ISSN 2518-1491 (Online),
ISSN 2224-5286 (Print)

KA3AKCTAH PECITYBJIMKACHI
YJITTBIK FbIJIbIM AKAJJEMUACBIHBIH

JI.B. CoxonbCKui aTbIHAAFBI
«Kanapmaii, kKaTanus >KoHe SNEKTPOXUMHS HHCTUTYTED AK

XABAPJAPDI
U3BECTHS NEWS

HAITMOHAJIbHOM AKAJITEMUU HAYK OF THE ACADEMY OF SCIENCES
PECITYBJIMKH KA3BAXCTAH OF THE REPUBLIC OF KAZAKHSTAN
AO «MHCTHUTYT TOILIMBA, KaTannu3a u JSC «D.V. Sokolsky institute of fuel,
anextpoxumuu um. JI.B. Cokonbckoro» catalysis and electrochemistry»

SERIES
CHEMISTRY AND TECHNOLOGY

2 (451)
APRIL - JUNE 2022
PUBLISHED SINCE JANUARY 1947

PUBLISHED 4 TIMES A YEAR

ALMATY, NAS RK



[ Clarivate
Analytics

NAS RK is pleased to announce that News of NAS RK. Series of chemistry
and technologies 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 chemistry and technologies in the Emerging Sources Citation
Index demonstrates our dedication to providing the most relevant and influential
content of chemical sciences to our community.

Kasakcma+ Pecnybnukacbl YnmmblK fbiibiM  akademusicel «KP  ¥FA
Xabapnapbl. XuMusi )XeHe mexHO02usi CEPUSIChI» FbINbIMU XYypHarbiHbiH Web
of Science-miH xaHanaHfaH Hyckacbl Emerging Sources Citation Index-me
uHOekcmeryee KabbindaHraHblH xabapnaldel. byn uHdekcmeny bapbicbiHOa
Clarivate Analytics komnaHusickl XypHarndbl o0aH api the Science Citation Index
Expanded, the Social Sciences Citation Index xxeHe the Arts & Humanities Citation
Index-ke Kabbinday macerneciH kKapacmbipyda. Webof Science sepmmeywinep,
asmopnap, 6acnawbiiap MeH MeKemernepee KOHmMeHm mepeHOiei MeH
canacbiH ycbiHaobl. KP YFA Xabapnapbl. XUMUS )XOHE MEXHO/I02UsT Cepusicbl
Emerging Sources Citation Index-ke eHyi 6i30iH KoramdacmbIK YWiH €H 63eKmi
JKoHe bedendi xumusinbiK FolribiMOap bolbiHWa KOHMeHmMkKe adarnobifbiMbi30bi
6indipedi.

HAH PK coobwaem, ymo Hay4Hbil xypHan «3eecmuss HAH PK. Cepusi
XUMUU U mexHosioauliy 6bi npuHsm 0ns uHdekcuposaHusi 8 Emerging Sources
Citation Index, obHoeneHHou eepcuu Web of Science CodepxxaHue 8 3mom
UHOeKcuposaHuu Haxodumcsi 8 cmaduu paccmompeHusi komnaHuel Clarivate
Analytics Onsi OanbHelweao npuHIMuUs XypHana e the Science Citation
Index Expanded, the Socia1 Sciences Citation Index u the Arts & Humanities
Citation Index. Web of Science npednazaem kayecmeo 8 251ybuHy KOHmeHma
ona uccrnedosamernel, asmopos, uisdamesnel u y4pexoeHul. BkroveHue
Uzeecmusi HAH PK e Emerging Sources Citation Index demoHcmpupyem Hawy
MpusepPXeHHOCMb K Haubornee akmyanbHOMY U 6/1USIMENIbHOMY KOHMEHMY o
XUMUYECKUM Haykam 0rs1 Hawezo coobuecmea.



Bac penaxrop:
ZKYPBIHOB Mypar ’KypbIHYJIbI, XUMHS FBUIBIMIAPBIHBIH JOKTOPSL, podeccop, KP ¥FA akanemuri,
Kazakcran PecryOmukacel Y ITTHIK FRUTBIM akaieMusichIHbIH npe3ueHTi, AK «J1.B. CokonbCckuii aTbIHIaFbI
OTBIH, KaTaJIH3 )KOHE HJICKTPOXMMUS HHCTUTYTHIHBIHY 0ac qupektopsl (Anmarsl, Kasakcran) H = 4

Penaxkmus aakachl:

OJJEKEHOB Cepra3bl MbIHxkacapyJibl (0ac pegakTOpIbIH OpbIHOACAPHI), XMMUS FHUIBIMAAPBIHBIH
nokTopsl, podeccop, KP ¥FA akanemuri, « Dutoxumusdy XaablKapaiblK FHUTBIMH-OHIPICTIK XOIIUHTTHIH
mupekropsl (Kaparannsl, Kazakcran) H =11

ATI'ABEKOB Buaamumup EnokxoBuu (6ac pemaxTtopiabslH OpbIHOAcapbl), XUMHS FBUIBIMAAPBIHBIH
JoKTOpbI, ipodeccop, berapycs ¥YFA akanemuri, Kana marepuaniap XUMHUsICbl MHCTUTY TBIHBIH KYPMETTi
nupekropsl (Munck, benapycs) H =13

CTPHA/l Mupocaas, mnpodeccop, Uexuss FBUIBIM aKaJeMUSACHIHBIH OKCICPUMEHTTIK OOTaHUKA
MHCTUTYTHIHBIH 3epTXaHa MeHrepyurici (Onomoyt, Yexust) H = 66

BYPKITBAEB Myxam6eTKaJu, XUMUs FEUTBIMAAPBIHEIH JOKTOPEL, podeccop, KP ¥FA akanemuri,
on-Dapabu areigars! Ka3¥Y Y-npiy 6ipianm npopextopsl (Anmarsl, Kazakcran) H =11

XOXMAHH J[Ixynut, Ceren ynuBepcuteriniy ®PapmaueBruxa ¢axysnpreTiHin Papmakornosus
KadenpacsHEIH MeHrepymIici, JKapaTbuiblcTaHy FBUIBIMIAPBIHBIH TOHAPAIIK OPTAIBIFBIHBIH AUPEKTOPEI
(Ceren, Benrpus) H =38

POCC Camup, PhD goxropbl, Muccucunu yHUBEpCHTETIHIH OCIMIIK OHIMICPIH FBUIBIMU 3€PTTEY
YITTHIK opTanbi¥bl, @apmanust MekTebinin npodeccopst (Oxcdopa, AKII) H =35

XYTOPSTHCKHAW Buranmii, $punocodus gokropsr (PhD, apmariesr), Peaunr yHuBepCHTETIHIH
npodeccopsl (Penunr, Aurus) H = 40

TEJTAEB Barnar Bypxan6aiiyibl, TeXHHKa FRUIBIMIAPBIHBIH JOKTOpHI, mpodeccop, KP ¥FA
KxoppecnioHaeHT-mymeci, Kaszakcran PecnyOmukacer WHgycTpus koHe HWH(PPAKYpBUIBIMIABIK JaMy
munucTpiiri (Anmarsl, Kasakcran) H = 13

DAPYK Acana Jlap, Xamnap ans-Mamxnaa HIsFeic MeumiHa KoJulepKiHiH podeccopsl, Xamaap
yauBepcureTiHig Lsrpic Mmequiaa ¢akynsreti (Kapaun, [Tokxicran) H =21

DA3BIJIOB Cepik JIpaxmMeTyibl, XUMHs FBUIBIMIAPBIHBIH JOKTOPBL, ipodeccop, KP ¥FA akanemuri,
OpraHuKaiblK CHHTE3 YKOHE KOMIp XUMUSCHI MHCTUTYTHI TUPEKTOPBIHBIH FHUIBIMH KYMBICTAp JKOHIHIET
opsiabacaps! (Kaparausl, Kazakcran) H=6

KOPOBEKOBA Illapuna 7Kopo0eKKbI3bl, XHMHS FBUIBIMIAPBIHBIH JOKTOPBI, mpodeccop,
Kepreiscran ¥FA akagemuri, KP ¥FA Xumust skoHe XUMUSUIBIK TeXHONOTHsS HMHCTHTYTHI (Bimkek,
Keipreizcran) H = 4

XAJIMKOB [:xypabaii XaJuKoBHY, XUMUSI FRUIBIMIAPBIHBIH JTOKTOPBL, podeccop, Taxikeran FA
axanemuri, B.W. Huxutun arsranarst Xumust nHCTUTYTH ([ymante, Toxikcran) H =6

DAP3AJINEB Barug Memkuaoribl, XMMUs FBUIBIMAAPBIHBIH TOKTOPEL, Ipodeccop, ¥FA akanemuri
(Baky, O3ipoaiixan) H=13

TFAPEJIMK Xempaa, ¢umocodus nokropsl (PhD, xmmus), Xanplkapaliblk Ta3za jKOHE KOJIaHOAIBI
XVMWUS OJJaFbIHBIH XVMUS XKOHE KOopIiaraH opTa OemimiHiH mpe3uaeHTi (Jlornon, Aamms) H = 15

«KP ¥T'A Xa6apaapbl. XuMHS KIHE TEXHOJIOTHS CEPHACHD
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I'naBHbII penrakrTop:
KYPUHOB Mypar KypuHOBHY, TOKTOp XMMHUYECKHX Hayk, mpodeccop, akagemuk HAH PK,
npe3ueHT HaronansHol akafgemun Hayk Pecry6mmku Kazaxcran, renepansusiii fupexrop AO «HCTHTYT
TOIUTMBA, KaTanu3a u anekrpoxumuu uM. [[.B. Cokonbsckoro» (Anmarsl, Kazaxcran) H = 4

Penaxkuuonnas xosierus:

AJIEKEHOB Cepra3psl MbiHkacapoBu4 (3aMECTHTEIb ITTABHOTO PEAAKTOPA), TOKTOP XUMHUYECKHUX
HayK, podeccop, akagemuk HAH PK, nupekrop MexayHapomHOro Hay4HO-IIPONU3BOCTBEHHOTO XOJIANHT A
«Duroxumus» (Kaparanga, Kazaxcran) H= 11

ATABEKOB B nagumup EHokoBHY (3aMeCTHTENb IIABHOTO PENAKTOPAa), JOKTOP XUMHYECKHUX
Hayk, npodeccop, akanemuk HAH Benapycu, moderHslit aupextop MHCTUTYTa XMMHH HOBBIX MaTepHaoB
(Musnck, benapycs) H= 13

CTPHA/I Mupocaas, npodeccop, 3aBenyromuii 1abopatopueii HHCTUTYyTa DKCIEPUMEHTAIBHON
6otanuku Yemickoii akagemun Hayk (Onomoyt, Yexust) H = 66

BYPKUTBAEB Myxam0eTkaan, ITOKTOp XMMUYECKHX Hayk, mpodeccop, akagemuk HAH PK,
[epssrit mpopextop KasHY umenn anp-dapadu (Anmarsl, Kazaxcran) H =11

XOXMAHH [IxynuT, 3aBenyromnit kapenpoit ®apmaxornozun dapmarieBrniyeckoro (akyisrera
VYansepcurera Cerena, aupexTop MeXIUCIMINIMHAPHOTO IIEHTpa ecTecTBeHHBIX Hayk (Ceren, Benrpms)
H=38

POCC Cammup, nokrop PhD, mpodeccop IIkomsr dapmanuyi HAIMOHAILHOTO IEHTPa HAYYHBIX
HCCIIEJOBAaHUH PACTUTEIBHBIX MPONYKTOB YHUBepcuTeTa Muccucunu (Oxcdopa, CIIA) H = 35

XYTOPSIHCKUM Butammii, noxrop ¢unocodun (Ph.D, dapmanesr), mpodeccop Yuusepcurera
Penunra (Pepunr, Aurus) H = 40

TEJIBTAEB Baraar Bypxan6aiiyJibl, JOKTOp TEXHHYECKHX HayK, Ipodeccop, WieH-KOPPECTIOHACHT
HAH PK, Munucrepcto Unnyctpun u nadpactpykrypHoro pa3sutus PecryOnuku Kazaxcran (Anmarsl,
Kazaxcran) H= 13

DAPYK Acana [lap, mpodeccop komiemka Bocrounodt memummuel Xampaapia ans-Mamkuza,
¢axynsreT BocTouHoit MenuuuHb! yHuBepeuTeTa Xamaapaa (Kapauu, [Takucran) H =21

®DA3BIJIOB Cepuk /IpaxmeToBHY, TOKTOp XMMHUYECKHX Hayk, mpodeccop, akagemuk HAH PK,
3aMeCTHTENb JUPEKTOpa 1o HaywIHO# paboTe VHcTHTYTa OpraHmdeckoro cuHTe3a U yrexumun (Kaparanna,
Kazaxcran) H=6

KOPOBEKOBA Ilapumna KopodexoBHa, TOKTOp XMMHYECKUX HayK, podeccop, akanemuk HAH
Keipreserana, MactuTyT Xumun u xumudeckoit texaonornd HAH KP (bumukek, Keipreiscran) H = 4

XAJIMKOB [Ixypa6aii XaJaukoBW4Y, JOKTOp XHMHYECKHX HayK, mpodeccop, akazemuk AH
Tamxukucrana, Vuctutyt xumun umenn B.W. Hukutuna AH PT (dymran6e, Tamxukucran) H = 6

DAP3AJIMEB Barug Memkua orisl, JOKTOp XHMHYECKHX Hayk, mpogeccop, akanemuk HAHA
(baky, Aszepbaitmxan) H=13

T'APEJIMK Xempaa, noxrop ¢unocopun (Ph.D, xumus), npesunent Otnena XUMUH U OKpYysKaronieit
cpens! MexIyHapogHOTo Cor03a YHCTO! M npukiiagHoi xumun (Jlonnon, Anrmst) H =15

«H3Bectust HAH PK. Cepusi XuMHH M TEXHOJIOTHi».
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Editor in chief:
ZHURINOYV Murat Zhurinovich, doctor of chemistry, professor, academician of NAS RK, president
of NAS RK, general director of JSC “Institute of fuel, catalysis and electrochemistry named after
D.V. Sokolsky (Almaty, Kazakhstan) H = 4

Editorial board:

ADEKENOY Sergazy Mynzhasarovich (deputy editor-in-chief) doctor of chemical sciences, professor,
academician of NAS RK, director of the international Scientific and production holding «Phytochemistry»
(Karaganda, Kazakhstan) H = 11

AGABEKOV Viadimir Enokovich (deputy editor-in-chief), doctor of chemistry, professor,
academician of NAS of Belarus, honorary director of the Institute of Chemistry of new materials (Minsk,
Belarus) H=13

STRNAD Miroslav, head of the laboratory of the institute of Experimental Botany of the Czech
academy of sciences, professor (Olomouc, Czech Republic) H = 66

BURKITBAYEV Mukhambetkali, doctor of chemistry, professor, academician of NAS RK, first
vice-rector of al-Farabi KazNU (Almaty, Kazakhstan) H =11

HOHMANN Judith, head of the department of pharmacognosy, faculty of Pharmacy, university of
Szeged, director of the interdisciplinary center for Life sciences (Szeged, ungary) H =38

ROSS Samir, Ph.D, professor, school of Pharmacy, national center for scientific research of Herbal
Products, University of Mississippi (Oxford, USA) H = 35

KHUTORYANSKY Vitaly, Ph.D, pharmacist, professor at the University of Reading (Reading,
England) H =40

TELTAYEV Bagdat Burkhanbayuly, doctor of technical sciences, professor, corresponding
member of NAS RK, ministry of Industry and infrastructure development of the Republic of Kazakhstan
(Almaty, Kazakhstan) H =13

PHARUK Asana Dar, professor at Hamdard al-Majid college of Oriental medicine. faculty of Oriental
medicine, Hamdard university (Karachi, Pakistan) H =21

FAZYLOV Serik Drakhmetovich, doctor of chemistry, professor, academician of NAS RK, deputy
director for institute of Organic synthesis and coal chemistry (Karaganda, Kazakhstan) H =6

ZHOROBEKOVA Sharipa Zhorobekovna, doctor of chemistry, professor, academician of NAS of
Kyrgyzstan, Institute of Chemistry and chemical technology of NAS KR (Bishkek, Kyrgyzstan) H =4

KHALIKOYV Jurabay Khalikovich, doctor of chemistry, professor, academician of the academy of
sciences of tajikistan, institute of Chemistry named after V.I. Nikitin AS RT (Tajikistan) H =6

FARZALIEV Vagif Medzhid ogly, doctor of chemistry, professor, academician of NAS of Azerbaijan
(Azerbaijan) H= 13

GARELIK Hemda, PhD in chemistry, president of the department of Chemistry and Environment of
the International Union of Pure and Applied Chemistry (London, England) H = 15
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I.C. Aiinapxanosa', K.C. U36actuna’*’, )K.M. Koxkuna?,
J.T. Cagpipoexon®

'HAO «Ka3zaxckwuii arporexandeckuii yauepcutetr uM. C. CerdyuimHay,
Hyp-Cynran, Kazaxcran;
’PI'KIT «HanmonansHbI# 1eHTp TecTrpoBanus» MOH PK,
Hyp-Cynran, Ka3axcran;
‘HAO «KaparannuHckuii yauBepcuteT uM. Akagemuka E.A. ByketoBay,
Kaparangsi, Kazaxcran;

*AcranuHckuii 0oTannueckuii cax — uauan PITI va [TXB «MucTHTYT
6otanuku u GuronHTpoayKiumy KIIXXKM MOITIP PK,
Hyp-Cynran, Ka3zaxcras.

E-mail: izbastina.k@gmail.com.

U3MEHUYUBOCTH COCTABA D®UPHBIX MACEJI
B XBOE PINUS SYLVESTRIS L. HA TEPPUTOPUH I'HIIIT
«BYPABAM» U . HYP-CYJITAH

AnHoTanusi. OpraHuzanusi 3KOJOIMYECKOr0 MOHUTOPHHIa Ha ypOaHHU3H-
POBAHHBIX TEPPUTOPUAX MOXKET C yCHeXoM 0a3upoBaThCS HAa U3MEHUYMBOCTH
OMOXMMHUYECKOTO COCTaBa MeTa0OIMTOB pacTeHwil. Ha Xxapakrep M cTeneHb
3arpsi3HEHUs] aTMOC(EPHOTO BO3/AyXa 3aMETHO PEearupyroT XBOIHBIE MOPOJIBI
JPEBECHBIX pacTeHWid. Meroauuecku Haubosee pa3zpaboTaH moaxon QuTo-
MH/IMKALUU OKPYKAIOLIEH cpelibl M0 KOMIIOHEHTHOMY COCTaBy 3()MpPHBIX Macel
XBOWHBIX JIepeBbEB. Llenbro HMCCieIOBaHUIN SIBISJICSA CPAaBHUTENIbHBIN aHAIN3
W3MEHYMBOCTH COCTaBa I(UPHBIX Macel B XBOE COCHBI OOBIKHOBEHHOW W3
3aloOBEIHON TEPPUTOPHH TOCYIAPCTBEHHOTO HAI[MOHAJIBLHOTO TMPHUPOIHOTO
napka «bypabait» u napkoBo#t 30HbI T. Hyp-Cynran. O6pa3isl XBou 0TOMpanu
B CpeIHel yacTHU KpPOHBI 3 Pa3HbIX JEPEBbEB HA KAKJIOW yUETHOM IUIOIIAJKE.
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D¢upHoe Maciio MoIydaad METOAOM THIAPOIUCTUIUIALUN U3 COCHOBOHM XBOW,
BBICYILIEHHBIX /10 BO3AYIIHO-CYXOI'0 COCTOSHUS. XUMHUYECKUH COCTAB A3(PUPHOTO
Mmacia Pinus sylvestris L.onpenenuian METo1oM XpoMaTo-Macc-CleKTPOMETPHEH.
Ilo pesynbratam 1a0OpaTOPHBIX HCCIIEAOBAaHUN BBIIOJHEH CpPAaBHUTEIbHBIN
aHaJIN3 KOMIIOHEHTOB Y(PUPHBIX Macesl B XBOE COCHBI IT0 COCTaBY MOHOTEPIICHOB,
CECKBUTEPIICHOB, TepIIeHOUA0B. Ha 0CHOBE 1MOTyYeHHBIX JAaHHBIX CAETIaH BHIBO]
O BIMSHUU Ipolecca ypOaHM3alUM Ha U3MEHUYMBOCTh XMMHYECKOIO COCTaBa
3(HUPHBIX MACeN B XBOE COCHBI.

Pesynbrarel uccinenoBaHUN yKa3blBalOT Ha BO3MOKHOCTb OMOMHIUKAIMU
BO3/IYIIHOW CpeIbl MO BBIXOAY M KOMIIOHEHTHOMY COCTaBy 3()HMPHOTO Macia
XBOM COCHBI 00BIKHOBEeHHOM (Pinus sylvestris L.), a iMeHHO TIO0 comep KaHUIO
KHCJIOPOICOAEPKALIIX KOMIIOHEHTOB (TeprieHou 1b1). [ Ipy BICOKOM 3arpsi3HEHUN
BO3/IYIIHOW Cpelbl KUCIOTHBIMU OKCHJIAMH CEepPhl M a30Ta YBEITUUNUBACTCS OIS
TEPIIEHOUO0B ¥ YMEHbLIAETCS A0JIA JIErKosleTy4del (ppakiuu (MOHOTEPIIEHBI).

Ncnonp3oBaHHBINA (PUTOMHINKALIMOHHBIN TOX0/ PEKOMEHI0BaH JJIsl OpraHu-
3alMU XMMUYECKOTO MOHUTOPUHTa aTMOC(EpHOH 3arpsi3HEHHOCTH 00CIIeI0BaH-
HBIX TEPPUTOPHUIA.

KiroueBble cjI0Ba: XUMHYECKUH MOHUTOPHHT, YpOaHU3AIMsI, OXpaHIEMbIE
TePPUTOPUH, FPUPHBIE Macia, GUTOUHAUKALIUS.

I.C. AiinapxanoBa’, K.C. U36acruna’*", JK.M. Koxxuna?,
N.T. Canpipbexon®

'«C. Celi(y/utiH aThIHIAFBI Ka3aK arpOTEXHUKAIIBIK YHUBEPCUTETI»
Kommeprusuiblk emec akuuonepiik Koramsl, Hyp-Cyntan, Kazakcran;
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«BYPABAI» MYTII )KOHE HYP-CYJITAH KAJIACHI
AVMMAKTAPBIHJIAFBI PINUS SYLVESTRIS L. KbIJIKAHJIAPBI
®UP MAWBI KYPAMBIHBIH ©3TEPMEJILIITT

AHHoOTaNUs. YpOaHU3alUsIaHFaH ayMaKTap/a KOJIOTUSIIBIK MOHUTOPUHT T
YUBIMIIACTBIPY OCIMIIK META0OIUTTEPiHIH OMOXUMUSIIBIK KYPaMbIHBIH ©3repMe-
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Jinirine TaObICTHI HET13/1eyl MyMKiH. AFalll ©CIMIIKTEePiHIH KbUTKAH KarblpaK-
ThI TYpJepi arMocdepanblK ayaHbIH JacTaHYBIHBIH CHUIIAThl MEH JOpEXKeCiHe
alTapibIKTaii acep erei. OAicTeMeNiK TYPFbIIaH alFaH/a, aHaFypJIbIM JaMbIFaH
TOCLJT — KbUIKAH >KalbIpaKThl aFalITapAbIH 2 up MailnapbIHbIH KypaMaac Kypambl
OOlBIHIIIA KOpITaFaH OpTaHbl (PUTOMHIUKAIMSIIAY. 3ePTTEy KYMBICHIHBIH MakK-
catbl «bypabaii» MeMIIEKeTTIK YIATTHIK TaOUFH MapKiHIH epeKIle KOpFalaTbiH
artmarel MeH Hyp-CyiiTaH KajachIHBIH casiOaK aliMarbIHBIH Kaparail KbUIKaH
JKarblpakTapbl 3Up MalIapbIHBIH KYPAMBIHBIH ©3TePrillTiriH CalbICThIPMAIbI
Tajaay. OpOip 3epTTey altMarbIiHAa 3 Tyl aFalll TOKUIEPiHIH OPTaHFbI 06T IHEH
KBUIKAH JKaIlbIpaKTapbIHBIH YITiUIepl ansiHAbl. Kaparail skambelpakTapbl ayanaa
KypFaK KyWre neiiH KenTipiain, 3¢up Maibl TUAPOIUCTUIUISALMS apKbLIbI
aneIHbl. Pinus sylvestris L. a3¢up MallbIHBIH XUMUSUITBIK KYPaMbl XpOMaTO-Macc-
CIIEKTPOMETPUS 9ICIMEH aHBIKTAJIbI. 3€pTXaHANBIK 3€pPTTEYIEPIiH HOTHXKEIEPi
OolipIHIIIA KapaFaik MHeJepiHaeri »up MaljapbIHBIH Kypamjac OeiKkTepiHe
MOHOTEPIIEHEP/IIH, CECKBUTEPIICHAECPIH, TEPIIEHOUITAPIbIH KypaMbl OOMbIH-
112 CaJIBICTBIPMAIIBI TaAay JKacajabl. AJBIHFAH MOIMETTEp HETi31He Kaparaii
KBUIKaH KarblpaKTapbIHbIH 3(Up MalIapbIHBIH XUMUSUIBIK KYPAMBIHBIH ©3rep-
Menijtirine ypoaHu3amus MpoLeciHiH acepi Typaibl KOPBITHIH/IBI XKacabl.

3epTTey HOTIKeNepl Kaparail >kamblpakTapblHblH (Pinus sylvestris L.)
3¢Up MaWBIHBIH IBIFBIMIBUIBIFEI MEH KOMIIOHEHTTIK Kypambl OOWBIHINA, aTarl
aliTKaHaa, KYpaMbIHJa OTTEri 06ap KOMIOHEHTTEP/iH (TepIeHOUATAP) KYpPaMbl
OOMBIHIIIA aya OPTAChIH OMOWHIMKAIUAIAY MYMKIHIITIH Kepceredi. AyaHbBIH
KBIIKBUIIBl KYKIPTIEH KOHE a30T OKCHATEPIMEH >KOFaphl JIACTAHYyBIHJA TEp-
MEHOUATAP IBIH YJIE€Cl apThII, YIIKBIII (PpaKkIusHbIH (MOHOTEPIICHACPAIH) Yiecl
a3asiipl.

[Mafigananpuirad GUTOMHAMKAIIHS TOCUTI 3epTTENETIH ayMaKTapIblH aTMOC-
(depalblK JTaCTaHYbIHBIH XUMUSUIBIK MOHUTOPUHTIH YHBIMAACTHIPY YILIIH YCHI-
HBLJIA/IbI.

Tyiiin ce31ep: XUMUSIIBIK MOHUTOPUHT, YpOaHU3aIHsl, KOPFajlaTblH TaOUFu
aymakTap, 3pup Maiaapel, GUTOMHIUKAIIHS.
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VARIABILITY OF ESSENTIAL OILS COMPOSITION IN PINUS
SYLVESTRIS L. NEEDLES IN THE TERRITORIES OF SNNP
“BURABAY” AND NUR-SULTAN CITY

Abstract. The organization of ecological monitoring in urban areas can
be successfully based on the variability of the biochemical composition of
plant metabolites. Coniferous species of woody plants noticeably react to the
nature and degree of atmospheric air pollution. Methodologically, the most
developed approach is the phytoindication of the environment by the component
composition of the essential oils of coniferous trees. The aim of the research
was a comparative analysis of the variability of the composition of essential
oils in Scotch pine needles from the protected area of the state national natural
park “Burabay” and the park zone of Nur-Sultan. Needle samples were taken
in the middle part of the crown of 3 different trees on each registration site.
The essential oil was obtained by hydrodistillation from pine needles, dried
to an air-dry state. The chemical composition of Pinus sylvestris L. essential
oil was determined by chromato-mass spectrometry. Based on the results of
laboratory studies, a comparative analysis of the components of essential oils
in pine needles was performed in terms of the composition of monoterpenes,
sesquiterpenes, and terpenoids. Based on the data obtained, a conclusion was
made about the influence of the urbanization process on the variability of the
chemical composition of essential oils in pine needles.

The research results indicate the possibility of bioindication of the air
environment by the yield and component composition of the essential oil of Scots
pine needles (Pinus sylvestris L.), namely, by the content of oxygen-containing
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components (terpenoids). With high air pollution by acidic sulfur and nitrogen
oxides, the proportion of terpenoids increases and the proportion of the volatile
fraction (monoterpenes) decreases.

The used phytoindication approach is recommended for the organization of
chemical monitoring of atmospheric pollution of the surveyed territories.

Key words: chemical monitoring, urbanization, protected areas, essential
oils, phytoindication.

BBenenue. [Iponecc ypbaHuzanuu NpUBOAUT K 3KOJIOTUYECKOMY Hebiaro-
MOJTy4YHIO, YTO OTPA)XKaeTCsl Ha KaYeCTBE COCTOSHUS OKPY>KAOILEH Cpelbl U, B
NIEPBYIO OYepe/b, BO3AYIIHONW. Bo MHOTHMX pernoHax Mupa Mmpu OpraHu3aluu
9KOJIOTMYECKOT0 MOHHUTOPHHra ypOoTeppUTOpuil pa3paboTaHa METONO0JIOTHS
(UTOMHIUKAIIUU COCTOSIHUSAX BOWHBIX JnepeBbeB (Satyal&Setzer, 2017: 5,
Schicchietall, 2017: 11) Kak u3BecTHO, XBOHHBIE TTOPOJIBI IPEBECHBIX PACTCHHM
3aMETHO pearupyroT Ha XapaKkTep ¥ CTETIICHb yXYIIIEHU aTMOC(EepHOTo BO3yXa,
e BeIYyLIUM 3arps3HAomMUM (pakTopoM siBisieTcs aBroTpancnopt (COTHHKOBa
u ap., 2001: 6, Jlamotkun u 1p., 2012: 7). Pax aBTOpOB moka3zainu, uTo Haubosee
MH(GOPMATUBHBIM U HAJICKHBIM TOKa3aTelleM 3arpsi3HEHUs] BO3IYIIHON Cpesbl
CUMTAETCS UCTIOIH30BAHHE BTOPUYHBIX META0OIUTOB XBOMHBIX MTOPOJI, KOTOPHIE
SIBIITIOTCS KOHEYHBIMHU TIpoaykramu OuocuHTe3a (Neverova, et all, 2014: 4,
Konmomuen u ap., 2019: 8).

AKTyaJlbHOCTh TE€MbI MCCIIEJIOBAaHUS BbI3BaHa HEOOXOIMMOCTBIO OpraHM3a-
LMK 3KOJIOTMYECKOTO MOHUTOPUHIA WHTEHCHBHO pa3BUBAIOLIETOCS TroOpoaa
Hyp-Cynran ans pa3zpabotku mep ynyumieHus armocdepHoro Bozayxa. Llenbro
UCCIIEOBAHUN SIBISUICS. CPABHUTENBbHBIN aHAIM3 H3MEHYMBOCTH COCTaBa
3(pUPHBIX Macel B XBOE COCHbI OOBIKHOBEHHOW M3 3allOBEIHOM TEppUTOpUU
TrOCyJIapCTBEHHOTO HAIIMOHAIBLHOTO IPUPOIHOTO Mapka «bypabait» u mapkoBoi
30HbI I. Hyp-Cynran.

Marepuanbl 4 MeTOIbl HccJel0BaHus. MartepuaaoM AJsi SKCIIEPUMEH-
TAJBHBIX UCCIIEIOBAHNH CITYKHIIM 00pa3Iibl XBOU COCHBI 00bIKHOBEeHHOM (Pinus
sylvestris L.), mMpoko pacrnpocTpaHEHHONH Kak B MapKOBBIX 30HAX ropoja,
TaKk U Ha TEPPUTOPUU TOCYIAPCTBEHHOIO HALIMOHAJIBHOTO MPHUPOJHOTO HapKa
(I'HIII) «bypabaii», a Takxe 3upHbIe Macia, BbIACICHHbIE U3 OTOOPAHHBIX
XBOH. YdeTHbIe TIomaaku ObutH 3amoxkeHbl Ha Tepputopun [T HIIIT «Bbypabaii»
(1kOHTpOIIB), PACTIONOKEHHBIX HA TEPPUTOPUM bapMakIIMHCKOro JecHUYeCTBa
(53°00'95"c.mr.; 70°21'34" B.;1.) B COCHSIKE 3€JICHOMOIIHOM, T OTCYTCTBYIOT
nro0ble aHTpornoreHHsle BosaeictBus. B r. Hyp-Cynran yuerHas miomanka
(’KCepuMeHTaIbHAS TIJIOMIA/Ib) OblIa 3aJIOKEHA B TIApKE yYaCTHUKOB AdraH-
CKOM BOWHBI HAa IEPECEYCHUU KPYIHBIX MAaruCTPaJbHBIX YIHI C BBICOKOH
TPAHCIOPTHOM 3arpykeHHOCThI0. OTOOP MPoO MPOU3BOIWIN B TPEThEH IeKale
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ceHTsa0ps Mecsna B 2019 roga B cyxyro moroay B epHoJl HOATOTOBKU J€PEBHEB
K aHaOMO3HOMY COCTOSIHHIO B MOMEHT, KOTJla OXBOEHHbIE MOOETH Hambosee
6oratsl 3¢upHbEIM MacioM. Ha kaxmoil yueTHOH miomnaake BIOUpaiu 1Mo Tpu
CpeIHEBO3PACTHBIX AepeBa. [l aHann30B 0TOMpaiv XBOU COCHBI Ha BbIcoTe 1,7-
1,8 M Ha ypOBHE OPraHOB JBIXaHUS B3POCIIOTO YeJIoBeKa ¢ 4 CTOPOH (CEBEPHOM,
I0)KHOHM, BOCTOYHOM W 3anaaHoif). OtoOpaHHbIe MOOErH TOAMYHOIO MPHUPOCTa
C XBOMHKAMHM CKJIaJIbIBAIM B OyMa)kKHbIE MPOHYMEPOBaHHbBIE MAKEThl U3 YUCTOU
Oemoii Oymaru. Mecta otOopa mpod pa3IUYyaIUCh MO MECTOIMOJIOXKCHHUIO Ha
TEPPUTOPUN AKMOJIMHCKOW OOJACTH KIMMATUYECKUMHU YCIOBHUSIMHU, YPOBHEM
aHTpOIOTeHHOW Harpy3ku, OToOpaHHBIE 00pa3Ibl XBOM COCHBI C KaXKIOH
TUIOMIAIKM CMEIITUBAIM IS TOJIYYEeHUs CpelHed MpoObl M B TEUCHHE OTHOMU
HeZIeNU BBICYIIUBAIU P KOMHATHON TeMIepaType.

Jnst BbleneHuss 3UPHOrO Macia B paboTe ObLT HCHONB30BAaH METON
TUAPOIUCTUIUISIIIMY (METOJ] IEPETOHKH ¢ BOJsHBIM napoMm) (Tynerenosa, 2008:
7). dnis onipenenieHusi KOMIIOHEHTHOTO COCTaBa d(PUPHBIX MACeIl HCIIOIB30BAJICS
XpOMAaTO-MacC-CIeKTPOMETPUIECKU MeToA. AHanmu3 3(pUpHOrO Macia XBOU
MPOBOJMIIM Ha Ta30BOM Xxpomarorpade Agilent 7890A ¢ macc-CeNeKTUBHBIM
nerekropom Agilent 5975C. Temmneparypa ucnapurens 250°C, tkononku — 70°C,
BBIJICP)KUBAJICS B TEUEHHE 5 MUH, a 3aTeM moBsimiaics 10 310°C co ckopocThio
10°C B MunyTy 1 ipoaepskuBaercs B TeucHue 10 muH. Temneparypa untepdeiica
—310°C, 06béM BBOIUMOM MPOOBI | MKII, Ta3 HOCHTEIb I'eJIUii, JeICHHE MOTOKA
— 1:10, noHM3aIMs METOJIOM JIEKTPOHHOTO y/apa.

KonuuectBeHHOE cofiepkaHNe BBIYUCIISIN MO TUIOMIA/IIM MTUKOB HAa XpoMa-
TorpaMMe 0€3 HMCIOJBb30BaHUS KOPPEKTUpYyomux Kodhdumuentos. Kommo-
HEHTHBI COCTaB OMpPENENSUIA MyTeM CpPaBHEHHUs 3HAYEHHUH MAacc-CIIEKTPOB,
0a3bl JaHHBIX OWMONMOTEKH XpOMAaTO-MacC-CIEKTPOMETPUUYECKUX JaHHBIX
JETY4YMX BEIIECTB pacTUTENbHOro mnpoucxoxaeHus (TkaueB, 2008: 659).
MeTtoab! GUTOXUMUYECKUX HCCIEAOBAHUIN N3BECTHBI U IIUPOKO MUCTIOIB3YIOTCS
B J1a0OPaTOPHBIX IKCIIEpUMEHTax paznuyHoro Hanmpasinenus (Kudaibergen et all,
2020: 7; Umbetova et all, 2020: 7).

Pe3yabTarbl MOJy4eHHBIX 3KcnepuMmeHToB. [Ipu opranuzanus skoio-
THYECKOT0 MOHHUTOPHHTa Ha ypOaHM3MPOBAHHBIX TEPPUTOPHSIX ITOCTAHOBKA
AKCIEPUMEHTOB 0a3upoBajach Ha M3MEHYMBOCTH OHMOXMMHYECKOTO COCTaBa
MeTabonuToB pacteHuid. Ha pucynke 1 nokaszansl hakTuyeckue oObeMbl Bble-
JICHHBIX YQHUPHBIX MACEN, TJIE TOMyUYEHHBIC PE3YIbTAThI HATTISAHO COTIOCTABUMBI.
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Pucynok 1. O6bem 3¢upHOTO Macia % B XBO€ COCHBI U3 Pa3IHMYHBIX SKCIICPUMCHTATBHBIX
yuacTkoB (1 xouTpons -reppuropus I'HIIIT «bypabaii»;

2 ruIomia b — NapKOBbIN y4acTok «AdraHckoi BoitHb .Hyp-Cynran)

AHann3 KOMIIOHEHTHOTO cocTaBa 3¢upHOro macia xsou Pinus sylvestris L.
II03BOJINII HﬂeHTH(bHHHpOBaTB 25 XUMHYECKUX BCIICCTB, BXOAAIINX B I'PYIIIbI
AlMKJINYECKUX, MOHO-, OM-IIUKIMYECKUXMOHOTEPIICHOB, MOHO-, OH-, TPU-LIUK-
JIMYECKUX CECKBUTEPIICHOB U TePIEHOUIOB (TabI. 1).

Tabmumna 1. UnertuduimpoBaHHbie KOMIIOHEHTHI 3()HMPHOTrO Maciia B XBOE

Pinus silvestris L.

Ne | KoMmoHEeHTHI 3HpHOTO Macia

B xBoe PinussilvestrisL.

Xumudaeckas
¢bopmya

Conepxanne (% OTH) KOMIIOHEHTOB
3(pUPHOTO Macaa COCHBI

I'HIIIT «bypabaii» | [Tapk r.Hyp-Cynran

AIMKIHYeCKHe MOHOTEPIICHBI

1 | B -orumen | C,H | - | 0,27
MOHOIMKINYECKHE MOHOTEPIICHBI
2 | bennannpen | cH, | 4,39 | 3,23
bunuknmueckre MOHOTEPIICHBI

3 o — IUHEH C.H, 0,65 1,19

4 A3 - xapeH C,H, 0,47 -
BCET'O MOHOTEPIIEHOB 5,51 4,69

MOHOLMKIMYECKHE CECKBUTEPIICHBI

5 B-amemen C.H, 1,14 2,15

6 0§ -armeMeH C.H, - 0,96

7 KapHopWIIICH C.H,, 4,87 6,06

8 repMakpes /| C.H,, 4,1 5,29
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BI/IIII/IKJ'II/I"IGCKI/IC CCCKBUTCPIICHLI

9 Y-MypOJIEH C.H, 13,21 1,81
10 O-KaMHEH C.H, 32,3 24,03
11 O -KaJHEH C1 H,, 3,55 -
12 OuIMKIIOTepMaKkpeH CH, - 8,87
13 0l -CEJIMHEH C.H, 2,24 1,63
14 B-cenuHeH C.H,, 2,15 2,94
15 Y -CeJIMHEH C.H, 1,8 -
TpUIUKINIeCKre CECKBUTEPIICHEI
16 0-KyOeOeH C.H, 0,38 0,25
17 B-xybeben C.H, 0,47 -
18 0-KOITacH CH, 2,12 1,57
19 nourudoneH C.H, 0,97 1,00
20 apoMaJIeHIpEH CH, 0,53 0,89
BCET'O CECKBUTEPIIEHOB 69,76 57,45
TeprieHon 16
21 KyOemon C,H,0 12,21 12,7
22 0l -KaJIMHOJI C,H, 0 4,72 6,64
23 t-KaJuHOII C,H, O - 3,44
24 CHa3yJIeHOI C.H,0 1,94 1,33
25 OopHMIIaneTar C,H,0, 1,13 3,28
BCEI'O TEPTIEHOM]JIOB 20,0 27,39

Ha pucynkax 2, 3 noka3aHbl CIIEKTPbl KQYU€CTBEHHOTO KOMIIOHEHTHOT'O COC-
TaBa (DUPHBIX Macell XBOM OOCJIECIOBAHHBIX COCEH, JTAHHBIC KOTOPBIX OBLIH
3aHeceHbI B TaOmuIy 1.
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Pucynoxk 2. CrieKTpbl KOMITOHEHTOB 3()UPHOTO Maciia XBOM COCHBI Ha TEPPUTOPHU
I'HIIIT «bypabaii»
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Pucynok 3. CnekTpbl KOMIIOHEHTOB 3()HPHOTO Maciia XBOH 00pa3IOBCOCHBI
TOPOJICKOTO MapKa

OO0cykaeHne pe3y/bTaTOB JKCINEPHMMEHTOB. DKCIEPUMEHTaJIbHbIE ILIO-
maaku B napkoBoit 3oHe . Hyp-Cynran, IHIIII «bypa6ait» B AkMonuHCKON
obOmactu otHOocATca K peruoHam CeBepHoro KaszaxcraHa ¢ pe3ko KOHTH-
HEHTaJIbHBIM KJIMMAaTOM YMEpPEHHOro kKiaumarndeckoro nosca. B r. Hyp-Cynran
cpeaHsia rogoBas Temieparypa Bosayxa +3.2°C, a cymma ocaakoB — 320 mm. 3a
CUET UX PACIIOJIOKEHUS BIAJIN OT BCEX OKEAHOB, PETMOH OTJINYAETCS XOJIOJHOU
3UMOM U YMEPEHHO XapKHUM JIETOM, 3aCylLUIMBBIM U I0Jy3acCyLUIMBBIM. 3UMa
HauMHaAeTCs B HOAOpE M MPOIOIDKAeTCs 0 KOHIA MapTa. SIHBapb cuMTaercs
CaMbIM XOJOAHBIM MecslleM cO cpenHedl Temmneparypo — 15°C. Mopo3ssl,
KOTOpbIe BbI3bIBAIOTCS CHOMPCKUM aHTHIIMKIOHOM, 3a4acTyl0 CHUXKAIOT TEM-
neparypy Bozayxa a0 — 30°C. Jleto ymMepeHHO 3acCylUIMBOE, XapaKTepH-
3yeTcs KapKou, cyxou norogoul. Mromnp - caMmblil )KapKui Mecsll CO CpeaHEr
temneparypoii +21°C. Knumar reppuropun ['HIIIT «bypabaii» nmeer Bce yepTsl
CMSTYEHHOTO KOHTUHEHTAJIIBHOTO CTEITHOTO KJIMMaTa, Tak KaK OCHOBHOM MacCUB
Kokierayckux rop 3amuinaer oT MpOXJIaJHbIX CEBEPO-3alaJHbIX BETPOB, Jeca
Ha JAHHOW TEPPUTOPUU CHUXKAIOT CUIIy BeTpa. 3MMa YMEPEHHO-XOJOAHAsL.
CpenHss Temmeparypa Takke CaMOIo XOJIOZHOTO Mecsua sHsaps -15°. Jlero
teruioe. CpenHsas cyTO4Has TeMIlepaTypa caMoro >KapKoro Mecsia UIojisi OKOJIO
+22°C. 3agacTtyro OBIBAIOT KapKHe U CyXue JTHH, KOTJa TeMIeparypa JOCTUTaeT
+40°, a OTHOCUTENbHAS BIQXXHOCTh YMeHbIaeTcs 110 40%.

MOHUTOPUHT 3KOJIOIMYECKOTO0 COCTOSIHMSI IPUPOJHON Cpebl U 3arpsA3HEH-
HOCTH BO3AYIIHOTr0 Oacceitna nposoautcs taboparopusimu PI'TI «Kasruapomer».
[lo ux maHHBIM, B BO3AYIIHOHM Cpelle YCTaHOBJIEHbI B3BELICHHBIC YACTHIIBI B
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BU/JIE IIBLIIN, I11€ CPeHsAs KOHLeHTpaus npuMeceil B I. Hyp-Cynran coctaBuna
0,30mr/M?, B BopoBom 0,03 mr/m® mpu gomyctumoii Hopme0,15 mr/m® (Obmas
OLICHKAa YpOBHsS 3arps3HEHMs Bo3lyxa B ropojax PecnyOmuku Kazaxcras,
2009). Taxxe, cnermanuctamu «Kasl mapoMeT» Ha 3THUX IIJIOIIAIKaX OTMEYCHBI
comepkanue auokcuaa cepol (0.024 mr/m® mis meramonuca, 0.010 mr/m® s
teppuropuii [ HIIIT), anokcuaa azora (0.08 mr/m? 11 0.009 Mr/M>cOOTBETCTBEHHO)
C IIPEBBILICHUEM JIONYCTUMBIX ypoBHEH 101,9-2 pa3a B . Hyp-Cynran.

IloBplIIEHNE KOHUEHTPALNUU 3arpsI3HAIOLIUX BELIECTB B CTOJULE, MO-BUAM-
MOMY, CBSI3aHO, B IEPBYIO OYEPE/ib, C OOJIBIIMM KOJIMUECTBOM BBIXJIOIOB aBTOMO-
OmIbHOTO TpaHcnopTa, BeiOpocamu TILI; paccenBaHremM 3MHUCCHIT OT MPOMBIIII-
JIeHHBIX mpeanpuatuii. BosnymHoe mnpoctpancTtBo okpectHocred ['HIII
«bypabait» xapakTepusyeTcsi HU3KUM YpOBHEM 3arpsi3HEHHs arMochepHOro
BO3/yXa 10 BCEM M3Y4YEHHBIM IapaMeTpaM HUCPEIHUE KOHLEHTPALMUU 3arpss-
HSIIOIIKX BellecTB He npeBbimanu [TK.

DKoyoruyeckas cpeaia MeCT NPOU3pACTaHUs PACTEHU I HAIIPSIMYIO OTIPEEIIsieT
TeueHne (PU3MoIOro-6MOXUMHUYECKUX IPOLECCOB B pacTUTENbHOCTH. Ormpe-
neneHue obmiero odbema 3(QUPHBIX Macel B HUCCIEAyeMbIX oOpa3lax XBOU
M0Ka3aJI0 YMEHBIICHHOE COJepKaHNUEe KOIUYeCTBa H3(UPHOTO Macia B oOpasrax
XBOU COCHBI, MPOU3PACTAIOLIMX HA TEPPUTOPUM TOPOACKOM MAPKOBOW 30HBI.
[IpenmonokuTesnbHO, ITO MOKET SABJSATHCS CIEICTBUEM BIUSHUS 3arPsI3HAIOLINX
KOMIIOHEHTOB aTMOC(EpHOT0 BO3/lyXa roposa.

Brixog mMacna Obut paccunTaH ucxons M3 ee macchl. Tak, 3a 100% BwIXO#
3¢upHOrO Macia OblUla MPUHATA MAacca Macjia KOHTPOJIbHOTro 00pasiia, TO eCTh
¢ mpupoxanoi tepputopun ['HIIIT «bypabaii». Berxon aupHBIX Macen u3 XxBou
COCHBI TOPOZICKOI TEpPUTOPUM ObUT HUYKE KOHTPOJIBHOTO BapUaHTa U COCTABUII
B oOpasue Ne2 - 77,4%. V3 naHHbIX MOKa3aTeneil BUHO, YTO TEXHOT€HHO Hapy-
LIeHHasl cpella TOPMO3UT OOpa30BaHHE BO3MOKHOTO KOJMYECTBA I(PUPHOTO
Macia B obOpasne Ne2 Ha 16,1%mpu cpaBHEHHHM C KOHTPOJBHBIM OOpa3LIOM.
DOKcnepuMeHTalbHasl IUIOIAAKa TEPPUTOPUM NapKa Y4aCTHUKOB AQraHCKON
BOIHBI PacIOIO’KEHA B MECTE BBICOKOW 3arpy>K€HHOCTb aBTOTPAHCIIOPTHBIMU
CPEACTBAMM TaK KaK HAaXOAMUTCS Ha NEPECEUEHUM KPYIHBIX FOPOJCKUX aBTO-
MarucTpasei rno npocnexkraM AObuai xaHa, JKyma0aesa u ynuiipl Kaxxpimykana.
EcTecTBEHHO, YTO [UIMTENbHBIE BO3JACHCTBUS BBIXJIONOB AaBTOTPAHCIIOPTA,
COZIEpIKalMX 3arps3HsIOIIME ra3000pa3Hble BelecTBa (YrapHbli ra3, CEpHUCTBIN
ra3, CEpHUCTBII aHTMJIPHUJ, OKCUJ a30Ta, IUOKCUJ a30Ta), Caxy M T.J. MOIVIH
CHocOoOCTBOBAaTh M3MEHEHHUIO (PU3HOJIOTHYECKUX MPOIIECCOB B XBOE COCHBI U
CHIDKATh BBIPAOOTKY 3(hUpHOTO Maca.

[To nanabIM TabnuIs! 1 caexyer, 9T0 OCHOBHBIMU KOMIIOHEHTaMH 3(UPHOTO
MacJia B XBO€ COCHBI B COCTaBE MOHOTEPIICHOB SIBJIAIOTCS B-OLMMEH, (hestaHApeH,
o-MHEeH, A 3-KapeH; B COCTaBE€ CECKBHTEPIICHOB [-dJeMEH, KapuO(HIUIEH,
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Y-MypoJieH, O-KaauHeH, o-KyOeOeH W JIp.); B COCTaBe TepPHEeHOUIOBKYOeIod,
0-KaJUHOJI, t-KaJuHOJ, cHasyleHoid, OopHuiauerar. MccnenoBaHusMHM ycTa-
HOBJICHO, YTO A(pHPHBIE Maciia B XBOE COCHBI U3 OJ1aronpusTHON Cpeabl OOMTaHUS
(CHITIT «bypabaii») mpeBbllIaeT mo coaepKaHuio % OTHOCUTENIBHO BCEX KOM-
MOHEHTOB 3(upHOro macna moHorepneHoBble (0,82) UM CECKBUTEPIIEHOBbIE
(12,31) BemectBa. [IpOTMBONONIOKHBINA Pe3yNIbTaT MOXYYEH HPU ONpeeIeHUuN
COZIEp)KaHUsl TEPIIEHOUJOB B COCTAaBE M3YYEHHBIX 3(UPHBIX Maces, IA€ XBOsS
COCEH TOPOJICKOTO MapKa COACPKUT % OTHOCUTEIHHO BCEX KOMIIOHEHTOB d(Up-
HOTro Maciia Ha 7,39.

Takoe pacnpenenenve % coiepaHUs KOMIIOHEHTOB 3(UPHOro Macia
MOXHO OOBSICHUTh T€M, YTO 3arps3HAIONINE BellecTBa arMoc(epsl (OKCHUIbI
Cepbl U a30Ta) U3 BO3yXa MPOHHUKAIOT B PACTEHMs, CO3/aBasi BHYTPU KUCIYIO
Cpely, B pe3yJbpTare Yero MpOMCXOAUT OKHCIEHUE HEKOTOPHIX COEIMHEHU ¢
o0pa3oBaHUEM KHCIOPOACOAEPKAIIUX COEAMHEHUH. JlepeBbs COCHBI OOBIK-
HoBeHHOU ¢ Teppuropun ['HIIIl «bypabaii» nepen mnpenacrosineil 3uMHeEN
CIISTYKOM 3amacaroT MaKCUMaJIbHOE KOJIMYECTBO APHUPHBIX Macen 95,27%, npoTuB
COCEH B ropozickoM mnapke 89,53% OTHOCUTENbHO BCEX KOMIOHEHTOB 3(pUpPHOTO
Macjia U MMEIOT BO3MOXHOCTb IOJHOLIEHHO OCYIIECTBISTh CBOM YKU3HEHHO
Ba)kKHbIe (DYHKIIUU.

AHanu3 pacnpezeneHuss KOMIIOHEHTOB 3(UpHOro macia BO Bcex oOpasnax
XBOM U3 000MX Yy4aCTKOB MIOKA3bIBAET BHICOKOE COJIEPKAHNE CECKBUTEPIIEHOBON
¢bpaxkuuu — 69,76% u 57,45%, cpennee comepkanue teprnenHounoB — 20,0%
u 27,39%, Hu3koe copepkaHue MoHOTepreHoB — 5,51% wu 4,69 ot obmiero
cofiep)KaHusl MACHTU(GUIMPOBAaHHBIX coeauHeHuil. To ectb, 3pupHbIE Macia
XBOU 00CII€IOBAaHHBIX XBOWHBIX PAaCTEHUI IMpPU MEpeXoJie K OCEHHEMY CE30HY,
K COCTOSIHUIO TIOKOsI, 00OramaroTcs CECKBUTEpIIEHAMHM U TEPIIEHOMJAMH, T.€.
KHUCJIOPOJCOAEPKALIMMH COCTUHEHUSAMH.

Ecnu paccmarpuBaTh OTIEIBHO CaMU KOMIIOHEHTHI 3()UPHOTO Maclia, TO CTOUT
OTMETHUTh YMEHbILIEHUE COJCPKAHNU MOHOTEPIIEHOB B XBOE 00Pa31[0B FOPOJICKOM
TeppuTopuu. Tak, conepkaHre MOHOIIMKINYECKOTO MOHOTEpIeHadeIaHIpeHa
yMeHbImiaoch Ha 1,16% npu cpaBHeHHH ¢ KOHTposieM. KoMmoHeHTsI B-orMeH
U JIMMOHEH COJEP’KaJIMCh TOJIBKO B OoOpaslax I. ACTaHbl B HE3HAYMTEIbHBIX
KOJINYECTBAX.

ConepxaHue BceX BHJOB MOHOLMKIMYECKHX CECKBUTEPIIEHOB B 3(HPHOM
Macie KOHTpOJIbHOro oOpasua coctaBwio npumepHo 10,11%, torma kxak B
obpasue Ne2 Habmofanoch HeKOTOpoe yBenuueHue Ha 4,35%, o cpaBHEHUIO €
KOHTposieM. CTOMT OTMETHUTh, YTO HauOOJIbILAs 10JIs BEIECTB 3(pUPHOro Macia
MPUXOIMIIACH Ha OMIMKINYECKHE CECKBUTEPIICHBI B XBOE cOoceH u3 bypalas
(52,25%), yem B oOpa3iiax XBOM MapKOBOM 30HBI, KOTOpas cocraBuia 39,28%.
bunuxinyeckuii ceCKBUTEPIIEH Y-MypPOJIEH B KOHTPOJIILHOM 00pa3lie coaepxKacs
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B HanOomnbiem konudectse 13,21%, mpu 3ToM HAOIIOATOCh CYIIECTBEHHOE €T0
yMmeHbleHne B oopasue Ne2 npumepHo Ha 10%. [lo o-xanunen Habronantach
MOXOXKasi KapTHHA, TNIe €ro CoAepKaHHEe B KOHTPOJIHHOM O0pasie COCTaBWII
32,3%, B obpasue Ne2 nabmroganocs ymensluenue 10 24,03%. Taxxke ciemyer
OTMETHUTh, YTO B (DUTOMHIUKAIIUU TI0 XUMUYECKOMY COCTaBy 3(DHPHBIX Macel
BaXHOE 3HAUEHUE MMEIOT MOKA3aTeNH COACPKAHUS TPULIUKINYECKUX CECKBU-
TEPIICHOB.

B cocraBe »dpupHOro macima B XBO€ U3 KOHTPOJBHOW 30HBI OTMEUYEHO
HauOosbIlee KOINYEeCTBO, MpUMEpHO 5%, B 0Opasie No2 Habmoganoch yMeHb-
LIeHHEe cojiepkaHus B cpenHeM Ha 2%. Ecnm paccMaTpuBarh MO OTAEIBHBIM
KOMIIOHEHTaM, TO CTOUT 3aMETHTh HeOombinoe ymeHbiieHue Ha 0,13% B
obpasne Noe2 mo cpaBHeHHUIO ¢ KOHTposieM. [1o o-komaeHy B KOHTPOJIE OTMe-
4eHo HaumOousbiiee ero coaepkanue 2,12%, HE3HAUUTENHHOE YMEHBIICHHE
MPOMCXOIUT B 00pasliax ropojackoil Teppuropun Ha 1-2% B CpaBHEHHH C
koHTposeM. [lo apomaneHIpeHy MPOU3O0IUIO YBEIMUYEHUE €r0 CONIEpKaHUs B
oOpa3siax ropozackoit reppuropuu Ha 0,3% B CpaBHEHUU C KOHTPOJIEM.

BaxHbIM MHAMKATOPOM COCTOSHUSI aTMOC(HEPHOT0 BO3/yXa MOXKHO CUUTATh
M3MEHEeHUs %-TO COMepKaHUsI KOMIIOHEHTOB 3()MPHOTO Macjia COCHBI, 8 UMEHHO
yBEJIMYEHUE KUCIOPOACOACPKAIUX COCTUHEHUN TaKuX, KaKk TEepIeHOUIHAs
¢bpakuusi. 9T0O MOXHO OOBSICHUTH TE€M, 4YTO B TIPOILIECCE HAKOIUICHUS B
pPaCTUTENFHOM OpraHU3Me 3arps3HSIONIMX BEIIECTB arMOoc(epHOro BO3MyXa
MIPOUCXOIAT Pa3INYHbIe OMOXUMUYECKHE MTPOLIECCHI C YYaCTHEM OKCHJIOB a30Ta
Y Cepbl, KOTOPHIC IPUBOIAT K KUCIION CpeJie, OKUCIISIFOT JISTKOJIETYIyIO (PpaKiiuio
(HampuMep, MOHOTEPIEHBI) 10 KUCIOPOACOAEPKAIIUX BEIIECTB (TEPIIEHUOIOB),
MIPU 3TOM TPOUCXOIUT YMEHBIICHHUE JI0OJIM MOHOTEPIICHOB U YBEJIMUEHUE JOIU
TepneHon10B. JlaHHyl0 3akoHOMepHOCTh mnoarBepxkaanu CotHukoBa O.B.,
Crenenp P.A. mpu u3yyeHHM BIUSHUE aHTPOMOTEHHOTO 3arps3HECHUS CPEIbl
Ha COJIEpKaHUE W COCTaB A(UPHOTrO Maciia XBOM el U cocHbl (COTHUKOBA U
ap., 2001: 6). Imu oTMedeHo, 4To cocTaB 3(UPHBIX Macesl XBOWHBIX JICPECBhEB
OTpa)KaeT Ka4eCTBO OKPYXKAIOWIEH CpPeIbl U MOXKET CIYKUTh WHIUKATOPHBIM
TECT-00bEKTOM B OMOIKOJIIOTUYECKOM MOHUTOPHUHTE.

[lo maHHBIM HamMX HCCIEIOBaHHUM, BBICOKOE COAEp)KAHHUE TEPIEHHOAOB
OTMEYEHO B 00pa3max 3(pUPHOro Macja XBOU COCHBI TOPOJCKUX TEPPUTOPHIA.
Tak, B KOHTpOJIBLHOM OOpa3ile TepreHouaat-KkainHoIa He ObIJI0 OOHAPYKEHO U
UAEHTUPUIMPOBaHO, B 00pa3ie Ne2 ormedeHo HeOobIIoe ero coaeprxkanue. [1o
TEPIIEHONIY OOpHUIIAIIETATy TaK)Ke HAOMIOIAIOCh €T0 YBEJIHMUeHHEe B o0pa3iax
ropoackux teppurtopuiiHa 3,5%. Tepnenouasl GopHeon, repmakper D 4-om,
TEPIMHEH 4-0J1, KapBeOJI He ObUTH OOHAPYKEHBI B KOHTPOJIE.

Takum 06pazom, B uccieayeMbix odpas3nax 3(pUpHOro Macjia B XBOE€ COCHBI
C OOBIKHOBEHHOHM M3 DKOJIOTHYECKH Pa3TUYAIONIUXCS 30H OTMEUEHO, YTO TOJ
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JIeMCTBUEM 3arpsi3HAIOIIMX KOMIIOHEHTOB aTMOC(EPHOro BO3/1yXa OKCHIOB
a30Ta U cepbl NPOXOASAT PEaKlUU OKUCICHHUS B MOHOTEPIIEHOBOM (ppakuuu 10
TEPIICHOUAOB. DTUM U OOBSCHIETCS yBEIHMUCHHE JOJIHU TEPICHOUIOB B HCCIIE-
DyeMbIX o0pa3iax 3(HUpHOro Maciia XBOM COCHBI TOPOJICKHX TEPPUTOPUN H
YMEHbILIEHUE J10JI1 MOHOTEPIICHOB.

[Toxa3zarenu XxuMUUECKOro coctaBa 3pUpHBIX Macen B XxBoe Pinus sylvestris
L. u3 pa3nuyHbBIX 30H AHTPOMOTEHHOIO BO3JCHCTBHUS MPH HCCIEIOBAHUU
3arps3HEHHOCTH aTMOC(EpPHOro BO3IyXa MOXHO HCIOJNB30BaTh B KaueCTBE
TECT-CUCTEM MPH OMOMHIMKAIIMOHHON OLICHKE.

3akirouenue. Pa3zButue ypOaHM3MPOBAHHBIX TEPPUTOPHUM Ipenrnoaraer
CO3J1aHMe KayeCTBEHHOM HKOJIIOTMYECKOM cpeabl uid oOecredeHus Ku3Heaes-
TENbHOCTU HAcCEJIeHUs. DTO HE ABISETCS UCKIIOUEHHUEM JUUISI MOJIOJION CTOHUIIBI
pecnyonmukn Kazaxcran. [103ToMy OYeHb Ba)KHO CO3JIaHUE MOHHTOPHUHTOBOM
0a3pl [ OmMpeAeNieHUus IUHAMHKUA HW3MEHEHHUS COCTOSHHUSA OSKO(PaKTOPOB.
B Hacrosmiee BpeMms, B CBSI3U C BO3pacTaHUEM AaHTPOIOTEHHOM Harpys3ku
Ha OKpPY)KAIOILYIO0 Cpely NPOUCXOAUT HM3MEHEHHME pa3IUYHbIX IPOLIECCOB B
TOPOJZICKOI cpefie, Tie ¢ MOMOIIbI0 H3BECTHBIX T€CT-00BEKTOB MOXHO BBISIBUTD
XapakTep 3TUX HW3MEHEHUH. PacTuTenbHBI OpraHu3M sBISETCS HauOosee
MH(OPMATUBHBIM HHAMKATOPOM B CHIIy CTallMOHAPHOTO MOJOXKEHHs BOJIU3H
HCTOYHHUKOB BO3/I€UCTBUS.

B cooTBeTcTBUM ¢ MOCTaBIEHHBIMU 3a/1auaMH HAIIUX HUCCIIEAOBAaHHUNA, HAMU
OBLITH OTIpeIeTICHBI BBIXO A()UPHOTO Macja B XBO€ COCHBI 0OBIKHOBEHHOH (Pinus
sylvestris L.), KOMITOHEHTHBII XUMUYECKUH COCTaB 3(hPUPHOTO Macia B 00pasmax
XBOU COCHBI M3€CTECTBEHHO-IIPUPOTHON U TOpoAcKoil Teppuropuii. [Ipu sTom
OBLIIO YCTAaHOBJICHO BIIMSHUE aHTPOIIOT€HHOTO (paKkTopa Ha U3MEHEHHS B COCTaBe
KOMIIOHEHTOB 3¢upHOoro macna. IlomydeHHble pe3ynbTaTbl BBITOJTHEHHBIX
WCCIIEIOBAaHUMIIO3BOJIMITU ClI€IaTh CIIEIYIOIINE BHIBOJIBI:

1 MeToaom ruipoIuCTHIUIALIMY C BOIOHM ObUIN MOTy4YeHBI 3(UPHBIE Macia U3
00pasIoB XBOM COCHBbI OOBIKHOBEHHOH. Hanbonbmmii 00beM 3¢pupHOro Macia
ObLT MOJYYEeH M3 XBOM COCHBI Ha TEPPUTOPUU TOCYJAPCTBEHHOTO HAIlMOHANb-
Horo npupoaHoro napka u cocrasui 0,31 r/100 r xsou npotus 0,24 /100 r xBou
B XBO€ COCEH IOpPOJICKOTO MapKa. DTO HAIVISIIHO MOKa3ajo, YTO Ha TEPPUTOPUU
AHTPOIIOTEHHOTO BO3JEHCTBUSA HAOMIONACTCS YMEHBIICHHE MAacChl 3(UPHBIX
Macel 1 pa3Huna 1mo macce oopasmoB Nel u No2 cocraBuia 0,07 r/100 r xBowu.

2 Ilo pe3ynbraTam Hcciie0BaHHUsI KOMIIOHEHTHOTO cOCTaBa 3(UMPHBIX Macel
ObU10 HaeHTU(UIpoBaHO B oOpasue Nel — 95,27%, B oOpasue Ne2 — 89,53%
OTHOCHUTEIIbHO BCeX KOMITOHEHTOB 3(prpHOro Macia. [1o kommnonenTam apupHoro
Macnia ObIJIO OTMEUEHO, YTO AOJIS JIETKOJIeTy4el (pakuuu (MOHOTEpPIEHBI) U
CECKBUTEPIICHOB YMEHBIIIANACh, a N0l KHUCIOPOJCOACPKAIIUX COCIUHEHHIA
(TepneHouapl) Bo3pacTtana. B oOpasue Ne2 copepxaHHEe MOHOTEPIIEHOB
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yMmenbImiaoch Ha 0,82% o cpaBHEHHIO ¢ KOHTPOJIBHBIM 00pasioM. ConepixaHue
CECKBHUTEpIIEHOB YMEHbIIMIOCHL B oOpasue Ne2 wna 12,31%rmo cpaBHEHUIO
C KOHTpOJBbHBIM oOOpastiom. [lo TeprieHoWIaM HaOIIOAATOCH TIOBBIIICHHE
coneprxanus B oopasie No2 Ha 7,39% 1o cpaBHEHUIO C KOHTPOJIbHBIM 00pa3LIoM.

[lomydyeHHble pe3yabTaThl BBINOJIHEHHBIX HSKCHEPUMEHTOB IO3BOJIMIN
HaM JOMOJHUTH (HAKTOJOTUYECKUN Marepual WHPOpMaIMeil O TOM, YTO
3arpsi3HSIONIME BemecTBa arMocdephbl (OKCHUIBI CEpbl M a30Ta) M3 BO3AyXa
IIPOHUKAIOT B PAaCTEHUs, CO3JAl0T BHYTPHU KHCIYIO CpEly, B PE3YylbTaTe Yero
MIPOUCXOTUT OKUCIICHHE HEKOTOPHIX KOMIOHEHTOB ¢ 00pa30BaHHEM KHCIOPOI-
cofiepxaiux coequHeHui. [lomyuenHble pe3ynbTaTbl XapakTepU3yloT CTENEHb
M3MEHYUBOCTHU TecT-00beKkTOB 1is peruona [ HIIIT «bypabaii» u r. Hyp-Cynras.
Pesynbprartel uccnenoBaHUl YKa3bpIBalOT Ha BO3MOXKHOCTh OMOMHAMKAIIMU
BO3/IYIIHOW Cpeabl MO BBIXOAY M KOMIIOHEHTHOMY COCTaBy 3()HMpPHOTO Macia
XBOM COCHBI 0ObIKHOBeHHOH (Pinus sylvestris L.), a *MEHHO 10 colep KaHHIO
KHCIIOPOJICOEPIKAIINX KOMITOHEHTOB (TeprieHou 16l ). [Ipy BICOKOM 3arpsi3HEHUH
BO3IYILIHOW Cpebl KMCIOTHBIMM OKCHJIAMU CEPBI M a30Ta YBEJIUUYMBAETCA 10JIS
TEPIECHOMIOB U YMEHBIIIACTCS OIS JIETKOJIETy4Yer Ppakiiuu (MOHOTEPIICHBI).

Takke, TaHHBI METONOJIOTMYECKUN MOAXOJ HW3MEHUYHMBOCTH XHUMHUYECKOIO
cocTaBa METa0OJIUTOB (TePIEHBI U TEPIICHOUIbI) XBOMHBIX PACTEHUI C YCIIEXOM
MOKET OBbITh HCIIOJIb30BaH JJIsl OLIEHKH 3arpsi3HEHus arMoc(epHOro Bo3ayxa
TOPOZIOB U IIPOMBILUIEHHBIX 30H,I7I€ 03€IEHSIOTCSI TOPOJCKUE 30HBI. Y UUTHIBAs,
YTO C YBEJIMYEHHEM TEXHOTE€HHOTO 3arpsi3HEHUsS] KOJIMYeCTBO 3(pUpPHOro Macia
YMEHBILIAETCS, WU3MEHSAETCS KOMIIOHEHTHBI COCTaB, UYTO MOXKET CIYXHTb
WHIMKAaTOPOM KauecTBa CHIPbs, COCTOSHUS JIPEBOCTOSI COCHBI U OKPYXKAIOIIeH
cpensl B1iesioM (YekymkuHa u ap., 2008). Takue 1aHHbIE T03BOJIAT PETYIMPOBATh
NPUMEHEHHE JAPEBECHHbI U A(PHUPHOrO Macjia Ha €ro OCHOBE B MEIUIIMHCKON
MIPaKTHKE.
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YCTOMYUBOCTH TMAPOCYCHEH3UUA KOMITIO3UTOB
MATHUTHBIX I/IUH B ITIPUCYTCTBUU BOJOPACTBOPUMBIX
IHOJIMUMEPOB

AHHOTAUUSA. B c643U C UHMEHCUBHBIM PA3BUMUEM HAYKU HAHOPA3MEPHbIX
MAmepuanos u polHKa Mmoeapo8 HAHOUHOYCMPUU UCCAe008AMENU U3 PAZTUYHBLX
obnacmetl 3HaHUll 6ce O6OIBLULE OOPAWAOM BHUMAHUE HA (DYHKYUOHATUSUPOBAH-
Hble MA2HUMHbIE HAHOYACMUYbL U UX NepCHeKmuenvle npunodxcenus. B uacm-
HOCMU, 0COObLIL UHMeEPeC NPeOCMABIAION MACHUMOYNPABIsieMble COPOEeHMbL.

[TepcieKTHBHBIM MaTepUaIoM JUIsl CO3JAaHUS MArHUTHBIX COPOCHTOB SIB-
JS0TCS OEHTOHUTOBBIE TIHHBI. OHHM BeChbMa IIUPOKO PACIPOCTPAHEHBI B MPH-
pone. Kazaxcran o61agaet 6ombnMu 3armacamu OeHTOHUTOBBIX TIMH. Hanbornee
W3YYCHHBIMH SIBJISIFOTCS. OCHTOHHTOBBIC TIIMHBI TaraHCKOTO MECTOPOXKICHUS
Bocrtouno-Ka3axcranckoil 00jacTH, COCTOSIIME, B OCHOBHOM, M3 MOHTMO-
pwuionnTa. B nanHoi pabote ObUTH TOTYyYeHBI MATHUTHBIC KOMIIO3UTHI C pa3-
JMYHBIME KOHLEHTpauusamu marnertura (Fe,0,) (5%, 10%, 20% u 50%) Ha
OCHOBE MOHTMOPWJIOHUTA U MarHeTHTa. VI3y4eHbI UX OCHOBHBIC (PH3UKO-XHMH-
YECKHUE CBOMCTBA, a TAKXKE BIIMSIHAE BOIOPACTBOPUMBIX MOJTUMEPOB IPUPOTHOTO
MIPOUCXOXKCHHSI HA YCTOMYUBOCTD UX THAPOCYCIICH3UU.

YCTaHOBJIEHO, YTO BBEJCHUE YAaCTUI] MATHETUTA B CTPYKTYPy OCHTOHHTOBOM
[JIMHBI IPUBOANT K YMEHBIICHUIO CTAOMIBHOCTH TUAPOCYCIICH3HMI KOMITO3UTOB
Y YMEHBIICHUIO Pa3MEPOB KOMITO3UTOB, YTO OOYCIIOBJICHO YBEIMUYECHUEM ILIOT-
HOCTH YaCTHI] INIUHBI U CHIYKCHUEM X Ha0yXaeMOCTH ITPH BBEJICHUH MarHETHUTA.
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CYIA EPUTIH HOJUMEPIEPAIH KATBICYBIMEH MATHUTTIK
CA3 KOMITIOBUTTEPIHIH T'MIPOCYCIHEH3UACBIHBIH
TYPAKTbBIJIBIT bI

AHHoTanus. Hanoemmemai Matepuanaap FbUIBIMBI MEH HaHOMHIYCTpPUSA
TayapJiapbl HAPBIFBIHBIH KapPKBIH/IbI TaMybIHA OaliIaHbICTI SPTYPIi OiTiM cana-
JIAPBIHBIH 3€PTTEYLILIEP] )KYMBIC ICTEHTIH MarHUTTIK HAHOOOJIIIEKTEePre KOHE
OJIap/IbIH TIEPCIIEKTUBAJIBI KOChIMITIANIApbIHA KOOIpEeK KOHLT Ooernedl. Aram anT-
KaHJla, MarHUTTI OacKapbUIaThIH COPOCHTTEp €pEeKIIe KbI3BIFYIIBUIBIK TYIbI-
panbl.

MarHuTTiK cOpOEHTTEp/I ’Kacay YIIiH MEepPCIeKTUBAIbI MaTeprall OCHTOHUT
cazfapsl O6onbin TaObUIanbl. Onap Taburarra eTe KeH TapairaH. Kazakcranna
OCHTOHHT Ca3bIHBIH YJIKeH KOpbl Oap. IlIsFeic KazakcTan OONBICBIHBIH TaraH
KEeH OpHBIHBIH HETi131HEeH MOHTMOPWIJIOHUTTEH TYpPaThIH OCHTOHUTTI Cca3lapsbl
HEFYPJIBIM 3€pTTEITCH OOJIBIN TaObIIa b

By KympIcTa MOHTMOPWJIOHUT JKOHE MarHeTHT HETi3iHJEe MarHeTHTTIH
OpTYp:l KOHLIEHTpaIUsIChl 0ap MarHUTTIK Komno3uTTep ansiHbl (Fe304) (5%,
10%, 20% >xone 50%). OnapabIH HET13T1 PU3NKA-XUMUSIIBIK KaCUETTEP1, COHIal-
aK Cyla epuTiH TaOUFH MOIUMEpPIEPIiH TUIPOCYCICH3USHBIH TYPAKThIIBIFbIHA
ocepi 3epTTe/i.

BeHTOHHUT ca3bIHBIH KYPBUIBIMBIHA MArHETUT OOJNIIEKTEePIH €HTri3y KOMIIO-
3UTTEP TUAPOCYCIECH3USICHl TYPAKTHUIBIFBIHBIH TOMEHCYiHE >KOHE KOMITO3UT-
TE€p MOJIIEPIHIH TOMEHJIEyiHE OKEJNEeTiHI aHBIKTalAbl, Oy ca3 OesekTepi
TBHIFBI3/IBIFBIHBIH APTYbIHA JKOHE MAarHETHT €HT13UITeH Ke3/e OJlap/IblH ICIHYiHIH
TOMEH/ICYiHe OalIaHBICTHI OOJIAIbI.

Tyiiin ce31ep: MOHTMOPHJUIOHUT, MAarHeTHT, TYPAaKTBUIBIK, Cyla CpPUTIH
MOJIUMEP, MATHUTTIK CYHBIKTHIK.
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STABILITY OF MAGNETIC CLAY COMPOSITE HYDRO-
SUSPENSION IN PRESENCE OF WATER-SOLUBLE POLYMERS

Abstract. Due to intensive development of nanoscale materials science
and nano industry market the researchers from different intellectual fields pay
more attention to functionalized magnetic nano-particles and their promising
applications. In particular, magnetically controlled sorbents are of special interest.

Bentonite clays are non-conventional materials for making of magnetic sor-
bents. They are quite widespread in nature. Kazakhstan possesses large reserves
of bentonite clays. The bentonite clays of Tagan deposit of the East Kazakhstan
region consisting mainly of montmorillonite are the most explored ones.

In this work magnetic composites with magnetite’s different concentrations
(Fe,0,) (5%, 10%, 20% and 50%) have been produced on the basis of
montmorillonite and magnetite. Their main physical-chemical properties as well
as the influence of the water-soluble polymers of natural origin on the stability
of their hydro-susspension has been studied.

It has been established that adding of magnetite particles into the structure of
bentonite clay will lead to decrease in the stability of composite hydro-susspensions
and the decrease of composite size, which is stipulated by increased density of
clay particles and their decreased swelling ability upon adding of magnetite.

Key words: montmorillonite, magnetite, stability, water-soluble polymer,
magnetic liquid.

Beenenue. B HacTos1ee BpeMst U3y4e€HNE MATHUTHBIX )KMIKOCTEH Ha BOIHON
OCHOBE SBIISIETCS OJTHUM U3 aKTyaJIbHBIX MpoOieM. MarHuTHbIe KUIKOCTU Ha
BOJIHOM OCHOBE M MAarHeTUT, MCIIOJIb3YEMbI B KayecTBE JUCHEPCHOU (ha3bl B
MarHUTHOM KUAKOCTH, TPAKTUUECKH Oe3BpETHBI JIS UEIOBEUECKOr0 OpraHu3Ma,
a BOJa SBISACTCS YHHUKAJIbHOM Cpemoi, oOJamaromeld psioM aHOMaTbHBIX
CBOMCTB, TO U MarHWTHas )KUJKOCTh HAa €€ OCHOBE — MHTEPECHBII O0BEKT AJIs
WCIIONIb30BaHus B MeauinHckuX neisix (Alekseeva, 2016-1).

MarauTtHble KUAKOCTH 00Ja/1al0T YHUKAJIbHBIM COYETaHHEM TEKy4ecTd, U
CIIOCOOHOCTH OITYTUMO B3aMMO/ICHCTBOBATh C MATHUTHBIM TIoJieM. Mx cBoiicTBa
ONPENENSAIOTCA COBOKYITHOCTBIO XapaKTEPUCTUK BXOASIINX B HEE KOMIIOHEHTOB
(TBEpmOIt MarHUTHOM (a3bl, JUCIIEPCUOHHON Cpeibl U cTadMiIM3aTopa), Bapb-
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Upys KOTOPBIMH MOXKHO B JOBOJILHO IIUPOKHX Mpefenax U3MEHSTh (hHU3HKO-
XHUMHAYECKHUE TTapaMeTpbl MAarHUTHOH JKUIKOCTH B 3aBUCHMOCTH OT YCIIOBHH MX
npuMeHeHus. [lepeueHb MHOTHX U3 3THUX XapaKTEPUCTUK TPUBOIUICS B PsC
pabot (Alekseeva, 2019-2; Sapargaliev, 2008-13), ogHaKo rIaBHBIM KOJIOMIHO-
XUMHYECKHUM CBOWCTBOM, OIPEICIISIONIUM YCIOBHS MPUMECHEHHUS MAarHWTHBIX
KHUJKOCTEHN MO Ha3HAUEHUIO, SIBJSIETCS] arperaTuBHAsl YCTOWYMBOCTh STOW KO-
JIOMTHOW CHCTEMBI B COUETAHUU C BHICOKOW JUCTIEPCHOCTHIO MarHUTHOM (hasbl.

Crabunu3aropbl UTpaloT BaXXHYIO POJIb B IMPOIECCE CHUHTE3a MAarHUTHBIX
KHJIKOCTEH, TAK KAaK OHM 00€CIICYMBAIOT YCTOMYMUBOCTD CUCTEMBI IIPH KOAT YISIIHH.
MarHuTHBIC YaCTHIIbI, a TAK)KE UX CBOMCTBA, UMEIOT BAXKHOE 3HAYCHUE TSI TTOI00pa
KOHKPETHOTO cTabmin3aropa. CrienoBaTenbHO, MATHUTHBIE )KUIKOCTH Ha OCHOBE
YIJIEBOJIOPOIOB (KEPOCHH, MAPTUHAIBHBIC YTIIEBOJIOPO/IbI, XOJIOIHBIN TapaduH,
BaKyyMHBIE Maclia) BBI3bIBAIOT HEOOXOAMMOCTh B TaKUX CTAOMIM3ATOpax, Kak
BBICIIIE CITUPTHI, AMUHOKHCIIOTBI, T'yCThIC KACJIOTHI M IOBEPXHOCTHO-aKTUBHBIC
BelllecTBa (0JIEUH, cTeapuH, JlaypuH) (Matteis, 2012- §). MaruHuTHbIC KUJIKOCTH
Y, UCTIONIb3YEMBIH B KaueCTBE AUCIIEPCHON (pa3bl, MAaTHETUT HA BOJAHON OCHOBE
MPAaKTUIECKH O€30MTaCHBI TS YeJI0OBEYECKOTO Oprann3Ma. UTo kacaercst BOJbI, TO
3TO 0cobas cpena, odagaronias psIoM 0coObIX cBOKMCTB. [l03TOMY MarHuTHBIC
KHJIKOCTH Ha BOJHOM OCHOBE MOXKHO HCIOJIB30BaTh M B MEIMIIMHCKUX IIEJSIX
(Yang, 2012-15). Hanmpumep, Karuisi MarHUTHOM >KMJIKOCTH CIIOCOOHA OKa3arhb
He0oOX0IUMYIO JIedeOHYIO MOMOIIh MAIMEHTy B O0JACTH, TMOPakKeHHOH Ooes-
vpto (Rana, 2010- 12). Korma OWOJIOrMYECKH COBMECTHUMBIC MarHeTHbBIC
KHUJIKOCTH Ha OCHOBE BOJIbI 1 ACKOPOMHOBOM KHCIIOTHI BBOISITCSI B KDOBEHOCHBIC
cocy/bl B KauecTBe crabuinzaropos (Barakan, 2020-3), onu criocoOHBI yaanaTh
JUTIOCOMBI, KOTOPBIE KOHTPOJMPYIOTCS MAarHUTHBIM CIHOCOOOM, ITOCKOJBKY
YaCTHIIBI MATHETUTA BHYTPU HUX T€PMETU3UPYIOTCSI BBEICHHBIM JICKAPCTBEHHBIM
cpenctBoM (Durdureanu-Angheluta, 2012- 4, Lakhbayeva, 2019-6).

Heab uccienoBaHusi: pa3paboTKa MarHUTHBIX KOMITIO3UTOB M3 TJIMHHCTHIX
MUHEpAJIOB Ha OCHOBE TaraHCKWX OCHTOHHMTOB M OINPEICICHUE MX CTaOWIH-
3UPYOIINAX U aJICOPOIIMOHHBIX CBOMCTB.

Marepuajbl 1 MeTOABI HCCJIeI0BaHUA. B KauecTBe 0OBEKTOB HCCIIE0BA-
HUS MCTIOJIB30Baju OCHTOHUTOBYIO MIMHY Taranckoro mecropoxacaus (BKO)
MOHTMOPHIUIOHHUT, HMEIOIIYI0 TeopuTHueckyro Qopmyry (OH),Si,Al,O, *n
(mexcnoesoit) H O. A Takke comu I, III BanentHoro xeneza FeSO,.7H,0,
FeCl, 6H,0, kpamnpuxamun «41A», (mo FOCTy 4148-78).

YacTuibl MarHeTuTa MOJydYaldd TaK HA3BIBAEMBIM «METOJOM XHMHYECKOM
KOHJICHCAITUWY, TIpeiokeHHbIM DnMopoM (Komissatova, 2001-5).

J171s1 TOITydeHUs] KOMITO3UTOB MarHETUT-TIMHA TIPOBOIMIIN PEAKIIHIO OCaXK/Ie-
HUSL «BHYTPHU CTPYKTYPBI OCHTOHUTOBOH TIHUHBD. [l 3TOTO B pa30aBJICHHBIH
pacTBOp 2-X BAJICHTHOTO Kejie3a MOMEIATH HABECKY TIIMHBI, IEPEMEIINBATHA U
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OTCTaMBaJI CYTKU. 3aTeM MpH 100aBICHUU pacTBOpa 3-X BaJEHTHOTO COJISTHO-
KHCIIOTO eJle3a, MPUINBaIN HeoOX0IuMBbIi 00beM pacTBopa ammuaka. [lomy-
YEeHHBI ocaok (uibsTpoBanu, cymwin, u usmensdanu (Neuberger, 2005-7).
[TomydeHHbIE KOMITO3UTHI MCCIIEIOBAN MPU MOMOIIM METOAAa PEHTTEHOBCKOM
TU(PPAKTOMETPUH.

bein npoBeneH cenMMeHTAIMOHHBINA aHainu3.Pasmep yacTui onpeaensiym Ha
npubope ZetaSizer (Malvern) (Philippova, 2011-11).

YCTOWYMBOCTH MArHUTHOW TUPOCY CIIEH3UH N3y YaJIH 110 KHHETUKE U3MEHEHHUS
ee ontuueckoi mnotHoctu (D) (Mussabekov, 2006-10). OnTuyeckyto IIOTHOCTh
(A) m3mepsanu Ha cnektpoporomerpe PD-303 (Snmonwust), mpu ATUHE BOJHBI
540 HM nNpU NOCTOSIHHOM MEJUIEHHOM IE€PEMEIINBAHUU CHUCTEMbl MarHUTHOM
MEIIAJIKOMN.

MarauTHy10 IpOHUIAEMOCTb U3MEPSUINC TOMOIIbIO KOMIIBIOTEPHOIO U3MeE-
PUTEIBHOIO KOMIUIEKCA, NpUMEHWIN KOHTposuiep - «USB — wactoromep PM
732» (Taubaeva, 2015-14), nporpaMMHO€ 0O€CIIEYeHHE KOTOPOTO MOKA3bIBAET
Ha 2KpaHe MOHHMTOPY YacTOTa CHTHaJla 00OpaTHO MPOMOPLUOHATIBHYIO JAUIIIEK-
TPUYECKOM MPOHUIIAEMOCTH U3MEPSEMOTO BelllecTBa. J1s1 3TOro u3MepuTeIbHbIN
KOHJIEHCATOP BKJIIOUMJIM B CXEMY Ie€HepaTopa 3JIEeKTPUUECKUX UMITYJabcoB. [1pu
Ka)KZIOM 3Ha4eHUU R, n3Mepsis 4acToTy reHepaluu ¢ 3aroJTHEHHBIM U3MEPSEMbIM
BELIECTBOM BBIYHCIISIETCS €10 OTHOCUTENbHASI MArHUTHASI IPOHUIIAEMOCTb.

PesyabTarhl 1 MX 00cCy:XKIeHHe. Pe3ynbraTsl ONBITOB 10 MCCIEAO0BAHUIO
3JIEMEHTHOTO COCTaBa KOMIIO3UTOB TOKa3aJd, YTO TMpPU YBEIUUYECHUU B
TUIPOCYCIEH3UU KOIMUYecTBa Marueruta Bole 20% He NPUBOJUT K MOJTHOMY
BCTPaMBAHUIO OOpPa30BAaHHOTO KOJIMYECTBA MAarHETUTa B CTPYKTYPY IJIMHBI.
Tak, MakcUMaJIbHOE COZIEpKaHUE JKeJie3a B KOMIO3UTaxX Jgocturaet ~ 6,8%, 4ro
COOTBETCTBYET KOMHUUeCTBY MarHeTura ~ 28% (tabnuua 1). JInmraee KoTu4ecTBo
MarHeTuTa He BCTPAUBAETCS B CTPYKTYpPY IIMHBL. MOXKHO MPEANON0KUTh, YTO
Mar"HeTUT B COCTaBE MArHUTHOW INIMHBI BCTPOUTCSI B MEKIIAKETHOE IPOCTPAHCTBO,
nubo OyeT HaxoIWTCS Ha MOBEPXHOCTU MIUHBI 3a cyeT ajacopOuuu. Hamm
OTBITHl TOATBEPAMIIN JTAaHHBIM (DaKT, TOCKOJIIbKY HE CBA3aBIIEECS KOJIUYECTBO
Mar"eTuTa yajasieTcs MPU BBIMBIBAHUH, TO €CTh TIIMHA 00JIaaeT OMpeaeIeHHOM
00OMEHHO €MKOCTBIO, BbIIIIE KOTOPOI BCTpanBaHUE OKCUIOB B CTPYKTYPY IJIUHBI
HE IPOUCXOAMNT.

Tabnuna 1 - DeMeHTHBIA COCTaB UCXOAHOM OEHTOHUTOBOU TJIMHBI
U KOMIIO3UTOB MarHeTUT-IJINHA

Obpaszen Komno3sur Conepxanme Fe % | Conepxanne Fe,0, %
BenToHnTOBAs IIHHA - -

MaruuTtHas riiHa 5% MI'1 0,75 4,35

Marnutnas ruHa 10% MI2 1,89 10,11
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MarnutHas riiaa 20% MTI" 3 6,78 28,11
MaruutHas riuaa 50% MI 4 6,70 27,70

Jl1is onpenenenus craTiaeckoil 0OMEHHOM eMKOCTH HCTIONb30BaId METOAUKY
(Meszaros, 2010-9). KoHieHTpanui HOHOB 3>Kejie3a OMNPEACSSIA METOIOM
AIIEMEHTAPHOTO aHaMMu3a. B HameM ciydae ctaruueckass OOMEHHAst eMKOCTh T10
JKeJe3y cocTaBmiia 6 Mr-aKkB/T. DTo 3HaYeHHUe coBmaaaet co 3HaueHue COE, pac-
CUMTaHHBIM 110 JAHHBIM COJIEpKaHus JKkeje3a B koMmnosutax (Tadmuna 1). Takum
00pa3oM, MOXKHO CJIENIaTh BBIBOJI O TOM, YTO COJEPKaHUE MAarHETUTA B KOMIIO3H-
Tax OmpenesieTcss KAaTHOHHOOOMEHHOW €MKOCThIO COpOEHTa K MOHaM JKeJe3a.

s ompeneneHuss TUNAa OOpPA3yIOMIETOCS OKCHJIA Kelie3a ObLT MPOBEICH
pentreroda3onsiii ananmm3 (P®) komno3uTos.

_A B
TSR
/] L/

_ﬂ D

Pucynoxk 1 - PO nudpakrorpaMmbpl KOMITO3UTOB MarHETUT-TJIHHA
a) 5% b) 10% c) 20% d) 50%.

Ha puc. 1 mpencrasiensl peHTreHO(pa30Bble CHEKTPbl KOMIIO3UTOB MarHe-
TUT-IIMHA. J{upakTorpaMMbl KOMITO3UTOB TOATBEP)KIAIOT HAIMYHE IHKOB,
COOTBETCTBYIOLIUX CTPOCHUIO MUHEPAJIa TUTIAa MOHTMOPUJUIOHUTA U 8-KPEMHHUI-
KHCJIOPOIHBIX U AIFOMUHUI-KUCIOPOIHBIX TPYTII, BXOASIINX B COCTAB OKCHIOB
xeneza y-Fe203 (rematut) u FeO*Fe203 (Fe304-marneTur). YBenuueHue
KOHIIEHTPAI[MX MATHETUTA B KOMIIO3UTE IPUBOIUT K YBEJIMYEHHIO BHICOTHI TUKOB
okcu10B xene3a (30,6° u 37,2°) 1 yMEHbBILIEHUIO BBICOTHI IMKOB KPEMHMEBBIX U
QITFOMOKHCIIOPOJIHBIX TPYIIIT MOHTMOpHIIIOHUTA (6,8° 1 20,1°).

Omnpenenenne pa3MepoB YacTUIl AUCIIEPCHON (a3bl M MOCTPOEHHE KPUBBIX
pacrpeieNieHus] YacTUIl 0 pa3MepaM COCTaBIIAIOT CyTh JUCIIEPCUOHHOTO aHa-
nu3a.
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[lo pesynpraram HAaHHOTO aHalW3a, MPEUMYLIECTBEHHBIM pa3Mep YacTHI]
MOHTMOPWJIJIOHUTA COCTAaBUJ 1-2 MKM. Pe3ynbrarsl MCClIeI0BaHUN MPEACTaB-
JIEHBI HA PUCYHKE 2.
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1 — 6eHTOHHMTOBAS ITHHA, 2 - KOMITO3UT MI" 5 %, 3 — kommo3ut MI" 10%,
4 — xkomno3ut MI" 20%, 5 — komno3ut MI” 50%, 6 — MarHeTuT

Pucynok 2 — CeaumenTannonnas kpusas ocaxaeHusa 0,05% cycnensuii komnozutos MI'

Kak BUIHO U3 pUCyHKa, YMCTas IIMHA 00JaJaeT HaMMEHbIIEH CKOPOCTHIO
HaKOIUIEHUs ocajka (kpuBas 1), ¢ pocTOM coepaHHs MarHeTUTa MOBBILIAETCS
CKOpPOCTh OCEJIaHUsl YacCTHI] U WX HakoreHus (KpuBble 2 - 6). Pesynbrarsl
HCCIIEOBAaHUM ITPE/ICTABICHBI HA PUCYHKE 3.
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1 — 6eHTOHHTOBAS IIMHA, 2 - KoMITO3UT MI" 5 %, 3 — komno3ut MI' 10%, 4 — xommo3ut MI”
20%, 5 — xommo3ut MI" 50%, 6 — MarHeTUT
Pucynok 3 — Iuddepeninansapie KpUBBIE paclipeelieHIs YaCcTHI] 10 pa3MepaM B BOTHBIX
CYCIICH3MIX
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boun paccuntansl nuddepeHanbHble KpUBbIE paclpeieeHus YacTUl] 1o
pasmepaM (pUCYHOK 3). YCTaHOBIIEHO, YTO HUCXOAHAs INIMHA XapaKTepu3yeTcs
LIMPOKUM pacipesielleHueM yacTull 1o pamepam (r = 0,1 + 7,8 mxm). BBenenue
K€ YaCTHL] MarHETUTA B ITIMHY IIPUBOAMT, C OAHON CTOPOHBI, K CMELICHUIO MAK-
CUMYMOB JH(pdepeHnanbHbIX KPUBBIX paclipe/ieIeHHs YacThll B 00J1acTh Ma-
JIBIX 3HAUEHUH I, a C APYTON — CYy>)KEHHUIO ITUX KPUBBIX.

Wnaye roBops, B MPUCYTCTBUM MarHeTUTa YacCTHIbI OCHTOHUTOBBIX INIMH
CTaHOBSTCS 00JIee MOHOAUCIIEPCHBIMU U MEJIKUMH IO CPAaBHEHHIO C UCXOAHOM
IJIMHOM. DTO MOXET OBITh CBSI3aHO C YBEIMUYEHHEM IUIOTHOCTH YaCcTHUI] TVIMHBI U
CHIDKEHHEM MX Ha0yXaeMOCTH NPHU BBEJACHUN MarHeTUTA.

Jlnist u3ydeHue BIMSAHUSA BOIOpAacTBOpUMBIX nonumepos (BPII) Ha ycroiiun-
BOCTb TMAPOCYCIIEH3MM MarHuUTHBIX IJIMH IOJy4eHHble (OPMHUPOBAHUEM Ha-
Hovactui MaruenTuTa (Mgt) Fe,O, B MexnakeTHOM mpocTpaHcTBe Na — MOHT-
MopwioHuTa. bosee Tounyro nHpopManMio 0 (QIIOKKYIHPYIOLIEM IeHCTBUU
paccMaTpUBaEMBbIX MIOJIUAIEKTPOIUTOB MOIydalld, U3y4as 3TOT IPOLECC CIIEKTP-
ooromerpuuecku. Pe3ynprarsl Mcciae10BaHUM NPEICTaBIEHbl HA PUCYHKE 4.
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1 — GenTOoHUTOBAS MIKMHA, 2 - KoMIo3uT MI' 5 %, 3 — komnozut MI' 10%, 4 — komno3ut MI”
20%, 5 — xomno3utT MI" 50%, 6 — MarHeTUT

Pucynok 4 — KuneTnka U3MEHEHHUsI ONITHYECKON MIIOTHOCTH (A, ) THAPOCYCIIEH3MU KOMITO3UTA

MI’ npu ,I[O6aBJ'IeHI/II/I aJIbl'MHaTa HAaTpUd U XUTO3aHa paBJ’IH‘IHOﬁ KOHOCHTpAalun

Oo6napyxeHo, uto npu koHIeHTpanuu 0,25% o6a BOIOpacTBOPUMBIX TOJH-
Mepa cymecTBeHHO cTtabumm3upyoT 0,05% - Hyl THOPOCYCHIEH3UIO KOM-
MMO3UTOB MAarHUTHBIX TIMH. XUTO3aH MPH ITOH K€ KOHIIEHTPAIIUU HE OKA3bIBACT
3aMETHOT0 BJIUSHUA HA YCTOMYMBOCTh pPAaCcCMaTPUBAEMBbI CYCHEH3HH.YCIO-
BUeM 3(PPeKTUBHONW cTaOWIM3AIMU YacTULl SIBISIETCS COBMECTUMOCTH (ep-
podasel, crabunmzaTopa U TUCHEPCUOHHOW CpEeAbl, MPU STOM HAMITYUITUMHU
cTabunu3aTopamMy OKa3bIBAIOTCS Takue BemlecTBa, kak NaamsruHat B 0,25%
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KOHILIEHTpAlMii, KOTOpPBIE XOPOIIO PAacTBOPSIOTCS B JIUCHEPCHOHHOW CpEne.
Crabunuzanusi oObsCHSAETCS MOHWKEHUEM IMMOBEPXHOCTHOW SHEPIHH JUCTIEp-
THPOBAaHHBIX YACTHIl W YBEJIMYCHUEM aOCOJIOTHOW BEITUYMHBI HUX D3JIEKTPO-
KMHETUYECKOrO MOTEHIMaNa, a TaKkKe 3a CUET CTPYKTYPHO-MEXaHUYECKOIO U
CTEpPUYECKOTO (PaKTOpOB.

3akiarouenue. [Ipu u3yueHun (QU3MKO-XUMHUYECKUX CBOWCTB MarHUTHOTO
MOHTMOPWJIJIOHUTA B BOJ€ METOJOM OJMOpa ObLIM IMOJy4Y€Hbl MarHUTHBIE
MOHTMOPWUIOHUTBI € Pa3MYHbIMU  KOHLEHTpanusmMu Marnetura (Fe,0,)
(5%, 10%, 20% u 50%) u3 aByx (Fe?+) u Tpex (Fe’+) BaleHTHBIX JKEIE3UCTHIX
cojieil B ciabolenoyHol cpene (B BOIHOM PAacTBOPE T'MIIPOKCHIA aMMOHHUS).
VYcTaHOBJIEHO, YTO BBEACHHME YACTHIl MAarHETHTAa B CTPYKTYpy OCHTOHHMTOBOM
[JIMHBI IPUBOAUT K YMEHBIIEHUIO CTA0OMIBHOCTH THIPOCYCIIEH3UH KOMITO3UTOB
U YMEHBUICHUIO pa3MepOB KOMIIO3UTOB, YTO OOYCIIOBICHO YBEIMYEHUEM IUIOT-
HOCTH YaCTUI] INTUHBI U CHHKCHHUEM X Ha0yXaeMOCTH ITPH BBEJCHUH MarHETHUTA.

[lonmy4yeHHbIE MarHUTHbIE MOHTMOPWJUIOHHUTHI OBLTH W3y4Y€HBI PEHTICHO-
($a30BBIM METOIOM H TIOKa3ajH, YTO OHM CONEp)KAT TeMaTHT W MAarHEeTHUT.
N3ydeHo BnausiHUE BO3AECUCTBUS MPUPOAHBIX MOJIMMEPOB ajbIMHATa HATpUs U
XUTO3aHa Ha YCTOMYMBOCTH TMJIPOCYCIIEH3UU MarHUTHOIO MOHTMOPWJUIOHUTA.
MaxkcumanbHasi ycToiunBocTh HaOmiomanace mnpu 0,25% anmprunara HaTpusl.
@OOoKyISLMOHHBIE CBOMCTBA XUTO3aHA HAOMIOAATUCHh NpU Oojee HU3KMX KOH-
LEHTPALUAX.
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BUOTI'A3/Ibl CUHTE3-T'A3T'A KATAJIMTUKAJIBIK
KOHBEPCUSAJIAY

AnHoTtanusi. Kazipri onemM/ie SKoJIOTHsUIBIK TTpo0iieManiap KYH ©TKeH CalbIH
03eKTi 0omna Tycyae. AIlaMHBIH OCII Kelle KaTKaH OHIIPICTIK KbI3MEeTiHe Oaii-
NaHbICTBI atMocdepara, conbld iminae CH, xone CO, ken Menmmepae mibira-
poutasl. 18 raceipasiH oprackinaarsl 280 ppm-aen 2019 xbutbi 415 ppm-re neitin
Oonca, eHepKacinTik pesomonus 6actanransl 6epi CO, koHueHTpanusce 45%-
naH actam ecti. buora3 Herizinen 50-87% wmetannaH, 13-50% KeMipKbIIIKbLT
ra3plHaH XoHE 0acka razaapiaH Typajsl. buorasasl KOHBepcuUsiay €Ki MaHbI3-
Jbl MOCEJIeH1, MapHUKTIK ra3fapiabl yTuiuzalusuiayra skoHe @uiep-Tpomin
CHHTE31 peakIMsIChIH XYpri3yre, OEH31H, aBUALUSUIBIK KEPOCHH, ATAHOI JKOHE
KypaMbIHAa OTTer1 6ap 0acka KOCBUIbICTAp OHAIpyTe OOJaThIH OHTAMIIBI KaThI-
Hacel 1:1 OomaTelH cHMHTE3-Ta3 ajy MyMKiHAIriH memeni. JKaHa eHriziireH
KaTajau3aropiaap/bl, COHIal-aKk OMoraspl KaTaJUTHKAIBIK KOHBEpCUsIay Mpo-
LECIHJIE CUHTE3-Ta3 alyAblH OHTAIIbl TEXHOJIOTUSJIBIK YKaFJalIapblH d31piiey
MYHal-XMMHsSl CEKTOPBbIHA, arall aWTKaHAa Tasabl KauTa eHJAECyre KOCBUIFaH
ynec 6omnbin Tabbu1anbl. JKyMbicTa 6MOra3 MOJENbIIK KOCHACBIHBIH CHHTE3-
ra3ra TOTBIKTHIPFBINI KOHBEPCHS PEAKIUSCHIH JKYPTi3ydiH OHTAMIBI MapPTTAPhI
anbikTanael: T=700°C, W=6000u"!, peakiust KOCIAChIHAAFbl Ta3aapAblH KaTbl-

32


https://doi.org/10.32014/2021.2518-1491.60
mailto:t.baizhumanova@ifce.kz

Volume 2, Number 451 (2022)

nacel CH,:CO,: Ar=1:1:1 monometanubik Ni, Co xone 6umeranaplk Ni-Co
KaTaau3aTopiapblH 3€pTTEy apKbUIbI IMIMKi3aT TIEH YHEPTUSIHBI YTHIMIBI TYTHIHY
Ke3iH/e€ OHIMHIH MaKCHUMAaJJIbl IIBIFBIMABUIBIFBIH aly YIIIH SPTYpJi apaka-
ThIHACTa OOJIBIIT KEJIEI].

Tyiiin ce3nep: Ouoras, cuHTe3-ra3, MoHoMeTanaslK Ni, Co koHe OumeTa-
1K Ni-Co karamuzaropiap.
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KATAJIMTHYECKAS KOHBEPCHUSA BUOT'A3A B CUHTE3-T'A3

AHHOTauus. B coBpeMeHHOM MUpe 3KOJOTHYECKHE MPOOIEMBI CTAaHOBSTCS
Bce Oonee akTyaJdbHBIMH. B CBsI3u C pacTymieil mpoM3BOJACTBEHHOU JEATENb-
HOCTBIO YelloBeKa B arMocdepy BbIOpachIBaeTcs, B TOM 4YHCie, OOIbIIOE KOIH-
yecteo CH, n CO,. C Havyana NpOMBINUIEHHON PEBONIOINK KOHIEHTPAIIUS
CO, yBennuunace 6osee yeM Ha 45%, ¢ 280 ppm B cepenune 18 Bexa no 415
ppm B 2019 rony. buoras B ocHoBHOM coctouT u3 50-87% wmerana, 13-50%
YIJIEKUCIIOTo raza M Apyrux rasos. KonBepcust 6uorasa pemaer JBa BaKHBIX
BOINPOCA, YTWJIN3ALUs MaPHUKOBBIX I'a30B U BO3MOXKHOCTb MOJTYYEHUsI CHUHTE3-
ra3a ¢ ONTUMAaJIbHBIM COOTHOIIIEHHEM 1:1, mpu KOTOPOM BO3MOXKHO MPOBEJCHHE
peakuun cuHre3a ®umepa-Tpormiia, Tpou3BoAcTBa OEH3MHA, aBUALMOHHOTO
KEpPOCHHA, 3TaHOJIa U JIPYTHX KUCIOPOACOepKaluX coeauHeHuid. Pazpaborka
HOBBIX HaHECEHHBIX KaTaJM3aTOpPOB, a TAK)KE ONTHUMAJIbHBIX TEXHOJIOTMYECKUX
YCIIOBUHM TOJY4YEHMsI CHUHTE3-raza B IPOLECCE KaTaIUTHYECKOH KOHBEPCHU
Ouorasa siBIseTCS BKJIAJOM B HE(PTEXUMHUECKUN CEKTOP, @ UMEHHO B ra30BYIO
nepepaboTky. B paboTe onpenenensl onTuMalibHbIe YCIOBUS POBEACHUS pPeak-
LIUM OKHCJIUTEIIbHOM KOHBEPCUM MOJIENIbHON cMecH Ouorasa B CHHTe3-Tra3: T=
700°C, W= 60004™!, cooTHOIIeHHE Ta30B B peakioHHoi cMecu CH ,+CO,Ar=
1:1:1 c uccaemoBanuem MoHoMeTamnueckux Ni, Co u onmerammnyeckux Ni-Co
KaTaJIu3aTopoB C Pa3IMYHBIM COOTHOIICHHUEM I MOJYyUYEHUSI MaKCUMAaJIbHOTO
BBIXO/1a IPOIYKTOB MPH PAlMOHAIEHOM MOTPEOJICHNUHN CHIPbS U SHEPTUH.
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KuroueBsble ciioBa: O6moras, cuHTes-ra3, MoHoMmeramumdeckue Ni, Co u 6u-
Metammudyeckue Ni-Co KaTaiu3aTopsl.
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CATALYTIC CONVERSION OF BIOGAS TO SYNTHESIS GAS

Abstract. In the modern world, environmental problems are becoming more
and more urgent. Due to the growing human production activity, a large amount
of CH, and CO, is emitted into the atmosphere, among other things. Since the
beginning of the industrial revolution, CO, concentrations have increased by
more than 45%, from 280 ppm in the mid-18th century to 415 ppm in 2019.
Biogas mainly consists of 50-87% methane, 13-50% carbon dioxide and other
gases. The conversion of biogas solves two important issues, the utilization of
greenhouse gases and the possibility of obtaining synthesis gas with an optimal
ratio of 1:1, at which it is possible to conduct a Fischer-Tropsch synthesis
reaction, the production of gasoline, aviation kerosene, ethanol and other oxygen-
containing compounds. The development of new applied catalysts, as well as
optimal technological conditions for synthesis gas production in the process
of catalytic conversion of biogas, is a contribution to the petrochemical sector,
namely gas processing. The optimal conditions for the oxidative conversion
reaction of a model mixture of biogas into synthesis gas were determined:
T=700°C, W=6000h", the ratio of gases in the reaction mixture CH,:CO,:Ar =
1:1:1 with the study of monometallic Ni, Co and bimetallic Ni-Co catalysts with
different ratios to obtain maximum yield of products with rational consumption
of raw materials and energy.

Key words: biogas, synthesis gas, monometallic Ni, Co and bimetallic Ni-Co
catalysts

Kipicne. T'a3 Topi3ni keMipCyTeKTepiH >XoHE ONapIblH KypambIHIa ra3
KOCIaJIapbIHBIH, €H aJIbIMEH TaOUFU Ta3/IbIH )KOHE OHBIH HET13T1 KOMIIOHEHTI -
METaHHBIH MOJI KOPBI OJ1ap/Ibl aJaM3aTThIH YJHEPTUsl MCH KOMIPCYTEK IIMKi3aThIHA
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JIeTeH KKETTUTIKTepiH KaMTaMachl3 €Te aJlaThlH MEPCIIEKTHBAIIBI peCypeC eTel.
Tabury Ta3apiH KOJI KETIMI1 J)KOHE CANTBICTBIPMAIIBl TYPAE ap3aH pecypcTapbiH
XUMISUTBIK TIMKI3aT PeTiHAC MalJanaHyFa KbI3BIFYIIBUIBIKTEIH apTyblHa Oaii-
JIAHBICTBI, Ta3 XUMHICHI Ka3ipri 3aMaHFbl OTBIH-DHEPTreTHKA KEIIESHIHIH CePITiH/II
JIaMBIII KeJIe )KaTKaH cajlajapbIHbIH OlpiHe aliHamyna. Tasty )Kbl1aapbl OHbIH 1aMybl
alTapibIKTal JopexKe e oNeM 1K SHEPTETHKA MEH XUMHUS OHEPKICiO1 TaMybIHBIH,
aramn alTKaHAa >Kajlmbl YPIICTEPIH KOHE KYPbUIBIMBIH allKbIHAAWTHIH OOIaIbI.
Byn, ocipece, ra3 KoHAEHCATHl MEH TAaOWFU Ta3/bIH aNTapiBIKTail KOpBI Oap
KazakcTan ymriH e3ekTi. OHIIpiIeTiH KOMIpCYyTeK IHUKI3aThIHBIH HET13r1 0eJiri
TM/I enepine skoHE abIC MIETEITE aJIIbIH aJia OHCYC13 IKCIIOPTTaIa bl HEMECe
TYPMBICTBHIK Ta3 peTiHAe mainananbuianbl. ['a3 eHaey 3aybittapsl (JKaHaeseH,
Kapambiranak) Kazipri yakpITTa 0Jiap HET131HEH Cy/Ibl, KOMIPKBIIITKBLUT Ta3bl MEH
KYKIPTCYTEK KOCHaJIapblH TYPMBICTBIK KOKETTUTIKTEpre NaijaianyFa apHalFaH
C,-C, ankanmapblH KOJJaHy YIIIH, ONIapibl Ta3apTyMeH adWHambicaabl. by
Karaal JKeHITT KeMIpCyTeKTepai OarbITTalFaH OHJIEY/IIH XKaHa KaTaluTHKAIBIK
TEXHOJOTHSIIAPBIHBIH KETKUTIKCI3AIriMeH Hemece OoMaybIMeH OalaHBICTHI.
Kasipri ra3 XuMUSCBIHBIH MaHBI3bl MOCENENEepPiHIH Oipl - KeMipCyTeKTepal
CUHTE3-Ta3fa TYPJCHAIPY KYHBIHBIH JKOFaphl OOyl KOHE OYJI ONap/IbIH COHFBI
XUMUSIIBIK OHIMIEP MEH CYMBIK OThIHFA alHAIYBIHBIH HETI3T1 apajiblK OHIMI
6oubin Tabbu1aabl. CUHTE3-Ta3 alyblH HEFYPIIBIM THIM/I KOHE YHEM/I (TaOuFu
ra3iblH Oy JKOHE aBTOTEPMUSIIBIK PUGOPMUHTIMEH CalIbICTBIPFaHAa) TEXHO-
JIOTUSIIAPBIH 13/IECTIPY DHEPreTHKAa MEH ra3 XUMHSICHIHIAFbI 0ACThl FHUIBIMU-
TEXHUKAIBIK OaFbITTap/IbIH OipiHe aifHamyna. bysl COHBIMEH KaTap SKOJOTHUSIIBIK
Ta3a KeJIK MeH CyTeT1 SHEPTHACH YIITIH ap3aH JKOHE KOJI JKETIMJI1 CYTeTiH ajayFa
MYMKIHJIIK Oepeti.

TaOuru oHE TaKTaTac ra3bIHBIH €0Yyip KOphIHA KapamMacTaH, XUMUS OHep-
KOCi101H/Ie IIMKI3aT PETIHAE METaHbl KOJIJaHA OTBIPBIT, XUMHUSIIBIK 3aTTapIbIH
TiKeJIeW CUHTE31 oM Jie YJIKeH mpobiema O6obIn TaObliaabl. MeTaHHbBIH HET13T1
MAaKCaThl - )KaHy apKbUIbI 3JIEKTP SHEPTUACHIH OH1py. TaOuFu ra3 KeH OpbIHAAPHI
O/IeTTE TYTHIHYIIBIaH AJILIC OPHATIACAIbI, aJl Ta3 TaChIMAIIIAY YIIiH KyObIpIap bl
naiganany KbimOatka Tyceni. JleMek, MeTaH Ibl OHall TachIMaJJaHATBIH CYMBIK
OTBIHF2 HEMECe KOFaphl KOCBUIFAaH KYHBI 0ap, XUMUSJIBIK 3arTapra aiHa-
JBIPY 12, OHBl YKOHOMHUKAIBIK KYHJBUIBIFBI JKOFaphl MaiainaHy oaici OOMNbII
Ta0bLIa1bl. MeTaHHBIH KOHBEPCHUACHI €K1 TYpre OeJliHeI1: TIKeJIeH )KOHe KaHaMa
typrenaipy (Holmen, 2009: 2; Ross, 1996: 193). Tikeneii koHBepcuUs HEeTi31HEH
MeTaHoNIMeH koHe ¢popmanbaeruanet (Raja, 1997, 7; Herman, 1997, 1) metan-
HBIH TIKeJICH TOTHIFYBIH KAMTH/IbI, METAaHHBIH TOTBHIFYBIHBIH ATHJICH MECH JTaH-
MeH (Schweer, 1994, 357; Pak, 1998, 222) yiinecyi oHe apoMaTTaHIbIPYHI,
apoMatThl keMipcyTekTepai (Guo, 2014, 616; Xu, 1999, 53; Weckhuysen, 1998,
338; Wang, 1997, 347) anmy. MeTaHHbIH >kaHama TYPJICHYl aJbIMEH METaH/bI
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cunte3-rasra (Tungatarova, 2018, 6; Talasbayeva, 2019, 6; Baizhumanova,
2020) aitHanaeipanasl, conan keiin Oumep-Tpomm cuntes (Zhang, 2007, 300;
Budiman, 2012, 183; Kang, 2017, 11270) peakuusichl apKbLIbl opTYPJIi XUMHUS-
JBIK OHIMJIEp HEMeCe CYUBIK OTHIH ayiaJpl. MeTaHHBIH KaTaIUTUKAIBIK KOHBEP-
CHUSICBI apKbUIbl CHHTE3 Ta3blH allyAblH YII HETI3r1 9Jicl 0ap: MeTaHHBIH Oy
konBepcusicel (MBK), metannbiy napruanasl TOTeIFysl (MIIT) xkoHe MeTaHHBIH
KeMip KpIKbU1IbI KoHBepcusichl (MKK).

MBK: CH,+H,0+>3H_+CO AH’,, =+206 kI / monb (1)
MIIT: 2CH +0,+>2CO+4H, AH’, =-76 xJlx / Monb (2)
MKK: CH,+CO,«<>2CO+2H, AH® | =+247 x[x / Mosb 3)

Conrpl 30 Kb imiiHAe OMOTA3MapIbIH CHHTE3-Ta3 PEaKIUSACHIH 3EPTTEY
HETi31HeH KaTaJIM3aTopiiap MEH peaKkTopiIapblH JaMybl MCH JTU3aiHBIMEH, KOKC
TY3UIylH TOMEHJETYMEH, PEeaKlrs MEXaHH3Mi MEH KMHETHKACHIH aHBIKTayMEH
JKoHE T. 0. OailyTaHpICTHI OeNTLT O1p MPOTrpecKe KOJI KeTKi3i. bruorasaer cuHTe3
ra3ra aHAIIBIPY YIIKSH KOJIOTHSITBIK KOHE IKOHOMUKAITBIK apPTHIKIIBLIBIKTApFa
ue, 06ipaK TEXHOJOTHSIIBIK MaceJeNep/i SNy Il KaKeT eTeTIHAIKTEH i eHep-
KOCINTIK ayKbIMJa KoJJIaHbUIMaiapl. COHBIMEH, OMOTa3/blH CHHTE3 Ta3bIHA
aillHaybl HETI31HEH eTe >KOFapbl TeMIleparypajaa >Kypeadi, OHbIH OapbIChIHIA
KeMipTeri oHal Ty3ureni. berncenai MeTamn OeIIeKTEpiHIH MUTPAIUsICHl MEH
arIoMepalnsChl KaTaau3aToOpIbIH Te3 JIe3aKTHBAIMsIIAybIHA dKejeni. buoras-
JIBIH CHHTE3/IIK Ta3Fa aifHay mpolieci OOMBIHIIIA KOIITETEH 3epTTEyep HEeTi31HeH
KaTaJM3aToOP/Ibl KbUIAAM JIC3aKTHBAIMSIIAY MOCEJICCIH MIeIIyre OaFbITTalIFaH.
CoHBIKTaH KOFapbl KOHBEPCHUSJIBIK KaTaau3aTOPIbl JKacay, Y3aK KbI3MET
€Ty JKOHE arjioMepanus MEH KOMIPTEKTI TYHABIPYABIH allJbIH ally MaHBI3/IbI
Macelie OOJbIN TabbUTaIbl, OJ1 9J11 KYHTe JCHIH MICHIITEeH XKOK. 3epTTeyiep Kop-
CETKEH/IeH, achlI METaJIap >KOFapbl KOHBEPCHSI KBUIAAM/IBIFbIHA XKoHE Ouoras
peakIUsIapbIHAAaFsl KYPBUIBIMIBIK apPTHIKIIBUIBIKTApFa HWe, COHJIBIKTaH OJiap
peaxIys Karaau3aTopPhIHBIH OENCeH/lI KOMIOHEHTTEP] peTiHAe oTe KOJIAMIIbI.
Anaiiia, acbul MeTallapJaH JacajfaH MaTepuajiap, pecypcTapiblH JKETic-
TIEYIITLTIT )KOHE TTaiTaTaHy IbIH KOFAPhl SKOHOMUKAJIBIK ITBIFBIHIAPHI AYKBIM/IBI
JamMy MEH KOoJJaHyabl mekTeii. Herisri meramn karanuzatopiapsl, oacipece Ni
»xoHe Co Heri31H/IeT1 KaTaau3aTopJiap achll METaJIIapAblH OeJICEHIUTITIHE YKCac
KaTaJIUTHUKAIIBIK OCJICEHIUTIKKE Ue KOHE OJIAP/IbIH Al TapIIbIKTall KOpIapbl, TOMECH
SKOHOMMKAJIBIK IIBIFBIHAAPEI JKOHE MaimanaHy MyMKiHmiri 0ap. CoHABIKTaH
oJlap KaTaJM3aTopiapAarbl achll METAIAApAbl aJIMACThIpa AAThIH XUMUSITBIK
AIIEMEHTTEp OOJIBIT caHalia bl. bUOTa3abIH CHHTE3 Ta3blHA PEAKIIMSICHIH 3ePTTEY
O/ICTTE KaTaJIM3aToOP/Ibl, TACKIMAJIIAYIIBIHBI XKOHE KOMEKIIN arcHTTI CHHTE3JICY
omicine OarbiTranraH. COHBIMEH Karap, METal TachIMaJJIaFbIIITBHIH ©3apa
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opeKkeTTecyl *oHe MeTaul OeJIIIEKTEpiHIH AUCHEPCUSUIBIK KYHl KOHBEpCHs
KBUIIAM/IBIFBI MEH PEaKIUsl YaKbIThIHA Ja 9Cep €Tel.

3epTTey HbICaHbI MeH dicTepi. Karanmzaropnap buUTFall CHIABIMABUIBIFBI
OOMBIHIIIA ayaHbI CIHIPYAIH AICTYPIi 9/1iCIMEH AalbIHAANIbI. AJIIBIMEH aTIOMHU-
Huii okcuai 110°C temnieparypana kenrtipiiai. CogaH KeiiH TachIMaaFbIIITHIH
BUTFAJIIBUTBIFEL aHBIKTANABL. Ni skoHe Co TuTpienreH epitiaainepi 0,15r/mn
Ni(NO,)*6H,0 xone Co(NO,)*6H,O HuTpaT Ty31apbIHbIH KOHIIEHTPALMACKI-
MeH nadeiHganael. ComaH KeifiH Oenrimi Oip MenmnepAe AWCTUIACHTEH CY
KOChUIaJbl, OYKUI KOCHachl »KaKChUIAN apajacThIpbUIa/lbl JKOHE KeNTipUIreH
TachIMAJIJAYIIbl epITiHAIre KYHbUTaapl. AJIBIHFAH KaTaju3aTrop ayaaa apajac-
THIpbUIBIN, 1 carar imiHge 250°C Temmeparypaja KEeNTipuiAl, cofaH KeHiH 2
carar iminge 500°C temneparypana Kei3abIpbUlasl. HoTmkeciHae kemeci kara-
mmsaropnap naibiaanas: 10%Ni/0-Al,0,, 9%Ni-1%Co/0-Al,0,, 7%Ni-3%Co/
0-AL0O,, 5%Ni-5%Co/8-Al,0,, 3%Ni-7%Co/0-AL0,, 1%Ni-9%Co/0-ALO0O,,
10% Co/6-Al0.,.

bactankbl KocmaHbl koHe peakius eHiMmuepiH Ttammay «Chromos GC-
1000» (Peceit) xpomaTorpadpiHbIH KOMETIMEH KYPri3Uil, OJl canTaMa XoHe
KaIlMJUIAPIIBIK KoJIoHKanapmen sxabapikranran. H), O,, N, CH,, CH,, C.H,, C,-
C, xemipcytekrep, CO xone CO, Tanaay yuiin opanran OaraH KOJIaHbLUIaIbL.

KaranuzaropaeiH OeTiHEe KONJIAHBUIATHIH HAHOKYPBUIBIMIBI KOMIPTEKTiH
Mopdonorusicel JEM-1400 Plus (Japan) 37eKTpOoHABI MHUKPOCKOIBIMEH Tall-
nauael. [I9M cyperrepi 120 kB ynerkim kepHeyae xa3buiasl. Tamaay anapraaa
KaTaJau3aTrop YJTUIepiH YIBTPaAbIObICTBIK TUCTIEprupiey OenMe Temreparypa-
CBhIHJA ATaHojAa Kyprizuial. Kypambinaa cycneH3usicel 6ap Kataau3aTop Yiri-
CiHiH OipHeIIe TaMIIBICHI KOMIpTEeri KanTajlfaH MbIC TOPFa OPHAJIACTHIPBUIIBI.
CopnaH KeiiiH MBIC TOp op YJITiHI BU3yaJau3anusiay yilliH KoJgaHbuiasl. Gusnka-
XUMUSUIBIK 3epTTeyiep Ao Akagemu YauBepcutetiHiH (Typky K., QuHISHANSA)
OHEPKACINTIK XMMHUS 3€pTXaHACBIHAA KYPri3UIal.

Karanuzaropnap armocdepanblk KbICBIM Ke3iHae nuamerpi 10 MM xoHe
y3bIHIBIFBI 40 ¢M 00IaThIH TYPaKThl KabaTkl 6ap KBapI] peaKTOPbIH/IA ChIHAJIIbI.
Karanuzarop (2 mi1) kBapil TYHIpIIiKTepi apackiHIa KyOBIPIIbI peakTopFa OpHa-
JACTBIPBLIIBL.

3eprrey HITHIKeIEP] sKIHE 01apabl TAAKbLIAY. 5%Ni-5%C0/0-Al O, xone
7% Ni-3%Co/0-Al, O, nalinananbuiran kKaranusaropaapasie [IOM keckinnepi
muametpi 10-man 30 HM-Te JA€iiH KOMIPTEKTI HAHOTYTIKIICIEpAiH Iaiaa
6omybiH kepceteni (1-cyper). CoHbIMEH KaTap, opTypJal dJIeMEHTTepA1H O1pKeKi
OeminOeyiH Oalikayra Oonajpl. OAETTe, KaTaIu3aTOPABIH OCICEHAUTITIH JKOIBIH
cebenTepiHiy Oipi KaTaau3aTop KEeyeKTepiHJe KOMIPTEKTIH TYHOAchl OOIybI
mymkiH (Kim, 2000, 191; Xu, 2001, 45). Hukenb-ko0ansT KaTanau3aropiapsl
0- ALO,-Ke OTBIPFBI3BUIFAHIBIKTAH YIKEH TYTiKTepi Gonanel (16-18 HM), Oy
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OJIap/IbIH TYPaKThUIBIFbIHA BIKNAN eTei. [IDM cypeTrTepiHeH MeTalll OKCHIIIHIH
OeseKkTepl KaHa *OHE MNalJajJaHbUIFaH KaTalu3aTopiap apachblHIa YJKEH
aiBIpMaIIbUIBIKCHI3, 10-25 HM apanbirbiHaa OonFaHbIH Kepyre Oonaabl. MetaH
PUGOPMUHTIHIH Ka3ipri jKarJaiblHAa KOMIPTEKTI HAHOTYTIKLIEICPAIH TYy3UIyi
KYMBICTa aJIbIHFaH MaJiMeTTepre (Sarsenova, 2020, 96) colikec kenemi, oHaa
rpaduTTI KOMIPTEKTI XKIM TOpi3Al KpUCTAngap HUKENb KaTalu3aTopbIHAA
700-850°C TemmepaTypaga Kyprak METaH »KarFJalblHIa TY3UTyl MYMKIH Jer
xabapmanras. XKymbictra (Sarsenova, 2020, 96) connaii-ak, rpa¢uT Kemipreri
BHUCKEPJIEPIHIH IuaMeTpi MeTaul KpUCTalgapbiMeH Oipel eKeHAIr! alTbUIIb.
ConbiMen Karap, ocipece Meran kpekuHri Ni/y-ALO, (Zhang, 2020, 925)
YCTiHJ€ KOKCTBIH Naiia 0oy cebentepiHiy Oipi 6ombin Tabbutaasl. buMeran bl
5%Ni-10%Co/y-Al,O, KokcTey MeTaHHBIH Kyprak pudopmunri kesinge 700°C
ke3inje ae Oarkanasl (Kassymkan, 2020, 1057).

Cyper 1 - [IDM-cyperi a) peakuusira nedin 0) peakuusnan keiiin 10%Co/0-Al0,,
B) peaKLusiFa JIeiiH OHE I') peaKHsJaH KeliH 1%Ni-9%Co/6-A1203, ) peakuusra Aenin

*KoHe €) peakuusaaan keiin 5%Ni-5%Co/0-Al 0,

[IOM- peaknusira IeiiH kKoHE PeaKUsAIaH KeHiH MOHO - )KOHE OMMETaIIBIK
KaTanu3aTopiaapabiH cyperrepi (1-cyper) xoHe MeTasu (OKCUTI) OeeKTepain
TricTi optamma emmemzaepi (10-25 am) 2-cyperte kepceTiireH. MOHOMETaIBIK
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10%Ni/0-Al,O, ynrin peakuus Ke3iH1e MeTaL OOIIEKTEPIHIH MOJIIIEP] a3ai bl
(10-25 am-gen 5-20 uM-re aeitin). [I9M keckinaepineH (2-cypeT) aHbIKTaJIFaH
OeJIIIeKTep/IiH MOJIICPiHIH TapalyblHaH KO >Karjaiia MeTall OKCHIHIH
OesniexTepl NaijanaHbUIFaH KaTanu3aTopiaapa a3 OonFaH/bIFbl OaliKanaabl.
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Cypert 2 - I[IDM HoTIKenepi HEeTi31H/e ecenTeNreH OemeKTep iy Meiepi OOMbIHIIAa
Tapaiysl: a) 10%Co/0-Al,0, (peaxumsra netin), 6) 10%Co/0-Al,0, (peakunsman Keiin),
B) 1%Ni-9%Co/0-Al O, (peaxuusra nekin), xone r) 1%Ni-9%Co/0-AlL O, (peakunsnan keHin),

1) 5%Ni-5%Co/0-Al,0, (peakuusra neitin) ) 5%Ni-5%Co/0-Al, O, (peakuusnan Keiin)
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Karaasrestop

Cyper 3 - 700°C, CH,:CO,:Ar=1:1:1 1 sxone 6000 car' razqapbiHbIH KoIeMJIiK
xpu1namabiFsiHAarsel Ni, Co sxoHe Ni-Co kaTain3aTopiapsl CEpUsACHIHAAFBl METaH MCH
KOMIPKBIIIKBLI ['a3bIHBIH KOHBEPCHUSICHIH CAIIBICTBIPY

700°C kesinge CH, xone CO, pudopmunri ymin 0- ALO, ynrinepine Kon-
neipeiFan MoHoMeTamut Ni, Co xoHe oumeramn Ni-Co keke MeTalIapblHbIH
cunarramaiapbl 3epTTenai. MeTaHHBIH KOHBEpPCUSCHI 2 cararTaH keiiH 5%Ni-
5%Co/6-Al,0,xaone 3%Ni-7%Ni/0-Al O, yimin Mmakcumaiibl 001161 MeTaHHbIH
KOHBEpPCHUSICHI HETI3IHAE €eCeNTeNreH 3apapchi3aaHabipy gopexeci 5%Ni-
5%Co/0-AlL,0, ymin en xorapsl, an 10%Co/0-Al O, ymin en ToMeH O60IbL.
10%Co/0-Al,0, xemipreri mommuepi 10%Ni/0-Al O,-Ten onnekaiina TemeH
OoiFaHbIHA KapamacTaH, METAHHBIH €H YJIKeH KOHBEPCHSIChl MOHOMETAaJbIK
Katanau3aropiap/a albIH]IbL.

Ocpinaiima, 6uora3 MOJENbIIK KOCIACHIHBIH CHHTE3-Ta3fa TOTHIFY peak-
IUSICBIHBIH OHTAMIIBI IapTTaphl aHbIKTa bl T=700, W=6000car™, mukizar nexH
SHEPTUSHBI YTHIMIBI TYTHIHY Ke3iHAE OHIMHIH MaKCHUMAJIIbl IIBIFBIMIBLTBIFBIH
aJy YIIiH, peakuus KOCMAChIHAAFbI Ta3aapAsiH KaTbiHackl CH +CO A= 1:1:1
xoHe OesceH i aneMeHTTepAiH KarbiHackl Ni:Co= 1:1 60bl.

KopbiThiHabl. Ochutaiiina, bUTFaN CHIMBIMABUIBIFEI OOMBIHINA CIHIIPY Oi-
CiMeH JMaWbIHIaIFaH OMOTa3/IblH CHHTE3-Ta3Fa TOTHIFY PEAKIUSICHIHIA KOJa-
He1aTelH MoHOMeTalT Ni, Co xoHe Oumeramn Ni-Co karamu3aTopiapblHBIH
OenceHAUIIriH 3epTTey HoTmkeciHae Ni Karajauzatopiap cepusicblHaa Ni-ziH
Co-ra KatbIiHACHI 1:1 00IATHIHABIFEI AHBIKTAJIAL], SIFHH, 5%Ni-5%C0/6-Ale3 eH
XakKchl eHIMITIKKe ne. KaranuzaTopibl y3aK yakbIT KOJAaHYIbIH apKachblHAA
KaTaJIMTHKAJIBIK OelCeHIUTiK ToMeHaenTini oenrimi. Kyliren kemipTekTi kara-
TU3aTOPIbIH OENCEeHIUNIrH KalmblHa KEeNTIpy YIIiH THIPOTCHHU3AIHS apKbLIbI
anbll TacTayra 6omapl, Olpak keiodip KaTanu3aropiaap MyHAal eHIeyAeH KeliH
THiMI Oonmaybl MyMKiH. Katanu3zatopasiH GesceHaiIir 9aeTTe aaFamksl 0ip-
HEIIle caFraTTa KYpT e3repei, CoaH KeHiH CalbICThIpMaIIbl TYP/E TYPAKThI Oora-
TTBI.
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SORPTION WATER PURIFICATION FROM HEAVY
METAL IONS USING BENTONITE CLAY

Abstract. The problem of water pollution and lack of clean water are the main
environmental problems in Kazakhstan. This is especially noticeable in the desert
zone of the Aral Sea region (Syrdarya, Shu, Ili rivers, etc.). Currently, serious
concerns are caused by contamination of the Syrdarya river basin with pesticides,
heavy metals and radionuclides. It uses traditional methods of purification of
Syrdarya water in providing drinking and technical water to the population
of Kyzylorda. In this regard, in providing the population with drinking water,
cleaning Syrdarya water from heavy metal ions is an important and difficult task.
Solving such an urgent problem requires a comprehensive approach to water
treatment. Therefore, it is necessary to clean metal ions using natural sorbents.
The use of natural sorbents is due to its fairly high sorption capacity, selectivity,
cation exchange properties and the possibility of complete ion sorption. In the
purification of heavy metal ions from modeled water, the most effective sorbent
is the Tagan field’s 14-horizon bentonite, which is preheated at a temperature of
120°C for 6 hours and activated with 20% sulfuric acid for 6 hours.

Key words: sorbent, bentonite, clay, Tagan, thermal treatment, acid activation,
heavy metal ions.
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CYIbI AYBIP METAJLJI HOHIAPBIHAH COPBIIUAJIBIK
TA3AJIAYIA BEHTOHHUT CA3BIH MAWJAJIAHY

AnHoTtanusi. Cy/pIH JIacTaHy MpoOJIeMachl )KOHE Ta3a CYJIbIH KETICIEYIITITi
Kazakcrangarbl HEri3ri SKOJOTHSUTBIK TIpobiemManapabiy Oipi. byt ocipece Apai
eHipiHiH el aiimareiaaa (Ceipaapus, Ly, Ine e3enaepi skoHe 1.0. ) Oaiikanabl.
Kazipri yaxpitra Chlpmapus e3e¢HI Cy OacCelHIHIH TECTULUITEPMEH, aybIp
METaJIapMEH JKOHE PAaJMOHYKIUATEPMEH JIACTaHybl €Jeyi alaHIaylIbUIBIK
TyFbeI3ysa. KpI3pUiopAaa TYpFBIHAAPBIH aybI3CYMEH >KOHE TEXHUKAJIBIK CyMEH
KamTamach3 etyne Coipiapusi CybIH Ta3ayayna JoCTYPIli SICTepAl KOJMaaHa b,
OcpiraH O0ailTaHBICTHI XaJBIKTHI aybI3 CyMEH KamTamachi3 etyae Coipaapus CybIH
aybIp METaJIJI MOHIaphIHAH Ta3ajiay MaHbI3/bI )KOHE KYP/IeJl MiHIET OOJIBII OTHIP.
MyHzail ©3eKTi MocelleH] IIenry Cy/bl KeIeH I Ta3anay TOCUIIH KaXeT eTel.
COHIBIKTaH METAJJT MOHAAPBIH TAaOWUFH COPOCHTTEP/l TMalJajaHBIN Ta3ajay
KakeT. Taburu copOSHTTEP/II KOJMJaHy OHBIH JKETKUTIKTI dKOFaphl COPOIUSITBIK
CBHIMBIM/IBUTBIFBIHA, CEIEKTUBTUIITIHE, KATHOH aiMacy KaCHEeTTEepiHE KoHE MOH-
JapIbl TOJBIFBIMEH COPONMsUIAy MYMKIHZIITIHE OailylaHbICTBI. MojenbaeHreH
Cy/laH aybIp MeTaJllI HOHIAPbIH Ta3ajayaa 6 carar imrinae 120°C Temneparypana
aJJIbIH aJla TEPMUSUIBIK OHJAEITeH KoHe 6 caraTThlK 20% KYKIPT KbIIIKBUIBIMEH
akTUBTeHAIpUIreH TaraH KeHOpHBI 14-rOpu30HT OEHTOHUTI €H TUIMAlI COPOEHT
OOJIBII CaHaJIabL.

Tyiiin ce31ep: copOeHT, OEHTOHUT, ca3, TaraH, TEPMUSIIBIK OHICY, KBIITKBLUIIBI
aKTUBTEHJIIPY, ayblp METAJUT HOHAPHI.
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COPBIIMOHHASA OYUCTKA BOJAbI OT HOHOB TAKEJbIX
METAJIJIOB C UCITIOJIB3OBAHUEM BEHTOHUTOBBIX ITITUH

AnnoTtanus. [Tpo6iema 3arpsi3HeHNs BOBI 1 HEXBATKA YHCTON BOJIBI SIBJISIOT-
Csl OCHOBHBIMH JSKOJIOTHYECKHUMH Tpobiemamu B Kaszaxcrane. 910 0coOeHHO
3aMeTHO B mycThIHHOM 30HE [Ipmapanbs (pexku Coeipmapss, Ly, Unu u ap.).
B nacTosiiiee BpeMsi cepbe3HBIE OIMAceHUs! BBI3BIBACT 3arps3HEHuE OacceiHa
pexku Celpaapbsi MECTUIUAAMH, TKEIBIMH METAJJIaMU M PAJUOHYKIHMJIAMH.
Hcnons3yroTcss TpaguMOHHBIE METOAbI OYMCTKH ChIpJapbUHCKOM BOJBI MpHU
obecrieueHny HaceaeHus KbI3bUTOp/Ibl MUTHEBOM U TEXHUYECKOU BOAON. B cBsi3n
C 3TUM IIpH 00ECIICUEHUH HACEICHHsI MTUTheBO BOAON ouncTka ChIpAapbUHCKON
BOIBI OT MOHOB TSDKEIILIX METAJIOB SBJIACTCS Ba)KHOM M CJIOXKHOM 3aJ1adei.
Pemenne Takoil akTyanbHOW TpoONIeMbl TpeOyeT KOMILIEKCHOTO MOAXona K
ourcTKe BoAbl. [103TOMYy HEOOXOAMMO OYMCTUTH MOHBI METAJIJIOB C IMOMOIIBIO
MPUPOAHBIX COpOEHTOB. Vcnonp30BaHNE MPUPOAHBIX COPOSHTOB 00YCIOBICHO
UX JI0CTATOYHO BBICOKOM COPOIIMOHHON €MKOCThIO, CEIEKTUBHOCTBIO, KATHOHO-
OOMEHHBIMH CBOWCTBAaMU U BO3MOXXKHOCTBIO TOJHOW copOumu uoHoB. Ilpu
OYHMCTKE HOHOB TSKEJBIX METAJIIIOB U3 MOAECITMPOBAHHOM BOIBI Hanbosee r¢hdek-
TUBHBIM COPOCHTOM sIBIIsieTCS OCHTOHUT, 14-ropu30HT TaraHCKOTO MECTOPOXK-
JICHHSI, KOTOPBIH IPEBapUTEIbHO HarpeBaroT npu Temieparype 120°C B TeueHue
6 yacoB 1 akTUBUPYIOT 20%-HOW CEpHOI KUCIOTON B TEUEHHE 6 4ACOB.

KuroueBsble cjioBa: copOeHT, OCHTOHUT, TNIMHA, TaraH, TepMudeckas oOpa-
00TKa, KUCJIOTHAsI aKTUBALINS, HOHBI TSHKEJIBIX METAJUIOB.

Introduction. The Syrdarya is extremely important for the region’s economy,
especially in agriculture. In the last decade, the water in the river has lost its
natural fertile qualities. Instead of suspended particles, artificial ingredients have
appeared, most of which are toxic. Discharge of collector and drainage water
from agricultural fields with a high content of pesticides and mineral salts has a
significant impact on water quality (Musabekov, 2001).

The Syrdarya provides with water residents of Kyrgyzstan, Uzbekistan and
southern Kazakhstan. Syrdarya water is used for irrigation of cotton, grain fields,
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vineyards and orchards of mentioned countries, and rice of Kazakhstan. It is also
used by numerous factories, residents of localities in the three Central Asian
republics (Baigulov, 1999).

Trends in changes in the quality of water are observed in the Syrdarya river
basin. Every year, 20 million tons of salt are washed away from the fields by
collector-drainage return waters in the Syrdarya. This increases the salinity of
water in the Syrdarya river from 300-600 mg/l in the upper reaches to 3000
mg/l in the lower reaches of the Ferghana valley, with the predominant salt
composition: MgSO,, Ca(HCO,),, NaCl, CaSO,. At the same time, the coli index
increases significantly to 25,000, and the concentration of phenols and man-
made pollutants increases. Downstream, at the outlet of the Ferghana valley,
the water quality deteriorates further and remains mostly unsatisfactory until
the Delta and the confluence with the Northern Aral sea (Balykbayeva, 2012).
In the works (Musabekov, Zhanabekov). The results of studies of pollution of
the Syrdarya river based on the analysis of the chemical composition of water
for heavy metals (HM) and their migration in the water, as well as the change
in the total mineralization and main ions in the water of the Syrdarya river are
presented. It is shown that the strong migration of TM in the Syrdarya river
is a consequence of geochemical human activity. It was found that the water
throughout has a high mineralization which is 939-3025 mg/l, moderately hard-
10.2-11.2 mg-EQ.

The research presents data from a ten-year monitoring of the radioecological
state of the Syrdarya river water. The General radioecological situation of
the Syrdarya water basin near the following localities is presented: Shardara,
Tomenaryk, Shieli, Baigekum, Kyzylorda (Balykbayeva). The main radio-
nuclides-pollutants were identified and a radiation-hygienic assessment of the
Syrdarya river water was given based on possible dose loads during their use
(Zhanabekov, 2010). Based on the conducted research, the regime and dynamics
of distribution of mineral fertilizer residues in the water of the Syrdarya river
were established, the degree of excess of the MPC of nitrogen and phosphorus
compounds (Zhanabekov, 2012) was established.

Based on long-term studies of the Syrdarya river water, the regularities of
changes in the composition and type of water, metamorphization processes, and
the mode and dynamics of distribution of mineral fertilizer residues have been
established. The correlation between the content of heavy metals in water and
the pH value, as well as mineralization, has been established. The technogenic
impact of TM creates a serious threat to the environment of this region, since
the detected metals, except Ti and Mn, have high values of water migration
coefficients. The content of heavy metals in the bottom sediments of the Syrdarya
river significantly exceeds the background values and MPC. Contamination of
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river water with radionuclides near the village was identified and explained. For
example, pollution of groundwater of Tomenaryk and the village of Baigekum,
caused by the activities of the uranium mine (RU-6), located in the Shieli
(Zhanabekov, 2013).

In work (Abishev, 2000) it is noted that among the first causes of the
spread of cancer diseases among the population is the presence in drinking
water of elements of heavy metals (copper, zinc, lead, etc.) and radionuclides
(caesium-137, strontium-90, iodine-129) of natural and artificial origin.

The existing methods of water purification in the Syrdarya, in particular, to
provide the residents of Kyzylorda with drinking and technical water, are based
on the use of traditional methods of water purification, designed to meet the
needs of a large number of people. At the same time, a significant part of the rural
population uses Syrdarya water. This category of people uses mostly untreated,
that 1s, dirty water. Therefore, it is not surprising that every year in the summer in
the Syrdarya river basin, especially in its lower reaches, from time to time there
are outbreaks of gastrointestinal diseases (Kostin, 2015).

Recently, the priority is to use natural sorbents to extract metal ions, which
is due to their sufficiently high sorption capacity, selectivity, cation exchange
properties and the possibility of almost complete removal of ions. An important
factor is their relatively low cost.

In this regard, the purification of Syrdarya water from heavy metal ions is an
important and complex task that requires a comprehensive approach to solving.
The combination of various methods of water purification and analysis, based
on the success of modern chemical science, allows us to open up new promising
opportunities in this field.

Highly toxic, heavy metal compounds (Cr, Pb, Cd, Ni) increase cumulativeness
in some vital organs and human tissues, which leads to chronic intoxication
with concomitant consequences (cancer, inherent abnormalities of the heart and
vascular system, urogenital system disease, etc.) (Zhanabekov, 2013).

The Tagan field located in the Tarbagatay area is the only known large field of
bentonite clays in the Republic of Kazakhstan. The Tagan field of bentonite clays
found in 1961 by geologists of the East Kazakhstan geological survey and is
average in terms of reserves which amount to about 10 million tons of bentonite
clays. Plot size is approximately 2 km?. The depth of the bentonite clays cover
ranges from 0.5 m to 20-30 m (Zhanabekov, 2013).

As follows from preliminary experiments, bentonite in its natural state does
not have a noticeable adsorption activity; thermal activation increases it to a
small extent. Only after acid treatment they become active for use as catalysts
and effective adsorbents. Therefore, in this work, we studied the adsorption of
heavy metal ions on the thermoacid-active form of bentonite.
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In work (Zhanabekov, 2010).] the sorption properties of bentonite clays
of East Kazakhstan are shown on the example of model solutions containing
copper ions (Cu?*). The mechanism of exchange and the degree of extraction of
ions from solutions are established.

The adsorption of zinc and cadmium ions on bentonite clays of the Zyryansky
district in the Kurgan region (Russia) was studied depending on the contact
time, pH and temperature. It was found that silanol and aluminol groups of clays
participate in ion exchange, as well as in the formation of complexes with zinc and
cadmium ions, depending on the pH, one or another process prevails. Adsorption
of zinc and cadmium ions from binary equimolar solutions was studied. With
an increase in temperature from 293 to 333 K, the adsorption of ions in the clay
increases. Mechanisms of sorption of Zn(Il) and Cd(II) (Baimoldaeva, 2010)
ions are proposed.

Research materials and methods.

The method of heat treatment of bentonite clay was carried out as follows.
On a porcelain glass a measured bentonite clay is placed and dried in a dryer for
3-4 hours at 105-110°C. The dried clay was crushed, passed through a sieve and
placed in a glass container.

The method of acid treatment of bentonite clay was carried out as follows. In
a round flask with a volume of 250 cm?, equipped with a reflux condenser, pre-
thermally activated bentonite clay with a mass of 20 g is placed. 80 cm® of 20%
sulfuric or hydrochloric acid is poured, heated for two, four or six hours, stirring
in a water bath.

After the activation process is completed, the clay inside the flask cools
down to 15-20°C, and then gradually 5-10 cm’ of ammonia solution is added.
The resulting clay is decanted and washed with water until the ammonium salts
are completely removed. The sediment is filtered in a Buchner funnel using a
vacuum pump, then replaced with a filtrate into a porcelain glass, dried in a dryer
for 3-4 hours at 105-110°C.

Dried activated bentonite is passed through a fine sieve and transferred to a
glass flask.

50 cm’ of bentonite clay undergone the activation (thermal, sulfuric acid)
preliminarily mixed and brought to the desired pH value (by universal reagent
paper) model water is poured into the cylinder. The bentonite sample weight (of
different versions) is infused by varying the mass and mixing time. The solution
is allowed for retention for 20-25 minutes.

The aliquot part of 20 cm® is to be taken for later polarographic determination
of heavy metal ions. The aliquot part of the purified bentonite clays (of various
versions) of the model water of 20 cm® (“blue tape” filtered through a dense
filter) is placed into the conical flask of 100 cm® and evaporated to wet residues.
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2-3 cm® of hydrochloric acid is poured, heated, added 1 cm’ of nitric acid and
evaporated to remove nitrogen oxides. 2-3 ml of hydrochloric acid is poured
to the resulting residue and evaporated to wet residues more. The operation
of evaporation with hydrochloric acid (for the complete removal of nitrogen
oxides) is repeated. At the same time the sample preparation of the initial and
model water and the control experiment are carried out.

10 cm?® of supporting electrolyte is poured to the evaporated residue; it is heated
to its dissolution and then it is cooled. The solution is poured into the electrolytic
cell and the polarographic determination of copper, lead, cadmium and zinc at the
half-wave potential minus 0.26; 0.47; 0.67 and 1.05 B is conducted respectively
to ratio of the saturated calomel electrode. The polarographic determination
of control experiment and comparing solutions are conducted under similar
conditions. Wave height value of the control experiment is subtracted from a
height of the sample wave and the test results are treated.

Results. The research object was the model water contaminated with heavy
metals and the 14-horizon alkaline bentonite of the Tagan field of the Eastern
Kazakhstan was tested as a sorbent.

The aim of this research is to examine the possibility of model water purification
of heavy metal ions with the use of bentonite clays of various modifications
available in the Tagan field as a sorbent.

The received experimental data testify that bentonite clay of Tagan field
can successfully be used for cleaning of drinking water from heavy metal ions.
It was detected that bentonite clay in a natural condition has weak sorption
properties, while the thermal activation raises them in an insignificant degree.
Highest sorption properties of bentonite reveal after activation by acids, which
eliminates alkaline part and one and a half oxides and by that change structure
and adsorption properties of bentonite.

Discussion. As can be seen from Table below, due to the acid activation of
bentonite a content of magnesium oxide, iron, alkali and alkaline earth metals
noticeably decreases and a certain amount of silica gel is also released. This
leads to an increase in surface of activated samples in 2.5 times, i.e. to 175 m*/g
as compared to the surface of the unmodified samples (67 m?/g).

Table Composition of exchangeable cations and structural characteristics of
natural and acid-activated bentonite samples

) Content of exchangeable cations, mEq/ 100 g
g‘ Na* Ca? Mg Exchangeable cation | Surface, m%/g
A H+ A13+
Natural sorbent 27,80 44,50 28,40 |- - 67,00
Thermo-acid bentonite | 0,44 2,34 7,65 1,55 56,80 175,00
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In addition to the above there is a dramatically change of the chemical nature
of the surface which becomes acidic due to replacement of hydrogen ions to acids.
All of these factors lead to an increase in the sorption capacity of the sample.

It is known that due to the acid activation of bentonite, hydrogen ions of
the activating acid not only displace cations of sodium, calcium, magnesium
from the exchange positions, but also penetrate into the interior structure of the
montmorillonite, weaken the connection of Me - O in the fragment Me-O-Si [ 14].
This is accompanied by the destruction of its structure and resulting in occurrence
of aluminum cations in the exchange position along with the hydrogen ions that
leads to the increase of sorption capacity of the sample.
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Figure 1 Correlation of degree of extraction of metal ions from modeled water by bentonite
clay, activated with sulfuric acid, the pH (activation time - 6 hours, sample weight - 0.5 g,
mixing time - 20 minutes)
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Figure 2 Degree of extraction of metal ions from modeled water by bentonite clay, activated
with sulfuric acid (activation time - 6 hours, sample weight - 0.5 g, pH 8.0-8.5).

Figure 2 shows the correlation of the degree of extraction of ions Pb, Cr, Cd,
Ni, from the pH medium. As it follows from Fig. 2, the highest values of sorption
of heavy metal ions are observed in the pH range 6.5 - 8.5. Fig. 2 also shows
that at lower pH medium in the acidic region, metal ions are under decrease of
extraction level. Apparently, this is due to a decrease in the exchange capacity of
bentonite, as a result of desorption of metal ions.
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Conclusion. It should be noted that the 14-horizon bentonite of the Tagan
field after 6 hours activation by 20% sulfuric acid and the preliminary thermal
treatment for 6 hours at 120°C is the best sorbent for extracting heavy metal
ions from water model. The optimum treatment behavior: pH medium - 8.0-8.5,
mixing time - 20 minutes, the flow rate - 0.5 g of sorbent per 50 ml water.
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ECOLOGICAL ASSESSMENT OF THE QUALITY OF FRESH WATER
SOURCES OF RURAL AREAS OF PAVLODAR REGION

Abstract. The quality of fresh water at the present day is the problem of
majority of cities, it also remains highly pertinent in rural areas. Despite the
existent national programs, rural renewal, problem of water supply and high-
quality water in coutryside is not solved to this day. In this article the results
of investigation held in rural areas of the Pavlodar Region are shown. The
hydrochemical composition of surface waters was examined and so was
ecological properties of ground waters and waters of central water supply system,
applied for drinking and domestic activities of rural areas. Over the course of
field studies, samples of fresh water, water from existing (ckBaxunsi), wells
and water pumping stations, as well as samples of water from the Irtysh River
and in 10 villages of Pavlodar Region. Specimens were analyzed according to
generally accepted methods. As a result of the conducted survey it was revealed
that 31% of the countryside residents use water of the Irtysh River for drinking.
The Irtysh River basin is characterized by soft water, reaction is faintly alkaline,
average salinity and high concentration of iron. In the composition of water
were detected predominantly ions HCO,Ca*SO,?, thus it is included to a class
of bicarbonate water. On average, the concentration of iron, sulfates, chlorides
and manganese exceeds the maximum permissible concentrations for drinking
and domestic purposes. The results of the research could become the basis for
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developing effective and cost-efficient drinking water treatment technologies,
based on the advanced experience of developed countries.

Key words: fresh water, quality of water, bacterial pollution, ground waters,
ecological properties.
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MABJIOJAP OBJBICHIHBIH AYBLIJIBIK AYBI3 CY KO3IEPIHIH
CAITACBIH DKOJOTUSIJIBIK BAFAJIAY

AnHoTanus. Ka3ipri yakpITTa aybI3Cy/AbIH Carachl KONTEreH Kajlajap/blH,
COHBIMEH KaTap aybUIIBIK KEpPJIEPIiH 1€ ©3€KTi MpoliemMachkl OOJBIN OTHIP.
KonnanbicTarsl MeMIIEKETTIK OarjapiaManapra KapaMmacTaH, aybUIIapibl
KalTa *aHFBIPTY, aybUIIBIK JKEpJIEpAl CyMEH >Ka0JbIKTay JKOHE calajbl aybI3Cy
npo0eMacsl 9Jli KYHTe JIeiiH menriireH koK. bynm makanana [laBmonap oGisi-
CBHIHBIH aybUIJBIK KEpJIEPIHJEC XYPIi3UITeH 3epTTEeyJepAiH HOTHXKeNlepl Kep-
cerinreH. JKepycTi CymapbIHBIH THIPOXUMISUIBIK KYPaMbl, COHJIAi-aK aybul-
JApAbIH aybI3Cy >KOHE INapyamIbUIbIK KBI3METI YINIH HaianaHblUIaThIH Kep
acThbl CyJapbl MEH OPTAJIbIK CYMEH KaOJbIKTay CYyIapbIHBIH SKOJOTHUAJIBIK CH-
narTaMaliapblHBIH Kypambl 3epTrenai. Jlana sKymbicTapbl OapbhIChIHIA AybI3CY
YJIriIepi, KOJJaHbICTaFbl YHFbIMAJIap/iaH, KY/AbIKTap/aH *oHe Cy aijay cTaH-
uusjIapblHaH Cy ChbIHamanapbl, coHnaai-ak Eprtic e3eHiHeH jxoHe IlaBrnomap
o0nbIchIHbIH 10 aybUTbIHAH CY YATIEp] aJbIH/BL. Y ITUIEp *Kalbl KaObUITaHFaH
ozmicrepre coiikec Tanaanabl. JKypri3uireH cayajlHamMa HOTHXKECIHIE ayblil
TYpFhIHIApbIHBIH 3 1% EpTic e3eHiHiH CybIH imIeTiHi aHbIKTa1 bl EpTic ©3¢HiHIH
OacceliHiHe )KYMCaK Cy TOH, PEaKIMACHI dJICI3 CUITLII, OpTallla MUHEPaJIbl )KOHE
teMip Mmemmiepi ken. CyasiH Kypambiaaa HerizineH HCO3 Ca2 SO42-nonmapst
TaObUIFaH, OJ TUAPOKApOOHATTHI Cynap KiacklHAa karaapl. Opramia anraHza,
TeMip, cyiabdarrap, XJOpUATEP, MapTraHENTIH MeJIIepi OOWBIHIIA aybI3Cy
KOHE IapyambUIBIK MakcarTap YUIIH pyKcaT eTUITeH INEKTi KOHIIEHTpPALs
HOpMaJlapblHAaH achlll KeTell. 3epTTeyNepliH alblHFAaH HOTHXKeJepl JaMblFaH
eNJIepIIiH O3bIK TXKIpHOECiHe HETI3JEeNreH aybl3 CYAbl Ta3apTyAblH THIMIL,
COHJIali-aK YHEM/I1 TEXHOJIOTHsIIAPbIH d3ipieyre Heri3 0oia anassl.
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Tyiiin ce3aep: aybI3 cy, Cy[IbIH canachl, 0aKTepHUsUIBIK JIACTaHY, )KEpP acThl Cy-
JIaphl, SKOJIOTUSUIBIK CUITaTTaMa.
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IKOJIOI'MYECKASA OHEHKA KAYECTBA HCTOYHUKOB
NMUTHEBOM BOJbI CEJIbCKUX MECTHOCTEM MMABJIOJAPCKOM
OBJIACTH

AHHoTanus. KayecTBO NUTHEBOM BOABI B HACTOAIIEE BpPEMS SBISIETCA
MpoOIeMOl MHOTHUX TOPOJOB, Ui CEIbCKUX MECTHOCTEH OHa CTOHT 0C000
octpo. HecMoTps Ha cyliecTBylolIe rocyaapCTBEHHbIE IPOrPaMMBbI, BO3POXK-
JeHUs cel, mpoliieMa BOJOCHAOKEHUS W Ka4eCTBEHHOW MUTHEBOW BOIBI B
CEJIbCKUX MECTHOCTSIX JI0 CHX IOp He pelleHa. B maHHOI cTaThe OTpaskeHbI
pe3ybTaThl HCCIEN0BAaHUM, MPOBOAUMBIX B CEJILCKOM MecTHOCTHU [laBnomapckoi
obmactu. belT U3yueH THIAPOXUMHUYECKH COCTAaB TOBEPXHOCTHBIX BOJI, a TAKXKE
COCTaB JKOJIOTHYECKUX XapaKTEPUCTUK MOA3EMHBIX BOJA M BOJ LEHTPaJIbHOTO
BOJIOCHAOXKEHWSI, HCTIOJIb3YEMBIX JUISI TUTHEBOM U XO3SCTBEHHOM IEITETbHOCTH
cen. B xone moneBsix paboT ObUTH 0TOOpaHbI 00pa3Ibl MUTHEBOM BOBI, MPOOHI
BO/IBI M3 CYIIECTBYIOIIMX CKBa)KWH, KOJIOAIIEB U BOJOHAMOPHBIX CTaHIUH, a
Takke o0pasisl Boabl u3 peku Mpteim u B 10 cenax [TaBmogapckoit ob6macTw.
OO6pa3ipl ObUTM MPOAHATM3UPOBAHBI COTIIACHO OOIIECTIPUHATHIM METOIAMKAM.
B pesynprate mpoBeIEHHOTO AaHKETUPOBAaHMS ObUIO BbIsABIEHO, 4TO 31%
KUTENCH cen ynmoTpeOmnstoT sl muThs Boay peku Mpremm. [[ns Oacceiina
pexku HpTeim XxapakTepHa MsATKas BOAQ, PEaKIMs cliaboIenouHas, CperHen
MUHEpaJu3allMi U TOBBIIICHHBIM COAEpXKaHUEM kene3a. B coctaBe Bombl
obHapy:xeHbl npeumyinecTsenHo nonsl HCO, Ca® SO,*, otHOcuTCs K Kiaccy
TUAPOKapOOHATHBIX BOA. B cpemHeM mpeBbIlIeHbl HOPMATHBBI MPEIEIbHO-
JOTTYCTUMBIX KOHIICHTPAIMI JJIsI TUTHEBBIX U XO3SIMICTBEHHBIX IICJIEH B CBSI3U
C YBEJIMUEHUEM COJICPIKaHUs JKene3a, Cynb(paroB, XJIOpua0B, Mapranna. [lomy-
YeHHbIE PE3YJIbTaThl MCCIEJOBAHUNA MOTYT CTaTb OCHOBOW JUIsl pa3pabOTKU
3¢ (}EeKTUBHBIX, a TAK)KE€ YKOHOMHYHBIX TEXHOJOTHA OYHCTKH TMMHTHEBON BOJIBI,
OCHOBaHHBIX Ha MEPETOBOM OMBITE Pa3BUTHIX CTPAH.
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KiroueBble cjioBa: NUTHEBAs BOJa, Ka4€CTBO BOAbI, 6aKTepI/IaJIBHOC 3arpss-
HCHHUC, ITOA3CMHBIC BOJbI, DKOJIOrHYCCKasd XapaKTCPpHUCTHUKA.

Introduction. Water is an important natural resource used for drinking
and other purposes in our lives (Bibi, et all, 2016). Pollution of water bodies
occurs when heterologous agents enter the water, change water quality (Leju,
et all, 2018) and cause damage to the environment and human health [Briggs,
2003]. Pollution of water bodies happens as a result of anthropogenic activities,
leading to negative impacts such as deterioration of water quality, threats to the
inhabitants of water bodies, deterioration of living conditions, as well as human
health. Pollution contributes to an increase in the concentration of micro- and
macroelements in fresh and sea water, in bottom sediments, in living organisms,
in amounts above the natural background of the area (Clark, 2001).

Rapid growth of industrial development in developed countries, along with
economical growth has led to increasing impact of human on agricultural
activities, and on the ecosystem as a whole, through air and water pollution
(Reddy, 2006). As the world practice shows, in recent years, for example, in
India, attempts have been made to assess the effects of industrial production
and wastewater on human health, agriculture and animal husbandry [Sankar,
2001]. In rural areas of majority of countries, there is a significant contamination
of drinking water by bacterial contaminants, which have an impact on the
transmission through water of majority of diseases. Fecal-oral route remains
quite relevant (Nguendo-Yongsi, 2011; Delaire et all, 2017).

The main sources of fresh water in rural area are ground and surface waters.
In addition, precipitation (rain and snow) can be collected and retained. Initial
quality of water depends on a source. Surface waters (lakes, water reservoirs,
creeks and rivers), which are source of drinking water are most commonly of
a poor quality and require extensive purification. Ground waters have better
quality. Nevertheless, they can still be polluted by agricultural runoff or surface
and underground disposal of liquid waste, including leachate from municipal
solid waste dumps. Other sources, such as spring and rainwater, have varying
levels of quality, but each can be processed to a state of potability (Fuller, 1732).

Thus, water pollution is one of the most common environmental problems
affecting the environment of rural areas. Deficiency of public water supply
in countryside creates a dependence on underground wells for domestic use.
Unlike municipal water, well (ckBaxkunnast) water is not tested and regularly
cleaned from toxic pollutants. This is especially relevant for people dependent
on well water, and for this reason exposed to the hazards of water contamination
(Swistock et all, 2009).

Fertilizers and pesticides are also common sources of water pollution in rural
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areas. These chemicals increase crop yields and prevent insect damage to crops
with the aid of nitrogen and phosphorus compounds. Leaching of chemicals
through the soil and into ground water aquifers is a problem as well. The fact of
a particular concern is that groundwater pollution can exist over a long period
of time. The nitrogen base of fertilizers can leach into the soil as nitrates, where
they could remain for more than three decades in significant quantities (Water
Quality, 2014).

Despite the fact that Kazakhstan occupies a large territory, it has an
insufficient and uneven supply of water resources. Seven of Kazakhstan’s eight
river basins are transborder. Pollution and depletion of surface water bodies
due to consumption of clean water for domestic needs and further discharge
of untreated or insufficiently treated wastewater into water bodies continues
(Melkovskij, 2003). Water quality remains unsatisfactory in almost all surface
water bodies of the republic. Along with wastewater, pollutants enter water
bodies, affecting the aquatic ecosystem, primarily hydrobionts (Valentini, et all,
2004). As a result of anthropogenic influence there are significant changes in
morphometric, hydrological, chemical and other characteristics of water bodies,
which in succession leads to changes in the structure, productivity and condition
of aquatic ecosystems (Vy khristyuk et all, 2010). Pollution contributes to an
increase in the concentration of micro- and macroelements in fresh and sea
water, in bottom sediments, in living organisms, in amounts above the natural
background of the area (Clark, 2001).

It should be noted that ground water is also subject to pollution, which occurs
as a result of penetration of pollutants from landfills of industrial and domestic
wastes. In addition, ground water is also contaminated by washouts from fields of
organic substances, fertilizers and plant protection agents, seepage of pollutants
from contaminated surface reservoirs and filtration fields, oil wells(ckBaxxnuna),
water suplly inlet (Hornero, et all, 2016).

Therefore, there is a necessity of studing wastewater pollution of water
resources in rural areas.

Materials and methods. During the research sample collection works were
conducted. Over the course of field studies, samples of fresh water, water from
existing, wells and water pumping stations, as well as samples of water from the
Irtysh River and in 10 villages of Pavlodar Region. Specimens were analyzed
according to generally accepted methods. In the area of interest 50 water
samples were selected, which then were analyzed for 13 chemical and physical
parameters, including the concentration of ions of Ca*, Mg*", Na*, K*, Total Fe,
CI, SO,*, HCO,, NO,. At the beginning of water sampling, the tap was treated
with 90% ethyl alcohol. Water samples for determination of anions in them were
collected in I-liter polyethylene bottles without addition of preservatives and
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transported in containers using refrigerants, then stored in a refrigerator at +4°C,
and after that transported to the laboratory and stored in a refrigerator at +4°C
until laboratory analyses were performed within 7 days. Concentrations of Ca?*",
Mg*, CI, HCO," were determined by titrimetric method. In addition, surveys,
on which the questionnaire of the residents of rural areas was carried out, were
prepared.

Results and discussion. Drinking water supply of rural areas of Pavlodar
Region consists of several different sources, namely water from Irtysh River,
(cxkBaxxuHsb1), central water supply system, wells etc. (Fig. 1 — Number of rural
houses using different sources of drinking water).
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Figure 1 — Number of rural houses using different sources of drinking water, %

Most of the population uses water from a private well connected to the house,
as well as from a well in the yard without a connection to the house. Water from
open source, i.e. from Irtysh river is used by 32% of total number of respondents.
Thus, for example, 31% of residents of Naberezhnoye village use water from
the Irtysh River for drinking purposes (Fig. 2 — Number of rural houses using
different sources of drinking water in Naberezhnoye village). The questionnaire
survey conducted among the residents of Naberezhnoye showed that all 31% of
the residents are satisfied with the quality of the Irtysh River water and intend
to continue to use it by applying additional treatment methods, such as boiling,
filtration, and desilting.
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Figure 2 — Number of rural houses using different sources of drinking water in Naberezhnoye
village, %

In connection with the above-mentioned, the consideration of the chemical
composition of natural water raised a great interest. Hydrochemical indicators of
water are presented in Table 1.

Table 1 — Chemical indicators of water of Irtysh River, mg/I
Indicator Ca> | Mg” | Na'muK" |Total Fe| CI" | SO> | HCO,” | NO, | Mn

3

Value 28,00 | 9,67 17,33 0,56 | 14,00 | 25,33 | 81,33 | 0,50 | 0,013

The river water is soft with hardness index of 2,15 mg-equ/l, reaction is
faintly alkaline, equal to pH 8,28, average salinity of 196,33 mg/l and with
increased iron concentration of 0.80 mg/I. Indicators of calcium and magnesium
were 28.00 mg/1 and 9.67 mg/1 respectively, which is within the norm, compared
with the WHO requirements where the standard for calcium is 20-80 mg/I, for
magnesium 10-30 mg/l. The predominant ions in the Irtysh River water are
HCO, and Ca*". According to the classification of O.A. Alekin (Alekin, 1970),
the Irtysh River water belongs to the class of bicarbonate water, as evidenced
by the high index of HCO, equal to 1.33 mg-equ. Since the concentration of
Ca’" ions was 3 times more than Mg?* ions and 1.5 times more than Na* ions,
it is clear that the studied water belongs to the calcium group. According to the
ratio between ions in mg-equ, water of Irtysh River classified as the second type,
which is characterized by the following ratio:

HCO,<Ca + Mg<HCO, + SO,
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In our specimen of natural water, concentration of HCO3 ions equals to 1,33
mg-equ, Ca+ Mg to 2,17 mg-equ, HCO3 + SO4 to 1,85 mg-equ, which confirms
accuracy of given classification. Therefore, according to Alekin C* , water index
was concluded. In the course of our research it was found that the drinking water
of rural areas of Pavlodar Region has different quantitative composition. Table 2
shows the analyzed parameters in the water specimens of rural areas of Pavlodar
region, the averaged values are given.

Table 2 — Chemical composition of ground waters, mg/1

Indicators Minimal Maximum Average
Ca> 2,00 240,00 58,93
Mg** 1,00 28194,00 978,01
Na‘'u K* 14,00 76786,00 2742,68
Total Fe 0,05 0,40 0,16

Crl 1,00 191452,00 3963,99
SO /> 5,00 19212,00 853,54
HCO," 12,00 3661,00 309,40
NO; 0,10 319,10 31,06

In the studied water samples, the pH varies between 3.90 and 8.96 with an
average value of 7.79, which indicates the different nature of the ground water
of the area of interest.

The average concentration of ions can be expressed in the following order
Na“ and K* >Mg2+ >Ca*" and CI >SO,*>HCO, >NO,". The maximum Ca*" and
Mg?*" ion concentration was 28194 and 76786 mg/I respectively, well above the
corresponding WHO (2017) standards of 75 and 30 mg/l. Average sodium and
potassium concentrations in ground water were 2,742.68 mg/l. The presence of
HCO, bicarbonate ions was within 309.40 mg/I.

Chloride concentration in the area of interest ranged from 13 to 191452
mg/l, which exceeded WHO standards by 765 times. Sulfates are present in all
samples. SO,* values averaged from 5.00 to 19212 mg/l, the maximum value
exceeded WHO standards by 77 times. Maximum values were found in the
water sample from Koryakovka village, where the source of drinking water is
a public standpipe. Cl- concentration was 765 times higher than the norm, due
to the high concentration of Na* ions, it could be assumed that there are sodium
chloride salts in the water samples, and nitrate concentration is 6 times higher
than the permissible limit.

During the conducted research, an excessive concentration of manganese
was detected in fresh water from wells(ckBaxxuna) in Zhanatap village, where
the indicator ranged from 0.17 to 0.30 mg/l and was 1.7 and 3 times higher
than the norm respectively. Increased concentration of manganese was also
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observed in the water sample from the well(ckBaxunsr) in Chernoyarka village,
where the indicator was 1.13 mg/I, 11 times higher than the norm. According to
WHO normative recommendations, the maximum permissible concentration of
manganese in drinking water is 0.1 mg/l. This sort of an increase in manganese
concentration is presumably due to its increased concentration in the soil, into
which manganese enters by plant and animal residues, as well as by penetration
of agricultural fertilizers. The maximum concentration of iron in the studied
samples was 0.40 mg/l, which exceeded the permissible norm of 0.3 mg/l,
indicating iron intake from soil.

Conclusions. Our study was conducted to assess the quality of drinking water
in rural areas from different water sources. According to the hydrochemical
indicators of drinking water, it was noted that the LPC increased in the
concentration of iron, sulfates, chlorides and manganese. The results of the
research could become the basis for developing effective and cost-efficient
drinking water treatment technologies. Studies have a significant impact on the
ecological state of water in rural areas and determine the dynamics of spread of
soil and water pollutants. Determining the scientific basis for the development
of surface and ground water pollution is an important task for village local
administration in Pavlodar Region.
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INCREASING THE RESISTANCE OF CONCRETE AGAINST
SULFATE CORROSION

Abstract. The article presents the results of a study on the effect of sulfate
corrosion on the physical and mechanical properties of concrete. When concrete
is exposed to aqueous media, concrete destruction may occur because of
corrosion. Sulfate attack occurs when sulfates react with compounds in the
cement paste such as monosulfate, portlandite, and C—S—H gel. The reaction
products may include ettringite, gypsum, and thaumasite. As a result of the
insufficient durability of concrete, structures are destroyed. During the design of
the structure, it is necessary to consider various factors, such as the constituents
of the aggressive environment, the service conditions of the structure. A correct
and careful selection of raw materials is required, as well as the appointment of
the specified physical and mechanical characteristics of concrete, to ensure the
required durability of the structure. The corrosion rate of concrete in seawater
is difficult to predict for two reasons: firstly, this environment contains many
chemical elements, and therefore many reactions will occur in concrete at once,
both parallel and one after another; secondly, some of the reactions lead to
destructive processes, while others lead to constructive ones. The issue of the
safety of reinforcement in reinforced concrete structures has a decisive role.

Key words: construction, construction, concrete, modifiers, structure, clima-
tic effects, corrosion, aggressive effects.

63


https://doi.org/10.32014/2021.2518-1491.60
mailto:berdikul.n@mail.ru

OF THE NATIONAL ACADEMY OF SCIENCES OF THE REPUBLIC OF KAZAKHSTAN

H.J!. Bepaikyn", K. Akmanaiiyast', U.U. [lynanene?

'K.W. CorbaeB arbiHmarbl Kazak YITTHIK TEXHUKAJIBIK 3€PTTEY YHUBEPCUTETI,
Anmarsl, KazakcraHn;

*KypbuibIc MaTepHasaphbl )KoHE OpT Kayirci3airi kadeapacsl, a3aMaTThIK
KYpbUIbIC (haKyabTeTi, | emuMuHac aTbIHIaFbl BUTBHIOC TEXHUKATBIK
yHHUBepcuTeTi, BunbHioc, JIutaa.

E-mail: berdikul.n@mail.ru

BETOHHBIH CYJAb®ATTbBI KOPPO3UAT'A TO3IMAIITTH
APTTBIPY

AnHoranus. by makanana 6eTOHHBIH (U3HKa-MEXaHUKAIIBIK KACUETTEpiHe
Cynb(haTThl KOPPO3USHBIH TUTI3ETIH 9CEPiH 3€PTTEy HOTHIKENIEPI KOPCETIITEH.
Beron cy oprachiHa TYCKEH Ke3/1e KOPpO3usl caliqapbiHaH OCTOHHBIH OaCTarKbl
KaJIbl e3repicke yibipaybl MyMKiH. Cynb(arTeiH ocepi cyabarrap IeMEeHT
MaccachlHIarsl MOHOCYIIb(AT, mopTIaHauT xkoHe C—S—H reni CHUAKTBI KOCHI-
JBICTApPMEH OpEKeTTeCKeH e Naiya 6onansl. Peakuus eHimaepiHe 3TTPUHIHT,
THUIIC )KOHE TayMas3uT Kipyi MyMKiH. CyJIbl OpTaHbIH 9CEPiHEH KOPPO3USIFA YIIThI-
paraH OETOH JKOMBLTYBI MyMKiH. BE TOHHBIH KETKITIKC13 TOIMIUTIITT HOTHIKECIHC
KypbUIbIMIap O0y3butanbl. KypbutbiMabl sko0amnay Ke3iHae spTypii pakTopaapisl
€CKepy KaXKeT, MbICaJIbl, arPECCUBT1 OPTaHBIH KypaMJac 0esiKkrepi, KypbUIbIMHBIH
KbI3MET KepceTy >Karjainmapbl. KypbpUIBIMHBIH KaXeTTI Y3aK MeEp3iMILIIriH
KaMTaMachI3 €Ty YIIiH IIHKI3aTThl AYPHIC )KOHE MYKHST TaHAAy, COHJail-aK 6eTOH-
HBIH KOPCETUIreH (U3UKAIBIK-MEXaHUKAIBIK CHUIaTTaMaJIapblH TaFaibIHAay
KakeT. TeHi3 cybIHIarbl OCTOHHBIH KOPPO3USFa YIIbIPAY >KbUITAMIBIFBIH €Ki
ceben OoMbIHIIIA OOJKAY KUBIH: OIpIHILIIJCH, OYJ1 OpTajla KONTEereH XUMHUSIIBIK
aneMeHTTep Oap, COHJIBIKTaH OeToHJa OiplieH mapaisenb *oHe OipiHeH COH
0ipi KONTEereH peakIusuiap XYypeli; eKIHIIICH, peakmusuiapAasiH Oip Oediri
JeCTPYKTUBTI IporiecTepre, aji 0acKkaaapbl KOHCTPYKTHBTI MTPOIIECTEPTe OKeIe .
Ocpiran opail TeMipOeTOH KOHCTPYKIMSUIAPBIHAAFbI apMaTypaHbIH Kayirci3aik
Macerec Menryui pesl aTKapaibl.

Tyiiin ce3aep: KypbuUIbIC, Kypama, 6eTOH, MOau(pUKaTOpIap, KYPHUIBIM, KITH-
MAaTTBIK dcepiiep, KOppO3Husl, arpeCcCUBTI acepIep.
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MOBBIIIEHUE YCTOMYNBOCTH BETOHA K CYJIb®ATHOM
KOPPO3UUN

AHHoTanus. B crarbe mpencTaBieHbl pe3ynbTaTbl UCCIEOBAHUS BIUSHUSA
cynb(haTHOM KOppo3uu Ha (PU3NKO-MeXaHUUYEeCKue cBoiicTBa 6eToHa. Korna 6eTon
MOJBEPraeTcsi BO3ACUCTBUIO BOAHBIX CPEJl, U3-32 KOPPO3HHU MOKET MPOU30UTH
paspyienue 6erona. CynbdarHas aTaka BO3HUKAET, KOI/a Cylb(aTsl BCTYHAIOT
B PEAKIMIO C COCIMHEHUSMHU B IIEMEHTHOW Macce, TaKUMH KaK MOHOCYJIb(}ar,
nopmianauT urenb C—S—H. [IpoayKTbl peakiuy MOTy T BKIIFOUATh STTPUHIUT, TUIIC
1 TayMa3uT. Bo Bpems Bo3aelcTBUS Ha OETOH BOIHBIX CPEJ] MOXKET IPOUCXOAUTh
paspyuieHre OeToHa B pe3yibTaTe KOppo3uu. B pesynbrare HemocTaTouHOM
CTOMKOCTH O€TOHA MPU 3TOM NMPOUCXOAUT pa3pylIeHne KOHCTpyKuuil. Bo Bpems
IIPOEKTHUPOBAHUS COOPYKEHUSI HEOOXOAMMO YUYUTHIBaTh pa3ivuHbIEe (DAKTOPHI,
TaKWe KaK COCTABJIAIONINE arpeCCUBHON CPEIbl, YCIOBHS CIYKOBI COOPYKEHHUS.
Heo6xonum BepHBIN U TIIATENBHBIA MOA00P CHIPHEBBIX MATEPUANIOB, a TAKXKE
Ha3HA4YC€HUE 3aJaHHBIX (DU3MKO-MEXaHUUECKUX XapaKTEepUCTUK OeToHa, IJid
obecriedeHns: HeOOXOAMMOM JOITOBEYHOCTH KOHCTPYKIMU. CKOPOCTH KOPPO3UHU
0eToHa B MOPCKOM BOJE CIIOKHO NMPOTHO3MPOBATh MO JBYM IMPUYUHAM: BO-
NIEPBBIX, B ITOM Cpele CONEPKUTCS MHOXKECTBO XMMHMUYECKHX 3JIEMEHTOB,
U TO3TOMYy B OeToHe OyneT MpPOMUCXOJUTH Cpa3y MHOKECTBO PEAKIMH, Kak
napajijieNibHbIX, TaK U UAYLUIUX APYT 3@ JAPYrOM; BO-BTOPBIX, OJTHU U3 pEaKLMi
MPUBOAAT K JAECTPYKTHBHBIM IIpoIleccaM, a JIPyIMe€ - K KOHCTPYKTHUBHBIM.
Bonpoc coxpaHHOCTH apMaTrypbl B JKeJI€300€TOHHBIX KOHCTPYKIHSAX HMEET
OTIPEAEISIOIYIO POJIb.

KiroueBble cj10Ba: CTPOUTENBCTBO, KOHCTPYKLUSA, OETOH, Moaudukarop,
CTPYKTYpa, KIIMMaTH4YeCKUE BO3JIEHCTBUS, KOPPO3Usl, arpecCUBHAs Cpefa.

Introduction. During the construction of hydraulic structures in various
regions, it is often necessary to encounter aggregates containing reactive soluble
silica, which, reacting with cement alkalis causes internal alkaline corrosion of
concrete and can lead to premature destruction of concrete structures.
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Structures of hydraulic facilities have direct contact with water, and
commonly the affected waters are aggressive towards the concrete. The most
common are aggressive sulfate-containing waters, which, penetrating the
capillary-porous structure of concrete, cause sulfate corrosion, which leads to a
decrease in the durability of structures. The operating conditions of reinforced
concrete structures are complicated by climatic influences: these are alternating
temperature loads in the zones of above-water and variable water levels; waterjet
abrasion, which introduces additional difficulties in the selection of materials
and the development of concrete (Bazhenov, 2002; Romain et.al, 2021; Ruijun
et.al, 2022).

Currently, multicomponent concretes are actively used in various construction
industries. Previously, their widespread use was impossible due to some features
of the properties and structure. The use of concrete structure modifiers has
significantly improved the performance characteristics of such concretes. Now,
this has become possible thanks to the transition to multicomponent concrete
with various additives, such as superplasticizers and fine mineral additives of
different types (Cyrill et.al, 2018).

Denser materials have greater strength than materials with a coarse-grained
structure. Denser materials have less permeability than materials with a cellular
structure, which, in turn, have less permeability. The materials with a coarse-
grained structure have the greatest water absorption.

The dimensions of the structural elements of concrete influence the
properties of the materials. Depending on the size, the macro-and microstructure
is distinguished in concrete. A structure visible to the naked eye or at a
small magnification is a macrostructure. A structure that can be seen at high
magnification with a microscope is a microstructure. The most important for the
properties of concrete is the microstructure of cement stone, which consists of
hydrate neoplasms and micropores of various sizes. It also contains inclusions of
unreacted cement grains (Walid et.al, 2021).

Common problems in the construction of reinforced concrete structures
of hydraulic structures are unfavorable climatic conditions, aggressive
environments, and the lack of high-quality materials. They can expose the risk
of various types of corrosion and premature destruction of concrete structures.

When constructing hydraulic structures in various regions, it is supposed that
economically feasible to use geographically available building materials, such
as aggregates for concrete, cement, active mineral, chemical additives, etc. In
practice, local building materials do not always meet the regulatory requirements
of standards. Generally, we must deal with aggregates containing reactive soluble
silica (Si0,), which can cause an alkali-silicate reaction of aggregates and lead to
internal corrosion of concrete (Tang et.al, 2015).
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Figure 1. Dependence of the period of formation of the cement stone structure (setting time) on
the W/C.

The time interval from the moment of sealing the binder with water to the
beginning of the rapid strength gain of the resulting cement stone is the period of
structure formation. The duration of this period is the setting time of the concrete
mixture. The setting time directly depends on the concentration of the binder,
that is, on the water-cement ratio (Fig. 1). The lower the W/C, the shorter the
setting time of the cement dough. The ratio of the dense and porous component
of the cement stone to the end of the setting also depends on the concentration
of the binder. This structure, consisting of primary neoplasms resulting from the
hydration of cement, is an “initial matrix” by which one can judge the future
structure of concrete (Chang et.al, 2021).

Besides, a crucial role in the formation of the concrete structure is played by
the phenomenon of shrinkage or contraction. Studies show that the volume of
laid concrete is noticeably reduced in the initial setting and hardening periods.
The shrinkage of concrete can be explained by the fact that during the interaction
of the two main components of concrete, cement, and water, the total volume
of the cement + water system becomes smaller. During a few hours from the
moment of closure due to shrinkage, the geometric volume of the concrete
structure decreases by about 2%, while the absolute volume decreases to 95-96%
of the initial volume of the laid concrete mixture.

Material and Methods. Sulfate attack is the most common form of a chemical
attack that the concrete is subjected to. Sulfates are commonly found in soil,
aggregates, seawater, and cement. The chemical consequences of sulfate attacks
on concrete components are detailed below (Daman, 2019).

1. The formation of ettringite (calcium aluminate trisulfate), increasing in
solid volume, leading to expansion and cracking;

2. The formation of gypsum (calcium sulfate dihydrate), leading to softening
and loss of concrete strength.
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The sulfate attack on concrete might show itself in different forms depending on:

- when the chemical form of the sulphate;

- the atmospheric environment in which the concrete is exposed.

Protection against sulfate attack can be achieved by using concrete with low
[P NO 247] permeability, using cement with a low C.A content and blends of
Portland cement with pozzolans (thus reducing the available Ca(OH),). Proper
placement, compaction, finishing, and curing of concrete are essential to minimize
the ingress and movement of water, which is the carrier of the aggressive salts.

The study notes that the strength of cement stone was provided by forces
of polycondensation origin, which was based on covalent bonds of the Si-O-Si
type, hydrogen bonds, as well as bonds of donor-acceptor origin, based on the
strength of the interaction of water molecules with surface calcium ions and
other positive ions (Ragoug et.al, 2019; Xiong et.al, 2014).

Complete interactions of Ca,+ cations with oxygen atoms of water
molecules ensure the unification of Tobermory-like C-S-H crystals into a single
polycrystalline neoplasm. Molecules of water can enter the coordinate sphere
of calcium cations, because of which, when interacting inside C-S-H crystals,
an O-Ca-O bond is formed, and a Ca-O bond is formed on the crystal surface.
In the first variant, individual layers of crystals merge, and the second variant,
because of the unsaturation of bonds, leads to the unification of crystals at their
contact points and the formation of large polycrystalline splices. If there is no
direct contact between individual C-S-H crystals, the formation of O-Ca-H,O-
Ca-O bonds occurs when interacting with sorption moisture. These compounds,
in turn, also have an impact on the physical and mechanical characteristics
of a polycrystalline compound, since they can perceive certain mechanical
stresses. This type of bond is formed only if the distance between the surfaces of
neighboring crystals is no more than 1.3 nm. However, that the interlayer bonds
increase and the crystals become wider due to an increase in the coordination
number of calcium ions, if the number of water molecules in the price increases,
even more, the distance between the crystals will increase dramatically, which
will eventually lead to the formation of microcracks, and consequently, to a
drop-in strength (Roziere et.al, 2011). This means that with an increase in the
number of bulls in the cement system, its strength decreases.

Conducting an experiment. By creating optimal hardening conditions by
introducing chemical additives, it is possible to significantly reduce the structural
porosity of cement stone and achieve a significant increase in its bending
strength. Directional structure formation during the hardening of cement stone
with mineral additives can significantly improve such operational properties of
concrete as permeability, frost resistance, resistance to aggressive environments,
crack resistance, resistance to compressive, tensile, bending loads, etc.

68



Volume 2, Number 451 (2022)

Chemical phenomena that determine the curing of binders occur on the initial
surface of solid particles, and then continue at the interface and in the volume of
the hydrating system. The observed effect of reducing the strength of contacts
between cement particles in the presence of an additive with a diphilic structure
is mainly due to the layer directly connected to the hydrating surface. The
strength characteristics of the adsorption layers of the diphilic structure on solid
surfaces detected during boundary friction depend both on the nature of the polar
group and on the length and branching of the hydrocarbon chain. For example,
the antifriction effect of adsorption layers increases in the homologous series
from the lowest homologue to the highest as a result of increased interaction of
hydrocarbon “tails” with an increase in the number of methylene links of the
hydrocarbon chain in a series of additives with different functional groups with
an increase in adsorption capacity. the binding energy of the polar group with a
hydrophilic surface.

By changing the dispersion of germinal crystals through adsorption modification,
stopping their further growth, blocking with adsorption layers, as well as changing
the conditions for further crystal growth and clogging of the frame, it is possible
to control the stage of appearance and development of a new phase during the
induction period of structure formation, and consequently, the strength of induction
structures, 1.e. to approach the solution of the main problem of concrete technology
— obtaining materials with a given structure and properties.

In the observed cases, the destruction of building structures occurs, on the
one hand, due to the effect of salt crystallization pressure in the pores of the
material, and on the other hand, due to the formation of salt crystallohydrates
or the transition of the latter into crystallohydrates with a high content of water
hydrate and an increase in the volume of the solid phase in the pores compared
to the initial volume of the system.

Crystal growth is usually accompanied by their creep. The determining factor
in its occurrence is the tendency of dissolved crystalline substances to wet
the solid surfaces over which the film spreads, while capillaries significantly
contribute to the development of creep of salt solutions. A reliable means of
preventing this phenomenon is the creation of hydrophobic surfaces.

To obtain concretes with high corrosion resistance under the influence of high
concentration salt solutions in the presence of an evaporating surface, concrete
modification should be used by hydrophobizing the inner surface of pores and
capillaries in combination with the creation of a favorable cement stone structure.
It was this circumstance that decisively influenced the increase in corrosion
resistance of concretes modified with such oligomers as polyhydrosiloxanes,
sodium silicone and, especially, alkoxysiloxanes, which have high hydrophobic
properties.
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In a highly aggressive environment, according to, it is not recommended to
use concretes of normal density (W/C = 0.6). The average degree of aggressive
action of the aqueous medium for concretes of normal density in the presence
of an evaporating surface ensures the content of various salts in the range of
16...20g / 1, for particularly dense concretes — 30 ...50g / 1.

Concretes modified with complex modifiers are also characterized by
high hydrophobicity and, accordingly, corrosion resistance. Experiments on
the modification of concrete with hydrophobic oligomers and, especially,
hydrophobic-gas-separating action, have shown an increase in the sulfate
resistance of concrete under conditions of gypsum and sulfoaluminate
corrosion, which fully corresponds to the idea of the possibility of creating the
most favorable, from the point of view of concrete resistance, structure due to
mosaic hydrophobization of the inner surface of pores and capillaries of cement
stone and concrete in combination with thin, evenly distributed pore system.
Modification of concretes on high-layer Portland cement allows to increase their
sulfate resistance to the level of compositions on low-layer cements.

Results and discussions. Concrete and reinforced concrete structures for
civil, industrial, and hydraulic purposes have a destructive effect on various
aggressive environments. Moreover, the corrosion resistance of concrete, as well
as the degree of reinforcement protection determine the durability of structures.
The presence and concentration of aggressive components in liquid media
determine the degree of their aggressive effect on concrete and reinforced concrete
structures. In addition, the degree of aggressive influence of the medium depends
on the temperature, pressure, or fluid flow rate over the surface of the structure.
If we talk about gaseous media, the degree of their aggressiveness depends on
the type and concentration of gas, their solubility in water, temperature, and
humidity of the medium. For solid dispersed substances (dust, aerosols, salts),
aggressiveness is determined by solubility in water, dispersion, temperature,
and humidity of the environment. The degree of aggressive impact of various
media on concrete is regulated by the state standards of anticorrosive protection
of building structures. Depending on the depth of destruction of the structure,
4 degrees of aggressiveness of the medium are distinguished: non-aggressive,
weak, medium, and highly aggressive media (Table 1).

The volume of entrained air increases during the transition to the structure of
the second type, and the nature of the porosity of concrete also changes. This can
be determined by the pore saturation coefficient. If in the structure of the first
type, it is equal to 0.7- 0.75, then in the structure of the second type it is already
equal to 0.6-0.65, which may indicate the presence in the system of conditionally
closed pores (Beddoe et.al, 2005). A significant increase in the relative volume
of entrained air with conditionally closed pores up to 5-6% provides special
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hydraulic engineering, as well as concrete for road and airfield coatings with
increased frost resistance and durability. It assumed that the size of the air pores
should be within certain limits, which is considered the most effective. In various
studies, different pore sizes indicated, which is considered the most effective for
increasing frost resistance. The optimal pore size ranges from 20 to 500 microns,
which means that the most effective pore sizes range from 1...2 to 300...500
microns.

Table 1. Acceptable depth (cm) of concrete destruction over 50 years of
operation.

The degree of aggressiveness of the water-medium Type of structures
reinforced concrete concrete
Non - aggressive 1 2
Mildly aggressive 1...2 2..4
Medium aggressive 2.4 4...6
Highly aggressive more 4 more 6

During exposure to water, media on concrete, concrete may be destroyed
because of corrosion. Because of insufficient resistance of concrete, structures
are destroyed. During the design of the structure, it is necessary to consider
various factors, such as the components of the aggressive environment, the
service conditions of the structure. The correct and careful selection of raw
materials, as well as the assignment of the specified physical and mechanical
characteristics of concrete, is necessary to ensure the necessary durability of the
structure.

Figure 2 illustrates the effects of corrosion, due to the leaching of Ca(OH),,
from concrete during water filtration through concrete.

Figure 2. Leaching of Ca(OH), from concrete as a result of water filtration.
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Corrosion combines destructive processes occurring in concrete under the
action of media that contain chemicals that interact with the components of
cement stone. In this case, the reaction products either become easily soluble
and are carried away by water, or remain in concrete, representing an amorphous
mass that does not have astringent properties. This type includes corrosion
processes that occur when exposed to aqueous solutions of acids, as well as
magnesium salts.

Although it is noted that the introduction of pozzolana additives is ineffective
in carbonate-alkaline types of reactions. Some studies say that volumetric
expansions can be reduced by introducing lithium-containing additives in an
amount of 1% (Xiong et.al, 2011). In addition, barium salts (Cefis et.al, 2017),
phosphates (Vollertsen et.al, 2008), and some other substances also have a
beneficial effect (Santhanam et.al, 2003).

Conclusion. Concrete and reinforced concrete structures of civil, industrial,
and hydraulic engineering have a destructive effect on various aggressive
environments. Moreover, the corrosion resistance of concrete, as well as the
degree of protection of reinforcement determine the durability of structures. The
presence and concentration of aggressive components in liquid media determine
the degree of their aggressive effect on concrete and reinforced concrete
structures. Also, the degree of aggressive influence of the medium depends on
the temperature, the pressure value, or the velocity of the liquid flow over the
surface of the structure.

The effects of the developed complex additive on the corrosion resistance
of concrete in sulfate-containing media have been revealed. It has revealed that
the coefficients of resistance in terms of compressive and bending strength of
concrete samples with the developed complex additive, both when using sulfate-
resistant and ordinary Portland cement in aggressive sulfate and neutral water, are
close to one. From this, it is concluded that during the test period of 12 months,
the expected phase of concrete strength progression in an aggressive sulfate-
containing medium due to increased density in the pores with the formation of
calcium hydrosulfoaluminate did not occur, which proves the high resistance of
the studied concrete in aggressive sulfate-containing media.
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PA3PABOTKA BE30OTXOJHOM TEXHOJIOI' MU MTEPEPABOTKH
30JIOOTBAJIOB DJIEKTPOCTAHIIMU C ITOJTHON
JNEKAPBOHW3AIIMENA OTXOASIINX I'A30B

AnHoTtanus. B anekrpocraniusax PK ot cxxuranust BBICOKO30JIBHBIX eKrnOac-
TY3CKHUX YIJIeH exXeroJHo BbiOpackiBaeTcs B armocdepy A0 100 MiH TOHH yrie-
kucioro rasza. C 3omoit Tepsiercs 10 200 r/T rajums u repmanus, 1 T/T 30510Ta,
4% uunka, 1% cBunua, 0,3% xaamus U Apyrux siaemMeHToB. [IpoBeneHHbIe
pacueThl TEMJIOBOM CXEMBbl MOKa3alu: ce0eCTOMMOCTh CHHTE3 Ta3a C Y4eTOM
NPOM3BEICHHON B CHCTEME JOMOIHUTEIBHONW NPOAYKIMH OyAeT STr/m?, 94to ~
Ha 35% HIDKEe YeM SKBUBAJICHTHOW CTOMMOCTH TPUPOIHOTO ra3a (8Tr/m* B city-
yae M3BJEUEHUS 30JI0Ta U3 pacillaBa, BO BCEM IUalla30HE MU3MEHEHHMs LIEH Ha
ynanenue CO,, CPOK OKYIIa€MOCTH CUCTEMBI HE NPEBBIMIAET 4-5 JIET; B Cllyvae
OTCYTCTBHS U3BIIEYEHHUs 30/10Ta, Ipu HeHe HeiTpanusauuu CO, ($200/84000
Tr)/T CO CPOKOM OKYIaeMOCTH 7,0 IIeT, BIOXCHHE WHBECTUIIMH HAXOAUTCA
OJTM3KO K 30HE SKOHOMHUECKOI 11e71eCO00pa3HOCTH.

KuroueBsble cioBa: 3011a, ”HBEpcHOHHAs (a3a peakropa, O€30TXoqHAs TeX-
HOJIOTHSI, CHHTa3, PEIKUiA, CyOIMMAaThI [IBETHBIX METAJUIOB.
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IIBIFATBIH TA3TAPIBI TOJIBIK JEKAPBOHM3ALIASLIIAY
APKBLIBI JIEKTP CTAHIMSIIAPBIHBIH KYJI YHAIHALJIEPIH
KANTA OHJIEYIIH KAJJABIKChI3 TEXHOJIOTUSICBIH O3IPIEY

Annoranus. Kazakcran PecrnyOnuKachIHBIH 3JIEKTp CTaHIMSUIAPBIHAA KYJI-
ainiri sxorapel ExiGacty3 kemipiepiH karylaH xbUl cailblH atMocgepara 100
MJTH TOHHaFa JIeWiH KOMIPKBIIKBLT ra3el 0eminesi. Kynmven 200 1/t neitin ranuii
MeH repmanui, 1 v/t anteiH, 4% Meipsei, 1% kopraceH, 0,03% kagmuii xkoHe
0acka IEeMEHTTED YKOFajabl.

Keutynblk cyn0aHbIH ecenTeyliepl KOpPCeTKEeHIEW: JKyHene OHIIpUIeTiH
KOCBIMIIIa ®HJIPICTI €CKepe OTBIPBII, CUHTE3/IIK Ta3bIH KYHBI STr/M3 Gojasl,
Oy Taburu Ta3aplH Oanamansl KyHbIHAH (81r/M3) ~35% TemeH; OanmkpIMagaH
anThIH any sxarnaibinga, CO2-Hi keTipy OarachIHBIH ©3TepyiHIH OapibIK Aua-
Ma30HBIHAA KYHEHIH eTely Mep3iMmi 4-5 KbUIAaH aclaibl; anThlH OHAIPY
oonmaran karmaiina, CO2 3amancei3aanaslpy Oaracel Ooiibiama ($200/84000
TEHIe)/T eTeny Mep3iMmi 7,6 KbUI, WHBECTUIUS SKOHOMHUKAIBIK OPBIHIBUIBIK
aliMareIHa JKaKbIH.

Tyiiin ce3aep: KyJI, UHBEPCHSITBIK (haza peakToOphl, KAIABIKCHI3 TEXHOJIOT U,
CO2 GeiliTapantanplpy, CHHIa3, TYCTI METalAapAblH CyOIMMaTTapshl.

A.B. Dikhanbayev", B.I. Dikhanbayev?, S.B. Ybray?, Zh.T. Bekisheva*

'Almaty University of Energy and Communications, Almaty, Kazakhstan;
?Kazakh Agrotechnical University named after S. Seifullin,
Nur-Sultan, Kazakhstan.

E-mail: arystan.d74@gmail.com

DEVELOPMENT OF WASTE-FREE TECHNOLOGY FOR
PROCESSING ASH DUMPS OF POWER PLANTS WITH COMPLETE
DECARBONIZATION OF EXHAUST GASES

Abstract. In the power plants of the Republic of Kazakhstan, from the com-
bustion of high-ash Ekibastuz coals, up to 100 million tons of carbon dioxide are
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annually released into the atmosphere. Up to 200 g/t of gallium and germanium,
1 g/t of gold, 4% zinc, 1% lead, 0.03% cadmium and other elements are lost with
ash. The calculations of the thermal scheme showed: the cost of synthesis gas,
taking into account the additional production produced in the system, will be
5tg/m?, which is ~ 35% lower than the equivalent cost of natural gas (8 tg/m?); in
the case of extracting gold from the melt, in the entire range of changes in prices
for CO, removal, the payback period of the system does not exceed 4-5 years;
in the absence of gold extraction, at the price of CO, neutralization ($200/84000
tenge)/t with a payback period of 7.6 years, the investment is close to the zone
of economic feasibility.

Key words: ash, reactor inversion phase, waste-free technology, CO, neutra-
lization, syngas, sublimates of rare, non-ferrous metals.

BBenenue. Pecnyonuka Kazaxcran (PK) 3anmmaer BochMoe MecTo 1O
pa3BeJaHHBIM 3allacoM YIVIs, JOCTAaTOYHOrO Ha COTHHM JieT. OT CKuraHus
DkubacTy3CcKoro yris B orBajiax HaxomuTtcs 6onee 300 MIIH TOHH 30JbI M UX
3arachkl HEYKJIOHHO pacTyT, Ha 30 MITH. T/TOJI, 9TO MOXKET IIPUBECTH K HEMHHYEMOM
TexHoreHHoi karactpode. B PK oxomo 80% snekrposnepruu mpou3BOAUTCS
OT CXKUTAHMS YIVISI M €KErOAHO BhIOpackiBaeTcs B atMocdepy cBbimie 100 mMiaH
TOHH JMOKcHAa yruepoaa. B robansnom macmrabe nsbbirok CO, B armocdepe
COINPOBOXK/IAETCS M3MEHEHUEM KITMMAaTa, YTO MPEMOJAHOCUT KaTaKIU3Mbl B BUJIE
HABOJIHEHUH, JIECHBIX MOXAPOB, 3aCYXH U T.1.

[TockonpKy m100anbHBIE BBIOPOCH! yIiiepoAa MPOAOKAIOT PAacTH, KIMMaTH-
geckas 1enb 1,5°C k 2050 BRIISIUT Bce MEHEE M MEHEE ONTHUMHCTHYHON 0e3
MPUHATHUS PEIIUTEIBHBIX MEp M0 COKPAIICHUIO BBIXOJA YITICKUCIIOrO raza Ha
MecCTax U yJaJICHUIO U3 aTMOC(EPHI.

MHoroo6emaonmM HTHCTPYMEHTOM B 3TOM IUIaHE SBISETCS MPUMEHEHHE
cnocoba mpsimoro 3axsara Bo3ayxa (DAC - direct air capture). Ilo ouenke
komnannu Climate Engineering croumocts ymosnennoro CO, u3 Bo3ayxa
cuiibHO paznuyarorcs: or 100 no 1000 nonnapos 3a TonHy. MiMeercs u apyroi
BapHaHT peuienus. Komnanus no npsMomy yiaaBiuBaHHIO Bo3ayxa, Climeworks
npejiaraeT cMemmuBarh 3axBadeHublii CO, ¢ BOJOW M 3aKayuBarh €ro Ha
500-600 meTpoB moj 3emileH, IJie ra3 BCTYNHUT B PEAKIMIO0 C OKPYKAIOIIUM
0a3anbTOM M TpeBpaTtuTcs B KameHb. OpHako, Jake HpHU JOPOTOBHU3HE U
YCIIENIHOM BHEIPEHUM BBIIIECKAa3aHHbIX TexHonoruu, ¢ CO, Oymer yTepsHo
SHEPreTUUECKH LIEHHbIN cocTaBisAomuil «C» U NpUIETCs 3aHOBO U3BJIEKATh U3
3eMJIM M UCTI0JIb30BaTh YIIIEPOIHOE TOILUIMBO B IpexkHeM MaciiTtabe. bosee Toro,
C y4eToM modanbHbIX BeIOpocoB CO, Ha CErOMHAIIHMM A€Hb 36 TMIaTOHH/TO,
noTpelyeTcst CTPOUTEIHCTBO TOPOTOCTOSAIIMX XPAHUIIHLII.

Hcnonp30BaHue HU3KOYTIIEPOAHBIX TOIUIMB B MHAYCTPUHU U HA TPaHCIOPTE
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Y TpuMeHeHue Ooliee CTPOTHUX IKOJIOTUYECKUX 3aKOHOB, CTUMYIUPOBAJ CIIPOC
Ha KpynmHoMacmTaOHOEe MPOU3BOJACTBO CHUHTE3 raza u3 yrisa. Cpennuit pac-
xon ymis cocraBisier (2-2,4) kr/ m® raza. CuHTE3 ra3 MOXKET OUHMIIATHCS U
nepepadaTbIBaThCs AJS MOJYYEeHUs TOIUIMBHBIX IJIEMEHTOB, 3aMEHHUTENs MpH-
POMHOTO Ta3a WM CHHTeTHYeCcKNX Hedrenpoaykros (Zhu, 2010), (Wang, 2010),
(Handbook, 2003), (Liangyong, KY 40511-8410.

Tem He MeHee y CHHTE3 Tra3a €CTb PAJ CYILIECTBEHHBIX HEI0CTaTKOB.
Ilo monmcueram KoHcynsranmoHHoi rpynmel Wood Mackenzie 3aBox mo
MpOM3BOACTBY cHHrasa B Kurae okymaercs mpu neHe B $0,23/um’CI. Eciu
y4eCcTh MaKCUMaJbHYIO KalopuitHOCTh cuHrasa 11000k x/HM?, a mprupoaHOTO
raza — 35000 xJ[>x/HM>, TO IpUBEAEHHAs CTOMMOCTh CHHra3a M0 OTHOIIECHHUIO
K npupoxHoMy razy oyzer - $0,23*(35000/11000) = $0,73/am*CI. Tlpu mpe-
JIEIBHON OMTOBOM CTOMMOCTH TOBAapHOTO MPUPOAHOTO Ta3a B PecmyOnmke
Kazaxcran - $0,062/M°TIPT" (26 Tr/m*) npuBeneHHbIii I M® cuHrasa OyaeT CTOUT
noutu B 12 pa3 1opoxke U He CMOXKET KOHKYPHUPOBATh C MPUPOIHBIM T'a30M.

OnHol U3 BOBMOXKHBIX MTyTeH CHUKEHUS CEOECTOMMOCTH CHHTa3a SIBISETCS
WCTIONB30BaHNE [UIA Ta3U(HUKAIMKA BBICOKO30JFHOTO JKHOACTY3CKOTO YIJIAL.
Kax u3Bectno 1 x/{xx OV B ~ 4 paza newesne 1 x/[x npupognoro raza. Torna
MpUBEJeHHAs CTOMMOCTh 1 kKJ[)k cuHTa3a OyaeT TonbKo B 3 pasa BhIie, 4eMm 1
K[>k mpupoaHoro rasza. JlanpHenIee yIeeBIeHUE CUHTa3a MOKET IPOUCXOAUTh
3a CcYeT NapajuIeTbHOTO MPOU3BOACTBA JOMOJHUTENBHON MPOAYKIMH MPH
I1aBke OQUIFOCOBAaHHOM Ta3U(PUKATOPHOM 30JIbl: pacIulaBa MPUTOAHOTO IJIs
MIPOU3BOJICTBA CTPOUTENHHON MPOMYKIMH U KOJJIEKTUBHOTO KOHIIEHTpATa OT
BO3TOHKM LIMHKA, CBUHIIA, KaIMUsl, T€PMaHUs, TaJUTHSI U NIBUIEBUHOTO 30JI0TA.

JlpyruM HEIOCTaTKOM ra3u(uKamuu yriis SBISICTCS BBICOKUN YPOBEHB
BbIOpocoB CO, (3,5 xr CO, /M3 CI). Eciiu yuntsIBaTh exeronnbii Beiopoc 100
MiH ToHH CO, TOsBKO 35eKTpocTannusaMu PK, To HuKHUMIA TOPOT 3aTpar Ha ero
yJaBlIUBaHUE cOCTAaBUT 10 MUITHAP/IOB IOJIIAPOB B TO, UTO SIBHO HETIOABEMHOE
Opemst 11 SKOHOMUKH cTpaHbl. K Tomy ke, nist cHaGxenus 3aBona DAC, utoObt
ynasnusarh 100 min Tonn CO, B roz1, NoTpeOyeTcst OKOIO YETHIPEX THICAY TOHH
ruapokcuna kanust (KOH), uto B cOTHM pa3 NpeBbIIIAET T'OIOBBIE MOCTaBKU
3TOro XMuMuueckoro Bemiectsa B PK.

C uempro cokpamenus BeIOpocoB CO, aBTOPBI NPEMLIOKUIM IHEPIO-
sKooTH4Yeckl 3(dekTuBHYI0 TexHomoruio omnucaHHod B ([{uxanOaes,
2020). Ee ympomienHas cxema cienyiomias. B oTxoasimue rasbl IaBHIBHOTO
peakTopa BMEIIMBAIOTCS Maphbl IMHKA, KOTOPHIE PEarupyroT C YIICKUCITBIM
rasom 1o o6o6mennoi ¢opmyne 2Zn+CO,= 2ZnO+C (1). O6pasopapiuascs
CMECh OKHCH LIMHKa U 3JIEMEHTHOTO yINepoja, MOCie OTAENIEHUsI OT Ta30B B
ANMEKTPOPUIBTPE, 3arpy’KaeTcsi B YCTAaHOBKY «IUCTHIUIATOP-KOHIEHCATOPY,
IJie [IMHK BOCCTAHABIUBAETCS M3 OKUCH IOCPEICTBOM SJIEMEHTHOTO YINepoa,
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3aTeM AUCTUIUIMPYETCS, KOHACHCHUPYETCS, CHOBA HCIAPSETCs, BIyBAeTCs B
OTXOJAIIME Ta3bl peakTopa. B urTore mporecc NoBTOpAETCS U LIMHK 3aMKHYTO
IUPKYIUpyeT B cucteme. Takum oOpa3oM pocTturaercs ABOHHON 3(ddexr:
cokpaiaercs BeiOpocsl CO, B OKPYKAIOILYIO CPELy M BO3BPAIIAETCs YIIEPO
TOIIJIMBA OOPATHO B MpoLiECC.

[Ipn cxuranum exumbacTy3CKOro yris c 301bHOCTBIO 45-50% B Temo-
MEKTpUUECKUX craHmusax Pecrnyonuku Kaszaxcran 3omoii  tepsiercst mo: 200
r/T ramuas, repmanus, | r/T 3omorta, 4% 1nwHKa, 1% cBunna, 0,3% xaamus u
apyrux snemenToB (XamsuH, 2003; Ileperynos, 2000; Anexcanmposa, 2014;
Komurym6baes, 2018).

[IpenimecTBytoiue pabOThl BEIUCHh B HAMPABICHUN UCTIOIB30BAHMSI 30JIOIII-
JJAKOB B JIOPO’)KHOM CTpPOMUTENIbCTBE, IPOU3BOACTBA CTPOUTENIbHBIX Mare-
pHANOB KaK SYEUCTOro OeTOHa, 30J100€TOHA, B BUAEC YKPYIMHEHHBIX Jabo-
PaTOpHBIX HCCIEAOBAaHUN IO W3BJICUEHUIO PATUOAKTUBHBIX METAJIOB, IIMHO-
3eMa, KpeMHe3eMa C IMOMOIIBI0 XUMUYECKUX PEarcHTOB, BBIICIICHHUE KeEIe30-
comepxaiiel (Gpakuud METOAOM MOKPON MAarHMTHOW cemapaliu, OTICICHUE
HECTOPEBIIEro yIisi METoAOM (IOTaluy, MHCIOJIb30BaHUE 30Jbl B COCTABE
peareHTa JJis NyOOKOM OYMCTKU CTOYHBIX BOJ OT cyibdar-uoHoB (Komrym0Oaes,
2018 ; bmaiiga, 2008; bopbart, 2000; Muxaitnos, 2008). OnHako, HECMOTPS Ha
WX HECOMHEHHYIO Ba)KHOCTH, BCE TIEPEUNCIICHHBIC UCCIICIOBAHUS HANIPABICHBI
Ha TepepaboTKy OTXOAOB YIS, CJemysl OCTaTOYHOMY MPHUHIIMITY «CHayaisa
CO3J1aBaTh OTXOJIbI, 3aTEM X «YCIICIIHOY» IepepadaThIBaThy.

Metononorusi. [{ysi BBIONTHEHUS! MOCTABICHHON 3aJa4ll MPUMEHEH METOJ
MIPEICTBHOTO IYHEPrO-pPeCcypcocOSpeKeHHs, KOTOPBIA IOIpa3yMeBaeT: BBIOOD
sHeprocOeperaroniero 000pyIoBaHus 1 GOPMHPOBAHIE CUCTEMBI KOMILIEKCHOM
nepepadOTKK 30JI00TXO0B; Pa3paboTKy TemoBol cxembl oraenenus usz CO,
AJIEMEHTHOTO YIJIEPOJia C €r0 PEereHEPATUBHBIM UCIIOIB30BAHUEM U MOYYCHHUS
BBICOKOBOJIOPOJIUCTOTO CHHTa3a U3 BHICOKO30JILHOTO YIJIA.

IIpoBeneHue IKCIEPUMEHTOB U 00CykIAeHUe pe3yabTaToB. [IpoBeneHue
IKCMEPUMEHTOB MO HU3BJIE€YEHHIO TepMaHUsl U3 HLIAKOB. OTBITH TPOBOIU-
JIUCh Ha MUJIOTHOM yCTaHOBKE «peakTop MHBepcHH (a3z-TpyOuaras meub)» Huc-
MOJIE3YIOIIMI HOBBIM TPHUHIUIT MEePepadOTKHU paciuiaBa — «HIEaJbHOE» CMe-
meHue- «uaeansHoe» BeiTecHeHUe (Dikhanbayev, 2017; Dikhanbayev, 2019;
Dikhanbayev, 2018; Dikhanbayev, 2021).

B skcnepuMeHTax HCIMONB30BajICs OTBAJIBHBIN IUTAK CIEAYIOUIETO XHMH-
4ecKoro cocrasa, %: GeO, (0,011 — 0,0115); ZnO (9,5 - 10); PbO (0,1 - 1,15);
Cu (0,6 - 1,0), FeO (7-8); Fe,0,(2-3); Fe,0,(23-24), Si0,(27-28); CaO (13—
14); ALO(7-9); S (0,4 -10,5).
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A-OyHkep, B-Temo-
oOmeHHuKH, C-Bpa-
I1ato11asics Meyb,
D-peakTop uHBepcUn
¢a3, E-anexrpu-
YEeCKHH OTCTOMHUK,

|| F-ymiepoaucroe
)kene3o0, G-IuTon
KaMeHb U3 CHUIIMKAT-
HOTO IIIJIaKa.

PI/IcyHOK 1- MOZ[CJ'H) MMUJIOTHOM YCTaHOBKHU MO nepepa60T1<e TCXHOI'CHHBIX OTXO/J0B.

B tabmuie 1 npuBeneHsl pparMeHTHI pe3yabTaTOB OMBITOB HA/ IIMHKCOAEP-
KAIIUM [IIAKOM.

Tabnmuma 1 — Pe3yabsraTsl 5KCIIEPUMEHTOB 110 BO3TOHKE IIMHKA M TePMaHUs
U3 IIJIaKa B peakTope MHBepCcHH (a3

Hpmb MM. tp,OC MB, | Popo, | I |27 94/9% Ge' E, | Buprs | Vi | t,» |Z0 B
BOJI.CT. KT Kr G, | Gé, % | um3 | uM3 |°C | Bo3ro
k! (r/1)/(r/T) q g Hax,%

50-100 |1300-1400|75 [693 [0.56 |10.15/3,34 |114/26 |77 |300 |80 |240 |57
50-100 ]1300-1400|84 [674 |0.42|10.15/2.13 |120/25 |79 |317 |90 |250 |60

3pece: H | — aBieHne ra3o B peakTope, / — TeMIepaTypa B BAHHE pacIuia-

I
Ba, MB, P, —Macca BaHHBI M IPOU3BOIUTENLHOCTh PEAKTOPA, — - OTHOILEHHE
Gy H
HMITyJIbCa ra30B B COIUIAX MPOJYBOYHOM PELIETKHU K BECY BaHHBI PEAKTOPA,

Gel Znk
- OT_

- OTHOIIIEHUE HAYaJbHOW M KOHEUHOM KOHIIEHTPALMU IIMHKA B [IUIAKE, or
HOILIEHHE HA4YaJIbHOTO M KOHEYHOTO COJepKaHusl repManus B nuiake, E — cre-
MIeHb U3BJICYCHHUSI IMHKA ¥ TePMaHUsI U3 1ILJIaKa, BHPF— pacxoj MpUPOTHOTO Ta3a B
peakTop uHBepcuu a3, V  — pacxoj KUCIOpoja Ha MPOLECe, t.  Temmeparypa
IYyThEBOTO BO3/yXa C BO3IYXOIMOJOTPEBATENS.

CornacHo Tabmuubl 1, U3BIeUeHHE FepMaHUs U IMHKA U3 [IUTAKOB COCTABIISET
6onee 70%. Tot (akt, yTO cTENEHb BOCCTAHOBICHUS T€pMaHUs U IIMHKA HAXO-
JUTCSl IPUMEPHO Ha OJMHAKOBOM YPOBHE, yKa3bIBa€T Ha HEMOCPEICTBEHHYIO
3aBUCHMOCTb H3BJICUCHUS T€PMaHMsI OT MPUCYTCTBUS LIMHKA. ABTOPBI paOOTHI
(OkyneB, 1966) Takxke yTBEpXKIAIOT, 4YTO Ha MpakTHKe (BIOMUHIOBAHUS
LMHKCOJEPKAIIMX IUIAKOB HaONoAaeTcs mpsMas 3aBUCUMOCTb H3BIICUECHHUS
repMaHusl OT OTTOHKH IIUHKA, T.€., YeM OOJIbllle COIepKaHUEe IIMHKA B IIJIaKe U
BBIIIIE TEMIIEpaTypa MpoIecca, TeM yCIelIHee yIajJeHHe TePMaHus U3 paciiiaBa.
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C uenpro u3y4eHus BEpOITHOCTH BoccTaHoBneHus repmanus razamu CO (H,)
U MapaMu LIMHKA ObUIM U3y4Y€Hbl UX TEPMOIMHAMUYECKHE XapaKTEPUCTHKHU B
npexenax remneparyp 1200 — 1400°C (Outokumpu, 2002). B pe3ynbraTe MOKHO
3aKJIIOYUTh, YTO (DaKTOp W3MEHeHus »Hepruu [ubOca NI BOCCTaHOBJICHHS
repmanus u3 ero okcuaa rasamu CO(H,) oTpuuarensHo, KOHCTaHTa PEaKIuii
(K) mpu 1200°C menstercst ot 3,002 10 19,24, uro yka3piBacT Ha BEPOSTHOCTh
nporekanus peakimid. Hanbonpiiee abcomotHoe 3HaueHus Gpakropa AG u «Ky,
CJIEIOBATENBHO, OKUIaeMOe n3BieueHne Ge JOCTUraeTcs Py BOCCTAHOBIEHUH
repMaHHs IMHKOBBIMU Hapamu 110 popmynam GeO,+2Zn=27Zn0+Ge (1=1200°C,
K=2894,0) u GeO,+Zn=Zn0+GeO (r=1200°C, K= 2089,0). ITpu 5TOM 3HaueHUE
KOHCTAHThI PaBHOBECHS pEaKIUi IPU U3BJICUEHUU LWHKOBBIMU MapaMu Ha JIBa
nopsiaKa Belie 4eM npu Boccranosnennn Ge razamu CO(H,).

Cornacho Tabnuie 2, 1aBleHue HaChIIIEHHOTO Napa IIMHKa Ha 25 pa3a 0oJbIie
yeM y GeO, 4To yKa3bIBa€T Ha JOMHUHUPYIOULYIO POJIb MTOABEMHOMN CUJIBI IIMHKA
IIPY U3BJIEYEHUH COMYTCTBYIOIIMX MPOIYKTOB PEAKIIMU U3 paciliaBa.

Jlnst peakiun Boccranosienus rams u3 Ga,O, razsamu CO(H,) u napamu
IMHKa, Talke B mpenenax temmeparyp 1200 — 1400°C, ¢akrop u3MeHeHUs
sHeprun ['n66ca monoKUTeIbHbIN, a KOHCTAHTa PABHOBECHS PEaKLUil MEHbILIE
€IMHULIBI, YTO YKa3bIBAE€T HA MAJTyI0 BEPOSTHOCTD MTPOTEKAHUS IpoIecca.

Onnako, nis peakiuun Ga,0,+C=Ga,0+CO, B npenenax temneparyp 1200
— 1400°C, naubombinee abcomtoTHoe 3HadeHus pakropa AG (-150.520) u K (50
060.0), yxa3biBaeT Ha OCYLIECTBUMOCTh mporecca. [locneanee yTBepxiaeHue
comiacyercst pesynbraramu onbiToB. CornacHo (bnaiina, 2008) it nomydeHus
00OTralIeHHbIX rajuIueM MMPOAYKTOB PEKOMEHIYETCSI OCYIIECTBISATH IIaBKY 30715
¢ nobasnenuem 20-25 mac. % ymis ¥ nogavyeld B peakMOHHYIO 30HY TOPSYEro
(900 °C) Bo3myxa. ABTOpBI YTBEPKIAIOT, YTO MPOUCXOUT BTOPUYHAST BO3TOHKA
nerkonerydero Ga,O u oboranieHue yHoca HEHHbIMM MeTaiamMu B 10-20 pa3s
10 CPAaBHEHUIO C UCXOIHOM 30JI0M.

CornacHo Tabnuie 2 repMaHuil, Takke Kak TajulMid U 30J10TO, HEJNETyd U3-
3a BBICOKOM TEMIIEpaTypbl KUIEHUS U HU3KOTO JaBJIEHUS HACBHIIICHHOTO IMapa.
[ToaToMy aBTOpBI MPUXOJAT K MHEHHIO YTO PBHIYArOM HM3BJICYCHHS] TE€pPMaHUA
U3 IIJJaKa MOIJIO CIYXXHTh CIIOCOOHOCTh CMEUICHMS T€pMaHHs C LUHKOM U
MObEMHAs CHJIa MCTIAPSIONIErocsl IMHKA U3 ciosi paciuiaBa. OcyliecTBIeHe
TaKOro MpoIecca CTajJo BO3MOXHBIM Ojarogapsi CO3[aHMIO B paciuiaBe Ipo-
recca OJM3KOro K “uzieaibHOMy’” CMEIIEHHUI0, B KOTOPOM 00€CIIeUnBACTCS yCII0-
BHE I KOATYJISIIUM YacTUIl IMHKA, TePMaHUs.

B Tabnuue 2 niuocTpupyeTcst XapakTepUCTUKUA METAJUIOB, COACPIKALIMXCS B
30JI€ OT CXKUTaHusl DKUOACTY3CKOTO YIVIS.
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Tabmuua 2 — Terutoduznueckre CBONCTBA METAIIIOB

Ne Meramngeckue Temneparypa | Temneparypa | /laBieHue HacBIIEHHOTO Mapa,
KOMIIOHCHTBI 30J1bI wiasnenus, °C | kunenws, °C MM.pT. cT. (ipu 1300°C)
1 [unak 419.5 906 13 289,0
2 I'epmannit 936 ~2700 0,012
3 | Oxkcup repmanus (1) 280 710 514
4 lanmuit 29.75 1983 0,228
5 3onoto 1063 2600 0,00063

Cormacuo (Gyujin, 2019) nuHK W rajaididi B PaclIaBIC€HHOM COCTOSHUU
CMEIIMBAIOTCS BO BCEX OTHOMICHUsAX. OMNHCaHBI JIETKOIIAaBKHE CILIABBI,
comepxkamue a0 72% ramnus. DBTekTHYeckuil cmmaB 5% uuHK U 94-95%
raumii wiaButces npu 25°C. B cucreMe HMMHK-TépMaHUN MMEETCS 9BTCKTHKA,
cozmeprkarias 6% repmanus, ¢ Temneparypoii iasienus 398°C (Long, Vol.95).

M3Becren cnocob Ilapkecca (Raquel, 2015; Koizhanova, 2012; Viladevall,
2013), comracHO KOTOpPOMY B CBHHEICOJACP)KAIIUNA pPACIUIaB BMEIIMBAIOT
METaJUIMYeCKUN IMHK JUTsI U3BJICUEHHUsSI YacTHUI] 30510Ta U cepebpa. [Ipu stom
00pa3yloTcss UHTEPMETAITUABl «IIUHK-30JI0TO-Cepedpo», KOTOPhIE BCIEACTBUE
pacciamBaHUs CHCTEMbl «CBHMHEII-IIMHK-30JI0TO-CEPEOpO»  MEpEexXoAsT B
MOBEPXHOCTHBIN CIIOM CBHHIIA B BHJIE TaK HA3bIBAEMOW 30JI0TO-CEpeOpHUCTOM
neHbl. [leHy CHHUMAIOT ¢ MOBEPXHOCTH M HAINPABISAIOT Ha MepepaboTKy st
M3BIICUCHUS 30JI0TO-cepedpucToro ciasa (cruias JJope).

Ha ocHoBanuM mprBeIeHHBIX IOBOJOB TAK)KE MOKHO ObLITO OBl MPEATION0KUTH
0 BO3MO)KHOCTH 00pa30BaHUS HHTEPMETAIUTHIA «IIMHK-30JI0TOY» B CJIO€ pacIljiaBa
C «HIeaJbHbIM» CMEIICHHEM U W3BJICYCHHH TOHKOAMCIIEPCHOTO 30JI0Ta B
ra3oByio ¢azy B 00beMe UCTIAPSIONMIEToCs IIMHKA.

Pe3yabTaThl IKCIIEPUMEHTOB MO0 BOCCTAHOBJIEHHIO »Kejie3a U3 IILJIAKOB
U TEPMOAMHAMHUYECKUX PACYETOB MAapPOBOii rasuukanuu xesje3a. OnbIThl
110 BOCCTAHOBJICHUIO >K€JI€3a U3 IIIAKOB MPOBOIUIUCH HA MUJIOTHON YCTAaHOBKE
«peakTop UHBepcuu ¢a3-Tpyoduaras neusb» (puc. 1). B sxkcnepuMeHnTax ucmons3-
OBAJICSI OTBAJIBHBIN UTAK (PBIOMHUHTOBAHUS CJICTYIONIEr0 XUMHUECKOTO COCTaRBa,
%: GeO, (0,011 -0,0115); ZnO (9,5 10), PbO (0,1 —1,15); Cu (0,6 1,0); FeO
(7-8); Fe,0,(2-3); Fe,0,(23-24); SiO, (27-28),; CaO (13-14); AL,O(7-9); S
(0,4-0,5).

Tabnuna 3 — Pe3ynbTaTsl SKCIIEPUMEHTOB
apmb Peyo, B“pr' Byoxer VKucn VBo3

t,°C W E, |Q,.
KT 3 "o 3 3 0303, P ) N Sy
2 |HM Hm’ | HM® |°C KBTeu % | xJx/M3

9 q : -
q q
0,42 11000 {300 |310-320 (430 | 1400|240 | 1350-1400 |390-400 |70 |7030 1800-1900

0,4 1050|320 |310-320 {450 |1410|250|1350-1400 |400-410 |75 |7060 1850-1900

T
t xap’ oC
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3neck: o, - KO3DHHUUMEHT pacxoaa OKUCIUTeNs, P, . — IPOM3BOAUTENLHOCTD
peakTopa 1o LUIAKY, B — pacxoj MPUPOIHOTO rasa B PEaKTOp MHBEPCHH ¢as,
B, . — Dacxox KOKCOBOW IbUIM B PEAKTop, V — pacxoi KUCIOpojaa Ha Mpo-
IIECC, PacXoil JYThEBOIO BO3/yXa, t = — TEMIEparypa JyThEBOIO BO3IyXa ¢
BO3/lyXONOZOrpeBaTesIs, / — TEMIepaTypa B BaHHE paciuiaBa, W, — pacxox
ANIEKTPOIHEPIUH, E —CTeNeHb U3BJIEUEHUS] METAJUIOB, Q — TEIJIOTa CrOpaHUs
TOPIOYETO Ta3a, T y,p — )KAPOIPOU3BOAUTEIBHOCTD TOPIOYETO ra3a.

[IponyxTamu mpouecca sBisieTcs: IMHK B BO3roHax - 100kr/y4; xxene3zomen-
HbI#1 crtaB — 230kr/4; roprounii ra3z — 430 m*/4; map — 1,51/4; paciuiaB npuUroaHbIi
JUISL IPOU3BOACTBA CTPOUTENIBHOM MPOyKIMU — 670Kr/4.

B pesynabrate BOCCTAaHOBIEHHS Kelle3a W3 LMHKCOJEP)KAlIero Iulaka
CHIIMKaTHas 4acTh paciuiasa conepxkana B %: FeO (9-11); SiO, (40-42); CaO
(23-24); A1,O, (12-13), 4TO COOTBETCTBOBANA MO COCTABY IS JIUThS IIITAKOBBIX
KaMHEH WM POyBKH IILTAKOBATHI.

VnenbHbI pUBEAEHHBIA pacxoj yCIOBHOTO ToruiMBa (ymiepoaa) Ha 1 kr
Kejiesa: bc Ql‘lpI‘+QKOKC+Q33+Q02)_(QZTL+QI‘I‘+Qﬂap+QpaCl'lJI)/n3aM

Pre*Qy.r.
3nech: Quprs Qxoxer @55, Qo, - TEIIOTBOPHAS CIOCOOHOCTH NPUPOIHOTO Ta3a

Y KOKCa, IEpBUYHAS TEIJIOTA 3aTpauyeHHas Ha MPOU3BOJICTBO AIEKTPOIHEPTUH U
KHCIIOPOJA, COOTBETCTBEHHO; Qzn) Qrrs Qnaps Upacnn — TemnoTra 3arpadeHHas Ha
MIPOM3BOJICTBO IIUHKA, TOPIOYETO ra3a, mapa, paciiaBa MpPUroJHOTO JUTsI BBITYyCKa
CTPOUTENbHOM POIYKIMH B 3aMEIAEMBbIX arperarax. P, — Ipou3BOUTEILHOCTD
IUTaBUIILHOTO PEAKTOPA 10 JKENE3Y, ¢, — TEMIOTBOPHAS CIIOCOOHOCTH YCIOBHOTO
tormBa. [Ipu KIIJ] 3amemaempiX arperaTroB BBIMYCKAIOIMIMX AHAJIOTHYHYIO
MPOAYKUHUIO Mszam =0,85, bEe 3,45 KrC/KrFe Torna ynenbHBIA MPUBEICHHBIN
pacxon xenesa Ha 1 kr yrmepona - bf¢=-= f =3,45 krFe/xrC.

s onpenieneHust TEOPETUUECKOTO ypOBH;{ BBIPAOOTKH BOJIOPOJIA MPH Ta3u-
¢uxanun yrmepona BonsubiM napom C +H,O = CO + H,, npu peakunu cMelenus
Bonsnoro rasa CO + H,O < CO_+ H, u npu napoBoi rasuduranmm xenesa
Fe + H,O = FeO + H, Obuin BbIBENEHBI YPABHEHHS U PACCUMTAHBI YAEIbHBIE
3HaYEHUs BOJIOPOAA JUIsl STUX peakinu. Pe3ynbrarsl pacueToB NpeCcTaBICHbI Ha
Tabnure 4.

Tabnuua 4 — Pe3ynbraTsl TEpMOIUHAMUYECKUX PACUETOB
BripaboTka Bomopona

Ne

Ha CTaJIuy [1apoBOi
rasu(uKaluy yriepoaa

Ha crapuu peakuuu
CMEIEHHs BOJSTHOTO ras3a

Ha CTaJIuU PEaKLUH 1apOBOU
razuuKanum xeiesa

I [C+H,0=CO+H,

CO+H,0 © CO,+H,

H,0 Fe + H,0 = FeO + H,

t=900°C t=600°C t=500°C
2 |y=18M3CO/xkrC = 03926m° Hy 0o =20 B
/M3 CO r <

_ 3,45KrFe_
- ke’
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3 1g =1.8mM3H,/krC |q; = 0.71mM3 H,/xr C =+ (3)
B,
=1,138m3 H,
/xr C
40 q; (0-71> qs (1,138
—= *100 — == * 100 = 63%
q \18 q ( 1,8 ) °
=40%
5 | CymmapHOEe KOIMYECTBO BOIOpOJA HA EIMHMIY Yyriuepojpa: ».q=q+dq, +qs = 1,8+
0,71+ 1,138 =
3.64M3 % C; coOTHOILLEHUE IPOAYKTOB peak MU Ha 1 Kr UCXOAHOTO yrjepoja — % =
q+Q2+qs _ 1,8+0,71+1,138 _
= s 2,027.
Fe

3,Z[CCLZ — - COOTHOIICHUEC (OKCJ'ICSO/erICpOII» IIpU BOCCTAaHOBJICHUU 7KCJIC3a B
B

ILIaBIIBHOM peakrope.

Taxum o6pa3om, cortacHo Tabnuie 4, o OTHOIICHHUIO K YITIEPOy, Ha CTaAuu
peaKku CMELICHUS BOASHOTO Ta3a BBIPAOOTKA JOMOJHHUTEIHHOTO BOJOPOAA
Bo3pacteT Ha 40%, Ha cTaguu napoBoi razudukamnuu xxenesa Ha 63%, a B utore
coorromenue Hz2 Bospacrer B 1Ba pasa.

Pe3ynLTaTLC1OakcnepnMeHTOB N0 HeWTpaau3aluM JHOKCHIA YIJIepoaa
HMHKOBBIMHU Mapamu. J[MOKCHI yriiepoia MOXeT OBITh OTIEICH OT BO3IyXa
WJTU IBIMOBBIX Ta30B C IOMOIIBIO0 TEXHOJIOTHH abcopOmmu, aacopOIuu, OUUCTKH
aMUHaMH, MeMOpaHHOTO TazopasaeneHus win rasoruaparoB. (Rhodes, 2008;
Werner, 2018; Phelps,2015; Sumida, 2011; Bryngelsson, 2009). KoneuHoii 11e1610
MEPEYHMCIIEHHBIX TEXHONOTUH sBisteTcs 3axBar CO, U3 ra3oB, TPaHCIOPTHPOBKA
K MECTy XpaHEeHHs U JOJTOCPOUYHAs M30JALus OT arMocdepbl. OnHako, mpu
BCEH BOKHOCTH YKa3aHHBIX pa0OT B HUX HE CTaBUTCs 3aj1a4a yrunusanuu CO,
C OT/ACIICHHEM W HCIOJb30BAHMEM SHEPTeTUUYECKON COCTABISIIONICH raza —
yriepoza.

Xumuku u3 CIIA, npu moMomnu AeMCTBHS Ha YITIEKHCHBIA a3 BBICOKO-
HHEPTEeTHYECKOTO YIBTPAa(QHONIETOBOTO U3IYYCHUS OT Maphl J1a3epoB, MOTYUNITH
MOJIEKYJISIPHBIA KMCIIOPOJ, M aTOMapHbIN yniepold. B xoxe skcnepumenTa npu-
MEpHO TSITh MPOIIEHTOB MOJIEKYJ YIJIEKUCIIOTO ra3a pacrnaliuCh Ha OTACIIbHbBIC
AJIEMEHTHI. Pe3ynbTaTsl CBOMX MCCIIEIOBAHUN aBTOPHI OMYOIIMKOBAJIHU B KypHAJIe
Science. OgHako, HaOMOMaeMbIi 5%-HbIH pacnaj yIJIEKUCIIOTO ra3a ¢ TOMOIIBI0
JIa3epPHOT0 M3ITyYEHUs! HE MOXKET UMETh OOJbIIIOE 3HAUE€HUE I €T0 UHIYCTPH-
aIbHOTO MPUMEHEHUSI.

[To MHEHUIO aBTOPOB, OMHUM U3 MYTEH K PEIICHUI0 MPOOIEMbl MOKET OBITH
WCIIONb30BaHUE LIMHKA, KaK pearenTa, npeobpasyromero CO,, H,O B CO, H,
no popmyne: Zn+CO,=ZnO+CO u Zn+H,0=ZnO+H,. Beinenenue yriepona u3
€ro MOHOOKCHJIa MOXET MpOTeKaTh 1o Beipakenuto- CO+H, =C+H,O.
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Cormacuo (Gyujin, 2019), IMHK - XUMHUYECKH aKTHBHBIA MeTallI, 00JIamaer
BBIPQ)KCHHBIMU BOCCTAHOBUTEIBHBIMU CBOMCTBAMH, 110 AKTUBHOCTH YCTYIAET
LIEJIOYHO-3EMENIbHBIM MeTaiaM. Pearupyer ¢ mapaMu BOAbI IIpH TEMIIEPAType
kpacHoro kaneHus (550 - 650°C) ¢ oOpa3oBaHMEeM OKCHJIA IIMHKA W BOAOPO/IA.

Pa3paborka TensioBoii cxeMbl 0€30TX0HOM NepepadoTKu IKNHACTY3CKOI0
yrias. [lpuniun geiictBust cuctemsl cieayrommii (cm. puc. 2). Ilpomecc
HenpepbiBHBIA. CMech apoOJIeHOro ODKHOACTY3CKOTO VYITIS 3arpykaeTcsi B
MexTpyOHOE mpocTpaHcTBO razoreneparopa 1 (I'T). U3 tpyOuaroit meun
2 roproyue Tras3bl JOXKUTAlOT BO3AYXOM M TNPOAYKTBl CTOPAHMS IMPOXOIAT
yepe3 TpyObl razoreHeparopa 1. Temmo mepemaercs yepe3 CTEHKH TpyO B
TICEBIOOKIKEHHBIN CIIOW NSl MOJJEepKaHUS dHAOTEpMUYECKON razuduxanmu
yrisi. CHU3Y, Uepe3 pelIeTKY, IeperpeThiii map BAyBaeTCsl B CIION 17151 00ECIICUCHUS
TUIPOJMHAMMUYECKOTO U AJUIOTEPMUYECKOrO PEKUMOB. 3areMm rassl ¢ [T 1
neperayT B cemaparop S5, rae OTAEeleHHas OT ra30B YACTHIIbl 3arpyKaroTcs
oOparHo B rasuduxarop. ['a3pl U3 cemaparopa 5 BMeCT€ C MOPOIIKOBBIM
KEIe30yITIEPOIHBIM CIIJIABOM BAYBAlOTCSA B CKpyOOep 6 M B3aUMOJEHCTBYIOT C
JMCTIEPTUPYyEeMOM MO JaBjieHueM BoJOoM. [Ipu 3ToM cHHTE3-ra3 oxJjaxkaaercs
¢ 700°C 1o 300°C 3a cuer ucmapeHus Karenb BOJbl. [lapaiienbHo MpOTeKarT
9K30TEepPMUYECKHE PEaKLMU CMEUIeHHs] BOJASHOro raza coriacHo ¢popmyne CO
+ H,0 © CO, + H, u okucnenue xenesa 1o soipaxenuto Fe + 3H O = Fe, O,
+ 3H, ¢ BblIeTE€HHEM JIONOJHUTEILHOTO MOJIA BOAOPO/A. O06pa3oBaHHBIH
TPEXBAJEHTHBIN JKEJIE300KCHU]l CIIY’)KMT Karajau3zaTtopoM mpouecca. CuHres
ra3 co ckpyodepa 6, mocne OCyIIKH, HampaBiIseTcs] B XUMHUECKHI 3aBOJ IIs
OTJEJIEHUS] BOAOPO/A WU 3JIEKTPOCTAHLIMIO B KAYECTBE TOIINBA.

Jpyrum npomykTom cKpyOOepa sSBISETCs LuIaM, KOTopbii conepxut Fe,O,
n Bo3roHsl Zn, Ge m Ga. IllmamM mociie mMMXTOBaHHSA C 30J0H W3 OTBAJIOB,
KOHBEPTOPHBIM IIIaKOM W meckoM B nponopuuu 1:0,3:0,15 u okarbiBaHus,
3arpyxaercs B Tpyouartyto reus 2 (TIT). B TII okatsiiim HarpeBaroTCsi TOPIOYNMHU
razams IJIABWJIBHOTO PEakTopa 3 W MHKEKTUPYIOTCS B peakTop. B peakrope
OKaTbllK MiaBsATcs, Zn, Ga, Ge BO3roHsOTCS B rasoByto (asy u u3 Fe O,
BOCCTaHABJIMBAETCA XKeJle30. 3aTeM pacIliaB BBIITYCKAETCS B AJIEKTPOOTCTONHUK
4 rne w3 HEro OTAENSETCS jKele30yniepoAHblii cruiaB. IlocnenHuilt mocie
OXJIXKACHUS M ICTUPAHUS UCIIONB3YETCS KaK peareHT B ckpyooepe 6. CunnkarHas
4yacThb paciljiaBa MCIOJB3YETCs AJi1 MPOU3BOJCTBA CTPOUTEIBHON MPOLYKIUH,
KaK JIMThIe KaMHU/IIIIAKOBAaTa/HU3KOKau€CTBEHHBIH 1IEMEHT.

PucyHnok 3 sBISIOTCS NMPOJOHKEHHEM CTPYKTYPHOM CXeMbl rasuduxanuu
Dkubacty3ckoro yris. KoHIeHCHPOBaHHBIM IMHK U3 YCTAHOBKH «IIEKTPOTEP-
MUYECKUN TUCTHIUISATOP -KOHAEHcaTop», 7, (cM. puc.3), B CTpye mapa Bbipada-
ThIBa€MOTO B KeccoHax PUD 3, aucneprupyercs B MEKTpyOHOE IPOCTPAHCTBO
Bozayxononorpesarenst (B3Il), 9 roe mpoucXoAWT OCHOBHBIE peakiuid -
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Znt+H,0=ZnO+H, u Zn+CO,=ZnO+CO, CO+H,=C+H,O, ¢ BbigeneHuem
atromapsoro yriepoja (caxu). Baytpu tpy6 B3I1 okucourens oborameHHbii 10
40% kuciopooM Bo3ayX, HarpeBaeTcs u mojgaetcs B PUD 3. ["a3b1 u3 kamepst 9
cocrosmue u3 H O, C, ZnO nocrynaer B snexkrpodunstp 10 (O®) miis cenapanuu
(C) u Bo3ronoB ZnO oT razoB. Yxoxasmue raszsl ¢ OO, BKIoyaromnme B cede B
OCHOBHOM BOJISIHBIE [TAPBI M a30T, C OCTATOYHBIM KOJIMueCcTBOM CO, BBINYCKAKOTCsI
B armocepy. Cmecn caxu (C) n Bosronos (Zn0O, Ga,0,, GeO) nemnerupyercs
Y HampaBISETCS B «IUCTHIUISITOP» YCTAHOBKH 7, OCHOBHBIMU MPOAYKTAMHU
KOTOpOH SIBJISIFOTCSL KOHJIEHCUpOBaHHbIN IMHK U CO-Ta3 cojepxauui mychepy,
cyomumarel Ga,0, 1 GeO. CO-ra3 n3 KOHIEHCATOPA, TTOCIIE OYMCTKH OT ITyChEPH,
BO3TOHOB TaJUIHS U TepMaHus B pyKaBHBIX (uibTpax 8, Hampasnsercs B PUD B
Ka4yeCcTBEe JIOMOJIHUTEIBHOIO ToIUIMBa. PaliMOBKa ¢ AUCTUILIATOpA, coAepKalas
OCTaTOYHOE KOJIMUYECTBO IIUHKA, TaKxke nogaercs B PUD nns nepepaboTki.

1 — razoreneparop, 2 —Tpy0-
yarast 1e4b, 3 - peakTop MHBEp-
cun (a3, 4 —3INEeKTPOOTCTOH-
HUK, 5 — cenaparop 30Jbl, 6 —
cKpy00ep, 3+Y — 301a 1 yrons,
, IIx — muxra, P — pacmnas, FeC
o o Mg - gon < ' — JKeJIe30yJIEPOHBIN CIIIaB,

) K by T,O — TONIMBO ¥ OKUCIIUTEIb,
1 —&_. eFoC B - nyteeBoii Bo3nyx, OI' — o1-

.[ st @ St XOJISIIIIHE Ta3bl

o marm

Pucynok 2 — [IpyHnnnuansHas cxeMa arperara «peakrop HHBepcHH (a3-TpyOuaras
[eYb-ra3oreHepaTopy

Bl &0

8, 200C oy - -
1 i
et e
-, L. : =
wal § |w=o
"\.-’ ]; '.-._“

Pucynok 3 — Tensioas cxema HeliTpanusanuu CO, 1 BHIpaOOTKM CHHTE3 Ta3a IpH
0e30TXOMHOM TIepepadoTke DKHUOACTY3CKOTO YIIIA.

1 — ra3oreneparop, 2 — TpyO4aTas 1edp, 3 — peakTop HHBEpPCHH (a3, 4 — IMEKTPOOTCTOHHIIK,
5 — cemapatop 30161, 6 — CKpy0Oep, 7 — IUCTHILIATOP-KOHICHCATOD, 8 - pyKaBHBIN (QIIIBTP,
9 - Bozayxomomorpesareib, 10 — anexrpoduastp, T — Tormuso, O — okucauTens, [x —
mnxta, [T — roprounii ra3, OT, YI' — ortxonsmue u yxoasimue ras3sl, CI” — cunres ras,
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Tabmuna 5 — Temnosoii 6ananc kamepsl Herrpanmusanuu CO, (B3I1)

Ne | [Tpuxox Kk % No | Pacxon kJlx %
1 | ®usnueckas temwno- |(21325mM300- | 7,15 |1 | Dumorepmuueckuit 13000%*2949= 12,59
Ta Tperonmx ra3os | 2240 3 PeKT peakun 38337 000
u3 rasoreneparopa | CO,=19085* 2Zn+CO,=ZnO+
nepen B3I, CO, 1,29%900= 22 C-383 402xmx
YYTEH OTAEIHHO 157 685
2 | dusnueckas 2240*2,19*%900 | 1,42 |2 |®usnueckas remiaora | 1800kr*2681= | 1,58
temtora CO, =4415 040 napa 4 825 800
3 | dusnueckas 1800kr *2681=|1,56 |3 |®dwusuyeckas u 1200kr 11,74
TEIIoTa mnapa 4 825 800 xuMuyeckas rermaora | *1,5%300+1200%*
yrmiepona 29330=35 736
000
4 | dusnueckas 13000*25,14* | 89,68 |4 | dusuueckas remnora | 16200xkr*40,3* | 64,33
TeryioTa LUHKA 850=277797 ZnO 300= 195858000
000
5 | dusnueckas temioTa | 21325%1,3* 0,18 |5 |dusuueckas Temaora | 19085*1.42* 2,67
ZyTheBOro Bozayxa |20= 554 450 YXOZSIINX T'a30B 300=8 130 210
nepe Kamepou € KaMepbl HeHUTpa-
neiitpamsanuu CO, mzaiuu CO, (CO,
HEHTpaNIu30BaH)
6 | ®usnueckas termiora | 21325%1,37* 2,88
Harperoro nythesoro | 300=8 764 575
Hess3ka 6amanca 1,71% BO3/yXa 3a KaMepoi
netpamsanuu CO,
ITorepu remna B 12 802 269 4,2
OKPYKAIOIIYIO Cpery
5 | Hroro: | 309 749 975 100 Hroro: 304 453 854

Pe3yneraTel yKpYIMHEHHBIX pacdeToB Ce0OECTOMMOCTH BBIPAOOTKH CHHIa3a
¥ CpoKa oKynmaeMoctu Heirpanmsauuu CO, mpu 6e30TX0nHOM mepepaboTke
9KMOACTY3CKOTO YIS

Tabnuma 6 — Pe3ynbraTsl pacueToB CTOMMOCTH BBIITYCKaeMOW MPOIYKIIMU

Haumeno Konuen- |Crenens | Konnyectso | Komu- Lena equn. | Crou- Jomnst
BaHHE TOBApPOB/ Tpauus |W3BIe- | IPOU3- YEeCTBO | HPOAYK- MOCTb, | IpO-
LICHA Ha PbIHKE METAJUIOB | YESHHUS BOZMMO#t MPOAYK- |IMU B BO3- | Tr/4 IyK-
B 301 MeTal- | MPOAYKUHUH, | LUK rosax, $/tr, LHH,
10B,% | Ha OfHY B PK %
TOHHY
30JI0IILTAKOB
1 |Ounax/ $2610/ T 4% 70 0,028 1/T 0,56 T/a | 870%/1/ 204624
365400 tr/T
2 | Csumen/ $1950/ 1t [0,9% 100 0,009 1/T 0,18 T/a |650%/t 49140
/2730001r/T
3 | Kagmwuii/ $1530/t [0,028% |70 0,0003t/r  |0,006 T/a | 5108/T 1285
/2142001r/T
4 |Tepmaunumii/ $1350/ 0,1 xr/t |70 0,07 xr/ T 1,4xr/a | 4508/xr/ 264600
KT 189000Tr/kr
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5 | Tammmii/ $205/xr 0,1 xr/r |70 0,07 xr/ T 1,4xr/a | 68%/xr 39984
/28560 Tr/kr

6 |3omoro/$84/ 1 0,8p/r |70 0,56 rp/T 11,2 rp/a | 58S%/rp 272832
/24360 tr/rp

7 |Kamuenutsbe, - - - 251/9(c | 27$/1 /11340 | 283500
$300/ T y4eToM | Tr/T

MOTePh
13%)

8 | Cunres ras - - - 6450m%/4 | $0,0167/ 45150
o0oraleHHbI uM>CI/71r/
Bogopoom, $0,23/ M
aM’CT

9 | CO,- Brazax - - - 4,41 $200/84000 |369000

r/HM?

10 | C(yrnepon - - - 1,2t 70 00071r/T | 84000
9JIEMEHTHBIH)

11 |Llena mpomykimun L[np =1614115tr/a 1614115|100
unp:SZn JrSPb +SCd JrSGc ++SGa JrSAu +SK8M+
S,=204624+49140+1285+264600+39984+272832+283500+
45150+369000+84000=1 614115 1r/ua

12 | Llena npoaykiuu L[np = (1 614115tr/4)*720049/rox = 11 621 628000 Tenre/ron

[lena mpoxykmu an:SZn(204624)+SPb(49140)+SC J1285)+S . (264600) +S
[(39984)+S | (272832)+S  (283500)+S_ (45150)+S_,(369000)+S (84000)
,=1614115 Tr/u; Tak Kak W3BICYEHHE 30]0Ta M TajIMsi M3 30JI0LLIAKOB
SKCIIEPUMEHTAIIHO He anpobuposano, To mpu S (39984)=0, S, (272832)=0
u SCF(45150)=0, L[Hp=1 256 149 tr/a. Torma ¢ yd4eToM MNPOU3BEACHHOMN

B CHCTEME ,I[OHOJIHHTGJIBHOP'I MMpOAYKIHUH ce0eCTOMMOCTE CHHTra3a 6yz[eT
Cnp (1 288694)—Lnp(1 256 149) 3

— = qTO ~
Cer Ver(6450) 5Tr/m

CTOUMOCTH NPUPOAHOr0 rasa

35% HMKe 4YeM DKBHUBAJIEHT-
9278596 800 —
(81r/™M*). 3mech Cnp = —/mﬂ =
7200 4/rop
(12886941r/4); Ver = 6450 M>Tr/4 — IpOU3BOAMTENLHOCTh YCTAHOBKH 110 CHHTE3

HOU

rasy.
Tabnuua 7 — Pe3ynbraTsl pacyeToB CpOKa OKYNaeMOCTH MHBECTHIIMH
(TIpH LIeHEe KaMHEUTHIX TIUT $54/226801r)

IIpu u3Bneuenuu 3om0T1a IIpu oTCyTCTBUM U3BIIEUEHUS 30J10TA
Ilena ynanenus | [{ena npoxykuuu | Cpok oKymae- Llena nponykiuu Cpoxk okymae-
CO,( $/ tr)/T Ilnp, Tenre MOCTH T, JIET Ilnp, Tenre moctu T, et
550/231000 18 324 108 000 | 1,54 16 359 717 600 1,96
200/84000 13 662 828 000 |3,17 11 097 957 600 7,6
100/42000 12 336 588 000 |4,45 10 372 197 600 12,7

30€Ch: CPOK OKyIIaEMOCTH T =
132 720 000 Tr; cebecTOMMOCTh MPOAYKIIUH -
var. Ilena kamuenuThIX Wit ($54/226801r)/T
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BoiBonbl. 1. [lo pesynabratam 5SKCIIEPUMEHTOB IO BO3TOHKE T'€pMAaHUs
U3 [MHKCOAEPXKAIIUX IIIAKOB CHENAaHO NPEINOJI0KEHHE O BO3MOXHOCTU
00pa30BaHMs HHTEPMETAIIIH/IA KLIIMHK-30JI0TO» M M3BJICUEHUS TOHKOAUCIIEPCHOTO
30JI0Ta B ra3oByI0 a3y B 00beMe UCTapsIOIerocs [MHKA.

2.IlpoBeseH OSKCHEPUMEHT TI0 BOCCTAHOBJIICHHIO JKelie3a W3 IIUIAKOB;
TEPMOJMHAMUYECKHI pacdeT MapoBOW Ta3u(UKaLuU yIIepoAa € KeJe3oM
MOKAa3bIBAET, YTO HA CTAJUU PEaKIMH CMEUICHHs BOASHOIO Ta3a BbIpaOOTKa
JOTIOJTHUTENBHOTO Bogopona Bo3pacter Ha 40%, Ha cTaguu napoBOM
rasudukanuu xenesa Ha 63%, a B UTOre COOTHOLIEHHE 5 BO3pacTeT B JiBa pasa.

3. IlpoBeneHHbIE pacueThl TEIJIOBOM CXEMbI IOKa3aliu: Cce0eCTOMMOCTh
CUHTE3 T'a3a C YYeTOM MPOU3BEACHHON B CUCTEME JOTOIHUTEIBHON MPOAYKIIUU
Oyznet 5tr/mM3, uto ~ Ha 35% HIDKE YeM SKBUBAJIEHTHON CTOMMOCTH MPUPOTHOTO
raza 8tr/m3 (%* 261r/m3 ~81r/M3) B Ciyyae W3BIEUCHHS 30JI0TA
U3 paciuiaBa, BO BCEM JManasoHe u3MeHeHus LeH Ha ynanenue CO,, cpok
OKYIIaéMOCTH CHCTEMbl HE TMpeBbIIaeT 4-5 J5eT; B ciaydae OTCYTCTBHUS
W3BJIEYEHHUs 300Ta, NpM lieHe HediTpamusanuu CO, ($200/84000 tr)/T co
CPOKOM OKyMHaemMocTu 7,6 JIeT, BIOKEHUE MHBECTHIIMM HaXOIUTCs OJIU3KO K 30HE
HKOHOMHUYECKOM 11€JIeCO00Pa3HOCTH.
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KPEMHUM TUOKCHUJIIHIH ¥CAKJIUCIEPCTI YHTAFBIH
AJIY 9JICIH 93IPJIEY

AHHOTAUUsI. YIBTPAJAUCIIEPCTI YHTAKTApIbl OHMIPYIIH KOHICHCAIUSIIBIK
omici ¢a3aiblK TYPICHAIPY HOTHXKECIHIC jKeKe OOJIeKTep-aToMIapiaH HaHO-
OenmexkTepai  jkoOanayablH OIIIEMIIK EepeKIIeNIKTepiMeH OaillaHbICTHI.
JHecybmumanus mporeci daszaapanblk 6erre 0ip Me3riiue KbUTy- JKOHE macca
anMacyMeH Oipre xypeni. Y3/IiKci3 opTajia Aecyomumarius ;koHe OipiHII TUITeT1
Oacka ¢aszaiblK aybICylmap Ke3iHjae »aHa aucrepcTi ¢daszaHblH Taiga 0oy
MPOIIECi YII HETi3ri CaThIHBIH OONYBIMEH CHIATTANAbL (Da3a THIFBI3IBIFBIHBIH
ayBITKYbl HOTHXKECIHAE OacTamkpl OeJIIeKTep - HyKJIeaTTapIblH OacTamksbl
KaJIBIIITACy CaThIChI; €CKi (hazaja mamaiaH ThIC aCAKaHBIFYIBIH KYPT TOMECHIIEY
carbIChl; arperaiusHbH AU} Qy3usuIbIK OaKplIaHaThIH Ke3eHl. bipiHii ke3eH e
OaKpUIAYIIIBI TIPOIIECC KIACTePIEPIH PETTUTIKTEPIH €CKepPe OTHIPHIN aHBIKTAJI-
FaH TOTCHIIMAJIBIH CaJBICTRIPMANBI TYPJE aca KaHBIFy MEH ayBITKYbl OOJIBII
TaOBLUIATHIHABIFBl aHBIKTAIABI. COHFBI Ke3€HJe KiIacTepliepiH IIOFbIPIaHybIH
0oy ¢yHKIMsACH KanbinTacasasl. [Iporectin Oy1 OaFbIThl TPOLIECTIH PEKUMIIK
napaMeTpiiepiH peTTey CTpPATerHsChIH KY3ere achlpyFa MYMKIHIIK Oepeni:
COHFBI OHIMHIH KKETTI (paKIMsIIBIK KypaMbIHA KOJ KETKi3y YIIiH KOCIaHbIH
TEMITEpPaTypackl MEH KBICBIMBI. BYJI KYMBIC KpEMHUH TUOKCHIII OyJIapbIHBIH
JeCcyONMMMAIUSChIH IKCIIEPUMEHTTIK 3epTTeyre apHairaH. TeopHUsIIBIK epexe-
JIepIl TEKCEPy KoHE HAKThUIAY YIIIH JeCYOIUMAaIHsl MPOIECIH 3ePTTEY/IIH OChI
OOBEKTICIH TaHAay OChI MPOILECTIH YJIbl KOMIIOHEHTTEPiHIH OOIMaybIHA >KOHE
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PEKUMAIK apaMeTpiiepi MeH KafFAaiIapblH HAaKThl aHBIKTAy MYMKIHJIT1HE Oaii-
JIAHBICTBI, ce0e01 KpEeMHUN TUOKCUIIHIH (PU3WKAIIBIK CHUITaTTaMallaphbl JKaKChI
3epTTeNreH. DKCIEPUMEHTTIK KOHABIPFBIHBIH CHUITATTAMACHI XKOHE SKCTIEPUMEHT
KYpPrizy oJicTeMeci, COHAal-aK KpPEeMHUU IUCOKCHI OylapbIHBIH AecyOu-
MAaIUSChIH SKCIIEPUMEHTTIK 3epTTeyJIep/IiH HOTHKEIepl KeNTIpiiareH.

Tyiiin ce3mep: ycakaucnepcTi YHTaK, KiacTtep, AucnepcTi ¢aza, aecyonu-
Malysl, KOHACHCAIWs, HyKJlealus, arperaius, (GyKkTyarus, KOHIECHTpaLHsl.
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PABPABOTKA CIIOCOBA ITIOJYYEHUSA TOHKOAUCIHEPCHOT'O
ITOPOHIKA JIBYOKNCH KPEMHMUAA

AnHoTanusi. KoHieHCAIIMOHHBIN METOJ| MPOM3BOJCTBA YJIBTPATUCIIEPCHIA
CBSI3aH C pa3MEPHbIMU OCOOEHHOCTSAMHU KOHCTPYHMPOBAaHHMsS HAaHOYACTHUI[ M3
OT/ICTIbHBIX YaCTHUI-aTOMOB B pe3ynbrare (asoBoro mpeBpamieHus. Jlecyomm-
MalMOHHBI IIpOLleCC CONPOBOXKJAETCS Ha IOBEPXHOCTH paszaena ¢a3
OTHOBPEMEHHBIM NIEPEHOCOM TeIUIa U nepeHoca Macchl. [Ipomecc oOpasoBaHus
HOBOH JMcIiepcHOM (a3bl mpH AecyOnuManuu 1 Apyrux (pa3oBIX mepexonax
IIEPBOTO pojJa B CIUIOIIHOM Cpe/ie XapaKTepu3yeTcsi HaIMYMEM TPEX OCHOBHBIX
CTaauil: CTaJMM HAyaJIbHOTO OOpPa30BaHMSA NEPBUYHBIX YACTHUI- HYKIIEATOB
B pe3yabrare (QIyKTyauud IUIOTHOCTH (asbl; CTaJud PE3KOro CHUKEHUS
nepechiuieHust B crapoil ¢gase; nud@y3noHHO-KOHTPOIUPYEMOM CTaauu arpe-
raudy. YCTaHOBWJIM, 4YTO Ha II€PBOM 3Tale KOHTPOJIHPYIOUIMM IPOLECcC
HapaMeTpPOM SIBJIIETCS] OTHOCUTENIBHOE MEPECHIEHHUE U IeBUALMS IOTCHIIAANA,
paccurTaHHas ¢ y4eTOM MOPSIKOB KiacTepoB. Ha 3akimounTeibHOM 3Tamne uiaer
(dopmupoBaHue (QYHKIUM paclpe/ielleHusl KOHLEHTpaluu KiactepoB. Takoit
XOJI TTPOIIeCcca MO3BOJISET OCYIIECTBIISTh CTPATETHIO PETYINPOBAHMS PEKIMHBIX
napaMeTpoB Ipoliecca: TeMIepaTypbl U JaBICHUS CMECH JUIsl JOCTHKECHUS
HeoOxoauMoro (GpakIMOHHOTO COCTaBa KOHEYHOTro mpoaykra. JlanHas pabora
MOCBSIIEHA OSKCHEPUMEHTAIBHBIM HCCICIOBAHUAM JIecyOIuManuyu MapoB
JMOKCHia KpeMHUs. BpiOop 3Toro obwnekra ucciaenoBaHuil mpouecca aecyo-
JUMAalUU JUIS TPOBEPKUA M YTOYHEHHUS PA3BUTBHIX TEOPETHUYECKUX TOIOKEHHMA
00yCIIOBJIEH OTCYTCTBHEM TOKCHYHBIX COCTaBJISIOIIMX JaHHOTO Mpolecca U
BO3MOXKHOCTBIO YETKOW WJIEHTH()PUKALUU PEKUMHBIX MAPaMETPOB M COCTOA-
HUH, T.K. QU3NUECKUE XapaKTEPUCTUKU JTUOKCHIA KPEMHHS XOPOIIO M3yYEHBI.
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JlaHO omucaHu€ SKCIEPUMEHTAIbHOM YCTAaHOBKM M METOJIMKH TPOBEACHUS
SKCIEPUMEHTA, a TaK- K€ MPUBEJIEHBI Pe3yJbTaThl SKCIIEPUMEHTAIBHBIX HCCIIe-
JIOBAaHUH JIeCyOIMMaIiy MapoB AUCOKCHUIA KPEMHHSL.

KuroueBble ci1oBa: MeIKOAUCIIEPCHBIN MOPILIOK, KJIacTep, AuctepcHas dasa,
necyonuManus, KOHJIeHCalus, NepeChIeHne, HyKJIealus, arperaiuus, Qpaykrya-
1Us1, KOHIIEHTPALIHU.
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S.M. Konysbekov, D.K. Zhumadullayev
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DEVELOPMENT OF AMETHOD FOR OBTAINING FINELY
DISPERSED SILICON DIOXIDE POWDER

Abstract. The condensation method for the production of ultradispersions
is associated with the dimensional features of the construction of nanoparticles
from individual particles-atoms as a result of a phase transformation. The
desublimation process is accompanied by a simultaneous transfer of heat and mass
transfer at the interface. The process of formation of a new dispersed phase during
desublimation and other first-order phase transitions in a continuous medium is
characterized by the presence of three main stages: the stage of initial formation
of primary particles-nucleates as a result of phase density fluctuations; stages of
a sharp decrease in supersaturation in the old phase; diffusion-controlled stage
of aggregation. It was established that, at the first stage, the process-controlling
parameter is the relative supersaturation and potential deviation, calculated
taking into account the cluster orders. At the final stage, the cluster concentration
distribution function is formed. Such a course of the process makes it possible
to carry out a strategy for regulating the regime parameters of the process:
the temperature and pressure of the mixture to achieve the required fractional
composition of the final product. This work is devoted to experimental studies
of the desublimation of silicon dioxide vapor. The choice of this object of study
of the desublimation process for testing and clarifying the developed theoretical
provisions is due to the absence of toxic components of this process and the
possibility of a clear identification of regime parameters and states, because the
physical characteristics of silicon dioxide are well understood. A description of
the experimental setup and methodology for conducting the experiment is given,
as well as the results of experimental studies of the desublimation of silicon
dioxide vapor.
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Key words: fine-dispersed powder, cluster, dispersed phase, desublimation,
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Kipicme. Kazipri yakpiTTa HaHOOONIIEKTEp/i ayablH €Ki Heri3ri Tocim
KaJBITAaCTBl — KOHJACHCAIMSUIAY KOHE IUCTICpIHsuIay. TEOpHsUIBIK SKOHE
OKCIEPUMEHTTIK OaFbITTarbl KOJJAHBICTAFbl JKYMBICTAp KIACTEpJEpAiH ocy
KapKbIHBIH PETTEyre MYMKIHIIK O€peTiH TEXHOJIOTHSUIBIK IapaMeTpiiepiH
KETKUTIKTI IIeKTeY )KUBIHTBIFBIH YCbIHa Bl (Morohov, et al., 1984). ConpiMen
Karap, JAecyOnmmMmaropiapAblH KOJ JKETIMII KOHCTPYKOUsUIapbl auddy3us
nporecTepin Oackapyapl ’KoHE OacTanKbl HyKJIeaTTap/AbIH MMaiaa O0TybIH CaKTal
OTBIPBIM, KbLTyaTMaCY/IbIH KOKETT1 KAPKbIHBLUIBIFBIH KAMTAMAaChI3 TIICH/I1.

Ochl MakcaTka XeTy VIIIH TEOPHSUIBIK JKOHE KCIIEPUMEHTTIK 3epTTeyiep
KYPTi3Uii, OMapAbIH HOTHXKeNEepi KPEMHUH TUOKCHAI MEH KYKIPT MBICAJIBIH/IA
YCaKJIMCIIEPCTI YHTAKTap/Ibl Ty Ke3iH/e AecyOnumaltus mporecin 0ackapyabiH
anFpIapTTaphid kacainel (Roko, et al., 2002).

3eprTey amicreMeci. JKypri3iireH CaHAbIK €CenTeyjep MEH HOTHXKelepii
XKyieney 0acTarnkpl HyKJeals PoIeci Typaibl HACSTHBI TEPSHAECTYTe MYMKIH/IIK
Oepri. AJNBIHFAH HOTIKENEp TYPAKThl >KOHE TYpakchi3 (azanblK Kyiuepai,
KJIaCTePIIiH KaJbINTAacy >KYMBICHIHBIH KJacTepleri MOJEeKy/iajiap CaHblHA TOH
TOYSNIUTIKTEPiH, AecyONMMMaMsuIbIK KJIACTepIi KaJbINTACTBIPY Ke3iHAETi
XUMUSUIBIK TIOTEHIAIIAP/bIH aybITKYBIH, COHAN-aK KIACTepiH KaJbINTAaCcybl
MEH OHBIH KYPBUIBIMBIHBIH CaJIBICTBIPMAJIbl aCAKAHBIFY TOYCIIUTIT1H KOPCETETIH
3arTapIblH quarpammacbeiMer yebiHbUTFaH (Grishenkova, 2012).

Kiacrepnepain maiiza OOJybIH SHEPIeTHKAIBIK Tajaay HETi3iHIE Y3IIKCi3
OpTaJarel JecyOnuManus jxoHe OipiHmi TUNTeri 0acka (ha3alblK aybicysap
Ke3iHae »kaHa ¢a3aHblH Maiiga 0oy mpoleci HyKJIealus CaTbUIapbIHBIH
0oybIMEH, €CKi (ha3aarbl aCaKaHBIFY CATBHICBIHBIH KYPT TOMEHJCYIMEH KOHE
arperanusiHbIy U y3usIbIK OaKbUIAHATHIH CATHICBIMEH CHIIATTAIAThIH/IBIFBI
aHBIKTANIBL. bacTamkbl HyKJIeaTTapIblH Taijga Oody TeopusiChlHA CyHeHe
OTBIPHIT, Oenrisli Oip yakpIT apalbIFbIHIA YCaK KJIACTEPIEPIiH Te3 JKUHAITYbI
JKOHE YCaK TYHIPIIIKTI YHTAKThIH Mai1a O0MaThIHIBIFbI AaHBIKTAJI/IbI.

OHepkocinTe KPEMHUM TUOKCHIIIH KOJIJIaHy KaKETTUIIr alKbiH. OJ1 )KOFaphl
XUMUSJIBIK MHEPTTUTKTI €CKepe OTBIPBIN, Tra3 YIIiH aJcopOeHT peTiHe
KOJIJTAaHBLUIAIbl, COHBIMEH Oipre 00sly MEH pe3eHKETe apHaJFaH TONTHIPFBIIITA,
eTe JKYKa Ta3apTKbIIbI 0ap MeMOpaHanap kacay xoHe T. 0 (Bukaemskii, 2002).
Kpemuuit nuokcuain amynblH OipHemie >konbl Oap. bismiH xarmaiibiMbI3na
KPEeMHHU JUOKCUIIH aTyAbIH €H KOJaiIbl 9J1ici - OHBI capbl pocdop eHaipiciHIe
KoJIJaHbUIaThIH  (hochopurTepaeH okmaynay. OHTYCTiK aiimakra ¢ocdopur
KOPBIHBIH OO0JIybl OYyJ1 OHIMAI JKETKUTIKTI Y3aK YaKbIT apaJIbIFbIHIA ajyFa
MYMKIHJIIK Oeperti.
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Kpemuuii quokcuain amy mporeci 6ipiHeH coH 0ipi KaTap *KYpeTiH OipHere
ke3eHHeH Typanbl (Belyakov, 2003: Lifshits, et al., 2002):

1. ®ochopurrepai ammonuit propuaiMEH OHIEY.

2. TepmoeHzey.

3. CyOnumarnusi.

4. KonneHcanusl.

¥YcakaucnepcTi YHTAK TYPIHIETI COHFBl OHIM OHBI TabieTKasay >KoHE Ta3
YILiH aIcOpOEHT peTiH/e Mmaianany MaKkcaTbIH/Ia IPECCTEeH .

KpemHuii AMOKCHIIH ajly NPOLECIH ammaparypaiibl aOabIKTay Kejeciien

(cyper 1).

I
i
|

Cyper 1 - KpeMHUIT TUOKCHIIH aITy CXEMAackHI.

dochoput quipmene 1 ycakaucneperi aHFa 1eHiH ycaKTanaabl, peakTopaa
2 aMMOHHM (pTOpHUIIMEH OHCIIE 1, COM XKep/ie Oenrii Oip TeMieparypara AeiiH
KbI3asel. [laifima GonmFaH KpeMHUI KOCTOTBIFBI KYOBIPIBI TEIITE 3 aifmanajebl,
KOHJIeHcaTopa 4 KoHAeHcalusIaHaabl, ipeccopmana 5 Tabnerkanapra mnpec-
CTeJNe/ll XKoHe Kamepaza 6 KUHAKTaIa Ibl.

Tankbliay. ¥YCHIHBUIFAH ammaparypaibl KaOAbIKTay CXeMachl ©Te YJKEH
OOJFaH/IBIKTaH, KeHO1p KaOaBIKTap bl OIPIKTIPTeH XKOH. ATar alTKaH1a, Cyou-
MaIusl JKOHE KOHJICHCAIUsl TpOIecTepi Oip ammaparra Ky3ere achIpbLIajibl.
AJBIHFaH OHIM YCaKAMCIEPCTI YHTaK TYypiHAe TalneTkanam, cakTay VIIiH
apHaiibl Kamepara xkioepisesi. Coman KeiiH IpoLeCTiH anmapaTypajibiK KaOIbIK-
Tanysl keHuneriuieai. CyOnmumanus *oHE KOHICHCALUS OMIICIMEH YCaKIHc-
MepCTi YHTAKTHI ary cxeMmachl kesecinei 6omaasl (cyper 2) (Generalov, 2004:
Ryzhonkov, et al., 2003).

1 - alfHAIMAaJIBI WIHHID; 2-KBIPFBINT; 3-TYTIKIIE,
4-ruiib3a; S-opIIeHb; 6->KbUDKBIMAIIBI OOJIIICK;

7-mipecc-Kaibln; 8-Kianan; 9-0y’IaHIBIPFBILIT

Cypert 2 - CyOnuMariusi, KOHICHCAIUS KOHE KOJIeMIi
HAHOKPHUCTAJJIBl MaTepHaIap bl )XKHHAKTAY d/ICIMEH
OHJIIpyre apHaJFaH KOHJBIPFBIHBIH TPHUHIUITAAIBI
CXeMachl
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¥YcakaucnepeTi YHTaKTapAbl KbICBIMMEH BIKIIaM/ay KeJleci 9ICTepMEH XKY-
3ere aceipbutanbl (Lifshits, et al., 2002: Generalov, 2004: Ryzhonkov, et al.,
2003):

1) ra3 ¢a3acbiHaH KOHICHCAIMSIAHFAHHAH KEH1H HAHOOOJIIICKTEP 11 TIKeJICH
aJy Ke31HJe;

2) KepaMHKa MEH YHTaKThl METAJUTyprUSHBIH 9JIETTEeT1 TEXHOIOTHSICHIH KOJ-
JaHy.

Bipinmi omic kpeMHUH IUOKCHUIIHIH OyJlaHYybIH, CYMBIK a30TIEH CaIKbIH-
JaTbUIFaH aiHanIMalbl HWIMHAPAIH 1 CBIpTKbI OeTiHaeri OynapiblH KOHJEH-
CAIMSIChIH OHE HAaHOOeNIIEKTep/iH Naiaa OomyblH KaMTuAbl. bymaHy jkoHe
KOHJICHCAITUs IPOIIECTEPl MHEPTTI a3 OpTachIHIA Ky3ere achipbliasl. Kebdinece
TeJIMA OCHI Ta3 peTiHIe KOMIaHbuIaabl. TYHIBIPBUIFaH KOHICHCAT ITUIMHAPIIH
CBIPTKBI OCTIHEH apHalbl KYPBUIFBIMEH 2 aJBIHBIN TACTaNabl KOHE Ipecc-
KanblnTa 7 >kuHanaael. MHEpTTI Ta3/bl BakyyM/ia aiilaraHHaH KeWiH alJIbIH aja,
1 I'Tla kpiceIMMeEH koHe TynkUTKT1, 10 I'Tla nefinri KbICBIMMEH HAHOKPHUCTAJIbI
YHTaKThI MPECTEY JKy3ere achIpbuiafsl. TalneTkanap TYpiHIE albIHFAH JalbIH
OHIM BaKyyMIBIK OYBITI-TYIOT€ JKOHE OHBI OflaH opi MaiijajaHy MaKcaTbiHIa
cakrayra xioepyre )Karajbl.

Hotu:kenep. Toxipubenik 3epTreynep 93ipJleHIeH TeOPUSIIBIK €peKeIepaiH
COMKECTITH TeKcepy MaKcaTblHAa KYpri3iial. Atanm alTKaHda, 3eprrey
YCaKIUCTIEPCTI KPEMHUI TUOKCHU/I1 YHTAFBIH J1eCyOMMMaIUsAIbIK ally MPOIeCiHe
OaitmanpicThl. COHBIMEH Oipre oiap acakaHBIFy JTOPEKECIHIH dCEepiH, COHAAN-aK
aJIbIHFaH JecyOIMMAaTThIH cunartamanapbid 3eprreni (Anisimov, et al., 1981:
Duftar, 2010: Brazhnikov, et al., 2004).

KpiceiMIbl emmiey HoTHKENepl OoMbIHIIA 3-CypeTTe KepceTiiareH OyIbIH
CaJIBICTBIPMAIIbI ACAKAHBIFY TpaUri CaIbIH/IbL.

TYTAac CBI3BIK - MOAEH OOUBIHIIA

" i . | ecenrey; HYKTeJep - aiaaynap
3 14 ) ' OOMBIHIIIA OpTaNIaTaHFaH
o . . i 9KCTIEPUMEHTTIK JAEePEKTEP

SAAEL Sk

i ' i Cypert 3 - lecyOmmmanus ke3iHae

aca CaJIKbIH/IaTyFa KaThICThl KPEMHUMN

L L TS

,HI/IOKCI/IZ[i 6yJ'IapBIHI>IH CaJIbICTbIpMAJIbL

TYpAE IIaMa/iaH THIC aCAKAHBIFYBI

e iarmia el Sl CuTsi ey Tayeﬂﬂlﬂlrl
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I-cyperTe HOTHMXKENEpIiH TEOPHSUIBIK oaicTeMeci OOWMBIHINA ecenTeylepi
canbIcThIpy HoTHXKeNepi 1 0% mamachiHa KoHE )KYPTi3UITeH SKCIIEPUMEHTTEPI1H
HOTIKeTepi kepcetinreH. Hotmxkenepain coiikectiri 10% mramacbiHia eKeHiH
Kepyre 0oJabl.

] 1 & 3 4 5 ] I .| q 10
“Illamlgf??hﬂn Kypoon: 0 000 s

Cypert 5 - lecyonumanus aiiaynapsl yATUICPiHIH PEHTTCHOCIICKTPAIbIbI MUKPOAHATH3IHIH
ZIepexTepi
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4 xoHe 5 cyperTep/e EKTPOHABIK PAaCTPiIbl MUKPOCKONHS KOHE PEHTIeH-
OCHEKTPaJIbbl MUKPOAHAJIN3/I1H KOMETr1IMEeH SKCTIEpUMEHTAIIIbI AJIbIHFAH JepeK-
TEp KOPCETUITeH.

DKCIepUMEHTANIbl JEPEKTEPAl OHICY HOTHIKEIEPiH TOJNBIK TaHJAy KOCHIM-
manap/a OepiiareH.

Bapneirel maiipiaganran O0ec cChlHaMa Heri3iHAe 35 ChIHAK >Kacajabl JKOHE
TangaHabl. OpOip Karmaiiaa Mukpodotorpadus epiciHaeri OeeKTep CaHbH 2
MKM KaJJaMMEH TOpP CaJTyMEH €CEeITeH OTHIPHII, OeIeKTep Meepi OoibIHIIa
0oy (GYyHKIUSACBHIH aHBIKTAY >KYPIi3iil.

Hecybnumanus aiiiaynapbslHaH KeiiH MeTall OeeKTepiHiH YIeCTIK (yHK-
nusIapbl OOWBIHINA OpTallallaHIBIPY MbICATAAPBl YIAECTIpY (QYHKIUSIAPHI
TYpiHzAE 6 CypeTTe MaibIHIaJIFaH VIl CbiHaMasap yiniH kepcetiiret (Ryzhonkov,
et al., 2003).

1- cerHama 1; 2- ceiHama 3; 3- chlHaMa 5; Y3iK CHI3BIK- TEOPHSIIBIK MOJIIMET

Cyper 6 - Ajinaynan ycTanblHFaH KPEMHHA JHOKCHIIHIH YCAKIUCICPCTI YHTAKTaPBhIHBIH
OJILIEMIEPIHIH YJIECTIK (QyHKIUSICHI

Onzeyre 500-550°C auama3oHBIHIAFBI TeMIIEparypa Ke3iHIae ajIblHFaH
ChIHaAMaslapraaiaaynap Kyprizinaai. bapierb qaiibiHanFan6ec cbiHaMaHeT131H1e
33 aiimaynmap adbIHABI JKOHE TalAaHnbl. OpOip xarmaiina mukpodotorpadus
epiciHer1 OeJIIIeKTep CaHbIH 2 MKM KaJlaMMEH TOp CaJyMEH €CelTel OThIPHIIL,
OenmexTep Medepi OoibiHIIA 06y (QYHKIMACHIH aHBIKTay Xyprisinmai. 33
alijjayra apHaiFaH OapibIK ChiHamMasap OOMBIHINA eJIIey HoThxkenepl eHi 0,225
KOJIAKKA CaJIbIHAIBI.

JecyOnuMmarus Ke3iHe eJIIeM HOTHXKEIEPIHIH eH KOFapFbl aybITKYbI 6-1aH
10 MKM-Te AeHiHI1 oJIIeM auana3sOHbIHAAa OaMKaJIbl )KOHE OCHI JIHAala3sOHIa
25% xypanpl. Exi ke3eH HakTbl OenrineHeni - O -meH 8-10 Mkm-re neHiHri
OeeKTep OJIIeMIACPIHIH AUAMa30HbIHA YIECTIPY QYyHKIMSICHIHBIH KbLUIIaM
ecyi xoHe 19 -15 MKM-JIeH KeliiH OHBIH NMPAaKTUKAJIBIK TYpaKTaHybl OaiiKaiassl.
KBapu 6etineri HykiearTapblHbIH OpTallia MeJIIIEepi aMmamMeH 2-4 MKM KypaJibl.
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Kypambinga temipi Oap marepuangap ainaylapblHBIH JeCyOIMMAIUsChIH
TOXKIPUOEIIK 3epTTey HOTIKEIEpl OacTamkpl HYKJIEaTTapAblH Te3 TY3UIy
CaTBICBIHBIH JKOHE arperartapbly Oasy, nuddy3usiblk OaKbUIaHATHIH ©CY1HIH
KEUIHT1 CaTBICBIHBIH OOJYBI Typaibl TEOPUSIIBIK KOPBITBIHIBIHBI PACTaJlbI.
KBapi Teceninrinzieri Ty3u1eTin HykiearTapIplH OpTalla ememMaepi mamMaMeH
2,4 MKM KypaJibl.

Toxipubnep HOTHKENIEP1 TEOPUSIIBIK YIATLICPAIH TYPHICTHIFBIH jKkoHE Oy (haza-
CBIHJAFbl KaHBIFybIHA OalIaHBICTHI OJIIIeM] OOWBIHIIA JeCyOnMMaIusIaHaThIH
(baza GemnmiekTepiHiH 067y (QYHKIUSCHIH €CENTey dIICTEMECIHIH AYPBICTHIFbIH
pacTajbl.

KopsbiThinabl. KpeMHUi THOKCHIIIHIH ASCyOMMMAIUSICHIH AKCIIEPUMEHTTIK
3epTTey HOTHXKeNepl OacTankbl HyKJIeaTTapAblH Te3 KaJlbINTacy CaTbICHIHBIH
00ITyBI Typajbl TEOPUSUTBIK KOPBITBIHIBI PACTANIBI J)KOHE arperarTapAblH Oasty,
T Gy3UIIBIK 6CY1HIH KEJIEeCl caThIChl KOPIHIC Tababl.

CoHbIMEH KaTap, HSKCIEPUMEHTTEPAIH HOTHXKEIepl TEOPHUSUIBIK MOJIENb-
JepIiH AYPHICTHIFBIH JKoHE Oy (ha3achIHIaFbl ACAKAHBIFYFa OalIaHBICTHI JeCy0-
JTUMaLUsUTaHaThIH (Da3aHbIH OeNIIEKTep/iH Tapany (yHKIHUICHIH ecenTey dIici-
HIH COMKECTITiH pacTabl.

Ocpinaiima, ajgplHFAaH KPEeMHHMM TUOKCHIHIH YCAaKIUCIEPCTI YHTaFbl Oel-
mekrepaid memmiepi 100-20 HM GoytaThIH 931pJICHIEH 9/1iC apKaChIH/Ia OTE Ta3a.

MyHaaii marelH HBICAHJAp INAFBIH eIIeMaepAcH Oacka, KypAem imKi
YHBIMAACTBIPYMEH, OTE THIFbI3 KabaT KaOlIeTIriMeH skoHe 0acka aa KypblIbIM-
JApMEH KYIITI e3apa opeKeTTecyiMeH cunarranaabl. OmapabliH HET131HAe KaHa
XUMUSIIBIK KoHE (PU3HKAIBIK KaCUeTTepl Oap MaTepuaiiap kacayra 00Jajbl.

XKyprizisireH TeopusIIBIK 3epTTEYIEP MEH TOKIPHOESTiK-0HEPKICIITIK ChIHAK-
Tap KENICHIHIH HOTIDKECIHIEC YCAKAWCIICPCTI YHTAKTHI MaTepHUaIaapAbl amy
YIIH AecyOIMMalUsIIbIK anmnapaTTapbl €CenTey MEH KoOallay/lbiH FHUIBIMU
HET13/IeJITeH 9/licTepi peTiHe Nnaiiiasanyra O0IaTbIH HOTHIKENEP aIbIHIbI.
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PRODUCTION OF FUEL MIXTURE BASED ON BREAKED SILICON
- PHOSPHATE RAW MATERIAL AND CHPP WASTE

Abstract. The article provides information on man-made wastes that are
environmentally hazardous and used as raw materials in the production of
fertilizers in the form of a fertilizer mixture based on solid waste from various
enterprises on the environment. The objects of the study are off-balance
phosphorite fertilizers of small-scale composition and low-quality chemical
composition and waste from the heat-and-power center with long-acting
phosphorus of the Aksai deposit.

Data on the mineralogical and chemical properties of industrial waste from
coal mining, mining and industrial complex for the extraction of phosphate
and siliceous raw materials in the Karatau phosphorite basin of the Republic of
Kazakhstan are presented. The chemical and mineralogical compositions of ash
and slag waste from thermal power plants, formed after the combustion of coal
from the Karaganda and Ekibastuz basins, are given.

The chemical and mineralogical composition of the waste of low-grade
phosphate raw materials and coal ash from the Bogatyr and Maikube sections
was studied using the INCA Energy Energy microhardening system using an
electron microscope with a Jeol JSM-6490LV solution and HKL-Basic (Oxford
Instruments) structural analysis in the laboratory of M. Auezov University.

The aim of the study is to obtain a new nomenclature of environmentally safe
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long-acting tukosmesi with trace elements based on waste from thermal power
plants and dolomitized phosphate-siliceous raw materials.

In our opinion, the ash sludge (SWC) CHP contains components that possess
unique technological properties that allow them to effectively use the quality of
the fertilizer, so that the elements that grow properly do what they need.

Key words: mineral fertilizers, fertilizer mixture, dolomitized siliceous-
phosphate raw materials, ash and slag waste from thermal power plants,
macroelements, microelements.

AM. Koxxkaxmerosa'", K.T. JKanrTacos', O.Bb./lopmemkun?,
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K30 KAJABIKTAPBI MEH JTOJIOMUTTEJII'EH ®OCPATTbI-
KPEMHUJIJII IMUKI3AT HETT3IHJAE TYKOKOCIIA AJTY

AHHoOTanus. Makajnajga KopliaraH opTara SKOJIOTUSUIBIK Kayill TOHAIPETIH
OpPTYPJIi KOCIMOPBIHAAPAAH IIBIFATBIH TEXHOTEH/IIK KAJIIBIKTapAbl THIHANTKBIIII-
Tap eHIpiCiH/E IUKI3AT peTiH/ie Naijanany Typasl aknapar oepuireH. 3eprrey
o0bekTlIepl AKcail KEeHOPHBIHBIH OajaHCTaH ThiC (GOCHOPUTTI MIMKI3aThl MEH
IIaFbIH KYPAaM/Ibl )KOHE Carachl TOMEH XUMHUSUIBIK KYPaM/Ibl ’KbLTY SHEPre TUKAJIBIK
OPTAJIBIKTAH IIBIKKAH KYJI KOKBIC KaJIJBIKTaphl OOJIBII TaObLIa/bI.

Kazakcran Pecnybnmukaceiaein Kaparay ¢ocdopur OacceifHinaeri Kemip
OH/IIPY, Tay-KeH *koHe (hochaTThl JKOHE KPEMHUII ITUKI3aTThl OHIIPYTe apHaTFaH
OHEPKACINTIK KEUIEHHIH OHAIPICTIK KaJJIbIKTAPbIHBIH MHHEPATOTHSUIBIK JKOHE
XUMUSJIBIK KaCHETTEepl Typajbl MajiMerTep KenTipiareH. Kaparanuel >koHe
Exibacty3 GacceliHaepiHiH KOMIpiH KaFyJaH KeiiH naiaa O0iIFaH KbUTy JIEKTP
CTaHLMSUTAPBIHBIH KYJI JKOHE NUIAK KAJABIKTAPBIHBIH XUMHSJIBIK KOHE MHHE-
PaJIOTUSIIBIK KYpaMbl KEJITIPUITeH.

Temen cypbinTsl pocdar mmkizarel MeH borateips Men MaiikyOe TiiMaepiHiH
KOMIp KYJiHIH XUMHUSUIBIK J>KOHE MHHEPAJOTHSUIBIK Kypambl M. ©Oye3oB
YHUBEPCUTETIHIH 3epTXanacbiHaa Jeol JSM-6490LYV epitinmici 6ap 37eKTpOHABI
mukpockonTsl xoHe HKL-Basic (Oxford Instruments) KypbUTBIMIBIK Tal1aybIH
xoHe INCA Energy Energy MukpokartaHy »KyHeciH Koj1aHa OTBIPbII 3epTTEIl.

3epTTeyniH MaKcaThl KbUTy JIEKTP CTAaHIWSIIAPBIHBIH KAJIIBIKTaphl MEH
JOJIOMUTTENTeH (PoCcaTTHI-KPEeMHUII1 IIHMKI3aT HETi31HAE OSKOJOTHUSIIBIK
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KayiIci3, y3aK acep eTeTiH MUKPOIEMEHTTEpl 6ap TYKOCKOCIIaHBIH jKaHa TYpPiH
aty OoJbIn TaObLIa/IbI.

biznin olibiMbizma, XXOO-HBIH KYJI-IIJIaK KAIIBIKTAPBIHAA THIHAUTKBIIITAP
peTiHae THWIMII MaijalaHyFa MYMKIHIIK OEpeTiH epeKIle TEeXHOJOTHSIIBIK
KacuerTepi 6ap KOMIIOHEHTTep Oap, OUTKEeH1 ©CIMIIKTEP/IIH KaJIbIITHI 6CYl MEH
JaMyblHA Ka)KeTTI JEMEHTTep KYJAI IIbIFapyla >KOHE JOJIOMHT KeHJEpPiHiH
CTaHJAPTTHI EMEC YKPAHJAPbIH/A TaObLI/bL.

Tylin ce3gep: MUHEpasabl THIHAUTKBIILTAP, TYKOKOCIA, JOJIOMMUTTEITEH
KpeMHUH-PocaTThl IIUKI3AT, JKbUIY SJEKTP CTAHLUSIAPBIHBIH KYJI KOKBIC
KaJJIBIKTapbl, MAaKPOAJIEMEHTTEP, MUKPOJJIEMEHTTED.
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“benopyccKuii roCyaapCTBEHHBIM TEXHOJIOIMUYCCKUN YHUBEPCHUTET,
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E-mail: k aidana 19@mail.ru

INOJYYEHHUE TYKOCMECH HA OCHOBE
JOJTJOMOTHU3UPOBAHHOI'O KPEMHUCTO - ®OCPATHOI'O
CbIPbSA 1 OTXOAO0B T3

AHHoTanusi. B crarbe npuBeneHb CBEACHMS O TEXHOTCHHBIX, TBEPBIX
OTXO0/1aX Pa3JIUYHbIX MPEANPHUATHH, OKa3bIBAIOIINX IKOJIOIMUECKON OIIaCHOCTH
Ha OKpYXXAIOUIYI Cpeny, KOTOpbIe INPUMEHSIOTCS B KaueCTBE CHIPbS IpHU
MPOU3BOJICTBE yAOOpEHUH B BHJIE KOMIIOHEHTOB TyKocMmecu. OObekTaMu
WCCIIEIOBAaHUM SIBISIOTCSL  3a0anaHcoBblie  (OCHOPUTHBIE MEIKOCEPUNHBIE
[0 COCTaBY M HU3KOKauY€CTBEHHBIE IO XMMHUYECKOMY COCTaBy YHOOpeHUs U
OTXOJIbl TEIJIOPHEPreTUUECKOro IeHTpa ¢ GocPOopoM UIUTENBHOTO ACUCTBUS
AKCaiCKOro MECTOPOXKICHUS.

[IpuBeneHbl AaHHbIE O MMHEPAJIOTMUECKMX W XUMHUYECKHX CBOMCTBaxX
TEXHOT€HHBIX OTXOJOB YINIEAOOBIYM M TOPHO-MPOMBIIIIEHHOTO KOMIUIEKCa
no no6wrue ¢ocharHOro M KPEMHHUCTOTO CHIpbs B ¢ochopuTHOM Oacceiine
Kaparay Pecny6nuku Kazaxcran. J[aHbl XUMHUYECKMH M MHHEPAJIOTHUECKUN
COCTAaBBI 30JI0IIIAKOBBIX 0TX0710B TOL, 00pa3yromuxcs mocie CKUraHus yriaen
Kaparannuackoro u DxubacTy3ckoro 6acceifHOB.

XUMHUYECKUA U MHHEPATIOTMYECKUN COCTaB OTXOAOB HHU3KOCOPTHOTO
(docaTHOro Chipbs M YroiabHOW 3016l pa3pe3oB borareipp u Maiikybe Obu1
M3yYeH ¢ ucnosb3zoBaHueM cucteMbl MukporBepaeHus INCA Energy Energy c
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HCIOJIb30BaHUEM 3JIEKTPOHHOTO MHKpOCKoma ¢ pactBopoM Jeol JSM-6490LV
u crpykrypHoro anammsza HKL-Basic (Oxford Instruments) B mabGopatopuu
yHuBepcuteTa M. Aya3oBa.

Lenpro uccnenoBaHus SIBISETCS NOJTY4YEHHE HOBOW HOMEHKIATYpPhI JKO-
JOTHYEeCKH O€30TMacHOM TYKOCMECH MPOJIOHTHPOBAHHOTO IECHCTBUS C MUKPO-
SJIEMEHTaMH Ha OCHOBE OTXOJOB TEIUIOBBIX 3JIEKTPOCTAHIMA M JOJIOMH-
TU3UPOBAHHOTO (HOC(HATHO-KPEMHHUCTOTO CHIPHSI.

[To namemy MHenuto, 3oionuiakoBeie oTxonabl (3LLIO) TIL cogepkar xom-
MIOHEHTHI, 00JIaJAIONINe YHUKAIBHBIMU TEXHOJIOTUYECKUMU CBOWCTBAMHU, MO3-
BOJIAIOIIMMU 3(()EKTUBHO HCIOIB30BaTh UX B KauecTBE yIOOPEHMI, TaK Kak
3JIEMEHTBI, KOTOpbIE HEOOXOIUMbIE JI1 HOPMAJIBHOTO POCTa U Pa3BUTHsI pacTe-
Huii 00HapyxeHsl B 31110 1 B HEKOHAMITMOHHBIX OTCEBAaX JOJIOMHUTOBBIX PY/I.

KiroueBble cj10Ba: MUHEpaIbHbIE yI0OPEHHS, TYKOCMECh, TOJIOMUTH3UPO-
BaHHOE KpeMHHUcTo-(pocharHoe chipb€, 3omonuiakoBbie orxonsl TOL, makpo-
AIIEMEHTBI, MUKPOJIEMEHTHI.

Introduction. The main established situation today imposes a number of
technological requirements for mineral fertilizers and fertilizer mixtures on the
markets. Therefore, the production of high-quality safe and environmentally
friendly products of the chemical sub-industry and the agro-industrial complex
is relevant. This is the basis for research in the development and creation of
an environmentally friendly fertilizer mixture from off-balance dolomitized
siliceous-phosphate raw materials of the mining complex with the introduction
of heat energy centers (CHP) operating on solid fuels into their waste.

High yields can be achieved by providing plants with complete and sufficient
fertilizers for their nutrition. In this regard, it is necessary to expand the range
of mineral fertilizers, including dry fertilizer mixtures enriched with macro- and
microelements in the form of iron, magnesium, sulfur, etc., without which plants
get sick, this leads to low productivity. The use of micronutrients provides a
significant increase in yield and improves the quality of plant products, increasing
their nutritional value (Tarchevsky, 1964; Tarchevsky, 1964).

When choosing fertilizers, take into account the properties of soil and climatic
conditions, biological and varietal characteristics of the crops grown. When
choosing forms of fertilizer - the ratio of plants to its ionic composition, the
physiological reaction of fertilizer, the ability of the root system to assimilate
nutrients from hardly soluble forms (Avramva et all, 1996).

For the correct definition of fertilizers, it is required to know the nature of the
interaction of fertilizers in the system soil - plant - fertilizer - environment.

It should be noted that the elements contained in ash and slag and in off-
balance carbonate-siliceous phosphorites can to some extent contribute to the
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stabilization of the pH balance of the soil, which is intended for sowing. In
addition, based on the analysis of its chemical composition, it is possible to
determine the presence of macro- or microelements and which microelements
are necessary for the soil environment.

The main macro components necessary for the mineral nutrition of plants are
nitrogen, phosphorus, potassium. In addition to these elements, for the normal
development of a plant, a number of elements are needed, called trace elements,
which are part of a large number of natural and artificial compounds.

It is well known that phosphorus compounds with adepic acid are involved
in vital metabolism in the plant cell and are rich in macro-energetic bonds, in
which the energy released during plant respiration is accumulated, participating
in various synthesis processes and is concentrated in the commercial part of the
crop (Kononov, 1988; Aldashev et all, 2006).

Potassium is necessary for plants, animals and microorganisms to ensure
photosynthesis, as well as to activate the activity of many enzymes. The significant
amount of potassium is found in the cell sap and increases the resistance of plants
against pathogens of fungal diseases and contributes to their resistance in winter.

Calcium is the protoplasmic structure of plants and its buffer connection with
pectin substances forms the basis of the median plates that adhere the walls of
individual cells. The main function of potassium is to neutralize organic acids
formed in plant tissues. It promotes the elimination of excessive penetration of
hydrogen, aluminum, iron and manganese ions into plants on acidic soils, as well
as the absorption of ammonia nitrogen by plants.

Sulfur is a part of many components, performing an important function in
the life of plants and determining the productivity of agricultural crops. The
sulfur content in plants, depending on their culture, ranges from 0.02 to 0.50%.
Microorganisms use a variety of sulfur compounds, and the roots of higher plants
in the form of SO,

Magnesium is a part of chlorophyll, participates in photosynthesis and plays
the role of an enzyme activator, cleaving and transferring phosphoric acid. In
plants, about 50% of magnesium is part of organic substances, and the rest is in
the form of soluble salts.

Iron affects the formation of chlorophyll, being part of some enzymes. With
a lack of iron, the plant chlorases occurs and the leaves lose their normal color.
Iron starvation of plants in many cases manifests itself on calcareous and highly
calcareous soils (Akhmedianov et all, 2008; Vlasov et all, 1972).

In addition to these elements, for the normal growth and vital activity of plants,
boron, molybdenum, manganese, copper, zinc, cobalt and other trace elements
are needed, which are part of a fertilizer mixture based on phosphogypsum and
off-balance ores of the Karatau basin.
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The effective use of trace elements in fertilizer-fertilizer mixtures on various
types of soils depends on many factors, therefore, knowing the chemical
composition of the soil, it is possible to select various compositions and
nomenclatures in the fertilizer mixture production process in order to obtain
good yields both in quality and quantity.

Materials and methods. One of the production wastes containing macro- and
microelements and amounting to multimillion tons are oft-balance dolomitized
carbonate-siliceous phosphorites from the Aksai deposit, the Karatau basin and
ash and slag waste from thermal power centers accumulated after coal processing.
The ash dumps of the CHP create great environmental tension, posing a threat
to the environment and human health. As a result of wind erosion, ash particles
containing settled dust and chemically active toxic substances pollute the soil,
water and atmosphere. The same can be said about dolomitized carbonate-
siliceous phosphorites (Pasynkova, 1974). The main types of fuel and energy
resources of the Republic of Kazakhstan are the coals of the Karaganda and
Ekibastuz deposits, which after burning contain various trace elements in ash
and slag, which are urgently needed by plants, since in various regions there is
a low supply of micro- and macroelements in the soil (Zhantassov et all, 2020).

The research was carried out by the chemical method and on modern devices
of physico-chemical analysis. The chemical and mineralogical composition of the
waste of low-grade phosphate raw materials and coal ash from the Bogatyr and
Maikube sections was studied using the INCA Energy Energy microhardening
system using an electron microscope with a Jeol JSM-6490LV solution and
HKL-Basic (Oxford Instruments) structural analysis in the laboratory of M.
Auezov University. The density of small fractions is 0.7-0.8 g/cm’.

Results. To obtain a fertilizer mixture based on solid waste from enterprises,
the mineralogical composition of ash and slag waste from the burning of coal
from the Bogatyr and Maikube sections and the chemical composition of low-
quality phosphorites from the Aksai deposit were investigated.

Table 1 - The content of chemical elements in the mineral part of the coal
deposits of the Bogatyr and Maikube sections

. . The content of metals (wt.%) In the ash of coal deposits
Chemical composition :
Bogatyr Maikube

Fe 3,6 4,3

Ca 6,9 2,64

S 0,29 0,4

K 0,65 0,50

Ti 0,7 1,1

v - -

Ba 0,09 0,12
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P 0,36 0,35
Mn 0,115 0,11
Zn 0,023 0,023

According to the result, the content of metals in the mineral part of the coals
of the Bogatyr and Maikube deposits is shown in Table 1; it can be seen that the
greatest amount of iron and manganese is contained in the ash of the Maikube
deposit. The content of calcium, zirconium, especially in the ash coal Bogatyr.

The chemical composition of coal ash for the main components of the Bogatyr
and Maikube open-pit mines, the deposits of the Ekibastuz and Karaganda basins
(in wt.%): Aluminum oxide 24.3 and 24.6; iron oxide 5.2 and 5.9; magnesium
oxide -1.03 and 0.83; sodium and potassium oxide 0.79 and 0.61; calcium oxide
4.9-3.7. The KCI pH of the medium is 7.2 to 8.2 for both deposits. The total
content of exchangeable calcium and magnesium cations ranges from 5.5 to
42 mg-eq / 100 g of substrate. In indicates that brown coal ash contains more
exchangeable cations than coal ash.

Phosphate-siliceous ores of the Aksai deposit with a grain size of 0.11 and
below were used as a feedstock. The chemical composition of the starting
materials is given in Table 2.

Table 2 - Chemical composition of off-balance phosphorites Aksai
Content of components in %%

F Mn K Ca

19,1 0,003 0,014 1,49 29,85 1,7

It can be seen from the table 2 that off-balance phosphorites have the content
of magnesium and calcium oxides at a reduced P,O..

The chemical composition of off-balance dolomitized phosphorite of the
Aksai deposit contains (in wt.%): Phosphorus oxide-19.1; potassium 1.49;
magnesium-1.72; calcium-29.85; manganese-1.7.

Discussion. The possible range of fertilizers in general and complex fertilizers
in particular can be very wide, both from the point of view of the content and
ratio of nutrients in them, and from the point of view of the rate of dissolution in
soil solutions. It should be remembered that an increase in the consumption of
mineral fertilizers naturally requires an expansion of their range. For example,
if 10-15 years ago in our country preference was given to water-soluble forms
of nitrogen and phosphorus, nowadays the practice of combining water-soluble
(fast-acting) forms with slow (long-acting) forms is becoming more widespread
(Zhantassov et all, 2017; Zhantassov et all, 2020).

Our task is to obtain an ecologically safe fertilizer mixture of prolonged action
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with microelements based on phosphate-siliceous raw materials and waste from
thermal power plants. Since the wastes of TPPs are ash and slags, we studied the
products of the coal industry and TPPs of Kazakhstan as raw materials for the
production of fertilizer mixture.

The study of the mineral and chemical composition of oft-balance dolomitized
siliceous-phosphate raw materials of the Karatau basin and ash and slag waste
from the TPP was carried out using modern instruments and methods of
physicochemical analyzes.

For this, representative samples of carbonate-siliceous dolomitized phosphate
raw materials from the Aksai deposit and ash and slag waste generated during the
combustion of coal from the Ekibastuz and Karaganda coal basins were taken
(Zhantassov et all, 2015).

Conclusion. The study of the composition of coal ash from the Bogatyr
and Maikube sections and the chemical composition of dolomitized carbonate-
siliceous phosphate raw materials from the Aksai deposit determines the
possibility of their use in obtaining a new range of flour mixtures for the agro-
industrial complex.

Based on the above analyzes, the chemical compositions of off-balance
dolomitized siliceous-phosphate raw material containing (in wt%) phosphorus
oxide-19.1, phosphorus-8.32, potassium-1.49, magnesium-1.72, calcium-29.85
were revealed. , manganese-1.7.

Ash and slag from the thermal power plant formed during the combustion
of coal from the Bogatyr and Maikube deposits contain in their composition (in
wt.%): Aluminum oxide 24.3 and 24.6; iron oxide 5.2 and 5.9; magnesium oxide
-1.03 and 0.83; sodium and potassium oxide 0.79 and 0.61; calcium oxide 4.9-3.7.

The results of the mineralogical composition of ash-and-slag waste from
thermal power plants formed after the combustion of coal from the Karaganda
and Ekibastuz basins and off-balance dolomitized siliceous-phosphate raw
materials from the Aksai deposit are presented.

It has been established that ash and slag waste from thermal power plants and
off-balance ores contain components with unique technological properties that
allow them to be effectively used as fertilizers, since these macro- and micro-
elements are urgently needed for the normal growth and development of plants.
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THE SYNTHESIS OF NEW INCLUSION COMPOUNDS
COMPLEXES CYTISINE: B-CYCLODEXTRIN

Abstract. The results of a physicochemical study of the encapsulation of the
cytisine alkaloid with B-cyclodextrin are presented. Cytisine is a promising sinton
for modification and creation of new biologically active substances. Obtaining
supramolecular inclusion complexes of cytisine and its new derivatives will
allow creating their new medicinal water-soluble form with prolonged action.
The use of microwave treatment in an aqueous-alcohol medium made it possible
to obtain cytisine inclusion complexes with B-cyclodextrin with high yield.

Microphotographs of cytisine: B-cyclodextrin clathrate complexes were
obtained. Micrographs were taken using a Tescon Mira3LMN scanning electron
microscope at an accelerating voltage of 3 and 7 kV (SEM MAG 537x-8.06
kx). The photos of the samples show the structure of B-cyclodextrin and the
pattern of the cytisine: B-cyclodextrin clathrate at various magnifications. The
spectral properties of the inclusion complexes were characterized by FT-IR, 'H
NMR spectroscopy data. Analysis of the '"H and *C NMR data showed that the
formation of the inclusion complex cytisine: -cyclodextrin leds to a shift of all
"H B-cyclodextrin signals to the downfield region. The greatest difference in the
values of chemical shifts of protons in B-cyclodextrin was observed in the atoms
H-3 (0.15 ppm.) and H-5 (0.15 ppm.). The formation of inclusion complexes
was also confirmed by analyzing the two-dimensional spectra COZY ('H-'H)
and HMQC ('H-C). The determining role in the formation of the clathrate
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complex belongs to nonspecific weak van der waals, hydrophobic and dispersion
interactions.

Key words: cytisine, inclusion complex, clathrate, B-cyclodextrin, substrate,
clathrate complex.
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OUTU3UH-B-HUKJIOJEKCTPUH KEHIEHIHIH ’KAHA
KOCBIJIBICTAPBIHBIH CUHTE3I

AnHoTtanusi. [UTH3WMH anKaJouAbIH [-IUKIOACKCTPUHMEH WHKAIICYIIS-
uusIayabpl  (GU3MKa-XUMUSUIBIK 3€pTTEY HOTIDKENepi YChIHbUIFaH. LuTtusun
KaHa OWOJIOTHSUIBIK OCJICEH/I 3aTTapAbl CHHTE3[Cy MEH Monudukarusiayaa
MaHBI3IbI CHHTOH Oonbin ecenreneni. [[UTU3MHII KOHE OHBIH KaHA TYBIH/IbI-
JApBIHBIH CYNpaMOJIEKyIalbIK KEeUIeHAEpiH aly oJapIblH Y3aKKa CO3bLIAThIH
ocepi Oap cyma epuTiH jKaHa JOPUTIK (OopMAchH KacayFa MYMKIHIIK Oepei.
Cy-ciupT opTachlHAa MHUKPOTOJKBIHABI OHJEYAl KOJNJaHy LUTHU3UHHIH
B-IIUKITONEKCTPUHMEH KOCBIIFAaH KEIICHCPiH )KOFaPHI IIBIFBIMIBUIBIKIICH aTyFa
MYMKIHIIK Oepi.

Hutu3un: B-IUKIOAESKCTPUHII KJIATPATTHIK KEMIEHAEPIHIH MHUKPOGhOTO-
rpadusaps! anerHbl. Mukpodotorpadusiap Tescon Mira 3LMN a351eKTpOH BT
MHUKpOCKOTIbIHAa 3 JkoHe 7 KB ymerkim kepueyne skacanbiHiasl (SEM
MAG 537x-8.06 kx). YurinepaiHn ¢otocypertepinie [B-LHUKIOAEKCTPUHHIH
KYpbUIBIMBI koHEe IUTU3MH: B-LJI KiaTpaTblHBIH OpTYpJi YIKEHTY Ke3iHAeri
CyperTepi KenTipinreH. AJBIHFaH KJaTpaT KemeHepiHiH 0eTKi Mop(]oIoruschl
CKaHEepJIEyIIl 3IEKTPOHIbI MHKPOCKONTHIH KOMETIMEH curarTayiFaH. Kocwimy
kemeHaepiniy cnekrpiaik kacuerrepi FT-IR, 'H NMR crnekTpocKonuschiHbIH
nepekrepiMer cunartanabl. NMR 'H sxone *C crekrpriepiHiH AepeKTepiH
Tajaay MUTH3UH-P-IIUKIOACKCTPUHMEH KOCY KeIlIeHIHIH Maiia 60mysl 6apibIk
"H B-CD curnanmapbiHbIH 9JICi3 6pic alilMarbiHa aybICYbIHA OKEJITCHIH KOPCETTI.
B-LIuKIONEeKCTPUHHIH MPOTOHIAPBHIHBIH XUMUSJIBIK BIFBICY MOHJIEPIHAETI €H
yikeH avpipmambuibikTap H-3 (0.15 m.1.) sxone H-5 (0.15 m. a.) aromaapeiaga
Oaiikanapl. Kocbuty KemeHaepiniH Ty3inyl ocsl 3artapsiH eki 6ipiikti COZY
('H-'H) u HMQC ('H-C) cnekrpnepin tammaymeH ae mgonenacHmai. Kimarpar

113


mailto:iosu8990@mail.ru

OF THE NATIONAL ACADEMY OF SCIENCES OF THE REPUBLIC OF KAZAKHSTAN

KeUIeHIHIH KaJbIMTaCybIHAAFbl IIEHIYII pPeJ HAKThl eMec ICi3 BaH-Jep-
BaaJIbCTI, THAPOGOOTHI KOHE AUCTICPCHUSIIBIK ©3apa OpPEKETTECyIepre jKaTaibl.

Tyiiin ce3aep: MUTH3MH, KOCBUTY KEIIIEH1, KJIaTpar, ITUKIOACKCTPUH, cyOcTpar,
KJIaTpaT KeIleHi.
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CUHTE3 HOBBIX COEJJMHEHU BKJIIOYEHUS KOMILJIEKCOB
OUTU3UH:B-HIUK/ITOJEKCTPUH

AnHotranus. IlpencraBnensl pe3ynbTaThl (U3MKO-XUMHUYECKOTO HCCIe-
JIOBaHUS PE3yIbTAaTOB WHKAIICYIMPOBAHMS alKajJouja LUTU3MHA C [-LMKIIO-
NeKCTpUHOM. LIUTH3UH sABIsIeTCS ePCIIEKTUBHBIM CHHTOHOM JJ1s1 MOJU(HKALIUN
U CO37aHME HOBBIX OMOJIOTMYECKHM aKTHBHBIX BemiecTB. [lomyuenue cympa-
MOJIEKYJISIPHBIX KOMITJIEKCOB BKJIFOUEHUS! IUTH3MHA U €T0 HOBBIX MPOM3BOAHBIX
MO3BOJIUT CO3/1aTh UX HOBYIO JIEKAPCTBEHHYIO BOJOPACTBOPUMYIO (GopMy C
MIPOJIOHTUPOBAHHBIM JIeiicTBHEM. [IpuMeHeHne MHKpPOBOJHOBOW 00pabOTKH
B BOJHO-CIIUPTOBOM Cpe/ie TMO3BOJIWIO TOJYYUTh KOMILIEKCHl BKJIIOYEHUS
LUUTU3MHA C B-IUKIOAEKCTPUHOM C BBICOKHM BBIXOJIOM.

Mopdosnoruss mOBEpXHOCTH MOTYYCHHBIX KJIATPAaTHBIX KOMILJIEKCOB ObLIa
OIHCaHa C MOMOUIbI0 CKAaHUPYIOIIETO 3JEKTPOHHOTO0 MUKpockomna. [lomyueHsl
Mukpodororpadun KIaTpaTHbIX KOMIUIEKCOB IIMTH3HH: [-IIUKIOACKCTPHH.
Mukpodortorpadpuu  ObUIM  CleNaHbl HAa CKAHUPYIOIIEM  3JIEKTPOHHOM
mukpockorie Tescon Mira3LMN npu yckopsitomiem HamnpspbkeHudn 3 U 7 kB
(SEM MAG 537x-8,06 kx). Ha ¢otorpadusx o0Opa3iioB BUAHA CTPYKTypa
B-UUKIONEKCTpUHA M KapTHHA Kjarpara IUTH3UH: [-IUKIOASKCTPUH TpHU
pa3nuuHbIX yBenuueHUsX. CHeKTpajbHble CBONCTBA KOMIUIEKCOB BKJIFOUEHHS
xapakrepuszoBanuch gaHHbiMu  FT-IR, 'H SIMP-cnekrpockonuu. AHanu3
nanabix SIMP 'H u "“C-cmektpoB mokaszasi, uto oOpa3oBaHHE KOMILIEKCa
BKJIFOUCHUSI [TUTU3UH: B-LIUKIOAEKCTPUH MPUBEJIO K CMEIICHUIO BCEX CUTHAJIOB
'"H B-umknomexkctpuna B obnacte ciaboro monss. Haubonblnas pasHuna B
3HAUEHUSIX XUMUYECKHUX C/IBUTOB MPOTOHOB Y [-IIMKIIOIEKCTPUHA HAOII01a1ach
y aromoB H-3 (0.15 m.x1.) m H-5 (0.15 m.x.). @opmMupoBaHue KOMILJIEKCOB
BKJIFOUECHHMSI TIOITBEPKIACHO TAKXKE MPU aHaAIMU3e AByMEpHbIX criekTpoB COSY
("H-'H) u HMQC ('H-"3C). Onpenensroias pojib B 00pa30BaHUH KJIaTPaTHOIO
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KOMITJIEKCA TMPUHAMJICKHUT Hecrenn(UuIeckuM ciIadblM BaH-Aep-BaalbCOBBIM,
ruIpoGOOHBIM U AUCTIEPCUOHHBIM B3aUMOJICHCTBUAM.

KuroueBble cj10Ba: IUTU3UH, KOMIUIEKC BKJIFOUEHHUS, KIaTpaT, -LIUKIOAEKC-
TPHH, CyOCTpAT, KJIaTPaTHbII KOMILIEKC.

Introduction. One of the most promising and intensively developing areas
of modern supramolecular chemistry is the preparation and study of inclusion
complexes of bioactive compounds with cyclodextrins (CD) (Kurkov, 2013;
Astray, 2009; Larsen, 2002; Loftsson et all, 2004). A promising synthon for
modification and creation of new biologically active substances is the well-known
alkaloid cytisine (Cyt) contained in the herb Thermopsys Lanceolata (Orechov,
1950; Gazaliev et all, 1992). Cytisine refers to substances of «ganglionicy» action
and is used in medicine as a respiratory analeptic. A solution of cytisine (cytiton)
can be used in shock and collaptoid conditions, with respiratory and circulatory
depression in patients with infectious diseases, etc. The above features of the
physiological action of Cyt suggest the prospect of searching for and the possibility
of creating effective inhibitors of proteases of the COVID-19 virus and the ACE2
receptor based on cytisine and its derivatives (Adekenov, 2021 Ulomskiy et all,
2017). For this reason, there is a need to obtain its new encapsulated water-
soluble forms with improved biofunctional properties. Currently, water-soluble
cyclodextrins (CD) obtained from starch are widely used as encapsulating agents
for vitamins and medicinal compounds (Crini, 2014; Martin, 2004; Duarte et
all, 2015) (Figure 1). Cyclodextrins (CD) are cyclic oligosaccharides that
have an inner hydrophobic cavity and a hydrophilic outer shell (Crini, 2014).
They are products of the biochemical transformation of starch. The CD family
includes three main products: a-, -, and y-CD, whose macrocircles consist of
six, seven, and eight glucopyranose residues, respectively. These macro rings
can be represented as a truncated conical structure with a hydrophobic cavity
(Duarte et all, 2015).

The encapsulation of pharmaceuticals allows the preparation of drugs with
prolonged action and increases the possibility of targeted transport of the drug
in the body directly to its site of action. Thus, in countries such as North Korea
and Japan, biologically active substances encapsulated with oligasaccharides
account for almost 50% of all manufactured pharmacological and food products,
in Europe, the USA and Russia - about 25-30% (Duarte et all, 2015). In
Kazakhstan, CD are not produced and have not yet found application in the
production of pharmaceutical products. In this regard, it is of interest to study
new methods of Cyt encapsulation and the properties of its inclusion complexes
with B-cyclodextrin. This is a new innovative direction in pharmacology, which
is of extremely important practical importance and social efficiency. B-CD is
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registered in the EU as a food additive E-459 (Commission Directive 2003/95/E,
2003) (Fenyvesi et all, 2016). Obtaining supramolecular inclusion complexes of
Cyt and its new derivatives will make it possible to create their new medicinal
water-soluble form with a prolonged action.
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Figure 1. Structural formulas of the alkaloid cytisine (a) and B-cyclodextrin (b)

Research materials and methods. We used the alkaloid cytisine (C, H,,N,O,
CAS code 485-35-8), which is a white crystalline substance (molar mass 190.24
g/mol, mp 152-153°C) («Shymkentbiopharmy», Kazakhstan); B-cyclodextrin
(99.5%) (molar mass 1135.0 g/mol, m.p. 299°C dec.), (compania «Flukay),
white crystalline substance. Inclusion complexes of Cyt:-CD (1:1; 1:2; 1:3)
were obtained in an aqueous-alcoholic medium. A mixture of Cyt and B-CD
(mmol) was reacted for 600 sec in an Anton Paar Monowave 300 microwave
oven at an irradiation power of 200W in 2-min increments at 80°C. After the
procedure, the solvents were evaporated under vacuum. The yields of clathrate
complexes Cyt:B-CD amounted to 73 (1:1), 82 (1:2), 80 (1:3)%.

Results. The combined use of various methods to characterize the objects
under study, depending on the considered physical state, gives the best results in
terms of model reliability. Figure 2 shows micrographs of the clathrate complex
Cyt:B-CD (1:2) taken on a Tescon Mira3LMN scanning electron microscope. The
pictures were taken at an accelerating voltage of 3 and 7 kV (SEM MAG 537x-
8.06 kx). The photographs of the samples show micrographs of B-cyclodextrin
(a,b,c) and inclusion complexes Cyt:B-CD (d,e,f) at various magnifications
(Figure 2). As follows from the analysis of these images, there is a change in the
morphology of the crystals of samples of inclusion complexes (IC) (1:2) (Bulani
et all, 2016; Zou et all, 2017). Changes in the crystal surface morphology of the
studied clathrate ICs are one of the important evidence for the formation of an
inclusion complex (Bertacche et all, 2006; Miller et all, 2007; Aree et all, 2002).

The structure of the resulting IC was studied by FT-IR, '"H NMR, and "*C
spectroscopy. In the FT-IR spectra of the physical mixture of B-CD and cytisine,
their spectra overlap without any changes (Figure 3). When IC (1:2) is formed,
stretching vibrations of bonds of the “guest” molecule at 799.63, 1527.81,
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1142.00 cm™ do not appear. This may mean that these groups are masked by
very broad and intense B-CD bands in the same wavelength range. The observed
intensity of hydrogen bond stretching at 3300-3391 cm™ in IC is much stronger
compared to the B-CD spectrum (Figure 3). The shift of characteristic bonds to
higher frequencies, together with the expansion and decrease in their intensity,
can be attributed to the breaking of intermolecular hydrogen bonds associated

with crystalline molecules (Aree et all,

2002). This evidence may be related to

the formation of inclusion complexes Cyt:3-CD.

Figure 2. Scanned electron micrographs of B-CD (a,b,c) and Cyt:B-CD (1:2) inclusion

complex (d,e,f) at various magnifications (Tescon Mira3 LMN)
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Figure 3. FT-IR Spectra of B-CD (a), Cyt:B-CD (1:2) (b) and cytizine (c)
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It is known that the entry of a guest molecule into the cyclodextrin cavity is
accompanied by a strong change in the chemical shifts of its hydroxyl atoms
H-3 and H-5 (Duarte et all, 2015; Loftsson et all, 2004; El-Sonbati et all, 2021).
Analysis of 'H and *C NMR data showed that the formation of the IC inclusion
complex led to a shift of all '"H -CD signals to the downfield region. The greatest
difference in proton chemical shifts was observed for H-3 (0.15 ppm) and H-5
(0.15 ppm) atoms (Table 1) directed toward the inner part of the cyclodextrin
cone.

The formation of inclusion complexes was also confirmed in the analysis
of two-dimensional COZY ('H-'H) and HMQC ('H-"*C) spectra (Figure 4). An
analysis of the 'H and *C NMR spectral data indicates the absence of covalent
interactions between Cyt and internal functional groups of the -CD torus (Wen
et all, 2004; Kumar et all, 2009; Nurkenov et all, 2018; Seilkhanov et all, 2016).
The decisive role in the formation of the clathrate complex belongs to nonspecific
(dispersion, hydrophobic, and van der waals) interactions (Loftsson et all, 2004;
Duarte et all, 2015).

Table 1. 'H and "*C NMR chemical shift values for B-CD in the absence and
the presence of cytisine molar ratio

Proton B-CD (5,) B-CD-Cyt (3) A5 (5-3,)

5('H) 3(°C) 5('H) 3(°C) 5('H) 3(°C)
H-1 477 102.43 4.79 102.49 0.02 0.06
H-2 3.27 72.87 3.29 72.97 0.02 0.10
H-3 3.45 73.54 3.60 73.60 0.15 0.06
H-4 3.30 82.00 3.31 82.12 0.01 0.12
H-5 3.45 72.52 3.60 72.59 0.15 0.07
H-6 3.57 60.40 3.62 60.49 0.05 0.09

Figure 4. Correlations of COZY (a) and HMQC (b) in the Cyt molecule

Conclusion. Encapsulated inclusion complexes of cytisine alkaloid with
B-cyclodextrin have been obtained. The use of microwave treatment in a water-
alcohol medium made it possible to obtain inclusion complexes of cytisine with
B-cyclodextrin in high yield. The synthesized cytisine:B-cyclodextrin complexes
belong to inclusion compounds of the «guest:host» type. The decisive role in the
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formation of the clathrate complex belongs to nonspecific weak van der waals,
hydrophobic, and dispersion interactions. The data of FT-IR, 'H NMR, *C
spectroscopy, as well as SEM analyzes of cytisine clathrates with B-cyclodextrin
indicate their formation.
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UCCJEIOBAHME JEIMYJIbCAIIUY OBBOJHEHHON HE®TH

AnHoTanusi. IlpoBeneHsl HCCIeAOBaHUS AEIMYIbCAUU OOBOJHEHHON
He(TU MPHU MCIOJIB30BAHUU THAPOJUHAMHYECKON 00pabOoTKU BOJOHEPTIHOMN
SMYJBCHUHU TIOCJE 100aBIEHUs IPECHONW NMPOMBIBOYHON Bonbl. [lokazaHo, 4TO
CKOPOCTb OTJEJIEHUs BOABI OT HE()TU 3aBUCUT OT KauecTBa MpeABAPUTEIbHON
MOJATOTOBKM CBIpbs K JAedMyibcanuu. K mapamerpam, XapakTepH3YHOIIUM
IpeBaPUTEIbHYIO MOJTOTOBICHHOCTh BOJOHE(PTIHON 3MYIbCHH, OTHOCSTCS
CTENEHb PAa3pPyIIEHHOCTH aJCOPOLMOHHO-COJIBBATHOIO CJIOS Karelb BOABI,
CTENEHb YMEHBUICHUS MEJKOIUCIIEPCHON YacTH 5SMYJIbCHH, JOCTHKEHUE
ONTUMAaJIbHOTO pa3Mepa Kamnesb BOJIbI 1J1 ObICTPOM CeIMMEHTAIUH U UX CIUSHUS
Ha JHe cOopHOW emkocTH. lccnenoBaHueM mpoLEcCOB B3aMMOJEHCTBHUS
Kareiab BOABI MOKAa3aHO, YTO KOAJNECLEHIUS Kaleslb BOABI B BOJOHE(PTIHOMN
SMYJIBCUH MOXKET IMPOUCXOAUTH IMPH THIPOAMHAMHYECKOM 00paboTke mpu
IIpEABAPUTEIBHOM MOATOTOBKE K OTCTOIO, B IIPOLIECCE CEAUMEHTALIMU Kallelb B
OTCTOMHMKE, MTOCJIe CEMMEHTAIMM B TOHHON YacTU OTCTOMHHMKA.

IlepBble aBa ciaydas OTIMYAIOTCS MEXIY CO00Il 4acTOTON CTOJIKHOBEHMMH
B €/IMHUIY BPEMEHHU M 3HAUYCHUSAMM KO3(D(UIMEHTa KOaryjasiUOHHO — CeAH-
MEHTALMOHHOM akTuBHOCTHU. [Ipruem, B mepBOM BapuaHTE yKa3aHHbIE IOKa-
3arelnd HMMEIOT 3HAYUTEIbHO OOJbIIME 3HAYEHHS] M JIOJKHBI MPAKTHYECKH
MPUMEHSATHCS IS A€IMYIIbCALIH TSDKENBIX U BSI3KUX HE(TEH.
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CYJAHIBIPBLIIFAH MYHAWJIBIH TESM YJIbCAIIUSACHIH
3EPTTEY

AnHoTanusi. TYIIBI XXyy CybIH KOCKaHHaH KeWiH Cy-MYHal SMYJIbCHUSCHIH
THIIPOIMHAMHKAIIBIK OHJIEY/I KOJAaHy Ke3iH/e CyJaHFaH MYHAHIIBIH IEIMYIb-
canuschbl OoMbIHIIA 3epTTeynep Kypriziiai. CyabiH MyHalijaH 0eIiHy JKbUTIaM-
JIBIFBI IIMKI3aTThI IEMYJIbCAllUsFa ajliblH-aJ1a TailbIH/1ay carachblHa OaliIaHbICThI
exeHairi kepcerinreH. Cy-MyHail SMYJIbCHSCHIHBIH aJJIbIH-ajla JANibIH/bIFbIH
CUNATTAUThIH MapaMeTpiepre Cy TaMIIbUIAPBIHBIH aJCOpPOIHSIIBIK-COIbBAT
KaOaThIHBIH OY3bLTY JOpeXkeci, SMYIbCUSHBIH YCaK IUCIEPCTi OOIriHIH a3aro
JOpexkeci, Te3 TYHABIPY YUIIH Cy TaMIIbUIAPBIHBIH OHTAMIBI MOIIIEPIHE KOJ
JKETKI3y KOHE OJapJblH OHIMJII XKWUHAY CBIMBIMIbI BIABICTAPBIHBIH (TYHIIBIP-
FBRIIITAPBIH) TYOiHIE Oipirim, meryi kataapl. Cy TaMIIbIIaApBIHBIH ©3apa dpe-
KETTeCy MPOLECTEPIH 3epPTTey KOPCETKEeHIEH, Cy-MyHaill SMYIbCHSCHIHIAFbI
Cy TaMIIbLIAPBIHBIH KOAJECICHIIUACH TYHOAFa aj/bIH-ala JalbIHIBIK Ke3iH/1e
TUAPOJMHAMUKANBIK OHJIEY Ke3iH/e, TYHIBIPFBIIITA TaMIIbLIAPbIH TYHY TPO-
LeCiH/Ie, TYHABIPFBIIITHIH TYOIHAC TYHYIaH KeH1H mana 00Iybl MYMKIH.

AJFanIKbl €Ki kKar1aii 01p yaKbITTaFbl COKTHIFBICY JKULTITIMEH )KOHE KOAT yJISITIHSI-
TYHABIPY OenceHaiiri koahGUuIHeHTIHIH MoHaepiMeH epekieneHe 1. COHbIMEH
Karap, OipiHIII HYCcKaaa OyJ1 KOPCETKIIITEep alTapiIbIKTall YIIKEH MOHTE HE XKOHE
aybIp KOHE TYTKbIp MaimapAbl JeMylIbCcallusiay YIIiH iC KY31HAe KOIAaHbUTYBI
KepekK.

Tyiiin ce3nep: MyHail, SMyibCcHs, JUCTIEPCTI KYHe, AEIMYIBIaTop, dSMYIb-
CUSTHBIH OY3bLTYBI, aJICOPOIHSIIBIK-COIbBAT Ka0AThI, TAMIIBITY 3T, TYHIBIPFBILII.
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STUDY OF DEMULSIFICATION OF WATERED OIL

Abstract. The research on demulsification of wetted oil in the application
of hydrodynamic treatment of water-oil emulsion after the addition of fresh
wash water has been carried out. It is shown that the rate of separation of water
from oil depends on the quality of preliminary preparation of raw materials for
demulsification. The parameters that characterize preconditioning of water-oil
emulsion include the degree of destruction of the adsorption-solvation layer
of water droplets, the degree of reduction of the fine part of the emulsion,
achieving the optimal size of water droplets for rapid deposition and their joint
deposition at the bottom of storage tanks (settling tanks) of product collection.
Study of the interaction of water droplets showed that coalescence of water
droplets in the water-oil emulsion can occur during hydrodynamic treatment in
pre-sedimentation, during the deposition of droplets in the settling tank, after
deposition at the bottom of the settling tank.

The first two cases differ in the frequency of simultaneous collision and
values of coagulation-sedimentation coefficient. In addition, in the first variant,
these values are of sufficiently high importance and should be practically used
for demulsation of heavy and viscous fats.

Key words: oil, emulsion, disperse system, demulsifier, emulsion destruction,
adsorption-solvate layer, pipette, settling tank.

Beenenne. Hetb — HEoqHOpOAHAS JKUAKOCTb, COCTOSILAS U3 YIVIEBONO-
POIHBIX KOMIIOHEHTOB - OCH3UH, IU3€JIbHOE TOIIMBO, Macia, Ma3yT, He(pTaHOI
OCTaTOK W paccMaTpuBaeTcs Kak HeTsHas aucriepcHasi cuctema. E€ cBoiicTBa
OTIPE/ICTISIOTCSA TUCIEPCHBIM COCTaBOM CIIOXKHBIX CTPYKTYPHBIX €IMHHIL,
SBJISTIOIINXCS OCHOBOM HE(TH, X YCTOHYMBOCTHIO, pacTpe/ie]IeHneM B 00beMe
CHCTEMBI, UX CBA3bIO C AUCTIEPCUOHHOM cpenoit. OOpazoBaHue SMYIbCUH CBSI3aHO
C IBIJKEHUEM BOJbI OTHOCUTENILHO HEPTH U UX B3aUMHBIM JUCIIEPTHPOBAHUEM.
VYKa3zaHHBIE MPOIECCH MPOUCXOIAT B IUIACTOBBIX YCJIOBUSIX M TPU IMOIbEME
o6BogHeHHOW HedTH MO cTBONY cKBaKuHBI. (Tponos, 1978: 272). CroiikocTh
MOJYYCHHOW SMYIIbCUHU ONpEAeTseTcss pa3MepaMH Karelb BOAbl B HE(TH,
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MPOYHOCTHIO a/IcopOIMoHHO-conbBaTHOTO cnos (ACC) acdanbTo-CMOIHCTHIX
BELIECTB U IPYTUX SIMYJIbraTOpPOB, INIOTHOCTHIO U BA3ZKOCTHIO HePTH. (XanyauH,
1990: 55), (Axmetkanues, 2008: 63).

[IpyunHO#l yBenMYEHHUs arperarHoil, CEeIUMEHTAIMOHHOM U TepMOIM-
HAMUYECKOM YCTOMYMBOCTH SMYJbCUHM SIBISETCS paboTa BHEHIHUX CHJI,
M3MEHEHHE TEPMOOAPUIECKUX YCIOBUM He(TH U CBS3aHHBIE C HUMHU (DU3HKO-
XUMHUYECKHE TPOIECChl MEpPeXoAa CIOXKHOW CHUCTEMBI B HOBOE COCTOSHHE
(Axmerkanues, 2010: 91), ( I'ypsuu, 1994), (ITanuenko, 1990).

Marepuansl u Metonbl. [IpuopureTHoil 3amadeil mpu HUCCIENOBAHUU
SMYJIbCUH SIBJISIETCSl BOIPOC €€ pa3pylIeHHs U OTAENEHUS BOAbl OT HEPTH.
Jis  3TOro HEoOXOAMMO U3yYeHHWE MeXaHu3Ma OOpa30BaHUA AMYIbCHU
U PpEryJUpOBaHUSl €€ YyCTOMYMBOCTU. ArperatHas yctounBocth BHD B
3HAUUTENIbHOW CTETEeHU 3aBUCHT OT COCTOSHUS «OPOHHPYIOLIIMX» 000JI0UYEeK
Ha TOBEPXHOCTH Kamenb miactoBod Boabl. ACC MpensTCTBYeT CIUSHHUIO U
JanbHENIIe ceMMEeHTalM Karelb. bbuii mpoBeeHbl HCCe0BaHuUS BIUSIHUS
TEMIEPaTyphl, O3Bl JEIMYIbraropa M BpPEMEHH OOpabOTKU SMYIbCHH Ha
pazpyuenne ykazanaoro ACC.

PesyabTarsl n 06cy:xaenns. Onucanue npouecca ObLJIO MPOBEIEHO C HC-
MOJIb30BaHUEM KO3(h(dHUIIMEeHTa KOaryJlsSlIMOHHO — CEIMMEHTAIMOHHON aKTHB-
HOCTH (AxmeTkanues, 2001: 4):

kz—lln Poor 1)
t ¢6X

e @,,., P.x - HauambHas U KOHEYHasi CTaausi 0OBOIHEHHOCTH HeDTH; [ -
BpeEMSI.
Ha ocHOBaHUM MOYYEHHBIX 3aBHCUMOCTEH KOAPPUITUCHT KOATYISIIIHOHHO-
CEIMMEHTAlMOHHON aKTUBHOCTHU MOXET OBbITh MPEACTABIIEH B CIEIYIOIIEM BHJIE:
k=t Los _ Ace o AT, @)
t ng

rne AC, AT — npeBbienne 10361 J€IMyIbraTopa U TEMIIEPaTypa OT MUHH-
MaJbHOTO HEOOXOAMMOTO 3HAUYEHUS, COOTBETCTBYIOIIECTO HAYaTy J€IMYIThCAIHH
He(dTH; a, b— Mokazarenu CTENeHH.
N3 popmynel (2) ciaenyer:
(ngLx _ a b
= =exp(—AC" o AT" o), (3)
68X
[Mocnennsiss popmysa ABISIETCS MaTEMAaTHUECKUM BBIPAXKCHUEM CBSI3H MEKITY
KOJIMYECTBOM OT/ICTUBIIICHCS BOJBI OT HEPTH U PACXOJIOM pearcHra, TeMIepary-
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poii 1 BpeMeHeM 00paboTku sMybcuu. Kpome Toro, 310 BeIpaskeHHE OKa3bIBAET,
YTO Ha3BaHHBIC MapaMeTphl Ipoliecca SBISIOTCS B M3BECTHBIX Ipeaenax
B3aMMHO KOMIICHCHPYEMBIMHU BEeIMYMHAMU. BIIMsSHUE yKa3aHHBIX MapaMeTpOB
Ha TMpoLecC IeIMYIIbCAllUU MPOSBISETCS pa3HbIM 0O0pa3om. Temmneparypa, 103a
peareHTa u BpeMsi 00pabOTKH AIMYIBCHH BIHUSAIOT Ha KOJTMYECTBO OT/IEIUBIIECHCS
BOJIbI, HO BJIMSIHME STOW BEIUYMHBI MPOSIBISAETCA TONBKO Ha (hOHE AelcTBUA
MEPBBIX JABYX MapameTpoB. PaspyiieHue «OpoHUPYIOHIMX» 00O0J0YEK Karelb
BJIard HAUWHAETCS TOJIBKO IMOCIIE MPEBBIIICHUS MUHUMAIBHOTO HEOOXOIMMOTO
3HAYEHUs 03Bl JEIMYJbraropa M TEMIIEpPaTypbl, COOTBETCTBYIOLIUX Hauday
JeAMyIbCcaluy HeTH.

Oco0blit UHTEpEC MPENCTaBIISAET PACCMOTPEHHUE JOTOIHUTENBHBIX (PaKTOPOB
paspyuieHusl SMYJIbCHd, JEUCTBYIOIIMX B TpyO4daToM KaruieoOpazoBaresie B
CpaBHEHHH C TepMOXUMHUYecKMM MeTtonoM (3earmnumze, 1976). Ilpeobpa-
3oBanusi BHD, mpoucxonsiiye B TpyOuaThiX KaruieoOpaszoBarensix, MpeaHas-
HAYeHBI IS pa3pyLICHUsT «OPOHUPYIOMIMX» 000JI0YEK Kamelb BOAbI, X YKPYII-
HEHUS W TPEIBAPUTEIBHOTO pasfelieHuss SMYyabCuu. KOHCTPYKTHBHO TpyO-
yaTble KaryieoOpa3oBaTesid BBIMOJHEHbI U3 TPYO OMpeAesIeHHOro AMaMeTpa U
JUTMHBI 3alaHHON KOH(UTrypauuu, Ha 4TO pa3paboTUYMKAMH MPOEKTa MOIy4eH
nateHT (Axmetkanues, 2008: 74). [Ipu ruapoauHamMudeckoir oopadborke BHD
B TpyOuaThIX KarieoOpa3oBaTeNsiX B MPOMBICIOBBIX YCIIOBHSIX, IMPOUCXOIUT
YMEHbILIEHUE MPOYHOCTH 3aIUTHONU 000IOUKH KameJIeK BOABI M UX pa3pylIeHUe
3a CYET MHOTOKPATHBIX COYJApCHHM KareleK MeXAy COOOW, ACHCTBUS CHI
BSI3KOTO TPEHUSI Ha 00O0JIOYKY KAIlIM MpH ABMKEHHH B JUCIICPCHOHHON Cpeae,
TypOyJAEHTHBIX IMyJIbCALUAX CKOPOCTH U COYHApEHUSX CO CTEHKaMu Tpybo-
npoBoza. JleficTBre 3TUX (aKTOPOB YCHIMBAET TEPMOXUMHUECKUE MPOIECCHI
paspyluieHust «OpoHupyromei» 000m0ukd U KOI(DPUIIMEHT KoaryasuOHHO-
CEIMMEHTALMOHHON aKTUBHOCTH MOXET OBbITh MPEACTABIIEH B CJIEIyIOIIEM BUJIE:

K=AC*eAT" e R R=A,— A, (4)

rae AI. - paboTa BHEUIHUX CHJI MO TypOyJIHU3allMK IMYIIbCUU; AO - pabora
BHEIIHUX CHJI, COOTBETCTBYIOLIasi TYpPOYJIEHTHOCTH IIOTOKA, MPH KOTOPOH
HAuMHAETCS U3MEHEHHE MapameTpoB sMmyibcun; C — n1o3a sMyabpraropa.

Yeemmuenue kodpdunment (K) MokeT ObITh TOCTUTHYTO 33 CYCT YBEITUUCHUS
TypOyJIEHTHOCTH IOTOKA U/WIH O0Jiee MPOOKUTENIEHOW 00paObOTKH AIMYIbCHH.
Vkazaunble BenmuuuHbl (C, T, R) B ompeneneHHbIX mpeaenax SBISIOTCA
B3aUMOKOMIIEHCHpyeMbIMU. [Tocnennee nonoxeHrne MOXXeT ObITh UCTIONIB30BaHO
IIPU IPOMBICIIOBOM U 3aBOJICKOM MOATOTOBKE HE(PTH.

DddexTrBHOCTE TUApPOTMHAMUYECKOH 00paboTkn BHD u ee BimsHue Ha
ko dunment (K) sprnsercs HEOIMHAKOBOH ISl MPOIIECCOB 00E3BOKUBAHUS U
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obecconuBaHUsIHE(YTH. ITOBUIHOHATIPUMEPE00PAOOTKN HEPTUMECTOPOKAECHUS
3abypeHbe B KamuieoOpa3oBarene, NMPOBEACHHOE B IPOMBICIOBBIX YCIIOBHSX,
IOpU  JIOTIONHUTEIBHOM  OIpeleNeHHH KOA(P(PHUIMEHTOB  KOAryJIsIHOHHO-
CEIMMEHTAllMOHHOM aKTUBHOCTH AJis 00e3BokMBanus K, u obecconuBanus K,
pe3yNbTaThl MPUBEIACHBI B TabIUIE 1.

B omnbiTax 6e3 karieoOpazoBatens npu no3e aesmyasraropa 150 — 200 r/t
JIOCTUTAETCs ocTarouHoe coaeprkanue Boabl 0,12-0,15 % u coneit 630 — 680 1/T.

Tabnumna 1 — Pesynbrarsl 00€3BOKMBaHUS U 00eCCONMMBaHUS HEDTH

Jo3a nesmyneraropa, I/t 50 100 150 200 250 300
OcratouHoe copepxanue Boabl, % | 0,48 0,06 0,03 0,02 (0,02 0,02
Koappument K, 1/mun 0,022 0,031 0,034 |0,036 |0,036 |0,036
OcTaro4gHoe cofepxanue coyelt, I/t | 2465 518 252 211 168 119
Kospdpumment K, 1/mun 0,0074 0,014 0,017 0,018 |0,019 [0,020

U3 pe3ynbratoB BUAHO, 9TO 3(h(HEKTHBHOE 00eCCOTMBAHIE HE()TH BOZMOXKHO,
[oCJie ONPEAETICHHON CTeNEeHN pa3pyIIeHHOCTH 3aIIUTHOW OOOJOYKM Karelb
BOJIbl U €€ MHTEHCUBHOM KOHTAKTE€ M B3aUMOJECHCTBUH C HE(PTHIO.

Otnenenue BoAbl OT HE(TH peaTu3yeTCsl B pe3ylIbTaTe CeIMMEHTALNH KaTlelb
npu oTcToe AMyinbcuu. CKOPOCTh YKa3aHHOTO IMpoliecca 3aBUCUT OT pa3Mepa
ocemaromux Kamenb. Bpems pasmenenus BomoHeTsHOM smynscun (BHD)
3HAYUTEIIBbHO YIUIMHSAETCS 3a CUET MEJKOAUCIEPCHOM 4acTh. BO3MOXKHBI 1Ba
BapHaHTa YMEHbILIEHUS YHCIIa MEJIKUX KaleJb: KOaJIeCIeHIIMU UX MeXIy co0oi
JI0 HEKOTOPOT0 HEOOXOAMMOTIO pa3Mepa WIN KOAJIECLUEHILUs, MEJIKUX Kallelb C
KpynHbIMH (AxMeTkanues, 2010).

M3meHenue yncia MEJIKUX Karenb 71, B PE3yJIbTare 9TUX TPOLECCOB ONHUCHI-
Baetcs popmynamu (5a, SB) IS 3TUX CITy4aeB COOTBETCTBEHHO:

nk = n—o (Sa)
1+ kn,©
—k
n, = n, 2z‘(n0 + N)N (58)

1+ k,t(n, + N)®

rIe 7, — HAYaJbHOE KOJMYECTBO MEJIKHMX Kameldb; N — YHMCIO KPYIHBIX
Kanelnb; ¢ — Bpems; k, k, Koo OUUHMEHTBI KOATyIsSIHOHHO-CEIMMEHTAMOHHOM
aKTHBHOCTH ISl IIpoIlecca KOAJECUEHIMM MEJKHX Karelb MeXIy co0oil u
MEJIKHX C KPYITHBIMHU.

CpaBuenue ¢popmyra 5a u 5B ¢ y4eToM uX KOd(P(UIIEHTOB MOKa3bIBAET, YTO
BEPOSTHOCTh TIOIVIOMICHUSI MEJKHX Karellb KPYIMHBIMH 3HAUUTEIFHO OOJIbIle
MIEPBOTO BapHaHTa KOAJIECUECHIIUN Karelb.
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VYKa3aHHbIE TPOIECCHl B3aMMOACUCTBUSA Kameib OyIyT MPOMCXOAUTH TpPU
Xa0TUYECKOM JBMIKEHUU Karmelb B obobemMe BHD mnpum ruppommnamuueckoi
obpabotke (['J10) cucreMsl.

YacToTa CTOIIKHOBEHUH pazHOpa3MEpHBIX Kamesb Oy/1eT MaKCUMaIbHON MPH
PaBHOMEpPHOM pacIpe/ieJIeHIH Kalelb BceX pa3MepoB B o0beme BHO.

Pacripenenenne kanenp B o6beme BHO ompenensiercs gpyHkuumeit pacrpe-
JETICHUS:

1o = ny exp| - " (6)
Et

1€ 1, n, - KOHUEHTPALKs Kareab ¢ MacCoi m Ha Beicote h u h = 0; Er -
sHepTHsl TypOYJICHTHBIX MyIbCALUN; g - YCKOPEHHUE CUITBI TSXKECTH.

PaBHOMepHOE pacmpeneneHue Oyaer mmerb mecto mpu [J1O smynbcuu ¢
BBICOKMM 3HAU€HUEM B3HEpPTruu TypOyJIeHTHbIX Myibcanuil. ClIusHUS Kareib
MeX Ty co00#1 OyTyT IPOUCXOAMUTH IMPU UX CTOTKHOBEHUSX, KOIMIECTBO KOTOPBIX
3aBUCUT OT 4acTOoThl @ u kodddunmenra (k). BeposTHOCTH 3TOro COOBITHS
orpeaenseTcs: GopMyIou:

Q=0 (7)

BoiBoabl. Takum 00pa3oM, CKOPOCTh OTAETICHHS BOABI OT HE(TH 3aBHCHUT
OT Ka4eCTBa MPEIBAPUTEIHLHON MMOATOTOBKHU AMYIbCUHU, K KOTOPHIM OTHOCSTCS
pa3pyLIeHHOCTh a/COPOIMOHHO-CONBBATHOTO CJIOS  Kamelb BOJbI, CTETCHb
YMEHBIIIEHUS MEJIKOJUCTICPCHON YacTH BOJAOHE(TSIHOM SMYIIbCHH, JTOCTHKEHUE
ONTUMAJIFHOTO pa3Mepa Kareib BOBI IJIs1 OBICTPOI CeNMMEHTAIIUH H UX CIIASHUS
Ha JiHEe COOpPHOM eMKOCTH.

KoarnecuieHius kamneinb BOABI B BOMOHEPTSIHON AIMYIIbCUN MOXKET IPOUCXOAUTh
MpU TUAPOJUHAMHUYECKON 00paboTKe B Mpolecce MpeaBapUTEeIbHOM MOIro-
TOBKH K OTCTOI0, B MPOIECCE CEAMMEHTAIMM Kallejdb B OTCTOMHHUKE, MOCIe
CEIMMEHTAllMM B JIOHHOW YaCTH YKa3aHHOIO OTCTOMHHMKA. IlepBble nBa ciaydas
OTJIIMYAIOTCS MEXKIY CO0OW 4YacTOTOM CTOJKHOBEHHUH B €IUHMIY BPEMEHU U
3HaYEHUSAMH KOIPPUIIMEHTA KOATyISIIMOHHO-CETMMEHTAIIMOHHON aKTUBHOCTH.
[Ipuyem, B mepBOM BapuUaHTE YKAa3aHHbIE IMOKA3aTe€Id HUMEIOT 3HAYUTEIIBHO
OOJIBIIINE 3HAYCHUS U JOJKHBI TPAKTUYECKH MPUMEHSITHCS IS JEIMYIIbCAIIUU
TSDKEIBIX U BSI3KUX He(TeH.
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SJIEKTPOXUMHUYECKHWN METO/ MOJIYUYEHUSA TUOKCHIA
TUTAHA

AHHoTanus. B nanHoli pabore onuchiBaeTcs Cnocod 3IEKTPOXUMUYECKOTO
aHOIMPOBAHWs TUTaHa B BOAHOM pacTBOope STuieHrmukois/NH,F, xoropsi
(GopmupyeT akTUBHBIH cioi MaccuBa Ti0,, COCTOAMIMIA HENOCPENCTBEHHO U3 aHa-
Ta3HOM (pa3bl ¢ MaJbIM BKIIOUEHHEM pyTuia. bbula yMeHbleHa KOpPO3UOHHAS
CKOPOCTb HOHOB ()TOpa, TEM CaMBIM IPENOTBPaILEeH npouece pactBopenus TiO,,
IIyTE€M HCIOJIb30BAHUS BA3KOTO AIEKTPONIUTA (3TUIICHIVIMKOIbL) U MOBBIIICHUS
ero kucinotHoctu 10 pH=3,8. OnpeneneHsl onTUMalIbHbIE TAPAMETPHI CUHTE3a
okcuHoro cios TiO,: aHOIHOE OKMCIIEHHE MPOU3BOAUIOCH IIPU HANPSKEHUH
30 B B teuenne 6 yacoB. [lo pesynbraram ckaHUpYHOUIEH >JIEKTPOHHOM MHK-
pockonuu ObUIO BBISBIECHO MOKPHITHE MOBEPXHOCTH TUTAHOBOMW IUIACTUHBI Ha-
norpyokamu TiO, nnamerpom mo 100 HM u JIMHOK Okoso 2 MKM. MeTomom
SHEPrOAMCIIEPCUOHHOTO PEHTIEHO(IYOPECHEHTHOIO aHaIn3a ONPEENIEHO, YTO
o0pa31pl XapaKTepU3yIOTCsl CTEXMOMETPUUECKUM COCTAaBOM JMOKCHJIa TUTaHa.
CriekTp KOMOWHAIIMOHHOTO PACCEsSHUs CBETa IOKa3ajl YETKO JETEKTHPYEeMble
MUKW, YTO YKa3blBa€T HAa KPUCTAIIIMYECKYIO NPUPOAY CHUHTE3UPOBAHHOIO
TiO,. HabGmomanock mocTeneHHoe yBenuueHue (GpoToToKa Mpu pasBepTKe I10-
TEHIIMaja U3 OTPULATEIbHOM 007acTH B MOJOXKUTENBbHYIO, JOCTUTHYTHI CTa-
OUJIbHBIC 3HAYEHUs IUIOTHOCTH (oTOoTOKAa B mperenax 150 MKA u BenuunHa
KBaHTOBOM 3¢ dexktuBHOCTH B 5,014%. 3HaueHue QoTomoTeHNHana B pamMKax
JTAHHOTO MCCIIe0BaHusl ObUIO 3aperucTpupoBaHo B mpenenax 170 mB, dro
00yCIIOBJIEHO 3aXBaToM (POTOABIPOK, MPUBOASIIIEMY K CMELICHHUIO MMOTEHIMAIa
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snekrpona TiO,(C,H.O,) B karoanyro 061acTh, 3a C4€T Haau4us pactsopa 0,1
M NastB. DT 0COOCHHOCTH JIeTIAI0T TAHHBIC AHOAHBIC CIIOW TIEPCIIEKTUBHBIMU
JUISL IPUMEHEHHUS B (POTONIEKTPOXUMHUYECKHX siUeiKaxX pereHepaTuBHOIO THUIIA.

Ki1roueBble cj10Ba: TOHKHE ITOTYTIPOBOTHUKOBBIE MJICHKH, 3JIEKTPOXHUMUYEC-
KO€ aHOJUPOBAaHUE, TUOKCHU] TUTaHA, dTUICHIJIMKOIb, HAHOTPYOKHU, (POTOINIEK-
TPOXUMHUYECKUE TUEHKU, (POTOIIEKTPO/IBI.
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TUTAH JUOKCHUAIH AJYAbIH JIEKTPOXUMMUAJIBIK 91ICI

AnHoTauus. by sxympicTa THTanasl sTuneHrmkons/NH,F cynbr epitinmi-
CiH/Ie PNEKTPOXUMHUSIIBIK aHOAU3ALMAIAY OICI CHIATTalFaH, OJI aHaTa3 >KOHe
a3 memuepae pytun ¢asanapaan typarbin TiO, MaccuBiHiH Oenceni KabaTbiH
Kypaiapl. TYTKBIp 3JEKTPOIUTTI (ITHJICHIIMKOJb) KOJJAaHy YKOHE OHBIH KBIIII-
KeLIABIFRIH pH=3,8 neiiin orappliary apKbUIbl ()TOp MOHIAPBIHBIH KOPPO3Us
KBULIAMJIBIFBl TOMEHAETLA, ochutaiima TiO, epyine xon Gepmerni. TiO,
OKCHJIl KabaThlH CHHTE3JCY/AIH OHTAWIBI MapameTpiepl aHbIKTAJAbl: aHOITHI
toThiry 30 B kepHeyne 6 carar 6oiibl xkyprizuial. Ckanepiey 3JIeKTPOH bl MUK-
POCKOTIUSHBIH HOTHKEIIEpi OOMBIHIIIA TUTAH TIACTUHACHIHBIH OCTIHIH TUaMeTpi
100 HM-Te neHiHTi jKoHE Y3BIHBIFBI IIaMaMeH 2 MKM-re jekinri TiO, nano-
TYTIKTepIMEH KaObIHBI aHBIKTAIbI. DHEPTeTUKAIBIK AUCIICPCUSIIBIK PEHTTEH-
TiK (QITyopecHeHIUSIIBIK Tajlaay oJICiH KoJgaHa OTBIPHII, YJTUIep TUTAH THOK-
CUJIIHIH CTEXHOMETPHSUIBIK KYPaMBIMEH CHITATTaJIaThIHBI aHBIKTAIIBI. Paman
cnektpi cunresaenren TiO, KaObIKIIAnapablH KPUCTAIIbIK TabuFaThiH Kopce-
TETIH aHbIK KOPIHETIH IIbIHAapAbl KepceTTi. [loTeHumanasl Tepic aliMakTaH OH
aliMaKka >KbUDKBITKaHAAa (OTOTOKTHIH OIpTiHAEN apTybl Oaiikanmbl, (OTOTOK
TBHIFBI3JIBIFBIHBIH TYPAKThl MOHJIepiHe 150 MKA mieriHae Ko >KeTKi3UIIl KoHe
KBAHTTHIK THIMILTIK 5,014% kypanbl. Ocel 3epTTey asichiHAa (POTOTOTEHITHAITBIH
MoHi 170 MB merinae tipkenai, Oy poToTecikTepiiH TycipiinyiHe OailIaHbICTHI,
0,1 M Na,SO, epirinzicinae TiO,(C,H,O,) 2neKTpo MOTEHIUABIHBIH KaTO
aliMarbIHa BIFBICYBIHA OKENIN COFajbl. by MyMKiHAIKTep OyJ1 aHOATHIK KabaT-
Tapabl PereHepaTuBTI (POTOAICKTPOXUMHISIIBIK JKacylIauapaa rnaiaanany yimH
MEPCIIEKTHBAIIBI €TEI].

Tyiiin ce3mep: KyKa »)apThUlail ©TKI3riI KaObIKIIagap, AIEKTPOXUMHUSIIBIK
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ELECTROCHEMICAL METHOD FOR OBTAINING TITANIUM
DIOXIDE

Abstract. This paper describes a method for the electrochemical anodization
of titanium in an aqueous solution of ethylene glycol/NH,F, which forms the
active layer of a TiO, array, consisting directly of the anatase phase with a small
inclusion of rutile. The corrosion rate of fluorine ions was reduced, thereby
preventing the dissolution of TiO,, by using a viscous electrolyte (ethylene
glycol) and increasing its acidity to pH=3.8. The optimal parameters for the
synthesis of the TiO, oxide layer were determined: anodic oxidation was carried
out at a voltage of 30 V for 6 hours. According to the results of scanning electron
microscopy, a coating of the titanium plate surface with TiO, nanotubes up to 100
nm in diameter and about 2 um in length was revealed. Using the method of energy
dispersive X-ray fluorescence analysis, it was determined that the samples are
characterized by the stoichiometric composition of titanium dioxide. The Raman
spectrum showed clearly detectable peaks, indicating the crystalline nature of the
synthesized TiO,. A gradual increase in the photocurrent was observed when the
potential was swept from the negative to the positive region, stable values of the
photocurrent density were achieved within 150 pA and the quantum efficiency
was 5.014%. The value of the photopotential in the framework of this study was
recorded within 170 mV, which is due to the capture of photoholes, leading to
a shift in the potential of the TiO, (C,H,O,) electrode to the cathode region, due
to the presence of a solution of 0.1 M Na,SO,. These features make these anode
layers promising for use in regenerative photoelectrochemical cells.

Key words. Thin semiconductor films, electrochemical anodizing, titanium
dioxide, ethylene glycol, nanotubes, photoelectrochemical cells, photoelectrodes.

BBenenne. B HacTosiiee BpeMs, B CHJIy MHOTOYMCICHHBIX MPUMEHEHUU
nuokcuza turana TiO,, HabmogaeTCcs POCT KOJIMYECTBA BCEBO3MOXKHBIX JKCIIE-
PUMEHTOB M MCCJIENOBAHMH, MOCBAMIEHHBIX cuHTe3y TiO, n U3yd4eHuro 3Hauu-
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TEIHHOTO YHCJIa TapaMeTPOB, 00yCIaBIMBAOIINX ero oOpazoBanue. CyIiecTByeT
MHO>KECTBO JIUTEPATYPHBIX TAHHBIX M0 UCIOJIL30BAaHUIO JUOKCUIA TUTAHA, Cpe-
JT KOTOPBIX MMPE00Pa30BaHKUE COTHEUHOTO U3ITydeHUsI, POTOIEKTPOXUMHUYECKOE
paciierneHie BoAbl, OYMCTKA BO3/AyXa U BOMABI, MEIUIIMHCKUE MPHUIOKEHUS, a
TaK)Ke U3rOTOBJICHHE KOHCTPYKIIMOHHBIX YACTEH CYIIepKOH/ICHCATOPOB U JaTYH-
koB rasza (Park, 2011: 5; Wu, 2011: 5; Park, 2010: 5; Al-jawad, 2014: 5). ITogo6-
HOe mmpokoe npumenenne TiO, CBA3aHO € €ro Crenn(uIeCcKon MoayIpOBOIHHU-
KOBOUW TIPUPOJION, TaK, HAIPUMED, aHATa3 SBISETCS MOTYITPOBOIHUKOM N-THUTIA C
LIMPUHOM 3alpelieHHON 30HbI Topsaka 3,2 3B.

B mocnennee Bpemst 00NbINOI MHTEpEC HANIPABIICH HA MCIIOIH30BAHUE HEKO-
TOPBIX METONOB Pa3paboTKH HaHOCTPYKTYp TiO, ¢ XapakTepHBIMU MHOr000e€-
marommMMe cBorictBamMu. K Hanbosee 4acTo MpUMEHSEMBIM METOaM CHHTE3a
HaHOCTPYKTYp TiO, OTHOCATCS 30/Ib-T€JIb METOM, TMAPOTEPMANIbHBIN CHHTES,
HaIlbUICHHE W JJIEKTPOXUMHUYECKOe aHoaupoBaHue tutaHa (Abdennouri, 2013:
7; Gong, 2001: 3). Cpenu BbIIIEyKa3aHHBIX METOJOB CHUHTE3a BBICOKOYMOPS-
JIOYEHHBIX MOPHUCTHIX IIEHOK auokcuiaa turara TiO,, Ha CeromHsAIHuA NeHb,
CYIIECTBEHHYIO 3(D(PEeKTHBHOCTH MOKa3ano anogupoBanue turana (Gong, 2001:
3). Ha nanHbIii MOMEHT M3BECTHO, YTO ABa Mopdosornyeckux tuna TiO, Bo3-
MOKHO TIOJTYYHUTh AIIEKTPOXUMUIECCKUM aHOIUPOBAHUEM: TTIOTHBIC KOMITAKTHBIC
TUICHKU JUOKCHJA TUTaHA MPEUMYIIECTBEHHO CHHTE3UPYIOT B 0€3(TOPHUCTHIX
AIIEKTPOIUTAX, B TO BPeMsI Kak BO (PTOPCOAECPKAIIUX HIEKTPOIUTAX TPOUCXOAUT
CUHTE3 NMOPUCTHIX MIIeHOK (Zhang, 2014: 6). MoXHO BBIEIUTH HECKOJIBKO Mapa-
METPOB, TAKUX KaK TEMIIEpaTypa BaHHBI aHOAUPOBAHMUS, PUIOKEHHBIN TOTEH-
1A, BpeMsl aHOJUPOBAHHUS, COCTAB JJIEKTPOJIUTA M COJEPKaHUE B HEM BOJIBI,
KOHIICHTpAITUs HOHOB (PTOPA, BIUSIONINX HA CHHTE3UPOBAHHBIC AHOAUPOBAHUEM
nopucteie wienku TiO, (Gong, 2001: 3; Zhang, 2017: 11; Kulkarni, 2016: 5).

W3 u3BECTHBIX THUIOB TMOJYMPOBOJAHUKOBBIX HaHOOOBEKTOB HAWOOIBIIHIA
MHTEPEC NPEACTaB/A0T HaHOTPYOKH TiO,, CHMHTE3MPOBaHHBIE JIEKTPOXMMH-
YECKUM aHOAMPOBAHMEM TUTAHOBOW (DOJBIH, BBHIY TAKHX MPEUMYIIECTB, KaK
BBICOKasl (POTOIIEKTPOXUMUYECKAs CTAOMIBHOCTh, HETOKCUYHOCTh, XHMHYE-
CKasi MHEPTHOCTb, Majasi CTOMMOCTh W OoJblias Iuiomanp nosepxuoctu. Cy-
IIECTBEHHBIN PsiJT UCCIICIOBAHUIMA, TIPOBEICHHBIX METOIOM AIEKTPOXHUMHYECKOTO
aHOAMPOBaHMs, ObUT HANpaBjieH Ha W3y4YeHHE MexaHu3Ma (OpMUPOBaHHUS Ha-
HoTpy6uareix mwieHok TiO,. Takum 00pa3oM, ¢ LENbIO BBIACHEHHS HEKOTOPBIX
aCIIEKTOB B MeXaHu3Me ()OpMUPOBaHUA U pocTa HaHOTPYyOoK TiO,, ObL10 Mpen-
CTaBJICHO HECKOJIBKO TEOPHid, 0A3UPYIONIMXCS HA PACTBOPCHHH B AJICKTPUYC-
ckoMm mnonie (Paulose, 2006: 5) u nokanIM30BaHHOM MOAKHUCIIEHUH Ha JIHE TIOD,
yBEIMYUBAIOIIEM XUMHUYecKoe pacTBopenue (Jaroenworaluck, 2007: 5). Cunres
nanotpy6ok TiO, B pabore Pamka u ap. (Raja, 2007: 7) mponsBoausICs U MO-
cTostHHOM HanpsbkeHun 20 B B TeueHue 45 MUH. B JEKTPOJUTE, COCTOSIIEM
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u3 stuwieHrmikons ¢ 0,2% NH,F u pasHoit konuenrpanueil Boapl. Pesynbrars
JaHHOM paloThI Moka3zanu, yTo Heooxoaumo 0,18 mac.% conepkaHus BOIbI A
(dhopMupOBaHUs MACCUBOB HAHOTPYOOK AMOKCHIA TUTAHA.

Ban u np (Tang, 2009: 6) cooOurmnm, uyTo 1isi 0Opa3oBaHUs HAHOTPYOOK
TuTHOM 45 MKM (nuameTp mmop okosio 100 HM) ObLIH TO00paHbI ONITHMAIBHBIC
nmapaMeTpbl  ANEKTPOXUMHUYECKOTO AHOAMPOBAHUS W OICHEHBI BIHMSHUS
colepKaHus BOJAbI, KOHIEeHTpauuu NH 4F, BPEMEHU OKHCIIEHWS W TTOTEHIMAIIA
aHOAMPOBaHUS Ha AMUHY HaHOTpyOok. Kak mokaszanma rpynmna Baenaca, Ha
(a3oBble TpeBpalIeHUs] M KPHUCTALUIMYHOCTh AHOJUPOBAHHBIX HAHOTPYOOK
TiO, oka3pIBaIO BO3AEHCTBHE BPEMS M TEMIIEPATypa IPOKAIWBAHUS, a TAKKE
ckopocth HarpeBa (Vaenas, 2013: 6). Tabutr u Ap BBISIBUIU 3aBHCHMOCTH
MEXJly MPUCYTCTBHEM B PACTBOPE HECKOJIBKHX JJIEKTPOJUTOB M pa3MepaMu
MacCUBOB HaHOTPYOOk auokcuaa tutana (Thabit, 2017: 6). Taxxe UYepHozem
u 1p. (Chernozem, 2016: 116) u3yunnu BIUSHUE MOTEHIMATA aHOAUPOBAHHUS
U ero JUIMNTENbHOCTH Ha JaHHBbIE CTPYKTYpHble HaHOOOBEKTHL. Mmu ObLIO
MOKa3aHO, YTO C TMOBBIIIEHUEM JUIUTEIBHOCTU aHoaupoBanus c¢ 0,5 yacos
no 4 vacoB, HaOMOAACTCsl yBEIWYCHHUE JUITMHBI HAaHOTPYyOOKk oT 1410 HM mo
6270 am. B pabore Sulka u nmp. (Sulka, 2013: 11) Obutn U3y4YeHBI BIMSHUS
HaNpsDKEHUS aHOJUPOBAHUS U TEMIIEPATYphl JIEKTPOJIUTA, COCTABIEHHOTO Ha
0ase sTunenrmmuepuna ¢ 0,38 mac. % NH,F u 1,79 mac. % Bonsl. Pesynbrarom
ucCleoBaHMs Ipynnod Sun U Jp. OBLIO IPOU3BOACTBO MaKCHUMAaJIbHOTO
KOJIMYECTBA BOJOPOAA NPU NMPOTEKAHHHM DPEAKIUU (POTOAIEKTPOXUMHUECKOTO
pacuiernyieHust BOAbI B ciy4ae, KOrJa 3JIEKTPOJIUT Ha OCHOBE STHIICHIIIUKOJS
conepxain 2 mac. % Bogsl (Sun, 2017: 6). CoHT U Ip. MCCIEA0BATN 3aBUCHMOCTD
MEX]ly MOBBIIICHUEM COAEPKAHUsS B PACTBOPE STHIICHINIMKOIS U M3MEHEHHEM
reoMEeTPUYECKUX TapaMeTpoB HaHOTPYOOK (Song, 2017: 3). YomsiHyTas rpynmna
nobunachk QorokaramuTuueckoil sdpdextuBHOCTH B 95% mpH paznokeHUH
polamMuHa TOJA BO3IEHWCTBHEM H3Iy4YeHHUs BHIMMOTro crekrpa. Jlokman u 1p
UIMPOKO H3YYMJIM MPOLIECC CHHTE3a M CBOMCTBA OJHOMEPHBIX TPyOUaThIX
maccuBoB juokcuaa turana TiO,. B pabore (Lockman, 2010: 5) nokasano,
uro B cmecu 1 M Na SO, u 5 mac.% NH,F ¢ yBennuenuem HanpspKeHuUs
aHoaupoBanus or 10 B no 25 B Bo3pacTtaeT /uiMHa M AMAMETpP HAHOTPYOOK;
IIpU 3TOM JUIsl HanpshkeHuid aHonuposanus B 12 B, 15 B u 20 B ormeuanuch
MOKa3aTeNd CPeHUX AUAMETPOB HaHOTPYOOK mnopsinka 50 uM, 70 HM u 80 HM
COOTBETCTBEHHO. AJOY U Jp. COOOILIMIIN, YTO FEOMETPHUUECKHUE XapaKTEPUCTHKHI
HaHoTpyOok TiO, CyHIECTBEHHO 3aBUCAT OT KOHLEHTPAlMU HOHOB (ropa
U TIPUWIOKEHHOTo MoTeHIMana anomupoBanus (Albu, 2007: 2). B paGore
Kynkapuu u ap. (Kulkarni, 2016: 5) 6b110 Hccie[0BaHO BIMSHUE MTapaMeTPOB
aHOAMPOBaHUS Ha MOPQOJOTHI0O MOBEPXHOCTH AMOKCHAA TUTaHa, a TaKxkKe
M3y4eH MEXaHU3M MIpeoOpa30BaHusl HAHOIIOP B HAHOTPYOKHU.

Crnenyer OTMETUTh, YTO HACUMTHIBACTCS HEOOJNBIIOE YUCIO padoT, MOCBA-
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LIEHHBIX AJIEKTPOXUMHUYECKOMY aHOAUPOBaHUIO TUTaHa BIuiepune. [lpukantan
U JIp. COOOLIMIN, YTO B IVIMIIEpUHE, coieprKaiieM 6 mac.% STUICHINIUKONS U
5 mac.% NH,F, B nmnanasone nanpsbkenuit or 20 no 60 B, Obuin momy4eHbl
oxHopoansie HanoTpyOku TiO, npu nanpsokennu Menee 30 B. [pu yBennyennu
HarnpsikeHust cBeime 50 B HabOmiomaeTcss TEHIEHLUS K HEPETYISIPHOCTH
aHogupoBaHHoro Tutana (Sreekantan, 2011). B paGore (Zakir, 2020: 11)
co00IIaJ0oCh O BO3ACHCTBUM MOTEHIMANAa AHOAUPOBAHHUS Ha MOpPQOJIOTHUIO
HAHOTPYOUaToOro JUOKCHIA THUTaHA, C(HOPMUPOBAHHOTO HA TMOBEPXHOCTH
YUCTOTO THUTaHA, a TaKXKE MCCIENOBAINCH €r0 CTPYKTYpHbIE, ONTHYECKHE,
ANIEKTPUYECKUE U DIIEKTPOXUMHUYECKHEe cBoiicTBa. Padora (Razzaboni, 2020:
4) ObUTa MOCBSIICHA MPOIEAYPEe AHOAUPOBAHUS TUTAHA, 3AKITIOUYAIOLICICS B
WCIIOJI30BAaHUU DJICKTPOIUTA HAa OCHOBE (OCHOPHOM KUCIOTHI M HEOOIBIIIOTO
KOJIMYECTBA STUJICHIIIMKOJIA. bblmu cuHTe3npoBansl uepapxudeckue ciou TiO,
¢ OOJIBIIION TIJIOMIABIO0 TIOBEPXHOCTH, XapaKTEPU3YIOIIHECs] BBICOKOW aare3ucit
C TUTAHOBOM IOJIOKKOH, 3@ CYET HAXOXKICHHS B CPEJIE C HU3KOM TEMIIEPATypPOX,
nopsaaka 100°C; 6buI0 MOKa3aHO, YTO MOMYYCHHbIE aHOJHBIE CIIOU SIBIISIOTCS
YAaCTUYHO KPUCTAIITUYCCKUMH YKE B UICXOJTHOM COCTOSTHUH, TAKUM 00pa3oM, He
HY>KJAIOTCS B JIONOTHUTENFHOW TEPMHUUECKO 00paboTKe.

PyTun, anata3z u OpyKHUT TPU 4acTO BCTPEYAIOMIMXCS ajIOTPONa AUOKCUAA
tutaHa. CTPyKTypHBIE OCOOCHHOCTH pPyTHJIA M aHaTa3a BO3MOXKHO OIHUCATh
nocpencTsom enodek TiO,-0KTasapoB, B KOTOPHIX OTAEIBHO B3ATHIH HOH Ti*
OKPYEH OKTa3/IPOM U3 IIIECTHU MOHOB KUCI0pOo/ia. J{J1s TaHHBIX KPUCTAIITUYECKUX
CTPYKTYP XapakTepHbI pa3TUYHbIE BUABI OJHOMEPHBIX LIeTIel U pa3Has CTEeTeHb
HMCKaKEHUSI OKTAdIPOB, TaK JJISl PYTUIIOBOM (ha3bl XapaKTEPHO HE3HAYUTEIBHOE
OpPTOPOMOMYECKOE UCKAKEHHE OKTadIpa, a B aHaTa3e HAOMIONAeTCs CUIbHOE
UCKa)XCHHE, BCJEJICTBUE YEro €ro CHUMMETPHUS HIDKE OPTOPOMOHUYECKOM.
Paccrosinus Ti-O B pyTtwiie Oonbllie, 4eM B aHaras3e, TOT/Aa KaK PacCTOSHHE
Ti-Ti B pytune mensie. [logqoOHpIe OTIHYNS B KPUCTATUTMUECKUX pPELIETKAX
00yCIIaBIMBAIOT PAa3IUYUs B CTPYKTYpE OJICKTPOHHBIX 30H MOIUMOP(PHBIX
MOIU(pUKAUNA U HATMYNE Pa3HBIX MAaCCOBBIX IIOTHOCTEH. [IoMHUMO OCHOBHBIX
nonumopdubix Momudukauuii TiO,, Ha 0CHOBE pyThiIa ObUIM MOIYYEHBI JIBE
JIOTIOJIHMTEbHBIE Pa3HOBUAHOCTH BhIcOKOTO AaBienus: TiO, (II) co crpykrypoii
PbO, u TiO,(H) co crpykrypoii ronnanaura (Chen, 2007: 68).
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Pucynoxk 1 — DieMeHTapHble S9EHKH OCHOBHBIX MOMMMOPQHBIX Monudukanuii TiO,
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Pytun npencrasinseT co6oii Hanboee TepMOANHAMHYECKU CTAOMIIBbHYIO a3y
TiO,, npu 3TOM JIpyrue aaIoTpONHbIE MOAMGHUKALMK JIETKO NPEBPAILAIOTCS B
PYTHIIOBYIO (ha3y mpu TEpMUYECKOM OTXKHTe (TIOpOroBas TeMieparypa gpa3oBoro
npespaiieHus: Bappupyetrcs oT 400°C qo 1200°C B 3aBUCUMOCTH OT BHEUTHUX
yCIIOBUH, IPUMECHBIX BKJIIOUEHHUI U pa3MepoB 3epeH). B OecripumecHoM Bue
TUAPOTEPMAIIBHBIM CHHTE30M M COJBBOTEPMHYECKMM METOJOM BO3MOYKHO
CUHTE3UPOBaTh PYTWIOBYIO (pasy, MpUHAAIEKAIIYIO K TETParoHajJbHOU KpHC-
tajuinyecko cucreme (Basset, 2009: 49). Crpykrypa pyTuia COCTOUT W3
IIECTUKPATHO KOOPAMHUPOBAHHBIX aTOMOB Ti CO CTENEHBI0 OKUCIECHUA +4 U
TPEXKPAaTHO KOOPAMHHUPOBAHHBIX aTOMOB O €O CTENEHbIO OKHUCIEHUS -2, IpU
3TOM Kak[bli aroM Ti 0Opa3yeT CBsI3b ¢ aTOMaMU KUCIOpoaa, popMUpyst HCKa-
KEHHYIO OKTa3IpPUUYECKYIO CTPYKTYDY.

Hamuune auskoro pH (<1,1) npuBomuT k mpoueccy 3aposinieo0pa3oBaHus
pyTHI0oBOH (hasbl. B manHbIX ycnoBusx B koopauHanuonnon cdepe [Ti(OH),
(H,0),]*" npoucxonut popmupopanue u3 BogHoro Ti'V rekcakoopIMHUPOBAHHBIX
OKTa’ApUYECKUX MOHOMEpPOB C Mapoil TUAPOKCOTrpynm U 4 MOJIEKYNl BOJIBI.
JIJig HUX BO3MOJKEH IMPOLIECC OJIETOMEPU3ALMU B CIIy4ae MPOTEKAaHUS peaklui
OJIMPOBAHUS: U3 KOOPAUHALMOHHOM cepbl atoma Ti BeITECHSETCS OAMHAPHOM
ruapokcocBs3pio Ti-OH nmurana Bombl, B pe3yibTaTe JaHHOTO yAAJICHUS HZO
Bo3HHKaeT MOCTHK Ti-OH-Ti. AHajgornyHO€ BOCCO3/1aHNE PEaKLUHU OJTMPOBAHUS
¢ conpenenbubivu surangama H O u OH™ npusoaut x 00pa3oBaHUIO TUMEPOB
C Mapoi OKTadIpPUYECKUX MOHOMEPOB, HMEIOINX olIee pedpo, rae ueHrp Ti
CBSI3aH JIByMsI TUIPOKCOTpyMnamMu. JlOMOTHUTENbHbIE MOHOMEPHI 00pa3yoT
cBsa3u ¢ npsambivu tensavu [Ti(OH),(H,0),]*, uto BbI3biBaeT popMUpOBAHUE B
BepiuHe Ti-0KTaspoOB JIUraH/I0B TPEXBAJIEHTHOTO KUCIOPO/Ia, PACTIONIOKEHHBIX
MEXIy OOIIMM YIJIOM M mapoit oommx pedep (Zhang, 2019) [27].
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Pucynok 2 — OGbeMHast CTPyKTypa pyTHIIa C BbICTEHHBIME OKTasapamu TiO,

[TyTem conbBOTEPMUYECKOTO U THAPOTEPMAIILHOTO CUHTE3a BO3MOXKHO ITOJTY-
YUTh HAaHOYACTHUIIBl PYTHJIOBOM (ha3bl, MPEACTABIAIONIMMHE COOOH UTOJIBYaThIC
JUTMHHBIC KpucTaIIel ¢ rparsmu {110} (Bae, 2009: 5).

B acniexkre 00beMHOM SHEPTUU aHATa3, OTHOCSILUICS K TETparoHaIbHON KpHC-
TAJJIMYECKOW CHUCTeMe, CIIY)KUT HauMeHee CTaOWIbHOM TepMOAMHAMHYECKON
cucremoii cpenu amtorponubix popm TiO,. Tem ne mMenee, anarasuyro popmy
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BO3MO)KHO CHHTE3MpOBaTh IyTeM IIpoliecca 3apoibllieo0pa3oBaHusl NpU
6onee BbicokoM pH, Tak B mHTepBasie pH 3,8-6,4 dbopmupyrorcs dacTUilbl
[Ti(OH),(H,0),]" u [Ti(OH),(H,0),]" (Zhang, 2019). OtmMe4aeTcst BOSHUKHOBE-
HUE KPHUCTAJUTMYECKOW CTPYKTYphl aHaTas3a, B Clyyae IMOCJIeq0BaTeIbHO Mpo-
TEKAIOMINX PEaKIUil OJIEKIUHN C YKa3aHHBIMH PaHHEEe COCIMHEHUSIMH, a TaKKe
3a CYET HAIWYMs XUJATUPYIOIIUX areHTOB, TAaKUX KaK HOHBI (P TOPHUIIOB WIH
cynb(aToB. AHaTa3 4acToO XapaKTepU3yeTCs OKTadApuIeCcKoi (hOpMON ¢ TpaHsIMHU
{101}, B OCHOBHOM yC€UEHHBIMH BTOPOCTENEHHbIMH I'pansimu {001}.
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Pucynok 3 — OGbemHas CTpyKTypa aHaTasa ¢ BBIIETCHHBIME okTasapamu TiO,

MarepuaJjbl 1 OCHOBHbIE MeTOAbI. METOIOM aHOTUPOBaHUS OBLIN IPOBE-
JIEHBI OKCIIEPUMEHTHI 110 10Ty 4eHuIo mwieHok TiO, B Bonnom pactsope (90%-10%
BOJIBI 110 00BEMY), cotepaKaIem STruieHrKoib +0,5, 1,0 m 1,5 mac% NH,F, npu
MpUIIOKeHHOM HanpsihkeHnd B 30 B Mexx 1y THTaHOBOH MIIACTUHOMW U MJIATUHOBBIM
KaToioM B TeueHue 6 yacos. [lepen anHonupoBanueM 11 yCTpaHEHUS! O4EBUIHBIX
U3bSHOB IIOBEPXHOCTH ITPOU3BOAMIOCH MEXaHUUECKOE yAAJIEHUE 3arPsA3HEHUN C
TUTAHOBBIX TJIACTUH aOpasuBHBIM MatepuanoM komranuu Mirror 2000. Jlanee
OYMILIEHHbIE MMOBEPXHOCTH TUTAHOBBIX IJIACTUH MOJBEPrajy MOJUPOBAHUIO B
repMeTHYHOM dKcHkarope mapamu kucinot 40% HF u 60% HNO, B Tevuenune
10 munyT. Cnenyromas cTaaus 3aKjo4anach B IPOMbIBKE JTUCTHIIIIUPOBAHHON
BOJIOM M CyLIKE MOJ CTpyed Bo3ayxa. IloaroroBneHHble TUTAHOBBIE MOAJIOKKH
HEMEeIJIEHHO UCII0JIb30BaJINCh C IIEJIBI0 UCKIIIOUEHHUSI 3aTPSA3HEHUS IOBEPXHOCTH.
OKCIIEPUMEHTHI 110 AHOTHOMY OKHMCJIEHUIO TUTaHA IPOBOJWIN B OOBIYHON ABYX-
AIIEKTPOTHOMN sSUeiiKe, U3TOTOBIEHHOM U3 MOJIUCTUPOIIA.
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Pucynok 4 - Cxemarndeckoe H300pakeHUe dIEKTPOXUMUYECKON SYSHKH aHOAHOTO
oxucnenus (Cao, 2021: 14)
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[Tocne mpenBapuTenbHON 00pabOTKM B KaueCTBE aHOAA MCIIOIb30BAIU TH-
TAHOBBIE IUIACTUHBI pa3sMepoB 2-2,5 cM2 U IJIATUHOBYIO JIEHTY, C IUIOMIA/IbIO
MOBEPXHOCTH OOJIBIICH yeM y pabodero aekTposa. Mcrnoab30BaHbl XUMHUECKUE
pEeaKTUBbl MapKH «4YHUCTble A aHanu3a (4.1.a). CHHTEe3UpPOBaHHbIE IICHKU
U3BJIEKAJIUCh U3 PACTBOPA 1O/ HANPSKEHUEM, ObUTH IIPOMBITHI B IPUTOTOBIIEHHOM
Ha MOMEHT 3kcniepuMmenTta pactsope 1M (NH4)2SO4 ¢ nenpio HepomyIeHus
pacTtBopeHHs: MacCMBOB HaHOTPyOOok TiO2 u ymameHus OKKIFO3MPOBAHHBIX
noHoB. [TocneayronmM marom ObUT MPOIECC CYIIKU TUIEHOK B BO3IyXE U JAJb-
Hermmi oxur npu 450 ° C nauTenbHOCThIO | yac U1 yBEIMYEHUs aAre3uu
mesxty cnosmu TiO, ¢ OITIOKKOM, yIaIeHHS JTIOOBIX OBEPXHOCTHBIX IIPUMECEH
u npeBpamienus amoppuoro TiO, B HaHOKpUCTaIMYECKKMH anaras. OOpasupl,
TOJTy4EHHBIE B OTUJICHIIIMKOJIE, Obln 0603Hauensl kak TiO,(C,HO,).

B oO0mieM, OCHOBHBIE peakiMH IMPOIEcca aHOJUPOBAHUS BO3MOXKHO MpPE-
CTaBUTh TAKUM 00pa30oM:

Ti + 2H,0 - TiO, + 4H* + 4e” (1)
TiO, + 6F~ + 4H* - TiF{~ + 2H,0 (2

Peaxiuu (3) u (4) onuchiBaeT Ha4aIbHBIN TPOLIECC AHOAHOTO OKUCIICHUS TH-
TaHOBOM IUTACTUHBI:

2H,0 - 0, + 4e~ + 4H™ (3)
Ti 4+ 0, — TiO, 4)

®opmuposanue cnoes TiO, mpoucxoaut B cuity oTcyTcTBHst Monekyn H,O
3a CYeT BBICOKOW BSI3KOCTH ATHIICHIUKONA U nedurura H'. Takum oOpazom,
MaJblii 00beM BOABI CONEHCTBYET 0Opa30BaHHUIO U PA3BUTHUIO HAHOTPYOUYAThIX
MaccuBoB. Ha HauanbHOM cTaiuu aHOAUMPOBAHMSL, KOT/1a IPUCYTCTBYET MEHBIINNA
oobem H,O, Ha TOBEPXHOCTM TUTAHOBOW IUIACTHHBI OOpa3yeTcss TOHKUH
OKCHUIHBIN OApbEePHBIN CII0M BBUY TPOTEKAHUS aHOHOTO 3JIEKTPOXUMUYECKOTO
okucyienus TuTana 1o TiO, 6narozaps B3auMoseiicTeuro HoHoB O ¢ KaTHOHAMU
TiO** Ha moBepXHOCTH MeTasuia (OTMEYaeTCs MPeoOdIaganne Hall XUMHYECKUM
PacTBOPEHUEM pACTBOPEHHUSI B IJIEKTPUUYECKOM II0JI€ BCJIEJICTBUE OOJIBILIOTO
BiausAHMA noas Ha ciaod TiO,). Bes MOBEpXHOCTh THTAHOBBIX IUIACTHH, IMOJI-
HOCTBIO TOTPYXEHHBIX B BOJHBII pPACTBOP DJEKTPOJIMTA, IO/BEpPraercs
aHogHoMy okucieHuto. [locaenyromas cragus XapakTepusyeTcsl OsIBICHUEM B
OKCHJTHOM CJIO€ MEJIKUX YIITyOJNeHUI K XUMUYECKUM PACTBOPEHUEM (JIOKaJIbHBIM
tpasnenuem) TiO, nonamu ¢ropa, 001a1ar0MIUX BEICOKOK CKOPOCTBIO IIEPEHOCA
B BOJIE, C 00pasoBaHueM ycToitunsoro dpropuanoro kommiekca [TiF J*. annbie
yn1yOlIeHusl MOKHO paccMaTpuBaTh KakK IIEHTPbI MOpooOpa3oBaHMsI, KOTOpbIE
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BIIOCJIE/ICTBUU MOTU(DUIIUPYIOTCS B TITyOOKHE KPYITHBIE TOPBI, OMHOPOTHO pac-
MpeeNICHHbIE TI0 MIOBEPXHOCTH ciiosi. BBuay mporekaromnux mo (1) u (2) mpo-
reccam, 0OyCJIOBIICHHBIX IIepeMelieHHeM 0apbepHOro OKCHIHOTO CJIOSl BIITyOb
op, HaOJIOACT UX POCT.

Ti, i . s
“ i n e m ll:“ T
] ] (1] Th=—= [ +dr L)

T T el
HIBI PP LS BT CREET RS
mEpa  ppecTpEsrTEs
1 t T+ —aTHl; =]

LRl R B e g i 1]

T rRF e [TEF ™ (x

TH +F -+ s [ TTF | 10,00 dxi

Pucynok 5 - Cxemarnueckasi quarpaMMa MoAu(UKaluy MOBEPXHOCTH TUTAHOBOM TIACTHHBI
MIPH TOCTOSTHHOM TIOTCHIIMAJIE aHOTHOTO OKHUCIICHUS: () 00pa30BaHUE OKCHIIHOTO 0apbepHOTO
cinos TiO,; 6 — yrnyOnenus, copmuposannslie Ha cioe TiO,; (B) Monudukauus yriryonenui
B TIOPBI; (T') POCT IIOP ¥ BO3SHUKHOBEHHE MEX/ly HUMH ITyCTOTO IIPOCTPAHCTBA; 1) CHHTE3
MaccuBoB HaHOTPYOok TiO,; (¢) COM CHUMOK TOJTHOCTBIO BBIPAIIEHHBIX MACCHBOB
HanoTpy6ok TiO,. opmyisl (a)—(e) XapaKTEpU3YIOT PEaKIHH, 00yCIIaBIMBAIOIIHE TIPOLIECC
anoxHoro okucienus. (Cao, 2021: 14)

Honsr Ti*" pacTBOPSIOTCS B STHJICHIVIMKONIE M TIEPEXOST K TPAHHIIE OKCH/I-
HBIM CIION/ATUIIEHIIUKONL M3 o0beMa TuUTaHa. B nmanpHeimeM HaOmromaercs
MOBBIIICHUE JUTMHBI TOpP 32 CYET yIIyOJIeHWs BIIyOb THTAHOBOHW IIIACTHUHBI
OKCUIHOTO cjiosi. B pesynbrare aHOAHOTO OKMCIIEHUS] POPMUPYIOTCS yriyOie-
HUS B MPOCTPAHCTBE MEXKIY MOPAaMU, B KOTOPOM IOCIEIYIOIIee PacCTBOPEHHE
TiO, npuBoauT K 06pa30BaHUIO BNAJIWH M MOAM(MHMKALMHU MOP B HAHOTPYOKH.
YBenuueHue KoIMuecTBa BO/Ibl MMEET HETaTUBHBIN XapaKTep B CHITY TOBBIIICHHS
KOPPO3UOHHOW CKOPOCTH HOHOB (PTOpA, MPOHUKAIOIINX B MACCUBEI HAHOTPYOOK
TiO,, TeM camMbIM BBI3bIBAs UX JETPAALIHIO.

OcHoBHbIe pe3yabTaThl M aHauu3. s Mopdorornyeckoro aHammsa
MaccuBoB HaHOTPYOOK TiO,, CHHTE3MPOBaHHBIX Ha THTAHOBOHM IOIIOKKE,
KCMOJB30BaJIM CKAaHUPYIOIMIMI 3JIEKTPOHHBIM MHUKpockon mapku JSM6610,
JEOL, fnonwus.

COM-u3obpaxeHne cBepxy U MUPPOBOM CHUMOK oOpaslia, MOJTYyYEeHHOTO B
BOJTHOM PacTBOPE ATHJICHIIMKOISA+(PTOpUIa aMMOHHUSI B T€UCHHE 6 4acoB TpH
MOTEHIIMAJIe aHOJJHOTO OKUCIICHUS, IPECTANICHBI Ha PUCYHKE 6.
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Pucynox 6 — COM-u300paxenue Mop(oaoruu noBepxHOCTH 1 U(PPOBOH CHUMOK 00pa3ua
TiO,(C,H.O,)

ITo pesynsraram COM MOXHO HaOIIOOaTh XaOTHYHOE HEPABHOMEPHOE
HOKPBITHE MOBEPXHOCTH TUTAHOBOH IIaCTHHBI HaHOTPYyOKamu TiO, nuamerpom
10 100 HM U 1IMHOM 0K0I0 2 MKM. JIJ1sl IOTy4YeHHBIX HAHOTPYOOK XapaKTepHBI
3aKyHOPEHHBIE KOHLIbI Y OCHOBaHUS MOJUIOKKHU U TOJIbIE Ha TPOTHUBOIIOIOKHOM.

J11s1 5IIeMEHTHOM XapaKTePUCTUKHU CHHTE3UPOBAHHBIX MAaCCUBOB HAHOTPYOOK
OBLT MPOBE/ICH YHEPTOANCIIEPCUOHHBIN PEHTTCHO(IYOPECIIEHTHBIN aHAIH3 TIPU
yckopsirorieM Hanpspkenun 20 kB, Tabnuma 1.

[IpouenTHOE comeprkanue, momyueHHoe ¢ momortibio IJ[C criekrpa —Ti (32,99
ar. %) u O (67,01 ar. %) narot cootHomenue Ti/O okomo 0,5, 4To yKa3bIBaeT Ha
TO, YTO CTPYKTypa 00pa30BaBILIETOCS OKCHU/A SIBISETCS CTEXHUOMETPUUECKOM.

2

Tabnuna 1 - Coneprkanre TUTaHA U KHCIOPOAA Ha MIOBEPXHOCTH OKCHIHOTO
cnos TiO, (pe3yabrarsl B at.%)

Crnextp Crekrp 1 Crexrp 2 Crnektp 3 Cpennee
0 67,06 67,05 66,90 67,01
Ti 32,94 32,95 33,10 32,99

Maccusbl HanoTpyOok TiO, Takxke ObLIM OXapaKTEpPU30BAHBI METOIOM
pamaHoBckoi cnektpockonuu (Solver Spectrum (NT-MDT, Poccust) nmocie
TepMmudeckoro omxura npu 450°C.

AHanu3 pe3ynbTaToB (PUCYHOK 7) IMOKa3bIBAET YETKO JIETEKTUPYEMBbIE ITH-
KM KOMOMHAIIMOHHOTO PACCESHUS, YTO YKa3bIBAET Ha KPUCTALTUIECKYIO MPH-
pony cuntesuposannoro TiO,. [lony4eHHbl# cEKTp MOKa3hIBaET J0CTATOYHO
WHTCHCHUBHBIC TOOCKI TIPU 515 cm ' 637 cm!. JlaHHBIE TOJTOCH COOTBETCTBYIOT
konebarenbHpIMMoaM A, B, nE amnarasa, coorsercrenHo. KonebarenbHas
mozxa A, +B COOTBETCTBYeT CHMMETPHYHBIM 1 AHTHCHMMETPUYHBIM H3rHO-
HbIM KoneOaHusM cBsizu Ti-O, a mMoma E, xapakrepna BUOpaluu JBOHHOTO
pactsokenns Ti-O. HaGmromaemble MMOJIOCH ONpenensioT aHaras Kak Impeod-
naparomyio gpasy B crpykrype 06pasnos TiO,(C,H,O,). Onnaxo nuk okono 426
cM’!' yKka3bIBaeT Ha MPUCYTCTBUE PYyTUIIOBOH (ha3bl. ITa MOJIa CABHHYTA BITPABO
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BCIIEJICTBHE M3MEHEHHS Pa3MepOB 3€PEH M CTEXUOMETPUUYECKUX Ne(PEKTOB B
crpykrype TiO,. Pediekc npu naHHOM BOJHOBOM YHCJIE COOTBETCTBYET KOJIE-

OarenpHON MoOJIE Eg, COOTBETCTBYIOUICH KOJIICOAHUSAM TBOWHOTO M3rMOa CBSI3U
Ti-O.

| gy

Harman sRE [om
Pucynok 7 — CriekTp KOMOMHAIIMOHHOTO PacCesiHUSI aHOANPOBAHHOM TUTAHOM IJIACTHHBI
B BOJIHOM pacTBope >TuneHrmkons/NH,F

W3mepenuss mapameTpoB (OTOINEKTPOXMMUYECKON s4eiku (KBapueBas
KroBeTa oobemom 50 mit) mposoauiM B pactsope, conepkaiem 0,1 M Na, SO,
C TIOMOILIbIO CTAHJAPTHOM TPEXANEKTPOJHON CUCTEMBI, B KOTOPOH IIEKTPOXH-
MUYECKasi MOJSpU3alMsl MPOU3BOAMIACH MPU UCIOJb30BAHUM MOTEHLIUOCTATa
Gill-AC. B xadectBe pabo4ero 3jeKTpoma HCmoib3oBaiu (oroanon TiO,,
IJIaTHHA B KadyecTBe BcrmomorarenbHoro mekrpona u Ag/AgCl B kadectBe
ANIeKTpoJa cpaBHEHUs. Bce ykasaHHbBIE SJEKTPOAHBIE MOTEHIIMANBl yKa3aHbI
OTHOCHUTENIbHO HACBHIIIEHHOTO XJIOPCEpeOpSIHOrO 3JeKTpoAa cpaBHeHus. B
KA4eCTBE MCTOYHMKA CBETA UCIOJIb30BAIM CUHHMM CBETOAMOJ C JJIMHON BOJIHBI
465 umMm, pabotaromero Ha pacctossHuu 10 cM OT KrOBETHI-s4eiiKu. BrisiBieHue
BPEMEHHOW 3aBHCUMOCTH MOTEHIMAJa pabouero 3J1eKTpoAa MpOU3BOIMWIOCH B
pexume TeMHoTa/ocBenienue (off/on).

200 +Hy
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PI/ICyHOK 8 — BpeMeHHaH 3aBUCHUMOCTD JJICKTPOAHOTO IMMOTCHIIMAIa
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Ha pucysnke 8 mpeacrasineHa BpeMeHHas 3aBUCUMOCTb MOTEHITHAIa pabovero
snexrpona  TiO(C,HO,) mnpu BKIOYEHUH/BBIKIKOYEHUH  CBETOAMOIHOM
MOJICBETKH C JJIMHON BOJIHBI 465 HM.

Korna naparomuii cBeT Bo30y»x1aeT CBOOOIHBIE AIEKTPOHBI M TBIPKU BOTU3U
noBepxHOCTH TiO -311eKTpoaa, SIEKTPOHBI M IBIPKH OTAENSAIOTCSA OT OKCHIHOTO
CJIOSI KaK aKIENTOPHOIO CJIOSI 3JEKTPOHOB. DIEKTPOHBI MEPEMEIAIOTCS Yepe3
cnoii TiO, Kk KaToqHOMY 2JIEKTPOY Ha Apyroi cropone (Pt-mekrpon) sueiku,
IJIe BO BpeMsl pEaklid BOCCTAHOBJICHHS BOJbI TEHEPHUPOBAJICS ra3000pa3HBIiA
BOz10pozl. JIpipku pearupyrot ¢ arentom (SO,*/S,0,*) B aneKTposuTe, KOTOPbIH
MOXET TOAABIATH (DOTOKOPPO3HIO CYNb()UIHBIX MarepuaioB. Takum oOpazom,
3a cuet Hanmyus pactsopa 0,1 M Na, SO, npoucxoaut 3axBat pOTOABIPOK, IIPH-
BOJLIMI K cMerenuio norennuana snekrpoga TiO,(CHO,) B xaroanyro 06-
nacTh. 3HaueHue POTONMOTEHIIMAJIA B pe3yIbTaTe SKcrepuMenTa focturio 170 MB.

®otononsgpusanMonHble  KpuBble pabouero snekrpoma TiO,(C,HO,)
M300paxxeHbl Ha pUCYHKe 9. B pesynbrare moctpoeHus pOTOMOISIpU3aIMOHHBIX
KPUBBIX PETUCTPHUPOBAIICA B PEKHUME MOCTOSHHOTO MEPEKIIIOYEHHs] TOK Kak
IIpHU OCBEIIEHUH, TaK U B pexxume «offh cBerommomnoil momcBeTku. MoOXHO
HaOIOaTh TIOCTETIEHHOE YBEeNUYeHHEe (DOTOTOKA MPHU pa3BepTKE MOTEHIHaTa
U3 OTPHIATENBHOM 00nacTu B monoxurenbHyto. s snexrpona TiO,(C,H,O,)
BEJIMYMHA TUIOTHOCTH (OTOTOKA cocTaBisuia 150 MKA.
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Pucynok 9 — ®@orononspusanuonnsie kpusbie onekrpona TiO,(C,H,O,) B pexnme ocemenne
«off/on»

KBanToBas 3¢ppekTuBHOCTD, HA OCHOBAaHUU 3a()UKCUPOBAHHOM 3aBUCUMOCTHU
IJIOTHOCTH (hoToTOKA OT moTeHimana snekrpona TiO,(C,H,O,) nmpu yka3aHHbIX
BBIIIIE YCIIOBMSIX, JOCTUIJIA B paMKaX JJaHHOM SKCriepuMeHTa BennduHbl 5,014%.

3akJrouenue. B pesynbrare mpoBe1eHHOTO UCCIeI0BaHMs pa3paboTaH METO/
AIIEKTPOXUMHUYECKOTO aHOAMPOBAHUS TUTAHA B BOJHOM PACTBOPE ATHIICHITIKOIIS/
¢bTOpHUa aMMOHUS, PE3YABTaTOM KOTOPOTO SBIAETCS (HOPMUPOBAHNUE AKTUBHOTO
crios HanoTpyOuaroro Maccusa TiO,, COCTOAIETO 10 pe3y/bTaTaM PaMaHOBCKOM
CTHEKTPOCKOIHHU HETOCPEACTBEHHO U3 aHaTa3HOW (a3bl C MAJIBIM BKJIIOYEHUEM
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pyTuina. beuta yMeHbIieHa KOPPO3HOHHAsI CKOPOCTh HOHOB (PTOPA, TEM CaMbIM
HpeNOTBpalleH npouecc pactBopenus TiO,, MyTeM HCIONBb30BaHHUs BA3ZKOIO
ANEKTPOINTA (STUICHIIMKOIb) W TOBBIIIEHUS €ro KuciaotHoctu ao pH=3,8.
Onpenenensl ONTUMAaIbHBIE TAPAMETPBI CHHTE3a OKCHaHOTrO cinos Ti0,.

[To pesynapraram CKaHUPYIOIIEH SJICKTPOHHOW MHKPOCKOMUU  OBLIO
O0HapYXEHO Xa0THUYHOE HEPABHOMEPHOE MOKPBITHE MOBEPXHOCTH TUTAHOBOM
miacTunel HanotpyOkamu TiO, nmamerpom no 100 BHM m juHOM OKOMO 2
MKM. MeTOOM 3SHEpProJuCIepCHOHHOIO PEHTIeHO(IYOPECIIEHTHOTO aHaln3a
OTIpE/IETICHO, YTO O0pPa3Ilbl XapaKTEPHU3YIOTCA CTEXHUOMETPUYECKUM COCTaBOM
JIMOKCHIa TUTaHa. JloCTUTHYTHI CTaOMIIbHBIE 3HAYSHUS ITIOTHOCTH (DOTOTOKA B
npenenax 150 MKA u BenrunHa KBaHTOBOM 3¢ dexktuBHOCTHU B 5,014%.

OTH 0cOOEHHOCTH JENAOT 3TH aHOAHbIE CJIOW MEPCHEKTUBHBIMU ISl MIPH-
MeHEeHUS B ()OTOINEKTPOXUMHUYECKHX SUCHKAaX PereHepaTHBHOTO THUIIA.

PaGora mpoBeneHa B paMKax MPOrpaMMHO-1IENIEBOr0 (hpUMHAHCHPOBAHUS
HTIT «Co3nanne HOBBIX KOMITO3UIITMOHHBIX MAaTEPHAIOB C BBICOKMMH IKCILTya-
TAallMOHHBIMU CBOMCTBAMU Ha OCHOBE PEAKUX M PEIKO3EMEIbHBIX JIEMEHTOB)
Komurera umHaycTpuanbHOro u uHQpacTpyKTypHOro pasButus PecmyOmuku
Kazaxcran.
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SYNTHESIS AND STUDY OF STRUCTURAL, TEXTURAL AND
MORPHOLOGICAL FEATURES OF CATALYSTS FOR STEAM
REFORMING OF ETHANOLBASED ON PEROVSKITE -LIKE

FERRITES

Abstract. Oxides of the perovskite structure have been known for a long time
and are widely used in catalysis due to a unique set of physicochemical properties.
Nowadays, there are a large number of perovskite-type oxide compounds, which
have a wide range of applications including catalysis in many reactions due to
their nanostructure, hypersensitivity and stability in real operation conditions

In this study, influence of the preparation methods on the structural, textural
and morphological properties of the catalyst’s precursors have been investigated.
Perovskites LnFe Ni ,O,(Ln= Pr, La) were synthesized by the methods of
Pechini (polymerized precursors method) and sol-gel method using mesoporous
silica KIT-6 as a template. The prepared catalysts precursors were characterized
by N, adsorption/desorption isotherms (BET), X-ray diffraction (XRD) and
transmission electron microscopy (TEM) techniques. The N, adsorption/
desorption isotherms results showed that perovskites prepared by the sol-
gel method have a maximum specific surface areas compared withcatalysts
synthesized by the Pechini method. XRD patterns of catalysts confirmed
thatPrFe Ni ,O,catalysts have a perovskite structure with a small admixture of
PrO,phase,while diffraction patterns of two LaFe Ni ,O,samples correspond
to the perovskiteorthorhombic structure. HR TEM results for samples prepared
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by Pechinimethod showed spatially uniform cations distribution in the particles
which is typical for perovskites prepared via this route.In samples obtained by
sol-gel method, a high concentration of silica was detected, which may affect
their catalytic properties.

Key words: perovskite, bulk catalyst, biomass, Pechini method, sol-gel method.
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STAHOJIJIBIH BY AHHAJIBIMBIHA KAJKETTI HEPOBCKUT
KYPBLIBIM/IbI ®EPPUTTEP HETI3THJIETT KATAJTA3ATOPIAPIBI
CHUHTE3/EY KOHE KYPBLJIBIM/BIK, TEKCTYPAJIBIK,
MOP®OJIOTUSJILIK KACUETTEPIH 3EPTTEY

AnHoTanusi. [IepoBCKUT KYpBUIBIMIIBI OKCUATEpP OYpbIHHAH OCNTii KoHE
(bU3MKa-XUMISUTBIK KaCHETTEPiHIH €peKIle >KUBIHTHIFbIHA OalIaHbICThI KaTa-
nu3zie KeHiHeH Konaanbuiaael. Kasipri Tanaa, mepoBCKUT THUITI OKCUATEP KOCHI-
JIBICTAPBIHBIH CaHBI KOTI OOJTFaHIBIKTaH, OJap/IbIH KOJIJAHBLTY asChl KeH, (pr3HuKo-
XUMUSIBIK KAaCHUETTEpiHE JKOHE HAHOKYPBUIBIMABI, CE31IMTAJIbIFBIHBIH KOFa-
PBUIBIFBIHA, TYPAKTHUIBIFBIHBIH Y3aKThIFbl CUSKThI KaOlaeTTepiHe OaillaHbICThI
KONTETeH peaknusIapaa KaTaau3aTop peTiHae KeHIHeH KOIIaHbIUIa Ibl.

byn >xympicTa MEpPOBCKUT Topi3li (peppUTTEpre HEri3fenreH Karaanu3aTop-
JapAbIH KYPBUIBIMABIK, TEKCTYPAJIBIK JKOHE MOP(OIOTHSIIBIK KacHETTEpiHe
CUHTE3/IeY SMiCTepiHin ocepi 3eprrenai. XKanmer dpopmynacer LnFe Ni O,
(Ln= Pr, La) 6onareia [lekuan (moauMepiIeHIeH TpeKypcopiap dJici) sKoHe
temmianT petinae KIT-6 me3onopibel KpeMHe3eMIl KOJIJaHa OTBIPBII 30J1b-
renb dnicrepimMen cunresneni. Karanusaropaap N, n30TepMUsIIbIK aacopouust/
necopomusi uzorepmanapsl (6OT),pertren dpazanbik POA xoHE TpaHCMUCCHUSITBIK
AMEKTPOHIBI MUKpOcKom (TOM) omicTepiMeH 3epTTenai. 3epTTey HOTHXKeNIepl
301 Tellb QJIICIMEH allbIHFaH MEePOBCKUTTEPAIH [IeKHMHM 9iCIMEH CHHTE3eNTeH
KaTaJln3aTopiapMeH CalbICThIPFaHa MEHIIIKTIK OeTiHIH >KOFapbl OOJATBIHBIH
kepcerri. PrFe Ni O, karanusarop yiriiepinin auppoKTarpaMmachinia
PrO, dasacwiHbIH a3 Kocmackl 6ap, IMEPOBCKUT KYPBUIBIMIBI €KEHIH pacTapl,
an LaFe  Ni ,O, Kypamapl €Ki YIriHiH AM(QPaKIMAIBIK YITiCI TEPOBCKUTTIH
OpPTOPOMOMSUTBIK KYpPBUIBIMBIHA coiikec kenemi. [IOM wnotmkenepi Ilekunu
OMICIMEH aNbIHFaH YJTUIepJe MEPOBCKUTTEPIiH KaTHOHIBIK Kypambl KEHIC-
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TIKTIK OIpTEeKTI TapajfaHblH KepceTTi, Oy [lekuHu oniciMeH ajfaH NepoB-
CKHTTEpIe TOH. 30J1b- T€JI 9/IICIMEH aJbIHFaH YATUIepAe KPEeMHE3EMHIH KOFaphl
KOHIEHTPAIMSICHl aHBIKTANABI, Oy Pr KypambIHIarsl MEpOBCKUTTEPAIH Kara-
JTUTHUKAJBIK KACUETTEPIHE dCeP €Tyl MYMKIH.

Tyiiin ce3mep: [lepoBCcKkUT, MacCHBTI KaTtanuzarop, ouomacca, [lekunu amici,
3oib-ren ofici.
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CUHTE3 1 UBYUYEHME CTPYKTYPHBIX, TEKCTYPHBIX,
MOP®OJIOTMYECKHUX CBOMCTB KATAJIM3ATOPOB HA
OCHOBE IIEPOBCKUTONOAOBHbBIX ®EPPUTOB JIsA
ITAPOBOI'O PUPOPMUHTA 3TAHOJIA

AnHoTanms. OKCH/IbI IEPOBCKUTOBOM CTPYKTYPBI U3BECTHBI JABHO U IITUPOKO
UCTIONB3YIOTCS B KaTayin3e O1arogapsl yHUKaJIbHOMY HAa00py QU3HKO-XUMHUECKUX
CBOMCTB. B HacTosimiee Bpemsi, ITOCKOJIBKY CYIIECTBYET OOJIBIIOE KOJTHMYECTBO CO-
€IMHEHUI OKCHJIOB NEPOBCKUTOBOTO THIA, OHUMMEIOT IIUPOKHUNA CHEKTp NpUMe-
HEHWSI, IHPOKO UCTIONB3YIOTCS B KA4ECTBE KATAIM3aTOPOB BOMHOTHX PEAKIUIX
n3-3a UX (U3UKO-XUMHUUECKUX CBOMCTB M HAHOCTPYKTYPHUPOBAHHBIX, MTOBBIIICH-
HOM YyBCTBUTEIIBHOCTH, TAKMUX CIOCOOHOCTEH, KaK JUTUTEIbHOCTh CTAOMIIBHOCTH.

B nanno#t pabote uccienoBaHO BIMSHUE CIIOCOOOB NMPUTOTOBJIECHUS Hac-
TPYKTYPHO-TEKCTYPHbIE U MOpP(OJIOrMYECKUE CBOMCTB IpeIIIeCTBEHHUKOB
Karausaropa. [leposckutst ¢ obmeit popmynoit LnFey Nij ;O (Ln=Pr, La) 6buin
CHUHTE3UpOBaHbl MeToiaMu [lekuHu (MeTo1 MOIMMEPU30BAHHBIX PEKYPCOPOB)
U 30Jb-T€JIb METOJAOM C UCIOJb30BaHUEM Me3onopucToro kpemueszema KIT-6
B KadecTBe TeMmIuiaTa. [IpUroToBIEHHBIE MPENIIECTBEHHUKH KaTaln3aTopoB
ObUIM  OXapaKTEPHU30BaHbI METOJAMHM M30TE€PM ancopOuuu/mecopouun N,
(B3OT), penrrenosckoii nudpaknueii (POA)M npocBeUnBaroONIel IEKTPOHHON
mukpockonuu (II9M). Pesynsrare u3otepm ancopouun/necopouuu N, okasau,
YTO TEPOBCKUTHI, TMONyYEHHBIE 30JIb-T€Jh METOJOM, UMEIOT MaKCHMAaIbHYIO
YAETBHYIO TOBEPXHOCTH M0 CPABHEHUIO € KaTaIU3aTOPaMU, CHHTE3UPOBAHHBIMU
MmetoznoM Ilexunu. JludpakrorpaMmsl KaTtanau3aTopoB NOATBEPIMIN, YTO KaTa-
mazaropbl PrFe Ni (O, MMEIOT NEPOBCKUTHYIO CTPYKTYPY € HEOONBIIOH IIpH-
mecpio (asel PrO, nns Pr conepxammx obpasuos, a audpakrorpaMma JIByx
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obpasnos cocrasa LaFe  Ni ,O,cO0TBETCTBYET OPTOPOMOMYECKOH CTPYKTYpeE
nepoBckuta. PesynpratoB [I19M BP ¢ snemeHTHBIM aHanmm3oM ajis oOpaslioB,
IIPUTOTOBJIEHHBIX MeToAoM IlekuHM, Moka3anau, YTO MX KaTHOHHBIM cocCTaB
IIPOCTPAHCTBEHHO OJHOPOJZEH, YTO TUIIMYHO Ul IIEPOBCKUTOB, CUHTE3UPOBaH-
HbI€ JJaHHBIM MeTo/oM. B 00pa3siax, moixy4eHHbIX 30Jb-T€lIb METOAOM, OOHa-
pyXeHa BBICOKas KOHLEHTpaLUs KPEMHE3eMa, 4YTO MOXKET BIMITh Ha Kara-
JIUTUYECKHUE CBOMCTBA IIEPOBCKUTOB.

KiroueBble ciioBa: [IepoBCKUT, MAaCCUBHBIN KaTanu3aTop, Omomacca, MeTox
Ilexunu, 301b-r€1b METOLL.

Introduction. Nowadays, energy crisis and environmental problems are two
difficult problems in current world. Hydrogen energy attracts much attention
because it is a clean, abundantly available and high energy content source. (S.
Ogo, 2020 a: 199) Hydrogen can be produced from different resources, such
as natural gas, coal, methane, and so on. Among the sources, ethanol is a good
candidate for several reasons (Atta, 2016 a: 108): easily stored, safely handled,
non-toxic, renewable and easily steam reformed intohydrogen-rich mixture.
The active catalysts for ethanol steam reforming (ESR) are usually based on
supported noble (Pt, Ru, Rh, Pd) [(Gonzalez, 2013: 38.; Huang, 2018).] and
transition metals (Ni, Co) (Phung L., 2015: 77.; Menegazzo, 2017). The main
problem of ESR, especially in the case of Ni-containing catalysts, is their coking
leading to deactivation (Alejandra, 2019: 8). The use of perovskite-like oxides
ABQO, as catalysts is an attractive approach to minimize the coke deposition on
catalysts. Oxides, such as perovskite, include many mixed oxides in which metal
cations satisfying the conditions of electron neutralization (total charge +6) and
certain stereo ratios can be used as A and B cations.

“A” cations usually have ionic radii close to that of oxygen and can be rare (La,
Pr, Sm, Ce), alkaline earth (Ca, Mg, Ba, Sr) or alkaline (Na, K) metals. Cations in
the “B” position should have a much smaller ionic radius, and in this case many
transition metals (Naurzkulova, 2021: 19) (Fe, Ni, Co, Cu, Ti, Cr, Ru, Mn, etc.)
can be used. Bulk catalysts based on Ni-doped ferrites of rare-earth metals of
the perovskite structure provide a high activity and coking stability in reactions
of biomass conversioninto synthesis gas (Sadykov, 2013: 2; Royer, 2014).

Thus, in our work we have synthesizedcatalysts based on perovskite-like
ferrites for ESRand studiedinfluence of the preparation methodsand the chemical
composition onthe structural, textural and morphologyfeatures (Taran, 2013: 26).

Research materials and methods. Catalysts preparation. Perovskites
with the general formula LnFe Ni ,O,(Ln= Pr, La) were synthesized by the
polymerized precursors method (Pechini) and sol-gel method using mesoporous
silica KIT-6 as a template.
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The Pechinimethod (Patent 3 330 697, 1967) was performed using metal
(Me) nitrates, citric acid (CA), ethylene glycol (EG) and ethylenediamine (ED)
as reagents. The actual molar masses of nitrates were determined by thermal
analysis. Ethylene glycol and citric acid were used as complexing agents. The
reagents were used in molar ratios CA:EG:Zv (metals) = 3,75:11,25:1. Citric
acid was dissolved in ethylene glycol with intensive stirring and weak heating
(60-80°C). With intensive stirring, the required amount of metal nitrate crystal
ohydrates was added to the solution cooled to room temperature. They were kept
stirring for the required time (~ 2 hours) until they entered a state of complete
homogenization. The resulting mixture was evaporated under stirring until a
thick polymer was obtained, heated in a muffle furnace to a temperature of 700
or 900 ° C for 5 hours.

In the proceduresof perovskites preparationby the sol-gel method (Livage,
1998: 41) 6 g of mesoporous silicon oxide KIT-6 (Tuysuz, 2009: 109) was
dispersed in 60 ml of distilled water during 1 hour. In a separate bowl, 23.5 g
of citric acid with 40 ml of ethanol at a temperature of 60°C was stirred until
dissolved. Then necessary amount of crystalline metal salts were added and
stirred until dissolved. Then two liquids were mixed and continuously stirred
at 75°C until a thick gel was formed. The ready gel was dried at a temperature
of 90°C for 12 hours and the solid substance was crushed. After grinding, the
resulting powder was heated to 500°C for 2 hours, and then heated at 700°C for
4 hours. Then, the main amount of KIT-6 silica was removed from the sample
by dissolving it in 500 ml of 7% NaOH solution at 75°C for 15 min. Then the
sample was filtered, washed on a paper filter with 8 L of distilled water at a
temperature of 80°C, and dried at 90°C for 30 minutes under an infrared lamp.

Characterization of the catalysts. The specific pore volume of all samples
was determined by the Brunauer-Emmet-Teller (BET) method using an
automated volumetric Sorbi-M adsorption unit.

Diffraction patternswere obtained using a Bruker Advance D8 diffractometer
with CuKoradiation (1.5418 A). Scanning was performed in the range of
angles 10°-85° (20) with a scanning step of 0.05° (260). The diffractograms
were processed using the EVA program included in the diffractometer software
package identification of the obtained phasesand quantitative calculations were
received using the ICDD radiographic data file.

High-angle annular dark-field scanning transmission electron microscopy
(HAADF-STEM) and high-resolution transmission electron microscopy
(HRTEM) images of as-prepared samples were obtained with a JEM-2200FS
transmission electron microscope (JEOL Ltd., Japan, accelerationvoltage
200 kV, lattice resolution 1 A) equipped with a Cs-corrector and an EDX
spectrometer (JEOL Ltd., Japan). The minimum spot diameter for the step-by-
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step line or mapping elemental EDX analysis was ~1 nm with a step of about 1.5
nm. Identification of the obtained phases and quantitative calculations were done
using the ICDD database

Results. Textural and structural features. To analyze the composition and
structure of synthesized perovskite catalysts and prepare samples for physico-
chemical researches, samples were placed in a mold on a CARVER laboratory
press and brought into the pellet form.

The true and bulk density of the received pellets was measured. The true
density was calculated according to the formulas p=% and the bulk density

according to the formulas: _
mair

. p= mair-mwater
wherep- bulk density of samples;-mass of ; -mass of water.

All samples in the form of pellets were measured at a catalyst fraction of
0.25-0.5 mm.

Table 1. Specific surface area and bulk, true density of samples

Name Synthesis method S,» m%/g P> &em’ P, gem’
PrFe, Ni O, Pechini 11 1.482 6.31
LaFe Ni O, Pechini 18 1.631 6.208
PrFe  Ni O, Sol-gel 109 1.304 4.720
LaFe, Ni O, Sol-gel 114.5 1.316 5.677

From the results presented in the Table 1, it can be seen that the perovskite-
containing catalyst LaFe  Ni O prepared by the sol-gel method showed a
maximum specific surface area of 114.5 m*g.The catalysts of the perovskite
structure synthesized by the Pechini method havemuch lower specific surface
areas 11 m*g and 18 m?/g, which is typical for bulk perovskites of a variety of
compositions [10].

The XRD patterns of samples are shown in Figure 1.

Figure 1. Diffractionpatterns of LaFe, Ni ,O,samples.

Black line-sol sol-gel method, red line -Pechini method
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The diffraction pattern of both LaFe Ni ,O,samples corresponds to the
perovskite orthorhombic Pnmastructure [PDF 01-088-0639]. In Figure 1, the
phase is marked with a bar diagram. The sample is single-phase, no extraneous
phases have been identified.

E g E 8 B EE
P A S S A

g

Lin (Counts)
E ]

Figure 2. Diffraction patterns of PrFe _Ni ,O,samples.
Black line-sol-gel method, red line - Pechini method., blue stroke - PrO,

In the patterns of PrFe  Ni ,O,samples, in addition to the main orthorhombic
(Pnma) perovskitephase of PrFe Ni .O,, a blurred reflex of 28.4° 20 is
observed, corresponding to the strongest reflex of the cubic phase PrO,; (F -, )
[PDF 03-065-0325].The parameters of crystal lattices of perovskite phases and
praseodymium oxide were refined for the studied samples. The sizes of coherent
scattering regions (D) are calculated (Table 2).

Table2. Parameters of crystal lattices of perovskite phases (a, b, ¢, A),
praseodymium oxide (a, A) and coherent scattering regions dimensions (nm).

Samples Synthesismethod | a,A b, A c,A D,nm |a, A PrO, ;| D,nm PrO,
LaFe, Ni, 0., | sol-gel 5.511(1) | 7.8103) | 5.541(4) | 483 |- :
LaFe, Ni, 0, , | Pechini 5.510(0) | 7.805(8) | 5.541(4) | 48.9 |- -
PrFe, Ni, O, , | sol-gel 5.539(2) |7.759(1) | 5.473(8) | 49.7 |5.39 1.5
PrFe, Ni, O, | Pechini 5.538(7) | 7.758(3) | 5.475(3) | 47.4 |5.42 8.5

HR TEMfor samples prepared by Pechini route. As follows from Fig. 3
for both samples primary particles with sizes ~ 50 nm are rather well crystallized
and stacked into aggregates which agrees with XRD data. Contrast variation
observed in nanoparticles is due to strains or some local variation of the
oxygen content in the lattice. According to the EDX data in Table3 the cationic
composition of perovskites is spatially uniform which is typical for perovskites
prepared by Pechini route.
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a ‘ b
Figure 3. HRTEM (a, b) and STEM (b) images of LaFe, Ni .O.1(a.b.c) and
PrFe . Ni, ,0,2(a.b.c) sample prepared by Pechini route.

Table 3. EDX analysis of the spatial variation of the elemental compositions
of LaFe Ni ,O, and PrFe  Ni ,O, samples prepared by Pechini route. 1-5 -
numbers of analysis zones.

Atomic%
LaFe, Ni O,

Element 1 2 3 4 5
Fe 38.61 39.43 38.57 40.02 40.46
Ni 17.88 17.93 18.51 17.55 17.27
La 43.5 42.64 42.92 42.42 42.27

PrFe, Ni, O,
Fe 36,.5 36.29 36.46 36.6 35.82
Ni 15.79 16.12 16.26 16.29 17.15
Pr 47.46 47.59 47.28 47.11 47.03

HR TEM for samples prepared by sol-gel route with template. For
these samples the structure of the primary particles is apparently much more
disordered (Figs. 4(1b) and 4(2b). They are stacked into aggregates of different
size and porosity (Figs. 4 (1,2) (a,b)). As follows from EDX data (Table 4)
spatial variation of elements concentrations is very strong, including remaining
Si cations not removed by alkaline etching. Silica concentration is the highest
for Pr-containing perovskite. Apparently, these features could affect catalytic
properties of perovskites, so alkaline etching procedure is to be further optimized.
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1

Figure 4. STEM (a) and HRTEM (b, ¢) images of LaFe ,Ni ,0,/Si0,1(a.b.c) and

0373

PrFe, Ni ,0,/Si0O, 2(a.b.c) samples prepared by sol-gel route with KIT-6 template.

Table 4. EDX analysis of the spatial variation of the elemental compositions
of PrFe _Ni ,O,and PrFe .Ni O, samples prepared by sol-gel route with KIT-
6 template. 1-4 —numbers of analysis zones.

Atomic%
LaFe Ni O,

Element 1 2 3 4
Si 6.47 15.75 3.24 15.75
Fe 37.37 32.66 37.81 32.66
Ni 15.92 14.27 16.07 14.27
La 40.24 37.32 42.88 37.32

PrFe Ni .O,
Si 12.59 10.39 29.54 25.77
Fe 31.42 32.7 29.45 27.7
Ni 12.41 12.6 9.17 11.16
Pr 43.58 44.32 31.84 35.38

Conclusion. Perovskite catalysts precursors were synthesized by the method
of Pechini and sol-gel method using mesoporous silica KIT-6 as a temp-
late. The influence of the chemical composition and synthesis methods on
the structural, textural and morphologicalproperties of catalysts were studied
by X-ray diffraction, Brunauer-Emmet-Teller (BET), HR TEMmethods.
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PerovskitesLnFe Ni ,O,(Ln= Pr, La) obtained by sol-gel method presented a
higherspecific surface areathan Pechinimethod. In heterogeneous catalysis, the
value of the specific surface of the catalyst is important. However, HR TEM
imagesand EDX analysis of samples prepared bysol-gelusing mesoporous silica
KIT-6 as a templateshowed a high concentration of silica, which may have a
negative affect on the catalytic properties of perovskites. Therefore, the method
of obtaining perovskites by the sol-gel using mesoporous silica KIT-6 as a
template method should be optimized.
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IEKTPOOCAKIEHUE MJIEHOK CZTS HA CJOM
MPOBOJSIILETO
MOJUMEPA

Annoranust. IIposeneHo snexTpoocaxkaeHue TOHKUX IieHoK Cu, ZnSnS,
Ha FTO/crexnonoanoxkax, HOKPHITEIX TOHKAM ciioeM noimumepa PEDOT:PSS.
N3yueno BnusiHue nposopsero nomumepa PEDOT:PSS nHa xumuueckuii coc-
TaB ¥ MUKpopenbed moBepxHocTu mieHok Cu,ZnSnS, ¢ moMoUILI0 METOA CKa-
HUPYIOLIEN 3J€KTPOHHOM MHUKpockonmuu. OnpenesneHbl mapaMeTpsl IIepoxo-
BaTOCTH M MOP(QOJIOTUs MOBEPXHOCTH HCCIEIYyEMbIX MaTepHaOB METOI0M
aTOMHO-CHJIOBOW MUKpockoruu. I[lonTBepxaeH (a3oBbIi COCTaB MOJTYYEH-
HBIX MaTepHajioB METOIOM PEHTreHOBCKoW nudppaxuuu. Mccaenosansl ¢oto-
AJIEKTPUYECKUE CBOIMCTBA U3rOTOBJICHHBIX MarepuaoB METOJJOM (POTOIIEKTPO-
XUMHYeCcKoro aHanuza. OmpezneneHo, 4To HccienyeMble o0paslibl 00JaaatoT
(hOTOAKTHBHOCTHIO.

KuroueBblie ci10Ba: 31€KTPOOCAXKIEHUE, KECTEPUT, MPOBOASILNN MTOJIUMED,
TOHKAas IJIEHKa, IEHTPU(YTUpOBaHUE.
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OTKI3I' T ITIOJIMMEP KABATBIHA CZTS KABbIT'BIH
JIEKTPOTYHABIPY

Annoramusi. PEDOT: PSS nmomumep kabareimen kantanrad FTO/mbrabr
tocenimke Cu,ZnSnS, jKyka KaOBIKTapbIH 3JIEKTPOTYHABIPY JKYPri3iiii.
PEDOT:PSS orki3rim HOJII/IMelelH Cu ZnSnS KaOBIKIIAJIAPBIHBIH, XUMHUSLIIBIK
KypaMbl MeH O0eTKi MUKpopembedine acepi CKaHepHeI/ITlH AIIEKTPOH/IBI MUKPOC-
KOIUSI KOMETIMEH 3epTTeNi. 3epTTeNeTiH MaTepuaiiapablH Keaip-OyabIpibIK
napameTpiepi MeH 6eTki MOp(OIOTHsIChl aTOMIBIK-KYIII MUKPOCKOIUS diCIMEH
AHBIKTAJIbI. AJIBIHFAH MaTepuaaaapAblH (pa3anblk KypaMbl PEHTIeHIIK JUpaK-
Usl apKbUIbl aasenaeHal. DOTOINeKTPOXUMUSIIBIK Tajlay oAiCiMEeH AaibIH-
JAJFaH MarepuaagapabiH (GOTOIIEKTPIIIK KAaCCHETTEepl 3epTTEIai. 3epTTeIeTiH
yarutepaid ¢gorodenceHaiairi 6ap ekeHi aHbIKTaJIbI.

TyiiiH ce31ep: EKTPOTYHIBIPY, KECTEPUT, OTKI3TILI OJIUMED, )KYKa KaOBIK-
mIa, neHTpudyranay.

K.A. Urazov*, A.K. Rahimova, S. Ait

“D.V. Sokolsky Institute of Fuel, Catalysis and Electrochemistry” JSC,
Almaty, Kazakhstan.
E-mail: u_kazhm@mail.ru

ELECTRODEPOSITION OF CZTS FILMS ON A CONDUCTIVE
POLYMER LAYER

Abstract. Electrodeposition of Cu,ZnSnS, thin films on FTO/glass substrates
coated with a thin layer of PEDOT:PSS polymer was carried out. The influence
of the conducting polymer PEDOT:PSS on the chemical composition and
microrelief of the surface of Cu2ZnSnS4 films was studied using scanning
electron microscopy. Atomic-force microscopy was used to determine the
roughness characteristics and surface morphology of the materials investigated.
The phase composition of the obtained materials was confirmed by X-ray
diffraction. The photoelectric properties of the fabricated materials were studied
by photoelectrochemical analysis. The photoactivity of the investigated samples
was determined.
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Key words: electrodeposition, kesterite, conductive polymer, thin film, spin-
coating.

BBenenne. ToHkomieHOYHBbIE (OTOBOJIBTAUYECKUE TEXHOJIOTHH CTPEMH-
TEJIHHO PA3BUBAIOTCS Onarojgapsi CBOMM XapaKTEPUCTHUKAM, TAKUM KakK JIETKUN
BEC U COBMECTUMOCTh KaK C THOKUMH, TaK U JKECTKHUMH MOJIOKKAMH.
Conneunbie sneMeHThl Ha ocHoBe TOHKHMX IuieHOK CdTe and Cu(In,Ga)
(S,Se)2 mponemoncTpupoBanu 3PPeKTUBHOCTh Bbime 20% U yxke KoMMep-
uuanusupytorcs. CrenoBarenbHO, YCTOWYMBOE pa3BUTHE (HOTOBOJIBTAUKH
nmotpedyer pa3paboTKU MaTepHalioB, HE TPEOYIOMIMX HWCIOIH30BAHMS PEIKUX
AIIEMEHTOB U 0€30MacHBIX JUIS OKpYy Karotel cpeabl. OTHUM U3 IEPCIIeKTUBHBIX
MaTepuasoB AJis HEIOPOTUX, SKOJIOTrHUeCKH 0€30MacHbBIX U BBICOKOA((HEKTUBHBIX
TOHKOTUICHOYHBIX ()OTORIEKTPHUUECKUX JIEMEHTOB SIBJISIFOTCSI TIOTYITPOBOIHUKH
Cu,ZnSnS, (CZTS) mna ocnose kecreputa (Chandran, 2015:2; Dipmala,
2021:13; Ye, 2011:16; Delbos, 2021:13; Gong, 2021:8, Wang, 2014:5; Yuan,
2015:3; Dergacheva, 2017:8; Pawar, 2010:4; Khalil, 2014:4; Chen, 2011:5; He,
2012:3; Boutebakh, 2017:10; Marquez, 2016:6).

HoBeiM HampaBiieHHEM B HCIOJIB30BAHUU IUICHOYHBIX MOIYTPOBOIHUKOB
CZTS sBnsercs co3gaHUE € WX YydacTHeM THOPUAHBIX (POTOIIEMEHTOB.
[Ipenyaraemast cTpykTypa THOpUIHOTO (POTOINIEMEHTa MPENCTaBIsAET COOOH
KOMMo3uIio u3 mpoBoasmiero moaumepa PEDOT:PSS (momu-(3,4-3TriieH-
JTUOKCUTHO(EH ): TIOIH-(CTUPOII CyIh(OHAT)) B KOMOWHAITUH C TOHKOTUICHOYHBIM
Heopranuyeckum mnonynpoBonaukoM CZTS. B nanHoi rHOpUAHON CTPYKType
mienka PEDOT:PSS neiicTByeT kak cioil A1 nepeHoca JIbIpoK.

Cpenu mpoBomsmux monmuMepoB PEDOT:PSS mpusiek Haubonbiliee BHH-
MaHUE H3-32 €ro OTHOCUTEIHHO BBICOKOW MPOBOAMMOCTH M CTAOMIBHOCTH
no cpaBHeHuto ¢ apyrumu noaumepamu. PEDOT npeacrasnser coboit opra-
HUYECKUH MOITYIPOBOIHUK C MPOBOAUMOCTBIO P-TUIIA U MOXKET UCTIOIh30BAThCSA
oTHenpHO uiu ¢ moiuctupoicynbporarom (PSS). On obmamaer xopormmmu
ANIEKTPUYECKUMU M ontudeckuMu corictBamu (Kumar, 2020:6; Dimitriev,
2011:5; Kumar, 2014:12; Alemu, 2012:9; Kim, 2011:5; Gueye, 2020:102).

Henp paboThl 3akiodaeTrcs B HCHOIb30BAHMM IPOBOSILETO IMOJUMEpPA
PEDOT:PSS xax cioit 1yis yaydiieHus kKadecTBa coopa 3apsiia, TeHepupyeMbIX
TOHKOHU meHkoit CZTS.

Marepuaasl u Mmetoabl. [Inenku PEDOT:PSS nonydanu MeTonom neHTpu-
(hyrupoBaHus ¢ UCHoNb30BaHKEeM mpudopa «Moayns EM-04» (Bonbra) ¢ BO3-
MOXXHOCTBIO KOHTPOJIMPOBATh CKOpOCTh BpameHus 10 2500 o6/mun. Hcmonb-
30Basicss BoAgHbIM pactBop mnomumepa PEDOT:PSS ¢upmer Sigma-Aldrich.
Hanecenue miueHOK MpOU3BOAMIOCH HA MPEABAPUTENBHO OYMILIEHHBIE OINTH-
YECKH MPO3pavHbIC DJICKTPOJbI, MPEIACTABISAIOMNE COOOM CTEKIIO, MOKPHITOE
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cnoeM (propupoBanHbM okcuzoM oinoBa (FTO/ctexno), pasmepom 10x25 mm.
[Tpu Bpamenuu FTO/cTekiio momoxku Ob11H 3aUKCUPOBAHBI B TOPU30HTATBHON
IUIOCKOCTH CIIEIUAIBHBIM JIepKaTeieM, YTO MO3BOJIMIIO M30eXaTh CMEIICHUs
MOJIOKKU M UCKITIOYHUTDH BIIMSHUE TMOJIOKEHUS HA PAaBHOMEPHOCTbh HAHECECHHS
meHku. [Iporiecc HaHeCeH s BHITIONTHSIETCS B TedeHue 60 CEKYHT PU CKOPOCTAX
Bpamenus 2000 o6/muH. [IpurotoBieHHbIe 00pa3Iibl BHICYIINBATIHN B My()eTbHOM
neun B Teuenue 10 muayT mipu Temneparype 100°C.

Ha mosepxuocts FTO/ctekno nomioxku, mokpeitoir cimoem PEDOT:PSS,
AIIEKTPOXUMHUYECKHU Ocaxaanu ToHkue rieHku CZTS npu nmocTosHHOM MOTEH-
1uajie, KOTOpbId MOIJEPKUBAIM C MOMOIIbIO MOTEHIMOCTaTa-rajlbBaHOCTaTa
Gill AC (ACM Instruments) B Tpex 3J1eKTpOAHOI sueiike. BeromorarensHbIM
AIIEKTPOJIOM CIY>KWJIa TUIAaTHHOBAsh CETKa, a 3JIEKTPOAOM CpaBHEHHS — Ag/
AgCl(nac.KCl). Ilnenkn Cu,ZnSnS, (CZTS) 5meKTpOXUMHYECKU OCAKIAIH
3 anekrponura Ha ocHoBe 0,2M 1muTpara Harpusi ¢ goGasinenuem 0,1M
BUHHOM KUCIOTHI U conepkanuem 0,005M CuSO,-5H,0, 0,01M SnSO,, 0,02M
ZnSO, 7H,0 1 0,05M Na,S 0, -5H,0 npu pH 4,6. DnexTposu3 npoBOIHIN PH
IIOCTOSTHHOM noreHnuane E=-1B ¢ nepemenmBanueM 31€KTpOIuTa MATHUTHON
MEIIAJIKOM Tpu KOMHATHOUM Temmeparype. [lomyueHHbie 00pasipl MPOMBIBAIH
JUMCTUJJIMPOBAHHOW BOAOW M BBICYIIMBaIM Ha BO3ayxe. Bce wucciemyemble
o0pa3iel moABEpraiuch TepMudeckoir odpadorke mpu 450°C B Teuenue 30
MHUHYT B aTMOcdepe aproHa.

XHWMHWYECKANA COCTAB IPUIOTOBICHHBIX IIJICHOK HCCIEAO0BAIN C IOMOIIBIO
METO/1a CKaHUPYIOILEeH AeKTpoHHOM Mukpockonuu JSM-6600 (JEOL). Mopdo-
JIOTHIOTIOBEPXHOCTUTOHKUX IIJICHOK MCCIIEA0BAJIH CIIOMOIIBI0ATOMHOT'O CUIIOBOTO
mukpockorna JSPM 5200 (JEOL). PentreHoBckuii nudpakinoHHBIA aHAIN3
npoBoavi Ha audpakromerpe JIPOH 4-05 npu mocToSHHOM HampspKeHUU 25
kBT ¢ ucnonp3oBanuem Co anopa. @OTO3IEKTPUUECKHUE CBOMCTBA MOITYYEHHbIX
TJICHOK OBLITU UCCIIEI0BaHbI MeTOIOM (oToanekTpoxumudeckoro (PEC) ananuza
C UCTIONb30BaHKEM NoTeHnnocTara-ranpbBaHoctara Gill AC B Tpex a5eKTpoHoOH
KBapIIEBOI stueiike, riie pabounM IEKTPOIOM CITYKUIIH U3TOTOBIICHHBIC 00Pa3IbI
C TOHKOHM TMJIEHKOM, MPOTHBOIEKTPOIOM — IJIATUHOBAs CIHpalb, B KaueCTBE
ANIEKTPONIa CPABHEHUS MCIOIB30BAJICS XJIOpCcepeOpsHbIi AekTpona. PoToToKn
PETUCTPUPOBAIH B peKUME TeMHOTa/ocBemienue u3 pactsopa 0,1M cynbdara
HaTpus. B kauecTBe McTOUHMKA cBeTa OblIa UCIIOJIb30BaHa raJIOreHOBAs JamIa
MOIIHOCTBIO 75 BT.

Pesyabrarbl U ux odcyxaenue. Ha pucynke 1 mpencrarien rpaduk pac-
MpeleleHnsl XUMUYECKUX JJIeMEHTOB B cocTaBe IuieHoK CZTS, anextpo-
ocaxkeHHbIX Ha yrcToM FTO/cTexio noanoxkke, a Takke FTO/crekno momimox-
Kax, MokpbITeie TonuMepHbIM ciioemM PEDOT:PSS. Kak Bumno u3 rpaduka,
xumuueckuil cocras wieHoK CZTS paznuuarorcs. [lnenka CZTS, ocaxneHHas
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Ha FTO/crekno noanoxky 0e3 MOIMMEPHOTO CJIOsi UMEeT XUMUUECKUN COCTaB
O4YeHb ONMM3KUHM K cTexuomeTrpudeckoMy. ConacHO MOITY4YEHHBIM pe3yjbTaTram
mwienku CZTS, ocaxnaennsle Ha PEDOT:PSS MoxHO oxapakTepu3oBaTh Kak
«Oorarble Me/Ibl0» KECTEPHTHI.

- CPTET Tetnuns

=

% I - CETSPEDOT PESFTOICTeNG

Z 50~ * 50
.E_ | Cu : o &n Y ]
- |

E 4

g 30 - {30
[ =

=

g 204 {20
:

g 10 - J10
[ ]

a

[ ]

Pucynok 1 — I'paduk xumnueckoro cocrasa mieHok CZTS, ocaxnennsix Ha FTO/crexio

IIOJJIOXKKHU C U 0e3 MOJIMMEPHOTO CJI0A

Mopdooruto moOBepXHOCTHA U XUMUIECKUH COCTAB U3TOTOBIICHHBIX 00Pa3IioB
HCCIIEIOBAJIM C IOMOILBIO CKAaHHPYIOLIETro 3JIEKTPOHHOIO MuKpockoma. Kak
MoKa3aHo Ha MUKpodoTorpadusx u3 pucynka 2, iuienka CZTS umeeT 3epHUCTYIO
CTPYKTypy M COCTOUT U3 IUIOTHO YNAKOBaHHBIX KPUCTAIJIOB Pa3IHMYHOIO
pasmepa. Ha moBepxnoctu mienku CZTS, ocaxaeHHOW 0€3 MOTMMEPHOTO
CJI0s1, 00pa3yr0TCs KPYIHBIE U MEJIKHE KPUCTAIUIBI B (hopMme 3epeH (pUCyHOK 2a).
OcaxxaieHre Ha MOJIMMEPHOM CJI0€ MPUBOJAUT K 0Opa30BaHHUIO MEHee IIOTHO
PacCTOJIOKEHHBIX KPUCTAILIOB cheprdeckoi GopMbI (PUCYHOK 20).

a) CZTS/FTO/ctekmno
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B) CZTS/PEDOT:PSS/FTO/cTexmno
Pucynox 7 — Mukpodortorpadun nosepxnoctu mienku CZTS, ocaxxnennoii Ha FTO/crexino
TIO/ITIOKKH € ¥ 0€3 MOIMMEPHOTO CII0s

[TapameTpsl 11EpOXOBATOCTH M MOP(OIOTHIO MOBEPXHOCTU M3TOTOBIEHHBIX
00pa3I0B UCCIIEI0BAIN METOIOM aTOMHO-CHJIOBOM MHKpockonuu. Ha pucynke

3 npeacrasnersl ACM n3ob6paskeHust moBepxXHOCTH miieHOK CZ TS, ocakAeHHBIX
na PEDOT:PSS.

787
Pucynox 3 — ACM uzob6pakenns nosepxHocty mieHok CZTS, ocaxaennsix Ha PEDOT:PSS/
FTO/cTexno mommoxku

epoxoBarocts 1uieHkn CZTS, ocaxaeHHOW Ha MOJUMEPHBIH CION
PEDOT: PSS ouenuBanu U3 JaHHBIX TMCTOTPaMMBbl pacIpeaeIeHUs YacTuUll 110
IIOBEPXHOCTH Ha BEIOPAaHHOM yuacTke. Pe3ynbTarel npeacTaBieHsl B Tadauue 1.
[ToBepxHocth muenku CZTS, ocaxxneHHoi Ha nonuMepHslid cinoit PEDOT:PSS,
chopmupoBana u3 HuTed mmpuHON 250 HM u BbIicoTOH 50-150 HM, KOTOpBIE
cocTosAT u3 Menkux o0bekToB BenmunHOW 100-200 HM 1 mMeroT Oornee OHO-
POAHYIO M MEJIKO3EPHUCTYIO CTPYKTYpPY (CpenHss IepoXoBaToCTh [125 HM).
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Tabnuna 1 — [TapameTpsl 1€pOXOBAaTOCTH MOBEPXHOCTH TuieHOK CZTS

R , HM xopeHb R_, HM pa3HOCTE MEX],

R . , HM cpennss qa’ pv z’ p Y

R , HM cpenusis | 4 KBaJIpaTHBIN 13 MaKCUMyMOM 1 MUHUMYMOM
a IIEepOXOBATOCTh
IEPOXOBATOCTh KBaJipara 1mepoxo- BBICOTHI aHAJTU3UPYEMOTO
no 10 Toukam
BaTOCTH HU300paKeHUS
25,8 201,2 33,4 229,8

@®a30BbIi cocTaB TOHKUX IJIEHOK CZTS, 3MeKTpoOCak)ACHHBIX Ha YHUCTOM
FTO/crexno- mommoxke, a Taxke FTO/cTexiononioxke, MOKPHITON MOIH-
MepHbIM ciioeM PEDOT:PSS uccrnenoBan MeTooM peHTT€HOBCKOTO JU(paK-
HUOHHOro aHaiu3a. Ha pucyHke 4 npeiacTaBiieHbl PEHTI€HOIPAaMMBbI IIJIEHOK
CZTS, nonyuennsix Ha FTO/cTekno momioxkax ¢ M 6€3 MOJIUMEPHOTO CIOSI.
Ha npencraBieHHBIX peHTI€HOrpaMMax MPUCYTCTBYET WIEHTUYHbIE TU(paK-
MOHHBIE NTUKH TIpU 32.9°, 56°, 66°, 92°, xoTopbie cOOTBETCTBYIOT (paze CZTS
(JCPDS 34-1246). ®a3pl MeTasioB, MHTEPMETALUTUAOB, OKCHUAOB HE OOHa-
pyxensbl. Jludpaxkinuonnsie pediekcol Ha yrmax 31°, 44,3°, 60,8° u 78,1° oTHO-
carcsa k nomnoxke SnO:F/crexno (FTO/ctekno) u onpenensercs kak (dasa
OKCHJa 0JIOBA.

. e . CZTS
® - F1OcTesno
1 -
3 . ®
@ 9 o] B o e . a 2
.Z—‘ -
s
[~
g |
c
4 |
| | ' ‘ ‘ 1
.I
WJWJVV%‘M
T Peeshieynasiagenth eyt ——
0 20 40 60 80 100
26, deg

1 — CZTS/FTO/ctekno, 2 - CZTS/PEDOT:PSS/FTO/crekiio
Pucynok 4 — Pearrenorpammsl tieHkun CZTS, ocaxnenHoit Ha FTO/cTexino momioxku ¢ u 6e3

HOJIMMEPHOTO CJIOS

Nzyuenne GOTOATEKTPHUECKUX CBONCTB M3TOTOBICHHBIX MaTepHAIIOB IPO-
BOJWJIOCH C TIOMOIIBIO (POTOAIEKTPOXUMHUECKOTO METOIa aHaIn3a. Pe3ynbrarsl
UCCIIeOBaHHUS (POTOAICKTPHUUYECKUX CBOWCTB MOIYYEHHBIX MATEPUANIOB MpPEA-
CTaBJICHBI HAa PUCYHKE 5. 3aBUCHUMOCTH ()OTOTOKA OT BPEMEHH OblIa MOTydeHa
IIPU TIPEPHIBUCTOM OCBEIEHUHM B pekume «TeMHoTa/ocBeuienue» (light off/
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light on) mpu mocToOsTHHOM TOTEHIMANE, KOTOPBIN yCTAHABIMBAETCS HA TPAHUIIC
AEKTPOAA U DJEKTPOJINUTA. 3aBUCUMOCTD “TIOTHOCTH (POTOTOKA - BpeMs~ IOKa-
3ama, uro (ororok st mnenku CZTS, ocaxnennorr Ha FTO/crekimo, coc-
TaBisgeT okoio 3 MkA/cm’. Bemenue momumepa PEDOT:PSS B crpykrypy
TOHKOTUIEHOYHOTO (DOTORIEMEHTA B KAYECTBE CIIOSI IS TIEPEHOCA JABIPOK OKA3aJI0
HEeOOJIbIIIOe BIUSHUE HAa (DOTOOTKIIMK M MPOJEMOHCTPUPOBAJTIO HE3HAYUTEIHLHOE
yBenau4eHue GoTOTOKa HCCIIeayeMoro oopasia (pucyHok 50).

0 > ) ot I'QW oft
4 ! 2 ' S
44 ‘ R f 1 |
3 | | ' ’ n 2 |
‘S 2 | o 1 |
> < 3- ,
= 1 , < \
o = I s light on I I
)
) K
Lg.’vl on
- . - v
° 2 40 60 20 100 8 v
i'e ° 20 @ 60 20 100
6 C
a) CZTS/FTO/crexino 6) CZTS/PEDOT:PSS/FTO/ctekino

Pucynok 5 — XpoHoamnepoMmeTpuieckasi 3aBUCUMOCTh MOTY4EHHbBIX MaTepUajIoB
IIPY IPEPHIBUCTOM OCBEIICHUN

ITo pesynpratam (POTORIEKTPOXUMHUYECKOTO aHAIM3a ObUIO YCTaHOBIIEHO,
YTO BCE HCCIIeAyeMble 00pasiipl 001a1at0T (POTOAKTHBHOCTBIO.

3akioueHne. BBINOTHEHO AIIEKTPOXMMHYECKOE OCAXIAEHUE TOHKHX
miaeHok Cu,ZnSnS, ¢ Ha CTEKJIAHHBIX MPOBOAAIIMX MOMIOXKKAX, MOKPBITHIX
toHkuM cioem noinumepa PEDOT:PSS. MUccnenoBansl  cBoiicTBa
U3TOTOBJIEHHBIX MarepuanoB. COINIACHO MOJIyYEHHBIM pPe3yabpTaraM IJIEHKH
CZTS, ocaxnennsie Ha PEDOT:PSS, MmoxxHO 0xapakTepu3oBarh Kak «borarbie
MebIo» KecTepHuThl. OrnpeneseHsl mapaMeTphl EepOXoBaTOCTH U MOPGOIOTUs
MIOBEPXHOCTH U3rOTOBJIECHHBIX 00pa31ioB. MeTo0M peHTTeHOBCKOM nudpakuun
noaTBepKAEH (a3oBBI cOCTaB HCCIENYyEeMBIX MarepuayiioB. MeTroaom
(OTORIEKTPOXMMHUECKOTO aHalIM3a OINpEeAesIeHO0, YTO BCE HCCIenyeMble
00pa3ibl 001agar0T (POTOAKTUBHOCTHIO. YCTAHOBJICHO, YTO HCIOJIH30BAHUE
nosuMmepa PEDOT:PSS B kauecTBe ciost [Uisl IEPEHOCA JIBIPOK OKAa3bIBAET
He0oJIbII0e BIUAHUE HA (POTOOTKIMK KOMIIO3ULIUU.

®unancupoBanue padorbl: VccinenoBanue BBINOIHEHO NMPU (HUHAHCOBOU
nozyepkke Komutera Haykn MunuctepcTBa 00pa3zoBanus u Hayku PecriyOnuku
Kazaxcran (rpant NeAP08051961).
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STUDY OF THE POLYPHENOLS CONTENT IN THE VARIOUS
APPLES SORTS OF THE KAZAKHSTAN SELECTION

Abstract. All polyphenolic compounds, including phenolic and flavonoid
varieties, are divided into groups according to the structure and type of fragment.
About 10000 types of various structures of polyphenolic compounds are known
that are found in plants and food products. However, a lot of plants species are
not properly studied so far. The range of orchards in Kazakhstan is quite diverse
and it is represented by well-known ancient and new domestic selection with
excellent quality that are very adaptable for the growing conditions. For the
study content of physico-chemical indicators and biologically active substances,
in particularly the amount of total phenolic content and total flavonoids
content, following winter apples sorts were selected: «Talgarskoe», «Voskhod»,
«Sarkyt», «Saya», «Baiterek». It was found that in comparison among them,
«Sarkyt», «Saya» and «Baiterek» have the best physico-chemical indicators in
the solids content, total sugars and titratable acidity, sugar-acid index, ascorbic
acid (vitamin C) content, total phenolic content and total flavonoids content. The
polyphenols content in all apple sorts have highest indicators, in average + 12
png/mL. Among them, “Baiterek” excels by highest values and it was found as
promising apple sort. As well in the considering of the total flavonoids content,
values of “Sarkyt”, “Saya” and “Baiterek” are higher than “Talgarskoe” and
“Voskhod” in average 2-3 times more. The comparison of all obtained results
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with the known data shows that values of the total phenolic and flavonoids
contents are in the acceptable variations. Specifically, these data for the total
phenolic content are in the range of 781- 805 ng/mL, also for the total flavonoids
content are in the range of 80-220 pg/mL. The extracts of these mentioned apples
have high rates in biologically active substances, could be recommended for the
enrichment of the composition of food products.

Key words: apple, antioxidants, biologically active substances, free radicals,
phenols, flavonoids
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KA3AKCTAH/BIK CEJIEKIIUACDHI AIMAJIAPBIHBIH 9P TYPJI
COPTTAPBIHAATBI NOJIM®EHOJIAPABIH KYPAMBIH 3EPTTEY

AnHoTanusi. bapabiKk nmonudeHonabpl KOChUIBICTAp, COHBIH iMTiHAEC (EeHOI-
IBIK JKOHE (pIIaBOHOMITHIK Typiepi (pparMeHTTiH KYpbUIBIMBI MEH TypiHE
Kapaii TonTapra OeiniHeni. OciMIIKTep MEH TaMak OHIMJEpiHAE Ke3IeCeTiH
nonueHoNAbl KOChUIBICTapAbIH opTYpil KypbuibiMaapbiHbIH 10000-Fa KybIK
Typi Oenrimi. JlereHMeH, KenTereH OCIMAIKTEp Typiepi XKETKUIIKTI Typre
3epTTenMereH. Kazakcranaarsl skeMic OaylapbIHBIH aCCOPTUMEHTI allTapiIbIKTai
alyaH TYpJIi JKOHE ecipy JKarJaiiapblHa ©Te KaKChl OeHiMIeNneTiH, COHai-
aK Tamalla camaFa ue Ka3aKCTaHIBIK CEJEKIMSHBIH TaHbIMAJ €XKENri >KOHe
KaHa COPTTAPBIMEH YCBHIHBUFaH. DU3HKO-XUMUSIBIK KOPCETKIITED MEH
OHMOOTHSUTBIK O€JICEH 11 3aTTap/AbIH KYPaMbIH, aTal alTKaH 1 sKalnbl (heHoIaap
MEH JKajmbl (IaBOHOUIATAPIBIH MOJIIIepIH 3epTTey YIUIH alMaHbIH KbICTa
MmiceTiH Keneci coprrapsl TaHnamael: « Tamrapy», «Bocxomy, «Capkeimy, «Casy,
«boittepex». Onapapiy iminae kenecinepi «Capkpeim», «Cash xone «bonTepex»
(DUBUKATBIK-XUMUSUIBIK ~ KOPCETKIITEpl OOWBIHINA KYpaMBIHAAFBl KYPFaK
3aTTap/IblH, JKaJIIbl KAHTTAPABIH KOHE TUTPICHETIH KbIIIKbUIIBIKTBIH, KAHTTHI-
KBIIIKBUIABl MHACKCIHIH, acKOpOMH KhIKbUIBIHBIH (C maopymeHi), deHommaap
MeH (IIaBOHOUITAPIIBIH KAl KYpPaMbIMEH €H JKaKChl €KCHJIIT1 aHBIKTaJJIbI.
AnmanbIH 0apibIK COPTTapbIHAa MOMU(EHOIAAPABIH MOJIIIEPi €H )KOFaphl, OpTa
ecenmed = 12 pg/mi. OnapapiH MIiHAE €H KOFapbl oHIMAUTIrIMEH «borTeper»
AHBIKTAJIBI, OONalIaFbl 30p COPT peTiHAe TaHbUIABL. CON CHAKTHI JKaJIbI

170



Volume 2, Number 451 (2022)

¢naBoHOMATAPABIH KypaMbl OolibiHIIa «CapkpiT», «Cas» xkoHe «baltepex»
kepcetkimrepi «Tanrap» MeH «Bocxonka» KaparaHia opTa ecenmeH 2-3 ece
xKorapbl. JKanmel anranna, GapibIK aJbIHFAH HOTIKENEpAl Oenrisii 1epeKTepMeH
canbICThIPY heHoAap MEeH (IaBOHOUITAP IBIH KAl MA3MYHBIHBIH MOHJIEPiHIH
pYKcaT eTUIreH HIEKTepIe EeKeHIH KopceTel. ATan alTKaHa, *Kajmbl peHomaap
yuriH Oyn nepekrep 781-805 pg/mMia apanbiFblHIA, COHBIMEH KaTap >Kajbl
(dnaBorouarap yurin 80-220 pg/Mit apanbIiFblHaa. ATaaFaH ajiMa ChIFBIHIBLIAPHI
OMONTOTHSUITBIK OEJICEHII 3aTTap/IbIH KOFAphl KOPCETKIIITEPIHE U KOHE ONapbl
TaMak OHIMJIepiHIH KypaMbIH OalbITy Ke3iHe YChIHYyFa 00abl.

TyiiiH ce31ep: anma, aHTHOKCUIAHTTApP, OMOJIOTUSIIBIK OeJIcCeH 1 3aTTap, 60c
panukannap, peHongap, GaaBoOHOUITAP.

A.Y. lllnnrucos’, P.C. Anuobexos'’, C.Y. Epkedaena’, D.¥. MaiiibioaeBa’,
M.C. KaneeBa?

"TOxn0-Kazaxcranckuii YHuBepcuteT umeHr M. Aya30Ba,
IemmkenTt, Ka3zaxcran;
210xn0-Kasaxcranckas Menununckas Axkagemus, IIsivkent, Kazaxcran.
E-mail: ralibekov@hotmail.com

NCCIIEAOBAHUE COOJEPKAHUSA ITOJIMPEHOJIOB B
PA3JIMYHBIX COPTAX SBJIOK KABAXCTAHCKOM CEJEKIIUA

AHHoTanus. Bce nonudeHonbHbIe COEAUHEHMS, BKIOYas (DEHOJIbHbIE U
(h1aBOHOMIHBIE PA3HOBHUIHOCTH, AETSATCS HA TPYIIBI MO CTPYKTYpPE U THUIY
¢dbparmenTa. M3BectHO 0k0110 10000 BUI0B pa3aTuIHBIX CTPYKTYP OTU(EHOTBHBIX
COCAMHEHUH, KOTOpble OOHApY)KEHbl B PACTCHHUAX W MHUIIEBBIX MPOMYKTAX.
OnHako MHOTHE BUIBI PACTCHHM HE U3YYEHBI TOMKHBIM 00pa3oM. ACCOPTUMEHT
¢pykToBBIX canoB B KazaxcraHe J0BOJIBHO pa3HOOOpa3eH U MpPEICTaBICH
W3BECTHBIMU JIPDEBHUMHU U HOBBIMU COPTaMHU Ka3aXCTAHCKOM CEIEKIUH, KOTOPhIE
OYeHb MPUCHOCAOIMBAIOTCS K pPACTyIIUM YCIOBUSIM, a TaKXke 007aaaioT
MPEBOCXOAHBIM Ka4YCCTBOM. I[J'ISI HU3YyUCHUA COACPKAHUA (1)I/I3I/IKO-XI/IMI/I‘-ICCKI/IX
nokasateneil 1 OMOIIOTMYECKH aKTUBHBIX BEIIECTB, B YACTHOCTH CYMMBI OOIITHX
(dhenonoB u 00muUx (H1aBOHOUIOB, OBUTH OTOOpAHBI CIEAYIOIIHE COpTa SIOJOK,
co3peBarome B 3uMHHNA mepuon: «Tamrapckoe», «Bocxomy, «CapKbIT,
«Casy, «baiitepex». YCTaHOBJIEHO, YTO CpeAW HHX, cienyromme «CapKbITy,
«Casi» u «baiiTepex» HUMEIOT Jy4lnne (PU3UKO-XUMHUECKHE TOKa3aTeld I10
COZICPKAHUIO CYXHMX BEIIECTB, OOLIMX CaXapoB U TUTPYEMOW KHUCIOTHOCTH,
CaxapHO-KHUCJIOTHOMY HHJIEKCY, acKopOuHoBoM kuciore (Buramuu C), obiiee
copepkanue (eHonoB U obuiee coxaepkanue ¢uaBoHonnoB. CojaepikaHue
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nmonu(peHOI0OB BO BCEX COpTax s0JOK MMEET camble BBICOKHE MOKa3aTelH, B
cpenneM £ 12 pg/miu. Cpeau HUX ¢ HaWBBICIIMMH TOKA3aTEISIMU BBIJCISICTCS
«baiiTepex», IpU3HAHHBIN IIEPCIEKTUBHBIM COPTOM. TaK ke U 110 COAEPKaHUI0
obunx (praBoHouaoB nokasarenu «CapkbiT», «Cas» u «baiitepex» Bbille, yeM
«Tanrapckoe» u «Bocxom» B cpenneM B 2-3 pa3a. B nenom cpaBHeHHe Bcex
MOJIYYEHHBIX PE3YJITATOB C U3BECTHBIMU JIAHHBIMU MOKA3bIBAET, UTO 3HAYCHUS
obmero coxepkanusi (PeHOTOB W (DIABOHOWIOB HAXOAATCS B JIOMYCTHMBIX
npenenax. B dWacTHOCTH, 3TH JaHHBIC Mg OOMIETO coAepKaHus (EHOJIOB
HaxonsATcs B AuanazoHe 781-805 pg/mi, a Takke uig OOIIETO cOAep KaHUS
(naBoHOMI0B HaxonATca B auanasoHe 80-220 pg/mi. DKCTpakThl yKa3aHHbIX
sI0JIOK UMEIOT BBICOKHE TIOKa3aTeTu OMOIOTUYECKH aKTUBHBIX BEIIECTB U MOTYT
OBITh PEKOMEHIOBAHbI J1JIs1 00OTAIIEHHs COCTaBa MUILEBHIX MPOAYKTOB.

KiawueBble cjioBa: s0J0KO, aHTHOKCUIAHTHI, OMOJOTMYECKH AKTUBHbBIE
BEIIECTBA, CBOOOAHDBIE paUKaIbl, PEHOMIbI, (PIABOHOUIBI.

Introduction. Important value in the agricultural production is not only the
quantity of products, however as well its quality that significantly affects the
population health (Rahman et al., 2022: 233). For the preventive nutrition from
the chronic diseases, it is essential constantly to use for food the biologically
active substances that take active part in the human metabolism (Bourgaud et al.,
2001:12). Since free radicals are unstable, atoms or molecules are generated in
the course of normal metabolism that can strip electrons from other molecules,
causing chain reactions of oxidative damage (Alibekov et al., 2018: 3).

The most well-known biologically active substances are natural antioxidants
that consist of: polyphenols, flavonoids, various aromatic hydroxy acids,
anthocyanins, vitamins C and E, carotenoids and other compounds (Alibekov
et al., 2018: 3, Smailova et al., 2021: 5). In recent decades, world studies show
that natural antioxidants have anti-carcinogenic, active anti-sclerotic, anti-
inflammatory, anti-allergic (Rahman et al., 2022: 233) and hepatoprotective
effects (Takibayeva et al., 2019: 5).

Specifically, phenolic compounds are aromatic compositions, where a benzene
ring is associated with one or more hydroxide groups. All phenolic compounds
are divided into groups by structure and fragment’s type. There are about 10 000
types of different phenolic compounds structures that are found in plants raw
materials and food products (Alibekov et al., 2018: 3, Chandra et al., 2014: 9).

For instance, anthocyanins act as antioxidants, protecting the plant’s body
from free radicals produced by UV radiation that destroys DNA and causes
cell death. They are also considered important aspects of pollination and plant
propagation, as pollinators are attracted to their bright red and blue colors
(Shingisov et al., 2021: 5).
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Anthocyanins constituent with flavonoids are powerful antioxidants and
neutralize free radicals; assist in the prevention of violations of cardiac and
vascular activity; inhibit inflammatory processes; activate the body’s resistance
to carcinogens, viruses; protect blood vessels, reduce capillary fragility; detoxify
chemicals and pollutants; and also increase a human life span (Alibekov et al.,
2019: 11).

The concentrations of phenolic and other secondary metabolites in fruits and
vegetables are influenced by many factors, including soil, irrigation, and climatic
conditions. Soil cultivation of crops may also result in year-to-year variability in
the composition of phytochemicals and in total yield (Bourgaud et al., 2001: 12).

The main sources of antioxidants for humans are raw fruits, berries and
vegetables (Alibekov et al., 2018: 3, Kassymbekova et al., 2021: 8). In average,
apple contains following compounds: water - 80-90%; fiber - 0.6%; sugar -
5-15%; carotene; pectin - 0.27%; starch - 0.9%; folic and organic acids; vitamins
- A, B,, B,, fraction B,, C, E, P, PP, K; microelements - sodium, phosphorus,
potassium, sulfur, copper, zinc, calcium, aluminum, fluorine, chromium, iron,
magnesium, molybdenum, nickel, boron, vanadium, manganese and other
compounds (Abduraimova et al., 2022: 6).

Currently, there are a large number of apples sorts in the world, the number of
which continues to increase constantly. They differ from each other not only in
terms of ripening, but also in shape, color, size, state of the pulp and, accordingly, in
chemical composition (Bykova and Makarova, 2016: 2, Makarova et al., 2018: 7).

In recent years, as a result of the support of small and medium-sized
businesses in the agro-industrial sector by the government of the Republic of
Kazakhstan, the areas of fruit and berry crops are increasing annually. In the
general structure of pome and stone fruit plantations in Kazakhstan, apple trees
prevail. The range of orchards in Kazakhstan is quite diverse, it is represented by
ancient varieties, introduced and new varieties of the Kazakhstan selection that
are highly adaptable to growing conditions and excellent fruit quality.

Materials and methods. Currently, the State Register of the Republic of
Kazakhstan includes new competitive varieties of the Kazakhstan apple tree
selection, such as: “Ainur”, “Maksat”, “Makpal”, “Damira”, “Talgarskoe”, ““Vosk-
hod”, as well as new promising high-yielding, winter-hardy, winter ripening
apple sorts such as: “Medet”, “Saya”, “Sarkyt”, “Baiterek” and others created by
scientists at the “Kazakh Research Institute of Fruit Growing and Viticulture” LLP.

For the research of biologically active substances, in particular the amount
of phenolic compounds, polyphenols and flavonoids, the following apples sorts
of winter ripening period were selected: “Talgarskoe”, “Voskhod”, “Sarkyt”,
“Saya”, “Baiterek” (Figure 1). These apples were collected in October-month
2021 in the “Tenge” farm of the Saryagash district of the Turkistan region.
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In the presented work, the known and available methods were used. The
physico-chemical and chemical studies of the samples were provided by qualified
specialists in the “Testing regional laboratory of engineering profile “Structural
and biochemical materials” of the M. Auezov’ South-Kazakhstan University,
Shymkent.

Solids content. The method is based on determining the amount of soluble
solids by using a refractometer. The found value is expressed in units of the
mass fraction of sucrose in an aqueous solution of sucrose, which under given
conditions has the same refractive index as the analyzed solution, in percent
(Brix) (GOST 51433, 1999).

Titratable acidity. Determination of the mass concentration of titratable
acids in terms of malic, tartaric or citric acids (ug/mL) was carried out using
potentiometric titration with sodium hydroxide solution to pH=8.1. Measure the
volume of solution used for titration (GOST 34127: 2017).

Determining the Total sugars. The permanganate method is based on the
ability of sugar carbonyl groups to reduce copper (II) oxide to copper (I) oxide
in an alkaline medium. When dissolved with iron ammonium alum, the resulting
copper (I) oxide, oxidized to copper (II) oxide, reduces iron (III) to iron (II),
the amount of which is determined by titration with a solution of potassium
permanganate (GOST 8756.13: 1987).

Sugar-acid index. Fruits and vegetables contain mainly three types of sugars:
glucose and fructose (monosaccharides) and sucrose (disaccharides). Glucose-
dextrose or grape sugar is a component of sucrose, polysaccharides - starch,
cellulose, hemicellulose, and many glucosides. Fructose-levulose, or fruit sugar,
is part of sucrose and inulin polysaccharide. The sugar-acid index is used to
assess the palatability of the test product, i.e. the ratio of the percentage of the
sum of sugars (fructose, glucose and sucrose) and acid. Fruits are especially rich
in sugars, in average of 8-12% (Machulkina et al., 2020: 5).

“Talgarskoe” apple sort “Voskhod” apple sort
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"Baiterek" apple sort

Figure 1. The Kazakhstan selection apples sorts

Determination of Ascorbic acid (vitamin C) content. The method is based
on the extraction of vitamin C with an acid solution (hydrochloric, metaphosphoric
or a mixture of acetic and metaphosphoric) followed by visual or potentiometric
titration with a solution of sodium 2,6-dichlorophenolindophenolate until a light
pink color is established. Vitamin C content was expressed as pg/mL (GOST
24556: 1989).

Determination of the Total phenolic content of compounds. The total
phenolics content in the extract is determined by the colorimetric method using the
Folin-Ciocalteu reagent. The Folin-Ciocalteu reagent contains phosphotungstic
acids, which are reduced upon interaction with easily oxidized OH groups of
phenol. In this case, tungsten blue is formed, which has a characteristic absorption
band with a maximum at a wavelength 765 nm and imparts a blue color to the
test solution. Phenolic content was expressed as pg/mL (Chandra et al., 2014),
GOST 14502-1: 2010).
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Total flavonoids content. The total flavonoids content in water-ethanol
extracts was measured using an extract or a standard solution of catechin,
with the addition of solutions of sodium nitrite and aluminum chloride. The
absorbance was measured at 510 nm. Flavonoid content was expressed as pg
catechin equivalent per 100 g dry weight or ug/mL (Eremeeva and Makarova,
2017: 8).

Apple extracts were preliminarily prepared for research. The extracts were
obtained by maceration, and steeping raw apples in a ratio of 1:10 with 70%
ethanol.

Results and discussion. In the presented work, the following physicochemical
parameters were studied: solids content, total sugars and titratable acidity. The
results obtained are shown in Table 1.

Table 1. Physico-chemical indicators of the apples sorts

Indicators Name of the apple sort

Talgarskoe | Voskhod Sarkyt Saya Baiterek
Solids content, % 17,1 17,5 19,4 19,1 19,9
Total sugars, % 17,5 17,0 18,1 17,9 18,5
Titratable acidity, pg/mL | 7,2 7,0 9,0 8,7 9.3

As a result, it was found that among the considered apples sorts, the highest
values are related for: “Sarkyt”, “Saya” and “Baiterek”.

The sugar-acid index, content of ascorbic acid (vitamin C), total phenolic
content and total flavonoids content of compounds in the extracts of apples were
determined by the spectrophotometric method. The results are shown in Table 2.

Table 2. Chemical indicators of the apples sorts

Indicators Name of the apple sort

Talgarskoe | Voskhod | Sarkyt Saya Baiterek
Sugar-acid index 17 17 19 19 20
Vitamin C, ug/mL 13,7 12,5 18 15 21
Total phenolic content, ug/mL | 786 781 803 796 805
Total flavonoids content, pg/mL | 80 110 190 160 220

The analysis of Table 2 shows that, in terms of the content of polyphenols in
extracts, all apple sorts have highest indicators, in average + 12 pg/mL. Among
them, “Baiterek” excels by highest values and it was found as promising apple
sort. As well in the considering of the total flavonoids content, indicators of
“Sarkyt”, “Saya” and “Baiterek” are higher than “Talgarskoe” and “Voskhod” in
average 2-3 times more. In general, the comparison of all obtained results with
the known data shows that values of the total phenolic and flavonoids contents
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are in the acceptable variations (Bykova and Makarova, 2016: 2, Makarova et
al., 2018: 7). Specifically, these data for the total phenolic content are in the
range of 781- 805 pg/mL, also for the total flavonoids content are in the range
of 80-220 pg/mL.

Conclusion. Thus, in the presented work following apples sorts that ripening
in the winter period were selected: “Talgarskoe”, “Voskhod”, “Sarkyt”, “Saya”,
“Baiterek”. Among them the next domestic apples “Sarkyt”, “Saya” and
“Baiterek” have the highest experimental data. Particularly, physico-chemical
indicators: Solids content, Total sugars and Titratable acidity. As well the best
indicators for them are shown in the Sugar-acid index, Ascorbic acid (vitamin
C) content, Total phenolic content and Total flavonoids content of biological
active compounds. The polyphenols content in all apple sorts have highest
indicators, in average + 12 pg/mL. Among them, “Baiterek™ excels by highest
values and it was found as promising apple sort. As well in the considering of
the Total flavonoids content, values of “Sarkyt”, “Saya” and “Baiterek” are
higher than “Talgarskoe” and “Voskhod” in average 2-3 times more. In general,
the comparison of all obtained results with the known data shows that values
of the total phenolic and flavonoids contents are in the acceptable variations.
Specifically, these data for the total phenolic content are in the range of 781-
805 ng/mL, also for the total flavonoids content are in the range of 80-220 ng/
mL. Extracts of “Sarkyt”, “Saya” and “Baiterek” apples have most values in
biologically active substances, and might be recommended for the development
of technology in order to obtain concentrates and to enrich the compositions of
the food products.
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TAFAMJBIK KYHIBLIBIFBI JKOFAPBI YJTTHIK JOH/II
TAKBLIIBIH (TAJTKAH) TEXHOJOTHUSICBIH JKACAY KOHE
KAYITNICI3IITTH 3EPTTEY

AHHOTaNUs1. ¥JITTHIK )KapMa OHIMEP1, OHBIH 1ITIHE TaJIKaH aJlaM aF3achlHa
eTe MaiaalIbl, TaFaMJIBIK XKOHE OMOJIOTHSITBIK KYH IBLTBIFBI JKOFAPhI, €PTEICH KeJie
YKaTKaH a3bIKTap/IbIH Oipi O0NbIN TaObUTaabl. Y ITTHIK AOHII TAKbUT OHIMI TAJIKAH
TEPMHUSITBIK OHJICYICH )KOHE YHTAKTAy/IaH 6TKEH SPTYPIIi NaKbUIIAPIbIH JOHIHCH
OHIIpLIe i, BATAMUHIEP/IH, MUHEPAIIAP/IbIH, TAFAMIBIK TATIIBIKTAPIbIH KO31
0oJbI TaOBLIAIBI, TAMAKTaHy MEH JICHCAYJBIKTHI JKaKcapTaabl. bipak Tikenei
YHTaKTaJFaH, OHICIMEreH JOH[I-TaKblIIap KOJJIAHBUIFAH/IBIKTAH, OJIAPIbIH
cakTalyMep3iMiKbIcKa0oaabl, Te3KerepeiixkoHe Kay I TiTiriapraasl, COHABIKTaH
OCBl JKYMBICTAa KayllCI3JAIH TOMEHJETY >XOHE KYHABUIBIFBIH >KOFapbLIaATy
MaKCaThIH/Ia SKCTPY3HsIAY SICIH KOJJaHy TUIMAI Ooibin TaObuiaabl. Jlowmi
JKOoHE OYpIIaKThl NaKbUIAAPIbIH OapiIblK SJICYETIiH MaigaliaHy XalbIKThIH TCH-
repiMJIi TaMaKTaHybl MOCEIIEIIePIiH MIESIY/IE MAaHbI3IbI MiHICT OOJIBIT TA0BLIA b,
OUTKEHI OCBI JaKbLIJapFa HEeT13/Ie]reH TaMaK OHIM/Iepl aJaMHBIH OUOJIOTHSITBIK
OenceHl 3arTapaarbl aKybI3JapFa, Mailapra oHE KeMipCyinapra, MHUKPO-
KOHE MaKpOdJIEMEHTTEpre JereH KYHIENiKTI KaxkerTiririniH 70% neilin xaHa-
FATTaHABIPAbl JKOHE TYTHIHYIIBUIAPABIH OapiblK caHATTapbl YIIIH €H KOJI
xetimai 6onein Kanmaael. CoHbIMEH Oipre OacTankbl JOHHIH OapiiblK Makpo-,
MHUKPODJIEMEHTTEPAIH, OMOIOTHUIBIK OENCEHAl 3aTTaplblH CaKTalybl Kypenl
npoOiema OOJBIN Kajaibl, OWTKEHI aCTBHIKTHI OHICYTE AICTYPJI TOCUIMEH OV
KOMIIOHEHTTEPIIH Ma3MyHbI €e3Ci3 aszasnabpl. bonamakra Oyn ypaic eHiMai
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OHJIIPY MEH CaKTayIbIH OapibIK Ke3eHIePiHIe TEXHOIOTUSIIBIK TapaMeTpIIepiH
ocepiHeH kanracaapl. TalaKaH YITTHIK JOH1 ©HIMIHIH TEXHOJIOTHICHIH 3€PTTEY
XKOHE d31piey, SPTYPIi JOHII MAaKbUIIAPABIH JIOHIH OHICYIIH TEXHOJOTHUSIIBIK
XKaOJbIKTapbl MEH OipbIHFAl TEXHOJOTHUSUJIBIK JKENICIH KYpY ©3€KTI Maceie
OobITT TaOBLIAABI. MaKaiaga HOKAT TICH JKAChIMBIKTBI DKCTPYAUPIICY apKbLIbI
VITTBHIK TaJIKaH OHIMEP1 alIbIHBIM, ONAPIbIH (DU3UKO-XUMHUSIIBIK KOHE MHUKPO-
OMOJIOTHUSITBIK KOPCETKIIMTEPI 3€PTTEITCH. 3ePTTEY HOTHIKECIHAE IKCTPYAHpP-
JICHTEH JaKbUIIap/iaH jKacallFaH TaJIKaH OHIMIEPi CAIBICTBIPMAIBI TYPAC ajgam
ar3achlHa KayiIci3 eKeH T aHbIKTaJIbl.

Tyiin ce3nep: sKcTpynupiey, YITTBIK jkKapMa eHIMAEpl, SKCTPYAUpPICHIeH
HOKAT TIE€H ACBIMBIK >KapMachl, (PU3UKO-XUMUSIIBIK )KOHE MUKPOOUOIOTUSITBIK
KOpCETKIIITE.
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PABPABOTKA TEXHOJIOI'MM HATMOHAJIBHOT'O KPYIISAHOI'O
MPOJYKTA (TAJIKAH) BBICOKOM MUIIIEBOM IEHHOCTH "
NCCIIEAOBAHUME BE3OITACHOCTH

AnHoTanusi. HanoHnaneHble KpyTNsiHbIE MPOAYKTHI, B TOM YHUCJE TaJKaH,
SBJISIFOTCS OJTHUM U3 IPEBHEHIINX MPOAYKTOB MUTAHUS, 00JaJal0IINUX BHICOKOM
MUIIEBOM 1 OMOIOTUYECKON IIEHHOCTHIO, OU€Hb MOJIE3HBIX JIJIsl OpraHu3Ma 4eJio-
Beka. HanmoHanbpHBINA KPYNSHON MPOIYKT TallkaH BbIpaOaTbIBaeTCs U3 3€pHA
Pa3IMYHBIX KYJIBTYp, MPOLIEIIINX TEPMUYECKYI0 00pabOTKy M H3MENbYeHUE,
SIBJISIETCS] HCTOYHMKOM BUTAMUHOB, MUHEPAJIbHBIX BEILIECTB, MUIIEBBIX BOJIOKOH,
yAaydlIaeT KauecTBO MUTAHUSA U COCTOSHUE 3710poBbsi. ONHAKO W3-3a UCIOJb-
30BaHMS HETOCPEICTBEHHO NEPEMOJIOTHIX, HEOOpaOOTaHHBIX 3€pEH CPOK HX
XpaHEHUs! HEeBEJHMK, OHU OBICTPO TUIECHEBEIOT W MOBHIIIAIOT PUCK, MO3TOMY B
JaHHOW paboTe BBITOJHO MCIOJIb30BaH METOJ SKCTPY3UU C LEJIbIO CHUKEHHUS
0€30MacHOCTH ¥ TOBBIIICHHUS IIEHHOCTU. VCrmonb30BaHHE BCETO MOTEHIMaa
3€pHOBBIX U O0OOBBIX KYJIBTYD SIBIISIETCS BaXKHOM 3ajja4eil B pEIIeHUH BOIPOCOB
cOaIaHCHPOBAHHOTO MUTAHUS, TaK KaK MPOAYKTHI HA HX OCHOBE 00€CIIEUNBAIOT
10 70% cyTo4HO# MOTPEOHOCTH YeIOBeKa B OMOIOTHYECKU aKTUBHBIX OENKax,
KHUpax U yIeBoAaX, MUKpO- U MaKpodJIeMEHTaX W SIBJSIOTCS Hanbojee Moj-
XOMSALIUMH JIJTIi BCEX KaTeropuii MmoTpeduTenei, ocraiTcs JOCTYNHBIMH. B
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TO K€ BPEeMs COXpaHEHHE BCEX MaKpO-, MUKPOIJIEMEHTOB, OMOJOTHMYECKU
AKTUBHBIX BEIIECTB B MCXOIHOM 3€pHE OCTAaeTCsl Cepbhe3HOM MpoOIeMOi,
TaK KaK COAEp)KaHUE ITUX KOMIIOHEHTOB HEM30€XKHO OyIeT CHMXKAThCS NpU
TPaJAULIMOHHOM crocobe o0paboTku 3epHa. B mampHeliniem 3TOT mpoiiecc
OyIeT MpOJOKAThCS MO BIMSHUEM TEXHOJOTMYECKUX MapaMeTpoB Ha BCeX
CTaJusIX MPOU3BOACTBA U XpaHeHUs. VccnenoBanue U pa3paboTka TEXHOIOTUU
HallMOHAJILHOTO KPYMSHOTO NPOAYKTa TajKaH, CO3JaHHE TEXHOJIOIMYECKOIrO
00OpYZIOBaHUSI U E€IUHON TEXHOJOTHYECKOW JMHHUM JJIsl MepepadoTKU 3epHa
pPa3IMYHBIX KPYIISIHBIX KYJIBTYp SBJSI€TCA akKTyaJlbHOM 3ajaded. B crarbe
paccMOTpeHbl CIOCOOBI MOyYEeHUsI HAMOHAIBHOW KPYIbl ¢ MCIOJIb30BaHUEM
SKCTPYAMPOBAHHOTO 3€pHA HYTa M YEUEBUIIBI M HCCIEIOBAHbI (PU3MKO-XHUMHU-
YecKue M MHKpOOHOJOorMueckue rnokaszarenu. lccnenoBanue mokaszajno, 4ToO
TaJIKaH, W3TOTOBJICHHBIM W3 DKCTPYAUPOBAHHBIX KYJIBTYp, SBISETCS OTHO-
CUTENIbHO 0e30MacHbIM I OpraHr3Ma YeIoBeKa.

KuroueBble €J10Ba: SKCTPYAMPOBAaHUE, HALMOHAIBHBIE KPYIISIHBIE MPOLYK-
ThI, SKCTPYIMPOBAHHbIE HYT U YeUEeBHIIA, (PU3UKO-XMMUYECKHE U MUKPOOUOIIO-
TUYECKHE MTOKa3aTelu.

M.A. Yakiyaeva!’, A.G. Sagynova', M.E. Yerzhanova’

'Almaty Technological University, Almaty, Kazakhstan;
*Taraz Regional University named after M.Kh. Dulaty, Taraz, Kazakhstan;
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DEVELOPMENT OF TECHNOLOGY OF NATIONAL CEREALS
PRODUCT (TALKAN) OF HIGH NUTRITIONAL VALUE AND
SAFETY STUDY

Abstract. National cereal products, including talkan, are one of the oldest
food products with high nutritional and biological value, very useful for the
human body. The national cereal product talkan is produced from grains of
various crops that have undergone heat treatment and grinding, is a source of
vitamins, minerals, dietary fiber, improves the quality of nutrition and health.
However, due to the use of directly ground, untreated grains, their shelf life
is short, they become moldy quickly and increase the risk, therefore, in this
work, the extrusion method was used to advantage in order to reduce safety and
increase value. Using the full potential of grains and legumes is an important
task in addressing the issues of a balanced diet, since products based on them
provide up to 70% of a person’s daily need for biologically active proteins, fats
and carbohydrates, micro and macro elements and are the most suitable for all
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categories. consumers remains available. At the same time, the preservation
of all macro-, microelements, biologically active substances in the original
grain remains a serious problem, since the content of these components will
inevitably decrease with the traditional method of grain processing. In the future,
this process will continue under the influence of technological parameters at all
stages of production and storage. Research and development of the technology
of the national cereal product talkan, the creation of technological equipment
and a single technological line for processing grain of various cereal crops is
an urgent task. The article discusses methods for obtaining national cereals
using extruded chickpeas and lentils and investigated physico-chemical and
microbiological indicators. The study showed that talkan made from extruded
cultures is relatively safe for the human body.

Key words: extrusion, national cereal products, extruded chickpeas and
lentils, physico-chemical and microbiological parameters.

Kipicne. Jlonai-gakpuinap — 19H1 YIIIH ©CIpiieTiH aca MaHbI3Ibl ©CIMJIIKTED
TOOBI. JIoH/1 MakplIAap ajaMm YIIiH HET13r1 a3bIK, MajFa skeM. JloH/1 JaKpuiapaa
aKybI3 OeH KeMipcynap Kell, COHai-aK pepMeHTTep, B TOOBIHIAFBI JOpYMEHED,
A mpoButamuHi 6ap. YH TapTaThIH KapMa, KypaMa >KeM ©HEpPKOCINTepi YIIiH
IIMKi3aT OOJBIN TaOBLIaAbl. OHICITCH OHIM HaH Micipyae, MaKkapoH, KOHIUTEP
OHIMJIEpiH, TaFaM/IbIK KOHIICHTpATTap, KOHCEPBLIep 931pieyre, chipa KailHaTyFa,
CIHPT, KpaxmaJl alTyFa maijanaHbpuIa sl Jananslk Jakpuiap TOpT TONTHIH OipiHe
JKaTaTbIH/IBIFbIHA Kapail JKiKTeNei: JOH1, OypIIaKThl, OHIIPICTIK KOHE MaNIIbI
nakpiinap. Jlama makeUTAaphIHBIH €H MaHBI3IBICHI — acThIK. byl op ajgaMHBIH
€H MaHBI3[Ibl TAMAK OHIMI, aJl JKaHyapJlapFa apHaJIFaH )KeM, KOCIIOpbIHIap MECH
dabpukanapra, op TYpJi cajajnapra apHalFaH MMKi3aT. bypmiakTel Jakeuigap
JKEKe ToTKa OemiHOe 11, O1paK JOH1 JaKbUILIAPLIH Killl TYpi OOJBIT caHaIaabl
(eliTKeHI, OCipy MPOIIECIHAE OJ JIOH e IIbiFapajsl). JJoHAl Jakbuigap MapTThI
TYpZe eki Oerikke OeiHe 1 - OypIIaKThI KoHe ToH 1. JIoH 1 TaKplIaap MOIEHUETI
QJIEMHIH OapibIK aybUIIIAPYallbUIBIK KOHTHHEHTTEPIHIE KEH TapajiFaH. Op el
©31HIH MOJICHHETTEPIMEH epeKIlIesIeHe ll, JeTeHMeH, xahannany noyipinae Oy
IIeKapa KJIMMaTThIK Oeseysep mekapaitapbl OOMbIHINA OHINA KAaTall ChI3bLIFaH
KOK. TexHUKaNbIK JakbUIJapFa MIMKIi3aT aldy YUIIH ecipiieTiH ecIMIIKTep
karaapl. MbIcaibl, )KYTrepiHi TeK acThIK pEeTiHIe FaHa €MeC, COHBIMEH Karap
«KpaxMaJ ecIMIIKTepi» el aTaJaThlH OHIIPICTIK XKYTrepl peTiHae ne ecipyre
6omanel. KaHT amy yIIiH KaHT KbI3bLUIIIACH KOJIJaHbLIAIbl, OHbI KEeM-11O11 YIIIiH
ne ecipyre Oomanel. JIoHAI JaKpUIap CUSKTBI, MAJIbl TOI KEeWJe TEXHUKAJBIK
JaKbUTIAPIBIH Killli TOOBI OOJBIN caHanaasl. EH Ken Tapairad Maiibl TaKbpuiap
- 3BIFBIP, KYHOAFrbIC, KbIIIAa OHE panc. bacTamkplga 3bIFBIP 3BIFBIP MaiiblH
OHJIIpy YIIIH eMec, «aiHalIbIpaThiH» TaKplI peTiHae ocipinai. Pamc maiibl
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OpTYpPAi BIABIC-asIKTap bl JalbIHIAY YIIIH FaHA €MeC, COHBIMEH KaTap, MbICAIIbL,
OMOOTHIH YIIIH HeTi3 peTiHme Kommaneuiaael (Ipuropyk, 2001; I3taes, 2014;
Kyzembaes, 2012).

ACTBIK HET137IepiH OH 1Py KOHE OJlap Ikl OJIaH 9p1 TaMaK OHIMJIEPiH/Ie KOJIJaHy
YKOHIHJIET1 3epPTTEyJep XaJIbIKThIH TEHIepiM/ll TAMAKTaHybl MOCEJIEEPiH IIenry
YIIiH ©3eKTi 60T Tabbu1ael. COHBIMEH KaTap acThIK HET13/IePiH amyablH TeX-
HUKaChl MEH TEXHOJIOTHSICHIH Talijdy acCTbIK PECypCTapblH HEFYPIIBIM TOJBIK
naiganany TYPFBICBIHAH SKCTPY3Hs, MUKPOHU3AIMS JKOHE OHTIIITIK MepPCIeK-
TUBaJbl OOJNBIN TaOBUIATBIHIBIFBIH KOPCETTI. Aaiia akmaparThlH KeTicleyi
YKOHE JalblH acThIK Oa3ajapblH OHIIPY pPEKUMIEPIHIH OoiMaybl KOCHIMIIA
HKCIIEPUMEHTTIK 3epTTeynepai Kaxer ereni (boponymiun, 2017; 3otukos, 2016).

OHIM KOFapbl KbICBIMMEH OHJENETIH SKCTPY3UsS TEXHOJOTHSICHl OHJEITeH
IIMKI3aTThIH TaFaM/IbIK KYHIBUIBIFBIH CAKTayFa )KOHE 031HE TOH 19Mi MEH XOII HicCi
0ap «KBITBIPJIAK» OHIMJIEP TYPIH ajlyFa MYMKIHIK Oepesi. MyHaai eHimMaepaeri
BUTFaJIIBIH MaccalbIK yiect 10% -nan acniaiipl. SIFHU )KOFapbl KbICHIM apKAaChIH/Ia
aNBIHFAaH OHIMHIH TaraMIBIK KayilCi3miri Je >KOFapbUIalibl, MUKpOAaF3amap,
OHBIH IIIIHJAE 3€H CaHBIpayKYJIaKTapbl MEH alllbITKbl OaKTepHsUIapAbIH ©ci
tokTai bl (Kynaxanos, 2008; 3aropynbsko, 2015; ®énopona, 2014).

CoHBIKTaH )KYMBICTA SKCTPYACPJICHIeH JaKbUIAAPAbl YITTHIK jKapMa OHIM-
JIepiH, SIFHU Taiaiel, opi Kaylinci3 TajJkaH TYpJepiH aiay kesaenreH. JKbligam
JaibIHIAIaTRIH OHIMIEP/Il IBIFAPY YILIH YKCTPY3UOH bl TEXHOJIOTUSHBI MMaiiaa-
JaHaAbl. DKCTPY3HOHbI TEXHOJIOTHS MaKCaTThl KaCHUETTepl, KaHa KYpPbUIBIMU
Oap kaHa eHIMJIEep MEH KOMIIOHEHTTEp TYpPIH ajlyFa MYMKIHAIK Oepeni >kKoHe
HIMKI3aTThl THIPOTEPMUSIIBIK KOHE MEXaHUKAIIBIK OHIEY/l OipikTipei. DKCTpy-
UpJiey YPAICIHIH HET131HE eKi mpoliecc 0ap: YPAICTIH OapiibIK JIeHreinepine
OaifKanaThlH MEXaHOXUMUSIIBIK JCCTPYKIUS KOHE OKCTPYIEpIiH MaTpuiia
TaparnblHaH MBIFATHIH ©HIM/IE )KapbLIbIC HEMeCce JEKOMIIPECCUOHIbI IIOK.

3epTTey HbICaHAapbI. 3epTTEY HBICAHBI peTiHIe Ka3akcTaHIbIK HOKAT KOHE
KACBIMBIKTBIH CYPBIObI aJIbIH]IBI.

3eprrey aaictepi. ToxxipuOe >xyprisy YIiiH Kejeci CTaHAapTTap KOJIJAHbLUIbL:
MemCT29143-91 (MCO 712-85) Aonmiskane Oypuiak eHiMaepi. bliranabuibIK sl
anbikTay onici (Kympic 6akpiiay omici), MeMCT 29144-91 AcCThIK k0HE aCTBIK
enimzepi. bliranapuibireia anbikray (Kymbic 6akpuiay omici), MemCT 29033-
91 [oH xoHe OHBI eHAEYy oHiMIepl. MalnbuibIKThl aHbIKTay onici, MemCT
10846-91 MonniH akys13 menmepidn UDK-129 npubopsinaa ansikray, MemCT
10844-74 Jlon OGoiibIHIIA KBIIKBULIBIIBIKTEl aHBIKTAY 9JIiC1 K9HE T.0.

HoTuxesnepai Tajakpliay. OHIM KOrapbl KBICBIMMEH OHJICIETIH dKCTPY3HsI
TEXHOJIOTHSCHI OHJCITEH IIMKI3aTThIH TaraMIbIK KYHIBUIBIFBIH CaAKTayFa XKOHE
©31HE TOH JOMI MEH XOIII Hici 0ap «KBITHIPIAKY» OHIMJEP TYPIH alyFa MyMKIHJIIK
Oepeni. MyHaii eHIMIEpIeT] BUTFAIBIH MaccalbIK yieci 10 % -naH acmaiib.
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SIFHU KOFapbl KBICBIM apKAachIHAA aJbIHFAH OHIMHIH TaFaMJbIK Kayirci3[iri
7ie >KOFapbUIaiIbl, MHUKpOaF3ajap, OHbIH IIIiHIC 3€H CaHBIPAYKYJIaKTaphl MEH
aIIBITKBI OAKTEPUSIIAPIBIH 6C1 TOKTAHIBI.

COHIBIKTaH JKYMBICTA OKCTPYACPJCHICH JaKbUIIAPAbl YITTHIK JKapMma
OHIMJIEPIH, SFHU Malaanbl, opl Kaylilci3 TaJKaH TYPJIEPIH aly Ke3JereH.
DKCTpyAepJIeHIeH HOKAT IeH JKYTepiHiH jKapMaiapbl KOJAaHbLIIa/IbI.

Hoxkar akysbI3, Maii, a30TChI3 SKCTPAKTThI 3aTTap MeH B mopymenine 6ait 6omaapl.
Amn, xyrepige B2, Bl xone PP nopymennepi, 75% kemipcynap, coHmaii-ak
MPOBUTAMHH A >KOHE KAPOTHH OTE KOIl MeJIiepae 0oiapl.

JKyMbIcTa HOKAT ’KOHE KACBIMBIKTBIH YKCTPY3HsIFa JACHIHT1 JKOHE dKCTPY3UsIaH
KeHiHr1 KepCceTKIITEePiHiH e3repici 3eprreni. bypiak qakpligapbIHbIH OCBI €Ki
TYPIHEH 9pTYPJIl KYpaM/Ibl TAIKAH OHIMIEPI jKacalJIbl )KOHE OJIap IbIH OHTAMIIBI
KYpaMbl aHBIKTaJIIbI. JKaChIMBIKTBIH SKCTPY3HsIFa ACHIHT1 )KoHe KeHiHT1 prsuka-
XUMUSUIIBIK )KOHE MHKpPOOUOJIOTHSIIBIK KopceTKimTepi 1-kectene xoue 1, 2, 3
— CypeTrTep/ie KOpPCETIITEH.

Kecte 1 — J)KacbhIMBIKTBIH 3€pTTEY KOPBITHIH]IBICHI

Kepcertkin ataybl, eiiieM Oipiiri JKachmMbIK 9KC. Aeiin | JKachIMBIK 9KC. KeHiH
DUUKO-XUMUSITBIK KOPCETKIIITEP:
BUIFAJIIBIH MacCalbIK yieci, % 7,25+0,02 10,60+0,05
Ma¥IbIH MaccalbIK yieci, % 0,74+0,01 0,59+0,02
aKyBI3JIbIH MaccalbIK yieci, % 21,80+0,02 25,0+0,10
KeMIipCymap/IsIH MacCalbIK yieci, % 57,12+0,18 59,13+0,10
Munepannp! anementrep, mr\100 r:
Kamnmi 533,74+4,21 521,82+4.91
Kanpimii 64,11+0,33 62,05+0,42
Temip 10,15+0,10 11,53+0,02
dochop 395,12+3,01 347,8142,15
Hopymennep:
A 0,009+0,001 0,0063+0,001
E 0,62+0.008 0,59+0,005
B1 0,524+0,104 0,54+0,108
B2 0,16+0,067 0,224+0,092
PP 3,48+0,696 4,84
MHUKpOOHOJIOTHSUIIBIK KOPCETKIIITEPI:
MA®AMC, KTh/r 11*10* 6*10*
ITTB (xomudopmanap) 1,0 r enimae, KTB\r | Tabbutran oK TaObuTFaH oK
AmpiTkel, KTB\r 3 TaObLIFaH X0K
3en, KTB\r TaOsuIFaH XKOK TaOsuTFaH KOK
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Cyper 1. J)KacbIMBIKTBIH 3KCTpY3UsiFa JEHIHT1 )KoHE KeHiHT1 (PM3MKa-XUMUSUIIBIK KOPCETKImTepi
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Cyper 2. XacbIMBIK KYpaMbIHAAFbI MUHEPAJIIBI IIEMEHTTEPIIH MeJIIepi

A— it
{1 ¢ | LY i1, e 0N [ EITTLN e -
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Cyper 3. JKacbIMBIK KypaMbIHIaFbl IOPYyMEHIEPAiH MeJIepi

1-kecte xoHe 1, 2, 3 — cypeTTep/iiH HOTHXKeNepi KOPCETKEHAEeH SKCTPy3UsiiaH
KeHiH JKaChIMBIK KypaMbIHIaFel MaiIbIH yiieci 0,15%-ra ToeMenaeii i, OyJ1 OHbIH
KAKCBhI CaKTallybIHa ocepiH Turizeni. Conaan-ak, akybI3IbIH MeJIIIepi aMaMeH
3%-ra, keMipcynapablH Mediiepl 2%-Fa apTThl. MUHepanibl 3J1€MEHTTEP MEH
TOPYMEHJIEP/IIH MOJIIepi e OipiiaMa *Korapbl OONATBIHIBIFEI OSNTil OONIBL.
AJ, MUKPOOHOJIOTHSIBIK KOPCETKIIITEPl OOMBIHIIA Me30(h MBIl a3pO0THI )KOHE
(baxynsTaTUBTI aHa’POOTHI MUKpoopranusmaepain canbl (MADAEMC) 11*10*
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KTB/r-nan 6*10* KTB/r neiiin TOMEHIE i KoHE allbITKbIIAP/IBIH KOS THIHIBIFBI
TTAJIEIAEH .

ConbIMeH 0ipre HOKATTBIH J1a SKCTPY3HsFa NEHIHT XKoHE KEeWiHT1 (pU3HKO-
XUMHSUIBIK JKOHE MHUKPOOHOJOTHSIIBIK KOPCETKIIITEPl 3epTTeNi. AJbIHFaH

HOTWKENEp 2-KecTee KoHe 4, 5, 6 — cypeTTep/ie KOpCeTUITeH.

Kecte 2 — HokaTThiH 3€pTTEy KOPBITHIH]IBICHI

Kepcertkimr ataysl, enmrem Oipiri Hoxar skc. neiiin Hoxar skc. keiin
DUIUKO-XUMUSITBIK, KOPCETKIIITED:

BUTFAJIIBIH MacCalbIK yieci,% 7,99 +0,02 11,93 + 0,05
MaiIbIH MaccajbIK yieci, %o 3,98 £0,01 2,37+0,02
aKyBI3JIBIH MacCCaJIbIK yieci, %o 19,60 + 0,03 20,0 £ 0,05
KeMipcyiap/blH MaccablK yieci, %o 51,24 +£0,02 54,18+0,05
Musnepangsl anemeHTTep,Mr\100 T:

Kanwuit 732,14 £ 10,98 692,97 + 8,19
Kanpnmit 34,22 +0,38 30,13+ 0,24
Temip 3,61 +0,10 3,94 + 0,04
dochop 278,12 £ 3,06 251,24 £2,98
Hopymennep:

A 0,0014 + 0,0002 0,0008 + 0,0002
E 0,67 + 0,005 0,43 £ 0,005
Bl 0,38 £ 0,076 0,39 £ 0,078
B2 0,083 + 0,035 0,095 £+ 0,039
PP 1,72 £ 0,344 1,59 £ 0,318
MHUKpPOOHOJIOTHSIIBIK KOPCETKIIITEPI:

MA®AEMC, KTb/r 18%* 11%*

ITTB (xonudopmanap) 1,0r enim, KTB\r TaOburraH >KOK TaOburraH >KOK
Ameitkel, KTB\r TaObuIFaH kKOK TaObuIFaH kKOK
3en, KTB\r TaOsuIFaH XKOK TaOsuIFaH KOK

.1..,l'.l

Cypert 4. HoKaTTbIH SKCTpY3HsiFa ACHIHT1 )KOHE KeHIHT1 (PU3HNKa-XUMHUSIIBIK
KepceTKimrepi
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Cyper 5. Hokat KypambIHIaFsl MUHEPAIABI SJIEMEHTTEP/AIH MeJIepi

Cyper 6. Hokar KypambIHAaFbl 19pYMEHICPAIH MoJIIIepi

2-kecte XoHe 4, 5, 6 — cypeTTep HOTHXKeepl KOpCeTKeH e SKCTpy3usaaH
KeWiH HOKAT KypaMbIHIAFbl MaiabiH yieci 1,6%-ra TemeHneiai, Oy OHBIH
KAKCBHI CaKTallybIHa ocepiH Turizeni. Conman-aK, akybI3IbIH MOJIIIepi MaMaMeH
0,4%-ra, kemipcynapasiH Meuiiepi 3%-fa apTTbl. MUHEpanabl 3IeMEHTTEp MEH
JTOpPYMEHIEPIIH MeJIepi Ae OipiiaMa >KoFapbl OOJIaTBIHIABIFEI 0TIl OOJIBI.
AJ1, MUKpOOHONIOTHSIIBIK KepceTKimTepi OoiibiHma Me3ouibai a3poOTh )KaHe
(baxynpTaTuBTI aHAYPOOTHI MUKpoopranumaepaiy causl (MADGAEMC) 18*10*
KTb/r-nan 11*10* KTB/r netiin Temeneni.

ANBIHFAH HOTHJKEJIepre CyWeHe OTBIPBIN, SKCTPYAUPJIEHIeH HOKAaT IeH
KACBIMBIKTAH MBIHA Il KATBIHACTAFBI TAIKAH OHIMJEPI )KacaJIbl:

1. Hokar 90% : XKaceimbIk 10%

2. Hoxkar 80% : JKacemvbIk 20%

3. Hoxar 70% : XKacsimbIik 30%

4. Hoxkat 60% : JKaceiMbik 40%

5. Hokar 50% : XKacwsiMbIk 50%

bynenimaepain Gpu3nka-XUMHUSIIBIKKIHE MUKPOOUOIOT HSUTBIK KOPCETKIILTEepl
3epTTeial. 3epTTey HOTHXKeNepi 3 KoHe 4 KecTenep/ie KOPCETIIreH.
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Kecre 3 — OpTypii KaTbIHACTaFbI SKCTPYAUPICHIEH HOKAT TIEH >KACHIMBIK
JAKbUIIapbIHAH aJIbIHFaH TaJIKaH OHIMICPIHIH HU3HKA-XUMHSIIBIK

KepceTKilmTepi
Kepcerkinr araysl, esem | 1 yiri 2 yari 3 yari 4 ynri S yari
Oipiri
BIIIFAJIIBIH MACCAIBIK 6,54 +0,02 |6,61+0,05 |6,43+0,03 |6,82+0,02 |6,80+ 0,05
yieci,%
MalpIH Maccanslk yieci, | 3,22 £0,10 |2,93+£0,05 |2,44+0,05 |2,18+0,08 |1,51+£0,02
%
AKyBI3IBIH MACCAITBIK 20,04+0,08 [21,03+0,03 [21,0+0,05 [21,18+0,04(22,3 +£0,06
yreci , %
KeMipcynapbiH 53,97+£0,22 |57,1240,55 | 55,47+0,41 | 54,12 £ 0,32 55,17 + 0,24
MaccalbIk yieci , %

.
l.__.-.ll"'""'-l-l ]|

- ¥V - ¥
Cypert 7. OpTypiil KaTbIHACTAFbl TAJKaH OHIMIEPIHIH (HU3UKA-XUMUSIIBIK
KepCeTKIITepi

3 KecTe KoHe 7 CypeTTeri HOTHKelepl KOpCeTKEHAEH bUIFaJAbIH MeJlepl
OipmaMa TypakThl OOJIJIbI, a1 Mal IbIH YJI€Cl calbICThIpMabl TYpae NeS yirige 2
ecere JIeiiH a3aipl. AKYBI3IbIH MeJIepi OoibIHIIa ga NeS-111i yiIri eH »KoFapbl

TalbI3IbI KOPCETTI.

Kecte 4 — OpTypii KaTbIHACTAFBI SKCTPYAUPICHICH HOKAT TIEH KACBIMBIK
JAKbUIIApbIHAH aJIBIHFaH TAIKAH OHIMIACPIHIH MUKPOOHOIOTHUSIIBIK

KepceTKilTepi
Kepcerkinr araysl, Ne 1 yori Ne 2 yari 3 yari 4 yiri 5 yari
ermreM Oipiiri
MA®ABMC, KTb/r 18* 12* 17* 14* 12*
ITB (xomudopmanap) | Tabpurran xok | TaOsurraH koK | Tabburran | TaOpurran | TaObimran
1,0 r enimae, KTB\r JKOK JKOK JKOK
Ampitkel, KTB\r 2 TaObLaran koK | 1 Ta6burran | TaOburran
HKOK HKOK

3en, KTB\r Tab6wuiran k0K | TaObLarad oK | Tabbutran | TaOburran | TaObutran

WOK HKOK HKOK
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Cypert 8. Oprypi KaTbIHacTarbl TajakaH eHiMaepiHiH MADAHM caHbl

6-KecTeIeH JKoHEe 8 CYpeTTEeH KOpil OThIPFaHBIMBI3Al, MUKPOOHOIOTHSLTBIK
kepcetkimrep OoiibiHIa Ne2 xone NeS5 ynrinepain MAD®AHM canbl canbic-
ThIpMaJibl TypA€ Oacka eHiIMJepre KaparaHla €H TOMEHI1 KOpCETKIITepre nue
6oel, srau oHBIH Motrepi 12*10* KTh/r ten. ConbiMen Karap Ne2, Ne4 sxone
Ne5 yarinepaen imex Taskmagapsl OaKTpUsIIapbl TAOBIIFAH JKOK.

AJIBIHFaH HOTHXKeNep KOPBITBIHABICH OoMbIHIIIA Ne5 yiri eH Kayirci3 jkoHe
naiaael OHIM JIeN TaHBULIBI JKOHE apbl Kapail 3epTTey JKyprizyre KiOepisiil.
OHBIH KYpaMbIHJIAFbl MUHEPAJJbl JIEMEHTTEP MEH AJPYMEHJIEpPIiH Meiepi
AHBIKTAJBI. 3ePTTEY HOTIKEIEP1 5 )KoHE 6 KecTelepal KOpCeTUIreH.

Kecte 5 - No5 ynri KypambIHIaFsl MUHEPAJABI JIEMEHTTEPIH MOJIIepi

Kepcertkimm ataysl, enmieM Oipiriri Ne 5 yori
Kamuii, Mr\100 r 574,91 £ 8,62
Kanpnmii, mr\100 r 48,57 £0,51
Temip, mr\100 © 8,12+ 0,04
®Docdop, mr\100 T 287,49 £ 3,21

5 kecte HOTIXKepl OoibiHIA Kypambel 50% Hokat meH 50% >XKachIMBIKTaH
TYpAaThIH JaibIH TaJKaH eHIMIHIH KypambiHaa 574,91 (£ 8,62) mr\100 r kanuii,
48,57 (£ 0,51) mr/100 r xanbuwmid, 8,12 (+ 0,04) mr/100 r Temip xone 287,49 (+
3,21) mr/100 r pocdop OonaTbIHABIFEI OENT1II OOIIBI.

Kecte 6 — No5 ynri KypambIHIaFbl JOPYMEHIEPAIH MOJIIIEepi

Kepcertkinr araysl, esiem Oipiri Ne5 ynri

A, Mr\100 T 0,0037 + 0,0005
E, Mmr\100 0,48 + 0,003
B1, Mr\100 T 0,42 + 0,84

B2, mr\100 r 0,17 +0,071

PP, Mr\100 r 2,23+ 0,446
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6 xecte HOTIKepl OoibIHIIA Kypambl 50% HoOKaT meH 50% >XacbIMBIKTaH
TYpaThlH JNalblH TajkaH eHiMiHIH KypambiHaa 0,0037 (£ 0,0005) mr\100 r
A nopymeni, 0,48 (£ 0,003) mr/100 T E mopymeni, 0,42 (£ 0,84) mr/100 r Bl
nopymesni, 0,17 (£ 0,071) mr/100 r B2 gopymeni xone 2,23 (£ 0,446) mr/100 r
PP nopymeni 60maTbIHABIFBI OET1IT1 OOJIBI.

KopbITbIHABL. J)KYMBICTHI OpBIHIIAYy MaKcaThl OOWBIHINIA OYpIIAK JaKbLIAA-
PBIHBIH 1IIIHEH aF3afra eTe Mai/iajabl HOKAT MEH KAChIMBIKTHI MalijanaHa OThI-
PBIN WITTBHIK OHIM PETiHJE KOJJAHBUIATBIH TaJIKaH jkacaiasl. Onmap amam ar3a-
ChIHA Kayimnciz OoJly YIIiH JKOHE IUEeTalblK MakcaTTa KoJJaHyFa THUIMII 0oy
YIIIH 3KCTPYAUpJeHAl. 3epTTey HOTHKeiepl OOWbIHINA AKCTPY3UsIaH KeiH
HBICAHFA allbIHFAH HOKAT TE€H J>XKACBIMBIKTHIH JKCTPY3USIaH KeHiH MaiiIbIH
yJeci TOMEH e, aKybl3, KOMIpCy, MUHEPAJIIbl JIEMEHTTEP MEH JopyMEHIEPIIH
MeJIIepi apTaTbHABIFBl Oenreni Oomabl. OkcTpy3ustHblH MA®AHM caHbiH
2 ecere ACHiH TOMEHJETIN, AIIBITKbUIAPABI JKOATHIHIBIFBIHA KO3 >KETKI3JIK.
OmaH COH 3KCTPAMPIICHTCH HOKAT TICH KACBIMBIKTBIH S5 HYCKAJarbl OpTYpIIi
KAaThIHACTAFbl YITLIEpl NaWbIHIAJBIN, ONApAbIH A3 (DU3HKA-XUMUSIIBIK KOHE
MHKPOOHOJIOTHSUTBIK KOPCETKIIMTEPl 3epTXaHaza 3epTTeial. 3epTTey KOPThI-
HBIIBICHI OOMbIHIIIA NoS YIITi €H OHTAMIBI KYpam/Ia alblHFaH YIIT1 IeN TaHbUIJIbI,
ce6e0l OHBIH KYpaMbIHJAFbl aKybl3 O€H KOMIpCYIbIH MOJIIepi >KOFaphl jKOHE
MA®AHM canbl canbICTRIpMaIIBI Typ/e 0acka eHIMAepre KaparaHa €H TOMEHT1
KepceTkimTepre ue 6omael, sFHM OHBIH Meurepi 12*¥10* KTB/r ten. Ocbl
tanaan ansiaFad Ne5, srHu 50% Hokat neH 50% »achIMBIKTaH TYpaTbIH J1alibIH
TaJKaH eHiMiHIH KypambiHaa 574,91 (£ 8,62) mr\100 r kanuii, 48,57 (= 0,51)
mr/100 r xaneiuid, 8,12 (£ 0,04) mr/100 T Temip xone 287,49 (+ 3,21) mr/100
r docdop, 0,0037 (= 0,0005) mr\100 r A gopymesni, 0,48 (= 0,003) mr/100 T
E nopymeni, 0,42 (+ 0,84) mr/100 r B1 nopymesni, 0,17 (= 0,071) mr/100 r B2
nopymeHi xone 2,23 (£ 0,446) mr/100 v PP mopymeni GonarbIHABIFBI Oerimi
0onnbl. AJBIHFAH OHIMHIH TaraMIbIK KYHIBUIBIFBI KOFAphl JKOHE Kayimci3
OOFaHABIKTaH, OHBI JUCTANIBIK MaKcaTTa, 0ajaiap TaMaKTaHybIH A KOHE Oacka
Jla apHaiibl MaKcaTTapra KOJJIaHyFa YChIHBLIAIbI.
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NMAMATU YYEHbIX

NAMATU
JNIENECOBA KAMBAPA
KA3SbIMOBUYA

Ee3BpeMeHHo yIIed U3 JKU3HU M3BECTHBIM YYCHBIN-3IEKTPOXUMHK,
KaHAMIAT XUMHYeCKuX Hayk, npodeccop JlemecoB Kambap KazpimoBuu.
bonbmiasg yacte €ro HayyHOW NEATENBHOCTM IIpouula B creHax MHcruryra
OpraHMYeCcKoro Karanusa u anekrpoxumuu um. /1.B. Coxonbckoro.

Kamb6ap KazsiMoBuu pomuics B 1947 r. B AkTroOuHCKoi obmactu. B 1971 r,
[0CJIe OKOHYAHUS HHXEHEPHO-(PU3UKO-XMMHUYECKOT0 (haKyinbTeTa MOCKOBCKOTO
XUMHUKO-TEXHOJIOTYecKoM uHctutyra um. .M. MeHnneneeBa, moctynuia B
acnupaHTypy WHcTuTyTa oOpraHMuYeckoro karaiausa u snexkrpoxumun AH
KazCCP mo cmenmambHOCTH «TeOpeTHYecKas 3Jekrpoxumusi». B 1975 T
3alUTII KaHAWJATCKY0 auccepranmio o teme «lccnenoBaHue KMHETUKU U
MEXaHN3Ma NOHM3alUU BUCMYTa, MEIXM U UHAMS Ha BPAIAIOIIEMCS JUCKOBOM
anektpoae ¢ koisiom». C 1974 no 1987 rr. paboran B MOKD AH Ka3zCCP
B JIOJDKHOCTHM MJIQJIIIETO, 3aT€M CTapllero HayyHoro corpyanuka. C 1987 mno
2007 r.r. — 3aBenytoutuii Jaboparopueit 3auThl MeTauIoB oT Koppo3uu MOKD
um. /[.B. Cokonbckoro (B 2001 . meperMeHoBaHa B J1a0OPaTOPHIO MPUKIATHON
ANEKTPOXUMHH U KOPPO3HH).

PesynerareinccnenoBannii K.K. JlenecoBaBo61acTH3MEKTPOXUMUN METAIIJIOB,
IIOJIyYE€HHBIE METOAOM JIHMCKOBOIO 3JIEKTPOAA C KOJIBLIOM, KJIACCUYECKOH H
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HECTallMOHAPHOU BOJIBTaMIIEPMETPHUH, IT03BOJIUIIN BBIIBUTH OCHOBHBIE 3aKOHO-
MEPHOCTH 00pa30BaHUS TPOMEKYTOUHBIX POYKTOB — MOHOB METAJJIOB HU3IIEH
BaJICHTHOCTU B Ipolleccax pas3psiia-MOHU3ALMU MOJUBAJICHTHBIX METAJJIOB U
YCTaHOBUTH MPOTEKAHUE CTAIUHHBIX SJIEKTPOAHBIX PEAKLUN C yYaCTHEM HOHOB
METaJJIOB IPOMEKYTOUHOI U HEOOBIYHOM BAJIGHTHOCTH B XMMHUECKHUX PEAKIUIX
JUCTIPONIOPIIMOHUPOBAHUS M PETTPONOPIIMOHUPOBAHUS, KOMIUIEKCOOOpa30BaHUS
B 3aBUCHMOCTH OT IPUPO/IbI METaJJIa U aHHOHOB PAacTBOPA, AKTUBHOCTHU BOJIbI B
JIEKTPOJIUTE.

WM BriepBbIe OBLIO MOKa3aHO U 00OCHOBAHO MPUMEHEHUE METO/1a TUCKOBOTO
3JIEKTPOJAa C KOJIBLIOM JUIsl MCCIIEOBaHUS KOMIUIEKCOOOpa30BaHMsI HOHOB
METaJIOB IIPOMEKYTOUHOM U BBICIIEH BaJIEHTHOCTU B PACTBOPAX.

K.K. JlenecoB sBsuICS BBICOKOKBATH(HUIIMPOBAHHBIM CIEIIUATUCTOM B
00JIaCTH MCCIICIOBAaHUA KUHETHKH U MEXaHHM3Ma JJICKTPOXUMHYECKUX U KOp-
PO3HOHHBIX MPOLECCOB METAIJIOB M Pa3pabOTKU METONOB 3allUThl OT KOp-
po3un. OH ObUT OTBETCTBEHHBIM MCIIOJIHUTENEM Hporpammsl «Pa3paborarhb
KOMIIO3UILIMOHHBIE (DeppUTHBIE AHTUKOPPO3HMOHHBIE MaTepUallbl HA OCHOBE MPO-
IYyKIIMM U BTOPUYHBIX pecypcoB mnpeanpusituii Kazaxcrana» 2003-2005 rr,
HMHHOBALIMOHHOM nIporpaMMbl « OpraHu3anus ONbITHOTO IPOU3BOJCTBA UMIIOPT-
3aMEeIAONINX CPEACTB AIEKTPOXMMHUYECKON 3alUThl CTAJbHBIX KOHCTPYKIIHIM
ot koppo3um» 2003-2005 T.r., psi1a X0310TOBOPHBIX padOT 1O KOPPO3HUH.

ITo pe3ynpraram uccieqoBaHUM pa3pabOTaHbl AHTUKOPPO3HMOHHBIE COCTABBI
JIAKOKPACOYHBIX MAaTEpUajioB C Pa3IMYHBIMU J100aBKaMH, MOBBILIAOIIME KOP-
PO3MOHHYIO CTOMKOCTb MOKPBITUH B BOJHO-COJIEBBIX U KHCIIBIX CPEAAX, KOTOPHIE
HaITM TPUMEHEHHUE TMPHU 3alIUTE BOJAOBOIOB B PA3IUYHBIX PETHOHAX.

Jlenecos K.K. — aBrop 6onee 300 HayuHbIX myOnukanuii, 1 MoHOrpaduu u 28
naTeHToB Ha n3o0perenus. Cpean ero yueHUKoB 8 kanaunaaroB Hayk ¥ 1 PhD.

[IpupoxxaeHHBIN TaJdaHT MCCIEAOBATENsl B COYETAHMM C HEHUCUEpIaeMou
TBOPUYECKOW HEPrueil 1 ryOoKo# Spyauiueii Onpeaenuin ero OoNbIIoN BKIa
B Pa3BUTHE XUMUYECKON HAYKH.

OH Bcerna ocTaHeTcsl JJi HAC TAJIAHTIIMBBIM YUYEHBIM, MYJIPbIM YUUTEIEM U
XOPOLIMM JIPYIOM.

Konnexkmus AO « Uncmumym monausa, Kamaauza u 31eKmpoxumun
um. /[.B. Coxonvckoeo» svipasicaem 2nybokoe cobonesHosanue
POOHBIM U ONUKUM.
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