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Bac pepaxrop:
KYPBIHOB Mypar ’KypbIHYJIbI, XUMHUS FBUIBIMIAPBIHBIH JOKTOPSL, podeccop, KP ¥FA akanemuri,
Kazakcran PecryOnmukachl ¥ ITTBIK FRUTBIM aKaieMusichiHbIH npe3ueHTi, AK «J1.B. CokobCkii aTbIHIaFbI
OTBIH, KaTaJIH3 )KOHE IEKTPOXUMUS HHCTUTYTHIHBIHY 0ac qupektopsl (Anmarsl, Kasakcran) H = 4

Penaxkmus ankachl:

OJJEKEHOB Cepra3bl MbiHxkacapyJibl (0ac peaakTOpIbIH OpbIHOACAPHI), XUMUS FHIIBIMAAPBIHBIH
JoKTOpBI, podeccop, KP ¥FA akagemuri, «Dutoxumusdy XaablKapaiblK FHUTBIMH-OHIIPICTIK XOIIUHTTHIH
mupexropsl (Kaparanner, Kazakcran) H =11

ATI'ABEKOB Buaagumup EnokoBuu (6ac penaxTopiblH OpBIHOAcapbl), XUMHS FBUIBIMAAPBIHBIH
nokTopsl, npodeccop, berapycs ¥YFA akanemuri, JKana marepuaniap XUMUsICbI HHCTUTYTBIHBIH KYPMETTI
nupekropsl (Munck, berapycs) H =13

CTPHAJ MupocaaB, npodeccop, Yexust FhUIBIM aKaJeMHUSICHIHBIH DKCHEPHIMEHTTIK OOTaHHKa
MHCTUTYTBIHBIH 3epTXaHa MeHrepyurici (Onomoy, Yexust) H = 66

BYPKITBAEB Myxam6eTKaJu, XUMUs FbUIBIMAAPBIHEIH JOKTOPEL, podeccop, KP ¥FA akanemuri,
on-Mapadu areiHgarsl Ka3¥Y Y-npiy Oipiamn npopexropsl (Anmarsl, Kazakceran) H =11

XOXMAHH J[Ixymut, Ceren ynuBepcuteriniy ®apmauesruxa daxysnpreTinin Papmakornosust
KadenpacsHBIH MeHrepymrici, JKapaTbuiblcTaHy FBUIBIMIAPBIHBIH TOHAPAIBIK OPTAJIBIFBIHBIH JAUPEKTOPEI
(Ceren, Bernrpus) H =38

POCC Camup, PhD noxropbl, Muccucunu yHUBEpCHTETIHIH OCIMIIK OHIMICPIH FBUIBIMU 3€PTTEY
YITTHIK opTansirel, @apmanust Mektebinin npodeccops! (Oxcdopa, AKII) H =35

XYTOPSIHCKUM Burannii, punocodus mokropst (PhD, (apmarerr), Pequnr yHuBepCHTETIHIH
npodeccopsr (Peaunr, Aurus) H = 40

TEJTAEB Barnat Bypxan6aiiyiabl, TeXHUKa FRUIBIMIAPBIHBIH JOKTOpEI, mpodeccop, KP ¥FA
KoppecnionaeHT-mymreci, Kazakcran PecnyOmukacer WHaycTpust koHe WH(PAKYpBUIBIMIABIK —JaMy
munucTpiiri (Anmarsl, Kasakcran) H = 13

DAPYK Acana Jlap, Xamnap ans-Mamxnaa IIsFpic MeunuHa KoJulepKiHIH Tpodeccopsl, Xamaaps
yauBepcuteTiHig LLsrpic Mmequimnaa akynsreti (Kapaun, [Tokicran) H =21

®DA3bIJIOB Cepik IpaxmeTy.ibl, XUMHs FBUIBIMIAPBIHBIH JOKTOPBL, ipodeccop, KP ¥FA akanemuri,
OpraHuKajiblK CHHTE3 XKOHE KOMIp XMUMUSICHl HHCTUTYTHI JUPEKTOPBIHBIH FBUIBIMH JKYMBICTAp >KOHIHIET
opsiabacaps! (Kaparausl, Kazakcran) H=6

KOPOBEKOBA Illapuna 7Kopo0eKKbI3bl, XHMHs FBUIBIMIAPBIHBIH JOKTOPBI, mpodeccop,
Kepreiscran ¥FA akagemuri, KP ¥FA Xumust skoHe XUMESUIBIK TexXHONOTHsS HMHCTHTYTHI (Bimkek,
Kpiprezcran) H = 4

XAJIMKOB [:xypadaii XaJuKkoBHY, XUMUsI FBUIBIMIAPBIHBIH JTOKTOPBI, podeccop, Taxikeran FA
axanemuri, B.M. Huxurun arernarsr Xumust nHCTUTYTHI ([ymante, Toxikeran) H =6

DAP3AJIUEB Barug Mekuaoribl, XuMys FBUTBIMAAPBIHBIH TOKTOPEL, Ipodeccop, ¥FA akanemuri
(baky, O3ipoaiixan) H =13

TFAPEJIMK Xempa, ¢unocodus nokropsr (PhD, xwmmus), Xanplkapalblk Taza jKOHE KOJIIaHOAIBI
XMW OJIaFBIHBIH XMMHUS KOHE KOpIIaraH opTa OemnimiHiH npe3uaeHTi (Jlornon, Aarmms) H = 15

«KP ¥T'A Xa6apaapbl. XuMuUs KIHe TEXHOJIOTHS CEPUACHD
ISSN 2518-1491 (Online),
ISSN 2224-5286 (Print)
Menmrikrenynri: «Ka3akctan PecnyOnukachiHBIH YITTBIK FbUIbIM - akagemusickly PKB  (Anmarer  k.).Kazakcran
PecnyOnukachHBIH AKIapar jkoHE KOFaMIBIK JaMy MUHHUCTPIIriHIH Axmapar kommteTinze 29.07.2020 x. Gepinren
Ne KZ66VPY00025419 mep3iMaik 6achLIbIM TipKeyiHe KOHBLTY Typalbl KyolliK.
TaKbIPBINTHIK OAFBITBI: OPeAHUKANBIK XUMUS, OUOPSAHUKALbIK XUMUS, KAMAU3, JNIEKMPOXUMUSL HCIHE KOPPO3US,
hapmayesmuKanblK Xumusi HeaHe mexHoIOSULIAP.
Mep3iMIiiiri: )KbUIbIHA 4 PeT.
Tupaxer: 300 nana.
Penaxiusaeiy MekeH-xaibl: 050010, Anmarer K., IlleBueHko ke, 28, 219 6eur., Ten.: 272-13-19
http://chemistry-technology.kz/index.php/en/arhiv

© Kazakcran PecriyOnukaceiHbIH YITTHIK FUTbIM akagemusicel PKB, 2024

Pepakumsiapia Mekemkaiib: 050100, Anmarst K., Konaes k-ci, 142, «J1.B. CokonbCkuii aTblHAAFbI OTBIH, KaTaln3
JKOHE HIEKTpoXuMus HHCTUTYThI» AK, ka0. 310, ten. 291-62-80, dakc 291-57-22, e-mail:orgcat@nursat.kz



I'naBHbII perakTop:
KYPUHOB Mypar KypuHoBHY, JOKTOp XMMHUYECKHX HayK, npodeccop, axagemuk HAH PK,
npe3ueHT HaronansHol akagemun Hayk Pecry6mmku Kazaxcran, renepansusiii fupexrop AO «HcTHTYT
TOIUIMBA, KaTanu3a u anekrpoxumun uM. /1.B. Cokonbckoro» (Anmarsel, Kazaxcran) H =4

Penaxkuuonnas xosierus:

AJIEKEHOB Cepra3spl MbIH:kacapoBH4 (3aMECTHUTENb INIABHOTO PEJAKTOPA), JOKTOP XUMHUUECKUX
Hayk, podeccop, akagemuk HAH PK, nupekrop MexayHapoHOro Hay4HO-IIPONU3BOCTBEHHOTO XOJIANHT A
«Dutoxumust» (Kaparanna, Kazaxcran) H =11

AI'ABEKOB B aagumup EHokoBHMY (3aMeCTHTENb TJIABHOTO PENAKTOpa), JOKTOP XMMHUYECKHX
Hayk, npodeccop, akanemuk HAH Benapycu, noderHslii aupexrtop MHCTUTYTa XMMHUH HOBBIX MaTepHaoB
(Munck, benapycs) H =13

CTPHA/I Mupocias, npodeccop, 3aBemyromuii 1abopatopueli HHCTUTYyTa DKCIEPUMEHTAIBHON
6otanuku Yemickoii akagemun Hayk (Onomoyi, Yexust) H = 66

BYPKUTBAEB MyxameTKaan, JOKTOp XMMUYECKHX Hayk, mpodeccop, akagemuk HAH PK,
[epssrit mpopexrop KasHY umenn anp-dapadu (Anmarsl, Kazaxcran) H =11

XOXMAHH [IxynuTt, 3aBenyrommii kapenpoit ®apmaxornozun dapmareBTHiyeckoro (akyisrera
Vansepcurera Cerena, upekTop MexXIUCIUIUIMHAPHOTO IIEHTpa ecTecTBeHHBIX Hayk (Ceren, Benrpms)
H=38

POCC Cammup, noxrop PhD, mpodeccop HIkomsr dapmanuy HAIMOHAILHOTO IEHTPa HAYYHBIX
WCCIICJOBaHUH PACTUTEIBHBIX MPOAYKTOB YHUBepcuTeTra Muccucunu (Oxcdopa, CIIA) H = 35

XYTOPSIHCKUM Butammii, noxrop dunocodun (Ph.D, dapmanesr), mpodeccop Yuusepcutera
Penunra (Pepunr, Aurus) H = 40

TEJIBTAEB Baraat Bypxan6aiiyJibl, JOKTOp TEXHHYECKHUX HayK, Mpodeccop, WieH-KOPPECIIOHACHT
HAH PK, Munucrepcto Unnyctpun u nadpactpykrypHoro pa3sutus PecryOnuku Kazaxcran (Anmarsl,
Kazaxcran) H=13

DAPYK Acana [lap, mpodeccop kommiemka Bocrounodd memmmmubel Xampaapia ans-Mapkuzaa,
¢axynsreT BocTouHoit MenuuuHbl yHuBepeutera Xamaapaa (Kapaun, [Takucran) H =21

®DA3bIJIOB Cepuk /IpaxmeToBUY, JOKTOp XHMHUYECKHX Hayk, npodeccop, akagemuk HAH PK,
3aMeCTHTENb JUPEKTOpa 1o HaywIHOH paboTe MHcTHTYTA Opranmdeckoro cuHTe3a u yrexumun (Kaparanna,
Kazaxcran) H=06

7KOPOBEKOBA Illapumna KopodexoBHa, TOKTOp XMMHYECKUX HayK, podeccop, akanemuk HAH
Keipreserana, UactutyT Xumun u xumudeckoit texnonorud HAH KP (bumukek, Keipreseran) H = 4

XAJIMKOB J[Ixxypa6aii XaJaukoBU4Y, JOKTOp XHMHYECKHX HayK, mnpodeccop, axkazemuk AH
Tamxukucrana, Wuctutyt xumun nmenu B.W. Hukntuna AH PT (dyman6e, Tamxukucran) H = 6

DAP3AJIMEB Barug Memkua oribl, JOKTOp XHMHYECKUX Hayk, mpodeccop, akanemunk HAHA
(baky, Aszepo6aiimxan) H=13

T'APEJIMK Xempaa, noxrop ¢unocopun (Ph.D, xumus), npezunent Otnena XUMUHM M OKpY’Karomieit
cpensl MexIyHapogHOro cor03a YHCTO! 1 npukiiagHoi xumun (Jlonnon, Anrmst) H =15
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GLOBAL INNOVATIONS IN EXTRACTIVE METALLURGY OF TITANIUM
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Abstract. An analytical review of the world market and world resources of titanium,
methods of processing difficult-to-process ilmenite concentrates with a very complex
material composition, and the achievements of world manufacturers of high-tech
titanium products are presented. The results of the activities of the Australian company
Austpac Resources, which created the best, preferably used, universal technology
for the production of high-purity synthetic rutile from ilmenite sand concentrates,
are highlighted; the Canadian company QIT-Fer & Titane Inc., which has developed
a technology for the production of modified titanium slag, comparable in quality to
synthetic rutile, smelted from a hemoilmenite concentrate poor in titanium dioxide
with a high content of closely associated gangue minerals of the host anorthosite rock
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and interspersed with isomorphic impurities of many siderophile microelements; the
South African company Richards Bay Minerals, which supplies the market with 85%
titanium slag and 94% synthetic rutile obtained by processing high-chromium fine sand
dune ilmenite using adapted technology from the Canadian company QIT; The Ust-
Kamenogorsk titanium-magnesium plant of Kazakhstan provides the production of
titanium sponge, titanium ingots and alloys for aerospace purposes by one-stage reduction
smelting of a coal charge mixture of low- and high-grade ilmenite concentrates. The
successes of scientific organizations in solving current problems related to reducing the
cost of production of titanium pigments and titanium metal, expanding the raw material
base of valuable metal and improving the environment are reflected.

Key words: ilmenite concentrate, pyro- and hydrometallurgical processes, synthetic
rutile, titanium slag, cast iron, titanium sponge, titanium ingots and alloys.
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AHHOTanust. THUTaHHBIH OQJEMJIIK HApbBIFbl MEH QJeMIiK pecypcTapbiHa
AQHAJIMTUKAJIBIK LI0JTY, ©T¢ KYPeJi MaTepHaJIbIK KypaMbl Oap eH/eyl KUbIH HIbMEHHUT
KOHLECHTPATTapblH OHICY JICTEpl YKOHE KOFApbl TEXHOJOTHSJIBIK THUTAH OHIMAEPIH
QJIEMJIIK OHIIPYIIUIEPIiH JKeTicTikTepi OepinreH. MabMEHUT KYM KOHIIEHTPATTapblHAH
JKOFaphbl Ta3za CUHTETHKAJBIK PYTHIIAI aJyAblH €H KaKChl, KaKChIPAK KOJJIAaHbUIATHIH
omOe0an TeXHOJIOTHSCHIH JKacaraH aBCTpalIMsUIBIK Austpac Resources koMmaHusichbl
KbI3METIHIH HoTmxkenepi epekmie aran eTurni; Kanmamameik QIT-Fer & Titane Inc.
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KOMIIAHUSCHI, Camachl >KaFbIHAH CHHTETUKAIBIK PYTHJIMEH CaJbICTBIpyFa OOJIAThIH
MouUKaysIaHFAaH THUTAaH KOXKBIH OHAIPY TEXHOJNOTHSCHIH 93ipieldl, TUTaH
JUOKCHIIH/IE HAalllap TeMOMJIMEHUT KOHLIEHTPAThIHAH, KYPaMBbIH/IA THIFbI3 OaiIaHbICThI
raHra MUHEpaJapbl KOIl. Heri3ri aHOPTO3UT JKBIHBICHI JKOHE KONTEreH CUACPOPHIbAL
MHUKPORJIEMEHTTEpAIH H30MOp(THI KocmagapblMeH KUbUIbIcaasl; KaHaganblk QIT
KOMIIaHUSICBIHBIH OCHiMIENTeH TeXHOJIOTUSACHIH MaijanaHa OTBIPBII, KOFapbl XPOMIbI
ycak KyM Te0e WIbMEHHTIH OHJey apKbUIbl ajJblHFaH 85% THTaH HuiakTapsl MeH 94%
CHUHTETHKAJBIK PYTHJAI HapbIKKAa JKETKI3eTiH OHTYCTIK adpukanslk Richards Bay
Minerals xommanusicel; KazakcTaHHBbIH OCKeMeH THTaH-MarHUH KOMOMHAThl TOMEH
YKOHE JKOFaphl CYPHINTH KIIbMEHUT KOHLEHTPATTapbIHBIH KOMIp MIMXTACBIHBIH KOCIACHIH
0ip caTbUIBl PEAYKUHUSUIBIK OAJIKBITY apKBUIBI a3POFAPBIIITHIK MaKCcaTKa apHaJIFaH TUTaH
ryOKachlH, TUTaH KyHWMalapblH XOHE KOPBITIAJIapblH OHIIPYAl KaMTamachl3 eTeli.
TuTan mUrMEHTTEpi MEH THTAaH METAJIbIH OHAIPYIAiH ©31HIIK KYHBIH TOMEHICTYTE,
Oarasipl METABIH IIHKi3aT 0a3achlH KEHEUTYTe j)KoHE KOpIIaraH OpTaHbl JKaKcapTyFa
OalmaHBICTBl ©3€KTiI MoceJeNepAl HIeUIyJAeri FhUIBIMH YHBIMAAPIABIH TaOBICTaphI
KOPCETUITeH.
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MpolecTep, CUHTETUKAIBIK PYTWI, TUTaH IUIAKTapbl, MIOWBIH, TUTAH TyOKa, TUTaH
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Annoranus. [IpeacraBieH aHaTUTHYECKH 0030p MHUPOBOTO PHIHKA U MHPOBBIX
pECYpcoB THTaHa, METOIOB MepepadOTKH TPYAHOOOOTATHMBIX BECbMa CIOXKHBIX IO
BELIECTBEHHOMY COCTaBy WJIbMEHHUTOBBIX KOHIIEHTPATOB, AOCTHKEHHH MHPOBBIX
MIPOM3BOINTENENH BBICOKOTEXHOJIOTMYHON MPOAYKLUMU TUTaHa. OCBELIEHBI pe3yabTaThl
JIeSITEIPHOCTH aBCTpaJIMHCKON KoMmaHuM Austpac Resources, cozmgaBiied yuviyio,
MPEINOYTUTENBHO HCHONb3YEMYIO, YHHBEPCAJIbHYIO TEXHOJOTHIO IPOU3BOJCTBA
BBICOKOYMCTOTO CHUHTETHYECKOTO PyTHJIA U3 KOHLEHTPATOB HJIBMEHUTOBBIX IE€CKOB;
kaHagckod kommanum QIT-Fer & Titane Inc., paspaboTaBuieil TEXHOJIOTHIO
MPOM3BOJICTBA  COMOCTAaBMMOIO IO Kaue€CTBY C CHHTETUYECKUM  pPYyTHUIIOM
MOIM(UIMPOBAHHOTO TUTAHOBOTO IIIJIAKA, BBHIILIABISIEMOTO U3 OCAHOTO MO JHOKCHIY
TUTaHa TEMOWJIBMEHHMTOBOIO KOHLIEHTpaTa C BBICOKHM COJIEpPKaHHEM TECHO
ACCOLMUPOBAHHBIX KUJIBHBIX MUHEPAJOB BMEINAOLIEH aHOPTO3UTOBOH MOPOABI
BKparIeHUs MU U30MOP(HBIX TPUMECEi MHOKECTBA CUAEPODUIEHBIX MUKPOJJIEMEHTOB;
1okHOadpukanckoi kommanuu Richards Bay Minerals, mocraBmstomeld Ha pbIHOK
85% TuTaHOBBIM HUTaK U 94% CHHTETHYECKHH pYTHII, MOJIy4aeMbIX IepepaboTKon
BBICOKOXPOMMCTOTO MEJKOJUCIIEPHOTO WIIBMEHUTA TEeCUaHbIX JIOH aJalTHPOBAaHHON
TexHonorueil kanajackod xommanuu QIT; Ycrs-KameHnoropckoro TMTaHoMarHueBOro
komOnHara Kazaxcrana o0OecreunBaromero MPOM3BOACTBO THTaHA Ty04aroro,
TUTAHOBBIX CIUTKOB M CIUIABOB a3POKOCMUYECKOr0 HA3HAUEHHUs OJHOCTAIUITHON
BOCCTaHOBUTEJBHOM IJIaBKOW YTOJbHOM INHMXTHI CMECH HHU3KO- U BBICOKOCOPTHOIO
WUIBMEHUTOBBIX KOHIIEHTpaToB. OTpakeHbl YCIEXN HAy4HbIX OpraHU3alllii B pelIeHnn
aKTyaJbHBIX MpPOOJIEM, MOCBSIIEHHBIX COKpPAIIEHUIO Ce0eCTOMMOCTH MPOW3BOJCTBA
TUTAHOBBIX IMMUTMEHTOB M METAJUIMYECKOTO THTaHA, PACIIMPEHHIO CHIPHEBOH Oa3bl
LIEHHOTO METaJlIa U YJIYy4IIEHUIO SKOJIOTHH OKPY KAfOIEel cpeibl.

KuroueBble c10Ba: HIbMEHUTOBBIN KOHLEHTPAT, IUPO- U THAPOMETAIITYprUdecKre
MPOLECChl, CUHTETUYECKUH PYTHJ, THTAHOBBIM IIJIaK, 4YyryH, TUTaHOBas TyOka,
TUTAHOBBIE CIUTKHU U CILIABBI

Beenenne

TurtaH, mupoko ucnonb3yemsldt ¢ Hadana 40-x rogoB XX BeKka, UIPaeT BAKHYIO
pOJb B CTPAaTErHYeCKH Ba)KHBIX OOJIACTAX MHPOBOHM SKOHOMHUKH. THTaHOBBIE CIIIaBbI
SIBIISIFOTCSL KJTIOUEBBIMH M BO MHOTHX CITydasix Oe3albTepHAaTHBHBIMH MaTepHallaMH B
aBHa-, paKeTo- U CyI0CTPOCHUH, aTOMHOH SHEPreTHKE, XAMUYECKOH, He(pTeXUMHUYECKOA,
O00OpPOHHOH TPOMBILIICHHOCTH, MEIUIMHE M 93JEKTPOHHKE. ABHAKOCMUYECKas
uHAYCcTpHs oTpednseT 75% obuiero odbema mpousBoacTBa Tutana. Ocrasmmecs 25%
HCTIONIB3YIOTCSL B KOpalOlIecTpOeHHH, XUMHYECKOH MPOMBIIUIEHHOCTH, YHEPreTHKE,
MEJIMIIUHE, CTIOPTE U OBITOBOH cdepe.

Merannuueckuii TUTaH, CTa0MIBHO YCTOMUMBBIA K BO3ACHCTBHIO YPE3BBIYAIHO
arpeccUBHBIX Cpell, SBISIETCA BaKHBIM KOMIIOHEHTOM TI€OTepMalIbHBIX TEXHOJOTHI
3€JICHOM SHEPreTHKH. DKOJIOTHUECKU Oe30MacHas 1 HenccsikaeMasi JHeprisi Heap 3eMJn
SIBIIsIeTCsl 0OBEKTOM MOBBIIIEHHOTO BHUMAaHHS BO BceM MUpe. Pa3Benka u sKcIutyaramus
reoTepMaJIbHBIX MECTOPOXKIEHUHN I TeHepaliy JEHIeBOM IEKTPOIHEPTHH BEIETCS
BO MHOrux crpanax mupa (Boyd, 2015, 12). Jloka3zaHHbIe 3amachl TeoTepMalibHBIX
HUCTOYHHMKOB B Kazaxcrane Ha MoOpsaok Oojblie cyMMapHBIX pecypcoB He(TH W rasza
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BMecTe B3aThiIX (Mennebaes, 2017, 57-67). 1o npornosam, k 2050 roxy moutu 64%
TUTaHa OyJIeT UCTIONIb30BaThCA B reoTepMalbHoil sHepreTuke (Madhumitha Jaganmohan,
2024).

CriekTp HayKOEMKHX OoTpaciieil IPOMBIIIIEHHOCTH, UCTIONB3YIOLINX B 3KCTPEMAIIBHO
KECTKUX YCIOBUSX SKCIUTyaTalliyl yCTOWYMBBIE K TeMIIepaTypHbIM nepenanam (ot -196
1o +600 °C) TuTaHOBBIE CyNepCIUIaBbl, aKTHBHO pacliupsieTcs. BecombIM BKIIagoM
B peanmusaunuro MexnaynapoaHoro merampoekra ITER mo co3maHuIO TMTaHTCKOrO
9KCIEPUMEHTAILHOTO YIPABISIEMOr0 TEPMOSAEPHOTO peakropa MolrHocThio 500
MBT, nepeuieqiero u3 cTaauu CTPOUTENLCTBA Ha tore dpaHUWU B cTaguio cOOpKH,
SBISIeTCsl pa3paboTaHHAsl CIEUUAIMCTaMU YJIBOMHCKOIO METaJIyprHuecKoro 3aBoja
(AO «YM3») TexHONOTHs TONyYeHHS KPyMHOTaOapUTHBIX 3arOTOBOK M M3IEJIUN U3
Oepuiuina TUTaHa, 3aBOEBaBLIAs 2-€ MECTO Ha MEXKIYHapOIHOM CHMIIO3HUYME 710
mexuonoeuu mepmosioepruoeo cunmesa SOFT202(). BuepBble N3roTOBICHHBIN U yCIIEIITHO
MPOTECTUPOBAHHBIA TEIUIOPU3NUECKUMHE HCHBITAHUSAMH HEUTPOHHOTO OOIyuYeHHS
MOJTHOpa3MepHbId 0ok Oepwuinaa TuTaHa B peaktope BBP-K mexaynapognbivu
9KCIIepPTaMH €IMHOINIACHO MPHU3HAH YHUKaJIbHBIM (ApuHOBa, U 1p, 2022; Caiipanbaes
u 1p., 2023, 65-71).

[Ipon3BoacTBO  KOMIAKTHOTO  METAIJIMYECKOTO0  THUTaHa, IOIy4aeMoro u3
TUTAHOBOW T'yOKH, TOPOTOCTOSIIHIA, SHEPTOEMKHH U TPYI03aTpaTHBIM Mpolece, 3TUM
OOBSCHSIOTCS Majble O00bEMBbI IMPOM3BOACTBA CTPATErMYECKH Ba)KHOTO MeTaula U
noTpedJIeHre OCHOBHON Macchl, 0 95%, eXeromHo a00bIBAEMOr0 MHUHEPaIHHOTO
CBIpbSl NMPEUMYLIECTBEHHO JIAKOKPACOYHOM WMHIYCTpPHEH, a Takke MOIMMEpPHOH M
LEJUTFOJI03HO-0yMaKHOM MPOMBIIIUIEHHOCTBIO.

Muposoii peinok mumana

Awmepukanckoit ~ xommanuedr ~ MarketWatch — kopmopamuun  Dow  Jones
NMPOrHO3MpYeTcs JajdbHeHIINA POCT MHPOBOr0 PbIHKA THTAaHA, OTPAXKEHHBIN B
(punancoBom 3xkBuBasieHTe B Omiiuonax (B) nonnapos CILIA (pucynok 1).
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Pucynox 1 — IIporuo3 1uHaMHUKH MHPOBOT'O PbIHKA TUTAHA



OF THE NATIONAL ACADEMY OF SCIENCES OF THE REPUBLIC OF KAZAKHSTAN

O0bem peiHka a’pokocmuueckoro tutaHa (CAGR) ouenuBancs B 1 Muiutmaps
nomtapoB CIIA B 2021 romy u Kak OXHAAeTCs, COCTaBUT Oojee 5% B TOIOBOM
BeIpaxkeHnu ¢ 2023 no 2032 roa, cTUMYyIHpYEMBbId BOCCTAHOBJIEHUEM aBHAINIEPEBO3OK,
pacIIMpsIIOIIUMCA  MPOEKTaMU IO CTPOMUTENILCTBY KOMMEPYECKHX aBHAlalHEpOB
U BO3pPACTAalOIIMM  HCIOJIB30BAHHEM TUTAHOBBIX  MAaTepHajoB  KOCMHYECKOH
npombinuieHHocThio (Kiran Pulidindi u np., 2023, 355). [lo oueHke MexayHapOAHOM
komnanuu MetalResearch, nuaupyiomue NO3MIMM HAa MHPOBOM pBIHKE THTaHa
(TuTanoBoi ryoku) 3anumarot Snonus, Kasaxcran u CILIA (PeiHok Tutana, 2024 1.
pecypc). ITo 06bemy mpomax Kuraii B 2023 roxy npes3orien Hunepnanasl, Manaiizuto,
I'epmanuto u Kanagy, HecMOTps Ha IpeKkpalieHHe MAesTeIbHOCTH HECKOJIBKHUX
MPEANPHUITUH U3-32 HU3KOTO Ka4yecTBa THTAHOBOW MPOAYKLUMH (PUCYHOK 2).
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Pucynok 2 — JloneBoe yyacTre CTpaH Ha MHUPOBOM pPBIHKE TUTaHa (TUTAHOBO I'yOKH)
B 2022-2023 rr.

CpennerooBoif  TeMHn pocTa phIHKA JHOKCHJA THUTaHa, IOCTaBISIEMOTO
MIPOM3BOUTENAM OEJBIX TUTAHOBBIX MUTMEHTOB B NMPOTHO3MpYeMbIi mepuosn (2023-
2032 rr.) cocraBut 8,9% (pucynok 3). KitoueBbie (akTopbl, CHOCOOCTBYOIINE
Pa3BUTHIO PHIHKA TMOKCH/IA TUTAHA — PACTYIIHH CIIPOC Ha JIETKME aBTOMOOWIIN, KPACKH U
MOKPBITUS B CTPOUTENLHON MPOMBIIIIEHHOCTH, 0COOEHHO B A3UaTcKo-THX00KeaHCKOM
peruone (Priya Nagrale, 2024, 185).
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Munepanvubie pecypcol mumana

Tutan JUTOQUIBHBIA BIEMEHT C CHIBHBIM CPOJACTBOM K  KHCIOPOZLY,
MPEAONPEACIAIONINM TPUCYTCTBUE €ro B 3EMHOH KOpe OOBIYHO B OKCHIHBIX
munepanax. Haubonee BaKHBIMU MUHEpATaMK TUTaHa ABJAOTCA wibMenut (FeTiO,)
1 nonuMopgubie Monudukanuu auokcuaa turana (TiO,) —pyrwi, anaras u Gpykut
(Global titanium minerals reserves, 2024). MeHee ynoTpeOuTenbHbI CyOX03sIICTBCHHBIC
munepaisl: ncesnoopykut (Fe,TiO;), meposckur (CaTiO,), refikenur (Mg,Fe)TiO,),
rupoanut (MnTiO,) u turanut um chen (CaTiSiO;).

WnbMeHHT — MIMPOKO pacrpoCTpaHeHHBI MUHEPAJl B OCHOBHBIX U YABTPAOCHOBHBIX
MOpOAax, PyTHI — BBICOKOCTAOMIIBHBIA aKIECCOPHBIH MUHEpal B METaMOP(PHUUECKUX
MOPO/aX, YaCTO BCTPEUAIOMIMKCS B MHUHEPAJIM30BAaHHBIX 30HaX M OpPeoJiaX U3MECHEHHS
MHOTHX THAPOTEPMAaJbHBIX M METaMOP(QHU30BAHHBIX MECTOPOKICHHAX IOJE3HBIX
HCKOTIAeMBIX. AHara3 W OpYKHT SBISIOTCS TPOAYKTaMH HHU3KOTEMIICpaTypHBIX
W3MEHEHUH NIbMEHHUTA UM TUTAHHTA.

MecTopokIeHHS TUTaHa OTPOMHBI, OJJHAKO 3ar1achl HAN00JIee IKOHOMUYECKH IIEHHBIX
MeCYaHbIX PyTUIOBBIX PY/l X BBICOKOKa4€CTBEHHBIX HIIbMEHUTOBBIX IECKOB OTPAaHUYCHBI
B oObeme. [lo Tekymum oreHKam, oOlre MUPOBBIC 3alachkl TUTaHA B MIBMEHUTE H
pyTHIIe, BMECTE B3SITHIX, COCTaBWIIN MPUMEPHO 745 MHIUTMOHOB METPHUYECKUX TOHH B
2023 rony. Ha nnsmenut npuxonutcst 94% MUpPOBBIX 3a11acoB TUTaHa, Ha PyTHJI BCETO
okoio 4%. I’ maBHBIE MUPOBBIE PE3EPBHI PyTHIIA cCOcpeioToueHbl B ABcTpanuu (31 MiaH
TOHH, 63%). CaMbIMU OOJNBIIMMU 3allacaMU TUTAHOBBIX MUHEpaJIoOB oOnagaaer Kuraii,
npuMepHo 210 MWIIMOHOB METPUYECKHX TOHH HIBMEHUT-TUTAHOMArHETHTOBOTO
CBIPbS B TIepecyeTe Ha AUOKCH] TUTAHA.

YpoBeHb MUPOBOI1 TOOBIYH MIIBMEHHUTA COCTABIISICT 9 MITH. TOHH B I'OJl B TIepecyéTe Ha
nrokeu Tutana. Crpansr-nmuaeps! — Kurait (38%), Mozamobuk (13%) u FOAP (10%). B
2023 roxmy no6brua nipMeHuTa Ha pynHukax B KHP nocturna mpumepno 3,1 Munnrona
METPUYECKUX TOHH B TIepecyeTe Ha IUOKCU TUTaHa, YTO TIOUTH BABOE OOblIe 00beMa
100611 MozamOuka, BTOPOTo 10 BEIMYMHE MUPOBOTO MPOM3BOANUTENSI MHHEPAIBHOTO
CBIPbS TUTaHa (PUCYHOK 4).
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PucyHnoxk 4 — YpoBeHb MUPOBO#1 JOOBIYM MUHEPAJILHOTO ChIpbs TUTaHa B 2003 romy
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Pytun noOsiBaetcst B 00b€Me 590 Thic. TOHH B OCHOBHOM B ABcTpamuu (32%),
Coreppa-Jleone (22%) u KOAP (16%). doObBaemerii Ha pynHukax NOAP, Kanagsl n
Maparackapa WIbBMEHHUT HCIHOJIB3YETCs, B OCHOBHOM, JUJIsl IIPOM3BOJCTBA THTAaHOBOIO
huiaKa.

Ha Tteppuropun KazaxcraHa pacnpocTpaHeHbl MPakTHUECKHM BCE OCHOBHBIE
MIPOMBILIUIEHHO-TE€HETUYECKHE MECTOPOXKAECHUS THUTaHA: MarMaToreHHbIe,
MeTamoporennsie u 3k3oreHHbie (Omupceprukos M. u ap.,2016,42-47). OtnensHyto
IpyNIy COCTaBJIAIOT TEXHOT'€HHbIE MECTOPOXJEHHUS THUTaHa, JIOKAIM3UpYIOIIUecs B
OTXOaX TOPHOAOOBIBAIOLINX U MepepaldaThlBalOUIMX MPEANPHUATHIH. 3amachkl TUTaHa
3aKJIIOYEHBI PEUMYIIECTBEHHO B TPEX T'€0JIOTO-IPOMBILIUIEHHBIX MECTOPOXKICHHSIX.
Benyuiyto pons urparoT ApeBHHE M COBPEMEHHBIE PEUHBIE W MPHOPEKHO-MOPCKHE
pOCCHIIN, B KOTOPBIX COCpeAoToueHo 55% MMpOBBIX 3amacoB THUTaHa. BTopoe
MECTO 3aHUMAIOT WJIBMEHUT-MarHeTUTOBbIE, WJIbMEHUT-TE€MaTHUTOBBIE U WIBMEHMT-
PYTHIIOBBIE MECTOPOXKIEHHsI B rabOpo-aHopro3utax (25%) u aHara3-epoOBCKHT-
PYTHIIOBBIE Pa3HOBHIHOCTH B KOpax BBIBETPHBaHHUS KapOoHATHBIX MaccuBoB (19%).
[IIupoko pa3BUTBl MarMaTM4eCKHE TUTAHOMATHETHTOBBIE PYIAbl C COJAEpKaHUEM
cebime 10% TiO, u okono 45% OKCHIOB JKeJle3a, CBA3aHHBIE C IIENOYHBIMH 0a3UT-
yIabTpaba3suTOBBIME MHTPY3USIMH. KpylHOE THTaHOMarHeTUTOBOE MECTOPOXKICHHE
Teivmaii  passenano B JKamaump-HaiiManckoii 30He, TOAOOHBIE MPOSIBICHUS
oOHapykeHbl B BocTouHo-MyromkapckoM aHTHKIMHApHUHY, KOKIleTayckoM cpeJHHOM
MaccuBe, CapbIMcakTHHCKOW oOnactu Ha PyaHom Antae. boraroe miabMmeHUTOM (710
400 xr/m*) KapaoOMHCKOE MECTOPOKACHHE THUTAHOHOCHOH KOPBI BBIBETPHBAHHMS
BEPXHEMANIC030HCKUX  TaOppO-IMPOKCEHUTOB  pacmojio’keHo B BocrowHo-
MyromkapckoM aHTUKIMHapuu.  [logaBnstomee OOJNBIIMHCTBO MECTOPOKACHHUM
KOMITJIEKCHBIX MJIbMEHUT-IUPKOH-PYTHIIOBBIX POCCHINEH KJIACTOI€HHO-0CAJA0UHBIX
¢dopmanmii ¢ MaccoBoit nonet ot 14 no 64% Tsoxenoi dhpakuuu, cogepkarieid ot 37
no 57% TiO, B unpbMenute, cocpenorouenno B 3anannom (Illoxamckoe), CeBepHoM
(ObyxoBckoe) u Bocrounom (CarmaeBckoe) Kaszaxcrane. borarel TuTaHOM OOKCHTHI
Hayp3yMCcKOro alroMMHHEBOTO MENIOBOIO KOMIUIEKCA, B KOTOphIX 3amackl TiO,
OIICHUBAIOTCSI B 2,5 MJIH. T IPH CPEAHEM COiepKaHUU B OokcuTax 4,5%. B Ookcnrax
Kpacrookrsa6psckoro mecropoxaenus conepxutes 1,89% TiO,. B KpynHOTOHHaKHBIX
KpacHbIX mutamax IlaBmomapckoro amromunueBoro 3aBoga (ITA3 AO «AmromuHuHi
Kazaxcrana», oOpasyrommxcst B mporecce baliep-criekanust O0KCHUTOB, MaccoBast OIS
JUOKCHa TUTaHa 0KoJ10 4-5% con3Mepuma ¢ Coiep>KaHueM €T0 B LITbMEHUTOBOM ChIPhE.
Ocanounble TskKeIOMUHEpaldbHble Necku Ka3axcraHa, OTHECEHHBIE T€0JIOrHYecKoi
ciyxk6oit CLHA 1o reHeTHUECKOMY NPOUCXOKICHUIO K JENO3UTHOMY Kiaccy S,
cogepxar 0,3 MIIIMOHA METPUYECKUX TOHH PYTHJIa C COOTHOIIEHHEM WJIBMEHUTAa U
TUTaHAMarHeTuTa ~ 3.

Muposvie npoyeccol npouszgo0cmea cunmemu4ecko2o pymuna

MuHepan WIIBMEHUT PEACTaBIseT cOOO0M MPEeXkK e BCETro TUTAHAT yKeJle3a C ITUPOKOH
Bapuaiuen maccoBoro cootHomenus TiO,, FeO u Fe,0, n MHOkecTBa 130MOPHHBIX
npuMeceil cuAepoUIBHBIX MHUKpPO3JIeMeHTOB. [IpobieMarnyHOCTE mepepaboTKu
WUIBMEHUTOBBIX KOHIIEHTPATOB, HCHONb3YEMBIX JUIsI MPOM3BOACTBA CHHTETHYECKHX
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PYTHJIIOB ¥ DJIEKTPOTEPMHUUYECKUX TUTAHOBBIX IIJIAKOB, YCYTYOIISIOT IUIOTHOE CpacTaHue
3epen remaruta Fe O, ¢ mmacrunkamu wibmennta FeTiO, u Bkpamienus TecHO
ACCOIMUPOBAHHBIX PA3HOOOPA3HBIX IKUJIBHBIX MHHEpPAJIOB BMENIAIOMEH MOPOIBI.
W3BecTHBII Summit mporecc okazajcs KOMMEPUECKU HEOCYILECTBUMBIM H3-3a BBICOKUX
KaUTaJbHBIX W JKCILTyaTallMOHHBIX 3arpar. Isihara mponecc, xapaxkrepusyromuiics
oOpazoBanueMm Oojplioro o0vema Cynb(aTHOrO IKejie3a, HempUemyeM  JUis
CEPHOKHNCIIOTHOTO BBILIETAUNBAHUS JIEHKOKCEHOBBIX HMJIBMEHHTOBBIX KOHIEHTPATOB,
cofiepKalluX HepacTBOPUMBIN B kuciorax pyTui. Ilporneccst Murso, Jlamopra, TSR
COJISTHOKHMCIIOTHOTO BBIIIETaYMBAHAA HE OBUTM KOMMEPIIMAJIN30BAaHbI W3-32 HU3KOM
3(h(PEeKTUBHOCTH M HEIOCTaTKa (PUHAHCUPOBAHHUS.

CuHTteTnyecKuil pyTui B 3anagHoi ABCTpaIUU B TEUEHUE MHOTUX JIET IPOU3BOIUIICS
c npumenenneM bexep (Becher) mpouecca, pa3paboTanHOro B MEpBYIO Ouepeab s
noBbleHUs cofepkanus TiO, B 3anaHOaBCTPATMIACKOM HIIBMEHHUTE IPUMEPHO € 55 J10
92-95% (E.A. Walpole u np., 2002, 1-13). DT0 AByX3TaIHbII MPOIECC, BKIOYAONIUI
METaJTU3aIUI0 HOHOB JIBYX- M TPEXBAJIEHTHOTO jkeJie3a Mpu Temneparype coime 1100
°C BO BpalaOIIEHiCcsi 00)KUTOBOM MEYH C UCTIOIb30BAHUEM B KAYECTBE BOCCTAHOBHUTEIIS
1 TOIUIMBA XUMHYECKH aKTUBHOTO Y. BOCCTaHOBIEHHBIN MIIbMEHHT BBIIIETaqYBAIIN
BO3YIIHON a’panuell B BOAHOM pacTtBope xyopuaa ammonus (NH 4Cl) JUIS yoajneHus
METaJNTNYECKOTO ’KeJie3a, BBIAEIIEMOro B 0CaJJ0K B BUe ruipokcuaa. CHHTEeTHUECKU
PYTWJI  JIOTIOJIHUTENIBHO OYHWIIAJM OT OCTATOYHOIO JKejle3a CEPHOKHCIOTHBIM
BBIIIIETIaYNBAHNEM.

Becher process mpurozmen mist o0iaaropaxMBaHUsl KOHLIEHTPATa MIbMEHHUTOBBIX
[IECKOB C BBICOKHM COJEp)KaHUEM JHOKCHJIA THUTaHAa M HU3KHM OKCHJIOB XKele3a.
[Ipn mnpeBblIEHMH [JOMYyCTHMMOM KOHIEHTpAllMM MarHus M XpoMa IpoLecc
CTaHOBUTCSl TEXHUYECKH HENPHEMJIEMBIM H3-3a MOJABJIEHUS MEJJIEHHON CKOPOCTH
A’PAIMOHHOTO BHINIEIAUNBAHUS, TTUTEIHHOCTRIO 14-20 wacoB npu nepezaene 20 TOHH
BOCCTaHOBJICHHOTO MJIbMEHHTA.

Komnanus Austpac Resources N.L. B 1988 rony mpuHsiia yyactue B pa3Beike U
OCBOEHUHU KPYIIHBIX MECTOPOXIECHUN MIBMEHHTOBOIO Iecka BecTmopT Ha 3amagHoM
nobepexbe FOxHOro ocrposa Hosoii 3enanaun. BecTnopTckuii HIBMEHUT W3BECTEH
MHOTOYMCIICHHBIMU CHUJIMKaTHBIMM MUHEpAJIbHBIMU BKIIOYEHHMSIMH, a KOHIIEHTpAaT
3HAYUTEIHHOM J10JIel OT/AEIBHBIX 3epeH CBOOOAHOTO IrpaHaTa - CHIIMKaTHOTO MUHEpasia
pa3sHOOOpa3HOro cocraBa. lpaHaT N0 IUIOTHOCTH M MAarHUTHO-3JIEKTPUUECKUM
CBOHCTBaM aHAJOIMYEH MWJIbMEHHUTY, I03TOMY €ro TPYOHO YHAIUTh OOBIYHBIMU
METOJIaMH 00OTallleHNs] MUHEPAJIbHBIX IECKOB.

OOmMpHBIMA ~ UCTIBITAHUSIMA ~ Ha  JIAOOPAaTOPHBIX M MWJIOTHBIX  yCTAHOBKaXxX
WHHOBAIIMOHHBIX M300peTeHni KkommaHusi Austpac Resources 3amarenroBaia
porecchl « YCHIICHHOTO OOKUTa M MarHuTHO# cenaparmm» (ERMS), HenpepbiBHOTO
BBITICITAYMBAHNS U «YIYUIICHHOW KUCIOTHOM pereHeparun» (EARS). Texuomorms
ERMS SR xommannm Austpac, coueraromas 3SHEprodpQeKTHBHBIE MPOIECCHI
OKHCJIMTEJIbHO-BOCCTAHOBUTEIBHOTO ~ OOXHra, BBIIIECTAYMBAHUSA M KUCJIOTHOU
pereHepanuy, Mo3BOJISET MO KOHKYPEHTOCTIOCOOHOHM IIeHE MONy4arh BBICOKOYHMCTBIN
cunTeTHdecKui pyTun (> 97% TiO,) 11 Npou3BOACTBA XJIOPUAHBIM METOIOM 0€10r0
MUTMEHTA IUOKCH/Ia TUTaHA U METAJUINYECKOTro TUTAHa.
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ERMS npouecc — nByxcTaAniHbBII KOHTPOIUPYEMBII OOKUT KOHIIEHTPATA TAKEIBIX
MUHEPAJIOB B TICEBIOOKMKEHHOM CJIO€, NMPOBOAMMBIA BHayane B OKHUCIUTEIbHON
arMocdepe npu Temmeparype ~ 950 °C mis ycuieHuss MarHiTHOH BOCIIPUAMYHBOCTH
MIBMEHHTA 3a CUET MEPEeBO/ia IBYXBAJIEHTHOIO Kelle3a B TPEXBAJIEHTHOE COCTOSHUE U
OT/ICJICHUS] €0 MarHUTHOM cemapanueil oT clabOMarHMTHBIX JKWJIBHBIX MHHEPAoB,
TaKMX KaK XpOMHT M I'paHaT ¢ BbICOKOMH, Oonee 90%, cremenbto ounctku. Ha BTOpOit
craguu oOxura mpu temneparype coiie 1000 °C ¢ ucrnonb30BaHNEM YIIIEBOAOPOAHOTO
TOIUIKBA (OOBIYHO YIVISI) OKMCIICHHOE JKEJIe30 BOCCTAHABIMBAETCS A0 ABYXBAJICHTHOTO
COCTOSIHHSI, B KOTOPOM OHO OYEHb JIETKO BBILIETaYMBACTCS B HEOOIBLIOM H30BITKE
25% cynepa3eoTpOINHON CONSIHOM KUCIIOTHI TPH aTMOC(HEPHOM JIaBICHHH COBMECTHO C
HEKPEMHE3EMUCTBIMI OKCUAAMHU KaJbIVsl, MarHHs, Mapraiua u anoMuHus. OCHOBHas
Macca JMOKCHAA THUTaHa CTAaHOBUTCS TPH 3TOM TNPAKTUUYECKH HEPacTBOPUMOM,
YaCTUYHO pacTBOpUBINAS (HYPAKLMS BBIIEISETCS B OCANOK B BUIC TMAPATUPOBAHHBIX
OKCHXJIOPUJIOB, TIpeoOpasyromuxcs B TiO, Ha 3aKIFOUMTENLHOM dTale MPOKaJIUBaHHs.
Oomiee BpeMs BBIIEPIKKH OKHCIUTEILHO-BOCCTAHOBUTEIBHOTO 00KUTa COCTABIISIET OT
2 1o 3 gacoB. BoccTaHoBIEHHBIH MIBMEHHUT MOABEPTraeTCsl aHA3POOHOMY OXJIAXKICHHIO
W MarHuTHOM cemapauuy B MOIIHOM OapaOaHHOM MarHWTHOM Cemaparope JUis
OT/ICTICHUS] OCTaBIUEHCS MMycTOW TOPOXBIl W MEJNKUX 4YacTUL OOyIIMBIIErocs
MaTepuasia. BpllenaunBanne BOCCTAHOBJIEHHOTO WJIBMEHHUTA B MCEBAOOKMKEHHOM
CJI0€ OCTOPOKHBIM TI€peMELIMBaHHEM, MUHHUMH3HUPYIOIIUM 00pa3oBaHHE ILIAMOB,
paHee MpOBOAMIIOCH B PEAKTOPaX MEPHUOANYECKOrO JEHCTBUS, 000IPEeBAEMBIX OCTPBIM
napoM. 3aMeHOl PeakTOpoB NEPUOIUYECKOTO JISHCTBYS Ha 3alaTeHTOBaHHbIN peakTop
HEMPEPBIBHOTO JEICTBHS yBEINYEHA TPONU3BOIUTENLHOCTD MIpOLECcCa.

Kex ¢unprpanum mynbnsl OTpaOOTaHHOTO CONSHOKHCIOIO pacTBopa XKeje3a H
MIpUMecel TPOMBIBAETCS, BBICYILIMBAETCS U IPOKAJIMBAETCA B IICEBAOOKIKEHHOM CJI0€
nipu Temneparype ~ 800 °C B reuenne ~ 20 MunyT. [lomyueHHbII CHHTETHYECKUI Py THIT
COJIOMEHHOT0 [IBETa OYHILAETCS OT OCTaTOUHON (HOMHHAIBHO 2-3%) ppaKiK MOPOIHBIX
MUHEPAJIOB, BKJIIOYas XPOMUT, BBICOKOMHTEHCHBHOM MarHUTHOM cenapanuen.

Hosuzna EARS mporecca KHCIOTHOW pereHepanuy 3akjIloyacTcsl B IOJTHOM
00e3BOKMBaHNHM OTPAaOOTaHHOTO BBIIEIAYMBAIOIIETO PAcTBOpa B HCHApUTEIE C
NICEBAOOKIDKEHHBIM cloeM mpu Temreparype 140 °C, uckmrouarouieil criekanue
rpaHyl XJIOpUJAA >Kele3a, mepepadaThiBacMbIX MUPOTHAPOIM3HBIM OOXKHIOM B
nceBAookKImkeHHOM cioe. Ilpenmymectsom mpouecca EARS mo cpaBHenuto c¢
H3BECTHBIM CHOCOOOM TEPMUYECKOTO Ppa3ioKeHHs pa3OpbI3TUBAHUEM TPABUIBHOM
KHMCJIOTHI CTAJIEIUTEHHON MPOMBIIIJIEHHOCTH B MUPOTHUAPOIU3HOM PEAKTOPE SIBIISAETCS
nosyueHue 25%-Hol 1o Macce Cynepa3eoTpOnHON KHUCIOThI, CIIOIb30BaHUE KOTOPOH
YBEJIMYMBAET CKOPOCTH BBILIETAUMBAHUS XKelle3a U JIPYrHX NMpUMeceil U yMEHbIIaeT
00beM BBIIAPUBAEMON BOABI BO BPEMsI KHCIIOTHOM pereHeparii.

JIByXCTyneHYaTblii OKHCIMTENbHO-BOCCTAHOBUTEIBHBIH OOXKHUI B  HACTOsIIEe
BpeMsl CUUTAeTCs MPEeaNOYTUTEIbHBIM MPOIECCOM NPOU3BOJACTBA CHHTETHUYECKOIO
pytuna. YHuBepcasbHOCTh TexHosorun ERMS SR moareepkiaena ycnemrHoi
nepepadoTKo Ha MUHH 3aBoAe Oomee 70 WIBMEHHMTOB U3 pa3HbIX cTpaH. HelHemrHue
pa3paboTKK cocpenoToueHbl Ha wWibMeHHTax u3 1mrtara Opucca B MuHoum u
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pa3BelaHHBIX MECTOPOXKACHUIX KpyHHeWIIero peuHoro dacceitna Mioppeii-lapaunr
B 3ananHoi ABcTpanuu. Paspaborumku npouecca Austpac ERMS SR narpaxkaens
HIPECTUKHOU npeMueld HomuHauuu «lIpuknanHas TeXHOIOrUs rojay aBCTPAIUNCKON
rOPHOAOOBIBAIOIIEH MPOMBIIUIEHHOCTBIO.

Muposvie npoyeccol npouzgo0cmea mumaHnosbix uiaKos

KpynueiimuM npoayneHToM THTaHOBOro nutaka B CeBepHOM AMepHKe sABISETCS
kanajckas komrnanus QIT-Fer & Titane Inc., (kpatko QIT) (Michel Guéguin u nip., 2007,
1-58). TuTtaHoBbIe IUTaKKM TUIABMIIBHOTO 3aBoma Sorel-Tracy — nodepHed KOMIIaHUH
QIT cocranstor okoso 37% MHUPOBOTO YPOBHS CHIPBS, UCIOJIB3YEMOIO B OCHOBHOM
B EBpome aist mpom3BoacTBa ITUOKCHAA TUTaHA CEPHOKHUCIOTHBIM MeTogoM. O0beM
MIPOM3BO/ICTBA TUTaHOBOTO 1utaka ¢ 1950 roxa ysenuumics B 4,4 pasza ¢ 250 000 TonH
npumepHo a0 1 100 000 T. MHOroOIETHUMHU UCCIIEA0BAaHUSAMH Ka4eCTBO HU3KOCOPTHOTIO
THTaHOBOTO ILUIaKa MOJ] TOProBoi Mapkoi Sorelslag ¢ maccosoii noneii 70-72% TiO,,
npousBonusiierocs ¢ 1950 mo 1983 rox, ynydiieHo ourcTkoit ot mpumeceid 10 80%
mrokcuaa tutaHa. C 1997 roma, MOBTOpHBIM OOOTaleHHEM KHCIOTOPaCTBOPHUMOTO
Sorel nutaka, momyyaror MmonepHu3upoBanHbIi THTaHOBBIH HUTak (UGS slag — Upgraded
titania slag), conocraBumblii o kauecty (94%-95% TiO,) ¢ CMUHTETHYECKHM PYTHIIOM.

CoIpbeM sBISETCA TpyaHOOOOraTMMbIi Oenubli KoHuentpar (34,5 mac % TiO)
MEPBUYHOTO UIIBMEHHUTA C BBICOKUM COAEPKaHHEM cepbl u3-3a Hamuuus nuputa (FeS;),
MOJTy4YaeMblii TPaBUTAIIOHHOM cenapanueil reMOMIbMEHUTOBOW Py/bl, 10ObIBaeMOM Ha
aHOpTO3UTOBOM MectopoxiaeHnn Jlak Tuo Ha BocTtoke KBebOeka. [eMonmmbMeHNTOBOM
Ha3bIBAIOT OOBIYHO PY/y C IUIOTHBIM CpacTanueM 3epeH reMaruta Fe,O, ¢ miactunkamu
uipbmenuta FeTiO,. Hapsamy ¢ 3epHamMM IeMOMJIBMEHUTA MPHUCYTCTBYIOT JKUJIbHBIE
MUHEpallbl BMEILIAIONIEH aHOPTO3UTOBOH MOPOABI: CHIIMKATHI, OKCHABI, CYIb(QHIBI
u cynbdoconmn. OCHOBHYIO MacCy KpeMHe3ema, [IHHO3eMa M KajJbLusi B pyAe
MIPECTaBIIAIOT TAKUE KUJIbHbIE MUHEPAJIbl, KaK MJIarIMoKIIa3, OJIeBOH 1IMaT, aHIe3HH.
JpyruMuy Ba)KHBIMHM CHJIMKATHBIMH MHHEpajlaMu SBISIFOTCS CItofa (JIOTOMHT, XJIOPHT,
SHCTATUT U, B MeHbLIek cTenenu, TuTanuT CaTiOSiO,. OCHOBHO# OKCHAHBIA MUHEPAI
— (peppoumuHens. MUKpO3JIEeMEHTHI HUKEIb, KOOAIBT U MElb MPUIAIOTCS MUJUIEPUTOM
NiS, ko6ansruToM COASS, THHHEUTOM Co,+Co,+2S, n xanbkomupurom CuFeS,.

[TockonbKy rpaBUTallMOHHAS CeMapalys He MO3BOJSAET YAAIUTh MUPUT U3 PYTHOTO
CBIPbS, NeCYIb(Qypaluio MEPBUYHOTO HIBMEHUTOBOTO KOHLIEHTpAaTa OCYLIECTBISIOT
OKHCJIMTEJIbHBIM OOKHIOM B BO3AYIIHOW arMocdepe BO Bpallaromeiics deKTponedn
C MakCHMalbHOW BHyTpeHHeil Temmeparypoit 1090 °C. TomnmBoM ansi Harpesa
SIBIISIETCSL Ta3 M TBUICBUAHBIA yroib. OKUCIUTENBHBIM Pa3IoKeHHEM CYIb(OUAHBIX U
Cynb(hOCONEBBIX MUHEPAIOB COICPKaHHUE CEPbI B OrapKe KOHIIEHTpaTa CHIKatoT ¢ 0,25-
0,30% mo 0,02-0,03%. Ilporecc oGkura COMPOBOXKIACTCS O0pa3OBaHHUEM OOJBIINAX
000/IKOB MarHUTHTa BOKPYT WJIBMEHUTA U (DEPPOMArHUTHBIX IOMEHOB BHYTPH 3€PEH
reMOWJIBMEHHUTA B PE3YJIbTaTe MepeynopsIoueHHs] aTOMOB KPUCTAJUIMUECKON PEeIeTKN
WIbMEHNUTA M TeMaTUTa M B3aMMOJEHCTBUS OKCHIOB JIByX- U TPEXBAJEHTHOTO JKeJe3a
Ha TPAHUIAX WIBMEHUT-TEMAaTUTOBBIX CPOCTKOB. BTopocteneHHble smeMeHThl Al
V3* u Cr** BMecTe ¢ HEKOTOPBIM KOJIMYECTBOM MAarHHs M TUTaHA MepepacipeestoTcs
13 OKHCJIEHHBIX 3€peH WIbMEHHUTA B 3epHa MarHeTuta. B 3epHax MiIbMEHUTa OCTaeTcs
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Oonplras yacth mapranua u MarHus. Crefbl BaHaJuss U XpoMa B BHUJIE KPOLICYHBIX
BKIIIOUEHHI COJIep)KaTcs, B OCHOBHOM, B 3€pHax remaruta. HoBooOpa3oBaHHBIH
B Orapke MarHeTHTOBBI MHUHEpasl MpeICTaBisieT COOOH TBEpABI PacTBOpP MEXKIY
YHCTBIM MarHeTUTOM M MUHEpalaMH, UMCIOIMMU CTPYKTYpY IIMUHEIH, TAKUMH KaK
marnesuopeppur MgFe O,, yabsommnuuens FeTi,O, u B MeHbIIeH CTENEHH XPOMUT
FeCr,O,, repuunut FeAl O,, kynbconut FeV,O,, beppur mapranua MnFe O,, peBoput
NiFe,O, u pepput xobansra CoFe,O,.

Oxnaxzaenuslid 1o Temneparypsl 100-200 °C, mpocesiHHBI M OTIENCHHBIA  OT
HeKene3HbIx npumeceit (B ocaoroM SiO,, Al,O,, CaO) cyxoil BHICOKOMHTEHCUBHON
MarHUTHOM cenapanueii, peppoMarHUTHBIA MaTeprall MOABEPTAIOT KapOOTepPMHYECKOM
aBKe 1pu Temneparype okoio 1700 °C B 311eKTpoayroBoi meyu ¢ UCIOIb30BaHUEM
aHTpanuTa, Pearupyromero ¢ BOASHBIM MapoM ¢ 0Opa3oBaHHMEM IIaBHJIBHOTO Tasa
— cmecu CO u H,. Oxcuapl Kenes3a, BOCCTAHABIMBA’ACH PEAKIMOHHLIMH Ta3aMH,
00pa3sytot mioTHbIE (p = 6800 Kr*M ™) )KUAKOTEKy4He IIPH BHICOKOH TEMIIepaType Karuim
JKEJIe30yINIepOANCTOrO pacijiaBa, KOTOpbIe MOA JEHCTBHEM CHJIBbI TSKECTH OCENaoT
Ha JIHO BaHHBI me4d. TUTaHOBBIN HUIAK, oONazaromuil Oojiee HU3KOH TIOTHOCTBIO,
B cpeaneM 3500 krM ™3, W HHM3KOW JHHAMHYECKOH BSI3KOCTBIO, okomo 30 wmlla-c,
BCILIBIBAET HA TIOBEPXHOCTH pacljaBIEHHOTO keje3a. [lo Mepe HakomaeHus pacriaB
00OraleHHOTO TUTAHOM MIJaKa TEPHOIUYECKU BBIMTYCKAIOT Yepe3 BEPXHIOI JIETKY
€YU, JKEJIe30yIIEPOIUCTBIN pacIulaB Yepe3 HUKHIOK JIETKY.

[Momyuennpii  Sorelslag ¢ conepxanuem 80 macc.% TiO, xapakrepusyercs
0COOBIM XMMHYECKUM M MHHEPAJOTHYECKUM COCTaBOM, IOCKOJIBKY B Ipolecce
LITaK00O0pa30BaHUs AUOKCU TUTAHA YACTUYHO BOCCTAHABIMBACTCS 10 IOy TOPOOKUCH
Ti,0,. Maccosas nons TiO, B make cocrasmser 62%, Ti,O,— 8%. Bropocrenennbie
Meraiuibl Takue kak V', Cr’" m Mn*" a Taxke Si*', 4acTHYHO BOCCTaHABIMBASICH,
pacrpeaesnsoTcs MeXy pacIlyIaBIeHHBIM TUTAHOBBIM IIJIAKOM U 5KEJI€30yTIIEPOIUCTHIM
pacmiaBoM. BONBIIMHCTBO MHKPORIEMEHTOB € CHUAEPOMMIBHBIMH CBOWCTBAaMH,
B YaCTHOCTH KOOalbT M HHUKENb, MNEPEXOmsAT B JKUAKUKH MeTaiul. OcTarodHoe
KOJIMYECTBO CEpHI TaKKe IMEPeXOAUT MO0 B HUIaK, JUOO B KeJIe30yIIepPONUCTHIH
pacmuiaB. [lOMOTHUTENBPHON OYHCTKON JKEJIe30yINIepOANCTOrO paciuiaBa OT ImpuMecei
3anareHToBaHHBIM QIT mpoueccom, momydaroT 4yryH BbICOKOH 4ncTOTHI (Sorelmetal)
WJIM BRICOKOKAYEeCTBEHHYO cTallb (Sorelsteel).

Yacts Sorel miaka npogaeTcst IpOU3BOIUTEISIM JHOKCHIA TUTAHA CEPHOKHCIOTHBIM
METOZIOM, Jpyrasl 4acTh MOBTOPHO oboramaercs 3amateHTtoBaHHBIM QIT mponeccom
¢ Tmody4deHHeM oumineHHoro oT npumecedd UGS murtaka ¢ MaccoBBIM COJEp:KaHUEM
94%-95% TiO, mns mpou3BOACTBA KapOOXJIOPMPOBAHMEM TETPAxXJIOpHIa TUTaHA U
MOCJIEAYIOLIUM €T0 OKHCIEHHEM BBICOKOKAYECTBEHHOTO CHHTETUYECKOTO pyTHIIA.

Jst coxparieHust 00bEMa 0TX00B, 00pa3yOIIMXCS B TpoLiecce KapOoXIOpUpOBaHus,
3¢ PEKTUBHOCTH KOTOPOTO CHIILHO 3aBUCHT OT YPOBH:I BPEAHBIX IpuMecei, omoku Sorel
nuiaKa ApoOsT, U3MENBYaloT, COPTHPYIOT, TOABEPraloT TEPMUUECKONH OKUCIUTEIbHOM
U BOCCTaHOBHTEJILHOW 00pabOTKe, 3aTeM KHCJIOTHBIM BBIIICIAYUBAHUEM YAAJSIOT
MIPUMECH MarHus, KaJbLus, *KeJe3a, aTFOMUHIS, MapraHila, BAHAAUS U XpoMa.

OxucnureabHONH 00pabOTKOM B TOKE CyXOro Bo3ayXa npu Temmeparype okosio 1000
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°C BeCb BOCCTAHOBIICHHBII TUTaH MEPEBOASAT U3 TPU- U MOHOKCHIIHOTO COCTOSIHUS B
BBICIIYIO JTUOKCUAHYIO (DOpMy, HEpaCTBOPHUMYIO IMPHU KHUCIOTHOM BHIIICIAYHMBAHUN
1oJ1 BBICOKMM JaBiaenueM. COBMECTHO ¢ THTaHOM okucistorcs Fe’', V3, u Mn’',
BaJICHTHOCTh IPYTUX BTOPOCTEMEHHBIX anteMeHToB Mg?*, Ca*', AI**, u Cr*" He meHseTcs.

BoccranoBHUTEIBHBIM O0XKUTOM C HCIIOJIB30BAHHEM IUIABUIIBHOTO ra3a ¢ MacCOBOM
noneit 85 00.% CO u 15 06.% H, npu temneparype 800°C okcua TpexBaJeHTHOIO
JKeye3a MepeBOJSIT B JISTKOPACTBOPUMBIN B consiHOM kuciote MoHokcup FeO. Ilpu
STOM JUOKCH] TUTaHA OCTAéTCsl HEeM3MEHHBIM. [lomydeHHBIH TPOAYKT, HA3bIBAEMBIi
TepMOOOpPaOOTaHHBIM IIJIAKOM, COCTOMT B OCHOBHOM M3 CMECH PYTHJIA U JKEJIE3UCTOTO
kappyuta. XpoMOo(pOpHBIE IEMEHTBI, INIABHBIM 00pa30M BaHAIHN ¥ XPOM, PABHOMEPHO
pacipeiemsoTCsS MeXKAY 3TUMHU (a3amu.

DTOT [BOMHOM MpOIECC TEPMHUUYECKOTO OKHUCICHUS-BOCCTAHOBICHUS SIBISCTCS
00s13aTeNIbHBIM, MMOCKOJIBKY OH 3HAUUTENILHO YIIy4IIaeT KHCIOTHOE BBIIIC/IAUNBAHUC
puMeceid, cofepxamuxcs B Sorel nuiake, ¢ MUHUMAJILHBIM MTOTPEOJICHUEM COJISTHON
KHCJIOThI 1 MUHMMAJIbHBIMU TIOTEPSMH JIUOKCH]IA TUTaHA 0€3 U3MEITBYCHHUS YaCcTHIl.

[Ipu BeIIETaYMBaHUN TEPMOOOPAOOTAHHOTO U OXJIAXKIEHHOT'O IIITaKa O] BBICOKUM
JaBJICHUEM M YMEPEHHOUM TemrepaType pacTBOPOM a3€OTPOIMHON COJSHON KHUCIOTHI
OoJbIasi 4acTh JKeje3a, MarHus, aJTFOMHUHUS, MapraHIla, Kalblus, BaHAJUI U XpoMa
pactBopsietcss B Buae xyuopunos (manpumep, FeCl, MgCl,, AICL, MnCl,, CaCl,
CoCl, u CrCl,) w1 OKCHXJIOPUJIOB METAILIOB. BBIIIENTOUEHHBIA IIJIAK TPOMBIBAIOT,
CylIar U MPOKAIMBAIOT C MOJyYeHHEeM 00orameHHoro auokcuaom tutana UGS mmnaka
¢ maccoit noneii e menee 94,5% TiO, u menee 1,1% MgO u 0,1% CaO. Ynanenue
npuMeceil u3 nniaka Sorel ¢ MOMOIIbI MHPO-THIPOMETAILTYPrUYeCKOTO MpoIecca
MO3BOJISIET MOYYUTh CAMBIM YUCTBI CHHTETUUECKUI PYTUI HA PBIHKE, IPUTOIHBIHN st
XJIOPUTHOTO MPOM3BOJCTBA OEJIOr0 MUTMEHTa TUOKCHIA TUTAHA.

OTpaboTaHHYI KUCIIOTY PEreHepUpPYIOT HEMPEPHIBHOW MO/adell TopsiunuX Tra3oB B
MUPOTHIPOIIU3EP CO CIIOEM OKCHJIOB METAJNIOB B KAUECTBE 3aTPABKH, CIIOCOOCTBYOIIICH
3apOXKJICHUIO U POCTY HOBBIX KPUCTAJLIIOB.

B IOxHoi1 Adpriku BelyIuM MpOU3BOAUTEIEM TUTAHOBOTO IIUTAKA, YyT'YHA BBICOKOH
YHCTOTHI, PyTHJa M LHUpKOHa siBisercss kommnanus Richards Bay Minerals (RBM)
aBcTpanuiicko-Oputanckoro konuepHa Rio Tinto Group u aBcTpanuiicKoil KOMIaHUN
BHP Billiton Ltd (BHPB) (G.E. Williams u ap., 2006, 181-188). Ona nmpousBoaut
J00bIYy U obOoramieHre OOIIMPHBIX 3aIacoOB IMOJIE3HBIX UCKOMAEMbIX MEeCYaHbIX JIOH,
MPOTSDKEHHOCTBI0 17 KM M IIMPUHOW B JiBa KUJIOMETpa Ha moOepexbe 3yiylieHaa B
ceBepHOU 30He nmpoBuHLIKHU KBasyny-Harain, Obiio Havato B 1977 rony.

Komnanus RBM ¢ momenTa ocnoBanus npoussoauia okono 400 000 ToHH quokcuaa
TUTaHA B TOJ C OJJHOW YCTAaHOBKOH JOOBIYM PYIbI 36MCHAPSIOM U JIByX TUIABHIbHBIN
nededd. CTPOHUTEIBCTBOM  JIOTIOJIHUTEILHOW TOPHOMOOBIBAMOIIEH YCTAaHOBKH U
IJIAaBUJIBHOM TI€UM MPOU3BOACTBO TUTAHOBOro Iwiaka B1986 rogy yBemuueno no 750
000 tonn B rog. KpynHelmuMu MHBECTULIMSIMU B MPOU3BOJICTBEHHBIE MOLIHOCTH B
Hayasie 1990-x ro1oB MOCTPOCHA YeTBEPTAs [1e4b M TOPHOAOOBIBAIOIIHIH 11eX, Oarogaps
4yeMy TOJJ0OBOE MPOU3BOACTBO TUTAHOBOTO IIIaKa BO3pociio A0 1 MiH, a yyryHa a0 550
000 Tonn. B Hactostiee BpeMsa MomHocTd RBM 1o3BosISI0T TPOU3BOIUTE OKOJIO 2 MITH
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TOHH MPOAYKLHMH €XKEeroJHo, Bkitodasi npubnusurensHo 100 000 Tonn pytuna u 250
000 TonH mupkoHa. 13 sToro oobema 95% naeT Ha HKCIOPT, 4TO 0OECIEeUYNBAET OO
MHUPOBOTO PhIHKA AUOKCHA TUTAHA U PyTHJIa B pazMepe oKoio 25%, MUpOBOTO o0beMa
mpou3BoAcTBa 1UpkoHa 33% M MHPOBOro oObeMa MPOM3BOACTBA YYT'yHa BBICOKOM
YUCTOTHI 25%.

OCHOBHBIMM BHAAMH KOMMepueckol mnponaykiuun RBM  sBnsioTcs THUTaHOBBIIM
1UIaK ¢ comepkanueM 85% TiOz, 94% CUHTETHYECKUN PYTUJI U AUOKCUJ LUPKOHUS.
HauOonpiiee nmpuMeHeHHEe PyTHII HaXOAWUT B KadecTBE OENOro MUTMEHTa, Ha JOJI0
KoTOporo mnpuxoautcs or 95 mo 98% wmmposoro morpebnenus TiO,. OcranbHas
4acTh HCHONB3YyeTCsl B KadecTBe (uioca Uil SJIEKTPOIBUTATEIbHBIX CBapPOYHBIX
CTEpKHEH, a TakkKe B HEKOTOPHIX METaJUTyprHueCKMX U AJIEKTPOHHBIX YCTaHOBKAX.
OunIIeHHBI AMOKCU LMPKOHUS HUCIOJB3YETCSl B IIMPOKOM CIIEKTPE COBPEMEHHOI
KepaMMKH, OTHEYIOPOB, FOBEJIMPHBIX M3JEIHH, B JIEKTPOHUKE U BO MHOTHX JPYTHX
MPOMBIIUICHHBIX M OBITOBBIX U3ACHMAX. LIMPKOHHEBBIH MECOK MPUMEHSETCS TaKKe
B JIMTEHHOW MPOMBIIUIEHHOCTH B KauecTBE (DOPMOBOUYHOM CMECH, MOCKOJIBKY OH
YCTOMUYMB K BBICOKMM TeMmIeparypaM. Bricokas TeMmmepaTypa IIaBIeHHUs LHUPKOHA
JeNlaeT ero NPUTroAHbIM B Ka4eCTBE OTHEYIIOPHOH (pyTEpOBKH.

Jig u3BIedYeHUs W pas3ie’eHHs TSKEIbIX MHUHEpPAloB - WIBMEHUTA, pyTHiIa M
nupkoHa (okoo 5% 1o 06beMy) u3 ecka komnanust RBM ucnone3yeT sKkckaBaTOpHYIO
TEXHOJIOTUIO, BIEpBBIE paszpaboranHyro B lommanmun u ABcTtpanuu. OTaeneHueM
MecKka MHOTOCTYNEHYaTOM MarHUTHOM cemapanueld MOJydyaroT KOJJIEKTUBHBIN
KOHILIEHTPAT TSDKENbIX MUHepasnoB. [lomyueHHBIN KOHIIEHTpAT Ha IUIaBUIBHOM 3aBOJIE
MepeMEelINBa0OT Ha YCTAHOBKE IOJATOTOBKU CBIPbSl M IMOCIIEAOBAaTEIbHOW MarHUTHON
cenapanueil Hu3Koi ¥ BICOKOW HHTEHCHBHOCTH MOJTy4at0T MWIIBMEHUTOBBIN KOHIIEHTPAT,
OTJENIEHHBI OT HEMarHWTHBIX MaTepuajoB, B TOM 4YHCIE OT ILUPKOHA U pyTHIIA.
Paznenenne w oOoramieHue 3TUX MHUHEPAJIOB, OONAIAIONIMX PA3HOW SIIEKTPOHHOM
IIPOBOJIMMOCTBI0, TPOBOJAT IEKTPOCTATUUECKOH cemnapanyeil BBICOKOro HalpsiKeHus,
MarHUTHOM cenapanueii, (paBUTAllMOHHON cenapannei 1 rpOXO4eHUEM.

NnpMeHUTOBON KOHIEHTpAT MeCYaHbIX MAIOH 3ylyldeHJa He MpHemiIeM Ul
BBIIUIABKM THTAHOBOIO MIIAKA W3-3a BBICOKOTO cozepxkanus okcuaa xpoma Cr,O,.
MaruuTtHas BOCIPUUMYMBOCT MHHEPAJIOB XpOMa M WIBMEHHUTA MOYTH HACHTHUYHA.
[To3TOMY MIEMEHHUTOBBIM KOHLIEHTPAT BHAYaJle TIOABEPratOT OKUCIUTEIBHOMY OOXKHTY
NICEBAOOXKIKEHHBIM CJIOEM B JABYX-TPEXCTyNEHYarax IedaXx B TeMIIEpaTypHOM
muanazone ot 730 go 800 °C. Ilocie oxnakaeHHs O TeMIepaTypbl OKpyXKarolen
Cpeibl OKMCIICHHBIH MJIBMEHHUT OTACISIOT OT CIa0OMAarHUTHBIX MHHEpAIOB XpoMa
MPOIyCKaHWeM uepe3 OapabaHHBI MarHUTHBIN cemapaTop HU3KOH MHTEHCHBHOCTH.
3areM HelpepbIBHOM MIaBKOM B UETHIPEX MECTUPATHBIX KPYITHEHIINX B MUPE IEKTPO-
JYTOBBIX Ileyax NEPEMEHHOI0 TOKA OKMCIIEHHBII HIIbMEHUT YaCTUYHO BOCCTAHABJINBAIOT
C IPUMEHEHHEM aHTpaluTa. PacmiaB TUTAaHOBOTO LUIAKA C COJAEPKaHUEM OKOJIo 85%
TiO, ¥ BBICOKOYMCTOIO YyryHa C HU3KUM CONEPKaHHEM MapraHua IEpHOAMYECKH
BBIITYCKAIOT M3 NIEYH MPH Temneparype npudiausutensno 1700 °C.

Texnomnorust kapOOTepMUUECKOW TIIABKHM, UCIONb3yeMasi komrnanueir RBM, Obuia
NepBOHAYANbHO pazpaboTaHa W ampoOupoBaHa Ha 3aBope Sorel-Tracy kanajckoi
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komnanuu QIT, e BeIIaBKON KPYIMHO3EPHUCTOTO WIBMEHHUTA B aHAJIOTHYHBIX MeYax
MOTy4aloT OOOTalleHHBIM AMOKCHIOM THTaHA LUIAK M TepedefbHBIH 4yryH. OTa
TEXHOJIOTHsl ObUIa alanTUpoBaHa AJs mepepaboTKU METKOAMCIIEPCHOTO MIIBMEHHTA C
BBICOKHM COJIEPKAHMUEM OKCHJIa XpOMa, JOObIBAEMOT0 U3 NIECYaHbIX AIOH 3ylyleH/a B
ceBepHoil 30He KBazymy-Haras.

OxH0-Adprkanckum COBETOM MO HAyYHBIM M MPOMBIIIJICHHBIM HCCIIEI0BAHHUSIM
CO3/1aH MHHOBAIIMOHHBII HI3KoTemIieparypHsii (~ 200 °C) CSIR nporecc npon3BoacTsa
terpaxynopuaa tarana TiCl,, cokpamarommii noTpedneHre T0pPOroCTOSALIETO XJIOpa,
SHEPreTHYEeCKHe 3aTparhl U 00beM 00pa3yIOMIMXCsl KaHIEPOTeHHBIX OTX0AoB (Jaco
Johannes Swanepoel, 2010, 151). B mnpoMpIIUIEHHBIX MacmTadax TeTPaxJIoOpua
TUTaHa, MOJyYaeMbli XJIOPUPOBAHHEM CHHTETHYECKOTO PyTHJIa M TUTAHOBOTO IIJIAKa
npu temneparype ~ 900 °C mist mpousBoacTBa OEIOro MATMEHTa U METAJUTHYECKOTO
TUTaHa, COMPOBOXKAACTCS 00pa3OBaHMEM XJIOPUAHBIX M OKCHXJIOPHIHBIX BO3TOHOB
MHOXKECTBA COIYTCTBYIOIIMX THUTaHy BpeaHbIX Npumeceil. KitoueBoit omnepauueit
CSIR mporecca gBisieTcsi a30TUPOBaHNE HEOOOKKEHHOTO HU3KOCOPTHOTO MIIBMEHHTA
KapOOTepMHUECKO KOHBEPCHEH oA ACUCTBIEM Ia3000pa3HOro a30Ta Ipu TeMIIepaType
npumepHo 1325 °C B TeyeHue 6 4acoB. A30THPOBAHHBIM MIBMEHUT, COACPIKALIHN
okono 45-46% metannmudeckoro sxenesa, 38-40% nurpuna turana TiN, 5,4% TiO,,
oXJlaKIaeTcss B aTMocgepe razoo0pasHOro azora M OTACHSeTCS OT OCTaTOYHOTO
MOJTYKOKCA CYXOM MarHMTHOW cemnapanmed. 3atreM Oe3 JIOMOJHHUTENBEHOTO IMOMOJa
BBIIIIETAYMBAETCS PACTBOPOM COJSTHOW KHCHOTHL. BrimenauuBanue 25% coistHON
KHMCIIOTOW IPU MOJIBHOM OTHOLIEHUH KHUCIIOTHI K )kese3y 2:1 B peakTope NepruognIecKoro
JEeWCTBUSI ¢ OOpaTHBIM XOJOAWJIBHUKOM B TeueHne 60 mMuHYT mpu Temmneparype 90
°C mnos3BoisieT ynanuth 97-98% MeTayIMyecKkoro jeje3a M yBEIWYHUTh COACPKAHHUE
nutpuaa tarana (TiN) mo 70%, TiO, no 10% (J.J. Swanepoel u ap., 2011, 137-140).
Hutpun TuTaHa, Kak M3BECTHO, OUCHB JIETKO 00pa3yeTcsi MPH BBICOKOTEMIIEPATyPHOM
BOCCTaHOBJICHUH MJIBMEHUTA B IPUCYTCTBUH a30Ta Bo3Ayxa. HUTpun Tutana, HecMoTps
Ha TO 4TO TUTaH B HEM TPEXBAJICHTEH, CTAOMIBHO YCTOHYMB MPU MPOIYCKaHUU XJIopa
naxe npu Temneparype 270 °C. JIroOble ocTaBuIMecss KOMIIOHEHTHI B a30TUPOBAaHHOM
WIBMEHHUTE MPH HU3KOTEMIIEPaTypPHOM METOZAE MPOM3BOJICTBA TETPAaXJIOpUAa THTaHA
TiCl, He pearupyoT ¢ XJIOPOM.

B Kazaxcrane Ycrp-KameHoropckuii turaHomarHueBblii komOunat (AO «YK
TMK») siBnsieTcsi ONHUM W3 KPYMHEWIINH BEPTHKAILHO MHTETPUPOBAHHBIX MHPOBBIX
npousBoauTeneil Turana ryouaroro Mmapku TI'-100, THTaHOBBIX CIUTKOB W CIUIABOB
mapku Grade 5 cuctemsr Ti-6Al-4V, 6-4, 10-2-3, 6-2-4-2 u 553-3, maraus mapku MI™-90,
ne”rokcuna BaHaaust Mapku BHO-0, BHO-1, BHO-2. KauectBo TuTaHOBOM NpoayKunuu
A’POKOCMHUYECKOTO HA3HAUCHWsS] NPEINpUATHS CepTU(HULUUPOBAHA BCEMH BETYIIMMU
kommanusimu otrpaciu: Airbus, Safran, Boeing, TIMET, RMI, General Electric, Pratt
&Whitney, SNECMA B cooTBETCTBUH ¢ MeKayHapoaHbiMu ctannapramu ASTM, ISO
cepur 9000, AS 9100, Nadcap.

[lepBblif Ka3axcTaHCKHid ryOuarblii TTaH nonydeH B 1963 romy, maruuii B 1965 r.,
MPOU3BOJICTBO TIEHTOKCHA BaHausl Ha4aTo B 1970 T, THTAHOBBIX CIMTKOB M CIUIABOB B
2010 r., Turanosoro cisba B 2014 1.

19



OF THE NATIONAL ACADEMY OF SCIENCES OF THE REPUBLIC OF KAZAKHSTAN

[IpousBoacTBeHHAss  JESTENbHOCTh ~ KOMOMHATa  YCIEUIHO  Pa3BHBAETCA
MOJICpPHHM3ALMEH TEXHOJIOTHYECKHX TMPOLECCOB M O00OpYIOBaHHS B TBOPYECKOM
COJPY’KECTBE C HAyYHBIMU OpraHM3allMsIMU U peanu3alnneil COBMECTHBIX MPOEKTOB C
3apyOeKHBIMHU MTAPTHEPAMH.

KomnoccanpHblii  TEeXHHKO-dKOHOMHYECKHH  3(dekT  momydeH — 3aMEHOM
MHOTOOIIEPAIIIOHHOM, TPYJOEMKOH M MaJlOpeHTA0eNbHONW TEXHOJIOTUH MPOHM3BOACTBA
nenTokcuaa Banaaus  (V,0,) Ha BBICOKOCKOPOCTHOW TIPOLECC MPOTHBOTOYHON
CENIEKTHMBHOM OKCTPAKIMU B SIMYHOM ammapare HeNpepbIBHOTO JICHCTBUSL ¢
aBTOMATH3MPOBAHHOM CHCTEMOH YITpaBJIeHUs, pa3padoTaHHblii BHCTUTY Te MeTaluTy prif
u oboramenust (AO «MIMuO») (Axmerosa K.IL. u ap., 2007, 5). [Ipumensiemasi cBbiiie
40 net HKCTPaKLMOHHASA TEXHOJIOIUS MIPOU3BOICTBA KOMMEPUECKOM MPOAYKLIMN BaHA U
4UCTOTOM cBbie 99,5% V, O, no3sonuna yBeqM4UTh NPSIMOM BBIXO AE(YHUIUTHOIO
Meramna ¢ 65-67% no 94-96%. Cnemuanuctsl AO «YK TMK» u AO «IMuO»
Harpaxaens! LocynapcreennsivMu pemusivu CCCP (1988) u Kazaxcrana (2001).

Kopennoii peopranuzamueil mporecca peKTHU(QUKAIMKA —YIy4LIeHO KadecTBO
Texuudeckoro  rerpaxnopuna turana (TiCl,), mnomy4aemoro XJOpuMpOBaHHUEM
TUTAHOBOTO IIJIaKa, OJarojapsi COKpaleHUIO colepKaHus B HeM BaHanus B 11 pas,
cBOOOTHOTO XJIopa B 7 pa3, TBEpIbIX B3Beceil Oonee, ueM B 1,6 pasa (Akhmetova
K.Sh. u np., 2020, 567-570). Cnemyer NOSCHUThH, YTO OYUCTKE TEXHHYECKOTO
TETpaxjopuaa TUTaHA — CIJIOKHOH IOJMKOMIIOHEHTHOH CMECH HEOPraHMYeCKHX H
OpPTaHMYECKUX MPUMECEH, NPUCYTCTBYIOIIMX B Ta3000pa3HOM, >KUAKOM M TBEPIOM
arperaTHOM COCTOSTHMM, TPUAAETCsl MCKIIOYUTENbHO Oonbinoe BHUMaHue. Kpaiine
BpPEIHOM, TpyaHoynanseMoi npumechio u3 TiCl, sBiseTcs OKCUTPUXJIOPU] BaHaaus
(VOCI3). OcHoBHas Macca BaHaaus ~ 85% B mpolecce BOCCTAHOBUTEIBHOMN IUIABKU
WIBMEHHUTOBBIX KOHIEHTPATOB MEPEXOAUT B TUTAHOBBIM miak. [Ipu xmopupoBaHuH
TUTAHOBOTO IIJIaKa B CMECH C HE(TAHBIM KOKCOM B pacIulaBe OTpabOTaHHOTO
XJIOPKQJIUEBOTO  3JIEKTPOJIUTAa MAarHWeBOro MPOM3BOJACTBA OKoyo 75% BaHaaus
KOHIIEHTPUPYETCA B BO3rOHax naporasoBoii cmecu Texuudeckoro TiCl,, B ocHOBHOM,
B Buje okcurpuxyopuna VOCL,. HeorpanuueHHas CMEIIMBAEMOCTh U BEChbMa OMM3Kas
temneparypa kunenus VOCI, u TiCl,, cootserctBenno 127 u 136 °C, o0ycnapnusaroT
TpyaHOCTh ouncTku Texuuueckoro TiCl,. Tlostomy Tomkas ounctka TiCl, or VOCI,
SIBIISIETCS. OAHOM M3 BaKHEHIIMX 3ajad B MPOU3BOJCTBE ryOuaroro TutaHa. Bmecte
C TeM, BaHaJWH, TPaIUIMOHHO HCIIOJIb3yEMBbIH B KaueCTBE JICTHPYIOIIECH NOOAaBKH B
CTaNleIMTeHON MPOMBIIIUIEHHOCTH, HEOOXOJMM ISl TPOM3BOICTBA BaHAAUEBBIX PEIOKC
- mpotounblx (VRFB) akkymynsatopoB, oOeclieuuBarOIMX HAaKOIJICHHE M XpaHCHHE
9HEpPruu B OonbmKMX MacimTabaX, 0COOCHHO B COUYETAaHWU C UCTOYHHKAMH COJTHEYHOM
1 BETPOBOH SHepruu. AHamuThueckoe areHTCTBO Research and Markets B cBsizu ¢
BO3PACTAIOLIMM CIIPOCOM Ha BO300HOBIISIEMBIE MCTOYHUKH DHEPTHH MPOTHO3HPYET
poct muposoro peiika VRFB ¢ 237,5 mun pomnapos CIIA B 2022 roay no 1,3 mipn
nomapoB CIIIA k 2030 rony (Vanadium Redox Flow Battery (VRB) Global Market
Report, 2024).

Jpyrum KpymTHEHIITHM 10CTHKEHHEM, BIUSIOMINM Ha (JOPMUPOBaHUE CE0ECTOMMOCTH
MIPOM3BOACTBA TUTAHOBOU I'yOKH, TIOJTy4YaeMOi MarHHHTEPMUYeCKHM BOCCTAHOBJICHUEM
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TeTpaxJopHaa TUTAHA, IBJISETCS pa3paboTKa M BHEIpEHUE COBMECTHO ¢ Beepoccuiickum
QIIOMHUHHMEBO-MarHueBbIM HHCTUTYTOM (BAMM) wMarnueBbix Oe3nnadparMeHHbBIX
IEKTPOIU3EPOB € MOBBILIEHHOH 10 40% NMPONU3BOAUTENBHOCTHIO U YBEIHMUEHHBIM B 1,8
pasa CpoKoM CIIyKObl, 3aMEeHUBIIUX AuadparMeHHbie. [IpuMeHeHne 2IIeKTpOIU3epoB
YCOBEPILIEHCTBOBAHHONW KOHCTPYKIIMM M OCBOEHHE HU3KOTEMIIEpaTypHOH B Ipenenax
655-670 °C TeXHOJOTHH 3JEKTPOJIM3a MAarHus ¢ aBTOMaTH3UPOBAHHOW CHCTEMOU
KOHTPOJISL U YHPABJIECHUs MPOLECCOM M MOJAEP KaHUs ONTHUMAJIbHOW TeMIEepaTypbl
1 COCTaBa 3JIEKTPOJINTA MO3BOJIMIO COKPATUTh Y/ENbHBIN pacxon 3JeKTPOIHEPTHH Ha
22%, ynenbHbIN pacxof TpaduTa npu Mpou3BOACTBE MarHus B 3,2 pasa, HOTEpH XJIopa ¢
razaMy CaHTEXHHYECKOT0 0Tcoca B 5 pa3, TEIJIOBBIAEIEHHE B LIEXOBOE MMPOCTPAHCTBO B
2,8 paza, BRIOPOCHI TBEPABIX OTXOOB B JIBa Pa3a, 00JETYUTh TPYAOEMKYIO OTIEPALIUIO MO
BBIOOpKE IIJIaMa JIEKTPOIUTHOM CMECH U YAYUIIHUTD YCIOBHS TPYZa 00CITyKUBAIOILIETO
nepconana. 3a 3t pazpaborku crneuuanuctsl AO «YK TMK» u BAMU Obuim
yaoctoensl ['ocynapcrenHoit npemun Kazaxckoit CCP B 1984 1.

Jiist coxparieHus: ced0ecTOMMOCTH MTPOU3BOACTBA MATHUS CO3/1aHbl HHHOBAIIMOHHEIE
ANEKTPOIU3EPBl ¢ OUTOJIIPHBIMU JIEKTPOAAMHU ¢ MOBbIeHHOW Ha 18-20% cyTouHoi
MIPOM3BOIUTENIBHOCTBIO U CHUKEHHBIM Ha 20% yIenbHBIM pacXoioM 3JIEKTPO3HEPTUU
Ha IIyHTE anmaparoB HOBOTO MOKosieHHs. PazpaboTanHa M ucmbITaHa Ha OMBITHO-
JKCHEpUMEHTAILHOM MeTamnypruueckom mnpeanpustuun  (OOMII) AO  «MMuO»
pecypcocbeperaromias TEXHOJIOTHSl y THIM3aLlUI TEXHOTEHHBIX OTXOA0B, 00pa3yIoIuXcst
npu 00E3BOKMBAaHMM HMMIOPTUPYEMOTO HM3PAMIbCKOTO TNPHUPOAHOTO KapHAJUINTA,
HCIOJB3yEMOI0 B KAa4eCTBE CHIPhEBOTO HCTOYHHMKA MAarHMEBOTO IPOU3BOACTBA,
oOecnieunBaronias u3BjiedeHue cpbiie 99,0% xmopucroro kamusi u He MeHee 92%
XJIOPUCTOTO MarHusi C TOJYYEHHEM BBICOKOYMCTOTO CHHTETHUYECKOIO CHJIBBHHA,
KapHauuTa u oumodura. Jxcneptusoil B LlenTpanshoii nadoparopun AO «YK TMK»
MOATBEPKACHO COOTBETCTBUE KaueCTBa CTAaHJAPTHHIM TPEOOBAHUSAM BCEH MPOAYKIHH
XJIOPUCTBIX COJIEH Kalusi W MarHusi, 00eCrneyrBaloUINX BOCIIOJHEHNUE MaTepUallbHBIX
3aTpaT B TUTAHOMAarHMEBOM MPOM3BOACTBE, Onarogapsi 000pPOTHOMY HCIOJIBb30BaHUIO
BTOPHUYHOTO CBIPBSI.

[Ipon3BoACTBO TUTAHOBBIX CIMTKOB U CIUIABOB — MPOPBIBHOE AocTmxeHne AO
«YK TMK» mo pacmupeHuo acCOpTMMEHTa MPOAYKIHH C BBICOKOH JOOAaBICHHON
CTOMMOCTBIO, HMEIOIEH MYJIbTUIUTMKaTUBHBIA d(dekT ams1 Bcell IKOHOMUKH
Pecnyonuku Kasaxcran. BrimyckaeMplli KOMOMHATOM THTAHOBBIM CIUIaB Mapku 6-4
nepepadarpiBaeTC B TOTOBBIE H3ACTHS M YCIEIIHO HCIONBb3YeTCs B KpPENEeKHBIX
KOHCTPYKILIHSAX COBPEMEHHBIX CaMOJIETOB KpyIHEHIIel aBHacTpOUTENbHON KOMIIaHUEN
Airbus. Haubonee npusnekarenbHble THTaHoBbIe cruiaBbl 10-2-3, 6-2-4-2 m 553-3 —
W37ENHsl TPOMHOrO BaKyyMHO-1yroBoro meperuiaBa (BII) mpuMeHSIOT B KpUTHUECKUX
1 BPALIAIOUIMXCSA YacCTAX aBHAIMOHHBIX M BEPTOJETHBIX JBHUIaTesiel, a TakKe IIaccu
€BPONEUCKUX aBUAIANHEPOB.

Co3nannoe coBmecTHO c (panmysckoit kommnanueit «AUBERT&DUVAL»
npennpuartue «YKAJ» B 2008 rogy s cTpouTeNnbcTBA 3aBOjA MO MPOU3BOJCTBY
TUTAHOBBIX TOKOBOK, JIMCTOB, IPYTKOB 1 MIPOBOJIOKH U3 TUTAHOBBIX CIUTKOB U CILIABOB
AO «YK TMK» B r. Jle3-AHCH3 BBIIUIO HAa MPOEKTHYI0O MOIIHOCTH B 10 000 TOHH
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npoaykuuu B rog B 2013 . 1 crano B 2015 1. kpynmHENIIMM KOBOYHBIM IIPOU3BOJICTBOM
B EBporne, ycunuBImMM KOHKYpPEHTOCIIOCOOHOCTD Ka3aXxCTaHCKOI'O THTaHa Ha MHPOBOM
PBIHKE U PAaCIIMPUBIINM HOMEHKJIATYPY M PIHOK COBITA BBIITYCKAEMOM MPOIYKIIHH.

Bropoe kazaxcrancko-¢ppanuyskoe npennpusitue «Eco Titanium», co3naHHoe B
centsiope 2014 . xommanuein «YKAJ]» coBmecTHO ¢ (paHIy3cKUM ATEHTCTBOM IO
OKpyKaroliei cpene u ynpasieHuto sHeprun «ADEMEy» wu PernonanbHbIM OaHKOM
«Crédit Agricole Centre France», 3aBepLINIO CTPOUTENHCTBO MEPBOTO EBPOMEHCKOTO
3aBoga B I. Knepmon-®eppan (PpaHiuus) 1Mo NpPOU3BOACTBY THUTAHOBBIX CIMTKOB
METOZIOM IUIa3MEeHHOH TuiaBku TUTaHoBou Tyoku AO «YK TMK» u turanoBoro jgoma
eBporneiickux npousBonuteneid. Beoa B akcruryaranuto 3aBona CII «Eco Titaniumy
no3BouT AO «YK TMK» yBenuuuTh 00bEM 3KCIIOPTa CBOEH MPOAYKLHH, ITOTYyYUTh
JOCTYTI K HOBBIM IPOM3BOACTBEHHBIM U PMHAHCOBBIM pecypcam B EBporie u obecrieunts
0e30Tx01HOE TPON3BOACTBO TUTaHOBOK npoayKuun CIT « YKA».

CoznanueM c roxkHOKopelickoi kommnanuel «POSCO», kpynHEHIIMM MHPOBBIM
npoussoautesneM ctanuB 20101 coBmectHoro npenmnpusttus TOO «[IOCYK Turannym»,
MOCTPOEH U BBEJIEH B dKCIUTyaranuio B nexadpe 2014 1. B . Yerb-KameHoropek 3aBoa
10 MPOU3BOJICTBY TUTAHOBBIX CJIMTKOB U CIII00B METOIOM AIIEKTPOHHO-TY4€BOH ITaBKH
TUTaHOBOH T'yOKH B I1€4M MOLIHOCTBIO HE UMEIOILEeH aHanoros B Mupe. O0beM dKcIopTa
TuTaHOBBIX CIUTKOB U clistooB TOO «ITOCYK Turanuym» co 100% coxepkanuem
YHCTOTO TUTaHa, mepepabarbiBaeMbix Ha npeanpusatusx «POSCO» B ropsiue- u
XOJIOHOKATAaHHbIE TUTAHOBBIC JIUCTBI U TPYOBI, peanusyeMble CYI0CTPOUTEIbHBIM
komnanusMm FOsxnoit Kopen, B 2016 1. Bozpoc Oonee yem B 4 pasa. 3a TOCTUTHYTHIC
yenexu AO «YK TMK» npucyxaena npemust « Anteia Cana» B HOMUHaIuU «Jlydmme
MHHOBaLuN - 2014».

Ha npotsyxenun nocneanux 18 net corpynHndecTBa ¢ BOGHHBIM FOCYAapCTBEHHBIM
KOHIIEPHOM Ka3aXCTaHCKUM TIy04YaThli THTAH TOCTABISUICS HMHIMMCKOW KOMITaHUH
«Midhaniy. B 2019 romy moamucan MeMOpaHIyM O CO3JaHUH COBMECTHOTO
npeanpustusi ¢ komnanued «Midhani» mo mpou3BOACTBY TUTAHOBBIX MEIUIIMHCKUX
nMIu1anToB B KazaxcraHe ¢ peasnn3anueii ux Ha MHAUNHCKOM pbiHke. B aBrycre 2020 rona
AO «YK TMK» yBennunin cBoit noxoza Ha 40%. B Tom ke rogy noanucad MEMOpPaHIyM
¢ komnanueit «KIREL» o co3nanuu enie 0fHOro COBMECTHOTO Ka3aXCTaHCKO-MHIUICKOTO
MpeINpUATHS I CTPOUTENBCTBA 3aBOJIA 10 IPOU3BOJCTBY THTAHOBOTO I11aka B IHauy.
B 2021 rony 3akiroueH JOATOCPOUYHBIH KOHTPAKT HA MOCTAaBKY THUTaHA CO CPOKOM JI0
30 ner c amepukanckoii komnanue «Timet», cienuanu3upyromeiics Ha TPOU3BOJICTBE
TUTAHOBBIX M3JENUH s TPOMBILUICHHOTO, OOOPOHHOTO ¥ KOMMEPYECKOTO
A’POKOCMHUYECKUX PHIHKOB.

[Ipu ¢unancosoit m marepuanbHoil moamepxkke AO «YK TMK» B Boctouno-
Kazaxcranckom rocymapctBenHoMm yHuBepcurete (BKIY) um. [, Cepuxbaesa
pa3pabarbiBaeTCs TEXHOJIOTHS MPOM3BOACTBA BBHICOKOUUCTBIX M AOCTYIHBIX IO LIEHE
OMOCOBMECTUMBIX METUIIMHCKUX CYCTABHBIX M 3yOHBIX HMIUIAHTAHTOB C IPUMEHEHHEM
tutaHoBoi npoaykunu CIT «YKA I».

J1d yBeIMYEHUs MOIIHOCTEM MPOM3BOJICTBA TUTAHOBOM MPOAYKLHUHU IMOCTpOEHa
BTOpasi oboratutenbHas (abpuka Ha MecTOpOXIeHHH «CaTrmaeBckoe» C MOJIHBIM
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OOHOBJIGHUEM TEXHOJOTUYECKOTO OOOpYIOBaHMS M BTOpas pPyJHOTEPMHUYECKas
AJIEKTPOAYTOBAs NIeUb ISl BHITUIABKH THTAHOBBIX IIJIAKOB U YyTyHA U3 WIBMEHUTOBBIX
KOHLIEHTPATOB.

Brimonnennem npou3BoAcTBEHHBIX 3a1a4 komOuHata B AO «MMuO» pa3paboTansl
KOMMEpUECKH TPUBIICKATEIbHbIC WHHOBALIMOHHBIE TEXHOJIOTHH OKUCIUTEIBHO-
conoBoii TepmokoHBepcun (Kemxkamue B.K. m ap., 2019) u conoBo-cunukatHON
KapOOTEepMHUYECKON TIaBKHM HE MPHEMIIEMBIX JUIS TNEPEepadOTKU TPaAWLIHOHHBIMH
METOJaMH O0OOTallleHNs] Ka3aXCTaHCKNX MJIbMEHUTOBBIX KOHIIEHTPATOB C MOJTy4YEeHUEM
BBICOKOKaYEeCTBEHHON THUTAHOBOHM MPOAYKLUMH U JETHPOBAHHOTO YyTyHa, PELIalolIne
npodneMy COKpameHuss ce0eCTOMMOCTH TPOU3BOJACTBA METAITIMYECKOTO THTaHa
a’pPOKOCMHUYECKOT0 Ha3HaYeHus. Perenrem npo0iemMbl yTHIM3aluy KPYTHOTOHHAKHBIX
9KOJIOTUYECKH OMNACHBIX TEXHOTEHHBIX OTX0n0B [laBnomapckoro ajarOMHUHHEBOTO
3aBoga (ITA3 AO «Amomununii Kazaxcrana») paspadoTana TEXHOJIOTHS KOMIUIEKCHOTO
W3BIICUCHUS IIEHHBIX KOMIIOHGHTOB C TOJy4YeHHEeM oOoramieHHoro o 58,4-66,7%
KOHIEHTpaTa JUOKCHJA THUTaHa, MPEBOCXOMSIIET0 IO KayecTBY WIbMEHHUTOBBIC
KOHIEHTPAThl OTEUECTBEHHBIX TOPHO-000TaTUTENbHBIX Npeanpusatuii (Ata Akcil u ap.,
2018, 145-151).

3akiarouenmne

1. OKHCAMTENBHO-BOCCTAHOBUTEIBHBIM OOXKHUI TPYAHOOOOTaTHMBIX IOJMMHUHE-
paJIbHBIX MJIBMEHHUTOBBIX KOHIIEHTPATOB C MPOMEKYTOYHOH MAarHUTHOM cemapauueit
1 paQUHUPOBAHUEM OrapKa PEereHepUPOBAHHON a3€0TPOITHON COJISTHOM KUCIIOTOW MpH
aTMOC(EpHOM JaBJICHUU SIBISIETCS TPENNOYTUTEIBHBIM MPOIECCOM IPOU3BOJCTBA
CHUHTETHYECKOTO PyTHUIIA.

2. OKUCIUTETBHBIN00KUT CMarHUTHOH Cenapanyeii BcoueTaH i CKapOOTepMHUYE CKOM
IUIaBKOW TeMOMJIBMEHUTOBBIX KOHIIEHTPATOB O0ECIEUMBACT IMOIYUYEHHE THTAHOBOTO
[IaKa, peajgn3yeMoro MpOru3BOJUTENSIM AUOKCHA TUTaHA CEPHOKHCIOTHBIM METOJIOM.
[1oBTOPHBIM THPO-TUAPOMETAIUTYPIUUECKHM OO0OTaIllleHUeM KHCIIOTOPaCTBOPHUMOTO
oiaKka TOMydYaloT MOAM(UIMPOBAHHBIM IIJIAK, COOTBETCTBYIOIIMH IO KayeCTBY
CUHTETHYECKOMY PYTHITY.

3. [lony4eHue THTAHOBOTO HIJIaKa, TPUEMIIEMOT0 JJIsl IPOU3BOICTBA TUTAHOBOW I'YOKH
A3POKOCMHUYECKOT0 Ha3HAUYEHHs, AOCTHTaeTCs OJHOCTAIUHHOM BOCCTaHOBHTEIHLHON
IUTaBKOW ~ aHTPAalUTOBOM CMeCH HEOOOMOKEHHBIX HH3KO- H  BBICOKOCOPTHOTO
WJIBMEHHUTOBBIX KOHIIEHTPATOB.

4.Hosble mporniecchl nepepadoTKU MIIbMEHUTOBBIX KOHIICHTPATOB KapOOTEpPMHUUYECKIM
A30TUPOBAHUEM U OKHCIUTEIBHO-CONOBOH TEPMOKOHBEPCHH IO3BOJISIOT COKPATHTH
MaTepuanbHble M JHEPreTUYECKHUe 3aTpaThl, YTWIM3ALUUA KpPYMHOTOHHA)KHBIX
TEXHOTCHHBIX OTXO0B aJTIOMUHHUEBBIX MPEINPUATHH C ITOTyYEHHEM OOTaThIX THTAHOBBIX
KOHIIEHTPATOB PACIIMPHUTh CHIPBEBYIO 0a3y W YIYYLIMTh SKOJIOTHIO OKPYXaroleH
Cpepl.

Uccneoosanus evinonnenul 6 pamax epanmosozo npoekma Ne AP19677721 na 2023-
2025 ee. npu urarcosoi nodoepoicke Komumema nayku Munucmepcmea Hayku u
svicuezo obpazosanusi Pecnyonuxu Kazaxcman.
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Abstract. A method and technology has been developed for producing structured
polymer-containing organomineral fertilizers based on technogenic waste - phosphorus
sludge, kotrel dust, brown coal from the Lenger deposit with water-soluble polymers.
The physico-chemical properties, mineralogical composition and microstructure of the
initial raw materials and the final product have been studied and it has been established
that complex structured polymer-containing mineral fertilizers are rich in especially
important microelements and contain large amounts of potassium and phosphorus. The
oxidation process of brown coal is carried out at a reaction mixture temperature of 80-
90°C, in which the mass ratio of crushed coal and alkali is 1:0.2-0.3. The production
of humic acid is carried out with a 10-15% solution of hydrochloric acid, followed by
filtration, which is subsequently used in the process of decomposition of phosphorus
sludge and kotrel dust. The process of structuring the resulting complex mineral fertilizer
is carried out by soaking or spraying with a 0.5% solution of water-soluble MPAA
polymer. The chemical composition and physicochemical properties of the resulting
product are characterized by organic compounds of the carbonyl group of the aromatic
series of aldehydes, with inclusions of organosilicon compounds of the Si-H series.
Thus, the resulting structured polymer-containing organomineral fertilizers based on
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technogenic waste have excellent performance characteristics and can be recommended
for use when growing crops in the soils of the Southern region.

Key words: technogenic waste, phosphorus sludge, kottrel dust, brown coal waste
from the Lengersky deposit, humic acid, water-soluble polymer MPAA, structuring,
polymer-containing mineral fertilizers of prolonged action.
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Annoranusi. TexHOreHIIK KalnablKTap — (ocdop IIIaMbl, KOTpeNAi IIaH, cyda
epuTiH noaumMepiepi 6ap Jlenrep keH OpHBIHAAFBI KOHBIP KOMIp HETi31H1e KYPbUIBIMIIBIK
MOJMMEPIl OpraHOMUHEpaNAbl THIHAUTKBIIITAPABI ally oMdiCi MEH TEXHOJOTHSCHI
o3ipreHai. bacTamkel MIMKI3aT TeH COHFBI OHIMHIH (DM3MKA-XHUMUSIIBIK KACHUETTEPI,
MHUHEPAJIOTHSUIBIK, KYpaMbl MEH MHKPOKYPBUIBIMBI 3€pPTTEINill, KypAedl KYpbUIbIMJIbI
MOJMMEPIl MUHEpaIAbl THIHANTKBILITAP €peKIle MaHbI3Ibl MUKPOAJIEMEHTTEpre Oaii
KOHE KypamblHAa Kaiauid MeH (ochopablH Ken MeJjmepi OOonaThIHBl aHBIKTAaIIbI.
Konpip kemipaiH ToTeiry mporeci 8§0-90°C peakuusuiblK Kocla TeMIIepaTypachlHaa
JKYPTi3iiesi, OHja YCaKTallFaH KeMip MEH CLITiHIH MaccalbIk KaTbiHackl 1:0,2-0,3. ['ymMmun
KBILKBUTBIH aly TY3 KbIIKbUIBIHBIH 10-15% epiTiHaiciMeH jKy3ere achlpbliabl, COOaH
KeHiH cy3riney, keliHHeH (ocdop IMIaMbl MEH KOTPEN MIaHBIH BLABIPaTy MpOLECciHAe
KOJIIaHbIIaAbl. AJIBIHFaH KYpJedi MUHEPaAbl THIHAUTKBIIITE KYPbUIBIMAAY MpOIeci
cyna eputin MPAA nmonmumepinin 0,5% epiTinaiciMeH cyinay Hemece OYpKy apKbLIbl
XKY3ere achlpbuiafbl. AJIBIHFAaH OHIMHIH XUMHSJIBIK KYpPaMbl MEH (H3HKa-XUMUSIIBIK,
KacueTTepi ajJbJeTuATEePAiH XOUI HiCTi KaTapbIHbIH KapOOHWII TOOBIHBIH OPTaHUKAIIBIK,
KOCBUIBICTapbIMEH, Si-H KaTapelHAarbl KpeMHHHOPTaHUKAIBIK KOCBUIBICTapAbIH
KOCBIHABUIApbIMEH cunarTanansl. Ochliaiiia, TEXHOTCHAIK KaJAbIKTap HeriziHae
QJIBIHFaH KYPBUIBIMBI TOJTUMEPITi OPraHOMHHEPaJIIbl THIHAUTKBIILI TAp TAMaIlIa OHIMALTIK
cumarramanapbiHa ue >koHe OHTYCTIK OHIpAIH TONBIPaFbIHAA aybUIIAPYaIlbLIBIK
JaKbUIIAPBIH ©Cipy Ke3iH/e Naiananyfra YChIHBUTYbl MYMKIH.
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Tyiiin ce3mep: TexHOreHIIK KaliasIKTap, ¢pocdop muiaMbl, KoTpenai mas, JleHrep
KEH OpHBIHBIH KOHBIP KOMIp KaJJBIKTaphl, TYMUH KBIIIKBUIBI, cyga epuTin MPAA
MOJMMEPi, KYPBUIBIMJIBIK, Y3aK 9Cep €TETiH MOJMMEpPIi MUHEPAJIbl THIHAUTKBIIITAD.
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AnHoTanus. Pa3zpaboran cnocod u TEXHOJIOTHS MOMYUYEHHs] CTPYKTYPHUPOBAHHBIX
MTOJTUMEPCOIEPKAINX OPTraHOMHHEPAIBHBIX YIOOpPEHHH Ha OCHOBE TEXHOTEHHBIX
oTX0m0B — (ocdopHOro mImamMa, KOTTPENBbHOH MU, Oyporo ymis JleHrepckoro
MECTOpPOX/ICHHSI C BOJOPACTBOPUMBIMH TonuMepaMu. VccnenoBansl — (GU3NKO-
XHMHUYECKHUE CBOMCTBA, MUHEPOJIOTHYECKHUUA COCTaB U MHUKPOCTPYKTYpa HCXOJHOTO
CBhIPbs, KOHCYHOI'O IMPOAYKTa U YCTAHOBJICHO, YTO KOMIUICKCHBIC CTPYKTYPUPOBAHHBLIC
MOJIUMEPCOJICpKAINE ~ MHHEpalibHbIe  yloOpeHHMst ~ Ooratbl  OCOOOBaYKHBIMHU
MHUKPO3JIEMEHTaMHU, COJIEpKaT 00JIbIIOE KOJUYECTBO Kayns U ocdopa.

[pornecc okucnenus: Oyporo yriist IpOBOASAT MPH TEMIIEPAType PeaKIMOHHON cMeCH
80-90°C, B KOTOPOM MacCOBOE COOTHOIIEHUE U3MEITBICHHOTO YIS U IIIETI0UH COCTABIISICT
1:0,2-0,3. IlonydyeHne rymMuHOBOM KucioTsl npoBogaT 10-15% pactBopom consHOM
KHCIIOTBICTIOCIIE Y OIIeH (PMIThTpanueid, KOTOPYIO UCTIONB3YeT B TATbHEHIIIEM B ITPOIECCe
paznoxenus pochopHOTo NMITaMa U KOTTpeabHOU mbutd. [Iporiecc cTpykTypupoBaHus
MTOJTy9eHHOTO KOMIUIEKCHOTO MHHEPAJIBLHOTO YHIOOpEHHUS OCYIIECTBISAETCS METOIOM
3amMayrBaHus WK onpblckoBaHuEM 0,5%-HBIM paCTBOPOM BOJOPACTBOPUMOTO NOJIUMEPA
MITAA. XuMmudeckuii cocTaB M (PH3UKO-XUMHUYICCKHE OCOOCHHOCTH IOyYECHHOTO
MIPOAYKTa XapaKTePU3YIOTCSI OPTaHUYECKUMH COEAMHEHUSMHU KapOOHIIFHOW TPYIIIIBI
ApOMATHUYCCKOTO psaa aJiIbACTU 0B, C BKIIIOUCHUAMHN KPEMHCOPIraHNYCCKUX COC,III/IHCHI/If/i
psna Si-H. Takum 00pazoM, ModydeHHbIE CTPYKTYPUPOBAHHBIC TIOJIMMEPCOICpIKAIIUe
OpTraHOMHHEpAJIbHBIC YJAOOpEHHsST Ha OCHOBE TEXHOTEHHBIX OTXOJIOB 00NajaroT
OTJIMYHBIMH SKCIUTYyaTallUOHHBIMU XapaKTCPUCTUKAMU, U MOTYT 6I)ITB PEKOMECH/I0BAaHbI
KIIPUMCHCHHWIO IPH BbIpalllUBAHWU CCJIbXO3KYJILTYP B IOYBaX IOKHOI'O pEruoHa CTPAaHbI.
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KiioueBble cjioBa: TexXHOreHHbIE OTXOAbl, (OCHOPHBIA HUIaM, KOTTpenbHas
MbIJTb, OTXOABl Oyporo ymist JIEHrepcKoro MecTOpOKACHHUS, TYMHUHOBas KHUCIIOTA,
BozopacTBOopuMbIi monumep MIIAA, cTpykTypupoBaHue, MOIUMeEpCoaepIKaIee
MUHEpaJIbHbIC YI00PEHUS IPOJIOHT UPOBAHHOTO AECHCTBHUS

Beenenne

Bcem n3BecTHO, 4TO B Ipoliecce pa3BUTHS MPOMBIIIJICHHOTO TPOU3BOACTBA OHO M3
BEAYIIUX MECT 3aHUMAIOT MPOOJIEMbI OXPaHbl OKPYKAIOUIEH cpeibl U PallHOHAIBHOTO
HCII0JIb30BAHUS CHIPBEBBIX pecypcoB. IIpu 3ToM 0Opa3oBasiieecs O0NIBIIOE KOJINYECTBO
TEXHOT'€HHBIX OTXOJ0B NPHBOAUT K BOSHUKHOBEHUIO TEXHMUYECKUX U IKOJIOTHUECKUX
npobnem ux ynanenus (KazDATA, 2014).

Oco0eHHO 0CTPO CTOAT ATH MPOOIIEMBI Ha MPEANPHUSTUSX 10 TPOU3BOACTBY (ochopa
W YTOJBbHOW MPOMBIINIIEHHOCTH. J[eHCTByOmas e CUCTeMa yAaJeHUS! TeXHOTeHHBIX
OTXOZIOB NPUBOAMUT K 0E3BO3BPATHOH NOTEpe IMEHHBIX BTOPUYHBIX MAaTepUAIbHBIX,
SHEPreTHMYECKUX M 3€MeNbHbIX pecypcoB. OKpykaromas cpena IOABEpPraeTcs
HETaTHBHOMY BO3IEHCTBHIO CKJIAAMPOBAaHHBIMHU OTXOAAMH B TEUCHHUU AECATKOB JIET.
W3BecTHO, 4TO 3TH TEXHOTECHHBIC OTXOBI SIBISIOTCS MOTEHIMAIbHBIMA BTOPHYHBIMH
MarepuaibHbIMU  pecypcamu. OJHUM U3 [EPCHEKTUBHBIX METOAOB  3alLIHUTHI
OKpYXKalolle Cpeabl sBIseTCs MepepaboTKa TEXHOTEHHBIX OTXOAOB C JallbHEHIIHM
WCTIOJIb30BAHUEM UX B TIPOM3BOJICTBE MUHEPAIBHBIX YIOOPEHUIA.

[ToaTomy pa3zpaboTka 1 COBEPIIEHCTBOBAHNE KOMIUIEKCHOI TEXHOIOTUH 110 Iepepa-
00TKe OeIHBIX 110 copepskaHmIo (hocdopa IITaMOB U KOTTPEIbHOM IIBUIN, @ TAKIKE OTXO/bI
Oyporo yriist JIeHrepcKoro MecTopoKICHHs COIEPKaIMX LICHHBIX SJIEMEHTOB B COCTaBe,
KaK B TEOPETUYECKOM, TaK M B MPHUKJIATHOM acCIEKTe, C OJHOBPEMEHHBIM PELICHUEM
BOIIPOCOB OXPaHBI OKPYKAFOIIEH CPEbI, TO3BOJISIOLINX PEIIUTH TPOOIEMbI TEXHOT€HHBIX
OTXOZIOB ¥ CO3/IaHUI0 KOMILJIEKCHBIX CTPYKTYPHUPOBAHHBIX ITOJIMMEPCOAEPIKAIIUX
OPTaHOMHMHEPAJIBHBIX YIOOPCHUN U MX NPUMEHEHHUE B CEIbCKOM XO3SIHCTBE SBIISIFOTCS
aKTyaJbHBIMH U B TO K€ BPeMsl BHOCST OIIPEICIICHHBIH BKJaJ B PEIICHHE OCHOBHBIX
3aJa4 XMMHUYECKOH TEXHOJOTUH. BoIOpacTBOPHMBIC MOJUIIEKTPOJIUTHI LIMPOKO
OPUMEHSIIOT JUIsl CO3JaHusl M PEryJHpOBaHUs HEOOXOJUMBIX (PH3MKO-XUMHUYECKUX
CBOMCTB MHKpOynoOpeHuit. Haubonpmeid mnpakTuyeckod IEHHOCTBIO 00magaroT
BOJIOPACTBOPUMBIC  TTOJNUAJICKTPOIUTEL ¢ KOMIUIEKCOOOPA3yIOIUMH  TPYIIIaMH,
CrIocOOHBIE O00pa30BbIBATh YCTOHYMBBIE XEJIAaTHBIC KOMILJIEKCHBIE COEAMHEHHS C
noHamu MetaimioB (Meip3axmeroBa, 2012). B cBsi3u ¢ 5TUM YCHEIIHO pa3BUBAETCs
HOBOE HAaIlpaBJICHUE UX MPAKTUUYECKOIO HCIOIB30BAHUS —METOJ CO3JAHMs XeJIaTHBIX
MOJMMEPCOACPIKAINX MHUKPOYIOOPEHUI TOBBIIAIONINX YpPOXKAWHOCTh, @ TaKKe
YIYYIIAFOIIMX KOJMYECTBCHHBIC M KaueCTBEHHBIC TIOKA3aTEIH 3€PHOBBIX KYJIBTYD.

Takum 00pa3oM NEPCHIEKTUBHBIM METOAOM 3alllUThl 3€PHOBBIX KyJIbTYp IpH
BBIpAIMBaHUU SBJSIETCS pa3padOTKa U MPUMEHEHHE XEJIaTHBIX MOIHMEPCOAEpIKaIlnuX
MHUKPOYAOOpEHUI Ha OCHOBE MIPUPOIHOTO U TEXHOTEHHOTO CHIPbSL.

Qunancuposanue: OanHoe ucciedosanue @uuarcuposaiocs Komumemom
nayku Munucmepcmea nayku u evicuieco oopazosanus Pecnyonruxu Kazaxcman,
epanm Ne BR21882181.
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MarepuaJjbl 1 METOAbI

PazpaboTaHaTeXHOJIOTHS IOy YeHUS CTPYKTYPUPOBAHHOTO IOJIMMEPCOACPIKAIIETO
OpPTaHOMHHEPAIHLHOTO yIOOPEHHUS Ha OCHOBE TEXHOTEHHBIX OTXOJIOB, T.€. KOTTpEIbHAas
meuth  HoBa/[xxamOyiickoro ¢ocdoproro 3aBoaa, (ocopHbI muIaM OBIBIIETO
[IsiMKeHTCKOTO  (OCPOPHOrO 3aBOAa, OTXOABI Oyporo yrist JIeHrepckoro
mecropoxaenus (barbkaes, u np, 2013).

TexHonorus TTOJTYYCHHS CTPYKTYpPHUPOBAHHOTO MOJIMMEPCOIePIKAIIETO
OpPTaHOMHHEPAIHLHOTO YHOOpPEHHS! Ha OCHOBE TEXHOTEHHBIX OTXOJOB COCTOUT M3
HECKOJIbKUX CTaJIMi M OCYIIECTBIISAETCS CISAYIOUIMM 00pa3oM:

1. I[lonyuenne TyMHHOBOM KHCIOTHI. KOMKOBBIH OypsIif yronb JIeHrepckoro
MECTOPOXKIESHUS TTOJIBEPraeTcsl MPeIBAPUTEIBHO BBIIIEIAYUBAHUIO THAPOKCUIOM
KaJINsl, 3aT€M OKHCJIEHHIO IIOJIy4YE€HHBIX I'yMaTOB C IIOMOILBIO COISTHOM KHCIIOTHI.
[Ipu 5TOM, IOTYYEHHYIO TYMUHOBYIO KUCJIOTY UCTIONB3YIOT JUIsl PA3JIOKCHHS
KOTPEIbHOM IbUIH U (OCHOPHOrO IIIjIama;

2. I[Monydgenue dpochopHOt KHCIOTHI (cynepdocdara) METOIOM pa3IOKEHUS
KOTTPEeNbHOH TbUTH U (ocopHOro nutama B MPUCYTCTBUHA T'YMHHOBBIX KHUCIIOT;

3. Ilomyuenune nBoiiHOTO cymnepdocdara METOIOM Pa3I0KEeHUS KOTTPEIHHOI
nbUTH 1 (pocopHOTO NITamMa B MPUCYTCTBUU GuibTpata (hochopHOi KUCIOTHI);

4. IMomy4eHue CTPYKTypUPOBAHHOTO MOJMMEPCOAEPKALIETO OPraHOMUHEPATBLHOTO
yA0OpeHUs: METOAOM 3aMaylBaHUs MM OTIPHICKOBAHUS B MIPOLIECCE TPAHYJIISIHU.

Just  pemieHuWss TOCTaBJICHHBIE 3aJaqd, WCCIEOBAaHbI (U3HUKO-XUMUYCCKHE
cBoiicTBa pochHOpHOro IIaMa B Ka4eCTBE NOTEHINATbHBIX BTOPHYHBIX MaTePHAIbHbBIX
peCypcoB isi CO3MaHMsI KOMIUIEKCHBIX CTPYKTYPHUPOBAHHBIX IMOJHMMEPCOICPKALINX
OpPTaHOMHMHEPAIBHBIX YI0OPEHHH.

DU3MKO-XMUMHUYECKUE XapaKTepucTUku ¢ocdopcomepkamiero nuiama — OTXOA
npomnsBozicTBa pocdopa LlprmrenTcKOTO hochoproTO 3aBOAA. [IIMOTHOCTE hochopHOTO
[lamMa JOCTaTOYHO HM3Ka B pe3ylbTaTe NMPHUCYTCTBUSL B €ro cocraBe Boabl. lllmam
o0rajjaeT MEHBIIEH TIOTHOCTHIO, 9eM YUCTHIN (ocdop, koTopas cocrapnseT 1200 kr/
m>. TIpu ero pasorpese 10 Temmeparypsl 333-353K npoucxoaut pasnenenue das. Tak
Kak 4ucThii hocdop umeer miotHoCTh 1720 Kr/M*, OH OcTaeTcsl B HIXKHEH 4acTH, a
uam — Oonee jerkuii coobupaercs Boimie. lllnam o6i1agaeT HU3KOH MIIOTHOCTBIO M3-
3a HaJIM4Ms BKJIIOYEHUH BOoxbl.Bo Bpemst n3BiedeHus sxkentoro Qocdopa mpoucxomur
00pa3zoBaHUETpaHyll Pa3HOOOpa3HbIX (HOPM Pa3Mepbl, KOTOPHIX COCTABIISIIOT OKOJIO 19
MKM, TTOXOKuX Ha niecok (bummmoOaes, u ap, 2010).

PesyabTarhl M 00cyxaeHHe

dochopHbIl IITaM MOTYYEHHBIH TakUM 0Opa3oM HEPEeNKO Ha3blBAI0 T'PaHyJIH-
poBanHbIM. Yalre Bcero oOpa3oBaHHe rpaHyIMPOBAHHOTO LIJIAMa C COJICPKAHNEM BOABI
10 55 % MPOUCXOIUT B BOIHBIX CTOKAX, & TAKXKE IPU HarpeBaHuu (HocGOpHOro nuiama.
«borareim» cunraeTcs nuamce copepxkanueM ¢ocdopa 6oiee 30%.

ITnotHOCTD muTamMa Kosebercst B npenenax (1,45-1,75) -107 kr/m® npu KoMHATHO#
temneparype. CymectByer Teopusi oOpaszoBaHust (ochOpHOro mnuiama, KoTOpas
YTBEp)KIAeT, 4YTO IIaM oOpasyeTcst Ha cTaauud KoHaeHcauuu Qocdopa IByMs
OCHOBHBIMH Iy TSIMH.
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dochopHbIii mutam monyyaercs U3 pochopa u MeTKUX (ppaKIyii MbUTH, OCTArOIIEHCs
B razax mocje mpoxXoXkaeHus yepes anekTpoduibTpel. [Ilnam obpasyeTcst B pe3yasrare
ruaponausa (GTopuaa KPeMHHUsI, BCETJa COAEPIKAMIErocs B HEOONBIINX KOJTMYSCTBAX
B MEYHBIX rasax. 3aTeM TOHKOIUCIIEPCHBI TMOBEPXHOCTHO-aKTUBHBIN KpeMHE3eM
agcopoupyet docdop.

B rab6nuiie 1 mpencTaBaeHb XUMHUECKU# ananm3 GochHopHOro nraMa (MPOKaIeHHOTO
npu 1273K).

Tabmuma 1 — Xumnaeckuii ananus ¢pochoproro nurama (npoxaieHaoro mpu 1273K)

Cocra,% . E“
v

Bemecraa, 5 g3
BXOJSIINE B P,O, [CaO |MgO SiO2 A1203 F Na O |FeO, |X § % E E
COCTaB IIama K,0 g o ~ §~ g

S @ & 1)

N eET|E B
Borarelii mam 18,5 11,34 (3,92 |57,4 |10,1 |2,1 [2,72 1,52 1976 7,82
ITo nmure- 10,0- |0,7- |15,9-|- - 2,3- 3,3- |- >100 12,4-
paTypHbIM 298 7,8 55,1 42 9,0 33,0
JJaHHBIM [6]

Jig  modydeHHs KOMIUIEKCHBIX —CTPYKTYPHPOBAaHHBIX — ITOJMMEPCOMAEPIKAIINX
OpraHOMHUHEPATHHBIX YAOOpPEHUH ¢ TPOKAJCHHOW KOTTPEIHbHOUW TBIIBIO H3yUEHBI
WX CTPYKTypa, DJIEMEHTHBIH W MHUHEpaloTHdecKuii coctaB (Tabmmma 1). Takwmm
00pa3oM, [l TTOTy9eHUsI KOMIUIEKCHOTO CTPYKTYPHUPOBAHHOTO MTOJTMMEPCOIEPIKAIIETO
OpraHOMHUHEPATHHOTO YAOOPECHHS B KAYECTBE CHIPhS MCIIONB30BaH (POCHOPHEIN mTamMm
CIIEYIOIIETO MUHEPAJIOTHIECKOTO COCTaBa, Macc. B %o:

PO, -100;P,0, -6,0;K-4,18;Na-0,31; HO-50,26; Ca—9,53; Mg —2,4;

27 506

S 0,415 Al=0,61; Fe—0,56; C — 5,76; F — 0,45; As— 1,1; Y, 0,28,

Korrpensnas meimme (HJD3) obpasyercst B 2MeKTpodUIBTpax B pe3yabTare
BOCCTAHOBUTEIILHON DIIEKTPOIIABKH  (OCHOPUTHOTO CHIPbsI TPH  TPOU3BOJCTBE
tdhochopa. ObpaszoBaBmascs KOTTpeTbHAS IMBUIbP CUYHUTACTCS KaK BTOPHIHOE CHIPHE,
e MOXHO WCITOJIb30BaTh I TomydeHus (ocdopcomepkanux yaoOpeHHi, Tak
KaKk B COCTaBe KOTPEJIBbHOW IMBUTH MPUCYTCTBYET N0l pochopa M JIPyrux Moje3HbIX
KOMIIOHEHTOB.

B Tabnume 2 moka3aH XUMHYECKHI COCTaB KOTTPEIBHON MBUTH, 00pa3yIomeics B
TIEYH IPH IIEKTPOTEPMUICCKON 1aBke hochopuToB.

Tabmuia 2 — XuMUYeCKUi cOCTaB MbUTH, 00Pa3yOIICHCs B IEUH MPH dJICKTPOTSPMUIECKOH IIaBKe
¢docdoputos

Maccosas 1o, % Docdopur rpaHyIsl Docdopur Kycokx Arnomepar
1170-1370 K 670-770 K 1470-1570 K
P,O; 21,7 19,6 33,0
Si02 28,1 35,0 24
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Ca0 10,1 152 10,4
MgO 23 6,1 1,6
Fe,0, 1,0 0,7 1,0
ALO, 1,7 2,0 3,1
Na20 5.2 1.8 32

K0 20,7 10,4 16,1

F 23 2,6 4,7
P,0/CaO 2,1 1,29 3,17
P,0,/Si02 1,57 2,30 2,30

U3 Tabnuus! 2 BUAHO, YTO OCHOBHAS YacTh MBUIX SIBISETCS CIECACTBUEM HCIIApEHUS
MetadocharoB HaTpusi M Kalus M MOHOOKCHZA KpemHHs. Kpome Toro, mnbuib
o0oramaercsi OKCUJIaMy ILIETOYHBIX MeTawioB, ocobenno (K, 0), SiO, u pocdaramu.
Ornomenue SiO,/CaO B mbu1M NpH MOJTyJIE KUCIOTHOCTH XThI 0,85 nocruraer 2,30.
Taxkum 00pa3om, Takoe CoAep’KaHUE B XUMUIECKOM COCTaBE KOTTPEIbHOM NBUIX BIIOJIHE
JOCTaTOYHO ISl CO3/IaHMsI KOMIUIEKCHBIX CTPYKTYPHPOBAaHHBIX MOIUMEPCOAEPIKAIINX
OpPTaHOMHHEPAJIBHBIX YI0OPEHHH.

UzBectHO, uTO, B coctaBe (beiicenbaes, u ap, 2013) BbIAETCHHOW T'yMHHOBOI
KHCJIOTBI, IOMMMO OpPIaHUYECKUX COCAMHEHMH, COAEpIKaTcsi TakkKe W MHHEpajbHbIC
BelecTBa. B CBs3M ¢ 3TUM r'yMHUHOBAS KHCIIOTA MoABepranack mpokanke npu 500°C s
oIpesielIeHNs] HeopraHn4eckoi coctasisomeil. C MOMOIIBIO pacTPOBOI0 3JIEKTPOHHOTO
MHUKPOCKOI aHATU3UPOBAJICS 3JIEMEHTHBIH N MHUHEPAJIOTHYECKHI COCTaB MOIyUYEeHHOTO
30JIbHOTO OCTaTKa. Pe3ynbrarsl uccieqoBaHuid TpUBEACHBI B Tabnuue 3.

Tabmuma 3 — DineMeHTHBI cOCTaB MPOKaIEHHONH TYMHUHOBOM KHCIOTHI

DJIeMeHT Becogoii, % DJIEMEHTHBINH COCTAB MEPECUYUTAHHBIN Ha OKCUIBI, Yo
(0] 23.,68 -
Na 1,06 1,43
Al 2,70 5.1
Si 1,28 2,74
S 1,51 3,77
Cl 34,52 -
K 34,97 42,14
Fe 0,28 0,40

W3 Tabnunsl 3 BUAHO, YTO B 3JIEMEHTHOM M MHHEPAJIOTHUECKOM COCTaBe oOpasua
IIpOKaJIeHHOTO OypoBoro yrist Jlenrepckoro mectopoxaeHus cogepkutcs B %o: Al-10,6,
Si-21,11, Fe-5,39, Mg-0,36, Ti-0,67 n.1.1.

ConepkaHue BBIIICYKa3aHHBIX 3JIEMEHTOB B MMHEPAJIOTHYECKOM COCTaBe
TEXHOT'€HHOTO OTXO/a YKa3bIBaeT Ha TO, YTO €r0 MOXHO MCIIOJb30BaTh B KAaueCTBE
HWCXOJHOTO CHIpbA s Tpom3BoicTBa TyMuHOBBIX KucioTr (Kovalchuk, et al,
2010) w mody4eHHS BBHICOKOKAYECTBEHHOTO KOMIUIEKCHOTO CTPYKTYPHPOBAaHHOTO
MOJIMMEPCOAEPIKAIIET0 OPraHOMUHEPAIBHOTO YIOOPEHHUS.
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1. Ilomydyenune ryMHUHOBOM KHCIOTHI. [Iporecc momyueHuss TYMHHOBON KHUCIOTHI
OCYILECTBIISIETCS B CICAYIOIIMM O0pa3oM: B pEakTOp W3 HEp)KaBeIOIeH CTaj,
CHaO)KeHHOM MeIankold M pybamkoi 3arpyxatoT 100 r TIIaTeTbHO M3MEIBYECHHOTO
Oyporo yris JleHrepckoro MectopokaeHus. s mpoBeaeHus mpouecca OKUCICHUs
OypoBoro ymisi B peaktop pobasmsaor 100 mn 1-2%-noro pactBopa KOH. Ilponece
OKHCIIeHHs1 Oyporo yrisi IpOBOAAT NpU Temmeparype peakiuonHod cmecu 80°C B
TeueHue 2 yacoB. [Ipu 3ToM A7t mosTyyeHns: T'YMHUHOBOM KHUCIIOTBI TYMaThl ocaxaanu 5%
pacTBOPOM COJISTHOW KMCIIOTHI, 3aT€M OT(QHIBTPOBAIN B HyTY-puibTpe. s ynanenus
HEMpOPearupoBaBlIMX YAaCTHI YN PACTBOP HANpaBsIIOT Ha OCATUTEIBHO-
¢unprpyromyio uentpudyry. B mpomecce neHTpudyrupoBaHHs pacTBOpa
MIPOUCXOJUT OTHEJICHUE PACTBOPAa TYMHHOBOW KHCJIOTBI OT HEPacTBOPHMOIO
ocTtaTka ryMuHa. Takum o0pa3oM, Mojly4eHHasi TYMHHOBas KUCJIOTa UCTIOIb3YeTCs
B Ipollecce MOMYyYECHHs] KOMIUIEKCHBIX CTPYKTYPUPOBAHHBIX MOIMMEPCOAEPIKAIINX
OpraHOMHHEPAJIBHBIX yOOOpeHHH B mpolecce mnepepaboTtku ¢ochopHOro msiaMa u
KOTTPENbHOW MBUIH.

2. Tonyuenue ¢ocdopHoii Kuciorel (cynepdocdara) METOAOM Pa3IOKEHUS
KOTTpeNbHOW MbiIH M (PochopHOro mnuiama B HPUCYTCTBUM TYMHHOBBIX KHCIIOT
OCYILECTBIISIETCS B CICAYIOIIMM 00pa3oM: B pEakTOp W3 HEp)KaBeIoIeH cCTaj,
CHAaOKEHHOM MEIIAIKO! U pyOalIKOH 3arpy’KatoT 25 rp MpoCesHHOTO MENKOANCIIEPCHOTO
¢docdoproro nurama, 25 rp NPOCESTHHOTO MEIKOJUCIIEPCHOTO KOTTPEIbHOM IbutH, 50
MJI JUCTWIIIMPOBAHHOM BOIBI U 100aBisatoT 20 rp. TyMUHOBOM KuCIOTHI. [lomydyennyto
CMECh TP HETPEPhIBHOM IepeMelBaHiy HarpeBatoT 10 60°C ¢ moMoIbio mogaqn
Harperoid BoAbl M3 TepMmocTara. [Ipomecc coBmecTHOro pasiokeHus (HochopHOTo
olaMa M KOTTPEIbHOW MBUTM TPOBOISAT HENPEPHIBHOM MEpEeMEIIMBaHUM TIpH S55-
65°C B Teyenne 60 munyT. Ilpu 3TOM mpoucxoauT pazioxkeHue HocPOpHOro muIama
U KOTTPENBbHOW MBI C O0pa3oBaHUEM SKCTPAKIUOHHOH (OCPOPHOH KHCIOTHI B
BUJE PAacTBOpa. DKCTPAKIHOHHYIO (POCHOPHYIO KUCIOTY OTACNISAIOT OT KeKa METOAOM
¢$ubTpOBaHMs B HYTU-(UIIBTPE.

Cas(PO4)3F +8 rymun.xuc.+4H,O=H3PO,4 +4Ca(rymar), + Ca(HoPOy), +HF

Monas auiss 1971 . Eypoop D000 (5=

IneeTDaeet Mpdp Kt |

Pucynok 1 — MukpocTpyKTypa 1 2JIeMEHTHBIH aHaJIN3 KOMITIEKCHOTO MTOINMEPCOAEPIKAIIETO
OpraHOMHHEpaIILHOTO ynoopenus — cynepdocdar (Ha 0CHOBE KOTTPENBHOI MBUTH, (OCHOPHOTO IUIaMa,
TYMHHOBOI KHCIIOTBI)
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Tabnmuua 4 — DIICMCHTHBI aHalIW3 KOMIUIEKCHOTO MOJMMEPCOACPIKAIIETO OpraHOMHUHEPAIbHOTO
ynoopenus — cynepdocdar (Ha 0CHOBE KOTTPEIbHOM MbLIH, (GOCcHOPHOro IIjIaMa ¥ TYMUHOBOM KHCIIOTBI)

DJIeMEHT Becogoii % XHUMHYECKUI COCTaB OKCHUJIOB %

1 2 3 4

C 10,45 - -

o 43,08 - -

F 3,29 - -
Na 0,75 Na,0 1,01
Mg 1,41 MgO 2,34
Al 1,02 AlLO, 1,93
Si 13,03 SiO, 27,87

P 11,81 PO 27,05

S 0,48 SO 1,2
Cl 0.30 -

K 5,64 K,0 6,80
Ca 8,53 CaO 11,93
Fe 0,52 Fe,O 0,74

DneMeHTHBIN 1 MUHEPOJIOTUYECKHI COCTAB, @ TAK)KE MUKPOCTPYKTYpa MOTYYeHHBIX
MUHEpaANbHBIX yIOOpEHHII Ha OCHOBE KOTTPENBbHOW TbUH, (ocdopHOro muama
Y TYMHHOBOM KHMCJIOTBI TIpEACTaBieHBI Ha pucyHke 1 u B Tabnuue 4. M3 maHHBIX,
MPUBEICHHBIX B TaONUIE 4, 1 0OTOOpaKCHHBIX Ha pUCYHKE | BHHO, YTO MCIIOJIH30BAHHE
B KayeCTBE CHIPbS TEXHOTCHHBIX OTXOAOB KOTTPENbHOH MbUTH, (HOCHOpHOro mHIama
W TYMHUHOBOW KHCIIOTBI KaK COCTaBHOW YacTH MHUHEPAIbHBIX yAOOpEHHI TO3BOJSET
YBEJIMUYUTE COZIEPIKAHUE TIONE3HBIX KOMIIOHEHTOB: MgO — 2,16%, K,O — 2,48%, P,O,
— 9,14%. Kpome Toro, B cocTaBe yIoOpeHUs MOSBISIOTCS TaKUE 3JIEMEHTHI, Kak: F —
8,94%, Si—13,14%, Fe — 0,44% wu np.

U3 pucynka 1 BuaHO, 4TO 00Opasibl UMEIOT, B OCHOBOM, aMOP(HYIO CTPYKTYpY C
HEOONBIINM BKJIIOYCHHUEM METaJUIOB. TakuM 00pa3oM, MONTyYeHHBI MHUHEpalbHOE
yA0OpeHUsT UIMEET B CBOEM COCTaBE BCE HEOOXOAMMOE DJIEMEHTHI AJISl BpaIlWBaHHS
CEIIbCKOXO3HCTBEHHBIX KYJIBTYD B 3aCOJNCHHBIX TouBax KOKHOTO perrnoHa.

3. [lonyuenue nBoiiHoro cynepdocdara METOAOM Pa3IoKEHHsI KOTTPEIbHON MBIITH H
(dbocdopHoro 1nama B npucytcetBun GuiibTpata (hochopHoii kuciotsl) (Beysenbayev,
et al, 2012). Ilpomecc mnomyueHus: ABOMHOTO cymnepdocdara OCyIIESCTBISETCS B
CIIEIYIOIUM 00pa3oM: B PEaKkTOp W3 HEpIKaBEIOIeH CcTaji, CHAaOKEHHOH MeIaiKou
n pyOamkol 3arpyxaroT 25 Tp NPOCEIHHOTO METKOAUCTIEPCHOrO (HochOpHOTO
nuiama, 25 Tp IpoCEesTHHOTO MEJKOAMCIIEPCHOTO KOTTPEIbHOM MBUIM U J00aBIISIFOT Bec
00beM (uibTpara monydeHHbd B Bo Bropoi craauu (H,PO,). Tlpouecc pasnoxkenus
(dbocopHOro 1IIaMa ¥ KOTTPEIBHOU MBUTH OCYIIECTBISETCS ¢ MOMOIIbio hochopHoit
KHCJIOTOW, TIPU HETIPephIBHOM IepeMelIuBaHuu B TeueHne 60 mMuHyT, mpu 55-65°C.
Takum 00pazoM  MoTydeHus ABOWHOTO cynepdocdara Ha ocHOBE (hochHOPHOTO IIamMa
U KOTTPENBHOM MBUIM COCTOUT M3 JIBYX CTaJuu. Ha mepBoii cTaguu npu HENpephbIBHOM
CMCIICHUU KOTTPENbHOH mbutH, (ochopHoro mnmama U GocHOopHOH KHUCIOTHI
B3aMMOZICHCTBHE ITPOTEKACT B IIOJIBMYKHOM CYCIICH3HH, KUKasl a3a KOTOPOH COAEPIKUT
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¢dochopHyr0 KHCIOTY, MOHOKanmblMi(pochaT W Apyrue pacTBOPUMBIC MPOIYKTHI
peaxnun. KoHueHTpanys ux B )KHUIKOH (a3e 3aBUCUT OT TEMIIEPATypPbl, KOHIEHTPALUU
U HOpMBI pacxofa (HoCPOpHON KUCIOTHL. DTOT dTal PazIoKeHHs, UAYLUIMH BHaYaje
OBICTPO, HO TMOCTENEHHO 3aMEUISIONIMKCS BCIeICTBHE HeWTpanuzauuu dochopHoit
KHCJIOTBI, 3aKaHUMBACTCsl, KOTa KUIKas (asza Hacklmaercs pocdaraMu Kaiabusl.

Ha Bropoii cragum pasznoxenue Qocdara cOMpoOBOXKIACTCS KPHUCTAIUIM3ALUEH
MOHOKanbIHi(ochara, BCISACTBUE YETO COCTABBI KUJIKOH U TBEPIOH (a3 peakIMOHHOM
Macchl IOCTENEHHO U3MEHSIOTCS. BblaeneHne KpucTauioB, OmIaratoliuxcs YacTHYHO
Ha 3epHax (ocdara, 3aTpyaHseT JOCTyNn K HUM HOHOB H', W mpormecc pazinokeHHs
pe3ko 3amemnsiercs. Korma xunkas ¢asa CyCHEH3MHM CTaHOBHUTCS HACBIIIEHHOH M
MOHOKanbIHi(ochaTrom u AuKambIuipocdaTom, peakuus pa3ioKeHHs IpeKpanaeTcs.
CkopocTb pacTBopeHus (ocdaToB B HEHACHIILIEHHBIX TPOIYKTaMH PEAKLUHN PACTBOPaX,
cozpepkaiux GochopHyIO KUCIOTY, TMMUTUpPYyeTCs Auddy3neil HauMeHee MOABUKHOTO
MOHA KaJIbIHS OT pa3pyllaroIeics MOBEPXHOCTH 3epHa (ocdara B KHUIKYIO (azy.

Takum oOpa3zom, moaydeHue JBoiHoro cynepdocdara npoTeKaeTt Mo claexynuM
OCHOBHBIM pEaKIysIM:

Ca (PO,),F +7H,PO, + 5H,0 = 5Ca(H,PO,),-H,O + HF,
CaMg(CO,), +4H,PO, = Ca(H,PO,),-H,0 + Mg(H,PO,),"H,0 + 2CO,,
R0, +2H,PO, + H,0 = 2[RPO,-2H,0]

[Tonmy4eHHBIN MPOLYKT UMEET Cleaylolee coaepkanue GpochopHoro aHruapuaa B
roroBoM mpoaykre: Yeosiemoe P,O,— 22,0%, Bonopacteopumoe P,O, — 19,22%, azor
-2,2%.

[Tony4yeHHOE KOMIUIEKCHOE MOJMMEpCOoepKallee OpraHoMUHEpaibHoe ynoOpeHue
— BOMHOM cynepdocdar nMeeT CleAyIOIUi coCTaB, MPeICTaBICHHBINA B Ta0IHLE 5.

Tabmuma 5 — [Toyuenue nBoitHOTO cynepdocdara

Haumenosanue S
€1 5|8 |§ &
3 |5s e |o. |B 3 .l |2 |EE
21592 |LE |E.%|¢8 S |8y |BglEE
SE|ES|S |28 |28 2lgg [E2cs
o |E =8|z =) ESO | = ) - S A=Y =
52 2312 |22 (22| |dElos |2Elgs
HE 22| &= M I | S |e'e || Em E
1 cTagms mpouecca IMoIydeHUs

[Monmywenne H,PO, | 55-65 | 80 | 80 100 140 | 22,25| 20,75 | 13,37

100 rp d=1,11 d=1,4

nutama+100rp. c=19,46 | c=57,54

KOTTPEJb.ITBIIH

TepMocT. 1 uac

IIpos. 4 onbiTa

2 cTaaps mpouecca IMoTydeHUs]

JBoiiHOit 55-65 60 25,0 | 24,5 | 17,25 | 5,0 74,0

cyneppocdar

100 rp

nutama+100rp.

KOTTPEb.IBUTH +

0,5 M1 p-pa
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JBoiiHoit cynepdocdar (3a pyOeKOM €ro 4acTto Ha3bIBAKOT TPOHHBIM) COIEPIKUT
B 2-3 pasa Gombuie P O,, yem npoctoii. Ha pucynke 2 u Tabnuue 6 npencrabieH
MHUKPOCKOIIMYECKUI CHHUMOK M 9JIEMEHTHBIA Hajau3 JBOMHOro cymnepgocdara.
Buano,uto 00pasnpl MMEIOT, B OCHOBHOM, aMOpP(QHYIO CTPYKTYpYy € HEOOJIBIINM
BKITIOUEHHEM METaJJIOB.

[homa mekas 1137 wan. Kypcog: 0,000 ==

InaeTpaeeine modpawesy |

PucyHok 2 — MUKpOCTPYKTYpa U 3JIEMEHTHBIH aHAJIN3 KOMIUIEKCHOTO OPraHOMUHEPAJIEHOTO
yaoOpeHus — qBoitHo# cynepdocdar

Tabnuua 6 — DiaeMeHTHBIN aHANN3 KOMIIJIEKCHOTO OpPraHOMHUHEPAIBHOIO YI0OpeHHs — ABOMHOM

cynepdocdar
DneMeHT Becosoit % XUMHUYECKUN COCTAaB OKCUIIOB %
C 8,29
O 45,17 - -
F 3,43 - -
Na 0,78 Na,O 1,05
Mg 1,31 MgO 2,17
Al 0,76 ALO, 1,44
Si 10,97 SiO, 23,46
P 13,55 PO, 31,04
K 6,15 KO 7,41
Ca 9,10 CaO 12,73
Fe 0,50 Fe,O, 0,71

JBoiiHoii cynepdocdar 00maacT TaKkoi ke arpoXuMUIecKoi 3(h(hEeKTUBHOCTHIO, KaK
1 TIPOCTOH cynepdocdar npu BHECEHUU PABHBIX KONMU4eCTB ycBosemol P O,. [maBHoe
€ro MPEHMYIIEeCTBO 3aKIHUACTCS B OTHOCHUTEIIEHO MEHBIIIEM KOJMYECTBE OaJuracra.
DTO COKpalllaeT 3aTparkl Ha TPAHCIIOPTUPOBAHKUE U XPAaHCHHUE MTUTATEIIBHOTO BEIECTBA
(P,Oy), yMEHBIIIAET PaCcXO/l Taphl, CHHKAET 3aTPaThl HA BHECEHUE YIOOPEHUS B TIOYBY.
[Moatomy mpumeHeHue nBoiHOro cynepdocdara s3xoHomuuecku 3(h(eKTuBHEE, YeM
npocroro cynepdocdara. [lpu mnpowusBopcTBe nBoiHOTO cynepdocdara Oombiioe
3HAYCHUE UMEET BO3MOXKHOCTh MepepadOTKu MecTHOrO (hochaTHOTrO ChIphs, KOTOPOE
HE MPUTOIHO IS TIOMYYEeHHs MPOCToro cynepdocdara BBICOKOTO KauyecTBa, a TAKKe
WCIOJb30BaHNE, B KAa4eCTBE OJHOIO M3 KOMIIOHEHTOB, MAaTOYHOTO PacTBOpa MOCIe
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BbIMajieHus1 KpucTamioB MA®D, 4yTo 3HaYUTENHHO MOBBIMIAET KAa4eCTBO IOJy4aeMOTo
ya00OpeHusl.

Takum 00pa3zoM pe3yabTaThl KCCIIEI0BAHU MOKA3BIBAIOT, YTO MOTYUYCHUE YI0OPEHHS
MpoTeKaeT B JBe cTaguu. B Hawdanme oOpasyercsi cBoOomHas (ocdopHas kuciaoTa. A
cynbdar KaJablMs BBLACISIETCS B BHIE ocaaka B Gopme nonuruapara. [locne noiaHoro
pacxoaa cepHOU KHCIOThI HaunHaeTcst BTopas ctanus. [Ipu remneparype 60°C cucrema
CaO - PO, — H,O ypaBHOBe1MBaeTcs.

MHorue KHCI0TOpacTBOPUMbIE CHUITUKATHI (HE(UIINH, TTIayKOHUT, KAOJIHH, CUIIUKATHI
MarHusl) B pe3y/bTare pa3jioKeHHsl CEpHON KUCIOTOH, EPEXOAAT B KPEMHEBYIO KHCIIOTY,
KOTOpasi, B CBOIO O4Y€PE/Ib, PEarupyeT ¢ GTOPUCTHIM BOAOPOAOM ¢ oOpasoBanueM SiF,
(beiicenbaes, u ap, 2013).

Yacte SiF, Beensercs B ra3000pa3sHOM BHUJE, YacTh KOTOPOTO B JajbHEHIIEM
ocTaeTcs B TOTOBOM Iponykre. KpemuedropucTas KucaoTa 4acTHIHO B3aUMOACHCTBYET
CO IIeI0YaMHu, 00pasysi MaJopacTBOPUMbIE KpeMHe(TOpU bl HaTpus U Kaust. OKCHIBI
KeJie3a 1 allOMHHUS TTOCIIE Pa3JIoKeHHUs COJIEBBIMU PACTBOPAMH, IEPEXOIAT B PACTBOP
1 pearupyror ¢ pochar-uoHaMu, IpH CyIIKe B JaibHekem oopasys coenunenus RPO,
(rne R —wonst Al unu Fe).

4. TlomyyeHue CTPYyKTypUPOBaHHOTO MOJIMMEPCOAEPIKALIET0 OPraHOMUHEPATBEHOTO
yAOoOpeHusT METOIOM 3aMavyMBaHHs WIIM OMPBICKOBAHUS B MIPOLIECCE TPAHYIISLIUH.

BonopacTtBopuMble MOMUINEKTPOIIUTHI IIUPOKO TPUMEHSIOT [AJsl CO3JaHUs H
perynupoBaHus HEOOXOAMMBIX (DUBMKO-XMMHUYECKUX CBOHCTB MHUKPOYZOOpEHHUH.
[Iponiecc cymku © TpaHYISOUIO IOJYYEHHOTO MPOAYKTa OCYIIECTBISETCS
MetonoM 3amaunBanueM 0,2-0,5 %-HbIM pacTBOpoM MoauduuupoBanHoro MITAA
(Beysenbayev, et al, 2019) npu Temmneparype 100-120°C B Teuenune 120 munyt. Ha
pUCYHKE 3 TpeacTaBieHbl MUKPOCTPYKTypa M DJICMEHTHBIM aHalM3 KOMIUIEKCHOTO
MOJMMEPCOAEPIKALIETO CTPYKTYpPUPOBaHHOTO yAaoOpeHus — cynepdocdar (a) wu
nBoiHoro cynepdocdara (6) B npucytctBun MITAA.

Mo mxana 2578 wman. Kypcop: 0000 b

T FRTDSHE OO E T |

a)
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FNONTPONMOR HIODRAKEHIE 1

0)
Pucynok 3 — MuKpOCTPYKTypa U 3I€MEHTHBIH aHaJIN3 KOMIUIEKCHOTO MOJIUMEPCOACPIKAILETO
CTPYKTYpPHPOBAaHHOTO ynoOpeHus — cynepdocdar (a) u aBoitHoro cynepdocdara (6) B mpucyTCTBUR
MITAA

DJIEMEHTHBI! aHaJIN3 KOMIUIEKCHOTO CTPYKTYPHUPOBAHHOTO OPraHOMHHEPAIBHOTO YIOOPCHUS —
cynepdocdar (a) u gBoiiHoro cynepdocdara (0)

[IpucyTcTBHE 3THUX 3JIEMEHTOB B COCTaBE CTPYKTYpHUpOBaHHOTO cymnepdocdara
u nBoiiHOro cymnepdocdara (pucyHok 3), OKa3blBAIM BIHMSHHAE Ha YIPOYHEHHE
CTPYKTYpBI y10OpeHHsl, puIaBasi UM 4acTu4aHo amopduyto (P,0,) n KpucTammyieckyo
crpykrypy (SiO,). B pesymbTare KOTOPBIX IIPOMCXOIUT arperupoBaHHE MEIKUX
YacTHUIl 1 00pa30BAHUIO arperaToB 3a CYET B3aMMOJCHCTBUS (DYHKIHMOHAIBHBIX TPYIIIT
MaKpOMOJIEKYJIbI ¢ 00pa3oBaHMEeM TOHKHUX TeHOK (Issa, et al, 2023).

Pesynbrarel  MccienoBaHHMS —TOKa3bIBalOT, YTO CTaTUCTHYECKass MPOYHOCTb
HECTPYKTYPHPOBAaHHBIX IPaHyIl yI0OpeHHs HaxoauTces B npeaenax 1,6-1,9 kr, a, B CBOIO
o4epeb, MPOYHOCTh CTPYKTYPUPOBAHHBIX T'paHysl ynoOpeHuit B mpucyrcrBuu 0,25-
1,0%-ubmmu pactBopamu MITAA yBennuuBaercs 1o 20,5 kr.

B Tabnuue 7 npencraBieHbl pe3yabTaThl U3yUCHUs BIUSHHUS TEMIIEPATyphl CYLIKH
Ha TMPOYHOCTh T'PaHyNl KOMILIEKCHOTO IOJIMMEPCOAEPIKAIIETO OPraHOMHHEPaIbHOTO
ya00peHusl.

Tabmuna 7 — BimsiHne TemmepaTypbl Ha IPOYHOCTH TPaHYN CTPYKTYPHUPOBAaHHBIX KOMILIEKCHOTO
MIOJIMMEPCOEPIKAIIETO OPraHOMUHEPAIBEHOTO YI00pEHH s ¢ MOMOIIBIO pacTBopoB MITAA\

Pexxum Temneparypa, °C
CTPYKTYypUPOBaHUs 120 | 100 70 | 40
JI0 CTPYKTYPHPOBAHUS
CTaTUCTHYECKAs 1.87 1.0 0 0

MPOYHOCTh I'PaHy, KT

nocie ctpykrypuposanus 0,25% pacTBopom

CTAaTHCTHYCCKaA

3,78 13,78 4,75 8,50
TIPOYHOCTH TPAHYI, KT

nociie crpykrypupoanus 0,5% pacrsopom MITAA

CTaTUCTUYCCKas

2,86 15,8 1,87 2,75
TIPOYHOCTH TPAHYII, KT

nocne ctpykrypuposanus 1,0 % pactBopom MITAA

CTaTUCTUYCCKasA

2,10 18,27 7,10 2,98
IIPOYHOCTb I'PaHyJl, KI
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Kak mokaszanu gaHHble, IpUBEICHHBIC B TaOnuie 7, CTaTUCTUYECKas MPOYHOCTDH
rpaHyl BO MHOTOM 3aBHCHUT HE TOJBKO OT KOHIEHTpauuu pactsopa MIIAA, HO u oT
TeMIepaTypbl Ipolecca CTPYKTypupoBaHus. Kak BBIICHWIOCH, ONTHUMAJIbHBIMU
napaMeTpamMM Ipolecca CTPYKTYpHUpPOBaHMs SIBISIOTCS TeMIepaTypa HpOBEIEHUs
npouecca — 75-120°C u koHuenTpauus pactsopa MITAA — 1,0 %.

Takum 00pa3oM, TEpPCIEKTHUBHBIM METOAOM 3aIUTBl  3€PHOBBIX  KYJIBTYD
IpU BBIPAIMBAHUM SBJSIETCS pa3pabOTKa M NPUMEHEHHE CTPYKTYpHUPOBAaHHBIX
MOJIMMEPCOAEePIKALINX OPraHOMUHEPATBHBIX YI00peH i, 00eCIeYHBaIOIINX BBEICOKYIO
MIPOYHOCTH U MPOJAHTUPOBAHHOCTH IIPY MPUMEHEHUH UX B 3aCOJICHHBIX IT0YBaX I0KHOTO
peruoHa cTpaHsbl.

BrIiBOABI

Ha ocHoBanMM (U3UKO-XMMUYECKHX MCCJICIOBAHUM MOXHO  3aKJIIOUHTH,
YTO TYMHMHOBas KHCJOTa TIOJNIyYeHHas M3 OTXOAOB ymienoObun JIeHrepckoro
MecTopoxkaeHus 1 pocopHoro nutama osiBiIero LsimvkencTkoro gocdopHoro 3asoza,
XapaKTEepPHU3yeTCsl HACHILEHHBIM COCTaBOM OPTraHMYECKHUX M OpPraHO-MHUHEPaJIbHBIX
COCTABJISIIOLINX, TOBBIICHHOH T'yMyCHOCTBIO, HEOOXOAMMBIX JJIsl MaKCHMaJbHOTO
o0ecrieueHus! peryIATOPHbIN (PyHKINU PACTEHUS, @ YBEIMUCHHUE COACPKaHHUE MOIE3HbBIX
KOMIIOHEHTOB, HECOMHEHHO YIy4IIa0T KaYeCTBEHHBIX M KOJIMYECTBEHHBIX MTOKa3aTeNeH
CENbCKOX03AMCTBEHHBIX KynbTyp (MgO — 2,16%, KO — 2,48%, PO, — 9,14%, F —
8,94%, Si—13,14%, Fe — 0,44%).

[Iponece cTpyKTypupoBaHue NPUAACT KOMIICKCHBIE CBOWCTBA YIOOPEHHSIM, TaKUe
KaK TOBBILICHUE UX Ka4eCTB, YIy4YLICHHE TOBAapHOI'O BUAA, [IPOJIAHTUPOBAHHOCTH 3a
CUET YBEJIMYCHUS IPOUYHOCTHBIX XapakTepucTuk (10 20,5 Kr) CTOHKOCTb yI0OpeHHs K
JeHCTBUIO MUKPOOPTaHU3MOB, a TAKXKE paclIMpeHne (yHKIMOHAIBHBIX BO3MOKHOCTEH
[IPY IPUMEHEHHUH B 3aCOJICHHBIX TouBax KOHOro pernoxa.

Takum 00pazoM co3naHle M CTPYKTYPUPOBAHUE OPraHOMHHEPAJbHbIC YIOOpEHHS
Ha OCHOBE TEXHOTCHHBIX OTXOIO0B OOCCIEUMBAIOT 3aMEAJICHHOE WJIN YIPAaBIIEMOE
BBICBOOOYK/ICHUE 1ICJICBOr0 KOMIIOHEHTa B OKPY)KAIOUIyI0 Cpedy, 4TO TIO3BOJISIET
n30ekarh BbIMBIBAaHMS yHOOPEHUI M3 IOUBBI, HAKOIUIEHHUsSI HUTPAaTOB U HUTPUTOB B
pacTeHHsIX M3-32 X HePalMOHAIBHOTO IIUTAHKS Ha Pa3JInYHBIX CTAAMSIX POCTA.
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Abstract. The interaction of polyacrylamide flocculants with colloidal structures of
uranium mining circulating solutions was studied on the apparatus “Ultra-floc tester”.
The influence of the nature of polymer flocculants and their dosage on the degree
of purification of recycled solutions of the Irkol mine, uranium mining enterprise
Semizbay-U was studied. For the first time the dependence of flocculation efficiency
on the intensity of hydrodynamic treatment of the circulating solution on the apparatus
“Ultra-floc tester” was determined. The velocity modes of ultraflocculation turnover are
investigated. Based on the fundamental principles of colloidal-hydrodynamic theory of
dispersed systems, it is shown that the use of strictly non-uniform hydrodynamic fields
allows to achieve not only higher rates of suspension flocculation, but also a significant
improvement in the quality of solid phase separation. It is experimentally proved that
the new method of “ultraflocculation” in the purification of uranium industry recycle
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solutions provides a number of advantages necessary in the technological process of
production: increase in the productivity of thickeners and pressure filters, decrease
in the content of solid particles, increase in the rate of purification, reduction in the
consumption of flocculant. The optimum parameters of the hydrodynamic treatment
mode of the circulating solution in the process of ultraflocculation depending on its
dispersed composition and dosage of flocculant are determined.

Keywords: Ultraflocculation, colloidal particles, polymeric flocculants, recycled
solutions, ultra-floc tester.
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AnHorauus. [lommaxkpuiamMunTi (QUIOKYISHTTApAbIH alHAIBIMAAFBI ypaH eHIIpY
epITIHALIEPIHIH KOJUIOUATHl KYPBUIBIMAAPBIMEH JpeKeTTecyl «YabTpa-(pioK TecTep»
anmnapaTbiHBIH KeMeriMeH 3eprrenai. [lomumepni ¢GnokyasHTTapAbIH TaOUFaThl MEH
onapasiHMenmepiepinig Mipkenkenimimen «Cemiz0ait-Uy ypaHeHaipy KOCITOPHBIHBIH
alfHAJIBIMJIAFBI ePITIHAUIEPIH Ta3apTy JOpEekKeCiHe SCepiH 3epTTey KYprisinai. Anrarn
peT GIOKyIAmMsS THIMAUTITIHIH «YIbTpa-(QIoK TecTep» amnmapaThIHBIH KeMeTiMeH
alfHAIIBIMJIAFbI ePITIHAIHIH TUAPOIUHAMHUKAIBIK OH/ICY KapKBIHIBUIBIFbIHA TOYEIIUTIT]
AHBIKTAIABL.  YIBTPOQUOKYISUMSAIBIK — alHAJBIMHBIH ~ SKBUIIAMIBIK — PEeXUMIEPi
seprrenai. Jlucnepcti skyHenepaiH KOJUIOUITHI-TUAPOIUHAMHUKAIIBIK TCOPHSICHIHBIH
ipreni NMPHHIUNTEPiIHE CYHEHE OTBHIPBIN, KaTaH OipKelKi eMec THAPOAMHAMHKAIIBIK
epicTepli KOJJaHy CYCIICH3USHBIH (IOKYISIUICHIHBIH JKOFaphl KapKbIHBIHA KOII
JKETKI3yre FaHa eMec, COHBIMEH Karap OJaplibIH CalachblH alTapibIKTai jkakcapTyra
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MYMKIHIIK OepeTiHi KepceTireH. YpaH eHepKaciOiHiH alHaIbIMIarbl epiTiHALIEepIH
TazapTydarbl «yJIbTPATOKYISLUSHBIH» JKaHa oJici OHAIpiC MNpOoLeciHAe KaKeTTi
Oipkarap apTBHIKIIBUIBIKTApAbl OEpeTiHI OSKCHEePUMEHTANAbl TYpAe AdJIeIeHII:
KOIONIAHJBIPFBIIITAD MEH KBICBIMABI CY3TUIEPAiH OHIMIUICIH apTThIpy, KaTThl
OeJIeKTEpAIH KypaMblH a3aiTy, Ta3apTy JKbUIIAMIBIFBIH apTThIPY, (QIOKYISHTTHI
TYTBIHY/BI a3aiTy. ARHATBIMAAFBI PITIHAIHI YABTPA(IOKYISAIUIIBIK IPOLecC Ke3iHae
THIPOIMHAMUKAIBIK OHJCYNIH OHTAWIBI MapamMeTpiiepi OHBbIH IHMCIEPCTI KypamblHa
XKOHE (QIIOKYJSIHTTBIH J103aChbIHA OaMIaHBICTHI aHBIKTAJIJIBI.

Tyiiin  ce3mep:  ynbrpadmnoKyssiuus, KOJJIOMUATHI — OOJIIeKTep, MOJIUMED
(IIOKYNSTHTTAPbI, alfHATBIMIAFEI €PITIHALIED, YABTPA(IOKTHI ChIHAYIIBI.
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Annoramus. V3yueHo B3aMMOIEHCTBUE MOMUAKPUIAMHUIHBIX (DIOKYISHTOB C
KOJUTOUIHBIMHA CTPYKTYpaMu OOOpPOTHBIX PACTBOPOB MOOBIYM ypaHa Ha ammapare
«Ynperpa-ok tecrepy». I[IpoBeneHo mcciaeqoBaHUE BIUSHHUSA TPUPOIBI MOJTUMEPHBIX
(IIOKYNSTHTOB M MX JTO3MPOBKH HA CTENEHb OYUCTKH OOOpPOTHBIX PacTBOPOB PYIHHKA
«Hpxonby, ypanomoOsiBaromero npeanpustus Cemuzoaii-U. BrepBbie omnpeneneHsl
3aBUCUMOCTH () (PEKTUBHOCTH (DIOKYISLIUH OT MHTEHCUBHOCTH THAPOANHAMHYECKOH
00paboTKK 00OPOTHOTO pacTBOpa Ha ammapare «Ynbrpa-(iok tectep». MccnemoBans
CKOPOCTHBIE PEXHUMBI 000poTa YnbTpadiuokysiuni. Vcxons U3 OCHOBOIOJIATAFOIINX
MPUHLIMIIOB KOJJTOMIHO-THJIPOANHAMUYECKON TEOPUH TUCTIEPCHBIX CHCTEM, MTOKa3aHo,
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YTO NPUMEHEHHE CTPOr0 HEPABHOMEPHBIX TI'MIPOAMHAMUYECKUX TOJNEH I03BOJISIET
JOCTUraTh HE TOJBKO OoJiee BBICOKMX CKOPOCTEH (IOKYISALMU CYCHEH3HH, HO H
3HAUUTEIBHOTO YAYYIIEeHHUs] KauecTBa pasliesieHus TBepao (a3bl. DKCIEPUMEHTAIEHO
JOKa3aHO, YTO HOBBII METOJ «yJIbTPa(IIOKy/ISIIUs» B OUUCTKE OOOPOTHBIX PacTBOPOB
YPaHOBOW MPOMBILUIEHHOCTH O0ECNeYnBaeT psAJ NPEHUMYIIECTB, HEOOXOOUMBIX B
TEXHOJIOTHYECKOM TIpOlLlecc€ IPOM3BOJCTBA: IOBBIINIEHUE MPOU3BOAUTEIHLHOCTH
3aryCTHTENed M HamoOpHBIX (DUIBTPOB, CHIDKEHHWE COIEPYKaHWs TBEPIBIX YacTHUI,
yBEIMUEHHE CKOPOCTH OYHMCTKHM, COKpalleHHe pacxofa ¢uokynsHTa. OmnpeaeneHsl
ONTUMAJIbHBIE TapaMeTpbl PEeKUMa THUAPOANHAMHYECKOM 00paboTKH 00OpPOTHOTO
pacTBopa B nporecce yabTpadIoKyIsanur B 3aBUCUMOCTH OT €ro AUCIEPCHOTO COCTaBa
U T03UPOBKH (IIOKYIISTHTA.

KioueBble ciioBa: ynbTpadmoKyaslMs, KOJUIOMIHBIE YAaCTHIBI, IMOJTUMEpHbIE
(IIOKYNSTHTBI, 00OPOTHBIE PACTBOPBHI, YABTPa-PIOK TECTEP

Beenenne

C pa3BUTHEM TEOPHH OPTOKMHETHYECKOW KOaryiasuuu ((QIoKyIsluu) HA OCHOBE
YBEIMUEHHS CKOPOCTH CIIBUTA MOSBUIIACH HOBAsI TEXHOJIOTHs 00paboTKM pa30aBiIeHHBIX
CYCHEeH3MH — Tak HasblBaeMblii Metof «yabrpadmokymsuus» (UF) (Adamantiades
2009; Rulev, et al, 1997). OcHOBHOE OTIIMYKE YABTPAPIOKYISLIUN OT TPaIUIIMOHHON
(IIOKYISLMK COCTOUT B TOM, uTO Iipu nipouiecce ynbrpadmokyssiuuii (UFC) mpumensiembie
HEOJHOPOAHbIE TUApOAWHAMUYecKkre mois B 5...30 pa3 Bblle, YTO COOTBETCTBYET
cpennuM ckopoctsam casura G= 1000...3000 s-1. ITlpumenenue yasTpadIOKyIsSIHH
0co0eHHO 3(h(heKTHBHO 17151 00PaOOTKU OTHOCUTEIBHO KOHLIEHTPUPOBAHHBIX CYCIICH3UN
BBICOKOMOJIEKYIISIPHBIMH TIonuMepamH, rokyistatamu (Rulyov,1999; Nickolaj, 2008;
Hogg, 1993, et al, 2009).

B ouepenmHbIx uccrnenoBaHUSAX OBUIO TOKAa3aHO, YTO MNPaBHIBHBIA BBIOOp
(IIOKYNSTHTOB B TIEPBYIO OYepedb 3aBHUCHT OT XHMHUYECKUX (PAKTOPOB, TaKHX Kak
MHUHEpaJbHBI COCTaB U XMMHYECKHE CBOMCTBa pacTBopa. OmHako, 3()(EeKTUBHOCTD
(IIOKyNSHTa B 3HAUMTEIBHOMN CTENEHU ompeensercs oT (U3nUecKux (PakTopoB, Kak
WHTEHCUBHOCTbH NMEPEMEIIMBAHNs U CKOPOCTh A00aBienus grnokyisara (Kemensbaesa,
2010). Pa3nuunble ycrnoBHs TepeMelIMBaHHWA M J00aBIEHUS MOJIMMEPa MOTYT
MPUBOJUTH K Pa3HBIM pa3MepaM (IIOKyd U Pa3HbIMU CKopocTsMHu ux ocenanus (Tan,
2020; Rulyov, 2006).

Hcxonst U3 3TOrO, MPOBEACHO HCCIIEOBAHUE ACHCTBHS (DIOKYISHTOB HA KUCIHBIE
00OPOTHBIE PACTBOPHI MPUMEHSIOUINX B YPaHOJOOBIBAIOIIUX PYIHHKAX MO METOMY
MOA3EMHOTO CKBR)XKMHHOTO BBIIIENAUMBaHNs C TPUMEHEHHEM ammapara YIbTpa-
¢nok Tecrep. OnpeneneHsl ONTUMAIBHBIE MapaMeTPbl PEKUMa THIPOIUHAMUYECKON
00paboTKK 00OPOTHOTO pacTBOpa B IMpolecce ee yIbTPadIOKYISIUHA B 3aBUCHMOCTH
OT ee JUCIEPCHOr0 COCTaBa M KOHLEHTPAaUWH (IOKYISHTA. YPaHOIOOBIBAIOIINX
MNPEANPHUATUSIX €XKEIHEBHO 00pa3yloTcsi ClabOKHCIOTHBIE OOOPOTHBIE PAacTBOPHI B
OonpmIMX 00beMax, OOBIYHO MX OTCTAMBAIOT B €MKOCTSX M IOBTOPHO BO3BPALIAlOT
B TEXHOJOTMYECKMHA LHUKJI JUIi MHOTOKPAaTHOTO HCIOJNB30BaHMS B Ipolecce
BbIIENAaYMBaHus pyasl. OAHAKO Jake NMPH HAJIWYMAW Y3714 MEXaHHYECKOW OYMCTKH
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HE ygaeTcsi JAOCTHYb HEOOXOOUMOH CTENeHHM OCBETICHHS M OYUCTKH, KOTOpas Obl
yAOBIETBOpHIa TpeOoBaHUS K cocTaBy 000poTHBIX pactBopoB (Tusupbaev, 2020;
Pynés, 2008).

[Tpumenenune Metoza yneTpadaoKyIsIIUU B yPaHOZOOBIBAIOLIMX MPOMBILIJICHHOCTSIX
JUIE OYMCTKH OOOPOTHBIX pacTBOPOB sBIsIETCS A()(EKTHUBHBIM IMOAXOAOM. OTOT
METOJl OCHOBaH Ha HCIOJBb30BAaHUM CIECLUAIN3UPOBAHHBIX XUMHUYECKUX arcHTOB,
CHOCOOHBIX ObICTPO M 3((eKTHBHO 00pa30BbIBaTh OONbIINE (IIOKH, KOTOpPHIE JIETKO
OT/EISIIOTCSL OT pacTBopa. Takoi mpolecc He TOJIBKO MOBBIMIAET KaYeCTBO OYMCTKH,
HO ¥ yMEHBILAET BpeMEHHbIE U (DMHAHCOBBIE 3aTpaTbl Ha 00pPabOTKY M 00ecreurnBaeT
cOONIOeHNE KOJOTHYECKUX CTaHaapToB. [IpuMenenne ynbTpadaoKysuy B JaHHOM
KOHTEKCTE CIIOCOOCTBYET ONTUMH3ALIUHU TPOU3BOJCTBEHHBIX MPOLIECCOB U YAYUIICHHIO
YCTOWYMBOCTH 3KocucTeM. OnHUM U3 3QQPEKTUBHBIX CIIOCOOOB OYMCTKU OOOPOTHBIX
pPacTBOPOB OT TOHKUX JUCIIEPCUN U KOJUTOUIOB SBISIETCS (PIOKYIALUS C OJIUMEpaMu
(monmumanexrponutamu). [lomumMepsl (QIOKKyIHpYIOIIME — XUMHYECKHE COCIMHEHHS,
KOTOpBIE TIPY BBEACHUH B TUCIIEPCHBIE CUCTEMBI MOTYT 00pa30BHIBATH MEXaHUYECKHE
CBSI3U MEXKIY YacTULaMU TBEpJOH (Da3bl M BHI3BIBATH YCKOPEHHOE OCAXKACHUE YACTHL
(Rulyov, 1999. Colloids). Opnnako, ¢GIOKYASHTBI HMEIOT OJUH CYIIECTBEHHBIN
HEIOCTATOK — X MOJIEKYJIbI, B CHIIy OTPOMHON MOJIEKYJISIPHOM Macchl, 00J1a1al0T OYeHb
HU3KOH MOJIBMYKHOCTBIO, YTO CO3Ja€T TPYIHOCTH P CMEIIMBAHUN HCXOJHOTO PacTBOPa
(IIoKyNnsHTa C CyCHEH3MEH W PaBHOMEPHOM DAacHpeieleHUH €ro MOJIEKYT B 00bEMe
00pabaTpIBaeMOil CyCIIEH3UM M, CIIeIOBAaTeNbHO, Ha MOBepxHOCTH uacTul (Matis,
2001; Rulyov,2004). Jns npeonoseHns: ONMUCAHHBIX TPYAHOCTEH TPU UCIIOIb30BAHUH
(IIOKYISTHTOB, KaK [MOKAa3aHO B COOTBETCTBYIOIINX HUCCIIECTOBAHUSIX, MOXKHO TPUMEHSTh
CHEeUHAIBHYIO0 THAPOANHAMUYECKYI0 00pa0OTKy CyCIIeH3WH B Mpolecce J00aBIeHUs
¢rokynsHTa. DTOT MPOLECC, U3BECTHBIN KaK YABTPA(IOKYISIMS, MO3BOISIET OBICTPO
U PaBHOMEPHO PaclpeAeUTh MOJIEKYIbl (IIOKYJISHTA 110 BCeMY 00beMy CYCHEH3HU H
CO3JaTh ONTHMAJbHbIE YCIOBUS AJsl ObICTPOro (POpMUPOBAHUS IUIOTHBIX U MPOYHBIX
¢noxyn (Pynes, u ap., 2011).

MarepuaJjibl 1 METObI

Bce  skcmepumenTtsl 1o ompeneneHHio  d(GEKTHBHOCTH  (QIOKYISALIUH
(oTHOCHTENBHOTO pa3zmepa (IIOKYN) OT KOHHEHTpAaUUU (IIOKYISHTa 1 MHTEHCHBHOCTH
THIPOIUHAMUYECKOH 00pabOTKU CyCIIEH3UH OCYIIECTBISUIMCH C MOMOILBIO MpHOOpa
«¥Ynperpa-diok Tectepy npoussonacTsa pupmsl « TypooduiorcepBucy, PyHKIHOHATbHAS
cxema 1 (POTO KOTOPOTO MpPEACTaBICHBI HA pUC. 2 1 3.
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PucyHok 2 — OyHKIMOHATIbHAS cXeMa IprOopa JUIsl H3y4eHHs Ipoliecca yabTpadaoKysiiun « YiIsTpa-
(hitox Tectep»

JlaHHBI anmapart 1Mo BBIMIETPUBENCHHON cxeme (puc.l 1 2) paboTaeT cleayromuM
oOpa3oM: uccienyemast CyCrieH3usl ¥ pacTBOp (UIOKYJISIHTA C TIOMOIIBIO JTIO3UPYIOIIAX
HACOCOB HEITPEPHIBHO CMEIIMBAIOTCS U TOIAI0TCS BO (MIOKYJISITOP, IJIC OHHU ITOJIBEPTatOTCs
WHTEHCUBHOH THAPOMHAMHYECKONW 00pabOTKe B TeUeHHE S5-7 CEKyHI.

Pucynok 3 — ®oto npubdopa [t H3ydeHust nporecca yabTpadIoKysum

«Ynwrpa-diok Tectep»

47



OF THE NATIONAL ACADEMY OF SCIENCES OF THE REPUBLIC OF KAZAKHSTAN

st OLlEHKH OTHOCHTEIBHOTO pa3Mepa (IoKyln, (OpMUPYIOIIUXCS B MpoLEcce
00paboTku cycmeH3un BO (IOKymsITOpe, B TpuOOpe MPUMEHEH METOI, BIICPBBIC
NPEJIOKEHHBIE M TeopeTndeckun o00ocHOBaHHBIA. CoOIIaCHO IaHHOMY METOLY,
CYCICH3HS, BBIXOASIIAS U3 PIOKYISITOpa, GUIBTpYyeTCst Yepe3 PUiIbTpoBasIbHbIE OyMar,
IIOCJIE YEeTO IMPOBOISATCS aHAIU3bI OCTATKOB ITpUMeceil B 000POTHBIX PACTBOPAX.

Amnanu3 nposoauiu co duokynsiatamu Chinaflok, Magnafloc, Superfloc u Praestol
(KOHKpETHBIE MapKH MpeACTaBIeHBI B Tadmuie — 1). st 3Toro, 000pOTHEI pacTBOp
o0pabarsIBaICsl B IPOTOYHOM PEKUME BO (GIIoKysitope nprbopa « Yasrpadnok Tectep»
B T€UEHHE 5 CeKyH/ M HAIPaBIsICS B IPOOUPKY € BBICOTON 15 cM 1 eMKocThio 20 MiL.
OcpenHeHHbIH rpaguedT ckopoctu cpeasl coctapisim 1000, 5000 u 10 000 06/MuH.
DKCHeprUMEHTHI TPOBOIMIIUCH COTTIACHO METOIUKE ITPOBEICHHS OTBITOB C IPUMEHEHUEM
anmapara YiueTpa-QIiok tectep. YpaH o003HayaeTcs kKak «MeTamuny B TJaHHOW CTaThe.

Tabnuna 1 — XapakTepucTHKa HCIOIb30BAHHBIX (DIOKYIISTHTOB

HaumenoBanvue O6o3Have- | XapaKTepHUCTHKA 3aBOJa U3TOTOBUTENS
HHE B OTYCTE
Marnadiox (Magnafloc) | Marnaduox | Monekyssipaast Macca — cpe/Hsisi (OKOJIo 6 MITH.)
LT24 Hacpimnas motaocts — 0,75 r/em?
C1abOKaTHOHHBIH Bsizkocth npurotosiieHHoro pacteopa(0,05 r/m)—1,091 mm?/c
Cynepdiok Cynepduox | MonekynsipHas macca — 3,5-4 MITH.
(Superfloc) Haceimuas miortaocts — 0,75 r/em?
C 494 xaTHOHHBII Bsi3kocTh npurotoieHHoro pacteopa (0,05 r/m) — 1,260 mm?/c
[Ipaecton IIpaecton MornekynsipHas Macca — OKOJIO 6 MITH.
(Praestol) Hacepimaas mrotHocts — 0,65 r/em?®
650TR Bs3kocts nipurotosiienHoro pacteopa (0,1 1/m) — 2,020 mm?%/c
KaTHOHHBIN Bsi3kocTh nipurotoBiieHHoro pacteopa (0,05 /) — 1,415 mm?/c
Chinaflok Chinaflok MonexkynspHast Macca — OT 3 10 7 MJIH
KaTHOHHBIN HacpirmHast IIoTHOCTh — (hakTHuecKu namepennas - 0,69 r/cm?
Bsi3kocTh npurorosieHHoro pactsopa (0,1 r/m) — 1,665 mm*/c
BsizkocTs npurorosieHHoro pactsopa (0,05 r/m) — 1,245 mm*/c

Pe3ysbTarsl M 00cyxaeHHe

Pesynbrare! nccnenoBanns 3aBUCUMOCTH (D (HEKTUBHOCTH (IIOKYIISIIIAA 0O0POTHOTO
pacTBOpa OT TpajieHTa CKOPOCTH cpensl mpu nodapnernn ¢uokynsara Chinaflok
B KOJMYECTBE 5 MI/N TPH Pa3NUYHBIX PEXHMax CKOPOCTH yabTpa-(piaok TecTepa
MIPEICTaBIIEHBI B TAOMHIIE 2.

Tabnuma 2 — Pesynbrars! uccnenoBanus 06opoTHoro pactopa ¢ duiokymsiaroMm Chinaflok 5 mr/im npu
Pa3IMYHBIX PEKUMAX CKOPOCTH YJIBTpa-(pIIoK TecTepa

Chinaflok Kpemuuii, | Merana, |Amwomunuii, |7Keseso, Kaabumii, Marumii,
5 mr/n mr/a mr/n M/ M/ ML M/
Wcxonnsriit OP | 66 43 427 400 205 330
Vibrpa-diok

1000 o6/mmn |+ 42 310 269 133 218
Vnerpa-dok

5000 o6/wun | 42 366 327 166 278
VabTpa-¢hnok

10000 o6/ | 42 364 331 166 281
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Kak BuHO 13 TaOnuipsl 2 1 prCcyHKa 4, Ha BCEX CKOPOCTHBIX PeKUMax HalmonaeTcs
CHIDKCHHUE KOHIICHTPAIINH XKeJle3a, KPEeMHUSI, AIFOMUHUS U IPYTUX, TIPU STOM HAMITYYIITHe
MoKa3areny HadmogaroTces npu pexxume ckopoctd 1 000 00/MuH. YBenrmueHHE CKOPOCTH
nepeMenIuBanus 000poTHOro pacteopa 0 5 000 00/MUH yMEHBIIIAET CTEIICHD YIaJICHUS
OTIpeNiesieMbIX AJIEMEHTOB TOYTH B 2 pasa, a JajbHeHIee MOBBIIIEHIHEe CKOPOCTHOTO
pexxuma npudopa He MPHUBEAYT K 3aMETHOMY W3MEHEHHUIO JOCTUTHYTOIO COJCpPIKaHUS
M3YYCHHBIX 3JeMeHTOB. HaobopoT, mpu mpoBeneHuu mpoiecca co ckopoctsio 10 000
00/MHH HaOMIOMAETCs] HEKOTOPBIM POCT COAEp)KaHHMA KPEMHHS MO CPaBHEHHIO C
MPEABLIYIIUM SKCIIEPUMEHTOM Ha YiibTpa-(iiok Tecrepe.

W3 ckazaHHOTO BBIIIE, CIEAYET, YTO MJIs JTAHHOTO OOOPOTHOTO pacTBOpa, Il
KOHIICHTPAIUS BBIJICIICHHBIX B3BCIICHHBIX YAaCTHUI[ COCTaBJiseT okojo 100 wmr/m,
OTITHMAJIbHOE 3HAYCHHE TPAIMEeHTa CKOPOCTH JISKUT B quarna3one Hwke 1 000 06/MuH.
B Gosee BeicOkMX quama3oHax cKOpocTu (mpu rpaguente ckopoctu 5 000, ocoOeHHO
mipu 10 000 06/MuH) mpoucxoania cHIkeHue 3PHEeKTUBHOCTH (IIOKKYISIIIAA, TaK KaK B
HAaIlIeM CiTy4ae Ype3MepHas TypOyJIeHTHOCTh CIIOCOOCTBOBAJIO K Pa3pyIICHUIO (IIOKYIL.

Pesynbrarel nccienoBanusi 000POTHOTO pacTBopa MpU Jo0aBlIeHUH (IOKYIISTHTA
Marnadok SMr/n TpH  pa3iHYHBIX PEKHMax CKOPOCTH YIbTpa-(IIoK TecTepa
IIPEJICTABJICHBI B TAOHIIC 3.

Kax BumHO M3 TaOMUIIEI 3, HA BCEX CKOPOCTHBIX pekMMax HabIromaeTcs CHIKCHUE
KOHIECHTPALIMH BCEX AIIEMEHTOB. B ToXKe BpeMsi, He3HaUNTEIbHbIEC yBEITNUCHHS CTCIICHEH
yaaneHus 3aMeTHbI pu BeIcOKUX (10 000 06/MUH) pekrMax CKOPOCTH, B YACTHOCTH,
ATFOMHUHUSA U KpeMHHs. CaMble BRICOKHE CTEIICHH YIAJIEHUs 110 CPABHEHUIO C APYTUMHU
aJIeMEHTaMH Yy kene3a, Haomonatores pu 1 000 u 10 000 06/mMuH.

Tabnuma 3 - Pe3ynpraTel nccnenoBanust 000OPOTHOTO PAacTBOpA MPH A00aBIEHUH (IIOKYISHTA
MarHagiok 5 MI/J1 IpH pa3iIndHbIX PEKHUMaX CKOPOCTH YJIbTpa-(IoK Tectepa.

MarnagJiox Kpemuuii, | Mertana, | Amomunui, | ZKeaeso, | Kanbuuii, | Maruuii,
S mr/a M/ MI/J1 M/ Mr/a Mr/a ™I/
Hcxonnsrit OP 66 43 427 400 205 330
Vabrpa-diok
1000 06/mum 63 42 380 247 200 320
Vabrpa-hiok
5000 o6/mun 65 42 383 382 200 320
Vabrpa-duok
10000 o6/muH 62 38 371 230 198 300

Crenyer oOpaTuTh BHUMaHHE Ha TOT (akT, UTO COIVIACHO TAaHHBIM DJIIEMEHTHOTO
aHanmM3a, CcollepXKaHue jKene3a (BO3MOXKHO, KOJUIOMJIOB COCIUHEHUH jkene3a) B
000pPOTHOM pPAacTBOpPE HAWOOJBINIEE, BOBMOKHO OHHU TIPEACTABILIIOT OoJjiee KPYITHBIC
YacTUIlbl (CpeJiHue U TrpyOoJHCIIepCHBIE YacTHIIBI) B3BEUICHHBIX BellecTB. Bumaumo,
MPU 3HAYUTEILHOW KOHIICHTPAIMU TBEPIOTO, SPPEKTUBHOCTL (QIOKKYJISIIIUN JTAHHOTO
KOMIIOHEHTa JINCTICPCHBIN ()a3bl OYEHb CHJIBHO 3aBUCHT OT I'PajJMEHTa CKOPOCTH B
obrmact ero OONbIIMX 3HaueHWH. V3 MpeNncTaBIeHHBIX JAHHBIX CIEAYET, YTO MpU
3aJTaHHOHN BpeMeHHU 00paboTKH (TIpH 5-6 ceK) MakcUMalIbHOE 3HaueHUE I (HEKTHBHOCTH
GIOKKYISIUK  KeJle3a JOCTUTaeTcss Npu Ooliee BBICOKMX 3HAYCHHUSAX TpaJUCHTA
CKOPOCTH.

Opnaxo, mucniepcHas ¢aza 000pOTHOTO PaCTBOPA COCTOUT HE TOJIBKO OT COCTHHEHUH
JKene3a, HO OT YacTHIl MHOTHX APYTHX 3yeMeHToB. C 3Tol mo3unuu d(H(HEeKTHBHOCTH
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(IIOKKYIISUKA BCEX JUCIEPCHBIX YacTHI 0OOPOTHOTrO pacTBOpa, B COBOKYIIHOCTH, B
npucytcTBuM (QiokynsHTta MarHaduiok B 3aBUCHMOCTH OT HM3MEHEHHMs TpagHeHTa
CKOPOCTH CpeJibl HE OUYEHb OTUYETIUBBIH.

Pesynbrarel nccienoBanusi 00OPOTHOTO pacTBopa MpH J00aBICHHU (DIOKYISHTA
Cynepdmok 5 MI/T Tpu pasiMuHBIX PEKUMax CKOPOCTH YIbTpa-pJiaoK TecTepa
rpeicTaBieH B Tabnuie 4.

Tabnuma 4 — Pesynbrars! Hccie0BaHusS 000POTHOTO PacTBoOpa NpH K00aBICHIH (QIOKY/ISTHTA
Cynepduok 5 MI/i npu pasiiuHbIX PpeKUMax CKOPOCTH yabTpa-(IIoK TecTepa

CynepdJiox Kpemuuii, | Merana, | Amomunnii, | Kesezo, | Kaabumii, | Maruui,
S mr/a M/ VA MI/J1 VA M/ MI/T
Wcxonneiii OP 66 43 427 400 205 330
Vibrpa-duok
1000 06/muH 55 41 379 231 200 295
Vibrpa-diok
5000 06/mun 65 42 381 249 200 310
Vabrpa-hnok
10000 06/MmH 37 39 368 231 190 289

Kak BuIHO 13 TabnHIbl 4, HA BCEX CKOPOCTHBIX PEXKMMaxX HAOIIOAACTCS CHUKECHUE
KOHIIGHTPAIlMM HM3Y4YEHHBIX AJIeMEHTOB. [Ipu 3TOM HET 3HAUMTENBHBIX pPazIUddi B
CTETICHH yAAJICHHSI METAJUIOB OT Pa3HHIIBI PEKHUMOB CKOPOCTH, 32 UCKITIOUEHIEM KPEMHUS,
KOTOPBIH 1moxo yaansercs npu 5 000 06/muH. Camble BBICOKHE CTETICHH YAAJICHHUS 10
CPaBHEHUIO C JIPYTHMH DIIEMEHTAMH OISTh y JKelle3a, IPU BCeX PEeKMMaxX CKOPOCTH.

Pesynbrarel nccienoBanusi 000POTHOTO pacTBopa MpU Jo0aBieHHU (DIOKYISTHTA
IIpaecrona KoIM4YeCTBE 5 MI/J TIPH PA3IUYHBIX PEKAMaxX CKOPOCTH «YIbTpa-(hiok
TECTep» MpeICTaBICHbI B Tabnuue 5.

Tabuuna 5 - Pe3ysbrarsl nceneoBaHUS 000POTHOTO PacTBOpa NpH 100aBIeHUH (IIOKY/ISHTa
[TpaecTon 5 MI/i IpH Pa3NUUHBIX PEKUMAX CKOPOCTH YIbTpa-(IIOK TecTepa

Ipaecron 5 mr/n Kpewnui, Meran, Amowmmuit, | Jieneso, | Kanomwit, Marswuii, Mr/i
MI/7 M/ MI/IT M/ M/

Hcxonusiii OP 66 43 427 400 205 330
VabTpa-¢hnok

1000 06/ >0 37 352 275 155 249
Vabrpa-diok

5000 06/MumH 50 37 353 282 166 267
VisTpa-¢hok

10000 06/mrs 55 4 388 321 178 287

CrenoBarenbHO, Ha BCEX CKOPOCTHBIX pEXHMax HaONonaeTcs CHUKCHHE
KOHIICHTPAIIMU BCEX JJIEMEHTOB, MPU ITOM JIydlle BCeX (UIOKYIUPYIOTCS JKEJIe30 W
KpeMHHIA. 3aMeTHO Takxke, 9To d(hPekTuBHOCTE (hitokynsHaTa [IpaecTorn mo cpaBHEHHIO
(noxymsatamu Cymiepduiok n Maraadiiok BEICOKasI.

W3 mpejcTaBieHHBIX JaHHBIX CIEIYET, YTO MAaKCUMYM CTENeHH (DIOKKYISIUN B
3aBUCUMOCTH OT TPaHeHTa CKOPOCTH CpeIbl HaxoauTcs BOu3u 3HaueHms 1 000 06/MuH.
C yBennyeHneM TrpaJlieHTa CKOPOCTH THAPOAMHAMUYECKOH 00pabOTKH HAOIIOMAETCS
JIUIIB HEKOTOPOE CHUKEHUE CTEIICHU YIAJICHHS OTACIbHBIX KOMIIOHEHTOB JUCIEPCHOMN
(a3pl, T.e. CYyIIECTBEHHOTO W3MCHEHHUs KapTHHBI 3(P(HEKTUBHOCTH (IOKKYJISIMH HE
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MMPOUCXOUT. Takoe moBeaeHue JAUCTICPCHBIX YaCTHUILl MOKHO 00BSICHUTE TEM, 4TO, IpU
BBICOKHUX 3HAYCHUAX TI'paJJUCHTa CKOPOCTU CPCIbl KPYNHBIC YaCTUIBI IMOJABECPKEHBI K
}.IpO6J'I€HI/IIO Ha 0oJiee MEIKHUeE (I)J'IOKYJ'IBI, YEM MCJIKHEC 4aCTUIIbI.

3aki0ueHue

[IpoBeneHo cpaBHUTENBHOE HCCIICAOBAHUE BIHMSAHUS MPUPOAbI (UIOKYISHTAa |
€ro KOJMYECTBA HA CTENEHb OYMCTKA OOOPOTHBIX PAacTBOPOB pyAHHUKa «VIpKomab»
ypaHOIOOBIBAIOMIECTO MPEINPHUATHS OT B3BELICHHBIX YAacTUI] NPH Celapauid HX ¢
MpUMEHEHUEM armapara Yiaerpa-gruok Tecrep. OnpeaeseHbl ONTHMATbHBIC TapaMeTphI
peKuMa TUAPOAMHAMHYECKOM 00paboTKM 00OpOTHOTO pacTtBopa. JlokazaHo, 4YTO
ONTUMaJIbHOE 3HAYCHHWE TPAJNEHTa CKOPOCTH JEKUT B auanazone 1000 o6/MuH.
YcraHoBII€HO, 9TO TO JaHHOMY mapametpy 3ddexruBHOCTs (rokynsHToB Chinaflok
u Ilpaecton mo cpaBHeHuto c¢ Qaokyrsatamu Cynepdiaok u MarHagiaok BBICOKas.
YcraHOBIIEHO, YTO TP BCEX J103aX Ha anmapare YiasTpa-(QiIok TecTep TydIue HoKa3aTesH
y ¢nnokynsaTa Chinaflok o cpaBuenuio ¢ ¢mokynsiarom IIpaecron. lokasano, uro
MPaBWIBHBIA TIOA00P peKUMa YIETPO(IOKYISIpHOI 00paboTKH (rpajineHTa CKOPOCTH
1 pacxoza (GIOKyISHTa) HO3BOJISIET 3HAUNTEIbHO CHU3UTD COACP)KAHHUE 3arpsI3HIOIINX
KOMIIOHEHTOB B 00OPOTHOM PacTBOpE. YCTaHOBICHO, YTO HAMIYYIINI YHUBEPCATIbHbIH
u npaktudabid praoxymstHT Chinaflok mpu onTuManpHON MO3WPOBKE Ha YIbTpa-(hiIok
TECTepe CHIDKACT KOHIIEHTPALMIO JUCIIEPCHBIX (a3 B 000OPOTHOM PacTBOpE: KPEMHUS
Ha 28%, amomunus Ha 27%, kene3a Ha 32%, maruus Ha 34%, xaaeuus Ha 35%.
[TokazaHo, 9TO Tpu BBICOKHX cKopocTax mnepememuBanus (1000 o6/MuH u BbIIIE)
TUJIPOAMHAMUYECKON 00pabOTKM OOOPOTHOIO pacTBOpa Ha ammapare « YibTpa-¢Iiok
TECTep» HAOMIONAIOTCA Pa3pyIICHUs KPYITHBIX (JIOKKYIL.
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Abstract. The industrial dumps of the Republic of Kazakhstan contain about 20 billion
tons of waste. In the metallurgical workshop of the Achpolimetall plant alone, 4-5 million
tons of clinker, from the Waelz processing of zinc oxide ore, have been accumulated.
Cost—effective extraction of valuable clinker components requires twice as much energy
as production from “rich” ores. The research aims to create a melting unit that reduces
specific fuel consumption by 3—4 times compared to its analogs. The novelty of the work is
the discovery of a new phenomenon, which shows: that in the melt layer, there are two reactions
opposite in direction and intensity, (1) —slow reactions of decomposition of complex components
(Zn,SiO,, ZnFe,0,) into simple molecules (ZnO, SiO,, Fe,0,) and (2) — rapid reactions of the
formation of complex components from simple molecules; the dominance of one of the two
reactions affects the degree of zinc extraction from the melt. Based on this phenomenon, a new
generation melting unit was created, as a combination of a melting reactor with a tubular furnace,
which reduces specific fuel consumption by 3—4 times compared to the existing Waelz kiln.
Calculation of the technical and economic indicators of the unit, with a productivity of 25 t/h,
shows that the project’s payback period would be 4-5 years.

Keywords: slag, zinc, a combination of “ideal” mixing and “ideal” displacement modes,
reactor inversion phase—rotary kiln
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Annoranust. Kazakcran PecriyGiukachIHbIH OHEPKOCITIK YitiHAinepinae 20 Mapa TOHHara
KYBIK KaJIABIK Oap. Bip F¥aHa «A4IOIMMETaN» 3aybITHIHBIH METAJUTYPrUsUIbIK IEXbIH/A,
MBIPBIII OKcUli keHiH Waelz eHzieyneH, 4-5 MUIIMOH TOHHA KJIIMHKEp JKUHAKTaIFaH. baraibl
KJIMHKEP KOMIIOHCHTTEPIH YHEMII OHAIpYy oyiapisl «0ait» pyaagapiaH eHIIpyre KaparaHia
€Ki ece KOIl SHEPTUsHbI KQKET eTell. 3epTTey/[iH MaKcaThl — aHAIOTTAPBIMEH CAJBICTHIPFaH/Ia
OTBIHHBIH MEHIIIKTI IIBIFBIHBIH 3—4 ece a3ailTaThiH OAJIKBITY KOHJIBIPFBICHIH KYPY. KYMBICTBIH
JKaHAJIBIFBI MBIHAHBI KOPCETETIH jKaHa KYOBLIBICTBIH AIlIbLIybl OOJBIN TaObLIaIbl: OaaKbIMa
KabaTbIH/1a OAFBITHI MEH KapKbIH/BUIBIFBI OOMBIHIIA Kapama-Kapchl eki peakiust, (1) — kypaeni
KOMIOHeHTTepAiH (Zn,SiO,, ZnFe O,) Gady blabipay peakuusiapbl apKbUlbl —Kaparnaibim
MoJieKynanapra aiinanyst (Zn0, SiO,, Fe,0,) xone (2) — KapanaibiM MoeKyIanapaan Kypaeni
KOMIIOHEHTTEp TY3€TIH >KbULAaM peakiusuiap; €Ki peakiusHbH OipeyiHiH OachiM OO0IybI
OaJKbIMaIaH MBIPBIIITHIH AJIBIHY I9pexkecine ocep ere/i. Ocbl KYObUIBICTBIH HET131H e KYObIPIIbI
TEeIITIeH OaNKbITy PEaKTOPBIHBIH KOCBIHJBICHI PETiH/e KaHa OybIH OalKbITy KOHIIBIPFBICHI
KYPBUIIBI, OJ KOJIaHbIcTarbl Waelz nemnriMeH calbICThIpFaH/ia OThIHHBIH MEHIIIKTI HIBIFbIHBIH
3—4 ece asaiiTamel. OHIMALTIT 25 T/car 0OJATBIH KOHIBIPFBIHBIH TEXHUKAIBIK—3KOHOMHUKAIIBIK
KOPCETKILITEPiH ecenTey jKOOaHbIH 031H—631 akray Mep3iMi 4—5 kbUl 00Nyl MYMKIH €KeHIH
KopceTe/Ii.

Tyiiin ce3nep: (hazaybik THBEPCUSUIIBIK PEAKTOP — KYOBIPIIBI MEII, MBIPBIIIL, [IIAK, «HCaT b
apasacThIPy JKOHE «UJICAIABI» BIFBICTBIPY PEXKUMACPIHIH yitiecimi.
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AnHoTamus. B npombiiieHHbix orBasiax PecnyOnuku Kazaxcran comep:kutcst
0K0J10 20 MIJITHAPJIOB TOHH OTXOA0B. TOJMBKO B METAJUTYPIHUECKOM IIeXe KOMOMHATa
«AdnonuMeTany» HAKOMUIOCh 4—5 MUJUIMOHOB TOHH KIWHKEpPAa OT BEJbIIEBAHUS
OKCHUJHOM NMHKOBOW pynbl. PeHTabenpbHOE W3BICUCHUE IICHHBIX KOMIIOHECHTOB
KIIMHKepa TpeOyeT 2*—pa30BOil 3aTparbl 3HEPIUU, YE€M IPH HMX BBIPAOOTKE U3
«Oorateix» pya. Llenapro uccienoBaHust sIBISETCS CO3/IaHUE TUIABUIIBHOTO arperara, B
3—4 paza cokpalaronui yaeabHbII pacXxo TOIUINBA, [0 CPABHEHHIO C €T0 aHAJIOTAMH.
HoBuzHoOl paboThl SIBISETCS OTKPBITHUE HOBOTO SIBICHUSA, KOTOPOE ITOKA3bIBACT: B
CJI0€ paciuiaBa HJET JBa MPOTHUBOIOJIOXKHBIX MO HAMPABICHUIO U MHTCHCHUBHOCTHIO
peakuuH, (1) — MeIEHHbIE PEAKIIMK PA3JIOKEHHS CIOKHBIX KOMIOHEHTOB (Zn,SiO,,
ZnFe,0,) na mpocteie monekyisl (ZnO, SiO,, Fe O,) u (2) — OblcTphie peakiuu
00pa30BaHus CIOKHBIX KOMIIOHCHTOB W3 MPOCTHIX MOJICKYJ; TOMUHUPOBAHHUE OJIHOM
U3 JIByX PEaKIMy BIHSICT Ha CTCICHb M3BICUCHHUS IMHKA W3 paciuiaBa. Ha ocHoBe
JAHHOTO SIBJICHUSI CO3JIaH TUIABMJIBHBIN arperat HOBOTO MOKOJICHHS, KaK KOMOMHAITUS
IJIaBUJIBHOTO peakTopa ¢ TpyOuaToil meubto, B 3—4 pa3a COKpAIIAIOMIUN yIeIbHBIN
pacxoj TOIUJIMBA, MO CPAaBHEHHUIO C JIEWCTBYIONUIEH BENbI-NEUbI0. Pacuer TEeXHUKO—
SKOHOMHUYECKHX IOKa3aTejiel arperara, MPOW3BOIUTEIILHOCTBIO 25 T/4, TIOKa3bIBAET,
YTO CPOK OKYIIAEMOCTH MPOEKTA MOYKET COCTaBUTH 4—5 JIET.

KioueBbie cioBa: peaktop uHBepcu: (a3, TpyOuaTas meuyb, LIWHK, LUIAKH,
KOMOMHAIIUS PEKUMOB «HJICATBHOE» CMEIIICHUE U «HJICATTBHOC» BhITECHEHHUE
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BBenenne

B orBamax ropHomeratypruueckoii orpacam  Pecnydamku  Kasaxcran
coaep:kuTcsa okoao 20 mMuwtuapaoB ToHH otTxonoB (bomarGaes, 2001: 91-93).
TonpKO B METAIUTYPTUYECKOM I1eXe KOMOMHATa « AYITOINMETAID, HAKOTTHIIOCH OKOJIO
4.5 MIITHOHOB TOHH KITMHKEPA OT BEJIbIICBAHHUS OKCUIHOMN IIMHKOBOU PY/IBL.

C ucroieHneM OOraThIX OKCUIHBIX PYIHBIX 3a1aCOB CO/ICP KaHNE IMHKA B PYIHHUKE
«Aumucaity canzmiock 10 10—12%. [locne oduirocoBKH pybl, KOHIICHTPAIHSI [UHKA B
IIUXTE HE MOBBICHIACH BhIe 6—7 %. Huskoe comepkanue IUHKA, COMPOBOXKIaEMOM
JIOPOTOBHM3HON KOKCa, MPHUBEIIO K MOJHONH OCTAHOBKE MPOM3BOJICTBA. MaccoBasi 10Jsl
KOMIIOHEHTOB imHKepe, %: Cu (0.85-1.20), Zn (1.37-5.00), Pb (0.11-0.38), Fe o
(13.88-30.30), Si0,(29.06-38.11), CaO (9.03-19.03), AL O, (7.13-11.64), MgO (1.52—
2.56), MnO (1.11-1.27), Na,O (0.03-1.13), S (2.37-2.55), Au, (1.8-3.7), Ag
(65.0-117.0), C (4.2-15).

YuuTteiBas, YTO TPOTHO3MPYEMBIH CPOK HcUeprnaHus O0raroro Mo IEHHBIM
KOMITOHEHTaM TOJMMETaJUInYecKoro chipbsi Pecrybnmuku Kasaxcran cocraBmser 30—
35 ner ([Jaykees, 2003: 11), To, B HemamekoM OymyIeM, MPOU3BOACTBO METAIOB U3
TEXHOTEHHBIX OTXO/IOB U «OCIHBIX» Py MOXKET OKa3aThCs MPHOpUTETHBIM. OTHAKO, 110
naHHbIM aBTOpoB (Hansson, 2009: 15-24; Koizhanova, 2012: 843—846), npu BeIpaOOTKe
METaJJIOB U3 TEXHOTCHHBIX OTXO/I0B Y/CIbHBIA PACcX0]l TOILTUBA MOBHIIIASTCS B ~ 2 pa3a,
[0 CPAaBHEHHUIO C MX BBIPAOOTKOH U3 «0OTaToro» ChIpbsi TPAIUIMOHHBIMUA METOIAMHU.
[IpenmeTom maHHO# pabOTHI ABIIIETCS pa3paboTKa YIHEPTocOSPETAOIIETO TUIABIIIEHOTO
arperara, 3—4 pa3a COKpallaloIIWil yHAeNbHBIA pacxox TOILTUBA TpPU IepepadboTke
KIIMHKEPa OT BEJbIIEBAHUS IIMHKOBOH PY/IbI, ¥ IPOTHO3 €r0 PEHTA0EIBHOCTH.

HoBusHoli padoThI siBJIsIeTCS:

— OTKPBLITHUC HOBOI'O SABJICHUA: B CJIOC pacCiuiaBa UACT ABAa MPOTHUBOIIOJIOXHBIX I10
HaIpaBJIeHUI0O ¥ MHTEHCUBHOCTHIO peakiuu, (1) — MeaJeHHbIE PEeaKIMK pa3ioKeHUs
CJIO)KHBIX KOMIIOHEHTOB (Zn,S10,, ZnFe,0,) na npocteie Monekyisl (Zn0O, Si0,, Fe O,)
1 (2) — OBICTpBIE peaKIuu 00pa30BaHUs CIIOKHBIX KOMITOHEHTOB M3 IMPOCTHIX MOJICKYT;
JOMUHUPOBAHHUE OJHOM W3 NIByX PEaKIMH BIMSACT HA CTETICHb M3BJICUCHHS IIMHKA W3
pacruiaBa;

— HOBBIH A PeKT, KOMOMHAIIUS PEIKUMOB KCUJICATHLHOE» CMEIICHUE - «UACATHLHOC
BBITCCHEHHUE», TMOBBIMIAIOIMNNA CTeNeHh mu3BieueHus muHka ¢ 30 % mo 70 %, mpu
HEMpPEPBIBHOM IIpOIecce, MOYYHUBIINI Ha3BaHNE CIIOH paciiaBa ¢ MHBEpcuen ¢as;

— KOMOHMHAITMS peakTopa WHBepcHueh (a3 ¢ TpyOJaToil meupio, ¢ pereHepaTUBHBIM
WCTONIb30BAaHMEM BBICOKOTEMIIEPATYPHBIX Ta30B peakTopa, Uil HarpeBa B TIeUd
HCXOJHOTO MaTepuaja, COKpAIarollei yIeNnbHbI pacxoj ToruBa B 3—4 pasa 1o
CpaBHCHUIO C I[eP'ICTByIOHIPIMH aHaJioraMu,

— CO3JIaHUE KECCOHOB MCIAPUTEIBHOTO OXJIAXKICHHUS C TAPHUCCAKHON (DYyTEPOBKOI,
HCKJIIOYAOIEe KCIIOJIb30BAHUE MAaJOHAACKHBIX OTHEYIMOPHBIX (YTEPOBOK HIIH
JIOPOTOCTOSIIIUX BOJIOOXJIAXKIAEMBIX MEIHBIX DJJIEMEHTOB Ha IPOTOYHO-BOISHOM
oxnaxaenni (Dikhanbaev, 2021: 101003; Dikhanbaev, 2019: 23388; Sultan, 2023:
127817; Dikhanbaev, 2024: 130978);

— CO3/IaHUE HOBOM METOIMKM pacueTa pacxoja TOIUIMBA, JJIs MPOTHO3UPOBAHUS
TEXHOJIOTUYECKUX MapaMeTPOB PeaKTopa UHBEPCUU (a3;

(r/1)
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— Hcmonb3oBaHuMe Meroga adduHHOrO MOAENMpPOBaHHWS TMPH  [IEpecdeTe
XapaKkTePUCTUK MUIOTHOW yCTAaHOBKH Ha MPOMBIILIEHHBIH o0paser (Dikhanbaev, 2021:
101003; Dikhanbaev, 2019: 23388; Sultan, 2023: 127817; Dikhanbaev, 2024: 130978;
Weidong Xie 2023: 127591).

Metopa ucciea0BaHus

ANBTEpPHATHBHBIM ~ CIIOCOOOM  JTOCTIDKEHHMS LENH  SIBISIETCS  METOIOJOTHS
npenenbHoro sHeprocoepexenus: (Kmrounmkos, 1986: 3-7; uxanbaes, 2011: 74-
77). OnHuUM W3 ee MPUHLMIIOB SBISIETCA pa3paboTka dHeprocOeperaronero cnocooa,
CO3JJaHKE Ha €r0 OCHOBE MHUJIOTHOH yCTAHOBKH 110 KOMIUIEKCHOM IIepepaboTKe OTXOI0B,
MPOBEJICHUE YKCIIEPHUMEHTOB U IepepacueT XapaKTepUCTUK MUIOTHOW YCTaHOBKH Ha
MIPOMBILUIEHHBIN 00pa3en MeTooM ad(GUHHOTO MOAETHPOBAHHUS.

Metoaunka pacdyera pacxojia TOILIMBA HA IUIABUJIbHBINA PEaKkTop.

CocraB OTXOISIIMX PEAKTOPHBIX Ta30B BBIYHMCIAIOT 0a3upysCh Ha CIEXyHOLIeH
yIPOLIEHHOH (DPU3MKO—XMMHYECKOW MOJENH IMpolecca B CIOE pacilaBa: B ra30BOM
¢daze u Ha rpaHMlE ra3—IUIIaK PaBHOBECHE YCTaHABIMBAETCS MTHOBEHHO; MPOAYKTHI
CropaHMs TOIUIMBA MPH BXOJE B CJIOM MIHOBEHHO OXJIAXKIAIOTCSA 10 TEMIEPaTyphl
paciiiaBa; B MCXOJHBIX NPOJYKTax CropaHus B coe pacmiasa comepxxarcsa H,, H O,
CO, CO,, N,, uto crpaBeUTMBO s TIpoLecca nepepaboTKU [UIAKOB MTPOUCXO/SIIETO
npu temmeparype Hiwke 1600 °C.

[ocnennee yciaoBue MO3BOJSIET ONPEICIUTh COCTaB IMPOJYKTOB CrOpaHUs IO
PaBHOBECHIO TOJIBKO OJIHOW peaKuii:

CO,+H, &= CO+H,0 ()

[Tpoxonst CKBO3b CJI0M IUHKCOAEPIKAILETO PaCIliaBa, Fa3bl B3aUMOICHCTBYIOT
C 3aKHCBIO JKEJI€3a U OKHUCHIO LIMHKA I10 CAEAYIOIIUM PEAKIMSIM:

FeO + H, = Fe + H,0 @)

Fe 4+ ZnO = Zn" + FeO 3)

Zn0 + €O = Zn" + Co0, @)

Zn0 + H, = Zn" + H,0;Fe0 + CO = Fe + CO, (5)

OCOOEHHOCTBIO BOCCTAHOBIJIGHHUSI IIMHKA W3 IUIAKOBBIX PACILIaBOB MPOJYKTAMHU
KOHBEPCHH IPUPOJTHOTO ra3a sBJsIeTCs ci1adoe pa3BUTHe peakiuu (2), ¢ o0pazoBaHUEM
METaJUTMYEeCKOro JKelle3a, KOTOpOe B YCIOBUSAX CJ0osi WHBepcHH (a3 ycreBaeT
pacxojoBaTbcs MO peakuuu (4). B 3THX ycnoBHSIX Tpolecc XapaKkTepu3yercs
MIPEUMYIIECTBEHHO MPOTEKAaHUEM peakiu (5), KoTopast HaXoauTcsl B Tuh O y3HOHHOM
oGnactu pearupoBanus. [103ToMy B KauecTBe pacueTHON NpuHUMaeTcs peakuuu (1) n
(5), nns KOTOPBIX KOHCTaHTAa PAaBHOBECHS U TEMIIEpaTypHAas 3aBUCUMOCTh KOHCTAHTBI
PaBHOBECHS 3aMHCHIBAIOTCS B CIICYIONICM BUJIC:
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K=y -w/x-q, (7)

—1640
T

K = 10exp( + 1,5) (®)

3neck: X,y, W, q —uucno morneii CO,, CO, H,O, H, B OTXOAAIIMX PEAKTOPHBIX rasax
Ha OJIMH MOJIb HCXOJIHOTO TIPUPOJHOTO rasa (Harnpumep, Mosib CO,/MOIb TPUPOIHOTO
rasa).

W3 matepuanbHOro OamaHca IjIs yrjepoja, BOAOPOJA M KHUCIOPOAa, C YYETOM
BOCCTaHOBJICHHOTO M3 paciliaBa IUHKA, BEIBOJUM CHCTEMY JIJISl OTIPEACIICHHS COCTaBa
OTXOOAIINX peaKTOpHLIX Ta30B.

x+y=B;q+w=Cx+05(w+y—2)=E )

3nece: B, C —uncio mozneit yrinepoaa, BOA0poAa B IPUPOAHOM raze, — YiciIo MoJieit
KHCIIOPOJia B OKWCIHTENE, Z — 9nciao Moyieit ZnO BCTyNHBINEE B PEAKIIUIO0 HA OJWH
MOJIb IPUPOJHOIO Ta3a.

U3 coBmecTHOTO perienus ypaBHeHHH (7) U (8) MOIyYUM CUCTEMY:

(K—Dx?>+[K(B+C—Z—2E)+Z+2E)x—BQRE+Z—-B)=0;

y=B—-x;w=Z+2E—-B—-x;q=c—w; (10)
CyMMapHO€ YUCI0 MOJIEH MOJIYYSHHBIX MPOAYKTOB:
D =A+ B+ C, 31ech A — uucio Monei a30Ta, BCTYIUBIIETO B PEAKITHIO.

A = apZ (m+3) CuHy + M85 B = Z(m)ConHy +m,;
n n
rae: € = 2(3) Cntn + da(L + B)E (m + ) CH

E = az (m+2) CuHy +mlo, + 0,5da(1 + ) - 5 (m+2) CuH, (1D

31ech: CmHn - CH4,, C2H6, C3H8 H T.J., ml(\)lzr mgoz - YUCJIO MOJICH
a30Ta M yTIIEKUCIIOTO Ta3a MOCTYIHBIIHUE C TPUPOIHBIM Ta30M, - K03 UIIMEHT pacxoaa
OKHUCJIUTENsI, — OTHOIICHHE MOJBHBIX JTOJICH a30Ta M KUCIOPOJa B OKHUCIUTEINE,
BIIArOCOJIEPYKAHHE OJHOTO MOJISI OKHUCITATEIS.

B (12) BeBeieHa SMITUpUYECKasi 3aBUCUMOCTh PACX0ia TOTIMBA OT TEXHOJIOTHUECKUX
rapaMeTpoB IUIaBKH IUIAKOB B peakTope. [IpenBapurensHO 3a1aBasich TeMIepaTypoi
npoiiecca, IpU 3aJaHHOM 3HAYEHUH MPOU3BOAUTEIBHOCTH peakTopa P, COBMECTHO
pemas ypaBaeHus (9) u (11) onpeaensroT 4ucio Mojiei «Z» M pacxoj TOIUIMBA Ha
npouecc «By:

_ P[Cm(tp_tm)+QHn+CI3H;L_(ACZ+ACf)Cmtm]+FOC'qOC
QE'HZUE;)CBtB_(D+Z)Cortor_[CO'QCO+HZQH2 +Z'CIZTL]

B (12)
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3nece: F  — ornesas noBepxHOCTh peakropa, P — pacxox nuiaka Ha peakrop, C —
yZA€NbHas TEIUIOEMKOCTh 1IUIaKa, t — TEMIIEpaTypa LjlaKa MOCTYIAUIEr0 B PEaKTop,
t — TemIepaTypa pacriaBa Ha BBIXOJE M3 PEaKkTopa, g — TEIIOTa ILIaB/ICHNs LIIaKa,
q,,,~ TEIIOTa SHAOTEPMHYCCKOI PEAKIIH BOCCTAHOBIICHHS LIMHKA U3 LIIAKOB J_, Gy, ,

q,,, —Temnora cropanus (okucienus) CO, H, u Zn, AC, — ynensHbIii TEM0BOH MOTOK

Yepe3 OrpakIaroliyto MOBEPXHOCTh PEAKTOPa, — KOHIICHTPAIIMS IIMHKA B LIJIAKE, QE -
HU3IIast TEIUIOTa CrOPAHUs IPUPOTHOTO Ta3a, o — KO3 HUIMEHT pacXo/1a OKHCIUTEIIS,
U]? - — TeopeTHdecKuil HeoOX0nUMBIH yenbHbIlH pacxon okucnutens, C, — ynenbHas
TEMIOEMKOCTh OKUCIMTES, t,— Temneparypa okuciutens C , t , — TEMI0eMKOCTh 1
TeMIiepaTypa OTXOJIIMX Ta30B C peakropa. MeToaoM apUHHOTO MOJCIUPOBAHHS
omucannoir B (Dikhanbaev, 2021: 101003) BbIIOIHEH pacyeT TEMIOTEXHUYECKUX
XapaKTepUCTHUK MPOMBIIIICHHOT0 o0pa3lia peakropa HHBEpcHH (a3, HEKOTOpbIC
pe3yJbTaThl KOTOPBIX IpEACTaBiIcHbl B Tabnuie 1. B ocHOBY pacuera 3aji0)KeHBI
PE3YJIBTAaThl SKCIIEPUMEHTAIBHBIX TAHHBIX 110 TIOJyYCHHUIO U3 IIIAKOB YIIIEPOAUCTOTO
’Keje3a W CHIMKATHOTO paciulaBa TPHUTOAHOTO Uil MPOU3BOJCTBA CTPOMTENBHBIX
Mmatepuainos (Biiylikkanber, 2023: 127666; Dongseong, 2023: 127603; Zhongbei, 2023:
127621; Cheng, 2023: 127524; Outokumpu HSC Chemistry for Windows; /luxauOaes,
2022: 74-92).

Ta6mima 1 — [IporHO3HBIE TEXHOIOTHYECKHE XapaKTEePHCTHKH «peakTop MHBepcuH (as—TpyOuaras
TIeYb)

1 | Ilpon3BoANTETBHOCTH PEAKTOPA 110 5,0 12.0 25.0 30
KITMHKEPY, T/4
2 | IlpousBoAUTENBHOCTD PEaKTOpa 110 1.25 3.0 6.25 7.5
conepxkanuto Fe-Zn ~2 5 % (Fe-20 (1 /4 Fe, 0.25| (2.4 1/uaFe, | (51/uFe, (6 1/4 Fe,
% — Zn—5 %,) T/4 Zn) 0.6 T/ Zn) |1.251/94Zn) | 1.5 t/4 Zn)
3 | YaenwHsblid pacxon ycioBHOro Torumsa | 2790 2020 1620 1550
KT y.T./T Zn
4 | IloBepXHOCTh OXJIAXKACHHUS PEaKkTopa, 23 40.5 67.7 78
MZ
5 | YaenbHbI pacxon yCIOBHOTO 30.43 29.92 29.91 29.94
TOIUIMBA OTHOCHTEJIEHO MOBEPXHOCTH
OXJIQKICHMSI PEAKTOpa, KI' V.T. /M’
6 | Buyrpenuuit tuamerp TpyGuaToif 2.0 23 3.00 33
TIeYH, M, IPU CKOPOCTH ra3za 5 M/c n
t=1050 °C:
7 | Amunaa TpyGUaTOii meun, M 3.4 4.5 5,0

U3z paccMoTpenus Tabnuis! | MOKHO 3aKITIOUU T, YTO C POCTOM IIPOU3BOAUTENLHOCTH
¢ 5 1/4 10 30 T/4, yAEIBbHBINA pacxo] yCIOBHOTO TOIUIMBA HA PEaKTOp cokpaiaercs B 1,8
paza. YaenbHbIH pacXxo/] TOIIMBA OTHOCUTENBHO OBEPXHOCTH OXJIAXKICHHUS peakTopa
0CTaeTCs MOCTOSIHHBIM ~30 KT y.T./M?.

[Ipu mpoM3BOIUTEIBHOCTH YCTAHOBKU «PEaKTOp MHBEPCHH (a3-TpyOuaras medby
(PUD-TII) 30 1/4 yaenbHbIA pacXoa yCIOBHOTO ToruMBa coctasisier 1550 (cm. Tabm.
1). Cornacno (Dikhanbaev, 2021: 101003), mpu nepepaOoTKe TpaHyIHMPOBAHHOTO
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LIU1aKa co CTENEeHbI0 n3BieueHus uHka E=75-80 % Ha Benbu—neun JIeHnHoropckoro
nojauMeTaundeckoro komounata (Kazaxcran), mpu mpou3BOANTENBHOCTH HuIaka 31
T/4, yIeNbHBINA pacxo] yCJIOBHOTO TomuBa coctasui 5800—6000 kr y.1./1Zn. U3 cpas-
HEHMS TIPUBEICHHBIX JTaHHBIX MOXKHO 3aKJIIOYUTh, YTO MepepadoTka nuiakoB B PUD—
TII o cpaBHEHMIO C BEBI-TICUYbIO COKPATUT YJENbHBIN pacxo] TorMBa B 3—4 pasa.

Pe3yabTaThl 3KCIIEPHMEHTOB

C uenpio JambHEUIIero COBEPIICHCTBOBAHUS TEXHUKH U TEXHOJIOTUH TIepepaboTKu
OTBAIbHBIX MUJIAKOB, OBLIO CIHPOCKTHPOBAaHA M MOCTPOCHA MWJIOTHAs yCTAaHOBKa
MPOU3BOAUTENBHOCTHIO 1,5 T/4 o nwiaky (Dikhanbaev, 2021: 101003).

[Mpunnun paGoTel ycTaHOBKH cienyomuid (cM. puc 1-3). OTBanbHBIA ILTaK
HETPEPBIBHO 3arpyxaercsi B TpybOuaryro meus C, HarpeBaeTcsi OTXOAALIMMH Ta3aMu
m1aBuiIbHOTO peakTopa D, u BayBaetcs B TOT ke peaktop D. B peakrope mnak miaBurtcs
1 BO3TOHSIOTCS M3 HETrO IMHK M TepMaHMi B ra3oByro ¢a3y. Pacinas, mpuroaHslii s
MIPOM3BO/ICTBA CTPOUTENBHON MPOAYKIIMH, BBITYCKaeTCs U3 peakropa. OTXoasIue ra3sl
TpyO4aToOil meuyn HarpeBaloT IyThEBOW BO3MyX B Bozayxomonorpesarene B. Bosronst
LUHKA U TePMaHMsI OTIEISIOTCS B CKpyOOepe 0T yXOoasIuX ra3oB.

Puc.1. OOmwuit BUI MUIOTHON YCTaHOBKH

B nepuon nmpoBeieHUs SKCIIEPUMEHTOB B PEXKHME «ILIIABKa—BOCCTAHOBJICHUE) OBLIO
niepepadboTano ~ 250 T «0eTHOrO» IITaKa COCTaBa:

Zn0(3.8-4,3); Ph0(0.1 — 0.15); Cu(0.6 — 0,8); FeO(7-8); Fe203(2-3);
Fe;0,(23-24); Si0,(27-28); Ca0 (13- 14); Al,05(7-9); S(0.4- 0.5).

A—OyHKep JUIs 1IITakoB, B—Bo3myxomnonorpeBareib— 1-Bo3/1yX, 2-TOMNMBO, 3-TIaK, 4—
ckpy06ep, C—tpybuaras meub, D—peakrop HHBEpCHI paciuias, 5—rasbl
¢a3, E-anexrpoorcroitnuk, F-yrrepoancroe Pucynoxk 3. KonctpykrusHas cxema
xkene30, G-KaMHEUTHEBIE U3JETUS peakTopa nHBepcun (as (CBepxy)
Pucynok 2. MaKeT YCTAHOBKH «PeaKTop C TOMKO¥ /U1l Ta3000pa3HOr0 i TBEPAOro
HHBepcuu (a3—Tpyduaras neub» TOTUIHBA (CHA3Y)
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OKCIEpUMEHTBl Ha YCTaHOBKE IMPOBOJIWINCH HEMPEPHIBHBIM CIIOCOOOM, B Tpex
peKMMax MpPOLYBKH M JUIsl IByX METOAOB BBIITyCKa pacijlaBa M3 peakTopa. 3a Mepy
OLIEHKHM HMHTCHCHUBHOCTH NPOIYBKH MpPUAT OTHOILEHHE HMITyJIbCa Ta30B Yy COMel
MIPOIYBOYHOM PELIETKH K BECY BaHHBI paciiaBa — I/ Gy.

Pexumsl: 1) pexum OGapOoTamHoro cJjosi, B TIpeneigax HHTEHCHUBHOCTH
npoxysku /Gy =0,036-0,09; 2) peXHM «HIeAIbHOr0» CMEIIeHHSI B Mpeneiax

I./Gy = 0,091 — 0,19; 3) pesxnm «nreanbHOro» BHITECHEHUS B IPEIEIAX I./ Gy
=0,191 - 0,42.

MeTo/161 BBIITyCKA paciiiaBa u3 JIeTOK (cM. puc.4): 1) 00koBasi JieTKa (C BEepTUKAIBHOTO

KeccoHa); 2) ¢ppoHTaNbHAas JeTKa (C HAKIOHHOTO KeCCOHa).

Pacnnae

d)pOH'raanaﬂ neTka

3oHa naoeanbHOro
cMeleHns

BokoBas netka

Ha BepTrKanpHOM KeccOHe-00KOBast JIETKA, Ha HAKJIOHHOM (DpOoHTaIbHAS-TeTKa.

Pucynok 4. Cxema pacronoxeHHs BBIITyCKHBIX JIETOK KECCOHOB

Taxum 00pazom, yCpeqHEHHBIE Pe3yIbTaThl IKCIIEPUMEHTOB TTOKa3bIBAIOT:

1) B pexume 6ap6orazxkuoro cios [./G,. =0.036-0.09, ¢ BeIyckoM pacriiaBa ¢
00KOBOI0 KecCcOHa, M3BJICUCHNE ITMHKA HEe TIpeBhImaceT 30 %.

2) B peKUME ««HAEATbHOE» CMeIIeHHEe» —IC/GB = (0.091-0.19, u s
pexunMme 3a npesenamu «uaeansHoro» ememmenns 0,42, —I./G, =0,42, ¢ Bbiyckom
pacrmiiaBa C JIETKM BePTHKAJIBLHOI0 KeCCOHAa, CTEIIeHb 3BJIeUeHNs IMHKa He Ooiee 40
%.

3) B peKHME ««HAeATbHOE» CMelleHHe—HIeaabHoe» BbhITecHeHHe» [, / G, =
0, 19 — 0,42, 1 TONBKO TIPH BEHITYCKE PaCIUiaBa ¢ HAKJIOHHON YacTH peaKkTopa, CTCTICHb
U3BJIeueHUs [uHKa nocturaet 70 %.

B Tabnwme 2 mpuBeAeHbI pe3yibTaThl IKCIIEPUMEHTOB. YCIOBHBIE 0003HAYEHUS:
P — mpou3BOAMTENBHOCTH YCTAHOBKM IO IIaKy, M — Macca BaHHBI pacruiaBa B
peaxTope, VOZ — pacxox kucnopoaa, B — pacxon mpupozroro rasa, W — pacxon

Ha4 KOH
snekrposHeprun, G, - — BEIpaboTKa Mapa, Zn", Zn" _ pavaneroe u koHedroe
coJiep)KaHUe LIMHKA B IIaKe, E— cTeneHb N3BJICUCHNUS [IMHKA, «BY» - yIICJIBbHBIA Pacxo.
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IPUPOIHOTO ra3a HA TOHHY LUHKA, I /Gy — otHOmEHUE HMIIyJIbCA Ta30B B COILIAX
TIPOJyBOYHOI pemeTKH K Becy BaHHbI pacmmasa, I - 1M - W, rtne m_ - MaccOBbIif
pacxos Taza B COIUIAX IPOIYyBOYHOM pemeTkd, W — CKOPOCTh ra3oB B COILIOBOH
pernierke, GB = MB * g, TAe q— yCKOpEeHHE CBOOOTHOTO MAICHUS.

Ta6auna 2. CpaBHUTEIBHBIC PE3YNIBTATHI IKCIIEPUMEHTOB

o(énzggfru P, MB’ 1 C / GB Vo BHPP zo', | Zo, | E, W” G"ar’ 3B
P Kr/a | Kr 2 lava| % % | % | xBtu| kr/g |#MTIPT
paciuiaBa HM3/I{ T7n

I' | Bapborazneiii | 1300 | 670 | 0,064 |103 288 |43 3,01 [30|235 |~1500|17173
CJIOU paciuiaBa
I./G, <
0,09

2 | Croit 400 | 0,099- |108 [305-(4,3 |2,32 (42 {230 |~1500]|12640

«HUOCATTBHOT0»
" 0,26 319
CMCIICHUA

IC/GB:
0,09-0.19
3 | Kombuuamms | 1400 | 130 | 0,26 |105 319 |43 0,8 |70(230 |~1500|7272
CI10s
««HIeaNnbHOE»
CMeEIIEHHE-
«UZEATBLHOE»
BBITECHCHHUE»
IC/GB:
0,19-0,42

Janapie TabMUIEI 2 AEMOHCTPUPYIOT, YTO MPH CMEHE CIOCc000B 00pabOTKH OT
06apOOTaXKHOTO CIIOSI 10O KOMOMHAIIMH CIIOSI ««HIEATbHOE» CMEIIEHNE — «UACaTbHOe)
BBITECHEHHE», CTCTICHh BO3TOHKN MUHKA «E» pacrer B 2,33 pasa, a yaenbHBIH pacxon
TOIUTHBA «B» YMEHbIIaeTcs B 2,36 pasa.

OO0cyxIeHUE pe3yIbTaTOB AKCIIEPUMEHTOB

B nporiecce onbITOB, IPpH BBITYCKE PacCIliaBa ¢ BEPTUKAIBHOTO KECCOHA, B PEIKUME
0apOOTaXKHOTO CIIOS C 1./G, = 0.091, cnost «uaeanbHoro» cmewmenus ¢ I./G, =
0,09-0.19, u 3a npenenamu cios «uaeanbHoe» cmemenue ¢ I./G, — 0,42, creneHs
W3BIIEUEHUS] NIMHKA He moBbIcuiach Bbime E=40 %. Tak kak, BBITyCK pacriiaBa C
BEPTHKAJILHOTO KECCOHAa B BBINICYKA3aHHBIX JMANa30HAaX IPOJYBOK OIPEISIIeTCs
PEXKUMOM NACATTBHOTO CMEIICHUA, TO U3 3TOT'O MOXKHO 3aKJIIOYNUTh, YTO BO3MOXHOCTHU
pocTa u3BJIeUEHUS IMHKA B CIIOE «HJICATBHOE)» CMEIIEHHUE, TOJIBKO 3a CYET TOBHIIICHUS
WHTEHCUBHOCTH IMPOJYBKH UMEET HEKOTOPBIN Npejies, 00yCIOBICHHBI BHYTPEHHUMH
(hM3UKO-XUMUYECKIMH TTPOIECCAMH.

[Tocne mpoBeicHUS IKCIIEPUMEHTOB, C BBIITYCKOM pacilylaBa ¢ HAKJIOHHOMH JIETKH,
¢ (ppoHTANBLHOTO KeccoHa, (YCIOBHO HAa30BEM PEKMMOM HJEATFHOTO BHITECHEHHS),
IpU TOM ke 3HaueHu I./G, = 0,42, ObLI0 JOCTUTHYTO YAOBIETBOPUTENILHOE 3HAYCHHE
CTeTeHNn BO3TOHKM mMHKa - E=70 %. Takum o6pa3om, mepea 3KCIepHUMEHTaTOPOM
BCTaeT €CTECTBEHHBIH BOIIPOC, KAKOBA POJh HAKJIOHHOIO KECCOHA B TOBBIIICHUU
CTCIICHU U3BJICUCHUA HHHKa?

HI/IHK B OTBAJIBHBIX HIJIAKaX HAXOAUTCS B @opMe CJIOKHBIX COGZII/IHGHPlﬁ, KaK CUJIMKaT
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nmHKa (Zn2Si04), depput muaka (ZnFe204) u T.on. [Ipexe yem BOCCTaHOBUTH ITUHK
U3 TaKUX CJIOKHBIX COCIUHCHHIA TIOTPEOYEeTCsI UX Pa3sIOKCHHUE HA TPOCThIE MOJICKYJIbI
(cm. Tabm. 3 myHKTHI 17 2), ¥ TOTOM TOJBKO TTPOUCXOMUT BO3TOHKA ITMHKA B Ta30BYIO
¢azy (cM. Tabn. 3 myHKT 3).

Ta6uuna 3 — TepMoauHAMUYECKHE XapaKTePUCTHKH peakuuii mpu t=1400 °C

No Peakunii AG, xJIx K

1 Zn,Si0,= 2Zn0 +Si0, 35.73 0.077
2 ZnFe,0,= ZnO + Fe 0, 32.37 0.097
3 ZnO + CO = Zn'+ CO, -95 1.977
4 27n0 + SiO, = Zn _SiO, -35.73 13.062
5 ZnO + Fe O, = ZnFe O, -32.37 10.256

Kak cienyer u3 tabuuisl 3, XapakTep n3MeHeHus sHeprun ['nb0ca oOpa3oBaHus
CJIO)KHBIX KOMIOHEHTOB Zn,SiO, u ZnFe O, m3 mpocteix Monekyn — ZnO, SiO,,
Fe,O, orpuuarenbHbli, a XapakTep nu3MeHeHus SHeprun ['m66ca y peakuun pacnana
cunmkara (Zn,SiO,) u deppura nurka (ZnFe,0,) na mpocteie Monekyis! (ZnO, SiO,,
Fe,O,) monoxurenbupii. Cpennee 3HaYeHUE KOHCTaHThI paBHOBecus (K) peakunn
00pa30BaHuUs CIOKHBIX KOMIIOHEHTOB M3 MPOCTBIX MOJEKyn (cM. Tadm. 3 m.4, 5), Ha
nBa nopsizika (~ 100 pas), 6ojblie, 4eM y peaklliy pacrajia CIOKHBIX KOMIIOHEHTOB Ha
pocThie MOJIeKyIbI (11.1, 2). [ToaTomMy, ¢ Oosbieii BEPOSTHOCTHIO MOKHO OXKUAATh, UYTO
B PSKUME «HJICATbHOE» CMEIICHNE, B CIIOE PACIUIaBa HJIET J[BA TIPOTUBOIIOIOKHBIX O
HaIpaBJIeHUIO ¥ MHTEHCUBHOCTHIO peakiuu: (1) — MeneHHbIe peakluu Pa3iioKeHUs
CJIO’KHBIX KOMIIOHEHTOB Ha IMPOCTHIE MOJICKYJIBI 1 (2) — ObICTphIEC peakiiuu 00pa3oBaHHs
CJIO’KHBIX KOMITOHEHTOB M3 MPOCTHIX MOJIEKYIL.

W3 nocneiHero MOXHO 3aK/IIOYUTh, YTO B YIIOMSIHYTOM BBILIE PEKUME KUACATBHOE)
cmemenue (I./G,=0,091, I./G;=0,42), ¢ BBIycKOM paciiaBa ¢ 60KOBOI JIeTKH, U3-3a
JIOMUHUPOBaHMsS OBICTPBIX PEAKIMH O00Pa30BaHMs CIOKHBIX KOMIIOHEHTOB (Zn,SiO,,
ZnFe,0,) u3 mpocteix monekyn (ZnO, SiO,, Fe,0,), Haq MeIIEHHBIMA PeaKIUsAMU
Pa3JIOKEHUsI CIIOKHBIX KOMIIOHEHTOB Ha MPOCTHIC MOJIEKYJIbI, POCT W3BJICUCHUS IIMHKA
He Habmopanock. M, Hao0opoT, mpu BBIYCKE paciuiaBa ¢ HPOHTAIBHON JIETKH, U3—3a
YMEHBILICHHS CMEUICHUS AJIEMEHTApHBIX CTPYEK paciijiaBa, MPOU30LLIIO0 TOPMOKEHHE
peakuuu 00pa30BaHUS CIIOXKHBIX KOMIIOHEHTOB W3 IIPOCTBIX Mojekyn. Ilociennee
00CTOSATENECTBO MPUBEIO K POCTY CKOPOCTH peakuuu (I.3), COOTBETCTBEHHO K
MOBBIIIIEHUIO CTEIEHN BO3TOHKHY IIMHKA 10 70 %.

Crioco6 BbIMTycKa paciyiaBa C HAKJIOHHOM JIeTKHM peakTopa, ((ppOHTAJbLHBINH
KeCCOH, CM. puc. 4), HaMH OBLUT YCIIOBHO Ha3BaH PEKIMOM «HICATHHOES)» BHITCCHCHHE.
Tak kak, B HAKJIOHHOM CJIO€ pacIljlaBa TakKe HJAET MPOLECC Pa3JIOKCHMS CIIOXKHBIX
MOJIEKYJI, ¥ KaXKJasl SJIEeMEHTapHasi CTpPyHKa B HEM ABHIKETCS apajlIeNIbHO IPYT APYTY,
TO BEPOATHOCTH CMENIEHHs MPOCThIX MoJeKyl — Zn0O, SiO,, Fe,0,, coorBeTcTBEHHO
BHOBb 00Pa30BaHHUs U3 HUX CIIOKHBIX KOMIIOHEHTOB — Zn,Si0,, ZnFe,O, ymeHnbmiaercs,
U CTEIEeHb BOCCTAHOBJICHUS IIMHKA 110 popmyie ZnO + CO = Zn'+ COZ’BospaCTaeT.

Taxum 00pa3oM, B pe3ysbTaTe KCIEPUMEHTOB OTKPBHITO HOBOE SIBICHHE: B CIIOE
pacriaBa MIeT J1Ba IPOTUBOIIOJIOKHBIX 10 HAIIPABJICHUIO M MHTEHCUBHOCTBIO PEAKIINH,
(1) — MeUTeHHBIE peaKMU PasIoKEHUs CJIOKHBIX KOMIOHEHTOB (Zn,Si0O,, Znke O,)
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Ha npocTeie Monekyibl (ZnO, SiO,, Fe,0,) u (2) — ObicTpble peakuuu 00pa3oBaHus
CJIOKHBIX KOMIIOHEHTOB U3 MTPOCTHIX MOJIEKYJI; JOMUHUPOBAHHUE OJJHOM U3 IBYX peaKkinii
BJIMACT Ha CTENECHb W3BJICUECHHUS IIMHKAa W3 paciulaBa; Ha OCHOBE HOBOTO SIBICHHS
co3JlaHa KOMOWHAIMS CIOCOOOB «HACAIBHOE) CMEIICHHE-«UeaIbHOE» BBITECHEHUE,
Ha3BaHHBIM ClloeM HWHBEpcUH (a3; MOCICTHUN MOBBICHI CTENEHb BO3TOHKH IIMHKA C
40 % no 70 %, v CHM3MJ yAEIbHBIA pacxo] TomuBa B 2,36 pa3a IO CpaBHEHHIO C
TPaJULUOHHBIM METOJOM 0apOOTaXKHOTO CIIOSL.

Paccuntana sxoHommueckas 3(P(EKTUBHOCTH  NpeasaracModl  yCTaHOBKH,
pe3ybTaThl IPEeACTaBICHBI B TabuLe 4.

Ta6mmna 4 — Pe3ynpTaTsl pacueToB CpoKa OKYNaeMOCTH HHBECTUIIMU Ha YCTAHOBKY
IIPOU3BOUTEIBHOCTBHIO 25 T/4 MO KIIMHKEPY

IIpu npou3BoACTBE TOJIBKO IIpu npou3BOACTBE LUHKOBBIX BO3IOHOB U
LIUHKOBBIX BO3rOHOB KAMHEJIUTHBIX U3/1EIui

(ITeccumucTrueckuii crieHapuif) (OnTHMHCTHYECKHT CleHapHi)

Ilena Cpox Osxunaemast ena Cpok Osxuyaemast
MPOTYKITUH OKyTIae PUOBLIb, MPOAYKIIUU OKyIiae MPUOBLIb,

Hmp, Tenre/ MOCTH T, TeHre/roz Hmp, Tenre/ron | mocTH T, TeHre/roz

Tox ner ner
4 605 552 000 4.64 2018 649 600 | 7316265 600 2.24 4187220 480

[Ipu crenenn n3BnedeHus nuHKa U3 KirnHKepa 70 %, 001Iee KOJTNIecTBO TMHKOBBIX
Bo3roHOB Oyzaer ~157 000 1. B cimydae cTOMMOCTH TOBapHBIX KIMHKEPHBIX BO3TOHOB
$800/T, HaMMEHbIIMI PHIHOYHON MOTEHIHAT AYHCANCKOr0 OTBAJIBHOIO KIHMHKEpa
cocraBuT ~$125 600 000.

Kamuraasubie 3aTpatel K =9 362 965 500 1T; ce0eCTONMOCTS TIPOTYKITHH Cnp=
2 082 240 000 r/rox; Llena kamHeTUTBIX TUIMT, 22680/ TU/T; T = ; .

BrIBOIBI (inp—Crip)*0,8’

1. Huskoe coneprkanne rpHKa (6—7 %), COTTPOBOKIABIIIEECs C BEBICOKOH CTOMMOCTHIO
KOKCa, TPUBEJIO K MOJHOW OCTAaHOBKE pyAHMKA Auucail; B €ro METajulypru4ecKom
1exe HaKOIIEHO OKOJIO 4,5 MITH TOHH KJIIMHKEpa ¢ PHIHOYHBIM MMoTeHIHanom ~ $125,6
MJIH. OJIHaKO SKOHOMHYCCKU 3(1)(1)6KTI/IBHO€ M3BJICUCHUE METAJIJIOB U3 PyA U KIIMHKEPaA
TpeOyeT B ~ 2 pa3a OoJIbIIe y/IeNbHOI YHEPTHH, YeM UX ITPOM3BOCTBO U3 OOTaThIX PY/I.

2. Co3maH MIaBWIBHBIA arperar ¢ MpUMEHEHHEM HOBOIr0 crioco0a HEMmpephIBHOM
IUTAaBKH «HM/€ajibHOe» CMellleHHe; ero 3aMeHa Ha TPaJAUIUOHHBIN 0apOOTaKHBIN
crioco0 nmoBwIcHIIo m3BJIeueHne nuHka ¢ 30 % 1m0 40 %; ogHaKO mambHEHIIICE ITOBHITIICHIE
WHTEHCUBHOCTH ITPOJYBKH HE Aaio 3¢ dekra.

3. HoBu3Ho#i paOoTHI sIBIIsSIETCS CO3/1aHUE, HA OCHOBE HOBOT'O SIBJICHUS, KOMOMHAIH
CIOCO00B «HJICAIBHOE» CMEIICHUE - «HJICATbHOE» BBITECHEHUE, HAa3BaHHBIN CIIOEM
vHBepcuH (a3; MOCIeAHUN TOBBICHI CTETeHb BO3TOHKH ImHKa ¢ 40 % mo 70 %,
Y CHU3WJ yJAEJbHBIN pacxoJl TomuBa B 2,36 pa3a 1o CpPaBHEHHUIO C TPAIUIIMOHHBIM
METOAO0M 0apOOTaKHOTO CIIOSI.

4. CoznaH TUTaBHIIBHBIA arperar HOBOT'O TOKOJICHHs, Kak KOMOWHAIUS peakTopa
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uHBepcueld Qa3 ¢ TpyOwaroll mMe4bl0, C PereHepaTHBHBIM HCIIOJIb30BaHUEM
BBICOKOTEMIIEPATypHBIX I'a30B PEaKkTopa Ul HarpeBa MCXOIHOIO MaTepuaia B ey,
B 3—4 pasa cokparuarouieil ynenbHblii pacxoj TOIUIMBA 10 CPAaBHEHUIO C JeHCTBYOLIEH
BEJIbII-I1€YBI0.

5. Co3naHa HOBasi METO/IMKA pacyeTa pacxo/ia TOIINBA B PpEAKTOPE C UCIIOJIb30BAHUEM
MeTona ap(GUHHOIO MOAEIMPOBAHMS; HA €€ OCHOBE NEPECUMTAHBl XapPAKTEPUCTHKH
MIPOMBILIUIEHHBIA YCTAHOBKH Ui TepepaOOTKH KIMHKepa; pe3ysbTaThl pPacyeToB
YCTAHOBKM IPOU3BOJIUTEIBHOCTBIO 25 T/4 1O KIMHKEPY IIOKa3bIBAIOT, YTO IpH
[IECCUMHUCTUYECKOM CLICHAPUU CPOK OKYIIAaeMOCTH COCTAaBUT 4—5 JIeT.

HccnenoBanusi mpoBOOMINCH B paMKaxX HaydHO-TexHHuYeckod mporpammel UPH
AP23489509 «Coznanwe miaBmiILHOTO peakTopa s S3Heprod3hGekTrBHOM yTHIN3anu
30J10- ¥ IIJIAKOOTBAJIOB)»
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Abstract. In this study, lipophilic components from a chloroform extract obtained
from Hedysarum songoricum Bong. herbs of the Fabaceae legume collected during
the flowering and early fruiting phase in the lower zone of the Zhetyzhol ridge in the
Zhambyl region, were investigated for the first time. Thin-layer chromatography was
performed using a solvent system consisting of cyclohexane: ethyl acetate (8:2), and
specific reagents (10% phosphomolybdic acid, 2% iron (III) chloride, concentrated nitric
acid, iodine vapor, and UV light) were utilized, along with other non-polar substances,
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to identify vitamins A and E in comparison with standard samples. Spectrophotometric
and titrimetric methods of analysis were employed to determine their quantitative
content, which was found to be 0,01% (vitamin A) and 0,03% (vitamin E), respectively.
Gas chromatography-mass spectrometry (GC-MS) identified 15 substances, including
hydrocarbons, fatty alcohols, acids, and their esters. Among the lipophilic components,
tetracosane (27,38%), 11-tetradecin-1-ol acetate (16,08%), n-hexadecanoic acid (9,95%),
heneicosane (7,94%), and 9,12,15-octadecatrienoic acid (7,93%) were identified in the
largest quantities. The identification of components was facilitated by comparing their
retention times and complete mass spectra with data from the NIST electronic library
and the GS-MSD data analysis program.

The study also assessed the antioxidant activity of the chloroform extract obtained
from Hedysarum songoricum Bong. using the FRAP (Ferric Reducing/Antioxidant
Power) method. The results revealed that the extract exhibited fairly high antioxidant
activity at concentrations of 0,25 mg/mol (86,73%) and 0,5 mg/mol (78,72%),
respectively, compared to the standard - ascorbic acid.

Key words: Hedysarum songoricum Bong., gas chromatography-mass spectrometry,
thin-layer chromatography, lipophilic components, antioxidant activity.
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Cyaranosa Hyprya AnaiidaiiKbI3bl — XUMHUS FhUIBIMAAPBIHBEIH 10KTOpSL, JI. H. I'ymuiieB aTbiniarsl
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Annoranus. byn sxymeicra anram pet XKamObur o0mbickl JKeTiol >KOTachbIHBIH
TOMEHI aliMarbIH/a TYJJICHY OHE epTe jkeMmic Oepy Ke3eHiHJe >KMHAJIFaH OypIiak
TYKbIMIachl (Fabaceae) >xoHrap TUBIHTarbIHBIH (Hedysarum songoricum Bong.)
meOiHeH aJbIHFAaH  XJIOPO(OPM  CHIFBIHABICHIHBIH  JIMMO(UIBII  KOMIIOHEHTTEpI
seprrenai. JKyka kabartel xpomarorpadus 9Jici apKbUIBL: I[MKJIOI€KCaH:ITHIAIETAT
(8:2) epitTkimrep KyieciHae >xoHe apHaiibl peareHTTep (hocdopnbl MonudaeH
KbIIKBLIBIHBIH 10%-ab1K crupT epitinmgici, 2%-asik Temip (I11) xstopui, koHIIEHTpII
a30T KBIMIKBUIBL, HOx Oybl KOHE YIBTPAKYITiH Coyieci) KOMEriMeH, CTaHAapTThl
YJTUIEpMEH CalbICTBIPMANbl  TypAe, Oacka Jia TOJNspChI3 3arTapMeH Karap A
xoHe E mopymenzepi aHbIKTamabl. TanaayaslH —CHEKTPOGOTOMETPHSUIBIK JKOHE
TUTPUMETPHSIIBIK OJIICTEPIH KOJIaHa OTBIPBIN, ONapAblH caHiblk Kypambl 0,01%
(A nopymeni) xone 0,03% (E mopymeni) anbikraiabl. ['a3 xpomarorpaduscei-macc-
cnekrpomerpust (GC-MS) kemeriMeH KOMipCyTeKTep, Malilbl CIIUPTTEP, KBIIIKBLIIIAD
JKOHE OJIapJIbIH Kyp/ieii adupiepine Tuecui 15 3ar anbikTainapl. backa aa numnoduibai
3aTTapMeH CaJIBICTBIPFaH/a €H Kol MeJjmep/e TeTpako3aH (27,38%), 11-rerpagenun-
1-om anetarst (16,08%), H-rekcagexaH KbITIKBLUIEI (9,95%), renditko3an (7,94%) xoHe
9,12,15-oktanekarpueH KbIIKLLUIHI (7,93 %) aHBIKTaNIbI. 3aTTapIbl OJapIbIH CaKTaIy
YaKbITTapbl MEH TOJIBIK MaccalblkK crekTpiepai NIST aiekTpoH/Ibl KiTanXaHaChIHBIH
nepekrepiMer koHe GS-MSD nepekrepai Tangay OarmapiaMachlHBIH JIepeKTepiMeH
CaJIBICTBIPY aPKBLIBI AHBIKTAJIJIBL.

Hedysarum songoricum Bong. eciMIiriHeH albIHFaH XJIOPO(QOPM CHIFBIH/IBICBIHBIH
anTHokcuIaHTThIK Oenceninirin FRAP (Ferric Reducing/Antioxidant Power) ogici
apKBUIBI aHBIKTAIIFaH 3epTTEYIIep YChIHBIIFaH. HoTHKeciHie, ChIFbIH/IBIHBIH CTAHAAPTThI
— acKOpOMH KbIIIKBUIBIMEH CalbICThIpFaHnaa, coiikecinme 0,25 mr/mons (86,73%)
xoHe 0,5 mr/monb (78,72%) KOHILIEHTpaLUsIaApbIHIA AHTHOKCUIAHTTHIK O€JICEeH LTI
JKETKUTIKT1 )KOFapbl €KEHI aHBIKTAJIJIbI.

Tyiin ce3mep: Hedysarum songoricum Bong., ra3 xpomarorpaduscei-mMacc-
CIEKTPOMETPHSL, JKYKa KabaTThl Xpomarorpadus, JTUMOPHIBAI KOMIIOHEHTTEP,
AHTHOKCHUIAHTTHIK O€JICEHI1JIIr.
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Annoranus. B nannoit pabote BrepBble H3yUeHb! JTUMOPHUIbHBIE KOMIIOHEHTHI 3
XJIOpO(OPMEHHOTO JKCTPAKTa, MOJYYEHHOTO M3 TPaBbl KOMEEYHHKA KYHIapCKOTO
HedysarumsongoricumBong. (cem. bo6oBbie Fabaceae),codpannoro B hazy IBETCHUS U
HayaJia IUI0JOHOIICHHUS B HIKHEM rosce xpeoTa XKeTpnkoin Ha Tepputopun JKamObIIcKoH
obmacti. MeTooM TOHKOCTIOWHOM Xpomarorpad B CHCTEME pacTBOPHUTEIEH:
LUKJIOTeKCaH: 3Tunanerar (8:2) u ¢ ucrnoib3oBaHueM crennduyabix peareHTos (10%-
HBII STHIIOBBINA pacTBop HopPOpHOMOTUOAEHOBOI KUCIOTHI, 2%-HBIH XJIOPH] Kee3a
(III), koHIEHTpUPOBaHHAS a30THAS KUCIIOTA, apbl Hoxa n YP-cBeT) Hapsiay ¢ APYTHMU
HETIOJIIPHBIMU BELIECTBAaMH HMICHTU(HUUMpOBaIN BuTamMuHBl A n E B cpaBHeHUH
CO CTaHAapTHBIMH oOpasnamu. CHeKTpo(OTOMETPHUECKUM W THTPHUMETPUUYECCKUM
METOZIAMH aHajlM3a YCTaHOBMJIM MX KoiuuecTBeHHoe conepxanue 0,01% (BuTamMuH
A) u 0,03% (Buramun E). Meromom razoBoii xpomaro-macc-criekrpomerpun (I'X-
MC) ycraHoBunu 15 BemiecTs, TaKuX Kak yIJIEBOJOPObI, JKUPHbIE CITUPTHI, KUCIOTHI
U UX cioxkHble 3¢upsl. [lo cpaBHEHHIO ¢ APYTUMH JUTOQUILHBIMH KOMIOHEHTaMH B
HanOOJbIIEM KOJIMYECTBE UAeHTH(UIIMPOBaIH TeTpako3aH (27,38%), 11-terpagenns-
1-on amerar (16,08%), H-rekcagekaHoByr kucioty (9,95%), rensiikosan (7,94%) u
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9,12,15-okTanexkaTpueHoByto Kucioty (7,93%). KommnoneHTbl wuIeHTH(GUIMPOBAIN
MyTEM CPaBHEHHUS MX BPEMEH YACP)KMBAHUS U TOJIHBIX MAacC-CIIEKTPOB C JaHHBIMH
anekTponnoi oubmunoreku NIST u nporpammbl ananuza ganHslx GS-MSD.

[IpencraBnensl McciaeqOBaHUA MO OIPEACICHUI0 aHTUOKCHUAAHTHOM aKTHBHOCTH
metonoM FRAP (Ferric Reducing/Antioxidant Power) xmopo¢opMeHHOTO 3KCTpakTa,
noiy4eHnHoro u3z Hedysarum songoricum Bong. B pe3ynbrare BbISIBICHO, YTO SKCTPAKT
00NaiaeT AOCTaTOYHO BBICOKOW aHTHOKCHIAHTHON aKTHBHOCTBIO TPH KOHIICHTPALIUIX
0,25 mr/monpb (86,73%) u 0,5 mr/monb (78,72%) COOTBETCTBEHHO B CpPaBHEHHH CO
CTaHJapTOM — aCKOPOMHOBOH KHCIOTOM.

KioueBsle caoBa: Hedysarum songoricum Bong., nmunodunbHble KOMIIOHEHTBHI,
TOHKOCJIOHAss XpoMmarorpadusi, ra3oBas XpoOMaro-Macc-CIIEKTPOMETpPHUS, aHTHOKCH-
JaHTHAasi AaKTUBHOCTb

Kipicne

lonapkrukansik sxoHe OpTa A3WSHBIH TayJbl KYHenepiHae Tapaiy OpTajibIFbl 0ap
Oypuak (Fabaceae) TyxkpIMaacelHBIH TubIHTaK (Hedysarum) ecimaikrepinin 200-
neH actaM Typi O0ap. Kaszakcranna, Typai mamimertep OoMbIHINA, TaylapablH TOMEHT1
JKarblHaH CyOaJIbIIUIIIK JKOHE aNbIIUTIK Oeieynepine AeiiH TapaiFaH, TaCThl, KUBIPIIBIK,
TacTbl OeTkeiyiepae, COHAal-aK IIONTI IIAIFBIHIAP MEH Kymjaapia eceTiH 35-TeH
37-re neiiin Typi 6ap (I'pymsunckas, et al, 2014; baiirenos, 2001; AGxynuna, 1999).
XKeke sxeprinikti Typaepi pecmu (Hedysarum alpinum L.) xxone noctypini (Hedysarum
flavescens Regel & Schmalh, H. neglectum Ledeb.) menuimHana KakbIpbIK TYCIPETiH,
BUPYCKa KapChl JKOHE JXYPEK aypyjiapblHa Kapchl Kypal PpeTiHIe KOJJaHBUIAIbI.
Hedysarum eciMairinig OipHele Typiepi OMOMOTHSIIBIK OeJICeHITIK OOMbIHIIA KaH-
YKaKTbI 3epTTEyJICpACH OTTi, OJapAbIH OPTYPIi cajanapAarbl 9JeyeTiH, COHbIH ilIiHIe
Katepii icikke Kapcel (Altay, et al, 2022), mukpo6ka xapcel (Dyshlyuk, et al, 2024),
xacaprarbid (Hailigian, et al, 2007) xone anTrnokcunanTabik (Gambacorta, et al, 2014)
cUIMaTTaMayiapbl 3epTTEIreH.

OciMmaik HeriziHaeri MunoduiIbai KOChUIBICTapFa (apManeBTUKA, HYTPHUIIEBTHKA,
KOCMETHKA, TaMaK »>KoHE XUMHsS OHEpKAciOiHIe KeINTereH KoJAaHblc TabaTbiH
OPTaHHUKAJIBIK KOCBUTBICTAP/AbIH KeH CHEKTpPi (KeMipcyTeKTep, Mall KbIIIKbUIAAPHI, Mal
CIHPTTEPI, AJIBACTHIATED, ALMIIIHLEPUHACD, TEPIICHONITAP KOHE CTEPOUATED) JKATa bl
(Marques, et al, 2020). MbIcaibl, Mail KbIIIKBIIIAPhl MEH allMITIHLEpUHIIEP OMOAN3Eb
Kacay YIIiH KeHIHEeH KOJJaHbuIaabl. Mail KbIIIKbIIIAPbIHBIH 1IIIHE TUHOJ KBIIIKBUIBI
TaMaK >KOHE KOPEKTiK OHEPKACIMKE KbI3bIFYIIBUIBIK TYABIPATHIH MAaHbI3Abl KAaHbIKIaFaH
Mail KBIIIKBUIBI oMera-6 Oojbin TaObutafpl. COHBIMEH Karap, JIMHON KBIIIKBUIBI
(hapmaleBTHKAJBIK KOHE KOCMETHUKANBIK OHIMAEPAE J1e KOJIaHbUIAAbl JKOHE Tepijeri
MEeTa0OJIMKAJIBIK TIporecTepre ocep eremi; A, E mopymenaepiHiH OeiceHinirine
BIKIAJ eTe]li )KOHE 0(PTATBLMOJIOTHSIaFbl MYHi3/Ti KA0ATTHIH TOCKAYBUIIBIK KACUETTEPIH
kanmnbiHa Kenripeni (Rosado, et al, 2022).

Bypein nunoduibai KocwuibicTap, (uTOCTEpOngap koHe Oackamapel Hedysarum
polybotrys, H. taipeicum, H. multijugum, H. scoparium, H. sikkimense, H. theinum,
H. gmelinii, H. semenovii %one H. austrosibiricum typnepinae anpikranrad. (Dong,
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et al, 2013). bBenrimi gopimik ecimuikTepAiH Junoduibai KOMIOHEHTTepl Oipereit
OHMOJIOTHSIIBIK, OCJICEH Il 3aTTap TONTapbIHA Ue OOJIFaHBIMEH, dJ11 JIe a3 3ePTTEIIICH.

By sxymbicta xpomatorpadus aaicimen Hedysarum songoricum Bong. eciMairinig
JUNO(UIBII 3aTTap CHIFBIHIBICBIHBIH aHTHOKCUIAHTTHIK OSJICEHIUTIr 3epTTEI .

Marepuajgap kaHe dicrep

Hedysarum songoricum Bong. eciMiri ryJificHy ®oHE epTe jKeMic Oepy Ke3eHiHIe
Kazakcran Pecryonukace! XKamObI1 00BICHIHBIH ayMaFbIHAAFb! JKeTiK0I JKOTaChIHbIH
TOMECHT1 OeJ/IeyiH/Ie )KUHAJIIBL.

¥Yurakranrad 10 r kyprak mukizat xjaopopopmmed (1:7) Geame TemmneparypacbiHaa
72 carar Ooiibl dKcTpakuusuianabl. CHIFBIHABIHBL JKYMCaK JKaraaiiaa aiHaIMaiibl
OynanapIprbimTa x)oHe 40—45°C cy MOHIIACHIHBIH TEMIIEPaTypPachlH KOJIIaHa OTBIPHIIT
KOHUEHTPICH/I. AJIBIHFaH JTUMOQUIBAI CHIFBIHIABI — KOO KaChll TYCTi, OipTeKTi,
epeKIIIe KaFbIMIBI MiC1 MEH epeKIle 1oMi 6ap Maiiibl Macca. ChIFBIHBI iC KY31HIE Cy/a,
AJIKOTOJIBAIE epiMeiini, Xopodopmaa KaKChl epui.

JKKX a0icimen nunogunvoi kypamoac bonikmepin anvikmay. 1 T yCaKTaJFaH IMIAKi3aT
CHIUBIMABUTBIFBI 25 MJ Konbara CalbIHBIN, 5 M XJopodopMm KyWbeuibm, 1,5 carar
inrHae SkcTpakiusuianapl. Cy3inin anbiaFaH chIFbIHIBL "CopOdun" miacTHHKACKIHA,
LUKJIOTEKCAaH - dTHJIaleTar epiTkimTep xkyiecine (8:2) xkyKka KadaTTbl XpomMaTorpadus
(OKKX) omicimen xpomatorpadusiaanibl. ApHaibl peareHTTep peTinae Gpoppopmibl-
MonuOneH KbIKbUIBIHBIH 10%-ab1k oTHa epitinaici, 2%-apik Temip (II1) xmopwumi,
KOHII.a30T KBIIIKBUIBI, 0/ Oybl skoHe yabTpakynri (YK) coyneci KongaHbuiab.

A Oapymeniniy caHObIK KYpambvl CHEKTPOPOTOMETPHS OIICIMEH IKYPTri3uidi.
Mamamen 0,1 r mmkizar xmopodopmaa 100 M CHIABIMABUIBIFEI Oap emeyimr
koj10aza epiTiiin, epiTiHAiHIH KejeMi Oenrire )KeTKi31dil, apanacThIpbUIAbl. AJBIHFaH
epiTiHAIHIH HAKTHI MOJILIEPIH aJIbII, OHBI COJI MOJILIEP/IE XJI0POPOPMMEH CYHBUITBIIIIBL.
AJBIHFaH epiTiHAIHIH onTHKaIBIK ThIFbI3AbIFEL Cary 60 UV-Vis (Agilent Technologies)
cnekrpodoromerpinne 450 HM TONKBIH Y3BIHABIFBIHAA, KaOATTBIH KaJbIHABIFEL 1 cM
00JIaTBIH KIOBETAAA OJIIIEH/II.

E oopymeninin canowvix mandayei. llamamen 0,12 r mukizar 10 mu aGcomroTTi
cnuptTe epitimin, 10 MiI KYKIpT KBIIIKBUIBIHBIH a0COJIOTTI CHOUPTTEri epiTiHAiciH
KOCBIT, KOmbazna Kepi TOHA3BITKBIINIBI Oap Cy BaHHAchblHOA 2 caraT KaiHATBULABL.
Benme temmeparypacbiHa AeHiH caJKblHAaFaHHAH KEHiH KOCHAaHbI CHIMBIMIBUIBIFBI
50 mn emmeyim konbara aybICTHIPBIN, EPITIHAIHIH KeJIeMiH aOCONIIOTTI CIUPTIEH
Oenrire peiiin >keTkizuiai. Epitinminin 20 mu-He 20 M1 aOCOMIOTTI COUPT KOCHUIIBI.
10 M cy xoHe 2 TaMmIubl TU(GEHWIaAMUH €PITIHIHAICIH KOCHIM, LepHid CyIb(aTbIHbIH
epiTiHAICIMEH TYPaKThl KOK-KYJTIH TYC Maiga OonFaHfa AeHiH apanacTbipa OTBIPHII,
tutpnenai (Kazakcran PecyOnukacsiasiy MemiekeTTik papmakoresicsl, 2014).

X10poopMABI CHIFBIHIABIHBIH XUMISUTBIK KypaMbl Rtx-100-DHA (30 m % 0,25 Mm)
tunti Oaranarel Agilent 5975¢ Mmaccanbik cenekTuBTI neTekTopbl 0ap Agilent 7890A ra3
xpomarorpadblHaa KeJeci )Karnaiinapaa Tangan/sl: OylaHAbIPFBIIITHIH TEMIIEPaTypachl
280°C, non xe3i 230°C, kBampynoinbl kouaencatop 150°C. Taceimanmaymibl ra3
aFBIHBIHBIH KBUIIAMIBIFBI (Tenuil) 2 miu/MuH Kypaisl. Kypamaac OemikTep IIBIHHBIH
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ayaaHbl OOMBIHIIA aHBIKTAJIbl, COHBIMEH KaTap OJapAblH YCTaly YakKbIThl MEH TOJIBIK
Macc-criektpiiepid NIST anekTpoHAbIK KiTanXaHaChIHBIH JepekTepiMeH xone GS-MSD
JepeKTepi Tanaay OaraapiaMachbIMEH CalbICTBIPY apKbUIbI OHICII.

Xn0poopM CHIFBIHIBICHIHBIH AaHTUOKCHJIAHTTHIK OCJICEHUIIr TeMipii KajlblHa
kentipy aneyetid FRAP (Ferric Reducing/Antioxidant power assay) aHbIKTay oiCiMeH
in vitro 3eprrengi. CanpICTBIPy CTaHAAPTHI PETIHAE ACKOPOMH KBILIKBUIBI KOJIAAHBIIBL.
O—1Mr/mMa KOHLEHTpalus [IUana3OHbIHAA 3epTTeleTiH | M CBIFBIHABIFA 2,5 MI
¢docdar Oydepi (0,2 M, pH 6,6) sxone 2,5 ma 1%-1bIK Kanuii rekcanranodeppaTbHbIH
(IIT) epirtinmici kocbuiabl. Peakiust kocmacekl 50°C Temneparypaza 25 MHHYT OOWHBI
MHKyOanusutanpl, peakus 2,5 M 10%-AbIK YIIXJIOpaleT KbIIKbUIBIHBIH ePiTIHIICIH
KOCY apKblIbl TOKTaThl1abl. Kocma 3 munyT 00iibl nenTpudyrananst (1500 aiinanbmv/
MHH.). 2,5 MJ KOFaprel Kabat 2,5 miu Tazapreuiran cymeH skoHe 0,5 mi 0,1%-abIk
FeCl, epitinnicimen apanacteipbuianl (Benzie, et al, 1996). OnTukanbIK THIFBI3IBIKTBL
emuey Cary 60 UV-Vis (Agilent Technologies) cnekrpogdoromerpinge 700 HM TOIKBIH
Y3BIHABIFBIHIA KYPri3iii.

HoTu:kesiep »oHe TaJIKbLIAY

KKX omicimen nmunoduibai GpakiusHbl XpoMaTor pausuIbIK Tajaay HOTHKECIHIE,
LMKJIIOTeKCAaH:3THITalleTaThl (§:2) epiTKImTep )KYHECIH KOHE apHANbI aKBIH Ay IITBIIaP BT
KOJIJITaHa OTBIPHIT, KAPOTUHOHITAP, TOKO(Epoaap skaHe XJIopoduiuiaep aHbIKTaIIbI.
XmopohHUTAEPIiH JTOKAIU3AMMACH KOPIHETIH JKaphIKTAa TOH Kapa-)Kachll OOSyMEH
JKOHE YIBTPAKYITIH Coyliefie AamlblK KbI3bUT  (DIIyOPECIEHIIUSAMEH aHBIKTAJIBI.
Kaporturonarap MeH Tokodepoaapas! Tanmay coiikecinme A sxone E mopyMmennaepiaig
CeHiIM/I1 YNITIepiMEeH CaJIBICTBIPBUTBIT, KYPT131II.

XpomarorpaMmanapAarkl KApOTHHOUATAPABIH (A TOpyMEeHi) camaibl aHbIKTaMachl
oJlapfra TOH Caphl )KOHE CapbI-KBI3FBUIT PEHKTEPAE, YIBTPAKYITIH Coyiene-aaKTapablH
KOHBIp  (hIyopecrleHnusACh apKpulhl Kyprisinai. KapotuHomarapabiH O0mysIH
pacray ymiiH Xpomarorpammanap 3T cruptiageri 10%-ap1k hocdopibi-monudaeH
epitinmiciMen eHuenai. Kaporunounarapra skayar OEpeTiH gaKTap KoK TyCKe, ajl TeMip
(IIT) xmopuaiMeH eHIeTeH/Ie — capbl — AachUl TYCKe Oosuapl. XpomaTtorpamma Hof
OyeiMeH eHIereHe Tokodeponmapra (E mopymeni) ToH gakrap KOK-KYJITiH TYCKe He
0O0JI/TBI, KOHIICHTPAIHSIAHFaH a30T KBIIKBIIBIMEH — KBI3FBUIT Caphl )KOHE YIBTPAKYJITiH
coyiene kek QuyopectieHius O0onapl. byn Hotmke Hedysarum songoricum Bong.
OCIMITIHIE OCBHI KOCBUIBICTApABIH OoiyeiH Oomkaiimpl. Jlepekrep 1-kecreme
KEITIpiIreH.

Kecre 1. Hedysarum songoricum Bong. ecimziriniz xiopodopmst ceirbiHAbICEIHBIH JKKX nepexrepi

Ne HuknorekcaH: Tyci 3ar

oTUIaneTar Onerenre neiiin OHICTeHHEeH KeHiH
xyhecingeri Rf (8:2)

0,16 ATIBIK-KOK VK-coynene: kerinaip Benriciz
0,23 Kex YK-coynene: xerinip Benriciz
0,29 Kex YK-coynene: xerinaip Benrici3
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0,36 Kex Tewmip (I1I) xmopuaimen: E nopymeni
KBI3BLT;

Mo GybIMeH: KOK-KYIIIiH;
KoHII. a30T KBIIIKBUIBI:
KBI3FBUIT Caphbl;
YK-coynene: keruiuip
0,43 Koro kex - Benrici3

0,51 Kpi3reuiT caper | @ochopnsi-monunbdaeH A nopymeHi
KBIIIKBUIBIMEH: KOK;
Tewmip (III) xmopunimen:
CapFbILI )KaChLI;
YK-coynene: KOHBIP

0,58 Ampik Kei3rpIT | YK-coynene: 603FbUIT capbl Benriciz
capbl

0,67 AUIBIK capbl YK-coynene: 603FbUIT capbl Benrici3

0,70 AIIBIK KacblI YK-coynene: ambik KbI3bLUT Xnopoduut

0,89 YKacein YK-coynene: amrbik KbI3bLUT Xnopodumut

0,91 Koro xacbun YK-coynene: ambik KbI3bLUT Xopodumt

JKyka kabatThl XpoMarorpadus nepekrepine coiikec Hedysarum songoricum Bong.
ecimairiameri 11 naumodribai KOCBUIBICTAp AHBIKTANABI, OJApIBIH IMIHIE Kelleci
komrioHeHTTep: 1-3, 7 xoHe 8 - 3arTap Oenrici3; 4-3aT Tokodeponaap peTinie KIKTeI i
(E mepymeni); 5-3ar — aHbIKTanMmaraH; 6-3at — xapotmHouna (A mopymeni); 9-11 —
XJIOpOGUILIAEP pacTali/Ibl.

Hedysarum songoricum Bong. ecimmairinmeri A xoHe E mopymeHAepiHiH CaHIBIK
KYpaMmbl CIIEKTPO(POTOMETPHSIIBIK JKOHE THUTPUMETPHSIIBIK OJIICTEPMEH aHBIKTAJIBII,
coiikecinie 0,01% xoane 0,03% Kypajbl.

Conpaii-ak, aunmoduibli  KOMIOHEHTTEp  ra3  xpomarorpaduschl-mMacc-
cnextpomerpusicsl (I’ X-MC) apkputel ansIKTanabl. 1-cyperre Hedysarum songoricum
Bong. ecimpirineH anblHFaH XJIOPO(GOPM CHIFBIH/IBICHIHBIH TOJBIK XpOMAaTOrpaMMachl
kepcerinreH. LLIbIHHBIH OHIKTITI op KaFAaiiaa ap Typ:i O0IaThIH CaH bl KepceTeai. by
eciMikTeri apbip KOMIOHEHTTIH Meuepi Oip-OipiHeH epekIIeNneHeTiHIH Oinaipen.
[IbHapasiH OpHAJIACyhl 9P IIBIHHBIH JJIIOIUS YaKBITBIH KOPCETEAl, 0J1 9p KOCBLIBIC
YIIiH 9p TYPJi KYpBUIBIMFa OalIaHBICTBI op TYPJIl O0Iabl.
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1-cypem. Hedysarum songoricum Bong. ecimairinin xsiopogopm coiFbIHAbICHIHBbIH ['X-MC
XpOMaTOrpamMMachl

Kewmipcyrekrep, mMaii cnmpTTepi, KBILIKBUIAAD XOHE ONapAblH d(Upiepi Topizai
OapnbiFbl 15 momnsipchl3 3aTTap aHbIKTanabl. CaHABIK JKarblHaH TeTpako3aH (27,38%),
11-rerpanekan-1-on anerar (16,08%), H-rekcajiekan KbIKbLUIbI (9,95%), rensiiko3aH
(7,94%) xone 9,12,15-okraexkarpueH KoK (7,93%) yiieci sxoFapbl MeJmep/i
Kypazpl. 2-KecTeie aHbIKTaIFaH KOCBUIBICTAP/IbIH I€PEKTEPi KENTIpiIreH.

Kecre 2. Hedysarum songoricum Bong. eciMairiHiH XJI0po(opM CHIFBIH/IBICEIHBIH MOJISPCHI3 3aTTaPEI

KocbLibIcTBIH aTaybl Mouekyansik | MoJieKkyJ1aabIK Cakranay Memepi,

(opmyacsl Maccachl YaKbITbl, MHH %

Terpakosan (1') C H, 338 40.175 27.38

11-terpanexun-1-omn anerar (2') C H, 0, 254 25.564 16.08
I'excajexan KbILIKbLIBI (3') C H.O, 256 27.258 9.95
I'endiikoszan (4') C,H, 296 37.853 7.94

9,12,15- OxranekaTpueH KbIIIKbIIbI CH,0, 278 29.954 7.93

(€]
Tpanc, mpanc-2->rundunmkio[4.4.0] CIZH22 166 36.841 7.06
nekaH (6')
4-nenten-2-o1 (7') CH O 86 3.868 4.50
Jonekan (8') C.H,, 170 3.142 3.58
2,4-nonanuen, (E, E)- (9") Cc H.O 124 26.279 2.68
9,12- OxTasexkaueH KbIIKbUIbI (Z, CH,,0, 280 29.899 2.52
Z)- (10")

Honanermun ymdropanerar (11') C,H,F.O, 380 39.966 2.47
2,6,10-ymmerun- noaekan (12') C.H, 212 34.729 2.31
INenTaxo3an (13") C,H, 352 35.378 1.91

Duton (14") C,H,0 296 29.800 1.42
Terpanexan (15') C H, 198 34.652 0.95
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AHBIKTaJIFaH KOCBUIBICTAP/IBIH KYPBUIBIMAAPHI 2-CypETTe KOPCETIITeH.

Terpako3aH ecimMIiKk METaOOJIUTIHIH MaHBI3/IbI POJIIH aTKAPAThIH ChIFBIHIBIIAFEl €H
xorapbl Menmepai kepcereni. Jerkovic . et al. sxymbiceinna Hedysarum coronarium
L. ecimairinig meHTan MeH IuATWI >QupiniH (1:2) KoHE IUXIOPMETaH KOCHACHI
CBIFBIHIBUIAPBIHAH TeTpako3aH Tabbuisl (Jerkovic, et al, 2010).

VAVAVAVAVAVAEVAVEVAVAVAVE \ﬂ/o\/\/\/\/\/ﬁ)\/
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2—cypem. AHBIKTAJIFaH JII/IIIO(l)PUIbIli KOCBUIBICTAPABIH KYPbLIBIM/IAPbI
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['excanexaH KbIIKBLIBI, MalIap/aa, 0anaybl3aapaakKoHe 9pTY Il oCiMIIK MaiinapbiHaa
(30iiTYH, MambMa Maiibl) Ke3A€CETiH KeH TapalfaH KaHbIKKaH Mail KbIIIKbUIbI. BypbiH
reKcaZekaH KbIIIKbUIBIHBIH MeTuin 3hupi Hedysarum theinum TaMbIpiapbiHIa
tabputran (Heuemypenxo, et al, 2007), cousiMen Katap Hedysarum coronarium >KoHe
Hedysarum gmelini KypaMbplHaH T'eKCaJeKaH KBIIIKBUIBIHBIH 2,3-TUTHAPOKCHIIPOITIIT
a¢upi anpikTanasl (Bruno, et al, 2017; Liu, et al, 2005).

Oupemusinsik Hedysarum cappadocicum xanslpakTapbl MeH oCiHAiIepiHiH 95%-1bIK
9THJI CHIFBIHBICHIH/IA TEHEHKO3aHHBIH O0YbI Typallbl JEPEKTEP KYMbICTA KENTIpiAreH
(Eyuboglu, et al, 2022). Keneci 3ar — 9,12,15-0okTafgekarprueH KbIIIKbUIBI-TOTBIFYFa
ce3iMTaNABIFBIMEH TanbiMal 9, 12 sxoHe 15 mozunusinapseiHia yuc-koc OaiaHbIchl Oap
JIMHOJICH KBIIIKBUIBL. By KOCBUIBIC MaHBI3AbI (hapMaKOJIOTHSIIBIK MaHbI3Fa He OOIybl
MYMKIH 9HE KaTepJIi iCiK IeH KYPEKTiH HIIEMUSIIBIK aypybIHBIH aJIIbIH aTyFa MaiJasl
ocep ereni (Ben Salah, et al, 2015). bapibIk aHbIKTanFan KoceuisicTap Hedysarum
songoricum Bong. ecimziri yuiH ajgram peT TadbuIIbl.

Boc panukangap KopmiaraH OPTaHBIH OPTYPl XHMMHSUIBIK 3aTTapbIMEH JKOHE
OCIMJIIKTEP/IIH IHIOTEH/IIK MeTabomu3MiMeH Ty3uieni. BHOMeUITMHANBIK FEUTBIMHBIH
JaMybIMEH epKiH paauKalgapAblH MUABIH JUC(YHKUUACH, KaTepil iCiK JKoHE KYpeK
aypysapbl CHSKTBI KONTEreH aypyJiapra Karblcybl Oenrimi Oonabl. boc panukangapmen
KYPECeTiH aHTHOKCHIAHTTHI 3aTTap afaM JCHCAyJbIFbIHIA IICHIYIi Pes aTKapaibl.
Hedysarum tyxpiMaac eciMIIKTepIeH alblHFaH KeHOip XUMHSIBIK 3aTTapAblH KYIITI
AQHTUOKCUAAHTTHIK KacHeTTepi Oap exeHairi xabapianmibl.

Bypein 0i3aiH kymbIchIMBI3Ia 013 Hedysarum songoricum Bong. cymbl-COHpT
CBHIFBIH/IBIIAPBIHBIH, aHTHOKCHIAHTTHIK O€JICEHALIr Typalisl XabapiaraH O0IaTbIHOBI3
(OKymaginga, et al, 2023). 3eprTeyai opi Kapaii skanFacTelpa OTBIPHIIN, 0i3 XI10pohopm
CBIFBIH/IBICBIH TaJAAbIK.

FRAP (Ferric Reducing/Antioxidant Power) TannaysiHna sxorapsl CiHipy Kabineri
KOFapbl aHTHOKCHIAHTTBHIK O€JICEHAUTIKTI KepceTeni. byn omic marblH MOJEKyaabl
AHTHOKCUJIAHTTAp/Ibl aHBIKTayFa MYMKIHJIIK Oepeli. OJMIiCTiH apThIKIIbUIBIFBl OHBIH
KapanaibIMABUIBIFBI, JKbUAaMABIFEL JKOHE TalAay KYPridy YLIIH a3 MIBIFbIHAAPBIMEH
epekureneneni. [Ipouecti 6akpuiay Fe (III) monnapeiabin Temenaeyi Hemece Fe (II)
HOHJAPBIHBIH 6CY1 apKbIJIbI KY3€Te achlpPbLIaIbI.

3-kecrene xoHe 3-cyperre Hedysarum songoricum Bong. eciMairinig xJiopohopm bt
CBIFBIH/IBICBIHBIH @aHTHOKCUIAHTTHIK OCJICEHIUIIMH Tanaay HOTHXKeIepl KeATipiireH.

Kecre 3. Hedysarum songoricum Bong. cerrbiaabuapsina FRAP oniciMen sxyprisiiren Tainmama
HOTIKECH

ChIFBIHABY CTaHAAPT CBIFBIHIBI MOJIIIEPi, MI/MOITh
0,25 0,5 0,75 1
ONTHKANBIK THIFBI3IBIKTAPHI
X10po(OPM/IBI CHIFBIH/IBI 1,669+0,24 1,797+0,33 1,375+0,26 1,641+0,29
ACKOPOWMH KBIITKBUITBI 1,925 2,284 2,257 2,316

3-kecrenieH  kepceriirenaen, Hedysarum  songoricum Bong.  eciMuiriHig
XJI0pO(OPMIbI CHIFBIH/IBICH KOHLICHTpaKsiFa OalIaHBICTHI O TYPIi CiHIpY KaOlieTTepin
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koepceTTi. ChIFBIHABIHBIH KallblHa KenTipy KabijgeTi ackopOWMH KbIIIKBUIBIMEH
canblcThiprania kepcerinred. 0,25 sxone 0,5 MI/Monb KOHIEHTpaLMsUIAPBIHAAFBI
CHIFBIHABI THIiCIHIIE 86,73% >xoHe 78,72% eH xorapbl OCICEHUTIKKE He CKCHIITI
AHBIKTAJIIBI.

—a— HS-Chl
—e— AK

= g N
W (=} W
1 1 1

OnTUKAIBIK THIFBI3ABIK, 700 HM
=)
1

T T T T T T
0.00 0.25 0.50 0.75 1.00

KoHnuentparusi, Mr/moib

3-cypem. 3epTTenieTin epiTiHAinepaiH KOHIEHTPAUMACHIHA ONTUKAJIBIK ThIFBI3AbIKTHIH
TayeJainik rpaduri

A xonHe E nopymenepi e aHTHOKCHIAHTTBIK KaCHETTepre ue )KoHe Keloip Karepai
ICIKTEp/IiH, )KYPEK aypyJapbIHbIH jKOHE 0acKa CO3bUIMAbl aypysapiblH allJiblH any/aa
pen arkaparbiabl Oenrini (Rosado, et al, 2022). E nopymeni paguxangapabiH MaHbI3IbI
CiHiprimi 0oyl TadbUIAABI, JTUMOGWILIAI OpTagarbl THAPOKCHI paJHuKajiapblHaH
00C DIEKTPOHIAPABI ally apKbUIbl PavKaiaap KEeNTIpreH 3aKbIMIAHYIbl a3alTajibl.
CoHbIMEH Karap, JUIWATEPIIH acKblH TOTBIFybIHA ce3iMTan MemOpaHanap E
JIOPYMEHIHIH OChI KACHETI apKbLIbl KOPFaJIFaH.

A nopymeHi, E nopymeHi cekinjii, aHTHOKCHIAHTTHIK KACUETTEPre He, JKacyIaaap bl
00c paaukanaapisiH ocepine Kopraiel (Ergun, et al, 2024).

JluHONMEH  KBIMIKBUIBIHBIH ~ TOTBIFYFa JKOFapbhl — CE3IMTANJBIFBI  0ap  JKOHE
AHTUOKCUJAHTTHIK OCJICCHIIIIK >KaFAablHAa MaHbI3bl OOJYbl MYMKIH €KCH/IIT
Typasisl MasiMeTTep Ke3neceni (Ben Salah, et al, 2015).

KopbIThIHABI

KKX omiciMeH Oacka TUMOGUIIBAI KOMIIOHEHTTEpMEH Oipre A sxoHe E nopymenzaepi
uaeHTU()UKALIMSIIaHIbI, oJapAbiH Mesepi carikecine 0,01% xone 0,03% Kypabl.

Hedysarum songoricum Bong. eciMIiriHiH JUno(uiIbIi KOMIIOHCHTTEPIHIH
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camnaliblK JKOHE CaHJBIK KYpaMbl aHBIKTaNbl. KeMipcyTekTepre, Maiiabl CIIUPTTEPTE,
KBIIIKBUIIAPFa JKOHE OoJapiblH 3QupiepiHe KarbicThl 15 3ar aHbIKTamabl. CaHIbIK
JKarblHaH TeTpako3aH (27,38%), 11-terpanekan-1-o1 amnerar (16,08%), H-rekcagekan
KbIIKBLIBL (9,95%), reneiiko3an (7,94%) xoHe 9,12,15-0kTajieKaTpHeH KBIIIKbLIBI
(7,93%) yneci xorapbl MeJIIEPl KYpabl.

Hedysarum songoricum Bong. eciMIiriHiH XJ10poQOopMIbI CHIFBIHIBICH aCKOPOUH
KBIIKBLIBIMEH canbIcThipranaa 0,25 mr/moinb (86,73%) sxone 0,5 mr/monb (78,72%)
KOHIIeHTpanuschiHga FRAP  omiciMeH O KETKITIKTI JKOFapbl aHTHOKCHJAHTTHIK
OEJICeHTIITIKTI KOPCETTI.
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Abstract. Licorice is one of the main types of medicinal plants growing in
Kazakhstan. These are perennial herbaceous plants belonging to the legume family due
to the classification of their botanical properties. There are several species that grow in
the desert, semi-desert, steppe regions of Kazakhstan. The root of red licorice is used in
medicine as an expectorant, effective, slowing respiratory diseases, an antidote to colds.
The drug Red licorice is a treatment for colds, inflammation of the respiratory tract,
allergic skin diseases. Glycyrrhenate is recommended for the treatment of trichomonas
and gynecological diseases, chalcorine, stomach and liver diseases.

The main biological, pharmacological component, the most active and active in
licorice roots, is considered to be "glycyrrhizic acid". It is an acid-pentacyclic three-
terpenoid saponin, the concentration of which is 25% in the root of the Red licorice plant,
and the proportion of polyphenolic compounds in the root is about 3-5%. Glycyrrhizic
acid is present in licorice roots in the form of potassium, calcium and magnesium salts.
The synthesis of pure glycyrrhizic acid is carried out in the presence of concentrated
sulfuric acid. Laboratory work of the experimental part was conducted on him.
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A quantitative analysis of the product under study was carried out. During the study,
water and ammonia were used as a solvent. The object of the study for the comparative
analysis of the licorice plant was the roots of the plant "Red licorice", growing in the
foothills of the mountains of the Kyzylorda region and Western Altai in accordance
with the geographical location, and the roots of the plant "Ural licorice", growing in the
foothills of the Ural Mountains. The mass was determined as an indicator of the analysis.
The article describes the determination of the quantitative composition of glycyrrhizic
acid and a comparative analysis of the qualitative properties of biologically active
substances contained in the extract, conducting research and processing the results.

Keywords: red licorice, medicinal plants, extraction, glycyrrhizin, glycerin, gluconic
acid.
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AnHoramusa. Musi ecimairi Ka3zakcraHja eCeTiH JOPUTIK ©CIMIIKTEPJIiH HEeTi3ri
TYpiHe *kaTajbl. bynap-0oTaHUKaIBIK KACHETTEPIHIH KIKTeTyiHe OaiIaHbICThl OypIIaK,
TYKBIMJIAChIHA JKATAThIH KOIDKBULIBIK INONTECIH eciMiikTep. Ka3zakcTaHHBIH 1o,
LIOJICHTTI, Janaibl aiiMakTapblHIa eceTiH OipHemie Typi Oap. KpI3bin Mus TambIpsl
MEIMIIMHA/A KAKBIPBIK TYCIPETIH, IC )KYPTi3€TiH, THIHBIC XKOJIIap aypybIH O9CCHICTETIH,
CYBIK THICHTE Kapchl JIopi peTinje mnaijananpuiapl. KbI3bul Mus mpenaparbl CYbIK
TUTEHJIC, THIHBIC KOJIJIAPbIHBIH KaOBIHYbIHA, QJUICPTHSUILIK TEpl aypyiapblHA €M.
[unuppenar npenapaTbl TPUXOMOHAT KOHE THMHEKOJIOTHSUIBIK aypyJap/ibl, XaIKOPYH,
aCKa3aH koHe 0aybIp aypysiapblH eMCYTe YChIHBUIFaH.
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Musi  eciMAiriHiH TaMBIpbIHJIA ©H OJCEeHII opi aKTUBTI OWOJOTHUSIIBIK,
(hapMaKoNOTHSJIBIK HET13T1 KOMIIOHEHT «IIMLUPPHU3HH KBIIKBUIBD OOJIBII €CenTeNei.
Byt KBIIIKBLT — MEHTAUMKII YIITEPIIEHOMATHI CAlIOHUH OOJIBIN Ta0bLIa bl )KOHE OHBIH
KOHUEHTpauusichl KpI3bU1 MUsI ©CIMIITIHIH TaMBIPbIMBIHAA 25%-1b1 KYpai b1, COHIA-
aK TaMbIPABIH KYpaMbIHAA MOTH(EHOIIBI KOCBUIBICTAPIBIH Yieci 3-5%-Fa KybIK OOJBII
KeJesi.

[Mmunuppr3nH KBIIKBLUIBI MUSI ©CIMIITIHIH TAMBIPBIHA KT, KATbLUH )KOHE MarHui
TY37apbl peTinae keseaecedi. Ta3a MIMUMPPU3UH KBIILIKBUIBIH CHHTE3/1EY KOHIECHTPII1
KYKIpPT KBIIIKBIIBI KaThICBIHIA Ky3ere acaibl. OJ Typaibl SKCHEpUMEHTTIK OoliMHIH
3epPTXaHaNbIK KYMBICTaphI KYPri3iial. 3epTTeNeTiH oHIMIe CaHIBbIK Talaay >Kacasibl.
3eprrey OapbIChIHAA €pITKIII PETIHAE Cy, aMMHUAK ajblHABL. 3€pTTey HBICAHBI MHS
eciMAIriHe canbICThIPMalbl Tajaay YIIiH reorpadusiiblk opHbIHA colikec Kpi3butopaa
o0nbicel MeH batbic Anraii TaynapbeiHbIH OeKTepine oceTiH «KpI3bl1 MUs» eCiMIIriHiH
TaMBbIpbI )koHe Opai TaynapbIHbIH OeKkTepine oceTiH «Opan Mus» eCiMAITiHIH TaMBIPbI
anbiHAbl. Tanmay KepceTkilli peTiHAe macca aHbIKTauAbl. Makajana DIHOUPPH3UH
KBIIIKBUIBIHBIH ~CaHABIK KYpaMblH aHBIKTAy JKOHE OKCTPAKTTHIH KYpaMbIHIAFbI
OMONOTHSIIBIK OEJICEeHAl 3aTTapIblH CanalblK KACUETTEPl CalbICThIpaMabl TalJaHblII,
3epTTEY KYPri3y )KOHE HOTIIKEIICPIH OHJIeY OastHIaIFaH.

Tyiiin ce3mep: KbpI3bUI MHUS, JOPUTIK OCIMAIKTEP, SKCTPAKUMs, TIHLIAPPU3UH,
[IMLEPUTHH, TIIFOKOH KBIIIKBUIBL.
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Annoranusi. Conofka OTHOCHUTCSI K OCHOBHBIM BHJIaM JIEKAPCTBEHHBIX PACTCHUH,
npouspactaomx B Kazaxcrane. OTO MHOTOJETHHE TPaBSHHUCTBIE pPACTEHUS,
MpUHAAJICKAIIME K ceMeicTBY OO00OBBIX M3-32 KiacCH(pHUKAIUU HX OOTaHUYECKUX
CBOHCTB. ECTh HECKONBKO BUAOB, MPOU3PACTAIONINX B MYCTHIHHBIX, IMOTYIYCTHIHHBIX,
crenHbIX peruoHax Kazaxcrana. KopeHb KpacHOH CONOIKH MCIIONB3YETCS B MEAULIMHE
KaK OTXapKHBalOIIee CPeICTBO, dPPEKTUBHOE NMPH PECIUPATOPHBIX 3a00JIEBAHHSX,
a TaKke Kak MpoTUBosAMe OT mpocTydsl. [Ipemapar KpacHast comoaka ucnonb3yercs
JUIsL JICYCHUS IPOCTY/bI, BOCTIAJICHUH AbIXaTeIbHBIX MyTeH M aUIePrUuecKuX KOKHBIX
3aboneBanuii. [Ipenapar munuppeHar peKOMeHJ0BaH JUIsl JICYCHUS! TPUXOMOHAIHBIX
THHEKOJIOTHYECKHX 3a00JIeBaHMi, XaIKOPHHA, 00JI€3HEH JKeIyaKa U TIeUYeHH.

OCHOBHBIM  OHMOJIOTHYECKUM, (PapMaKOIOTHYECKHMM KOMIIOHEHTOM, Haunbolee
AKTHBHBIM M aKTUBHBIM B KOPHSIX COJIOIKH, CUMTACTCS «IIMLUPPH3HMHOBAS KUCIIOTA.
OTO KHUCIOTHO-TICHTAIIMKIMYECKUH TPEXTEPIICHOUAHBIA CalloOHWH, KOHLEHTpaLus
KOTOporo coctapnsier 25% B KopHe pacTeHusi KpacHoll conoaku, a Takke IO
no’u(eHOIBHBIX COEIMHEHNH B KOPHE COCTaBIISIET OKOJIO 3-5%.

[munuppu3nHOBas KUCIOTa MPUCYTCTBYET B KOPHSX COJIOJAKH B BUZE COJICH Kaus,
Kajbpluusi U Maraus. CHHTEe3 YUCTOW TITUIMPPU3UHOBOW KHCIOTBHI OCYLIECTBIISACTCS B
MPUCYTCTBUM KOHIIEHTPUPOBAHHOW CepHON KHCIOTHl. O HEM BENUCHh Ja0OpaTopHbIE
paboThI AKCTIEPUMEHTATIBHOM YaCTH.

[IpoBeneH KoMMUECTBEHHBIN aHAIM3 HCCIIEAYEMOT0 MPOAyKTa. B Xone nccnenosanus
B KayecTBEe pacTBOpuTels Opamu Boxmy, amMMuak. OOBEKTOM HCCIEHOBAHUS JUIS
CPaBHHUTEIBHOTO aHAIN3a PACTEHUs COJOAKH OBLIH B3sIThI KOPHU pacTeHus «Kpachas
COJIONKa», MPOM3pACTAIONIEro B NpeAropbsix rop Keizpuopaunckoid oOmactu u
3amagHoro AnTasi B COOTBETCTBHHM C TeOrpa@MuecKUM TIOJOKEHUEM, M KOPHH
pacteHus «YpalbCKasi COJIO/Ka», MPOM3PACTAIONIET0 B MPEATrOPbSIX YPalbCKUX TOP.
Macca onpezaensiiach Kak IMOKa3aTellb aHanu3a. B cTaTbe W3JIOKEHO ONpenesieHHe
KOJJMYECTBEHHOTO COCTaBa DIUIMPPU3UHOBONM KHCIOTHI M CPAaBHUTEIBHBIA aHAIN3
KaueCTBEHHBIX CBOWCTB OMOJIOTMYECKH aKTHBHBIX BEIIECTB, COACPKAIIUXCS B
9KCTpaKTe, MPOBEACHUE UCCIEOBAaHUHI N 00paboTKa pe3ynbTaToB.

KiroueBble cjioBa: KpacHas COJIOJKA, JIEKAPCTBEHHBIC PACTEHHsI, IKCTPAKLUS,
DIMLUPPHU3HH, [TTULEPUTHH, TIIIOKOHOBAsK KUCIIOTA

Kipicne

XKep Oeringe mUManblK KacHeTKe Me KONTEreH AIPilik eciMaikTep eceni. bipmama
eMJIIK KaCHEeTKe Me OCIMIIKTep epTe 3aMaHHaH-aK aJiaM3aT KOHUIIH ayaapbil KeJli.
OciMIiKTepiH KypaMbIHIAFbl KONTETeH OMONOTHSUIBIK KOCHalapAblH aJaM ar3acblHa
TUTi3ep maigacel opacaH 3o0p. Ockl cebentTi Jge Ka3ipri Ke3re JeHiH aTaJMBIII
OCIMAIKTEpiH ONOTIOTHAIIBIK, (PUTOXUMHSIIBIK, XUMHUSUIBIK, ()apMaKOIOTUSUIIBIK KYpaMbl
MeH KAaCHETiH 3epTTey FhUIBIM CalajapblHbIH 0acThl Ha3apbIH/A.

Must CIMIIITIHIH )KOHE TaMBIPBIHBIH KYPaMbIH/Ia Ke3/1eCeTiH OMOIOTUSLIBIK OSIICeH/T
KOCBUIBICTAp KaObIHYFa KapChl, 5KOFaphl ThIHBIC )KOJIAPbIHBIH, COHAAN-aK Tepi, acKa3aH-
111K KON AaPBIHBIH, OYHpeK, OaybIp *KoHeE T.0. aypynapablH allIbIH aTyFa 9CepiH TUTi3el,
COHBIH iIIiH/E carmoHuH ByKin aneMaik, pecMu jkoHe STHOMEANLIMHAIA KOJIaHbIIaThIH
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JOpiNiK eciMAIKTepAiH iminae Mus (OypliaKTap TYKbIMAACH) ©CIMIIKTEPl MaHbI3IbI
opbIH anajel (Amitava, et al, 2010).

O/1cOMETTIK 10Ty HEeT131H/1e aHATMTHKAIIBIK 3epTTelry Kasakcran PeciryOnukachiHBIH
FBUIBIMU MEIMIMHACHIH/IA MUS ©CIMITIHEH KOHE TaMbIPbIHAH JKacallFaH Impenaparrap
¢dapmaxomnesra enrizinred. Onap *KoFapbl THIHBIC JKOJJIAPBIHBIH aypyJlapblH eMIeyae,
COH/ali-aK TaMaK OHEpKACciOiHJe Ke3AECEeTiH MIMKI3aT eHIMAEpl apTypili aypynapisl
emzey Ke3iHJe KOJAaHBUIATBIH AKCTPAKTTiIEpIi, Heri3ri OMONOTHSUIBIK KOMIIOHEHT-
[IMLIUPPHU3HH KBIIIKBUTBIH NaiJananyFa 00maTbHbIH KepceTTi. COHIBIKTaH 3KCTPAKTTHI,
[IMLIUPPHU3HH KbIIIKBUTBIH CHHTE3/ICTI aJIFaHHAH KeHi1H, MU ©CIMAIKTEPiHiH (KbI3bLI MUS,
opaJl MUs) XUMHSIIBIK KypaMbl MeH (apMaKoJIOTHSIIBIK OCJICEHIIIITIH caIbICTBIPMAaIIbl
TYP/AE 3epTTey HeT13ri Macee O0bIM TaObLIaAbL. i XoHE (pIaBaHOUATHI KOCBUIBICTAPIBIH
ajap OpHBI €peKIle (Marat Iztleuov,2021).

3eprreynin Makcarsl: @apMareBTHKa, KOCMETOJIOTHS KoHe 0acKa eHipic
caylajapblH/a PAKTUKAJIBIK KYHBI MaTepHrai OOJIbI TaObUIAThIH MUl ©CIMIITiHEH
CHUHTE3AEIIeH IMLIUPPHU3HH KbIIIKBUIBIH YTHIM/IBI TIaljaany, OHbIH TOJIBIK (pu3nKa-
XUMUSUIBIK KACHETTEPIH 3ep/eliey apKbUIbl OTaHABIK (JapMaKOJIOTHSHBIH JaMYbIHA 30D
BIKIIaJIbIH aHBIKTAY.

3epTTey HBICAHBI MeH JicTepi

Musi  eciMAiriHiH TaMbIpbIHIIA ©H O€JCEeHIiI opi aKTUBTI OWOJOTHUSIIBIK,
(hapMaKoONOTHSAJIBIK HET13T1 KOMIIOHEHT «IIMLUPPHU3HH KBILIKBUTBD OOJIBII €CenTeNei.
Byl KBILKBUT — MEHTAUMKIAI YIUTEPIICHOMATHI CAllOHWH OOJBIN TaObLIaibl >KOHE
OHBIH KOHLEHTpanuschl KpI3bUl MHS ©CIMAITIHIH TaMBIpbIMBbIHAA 25%-ab1 Kypaiabl,
COHal-aK TaMbIPAbIH KypaMblHAa MNONMA(EHONIbl KOCBUIBICTAPABIH yieci 3-5%-
Fa JKybIK OomnbIn Kedeni. KplIKpUIIbIH XUMHSAIBIK KYpaMbl €Ki OOJiKTeH Kypasaibl.
On 18-B-muuuppeTdH KBIIIKBUIBIHBIH Oip MOJIeKynaiblK OeJiri MeH IIIOKYypOH
KBIILIKBUTBIHBIH €Ki MOJIEKYJaChIHAH Typanabl. [ TUIMPPU3NH KbIIIKBUIBIHBIH XUMHSUTBIK
Kypam OeJiriHiH KUHaKTaIFaH GopMynacel (a) MeH 18-B-mmuuuppeTH KbIKbUIBIH (0)
TOMEHJET1 1-cypeTTe KopCeTireH.

HerizineH mIUIUPpU3UH KBIIKBUIBI MESI ©CIMJIITIHIH TaMbIPbIHA KaJIUH, KaJIbIUH
YKOHE MarHM{ TY34aphl peTinje keseaeceni. Taza NMIUPPU3KH KbIIIKBUIBIH CHHTE3ACY
KOHUEHTPI KYKIPT KBIIIKBUIBI KAaTBICBIHAA XKYy3ere acaabl. On Typaibl NPaKTHKAIbIK
0eJiMHIH 3epTXaHaNbIK )KYMbICTAPbIHAH aHFapBIN Kapayra 0oJabl.

COOH

Hp OQH

COOH

(a) - TTUIMPPHU3UH KBILIIKBLITBI

87



OF THE NATIONAL ACADEMY OF SCIENCES OF THE REPUBLIC OF KAZAKHSTAN

(6) - 18-B-rmMIUppeTHH KBIIIKBIIBI
1-cyper. [TTMImppu3uH KBIIKBUTBIHBIH XUMHSUIBIK KYPaMbl: (@) - IMIUPPH3NH KBIIKBUIEL, (0) -
18-B-IuuppeTHH KBIMIKBUIB!

MUSIHBIH XUMHSJIBIK KYpaMblHA COMKec, MHUS TaMbBIpbIHAH MEIUIMHA MEH
(hapMaKoJIOTHSIIBIK OHEPKACIIITE KOJJIAHBLIATHIH OUOJIOTHSUIBIK OCJICeH/II 3aTTap, SFHU
canonunep (3-20%) xone QuaBonouarap (3-4%) OetiHIN ajbIHAIbBI )KOHE OYIIap/Ibl
apHaiibpl KalHaTmanap apKpUIbl anajabl. KemKbUIIBIK ©CIMIIKTCH jKacalfaH YKOTelre
Kapchl MpenaparTap KYpeK alHybl KoHE KYCY CHSKTBI )KaHama dCepIepKopCeTHeH/Ii.
Op YCHIHFaH Jopiiep KypamMblHAa DIMOUPPUZNH KBINIKBUIBI, CAIIOHHHICD >KOHE
(maBoHouaTap Oap. OchulapIbIH IIIIHIAC OCIMJIK CKJICPOTHKAIBIK dCEpiHE ue-
IMLIUPPHU3HH KBIIKBUIBL. KBIIKBUT jkaMaH XOJECTEpPUH CHHTE3iH TEeXKer, KaOblHyFa
KapChl JKOHE aJUTIaprusiFa KapChl KACUETTEPre HEeri3 OOJbIN TaObUIa b, COHBIMEH KaTap
Oyiipek ycTi Oe3/epiHiH KYMBICHIH KaKcapTyFa KOMEKTeceIi. Al BUpyCTapJaH KoHE
MHUKPOOPTaHU3MJEpP/ACH KOPFaWTBhIH, TITIPKEHYJCH, arpecCHBTi IpenaparTapiaH
KOPFalTBIH, aC KOPBITY K9HE THIHBIC ATy XKYHeNepiHaeri MBIPHIIITH OHIIpYy/Ai apTThIpyFa
Nal achlH THTI3eTiH OCJICEH I 3aTTap-canoHuHAep O0oibIn TaObuTa bl CarnoHUHIEP-
OpoHXTa >KMHAJFaH WIBIPHIIITAPABl CYHBIITAaAbl. DnaBoHOWITAp - CIa3MIbl JKOHE
KaOBIHY/IbI a3alTaThlH, KAHHBIH CYHMBIK OOJIriHJe OpHANTAacKaH KalmUIspbl KalbInKa
KeNTIpeTiH Heri3ri Aopinik Kypam Oemiri (Alex Kong, 2014).

MUSIHBIH XUMHSJIBIK KYpaMblHA COMKec, MHUS TaMbBIpbIHAH MEIUIMHA MEH
(hapMaKoOJIOTHSIIBIK OHEPKACIIITE KOJIJIAHBLIATHIH OUOJIOTUSUIIBIK OCJICeH/II 3aTTap, SFHU
canonunep (3-20%) xone QuaBonouarap (3-4%) OeJtiHIN ajbIHAIBI )KOHE OYJIap/Ibl
apHaipl KaiHaTmanap apKpUIbl anajabl. KemKbUIIBIK ©CIMIIKTCH jKacalFaH KOTelre
Kapchl MpenaparTap KYpeK allHybl KoHE KYCY CHSKTBI )KaHama dCepIIepKopCceTHeH/Ii.
Op YCBIHFaH Jopiiep KypaMmMblHAa DIWOUPPUZMH KBINIKBUIBI, CAIIOHWHICP >KOHE
(maBoHouaTap Oap. OchulapiblH IIIIHIAC OCIMJIK CKJICPOTHUKAIBIK dCEpiHe ue-
IMLIUPPHU3HH KBIIKBLIEI (Stinivas, et al, 020).

KpIIKbUT xKaMaH X0JIeCTepUH CHHTE31H TeXKel, KaObIHyFa KapChl KOHE ajlleprusra
Kapchl KacueTTepre Heri3 0oJbIn TaOblIabl, COHBIMEH Karap Oyipek ycTi Oe3aepiHin
JKYMBICBIH KaKcapTyra KeMeKTeceli. AJl BUpycTap/iaH jKoHe MHKpPOOPTaHU3M/ICPICH
KOpFalThIH, TITIpKEHY/IEH, arpECCHUBTI MpemnaparTapiaH KOPFaUTbIH, ac KOPBITY JKOHE
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TBIHBIC ally YHenepiHAeri WIBIPHIITH OHIIPYAl apTThIpyFa MaiIachlH THUTi3eTiH
Oeicenai 3arrap-canmoHuHAEp Oonbil TaObutaabl. CanoHUHIEP-OpOHXTa >KUHAIFaH
LIBIPBIITAPABl CYUBIITaAb. DIaBOHOUATAp - CAa3MIBI JKOHE KaOBIHYIBI a3alTaThIH,
KaHHBIH CYHBIK OOIiriH/Ie OpHaTacKaH KamUIIpAbl KJIbIIKA KEJITiPEeTiH HEri3T1 AopiliK
Kypawm Oedmiri (Jianshe Yang, et al, 2023).

Funuppu3uH KBIIKbUIBIHBIH CAHABIK KYPAMBIH AHBIKTAY KIHE
IKCTPAKTTHIH KYPAMbIHIAFbI OMOJIOTHSUIBIK OeJIceH 1l 3aTTapAbIH CanaJIbIK
KacHeTTePiH caJbICTBIPAMAJIbI TAJAAY

Must TaMBIPBIHBIH KOIO CBHIFBIHABICBIHAH TIMIUPPU3UH KBIIIKBUIBIH CHHTE3ACY
Kazakcran PecnyOnukaceiHblH —@apMakoNesiCHIHBIH —~ aHAJTUTHKAIBIK ~HOPMaTHBTI
nokyMeHTiHiH 42-10154-18 Tipkey HeMepiHe coliKec Xypriziieni. AHaIUTHKAIBIK
HOPMAaTHBTI JOKYMEHTKE COMKEeC IIHMKI3aTThIH KYpaMbIHaH | T MeJIepAeri TalaaHaTbH
OHIMET1 MIMLUUPPU3HH KBINIKBUIBIHBIH CaHIBIK KYpaMbIH YIBTPaKyJriH aiiMakTapaa
a0COPOIUSIIBIK CHEKTPOGOTOMETPHSIIBIK O/IICIICH aHBIKTAWbl. 3epPTTECTIH OHIMHIH
CaHJIBIK KYpPaMbIH aHBIKTAy YIOiH MbIHAagail KeJeci 3epTXaHajblK Kagamzap xKysere
acaspl.

3eprrey Oapeichl: EH amgeiMen 20 mut 3% a30T KBIIKBUIBIHBIH — alleTOHJAFbI
epiTiHficl naibiHAananbl, keifin 150 MI-JIiK KOHYCTBIK KOJIOara MIMKI3aTThiH 1 T
MeJIIIepi CalbIlHA/Ibl, OHBIH YCTiHEe aadbiHaan amrad 20 Ml epiTiHai Kyibuiaasr na, 1
carar OOIbl apanacTelpbiiagsl. TONBIK apajacTeIpbUIFaHHaH KeHiH, 6acka 100 M-k
eJILeyill Konbara Cy3TiHiH KaThIChIHAA (QUIBTp Kara3bIMEH cy3in ajblHaasl. bocaran
KOHYCTBIK KOJIOaHBIH ycTiHe 10 MII aeToH KyHbUIaabl )KOHE apanacTbipblUIaibl, COOaH
coH (unbTpar 6ap konbanbH ycTiHe 10 MIT apanacThIpbUIFaH aneToH Kyibutansl. Keiiin
¢ubTp Kara3el 60C KalFaH KOHYCTBIK KOJIOAHBIH ilIiHE cajiblHabl, OHBIH ycTiHe 20 Ml
alleTOH KYHBUIBIIN, Kepi TOHA3BITKBIILITA 5 MUH KalHATbUIAAbI 1a, GUIBTPATTBIH YCTiHE
Kyibutagel. Ocel poecc Tarbl Aa 2 petT Kaitananaznpl. 100 MiI-TiK enmeyinn KouOaHsl
TOJNTHIPY YUIIH (PUIIBTPATTHIH YCTiHE CHI3BIKKA JACHIH alleTOH epiTiHaici Kyibpiiaast. 100
MJT HIMKi3aTTBIH 9KCTPakThl 250 MII-TiK Konbarsl Kyibutaasl. Conad coH, 6ocar KanFaH
emueyim konOanbH ycTiHe 40 Ma 96%-AbIK 3TaHON KYHBIN, apaiacThIpbUIaAbl KOHE
9KCTPaKTHIHBIH YCTiHE KYHBUTBIII, TaFbI 1 apaslacThIpbliabl. OChI IIUKi3aT epiTIHAICIHIH
ycrine pH 8.2-8.6 apanbiFbiHAa OONaTBIH —alIBIK-Capbl TYCKE CHTEHILE KOHLEHTPII
aMMHMaK epiTiHAICIHIH 2-3 TaMIIBICHI KOChUIAbl. OHBIH CYyTEKTIK KOPCETKILIiHIH MOHIH
«MOHOMETpP» HeMece «pH-MeTp» Kypanbl apKbLIbl aHbIKTali161. COmaH COH, allbIK-Capbl
TYCTi epiTiHAiHi bloxHep cy3rimi apKbuIbl cy3eai ’oHe ycTiHe 50 MJI alleTOH KYHbUIBIT,
Tarbpl Cy3y mpoueci xanracaapl. OuUIbTp Kara3blHa >KMHAKTAJIFaH TIUIUPPUNH
KBIILIKBUTBIHBIH KPUCTAJIAAPHI OPaJIbII, KOHYCTHIK KOJIOara canbIHabl, Keiin ycTine 50
MJI Ta3apThUIFaH Cy KYWBUTBII, apajacThIpbUIaAbI(IIpoLiece Tarbl Aa 1-2 peT kyprizineni).
TonbIk apanacTeIpbUIFaHHAH KeHiH, 250 MII-JTIK KOHY CTBIK KOJIOaFa KpUCTaJUI epiTiHAlIepi
KYHbUIaZbl JKOHE CBI3bIKKA ACHIH Ta3apTbUIFAaH CyMEH TONTHIpbUIaabl. Kelin ockl
naiipiaaanran epitiaainer 30 mur epitiaai 500 MIT-JIiK KOHYCTBHIK KoJI0ara KYHBLIAIbI
YKOHE KOFAPBIIAFbIIail XUMHSUTBIK BIIBICTBIH CHI3BIFBIHA ACHiH CYMEH TOJBIKTHIPBUIAIBI.
Keneci npouecc abcopOuusiblk crekTpodoToMeTpusi KypaiblHAa Kyprizineni. On
YILIiH acmanTblH KIOBeTa (€Key) BIABICHI Kepek Oomansl. bipiHmricine cy, an exiHmiciHe
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COHFBI €pITUITeH INWKI3aT THIH 3€PTTENETIH epiTiHaici Kyhbuiaasl. EpitiHainepmen
TOJBIKTBIPBUIFAH €Ki KIOBETa BIJIBICHI aclanka OPHBIKTHIPBUIAIbI. OPHBIKTBIPMACTAH
OYpbIH, a0COPIUSIIBIK CIIEKTPO(OTOMETPHSI acaObIHBIH TOJKBIH Y3BIHJBIFEI 258 HM-
re kentipuieni. EH angpiMeH acnanka cy KYHbUIFAaH KIOBETa CajbIHAJbI, COJaH KeWiH
0apwlIl, 3ePTTEIICTIH ePITIH/II KYHBUIFaH KIOBETA CaJIbIHBII, ONTHKAJIBIK THIFBI3IBIK MOHI
ecenrenineni. ONTUKAJIBIK THIFBI3IBIH MOHI ecenTeyre kepek 00iaabl. ThIFbI3IBIK MOHIH
KOJIJIaHa OTBIPBII, KEJIECi €CenTey/i KYPri3ei.

1 r mIUKI3aTThIH KYpaMbIHAH TIMIUPPU3UH KbIIIKBUIBIHBIHBIH ITAWBI3/IBIK MOJIIIepi
MbIHA (DOPMYJIaMEH €CenTeIiHe/Ii:

D =822 =250=500= 100 D =822 =250
m * 3011000+ 1000 m=* 22+ 10=* 30

Myspnarel: D — 3epTTeneTiH epiTiHAiHIH ONTUKAJIBIK THIFBI3BIK MOHI;

m — IIMKi3aT Maccackl, T;

30-500mu1 epiTiHal MafibIHAY YIIiH KOJAaHBUIATEIH 250 MII-TIiK KOIOaaarsl epiTiHIl
MeJIIIepi;

822 — MUIUPPU3HH KBIIIKBUTBIHBIH MOJICKYJIAIBIK CAIMAaFhL;

11000 - mUuUppU3UH KBILIKBUIBIHBIH MEHIIIKTI CIHIPY KOPCETKILIi.

[munuppu3nH  KBIMIKBUIBIHBIH NalbI3abIK Memmepi 14% kxem OonMaybl Kepek.
KpI3pl1 MUSL TaMBIPBIHBIH KYpaMbIHAH TIUIUPPU3UH  KBILIKBUIBIHBIH M6JIIICPIH
IPaBUMETPHSIIBIK OMICTI KONJgaHa oOThIpbIn TaOyra Oomansl. ChIHAaK —Kenecigen
XKyprizineni: 1T sKCTpakTThl cTakanfa cajbil, SOMi KaliHaraH cyna epiteni. Epitinaini
100 M emmieyim Kosbara aybICTBIPBIN, CyMEH Oeinririe JeiiH >KeTKi3im, epTiHAiHi
20°C-re neliin cybiTangsl. KonbaHbIH INIHIAETT EPTIHJIHI JKAaKChUIAN apayiacThIPHII,
¢uibTp Karassl apKeUIbl cy3eni. Kexemi 100 M1 kOHYCTBIK KontOara nuneTkamer 50 mi
¢unbrpar ansiHaapl. KonbanslH iminaeri GuisTparThl KaHathim, yeTine 5 mn 20%
KYKIpT KBIIIKBUIBIH KOCAJIbl )KOHE IIMLUUPPHU3HH KBIIIKBUIBIHBIH TOJIBIK TYHOaFa Tycyi
YLLIH canKbIH kepae 16-24 caraTka Kaaaplpbutaasl. TyHOaHb! GUIIBTp KaFa3bH KoJiaHa
OTBIPBII CY3€i JKOHE alIbIMEH KYKipT KBIIIKBUIBI KOCBUIFaH CYBIK CYMEH, COJaH KeiiH
TEK CyBIK cyMeH mnaifangel. llarora KonmaHraH cyiaap MeH epTiHai kesemi 50 Mi-aeH
acraysl Tuic. llafibuiran TyHOa cy3riMeH Oipre KOHYCTBI KojOara CasbIHbI, 5-10 mi
25% amMMuax epiTiHIiCIMEH epiTiieni. AJBIHFaH epiTiHAiIHI OipHeIe PeT bICTHIK CyMEeH
LIaWBII, ajJIbIH ajla KeNTIpUIreH jKoHe ofeHreH (papdop bIABICHIHA aybICTHIPBLIAIBL.
®Dapdop BIIBICEIHAAFBI EPTIHAIHI Cy BAaHHACBIHAA KYPFaFaHIIA KbI3JBIPBIIN, KeMTipriml
mkadra 100-102°C temneparypaja TypakThl Maccara AeHiH KenTipijeni. DKCTPaKThIH
Op MapTHACHI YLIIH €Ki mapaijiefb aHbIKTaMa >kacaiaibl. AHAJUTHUKANBIK Tapas3blaa
aNbIHFaH 3aT ejmeHenl. HoTwkenep anbiHFaHHAH KEHiH IMIUPPU3UH KBIIKBUIBIHBIH
(X) maccainbIk yneci maiipi30eH opmyna OOWBIHIIIA €CEeNTeNei:

(m—m,)x 100

X =

ms

M¥H,Z[aFI>II m — T¥H6aCBI 6ap BIABICTBIH, MacCackhl, TI'; 1’1’11 — BIJBICTBIH, MaCCCacChI, TI';
ITI2 — OKCTPAKTBIH MacCCachl, I.
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ChIHAKTBIH COHFBI HOTHIKECI YIIIIH MaibI3/IbIH OHHAH Oip OeJiriHe NeiiH ecentenreH
€Ki MapaJjuiesib aHbIKTaMaHbIH HOTHIKEJIEPiHiH apu(METHKAJIBIK OpTalla MoHi ajJbIHa/bL.
Exi mapanenb aHbIKTaMaHBIH HOTHIKENIEP] apachlHAarbl aiibipMalubiibikTap 1% - nan
acraybl KepeK. byl MoHHEH achlll KeTKEH JKaFJaiia Tanaay KatanaHaasl [Saginayev,
et al, 2023].

[Mmunuppu3nH KBIIKBUIB YIOTEPIEHAl CAllOHWH OOJIFaHIBIKTaH, OHBIH XUMHUSUIBIK
KacueTTepiHe CylieHe OTBIPBIN, OipHelle camajblK peaKuusyiap >Kyprizyre Oomambl.
YreprieH1i MKO3UATEP METPOJICHH KBIILIKBUIBIHAA, XJI0podopMIa KoHE aleTOHIa
epiMeiini. An cy, METHII )KQHE 3THJI COHUPTTEPIHC JKAKChI ePIriTIK KACHET KOPCETE .
YwreprieH i canoHUHAEP HEHOII, )KOFAPFbl CHUPTTEPMEH KOHE CTEPUHACPMEH KOMILJIEKC
Ty3yre kaOimerti. CamoHWHAEP DSPUTPOLUT MEMOpaHACBIHAAFBl XOJIECTEPOIMEH
KOMIUIEKC TY3il, OHBI €piTedl >KOHE SPUTPOLUT KYpPaMbIHIAFbl I'e€MOITIOOMHII KaH
I1a3MachiHa eTKi3in xkioepeni. Cos ke3e KaH I1a3MachbIHbIH TYCI allbIK-KBI3bII TYCKE
eHiN, MeJIIipJIcHe OacTan/Ibl.

Kebikrennipy peakuusicel. 2 mpoOupka ansimn, O0ipiHmi npodupkara 5 miu 0,1 1 HCI
eprinzicin, an exinmicine 5 mia 0,11 NaOH eprinaicin Kysiapl 1a, dpKaichichiHA 2-3
TaMIIIbl 3ePTTENETIH epiTiHAIHI TaMbI3aabl. [IpoOupkanapabIH ay3bIH THIFBIHMEH JKaybII,
KaTThl IAfKaiapl. 3epTTesieTiH epiTiHiAe YIITepHeH i canoHuHAep 0oJica TYpaKThl
Ke0ik maiina 6onazapl (2-cyper).

HE._Foou

2-cypeT. [TMIMpPHU3NH KBIIIKBLIBIHBIH KOOIKTEHY PEaKIMACBIHBIH KYPBUIBIMABIK (GOpMYyIach

TynOa Tycipy peaxiusuiapsl:

1. 1 mu 3eprreneTin epiTinaire 3-4 TaMIIbl OpOM CybIH KOCKaH Ke3/ie, TyHOa Ty3inesi.

2. 1 mn 3eprrenetin epitinaire 3-4 tammibl 10% KOpFachlH arleTaThlH KOCKAH Ke3Je
TyHOA TYy3iIemi.
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3. 1 mn 3eprrenetin epitinaire 1| mu 1% XomecTeponablH COHUPTTETI €piTIHIICIH
KOCKaH yakbITTa TyHOa Ty3inemi.

4. ®opmanuH KaTbICBIHOAFBl peakius. 3epTTeNeTiH epiTiHaire (GopMaivH >KOHE
KOHIICHTPJII KYKIPT KbIIIKBUIBIH KOCKaH Ke3/ie Kbi3bUT TyHOA Ty3ineni (Glinka, 2018).

3eprey KYpri3y ’koHe HOTHKeJIePiH oHaey

By Genimae Mus eciMIITiHIH TaMmbIpblHAaH OOiHETIH NIMUUPPU3UH KBHIIIKBIIbIHA
XKoHE PUTOXUMUSITBIK KypaMbIHa TAJAAY KYPTi3y OapbIChl MEH HOTHIKeIIepi OastHIaIaabl.
CanpIcThIpMalbl Tajay >KYpri3y YIIiH 3e€pTTe€y HBICAHBIHBIH €Ki Typi OacThbl IMKi3ar
TypiHze Konmansiabl: Kpi3pun Mus sxone Opan Musl.

KbI3b11 MH$1 6CIMAITIHIH TAMBIPBIHAH IKCTPAKTTHI 06JIiN a1y

KpI3b11 MUST ©CIMIITIHIH TAMBIPBIHAH CUHTE3AEIETIH TUIUPPPU3HH KbIIIKBUTBIHBIH
KypaMbl OpraHU3Mre Maijackl 30p €KEHiH JKOFaphl Aa aWTBUIFaH TakKblpbIITapaaH
Oalikayra Oomanpl. bipak, kem »armaiiia ol MHUS TaMBIPBIHBIH IIOpOaTHl HEMece
9KCTPAKTHICHI apKbLIbl opranu3mre tyceai. CoHapikTan 013 eH anabiMeH KpI3bul Mus
OCIMAIriHIH TaMBIPbIHAH SKCTPAKT CHHTE3/EH, COJI 3aTTaH IIMLUPPH3UH KBIIKBUIBIH
OeuIiIl anbll, 3epTTEY/l )KOH KOPIIK.

OKcTpakT anmy yuiH, O6actankel mukizartad 100 r emmen ansbim, 300 mu 3%
aMMUaK epiTiHficiHe caibiHabl. KeliH oChl KOCma Kepi TOHA3BITKBIIIKA JKaJFaHbII,
Cy MOHIIAchlHa opHaTbulIbl. Kocmanel apamactelpa OThIphII, opTama 60-70°C
Temmeparypacsiiaa 4 carar 0o0#Bl dKcTpakuusi mpoueci kyprizingi. bym mponece
asKTalFaHHaH KeHiH, TaMmbIpAaH >KoHe Oerjge MeXaHWKaJblK 3aTTapJaH Ta3apTy
YLIiH KOCTa algbIMEH JOKEe apKbUIbl, KeWiH (UIBTP Kara3 apKbUIbl CY3ill allbIHAIBI.
AJNBIHFaH JKCTPAKTiHI OHJey KOHE EepIrilluTiriH apTThIpy YILUiH a3 MeJepAe 3TUI
cnupTi Kocbuiabl. KeliH SKCTPaKTThl KbI3ABIPYFa KOJIAMIIBI bIABICKA KOIIipil, KalHaTy
mporneci xyprizingi. Ockl mpouecc OapbIChIHAA SKCTPAKT KoJeMi a3aibll, O KO0
CBHIFBIHJIBICBIHA aliHanaabl. HoTmkeciHae apbl Kapail 3epTTey >KYMBICTAPBIH KYPri3y
MaKcaTblHJa ajblHFaH MM TaMBIPBIHBIH KOIO SKCTpakTici anbiHiael. byn omic KP
AHJI 42-10154-18 cranmapThlHa COHKEC, MHSI TaMBIPBIHBIH KOO SKCTPAKTICIH >KOHE
9KCTPAKTTaH MIMLUPPU3UH KBIIIKBUIBIH CHHTE3EN ally YIIiH KOMBbUIFaH TajanTtapra
HETi3/ieJIe OTBIPBIIL, KacaablHAbl. MU TaMbIpbIHAH SKCTPAKT ATy YIIiH KOJJaHbUIATHIH
JOCTYPIi 9JIC Cy AKCTpareHTi MaijaiaHbUIAbl. AMMHAK OHE Cy JKCTpareHTTEpiH
naiananynbelH apTHIKIIBUIBIFEI MEH KEMIIUIITH alKbIHAy YIIiH dKYMBIC OapbIChl MEH
Tajantapbl Oipjiel eTim ajJbIHIbI.

XKorappl na OasHmanraH 3epTTey OapbIChIHA COMKEC KOPCETUITeH 3epTXaHalbIK
JKYMBICTap/AbIH HOTHKECIH TOMEHIET]1 S-KecTeieH Kopyre Oomabl.
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16

14

2

10

| . Assanak . Cy ]

) Kezsiopoa o6n. Keizein muscs: @ Barsic AnTai TaybiHsir Keizein smacel () Opan mMuscs:

3-cyper. Kp13pu1 must MeH Opai MU ©CIMIITiHIH TaMBIPBIHAH CY MEH aMMHUAaK KAaTBICHIH/IA aJIbIHFAH

9KCTPAKTHIHBIH Maccallapbl OeHHETICHIeH THarpaMMalIblK KeCKiHIeMe

I-kecte
IKCTPAKTTAPABIH Maccaaapbl
Kochuibic ataybl Kp3bitopaa o6, Kessun | bateic Anrait taybiabie Kei3bur | Opan MUsIChI
MHUSICBI MHUSICBI
Ammuak 9,2191r 53274 9,0592 r
Cy 8,2027 r 5,1823r 16,1313 r

Hortmxkecinae SKCTpaKT, OTKip aKbIH TOTTI 1oMi MEH Hici 6ap, Tyci Kapa-KOHBIPKaH,
KOWMAaJDKBIH 3aT OOJBIN MIBIKTEL. KecTenme kepcerinrenaeii Anrail TaybiHbIH KpI3bLT
MUSICBIHBIH AKCTPAKTICI €H a3 MOIIep/e IBIKTHL. AJl CaJbICTBIPMAIIBI TYPJE 3epTeyTe
anpraFad Opan MUSCHI €H KBI3BIK HOTIDKETe He OONIbl. Bbysl TaMbBIpIBIH 3KCTpakTici
ne, KpI3bUT MUSIHBIH SKCTPAKTUIEPIMEH CaBICTBIPFaH/Ia e3remieniey OObI TaObUIIbL.
En anppimer Opan MUSICBIHBIH KOO 9KCTPAKTICI KeJle CUSKTHI )KOHE alllbIK-KOHBIPKaH
TYCKe ue OOJIIBI.

Must TaMBIPbIHBIH IKCTPAKTIJIePiHEeH NIMIUPPU3UH KbIIIKbLIbIH 06JIi
aJIbIN, CAH/ABIK TAJIIAy KYPrizy

bi3 omebu momy Kyprizy OapbIChIHAA TIUIUPPU3UH KBIIKBUIBIH 06N amymMeH
Karap, OFaH CaHJBIK TaJJay JXKYpridy VIIH KOJJIAHBUIATHIH SJICTEp YKcac EKeHiH
OaiikanbiK. COHIBIKTAH, 013 KBIIIKBULABI Oeutin any yiriH, Kasakcran PecryOnnkachiHBIH
®dapmaxonoruscel MeH « TK @apmy 3aybITBIHA, MUST TAMBIPBIHBIH AKCTPAKTICiH IIBIFApy
JKOHE camnachlH Tekcepy MakcarbiHaa KoiaaanateiH KP AHJL 42-10154-18 cranpapteina
CYWeHY/Il XKOH KOp/IiK.

En annbiven 20 mit 3% a30T KbIIIKBUIBIHBIH alleTOHAAFbI ePITiH/AICI TalbIHIA b,
keidiH 150 MIT-JTiK KOHYCTBIK KOJIOaFa IMUKi3aTTHIH | T MeJIepi calblH/Ibl, OHBIH YCTiHE
naiipraaan anrad 20 Mi1 epiTiHal KyHbutbin, 1 carat OOMBI IIBIHEI TasSKIIaHBI KOJIaHa
OTBIPBIN, apaNacTHIPBUIABI. TONBIK apanacThIpbUIFaHHAH KeiiH, O0acka 100 wmu-imik
eJIIIeyill Kol0ara Cy3TiHIH KaThIChIHIA (DMIBTP Kara3bIMEH CY3ill alblHIbL. bocaraH
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KOHYCTBIK KOJIOaHBIH YcTiHe 10 MJ aleToH KyHBbUIIBI JKOHE apalacThIPbUIABL, COOaH
coH, ¢unbsTpar 6ap kondaHbH ycTiHe 10 M1 apanacThIpblIFaH aleToH KyWbuiasl. Keiiin
¢ubTp Kara3pl 00C KajdfaH KOHYCTBIK KOJOAHbIH ilIiHE CaJbIHBIN, OHBIH ycTiHe 20
MJT alleTOH KYHBUIBIIN, Kepl TOHA3BITKBIIITA 5 MUH KallHATBUIBI, (UIBTPATTHIH YCTiHE
Kyibuasl. Ocel Tipouiecc Tarbl 1a 2 peT KadWTtananasl. 100 Mu-mik ejmeyim KoiOaHsl
TONTHIPY YLIiH (PUIBTPATTHIH YCTiHE CHI3BIKKA OCHiH aleToH epiTinaici Kyiasik. 100
MJT IIUKI3aTTHIH 9KCTPakThl 250 MiI-mik Konbarsl Kyibuiasl. CoqaH coH, Oocan KaiFaH
emueyim koinOanbH ycTine 40 Ma 96%-AbIK 3TaHON KYHBIN, apaiacThIpbUIaAbl KOHE
9KCTPaKTHIHBIH YCTiHE KYHBUIBII, TAFbI Ja apaiacThIpblabl. OChI MIMKI3aT epiTIHAICIHIH
ycrine pH 8.2-8.6 apanbiFbiHa OONaTBIH —alIBIK-Capbl TYCKE CHTEHILE KOHLEHTPII
aMMUaK epiTiHIICiHIH 2-3 TaMIIbIChl KOChULIBI. OHBIH CYTEKTiK KOPCETKILIIHIH MOHIH
«HOHOMETp» Hemece «pH-meTp» Kypajbl apKbUIbl aHBIKTaAbIK. ComaH COH, allbIK-
capsl TYCTi epiTiHAiHI BloxHep cy3rimi apKbUIbl cy3il, TYHOaHbI jkoHe KoabaHbl 50 Mt
aIleTOH epiTiHAICIMEH LIalbII, TaFbl CY3y HpoLeci KanracTepablK. Ochltaiiiia, GuisTp
Karas3blH/a capbl TYCTI IMIUPPU3HH KBIIIKBUIBIH KOpyTre O0Naabl.

Opi Kapail caHABIK Tajjaydbl KYPridy YWIH (UIBTp KaFa3blHa JKHMHAKTAJIFaH
JIMUUPPHU3HH  KBIIIKBUIBIHBIH KPUCTAJULAAPBIH Oparl, KOHYCTBIK Koli0ara CaljblK,
KeHin ycriHe 50 M Ta3apTbUIFaH Cy KYHBIN, apanacThIpAbIK (mpouecc Tarbl ga 1-2
pet xyprizingi). Tonslk apanacTelpbUIFaHHaH KeiiH, 250 MII-TiK KOHYCTBIK KoiOara
KpHUCTaJI epiTIHALIEPIH KYHABIK ’KOHE ChI3bIKKA ACHIH Ta3apThbUIFaH CyMEH TOIATHIPABIK.
Ketiin ocwl naiipiamanran epitiagines 30 mur epitiaai anbimm 500 MII-JTIK KOHYCTBIK
KoJ10ara KYMJIBIK yKOHE KOFAPbIIAFblIail XUMHSIIBIK BIABICTHIH ChI3BIFBIHA JEHIH CyMEH
TONBIKTBIPABIK. Keneci mponecc aOCOpOLMSIIBIK CIEKTPOGOTOMETPHS KypaslbIHIa
Xyprizinai. On yuIiH acmanTblH KioBeTa (€Key) BIABICHIH KoMAaHAbIK. bipiHmricine cy,
aJl eKiHIIICiHe COHFBI epITUITeH IIMKI3aTThIH 3ePTTEIETiH ePITIHIICIH KYUBII ajJbIK.
EpitinaizepMeH TONBIKTBIPBUIFAH €Ki KIOBETa BIABICTHI Aaclanka OpPHBIKTHIPABIK.
OpHBIKTBEIpMacTaH OYpBIH, aO0COPLHSIBIK CIEKTPOPOTOMETpHsl aclaObIHBIH TOJKBIH
Y3BIHIBIFBIH 258 HM-Te KeNTipin aniplk. EH anapiMeH acranka cy KyHbUIFaH KioBeTa
CaJIBIHBIN, COJAH KEeHiH Oapblm, 3epTTeNeTiH epiTiHAl KyHbUIFaH KIOBETa CaJbIH[bI
1, ONTHKAJBIK THIFBI3ABIK MOHI ecenTeNinai. ONTHKAJIBIK THIFBI3IBIK MOHI €cenTeyre
KaxxeT Oonanbl. THIFBI3ABIK MOHIH KOJIZIAHA OTBIPBII, KeJIeCl ecenTey/i )KYpri3uik.

Op anblHFaH WIMKI3aTTBIH | T TpamblHAAFbl DIMOUPPHU3MH KBIIIKBUIBIHBIHBIH
MaNbI3IIBIK MOJIIEPICpl €CenTeIiHe/i:

Kezpunopaa KpI3pi1 Musicbl aMMHUaK SKCTpareHTiMeH

_ 0,6006 =822 =250+ 500 = 100

= 18,1804
1,0286 =30+ 11000 = 1000

Ke3binopaa KpI3pi1 MUSICHL Cy SKCTpareHTiMeH

_ 0,5568 822 # 250 =500 = 100
B 1,0322 =30 = 11000 = 1000

=16,8%
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Anran KI:I3BIJ'I MUSACBI aMMHAaK 3KCTpaI‘6HTiMCH

_ 0,6003 %822+ 250 =500 =100
B 1,0326 =30 = 11000 = 1000

= 18,15%

Anrait KpI3blT MHSICBI Cy 9KCTpareHTiMEeH

05375 =822+ 250 «500 =100
X= = 16,4404
1,0201 =30 = 11000 = 1000

Opayt MASICBI aMMHaK dKCTpareHTiMEeH

0,6009 =822+ 250 « 500 = 100
A= = 17,8%
1,0286 =30+ 11000 = 1000

Opai MUSICHI Cy SKCTpareHTiMeH

05274 =822+ 250 * 500 = 100
A= = 16,0349
1,0247 =30+ 11000 = 1000

ONTHKAJIBIK THIFBI3IBIK MOHI MEH 0acka CaHJBIK MAJIIMETTEPAl KOJIJaHa OTBIPHIII,

DJIMIMPPU3HH KBIIKBUIBIHBIH TaWbI3BIH KOPCETKIIIH 2-111 KOHE 3-1i KeCTeNeH
Kepyre 060J1ajbl.

2-kecTe

OnNTHKANBIK THIFBI3IBIKTBIH MIHI MeH INIMIUPPU3HH KbIIIKbUIBIHBIH MaHBI3ABIK KOPCeTKIlIi
(aMMHaK YKCTPareHTiHiH KaTbICBIH/IA)

AMMHaK YKCTPareHTi D X
Kp13b1u1 opria 0611, Kpi3but Must 0,6006 18,18%
barsic Anraii TayblHBIH KpBI3bIIT MUSICBHI 0,6003 18,15%
Opai MUsIChI 0,6009 17,8%

AmMmak SKCTpaFCHTiHiH OIITHKAJIBIK TBIFBbI3JIBIK MQHI[epiHC colikec CIICKTP ChI3bItbI

KeJIeciiel eTil TYPFBI3BUIIBL.

3-kecre

OnNTUHKAJBIK THIFBI3IBIKTHIH MOHI MeH INIMIIMPPU3HH KBIIIKbUIBIHBIH NAlbI3ABIK KOPceTKimi

(cy 9KCTpareHTiHiH KATHICHIHAA)

Cy 3KCTpareHTi D X
Kezpuiopaa 061, Kpi3put must 0,5568 16,8%
Barbic Anraii TaybslHBIH KpI3b1T MUSICHI 0,5375 16,44%
OpaJt MUsICBI 0,5274 16,03%
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4-cypeT.OciMIiK SKCTPAKTHICHIHAH AJBIHFAH TTHIUPPU3UH KBIIIKBUIBIHBIH CIIEKTPOGOTOMETP

MOJIMETTEPiHEH TYPFBI3BUIFAH CIIEKTP CHI3BIFBI

Cy SKCTpareHTIHIH ONTHMKAJbIK THIFBI3JBIK MOHAEPIHE COHKEC CHEKTP ChI3BIFBI
KeJecifiel eTin TYpFbI3bULAbI (S5-Cyper).

S-cypet. ©CIMIIK SKCTPAKTHICBIHAH aIbIHFAH IIMIMPPU3HH KBIIIKBUIBIHBIH CIIEKTPO(OTOMETD

MOJIIMETTEPIHEeH TYPFBI3bUIFAH CHEKTP ChI3BIFBI

CanaJbIK peaknusijiap

A) KebikTennipy peakmuschl. 2 mpoOHupka ambir, OipiHmii ceiHaybikka 5 mi 0,10
HCI epirtinmici, an exiamricine 5 ma 0,11 NaOH epitinzici Kyiibiaabl, opKaiicbIChIHA
2-3 TaMIibl 3epTTENETiH epiTiHai Kyibutanasl. [IpoOupkamapasiH ayb3bl THIFBIHMEH
TBHIFBIH/IAJBIT, KATTHI MIaKaIa sl 3epTTENETiH ePiTiHIiIe TYPAKTHI KOOIK maiia O0mIbI.
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6-cypet. [MUIuppu3iH KbIIIKBUTBIHBIH KOOIKTCHY PEaKIUsIChI

B) 1 M 3eprrenerin epitinaire 3-4 rammisl 10% KOprachiH alieTaTbiH KOCKaH
ke3ne TyHOa Ty3inai (7-cyper).

7-cyperT. [ muuppu3uH KbIIKBUIBIHBIH KOPFACHIH alleTaTBIMEH PEaKLUSICHI

B) Jladon peakuusicel. 2 miu 3eprrenetiH epitinaire 1 Tammsl 10% wMbic
cynb(haTbl MEH KOHLEHTPIl KYKIPT KbIIIKBIIBIH KOCBIN, KbI3/ibIpa OacTaipl.
Ocpl Ke3/1e KOCMaHbIH TYC1 ©3repill, alllblK KOKIIUI-KAachUT TYC Maiaa O0Jbl.

8-cyper. 11Iuki3aTThIH 1a)OH peakHusCchl Ke3iHae o3repyi
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I') CanbproBckuli peakiuschl. 2 MIJI 3epPTTEIETiH epiTiHaire 1 M xjaopodopM xoHe
KOHIICHTPJII KYKIPT KBIIIKBUIBIH KOCKaH YaKbITTa, OPTaHUKAJIBIK Ka0aThl KbI3FBLIT Caphl
TYCKe aybICTHI (28-cyper).

9-cyper. I1InKi3aTThIH calbKOBCKHI peakMsICHl Ke3iHe o3repyi

) Cypsma (I1I) xmopuai KarbichIHIAFb! peakius. 1 M 3eprrenetin epitingire 0,5
MJI XJI0poopMIa epITIIreH CypbMa XJIOPUIiH Kocaabl. EpiTiHAl KbI3bUT TYCKE OOSIIIBL.

10-cypet. Cypbma (I1I) xmopuaiHiH MUKI3aTIEH PEaKIHICHI

E)Kanuii mepmaHraHaTel KaTBICBIHIAFbl pEaKiysl. 3epPTTENETiH epiTiHAire Kaiuit
nepmanranatsl MeH KbikbL1 (H,SO,, HCI) kocanbr. Ocbl KOCTIaHbI KbI3ABIPFaH yaKbITTa,
KaJliii MepMaHTaHaTBIHBIH KYJTIH TYCI )KOFaNbIN, epiTiHi Tyccizaenmai (11-cyper).

ll-cypeT. Kannit NepMaHraHaTbl KaTbIChIHAArbl PCAKIUACHI
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K) 3eprrenerin epitinaire 0,3-0,5 T MarHuii HeMece MBIPBIII YHTAFbIH KOCHIII,
YCTiHE KOHIIEHTPJII TY3 KBIIIKBUIBIH KOCaMbI3. EpITiH/II alllbIK KbI3bLI TYCKE OOSIIIBI.

12-cypert.l1InKi3aTThIH canaablK PeaKIUsIChl

KopbITbIHABI

3epTTeyre ColKec IKYPri3iireH TEOPHWsUIBIK 137CHICTED MEH 3epTXaHaJbIK
ToXiprOenep HOTIKECI Keleciiel KOPBITBIH/IBI JKacayFa MYMKIHIIIK Oepeti:

-o/1e0NeTTep/ I 3epTTey JKOHE MUS OCIMIITIHIH TYpliepiHe OOTaHUKAIIBIK, XUMHSIIBIK,
(DUTOXUMHUSIIBIK KOCBUIBICTAPhI TOJIBIK 3€PTTENII;

-eCIMJIIK TaMBIPBIHAH 3KCTPAKT aMMMHMAK II€H CY SKCTPAreHTTEPl apKblIbl ajIbIH/IbI
JKOHE HETi3ri KOMITIOHEHT — TIHMIHPPW3HWH KBIIKBUIBI OCIMIIKTIH TaMBIPBI apKbLIBI
CHHTE3IEII];

-IIMUUPPU3UH  KBILIKBUIBIHBIH —~ XUMMSJIBIK ~ KACHETTEpiHe camajiblK —Tajjay
KacaJIbIH/IbL.

Kp13pur Mus sxoHe Opanm Must ©CIMIITiHIH TaMbIpbl YII TYpPJIi MEKEHHEH OKEeTiH[I.
OmapnblH KypaMbIHaH KeJeciield KepceTkimTep (MalbI3IbIK) 3epTTey HOTIKEIepiHe
COlKeC alKbIHAAIIBL:

1.Kp3putopa  06m.  KpI3bUT  MUSCHBIHBIHBIH —TaWBI3ABIK KOPCETKIII aMMHaK
JKCTpareHTi Karelchlnaa 18,18%-1b1, ai cy sKcTpareHTi KarbichiHaa 16,8%-ab1 Kypaasl;

2.bareic AnTait TayblHBIH KpI3bUT MUSCHIHBIH TaWbI3BIK KOPCETKINlI aMMHaK
9KCTpareHTiHiH KarbicbiHAa 18,15%-1b1, an cy skcTpareHTti KarbichlHAa 16,44%-1b1
KYpazpl;

3.0pasl MUSCBHIHBIH TaWbI3bIK KOPCETKINlI aMMHAaK AIKCTPAreHTIHIH KaThICHIHAA
17,8%-11b1, an cy 3KCTpareHTiHiH Kareiceinaa 16,03% kypansl.

OpblHOanFaH 3epITey JKYMBICTApBIHBIH HOTHXeciHAe KpI3bl MHUS KOHE OHBI
CANBICTRIPMAJbl Tajjay YVIIiH KojmaHeuraH Opan MHS OCIMIIK IIMKi3aTTapbIHBIH
XUMISUTBIK, 9pi (PUTOXUMUSITBIK KYpaMbl alKbIHIAIIEL. MU eciMAiriHiH TypiepiHiH
cara’blK )KOHE CaHBIK KypaMbl OOMbIHIIA allbIPMAIIBUIBIKTAD AHBIKTAJIIBI.

AJBIHFaH TOXKIPHOENIK 3epTTeyadi INWKi3aTTaH O6JHTEeH IOpUTiK eCIMIIKTepIiH
KYpaMbIH aHBIKTayJa KojjaHyFa Oonansl. bysm oObekTinepai ofaH opi MEeAUIINHAIBIK,
(hapMaKoJIOrusIIBIK NaliJajlaHy MEepPCIEeKTUBATIAPBIH €CKEePe OTBIPHIN, ajllaFbl yaKbITTa
IUKi3aT 0a3achIHBIH KOJEMIH aHBIKTAy JKOHE ITHOMOJEHHETKE €HTI3y KaKeTTLTIriH
KOpPCeTy MaKCaTbIHIa PECYPCTBIK XKYPri3ylep KaxeT.

99



OF THE NATIONAL ACADEMY OF SCIENCES OF THE REPUBLIC OF KAZAKHSTAN

Oneduerrep

AwmmraBa [lacrynra, Katpun A.Xammert-Cradnep, 2010 - Illentik Kocranap: THIMAUTII, YBITTBUIBIFBL,
0aTBICTHIK MperaparTapMeH e3apa dPEKeTTeCyi KOHE KIMHUKAJIBIK 3epTXaHaJbIK 3epTTeyiepre acepi, 2010-4700.

Mapar I3tineyos, Mypar Teneyos, Epooiar I3tineyos, Camar Canap6aes, Anma Eny6aesa, ['ynmupa
Emxaposa, Cannmryn CambaeBa, Atiryn Typran6aesa XKone JKanar ©Omip3akosa - "Must Maiisl" mentik
TIpemapaThIHBIH HOHAAYIIBI CIYIeNeHy Ke3iHae ereyKyHpbhIKTapaarsl KaH Ty3iTy KaFaiibiHa ocepi, barbic
Kazakcran Mapar OcnianoB atbiHnarel Meauiuna Yausepcurteti. Akreoe, Kasakcran, 2021.

Axnexc Konr, 2014-MeHeKMEHT KoHE HHKHHUPUHT OOMBIHINA XaIbIKapaablk KoHdepeHus,-111anxaii,
Kprtait, 2014-18686.

CpunuBac I I'yatypy *xoHe T.c. lapmapamkaH, - JOPUIIK 3aTTap MEH KOPEKTIK 3aTTapiAblH e3apa
opexerrecyi, AKIL, 2020.

[3staxo Su, Lsgn Ban, Cusa Uxoy, @endon Yxan sxone Wxynsoit JI.B., 2023 - )KyiieHiH KaybIMIaCTHIK
epe)keNepiHe HEeTi3/IeNreH KbITall MeIMIMHACBIHBIH PELenTi OOMbIHINA JepeKTepai OHAIpY KYPBUIBICHI, -
Ianxaii, Keitaii, 2023-4726.

I'munaka H.JL., 2018 - XKanme! XuMust: MarucTpanTTapra apHanraH oKy Kypaunsr: 3 tom/H. JI. ['muaka,-27
GacelIbIM.- Anmartsl, 2018-2480.

CarunaeBA.,/locmyp3unaE., AnenaunaA., Jlocanosab., Umanranuesab.,2023 -'uapokaraanuTUKaIbIK
HM30MepHU3alys MpoIleci YIIiH MIMKi3aT peTiHae OeH3MH (pPakLVICHIH MaiJanaHyIdblH JKeKe ToCLIIepiH
a3ipiiey. DHepreTHKAIBIK TEXHOJIOTHsUIApFa apHasiFal Marepuantany, 6 Tom, 2023, 158-1656.

https://www.sciencedirect.com/science/article/pii/S2589299122000738

AxwmeroB H.C., 2021 - XKanmsl xone Oeriopranukainsik xumust. - M.: Kpacuonap, 2021.- 744 nieHc.

A. Tpenosa, A.CeititxanoB, b. KocoGaeBa, b. VmanrammeBa. OpraHukajiblK XUMHS KypCHIH
9KOJIOTUSITAHABIPY, SKONOTHANBIK OifiM MeH OinimMai KansimTacTeipy. 10 ToM, 2023 KBUIFI IIBIFAPBLIBIM,
6.209-221. https://doi.org/10.1177/23476311231174496

b. UmanramueBa, b. Jlocanosa, I. PaxmeroBa, A. Anenauna, 1. HypnbsibaeB. AHTOIMaHUHICPAIH
epeKIIeikTepi MeH XUMUSUTBIK Kacuertepi. Kazakcran Pecnybnukace! Fruibim AkanemusicbiHelH NEWS,
XUMHS )KOHE TEXHOIOTHUS CPUSCHL, 4 (457), KpIpKyliek — sxenTokcas, 2023, 6.124-143.

References

Amitava Dasgupta, Catherine A. Hammett-Stabler, 2010 - Herbal Supplements: Efficacy, Toxicity,
Interactions with Western Drugs, and Effects on Clinical Laboratory Tests, 2010-470p.

Marat Iztleuov, Murat Teleuov, Yerbolat Iztleuov , Samat Saparbaev, Alma Yelubayeva, Gulmira
Yemzharova, Sanimgul Sambayeva, Aigul Turganbayeva and Zhanat Umirzakova - Influence of the
Herbal Preparation "Licorice Oil" on the State of Hematopoiesis in Rats Under lonizing Irradiation, West
Kazakhstan Marat Ospanov Medical University. Aktobe, Kazakhstan, 2021.

Alex Kong, 2014 - International Conference on Management and Engineering, -Shanghai, China, 2014-
1868p.

Srinivas G. Gunturu & T. S. Dharmarajan, - Drug—Nutrient Interactions, USA, 2020.

Jianshe Yang, Qiang Wang, Siyang Zhou, Fenfen Zhang and Zhongwei Lv, 2023 - Construction of Chinese
Medicine Prescription Data Mining Based on Association Rules of the System, - Shanghai, China, 2023-472p.

Glinka N.L., 2018 - General chemistry: manual for graduate students: volume 3/N.L.Glinka,-27
edition.-Almaty, 2018-248p.

Saginayev A., Dosmurzina E., Apendina A., Dossanova B., Imangaliyeva B.,2023 - Development of
individual approaches to the use of the gasoline fraction as a raw material for the process of hydrocatalytic
isomerization. Materials Science for Energy Technologies, Volume 6, 2023, 158-165p.

https://www.sciencedirect.com/science/article/pii/S2589299122000738

Akhmetov N.S.,2021 - General and inorganic chemistry. - M.: Krasnodar, 2021.-744p.

A.Trenova, A.Seitzhanov, B.Kosobaeva, B.Imangaliyeva. Ecologization of the Course of Organic
Chemistry, Forming Ecological Knowledge and Education. Volume 10, Issue 2023, p.209-221. https://doi.
org/10.1177/23476311231174496

B.Imangaliyeva, B.Dossanova, G.Rakhmetova, A.Apendina, [.Nurlybaev.Features and chemical
properties of anthocyanins. News of the Academy of sciences of the Republic of Kazakhstan, Series of
chemistry and technology, 4 (457), september — december, 2023,p.124-143.

100



Volume 3, Number 460 (2024)

NEWS

OF THE NATIONAL ACADEMY OF SCIENCES OF THE REPUBLIC OF KAZAKHSTAN
SERIES CHEMISTRY AND TECHNOLOGY

ISSN 2224-5286

Volume 3. Number 460 (2024), 101-112

https://doi.org/10.32014/2024.2518-1491.239

OOX (VIK) 691.16(045)
FTAXP (MPHTH) 61.51.37

© L.M. Kalimoldina'", S.0. Abilkasova!, M.A. Kozhaisakova',
Zh.R. Syrymova?, A.A. Sultanayeva'2024.
'«Almaty Technological University»' JSC Almaty, Kazakhstan;
2«QazaqBitum» LLP?2, Shymkent, Kazakhstan .
E-mail: kalimoldina.laila@mail.ru

THE PROSPECT OF USING POLYMER BITUMEN TO IMPROVE THE
QUALITY AND SAFETY OF ROAD INFRASTRUCTURE

Kalimoldina Laila Mautenovna — senior lecturer of the Department of Chemistry, Chemical
Technology and Ecology, Candidate of Technical Sciences, Almaty Technological University, 100 Tole bi
str., Almaty, Kazakhstan, E-mail: kalimoldina.laila@mail.ru. Orcid ID 0000-0003-4397-9629;
Abilkasova Sandugash Orynbaevna — senior lecturer of the Department of Chemistry, Chemical
Technology and Ecology, Candidate of Technical Sciences, Almaty Technological University, 100 Tole bi
str., Almaty, Kazakhstan. E-mail: sandy ao@mail.ru. Orcid ID 0000-0001-8322-4592;

Kozhaisakova Madina Amanovna — lecturer of the Department of Chemistry, Chemical Technology
and Ecology, Master of Engineering Science, Almaty Technological University, 100 Tole bi str., Almaty,
Kazakhstan. E-mail: madina.69@mail.ru.ru. Orcid ID 0000-0002-4414-3287;

Syrymova Zhanna Rakhmetovna — head of New Technologies Department, LLP «QazaqBitumy,
Kazakhstan, Shymkent, 83/1 Kunaev str., E-mail: Info@qazagbitum.kz, zhanna.syrymova@gmail.com;
Sultanayeva Aray Adilbekkyzy — master of Engineering Science, Almaty Technological University,
100 Tole bi str., Almaty, Kazakhstan. E-mail: arail104@mail.ru.

Abstract. There are significant reserves of hydrocarbons on the territory of the
republic. Technological process of oil processing into synthetic oil and development of
ecological and optimal methods of oil production are relevant not only in Kazakhstan,
but also in the whole world.

Today, due to the increased load on the transportation infrastructure, it is important
to introduce scientific research and advanced technologies that improve the quality and
safety of road surfaces. One of the ways of their solution is the use of asphalt concrete
with polymer additives in road construction. Tests conducted at the National Road Asset
Quality Center in Almaty showed that this technology provides resistance to rutting,
cracking, and climatic effects.

Currently, many methods are known to separate the organic part of bituminous rocks
from the dense mixture of inorganic components, sand, clay, water and gas. Therefore,
each method of separation of the organic part provides a different mechanism of mineral
composition of petroleum bituminous rocks. In this paper a comparative assessment of
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physical and chemical properties of two types of bitumen: virgin bitumen (grade 70/100)
and polymer bitumen (grade SBS). The work studied the physicochemical properties
of bitumen modification by polymer. The purpose of the research work was to study
the differences in physical properties of bitumen binders depending on their chemical
composition. Two binders were selected in this study, but their degree of asphalting is
different. Penetration, rheological, physico-chemical properties of bituminous materials
were studied by Fraas method, Ring and Ball method. Functional groups in binders and
their fractions were characterized by analyzing infrared (IR) spectra.

The research is aimed at improving the performance and stability of polymer
bitumen, optimizing the amount of additives and creating cost-effective structures. The
results of this study can be used to develop a new analytical approach for bituminous
binders to understand the differences in physical properties of binders based on their
chemical composition.

Keywords: polymer bitumen, physicochemical properties, modification, penetration,
binder.
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Byrinri tanma kemik HMHQPAaKYpbUIBIMBIHA JKYKTEMEHIH apTyblHa OaiaHbICTHI
KOJI TOCEMJAEPIHIH camachl MEH KayillCi3AiriH apTThIpaThlH FBUIBIMH 3€pTTEYIIEp
MEH O3bIK TEXHOJOTHSIApAbl €HTi3y MaHbI3Ibl Oonbll TaObuIagsl. Onapapl mienry
KOILAAPBIHBIH Oipi — KON KYphUIBICHIH/AA MOJIUMEPIl Kocnanapsl 6ap achaisTOeTOH b
naiinanany. AJMaTbhl KaJlacblHAA JKYPIi3UIr€H ChIHAKTap Oyl TEXHOJOTHSHbBIH
KapbUIyFa, JKapbIKIIAKTapFa oHE KIMMATTBHIK dcepiepre TO3IMAUIINIH KaMTaMachl3
eTeTiHiH KopcerTi. Kasipri yakpiTTa OMTYM >KBIHBICTAPBIHBIH OpPraHUKAIBIK OOiriH
OelopraHuKaIblK KOMIOHEHTTEPAIH, KYMHBIH, Ca3[blH, CYJbIH >KOHE Ta3fblH THIFbI3
KOCIachlHaH OeiydiH kenTereH ofictepi Oenrimi. COHIBIKTAaH OPraHUKAJBIK OOJIKTI
OenyniH opOip a7ici, MyHall OUTYM >KbIHBICTAPBIHBIH MUHEPAJIbl KYPaMBIHBIH SpTYpIIi
MeXaHHM3Mi KapacThIPbUIFaH.

By sxymbicTa OMTYMHBIH €Ki TYPiHIH (DU3UKAIBIK OHE XUMMSJIBIK KAaCHETTEPiH
casblcThIpManbl  Oaramay Oonapl:  Oacrankel Outym (70/100 mapkanbl) >KoHe
nomumMepai 6utym (CBC mapkanbl). 3eprTey KYMBICBIHAA MOJIMMEPMEH OUTYMJIBI
Moaudukanusiayna (U3UKAIBIK KOHE XUMISUIBIK KacHeTTepi 3epTTeiii. 3epTrey
YKYMBICBIHBIH MaKcaTbhl OUTYMIbI OaillaHBICTBIPFBIIUTAPABIH (PU3UKAIBIK KaCHETTEPIiH
OJIapbIH XUMUSUIBIK KYpPaMbIHA HET13/1€ITeH alblpMallbIIBIKTApbIH 3epTTey 0061 by
3epTTeyae eKi OaiIaHbICTHIPFBIII MaTepHalibl TaHJANbl, Oipak onapablH achaisrray
Jopexeci apTypaai OobL.

butymapl  marepuanpmapapin  @paac, cakuHa-map —9iciMeH, MEHeTpauus,
pPEONOTHSIIBIK, (DU3MKA-XUMUSIIBIK ~Kacuertepl 3eprrenmi. HWudpakenbeur  (UK)
CHeKTpIepAi Oarasnay apKbUIbl OaiiTaHBICTBIPFBILITAP MEH OJIapAbIH PpaKHsIapbIHAAFbI
(YHKIMOHAIABIK TONITAp CUIATTAAbL. 3epTTey MOJUMEpPIi OMTYMBIHBIH OHIMILIITT MEH
TYPaKTBUIBIFBIH KaKCcapTyFa, KOCTAIapIblH MOJILEPiH OHTAHIaHABIPYFa KOHE YHEMI1
KOHCTPYKIHMSUTAPIBl KacayFa OarbpITTalFaH. byJl 3epTTeydiH HOTWKelepl olapAblH
XMMUSIChIHA HET13/1eNTeH OalIaHbICTRIPYILBI 3aTTapAblH (DU3MKANBIK KacHeTTepiHaer
aBIPMAIIBUIBIKTApAbI TYCIHY YIIIH OMTYMABI OaillaHBICTBIPFBIILITAPFa apHAIFAH KaHa
AQHATMTUKAJIBIK TOCUII KYpy YILUiH MaiaagaHbuTybl MYMKiH.

Tyiiin ce3nep: momumepini OMTYM, (DU3HMKA-XUMHUSIIBIK KacUeTTep, MOAU(UKALMS,
NeHeTpanus, OaiiIaHbICTBIPFBILL.
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Annoranus. Ha Tepputopuu pecrnyOlMKH HWMEIOTCS 3HAYMTENbHBIC 3amachl
YIIEBOAOPOAOB. TeXHOMOTHUECKUI Mporece nepepaboTku HeTH B CHHTETHUECKYIO
He(Th U pa3paboTKa SKOJIOTUYECKHX M ONTHMAJbHBIX CIIOCOOOB TONyUeHHS HEPTH
SIBIISIFOTCS aKTyalIbHBIME He TOJIbKO B KazaxcTaHne, HO M BO BCEM MUpeE.

Ceromust B CBsI3M C BO3pOCHICH HArpy3koll Ha TPaHCIOPTHYIO HHOPACTPYKTYPY
BO)XHO BHEJPSATH HAYYHBIC MCCICAOBAHUS M TIEPEIIOBBIC TEXHOJIOTUH, TOBBIIAIOIIIE
KauecTBO M 0€30MacHOCTh JOPOXKHBIX MOKPBITHH. OJHUM M3 TyTed WX pelleHHs
SIBIISIETCSI MICTIONb30BaHNE ac(aibTo0eTOHa C MOJMMEPHBIMU J100aBKaMH B JOPOKHOM
cTpoutenscTBe. VcmbiTaHusi, mpoBeieHHble B HammoHadbHOM LIEHTpE KadyecTBa
JOPOKHBIX aKTHBOB T. AJIMaThl, TIOKA3ald, YTO JaHHAs TEXHOJIOTHS OOecleunBaeT
YCTOWYMBOCTh K OOpa30BaHUIO KOJIEH, TpPEIIMHAM, a TakkKe KIMMaTHYSCKUM
BO3JICHCTBUSAM.

B HacTosiiee Bpemst H3BECTHO MHOKECTBO METOJIOB OT/ICJICHHS OPTraHUYeCKON YacTH
OMTYMUHO3HBIX TOpPOJ OT IUIOTHOM CMECH HEOPTaHMYeCKUX KOMIIOHEHTOB, MECKa,
[JIMHBL, BOABI ¥ ra3a. [109ToMy npu KakJoM criocoOe BhIISICHHS OPraHUYeCKON YacTH
MPEAYCMOTPEH PA3IUYHBIA MEXaHHM3M MHUHEPaJbHOr0 cocTaBa HE(PTEOUTYMOHIHBIX
HOPOI.

B nanHo# pabote npoBeieHa CpaBHUTEIBbHAS OIICHKA (H3UKO-XUMHUYECKUX CBOWCTB
JBYX BHJOB OUTYMOB: nepBU4HOro ouryma (mapka 70/100) u momumepHoro ourtyma
(mapka CBC). B pabGore wu3ydeHbl (PHU3MKO-XUMHUYECKHE CBOMCTBA MOIU(DUKAIUH
OHuTyMa MMOIMMEPOM.

Lenbio HaydHO-UCCIIEOBATEIBCKON PaOOThI OBLIO M3yUYeHNE PA3TUUnil PU3UUECKUX
CBOMCTB OUTYMHBIX BSDKYIIMX B 3aBUCHMOCTH OT UX XMMHUYECKOI0 cocTaBa. B nanHom
HCCIIeIOBAaHUH OBUTH BBIOPAHBI JIBA BSDKYIIMX MaTepHalia, HO CTeleHb ac(halbTHPOBAHHS
y HUX pa3iiyHa.

[lenerpanmoHHble, pEONOTHYECKHE, (HU3UKO-XMMHUYECKHE CBOHCTBa OHMTYMHBIX
MarepuanoB u3ydanu merogom Opaaca, metomom «Kobio u mapy. OyHKIHOHATBHBIE
IPYIIIBL B CBSI3YIOMIMX U UX (paKIFK OXapaKTepU30BaH MyTeM aHalli3a HHPpaKpacHbIX
(MK) criextpos.

UccnenoBanusi HampaBlieHbl Ha YIy4YIIEHHE XapaKTEPUCTHK W CTa0MIBHOCTH
MOJMMEPHBIX OUTYMOB, ONITHMHU3AIIUIO KOJIMYECTBA JI0OABOK M CO3JJaHNE YKOHOMHYHBIX
KOHCTPYKIIMH.

Pesynbrarel 9TOr0 MCCIENOBaHHS MOTYT OBITH HCIIOJB30BAaHBI U pa3pabdOTKH
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HOBOTO aHAJIMTHYECKOTO MOAX0Ja K OMTYMHBIM BSDKYIIMM, YTOOBI MOHATH PA3IUUMUs B
(u3nUecKuX CBOWCTBAX BSKYIIMX HA OCHOBE MX XUMHYECKOTO COCTaBa.

KioueBble cioBa: monuMepHBId OMTYM, (U3MKO-XUMHYECKHE CBOMCTBA,
MoauduKaysi, POHUKHOBEHHUE, CBSI3YIOIICEe

Kipicne

Byriari tapma KazakcTaHHBIH oleMIIK HAPBIKTBIK SKOHOMHUKara Kipy[iH ©3iHJiK
crparerusicel 6ap. COHABIKTaH KYH/bl XUMHUSUIBIK 3aTTap MEH YKOFaphbl camajibl MyHan
OHIMJEPIH ally YIIiH KOMIPCYTeK IIMKi3aThIH MHTETpalusIay KoHe THIMII Naiganany
Kazakcran PecryOnukachiHBIH 0acThl MiHACTTEPiHIH Oipi OOJBIN TaObLIAABI. XaIbIK
CaHBIHBIH ©CyiMeH Oipre, agaMIapAblH YTKBIPJIBIK KaKETTLTIKTEpl apThill, MKEMi,
KOJDKETIM/II, 3aMaHayH jKoHE TYPaKThl KOJIiK HIemiMIepiHe CYpaHbIC apThIl KeJeli, O
Ka3ipri 3aMaHFbl KOJIK JKyHeJepiHiH apachlHIa >KOFapbl OPbIHFA W€, JKbUIIAMJIBIFbIH,
KaWJIBUIBIFBIH, KayillCi3AiriH, acgalbT BIHFAWIBUIBIFBIH apTTHIPYAbl JKaJIFacThIPy/a.
Bonamakra 013 eH jKaKChl HOTHXKeJIepre KOl JKeTKi3y YIIiH eH jKaHa TeXHOJIOTHsIap bl
KOJITaHAMBI3.

Kypbuiblc MarepuanbHBIH KeH TapajfaH Typi - MIArim skaOblHIapAa KeHiHEH
KOJIIaHBIIAThIH  acGaybTIThl  OaiinaHbICTHIpFBILTAp. AcansT OalTaHBICTBIPFBILI
ke3nepinin 100% nepnik  Eyponamarsl eHpipicke cyiieneni. JlyHue xy3iHzgeri
XaJIbIK CaHBIHBIH KapKbIHIBl ©CYl JKOHE TEXHOJOTHSJIBIK JKETICTIKTepre OaiaHbICThI
TYTBIHYIIBIIBIK OICTTEP/IIH T€3 dpTapanTaHybl KaIAbIKTapAbl OHAIPYIiH ecyiHe oKemni
(I'ypees, 2013; BopoObeB, 2018).

Butym (nart. bitumen - Tay maibIpbl, acanbT) - KOMIPCYTEKTEp MEH OJNapblH a30T,
OTTeri, KYKIPT OHE METalll TYBIHABUIAPBIHBIH KOCHAChl OOJIBIN TaObLIATBIH Kapa
HeMece KO0 KOHBIP TYCTi KpUCTaJ Ikl eMec 3aT. butyMm aMopdThI 3aT OOJIBIN TaObLIAIbI,
COH/IBIKTaH KAaTThI KYHIe CYHBIKTBIKTBIH KACHETTEPiH KopceTei, 0anKy TeMrepaTypachl
xoK (Adams, 2019; Zhang, 2004]. On taburu Typae Tac acaibTTarbl KaTThl, OHal
BIIBIPAWTBIH OUTYyMHaH Oactan acanbTThl MEH HIAWBIPIBl KyMJapjAa Ke3IeceTiH
KYMCaK, TYTKbIp MaTepuaira aeiin OipHeme Gopmana kesaeceni.

Taburn OuTyMIOap OpraHUKaJbIK HIBIKKAH Ka30a OTBIHAAPBIHBIH a)KpIpaMac Oediri
Ooubin Tabbael. Onap MyHal naiiaa OonFaH xepliepe KeH TapairaH. by MyHaiaarsl
TOTBIFY MOJMMEPJICHYIHIH TaOUFH, OMOXUMHUSIIBIK, XUMUSUIBIK peaKUHsuIapbl apKbLIbl
Ty3uteTiH TaOufm mmKizar. bactamkpl MyHainapAblH KypamblHa, oOJapAbl OHIEY
KaraainapbiHa OalmaHbICTBl OMTYM MIApPTTHl TYpAE Kelecimed Typrepre OesiHemi:
acdaner, ManbTa, achanbTeHAEP, O30KEPHUT, JTIOMHHOCHTH, AHTPAKCOJHT, Ha(TOI
(Alisov, 2018; Apostolidis, 2021).

Taburu OUTYMHBIH QJIEMAIK KOPBI 9p Typ:ii Oaramaynap OoifpiHma mamamen 500-
1000 munnuapa TOHHaHbI Kypaiabl. TaOuru OMTYM KOpiapbl Hamap 3epTTENreH,
COHIBIKTaH OJIap/IbIH KOPJIAPBIHBIH ayKbIMbI 6T€ YJIKEH.

XKacanapl acanpTTap (TEXHUKAJBIK OWUTyMAap) — INWMKI MYHaIbl, KeMipmi,
JKaHFBIII TaKTaracTapipl KalTa eHuey eoHimaepi. JKacaHabl Hemece TEXHHKAaJbIK
OuTYyMAap XUMUSUIBIK Kypambl sKaFblHaH Tadburu outymaapra ykcac (Chailleux, 2020;
Eberhardsteiner, 2015; Yasar, 2007).
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butym MeH OMTYMHHO3ABI MaTepHajnapiblH €H KYHIbl KacHeTTepi - OJapAblH
MeTanaapipl, IeMEHT OeTOHAApbIH, 0acka KYpBUIBIC MaTepHajlapblH KOppO3HsiFra
YIIBIpaTaThblH arpecCcUBTi 3aTTapFa XUMUSUIBIK Te3imaimiri. Ocbulaiiima, OUTYMHUHO3IbI
Matepuangap 45% - JaH acHalThIH KOHIICHTpAIMsIChl Oap cintiepaid, 85% - maH
acmaiTBhIH KOHLEHTpauusicel 6ap ¢ocdop KbIUKBUIBIHBIH, 50% - naH acnaiTeiH
KOHLEHTPAUMUsCHl 0ap KYKIPT KBIIIKBUIBIHBIH 9CEpiHe JKaKChl Kapchl TYpambl.
KpIukpuaapapiH KOHIEHTpalMsIaHFaH epiTiHALIepl ONTyM KypaMbIHJIa a30T OKCUATEPI
Oap arMocdepana a3 TypakThl KoHE dacep ereli. BUTyM opraHuKaiblK epiTKiliTepae
epuai. butymra TOH XUMUSUIBIK TO3IMIUTIK MEH YHEMIUTIKKE OaiaHbICTBl OMTYM
Marepuangapbl 0ETOH KOHCTPYKLHMSUIApbl MEH OoniaT KyObIpyiapAbl XUMUSUIBIK, KOpFay
yIIIiH kakcbipak Koananeuiaasl (Evdokimov, 2010; Ganeeva, 2014).

butymapl  GaiimaHelcThIpFBIIITap €Ki (pakuusara OemiHeni: acdaubreHaep
XKoHe ManbreHaep. I[lomspibIKk Heri3iHAe COHFBICBIH KaHBIKKaHIApFa, apOMaTThI
KeMipcyTeKTepre, maibipiapra 6emyre 6onanpl. COHFBI 3epTTeyiep OaiaaHbICThIPYILBI
3aTTapIblH XUMHUSIIBIK KYPaMbl, OJIapAbIH (ppakiusiiapbl MEH MEXaHHKAChI apachIH aF bl
OaiinmaHpIC Typasbl KYHABI TYCIHIKTEp Oepy YIIiH MansTHHa MEH acaibTeHIepAiH
ochbl (pakuusuiapbin Kapacteipabl (Eberhardsteiner et al., Citation 2015; Hofko et
al., Citation 2016; Sakib et al., Citation 2020; Sultana & Bhasin, Citation 2014 Wang
et al., Citation 2021). byn 3eprreyne OalmaHBICTBIPYIIBI 3aTTapAbIH KYPBUIBIMIBIK
e3repicTepiMeH OalNIaHBICTBl XUMHSJIBIK, JKbUTy KacHeTTepiH Oaramayga TeK
acdansreHaep, MalbTeHIEpre epekiie MoH Oepy apKbUIbl KapamaibiM (pakunusiay
Tocimi KaObuimaHabl. TYTKBIp 3arTapiblH (QpakmMsIIbIK KypaMmbl OacTamkbl OUTyM
yuwin coiikecinme 15% acdansrenaep, 85% manbrenaep, monumepni OUTyM YLIiH
13% acdansrennep, 87% wmansrenaep Oonapl. JlereHMmeH, xeke (paxUusuIapAbIH
OuTyMAbl OaiiIaHBICTBIPFBIIITAPABIH  KYPBUIBIMABIK ©3repicTepiMeH 0aiIaHbICThI
KBLTY KACUETTEpiHE acepi xkakchl 3epTrenmereH Kyosuibic (Hofko, 2018; Hunter, 2015;
Kamkar, 2021; Lesueur, 2009).

MonunukanusiblK TEXHOJIOTHSATIAP PETiHAE MOTUMEpIIep MEH CYHBIK KOCTIalapAblH
naiina Oomybl JkKoHE OWTyMIbl OalIaHBICTBIPFBINI 3aTTapAblH XUMHUSICHl MEH
MOPQOIOTUSCHIH TYCIHYTe apHaJFaH KeUICH1 3epTTeysiep COHFbI OHKBIIIBIKTAPIAFbl
TPOTyap MHXCHEPUSACBIHAAFBI MaHBI3Ibl KeTicTikTepAiH Oipi 6onmel (Adams, 2019;
Lesueur, 2009; Lu, 2021). CoHnrbl 3epTTeyaep ONapAblH KOJUIOMATBHIK KYPBUIBIMBIH
MaKCaTThl ©3repTyre MYMKIHAIK Oepy yIIiH OaiaHBICTBIPYLIBI 3aTTapAbIH SHAOTEHIIK
TypiiepiHe, (pakuusIapblHa HAKThl ©3TepiCTep EHri3y[l KapacThIpAbl. buTymusl
0aliIaHBICTBIPFBIIITAD TOMAPIBIFBI MEH MalbTeHAEp achanbTeHaepre epirilTiriHig
alpIpMAIIBUIBIFBIHA ~ Kapail OKIKTeNIeH, KypaMblHAa MOJIEKYylalapablH  KOMTiri
0ap JKOFapel XHMMHSUIBIK KYPIEJNITIriMEH CHUIATTalaTblH KOJUIOMATHI JTUCTIEPCTi
xKyHenep perinae Kapacteipbuianbl (NASEM, 2017; Porot, 2020). Acdansrennep
KypambiHaa MoJekynanbik canmmarbl 1000-nan 100 000 Da-ra nediinri nukigapaarsi
rerepoaromaapmet (O, S xone N) H/e HIETKEpri aaMacTBIPFBIIITAPMEH OaiIaHBICTHI
€H ayblp MOJUKOHJEHCAUUsUIaHFaH HadTeHo-apoMarThl 3arTap Oap (Masson, 2002;
Mirwald, 2021; Porot, 2019).

MyHpaali OMTYMAap KON >KaMBUIFBICHIHBIH JKOFapFbl KaOaThlH JKacay YLIIH
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KOJIIaHBIIAThIH ac(aasTo0eTOH KocanapblH JaibIHAay YIIiH KOJAaHbLIIa bl

EBpoma memiekerTepiHne OWUTYMHBIH TEXHUKANBIK KacHETTEpiH Oaranay YLIIH
WIapTThl CUMATTaManap KojdaHbuiaabl. bynm cumarramanap OWTYM eHIIpETiH,
TYTBIHATBIH EJJCpAIH YITTHIK CTaHAapTTapblHA €Hri3iireH. butymubiH Oenrimi Oip
KUBIHTBIKKA COMKECTIrl >KoHe MYHAall CHIarTaMalapiblH IIaMachl OHBIH MapKachlH
anbikTan el (Porot, 2023; Radenberg, 2016; Sakib, 2020).

butymubIH KacuerTepi Oip-OipiMeH THIFBI3 OailinmaHbicThl. KarTel OUTyMOapabiH
KyMcapTy TeMIleparypachl *KOFapbl, OipaK CaJbICTBIPMaJIbl CO3BUTY OEpIKTIri TOMEH
(acipece ToMeH TemrepaTypana). TeMeH xyMcapTy HyKTeci ()kyMcak) OUTyMIapbIHBIH
ukemaimiri xorapbl. Ocblnaifina, MyHal-OMTYMHHO3IBI JKbIHBICTAPABIH KYpaMbIH,
OpTaHUKaJbIK OOINiKTI almy MeXaHM3MIEPIH 3epTTey, OUTyMIOapAbl CHUHTETHKAJIBIK
MYHaiifa ©HAEy MYHall XUMHACHI MEH KaTalW3[iH MaHbBI3[bl Macenenepi OombIm
TaObUIAbI.

JKyMBICTBIH MaKcaThl OUTYM/IbI OaliIaHBICTBIPFBIIITAPIBIH (PH3HKAIBIK KACUETTEPIH,
OJIapIblH XUMUSIIBIK KypaMblHa HET13[eJITeH albIpMallbUIBIKTAPBIH aHBIKTAy OOJIBII
TaObUIAbI.

Marepuajagap MeH dicTep

3eprTey KyMbICTapbl AJMarhl KalacbiHbIH «JKonm axkTHBTEpiHIH YITTBHIK camna
OpTaJNbIFbIHAA» KYpPridinmi. byn 3eprreyme Oip MyHall ©HIEY 3aybITBIHBIH €Ki
0alIaHBICTBIPFBIII MaTepHaibl TaHAANbl, OipaK onapAblH achanbTTay Iopekeci
opTYpai Gomasl, onapAblH acanbT, MalbTeH (paKIMsIIapbl KaybIH-IIANIBIH apKbLUIbI
Oeninai. Peonorusiblk Tanmaynapasl KYpPrisreHHEH KeiiH OaiaHbICTHIPYIIbI 3aTTap
MeH oNapAbIH (hpaKUUsIaphl )KEKe KapacThIPbULIBL.

3eprreymiH JKaimbl OarbITBl OMTYMABI OaWTaHBICTBIPFBIITAPABIH ~XUMUSIIBIK
KYPaMBbIHBIH (U3UKAIBIK KAaCHETTEPre BIKTUMAaJl OCEpiH aHBIKTay OOJIbl. AJIIBIHFBI
3epTTeyaepAe SPTYPIi XUMHSUTBIK (pakiusiiap MEH OUTYM bl OaiiIaHBICTBIPFBIL TAPABIH
PEONIOTUsCHl apachIHAAFbl OaillaHBICTapIbl 3ePTTEreHIMeH, Ppakuusiiap XUMHUSCHIHBIH
opTYpAi nmopexeneri OalaHBICTHIPFBIIUTAPABIH  KBUIY CHIMBIMIBLIBIFBI  CHUSIKTHI
(U3UKaIIBIK KaCHETTEPiHE dCePiH aHbIKTay OOMBIHIIIA IIEKTEYIIi 3epTTeyep XKYpri3iiren
(Wang, 2021; Sultana, 2014) 1-cyperte OailaHBICTBIPFBIII 3aTTAPABIH PEOJIOTHSIIBIK
Tajnayaapbl KOPCETLIreH.
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Cypert 1 - BUTYMHBIH pEOTOTUSITBIK KACUETTEPIH aHBIKTAY

Ocpl 3epTTeyae OMTYMHBIH €Ki TYpiHIH (PU3UKAIIBIK KOHE XUMISUIBIK KacHETTepiH
Oaramay ymiH Oactankbl Outym (70/100 mapxansr) sxoHe mommmepni outym CBC
Mapkanel  gen OenrimenreH EN 12591 crampmapreina cofikec 35/50 xome 70/100
KJIACBIHAAFBI €Ki OalMaHBICTBHIPFRINT Taimamaneuiael. Omap Oip MyHal eHuey
3ayBITBIHAH IIBIKKAH, Oipak Tecey camachl opTypiii. OChl eki 0alIaHBICTHIPFBIMITHIH
omeTTeri (GM3MKAIBIK KacHUETTepi, ocipece eHy MoHi 25°C (apallbIK TeMmIieparypainap
yria, EN 1426), xymcapTy Temmeparypackl (korapbl Temreparypanap ymiiH, EN
1427) xone Fraass cbIHy HYKTECi TeMIiepaTypachl (TOMEH TeMIepaTypaiarbl KPEKHHT
yiriH) Kacuerrepi cesimranapik, EN 12593) enmienren xoHe 1-kecTene KenTipinrew,
TTOJTUMEPITi OUTYMHBIH OacTanKel OUTYMFa KapaFaHa «KaTThD) CKeHIH KOpCeTesi.

HoTu:kesiep MeH Tasayiap
3eprrey 6aprIchHaa momMepiti outym amy yiria CbC mapkais! mouMepi KOChUTIBI.

108



Volume 3, Number 460 (2024)

Bapnblk KacueTTepi )kaKChl HOTHKE KOPCETKEHIMEH, CHIHFBIIITHIK TEMIIEpaTypachl YLIIH
CBC mapkabl oJMMepiHiH alTapiblK e3repic eHri3oeiTini 6enrini 60nabl.

Peonorusinpik HOTHXKENEp TOMEHHEH JKOFaphl TEMIIEpaTypara JeHiHT1 PEOIOTHSITBIK
OpeKeTTi WIenly YUIH OalJaHbICTBIPFBIIITAPIA JKYPIi3iireH onmeTTeri (QHU3HMKaJbIK
ejlIeMaepre Colkec 60 abL.

Kecte 1 — OU3HKO-XUMHSIIBIK CHITATTaMa HOTHIKEIIEpi

Kepcertkimirepi Butym yurici
Bacrankel 6utym, Tomumepni 6utym, mac.%,
Mac.%,
IMenerpanyst, 25°C-Tarsl KOPCETKIIII, MM 94 57
Cakuna-niap auici, °C 45 75
®paac oxici GOMBIHIIA CBIHFBIITHIK -19 -18
temneparypacsl, °C
CO3BUIFBIIITHIK, CM 100-z1eH KoFapbl 87,5
Butym mMapkacel 70/100 70/100

Exi sxarmaiima na remreparypa 6actanksl 0utym yimi 1,6°C xoHe moauMepiti OnTyM
yiia 1,9°C KaTTBUIBIK TTeH M-MOHI TeMITepaTypaapbl apachlHAaFbl albIPMAITBUTBIKITCH
Y3/1KCi3 KaTTBUIBIK TEMIIEPaTypaChIMEH KO3FaIJIbl.

1-kecteneri HoTmkenep Fraass ChIHY HYKTECIHIH TeMIlepaTrypachiHa COUKec Kemem,
TIITI COHFBICHI ECKIpreH KOHIWIIMOHEpPI JKOK TYMHYCKA OailIaHBICTRIPFRIIITApIa
operaaanraf. [lommMepsi OUTyM TOMEH TeMIIepaTypachliH KOPCETTI.

2-cyperre OacTankel OWTYM YIIH OaiIaHBICTBIPYIIBI, OHBIH (paKIHsIIAPEI
apachIH/IaFbl CaJbICTBIPY KOPCETINTEH.

= [ndl Il

-50
112 ]3] 4

B bactankbl 6utym | 94 | 45 | -19 | 100
Monumepni butym | 57 | 75 | -18 |87,5

Cyper 2. Bactanksl xoHe TOTUMEPITi OUTYMHBIH (PH3HKO-XUMHSIIBIK CHITATTaMAaChI

XUMMSTIBIK TajaynapIbsiH ayKeIMbl HHOpakbi3bL1 (MK) ciekrpiepai 6aranay apKbUIbI
0alTaHBICTBIPFBIITAD MEH OJapAblH (pakUusulapblHAaFsl (YHKIHUOHAJIABIK TONTAap
Typasbl TYCiHIK TIeH TYCIHIKTI KaMTaMachl3 eTy Ooinbl. bipiHmmigeH, ockl MakcaTka
JKETy YIIH OaiaHBICTRIPFIMITAp/a iCKe KOCBIIIBL. 3-CypeTTe eKi OailaHBICTBIPFBIIT
yuria e UK cnexrpriepi kepcerinren. Tek MaHBI3IbI CIIEKTPIIEp KOPCETIITEH OOTIKTe,
3100 cm ! sxorapel xoHe 2700 sxone 1800 cM ™! apanbiFbiHIa, CIIEKTPICP alTapIIbIKTal
misiHapas! kepeetmnesi. 3000 cm '-ieH acaTblH allMaKTaFbl TONKBIH CaHAapbl apOMATThI
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C-H co3butyblHa TaralbIHAaNaabl, KOMAKTapAbIH OpPHBI XOLI HICTi 3aTrTapAarbl
CaKkuHajiap CcaHbIMEH OaifnmanbicTel Oomnansl. KyTtinrenmeil, eH Korapbl CiHIpY
KapKeIHABUTBIFBI 2700 sxore 3100 cM ™! apanbIiFbiHars! afiMakTa Oatikanapl. CoHai-ax,
WHQPAKBI3BUT CIIEKTPIIEp albIpMalIbUILIKTaPBIHBIH KOpiHiCTEpiH KakcapTy yuin 1800
xoHe 600cM ! apanbIFbIHAA JKYTHUTY YIIIH OacKa IIKajlackl KOIJaHbUIIbL. EKi criekTp
Jie 1971 OCBI HYKTe/Ie epIik O0ip-OipiHe colikec Kenei )KkoHe o1ap opTYPIIi PEOIOTHSITBIK,
KacueTTepi KepceTce Je, alTapiblKTail alblpMalIbUIBIKTEI OaliKayFa OomMaibl.

Tratnmng,

o \ “

il

T T T
4000 3500 3000 2500 2000 1500 1000 500 C)l'l

Cypert 3. 3eprrenertin OaitmansicTeIprbim 3aTTapasiy UK criexrpiepi

Exinmui ke3eHie TYHABIPbUIFaH acaibTeHep MEH KaJlblHa KeNTipyIli MaJbTeHaAepi
Oap OuTymabl Qpakuysiapra Tajnayaap Kyprizingi. bapnbik uHQpaKI3bUT COEKTPIIED
Oipzmelt mwbIHAapAbl KepcerTi, Oipak Oipaeil CiHipy KapKbIHIBUIBIFBI MIHIETTI eMec.
AcdansreH WBIHAAPEI CHEKTpiiep OoibiHAa OipKenaKki TapajFaH, ajl MaJbTeHAEp ol
ae 2900cm™' aiimarbiHOa SKOFapbl IIbIHAApAbl kepcerTi. CoHnaii-ak, MajbTeHAEp
0aliIaHBICTBIPFBIITHI OAPIIBIK ACPITIK JKOMAKTapa KadaTrTacTeIpaibl, aTM(aTThIK TONITAp
(MbIcaibl, MeTHII, MeTHIIeH koHe MeTrH) 3000 men 2750 cm! apasbIFbIHIAFR! aliMaKTa
eH skorapsl 00mbIn Tadbu1aabl. [llamamen 2920 xone 2850 cMm ! skoTaKTaphl COMKECiHIIe
METHJICHHIH ~ACHMMETPHUSUIBIK CO3BUTybIHA JKOHE METWJICHHIH CHMMETPHSUIBIK
CO3bUTybIHA TaraiiblHnanFad. bacrankel Outym acdansrrapeiMer (acdanbre-1)
JKoJlaKTap OalIaHBICTBIPFBIIIICH CaJbICTBIpFaHAa anu(arThlK TONTAp YLIIH CiHIpY
KAapKBbIHABUIBIFBI TOMEHIpEK 00J/1bl. AcasibTeH KaTThl YHTAK TYpiHAe OONFaH/IbIKTaH,
TOMEH CiHipy AeHreli e Oip:kaKThl 00ybl MyMKiH. J{oi1 ochiHmai KyObUIBIC HOMUMEPIT
outym xoHe Oacka sxkepiepue Oaiikanas (Lu et al., Citation 2021).

Byn HoTwxkenep OWTYMHBIH KypaMblH JKaKChIpaK TYCiHY, COHAal-aK HapbIK
CYPaHBICBIH KaHaraTTaHIbIPy YIOiH KaXETTI CHUIaTTaMalapMeH »OHE KaKeTTi
MeJILEep/e Ta3apThUIFaH OHIMAEPIl LIBIFApy YIIIH €H KAKChl J)KYMBIC KafJaiiapblH
OopKay apKbUIbl MYHAH ©HJIeY 3aybITBIHBIH KYMBICBHIH JKaKcapTa aiajbl.

KopbIThIHABI
3eprTey KyMbICTapbl HoTHXKeCiHIe KazakcTaHmarbl OMTYMHBIH TYpJEpiH aTaiFaH
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oicTep apKbLIbl MbIHA/Ial (PU3UKAIBIK-XUMUSIIBIK KACUSTTEPIH aHBIKTAy MYMKIHJIITHE
re 00JIaMBbI3: XKYMCAPY JKOHE CHIHFBIIITHIK TEMIIEPATyPAChI, ICHETPALIHS, CO3BUIFBIIITHIK.
BaiinaHpICTBIPFBIII 3aTTAPIbIH PEOJIOTHSIIBIK TaJIayJiapFa 3epTTeyIIep KYPri3iii.

[Momumep kocwkurran 70/100 mMapkaibl OuTyM OacTamnKbiFa KaparaHJia ©Te JKaKChl
KepceTkimTep Oep/ii, Oy TYpiH KOJIaHy apKbUIbI YIKEH TEMIIepaTypa Juara3oHbIH/a
©3 KaCHETTEPIH CAKTaIl TYPAThIH TO3IMJII 9pi Caralibl KOJI CallyFa BIKIIAJIbIH THTI3E/].

TyTkplp KOnm OWTyMIAphIHBIH MaiifaliaHy TeMIEepaTypachlHAa —Te3IMALIIT
OUTYyMIIApJbIH CTAHJAPTThl CHUIATTaMaJlapblH IOJUMEP KOCKaHFa JCHIHTI, KEWiHT1
TEMIIEPaTyPaHbIH CaThUIbl TOMEHJICYIMEH ©3repTy apKbUIbl aHbIKTAIAbL. [lommmMepiti
OWTYMHBIH OJJIeKalila Te3iM[i, opi camajibl ©HIM KOPCETKIIITEpiHe He CKCHIIr1
OalKaJIIbl.

Byn 3eprrey acdanbT neH MaibTeHIEp OUTYMIbI OalIaHBICTHIPFBINI 3aTTapABIH
(U3UKaIBIK KacHeTTepiHEe KOCKaH YJECiH 3epTTereHIMEeH, op TYpil MyHail eHuey
3ayBITTAPBIHBIH  OaMIaHBICTHIPFBIIITAPBIHBIH XUMHSCBHIHIAFBl albIPMAIIIBUTBIKTAPIbI
3epTTey YLIIH KOChIMIIA KYMBIC KaxeT. OCBhl 3epTTeyAiH Ka3ipri HOTHKeNepi oJapAblH
XUMHUSUTBIKKYPaMbIHA HET13/1eTeH OallIaHbICTBIPFBITITAP IBIH (DU3UKAIIBIKKACHETTEPIHIH
alBIPMAIIBUIBIFBIH TYCIHYTe OaFbITTAFAaH OUTYM/IbI OAJIAaHBICTRIPFHIIITAD YIIIH JKaHA
AHAIMTUKAJIBIK TOCUIII KYPY/IBIH aJIFaIIKbl KaJaMbl PETiH/Ie ai1aJaHbuTybl MYMKIiH.
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Abstract. With the increasing use of wood resources, wood waste disposal is
becoming a pressing issue. Wood waste can be effectively processed and reused, thus
reducing environmental impact. Our study proposes using wood waste to produce
sodium carboxymethyl cellulose (Na-CMC) with enhanced physical and chemical
properties. The paper explores a promising approach to processing Scots pine (Pinus
sylvestris L.) wood waste via the suspension method to obtain the biopolymer Na-
CMC. The ability to convert pine sawdust into Na-CMC meets the demand for high-
quality wood raw materials, expands the biopolymer’s applications, and reduces the
environmental and economic burden of wood consumption. The aim of this study is
to produce Na-CMC from Scots pine sawdust at 60°C and 80°C and investigate the
biopolymer’s physical and chemical properties. In laboratory experiments, Na-CMC
samples were synthesized at 60°C and 80°C using sodium hydroxide, propanol-2,
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and sodium monochloroacetate (Na-MCA). The physical and chemical properties of
Na-CMC were studied such as functional groups (hydroxyl, methylene, carbonyl),
alcohol and ether bonds by IR spectrophotometry; molecular mass, polymerization
degree, and viscosity of polymer solutions by viscometry; carboxymethyl groups by
conductometric titration; and product yield and solubility by gravimetry. The scientific
and practical significance of the chemical modification of wood sawdust cellulose has
been established, with carboxymethylation proving effective at 60°C.

Keywords: carboxymethylation, sodium carboxymethyl cellulose, biopolymer,
carboxymethyl groups, molecular weight, degree of polymerization, viscosity.

K.C. KacsivoBa', H.H. Bepik6oa', B.U. Mapkun?, JI.K. Opa3:xanoBa’,
A.C. CeiiTkan®
l«Cemeit kamaceiabiH [Hlokopim ateiaaarel yauBepeuteTi» KeAK, Cemeit, Kazakcran;
2 AnTaii MeMIICKeTTIK yHUBepcuTeTi, Peceil, bapnayi;
3AcraHa XalbIKapaliblK yHUBepcuTeTi, Actana, KazakcraH.
*nazira_berikbolova@mail.ru

KAPAFA AFAIIBIHBIH KAJJABIKTAPBIHAH HATPUIA
KAPBOKCUMETHWJILEJJIIONIO3A AJTY KOHE OHBIH ®U3NKA-
XUMMUSIBIK KACUETTEPIH 3EPTTEY

KaceimoBa JKanap CaiinnayoexoBna — KeAK «Cewmeii kanacbinbi 11IokapiM aTbIHAAFbl YHHBEPCUTETI,
OMOIOTHS FRUTBIMAAPBIHBIH KaHuAaThl, 1otieHT, Cemeit, Kasakcran, E-mail: kasymova-z@mail.ru;
ORCID ID: https://orcid.org/0000-0002-4971-6638;

Bepik6oan Hazupa Hypasikbizbl — KeAK «Cemeit kanachinbi 11IokapiM aTbIHAAFbl YHHBEPCUTETI,
PhD noxropantsl, Cemeii, Kazakcran, E-mail: nazira berikbolova@mail.ru; ORCID ID: https://orcid.
0rg/0000-0003-4472-082X;

Mapxkun Bagum UBaHoBuY — Antaii MEMJICKETTIK YHUBEPCUTETI, XUMUS FHUIBIMIAPBIHBIH KaHINUIAThI,
noreHt, bapuayin, Peceii, E-mail: markin@chemwood.asu.ru; ORCID ID: https://orcid.org/0000-0002-
4853-9350;

Opa3zxanoBa JIszzar KameraeBna— KeAK «Cewmeii kanacsiabiH [1lokopim aThIHIaFsl YHHBEPCUTETI,
XHUMHSI FBUIBIMIAPBIHBIH KaHANAATHI, KaybIMIacThIpbuIFa mpodeccop, Cemeit, Kasakcran; mail: lyazzat.
orazzhanova.70@mail.ru; ORCID ID: 0000-0001-7881-0589;

Aiinyp CeliTKaHKBI3BI — ACTaHa XaJIbIKAPAJIBIK YHUBEPCUTETI, TEXHHKA FhIIBIMIAPbIHBIH KaHIH/ATHI,
Acrana, Kazaxcran, E-mail: seitkanainur.77@mail.ru; ORCID ID: https://orcid.org/0000-0001-9309-
500X.

AnHoramusa. byn wmakanama Harpuwii kapOokcumerwineunonoza  (Na-KMII)
OWonoiaMMepiH aiy MakcaTblHIa KoIiMri Kaparauh (Pinus sylvestris L.) aram
KaJIJIBIKTapbIH CYCIIEH3Us 91iCIMEH OHJICY/IiH THIM/I1 OaFbIThI 3epTTeireH. Kaparaii aramn
yriaginepin Na-KMII-ra kalita eHJIey, CUHTE3/eyTre Ka)eTTi )KOFapbl carallbl ararl
IIMKI3aThIHA JIET€H CYPAHBICThI KaHAFATTAaHJBIPAJIbI JKOHE OUOIOIMMEPIiH KOJIJIaHy
AsICBIH KEHEWTIIT KaHa KOWMail, COHBIMEH KaTap aralll IIbIFbIHBIHBIH YKOJIOTHSUIBIK KOHE
SKOHOMHUKAJIBIK aybIPTHAIBIFBIH a3aiTyra MYMKIHIIK Oepemi. JKyMBICTBIH MakKcaThl
— Komimri Kaparani (Pinus sylvestris L.) arambiablH yringiiepinen 60°C sxone 80°C
TeMIeparypaja cycreH3usuibIK dficien Na-KMI any xoHe Ouononumepain (pusnka-
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XMMUSUIBIK KacHeTTepiH 3eprTTey. 3eprTrey onictepi. Jlaboparopusisik ToxipOuene
60°C sxone 80°C temmeparypana HaTpUil THIPOKCHI, KapOOKCUMETWIIEY pearcHTi
peTiHae MOHOXJIOPCipKe KBILIKbUIBIHBIH HaTpuil Ty3bl (Na-MXCK) sxoHe mpomano-2
konganeubin, Na-KML] ynrinepi cunresnenni. Hotmwxkenep sxoHe Tankpuiay. Na-KMLI-
HiH (U3UKa-XUMHUSUIBIK KaCHETTepl 3epTTeii: GYyHKIHMOHAIABI TONTAPHI (THIPOKCHI,
METHJICH, KapOOHMIT), CIUPTTI ’KoHE KapanaibiM dHUpIIi XUMUSUIBIK OaitnanbicTapsl MK-
CeKTpo(OTOMETPHsI SiCiMEH; YITIIEpAiH MOJEKYJIalblK Maccachl, MOJTUMEPH3ALs
JOpeKeci, TOJIMMEp epITIHAUIEPIHIH TYTKBIPIBIFBI BUCKO3UMETPHS  OfIiCiMEH;
KapOOKCUMETHII TONTaphl KOHAYKTOMETPHSIIBIK TUTPICYMEH; OHIMHIH IIBIFBIMBI JKOHE
epirimTiri TpaBUMETpUsl 9iCIMEH aHbIKTanAbl. KOpBITBIHABL Afaml yriHALIEpAiH
LEJUTFOJI03aChIH XUMUSITBIK MOTU(HUKALMSIIAY OMICIHIH FBUIBIMH KOHE MPAKTHKAJIBIK
MaHBI3ABUIBIFBl YCHIHBIIABI, coHAal-aK 60°C TemmepaTypana KapOOKCUMETUIACYIH
TUIMJILIIT] )KOFapbl €KeHi aHBIKTAJIIbI.

Tyiiin ce3nep: kapOoOKcHUMETHIIIEHY, HATPUH KapOOKCUMETHIILIEILIION03a,
Oonononumep, KapOOKCUMETHI TONTAPBI, MOJIEKYJIABIK Macca, OIUMEpICHY
JIOPEKeEC], TYTKBIPIIBIK.
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AnHoTaumus: B jaHHOW cTaTbe WHCCIENOBAHO TMEPCIEKTUBHOE HalpaBieHue
o mepepaboTke OTXOMOB JPEBECHUHBI COCHBI OOBIKHOBeHHOU (Pinus sylvestris
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L.) CYCHCH3MOHHBIM METOIOM C IENbl0 TIOJNyuYeHHs OHONoNIMMepa HaTpui
kapOokcumetwenrono3sl  (Na-KMII). Bo3MokHOCTE  mepepaOOTKA — OMHUIIOK
npesecubl cocHbl B Na-KMILl T0O3BOMUT yIOBIETBOPUTH MOTPEOHOCTH CHHTE3a
B BBICOKOKaY€CTBEHHOM JAPEBECHOM CBIPbE M PACHIMPHUTh CQepy NpUMEHEHHS
Ouononumepa, a Tak’Ke CHU3UTh KOJIOTMYECKYIO H SKOHOMHUYECKYIO Harpy3Ky pacxoja
npesecunbl. Llens pabotel — momydenune Na-KML] cycnieH3HOHHBIM METOIOM U3
OIMJIOK JIPEBECHUHBI COCHBI OOBIKHOBEHHOU (Pinus sylvestris L.) mpu Temmeparypax
60°C u 80°C wm wuccienoBanue (QU3MKO-XMMHUUECKUX CBOHCTB OuomoanMepa.
Mertozp! uccnenoBanus. B nabopaTopHOM SKCIEpUMEHTE CHHTE3MPOBAHBI 00pa3Libl
Na-KMII npu temmeparypax 60°C u 80°C ¢ mpuMeHeHHWEM THIPOKCHIA HATpus,
pacTBOpUTENsl TMpOMaHoia-2 M KapOOKCHMETHJIMPYIOLIETO  peareHTa HaTpUEeBOM
comu MoHoxJopykycHor kucioTsl (Na-MXVYK). UccnenoBanbl pU3NKO-XUMUYECKUE
cBoictea Na-KMILIl: oOHapyxeHbl (yHKIHOHAIBHBIE TPYHNbl (THAPOKCHIIBHAS,
METHJICHOBAs, KapOOHMJIbHAS), CIIMPTOBBIE U MPOCTHIC d(PUPHBIE XUMUYECKHE CBS3H
UK-cnekrpodoTomMeTpreii; MONEeKyIsipHasi Macca, CTeNeHb NOIMMEpU3alii 00pa3oB
U BSI3KOCTh PacTBOPOB MONKMMEpPA BH3KO3UMETPHEH; peayorus; KapOOKCHUMETHIIbHBIC
IpyHNbl KOHAYKTOMETPUYECKUM THUTPOBAHUEM; BBIXOJ MPOAYKTa M PacTBOPUMOCTH
rpaBUMeTpHuel. PekoMeH10BaHO Hay4yHOE M NMPaKTHYECKOE 3HAYeHHE MPEI0KEHHOTO
crnoco0a XMMHUYECKOW MOTU(PHUKALNU LEJUTION03bI OMWIOK JIPEBECHHBI, a TaKkKe
yCTaHOBJICHA (P PEKTHBHOCTH KapOOKCHMETUIINPOBaHus pH Temmneparype 60 °C.

KiroueBble ci10Ba: kKapOOKCUMETHIIMPOBAHKE, HATPUI KapOOKCHMETHIIIICIUTION03a,
ouononumep, KapOOKCUMETWIIbHBIC TPYIIBI, MOJIEKYIsApHAas Macca, CTeleHb
MOJIUMEPHU3ALINH, BSI3KOCTh

Introduction. In recent years, there has been a widespread increase in the generation
ofindustrial waste. The total volume of accumulated solid household waste in Kazakhstan
has reached approximately 103 million tons. Each year, an average of 5-6 million tons
of such waste is generated, and according to estimates, this figure could rise to 8 million
tons per year by 2025. with an annual growth rate of 20% (Bekezhanov, 2017). This
issue is particularly significant for enterprises engaged in the processing of plant raw
materials, including wood. In the production of certain types of woodworking products,
waste exceeds 75% of the volume of wood used (Kolesnikova, et all, 2020). The main
types of waste from the woodworking industry include chunky residues, paper waste,
shavings, sawdust, and dust. In both global and domestic practices of wood processing
waste utilization, sawdust has found the least application, with no more than 30%
of its total volume being used for the production of eco-fuel, construction materials,
complex fertilizers, zoo products, and feed additives. Inefficient use of sawdust leads to
environmental and economic problems, such as environmental pollution by wood dust
and toxic substances (phenol, formaldehyde, etc.), irrational use of forest resources, and
increased fire hazards, among others (Kostyleva, et all, 2020), (Klara, 2022). Addressing
the issue of sawdust processing, it is essential to consider the quality characteristics of
the raw material and the economic factor (Kalyuta, 2020).

In modern conditions, the use of sawdust expands the raw material base and reduces
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production costs by minimizing the number and duration of individual technological
stages. (Bazarnova, et all, 2004), (Olaiya, et all, 2023).

One the possible solution for the utilization of wood waste is the chemical modification
(carboxymethylation) of plant raw materials to obtain water-soluble polymers with a
range of useful mechanical, rheological, bioactive, and other operational properties
(Markin, et all, 2013; Markin, et all, 2010).

In this regard, there is both scientific and practical interest in natural polysaccharides,
such as cellulose and its derivatives, within the field of polymer chemistry. (Rahman,
et all, 2021; Kukrety, et all, 2018). The most common cellulose derivatives are
carboxymethyl cellulose (CMC), a simple water-soluble cellulose ether, and its sodium
salt (Na-CMC), which exhibit excellent film-forming properties, complexation abilities,
and non-toxicity. These properties enable the creation of interpolymer complexes based
on Na-CMC in combination with various polymers for a wide range of applications in
medicine, the oil industry, food production, pharmaceuticals, and agriculture.

The process of wood carboxymethylation is well-studied and has been extensively
covered in scientific journals and patent literature (Joshi N, et all, 2024; Miiller, et all,
2018).

Wood carboxymethylation is based on the Williamson ether synthesis - the
O-alkylation of alkaline cellulose with monochloroacetic acid (MCA) or its sodium salt
(Na-MCA) in a two-stage process (Figure 1).

Figure 1. Chemical reactions of cellulose carboxymethylation.

The synthesis of Na-CMC involves the alkaline treatment of cellulose fibers
(mercerization) and the carboxymethylation of alkaline cellulose with MCA in the
presence of sodium hydroxide. In this process, the hydroxyl groups of the polymer’s
elementary unit are predominantly substituted at the C6 position, due to the reactivity
order of C3 < C2 < C6 (Gaisina, et all, 2022).

In recent research, the modification of the three main methods of cellulose
carboxymethylation reactions is particularly relevant: suspension (liquid-phase or
heterogeneous, in a solvent medium), solid-phase (without a solvent), and homogeneous
(in solution) methods (Markin, 2010). In the production of Na-CMC by the solid-phase
method, technical cellulose undergoes various mechanical treatments such as mechanical
grinding, mechanochemical processing, and extrusion (Cheprasova, et all, 2012; Qi, et
all, 2023). Homogeneous carboxymethylation involves the use of different solvents and
mechanisms for dissolving cellulose. In the suspension method, during the initial stage,
wood is treated with various reagents such as ethanol, propanol-1, propanol-2, toluene,
tertiary butyl alcohol, benzene, acetone, and mixtures of alcohols and water. These
reagents interact with the reactive functional groups of the main biomass components,
forming additional covalent bonds.

The suspension method for producing Na-CMC is of particular interest due to
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its advantages: the alkylating agent (MCA or Na-MCA) is dissolved and uniformly
distributed throughout the reaction mixture in the swollen alkaline cellulose; the low
viscosity of the reaction medium maintains the desired reaction temperature; it prevents
local overheating; it uses simple and inexpensive equipment for mixing the reaction
mixture; and it allows for the removal of by-products such as sodium chloride, sodium
carbonate, and the sodium salt of glycolic acid by extraction with 60% ethanol (Kalyuta,
et all, 2006).

The production of Na-CMC with specific properties (viscosity, solubility, uniformity
of substituent distribution, and degree of substitution) is determined by the synthesis
conditions: the type of plant raw material, the ratio and order of introduction of the
reacting agents, the temperature of mercerization and carboxymethylation, the duration
of the overall synthesis and individual stages, the nature and volume of the solvent, and
the intensity of side reactions (saponification of MCA forming sodium glycolate).

The purpose of this study is to obtain sodium carboxymethyl cellulose (Na-CMC)
using a suspension method from Scots pine (Pinus sylvestris L.) sawdust at temperatures
of 60 and 80°C, and to investigate the physicochemical properties of the resulting
biopolymer.

Methods and materials. The raw material for obtaining Na-CMC was common
pine wood sawdust (Pinus sylvestris L.) with a particle size of 0.315-0.630 mm and a
moisture content of 5.5-6%. For the identification of the laboratory-produced Na-CMC,
a commercial sample of Na-CMC polymer (Laborpharma, Kazakhstan) was also used.
A thermostat LAB-TJ-TB-01/19 (Russia), a conductivity meter Agilent 3200c (USA),
a spectrophotometer Infealum FT-801 (Russia), a capillary viscometer VPJ-2 with a
diameter of 0.56 mm (Russia), rotational viscometer Haake VT-550 (Thermo Scientific,
Germany) a membrane filter with a diameter of 0.45 um, and a Schott filter were used
in this study.

Suspension method of Carboxymethylation. Equal portions of air-dried wood sawdust
were weighed and mixed with sodium hydroxide to obtain a homogeneous mass. Then,
propanol-2 was added as a solvent, and the first sample was thermostated at 60°C, while
the second sample was thermostated at 80°C for 1 hour. Subsequently, a mixture of
Na-MCA and water was added to each sample, and they were thermostated under the
same conditions. The resulting products were separated by decantation, washed with a
mixture of 96% ethanol and 90% acetic acid at pH 5 until negative reactions to alkali
(using phenolphthalein) and chloride ions (using a silver nitrate solution) were observed,
and then air-dried. From the obtained carboxymethylated wood (CMW) product, Na-
CMC was isolated by boiling in a conical flask with a reflux condenser for 15 minutes
in a water bath with 15% peracetic acid. The precipitate was then filtered, washed first
with 70% ethanol from acid (to remove the acid, as verified by titanyl sulfate), then with
a hot mixture of ethanol and acetone (1:1), and dried to a constant weight (Markin, et
all, 2013).

The absorption spectra of functional groups in Na-CMC in the infrared region were
determined using a spectrophotometer in the range of 4000-400 cm™, according to the
methodology. Potassium bromide (KBr) was used as the immersion medium. Tablets of
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Na-CMC and KBr were prepared in a press mold under a pressure of 100 kg/cm?. The
spectrum of pure KBr was subtracted from the obtained spectra.

The samples of Na-CMC synthesized at different temperatures were analyzed for
carboxymethyl group content (CMG, %) using the conductometric titration method.

The solubility (S, %) of the obtained samples was determined according to the
methodology, which is based on dissolving the product in distilled water and subsequently
filtering this solution through a Schott filter.

The molecular masses (M, kDa) of the biopolymers were determined using the
viscometric method and calculated according to the Mark-Houwink-Kuhn-Sakurada
equation (Formula 1):

M= ([;]ﬁ

where [n] - the intrinsic viscosity, cm?/g;

K=5.37*103and a =0.73 (K and a are empirical constants for Na-CMC).

The degree of polymerization (n) was determined by dividing the molecular mass of
the polymer (M) by the molecular mass of the monomer (M, ) (Klivenko, et all, 2023).

The rheological properties of synthesized and commercial samples of Na-CMC were
studied using a rotational viscometer Haake VT-550 (Thermo Scientific, Germany)
(Berikbol, et all, 2024). The flow behavior of polymers with a concentration of 0.01
mol/L in aqueous solution was examined. The measurement system used was the NV
rotor-cup configuration. In the rotational viscometry method, the torque exerted on the
rotor is a measure of viscosity. The measurements were performed in the CS mode
(stationary flow curve) at shear rates ranging from 50 to 4000 s and 50 to 1000 s™*. Data
acquisition and processing were carried out using RheoWin 4.0 and Excel software. For
comparison, the solution of a commercial Na-CMC sample in the same concentrations
was also studied.

Results and discussion. Samples of Na-CMW and Na-CMC were obtained using
the suspension method at 60°C and 80°C (Figures 2a and 2b).

Figure 2. Samples of Na-CMW (a) and Na-CMC (b) obtained at temperatures of 60°C (left) and 80°C
(right).

The synthesized Na-CMD and Na-CMC exhibited the following physical properties:
in dry form, they were yellow, white, or light-yellow powders with no odor, soluble in
cold water, forming transparent viscous solutions that, upon drying, produced stable
films.

A universal and accessible method for identifying Na-CMC samples is IR
spectroscopy. Figure 3 shows the IR spectra of the synthesized polymers and the
commercial sample.
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Figure 3. IR spectra of the studied samples; a) commercial Na-CMC sample;
b) Na-CMC sample synthesized at 60°C; ¢) Na-CMC sample synthesized at 80°C.

The obtained IR spectra have absorption bands that differ slightly from each other.
The IR spectra (v, cm™') show absorption peaks characteristic of the vibrations of
functional groups: the absorption band in the range of 1611-1601 characterizes the
stretching vibrations of the carbonyl group (C=0); peaks in the range of 3478-3300
correspond to the vibrations of the hydroxyl group (O-H); peaks in the range of 3100-
2750 correspond to the stretching vibrations of the methylene group (C—H); and in the
range of 1067-1062, there are intense bands characterizing the vibrations of the alcohol
and simple ether bonds (C—O). The presented results indicate that the studied samples
have the same structure and confirm their correspondence to the Na-CMC polymer
structure.

The yield and characteristics of the obtained Na-CMC from common pine sawdust,
including the presence of carboxymethyl groups and water solubility, are presented in
Table 1.

Table 1. Quantity of Carboxymethyl Groups and Solubility of Carboxymethylated Derivatives Obtained
in Propanol-2

Sample Temperature, °C Yield, % CMG, % S, %
60 57,4+0,7 21,24+0,4 5041
Na-CMC (synthesized) 80 51,8403 24,6+0,2 341
Commercial Sample* - - 12,5+0,3 98+1
*Note: Dash indicates absence of data.

As shown in Table 1, the quantity of CMG in the synthesized Na-CMC samples is
21.2% and 24.6%, which is twice as much as that of the commercial sample.

The solubility of Na-CMC obtained by the suspension method was 35-50%, which is
2-3 times lower compared to the commercial sample. The decrease in Na-CMC solubility
with increasing carboxymethyl group content contradicts the expected increase in
polymer hydrophilicity due to the higher number of polar and ionic groups. However,
this phenomenon can be explained by changes in molecular conformation, enhanced
intermolecular interactions, and the potential formation of gel structures, which limit
the ability of Na-CMC molecules to interact with water. The solubility of polymers also
depends on the molecular weight and degree of polymerization. To study the molecular
weights, relative, specific, and intrinsic viscosities were determined. Based on the
calculation results, graphs of the dependence of intrinsic viscosity on polymer solution
concentration were constructed (Figure 4).
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Figure 4. Concentration dependence of intrinsic viscosity of solutions:
a) Na-CMC synthesized at 60°C, b) Na-CMC synthesized at 80°C, ¢) commercial Na-CMC.

Figure 4 shows that the change in synthesis temperature of Na-CMC did not affect
the viscosity of the polymer solutions. Additionally, the viscosity of the synthesized
samples is 10% lower compared to the commercial sample. The reduction in viscosity
can be explained by gel formation due to the aforementioned hydrophobicity of the
CMG.

Measuring intrinsic viscosity is used to determine molecular weight, as the rheological
properties of the solution depend on the number of units in the chain. The results of the
calculations for the molecular weight and degree of polymerization of the Na-CMC
samples are presented in Table 2.

Table 2. Molecular weight and degree of polymerization of synthesized and commercial Na-CMC

Sample Intrinsic viscosity | Molecular weight Degree

[n], cm®/g M. kDa of polymerization
Na-CMC synthesized at 60°C 30,8 181 750+20
Na-CMC synthesized at 80°C 30,7 181 750420
Commercial Na-CMC 342 163 67020

As seen from the results in Table 2, the synthesized polymers are high-molecular-
weight and, therefore, possess sufficient mechanical strength, making them highly
promising for practical applications.

The study of the rheological properties of polymer solutions allows for the evaluation
of the chemical structure and the arrangement of functional groups that determine the
intermolecular interactions of polyelectrolyte macromolecules in aqueous solutions and
their stability over time. Figure 5 shows the dependence of the viscosity of polymer
solutions on their shear rate.
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Figure 5. Dependence of the viscosity of polymer solutions on their shear rate.

The flow curve of Na-CMC polymer samples is characteristic of pseudoplastic
fluids, where shear stress increases and viscosity decrease with increasing shear rate
[24]. In general, the investigated non-Newtonian fluids exhibit flow behavior in a static
state but demonstrate solid-like properties under abrupt force. When interacting with
solid surfaces, the polymer solutions form a protective polymer film that shields against
destructive mechanical impact.

Conclusion.

The synthesis of Na-CMC using the suspension method demonstrated significant
advantages in controlling the physicochemical properties of the product and ensuring its
environmental safety, while also addressing the global issue of wood waste recycling.
The Na-CMC biopolymer samples were analyzed using physicochemical methods,
including IR spectroscopy, viscometry, conductometric titration, and gravimetry.
Based on the results, the Na-CMC sample obtained at 60°C exhibited more optimal
characteristics: yield (57.4+0.7%), carboxymethyl group content (21.2+0.4%), solubility
(50+1%), intrinsic viscosity (30.8 mL/g), molecular weight (181 kDa), and degree of
polymerization (750+20). Thus, the high mechanical strength, good solubility, and
optimal viscosity of Na-CMC synthesized from wood waste highlight the environmental
and economic potential of this modern waste recycling method.
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Abstract. This article presents an innovative approach to processing copper ore from
one of the deposits in Kazakhstan, aimed at enhancing the efficiency of copper extraction
from materials with a complex mineral composition. The described methodology
includes several key stages: comprehensive analysis of the ore’s material composition,
gravity and flotation beneficiation, as well as hydrometallurgical processes. During the
study, the ores underwent preliminary preparation, including crushing and grinding to
the required fineness. Experiments on gravity and flotation beneficiation demonstrated
that optimizing the parameters of these processes significantly increases the yield
of copper concentrate. Additionally, sulfuric acid leaching conducted showed high
efficiency in extracting copper from the ground ore. The research results confirm that a
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comprehensive approach to copper ore processing ensures high efficiency in extracting
valuable components and opens up prospects for the sustainable and economically
viable utilization of complex copper ores.

Keywords: copper-containing raw materials, ore-beneficiation; gravity; flotation;
leaching.
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Annoranus. byn makanana KasakcraHHbIH 0ip KeH OpHBIHAH aJIbIHFaH MBIC pyaa-
CBIH OHJCY/IIH WHHOBALMSUIIBIK TACIII YCHIHBIIFAH, OJ1 KypAeIi MHHEPaJIbl KYpaMIarsl
MarepuangapAaH MbIC ally THIMJIUTITIH apTTeIpyFa OarbITTanFad. CunartanraH oficTemMe
OipHemIe Herisri Ke3eHAepAi KaMTUABL: PYJaHbIH MaTepUaNIIbIK KYPaMbIH KaH-KaKThl
Tajay, (paBUTALMSIIBIK XKoHE (IOTAMSITBIK Ol bITY, COHIA-aK THAPOMETaILTY PTUSUIBIK
npornectep. 3eprrey OapbIChIHAAa pydajiap KaXeTTi YCaKTBIKKa ACWiH ycakTay >KoHe
Maiiianay CHUSKTBI aJlJIbIH aja JaHbIHABIKTaH OTTi. [ paBUTALMSUIIBIK )KoHE (DIIOTALMSITBIK
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OaiipITy OOMBIHILA KYPTi3UIreH SKCHEPUMEHTTEp Oy MpOLEeCTepIiH MmapameTplepin
OHTAMIaH]IBIPY MBIC KOHIIEHTPATHIH IIBIFBIMBIH aUTapIIBIKTal apTThIPATHIHBIH KOPCETTI.
CoHbIMEH Karap, KYKIPT KBIIIKBUIBIMEH IIaiiManay ycaKTalFaH pyaajap/iaH MbIC
AJTYIBIH KOFapbl THIMITITIH KOPCETTi. 3epTTey HOTIKEIIEPl MBIC pyaadapbliH KeIIeH T
OHJIEYTe JKYHemni Ke3Kapac KYHIbI KOMIIOHEHTTEPJi aNy[IblH >XOFaphl THIMIUIITIH
KaMTaMachl3 €TETIHIH KOHE KYPAET MBIC pyAalapblH TYPaKThl KOHE SKOHOMHKAIIBIK,
THIMJII TaliAaanyablH KeJICUICT1H allaTbIHBIH PaCTaiIbl.

Tyiiin ce3aep: MbIc KypaMbIHAAFbI IIUKi3aT, pyaa OailbITy, rpaBUTaNus, (IOTAINS;
manmanay.
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AHHoTaumMs. B [aHHOW cTaThe TMpEACTaBIEH WHHOBAallMOHHBIA TOAXOA K
nepepaboTke MEIHOU pyabl OJHOTO M3 MecTopoxacHui KazaxcTana, HampaBICHHBIN
Ha TOBbIIICHHE 3(P(OEKTUBHOCTH W3BJICUCHHUS MEIU U3 MaTCPUATIOB C CIIOXKHBIM
MUHEpaJIbHBIM cOCTaBoM. OMUCaHHAsS METOMOJIOTHS BKIIOYACT HECKOJIBKO KITFOUEBBIX
JTANOB: BCECTOPOHHUN aHAJIU3 BELIECTBEHHOI'O COCTaBa Py/bl, TPAaBUTAIMOHHOE U
(uioTanoHHOE oOOTAaIllCHWEe, a TaKXKe THUAPOMETaUTyprUuecKHue Impouecchl. B xoze
HCCIIC/IOBAHUSI PY/bI MPOILUIA TPEABAPUTEIILHYIO TOJITOTOBKY, BKIIIOUasi APOOJICHUE
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U U3MENBICHUE A0 HEOOXOAMMOW TOHKOCTH. DKCIEPHUMEHTHI MO T'PaBUTALIMOHHOMY
u QIoTauMOHHOMY OOOTALICHUIO TOKa3aJld, YTO ONTHMH3ALUS MapaMeTpoB 3TUX
MIPOLIECCOB 3HAYUTENBHO YBEIMUUBAET BBIXO/ MEIHOTO KOHIEHTpaTa. JlonoIHUTENbHO,
CEpHOKHCIIOTHOE BBIIIEIaYMBAaHHUE TTOKA3aJI0 BBICOKYIO 3((QEKTUBHOCTh B M3BICUCHUN
MEeAM W3 U3MeNbueHHOW pyapl. Pe3ynbraTel HccieoBaHUS IMOATBEPXKAAIOT, YTO
KOMIUIEKCHBIM TOAXOX K THepepaboTke MeTHOH pyasl 00ecleunBaeT BBICOKYIO
3G PEKTUBHOCTh M3BJICUCHUS IICHHBIX KOMIIOHEHTOB M OTKPBIBAIOT MEPCHEKTUBBI IS
YCTOMYMBOTO U 3KOHOMUYECKH BBITOJTHOTO UCTIONB30BAHUS CIIOKHBIX MEHBIX PYI.

KiroueBble cioBa: Meabcoiepikaliee ChIpbE, oOoraiieHue pyn, IpaBUTaLus,
¢roranuys, BeIIETaYNBaHIE

Introduction

The use of copper, the red metal with remarkable properties, is of paramount
importance in the field of clean energy and renewable technologies (2023: 54268).
The unique characteristics of copper, such as high electrical conductivity, ductility,
efficiency, and recyclability, make it indispensable for various applications in renewable
energy systems, including solar and wind technologies (2023: 07.01.04). The significant
role of copper in energy storage devices, such as flow batteries, lithium-ion batteries,
and sodium batteries, underscores its crucial importance in the production of electric
vehicles.

Copper’s electrical conductivity is among the highest of all metals, making it an ideal
material for the efficient transmission of electricity from renewable sources. Copper’s
ductility allows for the production of thin wires necessary for complex electrical
components in solar panels and wind turbines. Copper’s efficiency in energy conversion
and its ability to be recycled without losing its properties enhance its environmental
sustainability.

The energy storage sector, which ensures balance amidst interruptions in renewable
energy sources, also heavily relies on copper. Lithium-ion batteries, widely used in
electric vehicles and grid storage, require approximately 44 pounds of copper per
megawatt of energy storage (Silpa et al., 2022: 12050545).

Technologies for using renewable energy sources, particularly solar and wind
systems, require significantly more copper than traditional fossil fuel-based power
generation. For instance, solar systems need approximately 5.5 tons of copper per
megawatt of electricity, while 3 MW wind turbines require around 4.7 tons. This is due
to the extensive wiring, power transformers, and inverters critical to the functioning of
renewable energy systems (Keming and Druffel, 2021: 9519105).

The International Copper Association (ICA) emphasizes that no other metal
can match copper’s versatility and efficiency in these areas. Copper’s exceptional
properties make it a cornerstone in the development of clean energy and technologies
based on renewable sources. Its indispensable role in solar and wind energy systems,
energy storage solutions, and electric vehicle production highlights its significance for
transitioning to a sustainable and low-carbon future.

The complete dematerialization of high-grade copper ore and the continuously
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growing demand necessitate the processing of low-grade resources to sustain industrial
growth and development (Zhumashev et al., 2021). Copper deposits worldwide are
predominantly of the porphyry type, comprising 50-60% of global copper production.
They consist of copper sulfide minerals such as chalcopyrite (CuFeS.), chalcocite
(Cuz2S), and bornite (CusFeS4). About 90% of copper is extracted from sulfide deposits,
with chalcopyrite accounting for roughly half of the copper production. Besides
sulfide minerals, copper also occurs in oxide forms such as cuprite (Cu20), malachite
(CuCOs-Cu(OH)2), azurite (2CuCOs-Cu(OH)z), chrysocolla (CuSiOs-2H20), and mixed
ores containing both oxidized and sulfide minerals.

Copper, a major non-ferrous metal, is present in the Earth’s crust at a concentration
of 50 parts per million (ppm). In mining operations, the copper content in open-pit
mines is around 0.4%, while in underground mines it ranges from 1% to 2%, along
with other valuable minerals and gangue materials. The geological distribution and
chemical properties of copper require advanced extraction and processing technologies
to maximize yield and efficiency (Gerardo et al., 2020: 04255-9).

Kazakhstan produces about 4% of the world’s copper volume and 50% of the CIS
production (Zhang et al., 2019: 5137852). The country’s copper consumption is 8%
of total production, with 22% exported to neighboring countries and 70% to distant
markets. Kazakhstan ranks high in the global non-ferrous metals market in terms of
reserves, mining, and refined copper production: 7th in refined copper production,
9th in copper reserves, and 11th in mining. Copper from Zhezkazgan and Balkhash is
registered as a benchmark on the London Metal Exchange (LME). The observed rise in
copper prices on the LME underscores the viability and potential for further investment
in the copper industry in the Republic of Kazakhstan (Figure 1). The current price on
the London Metal Exchange is $9,489.50 per ton (https://www.lme.com/Metals/Non-
ferrous/LME-Copper/Summary).

100344

9900

9800

9700

9600

9500 ///

9400

USS per tonne

93084
Jul 24 Aug 24 Sep 24 Oct 24

Prompt date

Figure 1 - Dynamics of Copper Prices in US Dollars (USD) per Ton for 2024

In Kazakhstan, the main copper deposits are copper sandstones, copper porphyry, and
pyrite-polymetallic types. In 2017, copper ore extraction amounted to nearly 78.5 million
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tons, of which 26 million tons were mined in the Karaganda region, 28.5 million tons in
the Pavlodar region, and 18.3 million tons in the East Kazakhstan region. A total of 10.5
million tons of copper concentrate and 408,435 tons of refined copper were produced.
According to UBS Global Research, global demand for refined copper is increasing,
reaching 24.4 million tons in 2017. The global population growth and urbanization
demand significant investments in infrastructure, for which copper remains a primary
raw material. The rising copper prices on the London Metal Exchange highlight the
viability of investments in the development of the copper industry in Kazakhstan.

Copper Production by Country in 2023
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Figure 2 — Copper Production by Country in 2023

The main balance reserves of copper are concentrated in Eastern and Central
Kazakhstan, predominantly in low-grade copper porphyry deposits (Chepushtanova et
al.,2023: 11-19). Additional reserves include pyrite-polymetallic deposits in the eastern
part of the republic (Artemyevskoye, Kosmurun, Akbastau, etc.). In the Karaganda
region, the Kenshocky deposit in the Shetsky district and the Nurkazgan copper porphyry
deposit with high-grade ores in Central Kazakhstan have been prepared for exploitation.
In Southern Kazakhstan, the Shatyrkol copper deposit, and in the Zhezkazgan mining
region, one of the largest deposits, Zhaman-Aibat, are notable. Copper porphyry deposits
such as Aktogay, Aidarli, Koksay, and Bozshakol also possess significant potential
(Koizhanova et al., 2023: 54; Nyamdelger et al., 2023: 26).

The modern copper mining sector faces several fundamental challenges. The
depletion of high-grade deposits forces the transition to the development of ores with
lower copper content, increasing processing volumes and, consequently, the costs of
mining and beneficiation. Additionally, the need to develop deep-seated mines further
escalates expenses. The technical complexities of processing such ores require the
use of more advanced and costly technologies, leading to higher production costs for
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copper. This process is also associated with the necessity of impurity removal, requiring
additional processing stages.

The primary objective of this research is to analyze the technological parameters and
patterns that determine the efficient processing of copper ore from one of the deposits
in Kazakhstan. Particular attention is given to studying the material composition of the
ore, conducting comprehensive mineralogical and chemical analyses, and developing
and optimizing beneficiation methods such as gravity and flotation. The research aims
to obtain new data on the structural changes in copper ores during processing and to
develop effective technological solutions for extracting valuable components, thereby
enhancing the profitability and environmental sustainability of the copper ore processing
process.

Object of study

The research object is copper ore from one of the deposits in Kazakhstan, located
in the Karaganda region. The aim of this study is to develop an efficient technology
for processing copper ore that contains both oxidized and sulfide copper minerals, as
well as other associated components. The primary focus is on studying the material
composition of the ore, conducting mineralogical and chemical analyses, and optimizing
beneficiation and leaching methods to enhance the copper extraction rate.

The experimental part includes comprehensive laboratory studies such as X-ray
fluorescence and X-ray phase analyses, gravity and flotation beneficiation, as well as
sulfuric acid leaching. Various technological samples representing different parts of the
deposit were selected for analysis: rocks with high malachite content, quartz-sulfide
ores, and skarn types.

Experimental Section

Before initiating the research on processing copper ore from one of the deposits
in Kazakhstan, the main parameters for gravity and flotation beneficiation, as well as
sulfuric acid leaching, were established. A three-inch Knelson KC-MD 3 centrifugal
concentrator with continuous discharge was used for gravity beneficiation, under
conditions including a cone diameter of 7.5 cm, a water flow rate of 3.5 I/min, a pressure
of 25 kPa, and a gravitational acceleration of 60 G.

Sample preparation involved grinding the ores to a fineness of 98% passing -0.071
mm. The samples prepared for the studies were subjected to X-ray fluorescence and
X-ray phase analysis to determine their material composition. The loading of ore
material samples into the concentrator was performed in averaged mass ratios.

For flotation beneficiation, a laboratory flotation machine of the “Mekhanobr” type
with a chamber volume of 3.0 liters was used. Flotation was carried out at a pulp solid
particles ratio of 33% in two stages, yielding primary and control concentrates, as well
as final tailings. The reagent regime included butyl xanthate and frother C7 at pH 9.0

For sulfuric acid leaching, a sample ground to 80% passing -0.071 mm was used.
Leaching was carried out with a 2.5% sulfuric acid solution at a solid-to-liquid ratio of
1:4 for 8 hours. The elemental composition of the initial ore from one of the deposits in
Kazakhstan, presented in Table 1, was determined using fluorescence analysis, which
allows for the detection of element spectra from oxygen to uranium.
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Table 1 — Results of X-ray Fluorescence Analysis of Ore Samples from One of the Deposits in
Kazakhstan

Element Content, % Element = Content, % Element | Content, % @ Element = Content, %

O 45.782 P 0.412 Mn 0.157 Mo 0.008
F 0.261 S 0.269 Fe 3.417 Ag 0.034
Mg 0.807 Cl 0.125 Cu 5.626 Ba 0.082
Al 3.113 K 0.722 Zn 0.541 Pb 8.557
Si 21.491 Ca 0.726 As 0.033

Ti 0.116 Cr 0.025 Sr 0.012

X-ray phase analysis determined the primary composition of the rock-forming
components. The measurements were conducted using a D8 Advance (Bruker)
apparatus, o-Cu, with a tube voltage of 40 kV and a current of 40 mA. The processing of
the obtained diffractogram data and calculation of interplanar distances were performed
using EVA software. Sample interpretation and phase identification were conducted
using the Search/match program with the PDF-2 powder diffraction database. The
results of the X-ray phase analysis are presented in Figure 3 and Table 2.

Intensity,(a.u.)
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Figure 3 — Diffractogram of the Sample from One of the Deposits in Kazakhstan

Table 2 — Results of X-ray Phase Analysis of the Initial Sample from One of the Deposits in Kazakhstan

No Compound Name Formula Content. rel. %
1 Quartz SiO, 63.3%

2 Cerussite PbCO 19.3%

3 Malachite CH2Cu,0, 6.2%

4 Orthoclase KSi,AlIO 4.9%

5 Lead Phosphate Pb.(PO,), 4.8%

6 Clinochlore Al-Fe-SiO -OH 1.5%
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A sample of ore from one of the deposits in Kazakhstan was studied using
mineralogical analysis in reflected light with an OLIMPUS-BX 51 microscope. The
main mass of the briquettes consists of non-metallic minerals, predominantly quartz.
Among the rock-forming minerals, malachite was identified (Figure 4a). Cerussite
appears gray in reflected light with low reflectivity, exhibiting strong bireflection and
anisotropy. The internal reflections are bright and colorless. Cerussite is observed as
irregular segregations with intricate contours, composed of anhedral grains ranging from
a few hundredths to 0.05 mm in size (Figure 4b). Iron hydroxides and carbonaceous
material are also present.

100 um

a b
Malachite in Association with Iron Hydroxides Cerussite (1), Quartz (2), Carbonaceous
Material (3) in Gangue Mass (4)

Figure 4 — Mineralogical Analysis of the Sample at 400x Magnification

Phase analysis of the initial sample revealed the content of various forms of copper,
lead, and other elements. The copper content in free oxidized minerals was 4.394%,
in bound oxidized minerals—0.07%, in secondary sulfides—0.32%, and in primary
sulfides—0.0095%, resulting in a total of 4.79%. The main copper minerals include
malachite, azurite, tenorite, and cuprite, as well as bornite, chalcopyrite, and chalcocite
(Table 3).

Table 3 — Phase Analysis of the Initial Sample from One of the Deposits in Kazakhstan

Mass fraction of determined elements, %
Cu free oxidized Cu bound oxidized Cu secondary Cu primary 2Cu | Cu,,
mineral mineral sulfides sulfides
4.394 0.07 0.32 0.0095 4.79 4.79
malachite, azurite, malachite, azurite, |bornite, chalcopyrite, | chalcopyrite,
tenorite, cuprite tenorite, cuprite chalcocite cubanit

The sample from one of the deposits in Kazakhstan primarily consists of camallite,
halite, and sylvite, which together constitute more than 86% of the total composition.
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The presence of magnesium oxide, magnesium peroxide, and chlorargyrite is also
significant, although their combined content is less than 13% of the total composition.
These components indicate a high content of chlorides and magnesium compounds in
the sample, which may be important for the further processing and utilization of the
mineral raw material.

Discussion of Results

Gravity beneficiation was conducted using ground ore with a fineness of 98% passing
-0.071 mm and was performed in a single stage, resulting in two main products — gravity
concentrate and tailings. The obtained concentrates and tailings were analyzed for
valuable component content after drying, with the concentrate sample also being used
in further leaching experiments. The results of the gravity beneficiation are presented
in Table 4.

Table 4 — Results of Gravity Beneficiation

Product Weight, g Mass yield, % Cu, % E Cu, %
Concentrate 773 7.7 10.388 13.35
Tails 922.7 92.3 5.65 86.65
Total 1000 100.00 6.02 100.00

The processing resulted in the separation of the initial sample into concentrate and
tailings. The concentrate contains a high copper content (10.388%), but its yield is only
7.7% of the total mass. The tailings have a lower copper content (5.65%), but their mass
yield is 92.3%, which explains the high proportion of recovered copper (86.65%) in the
tailings. The overall processing is effective in extracting copper, although a significant
portion of copper remains in the tailings, which may require further processing or
optimization to increase copper recovery in the concentrate.

For flotation beneficiation experiments, samples from one of the deposits in
Kazakhstan were ground in a ball mill to a fineness of 0.071 mm (90%). The following
reagent regimes were used during flotation studies: for primary flotation — pH 9.0, butyl
xanthate — 120 g/t, frother C7 — 60 g/t, duration — 10 minutes; for control flotation —
pH 9.0, butyl xanthate — 60 g/t, frother C7 — 30 g/t, duration — 5 minutes. All obtained
flotation concentrates and tailings were dried for further analysis.

The experimental scheme for determining the optimal grinding fineness of the
flotation material is shown in Figure 5. The results of the flotation beneficiation
experiments are presented in Table 5.
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Figure 5 - Flotation scheme

Table 5 — Results of flotation enrichment

Product Weight, g Mass yield, % Cu, % E Cu, %
Basic concentrate 76.3 7.6 6.034 7.84
Control concentrate 93.5 9.4 6.429 10.24
Tails 830.2 83.0 5.793 81.92

Total 1000 100.00 5.87 100.00

The primary and control concentrates together constitute 17% of the total sample mass
but contain relatively high copper concentrations (6.034% and 6.429%, respectively).
The tailings, despite their large volume (83% of the total mass), contain less copper
(5.793%) but account for the majority of the recovered copper (81.92%).

The overall processing is effective, but a significant portion of copper remains in
the tailings, indicating a need for further optimization of the process to increase copper
recovery in the concentrate.

For sulfuric acid leaching, an initial sample from one of the deposits in Kazakhstan,
containing significant copper concentrations, was used. The filtrate of the productive
solution was collected for copper content analysis, which was performed using the
atomic absorption method on an AA-7000 instrument (Shimadzu, Tokyo, Japan).
The results of the leaching of the sample from one of the deposits in Kazakhstan are
presented in Table 6.

Table 6 - Results of sulfuric acid leaching of copper
primary Cu. % Weight, g V,L Cu, g/l E Cu, %
4.79 100 0.3 12.13 75.8

As seen in Table 6, the copper extraction process from the ore demonstrated high
efficiency, achieving 75.8% copper recovery, with a copper concentration in the solution
of 12.13 g/L.
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Conclusion

Thus, a study of the material composition of copper ore from one of the deposits
in Kazakhstan was conducted, and samples were collected. The main mass of the ore
rock is represented by quartz, albite, and muscovite, while among the copper minerals,
malachite, azurite, tenorite, and cuprite dominate. The copper content in the samples
ranges from 4.394% in free oxidized minerals to 0.0095% in primary sulfides, totaling
4.79% copper.

The experiments on gravity and flotation beneficiation showed that optimizing the
parameters of these processes significantly increases the yield of copper concentrate.
Gravity beneficiation was conducted using ground ore with a fineness of 98% passing
-0.071 mm on a 3-inch Knelson KC-MD 3 centrifugal concentrator, resulting in two
main products — gravity concentrate and tailings. The results of the gravity beneficiation
confirm the high efficiency of this method.

Flotation beneficiation experiments were conducted using laboratory flotation
machines of the “Mekhanobr” type with butyl xanthate and frother C7 at pH 9.0. The
obtained flotation concentrates and tailings were dried and further analyzed, which
allowed for the determination of optimal conditions for the flotation beneficiation of
copper ore. Sulfuric acid leaching showed high copper extraction efficiency—75.8%,
with a copper concentration in the solution of 12.13 g/L.

The study confirmed the feasibility of using a comprehensive approach to processing
copper-containing ores from one of the deposits in Kazakhstan. Optimization of
beneficiation and leaching parameters ensures high copper extraction efficiency,
opening prospects for the sustainable and economically viable utilization of complex
copper ores.
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Abstract: The article discusses the synthesis of new complex ferrite, radiographic
and electron microscopic studies. The phase of complex ferrites was synthesized by
the method of high-temperature sol-gel synthesis. For the first time, the structure of
CrKFe O, Composite ferrite was studied by X-ray phase analysis and scanning electron
microscope methods, the syngony type, elementary cell parameters, radiographic and
pycnometric densities, and elemental analysis were determined. A comparative analysis
of the relationship between the parameters of the Crystal cell of primary substances
and the parameters of the obtained complex ferrite Crystal cell was carried out. Micro-
samples were taken from different parts of the crystallite obtained through a scanning
electron microscope, the elemental composition of the crystals was analyzed, and the
general type of layer of the complex ferrite surface was demonstrated. As a result, the
fact that the compound consists of a single phase, the clarity of its construction was
determined by the topography and chemical composition of the compound. As a result,
it was found that the newly synthesized complex ferrite corresponds to the Formula
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CrKFe O,. The particle size of the compounds formed is large (between 200 um, 20.0
um, 5.00 um and 2.00 um).

Keywords: Sol-gel method; ferrites; syngony; radiography; pycnometric density;
elementary cell parameters.
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Annoranusi. Makanaza sxaHa Kypaeni GeppHuTiH CUHTe3/eY, PeHTIeHOrpaHsUIbIK
YKOHE DIIEKTPOHII MUKPOCKOITUSUIBIK 3€pTTeY KapacThIpblUIFaH. JKoFraphl TeMIieparypasibl
30IIb — T€Jb CHHTE3 9fici apKbUIbl Kypaeni ¢eppurrepiin ¢asackl CHHTE3IENII.
Amramr per CrKFe,O, Kypamibl (eppuTiHiH KyphUIBICHIH PEHTIEHIIK (hasasbiK
Tanjay >KoHe CKaHepJIeyIli HIEKTPOHIbl MUKPOCKOI d/IiCTepiMEH 3epTTEeil, CHHIOHHS
THUI, DJIEMEHTap YAMIBIK MapaMeTpriepi, PeHTTeHOTpa(UsIbIK JKOHE MUKHOMETPIIIK
TBIFBI3ABIKTApPBl, JJEMEHTTIK Taljaylapbl aHBIKTaIAbl. bactamkel 3arTapAblH
KPUCTAJBIK YALIBIK MapaMeTpiiepi MEH aliblHFaH KypAedi (heppHuTTiH KpPHCTAIIBIK
YAIIBIK TapaMeTpIiiepl apachbiHaarbl OaiIaHbIChIHA CABICTRIPMAIbl TalAay KYpPri3iiii.
CkaHepreylni 3JI€KTPOHABI MHKPOCKON apKbUIbl albIHFaH KPUCTAIMTTIH 9p TYpii
OeJiKTepiHEeH MHUKpOCBIHAMAJAp ajbIHBIN, KPUCTAIAAPABbIH SJIEMEHTTIK KypambIHa
Tangay KacaJblHAbIL, KypAen (GeppHuTTiH OSTTiK KaOaThIHBIH JKaIIbl TYPl KOPCETiIIi.
Hotmxecinae KochUIbICTHIH 0ip (hazagaH TYpaThIHIBIFbI, KYPBUTBICBIHBIH aKbIHIBLTBIFbI
Tonorpadusi MEH KOCBUIBICTBIH XHMUSUIBIK KypaMbIMEH aHbIKTanabl. Hotmxkecinae
KaHa cuHTesneninin anbinran Kypaeni ¢eppurrin CrKFe,O, dopmynaceina colikec
KeJICTiHI aHBIKTAIABI. TY31IreH KOChUIBICTAP IBIH O6JIIIeKTepi YiIKeH enmemre ue (200
um, 20.0 pm, 5.00 pm xone 2.00 pm apanabIFbIHIA).
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AHHoOTanuss. B crarbe paccmarpuBaeTCs CHHTE3 HOBOTO CIIOXKHOTO (eppura,
peHTreHorpauueckoe M 3EKTPOHHO-MHUKPOCKOIMUYECKOEe HccienoBanne. Metogom
BBICOKOTEMIIEPATypPHOI'O 30JIb-I'€JIEBOI0 CHHTE3a OblIa CHHTE3MpOBaHa (a3a CIOKHBIX
(eppuros. Brepseie koHcTpykums deppura, comepxamero CrKFe O,, O6buta
HCCIIel0BaHa METOJaMH PEHTIeHO(A3HOro aHann3a U CKaHUPYIOLIETO 3JIEKTPOHHOTO
MHUKPOCKONa, OBUIM BBISIBICHbl CHHTOHMYCCKHI THI, MapaMeTphbl 3JIeMEHTapHBIX
sYEEeK, PEHTreHorpagMuecKkue M I[UKHOMETPHUYECKUE IUIOTHOCTH, 3JIEMEHTHBIN
ananu3. [IpoBeneH cpaBHUTENBHBIN aHANIN3 B3aUMOCBS3H HCXOAHBIX BELIECTB MEXIY
napamMeTpaMyd KpUCTAJUIMYECKOH SYEeHKH W MapaMeTpaMy IOJIY4YEeHHOTO CIIOKHOTO
(eppura. 13 pa3nuyHbIX 4acTel KPUCTAINTA, TOIYYEHHBIX C IOMOLILIO CKAHUPYIOIIETO
3NEKTPOHHOTO MHKPOCKOINA, ObUIM M3BJICUCHBI MHMKPOOOPA3Lbl, MPOBEICH aHAJIN3
3JIEMEHTHOTO COCTaBa KPHUCTAJJIOB, IOKAa3aH OOLIMK BHJ IOBEPXHOCTHOTO CJIOS
CJIOKHOTO (pepputa. B pesysnbrare onpenensiocs, 4To COSAMHEHHE COCTOUT U3 OXHON
(a3pl, 4ETKOCTh CTPOEHHs Ompeaessiach Tornorpaduedl M XUMHYECKMM COCTAaBOM
coeanHeHus. B pesynbrare Ob110 00HAPYKEHO, YTO HOBBIH CHHTE3UPOBAHHBIN CIIOKHBIN
deppur coorserctByeT (opmyne CrKFe O,. Hactuipl 00pasyrommxcs COEIMHEHUN
nMmeroT Oompime pasmeps (ot 200 um, 20.0 um, 5.00 um u 2.00 pm).

KiroueBble cioBa: (eppuTbl, CHHIOHUS, PEHTreHOrpadus, MUKHOMETpHUYECKas
IUIOTHOCTbD, MIAPAMETPhl AIEMEHTApHON STUCHKH
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Introduction

Ferrites are inexpensive magnetic materials that are often used to open up completely
new applications in scientific research, especially in Electrical Engineering. The recent
use of Ferrite cores is due to the peculiarity of reducing eddy currents with increasing
resistance. Methods of preparation, heat treatment and substitution can affect the
properties of ferrites (Valenzuela, 2012). Of all magnetic materials, ferrites are the most
useful, since, in addition to their magnetic properties, they are good electrical insulators
(Mataev, et al., 2024). Spinel ferrites (MFe204) are unique materials with ferromagnetic
and semiconductor characteristics and can be considered as magnetic semiconductors
(Soufi, et al., 2021). Due to their unique and adaptable properties, spinel ferrites have
attracted great interest from researchers around the World (Aravind et al., 2014). In
recent years, ferromagnetism has been discovered-materials containing magnetic and
electrical circuits that are widely used in the field of spin electronics (Mataev, et al., 2024).

Magnetic nanoparticles (MNPS) have been intensively studied because they have
antithetical physical properties compared to their macro and volumetric counterparts
(Gandhad et al., 2019; Tran et al., 2010; Arruebo et al., 2007). The design of new
materials for the production of magnetic, electrical, electronic, microwave and
biomedical devices has stimulated the scientific and technological community to study
the structural and chemical properties of multicomponent inorganic nanostructures. To
modify the physical and chemical properties of materials, various synthesis methods are
used to obtain the necessary material characteristics suitable for specific applications
(Chakradhari, et al., 2019). These include high-capacity batteries, electrochromic
displays and wastewater treatment, low-magnetization Ferro fluids, intercalation
electrodes in rechargeable batteries, and strong oxidizers (Viret, et al., 2012; Batu, et
al., 2012). For nanoscale magnetic particles, new electrical and magnetic behavior is
observed compared to the main counterparts (Kaewmanee, et al., 2019). These ferrites
can be synthesized by various methods, namely the ceramic method (Patil, et al., 2015;
Kulkarni, et al., 2019), the sol-gel method (Sharifi et al., 2012), the microwave method
(Molakeri, et al., 2017), the combustion method (Patan, et al., 2014), the hydrothermal
method (Aydin, et al., 2019), the oxalate method co-deposition method (Shedam, et al.,
2016).

The main goals of this work were the synthesis, physical description and assessment
of potential in magnetic hyperthermia of potassium ferrite particles by the sol — gel
method. Since this ferrite is a non-toxic metal, it can be expected to provide greater
biocompatibility than the ferrites described earlier, as this is one of the main reasons for
studying this material.

Experimental

The sol-gel method was used as an effective method for the synthesis of a new
composite ferrite with a complex mixed composition. To determine the composition of
new complex mixed ferrite obtained by the sol-gel method, an X-ray phase study was
carried out, and a study was carried out with a scanning electron microscope to conduct
quantitative and qualitative analysis.

140



Volume 3, Number 460 (2024)

As a primary raw material, the grades Chromium (III) oxide (“chemically pure”),
Iron (IIT) oxide (“chemically pure”) and potassium conbanate (“‘chemically pure”) in
the form of grade powder were used as primary raw materials.primary raw materials.
brand. The use of citric acid and glycerin as cleaning agents has a positive effect on
the formation of a homogeneous phase of samples. Stoichiometric amounts of oxides
were crushed and mixed in Agate kilts until a homogeneous mixture was obtained. The
raw materials obtained by stoichiometric calculation were measured with the highest
accuracy in the analytical balance-0.0001 grams, mixed, ground on an agate sieve,
placed in a Crucible and fired in a coupling furnace at a temperature of 1100°c.

The resulting dried gel was poured into the muffler cover for 10 hours at a temperature
of 600 ° C until a black powder was obtained. Finally, the resulting powder was given
in stages for 7 hours at a temperature of 700-1100°C in air.

The pycnometric density of ferrites was determined by the method (Mataev, et al.,
2014). Toluene and distilled water were used in the same way as in different liquids.
The density of composite materials was measured 5 times and the average values were
calculated.

Result and discussion

X - ray phase analysis

Radiophase analysis (RFT) was performed on the MiniFlex/600 (Rigaku)
diffractometer. Analysis using a sika beam (U=30 KV, J=10 MA, rotation speed 1000
pulses per second, time constant t=5 sec., 20 with an angle interval between 5 and 900)
was carried out on a filtrated Miniflex 600 RIGAKU.

During X-ray control of the synthesized mixed ferrite, it was observed that the
amorphous state of the samples decreased, the crystallization process was completed,
and the kinetics of the sol-gel reaction was low. In addition, from the diffractogram
shown in Figure 1 below, it was proved that the samples went from an amorphous state
to a full polycrystalline state and an independent phase was fully formed.
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Figure 1 - X-ray diffractogram of the complex ferrite CrKFe,O,. Insert: phase ratio diagram.
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According to Scherrer’s formula, the average size of crystallites can be written as

follows:
KA

d =
B rcos@

where
d - average size of crystals;

(M

K - dimensionless particle shape coefficient (Scherrer constant);

A - is the wavelength of X-ray radiation;

B - half-height reflex width (26 in radians and units)

0 - diffraction angle (Bragg angle)

Below are the results of radiographic analysis of the

diffractogram calculated by the Rietveld method.

Table 1 - Symmetry type and unit cell parameters of CrKFe,O,

studied complex ferrite

Sample CrKFe,O,
Space group 62 : Pnma, orthorhombic
Z 4
Parameter cell (A)
a= 7,663 (3)
b= 5,925 (3)
c= 10,400 (6)
V(A™) 472.3 (4)
A 90
B 90
r 90
According to Scherrer's formula, the average size of crystallites is 45.6 um
X-ray density (g/cm?) 2,702
Pycnometric density (g/cm?)* 2,700

A new complex mixed ferrite synthesized by X-ray phase analysis has the number
z = 4 units, CrKFe O; is crystallized in a wall-oriented cubic cell, and the space group
forms 62:Pnma. Cell parameters a=7.663 (3), b=5.925 (3), c=10.400 (6). Through the
X-ray wavelength of Ferrite, it was shown that the average size of crystallites according
to Scherrer’s formula is 45.6 microns, which corresponds to the image obtained in a
scanning electron microscope, and the correctness of the results was confirmed by the
correspondence of X-ray and pycnometric density values in X-ray studies.

Scanning electron microscope

With the help of a scanning electron microscope (SEM) (TM4000), a study was
carried out to study the spectrum, quantitative and qualitative analysis of the distribution
of the element, the percentage content of emenets.

The scanning electron microscope (SEM) is designed to obtain an enlarged image
of an object by scanning it with an electron beam directed at it and recording the signal
generated by the interaction of electrons with the detector. The small diameter of the
probe, even at low accelerated voltages and high currents, allows elemental analysis of

142



Volume 3, Number 460 (2024)

samples with dimensions of the analyzed area of several tens of nanometers. The beam
current detector is located in the column of the microscope below the aperture of the
objective lens, so the beam current can be monitored at any time during analysis.

To study the surface morphology of new complex mixed ferrite samples synthesized
by the sol-gel method, a study was carried out using an electron microscope that scans
the microstructures of the light image of electrical diffraction. The electron micrographs
obtained in the imaging electron microscope of the compound are presented in Figures
2 a), b), ¢), d).

20.0p

c) 9

Figure 2 - Three different micrometer measurements of the new mixed complex ferrite CrkKFe,O..

The above images show the results of micrographs taken at magnification of 200
pm, 20.0 pm, 5.00 um and 2.00 um, and also show the overall picture of the complex
ferrite surface layer.As as a result, the compound consists of a single phase, the clarity
of its structure was determined by the topography and chemical composition of the
compound.
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Figure 3 - MAP of the distribution of elements in the composition of the new mixed complex ferrite
CrKFe205 (order of the elements Cr, Fe, K, O and color on the MAP).

Based on the map of the distribution of elements, the solution of the nature of
crystallization, the chemical composition with microstructure and the distribution areas
of chromium, iron, potassium, oxygen atoms were studied. As a result of the study
of the quantitative composition of elements, it can be concluded that iron, chromium,
potassium metals, oxygen atoms are distributed in regions of 2 um (Figure 3). In an
imaging electron microscope, nanoscale measurements of solids in powder form can be

obtained.
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Figure 4 - Spectrum samples of the CrKFe O, compound.
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A study was carried out using a scanning electron microscope to study the spectrum
of distribution of the element, quantitative and qualitative analysis, and the percentage
content of emenets. Spectral samples of the synthesized new mixed ferrite complex and
the results of elemental analysis are shown in Figure 4.

4. Conclusions

Summing up the results of the study, a new mixed complex ferrite containing
CrKFe O was synthesized for the first time by the Sol-gel method. To determine the
new complex mixed ferrite content obtained, an X-ray phase study was carried out, and
a scanning electron microscope was examined for quantitative and qualitative analysis.

For the first time, syngonic types and parameters of complex mixed ferritic elementary
cells synthesized by X-ray phase analysis were determined. CrKFe, O, (orthorhombic,
a=7.663 (3), b= 5.925 (3), ¢=10.400 (6) A, Z=4, Py = 2702 g/crn Py =2.700 g/
cm?); X-ray study results showed that the synthesized compound is polycrystalhne The
accuracy of crystallochemical data is confirmed by a satisfactory correspondence of
X-ray and pycnometric densities.

With the help of a scanning electron microscope, micro-samples were taken
from different parts of CrKFe O.-type crystallites, the elemental composition of the
crystals was analyzed, and the general type of complex layer of the ferrite surface
was demonstrated. As a result, the compound consists of a single phase, the clarity
of its structure was determined by the topography and chemical composition of the
compound. As a result of measurements carried out in scanning electron microscopy,
it was found that the newly synthesized complex ferrites correspond to the Formula
CrKFe O,. The particles of the formed compounds have a large size (between 200 pm,
20.0 um, 5.00 pm and 2.00 um). The results of the elemental analysis were presented
in the form of a table.
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Abstract. The growing interest in aromatic polymer compounds with an extended
n-electron coupling system is explained by their importance as functional materials
for organic optoelectronics. At present, much attention is paid to arylated, as well
as substituted by electron acceptor and/or electron donor groups, aromatic and
heteroaromatic compounds. One of the advantages of such conjugated aromatic systems
is that they can fine-tune the electronic structure of materials in order to optimize their
performance and morphology. In this regard, the structural isomer of naphthalene -
azulene is of considerable interest. The nonalternant aromatic hydrocarbon azulene has
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unique electronic and spectral properties, including a polarized structure with a dipole
moment of the order of 1,08 D and abnormal Anti-Kasha fluorescence S,—S,.

The article discusses the synthesis of two fluorene-azulene n-conjugated copolymers
using the modern methodology of organic synthesis as the Suzuki — Miyaura -cross—
coupling reaction.

It was shown that the interaction of 1,3-dibromazulene, as well as 2,7-Bis(3-
bromoazulen-1-yl)-9,9-dioctyl-fluorene with 2,2'-(9,9-dioctyl-9H-fluorene-2,7-diyl)
bis(1,3,2-dioxaborinane) under Suzuki — Miyaura cross-coupling conditions, azulene
conjugate copolymers were synthesized: poly[2,7-(9,9-dioctylfluorenyl)-alt-(1',3' -
azulenyl)] and poly[1,3-bis(9',9'-dioctylfluoren-2'-yl)azulenyl]-alt-[1",3" - azulenyl]. It
is revealed that neutral solutions of the obtained copolymers are nonfluorescent, but
they become luminescent upon addition of trifluoroacetic acid. The «launching» of
fluorescence occurs as a result of the formation of a 6 m-electron azulenyl cation, which
rearranges the general electronic character of polymers, in particular, HOMO-LUMO
levels and band gap.

The obtained results demonstrate that the introduction of azulene units into a
conjugated polymer framework has great potential for application as new protic
functional materials.

Key words: azulene, azulene copolymers, cross- coupling, photophysical properties.
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AnHoTauusi: KeHEHWTINTeH T-2JIeKTPOHABI KOocapliaHFaH JKyieci Oap apoMarTsl
MOJTUMEPII  KOCBUIBICTapFa KBI3BIFYIIBUIBIKTBIH ~ apTybl OJApABIH ~ OPTaHUKAIbIK
OTITORJICKTPOHHKA YIIiH (YHKIHOHAIAK MaTepuaiiap peTiHAeri MaHBI3IbLIIBIFBIHA
OaifmanpicThl. Kazipri yakpITTa apwiIieHTeH, COHAal-aK AJIEKTPOHIOHOPIBI JKoHE/
HEMecCe JJIEKTPOHAKIENTOPIBI TONTAPMEH AaJIMACTBHIPBUIATBIH ~ apOMATThl  JKOHE
reTepoapoMarThl KOCBUTBICTapFa Kol kKoHiI OemiHeni. OChIHIAN apoMaTThl KyHeIepain
APTHIKIIBUTBIKTAPBIHEIH Oipi - MaTepHamapIblH OHIMAUIITT MeH MOP(OIOTHICHH
OHTaWJIaHBIPY MAaKCATHIH/IA OJap/bIH AMEKTPOHBIK KYPBUIBIMBIH IS PETTEH allafbl.
Ocpiran OaiylaHBICTBI HAQTAIWHHIH a3yleH aTThl KYPBUTBIMIBIK H30Mepi YIIKeH
KBI3BIFYIIBUTBIK TYABIPaAbl. AJBTEPHAHTHI €MEC apoMaTThl KOMIpCyTeK a3yleHiHiH
Oipereii HIEKTPOHABI KOHE CHEKTPIIK KacHeTTepi Oap, OHBIH IITiHAE IUTIOJBIIK
MomeHTi mamameH 1,08 D GonareiH mosspu3anvsuianFal KYPBUTBIM KOHE aHOMAIThITbI
S,—S, antn-Kam ¢ayopecueHuuscel.

Kympicta Cy3yku-Musiypa KpOCC-KOMOWHAIIMS PEAaKIHACHI PETiHJe 3aMaHayh
OpraHMKaJbIK CHHTE3 OfIiCTeMecCiH IaijanaHa OTHIPHI, €Ki (Top-asyneH
TM-KOHBIOTAIMSUIAHFaH COTIONMMEPIIEpaiH CUHTe31 TankpiiaHagsl. Cy3yku-Musypa
Kpocc-0ipiry peaknuschIHBIH jKaFaaibiHaa 1,3-nuopomasynen, conpaii-ak 2,7-6mc(3-
Oopomazynen-1-nmn)-9,9-mnoxTuin-QayopeH 2,2'-(9,9-muoxTun-9H-dmyopen-2,7-
mumn)onc(1,3,2-mnokcnOOpUHAHMEH) OpEeKEeTTEeCKEHAe Kelleci a3ylieH KocapilaHFaH
comonuMmepiep — cuHTe3denmi:  momu[2,7-(9,9-nmuoxTrmnduryopennn)-ansr-(1',3'
azynennn)| oxoHe momH[1,3-0uc(9',9'-mmoktundyopen-2'-nn)azynenwn|-ant-[1",3'
' - azymeHws1|. ANBIHFaH COTOJHMMEpPIEPIiH OelTapam epiTiHainepi ¢IyopecueHTTi
eMec, Oipak omap TpU(TOPCipKe KBIMIKBUIBIH KOCKAHIA JIFOMHUHECIICHTTI OOJIajbl.
OyopecteHIUIHbBIH "icKke KOCBIUTYbI" TTOTUMEPIIEP/IiH KaITbl SJEKTPOH/IBIK CHITaThIH,
aran aitkagga HOMO-LUMO neHreiyiepin jkoHE >KOJIAK 30HBI ©3TEPTETIH 6 T
AIIEKTPOHBI 0ap a3yJeHNII KaTHOHBIHBIH TY31JTyiHEH TYBIHIANIbI.

Hortmxkenep kocaprmanraH momuMep KaHKAchlHA a3ylieH OipIiKTEpiH eHTi3y jkaHa
MPOTOHAB! (PYHKITMOHAIIBI MaTepHaliap PeTiHAe KONJaHy VIIH YIIKeH olIeyeTKe he
eKCHIH KopCeTemi.

Tyiiin ce3aep: a3yneH, a3ysieH cormonumepiepi, Kpocc-koMOMHAs, HOTOUZNKATIBIK
KacuerTep.
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AnHoTanms. PacTymuii HHTEpEC K apOMaTUYECKUM IOJIMMEPHBIM COECANHEHUSIM C
paCIIMPEHHOI CHUCTEMOH T-3JIEKTPOHHOTO COTPSIKEHUS OOBACHSAETCS WX Ba)XKHOCTBHIO
B KadyecTBe (DYHKIMOHAIBHBIX MAaTepUalIOB IS OPraHUYECKOH ONTOINEKTPOHHKH.
B mnacrosimiee Bpemst OonbIlloe BHHMaHHUE YAEISETCS apWIMPOBAHHBIM, a TaKkKe
3aMEIIEHHBIM DJIEKTPOHOAKIENITOPHBIMU /MM  3JICKTPOHOAOHOPHBIMU TPYIIAMH
apoOMaTHYECKUM H TeTepoapoMaTHIeCKUM coeTMHEHHUSIM. OJTHIM U3 IPENMYIIECTB TAKUX
COTIPSDKEHHBIX apOMATHYECKUX CHCTEM SIBISIETCS TO, YTO OHU MOTYT TOYHO HAaCTPOUTH
IEKTPOHHYIO CTPYKTYPY MaTepHaIOB C IIeJIbI0 ONTUMHU3AINH UX TPOU3BOAUTEIHLHOCTH
u Mopdororud. B 3TOM TulaHe 3HAYMTENBHBIA MHTEPEC MPEACTABISET CTPYKTYPHBIH
n3oMep HadTanuHa asyieH. HeanbrepHaHTHBIA apOMaTHYEeCKHd yIIIEBOAOPO a3yJeH
00Ja1aeT YHUKAIbHBIME JIEKTPOHHBIMH U CIIEKTPAJIbHBIMU CBOHCTBAMH, B TOM YHCIIC
TIOJIIPU30BAHHOM CTPYKTYPOU C TUTIOIBHBEIM MOMEHTOM Topsinka 1,08 D u anoMansHO#M
anTu-Kamma dayopecuenuueit S2—S0.

B pabore obOcyxmaercss cuHTe3 JABYX (IIyOpEH-a3yJIICHOBBIX -COMPSIKEHHBIX
CONOJMMEPOB, IOCPEACTBOM COBPEMEHHOW METOMOJIOIMM OpPraHUYECKOrO CHUHTE3a
Kak peakmnuu Kpocc-codetanus Cy3yku—Musypsl. [lokazaHo, 9T0 B3aUMOAEHCTBHEM
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1,3-nubpomasynena, a Takxke 2,7-Bis(3-bromoazulen-1-yl)-9,9-dioctyl-fluorene
¢ 2,2'-(9,9-dioctyl-9H-fluorene-2,7-diyl)bis(1,3,2-dioxaborinane) B YyCJIOBHUAX
couetanuss Cy3yku—Musypbl OBbUIM CHHTE3UPOBAHBI a3yJICHOBBIC COMPSIKCHHBIC
coronumepsl - poly[2,7-(9,9-dioctylfluorenyl)-alt-(1',3' - azulenyl)] u poly[1,3-bis(9',9'-
dioctylfluoren-2'-yl)azulenyl]-alt-[1",3" - azulenyl]. BsisBiaeHO, 4TO HEHTpaNbHBIC
PaCTBOPBI TIOTYUYCHHBIX a3yJCHOBBIX COIMOIMMEPOB HE SBISIOTCS (DIYOPECIICHTHBIMH,
HO OHHM CTAHOBSTCS CBETAIIMMHCS TPU J00aBICHUU TPUDTOPYKCYCHOM KHCIIOTHI.
[TokazaHO, YTO «BKIIOYEHHUE» (IYOPECUEHIIMN TPOUCXOAUT 3a CueT 00pa3oBaHUs
6T-37ICKTPOHHOTO a3yJICHUJI-KATHOHA, KOTOPBIN MEepecTpanBaeT OOIIMIA 3JICKTPOHHBII
XapakTep IOJUMEPOB, B YAaCTHOCTH, YPOBHH (PpOHTaIbHBIX opoOutaneit HOMO —
LUMO u mmpuHy 3anpenieHHoN 30HblL.

[TomyueHHBIE pe3ynbTaThl JEMOHCTPUPYIOT, YTO BBEJCHHUE a3yJICHOBBIX 3BCHHCB B
COTIPSKCHHBIN TIOJIMMEPHBIN KapKac UMEIOT OOJBINON MOTCHIUAN I IPUMEHEHUS B
Ka4eCTBE HOBBIX ITPOTOHHBIX (PYHKIIMOHATIHHBIX MAaTEPHAIIOB.

KioueBble  cioBa:  a3yjieH, CONOIMMEpPHI  asyleHa, KpOCC-COYeTaHue,
(horodpusnueckue cBONCTBA

Introduction

Azulene and its compounds as nonalternant aromatic substances is the subjects of
much scientific research (Lash, et al, 2007, Wakabayashi, et al, 2007; Lopez-Alled, et
al, 2021; Xin, et al, 2021). This interest was due to its unusual electronic structure and
abnormal photophysical properties, including a polarized structure with a dipole of the
order of 1.08 D (Anderson, et al, 1959) and unusual anti-Kasha’s fluorescence S,—S
(Tomin, et al, 2018; Nenov, et al, 2018), Dunlop, 2023).

The potential of azulene makes it the object of widespread research in the field of
functional materials, such as conductive polymers, optoelectronic molecular switches,
field-effect transistors (OFETs), light-emitting diodes (OLED), solar cells (OSCs),
nonlinear optical (NLO) and other materials (Wang, et al, 2003; Wang, et al, 2004;
Mrozek, et al, 2001; Dong, et al, 2016; Ou, et al, 2019).

The literature describes the synthesis of azulene-containing polymers. For example,
the obtained polyazulene was first reported in the article (Kilara, et al, 1997) Later,
(Wang, et al, 2003; Wang, et al, 2003) showed new methods for producing polyazulene,
as well as the synthesis of a number of highly conductive azulene-containing polymers.

The structure of azulene 1 (Figure 1) can be considered as a tropylium cation
condensed with a cyclopentadienyl anion. The electron-saturated cyclopentane azulene
ring can rapidly undergo electrophilic substitution at C, or C, to form a stable aromatic
azulene cation with 6 m-electrons. The formation of such cation in a number of azulene
compounds has been reported to lead to interesting electrochemical and electrochromic
properties (Sprutta, et al, 2007; Ito, 2005). Therefore, such simple chemical conversion
of'azulene units resulting in the formation of cations in azulene-containing polymers can
be used to adjust the overall physical properties of the polymers, such as " launching"
fluorescence or change in electrical conductivity, etc.

Thus, n-conjugated azulene-based polymers are expected to readily undergo an acid-
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base or redox reaction to form azulenyl cations/radical cations and potentially function
as efficient optoelectronic materials.

In this work we synthesize two azulene m-conjugated copolymers poly[2,7-(9,9-
dioctylfluorenyl)-alt-(1',3" - azulenyl)] 3 and poly[1,3-bis(9',9'-dioctylfluoren-2'-yl)
azulenyl]-alt-[1",3" - azulenyl] 5, by Suzuki — Miyaura cross-coupling reaction using
Pd,(dba), as catalyst. Such molecular construct exploits both the dipole moment of
the azulene unit and its ability to acquire and lose protons in the electron-donor five-
membered cycle.

Methods and Materials

'H and *C NMR spectra were taken on a Jeol ECA-500 spectrometer [operating
frequency 500.15 MHz ('H) and 100.61 MHz (*C)] in CDCI,, internal standard — TMS.
IR spectra were recorded on a Fourier spectrometer Avatar-360 in KBr tablets. Mass
spectra were obtained on a Thermo Scientific LTQ FT Ultra spectrometer. Elemental
analysis was performed on the instrument EuroVektorEA-3000. Absorption spectra
were taken on a Shimadzu UV-1800 spectrophotometer. Fluorescence spectra were
recorded on an Agilent Cary Eclipse spectrofluorimeter. Thermogravimetric studies
were performed on a TGA Q500 instrument (in current N_; heating at 10 ° per minute;
interval 20-500°C). Differential scanning calorimetry was performed on a DSC
Q2000 (in current N; heating at 5 ° per minute; interval 20-300 °C). Gel permeation
chromatography was performed on Agilent PL-GPC 220 (polystyrene standard; THF
eluent). The melting points were determined on a Melting Point M-560 apparatus.

Commercially available reagents and solvents: azulene, 2,2'-(9,9-dioctyl-9H-
fluorene-2,7-diyl)bis(1,3,2-dioxaborinane), Pd,(dba), Pd(PPh,),, P(o-tol),, Et,NOH,
Ag,CO,, TFA, THF and others were used without further purification. Dibromoazulene
2 was synthesized according to the literary method (Anderson, et al, 1953).

Synthesis and description of copolymers

Poly[2,7-(9,9-dioctylfluorenyl)-alt-(1',3'- azulenyl)] 3. To a solution of 177 mg (0.62
mmol) of compound 2 and 345 mg (0.62 mmol) of 2,2'-(9,9-dioctyl-9H-fluorene-2,7-
diyl)bis(1,3,2-dioxaborinane) in 50 mL toluene under argon were added 17 mg (0.02
mmol) of Pd,(dba), 13 mg (0.04 mmol) of P(o-tol),and 2 mL of tetracthylammonium
hydroxide. The reaction mixture was stirred for 20 hours at 80 °C. After completion of
the reaction, 100 ml of chloroform was added to the reaction flask, followed by washing
with water in a separatory funnel. The resulting chloroform phase was concentrated
in vacuo to 10 mL and added to 300 mL of methyl alcohol. The resulting precipitate
was purified by various organic solvents in a Soxhlet apparatus. The product was then
recovered by chloroform, precipitated from methyl alcohol, dried under vacuum. A dark
orange solid was obtained. Yield 230 mg (65%). Anal. Caled. For (C,;H,)n: C 90.95;
H 9.05; Found: C 89.92; H 8.65. Mn = 19.5 kDa; PDI = 2.15. 'H NMR: 6 8.55-8.60 (m,
2H), 8.23-8.27 (m, 1H), 7.61-7.85 (m, 7H), 7.10-7.14 (m, 2H), 2.06 (br, m, 4H), 0.75—
1.13 (m, 30H). *C NMR: ¢ 151.52, 140.10, 139.63, 137.31, 137.64, 136.52, 136.51,
131.62,129.41, 124.72, 123.64, 120.53, 55.52, 40.76, 32.54, 30.52, 29.63, 29.75, 24.55,
23.13, 14.24.

2,7-Bis(3-bromoazulen-1-yl)-9,9-dioctyl-fluorene 4. To the solution of 200 mg (0.70
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mmol) of compound 2 and 155 mg (0.28 mmol) of 0,28 mmozns) 2,2'-(9,9-dioctyl-9H-
fluorene-2,7-diyl)bis(1,3,2-dioxaborinane) in 8 ml of tetrahydrofuran under argon were
added 23 mg (0.02 mmol) of Pd(PPh,), and 220 mg (0.8 mmol) of silver (I) carbonate.
The reaction mixture was stirred for 16 hours at 80 © C. After completion of the reaction,
100 ml of water was added, followed by extraction with methylene chloride (3 x 50 ml).
The organic phase was dried over MgSO,, and the solvent was distilled off in vacuo.
The residue was purified by silica gel column chromatography (hexane-ethyl acetate,
9:1). A dark brown solid was obtained. Yield 480 mg (86%). HRMS (EI): m/z [M]*
caled for C, H,,800.2515, found 800.2510. '"H NMR: &, 8.35 (s, 2H),8.35 (d, J = 10.0
Hz, 4H), 7.86 (d, J = 7.5 Hz, 2H), 7.82 (s,2H), 7.70-7.61 (m, 2H), 7.56 (d, J = 10.0
Hz, 4H), 7.35 (s, 4H), 2.11 (d, J = 7.2 Hz, 4H), 1.11 (s, 24H), 0.81 (t, J = 6.8 Hz, 6H).
BC NMR: § 152.03, 151.55, 144.32, 140.67, 138.71, 134.55, 127.88, 127.25, 125.26,
123.13, 120.42, 119.22, 55.67, 40.34, 31.85, 30.01, 29.25, 23.92, 22.71, 14.13. IR (v,
cm™): 2928, 2857, 1720, 1574, 1540, 1462, 1393, 1247.

Poly[1,3-bis(9',9'-dioctylfluoren-2'-yl)azulenyl]-alt-[1",3" -  azulenyl] 5. To
the solution of 500 mg (0.62 mmol) of compound 4 and 345 mg (0.62 mmol) of
2,2'-(9,9-dioctyl-9H-fluorene-2,7-diyl)bis(1,3,2-dioxaborinane) in 50 ml of toluene
under argon was added 17 mg (0.02 mmol) of Pd (dba),, 13 mg (0.04 mmol) of P(o-
tol), and 2 ml of tetracthylammonium hydrogen. The reaction mixture was stirred
for 13 hours at 80 °C. After completion of the reaction, 100 ml of chloroform was
added to the reaction flask, followed by washing with water in separatory funnel. The
received chloroformic phase was condensed in vacuum to 10 ml and added to 300 ml
of methyl alcohol. The resulting precipitate was purified by various organic solvents in
a Soxhlet apparatus. The product was then recovered by chloroform, precipitated from
methyl alcohol, dried under vacuum. A dark orange solid was obtained. Yield 200 mg
(60%). Anal. Calcd. For (C Hy,)n: C 90.98; H 9.02; Found: C 89.88; H 8.78. Mn =
58.5kDa:PDI =1.76. '"H NMR: 6 8.22-8.39 (m, 2H), 7.85-7.97 (m, 2H), 7.74-7.85 (m,
2H), 7.66-7.74 (m, 2H), 7.55-7.61 (m, 2H), 7.36-7.50 (m, 2H), 2.05 (m, 4H), 1.05 (m,
24H), 0.75-0.79 (m, 6H). *C NMR: 6 151.55, 140.12, 139.63, 137.34, 137.67, 136.53,
131.62,129.41, 124.73, 123.64, 120.57, 55.56, 40.72, 32.54, 30.56, 29.67, 29.72, 24.54,
23.11, 14.25.

Results and discussion

Synthesis route leading to azulene conjugated copolymers 3 and 5 are presented
in Scheme 1 and Scheme 2. As can be seen from Scheme 1, the key compound 2 was
synthesized based on the literature methodology (Anderson, et al, 1953). Further, by
cross-coupling Suzuki-Miyaura between dibromide 2 and 2,2'-(9,9-dioctyl-9H-fluorene-
2,7-diyl)bis(1,3,2-dioxaborinane) in toluene in the presence of catalyst Pd,(dba ),
copolymer 3 was obtained in a good 65% yield.

Another key molecule bis(3-bromoazulenyl)-9,9-dioctylfluorene 4 (Scheme 2) was
prepared in 86% yield by combining Suzuki dibromoazulene 2 with 2,2'-(9,9-dioctyl-
9H-fluorene-2,7-diyl)bis(1,3,2-dioxaborinane) in THF in the presence Pd(PPh,), as a
catalyst. Similarly, the Suzuki-Miyaura reaction between 4 and 2,2'-(9,9-dioctyl-9H-
fluorene-2,7-diyl)bis(1,3,2-dioxaborinane) results in polymer 5 with the high 60% yield.
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The obtained azulene copolymers 3 and 5 were easily dissolved in organic solvents
such as dichloromethane, chloroform, toluene, tetrahydrofuran. The number average
molecular weights of the obtained copolymers were determined by GPC (THF eluent).
Thus, the Mn values of polymers 3 and 5 were 19.5 and 58.5 kDa, respectively, and the
PDI were 2.15 and 1.76, respectively.

The chemical structure and purity of copolymers 3 and 5 have been proven by
NMR and mass spectrometry as well as gel permeation chromatography and elemental

a0

Figure 1. Polarized resonant structure of azulene 1.
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Scheme 1. Synthesis of copolymer 3: (i) NBS, benzene, room temperature; (ii) Pd, (dba),, P(o-tol),,
Et,NOH, toluene,85°C.
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Scheme 2. Synthesis of copolymer S: (i) Pd(PPh,),, Ag,CO,, THF, 75°C; (ii) Pd,(dba),, P(o-tol),,
Et,NOH, toluene,85°C.

The thermal stability of copolymers 3 and 5§ was investigated by nitrogen

flow thermogravimetric analysis at a heating rate of 10 °C per minute. The
onset of degradation 3 and 5 (loss was 5%) was recorded at 416 and 430 °C,

154



Volume 3, Number 460 (2024)

respectively, showing good thermal stability of the synthesized copolymers
(Figure 2). Differential scanning calorimetry measurements for copolymers 3
and 5 were performed at the scanning rate of 10 °C per minute. No endothermic
or exothermic transition was observed over the entire scanning range of 20 to
300°C (Figure 3).
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Figure 2. Thermogravimetric measurements of copolymers 3 and 5.
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Figure 3. Differential scanning calorimetry measurements of copolymers 3 (a) and 5 (b)

Absorption spectra of copolymers 3 and 5 in the UV-Vis range, including protonated
states, are presented in Figure 2, and the corresponding data are summarized in Table
1. In the electron absorption spectra of polymer 3 in tetrahydrofuran (THF), three
absorption bands were observed with maxima at 345 (e = 75850) nm, 468 (¢ = 37120)
nm and 675 (¢ = 1050) nm (Table 1). Similarly, polymer 5 showed two absorption
bands n- ©* electron junction at 344 (¢ = 72500) nm and 462 (¢ = 34900) nm, as well as
absorption in the long-wave region at 673 (¢ = 1015) nm. Weak absorption bands with
maxima at 675 (for 3) nm and 673 (for 5) nm correspond to the energy transition S —S.
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Table 1 - Optical data of copolymers 3 and 5

Absorption Fluorescence “
ISI flfe(:s Unprotonated Protonated Protonated
Solvent | A, ,nm | & M'cm' Solvent ® Ao TM Solvent ? A, nm
3 THF 345 75850 TFA/THF(2:8) 320 TFA/ 380
THF 468 37120 TFA/THF(2:8) 467 | THF(2:8)
THF 675 1050 TFA/THF(2:8) 534
THF 344 72500 TFA/THF(2:8) 321 TFA/ 380
5 THF 462 34900 TFA/THF(2:8) 466 | THF(2:8)
THF 673 1015 TFA/THF(2:8) 534

“},, (excitation wavelength) = 295 nm for 3 and 5. * TFA/THF = v/v.

Upon protonation (by addition of 5%, 10%, 15% and 20% trifluoroacetic acid) of
copolymers 3 and 5 in THF in electron spectra, new absorption bands with Amax at
534 nm were observed (Table 1), characteristic of azulene cations 3-H* and 5-H"*. The
maxima of their absorption showed the significant redshift of 182 nm compared to the
cation of the initial azulene 1 (A 352 nm [13]), due to the expansion of the n-conjugation
in the five-membered ring by fluorene fragments. In addition, the isobestic points were
observed in these spectra at 495 and 496 nm (Figure 4), suggesting the presence of
convertible copolymers: neutral 3/5 and protonated 3-H* / 5-H*.

Discoloration of copolymers 3 and 5 was also observed when different amounts of
TFA were added. Unlike the dark blue color of the initial azulene 1, the tetrahydrofuran
solutions of copolymers 3 and 5 had the yellowish green color. Adding different
concentrations of TFA to the copolymer solution resulted in color change from light
orange to dark green (Figure 4). Treatment of protonated solutions 3 and 5 with
triethylamine resulted in recovery of the starting state, which indicated the reversible
protonation-deprotonation reaction.

It is known that compared to colorless naphthalene, the color of azulene 1 is caused
by weak repulsion energy between electrons on practically orthogonal HOMO and
LUMO. It is also known that substitutions at the C, or C, atoms of azulene significantly
change the electronic structure and optical properties (Wang, et al, 2003). Therefore, the
color changes of 3 and 5 are closely related to the HOMO and LUMO state changes of
azulene links induced under protonation conditions.

Thus, TFA doping of polymers 3 and 5 results in the formation of polymeric
azulenium cations, with subsequent changes in their electronic spectrum and color.
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Figure 4. UV-visible spectra of (a) 3 and (b) 5 (C=3-10°M in THF;
in the presence of trifluoroacetic acid).

The fluorescence spectra of copolymers 3 and 5, including protonated states, are
given in Figure 3, and the relevant data are tabulate (Table 1). As shown, the spectra
lack emission bands 3 and 5 in THF (Figure 5). However, when TFA was added (i.e.,
5%, 10%, 15%, 20%), the solutions of copolymers 3 and 5 emitted light with & at
380 nm (Table 1). As can be seen from the fluorescence spectra, the emission intensity
of the copolymers varied depending on the TFA concentration. Thus, the intensity of
radiation 3 and 5 reached its highest level at 20% concentration of TFA. However,
further increases in TFA concentration resulted in a drop-in fluorescence intensity. This
was probably due to strong self-absorption or the presence of unprotonated azulene
fragments in the polymer backbone, which also led to the decrease in radiation intensity.

As described above, the abnormal anti-Kasha fluorescence of azulene from state S,
instead of S, was due to the large energy gap S -S,. Obviously, under the conditions
of protonation of copolymers 3 and 5 TFA with the subsequent formation of azulenyl
cations, a noticeable change in the energy levels S, and S, occurs, as well as the decrease
in the gap between HOMO and LUMO. The following factors obviously affect the
decrease in the HOMO-LUMO energy gap: 1) the presence of azulenyl cations in the
system and 2) the decrease in the degree of delocalization of m-electrons in the five-
membered azulene ring.

Therefore, it can be argued that the «launching» of the radiation in 3-H* and 5-H*
copolymers is the consequence of the significant change in the energy of the frontal
molecular orbitals HOMO-LUMO.
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Figure 5. Fluorescence spectra of (a) 3 and (b) 5 (C=3-10"°M B THF; in the presence of trifluoroacetic
acid). The excited wavelengths (A ) are 295 nm.

Conclusion

In conclusion, fluorene-azulene w-conjugated copolymers were synthesized
using the Suzuki-Miyaura cross-coupling reaction with high yields: poly[2,7-(9,9-
dioctylfluorenyl)-alt-(1",3" - azulenyl)] 3 and poly[1,3-bis(9',9'-dioctylfluoren-2'-yl)
azulenyl]-alt-[1",3" - azulenyl] 5. Copolymers are nonfluorescent, because of the
existence of azulene units in the system, which suppress radiation. However, in the
presence of trifluoroacetic acid, these copolymers became fluorescent with emission
maxima (A ) at 380 nm. The formation of azulenyl cations in 3-H* and 5-H* copolymers
has been shown to significantly affect fluorescence activation. It has also been found that
solutions of the obtained copolymers in THF significantly change color when different
amounts of trifluoroacetic acid are added.

The results obtained demonstrate that the introduction of azulene units into the
polymer backbone has great potential for the development of new proton functional
materials.
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Abstract. Hydrocarbon gas streams generated during oil refining, as well as natural
gases and associated gases from oil fields, may contain compounds such as hydrogen
sulfide and carbon dioxide, which must be removed in order to reduce the corrosiveness
of gaseous environments. The most widely used are absorption methods for purifying
hydrocarbon gases from H,S and CO,, which use chemical and physical absorbents and
their combinations. Alkanolamines are the most widely used chemisorbents. The most
well-known alkanolamines used in gas purification processes from H,S and CO,are:
monoethanolamine (MEA), diethanolamine (DEA), methyldiethanolamine (MDEA)

The paper proposes methods for determining the concentration of amines in
aqueous solutions using conductometry and potentiometric titration. A comparison of
two analysis methods is carried out. To determine alkanolamines in aqueous solutions
with percentage concentrations (5-40%), potentiometric titration is possible, since
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alkanolamines are weak bases with an alkaline reaction of their aqueous solutions. The
difficulty of determining alkanolamines arises when solutions contain other substances
that have an alkaline reaction and thus overestimate the content of alkanolamines. During
potentiometric titration, despite the linear dependence, the calculated DEA content in
the solution is higher than its actual value. Accurate determination of DEA concentration
by potentiometric method is possible for solutions with no more than 5% alkanolamine
content. The method for determining DHEA concentration by measuring conductivity
is more sensitive. The concentration of DHEA can be determined by conductometric
titration in the range from 1 to 12% DHEA.

Key words: Diethanolamine, methyldiethanolamine, titrator, conductometer,
concentration, hydrogen sulfide, carbon dioxide.
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AHHoTanus. MyHaii eHJIey Ke3iH]Ie TY31IeTiH KOMIPCYTEeKTi Ta3 aFbIHapbl, COHIal-
aK MYHall KeH OpbIH/IapbIHAH aJIbIHATHIH TAOUFU Ta3/ap MEH LIectie ra3aap KypaMbIHIa
KYKIpTTi CyTeri )oHe KOMipKBIIIKBUI Ia3bl CUSIKTBI KOCBUIBICTap 00Tybl MYMKIH, OJIap Ta3
TOPIi3/1i OpTAAP/bIH KOPPO3UAICHIH a3aiTy YIIIiH )KOUBLTYBI Kepek. KeOiHece XUuMUSITBIK
XoHe (PU3HMKAIBIK a0COPOCHTTEPl KOHE OJIap/IbIH KOMOMHAIMSUTAPBIH Tai1aTaHaThIH
kemipcytek rasmapbin H2S sxone CO2-nmen TasapTy YIiH abcopOLMSUIBIK dicTep
KEHIHEH KOJIJaHbUIAbl. AJIKAaHOJIAMUHACP €H KON KOJJIAHBUIATBIH XeMOCOPOSHTTEp
Oonbin TaObuTagel. H2S sxone CO2 rasapl Ta3apTy NpoIecTepiHIe KOJJIaHBUIATHIH
€H TaHbIMaJ aJKaHOJIIAMUHJAEp: MoHOdTaHoimamuH (MOA), nueranonamuH ([IDA),
MetwiuTanonamu (MJIDA)
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KyMmbicTa KOHIYKTOMETPHS OHE MOTEHIHOMETPHSIIBIK THTpPJEY apKbUIbI CYIIBI
epiTiHaizepaeri aMUHICPAIH KOHLEHTPALUMSCHIH aHBIKTAy OIICTEepl YCBHIHBUIFAH.
Exi Tanmay omiciH camibICThIpy Kyprizineai. I1aiibI3nbIK KOHIEHTpaUUsICHL Oap CyIbI
epitinainepueri (5-40%) ankaHolMaMUHIACPAlI AHBIKTAY YVINiH MOTEHIHOMETPHSIBIK
TUTpIIEyTe 00J1a/Ibl, OUTKEH]I alIKaHOJIAMHHJEP CYJIbI €PITIHAUIEPiHIH CUITLN pEeaKHUsChI
Oap onci3 Heriznep OOJbIN TaOBUIAABI. AJKAHOJIAMUHICPAlI AHBIKTAYIBIH KUBIHIBIFBI
epiTiHainepae ciiTin peakuuscel Oap Oacka 3arTap OOJNFaH Ke3[e TYBIHIANIBI JKOHE
ocChUIalIIa aJKaHOIAMHHICPAIH Ma3MYHBIH acbipa Oaranaiiasl. [loTeHImOMeTpHSIBIK
TUTpJICY KEe3iHAE CBI3BIKTHIK TOYENIUIIKKE KapaMmacTaH epiTiHAigeri ecenTeireH
DA wmemnmepi OHBIH HAaKTbl MOHIHEH >Korapbl Ooiampl. JIDA KOHIEHTpalUsIChIH
MOTEHIMOMETPHSUIBIK SICIICH 191 aHBIKTay ajIKaHOJIaMHMH Meutiepi 5%-1aH acnaiTbH
epiTiHAIep YUWIH MYMKiH. OTKI3TITIKTI emmey apkbpuibl JDA KOHLEHTpalMsChIH
aHBIKTAy 9/1icl HeFypibIM ce3imMTan. I DA xoHueHTpanusicbs 1-aen 12% auana3oHbiHaa
KOHIYKTOMETPHSUIBIK TUTPJICY apKbLIbl aHBIKTAayFa OOJIaIbl.
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AHHoOTanus. B moTokax yriieBoOpOHBIX Ia30B, 00pa3yOIUXCs P epepadoTKe
He(TH, a TaKKe B MPUPOJHBIX T'a3aX W MOIMYTHBIX ra3ax HEPTSIHBIX MECTOPOKICHUN
MOTYT IIPUCYTCTBOBATh TAKUE COCAMHEHHUS, KAK CEPOBOAOPOI U YITICKUCIOTA, KOTOPHIE
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HEOOXOOMMO YNANATh B LENSAX CHHKECHHUS KOPPO3MOHHOW aKTUBHOCTH Ta30BBIX CPEI.
Haubonee mmpoko NpUMEHSEMBIMH SIBISIOTCS a0COPOIIMOHHBIE METOIBI OYMCTKH
yreBoopoAHbix ra3oB oT H2S m CO2, B KOTOpPBIX MCIOJB3YIOTCS XMMHUYECKHE
n ¢usnueckue abcopOeHTHI W uX KoMOumHamuu. M3 xemocopOeHTOB HamOosee
LIIMPOKO MPUMEHSIOTCSl alIkaHOTaMUHBI. Hambonee M3BECTHBIMH alKaHOJIAMHHAMH,
HCIOIB3yEeMBIMH B ITpoLieccax ouncTku raza ot H2S u CO2, sBnstoTCs: MOHOATaHOJIaMUH
(MDA), nusranonamuH (JIDA), metunaustanonamun (MIDA).

B pabote mpeanaratoTcs METOOUKH ONpeesieH s KOHICHTPALUK aMHUHOB B BOTHBIX
pacTBopax METOJaMH KOHJIYKTOMETPUM M IOTEHLIHUOMETPUUYECKOTO THUTPOBAHHUS.
[IpoBonuTcst cpaBHEHME ABYX METOJOB aHanu3a. s ompeseneHus aakaHOJIAMHHOB
B BOAHBIX pacTBOpax, MMEIOIIMX NPOLEHTHbIe KoHIeHTpauuu (5-40%), BO3MOXKHO
MOTEHIMOMETPUYECKOE TUTPOBAaHWE, T. K. AJKaHOJAMUHBI SIBJISIOTCS CIAOBIMH
OCHOBaHUSIMH C LIEJIOYHON peaklneil uX BOJHBIX pPacTBOPOB. CI0KHOCTh ONpeAeIeHHs
aJIKaHOJIAMHHOB BO3HUKAET MIPU COAEP>KAHNHU B PaCTBOPAX JPYTHX BELIECTB, UMEIOIINX
LIETIOYHYIO0 PEaKIMIO U 3aBBIIIAIONINX TaKUM 00pa3oM cofepKaHue aKaHOJIAMHHOB.
[Ipy mOTEHIIMOMETPUYECKOM THTPOBAHHMH, HECMOTPS Ha JIMHEHHYIO 3aBUCHUMOCTD,
pacdetHoe conepxkanue J[DA B pacTBope MoiydaeTcs BbIIIE, YeM €ro (paKTHYECKOe
3HaueHue. ToyHoe ompeaeneHue KoHUeHTpauuun JDA mMOoTeHIHOMETPUYECKUM
METOZIOM BO3MOXHO JUIsl PAcTBOPOB HE BbIIe 5% copepikaHus alKaHOJaMHHA.
Meton onpeaeneHust KoHueHTpauuu JIDA myrem wu3MepeHus MNPOBOJUMOCTH
Oonee uyBcTBUTENbHBIM. KoHmenTpauus DA moxeT ObITH ompeneneHa METOIOM
KOHJTyKTOMETPHUYECKOTO TUTPOBaHUs B quanas3oHe ot 1 1o 12% JIDA.

KuroueBbie cjioBa: AM3TaHOIAMHUH, METUIIIUATAHOJIAMUH, TUTPATOP, KOHYKTOMETP,
KOHLIEHTpPALKs1, CEPOBOAOPO, AUOKCHUL YIIIEPOST

Beenenne

Baxnelmumm STarnmoM MOArOTOBKH TPUPOJHBIX Ta30B K IMEpepadOTKe SBIISETCS
OYMCTKa OT KHUCIBIX NMpUMEceH, B MEPBYIO OYepedb, OT CEPOBOAOPONA M JHOKCHAA
yIiaepoaa, B pe3ylbraTe 4ero oOpasyloTCsl TOBAPHBIM Ta3 M KHUCIbIE Ta3bl — CBHIPbE
JUIsl IPOU3BOJCTBA Ta30BOM cepbl. sl OUMCTKM Ta30B OT KUCIBIX MIPUMECEi HIMPOKO
MIPUMEHSIIOT aJIKAHOJAMUHBI, TaK KaK OHM 00JIaJJat0T HU3KOU BSI3KOCTHIO, 3(PPEeKTHBHO
OYHIIAIOT ra3 B IIUPOKOM JTHanazoHe mapuuaibHbeix nasieHuit H2S u CO2, moutu He
abcopoupytor yrnesogoponsl (YB) (Golubeva, 2020; Shirokov, 2008; Grushevenko,
2018; Nabokov, 2015; Abdullacva 2016). O0bIYHO aMUHOBAsI OYMCTKA ra3a MPOBOIUTCS
¢ momoIukio npouecca Gribotol, B koTopoM 3azeiicTByercsi abcopOLUOHHAsE KOJIOHHA U
pexyneparop. B abcopOoHHOM KOJTOHHE aMUHOBBIH PACTBOP MOIVIOIIAET CEPOBOAOPO
W YIJIEKHCIBIN ra3, mpeodpasyst cepocoaepskalinii ra3 B HelTpaibHbiid. OOoraméHHbIH
aMHH TOCTETIEHHO HANPAaBISETCs HA PEKyIepaTop, Ie CEPOBOIOPOA M YIIIEKUCIIBIN Ta3
OT/EJISIIOTCS, @ YUCTHIA aMUH BO3Bpamaercss B abcopOuuoHHyIo konoHny (Bazhenov,
2019; Shukhtuev, 2018; Zakharov, 2017; Ibragimov 2013).

CepoBomopoJ, Takke Kak M JHOKCH] YIIepOoAa, B MPUCYTCTBUU BOABI 0Opasyer
KHCJIOTBI, KOTOPBIE BBI3BIBAIOT XMMUYECKYIO M JIEKTPOXUMHUYECKYI0 KOPPO3HIO METAIIIIOB
(Khasanov 2015; Ostapenko 2014). Ilpu ompeaesieHHBIX YCIOBHUSIX CEPOBOIOPOI
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SBISIETCS. TPUYMHOW  CyIb(UAHOTO PACTPECKMBaHHA MeTayuloB. lIpucytcTBue
3HAUUTETLHOTO KOJMYECTBa JHOKCHIA YINIEpoJa B Ta3e CHIDKACT €ro TEeIUIOTY
CTOpaHusi, KOTOpask TAKKE PErIaMEHTUPYETCs. DTH MPUYHUHBI IPUBENHN K pa3zpadoTKe n
IIPOMBIIUIEHHON peann3aliy MHOXECTBA CIIOCOOOB OYMCTKHU YITIEBOJOPOIHBIX Ia30B
OT KHCJIBIX KoMrioHeHTOB (Nabokov, 2015).

Mexanusm noromenus H,S u CO, BOAHBIMU pacTBOpaMU aMHUHOB PaCCMOTPEH
B paborax (Chakma, 1984; Al-Chawas 1989; Nasteka, 1995; Blauwhoff, 1983; Koul,
1968; Stryuchkov, 1984). AnkanonmamuHbl, Oyaydd IIeNOYaMH, JIETKO BCTYMAIOT B
peakuuio ¢ kucabivu rasamu H,S (CO,), o6pasyst Bomopactsopumbie conu. [pu sTom
IIPOTEKAIOT CIIEAYIOIINE PEaKHH:

H,S + [Amun] <=> [Amun-H]" + HS™ (Mruosenno);

CO, + 2-[Amun] <=> [Amun-H] " + [Amun-COO] (6bicTpo);

CO, + H,0 <=> H,CO, (mennenno);

H,CO, <=> H" + HCO;, (6bIcTpO);

HCO,” <=> H" + CO, (6rIcTpO);

[AmuH] + H" <=> [AMmua-H]" (0BICTpO).

Bce amunbi pearupyror ¢ H,S onnnakoBbiM 06pa3om ¢ 00pazoBaHneM rHAPOCYIb(pua
win cynbuaa aMuHa, NpPUYEM peakius KIacCUPUUUpPYeTcsi KaK MIHOBEHHas.
ITepBuuHbIE U BTOPHYHbBIE aMUHBI MOTYT pearuposath ¢ CO, ¢ 06pazoBanueM kapbamara
(conu 3amMernieHHOM kapbamMuHOBON KHciIoThl — aMUH-COO-H™ ), KoTOpast TpakTyeTcs
KaK ObICTpas peakuus Broporo nopsjaka. Kpome toro, ¢ CO, oGpasyrorcs KapOoHaThI
n OmkapOOHATHI aMHHOB, HO OOpa30BaHUIO MX NPEIIICCTBYET MEIJICHHAS PEaKIIHs
pactBopenns CO, B Boze ¢ oOpazoBanuem yrombHOM kuciotel H,CO,. Cuunraercs,
4TO NPH YMEPEHHBIX CTENeHsAX KapOonusauuu amuna (10 0,5 mons CO,/Monb amuHa)
MIPEeUMYIIECTBEHHO MPOTEKaeT peakius oopazoBanus kapdbamara (Kobilov, 2017).

KapOamaTtsl aMHHOB — HECTOHKHE COEIMHECHHUS W B CIAa0OMICTIOUHOW Cpele OHH
MEJICHHO pa3Jiaratorcs ¢ oo0pa3oBaHueM OukapOOHaTa.

R,NCOORNH, + H,0 <=> R NH + R,NH, HCO,,

e R —HOCH2 CHZ‘

VY TpeTnvHOro ajkaHOJIaMUHA HET MOABMKHOTO aroMa H' B aMuHOBO# Tpynme,

H03TOMY CTaHOBUTCS HEBO3MOXKHBIM IIPOTEKaHHE NPAMOK 1 ObicTpoii peakiuu ¢ CO,
o KapOamMaTHOMY THITY, @ B3aUMOJICHCTBHE OCYIIECTBISIETCS Uepe3 MPEABAPUTEILHYIO
Y MEJJICHHYIO CTaIMI0 00pa30BaHMUs M JUCCOLMAIINN YTOIBHON KHCIOTHI:

CO, +H,0 <=> H,CO,;
H,CO, <=> H"+ HCO;
[Amun] + H" +HCO, <=> [Amun-H]"HCO,

KoHeuHbIMU TPOyKTaMU peakiuu SBISIOTCS OMKapOoHaT u kapOooHat. Takum

00pa3oM, pasHULIA B CKOPOCTSX PEAKIMM TPETHYHBIX aMMHOB ¢ H.S (Mruosennas
peakuust) u CO, (MeIEHHas peakiys) ropasio 3HAYUTEILHEE, €M JUIS IEPBUYHBIX
1 BTOPUYHBIX aMHUHOB. DTO MO3BOJIET UCIIOIb30BaTh HA NIPAKTUKE TPETHUUHBIC aMHUHBI
ans cenektuBHOrO M3Bnedenus H,S u3 cmecu ero CO,. Peakunonnas cnocoGHOCTh
QJIKaHOJIAMUHOB M3MCHSETCSI B PAOy IEPBUYHBIC™ BTOPUYHBIC™ TPETHYHBIE U
Koppenupyer ¢ ux ménounocteio (Afanasyev, 1986).
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Juoxcup yraepoaa oopa3yeTcs alkaHOJIAMHUHAMH Pa3IUuHble TOOOUYHBIE TPOAYKTHI.
YacTh U3 HUX Ha CTaauM pereHepauuu abcopOeHTa pa3pylIiaeTcsi U CHOBA BbIIENSET
aJIKaHOJIAMUH, JpyTasi 4acTb HE pereHepupyeTcCsl, BbI3bIBas NoTepu amuHa. Hanbonpiiee
KOJIMYECTBO HEPETEHEPUPYEMBIX COETMHEHHUH XapaKTepHO ISl IEPBUYHBIX aMHUHOB.

Mepkanrtansl, Oymaydd KHCIOTaMH, OOpaTMMO pearupyroT ¢ ajKaHOJaMHHAMH
c 00pa3oBaHHMEM BOAOPACTBOPUMBIX MEpKanTHUAOB. KHCIOTHOCTH MepKanTaHOB
3HauuTenbHo Huke, yemM H.S u CO,, BCIEACTBHE YEro IOCIEIHUE BBITECHSIOT
MepKarTaHbl U3 X COEMHEHUH ¢ aMHUHaMU.

MepkanTuabl — HECTOMKNE COEIMHEHMS], JIETKO pa3pyllaroliecs MpU HarpeBaHuu.
Cepookucek yrmiepona (COS) MOXeT HEMOCPEICTBEHHO BCTYNaThb B PEAKLHUIO C
MEPBUYHBIMU BTOPUYHBIMU aMUHaMU. [Ipy 3TOM ¢ IepBUUHBIMU aMUHAMU 00pa3yloTCs
HepereHepupyeMble MPOIyKThl, BTOPUUHBIE M TPEeTU4Hble aMHUHBbI pearupyror ¢ COS
00paTMo. AHAJOTWYHBIM O0Opa3oM pearupyer ¢ ajkaHOJIAaMHUHAMH U CEPOYIIEpon
(CS,). ITo604HbIE POLYKTHI OH 0OPa3syeT U C MEPBUYHBIMU U BTOPUYHBIMU aMUHAMM.
Cynbhuasl 1 TUCyabQUIBI ¢ alKaHOJaMUHAMU HE B3aUMOJEHCTBYIOT. Hamuuue B raze
sroporo komnonenta H,S uin CO, cHukaeT paCTBOPUMOCTD APYTOro; COOTBETCTBEHHO
YBEJINYUBAETCSA PABHOBECHOE JIaBI€HNE KOMIIOHEHTA HaJl paCTBOPOM.

Metungustasonamud (MADA) mpumeHsieTcss B OCHOBHOM JUIsSl CEJEKTHBHOM
ounctkr ot H,S B mpucyrctBun CO,. Oxnaxo, xorma TpeOyeTcs OIHOBPEMEHHOE
usBneyenne H,S n CO, HeoOXomMMo HUBENMpPOBAaTh (HAKTOP CENEKTMBHOCTH. Jls
9TOTO OBLIO MPEATIOKEHO MPUMEHATH BoAHbIe pacTBOpel MDA u JIDA (Zaporozhets,
2016). PactBoprMOCTh METaHa 1 3TaHa B BOAHBIX pacTBopax DA B mpezaenax pabounx
KOHUEHTPALUH MPY MapUUalIbHBIX JaBICHUAX B ra3e, UMEIOLINX MECTO B OOJIBIIMHCTBE
MPAaKTUYECKUX CIIydaeB, OJM3Ka K paCTBOPUMOCTH UX B BOJIE.

PacTBOpuMOCTS yIIeBo0pOAOB B BOAHBIX pacTBopax MJIDA HUKe, 4eM B pacTBOpax
MDA u DA mpu OOMHAKOBBIX KOHIICHTPALMSX. DTO SBIAETCS MPEUMYIICCTBOM
M/IDA, Gnarogapsi KOTOpOMY CHHIKAeTCsl MOTEpsl MPOMYKIHMOHHOTO Trasa. /lobGaBkoii
JDA k pactBopy MJIDA B pa3ianyHBIX COOTHOIIEHUAX MOKHO PErYJINPOBaTh CTENIEHb
uspieyenus CO, npy MPaKTUYECKH TTOTHOM ynanenun H.S.

PactBOpuMOCTh yIIEBOZOPOIOB BO3pAcTAET C YBEIMUEHUEM KOHLIEHTPALMU aMUHa
B PacTBOPE, MPUIEM pacTBOpUMOCTh 3Tana (C,H ) 3aBUCHT OT KOHLIEHTPAIUK CHIIbHEE,
yeM jys Merana (CH,). Perenepanus WCIONB30BaHHOIO aMMHa Ul TOBTOPHOIO
HCTIOJIb30BAHUST IKOHOMUYECKH U DKOJOTMUYECKH 1eiecoodpasHa. HexkoTopeie KUCIOTHI
MOTYT OBITh M3BJICUYEHBI U3 PACTBOPOB aMHUHOB HarpeBaHUEM, BBICBOOOXKIAs 4acTb
CBSI3aHHOTO aMHHA CO CHMKEHHEM KOPPO3MOHHOW aKTMBHOCTH. ['MIpoKcHA HaTpHs
0CBOOOKIAET CBS3aHHBIM aMHH, OOHOBJISISI KUCIIOTHYIO EMKOCTh aMHHA, HO HE CHHYKAET
KOHLIEHTPALIMIO aHUOHOB KHUCJIOT, MOIJIOLIAEMBIX PACTBOPOM OUHCTKH.

KoHuenTpaunto aMHHOB B PAacTBOpaXx MOXKHO  ONPEAETUTh  METOAOM
KOHJTyKTOMETPUYECKOTO TUTPOBAHMS.

Konnykromerpuueckuii MeToJ aHalu3a OCHOBAaH Ha W3YYEHMHM 3aBHUCHMOCTH
MEXy TpPOBOANMOCTBIO pacTBOpa W KOHLEHTpAlUMel HOHOB B 3TOM pacTBOE.
OnekTpuyeckas MPOBOAUMOCTh (MJIM 3JEKTPONPOBOAHOCTH PACTBOpPA 3JIEKTPOJIUTA)
SIBIIIETCSL  PE3YyNbTaTOM JAMCCOLMALIMM  PAacTBOPEHHOIO BEIECTBA W MMIPALUU
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HMOHOB MOJ| JIEHCTBUEM BHEIIHET0 MCTOYHMKA HampsskeHus. B anexkrpuueckom moine
JBUKYIIMECS B PacTBOPE MOHBI MCIBITHIBAIOT TOPMO3sIlee AECHCTBUE CO CTOPOHBI
MOJIEKYJI PACTBOPUTEINS U OKPYKAIOIIMUX MPOTHUBOIOJIOKHO 3apsKEHHBIX MOHOB. JTO
TaK Ha3blBaeMble pellaKCallMOHHBIA U 3nekTpodopernueckuii 3pdektrl. PesynsraTrom
TAKOTO TOPMO3SIIEro AEUCTBUS SIBIIAETCA CONPOTHBIECHHE PAcTBOPA IMPOXOXKJIECHHUIO
AIEKTPUUECKOT0 TOKa. DJIEKTPONPOBOAHOCTH PACTBOpPA OMNpPENEISIeTCsT B OCHOBHOM
YHCIOM, CKOPOCTbIO (TIOABMIKHOCTBIO) MHIPUPYIOIIMX HOHOB, KOJMYECTBOM
MIEPEHOCUMBIX UMH 3apsI/I0B U 3aBUCHUT OT TEMIIEPaTyphl U MPUPOABI pACTBOPUTETIS.

[Tpu TurpoBanuu kucnoroit (HCI) pacTBOpoB aMHHOB MOXKET ONPEIENATHCS H30BITOK
OH’, cBOOOAHBIN aMHH ¥ aHHOHBI CJIA0BIX KHCIIOT.

[Tpu tutpoBannu ocuoBanueMm (NaOH) ompeznensiercst cBs3aHHBIN aMuH. M30BITOK
OH- moxeT npucyTcTBoBath, ecii NaOH n00aBnsTe K pacTBOpy amMHHA B pa3mepe,
KOTOPBII MPEBbIIIAET IKBUBAJICHTHYIO CYMMY TEPMOCTA0MIBHBIX COJNIEH aMUHa.

U36bToK OH™ mepBbIM BCTyHaeT B peakiHio Mpu JA00aBICHUH KUCIOTHI BO BpeMs
tutpoBanus. [locne toro, kak OH™ n3pacxomoBaH, KHUCIOTHBINH TUTPAHT pearupyer co
CBOOOIHBIM aMHHOM, 3aTEM C JIFOOBIM aHUOHOM cJ1a00 KUCIIOTHI.

Mertozp! pereHepauur MOy Obl ObITH Oosee d(PEKTUBHBIMHU, €CIU OBl METOJBI
HETOCPEACTBEHHOTO M3MEPEHHUS! KOHIEHTPALWH, CBSI3aHHBIX U CBOOOAHBIX AMHHOB,
ObuTH OBl TOCTyNHBL. MIMEIOTCS aHaIMTHYECKUEe METOIbI ONpeAeiIeHus o0Iero aMmaa
TUTPOBaHUEM CHIILHON KHCIIOTOH, HO OHU KaK IPaBUJI0, HE PELIAlOT TPOOIeMy KOHTPOJIS
cojiepKaHMs aMUHa B pacTBOpAax JJIsl pereHepannu.

KonuenTpauus amuHa, Kak MpaBuilo, HAPSIMYIO HE ONpPEAEseTCsl, HO BBIYUCIAETCS
W3 pa3HULbI ABYX OONBLIMX KOJIMYECTB, OOLIETO U CBOOOJHOTO aMUHA, © MOXKET OBbITH
He ToyHa. TUTpoBaHHE CBOOOAHOTO aMHHA YacTO MPAKTHKYEeTCS TaKUM 00pa3oMm, 4To
AQHMOHBI cJa0bIX KHUCIOT (Hampumep, auerar ¥ (opMmMHuar) MEIarT ONpeacsieHHIO,
CIOCOOCTBYsI 3aBBIILICHUIO KOHLIEHTPALUU CBOOOIHOTO aMHHA. DTa CUTyalusi IPUBOIUT
K TOMY, YTO KOHLEHTpAlMd aMHHOB ONpenelisitoTcst B pa3mepe Oonee 100% ot ero
KOJIMYECTBA, 00ABICHHOTO B CHCTEMY.

OO011as KOHIIEHTPALS] AMHUHA PACCYUTHIBAETCS U3 CYMMBbI KOHIICHTPALIUH CBSI3aHHOTO
U CBOOOIHOTO aMUHOB. MeTOx KOHAYKTOMETPUYECKOTO THTPOBAHHS MPUTOJCH
IUIsL ompeeneHusl KoHIeHTpauuu amuHa oT 100 yacteit Ha muwuinoH 1o 95% wmacc.
VYHHUKaTbHBIM AJIS1 9TOTO METOJa SIBJISETCS OT/AEIeHUE CBOOOJHOTO aMHUHa OT aHHOHOB
crnaboit kucaoTel u onpeneneHue n3dbiTka NaOH. B mMerone nucrnonbsyercs: 0ObIHOE
000opyaoBaHKe [T TUTPOBAHUS, HO UCIIOJIB3YETCS POBOAUMOCTD (KOHIyKTOMETpHSI), a
He pH (moteHumomeTpus), 11t 00HApYKEHUsI KOHEUHOM TOUKH TUTpoBaHus. Vi3MepeHue
MIPOBOAMMOCTH OoJiee 4yBCTBUTENBHO, YeM pH 1 wyacTo obecrieunBaeT Oojee 4ETKYIO
(uKCcalMI0 KOHEYHBIX TOYEK M PACKPBIBACT IOMOJHUTENLHBIE CBEJCHHS O XUMHU
pacTBopa aMHHA. DTOT METO MO>KHO MCIOJIb30BaTh I OMPEAEIEHUS] KOHIIEHTPALUN
aMMHa B KHCJIBIX pacTBOpax JAJIsl OYMCTKHU ra3a, 1Jisi KOHTPOJIS KOHIIEHTPAi aMHHA Ha
HedTenepepadaTbIBAIOMINX 3aBOAAX, Uil OOHAPYKEHUS] aMHHA B BOJHbBIE OTXOAX MJIH
mpolecca nocienyoiel pereaeparuu amuna. (Arthur, 1990).

[TpuHun paboTHI MOTEHIIMOMETPUYECKOTO TUTPOBAHMUS 3AKITIOYACTCS B CIICAYIOILEM.
BOnmu3u OT TOYKM SKBUBAJCHTHOCTH OOBIYHO MPOMCXOAMT CHJIBHOE M3MEHEHUE WIIH
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Jla)kKe CKauOK MOTEHIHala WHIAMKaTOPHOTO IeKTpoAa. BenmunHa naHHOrO ckauka
OyZleT 3aBHUCETh CHJIbl KHCJIOTHI WIIM K€ OCHOBAaHHUS, a Takke OT KOHLEHTPALHH
pacTtBopa. Ecin ke mpoBOIUTH TUTPOBAHUE CMECEH pa3NMUYHBIX KHCIOT, TO MOXHO
HaOMI0AaTh HECKOJIIBKO CKAa4KOB 3a0JHO TUTpoBaHue. JlaHHBIA c€IOCOO MOMydnI
JIOBOJIHO IIMPOKOE PAaCHpPOCTpPAHEHHUE, a TaKkKe UMEET CBOM IIPEUMYIECTBa, KOTOpbIE
BBITOJTHO BBIJICJIAIOT €0 CPEAU APYTUX METOIOB aHaIM3a. ToUKy S5KBUBAJIEHTHOCTH NpU
MOTEHIMOMETPUYECKOM TUTPOBAHUHU ONPEAENAIOT TpauIecKuM METOOM Ha KPHUBOH
TuTpoBaHus. OOBIYHO MCIONB3YIOT OAHY U3 CIEIYIOIIMX BHJOB KPUBBIX TUTPOBAHUS:
HHTErpanbHyo, i depeHnaIbay o Wik KpuByto [paHa.

Lenp Hacrosimeld pabOTBl — ONpeneNeHUe KOHLEHTpPAllMd aMHHOB METOAOM
KOHJTyKTOMETPHUYECKOTO U TOTEHIIMOMETPUIECKOTO TUTPOBAHMS.

IKCcNepruMeHTATbHAS YaCTh

KoHueHTpaunto aMHHOB ONpENeNsad METOJaMH KOHAYKTOMETPUYECKUM U
MOTEHIIMOMETPUUYECKUM TUTPOBAHHUEM. {151 THTpOBaH U MCIIOJIb30BaIM aBTOMAaTHYECKU
tutparop ATII-02 u cranmonapuslii kongykromerp Hanna HI 4521 O6paszen pactBopa
amuHa cMeruBaroT ¢ Bogoi u tutpytot 0,1 1 HCI, B 3aBucumocTu ot notpedienus HCI
pacCUMTHIBAIOT KOHIEHTpaluio aMuHa. [I9A ¢ pa3noil konuentpanueit 1, 5, 7, 10, 12,
20, 30% cMenmBaroT ¢ BOAOH U M3MepsieTCs 3IEKTPONPOBOAHOCTH BOJHOIO PacTBOpA.
UccnenoBanus nposoauiics mnpu temneparype 20°C.

PesyabTathl u uX 00cy:KIeHHe

Ha pucynke 1 mnoxazana auddepeHnnanbHas KpHBas MNOTEHLHOMETPHUYECKOTO
tutpoBanus ans 10% pactBopa AudTaHOIaMHMHA. TOUKY SKBHBAaJEHTHOCTH HAXOIAT
[0 CKauKy MOTEHIMaja Ha KPUBOM TUTPOBAHUS, KOTOPBIH COOTBETCTBYET MOMEHTY
3aBepIICHHUs peakuuu (mpudaBsieMoe B JadbHEWIeM KOJTMYECTBO TUTPAHTA SIBISETCS
n30bITKOM). KOHIIEHTpanus aMrHa pacCUnThIBAETCS Kak cleqyeT U3 GOopMyJIbl:

[B]= V*N/W (1)

I'ne [B] = koHILIEHTpaLyst aMUHA, MT-3KB/T

V = o6bem TuTpanta HCI B 5KBHBaJICeHTHON TOUKE, MIT

N = nopmansHocTh TUTpaHTa HCl, Mr-sks/mi

W = macca obpasua amuHa, T

[IpeoOpa3zoBanne KOHLIEHTPAIIMKA aMHUHA U3 MT-OKB/T B BeC. % JOCTUraeTCs MyTeM:

w %=(Mr-3kB/g)*M/10 (2)

I'me M = skBuBajeHTHas Macca aMuHa, MIr/M-3kB= 119 mas MJIDA, 61 ais MDA,
105 mis JIDA.

Ha pucynke 1 mnokazanbl jauddepeHnranbible W HUHTETPAIBHBIE KPHBbBIC
MOTEHIIMOMETPUUECKOTO TUTPOBaHus it 1% pacTBopa AMITaHONAMUHA.
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a) 0)
Pucynok 1 - KpuBble IOTEHIIMOMETPUYECKOIO TUTPOBAHMUS:
a — nuddepeHnuanbHas: 6 — MHTErpajibHas/

Oopazernt: 1% Boxublit pactBop DA, Tutpant: HC1 0,11 pactBop

Jig HaxoXJeHWs KOHIIGHTpAallMM aMHUHA KaK TUTPAHT Oblla BhIOpaHa COJSHAS
KHcJaoTa ¢ KoHueHTpanueil 0,1H, 1 9T00bI YMEHBIIUTH PacXoj TUTPAHTa, OBLIO B3ATO
MmeHbIie pactBopa amuHa 1,01 Ilo rpaduky ompeneneHa SKBHUBaJIGHTHas TOYKa
V(oxB)=0,99Mmn

0,900,122
B =

[B]= 1,01r

[B] (koH1nenTpanust amuHa, Mr-3ks/r)= 0,098
[IpeoOpaszoBaHye KOHIIEHTPAIIUK aMHHA U3 MT-3KB/T B BeC. % JIOCTUTaeTCs ITyTeM:
y
W %= I},DEB%MS 105mr/ M—3KE
10

w (xonmentparus amuna) =1,03%
Ha pucynke 2 mnokazanbl auddepeHnmansHple W HWHTETPANbHBIE KPHUBBIE
MTOTEHITMOMETPUYECKOTO TUTPOBAaHUS s 5% pacTBOpa AMATAaHOJIAMHHA

a) 0)
Pucynoxk 2 - KpuBble HOTEHIHOMETPHIECKOTO THTPOBAHHS:
a — muddepeHnmanpHas: 6 — WHTETpalbHAS.
Oo6pazemn: 5% Boausrit pactBop ADA. Turpant: HCI 0,11 pactBop
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JUist HaX0X/IeHUS] KOHIIEHTpAIMM aMHUHA KaK TUTPAHT Obljla BIOpaHa CoJsiHas
KucioTa ¢ KonueHtpanuei 0, 1 H, 1 61510 B3aTO pactBop amuHa 0,96r. 1o rpaduxy
onpeeneHa SKBUBaJICHTHAs Touka V(3kB)=4,7 1mn

MI'—3KH

[B]: 4,71+l
09er

[B] (xonuenTpanus amuHa, Mr-3kB/rT)= 0,491

IIpeobpazoBanue

KOHIICHTpAIMH aMUHA U3 MT-9KB/T B Bec. % JOCTUTAETCS IMyTEM:
w %= I},-}'}l%ms 105,/ M—3KE

10

w (koHIIeHTpanus amuHa) =5,15%
Ha pucynke 3 noxazanbel nud¢depeHIranbHble U WHTETpalbHbIE KPHUBBIE
MOTEHLMOMEeTpuYecKoro TutpoBanus st 10% pactBopa AM3TaHOIAMUHA.

a0 1080
Osnavmapars-

a)
Pucynok 3 - KpuBble HOTEHIMOMETPHYECKOTO THTPOBAHMS:
a — muddepennpanbHas: 0 — HHTErpabHAasL.
O6pasen: 10% Boxusiii pactBop JIDA, Turpant: HCI 0,11 pactBop

Jnsi HaxoKACHUSI KOHIIGHTpAlM aMUHa KakK TUTPAHT ObUIa BbIOpaHa coJistHas
kucinora ¢ koHuenrpauueit 0,1H, u O6but0 B3aTO pactBop ammua 1,01r Ilo rpaduky
ompesenena SKkBuBajieHTHast Touka V(3kB)=10,09mn
10,09m150,15—2
- HMI

[B]: Lilr

[B] (koH1eHTparwst aMuHa, Mr-3kB/1)= 0,999
[IpeoOpaszoBaHye KOHIICHTPAIIUY aMHHA U3 MT-3KB/T B BeC. % JOCTUTACTCS MTyTEM:
I},'}'}Ei%ms 105Mr,/ M—3KE

10

w %=

w (koHIIeHTparws amuHa) =10,49%
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Ha pucynke 4 mnokazansl auddepeHOUanbHblE M WHTETPAlbHBIE KPHUBBIE
MIOTEHIIMOMETPHUUYECKOT0 TUTpoBaHus A 20% pacTBopa IUATaHOJIaMUHA

t

ﬁ?&&mmﬁ

Pucynok 4 - KpuBble HOTEHIHOMETPHIESCKOTO THTPOBAHHS:
a — muddepeHnranpHas: 0 — UHTETpalbHAS.
O6pasen: 20% Bomuslii pactBop JIDA, Turpant: 0,11 pactsop HCI

Z[J'IFI HaXOXKACHUSA KOHLCHTpAUMW aMHHA KaK THUTPAHT OblIa BI:I6paHa COJIsIHas

kucnora ¢ koHneHtpanued 0,1H, 1 ObwIO B3siTo pactBop amuHa 0,99r. Ilo rpaduxy
orpeJieieHa YKBUBaJIeHTHas Touka V(9kB)=19,02mi1.
MI'—3KH
1%.02mn 01—
[B]= :
— 1.99%%r
[B] (koH1ICHTpal¥st aMyuHa, Mr-3KB/T)= 1,9
[IpeoOpa3zoBanne KOHLIEHTPAIIMKA aMHHA U3 MT-9KB/T B BEC. % JIOCTHraeTCs MyTeM:
1,925 05mMr/ 1—3kE
w% =" 1 :
10

w (koH1eHTparws amuHa) =20,17%
Ha pucynke 5 mnokazansl auddepeHOUanbHble W WHTETPAlbHBIE KPHUBBIC
MIOTEHIIMOMETpHUUYECKOro TUTpoBanus A 30% pacTBopa IudTaHOIaMUHA

a) 0)
PucyHok 5 - KpuBble IOTEHIIMOMETPUYECKOTO TUTPOBAHMUS:
a— muddepeHnmanpHas: 6 — UHTErpaibHAs.

O6pasen: 30% Boxusiii pactBop JIDA, Turpant: HCI 0,11 pactBop

Jlis HaxOoKJCHHS KOHIICHTpAllMM aMHUHA KaK TUTPAHT Oblla BbIOpaHA COJIsSHAs
KucnoTa ¢ koHreHtparueit 0,11, m Obuto B3sATO MeHbiie pactBop amuua 1,00t Ilo
rpaduKy ornpesesneHa 3KBUBaJIeHTHas Touka V(9KB)=28,82Mu1.
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28,82mn50,152
Bl ———=-
goor
[B] (xoHIIEHTpaIws aMruHa, Mr-3KB/T)= 2,83.
[IpeoOpazoBaHye KOHIIEHTPAIIUY aMIHA U3 MT-9KB/T B BEC. % TOCTUTACTCS ITyTEeM:
w %= 2,33@*1[&5m‘fm—39:3

10

w (xoHIeHTpanwst amuHa) =30,24%.

Ha pucynke 6 mpuBeneHa 3aBucuMocTh KoHIeHTparuu DA (ot 1 go 30%) ot
oobema TutpanTa (HCI) B JIDA Touke SKBUBAJIIEHTHOCTH.

Takum 00pa3oM, OTEHIIMOMETPUIECKOE THTPOBAHWE JEMOHCTPUPYET JIMHEHHYIO

3aBUCHMOCTH Mex 1y KoHIleHTpanuei |9 A u konmuectoMm 0, 1 H HCL, n3pacxomoBaHHbBIM
Ha THTPOBAHUE.

w
oo

y=1,0446x-0,1138-®

R?=0,9996
.-‘.I-.‘

=R N W
o

%3]

KoHUHeTpauma A3A, %
=
=
L]

o w
9

0 5 10 15 20 25 30 35
obbem TuTpanTa 0,1H HCI, mn

Pucynok 6 — 3aBucumMocThb KoHIeHTparmu JJDA ot oobema tutpanta HCl moteHmmomerprueckoe
TUTpPOBaHUE PacTBOPoB JIDA pa3nuuHON KOHLEHTpaluu

st onpesieNieHnst aIKaHOJIAMHUHOB B BOJHBIX PAaCTBOPAX, UMEIOIIUX MPOIICHTHBIE
koHLeHTpauun (5-40%), BO3MOXKHO IOTEHIMOMETPUYECKOE THUTPOBaHHE, T. K.
AJIKAHOJIAMHUHBI SIBJISTIOTCS CJIAOBIMH OCHOBAaHUSIMH C IICJIIOUHOW pEaKIUed UX BOTHBIX
pactBopoB. CIIOKHOCTH ONpE/IeNICHHs aIKaHOJIAMHUHOB BO3HUKAET MPH COJICP)KAHHU B
pacTBOpax ApPYyrux BEIICCTB, UMCIOINUX IICITIOYHYIO PCAKIWIO W 3aBbINIAIOIINX TaKUM
00pa3oM cosiepKaHne alTKaHOJIAMHHOB. TakuM 00pa3zoM, METOJI TOTEHI[HOMETPHYECKOTO
TUTPOBaHUA MCHCC HAJICKCH, YEM MCIIOJIB30BaAHUEC 3HAYCHUM SJICKTPONPOBOJAUMOCTH
pPacTBOpPOB ANKAHOJIAMUHOB B TIPOIIECCE KOHYKTOMETPHUECKOTO TUTPOBAHHUSL.

HpI/I MOTCHIUOMETPUUCCKOM TUTPOBAHUH, HECMOTPS Ha JII/IHCEIHYIO 3aBUCUMOCTD,
IpH TiepecueTe Ha MpoleHTHoe coxepkanue JIDA momydaercs 6osee 100%. Takum
00pa3zoM, pacueTHasi KOHIICHTpAIMsi aMUHa HE COOTBETCTBYET PEalbHOMW, a SIBISCTCS
3aBBINICHHON Jake JiIst yucToro pactBopa IDA. TouHoe onpeercHne KOHIICHTPAIH
DA BO3MOXHO JJIT PacTBOPOB HE BHIMIE 5% COACpKAHUS aNKaHOJAMUHA.M, IS
CMCIIaHHBIX PAaCTBOPOB METO[ IMOTCHIHUOMETPUUYCCKOTO TUTPOBAHHA HE ABIIACTCSA
CHCIU(PUUHBIM.

Ha pucynke 7 moka3aHa 3aBUCHUMOCTH 3JIEKTPOIIPOBOANMOCTH pacTBOpoB JIDA oT
KOHIICHTpAaIuu.
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Pucynok 7 - 3aBUCHMOCTD AIIEKTPOIPOBOAUMOCTH pacTBOPOB JIDA OT KOHIIEHTpallu

Kak BuaHo w3 pucyska 6 ¢ poOCTOM KOHIIEHTpAlMM YBEIHMYMBACTCS
anekTporpooauMocth JIDA. Meton omnpenenenus koHueHTpauuu DA mnyrem
HU3MEpeHHs MPOBOAMMOCTH Ooyiee 4YyBCTBUTENbHBIH. W3 rpaduka Ha pucyHka 6
BUIHO, YTO OOJiee TOYHO MOXKET OBITH OmpeseneHa KOHICHTPAUUs NpH MOMOLIH
KOHJTyKTOMETPHUYECKOTO TUTPOBAHU 1715 KoHIeHTparuii ot 1 10 12% JIDA. M3mepenune
MIPOBOJIMMOCTH JJISl ONpPEJENIEHUS] KOHIEHTpAllMM aMHHAa K TOMY K€ pPacKpbIBaeT
JIOTIOJTHUTENbHBIE CBE/IEHUS O XUMUHU PacTBOpa.

KonykTomeTpuueckunii METO MOXHO HCIOIB30BATh Il KOHTPOJIST KOHIEHTPAIUN
amMHHa Ha HedTenepepadaThIBAIOIINX 3aBOAAX.

Takum 06pa3om, IpH NOTEHIIMOMETPUUECKOM THTPOBAHHH, HECMOTPS Ha IMHEHHYIO
3aBHCUMOCTbD, TIPH TlepecueTe Ha MPOLEeHTHOoe conepxkanue DA momyudaercs Oomnee
100%. PacueTHasi KOHIICHTpAIMsl aMHUHA HE COOTBETCTBYET pEaJIbHOM, a SIBISIETCS
3aBBIIIEHHOM naxe JuIst ynctoro pactsopa JIDA. TouHoe onpeneneHne KOHIEHTPALUN
JADA BO3MOXKHO JUIsl pacTBOpPOB He BbIlIe 5% cojepxkaHHsd alkaHoJamMHHAa. Meton
ompeleNieHns KOHUeHTpauuu JIDA myTeM wu3MepeHusi NpoBoAMMOCTH OoJee
YyBCTBHUTENBHBINA. bojee TOuHO MOXeT OBITh Ompe/esieHa KOHIEHTPAIHSI TPY TOMOLIH
KOHJTyKTOMETPHUYECKOTO TUTPOBAHU JUIsl KOHIeHTpauuii ot 1 1o 12% JIDA.
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Abstract. Kazakhstan is rich in medicinal plants, so it needs to be studied. Ten
species of the Petrosimonia belonging to the Chenopodiaceae family are growing in
Kazakhstan. These plants have been adapted to harsh climatic conditions in the country’s
salty, saline, and desert areas. Petrosimonia plants are a new species that has not been
fully studied. Chinese researchers studied Petrosimonia sibirica species and found that
the plant contains alkaloids, steroids, terpenes, flavonoids, and phenolic acids and has
antibacterial activity (Wen et al, 2015; Ying et al, 2016). The qualitative and quantitative
compositions of biologically active substances in P. sibirica, P. Glaucescens, P. triandra,
and P. brachiata growing in Kazakhstan were studied. To prepare phytopreparations
from P. Sibirica, P. Glaucescens and P. triandra plants were extracted using the classical
maceration method, and individual representatives of biologically active compounds
were isolated (Toktarbek et al, 2021). In this study, a phytochemical study of P. brachiata
was conducted. The method for obtaining biologically active complexes with high
efficiency was optimised by using supercritical fluid and ultrasonic extraction methods.
These methods have a short extraction time, can be carried out at room temperature,
are cost effective, and are a modern green chemical approach. Using supercritical fluid
CO, extraction (180 bar, 2 hours), the plant was purified from lipophilic substances.
Further, a biologically active complex was obtained by pouring 70% ethanol-water
solvent into the plant raw material and performing ultrasound extraction. The obtained
complex was analysed by thin-layer chromatography using different organic solvent
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systems. Based on our analysis, steroids, terpenes, phenolic acids, and flavonoid
glycosides were found in the extract. Hexane and ethyl acetate fractions were obtained
as a result of liquid-liquid extraction of the extract using organic solvents. Stigmasterol
3-O-B-D-galactopyranoside, isovanillic acid, quercetin 3-O-B-D-glucopyranoside,
and isorhamnetin 3-O-o-L-rhamnopyranoside were isolated by washing the hexane
and ethyl acetate fractions in a silica gel column with an organic solvent system. The
isolated compounds will be tested for biological activity.

Keywords: Chenopodiaceae tamily, Petrosimonia brachiata, ultrasonic extraction,
supercritical fluid extraction, chromatography.
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Annoramus. Kazakctan aymarbl JOpuTiK eciMIikTepre ete Oail koHe onap
3epTTeyal Kaxer eremi. Emimi3 aymarbiana AnaOyra (Chenopodiaceae) TybichiHA
xaratblH Petrosimonia tykpimaaceiiblH 10 Typi eceni. Byn ecimaikrep emimizmeri
TY3IbI, COPTaH JKOHE IIOJCUTTI Kepieple KaraH KiIuMar KaraaiblHa OeiiMaenreH.
Petrosimonia eciMaiKTepi TOJBIK 3epTTEIMETeH kaHa HbICaH OoubIn TadbuIaasl. Kprrai
raneIMAapsl Petrosimonia sibirica TYpiH 3epTTen, ©CIMIIK KYpaMbIHIa aKaJIOUATap,
CTepouATap, TepreHaep, GpraBoHouaTap KoHE PEHOI KBIIIKBUIIAPhI KaTapIIbl eKIHIITIK
METAaOWIUTTEP/IiH 0ap SKeHIH aHBIKTAl, OaKTepusFa Kapchl OCJICEHAUTIK KOPCETKeHIH
nmanenneren (Wen et al, 2015; Ying et al, 2016). Kazakcranna ecerin P. Sibirica, P.
Glaucescens, P. triandra xone P. brachiata TypnepiHiH KypaMblHAaFbl OUOIOTUSIIBIK
OejiceHal 3aTTapblH camaiblK XOHE CaHIBIK Kypambl 3eprreninred. P. Sibirica, P
Glaucescens xone P. triandra eciMaixTepiHeH ¢uTONpenapar ajay YLIIH KJIaCHKaIbIK
Mariepanus SKCTPaKIKsIIaHbII, OMOJIOTUSIIBIK OCIICEeH A1 3aTTap IbIH XKeKe oK1 AepiH Oei
anran (Toktarbek et al, 2021). byn 3eprreyae P. brachiata ecimuirine GUTOXUMHSIIBIK
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3eprrey Kyprizingi. JKorapbl KpUTHKAJIBIK (QIIOMATI )KOHE YIBTPAABIOBICTBI SKCTPAKIIHS
o/ICTEpIH Tailaany apKbUIbl THIMJUIITT YKOFapbl OHOJOTHSUIBIK OCJICCH]I KeleH
QITYIBIH JKOJbl OHTAWIAHABIPBULIBL. ATajfaH 9iCTep JKCTPAKIUS YaKbIThl KbICKA,
OemMe TeMmIieparypa >KaFmalblHAa JKYPTi3iIeTiH, apTHIK IIBIFBIHCHI3 JKOHE 3aMaHayH
KaChUI XUMHAIIBIK OarbIT 6051b1. JKorapsl kpuTHKaIbIK Quronari CO, SKCTpaKIHUsHbI
(180 bar, 2 caraT) KoJaHbBI 6CIMIIK KypaMbl JTUNO(UIIBII 3aTTapaiaH Ta3apThUIIbI.
Apbl Kapail eciMaik mukizateiHa 70% 3TaHON-Cy epITKILIIH KYWBII, YIbTpaabIObICIICH
IKCTPaKIHS Kacay apKbUIbI OMOIOTHSUIBIK OSJICEH 11 KEIIeH aJIbIHABL. AJIBIHFAH KeIICHTe
KyKa Ka0aTThl XxpoMaTorpadusiaa, op TYpIIi OpraHUKaIbIK €piTKIIITep Kyieci KoMeTriMeH
capanrama JacajabslHIel. CapanTayablH HETi31HIe dKCTPAKT KYpPaMbIHIA CETPOUITAp,
TeprieHep, GeHOI KbIIIKbUIIAPHI )KoHE (IIABOHOU/I IITUKO3HITEPiHIH Oapbl aHBIKTAJIIBI.
OKCTpakTire OpraHUKaJbIK —CpITKIITEPIMEH CYHBIK-CYHBIKTBIK OKCTPAKLMSICHIH
KYPri3y HOTHIKECIHJIE TeKCaH KoHe dTHianeTar ppakuusiapsl aabiHAbL. [eKcan xoHe
JTHIANETaT PpaKHsIIapbIH CUIIMKATelIb OaFaHAChIH I OPTaHUKAIBIK ePITKIIITEp XKyieci
apKBLTY XKYy HOTIXKeCiHae cTurMacTepoiabiy 3-O-f-D-ranakronupaHosn/ii, H30BaHNIT
KBIITKBUTBI, KBepleTHHHIH 3-O-B-D-TirrokonrpaHo3uai jkoHe u3opaMHeTHHHIH 3-O-0-
L-pamuornmpanosui 6emini. bemiHreH jxeke 3aTTapAblH OHOIOTHSIBIK OSICeHIUTITIH
TEKcepy JKOCTapiaHyaa.

Tyiiin ce3nep: Chenopodiaceae tyxkpimuacsel, Petrosimonia brachiata, ynerpajipl-
OBICTBIK DKCTPAKIIHSL, YKOFAPbl KPUTUKAIBIK (DIFOMIITI SKCTPAKIHS, XpOMaTorpadus.
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AnHoTammsa. Kazaxcran Oorar JeKapcTBEHHBIMH PpAcTeHHMSIMH, IO3TOMY €ro
HeoOxoquMo m3ydarb. B Kaszaxcrane mnpowmspacraioT necsitb BUAOB Petrosimonia
cemeiicTBa MapeBbIX. OJTH pacTeHMs aJalTHPOBAaHbl K CYpPOBBIM KIMMAaTHYECKUM
YCJIOBHSIM 3aCOJICHHBIX U ITyCTBIHHBIX TEPPUTOPHUM cTpaHbl. Pactenus Petrosimonia —
HOBBIH BHJI, 10 KOHIIa HE M3yUeHHBIN. Kutaiickue yueHsie u3yuuiu Buasl Petrosimonia
sibirica 1 OOHapYXWJIH, YTO PACTCHUE COACPKUT aJKaJIOWUIbI, CTEPOUIbI, TEPIICHEI,
¢naBoHOM Bl U (PEHONBHBIC KUCIOTHI U 00JIalaeT aHTHOAKTEpUATLHON aKTHBHOCTBIO
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(Wang et al, 2015; Ying et al, 2016). VM3y4eH kaueCTBEHHBIH M KOJIMYCCTBCHHBII
CcOCTaB OMOJIOTMYECKH aKTUBHBIX BeliectB P sibirica, P Glaucescens, P. triandra n
P. brachiata, nponzpacraromux B Kazaxcrane. {1 mpurotoBnenus GpuronpenapaTon
u3 pacrenuii P. Sibirica, P. Glaucescens n P. triandra S5KcTparupoBajy KJIACCHYECKUM
METOIOM Malepalld ¥ BbIIEISIIM OTACIbHBIE TIPEICTaBUTENN OUOJIOTHYECKH
aktuBHbIX coenuueHuid (Toktarbek et al, 2021). B nanHom uccrnenoBaHum ObLIO
mpoBeleHo (UTOXUMHUYECKOe uccienoBanue P brachiata. ONTUMH3HPOBAH METOX
MOJYYEHHUs] OMOJOTMYECKH aKTHBHBIX KOMILIEKCOB C BBICOKOH 3((EKTHBHOCTHIO 3a
CUET HCIOJB30BAaHUS METOOB CBEPXKPHUTUUECKOW (IIOMIHON M yIbTpa3ByKOBOH
9KCTPAKIHH. DTH METObI IMEIOT KOPOTKOE BPEMSI SKCTPAKLIUK, MOT'YT TPOBOAMTHCS MIPH
KOMHATHOH TeMIeparype, SBISIOTCS SKOHOMUYECKH d()D(HEKTUBHBIMU M TPEACTABISIOT
co0OH COBpPEMEHHBI SKOJIOTMYECKH YHUCTHIA XMUMHUYecKHH mnoaxond. C TOMOIIbIO
ceepxkputndeckoit pmonanoi CO, -skcrpakuuu (180 6ap, 2 waca) ycraHoBka ObLia
OYMIICHA OT JUMOPHILHBIX BemiecTB. Jlajgee OMONOTMYECKH AKTUBHBIM KOMILIEKC
MOTyYak MyTeM 3aJMBKH B pacTUTEIbHOE ChIpbe 70% pacTBOpHUTENsI STAHOI-BOA H
MPOBEJICHHS YIBTPa3BYKOBOW JKCTpakuuu. llomydeHHBI KOMIUIEKC aHaIU3UpOBaJIH
METOJIOM TOHKOCJIOWHOW XpoMmarorpadMu C HUCIOJIB30BAHUEM pPAa3JIMUHBIX CHCTEM
OpTraHMYEeCKUX pacTBopuTesned. Ha ocHOBaHMM Hallero aHanaM3a B AKCTPaKTe ObUIN
0OHapyKeHbI CTEPOH/IbI, TEPIICHBI, (PEHOIbHBIE KHCIOTHI U (pIIaBOHOUIHBIE TTTUKO3HUIBL.
[ekcaHoBYI0 W OSTWIALETATHYIO (QpakuuM MOJIyYaldd B pe3yJabTare >KUIKOCTHOM
9KCTPaKIHMK JKCTPAaKTa OpraHM4YecCKUMHU pacTBoputensiMu. Crurmacrepon 3-O-B-D-
rajJakTONHMPaHO3U I, N30BAHWIMHOBAS KHUCIOTa, KBepueTHH 3-O-B-D-mmokonupano3us
n u3opamHeTHH 3-O-0-L-paMHONUpPaHO3M] BBIJACICHBI TPOMBIBKOW TI'€KCaHOBOM
u dTHianeTatHod (pakumii Ha cunukarene. KoimoHka ¢ cHUcTeMON OpraHMYecKux
pactBoputesneid. BbineneHnble coennHeHusi OyayT TpPOBEPEHBI Ha OHOJIOTHYECKYIO
AKTHBHOCTb.

KioueBsle cioBa: cemeiictBo Chenopodiaceae, Petrosimonia brachiata, ynerpa-
3BYKOBasl KCTPAKIIMS, CBEPXKPUTHUECKAs (PIIFOMIHASI SKCTPAKIHS, XpoMaTorpadus

Introduction

Medicinal products of plant origin have been used since ancient times, and even
ancient times, civilisations were famous for using plants for healing. The oldest records
date back to approximately 5,000 years when plants were used medicinally. The Greeks
developed medicinal plants and herbs. Theophrastus (ca. 300 BC) wrote «Historia
Plantarumy», or the «History of Plants», one of the most important books on plant
pharmacology and ancient natural history, in which he discussed the anatomy of plants
and their pharmacological uses (Atanasov et al, 2021).

Much of the knowledge of Greco-Roman medicine was lost during the Middle Ages,
but Arab and Islamic scholars from Andalusia and the Middle East were able to preserve
and update the practises of that era. This progress in medicine occurred between the
9th and 12th centuries, after which the Renaissance began, and science began to be
studied and developed more and more in the Western world. For thousands of years,
plant extracts have been used to treat diseases. The past 200 years have witnessed
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the discovery, isolation, and determination of the structures of thousands of natural
compounds.

The new drug discovery approach has not hindered the study of natural compounds.
A study of all newly approved drugs from 1981 to 2014 found that a total of 1211 new
drugs were approved worldwide. Among them, 320 were natural compounds or their
derivatives. These drugs comprise 32.7% of all authorised drugs in the world in the last
30 years (Li et al, 2018).

Compounds obtained from natural sources are not only medicinal products but also
important tools for the discovery of new aspects of physiology. Currently, there is an
interest in systematic research on low-molecular-weight inhibitors of the main steps of
biochemical processes. Because many assays involve phenotyping, changes in living
cells are likely to provide natural products that are useful as probes in such studies.

Our research objective: Plants belonging to the Chenopodiaceae family that grow
in saline environments, are viable, and have high physiological capacity. They are
widely used in folk medicine for the treatment of digestive, respiratory, genitourinary,
and blood vessel disorders (Boneva et al, 2022). There are 11 species of Petrosimonia
plants belonging to the Chenopodiaceae tfamily worldwide, and 10 species grow in
the desert and the desert regions of Kazakhstan. These species are: P. monandra, P.
triandra, P. litwinowii, P. squarrosa, P. hirsutissima, P. crassifolia, P. glaucescens,
P. brachyphylla, P. glauca, P. brachiata, and P. sibirica. The chemical compositions
of all types of Petrosimonia plants have not been fully studied. The qualitative and
quantitative compositions of biologically active substances in P. sibirica, P. Glaucescens,
P triandra, and P. brachiata growing in Kazakhstan were studied. According to the
methods of the first edition of the State Pharmacopeia of the Republic of Kazakhstan,
qualitative and quantitative analysis of biological active substances was performed, and
the authenticity of plant raw materials was determined. The results of the study are
shown in table 1 and table 2 (Seitimova et al, 2022).

Table 1. Quantification and authenticity of the main biological active groups of P. Sibirica, P.

Glaucescens, P. triandra, and P. Brachiata

Plant names | P triandra | P. glaucescens | P. brachiata | P. sibirica
Quality indicators of plant raw materials, (%)+SEM

Humidity 8.09+0.03 5.90+0.04 10.22+0.04 | 7.81+0.03

Ash content 17.52+0.07 24.50+0.06 20.45+0.15 | 24.71+0.06

Extractives (80% ethanol-water) 42.70+0.04 46.10+0.02 46.90+0.06 | 52.90+0.04

Quantification of the main groups of biologically active substances, (%)+SEM

Saponins 4.53+0.03 8.6+0.03 1.92+0.03 0.6+0.02
Flavonoids 2.55+0.04 4.1+0.03 4.53+0.04 1.924+0.04
Taninns 1.75+0.03 1.1+0.02 0.1+0.01 0.1£0.01
Alkaloids 1.56+0.04 0.27+0.03 0.53+0.04 0.4+0.03
Polysaccharides 1.78+0.01 1.4+0.01 5.14+0.02 4.2+0.04
Free organic acids 0.52+0.03 0.6+0.04 5.51+0.04 3.5+0.04
Coumarins 0.18+0.02 0.9+0.03 0.13+0.03 0.3+0.02
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Table 2. Comparative conditions for extracting plant raw materials

Plant Petrosimonia triandra | Petrosimonia Petrosimonia Petrosimonia
Names glaucescens brahiata sibirica
Plant pictures
Extraction First, lipophilic Maceration method | First, lipophilic Maceration method
type substances were substances were

removed using removed using

super critical fluid super critical fluid

extraction, followed extraction, followed

by extraction using by extraction using

the maceration ultrasonic method.

method.
Solvent 80% ethanol-water 80% ethanol-water | 80% ethanol-water | 80% ethanol-water
Extraction For super critical fluid | 72 hours For super critical 72 hours
time extraction 2 hours fluid extraction

and for maceration 72 2 hours and for

hours ultrasonic extraction

30 minutes

Extraction Room temperature Room temperature |40 °C Room temperature
temperature
Biological Antibacterial activity | No activity Anti-inflammatory | No activity
activity of activity
the obtained
extracts

It is important to use modern advanced technologies to obtain ecologically clean
products and reduce factors that have an indirect effect on the extraction and distribution
of biologically active substances from plant raw materials, especially secondary
metabolites. The potential of CO, supercritical fluids and ultrasonic extraction to solve
these problems is enormous (Nguyen et al, 2023; Shi et al, 2023; Herrero, 2024).

Materials and methods

Materials

The plant raw material was as follow:

The research object was the above-ground parts of Pbrachiata plant belonging
to the Chenopodiaceae family. This plant was collected in September 2023 from the
saline land of the Enbekshikazakh district of the Almaty region. Petrosimonia's specie
plant was identified with the help of leading specialists at the Institute of Botany and
phytoproduction, Almaty. Collected plant was dried at room temperature and protected
from light. The dried plant raw material was ground to a diameter of 4 mm using sieves.
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Solvents used:

1) Common solvents:

Ethanol and water were used as extractants for extracting plant raw materials.

2) Solvents for NMR spectroscopy:

Dimethylsulfoxide DMSO-d6 (Cambridge Isotope Laboratories, Inc.), Methanol
CD30D-d4 (Cambridge Isotope Laboratories, Inc.), and Acetone C3D60-d6
(Cambridge Isotope Laboratories, Inc.).

Chromatography materials

Normal phase thin-layer chromatography (Aluminum Silica gel 60 F254) Merck
KgaA; Reversed phase thin-layer chromatography (Glass Silica gel 60 RP—18 F254S)
Merck Millipore; Silica gel 60, 0.04 — 0.063 mm (230 — 400 pm) Merck; Silica gel 60,
0.063 — 0.200 mm (70 — 230 um) Merck, and Column.

Methods

Research methods

For extraction procedure: Supercritical fluid CO, extraction and ultrasonic extraction;
Isolation and purification procedure: chromatography; Structural elucidation procedure:
'"H-NMR - AVANCE NEO-400, at 400 MHz and “C-NMR, BB, DEPT - AVANCE
NEO-400 at 100, 125 and 150 MHz; two-dimensional: NMR 'H-*C HSQC, HMBC, 'H-
"H COSY-45 °C, NOESY, IR -spectroscopy (Bruker Vector 22, Japan), EI-MS (JEOL
600H-1, Inlet: Direct Probe), FAB-MS (JEOL 600H-2, Inlet: Direct Probe), and melting
points were determined by Buchi M-560 apparatus.

Preparation of extracts

The plant raw material was treated to eliminate lipophilic substances using
supercritical fluid CO, extraction at 180 bar, followed by extraction with 80% ethanol-
water at a ratio of 1:8 for 2 hours at room temperature twice by an ultrasonic extractor.
The prepared extracts were combined and concentrated under vacuum at a temperature
of 45-50 °C. The suspension was prepared by adding 500 ml of distilled water to 177 g
of dry extract. Sequential liquid-liquid extraction was performed by adding hexane and
ethyl acetate to the suspension according to polarity, and all extracts were desolvated in
a rotary evaporator at temperatures not exceeding 50 °C.

The hexane extract was qualitatively analyzed by TLC (solvent system
n-Hexane: ethyl acetate 9:1 — 1:9), a solution of Ce(SO,), in 15% H,SO, was used
as a reagent. The presence of lipophilic substances such as steroids and terpenes was
determined in this study.

General experimental procedure for isolation of compounds

Silica gel column chromatography was used to separate 10 g of hexane extract into
fractions and isolate individual compounds. The column was first washed with 100%
hexane solvent, and then chromatography was performed by increasing the concentration
of the polar solvent (ethyl acetate, methanol) according to the hexane:ethyl acetate 10:1
—1:10, 100% ethyl acetate, and ethyl acetate:methanol 10:1 —7:3. The fractions were
combined with similar Rf values and spot colors in TLC to obtain 10 (H1-H10) fractions.
Each fraction was concentrated under mild conditions using a rotary evaporator. Fraction
H10 was isolated as a pure compound, corresponding to 1 (35 mg).
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The ethyl acetate fraction was qualitatively analyzed with the help of TLC (solvent
system n-Hexane:ethyl acetate:acetone 8:1:1), as well as a solution of the determining
reagent Ce(S0O,), in 15% H,SO, was sprinkled, and as a result of analyzing the color of
the spots formed under UV light (254 and 366 nm), the extract contained phenolic acids,
flavonoid aglycones, flavonoid glycosides, and alkaloidal compounds were detected
(Li, 2024).

5 g of dried and powdered ethyl acetate extract was chromatographed in SG-60
column chromatography with increasing polarity: 100% hexane — hexane-ethyl acetate
(in different ratios) — 100% ethyl acetate — ethyl acetate-methanol (in different ratios)
— 100% methanol, resulting in 11 fractions (E1-E10) were obtained. Substance 2 (29
mg) was separated from E2 fraction. Pure compound 3 (42 mg) and subfraction E8S1
were separated from fraction E8. The subfraction E8S1was purified by chromatography
on a Sephadex LH-20 column with 100% methanol, and compound 4 (7 mg) was
isolated.

The structures of isolated compounds were determined by melting point, IR, FAV-
MS, and NMR data analyses.

Results and Discussions

Compounds 1-4 were isolated for the first time from the Petrosimonia brachiata
species.

Compound 1 is a white crystalline powder, molecular formula C,;H,,O,, molecular
weight m/z 574, melting point 264-266 °C, a single spot in thin-layer chromatography
(solvent system dichloromethane:methanol 9:1) after treatment with 15% H,SO, showed
a deep green.

The 'H-NMR spectrum (DMSO, 500MHz) of compound 1 showed six methyl
groups: 6, 0.65 (3H, c, H-18), 0.79 (3H, n, J = 8.1, H-29), 0.80 (3H, 1, J = 6.9, H-27),
0.84 (3H, d, J = 6.3, H-26), 0.95 (3H, d, J = 6.3, H-21), 0.99 (3H, s, H-19); proton
occupying one olefinic position 6, 5.15 (1H, br.d, J = 4.8, H-6); two protons 4.83 (1H,
dd, /=84, 15, H-23) and 4.97 (1H, dd, J = 8.4;15.0, H-22); and one anomeric proton
showed chemical shift values of 4.19 (1H, d, /= 7.8, H-1").

By analyzing the *C-NMR spectrum, this compound was found to contain 35 carbon
signals. A chemical shift of 5. 100.76 indicates the presence of a monosaccharide
molecule with an anomeric carbon C-1', whereas chemical shift values of 5. 69.87,
73.22, 75.54, and 76.15 indicate four methanes and methylene at 5. 61.43 chemical
shifts C-2', C-3', C-4', C-5', and C. According to the C-6' carbons, the product was
found to be B-D-galactopyranose.

The 6. 78.72 shift region corresponds to the C-3 carbon atom bonded to the alcohol
hydroxyl group. Chemical shifts 6. 121.71 (C-6), 3. 137.92 (C-23), 5. 128.79 (C-22),
and 8. 139.97 (C-5) represent olefinic carbons in the sterol molecule. The value of
J = 7.8 Hz for the anomeric proton H-1" shows that it is in an axial position to the
proton H-2', which indicates that this galactopyranoside fragment is bound to the sterol
fragment in the £ position.

Based on 'H- and *C-NMR chemical shift values and physical data, it was proved
that compound 1 is stigmasterol 3-O-B-D-galactopyranoside.
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Compound 2 was isolated from the ethyl acetate extract. They were subjected to a
qualitative reaction with TLC (Hexane:Ethyl acetate 5:1) using 15% H,SO, and a brown
spot formed. These compounds exhibited purple under UV light.

Compound 2 is a white crystalline compound with a melting point of 208-210 °C.
The mass spectrum of the isolated compound EI-MS m/z 168.1 [M]"; molecular formula
corresponds to C;H,O,. The valence vibration band in the IR spectrum defines the C=O
group at 1682 cm™ and the OH group at 3484 cm’'. Absorption at 1598 and 1523 c¢cm'!
indicates C=C groups in the aromatic ring, and the band at 1206 cm™! indicates a C-O bond.

In the 'H-NMR (CD,OH, 500MHz) spectrum of the compound 2, the chemical shift
signal at 5, 3.83 indicates the presence of an OCH, group in the molecular structure of
the compound. The high-field signals 6, chemical shifts at 7.61, 7.44, and 6.86 identify
the H-2, H-6, and H-5 protons of the aromatic ring, respectively.

The C-NMR spectrum of the compound showed 8 signals with 3 methine, 4
quaternary and 1 methyl carbons. The . 55.5 signal is the chemical shift characteristic
of the carbon atom in the methoxy group. And the . 167.2 signal region indicates the
C=0 group of the acidic fragment of the molecular structure. The high-field signals
at 8. 149.1 and 151.2 indicate the shift characteristics of the C-3 and C-4 carbons,
respectively, in the aromatic ring. 'H-NMR, "C-NMR spectral data, etc. based on its
physical properties, compound 2 was identified as isovanillic acid.

Compound 3 was isolated as a yellow powder with a melting point of 231-232 °C.
FAB-MS corresponding to the molecular formula C, H, O,, showed a molecular ion
peak [M+H]" at m/z 464.14. 'H and *C NMR spectra in CD,OH solvent showed that the
aromatic protons were resolved as a single ABX system (B ring). The 6,, 7.849 (d, J =
2.3 Hz, H-2'), 6. 117.90 for 6, 6.871 (d, J = 8.3 Hz); 5. 116.3 and 6,, 7.586 for H-5" (dd,J
=8.3,2.3 Hz) 8. 123.05 for H-6". Another ABX-based (A ring) system J, 6.204 (brs), 6.
100.02 and 3, 6.407 (brs), 8. 94.85 assigned to H-6 and H-8 protons, respectively. The
BC values of C-3" and C-4' were 150.08, which were assigned 145.94 respectively. The
anomeric sugar protons J , appeared at 5.16 (d, /= 7.53 Hz); 8 is 103.95. An anomeric
proton coupling constant J = 7.53 Hz confirmed the f-linkage of the sugar. Based on
'H- and *C-NMR chemical shift values and physical data, it was proved that compound
3 is quercetin 3-O-B-D-glucopyranoside.

Compound 4 was isolated as a yellow amorphous powder with an FAB-MS 462.40
at an m/z [M]" molecular formula corresponding to C,,H, O, .

In the 'H NMR (C,D,O) spectrum of compound 4, three protons of the methoxy
group exhibited a singlet signal in the region of 8, = 3.94. Aromatic protons of ring B
show doublet signals at 6.97 (1H, d, J=8.45, H-3") and 8.05 (1H, d, J=2, H-6'), and 7.66
(1H, dd, J=8.5, J=2.05, H-2") proton was in the doublet doublet displacement level. In
addition, we observed the aromatic H-6 and H-8 protons of ring A at the 6.28 (1H, t)
and 6.53 (1H, t) triplet signal shifts, respectively. The anomeric H-1" proton of the sugar
moieties gave a doublet signal in the chemical shift region of 5.02 (1H, d, J=2.05).

Using *C NMR and HMBC spectra, the binding sites of the sugars were determined.
By comparing the results of the physicochemical analysis with the literature data,
compound 4 was identified as isorhamnetin 3-O-a-L-rhamnopyranoside (Bojilov et al,
2023).
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Conclusion

First, a phytochemical study was conducted on P. brachiata. Plant raw materials
were extracted using modern methods, including supercritical fluid extraction and
ultrasound extraction. The obtained extract was subjected to liquid-liquid extraction
using hexane and ethyl acetate solvents. The qualitative composition of the hexane and
ethyl acetate fractions was analysed by chromatography, and the presence of steroids,
terpene substances, and flavonoid classes was determined. For further purification
of the hexane and ethyl acetate fractions, silica gel column chromatography was
performed; stigmasterol 3-O-B-D-galactopyranoside, isovanillic acid, quercetin 3-O-f3-
D-glucopyranoside, and isorhamnetin 3-O-a-L-rhamnopyranoside compounds were
isolated, and modern physicochemical methods, including 'H-NMR, *C-NMR, 2D
NMR, EI-MS, FAB-MS, and IR spectroscopy were used to determine their structures.
The isolated compounds will be tested for biological activity.
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Abstract. The synthesis of LaMe"ZrMnO, compounds (Me" — Mg, Ca, Sr, Ba) was
carried out using ceramic technology in the range of 800-1200°C by the interaction of
lanthanum (IIT) oxides of the "extra clean" qualification, zirconium (IV), manganese
(IIT) and magnesium, calcium, strontium and barium carbonates of the "clean for
analysis " brand". The weights of the starting materials were weighed with an accuracy
of up to the fourth decimal place. Stoichiometric amounts of the starting materials were
carefully ground in an agate mortar, then poured into alund crucibles and subjected to

186



Volume 3, Number 460 (2024)

heat treatment for solid-phase interaction in air in the "SNOL" furnace.

X-ray methods have established that all synthesized zircon-manganites crystallize in
cubic symmetry with the following lattice parameters: LaMgZrMnO, —a = 13,46 +0,02
A;V0=243786 20,05 A% Z=4; Ve | =609,47=0,02A%p =442 g/em’p
4,35+0,07 g/em?; LaCaZrMnO, —a = 14,50 + 0,02A; V° = 3048, 163+0,06 A% Z=4: Ve

=762,16 0,02 A% p = 3,07 g/cm?; P yien = 3,62 £0,05 g/cm’; LaSrZrMnO, — a

elem cell X-ra

=14,56 £ 0,02 A; V' = 3087 52 £0,06 A%, Z = 4 Ve o= 771,88+0,02A% p =
4,03 g/cm?; P pien= 3:99 £ 0,04 g/cm’, LaBaZrMnO, —a = 14,79 £ 0, 02A; V°=3233,45
+£0,06 A% Z = 4 Ve 4 =380836+0,02A%p =425g/lm’ P e 419 £ 0,05
g/cm’. It was found that with an increase in the ionic radii in the Mg— Ca—Sr—Ba
series, the values of the parameter "a", the volumes of lattices and elementary cells of
zircono-manganites increase. The calculatlon of the temperature dependence of the heat
capacity and the standard heat capacity by indirect methods is carried out. The equations
of temperature dependences of the investigated zircon-manganites of lanthanum and
alkaline earth metals are derived.

Keywords: lanthanum, zircon-manganite, alkaline earth metals, synthesis,

radiography, heat capacity.

M.T. Typaues!, b.K. Kacenos*, A. Hyxyisl', JK.U. CarbiHTaeBa?,
II1.B. Kacenona?, E.E. Kyanbimoekos> M. Ctoes?
' JLH. I'ymunés arsianarel Eypasus yiITThIK yHHBepcHuTeTi, AcTaHa, KasakcraH;
2 K. O0imeB arbiHAaFbl XUMUs-MeTaLTyprus HHCTUTYThI, Kaparaunmpl, Kazakcras;
> Onrycrik-0arbic yauBepcuteTi "Heopur-Pusbckuit”, biaroesrpan, bonrapust.
E-mail: kasenov1946@mail.ru

KAHA JIAHTAH K9OHE CIITIVII-)KEP METAJIJAPBI HUPKOH
MAHI'AHUTTEPIHIH CUHTE3I MEH PEHTTEHOTI' PA®USCHI 7KOHE
OJIAPABIH TEPMOAUMHAMMUMKAJIBIK KACUETTEPIH ECEIITEY

TypaneB MpikTbIoek Toaxkbmoaiiyiasl — JI.H. ['ymunés ateinarsr EBpasnst yITTHIK YHHBEPCUTETIHIH
JIOKTOpaHTHI, AcTaHa K, Kazakcran, e-mail: turdiev.miktibek@gmail.com;

Hyxyabl Anreinoex — JI.H. I'ymunés atoinaarst EBpas3ust yITTBIK YHUBEPCHTETI, XUMHUSI FHUTBIMIAPBIHBIH
JOKTOpBI, ipodeccop, Actana K, Kazakcran, e-mail: nukhuly@mail.ru https://orsid.org/0000-0001-5006-
879X;

*KacenoB bonat KoHbIPY/IbI — XUMUS FRUIBIMIAPBIHBIH JOKTOPEL, ipodeccop, XK. OOimieB aTbIHIaFbI
XUMUSI-METaJUTypPrisi HHCTUTYThI TEPMOXUMUSITBIK TTPOLIECTEP 3€PTXaHACBIHBIH MEHTEPYIIIiCi,
Kaparaunsi k., Kazakcran, e-mail: kasenov1946@mail.ru, ORCID: 0000-0001-9394-0592;

Kacenona Illyra BosaTKbI3bI — XUMUS FBIIBIMAAPEIHBIH JOKTOPEL, IIpodeccop, XK. OOimmes aTbIHAAFbI
XUMUS-METaJUTy pTrUsi HHCTUTYTBI TEPMOXUMUSUTBIK TIPOIIECTEP 3€PTXAHACKIHBIH 0ac FBUIBIMU KBI3METKEPi,
Kaparangs! k., Kazakcran, e-mail: kasenovashuga@mail.ru, ORCID: 0000-0001-9755-7478;
CarpiHTaeBa Kenicryn UMaHFaIuKbI3bl — XUMUS FBUIBIMIAPBIHBIH KaHAWAATHI, KaybIMAACTBIPBLIFAH
npodeccop, XK. OOimeB arbIHAAFbl XUMUSI-METaJUTyPrisi HHCTUTYTHI TEPMOXUMISIIBIK ITPOLIECTEP
3epTXaHACHIHBIH )KETEKIII FRUTBIMH KbI3MeTKepi, Kaparanus! k., Kasakcran; e-mail: kai_sagintaeva@mail.
ru, ORCID: 0000-0001-8655-356x;

Kyanbimoéexos EpdosiaT EpmexyJibl — TeXHHKA FBIIBIMIAPbIHBIH MarucTpi JK. OO0imeB aTbiHIaFbI
XUMUSI-METaJUTy st ”HCTUTYTBI TEPMOXUMUSUTBIK TTPOIIECTEP 3€PTXaHACHIHBIH FBIIBIMU KbI3METKEPI,
Kaparauns! k., Kazakcran, e-mail: mr.ero1986@mail.ru, ORCID: 0000-0001-9172-9566;

187



OF THE NATIONAL ACADEMY OF SCIENCES OF THE REPUBLIC OF KAZAKHSTAN

CroeB MuTKO — KaybIMAACTBIpbUIFaH mpodeccop, «Heodut Punbckuity OHTYCTIK-0aThIC YHUBEPCUTETI,
Bnaroesrpan, bonrapus, e-mail: stove.mitko@gmail.com.

Annoranus. LaMe"ZrMnO, (Me" — Mg, Ca, Sr, Ba) KOCBUIBICTapBIHBIH CHHTE31
KepaMUKaIbIK TexHomorus Ooibrama 800-1200°C apaibIKTaphIHIA Ta3albIFBl «aca
taza» naHTaH (III) TOTeIFBI, «Tanmay yiriH taza» mapkansl nupkoHuil (IV), mapranen
(IIT) TOTBIKTApBl MEH MarHui, KajbITUi, CTPOHIINH XKoHE Oapuii KapOOHATTAPBIHBIH
e3apa opeKeTTeCyiMeH XYpri3iiai. bacTankel 3aTTapAblH emmemMaepi yTipJeH KeHiHTi
TOPTIHII OPBIHFA ACHIH OJIIICHIN albIHIbI. bacTamKpl 3aTTapAblH CTEXHOMETPHUSIIBIK
MeJIIIepi arat Keji/ie MyKUsAT YHTaKTallFaH, COJaH KeWiH allyH T TUTeJIbIepire CalbIHBIII,
«SNOL» menriame ayamarbsl KarThl (hazaiiblK ©3apa OpEKeTTecCy YIIiH TEePMIESUTBIK
OHJICY/IEH OTKEH.

Pentrenmix qudpakiys oxicTepid KomaHa OTBIPBII, OapIIbIK CHHTE3ICATEeH IIMPKOH-
MaHTaHUTTEp KeJieci TOp IMmapaMeTpiiepi Oap TEKMIeNiK JKyhemae KpHCTaIaHaTBIHBI
aubIKTambt: LaMgZrMnO,—a = 13,46 +0,02 4; V° = 243786 £0,05 A% Z = 4; V°
= 609,47 £ 0,02 4°; p o, = 4422/’ p =4,35 0,07 2/em’; LaCaZrMnO, — a =

14,50+ 0,024; V' = 3048631006432 Y Ve =762,16+0,02 4% M—367
elem’; p. = 3,62+0,05 2/cm’; LaSrZrMnO, — a—1456d:002,4 V= 308752i0 06
A 7 =4 ve  =77188+0,024% p —~=4,032kn;p =399+ 0,04 2/car,

LaBaZrMnO, U= 14,794 0,024, V7 = 3233 45+ 0,06 4% 7= 4; V g = 808,36 %
0,024 p P, = 425 elem’y p = 4,19+0,05 o/cm’. Mg— Ca—Sr—Ba KaTapbIHIAFbI
HOHJIBIK PaJUyCTap/AbIH VJIFAIOBIMEH I[IMPKOH-MaHTaHUTTEPIH «a» IMapaMeTpiHiH,
TOp KOJIEMIEPiHIH MKoHe OIpiiK VSIIIBIKTapBIHBIH MOHIEPl ©CETiHI aHBIKTaJIbI.
Kby CHIMBIMABLIBIFBI MEH CTAHIAPTThI HKbUTY CHIMBIMIBIIBIFBIHBIH TEMIIepaTypara
TOYEJIIIT1 )kKaHaMa SJICTEPMEH eCEeNTeNAl. 3epPTTENiN OThIPFaH JJAaHTaH JKOHEe CIITLII-
JKep MeTaJlapbIHBIH IMPKOH-MaHTaHUTTEPiHIH TeMIIepaTypara TOYeIIUTIK TeHaeyIepi
IIBIFAPBUTIBL.

Tyiiin ce3mep: IaHTaH, NHPKOH-MAHTAHUT, CIATUTI-)KEpP MeETaamaphbl, CHUHTE3,
peHTreHorpadusi, *KbUTy ChIMbIM/IBUTBIFBI.
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Annoranus. Cunres coenunennii LaMe"ZrMnO, (Me" —~Mg, Ca, Sr, Ba) nposonuiu
Mo kepamuieckoir TexHomornu B uHTepBane §00-1200°C B3auMomeHCTBUEM OKCHUIIOB
nanrtana (III) kBamudukanmm «oc.4.», nupkonus (IV), mapranma (III) u xapOoraTroB
MarHusi, Kajablys, CTPOHLUS U Oapus Mapku «4.1.a.». HaBecku MCXOAHBIX BEILECTB,
B3BELIMBAJIMCH C TOYHOCTHIO JI0 YETBEPTOro 3HAKA Moce 3aniaTol. CTeXHOMeTpUIEeCKHe
KOJJMYECTBAa MCXOJHBIX BELIECTB, TIIATEILHO NEpEeTHpald B araToBOM CTYIIKE,
3aTeM MEPeChINaluch B alyHAOBBIC THIVIM M IOJBEPrajHcCh TEPMOOOPaOOTKE JUIs
TBepA0(ha3HOTO B3aUMOJICUCTBHS Ha Bo3ayxe B reur « SNOLy.

MeronaMu peHTTeHOrpauu yCTaHOBICHO, YTO BCE CHHTE3MPOBAHHBIC IIMPKOHO-
MaHTaHUTBI KPUCTAJITU3YIOTCS B KyOMUECKOM CHHIOHUH CO CJICAYIOIIUMHU NapaMeTpaMu
pewerkn: LaMgZrMnO, —a = 13,46 0,02 A; V* = 2437,86 +0,05 4% Z = 4; V° =
609,47 + 0,02 A%; P, = 4,42 2/cm’; P = 435 £ 0,07 olem’; LaCaZrMnO, — a =
14,50 = 0,024; V" = 3048,63 £ 0,06 A% Z = 4; V°  =762,16%0,02 4% p =367

189



OF THE NATIONAL ACADEMY OF SCIENCES OF THE REPUBLIC OF KAZAKHSTAN

elem’; p, = 3,62 £ 0,05 e/em’; LaSrZrMnO, — a = 14,56 + 0,02 A; V' = 3087,52
i006/f3 Z=4; Ve W=771, 88£0,024° p P peu =4,032/cm’; p, = 3,99+ 0,04 2/car’,
LaBaZrMnO, - a = 14,79+ 0,024; V0 = 333,45 + 0,06 4% Z = 4; Ve, .= 80836+
0,02 Af3 P rerm. = =425 2/cM’; P, = 4,19+ 0,05 2/cm’. YcTaHOBIEHO, UTO c HOBLIIHGHI/ICM
HOHHBIX PaauycoB B psy Mg— Ca—Sr—Ba yBeIMuHBalOTCS BEJIMYHHBI TapameTpa
«a», 00BEMOB PEIIETOK M 3JIEMEHTAPHBIX SYCCK IUPKOHO-MAaHTaHHUTOB. [IpoBeneH
pacueT TeMIiepaTypHOH 3aBUCUMOCTU TEIUIOEMKOCTH M CTaHJApPTHOHN TEIIOEMKOCTH
MO0 KOCBEHHBIMU METO/AMH. BBIBEJICHBI YPABHEHUS TEMIIEPATYPHBIX 3aBHCHMOCTEH
HCCJICYEMBIX [IMPKOHO-MAHTaHUTOB JIAHTAaHA M MIEJIOYHO3EMEIbHBIX METaJIOB.

KuaroueBble cjioBa: JlaHTaH, ITUPKOHO-MAHTAHUT, IEIOYHO3EMEIIbHBIC METAILIbI,
CUHTE3, peHTTeHOTrpadusi, TSIIIOEMKOCTh

Introduction

Zirconium dioxide (ZrO,) is interesting as a ceramic material with valuable optical,
electrical, thermal, strength and other characteristics, and phase transitions in it and
impurity stabilization are the subject of many experimental and theoretical studies
(Zimicheyv, et al, 2014; Zavodinsky, 2005). Zirconium dioxide is in third place among
the available raw materials in terms of relative wear resistance after graphite and silicon
carbide, which is confirmed by the practice of their operation in extreme conditions.
Among the available highly refractory oxides, ZrO, occupies a leading position.

Oxide materials based on zirconates of rare earth elements (REE) are widely
used in various industries. Thus, such materials are used to create thermal barrier
coatings, oxygen-conducting solid electrolytes, as well as to immobilize nuclear waste
(Mazilin, et al, 2013). Lanthanide zirconates Ln,Zr,O, have high melting points. These
compounds exhibit a number of properties that suggest the high practical importance of
developing new functional materials based on them. In particular, they are considered
as new solid electrolytes with (Mazilin, et al, 2013) high oxygen-ion conductivity
(Fergus, 2014). They exhibit dielectric, piezo- or ferroelectric, as well as fluorescent
and phosphorescent properties, can be used as materials of electronic technology, as
well as as catalysts (Diaz-Guillen, et al, 2015; Wang, et al, 2023; Shlyakhtina, et al,
2005). REE zirconates have chemical and radiation resistance, high radionuclides and
are considered promising highly active materials for nuclear energy, and are also of
interest as luminescent materials (Sohn, et al, 2002; Popov, et al, 2013; Erdogan, et
al, 2017; Chena, et al, 2009; Zhong, et al, 2014; Mahade, et al, 2016; Gagarin, 2018;
Merkushkin, et al, 2010).

Lanthanum manganites are a unique system in which their electronic, magnetic and
lattice properties are interconnected, which can be regulated by changing the chemical
composition and the degree of doping. The search for new polyoxo compounds of zircon
and manganese with rare earth elements doped with alkali and alkaline earth metal
oxides and the study of their properties is of particular interest both for fundamental
research and from the point of view of their practical use.

The aim of the work is to obtain new materials from lanthanum (III) oxides, alkaline
earth metals, zirconium (IV) and manganese (III) in the form of zircono-manganites
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LaMe"ZrMnO, (Me" — Mg, Ca, Sr, Ba), their X-ray studies and calculation of their
thermodynamic properties.

Materials and basic methods

Solid—phase synthesis of LaMe"ZrMnO, compounds (Me" — Mg, Ca, Sr, Ba) was
carried out using ceramic technology from lanthanum (III) oxides of the «extra clean»
qualification, zirconium (IV), manganese (III) and magnesium, calcium, strontium and
barium carbonates of the «clean for analysis» brand. The stoichiometric amounts of
the starting substances, previously dehydrated at 400°C, were thoroughly mixed and
ground in an agate mortar. Then they were annealed in alund crucibles in the "SNOL"
furnace at first at 600°C for 10 hours, 800°C for 10 hours, 1000°C with and 1200°C
for 20 hours. At each temperature, the mixtures were cooled to room temperature with
repeated mixing and grinding processes and reheated. To obtain equilibrium phases at
low temperatures, low-temperature annealing was performed at 400°C for 10 hours,
followed by repetitions of mixing and grinding.

X-ray phase analysis (DRON-2.0 device) confirmed the production of synthesized
zircono-manganites with a phase composition of LaMe"ZrMnO6 (Me" — Mg, Ca, Sr,
Ba). The intensity of diffraction maxima was estimated on a one-hundred-point scale.

The X-ray images were indexed by the analytical method (Cowba, et al, 1976) (Table
1).

The basic function in thermodynamic modeling is the temperature dependence of
the heat capacity, knowledge of which allows us to calculate the change in enthalpy,
entropy, and Gibbs energy, i.e. to obtain a wide range of thermodynamic properties of
the substance under study (Chumilina, 2016). In fact, the heat capacity is a parameter
that characterizes the ability of substances to accumulate and store thermal energy
when temperature changes. The study of heat capacity makes it possible not only to
calculate thermodynamic functions over a wide temperature range, but also to study
various ordering processes that determine, for example, magnetic, ferroelectric or
superconductivity properties, as well as the formation of point defects. In connection
with the above, we further calculated the temperature dependence of the heat capacity
of the studied zircono-manganites of lanthanum and alkaline earth metals.

Based on the dependence of the isochoric heat capacity on temperature according
to Debye's theory, Landia (Veritin, et al, 1965) proposed a scheme for calculating the
isobaric heat capacity of crystalline inorganic substances. According to Landius, the
transition from isochoric to isobaric heat capacity is carried out according to the Magnus—
Lindemann equation (Cp =C +a EﬂT). We will carry out a complete calculation scheme
borrowed from (Veritin, et al, 1965).

Initial data:

1) melting, dissociation and sublimation temperature (T, K);

2) standard entropy;

3) temperatures of polymorphic (ferromagnetic) transformations.

1t should be noted that in his calculations, Landia used a calorie as a thermal unit.
We also leave it unchanged.
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Designations:

n - is the number of atoms in the compound;

h - is the number of hydrogen atoms in the compounds;

m- is the number of water molecules in crystallohydrates;

C = (6,6 —a/298 ) (n — 3m)) is the heat capacity at V = const and T = 298 To
anhydrous salt (in crystallohydrates), and "a" is calculated according to this scheme
depending on the type of anhydrous salt and in its standard entropy;

Sa = §2%/p - is the atomic entropy.

n - is the number of atoms in the compound;

S#% - is calculated from the ionic entropy increments of Kumok (Kumok, 1987).

When T is unknown, T’ is taken, it is found from the formula T'= 5070/ S*

Determine the coefficients a, B and K necessary for the calculation formulas (1-4)
below, a=507+1070/ 8%, 6=0,8a, K=0,34, T, =T

Calculation formulas

O is calculated as the sum of atomic heat capacities, which for individual elements
are assumed to be equal in our case La, Mg, Ca, Sr, Ba, Zr, Mn=6,2,for O=4 cal/mol.
degree

a 6,38 a
C;Zn [6,6 -—— + (6,6 - )2, ()
298 T ., 298
14,76 n*+n}? 6,38 14,76 n*+n}?
Cp =n[6,6 - + 6,6 -—— 2], (2)
Sat nz T Sat nz

metl

where 7, n, is the number of cation and anion atoms in the compound, represented
as a salt of oxygen acid.

1,24 a
prr= n[6,6 + 6,6 -——)Y 177?107, 3)
e 298
eating
a 1,24 a
prr =n[6,6 - + (6,6 - —)27°2107],(4)
6+K(T-8) T 1 eating 298
(upto T<<g, K=1).

Results

Based on the indexing of radiographs, it was found that all synthesized zircon-
manganites crystallize in cubic symmetry. The main parameters of the X-ray and
pycnometric density gratings are determined (Table 2).
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Table 1 — Indexing of radiographs of LaMe"ZrMnO, powders (Me" — Mg, Ca, Sr, Ba)

I, d A4 10"/dzexp hkl 10Yd
calc.

1 2 3 4 5

LaMgZrMnO,

23 15.4449 647.5 422 647.5

8 13.9129 718.8 511 728.4
42 10.1124 988.9 610 998.2
30 8.1796 1223 630 1214
100 7.6729 1303 444 1295

8 6.9169 1446 633 1457

8 6.5025 1538 722 1538
23 5.0625 1975 661 1970

9 4.7961 2085 832 2077

8 4.4521 2246 753 2239
39 3.8025 2630 770 2644

8 3.4225 2922 10.2.2 2914

9 3.0625 3265 11.0.0 3265

8 2.8900 3460 880 3453

6 2.7889 3586 964 3588
32 2.5281 3956 11.5.1 3966

8 2.3716 4217 12.3.2 4236

8 2.1904 4585 11.7.0 4586
11 1.9044 5251 11.7.5 5261
10 1.5129 6610 12.10.1 6610

LaCaZrMnO,

11 16.2409 615.7 511 615.7
13 15.4449 647.5 520 661.3
16 9.7344 1027 630 1026
12 8.8209 1134 710 1140
31 8.1225 1231 633 1231
100 7.6176 1313 730 1323
12 5.0176 1993 664 2007
11 4.0401 2475 10.3.0 2486
31 3.8025 2630 953 2623
10 3.3124 3019 10.4.4 3010

6 3.0276 3303 12.1.0 3307
11 2.6569 3764 10.8.1 3763
27 2.4964 4006 12.4.4 4014

4 2.4025 4162 10.9.1 4150
13 1.8769 5328 15.3.0 5336

8 1.5129 6610 17.1.0 6613

LaSrZrMnO,

8 15.3664 650.8 511 650.8
20 9.8596 1014 541 1012
100 8.5264 1173 700 1181
69 7.6176 1313 633 1302
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12 5.0625 1975 833 1977
29 4.2436 2356 770 2362
25 3.8025 2630 10.3.0 2627
8 3.6864 2713 10.3.2 2724
31 2.8224 3543 11.5.1 3543
12 2.1025 4756 12.7.2 4748
7 1.8769 5328 14.5.0 5327
11 1.6950 5917 11.10.5 5930
6 1.5129 6610 15.7.0 6604
LaBaZrMnO,
9 15.4449 647.5 510 647.5
6 9.9225 1008 540 1021
100 8.8209 1134 631 1146
11 5.8564 1708 821 1718
14 5.1076 1958 725 1943
34 4.4100 2268 931 2266
22 3.8416 2603 10.2.1 2615
5 3.0625 3265 955 3262
37 2.9241 3420 883 3412
4 2.6896 3718 10.7.0 3711
21 2.5600 3906 11.6.0 3910
16 2.1904 4565 12.6.2 4582
7 1.9044 5251 997 5255
14 1.7689 5653 11.9.5 5653
8 1.5376 6504 12.9.6 6500
6 1.4641 6830 12.11.3 6824

The X-ray density (Px—ray) of the investigated zircono-manganites was determined

by the formula (Kumok, 1987).

where

166-Mr-Z,
Pe—ray = 42
Mr - is the molecular weight of the compound,
Z - is the number of formula units in the lattice,
V° - is the volume of the unit cell.

)

The experimental values of the densities of the studied compounds were determined
by pycnometry in toluene (V=1 ml) (Kiwilis, 1959). In this case, the following operations
were performed sequentially: determination of the mass of an empty pycnometer (M,);
then a pycnometer filled with distilled water (M); a pycnometer filled with toluene
(tetrabromoethane) (M); then the test substance was placed in the pycnometer and its
mass was determined with a dry substance (M)); finally, the powder was poured with
a pycnometric liquid and determined weight (M,). The density of the test sample is
determined by the formula:

194



Volume 3, Number 460 (2024)

Mg—M

Ppicn = E;_—Ei__ﬁ:_—ﬁ;, (6)
Fi Pz

where

p, - is the density of water at 20° (0.9971 g/cm’);

p, - is the density of the pycnometric liquid, determined by the formula:

MMy
P2 =y T, Pr (7

The density of each compound was measured 3 times and the data were averaged.

Table 2 shows the parameters of the elementary cells, X-ray and pycnometric
densities of the obtained new zircono-manganites of lanthanum and alkaline earth
metals (alkaline earth metals).

Table 2 — Lattice parameters of lanthanum zircono-manganites and alkaline earth metals

Zircon-manganite a, A po, A3 Z |V Ce“_A3 (p), g/em?
P yray Ppicn
LaMgZrMnO, 13,46 +£0,02 2437,86 £0,05 4 609,47 +0,02 (4,42 4,35+0,07
LaCaZrMnO, 14,50 £ 0,02 3048,63 0,06 |4 762,16 0,02 |3,67 3,62 +0,05
LaSrZrMnO, 14,56 £ 0,02 3087,52 £0,06 |4 771,88 0,02 (4,03 3,99 +£0,04
LaBaZrMnO, 14,79+0,02 |323345+0,06 |4 |80836+0,02 |425 |4,19+0,05

Next, we will calculate the heat capacity using the Landius method for zircono-
manganites of lanthanum and alkaline earth metals using the example of LaMgZrMnO,.

Q o 185,42 = . - ‘
S7,,=1854 Jmol K, S, =0 = 443117 g2 = 22T — 44312 T-
S070 !
le 144,17, K=0,34,
a=507+:::fﬂ = 748,47, 8=0,8-2=598,7757, K=0,34.

Cp=6,2-4+6-4=48,8 cal/mol deg,

C'p=10[6,6-74847 | 638 (&5 . ?4344?) 2 — 41,816 cal/mol deg,
298 114417 298

I F . 2 E z =
C ple [6,6- 14,76 3°+7 6,38 ( 1276 . 3°+7
¥

44312 102

. Tt T Taa- )3: 47,896 cal/mol deg.
44312 1 114417

Next, go to section 3 of the scheme (Veritin, et al, 1965) and select the item "non-
polymorphic transformations", the sub-item "complex oxygen compounds" and the
column "consisting of solid oxides" with its subsection "other cases". Then, in section
4 of the scheme (Veritin, et al, 1965), we stop at point V with the wording “calculate C,
at 298 K according to formula (3)". The subparagraph indicates the calculation of C, at
673 Kand 7, according to the formula (4).

_ 48,8+41,816+47.85%

Cp = 46,1707 cal/mol deg,
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o 748,47 TABAT\ 2 o0 o
C pm_lo[6’6'593,??5?+n,34(6?3—593,??5?} 673 (55 298 ) 673°%-10°=59,383
cal/mol deg,
748,47 124 | T4BAT 4
C Piissns™ =10[6,6- 393??5?+u34nu44n 598,7757) 114417 298
1144, 173/2 10 3=63 ,467 cal/mol

1144,17%%=38702,22.

Based on the values of Cp at 298.15, 673 and 1144 K, we calculate the coefficients
of the temperature dependence of the heat capacity, the conclusion of which we gave
in the previous sections, and find the equation in the form of the following polynomial:

Cnp:58,93+4,805' 10°T-12,604-10°T"* cal/mol deg ®)
Cnp=246,56+20,083- 10°T-52,72-10°T2J/mol K (298.15-1144K). 9)
The heat capacities for lanthanum and calcium, strontium and barium zircono-

manganites are calculated in a similar way, summarizing the temperature dependence
equations are given below in Table 3.

Table 3 — Temperature dependence LaMe"ZrMnO heat capacity according to Landium

Equations of temperature AT, K C° (298,15) by |C "p( 298,15)
Content dependence, J/(mol K) Land, J/((mol.K) |according to Kumok,
a 5107 -c10° J/(mol.K)
LaMgZrMnO, | 246,6 20,08 52,72 | 298,15-1144 193,2 199,6
LaCaZrMnO, | 246,6 5,0 50,0 | 298,15-1056 196,5 204,7
LaSrZrMnO, 246,6 21,34 48,28 | 298,15-1001 198,7 206,7
LaBaZrMnO, | 2479 20,04 47,43 | 298,15-953 200,54 205,8

To compare the standard heat capacity of zircono-manganites calculated using
the Landius method, they were also calculated with the independent method of ion
increments using (Kiwilis, 1959) according to the scheme:

Cp°(298,15)LaMe"ZrMnO =Cp'(298,15)La’ "+
Cp'(298,15)Me>*+Cp/(298,15)Zr*+Cp(298,15)Mn**+
6Cp'0(298,15)07, (10)

where Cpi(298,15) are the increments of the heat capacity of ions which (J/(molk
La*(29,3), Mg?(22,2), Ca*(27,3), Sr*(29,3), Ba*'(28,4), Zr*(22,9), Mn*(25,0), O*
(16,7). As can be seen from the data in Table 3, the Cp°(298,15) calculated using the
Landius and Kumoku methods are in satisfactory agreement with each other within the
error limits of the calculation methods.

Discussion

The reliability, correctness and reliability of the results of indexing and determination
of lattice parameters are confirmed by a satisfactory agreement of experimental and
calculated values of 10%/d?, X-ray and pycnometric densities. Based on the conducted
studies, it was found that the obtained zirconate-manganites crystallize in cubic
symmetry and they can be attributed to the spatial group of perovskite Pm3m. It was
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revealed that with an increase in ionic radii in the range from Mg to Ba, the values of
parameter "a" and the volumes of lattices and elementary cells of synthesized zirconate-
manganites increase.

The temperature dependences of the heat capacity of the investigated zircono-
manganites were calculated using Landium method. The standard heat capacities of
their values are also calculated along with the Landius method by the independent
Kumoku ion increment method, the results of which are in satisfactory agreement with
each other, which shows the reliability and correctness of the data obtained for the
values of standard heat capacities.

Conclusion

1. For the first time using ceramic technology, zirconium-manganites of
LaMe"ZrMnO, (Me" — Mg, Ca, Sr, Ba) compositions were obtained from lanthanum
(1), zirconium (IV) manganese (III) oxides and magnesium, calcium, strontium and
barium carbonates.

2. The types of syngony and the parameters of their gratings were determined by
X-ray method. It has been established that all zircono-manganites crystallize in cubic
symmetry: LaMgZrMnO, — a = 13,46 0,02 A; V°=2437,86 +0,05 A>; Z=4; V°_
=609,47 £ 0,015 A%; p oy — 42 g/cm’; Ppien = 435 £ 0,07 g/cm’; LaCaZrMnO, — a =

14,50 £ 0,024; VO = 3048 630,06 A% Z=4; Vo =762,16£0,02A%p =367
glem’; p . =3,62+ 0,05 g/em’; LaSrZtMnO, —a = 14,56 + 0,02 A; V0=3087,52+0,06
A Z= 4 Ve wemcen = 171,88 £0,015 A p vy = 4,03 g/em’; P pen— 399 £ 0,04 g/em’,
LaBaZrMnO, —a = 14,79 + 0,02A; V° = 3233 45+£0,06 A’ Z= 4 \% = 808,36 +

elem cell

0,015 A% p  =425g/em’p . =4,19+0,05 g/em’.

It was revealed that the lattice parameters of zirconate-manganites change
symbatically with an increase in ionic radii in the Mg— Ca—Sr—Ba series.

3. Using the Landius and Kumok methods, the temperature dependences of the heat
capacity and the standard heat capacities of the investigated zircono-manganites were
calculated. The results of the research can later be used for thermodynamic justification
of reactions involving the above and similar compounds.

4. The results obtained are of interest for the directed synthesis of similar compounds
in inorganic materials science and chemical informatics as new in terms of radiographic
and thermodynamic characteristics of previously unexplored compounds.
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