REVIEW

From a foreign scientific consultant on the thesis by Dinara Barmakova, entitled
“Hydrogeological and Ameliorative Processes Management on Irrigated Lands of Almaty
Region on the Basis of Geoinformation-Analytical System,” submitted in partial fulfillment of
the requirements for the degree of Doctor of Philosophy (PhD).

Irrigated agriculture has traditionally played a key role in the socioeconomic development of
the Republic of Kazakhstan, ensuring the sustainability of the agricultural sector and the country’s
food security. Since a significant portion of the country’s territory is located in an arid zone,

* . -irrigation is essential for sustainable and efficient agricultural production. In today’s environment,

the sector is increasingly affected by climate change, water shortages and hydrological instability,
as well as deteriorating irrigation infrastructure. As far as | understand, the government is currently
taking measures to implement water-saving technologies and diversify cropland.

Against this backdrop, significant transformations in hydrogeological and soil reclamation
processes are being observed, especially during periods of low water availability. Irrigated lands in
southeastern Kazakhstan are characterized by declining groundwater levels, changes in long-term
leaching patterns, and alterations in the water-salt balance, which require scientifically grounded
and systematic management of reclamation processes. Therefore, studying hydrogeological and
reclamation conditions and the patterns of their change is highly relevant. The object of the study is
the irrigated lands of southeastern Kazakhstan. The subject of the study is the hydrogeological and
reclamation processes occurring on irrigated lands.

In this thesis, the author applied a set of interrelated methods to provide a comprehensive
study of hydrogeological and reclamation processes in irrigated areas of southeastern Kazakhstan.
The study includes a systematic analysis of source data covering long-term observations of
groundwater levels, salinity of drainage and irrigation waters, soil salinity indicators, and irrigation
regimes. A comparative analysis of data from different years and irrigated areas was conducted,
revealing the dynamics of these changes and identifying differences in land conditions under
different water-use conditions. The study summarizes theoretical principles and the results of field
and laboratory investigations, including soil survey data, hydrogeological measurements, and agro-
reclamation observations. Based on the results of long-term hydrogeological observations, several
stages in the formation of the long-term groundwater regime characteristic of rice irrigation systems
in the region were identified.

Based on the accepted classification of groundwater regime types, a map of regime types
was compiled for the Karatal River Delta, which is also applicable to large irrigation systems located
in the deltaic parts of river basins. Particular attention was paid to assessing water-salt regime
indicators—groundwater depth, the degree and type of soil salinity, and the direction and intensity
of salt transfer in the Karatal irrigation area. An assessment was also carried out of hydrogeological
and meliorative processes and their development patterns, including the influence of irrigation
regimes, the technical condition of the irrigation network, and natural and climatic factors on the
formation of the water and salt balance in irrigated areas.

Modern software and analytical tools were used to process and analyze the information,
including geographic information systems and spatial analysis tools for visualizing the distribution
of chemical components during the growing season, as well as mapping the direction of



groundwater flow at different stages of the regime. This approach made it possible to identify
problem areas and improve the validity of decision-making.

The scientific novelty of this work lies in the fact that the research results revealed the main
patterns of changes in the groundwater regime and water balance in irrigated lands under the
influence of changes in irrigation systems and economic activities. The use of additional ArcGIS
tools within the geoinformation-analytical system made it possible to create geodatabases and
spatial models of hydrogeological conditions, as well as to visualize hydrodynamic and
hydrochemical processes in groundwater in irrigated areas.

The theoretical and practical significance of this thesis lies in the development of scientific
understanding of the patterns of formation and transformation of hydrogeological and meliorative
‘processes in irrigated lands under conditions of climate change and evolving water use. This work
clarifies the relationships between irrigation regimes, groundwater levels, salinity, drainage network
conditions, and the dynamics of the water-salt balance in these territories. Trends in groundwater
levels and hydrochemical regime changes during periods of varying water availability are identified,
allowing for a deeper understanding of the mechanisms of moisture and salt redistribution in the
vadose zone and aquifers.

The proposed approaches using modern technologies expand the theoretical frameworks
for monitoring and forecasting land reclamation processes and can be used in further scientific
research in the fields of land reclamation and hydrogeology. The practical implementation of the
results contributes to increased monitoring efficiency and, consequently, to more efficient use of
water and land resources, reduced risks of soil degradation, and the adoption of scientifically
sound management decisions.

The author’s personal contribution includes direct field hydrogeological and water-balance
studies; substantiation of the capabilities and development of a methodology for using ArcGIS tools
for office data processing, with which she became familiar during her internship at UPV; creation of
an algorithm for the automatic generation of thematic maps; and analysis of the results obtained.

In collaboration with the Universitat Politécnica de Valéncia (UPV), two articles were published in
international peer-reviewed scientific journals indexed in the Scopus and Web of Science
databases (Water; Paddy and Water Environment). The publication of scientific papers in highly
ranked journals demonstrates the significance of the dissertation’s findings.

Overall, Dinara Barmakova’s thesis constitutes a comprehensive study that presents
solutions to pressing issues through a unified methodological approach. | believe that Dinara
Barmakova’s dissertation entitled “Hydrogeological and Ameliorative Processes Management on
Irrigated Lands of Almaty Region on the Basis of Geoinformation-Analytical System” has been
completed at the required academic level, and that its author deserves to be awarded the degree of
Doctor of Philosophy (PhD) in the specialty “Hydrogeology and Engineering Geology.”
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OT3bIB
3apy0e;KHOro HAyYHOr0 KOHCYJILTAHTA HA IHCCEPTANHOHHYIO PadoTy
BapmaxkoBoii [{luHapbl Ha TeMYy: «YIIpaBjieHHe THAPOreoJioro-
MeJIHOPATHBHBIMH MPOLECCAMH Ha OPOLIAeMbIX 3eMJIAX AJIMAaTHHCKOM
00/12CTH Ha OCHOBE reoHH(GOPMALMOHHO-AHAJIHTHYECKOH CHCTEMBbD»,
NpeJCTABJEHHYI0 HA COUCKAHHUE Y4eHOil cTenenH JokTopa ¢puiaocoduu (PhD)

OpomaeMoe 3eMilefieNlde TPaJULMOHHO HIpaeT KIIOYEBYID pPOJb B
COLIMAIbHO-9KOHOMHUYECKOM pas3BuTuu PecrmyOnuku Kazaxcran, obecreunBas
YCTOMUMBOCTE arpapHOT0 CEKTOpa W IPONOBOILCTBEHHYIO O€30MacHOCTh CTPAHBL.
[TocKOIBKY 3HAYMTENBHAS YaCTh TEPPUTOPHHU FOCYJapCTBa PACIIONOKEHA B APHTHOM
'30He, OpOLIEHHME  SBJIAETCS . HEOOXONVMBIM  yCloBHEM  3()(HEKTUBHOIO
CEJIbCKOXO3MCTBEHHOTO IPOU3BOJCTBA. B COBpEMEHHBIX YCIOBUSX OTpacib
UCTIBITHIBAET YCHIIMBAIOILEECS BO3MEUCTBIE KIMMaTHYECKUX U3MEHEHHUH], IeQULIUTa
¥ HEyCTOWYMBOCTU BOJIHBIX PECYPCOB, @ TaKXKe M3HOIIEHHOCTH HUPPUIallMOHHOM
HHPPacTPYKTyphl. Ha CKONBKO MHE M3BECTHO B HACTOSLIEE BPeMs rOCyAapCTBOM
NPUHMMAIOTCS MeEpPBl [0 BHEIPEHUIO BOAOCOEpEraroIiuX TEXHOJOIMA U
nuBepcuMKaLMKM TOCeBHbIX Iuiomaneil. Ha stom ¢one HabmomaroTCs
CYIIECTBEHHbIE TpaHC(OPMaLMUd TUAPOreooro- M II0YBEHHO-METHOPATUBHBIX
MpOIIECCOB, OCOOCHHO B MEPHOABl ManoBOAbs. I OpOIIaeMBIX 3€MeNb IOro-
BocToKa KaszaxcTaHa XapaKTepHbl CHUXKEHUE YPOBHEH I'PYHTOBBIX BOI, U3MEHEHUE
MHOTOJIETHErO [IPOMBIBHOTO peXXrMa ¥ TpaHchopMalys BOIHO-COJIEBOro Oajanca,
41O TpebyeT Hay4YHO 0OOCHOBAHHOTO ¥ CUCTEMHOIO YIIPABJIECHUs METMOPATUBHBIMU
npoueccaMu. 1103TOMy H3y4YeHHE THAPOIeoOro-MeIMOPaTUBHBIX YCIOBHHM U
3aKOHOMEPHOCTEN MX M3MEHEHHU Ipe/ICTaBIsAeTCs BECbMa aKTyalbHOM,

OOBEKTOM MCCIIENOBaHUN  SIBIISIFOTCS OpOILAaeMble 3€MJIM FOro-BOCTOYHOIO
Kasaxcrana. [IlpeameToM HcClaeOBaHMM -  THAPOTEOJIOTO-MEITMOPATUBHBIE
MPOLIECCHI MPOUCXOSLLKE HA OPOIIAEMBIX 3EMIISX.

B paMkax AucCepTalMOHHOTO HCCIIEAOBaHMs aBTOPOM IPUMEHEH KOMILIEKC
B3aMMOCBS3aHHBIX  METOHOB, O0eCHeuMBalOlMX BCECTOPOHHEE  H3yYCHHE
FHIPOre0JIOro-MeJIMOPaTUBHBIX IIPOLIECCOB HA OPOIIAEMBIX MacCHBaX I0ro-BOCTOKa
KasaxcraHa.

PaGora BKJIIOYaeT CUCTEMHBIM aHAJIN3 MCXOMHBIX NAHHBIX, OXBATBIBAIOIIMX
MHOTOJIETHHE HaONIONEHUs] 3a ypOBHEM TIPYHTOBBIX BOH, MHHEpalu3alyen
JIPSHAKHBIX U OPOCUTENBHBIX BOJ, MOKA3aTeIsIMU 3aCOJIEHUS IIOYB U PEXHUMaMHU
opourenusi. [IpoBen€H CpaBHUTEIBHO aHAJIU3 MAaTEpHalOB pasHBIX JIET WU
OpOIIaeMbIX MACCHBOB, YTO IIO3BOJIMJIO BBIIBUTH AUHAMUKY HM3MEHEHHH WU
VCT2HOBHUTH pa3fiMyMsi B COCTOSHHUM 3€Melb IIpU DPasiIMYHBIX YCIOBHSX
S010M0Ib30BaHUS.

B wMcceqoBaHUN BEITIOJHEHO OOOOIIEHUE TEOPETUYECKUX IIOJNIOKEHHMH MU
De3VIBTATOB TOJNIEBBIX U JAaOOpaTOPHBIX UCCIIENOBAHMM, BKIIOYas JaHHBIC
NOYBEHHBIX 00CIIeOBAaHUMN, TUAPOreOIOrHYECKUX 3aMEPOB U arpOMEIMOPATUBHBIX
=a0monenuit. [To pesyinsraraM MHOTOJNETHMX THMIPOT€ONOTMYECKMX HaONIONEHUH
SBi7e1eHbl HECKOJIBKO 3TaroB ()OPMHUPOBAHUS MHOTOJIETHEIO DPEXKMMa IPyHTOBBIX
2071 XapaKTepHOTO JUIsl PUCOBBIX OPOCUTENBHBIX CHCTEM OONAacTH.



Ha ocHOBaHuM NPUHSTONW KiIacCU(UKALUKM TUIIOB PEXHUMa PYHTOBBIX BOJ
cocTaBlieHa KapTa THUIIOB peXuma Uil AenbThl p. Kaparan, kxoropas Takke
IPUMEHNMA K KPYITHBIM OPOCHTENIBHBIM CHCTEMaM, PACIIONIOKEHHBIM B J€JIBTOBBIX
YacTAX PEUHBIX OacCeHOB.

Oco6oe BHUMaHUE YIENEHO OlIeHKe NoKa3aTesIel BOAHO-COJIEBOTO peXUMa —
[TyGUHBI 3aJIETaHKUsI TPy HTOBBIX BOJ, CTEIIEHH U TUIIA 3aCOJICHHSI [104B, HAIIPaB/IeHU
¥ WHTEHCHBHOCTU coJleriepeHoca Ha KapaTanbCKoM MaccuBe opouleHus. Takxe
[IPOBE/IEHA OIIEHKA MUAPOTe0JIOro-MeTHOPaTUBHEIX MPOIIECCOB U 3aKOHOMEPHOCTEH
VX Pa3sBUTHS, B TOM YHCIIE BIHSHHUS PEXMMA OPOLICHHUS, TEXHUIECKOTO COCTOSHMS
OpPOCHTENIBHON CETH U TPUPOAHO-KIMMATHIECKHX (DaKTOpOB Ha (hOpMUpOBaHUE
BOJIHOT'O U COJIEBOIO OajiaHca OpolIaeMbIX TEpPUTOPUA.

Jlns o6paboTkd ¥ aHanu3a HHGOPMALMHU HCIIONb30BAHbl COBPEMEHHbIE
IPOrPaMMHO-aHAIUTHIECKUE CPEICTBA, BKIIOYas reOMH()OPMALOHHbIE CUCTEMBI,
MHCTPYMEHTHl IIPOCTPAHCTBEHHOIO aHalW3a JUIs BHU3yaIM3alMd IOBEACHUS
XUMUYECKUX KOMIIOHEHTOB B TEUEHHU BEreTAallMOHHOIO IIEpHoia, a Taioke
0TOGpaKEeHNsI HAIIPaBJIeHUs TI0TOKA ITPYHTOBBIX BOJ B pa3HbIe dTallbl PeXUMA, 4TO
MO3BOJIMJIO  BBIIBUTh MNpOOJEMHBIE 30HBI M MOBBICUTE OOOCHOBaHHOCTB
PUHUMAEMBIX PEIIeHUH.

Hayunass HOBuU3Ha pabOTHl 3aKJIIOYaeTCs B TOM, YTO IO pe3yJbTaTaM
WCCIICIOBAHUN BBIABJIIEHBl OCHOBHBIE 3aKOHOMEPHOCTH M3MEHEHHUS pexuma
FPYHTOBBIX BOJ M BOJHOro OanaHca Ha OPOIIAEMBIX 3eMIISIX IIOJ BIMIHHEM
M3MEHEHUH B CHCTEME OPOIICHMS U XO3AHCTBEHHOM HESTENIbHOCTH; NPUMEHEHHUE
JIOTIOJTHATENBHBIX MHCTpyMeHTOB ArcGIS B coctaBe TreonMH(pOpMaNHOHHO-
AHAJIUTMYECKON  CHCTEMBI  IIO3BOJMJIO  CO374aThb  0a3bl  IeONaHHBIX U
[IPOCTPAHCTBEHHBIE MOJIENHM TMAPOTreONIOTHYECKUX YCIOBUM, & TaKke 00eCIIeunTh
HAIVIAAHYIO BU3YaIU3allMi0 THAPOIUHAMUYECKUX U THAPOXUMHUYECKUX TPOIECCOB
B IPYHTOBBIX BOJ[aX OPOIIA€MBbIX TEPPUTOPUH. :

Teoperrueckass W TNpaKTHYeCcKas  3HAYUMOCTh  JUCCEPTALMOHHOIO
WCCIIEOBAHUST  3aKIOYaeTcss B  PasBUTHM  HAyYHBIX IIPEACTaBIEHHM O
3aKOHOMEPHOCTSX  (OPMUpPOBaHMS U TPaHCQOpPMAUUK  THAPOTeOsIOro-
MEJIMOPATUBHBIX MIPOLIECCOB HA OPOILIAEMBIX 3EMJISIX B YCIOBHUSIX U3MEHSIOWIErocs
KJIMMaTa ¥ TpaHC(hOopMalluy BOIOIIOIb30BAHMS.

B paGoTe yTOYHEHBI B3aHMOCBSI3M MEXIy PEXMMOM OPOIIEHUS, YPOBHEM U
MUHEpaU3al{ell IPyHTOBBIX BOJ,~ COCTOSIHUEM NPEHAKHOW CEeTH M IMHAMHKOH
BOIHO-COJIEBOrO GajnaHCca TEepPPUTOpMH. DBBISBIEHBl TEHACHLUMH H3MEHEHHUs
YPOBEHHOTO M MMAPOXMMHYECKOTO PeXHUMa I'PyHTOBBIX BOJ B IEPHOIbI PA3IHIHON
BOZOOOECIIEYUEHHOCTH, YTO IIO3BOJIIET YNIyOWTh IIOHMMAaHHE MEXaHM3MOB
nepepacmpe/eseH s BIard U cojel B 30He adpallui U BOJOHOCHBIX FOPU30HTAX.

[IpensoxXeHHbIe TOAXOABI HCIIONB30OBAHUS COBPEMEHHBIX TEXHOJOTHH
PACILMPSIOT TEOPETHYECKUE IOJNOKEHHs 10 MOHHUTOPUHIY M NPOTHO3HMPOBAHHMIO
MEJIMOPATUBHBIX TPOLIECCOB W MOTYT OBITH MCIOJIB30BaHbI IPH [aIbHEHIINX
Hay4YHBIX MCCIIENOBAHUSAX B 00JaCTH MEIMOPAIMH U TUAPOICOIOTHH.

[IpakTuyeckoe BHEOPEHHE pPEe3yNsTaTOB  CIOCOOCTBYET — IMOBBIIICHHIO
>(p(HEKTUBHOCTH MOHMTOPHHIA M KaK cieAcTBUe 3((PEKTUBHOCTU UCIOIb30BAHMS



BOJIHBIX U 3€MEJIBHBIX PECYPCOB, CHUXKCHUIO PUCKa Jerpajalliy II0YB U IIPUHITHIO
Hay4yHO 00OCHOBAHHBIX YIIPABIEHYECKUX PELICHUH.

JIvyHBIM BKJIAJ aBTOpa 3aKIIOYaeTCss B HEIMOCPENCTBEHHOM IIPOBEIECHUU
MOJIEBBIX THAPOTEOJIOTUYECKUX U BOJHO-0AIAHCOBBIX UCCIIEA0BAHUM; 000CHOBAHUU
BO3MOYKHOCTEN U pa3paboTKa METOOWKH HCIIONB30BaHUsS HMHCTpyMeHTOB ArcGIS
I KaMepaJbHOW 00pabOTKM ¢ KOTOPHIMH OHa O3HAaKOMHJIACh BO BpeMs
MPOXOXKIeHUsT CTaxXupoBkd B UPV, co3maHus ajaroputMa aBTOMATHYECKOIO
MOCTPOEHHMS] TEMATUUECKUX KapT U aHajIM3a [OJTyYeHHBIX Pe3yJIbTaToB.

B corpynHuuectBe ¢ [lomuTexHuueckuM yHHUBEpcUTeTOM BaneHcuu
ornyOJIMKOBaHO 2 CTaThU B MEXIyHapOIHBIX PEIeH3UPYEMBIX Hay4yHBIX XKypHasax,
sxoxsiye B Oa3y maHHbIX Scopus/Web of Science (Water, Paddy and Water
environment). IlyGnukauust HaydHbIX paGOT B PEHTHHIOBBIX H3JAHUAX
CBHJIETEJILCTBYET O 3HAUUMOCTH Pe3yJIbTaToB AUCCEPTALIUH.

B uenom nucceprauus bapmakoBoil JIMHapel SABISETCS 3aKOHYEHHBIM
HCCIIeZIOBAaHUEM, TIPEJCTABIsIeT pellleHHue akKTyalbHbIX 3aad, OOBEAMHEHHBIX
00LIMM TOIXOJIOM.

Cuuraro, uyTo maucceprauus bapmakoBoil JluHapsl Ha TeMy «YIIpaBlIEHUE
THIPOreoJOro-MeIMOpPaTUBHBIMU  IPOILECCaMUd  Ha  OpOIUIAeMBIX  3E€MJIAX
ATMaTHHCKOM 00JIacTH Ha OCHOBE I'eOMH(OPMAIIIOHHO-aHAIUTUYECKON CUCTEMBD)
BBITIOJTHEHA Ha TpeOyeMOM ypOBHE, a €€ aBTOP 3acCily’>KUBAeT NPUCYKACHUS YUECHOM
creneHn JAokropa ¢uiocopun (PhD) mo cneumansHocTH «lmaporeosiorus u
HHKEHEPHAs T€0JIOTUS.

Tloanuce/ Xoce 3. Kanunes Poma
PhD, npogeccop
PexTop
[Tonutexuuyeckoro ynusepcurera Banencuu (UPV),
Hcnanus



Hacrosmuii NOKyMeHT mepeBeeH C aHIMIMICKOrO  Ha PYCCKUN  SI3BIK
MEPEBOAYMKOM rpakaaHkon Maikaposoit buburyns Ackaposroi, 17.12.1980
roga poxaenus, MMH 801217401163

S Mtocret firke . Dbepes Movofirfion

HorapHyc HE YIOOCTOBEPAECT @'&KTOB, H3JIOXKEHHBIX B HOOKYMEHTE, a JIUIIb
CBUACTEIILCTBYET NONJIMHHOCTE ITOAITUCH NIEPpEBOAYHKA.

Pecny6JmKa Ka3ax0'raH, ropon AJIMaTI)I, ABaAllaTh BOCbMOE€ MapTa ABE THICIYU
ABaauaTh IIECTOro roaa.

" 51, Kamaposa Hasryms KassiGekoBHa, HOTapuyc ropoaa AJMarTel,
ACHCTBYIOLIMH Ha OCHOBaHHM TOCYIapCTBEHHOM mnuuensum Ne 12010279 or
05.09.2012 roma, BreimaHHOM KomwuTeToM perucTpanuoHHOMN CIIyX0bl
OKa3aHWIO MpaBOBOM mnomoum MunucrepcrBa  FOctuuuu — Pecry6muku
Kazaxcran, CBUZETEJBCTBYIO IIOIJIMHHOCTD IIOATTUCH, CEeJIaHHOU
NEPEBONYMKOM rpaxkiaHkod MainkapoBoit Buburyns AckaposHoii. JIM4HOCTS,

[IOAITACABIIECTO JNOKYMEHT YCTaHOBIJIEHA, JI€eCIIOCOOHOCTE U I[TIOJTHOMOYHS

IIPOBEPEHBI.
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