence of ecosystem and landscape diversity. To maintain this link in the future, the
principles of sustainable development and natural resource management must be implemented and
implemented now to maintain harmony and integrity between human activities and natural
ecosystems. Such measures include the creation of generally and specially protected natural areas
and water bodies, the restoration of degraded ecosystems, etc. Such actions, resulting from the
integration of society, science and the state, ensure the preservation and development of the diversity
of ecosystems and landscapes. Such activities require not only the restoration of ecosystems, but
also the introduction of new technologies and the drawing up of international treaties based on the
restoration and effective management of water bodies. Notably, water quality monitoring and
management is the foundation of pollution prevention. The main conditions for restoration are the
preservation of biodiversity and diversity of landscapes, the formation of sustainable ecosystems
along water complexes.

In addition, it is necessary to take into account the issues arising from the interaction of
agriculture and water bodies. In such situations, agroforestry and permaculture should be widely
used to reduce soil erosion and fertilizer pollution of water bodies. Public awareness, environmental
and economic services and activities contribute to the efficient use and conservation of water bodies.
Currently, as world experience shows, one of the most important problems is pollution and a
shortage of water bodies. To solve these problems, it is necessary to take into account the
relationship of bio- and ecosystems as a whole.

The data obtained as a result of assessing the landscape diversity of the East Kazakhstan
region can be used in practice to restore landscapes as follows.

Areas with high diversity in key indicators include Ayagoz, Urjar, Tarbagatai districts. This
is suitable for creating specially protected natural areas and recreational facilities for these areas
with high diversity. This requires effective management of surface water resources in these areas to
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prevent soil erosion and flooding. The main water bodies in these areas are Ayagoz, Alakol,
Sasykkol, Bakanas, Emel, etc.

A single powerful tourist medical and health tourism is also developing with its own "brand"
of this region, using the healing properties (radon treatment) of lakes Alakol and Alabuga.

For areas of low diversity, these areas are suited to an efficient monofunctional economy.
According to the region, these territories in Riddersky, Borodulikhinsky, Shemonaikhinsky districts
are adapted to the main industrial centers in the field of mining and metallurgical, polymetallic ores
and their processing. Meanwhile, in order to preserve the modern diversity of landscapes in these
areas, it is necessary to strictly regulate economic activity and the use of natural resources in
accordance with specially developed environmental rules and regulations. In addition, it is necessary
to carry out measures to restore water supply on the site of old quarries. This is one of the cheapest
ways to restore disturbed land, which allows you to create water reserves for industry and
agriculture. Also, in place of the disturbed landscape, new cultural landscapes appear, most adapted
to the changed conditions, performing sanitary, hygienic, aesthetic and recreational functions. For
example, the pristine nature in the vicinity of Ridder (mountains and mountain rivers, pine forests)
has great potential for the development of the tourism industry (including sports and environmental),
but today this area of activity is not fully implemented.
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1. KIPICIIE

AVMaKTBIH XaJIKbl MEH SKOHOMHMKACBhIH CyMEH KaMTaMachl3 €TETiH ipi Cy LIapyalbUIbIFbI
KyHeciH Oackapy TYTBIHYIIBUIapFa Oenriyii Oip Memmiepme XoHE camajga CYIOBIH TYPaKThI
KETKi3LTyiHe Kemigik Oepyl Kepek. Byia perre Herisri Moceiie — OJIAPbIH TaIIIbLIBIFBI
KarJIalbIHOa Cy PecypcTapblH OHTAilnbl maidjanaHynsl Kamtamachi3 ery. Cy pecypcTapbiH
Oackapy ToxipuOeciHIe Cy HbICAaHIApPBIHBIH JKal-KYHI cHUIaTrTaManapblHBIH —e3repyiHe
KOWBUIATHIH TajlalTap MEH ILIeKTeylep )Kyheci KalblNTacKaH. BipiHINiZeH, anantarbl yKoHE
JKaJIIbl aliMaKTarsl )Kep OeTi Cy pecypCTapblHbIH 6T€ MaHBI3/bl CHIIATTAMACHI OPTAILA JKBUIIBIK
aFBIHIBIHBIH Meumiepi OoJbIm TaOBLTANBI, OHBIH HETi3iHAE Cy MIAPYaIlbUIBIFBl JKYHeIepiH
pETTeyIiH HEri3ri cumaTTaMaiapbl ecenTeieni. ExiHmmqeH, o3eHaepAeri CyablH MHHAMAIbI
ycray cy
KaHAFaTTaHIBIPYFa JKOHE Cy JKOXKYHENEpPiHIH JKYMBICHIHA KEMUIMIK Oepei, CYyAbIH KaXKeTTi

OTIMJIEpIH  IMIEKTEYy, OJapJbl  KyTill nafananymbUIapblH  MYIIesepiH
MeIIIIEePiH CUMATTAY YIIIH «CYy PecypCcTaphl» TepMUHI Oap.

Cy pecypcrapbl — Oeirisi 0ip jKep/ie KOHE YaKbIT apajbIFbIHIA KAKETTUTIKTEP/II aHBIKTAY
YIIiH KeTKUTIKTi MeJIIep e maijanaHbUTaThIH KOJI XKETIMI1 HeMece KOJI KeTiMTi 00ITybl MyMKiH
cy [1]. Cy pecypcrapsi aieyerTi (ruapochepanbiH GapIibik Cy KOpJiapsl) )KoHe HaKTHI (Kojiaa 6ap
Cy pecypcTapbl) OOJIBINT OelTiHe/l, SFHU Ka3ipri TEXHOJIOTHSUIBIK JICHTelIe maiianany yiIiH Ko
JKETIMI, MYHOaW maiifanaHyablH SKOHOMHKAJBIK OPBIHIBUIBIFEI MEH SKOJOTHSIIBIK KOJI
xeTiMainiri [2].

HaxTbl cy pecypcrapbl — Cy HbICAaHIApPBIH/AAFbl, SFHU ©3€HJAEPICTi, KeyJepneri, cy
KONMalapbeIHIaFbl XKOHE KaHAIIapAarsl TYIIBI cy Kopiapsl. Cy aifHaIBIMBI YACPICiHIEC OHBIH
OapIbIK KOpJIaphbl op TYPJIi KbUIIAMABIKIIEH OoJica Aa »kaHapThinanbl. Kelbip sxarmaiinapna,
KaJIbIHA KEJNTIPYACH acaThlH YJIKEH Cy ally Ke3iHAe Cy pecypcTapbl TaychbUTybl MyMKiH. Cy
pecypcTapbl ayMaKkThIK TYPFBIIAH, TIMTI TEOPUSUIBIK TYPFBIAAH alfaH/a, CapKbUIMANHTBIH I
ca"anMaiiel. Cy pecypcTapblHBIH IIEKTEYJIUIIr KONTereH ipi skoHe Kimni aiiMakrapaa taburn

CyJIap/IbIH CaHIBIK XKOHE CalajblK CApKBIIYbI TYPiHJIE alTapJIbIKTall KepiHeai. [ MapoIorusuIbIK
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AAUMKYA06 Kare m.0.

T'udpomemeoporozus u axoroeus Nol (116), 2025

LIMKJI TPOLIECIHJIE CY alIMaCy/IbIH CHIIaTTaMallapblHa CyHeHe OTBIPHII, Oenrini Oip aliMaKThIH Cy
KOpJIaphl CTaTHKAJBIK HEMECe FACBIPIBIK (0asy >KaHAPTHIIATHIH) JKOHE JUHAMUKAIBIK (GKBLT
caiibIH KaHAPTHUIATHIH) GombIn Oemxinesi [3].

CraTuKaIBIK (FACBIPIIBIK) CY KOPHI, OJTapFa IMIapTTh TYPAE TOJBIK )KaHApy Ke3eHi KoNTereH
KBUIAAp HEMECE OHXXBUIIBIKTAPMEH €CENTEeNIETIH TYILBI Cy TYpJiepi »karazasl (ipi Keiaep, xep
acThI Cylapbl, MY3/ABIKTap koHe T.0.). Omapasl KapKeIHABI MaigaIany ce3ci3 KapacTHIPBUIBII
OTBIPFaH Cy HbICAaHbIHA HEMece OHBIMEH OaiIaHBICTHI ©3€HAEP MEH JaHmmadTTapra 3usH
KeNTipeni, SFHU TaOWFaTTaFrbl TYPaKTHl Tele-TCHIIKTIH a3/AbI-KONTi eJeynli OY3bUIYyBI, OHBIH
aybIp 3KOJIOTHSJIBIK 3apJanTapMeH KalThIMCBI3 e3repyiHe akenyl MyMKiH. JKaHapTbuiaTeIH cy
pecypcTapsl, oapFa JKepJeri Cy aifHaJIbIMBI NPOLECIH/IE JKBIT CalbIH JKaHAPTHIIATHIH Cymap
Katajapl. Byl Herizimen yakpiT Gipairine (M%c, kmM®/kbu1 *koHe T.6.) GONIHreH Keleme
OarayaHaTBIH KOHE KapacThIPBUIBIN OTHIPFaH aliMaKTa KaJIbIITACATHIH HEMECE CHIPTTaH KEJICTiH
©3€H arbIH/IBICHI.

CraTukanslK TYIIBI Cy KOpJNapbl MEH >KaHAPTBUIATHIH Cy PECypCTapbl apachIHIAaFbl
afbIpMaIIBUIBIKTApAbIH (acipece TYIIBl CyIbl NalijanaHyIbl JKoclapiay Ke3iHJe) epekiie
MaHBI3IBUIBIFBEIH aTall ©TKEH JXoH. OKiHimke opai, keiime Oy eTe opTypili Kareropusiap
onebuerTepae (TINTI apHAWBl THAPOMETCOPOJIOTHSIIBIK) INATACTBIPHUIAILI, KeOiHece ojap
OipikTipiyieni HeMece KeTKUTIKTI Type aKpIpaTbuiMaiasl. COHBIMEH KaTap, OyI1 MyJIIeM QyphIC
emec. Omap TaOWFaTTaFrbl MaHBI3IBUIBIFBIMEH TYOEreiyli epeKuleseHeli JKOHE OJIapJibl
KOJIaHyFa MyJiieM Oacka Ke3KapacThl KaxeT ereni. Ocbumaiilna, >XaHapTBUIATBIH CY
pecypcTapblH SKOHOMUKAJIBIK TYPFBIIAH Maiiananyra 00Ja/ibl )KaHe FaChIPIIBIK KOPIapbl Ke3
KEJI'eH MaiianaHy ce3Ci3 KoJaiichl3 9KOJIOTHSUIIBIK Caliapra oKelne.

O3eH CyJapbIHBIH TE3 JKaHAPY KE3CHI JKOHE aJlaMHBIH YKOHOMHKAJBIK KaKCTTUTIKTEPiH
KaMTaMachl3 €Ty YIIH TYINBI CyJBIH HETI3r1 Ke3i PEeTiHIe ©3€H arbIHIBICHIHBIH YJIKCH
MaHBI3/IbUIBIFBIH aHBIKTAHbl. ©O3€H aFbIHABICHL KEP/IH KaHAPTHUIATBIH CY PECYpPCTApbIHBIH
HETI3r1 KeJIeMiH KaJbITaCTRIPHIN KaHa KOWManIbl, COHBIMEH KaTap aiHaJIbIM IIPOLECiHE 63¢H
CYJIapbIHBIH CanachlH €A9yip KalmblHa KenTipeni. bapnbik skep OeTi cy HbICaHAapbIHBIH
IIIHAETI eH TOXKIpHOENiK MaHBI3IBUIBIFEl — TYIIBI CYJIapAbIH eH TUHAMUKAIBIK OeIliri — e3eH
aFBIHIBICEI. ©O3¢H aFbIHIBICHIHBIH MOJIIepi OoWbIHINA Oenrimi Oip aWMaKTBIH CYMEH
KaMTaMachl3 €TiTyl MEH Cy pecypCTapbIHBIH TallIIbUIBIFBI OaranaHabl.

basty sxaHapThUIaTBIH Cy pecypcTapbl CaHaThblHA KeJep MeH OaTmakTapliarbl Cy KOpbI
xaransl. Kesgepre KysTBIH ©3€HICPAIH Cy pecypcTapblH KapKbIH/IBI MaiilalaHy canJapblHaH
aFbIH/Ibl CYJAp/bIH KOPBl TOMEHJIEH i, HOTHXKECIHIE CYy KOoManapblHa Cy aFbIHABICHI a3asiibl,
OyJ1 e3 Ke3eTiH/e Cy KOMMaapblHIaFsl Cy KOPBIHBIH TOMeHeyiHe akenei. XKorapeiaa aranran
Cy HbICaHJApBIHBIH KeIl 0eliri — arbIH/bl cyjap. TaOuru KengepMeH Karap cy KoWmalapsl
canbpiHAbl. Onap ©3eH arblHABICHIH PeTTey YIIIH JKacaJFaH >KOHE OJlapAarbl cy KOpbl Oasy
JKaHAPTBUIATBIH Cy pecypcrapbiHa jxaTnaiisl. Cy KelieMi 9[IeTTe apHaJbIK Cy KoWMalapbiHia
a3. Cy KoMMajapblHa TYCETiH arbIHIbl CyJIapBIHBIH €Joyip Oeiri apHajbIK Cy KOHMaiapbl
ApKbLJIbI TPAH3UTIICH OTEI.

CoHbIMeH, xep OeTi Cy pecypcrapsl — Oyl Cy HBICAHAAPHIHIA IIOFBIPIAHFAH >KOHE
SKOHOMUKAHBIH SPTYpJIi cajlaiapblHIa KOJJIAHBUIATHIH HEMece MaiJanaHbllybl MYMKIH JXep
Oerti cynmapel. Cy HBICAHBI — CY PSKUMIHIH TOH HBICAHIApHl MEH Oenriyiepi Oap TaOurm HeMece
JKacaHpl CyaiinbiHbl HeMece arbiHCy. Cy KOpBI — ©3eHIEp/i, KeJaep/ai, cy KoWMaiap MEH
GaTmakrap/abl Koca ajFaHa, 6enriii 0ip ayMakThIH 0apibIK Cy pecypcTapbIHBIH KUBIHTHIFbIL.

Kazipri yakpITTa cy pecypcrapblH Oackapyra >kayanTbl agamaap YOIiH TYIIOBI Cy
KOpJIapbIHBIH Kalail OeJliHEeTiHI Typasbl Macesle MaHbI3AbI Oosla Tycyzae. bykin anemue cyra
JICTEH CYPaHBIC apThill Kelyiedi. Bys cypaHbIC XaNbIKTBIH ©CYyi, SKOHOMHUKAJBIK JaMy KOHE
TYTBIHY YJTUIEpiHiH e3repyi cusKTbl (akropiapMeH aHbIKTanagsl. Cy TaNIIbUIBIFBI, CYy
carachblHbIH Hallapiaybl, KOXYHENepAiH Aerpajanuschl KoHe KIMMATTBIH ©3repyi CHSIKTHI
MaceJeNnep/iH ecyine OaillaHbICTBI Cy pecypcTapbl OapraH caiblH HIEKTeYITi OOJIbIT Kene i, Oyt
Ka3ipliH e3iHAe Cy pecypcTapblHa IaMajgaH ThIC JKYKTeMere Tam OOJFaH KemNTereH
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Oacceiinmepaeri xaraaiiapl onan opi Hamapiatanpl [4]. ConmbikTaH xep OeTi CyJapbIHBIH
pecypcTapbIH OaranayFa HeTi3IeNreH 9IiCTeMENIK d3ipeMenep KaKeT.

FruteiMu 3epTTeyIiH MakcaThl — Cy pecypcTapblH Oaranay/IblH KOJJaHBICTaFbl FEUIBIMU-
TOXKIPUOCITIK TOCUIEPiH, 9AiCTepiH Tannay 00k TaObIIanbl. 3epTTEYIiH MaHBI3IBIIBIFEI — CY
pecypcTapblH Oarajniay oIiCTEpiHE IOy, KIMMATTHIK Kyiene Ooibln jkaTkaH esrepicrep
JKaFTaWbIHa JKOHE aFbIHIBIFA aHTPOIIOTSHIIK dcep €Ty KaFAaWbIHAa, HeTi3iHeH, Oenrici3mikx
KarIaibIHa Cy pecypcTapblH Oaraiiay 9icTepiH/eri Maceeepi aHbIKTay OO0JIbIN TaObLIaIbI.

2. MOJIIMETTEP MEH 9ICTEP

FroutbiMu  MakamaHbl JKa3y[nbIH OMICTEMENIK HEri3i HOPMAaTHBTIK KyXKaTTap MeEH
oNiCTEMEITiK YChIHBICTAp OOJIIbI (HEri3ri eCenTiK THIPOIOTHSIBIK CHITATTaMalap bl aHBIKTAY ).
Byn makama ymiH cy pecypcTrapslH Oarajay >KOHE HAKTbUIay OAaFbITBIHIA 3€pPTTEYHiH
(aKTOPIBIK-aHATUTUKAIIBIK dJ1ici KONIaHbl1Ibl. OJlapAbIH HETi3riiepi — perpeccusuIbIK dAic;
(aKTOPIBIK Talay, aFbIHABI OTTepiH WHTETPANIBl OpTallaiay ofici, CHI3BIKTHIK TEHACYIIEP
omici [5...10].

3. HOTUXKEJIEP )KOHE OJIAPbI TAJIKBIJIAY

CoHFBI YaKbITKA JCHiH Cy pecypcTapbIH Oaranay oicTepi ©3¢H aFbIHIBICHIHBIH Ke3/1eHCOK
aybITKYJIapbIHBIH CTallMOHAPIIBIFBI TypaJisl TYCiHIKKE Heri3aemnIi. Jemex,
THIPOMETCOPOIIOTISIIBIK ~ CHMIATTaMAaNapIbIH HETi3Ti CUMaTTaMmaiapel (HOpMa, BapHaIusd
K03(h(huLKeHTI XKaHE T.0.) yaKbIT OOMBIHINA TYPAKTHUIBIKTBI OUIAIPETIH CTAIIMOHAPJIBIK POLIECC
TYpFBICBIHAH ecenreni. CTauoOHApIBIK TYXKBIPBIMIAMa TYPFBICHIHAH JKBUIIABIK aFbIHIIBI
KBULIAMJIBIFBI (OpTallia KOIHKBUIIBIK aFbIH/IbI) ©3CHICPIIH KBl CYJIbUIBIFBIH KOHE aJTaIlThIH
HeMece aiiMaKTBIH QJICYeTTi CY peCypCTaphlH aHBIKTAWTBHIH HETI3Ti JKOHE TYPAaKTHl CHIIATTaMa
6ongel. HopMa TUAPOOTHSIBIK «3TAJOH» PETIHAE KBI3MET €TTi, OJl aFbIHIBIHBIH Oacka
cUTaTTaMaJlapblH aHBIKTay/da Taiiga 0oimbl (MBICAbl, KAMTaMAaChI3ABIFEl 9p TYPJI JKBUIABIK,
MayChIMJIBIK KOHE aiiblK Imamanapbl). COHBIMEH KaTap, THAPOIHEPreTHKa, Cyapy, CYMEH
xKabIpIKTay JKoHE OacKa Ja Cy IapyallbUIBIFBl KYPBUIBICTAPHI YIIIiH Cy KOWMAalapbIH xobanay
Ke3iH/Ie HOpMa 6T¢ MaHBI3IbI OOJIIBL.

AFBIHIBIHBIH HOPMAachl OTKEH O KBUIHApPAAFbl aFBIHIBIHBIH OSKBUIABIK —IIaMalapbiH
0aKpUIayIbIH KOJIa Oap cepusuiapbl HETI3iHAE ecenTeNi. bys ofic >KbUIABIK aFbIHIBIHBIH
opTama TYPaKTBUIBIFBI Typasibl Ooibkamra HerizmenreH. Ocpuiaiiina, arelHIBIHBIH OpTaIla
MOJIIIepl THAPOTEXHHUKAIBIK KYPBUIBICTAPABI MaiiadaHyablH OoJlaliak Ke3eHiHe, amam3aT
KOFaMBIHBIH 9KOHOMHKAJIBIK KBI3MET1 HOTIKECIHIIE aFbIHIBI (DaKTOPIIAPBIHBIH ©3repyiHe THICTI
TY3eTyliep eHrisy apkpuisl Tapaiasl [5]. N.D. [opomkoB 63 KyMbICkiHAa [6] THAPOTOTHSITBIK
cumarTamanapIbplH HopMachkl peTiHie Imamamed 40...60 >XpUIABIK Oakpliayiap OOHBIHIIA
QJIBIHFaH OpTAIlla MOH KaObLIIaHATHIHBIH JKOHE OChI KOTDKBUIIBIK KE3€H Y3aKThIFbIHBIH MYMKIH
KPUTEpHidi pETiHAe OCBI Ke3eHre TeorpadusuIblK JKaFJaiiapel e3repMereH JKOHE ©3CH
aaObIHAaFbl YKOHOMHKAJIBIK KBI3METTIH OlpAed JeHreili Kke3iHae 63¢H CyJIbUIbLIBIFBIHBIH
OipHeIe TOJBIK XKYIT (KeM JeTeH/e eKi) TepOelic NUKIAEpiH KOCYy MAapThl KaObUIIaHATHIHEIH
aTar eTTi.

JKeIapIK aFBIHIBI HOPMACBIHBIH TYPAKTBUTBIFBI €Ki MAPTICH aHBIKTAJIBL:

— opTamia KeIKbUIABIK IIaMa PETIH/E, erep KOIDKbUIABIK KaTapFa Tarbl OipHEIIe >KbLT
0aKpLUIay KOCBLJICA, OJI [IIaMaJIbl ©3Tepei;

— OyJ1 HeTi31HeH KIMMATTHIK (haKTopiapIslH (KaybIH-IIAIIBIH MeH OyiaHy) (yHKIHICHL,
COHBIMEH KaTap OJIapJIblH OpTallla KOIDKBUIIBIK MOHIEPI, OJIap ©3 Ke3eTiHIC alalThIH HeMece
aiiMaKThIH TYPAKThl KIIMMATTHIK CHITATTaMaIapbl OOJIBIT TaObLIa kL.

JKanmer anraHna, >KbUIABIK aFBIHIBIHBIH HOPMACBIH TIKEJIEH ecenTey HeMmece KaIlbl
Oaramay YIIH, OHBIH 0Oacka cHUIATTaManapbl CHSAKTBI, ©O3CHACPHIH AaFbIHIBICHIH Y3aK
THIPOMETPISUTBIK OaKpliay eTe MaHb3Abl Ooiapl. Onmap cy KoliManapeiH, OereTTrepii,
KeIlipJiepai koHe 0acka KYpBUIBICTapAbl jkoOanay Ke3iHe e3eHJIepIiH OoJyialmak pexuMiH
aHBIKTayFa Heri3 OOl AFBIHABIHBIH CHIIATTaMAalIaPhl ABIMEH ©3CHICP IIH TAOUFH XKaFIalbl
YIIiH aHBIKTAJABI, COJaH KeHiH onapra e3eH ajaObIHIaFsl SKOHOMHKAIBIK KBI3METTiH Oenrimi
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0ip TYpiHIH ocepiHEH arbIHJBIHBIH ©3repyiH eckepeTiH Oenrimi Oip Tyseryiep enrizinmi. Cy
KolMasiapel, 6acKa ajganTaplaH CyIbl aly HEMECE arbI3y apKbUIbl aFbIHBIHBIH alTapibIKTal
KacaHIpl perTenyi Oap e3eHiep YIIIH TaOWFM DPEXUMJEri arblHIbl MOHJEpl KaJlIblHA
KeTTipiimi.

AFBIHIBI HOPMACBHIHBIH TYPaKTBUIBIFBI TYpPaJibl TYCIHIK HETi3iHEH INapTThl OOJIbII
TaOBIIATEIHABIFBIH aiiTa KEeTy KepeK. byl TyKbIppIMIama aFblHABIHBIH HETI3r1 KIMMAaTTBIK
(baKTOpIapbIHBIH — >KaybIH-LIANIBIH MEH OYJaHyIbIH OpTalla KeIDKBUIABIK IaMalapbIHbIH
TYPaKTBUIBIFEI Typajiibl OOJDKaMHAH TYBIHHAWTHIHBI Oenrimi. JlereHMeH, KONTereH OepeKTep
YJIKeH ayMakTaplarbl KIMMATTHIK (hakTopiap TapuXd FaHa eMec, COHBIMEH KaTap Tapuxka
JIeHiHT1 ©TKEH Ke3CHIe e3repicci3 KamMaraHbIH KepceTeni. KenTereH oHTYCTIK, Ka3ipri KbUTBI
ayJaHjapiarsl My3 JQyipiHiH i37iepl TpPONMKAaJbIK ©CIMIIKTEp MEH jKaHyapiapIblH Ka30a
KaJIIBIKTaphl JKOHE KEepiCiHIe, KOmTereH CONTYCTIK, Ka3ipri yakbITTa CYBIK ayAaHAapaarbl
LICTIHY XOHE TeHI3CeP/IiH maiiia 60Iysl, YJIKEH KOJICPAiH KYPFaybl OChI YaKbITKA JCHiH O0JIFaH
KIMMATTBIH ~YJIKEH e3repictepin kepceremi [7..8]. Tapuxu mepekTep COHFBI €Ki
MBIH)KBUIJIBIKTaFbl KJIIUMATTBIH ©3repyiH ae Kepceredi. KimmMaTTelH e3repyiHe coiikec
nmaramadTTHH 0acka snmeMeHTTepi ae e3repai. Ockl GpakTopIapAbIH OapIIbIFbl OTKEH Ke3eHIeT1
aFBIH]IBI MOJIIICPIHIH 63repyiHe OKEI/II.

VYaKpIT KaTapbIHBIH TYPAKCHI3JBIFBIH TyIBIPATHIH THIPOMETCOPOIIOTHSUIBIK CHITATTaMaIap
PeKUMIiHIH TaOWFW e3repyiMeH Oipre KIUMAaTTBIH ©3repyi COHFbI Ke3Zlepl aWTapibIKTai
KYIIEHI'eH aHTPOIOTCHAIK JcepliepMEeH J¢ OalIaHBICTBI OONybl MYMKIH. AYMAaKThIH
THJPOMETEOPOJIOTHSIIBIK CUITATTaMaIapbIHBIH ©3repyiH CTallMOHAPJBIK €MEC BIKTUMAJIbIK
IpoIieci emn caHayra Oojlaibl )KoHE TeK KeWOip skarmaitmapma, Oenrimi Oip MIEKTEYJ yakpIT
apayIbIFbIHa OHBI IIAPTTHI TYpPJE CTAllMOHApJNBIK Jel caHayFa Oonmaabl. Bynm TocinmMmeH
CTALMOHAPIIBIK €MEeC TPOIECC IUCKPETTI KabaTracaThlH KBAa3HCTAIMOHAPIBIK yIaCKEIEPICH
TYPYbI MYMKIH.

JleMek, COHFBI yaKbITKa AEHIH ©3¢H aFbIHABICBIHBIH AayBITKYBIHBIH CTallMOHAPIIBIK
THIIOTE3aChl Cy LIapyalllbUIbIFBI iC-IIapajiapblH Herizaey Ke3iHne Herisri 6omabl. HopmaTuBTik
oficTeMETIK KyKaTTapa KepCeTUITeH Cy pecypcTapblH Oaranay jKoHe oJapIbl Y3aK Mep3iMi
0oJDKay YIIiH THAPOJIOTHSIIBIK CCeNTEYIIH AOCTYPIIl 9icTepl ©3¢H aFbIHBICHIHBIH KE31CHCOK
ayBITKYJIApBIHBIH CTAIlMOHAPJIBIFBI Typajibl HAesFa HeTi3[enreH. Anaia, y3IiKci3 jkoHe ecin
KeJle J)KaTKaH aHTPOIOTeH/IiK 9CEP/IiH )KOHE ©3repeTiH KIMMATThIH SCEPIHEH 63¢H allanTapbiHia
0O0NaThIH TUIPOJIOTHSIIBIK CHIIATTaMaNIap/AblH OaiikaiFaH e3repicrepi [7] , kem nerenne, y3ak
Mep3iMJIi NEPCIEeKTUBA A aFbIHIBIHBIH ©3repyiH Taujay Ke3iHle CTallMOHApJIbIK T'MIOTE3aHbl
KOJITaHyZIbIH 3aHABUIBIFBIHA KYMOH KenTipeni. COHBIMEH KaTap, THIPOJIOTHSIIBIK JepeKTepai
TaJiiayFa TapThUIFaH BIKTUMAJJIBIK TEOPUSICHI MEH MaTeMaTHUKAlIBIK CTAaTHCTHKA oJicTepi
HETi3iHEH OIpTeKTI MOIIMeTTep YIIiH j>KacalFaHbIH aTal OTKEH JKOH. AFBIHIBI CyJap.IbIH
cUMaTTaMalapblHbIH KaTapblHJa Maija OOoJIaTbIH CEKipMesi, CaThUIbl ©3repicTep OJapiibl
TeTepOreH/ll HeMece CTallMOHApJIbIK €MEeC eTelll JKOHE TaljaylblH OacKa TociiepiH KakeT
eTeni.

KnuMaTTeIH e3repyi, aHTPOIOTEHIIK ocep aFbIHJbI CHITATTaMallapbIHBIH alTapIIbIKTal
e3repyiHe SKeJiIl COKTHIPbI XKOHE Cy LIapYallbUIbIFBI €CeNnTeyIepiHiH OapIbIK CIEKTpiHe acep
€TTi, THIPOJOTHANBIK €CENTeylep TapaIurMachlH ©3repTy KAKeTTUITiHE OKeNe[.
O3srepicTep/iiH ayKbIMbl MEH aHBIKTAJAThIH TYPAKCHI3/BIKTBIH CHIIAThl ©3€H aFbIHIBICHIHBIH
3epTTeNeTIH CUIaTTaMaiapbl YIIiH alTapibIKTail epekieseHenl. [ UIponorusuiblK Taxipuoe
TYPFBICBIHAH CTAllMOHAPJIBIK eMeC KaTtapiapblH OOybl aFbIH[IbI CyJIAp/IbIH CUMATTaAMANaPbIH
Oarayay »oHE Cy pecypcTapblH BIKTUMAJIbl OOJDKAy YIIIH KOJJAaHBICTAaFbl SJicTepAi Kaiita
KapayIbl )KoHe JKaHa oiCTepi 931piey Ii Tajiam eTemi.

Kazipri yakpITTa aFbIHABIHEI €CENTey YIIIH THAPOJIOTHSJIBIK KIMMATTHIK XKYHEHIH JaMy
TEHICHIVSUIAPBIH KOHE COWKECIHIE aFbIHIBIHBI Calalibl JKOHE CaHIBIK Oaranay (Oormkay)
MYMKIHIITIH aHBIKTay MAaHbBI3Obl. AFBIHIBIHBIH MOJIIepi MeEH Oipkartap aFbIHABI
KAJBIMTACTRIPYIILI  (DaKTOpJIAp apachIHAAFbl CBHI3BIKTHIK OailaHBICTAPABIH OOJMAaybl, TIMTi
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CEHIMJII KIIMMATTHIK OOJDKaM OOJIFaH jKarIaiia 1a, OoNalrakka aFbIHIBIHBIH Oip MOHII OaFachIH
Oepyre MYMKIHZIK OepMeii.

Ocepunaiilia, HOpMa YFBIMBI Ka3ipri 3aMaHra CoWKec KenMelal, OWTKeHi KIUMaT,
HOTIDKECIHJE ©3€H arbIHIBICH TYPaKThl emec. byn »karmaiina cy pecypcrapblH OaranayablH
Oipuente tocingepi opeiaasl: [anmepun P, [8] TyxsipeiMmaManapbiHa coiikec y3aK Ke3eH
YIIiH; Ka3ipri >Karmaiabl CHITaTTaWTBIH KE3CH VIIiH; COHMAii-aK Tasy OHXBUIIBIKTapIAFbl CY
pecypCTapbIHBIH MYMKIH 00JIaThIH ©3repicTepiH ecKepy.

BipiHmici — arbIHOBIHBIH CTAIlMOHAPIBIK TYKBIPHIMAAaMachl, aFbIHIBIHBI OarajayablH
CeHIMALIIr Tek OacTamnkbl KaTapIblH Y3bIHABIFbIHA OaiinanbeicThl. Cy pecypcTapbiHBIH ©TKEH
XKarIaibl OoNamakka SKCTPanoIHAIaHa b

ExiHnmn TyXbIppIMIaMa KepiciHIe, O KJIMMAaT IEeH arbIHIBIHBIH TYPaKCHI3AbIFbIHAH
TysiHAaiAbl. Ecki JKbUImapmarsl Cy pecypeTaphlH Oaranay YIIIH JepeKTepi IMaiganaHy
MIPaKTHKAJIBIK €MeC, KOIDKBULIBIK KaTap/AblH Oip OesiriMeH FaHa IIEKTEIreH NYPhIC — COHFBI
OHKBUIABIKTAPAAFBl IEpPeKTep, Oyl KIMMAaT TYpaKThl Oojica Ma, aHTPOIIOTEHMIK (haKTOpIBIH
©3€H aFbIH/IBICBIHA A TapIIBIKTall 9cep eTKEH e ¢ KOJIAaHbUIaIbL.

YmriHOon TYKbIpRIMIaMa aFbIHABIHBIH e3repyiHe OaFbpITTalfaH CHIIATBIHAH TYBIHIAWIBI
KoHe OaliKasFaH TeHJICHIMS OoJamakKa SKCTPanosIUsIaHaabl, SFHH OaKbUIaHFaH KaTtapaH
aJIBIHFAH CUIIaTTaMajapFa Keleci Ke3eH YILIIH Ty3eTy eHri3y KakeT. OcblmaH aTMochepanars
MApHUKTIK ra3fap KOHLUEHTPAHUACBIHBIH CO3CI3 )KOFapbUIaybIH ECKEPETIH MOIEIbIEP IIBIFAIbI.

JKep Oeti cymapblH caHIBIK Oaranaydbl ofiCTEMENIK d3ipiey. ©3¢H ajanTapbHBIH CY
pecypcrapbi OipHeliie Kbpu1aap 00lbl Oaraiay YIIiH Keiie perpecCHsUIbIK 9/1iC KOIaHbIIa IbI.
byn omic Mereoponorusutelk axtopyapra (KayblH-IIANIBIH, aya TeMIIepaTypachl, aya
BUIFAJIABUTBIFBIHBIH JKETICIEY LT )KoHe T.0.) OaliIaHbICThI ©3€H aFbIH/BICH] PETPECCUSCHIHBIH
TEHJCYNEpiH KypyJaH Typanasl. PerpeccHsuibK TEHAEYHNl KOJNJAaHFaH Ke3ie Oapiiblk
cUnaTTamaiap MeH rapameTpiep opTallia KBaJpaTThIK KaTellikTepMeH Oarananajpl. Perpeccus
TEHJICYJICPiHIH TapaMeTpiepi OJapAbIH KaTemikTepi perpeccus Kod(pHUIHEHTTEPIHIH
MoHepineH 1,5...3,0 ece a3 OosraH jxarmaiiia mbsIHANRBL (CeHIM1) OOIabl.

Perpeccusanblk MonmenpaiH KelOip KypAedeHyi — Oyl IOHeKTI KypHAemi perpeccus Aer
aTanajbl, MoHi OipikTipinareH ¢gakropiapabl Oaranay/aH, COAaH KeifiH OChl apryMeHTEep/ICH 03¢H
aFbIH/IBICBIHBIH, PETPECCHSUIBIK TEHACYIH KypyaAaH Typaznbel. Kemenni perpeccust mMozemnbaepi
(akTOpJIBIK Tajaay MOEIbACpiHe yKcaiapl. bysr Tangay eki Toyesci3 cajllaMeH YChIHBIIFAH:
KOMIIOHEHTTIK Taijay (Heri3ri KOMIIOHCHTTep o[ici) >KOHE HAKTHI (DaKTOPNBIK Taiay.
AprymMeHTTep arbIHIbl  (aKTOpJIapbl pETiHAE OpeKeT eTeTiH perpeccus oSiiCiHeH
afbIPMAaIIBUIBIFBI, KapacTBHIPBUIBII OTBIPFaH MOJENbAe (hakTopiap Oenrici3 ’KoHe onapIblH
KeNTereH Oenriiepi FaHa aHbIKTaIFaH. TanceipmMa ochl (hakTopsIapabl Oenriyiep apKbUibl TAOyFa
XKoHe ojapnsl Tamgayra HerizgenreH. Cy pecypcTapbiHBIH Taiia 0oiy (akTopiapbIHBIH
Oenrinepi ruaporpadusIbIK, 0porpadusuIbIK, TeorpagusUIbIK )KOHE KIMMATTHIK CHIaTTamanap
6onein TaObImanpl. OHTaMIaHABIPY MPOLEIYpAchl ajFaIlKbl €Ki-yIl KOMIIOHEHTTe (Hemece
(dakTopiapaa) OapiblK JKanmbUianFaH aknaparteiH 90 % - Ha meifin (alHBIMAIBLIAPIBIH
JUCTIEPCUACH) anyFa [eifiH a3asmel. KepcerinreH kommoHeHTTepMeH ((akToprapMmeH),
HETi31HEH, aFbIHIBIHBIH TOYCJILIIrT OHAM TYPFBI3bLIA B,

PerpeccusnbIk sxoHe (aKTOPIBIK TAIAY SIICIH JKY3€re achlpy YIIIH aFbIHABI CyJaplaH
0acka METeOPOJIOTHSIIBIK ICPEKTEPIiH YIKESH KOJeMiH TapTy sl Tajamn eteni. COHABIKTaH oJiap
ic JKY3iHJIe KeH TapajMaraH.

Cy pecypctapsiH MeMIIeKeTTiK THAPOJIOTHSUTBIK MHCTUTYTTa ¢y KabaTsl peTinae Oaranay
Ke3iH/Ie aFbIHAbI OCTTepiH MHTETPAIABI OpTallanay o/iCi ajFall peT 93ipJeH i KoHEe ChIHAJJIBI
[9]. Omictin MoHi 3epTTeneTiH aymakTa (e3¢H anabbl, TEHi3 aga0bl jkoHE 0acKa ayMakTap)
aFbIHJIBI KAOATHIHBIH OpTallla MOHIH Oaraiay OoJbI TaOblIanbl. KapacThIPBUIBIT OTHIPFaH JIiC
Cy pecypcTapblH Oarajaylpl TEK ayMmak OOMbBIHINA aFbIHIbl aMaKTBIK TYpJe ©3repreH
KarJlainapra faHa eMec, COHBIMEH KaTap METEOPOJIOTHSUIBIK (aKTopiapisl ecKepMei,
KenTereH (akTopiiap arbIHIBIFA ocep €TKEH JKaFmaiaa ia Kyprizyre MyMKiHIik Oepexmi. OHbI
Karmail ecenrteyieplie KoJIaHy KUbIH, OHTKEeHI ©3¢H allalTapbIHBIH OpTalla OWIKTIri Typasisl
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erKeH-Ter kel MaiMeTTep KakeT. YJIKeH ajanTap YLIIH JIpeHaXIapAblH oprama OWiKTiri
TypaJIbl JEPEKTEP iC KY3iHIE KOK.

AFBIHJIBIHBIH CHI3BIKTBIK TEHJIEYJIEp 9J1ici. ©3eH cy ananrtapbl MEH TEHI3 ajlalTapbl JKbLI
CalBIHFBI JKaHAPTBIIATBIH CY PEeCYpCTapbIHBIH CHIIATTaMallapblH Oaraiay VINiH (KEpTiliKTi
arbIH/IBl, LIETENJCH aFblll KeJETiH aFbIHABI KOHE KaJIbl PECypcTap) ChI3BIKTHIK TEHIEYJIEp
KOJIIAHBUIABI, MYHJIa Kelleci CHIaTTamajap eCKepilefli: Cy pecypCTapbIHBIH CHIIaTTaMachl
JKOHE Ke3-KeJITeH ©3CH alalTapbIHbIH Cy PEeCypCTaphl apachlHIarbl THAPOMETPHSIIBIK KaKIara
YKOHE OHBIH OYKLJ aaObIHA COMKECCI3MIKTI ecernke altyFa MYMKIiHZIK OepeTiH koddduimenTrep.
CBI3BBIKTHIK TeHAEYJepAiH Kod()(UIMEHTTepiH aHBIKTAy Ke3iHAe Kejeci oaamictepaiH Oipi
KoimaHpUtansl  [3]:  e©3eH  aFbIHOBICBIHBIH ~HOPMACBIH OHBIH  Y3BIHIBIFBI  OOMNBIHIIA
MHTEPIOIALMSIIAY; 3epTTEIMETeH ayMaKTaH aFbIH/BIHBIH aFrbIHIbl HOPMAJIAPbIHBIH H30JIMHHS
KapTachl OOMBIHIIA aFbIH/BICEIH aHBIKTAY; 3ePTTEIMEIeH ayMaKTa aFbIHABIHBI THIPOIOTHSIIBIK
YKCACTBIK 9JIICIMCH Oarainay.

AFBIHIBIFA IIApyalIbUIBIK KBI3MET YJIKEH 9Cep €TeTIH ©3¢H alalTapbHBIH TaOWFU Cy
pecypcTapbiH Oarajay YIIiH OHBIH MOHI TaOWFHM KaJBINTACY JKarnaillapblHa OKENHEI, SFHU
aFbIHIBIHBl KAJINBIHA KEJTIpy JKy3ere achlpbulaibl. O3¢HAEpP MEH Cy alIbIHIapBIHIAFbI
LIApyalbUIBIK KBI3METTIH O0acTalybIMEH THAPOJIOTHSUIBIK CHIATTaMajap/bl aHBIKTay bl
HAKTBUIAY KAXKETTLNIri e3ekTi Oonma Oacraiimel jkoHe Oipkarap 3epTTEYIIUICp aFBIHABI
MIPOLIECIHIH TYPAKCHI3IBbIFbI )KOHE OHBI aHTPOIIOTCH/IIK 9Cep €Ty MPOLECiH/e 3epTTEY/IIH MYMKIH
KOJIIAPBI Typasbl Teopusiabl anra taptans! [10...14]. Jlemek, Ka3ipri yakbITTa CTAHOHAPIIBIK
OakplIay MyHKTTEPiHIH JepeKTepi HETi31He Cy pecypcTapbiH Oarajiay eH YThIM/bI )KOHE HAKThI
Oonbin Kana Oepeni, »aHaMa 9JicTepAl KOJIJaHa OTBIPHIN, ayMakTap TOJBIK 3epTTeIMEreH
HEMece HAaKThI JICPEKTEP MYIIZEM JKOK.

AFBIHIBI CUIIATTAMANIApPBIH Oarayay J>koHEe OoipKay Ke3iHIe THAPOJIOTHSUIBIK JKOHE
KJIMMATTBIK [TapameTpiepiy OaikaiaraH »oHe OOJDKaMIIbl ©3repiCTEepiH ecKepyre MyMKIHJIIK
OepeTiH Kasipri 3aMaHFBI 9JicTepHiH imiHeH Oarajmay MeH OoJpKayIwlH Oafiec omictepiHe
HETI3/IeJreH BIKTUMAIBIK 9iCTepl MEH TOCUIAEPI COHFBI YaKbITTap/a dJieM/e OeICeH i JaMBbIIl
KeJe KaTKaH eH MepCIeKTHBANbl OarbITTapiblH Oipi 6osbim Tabbuiaast [7, 15...18]. Baitec
ONICIHIH KOMETIMEeH YCHIHBUIFaH JKaFIainap bl e3repy T'HIoTe3achiHa CyHeHe OTHIPHIIL, Kb
MIPOIIECTIH TYPAKCHI3ABIFBIH JKOHE OoJamiakTa »XaFmalIbplH JaMmMybl OCNTICI3IITiH ecKepe
OTBIPBII, ©3€H/IEP/IH KbIIIBIK aFbIHABICBIH €CenTeyre 00JIabl.

[IapTThl cCTaMOHAPIBIK XKAFAAIapIbIH ©3repy TUIIOTe3aChlH KaObUIIay jKoHE TaHIAFaH
0eJly IPUHIMIITEPIHE COMKEC aFbIHIBI CyJIAp/IbIH O6iHYl €Ki MapTThl CTAIIMOHAPIIBIK KE3CHIe
Oeiry 3aHBIH KYPY apKbUIBI OpTallla XBUIIBIK aFbIHABIHBIH MOJIIepiH Oaranay YIIiH KeTKUTIKTI
— GasabIK xxoHe arbiMaars [19]. [3generin ynecTipy eki yliecTipy 3aHBIHBIH KOCBIHIBICHI OOJIBII
TabbUIaIBl, MyH/a 9p0ip TEPMHH IIAPTTHI CTALMOHAPJIBIK KE3CHHIH Y3aKThIFbIHA OaiiIaHBICTHI
Oenriii 6ip MaHBI3BUIBIKKA HE.

OKIMIITIK aynaHaap OoWbIHINA ep OeTi cyiapblH Oaranay omictemeci. [llapyanisuibik
TYPFBIJIaH aJIFaHja, kep OeTi Cy pecypcrapblH ayJaHaap apachiHa 06ty )KoHe 0J1ap IblH HaKThI
KeJIeMiH, 0acKa aylaHJap Karap Toyeii OONaThlH Cy PecypCcTapblH €CKepe OTBIPHII, pTYpIi
ic-mapaap/ sl )KOCIapiiay oTe KUbIH. AJaiiia, 0Cbl MOCeIeIep i Melyre Typa KeJIeTiH Oerii
0ip camanblk MiHmeTTep Oap. TokipuOeNmiK TalanTapAbl ecenTey oJicTeMeci MEH CXEeMachIH
JYpbIC KYpa OTBHIPBIN, JKETKITIKTI CEHIMJI KOHE CEHIMJII MaTepHanjgapra CyHeHe OTBIPbII,
KEIIeH Il TOCUIMEH KaHaraTTaH/AbIpyFa 0oJa bl

OKIMIITIK aynaHnap OoHbIHIIA xep OeTi cynapblH OaramayablH HETi3ri KUBIHABIFBI —
OKIMIIUIIK aylaHIapAbIH IIeKapajapbl ©3¢H Cy ajanTapblHbIH Ta0UFH IIeKapaapblHa ColKec
kenMmenni. Bym, ocipece, campICTBIpManBl TYpAE Killi ©3€HHIH Cy JKHHATYBl OipHeme
ayJaH/iap/blH ayMarblH ajlblll J)KaTKaH KYpFak aiiMakrapia OpHaJlacKaH ayMaKTapra KaThICTHI
KHUBIH.

OKIMIIUTIK ayaaHnap OOWBIHIIA ©3€HJEP MEH Cy arbIHABUIAPBIHBIH JXKaHAPTBUIATHIH CY
pecypcTapbiH Oaranay Ke3iH/e MbIHa/Iail cUraTTamanap/ibl KapacThIpy KaXeT:
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— JKEPrUTKTI aFbIHJpBI, LIEKTEC ayMakKTap/iaH KeJeTiH arblHAbl (OChl ayMak IIeriHie
KaJIBINTACAThIH ©3€HIEP MEH Cy aFbIH/BICBIHBIH )KUBIHTBIK KOJIeMi);

— OCBHl ayMaKKa ILIEKTeC ayJaHIapliaH )KoHE IIETENJICH arblll KeJICTIH aFblHAbI (e3eHIep
MeEH OHBIH IIeTiHEe CHIPTTAH aFbIIl KeJIETiH Cy aFbIHABICHIHBIH JKUBIHTHIK KOJIeMi);

— 3epPTTENETIH ayMaKTaH arblll KETeTiH aFblH/BI (63€H/Iep MEH CY aFbIHJIbUIAPbIHBIH OHBIH
IIETiHEH THIC aFbIN KETETIH KUBIHTHIK KOJIEMI);

— UBIHTBIK aFbIHIBI (KEPTUTIKTI KAJTBINITACKAH CY KOJIIEMIHIH KoHE ipreyiec ayJaHaapan
arbIll KEJIETiH aFbIHIBICHIHBIH )KUBIHTHIK MoHi) [3].

OKIMIIUTIK ayMakTapAblH Cy PECYpCTapblH >KbUI CailblH Oarajay YIIIH aFbIHJBIHBIH
CBI3BIKTHIK TCHACYJIEP SMiCiH KoJaHyFa Oomaapl. OAiCTIH MOHI MBIHAA: Ke3-KeIreH OKIMIIITIK
ayMaK YILIIH OHBIH reorpadusuIblK OpHajlacyblHa OaiaHBICTBI Jkep OeTi cy pecypcTapbl
cUTaTTamMajap KUBIHTBIFBI TYPIHAE YCHIHBUIAAB! (PKEPTUTIKTI aFBIHIBL, aFBII KENETiH Cy
aFbIH/IBICHI, IIETEJICH aFbIIl KEeJIETIH CY aFbIHIBICHI, JKEPTUTIKTI aFbIH/IBI MEH aFbIIl KEJIETIH Cy
aFBIHBICBIHBIH KOCBIHIBICEIHA TEH JKaJlllbl PecypcTap, arblll KeTETiH aFbIHABI, LIETENre arblll
KeteTiH arbiHbl). LIbIH MoHIHIE, SpOip TMAPOIOTHIIBIK CUIaTTaMa YIIiH TeHJASYl a3ipiiey
KaxeT. bBipiHIIiZeH, KapacTBIPBUIBINT OTHIPFaH OKIMIIIIK ayJaHHBIH ayJaHBIHA KaTBICTHI
arbIH/Ibl KOJEMIHIH TUIPOMETPUSIIBIK OJIIICYJIEPiHiH IePEKTePiH eCKepe OTHIPHII, SKiHIIIIeH,
ayMaK OOMBIHIIA aFBIHABIHBIH ©3TePY 3aHIBUIBIKTAPbIH aHBIKTAY KaKeT.

ATan aiiTKanaa, Oenrini Oip OKIMIIUIIK aylaHHBIH JKEPTUTIKTI aFbIHIBICHIHBIH KOJEeMiH
Oaranay YVIUNIH OHBIH LICTiHACri OapiblK ©3¢HACP MEH Cy AaFbIHABUIAPBIHBIH JKHBIHTBHIK
aFbIH/IBICBIH aHBIKTAY Ka)KeT. [ MIpOJIOTHsUIBIK OEKeT SKIMIILIIK ayAdaHAapblH IIeKapachlHaH
KaHZaii 1a Oip KaIIbIKTHIKTa OpHAJIaCKaH JKaFnaiiia (eJIMICHETIH Cy aFbIHABICHI OHBIH OKIMIILIIK
ayJaH IIeKapachIHAAFbl MOHJIEPIHEH aWTapIbIKTail epekuieseHyi MYMKiH), KapajlaTblH ©3¢H
aFBIHIBICBIHBIH MOHZCPIH 3€pPTTENETIH OKIMIIUIK ayJaHHBIH MIEKapacklHA KENTipyIi JKy3ere
achIpy Kaxer.

JKanrer xarmaiina, oKIMINITIK aygaHAap OOUBIHINA KEPTUTIKTI KYPBUTBIMIAFHI Cy KOJIeMiH
KbUI caiiplH Oaranay YIIIH MbIH3Jail cHUIarramanapibl €celke aly KaKeT: JKepPTiliKTi
KYPBUIBIMIAFEI Cy KOJIeMi; OKIMIIUTIK ay/JaH IIETiHIe aFaThIH ©3CHICpPACT] THAPOMETPHSIIBIK
TycTaMalapJaFbl ©3¢H CYyJapbIHBIH KeJieMi; ©3CHJICP aFbIHIBICBIH OKIMIIUIIK ayaaH
LICKapachlHa KeJNTipy IapameTpliepi; JKepriliKTi aFbIHIBIHBI KaJbIITACTBHIPATBIH ©3€¢H
apHaJlapblHaH aJIbIHFaH CybIH KeJieMi; KOJIaHFaHHAH KeHiH 03¢H apHaJlapblHa KYHbUIAThIH CY
aFbIHJBUIAPBIHBIH KOJIeMi; KapacThIPBUIBII OTBIPFaH ©3¢H OacceiHneri cy KeneMiH Oacka
Oacceitaaepre xibepy; 6acka OacceHAepaAeri Cy KoJeMiH xKibepy; Cy KoiMaaparsl Cy KOPbIH
O3repTy; apHANBIK Cy KOWMalapblHBIH O€TiHeH KOChIMINA (KYpJBIKIICH CaJbICTBIPFaH/a)
OyllaHy; CyIbIH KalTapbIMChI3 TYTHIHYbIHA TEH CY KOJIEMiHEH TaOUFH JKaraaiijia OynaHyra xoHe
UHOUIbTPALMAFA MIBIFBIHAAD.

Ocpbuaiilia, SKIMIIIK aynaHap OOWbIHINA Kep OeTi CyJapbiH Oaranay Keleci allrOpuT™
OOMBIHIIIA JKY3€re aCHIPBUTYBI MYMKIH:

- KepriulKTi KYpPBbUIBIMHBIH arblH/ABICBIH aHBIKTay (THIPOJIOTHSUIBIK OEKeTTepiH
JepeKTepl HETi3iHIe 3epTTeNreH ydacKelep OOMBIHIIA aFbIHIABUIAPABI Oaranay; OKIMIILTIK
ayJlaHHbBIH 3epTTEJIMEreH ayMarblHaH arbIHIbl ChI3BIKTAPBIHBIH KapTachl OOMbIHIIA HeMmece
h=f{(F) aliMaKThIK TOyeIIiIIiK KUCHIKTapBIH Maii1aiaHa OTHIPHII, OJIaH opi OYKLJ ay1aHFa HeMece
OHBIH KaH/aii 1a Oip GesiriHe KaThICThI OJIIIEH OTHIPBII, aFbIH/bLIAP/IbI AHBIKTAY; 3€PTTEIMETeH
KOHE 3epTTeNreH OeJlikTep aynaHJapbIHBIH KaTHIHACHI; SKIMIIITIK ayJaHHBIH 3€pTTeIMEreH
ayJlaHbIHAH 3ePTTENICHIe€ YKCACTBIFbI OOMBIHIIA aFbIHIBIHEI Oarajay);

- iprenec aymakrapAaH arblll KeJIETiH Cy aFbIHJIBICHIH aHBIKTAY (SKIMIILTIK ayIaHIapAblH
LIeKapaiapblHa JKaKbIH OPHAIIACKAH OCHI ayJ[aHFa aFblll KeJICTIH O3eHepAeri TUIPOJIOTHSIIBIK
OexeTTep OOMBIHINA AFBIH/BIHBI aHBIKTAY; ©3CHHIH Y3BIH/ABIFBI OOMBIHINIA aFbIHABI HOPMAChIH
MHTEPIOJSALMSIIAY apKbUIbl  KApacThIPBUIBIIT  OTHIPFAH ©3€H AaFbIH/BICBIHBIH MOHJIEPiH
3epTTeNeTiH SKIMIIUTIK ayJaHHBIH [IeKapachlHa KeTIpy);
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- OCBI 9KIMIILTIK ayAaHHAH aFbIH/IBIHBIH aFbIIl KETY1H aHBIKTAY (AFbII KEJIETIH aFbIH/IbIMCH
YKCaCTHIFbI OOWBIHIIA, aFBIT KETIM XKaTKaH ©3CHep/e OpHAJacKaH THAPOJIOTUSIIBIK OCKETTeT1
arbIH/IBIIIAP/IBI ECEIIKE Ay Ke3iHe);

- TPaH3WTTIK AaFBIHIBIHBI AHBIKTAy, TAaOWFW IOBIFBIHAAP KE3iHAe >KOFaiFaH OeliriH
KocraraHsa, 6eirii Oip oKIMIIUIIK ayJaHHBIH ayMarbl apKbUIbI aFblll JKaTKaH Cy;

- IIeTeNICH pecryONUKaHBIH IIeTiHEe KEeJICTIH Cy aFbIHABICHIH JKOHE €NIEH THIC aFblll
KETCTTIH aFblH/BIHBl aHBIKTAYy, €JIJIIH MEMJICKETTIK IleKapajapblHa »aKblH OpHAJIACKaH
yKapMallapIarbl ©3¢HSPIiH aFbIHABICH Typallbl JepeKTep HeTi3iHAe;

- OKIMIIUTIK ayJaHAapblH JKUBIHTHIK PECYPCTapblH aHBIKTAy, JKEPIrUIKTI JKoHE iprejec
ayJaHIapJaH arblll KeJICTiH aFbIHABIHBI KOPBITHIHBLUIAY HETi31HIe.

AyMaKThIH Kep OeTi cynapbIMeH KaMTaMachl3 eTiTyiH Oaranay smictemeci. KiimmarThiH
e3repyi cy pecypcTapbiHa aTapibIKTall )KoHe opTYpIIi ocep eTedi. OTKEeH OHXBUIIBIKTApIaFhl
KJIMMATTBIK e3repicTep jkahaHIbIK IHAPOJIOTHSUIBIK LIUKIITe 9Cep €TKEeHI Typasbl OapJibIK jKaHa
naneraep 6ap, MBICAbI, MAYCHIMIBIK ©3¢H arbIHIBICHIHBIH o3repyi [20...21]. AHTpomoreHmik
KBI3MET, OHBIH INIiHAE NIAPYaIIbUIBIK KbI3MET KIMMATTBIH ©3TepyiHIH OCEpiH KyIIeHTe.
COHFBICHI Cy 3KOXXYHeIepiHiH )KYMBICHIH KAMTaMachl3 €Tye MaHbI3Ibl POJI ATKAPaThIH aFbIHIbI
pexuMiHe KochIMIla Kayin Tenaipeni. Cerisinmn ¥ aTThIK Xabapiaamara coiikec, X X1 FachIpIbIH
asrpiHIa KasakcraHzma TemIiepaTypaHblH aleM OoMbIHINA jkoHEe 0Oacka Ja KemTereH Asus
enIepiHeri opTalia IeHreiIeH enoyip xKorapsuiaysl Gomkanyaa [22].

XKep Gerti cy pecypcTapblHBIH YaKbIT OOWBIHIIA TUHAMUKACH TAOUFU CyMEH KaMTaMachI3
eTYJliH aybITKybIHA BIKIAJ €TE/l Cy pecypcTapblH MaiiaiaHy jKoHe 0Jap/Ibl CAPKbUTYIaH KIHE
JacTaHy/laH KOpray OOMBIHINA Ke3 KeJITeH ayMaKTa eHIIpTill KYIITepAi JaMBITy CYJI0anapbiH
a3ipiey YIIH epekiine MaHbi3Fa ue. Cybl MOJ JKOHE CYBI a3 JKbUIAApAarbl TAOMFU MCHIIIKTI
CyMEH KaMTaMachI3 €Ty op TYPJIi ayMaKTap YIIiH 9p TYpii OOIybl MyMKiH.

Cynsl 9pTYpJi SKOHOMHKAJIBIK KQKETTUTIKTEpre mnaiianany YJIKeH e3eH jKyienepi MeH
aliMaKTapIeIH JKkep OeTi cy pecypcTapblHa 9cep €TETiH Heri3ri aHTPONOTCHIIK (akTop OOJbII
TaObuTagpl. COHIBIKTaH Ke3-KeNreH alMaKThIH Cy PecypCTapblHbIH JKaii-KyiliH Oaranay yIiH,
©H aJIIIMEH, OCHI aiiMaKTarbl CyAbl TYTHIHY )KOHE OHBIH KOII XKBIIIbIK Ke3eHIeTi THHAMUKACKI
Typaibl MajiMerTep OOoNybl Kepek. O3 Ke3erinie, aiiMakTarbl Cy TYTBIHYJBIH KeJeMi MeH
KYPBUIBIMBl OHBIH 9JICyMETTiK-DKOHOMHKAIIBIK JaMy JACHICHiMEH, XalblK CAHBIMEH JKOHE
¢usnKa-reorpaQusIIbIK KaraaibiMeH aHblKTananbl. Cyabl TYTBIHY Typalibl MAJTIMETTEpre He
0oJia OTBIPBIN, CYy PECYPCTapbIHBIH JKai-KYHiH cHnatTayra OOJaibl, OJ OChl ailMaKkTarbl Cy
pecypcTapblH NalajiaHbUIaThIH Cy KOJEeMIMEH, COHJal-aK XaJIblK CaHbIMEH CalbICTBIPY
apKbLIbI aHbIKTANMA B! [3].

Ocbl MakcaTTa 9JIETTe OPTYpJl KpHUTEpHiliep MEH KOpCeTKIlTep KOJAaHbuIaabl (Cy
CTPECCiHIH KOpPCEeTKilIi, >kaH OachlHA MIAKKAHIAFHI CYMEH KaMmTaMachl3 €Ty, TOYeJIIUTK
KO3 PUIUEHTI). ONeMIeri dpTypiIi eHIpJep MEH CIACPAiH CY PeCypCTapbIMeH KamMTaMmachi3
eTUTyiH Oaranay VIIiH Cy pecypcTapblHa XYKTeMe KOPCETKIIIiH (maiinanany Kod(pQpUIIHeHT)
naiijajany¥a Heri3ieNreH TOCll KOJIaHbUIA/IbL, OJ1 JKaHAPTHUIATHIH CY pecypcTapbiHa TONBIK CY
TYTHIHY IIAMAachIHBIH MaWbBI3bIMEH KAThIHACBIHA TeH. JKaHapThUIaTBIH Cy pecypcTapsl
KapacThIPbUIBIN OTBIPFAH aliMaK IeH KepIIlieC ayMakTapAaH ©3€H CYJApbIHBIH aFblH/bICHI
IIEeTiHAe KAaJBITacaThIH JKEPTUTIKTI Cy pPeCcypCTaphIHBIH KOCBHIHABICHIH Oimpipeni. Cy
pecypcTrapbiMeH KamTamachl3 €Tyl Oaranayra artajFaH TOCUI OpTYpJi 3epTTeylIiiepiiH
KYMBICTapbIHAa KOJIAHbUIAB! [23...24]. ¥CBIHBUIFAH TOCcUIre CoMKec €y pecypcrapbiHa
KYKTeMe Jopexeci 6ec caHaTsl 6ap kikTey OoifprHImIa aKkpIHIaTas! (1-kecre).

JKaHapThUTaTBIH CY peCypCTapbIHBIH JKbUIJIAH JKBIIFA YJIKEH aybITKYbl JKarJalblHAA Cy
pecypcTapbiHa JKYKTEMEHi OJIapJAbIH OpTala KOeIDKBUIABIK MOHJEPiHIH IaMachl OOMBIHIIA
Oarajyiay TOMEH KepceTKilTepi OepeTiHiH atan oTkeH skoH. COHbIMEH 0ipre, OChI Makcar YIIiH
©3€H arbIH/IBICBIHBIH €H TOMEHT XKbUIJBIK MOHJICPIH MaiilaiaHy aiiKbIH JKOFapbl HOTIKENepre
oKene/li, OUTKeHI KeINTereH alMakTapja arblHIbI CyJap/AblH Oip OesliriH jxacaHIbsl Hemece
TaOWFH peTTey apKbUIBI Maiianany MyMKIHZIT1 6ap.
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Cy pecypcmapwina srcykmeme 0apedceci boublnua dicikmey

Canar

Knaiin, %0 | Cunarrama

<10

10...20

20...40

40...60

>60

Cy pecypcTapblHa TOMEH KYKTeMe - OHIpJIepAe CyMEH KaMTaMachl3 eTyJe eneyii mpodiaeManap
TYbIHAAMAaMN b1

Cy pecypcTapblHa OpTalla >XyKTeMe-CyMeH KaMTaMachl3 €Ty JIeHreili alMakTbhlH JaMybIH
IIEKTEeUTiH (akTopFra alHaIambl

Cy pecypcTapblHa JKOFaphl JKYKTeMe-AaMyAblH TYPaKTBUIBIFBI VIIIH CyFa JEreH CYpaHBIC IeH
YCBHIHBICTHI PETTEY KaXeT

Cy pecypcrapblHa 0Te )KOFaphl JKYKTeMe-CyABIH eJleyJIi TAlIBUIBIFBI JKOHE CyIbI TYTHIHYIBI pETTEy
MeH IIEKTEeYAiH, CYMEH KaMTaMachl3 €TyIiH KOCBIMIIA Ke3[epiH TapTyAblH LIYFBII KaKETTLIIri
opbIH anajpl. Cy pecypcTapbIHbIH TalIIbUIBIFB SKOHOMUKAIIBIK 6CY/I1 )KOHE XaIBIKTHIH JI-ayKaThIH
apTTHIPYAbI TSKEHTIH (pakTOpFa aliHaIy a8

KayinTti eTe KOFapbl XKYKTeME - Cy pPECypCTapBbIHBIH TAMIIbUIBIFBl SKOHOMHKAa MEH TipIIiTIK
OpeKeTiHIH TaMyBIHBIH MaHBI3Ib! (paKkTOphIHA aifHaTy1a

Kecrte 2

XKymeicra [3] cy pecypcrapblHa HaKTHI KYKTEMEHi Oaranay VImiH Oakpuiay Ke3eHiHIE
KaTapblHaH Cy a3 YLI Kbl OOMBI Cy pecypcTapblHBIH €H TOMEHT1 opTalla >KbUIIBIK MOHIH ajty
opbIHIBIpaK 0ok kepineni. Cy a3 KeseHIepleri AepeKTepopTaia KeIDKbUIABIK MOHICPICH,
acipece Cy pecypCTapblHBIH KOIDKBUIABIK aybITKYJIApbIHBIH YJIKEH ©3TepriluTiri Ke3iHjae
onnexaiia a3 6oibin keneni. Kepcerinren mamanap mapTThl TYPAE HAKTHL CY pecypeTaphl Ael
atanajpl, opTalla KeIDKbUIIBIK LIaMallapMeH Oipre jxep OeTi cy pecypcrapblHa >KYKTEMEHi
Oaranay YIIiH KOJJaHBUIAIBI.

Kaunait 6onranma 1a, skep OTi cy pecypcTapbiHa )KYKTeMe Iopexeci OOMbIHIIA OaFanayra
Heri3menreH Oy Tocin Oenrimi Oip aliMakTarsl Cy pecypCTapblHBIH TANIIBUIBIFBIH TOJBIK
cUMaTTayra MYMKIHAIK OepMelii, ©WTKEHI OHBIH ayMaFblHJIa TYpaThlH XaJlbIKTHIH CaHbBIH
eckepMmeiii. Ocbl (akTOPIBI ecenke ajay YIUiH HaKThl Cy pecypCTapbIHBIH KaWTapbIMCBHI3 Cy
TYTBIHYJIBI ILIETEPreHIeri XajblK CaHblHA KaThIHACHI PETIHIE €CENTeNIeTiH MEHIIIKTI CyMeH
KaMTaMachl3 €Ty KOpPCEeTKIIliH KOChIMINA MaiianaHy YChIHBUIAABL. KepceTinreH kepceTkim
OOMbIHIIIA Cy pecypCTaphIHBIH JKai-KYHiH JKIKTey MbIHAai IpaJalusHbl KAMTHIBI (2-KecTe).

Cy pecypcmapuitbly Hcali-Kyiin MeHWIKmMi CyMeH KamMmamacwol3 emy O0UblHuA JHcikmey

Cunarrama | I'paganus, MbIH M%/agam

CyMeH KaMTaMachl3 €TyIiH anaTThl TOMEH JeHT el <1,0

CyMeH KaMTaMackI3 €Ty 6Te TOMEH 1,01...2,0
CyMeH KaMTaMachl3 €Ty IiH TOMEHIIT1 2,01...5,0
Opraia cyMeH KaMTaMachl3 eTy 5,01...10
JKorapsl cyMeH KaMTaMachl3 €Ty 10,01...20

OTe KOoFapbl KAMTaMachl3 €Ty >20

OHipjeri xep 0eTi Cy peCcypCTapbIHBIH Kai-Kyili CyMeH KaMTaMachl3 €Ty MIaMachl
OoliprHIIa OaramaHael, Oy Oip TYpFRIHFA KeJIETiH CyIbIH Memepin Oinmipeni. by sxarmaiina
CYMEH KaMTaMachI3 eTY/iH eKi TYPiH aXbIpaTy KepeK — aJIeyeTTi )KoHE HAKThI. OJIeyeTTi CyMeH
KaMTaMachl3 eTy - OyJ1 opTalia KeIDKbIIIBIK )KaHAPTHUIATHIH CY PECYPCTapbIHBIH XallbIK CAaHbIHA
KaThIHACKI. OJIEYeTTI CYMEH KaMTaMachl3 eTyliH IaMachl OOMBIHINIA TyTacTai ajaraHja esjueri
Cy pecypCTapblHBIH KaJBINTACYbIHBIH TAaOWFH JKaFAalbIHAAFBl >Kali-KyHiH Oaranayra,
JKEKeJIereH alMaKTapra CajbICTBIpMalbl CHIIATTamMa Oepyre >oHe Oenrimi Oip yaksiT
KE3EHIHJIEeT1 CyMeH KaMTaMachl3 €Ty ANHAMHUKACHIH Taiayra 00Ja sl

Amnaiifa, onieyeTTi CyMeH KaMTaMachI3 €Ty IamMalapblH Oaranayia, ocipece Cy pecypcTapsl
LIEKTEYJ OHipJiepAe NaianaHy OOBEKTHUBTI jKarJaliblH OypMallaHybIHA SKeleai, eWTKeHi
oneyeTTi TaOUFU CYMEH KaMTaMachl3 €Ty HaKThl JKaFlailapMeH CalbICTBIPFaH/a OpKallaH
acelpa OaranaHajbl. Cebebi OHBI Maiijanany Ke3iHzue Oip)kojia JKOFaJbII KETETiH CyABIH Oip
Oemiri ecemke ampiHOalmpl. COHBIMEH KaTap, JKEKEJIETeH JKbUIIAP MEH Ke3eHAeple cy
pecypcTapbl opTalia KeIDKbULIABIK MOHJIEpAEH dieKaiaa a3. Ockl JKarnaiaapasl ecenke aimy
YIIiH Cy TaNIIBUTBIFBI KaF JabIH/IA CYBI a3 KBUIIaphl 00JTyBl MYMKiH OapIIbIK CyOBEKTiIEp YIIiH
Cy pecypcrapblHa JKYKTEMEHi OaraigayMmeH Oipre HaKThl CYMEH KaMTaMachl3 €Ty TallJaHajibl.
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HakTbl cymMeH KaMTamachl3 €Ty MeJILIEpl Cybl a3 XKbIIIaphl Oip agaMra KeJeTiH CyAbIH KaJIAbIK
Meepin (maiaananraHHaH Kedin) Oinmipei.

Cy pecypcrapbl MEH CyMeH KaMTaMachl3 €TUIy J>KYKTeMeci opTamia KeIDKBULIBIK Cy
pecypcTapblHa KaThICThI aHBIKTaNIa (b1, OYJI ©3€H arbIHIBICHIH PETTEY HEMece KaiiTa Oeiy, Oap
HeMece BIKTUMaJ Cy TalllIbUIBIFBIH 010 OOWBIHINA KaXKeTTI Mapaiap/abl Oarajayra MyMKIHIIK
Gepeni. Keneci aBTopmapasiH FhUIBIMH 3epTTEyJepiHe coiikec Tarbl Oip Ke3kapac Gap [7,
25...26], maiinanany ko3((HUIMEHTI KbICKbI KE€3€HJIETi ©3eHAEPIiH MUHUMAIbI CYJIbLIBIFbIHA
Cy KaObUIHAayAbIH SKOHOMHUKAIBIK KaXKETTUTIKTEPre KaThIHACHI peTiHae ecenteneni. Cyabl
naiiganany Ko3(pQUIUCHTIH ecenTey/IiH OyJI TOCiIi Heri3ri apThIKIIBUIBIKTap MEH IIEKTeyJepre
re. APTHIKITBUIBIKTAPEl — Cy IKOXXYHENIepiHiH OMONOTHSIBIK SPTYPIIUIIri MEH SKOJIOTHSIIBIK
KarJaiblH cakTay YLIH CYABIH MHHHMAJJbl KaxeTTurikrepin eckepeni. lllexreynep-0ip
OIIeMIl TOCUI, CYIOBIH KaXETTUIriHE ocep eTeTiH KemTereH (akTopiapabl ecKepMenmi
(MBICaIIBL, J)Kep pecypCTapbIH NalianaHyaarsl e3repicTep).

XKymebicra [27] 6anama HYCKa YCHIHBUIIBI, OFaH COMKEC CYMEH KAMTaMaChl3 €Ty IiH HaKThI
ecebl Kepluijec ayMmMakTapJaH KeNeTiH TYIIbl CY aFbIHIBICBIHBIH JKapTHICBIHAH TYPAThIH
KEPTUTIKTI Cy pecypCcTapbIHBIH MeJIIepiHe OaFbITTaIFaH. ByJ1 Tocis altMaKTHIK JKoHE jkahaHIbIK
Garajayiap yiniH KeHiHeH Konaausiias! [28...30].

[lapyammsiibIK KaXETTUTIKTEp YIIiH CYAbIH alTapIIbIKTail allbIHybIHA OaiIaHBICTHI CYAbIH
QJIEYETTi JKOHE HaKThl YJIECTIK KOJDKETIMILIIT K11 a)KbIpaThliia/ibl, COHFBICHIH €CeNTey Ke3iHe
©3¢H arbIHABICHIHBIH Oip OemiriHiH KaWTapeIMCBI3 aNbIHYBl eckepiiemi. JKorapbima
alTBUIFAHJAl, TYIIBI Cy PeCcypcTapblHBIH MaHBI3IbI TYpi KOJIEpAIH Cy pecypcTapbl OO
TaOBUTAIBI, OJIAPBI MalJalaHy aHTPOMOTCHIIK OelceHAUTiKKe OalIaHbICTR apTaabl. OChIFaH
OailllaHBICTBI, CyMEH KaMTaMachl3 eTyxi Kasipri 3amaHfbl Oaranmay yIIiH OaTbic ©HIpi
ayMarbIHBIH CyMEH KaMTaMachl3 €TiTyiH TeK KaHAPTHUIATHIH FaHa EMEC, COHBIMEH KaTap Taburu
JKOHE JKacaHMbI Cy ailIbIHIAPBIHAAFEI CY PecypcTapbl eceOiHEeH A€ KapacThIpy KbI3bIFYIIBLIBIK
TyIBIpaabl. By perTe XanbIKThl TaOUFH Cy alJbIHIAPBIHBIH Cy pecypcTapbiMEH KaMTaMachl3
eTy OOMBIHINA albIHFaH HOTHIKENIEP JKaHAPTHUIATBIH CY PECypCTapbIMEH CYMEH KaMTaMachl3
eTyxi Oaranay JepeKTepiMeH CaNBICTHIPBITYHI THIC.

Eyponaneik Toxipubene KeH TapairaH TocuiaepniH Oipi - dajikeHMapK KpPHUTCPHIAi.
dankeHMapK KepceTkilline coiikec skplibiHa 1700 M3-TeH a3 MEHIUIKTI KaMTamachl3 €Ty Cy
TaNIBLUIBIFBIHBIH 00yBIH KopceTeni [31]. Anaiina, 6y kpuTepuit Tek cy KOpIapblH KOpCceTe i,
0ipaKk Cy pecypcTapblHA JEreH KaXXCTTUTIKTI ecKepMelii, Oy cypaHBIC KapacTHIPBUIBII
OTBIPFaH aifMaKThIH XaJIbIK CAHBIMEH OipXKaKThl aHBIKTAJIAIbI et 6omKaiis! [32]. Bamama Tocin
Cy KO3/IepiHEeH aJIBIHATHIH KOJIEMHIH XHUBIHTBHIK TOJIBIKTBIPBUIATHIH Cy KOJIeMiHEe KaThbIHACBIHA
TeH TYPaKThUIBIK WHICKCIH ecentey Kesinme Kommaubuiansl [33]. TypakThUIBIK HHAEKCIH
naljaanFal Ke3Je, erep Cy TYTHIHY >KaHApThUIaThIH arbHABIHBIH 20 % acateiH Oojca, cy
TaIIIBLUIBIFBl MACEJIEC] koHe erep Oy kepcerkim 40 % - maH acateiH OoJica, CYIbIH OTKIp
TaIIbUIBIFBI TYPAJIbl aUThIIagb! [34].

Ocbunaiilia, Cy TaIlIbUIBIFBI MOCEJIeCiHe COMKeC TalIbLIBIK KepceTKiTepi 0ap Tept
TOCIUT KOJIIAHBLIA B

— @ankenmapk unaekci (IF), conmaii-ak ¢y cTpecciHiH HHICKCI peTiHe Oerii;

— ceran kodpdunueHt (CR), corpaii-ak bY ¥ mHIMKATOPEI peTiHae OenTii;

— XansIKapaJblK Cy pecypcTapblH 6ackapy HHCTUTYTHIHBIH HHAeKcT (IWMI);

— cy kexpetnirinig nuaaekci (WPI).

OcCBI TOPT UHAEKCTIH iIIiHEH KapanaibIMIBUIBIFEI MEH aKBIHABUIBIFBIHA OaittaHsIcTh [F
eH Ken Kojyauputazael. IF mHAekciH naipanaHy OGipkaTap IIEKTI MOHAEpre CyHeHe OTHIpHII,
Oenrini Oip enneri cy pecypcTapblH TYTHIHY JCHIeiiH Oaranayra MyMKIHAIK Oepei.

CR wuHzpekciH Konpany tacini IF uHmekciHe HeriznesnreH Tociire ykcac, COHbIMEH KaTap
OapIIbIK KOJI JKeTiMII HbIMAaHIApAaH Cy alyAblH OapibIK KOJ JKETIMII Cy pecypcTapbIMEH
apakaTblHachblH Oaranmaiiasl. Erep kbl  callbIHFBI Cy aily CyMeH >KaOJIbIKTayJIbIH
(>xaHapThUTaThIH TYIIEI CY) 20...40 % Kypaca, enje Cy TamIbUIBIFBI Oap jKoHe OyJI KOPCETKIIT
40 % - naH acca, KaTThI TAIIIBUIBIK Oap JeM aiTyFa MyMKIHIIK Oepeni. Amaiiaa, eki ToCUIIiH e
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KeMILTiKTepi 0ap, ojlap CyAbIH JKETICIEYIIIri jKarJalblHAa eJAIH TEXHHMKAJBIK JKOHE
QIeyMETTIK OeiimMaeny KabiJleTiH eCKepMeN/Ii, JJacTaHybIHA OAMTaHBICTHI OAPITBIK KOJT JKETIMI1
CYJbIH ilIyre GOJIMaNTHIHABIFBIH, COH/IAN-aK 0acKa (haKkTopaapabl ecKepMeii.

IWMI uHAekciH KoJNgaHy TOCLIl MKeMIl JKOHE CYIbl TYTHIHYIBI CHIATTANTHIH OipKaTap
SKOHOMUKAJIBIK JKOHE WH(PaKYpbUIBIMABIK (hakTopiapasl eckepeni. byn WHOEKc cyMmeH
KaOIBIKTaYIbIH KETKIUTIKCI3 TeHreli OHbIH (M3MKAIBIK MaFBIHACHIHIA CyIBIH a3/bIFbIHA FaHa
€Mec, COHBIMEH KaTap Hallap YHBIMJIACTBIPBUIFaH CyMEH jKaOIpIKTay MH(PaKypbUIbIMBIHA J1a
OalTaHBICTHI OOTYBl MYMKIH JIeTT aliTyFa MYMKIHAIK Oepeni. MbIcasl, 6aii cy pecypcTrapbiHa ue
Konro Jlemokparusibik PecrryGnukach! YIiH TOH Cy TaIlIIbUIBIFBl «EKIHII PETTI TalIIBLIBIK)
eKeHIH KepceTemdi, eNTKeHi Oy, €H aNAbIMCH, TYTBIHYIIBUIAPFAa Cy JKETKI3yre KaKeTTi
Kapa)xaTThIH 00JIMayblHa OaiIaHBICTHI.

CoHBIMEH KaTap, OWI TOCII JKEeTUTIIpiIMereH, OUTKEHI Cy TaIIBUTBIFBI JaMBIFaH 0acKapy
WHCTUTYTTapbIHBIH O0JMaybIlHa OaiJIaHBICTBI Ke3€ YLIIHII PETTi TaNIIbUIBIKTED) JKOHE CY
TalIBUIBIFBl 9JICYMETTIK KAaTBIHACTAp MEH CasCH IMpolecTepre OailaHbICTHI OOJFaH Ke3ze
«TOPTIHILI PETTi TAIIIBUIBIKTEDY €CKEPMEH/II.

WPI wunnmekci Oacka WHAEKCTEpAlI KOJNIAHATHIH TOCUIAEp YUIH KOpPiHOCHUTIH OOJBIT
KaJaThIH OipKarap (axropyiap/pl ecKepelli, COHBIH ILIHIE CY PecypcTapbiH OacKapy ayeyeri,
CYZBIH Calackl, CyMeH )Ka0AbIKTay apKbUIbl KAHAFATTAHABIPBUIATHIH KQKSTTUTIKTEPAIH CHUITAThI
*oHe T.0. anaiijia, OHbIH JKaH-)KAaKThl CHIIAThIHA OaiJIaHBICTHI OHBI TYCIHIIPY ©T€ KHbIH.

BapJblk atanFaH HHACKCTEp CYJIbl TYTHIHY Typaibl aklapaTThl oTe )KaINbUIAHFAaH TYpACS
YCBIHaBI-0JIap KaFJai bl YITTHIK XKOHE TINTI aiiMaKTHIK ayKbIM/Ia TaJlAayFa MyMKIHIIK Oepei,
Oipak o;i Je KemTereH MaHBI3IbI MamiMeTTepai eneHOeiini. COHpIMEH KaTap, OJapAbl CasicH
TYPFBIIaH KOJIIaHyFa OalijlaHbICThI KIlIIKCHE aJeKBATTHI JIeM caHayFra Oonazpl. Ockuiaiima, IF
WH/CKCIH KOJJaHy HETi3iHeH XaJBIKTHI IIEKTEY CascaTBhIH 93ipieydi KaMTHIbI, OUTKeHi Oy
TOCL MeHOEPIH/ET] CY TANIIBUTBIFBI XAIbIK CAHBIHBIH 6CYiMeH Tikeseil 6aitnansicTol [35].

Bapnbeik mapaMeTpiep MHIOCKCTEPIiHIH YiJeciMi JKalIbl ¢y Kayilci3miri HHACKCiH Oepe
anail. MaHbI3 /bl allbIPMAIIBUIBIK - CY KayiNCi3iriH 0aranay cajbICThIPY )KOHE CAIBICTHIPMAIIbI
Tangay YIIiH (MbICAJbI, enjep, Kajauap MeH ©3¢H OacceHAepl apachiHIAFEl Cy KayilCi3irin
CaJIBICTBIPY) HEMeCe IIeIiM KaObUIaay YImiH (MbIcalibl, Oeriii Oip xaraaia cy Kayinci3mirin
JKaKcapTy YILIIH KOJAIJIbl MHBECTHLMSUIBIK CTPATETHSHBI aHBIKTAY YIIiH) KOJJaHbUIA Ma.
Jlemek, JKOFapblia arajfaH KpUTEpHep OKIMIIIIIK ayMaKTapAblH kep OeTi cylapbIMeH
KaMTaMachl3 eTiTyiH Oarajay Heri3iHae KaXkeT.

4. KOPBITBIH/IbI

KopbIThIHIbLIAN KeTle, Cy PecypCTapbiH, OJIap/bIH YaKbIT MIEH ayMaKTaFbl aybITKYyJIapblH
3epTTey, TaOMFU-OKOHOMUKAIBIK afMaKTBIH CYMEH KaMTaMachl3 €Ty JHHaMHMKachlH Oaranay
MOceJIeCiHie 9KOHOMHUKAIIBIK KBI3METTIH THIPOJIOTHSUIBIK LUKITEe 9CEPIH €CKEepy MaHbI3JIbI
eKeHiH aram etyre 6onansl. OCH FRUIBIMHU 3epPTTEY/Ie OKIMIIUTIK aynaHaap OoifbrHIIa xep OeTi
CyJapblH OaranayablH YCBHIHBUIFAH aJTOPUTMI Cajaliblk MIHACTTED VIINIH KaXXEeT, OHBIH
nIeHOepiHAe Cy PecypcTapbIHBIH HAaKThl KeJEMIH eCKepe OTBIPBIN, JPTYpJli ic-IIapanapibl
xKocrapiay Ke3iHje ayJaHaap apachlHAAFrbl )Kep YCTi Cy pecypcrapbiHa KaThICThl Macenenepii
mIenryre Typa Keniedi. bonamakTelH Cy pecyperapblH Oaranay »koHe Oojamiakra CyMeH
KaMTaMachl3 €Ty MOCEJCNIEPiH IIeIly TYPFBICHIHAH aJaMHBIH dcepi eCeOIHeH KIMMATTHIH
AHTPOIIOTeHIIK e3repicTepi OipiHII Ke3eKTerl MaHbI3Fa He (SKIMIIUTIK ayMaKTapAbIH xep OeTi
cynmapbIMEeH KaMTaMachl3 eTiLTyiH Oarajay HeTi3iHIe KaKeTTi KpUTEpHiiyiep KeIIeHIH ecKepe
OTBIPBIII, AyMAaKTHIH JKeP YCTI CyJIapbIMEH KaMTaMachl3 €TiTyiH OaraiayAblH 9JiCHAMaJIbIK ToCi

YCBHIHBUIFaH).

ABTOPJIAPJIbIH KOCKAH YJIECI

Tyxeipeivaamanay — CKA; nepexrepai 6ackapy - AAT; Pecmu Tanmay - JIKM; Onicreme — AAC, KMK,
ATB; Kanaranay - AAT, AAC; bacranksr ;xo6ans! a3y - AAT, AAC; llony a3y xoHe pefaknusuiay -
AAT.
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Kympic Kazakcran PecrryOimkacs! FputbIM xoHe sKOFapbl O11iM MUHUCTPIIIT] FBUIBIM KOMUTETIHIH
TaITCHIPEICHl OOWBIHIIA OariapiamMaiblK-HBICAHANEl KapKbUIAHIBIPY mIeHOepinne opsiHgangst (MPH:
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K/IIOYEBBIE CJIOBA ABCTPAKT
BOJTHBIE PECYPCHI Boxnble pecypchl KpHTHYECKH BaKHBI JUId NOAJEP/KaHMSA JKM3HH Ha 3eMie H
HOpMa roI0BOro CTOKa Pa3HOOOpa3HbIX ACIEKTOB YEIOBEUECKON IESTENEHOCTH. Y CTOMYMBOE YIIPABICHHUE U

BOJIHBIN (OHT
BOI000€CIIEUEHHOCTh

OXpaHa BOAHBIX PECYPCOB SIBIISIFOTCS MPUOPHUTETHBIMH 33/1a4aMH ISl COXPaHCHUS
OKpYXaloIiel cpeabl n obecriedeHust ycToiunBoro pa3sutus. OneHKa NMepcreKTHB

MCTObI OLICHKU

Ilo cratbe:
Mony4eno: 5.02.2024
IMepecmotpeno: 4.10.2024

HCTIOJIb30BAHUA BOJHBIX PECYPCOB B OJKOHOMUYECKHM OCBOCHHBIX pPEruoHaXx
JIOCTATOYHO CJIOYKHAsI KOMITJICKCHAS 33/1a4a, CBA3aHHAsI KaK CO CIICHAPUSIMH PA3BUTHUS
BOJIONIOTPEONISIONIMX OTpaciiell SKOHOMHKH, TaK M C HEOOXOAMMOCTBIO yueTa
U3MEHEHUH, MPOUCXOAMNX B THAPOJIOTO-KIMMaTHdeckoil cucteme. IlomoOHBIE
U3MEHEHHUS BIUSIOT Ha YCIOBUSA (POPMUPOBAHMSA CTOKA M CHOCOOHBI MPHUBOAMUTEH K
CYIIIECTBEHHOU TpaHCHOPMAIIUU BOJHOTO PEKUMA, 3T MpodieMa 0COOEHHO 3HaUNMa
Juisi GacCeHOB C HEBBICOKOW 00OECIEUEHHOCThIO BOJHBIMU pecypcaMu. B paHHOM
HAYYHOM HUCCIICIOBAHHH, BO-TIEPBEIX, IPEIJIOKCH aJITOPUTM OLICHKH TTOBEPXHOCTHBIX
BOJA TI0 aJMHHUCTPATHBHBEIM paiiOHaM HEOOXOIMMBIA JIJIsl PEUICHUS OTPACIEBBIX

Tpunsito: 20.02.2025 3a]a4;  BO-BTOPBIX, MpPEUIOKEH  METOAONOTMYECKMHA  TOAXOJ,  OLEHKHU
Ony6ukosano: 01.04.2025 B0J1000ECTICYEHHOCTH TEPPUTOPUH ITIOBEPXHOCTHBIMHU BOJJAMHU C YYETOM KOMILIEKCA
KPUTEpUEB,  HEOOXOJMMBIX B  OCHOBE  OLEHKH  BOAOOOECIEYEHHOCTH

aMUHHUCTPATUBHBIX TEPPUTOPUN NOBEPXHOCTHBIMU BOAAMH.
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Water resources are critically important for the maintenance of life on Earth and
various aspects of human activity. Sustainable management and protection of water
resources are priorities for environmental conservation and sustainable development.
Assessing the prospects for the use of water resources in economically developed
regions is a rather complex complex task associated with both scenarios for the
development of water-consuming sectors of the economy and the need to take into
account changes occurring in the hydrological and climatic system. Such changes
affect the conditions of runoff formation and can lead to a significant transformation
of the water regime, this problem is especially significant for basins with low
availability of water resources. In this scientific study, firstly, an algorithm for
assessing surface waters by administrative districts is proposed, which is necessary to
solve sectoral problems; secondly, a methodological approach is proposed for
assessing the water supply of a territory with surface waters, taking into account a set
of criteria necessary for assessing the water supply of administrative territories with
surface waters.

Bacnarepain eckeprmeci: GapiblK KapHsAJaHBIMAAPAAFEl MoNliMAeMenep, MiKipiep MeH AepekTep «[ HApOMEeTeopOoNorus W 3KOJIOTHS
JKypHaJIbIHA JKOHE/HEMece pelakTopra(Jiapra) eMec, TeK aBTopra(Jiapra) THECLIi.
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