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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 The article analyzes the dependence of the accumulation of mobile sulfur
in the soil and hydrogen sulfide in the air of the city of Atyrau. Atyrau city is located in
the western part of the Republic of Kazakhstan. In the city of Atyrau, the main source
of air pollution with hydrogen sulfide is the Atyrau Oil Refinery. Hydrogen sulfide
is a toxic gas whose pollution contributes to the accumulation of sulfur in the soil.
The analysis of the hydrogen sulfide content in the atmosphere was carried out on the
basis of Kazhydromet data, according to the AirKz application at 15 observation points
and on the device with GANK-4 Argus analyzers. The content of mobile sulfur in the
soil was determined by photometric method in the Testing Laboratory of Analytical
Laboratory for Environmental Protection LLP. The results were analyzed taking into
account the correlation coefficient. The dependence of the accumulation of sulfur in
the soil on hydrogen sulfide in the air is associated with observation points located near
the Atyrau oil refinery, for example, at the observation point of Himposylok, Mirny,
Steaming. There is no such pattern in the observation points located in settlements, for
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example, at the points of NCOC No. 110 (Privokzalny), NCOC No. 111 (Zhilgorodok)
and NCOC No. 112 (Akimat). At points No. 1 (Samal) and No. 5 (Kursai), an increased
content of sulfur is observed in the soil, while in the air the content of hydrogen sulfide
is in an acceptable concentration. According to the correlation coefficient, there is a
weak positive relationship only in the spring of 2022 between the sulfur content in the
soil on the Earth's surface and hydrogen sulfide in the air. In the same period between
the sulfur content in the soil at a depth of 50 cm and in the autumn period of 2021, the
correlation coefficient is negative, which indicates that there is no connection between
the accumulation of sulfur in the soil from incoming hydrogen sulfide from the air.

Keywords: Atyrau city, mobile sulfur in the soil, hydrogen sulfide in the air,
correlation coefficient, Atyrau oil refinery, observation points
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AnHoTanusi. Makananga ATbIpay KaldaCchIHBIH TONBIPAKTAFbI )KbUDKBIMAJIBl KYKipPTTIH
KOHE ayachlHAa KYKIPTTI CYTEKTiH >KMHAKTaldy TOyeJIUIriHe Taujay >Kyprisiifi.
Artpipay Kanacbl Kasakcran PecryOnukachIHbIH OaTbic Oellirinae opHanackad. ATeIpay
KajlachblHOa aya OPTachlH KYKIPTCYTEriMEH JacTayAblH HEri3ri ke3i ATeipay MyHai
OHJICY 3aybIThl Oonbin Tabbuanel. KyKipTCyTeK-ymbl ra3, OHbIH JacTaHybl TONBIPAKTa
KYKIpPTTIH >KMHAIyblHa BIKMad eTedi. ArMocdepagarbl KYKIPTCYTEKTiH KypaMbl
OoiibHIna Tangay Kasruapomer nepekrepi Herizinae, AirKz koceimmaceina coiikec 15
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Oakputay myHKTiHIE koHe acmanTa GANK-4 Argus ananmuzaropiapbIMeH >KYpri3iiii.
TombIipakTarsl JKBUDKBIMAIBI KYKIPTTiH KypaMsl "Kopiuaran opTanbl Kopray OOHBIHIIIA
ananmutukanblk 3eprxaHaXKIIC ceiHaK 3eprxaHacbiHIa (OTOMETPHSUIBIK OICTIEH
aHbIKTaNABl. HoTwkenep koppensuusi KOdQQHUUUEHTIH €CKepe OTBIPBIN TajJaH/bL.
TompipakTarbl KYKIPTTiH ayafarbl KYKIPTCYTEKKe TOYeNAUTiri ATelpay MyHail eHuey
3ayBbITBIHBIH JKaHbIHAA OpHAaJackaH OaKbuldy MYHKTTEPIHIE, MbICAJbl, XUMHUSUIBIK
KeHTTepai, MupHBIH, Oynaynsl Oakpuiay MyHKTiHAE OaitmaneicThl. Enmi MexeHnmepae
opHanackaH Oakpliay NyHKTTEPiHAC MYHAAH 3aHABUIBIK OalKanMaiiabl, MbICaJbl
HKOK Ne 110 (Bokzan manpr), HKOK Ne 111 (OKunropomox) xone HKOK Ne 112
(eximaik) mynkrrepinge. Ne 1 (Caman) sxone Ne 5 (Kypcail) myHKTTepe TONBIpaKTa
KYKIpTTiH »KOFapbl MeJjiepi Oalikamaapl, an ayaiga KYKIpTCYTEKTiH MeJIIepi pykcar
eTUIreH KOHLEeHTpauusaan acnaiiael. Koppensuusa kospduunentine coiikec Tex 2022
KBUIIBIH KOKTEMiHJIe JKep OeTiHAeri TONbIpaKTarbl KYKIpPT MEH ayalarbl KYKIpTCyTeK
apacblH/a oJci3 oH Oaimanbic Oap. {oa oChl Ke3eH1e TOMbIpaKTaFbl KYKIipT MeJjmepi
50 cm TepenaikTe jxkoHe 2021 KBUIABIH KY3Ti Ke3eHiHIE Koppessiuus KodpQHUIueHTi
Tepic MoHTe TeH Oomnanpl, OyJl TOMBIpaKTarbl KYKIPTTiH aya OpTachlHaH KeJeTiH
KYKIPTCYTEKTEH >KHHAITybl apachlHa OailIaHbIC )KOK EKEHIH KOpCceTeIi.

Tyiiin  ce3mep: SKONOTHAIBIK-OMONOTHSIIBIK,  3epTTeynep; MWuumep KemiHiH
TYPaKTBUIBIFBl; THAPOXUMISUIBIK KYpambl, ayblp MeTajAapAblH KypaMbl; XJOp
AQHMOHJIAPBI; HATPUN KaTUOHAAPHI
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AHHoTanus. B craThe npoBeieH aHaI13 3aBUCUMOCTH HAKOTIJIEHUS TOJBI)KHOM cepbl
BIIOYBEH CEPOBOAOPOAABBO3LyXeropoaaAreipay. [ opon ATeipay pacronokeH B3anagHon
yactu Peciyonuku Kazaxcran. B ropone Atbipay OCHOBHBIM HCTOYHHUKOM 3arpsi3HEHHS
BO3YIIHOH CpeJbl CEPOBOAOPOAOM sIBIsieTcsl AThIpaycKuil HerenepepabaThIBarOLIii
3aBof1. CepoBOOPOA SBISETCS TOKCHUHBIM T'a30M, 3arpsi3HEHHE KOTOPBIM CIIOCOOCTBYET
HAKOIUICHHIO CEpbl B MOYBE. AHAJIN3 MO COACPIKAHHUIO cepoBofopona B arMocdepe
MPOBOAMJICA Ha OCHOBE AaHHBIX Kasruapomert, cormacHo npuitoxenuto AirKz na 15
MyHKTax HaOmomenus u Ha npubope anamuzaropamu GANK-4 Argus. Comeprkanue
MOABHMKHOM CEpPhI B [TOYBE ONMPEACISUTH (POTOMETPUUECKUM METOAOM B M cbITaTenbHOM
naboparopun TOO «AHanutuueckas: 1a0opaTtopus O OXpaHe OKpPY’KaroIeil Cpeably.
Pesynbrarel ObUIM MPOAHAIM3MPOBAHBI C YYETOM KOA(MQGHUIMEHTa KOPPEISALUH.
3aBUCUMOCTb HAaKOIIJIEHHSI CEPBI B IOYBE OT CEPOBOIOPO/IA B BO3AYXE CBsI3aHa Ha ITyHKTaxX
HaOMIONCHUH, pacloONOKEHHBIX BO3J1e ATBIpaycKoro HedTenepepadaThiBalonIero,
HampuMep B MyHKTe HaOmioneHHss Xummocenok, Mupnbli, Ilpomapka. B myHkrax
HaOMIOAEHUS, PACIOIOKEHHBIX B HACEJCHHBIX IMYHKTaX TaKOW 3aKOHOMEPHOCTH, HE
ormevaercsi, HanpuMep Ha myHkTax HKOK Ne 110 (ITpuBox3zansnsiit), HKOK Ne 111
(OKunroponox) m HKOK Ne 112 (Akumar). Ha mynkrax Ne 1 (Caman) u Ne 5 (Kypcait) B
MoYBE HAOJIIOAAETCs MOBBIIIEHHOE COJEPKAHUE CEPBI, TOT/IA KaK B BO3AYXE COACPKaHHEe
CEpOBOIOPOAA HAXOAUTCS B JOMYyCTUMOM KoHUeHTpanuu. CoracHo Ko3()dUIHeHTy
KOppeJISILUKM OTMEYaeTcs ciadasi MoJOKUTeNbHas 3aBUCHUMOCTh TOJIBKO BecHOHM 2022
rojia MeXx/ay COAEp:KaHHWEM Cepbl B MOYBE Ha MOBEPXHOCTH 3EMIIM U CEPOBOJIOPOJIOM
B BO3AyXe. B 3TOT e mepron MexIy comepKaHueM cepbl B Io4yBe Ha Tiryoune 50 cm
u B oceHnuil nepuoxa 2021 roma ko3pPHUIHUEHT KOPPEISILUU PaBEH OTPULATEIEHOMY
3HAYEHHUIO, YTO TOBOPUT O TOM, YTO OTCYTCTBYET CBSI3b MEKIY HAKOIJIEHHEM CEpPHI B
II0YBE OT IOCTYIAIOLIET0 CEPOBOLOPOAA U3 BO3AYIIHON CPEIBL.

KuaroueBsle ciaoBa: ropon ATelpay, NMOJBM)KHasg cepa B IMOYBE, CEPOBOIOPOI B
BO3/yXe, KOApPHUIUEHT KOoppessiuun, ATeIpayckuil HedrenepepabaThIBaloOMIMiA 3aBO],
MYHKTBI HAOMIONEHHS

Introduction

The Earth's crust contains about 0.06% sulfur, and the total supply of the element
in the soil is determined by the soil-forming rocks and the content of organic matter in
them. 70-90 % of sulfur from its gross reserves is associated with the organic matter
of the soil (Kolbe, 2022). According to the soil profile, sulfur is distributed along with
humus. A linear relationship has been established between humus carbon and sulfur,
and as the degree of dispersion of soil fractions increases, sulfur and carbon increase
(Sangadzhieva, 2004).

Sulfur is a widespread element in nature, which is important for the functioning
of both plant and animal organisms (Cherkasov et.al., 2018). Hydrocarbon minerals
contain sulfur, since sulfur was part of the organic compounds from which these fossils
were formed. Sulfur is extracted as a by-product from fossil fuels such as oil, gas, tar
sands and coal (Nadirov et al., 2018). Sulfur is a necessary element for most plants and
the total sulfur content in different soils ranges from 20 to 35 mg per 1 kg of soil. The
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maximum permissible concentration of sulfur content in the soil is 160 mg/kg. In the
works on the study of sulfur content in the soil, it is shown that in most works the sulfur
content is minimal, especially in the soils of agricultural lands (Lukin et al., 2021).

In a number of foreign countries, another grouping based on the determination of
sulphate sulfur in acetic acid extract is more often used to assess the sulfur content in
soils (Table. 1) (Sainova et al., 2019; Likus-Cieslik et al., 2017).

Table 1 - Grouping of soils by mobile sulfur content abroad

Soil group Element content level Sulfur content (S)
mg/kg kg/ha
1 Very low <5 <15
2 Low 5-10 15-30
3 Average 10-35 30-105
4 Tall 35-90 105-270
5 Very high >90 >270

The lack or excess of sulfur is primarily manifested on young leaves and growth
points. Its reverse movement is very insignificant and therefore it belongs to the
elements that are difficult to reutilize. In this, sulfur is very different from phosphorus.
Excess sulfur in the soil leads to excessive absorption of iron and other trace elements,
resulting in the appearance of necrotic areas. With an overabundance of sulfur, the
leaves gradually turn yellow from the edges and shrink, turning inside. Then they turn
brown and die. Sometimes the leaves take not yellow, but a lilac-brown shade. There is
a general coarsening of plants, the leaves are getting smaller. Excess sulfur lowers the
pH of the soil, making the soil more acidic. Since H ions can be released by the reaction
of sulfur, oxygen, CO, and H,O, a reaction carried by microorganisms. The more H ions
there are, the more acidic it will be (Zenda et al., 2021; Mamedova, 2019).

The source of sulfur is the intake of sulfates and sulfuric acid into the soil of
natural and man—-made origin with atmospheric precipitation. Sulfur oxides enter the
atmosphere with combustion products of various types of sulfur-containing fuels. In
addition, natural sources of sulfur are also important: volcanic emissions, emanation
from swampy soils, etc. All these sources supply about 200 million tons of sulfur to
the atmosphere annually. In the atmosphere, the interaction of sulfur oxides with water
leads to the formation of sulfuric acid, which, together with atmospheric precipitation,
enters the soil, causing an undesirable increase in soil acidity in humid areas. In the
northern hemisphere, sulfur precipitation averages 11-20 kg/ha per year, in industrial
areas — up to 100-150 kg/ha per year (Kalimanova et al., 2019).

Some sulfur compounds are pollutants of the natural environment. These include,
as the most dangerous, sulfur dioxide and hydrogen sulfide. It has been established that
the ability of plants to assimilate sulfur from the atmosphere is directly dependent on
the level of root nutrition (Yessenamanova et al., 2020). Assimilation increases with
an increase in the content of sulfates in the soil and reaches a maximum with optimal
availability of sulfur in the soil (Mustafaev et al., 2019). Plants can absorb up to half of
the required amount of sulfur from the atmosphere. The most common anthropogenic
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sources of H,S emissions are the extraction and processing of oil and natural gas. It is
also formed during bacterial decomposition of human and animal waste and is present
in the emissions of sewage treatment plants and landfills (Zuo et al., 2019).

Hydrogen sulfide can also be released from industrial sources such as oil refineries,
natural gas plants, paper mills, manure processing plants, sewage treatment plants and
tanneries (Ausma et al., 2019; Habeeb et al., 2018).

Hydrogen sulfide can get into the soil as a result of atmospheric precipitation or
spills. In the soil, hydrogen sulfide is consumed by bacteria, which turn it into sulfur
(Malone et al., 2017; Vasilakos et al., 2005).

Research on the accumulation of sulfur in the soil and the dependence of this
accumulation on hydrogen sulfide in the air is currently relevant for the city of Atyrau.
Atyrau in Kazakhstan, the administrative center of Atyrau region. It is located in the
western part of the country, on the banks of the Ural River (Tauova et al., 2022). In
recent years, in the city of Atyrau, where the Atyrau oil Refinery is located, the content
of hydrogen sulfide in the air exceeds the maximum permissible concentrations, there
is a need for the relationship between the accumulation of sulfur in the soil from the
incoming hydrogen sulfide from the air (Yessenamanova et al., 2021).

The Earth's crust contains about 0.06% sulfur, and the total supply of the element
in the soil is determined by the soil-forming rocks and the content of organic matter in
them. 70-90 % of sulfur from its gross reserves is associated with the organic matter of
the soil. According to the soil profile, sulfur is distributed along with humus. A linear
relationship has been established between humus carbon and sulfur, and as the degree of
dispersion of soil fractions increases, sulfur and carbon increase (Kanbetov et al., 2023).

Sulfur is a widespread element in nature, which is important for the functioning of
both plant and animal organisms. Hydrocarbon minerals contain sulfur, since sulfur
was part of the organic compounds from which these fossils were formed. Sulfur is
extracted as a by-product from fossil fuels such as oil, gas, tar sands and coal. Sulfur is
a necessary element for most plants and the total sulfur content in different soils ranges
from 20 to 35 mg per 1 kg of soil. The maximum permissible concentration of sulfur
content in the soil is 160 mg/kg. In the works on the study of sulfur content in the soil,
it is shown that in most works the sulfur content is minimal, especially in the soils of
agricultural lands (Ryskalieva et al., 2022).

In a number of foreign countries, another grouping based on the determination of
sulphate sulfur in acetic acid extract is more often used to assess the sulfur content in
soils (Table. 1).

Table 2 - Grouping of soils by mobile sulfur content abroad

Soil group Element content level Sulfur content (S)
mg/kg kg/ha
1 Very low <5 <15
2 Low 5-10 15-30
3 Average 10-35 30-105
4 Tall 35-90 105-270
5 Very high >90 >270
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The lack or excess of sulfur is primarily manifested on young leaves and growth
points. Its reverse movement is very insignificant and therefore it belongs to the
elements that are difficult to reutilize. In this, sulfur is very different from phosphorus.
Excess sulfur in the soil leads to excessive absorption of iron and other trace elements,
resulting in the appearance of necrotic areas. With an overabundance of sulfur, the
leaves gradually turn yellow from the edges and shrink, turning inside. Then they turn
brown and die. Sometimes the leaves take not yellow, but a lilac-brown shade. There is
a general coarsening of plants, the leaves are getting smaller. Excess sulfur lowers the
pH of the soil, making the soil more acidic. Since H ions can be released by the reaction
of sulfur, oxygen, CO, and H,O, a reaction carried by microorganisms. The more H ions
there are, the more acidic it will be (Yessenamanova et al., 2023).

The source of sulfur is the intake of sulfates and sulfuric acid into the soil of
natural and man—made origin with atmospheric precipitation. Sulfur oxides enter the
atmosphere with combustion products of various types of sulfur-containing fuels. In
addition, natural sources of sulfur are also important: volcanic emissions, emanation
from swampy soils, etc. All these sources supply about 200 million tons of sulfur to
the atmosphere annually. In the atmosphere, the interaction of sulfur oxides with water
leads to the formation of sulfuric acid, which, together with atmospheric precipitation,
enters the soil, causing an undesirable increase in soil acidity in humid areas. In the
northern hemisphere, sulfur precipitation averages 11-20 kg/ha per year, in industrial
areas — up to 100—150 kg/ha per year (Ryskalieva et al., 2023).

Some sulfur compounds are pollutants of the natural environment. These include, as
the most dangerous, sulfur dioxide and hydrogen sulfide. It has been established that the
ability of plants to assimilate sulfur from the atmosphere is directly dependent on the
level of root nutrition. Assimilation increases with an increase in the content of sulfates
in the soil and reaches a maximum with optimal availability of sulfur in the soil. Plants
can absorb up to half of the required amount of sulfur from the atmosphere. The most
common anthropogenic sources of H,S emissions are the extraction and processing
of oil and natural gas. It is also formed during bacterial decomposition of human and
animal waste and is present in the emissions of sewage treatment plants and landfills.

Hydrogen sulfide can also be released from industrial sources such as oil refineries,
natural gas plants, paper mills, manure processing plants, sewage treatment plants and
tanneries.

Hydrogen sulfide can get into the soil as a result of atmospheric precipitation or
spills. In the soil, hydrogen sulfide is consumed by bacteria, which turn it into sulfur.

Research on the accumulation of sulfur in the soil and the dependence of this
accumulation on hydrogen sulfide in the air is currently relevant for the city of Atyrau.
Atyrau in Kazakhstan, the administrative center of Atyrau region. It is located in the
western part of the country, on the banks of the Ural River. In recent years, in the city of
Atyrau, where the Atyrau oil Refinery is located, the content of hydrogen sulfide in the
air exceeds the maximum permissible concentrations, there is a need for the relationship
between the accumulation of sulfur in the soil from the incoming hydrogen sulfide from
the air (Nursaule et al., 2022).
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Materials and methods

Atyrau Oil Refinery is located in close proximity to a residential area about 450
meters to the west and 730 meters to the northwest.

On the map (Fig. 1) we can see the points of 15 points of observation of the state of
atmospheric air in the city of Atyrau, which can be seen in Table 2.

®
. Zagorodnaya ©
= Novoki >
= lovokirpichnoe
Samal
@ Zhuldyz
Akimat ’
Zhilgorodok /’) Privokzalny
Avangard © Shagala
W\ Vostok ,
Balykshy
Himposylok
< Evaporation fields

N Drag and drop ©

Figure 1 - The map of Atyrau city

All 15 points are located on the territory of the main microdistricts of the city, where
the urban population lives, and the territory near the refinery, which makes it possible
to determine the influence of the plant and the wastewater basin on the hydrogen sulfide
content in the air and the accumulation of sulfur in the soil.

Table 3 - Locations of observation Point for the state of atmospheric air in the city of Atyrau,

Republic of Kazakhstan
Point title Point address The location

Steaming AOR Atyrau, Steaming AOR 47.0726660,51.9508610
Himposylok AOR Atyrau, Himposylok AOR 47.0887220,51.9352780
Mirny AOR Atyrau, Mirny AOR 47.0754720,51.9107500
Drag and drop AOR Atyrau, Drag and drop AOR 47.0685280,51.9052210
POP (Pollution Observation | Atyrau, Samal microdistrict, A. Kekilbayev |47.1261210,51.8708850

Point) No. 1 (manual Point) Street No. 15

POP (Pollution Observation | Atyrau, Kursay, Karabau Street, building 12 |47.0668460,51.8864240
Point) No. 5 (manual Point)
POP (Pollution Observation | Atyrau, Zhuldyz microdistrict, 6th street, 29 | 47.1558350,51.9814530
Point) No. 6 (manual Point)

POP NCOC No. 103 Atyrau, Shagala 47.1117740,51.9221670
POP NCOC No. 108 Atyrau, TKA 47.1645230,52.0275220
POP NCOC No. 109 Atyrau, Vostok 47.0947250,51.9250130
POP NCOC No. 110 Atyrau, Privokzalny 47.1261730,51.9472360
POP NCOC No. 111 Atyrau, Zhilgorodok 47.0988520,51.9006170
POP NCOC No. 112 Atyrau, Akimat 47.1050630,51.9164730
POP NCOC No. 113 Atyrau, Avangard 47.0930470,51.8869910
POP NCOC No. 114 Atyrau, Zagorodnaya 47.1415560,51.8959480
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Measurements of atmospheric air pollution were carried out by the GANK-4AR gas
analyzer (NPO Pribor Russia, Head No. 1566, inv. No. 000000962 - 02/21/2018 Self-
adhesive label HMS No. 5405921 1 time per year) designed for continuous automatic
measurement of concentrations of pollutants in atmospheric air and in the air of the
working area and and according to the results of round-the-clock monitoring of the
Republican State Enterprise "Kazhydromet" through the mobile application “Air Kz”
(Kazhydromet, 2022).

The soil samples were collected (according to the standards) in two different depth:
0 cm and 50 cm. The content of mobile sulfur in the soil at 15 observation points was
carried out in accordance with GOST 26490-85 "SOILS. Determination of mobile sulfur
by the CIASA (Central Institute of Agrochemical Services of Agriculture) method" in
the Testing Laboratory of Analytical Laboratory for Environmental Protection LLP. The
sulfur content in soil was determined by the photometric method (GOST, 1985).

A special case of the statistical dependence between X and Y is the correlation
dependence, when each value of X corresponds to the mathematical expectation
(arithmetic mean) of the distribution of another value Y. When establishing the correlation
dependence, the corresponding pairs of values of X and Y are obtained experimentally
for each object under study. The correlation dependence can be described using the
equation of the form:

M(Y,) = f(x) (1)

where M(Y ) is the conditional mathematical expectation of the value Y corresponding
to a given value x;

x 1s the individual values of the value X;

f(x) is some function.

The closeness of the connection (the degree of dispersion of points) is estimated
using the correlation coefficient 7
—Xr

r=-=, @)

G Ty

]
)

In practice, we do not have data on the entire population, but only on those values that
are obtained from the experiment (sample). Therefore, a sample correlation coefficient
r is determined, approximately equal to the general correlation coefficient ». Denoting
the mean square deviations for the sample s_and s, obtain:

I Gy—B ) Xy-i-§ 3
s SxSy a \."Ix_z—(f]z\.";l_iz—{f]z 3)
_ noo_i _ no_i
where S, = \.'12 [:l) 8, = a.‘."'l.f'z (V) x2 = —Zzzlxz, yz = —Eizlyz.
n

n
By its nature, the correlation can be direct and inverse, and by strength — strong,
medium, weak. In addition, there may be no connection or it may be complete

(functional) (Table 3).
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Table 4 - The strength and nature of the relationship between the parameters

The strength of the connection The nature of the connection
Forward (+) Reverse (-)

Full (functional) 1 -1

Strong from 0.7 to 1 from -0.7 to -1
Average (moderate) from 0.3 t0 0.7 from -0.3 to -0.7

Weak from 0.3 to 0 from -0.3 to 0

There is no connection 0 0

Results

In the autumn period of 2021 and the spring period of 2022, a study was conducted
on the content of hydrogen sulfide in the air and mobile sulfur in the soil at the main
15 observation points of the city of Atyrau. For the analysis, the average values for
the maximum and minimum indicators for hydrogen sulfide in the air and the content
of mobile sulfur on the surface (0 cm) and deeper at a depth of 50 cm, where the
accumulation of sulfur can affect the root system of plants, were taken. In the figures,
these data on the content of hydrogen sulfide in the air and mobile sulfur in the soil were
studied in interdependence in Figures 2—15.
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Figure 2 - The content of sulfur in the soil and hydrogen sulfide of the air on the Steaming AOR point

The bar charts of Figure 2 provide information on the content of sulfur in soil and
hydrogen sulfide of the air on the Steaming AOR point for autumn 2021 and spring
2022. Overall, the hydrogen sulfide level in the air was higher in 2021, meanwhile the
exceeded sulfur content in the soil was recorded in 2022.

According to the Hygienic standards for the safety of the environment of the Republic
of Kazakhstan the maximum permissible concentrations of elemental sulfur in the soil
is 160 mg/kg. As a result, in autumn 2021 in both 0 cm and 50 cm depth no exceedance
of chemical substance was conducted (20.78 mg/kg and 44.04 mg/kg respectively).
However, in spring time period of 2022 the sulfur content in soil increased dramatically
to 676.1 mg/kg in the surface and to 388.2 in the depth.

According to the Hygienic standards for atmospheric air in urban and rural

227



NEWS of the National Academy of Sciences of the Republic of Kazakhstan

settlements, on the territories of industrial organizations of the Republic of Kazakhstan
the maximum single value of the maximum permissible concentrations is 8 mcg/m?,
while the average daily MPC is not set. However, in accordance with the Kazhydromet
data, the concentration of the H_ S above 2 mcg/m’ is considered as increased.

In terms of air condition, in autumn 2021 there was a significant excess of the
maximum average values of H,S by almost 4 times of MPC (31.03 mcg/m’). In the
following season the hydrogen sulfide level dropped remarkably to 7.48 mcg/m?.
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Figure 3 - The content of sulfur in the soil and hydrogen sulfide of the air on Himposylok AOR point

As it can be seen from the charts on the Figure 3 the sulfur concentration in the soil
as well as the air pollution with the hydrogen sulfide is significantly high in both periods
considered. One of the reasons of high indicators could be the close location of the point
to Atyrau Oil Refinery.

In autumn 2021 the content of sulfur on the surface was 4 times higher than MPC
(640.8 mg/kg), whereas the sulfur contamination of the soil in 50 cm depth was not
observed. However next season these indicators changed markedly. The sulfur content
rose sharply to 944.8 mg/kg which is 6 times more than the maximum permissible
concentration of elemental sulfur in the soil. The sulfur content in deep soil increased
by almost 4 times in spring 2022 and reached 336.8 mg/kg.

In terms of air pollution, the maximum average hydrogen sulfide level was nearly 20
mcg/m® or 2.5 MPC. In spring 2022 the H,S maximum level decreased considerably to
7.26 mcg/m?. The minimum hydrogen sulfide level generally followed the same pattern
in both seasons.
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Figure 4 - The content of sulfur in the soil and hydrogen sulfide of the air on Mirny AOR point

In the Figure 4 was an apparent excess of the sulfur in the soil and a slight increase
of the hydrogen sulfide in the air for both periods considered.

Being the closest point to the Atyrau Oil Refinery Mirny AOR point soil is the most
contaminated with the mobile sulfur on the surface as well as in depth. So, in autumn
2021 the content of the chemical element in the soil exceeded the MPC almost 4 times
on the ground and 5.5 times in 50 cm. Next season the figure for the surface increased
drastically to 936.8 mg/kg or 6 MPC, while the soil in 50 ¢m remained relatively
unchanged.

In the periods given, the maximum hydrogen sulfide concentration in the air was
approximately 9 mcg/m? and 6 mcg/m® in autumn 2021 and spring 2022 respectively. As
for the minimum concentrations no excess was observed over the periods.
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Figure 5 - The content of sulfur in the soil and hydrogen sulfide of the air on the Drag and drop AOR
point

According to the Figure 5, the Drag and drop AOR point shows some mixed results
in the content of sulfur in the soil and the stable indicators for the air condition in the
periods given.

In autumn 2021 the soil contained over 700 mg/kg (4.4 MPC) of sulfur on the
surface and just under 200 mg/kg under the ground. In spring 2022 the sulfur content on
the ground decreased considerably to 432.3 mg/kg (2.7 MPC), meanwhile in depth the
chemical concentration slightly grew to about 290 mg/kg.
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In terms of air pollution, the figures remained relatively steady in both periods: the
maximum hydrogen sulfide concentration varied between 6 and 6.6 mcg/m?®, whereas
the minimum H,S content fluctuated between 2 and 2.85 mcg/m’, which is within the
maximum permissible concentration.
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Figure 6 - The content of sulfur in the soil and hydrogen sulfide of the air on the NCOC No. 103
(Shagala) point

The Figure 6 gives quite ambiguous results on the Shagala point for periods
considered. In autumn 2021 the sulfur content in the soil was within the maximum
permissible concentration both on the surface and under the ground — approximately
16 and 125 mg/kg. However, in spring 2022 the indicators increased dramatically by
almost 8.5 and 5 times respectively. These changes could be affected by the exceedance
of the hydrogen sulfide in the air in autumn 2021. The maximum concentration of the
gas reached 8 mcg/m’ or 1 MPC. In spring 2022 the figure decreased by twice to 4.8
mcg/m’. The minimum levels of the H.S did not exceed the MPC in both seasons.
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Figure 7 - The content of sulfur in the soil and hydrogen sulfide of the air on the NCOC No. 109
(Vostok) point

The NCOC No.109 point (Figure 7) is the closest residential area to the oil refinery
and accordingly more prone to the exceedance of the hydrogen sulfide in the air than
the other points. Due to the residents’ frequent complaints on the odor of “rotten eggs”,
given location is particularly significant to explore.

The maximum average level of the hydrogen sulfide in the air in 2021 exceeded
the MPC 2 times (16.74 mcg/m?®). Next season the indicator decreased considerably
to 9 mcg/m’, however the H,S pollution still remained increased. As for the minimum
concentration there was no limit excess of the hydrogen sulfide.
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There is an apparent correlation between the H,S concentration in the air and the
sulfur content in the soil. So, in autumn 2021 the sulfur content on the surface exceeded
the MPC just over 1.5 times (279.5 mg/kg). However, in spring 2022 this figure reached
651.3 mg/kg which prevails the MPC 4 times. The high content of the sulfur was
observed under the ground as well. In autumn 2021 the chemical element contained
in the soil was over 725 mg/kg that is 4.5 times more than MPC. In spring the sulfur
concentration in 50 cm depth was almost 860 mg/kg or 5.3 MPC.
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Figure 8 - The content of sulfur in the soil and hydrogen sulfide of the air on the NCOC No. 110
(Privokzalny) point

The NCOC No. 110 (Figure 8) is a relatively new point that located in the residential
area. According to the laboratory results, the sulfur accumulation in the soil was within
the maximum permissible concentration on the surface and fluctuated between 240-260
mg/kg under the ground. In general, the sulfur content in the soil was fairly stable for
period given. In contrast, the hydrogen sulfide concentration showed some excessive
levels. In autumn 2021 the maximum average content of H,S was about 12 mcg/m’
or 1,5 MPC. In spring 2022 the figure dropped noticeably to 9 mcg/m?3, however the
hydrogen sulfide exceedance still remained.
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Figure 9 - The content of sulfur in the soil and hydrogen sulfide of the air on the NCOC No. 111
(Zhilgorodok) point

Across the period considered no exceedance of the sulfur in the soil was observed
and the content of the chemical element fluctuated between 20 and 36 mg/kg in both
depths (Figure 9). On the contrast, there was a significant increase in the hydrogen
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sulfide concentration in the air: in autumn 2021 the average level of the substance was
nearly 8 mcg/m?, which means the maximum permissible concentration was reached,
while spring 2022 the figure went up almost to 10 mcg/m?. The minimum concentration
was within the standards. It should be noted that 8 mcg/m?®is one time concentration,
while the figures provided in the charts illustrate the average daily H.,S levels.
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Figure 10 - The content of sulfur in the soil and hydrogen sulfide of the air on the NCOC No. 112
(Akimat) point

The figure 10 illustrates the content of sulfur in the soil and the hydrogen sulfide
in the air for two seasons. Overall, it should be noted that the correlation between the
indicators monitored is weak, however there might be some effect by the hydrogen
sulfide level in autumn 2021 on the sulfur in the soil in spring 2022 which needs to be
observed in the future.

It can be seen in the first chart that the sulfur content was within the MPC in all
groups given — between 25-36 mg/kg. However, there is a pattern for increase of the
sulfur contained in the soil in the following season for both depths.

As for the H,S content, the maximum average concentration in autumn 2021 prevailed
the MPC almost 1,5 times. In spring 2022 the maximum level decreased slightly to 7.35
mcg/m’. The rest of indicators did not exceed the MPC.
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Figure 11 - The content of sulfur in the soil and hydrogen sulfide of the air on the NCOC No. 113
(Avangard) point
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It can be noted that the content of the sulfur in the soil remained stable across the
periods and there was insignificant exceedance (about 200 mg/kg) of the chemical
element under the depth of 50 cm in both seasons (Figure 11). Unlike the sulfur, the
hydrogen sulfide concentration prevailed the MPC several times in both years. So, in
autumn 2021 the minimum and the maximum average H_,S levels were almost equal at
about 67 mcg/m’. Next season the minimum average hydrogen sulfide concentration
decreased to about 4 mcg/m’, while the maximum level hit a high of 9 mcg/m® or 1.1
MPC.
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Figure 12 - The content of sulfur in the soil and hydrogen sulfide of the air on the NCOC No. 114
(Zagorodnaya) point

According to the NCOC No. 114 point results (Figure 12), there was an excessive
amount of sulfur compounds in all groups observed. Thus, in autumn 2021 the sulfur
content on the surface was around 250 mg/kg, which is more than the MPC only by 90
mg/kg. However, there is a pattern for accumulation of the substance under the ground
as in spring 2022 the level of the sulfur content in 50 cm increased almost by three
times: from 73 mg/kg in autumn to 212 mg/kg in spring. Moreover, one of the reasons
of the accumulation could be the high level of the hydrogen sulfide in the air. Over
the periods considered the minimum H,S concentration fluctuated between 4-6 mcg/
m?®, while the maximum concentrations were even worse at about 8 and 10 mcg/m?® in
autumn 2021 and spring 2022 respectively.
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Figure 13 - The content of sulfur in the soil and hydrogen sulfide of the air on the POP No. 1 (Samal)
point
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It is obvious from the charts that there is weak correlation between the content of the
sulfur in the soil and the hydrogen sulfide concentration in the air for both periods on
the Figure 13. According to the laboratory results the soil in Samal point is significantly
contaminated with the sulfur. In autumn the content of the substance was over 775
mg/kg on the surface and 870 mg/kg under the ground, that is almost 5 and 5.5 times
more than the maximum permissible concentration of the sulfur in the soil. In spring
the level of the sulfur on the ground declined twice, whereas the soil in 50 cm did not
experience significant changes and remained at the level of 5 MPC. In terms of the
hydrogen sulfide pollution the maximum average H,S concentration was under 5 mcg/
m? and the minimum level was about 2 mcg/m* which did not exceed the norm for both
seasons explored.
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Figure 14 - The content of sulfur in the soil and hydrogen sulfide of the air on the POP No. 5 (Kursay)
point

The content of the sulfur in the considered point has a pattern to increase in the
Figure 14. In autumn 2021 the sulfur concentration on the surface was around 250 mg/
kg and under the ground about 380 mg/kg. However, the following year the figures
changed to 415 and 500 respectively. The air pollution is quite similar to the previous
point analyzed. The maximum concentration reached 5 mcg/m?, while the minimum
level was around 1.5 mcg/m°.
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Figure 15 - The content of sulfur in the soil and hydrogen sulfide of the air on the POP No. 6
(Zhuldyz) point
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Figure 15 illustrates the content of the sulfur in the soil and incomplete results of the
H,S in the air due to the closure of the point. Overall, there is no obvious contamination
of the area among all groups. The autumn and spring measurements have similar results
with 28-35 mg/kg of sulfur on the surface and 235-250 mg/kg under the ground. Also,
in autumn 2021 the hydrogen sulfide concentration was under 3 mcg/m®.

Discussion

The results of the analyses allow us to unequivocally state that there is a change in
the content of sulfur in the soil and hydrogen sulfide in the air.

It can be assumed that an increase in the concentration of hydrogen sulfide in the air
during the Steaming AOR point in the fall of 2021 significantly affected the composition
of the soil and the growth of mobile sulfur in it in the spring of 2022.

In general, it is noticeable that the sulfur content in the soil at the Himposylok AOR
point tends to increase as a result of the high concentration of hydrogen sulfide in the air.

According to the charts there might be some correlation between the content of sulfur
in the soil and hydrogen sulfide of the air on Mirny AOR point. Among the reasons of
the sulfur accumulation in the soil could be the close location to the industrial zone, and
subsequently that it is mostly prone to one-time emissions.

Overall, it can be assumed that the hydrogen sulfide levels of autumn 2021 in the
Drag and drop AOR point might have some effects on the content of sulfur in the soil of
spring 2022, however the indicators vary within the norm (1.1 MPC).

At the NCOC No. 109 (Vostok) point, there is an increased content of sulfur in the
soil, which indicates its accumulation as a result of its intake from the air as hydrogen
sulfide pollution occurs, since this particular point is located near the source of pollution.

Overall, it can be assumed that there is weak correlation between the indicators
considered on the NCOC No. 110 (Privokzalny), NCOC No. 111 (Zhilgorodok) and
NCOC No. 112 (Akimat) points.

At points NCOC No. 113 (Avangard), NCOC No. 114 (Zagorodnaya) and the POP
No. 6 (Zhuldyz) point the sulfur content in the soil and the hydrogen sulfide content in
the air did not exceed the permissible concentrations. Overall, there is an assumption
that the level of the hydrogen sulfide could affect the content of the sulfur in the soil.

At the POP No. 1 (Samal) and POP No. 5 (Kursay) points, there are an increased
sulfur content in the soil, while the sulfur content does not exceed the permissible
concentrations. Probably the reasons for the accumulation of sulfur in the soil are
different, not related to the intake of sulfur from the air.

The calculation of the relationship between the content of sulfur in the soil and
hydrogen sulfide in the air for the autumn period of 2021 and the spring period of
2022 was carried out on the basis of average indicators and the sum of indicators. At
the same time, for 2021, the average sulfur content in the soil on the surface is 265.17
mg/kg, and the sum is 3712.44 mg/kg; in the atmosphere, the average hydrogen sulfide
content is 10.57 mcg/m?, and the sum is 148.01 mcg/m’. At the same time, according
to formula (3), the correlation coefficient is equal to (-0.000059), which, according to
the data in Table 3, indicates a weak negative relationship between the accumulation
of sulfur in the soil from incoming hydrogen sulfide from the air. For the same year,
the average sulfur content in the soil at a depth of 50 cm is 337.5 mg/kg and the sum is
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4725.1 mg/kg. The correlation calculation shows that the data (-0.035) also indicate a
weak negative correlation between the sulfur content in the soil and hydrogen sulfide
in the atmosphere. In the spring period of 2022, the average sulfur content in the soil
on the surface is 366.1 mg/kg, the sum is 5125.59 mg/kg. At the same time, the average
hydrogen sulfide content is 6.51 mcg/m?®, with a total of 84.6 mcg/m®. According to
formula 3, the correlation value is (+0.036), which indicates a weak positive relationship.
The same calculation at a depth of 50 cm shows that the average sulfur content in the
soil is 406.27 mg/kg, and the sum is 5687.7 mg/kg, while the correlation coefficient is
(-0.1145), which indicates a weak negative correlation.

Conclusion

In conclusion, it can be concluded that out of 15 observation points in the city of
Atyrau, at points located near the Atyrau oil refinery, there is a direct dependence of
sulfur accumulation in the soil on hydrogen sulfide emissions, for example, such as at
the Himposylok AOR poin, NCOC No. 109 (Vostok) point. In the settlements of NCOC
No. 113 (Avangard), NCOC No. 114 (Zagorodnaya) and the POP No. 6 (Zhuldyz), there
is a possibility of accumulation of sulfur in the soil from hydrogen sulfide emissions.
Whereas there is no such dependence in the points of the exchange rate. If we consider
the correlation between the sulfur content in the soil at different depths from the
maximum content of hydrogen sulfide in the air in the whole city during these periods,
then calculations show that only in the eternal 2022 the correlation coefficient between
the accumulation of sulfur on the earth's surface and hydrogen sulfide has a positive
insignificant effect, which suggests that hydrogen sulfide emissions in the spring the
period can settle on the surface of the earth. In 2021, in the autumn at any depth and in
the spring of 2022 at a depth of 50 cm, the accumulation of sulfur is not associated with
hydrogen sulfide emissions, since the correlation coefficient has negative values.
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