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OLIEHKA U COBEPHIEHCTBOBAHMUE 3AIIIATHI TEPPUTOPUIA
OT 3ATOIIJIEHUA B BACCEMHE PEKM HYPA

AnHoranusa. Pexa Hypa saBnsercs riaBHoil BomHON aprepueil orpomHoit Tenus-KopramxbslHCKOW BHaguHBL.
HcTokoM peku SBISICTCS CIMSIHUE HECKOJIBKUX HEOONBIINX POJHHUKOB. B BepxHeM TeueHWH (IO BHIAICHUSA B P.
AxOactay) pexa mmeer Ha3Banus Kepererac, Kapamrokwsl, baiikoka. BeceHHee mMONOBOABE HAaYMHACTCS ITOYTH
OJTHOBPEMCHHO Ha BCEX BOJOTOKAX OacceifHa ¢ CepeIMHBI MapTa, IPOIOIDKACTCS IO CEPEIUHBI Masi, a Ha HEKOTOPBIX
BOJIOTOKAaX U JI0 CepeNrHBI HIoH:. 3a mepro nmpoxonuT oonee 80% Bcero rogoBoOro cToka. XapakTep MOJIOBOABS PEK
OaccefiHa ogHOOOpa3eH. HaunHaeTcs mooBoAbE BO BpeMs HHTEHCHBHOTO CHETOTAsSHUS, Yallle BCETO MOBEPX JIbJA.
Ha nepecrpIxaroniix BOIOTOKaX CTOK IPOXOJUT B 3aCHEIKECHHOM pyciie, OOBIYHO B TIEPBOM MmosIoBHHE anpens. O0mas
MIPOJIOJIKUTENHLHOCTD TOJIOBOMIbSI cocTaBisieT 16-42, Hanbonpmas — 36-100, Hanmenbmas — 1-18 mueld. Bricokuii
YPOBEHB IEPKUTCA OT HECKOJIIBKUX YacoB 110 1-3 mHEH, majeHne ypoBHS HIET JOBOJIHHO MEIJICHHO M PacTATHBACTCS
JI0 BYX MecsleB (ampenb-maii). B craThe MCIONB30BaHBI JaHHBIE IO THAPOJIOTMYECKOW n3ydeHHOcTH Kasrmm-
pOMeTa. Bbll'lOIlHeH aHaJIn3 paC‘leTHle MaKCUMAaJIbHbBIX paCXOZ[OB BCCCHHECIo I10JI0BOAbS peKI/l, cc pvaeTme
00BEMOB TOJIOBO/IbSI, AMIUIMTYT KOJcOaHUH YPOBHEH BOIBI M YPOBHEH BOJBI pa3iuYHON obOecreueHHOCTH. [Ipen-
CTaBJICHBI XapaKTEPUCTHKA BOJOXPAHWINIL OacCeitHa, MEPOTIPUATHS 110 MPEIOTBPANICHHUIO 3aTOIUICHUS TEPPUTOPUI
W HACEJICHHBIX IMyHKTOB. [locTpoeH mpomonbHbIN mpoduis mo Bogopasaeny Hypa—Ecwums. [l pacyeToB UCIoib-
3oBanbl CHullel, MeTonuku, ykasaHHble B jmTepatype. CTaThs MMeeT OCOOYIO0 IEHHOCTH IPH MPETOAaBaHUU
TUIPOJIOTHH, U1 0€30aCHOCTH KHU3HECATEIHPHOCTH, CTPOUTEIHCTBA THAPOTEXHUICSCKAX COOPYKEHHA M aBTOMO-
OMIBHBIX JOPOT, MOXET OBITh HCHOJBh30BaHA TpH KoppektupoBke CKMOBP. AHann3 3aToruieHus MaBOJKOBBIMH
BOJIaMU BBITIOJHEH C UCIOJIB30BaHNEM KapTorpadudaeckoro matepuana M 1:1000 000.

KiloueBble ci10Ba: pexa, BOAHBIE PECypcChbl, OacceiiH peKH, BOI0OOECHEUEeHHOCTh, THAPOIOTUYECKUN MOCT,
roJIOBOM CTOK.

BBenenue. bacceiin p. Hypa pacmonoken B riiyOnHe MaTepuka M yAajeH OT OKEaHOB U MOpEH.
BcnencTBrue OTCYTCTBHSL Ha ceBEpe M IOTE€ BBHICOKUX E€CTECTBEHHBIX 0apbepOB TEPPUTOPHS AOCTYIHA IS
NepeMEIIeHNs] TEIUIOTO0 CYXOro CyOTpONHMYEcKOro Bo3ayxa mycTbiHb Kaszaxcrana m Cpeamneil Asum,
XOJOAHOro OETHOro BJIATOM apKTUYECKOTO BO3AyXa, I[EPEMEINAIOIIErocsi B MEPHUIMOHAIBHOM Ha-
IMpaBJICHUH. I[OCT}/H BJIQXKHBIX aTJIAHTHYCCKUX BO3AYUIHBIX MACC 3aTPyAHACTCA ypaJII)CKI/IMI/I ropamu, a
TUX00KeaHCcKuX — CpenHe-CHOMPCKUM IIIOCKOTOPHEM M TOPHBIMH MaccuBaMu Autasi. B pesynbprare sTHX
0COOEHHOCTEH KIMMAaT paccMaTpUBacMOM TEPPUTOPUH PE3KO KOHTHHEHTAIEH, 3UMa XOJOJHAs MU
MastocHexxHas [1].
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ATMOCQepHBIe 0CaAKH pacrlpenensaoTcess HepaBHOMepHO. ['omoBoe konmnuecTBo ocankos o MC bec-
0O6a u MC Kaparanna coctaBmsier 265-315 mm. Haubonpmas MecssgHasi cymMMa OCaJIkOB TPUXOAUTCS Ha
JIETHHE MeCSIbl (MIOHb-HIONB), HAUMEHbIIIEe KOJMYECTBO OCAJKOB BBITIAJIaeT OOBIYHO B SIHBape-Mapre.
Ocanxu 3a Teruielii mepuon roga mo MC Camapckoe u bec-O6a konebmores ot 198 mo 223 mm u
cocraBisitoT 70-80 % romoBoit HOpMBL. POpMUpPOBaHHE CHEXHOTO MOKPOBA MPOUCXOIUT 0 (eBpas,
CpeIHHE 3amachl BOABI B CHETe — 78 MM, aOCONFOTHBIA MaKCUMyM — 175 MM.

OO6pazoBaHue YCTOWYMBOI'O CHEXHOTO TIOKpOBAa NPUXOIUTCA Ha BTOPYIO JEeKaay HOSOps.
IIponomKxuTenbHOCTD EPHOAA €T0 B 3aJIETaHNA COCTABIAET B cpeqHeM 150 qHel, yBenndyuBasch ¢ ora Ha
ceBep. Pa3pynieHne ycTOWYMBOTO CHEXHOTO IOKPOBAa HACTYMAET B CEpelUHE ampens. B paHHHE BECHBI
CHET CXOAMT BO 2-U JieKaJie MapTa, B IO3JHUE — 10 HaJdala Masl.

Metoasl U MaTepuajbl. i1 NpPOBENEHHUS HCCIEIOBAHUS MCIONB30BAHBl OMBIT CTPOUTEILCTBA
MIPOTHUBOIIABOJAKOBEIX COOPYXEHUH B ABCTPHH, JaHHBIE CIPAaBOYHHUKOB THUIPOIIOTUYECKON H3yUYEHHOCTH
I'mapomera, Marepuaiibl MNPOEKTHBIX HU3BICKAHUM HHCTUTYTa «JleHruapomnpoekT», wuHcTuTyTa [IK
«KazrunpoBoaxo3», KpymHOMaciITabHble KapThl, THJPABINYECKHE W THIPOJIOTMYECKHE CIIPAaBOYHUKH,
Mertonuka MO ONEPAaTMBHOMY YCTaHOBICHHIO a0CONIOTHOTO MpsAMOro yiiep0a, HAaHOCMMOTO HaBOII-
HEHUSAMH TIPEANPUATHIM, OPTaHU3ALUAM, YUPEKACHUSIM U JIMYHONH COOCTBEHHOCTH TpaxknaH Dwum-
noBoit 0. H. [9], MeTonuKu BOIOXO3SIMCTBEHHBIX pacdeToB, paspaborannbie Kpuukum C. H. u Menke-
aem M. @. [11], MeTogudeckne peKOMEHJAIMH 110 OLIEHKE BO3JEHCTBUH THAPOTEXHUUECKUX COOPYKEHUH
Ha OKpYXXaWIIyl cpeny, O0asupyromuecs Ha Tpynax Credanmmmuna J[. B. [19], Bacunesckoro A. b.,
Mraino6enosa 0. b. [18], 3oteeBa B. I'., Mopo3osa M. I'., [Ipuxonsko M. I'. [20] u ap.

CoBpeMeHHBIE HCCIEIOBAaHUSI WHOCTPAHHBIX YYEHBIX IOKa3bIBAIOT, YTO 3alllUTa TEPPUTOPHI OT
3aTOTUIEHUH TpeOyeT KOMILIEKCHOTO TI0IX0/1a, COYETAIOIIET0 HHKEHEPHBIE, IPUPOJOOPUEHTHPOBAHHBIE U
ympasierueckue pemenus (Rehman, Farooq & van de Giesen, 2020; Takin, Cilliers & Ghosh, 2023). ITo
JAHHBIM CHCTEMaTHYeCKUX 0030poB smteparypbl (Marin-Muiiiz et al., 2021; Koerniawan, Setiawan &
Laksito, 2023), sddexTrBHOE ymnpaBiieHHEe NaBOAKOBBIMU PUCKAMH AOJDKHO ONHMPAaThCs Ha OLEHKY
BOJIHBIX PECYpCOB, MPOCTPAHCTBEHHOE IUIAHUPOBAaHHE W pPETHOHANBHBIE OCOOCHHOCTH. BakHyro poib
TaK)Ke UTpaeT B3auMOJEHCTBHE HAyUYHBIX YUPEKACHNH, OPTaHOB YIIPABICHHUS M TPOMBIIIIIEHHOTO CEKTOpa
B pa3paboTKe mporpamm 1o npeaoTBpaiieHuto 3aromiennit (Issakov, Johnson & Liu, 2025).

Kak ormewaercs B pabote [22], KOMIDIEKCHBIA MOIXOJ K YIPABICHUIO PUCKAMU 3aTOTLICHHS
SBIIIETCSl KJIIOYEBBIM (aKTOPOM CHWKEHHs ymepOa W 3ammuThl Tepputopuil. [lomoOHBIE BBIBOABI
MOATBEPKIAIOTCS UCCIENOBaHUAMHU [23], KOTOPBIE MOAUYEPKUBAIOT HEOOXOTUMOCTh CHCTEMHOTO aHaIn3a
ruaponorudeckux AaHHeIX. CoriacHo [24] HcCIONB30BaHUE MPHUPOJOOPHUEHTHPOBAHHBIX pEIIEHUN U
3eJIeHON MH(PPACTPYKTYPHI MOBBIMIAET YCTONYMBOCTh PEUHBIX 0ACCEHHOB K 3aTOIUICHHSAM. 3apyOeKHBIH
OTIBIT, TIPEJICTABICHHBIH B [25], MoKa3biBaeT 3((PEKTHBHOCTh PETHOHAJIBHBIX MPOrPaMM IO CHIDKEHHIO
nocieAcTBuil HaBoaHeHuH. Kpome Toro, B pabote [26] oTMeudaeTcss BaXKHOCTh YYaCTHsI IPOMBIIIJICHHBIX H
XO3SIICTBEHHBIX CTPYKTYP B peallu3alliil MEPOTIPUATHIA MO MPEIOTBPAIICHUIO 3aTOTUICHHM.

Tuoponoeuueckas xapaxmepucmuxa pex baccetina. Pexa Hypa 6epeT cBoe Havajo B 3arafHON 9acTh
Kapkapanunckux rop B 30He BbicoT 900 M 1 umeer mmHy 978 kM. Ha nentpansHOoM ydacTke peka Hypa
MPOTEKaeT B 30HE BIMSHUSA Ha I. ACTaHy W MMeeT 30HY Oudypkamuu (mepetoka) B OacceiiH p. Ecwib,
3aTeM BIajaer B cucremy TeHrusz-KopramxbeiHckux o3ep. Kpynmueimu mputokamu p. Hypa siBisroTcs
Axobacray (108 km), Marak (55 kM), Atucy (77 km), [nmm (52 km), Omaranst (60 km), LlleOypaii-Hypa
(281 km), Ecen (85 km), Yiken Kynmyzast (115 km).

[upuna moiitmse! p. Hypa Ha 1ieHTpansHOM yuacTkelS kM, TmyOuHa 3atoruieHus moiMsl — 1,5-3,0 wm,
riryOrHa BOIBI B peke — 2-4 M, mmpuHa pycna peku — 15-40 m. bepera pexku ycTolduBbie, BEICOTOH 10
12 M. CkopocTh TeueHusi B maBojok coctaBiser 1,0-1,4 m/c, B mexenb — 0,4-1,2 m/c. BripaskeHHBIX
Y4aCTKOB pa3MbIBa O€PETrOB HE UMEET.

CpenHeMHOrOJIeTHHI CTOK B cTBOpe I/m Pomanoka 619 mmr M° B rox. C 1975 roma B dopmu-
pPOBaHUU CTOKAa y4acTBYIOT BOAbl pexku Eprtuc, TpaHcnoptupyemsle o kaHany Epruc—Kaparanma — 1o
130 moa M B ron. Ilo omenke B mpoekre «PexoHcTpykuus MHTymakckoro Bogoxpanwmmmay (2005)
CPEIHEMHOTOIICTHHIT CTOK B CTBOPE I/ POMaHOBKa OLeHHBAeTCs B 681 MITH M/TOJI.

Pexa Hypa u npyrue pexu 6acceiina 03. TeHU3 MUTAIOTCA B OCHOBHOM BECEHHHMHM TaJbIMU BOJIAMH,
MOJI36MHOE NHUTAHHE HE3HAYUTENbHO. MaKCUMaJbHBIE pAacXoJbl ONPEAESAIOTCS HUCKIIOUYUTENBHO
cHeroTassHueM. OTHaKO MHOTOCHEXHAs 3MMa He SBISETCS TrapaHTHel OOJBIIOro pacxofa BOJBI, TEM
OoJiee eciu BeceHHEe TIOTEIUICHUE 3aTsHKHOe. MHOTOBOJHBIE TAaBOJIKH (DOPMUPYIOTCS TIPH PE3KOM paHHEM
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MOTEIICHNH, KOT/Ia BOJIa CTeKAeT 10 3aMep3Ieli MovYBe W He BIUTHIBaeTCS B MouBy. [lo3TOMy OCHOBHOM
0COOCHHOCTBIO BOJHOTO pekuma p. Hypa sBnseTcst apko BbIpaKeHHOE BeCeHHee IOJIoBOAbe. Beien 3a
MOJIOBOJIbEM HACTYIAeT JIETHE-OCEHHE-3UMHS MeKeHb. BeceHHHMil mojabeM ypoBHS BOJAbI HAUMHAETCS
OOBIYHO B TEpPBOH Nekane ampeis. B HEKOTOpble rolpl HAayalo MOJOBOIBS 3aJep)KUBACTCS JO KOHIA
ampens, a UHOT/Ia HaOmrogaeTcs y)ke B cepeirHe MapTa. BricoTa mopeMa BOIHBI TIOJIOBOBS B CPEIHUE
IO BOJHOCTH TOJIIBI COCTaBIIIeT 3 M, B MHOTOBOJHBIC Toabl — Oojyiee 5 M (1954 r. c. PomaHoBCcKOE —
506 cM), a B MaJIOBOJbE — HECKOJBKO AECITKOB CaHTUMETPOB (1936 . c. PomanoBckoe — 17 cm).

B mmxnem teuenun p. Hypa mpuGmmkaercs k Bogopasaeny p. Ecuib. Bogopasaen Ha 3ToM y4acTke
MeCTaMHt TUI0XO BeIpakeH. C 3THM CBSA3aHO mepuoandeckoe coennHeHne pexk Hypst u Ecmns B MecTe ux
HanOOJbIIETO COMMKEHUs. YUacTOK OM(YpKalUU MPOTSHKEHHOCTHIO OKOJ0 20 KM HayMHAETCS HHUXKE C.
PomanoBckoe B 15 kM. Teppuropus Mexaypeubs, B Mpeleliax KOTOPOH MPOMCXOAMT Oudypkanus,
MIPEICTABIIICT COOOM TOTMHOOOpa3HOE TIOHKEHUE MMUPHHON 10 6 KM ¢ o0muM ykiioHoM 0,45 mpomuie
B cTopoHy p. Ecunp. Haunusmme touku Bojopaszzaena Haxoadrcs B 1-5 kM or mpasoro Oepera Hypsr u
MPEBBILIAIOT MEKEHHBIH YPOBEHb peku Bcero Ha 1,5-2 M (BricoTa monoBoabs y c. PomanoBckoe 6onee —
5 m). Coenunenue Hypsr ¢ Ecunem mpoucxomut o0b9HO 1Mo Tpem mpotokam — Capkpama, Kosromr u
Myxkebip, o0bemuHstomuxcs B ogHO pycio (Kosromr) 3a 9 xm ot p. Ecmmbe. Kosrom Bmamaer B Ecuib
BOmm3u cen Tanmanmkep u Bo3asuxkeHka.

B 30-x romax XX Beka MpOTOKH OBLIH MEPEKPHITHl HECKOIBKUMHU TUIOTHHAMH C IIETBI0 3aTOTLICHHS
JUMaHHBIX JTyroB. B 60-¢ ronsr BeicoTa mamOb1 Ha Capkpame BOmm3u Hypsl Oblna moBeneHa 10 3 M IpH
ormetke Bepxa 353 m BbC. Ilo ruppaBnuueckuMm pacdeTaM MepenuB depe3 gamOy MPOUCXOTUT TpPHU
pacxozax Bosl B p. Hypa okomno 800 m*/c.

[leperox cToka u3 Hypsl B Ecnib BechbMa OmaceH ¢ TOUKH 3PEHHUS 3aIUTHI T. ACTaHBI OT 3aTOTLICHHS
MaBOJIKOBBIMH BOJAMHU.

Pe3yabTatel. [ udponocuueckas uzyueHHOCmb nosepxHocmuuvlx 600 baccetina. C 1916 rona umMeroTcs
MIpepBIBUCTHIE CBeZieHns 0 cToke p. Hypa y ¢. PomaHoBckoe. Pa3BuTie rupponorudeckoii cetu B 6acceiine
Hagaysiock ¢ 1931 1. BpeMeHHas ceTh 3KCIUTyaTallMOHHBIX IyHKTOB, co3manHas [TH, Ka3YI'KC u
JIpYTMMH BEJOMCTBaMH, HACUMTHIBaNIa OKOJI0 47 MOCTOB, B HacTosmiee BpemMs 6. K oCHOBHBIM Hemoc-
TaTKaM MAaTepUalioB IO CTOKY pPEeK CIeAyeT OTHECTH Majlyl MPOJOJDKUTEIBHOCTh HAONIOJACHUH U
HEpPaBHOMEPHOE pa3MeIleHHe MOCTOB Mo TeppuTopuu. CaMblii NTUHHBIN psija HAOMIOACHUN MIMEETCs 110
ctBopy p. Hypa y c. PomanoBckoe.

B Hacrosimee Bpems B Oacceitne p. Hypa Bemytcs HaOmiogeHuss Ha 6 THAPOJIOTHYECKHX MOCTaXx.
OcHoBHBIE TUApPOTpaPUUECKUE XapaKTEPUCTHKH KPYITHBIX peK OacceiiHa mpuBeieHb! B Tabmuie 1.

Ta6nuna 1 — OnopHbIe THAPOMETPUIECKHE ITOCTHI

Table 1 — Reference hydrometric posts

iﬁ{ Peka — ctBOp Heﬁzt)l;}’()l(c)g)a;ajiilﬁlzﬂaﬂb [lepuon nabmronenuit q;l:fo
1 | Hypa — lllemenkapa (ITponerapckoe) 8320
2 | Hypa— Cepruononbsckoe 12 300 1931-2024 74
3 | Hypa — PomanoBckoe 45100 1932-1943, 1945-1959, 1973-2024 59
4 | llepy6aiinypa — Kapa-MypyH 8700 1947-1950, 1957-2024 52
5 | Lepyb6aitnypa — LleHTpanbHbIi XyTOp 10 600 1931-1945,1947,1950 17
6 | Coxslp — Axxap (Kypiyc) 1300 1948-1953,1955-1997 49

BrimonHeH aHanM3 pacdeTHBIX MaKCHMAalbHBIX PAacXOJIOB BECEHHETO IOJIOBOABS peku Hypa, ee
pacueTHBIX OOBEMOB IIOJIOBOJIbS, AMILIUTYJ KOJcOaHW ypOBHEH BOIBI M YPOBHEH BOJBI PAa3IUYHOMN
00ecIeYeHHOCTH.

Maxcumanvusie pacxoowvt 600vt pexk Hypa, Komanyrtmec, Kon (6acceitn 03. Tenus) mpuBemeHsl B
Tabue 2.

B ycnoBusix paBauHHOTO Ka3axcrana cTOK 3a Mepro/I MOJIOBOJIbS KaK Ha MaJIbIX BOJOTOKAX, TaK U Ha
cpemHUX pekax coctaBisieT okoio 90-95% ot 00BEMa TOHOBOTO CTOKA. JTO COOTHOIICHUE SBIISIETCS
JIOCTAaTOYHO YCTOWYMBHIM B TONBI PA3TUYHON BOMHOCTH. JIMIIh B OYEHH MaJOBOJHBIC TOJBI, KOT/A B

— § —
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Tabnuma 2 — PacueTHbIe MaKCHMAaNbHBIE PACXO/BI BECEHHETO MOIOBOIbS

Table 2 — Estimated maximum flow rates of spring floods

Bonoxo3sii- CpenHeMHOTOJIETHHE Pacuérnble pacxobl BOABI pa3IMIHON
Peka — cTBOp CTBEHHBIH apaMeTphl obecreueHHoCTH, M/C

YYACTOK Qo,Mfc | Cv | Cs | 0,1% | 1% | 2% | 5% | 10%

Hypa — Illemenkapa 151 1,09 | 2,10 | 1140 752 635 482 363
Hypa — Cepruornonbekoe 06-53-00-1 260 1,02 | 2,05 | 1840 | 1220 | 1040 | 792 | 603
Hypa — PomanoBckoe 06-55-00-4 502 1,02 | 2,04 | 3550 | 2360 | 1980 | 1530 | 1170
[epyb6aitnypa — p3a. Kapa-MypyH 06-55-00-5 152 1,09 | 2,05 | 1140 753 637 484 366
Kon — 3um. Bupnuk 126 096 | 1,92 | 820 552 | 489 365 283
ffﬁ;;’;;’;f;;;;cﬁﬁ:” 06-53-00-6 333 | 065 | 098 | 1301 | 981 | 899 | 737 | 622

CyMMapHOM CTOKE HECKOJBKO BO3pacTaeT JOJsI TPYHTOBOTO MUTAHUS, YIACIBHBIN BEC MaBOJOYHOTO CTOKA
yMenbiaetcst 10 70-80%. I1aBoaku J0KAEBOT0 MPOUCXOKACHUS, KaK IPABUIIO, HE IPEBBIILIAIOT CHETOBOE
nosioBojke. CriennanbHble HaOIIOIeH S 32 TOJKISBBIMHU TTABOJKaMH B OacceifHe He MPOBOIIIINCE.

Psnpr 00beMOB cTOKa BeceHHero monoBoAbsi p. Hypa y cenm Cepruomonbsckoe u PomaHOBCKOE
BKIIIOYAIOT B ce0s JiBa MEpUOJIa, CBI3aHHBIC CO CTPOMTENhCTBOM KaHana mMeHu K. CarmaeBa: yCIIOBHO-
€CTECTBEHHBI MepHo]] A0 BBOJAa B AKCILTyaTaruio kaHama (1935-1973 r1r.) u mepuon ¢ MCKaKEHHBIM
ctokoM (1974-2024 rr.) mocie BBOJA B JKCIUTyaTaluio KaHanma. 39-netHue paasl HaOmogeHuit 1935-
1973 TT. ¢ OTHOCUTEIHHO HANEKHBIMHU JAHHBIMU HEOCTATOYHBI JIJISl OMPEIEICHHs TapaMeTPOB CTOKa C
JIOITYCTUMOM TOTPelIHOCThIO0. [Ipy OonbIIoii n3MEHYMBOCTH CTOKA p. Hypbl Kak BHYTpH roja, Tak | I10
rojilaM MPOAOJDKUTENEHOCTD psifia JOJDKHA OBITh nnHHee, yeM 39 met. [loaToMy B KadecTBe MCXOMHBIX
pacueTHBIX PsAOB 00beMOB mosioBonbs (p. Hypa — cema Cepruomnosibckoe W PomaHOBCKOE) B3SITHI
90-netaue psgbl (1935-2024 rr.), B KOTOpBIX 3a nepuof 1935—1973 rr. npuHSTH (QakTHYeCKUe JaHHEIE
n3MepeHni, a 3a mepuon 1973-2024 1. — BOCCTaHOBICHHBIC (€CTECTBEHHBIE) 3HAUCHUSI 00BEMOB CTOKA
BECEHHETO MOJIOBOIbs. B Tabnuile 3 mpuBOAATCS 3HAUEHHUS CTOKA peK OaccelHa.

Tabnuma 3 — PacueTHbie 00BEMBI IIOJTOBOILS

Table 3 — Estimated flood volumes

BonoxossiicT Ieprox CpenHeMHOroNIeTHHE Pacuérnble 00BbEMBI BOAIBI
Peka — cTBOp BEHHBIH noacuéra napaMeTphl pasTHUHO 06ECTICYEHHOCTH, KM

Y4aCTOK | CTOKA, TOMBI | Wo kv’ | Cv | Cs | 1% | 2% | 5% | 10% | 25%
Hypa — Cepruononsckoe | 06-55-00-1 | 1935-2024 0,14 | 096 | 1,92 | 0,60 | 0,50 | 0,40 | 0,31 | 0,19
Hypa — PomaHoBcKoe 06-55-00-4 | 1935-2024 0,41 086 | 1,72 | 1,62 | 1,45 | 1,10 | 0,87 | 0,56
[Mepy6aiinypa — noc. 06-55-00-5 | 1933-1945, 0,12 0,94 | 1,88 | 0,54 | 044 | 036|028 | 0,17
LlentpanbHelii XyTOp 1947-1950
Konanornec-1 otx. cax. - 0,15 0,65 | 1,30 | 0,47 | 043 | 0,34 | 028 | 020
«KypransmxuHckuin 06-55-00-6
Ko — 3um. Bupmix - 007 | 091 | 1,82 | 028 | 0,25 | 0,19 | 0,15 | 0,10

Yposennwviii pesicum pex. BpicoTa moabema BOJHBI NOJIOBOABS B CPEJHHE IO BOAHOCTH TOABI
COCTaBJseT 3 M, B MHOTOBOJIHBIE To/bI — Oonee 5 M (1954 1. c. PomanoBckoe — 506 cM), a B ManoBoibe —
HECKOJIBKO JIecITKOB caHTUMETpoB (1936 r. c. PomanoBckoe — 17 cm). Hanbounpias rogosas aMmimTyaa
KoJIeOaHmid YpOBHS peKHd OTMedeHa Ha T/m ¢. PomanoBckoe — 864 cm (1943 r.), B cpemHeM TeUeHUU
aMIUTUTy1a He mpeBbimaet 5 M, r/n Cepruononbckoe — 455 cM, r/n llemenkapa — 407 cm (1977 1.). B
Tabmnuue 4 NpuBeIeHb MaKCUMalIbHbIE HA0MIOACHHBIC YPOBHH BOJIBI IO THAPOMETPHUUECKUM MTOCTaM.

Ha ¢one nerHe-ocenHell MexeHH HAOIIOAAIOTCS KPaTKOBPEMEHHBIEC MOIBEMbI YPOBHS, BBI3BAHHBIC
BbIaZeHueM aoxzaci. Ilonsemel 3TH He npeBblaoT 0,5 M U OTMEYAKOTCS B CPEJHEM OJIMH pa3 B ISITh
net. JloXaeBble MaBOIKH, KaK MPaBWIO, MpoAonkaroTcss 10 mHed W HE OKa3bIBaIOT CYIIECTBEHHOTO
BIMSHUS Ha XapakTep MekeHH. [locne X NMpoXokKOeHHs Ha peKe OBICTPO BOCCTAHABIMBACTCS IpE.-
MaBOJIOYHBIN PEXKUM.

— 6
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Tabnuna 4 — HabnroeHHbIe aMIUIUTY b1 KOJIe0aHUH ypOBHEH BOABI

Table 4 — Observed amplitudes of water level fluctuations

Pexa — cTBOp Paccrosinue OtMm. «O0» HawnGonbmas Jlata MaxkcuManbHbIH
OT ycThsl, KM | rpaduka nocra, M BC | ammumuryna, cm ypoBeHb Bozbl, M BC

Hypa — bec-O6a 894 709,31

Hypa — [Iponerapckoe 780 543,0 473 23.04.1954 547,73
Hypa — Cepruomnons 705 488,2 789 15.04.1943 496,09
Hypa — Bonkosckoe 576 452,0 418 15.04.1943 456,18
Hypa — [IpeoGpaxenckoe 369 349.8 597 26.04.1921 355,77
Hypa — Pomanosckoe 369 349,65 864 17.04.1943 358,29

Tabimna 5 — YpoBHH BOABI pa3indHOI 00ecIeYeHHOCTH, CM

Table 5 — Water levels of different availability, cm

YpoBHH U pacxoibl BOJBI PA3IMIHON 00€CIIEUeHHOCTH, %o
Paccrosinue 0,01 1.0
Peka — myHKT OT YCThs,
KM YpoBeHb Pacxonpl, YpoBeHb Pacxonpl,

BOJIBI M/c BOJIBI M/c
Hypa — r/m Ne 5 1xm BbIIIe cOpoca 677 486,70 2640 484,68 1270
Hypa — c. Ukanoso 672 485,70 2640 484,40 1280
Hypa — c. Teruszxon 660 485,80 2930 484,00 1540
Hypa — c. PocroBka 652 470,05 3020 469,50 2260
Hypa — r/n ¢. Monoaenkoe 631 465,10 2260
Hypa — c. 3axaposka 550 424,70 4200 421,80 2080
Hypa — nn. Kopramxsixn 194 324,70 3700 323,20 1800

Boooxpanunuwa. Pexum pexn Hypa B MHOTOBOIHBIE TOJBI B CYIIECTBEHHOW CTEMEHH 3aBHCHUT OT
pETYNHPOBaHUS CTOKA BOMOXpaHWIMIIAMU. Vcmonp3oBanne Moe3HbIX W (POPCHPOBAHHBIX OOBEMOB IS
CPE3KH IMHUKOB TIOJIOBOTbSI TO3BOJISET B OTACIBHBIE TOJBI CHU3UTh MAKCUMATHHBIC PACXOIBI.

Cawmbie kpynHble Bomoxpanmwnuina: lllepyGaitnypunckoe Ha p. lllepyOaiinypa (mone3Has eMKOCTh
180 M M°) n Camapkanzckoe Ha p. Hypa (ronesHas eMKoCTb 72 MITH M).

HlepyGaitHypuHCKOE BOJOXpPAHHJIMINE MHOTOJETHETO PETYJIMPOBAaHUS HMMEET KOMILICKCHOE
HazHaueHue. CaMapKaHJICKOE BOJOXPAHWIMINE SBJISUIOCHh HCTOYHUKOM BOJIOCHAOXKEHUs ropojoB Kapa-
rafael 1 TemMupray, OCyIIECTBISAS MHOTOJETHee peryiupoBanue croka. C mpuxomom Eprucckoit Boabl
pabouast mpr3ma CaMapKaHICKOTO BOAOXPAHIIIHINA, yMEHbIIeHHas ¢ 197 1o 100,2 MiIH M’, HCIIOTB3yeTCs
TJIaBHBIM 00pa30M JUTst CE30HHOTO Tiepepacipe/ieNIeHHsI BOJIBL.

Menkue BOAOXpaHUIUIIA OJE3HOH eMKOCThI0 oT 0,9 10 28 MiH M MIPUMEHSIOTCS TJIABHBIM 00pa3oM
IUIs oportreHus (Tadnuma 6).

B nacrosmiee Bpems Ha p. Hypa Hmke yctes p. lllepybaiinypa pekoHcTpyupyercs MHTYMakckoe
BOMOXPAHHIIMIE C TOJNE3HOH eMKOCThIo 100 MiH M. WHTYMAakcKOe BOZOXPAHHMIHINE SBISETCS
JTOTIOJTHUTEIIEHON PETYNHPYIONIEH €MKOCTBhIO, TO3BOJISIFOINEH OOECHEeUUTh PeryJsipHbIe TOIYCKU s
3abopa B kaHam Hypa-Ecunb, mis ceabCKOTo XO3SMCTBA M B NMPHUPOTOOXPAHHBIX Helax (it TeHwns-
KopramxslHCKOTO 3alIOBETHUKA).

3amannusaemvie meppumopuu baccetina pexu Hypa. 1lo nanabeiM KaparananHckoro o01acTHOTO
yIIpaBJIeHUs] MO 4pe3BblYaiiHbIM cuTyauusiM ¢ 1996 no 2024 ron 3aTomieHHEe HACENEHHBIX MyHKTOB U
roposoB B Oacceitne p. Hypa nHabmonanocs B 2001, 2002, 2004, 2015 u 2024 rogax. B Tom umcie mo
baccetiny p. Hypa:

— B 2001 roay mpou301uIo pa3pylieHne mioTuHbl Koko3ek, 4To MpUBENo K pa3MbIBY JIOPOTH U MOCTA
o aBTosopore Kaparanga—bankam Ha ygactke 2 kM, aBrogoporu Kaparanma—XKe3kasras;

— B 2002 romy 3aroruieHsl H.I. 3apeuHoe (76 gomoB) u IIpoctopHOe, pa3mbiTa aBTOAOPOTa
Kesopaa—Ilasnogap;
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Tabmuma 6 — OCHOBHBIE XapaKTEPUCTHKH BOJOXPAHIIINII OacceifHa

Table 6 — Main characteristics of the basin reservoirs

& [IpOEKTHAsT MKOCTb, MIIH M°
r{\i Bonoxpanummme peryngggsaﬁm CpeHI:/II;ITI;I{ I;EHTOK» 22;)11:1;2;5 z onHAS HoTe3Has
1 Bynennosckoe MsHor. 14,0 5,1 12,6 12,3
2 Awpicyckoe MsHor. 35,0 6,8 18,0 6,8
3 Borakapa MHor. 18,0 15,9 28,8 15,9
4 Tysnunckoe Ce30H. 10,3 5,9 9,0 5,9
5 Koknextunckoe Ce30H. 72 0,4 1,4 0,4
6 CamapkaHcKoe Ce30H. 229 72 87,5 72
7 Kommynapckoe MHor. 1,3 0,4 1,1 0,4
8 [lokaiickoe MHor. 8,3 1,3 4,6 1,3
9 AllrarasuHCKOE MHor. 13,8 1,6 5,0 1,6
10 | Koiibac MHor. 1,6 0,8 1,4 0,8
11 TuxoHoBCcKOE MHor. 1,6 0,5 1,4 0,5
12 Axbacrayckoe Ce3o0H. 16,1 0,8 23 0,8
13 Tymarait Ce30H. 7,3 0,7 1,0 0,7
14 Kpacnomnonenckoe Ce30H. 169 2,1 3,5 2,1
15 Bypmunckoe Ce30H. 7,2 0,7 2,1 0,7
16 JKapracckoe Henen. 181 5,0 10,0 5,0
17 | UlepyGaiinypuckoe MHor. 181 38,2 180 38,2
18 Tomnapckoe Ce30H. 16,2 1,1 3,1 1,1
19 ®denopoBckoe MsHor. 22,0 43 12,8 43
20 YkanoBckoe MHor. 3,8 2,0 5,5 2,0
21 Capanckoe MsHor. 7,5 5,4 8,0 5,4
22 | HuTrymakckoe MHor. 446 42 18,0 42
23 Camapckwii 1/y Hepen. 450 3,9 14,0 3,9
24 KomMcoMombckoe MHor. 4,1 0,4 1,0 0,4
25 CalObIPKOXKBI MpHor. 13,6 0,6 1,8 0,6

— B 2004 roxy B 30He HIXHEro Obepa CamMapKaHICKOTO BOJOXPAHMIIUILA 3aTOIUICHB! U MOATOIICHBI
H.11. Canmosoe, ['arapuna, Ukamoso (98 momos, 3BakyupoBano 309 denmosek, 191 romosa ckoTa), B 30HE
HHuThIMaKCcKOTO BOTOXpaHWauina — H.11. AkTo0e (9 1oMoB, 3BakyrpoBaHo 54 uenosek, 189 roios ckoTa);

— B 2014 r. Bo Bpems CHEroTasHus BOAOXpaHWIUINE KOKNEKTHI MEpEnOIHMIOCh, OTCYTCTBHE
COPOCHBIX COOPY>KEHHI HE I03BOJIMIIO CHU3UTh 00BEM BOJIBI B BOJOXPAHWINIIE, YTO IIPUBEJIO K IPOPHIBY
TUTOTHHBI.

B 30Hy 3aromneHus maBoIKOBBIMH BoJaMu B OacceiiHe pexu Hypa, mo manaeim Kaparanmmackoro
00JIaCTHOTO yNpaBJICHUs 110 YPE3BBIYANHBIM CUTYALMSIM, TIONAJAI0T CIEAYIOIINE HACCICHHbIE TyHKTHIL:

— no AOatickomy paiiony — r. Kaparanpaa, nauneiii maccus, H.11. Tanan, Kpacusiii Kyt, Camapckuid,
Ecenrenbpl, 3axapoBka, Tnaxoeka, Aktooe, Ponuuku, TuxoHOBKa;

— no byxap-Xsipayckomy pailoHy — H.. AHAPOHMKOBO, TeHrus:xosn, Amanrenbiabl, PocToBka,
bepesnsku, Camapkanm, 1-e ota. k/x TemupsseBa, cr. Hypunckas, 3apeunoe, CagoBoe, I'arapurcKoe,
Ukanoso;

— o letunckoMy paitony — H.11. MoitbiaThI, [IpocTopHOE, MyxTapckoe, lepencan, KokTeHkonb,
bypwma, Kaiipakrtsl, batsik, n. JKamaniu;

[To AxMonHMHCKOM 00TacTH MOJBEPKEHBI 3aTOTUICHHUIO CIIEAYIOUIHE HACEICHHBIE ITyHKTHI:

— o Lenunnorpaackomy paiiony — H.1. Caneip6aii, Opasak, bupnuk, XKanaxom;

— o Kopramxsiackomy paiiony — ¢. Kopramxkeis, a/a Mmoct ¢. Kopramxkers, . CaObIHITBL.

— § —
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ABTOMOOMIIEHBIE JOPOTH, TTOJIBEPKEHBI PAa3MBIBY M Pa3pyIICHUIO B Pe3yJIbTaTe 3aTOTIICHHS:

— aBTOJIOPOTH pecITyOJIMKaHCKOTo 3HadeHus — Kaparanga—bankamnr — 2 kM, MmocT; Kaparanma—Asrys —
0,5 kM, MocT ¢ posieTom — 25 M, [laBnomap—Ksnsmopaa — 2,5 kM;

— aBTOJOPOTM MECTHOro 3HaudeHus — Atacy—AiHaOynak 3 kM, Kokcy—Kanatac — 1,5 xm, Cabbip
koma — 2 kM, AO «tOTPVY»/ UIl «CJJA» — 2 kM, c/o Capernita — 1,5 kM.

B 2002 romy, korma 065eMbl I MAaKCHMYMBEI TTOJIOBOJIBSI Ha OOJIBIITMHCTBE peK OacceifHa MpeBbINIaIn
CpelHUe 3HAYCHUs B 2-3 pasa, mocTpanano OT moioBojabs Oonee 900 uvenoBek, u3 HUX 363 OBUIO
3BAKyHUPOBAHO.

B 2014 roxy KaparanmuHckas 067acTh oKa3anach B SMHUICHTPE KaTaCTPOUISCKUX MTaBOIKOB, OBIIO
3aTOIIEHO OKOJIO CTa HACEJeHHBIX NMyHKTOB. B pe3yiprare mepBOro TasHUS CHEra MOJTONWIO MOYTH
30 mocenkoB. [Toru6au ceeime 350 roaoB ckota. OKOJO THICAYM YeJOBEK 3BakyupoBaiu. [locie Bropoit
BOJIHBI TIOJITOTIJICHHIO MOJBEPTINCH emre 20 HaceleHHBIX IMyHKTOB, ITSITh U3 KOTOPBIX OBUIM 3aTOTUICHBI
noJiHocThi0. Kpome Toro, ecth yrposa 3aroruieHusi 10 HaceneHHBIX MYHKTOB AKMOJIHMHCKOW 00JIaCTH U
npuropoja AcTaHsl, pacloloKeHHOro Ha pycie peku Hypa. Yactuuno 3aromieHsl ropona Kaparanna,
AbGaii, Capanr u Temmpray. bompme Bcero HaBomHeHus 3aTpoHyiu KapkapamuHckuii, AOaiCKwid,
Kanaapxunckuid, [llerckuii u byxap-Ksipayckuil pailoHbI

Hypa-Ecunvckoe meacoypeuve HWKe 15 kM c. PomaHOBckoe wumeeT 30HY OHQypKaluu BOJA
MpOTsHKeHHOCTHI0 0Koto 20 kM. B 1974 roxy BeicoTa mam6s1 Ha Capkpame BOmm3u Hypel Oblta qoBeneHa
1o 3 M pu otMeTKe Bepxa 353 M bC. Ilo ruapaBimdeckuM pacueTaM MepenB depe3 1aMO0y MPOUCXOIUT
npu pacxoznax Bomsl B p. Hypa oxono 800 m/c (pucysok 1). ITo MMEIOIMMCS TaHHEIM OCHOBHAS YaCTh
otToka u3 Hypsl Bcerna neperexana no Capkpame.
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Pucynok 1 — ITpomonbHsrii mpoduits mo Bogopasneny Hypa—Ecuib

Figure 1 — Longitudinal profile of the Nura—Yesil watershed

[Ipu coBpemenHoi#t oTMeTke 1amMObI Ha poToke CapkpaMbl 3a EPUO HETIPEPHIBHBIX HAOIIOACHUN y
c. Pomanosckoe ¢ 1928 no 2004 r. nepenus B ctopoHy p. Ecunb no Capkpame npoucxoaun B 1928, 1941,
1945, 1948, 1949, 1960, 1972, 1990 u 1993 rr. Ilo cBUACTENLCTBY XUTenel Mexmypeubs (c. Komm) B
1972 romay GbLTIO B OCHOBHOM 3amojHeHo Bogamu p. Hypsl r/m PomanoBckoe — 1064 wm’/c. ITo ux ke
CBUETENLCTBY Boja u3 Hyps! npuxoauna B Mmexxaypedbda B 1988, 1991, 1996, 2001 u 2002 rr.

B HBIHEIIHUX YCIOBUSX MOCTYIUIEHHE HYPHHCKOTO CTOKAa B p. EcHiib mponcxoauT mpuMepHO B rof
10 % obecnieueHHOCTH.

Tepputopust Mexxaypeubs, B 30H¢ OuypKalu, IpeAcTaBIsieT co00l JONMMHOOOpa3HOE MOHMWKEHUE
mUpUHON 110 6 kKM ¢ o6mmM ykiaoHoMm 0,45 mpomuine B ctopony Ecuns. Hanan3mme Toukn Bojopaszaena
HaxoJsATCsA B 1-5 KM OT mpaBoro 6epera Hypsl 1 IpeBBImaroT MEKCHHBIN YPOBEHDb PEKH Bcero Ha 1,5-2 M
(BICOTa TOJIOBOILS Yy ¢. PomaHoBckoe Oosiee 5 M). Coenunenrie Hypeol ¢ p. Ecuib mpoucxoauT 0ObIYHO
no Tpem mnpotrokam — Capkpama, Kosrom m Mykslp (pUCYHOK 2), 0OBEOUHSIOUIMXCS B OZHO PYCIIO
(Kosrom) 3a 9 kM ot p. Ecuns. Kosrom Bragaer B Ecmute BOmm3u cen Tamanmkep u Boznsmkenka. EMkocTs
Hypa—Ecuibckoro Mextypeubs (paiion nmporox Capkpama, Kosrom u Myxop) — okono 400 Mt m’.

— 9 —
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Pucynok 2 — Cxema Hypa—Ecuibckoro Mexmaypeubst

Figure 2 — Diagram of the Nura—Yesil interfluve

IIpu nepenuse Hypbl B mpoTOkH, coBMeCTHBIE ¢ Ecuiem, MOCTyNIeHNe BOAbI B MEXIypeube MOKET
coctaButh 10 350 MiuH M/cyT (mpu momosogbe P = 0,1%). OTTok mo p. Ecuib HHKE CTONMIEI
orpanHnunBaercs 0o6beMoM 13-150 MiH M°/cyT. JIONOMHUTENbHBIE 00BEMBI IPUTOKA PEK BHI3OBYT OO
1 3aTOIJIEHHE I0T0-3alaIHOM 1 3amaHoM yacTeil ACTaHBbl.

CrnenyeTr n00aBUTh, YTO UCKYCCTBEHHO CO3JIaHHOE MOi0BoAbe B Mae 2004 roma cOpocoM BOIBI U3
JUMaHHOM CHCTEMBI «AJIBay B pe3yJIbTaTe 3aTOIUICHUS MOCTa B TE€USHHE MECAIa JIMIIAI0 HAaCeIeHUe TIOC.
KopramxksiH (XyTop, Maciio3aBoA) BO3MOKHOCTH MPOE3XKaTh B LEHTPAIBHBIA MOCENOK U MOCEIICHHS
IIKOJIBI, pabOTHI, MarasMHOB, OOJBHUIIBI, TIOTIOJIHEHUS MUTHEBOW BOJOW. [lJIs 3TOTO MM MPHXOIUIOCH
BMECTO OJJHOTO KHJIOMETpa, coBepiiath moe3akd B 30 kM. B MHOrOBOZHBIE TOBI CITyYalOTCS 3aTOTUICHUS
YaCTH MTOCENIKOB, PACIIOJIOKEHHBIX 10 Oeperam Hypsr.

AHanu3 3aTOIUICHHS NaBOAKOBBIMKA BOJAMM BBIIOJHEH C HCIIOJNB30BaHHEM KapTOrpauuecKoro
Matepuana macmraba 1:1000 000 u np. Ilo ykazaHHBIM MaTepualiaM COCTaBJICH MPOJOILHBIA MPOQHIH
p. Hypa ot ncroka 1o ycThs, Ha KOTOPBIIl HAHECEHBI THO PEKH, MpaBas U jeBass OpPOBKU 3eMJIM, OTMETKH
MaKCHUMaJbHOTo pacxona 1%-i obecrieueHHOCTH M MECTHBIE XapaKTEepHbIE Ha3BaHUS, OPUCHTUPYIOIIUE
MOJIO’KEHNE PEeKH. AHanu3 TokazaTelell mpouiIs MOKa3bIBaeT, YTO B BEPXOBOW YACTH, MPUMEPHO JO
170 kM, 3HAYUTEITBHBIX YYACTKOB C TPEBBIMNICHUSIMA MaKCHUMAaJbHBIX TOPHU30HTOB HaJ OpOBKaMH He
OTMeYaeTcs.

— 10 ——
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Pucynok 3 Mocr B noc. Kopramxksin uepes p. Hypa (Becna 2006 r.)

Figure 3 — Bridge in the village of Korgalzhyn across the Nura River (spring 2006)

Pucynok 4 — Orort sxe MocT BecHoM 2024 r.

Figure 4 — The same bridge in spring 2024

Janee mo Mepe ymonaXuBaHMS YKJIOHA MECTHOCTH M COOTBETCTBEHHO JHA DPEKH MOSBISIOTCS
MECTaMH YYacCTKH TNPEBHILICHUS yKa3aHHbIX T'OPHU30HTOB Haja OpoBKamu, a B paiioHe CamMapKaHACKOTO
BOJIOXPAaHMIHUILA 3TH NIPEBBIIICHNUS YK€ BECbMa CyIICCTBEHHBI.

Oocyxnenue. B HmwkHeMm Obede BOJOXpaHMIIMINA NPEBBINICHUS TakXe HUMEIOT MECTO, 4TO IOJI-
TBepXKAaeTca (QakTHUYeCKUMHU AaHHBIMH TaBoaka 2024 roma (3artomenue mocenkoB Ykanoso, [ara-
pUHCKUH, AHIPONOHHUKOBO, Torucxkoiny, PoctoBka, bepesnsku). B paiione MHTymMakckoro Bomoxpa-
HUJIMIIA TaK)Ke€ OTMEYAeTCsl MPEBBIICHIE MaKCUMaIbHBIX TOPU30HTOB.

[IpoexToM HaMedeHa MPOTUBOIABOAKOBasg namba BeicoTol mopsnka 4,0 m. Hwke MHTymMakckoro
BOJIOXPAaHMJIHILA TAKKE BO3MOXKHBI 3aTOMJICHUE M MOATOILIEHHE noceikoB MuTymak, [Ipynst, Camapckoe,
Ecenrenbapl, [InaxoBka, 3ymMpyaHbIi.

Janee mectaMi BO3MOXKEH BBIXOJ| Ha MONMY M TOJIBKO Ha ydacTtke 550-600 kM. 31ech BO3MOXKHO
3aromieHue cen Axerayn, PomanoBka u moc. [IpaBoOepeskHbliii. OT 3aTOMJICHUS! HACEIEHHBIX ITYHKTOB U
Ul TIpeloTBpalanus nonaganus soa p. Hypa B pexy Ecunb 31ech HaMeueHO CTPOUTENBCTBO 3AIIUTHOM
namOb1. Huoke 3aTOTUICHHE MOYKET MPOSBUTHCA B palioHax mocenkoB bopiel, Op3ak, JKaHaxo, eiie Hu-
ke — nocenkoB CanbipOaii 1 KopramkeIH v JPyTUX CEl U ayJIOB.
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3alIuTHRIE COOPYKEHUSI OT MAaBOAKOB OINpEJENIeHbl COrJIAaCHO TUIIOBBIM CEUYEHUSIM 3alIUTHBIX amo,
aBTOJIOPOTH 10 AaMOe, KpeTuleHus Oepera >k/0eTOHHBIMH TUTUTAMHU.

[Hommmo ymep0Oa, HAaHOCMMOTO JKHIIBIM, TIPOW3BOJCTBEHHBIM TOCTPOHKaM, KOMMYHAIBHBIM H
TPAaHCIOPTHBIM 00BEKTaM, MABOAKH HAHOCAT OTPOMHBIN ymiepO opHHUTO- U mxTHodayHe B moiime Hypsl.
Tak, TONOBHOM THIpOYy3eN JTUMaHHOHW CHCTEMBbI «AIBa» B pe3ylibTaTe MmoArnopa oOpasyeT OrpoMHEIE
pa3iuBHI, KOTOPBIE TPOBOLUPYIOT 37I€Ch HEPECT B KOHIIE amlpelts, Hadaie Masi MHOTUX BHJIOB PbBIO. 3aTeM
NpU 3aJIMOBOM cOpoce BOJBI UKpa PbIO, MX JUYMHKH M MOJOJAb, OCTAaBIIUECS Ha 3aTOIUICHHBIX Jyrax,
norubaroT. Pasnueel p. Hypa HIbke MIOTHHBI B Mae MPOBOLUPYIOT 3[€Ch HEPECT PhIO ¢ Oosee Mo3AHUMHU
CpOKaMHU pa3MHOXEHHsI: Kapach 30JI0TOH, Kapach cepeOpsHbIi, kapi. [lpu MemieHHOM MajieHny ypOBHS
(0OBIYHO B TEUEHHE Mecsa) KaK B3pOCIBIC PHIOBI, TaK M WX MOJOIb 3a4acTyI0 OCTAIOTCS B MHOTO-
YHCICHHBIX SMaX U CTapHILax, MHOTHE U3 KOTOPHIX B 3MMHHI NIEPHOJ] IIEPEMEP3atoT, UTO BIIeUeT 3a co0oi
rubenp ux obdurareneil. OnpeneneHue BeTUUUHBI yiepOa NXTHOhayHe, HAHOCUMOT'O 3aJIIOBBIM cOPOCOM
MABOJKOBBIX BOJI C THAPOY3Ja «ANBa», TpeOyeT CIeHalbHBIX HCCIeIOBaHIHA

st ouleHKH ObIia MIPUHATA B pacueT CTOMMOCTB OTACIBHBIX 00BEKTOB: IoMa ycaneOHoTo Thma, 1 KM
JOPOT Pa3UYHBIX KaTETOpHUil, yIeIbHbIE TTOKa3aTeIH BOJIOXO03SIHCTBEHHBIX OOBEKTOB IO YTBEPKICHHBIM B
PK ctpontensHbIM HOpMaM.

OnacHOCTh HaBOJHEHHUS 3aBUCHUT MPEXKIE BCEro OT BBICOTHI MOABEMa YPOBHS BOABI B peke. Ha
Ka)XIOM THUAPOIIOCTY OTMEUYAETCsS YPOBEHb HEOJIarompusTHOTO SABJIEHHS — OTMETKa BBIXOAAa BOIBI Ha
MOWMY, YpOBEHb OIACHOTO SIBIICHHS — KPUTHYECKas OTMETKa, NMPH IPEBBIIICHUH KOTOPOH HACTYIAeT
MOJITOTIJICHNE HACENIEHHBIX ITyHKTOB, CTPOEHWH, 00BEKTOB SKOHOMUKH. Ha mpomonpHOM mpoduie mo
Bojopazneny Hypa — Ecunp (cM. pucyHok 1) moka3aH ypoBeHb BOABI B peKe INPH IMPOXOKIACHUU
MaKCHMaNbHOr0 pacxona obsemoM 3550 m’/c. Ilpu mepemuse Hypsl B HpoTokn coBMecTHbIE ¢ Ecuinem
TOCTYIUICHHE BOJIBI B MEXKIypedbe MOKET COCTaBHTb 10 350 MimH M’/cyT (pu momosoase P = 0,1%).
Otrok 1o p. ECHiib HIKe CTONMIBI OrpaHHYHBAeTCA 06beMoM 13-150 MmH MP/cyT. JlOMOMHUTEIbHBIC
00BEMBI TPUTOKA PEK BHI3OBYT MOJIOP U 3aTOMJICHUE FOT0-3aMalHON 1 3araJHoN YacTeld AcTaHbl.

BeiBoabl. [{ns1 3amuThl TEPPUTOPHM OT 3aTOIUIEHUS] HMPOEKTOM INpeayCMaTpUBAeTCs MPUMEHEHUE
THTIOBBIX KOHCTPYKIINH HHXEHEPHBIX COOPYKEHHIT:

— TunoBast KOHCTpykuus Ne 1 — 3arpanuTenbHas TpyHTOBas 1amoa;

— TunoBas KOHCTpyKuma Ne 2 — mepenuBHas namba C MOJOTHOM JOPOTH U KPEIUIEHHMEM OTKOCOB
KaMEHHOU HAOPOCKOI;

— TunoBasi KOHCTpYKIHs Ne 3 — KperyieHne Oepera KaMeHHOW HaOpOCKOH;

— TaKk)Ke BO3MOXXHO MPUMEHEHNE BOAOHATUBHBIX AaM0 1711 00phObI ¢ HABOAHESHUAMH M MABOJAKAMH.

Pucynok 5 — BogonanusHas qamba

Figure 5 — Water-filling dam

Jus mpenorBpaiieHust 3aTOIUICHHS T. ACTaHbl B 4YHCIE TMPOYUX MEPONPHUATHI IpeliaraeTcs
BO3BeJeHNEe Ha TmpaBoM Oepery Hypsr 3ammrHOil maMObl. 3emisiHas 3amiuTHas gamba oOmiei
MPOTSHKEHHOCTBI0 18,4 kM (B TOM umcie 5,9 KM HapaluBaHWs CYyIISCTBYIOIICH IUIOTHHBI) CpenHei
BBICOTOM OKOJIO 4 M UCKITFOUUT NIEPETOK HYPHHCKOH BOJBI B Ecrilh mpu nmaBojiKe MOBTOPSIEMOCThIO 1 pa3 B
1000 et (P = 0,1%), 9TO COOTBETCTBYET KIIACCHOCTH OOJIBIIIMHCTBA COOPY KEHUH pallOHa CTOJHIIBI.
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Pexoncmpyrkyus u eoccmanogieHue 6000xo3slicmeenHvlx 0bvekmos. B OacceitHe pekm Hypa
BBISIBIICHO 28 XO3SIICTBEHHBIX 00BeKTa (25 BOMOXPAHIIIHIL eMKOCTBIO | MitH M° 1 Goiee, 3 rHapoysna),
MIPEJICTABIIAIONINX YTPO3Y 3aTOIJICHUS TEPPUTOPHUU U HACETICHHBIX ITyHKTOB MPU UX pa3pylieHuu. 13 Hux:

— B pecItyOnrMKaHCKOW COOCTBEHHOCTH HaXOAATCS 7 BOJOXPAHWINII U 3 TUAPOY3a;

— B KOMMYHAJIEHOW COOCTBEHHOCTH — 2 BOJIOXPaHMITUINA;

— B KOJUIGKTUBHOW M YaCTHOW COOCTBEHHOCTH — 12 BOOXPaHMIIHIIL;

— 17151 4 BOIOXPaHMIIMIL BJIaJIeNell HE OIpEe/IeIeH.

OO0mue KarmuTalOBIOKEHUSI HA MEPONPUATHS IO 3aIIUTe OT 3aTOIUICHUS COCTaBISIOT 5153,69 MuH
TeHre (1Mo pacueTaM HHCTUTYTa «KasrumpoBoaxo3» Ha ypoBeHb 2015 1.)

®unancupoBanme. Pabota Bemoiasuiace o 3aganuio KBP MCX PK, o6HoBnennas «I'enepanbHas
cxeMa KOMIUIEKCHOTO HCIIONIb30BaHUs M OXpaHbl BOAHBIX pecypcoB PecryOnmku Kazaxcran» pazpaborana
coriacHo mia"y pador mo mporpamme 103 «OxpaHa U pariMoHaIbHOE MCTIONB30BaHNE BOIHBIX PECYPCOBY,
nporpamMmbl 038  «PerynupoBanue WCHONb30BaHUS M OXpaHbl BOAHOTO (oHma, obecreveHue
(YHKIMOHUPOBAHUS BOJOXO3SHUCTBEHHBIX CHCTEM U COOPYKEHUH U METUOPALIUS 3EMEIbY.
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HYPA O3EHI AJIABbI AYMATBIHIATBI
TEPPUTOPUSAJIAP/JBI CY BACYJIAH KOPFAY/IbI BAFTAJIAY KOHE KXETLIAIPY

Annoranusi. Hypa e3eni — TeHi3-Kopra/KbIH OHIATBIHBIH HETI3T1 Cy apTepusichl OOJBIN Ta0buIaabl. O3eHHIH
Oacraysl OipHemIe ycak OyIaKTapIblH KOCBUTYBIHAH Kypananbl. JKoraprel arpichiHna (AKbOacTay e3eHiHe ACiiH) O
Kepererac, Kapamoks! skoHe baiikoka ataymapeiMeH Oenrini. KexTeMri cy TacKBIHBI HAypBI3 albIHBIH OpTAaChIHAH
Oacran OacceifHaeri OapibpIK Cy aFbIHAapbIHAA Oip Mesringe OacTajibll, MaMBIPABIH OpTAchlHA JACHiH, anm Keibip
©3eH/Iepe MAyCHIMHBIH OpTacChlHA [eHiH co3bUIagpl. KekTemri TacKblH KE3€HIHZAE KBbUIABIK arbIHHBIH 80%-IaH
actambl eTeni. bacceliHaeri e3eHaepaAiH KOKTEMT1 TaCKbIH CHUTIATHI HeTi3iHeH Oipkenki. TacKbIH KapIblH KapKbIHIbI
epyl kesiHzme, keOiHece MY3IBIH YCTIMEH Xypeldi. YakpITIIa TapThUIATBIH ©3€H apHaJapbl OOWBIHIIA aFbIH Kap
KaMbUIFaH apHazia eTeni. KexTeMmri cy TacKbIHBI, o/leTTe, CAyipaiH OipiHII >kapThichiHIa Oalikanaasl. TacKbIHHBIH
JKaJIbl y3aKThIFel 1642 kyH, eH ke0i — 36—100 kyH, eH a3bl — 1-18 kyH. XKorapsl cy aeHreili OipHee carartan 1—
3 KyHre JeHiH cakramajapl, ajl Cy AEHreiiHiH TeMmeHzaeyi Oasy >Kypell »oHe eki aiifa jaeHin (coyipaiH OacbiHaH
MaMBbIp/IbIH COHBIHA JAeHiH) co3putanpl. Makanana «Kasrunpomery YHBIMBIHBIH THMIPOJIOTHSUIBIK 3€PTTEY JAepeKTepi
naiinananeiirad. Hypa e3eHiHIH KOKTEeMIi Cy TAaCKBIHBIHBIH €CENTIK €H >KOFApFbl HIBIFBIHJAPBI, CY TAaCKbIHBI KO-
meMuepi, Cy IACHIeHepiHiH aybITKy aMIDIATYAANapbl SKOHE OpPTYpPJi KaMTaMachkl3 €TLTy AeHreiepi OoifpiHIIA Cy
neHreimepi Tanmmanael. Cy Oacy aiimakrapeiH aHeikray yimmH 1:1 000 000 macmraOrarbl KapTorpadusIibIk
MaTepuangap Konganeuiael. CoHbIMeH Katap, Hypa e3eHi OaccelHiHAeri Cy KOHMalapbIHBIH CHITATTaMachl OepiireH
xoHe Hypa—Ecin cyaiiblpbirbl 0oitbIHIIIA GOMIIBIK MPOQuiIb KypacThipbuiran. Tepputopusiiap MeH e MeKeHAep.Ii
cy b6acynaH Kopray OoiibIHIIA ic-1Iapanap yCchlHbUIFaH. Ecenreysepe KonaanbicTarbl Kypbuibic HopMmaiaps! (CHull)
MEH FBUIBIMH OJliCTeMeliep MaijanaHbuiibl. Byl Makanga TUaposiorHs, TIPUIUTIK Kayinci3firi, TMAPOTEXHHUKAIbIK
KYPBUIBIC JKOHE aBTOMOOWIIb JKOJAphIH caly MoHAepiH okpityna, conpaii-axk CKUOBP kyxkarramacblH Ty3eTy
Ke3iH/Ie Mmaiaaabl 00JIybl MYMKIH.

Tyiiin ce3nep: o3eH, Cy pecypcTapbl, 63eH Oacceiiti, cyabIH 00Jybl, THIPOIOTHSUIIBIK MTOCT, YKBULIBIK aFbIH.

B. S. Botantaeva™, A. R. Vagapovaz, K. Ye. Kalieva®

""Candidate of technical sciences (Kazakh Automobile Road Institute named after Goncharov,
Almaty, Kazakhstan; botantaeva b@mail.ru)
% Candidate of technical sciences (Kazakh National Research Technical University,
Almaty, Kazakhstan; vagapova-alina@rambler.ru)
*PhD (Kazakh National Agrarian Research University, Almaty, Kazakhstan; karla_3@mail.ru)

ASSESSMENT AND IMPROVEMENT OF FLOOD
FOR PROTECTION THE NURA RIVER BASIN TERRITORIES

Abstract. The Nura river is the main water artery of the vast Tengiz—Korgalzhyn depression. The river
originates from the confluence of several small springs. In its upper course (up to the confluence with the Akbastau
river), it is known as Keregetas, Karashoky, and Baykozha. The spring flood begins almost simultaneously
throughout the basin in mid-March and lasts until mid-May, and on some watercourses — until mid-June. During the
flood period, more than 80% of the annual runoff occurs. The flood usually takes place in the first half of April. Its
total duration ranges from 16 to 42 days, with a maximum of 36—-100 and a minimum of 1-18 days. The high-water
level lasts from several hours to 1-3 days, while the decline of water levels is gradual and may extend up to two
months (from early April to late May). The study uses hydrological data provided by ‘“Kazhydromet.” An analysis
was performed on the calculated maximum discharges of the river during spring floods, its flood volumes, water-
level fluctuation amplitudes and water levels of different probabilities. Flood inundation analysis was carried out
using cartographic materials at a 1:1.000.000 scale. Preventive measures for protecting territories and settlements
from flooding are proposed. Longitudinal profile along the Nura—Yesil watershed has been constructed. Calculations
were performed using construction norms (SNiP) and methodologies referenced. This article is of particular value for
hydrology, life safety, hydraulic engineering, and highway construction, and it may be useful for adjusting the
SKIOVR documentation.

Keywords: river, water resources, river basin, water availability, hydrological post, annual flow.




['udpoxumus u ka4ecmao 800bI
['udpoxumus xeHe cyObiH carnachl
Hydrochemistry and water quality

https://doi.org/10.55764/2957-9856/2025-4-16-29.43

FTAMP 87.19.91
90K 502.656

A. B. Boaatosa', JI. C. Kyp6anosa 2, b. X. Tycynosa’,
V. lll. Mycuna, I'. 3. Buzkanosa®, K. T. Kpiprbi36aii®, C. M. Hypmakosa’

" Marucrpant (On-®apaéu aTbingars! Kasak YITTIK YHHBEPCHTETI,
Anmartsl, Kazakcran; aiym.bolatova.0l@mail.ru)
2"T. ¥. k., ara OKbITYIIBI (On-Dapabu aTbiHarsl Kasak yITTHIK yHUBEPCHTETI,
Anmarter, Kazakcran; laura.kurbanova@kaznu.edu.kz)
3 T. ¥. k., ara OKbITYIIBI (O51-DPapadu aThiHAarel Kasak yITThIK YHHBEPCHTETI,
Anwmarsl, Kazakcraw; tusupova_b@kaznu.kz)
‘T.r k., KaybiMaacToipeiirad npodeccop (K. Y. CorbaeB aTbiHiarsl
Kazak YITTBIK TEXHUKAIIBIK 3€pTTey yHUBepcHTeTi, Anmarsl, Kazakcran; 07061960@mail.ru)
> IloxropauT (O11-Papabu ateingarel Kasak yiTTeIK yHuBepcHTeTi, AnMarsl, Kasakcran; gulfairus82@mail.ru)
8 PhD, ara oxpiTymms! (O1-Papabu atbiaaars: Ka3ak yITTbIK YHHBEPCHTET,
Anmarsr, Kazakcran; kyrgyzbay.kudaibergen@gmail.com)
"T. ¥. k., KaysiMaacTeipsutFas mpodeccop (K. M. Corbaes aTbinmarsl Kasak YITTIK TEXHUKABIK
3epTTey yHHBepcHUTeTi, Anmarel, Kaszakcran; s.nurmakova@satbayev.university)

EPTIC ©3EHI CY CATACBIHbIH
KA3IPI'T ’KAT JAUBIH 'EO9KOJIOT'UAJIBIK BAT'AJIAY

Annoranus. Makanaga OckeMeH Kamacwl mierinaeri Eprtic e3eHi OacceiHiHIH COHFBI JKBULAAPAAFBl DKOJIO-
THSUIBIK, axyallblHa Tanjay skacanapl. EpTic e3eHi GacceifHaeri aHPONOTeH K BIKIANIBIH KO0eri Cy TeHrepiMiHiH
e3repyiHe OKem COKTHIpaTHIHBI eckepinai. COHBIMEH KaTap, OcKeMeH KalachlHAarbsl EpTiC ©3eHiHIH arbICHIHIAFHI
CyABIH JlacTaHysl OoibiHIma «Kasruapomer» PMK axmapaTThIK-TangaMaiblk MaTepHAILIAPBIH XKYHeney jkoHe Tanaay
Heri3iH/e CYABIH canachl MEH OJapJblH I'€0dKOJOTHSUIBIK JKall-KyHiHe Oaranay Kyprizinmal. «OCKeMeH KallaChIHbIH
COC (cy anektp cTaHIusCH)», «OckeMeHn KonmeHcarop 3aybiThl», YJI01 ©3€HIHIH OH JKaK JKOHE COJI JKaK aliMak-
TapbIHBIH KOPCETKIIITEPIH MaiiiaiaHa OTHIPbIIN, Cy KYPaMbIHBIH ayblp METaJlIapMeH JIaCTaHybIHBIH JKbUIIBIK OpTallia
KepCeTKilll ecenTelai. AJBIHFaH XKbUIIBIK opTama kepceTkimTi 2024 xbutrsl EpTic e3eHiHiH «OcKkeMeH KallaChIHBIH
COC (cy anektp craHuuschl)», Yi0i e3eHi (Meramn 3aybIThl) aMakTapblHaH aJbIHFAH ChIHAMA HOTIDKENepiMEH
CaJIBICTBIPHII, TaJ/Iay >KYPTi3i.

Cynpl maiimanany cuIaThiHAa OalaHBICTBI OAachbIM JIACTAyIIBl 3aTTap, OHBIH IMIIHAE ayblp METalaap MEIC,
MBIPBIII, MapraHEelTiH KOPCETKIIITEpi ChIHAMA ay OPBIHAAPBIHAA 9p TYPJi €KCHIITi aHBIKTAIIBL. | €0AKOIOTHSITBIK
Oaramay motmkenepi I'AXK texHomorusacel apksuIel EpTic ©3eHiHIH aybplp MeTangapMeH JIACTaHybl KapTa HeTi3iHae
CHITIATTaJIIbL.

Tyiiin ce3mep: reodKOJOTrMsUIBIK Oaranay, JKOJOTHS, ©3€H, Tajiay, Oaranay, aHTPONOreHIIK (axropiap,
JlacTaHy, MEKTI PYKCaT eTUIreH KOHIEHTPALHs, IIEeKTI JIACTaHy KOA(PQUIIHEHTI.

Kipicme. Cy pecypcrapbl Maceieci TYpaKThl JaMyAbIH *KaJIlbl PO0IeMaChIHBIH MaHBI3Ibl KypaMaac
OemiktepiniH Oipi Oonbim TaObuTagpl. Cy MOceNeciHiH LIMEICHICYiH TaOWFH »OHE aHTPOMOTeHIIK
(dakTopimapmMeH TyciHmipyre Oomyanpl. Tabwrm ¢dakTopimapra MBIHajgap JaTaabl: ayMaK OOWBIHIIA CY
pecypcTapbiHbIH OipKeNKi TapajiMaybl, JKbUIIBIK aFbIHHBIH HAaKTHI JKa3Fbl Tapalybl, aFbIHIbI CyJapblH
3USHABI 9cepi, OHBIH 3USHBI SKOHOMHKA [OaMbIFaH CaidblH apThIl Keledi. AJJaMHBIH LIapyallbUIbIK
KBI3METIHIH HOTHXKECIHIE CYIbl TYTHIHYJBIH Te3 ecyi OalKanaaspl ®oHE CY PeCypCTapbIHBIH JIACTaHYHI
KepiHic Tabasmsr [1].
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OzeH OacceifHIepiHIH Cy JKHHAy ayMarbl — THIPOTCOXHMUSUIBIK aFblHAaphl Oap, TaOWFaTThI
nmaijalany MEH TaOWFaT JKaWIacTBRIPYIBIH KEHICTIKTETi Heri3i OONBIN TaOBUIATHIH KOIl KOMIIOHEHTTI
reoxxyiie. Onap SKONOTHSIBIK, OpTa KYpaylibl CHSKTHI MaHbBI3bl (DYHKIUSUIAPIBl aTKapajbl jKOHE CY
00BeKTIIepiHiH Kal-KYHiH KeleHai Oaranayra MyMKIHIIK Oepeni. Op Typil NPUHLIUNTED MEH 9AiCTepAi
KOJIJIJaHa OTBIPHITN, ©3¢H OaccelHAepiH caHIBIK JXOHE camalblK Oaranay YIIH KyHere KenTipijirew,
KOIDKBUIIBIK, OOBEKTHBTI THAPOJOTHIBIK, THAPOTEOXHUMILUIBIK JKOHE MIapyamblUIbIK —aKImapaTThIK-
aHATUTUKAJIBIK MaTepuaiaap Kaxert [2].

3eprrey HbeicaHbl — EpTic e3eni Kazakcran, KpiTaii sxoHe Peceit enuepiHiH ayMarbl apKbUTBI ©TETIH €H
VY3BIH TpaHcHeKkapanslk e3¢H. Kapa Epric — Kerraiine kKaitHap xe3ineH JKaiican kemiHe KysaThiH Epric
©3CHIHIH JKOFapFbl arbIChl. by yyackene Herisri apHaHbIH cou karanaybsiHbiH (Kengipimik e., XKapisr e.)
JoHe OH jkaranaybiHbIH (Kypurim e., Kammxelp e.) GipHewe cananapel 6ap. OH skaranayablH cajalapbl —
Oipremre Tay xyienepinig (Caysip-TapOararaii, Anraii xoHe T.0.) Cy ajanTapbiHaH 0acTay aJaThH TayJIbI
o3eHaep. Coi JkaranayJplH cajajgapbel xoHe cybl a3. Onap TapOararail KOTachIHBIH CllIeMICpPiHEH
IIBIKKAH, HET131HEH IeJICUT ayJaHiapIarbl KapIblH epyiHeH Tonasl [3, 4].

OzeHHiH xanmbl Y3bHIBFE 4280 kM, oHBIH 1698 makeipeiMbl Kazakcranra, 1964 mIakpIpbIMBI
Pecetire, 618 maxkpipeiMelr KeiTalira Trecii [5].

Cy Oacceitnnin  Kazakcrannsik Oeniringe EpTICTIH ¢y pecypcTapblHBIH — ©3repyiHe aybul
[IapyambUIbIFBl MEH OHEPKICINTeH 0acka, THIPOAICKTP CTaHIUSTIApHl alTapibIKTaid acep erteni. MyHaa
KeHeC 3aMaHbIHAH Oepi ipi cy KoWmMamapslHBIH KackaaTtapbl (bykreipma, Ockemen, Illyn6i xone T.0.)
JKYMBIC icTelail [6].

Yn6i e3eni — Epric e3¢HIHIH OH XaFalaybIHIAFbl CANAChl XOHE OCKEMEH Cy 3JICKTP CTAHIUSACHIHBIH
OererineH 14 kM TemeH Epricke Kysiapl. O3eHHIH Cy )KUHAUTHIH anadbl 5050 kM, opramra OuikTiri 960 M,
OpMaH JXaMbUIFBICHI 55%. AanThlH TOMEHT1 06JIir JajiajblK CUIaTKa ue. ©3eH aHFapbIHBIH CHIIIK OaFbIThI
Oap, >koHe eHi 1-3 KM apanbiFblHAa, Kel xepiepnae 0,5 kKM-re neiiiH xeTedi. AJNKAaNThIH KEHEl aliMak-
TapbhIH/Ia MIeTIH/II TachIMAIIaY/ IbIH )KYHEKTI Typi KOl TApMaKThI TYpre aitHamaas! [7].

O3zeHzmep JTacTayIibl 3aTTapabl KOMMYHAIIBIK KOHE OHEPKOCINTIK aFBIHABI CyJIapaaH KaOBLITau bl
JKOHE opi Kapall TaceIMajiaiibl. O3eHIep/iH JacTaHy JEHIeliH Oarajay e3eHieri TaOuFu MeTaill JCH-
reinepi (SFHU TeOTeH/IIK IIBIFY TETiH) MEH OTKEH JIaCTaHyJaplaH KalFaH aHTPONOTeHIIK KaJIbIKTapAbl
OipIKTIPETIH TeOXUMISITBIK (DOHABI AHBIKTAY B TaJIaIl eTei [8].

Kopmiaran opranmarbl ayslp MeTanaap KYd MeH KOHICHTPAlUsICHIHA OaiilaHBICTBI ajaM JeHcay-
TIBIFBIHA €JIeyJi Kayill ToHAipeni. OHepKaCINTIK aFbIHABI CyJap 0acka Ke3lepre KaparaHaa TaOuFH CyIbIH
aybIp METaIJIapMEH eoyip JIACTAaHYbIH TYFBI3aJIbl, all OJlaH KEeUiHT1 acep eTETiH Ke3[epre MeTaaapablH
atMocdepanaH Ieryi MeH OHEPKOCINTIK TOTiHAIIepIiH >KWHATYBIHAH JIACTAHY ydYacKelepiHiH maima
0omysI xxaTans [9].

3epTTeyAiH MaKcaThl — THIPOXUMHUSIIBIK KOPCETKIIITEpi 0ap JKbUIABIK OaKbliay HOTHXKECI HEri3iHe
Epric e3eHiHiH kali-KyHiH T€0AKOIOTHIIBIK Oaraay.

Eptic e3eni KazakcraHmarbl KepriTikTi SKOHOMHKA, SKOJIOTHS >KOHE KOFaM YIIiH MaHBI3IBI ©3¢H-
nepaiH 6ipi 60mbIT Ta0BUIAAEI. EpTic ©3€HIHIH THAPOXUMUSIIBIK KYPaMBIH JIACTAYIIIBI 3aTTapAbIH KO3Faly,
JKUHAKTAIly JKOHEe Tapaly AWHAMUKACHIH XOHE ONIApIbIH KOpIIaFraH OpTara dCepiH TYCIHY YIIiH Y3aK
Mep3imi xoHe OipHere kepceTkimTep OolibiHIIa Oaranay Kaxer [10].

Kasipri Tanga *xep YCTi CynapblHBIH camachkl Typaibl 0OBEKTUBTI aKmapaT ajdy ©3eKTi Macese OOJbII
OThIp. 3epTTeyIiH mpakTukanblK MaHbe3bl LLbFeic KazakcTan o0nbIchl, OCKeMeH Kanachl YLIIH Xep YCTi
CyJIapbIHBIH camacblH CeHiMAl Oaramayda. Byn eprijmikTi OWiik opraHjapelHa Cy pecypcTapblH Jac-
TaHyZaH KOpFay cajlacblHa HeTi3JenreH Oackapy menriMaepid KaObliayra KOMEKTece .

Marepuajgap MeH aaicrep. 3epTrey HbicaHbl — Ka3akcTan ayMarbiHaarel OCKEMEH Kajlachl IIeTiH-
neri Epric e3eHiHiH 0eiri.

3epTTeyiH Herisri 0arbIThl Ka3ipri aHTPOIOTEHIIK JXYKTeMe JeHreiinae EpTic e3eHiHiH aymarbIH
I'AXK TeXHOJIOTHSCHIH KOJITaHa OTBIPHII, TEOIKOJIOTHSIIBIK Oaranay.

Eptic e3eninig KazakcTanmblk OediriHe 3eprTreyiep OCKEMEH KallaChlHIa aHTPOIOTCHIIK KYK-
TEMEHIH KAapKbIHBI MEH CHIIAThl OOWBIHIIA aWTapiBIKTal EPeKIIeICHETIH TOPT ydacKeme >KYpri3iimi
(1-cyper).

Marepuanmap 2024 KpUIIBIH JKENTOKCaH alibiHAa «OckemeH KanackliHBIH COC (Cy 3JeKTp craH-
UsCHI)», « Y01 MeTamn 3aybIThl aiiMakTapbeiHAa KuHaAel. CoHBIMEH Katap 3eprreyae «Kasruapomer»
PMK 2024 xpurrbl afimap OoifpiHIIAa 1-mmi cyperTe KepceTinreH. 4 aynaH OOMBIHIIA allbIHFaH pECMU
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1-cypet — EpTic e3¢HiHIH 3KOJIOTHSUIBIK JKali-KYiiH Oarajiay YIIiH ChIHAMa ajly TYCTaMachl:
a — ©ckemern COC Gererinen 0,8 kM TOMeH, capKbIpaMa TYCBIH/A; O — KOHAEHCATOP 3ayBITBIHBIH aFbIHIIBI CyJIaphl
ke3iHeH 0,5 kM ToMeH (0H Xkaranay); 6 — Y1101 e3eHIHIH KYHBUIBICHIHAH 3,2 KM TOMEH, TOHTOHABIK KemipaeH 0,35 kM ToMeH
(on xaK Yn6i); r — Y1n6i e3eHiHIH KyibUIbICEIHAH 3,2 kKM ToMeH, [lonTonasik kemipaeH 0,35 kM TeMeH (cou xax Yi6i)

Figure 1 — Sampling point for assessing the ecological condition of the Irtysh River:

a — 0.8 km downstream from the dam of the Oskemen Hydroelectric Power Station, at the waterfall; » — 0.5 km downstream
from the wastewater discharge of the condenser plant (right bank); ¢ — at 3.2 km downstream of the Ulba River confluence,
and 0.35 km downstream from the pontoon bridge (right bank of the Ulba River); d — at 3.2 km downstream of the Ulba River
confluence, and 0.35 km downstream from the pontoon bridge (left bank of the Ulba River)

nepekTepi nmaimananeuiael. Atam aWtkanma: 1) Ockemen COC Oeretinen 0,8 kM ToMeEH, capKpIpaMa Ty-
ceiaza; 2) KonmeHcarop 3aybITBIHBIH aFbIHIBI CyIaphl kKo3iHeH 0,5 KM TeMeH, TeMipkon KemipineH 0,5 kM
skorapbl (OH jkaranay); 3) YnOi e3eHiHIH KYHBUIBICBIHAH 3,2 KM TOMEH, MOHTOHABIK KemipaeH 0,35 km
TOMEH, TUTAaH-MarHuii KOMOWHATHIHBIH aFbIHIBI cyJiapbiHad 0,5 kM TemeH (OH xak Yii0i); 4) OckeMeH K.,
Kajia 1erifae, Y0l e3eHiHIH KYUbUIbIChIHAH 3,2 KM ToMeH, [IoHTOHABIK kemipaeH 0,35 KM TOMEH, TUTaH-
MarHuii KOMOMHATHIHBIH arbIHABI cynapbiHa 0,5 kM TemeH (Cou xxak Y10i).

KP OBXKM «Kazrugpomer» PMK kopmiaran opTaHbIH, OHBIH IIIiH/AE JK€p YCTi CYJIapbIHBIH CallachlH
OaranmayablH VITTBHIK OMepaTopbl O0ibIT TaObmianpl. 2016 >KbuimaH OacTam e3eHAEPIiH DKOJIOTHSUIBIK
JKaraalbl Cy HbICAaHJApBIHAAFBI CY calachlH XKIKTeyAiH OipbIHFail xyieci OoibiHIIa Oarananaasl [11].

«Kasrumpomer» PMK 2025 >xpimiFbl KaHTapmaH Oactam e3eHIepieri, KaHaJlJapIarbl JXoHE CY
KOoMManapblHIaFrbl CyIbpl Oarajay YINIH Cy HbICAaHAAPbIHIAFbl Cy CamachlH JKIKTCYIiH >XaHapThUIFaH
Oipeiaraii xyiecin (KP IIM LK 20.03.2024 xbutrst Ne 70 OyHpBIFBI), Cy canachlH KIKTSYyAiH OipbIHFaii
xyhecin (OBXKM Oyiipeirpimen Oekitinrer KP Ne 275-m 14.11.2024) kongaHy >keHiHAeTi OeKiTiireH
SIIICTEMEITIK YCHIHBIMIApFa colikec Oaramaimbl [12].

BipbiHFail xikTey, KypaMbIHAA OTTETi PEXKUMIHIH KOPCETKIIITEPi, OPraHONENTHKAIBIK TapamMeTplep,
MUHEpaJlaHy MoOHZAepi, OMOTeHIiK 3aTTap, METalAap, OpPraHUKAaJbIK >KOHE YJbI 3aTTap, NECTULHATED,
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THIPOOHOIOTHSITBIK, TOKCHKOJIOTHSUIBIK JKOHE MHKPOOHMOIOTHSIIBIK KOPCETKIITepi 0ap Cy OOBEKTICiHIH
SKOJIOTHSUITBIK OJICYEeTiH MHTETPAIIIABI OaFrajiayFa HeTi3/eNreH.

BipeiHraii kiktey cy camachiHblH anTbl kKiackiH (I-VI) KaMTHIOB: «EH KaKCHIIaH» «CH Hallapra»
neiin. byn cynpl maiimanany TypiepiHiH TaJanTapblH ecKepyre MYMKIHAIK Oepeni: 3KOxKyiie, aybl3 Cy,
peKpeanusIbIK, Cyapy, 6HEpKCill, THAPOIHEPTETHKA KIHE KOJIiK.

Cy pecypcTapbIHBIH CallachlH JKOHE CY DKOXKYHENEepiHiH Te0dKOJIOTHSUIBIK JKaFIaiblH Oarayiay YIIiH
KeJleci aicTep KeHiHeH KOJAaHbUIabl: ©3TrepiCTepAiH pYKcaT eTiireH 1eri, cbiHu ocep ety meri (COLL),
meKTi pykcar etinred konneHTpanus (LLPK), mactanyqpiH ruapoXuMusiiblk HHACKC koHe T.0. [13].

MEMCT 17.1.3.07-82 «Taourartel Kopray. I'mapochepa. Cynpl maiimanany »xoHe Kopray. Herisri
TEPMUHJIEp MEH aHBIKTaMayap» JKajllbl CYJAbIH canachl OHBIH KypaMmbl MEH KacHETTEepiHIH CHIaTTa-
MaJlapbiH Oinaipesi, Oy OHBIH Cy[bl MaliAa’daHyAbIH HAKThl TYpJIEPiHE KapaMIbUIBIFBIH aHBIKTaHAbl. by
peTTe cara KepceTKIImTepi Cy canmachlH Oaranay xyprizurerin oenrinepmai ounmipeni. CanEMH 2.1.4.1074-01
epexxeniep MEH HOpMallapra COWKec Cy JMUAECMHUOJOTHSUIBIK TYPFBIIAH KAyilci3, XUMUSIIBIK KYpaMbl
JKarbIHAH 3USAHCBI3 KOHE KOJaiibl OpraHOJIENTUKAIBIK KacCHeTTepre e 00IIybl Kepek.

Epric e3eHiHiH Xaif-KyHiH T€OIKOJOTHSUIBIK Oarajay YIIiH CaJbICTBIPMAIBI TYpJe, 2 TYCTaMajaH
ChIHaMa aJbIHBIN, 3epTTEY JKYpri3iimi. 1-chiHama TycTtamachl «OckemeH KanmacklHBIH COC (Cy 2JIeKTp
CTaHIMSACHI)» XKOHE 2-ChlHama Tycramachl «YJOi e3eHi (Mertamn 3aybiThl)». CyablH camachiH Oaranay
OHBIH KYpaMbIHAaFbl Heri3ri MeTangapMen (Cd, Mn, Zn) nacTaHybIH aHBIKTAY apKbUTBI KYPTi3isii.

HoTnxkesiep kdHe ogapabl Tajakbuiay. CanpICTRIPy HETi3iHAC adbIHFAaH ChIHAMAra Taiaay AJIMaThl
k-col «Kasrugpomer» IHIKK PMK dummansinga, CT PK 2214-2012 «Cy camackl. ATOMABIK abcopO-
LUSUTBIK,  COEKTPO(OTOMETpUSL ONICIMEH MHUKDPOIJIEMEHTTEpIAiH MOIIepiH TpaQuTTi MemTi KOJAaHy
apKbpUIBl aHBIKTAY» CBIHAK OfiCi apKpuIbl jkacainbl [14]. Ommey kemeci Xarmainmapia Kyprizuidi:
temneparypa 20,0°C, surranasuiblk 33%, atMocdepasblk KbichiM 699,75 MM.chiH.O0ar. ChlHaMa HOTH-
xKenepi 1-kecrene OepinreH.

1-xecte — EpTic e3eHi CybIHIaFbI ayblp MeTalapAbIH KypaMsbl (TajiaMa HoTHKeci OoibIHIIa)

Table 1 — Heavy metal content in the water of the Irtysh River (according to the analysis results)

KepcetkimTiy ataysl, ChIHAK 9JIiCiHIH HOPMATHBTIK

... 3 . . HakTer MoH1
enmeM Oipiri, Mr/oqM KyKaTTamaza Oenrinenyi

1-ceiHama «Ockemen KanachbHbIH COC (Cy 2JI€KTp CTaHIHSCHI)»

Kanmuii CT PK 2214-2012 0,00001

Maprasuen CT PK 2214-2012 0,01104*

MBIpbI CT PK 2214-2012 0,00142
2-cerHama Y1161 e3eHi (MeTain 3aybIThI)

Kanmwmit CT PK 2214-2012 0,00018

Mapranen CT PK 2214-2012 0,03341*

MBIpbI CT PK 2214-2012 0,01552%*

* Aysip Metannapasiy kepcerkiuni [IIDKK-nan sxorapsr.

I-kecreneri nmactaymisl 3aTTap (MeTalfap) KOPCETKIITepi HeTi3iHIe ChlHaMa HOTIDKECIHE Taijuay
XKYprizeTiH 0oiicak 1-cyperre KepceTireHael kaaMuid OOoWbIHIIIA 2-HBICAHAa 1a ChIHaMa KOpPCETKIITepi
IIPK-nan acmaiinel, sfHE OipbIHFAi JKIKTEy Xyiheci OoMbiHINA 1-Kiaccka (eTe KaKChl cara) jKaTabl.
Mapranen OolbIHIIIA HBICAH 2-HbICaHNa Aa chiHaMa kepcerkimTepi [IIPK MoHiHEeH achin TypraHBIH Kep-
ceTeni, SFHU OipBIHFAl KIKTEy Xyieci OOWBIHIIA 3-Kiaccka (opTaia JIacTaHFaH) JKaTaiabl. MBIPBIIITHIH
2-uri HblcaH#a YnOi eseninge (Metamn 3aybiThl) cbhiHama kepcerkimi [IIPK-man aceim TypraHbIH
KepceTei, OipbIHFall KiKTey Kyieci OObIHIIA 4 KiTaccKa (JIACTAHFaH) KaTKbI3aMBbI3,

ATanraH Tajmay HOTIDKEIEpIMEH KaTap CaiubICTBRIpy YIIiH EpTic e3eHiHIH CYBIHIAFBl aybIp
MeTaJIapAbslH KYpaMbIH 3epTreyae Ockemen KanacwhlHbIH «Kasruapomer» PMK ¢dunuansinan pecmu
JiepeKTep cypaiibl. JlepekTep Koraphiaa aranFaH 4 aiiMak OOMBIHINA KYPri3UITeH ail CalibIHFBI TaJAaynap
HOTIDKECIHEH Typajbl. Op ail OOWBIHINA KapacThIPBUIFaH aKIapaTThl MaijalaHa OTHIPHIT, ayblp MeTall-
JlapMeH JKBUIIBIK OpTalla JlacTaHy MeJepi ecenteni (2-kecre, 3-cyper) [15].
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Figure 2 — Heavy metal indicators in the Irtysh River water (based on analysis results)

2-xecte — Epric e3eHiHIH CybIHIaFb! ayblp MeTanmapasH kepcetkimi («Kasruapomer» PMK Goitbiamra 2024 xb01)
Table 2 — Heavy metal indicators in the Irtysh River water (2024, according to RSE «Kazhydromet»)

KepceTkimTiH araysl, enmem Oipiri Mszic, Mr/)IM3 Mapraner, mr/om’ Mpipbi, Ml"/)IM3
«OckemeH KanacklHBIH COC (Cy 2JIEKTp CTaHIMACH)) 0,002* 0,005 0
«Ockemen Konnencatop 3aybITe» 0,002* 0,007 0
Y101 e3eHiHiH OH XaK 0euiri 0,003* 0,019* 0,024*

Y 1161 ©3¢HIHIH COJI JKaK 0eIiri 0,003* 0,012 0,002
IHexri sxon 6epinerin koHuentpauus (LIDKK) 0,001 0,01 0,01
* Aysip MetannapasiH kepcerkimi [IDKK apThik.
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3-cyper — Epric e3eHiHiK CYBIHIAFH! ayBIp METATIAPIBIH KOPCETKIIIT, MI/IM’
(«Kasrunpomer» PMK manimertepi Goiibiaima, 2024 5xbut)

Figure 3 — Heavy metal indicators in the Irtysh River water, mg/dm® (2024, according to RSE «Kazhydromet»)
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2-KecTeJIeTi JIacTayIibl 3aTTap (MeTannap) >KbUIIBIK KOPCETKIITepi HETi3iH[e ChIHaMa HOTIIKECiHe
Tajngay JKyprizeTiH 0ojcak 3-CypeTTe KepceTUIreHAeH MbIc OOWbIHIIA 4-HBICAHIA N1a ChIHAMa KepceT-
kimrepi HIPK-nman aceim oTwlp, sFHH OipbIHFal KiKTey Xyilieci OoibIHIIA 2-Kiaccka (KaKChl caria) jka-
Tajpl, al MapraHen OOWbIHIIA 2-TycTamana YJOi ©3C¢HIHIH OH JXKaK JKOHE COJl JKaK Oeliri chlHaMa
kepcetkimTepi [IIPK MoHiHEH achim TypraHBIH KepceTeli, sFHH OipbIHFall JKIKTey jKyieci OOWbIHIIA
2-kmaccka (KaKChl carma) JKaTaibl, ajl MBIPBINT 3-TIi TycTaMa, SIFHHAYJI01 ©3¢HiHiH (OH JKaFbl) ChIHaMa
kepcerkimi IIIPK-man aceim TypraHblH KepceTeni, OipelHFall JKikTey >KyHeci OoHbiHIIA 4 Kaccka
(JtacTaHFaH) KaTKbI3aMBbI3.

4-cypeTTeri Jactaymmbl 3aTTapasiH (Metanmap) «Kasrugpomer» PMK 2024 xbputrbl 12 aliiibIK Kop-
CEeTKIIITepl HEeri3iHle Tangay Kypri3eTiH O0oJicaKk MBICTHIH MoHI 4-ChlHaMa TycTaManapbiHaa na 1) Ocke-
meH COC Oererinen 0,8 kM TeMeH, capkbipaMa TYChIH; 2) KoHaeHCaTOp 3ayBITHIHBIH aFbIH]IBI CYJIaphl
ke3iHeH 0,5 kM TeMmeH, Temipxkon kemipineH 0,5 kM jkorapbl (oH jxaramay); 3) YOl e3eHiHIH KYHbI-
JIBICBIHAH 3,2 KM TOMEH, MOHTOHABIK KermipaeH 0,35 KM TeMeH, TUTaH-MarHUi KOMOWHATHIHBIH aFbIHJIbI
cynapeiHad 0,5 kM TemeH (OH xkak Yi0i); 4) OckeMeH K., Kaja IeriHje, Y01 e3eHiHiH KyHbUIBICBIHAH
3.2 xM TemeH, [lorTOHABIK KemipaeH 0,35 KM ToMeH, THTaH-MarHuii KOMOWHATHIHBIH aFbIHIBI CyJaphIHAH
0,5 xm temen (Comn xak Yi6i) IIIPK-1 acem Typ, sFHU OipbIHFal XKIKTEy XKykeci OOiBIHINA 2 KJIacCTaH
(>kakchl caria) achlll TYpFaHbIH Kepcereni [15].
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4-cypet — Epric e3¢eHi cybIHOaFBI MBIC MeTaJBIHBIH kopceTkinti («Kasruapomer» PMK 2024 xpuiapiy 12 aidapiH MoniMeTTepi)

Figure 4 — Copper content in the Irtysh River water (RSE «Kazhydromet» data for 12 months of 2024)

5-cyperTe KOpCeTIITeH MapraHenTiH MoHI OoifeiHma 1-Tyctama chrHamacwkiHma Ockemen COC
OererineH 0,8 KM TeMeH, capKbipaMa TYChIHIA *oHE 2-11i Tyctama KOHAEeHCATOp 3aybIThIHBIH aFbIHIbI
cynapel ke3iHeH 0,5 kM TemeH, Temipxkoi kemipiHeH 0,5 kM jxofapbiia (OH JKarajnay) KaHTap JKOHE
MayChIM aiTapbIH/Ia MIEKTSH achIll TYPAIbl )KOHE 3-TycTaMma ChIHaMachlHAa Y01 ©3¢HiHIH KYHBUTBICHIHAH
3,2 kM TeMeH, IOHTOHBIK KemipaeH 0,35 KM TOMEH, THTaH-MarHui KOMOUHATBIHBIH aFbIHBI CyJIapbIHAH
0,5 kM Temenne (OH >xak Yn0i) (KaHTap, akmaH, Haypbl3, Cayip, MaMblp, MaychlM, Ka3aH, Kapaiia,
skentokcaH adnapeiaaa) IPK-gan aceim TypransiH kepceTeni, 4-11i TycTaMa chlHaMachlHAa OCKeMeH K.,
KaJia merigae, Y01 e3eHiHiH KYWbUIBICBIHAH 3,2 KM ToMeH, [IoHTOHABIK KemipaeH 0,35 KM ToMeH, THTaH-
MarHuii KOMOWHATHIHBIH aFbIHIbI cynapbiHal 0,5 kM Temen (Con xak Ynbi) (KaHTap, Haypbl3, MaycChiM,
Ka3aH ailapbeiHa) OipbIHFall JKiKTEy JKyieci OOHBIHIIA 2-KiTaccTad (’KaKChI cara) acKaHbIH OaiKaliMBbI3.

6-cypeTrTe KOpCEeTUITeH MBIPBIII MoOHI OOWBIHIIA 3-mIi TycTama ChIHAMachlHIa YJI0i ©3eHiHiH
KYHBLIBICBIHAH 3,2 KM TOMEH, MOHTOHIBIK KemipaeH 0,35 KM TOMEH, THTaH-MarHuii KOMOWHATHIHBIH
arprHIbl cynapeiHan 0,5 kM temenne (OH xkak Yi0i) Oapinsik aiina [IIPK-gaH acein TypFaHbIH KOPCETTI,
neMeKk OipblHFail JKiKTey JKyieci OoWbIHINA 4-KilaccKa (JlTacTaHFaH) >KaTKbI3aMbl3. 4-mI1i Tycrama
ChIHaMachIHIa OCKEMEH K., Kaja IIeriHae, YJOi e3eHiHIH KyHbLIbIChIHAH 3,2 KM TeMeH, [IOHTOHIBIK
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5-cypet — Epric e3eHi cybIHIarbl MapraHell MeTaIbIHbIH KOPCETKII
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Figure 5 — Manganese content in the Irtysh River water (RSE «Kazhydromet» data for 12 months of 2024)
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6-cypet — EpTic e3eHi cybIHIaFbI MBIPBIII METAJIBIHBIH KOPCETKIII
(«Kasrugpomer» PMK moamimeri 2024 sxbin 12 aif kepceTkinrepi)

Figure 6 — Zinc content in the Irtysh River water (RSE «Kazhydromet» data for 12 months of 2024)

kemipaeH 0,35 kKM TeMeH, THTaH-MarHuil KOMOMHATBIHBIH aFbIHABI cyiapbiHaH 0,5 kM TemeH (Con kak
Yn6i) (kaHTap, Hayph3, aWiapeiHAa) OipbIHFAal JKikTey JKyieci OoifpiHIIA 4-KiaccTaH (JacTaHFaH)
ACKaHbIH OalKalMBbI3.

AyBIp MeTanjap TilTi TOMEH KOHLIEHTPANUAAA Ja 6JIiMre 9Kellyi MYMKiH. MBIPBIII ’KOHE MBIC CUSIKTHI
KeiOip MeTanaap OMONOTHIBIK (QYHKUWSUIAp YIIIH MHUKPOM6ILIEpPAE MaHBI3Ibl OOJNFaHBIMEH, OJapAbIH
YKOFaphl KOHIICHTPAITUSACH OMOIOTHSUITBIK TIPOIIECTEP Il Oy3abl, Cy ar3ajapbliHa 3UsH KeATIpe i KoHe amam
JICHCayJIBIFbIHA alTapJIbIKTal Kayin TeHaipesni [16].

AybIp MeTaIapablH JIaCTaHybl SKOXKYHenepre, CyJblH canachbiHa jKoHe Ta0uraTKa alTapIibIKTail ocep
eremi. Cy sKoXyiienepiHae KaaMHUil, MBIC, MapraHel, KOPFAachlH >KOHE CBhIHANl CHSKTBI MeTangap cy
ar3ajapbl YIOIIH yJIBI OOJNBIM TaOBUIAIBI, aTajdFaH METaNAap ONAPABIH OCYiH TEeXKEHIl XoHE oJiMIi
apTTheipazs! [17].
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KayinTinik gopexeci perinaeri komnonentrep Tizoeci: Hg, T, Be (I Tonm — ete kayinri); Cd, Se, Pb,
Li, Ba, Bi, W, AS, Ag, Sb, Nb, Sm, Co, Te (II Tonm — >xoraps! kayinTi); V, Fe, Cu, Zn, Ni, Eu (IIl Tomr —
KayinTi).

Kazakcran aymarsinaarel EpTic e3¢HI HbICaHAApBIHBIH Cy Canachl MEH SKOJOTHSIIBIK Kai-KyHiHe
mekTi actany kod¢dunuentine (IIPK) (mrekrti pykcar erinreH KoHIeHTpalusicbiHa) OaitmanbicThl (Kyyy)
Oaramay xyprizinmi [2,18].

KU_U'I = Ci / I_]_[PK,

myHna C; — aHBIKTaJIFaH SJEMEHTTIH CyJaFbl HAKTHl KOHLEHTpamwschl, mr/am’; IIIPK — aHbIKTamFan
JMEMEHTTIH CyJaFbl IIEKTI PYKCAT CTIIreH KOHIEHTpAmms Kesemi, Mr/mM’; Ky — CYOBIH camachiH
CUMATTaWTBIH Kod(hdumeHT. Ky MOHIHIH HHTepIpeTalusChl 4-KecTe KOPCETUITeH.

3-kecte — Ky kKepeetkili OOMbIHIIA Cy CanachIHbIH KIKTETyi

Table 3 — Water quality classification based on indicator K

Orte Tasza Taza Opraiua Taza Opraiua JacTaHFaH JKorapsl nacTanran Orte nac

<-0,80 -0,81-0,00 0,01-1,00 1,1-3,0 3,1-5,0 >5,1

4-xecte — 3epTTey aliMaKTapbIHBIH CYBIHAAFBI aybIP METaJIAP/IbIH JKbUDKbIMAIIBI (hopmanapsl, Ky kepeeTkili HoTmxkenepi

Table 4 — Mobile forms of heavy metals in the water of the surveyed zones, according to indicator K, results

IlexTi pyKcaT eTUITeH KOHICHTPAIHS

3 3 3 3
(IIPK), . e 0,001 mr/om 0,01 Mr/am 0,01 mr/mm 0,001 mr/om

DeMeHTTep Mbic, Mr/am’ Maprasen, mr/am’ | Mbipbim, Mr/aM° Kaamuit, mr/om’

Tannama notmxkeci OoiibiHma Kyyyy kepeerkini (2024 sKbUTabIH )KENTOKCAH ailbIHAA)

«OckemeH KanaceiabiH, COC
(Cy 2MEKTp CTaHIHSICHI)»

Y1161 e3eni (Metaiut 3aybIThI) - 3,34 0,15 0,18

_ 1,10 0,14 0,01

«Kasruapomer» PMK 6Goitbinia Ky kepeerkini (KbUTIBIK OpTalia KOPCETKIl)

«OckemeH KanacbiHbIH COC

(Cy 2MEKTp CTaHIHSCHI)» 2.0 3.8 L1 B
«OckemeH Kongencarop 3aybITbl» 2,0 0,7 0 -
Y1161 e3eHiHiH OH aK Oeuriri 3 1,9 3 -
Y1161 ©3eHiHiH coJI XaK 0oJIiri 3 0,9 0,2 -

Tangama HoTHKEeCi OotibiHIIA (2024 KBUTIBIH KEITOKCAH aibiHaarsl) Ky kepceTkirmi:

Mapeaney — mexti nacrany xodddunuenTi exi chiHama any opebiHna na IIPK kenmeminen kerr.
«OckemeH KanacelHBIH COC-b1 afimarsiHmarsl Ky = 1,10 (1,1 < Ky > 3 — oprama nacranran), an Yioi
o3eHi (Metamn 3aybIThl) aiiMarbiHIarsl Ky = 3,34 (3,1 < Ky > 5,0 — *KoFapbl nacTanraH) xiKTeMeciHe
JKaTabl.

Mbuipviue — eki 3epTTey aMarbIHIA J1a KOPCETKIM KejeMi colikecinme «OckeMmeH KanachlHbIH COC
(cy anektp cranmuscel)» Ky = 0,14 (0,01 < Ky > 1,00 — oprama taza), an Yn6i e3eni (MeTaut 3aybIThI)
atimarbianarel Ky = 0,15 (0,01 < Ky > 1,00 — oprara ta3za).

Kaomuii — ceiHaMa anpIHFaH HYKTENIEpHeri Cy KYpPaMmblHAAFbl ayblp METalJapMeH JIacTaHy IIeKTi
koa(humenti «Ockemen KamackiHBIH COC (cy amektp crantmusachl)» Ky = 0,01 (0,01 < Kyyp > 1,00 —
opTamia Taza), an Yn6i e3eni (Mertamn 3aybiTel) aimarsiHAarsl Ky = 0,18 (0,01 < Ky > 1,00 — oprama
Tasa).

«Kasrugpomer» PMK nepektepi Ooiiprama Ky kepceTkimrepi (KBUIIBIK OpTaIra KOpCeTKil):

1. «Ocxemen kanacvinoiy COC (cy onekmp cmanyusAcel)y. AWMaKTarbl ©3¢H Cybl MapraHelIcH
K = 3,8 (3,1 < Ky > 5,0) xorapsl nactanras, MeicieH Ky = 2 (1,1 < Ky > 3) oprama nactanras,
MeIpeimmer Ky = 1,1 (1,1 < Kyyp > 3) oprama iacranras.
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2. «Ockemen Konoencamop 3ayvimwiy. AymakTtarbl e3e¢H cybl MbictieH Ky = 2 (1,1 < Ky > 3)
oprama jacranran, mapraden Ky; = 0,7 (0,01 < Kyyy > 1,00 — oprama Ttaza), meipeim Ky = 0,00
(-0,81 < Ky > 0,00 — Taza).

3. Ynbi eseniniy oy sicak Oonici. Aymakrarbl e3eH cybl MbictieH Ky = 3 (1,1 < Kyyp > 3) — opraria
nactanrad, MeipeimneH Ky = 3 (1,1 < Kyyy > 3) oprama nacranran, mapraneunen ae Kyyp = 1,9
(1,1 < Ky > 3) oprarra jacTaHFaH.

4. Ynbi e3eniniy con scax beniei. Atanrad HykTeneri ¢y Kypambl MbictieH Ky = 3 (1,1 < Kyp > 3) —
opramia nacranras), mapraden Kyp = 0,9 (0,01 < Ky > 1,00 — oprama Ttaza), Meipeim Ky = 0,2
(0,01 <Ky > 1,00 — oprarra Taza) neHrenai KepceTTi.

Taakpuiay. Cy pecypcTapblH caKTay KoHE Cy CalachlH apTTRIPY MpoOIeMaIapbIHbIH ©3CKTiIIT1 KB
caifpIH apThin Keneai. COHBIMEH KaTap, Cy pecypcTapblH OacKapy MIiHACTTEpiHiH CaHBI J1a apThI Kelemi.
Cy pecypcrapblH THiMAI Oackapy KemnTereH (hakTopiiapIbl €cerke amyabl JKOHE Taljay.bl, COHIai-aK
MEMJICKETTIK KYpBUIBIMIApAaH OacTam KoFaMFfa JIeHiHTI Myameni YHsIMIap MeEH TYIFalapIblH KeH
ayKbIMbIHA TaJIJIay HOTIIKENEPIHIH KODKETIMAUIITIH Tanarn eTeli. by OarbITTarbl KOKETTI KaJlaMaapabiy
0ipi — cy pecypcTapblH O6ackapy OOMBIHIIA aBTOMATTaHABIPBUIFaH aKHapaTThIK-TalAay >KyHelepiH Kypy.
Byn macenenepni mremry, omerTe, SpTYPJi KOMIBIOTEPIIK aKMapaTThIK TEXHOJIOTHSUIAPABI OipiKTipyi
KaXeT eTelli. ATan alTKaHIa, MyHIal Kykenep KeHICTIKTIK aKnapaTThl )KYPri3yi, KeHICTIKTIK TaJlayabl
OpBIHAAYBI KOHE MIBIFBIC KapTOrpadUsUIBIK KYKaTTapAbl KypyIbl KaMTaMachl3 €TeTiH Ie0aklapaTThIK
TEeXHOJIOTHsJIapFa Heri3aenyi kepek [19, 20].

Conpgsiktad, Kazakcran ayMarslHIArsl OCKeMEH Kanachl meringeri EpTic e3eHi 00BEKTIIEpiHIH Cy
CarachlHBIH JIACTaHYy KOPCETKIllli T'€OdKOJOTHSUIBIK Oaraiay HeTi3iHIe XOFapblia 3epTTEIreH Tajuay
HoTIKenepi EpTic e3eHiHIH chiHaManap anmsiHFaH op Oip Hykrenepi OoiibiHa ['AJK TeXHOMOTHACHIH
KOJITaHa OTHIPHIT KapTaga 7-cyperte OetineneHreH. Cy KypaMbiHaarsl MbIc (Cu), MBIPBITI (Zn), MapraHell
(Mn) ayelp MeTanmn KoHueHTparms Meiepi kepcerinredn. ConbpiMeH Karap «Kasrmgpomer» PMK
JepeKTepiHe cyiieHe OTBIPBIN, aTalFaH ayblp MeTalJapMeH JIaCTaHYBIHBIH KOPCETKIIlli op MeTalFa YIIiH
JKeKe-)KeKe Taljay jkKacall, JJaCTaHy KepCETKIIITepiHiH Medlepine kKapail Epric e3eHi Cybl aliMakrapra
OeJiHIII, TAPTTHI OENTIIEPMEH KOPCETIITEH.

Ayblp MeTajmapAblH ©3eH ayMarblHAarbl KoHIeHTpanusickl ArcGIS Oarmapnamaceingarsl [IDW
KYPaJIbIHBIH KOMETIMEH aHBIKTAIIBL. 7-CypeTTe KOPCETUITeHIeH HOTIKECIHIE CyIaFbl ayblp MeTaIAapAbIH
MeJImepi, atam aiftkagaa mapraner (Mn) 0,005-0,019 mr/mm’, msic (Cu) — 0,002-0,003 Mr/am’, MBIPBIII
(Zn) — 0-0,024 Mr/aM’ apaIbIFbIH KAMThIIBL.

Epric e3eni reoskonorusuiblk Oaranay kesinge mbic (Cu), Mbipbim (Zn), mapranen (Mn) xep ycTi
CYBIHBIH CallaChlH CHMIATTAWTHIH BIKTUMAaJ MaHbI3bI JIACTAYIIBIIAP PETIHAE aHBIKTAIIHI.

Kopsitoinabl. KopeiTa Kkene, cynslH canacelH Oaranay Epric e3eHi OacceifHiHIH TOpT THIpPOIO-
THSUTBIK, KapManapbl OoibiHIa 2024 sxpurasl KamtuThiH «Kasrugpomer» PMK  aknaparTeik-Tangay
MaTepuaNIapbIHBIH HeTi3iHae XKyprisinmi, aram aiitkanga 1) Ockemen COC Oererinen 0,8 kM TeMeH,
capkbeIpaMa TYChIHAA; 2) KoHmeHcaTop 3ayBITHIHBIH aFBIHIBI Cyaphl ke3iHeH 0,5 KM TeMEH, TeMipKoJl
kemipiHeH 0,5 kM xorapsl (OH jkaranay); 3) Y7n0i e3eHiHIH KyWbUTbICBIHAH 3,2 KM TOMEH, MOHTOHIBIK
kemipaeH 0,35 KM TeMeH, THTaH-MarHWi KOMOWHATHIHBIH arblHABI cyiapeiHaH 0,5 kM TeMeH (OH jkak
Y161); 4) OckeMeH K., Kaja Imerinae, Y01 e3eHiHIH KYHpUIBICEHAH 3,2 KM ToMeH, [IoOHTOHIBIK KelTipAcH
0,35 kM TeMeH, THTaH-MarHWii KOMOHWHATBHIHBIH arbIHIBl cynapbiHaH 0,5 kM TemeH (Con xak Yi0i).
COHBIMEH KaTap CallbICTBIpMAaNbl TOXipuOe «OckeMeH KanacbiHbIH COC (Cy JEeKTp cTaHOUACH)», «Y 01
MerTasut 3aybIThl alMaKTapbIHA XKYPTi3LIi.

Epric e3eHiHIH cy camacelH 3epTTEy HOTIKEINEpiHIH JepeKTepiH Taijay HeTi3iHAe KOPBITHIHIBI
peTiHae Kemecijepai kepceryre Ooiansl. KoHLEHTpauusHbl Kajmbl 3epTTEy apKbUIbl OacceilH cumathl
oorieiama Eptic e3eHiHIH TpaHCHIeKapasblK aFbICBIH KaTThl JIaCTaHFaH Jemn aityra Oonmaiiner. Cy
CamachIHBIH JKaJIIBI MapaMeTpiiepi KOJAiibl OOJBIN caHajaasl. MBIC TTeH 0acka Ja ayslp MeTalgapAblH
OipbIHFal JKIKTEY KYHeciHeH achln KeTyi Oenrii Oip ke3eHaepae xaHe Oenrini 0ip e3eH ydacKelepinie cy
TacKbIHBIHA OaiimaHBICTBl OalKanmapl, Oipak ©3€H Cybl CalachlHBIH AaNTApIBIKTail HallapiiayblHa OCHI
yaKpITKa JIeHiH ceben OonraH oK. MyMKiH ce6eli, aifHaIaChIHIAFsl Tay-KeH KYMBICTaApbIHAH ITBIKKAH
MUHEpaJ/Ibl IIAHHBIH [AHBUIBII, ©3€HTe Tapalybl HEMeCe MbIC HIOTIHAICIHIH KATThl aFbICTaH OY3bLTYHL.

3epTTey KYMBICBIHAAa OCKEMEH KallaChl MaHBIHAAFBI HYKTENEpCH albIHFaH EpTic ©3€Hi CYybIHBIH MBIC
(Cu), wmpippi (Zn), mapranen (Mn), xagmuii (Cd) CHSKTBI ayplp MeTanJapMeH IIEKTi JacTaHy
koa(ummenti ecenrrenmi. «Kasruapomer» PMK aepekTepi OOMBIHITIA XYPTi3UITeH ecenTeyep HOTHXKeC ]
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OapJIbIK Cy ChIHAMAachl ajlbIHFaH HYKTEIepIeri Cy KypaMbIHbIH MbIctieH 1,1 < Ky > 3 — oprama nacrtanran
JISHTeliH KOpCeTTi, all MapraHell JeHreii eki aiimMak OOHBIHINA, aTam aiTKaHHa «OCKEeMEH KalaChIHBIH
COC-pma», Y61 e3eHiniy oH xak Oemiriaae 1,1 < Ky > 3 — opramra nacranrad. EH TeMeHT1 MIeKTI
nacrany ko3¢ ¢unenti «Ockemen Konaencarop 3aybsiteinay trecini, -0,81 < Kyp > 0,00 — taza.

An 2024 KBUINBIH JKENTOKCAaH aWblHAAa Cy ChIHAMAJIAPBIH aJblll, aTOMJBIK a0COpPOIHSITBIK-
CITEKTPOGOTOMETPHSI SIICIMEH TaJIJIay YKacaJFaH 3epTXaHa KOPBITBIHIBICH IIEKTi JacTaHy K03 UIIHCHTI
«OckemeH KanacblHbIH COC-bI atimarsiHaarsl 1,1 < Ky > 3 — opTama Jiactanras, an Y01 e3eni (Meraun
3aybIThl) aiimarbiaaa 3,1 < Kyyp > 5,0 — )koFapbl JacTaHFaH Jen KepceTTi, COHNaii-aK eKi ChiHaMa OpHBIHAA
na ayblp MetanMeH jactany IPK keneMiHeH apThIK OOJIIBI.

JKyprizinren 3epTTeyiiep HOTHXKEIEPi TSOIKOJIOTHSIIBIK Oarajay HeTi3iHIe ayblp METAIIApAbIH ©3¢H
ayMarblHOarel KoHUeHTpauusichl ArcGIS Oarpapmamaceinnarsl IDW KypaJiblHBIH KeMeETriMeH KapTara
Oeitrenenni. Kapra apkpuiel OckeMeH Kanachl meTiHAeri EpTic e3eHi Cy camachlHBIH KOpCEeTKIITepiH
Kepe ajlaMbl3.

Epric e3eHi nacTaHybIHBIH aiiJIbIK KOPCETKIIII MEH OpTallla KOpPCETKIIll HOTIKENIEpi 9pTYpJii OOyl
MYMKiH. JKbu1 OoifblHa CyABIH ayblp MeTalJapMeH JacTaHy JeHreiHiH e3repyi TaOuFu >KoHE
aHTPOTIOTeHIIK (haKTopiap KellleHiHe OaitnaHbicThl Oojambl. Jod KepceTKimTepai amy YIIiH CYABIH
caracklHa YHEMi MOHUTOPHUHT JKYPTi3ill OTBIPY KaxerT.

Epric e3eHi cy camacklHa Kem >karfaiiga YOl cajlachbIHBIH 9cepi JKOFaphl eKeHi Oaiikanmaabl. Epric
TpaHCIIEKapalblK ©3€HIHIH ©HEPKOCINTIK, KOMMYHAJIBIK TYPMBICTBIK, aybUl MIapyallblIbIFbl arblHAA-
pBIMEH JIaCTaHYBIH a3aiTy YIIH 63¢HHIH Cy alJIbIHBIHIA FaHa €MeC, COHBIMEH Oipre HETi3ri Cy aFbIHbIHA
eNneysi JlacTaHyJbpl CHTI3ETiH OHBIH cajaiapblHAa Ja CYJIbIH JKail-KyiliHe TypakTel OaKpulay MeEH
MOHUTOPHUHT XKYPri3y Kaxer.
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IF'EO3KOJOI'NYECKAS OHEHKA COBPEMEHHOI'O COCTOAHUA
KAYECTBA BO/IbI PEKH EPTHUC

AnHoTtanus. [IpoBeeH aHaNNU3 SKOJIOTHYECKOr0 COCTOsIHUS Oacceitna peku Epruc B mpenenax ropoga Ycrb-
KameHoropcka 3a mociieiHAE TOJBI. YBEIMYCHHUE AHTPOIIOICHHOIO BO3JCHCTBHA B OacceliHE PEKH MPHUBOAUT K
M3MEHCHHIO BOJIHOTO Oanmanca. Ha ocHOBe cucreMarW3alMu W aHaiu3a HHGOPMAIMOHHO-aHAINTHYECKUX Mare-
puanoB PI'TI «Kasruapomer» mo 3arpsi3HeHHIO BOAbl B TeueHUM peku Eptuc B r. Ycerh-KameHnoropcke npoBeaeHa
OIIEHKa Ka4ecTBa BOJBI H €€ Te03KOIOTHIecKoro cocTossHusA. C HCIoMB30BaHUEM TI0Ka3aTenel B Boje B parione [DC
ropona Ycre-Kamenoropcka, ¥Ycrb-KaMeHOTOpCKOTO KOHICHCATOPHOTO 3aBOJA, IIPABOW W JICBOW 30H peku YIh0u
paccuMTaH CpeIHEroJOBON MOKa3aTeb 3arps3HeHMs BOABI TSHKEIbIME MeTautaMu. CpeIHeT010BO# ToKa3aTenb ObLT
CpaBHEH C pe3yiapTaTaMu Ipo0, B3ATHIX B p. Eptuc B paitone I'DC r. Yers-Kamenoropceka, p. Yias0u (MeTanio3aBo)
B 2024 rony ¥ cienaH MX aHATU3. Y CTAaHOBJIECHO, YTO B 3aBHCHMOCTH OT XapaKTepa BOJOIOIB30BAaHUS MTOKa3aTeIH
peoOIaaroIIuX 3arPA3HSIONIMX BEIIECTB, B TOM YHCJIE TSHKEIBIX METAJUIOB MM, IMHKA, MAPraHIla, Pa3IudatoTCs
B MecTax oTOopa mpoo.

PesynbpTaThl re09K0I0rMYECKON OLICHKH IIPUBEEHB] HAa KapTe 3arps3HEHUs peku EpTUC TshKenbIMU MeTallaMy,
pa3paboraHHoii ¢ ucronb3oBanueM [ C-TeXHOTOTHIA.

KiarodeBbie c10Ba: T€0IKOIOTHIECKAS OIEHKA, KOJOTHS, PeKa, aHalN3, OLIEHKA, aHTPOIIOTEHHEBIE (haKTOPHI,
3arps;3HEHUE, MPEJCITHFHO JOIMYCTHMAsT KOHIICHTPAIHS, IPEACITbHBIN KOA(GUIMEHT 3arpsi3HCHUS.
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GEOECOLOGICAL ASSESSMENT OF THE CURRENT
OF THE STATE ERTIS RIVER WATER QUALITY

Abstract. The article analyzes the ecological state of the Ertis River basin within the city of Ust-Kamenogorsk
in recent years. It is noted that increased anthropogenic impact in the Ertis River basin leads to changes in the water
balance. Based on the systematization and analysis of informational and analytical materials from RSE
«Kazhydromet»" regarding water pollution in the Ertis River within Ust-Kamenogorsk, an assessment of water
quality and its geoecological state was conducted. Using indicators from water samples taken near the Ust-
Kamenogorsk hydroelectric power station, the Ust-Kamenogorsk capacitor plant, and the right and left zones of the
Ulbi River, the average annual level of water pollution by heavy metals was calculated. The obtained average annual
indicator was compared with the results of samples taken from the Ertis River near the Ust-Kamenogorsk
hydroelectric power station and the Ulbi River (metal plant) in 2024, and an analysis was performed. It was
established that, depending on the nature of water use, the levels of predominant pollutants, including heavy metals
such as copper, zinc, and manganese, vary at different sampling locations. The results of the geoecological
assessment were presented on maps of heavy metal pollution in the Ertis River, developed using GIS technologies.

Keywords: geoecological assessment, ecology, river, analysis, assessment, anthropogenic factors, pollution,
maximum permissible concentration, maximum pollution coefficient.




Teoepagpus srcone cy pecypcmaput | Ieoepaghus u soonvie pecypewi / Geography and water resources

https://doi.org/10.55764/2957-9856/2025-4-30-43.44

MPHTH 70.27.17
V]IK 556.551

T. H. Camapxanos', A. b. Meip3arainesa*>, A. M. 3agaraan’, b. 3. Meney6aesa*

'PhD, n.0. aCCOIMMPOBAHHOTO Tpodeccopa
(MexnyHapoaHslil yHUBepcUTET «AcTtaHay, Actana, Kazaxcran; talant.68@mail.ru)
271 6. 1., mpodpeccop
(MexmyHapoaHbIN YHUBEpCHUTET «AcTtaHay, ActaHa, Kazaxcran; an.myrzagaliyeva@gmail.com)
? MarucTp ecTecTBEHHBIX HAayK, CTAPIIHiA TIPEIOIaBATENb
(MexayHapo/Hblil yHUBEpCUTET «Actanay, Acrana, Kazaxcran; Z.a.aizhanl1993@gmail.com)
4 Maructp XMMHUH, CTapIIui IPEenoaaBaTeib
(MexayHapoaHsiii yHHBepcUTeT «Actanay, Actana, Kazaxcran; medeubayeva_bz@mail.ru)

MOPOOMETPHYECKHE N
I'MAPOXUMHUYECKHUE OCOBEHHOCTHU CUBUHCKUX O3EP

Annotanus. [IpuBeneHsl pe3ynbraTbl HCCIIE0BaHUS MOP(GOMETPHUYECKUX IMOKa3aTellell U MHIPOXHUMHUYECKOrO
pexxuma CHOMHCKHX 03€p, PacroyioKeHHBIX Ha Bbicotax oT 710 no 880 M Haj ypoBHem Mopst B ropax Kokray
Kanbunckoro xpebra Bocrouno-Kaszaxcranckoit obmacti. O3epa TEKTOHMYECKOTO IMPOMCXOXKACHHS, 3aHUMAIOT
o6uryio mromans okono 31 km’. [1yGHHA 03epHBIX KOTJIOBMH Bapbupyercs oT 2 10 51 M: osepo Illamkap xak
KPYIHEHIINHA BOJIOEM JIOCTHraeT MaKCUMaJIbHOW TIIyOHHBI 51 M, B TO BpeMst Kak 03epo Kapakoib uMeeT riyOuHy 10
3 M. [o ruromanu 3epkan o3epa Cansipkoss 1 Kapakonb kiaccuuIMpyroTcsl Kak Melkue, a o3epa KopKbIHKOIb,
Toptkapa u llankap — xak cpennue. JJnnHa OeperoBoit TMHUN Bapeupyercs oT 2,6 kM (o3epo Kapakons) mo 9,4 km
(o3epo Ilankap), B cpeaHeMm cocTaBisis 5,8 KM. PaccMOTpeHBI THAPOXMMHYECKHE IMapaMeTPhl BOJBI, BKIIOYAS
COJICp)KaHWe OCHOBHBIX AHHOHOB M KaTHOHOB, KOHIEHTPAIMIO KuciIopoaa, pH, MuHepanmu3anuio M >KECTKOCTb.
XUMHUYECKUH COCTaB BOJIBI OIpenelieH Kak TUAPOKapOOHATHO-KaJIbIIMEBBIA THI, CIa0OMHHEPAIN30BAHHBIA H C
BBICOKOH IIEJIOYHOCTBIO. JIaHHBIE MCCIIENOBAHUS MOKAa3all CTaOMIbHBIN KHUCIOPOIHBIA PEKUM, HU3KYIO OKHCIIsIE-
MOCTb M MaJIyI0 LIBETHOCTb BOJIbI, YTO CIIOCOOCTBYET Pa3BUTHIO PEKPEALMOHHOTO MMOTEHIMANa pernoHa. PesynbrarTsl
paboTHI CIy)KaT OCHOBOM Ui MAJbHEHMIIIEr0O MOHHTOPHUHIA BOJOEMOB M OIICHKM HW3MEHCHHM, BBI3BAHHBIX aHTPO-
IIOI'€CHHBIMH BO3ﬂeﬁCTBHﬂMH U KIIMMaTU4YCCKUMHU YCIIOBUAMU. HoleBepnc,uaeTca BBICOKAasA 3KOJIOTUYCCKas yCTOﬁ-
YHBOCTH BOIOEMOB, YTO CIIOCOOCTBYET MX 3((PEKTUBHOMY HCIOIb30BaHUIO B PEKPEAIMOHHBIX LIEJISX.

KiroueBsbie ciioBa: Cubunckue oszepa, Canpipkons, Toprtkapa, Hlankap, Kopxxbeiakons, Kapakoss, mopdomer-
PHSL, TUAPOXUMHSI.

Beenenune. I'pynma CuOWHCKHX 03ep — YHUKaJIbHOE MPHPOIHOE SIBICHUE, PACIOJIOXKEHHOE CTYyIIe-
HeoOpasHo y 10KHOW okpanHbl MaccuBa Kokray KanbuHckoro xpeOTa, 9TO MpUIacT JaHHOW TEPPUTOPUN
0co0yI0 peKpealMoHHYI0 LIeHHOCTh. B rpymmy Bxomst math o3ep: Camsipkonb (blereikma), TopTkapa
(Hyiicen), ankap (Ynemeiic), Kopxberakons (Anka) u Kapakons (Cacwikkons). Kaxmoe u3 matu o3ep
OKalMJIEHO CKaJlaMH, MPAKTUYECKHU JIUIIEHHBIMU PACTUTEIBHOCTH, BBICOTA KOTOpPHIX nocturaer 1000—
1300 M mam ypoBHem Mops. Hammume nByx Ha3Banuid y CHOWHCKHX 03€p CBS3aHO C HCTOPHUKO-
KYJIbTYPHBIMH M 3THOJWUHTBHCTUYECKHMMH OCOOCHHOCTSMH pervoHa. llepBbie Ha3BaHMs, Takue, Kak
Canpipronb, Toptkapa, Illankap, Kopxbeiakoms u Kapakomnb, sBisioTcst Oonee OQUIMATBHBIMA U
HCITOJIB3YIOTCSI B COBPEMEHHOM reorpadudeckoil m Hay4IHOU JmTepaType. Bropeie Ha3Banus — blcTrikma,
Hyiicen, Yabpmeiic, Anka u CachbIKKOJb Yalle MNPOUCXOASIT W3 Ka3aXCKUX [HMAJCKTOB M CBSI3aHBI C
HapOJHON TOMOHUMHUKOHN, OTpakas OCOOCHHOCTH ObITa, WCTOPHYECKHE COOBITHS WM TPUPOIHBIC
CBOICcTBa 3THX 03ep. Takoe AyOIMpoBaHME HEPENKO BCTPEYAETCS B Ka3aXCKOW TOMOHWMHUKE, OCOOEHHO B
TeX MecTaxX, IZieé MpHUpoJa HMEET BaXKHOE KyJIbTYpPHOE M XO3SIICTBEHHOE 3HAUY€HHE I MECTHOTO
HaceJleHUsl.

CubuHCKHE 03epa B IEJIOM OCTAIOTCS MAIOM3YYEHHBIMH C TOYKH 3PEHUS THIPOIOTHH, THAPOXUMHUH 1
ounonorun. B monorpagpun ®unonna I1. 1. «Ouepku no reorpadhuu BHyTpeHHHX Boj LleHTpanmbHOTO,
HOxHoro 1 Boctounoro Kaszaxcrana (03epa, BOJOXpaHWIHIIA U JICTHUKH)» [ 1] mpecTaBlieHbI CBEICHHS O
BOJIOEMaxX, BKJIIOYAs WX OOIIYI0 XapaKTEpUCTHKY, (U3UKO-XUMUYECKHE MapaMeTpbl, MOp(OMETpHIO,
TeHEe3UC 03EPHBIX KOTJIOBWH, a TAaK)Ke JaHHBIE O BOJHOM PEXuUMe M OamaHce. B 4acTHOCTH, pacCMOTPEHBI
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YPOBEHb MUHEPATH3AINH, XUMUYECKHA COCTAaB BOJBI M BHUJOBON COCTaB PACTUTEILHOCTU IJIS YETHIPEX
o3ep Cubunckoil rpymmel. OTHensHBIE MpEIBapUTEIbHBIE HWCCIEAOBAHUSA TakKXe 3aTParuBaroT
TAKCOHOMHIO BOJIHBIX BOJIOPOCIIEH M MHOTO(AKTOPHBIC SKOJIOTHUYECKHE M OMOJIOTHYECKHE OCOOCHHOCTH
Cubunckux o3ep [2, 3].

NmetoTcss Tpynbl, TOCBAIICHHBIE PEKPEAIMOHHBIM BO3MOXKHOCTSIM W TIEPCIEKTHBAM Pa3BUTHS
TypUCTCKOW aeare’dpbHOCTH BoctouHoro Kazaxcrana, B KOTOpPBIX 0co0O€ BHHMAaHWE YIENSETCS
CubuHCKUM 03epaM. ABTOPHI OAYEPKUBAIOT UX KUBOIMHCHOCTh, YJOOHOE TPAHCIIOPTHOE PACIIONIOKEHHUE,
a Tak’Ke BBICOKHMI MOTEHIMAN ISl pa3BUTUS BOAHOIO TypHU3Ma U IUISIKHOTO OTAbIXa [4-6].

B nacrosmee Bpemss CuOWHCKHE o3epa aKTHBHO WCIIONB3YIOTCSA ISl OpPTaHW3alMU IULDKHOTO U
CIIOPTUBHOTO OT/bIXa, PUBJICKasl JaiiBepoB, GpuaaliBepoB U MOJABOAHBIX OXOTHHKOB. O3epa obnajgaroT
yAOOHBIMH YCIIOBHSMH TSI Pa3JIMUHBIX BOAHBIX AaKTUBHOCTEH, TaKMX, KaK KaTaHWE Ha KaTepax,
TUAPOLIMKIIAX, MOTOPHBIX JIOAKAX, BOJHBIX JIBDKAaX W IULSDKHBIN OTABIX. bepera o3zep moaxomsT Kak ams
KpPaTKOBPEMEHHOT0, TaK M JJIS ATUTEIBHOTO OTAbIXAa: JUIA MEPBOr0 OPraHU3YIOTCS BHIE3Abl Ha MPUPOAY,
JUIE BTOPOTO pPa3BHBAIOTCS 0a3bl M JoMa OTAbIxa. DyHKIMOHHUpYIOIIME 0a3bl OTABIXa CHOCOOCTBYIOT
Pa3BUTHUIO PEKpEAIMOHHON HHPPACTPYKTYPHI pETHOHA.

MHoTrOYHCIIEHHBIE HCCIIeIOBaHMs, TPOBEACHHBIE B pa3HBIX TeOoTrpaQuuecKuX W KIMMaTHIECKHX
pETHOHAX MHUPA, BBIABISIOT 3aBUCHMOCTh T'€OXMMHYECKOTO COCTaBa O3EPHBIX BOJ OT MECTHBIX T'€0J0-
THYECKUX YCIIOBUH, BKJIIOYAs COCTaB KOPEHHBIX MOPOJ, XMMUYECKHE CBOWCTBA BOIBI M THAPABIMUYECKUE
mporecchl [7-10]. YuuTeBas BKJIam O3ep B TPHUBICKATCIHHOCTh JIAaHTIMIAPTa W PACIIAPEHHE BO3-
MOXXHOCTEH st gocyra [11-13], s WX JanbHEHIIEro PEeKPEealMOHHOIO HCIOJb30BaHMs TpeOyeTcs
n3ydeHne MOPPOMETPHUUECKUX XapPaKTEPUCTHK M THIPOXUMHUYECKOTO COCTaBa BOABL. JTH HCCIEIOBAHUS
MMOMOTYT OIEHHUTH COCTOSHHE BOJOEMOB, UX CIHOCOOHOCTh K CAMOOYHINEHHIO M yCTOHYMBOCTh K aH-
TPONIOTeHHOH Harpy3ke, 4ro OyaeT crnocoOCTBOBaTh WX PpAalOHAIBLHOMY HCIIOJIB30BAHUIO B TYpHC-
TUYECKON M 03JOPOBUTEIBHOMN EATEIBHOCTH.

Martepuaa u mMeToasl ucciaeaoBaHus. MoppoMeTprueckue XapakTepUCTHKH O3€p OTPAKAIOT Kak
0CcoOeHHOCTH (POPMHPOBAHUS KOTIOBHHBI, TaK U MPOIECCHI, IPOUCXOIAIINE B BOAHON Toiie. B kadecTBe
OCHOBHBIX aHAIM3UPYEMBIX MOP(HOMETPUYECKUX TOKa3zaTeliell HaMH BBIOpAHBI IUIOMIAIb 3epKai 03ep,
00BEM BOJHOM MaccChl, MaKCHMallbHas JJIMHA M IIMPHHA 03€p, NX MaKcHMaibHble TIyOuHbl. Ha ocHOBe
YKa3aHHBIX TTapaMeTPOB PACCYUTHIBAINCH KOO(PPHUIMEHT YUITMHEHHOCTH U CTEIIEHb Pa3BUTHA OeperoBoit
nuHuu [14].

B xonme moneBbIX HCCNENOBaHMKM MakKcMMalbHas TIyOMHa Obula ONpeneNeHa C HWCIOJNb30BaHHEM
pyuHoro sxonota Speedtech Depthmate SM-5. batumerpudeckas chEMKa MPOBOIWIACHE IO CHCTEME
MapaJuIebHBIX TaJICOB, OPHEHTHPOBAHHBIX BIONb [UIMHHOM OCH 03epa, CO CPEeOHHUM IIaroM MexXIy
ragcamMd okojio 15 M u mepekpeituem He menee 10 %. Jlnsg yTouHeHus penbeda AHA BHITOTHSIIUCH
JIOTIOJTHUTENEHBIE TTOTIepeYHbIe Talchl. [ TyOMHBI perucTpupoBaIUCEH ¢ AuckpeTHocThio 0,5-1 M mo Xoxy
IBUKEHAS JOAKH. TOYHOCTh WM3MEpPEHHH COOTBETCTBOBANA MACHOPTHBIM XapaKTepUCTHKaM IpuOopa
(#0,1 ™). IlonmoxkeHuwe TrajCcOB W KOHTPOJBHBIX TOYEK (UKCHUPOBAIOCH C HCIOIH30BAHHEM PYUHOTO
GPS-npuémMHuka ¢ TUIOBOW TOPU30HTAILHOM TOYHOCTHIO A0 3-5 M. [Lmomanp oxBara OaTUMETPUIECKOM
ChEMKH COOTBETCTBOBAJA IUIOMIAAM AaKBaTOPHHA KaXIOTO HCCIEeIyeMOoro o3epa W obecrednBaia
kaptupoBanue 90-95% ero mosepxuoctu [15].

[TapameTpsl BOJHOM MOBEPXHOCTH, Takhe, KaK MaKCHUMalbHas JUIMHA, MaKCUMaJlbHas IIMPHHA,
TUTOMIAh U JJIMHA OeperoBoil TMHUH, OBUTM M3MEPEHBI A KaXII0ro BojoeMa ¢ nomomsio Google Earth
Pro m yTouHneHsI Ha OCHOBE Tomorpadudeckux kapT macmrados 1:50 000 — 1:200 000.

Martepuansl MO TUAPOXUMHUHU cucTeMbl CHOMHCKHX O03€p HANHMCAaHbl O JaHHBIM HCCIIEIOBaHUM
yeThIpex o3ep: Camsipkonb, TopTkapa, [lankap, Kopxbeiakons. C Kaxaoro o3epa oTOOpaHBI 10 YeThIpe
poOBI BoaBI, Bcero mpod — 16. ComepikaHne pacTBOPEHHOTO B BOZC KHCIOPOAA OMPENCSITHIN Ha MECTE
kuciaopogomepoM MAPK 302 — O, pH usmepsuin ¢ nmomomisio pH-merpa tuma Mapk-901. 'mapoxu-
MHUUYECKHE HCCIENOBaHUS M OTOOpP MpoO BOIBI MPOBOAWIM MO OOIIENPUHATHIM Metoxukam [16, 17].
[Tpo0Osl oTOMpay U3 MOBEPXHOCTHOTO CJIOS BOABI MPH oMoty mpodoordopHoit cuctembr CII-2. T1poOst
BOJIbI OTOMpaNK B IPpOoyHIAIN U TUTOPAIIH.

l'uapoxumuyeckne aHanuM3bl NPOBEAeHbI B aHanuTHueckod maboparopunn TOO «JlabGopatopus-
AtMmocdepa». McnpITanus MPOBOAUINCH B COOTBETCTBHH C TPEOOBAHUSMH JEUCTBYIOIIUX HOPMATHBHBIX
MoKyMeHTOB [18].
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CoOTBeTCTBHE PE3yNbTAaTOB aHAIN30B pbIO0X03siicTBeHHbIM [1/IK mpoBoauuch Mo oOmenpuHIATOMY
«O0606mennomy nepeunto [1JIK...» [19, 20].

l'unpoxumuyeckue mMpoOBl MPOaHATU3WPOBaHEl Mo 17 TOKaszaremnsM, BKIOYas H3Y4YEHHE T'a30BOTO
pexumMa, cofiep kaHusi OCHOBHBIX HOHOB M OMOT€HHBIX BEIICCTB.

Hdenenne Box mo mpeoONafalOlIMM HOHAM W MO COOTHOIICHHIO MEXKAY HUMH TPOBEACHO II0
knaccudpukamuu O. A. Anekuna. [To npeodnanaromemy annony O. A. AnekuHbiM [21] BBLACISIOTCS TPH
KJlacca BOJI: THAPOKapOOHaTHBIE, cyb(haTHBIC U XJIOpuAHbIe. [10 BeaylieMy KaTHOHY pa3iinyaroT TPYIIIbI
KaJbLIMEBBIX, MarHUEBBIX W HAaTpHEBHIX BoJ. COOTHOIIEHHWE MOHOB TO3BOJISIET YCTAaHOBUTH Pa3IHYHbBIE
THUTIBI BOI.

PesyabTaTbl. CHOMHCKHE O3epa TPEACTABISAIOT COOOH OJHOTHITHBIE TEKTOHHYECKHE O00pa30BaHMS,
3aHEMAIOIIHE OBIIYI0 TLIONAAh 0K0I0 31 kM. [yGHHA 03epHBIX KOTIOBHH BaPHHPYETCS OT 2 0 48 M.
CornacHo OaruMerpuyeckuM m3mepeHusim 2018 roma o3epo Toprkapa mmeer riyouny 19 M, a o3epo
[Hanxap — 51 M (pucynok 1, Tabnuma 1). CpenHsis mpo3padHOCTh BOABI B 03e€pax AOCTHTaeT 6-7 M, mpu
atoM o3epo Illankap kak KpyHHEWIIMH W camblii riiyOokuii BojgoeM CHOMHCKON TpyNIbl OTIXYAETCS
MaKCHUMAaJIbHON TIPO3pavyHOCThIO BoabI 10 11 M [13, 22].

o
1

Ddu3nuecKan Kapta
Teppuropun CubMHCKKMX o3ep

LWkana BLICOT

300 400 500 600 700 800 900 1000 1100 1200 1300 1400 1500 1600

Pucynok 1 — @usnueckas kapra Teppuropur CHOMHCKHX 03ep

Figure 1 — Physical Map of the Sibe Lakes Area
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Ta6muua 1 — Mopdomerpuueckue nokasarenu o3ep CHOHHCKO# rpyIIIbI

Table 1 — Morphometric Indicators of the Sibe Lake Group

[Tokazarenu CanpIpKoib Toptkapa [Tankap KopxbIHKOIBb Kapakons

BricoTa Hag ypoBHEM MOpSI, M 714 772 822 841 867
[Tnomans 3epkana o3epa, KM? 0,69 1,19 2,69 1,6 0,37
OGbeM BOJHOIM MacChl, KM 4,1)(10'3 1,51);10'2 8,61x10 1,65x102 -
MaxkcumanbHas JTHHA 03epa, KM 1,4 1,7 3,1 2,5 0,9

MaKCHUMaJIbHas, KM 0,6 1,1 1,4 0,95 0,72
Iupuna

CpenHsis, KM 0,5 0,7 0,9 0,64 0,6
MakcumanbHas rryOnHa, M 9 19 51 15,5 -
JmHa GeperoBoil JIMHUM, KM 3,8 5,2 9,4 7,8 2,6
U3pe3aHHOCTH OeperoBoi JINHUH 0,13 1,34 1,6 1,7 1,2
KoaddunmeHT yimnHeHHOCTH 2,8 2.4 3,4 3,9 1,5

l'unposnormyueckue mporeccsl B 0O3epax J0 KOHIA He W3y4YeHHL lIpeamonokurenpHO TIryOOKHe
BOJIOHOCHBIE TOPHU30HTHI MPOXOIAT Yepe3 MOJ3eMHbIE MOP(POCTPYKTYPHBIE TPEIIMHBI B MarMaTHIeCKUX
moponax, (GOPMHUPYIOMNX PETHOHAIBHYIO TeOJIOTHIECKYyl0 OcHOBY [l4]. HmkHsAS YacTh O3epHBIX
KOTJIOBUH CII0O)K€HA DPBIXJIBIMH I1€CYaHO-TPABUMUHBIMHU OTIOXeHHsIMA. OCHOBHOE IUTaHHE BOJOEMOB
obecrniednBaeTCs 3a CUET POJHHUKOB, a TAK)Ke BECEHHETO TasHUs CHEroB. Kpome Toro, B 03epa MmocTynaroT
HeOOJIBIITNE CE30HHBIE MPUTOKH C OKPYIKAIOIINX XOJIMOB, & OCHOBHOW MPUTOK CTOYHBIX BOJ HAOIFOIAETCs
B KOHIIE BeCHBI (Maif). /IBa ro10BbIX mHKa 0caakoB — B Mapte (102 MM) u aBrycte (85 MM) cClOCOOCTBYIOT
BPEMEHHOMY HACBHIIICHUIO BEPXHETO CJIOSI MOYBBl M MOBBIIIEHUIO YPOBHS BOJABI, KOTOPBIA TOCTHUraeT
MaKCHUMaJbHBIX 3HAYCHUH B ampese-Mae, a 3aTeM IIOCTEIIEHHO CHHYKAETCS B TCUEHHE JICTHHX MECSIICB
(vroHB-H10TB) [22].

beperosas nuHus o3ep cnabo u3pesana, bepera MpeUMyIIECTBEHHO CKAJIUCThIE U KPYTO CIIyCKalOTCS K
Boze. JluropampHas 30Ha BbIpakeHa Cia0o, TJIABHBIM 00pa3oM Ha IOr0-BOCTOYHBIX IOOEPEKbBIX.
XapakTep W paclpelneieHne TPYHTOB 3aBHCAT OT TJIyOMHBI BOJOEMOB: IMPHOpeKHAas 30HA ITOKPHITA
KPYITHO3EPHHUCTHIM TPAHUTHBIM IIECKOM, CBETIIO-CEPBIMH U TEMHBIMH HIIAMHL.

CubuHCKHEe 03epa OTHOCSTCS K THAPOJIIOTHYECKH 3aKPBITHIM BOJOEMaM, HE HWMEIOIINM BHEITHETO
CTOKa, 3a WCKJIIOYEHHEM HEOOIBIINX CE30HHBIX IOBEPXHOCTHBIX cOpocoB. O3epa COSAMHEHBI MEXKIY
c060i1 HeGONMBIIMM GE3BIMSIHHBIM PyUbeM CO CpemHeil BoToeMKOCThio MeHee 0,5 M’/c. CTOK TOCIeIHEero
U3 03ep OCYIIECTBIISIETCS M3 YETBEPTOrO 03epa, Janee BmamaeT B peky CHOWHKY, KOTOpas, CIHBAasCh C
pekoit Abnaketkol, coenunsiercsi ¢ Wpteimom. Ilstoe, HWKHEe 03epO HE MMEET HEMOCPEACTBEHHOTO
MOBEPXHOCTHOTO COEAWHEHHS C OCTAJbHBIMH, OJHAKO €T0 CTOK TAaKXKe MOCTyHaeT B pydel, BBITEKAIOIIU
U3 4eTBepToro o3zepa. Ilocie BeceHHEro TasHUS CHETOB M JIETHUX OCAJKOB B aBTyCTE BOAHOCTH PYUbs
MOCTENIEHHO CHWXKAEeTCs, & YpPOBEHb BOJABI B 03€pax JOCTHracT MHUHUMAJBHBIX 3HAYCHUH OCEHBIO
(okTA0pb-HOSIOPE). B 3uMHUI mepuoj (Iekadpb-MapT) 03epa MOJHOCTHIO 3aMep3aloT, a YPOBEHb BOJIBI
0CTaeTCs CTa0MIBHBIM.

OpanM u3 Hambolee 3HAYMMBIX MOP(OMETPHIECKHX MapaMeTpoB O3ep SABISETCS MX MaKCHMabHast
rnyouna. CornacHo kimaccudukaruu C. I1. Kurtaesa [23, 24], k MenkuM o3epaM OTHOCHTCS Kapakoib
(rmybuna mo 3 M), k cpenHnM — CambIpKoih, a K TiryookuM — Kopxksrakomns (15,5 M), Toptkapa (19 m) u
[Hankap (51 m) (cm. Tabauiy 1, pucyHok 2).

ITo mroman 3epkan ozepa Canpipkons 1 Kapakonp kiaccnuupyoTces Kak MeIKre, B TO BpeMs Kak
Kopxkeiakons, TopTkapa u lllanakap oTHOCSATCS K cpeaHuM o3epaM. J{mnHa OeperoBoi JIMHUU BapbUPYETCs
B IIMPOKOM Juamna3zone — oT 2,6 kM (o3epo Kapaxons) mo 9,4 xm (o3epo Lllankap), B cpeqHeM cocTaBiss
5,8 kM (cM. Tabnuiy 1).

®dopmMa 03epHBIX KOTIOBHH HE MMEET 3HAYUTEIBHBIX OTIMYHMNA: y BCEX 03€p KOTIOBHMHA OTKpHITA Ha
0T, B TO BpeMs KaK CeBepHbIE, 3aMaJHble U BOCTOUHBIE Oepera cioxkeHsl rpanutamu. O3epa CaasIpKoib,
Toptkapa u Kapakosb pacrnonaratoTcs B mupkooopasHoii koriosune. O3epo [llankap uMeeT BRITAHYTYIO B
MEPUIMOHATBHOM HampaBJIeHHH KOTIOBHUHY. O3epo KOp»KBIHKONL OTIUYAeTCs yIUIMHEHHOW (opMmol u
3aHMMAaeT JIB€ MHUPKOOOpaszHble KOTIOBHHEI. CeBepHas KOTJIOBMHA OOIMIMpHA W OBaJbHO BEITSHYTa B
MEpHUIUOHAIHHOM HAIPaBJIEHWH, TOTJa KaK I0T0-3ama Has KOTJIOBHHA MEHbIIE 1o pa3mepy [1].
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Pucynok 2 — Mopdomerpudeckue nokaszarenu o3ep CHOMHCKON TPyTITbI

Figure 2 — Morphometric Indicators of the Sibe Lake Group

®opma o3epa KopKbIHKOJIb SIBISETCSI OCHOBOM MPOUCXOXJeHHA ero Ha3paHus. Haszsanuwe «Kop-
JKBIHKOJIB» TPOUCXOAUT OT Ka3aXCKOTO CJIOBAa «KOPXKBIH», KOTOpoe 0003HadaeT HallMOHAJIBHBIA aTpH-
OyT TOpKkecTBa — CyMKYy ¢ AByMs kapMmaHamu. Popma KOTIOBHHBI KOpIKBIHKONb HAallOMHUHAET 3Ty
HaIMOHAJIBHYIO0 CyMKYy. BTOpoe Ha3BaHue o3epa «AIKa» B MEPEBOJIE O3HAYAET «OIKEPEIBE», MOCKOIBKY
(bopMa KOTIIOBUHBI TAHHOTO BOJIOEMa TAK)KE HATIOMUHAET 0XKEpeJibe.

Xumuyeckuid coctaB Boag CHOWHCKMX 03€p Omnpeaensercss NpUPOAHBIMH (DaKTOpaMu, BKIOYas
¢usnKo-reorpaduuecKue XapakTepUCTUKN UX OaccelHOB. K TakuM XapakTepucTHKaM OTHOCSATCS KJIMMaT,
MIOYBEHHBIN MOKPOB, JINTOJOTHYECKHN COCTaB IOPOJ, 4Yepe3 KOTOpbIE NMPOXOOUT BOJA, HAIWYUE WIIU
OTCYTCTBHE CTOKa, a TaKXe IIyOuHa, 00beM U IUIONIa b 03EPHBIX BOJOEMOB. bruosjornieckre npoueccsl 1
B3aUMOJICHCTBHE C MOJ3EMHBIMH BOJAAMHU TaKXe UIPAIOT Ba)KHYIO POJib B ()OPMHUPOBAHMH XHUMUYECKOTO
€OCTaBa O3€pHBIX BOJ. [lanee MbI IPUBOANM IMIPOXUMHUYECKYIO XapaKTEPUCTHKY YETBIPEX 03€P.

OTbop W aHaMM3 TUAPOXMMHUYECKHX NPoO0 MPOBOIMINCH B HIONE, B pasrap JETHEro Ce30Ha,
XapaKTepU3YIOLIErocsl HauOOJIbIIEeH TypPUCTUIECKOH HAarpy3KoH, Ha 4eThIpEX 03¢pax CHOMHCKOM rpymIIbl:
Cansipronb, Toptkapa, Illankap u KopxbiHKOIB, 007a1al0MUX BBICOKOH peKpEaliioHHON I[EHHOCTHIO.
[IaTOE 03€pO HE UCTIOIB3YETCS B XO3IUCTBEHHBIX LIETIX, a TOCTYH K HEMY 3aKpPBIT JUIsl TIOCETUTENEH.

I'uapoxumuyeckue mpoObl OTOMPANIUCH B KOKIOM U3 YETBHIPEX 03€p B YETHIPEX KIIOUEBBIX TOYKAX:
OJlHa — U3 JIUTOPATIbHOM 30HBI M TPH — U3 NeJaruaiei.

ITockonmpKy McClIe0BaHNE TPOBOAMIIOCE HCKIIFOYUTEIBHO B JIETHUI MEPHO, CE30HHASI N3MEHYUBOCTh
THIPOXMMHYECKUX TMapaMeTpoB B paMKax 3TOTO HCCIelOoBaHUS He oleHuBaitach. OCHOBHOE BHMMaHHE
YAENANOCh OLIEHKE COCTOSHHMS BOJBI B YCJIOBUSAX IOBBIIIEHHONW aHTPOIOIEHHOM HAarpy3ku B IEpPHOJ
PEKPEANMOHHOTO CE30HA.

Osepo Caoviprons. B nepuoa orbopa npod TemrepaTrypa BoJbl 03epa cocTaBisiia 24,5-24,9°C. Bona
OTIIMYajach HMU3KOM IIBETHOCTBIO M BBICOKOM MpO3payHOCTHIO. ['MapoxuMudeckue MoKa3aTeiau o3epa
Canpipkoib o 17 mapameTpam npecTaBieHb! B Tabiuie 2.

— 34 ——
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Tabnuua 2 — 'uapoxumudeckue nokasarenu ozepa CaapIpKoib

Table 2 — Hydrochemical Indicators of Lake Sadyrkol

ITokasarenu En.u3zm. Jluropais ITenarnans 1 [Tenaruans 2 [Tenarnans 3
PactBopenHbI KUCIOpOA Mr/om> 10,92 10,80 11,23 10,78
Bonopoauslii nokaszareins - 9,14 9,15 9,13 9,11
A30T aMMOHUIHBIN mr/om> 0,297 0,302 0,295 0,295
A30OT HUTpaTHBII Mr/om’ <0,1 <0,1 <0,1 <0,1
A30T HUTPUTHBIN M/’ <0,007 <0,007 <0,007 <0,007
I'unpoxapbonaTs Mr/om’ 137,25 137,25 134,20 137,25
XKectkocTh MI-3KB/IM° 1,18 1,20 1,20 1,23
Kanuit Mr/am’ 2,40 2,45 2,36 2,40
Kanbmit Mr/am’ 14,5 15,0 15,0 15,0
Kap6oHaTe! M/’ 15,0 15,0 15,0 15,0
Maruuii mr/om’ 5,4 5,4 5,4 5,7
Harpwii M/’ 6,00 6,04 6,00 5,95
[lepmanranaTHOe YHCIO mr O,/mv’ 2,85 2,88 2,82 2,80
Cynbdatst Mr/mm° 25,3 25,5 25,0 25,0
g;}f:pg;g‘l’l‘;ﬂ) /v 85.0 85,3 84,8 85,1
docdarsr Mr/am’ 0,040 0,040 0,037 0,041
Xrnopust Mr/aM> 5,56 5,10 5,10 5,56

3uauenue pH, ompenensomee (GopMy M COOTHOIICHHWE HOHOB B BOJE, BapbHpPOBAIO B Y3KOM
JMana3oHe U B cpeAHeM cocTaBisuio 9,13, uro xapakTepusyeT Body Kak mienouHyr. M3menenune pH
CBSI3aHO C YTJIEKUCIOTHBIM pPaBHOBECHEM, OOYCIIOBICHHBIM KOHIIEHTpAaIMell THUApoKapOOHAT-HOHOB U
KapOoHatoB. B mmiemodHoll cpene coiepkaHue THAPOKapOOHAT-WOHOB pocturaio 90%, dro moa-
TBEpXKIAaeTCs pe3yibTaraMu aHanuza. Boma comepikama 134,2-137.25 MF/,I[M3 TUIPOKApOOHAT-UOHOB H
15,0 Mr/am> KapOOHAT-NOHOB (CM. TabnuIy 2).

KOHIIeHTpaIHst pacTBOPEHHOTO KHCIOPOAa Bapbupoana ot 10,78 xo 11,23 mMr/aM’, ¢ MHHAMAIbHBIM
3Ha4YeHHEM B TPEThel TOUKE M MaKCUMAaJIbHBIM BO BTOpOH (Tmenaruains). KucinopoaHslil peskxum BIUseT Ha
MEPMaHTaHATHYI0 OKHCIIIEMOCTh, IOKa3aTellb COJEP’KAaHUS OPraHWYECKHX BEIIeCTB. 3HAYCHUE Mep-
MaHraHaTHOTO 4ncia cocraBmsier 2,80-2,88 MrO/mM’, yKasbiBas HA HHU3KYO OKHCISIEMOCTH BOIBI (CM.
TadnuIy 2).

Cpeny HEOpPraHWYeCKHX a30TCOJEPKAIIUX COCIMHEHHUH Mpeobiaaanu aMMoHwuitHble MoHBI (0,295-
0,307 Mr/am’). ICTOYHHKOM HX MOCTYIUICHHS SABIAIOTCS aTMOC(EPHBIE OCAIKH H PA3I0KEHHe OPraHHKH.
KonreHtpaiysi HUTPUT- ¥ HUTPAT-UOHOB ObLIa HUXKE Tpejesia OOHAPYKCHHs, YTO XapaKTePHO s
BOJIOEMOB C aKTUBHOW PacTUTEIbHOCTHIO [16, 17]. docdaT-noHbI, HapsIy ¢ a30TCOICPKAIIMMU COCIU-
HEHUSIMHU, UTPAIOT BAKHYIO POJIb B KAUECTBE BOABI, UX KOHLEHTpalus cocrasisia 0,037-0,041 Mr/z[M3 .

IIpeobnagaronuMu aHHOHAMH OBUTH THAPOKAPOOHATHI, COJIEPIKaHHEe CYNIb(paT-HOHOB BapbUPOBAIO OT
25,0 10 25,5 Mr/aM’, KOHI[GHTpALHS XI0puaoB — 5,10-5,56 mr/mam’. Cpean KaTHOHOB TIPe0bIagaai HOHBI
kanbiusa (14,5-15,0 MF/}.‘LM3), Hatpus (5,95-6,04 MF/,I[M3), maraus (5,4-5,7 Mr/z[M3) u xamust (2,36-
2,45 wmr/mv’). o xmaccubmkarmmm O. A. AjekuHa Bomsl o3epa CambIpKoib HPHHALIEKAT K
THJIPOKapOOHATHO-KAIbLIMEBOMY KJIaccy, IepBOMY THITY 110 COOTHOILIEHHIO HOHOB [3, 21].

Muuepanu3anys BoAbl BapeupoBana oT 84,8 10 85,3 Mr/iM’, uTo MO3BOIAET OTHECTH BOAY K
c1abOMHUHEPaTN30BaHHBIM TIpecHbIM. JKecTkocTh BoAbl Hu3Kas (1,18-1,23 MF—3KB/,Z[M3). B uenom o3epo
CanpIpKoiib  XapaKTepHU3yeTCsS BBICOKAM COJAEpKAHHUEM KHCIOpOaa, IICIOYHOW peakiued W Majou
OKHUCIISIEMOCTBIO.

Osepo Topmrapa. TemmepaTypa BOIBI BO BpeMs 0TOOpa mpoO cocrapisuia 25,5-25,9°C, Boga Obuia
MPO3pavHON W Majloi mBeTHOCTH. 3HaueHne pH BappupoBaio B y3koM muamnaszone 9,15-9,18 (B cpemuem
9,16), 4TO yKa3bIBaET Ha HICIOUHYIO cpeay (CM. Tabmuity 3).
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Tabnuua 3 — ['mapoxumudeckne mokasarenu o3epa TopTkapa

Table 3 — Hydrochemical Indicators of Lake Tortkara

[Tokazarenu En.uzm. Jlutopainb ITenaruans 1 ITenaruans 2 [Tenarnans 3
PacTBOpeHHBII KUCIOpOA Mr/om’ 10,61 11,29 11,47 11,44
Bonopoanslit mokazatenb - 9,18 9,15 9,15 9,17
A30T aMMOHUMHBII M/’ 0,274 0,285 0,281 0,278
A3OT HUTPATHBIN mr/ v’ <0,1 <0,1 <0,1 <0,1
A30T HUTPUTHBIH mr/ v’ <0,007 <0,007 <0,007 <0,007
TI'mapoxapOoHATHI mr/ v’ 131,2 128,1 131,2 128,1
HKectkocTh MI-OKB/IM’ 1,15 1,18 1,15 1,18
Kanuit Mr/am’ 2,10 2,26 2,20 2,16
Kanbimit Mr/am’ 14,0 14,5 14,0 14,5
Kap6onatst Mr/am° 12,0 12,0 12,0 12,0
Marnuii mr/am’ 5,4 5,4 5.4 5,4
Hatpuit Mr/am’ 5,66 5,75 5,69 5,65
[lepmaHTaHATHOE YHCIIO mr O,/nm’ 2,70 2,76 2,70 2,75
CynbhaTs mr/am’ 22,0 23,0 22,8 22.8
(C:J;S:p(;;ia;?;a) M/’ 83,3 84,1 83,7 83,5
docdartsl Mr/am’ 0,03 0,04 0,03 0,03
Xaopumst mr/am’ 5,56 5,10 4,64 5,10

CozepskaHne THAPOKAPOOHAT-HOHOB B o3epe cocraBmsuio 128,1-131,2 mr/mM’, KapGOHAT-HOHOB —
12,0 Mr//:[M3 . Konnentpanus pactBopeHHOro KHciopona konebamack ot 10,61 mo 11,47 MF/ILM3,
MUHUMAaIILHOE 3HaYeHHEe 3a(pUKCHPOBAHO B IMTOPAII, MAKCUMAIbHOE — B TIEJIarHallu.

I[lepMaHraHaTHast OKHCIsseMocTh — 2,70-2,76 MrO/aM’, XapakTepu3sys BOAy Kak CIaGOOKHCIAEMYIO.
AMMOHMITHBIE HWOHBI OBUIM OCHOBHBIMHU a3oTcojepxamumu coenuHeHusmu  (0,274-0,285 MF/,E[M3).
HUTPUTHI X HUTPATHI He 0OHAPYKeHBI, GOChaT-HOHBI BapbHPOBATHCH B mpenenax or 0,03 10 0,04 mr/am’
(cm. Tabmuy 3).

I'uapoxapOoHaT-HOHBI TIpeobianaidi cpelld aHWOHOB, coepkaHue cyibdaroB cocraBisuio 22,0-
23,0 MF/ILM3, xnopuaoB — 4,64-5,56 mr/mm’. Cpenu KaTHOHOB TOMUHUpPOBaNHU Kanbiuit (14,0-14,5 MF/I[M3),
Hatpuii (5,65-5,75 mr/am’), marmmit (5,4 mr/mm’) u kamaii (2,20-2,26 wmr/am’). Boma oTHOCHTCH K
TUAPOKapOOHATHO-KaIBITeBOMY Kitaccy (1o O. A. Anekuny) [21].

Munepanusamus Bogsl — 83,3-84,1 MIr/aM’, 9TO COOTBETCTBYET CIabOMHHEPATH30BAHHBIM MPECHBIM
Bomam. JKectkocts Huskas (1,15-1,18 mr-sxs/am’). Ozepo TopTKapa XapaKTEepHU3yeTCsk BBICOKHM COZEp-
JKaHHEM KHCIIOpPOJa, MIeIOYHON PeaKIiei CPe/Ibl U MaJIOH OKUCIIEMOCTBIO.

Osepo lanxap. Ha o3epe oTOOp mMpoO Takke OCYIIECTBIISUICSA B YeThIpeX Toukax. B mepuon otbopa
mpo0O TemmepaTtypa BojIsl cocTaBisuia 23,6-25,1°C. Bona xapakTepru3oBaiachk O4eHb HU3KOW IIBETHOCTHIO
U BBICOKOH mpo3pauHocTeio. pH Bapeuposano ot 9,06 no 9,10. Ilo BenmuurHe BOJOPOAHOTO MOKAa3aTems
BOJIa 03€pa XapaKTepu3yeTcs Kak IenouyHas (tabiuna 4). B mienodnoit cpeae copepikaHue THIPO-
kapOoHaT-noHOB cocTasisieT 90%. Ha ozepe Llankap comepkaHue ruapokapOOHaT-HOHOB KOJe0aloch OT
125,05 1o 128,10 Mr/am’, a comepixanie KapOOHAT-HOHOB cOCTaBIso 12,0 Mr/am’ (cM. Tabiuiy 4).

CozepsKaHHE PACTBOPEHHOTO KHCIOPOAa H3MEHsIoch oT 8,97 mo 14,93 wmr/am’. MunuManbHas
KOHIICHTpAaIHsI KUCJIOpOia HaOIIo1anach B TPEThel TOUKe Meslarnajiy, a MaKCUMalbHas — B TIepBOil TOUKe
(menaruans). Ilepmanranataoe unciao ot 3,50 mo 3,61 mrO/mM’, Boma o3epa, Tak ke, Kak W y IABYX
MPEIBITY X, UMEET HU3KYIO OKUCIISIEMOCTb.

W3 HEopraHWYeCKNX a30TCOAEPKAINX COCTUHEHUH 110 KOHIIEHTPAIIUH MTPeodIaaani HOHBI aMMOHUS.
Ux conmepxxanme konedanock ot 0,371 mo 0,382 Mr/z[M3 . ConepxaHue HUTPUT- U HUTPAT-UOHOB HAXO-
JIWIIOCH HIDKE TIpeniesia OOHapyXeHHs Ha BCeX CTaHIUAX oTOopa. KoHmeHTpamus docdar-moHOB, SBISIO-
IIMXCS Hapsily C COSAMHEHUSMH a30Ta OMOTCHHBIMH BEIIECTBAMH, ONPEACISIONINMH KadeCTBO BOJIBI,
WU3MEHSIOCH B y3koM uHTepBaie ot 0,05 no 0,06 M/,
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Tabnuna 4 — ['mapoxuMudeckue noxaszarenu osepa Illamkap
Table 4 — Hydrochemical Indicators of Lake Shalkar

ITokasarenu En.uzm. Jluropans [enarunains 1 ITenarnains 2 Ilenarnans 3
PactBopenHbI KUCIOpOA M/’ 12,87 14,93 13,21 8,97
Bonopoauslii nokaszareins - 9,06 9,09 9,08 9,10
A30T aMMOHUIHBIN M/’ 0,375 0,382 0,371 0,373
A30OT HUTpaTHBII Mr/om° <0,1 <0,1 <0,1 <0,1
A30T HUTPUTHBIN mr/am> <0,007 <0,007 <0,007 <0,007
I'unpoxapbonaTs M/ 125,05 128,10 128,10 128,10
HKecTrocTh Mr-5KB/IM’ 1,25 1,30 1,28 1,25
Kanuit Mr/am’ 3,68 3,75 3,64 3,60
Kanbmit Mr/am’ 17,0 16,5 16,0 16,5
Kapbonats! M/ 12,0 12,0 12,0 12,0
Maruuii mr/om’ 48 5,7 5,7 5,1
Harpwii M/’ 8,15 8,22 8,11 8,15
[lepmanranaTHOe YHCIO mr O,/mv° 3,61 3,58 3,54 3,50
Cynbdatst Mr/om° 31,0 31,7 29,5 30,0
g;}f:pg;g‘l’l‘;ﬂ) /v 93,1 93,7 92,5 92,1
docdarsr Mr/am’ 0,058 0,060 0,053 0,050
Xnopusl M/’ 5,10 5,56 5,10 4,64

[IpeobnagaromuMn  aHMOHaMHM  OBUIM  THUAPOKApOOHAT-WOHBI,  COACPIKAHUE  CYNIb(aT-HOHOB
BapbeupoBaio ot 29,5 no 31,7 MF/I[M3, KOHILICHTpaIus xJaopunos — oT 4,64 1o 5,56 mr/nam’. VI3 KaTHOHOB ¢
comepkanneM 16,0-17,0 Mr/aM’ JOMHHHPOBAIM HOHBI KaabLus. KOHIEHTpAarus KaTHOHOB HATPHS
xonebanacs or 8,11 10 8,22 mr/om’, cojiepKaHNe MOHOB MarHus coctaBmwio 4,8-5,7 mr/av’. KosmdecTBo
HOHOB Kaiusg — cocTaBisio 3,60-3,75 MF/,I[M3. [To kmaccudukamuu O. A. Anexkuna Boxsl o3epa lllankap
MIPUHAJUIeKAT K THAPOKAPOOHATHO-KAIBIIHEBOMY KIIACcCy, IIEPBOMY THITY TI0 COOTHOIICHHUIO NOHOB [3, 21].

Munepanusanus o3epa BapbupoBana ot 92,1 10 93,7 Mr/aM’, 4To MO3BOISET 0XaPAKTEPHU30BATH BOIBI
KaK MpecHble, CcIa0OMHHEpaNIn30BaHHbIe. MHUHUMAIbHAS MUHEpajau3alis oTMeueHa B Touke Ne3 rme-
Jarvand, a MakcuManbHas — B Touke Ne 1 menaruamu. [lo BenmndmrHe ®KeCTKOCTH BOJIa 03epa OUYEHb MATKAs
(1,25-1,30 mMr-skB/om’).

Osepo Kopoicvinkons. Bo Bpems orbopa mpo0 TemmepaTypa Boabl coctaBisuia 23,3-24,3°C, Boaa
MMeJia HU3KYI0 LIBETHOCTh U BBICOKYIO TIpo3padHocTh. Bona menounas, pH BapeupoBaino ot 9,01 mo
9,12 (Tabmuma 5).

CozepskaHHe THAPOKApOOHAT-HOHOB Komebamoch or 125,05 mo 128,10 mr/aM’, a comepskaHue
KapGOHAT-HOHOB cocTaBsIo 9,0 mr/am’. ComepkaHue PACTBOPEHHOIO KHCIOPOAa M3MEHsnoch oT 11,18
mo 11,31 Mr/,uM3. MuHuMansHasi KOHIEHTpaIys KACIOpoAa HaOIroaanach BO BTOPOM TOUKe TeNarnaiy, a
MaKCHMallbHasi — B JIMTOpajdbHON 30HE. KUCIOpOAHBIM peXHMM OKa3bIBae€T BJIMSHWE Ha TaKOW TUIpo-
XUMHUYECKUIN TIOKa3aTelh, KaK MepMaHTaHAaTHAS OKUCISEMOCTH, IO KOTOPOH OIMpenemnseTcss KOJIMYeCTBO
OpraHMYecKOTO BemecTBa B BojoeMe. llepmanranatHoe umcimo — 2,90-3,02 MFO/,I[M3, MpUYEM Hau-
MCHBIIIee 3HAUYCHHE HAOII0MAIoCh B TPEThEH TOYKE IeNlarvalid, a HauOoJbIIee 3aperHCTPUPOBAHO BO
BTOpPOI TouKe. Boja 03epa OTHOCHTCA K IPYIIIE BOJ C 0YEHb MAJIOH OKUCIIIEMOCTBIO.

W3 HeopraHW4ecKHuX a30TCOJCPKAIINX COCTUHCHHI 110 KOHIIEHTPAIIUHN MTPe00Ia aa HOHBI aMMOHUS.
Ux cogepxanne xonebanocs ot 0,324 mo 0,331 MF/ILM3. AMMOHUUHBIN a30T MOCTYIAET B IOBEPXHOCTHBIE
BOABI ¢ aTMoc(epHBIMH OcaaKaMH, a TakKe B pe3yJbTaTe ICCTPYKIMH OPTaHWYECKHX COCTMHCHHM.
CopepxaHue HHUTPUT- M HUTPAT-HOHOB HAXOAWJIOCh HIDKE Mpenena OoOHApYKCHUs Ha BCEX CTAHIIUSX
otbopa. Konmentpamus ¢ochaT-moOHOB, SBISIOMIMXCS HAPSAY C COSIWHEHHSIMH a30Ta OWOTEHHBIMHU
BEIIIECTBAMMU, ONPEACIISIIOIIMMHA KaueCTBO BOJIbI, U3MEHSIOCHh B Y3KOM uHTepBaie ot 0,04 go 0,05 mr/am’
[21].
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Tabmuna 5 — ['mapoxuMudeckue mokaszarenu ozepa KopkelHKOIb

Table 5 — Hydrochemical Indicators of Lake Korzhynkol

[Tokazarenu En.uzm. Jluropans ITenarnans 1 [Tenarnans 2 ITenaruans 3
PacTtBOpeHHSBIH Kuciopos mr/om’ 11,31 11,20 11,18 11,22
BopoponHsrii mokaszarens - 9,01 9,08 9,12 9,09
A30T aMMOHUWHBIT MI‘/,I[M3 0,325 0,331 0,328 0,324
A30T HUTpaTHBII MI‘/Z[M3 <0,1 <0,1 <0,1 <0,1
A30T HUTPUTHBIN M/’ <0,007 <0,007 <0,007 <0,007
I'unpoxapbonaTs mr/om° 125,05 128,1 125,05 125,05
XKectkocth MT-3KB/IM° 1,20 1,23 1,20 1,23
Kanmit MI‘/,I[M3 2,70 3,10 2,82 2,80
Kanbuit Mr/m’ 17,5 18,0 18,0 18,0
KapGoHartsl Mr/am’ 9,0 9,0 9,0 9,0
Marsuuii mr/am’ 3,9 3,9 3,6 3,9
Harpwii M/’ 7,80 7,91 7,78 7,82
IIepmanranatHoe 4uciio M OZ/IIM3 2,91 3,02 2,90 2,95
Cynbdatsl mr/am> 27,0 28,5 27,0 27,8
(Chﬁﬁ?piﬁﬁa;ﬁi@ M/’ 91,2 91,8 88,3 89,0
docdatsr Mr/om° 0,045 0,048 0,041 0,045
Xnopust MF/,I(M3 4,17 4,17 3,71 3,71

[IpeobnagaromuMyu aHUOHAMHU OBLTM THAPOKAPOOHAT-UOHBI, COAEPIKAHUE CYyJh(aT-HOHOB BapbUPO-
Bajo ot 27,0 mo 28,5 Mr/z[M3 , KOHIeHTpauus xjaopuaoB — 3,71-4,17 Mr/;[M3 . VI3 KaTHOHOB ¢ coaep:KaHueM
17,5-18,0 Mr/aM’ TOMUHHPOBAIN HOHBI Kalublust. KOHIEHTpAIMs KaTHOHOB HATpus Koiebamach ot 7,78
10 7,91 mr/mv’, coJiepKaHre MOHOB MarHus cocTaBuio 3,6-3,9 mr/nav’. KonmaecTBo nonoB Kamust — 2,70-
3,10 Mr/z[M3. Mo knaccudurammu O. A. AnexuHa Boabl 03epa KOpKBIHKOIB MPUHAIUICKAT K THUIAPO-
KapOOHATHO-KaJIBITUEBOMY KJIacCy, IIEPBOMY THITY TTO COOTHOIIIECHUIO HOHOB [3, 21].

MuHepanu3amus B o3epe BapbupoBana oT 88,3 10 91,8 MI/am’, 4To TO3BOJSAET OXAPAKTEPHU30BATH
BOJIBI KaK TPECHBIC, CIa0OMUHEpaIn30BaHHbIe. MUHUMAalbHAS MHHEpaIU3allus OTMEYeHa B TOouke No2
neJiaruany, a MakcuMmanbHas — B Touke Ne 1 memarmanu. I1o sxecTkocTn Boga o3epa odenb msrkas (1,20-
1,23 MI-3KB/IM" ).

Tabmuua 6 — ['mapoxumudeckue nokasarenu CHOMHCKUX 03ep

Table 6 — Hydrochemical Indicators of the Sibe Lakes
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OC| £ | B | <« < < E R 2| 2| 2| =2 || BT e | X
C [10,93| 9,13 10,297| <0.1 | <0.007 |137,5| 1,20 | 2,40 | 14,8 | 15,0 | 5,4 | 5,99 | 2,8 | 25,2 | 85,0 {0,039]| 5,33
T [11,20] 9,16 {0,274 | <0.1 | <0.007 [129,6| 1,16 | 2,18 | 14,2 | 12,0 | 5,4 | 5,68 | 2,72 | 22,3 | 83,6 | 0,03 | 5,10
I 12,47 9,08 |0,375| <0.1 | <0.007 {127,3| 1,27 | 3,66 | 16,5 | 12,0 | 5,3 | 8,15 | 3,61 | 30,5 | 92,8 |0,055]| 5,10
K [11,22] 9,07 10,327 | <0.1 | <0.007 [125,8| 1,21 | 2,85 | 17,8 | 9,0 | 3,8 | 7,82 | 2,94 | 27,5 | 90,0 | 0,044 | 3,94
*C — Canpipkonb; T — Toptkapa; LI — [ankap; K — KopKbIHKOIIB.
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Kak mokassiBaeT ob6oOmaromias Tabnuma 6, THAPOXMMHUYECKHI COCTaB 03ep IEMOHCTPHPYET He-
KOTOpBIE HE3HAUNTENIbHBIE PA3INYMs B COAEP)KaHUN XUMUYECKHUX DJIEMEHTOB, HECMOTPS Ha OJIM30CTh MX
BOJI0COOPHEIX 6acceiHoB. B mepuon otoopa mpod TeMiiepaTypa BOIbI B 03epax cocrapisuia 23,3-25,9 °C.
Bopna xapakTepuzoBanach BRICOKOH MPO3PavyHOCTBIO MPH HE3HAYMTEIBHOM OKpalllMBaHWU. 3HayeHue pH,
ABIISIONIEECS] ONHUM W3 BAXKHBIX TI0Ka3aTeliel, OIpeleNsIoInX COOTHOIICHHE WOHOB B BOAE U
HaIpaBJeHNEe XUMHYECKHUX MPOIECCOB B 03€pax, BapbHPOBAJOCh B Y3KMX IMpeleiax M COCTaBISUIO B
cpeanem 9,11. Ilo pH o3epa oTHOCATCA K KATETOPUH LIETOYHBIX.

B tabmune 7 npencTaBieHbl pe3yNbTaThl CTATUCTHYECKON 00pabOTKU MAHHBIX MO THIPOXUMHYECKUM
MTOKa3aTelsiM, MOIYYEeHHBIM B 4eThIpeX o3epax Cubuuckon rpymmbl (Camasipkonb, TopTtkapa, [lamkap,
KopxbIHK016). JI71s1 KaKI0Tr0o ToKaszaTelsi pacCUUTaHbl cpeiHee apudMeTrnueckoe 3HaueHe, CTaHIapTHOE
oTKJIOHeHHe, KodpuuneHt Bapuanun (CV, %) u 95%-ii noseputensubiii naTepBan (CI). Ilokasarenu c
BbICOKMM CV 0TpakaroT O0IBITYI0 H3MEHIYUBOCTD MEXITy 03€pPaMHU.

Tabnuna 7 — Cratuctiuueckast 00paboTKa THAPOXUMUYECKUX TIOKa3aTeel

Table 7 — Statistical Analysis of Hydrochemical Indicators

[Tokazarenu Cpennee CT. OTKJIOHEHHE CV, % 95% CI
PactBopenHbIii KHUCIOPOA, Mr/om’ 11,45 0,689 6,02 10,36 — 12,55
Ph 9,11 0,042 0,47 9,04 -9,18
A30T aMMOHMHHBII, MI/AM> 0,318 0,044 13,7 0,25-0,39
I'mapoxapOoHaTEI, Mr/om’ 130,05 5,207 4,0 121,76 — 138,33
JKecTKoCTh, MI-9KB/IM> 1,21 0,045 3,76 1,14 -1,29
Kauwuit, mr/om’ 2,77 0,654 23,59 1,73 - 3,81
Kanbmuit, Mr/om’ 15,82 1,638 10,35 13,22 - 18,43
Kapbonarsl, Mr/om’ 12,0 2,449 20,41 8,10 — 15,89
Marsuit, Mr/am’ 4,97 0,785 15,77 3,72-6,22
Hatpwii, I/’ 6,91 1,255 18,16 5,0-89
IlepmanranaTHOe YHCIO, MT O,/m’ 3,01 0,405 13,43 2,37 -3,66
Cynbdartsl, M/’ 26,37 3,477 13,18 20,84 - 31,91
Cyxo0ii 0CTaToK, Mr/mm° 87,8 4,294 4,89 81,01 — 94,68
docdarsr, Mr/am’ 0,04 0,01 24,82 0,02 - 0,05
Xnopupl, MI‘/I[M3 4,87 0,628 12,9 3,86 —5,86
Tpumeuanue. PacueT NOBepUTEIBHBIX MHTEPBAJIOB BEHINIOJIHEH MPH ypoBHE 3HAUYMMOCTH 95% (t — kputepuit CThrogeHTa

npun=4,t=3,182).

Cratuctuueckas o0OpaboTKa JaHHBIX 10 THAPOXMMHUYECKUM TOKa3aTessiM deTeipex o3ep CubuHckoit
TpyMIIBl TOKa3aa, YT0 OOJNBIIMHCTBO NMapaMeTPOB HAXOAMIIOCH B CXOXKHX JHANa3oHaX, YTo 00yCIOBICHO
0JIM30CTHI0 BOJOEMOB U CXOKHUMHU MPUPOAHBIMU yciaoBusiMH. Huskue 3HadeHus ko3¢ umueHTa Bapuariuu
MO TaKUM IMoKa3areisiM, Kak pH, jKecTKoCThb, THAPOKApOOHATHI U CYXOH OCTaTOK, CBHIETEIbCTBYIOT O
CTaOMIIBHOCTH XMMHYECKOTO COCTaBa BOJBI B 3THX 03epax. B To ke Bpems BbIcoKas nuzMeHunBocTh (CV >
20%) y OTHENbHBIX KOMIIOHEHTOB (Hampumep, Kaiaui, ¢ocdaTbl, KapOOHATHI) MOXET yKa3blBaTh Ha
JIOKaJIbHBIE Pa3Nu4Ms B TEOXUMHUIECKUX YCIOBHUSIX, CTEIICHH aHTPOIIOI€HHOM Harpy3Ku UM OCOOCHHOCTH
BOJOOOMEHa. B 1enoM pesynbTaThl aHaIM3a MOATBEPXKIAIOT 00IIee CXOJCTBO T'MAPOXUMHUYECKOro (hoHa
03ep, IpU ATOM NOAYEPKHBAS HEOOXOOUMOCTH NAIbHEHIINX HaOI0AEHHH, 0COOCHHO B IWHAMUKE IO
CE30HAaM U T0/iaM, ISl BBISIBJICHUS YCTOMUUBBIX TPEHAOB U NOTCHIUAIBHBIX OTKJIOHEHHH.

Oocy:xnenue. [losydeHHble OaHHBIE CBUAETENBCTBYIOT O TOM, uTOo o3epa CHOMHCKON TIpyMIIBI
OTJIIMYAIOTCSl BEICOKOW CTETIEHBIO CXOXKECTH 10 OCHOBHBIM THAPOXUMHYECKHM MapaMeTpam, YTo 00yCIIOB-
JeHO HX OJIM3KMM TreorpadMuecKduM IOJIOKEHHEM, OOIIHOCTBIO JIMTOJIOTMYECKOro cyOcTpara W OT-
CYTCTBHEM BHEUTHETO CTOKA.

Bce BomoeMBI HMEIOT LIETIOYHYIO PEaKHI0 CPedbl, YTO XapaKTePHO IJIsl CUCTEM C HH3KHM YPOBHEM
OPTraHHYECKOTO PA3I0KEHUs M UHTEHCUBHBIM (oTOoCHHTE30M. [loBBIIeHHbIe 3HaueHus pH KoppenupytoT
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C BBICOKHM COJCPKAHHEM TI'HIAPOKAPOOHATHBIX HOHOB (125-137 Mr/aM’), OTPakAIOMIMX AKTHBHBIH
ra3000MEeH U YTIIEKUCIOTHOE PABHOBECHE B MIOBEPXHOCTHBIX CIIOSX.

I[epmanranataoe ancio (2,7-3,6 Mr O,/1M’) yKa3hIBaeT HA HU3KYIO CTENCHb OKHCISIEMOCTH, TO €CTh
Ha MaJjioe CoJIep)KaHHe OPTaHMYECKUX BEIIECTB. OJTO MOITBEPKAAET OTCYTCTBHE 3HAYHTEIHHOTO
aHTPOTIOTEHHOTO 3arpsA3HEHMs, HECMOTPS Ha PEKPEalMOHHOE NCIIOIB30BaHIE BOJOEMOB.

B cocrase monos nomuuupyior Ca®’ m HCO;", 4TO 1MO3BOISET OTHECTH BOABI BCEX 03ep K THIPO-
KapOOHATHO-KaJblueBOMY THy 10 Kiaccupukanuu O. A. Anekuna [21]. Takas cTpykTypa OTpaskaeT
B3aMMOJICHCTBUE BOJl C TPAHUTHBIMH W METaMOP(UYECKUMH MOPOAAMH, COIACPKAIIMMHU KalbIHHA |
MarHui, a Takxke ciaadoe BIUSHUE CYIb()aTHOTO CTOKA.

MuHepanu3aims BOIBI BO BCEX 03epax HEBBICOKA (83-94 MI/aM’), UTO CBHAETENBCTBYET O MHUTAHHH HX
MPEUMYIIECTBEHHO aTMOC(HEPHBIMH OCaJKaMH W TOA3eMHBIMU pomHukamu. Huzkas xectkocts (1,15-
1,30 Mr-sKkB/am’) ONPEACIISIET NPECHBIA XapaKTep BO/I.

CpaBHeHHE MEXIy oO3epaMu IoKasbiBaeT, uro lllankap oTinuyaercs HECKOJIBKO OoibIel MHHe-
panm3aiueil U coaepKaHueM KaJbIhs, YTO MOXKHO OOBSICHUTH OOJBINCH TIIyOMHOW M 00HEMOM BOJTHOM
MAaccChl, CHOCOOCTBYIOIIMM YCTOHYMBOMY TEMIIEPATypPHOMY W XHMHYECKOMY CTpaTH(HUIMPOBaHHUIO. B
OCTaJIbHBIX 03€pax MmapaMmeTpbl OJU3KH, YTO OTPaXKEHO B HU3KOM Koddduimente Bapuamuu (CV < 10%)
JUTSE OONBIIMHCTBA TTOKa3aTesei (cM. Tabmuiry 7).

Hebonpmme pa3nuunsi B KOHUEHTpauusax kamus, ¢ocgartoB u kapbonatoB (CV >20%) Moryt ObITH
CBSI3aHBI C JIOKAIBHBIMH (PAKTOpAMH — MHTEHCHBHOCTBIO OHMOJIOTHUECKOW MPOIYKIIMH, OCOOCHHOCTSIMH
JIOHHBIX OTJIOKEHUN U pa3HOM CTEMEHbIO AHTPOIIOTEHHOM HArPYy3KH B IPUOPEKHON 30HE.

B menoMm pe3ynbTaThl MCCIENOBAaHUS MOATBEPKAAIOT, 4TO Boja B CHOWHCKHX 03€pax OTHOCHUTCS K
MPECHbIM, CIa00 MHHEPATU30BAaHHBIM, THIPOKAPOOHATHO-KANBIHEBHIM BOJaM, XapaKTEePHU3YIOIIUMCS
BBICOKHM COJIep KaHHEM KHCIOPOJIa, MEIOYHON peaknnell U Maoi okucisaeMocThio. COBOKYITHOCTh 3TUX
MPHU3HAKOB YKA3bIBACT HA BBICOKUH YPOBEHb CAMOOYHIICHUS M SKOJIOTMYECKYH) CTAOMIBHOCTH BOJHBIX
9KOCHCTEM.

Jnst nanpHeimero yrouHeHus ocoOeHHOcTel (yHKUMOHUpoBaHUS CHOMHCKHX 03ep HE0O0XOIUMO
MPOBEJICHNE CE30HHBIX HAOJIOJEHWH, YTO TIO3BOJHT OIEHWUTh JTWHAMHUKY XHMHYECKOTO COCTaBa B
3aBUCHMOCTH OT THAPOMETEOPOJIOTHIECKUX YCIOBUH U YPOBHS pPEKPEAlMOHHON HATPY3KH.

3akmawuenne. [lo Mmophomerprueckum naHHBIM 03epa CHOMHCKOW TPYIITEI JEMOHCTPUPYIOT CXOXKHE
ocobennoctu. Cornacao knaccudukanuu o3zep C. KuraeBa mo cpemHMM W MakCHMAalbHBIM TIyOHHaM,
o3epa Canapipkoiab U KOpKBIHKOJIL OTHOCATCA K cpenHerayOokum, a o3epa Toprkapa u Ilamkap — k
riryookuM. Bee mccnemyeMbie o3epa UMEIOT TOoKa3aTelh yATuHEHHOCTH OT 1,5 1m0 3,9, u X KOTJIOBHUHBI
XapaKTEPHU3YIOTCS «BBITSIHYTOW (YITHHECHHO-OBAIBHOMN) (hOPMOIA.

CaMbIM KpymHBIM II0 TUTOINAIM M 00beMy siBisieTcst o3epo lllamkap, 3a HUM cCleqyrOT o3epa
Kopxkeiakomns, Toptkapa u Cansipkoins. [1o kiraccudukauy o3ep mo BeJIMdnHE BOJHONW MOBEPXHOCTH HITH
wiomaau BoaHoro 3epkana Canwipkonb, Toprtkapa, Illankap u KoOp»KBIHKOIB OTHOCATCS K CPEIHUM
o3epam, B TO BpeMs kak Kapakosb BeIgensieTcs Kak Manoe 03epo. Takum 00pa3oM, MOphOMETpUIECKUE
XapaKTEePUCTUKHU MOATBEPXKIAIOT CX0XKECTh 03€p TPYIIIbI, a TaKXKe X pa3Inyus Mo pa3MepaM U IiIyOuHe,
YTO MOKET BIUATH HA X IKOCHCTEMHBIE OCOOCHHOCTH U HCIIOJIb30BaHUE.

[IpoBeneHHbBIE HCCIEIOBaHMS TO3BOJIMIIM BCECTOPOHHE OXapPaKTEPHU30BaTh THAPOXUMUIESCKHHA PEIKUM
CHOMHCKUX 03ep, BBISIBUB HX NPUHAMISKHOCTh K CIa0OMHHEpPATM30BaHHBIM BOAOEMaM C THAPOKap-
0OOHATHO-KaIBbLIMEBBIM COCTABOM U IIEOYHOM cpenoi. [laHHbIe O BHICOKOM COJIEPKAHUH PaCTBOPEHHOTO
KHCIIOpOJa, HU3KOH OKUCIAEMOCTH M CTaOWJIBHON MPO3PAaYHOCTH BOJBI MOTYEPKUBAIOT IKOJIOTHUYECKYIO
YCTOWYMBOCTH 03€p, YTO JeNaeT WX TMPHUBICKATEIbHBIMU ISl PEKPEallMOHHOTO HCIONb30BaHUSA U
MTOJIBOTHBIX BUOB CIIOPTA.

Pesynbrarhl cTatucTHdeckoil oOpabOTKH MOATBEPAMIIN OOIIee CXOACTBO THAPOXMMUYECKOTO (OHA
o3ep. Huskue xoap¢unments! Bapuanuu (CV < 5%) no takum napamerpam, kak pH, skecTkoctb, rum-
pokapOOHATBl U CyXOH OCTAaTOK, YKa3bIBalOT Ha CTaOMJIBHOCTh XMMHUYECKOTO cocTaBa. [Ipu 3Tom Oonee
BbICOKas BapuabenbHOCTh (CV > 20%) oTMedeHa 1Mo mokaszarensM Kanusi, GpocdaroB U kapOOHATOB, UTO
MOXET OTpakaTh JIOKaJbHbIE pPAa3JIM4us B YCIOBUSAX BOJOOOMEHA WIM CTENEHb aHTPOIIOTEHHOTO
BO3eicTBHA. Pacuer MOBEpUTENBHBIX WHTEPBAJOB ITO3BOJHMI yYTOYHHUTH JOCTOBEPHOCTH ITOYYEHHBIX
CpeIHUX 3HAYCHUN M YCUIINTh HHTEPIIPETAINIO PE3yIHTaTOB.

— 4) ——
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[lommydeHHBIe pe3ynbTaThl TaKKe CBUACTEIHCTBYIOT O BaXKHOCTH JalbHEHIIETO0 MOHHUTOPHHTA
TUAPOXUMHIYECKUX TIOKa3aTesei s OIeHKH M3MEHEHHH MOJl BIUSHUEM aHTPOIIOTEHHBIX ()aKTOPOB U
KIIMMAaTUYECKUX yCJIOBUU. Bkiaa maHHON pabOTHI 3aKIIF0YAETCS B CO3JaHUM OCHOBBI JIJIT MOHUTOPHWHTA,
YTO MO3BOJIUT TPOBOJUTH OIICHKY HW3MEHCHMI COCTOSIHHS BOJHOHM »KocucTeMbl CHOMHCKHX 03€p,
COJIEHCTBYS MTOAEPKAHHIO €€ PKOJIOTUIECKON IIEHHOCTH B 00ECIIEYeHUIO PAIlMOHALHOTO UCIIOB30BAHUS
MIPUPOTHBIX PECYPCOB PETHOHA.

Pacmpenne MOHUTOpPUHTa Kak THAPOXUMHUYSCKUX TOKazaTeled, Tak W MOP(HOMETPUYCCKUX
XapaKTePUCTUK IMOMOXKET OLEHUTh M3MEHEHHUS B COCTOSHUHM BOJHON SKOCHUCTEMBI IOJI BO3/ICHCTBHEM
aHTPONOTeHHBIX (akTopoB. OCHOBHBIE MPHUPOIHBIE (PAKTOPHI, BIHSIONIAE HA XWMHYECKHHA COCTaB M
MOp(HOMETPHUIO 03ep, BKIIIOYAIOT aTMOC(HEPHBIC OCAIKH, MOYBCHHBIH MOKPOB U MOJA3EMHBIC BObBI, 4TO
BaYKHO JJIS1 PallMOHATBLHOTO YIPABJICHUS BOJIHBIMH PECYPCaMU PErHOHA.

Taxkum oOpa3zoMm, MO pe3ynbTaTaM HCCICIOBAaHUS BOJAa BCeX YeThIpeX o3ep CHOWHCKOW TPYIIITBI
(Canpipkosnb, Toptkapa, [Hlankap 1 Kop»KbIHKOJIB) XapaKTepU3yeTCsl BBICOKUM COJICPIKaHUEM KHCIOPO/a,
IICJIOYHOW peaKIued Cpeibl U OUeHb MaJlol OKHCIsAeMOoCThi0. OHA SBISETCS MPECHOM, OUeHb MSATKOM IO
MOKa3aTeNlsIM YKECTKOCTH W OTHOCHTCS K THAPOKapOOHATHO-KAIBIIUEBOMY KJIACCy IO KJIACCU(PUKAIIUN
O. A. AneknHa. DTH THAPOXUMHUYECKHE ITOKA3aTeNId OJIATONPHUATHO XapaKTepHu3yloT o3epa CHOWHCKOU
TPYIIIBL I PEKPEALIOHHOTO UCITOIB30BaHU.
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CIBE KOJLJIEPTHIH MOP®OMETPHUSAJIBIK )KOHE 'HAPOXUMUAJIBIK EPEKIIEJIIKTEPI

Annoranus. Maxkamana Iereic Kasakcran o0xpice! Kanba sxoTaceabH Kekray TaynapbeiHia TeHi3 IeHIeHiHeH
710-nar 880 M Owmiktikte opHanackaH CiOe KemaepiHiH MOP(QOMETPHSIBIK KOPCETKIIITEepi MEH THAPOXUMHUSIIBIK,
POXKHMIH 3epTTey HOTIKenepi kenripiired. Kenaep wibiFy TekTepi OOMBIHINA TEKTOHMKAJIBIK OOJBIN TaObLIAIbI,
OJIAp.IBIH KBl ayAaHbl mamMaMmeH 31 kM”. Ko Gacceitnaepinin Teperiri 2-1ex 51 M-re geiiin esrepeni: Lllankap
KeJi eH YJIKEeH Cy alAbIHBI peTiHae MakCHUMajabl Teperairi 51 m-re xereni, an Kapaken kemiHiH TepeHairi 3 m-re
neitin xereni. Cy aiinbiabl ayaansl OoiibiHIa Cangsipken xoHe Kapaken kenzaepi ycak, an Kopxbeiaken, TepTkapa
xoHe Ilankap oprama kesnep Oonbin kikresneni. JKaranay ChI3BIFBIHBIH Y3bIHABIFBI 2,6 kKM-1eH (Kapaken keui)
9,4 xm-re peiiin (Illankap xemi), opra ecenred 5,8 kM. CybIH THAPOXUMISUIBIK TapaMeTpIIepi, OHBIH iMIiHJIE Heri3ri
aHMOHJAp MEH KaTHOHIApIbIH KypaMmbl, OTTETiHIH KOHIEHTpauusicsl, PH, MuHepangaHy »*oHEe KaTThUIBIK Kapac-
TeIpbUFaH. CyIbIH XUMHSUIBIK KypaMbl 9JICi3 MHUHEpaJJaHFaH KoHE CUITUIIr KOFapbl THAPOKapOOHAT-KaIbIUi TYpi
peTiHae aHBIKTANBL. 3epTTey AepeKTepi TYPaKTHI OTTETi PEKUMIH, TOMEH TOTBHIFY KaOUIETTUIIriH KOHE CyIBIH a3
TYCTITIH KOpceTTi, Oy alMaKTBHIH pPEKpealsUIblK OJCYeTiHiH NaMyblHa BIKHal eTeli. JKYMBIC HOTHIKENepi cy
HBICAaHIApPBIH ONAH opi Oakpulay JKOHE AHTPOIOTEHIIK ocepiep MEH KIMMATTHIK JKaFgaiyiapiaH TybIHAAFaH
e3repicrepni Oaranay yuriH Heri3 6omna ananpl. Cy HbICAaHZAPBIHBIH JKOFaphl SKOJIOTHSIBIK TYPAKTBUIBIFBI PacTallbl,
OyJ1 onapbl peKpealrsUIbIK MaKkcaTTa THIMI alilallaHyFa BIKIAI eTe/i.

Tyiiin ce3nep: Cide kennepi, Campipkein, Teprkapa, [lankap, Kopxeiaken, Kapakesn, MmoppomeTpusi, THAPO-
XUMHUA.
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MORPHOMETRIC AND HYDROCHEMICAL FEATURES OF THE SIBE LAKES

Abstract. The article presents the results of a study of the morphometric parameters and hydrochemical regime
of the Sibe lakes located at altitudes from 710 to 880 m above sea level in the Koktau mountains of the Kalba range
of the East Kazakhstan region. The lakes are of tectonic origin, covering a total area of about 31 km”. The depth of
the lake basins varies from 2 to 51 m: Lake Shalkar, as the largest body of water, reaches a maximum depth of 51 m,
while Lake Karakol has a depth of up to 3 m. According to the area of mirrors, Sadyrkol and Karakol lakes are
classified as small, while Korzhynkol, Tortkara and Shalkar lakes are classified as medium-sized. The length of the
coastline varies from 2.6 km (Lake Karakol) to 9.4 km (Lake Shalkar), averaging 5.8 km. The hydrochemical
parameters of water are considered, including the content of basic anions and cations, oxygen concentration, pH,
mineralization, and hardness. The chemical composition of the water is defined as a bicarbonate-calcium type,
slightly mineralized and with high alkalinity. These studies have shown a stable oxygen regime, low oxidability and
low color of water, which contributes to the development of the recreational potential of the region. The results of the
work serve as a basis for further monitoring of reservoirs and assessment of changes caused by anthropogenic
influences and climatic conditions. The high ecological stability of reservoirs is confirmed, which contributes to their
effective use for recreational purposes.

Keywords: Sibe Lakes, Sadyrkol, Tortkara, Shalkar, Korzhynkol, Karakol, morphometry, hydrochemistry.
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JUCTAHIIMOHHBIM MOHUTOPUHI
NYJbCUPYIOUUX JIEJJHUKOB BACCEMHA PEKU BAHY

Annoranus. [IpencraBieHbl pe3yNbTaThl MHOTOJICTHEIO MOHHUTOPHHTA ITyJBCHPYIONUX JICAHUKOB Mermop
(PT'O) m Xwupcon (Mexnsexwuii), pacnonoxkeHHBIX B Bamdckom ymiense LlenTpampHoro ITammpa, TamkukucTaH.
UccrnenoBanme oxBarbBaeT mepuox 1993-2023 rr. um Oasmpyercs Ha WHTEPIpPETAMH CIYTHHUKOBBIX CHHUMKOB
(Landsat, Sentinel). Ycranosneno, uto B 2000-2020 rr. nexauk Meraop HaXoIwics B aKTHBHOH (a3e MyIbCallioH-
HOTO JIBIKEHUS, TIPH 3TOM SI3BIK JiemHUKa cMmecTmics ¢ BbicoT 3240-3070 m g0 otmerok 2950-2590 m. Onenka
00BEeMHBIX H3MEHEHHUH MoKa3aia, 4To ¢ MoMeHTa myonukanuu Karanora negankoB CCCP 00béM nennnka Mermop
cokpatmics Ha 22,6 %, a neganka XupcoH — Ha 17,8 %. [lomydeHHbIe pe3ynbTaTsl MOTIEPKUBAIOT HEOOXOIUMOCTh
CUCTEMATHUYECCKOTI'O Ha6J'IlO}1€Hl/ISI 3a MYJbCHUPYIOIIUMU JICAHUKAMH KaK BAXHBIMU HWHAHWKATOpaMH KIMMATHYCCKUX
N3MEHEHUH B BBICOKOTOPHBIX pernoHax LlenTpansHoil A3uu.

KiawueBble c1oBa: nyIbCUPYIONIHE JICIHUKH, 00bEM, KITUMAT, OacceliH peku Banu, neqHuk Meraop, JeJHUK
XupcoH, AUCTAaHIIMOHHOE 30HINPOBAHHE.

BBenenue. JleTHUKY SIBISIOTCS HCTOYHUKOM MUTHEBOM BOJBI IS YEJIOBEUECTBA U MPOU3BOIUTEISIMU
AIEKTPOIHEPTUH (THAPOIIEKTPOCTAHIINN), OJHAKO M3-3a TASHUS M IBVDIKEHUS SI3LIKOBOW YAaCTH JICTHUKA B
HIDKEJISKAIUE palOHBl OHM MOTYT CTaTh NMPUYMHONW MPHUPOIHBIX KATacTpod), TaKUX, KaK OIMOJ3HU WU
HaBomHeHUs. [IpoOiema MBUKECHHS S3BIKOBOW YaCTH JICIHUKA SBISICTCS OJHOW M3 HanOOJee aKTyallbHBIX
Y MaJION3y4YeHHBIX B COBPEMEHHOU HayKe O JieMHUKaX. [|BHKeHre JIeTHUKOBBIX SI3BIKOB, KOTOPOE HETaBHO
CUMTAIOCh PEAKUM SIBICHHEM, B IOCIICIHEE BPEMs IPHBIICKJIO TOBHINICHHOS BHUMAHHE TIISIIHOJIOTOB,
reo()U3MKOB, Tajeoreorpados, I'€OJIOTOB M CICHUAIUCTOB B OO0JIACTH NPHUKIATHOW WHKCHEPHH, CTaB
MPUYUHON MHTEHCUBHBIX TUCKYCCHIA U CIIOPOB.

B TedeHme mociemHUX ABYX MECATHICTHH C HCIIONB30BAHUEM CITYTHHKOBBIX H300paKeHWH OBLIO
OTPENIETICHO MHOXXECTBO JBMKYIIUXCS JIEAHUKOB, HYTO CO3JAJI0 pEaTbHYI0 BO3MOXXHOCTH IS
OTIEPaTHBHOTO HAOJIIOJICHUS 332 WX JBOJIIONKEH. JTO KpailHe BaXKHO JUJIS HAYKU O JISTHHKAX, ITOCKOJBKY
OBICTpOE TasHUE JIEAHUKOB YacTO MPUBOIUT K HaBogHeHUsM (GLOF).

Ha nenHukax HakaruiMBaeTCs OMNPEICIICHHOE KOJIMYECTBO CHera W ()UpHA, M €CIM TasHHE CHera,
¢upHa U JBIa MPEBHIIACT OCAIKH, TO JICIHUKH HAYWHAIOT JETpagupoBaTh W UcYe3aTh. ECIM ke ocaaku
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Ha JIeIHUKaX NPEBBIIAIOT KOJMYECTBO TASHU, TO pa3Mep JICAHUKOB YBEIUYUBaeTcs. B TakoM ciydae oz
BO3JIEMICTBUEM CHJIBI TSKECTH 3HAYMTEIbHOE KOJMYECTBO JIbJja HAaYMHAET ABUTAThCS BHU3 IO CKJIOHAM
JIOTUHBI C BBICOKOM CKOpOCTBHIO. Tormga CKOpPOCTh JBHMKEHMS JIEJHHMKA 33 CYTKH MOXXET COCTaBISTh
JeCITKU MeTpoB. JleqHWK, ABUTAsCh MOJ BO3AECHCTBHEM BBICOKHX TeMIIeparyp, TaeT ¢ OOJbIION
CKOPOCTBIO, YTO NIPUBOAUT K HABOJHEHUIO B HIKHEH dacTH AosiuHbl. Koraa jeHuK ABUXKETCS B JIOJIHHY,
OH MEPEKPHIBAIOT PYCIO PEKH U NPHUBOAAT K O0OPa3OBaHHIO 03€p, KOTOPBIE MOTYT CTaThb NPHYMHOM
BHE3aIHbIX HABOIHEHUH.

B Tamxukucrane CyliecTByeT MHOXECTBO MYyJbCHUPYIOIIMX JIEAHUKOB — XupcoH, dexaan (duaan),
®oprombex, MymkeroB, PaBak, Mernop (PI'O), bobaku I[loiimn (Cayknapa), Ymyroek, Xamsx
(buBaunsblif) u apyrue. JIBrkeHue JeTHUKOB OacceliHa peku BaHu ele HETOCTATOUHO HCCIIEOBAHO,
OJIHAKO MBI IMEEM I10JIHBIC JaHHbIE TOJIBKO O ABMXKYIIUXCA JIEAHUKAX XUPCOH 1 Meraop.

Brnepsrole mynbcupylomme JieAHUKH Ha Tepputopun PecryOnmkm TamKukucTaH Havyalud HM3ydaTh
corpyanuku HuHctutyta reorpadum Axagemun Hayk Poccum mocie mynbcauuu JiegHMKa XHPCOH
(1963 rom) [0, O]. Ilocne wucciaenoBaHusl MyJbCAUK JIEAHUKa XHPCOH B KOPOTKMH CpOK ObLIH
oOHapy»KeHbI MyJIbCUPYIOLINE JIEAHUKHU B APYTUX TOPHBIX palioHax cTpaHsl, yTo B 1998 roxy mpuBeno k
HEOOXOIMMOCTH COCTaBIIEHHUSI peecTpa MyJsCHpyromux JegaukoB [lamupa. B Hawame uccrnemoBaHuit
n3BecTHBIC poccuiickue ydaensie JI. JI. Honrymmud u I'. b. Ocumosa B 1971 roxy BeISBHIHN Beero 15 myb-
CUPYIOIIMX JIEAHUKOB B yacT [lamupckoro ropuoro maccusa [0, 0].

Ha ocHoBe ananu3a HaOMIOAEHUII MOXHO CHENAaTh BBIBOJ, YTO CKOPOCTb IBM)KCHUS JIETHUKOB
OosplIe 3aBUCHT OT UX pa3Mepa, TOJILIMHBI, KOJMYECTBa OCaJKOB B OacceilHe, CBOMCTB MOAJIETHUKOBOTO
ciost ¥ aApyrux ¢axtopoB. Takum 00pa3oMm, W3-3a M3MEHEHHs KJIMMara W HEJIOCTATOYHBIX OCAIKOB B
aTMocdepe B OacceitHe p. BaHd cocrosiHue MyIbCalluy B ABMKYIIMXCS JIGTHAKAX BCTPEUAETCS PEKE.

[ukn mynbpcanuy JEJHUKOB 3aBUCUT HE TOJBKO OT M3MEHEHMS KJIMMaTa, HO M OT PACHOJIOXKCHUS
JIeTHUKOB, (OPMBI UX penbeda, YBeIU4eHUs: Macchl U apyrux ¢axkropos. HekoTopsle neanuku OacceiiHa
p. Banu B TeueHMe ATUTENEHOTO BPEMEHH XapaKTEPHU3YIOTCSI OTHOCUTENIBHON CTAa0MIBHOCTBIO, IIOCIIE YETO
BHE3aIMHO MepexoAsT B (a3y MHTEHCHBHOW Mynbcalud. JIsi TaKMX JEOHUKOB 3TOT MPOLECC SBISETCS
TUMTUYHBIM — I10CJIE OTIPEAETIEHHOTO TepHo/ia CTAOMIFHOCTH OHU BCTYIAIOT B aKTUBHYIO (ha3y IBHKEHHUS.

Llenpro HACTOSIIETO UCCIEIOBAHUS SIBISIETCS OIIEHKA TEKYIETO COCTOSIHUA U TWHAMHKH TTOJIBUKHBIX
JeAHUKOB OacceliHa peku BaHd Ha mpuMepe JIemHUKOB Mermop 1 XUpCoH, ¢ aKIIEHTOM Ha HIAeHTU(HKA-
LU0 IPU3HAKOB ITyJIbCAIIMOHHOTO MOBEACHUS U (PaKTOPOB, CIOCOOCTBYIOIIMX UX aKTHBALUH (PUCYHOK 1).

Paiion uccnedosanus. Banu sBnseTcs OZHUM U3 BBICOKOTOPHBIX PETHOHOB, PACIIONOXECHHBIM Ha
BeicoTax oT 2500 mo 6000 m Han ypoBHeM mops. B Gacceitne p. Banu nmeercs 291 ngegHuK pasHOTO
pasMepa, oOlIas IIOmAanh KOTOPHIX COCTAaBisAeT 353,9 KM, U3 HUX 48 JICIHHKOB OTHOCATCS K IPYIIIE
nynecupytonmx [0]. Kpynueitimue negnuxu storo 6acceitna Mermop, XupcoH, Abaykaxxop u [lactu-
pocT.

Bce xpynnble nennuku OacceiiHa p. BaHu pacnosoKeHbl B OZHOM psily TOPHBIX XpeOTOB, a TaKxke
ropHbIx Xpe6ToB Jlapeo3, Banu i SI3rymam [0]. Jlequuku, miomams KOTOPsIX npepsimaer 10 kM?, BeTpe-
YaroTcsl B BEPXOBbsIX pek Banu u fI3rymam, u onu coctasnsotr 50,4% miomany npaa B 3TOM peruose. B
ocTaBIIelics yacTH Gaccelina p. Banu u SI3rynam nexsuku ¢ miomansio ot 0,1 10 1,0 kM® BeTpedaroTces
ropazno vamie. CieyeT OTMETUTbh, YTO COKpalleHne 00beMa JISTHUKOB 3HAYUTEIBHO 0oJiee 3aMETHO, YeM
yMeHbBIIIEHHE WX TUTOIaaN. B HEKOTOPHIX JenHnKax HaOmoqaeTcs yMeHnbienne oobema Ha 20-30%, npu
3TOM HUX IUIOMIAh OCTaeTCsa Heu3MeHHoM [0].

PacrnionoxeHne IeIHUKOB B OCHOBHOM 3aBHCHT OT Oporpaduy perdoHa M HaMpaBICHUS HOTOKOB
BJIaKHOTO BO3ayxa. [lockonbKy IUisi BepXoBbeB pekn BaHu xapakTepHBI aOCONIOTHO BBICOKME TOPHBIE
XpeOThl, 37IeCh Hallle BCTPEUAIOTCA CIOXKHBIE OJMHHBIE W pa3BeTBIEHHBIE JeTHUKH. Kpome Toro, Ha
pacrpeseneHre JIEAHUKOB OKa3bIBaeT 3HAUMTEIbHOE BIHSHHE MEPEHOC CHera 3amaJHbIMH BETpaMH Ha
BOCTOYHBIC CKJIOHBI. B pe3yibraTe B BepXOBbiAX pek BaHu KpynHeHIne JeJHUKA OIPaHUYEHbl CKIOHAMH
3anagHOM M BOCTOYHOW SKCHO3ULUH. JIeTHNKHN NpaBbIX NPUTOKOB pek Banu u f3rymam, pacnonosxeHHbIe
Ha I0KHBIX CKJIOHaX xpeOToB Jlapsa3 u BaHu, opueHTHpPOBaHBI B OCHOBHOM B IOr0-BOCTOYHOM HaIpaB-
nenuu [0].

[To xapakTepy ABMKEHHH M MX MOCIEACTBUSAM ITyJIbCUPYIOUINE JEAHUKH MOXHO Pa3fAeluTh Ha TPU
KaTeropuu (pUCyHoOK 2).
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Pucynok 1 —Paiion uccnenoBanus:
A — kapra Tamxkukucrana; B — 6acceitn pexku Banu; C — neqauk Mernop; D — negauk XupcoH

Figure 1 —Study area (4) Map of Tajikistan, (B) Vanj River Basin, (C) Meghdor Glacier, (D) Khirson Glacier
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Pucynok 2 —IlonnuronHas kapTa M KaTerOpHH ITyJIbCAllUH JIEAHUKOB Oacceiina pexn Banu

Figure 2 —Polygon map and pulsation categories of glaciers in the Vanj River basin
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IlepBasi kaTteropusi — KJIacCHYeCKHe NYJHCHPYIOI[HE JeIHHKH. JTa KaTerOpHS BKIIOYACT
JIETHUKH, TEMOHCTPUPYIOIINE YeTKO BIPAYKEHHBIE ITHKJIBI aKTUBHOCTH: MTPOAOJDKUTENbHAs (Da3a mokos (B
cpenseM ot 10 1o 60 net) cMeHsieTcst (ha30il akTUBHOTO CKOJIBKEHUS, JUIALICHCS OT HECKOJIIBKHX MECSIICB
JI0 HECKOJIBKHX JIeT. B ¢aze mynbcanmu cCKOpOCTh JBMKEHHSA JeTHUKA MOKeT Bo3pacTtath B 10—-100 pa3 mo
CpaBHEHHIO ¢ OObIYHOH. Takwe NeTHWKH BBI3BIBAIOT 3HAYHTEIbHBIE T€OMOP(OIOTHIECKHE H3MEHEHUS,
BKJTIOYast JehOpManui0 MOpPEH, (OPMHUPOBAHHME TPEIIMH W OYTrpoOB, a TaKKe MOTYT CIIOCOOCTBOBATH
(OPMHPOBAaHHIO BPEMEHHBIX 03Ep W 3aTOIUICHHIO AONMUH. [IpuMepaMu MOTYT CIY>KUTb JIEIHHKH Ha
Anscke, B Ucnaamuu u Tamkukuctane (Hanmpumep, JISTHHK XHPCOH).

Bropas kaTeropusi — nceBaomyJbcuUpyonue JeAHUKU. K 3Toil rpymme OTHOCATCS JEAHUKH, Y
KOTOpBIX He HaOIofaercs CTPOroi LMKIMYHOCTH, OJHAKO (PUKCHPYIOTCS MEPHUOIUYECKHE YCKOPEHHS,
4acTO OOYCIIOBJICHHBIE KpPAaTKOBPEMEHHBIMH THAPOJOTHUYECKUMU WM KIMMAaTHYeCKUMHU (akTopamu
(MHTEHCHBHOE TasHWE, N3MEHEHNE BHYTPEHHE BOJAHON CHCTEMBI, BRICOKHE JIETHHE TEMIEPaTypsl U Ip.).
Takue yckopeHHs MEHee WHTEHCHBHBI, YeM Y KJIACCHYECKHX IMYyJIbCHPYIOMINUX JIEAHUKOB, U COMPOBOXK-
JAIOTCsl OTPaHMYEHHBIMA MOPQOIOTHYECKUMH MOchecTBUAMU. OTHAKO OHM MOTYT OKa3bIBaTh BIIMSHHE
Ha YCTOWYHMBOCTH JIEAHUKOBOTO (PPOHTA W BEHI3BIBATH IepepacIipellelieHne MacChl JIeIHWKa B KPaTKO-
CPOYHOMU MEPCIEKTHBE.

Tpetrbsi kKaTeropus — KatacTpopuyecKd AaKTHBU3NPYIOLIHMeECH JeAHUKH. DTa KaTeropusi BKIIO-
YyaeT JIeIHUKU, CIOCOOHBIE K PE3KOH M IKCTPEMAllbHOW aKTHBH3AIMU, COIPOBOXKIAIOIIEHCS BBICOKO-
CKOPOCTHBIM JIBIDKEHHEM JIeITHON Macchl. Takue cOOBITHS, KaK MPaBUII0, IPOUCXOIAT BHE3ATHO U UMEIOT
KaTacTpo(UUECKUE MOCIEeICTBIS: 00pa3oBaHie U MPOpHIB JeTHUKOBLIX 03€p (GLOF), nenoBo-o0OBanbHbIE
MOTOKH, pa3pylleHHe MOPEHHBIX NaM0 M 3HAuYUTEIbHOE BO3JEHCTBHE HA HACENEHHBIC IMyHKTHI U HH-
¢dpactpykrypy. TunuaaeiM npumepom sBisiercs ieqHuk Konka B CeBepHoit Ocerun, ueit cxon B 2002 ro-
Iy CTaJl OTHUM U3 KPYIMHEHIITNX JETHUKOBBIX KaTacTpod MOCIeIHUX AECITUIIETHH.

B Gacceiine pexu Banu o0HapyxeHO 48 myIbCHPYIOLINX JIEAHUKOB. K TIepBOii KaTeropuu OTHOCHUTCS
14,3%, ko BTOpOH — 45,8% 1 K Tperber —39,5% nBrKymmxcs JeAHUKOB. OTHUMH U3 CaMbIX KPYIHBIX U
MTOABIKHBIX JIETHUKOB OacceifHa sIBISIFOTCS JIETHUKH Meraop 1 XUpCcoH.

Peaved. Pexu Banu u SI3rynam SBISIOTCS OMHUMH U3 KPYITHEWIINX MPUTOKOB MPABOr0 Oepera peKku
[lsamkx 1 pacmosyoxeHbl B 3amanHoi dacTu llammpa. DTH peku NpOTEKaroT 4Yepe3 JIMHHBIE JTOJUHEI,
Ha4YMHAS OT CEBEPO-BOCTOYHOTO SKCIIO3WIIMOHHOTO HAIMPABJICHUS W TEPEXOAs B IOT0-3aMaJHOE IKCIO-
3MIIMOHHOE HaIpaBlieHHe TOpHbIX XpeOToB [lapsa3, Banu u f3rymam. [opubie nenu Jlapea3 ciykar
CEBEpHOH IpaHUICil peruoHa, pasjenss OacceiiHpl pek Banu u OO0u-Xunro6. ['opubeie xpeOThl Banu
pasgensitor O6accedHbl p. Banu m SI3rymam, a ropHbie XpeOTHI f3ryjgaM OTpaHHYUBAIOT TEPPUTOPHIO U
CITy’KaT TpaHuIlel Mex Iy OacceitHamu pek S3rymam u baptanr.

Ha BocToke 3T ropHbIe XpeOThl COEOUHSIOTCS C TOPHBIMH XpeOTamu AKaJIeMUU HayK, KOTOpBIE
OpUEHTHPOBAHBI 10 MepuAnaHy. BepmmHa TOpHBIX Iiened AKaJeMHUH HAyK SBISETCS BOCTOYHOMN
rparunei pernona Bamd. CpemHss BhICOTa 3THX TOPHBIX Iernedl cocraBisieT okojio 5400 M, ¢ BBICIICH
TOYKON — MUKOM JenHuka ['apmo (6595 M) u camoil HU3KO#M Toukoil — mepeBanoMm Kamomsax (4340 m).
Topueiit xpebeT [JapBo3 mpoTAruBaeTcst OT BEpIIMHBI JISAHUKA [[apMo B 10r0-3amagHOM HaIpaBICHUHU H
3aTeM [MOBOPAYMBAET B CEBEPO-3aIlaHOM HAIpaBIIeHUH depe3 NoNuHy peku [Iaamk, nocturas pexku O0Ou-
Xunro6. Yactu rop, 6mmkaiiiie K ropHOMY XpeOTy AKaJeMHH HayK, IMEIOT CpelHIolo BeIcOoTy 5800 M, a
JpyTue y4yacTKH 3TOro Xpe0dTa MMEIOT CpPeJHIOI BBICOTY 4950 M, ¢ MCKIIOUYEHHEM BepIIMHBI ApHaBaj
(6083 M), KoTOpast pe3Ko BhIAEIIeTCS HA (JOHE OCTANBHEBIX.

IOxHOH W 10T0-BOCTOYHOHN TpaHMIIEH pernoHa sBIIeTCS XpedeT SI3rynam, KOTOpEIH, Kak B XpedeT
Banu, umeer HeonHOponHYIO BeIcOTy. Ha 3amazne, okono umcrtoka peku Pak3y, cpemHsst BbICOTa 3TOTO
xpebTa cocrtaBmsger 5370 M, ¢ MakcuManbHOU BbicoTOoW 6132 M (muk Bymop), KoTopelii HaxoguTcs B
BEPXOBbsIX peku Banu.

Pexa Banu nuTaercs 3a c4eT cHera M JEeIHHUKOB. B HMKHEM TEUeHHUH OCHOBHBIMH HMCTOYHHKAMHU
MUTaHUS SBISIOTCS TasHue JeqHukoB (41%), ce3onHble cHera (26%) u mon3emHbie Boabl (33%). B
BEPXHEM TEUCHHH B Pe3ylbTaTe TasHUS JISTHHUKOB TOJIOBOM CTOK BOXBI jqocturaer 63%, a 3a cueT ce-
30HHBIX CHETOB — 37%. YpOBeHb BOJBI B HIDKHEM T€UEHUHU p. BaHY MOCTENIEHHO MOBHIIIAETCS, HAUMHAS C
CepeauHBbl anpens, U OXBaThIBACT BECh BECEHHe-NEeTHUH mepuon. IloBwllieHHe ypoBHS BOJIBI MPOJOJI-
JKaeTcs B TedueHHe 196 mHei u 3aBeplinaercs B KOHIE OKTs0ps. Hanbonpmmii ypoBeHs BOBI HaOIrOaeTCs
B HIOJIE WJIM aBTyCTe, MPH 3TOM TOYHAs JaTa MaKCHMAJIbHOTO TOJbEMa MPUXOAWUTCS Ha 24 HIoms.
HauGompmas cCKOpOCTh BOAHOTO CTOKA, 3a(pHKCHpOBaHHas 110 Moxymo 129 1/(c-km?) (4 aBrycra 1948 ro-
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na), cocraBmia 278 m*/c. B nenom 86% romoBoro croka p. Banu mpuxoauTcst Ha 3TOT nepuoa. Beicokuit
MOJIyJIb pacxofla BOJABI B HW)KHEM TeueHHH p. BaHu 00yCIIOBIEH pacmpocTpaHEeHHEM TOPHBIX TOPOJ
(Mepremny, U3BECTHSAKH, JOJIOMHUTHI U CIAHIIBI), KOTOPBIE CIIOCOOCTBYIOT HACHIIEHUIO PEKH IOI3EMHBIMH
Bogamu (33%,) [0, 0, 0].

Bepxnee Teuenune p. Banu BmepBeie Obuio u3ydeHo B 1965 romy THAPONOTHYECKOW TPYMION
risonorndeckoi skerequiuu UacrutyTa reorpadun AH CCCP. OcHOBHOM ITepHOT U PEKUM BOTHOTO
CTOKa p. BaHY COOTBETCTBYIOT BECEHHE-JIETHEMY CE30HY, TOT/Ia KaKk C HOSIOpS /IO CepeMHBI arpeds
HaOroaeTcsl KpailHe HU3KHH pacxon BoAbl. Boma B pyciie peku HOSBISETCS TOJIBKO B KOHIIE ampeds,
KOTJla HaYMHAETCSl TasHWE CE30HHOI'0 CHETa B BEPXOBBSX. B KOHIlE OKTAOpS — Hadaie HOSOpsI CTOK
MIPEKPaIIAETCS.

MaxkcuManbHBI CpeaHecyTOYHbIH pacxon Boabl (otT 45,5 no 59,0 m*/c) mHabmomancs ¢ 21 mo
29 utonst, KOrzia CpeAHeCyTOYHAs TeMIIepaTypa Bo3IyXa B 30He aOsiiuu Jieqauka cocraisuia 18-20,9 °C.
B 1965 romy nmukoBBI pacxoa BOABI B peke Banu ObuT 3adukcrupoBan 27 W0 U cocTaBui 85 M*/c, 9TO
COOTBETCTBYET MaKCHMAIILHOMY MO0 cToka 413 m/(c'km’). B BepxHeMm TeueHuu p. BaHu oTueTiMBO
NPOSIBIISIETCS CYTOYHAs W3MEHYMBOCTH YPOBHS M pacxofa BOJIbI, OCOOCHHO B TEPHOA WHTEHCHBHOTO
TasHUS JIETHUKOB. B 3TO Bpems cyTouHas aMIUIMTyJla KoyeOaHus YpOBHS BoAbl gocturaet 20-23 cM, a
pacxoj1 BOIBI BApBUPYeTCs OT 25 10 35 m’/c. B ceHTAOpe HAYMHAETCS MOCTENCHHOE CHIMKEHHE BOIHOTO
CTOKa, KOTOPBII K KOHILY OKTSAOpPs — Hauaxy HOsIOpsI MOMHOCTHIO nipekpamaercs [0, 0, 0].

B o0mieit cnoxxHocTH B nonvHe BaHu HacumThiBaeTcs 81 MTaBUHOOMACHBIN YYacTOK C IJIOMIAABI0 OT
8 ra 10 4,5 kM’. B BepxHeM TeueHnn peku Bamu o0bem maBuH mHOTAa mocturaet 800 Teic M°. B amHo-
MaJIbHO CHEXHYI0 3uMy 1968/69 1. B nonuae BaHd cxoJ JIaBUH pa3pyIInI MHOKECTBO BCIIOMOTaTEIILHBIX
Y KWJIBIX 3/1aHUU, a TaKKe IpUBEN K yenoBeueckuM xeptBam [0]. Ilomumo 3T0ro, B pa3iuyHbIX YHIEIbIX
Oaccelina p. Bard gacTo mpoucxonaT pa3pymmrensasie cenu. Hanpruvep, B 1eBoOEpEKHBIX MPUTOKAX P.
Banu — ymensst PoBang (B 1961 rony) u PaBak (B 1967 roay) — npousonumu katacTpopruecKie cejeBble
MABOJIKM, BBI3BAaHHBIE IPOPHIBAMHU JIETHUKOBBIX 03€p.

Pexa AOaykaxxop — OJMH W3 KPYNHEWIINX IPUTOKOB p. BaHu, Oeper Hayano OT IeIHUKA
AbOmyKaxxop, pacroiIoKEHHOTO Ha CKJIOHAX xpeOdTa AkameMus HayK. AOCONIOTHAS BBICOTA UCTOKA PEKH
cocraBnser 3317 M Hax ypoBHeM Mops, €€ JuimHa — 16 kM, a miomiane Oaccelina — 329 KkM°. 3Hauu-
TesbHYI0 4acTh Gacceitta (112,1 kM”) 3aHUMAIOT JIEHUKH U DUPHOBBIE MOJIA.

BonpmuHCTBO TIpHUTOKOB p. Bamu, Oepymmx Hawamo oT JemHuKoB JlapBasckoro m Bamuckoro
XpeOToB, (OPMHUPYIOT MOIIHEIE AJUTIOBUAIBHBIE KOHYCHI IIPH CIIUSIHUK C OCHOBHOM pexoil. KpynHerRmmmu
nputokamu p. Banu sBistotest pexu Cynrar, [loiimaszop u Jlanrap. [Inuna p. Banu cocrasiser 103 kM, ee
nagexne — 1083 M, miomans Gacceitna — 1920 km?, a cpemsist BbIcoTa Oacceifa — 3780 M HaJ ypoBHEM
MOpH.

Kaumar. Ha tepputopum paiioHa Banu neiicTByeT MeTeoposiornyeckas CTaHIUS «XyMpOTH»,
pacrnoyiokeHHasi B gojauHe peku [Iaunx, paagom ¢ p. Banu. Crannus Haxogutcs Ha Beicote 1320 M Hapg
YPOBHEM MODSI, U JaHHBIE C 3TOW CTAaHIMHA MOTYT OBITh HMCIIONB30BAaHBI IS OTPEAETICHHUS METEOPOJIO-
THYECKHX XapaKTepUCTHK perHoHa.

KrmumaTtrueckne yciaoBHs pernoHa ONPENeNSIOTCS ero BRICOKONH aOCONIIOTHOM BBICOTOM M BIUSHHEM
cBoOOTHOM atMocdeps! [0]. AMIUTHTYIa MaKCHMaTBHBIX TTOIBEMOB (10 7000 M) XapakTepHa IS TOPHBIX
neneit HarmuonanbHOU akagemMuu Hayk TamkukucTana, ocoOeHHO s BepiiuH Mcemounu ComoHu U
nenHuka ['apmo. DTH BEpILUHEI, ¢ UX XapaKTEPHOH BBHICOTOH M TIyOOKUM penbedoM, SBISIIOTCS OOHUMHU
U3 OCHOBHBIX LEHTPOB KPYMHBIX T'OPHBIX JEIHUKOB B coBpeMeHHbIH mnepuon [0]. Ilockonbky monuna
Banua oTKpbITa A7 BIQXXHOTO BO37yXa, B 3UMHMIA MEpHO/] 3/1€Ch BBINaAaeT OOJBIIOE KOJMYECTBO CHETa.
B Hu30BBAX p. Banu (Ha BeicoTe 1737 M Haj ypoBHEM MOpS) OCagKH COCTAaBISIOT 238 MM, B JepeBHE
[Noitmazop (Ha BeIcoTe 2420 M) — 553 MM, a B KoHIIE NegHrka Meraop (Ha BeicoTe 2620 M) — 825 mm. C
HOSIOPSI TT0 MapT OKoJIo0 65% ToIOBBIX OCAIKOB BEITIANaeT B BUE cHera. B paiione BeicoT 2700-3400 M Hag
YPOBHEM MOpS, TJ€ MPOUCXOIUT OONBIIMHCTBO JIABHH, CHEXHBII TOKPOB B KOHIIE 3UMHEr0 CE30Ha
nocrturaet 1,5-2,0 m [0].

KianmaTnyeckue 0COOEHHOCTH TePPUTOPUM HcciaeaoBanus. Jlemnuku B OacceitHe p. Banu mHe
PacIoJIoKeHB B OHOU OmnpeAesiéHHON BhICOTHOU 30HE (0T 2600 mo 6500 M), u mosToMy TeMmIeparypa
BO3[yXa M YCIOBHS OCaJKOB BapbUPYIOTCS B 3aBHUCHUMOCTH OT BBICOTHL. Ha oCHOBE A0NTrocpouyHBIX
HAOIIOJICHUIA Ha METEOPOJOTHUECKUX CTaHIuAX DemxueHKo u XyMpoTH COOpaHBl OOMIMPHBIE TaHHBIE O
TeMIIepaType BO3yXa B PETHOHE.
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Bech pernon Banu xapaktepu3yercs I3MEHEHHEM TeMITepPaTyphl BO3AyXa B 3aBUCUMOCTH OT BBICOTHI
neaankoB. CpemHeromoBas Temreparypa Bo3ayxa Ha Beicotax 3000-4000 m komnebmercst ot 0 mo -2°C.
HaunMenbinme temmneparypbl HaONMIOAAIOTCS B sIHBape, a HamOonbline — B uione. OnHako B 3amagHoM
[Mamupe HauboJbIIME TEMIIEPAaTYpbl MOTYT MpuXxoguThesi Ha aBrycT [0]. Cpeansisi Temmeparypa 3UMOii
omyckaetcs a0 -2°C, a nerom nossimaetcs a0 26-27°C.

AHaiu3 M3MeHEeHWil TeMmMmepaTypbl Bo3ayxa W atMocdepHbIX ocaakoB B 1997-2022 rr. 3a
nocieaHue 26 neT HaOmogaeTcsi yCTOMYMBas TEHACHIMS K MOBBIIICHUIO CPEAHETOAOBON TEMIEpaTyphl
BO31yxa. AHANM3 JaHHBIX TIOKAa3bIBAET, YTO TEMIIEPATYPHBI pPEXUM TMpeTepres 3HaYUTEIbHbBIS
M3MEHEHH: OT MuHUMansHOro 3HadeHus — 10,2°C B 2000 romy mo pexopaasix — 14,1°C B 2022 romy.
JIMHEeHBI perpecCUOHHbIA aHaJIW3 BBIABWI CTATUCTUYECKH 3HAYMMBIA TPEH]II pOCTa TEMIIepaTyphl CO
ckopocTbio +0,052°C B ron, 4yTo B COBOKYITHOCTH 3a HCCIEAYyEMBIH MEpPHOJ] COCTABUJIO YBEIMUYEHHE Ha
+1,35°C. OcobeHHO 3aMeTHBIM ToTeruieHne craio mocie 2010 roma, Korma cpeaTHeroI0BbIE TEMIIEPATYPHI
cTabmipHO peBbiianu 13°C, mocturas abCOMIOTHOTO MaKCUMyMa B TIOCIEAHUE JIBa TOJIa HAOIIOACHUH.
IIpu sTOM mATHUIETHEE CKOJB3SIIEE CpeHEE HATMAAHO JAEMOHCTPUPYET YCWIEHHE TEIUION TeHAEHLUH,
HECMOTpsI Ha HAJIMYUE OTACNBbHBIX MPOXJIAIHBIX NEPUOAOB, Takux, kKak 1997-2003 rogel, Korma Tem-
neparypa OITyCKaJlach 10 MUHUMAJIbHBIX 3HAYCHHN.

JuHamyka aTMOC(EpHBIX OCaJKOB 3a TOT JK€ MEpPHOJ XapaKTEPHU3YEeTCsS BBICOKOH MEKIoJ0BOH
W3MEHYHMBOCTBIO TIPU OTCYTCTBUM CTATUCTHYECKH 3HAYMMOTO TpeHna. ['00BOoe KOIWUYECTBO OCaj-
KOB K0JIEOAJIOCh OT AKCTpEMaIbHO HH3KOTO 3HaueHus 85,8 MM B 2012 roay mo pexopmaubeix 283,9 MM B
1998 romy. I[lpumeuaTenbHO, YTO MATWUJIETHEE CKOJNB3AIIEE CpelHEe HE BBIABISAET YCTOMYMBOM Ha-
MPaBICHHON JAWHAMUKH, HO MOMAYEPKUBACT UKIMYHOCTh B U3MEHEHUU OCAJIKOB, BKIIFOYAs BBIPAXKCHHBIHN
3acyuuiuBeid nepuof 2012-2016 ronoB. AHamu3 AKCTPEMANbHBIX 3HAUYEHUN MOKA3bIBACT YYAILlEHUE KaK
cuibHO 3acynuuBbix (2012, 2016, 2021 roxer), Tak u ype3MepHO BiaaxHbIX (1998, 2001, 2006 roasr)
MEPUOJOB, YTO MOXET CBUICTENbCTBOBATH OO YBEIMUYEHHM KIMMAaTHUYECKOW M3MEHYHUBOCTH (pHUCY-
HOK 3).

KnumaTtuydeckue nameHeHus (1997-2022)

-@- Temnepatypa === NuuedHoi Tpena —— Cxonb3swee cpenxee (5 net)
—— CKonb3sulee cpenHee (5 ner) B- Ocagku === JIMHERHIA TPEHA

TemnepaTypa Bo3ayxa (°C)
ATMoCepHbIE OCafiku (Mb

1998 2001 2004 2007 2010 2013 2016 2019 2022
fon

Pacnpepenekue TeMnepaTyp PacnpeneneHue ocaakos

Tpenas
4 Temnepatypa: 0.099 °C/roa (p=0.000)
Ocapkn: -1.906 mm/roa (p=0.146)

YacToTa

)
105 1o s 120 125 130 135 140 100 125 150 175 200 225 250 275
Temnepatypa (*C) Ocapxn (Mm)

Pucynok 3 — Kiinmatnueckue nanHble co cTaHuu Xymporu 3a 1997-2022 rr.

Figure 3 — Climate data from Humrogi station for 1997 to 2022.
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HccnenoBanue B3aMMOCBSI3U MEXKAY TEMIIEPaTypoill BO3AyXa M KOJUYECTBOM OCAJKOB BBISBHIIO
cnabyro OTpUIATENbHYI0 Koppemsiuio (r = -0,25), 9To yka3plBaeT Ha OTCYTCTBHE MPSIMOW JTHMHEHHON
3aBHCHMOCTH MEX]Ty STUMH ITapaMeTpaMu. B oTaenbHbIe ToapI HaOMI0AaNCh pa3INdHbIe coueTanus. Taxk,
B 1998 romy otHOocuTenpHO HuU3Kas Temmeparypa (11,7°C) compoBoxkmanach PEKOPIHBIMH OCAIKaAMU
(283,9 mm), torma kak B 2012 romy cpemmsas temmeparypa (13,6°C) coBmajra ¢ MHHHUMANBHBIM
KoM4yecTBOM ocankoB (85,8 mm). OcoOblii uHTEpec npexacraBiser 2022 Toj, KOrAa MaKCHUMalbHas
temneparypa (14,1°C) coueranace ¢ ocankamu Bblme cpeanero yposs (210,0 mm). Takas HeomHO-
3Ha4yHasi B3aUMOCBSI3b CBHETEIBCTBYET O CIIO)KHOM XapaKTepe KIMMAaTHYEeCKHX MPOIECCOB B PETHOHE U
HEOOXOJIMMOCTH ydeTa IOMOIHHUTEIBHBIX (PAKTOpOB, TaKWX, KaK KpyImHOMAcCIITaOHBIE aTMOC(hEpHBIC
MUPKYJSIIH U aHTPOTIOT€HHBIE BO3ACHCTBYS.

[lomydeHHble pe3ynbTaThl UMEIOT Ba)XKHOE 3HAYCHHE ISl TIOHUMaHUS PETHOHANBHBIX IPOSBICHHMA
NI00aTBbHOTO M3MEHEHUsS KiuMaTta. Y CTAaHOBJICHHBIN TPEHJI MOTEIUICHHUS COTJIACYETCS C OOIEMUPOBBIMU
TEHJCHIUSAMU U MOXET OBITh CBSI3aH KaK C €CTCCTBCHHBIMH KIIMMATHYECKUMHU KOJICOAHHMSIMH, TaK U C
AHTPONIOTeHHBIM BiUsSHUEM. [Ipu 3TOM OTCyTCTBHE YETKOTO TpeHAa B KOJHWYECTBE OCATKOB IPHU
YBEIMYEHUH WX MEXTOJ0BOW M3MEHYHBOCTH YKa3bIBAaeT HA HEOOXOIWMOCThH JATbHEHITNX MCCIIEIOBaHUI
JUTSL BBISIBIICHHSI MEXaHU3MOB, OTPEIEIAIONINX PETHOHAIBFHBIE 0COOCHHOCTH THAPOJIOTHIECKOTO UK B
YCIIOBUSIX MEHSIOIIETOCS KIIUMara.

Mertoabl uccienoBanus. Madopmanus o pacronoxeHnn MOP(OIOrHISCKUX THUIIOB ITYJIbCUPYFOIIUX
JIeMHUKOB OacceiitHa p. Bawu momyuena w3 Karamora nemnukoB CCCP, a HOBbie naHHBIE COOpaHBI
METOJOM JHCTAHIIMOHHOTO 30HAMPOBAHHUA. MeXaHU3M M XapaKTep IBHKEHHS $3bIKa MYJIbCUPYIOMINX
JIEAHIKOB M3Y4YeH IO CITyTHUKOBEIM cHUMKaMm Landsat 4-5TM, Landsat 7 ETM+ u Landsat 8-9 OLI,
/TIRS, Landsat 1-5 MMS, koTopsle OBUTH CKaYaHBI W HUCITOJIB30BAHBI U3 apXHBa | €OJOTHUCKON CITyKOBI
CUCA B otkpsitoM poctyne [0]. Ilepeuncnennsle cnyTHUKOBBIE CHUMKH ¢ 1993 mo 2023 r. Hcmnosns-
30BaIMCh JUIsl ONPEHICICHUS BPEMEHHM TOJBMKKHU JICTHUKOB. [lomyuyeHHBIE CHUMKH 00OpabaThIBaINCh B
nporpamme Arcgis Map10.6, KoTopue MOCITYXKHIU JJIsi TPOBEACHUS TPAHUI] JIGAHUKOB B TEPUOIBI UX
MyJIBCAINH, C TIOCTEeIYIOIINM COCTaBICHUEM KapThl MMyJIbCAlluK JeIHUKOB OacceiiHa p. Banu. C momorisio
omwnaiiH 1wiatdopmser [0] yaamock HaWTH wHGOPMAIUI0O 00 M3MEHEHUH BBICOTHI JICTHUKOB, CKOPOCTH HX
MOJBIKKHU U niepuoaa myibcanuu ¢ 2000 o 2019 rog.

Pes3yasTartsl Jexgnuk Mergop (PI'O) Haxogutcs B BepxoBbsix Banuckoii gonuabel. Havano
nenHuK OepeT ¢ mukoB ['apmo (6615 m) u Bacunus bapronena Kommynuctuueckoit Akanemun (6452 M)
Ha cThike XxpeOToB JlapBasckuii u HanmoHnaneHas akagemus Hayk Tampkukucrana. [lepBble cBeleHUS O
nenHuKe oTHOcATCs K 1916 roay Korna KoHeIl JieAHUKa BBIMON3al B AOJIHHY p. Banu npumepHo Ha 2,5 kM
OT €ro COBPEMEHHOTO TIOJI0KEHHS, TIEPErOPaKUBAs YCTHEBYIO YaCTh TOMUHBI p. Abmykaxxop [0].

[IpuToku nemHrKa OepyT HAYAIO B OOIIMPHBIX MyJIbIaX, PacIoIOKeHHBIX Ha BbicoTax 4600-5500 M.
OrpomHas Macca CHera M (pupHa, HaKaITMBAIOIIASACS B MYJIbJaX, HApaBJseTCcs BHU3, JOCTABISASA OKOJIO
50% obmero oobema (upHa, muTaromero JeaHuk. CIeayrIIuM BaKHBIM HCTOYHUKOM MTUTAHUS JICAHUKA
Mernop siBisieTcs ero JeBbli NpUTOK — JenHuk Yonpuno (Kpacnoapmetickuii). Yu€Hble yCTaHOBUIM, UTO
B 1910 r. neaHUK mepeKpbul JOTUHY peka AOTykaxxop u 00pa3oBal BOJOXpaHUINIIE UTHHOM Oonee 3 kM
1 06beM oT 70 MiaH M, TiyGuHOit 45-50 M [9]. EcTh mpH3HAKH TOTO, 9TO YPOBEHB 03¢pa MHOTO pa3
MEHSUICA, U €T0 TPOPHIB JTOJDKEH OBLT BHI3BATh CHIBLHOE HaBOIHEHHWE B nonvHe Bawu. Ero mpophiB cran
HACTOsAIIEeH KatacTpodoil JUIs HACENEeHWs JONHMHBI. BBUIM CMBITBI TOPOTH, MOCTBI, TIOCEBBI, HEKOTOPHIE
celleHHs U Morubi0 MHOTO XuTeneit u ckota [9, 0]. Benencteue aToro mporecca KoHel jJegHuka Meraop
CIUIOIIHBIM 4Y€XJIOM MOKPHIT MopeHoW. OJHako Mo HOBbIM HaOmropeHusM mociie 1990 r. mpu HOBBIX
JIBUKEHUAX JIETHUKAa HE OOHapyXHJIM HOBBIE O3€pa B SA3BIKOBOW 4acTh JieqHHKa. HoBoe aBIMkeHue
nenauka otMeueHo B 2000 r. ¢ moMolbl0 KOCMUYECKUX CHUMKOB. Ilylbcupyroliee cOCTOsIHUE JIeqHUKa
HEIpepbIBHO Habmomanoch 1o 2013 roma, mpu 3TOM BEICOKUH YpOBEHB IBIKEHUS OBLT HanboJjee 3aMeTeH
¢ 2002 mo 2007 roa. Jlennuk Mernop uMeeT NEHOPUTHBIA XapakTep, W MpPU CTBOPE 3TOTO JIETHUKA
CyLIECTBYET eme 5-6 JEAHHUKOB, KOTOpHIE, B CBOIO OYepelb, TAKKE€ HMEIOT CBONCTBAa IIyJbCALlUU.
HaGmroneHus moka3anu, 4To S3bIK JICAHHKA MOCTOSHHO HAXOJUTCS HA CTaJWH «IIPOJBUKCHUE BHU3 IO
CKIIOHY» U B 2016 T. OCTHT caMO¥l HU3KOI OTMETKH (PUCYHOK 4).

B (pucynox 4, D) ommaita mmardpopme «Theia Cartographic Layers» ymanochk HaiTi mHGOpMAITHIO
00 M3MEHEHUH BBICOTHI JICTHUKOB, CKOPOCTH IMOABMKKH 1 Tieproa ux myabcannu ¢ 2000 mo 2020 1. U3 3a
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Pucynok 4 — 4 — ronsl ABvxeHus Jieauuka Mernop; B — Havasno aBrkeHus si3bika jgeanuka B 2000 r.; C — OKOHUaHUE JIBUKCHUS
si3bIKa JienHuka B 2013 1.; D — mpuMephl JaHHBIX 00 H3MEHEHHUHU BBICOTHI IIOBEPXHOCTH, UCIIOIB3YEMBIX ISl HACHTH()UKAIIIH
JIEJIHUKOB HAroHHOTro THMa. [lepeHoc easiHol Macchl, CBA3aHHBIN ¢ HaroHamu Jieanuka Mergop B 2005-2010 rr.

Figure 4 — 4 — Years of movement of the Meghdor Glacier; B — Start of glacier tongue movement in 2000;
C - End of glacier tongue movement in 2013; D — Examples of surface elevation change data used to identify surge-type glaciers.
Ice mass transport associated with surges of the Meghdor Glacier in the period 2005-2010

MyJbCalluy JieJHUKa HanOombiuas TommuHa Jabpaa ¢ 2005 mo 2010 r. Haxoaumack Ha BeicoTe OT 3240 1o
3070 M, omHako 3TOT pe3ynbraT u3MeHmics ¢ 2011 mo 2020 ron, korga nensHas Macca NEPEMECTHIIACH K
KOHYHKY SI3bIKa M HaO0qamack Ha Beicotax oT 2950 1o 2590 m.

B nepuoasl ABMKEHUS JIEAHUKOB U TIepeHOca OONBLIMX MAacc JibAa BHHU3 10 TEYCHHUIO Macca Jbaa B
JIeTHUKEe HE MEHSETCSA, HO MEHSETCS IUIOLIAab ero PacHoloKeHHs. Takke B HEpHOAbI BOCCTAHOBIICHUS
HaOITI0]aeTCA 3HAYNTENFHOE YMEHBIIICHHE JISTHUKOBOTO S3bIKa. S3bIK Meganka oTctynaer ¢ 2017 rona.

Ha s3wike JICAHHUKA Merﬂop BBIABJICHBI TPHUA3SBIKOBBIC 03€pad, KOJIUYCCTBO U ILIOINAAb KOTOPBIX
©XKEroHO MEHSIOTCSA M3-3a IyJILCHPYIOLIETO COCTOSHUS JenHuka. O3epa pacmoioXeHbl Ha BBICOTE OT
3000 mo 2500 M Ha S3BIKOBOM YACTH JICAHWKA. BCTpedaroTcs JETHHKOBBIC 03epa Kak Ha IOBEPXHOCTH
JIETHUKOB, TaK M B KPaeBBIX JENpecCUsX MOANPYKEHHBIX Maccoi TIaBHOTO JeOHHWKA. B pesyibrate
OOpyIIeHHS JIEAHUKOBBIX SI3BIKOB MOTYT MPOHM30WTH IMPOPBIBBI 03€P, PACIIONOXKEHHBIX BOJIU3M HUX, YTO
NpUBEAET K KaTacTpopuUecKUM 3aTOIUICHUSM OONMH. PacTymiee BHMMaHHE OT4acTH OOYCIIOBJIEHO
MOTEHITHATBHON OMAaCHOCTHIO, KOTOPYIO MPEICTABISIOT HACTYIIAOMIIE JIeTHUKH.

Jlennnk XHMPCOH pacIiooKeH B ceBepo-3amanHod dactu [lamupa Ha 3amagHoMm ckiioHe xp. Ha-
[MOHAJbHAS aKajgeMusi HayK Ta/pKWKHCcTaHa B BEPXOBBAX p. AOIykaxxop, jJeBoro npurtoka p. Bard. Ero
dupHOBas 0671aCTh MIOMABI0 OKONO 17,5 KM® OTHENeHa OT y3KOro A3bIka (IUIOMAIBI0 5,5 KM”) KPYTHIM
nemomnanoM (meperas BeicoT 600 M). Obmas miomazs JieHuKa — okoso 25 kM” [0, 0, 0]. Beicora nexnuka
— o1 3000 mo 5500 m Han ypoBHeM Mops. C 1963 mo 1985 rr. Ha 3TOM JEAHUKE TMPOBOAMINCH HAYYHO-
MCCIIeIOBATENICKUE SKCIECAULIMN U ToJeBble HaOmoneHus. B pesynbTare ObulM BbIAENEHBI IBE (ha3bl
nynbcanus ¥ aBe (aspl BoccraHoBieHus. Mcmonb3ys xocmuueckue HaOmozenus ¢ 1988 mo 1991 r.,
ydeHble OOHAPYKUIIU ClieAyIolee OTCTyIuieHue Jeqauka B 1989 r. [0].

[Tynpcanus nennuka Obuta 3ameueHa 22 ampenst 1963 r. yke mocie TOro, Kak B3IyBIUHMCS SI3BIK
JIeHUKA TIepeKpbul nonuHy p. AbOmykaxxop. Ckopocth nBmxeHHs JeaHuka Obuta no 100 m/cyt (B
cpeaHeM okosio 50 m/cyT). OOIee MpoaBMKEeHUE JIeAHUKAa cocTaBmwiio 1750 M, B 3TO BpeMs B IOJIUHE P.
A6 ayKkaxxop 06pasoBanoch 03epo. ['mybuna o3epa mocturia 80 M, a 006EM Bobl cocTaBmi 14,5 MIH M

[0].
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PucyHoxk 5 — CpaBHEHHE IPOrPECCUM U PErPECCUH JISIHUKA XHPCOH 10 U MOCIIe ¢ UCTIONb30BaHHEeM JaHHbIX Landsat:
HOJPUCYHKH TIPEACTABIIAIOT IIOJ0KEHHE KOHEYHON YacTH JICHUKA B YEThIPEX MHTEPBaNax:
2001 (a), 2002-2010 (b), 2011-2019 (¢) u 2020-2023 (d). JInHIN WILTIOCTPUPYIOT HAYAITBHOE TIOIOKEHHE
KOHEYHOH YacTH JICIHUKA Ha PAHHUX CHUMKAX U €ro MOJOKEHHE Ha IOCIeHUX cHUMKax [0]

Figure 5 — Comparison of the progression and regression of the Khirson Glacier before and after using Landsat data:
The sub-drawings represent the position of the end part of the glacier in four intervals:
2001 (a), 2002-2010 (b), 2011-2019 (c¢) and 2020-2023 (d).
The lines illustrate the initial position of the glacier terminus in the early images and its position in the latest images [10]

Crnenyroniee nrmxeHne JenHuka nmpousomio 10 ger cimycrd, B 1973 r. CkopocTh IBUKEHHS JEAHUKA
B 1973 1. Obuta Oosbie, 9eM B 1963 1. CKOpOCTh ABMKEHHS JIbJa Ha BCEM MPOTSHKEHHUN 30HBI aKTHBH-
3anuu JetoM 1972 1. Obuta MakcuManbHOW 3a Bc€ Bpemst HaOmoaenui (ot 150— 200 cm/cyT B cpenneit
yactu s3p1ka 10 300 cM/cyT u Oosiee BBIIIE MPUTOKA), a (PPOHT aKTHBU3ALUM IOYTH JOCTUT KOHIIEBOTO
obpsiBa [0]. K aTromy BpemeHmn ToXe, Kak U B 1963 T., A3BIK JIEAHWKA TIeperopoania pexu JlactupocT u
AOnmykaxxop, ¥ B IIOJHHE TMOCIeHel 00pa3oBaioch 03€p0, MAKCHMAIBHBIH 00BEM KOTOPOTO COCTAaBIISLI
16,4 MIH M. HecMmoTps Ha HEKOTOPBIC PA3INYKSI B MPOIOJIKUTEILHOCTH M MacIiTadax, HOJBUKKU 1963 u
1973 rr. OBIIH CX0XKU 10 CBOMM BHEIIHUM MPOSIBICHUSM U Pe3yIbTaTaM.

Hosoe nemxenue nempanka mpousonnuio B 2000 r. Ha atoT pa3 on mpoasunysics Bcero Ha 450-500 M,
He poiina 200-250 m mo pycna p. Abaykaxxop. [Tocme 2002 1. JegHMK BCTYHHMJI B MEPUOJ BOCCTa-
HoBieHus. K 2010 r. miomans si3pika JegHuka cokpatuiack 10 400 M. B mepuon HOBO# mynbcauuu B
2011 roxy negauk cmectwica Ha 1100 M. OmHaKo, HECMOTPS HA TO, YTO SI3BIK JIEAHWKA 3aKPbUT JOJAHY
pekn AOmykaxxop, Ha y4acTKe si3blka He ObUI0 OOHapy)KeHO HHM OJHOro o3epa. HebGousblime MUKpo-
MyJbcalys JeIHNKa Obln 3adukcupoBansl B 1976, 1978, 1981-1982 n 1986 rr. HoBble MUKpOITyIbCALIUH
HaOmomamuchk Ha Jjegaumke B 2018, 2019, 2020 m 2021 rr. 3a maThaecsT JIeT JEAHWK IATH pas
MyJBCUPOBAN. A BCEro €cTh CBEJCHHs, 10 KpaiHel Mepe, 0 BOCBMH ero moaBrkkax: 1913—-1915, 1937,
1951, 1963, 1973, 1989, 2001 u 2011 rr. [0, O]. Ilpouecc ABMXKEHUS U BOCCTAHOBJICHUS JIETHUKA
3aHumaet 10-14 ner.

Oo0cy:xneHue. 3HaHNE pacIpeneleHNs TONIUHBI JIbJa JeIHUKOB MHpa SBIseTCs (hyHIaMEeHTaTbHON
NPEANOCHUIKOM T psifa ucciuenoBanuil. [Iporuossl OyAyminx U3MEHEHUH JIEAHUKOB, OLCHKH JOCTYITHBIX
pecypcoB MPecHOH BOABI MM OLECHKM MOTECHUUAJIBHOTO MOBBILIICHUS YPOBHS MOpPS — BCE 3TO TpeOyeT
TOYHOTO OTPAaHWYECHHS TONIIMHBI JIEIHUKOBOTO IbAa. llpeapiaymime OIeHKH OOBEMOB TIO0ATBHBIX
JIETHUKOB B OCHOBHOM OCHOBBIBAIMCH HA MACIITaOHBIX COOTHOLICHHUSX MEXKAY IUIOMAAbI0 U 00BEMOM
JIeTHUKA, W TOJNBKO OJHO HCCIIEJOBAaHHE MPEJOCTABISAET IMOOANBHYI0 WHPOPMALMIO O PaCIpeneieHUH
TOJIIUHEI JIbJA OTASIBHBIX JIeaHUKOB [0, 0].

— 50 ——
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Hcnonb3ys apxuBHbIE JaHHBIE, TporpaMMy KOHCEHCYCHOH OLICHKM pacHpeleieHUs] TOJIIIUHBL Jbaa
BCceX JemHUKOB Ha 3emse mnpodeccopa Janmdma @apunortn u3 Lliopuxckoro yHHBepcuTeTa B
[IBeitiapun, MOXHO OIPENCTUTh MAKCHUMAIBHYIO TOJIIUHY JICTHUKOB. DTH HCCICIOBAaHHUSI COCPEIO-
TOYECHBl HA SBOJIIOIUU JCAHUKOB M UX BIMSHUU HA BOAHBIC PECYPCHI M BKJIIOUYAIOT OLEHKY TOJIIUHBI
JIEJTHUKOBOTO JIbJ]a HA OCHOBE XapaKTEPHUCTUK MOBEPXHOCTH, JOJTOCPOYHOTO MOJCIMPOBAHHUS OaTaHCOB
MAaccChl JIETHUKOB, OIEHKY JIOJIM CTOKA C JIEITHUKOBBIX BOJIOCOOPOB, a TaKXKe ITOCIEACTBHS ISl YIIPaBICHHS
BOJHBIMU PECYPCAaMU B BEICOKOTOPHBIX YCIOBHUSX.

Jns onpeneneHus o0beMa JETHUKOB HEOOXOAMMEI TOYHBIE JaHHBIE 00 OOINEH TIUIOIIagu, Mak-
CUMAJIbHOW W CpelHEeH TOJIIWHE JIETHUKOB. MaKCHMaIbHYIO TOJNIIMHY JIETHUKOB MOXHO 3arpy3WTh C
MOMOIIIBIO TaHHbIe U3 apxuBa [0, 0], a naHHBIE MOXHO 00padoTaTh B GIS-nporpammax.

Jus pacu€ra MakCUMaJbHBIH M CpelHEH TOJNBIIUHBI JISAHUKOB Mermop U XWPCOH ObUIM HC-
TTOJIB30BaHBI JaHHBIC U3 apxuBa [17].

B pe3ynbTare ucciaemoBaHWE YCTAHOBIIEHO, YTO OOIIas IUIOIMIAAb JICIHUKOBOW CHCTEMbI Meraop
(memauku Ne 96, 97, 98, 99, 108, 109, 111) B 2019 roay cocraBuia 81,6 KM’, MaKCHMAaJIbHAs TOJIIMHA —
399,3 M, cpennsis TommuHa — 91,02 M. Ha ocHOBaHMM 00IIeH IIIOMIAMN W CpelHEl TOJIIWUHBI JISIHUKA
Merzop ero o6umii 06beM onpezeneH B 7,427 kv’ (PHCYHOK 6).
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Pucynok 6 — MakcumainbHas TojIMHa JieHuka Meraop
(Mcnonp3oBansl 1upoBasi MoJeib penbeda
¥ TIporpamMMa KOHCEHCYCHOH OIICHKU paclpeleIeHHs TONIIMHBI JIbJia BCEX JICAHUKOB Ha 3eMiie)

Figure 6 — Maximum thickness of Meghdor Glacier.
(Using the Digital Elevation Model
and the Consensus Estimation Programme of the ice thickness distribution of all glaciers on Earth)

B pesynprare mccnemoBaHWi yCTaHOBJIEHO, YTO OOMIas IUTOMAAb JiegHuKa Xupcod B 2019 romy
cocraBmiaa 23,4 kM, MakCHMajbHas TommuHa — 406 M, cpennsisi Tonmmaa — 106,7 M. Ha ocHoBaHum
00IIei IOy ¥ CPeIHEH TONIUHBI JISTHIKA MenBexkuii ero oo0mui oobeM onpeiencH B 2,495 KM

O0bem semHuKoBOM cucteMbl Mermop (emauku Ne 96, 97, 98, 99, 108, 109, 111) mo xaramory
nexankoB CCCP (1978 1) coctapisier 9,57 KM, 1O MOJYYEHHBIM HCCICIOBAHHAM — 7,43 KM, pasHHLa —
2,14 kM. MccrenoBaHusi MOKA3BIBAIOT, YTO C MOMEHTA myOmukarmu kartaiora nearnkoB CCCP mo
2019 rox nenuuk notepsit 22,6% cBoero oobeMa.

O6beM eaHnKa XHpcoH (pucyHOK 7) mo karanory nemunkoB CCCP cocraemster 3,036 kM’, 110
TMOJTYYeHHBIM HCCeNOBaHUAM — 2,495 kw’, pasuuma — 0,541 km’. McclenoBaHus HOKA3bIBAIOT, YTO C
MoMmeHTa TyOnmkanuu karanora negankoB CCCP ( 1978) mo 2019 ronx nemuauk morepsit 17,8 % cBoero
obbemMa (cM. TabauIy).
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Figure 7 — Maximum thickness of Khirson Glacier (Using the Digital Elevation Model
and the Consensus Estimation Programme of the ice thickness distribution of all glaciers on Earth)

JHerpananus oobema nennukoB Mernop u Xupcon
Degradation of the volume of the Megdor and Hirson glaciers

OO01as momas OO6mumit 00beM YMeHblIeHHE
e JICTHAKOB, KM> JICTHAKOB, KM’ 00beMa JIeTHUKOB
Karanor neguukos CCCP 2019 Karanor negaukos CCCP 2019 KM %
Mernop 84,8 81,6 9,6 7,427 -2,173 -22.6
XupcoH 233 234 3,036 2,495 -0,541 -17,8
3aka0ueHnue.

1. B nmepuo Hamiero uccienoBaHus MocienHee NBUKeHue Jeannka Mernop Hadanocs B 2000 rogy u
npogoinkanock 10 2013 roxa. [Ipu 3TOM BBICOKHI YpOBEHb IBMXKEHHUs ObUT HanOojee 3ameTe ¢ 2002 mo
2007 ron. Jlemnuk Mergop uMMeeT NEHIPUTHBIA XapaKTep M IpPHU €ro CTBOpPE CYLIECTBYeT eme 5-6
JIEIIHUKOB, KOTOPKIE, B CBOIO OYepellb, TAaKXKe MMEIOT CBOMCTBA Imynbcaruu. HaOmomeHus: mokasand, 4To
S3BIK JISTHUKA TTOCTOSIHHO HaXOMUTCS HAa CTaJMH «IIPOABIDKEHHE BHU3 MO CKIOHY» M B 2016 T. mocTtur
CaMoOil HU3KOM OTMETKH.

2. Ha s3pike nemHuka Merjop BBIABICHBI MPHUA3BIKOBBIE 03€pa, KOIMYECTBO W TUIOMIATh KOTOPBIX
€XETOTHO MEHSIOTCS M3-3a IMyJIhCHPYIOMIETO COCTOSHWS JenHuka. O3epa pacmojoXeHbl Ha BBICOTE OT
3000 mo 2500 M Ha A3BIKOBOM YacTH JieNHWKA. BcTpedaroTcs JNEeTHHKOBBIE 03epa Kak Ha MOBEPXHOCTH
JICITHUKOB, TaK U B KPAeBhIX JCTPECCHSIX, MTOAMPYKEHHBIX MaCCOH IMIABHOTO JICAHHKA.

3. HeGopuire MUKpoIybcalus JeqHuKa 0butn 3adukcupoBassl B 1976, 1978, 1981-1982 u 1986 rr.
Hogrsie Mukpomnysbcanuu HaOmoganuch Ha neaduke B 2018, 2019, 2020 u 2021 rr. 3a nsaThaecAT JIeT
JEAHUK TISITh pa3 MyJIbCUPOBal. A BCEro €CTb CBEACHHs, MO KpallHEeH Mepe, 0 BOCBMH €ro MOABUKKAX:
1913-1915, 1937, 1951, 1963, 1973, 1989, 2001 u 2011 rr. [Ipouecc ABUXKEHUS U BOCCTAHOBICHUSA
nenHuka 3anumaet 10-14 mer.

4. Pe3ynprarhl HCCENOBaHUH TMOKa3amu, uyTo B nepuon ¢ 1978 mo 2019 r. negaux Mergop moTepsin
22,6% cBoero oobema, a ieqHuK XupcoH — 17,8%.
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BAHY ©3EHI AJIABBIHJIATBI
YJbCAIUAJBIK MY3/IBIKTAP/IbI KAIIBIKTBIKTAH MOHUTOPUHITEY

Annoranus. Makanana ToxikcranabiH Opranbsik [Tlamupingeri Band markansiaaa opHanackan Mernop (PIO)
)koHe XupcoH (MeaBexuil) MyIbCallUsUTBIK MY3IBIKTAPBIHBIH KOTDKBUIIBIK MOHUTOPHHT HOTHKENCPi KENTipireH.
3eprrey 1993-2023 >xpuimap apaibIFbIH KaMTHABI koHe Landsat meH Sentinel cIyTHHKTIK CypeTTepiH HHTepIIpe-
Tausayra HerizgenreH. Aubpikranrannail, 2000-2020 xeurmapsl Mernop My3IbIFBl MyIbCAUSIIBIK KO3FAIBICTHIH
Oencenni ¢azacerHaa 60abI, OCH Ke3eHae My3abIK Tili 3240-3070 M OwmiktikreH 2950-2590 M Genrinepine neiin
*bUDKbIFaH. Kenemik esrepicrepai Oaranay notmxecinne KCPO Mysapikrap Karanors! sxapusuianran ke3neH 0epi
Mernop My3AbIFBIHBIH KeneMi 22,6 %-ra, an XUPCOH MY3IBIFBIHBIH Kejemi 17,8 %-ra KbICKapFaHBl aHBIKTAJIHI.
Anpiaran HoTIoKenep OpTanblk A3USHBIH Tayldbl aiiMaKTapbIHIAFbl KIMMATTHIK ©3repiCTepaiH MAaHBI3Ibl WHAWKA-
TOPJAPBI PETIH/IE MYJIbCAIMUIBIK MY3IBIKTAPIbI XKYHETl Typae 0aKpUIayAblH KaXKESTTUTIMH KOPCETe/Ii.

Tyiiin ce3mep: My3/bIK MyJbCalUsIChI, KoJeM, KiIuMmar, Band e3eni anadbl, Mernop, XUpCOH, KallbIKTHIKTaH
30HATAY.
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REMOTE MONITORING OF SURGING GLACIERS IN THE VANJ RIVER BASIN

Abstract. This article presents the results of long-term monitoring of the surging glaciers Megdor (RGO) and
Khirson (Medvezhiy), located in the Vanj Valley of the Central Pamirs, Tajikistan. The study covers the period from
1993 to 2023 and is based on the interpretation of satellite imagery (Landsat, Sentinel). It was established that during
2000-2020, the Megdor Glacier was in an active surge phase, with its tongue advancing from elevations of 3240—
3070 m down to 2950-2590 m. Volume change assessment showed that since the publication of the USSR Glacier
Catalogue, the volume of the Megdor Glacier has decreased by 22.6%, while the Khirson Glacier has shrunk by
17.8%. The findings highlight the necessity of systematic monitoring of surging glaciers as critical indicators of
climate change in the high-mountain regions of Central Asia.

Keywords: glacier surge, volume, climate, Vanj River Basin, Megdor, Khirson, remote sensing.
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IJIE ATATAVBIHBIH COJITYCTIK BETKENTHIH,
OPTAJBIK JKOHE IIBIFBIC BOJITTHIAETT
MY3JIBIKTBIK-MOPEHAJIBIK KOJIJIEPITH

KEHICTIKTIK-YAKBITTBIK YJIECTIPLIYIH TAJIJIAY

Annoranus. XX raceipabrg 11 xapTrickiHaH OacTay anFaH FaTaMIbIK JKBUIBIHYIBIH HOTIDKECIHIE OalKalFaH
MY3ABIKTapABIH MIETiHy1 KOIDKBUIIBIK TOH KadaTTapbIHIaFl MOPEHAIAP/IBIH iITiHApa epyiMeH KaTtap Xypeni, Oy, o3
Ke3eTiHze, MY3/IbIKTBIK-MOPEHAIBIK KOJIIEpaiH maia OodyblHA BIKHAN eTeli. 3epTTey ayMarbIHIAFbl MY3/IBIKTHIK-
MOPEHAJIBIK KOJIJIEpAiH CaHbl MEH ayJaHbIHbIH apTybl OJapIblH Ka3ipri jkargailbl MEH e3repy JWHAMHKACHIHBIH
KapKbIH/bUIBIFBIH TaJayAbl KaxeT eTTi. KalbIKThikTan 30HTay sKoHe ['AXK-TexHomorusapsl KeIAep/IiH Karaaibl
TypaJibl JKaH-)KaKThl )KOHE CEHIMJI MOJIIMETTEpi Tayjay KoHe OHJEy HeTi3iH/e 3epTTey ayMarbIHJIarbl MHBEHTa-
PHU3AIMSUIBIK KapTajaapbl jkacayFa MYMKIHIIK Oepai. By 3epTTey KalbIKThIKTaH 30HATay Mamimerrepi meH ["AXK-
TEXHOJIOTHsIapbl KOMeriMeH line AsarayblHbIH OPTAaNbIK JKOHE INBIFBIC OONIKTEPIHAErT MY3IBIKTBIK-MOPEHAJIBIK
KeJiepieri e3repicTepi KyHeml TypAe aHbIKTay »XOHE KEHICTIKTIK-YaKbITTBIK TalJay XYpri3e OTBIPBII, OJapablH
JlaMy epekiuelnikTepine 6ara 6epy MakcaThIHIIA Kacalibl. 3epTTeY HOTIKENEPi MY3/IBIKTHIK-MOPEHAIBIK KOJIEPiHiH
JKaNITBI caHBIHBIH 1978 xpUTmaH Ka3ipri yakpiTka aerin 20-maH 82-re JeiiH ©CKeHIH KOpCeTTi. 3epTTey ayMarbiH-
JIaFbI KeIAepaiH xanmnsl aynanel 160% eckeH, 1978 Kbl KONISpIiH KA JKUBIHTHIK ayaaHsrl 92 900 M Kypaca,
Ka3ipri yakeITTa OHBIH MOHI 536 452 M neitin apTtkaH. COHBIMEH KaTap, My3AbIKTHIK-MOPEHAJBIK KOJIIEPIiH KopiHic
Oepyi 2000 xputmapra neitin 3300-3700 m OwmikTtik apanmeirsiHaa Oonca, 2013 >xemisr 3300-3800 M, 2021 xbLIbI
3300-3900 M apansiFbiHa AeiiiH, an Ka3ipri yakeirta (2025 x.) 3600-3800 M xoHE omaH >KoFaphl Oenaeynepae Oaii-
Kaubin oTeip. Kemniep caHbl MeH ay/JaHbIHBIH apTybl CEJl TACKbIHIAPBIHBIH KaJbIITACY BIKTHMAIBIFBIH apTThIPaIbl
JKOHE ©3€H arbIChIHBIH TOMEHI1 JKarblHla OpHANACKaH aynaHiaapra Kayin TeHxaipeni. COHIBIKTAH MY3BIKTBIK-
MOPEHAJIBIK, KOJIEPiHIH KeHICTIKTIK-YaKbITThIK THUHAMHUKACHIH OaKpliay jKOHE Oarajiay KayilTi SK30TCHIIK Mpoliec-
Tepi OoypkayIa XoHe oJapblH aIbIH-ATy1a, COHIaH-aK MY3IbIKTHIK-MOPCHAJIBIK KOJIICPIHIH aKTapbUTybl Ke31HICT]
cy Tackeiaaapbl (GLOF) xaynin 6ackapy cTpaTerusuiapbiH 931pJiey YIIiH epeKIle MaHbI3/Ibl.

Tyiiin ce3mep: MY3IBIKTHIK-MOPCHANBIK Keiaep, JKepai KallbIKTBIKTaH 30HATAy MAIIMETTepi, KeHICTIKTIK-
YaKBITTBIK ©3repicTep, MY3IBIKTEIK-MOPEHAIBIK, KOJICP/IiH CAHbI MEH ayIaHbl, KIIMMATTHIH FaJaMJIbIK KBUIBIHYBL.

Kipicne. KnumaTTslH FanamablK KbUIBIHYBI [1e AjaTaybl >KOTachbIHAAFbl MY3ABIKTAp ayIdaHbIHBIH
afTapibIKTall a3aloblHa OKEJIIN COKTHIpyIda. My3apIKTapAslH Irerinyi myHma XX racweipasiH I xap-
ThICBIHAH Oactamn OadKambin Kejieni [1] jkoHe aya TeMIlepaTypachlHbIH MayCBHIMJBIK JKOHE Y3aK Mep3iMIi
JKOFapbUIaybIMEH THIFBI3 OainanbicThl [2]. 1955 xpimaH Oactanm My3ABIKTap ayIaHBIHBIH KEeWiH MICTiHY
XKbUTbIHA opTa ecemmeH 0,76% xypansl, an 1990 sxeuimapman Oacran onm 1,13%-ra geitin ecti [3].
My3apIKTappIH HICTiHY1 Kac MOpeHa IeriHAUIepiHiH allbUTybIMEH KaTap JKypeai, Oy KPHOTEH/IIK JKoHEe
MOCTKPUOTEHIIIK TIpOLECTepliH OenceHipiayiHe okenexi. My3AbIKTapAbIH KeiiH mierinyiMmen Oip
Mesrie OaiikamaThlH MOHTII TOH KaOaTTaphIHIaFbl MOpPEHAAPBIHBIH ilIiHApPAa epyi epireH cymap MeH
YKaHOBIP CyJapblHAa TOJIBI Ka3aHITYHKBIPIAPGIH Makga O0ybIHA BIKMAT e€Teli, OYJI OWiK Tayisl aiiMak-
TapJarbl MY3IBIKTBIK-MOPEHANIBIK KONAEpHiH Maiina OodyblHA, OJAapAbIH ©CyiHe, AdaMyblHa >KaFdai
JKacanapl.
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Otangpik [4, 5] oHe meTtengik [6-8] 3epTTeylIiiepAin KapusulaHbIMAapbIHIA OHWiK Taylbl aliMak-
Tarpl Cy JKMHAKTANATHIH Ka3aHIIYHKBIPIAPABIH KalbIITaCyhl MY3JBIKTAPMEH JKOHE Kasipri MopeHamap-
MeH OaiTaHbICTBI OOJFaHIBIKTAH, OJapAbl MY3IBIKTHIK-MOPEHAIIBIK KOJIAEp JeTl aTalIbl.

Kamner  Kazakcranmarbl My3ABIKTHIK-MOPEHANBIK ~ KONACPIIH KaJbIITaCy IIApTTapblH, JaMy
JMIMHAMHUKACBIH, MOP(QOMETPUSIIBIK CUIMIATTaMaJapblH 3€PTTEY OTKECH FAaCBIPJBIH CEKIHII JKapThHICBIHAH
Oactan xyprizine 6actampl. 1950 xpiiman 6actan H. H. IMameros, I1. A.Uepkacos, H. @. Komotmmna
xone J|. A. KauanoB xoHe T1.0. msunochepaHsl 3epTTEyIIIep Ka3ipri MOpeHanap/ia OpHallacKaH Kell-
JIepre KBI3BIFYIIBUIBIK TaHbITa Oactanbl [9]. Omap 3epTTey >KYMBICTaphIHIA OYJI KOJIEP/iH aKTapbuly
KayinTiniri 0ap eKeHIITiH JKoHe aKTapbUIFaH jKarlalblHAa KOpIIaraH OopTa MEH OHIAarbl OOBEKTiIepre
alTapIIbIKTall MaTEPHAIIIBIK 3USH KENTIPYl MYMKIH €KEHIITiH KOPCETTI.

1970 sxpuimapnan  Oactam lme AnatayblHna MY3IBIKTapblH —KeHiH IIeriHyHe OailIaHBICTHI
MY3ABIKTHIK-MOPEHAIBIK KeJJiep KapKbIHIBI TMaiina Ooma Oactazpl, OYJ1 MY3IBIK KOJIEPHIiH aKTapbLTy
(GLOF) xayinTimirid apTTHIpABL. MY3IBIKTEIK-MOPEHAIBIK KOJIACPIH €Neyill KEHICTIKTIK-YaKBITTHIK
©3TePrillTITi oNapAblH MOP(OMETPHUSUIBIK JKOHE THIAPOJOTHSIIBIK CHITaTTaMalapblH Y3ZiKCi3 Oakpliay-
Il KoHe 3eprreyai Kaxer eremi. Con cebenti, lme AmarayblHBIH MY3IBIKTBIK-MOPEHAIBIK KOJIISPIi
3epTTeyMEH OTaHBIK 3epTTEYIIiIep KapKbIHIBI alfHanbIca O0acTaabl. OTKeH FachipAbliH 70 KblgapblHAH
bacran [lnexanos I1. A., [Tonos B. U., TokmaramoOeror I'. A. My3IbIKTBIK-MOPEHAJIBIK KOJACPAIH Ka-
JIBINITACY MIAPTTAPBI MEH OJapAbIH aKTapbUly KayinTimiriHe Oaca Hazap aynapca, 1980 xpuimapabiH opra
TychiHaH Oactan Kepemkynos B. A., Mexney A. P., Tokmaram6etos T. I'., brarosemenckuit B. I1. My3-
IIBIKTBIK-MOPEHAIBIK KOJAePAiH MOP(GOMETPHSIIBIK CHITATTAMANIapbIH 3€PTTEH OTBIPHII, OJapAbI JKIKTEY
JKYMBICTAphIH KapKBIHIBI JKYyprize OacTalbl, COHIal-aK KeJIEPIiH KYPbUIBIMBI MEH TapajybIHIaFbl
3aHJIBUTBIKTApABI aHBIKTAIbI. OChI Ke3/epi e Anataybl )KOTachIHBIH CONTYCTIK OeTKeHiHAeTI My3/bIKTHIK
KOJIEpIiH alarTapsl 3epTTENII, €H ipi Keaaepe acmanThK TeoMe3MsUTbIK 3epTTeYIIep KYPTi3iIai, asFarr
peT KeJl ajalTapbhlHbIH MOP(POMETPHUICH Typasibl HAaKThl MajiMeTTep anbiHabl. COHBIMEH Katap,
DJISIAOJIOTTAP XKYMBICTAPHI [9] MY3IBIKTHIK-MOPEHAIBIK KOJJCPAiH maiaa 00JIybl aya TeMIepaTypachiHbIH
eCyl HOTIKECIHIET1 MY3IbIKTap/IbIH KeHiH MIeTiHyIMEeH ThIFbI3 OailIaHBICTHI EKEHJIITIH KOPCETTI.

Kasipri ke3ge My3IBIKTBIK-MOPEHAIBIK KOJIEp TOJIBICHIN, OJaplarbl Cy HeHreii kerepimyme. by
Macelie kep Oeepi MilliHAepiHiH, ayMaKTapAblH T'COJIOTHSIIBIK KOHE KIMMATTHIK KaFIalIapbIiHbIH alyaH
TYpJIiirine OalIaHBICTBI CeN TACKBIHBI, XKBUDKBIMANAP, ©3€H SPO3UACHI, CHUAKTHI KayiNTi 3K30TEHMIIK
MIPOIIECTEPAiH JaMybIHA XoHE >kaHmaHyblHa BIKHan eredi [10]. Cenm TacKeIHIAPBIHBIH IMIIHIE, MY3IBIK-
TapJblH KBI3METIMEH CHUITATTaNIaThIH TIIUAIIBIK CeJIep epeKIle OpbIH aiaisl. Pecrybnrka ayMmarbiHIa
pTYpai MoaU(UKANUAIAFEl TIASIUAIIBL cenuep 25%-ap1 Kypaiapl. My3bIKTEIK-MOPEHATBIK, KOIJCPIiH
aKTaphlTy KAaYINTUIITIHIH apTyblHa BIKMAJ €TETIiH HEeTi3Ti KOpCETKIITep peTiHAe Cy OCTiHIH ayIaHbIHBIH
VJIFAlObIH, TAOUFKM 06reT apKbLIbl CY/IBIH IIAMaJlaH ThIC aFbII KEJIYiH JKOHE KOJI CYybl TeMIepaTypachIHbIH
JKOFapbUIayblH KenTipyre Oomanmel [11]. MyHpmaii OKUFamapAblH CajllapbIHBIH ayKbIMbI KOJI CYBIHBIH
KeJIeMiHe KoHE Cell aiiMarbIHIaFbl 00C CHIHBIKTHI MaTepuaiap KOpbIHa Tikelel OaillaHbICTHI.

KimMatThIH KBUIBIHYBIHA OAMIaHBICTHI OPBIH aJIBI JKaTKaH CEeJ KayiNTUTTiHIH apTyhl MY3IBIKTHIK-
MOpEHAJIBIK KOJACPAIH TUHAMHUKACHIH XYWedl TypJe OakbUIayJblH €PeKIle MaHBI3IbUIBIFBIH KOPCETEI.
JlerenmeH, KepJeri ®oHe ayeleH TycipiliMaepre HEeri3feNTreH JocTypili MOHUTOPHHT 9/icTepi Oasy, aya
paibl JKaFgaiilapeiHa TOYeNAlI JKOHE aWTapiBIKTal KapakaTThl KaxeT eTeTiHmiri Oenrimi [12]. byn
HIEKTEyJIep ayKbIMJIbI J)KOHE JKETYi KUBIH ayMaKTap/Abl KAMTUTBIH KOFaphl AJIKTETT MAJTIMETTEep/i amyFa
MYMKIHZIK OepeTiH KallbIKTHIKTaH 30HATaY koHe [ AJK-TexHomorusmapsl Heri3iHaeri 3aMaHayu Oakpuiay
smictepi KaxkeT eKeHAIriH kepereTTi [13].

KeHicTikTi KeckiHAey MYMKIHIITI KOFapbl FapbIITHIK cypeTtep MeH 3amaHayud ['AXK Oarmapna-
MaJiapbl KOJJICPAiH JKaFaaibl Typajabl MOJIIMETTEPi YHEMI, opi YaKbITBUIbI )KaHAPTYAAFbl, OJIap/ia OPbIH
aJBIN JKaTKaH e3repicTepieri TeHISHIFSIIAP/Ibl aHBIKTayJaFbl JKOHE QNIeYeTTi KayinTepai Moaebaeyaeri
TanTeipMac Kypai. KamsIkTeikTan 30HATAY *KoHEe I'AJK MomiMeTTepiH KemeH i Tanaay cell KayilmTimirid
Oaranay >KOHE OHBIH 3USHIBI CAIapbhlH a3alTyaa OacKapyUIbUIBIK IISHIMICp KaObLImay THIMILTITIH
apTTHIPAJIBI JKOHE SJIEYMETTIK-3KOHOMHKAIIBIK JKOHE TaOMFU OOBEKTUIEp/i KOpFay YIIiH KOJIaHBIIATHIH
KoJep MEH MY3IBIKTapIIblH OpHAIACYhl JKOHE Cel KAyiNTUIr MeH cel Kaymi KapTalaphl CHSKTHI
aHAJIMTHKAJBIK J)KOHE TaKBIPBIITHIK KapTalap/bl xKacayra MyMKiHIik 6epeni [14, 15].

ConpblkTan, Oyl 3epTTEYyAiH MakcaThl - [ne AarayblHBIH OPTABIK JKOHE IIBIFBIC OOINIKTEpiHe
OpHAaCKaH MY3IBIKTHIK-MOPEHAIBIK KOJJEpi KYHenl Typle WHBEHTapU3alusiiay HETi3iHAe OJapiblH
KCHICTIKTIK >KOHE YaKBITTHIK ©3Tepy KapKBIHIBUIBIFBIH Oaranay. baramay kemimepiiH JTUHAMUKAchl MEH
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Kazipri JKargailblH capajayfa, OJAapAblH 3BONIOLMSICHIH aHBIKTAyFa JKOHE MY3ABIKTHIK-MOPEHAIBIK
KOJJIEpiHiH aKTapbUTy KAayiNTUIITiH Oakpliay jkoHe OacKapy VINIH FBUIBIMH HETi3 jKacayFa MYMKIHIIK
oepeni.

3eprrey aynansbl. Ine Anaraysl — Tsnp-1llanp Tay xyieciHiH conTycTirinae enaik Oarpitta 190 kM
CO3BUIBIN JKaTKaH Tay koTackl [16]. XKoraneiH abcomrorTti OmikTiri Tanrap meiHBIHIA 4973 M keTeni, ai
Ime AnaraybIHBIH CONTYCTIK O€TKEWiHIH OPTANBIK XOHE IIBIFBIC OOJITIHIAETI MY3IBIKTHIK-MOPEHAIBIK
kennepaid Tapany aimarsl 3000-3900 M OHIKTIKTI KAMTHIBL.

Ine AnatayblHBIH CONTYCTIK OETKEHiHIH OPTalbIK JKOHE LIBIFBIC OOTIKTEPIHIETi HETi3ri cy >KUHAY
amanrapeiHa YikeH sxoHe Kimri Anmarsl, Tanrap, Ecik esennepi xartazast (1-cyper). by e3zen amanrtapst
3epTTey ayJaHbIHBIH THAPOrpadUsIBIK JKENICIH Kypal OThIphIN, Lime Amaraybl CONTYCTIK OeTKeHiHIH
OpTaJbIK JKOHE IIBIFBIC OOJITiHIH CyMEH KaMTaMCHI3AaHIBIPBUTYbIHAA MaHBI3ABI pOJl aTKapaibl. YJKEeH
AmMartel e3eHi maMaMmeHn 3600 M OHMiKTIKTe opHajIackaH YJIKEH AJMaThl KOJIHEH 0acTay ajblll, OHTYC-
TIKTEH COJTYCTIKKE Kapail arajbl. O3¢HHIH Y3BIHIBIFEI 90 KM, Cy >KMHAYy ajiaObIHBIH aymaHbl 425 KM
Opan mbiFeicka Kapaidh Kimni-AnMatsl e3eni TylbIkcy My3abiFbiHa kakplH 3400 M OumikTikTeH Oacray
amanel. Kinti AnMatsl e3eHiHiH cy uHAy amaObHBIH aymaHel 124,2 kv’ Tanrap e3eHi anaGbl Kypaeni
Taynel kep OezepiMeH j>KoHE alKbIH TUTIMACHYIMEH CHITaTTanaibl. AJIANTBIH CONTYCTIK OeTkeili Tay
O3CHJICPIHIH CY KHHAY alanTapblH 06l TYpaThlH HETi3Ti XKOTaHbIH OipKarap ciiemJiepi apKbUIbl KOpiHiC
Gepeni. Tanrap e3eHi anaGbIHBIH Kalnbl aynansl 444,5 kv, onply iminge Con Tamrap 273 kv, Opra
Tanrap 103 xv?, Ox Tanrap 68,5 kM” Kypaiiisl. ToMeHri arbIChIHIa TayaH meiFa Gepicinge Comn xone OH
Tanrap Kocwuibiln, Tanrap e3eHiH Kypaiuael. Ecik e3eni mamameHn 3400 M OHWIKTIKTEri My3ZbIKTaplaH
Gactay amambl. OHBIH Y3BIHABIFB 98 KM, al Cy XXKMHAy anaObIHBIH Tayldbl OONIriHiH ayaaHel 265 KM’
O3eHHIH THAPOJIOTHSIIBIK PEKUMI €H ajIbIMEH MY3IBIKTap MEH KapblH epyiHEH KaJbIITacaabl, OYJ1 OHbIH
aFBIHJIBICBIHBIH KBUTIIITIK YACCTIPLTYiHIH aliKbIH CHITAThIH KOPCETE/II.

3epTTey aiiMarbl KaTaH KIMMATTHIK JKaFJaijlapMeH CHUIIATTANaThlH OMIK Taylbl HUBAJbIbl aliMakKTa
opHanackaH. 3eprreynepre coiikec [17] Ine AnaraybIHbIH cOnTYCTiK OeTKeili TeMmepaTypa MEH KaybIH-
IIANIBIHHBIH aMKbIH MayChIMIBIK KYOBIJIMAaJbUIBIFBIMEH CHIaTTanaznsl. JKaybIH-IIAIIBIHHBIH €H Kell
MeJIepi KOKTeM MeH Ky3/le OachlM OoyaThiH 0aThiC aya aFbIHAAPBIHBIH dCepi KYLIIEUTeH Coyip-MaMbIp
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afmapeina tyceni. OpTa koHe OWIK Taylbl aMaKTap/a >XaybIH-IIAIIGIHHBIH MAaKCUMAJIbI MeJIiepi
MayCHIM-IITUIE aimapbiHa aybpicanbl. Keic aiimapeiHaa (KeNTOKCAH-KaHTap) HONJIEH TOMEH TeMIlepaTypa
OaceiM 0OOJampl JKOHE KATThl KYWIETl >KayblH-TMAmbH a3 Oojampl. JKazma A3WSIBIK TEPMHUSIIBIK Ie-
MPECCUSAHBIH OCEPIHEH OHTYCTIKTEH JKBUIBI JKOHE KYPFaK aya MaccallapbIHBbIH aJBEKIMSICHI KYIICHel,
HOTYIKECIH/IC BICTHIK JKOHE BUIFAJIBLTBIFBI TOMEH aya-paiibl maiiaa 0oaab.

Ine AnaTaybIHBIH CONTYCTIK OCTKeHiHIE OpHAlacKaH ©3CHICPHiH THAPOJIOTHSIBIK PEKUMI €H
IJIBIMEH MY3JIBIKTap MEH KapIblH epyiHeH KaibinTacaasl. Ojiap KbICTa TYPaKThl Kap KOPbI 0ap »a3rbl
JKOHE apanac MY3/IbIK-KaHOBIPJIBI Cy Tacy peKUMAEpIMEH cumartanaiasl. My3 OeH Kap/blH epyiHeH naiina
OOoNFaH epireH CylnapIblH ocepi, COHAAi-aKk TeMIepaTypaHblH IIEKTEeH ThIC aybITKybl 3epTTey
ayTaHBIHAAFEl Tay JKBIHBICTAPBIHBIH (U3HKAIBIK YTUTy TPOIECTEPiHiH OeNCeHAl JKYPYiHe BIKIAl eTei.
Byt Tay ®BIHBICTAPBIHBIH MHTEHCUBTI OY3BUTYBIHA JKOHE 3€PTTENETIH ayMak IIETiHAE CeJl TACKbIHIAPBIHBIH
KaJBINITACYbl KEe3iHJe IIeTiHII MaTephall KbI3METiH aTKapaThblH 0OOC CHIHBIKTHI MaTE€pPHAIAAPABIH YIKEH
KOPBIHBIH KUHaKTandybrHa okenexdi [11]. 3eprreynepre coiikec [11, 18], cen TacKbIHIApBIHIAFBI KATTHI
Kypaymbuiapasly yieci 80% sxeTyi MyMKiH, Oy [ne AnaraybIHBIH Taylbl aiMakTapblHAA SPO3Us JKOHE
JKUHAKTAITy MPOIIECTEPiHIH )KOFAPhl MOTCHIIHAIILIH KOPCETE/II.

ConbiMeH KaTap, coHFbI Kburmapbl 5000 M nmeiiHri OWIKTIKTE HONAIK W30TepPMAaHbBIH TipKelyiHe
OaiimaHbICThI [716 AnaTaybl aiiMarbiHa OCJICEH I MY3/IbIK 3PO3MSUIBIK MIPOIECTEP JKYPIIl JKAThIP, OYJI JKaHa
MOpEHAJIBIK KEIISHACPIHIH Haina OONMybIHa BIKIMAN eTeli. My3IbIKTapIblH IIEriHyi HOTHXKECIHIC MYHIa
omiktiri 150-200 M >xereTiH OipHemie (pPOHTANBIBI KbIpKalap KaiblNTacyaa. MopeHamap HeriziHeH
Kypambiana keminge 0,4% ca3apl-maHabl Qpaknusiaapbl Oap ipi KyMHAH KypaiFaH >KyMBbIpIaHOaraH
CBIHBIKTapbl 0achIM KHBIPIIBIKTACTHI-KAKIIAPTACThl MaTepHalfapian Ty3uiedi. Ilne AuaTaybIHBIH
MOpEHaJIapblHAa 2 MM YJIKeH CBIHBIKTapIaH XoHe YCaK TYHIpIIiKTI TONTBHIPFRINTApAAH ((paKiusiapbl
2 MM Killli) TYpaThIH ipi KECEKTi JKBIHBICTap OackiM Ooibim kenexi [11]. 3epTreniHin oTBIpFaH aiiMakTa
Kimn My3 J0yipiHIe >KMHAIFaH KOMilreH My3[BIKTaphl 6ap aHa MOpeHalapiblH ayaaHel 91,63 kM’
Kypaiiael [11]. byl MOpeHaNbIK KeIIeHep Cel TaCKbIHIAPBIHBIH KaJbITAaCYbIH/IAa MaHBI3Jbl POJI aTKa-
panbl, eTKEHI o1ap epireH *oHe KaHOBIP CYhIMEH KO3FaIbICKA YIIBIPAUTHIH OOC CHIHBIKTHI MaTepHaaap
KOPBIH Oepeni.

Ine AnataybIHBIH CONTYCTIK OCTKEHiHIH OPTAJBIK XKOHE IIBIFBIC OOITIHACTI MY3IBIKTHIK-MOPEHAIBIK
KeJJIEp/IiH KAJbINTAaCcyblHa (DH3UKAIBIK JKOHE XMMHSIBIK MTPOIecTep Tikelnel acep ereni. bipinmmineH, kyH
COyJIECiHIH TiKeJIeH Tycyl acepiHeH My3aaH Oocall MBIKKaH ayMaKTapaa Tepic hopMamarsl MUKPO ITIITiHT
OMBICTAp, IIYHKBIPJIAP, OWBLIBIMIAD Maiiaa 0ok, (PU3MKAIBIK IPOICCTEP/IIH OPhIH ayblHa BIKMA STEI.
ExiHnmiieH, My3pIKTapIbIH KapKbIH/IBI €pyl 9CEPIHEH Maiina OoJiFaH OWBICTAp, IMIYHKEIpIAp, OHbLIBIMAAD
CyMEH TOJBICAIIbI JKOHE XUMUSIIBIK TPOIECTEPIiH KopiHic Oepyi HETi3iHIe oJIapAblH TEPEeHIIr HeMece
Ka3aHIIYHKBIPJIAPBIHBIH ayMarbl ece Tyceai. Ochliaiiina, atajafral MpoecTepIiH OPbIH aJlybIHAH TOJBICKAH
MY3/BIKTHIK-MOPEHAJIBIK KOJIJIEP CeN KayiNTUITHIH TybIHIaybIHA AJIBIT KIS/,

Terenmie xarmaiinap atnaceiHna [19] yChIHBUFaH cell KayillTiTiri KapTachklHa COHKeC 3epTTeNleTiH
ayMakK Cell KayinTuTiri eH >Korapbl aiMaKKa jkaTajsl. byir aifMak 3K30TeHIIK TeOMOP(OTOTHSIIBIK ITPOIIEC-
TEpJiH JAaMybIHA, 9pi KATThl aFbIHJBIHBIH HETI3ri K631 PETIHJC MY3BIKTBIK-MOPCHAIBIK MIOTiHAIEPIiH
JKUHAKTaITybIHA OeHiM.

CoHBIMEH, 3epTTENETIH ayMaK KypAem oporpadHsuIbIK KYPBUIBIMMEH, OHIKTIK OenriTepiHiy aWTtap-
JIBIKTal ©3repyiMeH, My3IbIKTApMEH KOPEKTCHETIH ©3CH ISP/ IiH JaMbIFaH KYHEeCIMEH CHITaTTaJIa bl

3eprTey MaTtepuangapbl MeH dmicrepi. OTkeH FacwhipablH 60 KbUITAphIHAH OacTar MY37bIKTHIK-
MOpEHAIIBIK KOJIEP/IiH KaJBIITACy JKaFnaiinapbslH, MOP(GOMETPHSIIBIK CUIIaTTaMaNaphlH, Naina 0oJaThiH
anaTTBUIBIK J9PEKECIH aHbIKTay MakcatbiHna «Kascenmenkopray» MM skep OeTi jkoHE a’pOBU3Yyalijbl
Oapiay »KyMbICTapbIH xKyprize 0acraapl. XX raceipabiH 80 *KbLUIIapbIHBIH OpTackiHAa «KascemmaeHkopray»
MM TarnceIpbIChl OOWBIHINA TAYIIBI aydaHIapaaFbl MY3AbIKTHIK-MOPEHAIBIK KOJIepAi UIACHTUDUKAIUIAY
KOHE WHBEHTApU3aAIMsUIay MaKCaThIHIA KOJJIEPAiH TAaclopTH3auusiIay KyKaTTapel JalbIHAAIFaH
0osaTbiH. MOpeHAIBIK-MY3/bIK KeJIaepi 3epTTey KazakcTaHHBIH TayJibl alMaKTapblHIa CE KayINTiLTiriH
Oaranay ’xoHe KayinTi a3aiiTy mapanapbiH o3ipiiey KaKeTTUIriMeH ThIFbI3 OaitnanbicThl. COHFBI JKBUIIAPHI
YKapBIK KopreH AJIMaThl 00JIBICH OOHBIHIIA 832 KOmiH KaJacTphl MEH OJIApABIH MOPGOMETPHUSIIBIK JKOHE
KayinTUTIK CHITaTTamalapbl sxyienenren 3eprrey [20] cen kaymiH aliMakThIK JeHreiae Oaranar, KayinTi
KeJIZIep/1i aHbIKTayFa MYMKIHAIK OepeTiH KypasFa aifHaJIbI.

My3ABIKTBIK-MOPEHANBIK ~ KOJJEpAeri e3repicTepAi 3epTTey MYJIbTHUCIEKTPAIILl  CypeTTepi
OipikTipy, cy OCTiHIH MHACKCI KoHE KOJAep ayTaHBIHBIH ©3TepyiH Talgay YIIiH KAIIbIKTBIKTAH 30HITAY
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MOIMETTEpiHE HETi3iHIe ky3ere achipbiianbl. Coi ceOenTi, 3epTTENIHIN OThHIpFaH ailMaKTaFrbl MY3JIbIK-
THIK-MOPEHAJBIK KOJIACPIH Kazipri jKargaiibl MeH JaMy TWHAMHKACHIH OaKpliay YIIiH KallbIKTBIKTaH
30HJIAY 9JIICI apKBUIBI albIHFaH KEHICTIKTI KECKiHIEY MYMKIHIr KOFaphl TycipiiiMaep, TONOrpagusuIbIK
KapTajnap, Jkep OCIepiHiH CaHIBIK MOJETl KOJIaHbUAbl. Keyjmep[iH WHBEHTapU3alUsAChIH IKYPri3zy
OaphICBIHIA, Kap KOPBIHBIH MUHUMAIIB IIeTi OalKaaaThlH CaBICTRIPMANbl TYpAe KYPFaK MayChIM OOJIBITI
TaOBUTATHIH TIUIIE-TAMBI3 almapbiHa THecuti 1978-2025 oK. apaNbIFBIHIAFBl FAPBIITHIK TYCIpUTiMIEp
anbIHABI. MY3IBIKTBIK-MOPEHANBIK KOJIACPIH WHBEHTAPU3AIUACHIH JKYPri3y MaKcaThlHIA OYJI JKbUIIap-
JIBTH TAHJAJIBII ATBIHYBI OYIIT XKoHE Kap KaOaTTaphIHBIH MHHAMAJIIBI IIETIMEH KoHE TYCIPUTIMHIH JKOFaphl
carmachIMeH TYCIHIIpiIeT.

My3IBIKTEIK-MOPEHAIBIK KOJIepAi 3epTTey Oaprickinaa 1978 ki1 Multispectral Scanner System (MSS),
1990 e ymia Thematic Mapper (TM), 1999, 2013 xbuinaper ymin Thematic Mapper/Enhanced
Thematic Mapper Plus (TM/ETM+) Landsat, 2021 >xone 2025 xpuimap ymriH Sentinel-2 FapbIITHIK
Tycipimimaepi nadmananeuinel. COHBIMEH Katap, 3epTTey ayJaHblH KapTa O€TiHe TYCIpy VIINIH Xep
OcnepiniH cannblk Moxaeni perinnme Alos Palsar (JAXA) xanmpikapanbIK 3epTTey K0OAachIHAH aJIbIHFAH
MamiMeT KoimaHeuasl. OcklFaH OaitnaHbicTh, Sentinel-2 >xoHe Landsat FapbIIITBHIK CHYTHHUTI apKBLIBI
tycipinren 10, 30 xoHe 60 M KEHICTIKTI KECKiHIEY MYMKIHIITI >KOFapbl JKOHE OpTalia TycCiputiMaep
naiimananeuiael (1-kecre). Tapmanm anblHFAH TYCIPUIIMICD apKbUIbl MY3IBIKTBIK-MOPEHAIBIK KOJIIepIi
UAeHTH(UKAIUSIAYABIH CEHIMAUTITT KEHICTIKTI KeCKiHIey MYMKIH/IITIMEeH aHbIKTanansl. Cy oObeKTinepin
Kapra OeTiHe TycCipy MIHACTIH ImenryJae KEHICTIKTI KeckiHmey MyMkiamiri 10 M OonraH skarmaiina,
00BekTiHIH cunatThl Mojrepi 30 M, ai 30 M OosraH xarfaiina 60 M Kypausl.

1-kecte — MamiMeT Ke31epi KOHIHAET1 aKknapaT

Table 1 — Information on data sources

TycipinimMHin KewnicrikTi
MaiimerTtep ke3i JKapUsUIaHFaH Tycipinim aTaysr KeCKiHIey
YaKBITHI MYMKIHIIT1
Landsat 2 (USGS) 07.29.1978 | LM02_LITP_161030_19780729_20200906_02_T2 60 M
Landsat 5 (USGS) 07.08.1990 LTO5_L2SP_149030_19900807_20200915_02_T1 30Mm
Landsat 7 (USGS) 08.08.1999 LEO07_L2SP_149030_19990808_20200918 02_T1 30m
Landsat 8 (USGS) 06.08.2013 LCO08_L2SP_149030_20130806_20200912_02_T1 30m
Sentinel-2 24072021 S2A MSIL2A 20210724T054641 10
(Copernicus Data Space Ecosystem) U NO0301_R048 T43TFH_20210724T080202 M
Sentinel-2 23.07.2025 S2A MSIL2A 20250723T054641 N0301 10w
(Copernicus Data Space Ecosystem) o R048 T43TFH_20250723T080202
Alos Palsar (JAXA) 12.5

My3AbIKTBIK-MOPEHAJBIK KOJI1epai uaeHTu(puKauusiay. 3epTrey MakcaTblHa KO JKETKi3y YIIiH
Cy WHJICKCIHIH opTYpJi TYpPJIEpiH KoigaHyFa Oomanmsl [21]. 3epTTermin OTBIpFaH MY3IBIKTHIK-MOPEHAIBIK
Keaepai ockl Typaepmain 0ipi NDWI kemeriMeH ne anbikTayFa Oonansl. Makdutepe anbikraran NDWI
[22] uanmekci — cy o0ObeKTiIEpiH Oelriien KOpCeTeTiH, COHBIMEH Oipre 6CIMIIKTEp MEH TOMBIPAKTHIH 0acka
Jla epPEeKIICTIKTePIH TEXEHUTIH JKACBIT JKOHE KAKbIH HH(OPAKBI3bLI CIEKTPIIK JKOJAKTAp apachIHIAFbI
KaThIHACTAP.IBIH KAIBITKA KENTIpIITeH HHAeKC. UHIEKCTIH TeHaeyi Kemeciiel aHbIKTala bl

Pgreen—PNIR

NDWI = (1)

PgreentPNIR ’

MYHJIAFbI Pgreen JKOHE PR — COMKECIHIIE KACBUT XKOHE KaKbIH MH(PAKbI3bUI AUANa30HIap YIIiH aTMoche-

paHbIH JKOFapFbl KaOaTTaphIHBIH MIarbuTbicy Kod(hduimentrepi. byn mareuieicy kxo3ddunmentrepi
petiage Sentinel-2, Landsat TM »xone ETM+ cercoptaps! YIITiH THICTI THANIa30HAap aTbIHIIBL.

MYy3IBIKTBIK-MOPEHAJIBIK KOJIEP SPTYPJli (U3UKAIBIK KOHE XUMHSJIBIK JKarnainapra OaiaHbICTHI

OPTYpJIi CHEKTPIiK CHMaTTaManapra ne OONFaHABIKTaH, KOJIEpIiH MuUKcenb MoHAepi ymiH keH NDWI

JMana3oHIapbeiH Oepeni. SIFHH, 3epTTeNiHIN OTHIPFaH ayIaHIarbl MY3ABIKTHIK-MOPEHAJIBIK KOJIepi YIIiH
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NDWI auanazonsl apTypii 6omysl MyMmkin. Con cebenTi, onap kKaHzaail ga Oip IIEKTI MOHMEH MICKTelN-
MENi.

Kenreren 3eprreymrisiep [23, 24] My3IBIKTHIK-MOPEHAIBIK KoJAEpAl WIACHTUGUKANMSIIAY VIIiH
0,15 mekri moHiH KaObuimaran. Con ceOenTi, 3epTTEY ayJdaHBIHAAFbl MY3JIbIKTHIK-MOPEHAIBIK KOJl-
nepai uaeHtudukanusinay OapeickiHga 0,15-0,20 nuamazonsiHmarsl NDWI MmoHzepi KoJIaHBUIIBL.
Landsat 5, Landsat 7 FapbeIIITHIK TYCipUTIMIEpiHEH Cy WHACKCIH aHbIKTay VImiH 2-4 Band-tep, Landsat 8
KOCMOCTHIK TycipitiMineH 3-5 Band-tep xone Sentinel-2 rapeiuthlk TycipimiMaepinen 3-8 Band-tep
KOJIIaHBUI/IbI.

My3abIKTBIK-MOPEHAJBIK KOJIIepi KapTaFa TYCipy skoHe HHBeHTapu3auusichiH 33ipiaey. NDWI
WHICKCIHIH OH JIHANa30HBI pPETiHAE OCNTUICH MOH apKBUIBI KOJICpPIl aHBIKTAy >KoHE JKep OemepiHiH
CaHJIBIK MOJISITiH MaliianaHa OTHIPBII MY3/ILIKTBIK-MOPEHAIIBIK KeJaepAl kapTa OetiHe Tycipy ArcGIS 10.8
OarapiaMachl apKBLUIBI JKy3ere achIpeulabl. Kapra Oetine Tycipy OipHeme ke3eHIi KaMTuabl. bipiHiineH,
3€pTTEJIiI OTBIPFaH ayJaHJarbl MY3AbIKTHIK-MOPEHAIBIK KOJIIEPiH KapTajayAblH ajlblH-ajla HOTHXKEJICePiH
any yurin Landsat xone Sentinel-2 FapbIlITBIK TycipilliMaepiHe cerMeHTaIus xKacaiusl. ExiHmigeH, apoip
3epTTEIiHIN OTHIPFaH KbULAAP YIIiH alAbIH-a/la abIHFaH HOTHOXKEIepi Tajiail OTHIPHIIN, opOip jkeke Kol
KOJIMEH CaHJay KYMBICTAPBI >Kacajljibl.

CHexTpiiK MIaFbUIBICy HOTHKECIHJE KeHOip KeJeHKeNl aiMakrap My3AbIKTHIK-MOPEHABIK KO
peringe Kare knaccuukanusuianael. Con cebenti, Aypbic KiaccupUKauMsIaHOaraH HeMece aHBIKTal-
MaraH kemmepai Google Earth Pro keckiHmepiMeH OeTTecTipe OTBIPBHIIN, CAaNBICTHIPY HOTHKECIHIE
TY3€TyJIep Kypri3iimi.

Kapranay skymbIcTapbl jKacalraHHaH KeiiH, MY3IBIKTBIK-MOpPEHANBIK KOJIJIEPIIH Ka3ipri Karmaiibl
MeH J]aMy IWHAMHKAChIH OaFajay MaKCaThIH/Ia WHBEHTApU3alMSHBI 93ipiiey YIIH opOip xenre aTpuoOyT
peTiHe Keneci chimaTTaManap Oepiimi:

3epTTey ayJaHbIHJAaFbl MY3BIKTHIK-MOPEHANBIK KOJIEPiHiH aTaykbl;

3epTTey ayJaHbIHIaFbl MY3IBIKTBIK-MOPEHANBIK KOJIIEPiHiH KOOpAUHATATAPHI;

3epTTey ayJaHbIHAaFbl MY3/IBIKTHIK-MOPEHANBIK KOJJepiHiH OWiKTiK Oenriiepi, M;

3epTTey ayJaHBIHIAFBI My3IBIKTHIK-MOPEHAITBIK KOIIEPiHiH ayIaHbl, M’;

KOJ KeTKIi3iNreH ayJaHmblK CHIIATTaManap Kejeci xiKTeMemlik epekmenikrep Herisimme > 5000 v’
5000-20000 m*; 20000 M, coiikeciniie, ycak, opTaIiia %oHe ipi Kesuep 6obi GemHi.

3epTTeiHIN OTHIPFAaH aylaH VIIiH MY3IBIKTHIK-MOPCHANBIK KOJICPHiH aydaHblH KOHE T.0. CH-
narramMajgapblH KalIbIKTBIKTaH 30HIAy MOIIIMETTEpiH KOJIaHa OTBIPBIN N €CenTey MYMKIH eMec.
Ecenreynepni >kyprizy OapbichiHAa KaHzaail na Oip KaTemiKTep KeTyl alKblH. SIFHU, MY3ABIKTBIK-MOpe-
HaJBIK KOJACPIiH TycipiaiMae OepilreH KepiHicTepi TycipUmiMaepAiH KEHICTIKTI KeCKiHAeY MYMKIHIIK-
TepiHe, TYCIPUITeH yaKbITTaFbl KOJIEp/IiH KaFaaibiHa (OYIT, Tay )KOTalapbIHBIH KOJICHKENIEPi HeMece Kap
KabaTTapsl) Tayemai O0IaTIH SPTYPIi ASHreWaeri NonainikTi Oepeni.

Makanazna 3epTTey aylnaHbl YLIIH KaTENIKTEpAi MakCHMalbl a3alTy MakKcaThlHOa MayChbIM-TaMbl3
alJapbIHBIH FAPBINITHIK TYCIpUTiMIEp MalgalaHbpuInbl. 3epTTey OaphichiHAa XEHIIoy MeH bykxareH
YCBIHFaH 9JIiCKe colikec [25] My3IBIKTHIK-MOPEHANBIK KOJAEPAiH ayJaHblH KapTara TYCIpyAeri KaTeliKTep
OaramaHnel. by omicTe aymaHIbl aHBIKTAYy JKOHE eJIIeyAeri Karemik ['aycc yiecTipiMiH KaMTHIBI, SFHU
KepceTineTiH nukcennepain ~ 69% (16) xartemikrepre ymslpaiiipl aereH OoibkamFa Herizmenred [26].
ConbIMeH, ayaaHaapblH KaTeliri keneci GopMysiaMeH ecenTele/i:

Error(1c) = (P/G) - 0,6872 - G2/2, )
E = Error(1c)/A-100%, ?3)

MyHaarel P — kaprara TycipiireH kenaiH mepuMmeTpi; G — TOp YAMIBIFBIHBIH oimeMi; E — My3abIKTHIK-
MOpPEHANBIK KOJAIH CAIBICTBIPMAbl KaTewiri; A — MY3ABIKTBHIK-MOPEHAJIBIK KOJIiH Kbl ayaaHbl. by
JKepAe, MY3IbIKThIK-MOPEHAJIBIK KOIICPIiH MEeKapachlH KYPaThIH MUKCENIBACP CaHbl KOJAiH IEpUMETPiH
TOp YAWBIFEIHEIH emmeMine (G) Gemy apkputel ecenteneni. [lukcenpaepain 69%-b1 KaTemikTepre Oeitim
OOJFaHABIKTAaH, MY3JBIKTBIK-MOPEHANIBIK KOJJIEpiH IIeKapachlH KypailteiH mukcens 0,6872 (= 1o)
kebeitineni. Cogan keifin, can Oip MUKCENbIiH XKapThl ay1aHbIHA KeOeHTiIe 1.

AnpiHFaH Karenep mamaMeH 5% Kypaiiabl, Oysl KamIbIKTBIKTaH 30HIATAY SiCTepi apKbLIBI MY3-
JBIKTap/IbIH KOHTYPBIH OaFalaiiThIH 3€pTTEeYJIEPMEH CaJIbICThIpa OTHIPHIIN OeNriIeHTeH KopceTkimt [25].
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Hotm:kenep. lne AnaTtaysl )KOTachIHIAFBI MY3/IBIK-MOPEHAJIBIK, KOJJIEp CAaHBIHBIH apTybl MEH OJap-
JIBIH Cy alIBIHBIHBIH KCHEI01 HETi31HEH KIIMMATTBIH Y3aK MEP3IM/Ii KbUIBIHYBI )KOHE MY3/IbIK MacCAChIHBIH
KeHiH IerinyiMeH OaiaHbIcThl. MY3IBIKTHIK-MOPEHANBIK KOJIICPIHIH CaHbl MEH KOJIEMiHIH YJIFarObIH
KJIUMATThIH FaJaMJIbIK JKbLIBIHYbIHA OaiJIaHBICTBI MY3/IBIKTAPABIH KEWiH MIETiHY MPOIECIMEH TYCIHAIpYyre
Oomazel. MyY3IBIKTHIK-MOPEHABIK KOJACPIIH ©cyl MEH IaMybl KIUMATTBIH ©3TepyiMeH >XOHE TOIIOo-
rpadusIIbIK KargaiiapMeH THIFBI3 OaimaHpICThl [26]. KimMaTThIK e3repicTepre KaThICTHI 3epTTeyiep
kepcetkenaert, Conrycrik Tsub-l1llanpna Temmeparypa TpeHATEP] OH, KOHE JKEPTiTIKTI MY3IBIKTapABIH
aymarbl a3aiibin xateip [27, 28]. By KbUIbIHY, ocipece ka3rbl KE3eHJET] KOFaphl aOJIALUSIMEH THIFbI3
0aiiyIaHBICTBI, HOTMIXKECIHJIE KEHIH IIeriHreH My3JbIKTap OPHBIHAAFbl MOPCHAJBIK IIOTiHAIICpMEH
KOMKEpUIreH 00C KEHICTIKTEepAe Cy JKUHAJBIN, jXKaHa KeJJISPIiH maiima OoJyblHAa >Karjail jkacasiaibl.
CoHBIMEH KaTap, JKBUIBIHY MY3 Tay JKBIHBICTApPHl apajac KOCIAHBIH OCpIKTITIH TOMEHIETeHdl, SFHU
MOpEHAITBIK Ka0aTThIH TYPaKCHI3BIFBIHA aJIBIIT KEJIe/l, al Oy, 3 Ke3eTiH/e, KOJ KAIbINTaCybIHA KOJIANIIBI
mapTTap TYFbI3aibl. 3epTTey ayJdaHbIHAAFbl )KEPTUTIKTI XKepAiH KINMATBIHBIH ©3TepyiH JKoHE OJapbIH
MY3BIKTHIK-MOPEHAIBIK KOJIJIEP/IiH KAIBINTACybl MCH JJaMybIHa SCEpiH Oaranay YIIiH allblK PeCypCTarbl
CRU TS (Climatic Research Unit gridded Time Series) »eniciHeH KonmaHbLiFaH 1978 skpuimaH
2020 >xpUTFa JEHiHT1 aya TeMIlepaTypachbliHbIH MAIIMETTEPIH TaNay OTHIPHII, OHBIH dpOip OH JKbUI CaibIH
0,3 °C-xa keTepidy TEHICHIIMSACHIHBIH Oap eKeHMIITiH kepcerTi [29]. TemmeparypaHBIH >KOFaphLIayhI
MY3ABIKTApJBIH IICTiIHYIHIH JKoHe Inme AmnaTayblHIArbl MY3IBIKTHIK-MOPEHANBIK KOIACpAiH Makaa
OOJYBIHBIH XKoHE OJapIblH Cy JeHreHIIepiHiH KOTepityi aCepiHeH 3ePTTEIIIl OTBIPFaH ayMaKTa IIBIFY-Terl
TIISIAAIIBI CeJ TACKBIHIAPHI KANBINTACYBIHBIH HET13T1 KO3FayIIIbl KYIIIi OONBIN caHanasl [28].

3epTTey ayAaHBIHIAFBl MY3IBIKTBIK-MOPCHAJIBIK ~ KOJIEPIiH KEHICTIKTIK-YaKbITTBIK —Tapanysbl
2-kecTelie KeNTIpiireH. MopeHanbIK KeNJAep/iH KEHICTIKTIK Tapalybl 3epTTeY YaKbIT apalibIFbIHJA
3000-3900 M KaMTBIFaHIBIKTaH, OChI apaiblK mapTTel Typae 3000-3200, 3200-3400, 3400-3600, 3600-
3800, 3800 M >koHe onIaH Ja KOFapbl apajblKThl KaMTHUTBIH Tpafanusiap OoWbIHIIA OarajmaHIibl.
VYakbITTHIK YJECTipilyl KaIIBIKTBIKTaH 30HIATAY MONIMETTEpPiHIH 3epTTey ayJaHblHa KAaThICTHI Oap-
JKOKTBIFBIHA, CallachblHA JKOHE OYJITTBHUIBIK JOPEKECiHe OaillaHBICTBI Keyeci oHXbUIIbIKTap (1978, 1990,
1999, 2013, 2021, 2025 >k.) OOMBIHIIIA TAHIAIBIN, COHIAN-aK FAPBIIITHIK CYPETTEP/Ii TaHAay OapbIChIHIA
3epTTey ayJaHbIHbIH MY3JIaH apbuly ME3Tiji, SIFHU jKa3 aljapblHIaFbl KECKIHIEPl MaiIalaHblLTy HEeTi31HIe
TaJIaHIbI.

Ine AnaTtaybsIHBIH COATYCTIK OeTKeHiHAeri WIBIFBIC KOHE OpTaiblK Oemikrepi OoiibiHma 1978-
2025 >xpuigap apanbIFbIHIA JKYPri3ireH Tangay MY3ABIKTHIK-MOPEHANBIK KOJAEPAiH CaHBIHBIH [a,
OJIapJIbIH ayJaHIIapbIHBIH Jla TYPAKThl 6Cy TPCHIIH KepCceTeli. 2-KecTe MaliMeTTepi OOWBIHIIA, 3epTTey
aynaHbIHIAFbI Kesaep canbl 1978 xbiaMeH canbicThipranga 2025 xbiisl 2-4 ecere apTkaH (2-cypert). byn
TEHJICHIIMS COHFbI OHXBUIABIKTapJa OalKalFaH MY3JbIKTapAblH KapKbIH/BI MICTIHY MPOIECIMEH TiKeleh
OaitmanbicTel, on lie Amaraysiama 1950-xbmimapman Oepi 30-40 % mamaceiHma My3ZIBIK KOJIEMiHIH
a3arobIHA aJIBIN KEJITeHI OCITii.

YnkeHn AnmMaTsl e3eH ana0bl OoibrHIma 1978 btk 7 ke Tipkence, 2025 KbUTBI OJapAblH CaHbI 26-Fa
xketti. Kenaep aynanel aa aitrapneikrait aptkan: F < 5000 M ycak kenaepaeH 6actam 20 000 M? acaThiH
ipi KeJmepre AediH OapibIK Tpamanmsiapaa ecy Oaiikanmanel. Ocipece XXI FachIpabH OipiHINT OHXKBLI-
neireiaan ipi (F > 20 000 Mz) KeJIIEepIiH maina 00dybl MY3IBIKTApAbIH KapKBIHABI €PYIHIH HOTHXKECI
OOJIBIIT TaOBLIAEL.

Tanrap e3eH amalObl eH OenceHzi e3repicrepMmer cunarraianbl. 1978 xburFbl 5 kemaeH 2025 KbUTBI
31 keunre meliiH eciM OalKamIbl, all KalIbl ayAaHbl 3 ecelieH aca apTThl. MyHna aynaus 20 000 Ve YIIKEH
KeJJIEp/IiH TYPaKThI TYpJe maiaa 0oiysl Oaiikanans! (3-cypet, A), Oy anantarbl MY3/bIK aliMaKTapbIHBIH
YJIKCHIITIMEH JKOHE MY3/IbIK JKaMBUIFBICBIHBIH KApKBIHIBI €py IpolecTepiMeH TyciHaipineni. By
teHAcHIUs OpTanblKk A3MSIarbl €H JUHAMHKAIBIK KOJ >KYHENepiHiH o)1 ocbl Tanrap >koTajgapbiHIa
KaJIBIIITACATHIHBIH KOPCETETIH FRUIBIMH 3epTTeyJIepMeH ColKec KemeIi.

Ecik xone Kimi AmMaTsl @3eH anantapblHaa Aa Kejep caHbl OipTiHAen ecyxae, Oipak AMHAMUKACHI
Tamrap xoHe YikeH AIMaThl ©3€H ajlanTapblHA KaparaHaa OasybpIpak. bynm My3apIkTap ayaaHBIHBIH
casbICTBIpManbl Typae Kimi 6omysr [28, 30] xone «Kascennenkopray» MM yaKbITBUIBI KY3€Tre achIpbl-
JIATBIH aJIIBIH-aJTy IapanapbiHa OaiIaHbICThIL.
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2-kecte — lme Anartaysl CONTYCTIK OETKeHiHIH OpTaBIK )KOHE HIBIFBIC Oomirinaeri
MY3/IBIKTHIK-MOPEHANIBIK KOJIIEPAiH KeHICTIKTIK-YaKbITTHIK YIIECTIpiITyi

Table 2 — Spatial and temporal distribution of glacial-moraine lakes
in the central and eastern parts of the northern slope of the Ile Alatau

Aynansi (F, M%) Buikriri (H, m)
MMK
Keut | 3eprrey aymams | wanms <5000 5000-20000 20000< 3000- 1 3200- | 3400- | 3600
CaHbl | cambl F, CaHbl F, CaHBI F, 3200 | 3400 | 3600 | 3800 3800<
N | v N M N W
Y ke AMatsl 7 2 5400 5 47 600 - - - - 4 3 -
Kimi AnMaTsl 4 1 1800 3 24 800 - - - 2 2 - -
1978
Tanrap 5 2 5700 1 7400 2 51 600 - 1 2 2 -
Ecik 4 - 4 48 600 - - - 1 2 1 -
Ynken AMatbl 9 6 17 500 3 31100 — - - 1 4 4 -
Kimi Anmatsr 4 2 4650 2 18 600 - - — 2 1 1 —
1990
Tanrap 15 8 20 500 6 57 900 1 66 100 - 5 6 3 1
Ecix 7 4 9350 3 44 250 - 2 3 2 -
YikeHn AlMatsl 10 8 20 400 1 6100 1 22950 - - 6 4 -
Kimi AnMatsl 5 2 3800 2 11 400 1 20 800 - 3 1 1 -
1999
Tasnrap 20 13 30300 4 30250 3 114250 | - 8 7 5 -
Ecik 8 5 9800 3 38 700 - - - 2 4 2 -
Yiken AMatsl 11 6 11250 3 44200 2 61 750 - 5 6 -
Kiri AnMatsl 4 1 2700 2 17 300 1 22 450 - 1 2 1 -
2013
Tanrap 23 12 28 800 7 73 850 4 153800 2 7 8 6 -
Ecik 14 10 19 600 4 42 300 - - - 2 10 2 -
YnkeH AMaTsl 21 14 26 400 5 52 950 2 76 550 7 13 1
Kimi Anmatsr 5 3 6900 2 21 600 - - 1 3 1
2021
Tanrap 29 21 44 300 6 66 750 2 103 850 1 10 9 8 1
Ecik 22 17 30 000 5 74 650 - - 3 13 5 1
Yiken Anmatsl 26 18 43 597 7 79 278 1 37472 - - 12 11 3
Kimi AnMatsl 5 3 8037 2 23 651 - - - 2 3 - -
2025
Tasnrap 31 23 39 888 4 38 258 4 178 035 2 7 14 6 2
Ecik 20 12 18 741 5 47 163 1 22 332 - 4 9 4 1

3epTTey aydaHBIHAAFbl MY3IBIKTHIK-MOPEHAIBIK KOJIEPAiH KEHICTIKTiK Tapamysl HeriziHer 3000-
3900 M OWIKTIK apaibIFBIHIA IIOFBIPJIAHFAHBIH KepceTedi. bynm OwmikTik Oemmeyi conrel 50 >Kbuima
MY3BIKTapIbIH OCJICEHI TYpZAE IICeTiHy aliMakrapbiHa colikec keinemi. Maicanbl, 3000-3200 M OuikTik
apaneireiHga 1978-1990 sxox. kaparanma 2000 KpuigaH KeHiH KeJIepAiH caHbl apTa TYCKeH. MyHEI
MOpEHAJIApIbIH MY3JaH TOINBIK apbUTybl JKOHE CYy JKHHAY Ka3aHIIYHKBIPIAPBIHBIH TYpaKTaHybIMEH
tyciuaipyre 6omaabl. 3200-3400 m sxone 3400-3600 M apanbIKTapbl OApIIbIK Ke3CHICPIC €H KOl KeJaep
LIOFBIPIIAHFAH apanbik OombII TaObutazsl. Ipi kememai (F > 20 000 m°) xemaepiH GackiM Geliri ockl
ouikrikrepne ke3aeceni. An 3600-3800 M apanbIFbl 1a COHFBI OHXKBUIABIKTA OSICEeH I KO KaJIbITacyIIIbl
aiiMakka aiHaimel, ocipece Tamrap MeH YikeH AnMarel e3eH ajantapbl ymrH. 3800 M-AeH KOFaphl
aliMakTap/a KeJiepaiH naiiaa 6omysl ek 1999 xbuinan keiiin Oavikanazpl (3-cyper, O).
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2-cypet — 3epTTey aynaHBIHIAFl ©3€H ajanTtapbl OOMbIHIITA
1978-2025 k. apalbIFBIHIAFBI MY3IBIKTBIK-MOPEHAIIBIK KOJAEPIiH KCHICTIKTIK-yaKbITTHIK Taparybl

Figure 2 — Spatiotemporal distribution of glacial-moraine lakes along river massifs
in the study area from 1978 to 2025
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3-cypet — 3epTTey ayIaHbIHIaFbl MY3/bIKTHIK-MOPEHAJBIK KoJmepain 1978-2025 xoK. apaibIFbIHAA:
A — aynaHbl OOMbIHIIA ©3repyi; © — OUIKTIri OOHMBIHIIA TapaTysl

Figure 3 — Distribution of glacial-moraine lakes in the study area by area A — and height B — from 1978 to 2025

Kenripinren cyperrep OolibiHma, lime AnaTayblHBIH CONTYCTIK O€TKEHi OpTajbIK MKOHE IIBIFBIC
OerikTepiHeri OipHeNIe MY3IBIKTHIK-MOPCHANBIK KOJIIEPIiH aydaHbl apThII, CEJ KayINTiLIIriH TOHMIpII
oteip. Kazipri TaHma cena KayinTUIriH TOHMIPETIH MY3IBIKTBIK-MOPEHANIBIK KOJIEPIIH aKTapbLIybIHBIH
aNJBIH ally MakcaThIHAA KYPri3iIeTiH KYMBICTapAbIH 0ipi — anapH-any mapanapsl. «KascenneHkopray»
MM-HiH 06acuIbUIBIFBIMEH JKYPTi3iIeTiH TPEBEHTUBTI )KYMBICTap/IbIH 3 HETi3Ti ofici 6ap — cudonmap aici,
IBaKyalMsUTBIK KaHal Kazy apKbUIbl cy KiOepy jkoHe KemreHai ofmic. Kaszipri yakpITTa MY3IBIKTHIK-
MOpPEHANBIK KOJIIeP TOJBICHII, aKTapblUTy KayiNTiTIr TOHIeH KaFAaliaa KayinTiTiKTiH aniblH-aly Makca-
TeiHAa «Kacennenkopray» MM yHBIMAACTBIPbUIFaH NPEBEHTUBTI )KYMBICTAp yaKbITBUIBI KYyprizizeni. Cox
ce0enTeH A€ MY3AbIKTapAbIH KapKbIHIbI €pyiMeH OaiylaHbICThl MOPEHAJIBIK KOJIAEPIiH CaHbl apTKAHBIMEH,
ayJlaH]IBIK KOPCETKIMTEPIiHIH TepOetici, yaKbIThUIBI )KYPTi31JIETiH IPEBEHTUBTI IIapaliapIblH HOTHKECI.

[IpeBenTHBTI >KyMBICTap Kyprizinren kenaepnid Oipi Kimn AnmaTel e3eH amaOblHIA KaiabllTacy
KapKBIHIBUIBIFEIMEH epeKineneHeTiH Ne6 My3IBIKTBIK-MOPEHAIBIK Kol 0016 Ta0bimaapl. Kimri Ammars
©3¢H aJlaObIHBIH KOFAPFhI aFbICHIH/IA MIOFBIPJIaHFaH Ne6 MY3IbIKTBIK-MOpPEHANIBIK Kot 3580 M OuWiKTIKTEe
M. MameTroBa My3ABIFBIHBIH TiJIiHAE OpHalacKaH. 3epTTEIiN OThIPFaH MY3IBIKTHIK-MOPEHAIBIK K6J 6TKEH
raceipabiH S50 KpUIIApBIHAH OacTamn KanplnTaca OacTar, OHBIH WMHTEHCHUBTI TONBICYBI 1970 xbLimapsl
Oaiikanran. KenmmiH MopeHaNbIK KEIICHIHIH CHAUIITIHE KOHE OpHaNacy KepiHe OalIaHBICThI aKTapbLTy
KaymiH TyIbIpFaHIBIKTaH, 1976 Xbuigapel Kesl Ka3aHLIYHKBIPJIAPbIHAA CYy JACHI€HiH TOMEHIETY KYMBIC-
Tapbl JKy3ere acelpbutrad. 1976-1978 eumap apanbiFbIHAA KY3€Te achIpbUIFaH MPEBEHTHBTI MIapanap
HOTHXKECIHAE KeJaeri CymblH nmeHreiti 3,4 M-re temenaerireH. «Kazcemmenkopray» MM-uiH Oapiay
JKYMBICTAPBIHBIH, KOPBITBIHABUIAPHI GOibIHIIA 1978 KbUIb KemuiH aynaHsl 4280 M> Gojica, FapbIIITHIK
Tycipimimai ermey 6oitsiama 1990 sxsutsr 11734,7 M2, 1999 sxeuer 20807,4 M* kyparan. A 2013 Kbl
OHBIH ayJaHbl 22458,6 M oecce, 2021 xprmer 11877 M’-re azaieim, 2025 xeutel KaTagad 16 901 M e
yrraansl (4-cyper, 0). Kenm aymanwsinbeiH e3repyi «Kascemmenkopray» MM KyprizeTiH NpeBEHTHUBTI
JKYMBICTapBIMEH TYCIHAIpiIei.

Hemex, 3epTTey aynaHbIHIAFbl MY3IBIKTapMEH KOPEKTEHETiH KeJIep HETi3iHEeH MY3IbIKTapIblH
IIeTiHyiHe OaiIaHBICTHI JaMHIBI JKOHE ©cCelli JeN KOPBITHIHABI jkacayra Oojaapl. 3epTTEINl OTHIPFaH
aynaHaarbl MY3JBIKTIK-MOPCHAJIBIK KeaepaiH 97% My3JbIKTapMEH KOPEKTCHEI, OJapiblH IIIHIE
13 xenm My3IbIKTapMeH Tikened OaiimaHpICThl, an 10 Kenm My3ABIKTapMEH jkaHama OaiflaHpicTa OpHa-
JIACKaH.

Ken emmemaepinin nmonmpiirine opTYpJli KEHICTIKTIKTI KeCKiHIEY MYMKIHIIT, TycipiliMaepIin
aNbIHFaH KYHi, OHBIH TYCipily OYpBIIIbI, TEOMETPUSIIBIK XOHE PaTUOMETPHSUIBIK TY3ETyJep >KOHE
KapTanay omicTepi ocep ereldi. My3IbIKTHIK-MOPEHAIBIK KOJIACPIHIH aylaHbIH aHBIKTay KE3iHIE OpPbIH
anFaH opraia Karelnik 2,6-13 % kypaitnsl. Karenik mepuMeTpre KoOSHTIITeH KapThl MUKCENb1 KOIAaHY
apKbUIBI OaFallaHFaHIBIKTaH, KILIiripiM MY3IBIKTBIK-MOPEHAJIBIK KOJAep YILIiH KaTeNliK dKOFapbl OOIbI.
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4-cypeT — My3IBIKTBIK-MOPEHAIBIK KOJAEPIiH YaKbITTHIK yiecTipinyi (1978-2025 sxok. apansrbpiHaars! 10-KbUIIBIKTap
OotipiHIIA): @ — 13-6uc kei (YikeH Anmarsl ©3eH anabsi); 2 — Ne6 ke (Kimri AnMaTel e3¢H analbl);
6 — Ne8 ko (Tanrap e3eH anadbl); 6 — Ne23 ken (Ecik e3¢Hi analdbr)

Figure 4 — Temporal distribution of glacial-moraine lakes (by decades from 1978 to 2025):
a — Lake 13-bis (Ulken Almaty River basin); b — Lake No. 6 (Kishi Almaty River basin);
¢ — Lake No. 8 (Talgar River basin); d — Lake No. 23 (Esik River basin).




ISSN 2957-8280, eISSN 2957-9856 Ne 4, 2025

Tankpiaay. lme AnarayblHBIH CONTYCTIK OeTKeHiHIeri My3IBIKTHIK-MOPEHAJBIK KOJIJAEepHiH Ke-
HICTIKTIK-yaKBITTHIK TUHAMHKACHl 3epTTENTeH KE3CH IIlIiHIae alKpiH e3repictepre me Oommpl. Kecre
MaiMeTTepl KepceTkeHaei, 1978-2025 »xplnmap apaybIFbIHIA KOJACPAIH CAHBIHBIH apTybIMEH KaTap,
ONIapIbIH aynaHAapbIHa Jla OarbITTalIMaraH, TepOenMeni e3repic Oalikananbl. byn e3repicTep/iH Herisri
cebebi peTiHme COHFBl OHXXBUIIBIKTApAarbl MY3IBIKTapABIH KapKbIHABI epyiH arayra Oomaxpl. LllarerH
KOHE OpTa KeJeMi IUPKTIK MY3IBIKTapABIH IIETiHy1 OJIapFa KaKbIH OpPHAIACKAH MY3IBIKTHIK MOPEHAIBIK
KeJJIep/IiH ayJaHbIHBIH YJIFAOblHA JKaF[ail acarl, )kaHa HeMece YIIFaiiFfaH KeJl Ka3aHIIYHKBIPIapbIHBIH
naiia OOTybIHA aJBIT KEIIi.

1978-2025 xwimaap apanbsiFeiHaa [me AllaTaybIHBIH CONTYCTIK OCTKEHIHIETT MY3IBIKTHIK-MOPEHAIBIK
KeJIJICP/IiH CaHbl MCH ayIaHbIHbIH 6CY1 allMaKThIH KaPKbIH/IbI MY3bIK JCTPalallusChiH KopceTei. 3epTTey
HOTIKeJIepiHe coliKec, eH alKbIH e3repictep Tanrap anabbiHna Oaiikannel. by anan Ine AnaraysiHnarsl
eH ipl MY3JBIK MacCHUBTEpIMEH cumarTajaabl. MyHAa KeJl aylaHAapbIHBIH YII €celleH acTaM YJIFarobl
MY3IBIKTApIbIH KeIen alJIAuusAchl MEH My3laH OOCaHFaH MOPCHAIBIK MaTepHANIbIH KOJEMIiHIH
aprybiMeH OaitnanbicTel. byn ypaic Conrycrik Tsaub-lllanpnarel 0acka 3epTTEyJIEpPMEH Jie pacTaliajibl
[1,3,15,21].

Kepiciame, Kimi AnMmatel sxoHe Ecik amanrapslHma KeJIepAiH ayJaHbl MEH CaHBI Oipmiama Oasy
e3repreH. by anantapIbiH MY3JbIK ayAaHbl CANBICTBIPMAJIbl TYP/IC IAFbIH KOHE OipIiaMa OKIayJaHFaH
MUPKTIK My3AbIKTapMeH mekreneni. CoraH KapamacTtaH, MyHaa na 2013 >keUimaH KeiliH KenjepiiH
TYpPakThl TYpAE YIFarobl OalKajbIll, KIMMATTHIK S>KBUIBIHYIBIH ocepi aWKpIHAaiabl. Amaiga 3epTTey
HOTIKeTIepl KONAEpHiH ©3repici TeK TaOWFH KIMMATTHIK (aKTOpJIapMEH HIEKTEIMEHTIHIH KepceTei.
JKekenereH kesjep/iH ayJaHBIHBIH a3al0bl HEMECE TYPaKTaHybl HHKCHEPIIK IIapalapMeH OailllaHBICTHI.
«Kazcennmenkopray» MM TapambiHaH cen KayilTUTr KOFaphl KeJAepre XYpri3iieTiH NpeBEeHTHBTI
JKYMBICTap MYHZa MaHbI3/Ibl PETTEYI PO aTKapaipl. ATan aiiTKaHaa, Ka3ipri Ke3le KoJAepIiH mamMaiaH
TBHIC TOJTyBI OHE KCHETTEH aKTapbLUIybl CU()OH OpHATY apKbUIbl Cy JCHIeHiH TOMEHIETY, dBaKyaIUsIIbIK
KaHaJmap apKbpUIBl Cydbl Kayimnci3 eTimMaepMmeH Oocary, COHJail-ak KeIIeHIi WHXEHEPINIK Tociiaepi
KoimaHy apkbutbl perrenmyme [10]. Ocwl mapamapAplH YaKBITBUIBI iCKE acybl KOIIEpIiH aydaHIbIK
MOHJICPIHIH TaOUFH TYPJAE YWIFAI0 TCHIACHIMACHIH O9CEHICTIN, Kl KaFaaiaapaa oJapIblH Killliperine e
BIKIIAJT €Til OTHIP.

CoHaBIKTaH MY3IBIKTapAbIH epyiMeH OalIaHBICTHl KO CaHbl apTKaHBIMEH, ONApJbIH ayAaHIapbl-
HBIH OIpKaJbINThl €MeC JUHAMHUKACHI TaOWUFM MPOIECTEPre JKOHE KAYINTIH ajjblH aly [apajapbIHbIH
YaKBITBUIBI JKY3€re achIpblIybIHa Toyeni. byn epekmenik Ine Anataybl sxarnailbiHIa KOIIACPIiH 1aMybl
TeK KIMUMATTHIK TeHICHIMSJIApFa TOyeJIi eMeC, COHBIMEH Karap ailMakTarbl CeNJeH KOpFay KYHeciHiH
THIMIUTITIMEH TiKesel 0aliIaHbICThl €KEHIH KOPCETE/I.

3epTTey HOTHKENepl coHmai-ak OWikTik OenaeynepiHe OalnaHBICTHI KONJEPAiIH TYPaKTHUIBIFBI MEH
KayinTUTK JIeHrewi adTapiplkrail epekmeneHeTiHiH kepcerTi. 3200-3600 M apaibIFBIHIAFBI KOJIep
KIIMMATTBHIK ©3TepicTepre TOyelai eKEHMAIT aHbIKTanapl, an 3600 M-IeH >KOFaphl OpHAJIAaCKaH >KaHaIlaH
naiija OoJiFaH TYPaKChI3 KOJJCp ayJaHbl COHFBI JKbULAAPHI €IeYJIi e3repicTepre VIbipayda, COHABIKTAH
OJIapJIbIH HAKThI ©3repiciH Oaranay/ia TaOUFU MPOIECTEP MEH MHKEHEPIIK PeTTey IIapallapblHbIH dCEepiH
aXbIpaTa KapacThIpy KaKeT.

JKanmel anraHja, aJbIHFAH HOTHXKEJEP MY3IBIKTBIK-MOPEHANIBIK KOJACPAIH KEHICTIKTIK-yaKbITTBIK
JIMHAMHKACHI KIIMMATTHIK JKBUIBIHY JKaFJaibIHAa KYIISHIN KeJe KaTKaHbIH, allaiia oJapblH KayinTiuTirig
Oackapy aiiMaKTa XYPTi3iIeTiH MHXKEHEpJIK IIapariapMeH THIMAI Typae perTeneTiHiH kepcereni. CoH-
IBIKTaH MYHAal Kejnep TaOWFW >KarmaiIblH WHAWKATOPH FaHa €MecC, COHBIMEH Oipre cenjgeH Kopray
CTpaTerusIapbIHBIH TUIMIUTITIH OarajiayFa MyYMKIHJIK OCpETiH MaHbI3/Ibl 00EKT OOJIBIN Ta0bLIa b,

KopbIThiHabl. [1e AnaTayblHBIH CONTYCTIK OETKEHiHIH OPTAJbIK JKOHE IIBIFBIC OomiriHgeri 82 mys-
JIBIKTBIK-MOPEHATBIK KOJIIH KEHICTIKTIK-YaKBITTBIK ©3TepICTepiH JKOHE OJIApPABIH JAaMy CpEeKIICTIKTEPiH
aHBIKTay MaKcaTblHIa Xyprizingi. 3eprrey aymaneiHmarsl kesgep 3000-3900 m Owmiktik Oenpeyinne
HIOFBIpanFaH xoHe 1978-2025 >xpuinap apanbIFbIHAAFBI KEHICTIKTI KECKIHIEY MYMKIHAIT opTalia >KoHe
JKOFapbl KAIIBIKTBIKTaH 30H/ATAY MOIIMETTepi HeTi3iHIe TammaHbl. 3epTTelreH Ke3eH INIiHae KelaepIiH
CaHbl MEH JKalIbl ayAaHbl OapiblK ajanrtapia alTapiblkTail ecTi. Meicanbl, Tanrap e3eHi amaObiHIa
1978 xbuisl 5 kO Tipkence, 2025 XKbUTbI ONAPABIH caHbl 3 1-re xetim, ayaanst 64 700 M>-nen 256 181 M-
re AeiiH yiFainael. YIKeH AnMaThl ©3€HI ana0blHAa KeJJaep CaHbl 7-IeH 26-Fa JeiiH ecil, ayaaHbl
53 000 m*-mer 160 000 m*-ka sxerken. An Kimi AmMatsr sxoHe Ecik amarmrapbiama eciM CaabICTHIPMATBI
Typae Gasy Gonemmn, Kimi Anmarsina 4-Ten S-ke, aymanbl 26 600 m>-men 31 688 m-re, Ecik anaGbinna
69
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4-ten 20-ra, aynausr 48 600 m’-men 88 236 M’-re neitin aprkan. By kepcerkiimrep anantap GoifbHIIA
MY3IBIK ayIaHIapbIHBIH CaJBICTBIPMANbl KeJIeMiMEH TOJBIK colikec kenexi: Tanrap skoHe YJIKEH AIMatsl
©3CH aJjanTaphlHAa MY3IBIK Keiemi yiakeH Ooica, Kimi Anmatsl MeH Ecik amanTapbIHAaFrbl MY3IBIK
KeJIeMi OpTallla )KOHE IIIaFbiH OOJIBIN KEJIe/Ii.

Kennepain OmikTik OOWBIHIIA Tapalybl Aa yakbIT 1MIiHIE ©3repicke YIbIpaabl. 1978 KbUTbl KONIIiTiK
kenaep 3200-3600 M apanbsiFeiHIA MOFBIpIanFad Oojica, 2025 >kputel 3600-3800 M koHE OJaH YKOFAPHI
OMIKTIKTEp/IC KaHa KeJiaep makaa O0osiraH. byl My3mbIKTapblH HIETiHYyl MEH MOPEHAIBIK KabaTTapiblH
OocaHyblHa OailIaHBICTHI JKaHA KeJI Ka3aHIIYHKBIPIApBIHBIH Maiiaa 0omyslH Kepcereai. COHBIMEH KaTap,
KeJJIEp/IiH CaHBI, ayJaHbl MEH OWIKTiK OOWBIHIIA ©3Trepyi THAPOIOTHSIIBIK, METEOPOJIOTHSIIBIK, TEOMOP-
(OJIOTHSUTBIK YKOHE T€ONOTHSUTBIK (PakTOpiIapFa TOYSIAUTITIH caKTaI OTHIP.

My3IBIKTBIK-MOPEHAJIBIK KoJAep OMiK TayJbl MY3/BIKTBIK-MOPEHAIBIK KEIIeHETi KYPAETi XUMHUSIIbIO
JKoHe (PU3MKANBIK MPOIECTepAiH KepiHici Oonbim Tabbutansl. Onap KalBINTACHIN, JAAMBIN, KeWe Kol
OaliaMaapsl apKbLIbl aKTapbUIaAbl HEMeEce NeTpajalysra YIIbIPaiabl, HOTW)KECIHIE TOMEH >KaTKaH
aynaHzapaa cen Kayinturiri apraabl. COHIBIKTaH MY3IBIKTBIK-MOPEHAIBIK KOJAEpAl Y3/IKCi3 Oakpuiay
MEH MOHHUTOPMHI OOBEKTICI peTiHIe KapacThlpy aca MaHbI3Obl. MY3IBIKTHIK-MOPEHANBIK KeJIICpAiH
akTapeurysl AnMartsel, Tanrap, Ecik KanmamapsiHa, alTapiabIKTaid Kayil TOHIIPYiI MYMKiH.

Ocpbiran opait, MMK kasbinTacy jxaraainapblH, OJIapJblH YakKbIT OOWBIHIA ©3repyiH JKoHE IaMy
MEePCHEKTUBANAPBIH KYHeENi Typae 3epTTey KayilTi 5K30TreH]li MpOLEecTepIiH ajAblH aly MEH cell KaymiH
Oackapy MacesenepiH/e MeNrymr pei aTKapaibl.

KopeIThiHabIIAN Kenle, MY3IbIKTBIK-MOPEHANBIK KOJAEPIiH KaJbIITacybl, ONaplblH AaMy [IUHA-
MUKACHI JKOHE KapKBIHIBUIBIFBI KIMMATTBIH ©3repyi 9cepiHeH MY3ABIKTapAbIH KeiiH HIeTiHyiMEeH TiKeeH
OalIaHBICTBl €KEHMIr alKbIH 00JbIT OThIp. COHBIMEH KaTap, MY3IBIKTap MAacCaCBhIHBIH JKOFANTY TEMIi
COHFBI OH XbUIAa Yiraiiran. JKoHe Je MY3IBIKTapIbIH KEeHiH IMIeTiHyi ocepiHeH Iakga OoJIaThIH KayiIlTi
9K30TeHIIK IPOIIECTEP KIMMATTBIH JKbIIBIHYBI CAIIAPBbIHAH KU1, 9p1 alaTThl 00Tyl MYMKIH.

Kap:xbrianaeipy. byn 3eprrey Kazakcran Pecybnukacel FrutbiM sxoHe skorapsl 0151iM MUHHUCTPIIT]
FoulblM KOMHTETIHIH KapKbUIBIK KOJIJAybIMEH OpPBIHOANABL. 3epTTey HOTIDKENEpl €Ki FhUIBIMH >K00a
asIChIH/IA aJIbIHFaH MajiMerTepre Herizaeneni: JKactapra apHainraH TPaHTTHIK KapKbUIAHABIPY KOHKYPCHI
asiChIHZA OpBbIHAANATBIH «lne AnaTtayblHBIH LIBIFBIC OOINIriHAEeri MY3IBIKTHIK-MOPEHAIBIK KeNIepiHiH
aKTappUly KayiNTimiriH O0akpliay MEH Oaranayra apHaJfaH aliMaKTHIK T'€0aKNapaTTHIK XKYHEHi a3ipiey»
(OKTH AP27511595) xo6ace! 6otibiama Ecik skone Tanrap e3eH amanTapbIHAAFbl MY3IBIKTHIK-MOPEHAITBIK
KOJIZIEp/IiH KEHICTIKTIK-yaKbITTBIK Tapallybl TalIaHABI, al OarnapiaMalblK-MaKCaTThl KapKbUIaHABIPY
OoiibiHIIA JKy3ere acelppliaThiH «lne sxkone KyHreii Anaraypl OeTkeiinepi ©3eH ajanTapblHAArbl aca
KayilTi MOpEHAIBIK KoJijep KayImmiH OacKapyAslH KemeHmi xyuecin o3ipmey» (KTH BR28713751)
obackl asceiHaa Kimi AnmMmatbl skoHe YJIKeH AJIMaThl ©3€H alanTapblHAAFbl MY3JBIKTBIK-MOPEHANBIK
KOJIIEPAiH KeHICTIKTiK-YaKbITTBIK ©3repicTepi 3epTTe .
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AHAJIA3 TPOCTPAHCTBEHHO-BPEMEHHOI'O PACIIPEIEJIEHUST
MOPEHHO-JIEJHUKOBBIX O3EP B HIEHTPAJIBHOU 1 BOCTOYHOU YACTH
CEBEPHOI'O CKJIOHA UJIE AJIATAY

AnHoTanus. OTCTyIUIGHHE JIEIHUKOB, MPOHCXosmee Ha (GoHe IT00AIbHOTO MOTEIUICHHS, HAYaBIIEroCs BO
BTOpPOH TMOJIOBUHE XX BEKa, COMPOBOXKIASTCS JAeCTaOMIM3aIed MOPEHHBIX TOJI U X YAaCTHYHBIM TasHHUEM, 4YTO
cnoco6cTByeT (POPMHUPOBAHUIO U AKTHBHOMY Pa3BUTHIO MOPEHHO-JICJAHUKOBBIX 03ep. Bo3pacrarolee Konu4ecTBo u
IUIOIIAJb 3TUX 03€P B Mpeesiax UCCIeAyeMOl TEpPUTOPUH 00YCIOBUIN HEOOXOIUMOCTh aHAIN3a UX COBPEMEHHOTO
COCTOsIHMUA, MOp(l)OMeTpI/l‘ieCKI/IX XapaKTCpUCTUK W HWHTCHCHUBHOCTU HpOCTpaHCTBeHHO-BpeMeHHOﬁ JUHAMHKHU.
Hcnonp3oBaHue METOOB TUCTAHIIMOHHOTO 30HAMpoBaHus 3emin u [ IC-TexHOIOTHI 00€CeumIo MoTyYeHHEe BCe-
CTOPOHHHX U JIOCTOBEPHBIX CBEJCHHU O MapaMeTpax 03ep, MO3BOJHIO BEIOJHUTH KOMIUICKCHYIO HHTEPIIPETAIIUIO
CIIYTHUKOBBIX JaHHBIX M COCTABUTh WHBEHTAPH3AIMOHHEIC KAPTHI IIEHTPAIBHON U BOCTOYHOU dacTeir Mie Aunatay.
PesynbraThl mccnemoBaHWs MOKa3ald, 4TO 0OIIee KONMYECTBO MOPEHHO-JIETHHWKOBHIX 03ep ¢ 1978 roma mo
HacTosmiee BpeMs yBenmumiochk ¢ 20 1o 82, a ux coBOKymHas miomaas Bo3pocia Ha 160%: eciu B 1978 roxy ona
cocrasisia 192 900 M2, To K 2025 roxy mocturima 536 452 M. Cy1iecTBeHHbIE M3MEHEHHsI HaOMIOA0TC U B
BBICOTHOM pacrpeneneHnd o3ep: 10 2000 roga onu ukcupoBanuch npeumMyiiecTBeHHO B nuanazone 3300-3700 m,
k 2013 roxmy 3Ta 30Ha pacmupuiack a0 3300-3800 M, x 2021 roxgy — no 3300-3900 m, a B HacTosmee Bpems (2025 1.)
OCHOBHAasl KOHIIEHTpalusl o3ep oTMmeuaeTcss Ha BbicoTax 3600-3800 M u BhIIIE, YTO OTpakaeT aKTUBHOE TPOJIBH-
JKEHUE 30H (bOle/IpOBaHI/Iﬂ 03€P BBCPX MO BLICOTHOMY I'paAUCHTY B YCJIOBHUAX JACTrpaJallvy JICIHUKOB. VYBeanueHue
KOJIMYECTBA W IUIOMIATU MOPCHHO-JICIHUKOBBIX 03€¢p HEMOCPEICTBCHHO MOBBIIMIACT BEPOSTHOCTH (hOPMHPOBAHUS
CEJIEBBIX MTOTOKOB M CO3/a€T OMACHOCTH I TEPPUTOPHIL, PACIIONIOKECHHBIX HUXKE 110 TCUCHHUIO TOPHBIX peK. B cBsi3u
C 3THM KOHTPOJIb 32 TEKYIHMM COCTOSHHEM 03ep, OICHKA MX MPOCTPAHCTBEHHO-BPEMEHHON JMHAMHUKHU M CBOEBpPE-
MEHHOE BBISBIICHHAC MOTCHIIMAIBHO OMACHBIX OOBEKTOB SIBITIOTCS KPUTUYECKH BAXXHBIMH JIJISl TIPOTHO3UPOBAHUS U
MPEOTBPAIICHUS OTACHBIX 3K30TCHHBIX TPOIIECCOB, a TAKXKe I pa3paboTku 3()()EKTUBHBIX CTPATEIHI yIIPABICHUS
pUCKaMH HaBOJHEHUH, CBA3aHHBIX C IPOPHIBOM MOPEHHO-IeTHUKOBEIX 03ep (GLOF).

KiroueBble ¢10Ba: MOPEHHO-JICTHIUKOBEIE 03€pa, JaHHBIC TUCTAHIIMOHHOTO 30HIMPOBAHUS 3eMITH, IPOCTPaH-
CTBEHHO-BPEMECHHBIC M3MEHEHUsI, KOJMYECTBO W IUIOMAIN MOPEHHO-JICTHUKOBEIX 03ep, TTO0ANBHOE IMOTEIUICHHE
KIIMMara.

A. K. Mussina', A. S. Abdullayevaz, M. N. Tursyngali*3, K. M. Nakonova®, S. Ye. Kairat®

! Candidate of geographical sciences, Associate Professor
(Al-Farabi Kazakh National University, Almaty, Kazakhstan; Ainur. Musina@kaznu.edu.kz)
*PhD, Acting Associate Professor (Al-Farabi Kazakh National University,
Almaty, Kazakhstan; Assel. Abdullayeva@kaznu.edu.kz)
3"PhD doctoral student, lecturer (Al-Farabi Kazakh National University,
Almaty, Kazakhstan; Marzhan. Tursyngali@kaznu.edu.kz)
*PhD doctoral student, junior researcher (Al-Farabi Kazakh National University,

JSC «Institute of Geography and Water Security», Almaty, Kazakhstan; nakonova_kymbat3@live.kaznu.kz)
> Master's student (Al-Farabi Kazakh National University, Almaty, Kazakhstan; kairat_saule@live.kaznu.kz)

ANALYSIS OF THE SPATIAL AND TEMPORAL DISTRIBUTION OF GLACIAL-MORAINE LAKES
IN THE CENTRAL AND EASTERN PARTS OF THE NORTHERN SLOPE OF THE ILE ALATAU

Abstract. The retreat of glaciers occurring against the background of global warming that began in the second
half of the twentieth century is accompanied by the destabilization and partial melting of moraine deposits, which in
turn contributes to the formation and active development of glacial-moraine lakes. The increasing number and total
area of these lakes within the study region have necessitated an assessment of their current state, morphometric
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characteristics, and the intensity of their spatiotemporal dynamics. The use of remote sensing methods and GIS
technologies has enabled the acquisition of comprehensive and reliable information on lake parameters, facilitated
the detailed interpretation of satellite data, and allowed for the compilation of inventory maps for the central and
eastern parts of the Ile Alatau. The results of the study demonstrate that the total number of glacial-moraine lakes has
increased from 20 in 1978 to 82 at present, while their combined area has grown by 160%: if in 1978 it amounted to
192 900 m?, by 2025 it had expanded to 536 452 m”. Significant changes have also been observed in the altitudinal
distribution of the lakes. Until 2000, they were predominantly located within the 3300-3700 m elevation range; by
2013, this zone had expanded to 3300-3800 m; by 2021 — to 3300-3900 m; and at present (2025), the main
concentration of lakes is recorded at elevations of 3600-3800 m and higher, reflecting a pronounced upward
migration of lake-formation zones along the altitudinal gradient under conditions of accelerated glacier degradation.
The increase in the number and area of glacial-moraine lakes directly raises the likelihood of debris-flow formation
and poses a threat to the areas situated downstream. Therefore, monitoring the current state of the lakes, assessing
their spatiotemporal dynamics, and promptly identifying potentially hazardous sites are critically important for
forecasting and preventing dangerous exogenous processes, as well as for developing effective flood-risk
management strategies associated with the outburst of glacial-moraine lakes (GLOF).

Keywords: glacial-moraine lakes; remote sensing data; spatiotemporal changes; number and area of glacial-
moraine lakes; global climate warming.
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N3MEHEHHUE KOPMOBBIX PECYPCOB
3AITATHO-KA3ZAXCTAHCKOI'O PETHOHA
B KOHTEKCTE YCTOMYHUBOI'O PA3BUTUSI

AnHoTauusi. Pa3BuThe >xuBOTHOBOICTBA Ui Ka3zaxctaHa sIBIsieTCS NMPUOPUTETHOM 3amadyeld B 00JacTH
CEJIBCKOTO XO3st#icTBa. DTO TpeOyeT opraHu3aluyd KOPMOBOW 0a3bl, YAYYIICHHS CEHOKOCHO-TACTOUIIHBIX YTOIWH,
MOBBIIICHUS UX YPOXAWHOCTH. B CBsA3M C 3THM H3y4YCHHE KOPMOBBIX PECYpPCOB HEIOCTATOYHO HCCIICTOBAHHBIX
paifioHOB, K YHCITy KOTOPBIX MPHUHAICKUT 3ananubiii KazaxcraH, mpuobperaet 0coOyr0 akTyalbHOCTh. [lomydeHue
COBPEMCHHOW MH(OPMAIIUN O COCTOSHHH KOPMOBBIX PECYpCOB, U3yUCHHE PACHPOCTPAHEHHOCTH KOPMOBBIX yTOIUI
M0 JJAHHBIM JWCTAaHIIMOHHOTO 30HAMPOBAHUS 3EMIIM M HATYPHBIX HAOJIOJICHHUM, BHIABICHUE TUHAMHUKH U3MCHCHUM,
aHAIN3 COCTOSIHHUS KOPMOBBIX PECYPCOB Ha IMACTOWINAX TIPEACTABISIOT COOOW BAXKHEWIIWIA SJIEMEHT B Pa3BUTUH
macTOMIIHOTO X03siicTBa. ParmoHamsHOEe W Oepe)XHOEe HCIIONB30BAaHUE 3THUX YTOAHWH CIOCOOCTBYET MOBBHIIICHUIO
MPOAYKTUBHOCTH CKOTa M YIYYIICHUIO KOPMOBOW 0a3bl, YTO HAMPSMYIO BIHSIET HA POCT KHBOTHOBOIYECKOH OT-
paciu U yKpeIuieHue 3KOHOMUKH. [ToMHMO 3TOT0, ¢ y4eTOM 3HAYUMOCTH IMPUPOIHBIX IKOCUCTEM U HEOOXOAUMOCTH
COXpaHEHHsI UX YCTOHYHMBOCTH OIEHKa KOPMOBOTO IMOTEHIMAJa MACTOMII ITO3BOJISET IPEAOTBPATHTD X HCTOILICHNE
U COJCHCTBYET OXpaHe OMOJIOTHYECKOro pazHoobOpasus. Takum o0pa3oM, H3ydeHHE IMaCTOUIIHBIX PECYPCOB MMEET
6oJpIIOE TPUKIATHOE 3HAYCHHE JJIS BHEAPEHHUS YCTOMUMBBIX MOJAEICH YIPaBICHHS, YBEIHUCHUSI 00BEMOB KUBOT-
HOBOHHGCKOﬁ MMPOAYKIIUN U OGGCHG‘{CHI/IH OKOJIOT'MYECKOIro paBHOBECUA B PCTUOHE. PeSyHbTaTbl HUCCJICAOBAHUA 1101~
YEPKUBAIOT HEOOXOAUMOCTh KOMIUIEKCHOTO MOAX0/a K YIPABJICHUI0 KOPMOBBIMU PECYPCaMU, KOTOPBINA BKIIFOUACT B
ce0s KaK TpaJUIMOHHBIC, TAK ¥ WHHOBAIIMOHHBIC METOBI. DTO MO3BOJHUT ONTHMHU3HPOBATH HE TOJHKO HCIOIH30BaA-
HHUE 3€MENIBHBIX PECYPCOB, HO W MOBBICUTH JKM3HEHHBIC CTAaHIAPTHI MECTHOI'O HACEJICHUS Yepe3 pPa3BUTHE JKUBOT-
HOBOJICTBA M CEJIBCKOTO XO3S5CTBA B IIEJIOM.

KiroueBbie ¢j10Ba: KOPMOBBIEC PECYPCHI, TACTOMINA, YCTOHYINBOE Pa3BUTHE, SKOCHCTEMa, OMOpa3HOOOpasue.

Beenenne. EcrecTBeHHast pacTUTEILHOCTD UTPAET OOJIBIIYIO POJIb B 001IeM OanaHce KOPMOBOH 0a3bl
peruoHa M IIOBCEMECTHO HCIIOJIB3YeTCs Ul CEHOKOIICHHMA M Bbimaca ckora. Kopm, mosydaemslil c
MIPUPOIHBIX CEHOKOCOB U MACTOMII, UMEET psijl MPEUMYIIECTB Nepel MOJEBBIM KOPMOIIPOU3BOACTBOM, TaK
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KaK B €r0 COCTaB BXOJUT OOJBINOE YHCIO PA3IMYHBIX BUIOB PACTECHHUH, O0O0NaNAIONIMX XOPOIIUMHU
KOPMOBBIMH, BUTAMIHOHOCHBIMH H JICKAPCTBEHHBIMU CcBOHCTBamMu. KpoMme Toro, ero momydyenue tpedyet
3HAYMTEIFHO MEHBIINX 3aTpaT B IUIaHe KaK SHEPTHH, TaKk M TPYAOBBIX pecypcoB. K 3amagHomy pernoHy
Kazaxcrana otHocsTcst MaHrucrayckas, Atbipayckas, 3amagao-Kazaxcranckas u AKTroOMHCKast 001acTH.
ATeipayckasi o0Onacth pa3mernaercs Ha [Ipukacnuiickoil HUI3MEHHOCTH, B CEBEPHON M BOCTOYHOHN 4acTH
mobepexnst Kacruiickoro mops, MeXay AenbToii Boiarm Ha ceBepo-3amaze W IDiaTo YCTHPT Ha IOTO-
BocToke (koopamHatel: N47°10'50”, E052°08'36"). Manrucrayckas o0JIacTh 3aHHMAeT TEPPUTOPHUIO K
BocTOoKy oT Kacmus, BKIItouas moixyocTpoB MaHrUCTay M YacTh IJIATO Y CTIOPT; HA CEBEPO-BOCTOKE OHA
TPaHUYHAT C ATBIPayCKOH M AKTIOOWHCKOH 00NIacTsMH, Ha Iore — ¢ TypKMEHHCTaHOM, a Ha BOCTOKE — C
V3b6ekuctanom (koopauHaThl: N44°33'12", E053°03'06"). AxTioOWHCKas 00JIaCTh HAXOIUTCS MEXKITY
[Ipukacnuiickoil HU3MEHHOCTBIO Ha 3amaje, IaTo YCTUPT Ha tore, TypaHCKOW HU3MEHHOCTBIO Ha IOro-
BOCTOKE W FOKHBIMH OTpOTaMH YPalbCKUX TOp Ha ceepe (koopamHathl: N49°40'46", E058°02'17").
3amagHo-Ka3zaxcTanckass 00iacTh pacroiioXeHa B CEBEpO-3alaJHOW YacTH CTpaHbl, B IleHTpe EBpa-
3UICKOT0 KOHTHHEHTa. OHAa MOJTHOCTHIO HAXOMUTCS Ha TeppuTopuu Bocrounoit EBponsl 1 umMeeT 001Iy1o
rpanuny ¢ Poccuiickoit @enepanueii (koopaunnatsl: N50°03'46", E051°01'16").

Marepuaibl 1 MeTOAbI HccJeqoBaHuA. [lacTONIA U CEHOKOCHI TIPECTABIISIOT COOOM CIOXKHBIE U
r7100a7bHO Pa3HOOOpPAa3HbIE CETbCKOXO3SMCTBEHHBIE CHCTEMBI, KOTOPBIE Pa3iMYaloTCs MO TUIAM PacTH-
TETFHOCTH U METO/IaM 3eMJICTIONb30BaHus [1].

Nmeetcs psan uccrnenoBaHWid, KOTOpPBIE TMOKA3ald MPOONEMBbl AETpagalliii U OJHOBPEMEHHO BOC-
CTaHOBJICHHS TIOYBEHHO-PACTUTEIHHOTO TTOKPOBA CENbCKOXO3IUCTBEHHBIX YTOAWMA Ha JaHHOW TEPPUTOPUHU
[2-10].

HeoOxoarma akTyanmu3amus TaHHBIX O COCTOSIHUH KOPMOBBIX pecypcoB 3amagHoro Kazaxcrana.

Crnemmdukort mactoum Kazaxcrana sBISETCS WX CE30HHOCTh, YTO 00ECIIEUMBAET BBIMAC CKOTa IIO
Ce30HaM Trojla, a TaKXe HEIOCTAaTOYHBIA YPOBEHb BOJAOOOECICUEHHOCTH. ITHU OOCTOSITENHLCTBA HE
MO3BOJISIOT MCIIOJIB30BaTh 3HAYUTEIBHYIO YacTh macTowil. MHoraa upe3mepHast SKCILTyaTallus MacTOMII,
MUPOTEHHBIN U 30JIOBBIN (haKTOPHI MPUBOIAT K MacTOMIIHON Aerpananuw [11, 12].

CornacHo 3akony Pecryomuku Kazaxcran «O macroumax» ot 20 despamnst 2017 roma, Ne 47-VI 3PK
nacTOWIAa — 3TO 3eMENIbHBIC YYAaCTKU B COCTAaBE 3€MEJb CEIhCKOXO3SIMCTBEHHOTO HA3HAYCHMSI, a TAKKE
3eMeJIbHbIE YYaCTKH B COCTaBE JIPYTMIX KaTeTOPHiH 3eMellb, MPEAOCTaBISIeMbIEe ¥ HCIIONb3yeMble s
KPYTJIOTOAWYHOTO W CE30HHOTO BEITIaca CEIbCKOX03ICTBEHHBIX JKUBOTHHIX [13].

B Hamem BonpusTHH MTacTOWIIA IPENCTABISAET COOO0M MPUPOAHBIE TaHAIIA(THI, KOTOPBIE UCIIOIB3YIOT
HE TOJILKO CEJIbCKOXO3SWCTBEHHbBIC, HO U JAUKHE KOMBITHBIC XUBOTHEIC [14,15]. [loaTOMy HEeoOXomuMo ux
paccMaTpuBaTh Kak macTOUITHEIA JaHAmadT. OOBIYHO TPOBOMIAT OIICHKY KOPMOBBIX YTOIUN U COCTABIISIOT
KapTy Ul ONpeAeNieHHs] KopMo3araca TepPUTOPUU M JOIyCTHUMOTO KOJMYECTBA JWKHUX KOMBITHBIX WIIH
JTOMAIITHETO CKOTa JUIsl TOJIAICPKAHUS DKOCUCTEM B COATAHCUPOBAHHOM COCTOSIHUY.

C 1enpio Ka4eCTBEHHOW M KOJIUYECTBEHHOW OLIEHKU MPUPOIHBIX KOPMOBBIX YroAWi ObLIa BHEApPEHA
ux knaccudukanus. Ha ocHOBe aHaM3a TUITOIOTHH MIPUPOTHBIX JTaHAMA(TOB M KOPMOBBIX YTOIUH HAMHU
COCTaBJICHA JIaHIINA()THO-TUIIONOTHYECKAs KJIACCU(PUKAIUS IMAaCTOUIIHBIX JIAHAIMA(TOB KIFOYSBBIX
yuactkoB 3amagHoro Kazaxcrana. OHa nmeinWT Bce MHOXKECTBO YToJAWii Ha JBa OT/AeNa — MacTOWIa U
CeHOKOCHL. Jlanmee mopsamoK — KOpMOBas CIeMU(UIHOCTD; pa3psii — CE30HHOCTh MCIIONB30BaHMUS; KIacc —
30HAJILHO-OHMOKIIMMATHUECKUE YCIIOBUS; POl — Makpopenbed; moapoa — Mopdosorus Me3opeibeda;
rpynna — Ha3BaHUs TOCIOJCTBYIOIIECIO PACTUTEIBHOTO COOOIIECTBA M THIIA MOYB; THUI — COCTaB pac-
TUTEIBHOCTH; XO3SMCTBEHHbIE MOAM(DHUKAIMA — JAUTPECCUOHHBIE COOOIIECTBA PACTUTENHLHOTO ITOKPOBA.
KoHTypBl poioB M MOAPONOB MACTOUIIHBIX JaHAMAPTOB HA MCCIEMAYyEMbIX Y4acTKax OBUIM BBIACIICHEI
METOJIOM IOCIIOMHOTO HAJIOKEHUSI U CONPSDKEHHOT'O ASKCIIEPTHOTO aHaln3a YKa3aHHBIX CIOEB B IPO-
rpammHOM Tipoaykte ArcGIS 10.4. Jlns u3ydeHus pacTUTENBHOCTH MACTOWIIHBIX JIAHAMADTOB HCIIONb-
30BAIMCH OOMIETIPUHATHIE METOABl MApIIPYTHBIX TOJEBBIX Te000TaHWYECKHX M (IIOPUCTHUECKUX
uccnenoanuii. I[loneBoe xaprorpagupoBaHUe BBIMOJIHSIIOCH METOJaMH MMOKOHTYPHOH CHEMKH M JIaH[-
ma THO-3KOJIOTHYECKOTO TPOPUINPOBAHUS C HCIOJIH30BAHHEM TOMOTpaUIecKOd OCHOBBI M KOCMH-
YECKUX CHUMKOB.

Hcnonp30BaHbl MaTepuaibl TOJNEBBIX HCCIEAOBAaHUM, JIMTepaTypHble M (OHIOBBIE MaTepHAIbI,
TOCY/IapCTBCHHBIC JIOKyMEHTHI. [IpUMEHEH CHCTEMHBIA IIOAXOJ], METOABI MOJICBHIX T'eOrpaduIecKux
WCCIIEJIOBAaHNH, METOJbl MApHIPYTHBIX ITOJICBBIX Ie000TaHWYECKHX M (PIOPUCTHYESCKUX HCCIEOBAaHUH,
MeToab! /133, sKCTIepTHBIC OIEHKH U JJOTHICCKUE 0000IIEHUSI.
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PesynbTaThl. B 3anmanHoii wactu KazaxcraHa BEIIEISAIOT YeThIpE 30HBI BEJICHUS KMBOTHOBOJICTBA,
PE3KO OTIMYAIONINXCS OPYT OT APYyTa MO TeMIIEPaTypHOMY PEKUMY, KOJTHYECTBY OCAJIKOB, TOYBEHHOMY U
pacTUTEIHHOMY ITOKPOBY.

[o reob6oTannveckoMy IPOGUITIO MOKHO MPOCIEANTH, YTO B OCHOBHOM Ha IECUAHBIX MOHWKEHUSIX U
KOTJIOBUHAX PAaCIpOCTPaHSIOTCS Pa3HOTPABHO-3JIaKOBBIC, OEIOMOJIBIHHO-3JITAKOBBIE M Pa3HOTPAaBHbBIE
pacTHuTeNbHbIE COOOIIECTBA, TAe MPEACTABIEHBI TaKhe dpeMepHBIC 3JIakH, KaK MSITIHNK, KOCTep, MOPTYK U
SMHUYHBIC IK3EMIUTSIPhI KOBBUISA. Ha BO3BBIIICHUAX M HAa BHICOKUX CKIIOHAX MPOHU3PACTAIOT O0Jiee I0MKHbBIC
MyCTHIHHBIE ¥ TICAMMO(UTHBIE PACTUTENBHBIE TPYITUPOBKY, T/Ie€ B OCHOBHOM Ipeo0iIamaT edeoBbie
BHJIBI PACTCHUMH, TEPECKEH U KyCTapHUK JKy3ryH. Ilecuansrit MaccuB CaM B BECEHHUH MEPHOJT OTIIMIASTCS
MPEKPacCHBIM COYHBIM 3JIaKOBBIM M Pa3HOTPABHBIM TPAaBOCTOEM M HCIOJIB3yeTCS KaK XOpolllee MacTOuIIe
JUIsL BCEX BHJAOB CKOTa. B CBSI3M PENKOCTBHIO CHEXKHOTO MOKPOBA B 3UMHHE BpPEMsI 3TH PErMOHBI MOXHO
WCTIOTIB30BATh U KPYTIOTOAMIHON MAaCThOBI CKOTA.

Taifcoiiranckre MecKH SABISIOTCS NMPEKPACHBIMU NacTOUIIHO-CEHOKOCHBIMH YTOJIBSIMHU. 3UMBI B 3THX
pErMoHaX MAJIOCHEIKHBIC U TEILIbIC, MTOITOMY UX MOXKHO HCIIOJIB30BAaTh KaK KPYTJIOTOJWYHBIC MACTOMINA
JUTSE BCEX BUJOB CKOTAa, a pPaBHUHHBIE YYaCTKU — I ceHokoca. [lo reoboraHmveckoMy mpoQruiiio Ha
MUKPOIIOHIDKEHHUSIX PaCcIpOCTPAHSIIOTCS Pa3HOTPABHO-31aKOBBIE pacTHUTENbHBIE coobmiecTBa. Ha TemHO-
KaIlITAHOBBIX TIOYBAaX JIOMUHHUPYIOT TUITYAKOBO-KOBBUILHEIE PACTUTEIBHBIC TPYHIHPOBKH C MPUMECHIO
MONIBIHA  OeIIoi, T/e MPOEKTUBHBIC IOKPHITHS PACTHTEIBHOTO MOKpoBa coctaBmser 80%, BbIcoTa
TpaBocTos — 10-20 cM. MUKpOIIaKOpHBIE YIACTKH 3aHSTHI 3]IaKOBO-OCIIOTIOIBIHHBIMA U O€JI0TIOBIHHO-
371aKOBBIMU PACTUTENBHBIMH aCCOIMAIMSIMU C YJacTHEM IOJIBIHM YEPHOM Ha CBETJIOKAITaHOBBIX ci1abo
COJIOHIIEBATHIX MOYBAX, I7l€ MPOEKTHBHOE MOKpbITHE cocTaBiudeT 70-80%, BricoTa TpaBocTost — 15-20 cM.
Ha Owmorennpix Oyrpax WM CyCIMKOBHHAX PACHpPOCTPAHSIOTCS MSATIHKO-COJSTHKOBBIE PACTHTEIHHBIE
COO0IIeCTBa Ha CBETJIO-KAIUTAHOBBIX COJIOHIIEBATHIX MOYBaX. [IpOEKTHBHbBIE MOKPHITHS PACTUTENHHOTO
nokposa coctasisaeT 50-60%, BeicoTa TpaBocTost — 10-15 cm.

Ha »ToM cTemHOM ydyacTKe B MOMEHT TOCEIICHHUs MacCTOWIIHBIE HAarpy3KH OBUTH CpeIHHE, MEeCTaMH
HaOIIofacs BBIAC CKOTa. PaBHUHHBINA penbed MECTHOCTH TIO3BOJISIET BBIJENWTH 3/I€Ch XOPOIINE
CEHOKOCHBIE YTO/IbsI, a TAK)KE B BECEHHE-OCEHHMI NMEPHOJ MCIONb30BaTh UX KaK MacTOMIA Il KPYyITHOTO
poraToro ckora, Jjomaneid W oBel. B MexOyropHbIX MOHWKEHHSX MPOU3PACTAIOT THITYAKOBO-OEI0-
MOJIBIHHBIE, Pa3HOTPABHO-3JIAKOBBIE M MATIMKOBEIE PACTHUTENBHBIE COOOIIECTBA C MMPUMECHIO POMAITHHKA
Ha KalllTAaHOBBIX CJIa00 COJIOHIEBATHIX IMOYBAX, I/Ie MPOEKTUBHOE MOKPBITHE PACTHTEIHLHOTO TOKPOBA
cocraBiseT oT 60 no 70 %, BeicoTa TpaBocTtos — a0 10 cM. CopoBble MOHMXKEHHSI BOKPYT copa Xaku
3aHITHl MyXJIBIMA COJIOHYaKaMd. B pacTUTENFHOM TOKPOBE B OCHOBHOM ITPEOONAfar0T Trano(uUTHBIE
pacTuTenbHbIE COOOIIeCTBA Ha 3ACOJEHHBIX 30HANBHBIX OyphIX MouBax. Ha MeXCOpOBBIX U MeKOAIOUIHBIX
paBHMHAX PACTUTENbHBIH TIOKPOB IMPEJICTABICH COJSHKOBO-3JIAKOBBIMHU, COJITHKOBO-MSTIHKOBBIMHU
COOOIIECTBAMH C YyYacTHEM KYCTapHHKOB, TJleé TPOEKTHBHOE MOKpbITHe coctaBiser 40-50%, BbicoTa
TpaBocTost — 10 10 cm. IlmakopHBIe y4YacTKH 3aHSTH OENOMOJIBIHHO-MSTINKOBBIMH M THIPCOBO-0€JI0-
MOJIBIHHBIMHA PACTUTEIbHBIMH COOOLIECTBAMH C IIPUMECHIO UTCUTEKOBO-BEPOIIOKEKOIIOYNX COOOIIECTB.
IIpoextuBHOE MOKpbITHE pacTuTeNbHOCTH OT 40-50 10 70%, BbIcOTa TpaBocTost oT 10 10 50 cMm.

B nommue pexu CybpIKCy MMEIOTCS TOHIDKEHHS JIMMAaHHOTO THIA, KOTOpPbIE 3aHATHI JIYTOBOHM pac-
TUTEIBHOCTHIO C KJIIEBEPOBO-Pa3HOTPAaBHBIMH COOOIIECTBAMH. | 'yCTOTa paCTUTEIHHOTO MTOKPOBA XOPOIIIas,
HO BBICOTa TPABOCTOSl OYEHb HHU3Kas, 3/1eChb HaONI0JAeTCsl YMIIMKHO-TIONIBIHHBIA cOOM OT mepeBblnaca
CKOTa. DTa TEPPUTOPUS IIPUTOTHA ISl BCEX BHIOB CKOTa C BECHBI U JI0 TITyOOKOW OCEHH.

Bonpimas 9acTe TeppUTOPHH YETHIPEX 3armagHbix obmacteit Kazaxcrana neXuT B IMyCTHIHHOCTEITHON U
MTyCTBIHHOM 30HaX. CTemHas 30HA BKJIIOYACT CEBEPHYIO YacTh AKTIOOMHCKOH obmactu. CyxocTemHas 30Ha
OXBaTHIBACT CEBEPHYIO dYacTh AKTIOOWHCKONW u 3amamHo-Kaszaxcranckoit oOmacteit. B cremHolt u
CYXOCTEITHOW 30HaX HAXOASTCS OCHOBHBIC IUIOIIATM ITallHH. 3/1eCh B OCHOBHOM COCPEIOTOYCHBI
CeNbCKOXO03MCTBEHHBIE KOpMOBBIe yroaus [16]. IlomymycTeiHHas 30Ha pacrosiaraeTci B LIEHTPalIbHON
yactu 3amagHo-Kazaxcranckodh u AxTioOuHCKOW oOnacteid. [lycThIHHAS 30Ha — KpyIHEHIas Mo IUio-
IaJid, OXBaTHIBAIOIIAS IOKHBIC palioHbl 3amamaHo-KazaxcraHckoid u AKTHOOMHCKOHM 0o0JiacTed, a Takke
3HAYNTEIHHYIO 9acTh ATHIPAyCKON ¥ TIOYTH BCIO TEPPUTOPHUIO MaHTHUCTAyCKOM oOmacTel (prucyHoK 1).

Cerogns B obmactsax 3amagHoro KazaxcraHa YMCIEHHOCTH IOTOJIOBBS CKOTa TPOJIOJDKAET PACTH C
KOKIBIM TOJOM, Y€MY CIOCOOCTBYET CIIPOC Ha TMPOMYKIUIO >KHBOTHOBOJCTBA, BBI3BAHHBIA pPOCTOM
HaceJIeHus1, ypOaHu3aluel, MOBBIIEHISIM JOX0I0B Ha Iyury HaceneHus. [1o coctosHuio Ha 31 nekadps




Teoepagpus srcone cy pecypcmaput | Ieoepaghus u soonvie pecypewi / Geography and water resources

3anagHas 4YacTtb KasaxcraHa
EOI’OE 55|’0E GOI’OE /

z
=
o napguo-Kasaxcranckan
uw obnacte
I Artbipayckan l
obnacte

IV YecnoBHble 0603HaYeHUA:
- - cTenHas 30Ha
2| [ cyxoctenas soxa
-

» MaHrucrayckan
obnacte

|:] nonynycTbIHHaA 30Ha

|:] NyCTbIHHAA 30Ha
|:| cyBTponuyeckan NycTolHHasA 30Ha

Pucynoxk 1 — Paznenenue 3anannoii yactu Pecriy6nuku Kasaxcran Ha 30HBI B 3aBUCUMOCTHU OT IIPUPOAHBIX YCIOBUI

Figure 1 — Division of the western part of the Republic of Kazakhstan into zones depending on natural conditions

2024 roma mMoroJoBsE CKOTa BO BCEX 4UeThIpex oOmactsx 3amamnoro Kazaxcrana coctaBuio 6895,0 Thic.
rojoB. Jlo 1994 roga oBUBI M KO3BI COCTAaBISUTM B PETHOHE MOJIOBUHY OCHOBHBIX BUIOB CKOTA, a MOCTE
1994 roga mpou30oUUI0 Pe3Koe CHIXKEHHUE U U3MEHEHUE MMOPOJHOr0 cocTaBa moronosbs ckota. C 2000 ro-
Jla IO CeTOHSIIHETO JHs HAaOII0AaeTCs YBEIUUYCHUE TIOT0JI0BbsS OCHOBHBIX BHJIOB ckoTa [17].

Onenka KOpMOBOIO OajlaHca C y4eTOM KakK KOJIMYEeCTBA, TaK WM KayecTBa B 3alaJHBIX PErHOHAX
Kazaxcrana urpaeT BaykHEHIIyIO pOIIb B TIpoIiecce OOHOBIIEHUSI KOPMOBOH 0a3bl.

ITo xapTe pacTUTEIHLHOCTH 3amagHoi YacTh KaszaxcraHa, MOIYYEHHOW M3 KapTorpaduvIecKor Oa3bl
EsaWorldCover, mactouma ans wuccieayemoro paiiona coctaswim 70,16% TteppuTopun, M3 HHUX B
AxTtroOuHCKO# obmactu — 87,4%, Atbipayckoit — 82,3%, 3amagHo-Kazaxcranckoit — 88,45% u Manruc-
Ttayckord — 22,49%. IlaxoTHBIE 3eMJIH OTPaXKAIHUCh TONBKO B AKTIOOMHCKOW M 3amagHo-KaszaxcraHckoi
obmactsix u cocraBmsui 5,85% ot oOmeil uccnenyemoi Tepputopuu. Penkas WM COJOHYAKOBaS
pactuTenbHOCTh 3aHMMaeT 24,96% Bcelt Tepputopun, rue 76,29% cocrapiser MaHrucrayckas o061acTs.
B HeOonpmuX KOMMYECTBaX BCTPEUYACTCS PACTUTENILHOCTD BOJHO-0OJIOTHBIX YTOU, TPEBECHBIC PACTEHUS
1 KyCTapHHUKH (PUCYHOK 2).

ATpIpayckags ¥ MaHrucrayckas — IO NPEUMYIIECTBY OOJIACTH MyCTBIHHBIX mnactOomml. Illupoko
CTOWJIOBOTO >KMBOTHOBOJICTBA 37€Ch OPTaHM30BaTh HEINb3s, BO3MOXKHO JIHINb MACTOMIIHOE CO/ep:KaHue
BEPOIIOKBE-0BEYBETO CTa/Ia, UCIIONB3YIOMIEro OONBIINe MPOCTPAHCTBA MYCTHIHD, C OOJNBIINMHE IIepPEIBU-
JKeHHSIMH CKOTa 110 ce30HaM roqa [18,19].

OnHoll W3 XapaKTEepHBIX 4YepT KOPMOBBIX yroami 3amamHoro Kasaxcrana sBisieTcsi OOMIIBHOE
MIpOM3pacTaHnue >KUTHsIKA JIOMKOTOo (Agropyron fragile (Roth) P.Candargy) W >KHTHsAKa ITyCTBIHHOTO
(Agropyron desertorum (Fisch. ex Link) Schult.). /Iy mactOumn momymycTeIHHON 30HBI, TIOABEPKEHHBIX
OIyCTHIHUBAHMIO, THIIMYHBI PACTHTENbHBIE COOOIIECTBA, B COCTABE KOTOPBIX IAOMHHHPYIOT 3JIaKOBBIE
Bunsl (Stipa capillata L., S. sareptana A K. Becker, Festuca valesiaca Schleich. ex Gaudin), a Takxke
MTOJIYKYCTapHUYKOBBIE pacTteHus (Artemisia fragrans Willd., A. pauciflora Weber ex Stechmann,
Camphorosma monspeliaca L., Atriplex cana C.A. Mey).

B 3amagno-KazaxcraHnckoit o0nacTu cTerHas 4acTh HE3HAYHUTENbHA, HO ITyCTEIHHOCTEITHAS BEJINKA U
Omaromapss ©00oraTCTBY KOPMOBBIX 3aIlacOB Ha pa3linBaX B BBICOKOM Mepe oOecredeHa CTOWIOBBIMHU
KopMamu JyroBoro Ttumna. CrenHele pailoHBl AKTIOOMHCKOW oOnactu 3aHuMaioT 15,5% kopMoBoii
wiomaau [9].
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Pucynok 2 — Kapra pacturensHocTH 3anagHoi yactu Kazaxcrana

Figure 2 — Vegetation map of the western part of Kazakhstan

Takum 00pa3om, pacTyiee MOTOJIOBhE CKOTa BBIHYKICHO MMACTUCh HA YMEHBIIAMOINICH ILIOMAan
MacTOWII, YTO CHOCOOCTBYeT MalbHEHIIeH Aerpamaniy 3eMellb. B IeloM JKHBOTHOBOJICTBO B PETHOHE
0asupyeTcsl Ha UCTIOIB30BAHUH €CTECTBEHHBIX KPYTIOTOAMYHBIX MACTOMIIHBIX YTOAUMA M3-3a KOPOTKUX U
MSATKUX 3UM, TPOJIOJDKUTEIHLHOI0 0€3MOPO3HOT0 M OECCHEXHOTo nepuojaa. KpyrioroguuHsie mactouia
W3-3a TepeBblllaca MOTYT (DOpPMHUPOBATh OYArdW JErpajallid, CIOCOOCTBYIOIIHE PAa3BUTHIO MPOIECCOB
nedisun. O0 3TOM CBHACTENLCTBYET My OIMKAIINNA OTEUECTBEHHBIX aBTOpoB [20, 21].

EcTecTBeHHBIC MacTOUINA SIBJISIOTCS OCHOBHBIM HMCTOYHHUKOM KOPMOB B KHBOTHOBOJICTBE. TeM He
MeHee ClieyeT YUYUTHIBATh, YTO HAJHYUE M Ka4eCTBO €CTECTBEHHBIX ITACTOMII] 3aBUCAT OT KIIMMATHIECKUX
¢akropoB. [lpu KomebOaHWAX KOJMYECTBA OCAIKOB M TEMIIEpaTyphl BO3IyXa €CTECTBEHHBIE MMacTOWIIA
MMEIOT HU3KYIO MUTATENbHYIO IIEHHOCTh (IHEPTHI0, MUHEpaJbl U T.J.) B 3aCyLUIMBHIN ce30H. B pesynbraTte
3arachl MUTATEIBHBIX BEIIECTB MOTYT YJIOBJICTBOPSITH TOJNBKO MOTPEOHOCTH B COJCPXKAHWM, a 3TO
OTPaHUYMBAET ONTUMAJIBHYIO IPOLYKTUBHOCTh CKOTa [22].

Coo01aercsi, 94TO OCTAaTKU CEIBCKOXO3SHCTBEHHBIX KYJNBTYP SIBISIOTCS BTOPBIM TI0 Ba)XKHOCTH
KOPMOBBIM PECYpPCOM, OCOOEGHHO B 3aCyIUIUBBIA ce30H. OJHAKO WX TPOHU3BOJCTBO HOCHT CE30HHBIN
XapakTep, TO €CTb OHU JIOCTYITHBI B OOJIBIIIMX KOJHUYECTBAX Cpaszy Mocie cOopa ypoxkas W HeIOCTYITHBI B
npyrue nepuoast [23].

Emte omaum 3HaunMbIM (haKTOPOM, BIIMSIFOIIMM Ha PerdoHbl 3amanHoro KazaxcraHa, sBJSICTCS PHCK
WHTEHCHBHOM Jlerpajaiii 3eMeNb. JTOT TMPOIECC OKa3hIBAaeT HEMOCPEACTBEHHOE BO3ZCHCTBHE Ha
3¢ (eKTHBHOCTD CEITHCKOTO XO3SMCTBA, TaK KaK MPUBOIUT K YXYAIICHUIO COCTOSHUS TaCTOMII BCIEICTBUE
9PO3UHM W CHUXEHHUS TUIOJOPOMHOCTH TOYB, YTO B CBOIO OYEPEIb CTABUT IOJ yTPo3y CTaOMIBHOCTH
KOPMOBO# 0a3kbl.

[NacTOuma obnacrert 3amagHoro Kazaxcrana mo xapakTepy TpaBOCTOSI M OOBOIHEHWS SBISIFOTCS
BECEHHE-OCEHHHMH. E’KeromHo 37iech BhITIAcaeTcsl OOJBIIOE ITOTOJIOBRE CKOTA pAa pailOHOB oOmacTeit
3anagnoro Kazaxcrana.

3amanHo-Kazaxcranckas obnmacTh 3aHHMaeT ceBepo-3amaanblii yron Kaszaxcrama. Ha ceBepe Ha ee
TEPPUTOPHIO 3aXOJWT BO3BHINICHHBIN MPUPOIHBIA CYXOCTEITHOHN paiioH ChIpTa M MPUypaTbCKOTO IUIATO,
KOTOPBIN OTIMYAETCS TEMHO-KAIITAHOBHIMU MOYBAMH M CTEISIMH, COCTOSAIIMMHU U3 THUITYaKa U KOBBHLIb.
OTOT paiion 3anuMaeT okoiio 25 % mnomanu 3KO 1 uMeeT 3HaUUTENbHOE KOJIMYECTBO MAaXOTHBIX 3€MEb.
OcHOBHasT 4acThb XTOW TEPPHUTOPHH TIPEIACTABISAET COOOHM IyCTHIHHO-CTENHOM paiioH Ilpukacmuiickoi
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HU3MEHHOCTH, TJ€ MpPeoOSafaoT MATHUCTBIC (IIy0ap) IyCTHIHHBIE CTENM Ha CBETJIO-KAIITAHOBBIX
CYIJIMHUCTBIX IOYBAaX, XapaKTEPU3YIOIIMXCS COJOHLEBATOCThIO. B 3TH cTemu BKpaIjieHbl MHOIO-
YUCIIEHHBIE HErMTyOOKHE 3aMKHYTBIE MOHIDKEHHS — 3alaJdHBI, MAINHBI, JONATHHBI C TEeMHOI[BETHBIMHU
MaxXOTOIMPUTOAHBIMHA IMOYBAMH M BBICOKOIIPOAYKTHUBHBIMUH 3JIAKOBBIMU TPaBOCTOAMMU. OZIHaKO CIIIOIIHBIX
MacCHBOB XOPOIIMX MaxOTOMPUTOJHBIX 3eMeNb 3/IeCh Majlo, a Ha Iore coBceM HeT. Ha BocToke HaxonuTes
CyTIecHYaHbIi MoApaiioH, XapaKTepu3yeMblil JIETKO pa3pyIIaloNINMICS TOYBaMH, BIUIOTH 0 Pa3BEBAEMBIX
meckoB. CaMoli XapakTEepHOW OCOOEHHOCTHIO paioHA SBJISIOTCS MHOTOYMCIEHHBIE Pa3IHWBBI — €CTe-
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3anaaHo-KasaxcTaHckom
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1

et a8

YcnoBHble o603HaveHnn

77777 9. NaxoTHele 3eMnu
10. Meckn NUILEHHBIE PACTUTENBHOCTH

=] 1. Nactiuwa AepHOBMHHOINAKOBO-NONBLIHHLIE, NYCTLIHHO-CTENHbIE C NPeoBnanaHnem KOBLINEA 1 NONbIHEH, NONbIHHLIE UK
CONRHKOBbIE NAcTOMLLIA CONOHLOB UNK 3NAKOBLIE NYrOBbIE CEHOKOCH! U NacTbMwWa

| 2. MNacTnwa AepHOBMHHOINAKOBbIE CTENHLIE C NPeoBnanaHeM TUNYAKE, NONLIHHO-TUNYAKOBLIE, NONbLIHHBIE MNK
THNYAKOBO-TPYAHNLEBbIE NAcTBWLLE CONOHLIOB

=i 3. NacTbuwa AepHOBUHHO3NAKOBbLIE, ASPHOBWHHOANAKOBO-PA3HOTPaBHbIE CTENHbIe © NpeobnanaHneM KoBbINen, NONbIHHLIE,
. TUNYEKOBO-TPYAHULEBLIE NNKU KOKNEKoBbLIE NAacTBuLa conoHLYoB

=) 4. YKUTHAKOBBIE, XUTHAKOBO-NONbIHHBLIE, NYCTLIHHO-CTENHLIE NAcTOULIA C NONBIHHBIMUK, KYCTAPHUKOBLIMU U APYTUMM,
NPEUMYLLIECTBEHHO Ha Neckax

|| 5. 3nakoBo-pa3sHOTPaBHLIE, PA3HOTPABHO-3NAKOBLIE NYTOBLIE CEHOKOCH! M NAcTBWLLA PEUHBIX AOMWH U NOHWKEHUA PABHUHBI
6. KycTapHukoBo-anakoasie KyCTapHUKOBO-Pa3HOTPaBHbIE, KyCTapHUKOBO-NONBIHHBIE NecYaHHblie nacTouwa
[ 7. KycTapHukoBo-achMepoBbie, 3(heMepoBO-KyCTaPHUKOBBIE NeCYaHHLIe, 3(heMepOBO-PasHOTPaBHbIe NPearopHsle nacTouwa

— 11. MonykycTapHU4KoBble CONAHKOoBbIE (GUIOpryH, TacbMIopryH, cakcaynsHuK, KOKNek), CONSHKOBO-NONbIHHbIE NYCTbiHHbIE
nacTiuLLa CONOHLOB CONOKYAKOB W CUNBLHOCOMNOHLEBAaTLIX NoYE

1 12. MonbiHHO-AEPHOBUHHOINAKOBLIE NYCTBIHHO-CTENHBLIE NYCTEIHHBIE NAcTOMLA CO 3NAKOBBIMW NYTOBLIMK MW NONBIHHBIMK 1
COMNAHKOBBIMWA NYCTBIHHBIMIA NACTEMLWEMIN CONOHUOB

- 13. MonkiHHbIE, NONBIHHO-CONAHKOBLIE NyCTbIHHbIE nacTéulla ConoHUOB, CONOHYaKOB M 3ACONEHHbIX NOYB

=i 14. MonbikHbIe, NOMbIHHO-3(heMepoBbIe, 3aKyCTapeHHbIE B NECKax, NYCTbIHHO-CTEMNHbIE W NYCTbiHHbIE NacTuwWa ¢
CONAHKOBLIMMW, NOMBIHHO-CONAHKOBBIMU HA CONMOHLEX, @PKEKOBO-MOMbIHHBIMK, WArkiPOBLIMI UMW KYCTAPHWUKOBbIMK B NECKax

| 15. Copoetle conoHYaKu
I 16. CouHoCONAHKOBEIE, OQHONETHE-CONAHKOBLIE NACTOMLLE CONOHUES W CONOHYAaKOB
[ 17. Warbiposbie, WwarbipoBo-3nakosbie couTbie nacTbuwa ¢ NOMbIHHBIMK, 3NaKOBLIMY W APYTMMK MacTOMWaMK No neckam
" 18. TpoCTHHKOBbIE, KaMbILLOBbIE, POrO30BLIE 3aPCCNK Ha 3abonoyeHHbIX NoYBax

[ Bopoems!

Lo e
Pucynox 3— Tums! kopMOBBIX yroauit 3ananHo-Kazaxcranckoil obiaactu

Figure 3 — Types of forage lands in the West Kazakhstan region
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CTBEHHBIE JTUMaHBl B HU30BBAX Menkux crermHbeix pek (Kapaozen m Capsoiosen, lllexun 1 u 2, Kamgsr-
raiTel, XKakce0ait n ap.), Tekymux Ha [Ipukacnuiickyio HU3MEHHOCTh ¢ ChIpTa U 3aKaHUYMBAIOIINX CBOEC
TE€YEHHE €CTECTBEHHBIMU JMMAaHAMU C KOMIUIEKCAMHU BBICOKONPOIYKTHUBHBIX MBIPEHHBIX H OCTEITHEHHBIX
JKUTHSKOBBIX, AaKMaMBIKOBBIX (OECKMIIBHUIEBBIX) IYTOB U COJOHLIOB. KpoMe 3THX MenKux pedek, 00nacTb
mpopesaet Oorblias pedHas aprepus — peka JKaifplk, Tekymas B npeaenax CpIpTa ¢ BOCTOKa Ha 3amaj;
nanee, O3 Ypanbcka, OHa IMMOBOPAYMBAeT Ha IOT M opomiaeT [Ipukacnuiickyio HU3MEHHOCTh COBMECTHO
CO CBOMM 3alaJHbIM pykaBoM — KomnMoM, BOJIbI KOTOPOTO UCHOIB3YIOTCS JUIsl OPOIIECHUS.

[NoTeHnmanbHO BO3MOXHAS IIIOMIAAb JUMAaHHOTO OpolleHus 3amagHo-KazaxcTaHckod oOmactu Ha
MECTHOM CTOKE M TPaH3UTHOM CTOKe pek npu obecrnedeHHocTH Ha 50 % He mpesbrmaeT 302 ThIC. Ta, Ha
25 % — 695 TrIc. Ta. Pacmmpenne TpaBoCeSHUS B 3HAYUTEIHHOU Mepe MOATOTOBUT POCT ILIOMIAIH IO
MOJIEBBIMH KOPMOBBIMH KYJIBTypaMH — KYKypy30H, MOJCOJHEYHHUKOM, IMPOCOM, MOrapoM M O3MMOM
poxpro. Ha merknx mouBax (riaBHBIM oOpa3zoM, B KapaToOWHCKOM palioHE) BEIPANTUBAIOTCS OaxdeBEIC.
OO6OBogHEHHE TACTOMII M CEHOKOCOB COCTaBJISIET TaK)Ke OYEHb BAXKHBIM pa3fen MEepOIpHSITHH 110
YKPEIUICHUIO KOPMOBO# 0a3bl 001acTH — UMEETCsl B BUILy YCTPOMCTBO KOJIOALEB, MPYAOB U KOMAHEH IS
3a/iepKaHusl MMOBEPXHOCTHOTO CTOKa. B pailioHax roskHOW dacTu obnmactu (JKaHrammHCKOM M AKKailbIK-
ckoM, otyactu KaparoOWHCKOM) MpUMEHsIeTCs HeHaleKuid OTIOH ¢ MEPeIBIKEHHEM CTala Ha 3UMHee
BpeMsl B IE€CKHM, BECHOM M JIETOM — Ha 3JIaKOBbl€ THUITYaKOBO-)KUTHIKOBBIE MAcTOMINA, OCEHBIO — Ha
COIISTHKOBO-TIOJILIHHEIE. 3/1eCh HEOOXONMO NMETh Ha 3UMHEE BPEMS CTPaXOBBIE 3aIackl TPYObIX KOPMOB U
ckoToromeneHus. Ha Bcex Tumax mactouiy B 001acT 04eHb BaKHA PETYJIHNPOBKA BhINaca. 3HAYUTEIbHASL
YacTh MAcTOMI C MpeoOialaHueM TIOJIBIHEH SBIISETCS PE3yJIbTATOM TEPEPOKACHHSI 3TaKOBBIX CTEITHBIX
yroauii moj BiusHUeM cOos. Bcst cymma mepompusATHA MO 00JacTH MOXKET YBEIHYHTH OOBEM ee
KOPMOBO# 0a3bl B 2-2,5 pa3a (pucyHOK 3).

AKTIOOMHCKas 00J1acTh IPOCTUPAETCS OT ceBepHOU rpanuIlsl Kazaxcrana ¢ OpeHOYprckoit 001acTeio
o Apanbckoro Mops. Ee ceBepHas yacTh, OTHOcAIIasicsl K CTEHMHOM 30He, NeXHUT Ha llpenypanbckoit
ratdopme.

Hawnbonpmas gacte 0071acTH OTHOCUTCS K TIOJYITyCTHIHHON 30HE; OHA pa3lelieHa C CEBEPO-BOCTOKA
Ha 1oro-3amajg MyTramkapcKuM KpsbkeM, Ha KOTOPOM TPeoONIafaroT MyCTBIHHBIE CTenH. TONBKO camast
BBICOKAas 9acTh KPsiKa 3aHATA CYXHUMH CTETISIMH, TIPOSIBISIETCS BEICOTHAS MOSICHOCTh. TeppuTOpHS Ha 3araj
ot Myramxkap otHocutcs k JKaiibik-)KeMckoMy I1aTo, a Ha BOCTOK OT HUX — K Topralickoii paBHUHE, 110
KOTOpO#i K 1ory OT p. Mpru3 pazdpocaHbl CTOJOBUAHBIE BO3BBIIICHHOCTH — OCTaHIIBI, TYPTKYJH, BCIE-
CTBUE Y€ro paBHHHA Ha3bIBaeTcs Topraiickoe maro. Mectamu oHa ornecyaHeHa (ITyCThIHHBIE TTECKU boib-
mue u Mansie bapcykn). Ha roro-3amane o6mactu badirannHckuii paitoH HeMHOTO BEIXOTuT Ha [Ipmkac-
MUICKYI0 HU3MEHHOCTh. /lanbHeliee pacmmperrne KOpMOBOW 0a3bl B 3eMIIEIETbUECKUX PailoHaX MOXKET
UATH TIO0 JIMHUH BBEJEHHS CEBOOOOPOTOB, PAIMOHAIHM3AINY UCTIOIH30BAHHUSA €CTECTBEHHBIX MACcTOUIN U
OpraHu3alyy JIMMaHHOro opouleHus. Emie Gonbliee 3HaueHHE JOKHO MMETh JIMMAHHOE OPOLICHHUE B
’KUBOTHOBOJYECKHX paioHaX MOJymyCThIHHU. [loTeHIIManbsHO BO3MOXKHAS IUIONIAAb JTUMAHHOTO OPOIIEHUS
AKTIOOMHCKO#M 00JIaCTH Ha MECTHOM CTOKe Ipu obecriedenHoctu 50% pasusiercs B 409 Toic. ra, 25% —
1042 toic. ra. TpaBocesiHue MHOTOJIETHUX TPABOCMECEH MOXKHO 3HAYUTEIBHO PACIIMPUTH HE TOJIBKO 3a
CYeT BBEJCHHS HX B CEBOOOOPOTHI, HO W IyTeM OCTOPOKHOTO OCBOCHHS YMEPEHHO COJOHIEBATBIX
CyTIeCUYaHbIX LEIHH B CYXUX U MYCTBIHHBIX CTEISAX. TpaBbl MOTYT 3/IECh IaTh B CpEAHUE TOABI He MeHee 15
1/ra. @OHIBI MPUTOJHBIX IS STOTO 3€Melb OUYSHb BEJMKH, U OCBOSHHE UX 3aBHCHUT TJIABHBIM 00pa3oM OT
Hanuuusi pabouelt cuiabl U TeXHUKHU. [Ipu 3TOM HyXKHa OpraHM3alnMs CHEro3ajep)kaHus, B YaCTHOCTH
YCTPOMCTBO APEBECHBIX M KYCTAPHUKOBBIX KYJIHC. DTH MEPONPHUATHS AaAyT BO3MOXKHOCTH YBEITHYHUTH
MOTOJIOBhE KPYITHOT'O POTaToTro CKOTa, OBEIl U KO3, B 3eMJIEIEIbUECKUX palloHaxX, a Takke BepOIIIOJIOB B
MOy Iy CTHIHHON 30HE (PUCYHOK 4).

Ha Boctoke B ArthIpayckyro ob6nacte HemHOro 3axomuT llogypamsckoe turato. Ha BceM 3Tom
MPOCTPAHCTBE UMEETCA JIMIIh OJTHA 3HAYUTEIbHas BOJHAS MarucTpanb — peka JKalbIk, TeKyIas ¢ ceBepa
Ha 1or k Kacnmiickomy Mopro. Ha ceBepo-BocToke B 00macTh 3ax0aaT Hu30Bbs Oiibuia, Carei3a, a 10)KHee —
’Kem. Ha ceBepo-3amaze y mobepesknsi Mopsi 00JacTh conpukacaeTcs ¢ aenbToil Bonru. ConeHbie BBICHI-
xaromme o3epa, Hampumep WMHaep, ciayxkar mumb i n1oObBaHus coiu. COTTacHO MPHHATOMY HaMH
30HAJILHOMY JEJIEHUIO TepPUTOPpHs 007acTH OTHOCUTCA K TPEM MOA30HAM JBYX 30H: Ha CEBEPO-BOCTOKE, B
KBI3BUIKOTHHCKOM paiioHe, B Hee 3aXOOUT HeOOIblIas IUIOLIAagb MOJ30HBI IYCTHIHHBIX CTENed Moiy-
MTyCTEIHHON 30HBI C IOJILIHHO-3JIAKOBOM PAaCTUTENFHOCTEI0O HAa CBETJIO-KAIITAHOBBIX MMOYBaX, Aaliee BCE
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10. Mecku NUIWEHHLIE PACTUTENLHOCTI

CONAHKOBbLIE NAcTOMLLIA CONOHLOB MK 3NaKOBLIE NYIOBLIE CEHOKOCH! W nacTéuwa
TUNYAKOBO-TPYAHMLEBbIE NAacTEULa CONOHLIOB
TUNYAKOBO-TPYAHNLEBEIE MNK KOKNEKOBLIE NACTBULLE CONOKL0B

NPEUMYLIECTBEHHO Ha Neckax

6. KycTapH1KoBO-3NaKoBble KyCTapHUKOBO-PA3HOTPaBHbIE, KYCTapHUKOBO-NONBIHHLIE NecyaHHsIe nacTouwa

nacTbulla CoNOHUOB CONOHYEKOB W CULHOCONOHUEBaTLIX NOYB

CONAHKOBBIMU NYCTBIHHBIMW NACTOMLWAMKU CONOHLUOB
- 13. MonbiHHLIE, NONBIHHC-CONAHKOBLIE NYCTbIHHbIE nacTbulia ConoHLOB, CONOHYaKOB M 3aCONEHHBLIX NOYB

| 15. CopoBeie conoHyaku
[ 16. CouHOCONAHKOBbIE, OAHONETHE-CONAHKOBbIE NACTOMLLA CONOHUEB N CONOHYAKOB

_ " 18. TPOCTHMKOBBIE, KaMbILLOBbIE, POrO30BbIE 3aPOCNM Ha 3a60NCUEHHBIX NOYBAX
| eopoemsi

I 2. MNactfuia AepHOBUHHOANAKOBLIE CTENHBLIE C NpeoBnaganuem TUNYAKa, NONBIHHO-TUNYAKOBBIE, NONLIHHLIE UNK

P 4. UTHAKOBBIE, KUTHAKOBO-NOMNBIHHBIE, NYCTLIHHO-CTENHBIE NACTEULA C NONBIHKLIMU, KYCTAPHUKOBEIMU U APYrUMA,

i 14, MoneiHHBIE, NONbIHHC-3(heMepoBble, 3aKyCTapeHHbIE B NecKax, NYCTBIHHO-CTENHLIE U NYCTBIHHbIe nacTéuwa c
CONAHKOBEIMW, NOMNbIHHO-CONAHKOBLIMI HA CONOHLAX, EPKEKOBO-MONbIHHBIMHK, LWAMbIPOBLIMK MK KYCTAPHUKOBLIMUW B Nneckax

= 1. MacTéunwa AepHOBMHHO3NAKOBO-NONbIHHBIE, NYCTLIHHO-CTENHbLIE C NPeolnagaHem KOBLINEN 1 NOMbIHER, NOMNbIHHBIE WKW

ﬂ=1 3. NacT6vwa AepHOBMHHO3NaKoBbIe, AEPHOBWMHHO3NAKOBO-pPa3HOTPaBHbie CTenHble C npeobnagaHuem KoBbINew, NONbIHHLIE,

|| 5. 3nakoBo-pasHOTPaBHbIE, PA3HOTPABHO-3NAKOBbIE NYrOBbIE CEHOKOCH! M NACTOMLLA PEUHBIX ONMH W MOHIKEHNIA PABHWHBI

[ 7. KycrapHukoso-athmepossie, aheMepoBo-kyCTapHKOBLIE NecHaHHbIe, athemMepoBo-pasHOTpaBHbIe NPearopHele nacTuwa
— 11. MonykycTapHU4KoBLIe CONAHKOBLIE (BHIOPryH, TaCBMIOPryH, CaKcaynsHWK, KOKNEK), CONAHKOBO-NONbIHHLIE NYCTLIHHbIE

- 12. MoNBIHHO-AEPHOBUHHOINAKOBBIE NYCTBIHHO-CTENHBIE NYCTBIHHBIE NACTOULLA CO 3NaKOBBIMM NYTOBBLIMMK KN NONBIHHBIMKA K

[ 17. Warsiposbie, warbiposo-3nakossie cBuTsie nacTéuwwa ¢ NONbIHHBIMK, 3NAKOBBLIMKA U APYTMMI NAcTBMIWAMM NO Neckam

wE
Pucynox 4 — Tumsl KOpMOBBIX yroanii AKTIOOMHCKOH obmacTu

Figure 4 — Types of forage lands in the Aktobe region
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= 1. NMacTbuwa AepHOBUHHO3NAKOBO-NONBIHHBIE, NYCTBIHHO-CTENHLIE C NpeoBnafaHiem KOBLINEN W NOMbIHER, NONbIHHLIE WK
CONAHKOBbIE NACTOMILA CONOHLOB UNK 3NAKOBLIE NYTOBLIE CEHOKOCH! U NacTGHWa

l 2. Nacrbuwa AepHOBUHHO3NAKOBbLIE CTENHbIE C Npeobnagasvem TUNYaKa, NOMbIHHO-TUNYAKOBLIE, NONbIHHLIE UMK
TUNYAKOBO-TPYAHMUEBbIE NAacTGMLE CONOHLOB

= 3. NacTbuwa AepHOBUHHO3NAKOBbIE, AePHOBUHHO3NAKOBO-PA3HOTPABHLIE CTeNHbLIe C NpecbnagaHnem KOBbLUNeR, NoNbIHHLIE,
TUN4YaKOBO-TPYAHMUEBbIE MNW KOKNEKoBbIE NacTBuLLa CoNoHL0B

= 4. YKUTHAKOBLIE, KUTHAKOBO-NONBIHHLIE, NYCTLIHHO-CTENHLIE NACTOMLLA C NOMBIHHBIMU, KYCTAPHUKOBLIMU W APYTUMM,
NPEUMYLWECTBEHHO Ha neckax

| 5. 3nakoBo-pa3HOTpaBHbIE, PA3HOTPABHO-3NAKOBLIE NYTOBLIE CEHOKOCH M NACTOMLLA PEYHBIX AONMH W NOHWKEHWA DaBHUHD!
6. KycTapH1KoBO-3naKoBbie KyCTapHMKOBO-PasHOTPaBHbIE, KyCTapHUKOBO-NONbIHHBIE NecYanHbie nacTonwa
I 7. KyctapHukoBo-3(hMepoBsie, 3theMepOBO-KyCTAPHUKOBBIE NECYaHHBIB, S(heMepOBO-Pa3HOTPABHLIE NPEAropHbIe NacTouwa

= 11. MonykycTapHu4KoBLIE CONAHKOBLIE (GUIOPryH, TacbMIOpryH, CaKCayNLHMK, KOKNEek), CONAHKOBO-NONLIHHLIE NYCTLIHHbIE
nacTuWa CONCHUCE CONOHYAKOB U CUNEHOCONOHUEBATLIX NOYB

- 12. Honuﬂuo—,qepuoaunnuanamuue MNYCTBIHHO-CTENHBLIE NYCThIHHBIE nacTouwa co aNaKoBbIMK NYrosbiMK MNK NONLIHHBIMK W
CONAHKOBBIMK NYCTbIHHBIMKM NACTOMAMK CONOHLOB

[ 13. MonbiHHbIE, NONBIHHO-CONRHKOBbIE MYCTHIHHBIE NACTEHILE CONOHLOB, CONOHYAKOB M 3ACONEHHbIX NOYB

'ﬁ 14. MonblHHbIE, NONbIHHO-3themepoBble, 3aKycTapeHHbie B NecKax, NyCTbiIHHO-CTeNnHbLIe W NYCThIHHbIE nacTouwa ¢
CONAHKOBBIMK, NONBLIHHO-CONAHKOBLIMW Ha CONOHUAEX, &PKeKOBO-MONbIHHBIMY, WArkIpOBEIMK UMW KYCTAPHUKOBEIMU B Neckax

| 15. Coposble conoHuaku
[ 16. Co4HOCONAHKOBBIE, ORHONETHE-CONAHKOBLIE NACTOMLLIA CONCHLEB W CONOHYaKoB
- 17. Warbiposble, WarkipoBo-3nakoBele conTbie NacTiMLWA C NONbIHHBIMKU, INAKOBLIMK 1 APYTMMW NAcTOUILAMK N0 NECKam
" 18. TpOCTHUKDBLIE, KAMBILIOBbLIE, POrO30BbLIE 33POCNM Ha 3a6oNoYeHHbIX NoYBax

"~ | sonoemb

Pucynox 5 — TuIbl ecTeCTBEHHBIX KOPMOBBIX YTOIuii ATBIpayCcKoil ob6acti

Figure 5 — Types of natural forage lands in the Atyrau region

MPOCTPAHCTBO /10 YMHKA Y CTHPTa OTHOCHTCS K MOJ30HE OCTEMHEHHBIX IYCTBIHb TOW )K€ TOIYITy CTBIHHOM
30HBI, ¢ TPeo0IaJaHUEeM COJISHKOBO-TIOJBIHHOW PACTHTEIBHOCTH Ha OYyphIX TMOYBAaX; K IOTYy OT YWHKA
JISKUT TIOA30HA CEBEPHBIX MYCTHIHb ITyCTHIHHON 30HBI, a TaKXKe M0 OyrprCTOMY U TPSI0BOMY pelbedy ¢
MIAPOKUMHE TTOHIDKEHISIMH — alllUKaMH, ¢ €pPKEKOBOW M TOJILIHHON PaCTHTEIBHOCTBHIO, BCTPEYAOIIEHCS
TJIaBHBIM 00pa3oM Ha ceBepe MaccuBa. Ha ceBepe B Hee HEMHOTO 3aXOJAUT ITyCTHIHHO-CTEITHON paioH
IIpukacnuiickoil HU3SMEHHOCTH, Ha CEBEpO-3alaje — IyCTHIHHO-CTENHOM paiioH [loaypansckoro miaro.
IToGepexxbe C TPOCTHUKOBOW, COJOHYAKOBATO-TYTOBOM M COJIOHYAKOBOW DPACTUTENFHOCTBIO W HYacCTh
JIYyTOBOM JAeibThl BOJTH COCTaBIIAIOT 1Ba OCOOBIX MojpaiioHa. PaiioH COCTaBIIIET MacCHB 3UMHHX
nacTOuIy ¢ pe3epBoM TpyObIX KOpMOB B mpuMopckoii monoce. K Bocroky ot XKaiibika nexut JKaibik-




Teoepagpus srcone cy pecypcmaput | Ieoepaghus u soonvie pecypewi / Geography and water resources

JKemckuit palioH OCTEMHEHHBIX TIWHUCTBIX M TECYAHBIX NYCTHIHb I[lpuKacmuiickoii HU3MEHHOCTH,
BKITIOUAIOMINK B ce0s Takke W HEOONBIIYI YacTh NpaBoOepexbs JKaiibika. B Hero BxomsaT Oonibirue
IUIOIAAN CHUJIBHO 3aCOJIEHHBIX COJSIHKOBO-TIOJBIHHBIX M COJSHKOBBIX TINIMHUCTBIX OCEHHE-3MMHHX
nacTOWIl, MaccUB TeckoB Taiicoran Ha ceBepe, mecku [Ipukacnmiickue KapakyMmbl, Jiyra B HH30BBSX
JKaiipika, Oiibuia u JKema U COJIOHYAKOBHIE MPOCTPAHCTBA BBICOXIIETO 3aiuBa MepTBbI KynaTyk. Ero
CeBEpHBIC TIONPAOHBI B HU30BBAX JKaiibika, OWBUIA COAEp)KaT JYTOBBIC IUTOMIAAH, MPUTOMHBIC IJIS
CEHOKOIIEHHS, OCOOEHHO IpH YCIOBUHM YIYYIIEHHUS, W HeOONbLINE IUJIONIaJM TOJIMBHON TMAallHU; B
HU30BBAX JKeMa JyroB yke O4eHb Majo, OCTAIbHYIO IUIOMIAAh palioHa 3aHMMAalOT 3UMHHE U OCEHHe-
3UMHHE MacTOMINA, He 00eCIeYeHHbIE CTPAXOBBIMH 3amacaMy TPYOBIX KOPMOB. YCIIOBHUSI €CTECTBEHHOMN
00BOTHEHHOCTH HanOoJIee OJIArONPUATHEI B TICCUAHBIX paiioHax, 0coOeHHO B TalicoiranckoM MaccHBe.

AHanu3 reo00TaHUYECKUX IAHHBIX IMOKa3all, YTO Pa3jIW4HbIC THIIBI PACTUTEIBHOCTH MO Pa3HOMY
pearupyroT Ha CTENeHb AHTPOIIOTEHHOW HAarpy3KH, IMPOSBISAS pa3inyus B cocTaBe (IIOPHI, MPOAYK-
TUBHOCTH W YPOBHE HapyIIEHHOCTH. DTO MOTYEPKHBAET HEOOXOAMMOCTh Pa3pabOTKH WHAMBHIYATEHBIX
MOJXOJIOB K YIPaBJICHUIO, BHEAPCHUS CIICIHATBHBIX PEKUMOB dKCIUTyaTaluu 1 Hanbosee 3pPpeKTHBHBIX
METO/IOB BOCCTaHOBJCHHSA. B TO BpeMs kKak oOmias 3a1ada 3aki04acTcs B COXPaHECHHU U BO3POXKACHUH
MPUPOAHOrO IUIOAOPOAHS KOPMOBBIX YIOAUM B YCIOBUSAX YCHUJIEHHOIO YEJIOBEYECKOTO BO3AEUCTBHS,
BaXHBIM YAaCTHBIM HAaIIPaBJICHUEM SBIIIETCS OXpaHa LEHHBIX MAacTOWII W CEHOKOCHBIX TEPPHUTOPHUH,
NPEACTABISIIONINX COO0H TeHEeTHYEeCKUH pe3epB YHUKAIBHBIX BUIOB AUKAX KOPMOBBIX, JICKAPCTBEHHBIX,
PEAKHUX ¥ HaXOJSIIUXCS IO/ yTPO30H HCUE3HOBEHUS PaCTEHUH (PUCYHOK 5).

Ha momryoctpoBe MaHThICTay TOABIMACTCS HEBBICOKMM KaMEHUCTBIM KpsDK (PUCYHOK 6). YcThupT
OTHOCHUTCA K IIOJI30HE OCTEMHEHHBIX IyCTHIHb TOH JK€ TOJYIyCTBIHHON 30HBI € TpeodiafzaHueM
COJITHKOBO-TIOJILIHHOM PAacTUTENIEHOCTA Ha OYPBIX IMOYBaxX; K IOTYy OT YHMHKA JIKHUT ITOJ30HA CEBEPHBIX
MyCTHIHb IIYCTBIHHOW 30HBI C NPeoOJIaJJaHieM ITOJBIHHO-COJSTHKOBONH PACTHTENHHOCTH Ha CEepo-OypBIX
MOYBaX, C HAMEYAIOIIUMCS MEPEXOJOM K MOJ30HE IOKHBIX IMYCTHIHb y TPaHUIBI ¢ TypKMEHHCTaHOM
(3mech B TOKpOBE 3HAYMTENHHO BO3pAcTaeT KOIUYECTBO 3(eMepoB). YCTUPTCKUI MyCTBIHHBIN palioH
MIPEJICTaBIsIeT COOOW MaJONPOYKTHBHBIE TOJBIHHO-COJISTHKOBBIE MYCTHIHH C BKJIFOUEHUEM TeCUaHBIX
MaccuBoB (meckum Cam, Acmanraii-Martaii, KapbpImxkapblk), pacmojoKEeHHBIX BO BmamnHax. lleckn
UCIIOJIB3YIOTCA TJaBHBIM 00pa3oM IUIsi 3UMHEr0 BBINAca, MECTaMH HMEETCS BO3MOXKHOCTH 3arOTOBKH
epkekoBoro ceHa. Pailon ['opHoro MaHreicTay BKJIIOYAeT HEBBICOKHE IMYCThIHHBIE Kpsbku Kapatay u
AKTay cO 371aKOBO-TIOJBIHHOW PacTUTENBHOCTHIO, HanboIee MPOAYKTUBHOM 10 casiM, T/Ie 3arOTaBIMBAETCS
E€PKEKOBOE CEHO U 3MMYET CKOT. YCJIOBUS €CTECTBEHHOH OOBOIHEHHOCTH HauOoJjiee OJIarONpPUSATHBI B
necyaHbIX paiioHax, ocodeHHo B meckax Cam, AcMmaHTaii-Maraii; B [Ipukacnuiickux Kapakymax, a Takxe
B IeCKaxX II0 BIagWHaM FOKHOH dactm Ycrupra (KapblHkapblk) BOABI B OONBIICH YacTH CHIIBHO
MUHEpaJIN30BaHbl, TaK ke, KaKk ¥ B MPUMOpPcKoi mojoce. Ha YcTupre rpyHTOBBIE BOJBI €CTh, HO HU3BIIE-
karoTcs u3 kosoaues oT 10 10 30 M, a To u Gonee (k rory). OHU KECTKH (T. €. COllepKaT MHOTO M3BECTH),
HO OOBIYHO TIpecHBI. Tak KaK KOJOAIBI 3aJ0KEHBI B M3BECTHIKOBBIX TOJINAX, TO OCOOBIX KPETUICHHWH B
HUX He Tpebyercs. OOBIMHO OHHM pacmojararoTcs rpymmnamua mo 10-20 mo moHmxkeHusM. B paiione
I'opHoro ManreicTay ecTb HeOOJBILINE BEIXObI TPYHTOBBIX BOJ IO AOJIMHAM.

Oo6cy:xnenue. [ nosbimenns 3¢()EKTHBHOCTHA HUCTIOIB30BaHHS €CTECTBEHHO-KOPMOBBIX PECYPCOB
B IIENIIX TEPPUTOPHATIBLHO-OTPACIEBOrO Pa3BUTHs KUBOTHOBOJACTBa 3amagHo-Ka3axcTaHCKOro peruoHa
MpejiaraeTcs BOBJIEKaTb B CEIIbCKOXO3AWCTBEHHBIH OOOpPOT JOMOJHHUTENbHBIE 3€MJIM CEHOKOCHO-
MacTOMIIIHOTO Ha3HAYeHHUS, YYUTHIBAS IMPOTHO3UPYEMBIH pOCT MOTOJIOBBS CENbCKOXO03IHCTBEHHBIX
KUBOTHBIX OTTOHHOTO M OTTOHHO-CTOMJIOBOTO THIOB. DJTO IO3BOJIUT PEryJIMpPOBAaTh HArpy3Ky Ha ecre-
CTBEHHO-KOPMOBBIE YToJibs M TNPEAOTBPATUTH AECTPAAALMI0 PACTUTEIBHOTO MOKPOBA, BOCCTAHOBIICHUE
KOTOpOTO TpeOyeT 3HAUMTENbHBIX BPEMEHHBIX W (DMHAHCOBBIX 3aTpar. [IpobiemMa ocoOeHHO akTyalbHa
U1 MaHrucrayckoil u ATbIpayckoil oOmacTell, B MEHBIICH cTermeHH Ans AKTIOOMHCKOW M 3amagHo-
Kazaxcranckoii. [Ipu 0cBoeHUH HOBBIX TEPPUTOPHIL TOA CEHOKOCH M IMAacTOWIa HEOOXOIUMO YUUTHIBAT
MPUPOJTHO-KIMMAaTHYECKHEe OCOOCHHOCTH W JIaHAIA(THBIE yCIOBUS, TaK KaK UMEHHO OHU ONPEACISIOT
MPOAYKTUBHOCTh PAaCTUTEIHFHOTO TIOKPOBA, YCTOWYMBOCTH SKOCHUCTEM M €MKOCTH JIaHAMA(TOB, YTO, B
CBOIO OYepe/b, BIMSAET Ha JOJTOCPOYHYIO d(H()EKTHBHOCTH HCITONB30BAaHUS KOPMOBBIX PECypCOB B
JKUBOTHOBOJICTBE. KpecThsaHCKUM ((hepMepcKuM) XO3HCTBAM, 3aHUMAIOIIUMCS Pa3BeCHUEM OTTOHHOTO
Y OTTOHHO-CTOHJIOBOTO CKOTA, CJIEIyET CTPOro COOII0AaTh MPUHIIMITEI MACTOMIE000POTa B COOTBETCTBUH
C TPHUPOTHO-KIMMATHYCCKUMU M JIaHAMAPTHBIMA OCOOCHHOCTSAMH TeppUTOpuH. Hapymenus 3Tux

— 84 ——
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TpeOoBaHMi OBUTM 3a()MKCUPOBAHBI B XOZAE ITOJIEBBIX MCCIECIOBAHMI KIIOUEBBIX YYacTKOB B UYETBIPEX
obmactsax. Bo nzbexxkanue mpeBbIIEHHs TPEACTbHO AOMYCTHMONW HAarpy3Kd Ha CEHOKOCHO-NACTOMIIHBIC
yrolbsi M Jerpajallidl eCTeCTBEHHO-KOPMOBOW 0a3bl PEKOMEHJYETCSl BHEAPUTH MEXaHH3MBI Tocynap-
CTBEHHOTO CyOCHIMPOBaHUS Pa3BUTUS )KUBOTHOBOJACTBA. [Ipy 3TOM HEOOXOJMMO YYUTHIBATH MOTEHIIUAI
PacTUTEIBHOTO IIOKPOBA, OCOOCHHOCTH IPUPOJHO-KIMMATHYECKUX YCIOBHM M BO3MOKHOCTH JIAHI-

ma)TOB KOHKPETHBIX TEPPUTOPHUH.
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YcnoBHble 0603HaYeHUsA

777 9. NaxoTHble 3emnu
10. Meckn NUWEHHBIe PaCTUTENLHOCTU

1. MNacTbuwa aepHOBMHHO3NAKOBO-NONBLIHHLIE, NYCTEIHHO-CTENHLIE ¢ NpeobnagaHuem KOBbINEH U NONLIHEH, NONLIHHLIE MW
CONSHKOBbLIE NacTOMLLA CONOHLIOB UMK 3NAKOBbIE NYroBble CEHOKOCH U nacTiula

2. NacTbuwa aepHOBMHHO3NAKOBbIE CTENHbIE C NpeobnafaHnem Tunyaka, nonbIHHO-TUNYAKOBbLIE, NONbIHHLIE NN
TUMNYAKOBO-IPYAHULEBbLIE NAcTOMLLA CONOHLIOB

—— 3. MNacTbuwa gepHOBMHHO3NAKOBbIe, AePHOBUHHO3MNAKOBO-PA3HOTPABHbIE CTENHbIe C NpeobnagaHvem KoBbINew, NonbiHHbIe,
TUNYAKOBO-TPYAHULEBLIE NN KOKNEKoBbLIe nacrbuia conoHyos

= 4. UTHAKOBbIE, XWUTHAKOBO-NOMbIHHBIE, NYCTLIHHO-CTENHBIE NACTOULLA ¢ NOMBIHHBIMM, KYCTAPHUKOBLIMU U APYTUMU,
NPENMYLLIECTBEHHO Ha Neckax

5. 3naKkoBO-pPa3HOTPEBHLIE, PA3HOTPABHO-3NAKOBLIE NYTOBbLIE CEHOKOCH! M NACTOMLLA PeYHbIX ONWH U NOHWKEHWA PABHUHBI
6. KycTapHWKOBO-3NaKoBbIE KyCTapHUKOBO-Pa3HOTPaBHbIE, KYCTapPHUKOBO-NONbIHHBIE NecYaHHLIe nacTounwa
[ 7. Kyctaphukoso-athmepoBsie, aheMepoBO-KyCTapHUKOBLIE NecyaHHble, 3hbemMmepoBo-pazHOTpaBHble NPearopHeIe nacTéuwa

- 11. MonykycTapHU4KOBbLIE CONSIHKOBLIE (GMIOPryH, TacGUIOPryH, cakcaynb4uK, KOKNek), CONAHKOBO-NONLIHHbIE NYCTbIHHbIE
nacTtuLla CONOHLOB CONOHYAKOB W CUNBHOCONOHLEBATEIX NOYB

| 12. MNMonkIHHO-AePHOBUHHO3NAKOBLIE NYCTEIHHO-CTENHLIE NYCThIHHBIE NACTOMLWA CO 3NaK0oBLIMKU NYroBLIMK UMW NONbLIHHBIMKA K
CONAHKOBbLIMW MY CTbIHHLIMW nacTéuwamm CONOHLUOB

| 13. MNonbiHHbIE, NONbIHHC-CONAHKCBbLIE NYCTbIHHbIE nacTéuiia ConoHLOB, CONOHYaKoB W 3aCONEHHbIX NoYB

—— 14. MNonbiHHbIE, NONbIHHC-3d)eMEepCBbie, 3aKYCTapeHHbIe B NECKaX, MyCTbIHHO-CTEMNHbIE U NYCThIHHLIE NacTbuwa c
CONAHKOBBLIMUW, NOMBIHHO-CONAHKOBLIMW Ha conoHuax, epKekoBo-NONbIHHBIMU, WarkipoBbiMK UMK KYCTAPHWKOBLIMKW B Neckax

15. CopoBbIe CONOHYaKK

7 16. CouHoconAHKOBbIE, OQHONETHE-CONRAHKOBLIE NacTOKLa CONOHLER U COMNOHYAKOB

[ 17. Warbipossle, Warsiposo-3nakoesie chutbie nactbulla ¢ NONLIHHBIMK, 3NaKOBLIMK U APYrMMKA NacTBUWamu No neckam
18. TPOCTHUKOBBIE, KAMbILIOBLIE, POrO30BsLIE 3aPOCNK Ha 3aBONOYEHHBIX NOYBAX
BOAOEMBI

Pucynok 6 — THIIbI €CTeCTBEHHBIX KOPMOBBIX yroauii MaHrucTayckoit od6aacti

Figure 6 — Types of natural forage lands in the Mangystau region

3akawuenne. OCHOBOM MPaBUIBHOTO PAIlMOHAIILHOTO UCIIOIB30BAHUS MACTOUII SIBJISCTCS 3arOHHAs
CHUCTEeMa BBITIaca CKOTa, pa30MBKa MmacTOWI] Ha ydacTku. ClemyeT BOBIEKATh B CENbCKOXO3SHCTBEHHBIN
000pOT OTIOTHUTENEHBIE 3€MJIM CEHOKOCHO-TTACTOWIHOTO HA3HAYEHHS C YYeTOM IIPOTHO30B POCTa
MOTOJIOBBSI  CEIBCKOXO3SMCTBEHHBIX JKUBOTHBIX OTTOHHOTO U  OTTOHHO-CTOMJIOBOTO BHJIOB IS
peryaupoBaHUs CTEIECHU HArpy3KH Ha €CTECTBEHHO-KOPMOBBLIE PECYpPChl M HENOMYIICHUS AETpajaluu
PaCTHTENHHOTO MOKPOBA, BOCCTAHOBIEHHE KOTOPOTO MOTPeOyeT 3HAUUTENbHBIX 3aTpaT BPEMEHU W, BO3-
MOYKHO, CpPEIICTB. JTa MpodiieMa akTyajdbHa 0coOeHHO sl MaHrucrayckoil m AThIpayckod oOnactel, B
MeHbIIel Mepe s AkTioOMHCKON U 3ananHo-KazaxcraHckoii o0nacTei.

[To npuynae OONMBIION MPOTSHKEHHOCTH C CeBepa Ha IOT, a TAaK)Ke 3HAYMTEIBHBIX Pa3IUYdi B MPH-
POIHBIX YCJIOBHUSX, pa3MelIeHne CEHOKOCHO-NACTOMINHBIX yroaui B 3amagHo-KazaxcTaHCKOM permoHe
0Ka3aJI0Ch KpaiiHe HepaBHOMEpHBIM. [Ipu oOIIel TeHACHIMH YBEIMYCHHS ILUIOMaNeH CEHOKOCHO-TIAacT-
OmmHBIX yromui 3amagHo-KazaxcTaHCKOro pernoHa 3a cueT AKTIOOMHCKOM, 3amanHo-KazaxcTaHckol u
ATtpIpayckoii oOiactelt B MaHTHCTayCKOH 0OJacTH IUIOMAAM E€CTECTBEHHO-KOPMOBBIX PECYPCOB, HC-
MOJIb3YEMBIX COTJIACHO CTATUCTHYECKUM JaHHBIM BHUJE MacTOWIl, cokpatuiuch Ha 38,1%. Ha ypoBHe
aJIMUHUACTPATUBHBIX PAfOHOB OOJIBIIE BCETO IUIOMIAJICH CEHOKOCHO-TACTOUINHBIX YrOAUN pPa3MEIleHbl B
T€X pailoHaX, KOTOPbIE PACIIOIOKEHBI B TAKUX MPUPOJIHBIX MOA30HAX, KAK CYXUE CTEMH, ONyCTHIHEHHBIC
CTEIH, CEBEPHBIC MyCTHIHU (TOJMYIMYyCTHIHM), 3aHUMAIOIMMUX OOJBINYI0 4YacTh 3amamHo-KazaxcraHckoro
peruona, a uMeHHO 3amanHo-Kazaxcranckold U AKTIOOMHCKON 00JIaCTed M MPAKTHUYECKUN BCIO TEPpHU-
Toputo. ATeIpayckoil obnactu. bonpiryto 4acte MaHrucTayckoil 00JIacTH 3aHUMAIOT CPEIHHE U I0XKHBIS
MIyCTBIHU, XapaKTEPU3YIOIIHECS OY€Hb HU3KOW NMPOAYKTHUBHOCTBIO PAaCTUTENBHOTO MOKPOBA U COOTBET-
CTBEHHO €CTECTBEHHO-KOPMOBBIX yromauii. IIpM BOBJICUEHHWH HOBBIX 3€MEIh B KAa4e€CTBE CEHOKOCHO-
MACTOWIIHBIX YTOJWA HEOOXOIUMO YYHTHIBATh MPUPOIHO-KIMMATHYECKHE OCOOCHHOCTH W YCIIOBHS
OCBaMBAEMOH TEPPHUTOPHH, TaK KaK ITH CHCTEMOOOpasyrommue (haKTOphI OMPENeNsIOT MPOTyKTHBHOCTh
PACTUTENBHOTO MTOKPOBA, YCTOWYMBOCTh M €MKOCTh JaHAMA(TOB, OT KOTOPOTO 3aBUCUT JOJITOCPOYHOCTh
HCITIOJIb30BaHUS €CTECTBEHHO-KOPMOBBIX PECYPCOB ISl >KUBOTHOBOJICTBA.
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dunancupoBanue. Mccnenosanue O0bu10 npoBeaeHo Onaromaps ¢uHaHCOBOM moanepxkke Komurera
Haykn MUHHCTEPCTBA HAyKH W BBICIIETo obOpa3zoBaHus PecrmyOmmku Kazaxcran B pamkax I1L[® WPH:
BR21882122 «YcroitunBoe pa3BUTHE MPUPOTHO-XO3IWCTBEHHBIX U COIUAIBHO-3KOHOMUYECKHX CHCTEM
3amagHo-Ka3axcTaHCKOro peruoHa B KOHTEKCTE 3€JICHOr0 POCTa: KOMIUIEKCHBINM aHaiu3, KOHILENu,
MIPOTHO3HBIE OLIEHKH U CLIEHapuu». braronapum Bcex y4acTHHKOB IPOEKTA.
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TYPAKTBI JJAMY JKAFJJAMBIH/IA BATBIC KABAKCTAH ATMAFBIH/IAFBI
MAUJI A3BIKTBIK PECYPCTAPBIHBIH O3T'EPICI

AHHOTanusi. MaJn mapyambUIbIFBIH AaMbITy KaszakcTaH yIIiH aybul HIapyamibUIbIFbl CaJlaChIHIAFbl OachiM
MiHzeT OombIn TabbLTaabl. by skem-1ren 6a3achlH yiBIMIACTHIPYIbl, IIA0BIHIBIKTAP MEH JKalbUIBIMAAPIBI KaKcap-
TYJBl, OJApJbIH OHIMALIIH apTTeipyzabl Tanan eremi. Oceiran Oaitmanbictsl batbic Kasakcraniasl aymarbiHaa
JKETKITIKCI3 JIEHTeiie 3epTTeNreH ayJaHIapAblH Mall a3blKTBIK PECypCTapblH 3€pPTTEY E€peKIle O3CKTLTIKKEe He
Oonyna. Xem-1ern pecypcrapblHBIH XKai-Kyili Typajbl ©3€KTi aKIIapaTThl aly, KAIIbIKTBIKTaH 30HITAY JIEPEKTepi MEH
Ke30e-ke3 OakpUlayiap HETI3iHAE Mall a3bIKTHIK aJKANTAPBIHBIH TapallyblH 3epleney, e3repicTep AMHAMHKACHIH
aHpIKTay. JKalbUIBIMIBIK JKeM-IIeI pecypcTapbiH Oaranay KalbUIBIMAapIsl OacKapyabl OHTaHIaHIBIPY YINiH Ma-
Hp3ABL. JKaWbBUIBIMABIK JKepJIepAi YTHIMABI MaiiianaHy MaiIblH OHIMIUITH apTTBIpyFa >KOHE Mall a3bIFbIHBIH
carachlH XKakcapTyFa MYMKIHIIK Oepei, OyJ1 63 Ke3eriH/ie Mall IapyallbIbIFbIH IaMBITYFa XOHE SKOHOMUKAIBIK dJ1-
aykatka bIKnan ereqi. COHbIMEH Kartap, SKO)KYHEHIH MaHbI3AbUIBIFBIH J)KOHE OHBIH TYPAaKTBUIBIFBIH CAKTay/Ibl €CKepe
OTBIPBIIN, KaWbUIBIMIAPIBIH JKEM-IIOI PEeCcypcTapblH Oaranay OHBIH TO3YbIH OOJIbIpMayFa >KOHE OHOJIOTHSIIBIK
OPTYPIUIIKTI cakTayFa kemekrecedi. JKalbuibiMaaparsl KEeM-II6T PECypCTapbiH 3ePTTEY/IIH JKalbUIBIMAAP bl Oac-
KapyAblH TYPaKThl 9ICTEPiH JaMbITy, MaJl IIapyallbUIbIFbl OHIMIEPIH apTTHIPY JKoHE allMaKThIH dKOXKYHenepiHmueri
TEere-TeHAIKTI CaKTay YIIIH MPaKTHKaJIbIK MaHbI3bI 0ap. 3epTTey HOTHXKENEepl ACTYPIl JKoHEe MHHOBAIMSJIBIK 9Jlic-
TepAl KaMTHUTBIH XEMILOIl PecypCTapblH OacKapyFa KeIIeHII TOCULNIH KaKeTTulriH kepcereni. by sxep pecypc-
TapbIH Iaiianany/bl OHTAHIAHABIPBIT KaHa KOWMai, MaJ IapyalbUIbIFbIH, Kbl eriH MapyallbUIBIFbIH JaMBITY
APKBUTBI JKEPTUTIKTI XaJIBIKTEIH TYPMBICHIH KaKCapTyFa MYMKIHIIK Oepeti.

Tyiiin ce3aep: xeM-IIe1 pecypcTapsbl, KalbUTBIMIAP, TYPAKTHI JaMy, IKOXKYHe, OHOaTyaHTYPIIiITiK.
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CHANGES IN FORAGE RESOURCES OF THE WEST KAZAKHSTAN REGION
IN THE CONTEXT OF SUSTAINABLE DEVELOPMENT

Abstract. The development of animal husbandry for Kazakhstan is a priority task in the field of agriculture.
This requires the organization of a forage base, improvement of hayfields and pastures, and an increase in their
productivity. In this regard, the study of forage resources in insufficiently studied areas, which include Western
Kazakhstan, is of particular relevance. Obtaining modern information on the state of forage resources, studying the
prevalence of forage lands based on remote sensing of the Earth and in-kind observations, identifying the dynamics
of changes. Evaluation of pasture forage resources is important for optimizing pasture management. Rational use of
pastures can increase livestock productivity and improve the quality of forage, which in turn contributes to the
development of livestock farming and economic well-being. In addition, given the importance of the ecosystem and
maintaining its sustainability, assessing pasture forage resources helps prevent its degradation and preserve bio-
diversity. Therefore, research into pasture forage resources is of great practical importance for developing sustainable
pasture management methods, increasing livestock production, and maintaining a balance in the region's ecosystems.
The results of the study highlight the need for an integrated approach to forage resource management that includes
both traditional and innovative methods. This will optimize not only the use of land resources, but also improve the
living standards of local populations through the development of livestock farming and agriculture in general.

Keywords: forage resources, pastures, sustainable development, ecosystem, biodiversity.
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AJIMATDI TAVYJIBI-TAYAJIAbI 30HACBI MEH
VIE-AJIATAY YJITTBIK ITAPKIHIH JAHAITA®TTAPBIHBIH
I'EOANHAMMUKACBHI ’KOHE TPAHC®OPMALIUACHI

AHHoTanusi. Makanazia AJIMaThl KaJIACHIHBIH TayJIbI-TAy allJbl 30HACKIHBIH koHE «lie-AnaTay» MEeMIIEKETTIK
WITTHIK Ta0WFU MapKiHiH JaHIMA(TTHIK allMaKTapbIHBIH T€OIMHAMUKACHIHBIH MOCEIIENIepi, ONapIbIH JKaFJaibl )KOHE
calpICThIpMaNbl  Oaranmapbl KapacTeipbiiran. COHFBl OHXKBUIABIKTApAA OChI ©3apa OaiIaHBICTBI TeoXKyHenep
mIeHOepiHAe TaOuFu SKOXKYHenepAiH Oy3BUTYBIHA OKEJIN COKTHIPFaH KaJlaJbIK-Tay-aJibl 30HAJIAPBIHBIH OeJICeHIl
ypOaHM3aIMACH KOHE YITTHIK MapK JKepJepiH Urepy HpouecTepi OpbIH aifbl. ¥JITTBHIK MapKTep TeoKyHenepniH
TaOUFaThl MEH YKOJIOTHSUIBIK OY3bLTY A9PEKECIH 3epPTTeyAe CalbICTRIPMAIbl CTAaHAAPT peTinae Kaxer. Lllapyarubuibik
KBI3METTIH ToyeKeJIAepiH OaphlHIla a3aiTa OTBIPHIIN, OCTiIEHreH TeoXyHeaepaiH Kal-KyHiH cakray *oHe TYPaKThl
MOHUTOPHHIJIEY OJIap/bl OHTAMJIAHIBIPY JKOHE TaOMFH T'€OKYHeNlepAl OJaH opi KalllblHa KEeNTipy MakcaTbhlH/Aa
reoKylenep/i KOMIIOHEHTTIK JKoHE KEeIleH i 3ePTTey YIIiH MPAKTUKAIBIK KaHa eMeC, COHBIMEH KaTap YJIKEH FhUIBIMU
MaHbI3Fa ue. ByJ1 *KyMBICTBIH HOTMKeC! JaHAmadTTapaslH KYphUIBIMIBIK KapTajgapbl MEH OJapJblH TpaHcdopma-
LUsJIaphl, COHBIMEH KaTap 3epTTENeTiH ayMaKThlH TaOUFU OpTAachlHA arbIMAAFbl aHTPOIOTEHIIK JKYKTEMEeH1 Oaranay
Oouibin TaObUIAABI. ¥ CHIHBUIFAH MOJIIMETTEPre CYHEeHE OTHIPHIII, MAPYAIIbIIBIK KbI3METTIH Tapaly CHUIIATBIH TalJayFa
JKOHE aHTPOTIOTCHIIK OpEKeTTiH HOTIDKECiHIE Makjga OONFaH «BICTHIK HYKTENEpHi» Tycipy OOWBIHINA YCHIHBICTAP
Oepyre Oomambl.

Tyiiin ce3gep: lme-Anmatay yITTBIK THapki, T€OJMHAMHKA, TEOIMHAMHUKAIBIK IPOLECTep, JTaHAmadTIap,
TYpaKThl ypOaHHU3aI¥sl, KOPILIAFaH OpTa.

Kipicne. Kazakcranmarbl oleyMETTIK-DKOHOMUKANBIK CeOCNTEp/IeH TybIHIAFaH ypOaHH3alus TEeK
Ka3BpIKTapAbpl FaHa emec, coHbIMeH Oipre Kazakcranueiy Ileireic skoHe OHTyCTIK-1BIFRIC Tay
OekTepinmeri 3oHamapasl aa Kamthiabl (1-cyper). By KyObuibic acipece AJIMATBIHBIH Kajia ayMarbIHBIH
COINTYCTITiHIE /e, OHTYCTITiHIe TayFa Kapail ecy OenceHainiriane Oaiikamamel (2-cypet). byn 3oHamap
KOJIaiIBl TaOWFU-KIMMATTHIK JKaFmaljapMeH JXKoHE, THiCIHIIe, XabIK YIIiH eMip CYPYMiH BIHFaWIBLII-
FBIMEH EpEeKIIeICHeIil. AJIMaThl KaJachIHBIH KaJla XaJKbIHBIH KO0l Ire0IHHAMHUKANBIK MPOLECTEPIiH
OeJICeHINTITiHe OKENiN COKTBIPABI, OYI KalalblK >KepacTbl KOMMYHHUKAIMSIAPBIHBIH JKYMBICBIHAA
KONTEereH Oy3bLIyIapra, TOMBIPAKTHIH II6TyiHe, FUMapaTTap MeH KYPbUIBICTAPIbIH AchopMarusiapbl MeH
KHApayblHa, all Tay ajyibl 30Hajapja, anaca TayJibl KOHE opTa TayJjbl alMakTapia — Tay OeTKeWepiHiH
OY3BUTYBIHA JKOHE APO3USIIBIK IMANBLIybIHA TaOuru JaHAMA(TTapABIH TO3Ybl MEH OJIApJbIH OPHBIHA
AHTPOIOTCH/IIK MOTU(UKANUAIAHFAH (ayblT IAPyalIbUIBIFEl 9CEPIHEH ©3repyre VIbIparaH) JaHamadr-
TapAbIH Makga 0oiyslHa okelmi. Ockl mpodieManapablH OapiIbIFsl TeOAMHAMUIKAIBIK TIPOIeCTEpaiH Oe-
CEHJIUTITIHE TEpIC CallapblH aHBIKTAY XoHE OOJDKay, Olapibl cakTayabliH Ka3akcTaH YIINiH epeKIne 03eKTi
MoHI Oap THNTIK >koHe Oiperell Tay naHImadTTapblH KOpPFay KaKETTUIITiH aHBIKTaabpl. byi nmpoOiemaHsl
memyaiy ex taiMai omici EKTA (epekine KopralaThlH TaOWUFH ayMakKTap) JKEIiCiH Kypy OOJIbI, OHBIH
lliHe YITTBIK TaOWFHM MApKTEep MEH KOPBIKTap, ajl Heri3ri MakcaThl OMOaTyaHTYPIUIIKTI CakTay >KoHe
KoJijiay OOJIBIN TaObUTAbl. AyMaKThl YITTHIK MMAPKTEP CAHATHIHA JKATKBI3y TAOUFATThI KOPFay (DYHKIIHS-
JapbiH OipIKTIpyAi *oHE Kalla XaJdKbl MEH TYPHCTEpIiH OeNCEeHIli TaHBIMJBIK JEeMaJbICBIH YHBIMIAc-
TBRIpYIsl Oinmipeni. JlereHMeH, ImapyamrbUIBIK KBI3MET OapiibIK Keplle MaKCHMAJABl «3KOJOTHSITBIKY
Karaiiapra 0arsiHOaiibl. COHFBICHIHA CYHEHE OTBIPHII, €0 IMHAMUKAIIBIK MPOLIECTEPIiH OCICeH IITIriH
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1-cyper— 3eprTey aiiMarbIHBIH FAPBIITHIK (POTOKAapTAach (AJIMATHI arJoMepanusIchl xaHe Ine-Anartay yiuTThIK napki, 2020 x.)

Figure 1 — Photographic maps of the study area (Almaty agglomeration and Ile-Alatau National Park, 2020)

2-cypeT — AnMaThl KaJlaChIHBIH ypOaHu3aluusUIanFal ayMarbIHbIH ocyi (1990-2022)
Figure 2 — Growth of the urbanized area of Almaty city (1990-2022)

canpICTRIpManbl TypAe Oaramayna colikecinme, EKTA aymakrapaslH MaHBIHIAFBI TayJIbl-Tay ajlbl
30HAJIAPJIbIH MaHBIHAFbI JTaHIIA(ThUIAPl MEH KaNaJIbIK XKepJICPIHIH aHTPOIOICHIIK ©3repy JA9PEeKeCiH,
WITTBHIK MAapK TEPPUTOPHUSIIAPBIHIA OHOIICHO3AapAbl KOPFay KOHE KaaJbIK JKEepJiepre reoIMHAMHUKAIIBIK
NPOLIECTEPAIH KayilTi 3apAanTapblHBIH Kepi 9cepiH a3alTy OOMBIHIIA THICTI YCBIHBICTApIbl 33ipiey
MIHZETI TyBIHIaUIbI.

I'eoarHaMuKanbIK MpOLECTep JiH OCJICEHAUIITIH XKoHEe TaOMFU JKyielep MEH oJiapJblH Kypamjac
OemikTepiHiH JaHIIa(TTapBIHBIH Kai-KyHiH, OHbIH immiHae OHTYCTiK %koHe OHTycTik-11BIFBIC KazakcTan
TaylnapblHAa aHTPONOTeHIIK (aKTOPABIH CalAaphl HOTIDKECIHIE OpPTYPNL SMiCTepAi KOJIaHa OTBIPHIT
3epTTEey MAcelieCiMEH KONTEreH OTaHMABIK JkoHe merenik 3eprreyminep — M. O. Baitrynun, C. I'. Hec-
teposa [1], ], B. I1. boukapes [2], E. H. Bunecos [3,4], A. H. UBanos, I1. Yuxosa [5], A. JI. Kokapes,
W. H. lllecrepora [6], P. M. HaceipoB, A. A. CokonoB xoue 1.0 [7], H. A. Canap6aes [8], 1. B. Ce-
Bepckuii xoHe 1.0. [9], E. A. Jluxauesa, [I. A. Tumodees xxone O6ackamapsl [10], A. P. Meney xone 6ac-
Kanapsl [11,12], B. W. Kpyxanun [13], JI. K. Becenona [14, 15], P. T. bekceutona [16,17,18], K. E. I3-
typrasoB [19], O. b Haruesa. [20], KCPO-nb1H nnxenepimik reojoruscel [21], P. T. Jlobarckas [22],
skoHe T.0. aiHampickaH. CoOHBIMEH Karap, OCBI MoceJieHi OOWBIHINA 3epTTey HOTIDKEIepi FHUIBIMU
yUBIMIAPIbIH KOP MaTepHUaiapblHaa, MEMIICKETTIK 0acKapyIbIH KYPhUIBIMIBIK Oemiminesnepinze [23-28]
JKOHE MHTEPHET pecypcTapblHia [29-32] skuHakTairaH.
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By sxymeicta Ine-Anaray YATTHIK MapKiHiH HIETiHE KipeTiH TayJbl-Tay ajiabl 30HACHIHBIH OelCeHl
UTepilyi MEH ecyi JKoHe AaMyblHa OalIaHBICTHI T€OJUHAMHUKAIBIK MPOLECTEPAiH KOPiHy epeKLIeTiKTepi,
COHTai-aK OCBHI MapKTeTi JaHAmadTHK KYHEHIH jKai-Kyhdi KapacTeIpsutrad. OChl XKeplepaiH OapiIbIFhl-
HBIH UTepiTyl KalajbIK Xepliep MeH HH(PaKYpbUTBIMHBIH Mep3iMi OY3bUTybIHA, cOHai-aK «lme-Amartay»
WITTBIK MApKiHIH TaOUFH 2KOXKYHenepiHiH (JaHamadTTapbiHbH) OY3bUTyBbIHA OKEN COKTBIPYAa >KOHE O
JKaJIFachlH Talya.

3-cyper — Iiie-AnaTay ’OTachIHBIH Tay €Teri - Tay aiiMarbIHbIH cypeTi (2013 x.
«Kexxaiinay tay maHrbichl KypopTsl (KOOB)» ecebinin cypeti. Kopiaran opTaHbIH Ka3ipri skaFaasl, 1-kiTar)

Figure 3 — View of the foothill and mountain zones of the Ile-Alatau Range (based on a photograph from the 2013
Environmental Impact Assessment (EIA) report of the «Kok Zhailau Ski Resort», Current State of the Environment, Book 1).

3epTTey ayMarbIHBIH JXepOenepi MEH JaHAMA(TTapbIHBIH OJETTErl MaHOpaMachl 3-CyperTe Kep-
cerired. lie-Anaray ynTTHIK MapKiHiH TaOWFU OpTacklHA aWTapIbIKTall YIKEH PeKpeauusuIblK, TypUCTIK
JKOHEe TYPFBIH YH TapTHIMIBUIBIFBIHA (pPETTeNreH 1e, YWBIMAACTHIPBUIFaH J1a, €pKiH HeMece yibIMpaac-
THIpbUIMaFaH) OaiyIaHBICTHI KYIITI aHTPOTIOTeHAIK KBICBIMFa YIIbIpamn OThIp. JKbUT caifbiH casbakka opra
ecemnmed 250 MpIHHaH actaM ajgam keneli, 2019 xpUIbl (KOBUATIK MIEKTEYJIEp HTi3UIreHre AeliH) Keiy-
mrinep canbl 300 MBIHFa XKYBIK afamra ACHiH ocTi, OyJ casOakka KemymIiIepAiH eH KOeIl PYKcaT eTilIreH
neHreiiineH 8 ece xem, an 2022 >KpUTBI KeNyIIJiep caHbl 712 MBIH TYpHCT I€H AeMaylIbIFa JKeTTi, Oy
pYKCaT eTUIreH Kenyuryiep MenmiepiHeH 16 ecere acwim TycTi [24]. By TapThIMABUIBIKTHIH ceOeOi,
OipiHwineH, mapkTiH lie AnaTayblHBIH CONTYCTIK OeTKeiiHae opHamacybl, of1 OUIKTIK OenaeyiMeH >KoHe
OCBIHBIH eceOiHeH manamadThIK KYHenepaiH Oiperel alyaH TYPIUIITiMEH EKIiHIMIIACH, YITTHIK MapKTiH
KazakcTaHHBIH €H ipi Kajlachl — AJIMaThl METalOJIUCIHE )KaKbIH OPHAJIACYBIMEH CHUITATTANIAIbI.

Bacranksl nepexrep #xoHe 3eprrey daicrepi. Kymbic 1990-2022 xpinaapaarsl JanaiblK 3epTTey-
Jep AepeKTepiHe, 91e0u nepeKKe3nepre, KapTorpagusaiblk AepekTepre (FapbluThK cypertep, 1:100 000
MacITa0TaFbl TOMOTPaUsIIBIK KapTalapra, TOMBIPAK )KOHE 6CIMIIK )KaMBbUIFBICBIHBIH KapTanapbl, )KepIiH
CaHJBIK YITiCiHE), UHTEpHET pecypcTapbl MeH lne-Anatay» MY TII kociHOpHBIHBIH KOp MaTepuaiaapbiHa
HETi3JeNTeH.

3epTTey alMarbIHAAFHl JTaHIMA(TTHIK-IKOIOTHSIIBIK MOCeNeNep/Al TalJayablH 9iCHAMAIBIK JKoHE
TEOPHUANIBIK HETI3Nepi TeorpadpusUIbIK-TePPUTOPUSIIBIK Taciire Herizmenai. OHbIH MOHI TaOMFATTHI
naganaHyZplH TePPUTOPHUSIBIK Iu(GepeHINAIUsACHH JKOHE OHBIMEH OalJaHbICTBI TOYEKeNAep MEH

— 92 ——
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Kayinrepai 3epTTey, COHIai-aKk OChl KayinTepAiH TePPUTOPHUSIIBIK epeKIIeTIKTepiH JaHmadTTIK Herizae
KapacTeIpy OoibIn TaObuTaAbl. bubmmorpadusiplk TepeKKe3aepre MOy JKacallblll, Taljay XYPTisiimi.
Bapnbik Toyekennepai Tanmay SAiCTEpiH YII HETi3ri TomKa OipikTipyre Oonaipl: ecenTey-aHaATNTHKAIBIK
(aHANMTHKATBIK, TEOPHUSUIBIK), CTATHCTHUKAIBIK (MaTeMaTHKAaJbIK-CTAaTHCTUKAIBIK, BIKTUMAIABIK) >KOHE
IBPUCTHKAJIBIK (capamTamManslk) Tocingep. byn Tocimmep Ttoyekenamepni 3eprreynae omOebam Oombim
TaOBUTABI, OWTKEHI OJIap Ma3MYHJBIK EpeKIIeNiKTepiHe, MIapyamIblIblK CalaHbIH epeKIIeNiKTepi MeH
JKaraalbIHA KapaMacTaH KOJIIaHbLIa bl

JKympicTa Toyekenaepai OaranayablH aHATUTHKAIBIK TOCUTI KonmaHbuinbl. Kayinrepai Oaranay yuriH,
oJap KOMIIOHEHTTEp OOMBIHINA KYpPBUIBIMIANABL. 3epTTEIreH ayMaKTarbl TOyeKel Ke3lepi — aHTpo-
MOTCHJIIK XKYKTiH OapllblK HETi3ri Typiepi aHbIKTalabl. Byn Toyeken ke3zaepi Ti3iMiHE JallaliblK 3€pT-
TeyJep, YITTHIK casg0aK KOPBIHAAFbl MaTepHalAaplbl 3epTTeY JKOHE FapBIIITHIK TYCIpimiMAepAl Tanaay
OapbhICBIHIA AHBIKTANIFAH OPTYPJIi THNTETI FUMapaTTap MeH achaiabTTalFaH TYpaK OpPBIHAApPHI, peKpea-
USUTBIK, KYPBUIBIMIAp, Koiap (acdanbrranran), achanbTraiMaral Typak OpBIHAAPHI (eCIMIIKTEepCi3),
Oakrap, IIBIPIIA OTHIPFBI3BUIFAH alKanTap, TYPUCTIK MapHIpyTTap, MIa0BIHABIKTap MEH KaWbUIBIMAAp
edrizinai. [apyamsuiblk KeI3MeT oObekTinepin Oeitneney ymidH ArcGIS OarmapiaMachlHBIH KeMeTiMeH
9pOip KBI3MET TypiHe coiikec KabaTTap skacanmsl (4-cyper). AiiTa KeTy Kepek, OacKalapIblH apachlHIa
CBI3BIKTBIK OOBEKTUIEp OOJIBINT TaObUIATHIH ac(allbT XKOJNJap MEH TYpPUCTIK MapHIpyTTap KapTaja eHi
8 MeTp OonaThiH amaHABIK oOBeKTiIep peTiHae OenrineHmi. CHI3BIKTHIK OOBEKTiIepAl alaHABIK 00BEeK-
Tilepre aHaIABIPY mpouemypackl Buffer kypansr (ArcToolbox) kemerimen skyprizinmai (5-cypet). bapisik
KaJraH OOBEKTiJiep, BU3yallu3allus MakKcaThIHAA, OJAapIbIH HAKTHI alaHblHA COWKeC HU(PIaHIBIPHULIbL.
Taburu KayinTep KapTachlHAA ONapIbIH TOyeKed CHIaTTaManapblHa COWKeC HYKTENIK, CBI3BIKTHIK JKOHE
anaHAbIK 00BEKTiNIEp peTiHae OenrineHmui.

Toyekenmik xargainapAbl TYBIHAAAATHIH KO3/IEp aHBIKTAIFaHHAH KEWiH MIapyambUIBIK KbI3METTIH
OapibIK Typiepi YIIiH, HEri3ri Ke3Jep/iH KbI3METI caljapblHaH TYBIHJAWTBIH TOYEKEIACpAl €CKepeTiH
okuranap Tizoeri >xacanapl (6-cyper). Ocbliaiiia, Toyekenaepai TaOUFu OpTaHbIH KOMIIOHEHTTEpiHe 0oy
smicTeMeciHiH KOMETiMEH 3epTTeNeTiH TaOMFU—TEXHOTeH/IIK ayMaKThIH oCep €Ty MEH 9JICi3 Mojenbaepi
KapacTBIPBUIBII, YCHIHBUIIBI.

JlanamadT KapTachlH KYPacThIPY KYMBICHI 2 HETi3rl Ke3eHre OemiHIl: YITTHIK MapK *oHE Tay ajbl-
KaJla MaHbl 30HAQJAphl IMICTiHAETI TaOWFU-TEXHOTCHMIK JaHmmadTTapasl MUGPIaHIbIpy YIIIH KaKeTTi
MaTepHaiIapbpl KUHAY KOHE HEri3ri 0eiiMi — OChl JaHMMAQTTHIK JepeKTepiH HUpIaHabIpy. 3epT-
TEJIETIH ayMakTblH TaOUFU-TEXHOTEHIIK JaHAMAa(TTapbIHBIH KapTacklH Kacay Ke3iHae opOip KezeHre
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Figure 4 — Satellite imagery of the study area and the results of building and road feature interpretation
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Figure 6 — Sequence of events during the construction and operation of complex facilities within the national park
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TeKcepy, SAFHU aJbIHFaH 0OJIKTep/Ii FAPBIIITHIK CypeTTepMEH CAlbICTHIPY Xypri3inmi. Connait ak Oipkarap
3epTTENIETIH ydYacKiJiepAe€ TIeOAMHAMMKAJBIK IIPOLECTEp JKOHE OJIapAblH 3€pTTENETIH ayMaKTbIH
naHmmagTTapbIHa ocepi Typallbl AaalblK 3epTTeyiIep NepeKTepiMEH CaBICTHIPBUIIBL.

YATTHIK HapKTiH JaHAmAaQThIK KYpbUIBIMBI MEH T'€OJUHAMHUKAIIBIK MPOLECTEPAiH >Kargalbl *KoHE
CHUIIaTBIH, TYPJEPiH aHBIKTAy YIIiH Oanablk Oaranay ofic KONJAHBUIABI, OHBIH MOHI OacTamnkblaa Kapac-
TBIPBUIBINT OTBHIPFaH ayMaKTaFrbl MIAPYaIlbUIBIK KBI3METTIH OapibIK TYPJIEPIH KOPCETKIIITEPAl aHBIKTAY
VIIIiH aJIIBIMEH, SSFHU aHTPOIIOTEH/IIK KYKTEMEep koHe oapra Tpanchopmarus 0amimapsl Oepisei.

Jananslk MapmpyTTapAbl XKyprizy OapbiChIHAA, KOp MaTepHalIapblH 3epheiiey >KOHE FapbIIITHIK
cypertepal Tannmay kesiHzme lme-Anay YATTHIK HapKi ayMarbIHBIH KOHE AJIMATHIHBIH TayJIbI-Tay ajljibl
30HACHIHBIH IIETIHJCTT IAapyallbUIBIK KbI3MET TYPJCPIHIH I1MIiHAEC aHTPONOTEHIIK JCepIiH Kypamjac
OeIiKTepl aHBIKTAIILI: FUMaparrap MeH ac(aibTTajafaH KOJAap MEH aBTOTYpPaKTap, PEKPEarFsUIBIK
KYpBUIBICTAap, OakTap, IIaOBIHABIKTAp, IIBIpINA eKHejaepi MeH OeTKeHJIepAeH KOpFaWTBhIH eKIejep,
TYpPHUCTIK MaplIpyTTap jXoHe acdalpTTajIMaraH TypakTap. KoimaHpICTarbl KbI3MET TYpJIEpiHiH Ti3oeci,
oNapbIH JKIKTENyl JKoHe HU(pIaHybl jKacalFaHHaH KeHiH opOip Typre ocep €Ty OarbIThIHA (TONBIPAK
TY3YIIIi Tay JKBIHBICTAPHEI, pelbed, oCiMIIK KaMBIIFBICHI, TOMBIPAK JKaMBUIFBICHI) ayMaKTBIH ©3repy Iope-
JKeciHe colikec KeneTiH oenrini Oip Oamn Oepineni.

Tankpliay :koHe HOTHIKesdepi. AyMaxkTbIH T'€OJWHAMUKACHl MEH JaHIMA(THIK KYPBUIBIMBIHBIH
Kazipri KaraalblH KOpIIaraH OPTaHBIH €Ki — TaOWFM JKOHE aHTPOIOTEHIIK (DaKTOpJIApBIHBIH dcepiHeH
KaJIBIITACTHI, OJIApABIH MAaHBI3IBI 06T aHTPOMOTEHAIK XYKTeMe Kypaiapl. Taynbl-Tay aiambl 30Hana-
pBIHAA aJaMHbIH IIapyallblIbIK KbI3METI MEH KJIMMATTBIH EpeKIIeNiKTepi, jkep Oenepi, IeoNOTHsUIbIK
HETI31H KYpaeli KypbUIbIMBI TAOUFU-TEXHOTCHIIK CHIIATTAFbl T€OAMHAMHKAJIBIK MTPOLECTEPAIH KAPKBIHIBI
JaMmyblHa okeni. by mpouectep yakpIT OOMbIHIIA [, ayKbIMBI XKaFblHAH Ja OPTYPJi TypAe KepiHeli.
JlecTpykTHBTI Ky Oap 6acThl TeOMMHAMUKAIBIK MTpoliecTepre, GU3NKaIBIK YTiTY, SKBIpaHBIH TY31Tyi, Cel
KYOBUIBICTaphl, Kapibl KOHE Kapibl TacTbhl KOLIKIHAEP MEH Kypiamalap,KeIIKiHAep, CeHcMOreHIiK
MpoIecTep, Mery mporecTepi, Ty3aany xoHe OaTnakrany nporectepi [14-16, 19-20] xaTansi.

Conrbl omxpuiabIKTapaa TTK jKYMBICEIHBIH OY3bITYHI TayJbI-Tay ajibl 30Hajap merinae skoHe lie-
Anatay YITTBIK HapKiHIH ayMarblH[a peKpeanys MEH 9JCi3 OaKblIaHATBIH JKEKEe TYPFbIH YH KYPBUIBICHIH
(°KTK) caTsin amy, acepece ay aiiibIHIapBIHBIH JKarajayiapbl MEH OPMaH aJIKalTapblHAa, COHBIMEH KaTap
COHJal-aK MIaMaJaH ThIC Majl a0 KoHE LIeN maly Ke3iHAe TeXHUKaHBIH OipHele peT oTyi YIKEeH acep
erTi. XKocmapaan ThIC KypBUIBICTAp OHE KON Tecey, aralll OTBIPFBI3y, OakKlia OTBIPFBI3Y MEH cyapyra
baitmanpicTel TTK e3repictep xairacyna.

3eprreneTiH aymakTa JaHAmadTTapAbIH Keeci Typiiepi aHbIKTanFaH (7-cyper):

— Heoren-TepTTik IoyipiHiH aJUTIOBUITI-NPOTIOBHINIK, AJUTFOBHIATIK-ISIIOBUMIIIK, EITIOBUNII-
MPOJTIOBUIIIIK MIOTIHAIEPIHEH KaBINTACKAH A1Mamvl KalacblHblY MAyavl-may aiobl 30HAIApbl MeH e
HCA3LIKMAPBIHLIY MAY AN0bl WON0I JCIHE KYP2aK 0aalbl AaHOuadmmapul.

— Ime-Anaray YATTHIK HapKiHiH JJaHIadTTapbl, OHBIH iMIiHAe OUiK Tayibl JaHAmadT TYpIepi:

— HeoreH xoHe TOPTTIK cazgapAaH, Jiecc TOpi3lli ca3faKkTapaH, JIecC KoHe ManTaTacTapAaH TYPaThlH
TEKTOHUKAIIBIK-3PO3MSUTBIK, KBIPATTHI OMIIATTAP.IBIH MAYIbl Oaidnbl AAHOWAGmMmapul.

MyHzaa nasamadTTapAblH [IANFBIHIBL Jajaibl KOHE KYPFAK Aajajbl KOCAJKbl TYpiiepi epekie-
JICHT€H.

— INaneo3oiira AeiHTi j)koHE TaJICO30MABIH KaTHapibl MeTaMopdThl 3¢ (y3uBTI jkoHE MmOriHIl Kabat-
TapblHAaH KYpaJFaH, ACHYIAIMIBIK-TeKTOHUKAIBIK KBIPKAJIBI-aJbIpIIbl OpTalla Tayllap apaidc opMaHObl
JHCOHE WANEbIHObI-0aNanbl aanouwiagmmapul. MyHIa KbUIKaH >KalbIPAaKThl KOHE YCAK JKalbIPaKThl Op-
MaHJap MEH Aajajbl JaHAAa(TTapbIHBIH KOCAIKbI TYPJIEPi €peKLIeTIeHIeH.

— [laneo3oii MeH maneo3oiifa AeHiHri, MeTaMOp(THIK, 3PQy3UBTI MWOriHAI >KBIHBICTAPBIHAH, Tap
aHFapJapbl MEH CyalpbIKTapbIMEH, €XKENTi MeneyieH QpaHrMeHTTepl MY3/IbIK-HUBAJIb/Ii OHJICY HbICAHIAPEI
0ap TiK eHICTIKTepJieH, OMiK Taynbl JleHymanusIbIK-TeKTOHNKAIBIK TayJIbI-IaFBIHIB JTaHadTTapIaH
KypaiFraH. MyH/1a anpIii %oHe CyOabIli MalFBIHAAPBIHBIH CyOTUNITEP] epeKIIeIeHT eH.

— INaneo3oii MeH maneo30WabIH KaTmapisl MeTaMopdThl 3¢ (y3HUBTI KoHE IIOriHII KadaTrTapsl Oap,
TacThl IMOTTHIUIEP] XKOHE TOMBIPAK JKAMBUIFBICHI JKOK Kapibl-aHFapIbl MY3IIBIKTAPEI Oap AEHYIAlHsIbIK-
TEKTOHHUKAIBIK TiK KyJIaMajbl OMiK TayJIapAblH TayJIbl-HUBAIBII JTAaHAIad TTapHL.

AJMaTBl arJIoMepanusCchl TOJBIFBIMEH AEPIIK JKapThUIal IIeJiAl )KoHEe KYpFaK Jajiaisl Janamadrrap
OeliHeneiTiH Tay eTeriHzeri e xa3bIFbIHOAF Tay-aJIbl CHiCTEpiHAE OpHANTACKaH, 0N ypOaHU3aUsHbIH
OeTiceH i ecyiHe JKoHE KallalbIK KepIiepiH e3repyiHe OalIaHbICThl JaHAMA(T KYPBUIBIMBIHBIH MaKCH-
MaJIIbl TYPJICHYIMEH epeKIICICHE]T].
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laptTel Genrinep:

‘ OpMaHZ[LI-HIaJIFI)IHIILI-IIaJIaHbI 30HaJIapJiaH ThIC KbIJIKAH JKallbIPpAKThl OpMaHAapAbIH Q)paFMCHTTepi

- .
w OpMaH/IbI-IIaJIF BIHIBI-JaJIalIbl 30HaNIapAaH ThIC YCaK XKalbIPaKThl OpMaHAapAbIH GpparMeHTTepi

"5 Buik Taynbl My3abIKTap

JKekeneren rynai eciMaikTep, KbIHATIBI MECH MYKTEp ©CKCH OeAepIliH albIiiK MilliHi, Ka3ipri 3aMaHFbI
My30acysl 6ap Ouik Taynap

TaynbIK IAIFBIHIBL TOMBIPAKTa CYOANBIIIK XKOHE aNBIUIIK HIATFBIHAAP JKOHE Ca3Abl-IIAFBIHIBI TOIBI-
paKTa MaIFBIH-Ca3/IbIK OCKEH TETiCTeNy OeTTepAiH opTa Ouik TayaapAblH JTaHAIIa(TEIIapEI

TaynbIK-IIAIFBIHBIK KOHE LIATFBIH/BI-IANAIbIK TOMBIPAKTapAa TYHHEKTI ©CIMIIKTEp ©CKEH KbIPKaJbl-
JKaJIbl OpTa OUiK Taynap

TaynbIK-opMaHIBIK JKOHE TayJIBIK-IIATFBIHIBIK TOMBIPAKTa LIBIPIIa OPMAaHAAPHI, KAlIbIH OyTajap eCKeH
JKOH/IBI-KBIPKAJIBI OpTa OHiK TayJap

TaynbIK-IIAIFBIHABIK KOHE LIANFBIHABI-IANAIbIK TONBIPAKTApAA TYHHEKTI ©CIMIIKTEp ©CKeH KbIPKajbl-
JKaJapl OpTa OUiK Taynap

TaynbIK-opMaH/IBIK JKOHE TayJNBIK-IIAIFBIHIBIK TONBIPAKTapJa apIlaibl CHPEK OpMaHAApMEH apanac
TaparaH IIbIPIIAIEI OPMaHIAP ©CKEH KbIPKaJbl-KallJ[bl OpTa OUiK Tayiap

TaynbIK KOHBIP KOHE TayJIBIK-IIAIFBIH/BI TOMBIPAKTA TYWHEKTI OCIMIIKTED OCKEH JKOH/IBI-KBIPKAJIBI ajiaca
Taynap

TaysbIK KOHBIP TONBIPAKTa OYTalbl-)KyCaHIbI-ThIPCa KOHE OyTalbI-CYJIbIOACThI-ThIPCAa O©CIMAIKTEPi 6CKEeH
apaJabIK anaca Tayiaap

Kop6aHaTThl cyp KOHBIP TOIMBIPAKTA JKYCAH/IBI-THIPCA OCIMIIITT 6CKEH Tayas bl aJUTFOBHITIK-TIPOTFOBUILITIK
JKa3BIK

7-cypeT — 3epTTey aiMarbIHBIH JaHAMAQTTHIK KapTachl

Figure 7 — Landscape map of the study area

OPpTYpIi TEXHOTEHIIIK dcepiiep, OHBIH INIHIEe Kala KYPBUIBICBIH XXYHEI yKOocHapiayIblH JKOKTHIFHI,
JKep/IiH HbICAaHAIIBI MaKCaTBIHAAFbl ©3repicTep (keKe KYPBUIBIC KoHe 0Oay-0akiia ydackeJepiHiH OpHBIHA
KOeNKa0aTThl KemeHaepAi 0aKplIaychl3 CajabIHYyhl) Kajla ayMaFbIHAA JKOHE OHBIH TayJbI-Tay bl 30HA-
JIAPBIHJAFBl KYPBUIBICTBIH OPTYPJII TYpJIepiHe MEMJICKETTIK OaKbLIaybIH QJICI3MAIri TeoMOpPQOIOTHSIIBIK
MPOLIECTEPAIH TaOUFU KOPIHICTEePiHiH OeNCeHMINIriHe anbin Kengi, oJapAblH XaHa TYpJIepi MEH TEXHO-
TeH/IIK aHAJIOTTAaPbIHBIH KaJbINTacyblHa oKkenai. Taymnpl-Tay anasl 30HajIaplaa KypbUIbIC OapbICBIHIA KaHA
alaHgapasl urepy OeTkeiiepni aWTapibIKTail KeCyMeH, TeTICTeyMeH, TeppaccajayMeH JKY3ere achlpbl-
nanel, OY1 KYpBUIBIC JXYpiNl jKaTKaHIa KayilTi reoAWHAMHKAJBIK TMPOLECTEpIiH opTYpii TypiepiHiH
KOpiHiCIMEeH OeTKeHepli TYpaKCBI3IbIK JKaFaaiiFa, acepece ChI3BIKTBHI-TYPIATThl SKPO3UsFa, KbUDKbIMa-
JapFa, ONBIPBIIBIMIAP MEH CHIPFBIMANapFa, KyaTThUIBIFBI SPTYPII ChI3BIKTHIK KOIIKIHIEPTe aJIbIIT KeJei.

Taburu KOpraJaThlH 30HAJApJAFrkl 0AKbUIAYCHI3 KYPBUIBICTAp jkoHE YIKeH Asmatsl, Kim Anmatel,
BecnoBka (EcenTaii), Akcail sxoHe Oacka ©3eHICpAiH MaHBIHAAFbI, COHBIMEH KaTap KayinTi cibip skapachl
KOpBIMBIHA ©Te >KaKblH opHanmackaH («Taynsl Kpipar» marbslH ayiaHbl) peTTeIMETeH KalajiblK KYpbUIbI-
CBIHBIH JKaFJaiibl KayiNTi Fre0JMHAMUKAJIBIK MIPOLIECTEPIH KYIICtoiHe (OSICCHAUTITIHE) allbIl dKEJIe Il

3epTTeneTiH aymak MLIETiHAEri €H KOl TapajfaH >KoHEe KayilTi TeoJAWHaMHUKAaJbIK HpoLecTepre
CBI3BIKTBIK-TYPIATThI KSHE KBIPAJIBIK 3pO3us, Yriny, cyGdo3usiblK meKmnenep, kep acThl CyJapbIHBIH
JIEHTeHIHIH KOTepiyl JKoHE epireH CyJapMeH Cy JCHrediHiH KOTepilyi, Cy TaCKbIHAAPHI, XKBUDKBIMAJIap
(Tabufy, aHTPOMOTEHMIK MIAPTTHl 9CEP ETETIH, CelUCMUKANbIK KOWKIHOep) ONBIPBUIBIMAAP KOHE CHIPFbI-
MaJap, KelKiHaep.
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Coi3biKmulK-mypnammul 3po3us 3ePTTENETIH ayMaKThIH OapJibIK TEPPUTOPHUSACHIHIA, dCipece eHICTi
allMaKkTapblHIa CHUPEK OCIMIIK aMBUIFbICHI HEMece KYPBUIBIC YJacKeJepiHIe TeXHOTeHMIIK IIeTiHAaiIep-
MeH Ka0bUTyHI OaiiKamazs! (8-cyper).

JKvipanvlk 3posusi KEPTUIIKTI ©3€H aHFapiapbl MEH OJapiblH cajlajapbiMeH Ty3enexdi. Kamanbik
TEPPUTOPHS INNHAETi Killi >KBIPaJbUIBIK COHBIMEH KaTap epireH cy MEH JXaybIHABl aFbIHIApIbIH
CBIBBIFBIAAFHI ac(abT TOCEIMETEH XKepiiepae makiaa 6omaasl (8-cyper).

8-cypet — Byitipiik xoHe TYNTIK 9pO3Hs POLECTEPi KAPKBIH/IBI aFaThIH,
JKBUTFA Y3BIHBIFBIH 00iIall )KbUDKBIMAJIAp TYAbIPATHIH HOCEPIIl KOLIKIH OImarsl, MIIIOTHH JKbIpacaiibl

Figure 8 — Mudflow source area in the Milyutin gully,
characterized by intensive lateral and basal erosion processes that cause longitudinal landslides along the channel

Yeiny Taynbl-Tay annmbl 30HaNApABIH OeTKeHiepi MeH OOpHbULNAK IMOTiHAUICPIIH KaMBLIFBICHI
acThIHZA, TYIKI Tay >KBIHBICTAPBIHBIH Tapally 30HAChIHAA O€JICeH[i TypHae Kypemi. bym opTypiai KypsI-
JBICTAp MEH KOJAApABIH ipreTacsl Kajany OapbhICBIHIA, OHJA JKEp acThl CYJNapBIHBIH OEJICeH Il aifHaIbIM-
Jlapbl MEH TOMBIPBIKTHIH MIAMBUTYBIHIA HEMECe Makija TOMBIPAKTapAbIH OeiKTepiHae maiaa 0ooassl,
COHJIBIKTAH TIpoIlecc OYJ1 oTe KayinTi »KoHE *KachIpblHAA cUMarTa xypedi. byn mporecc Oykin 3eprrey
aliMarpIHa TOH, OipaK ©3€H aHFapJIapBIHBIH allbIK JKOHE KECUITeH OeTKeHIIepiHAeri VITTHIK IMapKTiH
ayMaKTapblH KAMTUTBIH AJIMATBIHBIH TayJbl-Tay aJ[bl 30HAJApbIHIA OCJCEHIIpEK JKOHE KayinTipek
kepineni (9-cyper).

a 9] 6

9-cypet — Keciiren 6erkeiini KopbIM (@), OeTKel eTeriHje KeciareH xoHe OekiTiireH (6)
JQHE XKBIDKbIMa-ChIpFeIMa Oetkeiii (6) (poto H. JKanenosa, 2021)

Figure 9 — Cut-slope burial mound (a), cut and stabilized slope base (b),
and landslide—slip surface (c) (photo by N. Zhalelova, 2021)

— 98 ——
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Cygposusanviy npoyecmep OapiblK Kajla ayMarblHAa, Oipak ojap acipece KallallbIK >KeplepIliH
OHTYCTIK KapThICHIHIA >KOHE AJIMAThl KaJachIHBIH TayJjbl-Tay aigbl 30HAJapbIHBIH aiMarbiHIa JIEcC
TOpi3/eC TOMBIPAKTHI aiMaKTap1a OCJICCH I JaMbIFaH.

Cybacy scone cy mackviHbl — OYJ1 KaJallblK JKePJICPAiH COJNTYCTIK ayJaHaaphbl YIIiH ©3€KTi Macere,
OipiHIIiIEH, 63¢H aFBICTAPBIHBIH JKEp acThIHA TapTBUIYBl CalJapbl oCEpiHEH JXEp acThl Cy ACHTeHiHIH
KOTepildyi ©3¢H aHFapJIapblH JKOCTapiayaa, eKiHIIiIeH, Cy OTKI3Till KOMMYHUKAUsIapAarsl CEpIIiTicTep
JKOHE OJapJblH CyNapbIHBIH TOIBIpAaKKa CiHyl HoTHXKeciHAe Ooimbl. Jlecc Topismec mieriHmiizep MeH
AITIOBHAJIBABI Ca3laKTapAblH JKOHE KYMIbl Ca3JapAblH KaMBUIFBUIAPBIHBIH CYJIaHYBl KE€p acThl arbiC-
TapblHa KETETIH ©3¢HACPAiH OarbIThl OOMBIHINA CaJbIHFAH KaJIaJbIK JKOJI JKEICI MEH Kaja KelleJepiHiy
OOWBIHIAFBI TYPFBIH YHIEpAiH nedopMalusuianybiHa ceben 6onabl. Cy 0acy JIeCCTi TOMBIPAKTAPIbIH
meryiHe, acelpblH cy(Qy3MsUIBIK TpolecTepre, CEHCMUKANIBIK KAYINTIH KOFaphliayblHa, JKbUDKbIMA-
JapJBIH 1aMybl MEH OCBI TIPOIIECTEPTe TOH FUMapaTTap MEH KYPBUIBICTApIbIH IehopMallisChiHa JKeTe .
Kananbeix aymakrapmel cy 0acy Ke3iHIe KYPBUIBICTApIBIH SPTYPIi THITEpiHIE, FUMapaTTapIblH iprera-
CBIHAA JKOFapblla KapacTBIPbUIFAH KYPBUIBIMIBIK-TYPAKCBhI3 TOIBIPAKTAPABIH OCpIKTIriHIH TeMeHneyi
GaifKamaspl.

JKvicvimanap, acipece ANMaTBHIHBIH KaNalblK ayMaFbIHBIH Tay ajlIbI-TayJIbl 30HaNapbIiHIa OeJceH i
JKOHE Tayllbl OCTKelepi MEH ©3¢H aHFapiapbl OOWBIMEH OpHAJacKaH JKEeKe TYPFBIH YH KoHE peKpea-
[USUTBIK KYPBUIBICTapFa, JKepacThl KYObIpIapbiHa, KOJ JKeIiIepl YIIiH Kayill TOHIIpEeTiH (GakTop OOIbII
TaObuTaael. EH KayinTi >KpUDKBIMAAp aHTIPOIMOTEHMIK HETI3/IENTeH JKOHE CEHCMMKAIBIK OOJBIN TaObI-
nanel. Tay angsl OeTkeliepai Teppaccanay >KOHE ONapIblH KYPBUIBICBIH KAapKBIHABI JaMBITY, OeTKel-
JepaiH TabaH OeJIKTepiH Kecy »OHE arallTapAbl Kecy OCTKeMIepiH aHTPOIOreHIIK Heri3aeareH
MacIITa0TapPBIHBIH YJIFAIOBIHA OKEJi. 3epTTeNeTiH ayMaKThlH CEHCMUKANIBIK KayillTi 30HaJa OpHAIaCybl
(9-10 GammaelK cCeHCMUKAIIBIK), TOMEH JKOHE OpTallla CeHCMUKAIBIK AyMITysiep (3-TeH 5 Oayurra Jeiin) Tay
JKBIHBICTAPBIHBIH (DU3UKAIIBIK KACHETTEPiHIH 03Trepyi kKoHE KaNFacybl KaNBINTHI JKaFaaiiapaarsl SpTypii
Oy3purybIMeH Oipre xypeni [19]. Taynbr xoHe Tay anmgel ayAaHmapia Oyl Oy3buTynap >KbUDKbIMAniap,
OTIBIPBUIBIMIAP JKSHE JKep OeTiHAEer! MeTiHIl )KaMbUIFBUIAPBIH TYTACTBIFBIHBIH 06TiHY1 TYpiHIe KOpiHeTi.
Mopdosorust GOHBIHIIIA COHFBI OHXBUIIBIKTa OCJICEH Il TYpJe AaMBbIN Kelie KaTkaH AKcaid, YJIKeH jKoHe
Kimni ammaTel e3eHIEpiHiH OacceHAEpiHAe TYbIHIaFaH CEHCMHMKANIBIK KYOBbUIBICTAPJAH TYBIHIAFaH
KBUDKBIMAJIAPIBIH TOPT TYPi aHBIKTAIIBI: KyMOe3 Topi3aec, My3IbIK (3kep CUIKiHICI Ke31HAe THKCOTPOITHI
CYHWBUITY JKOHE JIAHJIBl MaccallapbIHBIH BIFBICYBIHAH TYBIHAAWTHIH), TY3Y CBI3BIKTHI (OeTKeinepae Kyat-
TBUTBIFBI TOMEH JIECC KBIHBICTAPBIHBIH JKaKbIH JKalFacybl), eKiHImi (OypBIHFBI MPOIECTEpMEH IalbIH-
JanFaH, XaoTHKaJbIK miminaepi 6ap) [1, 19-22].

Taakblnay. Onvipulasivoap, OCTKEHNIEpACH Tay KBIHBICTAPBIHBIH KEHETTEH KYJIAyhl, OJap.IbIH
OeTKkel eTeriHe XaOTUKAIBIK (PETCi3) JKUHATYbIMEH Tay KBIHBICTAPBIHBIH OOIICKTeHYiMEH Oipre *Kype/i.
Kymaran maccamapnabiH Kesnemi OipHerle OHIaraH TeKIIe METPACH KY3IEreH jKOHE MBIHIAaraH TEKIIe
MeTpre IeiiH e3repyi MyMKiH. OnbIpbUTEIMIApIbIH eH kot Tapanybl 2800-3000 M-aeH xorapbl aOCOTOTTI
OmikTikTepae OalKanmaabl, MyH/Ja YJIKSH YKapTacThl Tay >KBIHBICTAPBIHBIH IIBIFYBI Oaifkamansl. OTbIpHI-
JBIMAP KEHETTEeH Maiina 0omapl )KoHE Kep Maccachl KO3FaJbICHIHBIH JKOFAaphl JKbLINAMIBIFBIMEH CHUITAT-
tanaasl. ONBIPBUIBIMIBIK MPOLeCTepi HerisiHeH YikeH, Kimn AnmMatel jxoHe AKcail e3eHjaepl OacceiH-
JepiHiH OacTtaymapblHIa IaMbIIbl, MYHJA TYIKI Tay >KbIHBICTAPBIHBIH YJIKCH INOTIHIUIEp >KOHE
(U3UKaNBIK YTUTYTiH KapKBIHIBUIBIFEI Oaiikamansl. ONBIPBUIBIMAAP dcipece KON KYPBUIBICH KE3iHIIe
KOPFaHBIC KYpPBUIBICTAphIH KoygaHOal OeTkeiyiep/li Kecy HOTIKeciHme Kymieheni. bipak eH yikeH
OTIBIPBUTBIMIIAP JKEp CUIKiHICIMEH OalIaHBICTBI, OWTKEHI 3epTTENIeTiH ayMaK CEeMCMOTEHIIK aliMakra,
EHJIIKTIK COFYBIH YJIKEH TEPEH >KapbUIbICTaphl IIOFBIPIIAaHFaH 30Haa opHaiacKaH [19-22].

TyprbIH Vi, peKpealusuIbIK XKOHE JKOJI KYPBUIBICHL, IIOM Mady jKoHE araliTapbl Kecy, peTTelIMereH
KOJIIK TYParbl CAIAPBIHAH ChIPEbIMANADP JHCIHE KOPbLMOAP,, dcipece AJMaThl KATaChIHBIH Tay aJlIbI-TayJbl
30HAJApBIHBIH OcTKeinepine ToH. Omap Tay OeTKeMIepiHiH MeTIOBHAIABI-IIPOIIOBHILIIK MOTiHIICPiHIH
0eri ycak TOmbIpaK Topi3fec MaTepuanblHaH (Jiecc Topi3di ca3makTapaaH, KYMJIAKTap[aH) TYpaThiH
JKaaHaII ailMakTap/ia JaMUIbl )KoHe OCTKEeHIIepIiH eTeriHIe OpHAIACKaH opTYPIi KYPBUIBIC FUMapaTTaphl
MEH XOJIJap YIIiH Kayin TeHAIpeTiH GakTop O0bIN Ta0bLIA L.

Cenodep - 3epTTENETIH ayMaKThIH KayinTi TaOWFHM MpoIeci, 01 AJMaThl MEH OHBIH TayJbI-Tay aJiJIbl
30HAJIApPhl TEPPUTOPHUSIAPHI YIIIH €H 63eKTi Maceleci 6onbin oThip (10-cyper).
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10-cyper— Kaprasbl e3eHinzeri cen arbiHbIHBIH i371epi. 2015 sxbutrst 23 minge (Goro Jaypen Hcaes)

Figure 10 — Traces of a debris flow in the Kargaly River on 23 July 2015 (photo by Dauren Isaev)

Kypneni MHXEHEPIiK-TeOJOTHSIIBIK JKaFaaiaap/bl €CelnKe aaMail Kajla ayMarbIHBIH TePPUTOPUSCHI
Tayllbl alMakKa €Hyl OHBIH IIIIHJE JKEKe-TYPFhIH YH XKOHE PEKPeallUsUIbIK KYPBUIBICTAPIbIH KalblIMa,
©3CH aHFapJapbIHbIH OeTKelnepi MeH Teppaccanapia AaMybl (IIreTiH JIECC TOpi3Ai TOMBIpaKTapAbIH
KacHeTTepi JKOHE KYpaMbl, TEOJIOTHSUIBIK KYPBUIBIMEI, skep OenepiniH Mop]oaoruscekl MeH MopgoMeT-
PUSCHIHBIH CPEKILIETIKTepl) KayilTi T'eOJAMHAMUKAIBIK MPOIECTEPAiH Cy 0acy KOHE CblpeblMAlapOblH,
HCLUIHCHIMANAPOLIY, MaAy OemKeliepi 3POo3usiCblHbIY OamybiHa ceben Oondvl. Byn npoyecmep cendik
MACKbIHOAPOblY JHCOUKBIH Kywumepin 00an api kywetimmi. TeMeHT1 )koHe opraria 0aaablK CeHCMHUKAIBIK
QYMIyJep Jie KelIKiHAepAiH naiiaa 6omysiHa ceder 0oaibl.

Ine-Anaray ynTTHIK casiOaFbIHBIH OHTYCTIK II€KapalapblHA ACPIIK >KETKeH AJIMAaThl KaJTaChIHBIH
JKOHE OHBIH TayJjbl-Tay al/bl 30HACHIHBIH aWMaFbIHIaFbl T'€OJMHAMHKAIBIK MPOIECTePAiH KayiNTilTiK
Iopexeci MeH KepiHy cumnatsl apTypii (1-cypert). ['eonrHaMUKaNBIK MPOIECTEPAIH OSNTiIEHTeH KOpCeT-
KIIITEpiH CUMATTay YIIiH OaranayablH Kelleci Typiiepi KOJJaHbULABL: 1-IeH S5-Ke JeiiHri Oayuimapaarbl
KayinTimik Typi (aliHbIMansl — 1/2, TypakTsl — 3, HoTeHUUANAB! — 3/4 ’KoHE anaTThl — 5) JKOHE Tapajy Cu-
MaThl, COHBIMEH KaTap 5 OannblK Kykene (ChI3BIKTHIK-ayNaHbIK, ayJdaHAbIK XKoHe apaiiblk). OnapabH
KOCBIHJIBICHI M'€OIMHAMMKAJIBIK MPOIECTIH KAYINTUIK JopexeciH aHbikTanabl (1-kecte). 2020-22 xbui-
JlapFa apHaJFaH Kajia ayMarbIHJaFbl T€OJMHAMHUKANIBIK MPOLECTEPAIH KEHICTIKTIK KepiHicTepi AMaThl
KaJIaChIHBIH T€0IMHAMHUKAIBIK KapTacbiHaa kepcetinred (11-cyper).

1-kecte — ['eoanHaMUKaJIBIK (TAOUFHU KSHE TEXHOTCH/IIK) MPOLIECTEP/IiH KAayilTLIiK AopexKeci

Table 1 — Risk levels associated with geodynamic processes (natural and anthropogenic)

T'eoguHaMUKAJIBIK Kayinrig Typi Tapaiy yarici KayinTix geHreiii
mporieccTep (6amm) (6amn) (>KMHaKTaJFaH oamiaap)
ChbI3BIKTBIK-TYPIIATTHI 3PO3Hs Ky6bumansr — 1/2 ChI3BIKTBIK-ay JaH bl — 1/2 4
Kbipanbik apo3ust KyObutmansr — 3 ChbI3BIKTBIK-ay 1aH bl — 3 6
Yriny TypakTser — 3 Aynannsl — 4 7
Cyddozus TypaxTs! — 4 Apeanisl — 3 7
XKepactsl cynapabie 6acys Anartel — 5 Apeanisl — 5 10
Berkeitnik keukinaep Horenumangs — 4 Aynannsr — 4 8
JKpuDKBIManap skoHe ChIpFBIMAalap [orenunangs — 3 Aynannsr — 4 7
Cennep ArnarTel — 5 ChI3BIKTHIK-ay JaHABI — 5 10
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. CBI3BIKTBIK-TYPIATTHI 9PO3HUS
. JKb1pansik apo3us
. Yriny

. Cyddosus

. YKepacTel cynapabiH 6acysl

. Berkeiinik kemkinaep

. JKbUDKBIMaNap jKOHE ChIPFHIMAIIAp
. Cenzep

11-cyper — AnMaTBI KaJlaChIHBIH ayMaFbIHAAFbl [€OANHAMUKANBIK MTPOIECTEPAiH KOPiHICTEPiHiH FAPBIITHIK POTOKApTACH

Figure 11 — Satellite photomap showing manifestations of geodynamic processes in the territory of Almaty city

3epTTeneTiH ayMakThlH JIAHAMA(TTHIK KYPBUIBIMBIH TaJfay »acay OapbhIChIHIA aJlaMHBIH IIapya-
IIBUTBIK, KBI3METI MEH OFaH 0alIaHBICThl TAOUFU-TEXHOTEHIIIK IC€OANHAMUKAJIBIK MPOLECTEP 9CEPiHEH €H
KaTThl ©3repicKe YIIbIparaH JaHamadTrap AIMaTbIHBIH TayJIbl-Tay ajIbl 30HAJapbIHAAFEI OPMAHIbI )KOHE
HIAJFBIHABI-JANIANBI, KYpFaK Jajaibl JXKOHE MIAJFBIHABI JAaja JaHamadTTapbl OOJbIT TaObUIATHIHBIH
KepceTTi. by skarnail ojgapAblH JaMmy TapUXbIHA, OCHl JaHAMA(TTHIK aliMaKTapAblH AJIMaThl KajlacblHA
JKaKblH OpHAaJlacyblHa JKOHE MalJajaHy MYMKIHAIKTEpiH alKbIHOAWTBIH TaOWUFM epeKilenikTepiHe Oaid-
JAHBICTH (pEeKpealysuIbIK oJieyeTi MEH VIKeH PEeCcypCTaphlH) IapyallbUIBIKTBIH KBI3METTIH SpTYpIIi
TYpJIepi YIIiH maiifanany MYMKIHIIKTepiH aHbIKTay. Taynbl JaHmmadTTapasly TypieHy aopexeci 1-meH
7-re aeiinri bammMen OaranaHansl (12-cyper).
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Figure 12 — Degree of landscape changes in the study area
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2-kecte — «lme-Anaray» MEMIIEKETTIK YITTHIK TaOUFHU MapKi JaHAMAPTTapbIHBIH aHTPOTIOTEHIIK ©3TepiCTEPiH CaHABIK Oaranay

Table 2 — Quantitative assessment of anthropogenic changes in the landscapes of Ile-Alatau State National Natural Park

. OpmaHbI-
FJ'[HI_II/IaJ'IB,Z‘[I- TaybI-11amFbIH b — Taynbl-nanansl
HUBaNbII
Jlasansl
. .. .. OpmaHibl-
flap | AbIKrap Jlaaisl A P A P

AJIMATBI KaJIaJblK TayJIbl-Tay
/LI 3OHATIAPRIHAATHI 7 0 0 0 0,029 0,733 0,956 0,146
FUMaparrTap MeH acajabTThl
ABTOTYpaKTap
Kongap 6 0 0,193 0,211 0,435 1,773 0,779 0,689
AcanbT TecelMereH TypakTap 5 0 0 0 0,001 0,01 0,003 0,024
Bakrranap 4 0 0 0 0 0,232 0,267 0,7
Hlsipina exnesnepi 3 0 0 0 0 0,896 0 0,265
Typucrik MapiipyTrap 2 0,037 0,252 0,298 0,509 1,432 0,363 0,06
LlabpHABIKTAD 1 0 0 0 0 0,137 0,271 1,841
Kamst ropexecinin Typienyl 0,074 | 1,886 | 1,862 3,836 22,436 13,446 | 10,832
(mannmadTTHIK Oenney)

AHTPOIIOTEHIIK 9PEKETTIH acep eTy Adpekeci OolbiHIIA naHAmadTTap MEH 3epTTey Marepual-
JAPBIHBIH TYPJICHAIPUTYiHIH KypacTBIPBUIFAH KapTachlH Taljay HeTri3iHae Keneci aimakrap OemiHIi
(2-xecre):

1. Tapk aynaHbHEIH 25%-biH (509 KM®) My3/Ibl-HHBAIbi 30HACHI AJIbII JKATHIP, AHTPOIOTEHIK
acepre €H a3 YIIbIparaH, Oipak MyHAa KIUMATTHIH jXahaHABIK KBUIBIHYBI cajapblHAaH MY3[BIK ayaaH-
JApBIHBIH KBICKAPYBI (paKTOPHI MAaHBI3ABI pen aTkapaapl. 1990 skxeimman 2018 >kpurra JeiiHTI Ke3eHje
MY3/IBIKTapBIH KbicKapybl 40% Hemece 35,6 KM Kypajbl, ajl Y3bIHIBIFEI JKbUI CallblH 5-10 MeTpre
KBICKaphI OTHIp [3].

2. ITapk aymanbiabiy 29,4%-b1H (598,3 KMZ) QNI JKaTKAH TayJIbI-IIAIFBIHABI JTaH A TTap MY3/IbIK-
HUBAIBIIZCH KEHIHT1 €H a3 e3repreH JanamadTrap KaTapblHa jKaTabl, MyHIa aHTPOIIOTCHIIK OY3bIIFaH
nanmmadTTapaAbiH (KafbUIBIMAAPIbl KOCTAFAH/a) Kalbl ayaaHsl 1,5 kM’ Kypaiiasl. TaHamnFan o6bek-
TiJiep KJIAachIHBIH iIIiHAEe MyHHIa acqalbT JKOJIap, FUMaparTap XKoHE TYPHUCTIK MapIIpyTTap Ke3Jecei.
Taburu opTaHbIH OYII OeJTiriHe €H YIKEeH ocep €TEeTiH OYII XKOJ ToceMIepi.

3. [lapk aynaHbIHBIH mamaMmeH 29,6%-biH (602 KM®) alblll jKaTKaH apagac OpMaHIbl XKoHE IIall-
FBIHABI-Aaanbl 30HACHl Oacka JaHAMA(TTHIK 30HAJAPMEH CaJbICTBHIPFaHAa €H ©3repicKe YIIbIparaH
afiMak OoJbITT TaOBLIaABl. MYHIa aHTPOITOTCHIIIK OPEKETTIH OapIIbIK KapaCThIPBUIFAH TYPJIepi Ke3Iecemi.
AHTPOIIOTeH IiK ocep/ieH Oy3bUTFaH TaHAmadTTap bl KATKAH JKaJIIbl ayaHbl 5 KM,

4. Iapk aygansiaeig 16% #Hemece 320,4 KM’ aJIbII JKaTKaH TayJbl -Jajlalibl 30HACHl (HeMece abIIlTiK
IIANFBIHAAD 30HACHI) OapiiblK KapacThIPBUIFAHIAPIBIH IIIHIE OpTalla e3repicKe YIIbIparaH OOJIbIT
TabbUTaaRl. MYHA Aa apajiac OpMaH/ABI JKOHE IIAJFBIH/BI-IAIaIbl 30HACKIHIA aHTPOIIOTEHIIK OPEKETTiH
OapJyIbIK KapacTBIpbUIFaH TypJiepi Kes3neceldi. AHTPONOTeHAIK Oy3bUIFaH JNaHAmadTTap aibll JKaTKaH
>KaJIbl ayAaHsl 6,4 KM,

3epTTey ayMarbIHBIH aCIIEKTICIHIET] €H YIKeH KYHIBUIBIFEI Tay €TeTiHAeTi KYpFaK Majaalbl, OpMaHIbI-
MIAJFBIHABI-JANIANBl JKOHE IIONICHTTI aMakTrapia OHOSpTYPIUTIKTIH JXKOWBLUTYBIMEH, OJNap €H >KOFaphl
(IIOpUCTUKANBIK KoHE (ayHaJbIK OpTYpIUliriMeH >koHe KpI3bUl KiTall eHTi3iIreH TYpJEpiHiH eH Kol
IIOFBIpJIaHYBIMEH epekineseHeli. COHBIMEH KaTap Oy aiiMakTap €H YJIKeH aHTPOMOTEHIIK XKYKTeMeHi
AJBII OTHIP.

CoHpaii-ak, aHTPOIOTEHMIK ©3repicKe yIublparaH JaHAmadTTapablH AJIMAThl KaJIACHIHBIH IIEKa-
pachiHa iprejec ’KaTKaHbBIH )oHe aOCONIOTTI OMIKTIKTEpAiH ecyiHe Kapail ollapIblH CaHbl MEH allbIIl KaT-
KaH ayMaKTapabIH a3asThIHBIH aTall 6TKEH jkoH. by ym Herisri dakTopra OalIaHbICThI: OipiHIIiIeH, OYIT
OOBEKTINICPIIH Tapaly aiMarbl IIEKTEYJIi, SFHU 0JIap SKOHOMHKAJIBIK OCJICCHIIIIK ailMarbIMEH IICKTEIe/l;
eKIHIIIIeH, KbI3MET KOepCeTyre KOJIAHNIbI JKarmaiiap KallaHbIH JKaKbIHIBIFBIMEH JKOHE JKANIbBl KOJDKe-
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TIMIUTIKIICH OaiNaHBICTBI; YIIHINIAEH, kep Oerepi MeH OeTkeil eHicTepi OoibIHIIA Oyl aymakrap
00BeKTiIep Al OpHATACTRIPYFa €H KOJIAMIBI OOJIBIT TaOBIIaIb.

Ocpinaiiia, 4 maHama@TTRIK 30HAJIAP OPTYPIl ©3repy AdpekeciHe OOiHml: TIAHAIIi-HUBAIbII —
TOMEHT1 JopeXKe/le, Taylbl-IIAIFbIHIBIK — OpTallia, OPMaHABI-IIAIFBIHBl JANadbl — YKOFAphI, TayJIbI-
JTaajbl — OpTaIlaaH XKOFaphl.

KopbIThIHABI. 3epTTeNeTiH ayMaK YIIH KypacTHIpBUIFaH JaHAMA(TTHIK Kaprama (AJMaTrhbl
KaJIaChIHBIH TayJbI-Tay ajjibl 30HACHI KoHE lnme-Anartay YATTHIK mMapkiHie) 4 naHmmadTThIK 30HANAp
(TsIManbai-HUBABII, TayJbI-IIANFBIHIBIK, apajac OPMaH[bl JKOHE IMIAIFBIH/BI-IANIANbl JKOHE TayJlbl-
JajayiblK) OCNTUTICHTeH, aJl OJIApABIH IIeKapaliaphlHIa — OPTYPIl ©3repy MopeKeciMeH CHIATTalaThIH
7 nanamadTTIK Oenaey (MY3IbIK, HUBAIbBII, ajlblli HIAJFBIHAAPHI, CyOablli IaJIFbIHIAPHI, apajac OpMaH
JKOHE INAJFBIHJIBI-IANIa 30HACHIH/IA apallac XKOHE KBUIKAH JKaIlbIpaKThl OpMaHJap, IIAIFBIHILI Janaiap,
KYpFaK Jaiajap j>KOHE IIeJCHTTep) aHTPOIOTCHIIK iC-OpeKeTTepJeH TyBIHIAFaH ©3repy IopeKeCiHiH
oprypiiiiriMen cumnattaiansl. JlanmmadTrapaslH e3repyi TypiHaeri TaOWFM opTara Kayill TOHIIpETiH
00BEKTiJIep aHBIKTAIIBI, JKEKeJereH KYphUIBIC OOBEKTIIepiH OpHAajacThIpy HOTIKECIHAeri ceber-
cangapiapsl OaranaH]Ibl.

OPTYpJIi TUIITET] KOHE MaKCaTTarbl FUMapaTTap MeH ac(ambTThl aBTOTYpaKTap, OEpiK ipreTachl )KOK
CTHXVSUTBIK TYpaKTap, jKoyifap, Oakrap, HIbIpIIa €KIeNepi, TYPUCTIK MapIIpyTTap MEH HIa0BbIHABIKTAp
ajZaM KbI3METIHIH HETi3ri Kypamuac OerikTepi peTiHae KapacTelpsUiabl. JKorapblga KenrTipinreH
JIEPEKTEPIiH JKOHE OJIAPIBIH Kep OeTiHIEeri OpHANAaCYBIHBIH HETi3iHIe 3epTTeneTiH aymak (line-Amaray
VITTHIK TApKiHIH ayMarbl oHE AJIMaThl KAJACHIHBIH TayJbI-Tay alJbl 30HACHIHBIH) LICTiHJAETi JIaHJI-
maTTHIK ayMaKTapAblH ©3repy JopeKeciH KOpCeTeTiH KapTa KypacThIPbUIIBL.

Kypneni azamMaTThIK KYPBUIBICTApIbl, TYPFBIH YH JKOHE KOJ KYPBUIBICTAPBIH XKOHE epeKIle peKpea-
[USUTBIK KYPBUIBICTAD MEH OpPTYPJi KYOBIpJIapiabl cally Ke3iHAe KayinTi Aen caHAIaThIH T'eOJIOTHSUIBIK
MPOLECTEPAIH FHUILIMA MOHUTOPUHIT MEH WH)KEHEPIiK OOJDKaMbl KapaCTBIPBUIBIN €CETKE aNbIHY KaKeT.
By kazipri xama KypbUIBICBIH caktay yiriH ae, 2018 >Kpulbl ANMaThl KaaChIHBIH JKOOANaylIbLIaphl
OpBIHAAyFa KipiCKeH kaHa 6ac )KOoCImap sl 93ipiey Ke3iHe ae KakKeT.
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JAHAIHA®TOB AIMATHUHCKOU ITPEATI'OPHO-I'OPHOMU 30HBI
N NIE-AJTATAYCKOI'O HAIIMOHAJIBHOI'O ITAPKA

AHHoTanusi. PaccMaTpuBaroTcs mpooOieMbl Te0JMHAMHUKNA TOPHO-NIPUTOPOAHON 30HBI AJIMaThl U JaHAmadT-
HBIX 30H ['O0CyapCTBEHHOrO HAIMOHAJIBHOTO MPUpPOIHOro mapka «Mie-Anaray», uX COCTOSHHE M CPABHUTEIbHBIE
OLICHKH. Ha MPOTAKCHUU TMOCIICIHUX }leCﬂTl/lﬂeTI/lﬁ B 3TUX B3aUMOCBA3AaHHBIX I'€COCUCTEMAX MPOUCXOANIIN ITPOLECCHI
AKTHBHOW ypOaHHM3allM TOPOJICKO-IIPUIOPOIHON 30HBI M OCBOEHHMS 3€MeJIb HAIIMOHAIBHOTO TapKa, IPUBOASILINE K
Pa3pymieHUIO TPUPOAHBIX S9KOCUCTEM. HaLIl/IOHaﬂ]:H])Ie napkKu HeO6XOZ{I/leI B Ka4€CTBE CPAaBHUTECJILHBIX CTAaHAAapPTOB
NP U3yYCHHUH TPUPOJBI U CTEIICHH JKOJOTHYSCKOro HapymieHus reocucteM. CoxXpaHeHHE U MOCTOSHHBIA MOHHTO-
PHUHT COCTOSIHUSI OTMEUYCHHBIX T€OCHCTEM C MUHUMU3AINCH PUCKOB XO3SHCTBEHHON NESITEIPHOCTH HMEET HE TOJBKO
MPAaKTHIECKOe, HO W OONBIIOEC HAYYHOE 3HAYCHHE JJISI KOMIIOHEHTHOTO M KOMIUIEKCHOTO W3YYEHUS T€OCHUCTEM C
LENbI0 X ONTUMH3ALUK U JATbHEHIIIEr0 BOCCTAHOBJICHHS MIPUPOIHBIX '€OCUCTEM. Pe3ynbTaToM 3TON paboThl SB-
JSIFOTCS. KQpThl CTPYKTYPBI JIAaHIAPTOB U MX TpaHCHOPMAIIMH, & TAKXKE OLICHKA TEKYIel aHTPOIIOreHHOW HATPY3KU
Ha TPUPOJHYIO Cpelly HcclienyeMoil TeppuTopur. OCHOBBIBASsICH HA MPEACTABICHHBIX JAHHBIX, MOXHO MPOAHAIH-
3UPOBaTh XapaKTep pacHpe/iesieHus] X03sSHCTBEHHOW JEATeIbHOCTH M JIaTh PEKOMEHAIMU TI0 Pa3rpy3Ke «ropsiuux
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naHmadTel, yCTOWYHMBAsE ypOaHU3aIHsl, OKPYIKAIOIIast Cpea.

— 105 =——



Teoepagpus srcone cy pecypcmaput | Ieoepaghus u soonvie pecypewi / Geography and water resources

R. T. Bexeitova', M. M. Alimbayz*, Ye. S. Sarybaev3, R. O. Turapova4

"Doctor of Geographical Sciences, Professor
(Al-Farabi Kazakh National University; Almaty, Kazakhstan; Bexeitova.roza@gmail.com)
2"PhD student (Al-Farabi Kazakh National University, Almaty, Kazakhstan; mederkul95@mail.ru)
*PhD, Associate professor (Al-Farabi Kazakh National University, Almaty, Kazakhstan; edilait@mail.ru)
*Senior Lecturer (Al-Farabi Kazakh National University, Almaty, Kazakhsta; turapovarahat@gmail.com)

GEODYNAMICS AND TRANSFORMATION OF LANDSCAPES
OF THE ALMATY FOOTHILL-MOUNTAIN ZONE AND THE ILE-ALATAU NATIONAL PARK

Abstract. The article deals with the problems of geodynamics of the mountainous suburban area of Almaty and
landscape zones of the State National Natural Park "Ile-Alatau", their condition and comparative assessments. Over
the past decades, within these interconnected geosystems, the processes of active urbanization of the urban-suburban
zone and the development of the lands of the national park have been taking place, leading to the destruction of
natural ecosystems. National parks are necessary as comparative standards in the study of nature and the degree of
ecological disturbance of geosystems. The preservation and constant monitoring of the condition of the marked
geosystems with minimizing the risks of economic activity is not only practical, but also of great scientific
importance for the component and complex study of geosystems in order to optimize them and further restore natural
geosystems. The result of this work are maps of the landscape structure and their transformation, as well as an
assessment of the current anthropogenic load on the natural environment of the studied area. Based on the presented
data, it is possible to analyze the nature of the distribution of economic activity and make recommendations on
unloading the «hot spots» formed as a result of anthropogenic activity.

Keywords: Ile-Alatau National Park, geodynamics, geodynamic processes, landscapes, sustainable urbaniza-
tion, environment.
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INFLUENCE OF VERTICAL ZONATION OF THE UZYNKAR RIDGE
ON SOIL FORMATION IN THE STEPPE LOW-MOUNTAIN
AND FOOTHILL ZONES OF THE UYGHUR DISTRICT

Abstract. The article presents data on soil fertility in pastures of the foothill-steppe zone with steppe cereals,
legumes and wormwood herbs, located at altitudes of 1100-1600 m, and the foothill-dry steppe zone with wormwood
and cereals, located at altitudes of 850-1100 m. The foothill-steppe zone is characterized by light loamy sierozems
with a humus content of 3.8-3.9%, decreasing to 1.47% in degraded areas. The content of absorbed bases varies from
medium to high. The content of total nitrogen in the soils is low. The soils are deficient in mobile phosphorus. The
content of mobile potassium is high. In general, a slight deficiency of nitrogen and phosphorus is observed in the
soil, which indicates the need for surface application of phosphorus and nitrogen fertilizers. The granulometric
properties of the soil are favorable for the growth and development of grasses on the studied pastures.

Keywords: relief, Uzynkara ridge, soil, medium loam, humus, absorbed bases.

Introduction. The Uzynkara range under study is located within Kazakhstan between 44°00" N and
43°20" N, and between 79°30" E and 85°00" E. The length of the range is over 400 km, and the width is
40-50 km. According to the physical-geographical zoning of Kazakhstan, the Uzynkara range is part of
the Central Asian country, the Tien Shan region, the North Tien Shan province, the Chilik-Ketpen district,
which also includes two regions: the northern slope of the range and the Kegen-Tekes district [1]. The
maximum height of this range reaches 3,680 m near the border with China (Mount Podnebesnaya). To the
west and east, the elevation gradually drops to around 3,400 m. The peaks do not reach the snow line, and
glaciers, typical of high-mountain peaks, are virtually absent. In northern Kazakhstan, the Uzynkara range
borders the Dzungar Alatau, divided by the Ili Depression; to the west, it borders the Kungey Alatau; to
the east, it gradually transitions into the Temerlik range, merging with the Boro-Khoro Mountains. On the
Chinese side, the Temerlik range is connected to a series of mountain ranges that descend to the east and
are separated by depressions: the Kuldzhin Depression to the north, the Kash Depression to the south, and
the Tekes Depression to the southeast. In the south, the border runs along the Khalyktau Mountains.
Within Kazakhstan, the northern slope of the Uzynkara range is cut by a dense network of deep valleys,
while the southern slope, steeper and devoid of foothills, descends sharply to the vast Kegen-Tekess
Depression. The central and western parts of the region are occupied by the Aygyrzhol, Basylutau,
Karatau, Sarytau, Sumbetau, Yelchik-Buiryk, Laylytau, and Zhabyrtau mountains. The Aygyrzhol and
Zhabyrtau mountains are characterized by gentle mid-mountain terrain with elevations ranging from 1,800
to 2,600 meters above sea level. While Yelchik-Buyryk, Basylutau, Laylytau, Sumbetau, and Sarytau
belong to high-mountain regions with elevations ranging from 2,200 to 3,600 m, their northern slopes are
steep, while their southern slopes, although also steep, are more dissected and have a significant outcrop
of bedrock [2]. The diversity of the natural conditions of the Uzynkara ridge is primarily due to the
altitudinal dissection of its surface. The ridge is an ancient Paleozoic structure that was smoothed to the
stage of peneplained plains and then re-uplifted in Tertiary and Quaternary times to modern heights. The
combination of flat relict landforms at different altitudes with younger, highly dissected elements indicates
the different chronological formation of the landscape of this area. Analyzing the modern relief and
tectonics of the Tien Shan, S.S. Shultz concludes that the processes of sedimentation, folding, and
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mountain building do not represent separate sequential stages, but a single, long-term process of recent
tectonics [3]. Research shows that three glaciations occurred in the highland regions of Kazakhstan. The
most ancient glaciation was semi-sheltering and covered high-elevation mountain ranges that had not yet
been dissected by erosion. The early Middle Quaternary period saw powerful tectonic movements and
increased climate humidification, which contributed to the active development of the hydrographic
network. Glaciers of this period, descending along already depleted valleys, gave them their characteristic
trough shape. The geological structure of the Uzynkara ridge has been examined in detail by S.S. Shultz.
The axial portion of the ridge is composed of intrusive rocks-pinkish-gray or light-gray pink-manka-
biotite granites, outcrops of which are also observed on the northern slope of the ridge [3]. The study area
is characterized by a complex, highly dissected topography (figure 1).

HEIGHT SCALE IN METERS

ameme—— r
Marynkol  district center rivers ara parmanant 2 — ginclers state borde

* Kedpan village T el rivers drying up v district bordar

600 800 1000 1500 2000 2500 3000 3500 4000 S000

Figure 1 — Map-diagram of the studied area of the Uzynkara ridge

Based on the results of many years of research, the surface structure of the Uzynkara ridge can be
divided into the following geomorphological regions: 1. Mountainous region with absolute elevations of
1300-3600 m. 2. Foothill, strongly sloping, undulating foothill plain, with absolute elevations of 800—
1600 m above sea level. 3. A gently sloping plain with an absolute elevation of 650-800 m. The river
network of the Uzynkara range is unevenly developed. The largest rivers here are the Kegen, Achinakho,
Shunkar, Chushanai, Dardymty, Ulken-Aksu, Chulak, Tigermen, Avat, Zhanaozeksai, Arlyksay,
Temerlik, Khonakhai, Kash, Ortakaragandy, Chonkaragandy, Chimbulak, Shalkudusu, Ulken-Shiybut,
Sumbe, Kirgizsay, Boguty, Khasan, and others. Numerous small streams flow down the northern slopes of
the ridge, ending on the foothill plateau. The Temerlik river, the main tributary of the Charyn river, flows
down the western slope. The hydrographic network of the southern mountainous part of the district
includes the Temerlik, Sumbe, Chushanai, and Sarybulak rivers, as well as numerous streams originating
on the northern slopes of the Chushanai and Uzynkara ridges. All the waters of the southern slope of the
Uzynkara ridge collect in a large tectonic basin, formerly a lake, known as the Shalkudysu. The Kegen
river, the largest tributary of the Ili river, is called the Shalkudysu in its upper reaches, the Kegen in its
middle reaches, and the Charyn outside the district. Flowing as a mountain stream into the Kegen-
Shalkudinskaya Depression, the river slowly flows westward along low, sometimes marshy banks [3, 4].

The soils of the Uzynkara range are highly varied and complex and obey the laws of vertical zonation
inherent to all mountainous regions (table 1). Below we provide a systematic list of soil types in the
mountain belt and their brief characteristics [5, 6].
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Table 1 — Soils of the mountain belt of the Uzynkara ridge

Soil types Belts

Mountain meadow alpine

Mountain meadow-steppe alpine

Mountain meadow subalpine

Mountain meadow-steppe subalpine

Mountain meadow-steppe chernozem-like )
Mountain

Mountain-forest dark-colored

Mountain chernozems

Mountain dark chestnut

Mountain light chestnut

Light chestnut

Ordinary sierozems

Light sierozems Foothill steppe

Gray-brown

Introzonal soils

Sands

Meadow solonchaks

Meadow solonetz

Meadow-chestnut

Meadow-gray soil

Floodplain-meadow

Mountain meadow

Mountain floodplain-meadow

Meadow-marsh

Materials and methods of research. The study subjects were natural soils of the steppe part of the
lower belt and the foothill part of the desert belt of the Uyghur region of the Uzynkara range. The research
was conducted on the Uzynkara range (Northern Tien Shan) using field and stationary methods. The aim
of the study is to determine the distribution features of the soil cover of the steppe part of the lower belt
and the foothill part of the desert belt in the Uyghur region of the Uzynkara ridge. During field research,
soil sections were excavated and soil samples were collected from various natural and anthropogenic
zones to determine the characteristics of soil distribution in the Uyghur region of the Uzynkara ridge. The
study utilized soil types from the steppe and semi-desert zones of the Uyghur region, including saline,
solonchakous, and sandy soils. Research methods: This article examines several methods used to study the
soil cover of the Uyghur region of the Uzynkara kange. Using field research, soil samples from the study
area were collected for analysis. The abundance of species in phytocenoses was determined using the
Drude abundance scale [7]. The species composition of plants in plant communities was determined using
the relevant botanical identification guides, reference books, etc., such as: «Flora of the USSR» [8], «Flora
of Kazakhstan» [9], «Identification Guide to Plants of Central Asia» [10], «Illustrated Identification Guide
to Plants of Kazakhstan» [11], etc. Species and generic names of plant species are given according to the
Plants of the World Online (POWO) database, as well as according to S.K. Cherepanov and S.A. Abdulina
[12,13]. Collection and processing of herbarium material were carried out according to the generally
accepted method of A.K. Skvortsov [14].

Laboratory analysis: Laboratory analysis of the selected samples was conducted at the U. U. Us-
panov Kazakh Research Institute of Soil Science and Agrochemistry using standard methods. Studies were
conducted to determine the physical and chemical properties of the soil layers. The analysis included
measurements of the soil's base content for various elements, soil texture, pH, and humus.
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Research results. Our research in 2024-2025 was conducted in the Uyghur district of the Almaty
region. In 2024, fieldwork and expeditionary work were conducted throughout the grazing season in the
mountainous North Tien Shan province, on the Uzynkara ridge, at the Shalkode summer pasture. This
included May in the spring, July in the summer, and early October in the fall (figure 2).

a b

Figure 2 — Uzynkara ridge. Pasture in the gorge of Ulkend Diqan (a); Summer pasture of Shalkode ()

Based on the results of field studies conducted in 2024-2025, changes in vertical zonation zones of
the Uzynkara ridge were grouped (table 2).

Table 2 — Vertical zonation in the study area

Vertical zonation
- - - Plant communities Soils
Macrorelief Zonation Height, m
) 3600-3200 | Alpine meadows Low-power mountain
Highlands meadows
3200-2700 | Subalpine meadows Mountain meadow
3200-2700 | Coniferous forests Podzolic
Mountain Middle belt 1800-2700 | Mixed forests Brown forest
1600-1800 | Meadow forests Black soils
1100-1600 Foothill steppe, Dark chestnut and light
Foothill-steppe lower cereal-legume-forb with Artemisia chestnut soil
belt 850-1100 Foothill-dry steppe, mixed-grass .
community with Artemisia Gray soils
Foothill semi-desert 550-850 Cereal community with Carex Ordinary gray soils
Foothills ixed- i i isi
Desert Above 550 Mixed-herb community with Artemisia Light gray soils
terrae-albae

Our research in the alpine zone identified alpine-mountain-meadow soils at elevations of 3200-3600
m. In the subalpine zone (2700-3200 m), subalpine-mountain-meadow soils were identified. In the
mountain-steppe zone, in the low-mountain belt at elevations of 1100-1600 m, light chestnut soils were
identified, which are quite widespread within the region. Further down the slope, at a level of 850-1100 m,
there are dark meadow gray soils.

Our research was conducted in the Uyghur district of the Almaty region. In the steppe belt of the
lowlands of the Uzynkara ridge, the research was conducted on pastures of three farms. On the first farm,
soil studies were conducted at three locations. At the first point, the coordinates of the study are
E 43°28°48.96"" N80°32'32.96" at an altitude of 1381 m above sea level, the coordinates of the second
point are E 43°28°48.10"" N80°32'33.15" at an altitude of 1383 m above sea level, the coordinates of the
third point are E 43°28°21.20"" N80°32'34.70" at an altitude of 1448 m above sea level. In the second
peasant farm, soil studies were carried out at two points. At the first point, the coordinates of the study are
E 43°2823.96"" N80°322.42" 1416 m above sea level, the coordinates of the second point are
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E 43°27750.86"" N80°32'7.12" 1416 m above sea level. In the third peasant farm, soil studies were carried
out at two points. At the first research point, the coordinates of the study are E 43°31°56.99"
N80°32'49.80"” 1140 m a.s.l., the coordinates of the second point are E 43°31°010"" N80°32'56.75" 1206
m a.s.l. (figure 2).

Figure 2 — Profile of subalpine mountain meadow soil

As a result of field studies in 2024, mountain-meadow subalpine soils were identified within the
subalpine zone. Figure 2 shows that horizon Al (0-14 cm) is peaty with layers of sod and fibrous roots of
grasses. The soil color is dark brown, with a gradual transition to the next horizon. Horizon A2 (14-37 cm)
is brown, with inclusions of gruss, crushed rock, and stones. Horizon B (37-68 cm) is light brown. Field
research conducted in 2025 on the territory of the first and second farms revealed that the soils in the study
areas are chestnut, transitioning to light chestnut on the western and southern slopes. Dark meadow gray
soils are common on the third farm. We believe it is necessary to assess the fertility of the soils under
study. Soil fertility is a complex characteristic that determines the soil's ability to provide plants with the
necessary conditions for growth and development, as well as high yields. It depends on many factors,
including nutrient content, particle size distribution, structure, and water and air conditions. This is an
emergent property of soil: it appears only through the interaction of its components. Emergent soil
properties are properties that arise from the interaction of various soil components (minerals, organic
matter, water, air, microorganisms) and are not inherent to the individual components individually. These
properties manifest themselves at the system level (the soil as a whole) and cannot be predicted or inferred
from the properties of individual components. Soil fertility indicators include the hydrophysical properties
of the soil (mechanical and aggregate composition, soil structure), humus content, nutrient content in the
soil (nitrogen, phosphorus, potassium), soil pH, and the content of absorbed bases in the soil. Soil texture,
also known as particle size distribution, characterizes the content of particles of varying sizes, such as
sand, silt, and clay. Depending on the percentage of these particles, soils are classified as sandy, sandy
loam, loamy, and clayey. Sandy soils contain a lot of sand, are well-drained, and aerated, but are poor in
nutrients. Sandy loam soils contain more sand than clays, are well-drained, and aerated, but are also poor
in nutrients. Loamy soils contain approximately equal amounts of sand and clay, are well-drained, and rich
in nutrients. Clayey soils contain a high clay content, are poorly permeable, and are rich in nutrients. Soil
texture significantly influences its physical, chemical, and biological properties, as well as fertility. For
example, sandy soils dry quickly and are easily cultivated, while clayey soils, on the contrary, warm up
slowly, are poorly permeable, and are rich in nutrients.

Our study of soil texture in the steppe belt of the lowlands of the Uzynkara Range revealed that the
soils are classified as medium loam. Physical clay content ranged from 32.4 to 39%. In the adjacent
surface soil layer, the clay content was 40.8-42.5%, meaning that the soils in this layer can be classified as
heavy loam based on their mechanical composition (table 3).
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Table 3 — Granulometric composition of the soil of the studied steppe belt

of the lowlands of the Uzynkara ridge, content of fractions in absolute dry soil, %

Content of fractions

sz ?f;u;t (I)\?;ﬂﬁrs Dzﬁih’ sand dust silt clay
1-0,25 0,25-0,05 | 0,05-0,01 0,01-0,005 | 0,005-0,001 | <0,001 <0,01
0-8 22,559 11,485 12,305 16,407 40,197 12,305 | 16,407
: 9-30 27,581 8,112 11,357 17,035 36,504 11,357 | 17,035

0-8 38,906 9,726 14,184 8,511 32,421 14,184 8,511

! 2 9-30 42,932 11,746 14,986 8,910 35,642 14,986 8,910
0-8 35,470 12,092 14,913 7,255 34,260 14,913 7,255

3 9-30 40,363 7,669 20,989 8,476 37,134 20,989 8,476
0-8 31,282 8,531 13,813 16,657 39,001 13,813 | 16,657
: 9-30 24,768 8,669 16,099 17,750 42,518 16,099 | 17,750

1 0-8 31,971 3,642 13,355 4,856 21,854 13,355 4,856
2 9-30 31,682 10,154 16,653 14,216 41,024 16,653 | 14,216

0-8 39,976 9,287 18,978 8,480 36,745 18,978 8,480

: 9-30 37,149 14,133 16,959 9,691 40,783 16,959 9,691

t 0-8 41,212 9,293 15,758 7,677 32,727 15,758 7,677
2 9-30 22,559 11,485 12,305 16,407 40,197 12,305 | 16,407

As table 3 shows, the underlying soil layer (9-30 cm) shows a 3-10% increase in physical clay
content compared to the surface layer. This is likely due to the leaching of clay particles from the upper
soil layer into the lower soil layer, i.e., the formation of an illuvial layer. The illuvial layer, known as the
leaching horizon, is the soil layer located beneath the eluvial horizon. Various substances, such as clay,
silt, and other materials, are washed out from the overlying soil layers and deposited in the underlying soil
layer. This type of erosion is called illuvial soil erosion. As analyses (table 2) have shown, the fine earth of
the soil is dominated by the coarse silt fraction. The results of the agrochemical analysis of the studied
soils of the steppe belt of the lowlands of the Uzynkara ridge are presented in table 4.

Table 4 — Agrochemical analysis of the soil of the steppe belt of the lowlands of the Uzynkara ridge

Determined indicators

Farms nzf;gzr szf" Total Gross, % oH E;;ﬁ:ffﬁle Mobile, mg/kg
humus, % N P K mg/kg > P K

0-8 387 |0308| 0220 | 2,199 | 734 7,5 52 590

: 9-30 274 |0210] 0,183 | 2,099 | 725 6,6 24 440

1 ) 0-8 243 |0196| 0362 | 2,698 | 7,24 20,7 62 2000
9-30 1,67 |0112] 0207 | 2,598 | 7.6 6,3 20 1300

. 0-8 369 |0238] 0212 | 2,798 | 7,58 13,9 48 590

9-30 209 |0168] 0,161 | 2,09 | 7,93 5 10 460

1 0-8 187 |0182] 0,115 | 2,099 | 7,72 7.1 18 370

9-30 147 | 0168| 0053 | 2,698 | 7.82 33 4 100

I ) 0-8 296 | 0224 0,146 | 2,698 | 7,07 6,1 0 500
9-30 236 | 0,196 | 0,106 | 2,398 | 7,75 52 10 270

1 0-8 1LI6  |0140| 0,133 | 2498 | 806 3 40 340

9-30 L3 |ol12] 0107 | 2299 | 804 1,7 14 210

. ) 0-8 1,10 |0084| 0126 | 2498 | 807 74 2 340
9-30 1,00 |ol12] o112 | 2498 | 804 27 10 180
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In light chestnut soils, the humus content should be 2.5-3%, in sierozem soils 0.95-1.5%. The data in
table 3 show that in terms of humus content, at the first Askarov farm, at two points in the surface 0-8 cm
soil layer, the humus content was slightly above the norm and amounted to 3.8-3.9% for light chestnut
soils. At the remaining studied points, the humus content was significantly below the norm, from 1.47% to
2.7%, i.e. within the norm. On the third farm, humus content drops to 1.09-1.16%. The pastures on this
farm are located approximately 300 meters lower than on the two previous farms. Based on total nitrogen
content, the soils in the study area can be classified as low to moderately rich. Based on total potassium
content, as shown in the table, the soils in the study area are highly potassium-rich. As Table 3 shows, on
the first farm, the content of available phosphorus in the surface 0-8 cm soil layer ranges from low to
moderate. In the 9-30 cm soil layer, the total phosphorus content is very low. Some of the increase in
phosphorus content in the surface layer is likely due to fertilization with animal manure during grazing.
Based on the content of available potassium, the soils in the study area can be classified as high and rich.
Exchangeable potassium content in soils generally ranges from 500-600 mg/kg of soil. Only at the second
farm, at point 1, in the 9-30 cm soil layer, did potassium content drop to a low level of 100 mg/kg of soil
(table 4). The adsorbed bases in the soil adsorption complex (SAC) are cations held on the surface of soil
particles by electrostatic forces. These cations can be exchanged for other cations in the soil solution. The
main adsorbed bases in soil are calcium (Ca?"), magnesium (Mg?"), potassium (K*), sodium (Na"), and
hydrogen (H"). The composition of the adsorbed bases influences the reaction of the soil environment
(acidity, alkalinity), the availability of nutrients to plants, the structure, and other soil properties. Absorbed
bases play a vital role in the formation and maintenance of soil fertility, and their composition and
quantity determine many agronomic and ecological properties. Soil acidity in the study area ranges from
neutral to slightly alkaline, with pH values ranging from 7.24 to 8.07 (table 5).

Table 5 — Content of absorbed bases in the studied soil of the steppe belt of the lowlands
of the Uzynkara ridge, mg equivalent per 100 g of soil

Peasant Place of Depth, Absorbed bases
farms sampling cm Ca Mg Na K Y SAB
. 0-8 27,23 7,43 0,52 0,31 35,49
Point 1
9-30 27,23 8,42 0,37 0,24 36,26
0-8 12,87 3,96 0,37 1,65 18,85
1 Point 2
9-30 12,38 2,48 0,37 1,11 16,34
. 0-8 16,83 4,95 0,37 0,36 22,39
Point 3
9-30 14,85 3,96 0,37 0,24 19,42
) 0-8 21,29 5,45 0,35 0,48 27,57
Point 1
I 9-30 34,65 8,42 0,30 0,24 43,61
) 0-8 11,88 5,94 0,35 0,52 18,69
Point 2
9-30 15,84 3,96 0,35 0,42 20,57
) 0-8 10,40 1,98 0,35 0,24 12,97
Point 1
11 9-30 10,89 1,98 0,37 0,24 13,48
) 0-8 9,41 0,49 0,37 0,24 10,57
Point 2
9-30 11,39 0,49 0,37 0,24 12,49

The content of absorbed bases in soil, expressed as the sum of exchangeable cations (S), is an
important characteristic of soil fertility. It determines the soil's ability to retain nutrients and resist
acidification. Classifying soils by their content of absorbed bases allows one to assess their potential
fertility and limiting needs [15].

According to the classification of absorbed base content in table 6 and the data in Table 4, the soils in
the study areas range from moderate to very high in absorbed base content. On the territory of the first
farm, located at an altitude of 1,300-1,350 m above sea level, the absorbed base content ranges from
moderate to high. At the second farm, located at an altitude of 1,350—1,410 m, in an eroded area (point 2),
the content of these elements decreases to average levels. At the third farm, located at an altitude of
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Table 6 — Classification of soils by the content of absorbed bases

Degrees Sum of absorbed bases, mg — equivalent per 100g of soil
Very low <5
Low 5-10
Moderate 10-20
High 20-30
Very high >30

1,000—1,100 m, the overall content of exchangeable bases decreases to average to low levels. This is likely
explained by the fact that the third farm is located approximately 300 meters lower than the two
aforementioned farms. This 300-meter difference in vertical zonation undoubtedly leads to reduced
precipitation and increased air temperature, which in turn leads to aridization and more pronounced
desertification compared to the other two farms, which are located at an altitude of 1300-1400 meters.

Discussion. Thus, it was established that the steppe pasture soils of the Uzynkara ridge lowland are
classified as medium loams in terms of mechanical composition, with a physical clay content of 32-39%,
which ensures good air and water permeability, favorable for aerobic plants. The humus content in the
foothill-steppe lowlands ranges from 3.8-3.9% (above the norm) to 1.47% in degraded areas and 1.09-
1.16% in the more arid regions of the third farm. The content of absorbed bases varies from medium to
high in the first and second farms, decreasing to medium and low in the third. The soils are characterized
by low to medium total nitrogen content, high total potassium content, and low to medium available
phosphorus content. Soil acidity is neutral to slightly alkaline (pH 7.24-8.07), which also creates favorable
conditions for the growth of aerobic plants.

Conclusion. The study found that the soils of the steppe pastures in the Uzynkara range's lowlands
are classified as medium loam in terms of texture. The physical clay content ranges from 32-39%. This
indicates that these soils are well-permeable to air and water, creating favorable conditions for the growth
and development of aerobic plants. Aerobic plants are known to comprise almost all the grass in the
pastures of this zone. In the foothill-steppe lowlands, in the zone of grass-wormwood communities on
light chestnut soils, humus content was slightly higher than normal, fluctuating between 3.8-3.9%. In
degraded pasture areas, humus content dropped to 1.47%, significantly below the norm of 3.5%. The
pastures of the third farm are located approximately 300 m lower than the two previous farms. This 300 m
difference in vertical zonation undoubtedly leads to reduced precipitation and increased air temperature,
which in turn leads to aridization and more pronounced desertification. Humus content ranges from 1.09-
1.16%, with dark meadow sierozem soils formed here, where the grass stand is dominated by wormwood
communities.

On the territory of the first and second farms, the content of absorbed bases ranges from medium to
high. On the second farm, on an eroded plot, the content of these elements decreases to medium levels. On
the third farm, the content of exchangeable bases decreases to medium to low levels. Absorbed bases play
a crucial role in the formation and maintenance of soil fertility, and their composition and quantity
determine many agronomic and ecological properties. Based on total nitrogen content, the soils in the
study area are classified as having low to moderate levels of potassium. Based on total potassium content,
the soils in the study area are considered to be high in potassium. Available phosphorus content ranges
from low to moderate.

The soil acidity in the study area ranges from neutral to slightly alkaline, with a pH from 7.24 to 8.07,
which also creates favorable conditions for the growth and development of aerobic plants in pastures.

Financing. The work was carried out with the support and funding of the Science Committee of the
Ministry of Science and Higher Education of the Republic of Kazakhstan within the framework of the
project "Assessment of the impact of natural and anthropogenic factors on the degree of degradation of
pasture ecosystems in the southeast of Kazakhstan for the implementation of Sustainable Development
Goal 15." (grant IRN No. AP23490247).
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YUFBIP AYJIAHBI AYMAFBIHJAFBI JAJIAJIBIK AJIAH TAY KOHE
TAY ETEKTEPI AMAKTAPBIHJAFBI Y3BIHKAPA 5KOTACBIHBIH
TIK AUMAKTBIF BIHBIH TOIBIPAFBIH KAJIITBIHA KEJYIHE OCEPI

Annoranusa. Maxkanaga 1100-1600 M OuWikTikTe OpHaJaCKaH Jana MIenTepi, OypIIaK TYKbIMIACTaphl JKOHE
JKyCaHIIBl LIONTEP OCETiH Tay eTEriHAeri Jana aiMarblHOarbl KaHbUTBIMIAPIBIH TOMBIPAK KYHAPIBUIBIFBL TYpajbl
JlepeKTep KeNTiplIreH, all Tay eTeriHieri Kyprak nana aiMareiaaa 850-1100 M OuikTikTe OpHAIacKaH KyCaHIbI )KOHE
IIeNTep OCETiH XaWbUIBIMIOApPIBIH TOIBIPAK KYHAPIBUIBIFBI Typaibl AepekTep KenTipiareH. Tay ererinmeri mana
aitmarsl rymyc medmepi 3,8-3,9% OGonaThIH JKEHUT ca3bl CHPO3EMICPMEH CHUNATTANabl, ACTpagalrsiIaHFaH Kep-
nepae 1,47%-ra neiiin Tomenaeriai. CiHipiiIreH HeriaepAiH MeJIepi opTaliajaH )Korapblra Jieiin e3repeai. Tonbl-
paKTarbl KaJIbl a30TTHIH MeJIepi ToMeH. TonblpakTa >KpUDKeIMaibl Gocdop skericneiai. JKpUpKbIMabl KaaTuHaiH
MeJmepi xorapbl. JKanmel anFaHna, TONbIpakTa a3oT neH (ochopiablH a3jam SKeTicreymiiri Oaikamnampl, Oy
ochop MEH a30T THIHANTKBIITAPHIH OCTiHE JXKaFy KaXKETTLIIriH Kepcerenmi. TOMBIPaKTHIH TPaHYIOMETPHSUIBIK
KacHeTTepi 3epTTelreH KaiblUIbIMIapaarhl IeNTepAiH 6Cyl MeH JaMybIHa KOJaHJIbL.

Tyiiin ce3nep: penbed, ¥3bIHKApa KOTACKL, TONIPAK, OPTAIla Ca3JaybIT, TyMyC, CIHIpUIreH Heri3uepi.
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BJIUSAHHUE BEPTI/I}(AJIBHOIZ HOsICHOCTH XPEBTA Y3bIHKAPA HA IOYBOOBPA3OBAHHE
B CTEITHOH HU3KOI'OPHOMU U ITPEAI'OPHOU 30HAX YUT'YPCKOI'O PAUOHA

Aunnotanusi. [IpuBeneHsl aHHBIE O IJIOAOPOIUH IMOYB MACTOUIN MPEATOPHO-CTEHHOW 30HBI CO CTEMHBIMH
351aKaM¥, 00OOBBIMH U TIOJBIHHBIM Pa3HOTPABBEM, PACIONOKEHHBIX Ha BeicoTax 1100-1600 M, u mpearopHo-cyxo-
CTEITHOW 30HBI C MOJIBIHBIO W 3JIaKaMH, PacIoio’keHHBIX Ha BbicoTax 850-1100 m. [IpearopHo-cTenHas 30Ha xapak-
Tepu3yeTcs JErKOCYTIMHUCTBIMU cepo3eMaMH ¢ cofiepskanueM rymyca 3,8-3,9%, ymensimatoniumes 1o 1,47% Ha ne-
rpasiupoBaHHbIX ydacTkax. CozepkaHue MOTJIOMIEHHBIX OCHOBaHMI BapbHpYeT OT CPEAHEro 10 Bbicokoro. Komu-
4ecTBO OOIIero a3ora B MO4YBax HHU3KoeE. [10uBbI eUIUTHBI 110 ToABMXHOMY (ocdopy. CopepxaHue MOABUKHOTO
KaJusi BBICOKOE. B 11e710M B 1mo4Be HaOII0JaeTCsl HE3HAYUTENbHBIH Jeduuut azora u pocdopa, 4TO CBUAETEIBCTBYET
0 HEOOXOIMMOCTH MOBEPXHOCTHOTO BHeceHHsT (pocopHbIX U a30THBIX ynoOpeHuii. ['panynomerpuyeckue CBOHCTBA
MOYBBI OJIATONPUSATHBI JJIsl POCTA ¥ PA3BUTHSI TPAB HA MCCIIEyEeMbIX ACTOUIIAX.

KoueBsbie ciioBa: penbed, xpeder Y3bIHKapa, MoyBa, CpeHUN CYTIIMHOK, TYMYC, IOTJIONEHHBIE OCHOBAHHSL.
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SPATIAL DISTRIBUTION OF DUST STORMS
IN THE SOUTHERN REGION OF KAZAKHSTAN
IN THE CONTEXT OF MODERN CLIMATE CHANGE

Abstract. Problems of modern climate change and assessment of their consequences IPCC (2021-2023)
according to the latest assessment reports, there is an increase in dangerous weather phenomena that cause significant
social and economic damage in various regions of the Earth. In this article, various climatic factors affecting the state
of dust storm formation associated with modern climate change were studied. It was established that the longest
(72 hours) duration of dust storms at the Aral Sea station in the southern region of Kazakhstan in the period from
2005 to 2022 was recorded in May 2018. The values of meteoparameters at that time, that is, its dependence on
weather conditions, quantitative indicators of solar activity (Wolf number), bioclimatic indicators, as well as the
conditions of macrocirculation formation, were considered, and it turned out that there was an important correlation
relationship between the number of days when dust storms were most observed and the Wolf number (r = 1.00),
Wangenheim-GIRs circulation forms, including the e Form (r = 0.49), El- Niflo indices (r = 0.47 as a result of the
analysis, it was determined that the prolonged Obser ation of dust storms was associated with the north-western cold
front.

Keywords: dust storm, Wolf number, bioclimatic indicators, atmospheric circulation, correlation coefficient,
indexes.

Introduction. Dust storms are dangerous weather phenomena. Dust storms are when a large amount
of dust and sand rises into the air by the wind, clouding of the atmosphere and a significant deterioration
in visibility. Transportation of a large amount of thick dust or sand by strong winds is a characteristic
phenomenon of deserts and steppes, as a result of which wind destruction or soil deflation occurs [1].

Systematic monitoring of dust storms in the network of meteorological stations dates back to 1936.
The first work on the climatological generalization of these observations for certain areas of Central Asia
took place in the 60s of the last century. The description of the spatial distribution of dust storms
for northern Kazakhstan was considered by A. S. Uteshev and O. E. Semenov (1967, 1977) and
Yu.M. Chirkov (1970), for the South-East — L. P. Fedyushina (1972), for the West and south-west —
A. P. Agarkova (1972) [2-6].

The zoning of the entire flat territory of Kazakhstan by the number of days with dust storms in a year
was performed by E. A. Seredkina (1960), L. P. Fedyushina and O. E. Semenov (1970). O. E. Semenov
and L. P. Tulina (1978) published a detailed schematic map of the number of days with dust storms in a
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year for the territory of Kazakhstan. Shardakova and L. V. Usmanova (2006) analyzed the state of dust
storm phenomena near the South Aral Sea in 1990-2000 due to a decrease in the level of the Aral Sea
[7-10].

The first attempt to collect data on the dust storm regime in the territory of Central Asia, which
included Turkmenistan, Uzbekistan and South Kazakhstan in the period 1951-1955, was made by
N. N. Romanov in 1960. In addition to analyzing the recurrence and duration of dust storms during this
period, N. N. Romanov classified synoptic conditions for the development of dust storms and made
recommendations for predicting them. He noted that in the main part of Central Asia, the north, northeast
and northwest winds pro Oke the formation of dust storms, and in the southern part (in Turkmenistan) this
role is played by the East and southeast winds. In a later period, the entire Central Asian territory was
zoned. So, S. A. Sapozhnikova (1970) compiled a map of the number of days with dust storms for the arid
region of the USSR. The map of L. V. Klimenko and L. A. Moskaleva (1979) shows the distribution of the
number of days with dust storms on the territory of the USSR. A. N. Zolotokrylin (1996) from 1936 to
1985 tried to diagnose the geographical distribution of repeated dust storms in the Turanian lowland
according to surface observations at 65 meteorological stations. When comparing these maps, stable and
variable features of the geographical distribution of dust storms in Central Asia are distinguished.
A. N. Zolotokrylin noted that a distinctive feature of the spread of dust storms in the territory under
consideration is the stable isolation of large foci in Turkmenistan and the East Aral region and their
attachment to sandy fields [11-14].

In most of the territory, a significant decrease in the recurrence of dust storms was found in the period
1970-2000. However, since the late 1970s, against the background of a negative trend in the recurrence of
dust storms in most of the territory, the recurrence of dust storms near the Aral Sea, south of Lake
Balkhash and north of the Caspian Sea began to increase. Foci of high repeatability of dust storms in
Central Karakum remain, but its intensity has decreased [15].

The spatio-temporal distribution of dust storms in the southern regions of Kazakhstan in the period
from 2005 to 2022 and the meteorological conditions of the longest observed dust storm in this period
were considered in the previous article [16].

One of the meteorological values that occupies an important place during a dust storm is wind speed.
Studies by many scientists have shown that the wind regime is one of the main meteorological factors that
cause dust storms. The higher the wind speeds, the greater the amount of dust and sand is carried over a
larger area. The higher the wind speeds, the greater the danger of dust storms [17].

In the considered territory, meteorological factors have their own impact on the formation of dust
storms. A long dust storm depends on the amount of precipitation, that is, a long rainless period, the
amount of rainless and rainy days in a month, and the height of the snow cover in the Cold 3 months of the
year [18].

The dependence of the dust storm on the height of the snow cover is associated with time and space.
In the south of Aktobe region, the number of days of dust storms in April depends on the height of snow
cover in January and February. The dependence of dust storms on the height of snow cover shows that the
height of snow cover in the Shalkar district in the first ten days of February and in the first and third ten
days of January is closely related to the recurrence of storms in April. In the east of Atyrau region, dust
storms in August depend on the height of the snow cover in the third ten days of February and the first ten
days of January. And in the south of the Turkestan region, dust storms that occur in April are closely
related to the third ten days of March. In connection with such studies, we can conclude that the
recurrence of particularly dangerous dust storms in individual areas is influenced by the snow cover of the
past winter. This dependence is an important factor in the development of methods for predicting dust
storms [19].

A. L. Chizhevsky showed that during the period of increased solar activity, natural disasters and
epidemics occur on earth. From this, conclusions were drawn about the impact of the 11-year cycle of
solar activity on climatic, geological and social processes on earth. According to the research of
A. L. Chizhevsky, it was established that known solar storms cause large catastrophic, that is, Stormy
phenomena [20].

Atmospheric circulation is one of the factors of climate change. Climate change has a significant
impact on the economic activity of a person, his living conditions and directly on the health of people. The
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variability of atmospheric circulation is the cause of changes in atmospheric pressure, wind, air
temperature and humidity in different regions of the Earth.

The use of atmospheric circulation indices proposed by Wangenheim-Geers for the northern
hemisphere is considered one of the main forms used in both science and practical applications. It is valid
for assessing the contribution of atmospheric circulation to climate change.

During the e-form, significant precipitation deficit zones are observed in the meridional area along
the Volga River from the Caspian Sea. The reason for the lack of precipitation in this air is the location of
the High Ridge in the troposphere and the mixing of this ridge with the edge, sometimes the center of the
Siberian anticyclone on earth. After that, positive pressure anomalies are created and the anticyclogenesis
process is intensified. Even in a warm half-year, the distribution of precipitation will be the same as the
distribution of winter precipitation. In the western and southwestern regions of Kazakhstan, precipitation
will be below normal [21].

The main feature of long thermobaric waves of form E is their stationary nature. Located on a high
ravine, that is, it affects the western and southwestern regions of Kazakhstan, that is, due to the import of
dry air masses into these regions, the air temperature increases, and as the temperature increases, the soil
moisture decreases, creating conditions for the formation of dust storms [22].

Among the phenomena of a planetary scale occurring in the Earth-atmosphere system - the ocean, El
Nifio-South oscillation (Southern occurrence Index - SOI) has been of great interest in recent years. They
explain the annual intermediate changes in atmospheric pressure, wind and precipitation on the earth's
surface, which have opposite signs of anomalies in the tropical regions of the eastern and western
hemispheres. With the Southern Oscillation of the atmosphere, the phenomena of El Nifio and La Nifa are
closely related. Therefore, they are considered by El Nifio-South oscillation as a single phenomenon.
ENUT-monitoring with several indices [23].

In the process of considering the microcirculatory conditions of dust storms in the South Kazakhstan
region in the period from 2005 to 2022, the connection with the El Nifio phenomenon during the period of
the storm was studied [24].

According to research by A. P. Agarkova (1950-1969) in the study area studied was observed that
dust storms often occur against a temperate and weak background of small areas covering one or more
areas. The nature of its occurrence is determined not only by the state of the paving surface but also
depends on the direction and intensity of atmospheric processes that have developed on the Earth's surface
and altitude [25].

The relevance of the research work is that in the last decade there are significant changes in climatic
characteristics and resources, which are determined by the relative and socio economic systems. Among
the most dangerous weather phenomena are droughts and dust storms, therefore, due to the unfavorable
consequences of dust storms, the problem of studying the conditions for the occurrence and spread of this
phenomenon remains relevant. The study of dust storms not only allows us to predict it, but also
effectively helps to combat it, that is, to carry out anti-erosion measures, insure the national economy, and
much more. The purpose of the research work is to consider the spatial distribution of dust storms in the
southern region of Kazakhstan in the period from 2005 to 2022 in the context of modern climate change.

As objectives of the study, the spatio-temporal distribution of dust storms in the southern region of
Kazakhstan for the period 2005-2022 was determined and the dependence of the longest observed dust
storms for these years on meteorological conditions, quantitative indicators of solar activity (Wolf
number), bioclimatic indicators, as well as macrocirculation conditions was determined.

Materials and research methods. To determine the conditions for the formation of dust storms at
the Kyzylorda, Aral Sea, Kyzylkum, Ashysay, Zhosaly stations located in the south of Kazakhstan, the
values of the weather parameters during their longest observation in the period from 2005 to 2022 (based
on complementing the values in the previous article), that is, its dependence on weather conditions,
quantitative indicators of solar activity (Wolf number), bioclimatic indicators, as well as the conditions of
macrocirculation formation were studied.

The object of the study was the Stations of the Aral Sea, Kyzylorda, Kyzylkum, Zhusaly, Aschysai in
the southern region of the Republic of Kazakhstan. South Kazakhstan is a region that occupies a large
valley from the Aral Sea in the west to the Zhetysu Alatau in the East and from Lake Balkhash in the
North and the Betpakdala desert to the border of Kazakhstan in the South. Kyzylorda region is located in
the southern part of Kazakhstan. It borders South Kazakhstan to the East and Southeast, Karaganda to the
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Figure 1 — Map-scheme of the research area

North, Aktobe region of the Republic of Kazakhstan to the Northwest, and the Republic of Uzbekistan to
the South. Due to the fact that one of the largest environmental disasters — the Aral Sea problem-is located
in the Kyzylorda region, all areas of the region are considered environmentally catastrophic zones. The
territory of the region is located in the east of the Aral Sea in the lower reaches of the Syrdarya River, the
main part is located in the Turan lowland. The west of the region is adjacent to the Aral Sea, in the south-
east there are North-Western Spurs and Foothill plains of the Karatau Ridge, in the north-west there are
wide valleys of mountain sands of the Aral Karakum. On the Left Bank of the Syrdarya there is a wide
range of hilly-Ridge sands of Kyzylkum, cut through the dry channels of the Zhanadarya and arid Darya.
On the right bank there are Hills (Yegizkara), sandy areas (Aryskum, etc.), shallow basins occupied by salt
marshes. In the north there are hilly sand massifs (lesser Badger and Aral buckwheat). In the South-East,
the North-Western Spurs of the Karatau Ridge are included in the territory of the region. On a wide
concave plain, which gradually descends from the edge of the Turanian lowland to the center, there are a
number of large sandy massifs intersecting with clay Plains. Karakum near the Aral Sea is located in the
north-east of the Aral Sea, in the south it is bordered by the Syrdarya River. Most of the desert territory is
located within the Aral and Kazalinsky districts of the Kyzylorda region. In general, the climate of this
belt is characterized by long hot summers, cold winters for these latitudes, extremely dry air, little
cloudiness, little precipitation distributed unevenly throughout the year, and a slight snow cover. This
climatic regime is determined by the location of the region in the center of the Eurasian continent of the
Kyzylorda region, on the northern edge of the inner tropical deserts of Asia, the peculiarities of
atmospheric circulation, the nature of the Earth's surface and other factors. To the north, it allows cold air
masses to freely enter the region and cool down suddenly, especially in winter. There is a drought
characteristic of the climate of the region, where there is little precipitation, not exceeding 190 mm.
Precipitation is unevenly distributed throughout the seasons, occurring mainly in the winter and spring
months, accounting for 60% of the total precipitation. Frequent and strong winds blow throughout the
region, with an average annual speed of 3.1-6.0 M/s. In winter, these winds blow away the snow cover,
causing deep freezing of the soil, and in summer, dust storms are observed. Basically, the entire territory
of the region is characterized by frequent and strong winds of the northeast direction [2].

In the process of carrying out the work, generally accepted methods of processing mathematical,
statistical and climatological data were used.

As bioclimatic indicators, the Effective temperature according to Missenard and the "heat heat" index
proposed by Stedman were calculated.

Bioclimatic indices determine the features of the thermal structure of the medium of a physical nature
and are an additional indicator of the state of the thermal Valley. The degree of inconvenience caused by
the excess of heat is usually determined by one or more biometeorological temperature indices. In
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practice, effective temperature is often used. By itself, it gives the temperature of the still standing air,
saturated with water vapor. In determining the effective temperature, the Missenard method is widely
used. Effective temperature is widely used in the climatic assessment of thermal effects, environmental
discomfort, and in treatment. The importance of effective temperature as a bioclimatic indicator is that it
continues to be used both in the Warm Period and in the cold period.

The effective temperature according to Missenard is calculated using the following formula:

ET=1t-04 (t-10) (1 -£/100), (1)

where ¢ — air temperature, °C; f—relative humidity, %.
Another index used to assess the effects of heat is the "heat" index, proposed by Stedman. It is widely
used in the United States. Stedman's" heat " index is determined by the following formula:

HI=— 42,379 +2,04901523¢ + 10,14333127f - 0,224754¢ - f— 0,00683783¢ > —
—0,05481717f% +0,00122874¢ > + 0,00085282¢ - £ —0,00000199¢ 2 - £, )

where HI — heat index; ¢ — air temperature, °C; f — relative humidity, %.

In the process of carrying out the work, generally accepted methods of processing mathematical,
statistical and climatological data were used.

Research results. In the southern regions of Kazakhstan, the longest duration of dust storms in the
period from 2005 to 2022 was recorded at the Aral Sea station in May 2018.

The dust storm began on May 26 at 11:00 local time and ended on May 29 at 11:00, that is, with a
total duration of 72 hours. These days, at different times, a dust storm was also registered at the Kyzylorda
station. In the process of considering meteorological conditions during these dust storms, data were
obtained on air and soil temperatures, air humidity, wind speed and direction, visibility distance, as well as
the amount of precipitation and the height of snow cover during the period of the storm.

The values of meteorological values during dust storms in the Aral Sea for the period from May 26 to
29, 2018 are given in the figures below (figure 2-4).
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Figure 2 —Average wind speed and gusts during the longest observed dust storm at the Aral Sea station

According to figure 2, the dust storm, which began on May 26, intensified on May 27, and on this
day the maximum value of the average wind speed (16 m/s) was observed, and the acceleration was
29 M/s. In later terms, the wind slowed down and only reached a high value again by the time the dust
storm stopped. In most cases, the wind was from the north, north-west direction.

In the initial period of the beginning of the dust storm, the values of air temperature and soil
temperature were higher, that is, at 11:00 on May 26, the temperature of the air was higher than 30 °C, and
the temperature of the soil was 45 °C. That is, high air and soil temperatures create favorable conditions
for the formation of dust storms.

Air humidity was observed as the inverse of air temperature and decreased at high wind speed values.
When the wind speed increased, that is, when the dust storm intensified (on May 27 at 11:00 and 14:00
hours), the meteorological visibility distance was equal to 2.0 m.
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Figure 3 — Distribution of air and soil temperatures during the longest observed dust storm according to the Aral Sea station
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Figure 4 —Air humidity and visibility distance during the longest observed dust storm according to the Aral Sea station

The amount of precipitation (mm) and the height of snow cover at the Aral Sea station in December-
May 2017-2018 (table 1).

Table 1 —The amount of precipitation in December-may (mm)
and the height of the snow cover at the Aral Sea station for 2017-2018 years

Decada 12/2017 01/2018 02/2018 03/2018 04/2018 05/2018 General
2R H R H 2R H R 2R >R R
1 decada 5,6 0 13,2 6 35 17 - - 30,3
2 decada 0,2 3 0,4 13,1 17 2 - - 2,6
3 decada 10,3 5 14,1 15 6,8 16 44 0,4 - 36
For the moon 16,4 27,8 10,3 15,2 0,4 - 70,1
3 11 17 10
Note. H is the height of the snow cover; R is the amount of precipitation.

As shown in table 1, the Aral Sea station received 16.4 mm in December 2017, 27.8 mm in January
2018, 10.3 mm in February, 15.2 mm in March, 0.4 mm in April, and no precipitation at all in May. The
height of the snow cover in December 2017 is very low, that is, only 3 cm, because in 1 decade there was
no snow cover. At the same time, the average height of the snow cover also showed small values for
January and February, that is, it was 11 cm in January and 17 cm in February. Due to such a small amount
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of precipitation in winter, the degree of soil moisture was also low. Accordingly, the pavement surface
quickly dried up, which affected the formation of dust storms, that is, a long absence of precipitation
created conditions for the formation of storms.
Thus, a long dust storm depends on the amount of precipitation, that is, a long rainless period, in
addition to the height of the snow cover in the winter months, as well as on solar activity (Wolf number).
The distribution of quantitative indicators of solar activity (Wolf number) during the longest observed
dust storm for 2018 is given (figure 5).
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Figure 5 —Distribution of The Wolf number in 2018

As shown in figure 5, the increase in solar activity in 2018, when the longest dust storm was
observed, falls on the spring months, especially in May and June, that is, during these months the value of
The Wolf number increased to 13.1-15.3. The longest observed dust storm was observed at the Aral Sea
station in 2018 in the period from May 26 to 29, according to which quantitative indicators of solar
activity also showed high values during this period. From this it can be concluded that as the number of
wolves increases, the repeatability of dust storms is more likely.

To assess the role of Wolf number 2005-2022. The coefficient correlation between the series of
quantitative indicators of solar activity and the number of days in which dust storms were observed was
calculated for the warm season. The values of The Wolf number and the average number of days during
which dust storms were observed were taken as quantitative indicators of solar activity (table 2).

Table 2 — Correlation relationship between the number of days dust storm and the wolf numbers in the 2005-2022 years

Months
Correlated dimensions
3 | o4 ] s ] s | 7 ] 8 | o
South Kazakhstan region
r (Wolf number; number of days) | 039 | 042 | 053 | 035 | 039 | 030 | -o11
Aral Sea station
r (Wolf number; number of days) | 047 | 044 | 100 | o064 | 0353 | o046 | -013
Note. 1) CS is the number of days; 2) for N = 17 samples, the correlation coefficient is 0.45 at a confidence level of 95 %
(a=0.05) [26].

According to table 3, in 2005-2022. in determining the correlation relationship between the number
of days when dust storms were observed in the South Kazakhstan region for a warm period and the wolf
numbers, the correlation relationship is important when, according to the data given in Lakin's book
"biometrics", the critical value of the correlation coefficient for 17 years is equal to 0.45. Accordingly, for
the South Kazakhstan region, the correlation coefficient (0.53) was significant in May in the generally
considered years. And the values of the coefficient correlation between the average number of days during
which dust storms were observed at the Aral Sea station and the wolf numbers, especially in March-
August, showed a positive sign and direct relationship (0.44-1.00). That is, the high values of the number
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of days on which the dust storm was observed also correspond to the high values of the wolf numbers, and
it can be seen that a very important direct relationship was observed, especially in May, when the
correlation coefficient had a very high (1.00) indicator. Therefore, it can be concluded that the indicators
of solar activity had a significant impact on the dust storms that occurred in this area.

Depending on the effective temperature value, a person's sense of heat was determined according to
the following table (table 3).

Table 3 —Feeling of heat in a person due to the value of the effective temperature (°C)

Effective temperature >30 30-24 24-18 18-12 12-6 6-0
Feeling Very hot Hot Warm Norm warm Cool Norm
Impact Strong Normal Suitable Suitable

The effective temperature course on the Missenard of May 2018, when the longest dust storm was
observed at the Aral Sea station, is given (figure 6).
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Figure 6 —Distribution of the Effective temperature course
on the Missenard on the days when the longest dust storm was observed

According to figure 6, in May, when the longest dust storm was observed at the Aral Sea station in
2018, there was no significant change in the course of effective temperatures along the Missenard. In May,
the effective temperature value at the time of the beginning of the dust storm was 27.4 °C, that is, it did
not exceed 30 °C. This temperature is estimated to be a hot temperature according to the degree to which a
person feels heat and is considered normal according to the effects it has.

Depending on the value of the HI index, the hazard category is determined according to the Table
(table 4).

Table 4 —Hazard category depending on the value of the HI index

HI index value Danger category Possible deviations in the upper risk groups
27-32 Noteworthy Presence of weakness in physical activity
32-41 Extreme caution Muscle twitching, heat and sun passing, diseases of blood vessels from heat
41-54 Dangerous Muscle inflammation, sun and heat transition
>54 Especially dangerous Heat or sun pass

The course of the "heatstroke" Index according to Stedmen for May, when the longest dust storm of
2018 was observed at the Aral Sea station (figure 7) is given.
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Figure 7 —The days when the longest dust storm was observed Stedman's "heat heat" indexes gait distribution

Figure 7 shows the course of the Stedmen thermal index for May, when the longest dust storm was
observed in 2018 at the Aral Sea station. On May 26, when the longest dust storm began in 2018, the
maximum indicator of the Stedman "heat" index was 64.1, therefore, according to the degree of danger,
this day is considered the most dangerous and most likely to be observed heat or solar transition in terms
of possible fluctuations in the upper risk groups.

During the consideration of microcirculation cases of dust storms in the South Kazakhstan region for
the period from 2005 to 2022, data from the Wangenheim-Girst indices E, C, W were obtained.

The relationship between the number of observed days during the longest observed dust storms of the
warm season of 2018 in the southern regions of Kazakhstan and the values of the Wangenheim-Girs
meridional (E and C) and zonal (W) indices is shown in the following figure (figure 8).
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Figure 8 —Relationship between the Wangenheim-Girs indices and the number of days of the longest observed dust storm

According to figure 8, when determining the relationship between the Wangenheim-Geers indices for
three forms (E, C, W) and the dust storm gait for the longest observed year (2018), The Shape e gait for
the longest observed dust storm gait is approximately directly propotional, i.e. the gait of both values was
higher in May. The course of form C is also approximately close to the course of the longest observed dust
storm. And the course of form W was the opposite of the course of the longest observed dust storm.

The relationship between the values of the Wangenheim-Girs form E index and the number of days
when dust storms were observed in the southern regions of Kazakhstan in the warm season in 2018 is
shown (figure 9).

According to figure 9, the number of days of the longest observed dust storm in the warm season in
2018 and the course of the e-form of circulation are approximately similar. The similarity is especially
well expressed in April-May, that is, the longest observed dust storm, which lasted 72 hours, coincides
with the March of the May period and the course of the e-Form (13 days).
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Figure 9 —Relationship between Wangenheim-Geers e-form indices and the number of days of the longest observed dust storm

To assess the role of the circulating factor during a more detailed consideration of the above-
mentioned relationship, it is necessary to study the results of 2005-2022. the correlation coefficient
between the number of days when dust storms were observed in the Warm Period and the form E was
calculated (table 5).

Table 5 —The correlation between the number of days in which the dust storm was observed and the form E

Months
Correlated dimensions
3 | o4 | s ] e | 1 | &8 | 9
South Kazakhstan region
» (Form E; number of days) | 006 | 022 | o042 | 023 | 013 | 014 | 004
Aral Sea station

» (Form E; number of days) | o012 [ o040 | o049 | 003 | 003 | 031 | -020

Note. 1) CS is the number of days; 2) for N = 17 samples, the correlation coefficient is 0.45 at a confidence level of
95 % (o.=0.05) [26].

According to Table 5, 2005-2022. in determining the correlation relationship between the number of
days when dust storms were observed in the South Kazakhstan region for the Warm Period and the e-form
indices, the correlation relationship is important when, according to the data given in Lakin's book
"biometrics", the critical value of the correlation coefficient for 17 years is 0.45, that is, the e-form
affected the dust storms that occurred in the general region approximately in May (0.42).

According to the Aral Sea station in 2005-2022. the correlation coefficient between the number of
days of a dust storm and the form E in April and May, the values of which are positive and Direct, was
observed, that is, high values of the indices of the Form e corresponded to high values of the number of
days of a dust storm, especially in May, it can be seen that a very significant relationship was observed,
that is, the correlation coefficient was equal to 0.49.

The relationship between the values of the El Nifio indices during dust storms and the number of days
when dust storms were observed in the southern region of Kazakhstan for the considered years is shown
(figure 10).

As shown in figure 10, for the period 2005-2022 by the region studied. In determining the
relationship between the El Nifio index travel and the number of days in which a dust storm was observed,
The Travels of both values roughly coincide.

Discussion. To assess the role of the microcirculation factor in a more detailed study of the
relationship between the El Nifio Southern Oscillation and the number of days observed in dust storms, the
correlation coefficient between the macroscale atmospheric circulation indices and the number of days
observed in dust storms was calculated for the warm season. The values of El Nifio (SOI) and the number
of days in which dust storms were observed were taken as macroscale circulation indices (table 6).

— 125 ——




Teoepagpus srcone cy pecypcmaput | Ieoepaghus u soonvie pecypewi / Geography and water resources

25 2,5
" 2,0
5 20 1,5
% 15 0 3
8 =
E 0.5 3
10 R
= 0,0 =
[&] —
%D 5 0,5 m
54 -1,0
]
0 -1,5
N O > W N O —~ AN o\ O~ v o O @ —
S S S S S — — — — — — — — — — o o
S S S S S o o o o 9o o o o o o o o
A & & & @ & & &8 & & &8 & & &8 & a8 &
average number of days ~ ====E] Nino index
Figure 10 —The relationship between the El Nifio indices and the number of days the dust storm was observed
Table 6 —2005-2022 correlation relationship between the number of days
when a dust storm was observed for a warm period and the El Nifio (SOI) index
. . Months
Correlated dimensions
3 | 4 ] s ] e | 7 | 8 | o
South Kazakhstan region
» (SOL; number of days) | o1z | o031 [ o042 [ 034 | 017 | 017 | -003
Aral Sea station
» (SOL; number of days) | 025 | o038 | o047 | 034 | o028 | o020 | -013
Note. 1) CS is the average number of days; 2) for N = 17 samples, the correlation coefficient is 0.45 at a confidence level
of 95 % (a = 0.05) [26].

As shown in table 7, for the warm period from 2005 to 2022, the data of the correlation coefficient
between the number of days of dust storms and the El Nifio (SOI) index for the South Kazakhstan region
and the Aral Sea station were calculated. At the stations considered in the southern region of Kazakhstan,
the values of the correlation coefficient between the number of days when dust storms were observed in
May and the El Nifio (SOI) index showed a positive and direct relationship, that is, the high values of the
number of days when dust storms were observed also corresponded to the high values of the El Nifio
(SOI) index, so the correlation coefficient was positive and was equal to 0.42. On the other hand, an
important connection was observed in May at the Aral Sea station, that is, the coefficient correlation was
equal to 0.47.

According to research by A. P. Agarkova (1950-1969) in the study area studied was observed that
dust storms often occur against a temperate and weak background of small areas covering one or more
areas. The nature of its occurrence is determined not only by the state of the paving surface but also
depends on the direction and intensity of atmospheric processes that have developed on the Earth's surface
and altitude [25].

The synoptic state during the longest observed (72 hours) dust storm in the period from May 26 to 29,
2018 was considered, and the analysis of the dust storm (May 27), which struck in those days at the most
intense speed (average -16 M/s, perturbation — 29 M/S) was given according to the following maps: a map
of the Earth's surface and a map of Baric topography ATso GPA (figure 11).

As shown in figure 11, on the Earth map on May 27, several frontal systems passed through the
central and southern regions of Kazakhstan, in connection with which in the Aral Sea and Kyzylorda
regions there was an increase in winds, a high recurrence of dust storms, that is, in this regard, the winds
that increase during convection, which occurs as a result of uneven heating of the Earth's surface in May-
June, and the forced rise of warm air on cold fronts, also cause dust storms in arid regions. On the Baric
topography map of the AT500 altitude of May 27, 2018, the territory of the European territory of Western
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Figure 11 — On May 27, 2018, 12 hours. surface weather map and altitude map at 500 GPA

Europe and Russia, the west of Kazakhstan, coincides with a high ridge with a closed center of the
anticyclone. On the territory of the North Sea, a large-scale cyclone is widespread, which is located above
the island of Svalbard. A deep ravine extends from it, directed to Western Siberia and eastern Kazakhstan.
Between these Baric structures, an intense high frontal zone is formed, which moves medially through the
Scandinavian Peninsula to the regions of western Kazakhstan. The location of such Baric structures is
characteristic of the north-western penetration.

Conclusion. Considering the conditions for the formation of dust storms in the southern region of
Kazakhstan for the period from 2005 to 2022, the following results were summed up:

1. The Longest duration of the dust storm began on May 26, 2018, at 11:00 hours and ended on May
29 at 11:00 hours, that is, the total duration lasted 72 hours. During the initial period of the longest dust
storm, that is, on May 26, the air temperature was higher than 30 °C, and the soil temperature was 45°C,
the maximum value of the average wind speed was 16 m/s, and the wind speed was 29 m/s, and the
visibility distance was reduced to 2 m. The average height of the snow cover is 10 cm, precipitation in
April is 0.4 mm, and in May-absolutely no precipitation.

2. The values of the correlation coefficient between the number of days when dust storms were
observed at the Aral Sea station and the number of wolves, especially in March-August, were very
significant (1.00), especially in May.

3. The effective temperature value according to the Misener indices of May, when the longest dust
storm was observed at the Aral Sea station in 2018, was 27.4 °C at the time of the beginning of the dust
storm. The maximum indicator of the heat index according to Stedman was 64.1, with a high probability
of passing the sun in terms of the degree of danger and possible deviations in the highest risk groups.

4. In the relationship between the Wangenheim-Geers atmospheric circulation indices (E, C, W) and
the course of the dust storm in the longest observed year (2018), the importance of form E was found to be
especially high (r = 0.49) in May.

5. The correlation coefficient between the macro-mass atmospheric circulation Index El Nifio (SOI)
and the index of the number of days in which dust storms were observed showed that a significant
connection was observed in May at the Aral Sea station, that is, the correlation coefficient was equal to
0.47.

6. During the analysis of the synoptic process during a dust storm that struck at the most intense
speed (average —16 m/s, permeability — 29 m/s) as of May 27, 2018, it was found that the formation of a
dust storm was associated with the penetration of cold northwestern air.

Summarizing the studies carried out, it was proved that the high recurrence rate of dust storms in the
south of the country is influenced by meteoparameters. According to the data of the years considered, the

— 27—



Teoepagpus srcone cy pecypcmaput | Ieoepaghus u soonvie pecypewi / Geography and water resources

increase in air and soil temperatures, as well as a decrease in air humidity and a decrease in the amount of
precipitation and the height of snow cover over the past winter months, influenced the repeatability and
duration of dust storms. The results obtained from this research work are somewhat informative when
studying climate change in the southern region of Kazakhstan.
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KJIMMATTBIH 3AMAHAYH O3TEPYI JKAFJARBIHJIA KASAKCTAHHBIH
OHTYCTIK AMMAFBIHIAFBI INAHJIBI JAYBLIIAPABIH KEHICTIKTIK TAPAJTYBI

AHHoTanus. 3aMaHayH KIIMMATTHIH ©3Tepyi JKoHE OJapAbIH canmapbiH Oaramay macenenepi IPCC (2021-2023)
COHFBI Oaramay OasHZaMadapbelHa COHWKeC, XEpAIH OPTYpi alMaKTapbelHAa aWTapibIKTal oJNEyMETTIK >KOHE
SKOHOMUKAJIBIK 3MsIH KENTIpEeTiH, aya palblHbIH KayilTi KyObLIBICTAPBIHBIH apTybl Oaiikanyna. bepiiren makanana
KJIMMATTBIH 3aMaHayHd e3repyiHe OaillaHBICTBI INAHABI JAYBULABIH KaJbIITACy >KaFJaiblHa ocep €TeTiH OpTYpi
KIUMATTHIK (hakTopiap 3eprreini. KazakcTaHHBIH OHTYCTIK OHipiHaeri Apai TeHisi cranmusceiaga 2005-2022 xbui-
Jlap apaybIFbIHAAFRl IIAHJBI JAybUIABIH €H Yy3aK yakeiTKa (72 carar) co3butybl 2018 KbUIABIH Mamblp aibIHAA
TipKeNTeHi aHbIKTanabel. CoNl Ke3Jeri MeTeomapaMeTpiiepIiH MOHACPl, SFHU OHBIH aya paifbl JKaFJaiilapblHa TOyel-
niniri, Kyn 6encenainirinin canaslk kepcerkimrepi (Bonabd cansr), OHOKIMMATTHIK KOPCETKIIITEDP, COHBIMEH KaTap
MaKpOIUPKYJISAIUSUIBIK KaBIIITACy JKaFdaiaapsl KapacThIPBUIABI. Taijay HOTHXKECIHIAE HIAHABl MaybUl €H Kell
OaiikanmraH kyHzaep caHel MeH Bonbd caner (r = 1,00), Banrenreiim-I'upc mupkysimnus ¢hopmanapsl, OHBIH IHTiHIE
E dopmacs (r = 0,49), Dnp-Hunrso uanexcrepi (r = 0,47) apacbiHIa MaHBI3AB KOPPEISIISUTBIK OaiiaHbIc OOJIFaHbI,
COHBIMEH KaTap CHHOINTHKAIBIK Tajlay HOTIDKECIHIE MIaHABl JaybUIABIH Y3aK OalKalIyhl CONTYCTIK-OaTBIC CYBIK
(pOHTHIMEH OailTaHBICTHI OOJFAaHBI AWKBIHIAIIBI.
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MMPOCTPAHCTBEHHOE PACIHPEJIEJIEHHUE IIBIVIBHBIX BYPb B IO)KHOM PET'MOHE
KA3AXCTAHA B YCJIOBUAX COBPEMEHHOI'O U3BMEHEHUS KJIMMATA

Annoranus. COrjacHO MOCIEIHUM OLEeHOYHBIM aokinanamM MIDUK (2021-2023), B pa3nuyHBIX pernoHax
3eMin HabIIIO1AeTCsl POCT ONACHBIX TTOTOIHBIX SIBIICHUH, HAHOCSIIMX 3HAYNTEIbHBIA COLMAIBHBINA 1 SKOHOMHYECKUH
ymep0. M3ydeHsl pa3nuvHble KINMaTHIecKue (PaKTOpPhI, BIUAIONINE HA 00pa3oBaHUE MBUIBHBIX OYpb B CBS3HU C CO-
BPEMEHHBIM M3MEHEHHEM KIMMAaTa. YCTAaHOBJIEHO, YTO Ha CTaHIMHM ApajbCKOTO MOpsS B IOKHOM pernone Kazax-
crana B Mae 2018 roma 3admkcupoBaHa camas mpopoipkuTenbHas (72 9) meutbHas Oyps ¢ 2005 mo 2022 rom.
PaccMoTpeHBl 3HA4YEGHUS] METEONapaMeTpPOB TOTO BPEMEHH, T. €. MX 3aBUCHMOCTh OT IIOTOAHBIX YCIIOBHH,
KOJIMYECTBEHHBIE TIOKA3aTENIM COJTHEYHON aKTUBHOCTH (dmcio Bosbda), OMOoKIMMaTHYECKHe MOKa3aTelu, a TakkKe
YCIOBHSA MAaKPOLMPKYJIALMOHHOTO (OpMUpOBaHUS. AHAIU3 IIOKa3al, YTO CYLIECTBYeT 3HAUUTENIbHAs KOppes-
LMOHHAs CBSI3b MEXIY KOJIMYECTBOM JHEH, B TEUEHHWE KOTOPBIX IbUIbHAs Oypsi HaOiopanach OoJbllie BCEro, u
kosmuecTBoM yucina Bonbda (r = 1,00), popmamu nupkyssuun Banrenreiima-I'upca, Bkitoudast popmy E (r = 0,49),
uHaekcsl Onb-Hunbo (r = 0,47). B pe3ynbraTe CHHONTHYECKOTO aHAJIM3a YCTAaHOBIEHO, YTO IIPOAOCJDKHTEIBHOE
HaOJII0/IeHNe MBUTBHBIX Oypb OBIIIO CBS3aHO C MPOXOXKJICHUEM CEBEPO-3aI1aIHOr0 XO0JI0AHOTO (PPOHTA.

KroueBsie cioBa: nmbuibHast Oypst, unciio Bonbga, OnoximmaTiueckue NoKa3aTeint, TUPKYISus atMochepsl,
K03(h(DULIMEHT KOPPEISILIN, HHIICKCHI.
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TEMIEPATYPHBIN PEXXUM U PECYPCHI TEILIA
B CEBEPO-KA3AXCTAHCKOM OBJIACTH

AnHotanusi. Ha ocHOBe MHOTOJIETHHX METEOPOJIOTMYECKHX JAHHBIX pacCMaTpHBAIOTCS OCOOCHHOCTH TeMIIe-
patypHoOro pexuma u pecypcsl temia B CeBepo-Kazaxcranckoii obmactu. IIpoBeseH mpocTpaHCTBEHHO-BPEMEHHON
aHaJIM3 COJHEYHOM paaualiy, TeMIICpaTypHOrO pPEeXHMMa, KOHTHHEHTAIBHOCTH KIIMMaTa, AAThl HACTYIUICHHS W
MIPOJIOJKUTENBHOCTH CE30HOB T0ja, ONaronpuATHOCTH KIMMaTa JUIl PEKpealny, TEII000ECTIedeHHOCTH BereTa-
IIMOHHOTO TEPHO/Ia, 3aMOPO3KOB U HEOIAronpusITHO XapKuxX IHeH. Ha ocHOBe pecypcoB Teria ONpeaeieHsl Celb-
CKOXO3HCTBEHHBIE KYJIbTYPbI, 00€CHEeUeHHbIE TEIUIOM. [loydeHHbIE pe3yiabTaThl MPEACTABISIOT MPAKTHUECKYIO
LEHHOCTb [UISl OLCHKH KIMMAaTUYEeCKUX PUCKOB, INIAHUPOBAHUSI CEJIbCKOX035HCTBEHHON AEATEIBHOCTH U Pa3pabOTKU
aJlalTalIOHHBIX MEp B YCIOBUSIX M3MeHsromerocs knumara Cesepo-KazaxcraHckoil o0nacTy.

KiroueBble cjI0Ba: TeMIiepaTypa Bo3yxa, TeII000eCeYeHHOCTb, BET€TAlMOHHBIM IIepUO/I, 3aMOPO3KH.

BBenenue. B mocnennue 20-30 ner HabmromaeTcss poCcT WHTEpeca OOIIECTBEHHOCTH K BOMPOCaM
KITUMaTa, 4TO OOYCIOBIIEHO YyYallleHWEM IPUPOJHBIX KAaTaKIM3MOB, CBSI3aHHBIX C TJIOOATBHBIM U
perrnoHaIBLHBIM H3MEHEHUEM KiuMmaTa [7-15].

UzydenreM rino0anbHOTO M3MEHEHUS KIMMaTa, a TakKe IpelocTaBICHHEM Hay4yHOW HH(OpManuu
U pa3pabOTKH KIMMAaTHYECKOH IMOJMTUKUA Ha BCEX YPOBHAX 3aHMMAIOTCS TaKHe OpTaHU3alMH, Kak
Bcemupnas mereoponorudeckas opranmzanus (BMO), [lporpamma passutus Opranuzamnun OO0bemnu-
HeHHslx Hanwmit (ITPOOH), MexnpaBUTenbCTBEHHAs TpyIa 3KCIEPTOB IO HM3MEHEHHIO KiInMaTa
(MI'2UK), pernonansusie BenomctBa (PI'TI «Kasrugpomer»), a Taxke psa OTEUECTBEHHBIX U 3apyOex-
HBIX Y4Y€HBIX-KIuMaToNloroB. Otuértet MI'OUK sBIsAIOTCS KIIOUEBBIM BKIAAOM B MEXIyHapOIHbIE
MIEPErOBOPHI IO BOIIPOCAM KJIMMATA.

BMO ocymiecTBisieT KOOpAWHALNIO KIUMATHYECKUX HCCIICAOBAHUN B MEXIyHAapOJHOM MacIirade,
BKJIIOUasi HM3Y4YCHHE KIMMAaTHUYECKUX KoJeOaHWH, SKCTpeMalbHBIX SBICHHA M WX BO3ACHCTBHE Ha
IesTeIbHOCTh denoBeka. Kpome toro, BMO comeficTByeT pa3paboTKe W MPUMEHEHHIO KIMMaTHICCKUX
YCIIYT KaK BaXKHEUIEro KOMIIOHEHTA TI00ANBHBIX KIIMMATHUECKUX JCHCTBUI.

CormacHo cBogHoMy pnokiany MIDUK u3MeHeHne Kiammara MOKET OBITH OOYCIIOBICHO Kak
€CTeCTBEHHBIMH BHYTPEHHHMH TMpPOIECCAMH U BHEIMHUMH (pakTopamMu (HampuMmep, H3MEHEHUEM
COJTHEYHOW aKTHBHOCTH, BYJIKAaHHYECKOW MEATENBPHOCTHIO), TaK M YyCTONYHMBBIMH aHTPOIOTEHHBIMHU
W3MEHEHUSIMH COCTaBa aTMOC(EPHI, OKEAaHOB M 3€MJICTIOIb30BaHMSL.

AHTpOTIOTEHHOE W3MEHEHHE KIMMara, BbI3BAaHHOE JEATEIbHOCTHIO 4YeJIOBeKa (CKHTaHHe
HCKOIIAEMOI'0 TOIUIMBA, HW3MEHEHHE 3E€MIICNOJIb30BaHUsA, BEJCHHE JKUBOTHOBOJCTBA, NPUMEHEHHUE
yAOOpEHU, yTWUIM3alMs OTXOJO0B, IMPOMBIILJICHHBIE MPOIECCHI), OKa3biBaeT BCE Oosiee 3aMETHOE
BO3/ICHCTBHE Ha KIMMAaTH4ecKkylo cucremy 3emnd. OHO NPUBOAMT K MacIITaOHBIM M OBICTPHIM
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U3MeHeHUsM B atmocdepe, okeaHe, kprochepe u Ouocdepe, crocoOCTBYS YUANICHHIO SKCTPEMAaTbHBIX
MOTOTHBIX SIBJICHUH M COTIPOBOXAAACH 3HAYNTEIHFHBIMU COITUATbHO-9KOHOMUYECKUMH TTOTepsiMHu [ 1].

Cornacuo Illectomy orenounomy aoknanxy MI'DUK aHTpormoreHHOe W3MEHEHHE KIIMMAaTa YikKe C
1950-x TOI0B MIPHUBEJIO K YBEJINYECHUIO YaCTOTHl U MHTEHCHBHOCTH TEIUIOBBIX BOJIH. [IporHo3upyertcs, 4To
MIpH JTadbHEHIIEM TII00aJhbHOM IMOTEIICHHH WX YacTOTa W MHTEHCUBHOCTH OyAyT pacTd, YTO YBEIHYUT
PUCKH U TIPOJOBOJILCTBEHHON O€30MacHOCTH, OCOOEHHO B YSA3BHMBIX pPErrmoHaxXx. MaccoBble MOTEpH
MECTHBIX MOMYJSIHUA pacTeHHH M KMBOTHBIX CBS3BIBAIOTCA C POCTOM CaMBIX XAPKUX TOJIOBBIX TEM-
nepaTryp M y4acTUBIIUMECS TEIUIOBBIMH BOJHaMHU. [lOCHENCTBUS 3THX SIBICHUH TPOSIBIAIOTCS B POCTE
CMEPTHOCTH U 3a00JIeBa€MOCTH, CTETIEHb KOTOPHIX 3aBHCHT OT BO3pAcTa, I0Ja, CTENeHN ypOaHW3auu U
COITMAIBHO-DKOHOMHUYECKUX YCIOBUH [2].

C KaXAbIM [OMOJHUTENbHBIM MOBBILICHHEM TJ00ATBbHON TeMIlepaTyphl (Hampumep, Ha KaKAble
0,5 °C) skcTpemManbHbIe KITUMATHIECKUE SBICHNS YCUIINBAIOTCS: YBEININBACTCSA YaCTOTa, HHTEHCHBHOCTh
U TPOJIOJDKUTENFHOCT TEIUIOBBIX BOJIH. [lociiesiHue, B CBOIO ouepeib, MPOBOLHMPYIOT 3aCyXH JIECHBIC
MoXaphl, 3aJbIMJICHUE, HEXBAaTKy BOJABI W DHEPTHH, a TaKXKe IOTEPU B CEIbCKOM Xxo3siicTBe. bes
JTOTIOJTHUTENBHBIX —aJalTalliOHHBIX Mep OCOOCHHO YS3BUMBIMH OKaXYTCS TPYNIBl HaceleHHs C
OTpaHWYEHHBIMH PECYPCaMH.

Cornacao HoBOoMy nokiany BMO B 2023 roxy Obutn 3aUKCHpOBaHBI PEKOPIHBIE 3HAYEHHS IO
KOHIICHTpAIlMH TIAPHUKOBBIX Ta30B, TEMIIEpaType BO3AyXa y TOBEPXHOCTH, TEIUIOCOJEPKAHUIO U
3aKHCICHUIO OKEaHOB, YPOBHIO MOPS, TUIOIMAAH MOPCKOTO JIbJja B AHTApKTHKE W TEMIIaM OTCTYTUICHUS
nenHukoB. CpenHss riiobaibHas TeMIeparypa npu3eMHoro Bosayxa B 2023 roay na 1,45 °C (0,12 °C)
NpEeBbICUIA JTOMHAYCTPUANbHBIA ypoBeHb, caenaB 2023 ron cambiM TEIIIBIM B HCTOPUU WHCTPY-
MEHTAIBHBIX HaOmoneHuid. [Ipu 3TOM mocnenHee NECATHIIETHE TAaKKe CTajlo caMbiM TEIJIBIM 32 BECh
nepuos HabmoaeHui [3].

[MoMumMoO OTYETOB MEXKIYHAPOAHBIX OpPraHM3AlMi, Ha HAIMOHAJIHHOM U PErHMOHAJIBHOM YPOBHAX
myOJIMKYFOTCS HayYHBIe CTAaThH U UCCIICIOBAHMUS, TIOCBALIEHHBIE TOCIECTBUAM H3MEHEeHH KuMmara. Tax,
B pabore «Bo3nmedicTBMe W3MEHEHHS KIMMaTa Ha Ha3eMHbBIE CHCTEMBl TIOBEPXHOCTH 3EMIIH»
paccMaTpuBaeTcsl BIMSHHE TJIO0ATBHOTO TOTEIICHUSI Ha PacTUTEIHHOCTh, TIOYBBI M BOAHBIE PECYPCHI,
BKITIOYAs CHIDKEHHE TUIOAO0POIHS 1T0YB, YXyAIIIEHHE KauecTBa BOJBI H yTpaTy OnopasHooOpasus [4].

B wuccnenoBanmm «Global warming and forest carbon dynamics uncertainty in the northern
hemispherey» aHanmu3upyercss HEONPENeNEHHOCTh BIMSHHUA W3MEHEHUs kimMmara Ha jeca CeBepHOTro
NOJyIIapus M WX YIJIEepPOAHBIH OanaHc. OTMeyaeTcsi, YTO M3MEHEHHE KIMMaTa MOXET BBI3BATh PE3KOe
COKpaIlleHHe JIECHBIX MAaCCHBOB, CMEIlEHHE TPAHMIl SKOCHUCTEM U CEephE3HBIE HAPYIICHUS B YTIIEPOIHOM
IIUKJIEe, UTPAIOIIEM KITIOYEBYIO POJIb B PETYIMPOBAHNN TTAPHUKOBBIX Ta30B [5].

B cratee «Climate Change and Hydrological Extremes» mokasaHno, kKak W3MEHEHHE KIMMaTa BIHSET
Ha KPYrOBOPOT BOJBI, IPOCTPAHCTBEHHO-BPEMEHHbBIE XapaKTEPUCTHKH HABOJHEHUU W 3aCyX, a TakKe Ha
(hopMHpOBaHUE IKCTPEMATBHBIX THAPOJIOTHYECKUX SBIICHUH B Pa3IMIHBIX MaciTabax [6].

B Kazaxcrane akTHBHBIMU HCCIICIOBAHUSMH KINMATHYSCKHX U3MEHEHHH 3aHUMAIOTCSI CIICIIHATHCTHI
Kasrunpomera, MHcTuTyTa Teorpadum u BogHOH Oe30macHOCTH, a Takke ydu€Hble Kadeapbl MeTeo-
ponorun u rHapojoruu Kazaxckoro HanmMoOHANFHOTO yHHUBepcuTeTa nMeHH anb-Dapabu. Cpemm HEX
Homrux C. A., Uepenuuuenko B. C., Uepenanuenko A. B., CansuukoB B. I'., Ilonskosa C. E., Heican-
baeBa A. C., XKekcenbaepa A. K., Tanmumnora 2. K. u ap. [7-15].

B pabore [14] mpexncraBieHBl pe3yiabTaThbl OLEHKH COBPEMEHHBIX MPOCTPAHCTBEHHO-BPEMEHHBIX
TPEHAOB PKCTPEMANBHBIX TEMITEpaTyp M OCAJIKOB HAa OCHOBE JaHHBIX 42 meTeoctaHuuid 3a 1971-2020 rr.
[Tpu 5TOM HCHONB30BAIUCH CHECHUAIM3UPOBAHHBIC KIIMMAaTHYECKUE WHIEKCHI, peKoMeHoBaHHble BMO,
MPOaHAN3UPOBAHBI HX H3MEHEHUSI.

B cratse [15] onieHeHBI H3MEHEHNST METEOPOJIOTHYECKUX TAPaMETPOB BETETAIIMOHHOTO MTEPHOAA U UX
CBSI3b C YPOKAIHOCTHIO 3epHOBBIX KynbTyp B CeBepHOM Kazaxcrane.

UccnenoBannio BIUSHMUS HM3MEHEHHS KIMMaTa Ha CEJIbCKOE XO3SHCTBO MOCBALICHBI PaOOTHI
baiimonanosa C. C. [16-19]. B pabote [16] mpoBeeHO arpoKIMMaTHIECKOE 30HHPOBAHHE TEPPUTOPUHU
Ceseproro Kazaxcrana. B pabote [17] naHa oreHka ysa3BUMOCTH W aJanTallid K U3MCHCHHIO KIIMMaTa
3epPHONPOU3BOICTBA M MACTOUIIHOTO KUBOTHOBOACTBa Kazaxcrana. B pabote [18] uccnenoBano BiusHue
W3MEHEHHUs KIIMMaTa Ha MacTOWIa W OpollaeMoe 3eMiie/ieNlie Ha [ore CTpaHbl. Takke OBLIH TMOITro-
TOBJICHBI arpOKIMMAaTHYCCKHAE CIPaBOYHWUKHM s 7 oOmacreit Kaszaxcrama, Brmouas Cesepo-Kazax-
CTaHCKYI0 00JacTh [19].
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B Hacrosmiei craThe HamMH OBUI MPOBEACH aHANIM3 TEMIIEPAaTYpPHOTO PEXHMMa M PECypcoB TeIia B
CeBepo-Kazaxcranckoi obmactu. TeMIiepaTypHBI PEeXUM SBISETCS OJHOW W3 BAXKHBIX XapaKTEPUCTHK
KJIMMaTa, ONpeNeIsieT ero OJIaronpusaTHOCTh AJIS PEeKpealu U BEeICHUs CelbCKOro xo3siictea. CooTBeT-
CTBEHHO OBLIM PacCMOTpPEHbI 00ecredeHHOCTh TeppuTopun CeBepo-KazaxcraHckoit 00acTH COMTHEYHOMH
panuanyeii, TeMnepaTypHBI PEXUM, KOHTHHEHTAJbHOCTH KJIMMaTa, CE30HBI T0na, OJaronpHATHOCTD
KJIMMaTa [UIs PEKpealuy, pecypchl TeIula B IEPUO]I BETeTalluH, aTMOC(EpHbIE 3aMOPO3KH U T.1.

Jannble W MeToabl HcciaeqoBaHus. HecMoTps Ha OOIIMpPHBIC HCCIENOBAaHUS TIOOATBHBIX H
PETHOHANBHBIX KIMMATHYeCKUX HM3MEHEHHH, CYLIeCTBYeT MOTpPEOHOCTh B Oojiee NETalbHOM aHajH3e
peruoHanbHbIX 0coOeHHOCTeH TerioBoro pexuma CeBepo-KaszaxcraHckodl obmacTu 3a COBpPEMEHHBIH
nepuoj. B cBs3u ¢ MHTEHCUBHBIM MOTEIUIEHHUEM KIMMaTa HaMH B KaueCTBE COBPEMEHHOTO aKTyaJbHOTO
KIIMMaTHYECKOT0 eproja Ob11o BeIOpaHo nocneanee 20-netnue, 1.€. nepuos ¢ 2003 mo 2024 rogx.

COOTBETCTBEHHO B HACTOSILIECH CTaThe OBUIM HCIIOJIB30BaHbI JAHHBIE METEOPOJOIMYECKHX CTaHLUM
PI'TI «Kasrmnpomer» MuUHHCTEPCTBA SKOJIOTHH U NMPUPOITHBIX pecypcoB Pecryonmuku Kazaxcran (MOIIP
PK) ¢ 2003 o 2024 ron.

Pecypchl Temia ObTH OLlEHEHBI IO aAMUHHCTPAaTHUBHBIM paiioHaMm CeBepo-KazaxcraHckoii obnactu.
Jns sToro mcmosnb3oBaHbl JaHHBIE Mereopojorndeckux craHuuii (MC) u arpomMereoporornvyecKux
noctoB (AMII), umeronux MHOTOJIETHUHN psa HabmogeHuid. Eciu B paitone nmenncsy Heckonpko MC, To
WX JAaHHbIE yCpeaHsuch (Tabnuua 1).

Jns yTouHeHMs JaHHBIX Ha NMpHUrpaHUuYHBIX Teppuropusix Cesepo-Kazaxcranckoil obmactu Obuin
HCITOJIB30BaHBI pe3yIbTaThl HaOmoAeHU npurpanndHbix MC Tpex cocemamx ooOmacredt (Kocramatickas,
AxmonuHckasi, [TaBmogapcekas).

Tabmuma 1 — Meteoponornieckue cTaHuii U arpoMernoctsl CeBepo-Kazaxcranckoit odmactu

Table 1 — Meteorological stations and agrometeorological stations in the North Kazakhstan region

Ne Paiion MC

1 Ke3pumxapckuii AMII Hano6uno, MC IlerponasnoBck
2 MawmntoTckuit AMC MawmmoTka

3 M. KymabaeBa AMC Bynaeso, MC Bo3BrlmieHka

4 AKKauHCKHUH AMC CmupHOBO

5 JKam6buicknit MC Bnarosemenka, AMII IIpecHoBka
6 Ecunbckuit MC fIBnenka, AMII KopueeBka

7 [an axprHA MC CepreeBka

8 AfipipTayckuit MC Caymankomnb

9 TalbIHIIMHCKUT MC Taitpiama, MC YkanoBo

10 | TumupszeBckuit MC TumupsizeBo

11 I''Mycpenosa MC Py3aeBka, AMII HoBoumumckuit
12 | Axxapckuit AMII Tanmsik

13 YanuxaHoBCKHi MC Kuikenekons

Jn1s XapaKTepUCTHKU TETIJIOBOTO PEXXHUMA BHIOPaHbI CIEAYIOLINE TI0KA3aTeNH:
CymMapHas pOTOCHHTETHYECKN aKTHBHAs paguarms, MJ[x/M’.
JlinHa cBETOBOrO IHS M MPOJOKUTENBHOCTD COTHEYHOTO CHAHNSA, Y.
Cpennsis Mecs/aHas M TOJ0Bas TeMIieparypa Bosayxa, °C.
MNupexc KOHTUHEHTAIBLHOCTHU KinMata 1o JI. ['opuuHcKkoMy.
Jatsl ycTounBOro nepexoja TeMneparypsl Bozayxa uepes 0; 5; 10 u 15°C.
PaagnanoHHO-3KBHBaIeHTHO-3(h(DEKTUBHASL TEMIIEpATypa BO3AyXa.
HNunexc cypoBoCTH 3UMBI 110 MeTOy boamana.
[TpoIomKUTENBHOCTD TIEPHO/IA CO CPEAHEH CYTOUHO# TeMmepaTypoii Bo3ayxa Bbimre 5; 10 u 15 °C.
CyMMa cpeIHHX CYTOUHBIX TeMIlepaTyp Bo3ayxa Boiie 5; 10 u 15 °C.
10. KosunuecTBo AHEH ¢ MaKCMMAIILHOM TeMIepaTypoii Bo3ayxa Bie 32 °C.
11. [laTel mocneqHUX BECEHHUX U MEPBBIX OCEHHUX 3aMOPO3KOB, ITPOJODKUTENBHOCTh O€33aMOpo3-
KOT'0 TIepro/ia B BO3yXe.

XN R~
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Pecypchl comHedHOW pamuany TPUMEHUTENFHO K PACTEHHIO OICHHBAIOTCS (HDOTOCHHTETUYECKH
aktuBHOU paamanueit (PAP), ITuHOM CBETOBOTO JHS M MPOAOKUTEIEHOCTHIO COTHEYHOTO CHSTHUS.

Hnst pacuera ®AP Obio ucmons3oBano ypaBHenue, npeanoxenHoe b. W. 'ymseseiM, X. I'. Too-
munrom u H. A. Edumosoii [20]:

YQo=0,43YS" +0,57 3D, (1)

rme YQo — cymMmapHas (OTOCHHTETHUECKH aKTHBHAs pammauus, MJDx/mM>; Y'S' — cymma mpsiMoii
paIMalyl Ha TOPH3OHTANBHYIO MOBEPXHOCTh 3a ONPENENEHHBIH IIPOMEKYTOK BpeMeHH, MJDx/M’;
3D — cyMMa paccesiHHOM pajiMalluy 3a TOT XKe IPOMEKYTOK BpeMeHH, M /M.

Taxoke ObIIH OTIpeieNieHb! ITHHA CBETOBOTO JHSI U MPOJOIKUTEIBHOCTE COIHEYHOTO CHSIHUSI.

JUI1 OLIEHKH KOHTHHEHTAJIBHOCTH KJIMMAara HCIIOJIb30BaH MHIACKC KOHTHHEHTAJIBHOCTH KIIMMAaTa IO
JI. Topunnckomy (k) [21]:

k= ——"-204, 2

rae A — roioBas aMILTUTY/a TEMIIEpaTyphl BO3yXa; (¢ — reorpaduyeckas mupoTa.

KoHTHHEHTaIbHOCTh KIIMMATa OLEHUBAETCS IO KPUTECPHUSIM:

— 20 1 MeHee — MATKUM MOPCKOM KJIUMaT;

— 20,1-30 — ymepeHHBIN MOPCKOH KJIUMAT;

— 30,1-50 — ymepeHHBIN KOHTUHEHTAJIbHBIN KIMMAT;

— 50,1-70 — KOHTUHEHTAILHBIN KJINMAT;

— 70,1-90 — pe3k0 KOHTMHEHTAIbHBIN KJIUMAT;

— 90 u Gomnee — CHIIPHO KOHTHHEHTAIBHBIN KITMMAT.

VCToiunBEIi TIepexo1 CpeTHECYTOUHOM TeMIepaTypsl Bo3ayxa Boiie 0°C CYMTAIOT KIMMATHYCCKUM
HACTyIUIeHHeM BecHBI, Bbiie 15°C — HactymieHueM sieta. COOTBETCTBEHHO 3TH IaThl ObLIH HCMOJIB30-
BaHBI ISl ONpeJelIeH!s] KIMMaTUYeCKHX CE30HOB Tojaa (BecHa, JIeTOo, OCeHb, 3uMa). [l ompeneneHus
JIAThI IIEpexo/1a TeMIepaTypbl ObUT UCTIOIF30BaH IpaQUUECKHid METOI.

brnaronpusTHOCTE KNMMaTa Ui 4eJIOBEeKa OIEHMBAJach B TEIUIBIA MEpPHOJ roja Mo pajgHalllOHHO-
SKBHUBaJICHTHO-3(ppexTuBHOMN Temmeparype (POIT), a B X0I0qHBIH TIeproI ToAa — IO UHAEKCY CYPOBOCTH
3umbl boamana (S).

POOT yunTeiBaeT TeMreparypy BO3[IyXa, OTHOCHTEIBHYIO BIaKHOCTb BO3AyXa, CKOPOCTb BETpa H
COITHEYHYIO paJHalld,. MOSTOMY SIBIISIETCS CaMbiM WH(GOPMATHBHBIM HHICKCOM ISl TEIUIOT0 BPEMEHHU
rona. POOT paccuutsiBaetcs mo dhopmyde [22, 23]:

POOT = 1251g[1 + 0,02t + 0,001(t — 8)(f — 60) — 0,45(33 — t)Vv + 185Bn], 3)

rae T — temmieparypa Bo3ayxa, ‘C; f — oTHOCHTEIbHAS BIAXKHOCTh BO3IyXa, %; V — CKOPOCTh BETPa, M/C;
Bn — nornoiiieHHas TOBEPXHOCTBIO COTHEYHAs! paauanus, kB1/M%.

[Ipu oTCyTCTBUM JaHHBIX MO COMHEYHOH paauanuu POIT mMoxer OBbITh paccunTaHa HA OCHOBE
SKBUBAICHTHO-3(eKTHBHOM TeMiiepaTypsl (D9T):

POOT = 0,83 90T + 12 °C. 4)

Jlst orteHkH TeroonTymeHus Mo PO T ncmoib3yroTes CIIeayIoIe KPUTSPUH:
— Beime 32°C — xapkuit guckoMmdopt (CKIK);
— 27-32°C — remunsrit cyoxompopt (TCK);
— 21-27°C — remnsiit komdopt (TK);
— 17-21° C — xomonusrtit cyorkompopt (XCK);
Hmwke 17°C — xonomnsrit quckomdopt (XK).
33T HaxoauTcs 1o Gopmyiie [24]:
37—t
0,68—0,0014f+

90T =37 —

——0,29t(1 — 100 5)

1,76+1,4v0,75

rae f — OTHOCHTENbHAs BIAKHOCTH BO3/yXa, %; t — TeMreparypa Bo3ayxa, ‘C; v — CKOpOCTb BETpa, M/C.
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00T xapakrepusyeT TEIUIOOIIYIIeHHEe OJETOro 4YeinoBeka B TeHH. KoMQOPTHBIMH SBISIOTCS
Temneparypa Bo3ayxa 22,0-23,0°C, oTHOcUTENbHAS BIQKHOCTh 56% M wWTHIb, 9To Osin3ko k 18°C DOT.
Opnako 20T xopomio MOAXOAWT AJS AWamna3oHa TeIUla, YAOBJIETBOPUTENBHO — IS JUAra3oHa OX-
JaXAEHUs, a Ul JUala3oHa X0JIoa €ro MOXKHO paccMaTpuBaTh B KaueCTBE IPEATNOJIOKUTEIBHOIO
KpUTEpUS, TO3TOMY PEKOMEHAyeTCs UcIob30BaTh POOT.

B xosmonmHbIfi mepuon roja Ui OLEHKHM OJaronpUATHOCTH KMMaTa JIydlle HOAXOTUT HHIEKC
cypoBocTH 3uMbI 0 bonMany (S).

Wnnexc cypoBoctr 3uMbl o bonmany (S) paccunteiBaeTcs 1o ¢popmyne [25, 26]:

S =(1-0,04t) (1 +0,27v), (6)

rae S — uHIeKC cypoBocTH (0asibl); t — Temmeparypa Bo3ayxa, ‘C; v — CKOpocTh BETpa, M/C.

1 oTIeHKH CypOBOCTH 3UMBI IPUMEHSIOTCS CIIEAYIOIINE KPUTEPUH:

— S<1-—wmarkas (M);

— S =1-2 —wmano cyposas (MC);

— S =2-3 — ymepenno cyposas (YC);

— S =3-4—cyponas (C);

— S =4-5 - ouens cyponas (OC);

— S =15-6 —xectko cyposas (KC);

— S > 6 — xpaitne cyposas (KC).

PocT u pasButHe pacTeHMii, B TOM YHCIIE€ CEIbCKOXO3SHCTBEHHBIX KYJIbTYp, HAUYMHAIOTCA OT JAATHI
YCTOMYMBOTO Mepexoa CyTOUHON TeMIepaTyphl BO3/4yXa BbIIIE YPOBHS €€ OMOIOrHYecKOil MUHUMAaIbHOMI
TeMreparypsl. JlJasS paHHHX SPOBBIX CEIbCKOXO3SHCTBEHHBIX KYJIBTyp OWOIIOTHYECKas MUHUMAalbHAs
TeMriepaTypa paBHa 5°C, sl MO3MHUX SIPOBBIX KyibTyp — 10°C, a misg TemnomoOuBeIX KyiasTyp — 15°C.
Hanpumep, Ouosiornyeckas MUHUMalIbHAs TeMIlepaTypa BO3ayxa, HeoOxomumas uisi (OpMUPOBAHUS
BEreTaTUBHBIX OpraHoB, paBHa Juis mmeHunsl 5°C, s npoca — 10°C, misg puca — 15°C [20, 27]. Coot-
BETCTBEHHO IS XapaKTEPUCTUKH TEII000eCIeYeHHOCTH BETeTallMOHHOTO TIepro/ia OBIITH MCIIONB30BaHBI:
JIaThl YCTOMYMBOTO Iepexojia TeMreparypbl Bo3ayxa depe3 5; 10 u 15°C; nmpoaomKuTensHOCTh eproia
CO CpemHel CyTO4YHOW TeMmmeparypoit Bosmyxa Bbime 5; 10 m 15°C; CymMma CpegHHX CyTOYHBIX
TeMIiepaTyp Bo3ayxa Beime 5; 10 u 15°C.

B nernee Bpemsi oueHb BBICOKas TeMIlepaTypa BO3AyXa B JHEBHBIE 4Yachl NEperpeBaeT pacTeHHE U
MOJaBIsieT KU3HEHHbIE Ipouecchl. Takylo TemmepaTypy OOBIMHO Ha3bIBalOT OayutacTHOM. B cpemHem
OayTacTHOM TemIiepatypoi Bo3ayxa, T.e. KOT/Ia BBICOKAs TeMIepaTypa MoaBisaeT )KH3HEHHbIE TPOIIeCChl
pacTeHni, MOXHO CUHTATh JJISI CENbCKOXO3SIMCTBEHHBIX KYJBTYp YMEPEHHOTO Teruia (SpOBBIE 3epHOBHIE
KyJbTypbl) — BbIme 32°C, st TemIomo0HBbIX KyIbTYp (KyKypy3a, puc, xiaomuatHuk) — Beime 37 °C [27].

J1a co3maHus arpoKIMMaTHYECKUX KapT MCIIONIb30Bajochk MporpaMmHoe obecriedenne ArcGIS 10.7.

Pe3yabTaTthl ucciaenoBanusi. Ooecneuennocms conneunoni paouauueii. B Cerepo-Kazaxcranckoid
obmactu Ha MC [leTponaBioBcK U3MEPSAETCS TONBKO MPOJODKUTENBHOCTh COMHEYHOTO cusiHus. [loatomy
IS XapaKTepUCTUKU COJTHEYHOTO M3JIy4eHHs] Ha ceBepe 00JacTh ObUIM MCIOJIb30BaHBI KIMMAaTHUECKUE
nmaaabple MC Owmck (Poccust), pacnonoxennoit Ha onnHakoBoi mmpore ¢ MC [lerponasnosck [28]. Jns
XapaKTEePUCTUKN COJIHEYHOT'O M3JIy4eHHs Ha fore oOmactu mpumensuuch naHaele MC Pynueiii (Koc-
TaHalckas 00JacTh), pacnoioxenHol Ha mupoTe MC PyzaeBka [29].

logoBas cymma cymmapHo# comHeuHou pamwanuu (3 Q) mo tepputopuu CeBepo-KazaxcraHckoit
obmact komebaercst ot 5900 mo 6100 MJIx/M* mpu siciom HeGe u ot 4100 mo 4600 MJLx/M* mpn
CpeIHUX YCIOBUAX 00iauHOCTH. MecsuHbIe CYMMBI CYMMapHOH pafualiiy Ipy sICHOM HeOe M3MEHSIOTCS
ot 92—-121 M,Z[)I(/M2 B nekabpe 1o 913 M,Z[)K/M2 B wroHe (Tabmuna 2). PasHunia cymmapHOW paguanuu ore
1 Ha ceBepe 00JacT yMEHBIIAeTCs K JIETY B BO3PACcTaeT K 3UMe.

IIo MecsuHBIM CymMMaM MNpsSMOH M pACCESHHOM CONHEYHOM pagualuyd Ha TOPU30HTAIbHYIO
MOBEPXHOCTh OBLTU PACCUUTAHBI MECSIYHBIC CyMMbI ()OTOCHHTETHYECKH aKTUBHOU pamuanuu (DAP) mpu
acHoM HeOe (2 Qww) U CperHHX YCIoBHAX 001a4HOCTH (D Qo). CpeHHE MHOTOJETHHE MECSYHBIE
cymmbel AP nipu cpemHeit 001a9HOCTH B BETETAITMOHHBINA MTEPHOJ (C Mas MO aBTYCT) COCTABISIOT 248—
321 M]JIx/(m*Mec) Ha ceBepe obnacti, 274329 MJ[x/(M>Mec) Ha tore. MakcumansHoe 3HaueHne GAP
HabOmonaercs B uroHe. ®AP mipu sicHoM HeOe B MIOHE OCTHTaeT Ha ceBepe obnactu 416 MI[)K/(MZ‘MGC),
Ha rore — 418 MJ[x/(m**Mmec) (tabiuma 3).
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Ta6nuua 2 — MecsiyHas 4 TOZI0Basi CyMMa CyMMapHO# pafuaunu npu siciom ueode (Y Qs)
U TIPH CPEIHUX YCIOBHUIX obmagHocTH (D Qco), M/x/m? [28, 29]

Table 2 — Monthly and annual total radiation under clear skies (3 Qs)
and under average cloud conditions (YQc), MJ/m? [28, 29]

Moxasarenn | 1 | [ m | v [ v | wvi|vo]vm| x| x| x| x| ro
Cesep obmactu (MC Omck)

Y Qs 124 | 230 | 466 | 646 | 856 | 912 | 885 | 725 | 496 | 321 | 172 | 92 | 5925

YQco 90 | 175 | 346 | 473 | 611 | 657 | 633 | 498 | 328 | 177 | 91 | 69 | 4148
IOr ob6nactu (MC Py nubrit)

Qs 150 | 256 | 476 | 663 | 852 | 913 | 885 | 734 | 532 | 357 | 185 | 121 | 6123

YQco 118 | 214 | 396 | 513 | 663 | 675 | 666 | 563 | 385 | 222 | 120 | 88 | 4623

Tabnuma 3 — CpexHeMHOTOJIETHHE MeCTYHBIE CyMMBI DAP, MIx/(M*mec) [19]

Table 3 — Average annual monthly amounts of FAR, MJ/(mz-month) [19]

Hoxasatenn | v VI vi | vm | X
Cesep obnactu
2 Qaa) 392 416 406 331 228
2 Qu(co) 301 321 310 248 164
IOr oGnactu
2 Qo) 392 418 407 338 245
2 Qaco) 322 329 325 274 189

[Ipu oreHke BO3IEHCTBHS CONHEYHON DHEPTUM HAa PACTEHHUS TaK)K€ YUHUTHIBAIOTCA JJIMHA CBETOBOTO
JHS ¥ IPOJOJKUTENBHOCTh cotHeuHoro custHusi. CeBepo-Kazaxcranckas o061acTe HaXOIUTCA B TIpeenax
52,2-55,4° ceBepHO# MMPOTHL. B BereranmoHHbIi mepuo (Maii—aBrycr) JUIMHA CBETOBOTO JHA Ha CEBEpE
Ceepo-Kazaxcranckoit oomactu coctasisieT 15—17 4, a Ha 1ore — 14—16 g (Tabmuma 4). CoOTBETCTBEHHO
TEPPUTOPHS 00IACTH MOIXOAUT IS POCTA M PA3BUTHUS PACTEHHUH JITUHHOTO JTHS.

X
Tabmuia 4 — JImvHa CBETOBOTO JIHSA, 4

Table 4 — Length of daylight hours, h”

HTupoTta 01.V 15.v 01.VI 15.VI 01.VII 15.vIl 01.VIII 15.VII
55° 15:12 16:06 16:57 17:20 17:17 16:51 15:57 15:02
52° 14:51 15:39 16:23 16:42 16:40 16:17 15:31 14:43

"Uer.: http://planetcalc.com/300/

J1a XapaKTepUCTHKH TPOJOIDKUTEIFHOCTH COHEYHOTO cUsHUs Ha ceBepe CeBepo-KazaxcraHckoii
obmactu ucnons3oBanbl jgaHHbele MC IlerpomaBioBck, a Ha rore — MC Koxkmetay (AKMOIHMHCKAS
00J1aCTh), paCIIOJIOKEHHOM OJIM3KO K rpaHuIle 00JIACTH U cOOTBeTCTBYIomIe no mupore MC Caymankoib.
CpeHEeMHOTONIETHSIS POIOIKUTEIHHOCTh COTHEYHOTO CHSIHHS MO 00JIaCTH BO3pacTaeT ¢ ceBepa Ha 10T OT
2070 mo 2290 4 B roj, 4TO COOTBETCTBYET B cpenHeMm 6,5—7,1 4 conHeYHOro cusiHuSA B CyTKU. B Bere-
TallMOHHBINA TIEPHOJ] (Mai-aBryCT) B CPEIHEM 3a MECSIl CONHIle cuseT B TeueHue 7,4—10,1 gacoB B cyTkH
Ha ceBepe, 8,5-10,6 u B cyTku Ha tore obmactu. [Ipu 3ToM B cpenHeM 3a Mmecan 1-2 aHs ObiBaeT 6e3
coutHIa (Tabmurma 5).

Takum o0Opa3zom, B CeBepo-KazaxcraHckoli 007acTH pecypchl COJHEUHOM pajualliil SIBJISIOTCS
JOCTaTOYHBIMH Il OOeCleueHHsI ONTUMAaJIbHBIX YCJIOBHH >KU3HEACATEIFHOCTH CEbCKOXO03IUCTBEHHBIX
KyJbpTyp. bmaromaps mpomoIDKUTENBHOW IJIMTEIHHOCTH CBETOBOTO IIHS WM 3HAYHUTENBHON IMPOIOIIKU-
TETHHOCTH COJTHEYHOTO CHSIHHS PETHOH OCOOCHHO OJIarONpHATEH JUTS BBIPAIIMBAHUS PACTCHHUN IITTHHOTO
JTHSL.
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Tabmuma 5 — [IpoAomKUTETFHOCTD COTHEYHOTO CUsiHUA (110 renuorpady), 4

Table 5 — Duration of sunshine (according to the heliograph), h

Toxasatenu | v | vt | voi | vm
Cegep obnactu (MC IlerponaBioBck)
CyMMapHO€ COJTHEYHOE CHSHUE, 4ac 279 294 283 220
CoHeYHOE CHUSIHHE 3a JI€Hb, Yac 9,5 10,1 9,3 7,4
Uwco nHeli 06e3 CONHIA, CYyTKH 2 0,8 0,8 1

IOr o6nactu (MC Kokieray)

CyMMapHO€ COJTHEYHOE CHSHUE, 4ac 294 313 310 256
CoHeYHOE CHUSIHHE 3a JI€Hb, Yac 9,9 10,6 10,3 8,5
Umcno qHelt 6e3 CoNHIa, CyTKH 1 0,5 0,9 1

Ananuz pexcuma memnepamypuvt 6030yxa. J{ns wsydeHus TemmeparypHoro pexuma CeBepo-
Kazaxcranckoil obmacTi ObUT TpOBEAEH aHaiu3 cpenHux MHoronetHux (2003-2024 rr.) MecsdHBIX U
TOJIOBBIX TeMIeparyp Bo3nyxa. [loidydyeHHbIe JaHHBIE peACTaBIeHbl B TabIHIeE 0.

Tabmuna 6 — CpenHsis MECSYHAs M TOJ0Bas TeMIepaTypa Bozayxa (2003-2024 rr.), °C

Table 6 — Average monthly and annual air temperature (2003-2024), °C

MC/AMIT I i m || v VI | VI | VIl | IX | X | XI | XII | Ton
Haso6uHo 16,6 | <152 | -65 | 47 | 129 | 17,9 | 19,5 | 17,0 | 10,7 | 3.4 | -52 | -13,0 | 2,5
MammoTka 16,9 | -149 | -63 | 48 | 133 | 180 | 193 | 17,7 | 11,1 | 3,9 | -58 | -129 | 26
Terponasnosek | -17,0 | -151 | -6,7 | 5,0 | 13,6 | 183 | 20,0 | 17,9 | 11,4 | 42 | -52 | -12,7 | 2.8
Byunaeso 173 | -146 | -65 | 50 | 13,1 | 181 | 196 | 174 | 11,0 | 40 | -54 | -132 | 26
TpecHoBKa 17,0 | 155 | <75 | 49 | 13,0 | 183 | 196 | 17,7 | 109 | 33 | -55 | -13,0 | 2.4
CMUpHOBO 173 | 152 | -68 | 49 | 133 | 17,9 | 194 | 17,7 | 11,0 | 3,7 | -57 | -13,1 | 2,5
Bo3BbllIEHKA 17,7 | 159 | <75 | 49 | 13,1 | 182 | 197 | 17,7 | 112 | 3,6 | 6,0 | -133 | 24
Brarosermenka 17,0 | 152 <70 | 48 | 133 | 18,1 | 197 | 182 | 11,7 | 41 | -52 | -12,7 | 2.7
SlBeHka 16,8 | -150 | -6,4 | 50 | 13,7 | 184 | 19,7 | 180 | 11,6 | 42 | -5.1 | -122 | 3,0
KopHeeBka 16,9 | -154 | -7,0 | 49 | 13,1 | 185 | 197 | 17,7 | 108 | 3,3 | -57 | -12.8 | 2.5
Taiibinma 162 | -145 | -59 | 55 | 138 | 187 | 20,1 | 184 | 11,9 | 45 | -51 | -12,1 | 3.3
Cepreeska 168 | 151 | -6,7 | 52 | 140 | 186 | 197 | 182 | 11,9 | 4,1 | -53 | -123 | 3,0
TUMHps3€BO 163 | -151 | -7,1 | 53 | 13,9 | 184 | 20,1 | 188 | 12,6 | 42 | -52 | -123 | 3,1
Tamsix 17,9 | -165 | <75 | 55 | 13,6 | 19,5 | 20,6 | 182 | 10,7 | 32 | -53 | -134 | 26
KHLKeHeKOIb 17,7 | -159 | -7.6 | 5.6 | 13,6 | 19,1 | 20,5 | 18,5 | 11,8 | 40 | 58 | -13,5 | 27
Ykanoso 153 | 141 | -55 | 57 | 13,9 | 189 | 20,1 | 184 | 11,9 | 45 | -52 | -105 | 3,6
Caymakoib 156 | 141 | -62 | 51 | 133 | 17,7 | 190 | 17,5 | 11,2 | 3,6 | -55 | -123 | 28
Hosoummmckoe | -16,5 | -154 | -7,0 | 53 | 13.8 | 185 | 19,7 | 183 | 11,6 | 3.6 | -53 | -122 | 2.8
Pysaeska 162 | -150 | -69 | 55 | 14,1 | 18,7 | 200 | 185 | 11,9 | 41 | -5.1 | -12,6 | 3,1

[IpocTpaHcTBEHHOE pacmpeseieHHe CpeaHEed TOM0BOM TeMmmepaTypbl BO3lyXa B 00JacTH HOCUT
30HANBHBIN XapakTep, yBEIMYUBAsiACh C ceBepa Ha for. CpemHss ToJ0Bas TeMIlepaTypa BO3/AyXa BapbH-
pyercs ot 2,4 °C na MC Bosssienka 10 3,6 °C nHa MC UkanoBo. MecsuHble KoJae0aHUs TEMIEPATyphl
BO3/lyXa 3HAYUTEIHHO BBIPAKEHBI: MaKCUMAaJbHBIC CPCAHEMECSYHBIC 3HAYCHMS HAOJIOAAIOTCS B HIOJIC
(19,0-20,6 °C), a MmurumanbHble — B stHBape (0T —15,3 10 —17,9 °C). DTO CBUAETENBCTBYET O XapaKTEPHOM
st CepepHoro Kazaxcrana KOHTHHEHTAIBHOM KIIMMATe C TETUTBIM JIETOM M XOJIOJHOW 3UMOM.

st BEISIBIICHUST TEHICHIIMM W3MCHCHHS TEMIIEpPaTyphl BO3AyXa OBLIM CpPaBHEHBI CPETHHUE MHOTO-
JIETHUE MECAYHBIC TEMIIEpaTyphbl BO3MyXa 3a JBa IMOCJIECIOBAaTEIbHBIX KIMMAaTUYECKUX mepuona: 1971-
2000 u 2003-2024 rr. Jannpie 32 1971-2000 rT. OBLTM B3ATHI U3 KIUMaTH4deckoro cnpaBounuka PI'TI
«Kasrugpomer» MOIIIP PK [30].
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Tabnuua 7 — CpenHsis MecsYHasi U rOJl0Basi TEMIEpaTypa Bo3LyXxa
no Cesepo-Kasaxcranckoit o0nacTu 3a aBa knmumaTnaeckux nepuona 2003-2024 n 1971-2000 rr., °C

Table 7 — Average monthly and annual air temperature
in the North Kazakhstan region for two climatic periods: 2003—2024 and 1971-2000, °C

Tepuox I i m | v | v VI | VII | VIl | IX | X | XI | XII | Tox
2003-2024 16,7 | <150 | -6,7 | 53 | 13,6 | 184 | 198 | 181 | 11,7 | 41 | -53 | -125 | 2.9
1971-2000 163 | -157 | 90 | 42 | 125 | 186 | 200 | 169 | 109 | 3,0 | -77 | -13.1 | 20
Pasuuua 0,4 07 |23 | 1,1 | 1,1 | 02|02 13 ] 08 | 1,1 |23 ]| 06 0,9

B Tabnune 7 npuBeneHsl ocpenHeHHble Mo 12 MC cpenHue 00JaCTHBIC 3HAYCHHSI MECSYHBIX U
TOJIOBOM TEMIIEpaTypbl BO3[AyXa 3a pasHble KiIuMmaruueckue nepuoisl. CoBpemeHHbINH knuMat (2003-
2024 rr.) cran temiee, yeM npouutsiii kinumat (1971-2000 rr.) B cpeanem 3a rox Ha 0,9 °C. Oxnako
xonoaHee crano B suBape Ha 0,4 °C, a taxke B uroHe u urojie Ha 0,2 °C. OcrajabHble MECSIBI CTAH
Tersiee, 0COOEHHO BECEHHHE M OCeHHHE. MapT U HOs0pb crtamu Termiee Ha 2,3 °C. DTo mokasbIBaeT
WHTEHCHUBHBIN XapaKTep MOTEIJICHHs KIIuMaTa.

Konmunenmansnocms knumama. 1'ofoBas aMIuIUTyJa TEMIEpaTypsl BO3AyXa MO TEPPUTOPHU
Cesepo-Kazaxcranckoi obnactu konedaercs ot 34 no 38°C, a HHIEKC KOHTHHEHTAILHOCTH KJIMMAara 1o
JI. Topuunckomy (k) cocraBnsier 53-60. COOTBETCTBEHHO KIMMAT 00J1aCTH SBJISETCS KOHTUHEHTAIBHBIM.,
B o6nacti HamMeHbIIas KOHTHHEHTAIBHOCTh KJIIMMaTa HaOmrofaeTcs B AibiprayckoM paiione (k = 53),
HauOonpiae — B YanuxaHoBckoM paiione (k = 60).

Knaumamuueckue ce3onsl 200a. B ocHOBE cpenHell MHOTOJIETHEN JEKaJHOM TeMIepaTypbl Bo3lyXa
o TpauIecKoMy METOAY OBUIH OIpEeeNeHbl JaThl YCTOMYMBOTO TIepeXxoia TeMIIepaTyphl BO3AyXa depe3
0 u 15 °C. Jlanee Ha WX OCHOBE ONpEAENIEHBI KIMMaTHUecKue ce30Hbl roga. B CeBepo-Kasaxcranckoii
o0nacTi KJIMMaTHYeCKas BECHAa HauyumHaeTcs 2—4 ampens W Mpojoiukaercs okoio 50 CyTok, JeTo Ha-
crynaet 18-25 mast u qnurcs B TeueHue 95 cyt Ha ceBepe, 109 cyT Ha rore. Jlanee B KOHIIE aBrycTa-Havale
CEHTAOPSI HAYMHACTCS OCEHBb C TMPOIOIDKUTEILHOCTRIO 55-59 cyT. 31ech 3uMa HaumHAETCs 25-29 OKTAOps
1 ObIBaCT OYCHb MPOIOJIKHUTEIbHOMN, mmutcs 155-160 cyr. Takum obpazom, B CeBepo-KaszaxcraHCkoi
00JacTH MPOJIOKUTEIBHOCTh 3UMBI COCTaBJsIET Ooyiee 5 MecsieB (HOAOpb—MapT), a JIETO JJIUTCS 9yTh
Oombire 3 MecsneB. [IpogomKUTENEHOCTh BECHBI COCTaBIsAET OKo0 1 Mecsima u 10 qHei, a oceHu — 9y Th
MEHBIIIE 2 MECAIIEB.

Ouenka onazonpuamnocmu kaumama 0aa pekpeayuu. braronpuaTHOCTh KJIMMaTa A YelIOBEKa
OIIEHMBaJach B TEIUIBIA MEpPHOJ Toja 1O pPaTuallMOHHO-3KBUBAICHTHO-3()()EKTUBHOW TeMIepaType
(PO3T), a B X0IOIHBIH ITEPHOT TOJA — IO HHACKCY CYpOBOCTH 3UMBI 110 boamany (S).

Pacuersr nokasanu, uro B CeBepo-KazaxcraHckoil obiacTi KiauMarT B 3UMHHE MecsIbl (aexadpb-
(heBpaih) XapaKTepu3yeTcs KaK «CYPOBBI» M «yMEPEHHO CypOBBIN», B MapTe H HOSIOpE — KaK «YMEPEHHO
CypOBHIi». B ocTanbHBIC BECCHHIE W OCCHHUE MECAIBI (ampeib, Mai, CeHTIOPh, OKTAOPh) KIIMMaT Xapak-
TEpU3yeTCs B OCHOBHOM KaK «XOJIONHBIH JHCKOMQOpT». KiuMar B JIeTHHE MECSIIBI XapaKTepu3yeTcs: Kak
«remnbli kompopt». Takum obOpaszom, kaumar CeBepo-KazaxcraHckoll oOnmacTu Jiisi peKpeamuu ore-
HUBAEeTCsI KaK YMEPEHHO OJarompHsATHBIN, T.e. JeTo OJarompusTHOE, BECHa W OCEHb YMEpeHHO Oua-
TOTIPHUSITHBIE, 3WMa yMepeHHo HebOnarompusaTHas. Hawmydmme ycnmoBus KiuMmara sl peKpeanun
HaOmronaercs B AWBIpTaycKoM paiioHe (Tabmuna 8).

AHanu3 mennoodecneueHHOCIU 8e2eMAYUOHHO20 Nepuoda. PoCT U pa3BUTHE PaCTeHUH, BKITFOYAs
CEeJIbCKOXO3SIMCTBEHHBIE KYJNBTYphl, HAUYWHAETCS C JaThl yCTOMYHMBOTO II€pexoja CpeaHEeCyTOYHOMH
TEMIEpPaTyphl BO3[yXa BBIIIE YPOBHS €€ OHMOIOrMYECKOr0 MUHUMYMA.

B tabnuie 9 nmpuBeneHbl CpeIHUE MHOTOJICTHUE IaThl YCTOHYHMBOTO TIEpEX0/a TeMIepaTyphl BO3yxXa
yepes 5; 10 u 15 °C ¥ npoJo/DKMTENBHOCTH IEPHOIA ¢ TAKUMHU TEMIIEPATYPAMHU 110 aJAMHHUCTPATHBHBIM
paiioHam o0OacTu.

B Cesepo-Kazaxcranckoit 061acTu TeMnepaTtypa Bo3ayXa yCTOWYHBO mepexoaut yepes 5°C BecHoi
13—-14 ampens, a obpatHo oceHbto — 10—13 OKTAOps, W MPOMOIDKUTETHFHOCTh BCETO BETETAllHOHHOTO
nepuoja coctasisier 180—183 cyT.

Temmeparypa Bo3myxa mepexoaut depe3 10°C Becuoii 29 ampenst — 2 masi, a 00paTHO OCEHBIO —
19-22 cents0ps. COOTBETCTBEHHO MPOJOJDKUTEIFHOCTh BEr€TAllMOHHOTO TIEpHOJa IS SIPOBBIX KYIBTYP
cocraBisieT 140-146 cyT.
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Tabnuma § — Ouenka 61aronpuATHOCTH KiMMarta paiioHoB 1o S u POOT

Table 8 — Assessment of climate suitability of regions according to S and REET

v | v | VI \ VI \ VIII ‘ X | X X1 | X
Paiion
PIAT, °C S
Ke3bimkapeknit XK XK TK TK TK XK XK yC yC
Manmorckuii xak | xak | Tk | Tk | TR | xax | xak | ve | ve

M. XKymabaesa

XIK | XIK | TK | TK | TK | XK | XIK | YC
XIK | XIK | TK | TK | TK | XAK | XIK | YyC

AKKaHCKHUH

JKamObIckmit XK XK TK TK TK XK XK yC
Ecunbckuii XK XK TK TK TK XK XK yC yC
[an akeHa XIK | XCK TK TK TK XK XK yC yC
AlipipTayckuit XK XK TK TK TK XK XK yC yC
TalipIHIIMHCKUH

TumupsseBckuit

I'. Mycpenosa

AKKapCcKui

VanuxaHoBckuit XK XK TK TK TK XK XK yC

XIK | XIK | TK | TK | TK | XJK | XJK | YC
XIK | XIK | TK | TK | TK | XJK | XJIK | YC
XIK | XAK | TK | TK | TK | XIK | XIK | VC
XIK | XAK | TK | TK | TK | XJIK | XIK | VC

Ta6muia 9 — JlaTel yCTORYHBOrO nepexoaa Temrepatypsl Bosayxa yepes 5°C (Ds), 10°C (D), 15°C (D;s)
U MIPOAOJDKUTENIEHOCTh IEPHOAA C TEMIIEPaTy POl Bblle yKa3aHHbIX penenoB (Ns, Njg, Njs) mo paitonam

Table 9 — Dates of sustained transition of air temperature through 5°C (D5), 10°C (D10), 15°C (D15)
and duration of the period with temperatures above the specified limits (N5, N10, N15) by region

Paiion Ds Ns, Do Nio, Dis Nis,
Becna | Ocenb Cymku | Becna | Ocenn Cymku | Becua | Ocens Cyrrn

Kensunkapekuit 14.04 10.10 180 02.05 19.09 140 25.05 29.08 96
MaMITFoTCKHiA 14.04 11.10 180 02.05 19.09 140 25.05 30.08 97
M. XKymabacsa 14.04 11.10 180 01.05 19.09 141 24.05 29.08 97
AKKaHCKHH 14.04 11.10 180 01.05 19.09 141 24.05 30.08 98
KamOpuickuit 14.04 11.10 181 01.05 19.09 142 23.05 31.08 100
Ecubckuit 14.04 12.10 181 01.05 20.09 143 22.05 02.09 103
ITan akbiHA 13.04 13.10 183 30.04 22.09 145 19.05 03.09 107
AliplpTayckuit 13.04 12.10 182 30.04 21.09 144 19.05 03.09 107
TalBIHITHHCKHH 13.04 12.10 183 30.04 21.09 145 19.05 03.09 108
TumupsseBckuit 13.04 13.10 183 30.04 22.09 145 19.05 03.09 107
T'. Mycpenosa 13.04 12.10 183 29.04 22.09 146 18.05 03.09 108
AKOKapCKuit 13.04 13.10 183 30.04 22.09 145 19.05 03.09 107
YanuxanoBckuit 13.04 13.10 183 29.04 22.09 146 18.05 04.09 108

Cpennsisi cyTouHasi TeMIiepatypa Bo3ayxa mepexoaut depes 15°C Becuoii 18-25 mast, a 0OpaTHO
oceHblo — 29 aBrycta — 4 ceHTI0ps, U COOTBETCTBEHHO MPOAOLKUTENBFHOCTh BETETAMOHHOIO IEepHOAa
JUTSL TETUTONTIOOMBBIX KYJIBTYP COCTAaBIISICT Ha ceBepe obsacTu 96 cyT, a Ha tore — 109 cyT.

B Tabmune 10 npuBeneHsl cCpeAHNE MHOTOJIETHHE 3HAUCHHUS CyMMBI aKTUBHBIX TeMIIEpaTyp BO3IyXa
Boimie 5, 10 u 15 °C no aqMUHUCTPaTHBHBIM paiioHam obnactu. [To pailoHam 00nacTH cymMMa aKTHBHBIX
TeMIIEpaTyp BO3ayxa cocrasiser: Boiime 5 °C —2612-2774 °C; pire 10 °C — 2329-2511°C; Bpire 15 °C —
1738-2004 °C.
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Ta6nuna 10 — CymMMa akTUBHBIX TeMIeparyp Bosayxa Bbie 5, 10 u 15 °C (3.T) no paiionam
Table 10 — Sum of active air temperatures above 5, 10, and 15 °C (3.T) by region
Paiion 3T >5°C 3T >10°C ST >15°C
Ko3pumkapekuit 2621 2334 1738
MawmmntoTckuit 2617 2329 1744
M. XKymabaesa 2623 2339 1754
AKKanHCKUN 2612 2341 1759
JKaMObLICK I 2641 2369 1799
Ecunbckuii 2660 2383 1849
[an akpiHA 2734 2466 1933
AfipipTayckuit 2622 2359 1862
TalbHIIMHCKUT 2770 2483 1963
TumupszeBckuit 2770 2501 1960
I". Mycpenosa 2731 2477 1960
AKKapcKuii 2726 2485 1980
YanuxaHoBckuit 2774 2511 2004

B ymepenHoM mosice MpOAOTIKUTEILHOCTh NIEPUOA CO CPEIHEN CYTOUYHOW TEMIIEpaTypoil BO3AyXa
Beimie 10 °C cOOTBETCTBYET BEreTAllHIOHHOMY MEPUOAY OONBLUIMHCTBA CEIbCKOXO3SHCTBEHHBIX KYIBTYP.
[ToceB cenbCKOXO3SMCTBEHHBIX KYIBTYP MPOBOJIUTCS MPH JOCTATOYHOM IPOTPEBE MOYBHI U JOCTHKEHUHU
ee MATKOIUIACTHYHOTO COCTOSIHHS, KOTZIa CPEeIHECYTOYHAsI TeMIepaTypa BO3AyXa YXKe MEepeXOquT depe3
10 °C. TloaTOMy TEIIOBBIE PECypChl BETETAIMOHHOTO MEPHOIA YaCTO OIEHUBAIOTCS JATOW Tepexo/a,
HPOIOJKUTENBHOCTBIO IEPHO/Ia M CYMMON aKTHBHBIX TeMIEpaTyp Bo3ayxa Bbimie 10 °C.

Ha pucynke 1 mpencTtaBieHO TPOCTPAaHCTBEHHOE paclpesielieHHe AaThl Iepexoaa TeMIepaTypsl
Bo3ayxa uepes 10°C Becnoii mo teppuropun Ceepo-Kazaxcranckoii o6iactu. [lepexo remmeparypsl

JIATA [IEPEXOIIA TEMIIEPATYPBL BOFIYXA
YEPE3 10 °C BECHOM (2003-2024 rr.)
HO CEBLEPO-KATAXCTAHCKOH OLIACTH
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Pucynoxk 1 — Jlara nepexona temeparypsl Bo3ayxa uepes 10°C BecHoi

Figure 1 — Date of air temperature transition through 10°C in spring
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Pucynoxk 2 — [Ipoao/sKuTENBHOCT MEPUO/IA ¢ TEMIIEPATYPO Bo3myxa Beime 10 °C

Figure 2 — Duration of the period with air temperature above 10 °C
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Pucynok 3 — CymMMa akTUBHBIX TeMIleparyp Bosayxa Boime 10 °C

Figure 3 — Sum of active air temperatures above 10 °C
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Bo3ayxa uyepe3 10°C paHblie HAcCTymaeT Ha Oro-3amajie W Ha FOro-BOCTOKe oOmactu — 28 amperns. B
CEBEpHON JacTh 00JIaCTH U B I0XKHOU 30HE, OXBaThIBaromel KokimeTayckyio BO3BBIIIICHHOCTh, OTMEUASTCS
3ama3apIBaHue mepexoaa Ha 3—4 aus.

Ha pucynke 2 mpeacTaBiieHO NPOCTPAHCTBEHHOE pacIpelesieHne MPOJODKUTEIFHOCTH MepHoaa C
temrieparypoii Bosmyxa Beime 10°C mo Teppuropun CeBepo-Kaszaxcranckoit o6mactu. I[Tpomomku-
TEJIBHOCTh IEpHOZa ¢ TeMiepaTypoil Bo3ayxa Beimie 10 °C yBenumuuBaeTcsi C ceBepa B IOr0-3alaJHOM M
I0T0-BOCTOYHOM HarmpasieHusax oT 140 no 145 cyr. Oanako B paifoHe Kokiierayckoll BO3BBIIIEHHOCTH,
HECMOTpsI Ha 0oJiee I0KHOE TeorpaduuecKoe MoJI0KEHUE, TPOAOIIKUTEIIEHOCTh BETETALMOHHOTO Iepruoa
coctaBisier MeHee 140 cyT. D10 00yCIOBIEHO penbeHBIMH H OpOTpadUIECCKUMH OCOOCHHOCTSIMH,
BIMSIONIMMY Ha TEMIIEPATYPHBIA PEKUM aTMOCPEPHI.

CyMMa akTHBHBIX Temiepatyp Bo3ayxa Beiie 10°C Takke pacTaer ¢ ceBepa Ha FOro-3amaj U Ha Fro-
BocTOK obnactu ot 2300 10 2500 °C. B paiione Kokiierayckoil BO3BBIIEHHOCTH HAKAIIMBAETCS MEHBIIE
Teria ¢ cymmoit temmeparyp meree 2300 °C (pucyHok 3).

Ha pucynke 4 mpejacraBieHa MHOTOJICTHSSI JMHAMKKA CyMMbI TeMIepaTypsl Bo3ayxa Beime 10°C ¢
1991 mo 2024 rox no paitonam CeBepo-KazaxcraHnckoit oOmactiu. MHOTONETHsS THHAMHKA CYMMEBI T€M-
nepaTyp BO3AyxXa 3a HociieiHue 34 roza uMmeeT TCHIACHLUIO yBEIUYEHMS, YTO YKa3bIBa€T HA IOCTEIIEH-
HBIH POCT TEII000ECIeUeHHOCTH BEreTallMOHHOTO TIEPHO/IA.
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Pucynok 4 — MHoronetHsiss AMHaMKKa cpenneil o paiionam CeBepo-KasaxcraHnckoii obmactu
CYMMBI aKTUBHBIX TEMIIEpaTyp Bo3ayxa Boite 10 °C

Figure 4 — Long-term dynamics of the average sum of active air temperatures above 10 °C
by district in the North Kazakhstan region

B Cesepo-KazaxcraHckoii 001acTi BereTaninoHHbIH niepruon Obu1 xkapkuM B 1991, 1998, 2004, 2010,
2012, 2020, 2021 u 2023 rr., mpoxiaaaeM — B 1992, 2002, 2009, 2011, 2013-1014, 2018, 2019 u 2024 T.

B Tabmuue 11 mpuBeseHa 00eCHEYEHHOCTh CyMM aKTHBHBIX TemIieparyp Boszayxa Beiure 10°C mo
paitonam CeBepo-KazaxcraHnckoii obmactu. BererannoHHBIN MepHo B CEBEpHBIX paiioHax 00JacTh Ha
90% obecmeuer Terutom 2100°C, T.e. B 9 romax u3 10 meT 3a Bereranuio Hakammmaercs okoio 2100°C
TeIia, YTO YIOBJICTBOPSET TPeOOBAHUS TIICHUIBI, SIMEHS W OBCA, JUIST PAHHECIEIBIX U CPEIHECTICIIBIX
COPTOB TOJICOJTHEYHUKA, HO HEJOCTATOYHO JJIs KYKypy3bl. B roxHBIX paiioHax oOmactu Ha 90% obec-
nedeno 2300°C Teria, 4ToO TAKKE JOCTATOYHO VISl PAHHECTICIBIX COPTOB KYKYPY3bl.

TemmoBeIe pecypchl TEPPUTOPHUU OTPEICSIISAIOT BO3MOXHOCTD BBHIPAIIUBAHUS CEITbCKOX03SHCTBEHHBIX
KyJIbTyp. JJIT 5TOTO OIIEHMBAETCSI COOTBETCTBHE PECYPCOB TEIUIa TPEOOBAHUIO CEIBCKOXO3IHCTBEHHOU
KynbTypbl. [Ipr 3ToM 90 % 00€CIIeYeHHOCTh TEIUIOM SIBJISIETCS IOCTATOYHOM.
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Ta6muna 11 — O6ecnedeHHOCTh CyMMBI aKTHBHBIX TEMIIEpaTyp Bo3myxa Bbimre 10 °C no palionam

Table 11 — Availability of active air temperatures above 10 °C by region

Paiion / P, % 10 20 30 40 50 60 70 80 90 100
Kezpumkapekuit 2559 2462 2425 2359 2320 2305 2261 2205 2163 2034
MawmmroTckuit 2507 2474 2436 2369 2317 2296 2254 2230 2179 2125
M. XKymabaesa 2520 2482 2426 2395 2309 2273 2256 2247 2172 2105
AKKauHCKHH 2484 2456 2422 2380 2343 2323 2263 2247 2208 2102
KamObuickuit 2547 2513 2456 2397 2339 2312 2269 2252 2227 2046
Ecunbcxuii 2563 2497 2460 2424 2372 2321 2295 2260 2226 2108
[an akeiHa 2647 2610 2556 2464 2418 2395 2381 2375 2344 2205
AlipipTayckuit 2540 2511 2430 2340 2318 2311 2277 2250 2215 2128
TalbIHIIMHCKUH 2659 2624 2599 2527 2477 2447 2395 2370 2322 2245
TuMupA3EBCKUI 2696 2604 2560 2505 2470 2437 2413 2392 2383 2305
I'. Mycpenosa 2667 2591 2535 2483 2457 2432 2397 2358 2336 2212
AxokapcKuit 2607 2574 2562 2503 2464 2448 2425 2369 2334 2271
YannuxanoBcKui 2676 2603 2585 2551 2526 2489 2452 2396 2335 2268

B tabnuue 12 npuBeneHa MOTPEeOHOCTh 25 CEIBCKOXO3AHCTBEHHBIX KyJbTyp B Teruie (O Ty). s
YMEPEHHO TEIUONIOOUBHIX KyIbTyp (A1—-A9) mana Omojorudeckas cymMMa TeMIepaTyphl BO3AyXa BhILIE
10°C, a ns Terutomoousbix KyasTyp (B1-55) — Bbime 15°C.

Ta6muua 12 — [ToTpeGHOCTh CebCKOX035HCTBEHHBIX KyJIBTYp B Teruie [16]

Table 12 — Heat requirements of agricultural crops [16]

I'pynma 3Ty, °C Kynstypa (p — paHHecHenas, ¢ — CpeHecIenasl, CIl — CPSAHEIIO3AHNE, T — TO3AHeCIeNast)

Al 1200-1400 | I'peunxa—p, rpeunuxa—c, sYMEHb—P, OBEC—P, TOPOX—P, KapTOPeIb—p, OrypLbl—p, OrypLBI—C

I'peunxa—11, SYMEHb—C, STYMEHB—II, OBEC—C, TOPOX—C, FOPOX—II, KAPTO(EIb—C, OTYpLbI-II, MIIEHUIA—,
A2 1400-1600 | dacoms—p, unHa—p, YCUEBUIIA—P, YCUEBHLIA—C, HYT—P, HYT—C, JTIOMHUH—P, JIEH MaCINIHBIA—D,
JIEH MaCJIMYHBII—C, JICH JOJITYHEeL—P, JIeH JOJrYHEel—C, KallyCcTa—p, Karmycra—c, TOMaThl—p

Kaprodens—m, ssameHb—11, 0BEC—TII, MIIEHUIIA—C, IIPOCO—P, TPOCO—C, Hacob—c, YNHA—C, HYyT—TI,
JIIONMH—C, KaITyCTa—II, TOMaThl—C, TOMaThI—TT

A3 1600-1800

A4 1800-2000 | IMTmenuna—m, npoco—i, Gpacoiab—II, HOACOTHEIHUK—P, Paric—p
AS 2000-2200 | Jlromuu—I1, MOACOHEYHHUK—C, parc—II, caxapHas CBeKJa—p.
A6 2200-2400 | IToxcosHEYHUK—TI, COSI—P, caxapHasi CBEeKJIa—C, KyKypy3a—p

A7 2400-2600 | Cosi—c, caxapHas CBeKJa—II, KyKypy3a—c, COpro—p

A8 2600-2800 | Cos—cIm, KyKypy3a—cII, COpro—C

A9 2800-3000 | Cos—1, KyKypy3a—II, COpro—I
bl 2500-2700 | Puc—p

B2 2700-2900 | Puc—c

B3 2900-3300 | Puc—m, xnomyaTHUK—pP

b4 3300-3600 | XmomyaTHUK—C

B5 36004000 | XmomyaTHHK—II

Bereranuonsslii nepuos B 3 ceBepHbIX paiionax Ceepo-Kazaxcranckoii oomactu Ha 90% obecriedueH
tertoM B 2100°C, uro yaoBieTBopsieT TpeboBaHus KyabTyp rpymibsl oT Al 10 A4. Croa BXOIAT Tpednxa,
SYMEHb, OBEC, MILIEHUIIA, IPOCO, TOPOX, Pacoib, YNHA, YCUEBUIIA, HYT, JIEH, KapTo(enb, OTypIbl, TOMATH,
paHHecIeNble U CpeJHECIIeNIbIe COpTa JIONKHA, @ TAKXKE PaHHECIeIble copTa MOJCOIHEYHUKA U panca. B
octanbHbix 10 paiionax o6mactu Ha 90% o6ecnedensl Teriom B 2200-2300°C TpeGoBaHUSI KYJIBTYP
rpynnsl oT Al go AS. Takoe KOJIMYECTBO Temja HOCTATOYHO IJISi BO3JEJIBIBAHUS €IIe MO3AHECIENbIX
COPTOB JIIONIMHA M parca, CPEAHECHEbIX COPTOB IIOJCOIHEYHUKA, a TaKKE PAaHHECHEIBIX COPTOB
caxapHo# cBekIbl (Tabmuina 13).
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Ta6nuua 13 — PaifoHupoBaHue cenbCKOX035HCTBEHHBIX KYJIBTYP IO TeII000eCHeYEHHOCTH

Table 13 — Classification of agricultural crops according to heat supply

. KynbTypbl, 06eciieueHHbIC TEIOM
Paiton
I'pynna Bunst
Ks3punkapckuit I'peunxa, sumeHs, oBec, MILIEHULIA, IPOCO, TOPOX,
N acoJib, YNHA, YCUEBHUIIA, HYT, JIEH, KapTodeb
MamimtoTcKui Al-Ad b ’ i 1a, 1y, » Kaproge,
OTYPIIbI, TOMATHI, pAHHECTICIIBIE U CPEIHECTIENIbIe COpTa
M. Kymabaena JIIOIIMHA, paHHECTIeNbIe COpTa MOACOIHEYHHUKA U parica
AKKaWHCKUH
YKamObLUICK M
Ecunsckmit
I'peunxa, ssuMeHb, OBEC, MIICHHUIIA, IPOCO, TOPOX
]_L[aﬂ aKbIHA p el b b H el p ) p ]
(hacoib, YnHa, YCUCBUIIA, HYT, IEH, KapTO(elb,
Aiibiprayckuii Al-AS OT'ypLbl, TOMATBI, JIIOIIKH, PaIIC, PAHHECIICIIbIE U
TaibIHITHHCKHI CpeIHECTelble COPTa MOICOJIHEYHUKA,
N paHHecIIesble COpTa CaXapHOU CBEKJIbI
TumupszeBckuit
I""Mycpenosa
Axoxapckuit
YanuxaHOBCKUN

B nomonHeHHe K TEIUIOOOECIICUCHHOCTH HEOOXOIMMO YYHMTHIBATH OMACHOCTH 3aMOPO3KOB M YC-
TOMYUBOCTH KYJIBTYP K 3aMOPO3KaM.

AHanu3 HebdNazoNPUAMHO HcapKuX OHell 3a 1emHull ce30H. B eTHee BpeMs BBICOKas TeMIIeparypa
BO3/[yXa B JIHEBHBIE YaChl MOKET IEpErpeBaTh PACTCHHS W MOJABIIATH MX JKU3HEHHBIE IMpoliecchl. Takas
TEeMIIepaTypa Ha3bIBaeTCs OAJJIACTHOM TeMIiepaTtypoil. B cpemHem sl CelbCKOXO3SHCTBEHHBIX KYJIBTYP
YMEpPEHHOTO Teria (SIpOBbIE 3epHOBBIE KYJIBTYpPbI) OalacTHOW cuyuTaeTcs Temmneparypa Bbime 32 °C, a
IS TETUTONTFOOMBERIX KYJIBTYp (KYKypy3a, puc, XJIom4aTHUK) — Beime 37 °C [27].

Ha pucynke 5 mnpenctaBieHa MHOTOJICTHSS JMHAMUKA KOJUYECTBA JKAPKUX JHEHU IS SIPOBBIX
3epHOBBIX KYJbTYp B cpenHeM 1o CeBepo-Kazaxcranckoi obmactu. KonuuecTBo Takux mHEH KoyeOeTcs
ot 1 10 17 cyt. Ocobo xapkumu Obutu 2010, 2012, 2020, 2021 u 2023 rr., korma KK/ 3a metHuit neprox
B cpeaHeM To obmactu cocraBisul 13—17 nHeld. B 1okHBIX paifoHax 0OJIACTH YHCIO >KapKUX JHEH
nocturano 20-28 cyT.
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Pucynok 5 — MHoroserHsist AMHaMUKa KOJIMYECTBA )KAPKUX JTHEH
JUIS IPOBBIX 3€PHOBBIX KyJbTYp B cpenneM no CeBepo-KazaxcTaHnckoit obnactu

Figure 5 — Long-term dynamics of the number of hot days for spring grain crops on average in the North Kazakhstan region
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Ananus 3amMopo3Koe 8 6ecemauyuoOHHbLL Nnepuold. 3aMOpPO3KH — KpPATKOBPEMEHHOE IOHMKEHHE
temreparypsl Bozayxa 10 0 °C u Huwke Ha (DOHE MOJOKHUTENBHBIX CPEIHHUX CYTOYHBIX TEMIIEPATYp
BO37yXa. 3aMOPO3KH B BETeTAllMOHHBIA MEPHOMA MPEICTABIAIOT CEPbE3HYI0 YTPO3y ULl CEThCKOXO-
3STCTBEHHBIX KYJIbTYp. OCOOEHHO OMAacHBI TO3HNE BECEHHHUE U paHHUE OCEHHHUE 3aMOPO3KH.

Ha ocHoBe 1aHHBIX IO CYyTOYHOW MUHHMAJIBHOW TeMIIEpaType BO3AyXa ObLIN YCTaHOBJICHBI BECCHHUE
MOCJIETHUE W OCEHHME TMepBble 3aMOpo3ku B Bo3ayxe 3a 2003-2024 rr. U ompejeneHbl MX CpelHUe
MHoroneTHre Aathl. B CeBepo-Kazaxcranckoil obmacTu BeceHHHE IOCIIETHHE 3aMOPO3KH B BO3IAyXe B
cpeaneM 3asepmatoTca 10-14 mas. B kxapkue roabl MocieHHE 3aMOpPO3KH B BO3IyXe HAOIIOAAThCS
1-2 Mmas, a B mpoxjnaanble roasl — 24-31 mas. OceHHHE TNEpPBbIE 3aMOPO3KM B BO3AYXE B CpeIHEM
HauuHAIOTCS 18-22 ceHTA0psA, B IpoXIIagHbie ToABl — 6-11 ceHTA0ps, a B xapkue rofasl — 27-30 ceHTA0ps.
Cpenusis MpoAOIKUTENFHOCTh 0€33aMOPO3KOro TEpHOAa B BO3AyXe MO TEPPUTOPUH OOIACTH COCTABIISET
127-138 cyT (Tabmuna 14).

Tabnuna 14 — Cpennemuoronernue (2003-2024 rr.) 1aThl MOCIEIHUX BECCHHUX U MEPBBIX OCEHHUX 3aMOPO3KOB,
MPOAODKUTENBHOCTD 06€33aMOPO3KOTr0 TIepHo/ia B BO3YyXE

Table 14 — Average annual (2003-2024) dates of the last spring and first autumn frosts, duration of the frost-free period in the air

MC Becennss nara OcenHsis ata [TpOOIKHTEb-
Cpennsis Pannss [o3nuss Cpenusist Pannss Io3nusas HOCTb, CYT
IlerponaBnoBck 10.05 01.05 24.05 22.09 11.09 30.09 135
bynaeso 14.05 01.05 31.05 22.09 12.09 30.09 131
Bo3Bbimenka 12.05 01.05 31.05 20.09 06.09 30.09 131
Brnarosemenka 13.05 01.05 31.05 25.09 11.09 30.09 135
SIBneHka 11.05 02.05 24.05 26.09 11.09 30.09 138
TaiipiHmna 12.05 01.05 26.05 22.09 12.09 29.09 133
CepreeBka 12.05 01.05 31.05 20.09 09.09 28.09 131
Tumupsi3eBo 15.05 02.05 26.05 21.09 11.09 28.09 129
Kumrkenekonsb 12.05 03.05 30.05 23.09 10.09 30.09 134
Ykanoso 13.05 01.05 26.05 20.09 06.09 28.09 130
Caymaikoins 12.05 01.05 26.05 21.09 11.09 27.09 132
Py3aeBka 14.05 01.05 31.05 18.09 06.09 29.09 127

O6cy:xxknenune. AHamu3 kimumaTmdeckux naHHbIX 1Mo CeBepo-Kazaxcranckoit o0nacth mokazaln
HaJU4Ue YCTOWYMBBIX TEHICHIMNA TOTCIUICHUS M HW3MEHCHMSI PEXHMa YBIAKHEHHS 3a IOCIICTHUE
JeCATUIICTHS. Y CTAHOBIICHO, YTO CPEAHET0A0BAasI TEMIIEpPATypa BO3IyXa NIEMOHCTPUPYET MOJIOKUTEIbHBIHN
TpeH[l, 0cOOEHHO BEIPaKCHHEIN B BECEHHE-JIETHU 1eprol. B xone aHamm3a BEISBICHO, YTO COBPEMEHHBIT
KITUMATHYECKUH PpEeXHM pETHOHAa XapaKTepu3yeTcsl He TOJBKO TOBBIMIEHHEM TeMIepaTypsl, HO M
CMEIIEHUEM CPOKOB HACTYIUICHUS arpOKIUMATHICCKUX (a3 — Havama 1 OKOHYAHUS BETeTaIUU.

B Cesepo-Kazaxcranckoil 00iacT pecypchl CONHEYHOH pajuanuil JOCTATOYHBI JJIS POCTa W pas-
BUTHS CENTbCKOXO3AUCTBEHHBIX KYJIBTYD U JIyHIlle TOAXOIAT IS BRIPAIIUBAHUS PACTCHUN JITUHHOTO JTHS.

[IpocTpancTBeHHOE pacmpeneicHiue cpeaHeil ToMO0BOM TeMIlepaTyphl BO3MyXa B OO0JACTH HOCHT
30HANBHBIM XapakTep, yBEJIMYMBAsACH ¢ ceBepa Ha ror ot 2,4 1o 3,6 °C. Habmromaercst pocT TeMIeparypbl
Bo3ayxa. CoBpemenHsbIi kimMmat (2003-2024 rr.) ctan Termee, yem nponutsiid knmumat (1971-2000 rr.) B
cpennem 3a rox Ha 0,9 °C.

Kmumar ob0mactu  sBAsSeTCS KOHTUHCHTAJIbHBIM. HauMeHbIas KOHTHMHEHTAIBHOCTh KJIMMaTa
Habmonaercs B Alisiprayckom paiione (k = 53), HauOomnbiioe — B YanuxanoBckoMm paiione (k = 60).

B obnactn BecHa HaumHaeTcs 2—4 ampens, JIeTO HacTymaeT 18-25 mas, B KOHIIE aBTycCTa-Hadaje
CEHTSIOPsT HAaYWMHACTCS OCEHb, a 3uMa — 25-29 okTa0ps. [IpomoIKUTEIFHOCTh 3UMBI COCTABIISICT OoJiee
5 Mec. (HOSOpb—MapT), a JETO JUTUTCA 9yTh Oombiine 3 mMecsieB. [IpogomKUTeTbHOCTh BECHBI COCTABISCT
okoio 1 mec. u 10 nHe, a oceHn — 4yTh MEHbIIIE 2 Mec.

Kmumar Ceepo-Ka3zaxcranckoit 007acTé JUisi peKpealdy OLCHUBACTCs Kak YMEPEHHO OJaro-
MPUATHBINA, T.C. JETO OJarompusATHOE, BECHA U OCEHb — YMEPECHHO OJIArONPHUSATHBIC, 3UMa — YMEPCHHO
HeOnmaronpusaTHas. Hannydmue ycinoBus KiuMara st pekpeannn HabmogaeTcs B ARBIPTayCcKOM paiioHe.
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3akawuenne. B Cesepo-Kazaxcranckoit oOiacti Temreparypa BO3IyXa YCTOHYHMBO TEPEXOIUT
yepes 5°C BecHoit 13—14 anpens, uepes 10°C Becnoii 29 anpenst — 2 Mas, uepes 15°C Becnoii 18-25 masi.
CyMMa aKkTHBHBIX TEMIIEPATyp BO3ayxa cocTasiser: Boime 5 °C — 2612-2774 °C; Boime 10 °C — 2329-
2511°C; Beime 15 °C — 1738-2004 °C. HaGmrogaercss MOCTENMEHHBIA POCT TEIIOOOECTIEYEHHOCTH
BETeTallMOHHOTO IepHO/Ia.

B Tpex ceBepHBIX paiioHax o0iacTé oOecredeHbl TeIJIOM Tpeunxa, SSTIMeHb, OBEC, MIISHNIIA, TPOCO,
ropox, ¢acoib, YMHA, YCUEBHLA, HYT, JIEH, KapTodeib, OrypLbl, TOMAThl, pAaHHECIEIbIE U CPEIHECTICTbIE
CopTa JIIOTIMHA, a TAK)Ke PaHHECHENbIe copTa MOJICOTHEYHUKa 1 parica. B octansabIx 10 palioHax obmactu
oOecrniedeHsl TEIUIOM ellle TT03IHECTIeNTbIe COpTa JIFOIMHA U parica, CPeTHECIIeNIble COpTa MOJCOTHEYHNKA, a
TaK)Ke paHHeCIIeIble COPTa CaXapHOH CBEKIIBI.

3aMOpO3KH U JKapKHe JHU TaKXKe SBJISIOTCSA 3HAYMMBIMU KIMMAaTHYECKUMU (haKTOpaMy, BIHSIOIINMHU
Ha celbckoe X03aicTBO. [locienane BeceHHNE 3aMOpPO3KH OOBIYHO 3aBepriarorcst 10-14 mas, a mepBwie
OCEHHHE 3aMOpO3KM HauuHaroTcs 18-22 centsiOps. KomndecTBo skapKux AJs SPOBBIX KYJIbTYp THEH IO
oOmacTu B cpeaHeM coctaBiseT 4-11 aHei, a B kapkue roas! ysennuusaercs 10 10-28 gueit.

[lomydennsie pe3ynbTaThl OyAyT TOJIE3HBI NMPU HAYYHOM COIPOBOXKICHHH 3eMIIeIeIHs, pailoHu-
POBAaHHUU CEIHCKOXO3SHCTBEHHBIX KYJIBTYP W ONpPENEICHWH CTPaTernd IWBEepCcH(HKAINKM pacTeHHe-
BoacTBa. OHH CIOCOOCTBYIOT DPAa3BUTHIO KIUMATHYECKH OPHUEHTHPOBAHHBIX CEJIbCKOXO3AHCTBEHHBIX
TEXHOJIOTHH, 00Jiee TIOJTHOMY YUYeTy KIMMAaTHYECKUX PEeCypCOB TEPPUTOPUHN B HAYYHBIX HCCICIOBAHUAX U
Ha mpakTuke. [103BONAIOT 0O0OCHOBAaHHO IUTAHHUPOBATH M NMPOBOAMTH arpOTEXHUYECKHE MEPONPHUATHS B
ONITUMAJIbHBIE CPOKH, pa3pabaThIBaTh CTPATETHUECKIE TUIAHBI PA3BUTHS PACTCHUEBO/ICTBA.

®dunancupoBanne. Hacrosmue wncciaenoBaHus TPOBEAECHB B paMKax pealn3allid Hay4dHO-
texHuueckoi mporpammbel MPH BR24993222 «IlocTpoeHue cucTeMbl MOIJAEPKKA HPUHATHS PELISHUM
JUTSI TIPUPOJTHO-X03SHCTBEHHOTO 00ycTpoiicTBa Tepputopun CeBepo-Kazaxcranckoit 00acTi B KOHTEKCTE
YCTOMYMBOTO pa3BUTHS», (uHaHCHpyeMol KomureTrom Haykn MuUHHCTEpCTBA HAayKH M BBICIIETO
oOpazosanus PecniyOnuku Kazaxcran B paMkax mporpaMMHO-IIEIEBOTO (PMHAHCHPOBAHUS.
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COJITYCTIK KABAKCTAH OBJIBICBIHIATBI
TEMIIEPATYPAJIBIK PEKUM KOHE KblJTY PECYPCTAPBI

AnHoTtanusi. Makanajga KeIDKBUIIBIK METEOpOJIOTHsUIbIK ManimerTep Herizinne Conrycrik Kasakcran o0ibl-
CBIH/IAFbI TEMITEPATYPAIBIK PEKUMHIH €peKIIeNIIKTepi MEH JKbUTY pecypcTapbl KapacTelpsuiasl. Contycrik KazakcTan
OOJIBICBIHBIH ayMarbIHa KYH paJHallisIChIHA, TEMIIEPATYPAIIBIK PEXUMIe, KIMMATTHIH KOHTHHEHTAJIBUIBIFBIHA, XKbLT
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Me3TiIIepiHiH OacTay KYHI MEH Y3aKTBIFbIHA, pEeKpeanusl YIIiH KINMAaTThIH KOJaWIbUIbIFbIHA, BEreTalUsIbIK Ke-
3€HHIH JXKbUIyMEH KaMTaMachl3 €TiLTyiHe, as3fra >KOHE KOJIAMCBI3 BICTHIK KYHIEPre KEHICTIKTIK-YaKbITTBIK Tajujay
xKyprizingi. XKeuty pecyperapsl HeriziHIe KbUIyMEH KaMTaMachl3 €TUITeH aybUl MapyallblIbFbl JaKblIIaphl aHbIK-
Tanabl. ANBIHFaH HOTIDKEJIep KIMMATTBIK ToyeKenaepal Oaraiay, aybul MIapyallbUIbIFbl KI3METIH JKOCTIapiay JKoHe
Conrycrik Ka3akcTaH OONBICBIHBIH ©3repMelli KITUMAaThl JKarmaiiblaaa OeifiMaeny mapaiapblH 93ipiey YIIiH Ipak-
THKAJBIK MaHbI3AbI OOJIBII TAOBLUIAIE.

Tyiiin ce3aep: aya TemMiiepaTypachl, )KbUIyMEeH KaMTaMachl3 €Ty, BEreTallsUIBIK Ke3€H, as3.

A.N. Munaitpassova*l, S. S. Baisholanov?, K. S. Saliyeva3,
R. Arystanova', N. N. Karabkina*, A. A. Arystanov'

1 "PhD in Geographical Sciences, Senior Lecturer
(Al-Farabi Kazakh National University, Almaty, Kazakhstan; aidamunaitpasova@mail.ru)
2 PhD in Geographical Sciences, Associate Professor
(«Astana» International University, Astana, Kazakhstan; saken baisholan@mail.ru)
3 Head of Agrometeorological Forecasting Department
(Kazhydromet RSE, Astana, Kazakhstan; kamar.salieva@gmail.com)
4 PhD student (Al-Farabi Kazakh National University,
Almaty, Kazakhstan; arystanovaranida@gmail.com)
5 Leading Researcher (Scientific and Educational Technological Platform
of the Kazakh National Agrarian Research University, Almaty, Kazakhstan; nkarabkina@mail.ru)
6 postdoctoral fellow in the program “Zhas Galym” (Al-Farabi Kazakh National University,
Faculty of Geography and Nature Management, Almaty, Kazakhstan; asetarystanov87@gmail.com)

TEMPERATURE REGIME AND HEAT RESOURCES
IN NORTH-KAZAKHSTAN REGION

Abstract. In the article features of temperature regime and heat resources in the North-Kazakhstan region are
considered on the basis of long-term meteorological data. Spatial and temporal analysis of solar radiation,
temperature regime, climate continentality, date of onset and duration of seasons of the year, climate favorability for
recreation, heat availability of vegetation period, frosts and unfavorably hot days on the territory of North-
Kazakhstan region has been carried out. On basis of heat resources the agricultural crops provided with heat are
determined. The obtained results are of practical value for assessment of climatic risks, planning of agricultural
activity and development of adaptation measures in conditions of changing climate of North-Kazakhstan region.

Keywords: air temperature, heat supply, growing season, frosts.

—— 143 ——



PekpeayuoHHas eeocpagbusi u mypusm
Pekpeauyusnbik 2eo2paghus XeHe mypusm
Recreational geography and tourism

https://doi.org/10.55764/2957-9856/2025-4-149-164.52

UDC 338.48:528.8
IRSTI 34.31.35

A. Sh. Shaken', K. T. Kyrgyzbay**, A. N. Abubakir’

"PhD, Acting Associate Professor
(Al Farabi Kazakh National University, Almaty, Kazakhstan; shakenaimanl982@gmail.com)
2*PhD, Senior lecturer
(Al Farabi Kazakh National University, Almaty, Kazakhstan; kyrgyzbay.kudaibergen@gmail.com)
? Master’s student (Al Farabi Kazakh National University, Almaty, Kazakhstan; aruzhana379@gmail.com)

COMPLEX MONITORING OF THE ENVIRONMENTAL
CONSEQUENCES OF ANTHROPOGENIC PRESSURE
AT BURABAY NATIONAL PARK USING REMOTE SENSING DATA

Abstract. Overtourism has become a pressing issue in many protected natural areas, causing significant
environmental degradation. This study focuses on the environmental consequences of overtourism in Burabay
National Park by utilizing remote sensing data from 2020 to 2024. The research employs a multi-criteria approach
using NDVI, NDWI, LST, NDBI, and BSI indices to assess changes in vegetation, water resources, land surface
temperature, urbanization, and soil degradation. Satellite images were selected based on minimal cloud cover and
peak tourist flow periods to ensure accurate monitoring of ecological conditions. The findings indicate substantial
fluctuations in vegetation cover, with a temporary decline in NDVI values in 2021-2022, followed by a notable
recovery in 2023-2024. NDWI analysis reveals a decline in water bodies until 2023, with signs of partial recovery in
2024. LST variations confirm the impact of land degradation, showing increased surface temperatures in 2021-2023,
which later decreased as vegetation cover improved. The expansion of urbanized areas, reflected in NDBI growth,
highlights the increasing anthropogenic impact. BSI trends indicate intensified soil degradation, particularly in 2024.
Overlay analysis categorized the national park into three degradation levels, emphasizing areas requiring urgent
conservation measures. These results provide valuable insights into sustainable management and mitigation
strategies to balance tourism and environmental preservation in Burabay National Park.

Keywords: remote sensing, Landsat 8, ecological degradation, overtourism, monitoring, GIS.

Introduction. Tourism is one of the fastest-growing industries in the world. As the number of
tourists increases, their negative impact on the environment is becoming more evident. Some destinations
are exceeding their carrying capacity to accommodate visitors, effectively struggling with the
phenomenon of overtourism. Overtourism places significant pressure on ecosystems, making it essential to
develop new monitoring-based approaches to mitigate its consequences.

Overtourism became one of the main issue that have an impact on tourist destinations worlwide.This
termin used to describe overindulgent number of visitors outreach reception capacityof the region causing
negative consequences on habitat, local communities and incomparability of tourism experience.

Protected areas around the world work for crucial social purpose by providing area for recreational
intentions.Especiallly, reachable places or top landmarks within specific Pas involve tourists causing
overtourism. In the last decade large number of tourists in nature destinations caused the serious problem
and needed to implement carrying capacity indicators accepted as the maximum number of people who
can stay without harming environment.The problem of an increasing number of visitors in the
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environmentally valuable areas emerged in the last century and at that time, mainly out of concern for the
state of the natural environment, carrying capacity [1].

In national parks especially the ones that have a huge number of visitors and in their nearby areas
studies should be managed on the many-sided influences of tourism. This monitoring should contain
effects on the environment and landscapes (to notify about resolution of the ecological carrying capacity)
and the effectson people (to help specify the psychological and socio-cultural carrying capacity for
tourism). It is vital to highlight that mass and immoderate tourism have not only negative impact on
environment and landscape, but also on local communities. Moreover, the impacts of tourism come up
with problem of littering, mostly with plastic waste and other non-biodegradable materials, the quantity of
which has been growing in the last years [2].

It has long been known that the on-the-ground monitoring of PA ecosystems is high-priced,
essentially due to the size and logistical limitations of national parks, appointed wilderness, wildlife
refuges and other large PAs. Remote sensing monitoring can give information for the systematic,
translucent, noteworthy and maintainable decision making in ecological systems.

Remotely sensed data are confirmed as priceless sources of information for natural resource
managers. Rapid diversification in the application of remotely sensed data are promoting the collection of
multi-decadal historical records, execution of new sensors, and developments in analytical techniques.
To study landscape-scale changes in natural resources time series of photos are useful while data from
high-resolution sensors can be used to distinguish and measure small changes in topography, map plant
species or even individual plants, or quantify flows of nutriments and energy that alter plant growth and
affect fire risk [3].

The primary task of the national park is to preserve and enhance the diversity of living organisms and
natural landscapes, as well as to create conditions for scientific research and environmental education.
Additionally, the park actively develops tourism infrastructure.

The concept of overtourism has attracted increasing academic attention due to its complex social and
environmental consequences. According to UNWTO (2018), overtourism can be defined as “the impact of
tourism on a destination, or parts thereof, that excessively influences the perceived quality of life of
citizens and/or the quality of visitors’ experiences in a negative way.” This definition corresponds with
Goodwin’s (2019) interpretation that overtourism occurs when “hosts or guests, locals or visitors, feel that
there are too many visitors and that the quality of life in the area or the quality of the experience has
deteriorated unacceptably” [4].

A significant body of research highlights the adverse social outcomes of overtourism for local
residents. Increasing tourist flows lead to rising housing costs, crowding, commercialization of everyday
life, and the displacement of local populations from central urban areas. Such changes often result in
social tensions, the erosion of cultural identity, and loss of community cohesion. In destinations such as
Venice, Barcelona, and Dubrovnik, residents have expressed discontent through protests and public
movements against “tourism-phobia,” emphasizing the imbalance between the needs of locals and those of
tourists [5]. Instances of overtourism have also been documented in several protected areas, including
Saxon Switzerland National Park in Germany, Low Tatras National Park in Slovakia, the fjord regions of
Norway, Iceland, Plitvice Lakes National Park in Croatia, and Stolowe Mountains National Park.
Overtourism negatively affects not only residents but also visitors themselves. Excessive crowding in
popular destinations and protected areas contributes to feelings of overpopulation, stress, and reduced
satisfaction with travel experiences. Empirical studies demonstrate that visitor enjoyment declines when
congestion reduces access to attractions and limits opportunities for meaningful engagement with nature
and culture. Gretzel (2021) and Clark & Nyaupane (2020) also report that social dissatisfaction has
become a defining feature of overtourism in numerous destinations worldwide [6]. The concept of
overtourism reflects a threshold beyond which the disadvantages of tourism expansion outweigh its
economic and cultural benefits. Overtourism leads to overpopulated areas, visitor misbehavior, local
migration, and ecosystem overburdening. Protected areas serve not only as tourist attractions but also as
spaces for local recreation, contributing to residents’ quality of life and mental well-being. While
technological tools, including remote sensing, provide valuable data for monitoring environmental change,
the human dimension remains central to overtourism management. Effective strategies require
collaboration between local authorities, researchers, and communities to ensure that monitoring results
inform socially sustainable tourism policies [7]. A people-centered approach focusing on equity,
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community empowerment, and cultural preservation is essential to mitigate the social impacts of
overtourism.

The object of research. The Burabay State Scientific and Industrial Enterprise performs the
functions of an environmental and scientific institution, and is also included in the list of specially
protected natural territories created to preserve biological and landscape diversity. The purpose of the park
is the rational use of unique natural complexes and objects of the state nature reserve fund, which have
special ecological, scientific, historical, cultural and recreational value. The main objective of the national
park is to preserve and increase the diversity of living organisms and natural landscapes, as well as to
create conditions for scientific research and environmental education. In addition, the park is actively
developing the tourist infrastructure [8].

The biosphere Reserve is organized on the basis of the Burabay State National Nature Park. In
accordance with the Decree of the President of the Republic of Kazakhstan dated February 27, 1997 No.
3369 «On additional measures to strengthen the protection of the Borovsky mountain forest area», Decree
of the Government of the Republic of Kazakhstan dated May 06, 1997. No. 787 Borovskoye Forestry of
the Economic Department of the President and the Government of the Republic of Kazakhstan was
transformed into the State Institution «Natural recreation Forest Complex «Burabay» of the Economic
Department of the President and the Government of the Republic of Kazakhstan, on the basis of which, on
the basis of the Decree of the President of the Republic of Kazakhstan dated July 16, 1999 No. 98, the
State National Nature Park «Burabay» was established.

The total number of flora species for the territory of the Burabay, according to preliminary data,
reaches 840 species of higher plants, while the largest number of species is concentrated in forests. Of
these, 91 plant species are rare or relict, in need of special protection, including 11 species found here
listed in the Red Book of Plants of Kazakhstan (2014). 37 species of mosses, 11 species of lichens and
17 species of ferns were identified in the flora of lower plants. Lichens are represented by 11 species and
are divided into the following groups according to their proximity to the substrate: epigeal, epiphytic, and
epilitic. Three species of the genus Cladonia are dominant — C.sylvatica, C.alpestris and C.rangiferina.
Mosses are found in moist and moist habitats, the dominant species are Pleurosium schreberi, Dicranum
scoparium, Hylocomium palustre, Climaceum dendroides, etc. The flora contains 81 relict species -
representatives of the boreal flora of the northern taiga, which are located here on the southern border of
their range.

The fauna of vertebrates includes 277 species belonging to 25 orders, including 15 species and
subspecies of fish, 1 species of amphibians, 5 species of reptiles, 209 species of birds and 47 species of
mammals (about 36% of the total vertebrate fauna of Kazakhstan). Of these, 1 species of mammals and
18 species of birds are listed in the Red Book of Kazakhstan, 2 species of fish, 12 species of birds,
8 species of mammals are included in the [IUCN Red List.

The territory of the Burabay Natinonal park is administratively located within the Burabay and the
Birzhan Sal districts of the Akmola region (figure 1). Both districts are grain-growing regions with great
potential for agricultural development. There are 244 agricultural enterprises operating in Burabay district,
including 43 LLP companies, 201 peasant farms, as well as 12 large and 60 medium-sized and small
industrial enterprises, employing 2,152 people. About 320 agricultural enterprises operate in Birzhan Sal
district, the mining industry accounts for 65.2%, the manufacturing industry for 32.1% and other sources
for 2.7%.

The Burabay Reserve consists of 10 cluster sites, the reserve also includes forest stakes interspersed
with lands of other categories within the transboundary zone. The entire territory of the reserve is divided
into 10 forestry districts: Akylbayskoye (10233 ha), Borovskoye (151217 ha), Barmashinskoye (9236 ha),
Zolotoborskoye (11651 ha), Mirnoye (18394 ha), Priozernoye (9372 ha), Katarkolskoye (10515 ha),
Bulandinskoye (12129 ha), Zhalayyrskoye (17387 ha), Temnoborskoye (15165 ha). The forestry
departments combine forestry workshops and sites, which include 5 forest detours. In turn, the forest
bypass is the lowest link in the planning structure of the park, its area, in accordance with established
standards, averages 1.230 hectares.

There is very good access to the Burabay biosphere Reserve. A section of the Astana-Petropavlovsk
expressway and the Almaty-Yekaterinburg railway runs from the southeast to the northwest through the
territory of the reserve. The territory is crossed in different directions by asphalt roads connecting the
cities. Makinsk, Stepnyak, Shchuchinsk, Stepnogorsk and smaller settlements located in the Birzhan Sal,
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Figure 1 — Study area. (A) Location of Burabay National Park.
(B) Distribution of study area at the elevation scale. (C) Map of land use types

Burabaysky and neighboring districts. The road connection is open all year round, except for short periods
during winter, when there are snowstorms and especially severe frosts, the Borovoe Resort Railway
station is located 25 km from the village. Burabay (central estate of the BR «Burabay»), Makinsk station,
5 km from the estate of the Bulandinsky forestry. In addition, the regional center of Akmola region, the
city of Kokshetau, has an airport capable of receiving international flights.

BR «Burabay» is part of the Shortandy-Burabay resort area. The region occupies an extremely
convenient geographical location due to the proximity of densely populated industrial regions (including
Russia) and the presence of trans-state air, rail and highways. Shchuchinsko-Borovskaya resort area is an
ideal place for holding large prestigious and commercial events: congresses, forums, fairs, auctions, which
allows for more active attraction of investment funds to development. Currently, from 5 to 10 tourist
infrastructure facilities are being commissioned annually in the kurotny zone. Among them are the five-
star Rixos hotel, the Kazakhstanskaya Lapland entertainment complex, the Park House Hotel, which has a
multifunctional conference hall and rooms that meet high standards, the Terassa Park Pantotherapy
Center, etc. To accommodate and serve tourists, there are hotels, hotels, tourist bases of various levels,
more than 600 shops, catering establishments and organizations providing household services. A
Republican ski base has been built with a ski jumping complex and a biathlon ground, which will become
a center for high-level international competitions with the attraction of numerous tourists as spectators.
The construction of a modern golf club has been completed. Currently, there are 29 tourist routes in
the Burabai Biosphere Reserve: 15 of them are trails, 14 routes. Some of them are on foot (18), some are
by bus (8), there are 1 equestrian, 1 bicycle and 1 water routes. The total length of all tourist routes is
503.5 km, while the total length of hiking routes is 246.5 km, bus routes — 226 km, cycling routes — 7 km,
equestrian routes — 9 km, and water routes — 15 km.

The number of visitors to the national park is increasing every year. Thus, 526,620 people were
registered in 2013, 615,644 in 2014, 631,615 in 2015, 644,541 in 2016, and 673,507 in 2017 [8].

Materials and methods. In this research, we employed a diverse array of metrics, encompassing the
Normalized Difference Vegetation Index (NDVI), the Normalized Difference Water Index (NDWI), the
Land Surface Temperature (LST), the Normalized Built-Up Difference Index (NDBI) and the Bare Soil
Index (BSI) to conduct an in-depth environmental analysis of Burabay National Park [9].

Vegetation indices are a valuable tool for assessing the spatial distribution of vegetation coverage and
soil characteristics by analyzing the unique patterns of light reflected by green plant life [10].

The Normalized Difference Vegetation Index (NDVI) is a quantitative measure used to determine the
density of vegetation within a specific area. It can be employed to assess the vitality of plant life and track
changes in its growth and uses near-infrared (NIR) and red (R) spectral bands. These two spectral bands
are combined to form a single channel that contains normalized vegetation information. Digital numbers
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(DN) obtained from each of these channels are then used to calculate NDVI, where each pixel contributes
its corresponding DN value to the calculation.

NDVI is calculated using the Landsat Thermal Infrared (TM) sensor, which measures the amount of
light that is absorbed by the earth's surface and atmosphere. The NDVI formula is:

NDVI = (NIR — Red)/(NIR + Red) , (1)

where NIR — reflection in the near-infrared range; Red — reflection in the red spectrum [11-13].

The Normalized Difference Water Index (NDWI) was developed to identify water on the surface of
wetland areas and quantify its presence. Initially designed for use with data acquired from the Landsat
Multispectral Scanner (Landsat MSS), this index has since been adapted successfully for use with other
imaging sensors when it is necessary to estimate the extent of water bodies. The NDWTI is calculated using
the following formula:

NDWI = (Green — NIR)/(Green + NIR), 2)

where Green — reflection in the red spectrum; NIR — reflection in the near-infrared range [14].

Land Surface Temperature (LST). The temperature of the earth's surface is influenced by various
factors, including land use patterns, types of land cover, distribution of vegetation, and hydrological
systems. These variations in temperature can have detrimental effects on the health of vegetation,
availability of groundwater, and overall resilience of ecosystems. Urbanization and air pollution
significantly contribute to fluctuations in the temperature of land surfaces. Additionally, the effects of
climate change further exacerbate these fluctuations [14].

LST is calculated following 5 steps:

1. Conversion to Top of Atmoshere (TOA) Radiance:

LA =ML * Qu + AL — 0;, 3)

where LA — TOA spectral radiance (Watts/(m> * sr * p)); ML — Radiance multiplicative Band
(3.3420E-04 = 0.0003342); AL — Radiance Add Band (No.); Q.. — Quantized and calibrated standart
product pixel value; Q; — correction value for band 10 is 0.29.

2. Conversion to Top of Atmoshere (TOA) Brightness Temperature (BT), Kelvin (K) to Celsius (0C)
Degrees:

BT = —2

where BT — Top of Atmoshere Brightness (°C); LA — TOA spectral radiance (Watts/ (m” * sr * p)); kl =
= K1 constant band (No.); K2 = K2 constant band (No.). BT = (1321.0789/Ln (774.8853/TOA+1)) —
— 273.15.

3. Proportion of Vegetation (PV):

—273.15, (4)

NDVI-NDVImin
NDVImax—NDVImin

PV = ( )2, 6)

where PV — Proportion of Vegetation; NDVI — DN values from NDVI Image; NDVI,;;, — Minimum DN
values from NDVI Image; NDVI,,,x — Maximum DN values from NDVI Image.
4. Land Surface Emissivity (E):

E = 0.004 * PV + 0.986 , (6)

where E — Land Surface Emissivity; PV — Proportion of Vegetation; 0.986 — corresponds to a correction
value of the equation.
5. Land Surface Temperature (LST):

LST = BT/(1+ (A=)  Ln(E)) . (7)
where BT — Top of Atmoshere Brightness (°C); A — Wavelength of emitted radiance; E — Land Surface

Emissivity; c2 = h*c/s = 14388 * 10 = 14388 mK; h — Planck’s Constant = 1.38 * 102JK; ¢ — velocity of
light =2.998 * 10* m/s [15].
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Normalized Difference Built-up Index (NDBI). The regions with plant life demonstrate a significant
increase in the albedo between bands 4 and 5. Nonetheless, the vegetation exhibits a marginally higher or
lower digital number (DN) value on band 5 in comparison to band 4, resulting in a discernible discrepancy
between the two spectral bands. This characteristic allows for the identification of areas containing
vegetation, which subsequently facilitates the calculation of the Normalized Difference Vegetation Index

(NDBI):
NDBI = (SWIR — NIR)/(SWIR + NIR), (8)

where SWIR — Short-wave infrared spectrum; NIR — reflection in the near-infrared range.

Bare Soil Index (BSI). The bare ground plays a critical role in the understanding of ecological systems
and is an essential element in ecological processes. Its dynamic nature has significant implications for
investigations related to soil desiccation, water balance quantification, dust deposition prediction, and
urban development assessment. Due to the importance of bare ground, it is essential to improve current
forecasting methods and leverage publicly available spatial data to generate dynamic maps of its
distribution. This would enable a more precise assessment of its impact on ecological processes and
provide valuable information for sustainable land management and is determined by the following
formula:

BSI = ((Red + SWIR) — (NIR + Blue)) / ((Red + SWIR) + (NIR + Blue)),  (9)

where Red — reflection in the red spectrum; SWIR — Short-wave infrared spectrum; NIR — reflection in the
near-infrared range; Blue — reflection in the blue spectrum [16,17].

Overlay Analysis. Overlay analysis was conducted to identify vulnerable areas of environmental
degradation. Ecological Degradation (ED):

ED = DNypy; + DNypw; + DNpgr + DNypg; + DNpgg (10)

where DNypyi — pixel value of NDVI nominative classes; DNypw — pixel value of NDWI nominative
classes; DNy gt — pixel value of LST nominative classes; DNypg; — pixel value of NDBI nominative
classes; DNgg; — pixel value of BSI nominative classes.

Datasets. This study utilized data obtained from the Landsat 8 satellite, comprising satellite imagery
and related metadata. The Landsat-8 satellite, previously known as the Landsat Data Continuity Mission
(LDCM), was successfully launched on 11th February 2013, aboard an Atlas V rocket from Vandenberg
Air Force Base in California. The satellite is equipped with two key instruments: the Operational Land
Imager (OLI) and Thermal Infrared Sensor (TIRS).

OLI captures images in three distinct spectral bands: visible, near-infrared, and short-wave infrared.
TIRS utilizes a novel quantum physics-based approach to measure land surface temperatures. With a
spatial resolution of 15m for panchromatic images and 30m for multispectral images, Landsat-8 can cover
a swath width of up to 185km.

The Thermal Infrared Sensor (TIRS), developed by NASA's Goddard Space Flight Center, has a
remarkable resolution of 100 centimeters. This sensor operates within the range of thermal infrared
radiation and captures data in the wavelength range from 10.4 microns to 11.2 micrometers. Its primary
purpose is to accurately detect and measure the heat radiation emitted by objects on Earth's surface.

The sensor produces 12-bit data, which is then converted into 16-bit integer values to create Level-1
products. These products can be further refined to provide a maximum resolution of 55,000 different
shades of gray. The data can also be adjusted to reflect the radiance or reflectance at the top of the
atmosphere, using specific radiometric scaling factors outlined in the metadata file known as the MTL.

TIRS has two distinct spectral bands: Band 10, which spans from 10.6 to 11.19 micrometers with a
resolution of 100 centimeters, and Band 11, which ranges from 11.5 to 12.51 micrometers and also has a
resolution of exactly 100 centimeters [18].

Results. Environmental monitoring was conducted between 2020 and 2024. Satellite images were
selected based on criteria of cloud cover less than 10%, and during peak tourist flow periods. The dates of
the images are: 09.11.2020, 08.13.2021, 06.05.2022, 07.10.2023, 07.06.2024.

Vegetation change detection. The Research presents the dynamics of vegetation changes in Burabay
National Park for the period from 2020 to 2024 based on the NDVI. NDVI was calculated using (1)
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formula. Cartographic data (figure 2 and 3) and a table 1 reflecting quantitative changes in the areas of
various vegetation classes were used for the analysis.

Figure 2 illustrates the spatial distribution of NDVI values for each year of the study (2020-2024).

Four classes are used:

1. Lower than 0 (negative values, barren territories) — marked in orange.

2.0 - 0.1 (unproductive vegetation, degraded lands) — yellow.

3. 0.1 — 0.3 (sparse vegetation, shrubs, grassy vegetation) — light green.

4. More than 0.3 (dense vegetation, forests) — dark green.

There is a positive trend: an increase in areas with high NDVI (dark green areas), which indicates an
increase in vegetation density.

[ lower than 0
=0-01
Bmo1-03

Il more than 0,3

b

" 07.10.2023

06.05.2022 07.06.2024

09.11.2020 08.13.2021

Figure 2 —Vegetation cover status based on satellite images

Between 2020 and 2022, a decline in NDVI was observed, indicating vegetation degradation likely
associated with droughts, trampling, and increased tourist visitation. However, 2023-2024 demonstrated
recovery dynamics, with an expansion of areas having NDVI > 0.3 (dense vegetation).

& 1 N NDVI values
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Figure 3 —Monitoring of the vegetation cover in Burabay Park

The table describes the density and health of vegetation, where higher values indicate a better
growing season.

Vegetation categories are distributed into barren areas (rocks, sands, snow) with NDVI 0-0.1, sparse
vegetation (shrubs, grassy landscapes) with NDVI 0.1-0.3 and temperate vegetation (forests and dense
greenery) with NDVI more than 0.3.

Table 1 —Dynamics of changes in the area indicators of vegetation cover

Vegetation cover NDVI Area by years, ha
condition values 2020 2021 2022 2023 2024 Average
Barren areas of rock, 0-0.1 14363.37 | 872757 | 107683.02 | 23277.33 | 27358.02 | 51991.49
sand, or snow
Sparse vegetation 0.1-0.3 436797.63 | 360 087.03 | 317 863.08 | 409 642.29 | 216 594.09 | 348 196.82
(shrubs and grasslands)
Moderate vegetation More than 0.3 | 31036.86 | 38742.75 | 59 143.41 | 53415 | 235911.87 | 83 649.98
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The barren territories significantly increased their area in 2021 and 2022 (87,275.7 and
107,683.02 ha, respectively), but then decreased in 2023 and 2024. Sparse vegetation gradually decreased
from 2020 to 2024, which may indicate degradation or a change in the type of vegetation cover.

Temperate vegetation is showing growth, especially in 2024 (235,911.87 ha), which indicates a
possible improvement in the ecosystem or restoration of forests.

Average values for the period (2020-2024):

1. Barren territories occupied an average of 51,991.49 hectares.

2. Zones of rare vegetation — 348 196.82 ha.

3. Areas with moderate vegetation — 83,649.98 ha.

The results of the study indicate significant changes in the structure of the vegetation cover of the
Burabay National Park. In particular, there is a decrease in areas of sparse vegetation and an increase in
areas with moderate vegetation, which may indicate the process of ecosystem restoration. However,
significant fluctuations in the area of barren territories require additional analysis of the causes of these
changes. The data can be used to assess environmental changes, analyze trends in ecosystem degradation
or restoration, and take environmental measures

Monitoring of the condition of water bodies. NDWI was calculated using (2) formula. The maps
(figure 4 and 5) confirm a decrease in areas with positive NDWI values, especially in 2022-2023. In 2024,
there is a slight increase in water bodies, which may indicate a restoration of the water balance. Thus, the
study revealed a tendency to reduce wet areas with possible signs of recovery in 2024 [19].

] []
I lower than 0
Bo0-03
I more than 0,3
09.11.2020 08.13.2021 06.05.2022 07.10.2023 07.06.2024

Figure 4 — Results of identification of water bodies from satellite images

A decrease in NDWI indicates a loss of water bodies or a decrease in soil moisture, which may be
related to droughts, land-use changes, or environmental degradation.

2020 2021 2022 2023 2024

NDWI values NDWI values NDWI values NDWI values NOWI values
040 030 030 0.0 09-0

Figure 5 —Monitoring of water resources

In 2020, the area with NDWI > 0 was 123.61 km?. In 2021 and 2022, it decreased to 98.80 km” and
96.87 km®, respectively. The minimum area was recorded in 2023 — 82.89 km®. In 2024, there was a
partial recovery to 118.95 km”. The average value for the entire period is 104.22 km? (table 2).

The recovery in 2024 may be attributed to changes in climatic conditions or water resource
management measures. The fluctuations reflect the dual influence of climate variability and anthropogenic
pressure near lakeshore tourist infrastructure.
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Table 2 —Dynamics of changes in in water bodies

Area by years, km’
NDWI values
2020 2021 2022 2023 2024 Average
More than 0 123.6087 98.7993 96.867 82.8855 118.9503 104,22

Surface temperature analysis. LST was calculated using (3-7) formulas. The spatial distribution of
changes shows (figure 6 and 7) an increase in green areas in 2024, especially in the northern part of the
territory, which confirms the restoration of vegetation or a decrease in surface temperature.
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Figure 6 —Results of identification of LST from satellite images

In 2022-2023, an increase in red and orange hues is visible, which corresponds to an increase in LST
and, probably, an increase in degradation processes. Based on the data, it can be assumed that the territory
experienced a phase of degradation in 2021-2023, but in 2024, restoration processes began, leading to a
decrease in surface temperature and an increase in vegetation cover.

Figure 7 —Monitoring of land surface temperature

In different years, there is a significant variability in the distribution of temperature zones (table 3). In
2020, average temperatures prevailed (369 687.15 ha), while areas with high temperatures (32 097.96 ha)
were relatively small. In 2022 and 2023, the high temperature zone increased (285 532.02 ha and
240,077.88 ha, respectively), indicating a possible increase in degradation processes or a decrease in
vegetation cover. In 2024, there is again a reduction in high temperature zones (37 722.96 ha) and an
increase in the average temperature zone (433 353.69 ha), which may indicate the restoration of vegetation
or a change in climatic conditions.

Dynamics of areas of temperature classes

1. Low temperatures: Their area fluctuated significantly, with a sharp decrease in 2021-2022 and a
recovery in 2023-2024.

2. Average temperatures: Stability is observed with small changes, but in 2024 they will reach the
largest area (433 353.69 hectares).

3. High temperatures: They reached their maximum in 2022 (285 532.02 ha), but then began to
decline, especially in 2024 (37 722.96 ha). This may be due to climate change, restoration measures, or
natural cycles.
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Table 3 —Dynamics of changes land surface temperature

Temperature Area by years, ha
ranges 2020 2021 2022 2023 2024 Average
Low 90705.06 8191.71 2294.19 60220.8 21419.19 36566.19
Middle 369687.15 306197.19 204665.58 192192.21 433353.69 301219.16
High 32097.96 178103.97 285532.02 240077.88 37722.96 154706.96

This dynamic indicates that managing visitor density and introducing seasonal restrictions can reduce
surface heating effects associated with soil compaction and vegetation loss.

Identification of anthropogenic impact. NDBI was calculated using (8) formula. Based on the maps
(figure 8 and 9) of the NDBI index and the table of dynamics of changes, the following conclusions can be
drawn:

1. The general trend of anthropogenic impact

In 2020-2023, the average and high degree of anthropogenic impact prevailed, indicating intensive
urbanization processes or soil degradation.

2. In 2024, there is a sharp reduction in areas with high and medium levels of NDBI, as well as a
significant increase in the area of low levels of anthropogenic impact.
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Figure 8 —Results of identification of antropogenic impacts from satellite images
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Figure 9 —Monitoring of NDBI values

Dynamics of the areas of anthropogenic impact classes

1. Low level (NDBI < 0). In 2020, it was 79,631.19 ha, then increased to 175,961.79 ha (2021). In
2022-2023, its area remained relatively stable (~135,000 ha). In 2024, there was a sharp reduction to
22,670.28 hectares, which may indicate degradation or urbanization.

2. Average level (0 — 0.1). The maximum was recorded in 2020 (261,990.09 ha). In 2021-2023,
this indicator was kept within 172 000 — 213 000 ha. In 2024, there will be a sharp decrease to
46,042.92 hectares, which also confirms the increase in urbanized areas.

3. High level (> 0.1). In 2020-2023, this indicator ranged from 145 000 — 153 000 ha.

In 2024, its area increased almost 3 times to 424,461.33 hectares, indicating a significant increase in
urbanized areas.
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Table 4 —Dynamics of changes antropogenic impacts

Level Area by years, ha
. NDBI values
of anthropogenic impact 2020 2021 2022 2023 2024 Average
Low Lower than 0 79631.19 | 175961.79 | 135263.25 | 135845.73 | 22670.28 109874.45
Middle 0-0.1 261990.09 | 172865.97 | 213215.13 | 204367.86 | 46042.92 179696.39
High More than 0.1 | 152296.56 | 145022.76 | 145414.71 | 153470.7 | 424461.33 | 204133.21

In 2020-2023, yellow and red zones prevailed, indicating a significant anthropogenic impact. In 2024,
the dark green color dominates the maps, reflecting the growth of anthropogenic zones (an increase in
urbanized or disturbed areas).

The data indicate a significant expansion of urbanized areas and anthropogenic influence in 2024.
This may be due to active construction, an increase in the area of paved areas, a reduction in natural
ecosystems, or changes in the methodology of data analysis.

This trend highlights the need for spatial regulation and strict land-use zoning, especially in core
conservation zones. The integration of NDBI monitoring into local planning processes can help limit
further urban sprawl and guide sustainable infrastructure development.

Soil quality analysis. BSI was calculated using (9) formula. The maps (figure 10 and 11) show the
change in the values of the Bare Soil Index (BSI) from 2020 to 2024. The color scale reflects different
levels of BSI: from low (light shades) to high values (dark shades).

1. In 2020, low and medium BSI values prevail, indicating relatively stable soil coverage.

2. In 2021, there is a significant increase in the area with high BDI values, which indicates an
increase in areas with bare soil.

3. In 2022, the trend of increasing BSI values continues, which may be due to deforestation or
changes in land use.

4. In 2023, the situation will relatively stabilize, but the area of sites with high BSI remains
significant.

5. In 2024, there is a serious increase in zones with high BDI values, which indicates intensive
degradation of vegetation cover and an increase in the area of bare soil.
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Figure 10 —Results of identification of bare soil areas from satellite images
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Figure 11 —Monitoring of bare soil areas
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Data on the dynamics of the area of plots with different levels of BSI (low, medium, high) confirm
visual observations (table 5).

Low BSI values: In 2020-2023, they range from 93 000 to 94 000 hectares, but in 2024 there is a
sharp decrease to 12 331.98 hectares. This may indicate a significant decrease in areas with relatively
stable soil cover.

Average BSI values: The dynamics shows a sharp increase from 70,334.82 hectares in 2020 to
314 514.36 hectares in 2022, followed by a slight decrease, but in 2024 the area falls again to
88 574.4 hectares.

High BSI values: In 2020, the area of high values was the maximum (323 581.85 ha), but
then decreased to 120 669.84 ha in 2021. However, by 2024, there is again a sharp jump to
392 939.28 hectares, which confirms a serious deterioration in the vegetation cover.

Table 5 —Dynamics of changes bare soil areas

Area by years, ha
Bare soil values
2020 2021 2022 2023 2024 Average
Low 93000.17 93652.47 53661.15 94549.68 12331.98 69439.09
Average 70334.82 279488.07 314514.36 270280.44 88574.4 204638.42
High 323581.85 120669.84 125725.77 129087.72 392939.28 218400.89

An increase in BSI values indicates an increase in the area of degraded lands and bare soil, which
may be the result of anthropogenic activities (deforestation, agriculture, construction) or climatic factors.
In 2024, maximum soil degradation is recorded, which can be seen both on maps and in tabular data: the
area of plots with high BSI values has increased almost 3 times compared to 2023.

A sharp decrease in low BSI values and an increase in high values indicates a deterioration in the
environmental situation in the study area. For further analysis, it is worth investigating possible causes of
the deterioration, such as changes in precipitation, surface temperature, the impact of human activity, and
possible measures to restore soil cover.

Overlay analysis and conducting an assessment zoning. The overlay analysis was conducted using a
formula (10) that integrates multiple environmental indicators:

1. NDVI (Normalized Difference Vegetation Index) — represents vegetation health;

2. NDWI (Normalized Difference Water Index) — indicates water presence;

3. LST (Land Surface Temperature) — measures surface heat levels

4. NDBI (Normalized Difference Built-up Index) — detects urbanization and built-up areas;

5. BSI (Bare Soil Index) — assesses soil exposure and land degradation;

By combining these indices, a comprehensive assessment of environmental conditions was
performed. The resulting maps (figure 12) depict the spatial distribution of d egraded zones based on
varying levels of environmental stress.
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Figure 12 —Comprehensive analysis and Overlay NDVI, NDWI, LST, NDBI and BSI data
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Figure 13 — Estimated zoning of environmental degradation

Figure 13 classifies the study area into three degradation levels:

1. Highly degraded areas (46 296.72 ha): These regions show severe environmental stress, likely due
to excessive land use, deforestation, high surface temperatures, and loss of vegetation. The combination of
high BSI and NDBI with low NDVI and NDWI suggests significant ecological damage.

2. Moderately degraded areas (334 418.67 ha): These areas exhibit noticeable but not extreme
degradation. They may still support some vegetation but are experiencing increasing land degradation
pressures.

3. Slightly degraded areas (111 599.19 ha): These zones maintain relatively good environmental
conditions, with stable vegetation cover and lower urban or soil exposure impacts.

The majority of the area falls under medium degradation, indicating widespread but not critical land
stress. Highly degraded areas require urgent intervention to prevent further environmental deterioration.
Slightly degraded zones could serve as ecological buffers and conservation areas to mitigate further
degradation. This analysis highlights priority areas for environmental restoration, conservation efforts, and
sustainable land management strategies to reduce degradation trends.

The results of remote sensing monitoring for the period 2020-2024 in Burabay National Park reveal
dynamic environmental changes that directly correlate with anthropogenic pressure and tourist activity.
Indicators such as NDVI, NDWI, LST, NDBI, and BSI show both degradation and recovery trends, which
can serve as a foundation for evidence-based management of tourism flows.
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Discussion. Remote sensing monitoring from 2020 to 2024 revealed dynamic environmental changes
in Burabay National Park closely linked to anthropogenic pressure and tourism intensity. The combined
analysis of NDVI, NDWI, LST, NDBI, and BSI indices demonstrates both degradation and recovery
phases, confirming that ecological processes in the park are directly influenced by fluctuations in visitor
activity.

Environmental Stress and Tourism Pressure.The NDVI and BSI indices show a notable decline in
vegetation cover and soil quality in 2021-2022, coinciding with periods of peak tourist activity. The
increase in barren soil areas and higher LST values indicate thermal and physical stress on ecosystems
caused by trampling, unregulated recreation, and infrastructure expansion. These findings are consistent
with patterns observed in other protected areas of Kazakhstan, such as Katon-Karagay National Park,
where uncontrolled tourism contributed to vegetation loss and soil erosion [19].

Management Measures Based on Zoning and Carrying Capacity. Environmental fluctuations
recorded between 2020 and 2024 highlight the necessity of establishing a visitor management framework
based on ecological zoning and carrying capacity assessment. Evidence from Altynemel National Park
suggests that a multi-zone approach — combining restricted, controlled, and buffer zones — helps maintain
ecological integrity while ensuring sustainable tourism revenues [20].

Based on spatial analysis of Burabay data:

* Highly degraded areas (46,296.72 ha): should be designated as restricted-access with seasonal
closures and rehabilitation programs.

* Moderately degraded areas (334,418.67 ha): suitable for controlled ecotourism with regulated trails,
eco-friendly infrastructure, and waste management.

» Slightly degraded areas (111,599.19 ha): appropriate for educational and low-impact tourism
serving as ecological buffers.

This framework is consistent with UNWTO (2023) recommendations on adaptive visitor
management in protected areas [21].

Integration of Remote Sensing into Decision-Making. Remote sensing data provide a reliable
scientific basis for monitoring ecological carrying capacity, identifying illegal land use, and forecasting
degradation risks. Integrating NDVI-NDBI-BSI datasets enables managers to:

* Adjust visitor limits according to vegetation health and land degradation indicators;

* Prioritize reforestation in zones with NDVI decline;

» Use NDWI and LST indices to detect drought and overheating zones.

Such approaches reflect international best practices in GIS- and RS-based environmental governance
[19, 20].

Soil Degradation and Climate Adaptation. The growth of BSI values in 2024 indicates intensified
soil degradation due to recreational overuse and infrastructure expansion. To counter these effects,
combined measures— revegetation with native species, creation of green corridors, and restrictions on
motorized tourism — are recommended [21]. These strategies not only prevent further degradation but also
strengthen the park’s resilience to climate variability.

Conclusion. The environmental monitoring of Burabay National Park from 2020 to 2024 has
revealed significant fluctuations in vegetation cover, water resources, land surface temperature,
anthropogenic impact, and soil quality. A decline in vegetation density and water resources was observed
from 2021 to 2023, coinciding with increased surface temperatures and urban expansion, indicating
ecosystem stress due to overtourism. However, 2024 marked a partial environmental recovery, with higher
NDVI values, reduced LST, and an increase in water bodies. Despite these improvements, the increase in
anthropogenic influence and soil degradation in 2024 raises concerns about sustainable land management.
The overlay analysis classified the park into different degradation zones, emphasizing the need for
immediate conservation efforts in highly degraded areas. These findings underscore the necessity for
implementing long-term environmental protection measures, stricter regulations on tourism activities, and
ecological restoration projects to ensure the sustainable development of Burabay National Park.

The study’s methodology demonstrates the effectiveness of remote sensing in monitoring
environmental changes, providing a valuable tool for policymakers and conservationists in managing
protected areas impacted by overtourism. The study demonstrates the high potential of remote sensing and
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GIS integration in supporting evidence-based management of protected areas. The proposed framework of
adaptive management — combining zoning, visitor quotas, and restoration measures — aligns with UNWTO
guidelines and global best practices.

This research provides one of the first comprehensive RS-based assessments of Burabay’s
environmental dynamics and offers practical recommendations for balancing ecological protection and
tourism development. The results can serve as a model for other national parks in Kazakhstan and Central
Asia facing similar challenges of overtourism and environmental stress.
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KAIIBIKTBIKTAH 30HJITAY JEPEKTEPIH KOJIJIAHA OTBIPBIIT BYPABAW MYTII
AHTPOIIOI'EHJAIK )KYKTEMECIHIH 3KOJIOTUAJIBIK CAJIJAPBIH KEHIEH/II BAKBIJIAY

AHHoTanusi. OBepTYpH3M KOIITEIeH EpEKIIe KOpFalaThlH TaOMFM ayMakTapia e3eKTi Mocenere anHaibll,
KOpIIaraH OpTaHBIH adTapiBIKTail HamapiaybsliHa okemyne. bepinren zeprrey 2020-2024 >xpuimap apaibIFbIHIAFEI
KAIIBIKTBIKTaH 30HIATAY ICpeKTepiH NaiganaHa OTHIpeII, bypabait MemiekerTik ¥ITTHIK TaOWFH IMMapKiHAETi
OBEPTYPHU3MHIH SKOJOTHSUIBIK CalJapblH TallayFa apHalFaH. 3epTTey/Ae 6CIMAIK KaMBUIFBICHL, Cy PECYPCTApBI, JKEP
OeTiHIH TeMmmepaTypachl, ypOaHW3amus >KOHE TOIBIPAKTHIH JerpaJallMAChIHBIH e3repyiH Oaramay ymria NDVI,
NDWI, LST, NDBI xone BSI nnaexcrepin naiiganaHaTelH KEIICH ] Tangay KOJAaHbUIaARL. FapbeIuTeIK TycipicTep
9KOJIOTHSUIBIK JKaFAaiabl 1aJ Oakpulay/bl KaMTaMachl3 €Ty VIIiH €H a3 OYJITTBUIBIK KOHE JKOFapbl TYPHCTIK aFblH
Ke3eHJIepiH eckepe OThIpbIn TaHianabl. Hortmxenep 2021-2022 sxpunapsl NDVI moHIepiHiH yakbITIIa TOMEH-
JieyiMeH eCIMIK )KaMbUIFBICBIHBIH alTapibIKTall aybITKyblH KepceTin, 2023-2024 xpuinapbl alTapiibIKTal KaJlbHa
kenrenpairin tipkedai. NDWI rtammayst 2024 kpuibl immiHapa KaJlblHA Kedy OeiruiepiMeH cy OOBeKTiJIepiHiH
2023 xpurra Jeifin KplcKkapranbiH kepcereni. LST tepOemicrepi sxepaiH ferpagalsChHbIH 9CepiH Jamenaeiini, oe-
pinren emmuemmaprrap 2021-2023 xpuinapaarsl skep OeTiHIETI TeMIepaTypaHblH >KorapbulaybslH kepeeteni. NDBI
KOPCETKIIIiHIH 6cyl ypOaHHW3alUsIIaHFaH ayMaKTapAbl KOHE aHTPOIOTCHIIK OCEpHiH apTKAHABIFBIH alKbIHIANIbI.
BSI tenneHumsIapsl TONBIPAKTHIH JETPAAAMSIChIHBIH JKOFapbUIAybIH KepceTeni. Tanaay HoTmxkeciHae MeMieKkeTTik
¥nTTHIK TaOWFHN MAPKiHIH ayMarbl KOFaphl, OpTa JKOHE a3 Aerpafanus IeHreili OoibiHIIa 3-ke OeiHil, KOpFayIbiH
HIYFBLT IIApaliapblH K&XKET eTeTiHAIriH gonenneni. Hormkenep bypabaii ¥nTThIK mapKiHAeri TYpu3M MeH KOpILIaraH
OpTaHbI CaKTay/bl TEHECTIPETIH TYPAKThI OacKapy )KoHE a3aiiTy cTpaTerusuiapbl Typaibl KYH/IbI aknapar oepe/i.

Tyiiin ce3mep: KambIKTHIKTaH 30HATAYy, Landsat 8, KopimaraH OpTaHbIH JETPajalischl, OBEPTYpPHU3M, MOH-
utopuHr, 'AX.
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Annoranusi. OBepTypU3M CTAaHOBUTCS aKTYaIBHOW MPOOIIEMOW BO MHOTHX OXPaHSEMBIX MPUPOIHBIX TEpPH-
TOPUSIX, BBI3BIBAS 3HAYMTEIHHOE YXYIIICHHE COCTOSHHS OKpYXaromeil cpeapl. JJaHHOE McclenoBaHue MOCBSIICHO
HKOJIOTHYECKUM TIOCIEACTBHSAM YpPE3MEPHOTO0 Typu3Ma B HAIlMOHAJTBFHOM mapke «bypabai» ¢ ncmoiap3oBaHUEM
JIaHHBIX JUCTAHIIMOHHOTO 30HaupoBaHus ¢ 2020 mo 2024 roa. B uccnenoBanuy nmpeMeHsIETCs MHOTOKPUTEPHATBHBIN
noaxon ¢ ucnonb3oBanreM uHIekcoB NDVI, NDWI, LST, NDBI u BSI g5 onieHkr n3MeHeHU# B paCTUTEIBLHOCTH,
BOJIHBIX pecypcax, TeMIIepaType MOBEPXHOCTH 3eMIIM, ypOaHHW3aluu W Aerpagann 1mouB. CIyTHHKOBBIE CHUMKH
ObuTM 0TOOpaHBI C Y4€TOM MHHUMAaJIBbHOW OOJaYHOCTHM W TNEPUOAOB IMHUKOBOTO TYPHCTHUECKOI'O MOTOKA, YTOOBI
o0ecrieunTh TOUYHBIH MOHUTOPUHI DKOJOTMYECKOW oOcTaHOBKH. [loiyueHHbIe JaHHBIE CBHUIETEILCTBYIOT O CyIIe-
CTBEHHBIX KOJIEOAHHSIX PACTUTEILHOTO IMIOKPOBA C BpEMEHHBIM CHIKeHHeM 3HaueHnd NDVI B 2021-2022 ronax, 3a
KOTOPBIM TOCJIEN0BaNIO 3aMeTHOe BoccTtaHoBieHue B 2023-2024 rogax. Ananuz NDWI nokasbiBaeT cokpalieHue
BOJHBIX 00beKTOB 10 2023 roma ¢ mpuU3HAKaMU 4acTHYHOrO BocctaHoBlieHHs B 2024 roxy. Komebanus LST mon-
TBEP)KIAIOT BIMSHUE JCTPagalliy 3eMelb, TOKa3bIBas MOBBIIICHHE TeMIIepaTyphl moBepxHocTH B 2021-2023 romax,
KOTOpast 3aTe€M CHU3WIACH TI0 Mepe YIIydIIeHUs] PACTHTEIBHOTO MOKpoBa. Pacumpenne ypOaHU3NPOBaHHBIX TEPPH-
Topuii, oTpaxxerHoe B pocte NDBI, cBumerenscTByeT 00 yCHICHHN aHTPOTIOTeHHOTro Bo3aewcTBus. Tenaenmnu BSI
YKa3bIBAIOT HA YCHJICHHE Jerpajaliu mo4s, ocodeHHo B 2024 roxy. B pesynbrate aHann3a HallMOHANBHBIA MapK
ObLI pa3/iesieH Ha TPU YPOBHSI IerpaJialiny, BbIICIUB 00IaCTH, TPEOYIOIINe CPOYHBIX IPUPOJOOXPAHHBIX Mep. Pe3yiib-
TaThl MCCIIEAOBAHUS JAIOT IIEHHYI0 MH(OpPMALUIO 00 YCTONYMBOM YIPABIECHHH U CTPATETUSIX CMSITYEHHS MOCIe-
CTBUI1, O3BOJISIFOIIUX COATAHCUPOBATH TYPU3M M COXPAHUTh OKPYKAIOIIYIO Cpely B HAIIHOHAILHOM Napke bypabaid.

KroueBble ciioBa: nuctaHIMOHHOE 30HaIUpoBanue, Landsat 8, nerpaaaiust okpyxarouiei cpesl, OBEpTypHU3M,
MouuTopuHr, ['YIC.
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OPTAJIBIK A3UA EJITEPI XAJIKBIHBIH
OPHBIKTBI JAMY KOHTEKCTIHJAEI'T KOLII-KOHBI

AHHoTanus. Maxkamna nemMorpadusulbIK e3repicTep MEH OHIpIiH oJIeyMEeTTiK-3KOHOMHUKAIBIK TpaHChopMa-
IUACH TYPFBICBIHAH OpTanbIK A3Hs elIepiHeri KomIi-KoH YAEPICTepiHiH YpAiCTepiH KeIeH i TajlaayFa apHalFaH.
Opranblk A3HUSHBIH JKEKEJIETeH eIIEPiHiH oHe aJeMaiK Jepekrep OankTepiniH (yHuexysinik 0ank, XK¥, b¥Y)
pEeCMH CTaTHCTHKAIBIK aepekrepi Herizinge 2010-2023 xbuimap keseHingeri Kasakcran, Kpipreictan, ©30eKcTaH,
TaoxikcraH xoHe TypiKMEHCTaH/AFbI IIIKi )KHE CBIPTKBI KOIIi-KOHHBIH HET13T1 ypicTepi aHbIKTan sl. Kemi-KoHHBIH
WITTHIK 3KOHOMHKAJIAP TYPAKTHUIBIFbIHA, HH()PAKYPHIIBIMHBIH IaMybIHA, €HOCK HapbIFbIHA >KOHE XaJBIKTHIH 9JIey-
METTIK YTKBIPJIBIFbIHA (MOOWIBAIriHE) acepiH Oaranayra epekiie Hazap ayaapbuiaabl. JKorapsl OUTIKTI KaJIpiaapabiH
CBITBUTYHI, OipKaTap MEMJIEKETTEpiH €HOCK MUTPAHTTAPBIHBIH aKlla ayAapbIMAapblHa TOYEIAUIITiHIH apTybl KOHE
aJIBIC LIETENAEPMEH JKaHa KOIli-KOH OaliIaHbICTaphIHBIH KAJIBINITACybl CHAKTBI KYOBUIBICTAp 06JIeK KapacThIPbLIabl.
Maxkanaga KapacTBIpBUIFaH Kemri-KoH yaepictepi MeH b¥¥-aeiH Typakrel namy maxcarrapei (TAM 8, TAM 10
xone T/IM 11) icke acelpynarsl e3apa OalmaHBICKA epeKine Ha3ap ayJapbsuiraH. JKypriziireH tanmay eHipAiH Y3aK
Mep3iMIIi 1aMy TYpaKTBUIBIFBI VIIIH jKaHa TOyeKelJIepIiH Ke3i O0ybIMEeH KaTap iIIKi 9Je€yMETTiK-3KOHOMHKAIIBIK
CBIH-KaTepiepre OeiiMaeny (akTOpbl PeTiHAETi KeIli-KOHHBIH KOCapibl pejl aTKapaThIHBI JKOHIHAE KOPBITHIHABI
’Kacayra MyMKIHJIK Oepeni.

Tyiiin ce3mep: XaJbIKTBIH Kouli-KOHbI, OpTanblK A3usi, OpHBIKTHI namy, T/IM, aieyMeTTiK-3KOHOMHKAJIBIK
Jlamy.

Kipicne. Tapuxu typreinan Opransik A3ust Eypasusina MaHBI3IbI T€0CAsCH KOHE Te0CTPATETHUSIIBIK
no3uuusHbl ueneHni, bareic meH LIbIFbic apachblHOaFel KeHip KbI3METiH aTKapabl. OpTanblK A3USHBIH
Oiperefiiri OHBIH Teorpad¥sUIBIK OpHATACYbIHA KOHE TAOUFH pecypcTapablH O0ybIHAa OailTaHBICTEI. byt
epekuieniktep OpTanblk A3HWSHBIH KeOIUi-KOH YAEpiCTEepiHAeri epeKiie pejiH aHBIKTaabl, Ol OHIp
eNJIEPiHIH QJIEYMETTIK KYPBUIBIMBIH, JIeMOTpadUsIbIK CEpIiHIH KOHE CasCH ©3TepiCTepiH KalbIITac-
TBHIPYIOBIH HETi3ri (akTopiapblHBIH Oipi Oonmbm TaObmIaApl. byrinme Opranblk A3usS OCH OHIPHIH
ipreraceiH KypaiThiH Kazakcran, Keipreizctan, Toxikcran, TypikMeHCTaH jkoHe ©30€KCTaH CHAKTHI Oec
MEMJICKETTICH TaHbLIAIbI.

Kenectik xezerme Opranmblk A3us enmepiHae €H MaHBIRABI KOIli-KOH e3repicTepi Oommsl. MHmy-
CTPUSUIAHABIPY, YIKBIMIACTHIPY, THIH S>KEpiepli Wurepy alMakTblH cascH JKYHEeCiHIe, STHOCAPaJbIK
OaliiaHbICTapBIHAA, 1EMOTPAQUAIBIK KYPBUIBIMBI MEH QJIEYMETTIK-9KOHOMHKAJIBIK YAEpicTepiHae KopiHic
TamThI.

OpTanblK A3UsSIarbl XaNBIKTHIH Kemmi-KoOHBI b¥Y¥ 2015 xbuiel OekiTkeH OpHBIKTHI TaMy MakcaT-
tapeiHa (TAM) [1, 2] xon keTki3yre Tikeneil ocep eTeTiH MaHbI3Ibl (pakTtop Ooxbin TabbuIagsl. KeHec
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Oparsl bIIBIpaFaHHAH KEHiH KOIlli-KOH aFbIHAAphI dKaHa CUMATTKA Me OOJJIBI: JKaKChl OMip Cypy Karmai-
JapBIH i3[Iey/leri iMKi Ko3FanbIcTap, merenre, acipece TokikcraHHaH, KpIpFpi3cTaHHaH jkoHe O30ek-
CTaHHAH JKammaid eHOeK Kemri-KOHBI OelieH ainapl. MHUTpaHTTapAbIH akiia ayaapbIMAapbl OYTiHIE OCHI
enmepnin JKIO-HiH exoyip OeniriH Kypaliabl, Oy KemnTereH OTOAChUIApIbIH ©Mip Cypy JeHreHiH
xakcaptyra (TAM 8) xone keneitniknen kypecyre (TAM 1) piknan ereni. OraH Koca, CHIPTKBI TaOBICKa
YKOFaphl TOYENIUTIK SKOHOMHUKAHBI CBIPTKBI Kyi3emcTepre ocan eTemi. Kemni-koH COHBIMEH Katap aitMak
eNJIepiHie Jie, OJIapJbIH apachlHa Ja QJICYMETTIK TEHCI3MIKTIH TeMeHzaeyine acep eremi (TAM 10).
Anaiima, MurpantTap KeOiHece KEMCITYLIUTIKKE YIIbIpaiael, KaObUImaywsl engepae Oimim  Oepy,
JICHCAYJBIK CaKTay JKOHE OJIEyMETTIK KOpPFayFa KOJI KETIMILIITi meKTeysi. byn MurpantrapasiH KYKbIK-
Tapsl MEH OJICYMETTIK WHTETPAITMSIHBI KaMTaMachl3 Ty YIIiH Imapajap KaOeuimayasl Tanan eremi. Kerri-
KOH ocepiHeH Opranblk A3USHBIH Ipi KajdaJapblHBIH JaMybl KalajdblK OPTAHBIH OPHBIKTHI JaMy
MiHAeTTepiH mernrymeH OavmanpicTel (TM 11). YpbOannamy mHQpaKypbUIBIMFa, KYMBIC OpBIHIApHIHA
YKOHE KOJDKeTiMIIi OacIiaHara CYpaHbICTBI apTTHIPaabl, COHBIMEH 0ipre SKOJOTHSIIBIK TYPAKTBUIBIKKA KaYill
toHpipeni. COHBIMEH KaTap, KIMMATTBIH ©3Tepyl JKoHE DKOJOTHSUIBIK JKaFlai/blH Hamapiaybl aiMak
IITiHET] Kellli-KOHHBIH KaHaMa ceOenTepiHe aifHananbl, OYJ1 Kelli-KOH MEH KIMMATThIH 63repyiHe Kapchl
iC-KUMBIJ apachIHAAFbI OaiIaHBICTHI eCKepy KaxeTTinirin kepcereni (TAM 13).

Byrinme Opranbik A3us ejaepi ailaM KYKbIKTapblH CaKTayFra, alaMu Kanutaiabl gameiryra (TJM 16)
JKOHE OPHBIKTHI JaMy KaFHJIaTTapbIH UIrepuUIeTyre OarbITTadFaH HEFYPJIbIM KEHICH I KOIli-KOH CasCaThIH
KaJBINITACTRIPY KeHiHAe Ky canyna. Kemri-koH macenenepin T/IM-Ha Kon JKeTKi3yHiH YITTBIK CTpa-
TeTUsIapblHa WHTETPAITHsIIAy MaHbI3 Al MiHIET OOJBIT TaOBIIaAbl, OVJI HEFYPJIBIM OPHBIKTHI, HHKITFO3UBTI
JKOHE 9IILT KOFaMaap KypyFa MyMKiH/IK Oepei.

’Kahannany sxoHe eHIpNiK AMHAMUKAHBIH TYPaKChI3 JKaFJaiblHAA KeIi-KOH YpIICTepiH Taimay
epeKIe O3eKTUTIKKE Me OOBIT OTHIp. by OpTanbik A3wsl enAepiHiH OJICYMETTIK JKOHE DKOHOMUKAIIBIK
JIaMYBI )KOJIBIHAA Ke3JIeCeTiH MYMKIH/IIKTEp MEH KayinTepAi allKplHAayFa MyMKIHIIIK Oepe/ti.

3epTTey MaTepHaggapbl MeH JmicTepi. 3epTTey KYprizy YIIIH CaHIBIK *OHE CalallblK Tajaay
omictepl maiimanaHpUIIBL, OYJT OPHBIKTBHI JaMy MakcarTapbl KOHTeKCTiHme OpTaimblk Azus enpepiHmeri
KOITi-KOH YAepicTepiH KeMeH Il TOCUTIEPMEH 3epaeiey/ i KaMTaMachl3 eTTi.

CaHJIBIK TOCLT KOIII-KOH aFbIHaPbIHBIH ayKBIMbl MEH OaFBITTapbIH, MHTPAHTTAPIbIH KBIHBICHI, )KACHI,
TaralbIHIAIFaH enjepi OOWBIHIIA KYPBUIBIMBIH JKOHE XallbIKapaiblK JKeKe akiia ayJapbIMIapbIHBIH
MUTHAMUAKACHIH KOPCETETIH CTATUCTUKAIBIK MOJIIMETTEp/Il KWHAY MEH OHACYII KaMThIObL Jlepexrepmin
Heri3ri ke3zaepi — Kazakcran, Keipreizcran, ©30ekctan, Toxikcran skoHe TypikMeHCTaH ¥JITTBIK CTaTHC-
TUKAJBIK areHTTIKTEPiHIH PECMHU ecenTepi MeH Nepekkopiapsl [3, 4, 5, 6, 7], coHali-aK XalbIKapabIK
YHBIMIApABIH alibIK pecypctaphl (B¥ ¥ kermi-koH Kbi3MeTi, JyHuexysinik 6ank, XEY xone T.0.) [8]. by
3epTTey PECMH JiepeKTepre Heri3aenreH, Oipak ailMaKTarbl KOIi-KOH aFbIHIAPBIHBIH CTATHCTHKACHIHIIA,
acipece MUTpaHTTapAbl OelpecMu >KYMBICIIEH KaMTy OeliriHne alTapibIKTail OJKBUIBIKTap Oap eKeHiH
€CKepy MaHbBI3/IbL.

Camanslk Tangay aschIHIA OHIp eAePIHIET] KOIIi-KOH YIepICTEpiH PeTTEeUTIH OaFmapaaMalbIK KoHE
CTPaTETUSIBIK Ky)XKaTTapFa KOHTEHT-TaNay OKyprizimmi. Onapra Kemli-KOH CasiCaThIHBIH YJITTBIK
TY)KBIpbIMJIaMaIapbl, KYMBICTICH KaMTy JKOHIHAeri MeMJICKETTIK Oaraapiamainap, cOHmai-ak TypakTsl
JlaMy MaKcaTTaphlH iCKe achIpy JKOHIHAETi KyKarrap Kipmi. 3epTTeyle KeIli-KOHIBI 0ackapy Tociiie-
piHIIET] YKCACTBHIKTap MEH aibIpMaIIbUIBIKTApbl, MEMIIEKETTIK CascaTThlH 0achiM OaFbITTapbl MEH OHBIH
TUIMIUTITIH aHBIKTayFa epeKile Ha3ap ayAapbUlIbl. Ocipece, 3aHCBI3 JKOHE YaKbITIIA eHOEK KOIli-KOHEI
OOWBIHIIIA PECMH aKMAPaTTHIH IIEKTEYIIi JKaFalblHIa KOCHIMINIA HHINKATOP PETiH/E XaIbIKapasblK aKiia
ayJnapeIMAapbl OOMBIHIIA JIepeKTep MNaimanaHbUIIbl. Byl JepekTep MUTpPaHTTapAblH SKOHOMHKAIBIK
OCJICEH/IUTITIH FaHAa €MeC, COHBIMEH KaTap CBHIPTKbI €HOEK KOIli-KOHBIHBIH ayKbIMBIH Jla KOpCETel.
ATanFaH KepCeTKilTep €HOEK MUTPAHTTAPBIHBIH CaHBIH, KapakaT allyIIbl XKoHE JKiOepymri enmepIiH
KYPBUIBIMBIH JKaHaMa TypJe Oarajayra, COHIali-aK JKbuIIap OOHBIHINA YPIiCTepai alKbIHAayFa MYMKIHIIK
oepeni.

Kemri-koH yaepicTepiH KEHICTIKTIK BH3yalH3allisiay JKoHE OJIapJAbIH TreorpadusuIblK TapailyblH
tanmay yoriH ArcGIS sxome QGIS mmaTrdopmanapslH KOJJaHA OTBIPHIN, TE€0AKIMAPATTHIK JIICTEP
KOJIAHbLIAB.  KypacThIpbUIFaH TaKBIPBINTHIK KapTajap OHIPJIIK alblpMallbUIBIKTAPAbl, KeOIli-KOH
aFbIH/IAPBIHBIH OAaFBITTAPBIH, COHJAN-aK ayMaKTapJblH oJCYMETTIK-3KOHOMHKAIIBIK JaMy JIeHreli MeH
KOII-KOH ayKbIMBl apachlHAAFbl ©3apa OalIaHBICTEI KepceTyre MYMKIHIIK Oepai. 3epTTeyaiH ojic-
HaMaJbIK HeETi3l neMorpadus, COIMOJIOTHS, 3KOHOMHKA, Teorpadus >KOHE cascaTTaHy »JJIEMEHTTEpiH
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KAMTUTBIH TTOHAPAJBIK OJICHAMAJBIK TOCUIre CyleHemi. One0u IOy, CTAaTHUCTUKANBIK Taljay >KoHE
TE0aKMapaTTHIK MOICIBICYMl YIITACThIpa OTHIPHIN KoimaHy OpTanblK A3Ws eIfepiHaeri Kolli-KOHHBIH
CHUIIAThI, TUHAMHMKACHI MEH CaJIJIapbl )KOHIH]IC KEIICH/ I )KOHE KOMKBIPJIbI TYCIHIK ajlyFa MYMKIHJIK Oepi.

Oneduerke moJy. Opranblk A3HAgarsl KOIi-KOH YAepicTepi FBUIBIMU 3e€pTTEeYNepIiH 63€KTi OarbIThI
OonpIm Kama Oepenmi, OWTKEHI oONap OHIPAETi NeMOTpadUsUIBIK [aMyFa, SJIEYyMETTiK-9KOHOMUKAIBIK
JKarmalira KoHe MEMJIEKETTIK cascaTKa aHTapibIKTail ocep erefi. XaabIKThIH KO3FABICBIHBIH Kail TYpiH
ajycak Ta: eHOeK, MOKOYpiIl HeMece STHUKAIBIK KOIli-KOH 0OJICHIH — CHOCK HapBIFBIHA, SJICYMETTIK TYpaK-
TBUTBIKKA JKOHE MHTETPAIlMSUIBIK YepicTepre Tikeneil acep eremi. Kemmi-KOHHBIH KIACCHKANBIK TEOPHS-
JApBIHBIH Kajsmracysl XIX FaceIpAbIH assFbl MeH XX FachIpAblH OachklHma Oactammel. byi Teopusiap
XaJIBIKTBIH KOHBIC ayAapy ce0enTepi MeH TeTIKTEpiH TYCIHIIpei.

Kewi-KOHHBIH anfalKel TEOPETUKTEPiHiH Oipi — OpuTaHAblK nemorpad ODpHCT PaBeHmTeiiH ©3iHiH
"Kemri-kon 3apmapel” (The Laws of Migration) artel eHOeringe [9] Kelmi-KOH YAEpiCTEepiHIH HETi3ri
3aHIBUIBIKTAPBIH TYKBIpbIMAaAbl. O, KeIli-KOH, 9/IeTTe, Ke3eH-Ke3eHIMEH JKYPETiHIH aHBIKTabl: aJljbl-
MEH KOHBIC ayJapy >KaKblH Kajallapra, CoJlaH KeWiH anbic aiMakrapra ("'caThUIbl KOIi-KOH" MPHHIIUII)
oTeni. PaBeHIITEHHHBIH MalbIMIAYybIHINA, KOIIi-KOHHBIH HETI3r BIHTAIAHABIPYIIBICHl — SKOHOMHUKAIIBIK
dakTopiap: agamaap emip cypy MEH >XYMBIC icTeyre Kojaimel aiimMakrapasl i3geimi. CoHpaii-ak oir
olienep/IiH Ke0OiHEe e IIIiHAe KOHBIC ay/IapaThIHbIH, ajl epJICPIiH — IISTEre MIBIFATHIHBIH aTall KOpCeTTi.
AMepuKaHIBIK oneyMeTTaHymisl OBeperT Jlu PaBenmTeiiHHIH ke3kapackiH push sxone pull kerri-koH
(hakTopIIapeIH 06JII KOpceTy apKbLIbI TOMBIKTHIPALI [10]. On TeMeH jKajJaKbIHBI, CasiCH TYPaKChI3IBIKTHI,
IKOJIOTHSJIBIK IMpobJieMaapabl JkoHe OOoNallakThIH KOKTHIFBIH push dakropnapeiHa (MTEepMeneyi)
*Katkp3apl. Pull daxTopnapeiHa (TapTymibl) sKorapsl TaObIC AEHTeli, TYPaKTBUIBIK, 9JIEyMETTIK HTiJIiK-
Tepre KOJ JKeTIMILTIK )KoHEe MaHCANTHIK 6Cy MYMKIHIIKTEpi Kipeni. DkoHomucTep Xappuc rneH Tomapo
KOIII-KOH/Ibl 3KOHOMMKAJIBIK PaIlHOHAJIBIK TYPFBICBIHAH TYCiHAipeTiH [11] yiaricin ycbiaabl. Onapabiy
TeopHsACH OOWBIHIIA, QJIEYETTI MUTPAHTTAP KETETIH JKOHE KeNETiH eHipueperi Tabblc albIpMallbUIBIFBIHA
Kapail memiM KaObUIIaiIpl, TIiMTi YaKbITIIA )KYMBICCBI3/IBIK JKaFTalbIHIA 1a KOy i )keH kepemi. Kerri-
KOHHBIH 3aMaHayd TYKbIphIMIaMalapbl >kahaHmaHyIbslH, TUQPIBIK TEXHOJOTHSIAPABIH JKOHE TpaHC-
VITTBIK OaiaHbicTappiH ocepin eckepeni. Meicanbl, [nuk [unnep, Bam sxone bman-C3anton TpaHc-
WITTHIK KOIIi-KOH TEOPHACHIH kacasl [12]. by TyxbIppiMaaMara coiikec, MUTPaHTTap ©31HIH OTaHBIMEH
OaitmanpICTHI Y30€iii, exi Koramaa Katap emip cypeni. Kactins 6eH Mmmiep Kelmi-KOHHBIH «Ti30€KTi»
CHUITaTBIH TYCIHIIPETIH TEOpHs YCHIH/IBI: alFall KOHBIC ayJapFaH ajaMmjap KeHiHriIeplIiH KOUIinm KeiyiHe
JKoHe Oeltimaenyine sxapaeMaeceni [13].

Opranblk A3us YIIiH KaUTBIMIBI KOIIi-KOH TYXXBIPBIMAaMAaChIHBIH MaHBI3EI epekire [14]. On aiimak
ennepi MeH Peceil apackiHmarsl KalTanaHATHIH KOIi-KOH aFBIHAApEIH TYCiHIipemi. by yaepic MaychiM-
JIBIK JKOHE yaKbITIIAa €HOEK camapiiapbIMeH OalIaHBICTHI, O KONTEreH 0TOAChUIAP YIIIH 3KOHOMHKAIIBIK
CTpaTeTUsHBIH HETi3Ti JIeMeHTiHe aifHanmraH. Kemri-koH yaepicTepiH TYCIHAIpYHMiH TaFbl Oip Tocimi —
EnOex HapbIFBIHBIH jkaHa dKoHOMHUKAcH Teopuschl (O. Crapk [15]). by Teopus OoifpIHINA, KOIi-KOH
TypaJibl IIEHIM XXeKe TyJIFa JICHIeHiHae eMec, 0TOAChI He IIapyallbUIbIK ACHIeHiHae KaObU1maHaabl, Oy
KOHBIC ayJlapy bl aHAFYPIILIM CTPATETUSIIBI €TEII.

Kazipri akameMusuIbIK 3epTTeyJiepae 3UATKEPIiK Kemri-KOH kahaHIBIK KeImi-KOH YIepiCTepiHiH
OpTaNBIK OarbITTAPBIHBIH Oipi peTiHAe KapacThIpbliaabl. KiacCHKalbIK TOCLT aschiHAa, 1962 KbLibl
Bputanneik Koponbliik KOFaMbIHBIH OasHIaMacklHAa HerizaenreH «brain drain» (aKbUI-OHIBIH CHITBUTYBI)
YFBIMBI — FANBIMIap MeH OUTIKTI MaMaHIAp/IbIH IIETeNTe KYMBIC iCTey YIIiH KeTyi peTiHae TyciHmipinesni
[16]. Ken marpiHazma OyJ1 KYOBLIBIC FHUIBIMH-TEXHUKAIBIK KBI3METKEPIICPAiH FaHa eMeC, COHBIMEH KaTap
mieresae OUTIM aibll, COJI XKaKTa KAJIAThIH CTYJICHTTEP MEH KPEaTHBTI MHAYCTPUS OKUIIEPIHIH TPaHC-
IIeKapablK KOIi-KOHBIH Ja KaMTHIbL [17]. FeumpiMu omebuertepe 3UATKEPIiK KOl — KOHIBI TYCiH-
IIpYmiH €Ki Heri3ri Tociii Oap: "aKplI-OWIBIH CHITBUTYBIHA" OaFBITTANFAH KIACCHKAJBIK JKOHE Ka3ipri
3aMaHfel — "OiTiM MeH Toxipube anmmacy" (brain exchange). BipiHmmici kemri-KOHIBI JOHOpP € YIIiH
HIBIFBIH PeTiHAe KaObUImayasl KaMTHABI (HOJIIK OWBIH), al eKiHIIiCi e3apa THIMIUIIKKE XoHE OapibIK
TapanTtap/IslH JaMyblHa MYMKIH/IIK PETiH/Ie KapaCThIPBLIAIbI.

COVID-19 mnanmeMuschl KeIIi-KOHJABIK ©3TepiCTEepiH KaTalu3aTOphIHA aiHajbIN, OlLliM Oepy,
JICHCAYJBIK CaKTay >KOHE SKOHOMHKA cajallapbIHAarbl IUQPIBIK TEXHOJIOTHIAPIBIH MaHBI3IbI POJIiH
alkpIHIaApl. by ynepicrep mamymisl enepaeH AapbhlHAbl MaMaHIapAblH KeTYiH YAETIll, TeXHOIOTHSIIBIK
KOHE WHHOBALIMSIIBIK apTTa KATy KaymiH KYIISHTTi.
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JlaMbIFaH MEMJICKETTEp, ONETTE, 3UATKEPIIK KOII-KOHHBIH HUPKYJSIUIIBIK MOJEIIHEe KeOipek
TapThUICA, Al SJEYMETTIK-DKOHOMHKAIBIK KOHE CasCH TYPFBIIAH Ocall Killli MEMJIEKETTep ajaM Karld-
TaJBIHBIH TYPAKThl JKOFaTybIHA Tam OOJBINT OTHIP. BYJ OmapiIblH TYpakTHl JaMy SJE€yeTiH olciperye.
Mymnpait ypaic Opranblk A3us enfepinje Ae alKblH OaiiKanausl — ojlap XKOFaphel OUTiM Oepy aneyeTiHe ue
0OJFaHBIMEH, JKaC MaMaHJap MEH FaJbIMAApAbl eJie YCTal KalyFa Kar[ail Kacay >KOJIBIHJIA KUBIH-
IBIKTapFa Tam oorya.

Typakrer namy Makcartapbia (acipece, TAM 4 — Cananst 6imim, T/IM 8 — [IaiiekTi 5KOHOMUKAIIBIK
ociM xoHe malbIKThl eHOek, T/IM 10 — TeHci3aikTi a3aiiTy) jKy3ere achlpy asChIHAA 3UATKEPIiK MUTPAHT-
TapIIblH elre KaUTYbIH BIHTAJIAHABIPY, XaJbIKAPAIBIK FHUIBIMH BIHTHIMAKTACTHIKTHI HBIFANTY oHE OilimM
TpaHCchepiHiH THIMAI TETIKTEPiH KAIBINITACTRIPY OHIP YIIiH aca MaHBI3IbI MiHACTKE aifHAIBIT OTHIP.

COHFBI OHXBUIABIKTAp/Ia 3EPTTEYLIUICP TPAHCYITTHIK KOIIi-KOH arblHAapbiHA [18], Keli-KOHHBIH
aiiMak ennepiHiH 3KOHOMHKAIBIK JaMyblHa ocepine [19] jkoHe Kelni-KOHABI peTTey OOWBIHIIA MeMiie-
KeTTiK cTparerusuiapra [20] epekmie Hazap aymapsein keneni. bym typreima H. T. Aradonos, A. A. AHo-
xuH, /1. U. boropan, B. I'. lasunoBud, O. A. Koncrantunos, C. b. JIaBpos, I'. M. Jlanmo, B. B. Ilokmm-
mesckuii, XK. A. 3aiionukoBckas, B. W. IlepeBencuues, JI. JI. PriOakOBCKUIE CHSAKTBI FalbIMIApABIH
eHOeKTepi aTapibIKTall yiec KocThl. OnapablH eHOeKTepl KeH ayKbIMBI KOIIi-KOH YAepicTepiH, OHBIH
inriHae ypOaHUCTIK )KOHE IKOHOMHKAJIBIK acIeKTUIEP i KAMTHIBI.

Kazakcrannmarelr kerni-kouabl 3eprrey E. FHO. Canosckas, A. T. 3abuposa, T. B. KimumoBaHbIH
eHOeKTepiHe Heri3JeNreH, an aneyMeTTik-aemMorpadusbik acnektinep C. K. Oremos, M. TotiMoB xoHe
Oacka ma FameIMIapABIH €HOEKTepiHAe KapacThIpbUIFaH. OpTamblK A3HSHBIH KOITi-KOHBIH 3€pTTEYIiH
3aMaHayH TOCUIIEepi KIACCUKAIBIK TEOPUsUIApbl, 3aMaHayH 3epTTeyJiep MEH aliMaKThIK epeKIIeNiKTepIi
OipiKTipeTiH KemeHai Talgay bl KaXeT eTelli. AWMaKTarbl KOllli-KOH TeK SKOHOMHKAIBIK KYOBLIBIC eMec,
COHBIMEH Oipre, Oy OHBI FBUIBIMH 3€pPTTECYIiH MaHBI3AB OOBEKTICIHE aWHANABIPFAH OMip CYPYIiH
QIIEYMETTIK CTPATETHSCHI OOJBII TaObLIa b,

Hotm:kenep. CoHFbl OHXBULIBIKTapAa OpTanblk A3us eNepiHICT] XallblK CaHBI CamajblK YKOHE
CaHJIBIK TYPFBIIAH aiTapiblkTail e3repicrepre ymbipansl. 2025 KpUTFbl | KaHTapaarsl xkaraaii OOWbIHIIA
Optanblk A3us eNIEPiHIH XalKbl MaMaMeH 83 MIIH ajaMibl Kypajbl, OHBIH ilniHae O30ekcTaHia —
37,7 muH amam, Kazakcranma — 20,3 mima agam, Toxikcranga — 10,5 muta anam, Keipreizcranma — 7,3 MitH
agam, TypikmeHcranga — 7,1 M agam. OpTansik A3usl OHIpi eIepiHiH dIeyMETTIK-9KOHOMHUKAIBIK JKOHE
neMorpadusIblK, KelIOeTiH KalbINTacThIpy/la KeIli-KOH yHaepicTepi MaHbBI3ABI penl artkapaabl. COHFBI
OHXBUIIBIKTAp iminae Oy aiimMak Oipkartap ipi TpaHcopManusiapAsl 6acTaH Kemipai. ATan adTKaHaa,
Kenec OpmarbiHBIH BIIBIPAYBI, HAPBIKTHIK 3KOHOMHKAFa Kellly, ypOaHIany, COHIali-aK eHOEK HapBIFbIHBIH
KYPBUIBIMIIBIK e3repicTepi. Kerri-koH (ilIKi )kKoHE CBIPTKBI KOIi-KOH/IbI KaTap ajifaH/a) XaJbIKThIH JKaHa
Karmaiiapra OeWiMaenmyiHiH HeETi3rl HBICAaHAAPBIHBIH OipiHEe >KOHE COHBIMEH Oipre VITTHIK 3KOHOMH-
KaJapJblH TYPaKTBUIBIFBIHA, WHPPAKYPHUIBIMHBIH JaMybIHA KOHE OJE€YMETTIK KYPBUIBIMHBIH ©3TepyiHe
acep eTeTiH (hakTopra aHaIIbI.

2010-2021 »kbimap apalbIFbIHIAFB Ka3ipri Kazaxcmanoaebi KOIIi-KOH YICPICTEpPIHIH epeKIle-
mikrepi Oap. 2000 >KpUITAPABIH COHBIHAH OacTam CHIPTKHI KOIIi-KOH CallbIOCBIHBIH a3al0bl TYPAaKThHI
ypaicke aftHanapl. 1990-xbpImaapaarel qarmapsictaH Keiin anram pet 2012 xbutel Kazakcranma Kermi-KoH
CaJlbAOCHI Tepic kepceTkimke ue 6onapl (—1,4 MbIH agam). XalbIKThIH €H KOII KeTy YpAici pecyOIKaHbIH
COINITYCTIK OHE IIBIFBIC OHIpJepiHe ToH. byn aiimMakTapiaH KOHBIC ayaapyIIbUIapIbiH OachkiM Oeuriri
CIaBsIH TEKTeC azamarTap, omapabiH mamameH 90%-b1 Peceit DemepaliisichlH KOHBIC ayJaapy OarbITHI
petinne Tanmaiabl (1-cyper). OHTYCTIK OHIpJIepieH KOHBIC ayJapylibuiap kebiHece O30ekcraH Oarbl-
TBHIHJIA IOFBIPIAHFaH.

En ymin e3ekti mocenenepmin Oipi — jKoFapbl OUTIKTI MaMaHIapIbIH CBHIpTKa Keryi (brain drain).
Ocepiran 0aiiIaHBICTBl COHFBI KBUIIAPIAFBl KOIIi-KOH cascaThl OW3HEeC-MMMHTpaIus, COHJai-aK eHOeK
JKOHE STHUKAJIBIK MUTPAHTTAP apachlHaH OUTIKTI KaJipJiap/bl TApTyFa OaFbITTaJIFaH.

Ocsl mapanapasiH HoTHxkeciHae, 2022—2023 skpuigaphl KeIli-KOH CalbIOCHIHBIH OH KOPCETKIIIKE He
0oybl Oaiikanel (2-cyper).

KazakcTannpIKTap YIIiH ajmbic MIeTeN/Iep apachlHIa €H TaHbIMaJl SMUTPAISUIBIK OareIT — I 'epMaHus.

Keipavi3cman XambIK caHbIHA KATHICTHI CBIPTKBI KOITI-KOHHBIH €H JKOFaphl JeHreiHiMeH CHITaTTala bl
2000 >xpLTHApABIH OpTAChIHAH OacTam enjieri oJIeyMETTiK-DKOHOMHUKAIBIK JKaFJai/IbIH HalllapiiayblHa
0aliJIaHBICTBl KOIIi-KOH aFbIHAAPBIHBIH KyIIell OalKalgpl: MKYMBIC OPBIHAAPBIHBIH JKETiCIIEYLIiIiri,
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1-cypet — Oprainsik A3us ennepi 0OIBICTaphl XaIKBIHBIH KOLT-KOH cambaockl (amam 2022 x.).
Ecxepmy. aBTopnap ArcGIS Garmapnamacel keMeriMeH KypacThIpFaH KapTa
Figure 1 — Migration balance of the population of the regions of Central Asian countries (person 2022).
Note: map compiled by the authors using the ArcGIS program
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2-cypet — 2010 xpurman 2023 xputra feifinri kesenaeri Kazakcran PecrryOnukachiHIarbl KOITi-KOH YIepiCTepiHiH CepIiHi.

KP crararenrririnig pecmu nepexrepi https://stat.gov.kz/ru/industries/social-statistics/demography/
Figure 2 — Dynamics of migration processes in the Republic of Kazakhstan for the period from 2010 to 2023.

Official data of the state agency of the Republic of Kazakhstan https://stat.gov.kz/ru/industries/social-statistics/demography/
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3-cyper — 2011-2023 sxputnap apasibiFbiHIaFbl KbIPFBI3cTaHIAFbI KOILI-KOH YACPIiCTEePiHiH CepIiHi.
KP ¥1nTTBIK CTaTHCTHKAa KOMHTETIHIH pecMu nepekTepi https://www.stat.gov.kg/ru/statistics/naselenie/

Figure 3 — Dynamics of migration processes in Kyrgyzstan from 2011 to 2023.
Official data of the National Statistics Committee of the Republic of Kazakhstan https://www.stat.gov.kg/ru/statistics/naselenie/

JKYMBICTICH KaMTBUIFaH a3aMaTTap apachlHAa KYHKOpPIC JCHICHiHIH TOMEHIIr, COHAal-aK XaJbIKThI
QJICYMETTIK KOJIAay IIaparapbIHbIH 00Maysl. 2022 KbUTHI KOITi—KOH OalaHCHIHBIH +5 917 amamra keTim,
OH CHTAT ajybl — eIeTi KOIlli-KOH KOPiHiCIH/IerT MaHbI3IbI e3repic Oobin Ta0butas (1 xoHe 3-cyper).

KpIpFBI3CTaHHBIH KOIIIi-KOH CallaChIHIAFhl MEMIICKETTIK CasicaThl HETi3iHCH KOlIlli-KOHBIHBIH JWHA-
MHUKAChIH KOJIJIayFa OaFbITTalfaH, OyJI ilIKi eHOCK HapbIFbIH TYPaKTaHABIPYABI Ke3aehai. Anaiina, 3usat-
KepJIiK SMUTPAUSIHBIH "Kacapybl” epekile alaHIayIbUIBIK TYFI3yaa. byt enme OimimM Oepy, FBUTBIM JKOHE
OHEPKACIM cananapblHIa OUTIKTI MaMaHIaP.IbIH JKETICIEYIIUTIriHe oKeM COFyia. DMUTPaHTTapAbIH 0achiM
Oemiri Peceiire (89%) xoubic aymapaasl (1-cyper). ¥ATTHIK KypaMblHa KeJicek, Peceiire keteTiHIepaiH
IIIiHae KBIPFhI3AAp, ©30eKTep koHe ophicTap Oap. An Kasakcranra KOHBIC ayJdapaThIHIAApIbIH IIIHIIE
KBIPFBI3ap OachkiM. O30eKcTaHFa KOIIeTiHACPAiH KOIIIUINTiH STHUKAIBIK ©30CKTep KypaWIbl — omap
Kbl MATPaHTTap CAHBIHBIH YIITEH €KiCIHEH acTaMbIH KYPauIbl.

CoHrbl eny xbuia O30excmar XallKbl YII ecere KybIK ocim, 2023 Kbutbl 35 MUJUTMOHHAH acThI.
XabIKThIH enayip Oeuiri — sxactap (60%-ra neiin), Oy enme xbut caiibin 500—600 MBIH agaMra apThIIl
OTHIPATHIH €HOEK PeCcypCTaphIHBIH TYPaKTHI ocyine cedern 6omyna. Ocpuaiinma enoek aneyetiHig 40%-max
acTambl O30eKkcTaHFa Thecim, Oy oHbl OpTanblK A3WsAIarbl KETEKIIi enepiH OipiHe alHaIIbIpaIbl.
4-cyperTeH OalikaraHBIMbI3All, Ka3ipri 3aMaHFbl MaHBI3/IBl YPHAIC — CHIPTKbI KOIIi-KOHHBIH KaJIbl KeJie-
MIHIH KBICKapybl, SFHH €JI'¢ Kely MEH eNJIeH KeTy aFblHIapbIHBIH a3alobl. Byl peTTe sMUrpaiusiibiK
arpIHHBIH a3alobl epekine Oaikamanbl. Kermmi-KoH aFbIHBIHBIH TOMEHJAEYIHE BIKIMAd C€TKEH KaFbIMIBI
YpIicTep — enjie KYPTi3lIill KaTKaH YKOHOMHUKAIBIK pedopMaliap MeH 9lIeyMeTTiK-DKOHOMHUKAIBIK JKaF-
JaiIbIH Jkakcapysl. JKYMBIC OpbIHOAPBIHBIH KO0€l0i, TA0BIC ACHIeHiHIH 6Cyi MEH eMip CYpY KarIaibIHbIH
JKaKCapybl aliIaFbl YaKbITTa CHIPTKbI €HOCK KOIi-KOHBI KeJieMiH a3aiTyra MyMKiHIik Oepeni. CoHbIMEH
Karap, Peceli ©30ekcTaHHAaH MIBIKKAH MHUTPAHTTAp YIIiH HETi3ri OarelT peTiHae Kamyna. Kaszakcran ma
O30ekcTaH YIIH MaHBI3ABI KemIi-KOH cepikteci caHamaapl. CoHFbI kpuimapbl OHTycTik Kopes xoHe
TypkusMeH ne eHOCK HapbIFbIHA OaFbITTANFaH OPTAJBIKTAHABIPBUIFAH OaFdapiaManap apKbUIbl BIHTBI-
MaKTaCThIK apPThIN KEJIE/Ii.

Taoicixcmanoa XanblK CAaHBIHBIH Jkeel ocy KapKeiHbI (2000—2024 Kbputmap apaiabIFbIHIA XATBIK CAHBI
40%-ra apTThl) )KoHE eHOEKKe KaOilneTTi >KacTarbl TYPFhIHAAP YieciHiH yirarobl (2020 xbutbl — 59,8%)
Oy el memMorpadusIbIK TYPFBIIAH eH OelNCeHi MeMIeKeTTepAiH OipiHe alHamapIpabl. Anaiiga, en omi
JIe PKOHOMUKAJIBIK TYPFBIIAH €H Ocajl MeMIIeKeTTepIiH KarapbiHa kipemi. 2000 skpuiman 2023 xbUiFa
Ieuinri ke3eHjae ToxKIKCTaH JKallllail KeIi-KOH arbIHbIHAH OacTamr, KOIIi-KOHIBIK CaJbJIOHBIH HOJIIK
JIeHTelliHe JEWiHT1 JKOJIJaH OTTi, OYJI COHFBI KBUINAPHI EIJEeTi dJIeyMETTIK-DKOHOMHKAIBIK >KaFTalIbIH
Oenrini Oip TYpakTaHYbIH KepceTei (5-cyper).
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4-cypet —2010-2023 xpu1aap apayibiFbIHAaFsl ©O30eKCTaHAAFbI KOLIi-KOH YAepicTepiHiH CepiiHi.
Cratuctuka 6oitprama OP¥K pecmu nepekrepi https://www.stat.uz/ru/ofitsialnaya-statistika/demography

Figure 4 — Dynamics of migration processes in Uzbekistan in the period from 2010 to 2023.
Official data of the NSC of RU on statistics https://www.stat.uz/ru/ofitsialnaya-statistika/demography
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S-cypet — Taxikcran PecryOnnkacbiHIarbl Kemi-KoH yaepicrepiniy ceprini 2010-2023 »xok.
TP Crarucrukacs! OOibIHIIA pECMH aKlapaT areHTTIriHIH AepeKTepi
https://www.stat.tj/ru/vypushen-statisticheskij-sbornik-demograficheskij-ezhegodnik-respubliki-tadzhikistan-2024/

Figure 5 — Dynamics of migration processes in the Republic of Tajikistan in 2010-2023.
Data from the official news agency on Statistics of TR
https://www stat.tj/ru/vypushen-statisticheskij-sbornik-demograficheskij-ezhegodnik-respubliki-tadzhikistan-2024/
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XIO xputbiHa 7% meHrelinae TYpaKThl OCIIl Kele jKaTKaHbIHa KapaMacTaH, )KYMBIC OpBIHAAPBIHBIH
ecy KapKbIHBI aiTapiblkTail TemMeH — HeOopi 1,1%, Oyn acipece kacTap YILIIH >KETKUTIKTI >KaJaKbICHI
YKOFaphI 00C KYMBIC OPBIHAAPBIMEH KaMTaMachl3 €TYTe MYMKIHIIK OepMeIi.

A3aMaTThIK COFbIC asKTAIFaHHAH KeiiH To)KIKCTaHHAH INBIFATHIH KOIIi-KOH aFbIHAAPBIHBIH Te0-
rpadusicel keHelin, oraH Kazakcrtan, Keitaii, BAO, Ayranctan, AKII xone Onryctik Kopes enmepi
KOCBUIIEI [21].

Ocpunaiiima, OpTanblK A3usi €NICpIHIC XaJIbIK CAHBIHBIH TaOWFH ©CY KApPKbIHBI JKOFaphl OOJIBII,
eHOeKKe »apamIbl azaMaTTapAblH CaHbl apTKaHBIMEH, >KYMBICCBI3IBIK NCHICHiHIH JKOFapbUIBIFBl MEH
eHOEKaKbIHBIH TOMEH/IT CalIapbIHAH CHIPTKbI KOIli-KOH/Ia HETi3iHEeH JKYMBIC KYIIiHIH eHOeK KOIli-KOHBI
bacem [22].

Atanran yaepicrep BY ¥-ubiH TypakTel JaMy MakcaTTapbIHBIH 8-MakKCaThIMEH THIFBI3 OalIaHBICTHI,
Ol TYpPaKThl SKOHOMMKAJBIK ©CyHi BIHTAJaHIBIPYFa, TOJNBIK JKOHE OHIMII JKYMBICIIEH KaMTYHbI
KaMTaMachl3 €Tyre, COHJlail-aK JIalBIKThl €HOCK JKaFJaijlapblH KaJIbIITACTRIPYFa OaFbITTAIFaH.

leorpadusnbik  epekinenikrepine OainaHpicThl ToxikctaH OpTanblk A3us eJICpiHIH IIIiHIC
KJIMMaTTBIH ©3repyiHe €H ocall MeMJIEKeT OonbIn caHanaabl. ENfiH KIMMATTHIK e3repicTep caigapbIMeH
Kypecy OeHiMIiiiri TeMeH *oHe TaOWFHM amarrap KayliHe YIIBIParbIITHIFBl JKOFapbl. Bl aymarbIHBIH
OackiM 0OeJiri Kyprak >KoHE LIeNeHTTI aiiMakrapra jkatanbl. KIMMaTTBIK KayinTep aybll IIapyaiibl-
JIBIFBIHBIH JTaMybIHA aiTapibIKTail Kepi ocepiH THTi3iM, TOMBIPAKTHIH KYHAPIBUIBIFBIH TOMEHAETEN], Kep
JerpajauusChiH TyIbIpazbl XKoHE TaOUFU anmaTTapIblH XKUiIeyiHe aybll Keneldi. ToxiKCTaHaa Kbl CaiibIH
500-re XyBIK TAOWUFH amaT TipKEJIiIl, OJapIslH CalIapblHaH YKOHOMHKAFa KeJIETiH IMBIFBIH KojaeMi 20-man
100 mummmon AKII monnapeina neitin sxeteni. My3abIKTapIblH €pyi, HETI3ri ©3¢H aFbICHIHBIH aybITKYhI
JKOHE OHBIH 3JIEKTP IHEPTUSACHIH OHJIpyTe, ayblUl IIapyallbUIBIFEIHBIH OHIMAUIITIHE ocepi eNfiH SKOHO-
MHUKQJIBIK JaMyblHa Tikeneidl bikman eremi. 2023 »keutel enmin XKIO 8,3%-ra ecim, 11 855 mma AKII
JOJTIApbIHA KETKEeHIMeH, JkaH OaceiHa mrakkanaarsl JKIO HeOopi 1 141 mommapnsl Kyparl, Oyi1 KepceTKim
OHIperi eH TeMeHriIepaiH Oipi Oombim Kanyaa.

ToxKIKCTaHHBIH 3KOHOMHKACHI JKETKUTIKTI TYpAE opTapanTaHAbIPhIIIMAaraH »OHE CBIPTKBI Kaphbl3
JAFraapbIChl KAyl >KOFapbl OOJNFaHABIKTAaH, €1 €HOEK MHUIPAaHTTApbIHBIH aKlla ayJapbMIapblHa KaTThI
toyenni. CoHbMeH KaTap, keuri-koH 1990-xbuimapsl OacTanfaH ASWHAYCTpHAIM3aLUs JKoHE AeypOaH-
Jany yIepicTepiMeH ThIFbI3 OainanbicThl. Kasipri Tanma eHOeK MHUIPAaHTTApbIHBIH aKilia ayaapbIMAAphI
eJIJTIH KaJBI imKi eHiMiHIH mmaMameH 40%-b1H Kypalasl — Oyt oemM OOMBIHIIA CaBICTBIPMAITBI TYPIE €H
JKOFaphl KepceTKimTep iy Oipi (6-cyper).
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6-cypet — 2023 »bUTFBI €HOCK MUTPAHTTAPBIHBIH aKIIa ayaapeiMaapbiasy XKIO-neri yieci (%).
Eckepmy: aBropnap https://www.migrationdataportal.org/international-data?i=stock abs origin&t=2024&cm49=398
JIePEKKe3 HeTi31H/e KypacThIpraH

Figure 6 — Share of migrant money transfers in GDP in 2023 (%).
Note: authors compiled on the basis of a source
https://www.migrationdataportal.org/international-data?i=stock abs_origin&t=2024&cm49=398
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Conpaii-ak, KpIpreI3cTanaarsl aygapeIMaapAslH  yieci skorapel, 2023 xbuiel enniH JKIO-wiH
22,3%-b1H Kypanbl. KeIpFei3cTanra akmia ayZapeIMOapbIHBIH Herisri ke3i Peceit 0oisim TaObutaipl, O
JKanmbl arblHHBIH 93% Kypaiinbl. Bynm KbeIpFel3 eHOGK MUTPaHTTAapbIHBIH enayip Oemiri Peceit dene-
pauusACHIHAA )KYMBIC ICTEHTIHAIMIMEH TYCIHIIpiTe .

2000 xpuImapabliH OachklHaH OacTam €HOEK MHUTPAaHTTaphl eNACpPAiH CHIPTKBI KipiCTEpiHiH Heri3ri
Ke3iHe afHammpl, Oy Opraislk A3us enaepi MeH Peceil apachlHIAarbl TYpaKTBhI KOIIi-KOH OaiyiaHbIC-
TapbIHBIH KaJbINTaCybIHA oKeai. EHOCKKe KaOuIeTTl XaNbIKThIH eleyii Oelliri eNfeH ThIC TaObIC TayHBIIL,
JeMorpadUsIIbIK 6CiM YIKOHOMHUKANIBIK TaMyIbIH aXbIpaMac (akTopbl OOJNBIN OTHIP. AKIIa ayJapbIMIaphl
KeIEeWITIKTIH ACHTeHiH TOMEHIETYyNe, ONEYMETTIK KadaTTacyIbslH (COIMAIhbHOE pPACCIOCHHE) OpPIIyiH
a3alTKaHJa, IMIKI TYTHIHYABl BIHTAJAHABIPYJA JKOHE BAJIOTAJIBIK TYPAKTBUIBIKTHI KaMTaMachi3 €TYIIC
MaHbBI3Abl PeNl aTKapanabl, Oy IMIKi >KoHE eNAep apachlHAAFbl TEHCI3MIKTI a3alTyIasl MakcaT eTKEeH
TAM 10 miageTTepiMeH Tikenew OanmansicThl. [lleTenme anpiaFad TOKipHOe MUTPAHTTAPIBIH OUTIKTUTITIH
apTThIpyFa BIKMAJ €TIM, OJapblH eIre KalTybl YKOHOMHKara OH ocep €Tyl MyMKiH. JlereHMeH, ChIPTKbI
€HOCK HAPBIKTAPBIHA TOYESIIUTIKTIH KOFapbl OOITYbI YITTHIK 3KOHOMHKAHBIH OCAJJIBIK JICHTCHiH KYIICUTII,
CBIPTKBI PKOHOMHUKaFa TOYEIAUTIKTI KaJbIITaCTHIPAbl JKOHE IIIKI OHMIPICTI JaMBITYIBIH AJbIH aJajbl.
Ochl TypFBIIaH €HOCK KOImi-KOHBI IMIKi 9JIEYMETTIK-9KOHOMHKAIBIK IHUCIPOIIOPIHUIapra OediMmeny
MexaHu3Mi petige ne, T/JM 8 ascbiHma OeNrieHreH CTpPaTerdsUIbIK MIHJACTTEPAIH JKy3ere acyblHa
IIEKTey KeNTipeTiH (pakTop peTiH/e e KbI3MET eTe/l.
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7-cypet 2023 sxputrbl OpTasblk A3us eepiHe XKoHe eIePiHeH KeeTiH aKiia ayAapbIMIapbIHBIH KOJIeMi
(Typixmencran Goitpiamma nepexrep koK) (AKII nomrapeiven).
Eckxepmy: aBropnap https://www.migrationdataportal.org/international-data?i=stock abs_origin&t=2024&cm49=398
JIepEeKKe3 HeTi3iH/Ie KypacThIpraH

Figure 7 — The volume of money transfers to and from Central Asian countries in 2023
(no data for Turkmenistan) (in US dollars).
Note: authors compiled on the basis of a source
https://www.migrationdataportal.org/international-data?i=stock abs_origin&t=2024&cm49=398

7-cyperte kepcerinrenaen, 2023 KpUIbl akia aydapbIMAApBIHBIH Tycyi OOWBIHINA Kelidacuibuiap
karapbigaa O306ekcran (13,9 mupn. AKUI monn.), Toxikcran (4,6 mapa. AKII momn.) sxone Keipreizctan
(2,9 mupn. AKUI nomi.) 6onmel. Kazakcran 2023 xbUIbl aKia ayAapbIMIApBIHBIH TYCiMi OOHBIHIIA €H
TeMmeHTi operHabI HeneHmi (304 mma. AKII moim). Anm akmra aymapbIMIapbIHBIH KETY1 JKaFbIHAH JKaFmIaid
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Mmyiae Oackamia: myHaa Kasakcran kemiOaciibl 00bIm, kety kenemi 2,4 mapa AKII mommapeiH Kypajsl.
KazakcTan Toyenci3mik XKbUIIapbl HETi3iHEH KOMIpCYTeKTep JKCHOPTHIHA HETI3JENTeH SKOHOMUKAIBIK
JaMy MOJEJNIH KaJBIMTACTBIPABI JKOHE aiMaKTarbl IKOHOMHKAIBIK IaMy JEHreii OOWBIHINA allbIHFBI
Katapaa Typ. 2023 xputel eni skanmsl imki eHiMi (JKIO) 263,372 mna AKI gommapeia Kypanusl, Oyt
OTKEH JKbIJIMEH canbIcThIpranaa 5,1%-ra apteik. JXKIO Oip Typreiara makkanga 13,261 AKII nomnapeia
Kypanbl. by kepcetkimrep Kazakcranmbl OpTanblK A3HUSHBIH KOITi-KOH JKYHECIHAeTi JOHOP €1 PeTiHe
CHUTIATTaMIbI.

Kecre nepekrepine colikec, OApIIbIK YChIHBUIFaH enjepiae TypKusiFa KOHBIC aylapylibuiap CaHbIHBIH
alTapipIKTail ecyi Oaiikanaapl. ©O30ekcTaHHAH MIBIKKaH MUTpaHTTapabiH caHbl 2010 xbutsl 575 agamHaH
2019 sxpuaer 25 064 agamra npeiiin aptkad. AKII-ta toxik MurpanTTapsiHbH caHbl 2010 >xputel 210
6omca, 2019 xbuter 1069 anamra sxetkeH. ['epmanusira xemri-koH kepcetkimm 2010 >xputel 235 agaMHaH
2019 xbutel 1180 agamra kebeliren (kecte). by xxarmaii 00CKbIH MOpTEOECiH almy HeMece 0TOAchIH KaiTa
OipiKTIpy MYMKIHAIKTEpiMEH OalmaHBICTEI 001ybl MyMKiH. CoHbIMEH KaTap, JKamonwms meH [lombimara
KeIll-KoH ©O30ekcTaH a3zamaTTapbiHblH Eypoma MeH AsusiFa €HOCK Kellli-KOHbIHA JETSH KbI3BIFYIIIbI-
JIBIFBIHBIH aPTYBIH KOPCETEII.

Opta A3usgal 6acka engepre Koli-KoH

Migration from Central Asia to other countries

Memieket Kemuti-KoH arbIHAApHI

Kasakcran | Typkus: 1365 (2010 1.), 9950 (2019 r.), Kopes:: 755 (2010 1), 12469 (2019 1)

Keipreizcran | Typkus: 1046 (2010 r.), 9950 (2019 r.), Kopest: 1262 (2019 1.)

Typxkus: 83 (2010 .), 2350 (2019 r.), AKII: 210 (2010 r.) 1069 (2019 r.) I'epmanus: 235 (2010 r.),
1180 (2019 1.)

Typkust: 575 (2010 1.), 25064 (2019 1.), Kopest: 8567 (2010 r.) 25961 (2019 r.) SAnonus: 425 (2010 1.),
927 (2019 r.) Nonpmora: 161 (2010T.) 1118 (2019T.)

Hepexros: DBII¥ (DKOHOMHKAIBIK BIHTBIMAKTACTBIK JKOHE JaMy YIbIMbI) KOIIi-KOH JIepEKKOPBI
https://www.oecd.org/en/data/datasets/database-on-immigrants-in-oecd-and-non-oecd-countries.html.

Source: OECD (Organization for Economic Cooperation and development) migration database
https://www.oecd.org/en/data/datasets/database-on-immigrants-in-oecd-and-non-oecd-countries.html.

ToxikcTan

O30ekcTan

Opranelk A3us elepiHiH KeLIi-KOH YAepicTepiHe HeTi3iHeH eHOEKKe >kapaMaAbl >KacecHipimaep
KaThICA bl J)KOHE OYIT yAepic OLTIKTI KaApiapAblH aFbIMbIHA aNbBIN Kejei. bip arblHaH, 3UATKEPIIK KOIlli-
KOH KaJIpJIapAbIH KOFaITybIHA JKOHE aiiMak eJIepiHiH FRUIBIMH-01TIM Oepy oJIeyeTiHIH TOMEHIEyiHe acep
€Tyl MyMKiH. EKiHIII ykaFbIHAaH, TUIMII «aKbLI-OHIbIH alfHAIBIMBI) CasCaThl, XaIbIKAPATIBIK aKaJIeMUSIIBIK
BIHTHIMAKTACTHIK XOHE MaMaHJap/IbIH eJire OpallyblHa KOJIAHIIBI XKaFaai jkacay apKbUIBI OyJ1 yaepic Oiim
JIEHTeliH apTThIpyFa, SKOHOMHKAHBI MOJIEpPHU3ANMSIAYFa JKOHE WHHOBAIMSIAPABI €HTI3yre MaHBI3/IbI
KypajiFa aifHaiia anajpl, OyJ ©3 Ke3eriH/e TYPaKThl 1JaMy MaKcaTTapblHa KOJI )KETKI3yTe BIKIIaI €Te/I.

Bipereii TypikMeHCTaHIBI T€OCAasCH >KOHE aKMapaTTHIK TYPFBIAAH OKIIAyJaHFaH enjepAiH Oipi
peTiHIe aTam eTy KepekK, OYJI OHJarbl KOIli-KOH YIepicTepi Typaibl CallallbIK CTATUCTUKAHBIH KETic-
NeyHIIrin - Tycinaipeni. Jlemorpadusiibik aepekTep HEri3iHeH KepIiiiec eNIepIiH CTaTHCTUKAIBIK
MOJTIMETTEPIHEH alIbIHAJIBI, OJ1 TOJIBIK JKOHE HAKTHI JKarmaiabl kepcere anMansl. YKanmsl, TypkiMeHCcTaH
XaJIKBIHBIH JeMOTpaUsIIBIK CHITaTTaMachl OOMBIHIIA IepeKKe3lnep, €H alJAbIMEeH, YITTHIK CTaTHCTUKA
opraHfapbl VYCHIHATBIH aKMapaTThIH CEHIMCI3NiriHe HeMece MyiueM OoiiMaybiHa OalIaHBICTHI ©Te
KaWIIBUIBIKTEl CUMAaTKa ue. TypiKMEHCTAHHBIH KOIi-KOH MOJENI IIEeKTEyIli cHraTTa OONyBIMEH KaTap,
MEMJIEKET XaJbIKTBIH CHIPTKbI KOINi-KOHBIH OapblHIIAa Oakpliayda ycraiawl. Anaiina, TypikmeHcTaH
aBTOPJIAPBIHBIH KATBICYBIMEH JKapHsjlaHFaH OachUIbIMIapia MYHIAH MIeKTeyJepAiH OOMybl Typabl
miKipiep KOKKa IIbIFapbiiansl. byridri Tanga TypKiMEHCTAaHHBIH MEMIIEKETTIK OpraHjapbl 3 a3zamar-
TapbIHBIH LIETeNTe WHIFYbIH, COHBIH iIiHAe O11iM Oepy camapiapblH Aa KacaHAbl TYpAE IEKTeH .

Kenreren moctkeHecTik enaepaerigeir, Opranblk A3nsaga 1a aybUIIBIK KepJepAeH KallalapFa Kelry
yaepici KapKbeIHIIBI JKajaFacyda. AybUl TYPFRIHIAPHI €HOCKKE OpHAajacy, OiLTiM ally JKOHE METUITHHAIBIK
KBI3METTEpre KOJDKETIMALTIKTI jkakcapTy Makcarbiaaa Ammatsl (2023 xbutbl 2,195 muH agam), TamkeHT
(2023 xputer 2,956 Mt amgam), bimkek (2024 xbutel 1,2 MitH agaMm) xkoHe Amrxabazn (1 MTH agaM) CHSKTBI
ipl Kajayapra KOHBIC ayaapyna. AtaimraH ypmic Oip JKarblHAaH KajalblK KEHICTIKTI KaHFBIPTYFa CEpIIiH
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Oepce, eKiHIIl XaFblHAH KanalblK HMHQPAKYPbUIBIM MEH SKOJIOTHSUIBIK JKyiiere TYCEeTiH CajJMaKThI
Kymeireni. XanbIKThlH ypOaH#anFaH OpTaNbIKTapFa ULIOFBIPJIAHYbl aybll aiMaKTapblHIOAFbl JIEMO-
rpadusIIbIK XKoHE eHOEK PecypCTaphIHBIH CapKbUTybIHA ceOerl OOJBIN, MUTPaHTTAP.IbIH 3aHCHI3 TYPYHI MEH
OelipecMH KYMBICIICH KaMTBUTy JKaFIaiiblHIa Kanauapsl sKocnapiay yAepiciH ofaH oapi KypAeleHIipei.
Aranran cypaktap BYY¥Y-ueiH Typakrel mamy maxcaTtapblHbIH 11-MakcaTeiH («TypakThl Kamanmap MeH
eJI/1i MeKEHCP» ) JKY3ere achIpy asChIHAa 63€KTi OOJBIT TaOBIIa b
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20

XaubIK caHbl, MBIH aJaM

10

o= AJIMATBl === AcCTaHa bimkek ====][yman6e =TamkeHT

8-cypetr — OA Heri3ri Kananapbl OOHBIHIIA KOIIi-KOH calbI0cH (AcTana, AnMaTtel, Tamkent, bimkek, ymante).
OA ennepinig CTaTHCTHKA areHTTIT1HIH PECMHU AEPEKTEPi.

Figure 8 — Migration balance for the main cities of Central Asia (Astana, Almaty, Tashkent, Bishkek, Dushanbe).
Official data of the statistics agency of the countries of CA.
https://stat.gov.kz/ru/industries/social-statistics/demography/; https://www.stat.gov.kg/ru/statistics/naselenie/;
https://www.stat.uz/ru/ofitsialnaya-statistika/demography;
https://www.stat.tj/ru/vypushen-statisticheskij-sbornik-demograficheskij-ezhegodnik-respubliki-tadzhikistan-2024/

MacerneH, 8-CypeTTiH aepekTepi OOWbIHINIA AJIMATHI JKOFAphl OMIp CYpY, JKYMBICIICH KaMTy >KOHE
JlaMbIFaH HH(QPaKYPHUTBIMHBIH apKACBIH/IA XAIBIKTHI TAPTYABIH OPTAIBIFBI OOJBIT Kaia Oepesi. XalbIKThIH
epekiie xorapbl arblHBI 2015 kbuTel (+41 MbH), 2019 xbUTBI (+40 MBIH) koHE 2022 KBUTBI (+37 MBIH)
Oaiikannel. AcraHana 2016 KbUIbl KeIIi-KOH YIEpiCiHIH KypT ecyi Oaiikammbl, Oy oJeyMeTTiK-3KOHO-
MUKaJIBIK JaMy OOWBIHINIA MEMJICKETTIK OaFmapiiaManiap/blH iCKe achIPBUTYbI )KOHE KYPBUIBIC CalaChIHBIH
KapKBIHIBI 6CcyiMeH OalmaHBICThI OONABl. TamkeHTTIH Kemri-kKoH muHaMukachkl 2013-2016 xeutmapaarsl
Tepic KOPCETKIIITEH TYPaKThl OH calbJoFa oTyiH kepcereni. OH OamaHc 3KOHOMHUKAJarbl JHOepanu-
3alUsIMEH, JKYMBICIICH KaMTY/bIH ©CYiMEH >KOHE acTaHaJlaFbl >KaFJalJIblH KakcapybIMeH OalIaHbBICTHI.
2020 >KbITBI iIKI KOIIi-KOHHBIH (MEIWIWHANBIK KbI3METTEep, OaclaHa, )KYMBIC i3/Iey) HOTHIKECIHIE €H
JKOFapsl KepceTkimt — +71,6 MbIH amaM Tipkengi. OH Keli-KOH AWHAMHKACHI aCTaHAHBIH 3KOHOMUKAIIBIK
OpTaNIBIK PETIHIETT poliHiH Kyuierid oungipeni. Jymanoe 2012 xpuimad Oepi TypakThl OH OajlaHC INeH
TYPaKThl OH KOIli-KOH JMHAMUKACHIH KepceTemi, Oy >kanmbl TokikcTaHAarsl ypOaHIamy s>KarmaalbIHIA
KaJIaHBIH TapTHIMABUIBIFBIHBIH apTyeIH Oinmipyi MymkiH. Kamamap apacweiHma Texk bimkek KarachrHma
KOIII-KOH CaJibJO0ChI JACPIIK OapiiblK JKbUiAapia Tepic 0ojbin oThip. Kaja y3ak yakbIT OOHBI KeIli-KOH
TYPFBICBIHAH XaJBIKThI XKOFAITTHI, OYJI HETI31HEH Y9KOHOMHUKANIBIK KUBIH/BIKTAP, TOMEH YKYMBICIICH KaMTy
HEMeCe XallbIKTHIH SMHUTPAIUsICBIMEH OaliIaHbICTHI.

Taakplaay. TypakTel gaMy MakcaTTapbIHbIH 17-1mi MakcaThl — « TypakThl 1aMyIbIH MYIICCIHICTI
OpINTECTIK» asCHIHAA KOIIi-KOHBI PETTEY KOHE MUTPAHTTAPMABIH JIAWBIKTHI €HOCK JKarJalIapblH KamMTa-
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MAachI3 €Ty CalaChIHJIaFbl MEMJICKETAPAIIbIK BIHTHIMAKTACTHIKTHIH MaHbI3bI apTajbl. OChl MaKcaTKa JKeTy
yurie OpTanblKk A3us enjepiHe Kellli-KOH 3aHHAMachlH YHIIECTipy, eHOeK MUTPaHTTaPBIHBIH SJIEYMETTIK
KOpPFally CTaHIapTTaphIH Oipi3ACHIIPY JXKOHE OHIPIIK opi XaJblKapalblK OacTtamanap IIeHOepiHmeri
JTUAJIOTThI KaHIAHABIPY KaXKeT.

Byrinri xyHre neliH KeIli-KOH callaChIHJa KOITETeH XaJbIKApaJIbIK KYKBIKTHIK KyXXaTTap paTtugu-
Karpsutasael. OnapapiH Katapeiaaa OpTainslK A3HSHBIH OapiiblK e1IepiHiH eHOSK MUTPaHTTAPBIHBIH JKOHE
onapbH oTOACBUIAPBIHBIH KYKBIKTapbIH KOpray keHiHneri b¥¥ KoHBeHuuMsichiHa KOCBUTYHI, Toyeicis
Mewmekerrep Jocracteirsl (TM/I) KaThICyIIIBl MEMIICKETTEPIHIH €HOCK MUTPAHTTAPBIHBIH KOHE OJapbIH
0oTOACBUIAPBIHBIH KYKBIKTHIK MapTeOeci Typansl KonBenmusicer, TM] ennmepi apacbiHmarbsl eHOSK KeTli-
KOHBI CaJachIHAAFBl BIHTBIMAKTAcTHIK Typanbl Kemicim, Kazakcran men Keipreictan ymia EAB3O
asiceranarsl Kemicimaep, AnMatsl yaepici — OpTanblk A3HsAJarbkl Kelli-KOH KoHe OOCKBIHIApAbl KOpFay
Mmacenenepi Ooiprama eHipiik auamor (UNHCR xone IOM komnaybimen), EHOek Kellri-KOHBI )KeHIHAET1
Optanbik Asus 6actamacel (ILO, IOM) — kermi-KOHIBI 0acKapy, MHUTPaHTTapIbIH OCAJIIABIKTAPBIH To-
MEHJIETY JKOHE CTATUCTHKAHBI )KaKcapTy ®Ko0amapsl, €Ki MEMIICKET apachIHAaFbl eHOCK KOITi-KOHBI TypPaJbl
Kemicimiep jkoHe 0acka aa Kyxkarrap oap.

Kenreren MemiekeTapanblK KeniciMIep/iH OOJyblHA KapaMmacTaH, OJapJblH iCKEe achIPbUIYBIHIA
Oipkarap mpoOnemanap Oap, MyHma TypikMeHCTaH KeOiHece epeKINEJICHIN, KOeNTereH KemciMmaepre
Kareicriaiiipl. COHBIMEH KaTap, ©HIpJIiK KYKBIKTBIK MEXaHW3MHIH 0O0JIMaybl, MUTPAHTTAPABIH KYKBIKTA-
PBIHBIH JKETKITIKCI3 caKTaJdybl, poaciMAeydiH KYPAETiIiri )koHe Oacka ma kemeprijep Oaikamansl. Aiimax
MeMJIEKETTEepi apachIHIaFbl THIMII YHIIECTIPY MUTPAHTTAPIBIH OCAIBIK ICHICHiH TOMEHIETYTE, OJapIbIH
KYKBIKTBIK KOPFATYbIH apPTTHIPYFa JKOHE 9JICYMETTIK TYPAKThUIBIKTHI HBIFAHTYFa BIKIAN €TEII.

KopbiThiabl. OpTanbik A3usi jKOFapbl KeIli-KOH MOOWIBAUIITIHE We oHIp OoNbIl Kaja Oepeni.
DOKOHOMHUKAIIBIK JaMy, TapUXH, CasCH >KOHE DSKOJOTHSIIBIK (akropiap OpTanblk A3USAaFbl KOIli-KOH
yaAepicTepiHe aiTapibIKTall bIKIAI €Tyl dKaJIFaCThIPHII, 1IIKi )KOHE ChIPTKbI MUTPAHT aFbIHAAPBIH KaJIbII-
TacThipanbl. OpTanblk A3us eNfepiHiH CHIPTKBI KOIIi-KOHBIHAA €H MaHbI3Ibl OarbITTapAblH Oipi — eHOCK
KOIII-KOHBI, OFaH €HOeKKe KaOiIeTTi XalmbIKThIH endyip Oeiiri KaThICapl, all aKiia ayaapbIMAapbl eHOEK
MUTPAHTTAPBIHBIH 0TOACHIIAPBIHA MaHBI3IBI SKOHOMHUKAIBIK KOJIAy OOJIBIT TaOBIIaIbI.

MemnekeTapanblK Kelli-KOHAa Heri3ri eHOeK Kymli goHopnapbl petinae Keipreizcran, TaoxkikcTaH
JKoHe O30ekcTaH anFa MbIFanel, an Ka3akcTaH eHIpAIH HEri3ri SKOHOMHUKAJBIK OPTANBIFBI JKoHE €HOEK
MHTPAHTTAPBI YIIiH TapTRIMABI €71 OOJBIT OTHIp. O30ekcTaH, KeIprei3cTad skoHe ToKiKCTaH azaMaTTaphl
YIIiH 0acThl TAPTHIMIBLIBIK OpTaNbIFel — Pecelt Depepanusicel. Ocipece KacTap apachlHIa KeIli-KOHHBIH
Oanamansl OarpiTTapsl perinae Onryctik Kopes, Typkus, BAO, Eypona ennepi xone AKII Tanbimad.
SUATKEPITIK KoImi-KoH — Ka3ipri OpTanslK A3Hsmarsl KOIIi-KOH YIepicTepiHiH MaHBI3IbI OaFbITTapbIHBIH
0ipi. TypakTel JaMy MaKcaTTapbIHbIH KOHTEKCTiHIE OUIIKTI MaMaHIapjblH OHIPACH ThICKAa AarbIMbI
TYPaKTHI JaMy YLIiH opi CBIH-KaTep, api aj1eyeT OOJIbIN TaOblIagbl.

Opranblk A3UsSarsl KOITi-KOH OaFbITTapbl OHIPIMILTIK KO3FAIBICTAP/IBL, SSFHU ayBUIIBIK aiiMaKTapAaH
KaJlajapra KeIN-KOHYBIH KaMTHIBL. YpOaHmamy yaepicTepi MEH eMip Cypy AEHreidiH >KorapbuIaTyFa
YMTBUIBIC ipi MeramonucTtepre — Anmatbl, Actana, TamkeHT, bimkek, [dymanbe sxoHe T.0. — Kammaii
KOHBIC ayJlapyFa oKeJeIi.

CBIPTKBI KOTITi-KOH eHOEK KYIIIi JoHopiaps! ennepiniy XKIO-ine aiTapibIkrail yiiec Kocca, iIKi Keri-
KOH KaJajap/blH JaMYybIH bIHTAJIAHBIPAbl, OVJI 63 Ke3eriH/e jKaHa ChIH-KaTepiiep MEH MYMKIHIIKTEpIl
TyabIpajbl. Keli-KoH cascaThl MEH WHTETPALUSIIBIK YACPICTEPIi OHTAMIaHABIPY OHIP eNJIEpiHe KOIli-KOH
QJeyeTiH TYpaKThl JaMy YIIiH THiM/II ailaTaHyFa MYMKIHIIIK Oepe/i.

Tannay kepcetkenneit, Opranslk A3usiarbl kemri-koH TypakTsl gamy MakcarrapbiHa (TIM) kox
JKETKI3yre yiec Kocalbl, anaia peTTeyAiH HEeFypJIbIM THIMII TeTiKTepiH Taman eteni. Kerri-koH
casicaThIH JKETUIIPYIiH MaHbI3IbI OAFBITTAPHI KeJleCl MyHKTTePAl KaMTHIbI:

1. EHOex MUTpaHTTapBIH 9JIEYMETTIK KOpFaynbl KamTamMacki3 ety (TJIM 8 — JallBIKTBI KYMBIC JKOHE
9KOHOMUKAIBIK 6cy, TAM 10 — TeHCI3aiKTI a3aiTy).

2. MurpaHTTapapl KYKBIKTBHIK KOpFay JKoHEe €HOEeK JXKaFJailapblH JKaKcapTy apKbLIbl MEMIIEKETTIK
Konmayael kymedTy (TJAM 16 — BeHOITIIUTK, COT TOPENTIT XKoHe THIMAI HHCTUTYTTap).

3. Imki kel — KOHHBIH ©CyiHe OeHiMIeny xoHe eHOCKKe KaOlIeTTi XalbIKThIH KOIli-KOH aFbIHBIHBIH
KapKbIHBIH TOMEHJICTY YIIIiH UH(PAKYPBUIBIMIBI, YATTHIK OHJIPICTI %KoHE KalaibIK opTaHbl AaMmbITy (TIM
11 — TypakTsI Kananap MeH eJJli MeKeHIep).
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4. Kemi-koH aFbIHIApBIH OaKbUIAYIbIH XOHE MEMJIEKeTapallbIK KayilCi3miKTi HBIFaWTYyIbIH KeJli-
CINITEeH TETIKTEpi YIIiH OHipAeTi XaIbIKapaJIbIK BIHTBIMAKTACTHIKTEI KEHEHTY.

Kapxbutanapipy. by reuibiMu-3eprrey «Kaszakcran-OpTaiblk A3us» (opMaThIHAAFbl BIHTHIMAK-
TaCTBHIKTHIH aiMakThiK BekTOpb» JKTH AP19680321 arrter Kazakcran PecnyOmukackl FheutbiM sxoHE
JKOFapbl O171iM MUHUCTPJIITiHIH TPAHTTHIK KapKbUIAHABIPY jK00achl asChIHA TaHBIHIAIIBL.
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MUWTPALIMSI HACEJIEHUS HEHTPAJIBHOM A3UA
B KOHTEKCTE YCTOMYMBOI'O PA3BUTHSI

AHHOTanus. /[aH KOMIUIEKCHBIN aHATN3 TEHACHIINNA MUTPAITMOHHBIX MPOIIECCOB B cTpaHax lLleHTpanpHON A3nn
B KOHTEKCTE AeMorpauyeckux HM3MEHEHHH M COLMaIbHO-dKOHOMHYecKoW TpaHchopmanuu pernonHa. Ha ocHoBe
oUIMATIBHBIX CTAaTUCTUYECKUX AAHHBIX OTIENBHBIX cTpaH LleHTpanbHON A3uu 1 MUpOBBIX OaHKOB JaHHBIX (Bce-
mupHblii 6ank, MOT, OOH) BbIsSIBJIeHB! OCHOBHBIC TEH/CHLIWU BHYTpeHHEH W BHemrHed murpanuu B Kaszaxcrawe,
Keipreizcrane, Y3oekucrane, Tampkukucrane n Typkmenncrane 3a nepuog 2010-2023 rr. OcoGoe BHUMaHME yie-
JICHO OILICHKE BIIMSHMS MHUIPAlMM Ha YCTOMYMBOCTH HallMOHAJIBHBIX 3KOHOMHK, Pa3BHTHE MH(PACTPYKTYpPHI, PHIHKA
TpyAa ¥ COLMAJIbHYI0O MOOWIBHOCTh HaceneHus. OTIEIbHO PacCMOTPEHBI TAKWE SBJIEHHs, KaK OTTOK BBICOKOKBA-
T(UIPOBAHHBIX KaJpOB, YCHJICHHE 3aBUCHMOCTH Psiia CTPAaH OT JICHEKHBIX NEPEBOAOB TPYIOBBIX MHUIPAHTOB,
(hopMHupOBaHNE HOBBIX MUTPAIIMOHHBIX CBS3EU ¢ ManmbHUM 3apybeskbeM. Ocoboe BHHMaHHE YIENECHO B3aMMOCBSI3H
paccMaTpUBaeMbIX B CTaThe MUTPALMOHHBIX MPOIECCOB ¢ peanmzarueit Llemeit ycroitunBoro pazsutus OOH (L[YP
8, 10 m 11). IlpoBeneHHBIM aHATN3 MO3BOJSET CAEIATH BBIBOI O TOM, YTO MHUTPAIMS UTPAET IBOSKYIO POJb: KaK
HCTOYHHMK HOBBIX PHCKOB IJIS JIONTOCPOYHOHW CTaOMJIBHOCTH Pa3BUTHS PETHOHA, TaK U (DAKTOp aganTaluyd K BHY-
TPEHHHUM COIMAIbHO-3KOHOMHYECKUM BBI30BaM.

KuoueBble cioBa: murpanus Hacenenus, LlentpanbHas A3us, ycroituuBoe passutue, TMP, conmanbHO-3K0-
HOMUYECKOE Pa3BHUTHE.
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MIGRATION IN CENTRAL ASIA
IN THE CONTEXT OF SUSTAINABLE DEVELOPMENT

Abstract. This article provides a comprehensive analysis of migration trends in the countries of Central Asia in
the context of demographic change and socio-economic transformation of the region. Based on official statistical
data from individual Central Asian countries and global databases (the World Bank, the International Labour
Organization, and the United Nations), the main trends of internal and international migration in Kazakhstan,
Kyrgyzstan, Uzbekistan, Tajikistan, and Turkmenistan for the period 2010-2023 are identified. Attention is paid to
assessing the impact of migration on the sustainability of national economies, infrastructure development, labor
markets, and social mobility of the population. The study also examines such phenomena as the outflow of highly
skilled professionals, the increasing dependence of several countries on remittances from labor migrants, and the
emergence of new migration linkages with non-regional and distant countries. Special emphasis is placed on the
relationship between migration processes and the implementation of the United Nations Sustainable Development
Goals (SDGs 8, 10, and 11). The article also emphasizes the relationship between the migration processes under
consideration and the implementation of the United Nations Sustainable Development Goals (SDGs 8, 10, and 11).
The analysis leads to the conclusion that migration plays a dual role: acting both as a source of new risks to long-
term regional development and as a mechanism for adaptation to internal socio-economic challenges.

Keywords: population migration, Central Asia, sustainable development, SDGs, socio-economic development.
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INPABUJIA JJISI ABTOPOB

B xypHase myOnIuMKyIOTCsl CTaThH, HOCBSIIEHHBIC MPOOJIEMHBIM BOIPOCaM reorpaduieckoil HayKH M I'€03KO-
JIOTHH, a TaKXe HaydHbIe COOOLIEHUS TEOPETHYECKOTO, METOJMYECKOTO, 3KCHEPHUMEHTAIBHOTO M HPUKIATHOTO
XapakTepa, TeMaTHIeCKHe 0030pbl, KPUTHUECKNE CTATbU U PELICH3MH, B TOM YHCJIE B BUJE MMCEM B PEJAKIINIO, Onb-
nrorpauuecKre CBOJKH, XPOHUKA HAYYHOH KM3HU. TEKCTHI CTaTel U IPYTUX MaTepPHalIoB MOTYT IPENOCTaBISATHCS
Ha Ka3aXCKOM, PYCCKOM WA AHTJIMHACKOM SI3BIKaX. PeuaKum{ NPUHUMACT MaTepuajibl B JJICKTPOHHOM BHJIC,
HaOpaHHbIE B TEKCTOBOM penaktope Microsoft Word, B compoBoxieHHN HIASHTHYHOH OymaxkHo# Bepcuu. [loss:
BepxHee U HIkHee — 2,4 cM, npaBoe u eBoe — 2,2 cM. Tekcr (mpudr «Times New Roman») naercst B 0J1Hy KOJIOHKY
yepe3 MEeXCTpOuHbIi wuHTepBad 1,0 M JUIss HEro yCTaHaBIMBAeTCs aBTOMAaTHYecKuil mepeHoc. CTpaHHUIBI
HyMepyloTcs. Matepuan cTaTtbi (TEKCT, BKJIIOYas AHHOTAIMM Ha Ka3aXCKOM, PYCCKOM M aHTJIMHCKOM S3bIKax,
PUCYHKH, TaOJHUIBI, CHCOK JUTEPaTypsl) odopmisiercs omauM daitmoM. OO0BeM CTaThil CO BCEMH CTPYKTYpPHBIMH
aIeMeHTaMH He oibkeH npesbimath 50 000 3HaK0B ¢ nmpodenamu (1o 12 crp.), npyrux marepuanos — 20 000 3HAKOB
¢ mpobemamu (10 4 cTp.).

Pykonucu crareii odopmisitorest cienyroumm obpaszom: 1) VK (BblpaBHMBaHHE TEKCTa «IEBBI Kpaii»,
kersb 10); 2) uepe3 oAWH UHTEPBAJI MHULUABI 1 (JaMHUIIMK BCEX aBTOPOB Yepe3 3aIsiTyio (BBIPABHUBAHUE TEKCTA K10
LEHTPY», HAUEPTAaHUE «IIOJyKHPHBIH», PETHCTP «HAYMHATH C MPOMHCHBIX», Kerib 11; ecin aBTOPOB HECKOIBKO,
nocie (haMUIIMU KaKIO0r0 YKa3hIBACTCS HAJICTPOUYHBIM MHACKCOM IMOPSAKOBBIA HOMEp apabckoi mugpoit); 3) depes
OJIMH MHTEPBAJ — YYEHOE 3BaHUE W CTEIEeHb aBTOPA, JOJDKHOCTh, B CKOOKaxX — INOJIHOE Ha3BaHWE OpraHU3alluu, B
KOTOpOW OH padoTaeT, Topoi, cTpaHa (BbIpaBHHBaHHE TEKCTa «I0 LIEHTPY», Kerib 10; eciu aBTOpPOB HECKOIBKO,
CBEJICHMS JAIOTCS O KaKAOM M3 HUX OTAEJIBHON CTPOKOH uepe3 OJMHAPHBIN HHTEPBAJ, a HAYMHACTCS KaXK/asi CTpOKa
C HaJCTPOYHOI'O MHJEKCa IMOPSIKOBOrO HOMEepa mHociie GpaMuiny aBToOpa); 4) dyepe3 ONUH WHTEPBAI — HA3BaHHE
cTatbM 0e3 mepeHoca (BBIDABHUBAHWE TEKCTA «IIO LEHTPY», HAuepTaHHE «IIOMYXXHUPHBIH», PErucrp «Bce
MIPOIHCHEIe», Kerab 14); 5) uepe3 onuH nHTEpBal — aHHOTams 3 5—10 npeanoxennii, o6bemom a0 1200 3HAKOB C
npobenamu (HauymMHATH ab3am CleAyrommM o00pa3oM: «AHHOTAIWSL. ... (Ka3. 513.)», «AHHOTamwWs. ... (pyc. 53.)»,
«Abstract. ... (aHT71. 53.)») Ha TOM S3bIKe, HA KOTOPOM HAIMCaH OCHOBHOW TeKCT pykommcu (abzar «0,75 cmy,
BBIPaBHUBAHKE TEKCTA «I10 MTUPUHE», PETUCTP «BCE CTPOUHBIEY, Kerib 10); 6) uepe3 oauH HHTEPBAT 5—7 KIIFOUEBhIX
cnoB (HauuHaTh absall cienyromuMm obpasom: «Tyiin cesmep: ...», «Keywords: ...», «KitoueBbie ciioBa: ...»),
COPTUPOBAHHBIX NO an(aBHUTy, HA TOM S3bIKE, HA KOTOPOM HaIlMCaH OCHOBHOH TeKCT pykomnucu (ad3an «0,75 cmy»,
BBIPAaBHUBAHME TEKCTA IO IMIMPHHE», PETUCTP «BCE CTPOUHBIEY, Kerib 10).

OCHOBHOW TEKCT pa30MBAcTCS Ha CTPYKTYPHBIC 3JIEMCHTBI: BBEICHHE, MOCTAHOBKA MPOOJIEMbI, METOHKA
UCCIIEJOBAaHUH, ICTOYHUKH JIaHHBIX, PE3YJIbTaThl HCCIIC0BAHMH, 00CY)KIEHUE PE3YIIbTaToB, 3aKIII0UeHNE (BBIBODI),
WCTOYHHMK (PMHAHCHUPOBAHUS HMCCIIENOBaHUM (IIpM HEOOXOAMMOCTH), CIHCOK JuTeparypbl. Ilepen crmckom smte-
patypsl MOXET MOMeEIIaThesl 0JIaroapHOCTh JIMIIAM W OpraHM3alsIM, OKa3aBIIMM ITIOMOIIb B HAIIMCAaHWU CTATBH.
HeobmenpuasaTeie a00peBHaTyphl HODKHBI pacIIn(pOBBIBATECS B TEKCTE IPU IEPBOM YIOMHHAHWH. [lapameTrpsl
TekcTa: ab3ar «0,75 cM», BEIpaBHIBAHHE 10 MIHPHHEY, PETHCTP «KaK B MPEATIOKCHUAK», KeTb 1 1.

ITox 3aronoBkom «JIMTEPATYPA» npuBOOUTCS CHMCOK MCTOYHHMKOB, Ha KOTOPBIE €CTh CCBUIKM B TEKCTE.
JlutepaTypa NpPUBOAMTCS CHAadaja Ha S3bIKE OpUTMHANA, 3aTeM IyOuiupyeTcs Ha aHIVIMHACKOM S3bIKE
«REFERENCES» (a63am «0,75 cM», BRIpaBHUBAaHUE «I10 IIUPUHE», PETUCTP «KaK B MPEUIOKECHHSIX», KeTab 9). B
TEKCTEe CCBUIKM Ha HOMEpPA CIMCKa JAIOTCS B KBaAPATHBIX CKOOKax. 3aluch Kaxmoi OnOInorpaduueckoi CChUIKH B
CIIMCKE Ha4yMHAaeTcsa ¢ ee mopsiakoBoro Homepa B TekcTe: «[1]Ilerposa C.H. Hayuno-uccnegoBarenbckas
JESTeBHOCTD ...»). Crucok muteparypbl odopmisercs mo ['OCT 7.1-2003 u THIaTeIbHO BBIBEPSETCS aBTOPOM.
Tpancnurepauus He nomyckaercs!

Hanee crnenyer pestome. Jlist cTaThy, NMPEAOCTABICHHOW Ha KA3AXCKOM s3biKe, TPEOYIOTCS PYCCKHUHM W aHT-
JUICKUNA NEPEBOMBL; HA PYCCKOM sA3blKe — Ka3aXCKUN U aHTTIMICKUN NEPEBObL; HA AH2AUNICKOM 5A3biKe — Ka3aXCKUH U
pycckuil mepeBoabl. [ aBTOpoB M3 3apyOexbsi pe3loMe Ha Ka3axCKHH SI3BIK IEPEBOAUTCS B pENaKUUH B
COOTBETCTBUH C NPEIOCTABICHHBIM Ha PYyCCKOM M aHTIMHCKOM s3bIKaX. CTpyKTypa IOBYS3BIYHBIX pe3lOME: WHH-
Uaibl U (paMUIIMK BCEX aBTOPOB UYepe3 3ariTylo (mocie (aMHIMK KaXI0TO YKa3bIBAa€TCsl HAJICTPOYHBIM HH/IEKCOM
MOPSAKOBEIM HOMEp apaOCckod Imdpoii); ydeHoe 3BaHHE W CTENEHb aBTOpa, AOJDKHOCTh, B CKOOKaxX — IOJHOE
Ha3BaHME OPraHU3allliM, B KOTOPOil OH padoTaer, ropol, CTpaHa (eciu aBTOPOB HECKOJBKO, CBEICHHUS AAIOTCH
OTACTIBHOW CTPOKOM uepe3 OIWHApHBI HMHTEpBal, a HAYMHAETCS KaXKJash CTPOKAa C HAIACTPOYHOTIO HHIEKCA
MOPSIIKOBOTO HOMepa Tmocie (amMuinu aBTOpa); Ha3BaHWE CTaTbW; AHHOTAMs, MPUBEICHHAs B Hayaie
cTatbM (HayMHATH ab3all CieAyrmUM o0pa3oM: «AHHOTAaUus. ... (Ka3. s13.)», «AHHOTauus. ... (pyc. 13.)»,
«Abstract. ... (aHIJI. 513.)»; KIIIOUEBBIE CIIOBA, IPUBEJICHHbIE B HaYaJle CTaThH (HaYMHATH a03all ClIeTyIOLIMM 00pa3oM:
«Tyiiin ce3nep: ...», «Keywords: ...», «KioueBsie cioBa: ...»).
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Tabnuer HabmpatotTcs B popmare Microsoft Word (re Microsoft Excel), kerms 9. B cTatbe qarotcst cChIIKH Ha
Bce TaOnuIbl. Pacnonarate ux ciemyeT cpasy Imocjie yYIOMUHAHHS B TEKCTEe WM Ha Clenytomeil cTpanune. HazBanue
TaOIUIIBI TOJDKHO OTPaXkaTh ee coaepkaHue, ObITh TOYHBIM, KpaTkuMm. Hampumep, «Tabmuma 1 — Cpenauii MHOTO-
neTHuit pacxox p. XKaiibik, M’/c». PasMemars ero cienyeTr Han Tabnuiei, 6e3 abzalHOro OoTcTyIa (BHIpaBHUBAHHE
TEKCTa «I0 LEHTPY», Kerib 9). He nmomyckaercst mepeHoC yacTH TaOJMIBI Ha CIEOYIONIyI0 crpaHuly. bomipmme
TaGJIMIBl JOIyCKaeTCsl pa3MellaTh Ha BCIO CTPaHMIy C OpUeHTalueill «ambOomHas». TaGmuuel U rpadsl B HEX
JIOJDKHBI MIMETh 3arojOBKH, COKpAILEHMsl CIIOB He aonyckatorcs. [loBropsiromuiicsi B pa3HBIX CTpOKax Tpadsl
TaOJIMIBI TEKCT U3 OJTHOTO CJIOBA IIOCIIE IIEPBOTO HAIIMCAHUS AOIyCTUMO 3aMEHSTh KaBblukamMu. Ecin oH cocTouT u3
JIBYX U OoJiee CJIOB, TO IIPH NEPBOM ITOBTOPEHUH €r0 3aMEHSIOT CJIOBAMH «TO XKe», a Jajiee — KaBblukamu. CTaBUTh
KaBbIYKM BMECTO MOBTOPSAIOMIMXCS LU(pP, MapOK, 3HAKOB, MAaTeMaTHYECKHX M XHMHUYECKHUX CHMBOJIOB HE
nonyckaercsi. Eciu nanHbIe B KakoH-T00 CTpoKe TabIHIbl He TIPUBOIST, TO B HEH CTaBAT ITPOUYEPK.

PucyHky nOIKHBI OBITH BBITTOJTHEHB! B XOPOIIEM KayecTBe, a UX 00lIee KOJIMYECTBO He MPEBBIAaTh 5. PucyHkn
pacroyaraloT HEHNOCPEICTBEHHO IIOCIE TEKCTa, B KOTOPOM OHHM YIOMHHAIOTCS BIIEpBBIC, WM Ha CIEAyHOLIeH
cTpaHuLe. Bece HaxnucH Ha pUCYHKax JOJDKHBI XOPOLIO YUTATHCS; IO BO3MOXKHOCTH UX CIIEIYeT 3aMEHSTh OyKBaMH
w nudpamu, a HeoOXOJUMBbIe TIOSICHEHUsI 1aBaTh B TEKCTE WIIM B IMOJPHCYHOUHBIX IONHUCAX. B moapucyHouHoi
MOJNUCH HEOOXOMMO YETKO OTIENUTh (HOBas CTPOKA) COOCTBEHHO Ha3BaHUE PHCYHKa OT OOBSCHEHHH K HEMy
(3xcmmmkamms). IlogpucyHOUYHBIE TOANMHACH JOJDKHBI COOTBETCTBOBATH TEKCTY (HO HE TOBTOPSTH €ro) M
n3obpaxenmsiM. Hampumep, «PucyHok | — Kapra miotHocTn HacenmeHust B Oacceiine p. JKaifpik, den. Ha 1 kM
(BBIpaBHHBaHHE TEKCTA IO LEHTPY», Kerib 9). @ortorpaduu nomkHbl ObITh YeTkuMH, O3 nedekroB. Bee pucyHnku
TaKXKe MPEAOCTABISIOT OTACIbHBIMU (ainamMu: Ui pacTpoBbiX n3oOpaxenuit — B popmare JPEG/TIFF/PSD, nns
BeKTOpHBIX — B coBMecTMMOM c Corel Draw mimm Adobe Illustrator. Paspemenne pacTpoBbIX H300pakeHHH B
orreHkax ceporo 1 RGB uBerax nomxuo 6b1Th 300 dpi, u€pHo-6enbix — 600 dpi. PekomeHnayemble pa3mepsl: MIHPHHA
— 85, 120-170 MM, BbicoTa — He Oonee 230 mm. Ilpm HeoOxommmocTH (aitnel MOTyT OBITH 3aapXMBHPOBAHBI,
MpeanovYTuTeNnsHO B popmarax ZIP mmm ARJ.

MatemaTtudeckue 00603Ha4YeHUS U (GOPMYIIBI HY>)KHO Habupatb B Microsoft equation u pa3Memars B TEKCTe Ha
OTJCNBHBIX CTPOKaX, HyMepys TOJIBKO Te, Ha KOTOpbIC €CTh CCHUIKH B TEKCTe. Pycckue M rpedeckne OyKBBI B
dopMynax M CTaThiX, a TaKKe MATEeMaTHYeCKHEe CHMBOJIBI M XHMHYECKHE DJIEMEHTHl HaOHpaloTcs NPSMBIM
MIPUPTOM, TATHHCKHE OYKBBI — KypCHBOM.

K craTtpe cienyer mpuioXuTh: 1) COMPOBOANTENHFHOE MICHMO; 2) pereH3uio Ha 1 cTp.; 3) 3KCIIepTHOE 3aKITI0-
YyeHue 00 OTCYTCTBHU CEKPETHBIX CBEJCHUI B MyOJIMKALUK, BbIIAHHOE OpraHu3alyel, B KOTOpO BhITIOJIHEHA paboTa
(B 0coOBIX CiTy4asix BO3MOYKHO COCTaBJICHHE B PEJAKIMU MOCIIE BHYTPEHHErO PELEH3UPOBaHUS); I HEPE3UACHTOB
Pecniyonukn Kaszaxcran skcnepTHOe 3akiroueHue He TpeOyercs; 4) KpaTkoe 3akiroucHue jadbopatopuu (Kadeapsl,
oTIena W IIp.), I/Ie BBHINOJHEHa INpeJCTaBlIeHHas K NyOiukanuu pabora; 5) cBemeHHs o KaxiaoMm aBrope: OO
(TIOJTHOCTEI0), YYEHBIC CTEIICHb W 3BaHUE, JOJDKHOCTh M MECTO paboThl, KOHTakTHEIC E-mail, TenedoHsr, dakc.

CraanHble B pelakIMIO MaTepHaibl aBTopaM He Bo3BpamatoTcs. He cooTBeTcTByroIIEe TPeOOBaHUAM CTaThH HE
paccMarpuBaroTcs. Ecii cTaThs OTKIIOHEHA, pellakiusl COXpaHseT 3a OO0 MpaBo He BECTH AUCKYCCHIO IO MOTHBaM
OTKJIOHCHHUSL.

Bce mMaTepuaibl IpoXoAaT BHYTPEHHEE M BHELIHEE PELCH3UPOBaHUEe. Penakiys mpocuT aBTOPOB OTMEYATh BCE
M3MEHEHH, BHECEHHBIC B CTaThIO IIOCIIEC MCIPABICHHS WIM AOPaOOTKH TEKCTa 110 3aMEYaHUsAM pEeLeH3eHTa (HalpH-
Mep, uBeToM). IIpu paboTe Hax PYKOIMCHIO PEHAKIMs BIIPAaBE €€ COKPAaTHTh. B ciydae mepepabOTKM CTaThbH 110
npoch0e pENaKIMOHHON KOJUISTMH JKypHala JaToOW MOCTYIJICHUS CYMTACTCSA Jara IOJIyYCHHUsS peaaKiueit
OKOHYAaTCJIbHOTO BapuaHTa. 3a JOCTOBEPHOCTb NPUBCACHHBIX B CTATHC HAYYHBIX (l)aKTOB TMOJIHYIO OTBETCTBECHHOCTDH
HeceT aBTOp (aBTOPHI B PaBHOM Mepe, €CIIU UX HECKOJIBKO).

Anpec perakuun xxypHaia «['eorpadus 1 BoaHbIe pecypcbb»:
Pecniy6imka Kazaxcran, 050000, r. Anmvatsl, np. Celidyumnaa, 458/1,
AO «MuCTHTYT Teorpadun 1 BOAHON OE30MTaCHOCTH.

Ten.: +7(727)279-21-13.

E-mail: journal.ingeo@gmail.com

Caiit: https://ojs.ingeo.kz
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FouibiMu KapusisIaHBIMIApP/AbIH 3 THKACBI

«[eorpadust MeH cy pecypcTapbl» KYPHAIBIHBIH pPENAKUUSUIBIK AKACHl XaJbIKApPaJblK KOFaMIACTBIK Ka-
ObUIaFaH JKapusulay STHKACBIHBIH KaFMOaTTapblH YCTaHAIbl, COHIaK-aKk Oenensl XaJbIKapalblK >KypHajnap MeH
OacranapablH KYHIbI TOKIPHOECIH ecKepei.

bacra KpI3MeTiHZETi JKOCBIKCHI3 TOXKIpHOeHi OonaplpMay MakcaThiHIA (IUIaruat, yKajfaH aknapaTThl YCHIHY
JKOHE T6) JKOHC FbUIBIMH KapUsAJIaHbBIMAAPAbIH KOFapbl cCallaCblH KaMTaMacCbl3 €Ty, aBTOP/JAbIH aJiFaH FbIJIbIMU
HOTH)KEJIEPIH KYPTIIBUIBIKIIEH TaHBICTBIPY MaKCaThIHAA PEIaKLUMUSUIBIK KEHECTiH opOip Mylleci, aBTOp, peleH3eHT,
coHyaii-ak Oacria OapbIChIHIA KAaTBICATHIH MEKEMeNep 3THKaJbIK CTaHIAapTTap/bl, HOpMaiap MEH epexesepll Cak-
TayFa JKOHE oJIapJblH Oy3bUTYyBIH OOJAbIpMay YLIIH OapIblK ic-mrapanapisl Kaobuigayra MiHzgerTi. Ockl mporecke
KaTBICYIIBIIAPBIH OapIIbIFBIHBIH FBUIBIMH JKapHsUIaHBIM 3THKACHl €peXeJepiH CakTay aBTOPJIApAbIH 3USTKEPIIiK
MEHIIIK KYKBIKTapblH KaMTaMachl3 €Tyre, 0achUIBIM CallachlH apTTBIPYyFa JXOHE aBTOPJIBIK aKlapaTTapibl, >KeKe
TYJIFaNapAblH MYAJeci YIIiH 3aHChHI3 MaliaaaHy MYMKIHAITIH OOABIpMayFa bIKIall €Tei.

Penaxmmsira keminm TyckeH OapilblK FEUIBIMHA MakKajajap MIHAETTI TYpAE €Ki jKaKThl IoiynaH eTexi. JKypHan
pemakuusACckl MaKaJaHBIH JKypHaN OeliHiHe, peciMIey TananTapblHA COMKECTIriH Oenrimeiimi jkoHe KoMka30aHBIH
FBUIBIMH KYHJBUIBIFBIH AHKBIHAANTHIH KOHE MaKajla TaKbIPhIObIHA HEFYPIIBIM XKAKbIH FBUIBIMHA MaMaHIAaHABIPYJIaphl
0ap eki ToyeJci3 PeLeH3eHT — MaMaHAap bl TaFalbIHIANTHIH JKYPHAIIbIH KayalThl XaTHIBICBIHBIH OIpiHIII KapaybiHa
Kibepeni. Makananap/pl pelieH3HsUIay bl pelaKIMsIIBIK KEHEC JKOHe PeAAKIMIIBIK ajKa MyIIesepi, cCoHai-aK 6acka
eNJep/liH IIAaKbIPbUIFAH PELEH3EHTTEpl JKy3ere achelpajpl. Makanara capanrama >KYprizy yuiiH Oen-rin 0ip
PEICH3EHTTI TaHaay Typanbl memrimai bac pemaktop kKaObuimaiinbel. Pernensusiiay mepsimi 2-4 anTaHbl KYpauisl,
Oipax pereH3eHTTiH OTiHilI OOMBIHIIA 01 Y3apThUTYbl MYMKIiH.

Pemakuust MeH penieH3eHT Kapayra jKiOepiireH skapusuiaHOaraH MaTepualiapblH KYNHSUTBUIBIFBIH CaKTayFa
kernumik Oepeni. XKapusimay Typaibl HISOIMIII KypHAIABIH PEIAKIUUIBIK alKachl PElCH3UsUIaylaH KeiiH KaObuI-
nmaiiner. Kaxxer OonraH jkarmaiiza Koimkaz0a aBTOpIIapra peleH3eHTTep MEH PeJakToOpiIapablH eCKepTyiepi OOMbIHIIA
JKeHJeyTe Kibepineni, comaH KeliH oNl KalTa pereH3MsUIaHambel. Pemakmms STHKa epexelNepiH Oy3raH JKarjaiina
MaKaJaHBl JKapusayZaH Oac TapTyFa KYKbUIBL. Erep akmaparTThl IDlaruat el caHayFa JKeTKUTIKTI Heri3 Oolca,
KayanThl peIakTop JKapusyIayFa Kol oepmeyi Kepek.

ABTOpIIap pelaKuusFa YChIHBUIFAH MaTepHAILIAPAbIH jKaHa, OypBIH XKapusulaHOaraH )KOHE TYITHYCKa eKeHAIriHe
Kenuimik Oepesi. ABTOpIap FHUIBIMA HOTHIKEIICPIH CEHIMIUTINT MEH MaHBI3AbLIBIFbIHA, COHIAM-aK FHUIBIMH THKA
KaruJaTTapblH caKTayFa, aTall aiiTKaH/a, FhUIBIMH dTUKaHbI Oy3y (akTijepine ko 0epmeyre (FhUIBIMU JIepeKTep.i
TY)KBIPBIMIIAY, 3epTTEY IEPEKTEpiH OypMmarayra oKeleTiH Oypmaliay, IUlardaT JKOHE JKaJFaH TCH aBTOPJIBIK, Kaii-
Tasay, 0acka ajamJapblH HOTIKENIEPiH HEMJICHY XKOHE T. 0.) jKayanThl 00JIa bl

MakanaHsl peakiusra xibepy aBTOpJIapAblH MaKaJlaHbl (TYITHYCKaza Hemece Oacka Tinjepre Hemece Oacka
Tingepre aynapsiiFan) 6acka >KypHaiIFra(kypHaingapra) OepMereHiH jkoHe Oyl MaTepuan OypbIH >KapuslaHOaFraHbIH
Oinpipeni. OWTIece, Makana aBTOpJapFa aBTOPJBIK KYKBIKTHI Oy3FaHbl YIIIH MakKalaHbl KaObuigamay Typajibl
YCHIHBICIICH Jepey KaWTapbUiagbpl. backa aBTop >KyMbICHIHBIH 10 MaibI3bIHAH aCTaMbIH OHBIH ABTOPJIBIFBIH JKOHE
JIEpPEKKe3re cliTeMeci3 ce30e-co3 KeImipyre Ko OepinMeiini. ANBIHFaH KOpiHICTep HeMece MalliMAeMeNnep aBTop
MeH 0acTamnKsl Ke3/1i MiHIETTI TypAe KopceTe OTHIPHIIN jkacarysl kepek. [llamanaH TIC KeIipy, COHIai-aK Ke3-Ke-
reH HbICAaHJaFbl IUIarkaT, OHBIH iIIiHIe POCIMAGIMEreH AoHeKce3aep, e3repTy Hemece Oacka aJaMaapAblH 3epTTey-
JIepiHIH HOTHXKENEpiHe KYKBIKTap MEMJICHY STHKAJbIK €MeC JKOHE Kousaiichi3. 3epTrey OapbichiHA KaHIail ga Oip
TYpZie ocep eTKeH OapiblK ajamaapiblH YJIeciH MOWbIHIAY Ka)KeT, aTall aWTKaHAa, Makajana 3epTTey XKyprisy
KEe31H/Ie MaHbI3/IbI OOJIFAH KYMBICTApFa CIITEMENep YChIHBUTYBI Kepek. Kocamkel aBTOpIIap IbiH apachiHia 3epTTey- re
KaTbICIIaFaH aJaMIapbl KepceTy 00oIManbl.

Erep xymbIcTa Kate TalObuIca, peakTOpra Te3 apaja xabapiay Kepek >KoHe Oipre Ty3eTy Typasbl MIenliM
KaObLIIay KepeK.

Koixaszbansl xapusiaynan 6ac TapTy Typaiisl IIEIIiM peleH3eHTTEP/IH YChIHBIMIapblHa COMKEC PeAaKIUsIIBIK
aJIKa OTBIPBICBHIHIA KaObUIIaHAABl. PelakuusuiblK aJKaHbIH LICIIIMIMEH JKapHsulayFa YCHIHBUIMaraH Makajla Kairta
Kapayra KaObUigaHOaiinsl. JKapusiaynan Oac TapTy Typajbl xabapiama aBTOpFa SJICKTPOHIBIK IIOIITA apKbLIbI
Kibepimeni.

Pemakupsanblk anka MakalaHbl JKapusulayFa kiOepy Typasbl memiM KaOblIgaraHHaH KeHiH penakius Oy
Typalibl aBTOpFa xabapaii/ibl )koHE )Kapusiiay Mep3iMiH KepceTei.
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ITHKA HAYYHBIX IyOIuKaAnMi

Penakimonnas xomterus xypHana «leorpadust u BOXHBIE PECYpChl» HPUAEPKHUBACTCSA NPUHSITHIX MEKIY-
HApOJHBIM COOOIIECTBOM NPHUHIMIIOB ITyOJIMKAIIMOHHON ATUKH, a TAK)KE yYUTBHIBACT LICHHBIA OINBIT aBTOPUTETHBIX
MEXIYHAPOIHBIX )KYPHAJIOB U U31aTEJILCTB.

Bo wu30exanne HeZOOPOCOBECTHOM IPAaKTHUKK B IyOJMKAIIMOHHOW JESITENbHOCTH (IUIaruar, H3JI0XKEeHHe
HEJIOCTOBEPHBIX CBEJCHHUW W JIp.) M B LIEJISIX OOEcrevyeHHs BBICOKOTO KauecTBa HAay4YHbBIX MyOJMKaluWii, MpU3HAHUS
0O0IIECTBEHHOCTBIO MOJIYYEHHBIX AaBTOPOM HAy4YHBIX PE3YJIBTATOB KaKAbIH WIEH PEIaKIMOHHOTO COBETa, aBTOp,
PELIEH3EHT, a TaKKe YUPEXKJCHUs, YIaCTBYIOIINE B M3aTEIECKOM Ipoliecce, 00s3aHbl COONII0AATh ITHYECKUE CTaH-
JIapThl, HOPMBI M NPaBWJIa W NPUHUMATh BCE MEPHI AJISl MPEAOTBpAlIeHUs] nx HapymeHud. CoOmrogeHne mpaBuil
STHKW Hay4YHBIX ITyOJMKanuii BCeMH yY9aCTHHKaMHM 3TOTO IMPOIEcca CIOCOOCTBYET 0OECIIeYeHHIO MPpaB aBTOPOB HA
MHTEJJIEKTYalbHYI0 COOCTBEHHOCTb, MOBBIIICHNIO KAa4ECTBA M3/1aHHUA M MCKIIOUEHHIO BO3MOXXHOCTH HETPaBOMEp-
HOT'O MCIOJIb30BAHUS aBTOPCKUX MAaTEPHAIOB B UHTEPECAX OTAENIbHBIX JIUII.

Bce HayuHBIE CTaThH, MOCTYIAIONIUE B PEAAKIHUIO, ITOMIEKAT 00S3aTEIBHOMY JBOWHOMY CJIEIOMY PELEH3H-
poBanmuio. Pemakius XKypHama (oTBeTCTBeHHBII cekperaph JKypHaia) yCTaHaBIMBaeT COOTBETCTBHE CTATHH IIPO-
¢wmo Kyphana, TpeboBaHusIM K 0pOPMIICHHIO M HANpaBIsIET €€ Ha MEPBOE PACCMOTPEHHUE, ONPECIsIeT HayqHYIO
LEHHOCTh PYKOITMCH M Ha3HAYaeT JIBYX HE3aBUCUMBIX PEIIEH3EHTOB — CIELUAINCTOB, UMEIOIIMX HanboJsee Onn3kue K
TEME CTaThbH HayYHBIE ClIElMaNu3aluy. PereH3npoBanne crareil OCyIecTBIsIeTCS YWiIeHaMH PeJaKIMOHHON KoJuie-
THH, a TaKKe MPHUIVIAIICHHBIMU PELeH3eHTaMU M3 JPyTuX cTpaH. PemeHne o BBIOOpE TOrO WJIM MHOTO PELEH3EHTa
JUISL TIPOBENICHUSI SKCIEPTU3bl CTAThbU NMPHHUMAET TJIaBHBIN penaktop. CpoK peleH3MpOBaHMSI cOCTaBiseT 2-4 He-
JIeH, HO 110 MPOChOEe PeIieH3eHTa OH MOXKET OBITh IMPOJIJICH.

Pemakiust n penieH3eHT rapaHTUPYIOT COXpaHEHNE KOH(DHACHIMAIEHOCTH HE OITyOJIMKOBAaHHBIX MaTEpPHAJIOB.
Pemrenue o myOnukanuu nmpuHUMAETCS PENaKIMOHHON Kosuterneil XKypHana mociie perieH3upoBanus. B ciydae He-
00XOIMMOCTH PYKONHMCH HANpaBIsIETCsl aBTOPaM Ha JIOPaOOTKY IO 3aMEYaHMAM PEIEH3EHTOB U PElaKTOpOB, 3aTEM
OHa MOBTOPHO peneH3upyerca. Pemakiusi ocTaBisieT 3a coOON IIPaBO OTKJIOHUTH IyONMKAIMIO CTAaTbU B CIIydae
HapyILIEeHUs MPaBui 3THUKH. OTBETCTBEHHBIH PENaKTOp HE AOJDKEH NOIYCKaTb K IyOJMKauu MH(GOPMALUIo, €CIH
HMeeTCs J0CTaTOYHO OCHOBAaHUII M0J1araTh, YTO OHA SIBJISIETCS IIATHaTOM.

ABTOpBI TApaHTHPYIOT, YTO NMPEACTABICHHBIE B PENAKIMI0 MaT€PUAIIbl SBJISIOTCS HOBBIMHU, paHee He OIyO0uu-
KOBaHHbBIMU W OpUT'MHAJIbHBIMH. Ounn HECYT OTBETCTBEHHOCTH 3a JOCTOBCPHOCTH M 3HAYUMOCTHb HAYYHBIX PE3YJIb-
TaTOB, a TAKXKE COOJIOJICHNE NPUHLIUIIOB HAyYHO! STHKH, B YACTHOCTH HeEJOIyleHNe (pakToB HapyIIeHNs] HayYHOU
5TUKU ((aOpuKalys HaydHBIX JAQHHBIX, (QajbcuUKanus, Beaylias K HCKRKEHHUIO HCCIIEOBATENLCKUX JaHHbBIX,
IUIaruar v JIOXKHOE COaBTOPCTBO, AyOIMpoBaHUE, IPHCBOCHUE YY)KUX PE3yIbTATOB H JIp.).

Hamnpasnsst craTeio B peAaKIUIO, aBTOPHI OATBEPXKIAIOT, YTO aHHAS CTAaThs HE ObLIa paHee OITyOJIMKOBaHA U
HE TepeaBaiach B APYroi xypHan(bl) Kak B OpUTHHAJE, TaK U B IIEPEBOJIC HA JPYTHE SI3BIKN WM C APYTHX S3BIKOB.
B mporuBHOM ciydae cTaThsi HEMEUICHHO BO3BpAIacTCsl aBTOpaM C PEKOMEHAAIMEH OTKJIOHUTH CTaThio 3a
HapylIeHHE aBTOPCKUX MpaB. He momyckaeTcs 10CI0BHOE IUTHPOBAaHHE pabOTHI APyroro aBropa 0e3 yka3zaHus €ro
aBTOPCTBA U CCBUIOK Ha MCTOYHUK. 3aMMCTBOBAHHBIC (PParMEHTHI MM YTBEPKICHHS AOJDKHBI OBITH O(OPMIIEHBI C
00s13aTENbHBIM YKa3aHUEM aBTOpPa M TEPBOMCTOYHMKA. Upe3MEepHBIC 3aMMCTBOBAHUS, a TAKKE IUIArHaT B JIFOOBIX
dhopmax, BKItOYass HeO(OPMIICHHBIC ITUTATHI, epedpasupoBaHue, MEPEeBO WK MPUCBOCHUE MPAB HA PE3yJIbTaThI
JYKUX HCCHeﬂOBaHHﬁ, HEOTUYHBI U HEIIPUEMIIEMBI. HeO6XOI[I/lM0 NnmpUu3HaBaTh BKJIaJl BCEX JIUI], TaK WJIM HHA4YC
IOBJIMABIIMX Ha XOA HCCJICAOBAaHUA. B YaCTHOCTH, B CTAThC JOJI)KHBI OBITh MMPCACTAaBJICHbI CCBIJIKM Ha pa60T1)1,
KOTOpbIE MMEIIM 3HAaueHHEe NpH NPOBEICHUM HccienoBaHus. Cpeau COaBTOPOB HENOIYCTHMMO yKa3bIBaTh JIMI, HE
y4acTBOBaBLIMX B MccienoBaHnu. Eciim oOHapyxeHa ommoka B paboTe mocie moiaun CTaThHi, HEOOXOIUMO CPOYHO
YBEJIOMHUTD PEAAKTOPa M BMECTE NMPHUHSATh PElIeHHe 00 UCTIPaBICHHUH.

Pemmenne 06 oTkaze B myOIMKaMy PyKOIUCH ITPUHUMACTCS PEIAaKIIMOHHON KOJUIETHEH B COOTBETCTBHH C PEKO-
MEHJAUMsIMH peneH3eHToB. CTaThs, HE PEKOMEHJOBAHHAs PEIICHHEM DPEAAKIMOHHOM KOJUIETHH K ITyONIMKanny, K
MOBTOPHOMY pPaccMOTpeHHUIo0 He mpuHuUMaercs. CoolmeHne o0 OTKaze B IyOJNHKAIlMHM HAIMpPaBISAETCS aBTOPY II0
3JIEKTPOHHOM IMOYTE.

Iocne npunsiTust penkoiuterneit XXyprana pemeHus o JOMyCKe CTaTbu K MyOJIMKALUK peJaknus HHQOPMHUPYET
00 3TOM aBTOpa M yKa3bIBAET CPOKH ITyOIUKAIIHH.
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In order to avoid unfair practices in publishing activities (plagiarism, presentation of false information, etc.) and
in order to ensure the high quality of scientific publications, public recognition of the scientific results obtained by
the author, each member of the editorial board, author, reviewer, as well as institutions involved in the publishing
process, must comply with ethical standards, rules and regulations and take all measures to prevent their violations.
Compliance with the rules of ethics of scientific publications by all participants in this process contributes to
ensuring the rights of authors to intellectual property, improving the quality of the publication, and excluding the
possibility of illegal use of copyright materials in the interests of individuals.

All scientific articles submitted to the editorial office are subject to mandatory double-blind review. The
editorial board of the Journal (Responsible secretary) establishes the correspondence of the article to the profile of
the Journal, the requirements for registration and sends it for the first consideration, determines the scientific value of
the manuscript and appoints two independent reviewers - specialists who have scientific specializations closest to the
topic of the article. Reviewing of articles is carried out by members of the editorial board, as well as invited
reviewers from other countries. The decision on choosing a reviewer for the examination of the article is made by the
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The editorial board and the reviewer guarantee the confidentiality of unpublished materials. The decision on
publication is made by the editorial board of the Journal after reviewing. The manuscript is sent to the authors for
revision based on the comments of reviewers and editors if necessary. After which, it is re-reviewed. The editors
reserve the right to reject the publication of an article in case of a violation of the rules of ethics. The executive editor
should not allow information to be published if there are sufficient grounds to believe that it is plagiarism.

The authors guarantee that the submitted materials to the editorial office are new, previously unpublished, and
original. Authors are responsible for the reliability and significance of scientific results, as well as adherence to the
principles of scientific ethics, in particular, the prevention of violations of scientific ethics (fabrication of scientific
data, falsification leading to distortion of research data, plagiarism, and false co-authorship, duplication,
appropriation of other people's results, etc.).

The submission of an article to the Editorial Board means that the authors did not transmit the article (in
original or translation into other languages or from other languages) to another journal (s), and this material has not
been previously published. Otherwise, the article is immediately returned to the authors with a recommendation to
reject the article for copyright infringement. Verbatim quoting of the work of another author is not allowed without
indicating his authorship and references to the source. Borrowed fragments or statements must be made with the
obligatory indication of the author and the source. Excessive borrowing as well as plagiarism in any form, including
unofficial quotations, paraphrasing, or appropriation of rights to the results of other people's research, is unethical
and unacceptable. It is necessary to recognize the contribution of all persons, who in one way or another influenced
the course of the research. In particular, the article, should contain references to works that were of importance in the
conduct of the research. Among the co-authors, it is inadmissible to indicate persons who did not participate in the
study.

If an error is found in work, it is necessary to notify the editor and together make a decision on the correction.

The decision to refuse publication of the manuscript is made at a meeting of the editorial board by the
recommendations of the reviewers. An article not recommended for publication by the decision of the editorial board
is not accepted for reconsideration. The refusal to publish is sent to the author by e-mail.

After the editorial board of the Journal decides on the admission of the article for publication, the editorial
board informs the author about it and indicates the terms of publication.
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