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MOHUTOPHUHI BOAHBIX PECYPCOB Y3BEKNCTAHA
N ITEPCHEKTUBBI NCITIOJIB30BAHUSA NOHOOBMEHHBIX
YCTAHOBOK JJUIAA OYUCTKHU CTOYHbBIX BO/I

AHHoTanusi. IIpoBeneH MOHUTOPUHI BOAHBIX PECYpCOB Y30EKHCTaHA, PacCMaTpPUBAaEMBbIX KaK HCTOYHHKU
cOpPOCOB CTOYHBIX BOZ HMPOMBIIUICHHBIX MPEANPUSTHNA. Pe3yabTarsl MOKa3bIBaIOT, YTO KOHLEHTPALUH Psijia BPEIHBIX
BelecTB — a3ot ammonmiHbil (NH,"), asor maurputabii (NO, ), docdarsr (PO,Y), xene3o (Fe) 1 KeCTKOCTh BOIbI B
peKax M KaHajax MPEeBBIIAIOT JOIYCTUMbIE HOPMBI, YTO YKa3bIBaeT Ha 3HAYMMBbIE SKOJIOTHUECKHe npooyeMbl. J{is ux
peLIeHUs aBTOPBI MIPEAIaraloT BHEIPEHHE HA IPOMBIIUICHHBIX NPEIIPHATHIX CUCTEM HOHHOM OYMCTKU Kak d(p¢ex-
TUBHOTO METOJa JUIsl CHIDKCHUS 3arpsi3HEHHs CTOUHBIX BOJ, ITOCTYIAIOIINX B BogoeMbl. PaccMorpena pabora sKcrie-
PUMEHTAJIBHOW YCTaHOBKH, MpeIHa3HaYeHHOH Uil 00pabOTKM CTOUHBIX BOJ C pa3yiMuHBIM cocTtaBoM. [loryueHHble
Ppe3yabTaThl MOATBEPKIAIOT 11eJ1ec000pa3HOCTh M 3(P(HEeKTHBHOCTh 3TOW TEXHOJIOTHH VIS OYMCTKH CTOYHBIX BOX M
MOAYEPKUBAIOT Ba’KHOCTH BHEAPEHUS COBPEMEHHBIX PEUICHUH U CMATYEHHs SKOJIOTHUECKUX MOCIEACTBUH M 3a-
IIMTHI 3I0POBBS HACETICHUS.

KirodeBble €JI0Ba: MOHUTOPUHT, 3arpsI3HAIOIINE BEIIECTBA, CTOYHbBIE BO/BI, HOHOOOMEHHAs yCTaHOBKA, COpPO-
UL,

BBenenue. Bona sBiseTcs JKM3HEHHO BaKHBIM PECypcoM JUIsl JIOOOro peruoHa, u PecmyOmuka
V30eknucTan mpupaeT OONbIIOE 3HAYCHHUE OXpaHe CBOMX BOINHBIX pecypcoB [1]. B cTpaHe akTHBHO
PasBUBAIOTCS Pa3IMYHBIC OTPACIN HMPOMBIIUICHHOCTH, KOTOPbIE TPeOyIOT 3HAUNTEIbHBIX 00BEMOB BOIHI,
OJJHAKO C POCTOM IPOMBIIIJICHHON IESTEIbHOCTH BO3HUKAE€T M NMPOOJIeMa OYMCTKH CTOYHBIX BOX [2].
VBenuueHrne TNPOMBIIUIEHHONM Harpy3Ku Ha BOJHBIE 3KOCHCTEMBI 3HAUMTENBHO YXYIIIaeT KadecTBO
BOJHBIX PECYPCOB, UTO IOJYEPKHBAET HEOOXOAMMOCTH MPOBEACHHS ACTAIBHOIO aHajM3a COCTOSHUS
BOJIOEMOB U pa3paboTKu 3G GEKTUBHBIX Mep II0 UX 3aluTe. B ¢BA3M ¢ 3TUM Ba)XKHO NPOBOJHUTH CE30HHBIE
MOHHUTOPUHTH COCTOSIHUSI BOJHBIX PECYpCcoOB U pa3paborarh 3 dekTuBHBIE Mephl Mo uX 3amuTe [3, 4]. [o
MHEHHIO aBTOPOB, OJHUM M3 TaKHX IIaroB MOXET CTaTh BHEAPEHUE CUCTEMBI OUMCTKU CTOYHBIX BOJ
MOHOOOMEHHBIM METOAOM [4-9], YTO MO3BOJUT HE TOJBKO COKPAaTUThH 3arpsA3HEHHE, HO M OOECIICUUTH
MTOBTOPHOE MCIOIH30BaHKE BOBI B IPOM3BOJCTBEHHBIX MPOIlECccax.
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B sTOM nccnenoBanuu ObLT IPOBEIEH MOHUTOPHHT 3arps3HEHUS TOBEPXHOCTHBIX BOJ PEK U KaHAJIOB,
BoJ0eMOB bocTanibikckoro paiiona, ropoga Yupunka, KuOpaiickoro paiiona, a Takke 3aHTHOTHHCKOTO H
SHruronsekoro paionoB. Ocoboe BHUMaHHE YAEISUIOCh KOHIEHTPAIMK TAKUX 3arps3HSIOIUX BEIIECTB,
KaK a3oT ammonwmitmblii (NH,"), asor murpurneii (NO,), docdarsr (PO,’), xene3o (Fe) m kecTKoCTh
BOJIbL. DT MOKA3aTeNN ABJISAIOTCS BaKHBIMU MHAMKATOPaMH SKOJIOTHMUECKOTO COCTOSIHUS BOIHBIX PECYpCOB
U MOTYT YKa3blBaTh Ha HAJM4YUE DPA3IUYHBIX HMCTOYHHMKOB 3arpsA3HEHMA. AHaiM3 COOPaHHBIX AAHHBIX
MO3BOJISIET HE TOJIBKO BBISIBUTH HCTOUHUKH 3arpsA3HEHUS, HO M pa3paboTaTh peKOMEHAALNH 10 YTy YIIeHHIO
COCTOSTHHSI BOIHBIX PECYPCOB.

OnmHUM M3 NMEPCHEeKTHBHBIX PEIICHHH MPOOIEeMbl OYMCTKU CTOYHBIX BOJ SIBISIETCS HCIIOJB30BaHHUE
MOHOOOMEHHOTO oOopynoBanui. OHO TO3BOJsEeT 3(PpPEKTHBHO yHaNATh W3 BOABI MOHBI 3arps3HSIOMINX
BEILIECTB, YTO CIIOCOOCTBYET YIyUIIEHHIO KayecTBa BOABl M CHU)KEHHIO HETaTHBHOTO BO3ICHCTBHS Ha
9KocucTeMbl. IOHOOOMEHHBIE TEXHONOTMH MOTYT OBITh HMHTEIPHUPOBAaHBI B CYLIECTBYIOLINE CUCTEMBI
000pPOTHOTO BOJOCHAOXKEHMs, YTO IO3BOJIUT HE TOJIBKO OYHUCTHTH CTOYHBIE BOIBI, HO WU IIOBTOPHO
WCIIOJIB30BATh UX B MPOMBIIIICHHBIX MPOIIECCAaX WM JUISI OPOLIEHUS CeTbCKOXO3SHCTBEHHBIX YyTOauil. DT0O
HE TOJBKO TIOMOXKET CHU3UTHh HArpy3Ky Ha MPUPOIHBIC BOAOEMBI, HO U o0ecreuuT Oojiee panroHaIbHOE
HCIIOJIb30BAHNE BOJHBIX PECYPCOB.

Takum 00pa3oM, KOMILIEKCHBI TMOAXON K aHaM3y COCTOSHHS PEK M KaHAIOB bBoCTaHIBIKCKOTO
paiioHa, roposoB Unpunka u SIHruiomns, a Takke BHEAPEHUE COBPEMEHHBIX TEXHOJIOTUN OUUCTKH CTOUHBIX
BOJ MOXKET CTaTh OCHOBOH AJIsl pa3paboTKu 3((EKTUBHON CTPAaTETHH YIPABIECHHUs BOAHBIMU PECypcaMH B
PecrryOnuke Y36exucras.

OpHUM U3 ApKUX NMPUMEPOB YCIEIIHOTO BHEAPEHUS MPEIVIOKEHHBIX TEXHOJIOTHH OYMCTKH CTOYHBIX
BoJ sBisiercss npennpusitue «Maxam Chirchik» [10], koTopoe akTHBHO HCIIOJIB3YET WMIIOPTHOE HOHO-
oOMeHHOe 00OpyIoBaHHE. DTO MPEANPHUATHE JOCTUINIO XOPOIIUX PE3yJIbTaTOB B 00JIACTH OYMCTKHU IPO-
W3BOJICTBEHHBIX BOJI, YTO MO3BOJISIET 3HAYMTEIHFHO YMEHBIINTh HETaTUBHOE BO3CHCTBHE Ha OKPYKAIOIIYIO
cpeny. OmHaKoO MHOTHE Mallble U CPEeJHHE MPEANpHUITUS B Y30eKHCcTaHe BCe ellle HE UMEIOT COOCTBEHHBIX
OYHCTHBIX COOPY)KEHHI, YTO CO3[AaeT CePhE3HbIE HKOJIOTHUECKUE MpoOIeMBbl. B CBSI3M C 3TUM CTaHOBUTCS
aKTyaJIbHOH 3aJada BHEIPEHUs] HOHOOOMEHHOro 000pyAOBaHUS HA TaKuX Hpennpusatusx. Llens cosnanus
OTEUECTBEHHBIX YCTAHOBOK AJISI OYMCTKH CTOYHBIX BOJI 3aKJIFOYAETCA B TOM, YTOOBI OOECIIEUUTh AOCTYH K
3¢ PEKTUBHBIM TEXHOJOTHAM AJISI MAJIBIX M CPEIHUX MPEANPHUIATHI, KOTOPbIE CTAIKUBAIOTCA C MPOOIEeMaMH
3arps3HEHMs], HO HE PacIojararoT pecypcaMy AJIsl CTPOUTEIbCTBA KPYNHBIX OUYHCTHBIX COOPYKEHHUH HIIH
3aKyNKH JTOPOTOCTOSIIET0 WMIIOPTHOTO O0OpyHOBaHMs. BHempeHHWe TaKMX YCTAaHOBOK ITO3BOJIHT 3Ha-
YUTEIBHO YIYUIIUTh KAUE€CTBO CTOYHBIX BOJ, & TAKXKE CHU3UTH HAarpy3Ky Ha MPHUPOIHBIE BOJOEMBI. DTO HE
TOJBKO Oy#eT cHocoOCTBOBaTh OXPaHE OKPY’KAIOIIEH Cpenpl, HO W IIOMOXET MalblM H CPEAHUM
NPEANPHUATUSIM COOTBETCTBOBAaTh COBPEMEHHBIM JKOJIOTUUECKUM TpPEOOBaHUSAM M CTaHAapTaM. Takum
00pa3oM, pa3BUTHE OYHMCTHBIX TEXHOJOTHIl B MaJOM M cpegHeM OM3HEce CTaHeT BaKHBIM IIaroM K
YCTOMYMBOMY YIIPaBJIECHUIO BOAHBIMU PeCypcaMu B Y30€KHUCTaHE U COXPAHEHHIO SKOJIOTUYECKOro OanaHca
B PETHOHE.

Pucynoxk 1 — Pexa Yupuuk (ropon Uupunk) Pucynoxk 2 — Kanan boscy (ropon Uupumnk)
Figure 1 — Chirchik River (Chirchik city) Figure 2 — Bozsu Channel (Chirchik city)
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MarepuaJibl 1 MeTOABI HccAeA0BaHMsA. B Xo1e skcneprMeHTa Ui OLIEHKH KadecTBa OBUIH B3STHI
MpoOBI TIOBEPXHOCTHBIX BOJ PEK W KaHAJOB bocTaHIBIKCKOTO paiioHa, ropoxa Yumpuwmka, Kubpaiickoro
paiioHa, a Tak)ke 3aHTHOTHHCKOTO U SIHTHIOIbCKOTO pailoHOB. [1poOBI BOABI OBLIIH B3SITHI B COOTBETCTBHU C
I'OCT 31861-2012 «Bozga. O6mue TpeboBaHuUs K 0TOOPY MPOO».
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Wzmepens! konneaTparun NH, , NO, -, PO, *xene3a u ’ecTKOCTH BOABL. Pe3ynbrarel aHamm3a npoo
BOJIbl, COOpaHHBIX B 23 TOYKAaX BOAHBIX OOBEKTOB, BKIIOYAIOLINE BXOIHBIC U BBIXOJHBIE YYACTKH PEK U
KaHaJIOB, Ipe/ICTaBlIeHBI B TabuLe 1.

Tabnuua 1 — MOHUTOPUHT XUMHYECKOTO COCTaBa PeK M KaHAJIOB B BECCHHUI MEPHOL

Table 1 — In spring period monitoring of chemical composition of rivers and channels

KoHuenTparus, mr /nm’
nplc\‘)-g6m OGvexr t, + - 3 Kecr-
o pH | NHy | NOy | POs | Fegon KOCTD
1 2 3 4 5 6 7 8 9
YapBakckoe BomoXpaHmwinIie (Bxon), bocTaHmbIkCKuii p-H 11,3 | 85 - - - 0,06 2.4
: Hpesbimenne MK 1,2
5 Yappakckoe BOIOXpaHmIHIIe (BbIX0), BOCTaHIBIKCKHI p-H 11,3 | 8,4 — — — 0,066 2.4
pesbimenne IJIK 1,3
Pexa Benbnepcaii (Bxox), bocTannbikckuit p-H 11,6 | 83 - 0,007 | 0,012 | 0,124 | 2.5
3 Hpesbimenne MK 2,5
\ Ezlzz; i{e;;iigggﬁpfgen. ¢ pexoif Akcakaracaii (BbIXOn), 116 | 82 B 0012 | 0,021 [0.137] 29
Hpesbimenne MK 2,7
Pexa Yrawm (Bxon), Boctannbikckuii p-H 11,6 | 8,3 - - - — 2,2
> pesbimenne K -
) ll;e::a VYram coen. ¢ pekoit Ynpunk (Bb1xon), bocrannbikckuit 13| 8.1 B B B 0079 | 2.5
[pesbimenue MK 1,6
Pexa Ynpuuk (Bxoxn) Yapsak rutotuna, boctannsikekuii p-H 11,6 | 8,3 - - - 0,081 | 2,5
7 Hpesbimenne MK 1,6
IOmanakckas nporoka, . Yupuuk 14,3 | 7,6 1,3 0,068 | 0,02 |0,503 2,5
8 [pespimenue MK 2,6 34 10,06
. fg;ﬁ;p‘ggg’hfjg:;f;;)r’“r’ﬁ;‘j’gggCH"”‘ BOM TIPOTOKH 12,6 | 7,7 | 031 | 0031 | 0,01 [0,615| 2,9
[pesbimenue MK 1.5 12,3
10 Pexa Ynpuuk (BX0x), SIHTHIONBCKUH p-H 1161 78| 0,59 | 0,187 | 0,143 | 0,207 | 6,7
[pesbimenne MK 1,2 9,3 4,1
Pexa Ynpurk rpanuna ¢ YnHas (BbIXon), SIHTUIONBCKUIA pP-H 11,31 7,7 | 0,34 | 0,02 0,15 |0,154 6,7
a Hpesbimenne K 3,1
- II)(_a;Han Boscy 'azankent ruapoysen (xon), bocranmsikckuit 116 83 B 0.007 B 0.162| 2.6
[pesbimenue MK 3,2
5 3AX xanan ['OC Nel0 (Bxon), . Unpuuk 12,0 | 8.4 — - - 0,039 2.4
[pesbimenne MK
3ax kaHau (BbIXon), . Yupunk 11,6 | 8,2 - 0,015 - 0,224 2,6
14 [pesbimenue IJAK 4,5
s Jlf::jgeg:ii:ﬂyc :2;2?{‘; IIOTHHEL Ha PeKe HpHHK, 12,0 7,7 | 0,03 | 0,014 | 0,009 | 0,598 | 3,0
Hpesbimenne MK 12,0
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Oxonuanue mabauyot 1

1 2 3 4 5 6 7 8 9
16 Kanan Kapa-cy (Bb1xon) 116 | 7,6 | 0,35 | 0,027 | 0,026 | 0,306 | 3,1
Hpesbimenne MK 1,35 6,1
17 Kanan Bo3scy (Bbixon), Kubpaiickuii p- 11,6 | 8,3 — 0,007 - 0,167 2,6
pesbimenne K 33
18 Kanan Boscy (Bxox), 3aHTHOTHHCKUIT p-H 116 | 7,3 1,8 | 0,143 | 0,66 |0,247| 4,3
Hpesbimenne MK 3,6 7,1 2,2 4,9
19 Kanan Boscy (Bbixon), UnHasckwuii p-H 11,6 | 7,5 | 0,38 | 0,035 | 0,25 |0,253 5,4
[Ipesbimenue MK 1,7 5,1
20 Kanan Canap (Bxon), SIHTUIONBCKHIA P-H 1131 7,7 8,5 (0,109 | 0,357 | 0,148 6,8

Hpesbimenne MK 17 5,45 1,2 3
21 EEZZHSSSHJ%aozlgccl;l}{lb(lzg)(()gg)}:x;{e:r?ionbcKI/H‘«'I p-H 13177 49 1009210454 10211 74
Ipesbimenue MK 9,8 4,6 1,5 4,2 1,06
” Kanan Kapakynsayx (Bxox), SIHTHIONBCKHH p-H 11,3] 7,6 7,5 10,112 | 0,48 |0,147| 7,0
Hpesbimenne MK 15 5,6 1,6 2,9
’3 Kapakynbayk (Bbixon), SIHTHIONBCKHIT P-H, KaHAI 11,6 | 7,6 2,7 10,068 | 0,34 |0,132 6,4
[Ipesbimenue MK 5.4 34 1,1 2,6
K HopmbI mr/am’ - 68’55_ 0,5 0,02 0,3 0,05 7,0

[IpoBomuics anHanu3 conmep’kaHUS Pa3IMYHBIX BEIMIECTB B BOJIE C HCIIOIB30BAaHWEM CTaHAAp-
TH3UPOBAHHBIX METOJIOB, OMUCAHHBIX B cooTBeTcTByromux ['OCTax. KoHmeHTpanus MOHOB aMMOHHS
(NH,") ompenensnach (oromerpuueckum MetomoMm ot 0,20 mo 2,0 Mr/am’. MeTomyka OCHOBaHa Ha
00pa30oBaHWU OKpPAIICHHOTO COCIMHEHUsS C peakTuBOM Heccnepa, mpuparommM pacTBOPY IKeENTO-
kopuuHeBbIi 1BeT. [IpenensHo momyctumas kouuentparus ([IAK) ms NH," B Bomoemax cocTaBisieT
0,5 Mr/aM°. AHanus nposoawmics B coorsetcTBuu ¢ [OCT 33045-2014.

Conepxxanne =HATpUT-HOHOB (NO, ) wusMmepsioch Qortomerpudeckum wmeromom ot 0,02 mo
0,60 Mr/oM’. MeTox OCHOBAaH Ha M3MEPEHHH ONTHYECKOH IUIOTHOCTH IIPH UTHHE BOMHBI 540 HM, rIe
HUTPUTHI 00pa3yloT OKpalleHHOe B pO30BBIM IBeT coenuHeHue c¢ peaktuBoM [pucca. IIJIK mmst NO,~
B Bozte cocrasisier 0,02 mr/am® cormacao TOCT 33045-2014.

®ocdar-nonst (PO,) onpenemsutucy hotokomopumerpraeckum Merogom ot 0,01 1o 0,80 mr/mm’.
Metonuka ocHOBaHa Ha 0Opa3oBaHUHM (ochopHO-MOIrbOaeHOBON reTeponoaukucioTel (HoP(Mo,07)6)
npu B3auMonehcTBUM (pocdaToB ¢ mMonubOmaTOM aMMOHHS B KHCIOW Cpefle, KOTopas IOJ JCHCTBUEM
BoccTaHoBuTens xiopuaa onoBa (SnCly,,2H,0) obOpasyer oOkpallleHHOe B CHHUI IIBET KOMIUIEKCHOE
COCIUHEHHE, U3BCCTHOE KaKk MojuOmeHoBas cuHb. [IJIK nmims PO,* cocraBmsier 0,3 Mmr/aMm’ coracHo
I'OCT 18309-2014.

Konnenrpanus nonoB xenesza (Fe) B Boge m3mepsinack goromerpudeckuM metomom ot 0,005 mo
2,0 mMr/mv’. MeTox 0CHOBaH Ha 00pa30BAHHH KPACHOTO KOMILIEKCHOTO COSIMHEHHS TPH B3aHMMOICHCTBUM
TPEXBAJICHTHOTO JKele3a ¢ PONaHHIOM B cHibHOKHcHoi cpexe. IIJIK mist Fe cocraBmser 0,05 mr/mm’
cormacao 'OCT 10555-2016.

Bce doromerpudeckue u pOTOKOIOPUMETPUIECKIE H3MEPEHHSI BBITTOMHSUINCH Ha GoToMeTpe (oTo-
anexktpuueckoM KOK-3-01-“30M3”.

OOmas KeCTKOCTh BOJBI  OMpEICNsIach KOMIUICKCOHOMETPHYECKAM MeToioM oT 5,0 1o
20,0 Mmons/aM’. MeToamKa OCHOBaHA Ha OOPa3sOBAHMM CTAGHILHOTO OKPANICHHOTO KOMILIEKCHOTO
COCMHEHHST C OTWICHIMAMHHTETpaalleTaroM Harpus (TpuioHOM b) B MPHCYTCTBHHM WHAMKATOpa
XPOMOTEHA YePHOTO B Ie10uHoi cpene. ITJIK 1 obmeii %ecTKOCTH BOIbI cocTapseT 7,0 MMOMB/IM .

PesynbpraTel aHanmm3oB orOOpa TpoO OBLTM COMOCTAaBIEHBI C TPEACTHHO IOMYCTUMBIMU KOHIICH-
tparmsivua  (I1JIK) B mpupomHBIX W CTOYHBIX BOAAX [UISI KaXAOTO W3 HMCCIEAYEMBIX 3arps3HSIONINX
BEIIIECTB.
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HccnenoBanusi MO3BOMMIN TONYYUTHh KOMIUIEKCHBIE JTaHHBIE O KayecTBE BOIBI B BOAOEMax, 4YTO
SBIISIETCS] BAXKHBIM IIIarOM ISl JalbHEHINEro aHalin3a W OIEHKH COCTOSIHHSA BOAHBIX dKOocHcTeM. B xorme
IKCIIEPUMEHTOB TPOAHAIM3UPOBAHEI 23 MPOOBI CTOYHBIX BOJA M3 PEK W KaHAIOB PECHyOJHKH, B pa3HbIX
TOYKax 00BEKTOB TeMIieparypa Bojabl kosebanack ot 11,3 no 14,3 °C, a pH cpenst — ot 7,6 1o 8,5.

Onucanue 3KCNEPUMEHTATBHOH HOHOOOMEHHOI YCTAHOBKH /ISl OYMCTKHU CTOYHBIX BojA. HoBas
noHooOMeHHas ycraHoBka “UOY-4D” (moHooOMeHHass ycraHOBKa — 4 ¢(uieTpa, HeoHImMaabHOE Ha-
3BaHH¢), peAHa3HadeHa i S(PGEKTHBHOW OYUCTKH CTOYHBIX BOA. COCTOMUT U3 YETHIpEX HOHOOOMEHHBIX
(UIBTPOB, KaXIbIi U3 KOTOPHIX UMeeT 00beM 1,5 11 1 BbicoTy 160 MM TMCEBIOOKIKEHHOTO CJIOS HOHHUTOB
B KakaoM (uisrpe. JpeHakHas cuctema QrisTpa paboTaeT B MPOTHBOTOYHOM PEXHUME, TO €CTh PACTBOP
B (unsTp momaercs CBEpXy BHU3 W, NPOXONAsS CHU3Y BBEpX uepe3 CIOW HWOHHWTOB, BBIBOTUTCS uepe3
BepxHUH narpyOok. Takas TEXHOJOTHS NPENSATCTBYET 3ardICOBBIBAHMIO HOHUTOB, CIIOCOOCTBYS HX
B3pPBIXJICHHIO. Takke TEXHOJNOTHA BKIIOYACT BO3MOXKHOCTH HCIOIB30BAHHA KaTHOHUTOB KV-2-8 u
aHUOHUTOB AB-17-8 oHOBpEeMEHHO, PU 3TOM JUIA KaXI0TO BHIa COPOEHTOB MPEIyCMOTpEeHa pa3enbHas
cucrteMa pereHepanuu. VcXomHbIi pacTBOp MOAaeTcs C MOMOIIBI0 Hacoca. MoIIHOCTE 000pyIOBaHUS
coctaBiger 90 z[M3/q (2160 I[M3/CYT). YcraHoBka 00OpymOBaHA KOJUIEKTOpAaMH JUIsl BBOAA HCXOIHOTO
pacTBopa, BBEIBONIA OYUINICHHOW BOABI W 0TOOpa Mpo0, a TakKe 3alOpPHON apMarypoil IS MEepeKPBITHS
MOTOKa Tpu HeobOxoauMocTH. Kpome Toro, ycraHoBKa BKIIIOYAaET pPE3EpByaphl IS pEereHepalud U
MPOMBIBKM MOHHUTOB, a TAaK)K€ 3allOpPHBIE apMaTyphl, KOTOPHIE PETYIHPYIOT TOAa4Yy pPEreHEePHUPYIOMUX U
MIPOMBIBHBIX pacTBOpPOB. lIpomecc ouncTky BKIIOYAET ATambl (GUIBTPAIlIH, B3PBIXIICHHS, pETeHepaluu U
MIPOMBIBKH HOHOOOMEHHBIX CMOJL.

KoncTpykuuss o6opyaoBaHHS HW3TOTOBJICHA MPEUMYIIECTBEHHO M3 IUIACTHKA, YTO OOecredrBacT
BBICOKYIO0 KOPPO3HOHHYIO CTOMKOCTh. DTO 0COOEHHO BaYKHO MPHU padOTe C arpeCCUBHBIMUA XHUMHUYECKUMHU
BEIIIECTBAMH, TaK KaK IUTACTHKOBBIE MaTepHajbl HE pa3pylLIaroTcs MO BO3AEUCTBUEM KHUCIIOT U IIENoueH.
VYeraHoBka Takke MoxkeT (pyHkunonupoBats oT 0 mo 60 °C, 4yro nemaer e€ yHUBepCalbHOW AJS pas-
JUYHBIX YCJIOBUH 3Kkciutyaranuu. Kpome toro, oHa addexruBro paboraer npu pH ot 2 mo 12, yto
MTO3BOJISIET UCITONB30BATh €€ TSI OUUCTKH PACTBOPOB C PA3INYHBIMI XUMHYECKIMH CBOMCTBAMH.

! !

Pucynok 3 — Cxema HOHOOOMEHHOM YCTAaHOBKH IS OYUCTKH CTOYHBIX BOJI

Figure 3 — Scheme of ion exchange system for wastewater treatment

[IpencraBienHoe 00OpyIOBaHHE OTIMYACTCS MPOCTONH KOHCTPYKLIHEH W MEXaHHYEeCKHM YIIpaB-
JICHWEM, YTO SBIISETCS MPEHMYIIECTBOM, MOCKOJBbKY HEe TpeOyeT IOMOJHHUTENbHOW MOATOTOBKU OIle-
paropoB. TexHosOrust O4YUCTKH CO3laHa I pabOThl B PA3IMYHBIX 3KCIUIyaTallMOHHBIX YCIOBHAX, UTO
JienaeT e€ yHUBepCaJIbHBIM pelIeHHeM I yAaJeHHs 3arps3HAIONNX BEIIeCTB, TAKUX, KaK HOHBI XKeJe3a U
pasIn4HBIX coyieil. B mpomecce BOZOMOATOTOBKH, OCOOEHHO NPW YMSTYEHUH BOIBI KaTHOHUTOM KVY-2-8,
o0opynoBaHie MO3BOJIsIET 3((HEKTHUBHO MOBTOPHO HCIONB30BaTh PECYPChl B paMKax OOOPOTHOTO BOJIO-

—_— ] —/—
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CHaOXXEHHS, YTO CHOCOOCTBYET SKOHOMHUH MPUPOJHBIX BOTHBIX pecypcoB. Takxke mpeaycMOTpeH WHAWBU-
JTyallbHBIA BBIOOP KaTHOHUTOB, aHHOHHUTOB W aM(OIUTOB (pa3MTUYHBIX MapOK) B 3aBUCHMOCTH OT COCTaBa
OYHINAEMBIX CTOYHBIX BOJ, 3TO PACIIUPSIET BO3MOXKHOCTH NPUMEHEHHS CHUCTEMBI M TO3BOJISET aarTH-
poBaTh €€ MoJ] KOHKPETHBIE YCIOBHS SKCILUTyaTalliu.

st sKCTIeprMEeHTa 10 OYHMCTKE CTOYHON BOABI HA MOHOOOMEHHOW yCTaHOBKE B3siTa Mpoda BOABI B
IOmamakcko#i mpotoke (cM. Tabmuimy 1, mpoba 8) r. Uupumka B koimdectBe 30 . [l sxcnepuMeHTta
3aJIeliCTBOBAHBI BCE YeThIpe (PHUIBTPA: U3 HHUX JIBa ObUIM 3amoiHeHbl katnoHutoM KY-2-8, a nBa apyrux —
agnonutoM AB-17-8. Crounas Boma ouHMIIanach B AWHAMHYECKHX YCIOBHAX, HPU TMOJKIIOYCHUH
YCTaHOBKH d4epe3 TPyOoIpoBo K 0aKy C WCXOAHON BOAOH, Najee yepe3 KOIJIEKTOp BOja Iorajalna
MOOYEPETHO B KKIBIH (DMIBTP M BBIBOAWIACH IO KOJJIEKTOPY B EMKOCTH. CKOPOCTh TMOAAYH WCXOJHOTO
pactBopa 1,5 n/mMuH. Bpemsi mpoxokaeHusi pacTBopa depe3 ycTaHOBKY ~20 MHUH C y4eTOM He3Ha4u-
TeNhHON MOTepH JaBieHus. Temmneparypa uccienyeMoit crounort Bonsl 14 °C, a pH cpensr 7,6. CopOeHTHI
roroBm B cooTBeTcTBUU ¢ ['OCT 10896-78. 3arps3Hsioniue BemecTBa MOCIE OYUCTKU OIPEICIISITH
aHAJOTUYHBIMU METOJIaMH, KaK U IIPU YCTAHOBJIEHUH B MMOBEPXHOCTHBIX BOAAX PEK M KaHAJIax.

3¢ eKTHBHOCTh OYMCTKU PACCUUTHIBAIH MO COOTBETCTBYIOLICH (hopMyIe:

30'_1 — CBX C CBbIX 100.
BX

Pe3ynbraTel OYMCTKH HCCliemyeMOd BOABI Ha HKCIEPUMEHTAIBLHOW YCTaHOBKE MPEICTABICHBI B

Tabmute 2.
Ta6n1/111a 2— Pe3yJ'II)TaTLI OYHUCTKH CTOYHBIX BOJ Ha 3KCHCpHM€HTaﬂLHOﬁ HMOHOOOMEHHOI YCTaHOBKE
¢ ucnonb3oBaHueM karuoHuta KY-2-8 u anuonura AB-17-8

Table 2 — Results of wastewater treatment at the experimental ion-exchange system,
using cationite KU-2-8 and anionite AB-17-8

3arps3HAIOLUE BELECTBA Jlo ouncTkwy, mr/om° Ilocne ouncTkH, mr/am> DddexTuBHOCTD, %
NH.* 1,3 0,05 96,2
NO2~ 0,068 0,002 97,1
PO+ 0,02 0,005 75
Feosu 0,503 0,01 98
KectrocTh 2,5 0,5 80

PesyabTaThl U ux oocy:xkaenue. [IpencrarieHsbl JaHHbBIE MOHUTOPHHIAa XUMHUECKOTO COCTaBa PEK U
KaHaJIoOB B BeceHHHH mepuop (2024 r.), KOTOpbIE OTPAXKAIOT TEKYyIIee COCTOSHHE BOIHBIX PECYpPCOB B
V30ekuncrane. Tabnmuma 1 comepXuT MHPOPMALINIO O KOHIEHTPAIMSIX PA3INIHBIX XUMHUYECKHUX BEIIECTB,
TaKMX, Kak a30T aMMouuiiHblii (NHa"), a3or HuTputHsiil (NO2), dhocdarsr (PO47), obiee xene3o (Feqsy)
1 )KECTKOCTh BOJIBI B Pa3HBIX TOYKaX MOHUTOpHHTA. V3 Tabmuiip! 1, BUAHO, 4TO HA OOJILIIMHCTBE 0OBEKTOB
HabOmronmaeTcs npesbimenue [1JIK mo ananmuznpyemsiM mokaszarensm. Hampumep, pexka Unpurk u kaHaIIbI B
paiione Uwupurka JEMOHCTPUPYIOT BBICOKME YPOBHU 3arpsA3HEHHUs, 4YTO TpeOyeT 0Cco00ro BHHUMAaHUS
9KOJIOTHYECKUX CITY>KO U OPTaHOB YIIPABICHHS BOIHBIMH PECYPCAMU.

3arpsi3HeHHe BOAHBIX pecypcoB Y30ekwcraHa (cM. Tabmuiry 1), MOKa3bIBaeT, 4TO B OOJBIIMHCTBE
00BEKTOB HaOIIOAaeTCsl MPEBhIIEHNEe KOHIICHTPANK 3arps3HomuX BemiectB. CocTosHue pekn Yupank
1 KaHana Bo3cy Takke BBI3BIBAET CEPbE3HBIC OMACEHUs, TaK KaK B HUX (PUKCUPYIOTCS BBICOKHE YPOBHHU
3arpsI3HSIONINX BEIIECTB, BKIIFOYAs JKele30 M YKeCTKOCTh BOABL. Harpumep, B BBIXOAHBIX TOYKaxX peK
KOHIICHTPAIUS JKene3a mpesbimaer 0,6 MI/IM’, 9TO 3HAYMTENIBHO BBIIIE YCTAHOBICHHON HOPMBI Takoke
koHnentpauuu ammonus (NHa"), autputoB (NO2), pocharor (PO+*), xenesa (Feysy) M KECTKOCTH BOMBI
MPEBBINIAIOT JIOMYCTUMbIE HOpMBL. HaumOonbiiee mnpeBbllieHue HaOmromaeTcss B kanane Camap, rie
KOHIICHTPAIIMsI aMMOHUS TocTUraeT 8,5 mr/mm?, uro B 17 pas soime [T/1K.

Takum 00Opa3oM, pe3ynbTaTbl MOHHTOPWHTA HE TOJNBKO IMOATBEPKAAIOT HAIWYHE CEPbE3HBIX IKOJIO-
TUYECKUX MPOOJIeM, HO U CIyXaT OCHOBOW JUIsl Pa3pa0OTKU PEKOMEHJANWH M0 YIYYIICHUIO COCTOSHUS
BOJTHBIX PECYPCOB B PETHOHE.

B rtabmume 2 mokaszaHa 3¢ (GEeKTHBHOCTh OYMCTKH CTOYHBIX BOJ C MCIOJL30BaHHEM HOHOOOMEHHOM
TEXHOJIOTHH.
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OuncTKa CTOYHBIX BOJ Ha YCTAaHOBKE C HCIOJb30BaHHEM KaTuoHuTa KVY-2-8 u annonuta AB-17-8
CBHUJICTENILCTBYET O BBICOKOW 3((EKTHBHOCTH STOH TEXHOJIOTHUH. YpoBeHb aMMoHusl (NH4") cHu3mics c
1,3 10 0,05 mr/aM’, 4t0 CcOOTBeTCTBYeT 3(h(MEKTHBHOCTH OUYHCTKH 96,2%. AHANOIHYHBIM 0OPa3OM
xoHIeHTpamus HuTputoB (NO:") ymenbmmnack ¢ 0,068 10 0,002 Mr/aM’, 1eMOHCTPUpPYS SMEKTHBHOCTH
Ha ypoBHE 97,1%. Ynamenue oOmero sxemnes3a (Fe,s,) Takke 0oKa3zaloch BeChMa YCIIEIIHBIM: €r0 Coaep-
xaHne cHmsmaock ¢ 0,503 1o 0,01 mr/mv’, uro coorerctByeT 98% sddexruHOocTH. XOTs ddhek-
THBHOCTH yianenus docharos (PO+") cocrasumna 75%, ¢ HauansHoro yposrs 0,02 1o 0,005 Mr/mM’, oHa
BCE PAaBHO JOCTATOYHO BBICOKA IS 3AIUTHI DKOCHCTEM C YYETOM TOTO, YTO TI0 STOMY BEIIECTBY HE OBLIO
00HAPY>KEHO MPEBLIIICHHUS.

Kpome TOro, *ecTkoCTh BOJBI Oblia yMeHbIIeHa ¢ 2,5 g0 0,5 MI/aM’, 9TO cooTBeTcTBYeT 3dek-
tuBHOCTH 80%. IlomydeHHBIE MaHHBIE MOATBEPKIAIOT IEIECOO00Pa3HOCTh MPUMEHEHHUS WOHOOOMEHHOM
TEXHOIIOTUU JIJIsl OYUCTKU CTOYHBIX BOJ.

HNonooOMeHHast TEXHOIOTHS OYUCTKH CTOYHBIX BOJI, UCHOJB3YOmIasi KaTHOHUTH KY-2-8 1 aHHOHHTHI
AB-17-8, mpencraBiser coboii oguH w3 HamOojee >(PGEKTUBHBIX METONOB VIAICHHS 3arps3HSIIONTAX
BeIeCTB. B cpaBHEHNHU ¢ JPYTHMH METOIaMH OYHCTKH, TAKUMH, KaK OMOJIOTHYECKAsl OUNCTKA, KOATYIISIIUS
1 QroTauus 1 ap., HOHOOOMEHHAsI TEXHOJIOTHS 00NafaeT psAAoM 3HAUUTEIbHbIX peuMyinects [11, 12].

Bo-nepBhIX, crcTeMa OYHCTKH Ha HOBOH MOHOOOMEHHOH YCTaHOBKE 00€CIIEUNBAET BHICOKYIO CTETICHb
yoaneHus: crenuuIecKuX 3arpsA3HAOMNX BemecTB. Kak moka3anu Hamw pe3ylbTarhl, 3QQeKTHBHOCTh
yaajgeHus: aMMoHusl coctaBuia 96,2%, a HuTputoB —97,1%. DTH mokazarenu 3HAYUTENBHO MPEBLIIIAIOT
3¢ (EeKTUBHOCTDh TPAIUIIUOHHBIX OMOIOTUYECKHX METONOB, KOTOphIE OOJbIle HAIIPaBIEHBl Ha yOaJCHUE
OpTraHWYCCKUX 3arps3HHUTENeH, 4acTo TpeOYIOT IIUTEIHHBIX CPOKOB 00OpabOTKM M MOTYT OBITH MEHEe
3¢ (EeKTUBHBIMU TIPU W3MEHEHHH YCIIOBHI OKpY»Karolllel cpeibl, Takux, Kak Temreparypa u pH. OmgHako
OMOpEaKTOPbl MOTYT OBITH 00JIEE€ BBITOJAHBIME IIPU 00pa0OTKE OOIBIINX 00BEMOB CTOYHBIX BOJ C HU3KUM
CONIEPKAHUEM 3arpS3HSIONINX BEIIECTB.

Bo-BTOpBIX, HOHOOOMEHHEIE CHCTEMBI TIO3BOJISIOT JOCTUTaTh HU3KMX KOHIICHTPAIIUN 3arpsI3HSAIOMINX
BemecTB B Bone. Hampumep, ypoBenp oOmiero »xemne3a Obl1 cHipkeH Ao 0,01 Mr/m, 4ro sBisercs: Kpu-
TUYECKU BaXKHBIM [UISI COOJIOIEHUS] DKOJIOTHUECKUX HOPM W CTaHIapTOB KadecTBa BOAbL. B orimume ot
KOAryJISAIAN, KOTOpas MOXKET IMPUBECTH K 00Pa30BaHUIO OCAIKOB M TPEOYET MOTOTHUTEIIBHONH 00paboTKH
JUISL yOaJIeHUs! OCTaTKOB KOAryJIsIHTOB, HOHOOOMEH He CO3JaeT JOIMOJHUTEIbHBIX OTXOAOB U ITO3BOJISIET
MOJTy4YaTh YHCTYIO BOAY HETIOCPEICTBEHHO U3 YCTAHOBKH.

Kpome Toro, noHOOOMEHHBIE TEXHOJOTHH MOTYT OBITH aJanTHPOBAHBI ISl PAOOTHI B Pa3IAIHBIX
YCJIOBHSIX M C PA3IMYHBIMU THUIIAMHU CTOYHBIX BOJ. JTO JENAeT UX YHUBEPCAIBHBIMU U TOAXOISAIITIME IS
IIMPOKOTO CIIEKTPa MPUMEHEHUHN — OT OYUCTKH MPOMBINUICHHBIX CTOYHBIX BOJ 10 0OPa0OTKU CTOUHBIX BOJ
B HaCEJCHHBIX MyHKTaX. B oTiauune oT MeTof0B (IOTAIUH, KOTOPEIE TPEOYIOT HAIMYHS ONMpPEIeIEHHBIX
XUMHUYECKUX PEareHTOB U MOTYT OBITh UyBCTBUTENBHBI K COCTaBY CTOYHBIX BOJ, HOHOOOMEHHBIE CHCTEMBI
MOTYT OBITh HACTPOCHBI Ha KOHKPETHBIC 3arpsA3HSIONINE BEIICCTRA.

Hcnonp3oBanne MOHOOOMEHHOTO METONA MPHU OYUCTKE MHUTHEBOH BOABI MOXET OBITH A((EKTUBHO
nonoaHeHO Y®d-00e33apakuBaHNeM, TIOCKOIBKY Y®-m3irydeHue 3QGEeKTHBHO YHHUTOXKAET MATOTCHBI, HO
HE yoauseT XUMUYECCKHE 3arps3HHUTEIH, Takue, Kak aMMOHHWH, HUTpUThl U (ocdarel. MoHOOOMeHHas
TEXHOIIOTHS, B CBOIO OUepe[lb, CIIOCOOHA YNajsATh KaK XUMHUYECKHE, TaK MU HEKOTOpbIE OMOIOTHYECKUE
3arpsA3HUTENH, YTO TO3BOJIAET OCTHYb 00JIee KOMIUIEKCHON OUYMCTKH BOMBI.

[Ipeanpusarvs TUIIEBONW, XUMHYECKOH, TEKCTUIHFHOM M TOPHOMOOBIBAIONIEH MPOMBIIUICHHOCTH B
VY30eKucTaHe MOTYT 3HAUUTENILHO BBIMTPATh OT BHEJPECHUS MOHOOOMEHHBIX CUCTEM. DTH OTPACIH Xapak-
TEPHU3YIOTCS BRLICOKUM YPOBHEM 3arps3HEHHUS CTOYHBIX BOJ|, U UCIIOIH30BaHHE HOHOOOMEHHOU TEXHOIOTHH
MO3BOJIUT UM HE TOJBKO COOTBETCTBOBATh IKOJOTHYECKUM CTaHIapTaM, HO M CHHU3WTH 3aTPaThl HA BOJO-
noiib30BaHue. KpoMme TOro, KOMMYHAJIbHBIC TPEANPHUSATHS M CHUCTEMBI BOJOCHAOKEHHUS MOTYT HCIIOJb-
30BaTh 3Ty TEXHOIOTHWIO ISl YIYYIIEHWs] Ka4eCTBa MUTHEBOW BOIBI W CHIDKEHHUS HATPY3KH HA BOIHBIE
pecypcsl. KoHeuHO, HOHOOOMEHHBIE YCTAaHOBKH MOTYT TpeOOBaTh 3HAYUTENBHBIX HA4aIbHBIX WHBECTHUIIHA,
O0COOCHHO MPH YCTAHOBKE KPYMHOMACIITAOHBIX cCHUCTeM. OIHAKO C y4eTOM BBICOKOH 3()()EeKTUBHOCTH U
JIOJITOBEYHOCTH OOOpPYAOBAaHUS 3THU 3arparThl MOTYT OKYIIUTHCS B TEUEHHE HECKOJIBKHX JieT. OCHOBHBIC
SKCIUTyaTaIlMOHHBIE PACXOABl CBSI3aHBI C pereHepalnyeil MOHWTOB, YTO TPEOYEeT PEeryisipHOro OOCITyKH-
BaHUS M MOXET MPUBECTH K JOMOJIHUTENBbHBIM 3aTparaM. TeM He MeHee AJs MajlblX U CPEIHMX Ipes-
MPUATAN BHEJPEHUE TAKOH TEXHOJOTHHM HE MOTPeOyeT Ype3MEpHO BHICOKHX 3aTpaT, MOCKOJIbKY CHCTEMa
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OYHCTKHM HE SIBISIETCS CIMIIKOM CIOKHOW MM Joporocrosuieid. KoHCTpyKIus yCTaHOBKH, BBIOJTHEHHAS
MPEUMYIIIECTBEHHO W3 IUIACTHKA, OOCCIEYMBACT BBICOKYIO KOPPO3HOHHYIO CTOHKOCTh. OTO SBIACTCS
BOKHBIM TIPEHUMYINECTBOM IPH PaboTe ¢ arpecCHUBHBIMH cpenamMu. OHa TakKe CHMXKAET 3aTpaThl Ha
00CITy’)KUBaHHE W YBEIHYMBACT CPOK CIIYy>KObI 00OpynoBaHWs. biaromapss MexaHHM3HPOBAaHHOH cHCTEME
yrpaBieHuss A1 e€ oOCITyKMBaHUS He TpeOyeTcsi Halu4ue cIleuajbHO OOYy4YeHHOTro Ooreparopa, yTo
CHIDKAET 3arpaThl Ha mepcoHal. ONUH CHEIUaINCT MOKET PGEKTUBHO CIICAUTH 3a padOTOW CHCTEMBI,
MPOBEpsIs 3aMOTHEHNE COPOCHTOB U 00ecIeurBas CBOCBPEMEHHYIO UX PEreHepaIuio, 4To JeflaeT TeXHO-
JIOTHIO SKOHOMHYECKM BBITOTHOH M MPOCTOW B OKCIUIyaTallH Uil MPEANPHATHN C OTpaHUYCHHBIMH
pecypcami.

[Mnanupyercst KOONEepUpPOBaTh JAHHOE OOOPYIOBaHUE C ANBTEPHATHBHBIMUA WUCTOYHHKAMH JHEPTHHU,
TAaKUMH, KaK COJTHEYHbIC MaHENH, YTO MO3BOJIMT 3HAYMTENILHO COKPATUTh IKCIUTyaTallHOHHBIC 3aTPaThl U
MOBBICUThH DHEProdpGEKTUBHOCTh CUCTeMbL. Kpome TOro, pa3pabaThIBAOTCS JOMOTHUTEILHBIE MEPBI MO
ONTUMH3ALNU U YCOBEPIICHCTBOBAHUIO CUCTEMBI, YTOOKI c/ienaTh e€ Oojiee alanTHPyeMOr K pa3iImIHbIM
npennpusatusM. OZHEIM W3 TaKUX TIOJXOMOB SIBISETCS BHEIPECHHE MEXaHWYECKOW IpeIBapUTEIbHON
OYHCTKH, KOTOpas IMO3BOJUT CHHU3UTh HArpy3Ky Ha HOHOOOMEHHBIE (PHUIBTPHI W MPOMIUTH CPOK HX
cmyx0b1. Takke mmaHupyeTcs CHaOKeHHE 000PYIOBAHUS JOMOTHUTENLHBIME CUCTUMKAMHU, TPHOOpAMH U
JaTYHKaMU, KOTOpble obecnevar Oosee TOUHOE YIpPaBJICHHE MPOLECCOM OYHUCTKH U TIO3BOJISIT ONEPAaTHBHO
pearupoBaTh Ha M3MEHEHHUS B COCTaBE€ CTOYHBIX BOJA. DTO AACT BO3MOXXHOCTH aJalTHPOBATh CHCTEMY K
crienu(pUUeCKUM TPeOOBAHUSIM PA3IUYHBIX MPEANPUITHH, MOBbIMAs ¢€ 3pHEKTUBHOCTh U HAJIEKHOCTh.

Hcnonp3oBaHne 0TEYECTBEHHOTO 000PYIOBaHUS TSI IOHOOOMEHHBIX YCTAHOBOK MOYKET 3HAUYUTEIHHO
CHU3UTH 3aTpaTbl Ha UX BHEApPEHHE W 3KcIuryatanuio. OO0opyaoBaHue, Mpou3BeNEHHOE B Y30€KHCTaHe,
9KOHOMHYECKH 0o0Jiee BBITOHO MO HECKOJbKHM TMpPUYMHAM. BO-TIEpBBIX, CHUKAIOTCS TPAHCIOPTHHIC
pacxoipl M TaMOXXCHHBIC MOIUIMHBI, YTO JellaeT ero Ooliee JOCTYMHBIM. BO-BTOpBIX, OTEYECTBEHHBIC
IIPOU3BOAUTEIN MOTYT MPEIAJIOKUTH Oosee THOKHE YCII0BUA O6CHy)KI/IBaHI/IH " MMOAJACPIKKHU, YTO yIIpoHiacT
NpoIecc SKCIUTyaTalluy ¥ CHIDKAET PUCKU MPOCTOsl 000PyAOBaHUSI.

OnHako TPOM3BOJACTBO TAKOTO OOOPYAOBaHHs TPeOyeT HAMWYMs CHCIUATU3UPOBAHHBIX IIEXOB H
WHBECTUIIMA B HMX CO3JlaHHE. DTO MOXET CTarh ONpPEAETIEHHBIM OapbepoM st OBICTPOTO BHEIPEHHUS
TEXHOJIOTUH, HO B JOJITOCPOYHOH MEPCIEKTHBE TaKNEe WHBECTUIIMH MOTYT OKYIIHTBCS 3a CUET SKOHOMUH Ha
OKCIITyaTalHOHHBIX PACXOAAX U MOBBIIICHUS 3()(HEKTHBHOCTH OYHUCTKH.

3akmouenne. MloHoOOMEHHAsI TEXHOJIOTHSI TIPOJIEMOHCTPHPOBAJIA BEICOKHE PE3yIbTaThl, 0COOCHHO B
YAaJICHUU aMMOHUS, HUTPUTOB 1 O6IIICI'O s)kenesa. Ona IMPEBOCXOAUT TPAAULIMOHHBIC METOJAbI IO CKOPOCTHU
ouncTku. HecMoTps Ha HE0OXOAMMOCTH pereHepand MOHOOOMEHHBIX CMOJI, SKOHOMHYECKHE H HKO-
JIOTHYECKHE MpEeuMyIllecTBa METO/a JEJaloT ero IelnecooOpa3sHbIM BhIOOPOM. AHAIM3 JaHHBIX O
COCTOSIHUM BOJIHBIX PECYPCOB IMO3BOJIMI BHISBUTh HCTOUYHUKH 3arps3HEHHS U pa3padoTaTh 000pynoBaHUE
IUIS UX ycTpaHeHus. B HacTosmee BpeMs MPOBOIATCS JOMOIHUTENbHBIE HCCIEAOBAHUS 1Sl ONITUMU3ALUH
MPOIIECCOB PEreHEPAlMH U CHIDKCHHUS KCIUTyaTallMOHHBIX 3aTpart, YTO TMO3BOJUT CJeNaTh TEXHOJIOTHIO
Oonee mocTynmHOW W 3PdekTuBHON. J[JIsl YCHENIHOTO BHEAPECHUS PEKOMEHIYETCSl WHBECTHPOBATh B
CO3JaHNE CTICLHATIM3UPOBAHHBIX IPOU3BOJICTBEHHBIX MOLIHOCTEH, YTO 00ECHEYHUT IUPOKOE MPUMEHEHHUE
HOHOOOMEHHBIX TEXHOJIOTHU M YAYYIIUT KA4eCTBO OUUCTKH CTOYHBIX BOJI.
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O3BEKCTAHHBIH CY PECYPCTAPBIHBIH MOHUTOPHUHI'T
JKOHE ATBIH/IbI CYJIAPABI TABAJIAY YIIIH HOH AJIMACTBIPFBIII KOHJABIPFBIJIAP/IBI
IMAUJAJIAHY IIEPCIIEKTHBAJIAPBI

AnHoTanus. by 3epTTeye eHepKoCINTiK aFbIHIIBI CyapIbl TOTY Ke3Iepi peTiHae KapacThIpeUIFaH ©30eKcTaH
Cy pecypcTapblHa MOHUTOPHUHT Kypri3inai. HoTmkenep Gipkatap 3usHABI 3aTTapIbIH KOHIEHTPAIUACH — aMMOHUI
azotel (NH4"), mHurput azotsl (NO27), docdarrap (PO+"), Temip (Fe) xoHe cyablH KEpMEKTIri e3eHaep MEH apHa-
Japharpl pyKcaT eTUIreH HopMajapJaH achlll TYCETiHIH KepceTTi, Oyl aliTapiblKTail SKOJIOTHSIBIK IpodiemMatapabl
kepceteni. Onmapapl IIenry YIIiH aBTOpiap Cy OOBEKTiIepiHe TYCETiH arbIHABl CYJIapAbIH JACTAaHYBIH a3alTyAbIH
TUIMJI 9/1iCi PeTiHe OHEPKACINTIK KOCIMOphIHAap/Ia HOHIBIK Ta3apTy XKyiHeciH eHri3yai yceiHansl. Kypamsl aptypii
arbIHIBI CyJIap/Ibl Ta3apTyFa apHAIFaH TOKIPUOENiK KOHBIPFBIHBIH )KYMbICHI KAPACTHIPbUIAbI. AJIBIHFaH HOTHXKEIEP
arbIHABI CyJIap/bl Ta3apTy YLIIH OChl TEXHOJOTHSHBIH OPBIHIBUIBIFBI MEH THIMIUITIH pacTaipl KoHE KOpLIaraH
opTara oceplli a3alTy >KOHE XAIBIKTHIH JEHCAYJBIFBIH KOPFay YIIIH 3aMaHayM IIeIIiMAEpZl €Hri3yIiH MaHbI3/bI-
JIBIFBIH aTal KepceTei.
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MONITORING OF WATER RESOURCES IN UZBEKISTAN AND PROSPECTS
FOR THE USE OF ION-EXCHANGE PLANTS FOR WASTEWATER TREATMENT

Abstract. This study focuses on monitoring water resources in Uzbekistan, particularly those affected by
industrial wastewater discharges. The results show that the concentrations of several harmful substances (ammonium
nitrogen (NH4"), nitrite nitrogen (NO:"), phosphates (PO+*"), iron (Fe), and water hardness) in rivers and canals
exceed permissible standards, indicating serious environmental concerns. To address these issues, the authors
propose the use of ion-exchange treatment systems at industrial facilities as an effective method for reducing the
pollution of wastewater discharged into natural water bodies. The performance of an experimental unit designed
for the treatment of wastewater with varying compositions is examined. The results confirm the feasibility and
efficiency of this technology, highlighting the importance of implementing modern treatment solutions to mitigate
environmental impacts and protect public health.

Keywords: monitoring, pollutants, wastewater, ion exchange system, sorption.
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JANHAMUKA NBMEHEHUA IIVIOIMA/IN O3EPA ECUK
B YCJIOBUAX UBMEHEHUSA KIIMMATA

AHHoTanus. PaccMmarprBaeTcss MOHMTOPMHI H3MEHEHHs ypOBHA BOABI B o3epe Ecuk, pacmonokeHHOM B
Kazaxcrane, 3a nmepuox ¢ 2016 mo 2024 rog. AKTyaJlbHOCTh MCCIIEOBaHHSA 00YCIIOBI€HA BO3AECHCTBIEM H3MEHEHHS
KJIMMaTa Ha BOIHBIE PECYpCHl PETHOHA, YTO MPEACTABISET cO00i cepbe3Hyr0 mpobiaeMy Ui SKOCHCTEMBI H Hacele-
HMUs. Llenb pa6OTbl 3aKJIFOYaCTCAd B aHAJIM3€ JUHAMUKU YPOBHS BOJbl U BBISABJICHUUN (baKTOpOB, BIIUAIOIINX HA €ro
kosiebaHus. B MccieoBaHMM MCIIONIB30BaHbl METO/IbI THAPOJIOTHUECKUX HAONIOICHUI, BKIIIOYAsl pEryJsipHbIE 3aMe-
PBI YPOBHS BOJIBI, @ TAK)XKE METEOPOJIOTHYECKUE JIAHHBIE O TeMIIepaType U ocaakax. [[puMeHeHrne cTaTuCTUYEeCKOro
aHalln3a TMO3BOJIIIO BBIIBUTH KOPPEISIUU MEXKIY W3MCHCHHSIMH YPOBHS BOABI U KIMMATHYECKUMH (PAKTOPaMHU.
[IpakTryeckoe 3HAYEHHE PAOOTHI 3AKIIFOYACTCS B HEOOXOIMMOCTH Pa3pabdOTKH Mep IO OXpaHEe IKOCHUCTEMEI 03epa
Ecuk B ycinoBusx rio0anbHOrO M3MEHEHHUsS KIMMarta. Pe3yibTaThl MCCIICAOBAHUS MOTYT OBITH MOJIE3HBI JUIS KOJIH-
YECTBEHHOW OIICHKU BIIMSHUS CE30HHBIX THIPOJIOTHYECKHX IIPOILIECCOB HAa BOAHBIC PECYpCHl Mpu (HOPMHUPOBAHHU
CTpaTeruii ynpaBJieHHs BOJHBIMHU PECypcaMy C yU4eTOM TOTO, 9TO BOAo# u3 o3epa obecreunBaetrcs [[DC Ecuk.

KiroueBbie ciioBa: o3epo Ecuk, m3MeHeHne kmumara, atMoc(epHbIe OCaIKd, TeMIepaTypa BO3AyXa, TEPMHU-
YECKUI peKUM 03€epa, JIeOBBIA PEXXUM 03€pa, BOJIHBIN PEKHUM 03€pa.

Beenenue. O3epo Ecuk, pacronoxenHoe B )KUBOITUCHOM EcukckoM ymienbe Mine Anaray Ha BBICOTE
okoio 1760 M Hax yp. M., BISIETCS OAHUM U3 BaXXHBIX BomoeMoB Kazaxcrana. OHo Obuto 00pa3oBaHoO B
pe3ylbTaTe TOPHOTO OOBaia Ha ONHOMMEHHOH peke 8—10 ThIC. JIeT Hazaj, YTO TPHUBEIO K CO3JAHUIO
€CTECTBEHHOM IMIOTHHBI BhICOTOM Okojio 300 M. ITutanue o3epa mpoucxoaut mo peke Ecuk, xoTopas
CUYMTaeTCsl caMOi mpo3pauHoil pekoit Mne Amaray u oOpaszyeTcs OT CIMSIHHA JIByX NMPHUTOKOB: JEBOTO —
peku XKapcail u mpaBoro — pexu TeckeHcy. JleBbIli NPUTOK HauyMHAETCSd C OJHOWMEHHOIO JIETHUKA, B
UpPKe KOTOPOTO HaxOIATCs CIOXKHBIe mepeBaibl. lamee pexa Xapcaii Teder mo riry0okoMy KaHBOHY C
BOJIONAIaMu, OTKyZa mnpousonuio ee¢ Ha3Banue (XKapcait — oOpwiBuctas nomuHa). Peka TeckeHcy
BBITEKACT M3-1I0J] APeBHEH MOpeHbl, oOpa3oBaBiueil o3epo boskonb. CnuBmmcek Ha BeicoTe 2200 M, 00e
peKu mony4arT HazBaHue Ecuk m TekyT 96 KM cHadana mo y3koMy EcHKCKOMy yIIenblo, a 3aTeM I10
paBHUHE, BIIaaas B pexy Mie ToIpko B MHOTOBOJIHOE JIETO.

[lepBBle nccnenoBaHud, OTpaKeHHbIE B JuTepaType, nposeneHsl B 1909 rony I'eopruem Koncran-
TuHOBHYeM ['mHCOM [1].

N3yuenne o3epa EcHK OCYIIECTBISUT B paMKax TIAIHoIOTHmYeckux pador B WMme Amaray [roce-
voB E. JI. [2], Kanuma B. II., llaxremanoBa M. B., Ycmanosa 3. C., Cesepckmii U. B., brnarosermien-
ckuit B. I1., Kacatkun H. E. [3].

Ha pexe Ecuk 10BOJIIEHO 94acTO MPOUCXOIAT TISAIHAIBHBIE CENIEBbIE IOTOKH, YTO 3HAYUTEILHO BIUSET
Ha o3epo Ecuk. 6 mrona 1958 r. kpynHBIH TISUanbHBIA cenb cpopmupoBancs B gonuHe p. Ecuk mpu
npopsiBe 03epa noj JiegnukoM XKapcaii. [IpopbIB Hayancs HOA3EMHBIM ITyTEM, MOCIE OOPYIIEHUsT KPOBIH
TOHHEJS OH TIPOJODKHICSA TTOBEPXHOCTHBIM MyTéM. OOBEM 03epa cocTaBmsit 250 ThiC. M°, 00BEM cens —
4 vue M. Cenb OCTAHOBHIICS B KOTJIOBHHE 3aBAIBHOTO 03epa EcHK, mpoiias 13 KM U YHHYTOXHB MHOTO
€JI0BOTO Jieca Ha JiHe JoiuHbL. Beero yepes msate et 7 uroins 1963 1. mo ToMy e MyTH U CLEHAPUIO 3/1eCh
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mporién yxxe karacrpoduueckuii cenb. Ero o0bém — 5,8 miH M°. Pacxozibl CeIeBOro MOTOKA JOCTHIATH
7000 — 12 000 m’/c. KotnoBuua o3epa Ecuk He cMOIIa caepsKaTh cellb Takoro Macinraba. 1o HamopoM
BOJIH BBICOTOH 70 5,5 M, OTHATHIX B 03€pe CelieM, 3aBaibHAs IUIOTHHA HE BBIIEpkana. B Hel obpaso-
BAJICS TIPOPAH, Yepe3 KOTOPHIH 03epo 066EMOM 18 MIH M’ BBITEKIO MOYTH MOJTHOCTBIO, COPMHUPOBAB
BTOpUUHBI cenb. Cenb mpommén mo Bcel nonuHe p. Ecuk u BbI3Ban paspyuieHus B T. Ecuke Ha KoHyce
BBIHOCA [4].

Penbed Gacceitna ozepa Ecuk KpyTOCKIOHHBIN M TTyOOKO pacdjCHEHHBIH, ¢ OCTPHIMH 3y04aThIMU
rpeOHSAMH XpeOTOB M KPYTHIMH OOPBIBUCTHIMH CKIIOHamMu. Kinumar B paiioHe o3epa OIpeeNsercs ero
BBICOTHBIM pacnojiockeHneM. CpelHErOpHBIM Mosc, Ha KOTOPOM HaxoauTcs o3epo Ecuk, xapakTepusyercs
YMEPEHHBIM KIIMMAaTOM.

B nocnennune necATmieTHs ypOBEHb BOJBI B 03€pe CTal IPEIMETOM AaKTHUBHBIX HCCIIEOBaHUM.
W3menenus kiauMara, BKITIOYas TI00AbHOE MOTEIICHHE, OKAa3bIBAIOT 3HAYUTENLHOE BIUSHUE HA THAPO-
JIOTUYECKHE YCIOBHUSl PErHMOHA. YBEJIMYCHHE TEMIEPATypbl BO3AYyXa, M3MEHEHHE PEKUMA OCATKOB U
TasHUE JIEAHUKOB B TOPHBIX paiioHaX MPUBOAAT K N3MEHEHHUIO YPOBHS BOJBI B 03€pax U peKax.

B uactHOCTH, 03epo ECHK HCHBITHIBAET NaBICHHE CO CTOPOHBI KaK MPUPOAHBIX (DAKTOPOB, Tak U
aHTPOTIOTEHHOH JeATeIbHOCTH, BKIIOUAas 3a00p BOJBI sl THAPOIHEepreTHKy. Hrmke o3epa pacnonaraercs
kackajg Ecukckux nepuBannoHHBIX ' DC, A1 KOTOPHIX UCIIONB3YIOTCS BOJAHBIC pecypchl o3epa Ecuk.

MounuTtopuHT ypoBHS BOAbI B 03epe Ecuk ¢ 2016 mo 2024 ron npejacrasiser co00i BaKHBIN IIar K
MOHUMAHUIO JAMHAMHUKHU 3TOrO BOJOEMAa B YCJIOBMSIX M3MEHEHHUs KiuMara. Llenp 3Toro uccrnemoBaHus
3aKIII0YaeTcs B aHAIN3e N3MEHEHUH YPOBHS BOABI M BBISIBJICHHH (DaKTOPOB, BIMSIONINX Ha €0 KoJeOaHus.
Hcnonb3yss METOABI THAPOJIOTHYECKMX HAOMIOACHUH W CTAaTHCTHYECKOTO aHalln3a, MBI CTPEMHUMCS
OTIpEICTTUTh OCHOBHBIC TCHJICHIINHA U 3aKOHOMEPHOCTH, KOTOPBIE MOTYT IIOMOYb B Pa3pa0OTKe CTpaTeruit
YIIPaBJICHUS BOJHBIMHU PECYPCAMH.

Kpome Ttoro, pesynbTaTel HCCIENOBaHHMS HMEIOT MPAKTUYECKOE 3HAYEHHE [UIS OLEHKH COCTOSHHS
sKocuCcTeMBl 03epa Ecuk u pa3paboTku Mep mo ee oxpaHe. B ycioBHAX rinoOanbHBIX KIMMaTHYeCKUX
M3MEHEHUH Ba)KHO HE TOJIbKO MOHUMATh TEKYIIHE MPOLECCHl, HO U MPEACKa3bIBaTh BOBMOXHBIE CLICHAPUU
pa3BuTHus cutyanud B OymymeM. TakuMm oOpa3oM, 5TO MCCIIeZIOBaHNE HAIMPABIEHO Ha CO3AaHME HAYYHOMH
0a3bl s MPUHATHS OOOCHOBAHHBIX PEIICHUH B 00JIACTH OXPaHBI OKPYXKAKOIIEH Cpellbl U yCTOHYHUBOTO
KCIIOJIb30BaHUS BOJHBIX PECYPCOB.

Marepuajsl M MeToAbI. B Hay4YHO-HICCIEIOBATENBCKOM paboTe MCIOIB30BAHBI PA3IUYHBIE WCTOY-
HUKH TaHHBIX. B Tabnuiie 1 mpuBeneH ux CIHCcoK:

Tabnuma 1 — McxonHble JaHHBIE UCCIIEI0BAHUS
Table 1 — Initial data of the research

Tun maHHBIX HcTounuk Togsr IToxazarenu Tpocrpancrsennoe
paspenieHue, M
Iugposas monem, USGS SRTM [5] 2000 VYk110H, acnexT 30
penseda
CryTHuKoBbIe cHEMKH | Sentinel 2 [6], Landsat 8 [7] 20162024 | NPWI crexrpanbuiie 10
HHJIEKCBI
Cpenusis TemmepaTtypa

KIuMaTnyeckue Beo6-nopran «Ilorona u kiumar» 1938-2024 Bosyxa, °C _
JaHHbIC

PTTI «Kasrunpomer» 2000-2024 CymMa ocaJkoB, MM -

[ToaroToBieH n peaan30BaH aIrOPUTM aHAIM3a AWHAMHKH IUTomanan o3zepa Ecuk Ha mmatdopme
Google Earth Engine (na s3b1ke JavaScript) [8]. OH cOCTOSIT U3 CIEAYIOUINX ATAIOB:

1. IIpoBenena mpenBaputenbHas oOpaboTka MaHHBIX Sentinel-2: a) mMpuMeHeHa Macka 00JauHOCTH
QA60 mns bunbTpanmu cHUMKOB Sentinel-2; 0) oToOpaHbI JaHHBIE IO KITFOUYEBEIM MecsiiaM (arnpenib, Ma,
aBT'YCT, CEHTAOpH); B) MOJIy4eH HOPMaTM30BaHHBIN HHJEKC pasHocTH Boa (NDWI) mo xanamam 3 (3e-
nensli) u 8 (NIR); r) co3nana BoxHas Macka 1o nmoporosomy 3Hadennto NDWI > 0,3.

2. PaccunTaHBl IUTONIAM BOJHOHM ITOBEPXHOCTH ITyTE€M arperaiyy IHKCeNed BOIHON MacKH; JaH
aHaJIN3 CEe30HHOW TMHAMUKH IUIOIIAAN BOMIBIL.

—— |4 ——
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Pucynok 1 — Kaprorpaduyeckas cxema 00beKTa HCCIEJOBAHUS

Figure 1 — Cartographic scheme of the research object

3. [IpoaHanu3upoBaHbl BpEMEHHBIE PSIIBL: a) co3MaHbl RGB-KOMITO3UTHI I AaT ¢ SKCTpeMalbHBIMU
3HaYEHUSAMH IDIOMIAN BOJBI, 0) MOCTPOSHBI BPEMEHHBIE PSABI M3MEHEHHS TUIOMIAIN 03€pa; B) MOCTPOEH
rpaduk TUHAMKMKH TIOIAN BOIbI B 03epe Ecuk.

[IpuMmeHeHHass METOIONIOTHST OOeCIIeUriia KOMIUIEKCHYIO OICHKY THIPOJIOTHYSCKON JMHAMUKU 03epa
Ecuk ¢ yueTom ce30HHBIX KoJeOaHUil 1 MHOTOJIETHUX H3MEHEHNH BOTHOTO PEKHMA.

Pe3yabTaThl M UX 00Cy:KAeHHE. ATOPUTM aHaIHM3a u3MeHeHui o3epa Ecuk Ha mmatdopme Google
Earth Engine mo3Bonun paccuntars AMHAMUKY ILIomanu o3epa. CocraBiieH rpaduk JUHAMUAKH TUTOIIATH
o3epa (pucyHok 1), Bapeupytomieiics ot 171,8 no 226,0 teic. M2 Habmromgaercs nuk 3HadeHnit B 2022 romy
(226,0 TBIC. M?), TIOCIIE YEro MPOUCXOANT HeOombimoe cHrkeHue a0 207,8 Teic. M? Kk 2024 roxy (pucy-
HOK 2).
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Pucynok 2 — Jlunamuka cpeHerofoBhIX mroniaznei oszepa Ecuk ¢ 2016 o 2024 .
Figure 2 — Dynamics of the average annual area of Lake Esik from 2016 to 2024

CryTHHKOBBIE CHUMKH Sentinel-2 moka3anu TUHaAMHKY M3MEHEHHUs o3epa Ecuk B pasHbIC TepuoJIbI
BpeMeHH. M300pakeHust JeMOHCTPUPYIOT dYeTblpe coctosHus Bomoema: 01.08.2022 r. HaGmromaeTcs
MaKCHMAaJbHBII yPOBEHb 3aMoHeHHs o3epa (pucyHoK 3, a); 01.04.2023 r. 3admkcupoBaH MHHAMATBHBII
YpOBEHb BOABI B 03epe (CM. pucyHok 3, 6), 08.09.2023 r. o3epo 3amojHEHO BOJOW OOJIbIIE (CM. pUCY-
HOK 3, g), 18.09.2024 1. (cM. pucyHOK 3, 2) 3aMETHBI He3HAUNTEIbHbIC U3MEHEHHS B O€pPEeroBOi THHUM.
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Pucynok 3 — lunamuka n3menenus o3epa Ecuk Ha kocMudeckix cHUMKax Sentinel 2:
a — MaKCUMAaJbHBIN YpoBeHb 03epa (cremka ot 01.08.2022 1.); 6 — MUHHMaNIBHBIH ypoBeHb 03epa (cheMka oT 01.04.2023 1.);
6 — cbeMka ot 08.09.2023 r.; 2 — ceemka ot 18.09.2024 r.

Figure 3 — The dynamics of Lake Esik changes in Sentinel 2 satellite images: @ — the maximum lake level (taken on 08/01/2022);
b — the minimum lake level (taken on 04/01/2023); ¢ — taken on 09/08/2023; d — taken on 09/18/2024

Brusnue usmenenutl xnumama Ha euoponoeudeckuti pexcum osepa. B yiienbe, B KOTOPOM paciio-
JIO’KEeHO 03epo Ecuk, HaxoauTcs oaHa MeTeocTaHIus B ropoae Ecuke. KiimMmatnueckue xapakTeprUCTHKH
o Mereoctaniuu Ecuk npeacrasnena B tadmuie 2 [9].

Tabnuna 2 — Knumatnueckue XapakTepUCTUKY 110 MeTeocTaHuuu Ecux

Table 2 — Climatic characteristics of the Esik weather station

IToxa3zarenu I* II miymv | v vl |vll|vil| IX | X | XI | XII | T'oxn

Cpennsist TeMnepatypa Bosayxa, °C

(1938-2024 rr.) -4.81-39122]10,1(152(19,9|22,4(21,1|16,0| 87 | 1,6 |-3,0| 88

CyMMa 0cakoB, MM

(2000-2024 rr.) 37 | 44 | 74 | 97 | 93 | 46 | 35 | 30 | 29 | 58 | 66 | 40 | 649

*CraHmus.

CpennerogoBas TemmepaTypa Bo3ayxa cocraBisieT 8,8°C. CaMbIM XOJOTHBIM MECSIIEM SBIISCTCS
SHBaph — CPEAHAS MecAuyHas Temreparypa Boszayxa -4,8°C, cambIM TEIIIBIM MecaueM — utonb + 22,4°C
(pucyHok 4, a). B mHOTONeTHEM paspese ¢ 1938 mo 2023 rox HabmrogaeTcs yBeIHMUEeHHE CPEeIHETOA0BOM
TeMIiepaTyphl Bo3ayxa B cpeaaeM ¢ 8,0 mo 9,6°C (cMm. pucyHok 4, 6). OcoOCHHO 3TO 3aMETHO ¢ Hadaia
XXI Beka.

— 16 ——
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PucyHnok 4 — JluHamMuKa cpeIHEr0JOBOM TeMIlepaTypbl BO3yxa B pailonHe o3epa Ecuk ¢ 1938 o 2023 rox:
a — CpeIlHero1oBas TeMIeparypa Bo3yxa; 6 — MHOTOJICTHISI AMHAMHKa CPEIHET0I0BOH TeMIepaTypsl Bo3ayxa ¢ 1938 mo 2023 r.

Figure 4 — Dynamics of the average annual air temperature in the area of Lake Esik from 1938 to 2023:
a — average annual air temperature; b — long-term dynamics of average annual air temperature from 1938 to 2023

Marepuanbl o HaONIOJEHUSIM 32 OCaJKaMH HOCAT Pa3pO3HEHHBIH XapakTep, MO3TOMY HPUHSTHI BO
BHuUMaHue fanHeie ¢ 2000 r. (tabmuua 2) [10]. CpenHeronoBoe KOJIMYECTBO OCAIKOB XapaKTEpHO LIS
TOpPHBIX TeppuTOpuil U cocrtaBisger 649 wMMm. BHyTpurogoBoe pacmpenelieHue OCaJKOB HOCHUT
HEOJHOPOJHBIN XapakTep (PUCYHOK 5, a). MakcuManbHOE KOJWYECTBO OCAJKOB BBINMANACT B BECEHHUU
nepuoj. Takxke OOJbIIOE KOJMYECTBO OCAIKOB OTMEYAETCs B OKTAOpe-HosA0pe. MHHHMYM OCagKoB
HaOII0aeTCs B UIOJIE-CEHTSIOpe.
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Pucynok 5 — Jlunamuka ocaakos B paiioHe o3epa Ecuk:
a — BHyTPHTOZIOBOE paclpeieNieHHEe 0CaIKOB; 6 — CyMMa MeCsUHBIX ocaakoB ¢ 2000 mo 2024 r.

Figure 5 — Precipitation dynamics in the area of Lake Esik:
— intraannual precipitation distribution, b — the sum of monthly precipitation from 2000 to 2024

AHanM3 JaHHBIX TOKa3aj, 4TO TPEHJ OCAJKOB UAET HAa CHIKCHHE, HECMOTPS HAa BapUATUBHOCTH
CPEIHETOIOBLIX 3HAUYCHHM 00bheMa 03epa, KOJMIECTBO OCAJKOB B 03epe EcHK mMeeT TEHACHITMIO K CHH-
JKEHHIO (CM. PUCYHOK 5, 6). Konn4yecTBO 0CaKoB 3a yKa3aHHBIN MEPHO CHU3WIOCHh Ha 12%. OCHOBHBIMU
(akTopamu, BAVSIONIMMU Ha U3MEHEHHE TUIOIIAIN 03€pPa, SBJISIOTCS YBEIMYCHUE TEMIIEPaTyphl BO3/yXa,
YMEHbBIIIEHHE KOIMYECTBa OCAJIKOB B PETHOHE M aHTPOIOTEHHOE BO3JCHCTBHE. JTH U3MEHEHHS MOTYT
OBITH CBSA3aHBI C IJI00AJBLHBIMU KIIMMATHYECKUMH U3MEHEHUSIMU.

VYBenuueHne TeMIeparypbl BO3AyXa, YMEHBIICHHE KOJMYECTBA OCAJKOB BIMSIOT Ha ITUIOINAIH
nenHUKoOB OacceiiHa peku Ecuk. Tak, miomamym OTKPHITOM 4YacTH JETHWKOB B OacceliHe peku Ecuk
yMmeHbmmmch ¢ 49,5 k> B 1955 rogy o 28 kv’ B 2022 roxy (tabmuma 3) [11]. Janusii dakr B
JaTbHEHIIIeM MOXET HETaTUBHO OTPa3uThes Ha o3epe Ecuk.

W3-3a moTemieHus B TISAIMAILHO-HUBAIBHOHN 30He Mite Anaray Ha Ooliee paHHUE CPOKU CIBUHYJIHUCH
JaThl Hayvaja TasHUS CHETa M YCTOHYHMBOTO Tepexona TeMIepaTypsl Bozayxa depe3 0°C BecHO# M Ha
Ooyee TO3MHUE CPOKH OCEHBIO, YTO TAaKKE CBHUJACTEIHLCTBYET OO0 YBEIMUYCHUU MPOIOJDKUTEIHHOCTH
TEIJIOTO MEePUO/a.
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Tabnuua 3 — /IlnHaMuKa IUIOIIAH OTKPHITON YacTH JIEAHUKOB B Oacceline peku Ecuk

Table 3 — Dynamics of the area of the open part of glaciers in the Esik River basin

[Inouane OTKPHITOM YacTH JIETHUKOB, KM>
Bacceiin
1955 1990 2006 2014 2022
Ecuk 495 37,95+234 34,24 + 2,60 31,09 +£2,12 28,03 +1,97

TakuM 00pa3oM, OCHOBHBIMH KIMMATHYCCKHMHU (AKTOPAMH, BIUSIONIMMHE Ha COKpAIlCHHE oOJie-
nenenuss Wne Anaray, SIBISIOTCS YCTOMYMBBIA POCT TEMIIEpaTyp TEIUIOO IMEPHONa W YBEITUUYCHHE
MPOJOKUTEIEHOCTY Tepuoja adisuuu. Kpome Toro, Ha o3epo Ecuk BiuseT pacrosioKeHHBIH B CEBEPO-
3amaHoM "YacTh o3epa Bomo3adbop Ecukckoro kackamga 'OC.

Oyenka aumponoceHHo2o IuaHUsl Ha Xumuyeckuli cocmag ozepa Ecux. AHanu3 mokas3bIBaeT, 4To
BOJIa B 03€pe MO BOJOPOJHOMY ITOKA3aTENI0 HEHTpaibHa, HEKOTOPBIC MapaMEeTPhl He MPEBBIIIAIOT HOPMY
(xymopubl, cynbdaThl, HUTPAThl, HEPTEIPOMYKTHI), & OCTAIBHBIC KOMIIOHEHTHI B BOJC HE OOHAPYKEHBI

(Tabmura 4).

Tabnuua 4 — [Toka3arenu xauectBa Bozsl o3epa Ecuk B cpaBHenuu ¢ [1JIK

Table 4 — Water quality indicators of Lake Esik in comparison with MPC

IMokaszarenn T/ 05, B
(o 2-my Kiraccy Kayecrsa) ®dakTHyecKasi KOHICHTPALUS IIpessrmenne ITJIK

pH 6,5-8,5 7,63 Hetip.
BITKs, mr/mm’ 2,1 He 06H. -
XIIK, mr/am’ 15 He o6H. -
Xaopumsl, Mr/om° 350 7,1 0,02
Cyunbghartsl, M/’ 100 24,97 0,25
CIIAB, mr/nv’ 0,1 He 06H. -
A30T aMMOHUIHBIH, Mr/om’ 0,5 He o0H. —
Hurpurer, Mr/om’ 0,1 He o6m. -
Hurparsl, Mr/am’ 40 1,7 0,04
docdartsl, mr/am> 0,4 He o6n. -
Hedbrenpomxykrsl, Mr/am’ 0,05 0,01 0,2

Bce mokazatenn HaxXonATCS 3HAYMTENBHO HWXKE TMPENETbHO JOMYCTUMBIX KOHIIEHTpPAITUH IS
BOJIOEMOB 2-T0O KJlacca KadecTBa, YTO CBUAETENBCTBYET O BRICOKOW YHCTOTE BOAKI B 03epe Ecuk.

3akmouenue. Takum 00pa3oM, W3MEHEHHUS KIMMara IMPOSBUINCH B TEPMUYECKOM U JIEIOBOM
pexuMe o3epa HEeOJHO3HayHO. Hapsimy ¢ O4eBHIIHBIMU MOCIEICTBUSIMH, TAKHMH, KaK ITOBBIIICHHE TEM-
TepaTypsl BOABI JICTHETO TEpHOaa, YBEIMUCHHE KOJIMYECTBa MHEH C Temmeparypoi Boabl 6omnee 10°C,
CHMIKCHUC TIPOAOJDKUTCIIBHOCTH II€pruoda C JICAOBbBIMU SABJICHUAMH, YMCHBUICHHUE TOJIIIWHBI JibAa H
JIpyTHe, BBISBICHBI (DakThl OoJiee paHHEro mepexoia TeMmiepaTypbl Boabl uepe3 4°C U CcoKpalleHUs
KOJIMYECTBA JTHEH C TemIiepaTypoi BEIIIE Hee, Oojiee paHHETro Hadvaja JICOBBIX SBICHUH M YBETHYCHUS
MIPOAOIDKUTENIEHOCTH JIEJOCTaBA.

B ypoBeHHOM pexume o3ep mpeoOiamacT IHMKIMYSCKHE XapakTep W3MEHEHHWH, OO0YCIIOBJICHHBIM
pEeXUMOM aTMOCc(epHBIX ocaakoB. K mocneacTBusiM, BEI3BaHHBIM MTOTEIICHHEM KIIMMAaTa, MOKHO OTHECTH
OTMEYAroINecs B OTHENbHbIE IEPHOAbl HAPYIICHWS COTJIACOBAHHOCTH W3MEHEHWH YPOBHS BOABI U
aTMOC(bepHLIX 0CaJIKOB, BbIPpA3MBIINECA B CHWIKCHUHM YPOBHSA IIPU BBITAACHUHN OCAAKOB, MPCBBIIIAIOIINX
HOPMY.

Pe3ynprarel MOKa3pIBAIOT TEHIASHIMIO K 3HAYUTEIHLHOMY CHIDKEHHIO CYMM MECSYHBIX OCaIKOB Ha
12 % 3a yka3aHHBIM TepHON, YBEIWYEHHIO CPETHETOJOBONM TeMIlepaTypbl BO3[AyXa, YTO BIHSIET Ha
YMEHBIIIEHUE IIONIAd aKBAaTOPHUM 03epa. DTO TOJATBEPKAACT BIHMSHHUE TIO0AIBHOTO TMOTCILICHUS Ha
MECTHBIE KJIMMAaTH4ecKre yCIoBUsA. Kpome Toro, mccienoBaHWe BBISBUIIO BaXXHOCTh AHTPOIIOTEHHBIX
(haKkTOpOB, TaKWX, KaK 3a00p BOIBI TSI OPOIICHUS CENbCKOXO3STMCTBEHHBIX YTOIUI M THAPOIHEPTETHKH,
YTO TAK)KE HETaTMBHO CKAa3BIBACTCS HA YPOBHE BOJBI B O3€pe.

— 18 ——




ISSN 2957-8280, eISSN 2957-9856 Ne 2, 2025

Knumatiueckue H3MEHEHHs, AHTPOMOTNEHHOE BO3JCHCTBHE OKa3bIBAIOT CEPhE3HOC BIHSHUE HA
9KOCUCTEMY, BKIIOYash YMEHBIICHHE IUIOMANN JICAHUKOB. JISTHUKK SIBISIOTCS OCHOBHBIM HCTOYHHUKOM
nutaHus o3epa EcHK, 1 MX yMEHbIIEHHE B JNAIbHEWIIeM OyJeT HETaTHBHO CKa3bIBAThCS HA DKOCHCTEME
BonoeMa. CokpalleHre IMJIOMAal JETHUKOB NPUBOIUT K CHIDKCHHIO MOCTYIUICHHS BOABI B 03€p0O, UTO
MOYET TOBJIMSAThH Ha €r0 YPOBEHb BOJIBI, a TAKKE Ha GIiopy U QayHy.

KavecTBeHHbBIC XapaKTepHUCTUKH BOJBI 03epa EcHK He MOKa3bIBalOT KAKWX-IN0O TMPEBBINICHUI 10
XMMHYECKUM TMOKA3aTeNsIM, YTO TOBOPHUT O YUCTOTE 03€PHON BOABI.

Htak, mojgy4eHHble pe3yabTaThl MOATBEPHKAAIOT BBIBOJBI APYTUX HCCICIOBAHUN O HEraTUBHOM
BO3JICHCTBHM M3MEHEHHS KJIMMaTa Ha BOIHBIE pecypchl Kazaxcrana. CHWKEHHE YPOBHS BOJBI B 03epe
Ecux MoxeT mprBeCTH K yXYALIEHHIO COCTOSIHUSA SKOCHUCTEMBI M TIoTepe Ouopa3zHoobpasus. HeoOxoaumbl
MEpHI IO OXpaHe BOJOEMOB U aJalTallii K HOBBIM KJIMMAaTHYECKHM yCIOBHUSIM.

dunancupoBaHue. lcciaemoBaHne BBITIONHEHO NpH (HUHAHCOBOW mmoamepkke KomurteTa Haykw
MuHuCTEepCTBa HAYKH U BhICIIEro o0pa3oBanus Pecnyomuku Kaszaxcran (rpant No AP19679133).
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KJIMMATTBIH ©3TEPYI KAFJIAVBIHIATFbI
ECIK KOJIIHIH AYMATBIHBIH O3I'EPY JIUHAMUMKACBbI

Annoranus. byn makamama 2016-2024 >xemmap apanbIFeIHIarel Ke3eHne Kaszakcranma opHamackaH Ecik
KOJIHIETI Cy ACHIeHiHIH ©3repy MOHHUTOPHHTI KapacTHIphUIaAbl. 3epTTEYIiH ©3CKTUIIri KIMMATTHIH ©3TrepyiHiH an-
MAaKTBIH Cy pecypcTapbiHa dcepiHe OaiIaHbICThI, OYJ1 K0XKYiie MEH XalbIK YIIiH YJIKeH MpobiaemMa OobIl Ta0bLTa b
JKyMBICTBIH MaKcaThl — Cy ACHIeWiHiH JMHAMHUKACBHIH Tallay >KOHE OHBIH aybITKybIHA dcep eTeTiH (akTopiaapibl
aHbIKTay. 3epTTey/ie Cy JACHIeiiH XKyien Typle enuiey/ i Koca ajFan/ia, TMAPOIOTHUIBIK OaKkpuIay o/icTepi, COHuaki-
aK TeMmIlepaTypa MEH >KayblH-IIAIIbIHFAa KATBICTHI METEOPOJIOIHSUIBIK JlepeKTep NainamaHsuiabl. CTaTHCTHKAIBIK
TaJIay bl KOJJIaHy Cy AEHIeHiHIH e3repyi MeH KIMMATTHIK (haKTopiIap apachlHIarkl KOPPEISLUSIHbI aHBIKTA/IbL.

JKYMBICTBIH TpaKTHKAJIBIK MaHBI3bI JKahaHABIK KIUMATTBIH €3repyi jkaraaibiHna Ecik KeuiHIH SKOXyHeciH
KOpFay JKOHIHJCTI Mapanapibl o3ipiiey KaKeTTUIriHae *atblp. 3eprrey HoTmkenepi Cy pecypcTapbiH Oackapy
CTpaTerusulapblH KaJbINTacThIPy Ke3iHJIe MayChIMIBIK THAPOJIOTHSUIBIK MPOLECTEPIIH Cy pecypcTapblHa ocepiH
caHJbIK Oaranay YIIiH maiaansl 60JIybl MYMKiH, oiiTKeHi keijieH cy Ecik 'D9C-MeH KaMTaMachl3 eTinesi.

Tyiiin ce3nep: Ecix ke, KIMMaTThIH €3repyi, arMoc(epalblK KaybIH-IIAlIBIH, aya TeMIepaTypachl, KeJaiH
JKBITY PEXKHMI, KOIIIH MY3 PEKUMI, KOJIIIH Cy PEKUMI.
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DYNAMICS OF THE YESIK LAKE’S SURFACE AREA
UNDER CLIMATE CHANGE CONDITIONS

Abstract. This study examines changes in the water level of the Yesik Lake, located in Kazakhstan, over the
period from 2016 to 2024. The relevance of the research stems from the increasing impact of climate change on
regional water resources, which poses serious challenges to both the local ecosystem and population. The aim of the
study is to analyze the dynamics of the lake’s water level and to identify key factors contributing to its fluctuations.
The research employs hydrological observation methods, including regular water level measurements, as well as
meteorological data on temperature and precipitation. Statistical analysis was used to reveal correlations between
water level variations and climatic parameters. The practical significance of the study lies in the need to develop
measures to preserve the ecosystem of the Yesik Lake in the face of global climate change. The findings can
contribute to a quantitative assessment of the influence of seasonal hydrological processes on water resources and
support the development of water resource management strategies, particularly given the lake’s role in supplying
water to the Yesik Hydroelectric Power Station.

Keywords: Lake Yesik, climate change, atmospheric precipitation, air temperature, thermal regime of the lake,
ice regime of the lake, water regime of the lake.
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BAJIKAILLI KOJITHIH BATBIC ’KOHE HIbIF'bIC BOJIKTEPI
APACBIHJATBI CY AVIMACY/IBIH O3T'EPI'TIITII'T

Annoranus. Maxkanaga 2024 >KpUTHI XYPTi3UITeH JallallblK THAPOMETPUSUTBIK OaKpUIaynap HerisiHme bamkamn
KoiH OaThIC XOHE IIBIFBIC OexikTepre Oeiim TypraH ¥Y3bIHapal Oyra3blHAAFbl TYCTaMala Cy aFbIHBIHBIH JKBLI-
JAMIBIFBI MEH KOJIEMIHIH ©3TeprillTiri KapacThIpblIabl. 3epTTey OapbIChIHIA TMIPOJMHAMHKAIBIK YAEpiCTepAiH
KEHICTIKTIK-YaKbITThIK 3aHJbLIBIKTAPBIH aHBIKTayFa MYMKIHIIK OepeTiH Oyfa3iaFbl Cy OTIMIH OIIey/i KaMTbIJIbI.
byn emmeynepre Tyctamanarsl CyIbIH OarbITBIH, )KbUIIAM/IBIFBIH, apHAHBIH KOJIAEHEH KMMAchIH JKaTKbI3yFa Ooasl.
AFBIHIBIHBIH 3aHJIBUIBIFBIH aHBIKTAY YIIIH, OHBIH JAMHAMUKACHIHA 9CEp €TETiH METEOpPOJIOTHSUIBIK (haKTopiapra,
COHBIH imIiH/e aTMOC(EepabIK KbICBIMFA, JKEIIre JKoHE aya TeMIlepaTypachblHa epeKllie Ha3ap ayaapbulajibl. AJbIHFaH
JIEpeKTep.li Tanjgay HOTHXKECIH/E Cy arbIHBIHBIH OaFbIThl MEH KapKbIHABUIBIFBI OCHI (haKTOpJapra TAyell eKeHiH
KepceTTi. 3epTTey HoTIKeNepiH bankam kesiHiH MMIpOJMHAMHUKACEIH MOJETbIEYTe, Cy JeHreli pesKiMMi MEH OHBIH
TEHJIECTITIHIH ©3repyiH OoJDKayFra, COHBIMEH Karap Cy XMHAY alaObIHIarbl ©3¢H arbIHABICHIH OacKapy cTpaTerus-
JIapBIH 33ipiiey YIIiH naigananyra 6onaubl.

Tyiiin ce3aep: cy arblHBI, ¥3bIHapan OyFa3bl, THAPOAUHAMHUKA, aFbIH >KBUIIAMJIBIFEI, SKCIEIUIMIIBIK 3€PT-
Teyliep, Cy aluMacy, eJILey *KYMbBICTapEL.

Kipicne. bankam ke myHue >Xy3iHIETI ipi iMKi TaOUFU Cy alABIHAAPBIHBIH Oipi OOJBIT TaOBLIAIEI,
OHBIH CaKTaJbIN Kanysl Lie skone YKoHFap AnaraybiHaH OacTay ajnaThiH ©3¢H cybiHa Toyenmi [1]. Kenmig
epeKUIeNiri OOJbIN, OHBIH CYBIHBIH XUMHSJIBIK Kypambl lne e3eHi KYSATbIH OaTbic OeiiriHae TYIIbI, ai
IIBIFBIC OOTITiIH/E CYABIH OFaphl MUHEpAIIaHYBIMEH CHUIATTANBIN €Ki Oerikke OeniHyiHme. ¥3bIHapai
OyFasbl OCHI OOJIKTEePAiH apachIHIAFEl Cy aiMacyaa MaHbI3AB! pelt aTkapansl [2-4]. Kemnnmeri cyasiH Teme-
TEHJIriHe ocep eTeTiH ¥3bIHapan OyFa3bIHAaFbl CYy aFbIHBIHBIH aJIMACy KapKbIHABUIBIFBI KOJI JIEHTIeHiHiH
MayCBIMJIBIK e3repicTepie alKbiH Oaiikamansl. CoHbIMEH KaTtap, bamkam kenmiHiH eki OeiriHiH apachlH-
JIaFpl Cy ajaMacyIbIH JKaFJaiibIHa ocep eTeTiH MaHBI3IBI (haKTOpIapablH Oipi — KepTuTikTi 6apuko-aitHa-
JIBIM JKaFIaliJIapbIMCH aHBIKTAIAThIH ayMaKTaFbl JKeJI PEKUMI OOJIBIN TaObLIA b

Bankam-Anaken cy jkuHay anaObIHBIH TayJlibl aiiMakTapblHIA Tay-aHFapJIbIK JKenjep Oalikaica,
Bankamr, Anaken xoHe CachIKKOI KOJIEPIiHIH kKaranay aiMaKTapeiHaa Opu3 sxenaepi coramsl. CONTYCTIK
JKoHEe OHTYCTiK bBankamn sxaranaybIHAarbl Ka3blK aliMaKTapia COJTYCTIK-IIBIFBIC JKETiHIH KYII OachIM.
JKennin opramia XbUIABIK KbULIAMABIFBL 1,5-2 M/C KypaiIbl, ajl MaKCHUMAaJAbl MOJIIepi Coyip-MaMbIp
afimapeiHa Oaiikamansr [5, 6].

bankamr xemiHmeri ¢y amaMmacy 3aHIBUIBIKTApBIH 3€pTTEYy MaKCaThIHAA JKBULABIH Op ME3TUTIHIE
JKYPri3UIreH JallaiblK eJIIey *XYMBICTaphl ¥Y3bIHApaj OyFa3bl apKbLIbl OTETIH Cy ajMacyIblH epeKIIe-
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1-cypet — 3epTTey HbICAaHbI

Figure 1 — Object research

JKTepiH aNKBIHAAUTHIH MONIIMETTEp J>KMHAKTayFa MYMKIHIIK Oepni. l-cyperTe 3epTTey HBICAHBIHBIH
OpHaJIacy KapTa-CXeMachl KeJTIpiJIreH.

¥3piHapan Oyra3el banmkam kemiHiH 0aThIC OHE MIBIFBIC OGJIKTEPl apachlHIAFBl Cy aJIMacyAbl
PETTENUTIH MaHBI3IBI THAPOJIOTHSIIBIK KYPBUTBIM OOJIBIT TaObLTA B! JKOHE O/IaH aFbIll OTETIH CYABIH OTIMiHE
oaerre OipHemie Kypaeii (akropiaapsiH acepi Oalikanaubl: Kell, TONKBIHABIK YIepicTep, cerin Tepoeic-
Tepi, CY arbIHbl MEH KOJJCTi CY THIFBI3IBIFBIHBIH aWbIPMANIBUIBIFEL. Allaiiia, Cy THIFBI3BIFBIHBIH aFbIHFa
acepi mamanbl eKkeHi Oaifkamamapl, eTKeHI THAPOXUMUSIIBIK JKOHE TEPMHUSIIBIK 3€pPTTEyNEepIiH AepeKTepi
Bbareic men Illeireic Bankain apaceiHIarbl ©THENI aliMakTa Cy TeMIlepaTypachl MEH OHBIH MHUHEpajia-
HYBIHBIH IIaMacbIHIa KYPT e3repicTepiH aHbikTamaraH [7, 8]. CoHbIMeH Kartap, OyFa3larbl aFbIHJIbBI
CyNapAbIH JKbULIaMIBIFEI TOMEH. Erep kapusiiaHraH JepeKkTepre cyleHeTiH Ooicak, oHaa batbic
BaJlKalTaH MIBIFBICKA OAFBITTAFBl CY AFBIHBIHBIH JKBULIBIK KeleMi 1-3 KM® ImamachiHga GaramaHaibl.
OchpiFaH Cy#WEHEe OTBIPBIN, Y3bIHApan OYFa3bIHIAFbl aFbIHHBIH OpTAallla JKBUIJAMJBIFEI [IaMaMeH 2-6 M/c
Oomysl Kepek, anaiia Oyraszaa )Kypri3iireH HaKThl eJIIeMIep aFbIHHBIH KbULAaMABIFE 91eTTe 0,1-0,2 m/c
JMaTa30HbIH/IA ©3repeTiHiH kepceremi [9-11]. AFbIC )KBUITAMABIFBI YaKbIT ©T€ KeJle ©3Tepill, CeHI KoHe
JKeJI TIPOILIECTEPiHIH ocepiHeH OOJIaThIH CHUHYCOUAanbl TepOericTepieH OonaThiHbl Oalikanmanbl. by
JKaraanaa Ked CyHBIH Ko3ranbichl IIIbIFbIC jxoHe BaTbic OarbITTa ©3reprepriliTiriH METEOPONOTHSIIBIK
(haxTOpIapABIH ScepiHHEH O0NATHIH 3aHIBUIBIKTHI AHBIKTAY bl TAJIAIl eTeI.
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3eprTey dmicTepi MeH MaTepuaigaphl. bankam kemiHe Keminm TYCETiH Cy Ke3IepiHiH OapIIbIFbI
JepiiiKk OyJlaHyFa KyMcalaibl >KoHE Y3bIH-Apanm OyFa3sl apKbUTBl balKamTelH OaThIC KOHE MIBIFBIC
OeJtikTepi apachlHAAFbl KYPZAETi Cy aliMacy KaFaalblHIa oJiapa 9pTypJli TY3 PEeKUMICPI MEH CYAbIH
MUHEpalaHy [opeKeciHiH alblpMambUIbFel Oaiikanaapl. KenmiH ImbiFpic OemniriHae CyIblH MHHE-
paimanysl 4 r/1-1eH acaipl, aj 0aTeic OeliriHe KYSATHIH Lile ©3€HiHIH CalbICTRIPMANBI TYPJE SJICI3 MUHE-
palaHFaH CyJIAPBIHBIH dcepiHeH OarwIic Oeiiri Tymbl. by Gemikreri cymbiH MuHepamnanys! 0,5-1,5 r/n
acmaiiapl. JKput caiibiH Bankam kemniHiH 0aThic OefiriHeH IIBIFBIC OejiriHe ¥3bIHapad OyFas3bl apKbLIbI
CyIbIH aWTapibIKTall Kenemi arbill Keieni. bipak Oyrazna OaThICTaH HIBIFBICKA Kapad TYPaKThI aFrbIC
OomMaraHBIHA KapaMacTaH, OaThICTaH IMBIFBICKA Kapai >KBUDKBIFAH Cy KeJIeMi IIBIFBICTaH OaThICKa Ka-
parana kebipex 6ombin Kenei. OpTalna anFana Oyl aFbIHAAPBIH AHbIPMAIBIIBIFG] KbLTbHA 1,15 KM
kypaiiael. Cy anMmacyzblH KapKbIHIBUIBIFBl (aFBIHHBIH KOJIeMi) aFblHFa OalIaHbBICTBl JHMHAMUKAIIBIK
CUTIaTKa W€ JXKoHE KeNIiH OaThic OeJriHIH MUHEpaJaHy >KarmaiblHa ocep eTeli. bamkam KemiHiH exi
0eJIiri apachIHIaFbl TEIE-TEHIIK aFbIHBIH 3ePTTETEH FaJIbIMAAP Ko eMec, qerenMeH XX rachipabiy 30-11b
KBUIAAPBIHBIH OacbiHaH 80-1mi KBULAAPBIHBIH asfblHA JEHiH JKYpri3iireH 3epTTeysephiH Oenrimi
HOTIDKeJepi Oap. BypwIH Kypri3inreH 3eprreylepliH HoTHXKeciHe cyiieHe oTwipwin [12-20], Bamkam
KOJIHAC MY3 KaMBUIFBICHI OOJIMaWTHIH KE3CHIE OpTYpJIi TaOWFaThIHA cail maiima OoNaThiH aFbIHIAPIBIH
9peKeT eTeTiHi Oeriai 0oabl. AFBIHAAPABIH KaJbITaCYbIHIAFbl TYPAKThI ceOen peTiHfe, 9ACTTe, 03¢H
CyJapbIHBIH Keyi aTanbin eteni [21, 22], an yakpITiia GakTop peTiHe cy OeTiHe KelAiH acepi MeH COFaH
0alTaHBICTHI Cy JACHTeHiHIH KOTEepLITyl MEH TOMEH Y1 (CTOH-HArOH) KopceTiteni. AtanraH (haKTopiiapablH
OipJecKeH OpEeKeTIHIH HOTHXKECIHIE Maima OOJFaH arbIHAAPABIH KbUIIAMIBIFbI, Mbicaibl, ['. P. FOHy-
COBTBHIH MaiiMeTTepi OoitbiHmma, bateic bankamrteiy keH Oemikrepinge 0,2-0,3 m/c, an Tap TycTapblHOa
0,8-1,2 m/c-ka ne#tin xereni. LlbiFeic xoHe barbic bankam cymapsl ¥3biHapan Oyfa3blHaH OTiIN, TEK
KaliTalmaMa-aybICIaibl JKBUDKBIIT KaHa KoWMal, coHbIMEH Katap Capblecik TYOCTiHIH IIBIFBICHIHIA 13,
0aThICHIH/A J1a OpHAIACKAH alilHANBIMFa KAaTHICATHIHIBIFEI CY aIMACYBIHBIH ©31HE TOH SPEKIIEINiri OOJIbI
tabbutaael. Hotmxkecinne, Lbirpic bankamn cymapbiHBIH OachkiM aybICybl ¥3bIHapan OyFa3blHaH OHTYCTIiK-
OaTwIc OarpITTa, ) baTeic bamkam cymapblHBIH 0achkIM aybICyhl ¥ 3bIHapan OyFa3blHAH OHTYCTIK-IITBIFBIC
OarpITTa, SIFHU alHAIBIMIAP/ABIH OpHajlacyblHA CoHKec Keledi. AWHANBIMIOApABIH OOJYBl CyJapiAblH
alTapipIKTall KeJAeHeH apaiacybiHa bikman erexi [10].

Bankamr kesiHAeTi >KUBIHTHIK aFbIHIAPABI KABIITACTHIPATHIH HETI3T1 aFbIH TYpPJIIEpiHE >KOFapbiaa
KapacTBIPBUIFaH CEHIIANBIK, KEJIIK, TOJKBIHABIK, THIFBI3BIKKA OalIaHBICTEI aFbIHAAD KaTaabl. ATajraH
opOip aFbIH TYpi TYpaKTallFaH KyHhje, namy Hemece OoceHIey Ke3eHiHae Ooirysl MyMKiH. JKenmik afbiH,
COHBIMEH Kartap, Mpel(Tik - SFHH Kell OarbIThIMEH OaFbITTaJFaH, )KOHE KOMITEHCAIUSUIBIK — SFHU JKENre
KapcChl OaFBITTa 9CEP €TETiH aFbIC TYPiHIE OOTYBl MYMKIH.

Taburu emnmey nepexTepi apKbUIBI KaHIail na Oip aFbIH TYpiH eKe Japa 3epTTey MYMKiH Ooi-
MaraHJBIKTaH, OyJI )Kepje KoHEe TOMEHJe KENTIpUIeTiH Oapiblk ofeOu IepeKTep MEH COHFBI JKBUIIAPhI
JKYPTI3UITeH ManallbIK 3epTTEYyJIep HOTIKEIIEPi )KUBIHTHIK aFbIH PETIHAE KapacThIPhLTA b

CeHInTiK >KoHE JKeNJIIK aFbIHAap apKBUIBI MY3 JKaMBUIFBICHI )KOK KE3CHIE CYIBIH KHBIHTBIK TachIMal
kesiemi HeriziHeH 130—150 km® meniepinge 601abl, all €H KOFapbl MoHI 170 kM3-Te JeliiH KeTe .

My3 KaMBUIFBICHI J)KOK Ke3eHJe ¥3bIHapan OyFa3bl apKbUIbI CEHINTIK KOHE JKENJIK aFbIHIapMEH Cy
TachIMaJIbIHBIH ecenTik keyeMi 60 km>-re TeH OosFaH, OYJI OChbl yyacke OOWBIHIIA TIKEJIeH eJieyrnep
HET131H/Ie aJIbIHFaH KeJieMHeH HeOapi 7,5%-Fa raHa apThIK [23].

Byst sKyMBICTa HETi3Ti 3epTTey 9MICi PeTiHAe THAPOMETPHUSIIBIK OJIIICYJIep KOJAAHbUIAbL. Jlamambik
oIlIIey MONIIMETTEpiH JKUHAy MakcaTbiHna ['eorpadus sxoHe Cy KayiICi3[iri HHCTHTYTHIHBIH KbI3MET-
KepJiepi )KbUIBIH op Me3TiTiHe (KbICTa, ’Ka3/la KoHe Ky3/1e) KYHelli 3epTTey )KYMBICTapbIH JKYPri3/i.

ArTarm aliTKaH/a, aJFaKel JalalblK emiey skyMbictapbl 2022 kpiinbiH 19 KpIpKyieri MeH 12 Ka3zaHbl
apaneirbiHga oTTi. Kelinipek, 2024 KbUTbl Keleci Ke3eHIeple KalTajlama SKCIeAMIUsIap YHbIMaac-
THIPBUIIBL:

10-15 akman;

19 TambI3 — 27 KBIPKYHEK;

19-22 xapamia.

2024 >XBUTHI XKYPTI3UITeH 3epTTey KXYMBICTAphl ¥3bIHapad OyFa3bl TYCTaMachHIa FHUIBIMU-3EPTTEY
’KOOaHBIH MIHICTTEPIH OpBIHAAyFa OAFBITTANIBI. OKCICTUITHS OapbICBIHIA Cy OCTIHIH THAPOMETEO-
POJIOTHSUIBIK JKaFJaibIH KyHeli Oakbuiay MakcaThIHAA THIPOMETPUSUIBIK TycTama OEINTUIeHIN, Cy aFbl-
HBIHBIH JKBUIIAMIIBIFBIH, Cy JIEHTeWiHIH e3repiciH jkoHe Oenriyii Oip yakbIT ilIiHAE OTEeTiH Cy KelleMiH
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eIy KYMBICTApBIH KYypri3ai. COHBIMEH KaTap, eI iH ocepiHeH maiia OoJaThIH TOJKBIHAAP PEKUMI
MEH KeJIZIET1 aFbIHAAP.IbIH JKaNIIbl CUIIaTTaMataphbl 3epTTEI.

2024 XBUTFBI SKCTIEIUIMSIIBIK OJIIey KYMBICTaphl 19 Tambi3 OeH 27 KbIpKYHeK apaibiFbIHAa aFbIH-
HBIH oprama xKbeurgamasirsl 0,01-0,46 m/c-Tel Tipkeai, Oy TipKeJITeH MaKCUMalIbl MOHJIEPJICH eloyip
TeMeH (3,63 M/c melin). Byt cBIpTKBI METEOpONOTHSIIBIK (haKTOpiapra a, Cy alHaJIBIMBIHBIH KEPIiTiKTi
SpEKIICITKTEpiHe ¢ OalIaHBICTH OVFa3marsl TUAPOAMHAMHUKAIBIK KaFIaiIapIelH alKbIH ©3reprillTiriH
kepcereni. byraznarel arblHIap Cy anMacy Ke3eHAEpIiHJeri *KbUIIaMIbIKTap MEH OaFbITTapiblH anTap-
JBIKTAl e3repyiMeH cumarTanaabl. Tycramangarbl aFblHHBIH OarbITel 90°-Tan 180°-ka ameitin e3repyi
MYMKiH, Oipak MyHIail >karjgaiiap oJeTTe KbhICKa YaKbITKa CO3bUIA[bL. BarbIThl MEH KBUIIAMJIBIFBI
TYpPaKChI3 arblHAAp aUTapiBIKTal KoHE KYIITI JaybUigap Ke3iHae alKblH OaiKamansl, Oipak oJici3 ceun
HeMece KOMIICHCATOPJBIK aFbIHIAPIBIH SCEpiHEH /€ KOJ aFbIHBIHBIH ©3TepMENiri opAaibiM KO3FalbIcTa
€KEHIH eJIIIIey KYMBICTAphl Ke31HIE aHBIKTAJIbI.

Tlunpomerpusisik exmeynep "Rio Grande" mapxamsr Acoustic Doppler Current Profiler (ADCP)
KJIAChIHA JKATAaThIH JKOFAphl ASJIIKTErl 3aMaHayH aKyCTHUKAIBIK MpoguiorpadThiH KOMETIMEH XYpri3ini

(2-cyper).

2-cypet — ¥3bIHapai OyFa3bIHAAFbl JaJaNbIK OJIIICY )KYMbICTaphl

Figure 2 — Field Measurement Surveys in the Uzynaral Strait

ByFaznpiH KeyJieHeH KHMachlH/IA OJIIeY KYMBICTAPBIH KYpri3y Ke3iHjae Kelleci DIIEMEHTTEep aHBIK-
TaJIJIbI;

— Kuma chi3birbl OOWBIMEH OYKi €Hi OOWMBIHINA TEPEHJIK OJIIICHII, KUMBUI KOJIJCHCH KUMaHbBIH
ayJIaHbl eCEeNTeN/Ii.

— OJIIICHTeH aFbIH KBUIIAM/IBIKTAPBIHBIH HET131HJIE apabIKTapIbIH OpTallla XKOHE €H KOFAPFbI JKbLI-
JAMJIBIKTApbl MEH CYJIbIH OaFbIThI aHBIKTAJIIBI.

Ounmey >xymbictapsl kesinae npopunorpad "Rio Grande" kypreurbiceiH WinRiver 11 0arnapiamansix
TiiMeH Tikenedt Oackapy apkputel emmeHai. WinRiver II 6armapmamanbIk Timi enmmey Ke3iHAETi e3re-
picTepai Oaiikayra >KoHE eJIICYy MAIIMETTEPiH KaObUIIAll eHACY MEH BHU3yalH3alusiiayra MYMKIHIIK
oepai (3-cyper).

—— 4 ——



ISSN 2957-8280, eISSN 2957-9856 Ne 2, 2025

» o L = Ty e
D St e e
= 2 G

NI T

am
| B PR ] SR I A R e .,;.>',-.,,

3-cypet — ¥3binapan Oyrassiabie WinRiver 11 GarnapiamMacbiHIarbl KOJIICHEH KUMAChl

Figure 3 — Cross-Section of the Uzynaral Strait in the WinRiver II Software

Byn xypanmap apKbuUTel TYCTaMasa Kajmbl CAaHBI 55 TUAPOMETPHSUTBIK OJIIIeyIIep KYpPri3iain op Typai
yaKpITTa arbIC JKBUIIAMIBIFEI MEH OHBIH OaFbITBIH HAKTHI aHBIKTayFa MYMKIHIIK Oepmi. JKuHamrax
MoliMeTTep OyYFa3iblH THUAPOJIOTUSUIBIK EpeKUICNIKTepiH Oaranayra, COHAal-aKk KeJAeri cy aiMacy
MpoIecTepiH 0oMKkayFa MaHbI3/Ibl HET13 OOJBIN Ta0bLIA kL.

HoTtm:kenep meH Taakpuiayaap. bamkam xemniHiH 0aThIC jKoHE MIBIFBIC apaChIHIAFEl aFBIHHBIH TETle-
TEHJIriMeH OipHelle FaapiMaap alHaJbICKaH, XX FachIpbiH 30-80 >KbUIIapAblH asfblHA JCHIH KYPTi-
3UITeH 3epTTeyliep Oenruti HoTmxkenep kopceTkeH. CoHbiMeH, xekenereH ransiMaap (P. JI. Kypaun xone
C. A. PyOuHOBHY) XbUT CalBIHFBI TEME-TEHAIK aFbIHBIMEH KaTap el aFbIHAapBIHBIH 9CEePIHeH OONaThIH
aFbIH 6ap [ereH KOPBHITHIHIBIFA KEIreH, OHBIH MOHI €Ki OarbITTa 1a mamameH 78,2 kM /Kbl [24] e3-
TePrillTITiH aHbIKTaraH. TaOuru OaKpUlay MaTepHaijapbl OV IIaMaHBIH HAKThl MOHIC JKAKbIH CKEHIH
pacraiinel. I'. P. FOHycoBa MmomiMmerTepi OoifbiHINA, ¥Y3bIHapan OyFa3bIHAAFbl aFbIHABI JKBLIIaMIBIFBI
ekminmi kenmin 6acerHma 1,07-0,85 m/c 6orca, TONKBIHHBIH coHbIHAA 0,21 m/c meiiiH ayeITKuAbL. JKei
OacbuIFaHHAH KEWiH Maiiga OoJiFaH CeHINTIK arbiHAap KeuaaMaeirsl 0,25-0,27 m/c 6omabl aece, «I'umpo-
sHepronpoek™ JIeHnHrpaa GuIHaIbIHBIH MANIIMETI OOMBIHINA OYFa3/laFbl €H JKOFaphl KbUIAAMIIBIK 1954-
1955 xx. 0,51 m/c, an oprama xxeuaaMasik 0,19 m/c mamaceiaga 6onran. BI'MO nepextepi OolibiHIIA
OyFaslarbl Cy O©TIMi CONTYCTIK-IIBIFBICTAH COKKaH XeJIiH Ky 3-7 m/c Gonran ke3ne 3600-5400 m3/c
Kypan, OHTYCTiK-OaTbIcTaH cokkaH >kenMeH 11300 m3/c sxeteTinniria ecenrterex [25].

Hananeix enweynepoiy nomudicenepi. DKCIETUIMSIIBIK KYMBICTAP KYPri3y OapbrIChiHAa ¥Y3BIHAPAI
OyrasprHaa bamkam kesiHiH 0aThIC JKOHE MIBIFRIC OOJIIKTEpl apachIHIAFEl Cy aFbIHBIHA 30 peT oIey Xyp-
risiini. byHnai 3epTTeynep KeNaiH Cy TEHACCTIriH Oaraiayfra, SKOXKYHUEIK Oackapy MEH Cy JACHreHiHiH
e3repyiHiH KOpIIaFraH OpTaFra ocepiH OoirKayaa YIKeH MaHbI3Fa Ue.

Jlamanelk enmieynepAiH HOTI)Keci OOWbIHIIA Y3bIHapand OYFa3bIHAAFbl Cy AaFBIHBIHBIH MeJepi
OarbIThIHA Kapaid e3repin oTeipaabl. Omnap Oatbic OarbiTTa 138-men 7858 m3/c-ka JAeMiH, ajl IIBIFBIC
OarpiTTa 1040-Tan 4689 m3/c-Ka neiiin >keteni. Onmmemaep ic xKy3inae Oipaelt cy Tepenairinae xyprisinmi,
on 7,02-neH 7,87 MeTpre NeiiHri apanbIKThl KYPalbl.

Toymik immiHAEe aFbIMAaFbl JKBUINAMIBIKTHIH adTapibeikTail e3repyi Oaitkammpl. Cy aFbIHBIHBIH
MaKCHUMAaJIJIbI KBUIIAMABIFEI 3,63 M/c-Ka jeliiH, oprama >keuigamasikrapel 0,07—0,458 m/c apanbiFbiHIa
0omnbl. AFBIHHBIH JKBUIIAMIBIFBl KYHZI3T1 yaKbITTa ©3TepeTiHi aTanm OTKeH JKOH: TaHEePTeHHEH TYCKe
JIeiiH, comaH KeHiH KYHHIH eKIHII >KapThICEIHAH KeIIKe IediHri e3repicrep. byn esrepictep mereopo-
JIOTHSUTBIK  (haKTOpJIapAblH, COHBIH iIIHAE aTMOC(hepasblK KbICBIMHBIH, TEMIIEpaTypaHbIH JKoHE acipece
JKeJ OarbITHIHBIH ayBITKYJIapbiHA OalIaHBICTHI.
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¥Y3piHapan Oyra3blHIA ic KY3iHIEe HenjeH 7,86 MbIH M/c neitin Cy OTIMiHIH KeH ayKbIMJbI ©3-
repicTepi OaifKanmaTeiH emmieyiepMeH KaMmTeuiabl. byn nmepextep KasKCP I'MC Bpuc skcremunmsicet
JKYPTi3reH ejIeyiep HOTIKeIEepiMeH KaHaFraTTaHaPIIbIK TYpIle ColKec Kelei )KoHe oJIapbl alTapibIKTail
TonbIKThIpanel [9-11]. Kemmin iprenec Oeimiktepi apachblHIAFbl Cy alMacyJblH HAKTHl MIaMajapbl Cy
TEHJECTITIH ecenTey apKbUIbl ajJblHFaHapJaH efoyip yikeH. JKalmsl cy anMacyablH aOCONIOTTI MoHAEPi
JKeJl aFbIHAAPBIMEH CYIbIH TaChIMAJAaHYbIH €CETKe aly Heri3iHae ajblHFaH Iamaiapra (exi OareITTa oa
Y3bIHapasT GyFasbl apKbLIB! KbUIbIHA 71-213 kM) sKaKblH MOHTe He [24].

AgbiH JHCbLIOAMObIZbL MeH C)Y OmiMiHiy Oatiianbichl. 4-CypeTTe AFBIH KBUIIAMIIBIFEI MEH Cy OTiMiHIH
e3apa Oaiimanbic Tpaduri kepcerireH. ['paduk gepexTepi Oy €Ki mapaMeTp apachblHIa TiKeJded Tdyei-
mijik Oap exeHiH KepceTeni. YaKbIT apallbIFbIH/IA aFbIH OaFbITHI OipHEIe peT e3repim, Keiidip ke3eHaepe
IIBIFBICKA (OH MOHED), al KeitbipiHae OaTbicka (Tepic MoHAep) OaFbITTaFaH.
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4-cypeT — AFBIH )XbUIJAMIBIFBI MEH Cy OTIMiHIH OaiylaHbIC rpaduri

Figure 4 — Graph of the Relationship Between Flow Velocity and Discharge

AFBIH KBUIIaMIBIFEI MEH Cy OTIMiHIH e3repictepi Oip-OipiHe colikec KeJim, OJapIblH apachlHIa
Tikenel Toyenminik Oap exeHiH Kepcereni. bym >xarmali kenge CeHINTIK, JKENIOIK HEMECE THIFBI3IBIKKA
0aifTaHBICTHI aFBIC TYPIIEPIHIH ocep eTyi MYMKiH eKeHiH KepceTeI.

Bakputaynapra cyiieHe OTBIPBIIN, JKEJJIH JKUBIHTBIK aFbIHAap/Ibl KANBINTACTBIPYIa HETi3T eIy
(axropnapabiH Oipi eKeHi aHBIKTANbL. JKennmiH ocepiHeH maija OoNaThiH Npe(TiK KoHE KOMIIEHCa-
IUSUTBIK, aFBIHAAP KOJJEri Cy MaccallapbIHbIH KO3FalbIChIHA TIKENCH BIKMAN €Till, YKUBIHTBHIK AFbIHHBIH
0aFpITHl MEH KAPKBIHABUIBIFBIH aHBIKTalHAbl. KapKbIHIBI JKENJIep CYy aFbIHBIHBIH OaFbITBIH €3repTeli, Oyl
Bankann kemiHiH THIPOJMHAMUKACHI KOHE OHBIH OATBIC )KOHE IIBIFBIC OOJIKTEPI apachIHIAFbl aFblH YIIiH
epekuie MaHbI3ABL. by 3epTTey HOTHXKenepi Keileri cy MaccalapblHbIH ©3TepriluTiriH ogaH api
MOJCNBICY JKOHE aya paifbl jKarmaiibiHa OaiTaHBICTBI OHIAFBI Cy JACHTEHiHIH e3repyiHe OoJpkay YImiH
naians! 601a b,

KopsiTbinabl. 3epTTey HoTKenepi ¥3biHapan OyFa3bIHAAFbl Cy aFbIMBIHBIH JHHAMHUKACHl KYpAemi
KEHICTIKTIK-yaKbITTBIK ©3TepiCTepre YINbIPAWTBIHBIH KOpPCeTTi. Jlananblk THAPOMETPHSUIBIK OIIeyiep
HETI31HIe aFbIH XKBUIAAMIBIFEI MEH Cy OTIMIHIH MayCBIMIBIK JKOHE TOYJIKTIK aybBITKyJapra OediM eKxeHi
aHBIKTAIABI, Oy KeOiHece KeNIiH JKbUIIaMABIFBI MEH OaFbIThI, aTMOC(EpalbIK KBICBIM MEH TeMIlepa-
TypallblK JKarJaiiap CHUSKThl METCOPOJNOTHSUIBIK (aKTOPIAPMABIH BIKMANBIMEH TYCIHIIpiAeai. AFBIH
KBUTIAMIBIFEI MEH CY KOJIEMiHIH apachIHIAFbl TOYEIIUTIK Talaaysl OyFa3fgarbl Cy aliMacy MpoIecTepiHiH
JKeJl ocepiHe KOFaphl ce3iMTan ekeHiH naneneni. CoHbIMEH Katap, XKYpri3iireH enmieynep 0yra3 apKbLIbl
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OTETIH Cy KOJEeMiHIH Kb Me3TiUIepiHe Kapail alTaplbIKTail e3repeTiHiH kepceTin, bankam kemiHiH cy
JIEHTeiiHe BIKIMal €Tyl MYMKIH €KCHIH KepceTTi. 3epTTey HOTwKeIepi ¥3blHapall OYFa3bIHBIH THAPO-
JMUHAMMKAIIBIK MOJCTIH Kypy, Kej JCHreiiHiH Oonamak e3repicTepiH OoJbKay >KOHE alMaKTarbl Cy
pecypcTapbiH THIMAI OacKapy CTpaTerusuiapblH d3ipiiey YIUiH MaHbBI3bI FRUIBIME HeTi3 Oona anaapl. bynan
0eJIeK, aBIHFAaH MATIMETTEP OHIPAET PKOKYHEIiK Tele-TeHIIKTI caKTay XoHe Cy MaimanaHy THIMIUTITH
apTTHIPY MaKCaThIH/IA KOJIIAHBUTYbl MYMKIH.

Kapxbutanapipy. byn reuteiMu 3eptrey Kazakcran PecmyOnmukacel FriibIM jkoHE >KOFaphl OimiM
Munuctpiiridig Feuteim komuteti AP19677869 «bankam kejiHiH Cy JeHreiiH OackapyAblH THAPOIO-
TUSIIBIK HET13/Iepi» TPaHTTHIK KapKbUIAHIBIPY OaFmapiaamMachl HETi31H e KacalbIH b
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W3MEHYUBOCTH BOJJOOBMEHA MEXKY 3AIIATHOM
U BOCTOYHOM YACTSIMU O3EPA BAJIKAIII

AHHOTanusi. PaccMaTpuBaloTCs M3MEHUMBOCTH CKOPOCTH M O0ObeMa IMOTOKA BOJBI B 3AJIMBE IPOJIHMBA Y3bIH-
apaJ, pasJelsolero o3epo bankam Ha 3amafHyr0 ¥ BOCTOYHYIO YacTH, HA OCHOBE IOJIEBBIX THAPOMETPUYECKUX
HaOmoneHuit, nposexeHHbIx B 2024 romy. V3mepen pacxon BOAbI B NPOJMBE, YTO ITO3BOJIMIIO OIPENEIHUTH
IPOCTPAHCTBEHHO-BPEMEHHBIE 3aKOHOMEPHOCTH THAPOJAMHAMMYECKHX IIPOLECCOB. OTH H3MEPEHUs BKIIIOUYAOT
HaIpaBJIEHUE BOJBI, €€ CKOPOCTh U MONEPEYHOE CEUCHHE B CTBOpeE. sl ompenencHus 3aKOHOMEPHOCTEH TE€UeHUs
oco00e BHMMaHHE YJICISAETCS METCOPOJOTMYECKHMM (pakTopam, BIMSIONIMM HAa €ro IWHAMHUKY, B TOM YHCIIE
aTMoc(hepHOMY JaBJICHHUIO, BETPY M TEMIlepaType BO3ayxa. AHAIN3 TOJyYSHHBIX AAHHBIX ITOKa3al, YTO Halpas-
JICHWE W WHTEHCHBHOCTH TEUCHHUS BOJBI 3aBUCAT OT 3THX (aKTOpOB. Pe3ynmbTaThl mMccienoBaHHS MOTYT OBITh HC-
MOJIb30BaHbI JUI MOJEIMPOBAHNS THAPOJUHAMUKHI 03epa bankar, mporHo3upoBaHus N3MEHEHHH YPOBHS BOJbI U €€
paBHOBECHSI, @ TAKXKE JUTA Pa3pabOTKH CTPATETUil yNpaBIeHUs] PEUHBIM CTOKOM Ha BOAOCOOPHON TEPPUTOPHH.

KiroueBble cj10Ba: BOJHBIHM TOTOK, IPOJIHUB Y3bIHApal, THAPOIUHAMIKA, CKOPOCTh TEUEHUs, IKCIIEANIIOHHbIE
HCCIIeI0BaHUs, BOJJOOOMEH, H3MEPUTEIbHBIE PAOOTHI.
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VARIABILITY OF WATER EXCHANGE
BETWEEN THE WESTERN AND EASTERN PARTS OF THE BALKHASH LAKE

Abstract. This article examines the variability of water flow velocity and volume in the Uzynaral Strait, which
divides the Balkhash Lake into the western and eastern parts, based on hydrometric field observations conducted in
2024. The study involved measurements of water movement in the strait, allowing the identification of spatial and
temporal patterns in hydrodynamic processes. These measurements included flow direction, velocity, and the cross-
sectional profile of the channel. Special attention was given to meteorological factors influencing flow dynamics,
such as atmospheric pressure, wind, and air temperature. The analysis of the collected data revealed that the direction
and intensity of the water flow are closely linked to these climatic conditions. The findings can be applied to
hydrodynamic modeling of the Balkhash Lake, forecasting changes in water level regimes and water balance, and
informing strategies for river runoff management in the lake’s catchment area.

Keywords: water flow, Uzynaral Strait, hydrodynamics, flow velocity, expeditionary research, water exchange,
measurement work.
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OIITUMM3AIUA BOAOITIOAT' OTOBKHA
HA JJKEUPAHBATAHCKUX YJbTPA®UJIHTPAIIMOHHBIX
YCTAHOBKAX ITYTEM BKJIIOYEHHUSA CTAAUN
OBPATHOM IMPOMBIBKHA PACTBOPOM CYJIb®ATA MEJIU

AnHoTauusi. PaccMarpuBaeTcsi BO3MOXKHOCTD BIIMSIHUSL 0OpaTHOI MPOMBIBKH PacTBOpPaMH Cyyb(ara Mequ Ha
BOJIOIIOITOTOBKY METOAOM YIbTpadUIbTPallid BO BpeMsi OypHOrO IIBETEHHsI B NOBEPXHOCTHBIX MCTOYHUKAX BOJO-
cHaOXeHHsA. DKCIEPUMEHTAIBHO IOKa3aHO, YTO A(PQPEKTHBHO HCIOIH30BATH BO BPEeMs OOpATHBIX HMPOMEIBOK pac-
TBOpPBI cyjibdaTra MeAW B KOHLEHTPALMAX 2 MI/I 1 (QUIbTPOB NPEABAPUTEIFHOTO OCBETIEHHMS M 1 MI/I mms
yIbTpadUIbTPAlMOHHEIX MEMOpaH Ha OCHOBE NONMBHHWINeHOGTOpHa. Hu B omHOH M3 0TOOpaHHBIX IOCIe Oc-
BETJIEHHs IPO0O BOABI He OBUIO 3a(PMKCHPOBAHO HANMYUS MEAU B KOHIIEHTPALMAX, IPEBBIIIAIONIMX (OHOBOE, YTO Ha
MOPAAOK HHUKE HI[K JJIsL MMUTHEBOU BOJbI. HpOBeZ[eHHble OKCIICPUMEHTHI HC BBIABWJIM HCTATUBHOI'O BJIHAHUA pac-
TBOpa CyJb(ara MeAU Ha IEJIOCTHOCTh YIbTPA(QUIBTPAIIMOHHBIX MEMOpPaH HAa OCHOBE MOJUBHHHJIACHGTOpHIA B
CpefHeCpOYHOH nepcnekTuBe. J[ins u3yueHus BIUsHUS Cysib(hara MeIu B JOJITOCPOYHOM MEPCIEKTHBE SKCIIEPUMEH-
TaJIbHBIE PA0OTHI MPOIOIDKAIOTCS.

KoueBbie ciioBa: BOJIONIOArOTOBKA, MUKPO(MMIIBTpays Ha JUCKOBBIX (DMIIBTpax, yIbTpadibTpanus, oopart-
Hasi IPOMBIBKa, 0011ee MUKpOOHOE Yuciio, Oroobpactanne, MaTOMOBBIE BOJAOPOCIIN, OMOT€HHBIE 3JIEMEHTHI.

BBenenue. C ampens no uronp B JxeiipaHOaTaHCKOM BOJOXpaHIIIUINE HAOIIOMAaeTCsl YBEIHUYCHIHE
KOHIICHTpAIMK OMOTEHHBIX 3JIEMEHTOB (yTieposa, azota u ¢pocdopa), KOTOpOe COMPOBOKIACTCS OYPHBIM
pPOCTOM JHMAaTOMOBBIX BOJOPOCICH M OOIIEro MHKPOOHONOrHYeckoro ¢GoHa. DTH OOCTOSATEIHLCTBA
CIOoCOOCTBYIOT BO3HUKHOBEHHIO M POCTY OMooOpacTaHusi Ha y3iax yIbTpa(uIbTPAIMOHHBIX yCTaHOBOK
(ma moBepxHoctr 200 MUKPOHHBIX (GUIBTPOB IMPEABAPUTEIBLHON CTaIWM OCBETJICHHS M MeMOpaH
yIbTpaQUIbTpallMi W3 MONUBHHWIIeH(TOpHIa). VHTEHCHBHBIH pPOCT OMOMACCHI 32 KOPOTKOE BpEMsI
MPHUBOJUT K MPAKTHUUSCKU MOJHONW OCTAHOBKE TPOIIECCa BOJOTOATOTOBKH U YBEITUYCHHUIO YHCIIAa O0OPaTHBIX
MPOMBIBOK. POCT OOpaTHBIX MPOMBIBOK, KOTOPBIE OCYIIECTBISIOTCS PACTBOPAMHU COJSHOW KHCIIOTEHI,
IeJI0YM W THUIOXJIOpUTA HATpHA, HCTaTUBHO CKa3bIBA€TCA Ha ce0EeCTOMMOCTH OCBETJIEHHOH BOABI U
MPHUBOJNUT K YMCHBIICHUIO PEHTA0CIEHOCTA BCETO MPOIlEcca BOJOMOATOTOBKU. Hapsiay ¢ 3THM BBIHYX-
JICHHOE YBEIMYEeHHE YHCIa OOpATHBIX IMPOMBIBOK CIIOCOOCTBYET YCKOPEHHIO NECTPYKIMH KaK CaMHX
MeMOpaH yIbTpadWIbTpalld, TaK W OTIACIBHBIX Yy3JIOB BCEH CHCTEMBI BOAOMOATOTOBKU. Ceroms B
mponeccax BOAOMNOATOTOBKHM HIMPOKO HNPHUMCHAKOTCA MeM6paHHbIe TEXHOJOT'HH. HpeI/IMYHleCTBO MEM-
OpaHHBIX TEXHOJIOTHI 3aKII0YaeTCs B MX KOMIAKTHOCTH, a TaKKe B oOecreueHnn Ooliee KauyeCTBEHHOM
OYHCTKH BOJIBL.
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PI/ICyHOK 1 — CnocobOHOCTh Ppas3JIMYHBIX TUIIOB MeM6paH OYUCTUTH UCXOAHYIO BOAY OT pa3IM4YHbIX HpHMeCCﬁ

Figure 1 — The ability of different types of membranes to purify source water from various impurities

B cucremax BOJONOATOTOBKH HCIIONB3YIOTCS MEMOpaHbl Pa3iIMYHON CEJICKTHBHOCTH, KOTOpBIE
oToxaecTBIsIIOTC pazmepamu mop 0,02-0,05 Mk [1]. Tak, Mo CEIEKTHBHOCTH MEMOpAaHBI, HCIIOJb-
3YIOIIUECS ISl BOAOMOTOTOBKH, YCIIOBHO MOYKHO Pa3/IeNIUTh Ha YEThIPE TPYIIIHI (PUCYHOK 1):

1. O6paTHOOCMOTHYECKHE MEMOpaHBI — CIIOCOOCTBYIOT yAAJICHHIO U3 MCXOJHON BOABI MPAKTHUYECKH
BCEX PACTBOPEHHBIX U HEPACTBOPECHHBIX COCANHEHHH.

2. HanodunberpaiinoHHEIE MEMOpPaHBI — CIIOCOOCTBYIOT YIAJIEHUIO U3 UCXOAHOHN BOIBI PACTBOPEHHBIX
XUMHYECKHUX COSAMHEHUH, KpOME MOHOHMOHOB.

3. VYuerpaduibTpaliMoOHHBIE MEMOpPaHbl — CIIOCOOCTBYIOT yHaaJieHHI0 U3 Boabl 99,999 % mMukpoop-
TaHW3MOB M BHUPYCOB, a TaKXe€ MaKpOCKOINYECKUX MHHEPAIbHBIX COSIWHEHHH, HaXOMAUINXCS B BOZAE B
PacTBOPEHHOM WIIM AWCIEPCHOM cOCTOSTHUHM. OOBIYHO 711 BOJOIOATOTOBKH B OOJBIMUX OOBEMax
MPUMEHSIOTCS YIBTpadUiIbTpalioHHBIE MEMOpPaHBI ¢ pazMepoM 1mop okoio 0,02 Mk.

4. MukpodunsrpaliioOHHbIE MEMOpPaHBbI, B OTIIMYHE OT YIBTPA(QHIBTPAIIMOHHBIX MeMOpaH, MPaKTH-
YECKU HE CIIOCOOHBI OYMCTUTH MCXOMHYIO BOAY OT BUPYCOB M TakKMM 00pa3oM He o0ecrednBaroT d¢dek-
THBHBIN BUPYCHEIH Oapnep.

HemanoBaxHpM (hakTOpOM SIBISICTCS U TO, YTO TPATUIIMOHHBIA METOJ] 00e33apakUBaHUS BOJBI
XJIOPCOZIEPIKAIIMMHU PeareHTaMH He CITIOCOOCTBYET HHAKTUBAIIUH OOJBIITMHCTBA BUPYCOB, BCTPEYAIOLITUXCS
B MTOBEPXHOCTHBIX NCTOYHHUKAX BOIOCHAOKEHNSI.

MexaHu3M OYUINEHHUS BOJIBI METOAOM YJIbTPaQUIbTPAIMA OTIMYAETCS OT TNPHHIUIOB pPabOTHI
OOBIYHBIX, TaK HA3bIBAEMBIX KIIACCUYECKHX METOJOB BOJOOYHCTKH, B KOTOPBIX (DHIBTPAIMOHHYIO
(YHKITHIO BBITIOJNHSAIOT 3aChITHBIE (MIBTPHI HA OCHOBE KBApIIEBOTO TECKA M aHTPAIUTa C THAMETPOM
3epeH 0,8-2 MM [2]. Yka3aHHBIE 3achIlHbIE (QHUILTPHl UMEIOT CYIIECTBEHHO OOJBIINA HOMHUHAIBHBIN
pasmep mop (mpubmusutenbHo 20 MK) [2] u ux paboTa OCHOBaHAa Ha MEXaHU3ME TPABUTALMOHHOTO
(UIBTPOBAHUSI.

Cy1iecTBEHHOE OTIMYHE TIpoIiecca YabTpadrIbTpaiy oT (GrIETPOBAHS Yepe3 HACHITHBIC (DHIIBTPHI
3aKIII0YAeTCS B TOM, YTO MpPH YJIBTPAQHIBTPAIUU PEATU3YETCS MEXaHU3M OTJCIICHUS 3arps3HCHUN Ha
MOBEPXHOCTH MEMOpaHBI, YTO MOJO00OHO TOHKOMY ITPOCEHUBAHUIO HA CHUTE C MOpPaMU MPAKTUYECKH OJIMHA-
KOBOTO pa3Mepa. TakuMm oOpas3oM, iro0asi 9acTuiia, pazMep KOTOPOH MPEBBIMIAET pa3Mep Iop, MPOCTO
oTceKaercs. ITO OOCTOSATENBCTBO JENaeT YIbTPaQUIbTPALNIO YPE3BbIUAHO TPHUBIEKATENHFHON TEXHO-
norueit. U raaBHOE MPEMMYIIECTBO B TOM, YTO KauyecTBO 00pabOTaHHOI BOABI yIOBIETBOPAET CTaHAAPTAM
MUTHEBOW BOABI [3] ¥ HE 3aBHCHT OT KauecTBa MCXOIHOW BOABI IIPU yCIOBHUH COXPAHEHHS MEIOCTHOCTH
MEMOpaHbI.

Kpome BbIcOKOH 3 (EKTHBHOCTH OYMCTKM M €€ a0CONIOTHOTO XapakTepa IUIs YacTHL, HpEBBI-
[IAOIIUX pa3Mep TOp MeMOpaHBI, MPEUMYIIECTBO YIbTpadUIbTPAIIIOHHOTO OOOpYIOBaHHS B €ro
KOMIaKTHOCTH, a TAK)K€ BO3MOKHOCTH TIOJTHOW aBTOMAaTH3aIlMH BCETO MPOIIEcca BOAOMOATOTOBKH.

YnbprpadmiibTpanuoHHbie [4] MeMOpaHbl MOTYT OBbITh B BHJIE KaK IJIOCKHX JIUCTOB, TaK M TOJIBIX
BOJIOKOH. MeMOpaHBI TIEpBOTO THIIA HCIONB3YIOTCSA, Hampumep, Ais 00pabOTKH CHIIBHO3ArpsSi3HEHHBIX
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CTOYHBIX BOJ, MEMOPaHBI C TIOJBIMU BOJIOKHAMH — ISl BOAOIOJTOTOBKU. PaccMOTpUM HEKOTOPBIC THITHI
yIBTpadUIBTPAIIMOHHBIX MEMOpaH.

1. OnHOKaHaNBHBIC YIBTPabWIBTPAMOHHBIE MEMOpaHbl. B OONBIIMHCTBE CiIydaeB ISl yIbTpa-
GuUIBTpalMK MPUMEHSIOTCS OJHOKAHAJIbHBIC BOJIOKHA C BHYTPEHHUM auaMeTpoM 0,8 MM HIIM MEHbIIE,
JUTSL UICXOJTHOM BOJIBI C BRICOKHM COJICPYKAHHEM B3BEIICHHBIX TBEPABIX BEIICCTB MPUMEHSIOTCS BOJIOKHA C
OoNpITM BHYTpPEHHUM muamerpoM — a0 1,5 mm [5]. Ilpm BeIOOpe pasmepa muamerpa IMop MeMOpaH
YUUTBIBAETCS KOMIIPOMHUCC MEXIy TpeOyroleiics BRICOKOH IIIOTHOCTBIO YIAKOBKH, ITPOCTOTON 00paTHOI
MPOMBIBKH, MUHHMH3UPOBAHUS 3arpsi3HEHUS, YMEHBIICHUS SKCIUTyaTallMOHHBIX 3aTpar, BBICOKOW IMPO-
HHUIIAEMOCTbIO, a TAK)KE MEXaHUYECKOH MPOYHOCTBHIO, YTO OOECIEUUBACT IIEJIOCTHOCTh CAMOW MEMOpaHBI.
W3 mepedncieHHbIX (aKTOPOB MEXaHUYECKas [EIOCTHOCTh MEMOpaHbI SBISETCS KITIOYEBBIM (HaKTOPOM.
OnHOKaHATBHBIE BOJOKHA OCOOCHHO XPYIKU K HArpy3KaM, KOTOPHIM OHH TMOJIBEPTAIOTCS BO BPEMS YaCThIX
IIUKJIOB OOPATHBIX TPOMBIBOK.

2. MHOroKaHaNbHbIC YIBTPAQUIBTPAMOHHBIE MEMOpaHbl. B OTIUYME OT ONHOKAHATBHBIX IS
MHOTOKaHAJILHBIX BOJIOKOH BO3MOXKHOCTh WX MOBPEXKACHHUS OoJiee HM3Kas, TaK KaK KaKJI0€ BOJOKHO
COCTOMT W3 HECKOJBKUX KAlWUISPOB, YTO CYIISCTBEHHO YBEIMYMBACT MEXAHHUYECKYIO MPOYHOCTh U
rapaHTUPYET IETOCTHOCTh MEMOPAaHbI.

Paccmotpum 00IIMe TOJI0XKEHHS TEXHOJOTHH Mpolecca YabTpaduiIbTpallii B KIACCHUECKOM HC-
MOJTHEHUH, KOTOpas NMPUMEHEHAa M B JDKEHpaHOATAHCKUX YIbTPa(UIBTPAIIMOHHBIX YCTaHOBKAX (pUCY-
HOK 2) [6].

HexodHas
600a

)

NaOC! We now Kistmora

6

Pucynok 2 — JlnarpamMma OTOKOB IpoLiecca yiabTpaduIbTpaluu:
1 — Hacoc UCXOIHOM BOBI;, 2 — (GUIIBTP MPEABAPUTENHHOTO OCBETIICHNUS; 3 — yabTpaduiIbTpaunoHHasi MeMOpaHa;
4 — npeHax; 5 — mojava BO3AyXa MO JaBJICHUEM; 6 — KOMIIEKC OOpaTHOM MPOMBIBKH;
7 — Hacoc 0OpaTHOM MPOMBIBKH; & — EMKOCTh (pHIIBTpATa Ui OOpATHOH MPOMBIBKH; 9 — GUIBTpaT

Figure 2 — Ultrafiltration process flow diagram:
1 — feed water pump; 2 — pre-clarification filter; 3 — ultrafiltration membrane; 4 — drainage; 5 — pressurized air supply;
6 — backwash complex;7 — backwash pump; 8 — backwash filtrate tank; 9 — filtrate

Kak BugHO M3 pUCYHKa 2, TTIaBHBIMH y3JIaMH YIbTPa(UIbTPAMOHHON YCTaHOBKH SIBIISIIOTCSI HACOC
MOJaYd MCXOAHOW BOIBI Ha (UIBTPHI NPEeNBApPUTENBHOIO OCBETIACHHS (ITOT Y3€7I HE CUUTAETCS
00s13aTeNIbHBIM U €r0 HAIWYHME HANpsMYIO CBSI3aHO C MyTHOCTBIO MCXOIHOM BOJbI), CTOMKH C MOAYJISIMH
YIBTpaQUIBTPALMA U €eMKOCTH (UIbTpaTa/00paTHON MPOMBIBKU. B 3aBUCHMOCTH OT KauyecTBa UCXOIHOM
BOJIBI MOT'YT HCIIOJIb30BaThCS YCTPOMCTBA TO3UPOBAHUS XUMUKATOB.

Ha mxelipanbatanckux yibTpadMIbTPAlMOHHBIX YCTAaHOBKaxX IPU OOpPaTHONW IPOMBIBKE HCIIONb-
3ytoTcs peareHThl: Tunoxjoput Hatpus (NaOCl 200 mr/xn) ms nesundekuunu, menods (NaOH pH 12-13)
u xucnora (06eraHno HCI pH 1). Bce peareHTBI COOTBETCTBYIOT KJIacCy «XUMHUYECKH 4YUCThIe» [6]. B
HacTosiee BpeMs B (GUIbTpax MperBapUTEIFHOIO OCBETJICHHS HE MPEAyCMOTpeHa oOpaTHasl MPOMBIBKA
XMUMUYECKUMHU PeareHTaMH.

Jnst cozganus B cucteMe HeoOXOAMMOTO JaBIICHHS MCXOIHAsi BOAA MOJACTCS HMPU MOMOLIM Hacoca
(Q — 4 m*/ hour H — 2 m) [6]. [Tepex MozayaeM ynbTpadHUIbTPAIINK BOJA MPOMYCKACTCS Yepe3 Tak Ha3bl-
BaeMble (DMIBTPHI IPEABAPUTENBHOIO OCBEeTIEeHUs ¢ pazMepamu mop 200 MKM, KOTOpble OT(UIBTPO-

— 3 ——
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BEIBAIOT TPyOBbI€ YACTHIBI, MPEIOXPaHssl TeM CaMbIM YJIbTPapHIbTPANIMOHHBIE MeMOpaHbl OT MEXaHH-
YECKUX MOBPEXKACHUH, W IPEIOTBPAIIAIOT YpE3MEPHOE 3arps3HEeHNe TOBEPXHOCTH MEMOPaH.

[Mocne mpenBapuTENbHOTO OCBETIICHUS BOAA MOJ naBieHHeM 1,5-2 Gap momaeTcst HeMOCPEACTBEHHO
Ha TOBEPXHOCTh YJIHTPA(PUIBTPAIMOHHBIX MEMOpaH, a OYMIICHHAs BOJA OTBOJUTCS O BHYTPCHHEMY
kaHaiy. [loTOK BOIBI MPOXOMUT Yepe3 yIbTpapMIbTPAlMOHHBIE MEMOpaHbI M IOCTYMaeT B €MKOCTh
¢buapTpaTa/00paTHON TMPOMBIBKH. llepHOIMIHOCT, OOpaTHOM TPOMBIBKH JII MEMOpaH HampsMyIo
3aBHCUT OT KaueCTBa BOJBI, IOCTYMAOIIEH HA MOBEPXHOCTh MEMOpaH, U MPOUCXOUT B aBTOMATHYECKOM
peXHUMe B 3aBUCUMOCTH OT U3MEHEHHS JaBIICHUSI.

B 3aBucumocTH OT XapakTepa W KOJHMYECTBa 3arps3HeHHs oOpaTHas MPOMBIBKA MPOUCXOINT KaK C
Jo00aBJICHUEM XUMHUCCKUX PEareHTOB, Tak U 0e3 Hux. OOpaTHas MPOMBIBKA ¢ T0OABJICHHEM XUMHUYECKHUX
peareHTOB MPOBOJUTCS B TEX CIIy4asXx, KOTJa 3arpsA3HCHUC MOBEPXHOCTH (DHIBTPOB HMEET XapakTep
OmooOpacTaHus 1 0OBIYHASI 0OpaTHAS MMPOMBIBKA HE CIIOCOOCTBYET MAJICHUIO JTABICHUS TTepe] PHIbTpaMHu.

Kak BumHO U3 pUCyHKa 1, B HACTOsAIIEe BpeMs [Jist 0OpaTHOMN MPOMBIBKH UCIIOJIB3YIOTCS TP pearcHTa
(TMIIOXJIOPUT HATPUs, CONISIHAS KHCIIOTa U TUAPOKCUA HATPHUS). 37€Ch TUIIOXJIOPUT HATPUS TPUMEHSICTCS
Jutst ae3nH(exn. [ maBHas ponp menoun — 6opbba ¢ OnoodpacTaHreM, a poilb KHUCIOTHl — PaCTBOPEHUE
HEOPTaHWYEeCKNX KapOOHATHBIX COEAMHEHUH.

Kak ormeuanoch, BO BpeMsi OYpHOTO LIBETEHHUS IMATOMOBBIX BOJOPOCICH OOpaTHas MPOMBIBKA C
WCTIOJh30BAaHUEM YKa3aHHBIX PeareHToB He Bceraa ObiBaeT d(dekTuBHOI. Ha ocHOBe MpoBeIeHHBIX HAMU
SKCIIEPUMEHTOB OBLJIO BBISIBIICEHO, YTO TJIABHBIM COCTABIIAIONINM OMOIIIEHOK, 00pa3yromuXcs Ha MOBEpX-
HOCTH YJbTpaUIbTPALIMOHHBIX MEMOpaH, SBJISIOTCSA JTUATOMOBBIC BOJIOPOCIH, MOKPHITHIE CUIMKATHBIM
MAHIMPEM, YCTOHYHMBBIM K OOJIBITMHCTBY XUMUKATOB Ha KOPOTKOE BpeMsl BO3/ieicTBus [7].

C yderoMm 3TOr0 Hamu OBUIO TPEJIOKEHO BKIOYUTH B CTaJUI0 OOpAaTHOW IMPOMBIBKH DPacTBOP
cynbhata MeAW B KOHIEHTpaIusax 1, 2 U 3 Mr/i, KOTOphIA 32 KOPOTKOE BPeMs BO3JICHCTBHS CIOCOOCH
JICaKTUBUPOBATH TIaBHYIO COCTABJISIONIYIO0 OMOIUICHOK — JIMaTOMOBBIC BOJOPOCIIH.

bromexaHn3M WHaKTHBAIMK CyJb()aTOM MEIV 3aKJII0YaeTcsl B TOM, YTO MeIb B COCTaBe JaHHOTO
COEIMHEHHS JIETKO CBA3BIBAETCS C OeNKaMu B MEPBYIO odepelh I'pHOOB M TUATOMOBBIX BOJOPOCIEH,
KOTOpBIE OTHOCHTEIHHO BBICOKOPE3UCTEHTHBI [8] K COEOWHEHMSM, MpPHUMEHAEMBbIM TIpu 0OpaTHOI
MIPOMBIBKE B CHCTEMAaX yIbTpadUiIbTPAI[H BOMIBI.

Marepuajbl 1 MeTOAbI HccJe0BaHUA. UTOOBI BRIACHUTH XapaKTep BIUSHUS CylbdaTa Meau Ha
MPOIECCHl B CUCTEME YJIbTpadUIbTpaluy, ObUIM MPOBEACHBI SKCIIEPUMEHTHl Ha MUJIOTHON YCTaHOBKE,
coOpaHHOI 10 cxeMe, TOKa3aHHOW Ha PUCYHKE 3.

Pucynok 3 — Cxema NuJIOTHO#H yibTpaduiibTPaliOHHON YCTAaHOBKH:
1 —ucxoaHas BoAa; 2 — HACOC UCXOOHOM BOMBL; 3 — QUIBTP NpeaBapuTeabHOro ocBeTacHus 200 MKkM;
4 — ynpTpaduIbTpaliOHHAs MeMOpaHa Ha OCHOBE TIONMBUHIIACHPTOPUAA; 5 — IPEHAX; 6 — EMKOCTb A priIbTpaTa;
7 — ounILeHHas BoAa; § — Hacoc 00paTHOM MpoMbIBKH; 9 — emkocTh it HC,
10 — emxocts mast NaOH; 11 — emxocts miist NaOCl; 12 — emxocts st CuSQOy

Figure 3 — Scheme of a pilot ultrafiltration unit:
1 — feed water; 2 — feed water pump; 3 — pre-clarification filter 200 pm;
4 — ultrafiltration membrane based on polyvinylidene fluoride; 5 — drainage; 6 — filtrate tank; 7 — purified water;
8 — backwash pump; 9 — HCI tank; /0 — NaOH tank; // — NaOCl tank; /2 — CuSO, tank

[TapameTrpbl KadyecTBa UCXOAHON BOJBI M3 JKelipaHOATaHCKOTO BOJOXPAHUJIUINA JaHbl B Ta0uuie 1.
Hcxonnas Boga moJ naBieHreM 2 0ap C MOMOIIbIO Hacoca Oblia moxaHa Ha 200-MUKPOHHBIH JUCKOBBIT
(GUIBTp TSI IPEIBAPUTEIHFHOTO OCBETIICHHS.
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Tabnuna 1 — [lapameTpsl KadyecTBa HCXOAHOW BOABI, MOCTYMAIONIEH Ha QMIBTP MPEeIBAPUTEIHLHOTO OCBETIICHHS
u nocie ¢rtsTparyn Ha 200-MUKPOHHBIX JUCKOBBIX (QHIBTPAX MPEIBAPUTEILHOTO OCBETICHHS

Table 1 — Parameters of the quality of the source water entering the pre-clarification filter and after pre-clarification filters

Ne Mapavetp Ennrmna bi (o) npl;[;[agzgpigil{oro nocle gi?uih;f)jlgsnbﬂoro
HaMEpeHIA OCBETIICHHS OCBETIICHHS
1 Temmnepatypa °C 22 22
2 MyTHOCTB NTU 7,7 6,8
3 B3BemenHsle BemecTsa mg/l 4,2 3,8
4 AxTtuBHas peakuus Bojasl pH — 8,55 8,55
5 Cyxoit ocrarok npu 105 °C mg/1 248 241
6 3ompHOCTH TIpH 600 °C mg/l 1,7 1,4
7 O6mue konuopMHBIE OaKTepHU CFU/100ml 189 176
8 E.coli CFU/100ml 0 0
9 Enterococci CFU/100ml 0 0
10 OMY 22 °C CFU/1ml 93 70
11 OMUY 37 °C CFU/1ml >300 >300
12 Kietku cune-3en€HbIX Boopocieit C3B xii/min 1610 1412
13 Menp mg/l 0 0

ITocne mepBoit ctamuu ocBeTineHuS Ha 200-MUKPOHHBIX AUCKOBBIX (GHIBTpax (TapaMeTphl KauecTBa
KOTOpOH JaHbl B Tabuuile 1) Boga mocie norepu Hamopa B 0,2 Oap mox nasjieHueM B 1,8 Oap moctynuia
Ha HOBBII MOZYJIb YIBTPadUIBTPALIMOHHON MeMOpaHbl Ha OCHOBE MOJMBHHMWIACH(TOPHIA.

W3 ananmza Tabmuiel 1 MOKHO CIeNaTh BBIBO, YTO XOTh M MAJIO3aMETHBIE, HO BCE-TaKd M3MEHEHHS B
MOKA3aTelsIX Ka4eCTBa 0 M IOCIe IPEBAPUTEIHHOTO OCBETIeHNsT HabmogaroTcst. Oco00 CTOUT OTMETHUTH
W3MEHEHUS, TPOU30LIEAIINE B MUKPOOHOJIOTHYECKHUX MTOKa3aTeNsX.

Ha pucynkax 4-7 nmokaszaHbpl AuarpaMMbl MUKPOOHOJIOTHYECKHUX JAaHHBIX 110 YETHIPEM TTOKa3aTessM,
0oTOOpaHHBIE Yepe3 Kk pie 4 4 1Mociie IpeBapUTEIbHOTO OCBETICHHUS.

Kak BuaHO M3 AumarpaMMbl, B Havaje mporecca (GUIBTPOBAHHS C TEUEHHEM BPEMEHH KOJIHYECTBO
MHUKpoOopranu3MoB npu 22 °C 3aaepkuBaeTcsi Ha TOBepXHOCTH 200-MHUKPOHHBIX (HIBTPOB IMpeaBapu-
TeNBHOTO OcBeTyieHWs. Ho mocne ompeneneHHol TOYKK (Ha pucyHKe 4 3TO TOouka coorBercTByeT 20 4
HETPEPBIBHOW Pa0bOTHI PIIBTPA) 3aepPKUBAaHHE MUKPOOPTAaHU3MOB CYIIIECTBEHHO YMEHBIIIACTCSL.
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Pucynok 4 — O6miee mukpo6HOe yrcio npu 22 °C gepes Kaxasie 4 4 mocie NpeABapuTeIbHOTO OCBETICHUS

Figure 4 — Total microbial count at 22 °C every 4 hours after pre-clarification
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Pucynok 5 — O6uiee mukpo6Hoe yrcio npu 37 °C uepes Kaxzsie 4 4 nocse NpeABapUTEIbHOIO OCBETICHUS

Figure 5 — Total microbial count at 37 °C every 4 hours after pre-clarification
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Pucynox 6 — O61ee uncio konudopMHBIX OakTepuil depe3 Kaxkable 4 1 mocie IpeIBapUTeIbHOTO OCBETICHHS

Figure 6 — Total coliform counts every 4 hours after pre-clarification
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PI/ICyHOK 7 — Yncio KIeTOK CHHE-3€JIEHBIX Bonopocneﬁ HUepes3 KaXXAbIC 4 4 nocie MpEABAPUTEIILHOTIO OCBETICHUSA

Figure 7 — Number of blue-green algae cells every 4 hours after pre-clarification

AHanoruuHas KapTUHa HaOIIOAAETCs M ATl OCTabHBIX MUKPOOHMOJIOTHUECKHX MOKa3aTeneH (cM. pH-
CyHKH 5-7). IlaHHBIE nuarpaMM (CM. pUCYHKH 4-7) MHTEpECHBI €lle U TeM, YTO Pa3Mepbl MUKpOOpra-
HU3MOB HamHOro MeHbine 200 MkM (camble OONBIIME W3 HUX ATO JUATOMOBBIC BOJIOPOCTH HMEIOT
pasmepsl 50-100 MKM), HO OHU B OMNPEACICHHOM KOJIUYECTBE 3ajJepKUBAtOTCS uUMH. CIEAYIOUINM HH-
TEpeCcHBIM HaOIIofeHHEeM OBUIO TO, YTO 3adepKKa MHUKPOOPraHW3MOB (DUIBTPaMHU IPEIBApUTEIHHOTO
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OCBETJICHHSI TIPOUCXOMIIA HE Cpa3y, a KOJUYECTBO 3a/ICPKUBACMBIX KJICTOK YBEIIMYMBAIOCH C TCUCHUEM
BPEMEHH, YTO TOXKE HATJISAHO BUIHO HA AWarpaMMax.

Bce ckazaHHOE MOXKHO OOBSICHHUTH JIMIIG IMPOIIECCOM CO3MaHMs OWOIUICHKH, IJIT 0Opa3oBaHUS KO-
TOpoi TpedyeTcs ompeneacHHoe BpeMs, paBHoe 4-48 4 [9] B 3aBUCUMOCTH OT THIIAa MUKPOOPTAaHU3MOB U
TeMIepatypsl Boabl. Kak u3BecTHO, OpMHpPOBaHKUE OMOIUICHKA COCTOMT U3 YEThIPEX CTa/IUM.

[lepBast cragmst BOBHWKHOBEHHUS OWOIUIEHKH HA3bIBAETCS CTaaWell aare3sM WM TaK HazbIBaeMas
CTagusd NEPBUYHOTO NPHUKPCIUVICHHUA Ha IMOBCPXHOCThb, B HAIIEM CJIydac Ha IOBEPXHOCTH (1)I/IHI>pr}OHII/IX
aeMeHTOB. ['naBHas 0COOCHHOCTH ATOH CTaguM B TOM, YTO MHUKPOOPTaHHM3MBI MOKA YTO HE UMCIOT
JKECTKOW CBSI3W U JIETKO MEPEXOMAT B IUIAHKTOHHYI0 Gopmy. Ha pucyHkax 4-7 sTa cTamusi COOTBETCTBYET
MIEPBBIM BOCBMH dacaM paboTsl (GHUIBTpA.

Ha pucynke 8 moka3ana mpoba moJi MEKPOCKOIIOM, TIOJydeHHasl ¢ MOBEPXHOCTU (PHIIbTpa MOCHe 8 U
paboTHL.

a o

Pucynok 8 — IIpo6a noa MUKPOCKOIIOM, TOJTy4YEHHAs! C HOBEPXHOCTH (HIIBTpA:
a —mnocne 8 4 pabotsl (yBenmuerne 13x40); 6 — mocne 16 1 padotsl (yBenuuenue 13x40)

Figure 8 — Microscopic sample obtained from the filter surface:
a — after 8 hours of operation (magnification 13x40); b — after 16 hours of operation (magnification 13x40)

Bropas cramus — 310 cTamus ¢ukcaiuu. B 3TOH CTaguu MUKPOOPTaHU3MbI C TIOMOIIBIO BBIpadaThI-
BaEeMbIX UMU ke (DEPMEHTOB TUIOTHO MPUKPEILISAIOTCS K MOBEPXHOCTH (Ha PUCYHKE 8 3Ta CTajus yCIOBHO
COOTBETCTBYET BpeMeHH 8-16 4 paboThl QUIIETpa), UMEHHO IIOCIe ATOW CTaAWH OOpaTHas MPOMBIBKA
¢UIBTPOB O€3 XUMUIECKUX PEareHTOB HE MIPUBOINT K KEJIAEMOMY Pe3yJIbTaTy.

Tpetbs craaust — 3TO CTaausl CO3peBaHUs OMOTUICHKH. [ TaBHast 0COOCHHOCTh 3TOH cTagnu — 0Opaso-
BaHUE KOJIOHMHU. B 3Toii cTamuu co3zmaercs moiHOLeHHas OuorieHka. MUKpPOOpraHU3Mbl HAYUHAKOT pas-
MHOJKaThCsl BHYTpH OMOIDIEHKH. K TOMy e HOBBIM KJIETKaM MHKPOOPTaHH3MOB, KOTOPBIE TIOCTYTAIOT C
MCXOIHOM BOJIOW, HAMHOTO JIETUe CIUTHCS C YKE CO3PEBIICH OMOIUICHKOM.

DTOT MpoIEecc COMPOBOKAAICS POCTOM JABIICHUS BOJBI Niepel] GUIBTPOM, UTO HANPSIMYIO YKA3bIBACT
Ha yBeJMUYeHUe 3arps3HeHus GpunbTpa (pUCyHOK 9).
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Pucynok 9 — JlaBnenue Boasl nepes GHIBTPOM IPEABAPUTEIEHOTO OCBETICHHS

Figure 9 — Water pressure in front of the pre-clarification filter
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[Ipu meranpHOM paccMoTpeHHH rpadrka Ha pUCYHKE 9 MOXHO 3aMETHTh, YTO YBEIMUEHHUE JTaBIICHS
nepen pUIBTPOM MPEIBAPUTEIHHOTO OCBETIIEHUS MMEeT CKauykooOpas3HbIN xapakrep. Ecnmm ydects, 4To
mporecc GIIBTPAUK MPOTEKaT HEMPEPHIBHO, TO B Weaje KpHBas W3MEHEHUs JaBIIEHUS JODKHA OBITh
mosoroif. Ilocie MOBTOPHBIX 3aMepOB W HM3yUEHHS XapaKTepa 3arps3HeHHs MO MHKPOCKOTOM OBLIO
3aMEUeHO SIBHOE 00Opa3oBaHHWe OMOOOpacTaHWs Ha IMOBEPXHOCTH (PIIBTPA, OCHOBHBIM KOMITOHEHTOM
KOTOPOTO SIBIISIFOTCSI AMAaTOMOBBIE BOJOPOCIH. B HECKONBKHX CIIydasx ITOBTOPEHHS HKCIEpPUMEHTa
OmooOpacTaHre HE YIaIsUIOCh MPOIIECCOM OOPAaTHOHM MPOMBIBKH W MPUXOIMIOCH pa3ouparh GUIBTPH U
YAANATh HAKOMHMBIIEECS 3arps3HEHNE MEXaHWYEeCKH. YBEJIHMUeHHE YHcia OOpaTHBIX MPOMBIBOK M POCT
BPEMEHH ITPOMBIBKHM HE IPUHECIH CYIECTBEHHBIX TOJIOKUTEIBFHBIX PE3yIbTATOB.

UetBepTast cTagust — 3TO CTaaus JAerpeccud. B oToil cTanny u3-3a HEXBATKU MMHUTATENBHBIX BEIIECTB
HEKOTOPBIE KJIIETKH OTHEISIOTCS OT O0IIel Macchl OMOIIICHKH M MEPEXOIT B TUTAHKTOHHYIO (hopMy, UTO
MPUBOANT K YBEIMUEHHUIO YHCIA MHUKPOOPTaHU3MOB B TPEIBAPUTEIIEHO OCBETIIEHHOW BOZAE. JTO MBI
HaIISIIHO BUAMM Ha pUCYHKE 9 mociie 16 4 HenpephIBHOU paboThI (PHIIETPOB.

C yd4eToM NEpeUYHCICHHBIX (AKTOB HAMH OBUTO MPEUIOKEHO Ha CTaaud OOpaTHOW IPOMBIBKH
MIPUMEHUTH PACTBOP CyJb(aTa MEIW B KOHIEHTpamusIX 1, 2 u 3 MI/a1 B TeUeHHE 5 MHH, YTO TPUBEIO K
TTOJIOKHUTENBHBIM pe3yibTaTtaM (pucyHok 10). MakcuManbHBIN 3¢ ¢GekT ObUT AOCTUTHYT IPH KOHIICH-
Tpamuy pacTBopa cyibdara Mean 2 MI/JI, ¥ JalbHEeHIIee YBeTUIeHHe KOHIIEHTPAIIUN He TIPUBOAMIIO €T0
K CyIIECTBEHHOMY POCTY.

BAR
25 2,4
2,4
23 2,2
2,2 2,1 2,1 2,1
2,1 / /
2,0 2,1
1,8

Hawano Yepe3z 4 yaca  uepes 8 UYepes 12 UYepes 16 Uepes 20 uepes 24 yaca
nporuecca 4acoB 4acoB 4acoB 4acoB
Be3 mpomMbIBKHI CUSO4 1 mr/n CuSO0O4 2 mr/n

CuSO4 3 mr/n

Pucynok 10 — JlaBnenue Bosl nepel GHIBTPOM IPEIBAPUTETHHOTO OCBETICHHS C IPHMEHEHHEM
cTaguu oOpaTHOMN MPOMBIBKU pacTBOpaMu Cyib(aTa Meau B KOHIEHTpAuAX 1, 2 1 3 Mr/1 B TeueHne 5 MUH

Figure 10 — Water pressure before the pre-clarification filter using a backwash stage
with copper sulfate solutions at concentrations of 1, 2 and 3 mg/1 for 5 minutes

Tab6nuua 2 — KauecTBO BoibI MOCiIE (QHIBTPALIMK YePe3 HOBYIO YIbTpaduiibTPaHOHHYI0 MeMOpaHy

Table 2 — Water quality after filtration through a new ultrafiltration membrane

Ne TTapametpsr Enunnna m3mepeHns TTapameTpsl nocine yapTpaguiIbTpanum
1 Temmnepatypa °C 22
2 MyTHOCTB NTU 0,23
3 B3BewenHnble BemecTsa mg/1 >0,1
4 AxruBHas peakuus Bojsl pH - 8,55
5 Cyxoii octarok mpu 105 °C mg/1 235
6 3onbHOCTH IpU 600 °C mg/1 0
7 Oo6ume xonudopmMHbIe GaKTepUU CFU/100ml 0
8 E.coli CFU/100ml 0
9 Enterococci CFU/100ml 0
10 OMUY 22 °C CFU/Iml 0
11 OMHU 37 °C CFU/1ml 0
12 Knetku cune-3en€HbIX BOZOpOCei C3B xi/mi 0
13 Menb mg /1 0
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[ocne nmpeaBapUTENbHOTO OCBETIICHHS Bo/ia Obliia MOABEPTHYTa yIbTpadUIbTPALIHOHHON OYUCTKE Ha
MOJIMBUHMIICH(TOPHIOBBIX MEMOpaHax.

ITocne dumpTpamuu yepe3 (HOBYIO) yiIbTpaHIbTpallMOHHYI0O MeMOpaHy Oblia IOJydeHa BOJa,
rapaMeTphl KauecTBa KOTOPOH aHbl B Tabmuile 2.

Kak BugHO n3 Tabmuipl 2, Boga ObUIa MOTy4eHa MPaKTUUYECKH HIealbHOTO KadecTBa. [ maBHas mpo-
Oiema 3aKirodanach B Ype3MEPHOM 3arpsA3HEHUH IOBEPXHOCTH MEMOpaHBI B JOBOJBHO KOPOTKOE BpeMs,
YTO TPUBOJMIO K TMOBBIINICHHIO NaBieHUs (pUcyHOK 11) mepex (GUIbTPOM U YMEHBIICHUIO CKOPOCTH
¢unpTpanmu. Kak u B GuipTpax nmpenBapuTeNHOIO OCBETICHHUS BOABI, TOBOJBHO YaCThIE U PaCTSHYTHIC
BO BPEMEHHU MpOIecChl 00OpaTHONH MPOMBIBKM HE NMPHBOAWIM K JKEIaeMOMY pe3yJbTaTy, HECMOTps Ha
IPUMEHEHHE XUMUYECKUX PEAareHTOB.

BAR
2,3

2,2
2,1
2,0
1,9
1,8
1,7

Hawano Yepez4 waca  uyepes § Uepes 12 Uepes 16 Uepes 20 uepe3 24 gaca
nporecca 4acoB 4acoB 4acoB 4acoB
— [laBnenue 6ap

PucyHok 11 — Mi3MeHeHHe naBieHHs BOJBI HEpe MOAYJIEM YIbTpadHIbTPALIMOHHON MEMOpPaHbI B TEUCHUE CYTOK

Figure 11 — Change in water pressure in front of the ultrafiltration membrane module during the day

[Ipu nmeramsHOM paccMoTpeHun rpaduka Ha pucyHke 11 MOXXHO 3aMETHTBH, UYTO yBEIHYEHHE IaB-
neHus: nepe] GUIBTPOM YIbTpadMILTPAMOHHON MeMOpaHBI Tak ke, KaKk W nepen (GuibTpoM IpenBa-
PUTEIHHOTO OCBETICHHS, UMEET CKAYKOOOPAa3HEIi XapakTep.

Paznuune HaOMIOOAIOCH JUITH BO BpeMEHH. B MaHHOM ciydae CKadoK OTMEYalics yxke Ha 4-8 9
HenpepbiBHOW puinbTpanuu. Eciu yuects, uTo nporece GUIbTpaiy NpoTeKal HelpepbIBHO, TO B Heale
KpUBasi U3MEHEHHS JIABJICHUS JIOJDKHA ObLIa OBITH MOJIOTOM, YeTO Ha pEaIbHOM KapTUHE HE BUIHO.

Kak u s GuinbTpoB MpenBapUTEIbHOTO OCBETIICHUS Ha CTaJAMH OOPATHOW MPOMBIBKH, OBLI MPH-
MEHEH PacTBOp Ccyih(hara MeAu B KOHIICHTpaIuax 1 u 2 Mr/im B TedeHne 5 MuH. M 3TO TIpHUBENO K TOJIO-
JKUTEIBHBIM PE3yNbTaTaM, KOTOPBIE HATJSAHO MOYKEM BUAETH HAa PUCYHKE 12.

BAR
2,1 )
2,0
2,0
1,9 1,83
1,9
1,8 —
1,8 1,8 1.8 1,8 1,8 1,8 1.8
1,7
3 mHs 6 nHel 9nueit 12 mueit 15 mueit 18 mueit 21 nens
paboTsI
be3 npombiBkH CUSO4 1 mr/n CuSO0O4 2 mr/n

PucyHok 12 — JlaBienue BoJibI nepes GuiIbTpoM NpeaBapUTeIbHOTO OCBETICHUS ¢ IPUMEHEHUEM CTa UK
00paTHOI MPOMBIBKM pacTBOpaMu cynb(haTa Meau B KOHIEHTpauusax 1 u 2 mMr/a

Figure 12 — Water pressure before the pre-clarification filter using a backwash stage
with copper sulfate solutions at concentrations of 1 and 2 mg/1
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MaxkcuManbHbIH 3 ¢eKT ObIT JOCTUTHYT YK€ MPHU KOHIEHTpAaIWsIX cyibdara memu 1 Mr/m, u
JaTbHEHIee yBelIndYeHne KOHIIEHTPAUH Cyab(aTa Meau He MPHUBOIMIO K CYIIECTBEHHOMY H3MEHCHHUIO
pe3yabpTaToB. XOTS NepBble 00paTHbIE MPOMBIBKH 0€3 MPUMEHEHHUs] pacTBopa cyibdaTa MeIu W MPHBO-
WU K TOJIOKHUTENBHBIM pPe3ylibTaTaM, HO IPH JUIMTENFHON SKCIUTyaTaluu 3PQEeKTHBHOCTb 0OpaTHBIX
MPOMBIBOK CHIKanach (pucyHOK 13).

BAR

2,1 2 2
2,0

2,0 1,9 1,9

1,9

1,9 1,8 1.8 1,8

1,8
1,8
1,7

3 nust pabotel 6 mHEH 9 nueit 12 muen 15 nueit 18 nueit 21 nus

— Jasnenue 6ap mocie 0OpaTHON IPOMBIBKU

Pucynok 13 — JlaBieHne BoJbI epe MOAYJIEM YIbTpaguIbTPaiOHHONH MeMOpaHEI
nocte 0OpaTHBIX IPOMBIBOK O€3 pacTBopa CyJsb(ara Meu

Figure 13 — Water pressure in front of the ultrafiltration membrane module
after backwashing without copper sulfate solution

Kak BuaHo u3 rpaduka Ha pucyHke 13, 3pPeKTUBHOCTh OOPATHBIX IPOMBIBOK CHHUKAJIACh B CPEIHEM
nocne 12 qHel HenmpephIBHOW SKCIITyaTalluH, YTO OTPAKACTCS HA TpadriKe MOBBINICHUEM JTABICHHS.

IMocie MOBTOPHBIX W3MEPEHWH W M3YYCHUS XapakTepa 3arps3HEHUs 1M0J MUKPOCKOMOM ObLIO 00-
HapykeHo OnooOpacTaHHe Ha TOBEPXHOCTH (WIBTPa, COCTOSINEE B OCHOBHOM W3 JTHATOMOBBIX BOJO-
pocCIeii, 4TO MOATBEPANIIO AHAJIOTHIO ¢ OM000pacTaHUEM Ha (PUIIBTPAX MPEABAPUTEIIEHOTO OCBETICHHUS.

JIabopaTopHble 3KCIEPUMEHTHI HAJ KyJIbTYpaMH, MOJYYCHHBIX W3 OHOIUICHOK, TAaKXKe MoKa3alu
YBEJIMYECHUE B OIIPENEICHHON CTENEHN PE3UCTEHTHOCTH 3TUX KYJIBTYP K paCTBOPY THIPOKCHUA HATPUSL.

3akawuenne. Kak ObLIO yKa3aHO, B BECCHHHE M JICTHHE MECAILBI Ha y37aX JDKeHpaHOATaHCKOM
yIbTpadUIBTPAIIMOHHON YCTAHOBKM HaOIomacTcss OypHoe OnooOpactaHue. AHATH3UPYS MPEAbLIYIIUC
OKCTIEPUMEHTBI, Mbl MPHIUTHA K BBIBOJY, YTO TJIABHOW COCTaBJISIONICH HaOJIOJJaeMbIX HETaTHBHBIX IMPO-
OeCCOB ABJIACTCA HMCHHO N3MEHYHMBLIN MHKpO6I/IOJ’IOI‘I/I‘I€CKHﬁ COCTaB BOJbI B BCCCHHHC MCCAIIBI.
[TpU4HHBI 3TOTO HETATUBHOTO SBJICHUS PACCMOTPEHBI B CTaThe «BIUsHHUE CTEMICHN CE30HHBIX KOJICOAHUT
camoouuieHus Boabl JlkelpaHOaTaHCKOTO BOJOXPAHWIHINA HA TMPOIECC BOJOMOJATOTOBKH METOIOM
yinbTpaduisTpam» [10].

OOpaTHasi TIPOMBIBKA Y3JIOB YJIbTpa(UIBTPAIMOHHBIX YCTAaHOBOK Kak C peareHtamu (Ienodb,
KHCJIOTa U XJIOPCOJCPIKAIINE PearcHThl THUIA THIIOXJIOPUTOB), TaK M 0€3 HUX HE MPHUBOAUT K MPEIOT-
BpAITICHUIO 00pa30BaHUS M IOCTEIIEHHOTO HAKOIICHHS OMO0OOpacTaHWs Ha IMOBEPXHOCTH (DHIBTPOB, Kak
MPEIBAPUTEIHHOTO OCBETJICHHUS, TAK ¥ HAa NMOBEPXHOCTH YJIBTPAQHIBTPAIMOHHBIX MeMOpaH. DTOMYy CIO-
COOCTBOBAJIO YBEJINYCHUIO PE3UCTCHTHOCTH MUKPOOPTraHU3MOB KaK K IIENIOYH, TAK M K XJIOPCOAEPKAIIM
peareHTaM B cocTaBe OWMOIUICHOK. [10o3TOMy Hamu Obla SKCIEPUMEHTAIBHO JoKazaHa 3((EKTHBHOCTD
WCIIOJIb30BaHUsI BO BPeMsi 0OpaTHBIX POMBIBOK PacTBOPOB Cyib(daTa MeIu B KOHIICHTPAIMIX 2 MI/J JIJIst
(UIBTPOB TIPEIBAPUTEIBHOTO OCBETIICHUS M | MT/I IS ynbTpaguiIbTPAllMOHHBIX MEMOpaH Ha OCHOBE
NOJUBHHWIICH(TOpHIA.

Hu B oHOM M3 0TOOpaHHBIX MOCJE OCBETJICHUS MPOO BOJABI HE OBbUIO 3aUKCUPOBAHO HATHYUS MEIH
B KOHIICHTPAIIHSIX, MPEBBIMIAIOIIMX (OHOBOE, YTO Ha Topsaaok Hke [1JIK mist muTheBoii BOAbI.

[IpoBeneHHbIC SKCIEPUMEHTHI HE BBISBHIM HETAaTUBHOTO BIMSHHS pacTBopa cynbdara Meau Ha
HENIOCTHOCTh YNbTPadUIbTPAIIOHHBIX MeMOpaH Ha OCHOBE MOJIMBUHWIICHOTOPUIA B CPEIHECPOYHOM
nepcriektuBe. s u3ydeHUs BIUSHUS CylbdaTa MEAW B JIOJITOCPOYHON NEPCHEKTUBE SKCIICPUMCH-
TaJbHBIC PAOOTHI MPOAOIKAIOTCS.
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Jis mpenoTBpallieHus MOMAaJaHus COJICH MEIu B OKPYXKAIOIIYI0 CPely B COCTaBE MPOMBIBOYHOM
BOJIbI PEKOMEHYETCS €€ M3BJICUCHUE C MPUMEHEHUEM XeIaToo0pa3yonux COPOCHTOB I XKe TMpolecca
anekTpokoaryssiun [11].
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)KEI‘/‘IPAHBA:TAH YJIbTPACY3T'UII KOHABIPFBIJIAPBIHIAFbI
CYAbI JAUBIHAAYIbl MBIC CYJIb®ATBI EPITIHAICIMEH
KEPI ’)KYY KE3EHIH EHT'I3Y APKbLJIbI OHTAUJIAHABIPY

AnHoTanusi. Makanaga MbIc cynb(arhl epiTiHIUIEpIMEH Kepi IIaio MPOLECIH EeHTi3yaAiH XKep YCTi cy Ke3le-
piHze XBUTIAM TYIICHY Ke3iHIe YIbTPacy3rijiey 9IiCIMEeH CYIbl Ta3apTy MPOILECiHEe ocep eTy MYMKIHIITI KapacThl-
prutansl. Kepi xyy kesiHzme MbIC cynb(aTBIHBIH epiTIHAICpPIH alAbBH aa Ta3apTy Cy3Tiiepl YIIiH 2 MI/1 KoHe TOIH-
BUHWIMICHAI (ropui HeriziHieri ynbTpa@uiIbTPaLsUIbIK MeMOpaHanap yiriH 1 MI/n KOHIEHTpalusaa KOJIaHy
TUIMII ekeHl ToxKipuOe xy3inae monenaenai. HakTbulayaaH KeliH alblHFaH Cy ChIHAMaJIapbIHBIH EIIKAHChIChIHA
MBIC KOHLICHTPAIUACHIHBIH (OHIBIK ASHIel/IeH acaThIHbI OaiiKanMassl, Oy ayb3 cyra apHanral [IPK mamacsiHan
ToMeH. Taxipudenep MbIC cyabdaThl epiTIHAICIHIH OpTa Mep3iM/Ii MePCHEeKTHBaIA MOTUMBUHUINACH I GTOpUI Heri-
3IHICTI YABTPaQIbTPAIMSIIBIK MeMOpaHaIapAblH TYTACTHIFbIHA TEPIC OCEPIH aHBIKTaFaH *OK. MBIC CyIb(paThIHBIH
y3aK Mep3iM/Ii IePCIIeKTUBAA dCEPiH 3epTTey OOMBIHINA TOHKIPHOCITIK KYMBICTAP KAIFacyia.

Tyiiinai ce3mep: cynsl Tazapry, TUCKUI cy3riiepiae MUKpoQuIbTpamnus, yibTpacysriiey, Kepi xKyy, JKalbl
MHKpOO caHbl, OMOJIOTHSUIBIK JIaCTaHy, ANATOMJIap, OMOTEHIi SJIEMEHTTED.

N. H. Huseynova

Senior Advisor (State Water Resources Agency of Azerbaijan,
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Baku, Azerbaijan; narminhuseynova92@gmail.com)

OPTIMIZATION OF THE WATER TREATMENT PROCESS
AT JEYRANBATAN ULTRAFILTRATION PLANTS BY INCLUDING
A BACKWASH STAGE WITH COPPER SULFATE SOLUTION

Abstract. This article explores the potential impact of introducing a backwash stage using copper sulfate
solution into the ultrafiltration water treatment process during episodes of rapid algal blooming in surface water
sources. Experimental results demonstrate the effectiveness of applying copper sulfate at a concentration of 2 mg/L
for pre-cleaning disc filters and 1 mg/L for backwashing polyvinylidene fluoride ultrafiltration membranes. None of
the water samples taken after clarification showed copper concentrations exceeding background levels, which
remained well below the maximum permissible concentration (MPC) for drinking water. The experiments also found
no negative impact on the structural integrity of polyvinylidene fluoride membranes in the medium term. Long-term
studies are ongoing to assess potential cumulative effects.

Keywords: water treatment, microfiltration on disc filters, ultrafiltration, backwash, total microbial count,
biofouling, diatoms, biogenic elements.
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AKTOBE KAJACHIHBIH TONMBIPAK JKAFJANBIHA
AYBIP METAJIJIAPMEH JIACTAHY IBIH OCEPTH BATAJIAY

AHHoTanus. Makanana AxreOe KamacslHBIH Kypmemm, Mockey, AD3 (Akrebe ¢eppoKopsITIa 3ayBITH),
ABuakaiamsik, 41-mel pa3be3 aliMakTapbl TOMBIPAFbIHBIH MBIpbI (Zn), kagmuii (Cd), kopraceid (Pb) xoHe MBbIC
(Cu) cusKTH ayblp METANAAPMEH JIACTaHy ACHTEHIH 3epTTey HOTIKeNepi KeNTipireH. DIeMeHTTepAiH TeXHOTEH/IIK
koHUeHTpauust koddduuuentrepi (K.), TONbIPaKThIH JacTaHYbIHBIH KUBIHTHIK KopceTKili (Z.) ecentenyi. ATOM/IbI-
a0COPOLMOH/IBIK CIIEKTPOMETPHS TaiiiaiaHa OTBIPHII, KaJAHBIH OPTYPJi aylaHJIapblHAH ajbIHFaH TOINbIPAK ChIHA-
MaJlapblHa Tanaay Kyprisingi. bipkarap afimakrapaa, aram aiftkanna Kypmeinr, Mackey aynaHaapbIHia MBIPBIII TIEH
KaJMUIIIH KOHLEHTpalMsIchl meKTi pykcat erinreH koHueHrpamus (ILPK) kenmeminen apTeiK. bapnbik aiimakrap
OolibIHIIA JTACTaHYIBIH KOCBIH/IBI KepceTKimi Z <16 — jlacTaHyAbIH TOMEHT JCHIeiiH KopceTTi. 3epTTey HaTHKenepi
JKep JKaMBUIFBICBIHA OCEp ETYII YBITTH KYKTEMEHI a3aiTy >KOHE JKOJOTHSIBIK TEMe-TeHMIKTI KallllblHAa KeNTipy
IIapaiapblH €Hri3y KaKeTTUIITiH KepceTei.

Tyidin ce3mep: ayblp MeTanaap, TONBIPAK, JIACTAHY, TONBIPAK CBIHAMACHI, MUKPOYJIEMEHTTEPAIH KbUDKBIMAIIBI
(opmanapsl, TacTaHy I9pEXkeci, el MEKEeH ayMarhbl.

Kipicme. Kazipri Tagma FRUIBIMA-TEXHHKAIBIK TPOTPECC KApKBIHBIHBIH TYPAKTHl TYpAE apTyblHa
0aliTaHBICTBI KOPIIaFaH OPTaHbl, COHBIMEH KaTap OHEPKICINTIK OHAIPIC OPBIHAAPBIH OaKpUIay Macenenepi
oTe ©3eKTi Oombim TaObuTanBl. OHIIpiC KaNABIKTApbl MEH jKaHaMa eHIMIEpi KeNeMiHIH YHeMi apThIl
OTBIPYHI, TAOUFU TE€OXYHeIepre ocep eTeTiHi co3ci3. TomBIpakTRIH KypaMaac OeTiKTepiHiH KONTiri KoHe
OeiKTepIiH ©3apa dpeKeTTecyl MeH Kepi OaiyIaHbICHl TOMBIPAKTH 0ACKAPYABIH KYP/EIi )KoHE KOIl Callabl
TYPaKThl TOCUTIH KaKeT eTe/i. YKanmbsl xKepi maijanaHy TOMBIPAKTHIH KACHETTEPIHE KOHE OJIAP]IbIH a3bIK-
TYJIK HeMece TAJIIBIK OHIIPY, XUMHUSJIBIK 3aybITTap, CyIbl Ta3apTy HEMece KIUMATThl PETTEy >KOHE
TIPIIUTIK €Ty OpTachl CHUSKTBI aJNeyeTTi (QyHKuMsIapbiHa OainmanbicThl [1]. AHTPONOTEHMIK JKYKTEME
OHEPKACIN MEeH aBTOKOJIK JKYHeci JaMbIFaH Kajia jKOHE Kaja arjioMepalusiiapblHa iprejiec aiiMakrapaa
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aHBIK OaliKanmambl. 3ayBITTapAbIH, KOCIIOPBIHAAP MeH (abpuKamapAblH KapKbIHIBI KYMBIC iCTey Ke3iHIe
KOpIIIaFaH oOpTara OPTYPl JlacTaymibl 3aTTapIblH 3MHCCHACHI Tycemi. Tay-keH eHepkociOi »xahaHIbIK
9KOHOMUKAJIBIK TIPOTPECTIH HETi31 PEeTiHIE KBI3MET €T€ OTBIPHIN, IPTYPJl CEKTOPIAPAarbl TalThIPMac
MIMKi3aT Ke3i 00JbIN Ta0buTazb! [2]. Anaiina, Tay-KeH >KYMBICTApBIHBIH KOPIIAraH OpTaFa TUTi3eTiH acepi,
acipece TOMBIPAKTHIH JIACTAaHFaHA, MaHBI3bl XKOHE ©3€KTi IKOJOTHSIIBIK Macelenepre aiHaityaa. Aysip
MeTajgmap — Oyl TOIBIpaKTa y3aK VakKbIT OOWBI CaKTalaThIH €H KAYINTi JKoHE KEH TapairaH JjacTay
aNeMeHTTepiHiH O0ipi Oombim Tabbutansl [3]. Tay-KeH >KyMBICTapbl, acipece THICTI Ta3apTy IMIapaiapbl
OonmaraH JKarmaiiia, Tay-KeH OpBIHIAPBIHAA ayblp MeTajiapAblH aWTapiblKTall JIAaCTaHYBIHA OKEIyl
MYMKiH, OyJ1 KeHiHHEeH >KaKbIH MaHJaFbl aybUIIapyallbUIbIK HEMece e/l MEeKeH aliMakTapblHa Tapaybl
MYMKiH. 3epTTeyyiep 3aybITTap MEH Tay-KeH OpbIHIApbhIHA JKaKbIH OpHAJACKaH TOMBIPAKTapaa aybIp
MeTalJIapblH JIACTaHY JACHICHiHIH dKOFapblUIaFaHbIH KOPCETTi [4].

AxkTebe Kamacel — KazakcTaHHBIH ipi ©HepKocinTik opTanbiFel. Kamama Axrtebe ¢eppoKophITHa
3aybIThl (AD3), «AkrebemyHai» XUMUSUIBIK KoMOMHATHI (AXK), AKTeOe XpoM KOCBIHABUIAPHI 3aYBITHI
(AXK3), Akrebe penbc-apkaiblK 3aybIThl (AP3), Akre6e XXDO CHAKTBI ipi KOCIMOPBIHAAD MKYMBIC
icreitni. Omap KopIimaraH opTa KOMIIOHEHTTEPiHIH OHBIH IMIiHAE TOMBIPAKTHIH TEXHOTCHIIK JIaCTaHYbIHBIH
HET'I3T1 Ke37epiHe jkaTtaasl. TOMBIpaKThl HETI3T1 JaCTalThIH 3aT — KOPFachIH [5].

Kenemi MeH y3aKThIFblHA OaWIAHBICTHI aybIp METAJIap MEH META/UIOMATAp KOpIIaFaH OpTara »KoHE
aZlaM JeHCayJbIFbIHA alTapibIKTall Kayinm TeHmipeni. TaOuru 3KoXKyHelIepAiH JacTaHy Iopexeci MIeKTi
pykcat erinred kouneHtparusuiap (IIIPK) sxyliecinin Herizinme Oaramananmbl. On KopImaraH OpPTaHBIH
caracelHa KOWBIIATHIH KOHE HAKTHI 3aTTap YIIiH OCNTiICHEeTiH eH >KOFaphl TallanTap >KYHeciHe »KaTajbl.
TombIpakTarsl ayblp MeTajnap KOHIICHTPALUSCHIHBIH TaOWFH (OHIBIK JICHTCHIHEH achlll KeTyi TaOWFu
SKOXKYHenep/li HalrapiaThill KaHa KOWMal, OHBIH OHMOJOTHSUIBIK JKOJIMEH BLABIpaMalThIH KacHUeTTepi,
VBITTBUIBIFBI JKOHE TYPAKTBUIBIFBI CHSKTBI CHIIATTaMallapblHa OAlIaHBICThI 9JCYMETTIK-3KOHOMHKAIIBIK
Ky#enepre 1e acep eredi [6].

Taburu sSKOXYHENepAiH IacTaHy Jaopekeci MIeKTi pykcaT erinreH kouueHtparwsuap (LIPK)
Xy#eciHiH Heriziame OaranaHampl. 1973 xbeutel BY ¥-ma kaObuimanrad skahaHIBIK MOHHTOPHHT Oarmap-
JaMachlHAa YII ayblp MeTayul OOJIIbl: KOPFAChIH, KaJMUI XoHE ChIHaI, Oipak keitinipek BYY Kopmaran
opranbl Kopray OarmapnamackiHbiH (UNEP) ecebinnme eH kayinTi KeTi ayblp MeTaun (MBIC, Kalaifbl,
BaHAIINH, XpOM, MOJTUOMICH, KOOAIBT, HUKENb) JKOHE YIII METALION] (CYpMe, MBIIIBSK, CEJICH) aTal Kep-
ceTiunai. MBIIIbSIK, KaJMHA, XpOM, KOPFAChIH JKOHE ChIHAIl CUSKTHI aybIp METAJIap JKYHEIK YhITThUIBIKTHI
tyabipansl [7]. Kelibip merammap (MapraHel, KOpFachlH, BaHAJMil) IIEKTI PYKCAT €TUITCH KOHIICH-
TpaMACHl, eKiHIIi Merannap (KaaMuid, MBIC, HUKENb, MBIPHIII) OODKaMIbl PYKCAT €TiLNreH KOHIICH-
TpaIusACHl, VIIHIIN MeTanmap (KoOaidbT, XpPOM) TOMBIPAKTHIH JIACTAHY JOPEKECIHIH HOMITHPHKAIBIK
KpuTepuil OoibIHIIA OaranaHajbl KOHE TINTI TOMEH JCHTeHIe ocep eTKEHJE Ji¢ aJlaMHBIH KONTereH
MYIIenepiH 3aKpiMaaybl MyMKiH [8]. TombIpakThIH ayblp MeTallapMeH JIaCTaHYbIHBIH ayKbIMIIBI MOHH-
TOPHHTIHE KOJ JKETKi3y VIIiH KeHOip 3epTreysep THIePCHEKTPIIK MapKamsap MeEH JJIEMEHTTEpHiH
KOHIICHTPAIMSICHl apachIHIaFbl CAaHABIK KaThIHACTAPAbl OpHATyFa THIPBICTBI [9]. JlacTaHy ke3mepi MeH
JIACTaHy ocepi apachlHIArbl OAWIAHBICTBI CaHMABIK Oaranay ayblp MeETaNJap/blH JacTaHybIH OaKbLIay
CTpaTeTusIapblH 93ipiiey YIIH JoNipek aHbIKTamMa Oepe amambl. JIocTypili CTaTHCTHKAIBIK MOJEIBICD
KkeOiHece OYJI KaThIHACTHI 1971 Tanaai anMaiisl. COHFbI KBIIIAPHI aybIp METAJIIAP/IbIH JTaCTaHYbIH TaJ1ay
yiiH ken Kabattel nepuentpon (MLP) sxone xacannpl HeHpoHIBIK xeinep (ANN) CHAKTH MalIMHAIBIK
OKBITY SficTepi KeHiHEeH KOJIaHBUIABI, OUTKEeHI ONapIbIH JKOFaphl O0InKay IONIITi MEH SKOHOMHUKAIIBIK
THIMILTITI sxoFapsI [10].

3epTTey JKYMBICBIHBIH MaKcaThl — AKTO0e KalaChIHBIH 9PTYPJIi ayJdaHIapbIHAa TOIMBIPAKTHIH aybIp
MetangapMmet (Zn, Cu, Cd, Pb) nactany neHreiiin Oaranay.

Marepuajagap MeH daicTep. AKTo0¢ KaTaCHIHBIH COJTYCTIK ayMaFbl KOHBIp)Kail KYprak nana cyO0-
30HACBIHBIH WIETIHJIETi OHTYCTIK KapallipiK TONbIpaKTapjia, ajl KalFaH Oeliri Kyprak nxana cy030Ha-
CBHIHBIHBIH JlaJla aiiMarbIHBIH Kapa KOHBIP TOIBIpAaKTapbIHAa OpHamacKaH. OHTYCTIK Kapamripik cy030-
HACBIHAAFHI TOIBIPAKTAp OHTYCTIK COPTaHIbl Kapallipik *oHE OHTYCTIK COPTaHIbI KapallipiKTiH COpTaH
KapalllipiriHiH KelleHiHeH Typajabl. KalaHblH CONTYCTIK-IIBIFRIC OOJIrH Kapa KOHBIP, JaMbIMaraH JKOHE
TOJIBIK JaMbIMaraH (KCepoMOP(ThI) KHBIPIIBIK TACThI TOMBIPAKTAp ajbIl kKaThlp. baThiC, OHTYCTIK KoHE
IIBIFBIC OONIKTEepiHAE COpPTaHABl Kapa KOHBIP TOMBIPAKTHIH COPTaH TOIBIPAFRIMEH KeIllleHI KeHiHeH
TapanFraH. Enex e3eHiHIH JXaHbIMallbl JKOHE Teppaccaibl yd4acKellepl IMMaIFBIHABl TOIBIpAKTapIaH
KypaJraH.
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OHTYCTIK COPTaH/bI Kapa TOMBIPAKTap T'yMyC KaOaThIHBIH IICTIHIC KYPAMbBIH/IA ChIABIM/IBLIBIFBIHBIH
5 %-nmaH apThIK anMacaThlH Na 0ap THIFBI3A]IFaH COPTaH TOPU3OHTTHIH OONybIHA OAMIaHBICTHI COPTaH
Oompim TaOBUTANEI. Bysl TOmBIpak KemieHmepi OWiK Teppaccanaplarbl ayblp JKBIHBICTAPFA HEMEcCe Kep
OeTiHe JKaKbIH OpHAJIAaCKaH aybIp TY3/IbI XKBIHBICTAPFa TOH Oonajbl. Kapa KOHBIp, TaMbIMaraH >KOHE TOJBIK
JaMbIMaraH (KcepoMOp(Thl) KHUBIPIUBIK TacThl TomblpakTapaa 90-110 cM TepeHIOIKTeH THUIIC KOHE Te3
epuTiH Ty3map ke3gecenmi. | yMyc KaOaThIHBIH KaubHIBIFE 30-50 cM apalbIFbIHAA, al TyMyC IIEH a30T
Meuepi caiikecinmie 2,5-4,5 % sxone 0,15-0,30 % apanbirbiHa e3repim oTbipaas [11].

MexaHuKanbIK KypaMbl OOHMBIHIIIA Kajla TONBIPAKTAphl JSITIOBHAIIBI Ca3aap MEH ayblp ca3laKTap.ibl
OOJBITT KeNesi, COHPIMEH KaTap OpTallla ca3/ibl, XKEeHII ca3/iaK, KyMIaK, KABIPIIBIK TaCThI TOIBIPAKTapIaH
na xezmeceni. Ca3el )KoHE aybIp ca3abl TOMBIPAKTAP JIETTE Kapallipik IMeH Kapa KOHBIP TOMBIpaKTaphIHA
TOH. MeXaHUKaNbIK KypaMbl >KaFbIHAH JXCHIJ KBIHBICTap — (U3UKAIBIK ca3 OeIIeKTepiHiH Memmepi
mamameH 25-30% OonaTelH opTamia XoHE JKEHIN ca3/lak HeridiHeH Akre0Oe Kajla arjoMepamnusChIHBIH
MIBIFBIC Oejtirinae TapaysraH. Kymmak Tombipakrap AkTe0Oe Kaja arjoMeparusSChIHBIH OHTYCTIK-OaThIC
Oedirinae opHanackaH. KUbIPIIBIK TaCThl TOMBIPAK KaJaHBIH COJITYCTIK )KOHE IIBIFBIC OOJIITIHAe JaMblFaH
[11].

Tombipak celHaMalapblH aly YIIiH Kajla ayMarblHaH Oec aynmaH TaHnanasl: Kypmeim, Mackey, AD3
(AkTebe (eppoKopbITHa 3aybIThl), ABHaKanamblk, 41-mi pazbe3n (1-cyper). YurinepaiH OapIibIFsl
MeMJIeKeTapalblK cTangapTka [12] coiikec anbiael. CeiHamanap 0-15 cM TepeHOIKTe aibIHIBL, Oy
TOTBIPAKTHIH JKOFAPFBI TYMYC TOPHU30HTHIHA COMKEC KeJe/Ii.
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AxTe0e Kanachl TONBIPAFBIHBIH ayblp METaJIapMEH JIACTAHY[ABIH dCepiH Oaraiay TepPT MHKpO-
anementTepaid (Zn, Cu, Cd, Pb) xpupKpIManbel opManapblHbIH HeTi3iHAe Kyprizinmi. OmapaslH KOH-
nenTpauusuiapbl «0.0. OcnaHoB aTeiHAarbl Ka3ak TONBIpakTaHy »oHE arpoOXMMHUS FBUIBIMH-3EpPTTEY
uHCcTHTYTHD JKIIC ceprudukanmsiiaHFral ChIHAK 3epTXaHACHIHBIH 0a3achlHAa aTOMBI-a0COPOIMOHIBIK
criekrpomeTpus Specord 210 PLUS kypansiabiy (1-kecTe) koMeTriMeH aHBIKTaIIbI.
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1-xecte — TomnbIpak KypamMbIH eJlIeyTre KONJaHbUIFaH Kypajaap

Table 1 — Instruments used for measuring soil composition

};\g{ Kypburest Typi 3aybIT HOMIpI Til;caejﬁi;}};pﬁgm maﬁ?;;ﬁ?bm
1 Specord 210 PLUS 223F1426/1199 Jﬁg&éﬁf 80127 14.06.2025 .
I I ooy ! 26062025
3 ;Iia/i‘;gzg’f 4‘1’$r‘[’iMeTp 779792/6/u fillgééélzfi'f 79500 14.06.2025 .
4 2?;131%1%1 Tapaskl 1227250240 Jggfgg%fi;” 682 06.12.2024 .
s | e I b i

3epTTeneTiH ayMaKThIH TOMBIPAK KAMBUIFBICBIHBIH JIACTAHYBIH OKOJOTHSIBIK Oaramay KesiHme
AIIEMEHTTEP KOHIICHTPANFACHIHBIH KodddunneHti (K.) XoHE JacTaHyIbIH >KUBIHTHIK KepceTkimn (Z,.)
KoJimaHeanel. bynm mamanap Akre0e Kanmachkl TONBIPAFBIHBIH ayblp METalIapMEH JIACTAHYIIBIH OCEpiH
Oaranmayra MYMKiHIIK Oepezmi. TombIpakTHIH JIaCTaHy Kaylli HEFYpJIBIM >KOrapbl Oojca, K, KepceTkim
OipmikreH acansl (K>1).

XUMUSIIBIK 2JIEMEHTTIH KOHIICHTpalus ko3 uiuenti (K.) keneci hopmysia OOMBIHINA €CeNTENC I

KC:Ci/Cd)om ) ( 1 )

MyHzaFbl, C; — aHBIKTAIaThIH JJIEMEHTTIH IC XKY31HAEr KOHLIEHTpauuscel, MI/Kr; Cg,, — DIEMEHTTIH
TONBIPAKTAFEl (POHIBIK KOHIICHTPAUACH, MI/KT [13].

Tomblpak KaMbUIFBICHIHBIH OKOJOTHSUIBIK JKaFJaiblH OarajiayIbIH KOJIAHBICTAFbl TKiIpUOeci
TOTBIPAKTAFBl 3JIEMEHTTEP/IIH TeOXUMHSIBIK (OHBIH KOJJaHyFa, COHAAW-aK JIACTAHYBIHBIH JKUBIHTHIK
Kod(h(PUIMEHTIH ecenTeyre HETI3NeNTreH JKOHE HOPMATHBTIK-OJICTEMENIK KyKaTTapma OekiTiuireH Z.
naiinanansutanel [14]. On (Z.) agam JeHcayJbIFbIHA KOJNAHCBI3 9cep eTYyIiH WHIUKATOPHI JKOHE aybIp
MeTaIIapblH TOMBIPAKTHIH JIACTAHYBIHA YKAJIIbl KOCATHIH YJIECIH aHBIKTAHTBHIH MHTETPAJIbI KOPCETKIII
peTiHIe KeHIHeH MmaigananeaTelH Koddoumuent [15]. OHbl QOHABIK KOpCETKIITepre KaTbICTHI
TokcuKoorusutblK - KayinTumiktig I, II, III ceiHBIMTaphiHA >KaTaThIH TOKCHKAHTTApIbIH (JacTayibl
3aTTap[blH) LIOFBIPIaHy KOA((HUIHUEHTTEPiHIH KOCBHIHIBICH pPETiHIE aHBIKTalIbl jKoHE Keneci (opmya
OOMBIHIIIA €CETITENI:

Zc = Qs K - (n - 1), 2)

MyHAarbl, K. — -1l XUMHSUTBIK SJEMEHTTIH KOHIICHTpanus Kod()QUITMEHTI; n — SCENTeNeTiH dJIeMEeHT-
TEpHAiH CaHEIL.

AybIp MeTalJapMeH JIaCTaHybIH OCEpiH CHUNATTAWThIH 7. MOHIHIH JUana3oHIapbl Keleciiei
OoJIaabl:

Z.< 16 — TOMEHTI JIacTaHy JCHTEHI;

16 <Z.< 33 — opraiia jjactaHy JCHIeki;

32 < Z. < 64 — xoraphl 1acTaHy, KayinTi IeHreun;

64 <Z. < 128 — MakCUMaJIIBI JTACTaHy, TOTCHINIE KAyiITi JeHren [16].

HoTukesiep koHe oj1apabl Tajaay. AJbIHFaH MOHJICP HOPMATHBTIK JCPEKTEPMEH, aTan alTKaHIa
IICKTI pYKcaT eTiIeTiH KoHIeHTparus [17] xoHe eHipiik (GOHIBIK ISHIeHMEH CalbICTHIPBLULABI (2-KecTe)
[18].

Muipvuu (Zn). En xorapsl koHueHTpanus Kypmbiir (22,4 mr/kr) xone Mackey (27,1 mr/kr) aiima-
FBIHJIA TiPKENTeH, OYJI TEOXUMUSIIBIK ()OH KOHIICHTPALUSAChIHAH achIl Tyceai. EH TOMEeHTi KOHIEHTpaIus
ABWakKanamnpIK aiiMarblHIa aHBIKTaFaH (2,6 Mr/kr), sFHU QoHHaH 6,2 ece TeMeH, Oy Oacka aymaHmapra
KaparaHaa aiTapibIKTaid ToMeH (2-CypeT).

Mpuic (Cu). MpIC KOHIIEHTpAIUACHI OapIIbIK 3epTTey alMaKTapblHIa HOPMATHBTEH TOMEH OOJIIbI
(3-cyper).
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2-kecte — AKTO0E Kanachl TOMBIPAFbIHAAFBI ayBIP METAIT KOHIIEHTPALUACH

Table 2 — Concentration of heavy metals in the soil of Aktobe City

Zn | Cu | cd | Pb
Tomsipax T eOXUMHUSIIBIK, (OH, MI/KT
CBIHAMACHIH
aJly OpHEL 16,2 | 6,9 | 1,1 ‘ 1,6
TonbIpak ChIHaMaIaPbIHAAFbI KOHLEHTPALHS, MI/KT
Kypmpimr 22,4 0,60 1,10 1,10
Mackey 27,1 0,50 0,90 1,00
AD3 4,2 0,50 0,90 1,10
ABHaKaaImisIk 2,60 1,10 0,70 1,00
41-mi pa3zbe3n 12,30 0,90 0,60 1,00
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2-cypeT — AKTe0e Kaachl TONBIPAFbIHAAFEI MBIPBIIITHIH KOHIEHTpanusaceH IIIPK-Men canbicTeIpy

Figure 2 — Comparison of zinc concentrations in Aktobe City soil with Maximum Permissible Concentrations (MPC)
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3-cypeT — AKTebe Kajachl TONBIParbIHAAFEl MBICTBIH KOHIIEHTparuschiH IIIPK-meH canbicThipy

Figure 3 — Comparison of copper concentrations in Aktobe City soil with Maximum Permissible Concentrations (MPC)

Kaomuii (Cd). Kypmeitn aynansigars! (1,10 Mr/kr) kaaiMAl KOHIIEHTPALUSACH TEOXUMUSIIBIK (DOHFa
TeH, al Mockey skoHe A®D3 aymaHmapbslHIAFsl ayblp MeTammapMeH yactany wmejmepi (0,90 mr/kr)
OipuiamMa TeMEH OOJFaHbIH KepceTTi. JKammbl ToOmbIpaK ChIHAMAchl ajibIlHFaH ayaaHiapia KaaMui
KOHIICHTPAIIUSICHI KAJIBINTHI Meep/e (4-cyper).
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4-cypet — AKTe0e Kalachl TONBIParbIHAAFEI KaIMHUIIH KoHIeHTpanuschH [IIPK-MeH canbicTeipy

Figure 4 — Comparison of cadmium concentrations in Aktobe City soil with Maximum Permissible Concentrations (MPC)

Kopzacwin (Pb). bapnblk chlHamMa airy HYKTeJepiHaeri KoprachklH KoHIeHTpamusichl 1,00—-1,10 mr/kr
apaJIBIFBIHAA O0JIIEI, OYIT JJacTaHy ACHTeHiHIH TOMEHIITIH KepceTem (5-cyper).
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5-cypet — AKTe0e Kajlachl TONBIPAFbIHIAFEl KOPFaChIHHBIH KoHIEeHTpauusaceH LIIPK-mMeH canpicThIpy

Figure 5 — Comparison of lead concentrations in Aktobe City soil with Maximum Permissible Concentrations (MPC)

1. Kypmouu (Kepeii xan xeweci). CplHaMa albIHFaH HYKTENEpJeri TOIBIPAK KypaMbIHIAFbl MBbI-
peimThH C; KOHIEHTpAICH (POHABIK KOPCETKIMITEH JKOFaphl JKoHE KaJMHUH KOHIIEHTPAIUsACH (OHHAH
10%-ra kemn. JlactranyabsiH KOCBIHABI KopceTkint Z.=0,16 (Z.<16 — nacTanyIbIH TOMEHI1 ACHICH1).

2. Mockey (Bepximbaesa kewieci). CblHaMa albIHFaH HYKTEJEpAETi TOMBIPAK KYPaMBIHIAFbl MBI-
peiTeiH C; KOHIEHTPAMACHI (POHIBIK KOPCETKIMITEH >KOoFaphl. JlacTaHymbIH KOCBIHIBI KOPCETKIIT
7.=0,19 (Z.<16 — nacranyabIlH TOMEHTI JCHIC1).

3. AD3 (312 Amxwiuumap Huseuzusacel 0anevlivi). 3epTTEY KOPBITHIHIBICHI ChIHAMAAA aybIp METal-
JapabIH KOHIICHTPAITUSACH TOMEHIITIH KOpCceTTi, OyI arajnraH aiMakTa aHTPOIIOTCHIIK >KYKTEMEHiH
TOMEHJIITIHE OaiyaHBICTBI 00Mybl MYyMKiH. JlacTaHyaslH KOCBIHABI Kepcerkimi Z.~ -1,16 (Z.<16 -
JIACTaHYJBIH TOMEHTI JCHTCH1).

4. Asuakanawwlx (bBexenbati 6ameip xewieci). HoTnxke KOPBITHIHIBICH OOWBIHINA TOIBIPAK Kypa-
MBIH/Ia aybIp METAIMapABIH KOHIICHTPAHUICH ToMeH. JlacTaHyabIH KOCHIHABI KopceTkimti Z.=-1,41 (Z.<16
— JIaCTaHY/IbIH TOMEHT'1 ICHTel1).

5. 41-wi paszve30 (Amanusazosa keweci). JlacranynpH KOCBIHABI KopceTkimi Z.= -0,93 (Z.<16 — nac-
TaHYIBIH TOMEHT1 neHreiti) (3-kecte) (6-cyper).
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3-kecte — 3epTTey altMaKTaphl TONBIPAFBIHAFBI aybIP METaIAAPABIH SKBIDKBIMAIIB! (hopManapsl,

KOHIICHTpANUs KO3PPUIUCHTTEPI JKOHE JIACTaHYIbIH KHUBIHTHIK KOPCETKIIITEPi

Table 3 — Mobile forms of heavy metals, concentration coefficients, and integrated pollution indices in the soil of study areas

DneMeHTTep Zn Cu Cd Pb
DOHIBIK KOHLIEHTpaLUs 16,2 6,9 1,1 1,6
Kypwmem (Kepeit xaH kerreci)
MuKpo37IeMeHTTEPAIH KBUDKBIMANE (hopMaIapsl, MI/KT 22,4 0,60 1,10 1,10
K. 1,38 0,09 1 0,69
Z. 0,16
Mackey (bepkimbaeBa kereci)
MHUKpPO3IEeMEHTTEPAIH JKbUDKBIMAIIBI popManapsl, MI/Kr 27,1 0,50 0,90 1,00
K. 1,67 0,07 0,82 0,63
Z, 0,19
A®3 (312 Atkprurap JAMBU3HACH JaHFBLIBI)
MuKpo3IeMEeHTTEpAIH KBUDKBIMAIIB! (hopMaapsl, MI/KT 4,2 0,50 0,90 1,10
K. 0,26 0,07 0,82 0,69
Z, -1,16
Asnaxanamsik (beren6aii 0aTeip Kereci)
MuKpo3IeMEHTTEPAIH KBUDKBIMAIE (hopMaapsl, MI/KT 2,60 1,10 0,70 1,00
K. 0,16 0,16 0,64 0,63
Z. -1,41
41-mri pa3be3n (ATaHUA30BA KOIIEC)
MHUKpPO3JIEeMEHTTEPAIH JKbUDKBIMAIIBI popManapsl, MI/Kr 12,30 0,90 0,60 1,00
K. 0,76 0,13 0,55 0,63
Z, -0,93

KopsiTbinabl. 3epTTey *KyMBICBIHAa AKToOe Kajachl TONBIPAFbIHBIH MBIPHIN (Zn), xkaamuit (Cd),
kKopracelH (Pb) sxoHe Mpic (Cu) CHSIKTBI ayblp MeETaNJapMeH JIacTaHy IeHreliH 3epTTenii. ABTopiap
3epTTey JKYPri3y YIIiH TONBIPAKTaFbl ayblp MeTaJAapAblH KOHIEHTPAIMSICHIH AT aHBIKTayFa MYMKIHIIIK
OepeTiH aTOMABIK aOCOPOIUSIIBIK CIIEKTPOMETPHS dICIH KoygaH bl. JKypri3uireH 3epTrey HOTHKECIHIe
AKTe0e KaJlachl TOTIBIPAFBIHBIH aybIp METAIAAPMEH, acipece MbIpbI (Zn) neH kaamuiiMer (Cd) adiTap-
JBIKTal JTacTaHybl aHBIKTaABl. KypMmbIm skoHe Mackey ayqaHmapbIiHAa MBIPBIII TIEH KaJIMUil KOHIIEHTpa-
[USICHI TEOXUMUSITBIK, (DOHHAH acaThIHBI aHBIKTAJIFaH, OYJI OHEPKICINTIK HbICAHAap MEH KOJIiK MarucTpalb-
JTApBIHBIH KAKbIHJBIFbIHA OaiinaHbicThl. A AD3, ABuakanamblk, 41-11i pa3be3]] CUSKTHI 0acka aliMak-
Tap/la aHTPOINOTEHMIK XYKTeME MEH ayblp MeTaUIAapMeH TOIBIpaKTapAblH JIaCTaHy JEHIreii TeMeH
Oonael. AKTeOE KamackIHBIH 3€pTTENTeH alfMaKTaphIHIAFhI JJAaCTaHYIbIH JKaJIBl KepceTkimti (Z,) 16-man a3
00s1bI, OYJI JIACTaHYJBIH TOMEH JCHIeHe eKeHIIrH kepceTeni. TexHOreHIiK KOHIeHTpaus kod3ddu-
nueHTTepi (K.) ®oHE JacTaHyIbIH KUBIHTBHIK KOpCeTKimi (Z,.) ecenTeni, Oy eHepKacinTiK OenceH I imiri
JKOFaphl aynaHmap €H JIaCTaHFaHBIH pacTanbl. JlacTaHyIbIH Kalmbl KepceTkimnn (Z,) ToMeH OOJFaHMEH,
KeHOip JacTaymibl 3aTTap/blH HOPMaJaH achlll KeTyl HIBIFApBIHABUIAPBI a3aliTyFa KOHE TOIBIPAK Kaf-
JAbIH KaKcapTyFa OaFbITTalFaH dKOJOTHSUIBIK OaraapiaManapasl 93ipiey KoHe iCKe achlpy KaXKeTTiTiriH
KepceTe/i, COHbIMEH KaTap JKOFapbhlia aWThUIFaH ayJaHJapJarbl ayblp MeTal KOHIICHTPAIUSCHIHBIH
JKOFapblIaybl TOMBIPAKKA YBITTHI )KYKTEMEHI a3aiiTy miapaiapblH YHBIMIACTRIPYIbI KAXKET eTeldl. 3epTTey
HOTIDKENIEPl JKOJOTHSUIBIK TEMe-TCHIKTI KaJIblHA KENTipy YIINiIH MOHUTOPHUHI TICH TEXHOJOTHSIIBIK
IIapanapabl eHri3y KaKeTTUIriH KepceTeli. bynm ocipece aiMaKTBIH KapKbIHABI ©HEPKACINTIK JaMybl
KarJablHAa XalbIKTBIH JCHCAYJBIFBl MEH KOpIIaraH OpTaHBI CaKTay YIIiH eTe MaHbI3IbL. HoTmxkenep
MOHHUTOPHHT JKOHE TEXHOJOTHSJIBIK INapanapibl KOoca allFaHAa, SKOJOTHSUIBIK Tere-TeHIIKTI KaJlbiHa
KeNTIpyAiH KeUICH I TOCUTIHIH KaXKETTUTITH KOpceTe .
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Figure 6 — Map of soil pollution by heavy metals
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OIIEHKA BJIMSAHUA 3ATPA3ZHEHUA TAXKEJIBIMUA METAJIJIAMUA
HA MIOYBEHHBIE YCJIOBUA I'OPOJA AKTOBE

AnHoTanust. [IpuBonsiTcs pe3ynbTaThl HCCIEI0BaHHUS YPOBHS 3arpsi3HEHUsI MO4BHI paiionoB Kypwmbii, MockBa,
AD3 (AxTio0uHCKHH (eppocIiaBHBIN 3aBOJ), ABUAroposiok, 41-it pazbesn ropona AKTo0e TSDKEIBIME METaJUIAMH,
TaKUMH, KaK IUHK (Zn), kaamuii (Cd), ceurer (Pb) u mens (Cu). Paccunransl koappUIHEHTH TEXHOTE€HHOH KOH-
neHrpanuu nemenToB (Kc), cymMmapHblil okasarenp 3arps3HeHus moussl (Zc). C nmoMonipio aToMHO-a0copOIMoH-
HOH CIIEKTPOMETPHUH IIPOBEJECH aHaIW3 MpoO MMOYBBI U3 pa3HBIX palloHOB ropona. B pspe palioHOB, TakuX, Kak
Kypwmbli, MockBa, KOHIIEHTpanusi UHKA M KaJMHs IPEBBIIAET MpeAeiabHo pomycTuMble koHueHTpanuu (IT1K).
CyMMapHBIH TIOKa3aTeNlb 3arps3HEHUS 10 BCEM perHoHaM Zc<l6 mokas3all HH3KHH YpOBEHb 3arps3HeHus. HeoO-
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XOJUMO OCYILECTBIISITh MEPBI 10 CHUKEHUIO TOKCHYECKON HAarpy3KH Ha NOYBEHHBIM MOKPOB U BOCCTAHOBIEHUU
9KOJIOTHYECKOTO0 PABHOBECHS.
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ASSESSMENT OF HEAVY METAL POLLUTION IMPACT
ON SOIL CONDITIONS OF AKTOBE CITY

Abstract. This article presents the results of a study on soil contamination levels in several districts of Aktobe —
Kurmysh, Moscow, AFP (Aktobe Ferroalloy Plant), Aviakalashyk, and the 41st siding — by heavy metals such as
zinc (Zn), cadmium (Cd), lead (Pb), and copper (Cu). The coefficients of anthropogenic concentration (Kc) and total
pollution (Zc) were calculated. Soil samples from various areas were analyzed using atomic absorption spectrometry.
In certain districts, particularly Kurmysh and Moscow, zinc and cadmium concentrations were found to exceed the
maximum permissible concentrations (MPC). However, the total pollution index across all areas remained below
Zc < 16, indicating a low overall level of contamination. The study highlights the need to implement measures aimed
at reducing the toxic load on soils and restoring ecological balance.

Keywords: heavy metals, soil, pollution, soil samples, mobile forms of microelements, pollution degree,
settlement territory.
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KAPTOI'PA®NYECKAS OINEHKA
JJAHAITA®THO-9KOJIOTHYECKOI'O COCTOAHUA
SAITATHO-KA3AXCTAHCKOI'O PETUOHA

AHHoTanusi. [IpencraBiieHbl pe3ynbTaThl OLEHKH JIAaHAMA(THO-IKOJIOTHYECKOTO COCTOSHUS 3amaaHo-Ka-
3aXCTaHCKOTO PErHOHAa, KOTOpasi MpoBeleHa Ha OCHOBE MOJIEBBIX HccienoBaHuii W aaHHbIX /33 (2023-2025 rr.).
Pa3paborana kapra nmaHAMAdTHO-IKOJIOTHUECKOTO COCTOSHMSA pervoHa B macmrade 1:1 500 000. Kaprorpadwu-
YeCKHH aHaJM3 PKOJIOTHYECKOH CHTyallMH PEruoHa IOKa3al, YTO HauOOoJbIIME IUIOLIAAM 3aHUMAIOT JIaHAIIA(THI
YIOBIIETBOPUTENIBEHOTO SKOJIOTHYECKOro coctostus (57,8 % miomaayn pernoHa), KOTopble UMEIOTCS BO BCEX BblJie-
JICHHBIX MPUPOAHBIX KOMIUICKCAx, I'Ic HpeOGJ’Ia}IaIOLHI/IMI/I BUAAMH aHTPONOICHHOT'O BOSﬂeﬁCTBHH ABJIAKOTCA IAaCT-
OMIIHBIN, arpOreHHbIN, arpoONPOMBIIUICHHBIH U BOJOX03IHCTBEHHbIH. [IpupoHbIe KOMIUIEKCHI OJaronpusTHOIO U
OTHOCHUTENBHO OJIarONPHUATHOTO 3KOJIOTHYECKOTO COCTOSIHUS 3aHUMaroT 32,8 % ruromany pernoHa U IpuypoUYeHbl K
MOJYIYCTHIHHBIM M ITyCTBIHHBIM paifoHaM, ITO/IBEPXKEHHBIM BO3IEHCTBHIO MACTOMIIHOTO >KMBOTHOBOACTBA. Harrps-
JKEHHOE M KPH3HCHOE KOJIOTMYECKOE COCTOSTHHE JIaHMmadToB Habmronaercs Ha 9,4 % TeppUTOpHUU perMoHa W Xa-
paKkTepu3yeTcsl 3HaYUTEIbHBIMI HAPYIICHUSMH BHYTPWIAHAMIA(THBIX CBS3€H M 3HAYMTEIBHBIMU HOTEPSIMU TPH-
poIHO-pecypcHOro moreHnuana. Cka3aHHOE OTHOCHUTCS K paifoHaM JOOBIYH HEQTH U rasa.

KiroueBble c1oBa: KapTupoBaHUe, IPUPOAHBIE KOMIIIEKCHI, aHTPOIIOTEHHOE BO3/eiicTBHE, JTaHAMAa()THO-3KO-
JIOTHYECKOE COCTOSIHUE.

Beenenne. CoBpeMeHHOE JIaHAMIA(THO-3KOJIOTUYECKOE cOCTOsiHME —3amanHo-Kaszaxcranckoro
peruoHa (HopMHUpYETCs 10, BIMSIHUEM IPUPOIHBIX M aHTPOIOI€HHBIX (hakTOpoB. Tepputopus peruoHa B
TE€YeHHE HECKOJIbKMX BEKOB OblJia MOJBEp)KEHa CeNbCKOXO3IWCTBEHHOMY, B YaCTHOCTH MACTOMIIHOMY,
BO3/IecTBUIO. B mocnenHue necsaTUaeTHs: peTHOH UCTIBITHIBAET 3HAYUTEIbHbBIE TEXHOTEHHBIE U JIMHEHHO-
TEXHOTCHHbIE BO3JEICTBUSA BCIEACTBHE MAOOBIMM W TPAHCHOPTUPOBKU YITIEBOZOPOMHOIO  CHIPHS.
Hapamanue 00beMOB 100bIUM He(TH U ra3a B PErMOHE TOBJICKIIO 32 CO0O0M MHTEHCUBHOE 3arpsA3HEHUE
aTMOC(EepHOTro BO31yXa, MOYB, MOBEPXHOCTHHIX M IOA3EMHBIX BOJ, CHM)KEHHE BHJOBOTO OMOpa3HO-
oOpaszust u T.0. McciaenoBaHust MO 3KOJIOTMYECKOMY COCTOsSHHIO JaHAmadgToB 3amagHoro Kazaxcrana
npoBoauuch MHCTHTYTOM Teorpadum u BomHo# OezomacHocTH B 2007-2010 rogax B paMKax IpOeKTa
«MccnenoBaHue 3KOJOTHMUECKOTO COCTOSHHS INPUTPAHUYHBIX paliOHOB ATBIpayCKoil, MaHrucrayckom,
3amagHo-Ka3zaxcranckoit u AkTiOOMHCKOW oOnacteld Kaszaxcrana mns pemieHust mpoOjeM TpaHCIpa-
HAYHOTO Xapakrepa» [1].

KommnekcHble ucciaenoBaHusl  JTaHAMAPTHO-IKOJIOTMYECKOTO COCTOSHHS —3amaJHOro peruoHa
Kazaxcrana npoBeaens! B 2023-2025 rogax KazaxckuM HallMOHaJIbHBIM YHHBEPCUTETOM HM. anb-Dapabu
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B paMKax Iporpammsl «YCTOWYMBOE Pa3BUTHE MPUPOTHO-XO3SHCTBEHHBIX U COLMAIBHO-3KOHOMHUYECKUX
cucteM 3amaaHo-KazaxcraHCKOro permoHa B KOHTEKCTE 3€JICHOTO pPOCTa: KOMIUIEKCHBIN aHalln3, KOH-
eIV, TPOTHO3HBIE OIEHKH W CIICHapum». B pe3ynpTaTe MOJEBBIX WCCIEOBAHUN M HA OCHOBE JTaHHBIX
33 B pamkax 3To# mporpaMMbl YCTAaHOBIICHO, YTO Han0OJIee 3HAYMMBIMU YKOJIOTUUSCKUMH TIPOOIeMaMu
3anaano-Ka3zaxcTtaHcKoro peruoHa siBisitores [2-8]:

1) merpamarysi MOYBEHHO-PACTUTENHHOTO IIOKPOBA U TIOTEPS MIPUPOTHO-PECYPCHOTO MOTEHIINAA;

2) HapyIIeHHe THIPOJIOTUIECKOTO PeKUMa, 3arpsiI3HEHNE TOBEPXHOCTHBIX U TIOJ3EMHBIX BOJI;

3) TpPOMBIIUIEHHOE OCBOCHHE TEPPUTOpHHU (3arpsisHEHHUE aTMOc(epHOro BO3AyxXa, MOYB, TOTEPs
Omopa3HooOpa3us u 1p.);

4) XpaHeHHE 1 YTHIH3AIHS TPOMBIIUICHHBIX H OBITOBBIX OTXOJIOB.

Hens wuccnenoBanus — pa3paboTKa KapThl JaHAIIA(QTHO-3KOJIOTHYECKOTO COCTOSHHSA 3amaIHo-
Kazaxcranckoro pernona B macmrate 1:1 500 000.

Marepuaast u MeToabl uccienoBanus. KaprorpadupoBanne mnanImadTHO-IKOIOTHYECKOTO
coctosamst 3amamHo-Kazaxcranckoro permoHa B Macmrabe 1:1 500 000 ocymiecTBIsUIOCH HA TOCY-
JapCTBEHHOU TomorpauuecKkoll OCHOBE C MCIOJIb30BAHHEM Pa3sHOBPEMEHHBIX KOCMHUYECKUX CHUMKOB B
COOTBETCTBHH C OOMICTIPUHATHIMH METOJaMH TIOJIEBOTO KapTUPOBAaHUS W NMPUMEHEHUs 3HAYUTEIBHOTO
o0beMa pa3HOIMJIAHOBBIX HMH(POPMAIMOHHBIX MCTOYHMKOB M HAYYHBIX OTYETOB: TEeMAaTHYECKUX KapT U
KapTOCXeM; HayYHBIX M IPOM3BOJACTBEHHBIX OTYETOB; (POHIOBBIX U CTATHCTHUECKUX JAAHHBIX OONACTHBIX U
palionHblx akuMaToB 3amanHo-Kazaxcranckoro peruoHa 3a 2020-2025 ropasl; naHHeix HayuHo-mpak-
THYECKOTO TICHTPA CAHUTAPHO-3IHUIECMHUOIOTHIECKON 3KCIepTn3sl M MoHUTOpuHTa PK [9-17], pe3ynb-
TaTOB HCCJIEIOBAHMA IO NpOrpaMMe «YCTOWYHBOE PAa3BUTHE MPHUPOIHO-XO3SMCTBEHHBIX M COIMAIBHO-
SKOHOMHUYECKHX CHCTeM 3amagHo-KazaxcraHCKOro pernoHa B KOHTEKCTE 3€JI€HOTO POCTa: KOMILUIEKCHBII
aHaj N3, KOHIEIITNS, TIPOTHO3HEIE OIICHKH M CIICHApUN», ToAmnporpamm 1-6 3a 2024-2025 roxsr [2-8].

Meroauueckoil OCHOBOM HCCIEAOBAHMS CTal KOMILJIEKC CHUCTEMHOTO, HOPMAaTHUBHO-IIPABOBOIO U
JaHIAPTHO-IKOJIOTHUECKOTO MOAXO0A0B ¢ Hcmonb3oBaHueM MaHHbIX /133 u coBpemenHbix [UC-tex-
HOJIOTUH, BKIIOYAIOIIUX COYETAaHWE BEAYIIMX MPHHIMIIOB W METOAOB JAaHAMAPTOBEISHUS, CEIIbCKOTO
X035HCTBA, YKOJIOTHH, 3€MJICTIONL30BaHUS U 3eMIICYCTpolicTBa U 1p. KapTorpadudeckuit MeTo ] SBIIETCS
TJIaBHBIM METOAOM u3ydeHus. [y co3manus reomH(OpManvoOHHONW 0a3bl AaHHBIX HCCIEJOBaHUS U 00-
pabotku nanubx /(33 ucmonp3oBankl npukiagasie nporpammbl QGIS, ArcGIS, Supermap, ENVI u np.

B meTtogmueckoMm 1utaHe OCHOBHOM CIIOKHOCTBIO OTpEAeNeHHs JaHAma(THO-IKOIOTHIECKOTO CO-
CTOSHHSI PETHOHA MCCIEIOBAHMS SIBJISETCS HECOMOCTaBUMOCTH OIEHOYHBIX ITOKa3aTeiei Mo eauHHIIaM
MU3MEpEeHHs, TaK KaK OJHU HOCSIT KOJIMYECTBEHHBIC, a IPYTHE — KayeCTBEHHbBIE XapakTepucTuku. Hanbomnee
WH(GOPMATHBHBIM SBISIETCS KOJNWYECTBEHHBIN WHTETPANBHBIA ITOAXO0Jl, OCHOBAHHBIM Ha METOJax paH-
JKUPOBAHUS OTIENBbHBIX IOKa3zaTeslell M0 YPOBHIO MX 3KOJOTHUYECKOro cocrossHus [18-26], ¢ mocie-
OYIOUIMM MX CYMMHPOBaHHMEM Ha OCHOBE HCIOJIB30BaHHS METO/Aa «B3BELICHHBIX» OamioB [27], mo3Bo-
JISIONIMNA YBA3aTh pa3HOKAYECTBEHHBIC IMOKA3aTEH ¥ MPOBECTH MX CPABHUTEIBHBIN aHAIN3. DTOT MOIXO]T
MO3BOJIMJI OCYIIECTBUTh WHTETPAIBHYIO OIEHKY JaHAMA(pTHO-IKOJIOTHIECKOTO COCTOSHHS MPHPOTHBIX
KOMIUIEKCOB PETHOHA 110 BBIJICIIEHHBIM MOKa3aTesIM.

BaxxHpiM MOMEHTOM TIpu KapTorpapuueckoil OmeHKe IaHAMA(THO-IKOJIOTHIECKOTO COCTOSHHS
pernoHa crtayi BBIOOp ONTHMANBHOTO YHWCIa TOKa3aTened, KOTOopele Hamboyiee TMOJTHO XapaKTepU3yIOT
9KOJIOTUYECKOE COCTOSIHME BHMIOB JAHAMA(PTOB NMPU KOMIJIEKCHOM BO3JAEHCTBHM IPHPOIHO-aHTPOIO-
TeHHBIX (HakTOpoB. B CBS3M ¢ 3TUM BBIOpaHHBIM KOMIUIEKC TOKa3aTeNeil CrpynnupoBaH HAaMH B TPH KO-
JIOTUYECKU 3HAYMMBIE OLIEHOYHbIE Tpynmnsl [1, 28]:

1. IIpuposHbie yCIOBHS U CBOIMCTBAa MPUPOIHON Cpenbl, OMPEAEAIONINe SKOIOTHYECKOe COCTOSTHIE
pEernoHa, KOTopble BKIHOYAOT:

— KIIUMaTHYECKUE TI0Ka3aTell, KOTOPhIe OIEHUBAINCH Yepe3 COOTHOIICHHE TeIlla W BIaru (THIPO-
TepMUIEeCKU KO (OHUITMEHT) B OTPECIICHABIX BIIaX JIAHIITIA(TOB;

— oporpaduyeckue OCOOCHHOCTH TEPPUTOPUH, KOTOpPHIE OLEHHBAIKMCH 4Yepe3 IOKa3aTelH THIIA
penbeda u CTeneHn ero pacuIeHeHNS;

— THApoJIOTO-THIporeoorndeckoe coctossare [ITK ompenensiioch Mo MIOTHOCTH PEYHOH CETH (KM
HAa KM’), HAJIMYMIO MOJ3EMHBIX BOJHBIX MCTOUHHMKOB M BOJOOOECIICUEHHOCTH HACENCHHS M OTpacieil
MIPOMBIIIUIEHHOCTH U CETTLCKOTO X035ICTBa;

— TIOYBEHHBIE TIOKa3aTelN HaXOJMIMCh 10 KiaccaM OOHUTETa MPeoONafarolIuX I0YB, XapaKTepH-
3YIOUINX X IPUPOJHO-PECYPCHBIN TOTEHITHAT;
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— HaJM4Yue W IUIOMIAJIN MPOSBIEHUS OMACHBIX MPHUPOIHBIX MPOIECCOB OIEHUBAIMCH HA OCHOBaHWUHU
TTOJICBBIX MICCIICIOBAHMM M aHaTN3a KOCMHYECKUX CHUMKOB H TEMaTHIECKUX KapT.

2. Bunpl 1 cTeneHb aHTPOIIOTEHHOTO BO3/ICHCTBYSI Ha IPUPOIHBIC KOMIUIEKCHI, KOTOPbIC (POPMHUPYIOT
9KOJIOTUYECKYIO COCTABIISIONIYIO0 PETHOHA, MTOAPA3/ICIISIOTCS Ha!

— CeIIbCKOXO3AWCTBEHHOE W arpoIPOMBINUICHHOE BO3JEHCTBHS, KOTOPBIC MPOSBISIOTCS B CTEIIEHU
pacmaxaHHOCTH Tepputopuu (% OT 00IIel TIIOmaar CeNbX03yTOAN); CTENeHH U XapaKTepe MPOSBICHUS
WUPPUTALMOHHOTO BO3JeicTBHs (% OT OOIIel MIomaau CeabX03yro/nil); Harpy3ke CKoTa Ha MacTouIa
(xommaectBo TooB Ha 100 ra macTOWIN C y4eTOM MPHPOIHBIX 30H); HAIMYUH >KABOTHOBOMUYECKUX H
MITUIIEBOAYCCKUX TPEANPUATAN (KOJTMYECTBO HA EIWHUITY IUIONIAIN); HAIMYHS CKOTOMOTHIHLHUKOB W
WCIOJIb30BaHMsI TECTHUIMIOB; B JICCOXO3IHCTBEHHOM BO3JCHCTBUU (BhIpYOKa M BBIKOPYEBKA JPEBECHO-
KYCTapHUKOBOW PaCTUTEIILHOCTH);

— TMPOMBINIUICHHO-TEXHOTCHHOE, CENUTEOHOE M JIMHCHHO-AOPOKHOE BUIBI BO3IACHCTBUS BKIIOYAIOT
TaKHe MapaMeTphl, Kak CTEIICHb HAPYIIICHHOCTH TEPPUTOPHUU BCIICACTBUE PA3BUTHS IepepadaThIBaroOIICh U
JOOBIBArOIICH MPOMBINUICHHOCTH (pa3paboTka MECTOPOXKICHUH TOJNE3HBIX HMCKOIMAEMBIX, KapbepoB,
pynaukoB Ha 1000 KMZ); HaJIMYUe XBOCTOXPAHWIIHII, MECT PACIIOJIOXKEHHS IPOMBIIIICHHBIX OTXOAOB, B
TOM YHUCJI€ PaJUMOAKTHUBHBIX; KOJMYECTBO HACEJEHHBIX IMYHKTOB W IJIOTHOCTH HaceneHus Ha 1000 KMZ,
0COOCHHOCTH MH(PACTPYKTYPhI HACEICHHBIX IYHKTOB; MPOTSHKEHHOCTh M IUIOTHOCTh ABTOMOOMJIBHBIX
Jlopor U Tpy6orpoBozos [1];

— BOJIOXO3SHCTBEHHBIM BHIl BO3ICHCTBHS YUNTHIBACT TaKHe ITOKa3aTelId, KaK HapyIIeHWE THIPO-
JIOTHYECKOTO PEXHMMa PEK U CHIDKCHUE BOJHOCTH BCIECACTBUE OE3BO3BPATHOIO H3BATHS BOJBI Ha IMPO-
MBIIUICHHO-CEbCKOX03SIICTBEHHBIC HYK/IbI, OOMEIICHHE 03€p, B TOM YUCIIEe APaIbCKOTO MOPS; CHUKEHUE
ypoBHsi Kacrmiickoro Mopst; UCTOIIEHHE 3alacoB XO3SHCTBEHHO-TIUTHEBBIX BOJ M yXYIIICHUE YCIOBUH
00BOJIHEHHUS ACTOMII M CEHOKOCOB.

3. TlocaenctBuss u (HaKTOpbl aHTPONOTECHHOTO BO3JCHCTBHUS, OOYCIIOBJIMBAIONIUE COBPEMEHHOC
HKOJIOTUYECKOE COCTOSIHHE PETHOHA, BKJIIOYAIOT TaKWe IIOKa3aTelH, KaK 3arpsi3HeHHEe KOMIIOHEHTOB
MIPUPOTHON cpeanl (MMOBEPXHOCTHBIC W TIOJ3EMHBIE BOJBI, ITOYBCHHBIA ITOKPOB, aTMOC(EPHBIH BO3IyX)
BCJICJICTBUE BO3JCUCTBUS IMPOMBIIUICHHBIX M arpoOlPOMBIIUICHHBIX KOMIUICKCOB; TOTEPsS MOYBEHHOTO
TUIOAOPOJMS W CHIDKEHHE OHOJIOTHYECKOTO W JIaHAma(THOTO pa3HoOoOpa3us; yBemudeHue 3abolieBae-
MOCTH HACEJICHUs BCICACTBUEC YXYIIICHHS 3KOJOTHW; MacmTa®d W HaIpaBIICHHOCTH MPOSBICHUS aHT-
POTIOTEHHO O0YCIIOBJICHHBIX MPOIIECCOB U SIBJICHHUH (BTOPUYHOE 3aCOJICHUE, BOJAHAS U BETPOBAs IPO3HH,
3a0osaurBaHue U moarToruieHue) [21, 24, 26].

W3 mepeunciieHHBIX MOKa3aTenel s OIEHKH SKOJIOTUYECKOTO COCTOSIHHS MPHUPOTHBIX KOMITJIEKCOB
3anagro-Ka3axcTaHCKOTO pernoHa HaMu BeIeIeHBI 20 mapaMeTpoB, KOTOPHIC OICHUBAIKMCH B Oaiax 1o
MATUOAIUTEHOM OIICHOYHOH mikaie. CaMblii HU3KHA Oalll MPUCBAMBAJICS TEPPUTOPUSAM C OIarONPUSATHBIM
9KOJIOTUYECKHUM COCTOSHHUEM, & CaMblii BBICOKHH — TEPPUTOPHUAM C HANpSHKEHHBIM H KPU3UCHBIM. J[7st
KKIOTO OIICHOYHOT'O ITOKa3aTellsa pa3paboTaHa KOJIMYECTBEHHAs IMKajia, 0 KOTOPOW IPOBOIMIOCH
pamXUpOBaHUe JIAHAMAPTOB MO CTENEHH KOJIOTMYSCKOTO COCTOSHUsS. Pa3paboTaHbl MOKa3aTesln, KpH-
TEPUH OLICHKH U WX PAH)XXUPOBAHUE IO CTENEHH SKOJIOTMYECKOTO COCTOSHHS MPHUPOHBIX KOMIUICKCOB.
OOmas CcTeneHb HSKOJOTHYECKOTO COCTOSHHUS PETHOHA SBIAETCS KyMYJISATHBHBIM ITOKa3aTelleM BCEX
COCTABJISIFOIINX U PaCCUUTHIBACTCS Kak [1]:

Knac = Hny(1+2+ n) +...t HB.aB (1+2+n) +

+ Hn(baB (1+2+n) + .. (X

rae K., — obmee nmanamadrHO-5KOI0rMUecKoe cocTosinue; Il,, — IpupoaHbBIe YCIOBUS M CBOMCTBa
MPUPOJTHOU CPENBI; [+p+ .. n — YMCIO MapaMeTPOB OIEHKU PAacCMaTPUBAEMBIX MPHUPOJIHBIX YCIOBHH H
cBOiicTB mpupoaHoit cpensl; [l,,, — cTenmeHb W BUA aHTPOMOTEHHOTO BO3ICHCTBHS, |42+, ., — YHCIO
IIapaMeTPOB OLICHKU PA3IMYHBIX BUIOB aHTPOIOI€HHOTO BO3AEHUCTBHUSA; [lyges — MOCTENCTBUS U (DAKTOPEI
AHTPOINIOTEHHOTO BO3AEHCTBUS; |47+ ., — YUCIO IMAPAMETPOB OLIEHKH 3arpsA3HEHUS W HAJIWYWA aHTpPO-
MOTEHHO 00YCIIOBJICHHBIX MTPOIECCOB B JTaHIIa(TaX.

[To cremeHn OCTPOTHI IKOJOTHIECKOTO COCTOSTHHAS MPHUPOIHBIX KOMITIEKCOB PErHOHA MCCIIEIOBAHUS
BBIJICJICHO MATh CTENEHEH: OJaromnpusTHOE, OTHOCHUTEILHO OJIAarONpPHUATHOE, YIOBICTBOPHUTEILHOE, Ha-
MPSDKEHHOE U KPU3UCHOE, KOTOPBIM COOTBETCTBEHHO MPUCBOEH 0asll OT OJHOTO (OAroNpusITHOE) JI0 MSATH
(kpu3uCcHOE) W O cyMMe HawbOollee MH(POPMATHBHBIX MapaMETPOB BO3JCHCTBHUS BBIBEICHBI MpPEICITbI
3HAYCHUHU B Oayuiax IJIs KaXKIOW CTEIIEHH YKOJIOTHUECKOTO COCTOSTHUS JTanamadToB (Tadbmuma 1).
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Tabmuma 1 — KonndecTBeHHas mIKajia SKOJIOTMYECKOTO COCTOSHIA TaHAmadgToB (B Oamnax)

Table 1 — Quantitative scale of ecological state of landscapes (in points)

JlanammagTHO-IKOIOTHUECKOE COCTOSHUE TEPPUTOPHU CymmMa B Ganax
1. braronpusitHoe <25
2. OTHOCUTENBHO OJIarONPHUATHOE 25-40
3. Y10BIE€TBOPUTEIILHOE 41-60
4. HanpspxeHHoe 61-80
5. Kputnueckoe >80

braconpusmnoe sKonocuneckoe COCTOSIHHME WHAMIMPYET JaHIIIA(QTHO-IKOJIOTUYCCKHE YCIOBHUS
pETHOHA UCCIICOBaHUs, MPUOIMKEHHBIC K (DOHOBBIM;, OMHOCUMENbHOE 01a20npusmuoe TPOSIBISICTCS B
HE3HAYUTEIHPHOM HW3MEHEHUH JaHMIA(THO-IKOJIOTHYECKNX IapaMeTpOB M COXpaHEHHH MPHUPOIHO-
PECYPCHOTO M SKOJIOTHYECKOTO PAaBHOBECHS B IPUPOIHO-TeppuTopranbHbix kommiekcax (I1TK).

[pu yoosremeopumenvrom sKon02UYeCKOM COCTOSIHUM B OTACIHbHBIX cocTaBistomux IITK or-
MEYar0TCS HEraTWBHBIC TCHICHIINW W3MEHEHHH, KOTOphIe HOCAT OOpaTHMBIN XapakTep U MpU CHIKEHUH
aHTPOTIOTEHHOTO BO3/IEHCTBHS BO3BPAIIAIOTCS B HCXOAHOE COCTOSHUE.

[Ipu nanpsoscennom sxonocuyeckom COCTOSHUU BO3HUKAIOT 3HAUYUTENBHBIC W3MEHEHHUS B JIaH[-
madTax permoHa, MPOUCXOIUT OBICTPOE HapacTaHWE yYTPO3bl MOTEPH MPHPOTHO-IKOIOTUIECKOTO MOTEH-
uana, KOTOPOE€ MOXKET OBITh NMPHOCTAHOBIEHO NMPH MUHUMH3AINH AHTPOIOTEHHOTO BO3IEHCTBHUS U
MPOBEJCHUU TTPUPOIOOXPAHHBIX MEPOIPUSATHH.

[pu xpusucrom sxonocuueckom cocmosinuu B NaHAmadTaX BO3HUKAIOT TIyOOKHE, 4acTo HeoOpa-
TAMBIE W3MEHEHHs, TOYTH IIOJIHAsS yTpaTa HPUPOIHO-PECYpPCHOTO IOTEHIMANa, Pe3Koe YXYIIICHUE
9KOJIOTUYECKUX YCIIOBUH MPOKUBAHUS M COCTOSHUS 370POBRS HaceneHus. [IprocTaHoBICHNE Xy AIICHUS
9KOJIOTUYECKOW CUTYaIlMU BO3MOXKHO IIPH KapJAWHAIBHOHN MEPEeCTPOHKE CUCTEMBI MPUPOIONIOIB30BAHUS U
3HAYUTENHHBIX (PMHAHCOBBIX BIIOXKECHUSX.

PesyabTaTthl M UX o0cy:kaeHue. 3amanno-Kazaxcranckuii pernon (MaHrucrayckas, ATsIpayckas,
AxTtroOuHcKas U 3ananHo-KazaxcraHckas 00sacTH), BKIFOYAIONIUI B ceOsl pa3HOOOpa3Hbie MPUPOIHBIC
JMaHAmAa(Thl, CTAIKUBAETCS C PAIOM CIOXKHBIX JaHAIA(QTHO-IKOJIOTHYECKUX IMPOOIeM, KOTOphIe B
COBOKYITHOCTH TPHBOASAT K JETpajallid dKOCHUCTEM W yTpaTe MPUPOJHO-PECYPCHOTO MOTEHIHala Tep-
putopuu. OTIeHKa SKOJIOTHIECKOTO COCTOSHUS PETHOHA ITO3BOJIHIA PAHKUPOBATH TEPPUTOPUHU 10 CTETICHH
9KOJIOTUYECKOW HAINPSHKEHHOCTH H  pa3paboTtaTh KapTy «JlaHamadTHO-3KOJIOTHYECKOE COCTOSIHUE
3anagHo-Kazaxcranckoro peruona» macmrada 1:1 500 000. OcHOBOM I cO3MaHUs KapThl MOCITYXKHIIa
naHamadTHas Kapta, 0TOOpakarolas CTPYKTYpy TEPPUTOPHUU KaK COBOKYITHOCTH HPUPOIHBIX W TPH-
POJTHO-aHTPOIIOTC€HHBIX JIAHAMADTOB.

DKOJOTHMYECKOe COCTOSIHHE TPHPOIHBIX KOMIUIEKCOB Ha KapTe OTPaKEHO B TPaHUIAX IOMUHH-
PYIOIINX JIAHAMA(TOB; CTEIIEHh YKOJIOTHIECKOTO COCTOSIHHS MOKa3aHa mBeToM. Iludpamu (B guciurene)
B Mpejesiax JaHAMAPTHBIX BIICIOB OTMEUCHBI SKOJOTHUECKUE MPOOJIeMbI, paHKUPOBAHHBIC TI0 MEPE UX
3HAYUMOCTH U OTIPEACISIONINE SKOJOTHUECKOES COCTOSIHUE BUJIOB JaHIIA(TOB, a B 3HaMeHaTese OyKBEH-
HBIMH WH/IEKCAMH TIOKa3aHbl BUABI AHTPOIIOTEHHOTO BO3ACHCTBHSI.

Kapra «JlanmiadTHO-3K0OIOTHYECKOe COCTOsSTHHE 3amnajHo-Ka3zaxcTaHCKOro permoHa» COMpPOBOXK-
JACTCSl MATPUYHOM JIETCHJIOW, B KOTOPOW YKa3aHbl NpeoOiajaroiiue TPYIIbl BUJIOB JIAHTIIA(QTOB U
OCYIIIECTBIICHO WX PaHXKMPOBaHUE IO CTETICHH PKOJIOTHYECKOW HAMPSHKEHHOCTH M BUIaM aHTPOTIOTEHHOTO
BO3neHicTBHS (PUCYHOK 1).

3HauuTeNbHAs MPOTSKEHHOCTH 3ananaHo-Kazaxcranckoro peruona (3KP) ¢ ceBepa Ha 1or u ¢ 3amaja
Ha BOCTOK, O0YCJIOBITUBAIOIIAs HAJMUNE MIUPOKOTO CHEKTPa MPHUPOTHO-KIUMATHYECKUX 30H, TeOMOP(O-
JIOTUYECKHUX YCIOBHHA M OOINBIIOTO pazHOOOpasusi IMOJIE3HBIX HWCKOMAeMbIX, MPeIoNpeaeiia IHpOKUi
CIIEKTP XO3SUCTBEHHOTO WCIOIB30BAHUS TPHUPOJHBIX KOMIUIEKCOB M, KakK CJIEICTBHE, H3MCHCHUE
IKOJIOTHYECKHX ycioBuil. KapTorpaduueckuii aHamu3 COBPEMEHHOM YKOJIOTHYECKON CUTYaIUU TTO3BOJIMI
YCTaHOBUTH, YTO HAMOOIBIIHE TUIOIAN 3aHUMAIOT JaHIIIA(Thl YAOBICTBOPUTEIHHOTO 3KOJIOTHIECKOTO
coctostaus (57,8 % TuIomanyu peruoHa), IpeaCcTaBICHHBIC BO BCEX BBIJICICHHBIX MPUPOIHBIX KOMIUICKCAX.
[IpeobnagaromuMu BUAaMU BO3JICHCTBHS SIBJISFOTCS MMACTOUIIHBIN, arpOreHHBIH, arpONpPOMBIILICHHBINA U
BOJIOXO3SHCTBEHHBIN (PUCYHOK 2).
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Figure 1 — Ranking of landscapes of the West Kazakhstan region by degree of environmental stress, %
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Figure 2 — Fragment of the map of landscape-ecological state of the West Kazakhstan region
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IIpupoaHble KOMIUIEKCHI OJarompUATHOTO W OTHOCHTENIBHO OJIarOMpUATHOTO 3SKOJOTHYECKOTO
COCTOSIHUST 3aHUMAT 32,8 % mionaay peruoHa W MPUYPOUYCHBI B OCHOBHOM K MOJYMYCTHIHHBIM H
MYCTBIHHBIM palioOHaM, TIOJBEPIKEHHBIM BO3JICHCTBHIO MACTOWIIIHOTO JKHBOTHOBOJCTBA. HampsbkeHHOE 1
KPU3UCHOE 3KOJOTMUYECKOE COCTOSIHUE JaHAIIa(pTOB mpejacTaBicHo Ha 9,4 % TEppUTOPUU U XapaKTe-
pHU3yeTCsl 3HAYUTEILHBIMU HAPYIICHUSIMH B CTPYKTYPE M BHYTPHIAHAMAPTHBIX CBS3SIX, 3HAYUTEILHBIMU
MOTEPSIMU TIPUPOTHO-PECYPCHOTO MOTEHIIMATA B IPUPOIHO-XO3IHCTBECHHBIX CHCTEMaX, TNIABHBIM 00pa3oM
BOBJICUEHHBIX B HpOMI)IHIJIeHHO-IIO6BIBaIOHIee IMPOU3BOJACTBO, M Ha TEPPUTOPUAX, IMOABCPIKCHHBIX
3HAYUTEILHOMY BOJIOXO3SIHICTBEHHOMY BO3/ICHCTBUIO.

AHaNM3 3KOJOTMYECKOTO COCTOSIHUSI MPHUPOHBIX KOMIUIEKCOB B pa3pe3e X NPUHAICHKHOCTH K
OTIpEJICICHHBIM TOJIKIacCaM W ONpPENENICHHBIM TPyMIaM JaHTmapToB JIEMOHCTPHPYET Pa3IUIHYIO
HANPAaBICHHOCTh MX 3KOJIOTHYECKOTO COCTOSHUS (PUCYHOK 3, Tabnuua 2).
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Figure 3 — Ranking of landscapes in the West Kazakhstan region by ecological condition depending
on their belonging to certain subclasses, %

Tabmuna 2 — PamxupoBanue rpymni BUIOB JaHAmadToB 3anagHo-KasaxcTaHCKOro pernoHa
110 CTEIIEHHU KOJIOTHUECKOTO COCTOSHHUS, KM

Table 2 — Ranking of groups of landscape types in the West Kazakhstan region by degree of ecological condition, km?

DKOJIOTNYECKOe COCTOSHHE JIAaHAIIa(hTOB
I'pynnsl BunoB nanamadTon
¢ mpeobaianeM bnaro- OtHocurenbHO | YnmosnerBo- | Hamps- Kpusucroe
HNpUATHOE | OJArompHsATHOE | PHUTEIbHOE | JKEHHOE
MopCKHX paBHHH 3732 43515 81317 14214 4705
O3epHO-AJUTFOBHAIBHBIX PABHUH 19334 57805 11290 488
JlenoBuanbHO-NPOIIOBUANIBHBIX PABHUH 12133 27179 3309
DOIIOBBIX paBHUH 11587 62270 10087
IT1acTOBBIX MITH IIOKOJBHBIX PABHUH 8961 122873 153340 10187 3051
JleHy nariiOHHBIX MEIKOCONOYHUKOB 601 7942 9357 918
TexToHNYeCKH-IeHY JAMOHHBIX HIU3KOTOpHit 1180 950
JlonuHsl pex 2883 10915 6835
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Ha Hm3MeHHBIX paBHMHax 3amagHo-Ka3zaxcTaHCKOTO pEerHoHa HAWOONBIINE ITUTOIAIN 3aHUMArOT
TMaHAmaQTHl MOPCKUX, 03€PHO-AJLTIOBUATBHBIX U ISTIOBUATBHO-TIPOIIOBHATIBHBIX PABHHH, CPEIH KOTOPHIX
28,2 % "X IUIOMAAM XapaKTePU3YIOTCS OJIArONPHUSITHBIM M OTHOCUTEIHHO OJIATONPHUSITHBIM 3KOJIO-
THYECKUM COCTOSTHHEM, 59,6 % — yIOBIETBOPUTENBHBIM U 12,2 % — HaNpPs>KEHHBIM U KPU3UCHBIM 3KO-
JIOTHYECKUM COCTOSTHHEM.

Y [TK BO3BBIICHHBIX paBHUH, MPEACTABICHHBIX IUIACTOBHIMA W IIOKOJBHBIMH paBHUHAMH,
npeobnamaer yaosiaerBopureiabHoe (51,4 % WX TUIOMIANM) M OTHOCHTEIBHO OJarompUsATHOE SKOJIOTH-
geckoe cocrosiane (41,2 % wux mmomtanm). IlpupoaHbie KOMIUIEKCHI HANpsSKEHHOTO M KPHU3HCHOTO
HKOJIOTUYECKOTO COCTOSIHHS 3aHUMAIOT 4,4 % TI01Iaiu BO3BBIIICHHBIX PABHHH.

OTHOCUTENHFHO OJNIATONIPHUSTHOE W yIOBJIETBOPUTEIBHOE SKOJOTHMYECKOE COCTOSHHE IMpeodiafaeT B
nmaHamadTax HU3MEHHBIX M BO3BBIIICHHBIX PAaBHHH, UCIOJB3yeMBIX B KauecTBE OOTapHOW NAalllHU U
nactOunl. B cyxocTenHoi 30He MPUPOIHBIC KOMIUIEKCHI, HECMOTPS Ha OTHOCHTEIBHO BBICOKYIO CTCIICHB
pacrmaxaHHOCTH W TIOBBIIEHHYIO HAarpy3ky CKOTa Ha TacTOMmax, (yHKIHOHHUPYIOT B KOM(OpPTHBIX
MPUPOTHO-KITUMATHYECKUX yCIOBUAX. M3 skomormdeckux mpobnem mns atux IITK cnemyer BeiaenuTh
MOTEPI0 MOYBEHHOTO TIUIOAOPOIUS; HAPYUICHHE THUIAPOJIOTHYECKOTO peXuUMa MU 3arps3HEHHE IMOBEpX-
HOCTHBIX BOJI;, CHIDKEHHE MPOTyKTUBHOCTH OOTApHBIX YTOIUN W Pa3BUTHE COJIOHIIOBBIX IpolieccoB. s
CeNMMTEeOHBIX KOMIUIEKCOB, XapaKTepU3YIOMIMXCS YIOBIETBOPUTEIBHBIM C (parMeHTaMH HampsSHKEHHOTO
9KOJIOTUYECKOTO COCTOSIHHS, HanOollee aKTyaJdbHBIMH O3KOJOTHYECKHMH TpoOJIeMaMH  SBISIOTCS
HANPSHKEHHOE COCTOSHHUE BOJOXO3SMHCTBEHHON WH(PPACTPYKTYPHI; MPOOJIEMBI OBITOBBIX OTXOIOB U
obyctporictBa mopor. s cemuTeOHO-arpONpOMBIIIIICHHBIX KOMILIEKCOB XapaKTEepHa OTHOCUTEIBHO
BBICOKAs IUIOTHOCTH CENBbCKOXO3SMCTBEHHBIX W JKHBOTHOBOJYECKHMX KOMILIEKCOB, CIOCOOCTBYIOMIMX
3arps3HEHUIO TOYBEHHOTO IIOKPOBA W TIOBEPXHOCTHHIX BOJl, M MECTaMH Haludue HEeO0OYyCTPOECHHBIX
CKOTOMOTHJILHUKOB M CKJIaJIOB MECTUIUIOB [2-5].

Ha HuM3MEHHBIX W BO3BBIIICHHBIX PAaBHUHAX MOJYIIYCTBIHHOW W TYCTHIHHOW 30H MPUPOIHBIMHU
MPEINOChUIKAMHA YXYAIIEHHUST JKOJOTHYECKOTO COCTOSHHUS SIBIISIOTCS HANpsOKEHHBIE BOTHO-KIMMATH-
YecKhe YCJIOBHA M claboe OOBOJHEHHUE CEelbCKOXO3SHCTBEHHBIX YTOJUI HMIIM €ro OTCYTCTBHE; KpaliHe
HU3KHI OOHUTET TOYB; YXYAIICHHE YCIOBHI O0OSCIICUEHHUS HACEICHUS BOJOW XO3AHCTBEHHO-TTUTHEBOTO
Ha3HAYCHUS;, TIOBCEMECTHOE PA3BUTHE IIPOIECCOB UMITYIbBepHu3aiui. OCHOBHOM BU BO3JCHCTBUS B ITHX
MIPUPOTHBIX YCIOBUAX — MACTOMIIIHOE KUBOTHOBOJCTBO, XapaKTepU3yIOIIeecs HepaBHOMEPHOUW Harpy3Koit
CKOTa Ha YTOJibsl BCIEICTBUE 000CTPeHHS MPOoOIeMbl 00BOJHEHHOCTH TOCIIEIHNX, & B HEMOCPEICTBEHHOH
0JIM30CTH K HACENCHHBIM ITyHKTaM — BBICOKas HArpy3ka CKOTa, BeIylllas K CHU)KCHUIO HPUPOIHO-
PECYpPCHOTO TOTEHIMANA MPUPOIHBIX KOMIUIEKCOB, PAa3BUTHIO SPO3UOHHBIX IPOIECCOB MM MPOIIECCOB
3acoyieHusl. B 1memoM 3TH KOMIDIEKCH XapaKTepU3YIOTCS OTHOCHUTENBHO OJarompUsATHBIM, a MPH IMOBBI-
IIEHHBIX HOPMaX Harpy3Kd — YJOBIETBOPUTEIHHBIM YKOJIOTHIECKHM COCTOSTHHUEM.

Ha Hu3MeHHBIX paBHHUHAX IMyCTHIHHOM 30HBI OTIEIBHO PACCMOTPHUM 30JIOBBIC PaBHHUHBI, KOTOPHIC Ha
74,2 % WX TUIOIIaAN XapaKTePU3yIOTCs YIOBIETBOPUTEILHBIM YKOJIOTHIECKUM COCTOSIHUEM, 00YCIIOBJICH-
HBIM BBITIACOM W BBIPYOKOW JIPEBECHO-KYCTApPHHKOBOW PACTHTEIHHOCTH Ha TOIUMBO, a Ha 12,0 % mx
TUTOMIATA OTMEYASTCs HANPSHKEHHOE YKOJIOTUIECKOe COCTOSIHHE, TPOSBIISIONISECs B 3HAUUTENBHOM MoTepe
MPUPOTHO-PECYPCHOTO TMOTEHIIMAA, PA3BUTUU MPOIECCOB AC(IIALMU IUIOMAIHOTO XapakTepa B PviH
meckax, meckax bomemme n Mansie bapeyku [1, 3, 7].

HampspkeHHOE M KPU3MCHOE DKOJIOTHYECKOE COCTOSHHE Ha HU3MEHHBIX PaBHUHAX IPEICTaBJICHO B
MOPCKHX U 03€PHO-aJLTIOBUANBHBIX paBHUHAaX (OCOOCHHO B AThIpayCkoil M MaHrucrayckoi 00JiacTsix),
IJIE 3HAYUTEIHHO PAa3BUT IPOMBINIICHHO MOOBIBAIOIINN KOMIUIEKC YIJIEBOJIOPOIHOTO CHIPhS, KyMYJIs-
THBHOE BO3JICHCTBHE KOTOPOTO CIIOCOOCTBYET 3HAUYNTEIBHOMY YXYALIEHHIO IKOJIOTHIECKOTO COCTOSIHHS B
MIPUPOTHBIX KOMITIEKCaX BIOJb modepexbs Kacrmuiickoro Mops ¥ puIIeraroInX TeppuTopusx [4].

Ha BO3BBIIICHHBIX IOKOJBHBIX U ILIACTOBBIX PABHUHAX CYXOCTEMHOW 30HBI, MOJIBEPKCHHBIX IPO-
MBIIJIEHHOMY BUAY BO3JCUCTBUSI, HAIPSDKEHHOE M KPU3UCHOE IKOJOTUIECKOE COCTOSHHUE OTMEYAeTCs B
Mpejienax MPOMBIIIJICHHOTO KOMITIEKca r.a. (TopoAcKas agMUHHCTpanus) AKTOOe W TEPPUTOPHH, TPH-
neratomieit k p. Enek, a B mycCThIHHON 30HE — B IIpelenax KOMILIEKCa HeTera30BhIX MECTOPOXKISHUHN B
paiione r.a. Y)KaHao3eH W HpHIETalOMUX TeppuTopuil (cM. pucyHok 3, tabmuiyy 2). M3 Bcero MHOroo0-
pasusi JKOJOTHYECKUX TIpoOiieM, Haumbosiee 3HAYUMBIMHU SBISIOTCS MEXaHHYECKOE HapyIICHHE W
XUMHYECKOe 3arps3HEHHE II0YB M BO3AyXa OTXOJaMH HE(TSHBIX U MPOMBIIUICHHBIX KOMILIEKCOB;
3arpsA3HEHHE WU TOBBIIICHHE MHHEPAIN3alldd MMOBEPXHOCTHBIX, TOJ3EMHBIX WM MOPCKHX BOI; YBe-
JUYeHUe 3a00JICBACMOCTH HACEJICHUS BCICICTBUE YXYIIICHUS SKOJIOTUH; 3aCOJICHUE TIOYB, B TOM YHCIIE
BTOPHUYHOE; HEYIOBICTBOPUTEIHHOE KAUE€CTBO MJIM UCTOIICHUE XO3sHCTBEHHO-TIUTHEBBIX BO [9, 7, 8].
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[IpupoaHble KOMIUIEKCHI MEJIKOCOIIOYHHKOB M HU3KOropuii B 3amagHo-KasaxcraHckoM pernone Ha
92,7 % uX MIOmAgu XapaKTepU3YIOTCS OTHOCUTEIBHO ONaronpUsITHBIM U yIOBJIETBOPUTEIBHBIM 3KOJIO-
TMYECKUM COCTOSHHEM, OOYCIIOBICHHBIM MacTOMIIHBIM U HE3HAYMTENHbHO MPOMBIIIJICHHBIM BHIAMH BO3-
JIEHCTBUS, KOTOpPBIC BBI3BIBAIOT PA3BUTHE 3PO3MOHHBIX MPOLECCOB, CHW)KEHHE NPOIYKTHBHOCTH MAacT-
OMILIHBIX YroAWH, a B MecTaX IMPOMBILIUICHHBIX pa3padOTOK — MEXaHUYECKOe Pa3pyLICHUE U 3arpsa3HEHHUe
MIOYBEHHOT0 MOKpoBa [2, 3, §].

JonvHHBIE KOMIUIEKCH B 3amanHo-Ka3zaXCTaHCKOM pernoHe XapaKTEepHU3YIOTCSl TJIaBHBIM 00pa3om
yAOBIETBOPHUTEIbHBIM (52,9 % wmx mmiomanu) u HanpsokeHHBIM (33,1 %) 3KONOTHYECKHM COCTOSTHHEM.
HanpspkeHHass 5KOJIOTMUECKasl CHTyauusi OTMedaeTcs Ha ydacTkax gonuH pek JKaiieik, Kapaosew,
Capblo3eH, I'Zile OCHOBHBIMH 3KOJIOTHUECKHMMH NPOOJIEMaMM SIBISAIOTCS HapyLICHHE THAPOJIOTMYECKOTO
PeKUMa PEK U CHIKEHHUE BOJHOCTH BCIEICTBHE OE3BO3BPATHOTO HU3BSATUS BOABl HAa MPOMBIIUICHHO-
CEJIbCKOXO3AUCTBEHHBIE HYXKIbl; 3arpsS3HEHHE IOBEPXHOCTHBIX BOJ 3a CUET CEJIbCKOXO3SIMCTBEHHOTO
(opomaemMoe 3emileeNe M arpoNpOMBIIUICHHbIE KOMIUIEKCHI) U CEIMTEOHOTO BO3ACHCTBUS; CHIDKCHHE
NPOIYKTUBHOCTH PACTUTEIBHOCTH PEYHBIX NOJMH W JENbT, BOAHO-OOJOTHBIX M CEHOKOCHBIX YTOIUH
BCJIEACTBUE WM3MEHEHMS THUAPOJOTMYECKOTO PEKUMa; 3acOJCHUE IO0YB, B TOM YHUCIIE BTOPUYHOE, H
HaJIM4ue NPUPOTHO-aHTPOIIOTEHHO OOYCIIOBJICHHBIX MPOLIECCOB (MIOATOIUICHHE, HABOAHEHHS U Ppaspy-
nieHust Oeperos, 3acolieHHe MW KcepoHTU3alMsl MOYBEHHO-PACTUTEIBHOTO IOKpoBa). HampspkeHHoe
9KOJIOTHYECKOE COCTOSIHME ¢ ()parMEHTaMu KPU3HCHOI'O OTMEYaeTCs Ha OTAEIBHBIX ydacTkax p. Enek B
CBSI3U C CHJIBHBIM 3arpsi3HEHHEM BOJ OOPOM M XPOMOM, MPEACTABISIOIINX CEPHE3HYIO YIPO3Y 340POBbBIO
HaceneHus [S].

Taxkum obpa3oM, kaprorpaduueckasi oueHKa JaHAMLAPTHO-IKOJIOTHYECKOTO COCTOSHUS MPUPOIHBIX
KOMIIJICKCOB 3amagHoro peruoHa KaszaxcraHa sBIsIeTCS OAHUM M3 HOAXOJOB K PEIICHHIO MPOOIEMEI
YCTAHOBJICHUSI PETHOHAJIBHBIX SKOJOIMYECKHX MpoOieM B 0071acTH NPHPOIOIOIL30BAHUS, TaK Kak
OCHOBBIBACTCS Ha NPUHIMIIE MHOTOLEJEBOIO HCIONb30BaHMUSA TEPPUTOPUH, NpEarojaracT ydeT BO3-
JIEHCTBUSL MPHUPOIOHBIX M aHTPONOTEHHBIX (PAaKTOPOB M BBIABICHHE 30H 3KOJIOTHYECKOTO HANPSHKEHUS
MPUPOAHBIX KOMIICKCOB BCJICACTBUE XO3IHCTBEHHON AEATEIBHOCTH.

3axmovyenue. Kaprorpaduueckas oueHKa JTaHAMAPTHO-IKOJIOTMYECKOTO COCTOSHHS 3amaxHo-
KazaxcraHckoro permoHa, MpoBeIeHHAs Ha OCHOBE MHTETPAJIbHON OLIEHKU 3KOJIOTMYECKOTO COCTOSHHS
COCTABIISIIOIINX MPUPOJHBIX KOMIIJIEKCOB, COAEPKUT B ce0e 0OBEKTUBHYIO KOMILJIEKCHYIO HH()OPMALHUIO O
TEPPUTOPHATILHOM PAHKUPOBAHUH JIAaHAMA(TOB MO CTEINEHU 3KOJIOTMYECKOW HaNpsHDKEHHOCTH, C OTpa-
JKEHHEM B KaXKIIOM BBIJEJICHHOM JaHAIMAa(Te KOHKPETHBIX HKOJOTMYECKHX MpPoOJeM, CTEHNEeHH HX Ipo-
SIBJICHUSI ¥ IPUYMH UX BOSHUKHOBEHHUSL.

Pesynpratel uccnenoBaHUsT MOTYT OBITh HCHONB30BAaHBl MPHU TEPPUTOPHAIBHOM OpraHU3aluu
cOaJaHCUPOBAHHOIO IPHUPOAONOIB30BaHMUs 3ananHo-Ka3axcTaHCKOTO pernoHa, BbIOOpE HKOJIOrO-
cOeperaromux BUI0B X03IHCTBOBAHHS U HOPMUPOBAHUS HAa IPUPOIHO-TEPPUTOPUAIBHBIX KOMIUICKCAX.

®dunancupoBanue. CTaThs BBHIIOJHEHA B pamMKax mporpammbl BR21882122 «VYcroitunBoe pazBurue
MIPUPOAHO-XO3HUCTBEHHBIX M COLMAIBHO-IKOHOMUYECKUX cucTeM 3amanaHo-KaszaxcTaHCKOro pernona B
KOHTEKCTE 3€JICHOTO POCTa: KOMIUIEKCHBIH aHaln3, KOHLEMNNHMS, MPOTHO3HBIE OLECHKH M CLEHAPHH»,
nofnporpammsl 6 «O1neHKa JaHamadTHO-3KOJIOTHUECKOI0 COCTOSHUS 3anaaHo-KazaxcTaHCcKOro pernona
JUTSE 00ecTieYeHnsT yCTOMUMBOTo pa3sutus» (2023-2025 rr.)
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BATBIC KABAKCTAH OHIPTHIH JIAHIIIA®TTBIK-3KOJOT USAJIBIK KAFTAWBIH
KAPTOI'PAOUAJIBIK BATAJIAY

AnHoTanmusa. Makanana JananblK 3epTTEyNIep MCH KAIIBIKTHIKTAH 30HATAY JCPEKTepi HETi3iHIe KYPri3iireH
Bareic Kazakcran OONBICHIHBIH JTaHAMAQTH-3KOIOTHSIIBIK JKaFIalblH Oaranay HOTIKenepi OepinreH (2023-
2025 sxok.). OOMBICTBIH JTaHAMAQTTHIK-3KOJIOTHSJIBIK JKaFmalblHbIH KapTtackl 1:1500000 macmirabra jkacayisl.
AVMaKTBIH 3KOJOTHSJIBIK KaFlaiblHA KapTOrpadUsUIbIK Taalay XKYPridy KOpPCETKEHICH, ¢H YJIKeH ayMaKTapibl
KaHaFaTTaHAPIIBIK SKOJIOTHSIIBIK KaFaaiaarel JaHamadTTap (00IbIC aydaHbIHEIH 57,8%) allbII xKaTbIp, oJap 0apIibiK
aHBIKTAIFaH TaOWFW KelleHAepae Ke3leceli, MyHIa aHTPOIIOTEHIK dcepaiH OachIM TYpJiepi >KaWbLUIBIMABIK, arpo-
TeHIIK, arpO®HEPKOCINTIK JKOHE Cy MIapyallbUIBIFBI OONbIN Tabbutaapl. Komaiimsl oHE CalbICTBHIPMANbl TYpAE
KOJIAMJIbl JKOJIOTHSJIBIK JKarAaijarbl TaOWFu KewieHaep oOnbic ayMmarbiHbIH 32,8%-bIH allblll KaThIp IKOHE
JKANBUTBIMITBIK MaJl IIapyaIlbUIBIFRIMCH alfHAITBICATHIH HIOJICHT JKOHE IIOJICHT alMakTapMeH miekTenreH. Jlanamadr-
TapIbIH MIHEJICHICKEH JKOHE CBIHU SKOJOTHSIIBIK Kardalbl 00JbIC ayMarbIHBIH 9,4%-bIHIa OaiiKanaapl jKOHE JIaH/-
mwadTiniik GaiIaHbICTapIbIH eNieyli OY3bUTybIMEH )KOHE TaOUFH-PECYPCTHIK JICYETTiH aiiTapibIKTail KOFaIybIMEeH
cunattanazapl. JKorapblga aiiTelIFaH1ap MyHal oHe ra3 eHJipy aiiMakrapblHa KaThICTBI.
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CARTOGRAPHIC ASSESSMENT OF THE LANDSCAPE AND ECOLOGICAL STATE
OF THE WEST KAZAKHSTAN REGION

Abstract. This article presents the results of a cartographic assessment of the landscape and ecological state of
the West Kazakhstan region, based on field surveys and remote sensing data collected between 2023 and 2025.
A landscape-ecological map of the region at a scale of 1:1,500,000 was developed. Cartographic analysis revealed
that the largest portion of the region, 57.8%, is occupied by landscapes in a satisfactory ecological condition. These
areas span all identified natural complexes and are predominantly influenced by pasture use, agrogenic activity, agro-
industrial operations, and water management. Landscapes in favorable and relatively favorable ecological condition
account for 32.8% of the territory and are mostly found in semi-desert and desert zones affected by grazing livestock.
Landscapes in a tense or critical ecological state cover 9.4% of the region, exhibiting severe disruption of intra-
landscape relationships and substantial degradation of natural resource potential, primarily in areas associated with
oil and gas extraction.

Keywords: mapping, natural complexes, anthropogenic impact, landscape-ecological state.
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ASSESSMENT OF IRRIGATED AGRICULTURE AVAILABILITY DUE
TO GROUNDWATER DEPOSITS EXPLORED FOR LAND IRRIGATION
IN SOUTHERN AND EASTERN KAZAKHSTAN

Abstract. This article analyzes the current state of water supply for irrigated lands and examines the potential
use of explored groundwater deposits for irrigation purposes. Irrigated agriculture remains one of the most effective
forms of agricultural production, enabling increased yields of grain and vegetable crops regardless of precipitation
levels. However, a major issue in Kazakhstan’s agricultural water use is the significant loss of water resources. The
regions of Kazakhstan can be categorized into three groups based on their level of dependence on transboundary
surface water inflow: the first group includes areas with high dependency, the second group with moderate
dependency, and the third group consists of regions independent of external water sources. For each groundwater
deposit identified for irrigation, the design irrigation area was calculated using the average hydromodule value. The
greatest potential for irrigation using groundwater is found in the southern regions of Kazakhstan.

Keywords: groundwater deposits, water supply for irrigated lands, Southern and Eastern Kazakhstan.

Introduction. In the current century, the scarcity of surface water resources has forced many states to
make greater use of groundwater for various purposes, including land irrigation. At the same time, fresh
groundwater is used primarily for domestic and drinking water supply to the population.

Currently, the regions of Central Asia, including Kazakhstan, are already experiencing a deficit of
water resources. According to experts' estimates, natural water resources of surface waters formed on the
territory of Kazakhstan and neighboring countries are decreasing every year due to wide use, which entails
difficulties in providing the necessary volumes of fresh water for the needs of the agrarian sector of the
country [1, 2].

Integrated approaches to water resources management, combining groundwater and surface water,
can significantly reduce human vulnerability to extreme climatic events and changes, and contribute to
strengthening water and food security. According to expert estimates, conjunctive use of groundwater and
surface water, where surface water is used for irrigation and water supply during wet periods and
groundwater during drought periods, is of paramount importance [2].

Irrigated farming is one of the most efficient methods of agricultural production, allowing to increase
production of grain and vegetable crops regardless of precipitation. Most of the territory of Kazakhstan
belongs to arid zones with low precipitation [3, 4].

In the conditions of Kazakhstan land reclamation is one of the most important conditions for reducing
the dependence of farming on unfavorable weather conditions and stability in the production of vegetable
and gourds, technical, grain, forage crops, and, consequently, livestock products. Creation of a zone of
guaranteed production of grain and fodder for livestock is the main task of irrigated lands. Along with this,
it is envisaged to implement a set of measures to combat water and wind erosion of soils, integrated
mechanization, electrification and chemicalization of agricultural production, creation of the necessary
base and development of industrial methods of construction of irrigation systems [3].

— (4 ——
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It should be noted that in 1985 the total area of irrigated land in Kazakhstan was more than 3.2
million hectares, including the area of estuaries was about 900 thousand hectares. More than 96% of
irrigated lands were developed. Due to salinization or conversion, 87 thousand ha, or less than 4%, were
not used. Irrigated lands were available in 17 out of 19 regions of the Kazakh SSR, except for Mangyshlak
and Turgai regions. The largest areas of irrigated lands were in Chimkent region — 483.0 thousand ha, in
Almaty region — 349.7 thousand ha, in Taldy-Korgan region — 306.6 thousand ha, in Kyzylorda region —
287.3 thousand ha, in Zhambyl region — 216.8 thousand ha and in Semipalatinsk region — 124.7 thousand
ha. Annual water withdrawal for irrigation alone was 23.4 billion cubic meters. Irrigated lands were
irrigated on the area of 2.2 million ha. Irrigation by sprinkling machines was carried out on the area of
almost 700 thousand ha [5].

Materials and Methods. In 2022 in Kazakhstan irrigated lands occupied an area of 2.2 million ha,
while only 1,557.6 thousand ha or less than 70% were used, and more than 30% were not used [3, 6]. The
main reason for underutilization of irrigated lands is significant deterioration and failure of irrigation and
drainage systems, accompanied by deterioration of land reclamation condition. This is due to the fact that
many irrigation and drainage systems were left without organized maintenance and care on irrigation areas
divided among many peasant, farmer and other farms. In terms of irrigation water productivity (i.e. the
amount of agricultural products produced per 1 cubic meter of water used), Kazakhstan lags behind
foreign countries by 6-8 times: if abroad 2.5-6.0 kg of agricultural products are produced per 1 cubic
meter of water, in Kazakhstan 0.4-0.8 kg. Yields of all types of crops (cotton, sugar beet, rice, corn,
vegetables, grapes) cultivated on irrigated lands in Kazakhstan are 2-4 times lower than in advanced
countries.

Today, the largest areas of irrigated land are in Almaty region (with Zhetysu region) — 584.6 thousand
hectares, in Turkestan region — 550.5 thousand hectares, Kyzylorda region — 254.1 thousand hectares and
Zhambyl region - 230.9 thousand hectares. Among other regions, the largest irrigated massifs are located
in East Kazakhstan region (with Abai region) — about 220 thousand ha (within its current boundaries)
[3, 6, 7]. Irrigated agriculture in the Republic of Kazakhstan is the largest water consumer. It previously
accounted for more than 70% of fresh water withdrawals. Water use in irrigated agriculture includes
regular and inundative irrigation needs. Regular irrigation is sufficiently developed in the south of the
Republic — these are Turkestan, Almaty (with Zhetysu region), Zhambyl and Kyzylorda regions.
Inundative irrigation has also received certain development in the Republic, especially in the northern
regions. Water-saving technologies are applied on the area 2.5 times less than the 1988 level — almost 280
thousand ha, or 18% of the total irrigated area. Including: sprinkling — more than 200 thousand hectares,
drip irrigation — almost 80 thousand hectares.

More than 70% of regular irrigated lands are located in the basins of the Syr Darya, Shu, Talas, Ile
Rivers and Lake Balkhash, belonging to South Kazakhstan, Kyzylorda, Zhambyl and Almaty regions
(with Zhetisu region). Irrigated farming has existed here since ancient times and is the basis of agricultural
production. The sources of irrigation of existing irrigated lands are mainly surface water. During this
period, the runoffs of the Syrdarya, Arys, Keles, Assa, Talas, Shu, Ili and other rivers were practically
fully utilized. Irtysh-Karaganda Canal, Big Almaty Canal were put into operation, nonsaline and partially
saline lands in the basins of SyrDarya, Ili, Karatal, Shu, Talas, Tentek, Assa rivers and in the zone of
Irtysh-Karaganda were fully developed. Large works were carried out in the Irtysh River basin, where the
area of regular irrigation amounted to 447.0 thousand hectares, and inundative irrigation - 309.0 thousand
hectares. As a result, the volume of water consumption outweighed the volume of available water
resources by 25%, i.e. there was a deficit of water resources.

Due to increase of irrigated land area in all regions and water basins of Kazakhstan at the expense of
saline lands, specific volume of water consumption, i.e. irrigation norm of irrigated lands has increased. At
the same time, the irrigation rate of agricultural lands in comparison with the evaporation capacity of the
natural system in specific water basins is 40% higher, and its value has been constantly increasing, which
has led to changes in the regime of permanent and temporary watercourses of river systems; geochemical
flows have increased manifold due to the involvement in the active cycle of huge masses of salts
previously “buried” by nature; microclimate, soil, biological, hydrogeological and hydrological conditions
have changed within the agro-landscapes and adjacent territories. As a result, technogenically disturbed
agro-landscapes appeared, requiring functional-component and structural reconstruction of their
restoration and normalization, and most importantly, the deficit of water resources necessary for land
irrigation increased [3, 6].
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According to the optimal scenario of development it is envisaged to bring all irrigated areas to 2210
thousand hectares by the end of 2040, including regular irrigation — 1800.0 thousand hectares and
inundative irrigation — 410 thousand hectares to fully meet the domestic needs of the population in
agricultural products and livestock fodder. In this scenario, the area of irrigated land will increase up to
40%. However, there is an acute problem of providing additional irrigated areas with water resources. And
this despite the fact that the Republic has more than 17 thousand rivers, 4 thousand lakes, 2.6 thousand
glaciers with a total area of about 1 million km” and a volume of more than 187 km’, as well as more than
300 reservoirs, only about 3% of its territory is covered with water, and two thirds are arid zones. Most
importantly, 44% of water resources of the Republic are formed in neighboring, bordering countries.
Therefore, the issue of utilization of transboundary rivers is of vital importance for the Republic. For
example, while the Western region of the country receives water from rivers flowing from Russia,
Kyzylorda receives water from the Syr Darya from Uzbekistan. And in Zhambyl region there is the Shu
which connects with the Talas River (Kyrgyzstan), in the east — the Irtysh and Ile rivers flowing from
China [3, 6]. Since seven of the eight water basins are transboundary, Kazakhstan is largely dependent on
the water policies of neighboring countries.

In the medium and long term, the country’s water supply is expected to decrease due to a drop in
river flow and an increase in water consumption. Environmentalists believe that by 2040, surface water
shortages will increase in 6 of the nation’s 8 water basins. International experts predict that Kazakhstan’s
water consumption will grow by 56% by 2040, and the deficit of water resources may reach 15 km? per
year, i.e. about 15%. And if no urgent measures are taken, the water situation will irreversibly deteriorate
by 2040. According to experts' estimates, natural water resources formed on the territory of Kazakhstan
and neighboring countries are decreasing every year due to wide use, which entails difficulties in
providing the necessary volumes of fresh water for the needs of the agrarian sector of the country.

One of the main problems of agricultural water consumption in Kazakhstan is significant water
losses. The main share of water losses falls on inter-farm and on-farm canals. Experts have estimated that,
on average, from 2020 to 2022, mainline canal transportation has lost about 20 percent of the water
withdrawn. And taking into account losses in inter-farm and on-farm canals on fields aggravated by
outdated irrigation methods, water losses reach 40% [5, 6].

Kazakhstan is among the countries most affected by global climate change processes on the planet. In
general, Kazakhstan’s climate is warming almost twice as fast as the global climate. Severe droughts are
expected to occur more frequently in Kazakhstan, contributing to land degradation, desertification, leading
to dust storms throughout the country. Already now about 70% of lands in Kazakhstan are at risk of
moisture deficit during the growing season. At 2—3-year intervals, the country faces serious problems with
drought and crop failure.

Irrigated farming may be a way out. But this requires water resources, and their availability in the
future is also questionable. The situation with water availability for Kazakhstan is aggravated by the fact
that the country is seriously dependent on river runoff from neighboring countries. Namely: The Republic
of Kazakhstan has total river water resources of 100 cubic kilometers per year, of which 56 cubic
kilometers are formed on the territory of Kazakhstan. The remaining volume of 44 cubic kilometers comes
from contiguous states: China — 21 cubic kilometers, Uzbekistan — 13 cubic kilometers, Russia — 7 cubic
kilometers, Kyrgyzstan — 3 cubic kilometers [4, 5, 6].

Results and Discussion. The regions of Kazakhstan can be divided into three groups according to the
degree of dependence on surface water inflow from neighboring countries [2, 3, 4, 6]:

1. The first group with a high degree of dependence is the areas included in the Aral-Syrdarya, Shu-
Talas and Zhaiyk-Caspian water management basin zones, which depend on water inflow from
neighboring countries by 84%, 74% and 62%, respectively. This group includes Atyrau, Zhambyl, West
Kazakhstan, Kyzylorda, Turkestan regions.

2. The second group with average degree of dependence is the areas included in the Balkhash-Alakol,
Ertis, Tobol-Torgai water management basin zones, which depend on 41%, 23% and 5%, respectively, on
water inflow from neighboring countries. This group includes Abai, Almaty, Zhetysu, East Kazakhstan,
Kostanay, Pavlodar regions.

3. The third group is the areas included in the Esil and Nura-Sarysu water management basin zones,
which do not depend on water inflow from neighboring states. This group includes Akmola, Karaganda,
North Kazakhstan, Ulytau regions.




ISSN 2957-8280, eISSN 2957-9856 Ne 2, 2025

An important measure aimed at rational use of water resources and saving surface runoff is
involvement of groundwater in economic use. Volume of groundwaters suitable for land irrigation in the
republic is 7.76 km®/year. Groundwater utilization opens up opportunities for increasing irrigated areas in
the Republic of Kazakhstan and, to some extent, covering the deficit in water resources [7, 8, 9].

During the Soviet period, 0.9 million hectares were irrigated with groundwater during the
implementation of the Food Program in the XI Five-Year Plan (1981-1985). During this period,
exploration and preparation for exploitation of fresh and slightly saline (up to 1.5 g/l, and often up to
3.0 g/l) groundwater reserves were carried out at an accelerated pace. However, the development of
explored GDs for IL has been unsatisfactory. Thus, in 1982, only 33.4% of exploitable groundwater
reserves were supplied for irrigation [30].

In Kazakhstan in 2000 it was planned to irrigate 350 thousand hectares of lands. As of 1983, under
irrigation of 43.07 thousand ha and supply of 7.15 m’/s or 0.225 km®/year of groundwater, the value of
actual hydromodule was estimated at 0.165 1/s per 1 ha. Under such hydromodule for irrigation of
350 thousand hectares of lands 58 m®/s of groundwater will be required, whereas already in 1987 170 m’/s
(5.3 km’/year) was approved for the Republic. Thus, at that period undeveloped reserves of fresh and
slightly saline (up to 2-3 g/l) groundwater could be used to plan irrigation in the area of 500 thousand ha,
and this value can be considered as guaranteed. The determining factor of groundwater utilization for LI is
its use during low water periods [30].

However, in 1990-2023, groundwater abstraction for irrigation and pasture watering has sharply
decreased in Kazakhstan. For example, for 2023, groundwater uses for these purposes amounted to less
than 140 thousand m’/d, which corresponded to about 1% of the previously approved exploitable
groundwater reserves. At present, the deposits explored for irrigation of lands on the territory of Southern
and Eastern Kazakhstan are practically not used. All deposits located in the territory of South and East
Kazakhstan are confined to aquifers with fresh groundwater suitable in quality for domestic and drinking
water supply [7, 9, 10, 11].

It should be noted that according to the legislation of Kazakhstan, and many other countries, the use
of groundwater of potable quality for needs not related to domestic and drinking water supply, as a rule, is
not allowed. And only in areas where there are no necessary surface water sources, or their resources are
insufficient and there are sufficient reserves of groundwater of drinking quality, it is allowed to use these
waters for other purposes, including land irrigation, with the permission of authorities on regulation of
water use and protection [6, 8].

For Kazakhstan, fresh groundwater of potable quality is a strategic resource and part of the main
elements of environmental and water security. Republic of Kazakhstan. Additional studies are needed to
assess the availability of fresh groundwater in Kazakhstan in order to obtain sufficiently justified and
reliable results based on the principles of long-term use of groundwater resources primarily for domestic
and drinking water supply.

The advantages of groundwater irrigation are: the possibility of receiving water directly at irrigated
areas, which reduces the length of the irrigation network and increases its efficiency; water purity;
frequent combination of irrigation and drainage purposes. The use of artesian self-discharging
groundwater is particularly valuable because it requires no energy expenditure or this expenditure is
significantly lower [4, 7, 8]. Disadvantages of groundwater use as irrigation sources are: high cost of water
lifting, absence of fertilizing silt particles in water, danger of depletion of groundwater reserves, especially
of drinking quality.

As for operational costs, they are higher under groundwater irrigation than under surface water
irrigation. For 1 ha 400-500 kW of electric power is spent when water is lifted from wells from depths of
30 m and up to 1500-1600 kW at a depth of 100 m. In addition, to increase the irrigated area it is
necessary to arrange regulating reservoirs (accumulating basins). At the same time, the experience of
groundwater irrigation of vegetable crops in neighboring countries shows that the cost of construction of
an irrigated area, including the construction of a closed irrigation network, storage basin with impervious
cover and drilling of wells, pays for one or two years of operation [4, 8].

Analysis of the results of assessment of the degree of availability of operational groundwater reserves
has shown that in all deposits explored for land irrigation on the territory of administrative regions of
South and East Kazakhstan, operational reserves are fully provided with natural resources and natural
reserves. Therefore, climatic changes in the groundwater level regime of individual deposits, due to low
67
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water years, will not significantly affect the values of exploitable reserves of groundwater deposits
explored for irrigation. Thus, exploitable groundwater reserves of these deposts can provide certain areas
for irrigation of lands after construction of irrigated massifs with construction of necessary irrigation
systems adjacent to a particular deposit explored for irrigation.

The whole irrigation system is designed usually in relation to the features of the irrigated massif.
Such factors as: relief, soil condition, hydrogeology, engineering geology, determine the composition,
quantity and structure of irrigation system elements. Therefore, first of all, within the planned irrigation
massifs it is necessary to conduct complex hydrogeological and engineering-geological studies on the
scale of 1:50,000 in order to solve the following main tasks: 1) study of hydrogeological and engineering-
geological conditions of the territory and their ameliorative assessment for selection and justification of
composition and methods of ameliorative measures; 2) obtaining necessary design values of parameters
for aeration and saturation zones used in designing irrigation and drainage system structures, as well as
forecasting their operation conditions; 3) study of groundwater regime and balance and obtaining initial
data for forecasting groundwater regime and water-salt balance under irrigation conditions; 4) assessment
of groundwater quality and degree of its suitability for irrigation, etc.

Design irrigation areas were determined for each groundwater deposit explored for irrigation, based
on the average value of the irrigation modulus that takes into account its flow rate for irrigation without
taking into account losses in the irrigation network. For Central Asia and Kazakhstan, the irrigation
modulus is usually in the range of 1.0-0.5 1/s per 1 ha. An average module value of 0.7 1/s per 1 ha
(0.0007 m?/s per 1 ha) was used for the calculations [3, 4].

Area calculations were made for each groundwater deposit within the administrative regions of South
and East Kazakhstan. The results are presented in table.

Irrigation areas provided with exploitable reserves of groundwater deposits explored for irrigation
in Southern and Eastern Kazakhstan

Administrative Geological EGWR value for irrigation Coefficient Approximate
region. Name index Salinity, of EGWR availability area of
Crisie > || o1GD | a6l | b b e | Ko | o
1 2 3 4 5 6 7 8 9
Almaty South Kazakhstan
4849 ]I,isr}gén ap Q 0.1-0.7 | 583.2 | 0.2128 | 6.7500 2.29 9 642.8571
4878 Karadala I;Ig 0.2-0.7 | 776.1 | 0.2832 | 8.9826 1.12 12 832.2857
4881 Karoi ap Qi 0.1-0.3 | 129 | 0.0047 | 0.1493 3.75 213.2857
5056 Talgar ap Q 0.2-0.4 | 288.72 | 0.1053 | 3.3416 4.17 4773.7142
5089 Uzun-Agach ap Quy 0.1-0.9 257 0.0938 | 2.9745 2.06 4249.2857
5112 Chilik ap Q 0.2-0.7 | 1341 | 0.4894 |15.5208 1.86 22 172.5714
5144 K‘g‘;ﬁ:ﬁoe ap Q/ N, 02-09 | 73 | 0.0266 | 0.8449 437 1 207.0000
Total GD,
reserves, 7 3331.92 | 1.2158 |38.5637 55091.0000
irrigated areas
Zhetysu
4736 Aksu ap Qi 0.1-0.5 | 1497.5 | 0.5465 | 17.3321 1.261 24 760.1428
4737 Alakol ap Q-alQpy 0.2-04 | 864.7 | 0.3156 | 10.0081 2.64 14 297.2857
5250 Baskan ap Q 0.2-0.8 | 259.2 | 0.0946 | 3.0000 2.06 4285.7142
4777 Bashi dp Qr-ap Qq 0.1-0.8 | 116.6 | 0.0425 | 1.3495 3.21 1927.8571
4813 Djungar Q1 0.2-04 | 802.6 | 0.2929 | 9.2893 1.40 13 270.4285
5242 Karatal Q/ N, 0.8-0.9 | 311 0.1135 | 3.5995 3.83 5142.1428
4934 Kerbulak Qui/ N, 0.5-0.8 | 140.2 | 0.0511 | 1.6226 2.11 2 318.0000
4970 Molaly aQurapQuy | 04-0.7 | 457.7 | 0.167 | 5.2874 1.53 7 553.4285
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Continuation of the tablé

1 2 3 4 5 6 7 8 9
5108 Khorgos ap Qur-aQ | 0.2-0.3 | 2643.9 | 0.965 |30.6006 1.47 43 715.1428
5198 Shilikta ap Qu 0.2-0.6 | 755.1 | 0.2756 | 8.7395 1.61 12 485.0000
Total GD,
reserves, 10 7 848.6 | 2.8643 | 90.8286 129 755.1428
irrigated areas
Zhambyl
5238 Akzhar P-P, 0.4-0.6 | 432 | 0.0157 | 0.5000 2.09 714.2857
4712 Aspara Qiap Qu--N | 0.2-0.4 | 129.6 | 0.0473 | 1.5000 6.78 2 142.8571
5168 Biylikol a Qui-N, 0.3-0.7 | 293.7 | 0.1072 | 3.3993 1.23 4 856.1428
Georgievs-
4799 koye- a Qurrv 0.3-0.5 | 46.6 | 0.017 | 0.5393 1.55 770.4285
Talapty
4809 Zhualyn ap Qu-m 0.2-0.5 | 292.1 | 0.1066 | 3.3807 2.24 4829.5714
4957 Merken ap Qu-m 0.1-02 | 116.7 | 0.0425 | 1.3506 8.05 1929.4285
4993 Poiﬁg;“een' ap Qun 0.2-0.8 | 330 | 0.1204 | 3.8194 1.54 5456.2857
4994 P resg;zko' a Q-N, 0.3-0.8 | 294.9 | 0.1076 | 3.4131 2.33 4 875.8571
4944 Lugovskoye ap Q 0.2-0.8 | 500 | 0.1825 | 5.7870 3.76 8267.1428
Talas-Assi
5018 "‘(;‘ISO Iﬂf)sm ap Quuv-No | 0.4-0.7 | 228.1 | 0.0832 | 2.6400 438 3771.4285
Yuzhno-
5144 Kopinskoc ap Q- N, 0.2-0.9 | 183 | 0.0066 | 0.2118 18.08 302.5714
7985 Shakpakata C, 0.3-0.5 | 0.740 |0.00027 | 0.00856 3.50 12.2285
Total GD,
reserves, 12 1793.94| 0.6543 | 26.5497 37 928.2285
irrigated areas
Kyzylorda
4833 Zhanadarya K 1.0-2.0 | 21.6 | 0.0078 | 0.2500 3.52 357.1428
4908 Kuvandarya K> 13-14 | 725 | 0.0264 | 0.8391 2.56 1198.7142
4909 Kyzylkum K, 1.6-2.0 | 715 | 0.026 | 0.8275 5.05 1 182.1428
5033 Sarybulak K, 1.5-3.0 | 21.1 | 0.0077 | 0.2442 6.10 348.8571
5070 Tolagai P, 0.5-1.0 | 4.8 | 0.0017 | 0.0555 60.0 79.2857
Total GD,
reserves, 5 191.5 | 0.0696 | 2.2163 3166.1428
irrigated areas
Turkestan
5288 Bugun Q- N, 0.6-2.0 | 302.4 | 0.1103 | 3.5000 1.33 5000.0000
4972 Michurinskoe ap Qum 0.5 429 | 0.0156 | 0.4965 5.13 709.2857
5048 Suzak N,-P,'2 K, |03-1.8| 138.6 | 0.0505 | 1.6041 4.99 2291.5714
5047 Suykbulak- K, 0.5 23.3 | 0.0085 | 0.2696 5.56 385.1428
Intymak
Total GD,
reserves, 4 507.2 | 0.1849 | 5.8702 8 386.0000
irrigated areas
East
Kazakhstan East Kazakhstan
4808 Dairov 1\? %“ 0.2-0.7 | 667.3 | 0.2435 | 7.7233 1.38 11 033.2857
2"\
5149 Kalgutin ap Q 0.2-0.8 | 45 | 0.0164 | 0.5208 4.03 744.0000
4887 Kuludzhun ap Q 0.2-0.8 | 136.7 | 0.0498 | 1.5821 1.77 2260.1428
5862 Narym aQum 0.2-0.4 | 85.7 | 0.0312 | 0.9918 1.09 1416.8571
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End of table
1 2 3 4 5 6 7 8 9
5153 Chilikta ?\?Q(g . 0.2-0.3 | 139.1 | 0.0505 | 1.6099 2.25 2299.8571
2-Qi
Total GD,
reserves, 5 1073.8 | 0.3914 | 12.4279 17 754.1428
irrigated areas
Abai
Balapanovsko aQum,
4776 0.2-0.6 | 85.794 | 0.0313 | 0.9929 1.25 1418.4285
ye N>-Q1. Py
4841 Zharbulak apQq ap Qpuu, | 0.1-0.5 | 1071.3 | 0.391 |12.3993 1.86 17 713.2857
4930 Karakol aQ-apQ 04-1.0 | 216 0.0788 | 2.500 1.30 3571.4285
5195 Katynsu aQ-apQpyy 0.2-0.5 | 483.8 | 0.1765 | 5.5995 1.5 7 999.2857
5196 Kurailin aQ-apQ v 0.3-0.8 | 380.12 | 0.1387 | 4.3995 1.79 6 285.0000

Deposits explored for irrigation in Southern and Eastern Kazakhstan are reflected in the Map of
natural groundwater resources, which confirms a high degree of availability of exploitable reserves in the
deposits with natural resources figure.

MAP OF NATURAL GROUNDWATER RESOURCES
OF SOUTHERN AND EASTERN KAZAKHSTAN
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Map of natural groundwater resources of Southern and Eastern Kazakhstan with deposits explored for irrigation

Southern Kazakhstan: total area of lands for possible irrigation due to groundwater use amounted to
234,326.51 thousand ha. In the context of administrative regions, it appears as follows: in Almaty region
the total area of possible irrigation by groundwater amounted to 55,091.00 ha; in Zhetysu region —
129,755.14 ha; in Zhambyl region — 7,928.23 ha; in Kyzylorda region — 3,166.14 ha, in Turkestan region —
8,386.00 ha.

Eastern Kazakhstan: the total area of lands for possible irrigation through the use of groundwater
amounted to 54,741.57 ha, at that, in East Kazakhstan region the total area of possible irrigation by
groundwater amounted to 17,754.14 ha; in Abai region — 36,987.43 ha.
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Conclusion. The analysis of the results of the completed study allowed us to draw the following
conclusions:

— studies have shown that it is possible to irrigate significant areas of land at the expense of
groundwater deposits explored for land irrigation;

— an average module value of 0.7 I/s per 1 ha (0.0007 m?/s per 1 ha) was used for the calculations;

— the largest areas of possible irrigation of lands at the expense of groundwater are confined to the
territory of Southern Kazakhstan (234,326.51 ha), and among administrative regions — to the Zhetysu
region (129,755.14 ha);

— on the territory of Eastern Kazakhstan, the largest areas of irrigated lands at the expense of
groundwater are confined to Abai region (36,987.43 ha);

— it is possible to provide specified areas with exploitable groundwater reserves of these deposits for
land irrigation after construction of irrigated massifs with construction of necessary irrigation systems
adjacent to a specific deposit explored for irrigation, after studying hydrogeological and engineering-
geological conditions of the territory of the selected areas and their ameliorative assessment for selection
and justification of composition and methods of reclamation measures.

Funding. This research is funded by the Committee for Science of the Ministry of Science and
Higher Education of the Republic of Kazakhstan (grant No. BR 21882211).
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OHTYCTIK JKOHE IIBIFBIC KABAKCTAH AMMAFBIHJIA
’KEPJII CYAPY YIIIH 3EPTTEJTEH JKEPACTBI CY KEHAEPIHIH CYAPMAJIBI
IIAPYAIIBLIBIFBIHBIH KA VITICI3ITTH BAFAJIAY

Annoranus. CyapMmansl KepiepAi CyMeH KaMTaMachl3 €Ty Ke3IepiHe Talfay >Kacalblll, OapiaHFaH jKep acThl
CyNapbIHBIH KeH OPBIHIAPHIH Cyapy YIIiH HaiJariaHy MyMKIHAIKTepi KapacTeippurad. CyapMaisl eTiHIIUTIK KaybIH-
LIAIIBIH MOJIIIePIHe KapaMacTaH acThIK JKOHE KOKOHIC JaKpUIIAPbIH OHIIPYIl apTThIpyFa MYMKIHAIK OepeTiH aybul
HIapyallbUIbIFB OHIIPICIHIH THIMII omicTepiHiH Oipi Oousbin Tabbutanbl. Kasakcrangarsl aybulapyamibUibiK Cy bl
TYTBIHY/IbIH HEri3ri npoOyieMaiapbiHbIH Oipi CyIbIH alTapibIKTail sxoFanysl Ooubin TaObuIaasl. Kasakcran aiimak-
TapbIH KOPIILIEC eNIEPIeH Kep YCTi CyJlapbIHBbIH KeJlyiHe TOyeJAUIIK Jopekeci OoibIHIIa YT TonKa Oesyre Ooabl:
OipiHIII TOI — TOYENAUTIK JOpEKeci )KOFaphl, EKiHILI TOI — OpTalla TOyeJIUIIK, YIIIHIII TOI — KepLIljiec eJiepacH
KEJIETIH Cy aFbIHbIHA Tayeni emec aiimakrap. Cyapy YLIiH OapiiaHFaH >Kep acThl CyJIapbIHBIH 9p0ip K€H OpHBI YIIiH
THIPOMOJTYJIbJIIH OpTalla ’Kac IaMachIHBIH HETi3iH/e >K00albIK cyapy allaHJaapbl aHbIKTansl. JKep acTsl cynapbiH
naiijaana OTHIPBII, XKeplli CyapyAblH eH YiKeH aymakrapbl OnTycTik Ka3akcranga opHanackas.

Tyiiin ce3mep: >xep acTbl CylapbIHBIH KEH OpPBIHIAPHI, CyapMallbl XKepliepAi CyMeH KamTamachl3 ety, OHTYCTiK
skone [Isirbic Kazakcran.
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OIIEHKA OBECIIEYEHHOCTH OPOITAEMOI'O 3EMJIEJIEJINA
3A CYET MECTOPOKJIEHUI ITOI3BEMHBIX BO/I,
PA3BEJAHHBIX B IO KHOM 1 BOCTOYHOM KA3AXCTAHE

AnHortanus. [IpuBeneH aHATU3 MCTOYHMKOB BOJOCHAOKCHUS OPOIIAEMBIX 3€MENIb M PAaCCMOTPEHBI BO3MOX-
HOCTH HCIIOJIb30BaHUS Pa3BEAaHHBIX MECTOPOXACHUU MOA3EMHBIX BOJA ISl opolueHusa. OpoluaemMoe 3emilefenne
SBISICTCS ONHUM W3 HambOonee 3()(EKTUBHBIX METOJOB BEICHUS CEILCKOXO3SMCTBEHHOTO IPOM3BOJICTBA,
MO3BOJISIIOIIMM YBEJMYUTh NPOU3BOACTBO 3€PHOBBIX M OBOILHBIX KYJBTYp HE3aBHUCHMO OT KOJMYECTBA OCAJIKOB.
OnHO# U3 OCHOBHBIX IPOOJIEM CEIThCKOXO3IHCTBEHHOTO BogoNOTpeOneHns B Kasaxcrane SIBISTIOTCS 3HAYUTEIHHBIE
motepu Bonbl. Pernonsl KasaxcTaHa MOXKHO pa3[eNuTh HA TPH TPYIIHI IO CTETICHH 3aBUCHMOCTH OT IOCTYIUICHUS
MMOBEPXHOCTHBIX BOJ M3 COCEOHHMX CTPaH: MepBas IPYIa C BBHICOKOH CTENEHBIO 3aBHCHMOCTH, BTOpasi Ipymia co
CpeqHel CTEleHBI0 3aBHCHMOCTH, TPEThS TPyNIa — PalOHBI, HE 3aBHCAIINE OT IOCTYIUICHHS BOABI U3 COCETHUX
crpad. i KaXII0OTO MECTOPOXKIASHUS TIOJ3EMHBIX BOJ, Pa3BEIaHHOTO JJISi OPOIICHHUs, OBLITM ONpeAeTeHbl MPOCKT-
HBIC IUIONIAJU OPOIICHHUS HMCXOJS W3 CPEIHEBO3PACTHOTO 3HAYCHHUS THAPOMOAyss. Haumbosbpliue mom@anud BO3-
MO>KHOTO OPOIIIEHUS 3eMeJIb C UCIIOJIb30BaHUEM TIOJI3EMHBIX BOJ pacrosiokeHsl B FOxxuom Kazaxcrane.

Kiarw4eBble cJIoBa: MECTOPOXKACHUS MO3EMHBIX BOJI, BOJ00OECIICUCHHE OPOIIaeMbIx 3eMelib, FOxHbIH 1 Boc-
TouHbIH Ka3axcraH.
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KA3ZAKCTAHHBIH OHTYCTITTHETT KYPFAKINBLJIBIKTHIH
KAPKBIHJIBLIBIFBI MEH JKALIITTHE KJIMMATTBIK
O3TEPICTEPJIH OCEPIH BATAJIAY

Annotanusi. KnuMaTThIH e3repyl KypFaKIIbIIBIKKA OeiiM eHipiiep YIIiH OapraH caiibH elneyli Kayilke aiHa-
nyna. CoHFbl OHXbULABIKTAapAa KasakcTaHHBIH OHTYCTIK )koHE OacThIC aiiMaKTapblHAA OPTAIlla XKBUIABIK TeMIlepa-
TypaHBIH JKOFapblIaybl, >KaybIH-IIAIIBIHHBIH a3al0bl JXKOHE KYPFaKIIBUIBIKTBIH KaWTaldaHybl Oacka aiiMakrapra
KaparaHza aHbIK Oaiikamyna. byn mpomecTep aybll mapyallbUIbIFbIHA, Cy PECYPCTapbIHA JKOHE SKOXKYHenepre Tepic
ocep eTimn, SKOHOMUKAJBIK JKOHE a3bIK-TYJIIK Kayirnci3airine Kayin TeHAipeni. KypFakImIbUIbIK ©HIMIUTIKTIH TOMEH-
JieyiHe, TONBIPAKThIH AErpaJalisAChIHA KOHE Cy TaIlIIbUIBIFBIHBIH JKOFapbUIAybIHA OKENel, OyJl meaeHTTeHy Mace-
JICCIH KYIICHTE .

Byn makanana KazakcTaHHBIH OHTYCTIK aliMaFblHIAFbl 3aMaHayd KJIMMaT e3repicTepiHe Taljay Kyprisimim,
OHBIH KYPFaKUIBUIBIKTBIH KapKbIHIBUIBIFBI MEH XHIJIriHEe ocepi OarayanraH. 3epTTey.iH Herisri Makcatsl — 1950-
2023 xpiap apajbIFbIHAAFGl KaybIH-IIAIIBIH MEH aya TeMIIepaTypachIHbIH MOHAEPIH IMaiifasiaHa OTBIPBIN CTaH-
napTranral skayblH-mamsH (SPI) sxoHe Oymany (SPEI) manexcrepid maiiianaHa OTHIPBIN, KYPFaKIIBUIBIKTBIH Kap-
KBIHIIBUIBIFBI MEH XHITIriHe Tanaay >kypriziani. CoHbIMEH Kartap, 3epTTey OapbIChIHAA KIMMATThIH e3repy TeHICH-
IUSUTaphl MEH KYPFAKIIBUIBIK CHITaTTaMalapbiH Oaranay yuriH ManH-KeHmamt TecTi KoJImaHsUIAbL. 3epTTey HOTIKEC]
ootieramra SPEI Hotmxkenepi 1990 xpuimapaan KeliH KYPFaKIIBUIBIK Ke3eHIEPiHiH KapKBIHIBUTBIFBI MEH JKAUTITIHIH
SPI kemeriMeH anbplHFaH HOTIOKEJepre KaparaHaa apTysl Oarikanaabl. XKamms! exi naaexc Ooipama na 2019 xeuiman
OacTanm KYpPFaKIIBUIBIKTBIH KYIITI )KOHE 3KCTPEMaIbI IEHTelIepi TipKein KeieTi.

Tyiiin ce3mep: KIMMAaT e3repici, KYPFaKMIbUIBIK, aya TeMIIEpaTypachl, aTMOC(EPabIK KaybIH-IIAIIbIH, CTaH-
JapTTalFaH )KaybIH-IIaIsIH HHACKC1, ManH-Kenmamt Tecri.

Kipicne. Kazipri yakpITTa KIMMATTBIH ©3Tepyi IUIAHETaHBIH OpOip TYPFBIHBIHA dCEp €TETIH QIEMIIK
Kayilnke aiHaNBIN, €H Kyplenai MacenenepAid Oipi Oonbim Typ. Bapiblk MemiekeTTep KasipliH e3iHae
COHFBI JKBUITApJarbl aya TeMIIepaTypachblHbIH aWTapibIKTall e3repyiHeH OpBIH aliFaH KIMMAaTTBHIK
e3repicTepaiH canaapsiH kepyne. JKep OCTiHIETI TeMIlepaTypaHbIH e3repici OYKiI anemae Oaiikanbli, aya
TEMIIEPaTypPAChIHBIH JkahaHJIBIK OpTallla JIEHIeHiHiH JKOFapbUIaybl JOJICINCHTCH (GakT OOJBIN CaHAIAJIbI.
JAMY-ub1H 2022 KbUTFbl skahaHIIBIK KIMMATTHIH JKal-KYHi Typaibl MalliMaeMeciHae kahaHIbIK KIuMat-
THIH ©3Tepyi Typaibl €H COHFBI JIepeKTep KENTipiireH, atan aiTkaHma, 2022 >KbUIFBI opTaimia skahaHIbIK
temneparypa 1850-1900 >xemmapmarel opramra Ttemmneparypagan 1,15 °C sxoraper 6omuel. 2015-
2022 xeiaap 1850 >keimmaH Oepri acmanThlK OakbpUIay TapUXBIHAAFBI €H JKBUTBI CETi3 JKBUIIBI KYparaH.
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Ce06e061, 1800 xputmapaan Oactar aHTPOMOTEHIIK OCICCHIUTIK KIMMATTBIH ©3TePYiHiH HETi3ri KO3FayIlbl
(akTopsl 6ombit TadbLIaAR! [1].

KimmMatTeiH e3repy KapKbBIHBI OVKiT onemuae Oipmel emec. Eypasus KYpIBIFBIHBIH OPTAIBIFBIHAA
OpHAJIACKaH JKOHE MYXWMTTaH €I9yip KallIbIKThIKKA allbic OpHajackaH Ka3zakcraH aymarbl yKep LIapbIHBIH
opTalia MOHIHE KaparaHJia J>KbUIIaM KapKbIHMEH JKbUTbIHYAA. 1976-2022 Kbpimap Ke3eHIHAC ayaHbIH
opTamia JKbUIABIK TEMIEepaTypPachlHBIH KOTEPIMYy JKBULAAMIBIFBI JKep mapbl yiriH op 10 Kb caifbrH
+ 0,18 °C kypazpl, an Kazakctan yuriH OyJ1 MOH alTapibIKTaid skorapbl: op 10 xeurgsikka + 0,33 °C TeH
[2]. Omnrycrik KazakcraH aymarbl KOHTUHCHTAJbJbI KIMMATHIMEH JKOHE >KOFaphl TeMIIEpaTypaHbl
KaMTaMachl3 E€TEeTiH KeH Jaja JKa3blKTapbiMeH epekmeneHeni. 2022 >Kpulbl Iige alblHOA aTaiFaH
aliMaKTa PEKOPITHIK KOFaphl TemriepaTypa MoHi TipkenreH (+ 48 °C). by o3 ke3erinae OHTycTik Kazak-
CTaHJIaFbl KJIMMATTBIH OApFaH CaiiblH 3KCTPEMAaIIIbI )KOHE KayinTi 00JbIN O0apa KaTKaHbIH KOPCETE .

Kazakcran aymarbIHBIH Kell 0eiri KyaH aiMak OOJBIT TaObLIaabl, Oipak SMU30ATHIK KYPFAKIIBLUIBIK
eIIiH OaplIbIK eHipiepiHae Oaifkamampl. OPTYPI KapKBIHIBUIBIKTAFBl KOHE Y3aKTBIKTAFbl KYpPFaKIIThI-
JBIKTAp JKBUI CalbIH nepiik kezmeceni [3]. KyprakmIbUIBIKTHEI TOpPT Typre Oemyre Oonaapl: METEOpO-
JIOTUSUTBIK, aybUIIIAPYaIIbUIBIK, THAPOJOTHSIIBIK JKOHE OJCYMETTIK-3KOHOMHKAIBIK [4]. Mereopomo-
THSUTBIK  KYPFAKIIBUIBIK KAYBIH-IIANIBIHHBIH a3 MeJNIIepae TYCyiMeH CHIaTTalaabl. AybUIiapya-
HIBUTBIK KYPFAKIIBUIBIFBI CY KOPJIAPBIHBIH ayblUl MIApyalllbUIbIFhl KaXKETTUIIKTEPIH KaHaraTTaHbIpyFa
JKETKUTIKCI3 OOJFaHAa TYBIHAAWABI. AJl THUAPOJOTHSIIBIK KYPFaKIIBUIBIK KE31HJIE JKaybIH-INAIIBIHHBIH
JKETICTIEYIIUIITT Y3aK YaKbIT CaKTallbIll, TOMBIPAKTaFbl Kep YCTi JKOHE JKep acThl Cy KOpIapbIHBIH
CapKBUTYBIHA oKeeni [5].

Kyprakuibuiblk - OyJ1 TaOMFU KyOBUIBIC, )KOHE OHBI TYBIHIATaThIH, TAPAITYbIHA KOHE TOKTAybIHA HETI3
OonaTeiH TaOWFHM TIpoIlecTep KETKUTIKTI Typae 3eprrenMereH. Cebebi KypraKIIBUIBIK SpTYpIi Gopmana,
KapKBIHIBUIBIKTA JKOHE Y3aKTHIKTA Mmaia 601ysl MyMKiH. COHFBI OipHeIe OHXBUIABIKTa TaOUFH (haKTop-
JJApMEH KaTap aHTPOMOTCHIIK KBI3MET KYPFaKIIBUIBIKTBIH CHIIATHI MEH KapKbIHIBLIBIFBIHA 9CEP CTTI.
KyprakIibUIBIKTBIH TaOUFH ceOenTepiHe MbIHAJIAp JKaTaJbl: MYXUT TEMIIEPATYPaChIHBIH ayBITKYJAPhI
(Omb-Hunbo xoHe Jla-HuHbs), KypibIKTarel TeMIepaTypaHblH e3repyi (okep OeTi TeMIiepaTypachIHBIH
e3repyl IMKi dKOXKyHeaeperi aya aifHAIBIMBIHBIH CHITATHIHA OCEP €Till, JKaybIH-NIAIIBIHHBIH CHUIIATHIH
e3repTelli), TONBIPAK BUIFAIIBUIBIFBIHBIH TOMEHJIEYl (OYJITTapAbIH KaJIbINTACYbIHA 9CEP CTill, YKAybIH-
IIabIH OONMaFaH JKaFjaina KepJiH KaTThl KyprayblHa OKeNe[i), Cy TalIIbUIBIFBl Ke3eHaepi. AHTpo-
MOTEHIIK ceOenTepiHe MBIHANAp KaTaabl: aybUl MIAPYallbUIBIFBl KBI3METI, CY PECYPCTaphlH THIMCI3
naianany, sKepiH Aerpaganuschl xoHe 1.0. [6, 7, 8].

KyprakmbUIbIKTEL 1971 JKOHE YaKThUIBI Oaranay THIMAI Oackapy MeH OeiliMieny ImapanapblH Ka-
ObuImay YIMiH ©Te MaHBI3IBl. KyprakmbUIBIKTEI OaKBUTAYIBIH €H JKaKChl TOCLII — OHBIH OacTany JKoHe
asKTally yakbITBIH, KE3CHAUITIH aHbIKTay VIIIH KYPFAaKIIBUIBIK WHACKCTepiH maimanany. Kyprakmibi-
JBIKTHI Oarajnayfa apHaJlFaH KOINTEreH HWHJICKCTep Oap, Oipak 3epTTey aiiMarbiHa JKOHE MaKcaTTapblHA
colikec KeNeTiH AYpPHIC MHIEKCTI TaHAay MaHbBI3Ibl, ceOebi opOip MHIEKC opTypil eHipiep YIIiH jKoHe
THAPOMETEOPOJIOTFSUIBIK  JEPEKTEPIiH KOJDKETIMILIITiHE OadimaHpICThl e3remie Oonansl. EH TaHBIMAT
WHJICKCTEp KaTapblHA CTaHJApTTallFaH ayblH-IambiH uHAekci (SPI), aya Temmeparypachkl eckepiieTin
JKaybIH-IIAIIBIH XoHe Oyrnany ctanmaprranrad uHuekci (SPEI), [lanmep xyprakmbuibik naaekci (PDSI)
KaTaabl. byJl MHIEKCTep KONTereH 3epTTeyiepae KeHiHeH Komaansuiaas: [9, 10, 11].

Byn xymeicta SPI sxone SPEI mHAaekcTepiH KOMAaHBUIABI, ce0e0i oap CTaHAAPTTHI XKOHE OpPTYpIi
YaKbIT JHMANa30HbIHAA CANBICTHIPYFa JKOHE Tannayra oHail. SPI Tek jkaybIH-IIANIBIH JEepeKTepiH maima-
nananel, an SPEI temmneparypanbsiH MoHIH eckepeni. Ocbl WHAEKCTEp OOMBIHINA ecenTeyliep MEeTeo-
POJIOTHSUIBIK CTAaHIMSIAPABIH OaKbUIay JEpPEeKTepiH MmakaiaHa OThIPBI OPBIHIAAIIBL.

Byn 3eprreyain Herisri makcaTsl — 1950-2023 xpuimapaarsl Oakpuiay Ke3eHIHIErT KYpFaKIIbUTBIKThI
Oaramay. SIFHM, >KaybIH-IIAIIBIH MEH aya TeMIIepaTypachlHBIH Y3aK Mep3iMJi aiiIbIK AepeKTepiH Mmaii-
nmamana oteipbil, SPI sxone SPEI mnnmexcrepin ecenren OHrTycTik KazakcTaHmarbl KYpPFaKIIBUTBIKTHIH
KapKBIH/IBUTBIFBI MEH KalTaJaHybIHA KJIMMATTHIH ©3TePYiHiH 9CepiH 3epTTey OOJBI TaObLIAIbI.

3eprrey HbIcanbl. OHTYCTiK KaszakcTan nmama, menedTrep MeH MIONAEpAl KOca anFaHnua, SapTypui
TaOWFW aiiMakTapIbl KAMTUTBHIH aiiMak. byn aiimax O30ekcraH, Keipreisctan xoHe TypkMeHcTaHMeH
mekTeceni. OHTycTik Kas3akcTaHHBIH HEri3ri SKOHOMHUKAJBIK KBI3METI — aybll IapyallbUIbIFbI, OHBIH
IITiHIe CyapMallbl eTiHIIUTIK, COHIali-aK Tay-KeH KoHe SHEepreTHKa OHepKacioi.

Atimak OaThIChIHIa Apan TeHi3iHeH MbIFbIChIHA JKOHFap KaKmackHa JeiiH, conTycriringe bamkarm
ke MeH bermaknana menai ycTiprineH, oHTycTirinne Kasakcran PecrryOnukachIHBIH mIeKapachiHa JeiiH
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co3bUIbIT KaThlp. OraH KeB3bUIKYM mIemiHiH contycTik Oediri, TsHb-1IlaHpHBIH OaThIC JKOHE CONTYCTIK
cimemaepi, conmaii-ak JKoHrap AJaTaybIHBIH JKOTaJlaphl Kipemi. AWMaKTBIH OaTBICTaH IIBIFRICKA Kapal
y3bIHBIFRI ITaMaMeH 2000 KM, ajl CONITYCTIKTeH OHTYCTiKKe Kapaii — 700 km [12].

Knumatel KypT KOHTHHEHTaNAbl KoHE Kyprak. JKbUIABIK >kayblH-IAmbIH Memmepi 200 MM-neH
acnaiinbel. OHTYCTiK KasakcTanmarsl jxa3 )KbUIBIH €H BICTHIK Ke3eHIepiHiH 0ipi 00BN caHamaasl. Ocipece
temriepatypa 40 °C >xorapsl OOJIaTHIH IIUJIAC-TaMbI3 apanbirbl OHTYCTIK Kazakcram aiiMarbl yIIiH oTe
BICTHIK aiyiap OOJBIN TaObLIAIbI.

Onryctik KazakcTaHHBIH 5KOHOMHKACHI HETI3iHEH aybUl MIapyamIbUIBIFBIHA Toyenmi. Amnaiima, cy
TaIITBUIBIFEl JKOHE KIMMATTHIK ©3TepicTep cyapMma JKYHeNepiHiH THIMIUITIH TOMEHICTemi, OV aybul
HIapyallbUIBIFBl OHIIPICIHIH TYPaKTHUIBIFBIHA KATEp TOHAIpeai. AWMaKTaFbl Cy pecypcTapbl IeKTeyi, Oy
Cy pecypcTapbiH 0acKapy jKoHEe KYPFaKIIBUIBIKIICH KYpPeCcy MaceleepiH alMaKThIH TYPaKThl JaMybl YIIiH
MaHBI3[IbI €Te/i.

Kyprakmsuieik OHTYCTIK Kazakcran yiniH y3aK yakeITTaH Oepi ©3eKTi mpodiieMa OOJbI TaObUIaIbl.
Ocipece ka3 aliapblHIa, TEeMIEpaTypaHbIH >KOFapbl OOJybl JKOHE >KaybIH-INAIIBIHHBIH TAMIIBLUIBIFBL
alfMaKTBIH 3KOCHCTEMAachl MEH aybUl IIapyallbUIBIFBIHA Kepi ocep erei. KyprakIIBUIBIKTBIH HETi3Ti
cajmapel — Cy TANIIBUIBIFBI, TONBIPAKTBIH KYPFAayhl JKOHE eTiHHIH OHIMAUNriHIH TeMmeHAeyi. OchIFaH
0aliJIaHBICTBI, KIMMATTBIH ©3Tepyl MEH KYpPFaKIIbUIBIKTBIH KapKBIHABUIBIFBI MEH JKHUIrH Ooinkay,
COHBIMEH Karap OyJl KYOBUIBICTApABIH aybUl IIapyallbUIBIFbIHA, DKOXKYHelepre >XoHe oIeyMEeTTiK-
SKOHOMUKAJIBIK JKaFdaiFa ocepiH 3epTTey 6Te MaHbBI3IbI 00BN Ta0bUTa sl [12].
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Figure 1 — Map of the study area

3eprTey mMartepuanaapbl MeH dficrepi. FrutbiMu 3eprreyne OHrycTik KazakcTan aiiMarbIHIarbl
KYPFaKIIBUIBIKTEL Tanaay yimH 1950 sxeuman 2023 sxeira geidinri keseHre apHanran PITI «Kasrun-
poMeT» MoNiMeTTepi KOJNOAHBULABL. METeOpOJIOTHIIBIK JAEpeKTep peTiHae 12 MeTeoposIoTHsUIBIK
CTaHIUAIAH aJbIHFAH aya TeMIIepaTyPachIHbIH (MaKCUMaJIbl KOHE MHUHUMAJJIBI) jKOHE aTMOCQepalbIK
JKaybIH-IIAIIBIHHBIH TOYJIIKTIK KaTapiapbl Nai anaHbuIIb.

Cmanoapmmanean srcayvin-wawvin unoexci (SPI). 2009 xputel JIyHHEKY31IIK METEOPOIOTHSIIBIK
yviteiMm (JIMY¥) 70-TeH actam enie 3epTTey JKYMBICTApPBIHIA KOJNMAHBUIATHIH KYPFAKIIBUIBIKTE OaKbLIay
YIIiH CTaHIapTTalIFaH >KayblH-IambiH wHAeKCiH (SPI) maiinananmyael yceiHaet [13]. SPI apTeikmb-
JBIKTapbIHA >KaybIH-IIAIIBIHHBIH MOJIIIEPIH FaHa €CKEPEeTiH BIHFAHIBUIBIKTHI JKaTKbI3yFa Oonambl. SPI
WHICKCIH €CeNTey oMiCTeMeci OJIICHETiH OacTamKpl IEPEeKTEpIIiH TeorpausuIblK OpHANIAcy Typajbl
MOJIIMETTEPiH Naigananyapl kezaemenai. CTaHmapTTaaFaH jKaybIH-IIANIBIH WHACKCI KaybIH-IIalIbIHHBIH
KOIDKBUIIBIK TapalTyblH FaHa ECKEpei.
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Ecenrtey ko0Jbl aybIH-IIAMIBIHHBIH YaKBITTBHIK KaTapidapblH T'aMMa TapaThUIBIMBIH KOJIJAHY apKbLIbI
TYPIACHIIPYI ’KOHE OaH KEiiH allbIHFaH BIKTHMAJIBIKTap bl CTAHAAPTTAIFAH JKaybIH-IIAIIBIH HHIEKCIHE
HOpMaJIay bl KAMTHIBI:

SPI =F 'G(R), (1)

MyHIIaFbl G — raMMa TapaThUIBIMBIHBIH HHTETPAIIBIK (QYHKIHICH; R — skaysH-mmamsia Menmepi; F' —
Kepi HOpMaJlaHFaH TayCC TapaThUTbIMBI.

SPI wHAEKCIHIH OH MOHAEP] BUIFANIBI KaFJaIapIbl CUMATTalbl. AJ Tepic MOHAEP KYpPFaKIIBLIBIK
KarmannmapeIH Oinmipeni, skone SPI MoHI HEFYpIBIM TOMEH 00Jica, 3epTTENCTIH Ke3eH COFYPIIBIM KYpPFaK
Oomanpl. SPI ecenTey yuIiH KayblH-IIAIIBIHHBIH YaKBITTBHIK KaTapiapbl >KETKUIIKTI y3aK OOMybl Kepek,
keminge 30 >xpu1. CTaHAApPTTANFaH JKAaybIH-IIAIIBIH WHACKCI BIKTUMAJJIBIKTAPMEH OaillaHBICTBI 00JI-
FaHIBIKTaH, OpOip HAKTHI HYKTE VIIIH OPTYPJi KApKBIHIBUIBIKTAFBl KYPFAKIIBUIBIKTBIH IMaiga 0oy
BIKTUMAJIIBIFBIH aHbIKTayFa 00s1a/1bl. KypFakimbLIbIKThIH Oactanysl, erep SPI moHi -1.0-1eH Temen Oolica,
OenriieHel, an KYPFaKIIbUIBIKTHIH asKTadybl HHICKCTIH OH MOHIE aybICy YaKbITBIMCH aHBIKTANIAIbI.
KyprakmbUTBIKTEIH KapKBIHIBUIBIFBIH €CeTITey YIIiH KYPFaKIIBUIBIK Ke3eHiHaeri O0apiasik SPI MonmepiHig
COMACHI ecenTeNesi.

Cmanoapmmanean scayvin-uiawvly sxcane oyrany unoexci (SPEI). SPEl KyprakIIBIIBIKTBI aHBIK-
Tay/la >KayblH-IIANIBIH MEH MOTEHIHAIAbl OylIaHyIsl (3BalOTpaHCHHUPAIUSHBI) €CKepyre MyMKIHIIK
oepemni. [lorenmmanaer Oymany (I1B) — Oy Oenrimi 6ip TemmepaTypa MeEH BUIFAIIBUIBIK JKaFIaibIHIa
OCIMIIKTEep MEH TOIBIpaKTaH OyJIaHBIN IBIFATHIH CyAbIH Memnmepi. [loreHumanasl OynaHy Temmneparypa-
HBIH JKOFapbUIAYBIMEH YJIFas/ibl, OYJI KIIMMATTBIH ©3repyl MEH KbUIBIHYbIHA OalIaHBICTHI ©T€ MaHBI3/bI
kepceTkim Oonbi TabbiIanbl. CoHmeikTaH SPEIl wHIEKkci TeMriepaTypaHbIH ocepiH Je ecKepim, Tek
JKaybIH-IIAIIBIHFA FAHA EMEC, JKaJIbl Cy OalaHChIHA KaThICTHI AYPHIC Oarayay jkacayra MYMKIHJIIK Oepei.
SPI-neH alibIpMalIbUIBIFBI, JKaybIH-IIAIIBIH koHe Oymany unHnekci (SPEI) TemmepaTypaHbIH >KOFaphl-
JIayBIHBIH ©CIMIIKTEP/IiH CyFa KQXKETTLUIIriHe HEeTi3ri acepiH KepceTei, cededi TeMmnepaTtypa )KorapbliaraH
caiibIH OyJaHy apTafisl, OV ¢y pecypcTapbiHa ocep ereni. SPEI KIIMMAaTTHIK HHIAEKCIH ecenTey dicTeMect
JKaybIH-INAIIBIH MEH OyJiaHy albIpMalllbUIBIFBI MOHCPIHIH Tapany ThIFBI3IbIFEI (DYHKIMACHIH Iaiaa-
nanyra HerizgenreH [10].

Bepinren cranmapTTanFaH )ayblH-IIAMbIH MeH Oynany nHaekcin (SPEI) ecenrey xomer SPI ecentey
npoueciHe ykcac. Anaiina, SPEI ecentey ymin (2) ¢popMmynacsiHa kayblH-IIAMBIHABIH (R) jkoHe moTeH-
nuanael 3BanoTpancnupaiusHelH, (PET) alnblK KUBIHTBIKTAPBIHBIH aiibipMambUibikTapsl (D) komnna-
HBLIA/IbL:

D; =R; - PET;, (2)

MYHAFHI 1 — €CeNTey albIHBIH PETTIK HOMIpI.

SPEI wmHzaekci kayblH-IIAIIBIH MEH OyJaHy apachIHIAFbl aibIpMAIIbIIBIKTBl HETi3re ana OTBIPHII
eCenTeNe/li JKOHE KIMMATTHIK JKaFaaiap/blH e3repyiHe OalIaHbICThI CYy TANIIbUIBIFBI MEH apTHIKIIBI-
JIBIFBIH aHBIKTayFa kemekTecei. Colikecinmie oH MoHI1 SPEI nHAeKci xaybIH-IAIIBIHHBIH apTHIK 00TyBIH
KepceTeni. Tepic MoHIEpi Cy TaNIBUIBIFBIH, SFHU KYPFAKIITBUTBIKTEI O1TIipe/ti.

KyprakuibUIbIKTIH KapKbIHIBUIBIFBIH aHBIKTAay YImiH 1-kectene kepcerinren SPI xone SPEI un-
JIEKCTEPiHIH MOHIEPiHIH KIKTEeNyi KOJIaHbLIA IbI.

WNunexc moHaepi Oenrini Oip Ke3eHaeri xaybiH-mmambHabl (1, 3, 6, 9, 12 xoHe 24 ailbIK HeMece
OollaH Jla y3aK Mep3iM) TajjayFa CHrI3UITeH OapiblK JKbUIIAPIAFbl COJI KE3CHHIH >KaybIH-IIAIIbIH
MeJIIepiMeH CaJbICTBIpYasl KamTamachkl3 eredi. Kpicka mepsimai SPI sxone SPEI (1-3 aif) xaybiH-

1-kecte — CTaHOapTTaIFaH KaybIH-IIAIIBIH HHACKCIHIH MOHAEPiHE COKeC KYPFaKIIBUIBIK JeHIeHIepi

Table 1 — Drought severity levels according to Standardized Precipitation Index (SPI) values

SPI moHi KyprakibuibIK AeHreiti
0-zen -0,99 neiiin OIICi3 KYPFaKIIBLIBIK
-1,00-gen -1,49 neitin Opraiua KypraKIbUIbIK
-1,50-nen -1,99 neitin KaTTbl KypraKmbUIbIK
-2,00 xoHe oaH TeMeH DKeTpeManabl KYpFaKIIbUIBIK
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IIAIIBIHHBIH KBICKA MEp3iMJIi aybITKyJNapblH Oaranay YIIH KoinaHbiianel. CoHpali-ak, ayblul IIapya-
IIBUTBIFBl  JAKBUIAAPBIHA 9CEp ETEeTiH TOMBIPaK BUIFANIBIIBIFEIH OakpulayFa mnaimanansuiagsl. Opta
Mep3imai (3-12 aif) MayChIMIBIK JKOHE KBUIIBIK JKaybIH-IIANIBIHIAB TAIJalbl JKOHE ©3CHACP MEH Cy
KOMManapblHAaFbl Cy KOPBIHBIH 9CepiH aHbIKTayFa MYMKiHAIK Oepeni. ¥3ak mep3imuai (12 aii sxoHe onan
KOIl) Cy peCcypCTaphIHBIH Y3aK Mep3iMIi e3repicTepiH, MbICAIBI, KEPACThI CyJapbl MEH THIPOIOTHSIIBIK
MUKIAEpai Oaranay YIIiH KOJHaHbUIAABl. KeImKBUIMBIK KYPFaKIIBUIBIK TEH Y3aK MEP3iMIi KIMMATTHIK
ypaicrepai Tanaay yiniH nainanansutagsl. SPI sxkene SPEI monzepi Climpact Garnapnamachid maiigaiany
apkputbl ecenrreni (https://ccre-extremes.shinyapps.io/climpact).

Mann-Kenoann mecmi. Mana-Kengamn tecti — O yaKbITTBIK KaTapiapIblH TPEHATEPIH Talgay
VIIIH KEeHIHEH KOJIJAHBUIATBIH CTATHCTUKAJIBIK MapaMeTpiiik emec TecT. OChl TECTKE COMKeC, HOJIIK
runote3a HO TpeHITIH >KOKTHIFBIH OOJDKAMABI (JEpeKTep TOYelNCi3 JKoHe Ke3AEeHCOK pEeTTEeNreH), al Oy
TUTIOTE3a aJFTEPHATHBTI rumore3a Hl-re xapchl Tekcepislenmi, o TPEeHATIH 0ap eKeHMITiH OOKaiIbL.
Z TeCT CTaTUCTUKAChl TPEHATIH MaHBI3IBUIBIFBIHBIH OJIIeMi peTiHae Koimaneuianbl. OH Z MoHI ecy
TEHICHIMSCHIH KOpceTe i, ColKeciHIe Tepic Z MoHI TOMEeH ey TeHACHIMSICHIH Kopcetei [ 14].

HoTm:kenep kdHe onapabl TaaKbLiay. KyprakIIBUIBIKTBIH HET13T1 cebenTepi — xahaHABIK KBUTBIHY
JKOHE KJIMMATTBIH e3repyi, OyJI Keilip eHipieple aHOMaabAbl JKOFaphl TeMIIepaTypajapIblH Taima
OoyblHa XKoHE arMoc(epanblK >KaybIH-IIAIIBIHHBIH a3aroblHa okenin oTelp. OHrycTik Kazakcranaa
opTama >KbUIABIK TEMIIEpaTypaHbIH ©Cy TEHACHUUsIApbl apTThl, sSFHU 1950-2023 xok. aya Temmepa-
TypaceiabiH e3repy KapKeHbl 0,18 °C/10 xbut (Tacapsik MC) xone 0,53 °C/10 b1 (Ke3sutopma MC)
apaJbIFbIH KyparaH (2-cyper).
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2-cypet — OnrycTik Kazakcranmarsl aya TemiepaTypachiHbIH KOIDKBUIIBIK OpTalla Xypici

Figure 2 — Long-term average trend of air temperature in Southern Kazakhstan

ATMOC(epalbIK JKaybIH-IIAIIBIHHBIH 3€PTTEITeH METEOCTAHIMSIAPAAFhl CBI3BIKTBIK TpPEHI K03(-
(unKeHTTepi KONIITIK METEOCTaHIMsIapa eleyci3 e3repicTepli cunatTaipl. JKbUIABIK jKaybIH-IAIIbIH
MeJmepiHie MaHbe3Asl Tepic TpeHarepi Kopmahr (9,09 mm/10 xbu1) sxoHe MOWBIHKYM METEOCTaH-
nusutapeiaaa (4,18 Mmm/10 sxbuT) OalKam bl

ChI3BIKTBIK TPEHATIH BU3Yalbl Talgaybl KOIDKBUIABIK OpTallia METeOpPOJIOTHSIBIK MapaMeTpiepaiy
TOMEHJIEY HeMece KOTepily TeHICHIMSCHIHBIH 0ap ekeHiH Oopkayra MyMKIHAIK Oepexi. Herypmpim
CEHIM/II KOPBITHIHIBUIApFAa MOHOTOHIBI TPECHIATEPHAiI aHBIKTayFa apHAIFaH CTAaTHCTUKAIBIK OmiCTepl
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3-cypet — ATMoc(hepanbIK JKaybIH-IIalIIHHBIH KOIDKBUIIBIK OpTallia Kypici

Figure 3 — Long-term average trend of atmospheric precipitation

KOJIJTaHY apKbUIbI KOJI JKE€TKi3yre 00apl. Aya TeMIIEpaTypachbIHbIH OHKBUIIBIK ChIPFRIMAJIBI IpadUKTEePiH
TYPFbI3a OTBIPBII, KAPKBIHBI KbUIBIHY JKbULIAPBIH aHBIKTAY apPKbUIbl KAPACTHIPBUIFAH YAKbIT apaNIbIFbl €Ki
ke3eHre Oemiami: 1950-1972 xone 1973-2022 xok. Exi ke3eHIeri TPeHATIH MaHBI3BIABUIBIFEI MaHH-
Kenmamn mapamMeTpilik eMec TeCTiHiH Z-CTaTHCTHKACHI OOMBIHIIIA JKYPTi3UIIi.

Tect HoTmxenepine coiikec, 1973-2022 »xok. aya TeMmrepaTypachiHbIH TPEHIl aJbIHFbl KE3CHMEH
CaNBICTBIPFaH/Ia dJJeKaiia MaHbI3IbI eKkeHi aHbIKTaIabl. 1950-1972 xok. kepiciHme keiibip ainmapna aya
TeMITepaTypachIHBIH TOMEHACY TCHICHITUSACHI OPBIH ajiFfaH. Z-CTaTUCTUKACHl OOWBIHINIA TeMIIepaTypaHbIH
ecy TPEeH[Ii HaypbI3, MaMBIP JKOHE MayChIM aiapbiHia aiiKelH Oalikanran (99 % MaHBI3ABUIBIK TOpEXKeci).
1973-2022 k. OepinreH aliMakTarbl Z-CTaTUCTUKACKIHBIH MoHIepi CaynakeHT CTaHIUSCHIHBIH 2,76 jKoHe
KazpirypT cTaHImsICHIHBIH 6,32 MoHIEpi apallbIFbIHA ©3repreH (2-kecte). SIFHu, allMaKThIH 0aThIC JKoHE
OHTYCTIK-OATBICBIHJIAFbl  CTAHIMSUIAPBIHAA aya TeMIIepPaTypachlHBIH 6©CY TCHICHIMICH KapKbIHIbI
OalKaJraH.

Z MoHiHIH OH OONyBI apTy TEHIEHIMICHIH, all Tepic OOJybl TOMEHJIEYy TEeHICHIMSACHIH KOPCETEe.
0,1, 0,05 xxome 0,001 moumi neHreinepinge |Z| > 1,64, |Z| > 1,96 xone |Z| > 2,58 6oiraH karmaina eneyii
TeHAeHIUsA O0ap nen ecentenei. Ocpliaiiia, OepiireH 3epTTey e TUIIOTe3aHbl Tanaay yiiH 90, 95 sxoHe
99% ceniMaimik neHreinepi KoimaHeUAbl. 1950-2023 xpUimap apalbIFBIHAAFE aya TEMIIEPaTypachl
nepekTepi Oofiprama ManH-KeHnam Z-TecTiHiH HOTIKeIepi 0apIIbIK KapacThIPhUTFaH CTaHIMUIapAa apTy
TEHICHIIUSACHIHBIH €JIeYJIl €KeHIH KOPCEeTTI.

2-kecte — Aya TeMIepaTypachIHbIH ailJIbIK JKoHE KbUIIBIK MoHIepi OoitbiHina Manu-Kenaan tecTiniy Z-CTaTHCTUKACH

Table 2 — Mann-Kendall test Z-statistics for monthly and annual air temperature values

Z-CTaTUCTHKACHI
Aitnap Kazansl Ke13p110paa Typxkicran TacapbIk Kasbirypt CayllakeHT

1950- | 1973- | 1950- | 1973- | 1950- | 1973- | 1950- | 1973- | 1950- | 1973- | 1950- | 1973-

1972 | 2022 1972 2022 1972 2022 1972 2022 1972 2022 1972 2022
Kanrap 0,11 1,22 -0,69 1,66 -1,24 2,00 -0,69 2,54 -0,98 3,31 -1,56 1,35
Axnan -0,40 2,4 -0,40 2,84 -0,32 3,00 -0,34 2,44 -0,18 2,89 -0,79 1,94
Haype13 0,58 3,38 0,11 3,61 0,95 3,28 1,00 3,87 1,35 4,04 0,26 2,69
Coyip 0,26 1,63 0,42 2,18 0,40 0,91 0,40 0,03 1,06 0,95 0,26 1,32
Mawmsip -0,77 | 2,60 -0,87 4,13 -1,48 4,13 -1,53 2,53 -0,79 3,64 -0,61 2,80
Mayceim 0,53 1,65 1,51 3,75 0,03 3,24 0,00 1,36 0,79 3,67 0,42 2,15
Minge -0,05 | 0,00 -0,13 2,30 -2,04 1,38 -1,43 -0,34 -0,93 2,54 -1,77 | -0,56
Tams13 -1,22 | 1,62 -0,61 4,31 -1,80 2,84 -0,58 1,01 -0,13 3,56 -1,30 1,49
Keipkyitex 0,29 0,36 0,71 2,82 0,05 2,89 0,50 1,46 1,59 3,79 -1,32 0,23
Kazan 0,95 1,77 1,06 2,66 1,38 2,35 1,14 0,15 2,27 1,97 1,62 1,30
Kapama 3,04 | -0,23 2,88 0,45 3,09 0,44 2,93 -0,59 3,04 0,03 2,33 -0,10
XKenroxcan 1,35 | -0,97 1,19 -0,08 1,77 0,32 1,27 -0,88 1,61 0,29 0,85 -0,31
KbL1 1,06 | 3,70 1,16 5,44 0,95 4,89 1,19 3,60 1,77 6,32 0,32 2,76
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3-kecte — JKaybIH-1IAIIBIH MOJIIIEPiHIH aiJIbIK XKaHE KbUIIBIK MOHAepi OoiibiHIna ManH-Kenaan tecTiniy Z-CTaTHCTUKACH

Table 3 — Mann-Kendall test Z-statistics for monthly and annual precipitation values

Z-CTaTHCTHKACHI
Aiinap Kazansr Ke3putopna Typkicran TacapbIk Kasbirypt CaynakeHt

1950- | 1973- | 1950- | 1973- | 1950- | 1973- | 1950- | 1973- | 1950- | 1973- | 1950- | 1973-

1972 | 2022 1972 2022 1972 2022 1972 2022 1972 2022 1972 | 2022
Kanrap 0,11 | -0,42 | -0,82 0,23 -1,16 1,55 -0,16 | -0,60 | -0,50 | -0,03 | -0,90 2,47
Axnax 0,05 2,0 -1,67 -0,78 -0,90 -0,39 | -0,21 1,05 0,53 1,30 0,69 0,38
Hayps13 -0,50 | 0,10 0,98 -0,09 -0,63 1,82 0,11 1,62 0,00 1,00 -0,90 0,55
Coyip 1,03 0,86 0,59 0,78 291 -0,33 2,01 0,00 0,95 0,12 1,16 -0,18
Mawmsip -0,51 | 0,65 -0,39 -1,79 -0,16 -1,00 1,32 -0,15 0,50 0,49 0,48 -0,62
Mayceim 0,63 | -0,30 | -0,48 -1,00 -0,34 1,59 -1,24 2,44 -0,42 2,01 -2,09 1,51
Minge -1,27 | 0,79 | -0,24 | -1,42 1,60 -0,95 0,29 0,92 0,61 0,72 1,01 0,10
TamsbI3 -1,23 | 0,21 -0,79 -2,10 1,15 1,02 -0,61 1,42 -0,50 1,76 0,03 1,75
KeIpkyiiek -1,43 | -1,23 0,32 -1,71 0,79 -0,69 | -0,03 -0,50 0,81 0,35 0,42 -1,75
Kasan 0,79 | -1,71 0,77 -2,27 0,16 0,42 1,16 -0,06 0,55 0,23 0,37 -0,09
Kapama 2,38 | -0,57 | 0,82 -0,19 0,00 0,64 0,37 0,47 0,48 0,90 -0,08 0,63
XKenrokcan -0,42 | 0,03 -0,29 -0,29 1,00 -1,03 0,95 -0,35 1,06 -0,19 2,06 -0,85
Kbrn 0,00 | 0,28 1,11 -1,25 0,42 0,17 0,74 0,95 1,37 1,32 0,63 1,46

KyprakmbUIBIKTEIH OacTamybl, asKTadybl XoHE KapKBIHABUIBIFBI METCOCTAHIUSIAPIBIH TapuXu
JIepeKTepiHe HEeri3/leNreH eKi nHaeKe apkputbl Oarananabl. SPI skone SPEI kepcerkimrepi Tepic MoHIepre
JKETKEH Ke3Je KYpPFaKIIBUIBIK OacTayiajpl JKOHE OJlap OH MOHJEpre KETKCHre JeiiH »kairacansl. by
WHICKCTEPAIH OH MOHIEpl BUIFAIBI Ke3eHAepIi Kepcereli. MeIcal peTiHae KehOip MeTeoCTaHIIHs-
napaarel SPI, SPEI nnaekcTepiHiH KOIDKBUABIK TUHAMUKACH KOPCETUITeH (4-cyperT).

Bepinren crannusnapaa SPI mnnexci Ooiipiama temenri Mouaep 1957, 1975 xone 2021 xpunaapbl
Oaiikanael. Meicanbl, Kpi3putopa mereoctaniusceiaaa 1957 xowuiel -2,42 moHiMeH, Kazaner meteoctaH-
nusaceraaa 1975 xeuret -3,41 sxone 2021 xbiis! -3,26 MoHAepiMeH, MolbrHKyMaa 1957 Kbtk -2,68 jxoHe
2021 >xbutel -2,75 MoHaepiMeH, connmai-ak Kopmaii mereocraniusaceiaaa 1957 xbuibl -2,90 MoHiIMEH
SKCTpeMalibl KYpFakmbUIblK opbiH amFaH. Anm SPEI tepic MoHmepi Oapiplk cTaHIWsLIapaa AepIiik
2000 >xpurmapman Oacram Oaiikamanel. SlraM SPEI mHmekci apKpUTbl aya TeMIepaTypachIHBIH COHFBI
JKBUIIApAa KapKbIHIBI ©CYl CalJapblHAH KYPFAKIIBUIBIKTHIH KApKBIHABUIBIFEI MEH JKUITITiIHIH apra
TYCKEHIH aHBIK KOPCETE/II.

Keneci xectene OapiblKk METEOPOJOTHSUIBIK CTaHIUSUIApAa OaiiKanFaH opTaiia JEeHTeWIeH 3KCTpe-
MaJJIbl JIGHIeWre ACHIHIT KypFakK >KbUIAApAbIH Katanorbl kepcerinreH, skHU SPI sxone SPEI skbuiabIK
MoHIepi -1-11eH TeMeH OOJIFaH KbUIIap.
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4-cypet — OHrycTik KazakcTan MeTeocTaHIHsIIaPbIHIAF b
SPI 12 sxone SPEI 12 unnekcTepiHiH KOIDKBUIBIK JHHAMHKACH

Figure 4 — Long-term dynamics of SPI-12 and SPEI-12 indices
at meteorological stations in Southern Kazakhstan




ISSN 2957-8280, eISSN 2957-9856 Ne 2, 2025

4-xecte — SPI xone SPEI -1-nen ToMen OoJFaH Kbuaap
Table 4 — Years with SPI and SPEI values below -1

Cranuusuiap SPI SPEI
Kazasnst 1951, 1961, 1974-1977, 2011, 2021, 2022 1975,2011, 2021-2023
Kebutopaa | 1951, 1955, 1957, 1965, 1966, 1971, 2001, 2006, | 1955, 1957, 1963, 1966, 2005, 2006, 2011, 2019-2022
2011, 2022
YKocanbt 1951, 1955-1957, 1963, 2006, 2011 1955, 1956, 1966, 1975, 1979, 1980, 1986, 1995, 1999,
2000
IHuemni 1951, 1961, 1971, 1996, 2000, 2001, 2012, 2018 1996, 1997, 2000, 2001, 2008, 2011, 2018, 2021-2023
Apsic 1961, 1965, 1971, 1977, 1986, 1989, 1996, 2018, | 1966, 1971, 1986, 1989, 1996, 2000, 2001, 2006, 2011,
2020, 2021 2018, 2020, 2021
Kasbirypt 1951, 1957, 1965, 1986, 1989, 1996, 2008, 2021 1951, 1955, 1957, 1961, 1962, 1966, 1975, 1984, 1986,
1989, 1995, 1996, 2008
Tacapsik 1951, 1957, 1961, 1962, 1975, 1986, 2008, 2021 1957, 1961, 1975, 1986, 2001, 2008, 2011, 2021
Typkicraun 1951, 1957, 1996-2000 1951, 1955, 1957, 1961, 1966, 1975, 2011
Kopmait 1957, 1965, 2008, 2018, 2021-2023 1957, 2008, 2018-2023
Kynan 1957, 1965, 1983, 1991, 1996, 2008, 2012 1957, 1983, 1996, 1997, 2008, 2012
CaynakeHt 1951, 1961, 1965, 1975, 1976, 1983, 1989, 2008, | 1965, 1975, 2000, 2006, 2008, 2013, 2018, 2020, 2022
2020
Moiteiakym | 1957, 1961, 1974, 1975, 1996, 2008, 2020, 2021 2006-2008, 2013, 2014, 2018-2022
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S-cypert — Onrycrik Kazakcran cranuusiiapbinaarsl SPI nHAEKCiHIH MayChIMABIK KaiiTalaHy IIbUTBIFbI

Figure 5 — Seasonal recurrence of the SPI index at stations in Southern Kazakhstan
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Kecte momimerTepine coiikec Oapiblk cranumusuapgan 1950-1960 xpuimapaarbl KypFaKIIBUIBIK
Ke3eHiH Oaiikayra Oonaapl. CoHbIMEH KaTap, 1990-xpuinapnaH KeiliH KaTThl %KoHE IKCTPEeMaIbl KypFak-
IIBITBIK, Ke3eHIepi Oaikananbl, ocipece aitmakra 1999-2000 >xok., 2008-2009 sxok. xoue 2021-2022 xoK.
JKCTpPEMaJIIbl  KyprakiibuibikTap TipkenreH. SPEI uHaekci OOHBIHIIA KYPFAKIIBUIBIK CAHBIHBIH KOIl
OomybIHBIH ce0ebi — jKOFaphl TeMIepaTypalapablH OylaHyIblH KapKbIHBIH apTTBIPYBI, OYJI €3 Ke3erinae
KYPFaKIIBUTBIKTAPIBIH XKHU1JICYIHE XKOHE KYIICIOiHE OKETIeTi.

SPI xone SPEI uHaekcrepi OOMBIHIIA KapacTHIPBUIBI OTBHIPFaH MeTeocTaHnusuiap yuid 1950-1990
xkoHe 1991-2023 >kpuiap Ke3eHiHIH op Me3TiliHe KaThICThl KYPFaKIIBUIBIK KHUUIIT ecenTeNl >KoHe
TeMEeHJIeTi cypeTrTepae (5, 6-CypeTTep) KepceTiireH.
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6-cyper — OHtyctik Kasakcran cranmusuiapsiaaarsl SPEI nHIEKCiHIH MayChIMIBIK KalTaaaHy IbUTBIFbI

Figure 6 — Seasonal recurrence of the SPEI index at stations in Southern Kazakhstan

1950-1990 >xpuimapmen canbicTbipranga 1991-2023 »xpuimapel KapacTelpbUIFaH aiimakra SPI
WHICKCIHIH KaWTaJaHYIIBUIBIFBIHBIH apTybl Oakkamamel. Eki ke3eHmi cambsicThIpcak, 1991-2023 xok.
KOKTEMT1 JKOHE JKa3Fbl MayChIMJapJa KapacThIPhUIFAH METCOCTAHIMSUIAPbIH KOMIIUITIHAS KYpFak-
BUTBIK KULTiri 1950-1990 xok. canbicThipranna 2-3 ece eckeH. Mesrinep OOMBIHIIA KYPFAKIIBUTBIKTHIH
aptysl Kopmait sxome Illmeni craHmusapbiHAa ka3 OCH Ky3 YaKbITIHA, MOWBIHKYM CTaHITUSCHIHIIA
KOKTEM JKOHE ka3 aiyiapbiHa coiikec keneni. An Kaszanel cTaHIUsACHIHIA KEPICIHIIE ka3 ME3TUTIH/E a3Iam
TeMeHley Oaiikanazpl. JKbUIIBIK opTaiia MoHAep OoWbIHIIA 1a OapiblK craHiusuiapaa SPI uHnekciHig
KalTanaHyIIBUIBIFEl apTTHI, €H YIKeH ociM MolbiHKyMaa Tipkenai (40 %-man 64 %-ra npeiiin). YKamnmsl,
3epTTENreH Ke3eH e OapJIbIK CTaHIUsIapAa KYPFaKIIbLIIBIKTBIH KalTaaIaHyIIBUIBIFBIHBIH apTybl OalKaIbIII,
OyJ1 KITMMaTTHIH ©3repyiHiH alKbIH Oenrici peTiHae KapacThIPbUTYbl MYMKiH.

SPEI mnHmekci OO#BIHIIA Ja €Ki Ke3eHMi CallbICThIpa OTHIPHII COHFBI YaKbITTa KYpPFaKIIBLIBIKTHIH
KapKBIHIBI KalTalmaHyblH Oalikayra OoJiafpl. AJBIHFAH MOJIIMETTEp Kasipri Ke3eHHAe KYPFaKIIBIIBIKTHIH
KadTanany xwuiniri 60-70 %-ra meiiin apTkaHbslH Kepceteni. Ocipece, [ueni xone MOWBIHKYM CTaHIUS-
JApBIH/IA AUTapIIBIKTal 6CiM OpBIH allabl.
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Kopsoitemasl. Ochl 3eprreynin HoTmkenepi 1950-2023 xeipap apaneirbiaaa OHTycTik Kazakcran
aliMarbpIHIIA aya TEeMIIepPaTypPachIHBIH aHTapibIKTall CTATUCTHKAIBIK OCYIH KOpCeTeldi, SSFHU aya TeMIIe-
patypacbiHbiH ecy KapkbiHbl 0,18-0,53 °C/10 xbuT mIeTiHAC eKeHI aHBIKTaIbl. KypFaKIIbIIBIKTBIH JKHi-
JIriT MEH KapKbIHIBUIBIFBIHBIH ©3repyi OChl MOCEJICHIH MaHBI3Jbl aCHeKTiCi Oonbinm TaObutanbl. By
3epTTeyIiH Heri3ri MakcaThl — KIUMATTHIK e3repictepaiH OHTycTik KaszakcraH aliMarbIHIaFbl Kyprak-
IIBUTBIKTEIH KAPKBIHABIIBIFE MEH KHUUTITIHEe oCEPiH CTaHTApTTaJFaH XKayblH-TIambH nHAekci (SPI) sxoHe
Oymanynel ecenike anaTeiH uHAEKC (SPEI) xemerimen Oaranmannel. SPEI mHOekci cy TeHrepiMmiHiH e3re-
picTepiHe HEFypibIM Ce3iMTall eKeHi aHBIKTaNABl, ce0eli 07 KaybIH-IIANIBIHHBIH 9CEepiH FaHa eCerKe
anateia SPI mHAekciHe Kaparanma, aTMocdepalblK JKaybIH-TIAIIBIH MeH OyJIaHyIbIH ocepiH Oipre Kapac-
teipaabl. SPEI nepektepi Ooitbinia, 1990 >kpuigapaaH KeiliH KyprakKIIBUIBIK Ke3CHACPIHIH KapKbIH-
JIBLTBIFBI MEH kuiTiTiHIH SPI nepekrepine kaparanja apTysl Oalikanaapl. JKanmsl eki HHICKC OOMBIHIIA J1a
2019 xpurman 6actan KYPFaKIIBUIBIKTEIH KATThI )KOHE SKCTPEMAIBI ISHTeHIepl TIpKETII Keaemi.

Kapxbutanapipy. Byn reuteiMu 3eprrey «Kacbul mamy konTekcTinae bateic Kaszakcran eHipiHIH
TaOUFU-IIAPYAIIBUIBIK JKOHE dJICYMETTIK-3KOHOMUKAIIBIK JKYHENIEPiHiH TYPaKThl TaMybl: KEIISHAl Talaay,
TYXXBIpbIMIIaMa, OOJKaMIIbIK Oaranay >koHe cueHapwiinep» l-kimmi Oarmapnama «bateic Kazakctan 00-
JBICHIHBIH TaOWFH-TIApyaIIbIIBIK JKYHEIepiHiH JaMybIHBIH HETi3T1 (PakTOphl peTiHae TaOWFU-PEeCypPCTHIK
aneyertti Oaranmay» 1.1.3 tanceipma: «lller ennepne (Oipinmm ke3ekte AKI, Kpitait), coHaii-aK OTaHIbIK
KOJIJIAHBICTaFbl KIUMATTHIK SNeyeTTi OaraiayblH (TeMmIepaTypa, JKayblH-IIAIIBIH) 9MIiCTEPiH Taljaay,
aJBIHFAH MoJiMeTTepai Kydemey» 1.1.4 tamceipma: «Ka3akcTaHHBIH KIMMATTHIK Oenmeyinepi MeH
penbeTepiHiH SPTYPIIUIIriH €CKepe OTBIPHIN, OHBIH KIMMATTHIK dJICyeTiH Oaranay oficTeMeciH a3ipiey»
asiceiHa BR21882122 GarmapinaMaiblk-MaKCaTThl KapKbLUIAHIBIPY HET131HIE Kacasibl.
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OIIEHKA BJIMSHUSA KIMMATUYECKAX N3MEHEHUIA
HA UHTEHCUBHOCTDb 1 YACTOTY 3ACYX
B FO’)KHOM KA3AXCTAHE

AnHoTanusi. V3MeHeHne KimMMmara CTaHOBUTCS BCE OoJiee CephE3HOIM Yrpo3oil Ui PErMOHOB C KapKUM H
3aCyNIIMBBIM KinMmartoM, Bkmtodas FOxubli Kasaxcran. B mocneqnue necatuneTns B 3TOM PErnoHe HaOIroTaroTcs
MIOBBIIIICHUE CPEJHEN T'O0BOI TEMIEpaTyphl, CHIDKCHHE KOJMYECTBA OCAJKOB M YYAIlCHHE 3acyX. JTH NPOIECCHI
HETaTHBHO BIMSIOT HAa CENbCKOE XO3SICTBO, BOJHBIE PECYPCHI M AKOCHCTEMBI, CO3[aBas yrpo3y 3KOHOMHYECKOH U
IIPOJIOBOJILCTBEHHOM O€30MAacHOCTH. 3acyXa NMPHUBOIUT K CHIDKEHHIO YPOXKAWHOCTH, AErpajaliii IOYB U yBEIHUe-
HUIO 1e(UINTa BOJBI, UTO yCyryOisieT mpo0ieMy OmyCTHIHHBAHNS.

Hccnenyrorest 3acymnuBele ycinoBusi B FOxxHOM Kazaxcrane ¢ y4éToM M3MEHEHMs KJIMMAaTa U €ro BIMSHHA Ha
HHTEHCUBHOCTh U 4acTOTy 3acyX. OCHOBHasl IieJib — NPOBEJCHNE aHANIN3a MHTEHCUBHOCTH M 4acTOTHI 3acyx ¢ 1950
no 2023 roj ¢ MCIOJIb30BAaHMEM CTaHAAPTHBIX MHIEKCOB ocankoB (SPI) u mokasareneil ocagkoB M MCIApsSEMOCTH
(SPEI), To ectb Temneparypsl Bo3ayxa. sl aHaiIM3a MCHOIB30BAIIMCH JI0JTOCPOYHBIE JaHHBIE O TEMIIEpaType BO3-
Jlyxa U KoiauuecTBe ocaakoB. Kpome Toro, Ans OLEHKHM TEHICHLUI M3MEHEHMs KIMMaTa U XapaKTEepUCTHK 3acyX
npuMeHsuics TecT ManHa-Kennamna.

KioueBbie ciioBa: M3MEHEHHE KIMMara, 3acyxa, TEMIIEpaTypa BO3ayxa, arMOC(EpHbIe 0CaaKH, CTAHAAPTU3H-
pOBaHHBIN UHAEKC O0CaaKoB, TecT ManHa-KeHnnamna.
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ASSESSMENT OF THE IMPACT OF CLIMATE CHANGE
ON THE INTENSITY AND FREQUENCY OF DROUGHTS
IN THE SOUTHERN KAZAKHSTAN

Abstract. Climate change poses an increasing threat to regions with hot and arid climates, such as the Southern
Kazakhstan. In recent decades, this area has experienced rising average annual temperatures, declining precipitation,
and more frequent droughts. These changes adversely affect agriculture, water resources, and ecosystems, posing
serious risks to both economic and food security. Droughts result in reduced crop yields, soil degradation, and
heightened water scarcity, thereby accelerating desertification processes.

This study investigates drought conditions in the Southern Kazakhstan in the context of climate change,
focusing on changes in drought intensity and frequency. The primary objective is to analyze drought trends from
1950 to 2023 using the Standardized Precipitation Index (SPI) and the Standardized Precipitation Evapotranspiration
Index (SPEI), which incorporates temperature data. Long-term records of precipitation and air temperature were
used, and the Mann-Kendall test was applied to identify trends in climate variables and drought characteristics.

Keywords: climate change, drought, air temperature, atmospheric precipitation, Standardized Precipitation
Index (SPI), Mann-Kendall test.
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NCCIEAJOBAHUE OITOJI3HA B TOJIMHE PEKN KACKEJIEH
C UCITIOJIb30OBAHUEM BECIINJIOTHOI'O
JIETATEJIBHOTI'O AIIITAPATA

AnHoTanus. VccnenoBan omoi3eHs ckoilmkeHus B nonuae pekn Kackenen (Mie Amatay, Kasaxcran), yrpo-
Kaomui MHQPACTPYKTYpe W JIAYHOMY MAacCUBY, C MCIIOJIb30BAHUEM JaHHBIX, ITOJYYEHHBIX C OECIMIOTHOIO JeTa-
tenpHOro anmapata (BI1IJIA). Ha ocHOBe BBICOKOTOUYHBIX IU(BPOBBIX MOJAEICH peibeda n3ydeHbl MOphoMeTpudec-
KHC XapaKTCPUCTUKU MEAJICHHO ABMKYIICTOCS OIIOJI3HSA, BBIABJICHBI 30HbI z[e(bopMauym 1 paCcCHUTaHblI MapaMETPbI
YCTOHUMBOCTU CKJIOHOB. Y CTaHOBJIEHO, YTO ONOJ3€Hb PAa3BUBAETCS B JIECCOBUIHBIX CYITHHKAX, TEPAIOMIMX MPOU-
HOCTb TIPH NEPEyBIaXHEHUH, C MAKCUMaIIbHOM CKOPOCTBIO cMeleHHs 10 59 cm/rox. Pacuer xoadduimenta ycroi-
YUBOCTH MOKa3all KPUTUUECKOE COCTOSIHUE YYAaCTKOB € YKJIOHOM >15°. IIpenioskeHo BECTH MOHUTOPHHT C UCIOJIb-
30BaHHEM TJI00ANFHOW HABHTAIIMOHHOHN CITyTHUKOBOW CHCTEMBI M BEHITIONHUTH TaKWe WH)KEHEPHBIC pEIICHUs, Kak
JIpeHAKHBIE CHCTEMBl M YKpEIUICHHE TeopelIeTKaMu. Pe3ymbTaThl MOTYEPKUBAIOT HEOOXOIMMOCTh HHTETPAIAN
BIIJIA-TexHONIOTUH ¢ APYTMMH IOJIEBBIMU METOJAMHU JII POTHO3UPOBAHUS OIOJI3HEBBIX PUCKOB B TOPHBIX pe-
THOHAX.

KioueBble cjioBa: onos3uu, peka Kackesnen, monuropunr, BITJIA, nudposas Mozaens penbeda.

BBenenue. ['opubie paitonsl Kazaxcrtana, Takue, kak Mine u XKerbicy Amaray, xapakTepu3yrOTCS
CJIOXHBIMH TEOJIOTUYCCKUMH, TCOMOP(OIOTUYSCKUMHI M KIMMATUYCCKHUMU YCIOBUSMH, YTO JEIAaeT UX
YS3BUMBIMH K aKTHBHOMY DPa3BUTHIO OIOJI3HEBHIX TporeccoB. B Mie Anmatay MHOTOYHCIIEHHBIE PEKH
WUTPAOT BAXHYIO POIh B (DOpMHUpOBAaHMHM MECTHOH penbedHOU cpeapl, JaHAmadTOB W 00ECIeUeHUN
BogHbIMU pecypcamu. K HUM oTHOCsATCs Ynken Anmatel, Kummu Anmarel, Kackenen, Tanarap u apyrue.
Omnon3HeBbIE TPOIIECCHl IMHUPOKO PAcIpOCTpaHEHBl B AONHHAaX pek xpebra Mme Anartay BciemcTBue
COUYETaHHWS ECTECTBEHHBIX (DaKTOPOB, TAaKWX, KaK KPYTHIE CKIOHBI, HEYCTOMYMBBHIA JUTOIOTHYECKUI
COCTaB TPyHTa, CKJIOHHOTO K OIIOJI3aHMIO, WHTEHCHBHAs 3PO3Msl, CE30HHBIE OCAaIKH M CcelicMHuyecKas
aKTHBHOCTb, a TaK)K€ AHTPOINOIEHHOE BO3JACHCTBHE. DTO NENaeT MX OJHOM M3 KIIOYEBBIX T'€OJIMHAMHU-
YEeCKHX yTPpo3 B PETHOHE.
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Onon3eHb — TPaBUTALMOHHBIN CKIOHOBBIA MpPOIECC, MPEACTABISIONIMA COOOM CMEIIeHHe Macc
TOPHBIX TIOPOA WJIM TPYHTOB BHHU3 IO CKJIOHY (€CTECTBEHHOMY HJIM HCKYCCTBEHHOMY) TOJl AEWCTBHUEM
CHJIBI TSDKECTH, YacTO COIMPOBOXKIAIOIIEECS CKOJBXEHHEM I10 BBIPAKECHHON IOBEPXHOCTH WM 30HE
cMmenieHusl. Omoa3HEBbIE SBJICHUS OTHOCSTCS K JCHYIAIMOHHO-aKKYMYJISITUBHBIM SK30T€HHBIM IpOIleC-
cam, TIpU KOTOPBIX CMEIICHHUE MPOUCXOAUT 0€3 CYIIECTBEHHOTO Y4YacTHs BHEUTHHX TPaHCHOPTHPYIOIINX
areHToB DTOT IPOIECC MOXKET OBITh BBI3BAH pPa3IMYHBIMH (haKTOpaMH, BKIFOYas BEC TOPOJ, JaBICHUE
BOJBI, CelicMMUYECKHEe BO3JCHCTBHS WJIM TEXHOT'€HHble Harpys3ku. OIOJ3eHb COXpaHseT CBA3b C He-
MOJIBIKHBIM OCHOBaHWEM W (OPMHUPYET OIOJI3HEBOE TEJ0, OTPAHWYCHHOE CHU3Y MOBEPXHOCTHIO
CKOJILKCHMS, a CBEPXY 36MHOU MTOBEPXHOCTHIO [1-5].

B mocnemnue necsTuieTHs B TPEATOPHBIX YacTsIX JOJNHWH PEK perdoHa HaONIoJaeTcss pPocT ak-
THUBU3AIMU OIOJI3HEBBIX TPOIIECCOB, OOYCIIOBJICHHBIM KaK MPUPOAHBIMH (DaKTOpaMHu, TaK U aHTPOIO-
TEeHHBIM BO3JEHCTBHEM. JTO SBIEHHE HE TOJBKO YTpOXKaeT >KM3HH JIOAEH, MPUBOIA K TPAarHYeCKUM
JKEpTBaM, HO M HAaHOCUT 3HAYMTEIBHBIH dKOHOMHYECKHU yIepO, paspymas UHPpPacTpyKTypy, KUJIbIE
JIOMa U JIaYHbIC YYACTKH.

B oroii paGoTe mpuBeneHBl pe3ynbTaThl HCCIEAOBaHUS OIOJBHA B JoiluHe peku KackenmeH c
WCTIOJIb30BAaHUEM COBPEMEHHBIX METO/OB, BKIIIOUas KOCMHUYECKHE CHUMKHU M OECHIIOTHBIE JieTaTeIbHbIE
anmapatel (BITJIA). [Ipumenenue BIIJIA mo3BOJMIO MOMYYHTH OPTOQOTOIUIAHBI M HU(GPOBBIE MOACTH
pembeda (LIMP) omomsHeBoro ydacTtka, 4To 00€CHEYHIIO BO3MOXKHOCTH aHAM3a MOP(OMETPUYECKHX
XapaKTepUCTUK. VCromp30BaHHE 3TUX METONOB MO3BOJIIIO HE TOJNBKO OIEHUTH TEKYIee COCTOSHHUE
OTIOJI3HS, HO W BBIABUTDH KJIIOUEBbIE (PaKTOPHI, BIUSIONINE HA €r0 aKTUBU3AIUIO, YTO SBISETCS BaXKHBIM
maroM Juisi pa3pabOoTKU Mep MO CHHKCHUIO PHCKOB M IPOTHO3MPOBAHUIO JANBHEUIIETO Pa3BUTHUS
OTIOJI3HEBBIX MPOIIECCOB.

Martepuajbl M MeToAbI UcciaenoBanusi. B nmocnexane roapl BIUIA cTamm ogHUM U3 KIIFOUEBBIX
METO/IOB M3YYEHHS ONOJI3HEBHIX MPOLECCOB, Onarofaps WX CIOCOOHOCTH IMONy4aTh AaHHBIE BBICOKOTO
paspemeHus 0 penbede W JUHAMUKE CKIIOHOBBHIX TporieccoB. bIIJIA mo3BOISIOT OmepaTuBHO CO3/1aBaTh
oprodorormnansl 1 [IMP ¢ paspemeHneM 10 HECKOJIBKHX CAaHTHMETPOB, YTO 3HAYUTEIHHO ITOBBIMIAET
TOYHOCTh MOHHUTOPHHTA OIOJ3HEBBHIX y4acTKOB [6]. Hampumep, mcciemoBanuss B AibIax MPOJIEeMOH-
CTpUpOBaJH, 4TO ucnoib3oBaHue BIIJIA iis MHOTOKpaTHON ChEMKH MO3BOJISIET OTCICKHBATH CMEIICHUE
OTIOJI3HEBBIX MAacC M BBIABIIATH 30HBI IOBHIINICHHOW AKTUBHOCTH OMOJ3HS [7]. DTH HaHHBIE OCOOCHHO
BXHBI JJIS1 IPOTHO3UPOBAHUS JAIBHEHIIIETO Pa3BUTHS OMOJI3HEHN U OIIEHKH PUCKOB JUISI HH(PACTPYKTYPHI.

OpauM u3 kimo4eBblx npeumyniectB BITJIA sBusercs ux cnocoOHOCTE pabOTaTh B TPYAHOMOC-
TYIHBIX TOPHBIX paiioHaX, e MpUMEHeHHe TPAAUIIHOHHBIX METOJ0B Ha3eMHBIX U3MEPEHUN 3aTpyIHEHO.
B uccnenoBannn, mpoBeaeHHOM B jgoiuHe pekn KackeneH, mpuMeHeHrne BIIJIA mo3Boimniao BBISBUTH
MHUKpopenbedHble (OpMBI, TPELIMHBI, YCTYIBI, OINOJ3HEBOE TEJIO W 30HBI AedopManuu, KOTOpPbIE
SBIISIIOTCS WHAMKATOPAMU JTUHAMHKH OIOJ3HEBHIX MporeccoB. [lomyueHHbIe AaHHBIE OBUTH WHTETPH-
POBaHBI C pe3yibTaTaMH HAa3eMHOTO JIA3€PHOTO CKAHWPOBAHWS, YTO OOECTIEYMIIO KOMIUIEKCHBIH aHau3
MOP(OIOTHUHN CKIIOHOB U IMHAMHKH OIIOJI3HSI.

Kpome toro, nannsie BIIJIA ycnenmHo ucHonb3yroTcs IS CO3JaHUS TPEXMEPHBIX MOJENEH OIMou3-
HEBBIX TEJ, YTO JAaeT BO3MOXKHOCTH OIIEHMBATh OOBEMBI CMEMIEHHBIX MacC W MPOTHO3WPOBATH MOTEH-
[UAIbHBIE CLEHApUU pa3BUTHA oOmoi3Hed. Hampumep, B ucciegoBaHWHM, NMPOBEIEHHOM B ABCTpHH,
coueranue naHHbIX BIIJIA u apyrux MeToAoOB IUCTAHIIMOHHOTO 30HAUPOBAHUS 3€MIIM TMO3BOJUIIO
OTIPEACTUTh TPAHUIIBI Pa3BUTHSI OIIOJI3HEBOTO IPOIECCa, YCTAHOBUTH HAIMYUE TPEIINH, HAIPaBICHUE U
CKOPOCTh IMMOTOKA. DTH PEe3ybTaThl MOMUYEPKUBAIOT BAXHOCTh MHTerpamuu naHHbiX BIIJIA ¢ mpyrumu
TEOTEXHOJOTUSAMH JJIS TIOBBIIIICHUS] TOYHOCTH Y HAJCKHOCTH MOHUTOPHHTA OTo3HeH [8, 9].

Takum o6Opazom, npumeHenne BIIJIA B W3ydeHUM OMOJ3HEBHIX MPOIECCOB OTKPHIBAET HOBBIC
BO3MOKHOCTH JUISI MOHUTOPHHTA M aHAJIN3a OMACHBIX TeOJUHAMWYECKUX SIBICHUH. Bricokas netamm3arus
JAHHBIX, ONEPATHBHOCTh M BO3MOXKHOCTH PabOTHI B CIOXHBIX ycloBusax aenarorT BIIJIA He3aMeHUMBIM
WHCTPYMEHTOM JUIS MCCIEJAOBaHUI OMNOJ3HEH B TOPHBIX pPErMoHaxX M pa3pabOTKH MEp MO CHIKEHUIO
PHUCKOB.

Onomn3HeBbIe MPOLECCH B AoNKHE peku KackenaeH u3yyannce ¢ moMoIbio HHeTpyMeHToB BITJIA DJI
Matrice 300 RTK (Kwurait) u HazemHoro snazepuoro ckanepa (HJIC) Riegl VZ-4000 (ABctpust). OcHOBHbBIE
xapaktepuctuku BIIJIA DJI Matrice 300 RTK: mpoMblnmieHHBIH KBapoKomTep, CheMHAs Kamepa
ZENMUSE P1; pa3mep cencopa (doro): 35,9x24 MM (HOTHBIA Kamp); pasMep ceHcopa (Makc. 00acTh
3anmucH BUaeo): 34x19 mm; adpdekruBuble nukcenu: 45 MII; pasmep nukcens: 4,4 MM, pazmep (Horto
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3:2 (8192x5460); cucrema nozunmonupoBanus (GPS, BeiDou, Galileo, GLONASS) [10]. OcHOBHEIC
xapaktepuctuku HJIIC VZ-4000: ganeHOoCTh cheMku — 10 4000 M; mone 3penust — 60x360°; npousBoau-
TembHOCTh — 10 147 000 Touek/c; BhICOKAs TOYHOCTh M IMIOBTOPSIEMOCTh M3MEPECHHSI PACCTOSHHUH 3a CUET
onn(poBKU U 00pabOTKH CUTHANIA B PEXKUME PEabHOro BpeMeHH; oliudpoBka 1 00paboTka cUrHaia Juist
MOJTy4eHHUs] HECKOJBKUX OTPaX€HWH OT MHOXKECTBa LieJIel; NepeHoCHas!, MopTaTUBHAs M HaJAeKHas KOH-
crpykrms [11].

Ha ocHoBe a’pooTocHUMKOB, moiydeHHBIX ¢ mnpuMeHenueM BIIJIA, mocpencrBoMm (otorpam-
MeTpUdecKor 00paboTKH co3/atoTcss OpTo(OTOIUIaHkl U U(POBBIE MOJCITH peibeda, 00ecIeUnBaroOIIne
BBEICOKOTOYHOE TIpEACTaBICHHE HCCIeAyeMoro omon3Hsa. Ha mepBom sTame ocyliecTBiseTcs IUTaHU-
pOBaHHE TIOJETa C MEepeKphITHeM CHUMKOB He MeHee 70—80% mns obecriedeHHss NOCTATOYHON CTEpeo-
ckonmnyHOcTH. KauecTBeHHast 00paboTka TpeOyeT KanuOpOBKH KaMephl M y4eTa aTMOC(EpHBIX YCIOBHii
creMKkH. [locie momera CHUMKH MPOXOJIAT ATAIl MPHUBSI3KH C HCIIOJB30BAHUEM KOOPAWHAT KOHTPOIBHBIX
TO4YeK (Mapok) W HaHHBIX TII00aThHOW HABUTAIMMOHHOW CITyTHHKOBOH CHCTEMBI. Jlayee BBITIOHACTCS
MOCTpOeHHE 0OJlaka TOYEeK METOJOM COMOCTaBICHHA M300pakeHUil, M3 KOTOPOTO T'€HEPUPYIOTCS
optodoromnan u nanee LIMP. IIpu stom oprodoTomnan ¢popmupyeTcs myTeM KOPPEKLHMH CHUMKOB Ha
reoMeTpuieckre u penbeduple nckaxeHus, a [IMP — uepe3 dunbTpanuro obmaka ToYeK IS BBIACIECHUS
MOBEPXHOCTH 3eMJIH. B pe3yibraTe moiyueHbl AeTalbHBIE JAaHHBIE O peibede U CMENICHWH OIOJ3HS.
[TpumeHeHHBIE METOMBI TIO3BOJIMIIN OLIEHUTH TEKYILEe COCTOSHHUE OMOJ3HS, BEIIBUTH KIIOYEBHIE (PaKTOPEI
€ro aKTUBHU3AIUH U Pa3pad0TaTh MEPHI IO CHIKEHUIO PHCKOB.

Pation uccneoosanuii. OH pacmoioXkeH B IEHTPALHOM YacTH CEBEpPHOro CKIIoOHa xpedra Wie
Anartay, XapaKkTepH3YyIOIIETocs paclpOCTpaHEHHEM IeHYIallMOHHO-TEeKTOHHYECKOTo penbeda. K 3Toit
KaTeropuyu OTHOCATCS BCE TOPHO-CKIIafuaThie coopykeHHs tora Kaszaxcrana, oOpasoBaBmiuecst BCIeI-
CTBUE AKTHUBHOTO IPOSIBIIEHUS HOBEWINNX TEKTOHMYECKUX [IBIDKEHHH. 31€Ch BBIACISIOTCS CIETYIOIINe
THUIIBI pelibeda: BEICOKOTOPHBIH, CPeHETOPHBIA 1 HU3KOTOPHBIH.

Omnon3HeBbIe Mpolecchl Hanboiee BBIPaKEHBI B CpeAHEropbsix Mne-Anarayckoro xpe0Ta, mpeumy-
mectBeHHO Ha BbicoTax oT 1000 mo 2000 M. B oTiudme oT BEICOKOTOPBsSI pesibed CPeTHETOPhs OTINIASTCS
MEHBIIIEH CTENEHBI0 PACWICHEHHOCTH, 00Jiee MOJOTUMH CKJIOHAMH M OTCYTCTBHEM JIETHHKOBBIX (HOpPM.
AMIUTUTYAa OTHOCUTENBHBIX BBICOT MEXAY BEPLIMHAMH M JHHUIIAMH JOJIHH OOBIYHO He mpesbimaeT 500-
700 M. [lomuHBI pek coxpaHsSOT V-00pa3Hyro (OopMy ¢ HEMHOTO PAaCHIMPEHHBIMHU IHUIIAMH, KOTOpEIE
COCTOSIT U3 PBHIXJIOTO OOJIOMOYHOTO MaTepHaa.

Pexa Kackenen oTHOCHTCS K KpyHHBIM IpuTokam p. Mne u npuHamiexxut OacceifHy o3epa bankarr.
Bopnslii pexxum pexn KackeneH TecHO cBA3aH C BBICOTOM M 3KCIO3UIMEN CKIOHOB, IPU 3TOM OCHOBHYIO
pONb B ee MUTAaHWH WTIPAIOT Tajible BOJBI JISTHUKOB M aTMoc(epHble ocanku. Pexa xapakrepusyercs
CJIO’KHBIM TUAPOJIOTHYECKUM PEKUMOM, O0YCIIOBIIEHHBIM CE30HHBIMU KOJIEOAHHSMHU CTOKA, MHTEHCHBHBIM
TasHUEM JIETHUKOB U OCaJIKaMM, YTO CO3[AaeT MPEANOCHIIKN ISl Pa3BUTHS ONACHBIX I'€OJAMHAMUYECKHX
MPOIECCOB, BKITIOYAsT OTIOI3HHU.

Honuna pexu KackesneH, ¢ ee KpyTbIMU CKJIOHAMU U aKTUBHOM 3PO3MOHHOMN AESATEIHLHOCTHIO, TIPE/-
CTaBJsieT COOOI 30HY MOBBIILIEHHOTO PHCKA, /i€ OMOJ3HEBBIE MPOLIECCHl MOTYT NMPHBOAUTH K 3HAUU-
TEIhHBIM HETaTUBHBIM YKOHOMHYECKUM IOCIIEACTBHSIM, YTO JIeJaeT aKTyalbHBIM MPOBEICHNE TETAIbHBIX
HcClieIOBaHU B 3TOM paiioHe. B monune pexu KackesneH OMON3HU SBISIOTCS CEPHE3HOM Yrpo30il aiid
JKU3HEJESATEIPHOCTH HACEICHHBIX ITYHKTOB, TPAHCIIOPTHOM H KOMMYHAIILHOH HWH(PACTPYKTYpHI.
HexoTopble 0Mon3HN NpeACTaBIAIOT BHICOKYIO CTENIEHb ONMIACHOCTU U MOTYT CTaTh peaIbHOM yrpo3oil ams
JKU3HU ¥ 3/I0POBBS JIFOJIEH, HAXOSAIIUXCS TOOIN30CTH.

DopMUpOBaHHE OIMOI3HEBLIX MPOIIECCOB — CIOKHBIN MOIUTEHETHIECKUI TIPoIiecc, 00yCIOBIECHHBIH
B3aMMOJICHCTBUEM TJIOOANBHBIX, PETMOHANBHBIX M JIOKAJbHBIX (PAaKTOPOB, BKIIOYAs HEOTEKTOHUYECKHUE
JIBUKECHHS, CEHCMUYECKYI0 aKTHBHOCTH, KIMMAaTHYECKHE YCIOBUS M aHTPOIIOTEHHbIE BO3aeiicTBus. [Ipu
5TOM 3HAYHTENHHYIO POJIb B MX aKTUBU3AIIMN WTPAET IBOIONHS TOPHBIX PEUHBIX MONMWH. IMHAMUYIHOCTH
OTIOJI3HEBBIX MPOIIECCOB XapaKTepHa Ul TOPHBIX JOJUH, TAC UX aKTUBU3aIHs 00yCIOBJIEHA COUYeTaHUEM
KITUMAaTHYeCKUX (JIMBHEBBIE OCANKH), CEHCMUYECKHX (TJIyOOKHE HH3KOYACTOTHBIC 3EeMJICTPSICEHHS) U
aHTPOIIOTCHHBIX (haKTOpoB. B ropHON wactm monmHBI peku KackeneH ObUTO BBISBICHO 18 omoisHe-
omacHbIX ydacTkoB. OIHAKO Ui WCCIENOBaHUS BHIOpDAaH OIMOJ3CHb CKOJNBXCHUS, PACIIOJIOKEHHBIA B
HIDKHEH YacTu JoiuHBI p. KackeneH, BBIMIE 3KOJOTHMYECKOTO TOCTA, PSIOM C aBTOMOOMJIBHOW JOPOTOM
Kackenen — kapwep M3BecTkoBBIH (puUCYHOK 1). DTO NpeBHHWIA OMON3EHb C AKTUBHOW (PpOHTANBHOMN
4acThi0. BONBITMHCTBO OMOM3HEBHIX TPOIECCOB B HCCIEAYEMOM paiioHe MPHYpPOYEHO K HIKHEUETBEP-
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Pucynok 1 — Ononsens ckosibxeHue B jonuHe peku Kackenen

Figure 1 — Landslide sliding in the Kaskelen River valley

TUYHBIM JECCOBHIHBIM CYTJIMHKAM, TEPSIOMIMM HECYILYI0 CIIOCOOHOCTh HPH MEpEYBIaKHEHUH, TaKKe
BCTPEYAIOTCSI OMOJ3HU OOPYIICHHS CEHCMOIPaBUTALMIOHHOTO NpoucxoxkaeHns. Ha yuactke, rae pa3BUTHI
OTIOJI3HEBBIE TIPOLIECCHI, BEHITIOTHEHBI TOJEBOE OOcieAoBaHHE U a’podOTOCHhEMKA C HCIIOIb30BaHUEM
BILIA.

Pe3yabTaThl M HX o0cy:kaenue. Vccienyemblil Omon3eHb PacmojOKeH BBIMIE ABTOMOOMIBHON
nmoporu Kackenen—M3BecTKoOBEIM Ha J1eBOM Oepery pedHoil moiuHBEL, B 0,5 KM FOJKHEE Cele3aluTHON
TUTOTHHBI (PUCYHOK 2).

Ocnosnvie xapaxmepucmuku onoasts. [lonoxxeHne onoia3Hs M0 OTHOMICHHUIO K CKIOHY — (PpoHTamb-
HBIH YCTYII BaJI JPEBHETO OTOJI3HA, OAPE3aHHbIM BHIEMKOH AJIs1 aBTOIOPOTH (PUCYHOK 3), TOJIMHA JIEBOTO
nputoka Kackenena. OpueHTaIusI CKIIOHa — BOCTOK-IOT0-BOCTOK. DopMa omon3aHus B IUIaHe H3BUIIACTAS.
Bricora Bepmmubl — 1163 M Hag yp. M., BeicoTa noaHoxusd — 1110 M Hag yp. M., OTHOCUTEIBHOE TIpe-
BeIIeHHE — 53 M. PacmonoskeH B OrpOMHOM OIOJ3HEBOM LIMPKE B OKPYKCHHMHU ele Ooiee KPYIHBIX
onoyi3HeW. B Tene omnon3He akTUBHO MPOUCXOISAT BTOPUYHBIE OIOJI3HEBBIE IIPOIIECCHL. XapaKTep
MTOBEPXHOCTH OTION3HS CTyNeHYaTblil, OyrpucTelii. Hapymienns uny cMenieHusl Ha TTOBEPXHOCTH 3€MIIH U
UX XapakTep — HaOII0AAI0TCsl OMOJI3HEBBIE CTYNEHH W TPEeIUHbI (BbicoTa crynenu — 0,2-1,5 M, mupuHa
tpemuH — 10 0,7 m). [IponcxoxneHne MOBEpXHOCTH CKOJNBXEHHS — YBIAXKHEHHBIN clloi. BricoTa cTeHoK
cpeiBa — oT 0,5 mo 10 M. Mmeer HECKOJIBKO MOBEPXHOCTEH CKONbXKEeHHMS. KpyTH3HA MOBEPXHOCTH
CKOJIBKCHUSI Y BBIXOJAa €€ Ha JHEBHYIO MOBEPXHOCTh — 21°. OTHOCHTCS K THIy OIMOJI3HS CKOJIBKCHHUSL.
OcCHOBHBIE pa3Mephl OMOI3HEONACHOro ydyacTka: anuHa — 1500 M, mumpuna — 300 M, Tommuuaa — 50 M,
06wt 066eM — 1,4 MITH M, 06BEM OTICIBHBIX 6I0KOB omomn3Heil — 10 100 M. OCHOBHBIC pa3MepsI Tela
omon3Hst: JumHa — 370 M, mmpuHa — 250 M, creHka cpbiBa — 10 10 M. [IpomonbHbI TPO(UITE BEITYKIBIH.
ITpodunb ckIOHA H3MEHEH UCKYCCTBEHHO B PE3yJbTaTe MOAPE3KH CKIOHA AOPOroi. Thmsl omoia3aromux
MOpOJT — JIECCOBUIHBIE CYTIIMHKYA B BEPXHEH YacCTH W HEOTECHOBBIE TJIIMHEBI B HIDKHEH. Xapaktep u ¢opma
VBIQXHEHUsI TIOPOJ y4yacTka — aTMocdepHble ocaaku 1462 mMm npu HOopMme 1424 mm (2024 ron) [12],
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PHCyHOK 2 — Ono3eHb CKOJIBKEHHS B JOJIMHE P. Kackenen

Figure 2 — Sliding landslide in the Kaskelen River valley

T Y

Pucynok 3 — Hudpoas Mozaess penbeda — TeIo ONOI3HSA B €CTECTBEHHBIX LIBETAX
(BuZ ¢ epeHel YacTn)

Figure 3 — Digital elevation model of landslide body in natural colors
(view from the front)
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BBIXOJbl TPYHTOBBIX BOJ, OBITOBBIC >KUIKOCTH W3 YCTPOWCTB HEI€pPMETHUYHBIX YOOPHBIX M CENTHKOB.
Bospact ononsHs coBpeMeHHBIH. Mepa 0nacHOCTH MOBPEXKACHUS OINOJI3HEM HUHXEHEPHBIX COOPY KCHMIA:
yIiep0 KOMMYHHUKAIIUSAM U JA9HBIM CTPOCHUSM, 3aBAJIMBACT aBTOAOPOTY Ha ydacTke amuHoi 200 M.

ITo cinoBam corpyanukoB KascenesamuTel, IpUYMHON BOZHUKHOBEHHS OMOJI3HA CTaj MPOJIOKEHHBII
B Hayaje 2000-x romoB TpyOOmpoBOA A mojadd BoxAwl u3 pycia peku Kackenen. beckoHTposibHOE H
HEpalMOHAIHFHOE HCIIOJIb30BaHNE BOBI, YCTPOMCTBO HETEPMETHYHBIX YOOPHBIX M CENTHKOB MPHUBETH K
AKTHUBH3ALWU OIMOJI3HEBBIX sBieHHH B Mae 2004 roga. MenjeHHOe OBMKEHHE OMON3HS (PUKCHPOBATIOCH
JOBaKIBI TP HAOMIOAEHUH 32 IIPOPHIBOM BOIONPOBOIHON TPYObI, HCHodbp3yeMol i nad. [lepBeiii pa3 B
2006 roxy »kene3Has TpyOa pasommiachk Mo CTHIKY Ha 20 cM, a Bo BTopoi pa3 B 2007 romy — Ha 22 cwm.
[Moneble MiccineqOBaHMs HA 3TOM YYacTKe MPOBOAMIUCH ¢ OKTAOpst 2012 roxa corpyanukamu MHcTuTyTa
reorpaduu. C 2012 mo 2014 rox B HMKHEH YacTH OMOJN3HS HAONIOJANOCh CMELICHUE rpyHTa 10 59 cM.
B 2013 roxy Bcs mmomanms Omoy3HSA OblIa OTCKaHHpOBaHaA ¢ moMoIibio 3D mazepHoro ckanepa RIEGL
VZ-4000 u noBTropHOo oTckanupoBaHa B 2014 u 2018 rogax. C ucnons3oBanuem BIIJIA u HJIC Benercs
MOHHUTOPUHT onoi3Hs [13-15]. B pamkax wuccriemoBaHMsl MJIaHUPYETCS OPraHW30BaTh cOOp AaHHBIX C
npuMeHeHHeM OecnuinoTHOM aspodorochemMkn u HJIC s mocnenyromero (hopMupoBaHus 00JIaKOB
touek. Ha crnemyromem stame OymeT TpoBeAeHa WX TeojAe3WdecKas MpHBI3Ka K EIWHON cHucTeMe
KOOpJIMHAT C WCIOJIB30BAaHMEM CETH Ha3eMHBIX OMOPHBIX MapoK. 3aTeM JaHHbIe OYIyT NOIBEPTHYTHI
NpeBapUTENbHON 00pabOTKEe Ul yCTpaHEHHWsS MOTPEIIHOCTEH M IOCIEAYIOIIEH CIIMBKE C Y4YETOM
MPOCTPAHCTBEHHOTO pa3pelieHus] U MapaMeTpoB TOYHOCTH HCIONB3YEMBIX TexHomornid. Ha 3aBepmraro-
[IeM JTare TPEAIoNaraeTcs MPOBECTH KOMIUICKCHBIM aHAlU3 WHTEIPHPOBAHHOTO OOJIaka TOYEK JIJIs
CO3JIaHHsA BBICOKOTOYHBIX IH(POBBIX Mozenel penbeda u 0OBEKTOB, a Takke Ui OoueHKU 3¢ddexTus-
HOCTH COBMECTHOT'O IPUMEHEHHSI METOIOB.

B xone obcnenoBanus 21 centsiops 2024 roxa ¢ npumenenreM BITJIA momydensl aspodoTochEMKH
onoin3Hs. B nanpHeiimem npu 006paboTke AaHHBIX MOCTPOCHBI LU(POBast MOJIENb pebeda Tena Onoia3Hs B
€CTECTBEHHBIX IBeTax (PHCYHOK 3), a Tarke LU(pPOBas MOAEIb MECTHOCTH TENla OMOJI3HA C BBHICOTHBIM
pactpenencHueM penbeda (pPUCYHOK 4).

116 m'

L1 km

1,06 km

a o

Pucynok 4 — ludpposas Moaens penbeda Teaa omoi3HsI B €CTECTBEHHBIX [IBETAX
C JITHHEH MPOAOJILHOTO MPOGUIIS (BUA CBEPXY) — @; UPPOBasi MOJICIb MECTHOCTH TEJIa OMOJ3Hs (BUII CBEPXY) — 6

Figure 4 — Digital elevation model of landslide body in natural colors with longitudinal profile line (top view) — a;
digital terrain model of the landslide body (top view) — b

IOMP u IIMM neMOHCTpHpYET CIOXHYI0 MOP(QOMETpPUYECKYIO0 CTPYKTYPY OION3HS, cHopMHpO-
BaHHOTO B pe3yJibTaTe KOMOMHALIUK IPaBUTALIMOHHBIX CHJI, KIMMAaTHUECKUX (PAKTOPOB U JINTOIOTUYECKUX
ocobeHHocTell MmecTHOCTH. EcTecTBeHHas 1BeToBas nuddepeHunanys MOKET YKa3blBaTh Ha pa3IM4HbIC
TUNBl TPYHTOB WIIM CTE€NEHb HachlleHHOCTH Bharol. Ilo pesynpraram LIMP omnon3Hda nomydwin
XapakTepUCTUKU (HOPM MHKpopenbeda, a TakKe ONpeaesiIN 30Hy OTphIBa (BEPXHSS 4acTbh), TPAH3UTHYIO
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30HY (cpenHsisi 4acTh) U (PpOHTaNbHYIO 30HY (HIKHAS 4acThb). MophOMETpHUECKHE XapaKTEPHCTHKH
MHKpopenbeda ononsus: mmHa — 370 M, mupuHa — 250 M, cTeHKu cpbiBa — 10 10 M, IUprUHA TPEIUH —
or 0,2 mo 1,5 M, rmyObuna TpemmH — 10 1,5 M, BBIIBICHBI 6 KPYMHBIX OMOJ3HEBHIX CTyINeHeW (ATuHa
OpoBku cryneHed — ot 63 1o 136 M), BeICOTa CTEHKHU CpbIBA — 70 8 M, JJIMHA OMOJI3HEBBIX CTYIICHEH — OT
35 1o 70 M.

MexaHu3M JIBIKECHHS OMON3HA Ha ocHoBe [IMP — mpeobmagaeT GJIOKOBOE CKOJBKEHHE MO KPHUBO-
JMHEHHON TOBEPXHOCTH C dJIEMEHTaMH IUIACTHYECKOTO TeUeHHs. B 30HaX MakcHUMaibHOH aedopmanuu
MOBEPXHOCTH B BEPXHEH YacTH OMOJ3HS HAOIIOAAIOTCS BEPTUKAIbHBIC TPEIIUHBI PACTSDKEHHS (METIKHe
mwpuHoi 0,2-0,5 M u kpymHbIe 10 1,5 M, rmyOuHa gocturaeT 1,5 M), B IIEHTpaIbHOW YaCTH OTMEUYAIOTCS
TOPU3OHTAJbHBIE CMEIIEHUsT ¢ 00pa3oBaHWEM CTYMEHYATHIX Teppac, MO (PPOHTY OIOJI3HA 3aMETHO
BbI/IaBIIMBaHUE NEPEyBIaKHEHHBIX MacC TPYHTa.

Ha ocnose LIMP omnomn3ust Ob11 cocTaBieH NpononbHelid npoduias (pucyHok 5). IlpomonsHblil mpo-
(GuIIb UMEET BBRITYKITYIO OpMYy.

1110m

1105m

1100 M

1095 M

1090 m

1085 m
0m 20m 40m 60 |m B0m 100 m 120(m 140 m 160 ™M
JnuHa, M 60 60 60
IpeBbileHue, M 1,1 10,3 14,8
KpyTH3Ha, rpaj. 1,0 9,8 17,1

Pucynoxk 5 — [IpononbHbIi poduiIs Omon3HsI

Figure 5 — The longitudinal profile of the landslide

Mopdomerpruueckas XapakTepucTuka npoduis: odmas amuHa npoduist — 168 M (o ropuzoHTaNN);
nepemnaf BeicoT — 1110 M — 1085 M = 25 M, MUHUMAaITbHBIH YKJIOH B TIOJIOTOM 9acTH — 1°, cpeHuil YKIIOH —
8,5°, MakcuManbHbIN YKIIOH — 17,1°. CaenaH CEeKTOPHBIHM aHAIM3 MPOI0JILHOTO PO s (CM. TabIuILy).

CeKTOpHBII aHaJIM3 MTPOAOIBEHOTO MPOQHIS OTOI3HS

Sectoral analysis of the longitudinal profile of the landslide

Cexrop Jnuna, m [epenan, m YkI10H, Tpaz. XapakTepucTuka
1 60 1,1 1,0 [Tonoruit BepXHUii CKIOH

2 60 10,3 9,8 KpyToii TpaH3uTHBIH y4acTOK

48 14,8 17,1 OOpEIB GPOHTANBHOTO yCTyTa

Ha ocHOBe mojy4eHHBIX NaHHBIX pacCuMTaHa OLEeHKa ycToiumBocTH. Koadduuument 6e3onacHoctu
(Factor of Safety, FoS) — 310 KiItOUeBOH HHXEHEPHO-TEOJIOTHUECKUH MapamMeTp, KOTOPBIA OIpeesnseT
CTENeHb YCTOWYHMBOCTH CKJIOHA ITyTEM CPAaBHEHHUS COIPOTHBIICHUS TPyHTa C ACHCTBYIOIIMMH Ha HETO
Harpy3kamu [16]. B MeToznax mpenensHOro paBHOBECHS MPEATIONAraeTcs, YTO CKJIOH HaXOAUTCS Ha TPaHH

— 92 ——
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paspymenus, a FoS ycranaBmuBaercs W3 paBHOBeCHsS CHJ WJIM MOMEHTOB. OCHOBHBIC alTOPHTMBI
BKJIIOYAIOT IIPOCTOE [EJICHHE CIBHUTaloNmlell NMPOYHOCTHM Ha IEHCTBYIONIEE KacaTelbHOE HaNpsDKeHUE
(FoS =t _resist / t_driving). B KkoHTeKcTe OIMOJI3HEH OHO MOKa3bIBAET, HACKOJIBKO CKJIIOH YCTOWYHB MPOTHB
CMEIICHUSI.

Pacuer xoaddunmenta 6e3omacHocTH nccienyemoro omomsHs (FoS) mist cexropa 2 (KpUTHYECKHIA
Y9acTOK):

FoS = tang/tana = tan(15°)/tan(9,8°) = 1,53 (cTaOUIBHO MPH CYXHUX YCIOBHSAX).
[Ipu HaceIeHNH KUAKOCTHIO (¢ = 12°):
FoS = tan(12°)/tan (9,8°) = 1,21 (mpenensHOE paBHOBECHE).

tan@ — MaTeMaTH4YeCKOe BRIPAXKEHUE JI0JIM TPEHUS B YCTOWYMBOCTH CKJIOHA.
tang — TaHreHC yriia BHYTPEHHEr0 TPEHHS TpyHTa (),

T7Ie (¢ XapaKTepHu3yeT CIOCOOHOCTh FPYHTA CONPOTUBIIATHCS CIOBUTY 3a CUET TPEHHSI MEXIY YacTHUIIAMU;
4eM BBIIIE (), TEM yCTOMYMBEE CKIIOH (Hampumep, s rpaBust ¢ ~ 35—40°, ais 1€CCOBUAHBIX CYTIIMHKOB —
12-15°).

tano — TAHI'€HC yIJ1a HAKJIOHA CKJIoHa (o),

rze o — (PaKTHUECKHH yroJl HaKJIOHa MOBEPXHOCTH CKOJBKEHUs (B BameMm cirydae 9,8°).

tano OTpaXkaeT JOJIO CUIIBI TSHKECTH, KOTOPasi «TSIHET» TPYHT BHU3 IO CKIIOHY.

JIEccoBuHBIE CYTIIMHKYU PE3KO TEPSIOT () IIPU YBIAKHEHHHU:

cyxue: ¢ =15° — FoS =1,53;

HachleHHble: ¢ = 12° — FoS =1,21.

KpyTtusna cxiona (o): make HeOoypIIoe yBenmnueHue o (Hampumep, ¢ 9,8 mo 12°) npu ¢=12° gact
FoS = 1,0 (ma4ano nBwKeHUs).

[IpenenvHOEe paBHOBECHE — 3TO COCTOSHHUE CKJIOHA MM I'PYHTOBOTO MacCHBa, IPU KOTOPOM CHBHU-
rampouye Cuwibl (HampuMmep, BeC IPyHTa, BHEIIHUE HArpy3KH, T'MAPOJOrMYECKOE NaBJICHHE) ypaBHOBeE-
IIMBAIOTCS yJIEP’KUBAIOLINMH CHJIaMHU (COTIPOTUBJICHHEM TPyHTa CABHTY). B 3TOT MOMEHT CKJIOH Haxo-
JIUTCS HA TPaHU MOTEPH YCTOWYMBOCTH, M JJaKe HE3HAUUTEIBHOE BO3ACHCTBUE (JOXKIb, BUOPALIUS) MOKET
cripoBouupoBats cMeuieHue. IIpu FoS=1,0 ckinon Hauner cmematees. Ecau FoS camkaercs no 1,0, puck
o0OpylIeHHs CTaHOBUTCS KpuTHUecKuM. [1oABOAS MTOTH, MOKHO BBIJICIUTH OMACHBIE YYACTKHU OIIOJI3HS:
¢porTtanbHbii yeryn (17,1°) — puck mporpeccupyromero odpyumenus. B rpanunax cekropos 1-2 Bo3-
MOYKHO 00pa30BaHUE HOBBIX TPCILHUH.

Omnon3HY B TOPHBIX CKJIOHAX U JOJMHAX FOPHBIX PEK — OJHA U3 CAMBIX Pa3pyIINTEIbHBIX IPUPOIHBIX
yIpo3, BO3HHKAIOUIAS M3-32 COUYETAHUSI €CTECTBEHHBIX (PAKTOPOB (KPYThIE CKIOHBI, 3PO3HUsi, OOMIIbHBIE
0CaKf, CEHCMHUYHOCTh TEPPUTOPHU) U AHTPOIIOTEHHOTO BO3JCHCTBHUS (BHIPYOKa JE€COB, CTPOUTEIHCTBO
JIOpOT, HepalHoOHAIBHOE 3eMJICTIONh30BaHue). [locimencTBrsA OIMON3HEH B TakWX palioHaX OCOOEHHO
Tsokebl. OHU HE TOJBKO YHHUTOXKAIOT UHPPACTPYKTYPY, KUJIBIE JIOMA H CEIbCKOXO3SIICTBEHHBIC YTO/IbS,
HO U MPHUBOJAT K YesioBeueckuM >kepTBaM. K npumepy, 8 despans 2024 r. B anMaTHHCKOM MHUKpOpaiioHe
«Tay-Caman» cowmén onon3eHb, KOTOPBIA pa3pyllini ABa A0Ma U YHEC JKU3HU 4YeThIpEX yenoBek [17]. B
Tanrapckom paiione AnMaTuHCKOH obmactu ¢ 21 Ha 23 maprta 2024 T. Mpow3o01Iea caMOIPON3BOILHBIN
CXOJ TPYHTa CO CKJIOHAa TOpbl Ha TEPPUTOPHIO BYX YACTHBIX KHJIBIX JOMOB B CBSI3U C HEYCTOWYMBBIMHU
MOTOTHBIMA yCIIOBHSIME (OCaIKH B BUIE JOXKAA U cHera) [18].

Jns CHIDKEHHS PUCKOB HEOOXOAUMBI KOMIUICKCHBIE MEPBI, BKIIKOUasl MOHUTOPHUHI ONACHBIX ydacT-
KOB, YKpEIUIEHHE CKJIIOHOB M CTPOTO€ PEryJIHPOBaHME XO3SHCTBEHHON AESITEIHHOCTH B YS3BUMBIX 30HAX.
s MUHUMH3AIUK PUCKOB OT OMOJI3HS PEKOMEHIYIOTCS:

1) ycTpoiicTBO IpEeHaKHBIX CUCTEM IJIsl OTBOJA IIOBEPXHOCTHBIX M IPYHTOBBIX BOJ (JIOTKH, IITOJNBHH,
TOPU3OHTAIBHBIC CKBaXKHHBI), YTO CHU3UT HACBIIICHUE JIECCOBUIHBIX CYTJMHKOB W TMOBBICUT K03(hdu-
nuenT FoS no 0e30macHbIX 3HAaYEHNIH;

2) yKpemieHHe CKJIOHOB (ApEHaXHbIE IITOJIBHH, TAOMOHBI, TOCAAKa ICPEBHEB);

3) ykperuieHHe (GPOHTAIBLHOTO YCTyIla TEOpelieTKaMH WM TaOMOHAMH, YTOOBI TPEIOTBPATHTH
oOpylIeHre U BBIJaBINBAaHNE TPYHTA;

4) MoHHUTOpHHT nedopMaIiii onoia3Hs ¢ moMomblo BbicOKOTOYHBIX ['HCC u 3amepoB TpemiuH,
ocobeHHo B 30Hax ¢ FoS <1,3;
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5) CHIDKEHUE HArpy3KH Ha CKJIOH — PEryJIHUPOBaHHE JCSITEIbHOCTH CTPOUTEIILCTBA B BEPXHEH 4acTu
OTIONI3HS (30HA OTPHIBA) U MUHIMM3AIHSA BUOPAIUil OT TSDKEIOTO TPAHCIIOPTA;

6) mocamka pacTeHHWH C TIyOOKOH KOPHEBOW CHCTEMOW (WBBHI, oOiemnmmxa) Il OMOJIOTHYICCKOM
CTaOMIIM3AINH CKIIOHA, KOHTPOJIb BEIPYOOK JIEPEBHEB;

7) perynspHas a3podoTochEMKa (pa3 B 6 MecCsSEeB) A BBISIBICHHUS HOBBIX CMEIICHHUH OTOJI3HS;

8) crcTeMBI paHHETO OTIOBEIICHHUS /11 CBOEBPEMEHHOI dBaKyaIii.

3akmouenue. [IpoBeneHHOE UCCIENOBAHUE TOATBEPIIIO BBICOKYIO 3()()EKTHBHOCTD MPUMEHECHUS
BIIJTIA st u3ydeHUs OIOJ3HEBBIX MPOIECCOB. VX HCMONB30BaHHE TMO3BOJIWIO MOJYYHUTH JETaNbHBIC
¢ poBEIe MOJIENN pelibea ¢ BRICOKMM MPOCTPAHCTBEHHBIM pa3pelIeHueM, YTO CYIECTBEHHO MOBBICHIIO
TOYHOCTh aHaIM3a MOP(OMETPUH NPH M3MEHEHHH OIIOJ3HEBBIX CKIIOHOB. Pe3ynbTaTsl MCCIEZOBaHUS
BBISIBWJIM CIIOXKHBIA Xxapaktep aedopmanuii, BKIOYas OJIOKOBBIE CMEIICHUs, O0Opa3oBaHHWE TPEIIUH
pacTsbKeHUS M BBIIaBIMBaHUE MTEPEYBIAKHEHHBIX MacC BO (DPOHTAIBHOM YacTH.

[Tomyuennsie [IMP omon3Hsa oOecriedniii BRICOKOACTATU3UPOBAHHOE TIPEACTaBICHHE O ero Mopdo-
JIOTHH, TIO3BOJIMB TOYHO UACHTU(UIIMPOBATH 30HBI OTPHIBA, TPAH3UTA U aKKYMYJISIIMU. JlaHHbBIE TIPOIOIIb-
HOT'O TIPOQMJIS BBIIBIIIM KPUTUYECKHE YYACTKH CKJIOHA C YKJIIOHaMHu 110 17,1°, HaXoAsIuecs: B COCTOSHUU
MPEJIETBEHOTO PaBHOBECHS. DTH PE3yJIbTAaThl UMEIOT BAXKHOE MPUKIIAJHOE 3HAUCHHUE JIJIST IPOTHO3UPOBAHUS
pasBUTHSL OIMOJ3HEBBIX MPOLECCOB M OIEHKH YCTOHYMBOCTH CKJIOHOB. MHTerpaius mojeBbIXx Mopdo-
MeTpudeckux aaHHbiXx u [[MP ¢ aHamm3om npomonbHBIX Mpoduieil co3aaeT HaleKHYI OCHOBY IS
pa3pabotku 3(h(HEeKTUBHBIX Mep 3alIUTHl HHPPACTPYKTYPHI B TOPHBIX pEerHOHAX.

KitoueBpIM (pakTOpOM aKTHBH3AaIMK OMOJ3HEBHIX IMPOIECCOB HA HMCCIEMyeMOM YYacTKE SBISETCS
COBOKYITHOE BO3/IEHCTBHE AHTPOIMOTEHHBIX M NMPHUPOAHBIX ycioBUH. K HUM OTHOCATCS MpocauMBaHUE B
TPYHT OBITOBBIX CTOYHBIX BOJI, BHIXOJIBI TPYHTOBBEIX BOJ, 3HAUWTENbHAsl KpyTH3HA CKIOHOB (10 17,1°), a
TaK)Ke JIMTOJOTHYECKUI COCTaB JIECCOBHUIIHBIX CYTIMHKOB, CIIOCOOCTBYIONINI CHIKEHHIO YCTOWYHMBOCTH
ckiI0HOB. Pacuersl koadduuunenta ycroitunBoct (FoS) mokasanm, 4yTo y4acTku ¢ yKJIOHOM Oonee 15°
HaxOJSITCS B COCTOSHUU TpenensHoro paBHoBecus (FoS=1,21 mpu HachIlleHHH TPYHTOB BIAroii), 4TO
CO3/1aeT BBICOKUI PUCK aKTHUBHU3AIMH OTOI3HEBBIX MPOLECCOB. AKTUBH3AIIMS OIOJI3HEBBIX MPOIIECCOB Ha
M3y9aeMOM YYacTKe TMPEICTABISIET CEPhE3HYI0 yrpo3y it WHOpacTpyKTypel. Cpenn BO3MOMKHBIX
MOCJIEICTBUNA — YaCTUYHOE WJIM IOJHOE MEPEKPHITHE aBTOAOPOTH, YTO MOKET MPUBECTH K HAPYLICHUIO
TPAHCIIOPTHOTO COOOIIEHUS, a TaKXK€ PHUCK IMEPEeKPHITHS pycia pPeKu. DTO, B CBOI OYepelb, MOXKET
BBI3BATh JIOKAJHHOE 3aTOIICHHWE IPIIIETAOIINX TEPPUTOPHUN M YCKOPUTH JAETPajalui0 CKJIOHOB, UTO
MOTPeOyeT JOMOIHUTENBHBIX MEpP TI0 MOHUTOPUHTY M YKPETIJICHUIO CTAOMIBHOCTH y4YacTKa.

[lony4yeHHble NaHHBIE MOAYEPKUBAIOT HEOOXOJMMOCTH KOMIUIEKCHOTO IOIX0Aa K MOHHUTOPHHTY
OTIOJI3HEBOM OMACHOCTH, COYETAIOMIEMY COBPEMEHHBIE IMCTAHIMOHHBIE METOABI C TPaIWIIMOHHBIMHU
T€OTEXHUYECKMMH HCCIeA0BaHUSAMHU. Pe3ynbrarel paOoThl BHOCAT BKJIAJ B pa3BUTHE METOJIOB IPO-
THO3UPOBAHMS OTOJ3HEBBIX MPOIECCOB B TOPHBIX PETHOHAX C AHAJOTMYHBIMHU MHPUPOIHO-KIUMATH-
YeCKUMH YCIOBHAMU. JlaHHBIE WCCIIEOBaHUS MOTYT OBITh WCIIONB30BaHBI IS OLIEHKA YCTOWYHMBOCTH
CKIIOHOB, MOHHUTOpHHTA ¢ TpuMeHeHneM BIIJIA u mudpoBoro MoxenupoBanus penbeda. Kpome Toro,
pe3yNbTaThl pa0OThI MOTYT OBITh TOJIE3HBI NPU TUIAHUPOBAHUHM WHXKCHEPHBIX COOPYKCHUH M WH(pa-
CTPYKTYpHI B CEHCMOAKTHBHBIX PETHOHAX, a TaKXe ISl OPraHOB TPAYKAAHCKOHN 3alllMTHI MPH pa3paboTke
Mep MO MNPEeayNpexJeHUI0 W MUHHMM3AIMKU TIOCJIEACTBUM omnosi3Hen. JlanbHelue wucciaeqoBaHus
JOJOKHBI OBITh HaIpaBlieHbl HAa HM3y4Y€HHE [OJTOCPOYHON IWHAMHUKH OIOJI3HEH M OLEHKY BIIMSHUS
KJIIMMAaTUYECKUX U3MEHEHUN HA UX aKTHUBU3ALIUIO.

®unancupoBanme. lVccienoBaHne BBIONHEHO NpW (QUHAHCOBOW mojaepkke Komurera Hayku
MunucTepcTBa HayKu U BeIciiero oopazoBanus Pecny6nuku Kasaxcran nmo teme «HayuyHo-mpukiagHoe
000CHOBaHHWE ceJie-, OIMON3HEe- M JaBHHOOE30MAacHOCTH B TOpHBIX paiionax Mne u JKersicy Anaray
Pecny6mmku Kazaxcran». [lporpammuo-neneBoe ¢punancupoanne Ne BR21881982.
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KACKEJIEH O3EHI AHFAPBIH/JIATbI CbIPFBIMAJIAP/IbBI
YHIKbINICHI3 ¥IIIY AIIITAPATBIH KOJIJAHA OTBIPBIII 3BEPTTEY

AnHoranusi. byn wmakamaga Ime Aunartayer (Kasakcran) aymarbiHmarbl KackeneH e3eHiHIH ankaObIHIa
OpHAJIaCKaH HHQPAKYPhUIBIM MEH casbKaillapra, COHJal-aK aBTOMOOWIIb JKOJIbIHA Kayill TOHMIPETIH ChIpFbIMA
KoIIKiH ¥ ¥ A (YIIKBIICHI3 YIIATHIH allapar) apKblibl aJIbIHFaH AepeKTep Herizinae 3epTrenii. Korapsl qonmikreri
U QpIIBIK OMIKTIK YJITiIEpl Herizinae Oasy Ko3ralaThlH KOIIKIHHIH MOP(QOMETPHSUIBIK CHITaTTaMaapsl, 1ehopMarys
aliMakTapbsl aHBIKTAJJBI, €HIC TYPAKTBUIBIK IapaMerpiiepi ecenrenai. KemkiH mamamaH TeIC cyapy KesiHzae
OepiKTITiH JKOFANTATHIH JecC TOPi3Ai ca3mapia HAMUTHIHBI, KBUDKY JKBULIAMIBIFE 59 cM/KbUTFa AeliH OOJaTHIHBI
aHBIKTANIBL. TYPaKTBUIBIK KOX(GUIMEHTIH ecenrtey Kenmdey >15° aymanmap VINIH KPUTHKAIBIK KYHAI KOPCETTi.
FanamapIK HaBUranysuibIK CITy THUKTIK JKYHe apKbUIbl ayMaKThl Oakpliay jKoHE APEHAXIBIK JKyHenep MEeH reorpuari
KYLIGHTY CHSKTHl HMH)KCHEPIIK MENIMASpAl eHridy YChlHbUIaabl. HoTwkenep Taymel aliMakTapOarbl CHIPFbIMa
KOILKiH KaymiH Ooykay yiniH ¥ ¥ A TeXHOIOTHsIApbIH HHTErPaLUsUIay KQKETTUTITH KOpCeTe .
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INVESTIGATION OF THE LANDSLIDE
IN THE KASKELEN RIVER VALLEY USING AN UNMANNED AERIAL VEHICLE

Abstract. This article presents a study of a slow-moving landslide in the Kaskelen River valley (Ile Alatau,
Kazakhstan), which poses a threat to local infrastructure and a dacha settlement. The investigation was conducted
using data obtained from an unmanned aerial vehicle (UAV). High-precision digital elevation models were used to
analyze the morphometric characteristics of the landslide, identify deformation zones, and calculate slope stability
parameters. The landslide occurs in loess-like loams that lose strength when saturated with water, with a maximum
recorded displacement rate of up to 59 cm per year. Stability coefficient calculations indicated critical conditions in
areas with slopes greater than 15°. Monitoring using global navigation satellite systems (GNSS) is recommended,
along with engineering measures such as drainage systems and geogrid reinforcement. The findings highlight the
importance of integrating UAV technologies with traditional field methods for effective landslide risk assessment in
mountainous regions.

Keywords: landslides, Kaskelen River, monitoring, UAV, digital terrain model.
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RARE SEISMOGENIC EVENTS
IN THE ILE ALATAU

Abstract. In the relatively recent geological history of the Ile Alatau region, large earthquakes have triggered
significant disturbances to the earth’s surface, including massive seismogenic landslides and debris flows. Through a
retrospective analysis of these events and the application of modern research methods, the authors were able to
estimate the age and scale of these phenomena. The findings underscore the necessity of considering such large-scale
disasters in the planning and development of foothill territories. Given that the region is one of the most seismically
active areas in Kazakhstan, the potential for giant landslides and mudflows induced by strong earthquakes represents
a tangible and ongoing risk. The study also identified critical gaps in previous research, particularly concerning the
timing of past events and methods for quantifying their characteristics. Using data from unmanned aerial vehicle
(UAV) imagery, advanced software, and morphometric analysis of solid runoff and mudflow deposits, the authors
refined the quantitative parameters of catastrophic natural events that occurred hundreds or even thousands of years
ago. A review of previously published datings of rare geologic catastrophes was conducted. The results show that
rare seismogenic phenomena have not been adequately considered in existing engineering protection schemes due to
insufficient knowledge and gaps in regulatory design standards. Further studies are essential to address these
shortcomings and ensure safer land-use planning in seismically active zones.

Keywords: earthquake, landslide, rockfall, mudflow, natural disasters.

Introduction. In this study, rare events are understood as discrete occurrences that are observed
extremely infrequently due to the complex of natural processes, whose genetic interconnections are often
not statistically confirmed. Seismogenic phenomena such as blocking landslides, secondary mudflows,
and floods fall into this category. A regional analysis of large-scale slope deformations of seismogenic
origin in the mountainous areas of Kazakhstan has been presented in the works [8, 9]. Modern studies
indicate that the Northern Tien Shan region, and in particular its frontal ridge — the Ile Alatau — has
repeatedly experienced destructive landslides and mudflows, whose occurrence was directly linked to
strong earthquakes. Thus, the catastrophic natural events discussed in this paper represent a consistent
pattern in the long sequence of geological processes that have recurred over thousands of years and will
inevitably occur again in the future. The conditions for their formation remain unchanged, namely:

— The Ile Alatau region contains large active seismic faults, where heightened seismic activity is
regularly observed.

— The foothill terraces of the Ile Alatau are composed of loess-like sediments with poor engineering-
geological properties, which, under strong seismic impacts and prior soil moisture saturation, can lead to
the large-scale formation of blocking landslides and mudflows.

— The high-mountain zone of the Ile Alatau retains extensive modern glaciation, a vast reserve of
unconsolidated deposits from contemporary and Upper Quaternary moraine complexes, and a significant
energy potential due to the altitude difference of 3.5—4.0 km from the headwaters to the foothills.

The focus of this study is the largest seismogenic events in the central part of the northern slope of
the Ile Alatau (figure 1).
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Figure 1 — The area and the objects of the study:
1 — Blocking landslide and the Big Almaty Lake; 2 — blocking landslide and the Yesik Lake;
3 — fault zone and the epicenter of the Verny earthquake of 1887; 4 — ancient giant mudflow in the valley of the Talgar River

Materials and Methods. An essential element of any scientific research is accounting for previous
studies, with a list of key publications provided in the references. A retrospective analysis of accumulated
data, incorporating modern research methods and a more detailed examination of study sites, enables the
refinement of seismogenic event characteristics, their quantitative attributes, and chronological
framework. In many cases, mountain landslides and rockfalls, in the absence of direct observations, have
been assumed to be responsible for a series of mudflow catastrophes. However, further researches have
shown that erosion and associated displacement processes in contemporary and Upper Quaternary frontal
moraines were the primary drivers in specific cases [6, 8]. Conversely, numerous landslide dams that
impound high-mountain lakes were mistakenly identified as ancient moraines, a misinterpretation that
could only be corrected through additional modern investigations [9, 8]. The dating of damming landslides
remains a particularly challenging issue. Frequently, event timing has been inferred by analogy with
similar nearby formations and presumed seismic events. However, in the absence of precise data, this
method significantly broadens the potential age range of such phenomena over several millennia [2, 3].

The authors argue that refining the timing of major seismic catastrophes is crucial for assessing
current conditions and forecasting future developments. A promising approach to dating damming
landslides is the discrete and integral evaluation of unconsolidated debris in landslide dams and mudflow
deposits, which form extensive alluvial fans at the entrance to high-mountain basins. Even in the absence
of direct data — an expected challenge — chronological constraints can be established using average
denudation rates and sediment discharge volumes from mountain regions worldwide. These values are
widely accepted, making this method a scientifically justified research tool [4].

A highly informative method for determining the age of large-scale seismic dislocations involves
analyzing the volume of unconsolidated landslide or mudflow deposits embedded in the original valley
relief. To reconstruct the pre-event topography, researchers compare the continuation of mountain slope
and valley floor forms buried beneath landslide or mudflow deposits with the modern surface [8, 6, 4]. In
some cases, geophysical methods can help restore buried relief, provided that the boundaries of the
original relief and landslide bodies are reliably identified, which is complicated by the homogeneity of
loose debris masses.

Remote sensing techniques, including multi-temporal satellite imagery, facilitate the study of
seismogenic dislocations, landslides, and mudflows not only at local sites but also across vast, inaccessible
regions. The research utilizes satellite imagery from Landsat, Sentinel, Google Earth, and the Shuttle
Radar Topographic Mission (SRTM), which provides digital elevation model (DEM) data for Earth's
surface.
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Results and Discussion. The Ulken Almaty. Fifteen kilometers from Almaty, on the northern slope
of the Ile Alatau at approximately 2500 m above sea level, lies the Ulken Almaty (Big Almaty) Lake.
Currently, the lake functions as a multipurpose reservoir with a regulated water volume of 14 million m’,
serving energy and water supply needs.

According to specialized studies, the lake was formed due to a massive earthquake-induced blocking
landslide-rockfall, with a volume of up to 380 million m?, originating from the left slope of the Ozyornaya
River valley, a tributary of the Ulken Almaty River [8]. To prevent a potential lake outburst caused by a
mudflow entering the lake — similar to the 1963 Yesik event (see this article) — that was formed higher up
the valley profile. In the 1980s the crest of the lake dam was increased by 10 m with the construction of an
open spillway (figure 2) [5].
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Figure 2 — The situation in the area of blocking of the Ozernaya River by a landslide:
A — escarpment and separation zone; B — landslide body [8]; C — profile along the alluvial fan; D — mudflow alluvial fan [4]

Although the origin and morphology of the lake’s seismogenic dam are well studied, its age remains
debated. Some researchers estimate the landslide-rockfall's age to be between 8,000 and 15,000-20,000
years [2, 3]. The only argument given in support of this assumption is the landslide in the Yesik River
valley. However, no direct evidence supports this claim. The blockages of the Yesik and Ulken Almaty
Rivers occurred at different altitudes (1750 and 2500 m respectively) and are associated with different
seismic faults.

On the other hand, there is objective evidence suggesting a significantly younger age for the
formation of the lake dam. During the deepening of the water intake in the lake dam, layers of silty lake
sediments containing remains of Tien Shan spruce were uncovered. Samples of organic material were
collected by A. P. Gorbunov from the Institute of Geography, which were later subjected to radiocarbon
dating at a laboratory in Novosibirsk, determining their age to be 15004200 years. Taking into account the
accumulated silty deposits (2.2 m), the formation of the blocking landslide dam was preliminarily
estimated at 2200£200 years [1].

To further substantiate the existence period of the lake, a morphological method was later applied,
based on obtaining morphometric characteristics of the debris flow fan at the entrance to the lake basin
and estimating its formation time.

The volume of unconsolidated deposits in the debris flow fan, determined through partial restoration
of the relief profile and considering its glacial modification in the upper section of the lake basin (a
characteristic trough), was 28.8 million m*. The volume of sediments, calculated based on the average and
maximum values of denudation in mountainous terrain over 2000 years, ranged from 13.0 to 47.7 million
m?, averaging 30.35 million m3?, which closely aligns with the previously obtained estimate [4]. If we
assume that the denudation rate in the central part of the Ile Alatau, including the Ozyornaya River basin,
corresponds to the mean value of loose material washout (denudation products) at 0.19 mm/year, then the
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volume of the debris flow fan near the lake — given a catchment area of 71.8 km® and a sediment
accumulation period of 2000 years — would be 27.3 million m®, which is also very close to the value
obtained using the morphometric method.

The volume of deposits can also be estimated using the solid runoff modulus. According to
recommendations [12], if we assume that the conditions in the Ozyornaya River basin are similar to the
areas composed of ancient sedimentary or igneous rocks, with a maximum solid runoff modulus of 880
t/km’/year, then over 2000 years, 47.7 million m* of material should have been transported to the blocking
area. At an average long-term solid runoff modulus of 240 t/km?*year, this value would be 13 million m’,
giving an overall average of 30.35 million m’.

It should be noted that immediately after the seismogenic landslide, the blocking dam enabled the
accumulation of a significant volume of water. The initial lake that was formed most likely breached
within a few days, triggering a catastrophic outburst flood downstream and creating an erosional incision
in the lower part of the natural dam.

The Yesik. The exceptional event of July 7, 1963, in the Yesik River valley stands out among the
region’s natural disasters. At that time, a large mountain lake, which had been formed due to a landslide
dam blocking the river at an elevation of approximately 1750 m, burst as a result of the entry of a
catastrophic mudflow into the lake. The mudflow had peak discharges of 7,000-12,000 m3/s (figure 3).
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Figure 3 — The Yesik Lake before 1963 (postcard)

The glacial mudflow, with a volume of 5.8 million m?, caused a sharp rise in the lake level (by at
least 1.5 m) and generated destructive waves up to 5.5 m high. This led to an increase in outflow
discharge, intense retrogressive erosion in the lower part of the dam, subsequent dam failure, and near-
complete drainage of the lake basin [6] (figure 4).

A comparison of the 1963 mudflow volume with the total sediment accumulation in front
of the blocking landslide throughout the lake's existence is particularly important. The age of the Yesik
landslide dam, based on estimates of the maximum thickness of laminated silts deposited in the lake basin,
has been assessed at 4,000 years [7]. Through repeated leveling surveys of the longitudinal profile of
the alluvial fan, the total volume of mudflow and flood deposits at the lake entrance was determined to be
82 million m’ [6].

By using an analogy-based approach with denudation intensity values from other mountainous
regions, the approximate age of the lake — and consequently, the blocking landslide — can be estimated.
Interpolating the data obtained for the mudflow fan at the Ulken Almaty Lake, the age of the Yesik River
blockage is estimated at 5,700 years.

It is crucial to highlight that this was a highly unusual event: a lake that had existed for thousands of
years was completely destroyed by a mudflow — even though the mudflow volume was an order of
magnitude smaller than the total sediment volume accumulated in the lake basin throughout its history
(figures 3, 4).
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Figure 4 — The blocking landslide and the catastrophic mudflow on July 7, 1963 in the Yesik River valley:
A — scarp and landslide detachment zone; B — landslide body; C — mudflow alluvial fan.
Photo 1 was made by Qazaq TV, Photo 2 is a Sentinel-2 image for July 24, 2021

The powerful lake dam, composed of a landslide body with a volume of 20-25 million m’, was
completely breached by the water flow. The resulting catastrophic outburst flood, with a discharge of up to
1000 m’/s, destroyed up to 200 houses, bridges, roads, and infrastructure in the downstream valley. Later,
in the 1980s, a mudflow protection dam with a tunnel spillway was constructed at the breach site, partially
restoring the Yesik Lake.

The Verny Earthquake of June 9, 1887 (M = 7.3, focal depth = 20 km, horizontal rupture length =
= 35 km) caused numerous surface ruptures and landslides, with a total displaced volume estimated at
440 million m3, some individual landslides exceeding 50 million m* [9, 11].

Among the most catastrophic consequences of the earthquake, as documented by 1. V. Mushketov,
were landslides in the Aksay, Kokcheka, and Prokhodnaya (Ulken Almaty) River basins, as well as in
Koturbulak (figure 5).

The Akzhar rockfall, with a volume of 60 million m3, occurred in the Aksay River basin, forming two
major rupture zones with an escarpment and destroying a lake that previously existed downstream in the
valley. The collapsed masses, largely composed of biotite granites and diorites, moved into the main
Aksay River valley, creating a temporary dam, which later breached, generating a powerful mudflow that
traveled more than 20 km across the piedmont alluvial fan.

Figure 5 — Landslides triggered by the June 9, 1887 earthquake: / —Akzhar landslide (4 — escarpment and rupture zone,
B —landslide body, C — secondary debris flow zone) [8]; 2 — Landslides in the Ulken Almaty River basin
(4% — Kokcheka tributary escarpment and rupture zone, B> — landslide body, B' — Prokhodnaya River landslide body);
3 — Landslide in the Koturbulak River basin (4° — rupture zone, B® — landslide body).
The landslide boundaries were delineated based on markers specified in [9]
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Large landslides also occurred in the Ulken Almaty River valley, on its small left tributary, Kokcheka
(24 million m®), as well as in the Prokhodnaya River basin (54 million m?). In the Koturbulak River basin,
a landslide of 56 million m® was formed.

Today, the areas occupied by these ancient landslide bodies have been developed and are used for
various economic and social purposes, which raises significant concerns. It is well known that strong
earthquakes in this region may reactivate these old landslides, with all the associated negative
consequences.

According to topographic and geodetic surveys conducted by F. Brusnitsyn one month after the
earthquake, it was possible to reconstruct the conditions in the Aksay River valley as they were on June 9,
1887 [9]. Scheme 1 (figure 6) shows that on this date, a significant portion of the Aksay River valley was
filled with liquefied landslide deposits.
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Figure 6 —
Conditions in the Aksay River valley
on June 9, 1887
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Eyewitness accounts indicate that the river’s flow was completely blocked and was only restored
approximately 20-22 hours later, after the breach of the temporary dammed lake. A rough estimate
suggests that during this period, the temporary reservoir could have accumulated 0.7-0.8 million m® of
river water.

The sudden water release inevitably led to the movement of unstable liquefied masses, resulting in
the formation of a large-scale mudflow, which traveled over 15 km across the gentle piedmont plain. The
mudflow covered the old Tashkent postal road for approximately 8 km (scheme 2, figure 6). The mass of
mud, spreading over a vast area, destroyed all bridges and rendered the Tashkent road impassable,
severing communication between Verny (Almaty) and Kaskelen (Mushketov 1., 1890).

Talgar. In the Talgar River valley, at its emergence onto the alluvial fan, traces of an ancient giant
mudflow have been identified. These traces remain visible on the right slope of the valley in the form of a
distinct boulder line, with some sections located 75 m above the riverbed (figure 7).

Figure 7 —
Traces of an ancient giant debris
flow in the Talgar River valley:
A — maximum debris flow level
on the right valley slope;

B, C—large boulders
(diameter >5 m) marking
the maximum level
of the ancient mudflow
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Using modern satellite imagery, it was possible to reconstruct the approximate valley cross-sections
at maximum elevations and estimate the approximate cross-sectional area of the ancient mudflow. Based
on these rough approximations, the cross-sectional area was determined to be approximately 30,000 m?,
which, given the previously mentioned flow depth, results in staggering peak discharges exceeding
500,000 m*/s or more (figure 8, table).
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Figure 8 — The section of the Talgar River valley where the giant ancient mudflow exited the valley.

The marked features include the maximum flow level on the valley slopes, cross-sectional profiles,
averaged cross-section, and an 8.5 million m® mudflow protection dam constructed in 2005 [10]

Drone survey data for cross-sections in the Talgar River valley

Points Longitude Latitude Elevation Points Longitude Latitude Elevation
(ma.s.l.) (ma.s.l.)
Profile 1
1 77°12'33,330" E | 43°15'37,405" N | 1192.41 10 77°12'44 911" E | 43°15'39,633" N | 1120.75
2 77°12'34,735" E | 43°15'37,680" N | 1176.63 11 77°12'46,316" E | 43°15'39,770" N | 1119.83
3 77°12'35,866" E | 43°15'37,817" N | 1172.39 12 77°12'47,653" E | 43°15'40,010" N | 1119.07
4 77°12'36,996" E | 43°15'38,091" N | 1150.23 13 77°12'48,920" E | 43°15'40,215" N | 1120.14
5 77°12'38,333"E | 43°15'38,296" N | 1138.92 14 77°12'50,359" E | 43°15'40,558" N | 1130.40
6 77°12'39,463" E | 43°15'38,502" N | 1131.86 15 77°12'51,661" E | 43°15'40,935" N | 1156.82
7 77°12'40,800" E | 43°15'38,845" N | 1126.22 16 77°12'52,998" E | 43°15'41,106" N | 1162.59
8 77°12'42,102" E | 43°15'39,084" N | 1125.82 17 77°12'54,128" E | 43°15'41,312" N | 1177.16
9 77°12'43,369" E | 43°15'39,324" N | 1122.45 18 77°12'55,225" E | 43°15'41,551" N | 1192.66
Profile 2
1 77°13'00,040" E | 43°15'34,459" N | 1209.99 10 77°12'47,054" E | 43°15'32,026" N | 1135.30
2 77°12'58,053" E | 43°15'34,082" N | 1191.94 11 77°12'45,889" E | 43°15'31,820" N | 1134.40
3 77°12'56,408" E | 43°15'33,808" N | 1177.03 12 77°12'44,484" E | 43°15'31,512" N | 1133.16
4 77°12'55,003" E | 43°15'33,602" N | 1158.55 13 77°12'43,148" E | 43°15'31,272" N | 1137.20
5 77°12'53,736" E | 43°15'33,362" N | 1155.11 14 77°12'41,812" E | 43°15'31,067" N | 1137.83
6 77°12'52,262" E | 43°15'33,122" N | 1144.55 15 77°12'40,612" E | 43°15'30,792" N | 1143.43
7 77°12'50,994" E | 43°15'32,814" N | 1139.30 16 77°12'39,276" E | 43°15'30,518" N | 1166.14
8 77°12'49,692" E | 43°15'32,540" N | 1135.74 17 77°12'37,974" E | 43°15'30,347" N | 1180.38
9 77°12'48,390" E | 43°15'32,300" N | 1133.13 18 77°12'36,535" E | 43°15'29,999" N | 1207.01
Profile 3
1 77°12'39,499" E | 43°15'19,755" N | 1244.11 10 77°12'53,684" E | 43°15'22,541" N | 1156.01
2 77°12'41,107" E | 43°15'20,074" N | 1223.20 11 77°12'55,025" E | 43°15'22,828" N | 1155.33
3 77°12'42,994" E | 43°15'20,439" N | 1195.99 12 77°12'56,387" E | 43°15'23,072" N | 1159.39
4 77°12'44715" E | 43°15'20,773" N | 1170.11 13 77°12'57,788" E | 43°15'23,355" N | 1176.20
5 77°12'46,509" E | 43°15'21,122" N | 1151.90 14 77°12'58,944" E | 43°15'23,560" N | 1185.08
6 77°12'48,180" E | 43°15'21,456" N | 1154.45 15 77°13'00,088" E | 43°15'23,804" N | 1201.11
7 77°12'49,686" E | 43°15'21,749" N | 1153.97 16 77°13'10,244" E | 43°15'24,010" N | 1217.13
8 77°12'51,186" E | 43°15'22,047" N | 1153.41 17 77°1320,015" E | 43°15'24,151" N | 1228.01
9 77°12'52,512" E | 43°15'22,304" N | 1151.24 18 77°13'20,735" E | 43°15'24,305" N | 1238.29
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A key distinguishing feature confirming this event as a mudflow rather than a landslide is the
presence of boulder deposits along the upper edge of the flow. Given the relatively low channel gradients,
a landslide would have completely filled the river valley with its mass, which is not observed in this case.
There are no historical records of such a colossal mudflow catastrophe, suggesting that the event occurred
thousands of years ago.

The aftermath of this prehistoric mudflow includes the formation of an enormous alluvial fan, now
occupied by the city of Talgar and numerous other settlements across an area of at least 400 km®.

The exact genesis of this event remains speculative, but the regional conditions, particularly its
proximity to one of the largest glaciated high-altitude centers in the Ile Alatau (Talgar Peak, 4979 m),
suggest the involvement of both seismic and glaciological factors. This region is characterized by active
seismic faults and extensive glaciation, which could have triggered ice-rock avalanches that transformed
into mudflows, similar to the 1970 Huascaran event in Peru [13, 14].

Importantly, arguments presented by the authors regarding this ancient mudflow were not considered
during the design of the mudflow protection dam on the Talgar River, as no existing engineering
regulations accounted for such extreme events.

Conclusion. Over the past several millennia, the geological history of the Ile Alatau has been shaped
by massive landslides and mudflow disasters triggered by strong earthquakes.

There remains the possibility of a breaching of the dammed lakes in the event of the collapse of large
seismogenic landslides into the water area and further negative developments with the displacement of
water from the basins. This study has established that landslide deposits formed by major seismic events
have been extensively developed, with dozens of major recreational, commercial, and infrastructure
projects now operating in mountain valleys. Many of these structures are located in areas of heightened
landslide and mudflow risk, often without proper consideration of the geological hazards.

A particularly critical finding from this research is the discovery of the ancient giant mudflow in
the Talgar River valley, which occurred several thousand years ago. The scale of this event — in terms
of cross-sectional area, average depth, and peak discharge — surpasses all known mudflows in the Ile
Alatau. Irrefutable evidence of this ancient mudflow includes maximum flow level markers on the valley
slopes, represented by large boulders deeply embedded in the ground. The mudflow formed a massive
alluvial fan, which was later inhabited and developed by settlements, agricultural land, and infra-
structure.

Currently developed engineering protection plans for the region do not account for seismogenic
landslides and mudflows. This highlights an urgent need to develop methodologies for assessing and
calculating the quantitative characteristics of seismogenic landslides and mudflows, making it one of the
most pressing research priorities.

When conceptually formulating the authors’ vision of the development pathways for a methodology
to assess the quantitative characteristics of seismogenic landslides and debris flows, several important
aspects should be noted. At present, predictive quantitative assessments of seismogenic landslides and
debris flows are lacking due to the high uncertainty surrounding the occurrence of such events. However,
by employing the method of analogs, it becomes possible to identify potential locations and scales of
seismogenic phenomena in the event of a recurrence of large earthquakes.

For instance, the Verny earthquake of 1887 (M = 7.3) triggered widespread seismogenic landslides
and debris flows, with a total volume amounting to 440 million cubic meters. The main seismotectonic
dislocations occurred along active tectonic faults, the locations of which are well known and have been
mapped. Therefore, in the case of large earthquakes comparable to or exceeding the Verny event in
magnitude, the occurrence of widespread landslides and debris flows can be expected. This, in turn,
enables the modeling of such phenomena and the formulation of long-term forecasts.

Large-scale landslides may occur as a result of seismotectonic dislocations on the slopes of mountain
river valleys. Particularly hazardous situations may arise from river blockages and the collapse of large
volumes of material into mountain lakes, potentially leading to lake outburst floods.

Strong earthquakes can also trigger glacier collapses or accelerate glacial surges. Empirical evidence
demonstrates that such phenomena can be identified through the use of monitoring techniques and remote
sensing methods.
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_ LJIE AJIATAYBIHJIATBI
CEUCMOT'EHAIK KYBBIJIBICTAP

AHHOTanusl. [ne AnaraybIHBIH calbICTBIPMAIIBI TYP/IE KaHa I'e0JIOTHAJIBIK TAPUXbIHAA 1pi )Kep CUIKiHICTepi jxep
OeTiHiH Oy3bUIybIHA YKOHE OpacaH 30p CEHMCMOTEH/IK KOIIKIHAEP MEH celiiepre 9Keii. ABTOpJapAblH OChl OKHFa-
Japapl PETPOCHEKTHBTI TANAAYHl JKOHE KOJNIJAHBUIFAH 3aMaHAayH 3EpTTEy oMicTepi alMaKTarbl CEHCMOTEHIK KO-
KiHIep MEH Cell TaCKBbIHAAPHIHBIH JKaChlH HETI31 TypAe Oaranayra yKoHE OJIapblH ayKbIMBIH Oaranayra MYMKIHIIK
Oepai, Oy Tay OeKTepliepiH oaH dpi UTepy Ke3iHAe OCHIHIAN ayKbIMBI alaTTaplbl ECKepy KaXKETTITiH KopceTel.
OHiperi ayMakTap/biH, 00bEKTUICP/IiH XKoHE TYPFhIHAAP/bIH KaYIICI3/IIriH 3epTTey jKoHe Oaranay Ke3iHjue oOblc-
ThIH Ka3akcTaHHBIH €H CeHCMHKAIIBIK OCIICEH/II aifiMarblHaIa OPHAIACKAHBIH JKOHE KYIITI XKep CUIKIHICI canmapblHaH
0oJIaTBIH AJIBIN KOIIKIHAEP MEH CeJl TaCKbIHIAPBIHBIH KayIi OObEKTHBTI IIBIH/BIK €KEHIH €CKepy KaKeT. AJIABIHFBI
3epTTEYJICPIiH HOTHKEIEPIH Tl ay OChl TAOUFH alaTTaP/bIH YaKbIThIH/A )KOHE OJIAP/IbIH CaHJIbIK CHITATTAMAaIapbiH
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Oararnay opicTepiHie OJKBUIBIKTApABI aHBIKTa(bl. COHBIMEH KaTap, YIIKBIIICHI3 YIIATHIH alapaTTapablH (YIIKBIII-
CBI3 YIIIy amnrmapaTTapblHbIH) MATIMETTEPiH, 3aMaHayH OaFiapiIaMaliblK KeIIeHAep/i, COHAal-aK KaTThl aFbIH/IbI XKOHE
ceN meriHauIepin OaranayaplH MOPQOMETPISUIBIK OIICIH MaianaHa OTBIPHIN, JKY3IETeH KOHE MBIHIAFraH JKbUIIAP
OypbeIH OoNFaH eXenri TaOWMFW amaTTapIblH CaHIBIK CHIATTaMallapbl HAKThUTAHIBL. BypbeiH opTypi OachkuibIMImapaa
JKapUsUTaHFaH CHPEK KEe3IECETiH amaTThl TeONOTHSUIBIK KYOBUTBICTapABIH Mep3iMi OaramaHabpl. 3epTTeieTiH ayMaKThl
urepy Kes3iHIe epeKIe CHPEeK Ke3IeCeTiH CeHCMOTeHmiK KYOBIIRICTap OCHl KYOBUIBICTAP TYPAajbl KETKUTIKTI OLTIMHIH
JKOKTBIFBIHAH JOHE jo0ajlayra KOMBUIATBIH HOPMAaTUBTIK TajalTapla OJKBUIBIKTApIbIH OONybIHa OailJIaHBICTHI
KeIeHAI MHXEHEPIK KOopray chI30alapblHIa ecelKe aJlblHOaraHbl aHBIKTANAbl. AHBIKTaJFaH OJIKbUIBIKTAPIbI
TOJNTHIPY YIIIH CUPEK Ke3eCeTiH CeHCMOTeHIIK KYObLIBICTAP bl O/IaH i 3ePTTEy KaxKeT.
Tyiiin ce3mep: xep CiIKiHICI, KOIIKIH, KyJiay, ceJl, TAOUFHU anarrap.
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PEJIKUE CEUCMOT'EHHBIE SABJEHUS
B WIE AJIATAY

AHHOTauus. B oTHOCHTENbHO HeJaBHEHN reojoruueckoi ucropuu Mie Anatay B pe3ysibTaTe KpyIHBIX 3eMJie-
TPSICEHUH TPOM30ILTH WHIyIIMPOBAHHBIC UMK HAPYIICHUS 36MHOW MOBEPXHOCTU U OTPOMHEIC TI0 CBOMM MacIiTadam
celficMOTeHHBIE OTIOJI3HH U CeJH. BRIMOTHEHHBI aBTOpaMH PETPOCTIEKTUBHBINA aHAIN3 YKa3aHHBIX COOBITHI, IIPHMe-
HEHHBIE COBPEMEHHBIE METOMBI MCCIICIOBAHUN ITO3BOIMIIM OOOCHOBAHHO OLIEHUTH BO3PACT CEHCMOTEHHBIX OITOJI3-
Hell U cenell B pernoHe, a TaKKe OIEHHUTh UX MACIITad, UYTO MpeAroaraeT HeoOX0IUMOCTh ydeTa TTOTOOHBIX KpPYTI-
HOMACIITAOHBIX KaTacTpod MPH JaTbHEHIIIEM OCBOSHUH MTPEATOPHBIX TEPPUTOPHiA. IIpH BRIOJHEHUH MCCIICI0BAHUI
U OIICHOK 0€301TacHOCTH TEPPHUTOPHil, 0OBEKTOB M HACENIEHHS B PETHOHE HEOOXOIMMO MIPUHUMATH B pacyer TO, YTO
paiioH pacriojiokeH B Hauboliee celicMoakTUBHOI obsactu KazaxcraHa u puck oOpa30BaHMsI THTAHTCKUX OIOJI3HEH
u cenei/i, BbI3BAHHBIX CHJIbHBIMHU 3EMIJICTPACCHUAMU, SABJIACTCA O6'beKTI/lBHOI‘/II PCAJIBHOCTBIO. AHaJ'II/I3 PE3yJIbTaTOB
mpeaAbIAYIIUX I/ICCJ'IeIlOBaHI/lﬁ BBISIBHIJI Hp06e.]'l])l, Kacaromuecsas BPCMCHU BO3HHMKHOBCHUSA YKa3aHHBLIX HNPHUPOJHBIX
KaracTpo(, a TaK)Ke METOJIOB OIICHKH MX KOJIMYECTBEHHBIX XapaKTepUCTUK. KpoMme TOro, ¢ UCIOIb30BaHHEM JTaHHBIX
ChEMKH C OCCIWIOTHBIX JeraTenbHbIX ammaparoB (BITJIA), coBpeMEHHBIX TpPOTPaMMHBIX KOMILICKCOB, a TaKkKe
MOp(GOMETPUIECKOTO METOAA OICHKH TBEPAOTO CTOKA M CEJIECBBIX OTJIOKCHHHA YTOYHEHBI KOJHMYECTBCHHBIC Xapak-
TEPUCTUKU APEBHUX IMPHPOTHBIX KaTacTpod, MPOHM3OMICAIINX COTHH W THICSYM JeT Hazan. OmeHeHa JaTHPOBKA
PENKHUX KaTaCTpPO(PHUUECKHX TeOJIOTHUYECKHUX SBICHHUN, paHee OMyOJUKOBAHHBIX B PAa3NIMYHBIX M3JAHUAX. Y CTAHOB-
JICHO, YTO TIPH OCBOCHUH UCCIIEIyEeMOH TEPPUTOPHH B CXeMaX KOMIICKCHON MHKCHEPHOH 3aIllUTHI HE YIUTHIBAINCH
BBITAIONINECS PEIKHe CeHCMOTEeHHBIE SIBICHUS M3-3a OTCYTCTBUS JOCTATOYHBIX 3HAHUI 00 ITHX SIBICHUSIX U HATHMIUSL
mpo6esioB B HOPMATHUBHBIX TPEOOBAHMIX K MPOCKTHPOBAaHUIO. J[711 BOCTIONHEHHS BBIIBICHHBIX MPOOETIOB HEOOXO-
JIUMBI JaIbHEUIINE UCCIEA0BAHUS PEAKUX CECMOIEHHBIX SIBJICHUM.

KuroueBble cJI0Ba: 3eMIICTPSCCHUE, ONIOJI3¢Hb, 00BAJI, CEJICBOM MOTOK, IIPUPOIHBIC KaTaCTPOQBI.
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ASSESSMENT OF PHYSICAL CAPACITY OF THE BEACH
AND RECREATIONAL AND GEOMORPHOLOGICAL POTENTIAL
OF THE SOUTH-WESTERN SHORE OF ALAKOL LAKE

Adstract. In the last decade in Kazakhstan there has been an increase in the flow of domestic tourism, with
poor integration of sustainable development principles into the destination management policy. As a consequence,
there is an irrational use of territories and recreational resources. The study is focused at assessing the physical
capacity of beaches and recreational and geomorphological potential of the south-western coast of Lake Alakol.
Having analyzed the coast using remote sensing (Planet scope, Rapid Eye (Super Dove, Sentinel 2A and Landsat —
8), it was determined that the total physical capacity of beaches of the south-west coast is equal to 75 thousand
recreationists per day and 3 862 thousand per season. The length of beaches and spits used for recreation reached
21 km. Score assessment of attractiveness of relief and geomorphological risks based on the criteria, determined that
the recreational and geomorphological potential of beaches of the south-west coast of Lake Alakol is optimal. The
quantitative parameters of the physical capacity and recreational-geomorphological potential of beaches are proposed
to be used by administrative authorities for the rational development of the lake shore.

Keywords: Beach carrying capacity, geomorphologic-recreational potential, Alakol Lake

Introduction. Alakol Lake is a major developing tourist center for beach-bathing tourism during
summer period. The largest number of tourists rest on the southwestern coast in the recreational areas of
Akshi and Koktuma, located in the Zhetysu region (Kazakhstan) figure 1. At the present stage, the
development of domestic tourism in Kazakhstan goes through stages of the use of recreational resources
of the country from episodic and local to systemic mass and international. This is supported by the
adopted state tourism and regional development programs [1, 2], as well as the consequences of the Covid
19 pandemic, became the reason for active development of domestic tourism.

Over the last 10 years, the transportation, hotel and recreational infrastructure on the lake shore has
improved significantly. In the summer season, daily flights and trains from major cities are launched, and
the construction of a new highway Almaty-Oskemen allows comfortable access to the lake by buses and
cars. The measures taken have contributed to a significant increase in tourist arrivals at the lake.
According to local government estimates for 2022 on the southwest coast, the total number of tourists for
the season reached more than 1.5 million people [3]. This southwestern coast is the main and most popular
tourist destination.
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Figure 1 — Akshi and Koktuma recreational zones (Southwest coast of the Lake)

Recreationists spend most of their time on the water body on the coastal territory [4]. Tourists occupy
both prepared beaches in recreational areas and beaches located on remote parts of the coast and
accumulative pebble spits without standard infrastructural conditions. Sustainable recreational activities
depend on the development potential and factors affecting the quality of coastal tourism. Coastal resources
that meet tourist expectations are subject to rapid development of coastal areas, which increases the
anthropogenic load on the coast [5]. Uncontrolled growth of popularity of local tourist destinations in the
summer period goes against the principles of rational use of natural recreational resources. Beaches are the
main tourism resource in coastal destinations and any impact on the quantity and quality of beaches will
affect tourism [6]. The availability of beaches and the protection of coastal zones play an important role in
the development of a tourism sector that ensures the economic sustainability of municipalities. It is
therefore important to manage coastal areas based on the trends and conditions of coastal zones to monitor
them and determine their vulnerability over time in order to promote sustainable tourism [7]. Northern
Adriatic beach ecosystems suffer from high exposure to pollutants due to port activities, aquaculture,
shipping, coastal agriculture and discharges into rivers. Ecosystem services including research and
analysis are proposed for sustainable management of coastal recreational resources [8]. The World
Tourism Organization has identified the need to strike an appropriate balance between the environmental,
economic, and socio-cultural aspects of tourism development to ensure its long-term sustainability [9].
Taking into account the limited area of the shore of Alakol Lake, suitable for beach recreation, there is a
need for detailed geospatial scientific studies of the physical capacity and recreational-geomorphologic
potential of the beaches of the southwestern coast. The recreational potential of beaches is determined
by coastal geomorphology, so by geomorphologic analysis it is possible to estimate the physical capacity
of beaches. Beaches are classified according to typology, location, shape, level of urbanization and
tourism [10].

Previous works have studied the component-based integrated assessment of recreational
attractiveness of landscapes of the entire basin of Alakol Lake [11, 12]. Assessment of the vulnerability of
the Alakol Lake coast to modern geomorphologic processes of relief formation [12, 13], and the tourist
and recreational potential of the Alakol Lake basin were made [14]. Studies have been carried out to
assess the tourism and recreational potential of ecotourism in Kazakhstan [15], and the impact of beach
tourism on recreational areas of Lake Alakol [11]. The conducted research is a theoretical basis and is
directly related to the popularization and development of beach-bathing recreation on Alakol Lake.
However, in the current conditions of chaotic land use of the coast, anthropogenic pressure on the natural
stability of coastal ecosystems is increasing. Unfortunately, in Kazakhstan there is a lack of knowledge
and understanding of how the principles of sustainability and sustainable development should be
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integrated into national tourism policy. Misunderstanding of the concept of sustainable development is a
common problem among stakeholders in the tourism sector, which hinders the achievement of sustainable
Development Goals [16]. The next stage of studies of the lake coast is to determine the physical capacity
of different categories of beaches and assess their recreational and geomorphological potential to identify
ways of rational use of recreational resources of the coast of Alakol Lake.

Physical capacity (carrying capacity) was measured by the number of visitors or users that a physical
environment can serve at a given time [17]. The physical capacity of the receiving environment has a
certain forward-looking nature to warn of problems arising from land occupation [18]. The concept of
carrying capacity was first developed in the field of population ecology and wildlife management, where it
was defined as the number of individuals of a species that can be supported within a given habitat area.
This concept has also been applied to managing visitor numbers to national parks and wildlands.

The shore in the recreational areas of Akshi and Koktuma consists of a steep coastal cliff with a
height of 1 to 10 meters and a pebble beach. The cliff is a potential threat to the health and life of tourists
during the beach-bathing season. On the surface of the ledge is located recreational infrastructure, due to
annual abrasion, the ledge is approaching vacation homes and other facilities [19]. Given the prevailing
natural and anthropogenic conditions on the coast, tools are needed to manage beaches and preserve the
quality and quantity of coastal recreational resources. Therefore, the main objective of the study is to
determine the physical capacity of the beach using a scientifically based method, as well as to assess the
recreational and geomorphological potential of the southwestern coast.

Materials and methods. Multi-temporal Satellite data in determine of beach area of the lake. High
and medium resolution space images were used to obtain the current physical characteristics of the Alakol
Lake beach. Composites of Planet scope and Rapid Eye (Super Dove) space images with resolution 3 and
5 m respectively, obtained from Planet.com platform (Real-Time Satellite Monitoring with Planet),
Sentinel 2A [20] with resolution 10 m, Landsat — 8 9 (United States Geological Survey) with resolution 30
m. In ArcMap 10.5, the space image composites were assigned natural RGB colors (for Planet scope
bands (6,3,2,) for Sentinel bands (4,3,2) and for Landsat bands (4,3,2)) [21].

To understand the location of beach resorts, it is necessary to define the coastline and the different
beach zones according to the established norms of coastal geomorphology and coastal engineering [22]. A
trained image classification [23] was applied to extract the contours of the lake beach area. A beach raster
was extracted from the resulting Landcover by attribute value. The beach raster was converted to vector
format and spatial corrections were performed. After overlaying the vector layer of the beach area on the
original Planet scope space image, the beach was zoned by location, relative to geographic objects.

ArcMap 10.5 tools were used to calculate the areas of the zoned beach areas. On the territory of the
spit, which are located parallel to the beaches on the lake, a strip of land was allocated from the water's
edge, which is used by tourists for recreation. According to field studies, tourists mostly use the beach
from the water's edge, which is not more than 10 meters wide, rarely 15 meters. For coverage with reserve,
we allocated a beach width of 20 meters as a buffer zone.

Physical Carrying Capacity Determination. The recreational physical capacity of the southwestern
coast was determined based on the model proposed by Cifuentes M. This model also defines the real
carrying capacity and the effective carrying capacity. In the present study, an adapted equation for
estimating the physical capacity of beaches [24]. The physical capacity estimation equation is following:

PCC (Physical Carrying capacity) = :;u xRy,

where 4 — Total available beach area, Au - beach area required for one visitor; Ry — rotation factor or
number of visitors per day. The determination of beach area A is described in the first paragraph of
the Methods section. The beach area required for one visitor Au by different researchers ranges from 2 to
30 m” per tourist, depending on natural and socio-economic conditions.

Tentatively zoned the beach of Town of Mali LoS$inj (Croatia) into 3 categories, where each was
given a different Au value:

— 5 m* (2x2.5 m) within populated areas;

— for beaches outside the settlement, the Au is 8 m? (2x4 m);

— for remote beaches accessible only from the sea, the Au is 16 m* (4x4 m). Based on field studies on
the beaches of Praia de Faro (Portugal) determined an optimal area of 5 to 10 m” available for each user
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[25]. Most of the works repeat the average calculated value of beach area per bather, which is 5 m® [24]. In
this study, this figure was taken as the normal standard design value of beach area in a recreational area
per bather. Taking into account the main reason for staying on remote beaches, vacationers is the
expectation of solitude, in this study it was accepted to increase the indicator of Au on the spit beach
within the recreational zone to 10 m” and on remote beaches to 15 m”.

Assessment of the recreational-geomorphological potential. To assess the recreational-geomor-
phologic potential, we used the method of calculating the attractiveness of the relief and geomorphologic
risks [26, 27]. The method allows to determine the average score of attractiveness of beach-bathing
recreational activity for different classes of beaches. Scoring methods based on developed criteria and
their evaluation indicators are widely used in geographical studies. For example, in the evaluation of
'Coastal Scenic Evaluation System' (CSES) [28], Coastal vulnerability index [29].

Determination of the attractiveness of the relief is based on a score (numerical) assessment and
includes the following principles [26]. Landscapes and culture have the highest level of motivation among
tourists when visiting recreational sites [30]. In order to optimize the component evaluation of the
attractiveness of the relief, evaluation criteria with scores for each parameter were developed table 1. In
the study, the parameters of morphometric and intensity of coastal events [16] were supplemented with
criteria reflecting the recreational natural conditions of the area. These are physical parameters beach face,
skyline landforms, vistas, water color and clarity and vegetation cover. These criteria are used to evaluate
Coastal Scenic proposed in studies [31].

Table 1 — Criteria for assessing the potential attractiveness of the relief of Alakol Lake coastal recreational areas

: Attractiveness
Ne | Site features Physical - -
parameters 1 (Low) 2 (Medium) 3 (High)
Altitude 400-450 450-500 500-550
. | Vertical

1 | Morphometric dissection 1-2 2-6 6-10

Slope gradient | 5.5-10 1.8-5.5 0-1.8

Type Loams Pebble/Gravel Sand
2 | Beach face Width, m Less 5 5-10 More 10

Mix (white and black)

Color Dark Light tan/bleached Gold
3 | Intensity of coastal events More 5 2-5 Less 2
4 | Skyline Landforms Not visible Flat/Undulating Mountainous
5 | Vistas Open on two side Open on three sides Open on four sides
6 | Water color and clarity Milky blue/green; opaque Green/grey blue Clear blue/dark blue
7 | Vegetation cover Bare (< 10% vegetation only) | Scrub/grass mature trees, bushes

Assessment criteria have been developed to assess the geomorphological risk. A risk component is
identified, for each hazardous landforming process (landslide, abrasion, talus, etc.) and the degree of risk
they pose to the site is established table 2. The average value is calculated by the ratio of the sum of the
values of variables to the number of variables.

Table 2 — Criteria for assessing the geomorphological risk of the coast of Alakol Lake

No Hazard — a natural phenomenon that could lead to damage Risk
B (various genesis) 1 (Low) 2 (Medium) 3 (High)
1 Earthquakes (MSK-64(K)) Less than 6 6-8 More than 8
2 Landslides, quantity on the coast 1 2 3
3 Abrasion, m per year Less 3 3-5 More 5
4 Coastal dynamics Low Medium High
5 Landfall Low Medium High
6 Talus Low Medium High
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The criterion values are obtained from scientific literature sources, processing of SRTM digital
elevation model, and field surveys.

In the context of recreational and geomorphological studies, attractiveness of relief is defined as a
complex parameter consisting of specific relief properties (morphometry, diversity, aesthetic appeal, etc.).
Risk is defined as the probability of adverse impacts on life, health, property or the environment.
Attractiveness and risk are assessed using composite indices ranging from 1 to 3 (low, medium and high),
which include individual indicators of landform features. Similar composite assessment indices have been
used to assess past and future changes in the coastal geomorphology of different UK coastal types [32].
The ratio of the results of the average scores of attractiveness and risk form, according to the author's data,
the value of functional suitability of the territory for recreational purposes table 3. This value is the
recreational-geomorphological potential (RGP) [26]. A flowchart of the methods for this study is shown in
figure 2.

Table 3 — RGP dependence on the risk-attractiveness ratio

High (2.33-3) 1 1 4 1 Insufficient
Risks Medium (1.67-2.33) 2 3 3 2 Medium
Low (1-1.67) 2 3 3 3 Optimal
Low Medium High 4 Extreme
(1-1.67) (1.67-2.33) (2.33-3)
Attractiveness Points RGP

Field observation. Field works and monitoring studies were conducted on the south-western shore of
Alakol Lake during the summer period in 2011, 2018-2023. They included a walking route along the
coast, determination of input variables for the criteria of assessment of attractiveness of relief and
geomorphologic risk of the Lake coast. This is the measurement of morphometric parameters of the Lake
shore; width and relative height of beaches on the shore and spits, height of the shore cliff. Visual
determination of color of accumulative sediments of the beach and lake water, skyline landforms, vistas.
Monitoring of shore relief processes, abrasion and accumulation. Description of Saka burial mounds
destroyed by half, as a result of abrasion of the coastal cliff.

Figure 2 shows the main stages of the study of physical capacity of beaches and assessment of
recreational and geomorphological potential. Using remote sensing data, the first stage was to determine
the existing physical capacity of beaches on the south-western shore of the lake. The second phase is the
determination of land use changes. The final stage includes assessment of recreational-geomorphological
potential on the basis of developed criteria and numerical parameters of physical capacity.

Classification and calculations ) )

Satellite data |—m| Processing inArcGIS | of the area of various types of |—s| FnYysical Carrying
beaches capacity = A/Au xRf

Google Earth Compare different-time Identification and

- L — . #| Land use change

Pro software satellite imagery interpretation of changes

Field observation and Evaluation criteria :

analysis —| - relief attractiveness — - I | ~a———

AT ; . geomorphological potential
of scientific literature - geomorphological risk

Figure 2 — Graphical scheme of the study steps
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Results. Classification of beaches on the southwest shore of Alakol Lake. The total length of the
beaches of the south-western coast is more than 32 km. The coastline along its entire length is
characterized by varying degrees of involvement of beaches in recreational activities. The geographic
location of beaches, access roads and other necessary infrastructure along the coast generally influence the
degree of recreational use of beaches. Beaches located near settlements have a higher degree of
recreational use, in contrast to beaches located at a distance. Based on these factors, the classification of
beaches on the south-west coast of Alakol Lake was made figure 3, where 4 types of beaches are
identified by location.
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Figure 3 —
Classification of beaches
on the southwest coast of Alakol Lake
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The total areas of the four beach types and the percentage of each are calculated table 4. The length of
beaches within recreational zones is 11.7 km, of the total beach area they occupy 34.8 per cent of the area.
The length of beaches located on spits within the recreational zones is 4.6 km, and they occupy 14.4 per
cent of the beach area. The length of beaches on the shores remote from recreational zones is 11 km, with
27.9% of the total beach area. The length of the beach of the accumulative spit Kyzylagash reaches 12 km
and occupies 22.9% of the total area of beaches. It is worth noting that more than 12 km of beaches (40%
of the area) belong to recreational zones and are currently used for beach-bathing tourism.

Table 4 — Area and proportion of beaches by identified categories
in the recreational areas of the southwestern coast of Alakol Lake

Tourist recreational zone

Beach categories

Akshi Koktuma >, m’

Beaches within the recreational zone, m*

192.454 (58,6%)

31.289 (10%)

223.743 (34,8%)

Spit within the recreational zone, m”

49.852 (15,2%)

42.324 (13,4%)

92.176 (14,4%)

Beaches outside the recreational zone, m? 18.104 (5.5%) 161.312 (51,3%) 179.416 (27,9%)
Beaches on a spit and delta outside the recreational zone, m? 67.725 (20,7%) 79.365 (25,3%) 147.090 (22,9%)
%, m? 328.135 314.290 642.425

The physical capacity of the southwest coast of Alakol Lake. The coast of Alakol Lake includes
abrasion and accumulative forms of relief, these are coastal abrasion cliff and beaches, spits, respectively.
Abrasion shores with a beach at the base are characterized by high dynamics of coastal processing [19].
According to field studies (2018-2023) and multi-temporal satellite imagery data (2010-2023), the shapes
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Figure 4 — Shapes and areas of beaches on the ground
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of accumulative spits change significantly. Therefore, Planet scope (3 m) satellite imagery showing the
terrain as of the month of May 2023 [21] was used to obtain spatial data corresponding to the present
contemporary conditions. The application of the latest terrain images, allows for a reliable study of the
physical carrying capacity of the southwestern shore of Lake Alakol.

Physical carrying capacity is defined as the maximum number of visits that are physically possible on
a particular beach area during a given time period [17]. The results of variable (A), the total available area
of all categories of beaches in the study area, are presented in table 4 and figure 4. The total area of
beaches potentially suitable for beach-bathing tourism in the southwest coast is — 642425 m’. Of these,
beaches within recreational zones and located on spits within recreational zones account for 49.2%, and
50.8% are occupied by beaches on the remote from recreational areas of the coast and beaches of the
accumulative spit Kyzylagash.

The indicator of beach area required per visitor (Au) was adopted separately for each of the four
categories of beach on the south-east coast table 5. For each person on the beach, a separate area Au is
required for each person on the beach, where satisfaction and achievement of beach comfort is an
important factor. However, there is no accepted common numerical measure of the Au variable in the
world. The diversity of natural conditions of different physical characteristics of beaches is the reason why
scientists propose an interval of Au indicator from 2 to 30 m” per tourist.

Table 5 — Estimated physical capacity of beaches (by the number of vacationers)
by individual categories within the recreational areas of the southwestern coast of Alakol Lake

PCC Daily capacity PCC Seasonal capacity
Beach categories (number of bathers) (number of bathers) season of 51 days
Akshi | Koktuma z Akshi Koktuma z
Au — Beaches within the recreational zone, (5 m?) 38491 | 6258 44749 | 1963031 | 319 148 2282179
Au — Spit within the recreational zone, (10 m?) 4985 4232 9218 254 245 215 852 470 098

Au — Beaches outside the recreational zone, (15 m?) 1207 10 754 11961 | 61552 548 459 610011

Au — Beaches on a spit and delta outside the
recreational zone, (15 m?)

PCC=4/AuxRf (Rf =1) 49198 | 26 535 75733 | 2509093 | 1353300 | 3862393

4515 5291 9806 230 265 269 841 500 106

The rotation factor (Rf) is determined using the ratio of the time a beach is open for use to the
average time of each beach visit [24]. Based on field observations so far, beaches are the main destination
on the southwest shore of Lake Alakol. Although the spectacular North Zhetysu Alatau mountain range is
located 10 kilometers away, additional developed attractive destinations and routes for tourists to visit
have not yet been developed. In general, tourists come to Alakol Lake for the sake of beach-bathing
recreation on the shore, so they spend all daytime on the beach. In this regard, the rotation coefficient was
taken as — 1.

The results of the daily and seasonal (51 days) total physical carrying capacity of each category of
beaches on the southwest coast are presented in table 5 and figure 4. Based on field observations, the main
flow of tourists to the lakes coast continues from July 1 through August 20. In total, the potential physical
capacity of beaches belonging to the recreational zone of Akshi is more than 49 thousand per day and for
the whole season (51 days) 2509 thousand people. In the recreational zone of Koktuma more than
26 thousand per day and 1353 thousand people for the whole season (51 days) respectively.

Assessment of recreational-geomorphological potential. Component assessment of the relief
attractiveness and geomorphic risk was carried out for four categories of beaches of Akshi and Koktuma
recreational zones, according to the developed criteria in tables 1 and 2. The average values of the
attractiveness of the Akshi and Koktuma recreational zone beaches are in the range from 2.0 to
2.18 points, and the range of the average values of the geomorphic risk is from 2.0 to 2.4 points, which
corresponds to the level of Medium. Indicators of risk above the average were noted on the beaches of the
recreational areas of Akshi and Koktuma, and on beaches located outside the recreational areas.

The recreational-geomorphological potential is calculated according to table 3, RGP dependence on
the coefficient of attractiveness and risk. The insufficient recreational-geomorphological potential
is defined in the category of beaches outside the recreational zones in Akshi figure 5. The remaining
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Figure 5 — Recreational-geomorphological potential of recreational zones: a — Akshi; b — Koktuma

categories of beaches on the southwest shore of Alakol Lake are defined as optimal. The category
Insufficient beach in Akshi is only 5.5% of the total beach area so the total values of RGP are defined as
optimal in the study area.

Discussion. Classification of beaches. Beaches in the recreational zone are most actively used by
tourists, as they are close to infrastructure facilities. Within the recreational zones of Akshi and Koktuma
there are accumulative pebble spits, the beaches of which are actively used in beach-bathing tourism. The
advantage of the spits is their location in the depths of the water area from tens to hundreds of meters from
the strip of the shore beach of the lake. In the study area the beaches on the shore areas remote from the
infrastructure objects were identified. These beaches do not have any facilities, they are natural beaches of
the lake. They are also very popular among tourists wishing to rest "wild" in natural conditions. The fourth
class are the beaches of the Kyzylagash spit, departing from the delta of the river Zhamanty for 2 km into
the lake water area. The beaches on the spit are accessible from the water area, access for ordinary motor
transport is difficult due to the rugged terrain. The beaches of the spit are used by lovers of secluded
recreation in natural conditions.

The result of the beach classification allowed to identify potential attractive shoreline areas for future
development of beach and bathing recreation and organisation of recreational infrastructure. The total
length of natural, unequipped beaches is about 20 kilometres. However, the natural conditions of such
beaches, far from amenities, are popular amongst wild campers. In order to preserve nature and develop
ecotourism, it is necessary to provide these beaches with basic amenities for tourists during the beach-
bathing season, such as the installation of bins and toilets within walking distance of tourists.

The physical capacity. The seasonal capacity potential on the beaches of the coasts and spits within
the recreational areas amounted to more than 2.7 million visitors. On the beaches remote from the
settlements of Akshi and Koktuma, the potential seasonal capacity amounted to more than 1.1 million
visitors. The presence of beaches near the settlements of Akshi and Koktuma, stretching for kilometers
from the villages along the coast. Possessing exceptional favorable conditions in the summer season, these
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are healing, mineralized lake water, pebble beaches, mountain and steppe landscapes, steppe air. They are
the main resource for the development of beach and bathing recreation area on the south-western coast. As
instruments of development with the support of the state for the last 10 years, highways connecting the
lake with major cities have been built, railway trains and air service have been launched, communications
have been brought to the coast for the construction of recreation centers near the settlements of Akshi and
Koktuma. As a result, every year there is an increase in the number of visitors, at the same time there is an
intensive economic development of the territory, tourism facilities are built, natural landscapes of the coast
are reduced.

The calculated data of physical capacity, allow planning the rational use of recreational resources of
the lake, including the coastal territory and in general adhere to the development of sustainable tourism
Sustainable recreational activity depends on the development potential and factors affecting the quality of
coastal tourism [5]. On the beaches of recreational areas that meet the expectations of tourists (availability
of amenities), there is rapid coastal development that increases the anthropogenic pressure on the coast.

Coastal land use change. The southwestern and eastern shores of Lake Alakol show intensive
anthropogenic impacts from 2010 to 2022 (figure 6, a and b). Development of the region includes
infrastructure, hotels, and beach promenades, as well as alignment of the coastal cliffs. According to the
analysis of satellite images, the total development area adjacent to the lake reaches 10 km®. The length of
beaches and spits used for beach recreation reaches 21 km (figure 6, a, b).

Figure 6 — Change in the area of the fragment of the Aksha recreational zone: a —2011; b —2022

There is an annual increase in the number of tourist facilities on the coast, with both local residents
and businessmen from other regions of Kazakhstan investing in the construction and provision of services.
Despite a rather short favorable bathing period in the year (July, August), beach-bathing tourism on the
south-western coast, has improved the socio-economic situation of the region, through the provision of
seasonal employment for local residents, tax revenues to the local budget and others.

Unfortunately, with intensive economic development of the coast, there are facts of non-compliance
with simple principles of rational and sustainable use of natural resources of the coastal zone of the lake.
These include destruction of natural conditions of the shore ledge [13], discharge of used water into the
lake water area [33], lack of zoning of coastal zone use (zones for bathing, areas for the use of watercraft,
etc.), construction of recreational facilities near the coastal escarpment, without taking into account the
processes of abrasion, etc.). In general, the increase in anthropogenic development of the south-western
coast obviously leads to an increase in the unfavorable anthropogenic impact on the natural conditions of
the coast.

In many papers, the research focuses only directly on beaches: assessing beach carrying capacity for
planning sustainable tourist destinations [34], determining beach capacity for their wise use and
management [25], the success of a resort depends on having an “attractive” beach [22], sustainable
tourism development requires assessment and study of the main resource to be “exploited” — the beach [6].
However, the results of this study revealed the impact of beaches and their potential physical capacity on
anthropogenic alteration of coastal landscapes. Speaking about the value of beaches, in general,
conducting studies, it is necessary to include all elements of the coast in the assessment. In the case of the
shores of Akshi and Koktuma villages, these are the beach, the coastal escarpment and the surface above
the coastal escarpment. Based on the potential of the physical capacity of the beach, there will be a direct
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dependence of anthropogenic changes on all elements of the shore. And as practice shows significant
loads from anthropogenic impact are experienced by the land area up to the beach, but at the same time
visitors spend the main time on the beach.

One example of irrational land use of the coast is the destruction of the coastal escarpment and the
mounds located on them - archaeological monuments, for the construction of recreational infrastructure.
An archaeological site of the era of early nomads (the 1st millennium BC) was located on the south-
western coast, representing a group of more than 30 mounds of various sizes (figure 7, a, c, d, e).
Currently, the mounds are almost completely leveled with the ground surface. The territory with the
mounds is allocated for infrastructural development, as well as for beach tourism development.

Figure 7 — Negative anthropogenic impact on archeological sites (the 1st millennium BC) —
mounds located in the territory of a recreational zone of the Akshi village (south-west coast, 45°56'30"” N, 81°35'20" E):
a —a mound with a diameter of 25 m in the study area the picture was taken in 10.07 2011;
b — an artificially flattened coastal ledge on which there was a mound, a picture of 6.06 2018;
¢ —a mound cut off by the abrasion process, 10.07 2011; man-made alteration of the coastal land
on which there was a group of mounds; d —2011; e — 2015; f— 2017 (Google Earth Pro)

With the rational use of recreational resources of the coast, it was possible to preserve an
archaeological monument of Iron Age history. This site could claim to be a historical landmark and
become a part of the development of sustainable tourism on the southwest coast of Lake Alakol. The
limitations of the study are the active dynamics of relief formation of the coastal area. The shapes of
beaches and their areas under the influence of various natural processes are in constant change. There is a
decrease in beach area and length of spits, as well as an increase in beach width and size of spits.
Therefore, the relevant data in the study are the results of beach areas as of 2022. In the future, the beach
areas are likely to change, so the physical capacity values should be adjusted based on the current beach
parameters. At the same time, the results are of great importance as a useful tool for planning the
infrastructural development of the coast, preventing the negative impact of tourism on the environment
and rational use of coastal resources.

Conclusions. The article is devoted to the assessment of the physical capacity of beaches and
recreational-geomorphological potential of the south-western coast of Alakol Lake. This topic has high
relevance in the light of sustainable tourism development in Kazakhstan and rational use of natural
resources. The study, based on remote sensing methods and quantitative assessments of recreational
potential, contributes to the scientific discussion on recreational pressure on natural areas.

Despite the high tourist and recreational potential, the beaches of the southwestern coast have limits
of physical capacity. The territory of beaches is limited by the area suitable for recreation. At the same
time, the assessment of the recreational-geomorphological potential of the territory showed an optimal
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level. Therefore, the obtained quantitative data on the physical capacity of the beach and evaluation of the
recreational and geomorphological potential on the basis of scientific research, are tools for the effective
management and development of beach and swimming tourism on the southwest coast of Alakol Lake.

Calculated results of the seasonal physical capacity of beaches and spits allowed us to define the free
capacity of recreationists in the number of more than 1 200 thousand people for the whole season or 24
thousand people per day within the limits of Akshi and Koktuma recreation zones. This confirms the
significant recreational potential of the beaches of the south-west coast, given the involvement of remote
beaches and spits in recreational activities. However, the factor of increasing the capacity of transport
infrastructure on the south-west coast should be taken into account. These measures will contribute to a
significant increase in the number of tourists on the lake. Therefore, it is necessary to carry out parallel
development of recreational infrastructure on the lake shore based on the principles of sustainable
development to meet the needs of the annually increasing flow of tourists. Preventive recreational
infrastructure measures will allow rational use of the coast of Alakol Lake.

The relief of the coast significantly affects the tourist and recreational potential. The study confirms
the relevance of studying the relationship between tourism development and relief. Subsequent studies of
recreational capacity of the south-west coast of Alakol Lake should cover the parameters of real and
effective capacity, as well as the definition of norms and standards of recreational capacity of beaches of
the south-west coast of Alakol Lake. The results of the study of physical capacity and assessment of
recreational-geomorphological potential are of scientific and applied interest for the implementation of
sustainable development approaches and rational land use in the development of beach-bathing tourism.
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OIEHKA ®U3UYECKOI EMKOCTH IVISIKA U PEKPEALTMOHHO-TEOMOP®OJIOT MYECKOI'O
IOTEHIHAJIA IOT'O-3AITA/THOT'O BEPET'A O3EPA AJIAKOJIb

AnHoTauus. B nociennee necaruierue B Kazaxcrane mpoucxoauT yBelIndeHHE IOTOKAa BHYTPEHHETO TypU3Ma
IpH C1aboi MHTErparuy NPUHIUIIOB YCTOWYMBOTO PA3BUTHS B MOJIUTHKY YIIPABICHHS JECTUHAIMSAMU. DTO SBISIETCS
MPUYHHON HEPAMOHAIBHOTO HCIIOIB30BaHNS TEPPUTOPHI B PEKPEAOHHBIX pecypcoB. MccnenoBanue HalIpaBIeHO
Ha OIIEHKY (DM3UYECKON EMKOCTH IUIDKEH M PEeKpPeallnOHHO-TeOMOP(OIOrHIeCKOr0 MOTEHIIMAIA FOT0-3a1aHOTO T10-
Oepexbs 03epa Anakosb. [IpoaHanu3upoBaB UCIOIb30BaHKE OOepexkbs ¢ mpumenenuem J[J13 (Planet scope, Rapid
Eye (Super Dove, Sentinel 2A and Landsat — 8), Mbl onpenenunu, 4ro oOmast Gpusnveckasi eMKOCTb IUISDKEH Foro-
3aMaJHOTO IMOOEPEkKbsl PaBHSACTCS 75 THIC. PEKPEaHTOB B CYTKU U 3862 Thic. 3a ce30H. [IpOTSHIKEHHOCTD IUISDKEH U
KOC, UCIIOJIB3YEMBIX B pekpearuu, gocturia 21 kM. baninbpHas omeHKa aTTpaKTHBHOCTH penbeda ¥ reoMopQoIorh-
YECKUX PHCKOB BBISBIJIA, YTO PEKPEAIIMOHHO-TeOMOP(OIOTHYESCKIH MOTSHITHAI TUBDKEH FOT0-3aIaIHOTO MOOEPEkKbs
o3epa AJIaKONb SIBISIETCSI ONTHMAJIbHBIM. KomuecTBeHHBIE MapaMeTphl (PH3HMUECKOW €MKOCTH M PEKpearuoHHO-
reoMOp(OTIOTHYECKOT0 MOTEHINANA TUIDKEH MpenaraeTcs UCTIOIb30BaTh U PAIMOHATBHOTO OCBOCHUS TOOCPEKBS
o3epa.

KioueBble cjioBa: pekpeanMoHHAs €MKOCTh IUISKA, TeoMOp(OIIOro-peKpealnoHHbIi MOTEHIUA, 03epo
Anaxos.
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KA3ZAKCTAHHBIH ®N3UKAJIBIK-TEOTPA®USIIBIK
EPEKIIEJIKTEPI MEH O3TEPICTEPTHIH
TYPKI TOMIOHAUMJIEPTHJE KOPIHIC TABYBI

Annoranus. by mMakamaga typki TomonmMaepi KasakctaH ayMaFbIHBIH (H3HKAIBIK-TeOrpaUsIIBIK epeKIIe-
JIKTEPiH jkoHe JaHAmAadTThIK 03repicTepin OeiHeNneHTiH HHIMKATOP PETiHIe KApaCThIPbUIIbL. 3epTTey OapbhIChIHAA
Kaszakcran aymarblHA@ Ke3[IeCeTiH OpPOHUMIEpP, TMAPOHHMAEP, JIMMHOHMMICP, OMKOHUM, (HUTOHHMIEP MEH 300-
HUMJIEP, XOPOHUM, NTaTOMOHHUM/IED, TeIOHUMAEPAIH MarblHAJIapbl TajdgaHabl. En aymarblHBIH (QU3HKAJIBIK Teorpa-
(USUTBIK epeKLIETIKTEPiH KoHe JIaHAMAPTTHIK ePEeKIIETIKTePi KOPCETYIe CalbICThIpMalbl reorpadusuibik, KapTo-
rpadUsUIbIK JKOHE TOHNOHMMIIIK SJicTep KOJIaHbULABL. TYpKi TONMOHUMJEPIHIH ITHO-MSJCHU JKOHE TeorpadHsIbIK
MOHIH allly apKbUIbI OJIAPABIH KEHICTIKTETI Tapaly 3aHAbUIBIKTapbl aHBIKTAIIbl. 3€PTTEy HOTHXKEIEepl KOPCETKEHEeH,
Kazakcranmarbl KenrereH reorpadysuiblk arayiap TaOUFM OPTaHBIH MaHbBI3/bl EpeKIICTIiKTepiH OelHenei il xoHe
kep Oenepi, cy HBICAHIaphl, OCIMIIKTED MEH JKaHyapjap JYHHECI jKoHe KIMMATTBIK JKarJaiiap Typajbl Tapuxu
aKnaparThlH CaKTalyblHa BIKHAJI eTeli. 3epTTey OapbhIChIHIAa TONOHMMAEP apKbUIbI Ka3ipri jKarnailira colkec Kei-
MelTiH manamadr i3xaepi aHpIKTaasl. by MomiMerTep TaOUFATTHI KOPFay JKOHE JTaHAMAPTTapAbl KANIBIHA KENTIpy
IIapaapblH XKy3ere acklpya KYHIBI akapaT Ke3i 00ja aiajsl.

Tyiiin ce3aep: Typki TomonnMmaepi, Kasakcran, ¢pusukansik reorpadus, maHamadT e3repicrepi, OHOMacTHKa,
THAPOHUMIEP, OPOHUMAED.

Kipicme. IV-VIII raceipmapma OpTanblK A3WUSHBIH STHUKAIBIK KYPBUIBIMBIHA XHOHHUTTEP, KHIIA-
puUTTEp, dPTANUTTEP, TYPIKTEp *KOHE apaOdTapIblH KOHBIC ayAapybl alTapiblKTail esrepic okenni. VI ra-
CBIPJBIH EKIHII KapTHICBIHIA ka30a JepeKTepiie anFaml peT TypikrepaiH Opraiblk A3us aymarblHIA
OomraHbl Typamel ManiMerTep kesnecemi. Ocwl yakeitTaH Oactam VIII Fackipra nmeifiH TypikTepAiH €H
OenceHal Kosrajdbichl Oaiikanmanel. Omnap OipTiHAEN MIBIFBIC-UPAH XaJbIKTAphIH CasiCH  YCTEMIIK
TYPFBICHIHAH [1a, KOHBICTAaHy alMaKTapblH WelleHy >KaFbIHAH Ja BIFBICTBIpa OactaraH. TypikTepaiH KOHBIC
aymapy keseHmepi VI-VII, X-XII >xone XV-XVI racweipiap apaidblFbIHAa OipHENIe peT KaWTajaaHFaH.
AnFanikel Ke3eHre ACHiH, SFHU | MBIH)KBUIIBIKTBIH OipiHIN KapTHICHIHIAFHI jka30a JepeKTep MEH MOHE-
TaNBIK Ka3ynapna Oipae-0ip TYpik ce3i, aTaFbl, eciMi Hemece Xep aTaybl kesnecneiai. Erep con yakpirta
OyJ1 eHipIle TYPKi XaJKbl KOITeNl eMip CypreH Oojca, MyHIAW NEpeKTepAiH MIiHIETTi TYpAe CaKTajbIIl
KaJTysl MYMKiH efi [1].
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Epre opra raceipiapaa TYpKi XaJKbIHBIH OackKa TONTaphl KOHBIC ayJapybIMEH OaiIaHbBICTBI TYPKi
TOTIOHUMJIEPl OHIPAIH OPTAaFachIPIBIK TOIOHMMHSACHIHBIH eKiHII OediriH Kypanmbl. bynm keseHnme
reorpadUsIIBIK aTayJapablH eaoyip O6JiTiH MIBIFRIC-UPAHIBIK TIAEPACH IIBIKKAH TOTIOHUMIEP KyparaH.
Mpeicanbl, Tek KpIpFpI3cTaH ayMarblHIa aHTUKaNBIK noyipaeH Oacranm XII racelpra AediHri Tapuxu
nepektepaeH Oenrimi 300-re KyBIK eXenri reorpausaiblk atay aHblKTaidraH. XI FaceIpAblH OacklHaH
Oactan, sram CaMaHWATep MEMJICKETIHIH KYIIbIpaybl MEH TYpKITUImeC XanbIKTapiasiH Oprta Asus
ayMaFbplH ‘Kayiam amybel Oactramanpl. Ockl yakeiTTaH Oactan Corapl MeH DepraHa aliMakTapbiHa
TYPKUIEPiH JKammail KOHBICTaHy yAepici )Kypim, Oy TOMOHUMAEPIiH TpaHCHOPMALUACHIH KYIIEHTTI [2].

Typki nexcukanbslk Mypacbl Eyporma MeH A3USHBIH KeNTereH TiNAEpiHAE, COHBIH ILIiHIE TOMO-
HAMUSCHIHAA aa KepiHic TankaH. COHABIKTaH OyJI KeH aiMaKThIH, COHmai-ak Ka3akCTaHHBIH TOTIOHH-
MUSICBIH 3THUMOJIOTHSAJIBIK TYPFBIAAH 3€pTT€Yy MIHAETTI TYpAE TYPKi TINAIK AepeKTepre >KYriHyIi KaxeT
eremi.

Opranslk A3usiIarsl Kep aTaylapbIHBIH MOJEHU MaHbBI3bI 30D, 0JIap KaybIMAACTBHIKTAPABIH YKBIMIIBIK
JKaubl MEH OTHOCTapAblH WACHTH(UKAIMICHH OcifHenelni. MpIcanbl, Ka3aK XaJKBIHBIH J9CTYPI
OKOJIOTHSAJIBIK OUTiMI OHBIH TOMOHMMHUKANBIK JKYHECiHIlEe TepeH TaMblp >Kalbll, OHBIH KIUMATTBIK XKaf-
Jaiiap MeH KOpIlaFaH OpTaHBIH e3repyi Typaibl TyciHiriH kepcereni [3]. Conpaii-ak, TOMOHUMAEPACH
TaOUFATTBIH OPTYPIILIIri, TAOUFU pecypcTap KOpbI, OporpadusuIbIK jKoHE THIPOTpadUsIIbIK aTayiap MeH
TEpMUHJIED, JaHAMAPT epeKIIETIKTepl MEH e3repicTepi, KIUMATTHIK JKargaiiap koHe TaOuFu-IacTypdi
IapyambUIBIKTEl HETI3EHTIH CHIPTKBI Oenrinep, KacueTTep MeH arayiap alKbelH KepiHeni. bipkarap
FanpIMIapaby [4, 5] mikipinme, OyHaai 3epTreyiepae reorpadrsuiblK aTayiapasl MOJIIMET Ko3i peTiHae
naianaHy MoceleHi Ienryre koMekTece . ¥3aK yakpIT OOWBI Oip jKkep/e eMip CYpreH TYPFhIHAAp TaOuFH
OpTaHBIH MayChIMABIK €pEKLIETIKTepiHe, all KUXaHre3 FaJbIMAAp casxaThl OapbICBIHAA KOPIeH XKeplepaiH
TaOUFU-KIIMMATTHIK JKOHE COHBIH HETI3iHAE JKY3ere acaThlH IapyamlbUIbIK epeKIIeTiKTepiHe Kapai
reorpausUTBIK HBICAHAApFa arayjiap Oepinm OThIpAbL. OWTKeHi, TabWFar, KIMMar, reorpadusuiblK OpHa-
Jacy, Tapuxu JKarnainmap — Oyl Kep arayjapblHBIH Maiia OonyblHAa BIKHAN €TETiH KaFaalmap OOJbII
Ta0butanel [6]. COHIBIKTaH, TYPKI TOMOHUMIEPi apKbulbl Ka3aKCTaHHBIH OpTYpJi alMaKTapbIHBIH
(M3UKaIBIK-TeorpadHsIIBIK EPEKIICITIKTEPiHIH KOPIHIC TaOYBIH 3epTTEY/Ii )KOHE OPTAFaCHIPIIBIK Ke3eH MEH
Ka3ipri Ke3eHJeri JaHAmadTTapbIHbIH YKCACTBIKTAphl MEH epeKLIETIKTepiH KOpCceTy i 3epTTey MaKcaThl
eTin KoiapIk. byn TonoHuMaep apKblibl GU3UKANBIK-TeorpadusIbIK KbIpIaphlH 3€pTTeyre, reorpadusuibK
HBICAHIApABl aTay JKOHE KailTa arayra Heri3 OOJIaThIH JKepAiH TaOWFU EpeKIICeNIKTepiH aHBIKTayFa
MYMKIHaiK Oepeni [7].

3eprTey MaTtepuajgapbl MeH daictepi. 3epTTey OapbICHIHAA FBUIBIMH JIEPEKKO3JEep MEH KapTo-
TpadusUIBIK €HOCKTEpre oMe0N IOy XKOHE MEPEKTEpre CalbICTRIPMAIIBI TalAay >Kacaaabl. 3epTTEymiH
HETI3r1 9MliCTepiHe CUNATTaMalbIK, TAPUXH, CAIBICTBIPMAbl TeorpadUsIIbIK, CUIATTAY, KapTOrpagHsuIbIK
(apeannpiK), TUIOIK XKoHE CTAaTHCTHKAIBIK 91icTep Kipeli. COHbIMEH KaTap, KOFaM MEH TaOMFaTThIH e3apa
OPEKeTTEeCTITiH TaHbIT OLTY/IiH TONOHUM/IIK 9JIiCi e 3epTTEYAIH HEri31 peTiHae KONIaHbUIIbL.

byn 3eprreynin anramkel Kagambl 3epTTey aliMarbIHAAFbl JKEP aTaylapblH KHMHAynaH OacTamaibl.
Byn araynapapl opTypii TapuxH Ke3eHAepHeri KapTalapiaH, FUIBIMHU KOHE TapUXHU MOJIMET Ko3lepiHeH
1371ey apKbUIBI XKy3ere acblpbuiabl. OchUtaiiina, atayaapAblH aiMaKThIK €peKIIeNiKTepae KepiHyi Hemece
YaKkpIT ©T€ KeJe aray cojai KaJfaHbIMEH, (PU3UKANbIK-TeorpausaibIK >KaFJaiIblH e3repyl CHSKTbI
JKaraaninap 3epAeNeHin, CUmaTTaMachl Oepiii.

Kazipri xnmumarTeik e3repyi »aFjaibplHAa JaHIMAa(TTapAbIH ©3repiCTepiH 3epTTey, COHAal-ak
TaburaT KypaMmOeJikTepiHiH Oenriii Oip TYplepiHiH opTYpNi TapuXd Ke3eHAEpAETi Tapaly aiMaKTapblH
3epTTey epeKkiie MaHbpI3Fa ue. bipkaTap raneiMaap MyHAald 3epTTeylieple TapuXH, CajbICTHIPMAIIbI
reorpadusIIbIK, CTATUCTHKAIBIK 9AicTepeH 0acka TOMOHUMIIK d/ic Te MaHBI3Ibl CKSHIITIH aiFa TapTabl.
Anaiina masmmadTTapasiH reorpadUsIIbIK acleKTUIepiH FRUIBIMU 3€PTTEYAiIH TOTOHUMIK 9/IiCi CHPEK
KOJIZIAHBIIATHIHBIH aiiTa KeTy Kepek.

Mpicainbl, GUTOHHMICPMEH OaliJIaHBICTBI aTayJlaplIblH Tapalybl — aWMaKTBIH €KeNTi 3aMaHIarbl
OCIMIIIK KaMBUIFBICHIHBIH OaiJBIFBl MEH OpTYPJLIIri, COHAal-ak Keibip OYTiHTi KYHHIH pEeIHKT
OCIMIIKTEPIHIH CaKTaIybl TYpaJlbl HAKTHI TSOIKOJIOTHUSIIBIK aKmapaT oepeni [8].

Opranblk A3HSHBIH KoHE OHBIH imiHae Kazakcran aymarbiHBIH (H3HKAJIBIK TeorpaduschlH jKoHE
TOTIOHUMUKACHIH 3EPTTEreH FainbIMAapAbiH [2-3, 8-12] eHOeKkTepiHe 10Ny Kacay apKbUIBI TOTIOHUMJED
apachlHAa aiMaKThIH TaOUFU-KIUMATTBIK €PEKLICTIKTepiH OeiHenelTiH reorpadusiblK HbICAHIAPABIH
aTayJIapBIHBIH Ti31Mi JKacajbIIl, OJIap TONTACTHIPBLIILL.
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Tononumuik 3eprreynep OapbiChiHAa reorpadusIIbIK aTaylaplbl XKHHAKTAy, OJapAblH OacTaIKel
aTayJIapblH KaJIIbIHA KEJITIpy Mocemenepi KeTepinai. MyHmai 3epTTeyIepaiH HOTKEIepi Teorpadrsuibk
aTaynapielH OipbIHFall JKyHeciH jkacayFa, OJApJAblH KCHICTIKTETi OpHAJacyblH aHBIKTayFa >KOHE
JEPEKKOPABI TOJNBIKTEHIPYFa MYMKIHIIK Oeperi.

OneduerTepre mouy. Typki TomoHMIepiHiH KazakcTaHHBIH (U3NKaIBIK-TeorpadUsIIbIK epeKIe-
JIKTepl MEH ©3repiCTepiH CHIaTTaydarbl POl Typaibl 3epTTeyiiep KONTereH FHUIBIMU CHOCEKTepe
KapacTelpbuFaH. byt eqOekTepai mapTThl Typae OipHelie OaFbITKa 06in KapacTeipyFa Ooaibl:

1. Tapuxu ¢u3HKaIBIK-reorpadusuiblK 3eprreynep. TYpKi TONOHHUMIEPIHIH KaJIBINITacybl MEH
OJTapABIH KSHICTIKTIK Tapadybl Typaibl 3epTTEyIIep epTe opTa Fackipiapaan 6actay anaasl. B.B. bapronbn
[2, 9-10] enbexrepinme Opra A3us men KazakcTaH ayMarbIHIaFbl TAPUXHU aTayJIapAblH 3THO-MOJICHHU KOHE
reorpadusIIBIK HEri3lepi KapacThIpbUIAbl. FanpiM KemTereH kep aTaylapblHBIH TYPKiI XalIbIKTapBIHBIH
KOHBICTaHy YViIepicTepiMeH OalaHBICTHI ekeHmiriH aram etexi. Oman epreney Kazakcran »kepiHmeri
TOTMOHUMIEp Typaiibl MajimeTTepai Maxmyn Kamkapu [13], Uon damnan [14], Bapon ['ymGonsar [15]
CHSIKTBI FaJbIMAApIBIH €HOEKTepiHeH Ke3ikTipyre Oonaapl. COHFBI KbUIOApBl OCBl OarbITTa 3€pTTEy
JKYPTi3in xypreH oTaHmblK ranbiMaapaaH Kaimuldinova skone OackamapneiH [3, 16, 17], Yeginbayeva
)oHe 6ackamapasiH [ 18] eHOeKkTepi TOMOHUMHKA FHEUTBIM CaJIACHIHBIH JaMybIHA YiIec KOCya.

2. OHOMAaCTHKAIIBIK, 3TUMOJOTHSUIBIK >KOHE JIMHTBUCTHKAJBIK acrektinep. Typki TONOHUMIEpiH
3epTTey OaphICBIHAA OJAPABIH 3TUMOJIOTHSACHI MEH MAarbIHAJBIK KYPBUIBIMBIH Tajgay MaHBI3Abl OPBIH
ananpl. Kazak oHOMacTHKACHIHBIH HETi3iH KanaraH rameiMaapasie Oipi T. XKanyzak [19-21] endexrepinme
Kazakcrannmarel TeorpadusulbIK aTayiaplblH TapUXH MaHBI3bIH JKaH-KakTel cumnarraraH. On Typki
TOTIOHMM/IEPIHIH TEK TaOUFH epEeKIIETIKTepli FaHa eMeC, COHBIMEH Oipre XalbIKTBIH ASCTYPIi OiimMi MeH
SKOJIOTHSIIBIK TYCIHIKTEpiH KepcereTiHiH aram kepcereni. COHbIMEH Karap, ochl OarbiTTa KoHKami-
naeBThiH [22], KoiiuybaepThiH [23], O0nmipaxmMaHOBThIH [24], Myp3aeBTbiH [25], Cnan xone [lyiiceH-
OaeBanbIH [12], KemrimoBanbiy [11] enOekTepin atan eTyre 60majabl.

3. TomonumpaepniH naHAMATTHIK e3repicTepii OeiiHeneyi. KmumarThiK e3repicTep MeH aHTpO-
moreHaik ¢akropiap KazakcTtaHHBIH reorpadusiIblK HBICAHIAPBIHBIH Kazipri JaHAmadTTHIK KepiHiciHe
acep etTi. Keiibip TomonumMaep OypbIHFBI TAOUFH OPTaHbl CUTIATTANTHIH MaHBI3IBI IEPEKKO3 0oJa anaibl.
Kaimuldinova et al. [16] 3eprreynepinne bankam-Anaken OWNATHIHBIH TOMOHUMIEPIHAETI TaOWFU
e3repictep Kapacteipburrad. CoHbIMEH Katap, Ivascu & Stanik [26] eHOekTepiHae xep aTaysiapbl apKbIIbI
TapuXd JaHAMAPT TUHAMUKACHIH 3€pTT€y MaHBI3IBUIBIFBI artan eTutedi. bipkarap rameimpap [4, 7, 8,
26-28] MyHJait e3repicTep MaHAMAPT KOMIIOHEHTTEPIHIH aTaylapblHaH, SFHA, OPOHUMAEP, THAPOHUMAEDP,
(uTOHUMIED JKSHE 300HUMJIEP aPKBUIBI J]a alKBIH KOPiHIC Ta0aTHIHBIH KOPCETEI.

3eprrey HoTHKeNepi. «KazakcTaH aymarbiHaa eyl 30HACBIHAH OacTam, OpMaH 30HAChIHA MEHIHT1
4 TaOWFry 30HAHBIH alKBIH KOpiHyi, YIaH-Failblp ayMakTelH 1/10 Gemiri Taymbl OONBIT Kemyi — Ka3ak
XaJIKBIHBIH KYH/IETIKTI eMipi MeH IIapyamIbUIbIK KaFIaiiblHa TiKelel acep eTKeH Herisri ¢akTop OOJbI
ca”ananpl. EnaiH amyaH Typii TaOuraThiHa OailaHBICTHI >KEPrUTIKTI >KepiepAiH (PU3MKANbIK Teorpa-
(GUSITBIK epeKILeNTiKTepiH CUMAaTTalThIH TOMOHUMIEDP KajbinTackaH. Onapabl MbIHaJal TomnTapra Oeiyre
Oomael:

1. JKep 6edepin cunammavimoin mononumoep. AVMMAaKTHIH JKaKbIH JKep O€JepiHiH epeKIIeTiKTepiHe
0alTaHBICTHI alTBIK (AMKBIH) JKEP aTayiaapblH 3epTTEeY OapbhICHIHIA TOTIOHUMHUKA 3E€PTTEY KYpPaslbl KbI3METIH
aTKapa anaznel. OJ TakbIPBINTHIK KapTajap skacay, caillap MeH YHTipJiepai, KeIKiHAep il jKoHe Mainasl
KEH OpBIHJApbIH aHBIKTayFa jKoHe 3epTTeyre koMekTeceai. COHbIMEH KaTap, Te0JIOTHs FBUIBIMBIHIAFBI )Kep
aTayJlapblHBIH TYCIHIKCI3 MaFbIHANAPBIH TYCIHYTE >KOHE TUIOIK MHTEpIIpeTalusiiap Heri3iHae 3THMOJO-
THSJIBIK TUMOTe3allapAbl alKbIHAAayFa KeMeKTecedi. by omic ykcac »xep aTtaymapbl 0ap OpBIHIApAbIH
TeOJIOTHSUIBIK cHIIaTTaMaapblHa KaThICThI (POHIBIK JKOHE CANBICTRIPMaibl GU3HOTrpadUsIbIK TaJIAAYIapaAbl
KYpacTbIpy apKbUIbl Ky3ere acafasl. O KeNTereH ep aTaylapblHbIH IIBIFY TET1H aHBIKTAY, OJ1apiabl TaHy
JKOHE SPTYPIIi KONMIaHOambl Macesenep/Ii memnryae eneyii aneyerke ue [27].

Kazakcrannarbl kentereH TaOuFy ayMakTBIK KEIICHAEP MEH reorpadusuiblK HbICAaHIAPIBIH aTaybl —
onapAplH  (GU3UKAIBIK TeorpadUsUIBIK EpeKIIeNTiKTepiH KepceTemi. Meicanbl, Kymapl-kem — KyMIbI
JKaranaybl MeH TyO1 Oap ke, TepeH-caii — TepeH caii; KpI3but jkap — KbI3BUT TYCTI ca3[laH TYpAaThIH Kap,
Kimxkene o6a — kimni Kopran; YikeH O0a — ynkeH KopraH; Kusier — Tik api Tactel 6etkeii; Lllomak-e3ek
(Uynak ¥Y3ek) — KpIcKa caif; bacray — Tayaprq xoraprsl Oeriri; becrebe — 6ec Tebe; ByrpiH-cail — KbIpa-
Jarel ©3¢H; AWBIPKYM — TapMaKTalIFaH KYMIBI JKep; ASKKel — TOMEHT1 Ko, backem — »OFaprbl Ko,
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Bactomap — xoraprel Oarnak; JeHrenek anka — qeHresnek anas; Kaparay — kapa tay; Kaparac — kapa Tac;
Kimkene O6a — kimi kopran; Kocoba — xoc kopraH; Capberoda — capsl Tebe; CyIbIIIOK — CyJIbl )Kepaeri
marbiH opman; lllalitanTebe — mraiitan Taysl; lllaiitanromap — mraiitan Oarnarsr; [llafiTane3ek — maliran
caifbl; AKTac — alibIK TYCTI )KapTacTap opHajacKaH xep xoHe T.0. OporpadusuiblK TepMUHIEP apachIHIA
eH KMi Ke3AeceTiHaepi: «Tay», «rebde», «acy», «bem», «cait». XKorapsiaa aiiteuiran bectebe, Kaparac,
Kaparay, AKTac CHAKTBI atayiap eliMi3re KepIiiec )kaTKaH aifMakTapaa 1a KenTen Ke3necei. Mbicaisl,
M.Kamkapu enoerinae XoTaH KajdachblH aifHaJIBIN aFaThlH €Ki ©3€HHIH OipiH AKTac aemn araiasl [29]. Byn
aTay coJl KepJe Ta3za MeJip aK TacKa OalIaHbICTHI Maiifa OOJFaH Ael KepceTeldi. XO0TaH Kalachl Kas3ipri
CHUHBIBSH- ¥ HFBIP aBTOHOMISUTBIK ayJaHbIHA KapacThl XKep.

KazakcranHbIH (QH3UKaIBIK-TeorpadusiIbIK ayaaHIaphIHBIH KeHOIpIepiHiH aTaysl da COJ ayIaHHBIH
Taburu epekienikrepin kepceremi. Meicansl, Capblapka, XKeticy Anataysi, Tsanp-lllans, Caysip-Tap-
Oaratail. Ocbl (M3HKANBIK-TeOrpadUsIBbIK ayJaHIApIbIH IMIiHAEC ipi TaOMFU ayMakTBIK KeIIeHIepIiH
HeMece JTanamadTTapabH aTaybl 1a OHBIH €PEKIICITIKTEPiH KOPCETE I,

ApKa, apKaiblK TOINOHHMJEpi TayMeH CaJbICTBHIpFaHAa anacaiay ep OenepiepiH KepceTel.
Opransik Kazakcrannarel Apka sxepiH, KocraHail oOJbICHIHIaFsl APKJIBIKTBI MBICAJl PETiHAE Kapac-
ThIpyFa Oomanel. byn artayaeiy marsiHackiH T.KoHKammmaeB «kammapsl Terictey, Oipieid, amaca KeireH
JKOTa, KbIpaT» Jem ka3ansl [22]. ApKanblK aTaybl HETi3i apka TepMUHIMEH OalmaHBICTBI. ApKa TYpKi
TiNJAEpiHAE CONTYCTIK HEMece OaTbic MarbIHACBIHAA KOMAaHbUTaAb! [21].

Kapaotii araysin E. KolimpioaeB Tikenel TYpki TiTiHEH «Kapa OomaT» MarblHACBIHAA OOJIFaHBIMEH,
SKIHIII TapamnTaH «Kapa» ce3i «Tebe, Taylbl >Kep» JereH MarblHala KOJIAHBUTYBl MYMKIH medmi [23].
Ocobl xepne Anmarbl obnbickiHaarel Kapaoin JXKoHrap AnarayblHBIH OaTbic TapMaKTapbIHBIH, SFHH
Maaiicapbl TaybIHBIH KaJIFachl OOJBINT KEJICTIHMINT KOpCeTIIreH. ABTOp KENTipreH 0acka Ja MbIcaigap
Kapaoit — Omik ycTipT ekeHzirin kepceremi. OCbl OMABI KOPHITHIHABUIAW Keile D.M.Myp3aeB TOMOHUM
petinme Kazakcran opoHUMAEPIHIE «TayJibl OHIAT» MaFbIHACKIHJA Ke3/ece i aem kepeeTeni [25].

KazakcranubiH 44 mailbI3pl 116 30HACHIHIA OpHamackaH. by aiiMakTeiH 1menai aitMak eKeHIIriH
alFaKTalTBIH TYPKI TOTOHUMEP] XKeTKimKTi. MpIcanbl, beTtnak mama - Typki, MOHFON JXOHE TYHTYC-
MaHBWKYp TUIIEpiHE TOH «IOJNIi Mdajiay JereH MarbiHa Oepenmi. OpBICTUINI FBUIBIMH €HOCKTEpIIe
«l"onoxHas crenb» Aen aTanFaHbIMeH, Oipak Oy GacTamkbl TOMOHUMHIH 971 ayAapMackl eMec. MbIcaibl,
1893 KBUTFBI SHIMKIIONETUSIIBIK CO3/iKTe «l 0T0IHAs cTenb — aTaybiMeH TypKicTaHAa TeK KOIIIe eMip
CypyTre KoJlainbpl OipHeme KeH-0alTaK CychI3 qayia aiMakTapbl Oenriti. OmapasiH ioTiHAe €Ki MEKEH OCHI
atayMeH atanazpl. bipinmici: ...bek-mak manma, Illy esewniniy coarycririnae, banxamn keniHiH OaThbl-
ceiHAa...» aeninred [30]. I'eorpadusiblk TepMUH «Jana» — OYI ©3iHE TOH epeKIIeNIKTepiMeH TaHbIMal
xoHe KaBkazman THIHBIK MYXHTBIHA ICHIHTI KEH ayMaKTa KOJIaHBUTaThIH aTay [31].

KaszakcranuplH opranblk OemiriHme opHanmackan 1menai eHip. Kapakym — reorpadusuibik
TEPMHUHOJIOTHUSAa KOHE TYPKi TimiHAeri "Kapa" ce3l ’ep, KYpJbIK AereH MarblHaHbl aa Ourgipred. len
30HACBIHAA OipHelne per ke3neceTiH Janamadr. Ke3bUIKYM - «KBI3BI» + «KYM» KBI3BUI TYCTEp apajiraH
meJ. by araynap 6ip KaparaHzaa TYCIHIKTI OOJBITT KepiHemi: Aaiina, OYJI TOIIOHUMI€ KaTBICTHI dPTYPIIi,
Keiie Kapama-Kalbel akmapar Oap. TypikMmeHaep KapakyM aTayblH ©CIMIOIKTEpPMEH OEKITireH KYMJBI
alimMakTapra KOJ1aHaIbl.

KapaxeMmep TonoHuMi exiMi3aig OapiblK Iepilik aiMaKTapblHga Ke3geceni. Anmarel, AkroOe, XKam-
ObUI OOJBICTApBIHIA €I MEKCH aTayiaphl 0osica, 0acka aiiMakTapia OPOHHMMIED PETIHIC TapajFaH.
ATayIblH HErisri MarblHAChl «Cy IIaWFaH >xaranay» Oonbln Keiemi [25]. SIFHHM, ©3€H CYBIHBIH MOII
Ke3eHIH/Ie CYyJIbIH JKaralayJbl IIalbll KeTKEH TYCTapblH «KeMep» Jen artaraH. «Kapa» cesi coi xepliH
TOTIBIPAFbIHBIH, TACTHIH TYCiHE OaiIaHBICTBUIBIFEI Oalikananpl. Meicanbl, CapblkeMep aTaybl OCHI JKepJe
TYCKe OalTaHBICTBl €KCHITIH HaKThIJIaI TYPFaHIa.

Byn araynap oiikoHMMIEp MeH OporpadusIIbIK HbICAHIAPFa TOH JKOHE COJI JKEPIIiH JIaHAmAa( ThIHbIH
epeKIIeTITiH KopceTe .

2. Cy Hvicandapvimen baiiianvicmel mononumoep. I'eorpadsiibIK OPTAHBIH €peKIIeTiKTepl Teorpa-
GUITBIK HBICAaHAAPAB! aTay OepyaiH Herisri dakropsl Oousbin Tadbmansl. Keitbip Tomonnmaepae Oenrini
0ip afimakka ToH emec reorpadusIIBIK epeKuIeNikTep OelHeneHeni. MpIcaibl, «arall» HEMECE «Cy»
CUSIKTHI JIEKCEMallapbl 0ap TOMOHUMIEP HIOJEUT XoHE IIeN aiMaKTapblHIA JKHi Ke3IeCeTiHi yKoHe Oy
Oipkenki nanmmadT KaraalblHaa OarpIT-0aFaap Oepylnl peTiHae KbI3MET eTeTiHI aHBIKTaIAb! [ 16].

Cy HbIcaHAapbIHa 0aliIaHBICTBI TONOHUMIEpTe MbIcan KenTtipcek: becken — Oec keur; beckynpik — Oec
kyabik; Kapacy — kapa e3zex; Kapartomap — kapa Oartnak; Kocken — koc ken; Kymallkymelk — KacHeTTi
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Oyrak; O3ex — marbiH ©3¢H; CapblToMap — YiIKeH 0arnak; Y3bIHKON — Y3bIH KeJl; ¥3BIHKapacy — Y3bIH
o3¢k; llleren — KyABIKTHIH iIIKI aFaml KYpBUIFBICH, byirak — Oyiiak; YKapma — KeIpajgarel ©3¢H jKoHE T.0.
Cy HbICaHIapblHA KATBICTHI THIPOHHMICPAC «caily, «Ke», «OyIak» JKoHE «Cy» TepMHUHIAEpi XKHi
Ke3Jecesi.

Ochl yaKkbITKa JIEHiH XKYPTi3UIreH 3epTTey HoTIkenepi Apan, banxair, Amakesn KenaepiHiH aTayiaapsl
FaHa eMec, jKarajlay ChI3BIKTapbl MEH aKBAaTOPHUSCHIHBIH TapUXU Ke3eHJAEp/Ae alTapibIKTail e3repicrepre
YIIBIpaFaH bIFbIH KopceTTi [16]. Opranbik A3usaarbl MyHAaH ipi Cy HbICaHAApBIHIAFBl ©3repicTep e
30HACBHIHBIH (PU3UKAITBIK-TeOTpaUsIIBIK epPeKINeNiriH KepceTeai. Alakell aTtaybl KOJIiH epeKIIeTiKTepiH
KOpCEeTEeTiH aTay. AJlaked aTayblHBIH MarblHAChIH Tenkoka JKaHy3ak Ajakesn KypaMblHa CHETIH
KOJIZIep/IiH KeJieMi, Cybl, ayMarbl opTypii OomybiHa OaiinanbicTel gen Tycivmipeni [20]. FanpimubIH
aiitysiHIna Oy kenaepaiH (Anaken, Caceikken, Komkapke) kenemi apTyp:i, CybIHBIH TYCI e Anakene
Kapa kek, CachIKKes KOKIIUIIey Keice, OackamaphlHaa O03FBUIT, CapFRINT 00bII Kenemni. COHABIKTaH aa,
XaJIBIK apachlHga AJlakeNl aTaHybl 3aHABUIBIK Jen maieiMpabiael. E.KoitayOaeB aTtayaplH XalbIK
STHMOJIOTHACHL TYPJdi TycKe OaiinaHbICTBI ekeHiH aiTa kene, M.CepreeBTiH TyciHAipMeciHe cyHeHim
«Tayaarbl KeJ» MarblHAChIHA Ja ToKTanansl [23]. Jlereamen, 613 sxorapsiga T.)KaHy3ak maiibiMaaybsiMeH
KeJicemis.

Kazakcran aymarbiHna ipimi-ycakTsl 85 MbIH e3eH Oap. OnapabiH imiHzeri ey ipinepine Epric,
To6wmn, Ecin, XKaiibik, Ceipmapust, Lme, llly e3ennepi xaransl. EH ipi e3eH - Eptic ataysr MaxmyT
Kamkapu cesnirinne ke3geceni. Onna: «Memek manacslHIars! Oip ©3€HHIH aThl. bipHerne TapMaKThIK OyIT
Japusi cox xepaeri Oip kenre Kyaasl. byn napusiasl Epric cysl aediai» - neminreH. JJemek Oyn e3eHHIH
aTtaysl XI FaceIpIIbIH ©3iHAE OeNriii OOMbIN, KYHi OyriHre AeHiH CON KallblHAa CaKTaIFaH.

Byn aray xeHe Typki TUTIHAETI Hep — «Kep» JKSHE TiC, iC — «63€H» MarbIHACKIH OEPETIH/ITIH )KoHE Jie
Kapacy artaybiHa coiikec kenerinairin rameiM T. JKany3ak skazamel [19]. ABTOop Oysl MarbiHAa ©3€HHIH
xanblk apaceigaa Kapa Epric aramysiHa ceben Oonapl aeiai. Srau, EpTic cybl skep acTbl cybIMEH
TOJIBIFATHIH TYCBIHJIA 63€HHIH cybl Monaibit Kapa Epric aTaysina ue Gonamsl.

Ecin araywsHBIH Jkep OemepiH aWKBIHIAWTHIH TOMOHMM eKeHmiri T.)Kany3akTelH eHOekTepiHie
adiTeutrad [20]. FamsiM OyJ1 TOMOHUM «KEH J1aja, JKa3bIK dKepJeri Cybl MOJI, YJIKCH ©3¢H» JICTCH MarbIHaa
JKep OefepiH cumarTaiiipl AereH i anFa TapTranasl. KeHe Typki TiTiHIeTi MaFbIHACBIH/A jasi - «dajay, jazi -
«TETic, Ka3bIK» JKOHE —bIJ, 171, -€J1 - «BIIFaD), «Ca3y», «Cy» OOJIBII KeJIe/I.

AKCy aTaylaThlH ©3CHJCp ©3iHiIH OacTayblH OWIK Tay KapbIHBIH CYbIHaH ajajabl. MyHzail arayiap
KYpFaK »XoHE IIeJi TayJapra ToH eMecTirid D. M. Myp3aeB atan keTkeH O0onaTsH [25]. ABTOp MyHIai
e3eH/Iep ©3/1epi KOPEKTEHETIH MY3ABIKTHIH JAWBIHBIH OCepiHEH KBI3FBUIT, CYp, kKachUIIay TYCTi OOIYyBI
MYMKIH JereH mikip aiitaael. COHBIMEH KaTap, OWiK Tay KapblHaH KOPEKTEHY1 apKBUIBI aFBICHI 1a JKbUIIAM
Oomanpl.

Kapacy TomoHmMmi emimi3miH KemnTereH aliMaKTapbIHAAFbl JKep-Cy aTayiapeiHa ToH. KeHe Typki
TUTIHAETI MaFBIHACHI <Kep-Cy» HereHmi Ounmipeni [23]. MyHpail e3eHmep HeETi3iHEH Tay apaiblK
aHFapjap/a, Tay €TeriHJie JKep acThl CyJapbIMeH KOpeKTeHeai. JKeplieH, SIFHH Kep acThl CyJapblHaH
KOPEKTEHIeHIIKTEH 1€ OCHI <CKEP-Cy» MarblHACHIHA UE.

Axcy xoHe Kapacy Tomonmmuepi Kazakctan teppuropusceiMeH Katap ©30ekcTad MeH KpIpFei3cTan
JKEepiH/IE JIe KOITel Ke3eceIi.

3. Ocimoix amaynapvina Heeizoencen monoHumoep. KazakcTaHHBIH opTYpJi (PH3MKAIBIK-TEO-
rpadusIIbIK aliMakTapbhlHA OCIMAIKTEp MEH arall arayliapblHa OailIaHBICTBI KONTEeTreH TOTOHUMEP
Ke3zecedi. by TomoHMMAEp OCIMIIKTEpAiH OapibIK TYpiepiH KaMTBIMaWIbl, TEK Ka3aKTapIbIH 3KO-
HOMMKAJIBIK JKOHE 3THOMOJICHH OMIpPiHJIc MaHbI3/bI POJI aTKapFaH eCIMIIK TypJepiH FaHa kepceTeni [8].

En xwui xesmecerin araymapra: Kaparait — kaparaitnel opman; Kapakampic — KaMBICTBI JKep;
Apmanram — apanmarsl opMaH; Kaparan — kapa Tan eceTiH xep; Kaparam — kaparam; Kektepek — kek
tepek; Kei3butaram — Kpi3bul aram; Caymainkesl — KbIMBI3IBIK ©cCeTiH kej; Kaparaiinel — Kaparail keIl
eceTiH MekeH; Tanapl — Tannap eceTiH xep; Kora — kambIic TyKpIMaac ecimik; Kaparan — kaparaH aralisbl;
Kusax — mama xapa Ounaiiel; Oner — mern; Apma — apra; AjiMma — anMa aramsl, Aprra — apma; Tepek —
Kaparaii, Tepek; bumait, bunmaiipik — Ommaii, cymermern; bo3 — kambic; Xycan — xycan, UTMypsiH —
uTMypbIH; KeHnip — kenaip. xone T.0.

Mynnarel Kaparait tonornmi — Ateipay meH LIbireic Kazakcran, Kapakambic — bateic xone LLbFbic
Kazakcran, Kapatamr — Xericy men Kaparannmel, Kekrepek — Typkictan Men barteic Ka3zakcras,
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Ke3putaram — XKericy, bateic Kazakcran MeH AkMolia 00JBICTaphIHBIH TEPPUTOPUSIIAPBIHIA KE3CCeI.
Omnap olKOHUMIEPTe, OPOHUMAEPTE, THAPOHUMIEPTE ToH.

Kaparan, Kaparam, Kekxrepek, Ker3putaram, Tepek, Apira CUSIKTH TONOHHMIIEP €TiMI3ICH THICKAphI
Typkust, I'pysus, Kabapauu-bankap sxepinge, Keiprei3cran MeH O30€KCTaH TEPPUTOPUSICHIHAA KE3ECe]i.

By Tononumzep aliMakTbIH TaOWFM KaFAalbIHBIH, TINTI MAapyallbUIBIK KYHECIHIH epeKUIeiKTepiH
kepceTeni. Meicanbl, OHTYCTiK Ka3zakcTaHHBIH MIOIACPIHIE CYBIH KETICICYIIUTITIHEH 9pTYpJIi MeNTeCiH
eciMuikTep ecedi. byn ecimuikrep TylenepaiH HEri3ri a3biFbl OOJIBIN TaObLIaAbl jkoHE KazakcTaHHBIH
16 Tononuminge aranrad. llaraner — ak xycan (Artemisa starea alba) ecerin aiimak ataysl. Kaparan —
OypIaK TYKbIMIIACBIHA JXKaTAaThIH ©CIMIIK, al KbI3bUIMIA — KbI3BUIIIA HEMECe KbI3bUI CEKCeyill TYKhIM-
JachIHA JKaTaThIH eciMmik. Kusk (mama xapa Oumaiiel) cusakTel GuroTononnMaep OHTycTik Kaszakcranga
Kui ke3zgeceni [8].

Kepicinmie otap ce3i OTTHI, SFHU MIONTI AereH MarbiHa Oepexi. benrim raasim O. M. Myp3aeB omap
TYPKi TUTIHEH IIBIFBIT JKaHbUTBEIM, ayBIIIaH albIC JKalijlay MarbIHACKIH Oepeni merr skazansl [25]. M. Karm-
KapuiH «Typik ce3IiriHae» om — Mall KEUTIH 1IeIl, apm — apThl, Tay acybl, TayblH Te0eci MaFbIHACBIHAA
Oepinren [13]. SlrHu TayapiH TeOeCiHIErl HEMece apThIHIAFbl Mall JKaHbLUIBIMBI JICTEH MaFbIHAHBI Oepil
Typ. UIbIH MoHIHIE € CON aliMaKTaFrbl Maj >KalbUIBIMBIHA BIHFAMIEI xkep. OTap Kazipri KamObu1 00IIBI-
CBIHBIH TEPPUTOPHSICHIHAAFBI €)1l MEKEH aTayhl.

Kampicien OatinanpicTel TomoHuM Kazakctanma 40 reorpadusiiblk atayja Kesjgecedl (MbICabI,
Kankambic, beckambic, Kapakameic, Capbikambic, Maiikambic, Maitnbikameic, Kyckamsbic, Kypkameic,
’Kamankamsic, XKapsiMKambic, ¥3BIHKaMbIC, baybipkambic, ASKKaMbIC koHE T.0.). OmapablH KOTIIiIiri
eIMI3IH COJITYCTIrHAET1 JKep-Cy aTayJapblHIa Ke3eCe .

Kaparaii (kaparaii) — snuOMOTTHIK eciMmuik. EpTic e3eHiHiH oWmaThiHAa OHTYCTIK-HIBIFBIC CiOip
JKa3BIFBIHBIH IIeKapackl OOMBIHIA Kaparaiiel opMmaHmap ke3necemi. CoHmsikTaH IlaBiomap oONBICHIHIA
OCHI ©CiMJIIKKe OaillaHBICTBI KOITETeH kep ataynapsl O0ap: Kaparaii (e3eH skoHe ayaan), Karonkaparaii
(xep), Kaparaiiner (ayman), Kaparaitneioynak (e3eH), Kaparaitneitac (tay — 677 M), XKanreizkaparaii
(aynan), Tomnkaparaii (aymaH), beckaparaii (koHbic), JKy3kaparail (aymaH), Maiikaparaii (KoHbIC). By
aTayJjap Kaparail aralIbIHBIH CaHBIHA, OHBIH KacHEeTTepiHe HeMece aliMakTarbl TapalyblHa OalIaHBICTHI
Oepinren. Meicaibl, KaTonkaparail aTaybIHIaFbl «KaTOH» CO31 KOHE TYPIK TUTIHIIE «KaThIH», Ka3ipri Ka3ak
TiJIHE «KaWBIHy MarblHACHIH Oimmipeni [24]. A. O0aipaxMaHoB OyIT aTay eTrepicKe YIIbIparaH JIereH MiKip
Oinmipeni. bactankeina KaTelHKaparait aTaisiin, «KalblH - Kaparai» MarbIHAChIH OUTIipreH.

4. JKawnyapnapza xameicmul monoHumOep. Ajammap MEH KaHyapiapJblH FacwIpyiap OOWFbI Oaii-
JIAHBICBI OCHI KapbIM-KATHIHACKA KATHICTHI TreorpadUsuIblK HbICAHAAPABl KaOBUIIAYIBIH Oenrii Oip
acCoIMaIMsUIappl MEH CTEPeOTHITEPIH KaubmTacTeipaabl. COHABIKTaH TOTOHUMAEPAE 300HUMIIK
KOMIIOHEHTTIH Maija OOoJIybl Ke3JACWCOK eMeC, KEpiCIHIIe, 01 KOMMYHHMKATHUBTIK JKOHE OJIEYyMETTIK
TYPFBIJIAH HETi3NenreH. MEpICallbl, KONTEreH TYPKi XalbIKTaphl MEKCHIEHTIH Ka3ipri MeMIIeKeTTep —
Typxkus, O3epbaiixan, O30ekctan aymarsiHaa kesgecerin Kurtdere («Kackplp anFapb») TOMOHUMI TYpPKi
XaIBIKTAPBIHBIH WCJIaMFa JCHIiHTI MoJeHHETIMEH JoHe kurt (KackKpIp) 300KOMITOHEHTIHIH TOTEMIIK
cumateiMeH Tikened OaitnansicThl [28]. Kazakctan sxkepinge Kackpbipnbl nen aranatein XKericy (PKonrap)
AnataybslHBIH cONTYCTIK )oTackl Kexxora (2987 M) taynapeiamarsl acy Oap, Opam MeH Myramkap
TayTapeIHBIH TYHiceTiH Asus MeH EypomasbH mrekapacbiaga KacKeIpibl capkeipaMachkl 6ap. «bepimi»
ataybiIMeH bateic Kasakcran oOJbICHIHBIH ayiaH, Kei3buiopma oOnbichkl JKaHamapus e3eHIHIH jKara-
JayblHa Tapuxu KoHbIc, CeMell KanachlHa JKaKbIH XKepJe el MekeH Oap. byn tomonumpep alimakra
KAaCKBIPJIBIH KoIl 00IlybIMEH HeMece JKHi Ke3ZecyiMeH OaiaHbICThl KalbinTackaH. «KacKbIpiby Hemece
«Oepimigen» 0Oacka KyJiaH, €Ki araybIMeH OaiimaHbICThl 300HUMAep Kazakcran jkepiHme eTe Kel
ke3neceni. Muicanbl, KamObu1 00mbIchiHIaFb! T. PRICKYJIOB ayTaHBIHBIH OPTaNbIFbl KyJTaH aybuIb.

Koraprina atanrangapaan 6acka Meicanaap, bamsikTer — OanbFrsl Mot cy; Kapramber — Kapramap Kem
MeKeHIeHTiH xep; KapaOypa — Kapa Tyiie; AKKO3BI — aK KO3bI;, Taiicail — Taif (3kac KBUIKBI) XKYPETIiH Kep,
bekenbaii — 6ekenre (kuik) 6ait sxkep, KOSHIBI — KOSH KO KE3IECETIH XKep, apKapJibl — apKaphl KOIT MEKEH,
JKeImaHabp! — )KBUIAHBI KOTI JKep KoHE T.0.

baneikter — Typkicran meH Contycrik Kaszakcran, Kapramer — Anmarel meH Akrtebe, Kapabypa —
Typkictan, Axko3sl — bateic Kazakcram, Taiicaii — Axmona oOmpIicTapeiHma Oosca, KosHmbel MeH
JKbutaHIBI TOMOHUMIEPIH SMMI3IIH OapIIBIK AePITiK altMaKTaphIHIa Ke3AeCTipyTe Ooaipl.

5. Tonvipax nen natioanvl Kazoanapea Kamvicmsl monoxnumoep. Tonblpak NeH nmaimansl Kazdanapra
KATBICTBI TOTOHMMIICP — KEPJIH TAOWFU EPEKIICTIKTEPiH, TCOJOTHUSIBIK KYPBUIBIMBIH JKOHE DKOHO-
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MUKaJbIK MaHBI3BIH CHUTMIATTAWTBIH aTayiap. MyHnail TomoHuUMaep KeOiHece aiMaKTBIH TOTBIPAK
KaMBUTFBICHI, K€H OpBIHAApHl HeMece 0acka Ja MHHEPAIIBIK pecypcTapbiMeH OailllaHBICTBI OOJaIbI.
TombIpakka KaTBICTBI TONOHUMZEP KOIl *ardaiia, >KepAiH TYCi, KypaMbl jKoHE KyHapJbUIbIFbIHA Oaii-
JIAHBICTHI KaJbIlITacca, Maimanbl Ka3Oamapra KaTbICTBI TONMOHUMJEP KEH OpBIHJAphIHA HEMECe MHHE-
palap/bIH WIBIFY aliMakTapblHa OaTaHBICTHI TalAa OOJFaH.

Meicanbl, Aktac — aK TycTi Tac; JKamaHTy3 — TY34sl Keil; Ampbicail — Ty3abl caif, KpI3pUIkym —
"KbI3BUT" (TOIBIPAKTHIH KBI3FBUIT TYcTi Oosybl) + "KyM" (mwemnai manamadrTTeiH cumaTsl), Capblapka —
"capbl" (capbl TOIBIpAK MEH Kyprak nama) + "apka" (xas3bIK Kep, KbIpaTThl aiimak), Akray — "AK" cesi
OKTAaCTHl HEMeCE aK TYCTi Tay JKBIHBICTApBIHA KATBICTHI, Temipray — "Temip" (Temip kenmepi) + "tay",
JKeskasran, MbIcKalibl — Ke3, sFHH,"MBIC" (MBIC KeHi Oap aiiMak) jxoHe T.0. Bo3ael — ceneyni Tombipak
"ToiH (Oy3puiMaraH) xepai" Oinmipeni. E. KoiimbiOaeBToiy aiiTybinmia, "bozaiirbip” ce3i exi TyOipaeH
Typansl: «003» — OeTere MEH celey ©OCEeTiH jXKepiieple KOJJAaHBUIATHIH TEPMHH, al «aHFbIP» — OCHI
JKEpJICPIiH epeKIIeNiriH aikpinaan el Meicanaap: bo3alireip, bo3aiireipcop, bosapan, bosmia, bo3maken,
Bbo36aii, bo3anan, bosroraii, bozromap.

Kapakym — Opra Asusimarel €H VJIKEH KYM[BI II6Jd. AJFalIKel KaparFaHaa aTayJblH MarbIHACKI
TYCIHIKTI OOJBITT KOpiHEedi: «KapaKym», TYPIKMEH TUTIHIIE «TaparyMm» — «kapa Kym». Auaiimga, Oy Toro-
HUMT€ KaThICTBI 9pPTYpJIi, Kelje KapamMa-Kaiibl aknapaT Oap. TypikMeHnaep Oyl atayabl eCiMIIKTepMEH
OexiTinreH Kymabpl aiiMakTapra KonmaHanael. byin Kym OapxaH[bpl, KO3FalIMalbl KYMIapFa Kapama-Kapchl,
oapapl «akKKym» (TYpIKMEHIIIe «aKKym») JEN aTaiabl, SSFHU eCIMIIKTEepCi3 akKMbLI Taza Kymmap [25].
Hemek Kapakymaa KbI3blikym xoHe AKKYMIapMEH CabICTBIPFaHIa ©CIMIIK KaMBLIFBICH KAJIBIH OOJIBITT
KeJemi.

AKKYMHBIH ObLTaif ataidybl MYHJa ©CIMIIKTEp Ke3JecTen/ i, IFHN «Ta3a KyM» MaFblHAChIH Oliperi.
3. M. Myp3aeB «akKym» aTajaThlH KYMAapaapja eciMIiKTep KOK, MYHJa >KbUDKbIMANBI KyM Tebenepi
Oalikanansl mereH mikip Oinmipeni [25]. ABTop Oyi aTay «Terimy, aFbUly» MarblHACBIH Oepyi e MYMKiH-
IiriH aitansl. MyHOa KYMHBIH KeOIIyiHE Kelepri KeNTipeTiH ©CIMIIKTIH KOKTHIFBIH €CKepCeK, IIBIH
MOHIiH/IE aTay JaHAmadTTH 1o OCHHee Typ.

Kazakcran aymarbIHBIH (DU3HUKANBIK-TeOrpaQUsIbIK epeKIIeNiKTepiH KOPCeTeTiH TYPKI TOMOHHM-
NiepiH 3epaeneit kene KazakctaHHHBIH Oipkarap aliMakTapblHIa JaHMMIA(TTHIK ©3repiCTepiH Nie OpBIH
aJIFaHbIH aHBIKTAABIK. OUTKEHI TOMOHUM/IEP TEK JKEep-Cy aTayhbl FaHa eMecC, COHBIMEH Oipre COJI ayMaKThIH
reorpausuIbIK, KIMMATTBIK JKOHE DKOJOTHSJIBIK ©3TepiCTepiH CHIATTaWTBIH MaHBI3Ibl aKMmapar Ke3i
Oonpim Tabbuianbl. Onap KaszakcraH aymarbiHAa opTYpJi aliMakKTapaarbl THAPOHUMIEP, OMKOHUMIED,
OpPOHHM/IEP KOHE TMMHOHUMIEP apKBLIBI KOPiHIC TalKaH (KecTe).

Kazakcran aymarbIHAaFbI TaHAA(TTHIK ©3repicTeplii KOpceTeTiH TOIOHUMIEP

Toponyms reflecting landscape changes in Kazakhstan

TonoHUMHIH aTaybl

MarbIHACHI JKOHE HIBIFY Teri

OpHnanackaH xepi

Apanrebe (opoHHM,
OMKOHHM)

Kermreren tebenepaiy araynapbl. «KeJIeTi apam)
MarbIHACBIHIA.

Kazakcran men Opra A3usiiarsl
OpOHHMMJIEPre TOH aray.

Bankam (MUMHOHIM)

Kemne Typki TiniHEeH aygapraHa «OamibIKy,
«ca3y nereHni Oinaipeni. AJ, Kazak TUTIHIH
TYCIHAIpME Cce3AiriHae OalKa ce3iHiH MOHI
KeraJl, IIYHTiH, 6anaslp T.0. yFeIMaapaa
TYCIHJUpUITeH.

KazakcTaHHBIH OHTYCTIK-IIBIFBICHIHIAFBI
(Kericy, Anmatsl, XKaMOBLT KoHE
Kaparanpl, 00JIBICEIHBIH OKIMIILTIK
[ICKapaCHIHBIH TYHICKEH TYCHIHIAFbI)
TYHBIK K01

XKaibIk (rupoHnM)

TypKi ce3iHEH HIBIKKAH «KaWBLIBIIT aKKaH Cy
JereH i Ounaipeni»

KasakcraHHbIH OaTBICBIHIAFBI ipi ©3CH.

Kazancy (rugponnm,
OMKOHUM)

Kazak TiniHgeri «ka3an» ®KoHE «Cy» CO3ICpiHiH
HETIi31H/e KaJbINTACHII, «OH, IYHKBIP JKepAeri
CY» MarbIHACBIH/IA.

XKericy obmneicsl, KepOyitak aynaHbHa
KapacThl eIijli MCKCH.

KanmsiMcait
(rumpoHEM)

Kan — «Oyuiak, apHa, KaiiHap, 6acray» Llsim —
«KOIDKBUIIBIK MenTep 0ackaH >kepAiH OeTKi
KabaTbl» He «Keras xep», cail — TOMeH
OpHaJIaCKaH JKep JereH MarbIHa Oeperi.

KazakcranuelH MaHFbIcTay OOJBICHL,
MaHFbICTay ayAaHbIHAAFbl KYPFaK 03¢H
apHAaCHI.

Kaparaiiisl (OWKOHIM,
(dpeapaToHnM)

JlaramadTTHIK epeKmenikTepiMeH OaiIaHbICThI
Kaparail arallThIH CaHbI KOII )Xepai Hemece
aliMaKThI OUIAIpei.

Kazakcranublq MaHrbICTay KoHE
Ke3p11opaa o6mbICTapbIHAAFEI XKEP JKOHE
KYJIBIK aTaybl.
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Kocrebe
(opoHHM, OMKOHUM)

«EKi Te0e» MarblHaCbIH/Ia KOJIAaHbLIaabl.

EniMiziH kenTereH OMKOHUM/ICPIHE TOH aray.

My36en x0Tachl
(404 M) (olikoHUM,
OpPOHHM)

Typki TinaepiHeH «My31b1 6em» IereH i
oinmipeni.

MasnrsicTay 00mbICH, Y CTYPTTIH OHTYCTIiK-
0aTBICEIHAAFEI )KOH, YJIBITAY Tay XKyHeciHmeri
tay, Kaparannsr o6isicel, Hypa e3eHiniy con
XaraJlayblH/la OPHAJIACKAH KOH

My3abIK
(OpoHHM, OHKOHIM)

Mys3 ce3iHe -IbIK KYPHAFBIHBIH YKaJIFaHY bl
TONIOHUMHIH TYPKi TUIAEPiHIH CapKbIHIIAFEI
€KCHIH CHITATTalIbL.

[laBnomap oOMBICEIHAAFEI TAY, €I MEKEH
aTTaphl.

(TMapOHNM, OWKOHHM)

MeIHOYIIaK (OpOHUM) MBeIH Oyi1ak (caHbI ©Te KoIl OyJIaK) Ke3IeceTiH ynan 400 mu (200 kM) 6aTbIcKa, an
xKep. Tanactan 140-150 yiu (70-75 kM) HIBIFBICKA
Kapall opHajlacKaH MEKeH xoHe Typkicman
obnvicwl baidibex aydanvinoazel aysin
Capsicy «YIKeH, ipi» HeMece «KeH» ©3¢H MarblHachiHAa. | Ka3akcTaHHBIH OpTaJbIK XKSHE OHTYCTIriHIeT]

O3CH KOHC enui MEKCH aTayhbl.

Tanraiipan (0fKOHHM)

Tan («OyTa») + KalipaH ce3/iepiHeH KaJbINTacKaH
TaJIBI-IILTIKTI JKaFaiay/IblH aTbl.

Kacnuii xaranayblHIarbl eJ/1i-MEKEH aThl
(ATbIpay OOJBICH).

Ycript (XopoHUM)

«YcTiHri (>KOFaprbl) )KYpT» HEMece YCTiHT1 OeT
JIeTeH MaFbIHaHBI Oeperi.

Bartsicta ManrbicTay TyOeri MeH
KapaOyra3kes mbIFaHaFbl, HIBIFBICTA Apall
TEHi31 MeH OMyapusl aTbIpaybl apabIFbIH
aJIBII JKaTKaH JAOHECT aiiMak.

Ine
(TuApOHUM, OMIKOHUM)

Kewne Typki TiniHge «KaHOBIpAAH KSHiHTI
WIICHTCH JKEP» MarbIHACBIH/IA.

KazakcTaHHBIH OHTYCTiK-IIBIFBICBIHIAFbI
Bankai keniHe KYSThIH TPAHCIICKAPAIBIK,
©3€H.

Kectere >xnHaKTamraH TOMOHUMICPIIH KEHICTIKTIK OpHAIacybl TOMEHAE 1|-cypeTke >KyheaeHin

Oepinai (cyper).

JTAHAIHADTTAP TPAHCPOPMALUSCDI:
KEHICTIKTIK KOPIHICI
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l:] - JIa7a 30HACHI;

KA3AKCTAHHbIH TABUFAT 30HAJIAPbI

E - OPMaH/1bl-/1aJ1a 30HACKI;
I:I - WeNCHT 30HACHI;

‘j = LIOJI 30HACHI;

Macurradsr: 1 : 8 000 000

- Tay/ibl ay/aHaap. @ - OpOHUM;
®

= JIHMHOHHM

JAHAIA®GTTBIK ©3TEPICTI KOPCETETIH TOITOHUMJIEP

@ - oiiKoHMM;

@ - ruApoOHNM;
@ - dpeaparonum;

@ - XOpPOHHM;

JlanmmadrrapasiH TpaHCPOPMALHSCH: KEHICTIKTIK KOpiHici

Landscape transformation: spatial representation
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MyHpa, KoFapbia aTan ©TKeHIMi3[el, TaOuFaT 30HaNapblHA call KeIMEHTIH OipHelne aTayiapablH
Oap ekeHiHe KO3 KeTKi3yre Ooyamel. MBICallbl, IMOJI 30HACKIHIA OpHajdackaH ManreicTay, KpI3pliopaa,
Artpipay cuskTel obmeictapaa Kaparaiiner, My306en, Tanraiipad T.0. aTaynmapIablH Ke3necyi, JaHamadgT-
TapJIbIH TpaHCPOPMAIMICHIHA HETi3 OOJIBIN, YaKbIT JUHAMHUKACBIHIAFHI KIMMATTBIK ©3TEPICTepPAiH OPbIH
anFaHblH Kepceredi. Typki aTaymapbhlHBIH KOIIIUTrNi OpTa FachIpiapAa TYBIHIaFaHBIH €CKEepCEK, COIl
Ke3eHJe eNMI3IiH OHTYCTIK eHipiHae, >kammel Opra Asusga TyYMUATI KauMaT OoiFaHbl MomiMm [17].
CoH/IbIKTaH J1a, aliMaKTa CaKTalFaH TapUXM aTayJapJ/lblH MaFblHACHl KIMMATTHIH ©3repyl HOTHXKECIHIIE
Kazipri maHmmadTTEIH CHUNAaThIHA COliKec KelMeHTIHI aHBIKTanapl. EHNI, OChI araymapablH MoH-MaFbl-
HachIHa OalIaHBICTHI FAIBIMIAP KENTIPreH HeTi3AeMeCiHe TOKTAIaThIH 00JIaMBbI3.

Apanrede araysl Kasakctan meH Opra Asusmarbl KenTereH OopoHMMIepre ToH. O. M. Myp3aes
«apam» TYpKi ce3iHiH ap — «0eiy, Oeliek» HeMece apa — «apaliblK, €Ki HBICAH apachIHIarbl apaKaIlbIKTHIK)
MarbIHACHIH Oepyi BIKTHMAaJ JEM jka3aabl. ABTOp «Tebe» CO3iHIH Mie TYpKi TUTIHEH maima OoJFaHIbIFBIH
aditanel [25]. By atayasiH Ja KeiOip eHipiepae CyAblH TapThUIybIHAH ©31HE JKYKTEJIIeH CHUIIaThIHA Cai
eMmecrTirin OaiikaiiMp3. bapon I'ymbonsar Cibip men Kacmu TeHiziHe 1829 xbuirbl casxaTbl Ke3iHAE:
... Cemeiinen 100 Bepct KambIKThIKTa «KeuniH oprackiHna Apanrede aTanateiH To0e (Tay) TYp...» — JeTeH
*a30a Kanaeiprad [15]. bynan 6enex bareic Kazakcran, ATeipay oOIpICTapBIHIA OMKOHUM TYpiHAe, Abai
o0mbicel Ypkap aynanbsl CachbIKKeJI KeJliHAEe OpOHUM TYpiHJAE KE3[EeCeTiHIH MbIcal pEeTiHIe KenTipyre
Oonansl (Cyper).

Bajakam araysl eXenri TYpKi TUIIHEH aymapraHia «OalllIBIKy, «ca3» MereHmi ourmipemi. A, Ka3zak
TUTIHIH TYCIHIIpMe Ce3MiriHme Oankall Ce3iHiH MOHI Keraj, HIVHTiH, Oanmelp T.0. yFbIMIapia TYCiH-
nipinren. bankam genm aramaTelH Taburu oOBeKTiep Oacka jkepiepAe Ae TipkenreH: bankam (KeHT,
Axrtebe o6mbichl), bankam (kemn, IlaBmomap o6Gunbicel), bamkamicop (Ty3mbl ken, [laBmomap oOIBICHD),
Bankamreioynak (0yiak, OHTycTik KazakcTaH 00JIbICH!).

ConbiMeH katap, bateic Kazakcranmarbl TonoHuMzepaceH kesre TyceTiHi XKalbIk e3eHi. 908-932
Keimapel Enin GoiibiHa casxar jkacaran Axmen WOoH-®amnanaeiy xa30amaperana Jxkaiix (kasipri
KaiibIk) «013 KepreH o3e¢HIEPIiH €H YJIKeHI )KOHE ©H aFbIHBI KaTTHICKDy JICT aTtaraH aepektep Oap [15].
Byn nepexrep XKaibIk ©3¢HiHIH OYPBIHFBI Ke3CHICP/C dJ1IeKaliaa ipi e3¢H OOJIFaHbIH OUIIIPETIH CUIKTHI.
Kanmer anranma, bareic KaszakcraHHBIH menzi AanmacklHAa OYpPHIH BUIFAJABUIBIK KOFapbl OOJFaHBIH
alffakTalTBIH KemlTereH TomoHuUMAep Oap. Omap: Kawnwwivmcau, Kanwwvimmypan, Kancy (xen pem
ke3decedi), Kanxym, Kaunxyowix, Kanmowioac, Kanxwvicmay, Kanau, Kanea, Kanzababa xoHe T.0. byn
TOTIOHUMJIEPJICT] KaH CO31 «Cy», «63€H» MarblHACBIHAA KOJIAaHBLIATHIH reorpadusiabik TepmuH [11].

Kazancy aTtaypl Kazak TUTIHIET1 «Ka3aH» JXOHE «Cy» CO3IepiHIH HETi3iHAe KaJbIITACHI, «OH,
TIVHKBIP JKepHAeri cy» MarbiHackiH Oepeni [21]. byn enmi meken XXerticy o6mpickl, KepOyiak aynaHbsiHa
KapacTel CapblOyJiaKk aybUIABIK OKpPYTiHIH KYpaMblHa Kipeli. Anaiina, enai MEKeH illiHAe HeMece OHBIH
MaHBIH/A KOJ Ke31eCIeii.

ConbiMeH Katap, «KaparaiabD» TOTIOHMMI ¢ Ka3ipri CHIIATBIHA COWKEC KEIMEHUTIH (UTOHHM
pETiHIE 1I6JT 30HACKHI aJIbIN JKATKaH ayMakTa TapainraH. HerisineH kaparaitiel opmangap KazakcraHHBIH
IIBIFBICHIHIAFBl JKayBIH-IIAIIBIH KaKChl TyceTiH Anrtaii, Cayblp TaynapbeiHna, Epric e3eHi ankaObiHIA,
Optaneik  Kazakcranma CapblapKaHBIH ajaca Tayibl, TPAaHUTTI MacCHBTEpiHAE, CONTYCTikTe Toprai
KonateiHga TapairaH [32]. JlereHmen, Oyl TOMOHMMIEPII a3blK >Kep Oemepi ToH, II6Nl eHipiepie:
Masnrbictay oOnbichiHaa 2, Ke3puiopna o0mbickiHaa 1 artay tapanran. MaHFbICTay OOJBICHIHBIH beiiHey
aynaHbsiHIa Kaparaidisl gem aTanaTelH KbICTay KoHe KYIbIK Oap [11].

JKeprimikTi >kepAiH CYbIHBIH MOJI OOJFaHBIH OUIAipeTiH araymapAslH Oipi — MbIH Oyiaak. CroaHb-
Hanp Oyn mexenni «1000 6ynak» nern kepcerin, Llyxzan 400 mu (200 km) Oatbicka, an Tanmacran 140-
150 mu (70-75 xM) mIBIFBICKA Kapail OpHAJaCKaHIBIFBIH XoHE OYJI aiiMaKkTa KenTereH Keliep, TOFaHaap,
Omik ’KoHE THIFBI3 aramrap Ooiawl memm >kazambl [9]. JKorapbima KenTipinreH Aepek OOWBIHIIA aTay
3aMaHbIMBI3IBIH VII FachIpBIHBIH ©3iHC-aK 0Tl OONFaHbIH OallKaliMBbI3.

EniMizaiH opTanmeiFbl MEH OHTYCTiriHzmeri ipi e3eHmepain Oipi Capsplcy Ka3bIK JalaHbl aFblll,
bernaknanara cigin keremi. byn aTaynslH MarblHAChl OHBIH CYBIHBIH MOJIIBIFBIMEH JKOHE Y3aK JKepre
arblybIMeH OaiinanbicThIpbuTazpl [20]. TOMOHUM KYpaMBIHAAFBI Capbl CO31 «YIIKEH, ipi, 30p» MaFbIHACKIHAA
Kosanbiiaael. COHBIMEH KaTap, OYJI THIPOHUMHIH MaFbIHACBIH «KEH ©3¢H» JIeT Te aiTaabl [23].

Yeripr — Kazakcran, Oz0ekcran xoHe imiHapa TypikMeHCTaH ayMarbIHAAFbl IIOJIAI YCTYPT.
B. JI. KopxeHeBCKHI >KEPTUTIKTI TYPFRIHIAPABIH Oyl aTtayFa OepreH TYCIHIKTEMECiH KenTipemi:
YCTIPT — «KBIPATTHI YCTIPT, OJI TOMEHT' )Ka3bIKTHIKTaH OUIKTITIMEH a)XbIPaThLIAIbL.
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O30ekcTaHHbIH 0acKa aliMaKTapbIHIA Ja OCBIHAAN Tanjay >KYPri3iiim, HOTHXKeNIepi TuarpaMmmanapia
JKOHe KecTenepae KepcerinreH. bym 3eprreynepmin Hotmwkenepi enmiH 1:1 000 000 macmrabrarsl
TOIOHUM/IIK KapTachlHIa OciHelIleHTeH [7].

Lite araybIHBIH KOHE TYPKi TiIepiHe TOH eKeHIIriH FainbsiM Tenroxka XKanyzak skazansel [21]. On Oyn
atayabiH M. Kamkapu eHOerinae KepceTireHairia ainFa TapThlll, aTay «e3€H, Cy» MarblHACBIH Oepeail nen
TONIIBLIANABL. [ MAPOHUMHIH KOHE TYPKI TUTIHAETI MaFbIHACHI («OKaHOBIpIAH KEWiHT1 WIICHTEH JKep»
nerenre casnwl. [ne ataysr M. Kamkapu enOerinne OipHere Mopte kesmecenmi. byn Inenin conm XI ra-
CBIPJIIBIH ©31HJIEC CTPATETHsUIBIK MaHbBI3ABUIBIFBI OOJFaHABIFBIH aHFAPTCA KEPEK.

CoHbIMEH, MarblHACBIHAA CYBIHBIH MOJIBIFBIH, ©3€HHIH KEHIITiH HeMece OyJaKTapIblH KONTiriH
KoHe 0acka Ja epeKIIeTKTepiH KOpPCETeTiH aTayiapasl KepceTTik. bi3 Ti30ekTeren Oy araymap jKora-
pBlAa KepceTKeHiMi3 el ©31HiH CHITaThIHA COMKeC KeIMEeHIi.

Horuxenepai Tankelaay. Typki Tonornmaepi Kazakcran TeppuTOpHACHHAA KEH TapajfaH XKoHE OJ1
€71 ayMarbIHBIH, aliMaKTapbIHBIH (U3HKAIBIK TeorpadUsIIbIK epeKIIeTiKTepin alKbpiH KepceTemi. byran
Ka3ak TUTIHIH TYpKi Tutaepi ToObIHA KipeTiHi 30p bIkman ereai [2]. Typik reorpadusuiblk HOMEHKIIATY-
pacbl eTe MOHOTOH[BI; ©JKEHIH OYKiNT KeHICTIriHAE aTayliap YHEMi KalTalaHaThIHBIH a3aabl. MbIcaibl:
AK-Ken, Kapa-kej, ak-Cy, Kapa-cy xoHe T.0. JlereHMeH OChIHAal TONOHUMIEp KeOiHece ayMaKThIH
(U3MKAIBIK-TeorpadUsUIbIK epeKIIeNiKTePiH, OHBIH Ta0UFH OPTACHIH, JIAHAMA(TTHH KYPBUILIMBI Typallbl
akrapar oepeni. CoHABIKTaH, OeNTi Oip ayMaKThIH TaOUFHU JKaFIallbIHBIH Ka3ipri )KOHE TapUXH KarIaiblH
3epTTereHAe TOMOHMMAEPAI TanAay eTe MaHbI3Ibl. byn 3eprreymiijiepre ayMakThlH TaOHFU epeKIle-
JIKTepi, ©TKEH YaKBITTAaFbl ©3repicTepi MEH JaHAmadT epeKmenikTepi Typaibl KOPBITBIHIBI jKacayra
MYMKIHIIK Oepeni [7].

Kenreren rameiMuapasiH [3, 6, 8, 33] mikipinmie TonoHuMAep — Oyil (PU3HKAIBIK-TeorpadHsIIBIK,
9JICYMETTIK-DKOHOMUKAIIBIK JKOHE cascl (haKTOPJapAblH ayMaKTHIK epeKIIeTiKTepiH OuImipy HOTIKECH,
olap «ajaM — ayMaKy, «ajiaM — KOpIllaFaH OpTa» apachIHJIaFbl OaliJIaHbICTBl KOPCETEI.

Benrimi raneim K. U. CorbaeB maiiganel kaz0anap KeH OpBIHAAPBIH 13A€y OapbICBIHAA TONOHUMH-
KaJIBIK 9JIICT1 KOJTAaHFaH KoHE ONapbl CeHIM/I Oenrinep KaTapeiHa OekepAeH-0ekep eHrizoereH [18].

Atasoy xoHe Yeginbayeva [8] dmopa MeH dayHaHBIH TaOuFu aiitMakTap OOWBIHINA Tapaldy epeKIie-
JIKTEpiH TOMOHMUMJEP apKbUIbl aHBIKTayFa OONATBIHBIH KepceTeldi. TomoHuMIep — KebiHece KEepriliKTi
nmaHamadTTarel e3repicrepai 6actaH Kemripemi, JaHAMAPT ITWHAMHKACBIHBIH HEMece >KepJli maimana-
HYyAaFbl ©3repiCTEP/IIH TapuXu Ky KaTTapblHa aifHamaas! [34].

Jlangmadtrapaa OYpbIHFBI JKep MaljaiaHy i3epi — TeK ONaplblH (HU3HKAJIBIK KYPBUIBIMBIHIIA
(MBIcanbl, Teppacanap, Xep ydyackelepi, OpMaH KYPBUIBIMBI, araml (opMmaiapbl) FaHa eMeC, COHBIMEH
KaTap COJI KepZe eMip CYpreH KaybIMIAacThIKTAapAblH OepreH atayiapbliHia Ja cakTainrad. JKep aTtaynapsl
Tapuxd JaHMAPTTHIH Tipi ecteniri Oonbin TabbuIagsl. OnapAblH MarblHAIaphl Oenrini Oip kep maid-
JanaHy JKyWenepiHe HeMece ToXipuOenepiHe, MaHBI3IBl OJEYMETTIK KyObUIBICTapFa, IiHH HeMece
TabuFaTTaH ThIC ceHiMaepre, reorpausIbIK KOHE Te0JOTMsUIbIK KaJbIITacylapFa, COHAal-aK eCIMAIKTEp
MeH 0acka J1a pecypcrapra >KOHE OJIapAbIH KOJJAHBUTYBIHA KATBICTHI OONybl MYMKiH [26]. Amnaiima
JKaHyapJblH TIpIIUTIK €Ty i3/lepi OHBIH aliMaKTa CUPEK Ke3JCCeTiH jKarIaiblHIa Ja TOMOHUMHIH Taina
OomybiHa cebermri 00ysl MYMKiH [28].

Kenteren »xarmaiinapna »xep aTayJapblHbIH apThlHAA TYPFaH MIBIHABIK (IIApyambUIbIK TYpJepi,
eciMIIiKTep, cy HbICaHAaphl koHe T.0.) OyriHze com jmanmmadrTTa Ke3mecneyi MyMKiH. bipak omapapig
JKEPIiTiKTI KaybIMOACTBIKTAPIBIH JKaJblHAA JXOHE MOJACHHUETIHAE CaKTalybl ajamaap MEH OJapAblH
KOpIIaFraH OpTachl apachIHAAFbl KypAeyl KoHe JUHAMHUKAIBIK OaiinaHbIcThl KepceTeni [26]. Mirakmalov et
al. [7] xep araynapel naHmUAQTTHIK AMHAMHKA, XXEp MailanaHy, ©CIMIIK KYpbUIBIMBI KOHE OHBIH
e3repicTepi Typallbl MaHBI3IbI MONIMETTEpPAl KOPCETETIHIH JKOHE TapHXH Ke3eHAeple ep mainanany
YATIIEPiH KaKCHIpaK TYCIHyTe OOJATBIHBIH KOpceTKeH. TomoHnMIep TabuFaTThl KOpFay >KoHE JIaHamadT-
TapAbl KallblHA KENTipy LIapajapblH XY3ere acelpyla KYHAbI akmapar Ke3i Oomansl. OWTKeHi, Tomo-
HUMJIEp — JKall FaHa TeorpadusuIbIK aTayjap eMmec, onap Oenriiai Oip OpTaHBIH TaOWFU, TapUXH KOHE
MOJIEHH KaFJaibl Typanbl ManiMeT Oepeni. COHIBIKTAH OJapbl SKOJIOTHSUIBIK JKOCTapiay MEH TaOWufH
OpTaHbl KalllblHa KENTipy iCiHAE FBUIBIMH Kypan peTiHAe KojmaHyFa Oomansl. Meicaisl, «Kapacyy,
«Kazancy», «Kaparaitne», «KaambeiMcaily cHSIKTBI atayinap OYpeIH OyJI JKepjae cy Ke3lIepi HeMece araill
apeayapsl OONFaHABIFBIH KepceTemi. Onmap OyriHme jKoFainraH 0oJica, TOTIOHUMIEP OJapIbIH KajlbIHA
KeJIyre AaiesieMe Hemece Kypail 0ojia anazpl.
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Kopoiteiaabl. KazakcTaH ayMarblHAarbl TYPKI TOMOHUMIEPl €NIiH (DHU3HKAIBIK-TeOTpadUsIIbIK
CPEKIICTKTEPiH OCHHEIeHTIH KYHIBI IEePeKKe3 OOJIBIN TaObUIAIbl. 3epTTEy HOTHIKENIEepI KOPCETKEHACH,
reorpadUsUTBIK aTayyiap TEK HbICAHAApbl CUIIATTAIl KaHa KOoMMaii, COHbIMEH Oipre Oenriii Oip aitMaKThIH
TaOUFM OpPTACHIHBIH ©3TepiCTepiH, KIUMATTBHIK XOHE TIeONIOTHSUIBIK YIepicTepiH kepcereni. Melcambl,
«Kapacy», «Axkem», «KpI3bUTKYM» CHSKTBHI THAPOHUMIECP MEH OPOHHMIEP COJ KEPHiH SKOIOTHSIBIK
KarJaibIHa, TOMBIPaK KypaMbIHa KoHE Cy pecypcTapbiHa KaTBICTHI MaHBI3IBI aKapar Oepei.

TomonuMepai Ky#eni 3epTTey alMakTapIblH TapUXU-TEOTPa(UsUIBbIK JTUHAMUKACHIH TYCIHYTE,
KEHICTIKTIK e3repicTepai aHbIKTayra keMekrecemi. COHOBIKTaH N1a, aTaylap/bl KEHICTIKTIK e3repicTepi
aHBIKTAHTBIH WHIUKATOP PETIHIE KapacTHIPyBIMBI3Fa Oomanbl. Keiibip araymapaslH OacTamKbl MarbIHACHI
e3repin, Kasipri KIMMATTBHIK JKOHE JAaHAMADTTHIK KardaiJapMeH CoMKec KelMeyl MYMKiH, Oy o3
Ke3eriHie TaOWFu OpTajarbl e3repiCTep/li alKbIHAAWIbl. MBICANb, eNIMI3IiH apUATI KIMMAT aiiMarbIH-
narel Kaparaitnel, Tanraiipan, My30en, MpIHOYIAK >koHe T.0. aTaymapAblH Ke3mecyi, KIMMAaTTHIK
e3repictepAiH OonraHbliH aifakraiinel. COHbIMEH Karap, TYpKi TomoHHMAepi Oenrimi Oip Tapuxu
Ke3eHAep/e XalbIKTapAblH KOHBICTAaHY YpIICTepi MEH IIapyamlbUIbIK OeWiMaeny epeKIIeNiKTepiH e
Kepceremi. MyHnIal 3epTTeylepHiH HOTHXKeJIepi KOWBUTFaH NaHAmadTTapAbl HeMece MIapyamrblUIbiK
TYpJIepiH KalmbIHA KENTipyae MaHBI3AbI aKlapaT Ko3iHe aifHama bl

Kapxbutanapipeutybl. by 3eprrey Kazakcran PecnyOnukackl FruabiM okoHE >KOFapbl OimiM
MUHHUCTPIITiHIH FBUIBIM KOMHUTETI KapKbUIaHABIPATHIH Oarmapiama asceiHma kyprizinmi  (I'panT
NeBR24993043).
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POU3UKO-TEOT'PAOPUNYECKHUE OCOBEHHOCTH KA3AXCTAHA
N NX OTPA’KEHHUE B TIOPKCKHUX TOIIOHNMAX

AHHOTanusi. TIOPKCKHE TOIIOHMMBI PACCMATPUBAIOTCS KaK MHAMKATOP, OTpaXkaromui (usuKo-reorpaduyiec-
Kre 0COOEHHOCTH M JaHmmadTHRIE U3MEHEHUs Ha Tepputopun Kaszaxcrana. [IpoaHann3mpoBaHbl 3HAYECHUS OpO-
HUMOB, THAPOHUMOB, TUMHOHUMOB, OIKOHIMOB, (PUTOHHNMOB, 300HUMOB, XOPOHHUMOB, TATOMOHIMOB 1 T€JIOHUMOB,
BeTpevarommxcss B Kaszaxcrane. Ilpu anammse ¢usnko-reorpadmyecKux ocoOSHHOCTEH CTpaHbl M JIaHAMA(THBIX
XapaKTEePUCTUK, OTPAKCHHBIX B TIOPCKUX TOIOHMMAX, HCIOJIb30BAJIHNCH CPABHUTEIBbHO-TEOrpauyIecKkue, Kapro-
rpaduyeckue U TONOHHUMUYECKHE MeTobl. IlyTeM pacKpbITHsS 3THOKYJIBTYPHOTO M TeorpaMyeckoro 3HauyeHUs
TIOPKCKUX TOIIOHMMOB OIIpEJeNIeHbl 3aKOHOMEPHOCTH UX PACIpOCTpaHEHUs B MpocTpaHcTBe. MccienoBaHus moka-
3aJM, YTO MHOTHe reorpaduyeckue Ha3BaHus B KazaxcraHe oTpa)aloT BayKHbIE OCOOCHHOCTH MPHUPOAHON Cpelbl U
CHOCOOCTBYIOT COXPaHEHUIO HCTOpHYecKol MH(opManuu o penbede, BOAHBIX 00BEKTaX, PACTUTENLHOCTH, XKHBOT-
HOM MHpE€ ¥ KJIMMaTHYECKHUX YCIOBHSX. Uepe3 TOMOHMMBI BBISBICHBI JaHJIIAQTHBIE CIEIbl, KOTOPbIe HE COOTBET-
CBYIOT COBPEMEHHOMY COCTOSIHHIO. DTH JITaHHBIE MOTYT CTaTh IIEHHBIM UCTOYHUKOM MH(OPMALMH TIPH pean3aluu
MEPOIIPUATHH 110 OXpaHE IPUPOBI M BOCCTAHOBICHHIO JTaHAIIA(DTOB.

KiroueBble ciioBa: TIopkckue TonmoHUMBI, KazaxcraH, gusndeckast reorpadust, M3MEHEHUS JaHAmadTa, OHO-
MAacTHKa, THAPOHUMBI, OPOHUMBI.
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PHYSICAL AND GEOGRAPHICAL FEATURES OF KAZAKHSTAN
AND THEIR REFLECTION IN TURKIC TOPONYMS

Abstract. This article examines Turkic toponyms as indicators that reflect the physical and geographical
features, as well as landscape changes, across the territory of Kazakhstan. The meanings of various categories of
toponyms, such as oronyms, hydronyms, limnonyms, oikonyms, phytonyms, zoonyms, choronyms, pathonyms, and
helonyms. found within Kazakhstan are analyzed. Comparative geographical, cartographic, and toponymic methods
were employed to investigate the physical and geographical characteristics of the country and how they are
embedded in Turkic place names. The research identifies spatial patterns in the distribution of these toponyms and
reveals their ethnocultural and geographical significance. The findings show that many of Kazakhstan’s geographical
names encode critical information about natural features and serve as a repository of historical knowledge
concerning terrain, water bodies, vegetation, fauna, and climatic conditions. Some toponyms preserve evidence of
past landscapes that differ from their current state. These insights offer valuable resources for environmental
conservation and landscape restoration efforts.

Keywords: Turkic toponyms, Kazakhstan, physical geography, landscape changes, onomastics, hydronyms,
oronyms.
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JABJIETTAJIMEB
CIOKEH KAJTAMKAJINYJIbI
(Tyeanwvina 90 sncoln)

Kazakcranra TaHBIMaN FaJlbIM-THAPOJIOT, Treorpadus FBUIBIMAAPBIHBIH TOKTOPHI, Tpodeccop
Hasaerrasmes Coken Kanamkamuyiin 2025 xbiisl 18 MayceiMaa 90 skacka Kesei.

JaBnerranneB Coken Kamamkammyiabl 1935 xbeutel bateic Kazakcran oOmeicel, Tackana ayna-
HBIHBIH AMaHTeNni aysutbiHaa (Oypeiarel Kamenka aymansr, 1-mi Ymka aysiisl) ayauere kenmi. CokeH
Kanamkanuysibl OacTaybIITBIH TOPT CHIHBIOBIH AMaHTeNAl aybUiblHAa OiTipai. 1947 xbuiman Oacram
OKybIH AusmMatel KanaceiHgarbl JKamObul ateiHgarbl Nel8 Kaszak ep Oanamapel opra MekTeOiH[E
JKAIFaCTHIPIBL.

1953 xputel JIeHUHTpaA] THAPOMETEOPOIIOTHSIIBIK MHTCTUTYTHIHBIH THIPOJIOTHS (aKyIbTETiHE OKyFa
tycim, 1958 KbUIbl HHKEHEP-THIPOJIOT MaMaHJIbIFbl OOMBIHIIA AUIIIOM anaabl. CoM KBUIBI Kac MaMaH
perianme KasKCP FA-HbiH OHepreTrika WHCTHTYTBHIHA >KYMbICKa kiOepinmi. CokxeH Kamamkammyet
JKYMBICHIH CY-DHEPreTHKAIBIK Mocelienep OeliMiHme Kimri jJabopaHT KpI3METiHEH Oacrar, KeHiHHEH ara
nabopaHT, WHXKEHEp OHE Killi FBUIBIMH KbI3METKep carbuiapeiH oTTi. bynm kesenme KasKCP cy
JHEPreTUKACHl KaJlaCTPhIH JaibIH/IayFa jKoHe OacmafaH IibFapyra, TapOaraTail AnaraybIHBIH JKBUIIBIK
aFBIH/IBICHIH 3€PTTEYTe, COHIAai-aK aFbIHIBIHBIH Kb IIIUTIK Tapairy 3aHIbUTBIKTAPBIH 3€PTTEYTE KATHICTHI.

1971 >KbUIbI TEXHHMKAJIBIK FHUIBIMIAD KaHIWAATHI FBUIBIMH JIOPEIKECIH aly YIIiH «O3€¢H arbIH-
JIBICBIHBIH BIKTHMAJIIBIK OObKaMaaphl sxoHe onapael COC maiifanaHy Ke3iHae KOJJIaHy» TaKbIPhIObIHA
KaHJIUIATTHIK TUCCepTAlUsSIChIH KOopFaabl. 1996 xbimbel Cankr-llerepOypr xamackiana «[ HIponorusibik
Karapyiap MEH Cy aFbIHABICHI THAPOTPaPTaphIH CTATUCTHKAIBIK MOAEIBACY» TaKBIPBIOBIHIA JOKTOPIBIK
JTIUCCEPTAIMSICHIH COTTI KOPFaIbl.

[Ipodeccop Hasnerranmes Coken Kamamkammynsr On-®Papabu aTeiHaarsl Kazak yiTTHIK yHHBeEp-
CUTETIHJE Y3aK XKbIIIap OOWBI YCTa3/AbIK, FRUTBIMUA-3EPTTEY, 9AICTEMENIK JKOHE KOFaMIBIK JKYMBICTApMEH

— 135




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

aiiHaJbICHIN KeJeni. FajapIMHBIH FRUTBIMU 13€HICTEpI MEMJIEKETTIK JKOHE LIapYaIIbUTBIK KeTiCIMIIAPTTHIK
TaKBIPBINITap MEH IpaHTTap ascbiHna: bankam kemi, J[. A. KonaeB aTeiHmarsl YIKeH AnMaThl KaHAIbI,
Cibip ezeHnmepiniH arbiHABICHIH Kaszakcran meH Oprta Asusra Oypy, JKaiieik, Lme, Epric, Ceipmapus
TpaHCIIeKapalblK e3eHAepl koHe KazakcTaHHBIH Cy pecypcTapbl MEH THAPOJOTHSIIBIK CUITaTTaMalapbiH
Oaranay Macesesnepine OarbITTaIFaH.

Coxken Kamamkamnyel — 200-Te KybIK FRUIBIMA €HOSKTEPIiH aBTOPHI, OHBIH FEUIBIMH MEKTe01 Ka3ipri
TaHJa e ilIiHae ae, et enaepae Ae oeaenre ue. On-dapadu ateingarel Kaz¥ Y-HiH METECOPOJIOTHS JKIHE
ruzaposorus kadenpaceiana 40 xxburaaH 6epi OKBITYIIBUIBIK KBI3MET aTKAPHII Kele/di, KONTEreH KyPCThIK,
TUTUIOMIIBIK JKYMBICTapFa, MAarucTpiiik amccepranusuiapra, PhD  gokropaHTTapra JkeTeKOITiK eTe
OTBIPHII, 2 Teorpadus FRUIBIMIAPEIHBIH KaHauaateiH, 1 PhD nokTtop mabramams.

FoutbiMu koHEe menarorukaiblK KeI3METTeri jkeTicTikrepi yiiH «EHOek apnarepi» menanimen, «KP
OimimM Oepy iciHiH y3miri» TecOenriciMeH xoHe on-Dapabu areiHmarsl Kaz¥yY men KP BFM Kypmer
rpaMoTajiapbIMEH MaparaTTaliFaH.

Coken KamaMkamuyiiel — yiKeH eHOSKCYHTIITIK, aTaiabIK, SUIIIK, )KOFapbl MOJICHUET, ChITANbIIBIK
JKOHE ajjamMIapFa JeTeH ePEKIIe ITUIATPIMECH TAaHBUIFaH TYJIFa.

Kypmerri Coken KanamkaanyJibi!

Cizni 90 sxacka TOJIFaH MEPEJIi )KaChIHBI30CH IIBIH KYPEKTEH KYTTHIKTaiMBbI3!

Cisre 30p JieHCaYJIbIK, CAPKBUIMAC MIA0BIT MEH MIBIFAPMAIIBUIBIK TA0bIC, V33K FYMBIP TiNEHMi3!

biz Cizai KazakcTaHHBIH THAPOJIOTHS FHUIBIMBIHBIH JaMyblHa OaFa >XKETHeC KOCKaH YJIECiHi30¢H,
FBUIBIMU 9JICYETI 30P, TAJAHTThI, CHOSKKOP FajIbIM, FBUIBIM KOJIbIHA KOHE OKBITYIIBLIBIK KbI3METKE TEPEH
Oepinren agam pertinze Oinemis!

Coken Kamamkammyer, Ci3miH KaKBIPJIBI SHOCTIHI3MI opinTecTepiHi3, CTyIOeHTTEpiHi3 OeH i30a-
capJjiapbIHBI3 KYPMETTEHIl, Ci3/iH FhUIBIM MEH OLTIM CajachIHAAFbl JKETICTIKTEPIHI3 9pKe3 OarallaHbII,
KeNTereH MapanarrapmMeH mapanattainyaa. Ci3miH eMipiHi3 OeH IIbFapMallbUIbIK KOJNBIHBI3 FHUIBIMFA
KBI3MET eTYIiH Yirici OOoNbI TaOBLUIaIbI, JKeKe OachIHBI3IAFbl FRUIBIME 13€HICTEPTre JeTeH YKBINTHUIBIK,
KapamnalbIMIBUIBIK, afamMaapra JeTeH UITHIAT MeH MEHIpIMOUIIK CHAKTHI KaCHETTEpre TEK THUAPOJIOrTap
FaHa eMec, COHbIMEH KaTap 0acka canajarbl afjamaap J1a KYPMETIICH Kapaiibl.

I32i minexnen —
apinmecmepiyiz, WaKipmmepiyiz
JicoHe PeOaKYUs YIICoIMbl
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IIPABWJIA JJISA ABTOPOB

B xypHane myGIMKYIOTCS CTaThH, IOCBAIICHHBIC POOJIEMHBIM BOIPOCaM Ieorpaduueckoil HayKu M I'e0dKo-
JIOTHH, @ TaK)Ke Hay4Hble COOOLICHUS TEOPETHYECKOTO, METOJMYECKOro, 3KCIEPUMEHTAIBHOIO M HPUKIAJIHOTO
XapakTepa, TeMaTH4ecKre 0030pbl, KPUTHYECKUE CTAThbU U PELEH3MH, B TOM YKCJIE B BUJE IMMCEM B peIaKinio, Onuo-
nrorpaduuecKre CBOJKH, XPOHUKA HAYYHOH KM3HU. TEKCTHI cTaTel U IPYTuX MaTepHalioB MOTYT HPEI0CTaBIISTHCS
Ha Ka3aXxCKOM, PYCCKOM WJIM AaHIJIMMCKOM S3bIKaX. Penakumsi NpUHUMaeT Marepuaibl B JIEKTPOHHOM BHIE,
HaOpaHHbBIE B TEKCTOBOM penaktope Microsoft Word, B compoBoxieHHN HASHTHYHOH OymaxkHOW Bepcuu. [loms:
BepxHee U HIkHee — 2,4 cM, npaBoe u eBoe — 2,2 cM. Tekcr (mpudt «Times New Roman») naercst B 0JiHy KOJIOHKY
gepe3 MEXCTpouHbI wHTepBan 1,0 W A HEro ycTaHaBIMBaeTCs aBTOMAaTHYecKwid mepeHoc. CTpaHHUIIBI
HyMepyloTcs. Matepuan cTaTtbM (TEKCT, BKIIOYas AaHHOTAIMM Ha Ka3aXCKOM, PYCCKOM M aHTJIMHCKOM S3BIKaX,
PUCYHKH, TaOJHUIBI, COHCOK JUTEPaTypsl) odopmisiercs omauM daitmoMm. OO0BeM CTaThi CO BCEMH CTPYKTYPHBIMH
aneMeHTaMu He noipkeH npesbimath 50 000 3HakoB ¢ mpobenamu (1o 12 crp.), npyrux marepuanoB — 20 000 3HaK0B
¢ mpob6enamu (110 4 cTp.).

Pykonucu crareii odopmisitorest cienyroumm obpaszom: 1) VK (BblpaBHMBaHHE TEKCTa «IEBBI Kpaib»,
kerib 10); 2) uepe3 oAMH MHTEPBAJI MHULMAIBI 1 (PaMHIMK BCEX aBTOPOB Yepe3 3aIsTyI0 (BBIPABHUBAHUE TEKCTA K10
LEHTPY», HAUePTaHUE «IIOJIY)KHPHBII», PETHCTP «HAYMHATh C MPONHCHBIX», Kerjib 11; eciin aBTOPOB HECKOJIBKO,
nocse GpaMIINK KaKA0TO yKa3bIBae€TCs HaJCTPOUHBIM MHJIICKCOM MOPSIKOBEIM HOMep apabckoi nndpoii); 3) uepes
OJIMH MHTEPBAJ — YYCHOE 3BaHHE W CTEIEeHb aBTOPA, JOJDKHOCTh, B CKOOKaX — IOJIHOE Ha3BaHWE OPraHM3alluu, B
KOTOpOH OH paboTaeT, Topoi, cTpaHa (BBIpaBHMBAaHHE TEKCTa «I0 LIEHTPY», Kerib 10; eciu aBTOpPOB HECKOJIBKO,
CBEIICHHS JAIOTCS O KayKAOM M3 HUX OTAEJIBHOHN CTPOKOH Yepe3 OJMHAPHBIN HHTEPBAJ, 8 HAYMHACTCS KaXKaasi CTpoKa
C HAJCTPOYHOTO WHJAEKCa MOPSAKOBOTO HOMepa mocie (aMITui aBTopa); 4) depe3 OAWH WHTEPBAJI — Ha3BaHUE
cTatel 0e3 mepeHoca (BBIDABHUBAHWE TEKCTA «IIO LEHTPY», HAUepTaHHE «IIOMYXHUPHBIH», PETucTp «Bce
MIPOIIHUCHBIE», KeTib 14); 5) uepe3 oauH WHTEpBal — aHHOTanws U3 5—10 npemnoxennii, oobemoM 10 1200 3HaKOB ¢
npobenamu (HauymHATH ab3am CcrleayrommM o0pa3oM: «AHHOTAIWL. ... (Ka3. 53.)», «AHHOTamws. ... (pyc. f3.)»,
«Abstract. ... (aHIJI. 53.)») Ha TOM f3bIKe, Ha KOTOPOM HAIMCaH OCHOBHOW TeKCT pykomucu (ad3am «0,75 cmy,
BBIPABHUBAHUE TEKCTA «II0 IIUPUHE», PETHCTP «BCE CTPOUHBIEY, Kerib 10); 6) uepe3 ouH MHTEpBaN 5—7 KIIIOYEBBIX
cnoB (HauuHaTh ab3ar ciexyronmm obpasom: «Tyiin cesmep: ..», «Keywords: ...», «KiodeBbie cioBa: ...»),
COPTUPOBAHHBIX NO anaBHUTy, HA TOM S3bIKE, HA KOTOPOM HaIlMCaH OCHOBHOH TeKCT pykomnucu (ad3an «0,75 cmy»,
BBIPABHUBAHUE TEKCTA «II0 IIHPHHE», PETUCTP «BCE CTPOUYHBIE», Kerib 10).

OCHOBHOW TeKCT pa3OMBaeTCs Ha CTPYKTYpHBIE 3JIEMEHTHI: BBEJCHHE, MOCTAHOBKA MPOOJIEMBI, METOANKa
UCCIIEJOBAaHUH, MICTOYHUKH JIaHHBIX, PE3YJIbTaThl HCCIIE0BAHMH, 00CY)KIEHUE PE3YIIbTaToB, 3aKII0UeHNE (BBIBODI),
WCTOYHHMK (PMHAHCHUPOBAHUS HCCIIEAOBAaHUM (NP HEOOXOAMMOCTH), CIHCOK JWTeparypsl. Ilepen crmuckom smte-
paTypsl MOXKET MOMEIIAThCsl OJIaroJapHOCTh JIMIIAM W OpPraHU3alUsM, OKa3aBIIMM ITIOMOIIb B HAIMCAaHWU CTATBH.
HeobmenpuasaTeie ab0peBHaTyphl HODKHBI pacIIn(pOBBIBATHCS B TEKCTE IPU IEPBOM YIOMHHAHWH. [lapameTrpsl
Tekcrta: ab3ail «0,75 cM», BRIpaBHUBAHUE «II0 IIUPUHEY, PETUCTP «KaK B MPEIOKEHUIX», KETIh 11.

ITox 3aronoBkom «JIMTEPATYPA» mpHBOIWTCS CHHCOK MCTOYHHKOB, Ha KOTOPHIE €CTh CCHUIKM B TEKCTE.
Jluteparypa mNpPUBOAMTCSA CHAYaja Ha sA3bIKE OpPUIHMHANA, 3aTeM IyOnupyeTcs Ha aHIJIMHCKOM  sI3BIKE
«REFERENCES» (a63au «0,75 cM», BBIpaBHUBaHUE «I10 LIMPHHE», PETUCTP «KaK B MPEITIOKEHHUIX», Kerib 9). B
TEKCTE CCHUIKM Ha HOMeEpa CIHCKA JAal0TCsl B KBaJPaTHBIX CKOOKax. 3amuch Kaxaoil ondarorpaduueckoil CChUIKU B
CHHCKE HauuMHaeTcs C ee mnopsakosoro Homepa B Tekcre: «[1]IlerpoBa C.H. Hayuno-uccnenoBaTenbckas
JIeSITENIBHOCTS ...»). Crcok surepatypbl opopmisercs o 'OCT 7.1-2003 u TmiatensHO BBIBEPSETCS aBTOPOM.
Tpancnurepanus He nomyckaercs!

Hanee cnemyer pestome. s craThu, MPeNOCTABICHHON Ha KA3AXCKOM A3blKe, TPEOYIOTCS PYCCKHHA W aHT-
JIMACKUN NEPEBOJIBL; HA PYCCKOM S13blKe — KA3aXCKUN U aHTJIMUCKUI IEPEBOAbL; HA AH2IUUCKOM A3blIKe — Ka3aXCKUH U
pycckuii mepeBoabl. s aBTOpOB W3 3apyOexbsi pe3loMe Ha Ka3axCKHH SI3BIK IEPEBOAWTCS B PEAAKLIUH B
COOTBETCTBUH C NPEIOCTABICHHBIM Ha PYCCKOM M aHTIMHCKOM si3blkaX. CTpyKTypa OBYS3BIYHBIX pE3IOME: WHH-
Uyl ¥ (paMHUINKM BceX aBTOPOB 4Yepes 3arsTyro (1ociie haMIIuy KaKIO0To YKa3bIBaeTCsl HaICTPOYHBIM HHAEKCOM
MOPSAKOBBIM HOMEp apaOckod Imdpoii); ydeHoe 3BaHHE W CTENEHb aBTOpa, JAOJDKHOCTh, B CKOOKaxX — IOJHOE
Ha3BaHWE OpTaHM3allM, B KOTOPOH OH paloraer, ropon, cTpaHa (€CiIM aBTOPOB HECKOJBbKO, CBEIEHHMS IAOTCS
OTJEJbHOW CTPOKOHM uepe3 OJMHApHBI HMHTEpBaJ, a HAYMHAETCS KaXK/las CTPOKAa C HAJCTPOYHOIO HHIEKCa
MOPSIIKOBOTO HOMepa Tmocie (amMuinu aBTopa); Ha3BaHWE CTaTbW; AHHOTAMs, IPUBEICHHAs B Hayaie
cTathbM (HayMHATH ab3all CieAyrmMM o0pa3oM: «AHHOTAaUus. ... (Ka3. s13.)», «AHHOTamus. ... (pyc. 3.)»,
«Abstract. ... (aHTIJI. 513.)»; KIIFOYEBBIE CIIOBA, IPUBEICHHBIE B HaYaJle CTaThH (HAYMHATH a03all CJIeTyIONIM 00pa3oM:
«TyiiiH ce3nep: ...», «Keywords: ...», «KitoueBsie coBa: ...»).
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Tabnuuer HabupatotTcs B popmare Microsoft Word (re Microsoft Excel), kerms 9. B cTatbe qaroTest cChUIKY Ha
Bce Tabiuibl. Pacnionarats ux ciemyer cpa3y nociie YHOMHHAHMS B TEKCTE WIM Ha clienyroniel crpanune. Hazpanue
TaOJIMIBI TOJDKHO OTpaXkaTh ee cojiepKaHue, ObITh TOYHBIM, KpaTkuM. Hanpumep, «Tabmuna 1 — Cpennuii MHOTO-
neTHU# pacxon p. JKaibIk, M/c». PasMmemars ero cienyeT Han Tabnuiei, 6e3 ab3amHOro oTcTyma (BRIpaBHUBAHHE
TEKCTa «I0 LEHTPY», Kerib 9). He pomyckaercs mepeHoc 4acTv TabJMIbl HAa CICAYIOUIYyI CTpaHuily. bosbiiue
TaOJIMIBI JTOMYCKAEeTCsl pa3Melath Ha BCIO CTPAHUIy C OpHEHTaluen «aipOoMmHas». Tabnuipl U rpadbl B HUX
JIOJDKHBI MMETh 3arojIOBKH, COKpAILEHHsl CIIOB He Jomyckatorcs. [ToBTOpsOLIMICS B pa3HBIX CTPOKax Tpadsl
TaOJIMIBI TEKCT U3 OJTHOTO CJIOBA TOCIE EPBOTO HAIIMCAHMUS JOIMYCTUMO 3aMEHSTh KaBblukaMu. Eciin OH cOCTOUT U3
JIBYX U OoJiee CJIOB, TO IPU NEPBOM MMOBTOPEHUH €r0 3aMEHSIOT CJIOBAMH «TO XKe», a naiee — kaBblukamu. CTaBUTh
KaBbIYKHM BMCCTO TOBTOPAIOLIUXCA I_ll/I(i)p, MapoOK, 3HAKOB, MaTC¢MaTUYCCKUX W XHUMHUYECKHUX CHMBOJIOB HC
nonyckaercsi. Eciu nanHble B KakoH-T00 CTpoKe TaOIHIbl HE IIPUBOST, TO B HEH CTaBAT ITPOUEPK.

PucyHky nOIKHBI OBITH BBIITOJHEHB! B XOPOIIEM KayecTBe, a UX 00lIee KOJIMYECTBO He PEBBIIATh 5. PucyHkn
pacriojaraloT HENOCPEICTBEHHO IIOCIe TEKCTa, B KOTOPOM OHM YIIOMHHAIOTCSl BIEPBBIE, WIM Ha Clexyronien
cTpanuie. Bece HaanmucH Ha pUCyHKaX JIOJDKHBI XOPOLIO YATATHCS; 110 BOSMOXKHOCTH UX CJIEAYET 3aMEHSTh OyKBaMu
win uudpamu, a HeOOXOJAUMBIE MOSCHEHHsI 1aBaTh B TEKCTE WM B MOAPHCYHOUYHBIX MOANKCAX. B moapucyHouHON
MOJIICH HEOOXOAWMO YETKO OTHENUTH (HOBas CTPOKA) COOCTBEHHO Ha3BaHWE PHUCYHKAa OT OOBACHEHHH K HEMY
(axcmmmkanms). [logpucyHOYHBIE TOANHCH JOJDKHBI COOTBETCTBOBATH TEKCTY (HO HE TIOBTOPSTH €r0) |
n3obpaxenmsiM. Hampumep, «PucyHok 1 — Kapra mmotHocTn HacenmeHust B Oacceiine p. JKaifpik, den. Ha 1 kM
(BBIpaBHMBaHHE TEKCTA IO LIEHTPY», Kerib 9). DoTtorpaduu nomkHbl ObITh YeTkuMH, 6e3 nedekroB. Bee pucyHku
TaK)Ke MPEAOCTABIIOT OTACIbHBIMU (haillaMu: A1 pacTpoBeIx m3o0paxkenuit — B popmare JPEG/TIFF/PSD, mus
BeKTOpHBIX — B coBMmecTMMOM ¢ Corel Draw nnn Adobe Illustrator. Pa3spemenne pacTpoBbiX H300pakeHHH B
orreHkax ceporo 1 RGB userax nomxno 0b1Th 300 dpi, uépHo-6enbix — 600 dpi. PekomenayeMbie pa3mepsl: IHUpHHA
— 85, 120-170 MM, BbicoTa — He Oonee 230 mm. Ilpu HeoOXomumocTH (aitibl MOTryT OBITH 3aapXWBHPOBAHBI,
NpeAroYTUTENLHO B opmaTax ZIP mmm ARJ.

Maremaruueckre 0603HaueHus U GopMyIbl HyKHO HaOuparb B Microsoft equation u pa3meriaTsh B TEKCTE Ha
OTJIETBHBIX CTPOKaX, HyMepys TOJNBKO Te, Ha KOTOpbIE €CThb CCHUIKM B TeKcTe. Pycckue u rpedeckue OYKBHI B
dbopMmysnax W cCTaThsiX, a TaK)Ke MATEMAaTUYECKHE CHMBOJBI M XHUMUYECKHE DIIEMEHTHI HAOMPAIOTCS MPSIMBIM
mpupTOM, JTATUHCKUE OYKBBI — KYPCHBOM.

K craTpe cienyer mpuiiokuTh: 1) COMPOBOANTENHFHOE MICEMO; 2) peleH3uio Ha 1 cTp.; 3) 3KCIepTHOE 3aKITo-
4yeHHe 00 OTCYTCTBHU CEKPETHBIX CBEJCHUI B MyOJIMKAIMH, BbIIAHHOE OpraHKU3aliei, B KOTOPOH BhINOJIHEHa paboTa
(B 0cOOBIX CITydasix BO3MOYKHO COCTABJICHHE B PEJAKIIMU MOCIIE BHYTPEHHErO PELEH3UPOBAHUS); I HEPE3UACHTOB
Pecniyonukn Kaszaxcran skcnepTHOe 3akiroueHue He TpeOyercs; 4) KpaTkoe 3akiroucHue JabopaTopuu (Kadeapsl,
oTJena W JIp.), IJIe BBIOJHEHA NpeJCTaBlIeHHas K NyOiukanuu pabora; 5) cBepeHus o Kaxiaom aBrope: OO
(MOJTHOCTBI0), yYEHBIE CTENEHb U 3BaHKE, JIOJDKHOCTh U MECTO paboThl, KOHTakTHbIe E-mail, Tenedonsl, daxc.

CraanHble B pelakIMI0 MaTepHaibl aBTopaM He Bo3BpamaloTcs. He cooTBeTcTByroIIEe TpeOOBaHUAM CTaThU HE
paccmarpuBatotcsi. Eciti craThst OTKIIOHEHA, pelakiisi COXpaHsIeT 3a co00ii MpaBo He BECTH AUCKYCCHIO 110 MOTHBaM
OTKJIOHEHHSI.

Bce marepuanbl mpoXo/sIT BHYTPEHHEE U BHEILIHEE PElCH3UpOBaHue. Pefakius mpocut aBTOpOB OTMEYATh BCE
W3MCHEHHS, BHECEHHBIC B CTATHIO MOCJIC UCIPABICHUS WK JOPAOOTKH TEKCTA 110 3aMEUaHUsAM PELEH3eHTa (HaMpH-
Mmep, userom). IIpu pabore Hax PYKOMHCBHIO PENAaKIMs BIPAaBE €€ COKpaTHTh. B ciiydae mepepabOoTKH CTaThbH 10
npock0e PEeAaKIUOHHOM KOJUIETMH IKypHAJIa [aToil IOCTYIUICHUSl CUMTAeTCS JaTa MOJyYeHHs peAakiuen
OKOHYATEJIbHOI'O BApHaHTa. 3a JIOCTOBEPHOCTh MPHUBEJEHHBIX B CTAThe HAYYHBIX (DAKTOB MOJHYI OTBETCTBEHHOCTh
HEeceT aBTOp (aBTOPHI B paBHOM Mepe, €CITi MX HECKOJIBKO).

Anpec penakuum :;kypHaJja «['eorpausi u BogHble pecypchbi»:
Pecnyonuka Kazaxcran, 050000, r. Anmatsl, np. Cetidysuinna, 458/1,
AO «MHCcTHTYT reorpaduu 1 BoAHOW O€3011aCHOCTH.

Ten.: +7(727)279-21-13.

E-mail: journal.ingeo@gmail.com

Caiir: https://ojs.ingeo.kz
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FuuabIMu sKapUsiIaHBIMAAPIBIH 3THKACHI

«['eorpaust MeH cy pecypcTapbl» KYpHAIBIHBIH pPENaKIMSUIBIK AJIKAChl XaJbIKApajblK KOFaMIACTBIK Ka-
ObUIaFaH JKapusylay STHKACBIHBIH KaFMJaTTapblH YCTaHAIbl, COHIaK-aKk Oenensl XaJbIKapalblK >KypHajlap MeH
OacranapabIH KYHIbI TOKIPHOECIH ecKepe/.

bacma KbI3METIHJET] JKOCBIKCHI3 TOXKIpHOEHI OoyIbpIpMay MakcaThblHa (IUIardar, jKaJiFaH akKnaparThl YChIHY
JKOHE T6) JKOHC FbUIBIMH KapUsAJIaHbBIMAAPAbIH KOFapbl cCallaCblH KaMTaMacCbl3 €Ty, aBTOP/JbIH aJiFaH FbIJIbIMU
HOTW)KEJEPIH KYPTIIBUIBIKIIEH TaHBICTBIPY MaKCaThIHAA PEIAaKIMSUIBIK KEHECTiH opOip Mylleci, aBTOp, pEleH3eHT,
coHpaii-ak Oacria OGapbICHIHAA KATBICATHIH MEKEMeNep 3THKAJIbIK CTaHIAapTTap/bl, HOpManap MEH epexesiepl Cak-
TayFfa XOHE OJapAbIH OY3BUTYBIH OOJIBIpMay YIIiH OapiblK ic-mmapamapisl KaObuimayra MiHAeTTi. OCBI mporecke
KaTBICYIIBIIAPABIH OapIIBIFbIHBIH FBUIBIMH JKapUsUIaHBIM 3THKAChl epeXKeJepiH CaKTay aBTOPJIAPABIH 3USATKEPIiK
MEHIIIK KYKBIKTapbIH KaMTaMachl3 e€Tyre, OachUIBIM CalachlH apTTBHIPYFa JKOHE aBTODPJIBIK aKIapaTTaplbl, JKeKe
TYJIFAap/bIH MYJIECT YIIIH 3aHChI3 MaijaaHy MYMKIHAITTH OOJIbIpMayFa bIKIAJ eTe/Ii.

Pepakuusira Keinin TyCKeH OapiiblK FhUIBIMH Makajajap MIiHIETTI TypAe €Ki akKThl moiynan eteni. XKyphan
penaKkiusCchl MaKajaHblH JKypHaji OeifiHiHe, peciMliey TajanTapblHa COMKECTIriH Oenriiel/i jkoHe KOJDKa30aHbIH
FBUIBIMH KYHJBUIBIFBIH aWKBIHIANUTHIH KOHE MaKalla TaKbIPhIObIHA HEFYPJIBIM JKAKbIH FHUIBIMA MaMaHIaHIbIPYJIaphl
0ap eki TayeJci3 PeeH3eHT — MaMaHAap bl TaFaibIHIANTIH JKYPHAIIBIH KayallThl XaTHIBICBIHBIH OipiHIII KapayblHa
xi0epeni. Makananap/ibl peleH3usIIay/Ibl pellakIMsIIbIK KEHEC KaHe PeJaKIUsUIbIK aJIKa MyIlelepi, CoOHaai-ak 6acka
eNJep/liH IIAaKbIPBUIFAH PELEH3EHTTEpl JKy3ere acelpaipl. Makajara capanrama >Kyprizy yumiH Oein-rim 6ip
peueH3eHTTI TaHiay Typaibl memimal bac pemakrop kaObuimaiinel. Penensusiiay mepsimi 2-4 anTaHbsl Kypanmbl,
Oipax pereH3eHTTiH OTiHilI OOMBIHIIA 01 Y3apThUTYbl MYMKIiH.

Penakuunsi MeH peleH3eHT Kapayfa jKiOepiireH jkapusiaHOaFaH MaTepHAAApAbIH KYIHSUIBUIBIFBIH CaKTayFa
kemnik Oepeni. XKapusimay Typaibl MIEHTMII KypHAIIBIH PENAKIUUIBIK alKachl peleH3nsUIaylaH KeiiH KaObul-
nmaiiner. Kaxxer OonraH jkarmaiina Koimkaz0a aBTOpiIapra peleH3eHTTep MEH PeqakTopiIapablH eCKepTyiepi OOMbIHIIA
KeHIeyre kibepineni, colaH KeiliH on Kaiita peueH3usuiaHaubl. Penakuumsi dTHKa epexeliepiH Oy3raH jkaraaiina
MaKaJaHbl KapuslayfaH Oac TapTyra KykbUlbl. Erep akmapaTTsl IUiaruar Jell caHayFa >KeTKUIIKTI Heri3 0Ooica,
KayanThl peIakTop JKapusyIayFa Kol oepmeyi Kepek.

ABTOpJIap penakiysra YChIHbUIFAH MaTepualiap/blH JKaHa, OYpbIH )KapusiiaHOaraH KoHE TYITHYCKa eKeHIrHe
Kenuiaik Oepesi. ABTOpiap FHUIBIMU HOTHIKEIICP/IH CEHIMIUTINT MEH MaHBI3bUIBIFbIHA, COHIAM-aK FBUIBIMH JTHKA
KaruJaTTapblH caKTayFa, aTall aiTKaH/a, FEUIBIMHE ATHKaHbI Oy3y (akTijepine >koi 6epmeyre (FBUIBIMU JIepeKTepIi
TYKBIPBIMIAY, 3€pTTEy JepeKTepiH Oypmainayra oKeleTiH Oypmainay, Iulardar jXKoHe JKajFaH TeH aBTOPJIBIK, Kaii-
Tayay, 6acka ajamMIapAbIH HOTIDKENIEPiH HEMJICHY XKoHE T. 0.) sKayanThl O0Ja bl

MaxanaHsl pefaknusFa kidepy aBTOpIapAbIH MakalaHbl (TYITHYCKalZa HeMece 0acka Tilmepre Hemece Oacka
TiJepre aymapbuiraH) 0acka skypHaFa(KypHaimapra) OepMereHiH xoHe Oy1 MaTtepuan OYpBIH JKapHsIaHOaFaHBIH
Oimmipeni. OifTmece, Makajia aBTOpJIApFa ABTOPIBIK KYKBIKTHI OY3FaHBI VINIH MaKaJaHbl KaObUImamay Typaibl
YCHIHBICIICH JAepey KaWTapblianbl. backa aBTop >kyMbICHIHBIH 10 MaibI3bIHAH acTaMbIH OHBIH ABTOPJIBIFBIH JKOHE
JlepeKKesre ciiteMeci3 ce30e-ce3 Kelripyre jxon Oeplimeiii. AJbIHFAaH KOpIiHICTEp HeMece MolliMaeMesiep aBTop
MeH OacTamnKsl Ke3/1i MiHIETTI TypAe KepceTe OTHIPHIIN jkacarysl kepek. [llamanaH ThIC KeIipy, COHIai-aK Ke3-Kel-
T'CH HBICAHJIAFbI [UIATMAT, OHBIH IIIIHIE PACIMICIIMETeH TOHEKCO3Iep, 63repTy HeMece 0acka ajgaMaIapablH 3epTTey-
JICPIHIH HOTHXEJIepiHe KYKBIKTap MEMJICHY J3THUKAJIBIK €MEC JKOHE KoJaichi3. 3epTrey OaphiChiHA KaHIai na Oip
TYpZie ocep eTKeH OapiblK ajamaapiblH YJIeciH MOWbIHIAY Ka)KeT, aTall aWTKaHAa, Makajana 3epTTey XKyprisy
Ke3iH/1e MaHBI3/IbI OOJIFaH )KyMbICTapFa CliITeMeliep YChIHBUTYBI KepeK. Kocaaksl aBTopiiapAbIH apachlHa 3epTTey- Ie
KaTbICTIaFaH aJaMIapibsl KepceTy OoIMaibl.

Erep xymbIcTa Kate TalOblIca, peakTOpra Te3 apaja xabapiay Kepek >KoHe Oipre Ty3eTy Typasbl MIenliM
KaOBUIIay KEepek.

Komxkaz6ans! xxapusiiayaaH 6ac TapTy Typabl MISIIiM PeleH3eHTTEP IiH YCHHBIMIAPhIHA COMKEC PelaKIIUsITBIK
aJIKa OTBIPBICBHIHIA KaObUIIaHAABl. PelakuusuiblK aKaHbIH LICIIIMIMEH JKapHsulayFa YCHIHBUIMaraH Makajla Kaira
Kapayra KaObuiaHOaitnel. XKapusnaynan Oac tapry Typasibl xabapiaMa aBTOpFa 3JEKTPOHIBIK IOINTA apKbLIbI
Kibepimemi.

Pemakumsanblk anka MakalaHbl JKapusulayFa kiOepy Typassl memiM KaOblIgaraHHaH KeHiH penakius Oy
Typalibl aBTOpFa xabapaii/ibl )KoHE )Kapusiiay Mep3iMiH KepceTei.
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ITHKA HAYYHBIX My auKanmii

Penakunonnas xoserus xypHana «['eorpadust u BOIHBIC pecypchDy NPHUACPKUBACTCS NMPUHATBHIX MEXKIY-
HapOAHBIM COOOLIECTBOM NPHHIMIIOB ITyOJUKAMOHHON 3THKH, a TAKXKE YYHTHIBAET LICHHBIA ONBIT aBTOPUTETHBIX
MEXIyHapOIHBIX KYPHAJIOB U U3/1ATEIbCTB.

Bo wusbexxanme HenOOpPOCOBECTHON NPAKTUKM B IyOIMKAIMOHHOW IEATENbHOCTH (IUIaruatr, HM3JI0KEHHe
HEJIOCTOBEPHBIX CBEJCHHUW W JIp.) M B LEJISIX OOecrevyeHHs BBICOKOTO KauecTBa HAay4YHbBIX MyOJMKaluWii, MpU3HAHUS
OOIIIECTBEHHOCTBIO MOJYYEHHBIX aBTOPOM HAay4HbBIX PE3YJIbTATOB KaXKABIA WIEH PEIaKLMOHHOTO COBETa, aBToOp,
PELIEH3EHT, a TaKKe YYPEeXKJCHUs, YIaCTBYIOIINE B M3JATEILCKOM Ipoliecce, 00s13aHbl COONII0AATh AITHYECKUE CTaH-
JIapThl, HOPMBI M NpaBWJIa U NPUHUMATH BCE MEPBI JJISl MPEAOTBpaleHus] ux HapymeHud. CoOnrofeHne npaBuil
STHKW Hay4YHBIX IyOJIMKanuii BCeMH YY9aCTHHKaMU 3TOTO IMpOIecca CIOCOOCTBYET 0OECIeYeHHIO MpaB aBTOPOB Ha
MHTEJJIEKTYalbHYI0 COOCTBEHHOCTb, MOBBIIICHNIO Ka4eCTBA M3/aHHUS M MCKIIOUEHHIO BO3MOXXHOCTH HENpaBoOMeEp-
HOT'O UCIIOJIE30BAHMS aBTOPCKHUX MAaTEPHAIIOB B MHTEPECaX OTIEIBHBIX JIHLI.

Bce HayuHBIE CTaTBH, IMOCTYNAIOIIME B PSIAKLHIO, HOMIEKAT 00A3aTEILHOMY IBOHHOMY CIICIIOMY PELICH3HU-
poBanmuto. Pemakmus XKypHama (OTBETCTBEHHBIN cekperaph JKypHalla) yCTaHaBIHBaeT COOTBETCTBHE CTATHH IIPO-
¢uro XKypHana, TpeOoBaHHAM K O()OPMIICHHIO M HAlpaBisieT €e Ha [IepBOe PACCMOTPEHHUE, ONpenesieT HayuyHyIo
LIEHHOCTb PYKOIIMCH ¥ Ha3HayaeT JBYX HE3aBHCHMBIX PEIIEH3EHTOB — CIICNUAINCTOB, MIMEIOIINX Hanboee OIM3Kue K
TeMe CTaThbH Hay4HbIE CHeUaNIn3aluy. PereH3upoBanue cTaTeil OCylIecTBIAeTCS WICHAMU PelaKIHOHHON KoJute-
TMH, 8 TaK)Ke MMPUTJIALICHHBIME PELEH3eHTaMU M3 JPYrHX cTpaH. Pemienne o BHIOOpE TOrO MM MHOTO pELEH3eHTa
JUIS. TIPOBENIEHHsI IKCIEePTHU3bl CTaThH NMPUHUMAET INIaBHBIA pemakTop. Cpok pereH3UpOBaHUs COCTaBisieT 2-4 He-
JIeITH, HO 110 POChOe PeIieH3eHTa OH MOXKET OBITh MPOJIJICH.

Pemakuust n penieH3eHT rapaHTUPYIOT COXpaHeHHWEe KOH(HUIAEHIMAIEHOCTH HE OITyOJIMKOBAaHHBIX MaTEepHAaJIOB.
Pemenne o myOnukanmy NpuHUMAETCsl peIakIMOHHOM Koyuterneit JXXypHana nocne peneHsupoBanus. B ciyuae He-
00XOAMMOCTH PYKOIIUCh HANPaBISIeTCs aBTOpaM Ha JOpabOTKy MO 3aMEYaHHsIM PELEH3CHTOB U PENaKTOPOB, 3aTeM
OHa MOBTOPHO peleH3upyeTcs. Pemakius ocTaBisieT 3a co0OH NMpaBO OTKIOHUTH IYOJIMKALUIO CTATBH B Clydae
HapyIIEeHUs MpaBuiI 3THKA. OTBETCTBEHHBIH pENakTOp HE JOJDKEH NOIYCKaTb K IyONHKauu WH(OPMALUIO, eCIH
MMEETCs JOCTATOYHO OCHOBAHMH I10J1araTh, YTO OHA SBJISETCS IUIATHATOM.

ABTOpBI FapaHTUPYIOT, YTO NPEACTABICHHBIE B PEIAKLMIO MaTepHalbl SBIIOTCS HOBBIMH, paHee He OIyOiHu-
KOBaHHBIMHM U OPUTHHANBHBIMUA. OHHM HECYT OTBETCTBEHHOCTH 3a JOCTOBEPHOCTH M 3HAYUMOCTb HAYYHBIX Pe3yJlb-
TaTOB, & TAKXKE COOJIOJICHNE NPUHLIUIIOB HAYYHOU STHKH, B YACTHOCTH HEJOIylIeHHe (akTOB HapyILEeHUs] HAy4HOU
oTuKH ((aOpuKalus HAyYHBIX NaHHBIX, (albCUPHUKAIMS, BEAylas K HCKaXKCHUIO HCCICIOBATEIbCKUX AHHBIX,
IUIarMaT U JIO)KHOE COaBTOPCTBO, AyOIMpPOBaHUE, IPUCBOCHUE YY)KUX PE3yIbTATOB H JIp.).

Hanpasnsist craTpio B peakIuio, aBTOPHI HOATBEPXKIAIOT, YTO JIaHHAs CTAaThs He OblIa paHee OITyOJIMKOBaHa U
He TepeaBajiach B APYroi >xypHai(bl) Kak B OpUTHHAJIE, TaK U B IIEPEBOJIE Ha JPYTHE SI3BIKU WM C IPYTHX S3BIKOB.
B mporuBHOM ciydae craThsi HEMEUICHHO BO3BpAlaeTCsi aBTOpaM C PEKOMEHAAIMel OTKJIOHUTH CTaThblo 3a
HapylleHHe aBTOPCKHUX IpaB. He momyckaercs NOCIOBHOE IUTHPOBaHHE PabOTHl APYroro aBTopa 0e3 yKa3aHHs ero
ABTOPCTBA U CCBUIOK Ha MCTOYHHK. 3aMMCTBOBaHHBIE (PparMEeHTHI WM YTBEPKICHHS JOJDKHBI OBITH O(OPMIICHBI C
00s13aTeNIbHBIM yKa3aHUEM aBTOpa W MEPBOMCTOYHHKA. Upe3MepHble 3aMMCTBOBAHMS, a TAaKXKe IUIATHAT B JIOOBIX
¢dopmax, BKIIOYas HeO(pOpPMIICHHbIE LIUTATHI, IepedpasupoBaHue, EPEBOA WM IPHCBOCHUE NPAB HAa PE3yJIbTAThI
Yy)KMX HCCICJOBAHUM, HEATUYHBI W HenpuemyieMbl. HeoOXoaMMmo mpu3HaBaTh BKJAJ BCEX JIMI, TaK WM HHaye
IIOBJIMABIIMX Ha XOJ HCCIICIOBAaHU. B YaCTHOCTH, B CTATbC JOJI’)KHBI OBITh MMPCACTAaBJICHBI CCBIJIKM Ha pa6OTI)I,
KOTOPBIC MMEJIU 3HAYCHUC TPU MPOBCACHHUU HCCIICIOBAHUA. Cpeﬂn COaBTOPOB HEAOITYCTUMO YKa3bIBaThb JIMI], HEC
y4acTBOBABLIMX B HccienoBaHuu. Eciin oOHapyxeHa ommoka B paboTe mocie mojiaun CTaThH, HEOOXO0IMMO CPOYHO
YBEJIOMHUTD PEAAKTOPa M BMECTE NMPHUHSATh PElleHne 00 UCTIPaBICHHUH.

Pemenne 06 oTkase B myOIMKaMK PYKOIMCH ITPUHUMAETCS PEIaKIIMOHHON KOJUIETHEH B COOTBETCTBHU C PEKO-
MEHJauusIMH peneH3eHToB. CTaThs, HE PEKOMEH/JIOBaHHAs PEIICHHEM PEAaKIMOHHOM KOJUIETHM K ITyOJIMKaluy, K
MOBTOPHOMY pPaccMOTpeHHUIo0 He mpuHuUMaercs. CoolmeHne o0 OTKaze B IyOJNHKAIlMHM HAIMpPaBISAETCS aBTOPY II0
3JIEKTPOHHOU NOYTE.

[ocne npunsaTus peakouierueil XypHaia peleHus o TONycKe CTaTbU K ITyONHUKAaIMU peJakuus HHHOPMUPYET
00 3TOM aBTOpa M yKa3bIBAET CPOKH ITyOIUKAIIHH.
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