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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 xavecmeo u enyOuHy KOHmMeHmMa Ol UCCledosamelell, asmopos,
uzoamenei u yupescoenuil. Brmouenue Hzeecmusi HAH PK. Cepus eeonoecuu u mexHuueckux
nayx 6 Emerging Sources Citation Index demoncmpupyem nauty npugepiceHHocms K Haubonee
AKMYANIbHOMY U GIUAMENbHOMY KOHMEHMY NO 2€0102Ul U MEXHUYECKUM HAYKAM Olsl HAule2o
coobwecmsa.



Bac penakrop

KYPBIHOB Mypar KypbiHYJIbI, XUMHUS FBUIBIMIAPBIHBIH TOKTOpBI, Tpodeccop, KP ¥FA
akanemuri, Ka3zakcran PecnyOmukackl YarTeik FwutbiM  akagemusichiHbIH mpesuneHTi, AK «/1.B.
CoOKONBCKHI aTBIHAAFBI OTHIH, KaTaln3 jKOHE MEKTPOXUMHS HHCTUTYTBIHBIH» 0ac TUPEKTOpHI (AJIMATHI,
Kazakcran) H =4

FplabiMu XaTiibl

ABCAJIBIKOB BaxbiT Hapukaiiyabl, TeXHUKa FRUIBIMIApBIHEIH JTOKTOpHI, podeccop, KP ¥FA

JKayanThl XaTIbIChl, A.b. BekTypoB aTbIHAaFBI XUMUS FBUTBIMIAPEI HHCTUTYTHI (AnMarsl, Kazakcran) H=5
PepnakunusaablK ajka:

OBCAMETOB Mauic Kyasicyiabl (6ac penakTopablH OpbIHOAcaphl), T€OJOTHS-MHHEPATOTUS
FBUIBIMJIAPBIHBIH  TOKTOpBI, mpodeccop, KP ¥FA akamemnri, «Y.M. Axmencaduna aTbIHAAFBI
THIIPOTCOIOTHS KOHE T€OIKOOTH MHCTUTYTHIHBIHY) TUPEeKTophl (AnMarel, Kazakcran) H = 2

JKOJITAEB Tepoii JKoaraiiynel (6ac pemakTopiblH OpBIHOAcCAPhI), TEONOTUS-MHHEPAIOTHS
FBUTBIMJIAPBIHBIH JOKTOPHI, mpodeccop, K.M. CaTmnaeB ThIHIAFBI T€ONIOTHS FHUIBIMIAPH HHCTUTYTHIHBIH
nupektopsl (Anmarsl, Kazakcran) H=2

CHOY [Ipuuen, Ph.D, kaybiMaacteipbutran npogeccop, Hebpacka yuuBepcuteTinid Cy FhUIBIMIAPDI
3eprxaHachlHbIH qupekTops! (HeOpacka mrarsr, AKII) H = 32

3EJBTMAH Peiimap, Ph.D, taburu tapux Mmypaxaiieinsiy JKep Typassl FbutbiMaap Oestiminjae
TIETPOJIOTHS XKOHE Taiiiasbl Ka30aap KeH OpBIHAAPBI CalachIHAAFEl 3epTTeyIepain kerekmrici (Jlonmomn,
Anrnus) H =37

MMAH®UJIOB Muxaua BopucoBud, TeXHUKa FRUIBIMIAPBIHBIH JOKTOPEI, Hancn yHHBepcHuTeTIHIH
npodeccopsl (Hancu, @panrms) H=15

HIEH IMun, Ph.D, KeITaii reoIorusuIbIK KOFaMBIHBIH Tay T€0JIOTHSACH KOMUTET] TUPEKTOPEIHBIH OPbIH-
Gacapbl, AMEpHKaH/IbIK YKOHOMHKAIBIK Teosiortap KaybiMaacToirbiHbIH Mytieci (ITexun, Kpitait) H = 25

OUIIEP Axkcean, Ph.D, [/IpesneH TeXHUKAIBIK YHUBEPCUTETIHIH KaybIMAACTHIPBLUIFAH Ipodeccopsl
(dpesnen, bepnun) H=6

KOHTOPOBUY Anekceii IMHIbeBHY, T€OJOTUS-MHHEPAIOTNs FHUIBIMAAPLIHBIH JIOKTODBI,
npodeccop, PFA akamemuri, A.A. Tpodumyka arblHIaFbl MyHai-ra3 TeOJIOTHSCHI JKoHEe reodusuka
nHcTuTyTH (HOoBOCHOMpCK, Peceit) H = 19

ATABEKOB Baanuvup EHokoBHY, XUMUs FBUIBIMAAPBIHBIH J10KTOpHI, benapycs ¥FA akanemuri,
YKana matepuanap XUMHACHI MHCTUTYTBIHBIH KYPMETTi aupektopsl (Munck, berapycs) H =13

KATAJUIUH Credan, Ph.D, J/[pe3neH TeXHUKaJIBIK yHUBEPCUTETIHIH KaybIMaCTBIPBUIFaH Podeccopbl
(dpesnen, bepmun) H = 20

CEMTMYPATOBA Dieonopa FOcymoBHA, reoioris-MHHEPANOTHS FHUTBIMIAPHIHBIH JOKTOPHI,
npodeccop, KP ¥FA xoppecnonaent-mymeci, K.J. Carnaes arsiaaarsl [ €0m0Tus FRUTBIMIAPEI HHCTUTYTHI
3epTXaHachIHbIH MeHrepyiici (Anmarsl, Kazakcran) H=11

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

DOPATTUHMU IMaouo, Ph.D, bukokk Munian yHHBEpCUTETI KaybIMAACTHIPBIIFAH mpodeccopsl (MmumaH,
Uranus) H = 28

«KP ¥F'A Xa6apaapsl. ['eosiorusi xoHe TEXHUKAJIBIK FHUIBIMAAP CEPUsIChD».
ISSN 2518-170X (Online),
ISSN 2224-5278 (Print)
Menmrikreymi: «Kazakcran PecryOnukachiHbIH ¥JITTHIK FRUIBIM akageMusick» PKB (Anmars! K.).
Kazakcran PecmyOnukachiHBIH AKHapar »KoHE KOFaMIBIK JaMy MUHHCTPJITiHIH AKHapar KOMHUTETiHIE
29.07.2020 x. 6epinrer Ne KZ39VPY 00025420 mep3imMaik 6acbUIbIM TipKeyiHe KOWBLTY Typalibl KyoiK.
TaKpIPBINTHIK OAFBITHL: 2€0102Usl, MYHAL HCIHE 2a30bl OHOEYOTH XUMUALLIK MEXHOL02UANAPbI, MYHAL
XUMUACDL, MEMANOAPObL ALY HCIHE ONAPObIH KOCLIHOBLIAPIHBIY MEXHONOSUACHL.
Mep3iMaimiri: KpUIbIHA 6 PET.
Tupaxsr: 300 nana.
Penakuusaei MekeH-xkaiibl: 050010, Anmarsr K., [lleBuenko kerr., 28, 219 6en., Ten.: 272-13-19
http://www.geolog-technical.kz/index.php/en/

© Kazakcran PecryOnukachbiHBIH ¥ ITTHIK FBUIBIM aKaeMusichl, 2022

Tunorpadususie MekeH-kaibl: «Apyna» KK, Anmarsl k., Myparbaes kemt., 75.
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I'naBHBIii penaxkTop

KYPUHOB Mypar ’KypuHOBHY, TOKTOp XMMHUYECKHX HayK, mpodeccop, axagemuk HAH PK,
npesuseHT HanmonanpHoi akagemun Hayk PecryGnmkm Kasaxcran, reHepanbHblii pupextop AO
«MHCTUTYT TOTUIMBA, KaTaiau3a U anekTpoxuMun uM. J1.B. Cokonbckoro» (Anmarsl, Kazaxcran) H = 4

YueHHBIIi cekpeTapb

ABCAJIBIKOB BaxbiT HapukéaeBu4, TOKTOp TEXHHYECKHX HAyK, Mpodeccop, OTBETCTBEHHBIN

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

ABCAMETOB Masuc KyapicoBud, (3aMeCTUTEINb ITTABHOTO PEAKTOPA), JOKTOP I'€0JIOTOMHUHEPAIIO-
THYECKHX HayK, mpodeccop, akaaemuk HAH PK, mupextop MHCTUTYTA THAPOTE€OIOTHU U TEOIKOTOTUH M.
V.M. Axmencaduna (Anmarsl, Kazaxcran) H =2

JKOJITAEB TI'epoii KoaraeBuu, (3aMeCTUTENb INIABHOTO PENAKTOpa), JOKTOP T'€OJOTOMHHEpAo-
THYeCKUX Hayk, mpodeccop, mupekrop MHcruryrta reonmornueckux Hayk nm. K.M. CarmaeBa (AmnMarsl,
Kazaxcran) H=2

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

3EJBTMAH Peiimap, Ph.D, pyxoBoauTes HCCIEI0BaHIH B 00JIACTH IIETPOJIOTHU  MECTOPOXKIACHHI
M0JIe3HBIX CKomaeMbIX B OTaene Hayk o 3emie Myses ecrectBenHol uctopuu (Jlonnon, Aurmus) H = 37

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

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

OUIIEP Axkceab, accouunpoBaHHBIA mpodeccop, Ph.D, TexHmueckmit yHuBepcurer [pesneH
(dpesnen, bepnun) H=6

KOHTOPOBUY Aunekceli DMUIbeBHY, TOKTOP TI'eOJIOTO-MHHEPAIOTHIECKUX 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, akageMuk HAH benapycu, moueTHsIi
mupekTop MHCTHTYTa XUMHUU HOBBIX MarepuaiioB (Munck, benapycs) H =13

KATAJIUH Credan, Ph.D, accouuuposanusiii mpodeccop, Texuuueckuit yausepcuret (pesneH,
Bepnmun) H = 20

CEMTMYPATOBA Dieonopa FOcynoBHa, TOKTOp reonoro-MAHEPAIOrHYECKHX HayK, Tpodeccop,
uneH-koppecnionneHT HAH PK, 3aBenyromas naGoparopun MHcTHTyTa Teonormdecknx Hayk um. K.
CarnaeBa (Anmatsl, Kazaxcran) H=11

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

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

«M3Bectusst HAH PK. Cepust reo1oruu 1 TeXHH4eCKHX HAYK».
ISSN 2518-170X (Online),
ISSN 2224-5278 (Print)
Cob6ctBennuk: Pecrybnukanckoe obmiecTBeHHOE 00bennHenne «HaronansHas akaxeMust Hayk
Pecrry6mmkn Kazaxcram» (T. AMatsr).
CBUAETENECTBO O MOCTAaHOBKE HA y4eT NMEPHOIMUYECKOro nedaTHoro uiganus B Komurere mHbopManum
MunncTepcTBa HHGOPMAIIHK 1 001ecTBeHHOT0 pa3BuTns Pecrryommku Kazaxcran Ne KZ39VPY 00025420,
BeIganHoe 29.07.2020 .
Tematndeckas HANpaBICHHOCTB: 2e0n02us, XUMU4ecKue mexHonocuu nepepabomku Hegpmu u 2asa,
Hepmexumus, mexHoN02UlU U3GLeHeHUs MEMAI08 U UX COeOeHeHUl.
[eproguarOCTH: 6 Pa3 B TOA.
Tupax: 300 3K3eMIIIIPOB.
Anpec penakiuu: 050010, . Anmarsr, yi. [lleBuenko, 28, od. 219, rem.: 272-13-19
http://www.geolog-technical.kz/index.php/en/

© HammonansHas akagemus Hayk PecrryOnuku Kasaxcran, 2022
Anpec tunorpaduu: UIT «Apynay, . Anmarsl, yi1. Mypar6aesa, 75.
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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

AGABEKOYV 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

SAGINTAYEYV Zhanay, Ph.D, associate professor, Nazarbayev University (Nursultan, Kazakhstan)
H=11

FRATTINI Paolo, Ph.D, associate professor, university of Milano-Bicocca (Milan, Italy) H =28
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© National Academy of Sciences of the Republic of Kazakhstan, 2022
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https://doi.org/10.32014/2518-170X.222

UDC 550.845/461:551.521.1:631.474

M. Mirdadayev'’, A. Basmanov', N. Balgabayev', B. Amanbayeva ',
A. Duisenkhan?

'Kazakh Scientific Research Institute of Water Economy, Taraz, Kazakhstan;
2 Kazakh National Agrarian Research University, Almaty, Kazakhstan.
E-mail: mirdadaev@mail.ru

RESEARCH OF HYDROGEOLOGICAL CONDITIONS AND ENERGY
PARAMETERS OF ZONAL IRRIGATED SOILS WHEN OPTIMIZING
ENERGY-EFFICIENT RECLAMATION TECHNOLOGIES IN THE
REPUBLIC OF KAZAKHSTAN

Abstract. The article presents the results of studies of hydrogeological
conditions of the geological structure of soils and issues of optimization of
energy-efficient reclamation technologies in the Republic of Kazakhstan.

From a geological point of view, the study area belongs to the complex
of modern alluvial-proluvial deposits, which contributes to their complex
relationship in size and area, and lithological differences. The main zonal soils,
such as serozem, chestnut and chernozem, have different hydrogeological
conditions and require different energy costs when carrying out reclamation
measures to ensure maximum yields of cultivated crops. For the territory of
Kazakhstan, the values of the components of the energy balance increase from
northern to southern latitudes, from the zone of chernozem soils to gray soils.

The results of the research showed that the energy intensity of the use of
ameliorative measures varies from 3780.0 to 8400.0 MJ/ha, depending on the
type of ameliorant. In the structure of the total costs for land reclamation works,
accordingly, it changes from 1703.85 to 4815.81 MJ/ha. The largest share of costs
(58-60%) is fuel and electricity, 24-25% - the operation of agricultural machinery
and tractor equipment, the labor of workers and maintenance personnel - 6-8%.

Key words: hydrogeological conditions, groundwater, melioration, irrigated
lands, energy parameters, energy efficiency, energy intensity.
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M.C. Mupnanaes', A.B. bacmanos !, H.H. banraoaes ',
B.11I. Aman6aeBa !, A.A. Jlioiicenxan 2

'Kazak cy 1mapyaiblIbIFbl FEUTBIMU-3EPTTCY HHCTUTYTHI, Tapa3, Kasakcran;
’Kasak yJITTBIK arpapiblK 3epTTey YHuBepcuTeTi, AnmMarsl, Kasakcras.
E-mail: mirdadaev@mail.ru

KA3AKCTAH PECITYBJIUKACBIHIA DHEPTUSIJIBIK TUIMII
MEJIMOPATUBTIK TEXHOJOT USIJIAPIBI OHTAMJIAH/IBIPY
KE3IHJE AMMAKTBIK CYAPMAJIBI TOMBIPAKTBIH
SHEPTETUKAJIBIK TAPAMETPIEPI MEH THJIPOTEOJIOT USLTBIK
"KAFJIANJIAPBIH 3EPTTEY

AnHoTanusi: Makanaaa TONBIPAKTHIH T€OJOTHSIIBIK KYPBUTBIMBIHBIH THIPO-
TCOJIOTHSUTBIK KaFJaiyIapblH 3epTTey HOTIKenepi xoHe Kaszakcran PecmyOmu-
KaChIH/IaFbl YHEPTHs TUIM/II MEMOPATUBTIK TEXHOJIOTHSIIAPAbI OHTANIAHBIPY
Macenenepi OepiireH.

leonorusinbIKk  TYpFBIAH  3€pPTTENETIH  ayMaK Kasipri  aJUTIOBUIIIK-
MIPOJTFOBUIITIK IIOTTHAIEp KEIICHIHE )KaTaabl, OYJI OJIapIbIH KeJieMi MeH ayTaHbl
OoWbIHIIA KYypjaeni OalIaHBIChIHA, JUTOJIOTHSUIBIK aWbIPMAIIBUTBIKTAPhIHA
pIKnan ereqi. Cepo3em, KalliTaH %oHe Kapa TOMbIPaK CUSKTHI HET13T1 aiiMaKThIK
TOIBIPAKTAPABIH THIPOTCONIOTHSIIBIK JKaFdaiapbl OpPTYPJl JKOHE MOJICHH
JTaKbUIIAPJBIH MAaKCHUMAIAbl OHIMIH KaMTaMachl3 €Ty VIIIH MEeTHOPAaTUBTIK
mapayapabl KYprizy Ke3iHIe OpTYpJ DHEpPrus IIBIFBIHAAPBIH KaXXeT eTe/ll.
Kazakcrtan TeppUTOpUSACH YIIIH HSHEPreTHKAIBIK OalaHCTBIH Kypamjac
OOJIIKTepiHIH MOHJIEPI CONTYCTIKTEH OHTYCTIK €HJIKKe, Kapa TOIbIPAK
aiiMarpIHaH 003 TOIIBIPAKKA JCHiH apTa/bl.

3epTTey  HOTIDKENEepl  KOPCETKEHICH, MENUOpalusyIblK  IIapanapabl
KOJJIAaHY/ABIH OJHEPTUsl CHIUBIMIBUIBIFBI  MEJIMOPAHT TYpiHE OalIaHBICTHI
3780,0-nen 8400,0 M/Ix/ra neifin e3repeai. MenHOpalMsUIBIK KYMBICTapFa
YKaJIbl IIBIFBIHIAP KYPBUIbIMBIHAA coiikecinme 1703,85-ten 4815,81 MJlx/
ra-ra nieiin esrepeni. LbrbiaaapapiH eH yikeH yieciH (58-60%) oTbIH MeH
ANEKTP PHEPrusichl, 24-25% - aybli MIapyalbUIbIFbl MAITHHAIAPHI MEH TPAKTOP
TEXHUKACHIH TalallaHy, >KYMBICIIBIIAD MEH TEXHUKAJBIK KBI3MET KOPCETY
MIePCOHABIHBIH eHOeT1 - 6-8% Kypaiiibl.

TyiliH ce3mep: TUIPOreoNOTUIIBIK JKaFJauiaap, JKep acThl Cyjlapsbl,
MEJHOpaIysi, CyapMallbl JKepjep, JHEPreTUKAIBIK IapaMeTpiep, JSHEPIHs
THUIMJIUTIT, DHEPTHUS CHIMBIMIBLTBIFBI.
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M.C. MupaanaeB', A.B. bacmanos' 1, H.H. Baara6aes',
B.III. Aman6aeBal, A.A. [oiicenxan ?

'Kazaxckuii Hay4HO-HCCIIeA0BATEILCKUI MHCTUTYT BOAHOTO XO3SHCTBA,
Tapa3, Kazaxcran;
?Kazaxckuii HallMOHAIBHBIN arpapHbId HCCIICI0BATEIBCKHI YHUBEPCHUTET,
Anmarel, Kazaxcran.
E-mail: mirdadaev@mail.ru

HCCJEJOBAHME I'IJIPOTEOQJIOTMYECKHUX YCJIOBUI 1
SHEPITETUYECKHUX TAPAMETPOB 30HAJIBHBIX OPOITAEMbIX
ITOYB ITPU OIITUMU3BALINU DQHEPTOPOPEKTUBHBIX
MEJHUOPATUBHBIX TEXHOJIOTHWI B PECITYBJIUKE
KA3AXCTAH

AHHOTamusi. B cratbe mnOpuBeneHbl  pe3ynbTaThl  UCCIEAOBAHMI
THAPOTEOJIOTHIECKUX YCIOBUN TEOJOTUUECKON CTPYKTYpPhl MOYBOTPYHTOB M
BONIPOCHI ONTHUMH3AINH YHEProd(H(HEKTUBHBIX METHOPATUBHBIX TEXHOJOTUH B
Pecny6nuke Kazaxcran.

Creonorun4eckoi TOUKH 3peHus paiioH UCCIIETOBAHUN OTHOCUTCS K KOMILJIEKCY
COBPEMEHHBIX aJUTIOBHAIBHO — MPOIIOBHANBHBIX OTIOKEHUM, CIOCOOCTBYET UX
CJIOKHOM B3aMMOCBSI3U TI0 pa3MepaM | IUIOIIAIN, JIUTOJIOTHICCKUM Pa3THIUSIM.
OcCHOBHbBIE 30HAJbHBIE I[IOYBBI, TAKME€ KaK CEPO3EMHBIC, KallITAHOBBIE U
YEepHO3EMHBIE MMEIOT Pa3NyYHbIe THIPOTre0IOTUYECKHUE YCIOBUS U TPeOyroT
pPa3IMYHBIX HSHEPreTUYECKUX 3arpaT NpH TMPOBEACHUU MEITHOPATHUBHBIX
MEpPOIPHUATHH, O00ECHeYynBaIONMX TMOITYyYeHHE MAaKCHUMAaJbHBIX YPOXKaeB
BO3JICJIBIBAEMBIX CEIBCKOXO3IMCTBEHHBIX KYIbTYp. st TeppuTopun Kazaxcrana
3HAYEHUS COCTABIISIONINX YHEPTETHUECKOT0 OajaHca MOBHIIIAIOTCS OT CEBEPHBIX
IIUPOT K FOXKHBIM, OT 30HBI YePHO3EMHBIX IMTOYB K CEPO3EeMaM.

Pe3ynbrarel ucciaenoBaHWl TOKa3ald, YTO HSHEPrOEMKOCTh MPUMEHEHHS
MEJIMOPATUBHBIX MeponpusaThii m3mensiercs ot 3780,0 mo 8400,0 MJDx/ra
B 3aBHCHUMOCTH OT BHJIa MeJIHMOpaHTa. B CTpyKType COBOKYNHBIX 3aTpar Ha
MIPOBEJICHIE MEIMOPATUBHBIX PAOOT COOTBETCTBEHHO U3MeHseTcs oT 1703,85 mo
4815,81 M]JIx/ra. Hanbonsmryro moimto 3arpar (58-60 %) cocTaBiseT TOTIUBO
U 3JeKTpo3Heprusi, 24-25 % - sKcIulyataius CeabCKOX035UCTBEHHBIX MAIIUH U
aBTOTPAKTOPHAs TEXHUKA, TPYA PaOOTHUKOB U OOCITYKHBAIOIIETO MepcoHaa —
6-8 %.

KiroueBble ci10Ba: ruaporeooruyeckre yClIOBUsl, T€OJIOTUsl, TPYHTOBBIE
BO/BI, MEIMOpAIUsS, OpPOLIAEMbIE 3€MJIM, JHEPreTUYECKHE MapameTphl,
9HEprod(h(HEeKTUBHOCTH, IHEPTOEMKOCTb.
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Introduction.

In the upper hydrogeological layer of the Asa interfluve massif, from a
geological point of view, the complex of modern alluvial-proluvial deposits
contributes to their complex relationship in size and area, and lithological
differences. The geological structure of the upper tier of the hydrogeological
massif at the Asa site includes complex alluvial deposits of the proluvial age
of the Middle Quaternary - modern age with a very complex relationship with
lithological differences in size and in context (Geologia SSSR. M., 1921).

The study area belongs to low-carbonate gray soils of the periphery of semi-
deserts in the foothills of the Northern Tien Shan. The basis of the irrigated bark
of agriculture is gray soils. In the valley of the Asa River, hydromorphic soils are
developed, subject to the influence of shallow mineralized groundwater. The soil
cover of desert areas consists of loose gray soil. Bare soil is typical for areas with
deep relief. Soils with poor water permeability, when wet, harden, and when
dried, turn into a solid mass (Howard Mooers et all, 2009). In the valley of the
Asa river basin, sands cover 10-20% of the total land area and are distributed
over the territory in small areas(Bezruk V.M., 1984).

Atpresent, for the development of the economy of the Republic of Kazakhstan,
in particular the agro-industrial complex, the main task is the effective use of
water and land, material and labor, and other resources. To do this, it is necessary
to ensure the use of energy-efficient technologies aimed at increasing productivity
and reducing costs in the production process (Krygin, 2021). Energy costs in
agricultural production exceed the standards and are several times higher than
in developed foreign countries (Faizov et all, 2007). Therefore, studies to
establish the energy efficiency of the applied reclamation measures will make
it possible to identify and optimize energy-consuming methods for specific
hydrogeological and soil conditions of irrigated areas, up to individual farms
and fields. In the problem of energy saving and energy efficiency improvement
of land reclamation in agriculture underline the relevance and importance of
solving this issue (Balgabaev et all, 2020).

The soil cover of the Republic of Kazakhstan differs from the soils of other
countries in its low resistance to anthropogenic pressures and is subject to
degradation and desertification processes (Laiskhanov et all, 2016). More than
75% of the total territory is subject to these processes to varying degrees, of
which 14% of pastures are severe (Baishanova et al., 2016).

In Kazakhstan, 86% of the territory is occupied by plains, on which the
following types of soils are distinguished: chernozems (up to 52 ° N), chestnut
(between 52 and 48 ° N), and brown, gray-brown, and gray soil (south of 48
° NL). Agro-resource and ecological-genetic properties of zonal soils of the
Republic of Kazakhstan are shown in Table 1 (Saparov et all, 2006).
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Table 1 - Agro-resource and ecological-genetic properties of zonal soils of the Republic of

Kazakhstan

. S Chernozem | Southern Dark Light |Sero-
Soil genetic indicators ordinary | Chernozems | chestnut Chestnut chestnut |zems
Thick fth

fekness ot the 60-80 50-70 40-60 | 35-45 | 30-40 | 25-30
humus horizon, cm
Humus, % 6-9 50-6,0 | 3446 | 23-3,5 | 1,525 | 1,522
C.Cx 1,5-2,5 1,2-2,0 1,0-1,5 | 1,0-1,3 | 0,9-1,1 | 0,6-0,8
CN 10-12 9,5-10,5 9-10 [ 9,5-10,5| 89 7,5-8,5
Nitrogen, % 0.3-0,6 02-03 | 0,15-0,3 |0,12-0,25]0,10-0,20 | 0,09-0.10
PO, % 0,15-0,25 | 0,12-0,20 |0,12-0,25|0,12-0,20{0,10-0,05 -
K,0, % 1,8-2,5 2,0-2,5 | 1,520 | 1520 | 1,0-1.5 -
The sum of absorbed ba- | ¢ < 35-40 2530 | 20-25 | 15-20 | 10-15
ses, mg/eq-100 g of soil
pH of aqueous 6,5-7.0 6,575 | 7.078 | 7.5-7.9 | 7.6-8,0 | 8,1-8.8
suspens1on
Depth occurrence of | 130 100 | 125175 | 120-145 | 100-125 | 80-100 | 70-90
soluble salts, cm

Research Materials and methods. The objects of research are zonal soils
(sierozems, chestnut, and chernozems) on irrigated agricultural landscapes of
the Republic of Kazakhstan. Experimental plots (with zonal soils) and agro-
formations operating on them in different soil and climatic conditions were
selected:

- Sierozems zone (pilot plot Ne 1 (PP-1), experimental production site
“Besagash” KazSRIWE (Kazakh Scientific Research Institute of Water
Economy), Zhamby]l district of Zhambyl region) (Zhaparkulova et all, 2021);

- Chestnut zone (pilot plot Ne 2 (PP-2), farm “Sergey”, Evgenievka village,
Aksu district, Pavlodar region);

- Chernozems zone (pilot plot Ne 3 (PP-3), Omarov farm, Kenesary village,
Burabay district, Akmola region).

The study area of PP Ne 1 belongs to low-carbonate gray soils of the periphery
of semi-deserts in the foothills of the Northern Tien Shan. The hydrogeological
conditions of the soils of this study area well studied in the works, which indicate
that the main soils are gray earth, hydromorphic soils affected by shallow
mineralized groundwater (Veselov et all, 2004). In this layer, humus reserves
amounted to 1.44%. To reduce the harmful effects of magnesium solonetzization
and increase soil fertility reclamation measures are required to introduce calcium-
containing chemical ameliorants (phosphogypsum, gypsum, etc.), organic
substances (manure, humus, bio humus, etc.) to increase humus reserves in the
soil and periodic loosening of the soil horizon to a depth of 40-50 cm.
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Zhambyl agricultural experimental station at the Besagash site. Meadow-
serozem irrigated loamy sandy soils. The soil-forming rock is sandy loam, the
bedding is sand.

A - 0-33 cm Gray, sandy loam, effervesces from the surface, slightly
compacted, radicular, transition is clear in color, lumpy-dusty

B - 33-50 cm Grayish-yellow, lumpy-dusty structure, sandy loam, dry, ridged,
gradual transition.

BC - 50-67 cm Lighter, loamy (sandy), fresh, compacted, effervescent,
gradual transition

C - 67-105 cm Yellowish-yellow, sandy loam, sand towards the end of the
profile, moist, structureless, effervescent, compacted.

The study area of PP Ne 2 belongs to the chestnut soils of the Irtysh depression
(Veselov et all, 2004). According to the qualitative composition, irrigation
water from the main canal named after K. Satpaev fresh, non-salty (0.835 g/l).
According to the chemical composition is - bicarbonate-sodium with a high
content of sulfate. According to the classification of water quality, differentiated
by chemical composition (ratio C1/SO,?) belongs to group II, satisfactory
(indicators 0.10 g/l). According to the chemical composition is - bicarbonate-
sodium with a high content of sulfate (Satpaev, 1965).

The study area of PP Ne 3 in terms of soils belongs to ordinary chernozems.
Groundwater is formed as fissure and fissure-karst, in fissured and karst
limestone’s, which usually occur at a depth of up to 40 m (Kulagin et all,
2019). Well flow rates are up to 2560 m?*/day (29 1/s), more often 520-688 m?*/
day (6-8 1/s), mineralization is low - up to 1 g/l, less often 1.5-2 g/1.

The depth of manifestation of carbonate content is 35-40 cm, gypsum
found from a depth of 140-160 cm. In this regard, reclamation measures are
required to increase the phosphorus content by applying phosphorus-containing
fertilizers (Mueller et all, 2014).

Results and discussion. Since the irrigated agro landscapes of Kazakhstan
are located in different natural and climatic zones, and the conditions for these
zones were taken into account when assigning various parameters and limits for
regulating the water-salt and food regimes in the root layer of soils (Table 2).
This application made it possible to substantiate various reclamation measures to
manage the soil potential to increase the productivity of irrigated agro landscapes
(Vyshpolsky et all, 2010).
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Table 2 - Limits of regulation of ecological and reclamation regimes of the root zone of soils
for optimizing energy-efficient reclamation technologies for managing the soil potential of zonal
soils of the Republic of Kazakhstan

Indicators Toxicity threshold by soil zones
Chernozem Chestnut Serozems
Mineralization of irrigation water (Ciw), g/l 0,4-0,6 0,4-0,6 0,5-2.2
Fluching water mineralization (Cwm), g/1 0,4-0,8 0,5-1,0 0,5-5,0
Cwm=Csc Cwm=Csc Cwm=Csc
Soil solution concentration (Csc), g/l Csc<LPC Csc<LPC Csc<LPC
Mineralization of groundwater (Cg) used for 0,6-0,8 0,6-1,5 1,0-3,0
subirrigation, g/l
Groundwater level, m: at Cg=0.5-1.0 g/l 1,0-1,5 1,0-1,2 0,8 - 1,0
atCg=1-3g/l 1,5-2,0 1,5-1,8 1,2-1,5
atCg=3-5g/l 1,8-2,3 2,0-2,5 2,3-3,0
Salinity chemistry soda-sulfate, | sulfate, soda-sulfate, | chloride-sulfate,
sulfate chloride-sulfate | soda-sulfate, sulfate
Toxicity threshold LPC” LPC LPC
Absorption capacity, mg-eq/100 g of soil 32-40 23-30 10-15
Na+ content in soil-absorbing complex <5-10 <5-7 <3-5
(SAC), %
Content of Mg2+ in SAC, % <30 <30 <15-30
Hydrogen indicator (pH) 7-7,5 7,3-7,8 7,8-8,2
Regulation of the water regime of soils, in frac-
tions of the lowest moisture capacity (LMC™)| 0,75 - 0,90 0,70 - 8,5 0,65-0,80

*- the limit Permissible Coefficient
**- lowest moisture capacity

The reproduction of soil fertility requires a certain amount of energy resources,
depending on the type of soil (Kireycheva et all, 2008). For chernozems, it
averages about 1000 GJ/ha, chestnut soils - 700 GJ/ha, gray soils - 330 GJ/ha
(Volobuev, 1974). Chernozems and chestnut soils, due to their most complex
structural organization, require increased resources to ensure effective fertility.

The methodology for assessing the energy potential of soils is based on taking
into account the solar energy coming to the Earth’s surface and its expendable
part: for water consumption (evaporation and transpiration) of cultivated crops,
photosynthetic activity of plants, physical and chemical processes in the soil,
including during humus formation (Bulatkin, 1986). Its action is aimed at increasing
the efficiency of soil potential, achieving environmentally sound productivity of
irrigated lands in various soil and climatic zones (Nerpin et all, 1975).

The most important parameters of the ratios in this system are total radiation,
radiation balance, albedo, effective radiation, sunshine duration, cloudiness and
other indicators of the value, which are given in according to actinometrical
measurements at meteorological stations in Kazakhstan (Table 3) (Gitay et all,
2002).
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Table 3 - Characteristics of the sunshine duration according to weather stations of the
Republic of Kazakhstan

Admini Name of Average annual values of sunshine characteristics
strati\rfI:Z;;as wegther duration, | standard average duration number of days
stations h deviation, h | per day with sun, h | without sun, days
Akmola Shchuchinsk | 2452 177 7,7 47
Pavlodar Aksu 2459 171 7,7 46
Zhambyl Zhambyl 2982 92 9,0 33

For the conditions of Kazakhstan, the values of the radiation balance were
calculated for four zones - from the plain (R=200-219 kJ/cm?) and foothill-plain
(R=148-200 kJ/cm?) to the foothill (R=148-200 kJ/cm?) and mountain (R=88-
100.5 kJ/cm?). In our studies, indicators were used both instrumentally measured
at meteorological stations (Q, S, R, D, etc.). The energy supplied to irrigated
fields is accumulated in its two main objects: in green plants and soil organic
matter, which ensures an increase in productivity and plant growth and humus
content in the soil. The additional amount of energy that is necessary for the full
realization of the production potential is 22.1-24.5 kJ/ha.

The energy of soil formation is spent on three main components: trapspiration
and evaporation - 95-99.5%, biological processes - 0.5-4.0% and erosion
(washout, weathering) about 1% (Vyshpolsky et all, 2005). The energy
accumulated in biomass production is the energy costs for photosynthesis and
humus formation, which, according to V.R. Volobuev - 1% of the incoming
energies and is estimated through the bioenergetic potential of BEP (Volobuev,
1974). 1t includes the energy accumulated in BEP, soil humus and in BEP .
plant phytomass production (Adilbektegi et all, 2019). The BEP indicator allows
you to assess the amount of energy needed to create a production potential
(Kireycheva et all, 2006).

The analysis and generalization of the above data made it possible to establish
the values of the elements of the energy balance in relation to various types of
soils (Table 4).

Table 4 - Values of energy parameters of zonal soils of Kazakhstan

Values of energy balance components, kJ/cm?
Name of soil — - - - -
types Radiation Soil formation Bioenergetic Turbulent
balance, R energy, Qp potential, BEP | energy return, J
Chernozems 191,0 114,6 1,9 74,5
Chestnuts 203,0 125,9 2,0 75,1
Sierozems 238,0 157,2 2,3 78,5
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Radiation balance R is from 191 to 238 kJ/cm?, the soil formation energy is,
on is from 114.6 to 157.2 kJ/cm?, the turbulent energy return J is from 74.5 to
78.5 kJ/cm?. These values for chestnut soils have intermediate values - 203.0,
respectively; 125.9 and 75.1 kJ/cm?.

The value of turbulent energy return J, which affects the increase in land
productivity, is the smallest in the zone of chernozems (about 74.5 kJ/cm?) -
the most fertile soils and do not require relatively large volumes of reclamation
compared to the zone of distribution of gray soils (J = 78.5 kJ/cm?). Under
conditions prior to reclamation measures, this value averages about 100.0 kJ/
cm? for chernozems, 135 kJ/cm? for chestnut soils, and 185 kJ/cm? for gray soils.
Consequently, the most significant decrease in the value of this indicator can be
achieved as a result of certain reclamations in the zone of gray soils - by 106.5
kJ/cm?, the smallest (by 25.5 kJ/cm?) - on chernozems, and on chestnut soils - by
59.9 kJ/cm?, increasing their productivity according to these values (Budyko,
1956).

Based on the above data on the bioenergetics potential of various types of
soils, we estimated the production potential of reclaimed lands with chernozems,
chestnut, and gray soils. It reflects the maximum possible accumulation of
photosynthesis energy by plants of cultivated crops, which makes it possible to
ensure the accumulation of the main products in the total biomass up to 12-16
thousand fodder units per irrigated hectare (Bulatkin, 1986). The results obtained
correlate well with the data on the potential (maximum) and actually achieved
yields of the leading agricultural crops on the irrigated lands of Kazakhstan and
its border regions (Table 5).

Table 5 - Achieved maximum and real prospective levels of crops yields on irrigated lands

Achieved maximum yield Real perspective yield
Irrigated crop thousand feed units per 1 thousand feed units
t/ha t/ha
ha per 1 ha
Wheat (for grain) | 5,5-8,7 6,6-10,4 4,5-5,0 5,4-6,0
Corn (for grain) | 8,0-12,5 10,7-16,8 6,5-9,0 8,7-12,1
Cotton (raw) 4,5-5,5 5,4-6,6 3,5-4,0 4,2-4.8
Corn (for silage) |65,0-75,0 10,4-12,0 45,0-60,0 7,2-9,6
Alfalfa (for hay) |14,0-21,9 6,9-10,7 9,0-10,0 4,4-4,9

Potential, actually possible and other levels of productivity of a plant
community or crop yields achieved by applying yield-programming technology.
It based on the arrival of photo synthetically active radiation (PAR) and the
efficiency of photosynthesis. This is that part of the total solar radiation with
wavelengths of 380-710 nm, which absorbed by plants in the process to create

136



ISSN 2224-5278

5.2022

organic matter. To calculate the income, dependence (1) is used (Kayumov,

1989):

Q,,,=0,435+0,57D, kJ/cm?,

where: Q,, . - photo synthetically active radiation (PAR);
S - Direct solar radiation to a horizontal surface;
D - Scattered solar radiation.
The annual course of the PAR is similar to the annual course of the total
radiation, which depends on the geographic latitude of the territory (Berlyand,
1960). If it is necessary to find the value of the PAR arrival with latitudes between
the indicated degrees, it determined by interpolation.
To determine the energy intensity of land reclamation measures, energy
characteristics used, including specific indirect and direct costs (Table 6)
(Prishchepa et all, 1989).

(1)

Table 6 - Energy intensity of land reclamation activities depending on the type of ameliorant

Unit composition

Energy costs, MJ/ha

2|5 : :
o § 8 Indirect straight £
. =] < h= o = —_ =t 53 S
Name of reclamation S = Sl Sg| o8| € o 2 28 |g
0 — < | 4.2 =] 5 c =) S22 |2
measures = s °l a2 =8| &2 9 £& |8
8 3 5|9 2% | B3 2 g |2
Q = o | ° < =2 L s ) % |'s
E 5 RIS Eg| BE — sz |°
= =) 2 > < g =] =
&b |5 =
Application of organic
amelio-rant (manure,
bio humus), 20 th 141,67
io humus), 20 t/ha, 3| 233 |577,39 | 521,87 | 3574,88 4815,81
including:
- loading of fertilizers | MTZ-82 | PF-0,75 | 1 | 0,67 | 54,87 | 33,77 | 378,18 | 40,74 | 507,56
- transportation MTZ-82 | 2PTS-6 | 1 | 0,3 | 109,35 | 14,82 | 169,34 | 18,24 | 311,75
- fertilizer spreading K-701 | PRT-16 | 1 | 1,36 | 413,17 | 473,28 | 3027,36 | 82,69 |3996,17
- energy equivalent 8400,00
Application of mineral
chemicals (gypsum, 3
phosphogypsum), 15 1,135 | 369,67 | 509,84 | 2682,57 | 106,40 | 3668,48
t/ha, including:
- loading ameliorant MTZ-82 | PF-0,75| 1 | 0,50 | 40,95 | 25,2 | 282,23 | 30,40 | 378,78
- transportation MTZ-82 | 2PTS-6 | 1 | 0,23 | 18,84 | 11,36 | 129,82 | 13,98 174,00
- scattering ameliorant | K-701 PRT-16 | 1 | 1,02 | 309,88 | 473,28 | 2270,52 | 62,02 |3115,70
- energy equivalent 3780,00
Application of liquid
chemical ameliorants 12 1213,99 | 1703,85
(liquid ammonia) 100 36,24 | 12,86 _ 477,0
kg/ha, including:
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- loading Manually - 31 3,0 - - 300,0 | 300,00
- transportation GAZ-53b 11024 | 12,86 - 477,0 14,59 | 504,45
- unloading Manually - 31 3,0 - - - 300,0 | 300,00
- solution preparation | Manually - 2|20 - - - 133,20 | 133,20
- application of the Spec.ial i 2| 70 ) ) ) 46620 | 466,20
solution device

- energy equivalent 7118,00
Note - the energy equivalent of 1 kg of physical mass of manure is 0.42 MJ, phosphogypsum - 0.252 MJ,
ammonia - 71.18 MJ.

The largest share of costs (58-60%) is fuel and electricity, 24-25 % - the
operation of agricultural machinery and tractor equipment, the labor of workers
and maintenance personnel - 6-8%. In general, in order to obtain potential
productivity during reclamation, it is necessary to invest much less energy
resources (almost on all types of soils) than to ensure accelerated reproduction
of soil fertility.

One of the important indicators that require taking into account the processes
that lead to the loss of energy (fertility) of the soil is the soil energy resource
coefficient (SERC) (Kiryushin et all, 1993). It makes it possible to judge
changes in the energy state of the soil during reclamation activities. Under
natural conditions (before reclamation), the values of the coefficient for southern
chernozems are 0.50-0.55, chestnut soils 0.30-0.35 and gray soils 0.12-0.15
(Korinets, 1992).

In our studies, in the implementation of various types and complex of
reclamation, the following indicators were obtained (Table 7).

Table 7 - The value of the coefficient of energy resource of various types of soils (SERC)
when carrying out individual types and a complex of reclamation

The use of certain types and a complex of reclamation
Soil Complex
oil type water (for chemical biological (manure | agrotechnical | of events
irrigation) | (phosphogypsum) application) (deep loosening)
Chernozems (Akmola 0.81 0.86 0.84 0.83 0,89
region)
Chestnut (Paviodar 0,63 0.72 0,68 0,67 0.79
region)
Sierozems (Zhambyl 0,58 0.66 0,62 0.61 0,73
region)

Conclusion. The results of the study of hydrogeological and soil features
of zonal soils in the study areas showed that: Sierozems soils, hydromorphic
soils, subject to the influence of shallow mineralized groundwater. Analysis of
the cationic composition of the SAC shows that the dominant cation is calcium,
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which ranges from 57.5 to 62.1% of the total salts. Magnesium reserves vary
within 37.1-41.7% of the total SAC, which indicates magnesium solonetzization
of soils.

Chestnut soils, humus horizon of medium thickness (0-40 cm), the content
of mobile forms of nutrients (NO,, P,O,, K,0) in the root layer are low. High
content of magnesium and sodium cations is in the soil-absorbing complex.
According to the qualitative composition, groundwater is slightly mineralized,
slightly brackish (1.674 g/l1). By chemical composition is - bicarbonate-sodium
with a high content of sulfate (Kupriyanov V. N., 2020).

Chernozems soils, non-saline, rich in humus, the thickness of the humus
horizon is 45 cm on average, there is a deep manifestation of carbonate content.
The amount of exchangeable sodium along the profile does not exceed 1%,
which indicates the absence of solonetzization. They are poor in phosphorus;
their total content in the soil is about 0.1%.

For all studied zonal soils, in order to obtain maximum yields, it is necessary
to carry out reclamation measures that increase the bioenergetics potential
of soils and plants. To determine the energy intensity of land reclamation
measures, energy characteristics were used, including specific indirect and
direct costs. Energy intensity indicators were divided into 2 groups: by types
of costs and by reclamation effect. The energy intensity of the application of
ameliorative measures varies from 3780.0 to 8400.0 MJ/ha, depending on the
type of ameliorant. In the structure of the total costs for land reclamation works,
accordingly, it changes from 1703.85 to 4815.81 MJ/ha.

The largest share of costs (58-60%) is fuel and electricity, 24-25 - the
operation of agricultural machinery and tractor equipment, the labor of workers
and maintenance personnel - 6-8%. In general, in order to obtain potential
productivity during reclamation, it is necessary to invest much less energy
resources (almost on all types of soils) than to ensure accelerated reproduction
of soil fertility.

One of the important indicators that require taking into account the processes
leading to the loss of energy (fertility) of the soil is the coefficient of the energy
resource of the soil. Because of the ongoing complex reclamation measures on
sierozems, chestnut and chernozems soils, the energy resource coefficient can be
increased, respectively, to 0.73; 0.79 and 0.89.
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