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2 Clarivate
Analytics

NAS RK is pleased to announce that News of NAS RK. Series of geology and technical sciences
scientific journal has been accepted for indexing in the Emerging Sources Citation Index, a new
edition of Web of Science. Content in this index is under consideration by Clarivate Analytics
to be accepted in the Science Citation Index Expanded, the Social Sciences Citation Index, and
the Arts & Humanities Citation Index. The quality and depth of content Web of Science offers to
researchers, authors, publishers, and institutions sets it apart from other research databases. The
inclusion of News of NAS RK. Series of geology and technical sciences in the Emerging Sources
Citation Index demonstrates our dedication to providing the most relevant and influential content
of geology and engineering sciences to our community.

Kazaxcman Pecnyonuxacol ¥nmmoix eoiivim akademusicol « KP ¥£A Xabapnapwi. 'eonoeusi scane
MEXHUKATLIK bLIBIMOAD CepUsiCbly bliblMU JcypHaabinbiy Web of Science-miy oicananranzan
nyckacol Emerging Sources Citation Index-me undexcmenyee kabviioaneanvlH xabapiaiiovl.
byn unoexcmeny 6apwicoinoa Clarivate Analytics komnanusicol JcypHandvl 00au api the Science
Citation Index Expanded, the Social Sciences Citation Index oicone the Arts & Humanities
Citation Index-xe xabwvL10ay macenecin xapacmoipyoa. Webof Science szepmmeyuiinep,
asmopnap, bacnawbliap MeH meKkemenepee KOHmMeHm mepenoici MeH canacvih Ycovlnaowvl. KP
¥F'A Xabapnapwi. I'eonocus scane mexnuxanvlk eviiimoap cepusicol Emerging Sources Citation
Index-xe enyi 6i30iy KoeamoacmvlK yulik ey 63eKkmi Jicane 6e0eN0l 2e0N102Usl HCIHE MEXHUKATBIK
2LILIMOAp OOUbIHULA KOHMEHMKE A0ai0bleblMbl30bl OLI0IPEOi.

HAH PK coobwaem, umo nayunoiii sicypran « zeecmuss HAH PK. Cepusi eeonocuu u mexnuueckux
HayK» 6vL1 npunam 0ns undexcuposanus 6 Emerging Sources Citation Index, 06noenennoii éepcuu
Web of Science. Cooepoicanue 6 3mom uHOEeKCUpOBaHUuU HAXOOUMCS 8 CMAOUl paccMOmMpeHUs
rxomnanueu Clarivate Analytics ons danvheiiueeo npunsmus scypHana 6 the Science Citation
Index Expanded, the Social Sciences Citation Index u the Arts & Humanities Citation Index.
Web of Science npeonacaem xauecmeo u enyouHy Kommenma 0/ ucciedogamenell, dgmopoes,
uzoamenei u yupexcoenuil. Brxnouenue Uzeecmus HAH PK. Cepus eeonocuu u mexnuueckux
nayx 6 Emerging Sources Citation Index demoncmpupyem nauty npugepiceHHocms K Haubonee
AKMYANIbHOMY U GIUAMENbHOMY KOHMEHMY NO 2€0102Ul U MEXHUYECKUM HAYKAM Olsl HAule2o
coobwecmaa.



KAWMBIFBIMABIABIK, KOFBI

HALYK

CHARITY FOUNDATION

YD «XAJBIK

B 2016 romy ans pa3BUTUS W YAyYIIEHHS KaueCTBa >KU3HU Ka3axCTaHLEB ObLI
CO3J1aH YacTHbIH bnarorBoputenbHblid GoHa «Xaibky». 3a robl CBOSH IesITeIbHOCTH
Ha peajHu3aluio OJaroTBOPUTENILHBIX MPOEKTOB B 00JacTAX oOpa3oBaHMS M HAyKH,
COLMAJILHOM 3aIlUThI, KYJIbTYPBI, 31paBooxpaHeHus u cnopra, Ponp Beyaenua Oosee
45 MunnuapaoB TEHre.

Oco6oe BanManue biarorBopuTenbHbIH GOHT «XaJIbIK» yienseT 00pa3oBaTeIbHbIM
IporpaMmam, CUuTas 3TO HaIlPaBJIE€HUE OJHUM M3 KIIIOYEBBIX B CBOEH JIEATENBHOCTH.
Oxa3biBasi MOAJIEPKKY OTEUECTBEHHOMY 00pa30oBaHuto, GOHI BHOCHT CBOI OCHIIbHBIN
BKJIaJI B Pa3BUTHE KauecTBEHHOTo oOpa3oBanus B Kazaxcrane. Tem caMbiM ciocoOCTBY S
pOCTy uncIa JItoneH, ClIoCOOHBIX MEHSTh XKU3Hb B CTPaHe K JIy4IlleMy —Ipo(ecCHOHAIOB
B pa3iMyHbIX cdepax, MOTCHUUAIBHBIX JIMACPOB M «BEJIUKUX YMOB». OmHOH U3
3HAUUMBIX HMHUIMATHB (oHJa «Xanblk» B oOpas3oBaresibHOW cdepe cTajm MpoeKT
Ozgeris powered by Halyk Fund — mepBblii B cTpane OuzHec-uHKYOaTop ISl yUaluxcs
9-11 xmaccoB, KOTOPBIH MOMOTraeT pa3BUBAaTh HEOOXOOMMBIE B COBPEMEHHOM MUpE
MpeANPUHUMATENILCKUE HaBbIKK. Tak, Ha comeliCTBHE MajoMy OHM3HECY IMIKOJIbHHUKOB
66110 BhIIeneHo Oosee 200 rpanToB. J{iist mo/iep KKy TadaHTIIMBBIX 1 MOTHBHPOBAHHBIX
nereit @OoHI HEOAHOKPATHO BBLACISUT TPaHThI HAa 00yueHue B MexTyHapOJHOH IIKojIe
«Mupac» u B Astana IT University, a Taxke MOMOI Ka3aXCTaHCKUM LIKOJbHHKAM
npuHATH yyactue B npectxHoM KoHKypce «USTEM Robotics» B CILIA. ABropckue
pabotel B pamkax npoekra «Tomimrep», koropomy DoHI OKa3an HOAICPIKKY, JICIIIU B
OCHOBY Y4€OHOH MPOrpaMMbl, Y4€OHHKOB U Y4€OHO-METOANYECKUX KHHUT IO MIPEAMETY
«OCHOBBI TIpeANpUHUMATENBCTBA U Ou3Heca», mpenogaBaemoro B 10-11 xmaccax
Ka3aXCTAaHCKMX ILKOJ U KOJUIEIKEH.

[TomuMo mnomoIIM MIKOJIBHMKAM, ydallMMcs KoJulepked u cryaeHTtaM DoHp
CUMTAET BAXXHBIM BHECTH CBOW BKJIAJ B IMOBBILICHHE KBAIM(QHUKALWN IIE€AaroroB,
COBEpIIEHCTBOBAHNE HUX 3HAHUH U HABBIKOB, IOCKOJIBKY HMEHHO OHHU SIBJISIOTCS
MIPOBOAHMKAMH 3HAHUM OydyHIMX MOKOJIeHHH KazaxcTanueB. [Ipu mognepxke donna
«XanplK» B IOKHOH cTONMIEe ObUI OpPraHW30BaH €XKEroJHbIM TOPOACKOW KOHKYpC
nenaroroB «Almaty Digital Ustaz.

BaxHoll MHMLIMATUBOW CTayl pealu3yeMblii MPOEKT 1O OOy4YEeHHIO OCHOBAM
(UHAHCOBOM TPaMOTHOCTH MpernojaBareield n3 BockMH obmacteil Kazaxcrana, urto
JIOJDKHO OKa3aTh CYIIECTBEHHOE BIIMSIHUE Ha BOCIIUTaHUE (PMHAHCOBOW IPAMOTHOCTH H
MPEeINPUHUMATEIBCKOTO MBIIIJIEHHS Y HOBOTO TIOKOJIEHHSI IPaX</1aH CTPAHBI.

Heo6xomumyto nomorip @oHpa «Xajablk» OKa3blBaeT U TEM, KTO 0COOEHHO OCTPO
B Hell Hyxnaercs. B paMkax counaibHOM 3alllUThl HACEJIEHHsS aKTHUBHO NPOBOAUTCS
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paboTa 1o TOAJEPKKE JIETeH, OCTABIIMXCS 03 pOJAUTENCH, JeTedl W B3POCIBIX U3
COLMAJIbHO YA3BUMBIX CJIOEB HACEJICHMUS, JIFOJEH C OTPAaHUYEHHBIMHA BO3MOKHOCTSIMHU, a
TaKKe 00eCIEUESHUIO HYKIAFOIIUXCS COIUABHBIM KUIbEM, CTPOUTEIBCTBY COLIUATBHO
BaXKHBIX OOBEKTOB, TAKUX KaK JCTCKHE CaJbl, ACTCKHE TUIOIIAIAKU U (PU3KYIBTYpPHO-
03JI0POBUTEJIbHBIE KOMIIJIEKCHI.

B xommnky no0peix gen @onnma «Xanablk» MOXKHO JOOABUTh OKa3aHUE MTOMOIIH
JIETCKOMY CIIOPTY, Ky/ia OTHOCHTCS TIOJICPKKA B PA3BUTUU JIETCKOTO (PyTOOJIA M Kapare
B Hamiel crpaHe. JKMU3HEHHO Ba)KHYIO TIOMOIIL braroTBopuTeNnbHbIN QOHI «XaTblky»
OKa3aJl HalllUM COOTeUECTBEHHUKAM BO BpeMsi HeaasHell nangemun COVID-19. Torga,
B pasrap TsDKenod 0ophObl ¢ KopoHaBUpYCHOH nHpeknuerd Dounx Beiaenui cBbime 11
MUJUTMAPJIOB TEHI'e Ha MPHOOpPETeHHE HEOOXOAMMOI0 MEIUIIMHCKOTO 00O0pYIOBaHUS
U JIOPOTOCTOSIIUX MEAMIMHCKUX IPEraparoB, aBTOMOOWIICH CKOPOM MEIMIIMHCKON
TIOMOUIHU U CPECTB 3aLIUThL, aAPECHYIO MAaTEPUAIbHYIO IOMOLIb COLIMAIBHO YSI3BUMBIM
CJIOSIM HACEJICHUS U JICHE)KHBIC BBITUIATHI MEUIIMHCKUM PaOOTHUKAM.

B 2023 romy Hapsamy c OpYyrUMU TPOEKTaMH, HAlCJICHHBIMM Ha IMOBBIIICHUE
0JIaroCOCTOSIHUST Ka3aXCTaHCKUX TpaxkaaH DOHJ peniwi yneinuTb 0C000€ BHUMAaHHUE
HayKe, MOCKOJIbKY OHa SBJISIETCS YacThlO0 OOIIECTBEHHOW KYJIBTYPhI, & YPOBCHb €€
pa3BUTHS ONPEIETAET YPOBEHD Pa3BUTHUS FOCYIapCTBA.

[Honnepxkka @oHAOM BbIMyCcKa >KypHajgoB HamuonanbHOM AkageMun Hayk
PecriyOnuku KazaxcraH, KOTOpbIe BXOAST B MEXIyHapoiHble (OHABI Scopus u
Wos ¥ B KOTOPBIX NYOJNUKYHOTCS CTaTbd OTEUECTBEHHBIX YYCHBIX, JIOKTOPAHTOB W
MarvCTPaHTOB, a TaK)KE HAYYHBIX COTPYJAHHMKOB BBICHIMX Y4YEOHBIX 3aBEJCHHUN W
HAy4HO-UCCIIEA0BATENbCKUX MHCTUTYTOB HALLIEN CTPAHBI SIBJISECTCS HE MEHEE 3HAYMMBIM
BKutajjoM DOH/Ia B pa3BUTHE Ka3aXCTAHCKOTO OOIIIEeCTBA.

C yBakeHunem,
BbaarorBopurebHblii ®ona «XaabIky»!



Bac penakrop

7KYPBIHOB Mypar 7KypbIHYJIbI, XUMHA FBUIBIMIAPBIHBIH TOKTOPHL, Ipodeccop, KP ¥FA akanemuri,
«Kazakcran Pecryonukacel ¥ITThIK FhUTBIM akanemusicby PKB-win npesunenti, AK «/1.B. Cokonbckuit
aTBIHJIAFBl OTHIH, KaTalll3 jKOHE IEKTPOXUMHUS MHCTUTYTBIHBIH» Oac aupekTops! (Anmarsl, Kazakcram)
H=4

FplabiMu XaTiibl

ABCAJIBIKOB BaxbiT Hapukdaiiyabl, TeXHHKa FRUIBIMIApPBIHEIH JOKTOpHI, mpodeccop, KP ¥FA

JKayanThl XaTbICkl, A.B. BekTypoB aTbIHAaFBI XUMUS FRUTBIMIAPEI HHCTUTYTHI (AnMarsl, Kazakcran) H=5
PepnaknusaabplK ajdka:

OBCAMETOB Mauic Kyasicyiabl (6ac penakTopablH OpbIHOAcaphl), TI'€OJOTHS-MHHEPATOTUS
FBUIBIMJIAPBIHBIH  TOKTOpBI, mpodeccop, KP ¥FA akamemuri, «Y.M. Axmencadunua aThIHAAFEI
THIIPOTCOJIOTHUS KOHE TCOIKOIOTHI MHCTUTYTHIHBIHY» TUPEKTOphI (AnmMarel, Kazakcran) H = 2

JKOJITAEB Tepoii JKoaraiiynel (6ac pemakTopiblH OpBIHOAcAphI), TEONOTUS-MHHEPAIOTHS
FBUTBIMJIAPBIHBIH TOKTOPBI, mpodeccop, K.M. CarmnaeB ThIHIAFBI T€ONOTHS FHUIBIMIAPH HHCTUTYTHIHBIH
nupektops! (Anmarsl, Kazakcran) H=2

CHOY [Iaumen, Ph.D, kaybiMaacTeipsutran npogeccop, Hebpacka yauusepcutetiniy Cy FbUIBIMIAPbI
3eprxaHachlHbIH qupekTops! (HeOpacka mrarsr, AKII) H = 32

3EJBTMAH Peiimap, Ph.D, taburu tapux Mmypaxaiieinsiy JKep Typassl FbutbiMaap Oestiminae
TIeTPOJIOTHS XKOHE Taiiiaibl Ka30anap KeH OpBIHIApPBI CalachIHIAFEl 3epTTeyIepais kerekmrici (Jlonmomn,
Anrnus) H =37

MMAH®WJIOB Muxaua BopucoBud, TeXHHKa FRUIBIMIAPBIHBIH JOKTOPEI, HaHncn yHHBepcHUTETIHIH
npodeccopsl (Hancu, @pannms) H=15

IIEH IMun, Ph.D, KpITaii reoIorusuIbIK KOFaMBIHBIH Tay T€0JIOTHSACH KOMUTET] TUPEKTOPEIHBIH OPbIH-
Gacapbl, AMepHKaH/IbIK YKOHOMHKAIBIK Teosiortap KaybiMaacToiFbiHbIH Mymieci (ITexun, Kpitait) H = 25

DOUIIEP Axkceab, Ph.D, /Ipe3neH TeXHUKAIBIK YHUBEPCUTETIHIH KaybIMIACTBIPBLIFAH TIpodeccopsl
(dpesnen, bepnun) H=6

KOHTOPOBUY Anekceii IMHIbeBHY, TE€OJOTUS-MHHEPAIOTUs FHUIBIMIAPEIHBIH JIOKTODBI,
npodeccop, PFA akamemuri, A.A. Tpopumyka arblHIarbl MyHaii-ra3 TeoJIOrHsChl KHE reo(U3HKa
nHctuTyThl (HOoBOCHOHpCK, Peceit) H = 19

ATABEKOB Baagumup EHokoBHY, XUMUs FBUIBIMAAPBIHBIH JT0KTOpEI, benapycs ¥FA akaxemuri,
JKana Matepunanaap XUMHUSICBI HHCTUTYTBIHBIH KYpMeTTi qupekTops! (Munck, berapycs) H = 13

KATAJIUH Credan, Ph.D, [[pe3neH TexHUKaIBIK yHUBEPCUTETIHIH KAy bIMaCTBIPBUIFaH IIPodeccopbt
(dpesnen, bepmun) H = 20

CEMTMYPATOBA Dieonopa FOcymoBHA, reoiorns-MHHEPANOTHsS FHUIBIMIAPBIHBIH JOKTOPHI,
npodeccop, KP ¥FA xoppecnonaent-mymeci, K.M. Carraes arsiaaarbl [ €010THs FRUTBIMIAPEI HHCTUTY THI
3epTXaHachlHbIH MeHrepymrici (Anmarsl, Kazakcran) H=11

CAYBIHTAEB Kanaii, Ph.D, xaysimmacteipsuiran npogeccop, Hazapbaes ymmsepcuteti (Hyp-
Cyurran, Kazakcran) H =11

DPATTUHMU IMaosno, Ph.D, bukokk Munan yHHBEpCUTETI KaybIMAACTHIPBIIFAH Mpodeccopsl (MmuiaH,
Uranus) H =28

«KP YFA» PKb Xaoapaapsbl. ['eosiorust xoHe TeXHHKAIBIK FHLIBIMAAP CEPUSICHD).
ISSN 2518-170X (Online),
ISSN 2224-5278 (Print)
Menmrikreymri: «Kazakcran PecryOnukachiHBIH ¥JITTHIK FRUTBIM akageMusicky PKB (Anmarst k.).
Kazakcran PecmyOnukachiHBIH AKIapar »KoHE KOFaMIBIK JlaMy MUHHCTPJIITiHIH AKHapar KOMUTETiHIE
29.07.2020 x. 6epinrer Ne KZ39VPY 00025420 mep3imMaik 0acbUIBIM TipKeyiHEe KOWBLTY Typalibl KydJIiK.
TaKbIPBINTHIK OAFBITHL: 2€0102Usl, MYHAL HCIHE 2a30bl OHOEYOTH XUMUAIBIK MEXHOL02UAIAPbI, MYHAL
XUMUACHL, MEMAn0apObl ALy HCIHE ONAPObIH KOCLIHObLIAPHIHbIY MEXHOIOSUACDL.
Mep3iMAiTiri: )KpUIbIHA 6 PET.
Tupaxsr: 300 nana.
Penakuusiaeig MekeH-kaiibl: 050010, Anmarsr k., [lleBuenko kerr., 28, 219 6eur., Ten.: 272-13-19
http://www.geolog-technical.kz/index.php/en/

© «Kazakcran PecnyOnukachIHBIH ¥JITTHIK FRUTBIM akagemusicedy PKB, 2023
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I'naBHBbIii penaxkTop

KYPUHOB Mypar ’KypuHOBHY, TOKTOP XMMHUYECKUX HayK, mpodeccop, axagemuk HAH PK,
npesunenT POO «HanmonansHol akagemun Hayk Pecryonmku Kasaxcran», renepanbHbiii aupexrop AO
«MHCTUTYT TOTUMBA, KaTaiau3a U anekTpoxuMun uM. J1.B. Cokonbckoro» (Anmarsl, Kazaxcran) H = 4

YueHHBII cekpeTapb

ABCAJIBIKOB BaxbiT HapukéaeBu4, TOKTOp TEXHHYECKHX HAyK, Mpogeccop, OTBETCTBEHHBIN

cekperaps HAH PK, UucTnTyT XuMnueckux Hayk uM. A.B. Bexryposa (Anmarer, Kazaxcran) H=15
PenaknuoHHas KodJgerus:

ABCAMETOB Maauc KyabicoBud, (3aMeCcTUTENb TNIABHOTO PEAAKTOPA), JOKTOP FEOIOTOMHUHEPAIIO-
THYECKUX HayK, mpodeccop, akaaemuk HAH PK, mupextop MHCTUTYTa THAPOTE€OIOTUU U T€OIKOTOTUH M.
V.M. Axmencaduna (Anmarsl, Kazaxcran) H =2

JKOJITAEB TI'epoii KoaraeBuu, (3aMeCTUTENb INIABHOTO PENAKTOpa), JOKTOP T'€OJOTOMHHEPAo-
IHYeCKUX Hayk, mpodeccop, mupekrop MHcruryrta reonmorndeckux Hayk nm. K.M. CartmaeBa (Amnmarsl,
Kazaxcran) H=2

CHOY Jpunen, Ph.D, acconnupoBanHslii mpodeccop, aupexrop JlabopaTopun BOIHBIX HayK YHHBED-
cutera Hebpacku (mrar Hebpacka, CILIA) H = 32

3EJBTMAH Peiimap, Ph.D, pyxoBoauTes HCCIen0BaHIN B 00JIACTH IIETPOJIOTHU U MECTOPOXKIACHHUN
M0JIe3HBIX HCKomaeMbIX B OTaene Hayk o 3emie Myses ecrectBenHol uctopuu (Jlonnon, Aurmus) H = 37

IMAH®HWJIOB Muxana BopucoBud, T0KTOp TEXHHYECKHX Hayk, mpodeccop Yansepcutera Hancn
(Hancu, ®pannus) H=15

HIEH ITun, Ph.D, 3amecturens qupexropa Komutera o ropxoii reosornu Kuraifickoro reooruaeckoro
o01ecTBa, wieH AMEpUKaHCKOW acconmanuy skonomudeckux reojoros (ITexun, Kurait) H = 25

OUIIEP Axcens, acconmmpoBaHHBIH Tpodeccop, Ph.D, Texumueckmii yHuBepcurer Jlpesnen
(Hpesnen, bepnun) H=6

KOHTOPOBUY Aunekceii DMuIbeBHY, JOKTOP TI'€0OJIOTO-MHHEPAIOTHYECKUX HAyK, Ipodeccop,
akagemuk PAH, Uuctutyr HedrerasoBoit reomornu u reopusuku um. A.A. Tpopumyka CO PAH
(HoBocubupck, Poccust) H =19

AT'ABEKOB Baagumup EHokoBHY, TOKTOp XMMUUECKUX HayK, akajeMuk HAH benapycu, moueTHsIi
mupekTop MHCTHTYTa XMMHUU HOBBIX Marepuaiios (Munck, benapycs) H =13

KATAJIUH Credan, Ph.D, accouuupoBanusiii mpodeccop, Texuuueckuit yauepcutet (JpesneH,
Bepnmun) H = 20

CEMTMYPATOBA Dieonopa FOcynoBHa, TOKTOp reonoro-MAHEPAIOrHYECKHX HayK, Tpodeccop,
uneH-koppecionneHT HAH PK, 3aBenyromas naboparopun MHcTHTyTa Teonormdecknx Hayk um. K.
Carnaesa (Anmarsl, Kazaxcran) H=11

CAT'MHTAEB Kanuaii, Ph.D, accormmupoBannslit mpodeccop, Hazapdaes yausepcuter (Hypcynras,
Kazaxcran) H =11

D®PATTUHU IMaoso, Ph.D, acconmmpoBanHbBIil mpodeccop, MuIaHCKUH yHHBEPCHUTET BHKOKK
(Munan, Utamns) H = 28

«H3Bectuss POO «<HAH PK». Cepusi reo10ruy 1 TEXHH4eCKHX HAYK».
ISSN 2518-170X (Online),
ISSN 2224-5278 (Print)
CobcrBennuk: Pecnybnmikanckoe obmmecTBeHHOe 00beinHenne « HarmonanbpHas akaeMust Hayk
Pecny6onmkn Kazaxcram» (T. AMarsr).
CBUIIETENILCTBO O MOCTAHOBKE HA YYET NMEPHOJMYECKOro medaTHoro minanus B Komurere mHpOpManuu
MunncTepcTBa HHGOpMAIHK 1 001ecTBeHHOr0 pa3Butns Pecrryoimku Kazaxcran Ne KZ39VPY 00025420,
BbliaHHOe 29.07.2020 1.
Temaruyeckass HaIpaBICHHOCTb: 2e0n02Us, XUMUYECKUe MeXHON02UU NnepepadomKu Hemu u easa,
Heghmexumus, MmexHoNI02UU U361eUeHUs MEMANN08 U UX COeOeHEHU].
IlepuoauyHocTs: 6 pa3 B rof.
Tupax: 300 sx3eMILIAPOB.
Anpec penakiuu: 050010, . Anmarsr, yii. [lleuenko, 28, od. 219, ren.: 272-13-19
http://www.geolog-technical.kz/index.php/en/

© POO «HammonanbHas akagemus Hayk Pecryonuku Kazaxcrany, 2023
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Editorial chief

ZHURINOYV Murat Zhurinovich, doctor of chemistry, professor, academician of NAS RK, president
of the National Academy of Sciences of the Republic of Kazakhstan, general director of JSC “Institute of
fuel, catalysis and electrochemistry named after D.V. Sokolsky» (Almaty, Kazakhstan) H = 4

Scientific secretary

ABSADYKOYV Bakhyt Narikbaevich, doctor of technical sciences, professor, executive secretary of

NAS RK, Bekturov Institute of chemical sciences (Almaty, Kazakhstan) H =5
Editorial board:

ABSAMETOV Malis Kudysovich, (deputy editor-in-chief), doctor of geological and mineralogical
sciences, professor, academician of NAS RK, director of the Akhmedsafin Institute of hydrogeology and
hydrophysics (Almaty, Kazakhstan) H=2

ZHOLTAEYV Geroy Zholtaevich, (deputy editor-in-chief), doctor of geological and mineralogical
sciences, professor, director of the institute of geological sciences named after K.I. Satpayev (Almaty,
Kazakhstan) H=2

SNOW Daniel, Ph.D, associate professor, director of the labotatory of water sciences, Nebraska
University (Nebraska, USA) H =32

ZELTMAN Reymar, Ph.D, head of research department in petrology and mineral deposits in the Earth
sciences section of the museum of natural history (London, England) H = 37

PANFILOV Mikhail Borisovich, doctor of technical sciences, professor at the Nancy University
(Nancy, France) H=15

SHEN Ping, Ph.D, deputy director of the Committee for Mining geology of the China geological
Society, Fellow of the American association of economic geologists (Beijing, China) H = 25

FISCHER Axel, Ph.D, associate professor, Dresden University of technology (Dresden, Germany) H=6

KONTOROVICH Aleksey Emilievich, doctor of geological and mineralogical sciences, professor,
academician of RAS, Trofimuk Institute of petroleum geology and geophysics SB RAS (Novosibirsk,
Russia) H=19

AGABEKOV Vladimir Enokovich, doctor of chemistry, academician of NAS of Belarus, honorary
director of the Institute of chemistry of new materials (Minsk, Belarus) H =13

KATALIN Stephan, Ph.D, associate professor, Technical university (Dresden, Berlin) H = 20

SEITMURATOVA Eleonora Yusupovna, doctor of geological and mineralogical sciences, professor,
corresponding member of NAS RK, head of the laboratory of the Institute of geological sciences named
after K.I. Satpayev (Almaty, Kazakhstan) H=11
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Abstract. The main functions of an irrigation system include the collection of water
from an irrigation source, its transportation, and distribution to consumers by irrigation
plans and irrigation standards. The most optimal solution to this problem is to automate
the process of managing the irrigation system, which allows for solving the following
issues: providing agricultural crops with water in accordance with their needs, which
helps to increase productivity, and prevent the rise of groundwater levels, and secondary
soil salinization; saving water, and the ability to irrigate additional areas, which is
especially important with limited water resources in the dry areas of the River basin
Shu; reducing the time required to complete technological operations and increasing
the productivity of service personnel. Information technologies greatly facilitate the
process of making management decisions by increasing the availability of information
and the speed of its analysis. The experimental research object is located in the valley
of the River Shu, which represents an intermountain depression limited in the south by
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the Kyrgyz ridge, in the east by the tip of the Trans-Ili Ala-Tau ridge, and in the north
by the gently sloping Shu-Ili Mountains. The geological structure of the region consists
of a complex of igneous, metamorphic, and sedimentary rocks. The following structural
and geological parts have been established: mountain frame composed of Precambrian-
Paleozoic rocks; valley, consisting of Precambrian-Paleozoic basement and Meso-
Cenozoic cover. Information support for the water resources management process is
made in the form of an information system consisting of a “cloud” service (website
uvrcloud.kz), an information collection and transmission device Data collection module
(DCM - 1), an electric gate control program, and a mobile application MSD-1 (Scientific
Research Report for 2023 “Development of principles and methods for balanced
management of water distribution in irrigation systems based on hydrogeological
information, taking into account the formation of water resources in river basins”). The
developed software for the water resource management process in irrigation systems
is an effective solution for automating the water distribution process, allowing for the
management and monitoring of elements of water management facilities, which helps
reduce response time to possible emergency situations and increase the efficiency of
water resource use. An important advantage of the software product is its ease of use
and configuration flexibility, which allows it to be adapted to the specific needs and
requirements of users. In addition, modern technologies and tools were used in the
development process of the software product, which ensures its high reliability, stability,
and performance.

Keywords: Irrigation system, management, software product, software, testing,
debugging, information system, water resources, water distribution
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Annoranus. Cyapy *KyiHeciHiH Heri3ri QyHKIMsIapblHa Cyapy KO3iHEH Cy ay, OHBI
TacsIMaJIiay JKOHE cyapy KocHapliiapbl MEH Cyapy HOpMajapblHa COUKEC TYTHIHYIIBLIAP
apacbigza Oeiry karazpl. by MoceneHi menrynin eH OHTalIbl WeliMi cyapy Kyiecin
Oackapy IpoLEeciH aBTOMATTaHAbIPY OOJBIN TaObLIA b, O KeJIeCl Maceseep i enryre
MYMKIHIIK Oepeni: aybul IIapyallbUIBIFbl JAKbUIAAPBIH OJapAblH KaKETTUIIKTEepiHe
colikec CyMeH KamTaMmachl3 €Ty, OyJ eHIMIUIIKTI apTThIpyFa, >Kep acThl CyJapbl
JCHIeWiHIH KeTepilyiHe JKoHEe eKiHIII peTTIK TONBIPaKTHIH  COpTaHJaHybIHA
xon Oepmeyre kemekrtecenmi, Oy Illy e3eH OacceifHiHIH KypFak >KepiepiHaeri cy
pecypCTapbIHbIH IIEKTeYAl OOTybIMEH epeKLIeeHEe ], Cybl YHEMEY JKOHE KOCBIMILA
ayMaKTapZbl CyapyFa; TeXHOJOTHSUIBIK ONepanusiapibl OpbIHAAYFa KETETIH YaKbITThI
KBICKAapTy oHE KbI3MET KOPCETETiH MEePCOHAIBIH OHIMIUIIMH apTThIpyFa MYMKIHIIK
Oepeni. AKMAparThIK TEXHOJOTHSUIAD AaKMApaTThlH KOJDKETIMILIITIH JKOHE OHBI
Tajnay >KbULAaMIBIFBIH apTTHIPY apKbUIbl OacKapy LIEIIiMAepiH KaObuigay MpoLeciH
alTapibIKTal KEHUIIETE .

Tyiiin ce3mep: Cyapy xyiieci, Oackapy, OaraapiamaiblK eHIM, OaraapiamMaliblK
KaMTaMachl3 €Ty, TECTIJIeY, KOH/IEY, aKMapaTThIK KYHe, Cy pecypcTaphl, Cyabl 0oy
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Annoranus. K oCHOBHBIM (pyHKLIHSM OPOCHTENBHOW CHCTEMBI OTHOCST 3a00p
BOJbI M3 HCTOYHHKA OpOILIEHMsI, €€ TPAHCIOPTUPOBAHUE U PACHPEICIICHUE MEXKAY
MOTPEOUTENIMA B COOTBETCTBHUHM C IUIAaHAMHU IIOJMBA W TOJUBHBIMH HOPMaMH.
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Haunbonee onTuUMaibHBIM pELIEHWEM MaHHOW 3aJaud SBJSICTCS aBTOMAaTH3aALMS
Ipolecca yrnpaBieHUs] OPOCUTENBHON CHCTEMOM, TTO3BOISAIONIAs PELIUTh CIEeTyIOIne
BOINPOCHL: 00ECIIeYeHNE CETbCKOX03IHCTBEHHBIX KYJIBTYp BOJOW B COOTBETCTBHH C UX
MOTPEOHOCTHIO, YTO CIIOCOOCTBYET TMOBBILICHUIO YPOXAHMHOCTH, MPEAOTBPALLCHHIO
MoAbeMa YPOBHsI TPYHTOBBIX BOJ M BTOPUYHOTO 3aCOJIEHUS TOYB; SKOHOMUS BOABI H
BO3MOJKHOCTh OPOILEHHS AOMOJHUTEIBHBIX IUIOUIaJ e, YTO OCOOCHHO aKTyaJbHO
IIpY OTpaHMYECHHBIX BOTHBIX pecypcax B 3aCyLUTUBBIX paiioHax Oacceitna p. ILlly;
COKpaIlleHHE BPEMEHH Ha BBHIIOJHEHHUE TEXHOJOTHMUYECKUX ONEpaldil W IMOBBILICHHE
MIPOM3BOANUTENFHOCTH Tpyda OOCITyKMBaloLero mnepcoHana. MHpopManmoHHbIe
TEXHOJIOTUU 3HAYUTEILHO OOJIEr4aroT Mpouecc NPUHSITHS YIPaBICHYSCKUX PELICHUH
3a CUeT yBEIMUYCHHS JOCTYIMHOCTH K HH(OpPMALUK U OBICTPOTHI €€ aHaJIh3a.

Ki1ioueBble cj10Ba: opocuTesbHas CUCTEMA, YIIPAaBICHUE, IPOTPAMMHBIN MPOAYKT,
porpaMMHOE OOecleueHre, TeCTUPOBAaHUE, OTIaAKa, MH()OpMAalMOHHAs CHUCTEMa,
BOJIHBIE PECYPCHI, BOIOpACIIPEACICHHE

Introduction

The main functions of the irrigation system include water intake from the irrigation
source, its transportation and distribution among consumers in accordance with irrigation
plans and irrigation norms. Not only the efficiency of the irrigation system, but also the
efficiency of irrigation and irrigated agriculture in general depends on the quality of
performance of these functions.

The most optimal solution to this problem is to automate the process of managing
the irrigation system, which in turn cannot be imagined without modern instruments,
equipment, computer technology and software.

Automation of irrigation management helps solve the following issues: providing
agricultural crops with water in accordance with their needs (water use plan), which
helps increase productivity, prevent rising groundwater levels and secondary soil
salinization; saving water and the possibility of irrigating additional areas, which is
especially important with limited water resources in the dry areas of the River basin
Shu; reducing the time required to perform technological operations and increasing the
productivity of service personnel.

It is obvious that management must be based on extensive and reliable information.
Information technologies greatly facilitate the process of making management decisions
by increasing the availability of information and the speed of its analysis. An information
system is a necessary part in water resource management at the basin level, since with its
help it is possible to analyze the current and future water balances of any hydrographic
unit. Today, a huge amount of data has been accumulated, but, nevertheless, the practice
of water resources management experiences a certain information deficit (both in terms
of reliability and efficiency in obtaining data). Work on the creation of information
systems and databases for river basin management, which has been widely developed
in recent years, is aimed at improving methods and means of collecting, storing and
processing information.
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Materials and research methods

Research methodology and methodological support for research are aimed at
expanding the functionality of information support for the water resources management
process.

The research methodology consists of theoretical and practical aspects of water
management in irrigation systems; information and analytical approaches to the creation
of automated control systems; methods and means of computer information processing;
experimental and applied techniques for creating and implementing software modeling
systems for water use planning.

Analysis of foreign research of water distribution management based on modern
computing technology, and computer technologies for managing technological
processes is characterized by their active development and intensive research on their
further improvement (Zheli et al., 2023; Habib Karimi et al., 2022; Giovanni et al.,
2023; Veerachamy et al., 2022; Feliu-Batlle et al., 2009; Mohsen Hosseini et al., 2023;
Soroush et al., 2021; Ardalan et al., 2022; Matthew et al., 2023; Peng et al., 2023; Li at
al., 2023; Ibrayev et al., 2022; Habib Karimi et al., 2022; Hashemy et al., 2019; Robles
al., 2015; Supriya et al., 2020; Monalisha et al., 2022).

Improving existing and developing new information support of water conservation in
irrigation systems is of central importance for the further effective development of water
management science and practice. In this problem, at the moment, the development
of devices and control systems in the presence of a shortage of water resources is
of paramount importance. These are, first of all, devices for regulating water levels
and balancing water distribution through the use of automated control systems and
computers.

Information and analytical research include a theoretical study of the elements of
the system being developed, development of the functional structure of the designed
system, clarification of technical requirements for the designed information system (IS),
and determination of the structure of intermodular interaction.

Experimental studies include:

- development of the user interface and structure of the IS database, i.e. appearance
of the software product, methods of communication between the user and the program;

- development of exchange protocols with level measurement devices and data
collection module DCM -1 and similar;

- debugging of IS software for water resources management based on hydrological
information;

- testing a software product and using it as a software and technology platform that
provides the Internet user with computer resources in an “online service” mode in
laboratory and field conditions.

At the demonstration site of the laboratory of hydraulic structures of the Kazakh
Scientific Research Institute of Water Economy and the pilot site, comprehensive
testing was carried out, based on the results of which the software was debugged. The
pilot site is located in the valley of the River Shu, which is an intermountain depression
limited in the south by the Kyrgyz ridge, in the east by the tip of the Trans-Ili Ala-Tau
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ridge, and in the north by the gently sloping Shu-Ili mountains. The geological structure
of the region consists of a complex of igneous, metamorphic, and sedimentary rocks
Matthew. The following structural and geological parts have been established: mountain
frame composed of Precambrian-Paleozoic rocks; valley, consisting of Precambrian-
Paleozoic basement and Meso-Cenozoic cover.

The studies were carried out using standard regulatory documents with the necessary
set of measures that provide a scientifically based methodology for setting up, organizing,
and conducting experiments (GOST 7.32-2017 7.32-2017 Scientific Research report.
Structure and design rules. — Moscow: Standartinform, 2017: 32).

Main Results and Analysis

Information support for the water resources management process is made in the form
of an information system consisting of a “cloud” service (website uvrcloud.kz), (GOST
R IEC 60870-5-101-2006 Telemechanics devices and systems. Part 5 Transmission
protocols. Section 101 General standard for the basic functions of telemechanics. —
Moscow: Standartinform, 2006: 29) an information collection and transmission device
DCM-1, an electric gate control program, and a mobile application MSD-1 ().

Cloud service development. Data on water consumption for water management
facilities using DCM-1 devices (data acquisition module) are transmitted to the website
uvrcloud.kz where they are stored and archived. The website uvrcloud.kz consists of
two parts:

- client part — to display the user interaction interface;

- server part - performing mathematical calculations, recording data in the database,
and ensuring the functionality of the entire information system (IS).

Users. Only those users who are added to the list on the page of users registered in
the system have access to the IS.

Based on the results of the work of DCM-1, a comparative calculation of the
percentage discrepancy was carried out with the data from the operational service of
the production site (PS), which showed discrepancies of no more than 5 % (Figure 1).
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Figure 1 — Graph of comparison of measurement data from the operational service of PS and DCM-1
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The developed DCM-1 device shows satisfactory convergence of calculated and
actual values of water flow at the pilot site, which gives grounds to assert the possibility
of using the DCM-1 device in irrigation systems. Reasons for discrepancies in data may
vary, including data errors, calculation errors, insufficient accuracy of measurement
methods, and other factors.

Database structure. The uvrcloud.kz IS database consists of the following tables:

- Sensors — the table contains all the sensors available in the system with names and
descriptions;

- Records — this table stores all data received from sensors;

- Users — user table;

- User_levels — User types (administrator, manager, etc.);

- Functions — a table describing the various functions of the IS, to differentiate user
access to different parts of the IS;

- Access_users — a table describing which section of the IS which user type has
access to.

The developed user interface of the uvrcloud.kz IS and the database structure allows
the user to intuitively navigate through the pages of the site and find the necessary
information. The IS also provides the ability to work with the system using a mobile
application or an application for a personal computer (PC) through requests.

Program for controlling electrically driven gates of a water distribution facility. The
main objective of the developed program is to provide the irrigation system operator with
the ability to monitor and manage the operation of each gate of the water distribution unit
in the system, as well as receive up-to-date information from sensors. For this purpose,
the program provides a graphical interface and a status and shutter control block. The
graphical interface contains a channel layout that displays the location of all gates and
sensors in the pilot site. The gate status and control unit provides the system operator
with the ability to select the gate to be controlled and set its operating parameters.

The program is implemented in the Pascal programming language, which is an
object-oriented programming language and allows you to create high-quality and
efficient programs. To create a graphical interface, various components are used, such
as TButton, TLabel, TEdit, TListBox, and others.

The interface provides the user with the opportunity to select the shutter to be
controlled and set its operating parameters, as well as detailed information about the
data received from the sensors (Figure 2).
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Figure 2 — The main window of the system

The program interface itself can be divided into three main blocks: a channel layout
block, a status and gate control block, and a block for receiving various data.

This software can be installed at any control center. Simplicity in management,
efficiency, and reliability in operation will allow it to be relatively quickly implemented
at water economy facilities, and it will be easy for employees of operational services to
master the use of a computer software complex.

Interaction of the program for controlling the gates of a water distribution structure
with an electric drive with a database. All data on system statuses, valves, water
consumption, and sensor readings are located in the MySQL database.

Storing data in a MySQL database provides convenient access to data, as well as
the ability to quickly search and process data. A MySQL database can be used to store
large amounts of data and support multiple users and applications (GOST R MEK
62421-2016 Electronic installation technology. Electronic modules. — Moscow:
Standardinform, 2016: 15). Integration with the MySQL database management system
provides the program with the ability to efficiently store and manage data on water seals,
humidity tasks, and other information necessary for automatic control of the irrigation
system.

Humidity sensor calibration. To obtain accurate readings from the humidity sensor,
the sensor readings were linked to the water-physical properties of the soil of the site
(Figure 3).
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Figure 3 — Diagram for connecting the soil moisture sensor to Arduino

Automatic operating mode of the program. In automatic mode, the program offers a
convenient schedule for controlling water valves, allowing you to set precise intervals
for opening and closing the valves of a water distribution structure, as well as control
using external sensors of humidity sensors. This mode allows you to automatically
adapt to changing field conditions, optimizing the use of water resources and ensuring
maximum irrigation efficiency.

Automatic control of water distribution facility gates. To create a task for scheduling
automatic control of hydraulic valves over time, an interface has been developed for
the operator that allows you to set the necessary parameters. It is also possible to
automatically control water seals based on the readings of humidity sensors, which
allows you to optimize the process of irrigating fields, maintaining optimal humidity
levels for crops.

Determining errors when receiving data packets. The program also contains
algorithms for monitoring and handling errors, as well as exception situations such
as loss of communication with the shutter controller or incorrect parameter entry. In
general, the program for controlling hydraulic valves at the pilot site is a reliable and
convenient solution for automating the process of controlling valves.

Debugging and fixing problems with the program. When developing software, it is
impossible to avoid errors and malfunctions. These situations are most likely to arise
during the testing process of the program when it comes into contact with real data and
use cases. However, it is important to understand that debugging and eliminating errors
is an integral part of the development process, which contributes to the creation of a
reliable, stable, and high-quality software product. For this purpose, a guide has been
developed for detecting, analyzing, and correcting errors in the program. This guide
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covers a wide range of program problems, from errors connecting to the database to
problems with control algorithms, and also offers a solution for each possible problem.

Mobile application development. The MSD-1 mobile application, which displays
data from the server site, is designed for convenient operation and monitoring of DCM-
1 devices (Figure 4).

Figure 4 — Mobile application MMSD-1

The application is implemented in Russian, Kazakh, and English, developed on
the Android operating system, in the Flutter platform, and in the Dart programming
language. Queries to the database are written in PHP, and hosted on Google Play.

After analyzing the operation of the software product for water resource management
in irrigation systems, we can highlight the following advantages and disadvantages
(Table 3).

Table 3 - Comparative analysis of the advantages and disadvantages of MSD-1

Advantages

Disadvantages

- Extensibility. You can add new sensors and input/
output modules to the system.

- Decentralization. You can control the system and view
the status from different places: PC, website, mobile
application.

- Mobility. You can install the program on another PC.

- Flexibility. The software allows you to switch between
automatic and manual shutter control modes, giving the
operator more control.

- Service. Setup and warranty service.

- Internet addiction. Without the Internet,
there is no way to remotely control or view
status.

- Restriction. The limit on the number of
Modbus devices in one network is no more
than 127 pcs.

- Security and access. Due to the possibility
of remote control of hydraulic gates, there is
a definite need to protect autorotation data in
the database.

In general, a custom software solution for water management based on hydrological

information, created from scratch, is always original and specialized.

Debugging and testing of a software product. Debugging and testing of cloud service
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software (website uvrcloud.kz) include the following types: static, dynamic, integration,
and memory debugging.

Integration debugging is applied to software packages or systems. After the individual
parts of the software package have been debugged, they begin to debug the interaction
of the various parts with each other. Let's consider the network structure of a DCM
complex, where a USB/rs485 interface converter is connected to a computer in the
laboratory. A Modbus RTU line is connected to the converter. Various devices, modules,
and sensors are connected to this line (Figure 5).

Internet

J

e ) S

Computer inthe  Converter
laboratory

Modbus RTU Line

Cable sensers

Sluice gates Humidity sensors

Figure 5 - DCM complex network topology

Several programs are installed on the complex computer, which also interact with
each other, creating a system. Let's take a closer look at the interaction of these programs

(Figure 6).

MSD Connector MsD

e o o

Database

L e

Devices  wwrcloud kz User

Figure 6 - Interaction of the software product
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Programs included in the DCM complex:

- DCM_ Connector — a program that acts as an intermediary between devices on the
Modbus RTU network and the database;

- DCM - a user interface program that acts as an intermediary between the user and
the database;

- A database is also a program that stores and processes data.

This software package demonstrates integration debugging because the operation of
the entire system as a whole depends on the operation of each component separately.

In the modern world, writing software is not complete without debugging and
testing. Any software manufacturer strives to make its products high quality and
reliable. Therefore, debugging and testing must be included in the stages of software
development.

As aresult of testing the software product for controlling water seals and monitoring
humidity sensors, it was found that the product functions correctly and performs its
tasks. The debugging and testing process allowed us to identify and eliminate potential
problems, ensuring the reliable and stable operation of the system.

Conclusions

The developed software for the water management process in irrigation systems is an
effective solution for automating the water distribution process. It allows you to manage
and monitor elements of water management facilities, which helps reduce response time
to possible emergencies and increase the efficiency of water resource use.

As a result of comparing data from two systems: measurements at the production
site, and readings from the DCM-1 device, discrepancies are noted in the range of no
more than 5%. Which is a satisfactory convergence of calculated and actual values of
water flow at the pilot site. Based on this, it can be stated that the DCM-1 device can be
used in irrigation systems.

An important advantage of the software product is its ease of use and configuration
flexibility, which allows it to be adapted to the specific needs and requirements of users.
In addition, modern technologies and tools were used in the development process of the
software product, which ensures its high reliability, stability, and performance (Scientific
Research Report for 2023 “Development of principles and methods for balanced
management of water distribution in irrigation systems based on hydrogeological
information, taking into account the formation of water resources in river basins” for
2021-2023).

Overall, the development of this software is a successful step in automating the
process of water resource management and data processing in the irrigation system. It
provides users with a convenient and efficient tool for controlling valves and collecting
data, thereby improving system efficiency and optimizing the use of water resources.
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