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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 ¥IJITTHIK FRUTBIM akagemusicky PKB, 2024
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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 «HanmonanwsHas akanemus Hayk PecryOnuku Kazaxcrany, 2024
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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. Desertification is a global threat to humankind that affects the livelihoods
of millions (and possibly billions) of people residing in arid and adjacent areas. Due to
the sharp retreat of the Caspian Sea by fifty kilometers from its former shore, the bare
and unvegetated loose lands, previously occupied by the sea, turn into a source of dust
storms, carrying with them toxic salts harmful to all living creatures of the Caspian
adjacent areas. The increasing frequency of dangerous natural phenomena such as
dust storms, contrasting halomorphic manifestations, and increasing areas of degraded
desert soils dictate the need for research on combating progressive soil salinization.
Phytomelioration as well as selection of salt- and drought-resistant plants from natural
pastures of the Caspian Sea and study of their adaptive properties to salinity and soil
drought are applied as the core reclamation methods of saline soils in rainfed conditions,
as they have a joint negative effect on plants due to the fact that they occur together
everywhere in the soils of this zone. This paper reveals the causes of abnormal dwarf
growth and development in first-year Kochia prostrata and studies the effect of dwarfism
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on the growth and development of its subsequent years, particularly on its productivity
and seed quality. As a result of the research, dwarfism of first-year Kochia prostrata
plants is stated to be caused by sowing incomplete seeds. The formation of incomplete
seeds is caused by the mowing of the first-year plants or their stratification by animals.

Keywords: degradation, secondary salinization, arid cultures, salt tolerance of
plants, Kochia prostrata, dwarfism, biomeliorant
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Annoranus. [HleneliTreny-anam3arka skahaHIbIK Kayill, 0J1 KYpFaK )KoHE OFaH )KaKbIH
aygaHaapla TYpaTblH MWIIMOHIAFaH (MYMKIH MWUIMapATaraH) aJamMaapiblH eMip
CypyiHe 3usiHAbI acep eteni. Kacnuii TeHi3iHiH OYpBIHFBI JKarajay/iaH ey MaKbIpbIMFa
KYPT LIeTiHyiHe OalylaHBICThI, OYPBIH TEHI3 acThIHIA OpPHAJACKaH JKaJaHaIll, eCIMIIK
KaMBUIFBICHI JKOK OOpHIBUIIAK >Kepiep IIaHAbl NaybUIAbIH Haiga 0oy Ke3i Oomblm
TabbUIabl, ©3iMeH Oipre Kacmuii MaHbl MEH OFaH ipreiec aymaHjapAblH OapiibiK
TIpLIUTITiHE 3UAHABI YIbI TY3Aap anbin xypeni. [lanasl qaysuigap 60bin TaObUIATHIH
Kayinti TaOuru KyOBUIBICTApJBIH KOO0ewi, XOJIOMOpP(THl KOpIHICTepAiH Kapama-
KaWIBUTBIFBI J)KOHE JIeTpagallisulaHFaH MeJICHT TONbIpaKTapAbIH YIIFalObl TOMBIPAKTHIH
yZeMeni Ty3JaHyblHa Kapchl 3epTTeyiep JKYPrisy KaKeTTUNriH Tanam ereai. Tomimi
Karaaiaa Ty3Abl TOIBIPAKTHl MENHOpalMsIIayIblH HEri3ri onici-puromenuopanus,
Kacnuiigin TaOuru sKalbUIBIMAAPBIHAH TY3-TY3[bl KOHE KYPFaKIIBUTBIKKA TO3iMi
OCIMAIKTEp/Ii TaHJay JKOHE ONapAbIH TY3/aHyFa KOHE TONMBIPAKTHIH KYPFaKIIbIIbIFbIHA
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OeliiM/IelTy KaCHUEeTTEpiH 3epTTey, OUTKeHI onap eciMIikrepre OipJieCKeH Tepic acep
eTelll, OUTKEH1 oJlap OChl aliMaKTBIH TOTBIPAKTapbIHAA OapIbIK JKepAae Kezaeceni.oipre.
Byt skymbIc eMipiiH OipiHIII )KbUTBIHAAFBI M3€HHIH KaJBIITAH ThIC epreXeini ecyi MeH
JaMybIHBIH ceOenTepiH amajabl, eprexeilsii ecyaiH eMipiHiH KeHiHIi >KbIIIapbIHbIH
ecyiHe jKoHe JaMmyblHa, aTall alTKaH/Aa, TYKbIMHBIH OHIMIUIIr MEH camachlHa 9CepiH
3eprreini. FeutbiMu 3eprTeynepain HOTHKEeCiHIe eMipAiH OipiHIi KbUIBIHAAFB U3€H
OCIMAIKTEPiHIH OCYIHIH epre)eiIiIir akaynbl TYKbIMIapMeH ceOlIreH Ke3zae maiaa
OOJaTBIH/BIFBl AHBIKTANABI. TOMEH TYKBIMAAPABIH TNaijna Ooiybl eMipiiH OipiHI
KBUIBIHIAFBl OCIMAIKTEpAi IabyMeH HeMmece oJapAbl >KaHyapiapMeH >KOIOMEH
0aliIaHBICTHI.

Tyiiin ce3aep: nerpagauus, KaiTanama Ty3IaHy, apUATI JaKbUIAAp, ©CIMAIKTEPAIH
Ty3Fa TO3IMJLIIT, )KaTaraH U3eH, ePrekeiiii, OMoOMeTuopaHT
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OTACHBIX NPHUPOAHBIX SIBICHUH, KaKHUMH SIBISIOTCS MbUIbHBIE OypH, KOHTPACTHOCTB
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raToMoppHBIX ~ TPOSBICHWUH W  yBEJIWYECHHE IUIOIMAACH  JerpaaupOBaHHBIX
OMYyCTHIHEHHBIX MMOYB JUKTYET Ha HEOOXOAMMOCTH MPOBEACHUS HCCICAOBAHUN 1O
0opb0e C MpOorpeccUpyrouM 3acoieHueM 1o4B. OCHOBHBIM METOJIOM MEIINOPAIUU
3aCOJICHHBIX TOYB B OOTAPHBIX YCIOBHSIX CIYXHUT (DUTOMETHOpAIHS, TOA00p coie-
COJIOHIIE M 3aCyXOyCTOWYHMBBIX PACTCHUN M3 €CTECTBEHHBIX mactowml [Ipukacmust u
H3yUYCHHE UX aIATITUBHBIX CBOMCTB K 3aCOJICHHUIO, COJIOHIICBATOCTH M MOYBEHHOM 3aCyXe,
MOCKOJIBKY OHH OKa3bIBAIOT HA PACTCHUSI COBMECTHOE OTPHIIATEIbHOE BIMSHUE, U3-3a
TOT0, YTO BCTPEUAIOTCS B MOYBAX JAHHOU 30HBI MOBCEMECTHO BMecTe. B maHHoit pabote
PACKpBIBAIOTCS MPUYHHBI aHOMAJLHOTO KApPIUKOBOTO POCTa W Pa3BUTHS MPYTHSIKA
MEPBOTO TOJAA KU3HU, U3ydaeTCs BIUSHHE KapJIUKOBOTO POCTAa Ha POCT U PA3BUTHE
MOCIEIYIONMX TOAOB €ro JKU3HH, B YACTHOCTH, HA TPOAYKTHBHOCTh M Ka4eCTBO
ceMstH. B pesynbrate Hay4YHBIX UCCIICOBAHHI YCTAHOBICHO, YTO KAPJIMKOBOCTH POCTA
pacTeHuii MPyTHSKA MEPBOTO TOA JKU3HHU BBI3BIBACTCS MPU MOCEBE HEMOTHOIICHHBIMHU
cemenamu. OOpa3oBaHHE HETONHOIEHHBIX CEMSH OOYCIOBIEHO CO CKAaIllMBaHHEM
pacTeHHii IepBOrO ro/ia JKU3HHU WK e CTPABIUBAHUS UX KUBOTHBIMH.

KioueBble cjioBa: erpajanus, BTOPUYHOE 3aCOJCHHE, apUIHBIC KYIBTYPHI,
COJIEYyCTONYNBOCTD PACTCHUH, IPYTHSK MPOCTEPTHIN, KAPTHUKOBOCTh, OMOMETHOPAHT

bnazooapuocme. Vccneooganue 6blNOIHEHO npu  (UHAHCOBOU  NOOOEPICKe
Amuipayckoeo ynusepcumema umenu X, /[ocmyxameoosa (epanm Ne(123PKHU0345).

Introduction

Issues of combating the above-mentioned phenomena are determining factors that
contribute to sustainable growth and development of arid crops. To preserve biodiversity,
which serves as a filter for more than 10 % of all carbon emissions on the planet,
Kazakhstan has planned to plant 2 billion seedlings of forest crops (Balyan, 1972).

However, as studies show, forest crops do not take root in the desert zone of
Kazakhstan, which involve the entire territory of Atyrau region due to severe soil-
reclamation and climatic conditions (Mukhambetov et al., 2021; Mukhambetov et al.,
2020).

From the geological and soil-reclamation point of view, the Ural River delta is an
exceptionally young territory, recently released from the Caspian Sea. The deposits of
greenish-gray clayey Khazar strata are found everywhere with layers of fine-grained
sands in some places. Khazar beds are formed by layered clays and fine-grained gray-
brown sandy dark gray dense clays. The New Caspian strata are distributed almost
throughout the described area intersepted with marine alluvial and deltaic facies,
which connect the floodplain terraces of the Ural River and are formed mainly by fine
brownish gray sand with layers of brown clay and loam (Kabiev, 2022; Nikolaev, 1953;
Zhaparkulova et al., 2021).

The given soil and climatic conditions cause dwarfism in forest crops growth, which
is limited to a height of no more than 1.5-2.0 meters.

Such plants naturally cannot utilize carbon dioxide gases in the required volume, i.e.
they cannot cope with the tasks assigned to them.

Semi-shrubby and semi-tree plant Kochia prostrata also behaves in culture, which
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has abnormal growth in the first year of life (height not more than 5-6 cm) or field non-
germination of seeds in culture once in five years of sowing.

Dwarfism of growth is a biologically predetermined property inherent along with
woody, semi-tree and semi-shrubby plants, evidenced by numerous literature sources,
and Kochia prostrata is a pronounced representative of them (Genkel, 1967).

In this regard L.Y. Kurochkina notes that Kochia prostrata sprouts appear in March,
but in dry years by August their mass death is observed. By September, the surviving
young plants can reach a height of 5-7 cm (Larin et al., 1975).

G.D. Gerasimenko cites that most of the seedlings die at a very young age, the
remaining ones continue to grow and develop very slowly (Radchenko, 1966). During
the year young plants give very little growth and reach only a few centimeters by 2—-3
years of age. By the autumn of 1965, the sprouts of prostrate summer cypress reached
1-2 cm, a year later their height increased by 1 cm, and by the third year it was already
3.2 cm.

LLE. Momotov et al. emphasize that the pace of development of gypsum desert plants,
both in natural conditions and in culture in dry years is so slow that literally miniature
plants grow out of seedlings (Leontieva, 1969). Wormwood and keireuk in dry years
grow 3—5 cm, but black saxaul reaches 15-20 cm.

Thus, it should be concluded that plant introduction cannot be successful in case
of dwarfism, and it in turn determined the choice of research direction as selection
and study of ecotypes of local fodder plants, persistently preserving the morphological
structure of the above-ground part in an unchanged form, less susceptible to climatic
and edaphic conditions of the environment.

It is obvious that to obtain a sufficient number of sprouts in crops, viable full-grown
seeds are needed (Mukhambetov et al., 2023; Nasiyev, 2016; Nasiyev et al., 2015).

The study is aimed at identifying the causes of abnormally dwarfed growth and
development of first-year Kochia prostrata and developing measures to prevent such
undesirable growth and development of the plant.

The task of research is to study and substantiate the following aspects:

influence of stratification of first-year-growing Kochia prostrata on productivity and
quality of its seeds in the second year of life;

influence of soil treatments on field germination and productivity of Kochia prostrata
seeds;

dependence of seed quality on the timing of the plant stratification of the first and
subsequent years of life;

measures to prevent abnormal growth and development of first-year plants.

Materials and methods

The main method of research is field, which provides for the establishment
of experiments on degraded lands to obtain scientific data available to judge the
effectiveness of a particular agro-approach.

The experiments were laid out in the specified terms on winter plowing with a depth
of 20-22 cm. Before plowing, the fields intended for plowing were disked with BDT-7
heavy harrows.
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The last operation with harrowing is repeated after plowing. Before and after sowing,
the soil is rolled with a roller (KKSh-6). No other agrotechnical methods in the year of
sowing are introduced, while subsequent years in the experiments experienced mowing
of weeds.

The experiment was carried out in the winter of 2023 in an area of 10 m2 with
fourfold repetition (Figure 1).

Figure 1 —Trial establishment

In addition to field experiments, laboratory ones were established according to
the generally accepted method of determining Kochia prostrata germination by seed
germination in a thermostat. The place of field experiments is an experimental plot in
Saraychik settlement in Makhambet district of the Atyrau region, and laboratory work
was carried out at Kh. Dosmukhamedov Atyrau University. As field and laboratory
germination of Kochia prostrata, along with dwarfism of growth, is the fundamental
direction of research, in accordance with the methodology of research, it is analyzed
depending on the prevailing soil and climatic conditions of a particular year, as well as
on the mowing height of the plant. The influence of mowing height on the formation of
seed quality is also studied.

Results

Vil Vil

—4—2022 —0—2023 —=—Cp.

Figure 2 — Average monthly air temperature, °C (the 2022-2023 period)
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Figure 3 - Precipitation per month in mm (for the period 2022-2023)

Figures 2 and 3, representing the meteorological data of the last two years, display a
considerable difference in terms of precipitation, as in 2021-2022, there was 208.95 mm
of rain, which was 14.95 mm more than the average annual norm of 194 mm. According
to this indicator, the year is classified as particularly moistened, while the 2022-2023
agricultural year was mediocre (208.75 mm vs. 194 mm). In the particularly moist
agricultural year of 2021-2022, optimal seedlings were obtained in all experiments, and
the growth and development of Kochia prostrata were quite favorable; however, from
the middle of May to the first decade of 2022, the plant herbage from seed plots was
completely subjected to meadow moth infestation.

The meadow moth completely destroyed the upper part of the plants, where the
apical meristem usually concentrates. As a consequence, the plants could not recover
for a long time; the former pace of growth and development was sharply disturbed,
and only a month and a half after the infestation, the plants continued their further
growth. However, the meadow moth infestation of the upper meristem had a drastic
adverse effect both on the seed productivity of Kochia prostrata and seed quality. Seed
plots yielded no more than 0.2 c/ha of stubby, incomplete seeds with low laboratory
germination (no more than 3-4%). With seeds received in 2022, experiment 1 was
planted in the sub-winter of 2023.

Tablel. Studying the influence of soil tillage methods on seed productivity of Kochia prostrata. 2023-
subwinter sowing. Experiment 1.

Ne Variants Number of Plant height | Seed productivity, Laboratory
plants, pcs/m? in cm c/ha germination
1 Control, natural 21.0 10.2 1.4 -
vegetation
2 Direct sowing 4.0 6 0.10 1
without tillage
3 20-22 cm-depth 5.0 7 0.13 1
ploughing
4 | Sowing in 10x10 cm 6.0 8 0.20 1
steep groove

- productivity of ephemeral pastures
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Table 1 (Figure 4) data show that when sowing with inferior seeds received in 2022
after the meadow moth infestation, the laboratory germination of seeds decreases to 1
%, i.e., below the standard level. Along with this, the plants of Kochia prostrata grow
dwarf; their growth at the end of May barely reached a height of 5-6 cm, and at the end
of the year the indicator was up to 8 cm. Naturally, such dwarf plants in the first year
of life provided extremely low seed productivity, that is, from 0,1 to 0,2 c/ha of seeds,
according to the variants of soil treatment.

atgers
Figure 4 — Dwarfism in Kochia prostrata

The growth and development of Kochia prostrata displayed certain regularity: 80—
90 % of the plants of the first year of life, grown from incomplete seeds of the harvest of
2022 by the time of autumn coolness, started from the third decade of October, became
so withered that the precipitation could not revive them. In all probability, they will
completely drop out of the grass stand during the winter of 2023-2024.

The remaining 10-20 % of Kochia plants had quite decent photosynthetic activity,
with an abundance of dark-colored leaves (36 %) at a height of 11-13 cm and a healthy
appearance, so they surpassed the overwintering.

Withered plants gave single fruits, laboratory germination of which was 0 %, and
healthy viable plants of Kochia prostrata produce quite high quality seeds, and their
germination comprised 70.5 %. Experiment 2 studies the influence of the height of
stratification of first-year plant on seed productivity in the following years of life.

Table 2 — Studying the influence of the height of stratification of first-year Kochia prostrata on
second-year seed productivity. Experiment 2.

Ne | Variants Plant number at the | Plant height, |Seed Kochia prostrata
end of vegetation, cm productivity, c/ha | seed germination, %
pes/m?

1 | Control 214 9.6 0.02 4

2 | Kochia prostrata is |20.6 42.0 2.6 88

not used for grazing
and haying
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- According to the current recommendation adopted by the Ministry of Agriculture
of the Republic of Kazakhstan, Kochia prostrate crops in late autumn should be stripped
by animals or mowed, therefore this option is considered to be a control one.

In the experiment, two variants are studied: first-year Kochia prostrata with
stratification and without. The experiment was planted in the subwinter of 2022 with
full-grown seeds. Plants of the first year of life in 2022 were isolated by gauze bags,
that is, were not subjected to the invasion of meadow moth, and the accounting of yield
and biometric indicators were carried out in 2023, in the second year of life of the plant.

It is clearly seen by the data in Table 2 that almost the same number of plants in m2
(21.4 and 20.6) differ greatly in height, as with stratification on the control plant, growth
barely reaches 9.6 cm, while in the variant without stratification, plants of second-year
Kochia prostrata are characterized by a fairly high growth of 42.0 cm.

As already mentioned, the high yield of Kochia prostrata seeds depends entirely on
the height at which the plant finishes its development cycle in the first year of life. It is
noted that the higher the growth of Kochia prostrata, the bigger the yield of seeds in the
following years of life.

This situation is clearly confirmed by the growth indicators of Kochia prostrata,
where the productivity of seeds of second-year plants without stratification (2.6 c/ha)
is much higher than in the case of their stratification (0.02 c/ha). The lower the height
of plants, the poorer their laboratory germination (4 %) compared to variants without
stratification (88 %).

The regularities obtained in experiment 2 are repeated in experiment 3, where we
study the influence of time and height of stratification of third-year Kochia prostrata on
seed productivity (Table 3, Figure 5).

Table 3 —Study of the influence of time and height of third-year Kochia prostrata stratification on seed
productivity and seed quality. Experiment 3.

Ne | Variants Amount of Plant height, | Seed Laboratory germination
plans, pcs/m> | cm productivity, c/ha | of seeds (%)
1 | Control by mowing at |5.4 32 0.6 26
the end of June
2 | Kochia prostrata is not | 6.2 66 7.0 98
grazed and mown

In experiment 3, the regularities established in the previous experiment are repeated:
when mowing, plant growth is 2 times lower compared to unmowed plants (32 vs. 66);
seed productivity is 11.7 times lower (0.6 vs. 7.0, respectively); and the most remarkable
germination of seeds obtained from mowed plants is extremely low (26 %) compared
to unmowed plants (98 %).

All these data convincingly demonstrate that mowing first- and second-year plants
is in no way favorable for seed production. At the same time, mowing during the period
of budding and flowering plants in their third year of life does not ensure the production
of full-fledged, high-quality seeds. In other words, the seeds of Kochia prostrata should
not be mowed to produce hay. The height of the unstratified and unmown plant in its
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third year of life (60—70 cm) shown in Figure 5 can vary from 65 to 100 cm by year of
life depending on the soil and weather conditions.

Figure 5 — The height of an ungrazed and unmown Kochia prostrata in the third year

The phenomenon of plant dwarfism has been thoroughly and systematically studied
in plant physiology and biochemistry, but in crop production, in particular, in arid fodder
production, we consider the issue for the first time worldwide.

As scholars noted in literary sources, growth dwarfism of woody plants, including
the semi-timber plant of Kochia prostata, is caused either by insufficient content of
nutritional elements in a plant (5), by disturbances in the balance of growth stimulants
and inhibitors in plants (3), or by the level of stratification stage (4) in seeds.

Long-term observations and studies we conducted for at least half a century have
shown that in addition to the above factors, other ones that cause dwarfism of the plant
are soil conditions, namely, excessively loose non-capillary porosity and clumpiness
created by soil plowing. The mentioned factors contribute to rapid soil drying, leading
to premature drying of seeds before the time of mass sprouting. As a result, in some
places sprouts of plants are completely absent, and in other places established single
plants grow dwarfishly, not more than 6—8 cm high, which represents the difference
between plant crops in production conditions.

Dwarf plants will remain dwarf for a long time until they grow after abundant rainfall,
but a favorable time for the exuberant growth of dwarf plants will be uncertain, so plants
might remain dwarf throughout ontogenesis in the absence of excessive precipitation.

Evidently, such dwarf plants are not welcomed by peasant practitioners and farmers,
and Kochia prostrata is not introduced into production.
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Conclusion

Dwarfism, a characteristic feature of Kochia prostrata, is manifested when plowing
on windward slopes. The moldboard plow is a tool that is not adapted for arid soils
since plowing creates a clumpy structure and excessive non-capillary porosity, which is
quickly blown away. Consequently, the plants lack moisture and grow dwarf.

Recommendations on stratification or haying in the first year of life are not valid as
the plants of Kochia prostrata grow dwarf, unable to form full-conditioned seeds.

The plants remain dwarf for a long time (3—4 years) in ontogenesis, and their growth
can be improved in favorable rainy terms, but the exact time for exuberant precipitation
cannot be predicted.

One of the reasons Kochia prostrata was not introduced into production is its
dwarfism, which makes the plant unsuitable for mowing and for grazing animals.

Dwarfism of growth is possible to prevent with the preservation of skeletal axes of
first-year plants in the unchanged form, achieved by no grazing or haying in the first and
second years of life.
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