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B 2016 romy ans pa3BUTUS W YAyYIIEHHS KadeCTBa >KU3HU Ka3axCTaHLEB ObLI
CO3JaH YacTHbIM bnarorBoputenbHblid GoHa «Xaiblky». 3a roibl CBOSH OesITeIbHOCTH
Ha peajHu3aluio OJaroTBOPUTENILHBIX NMPOEKTOB B 00JacTAX oOpa3oBaHMS M HAyKH,
COLMAJILHOM 3aIlUTBI, KYJABTYpPBI, 31IpaBooXpaHeHus u cnopra, Ponp Beaenna Oosee
45 MunnuapaoB TEHre.

Oco6oe BunManue biarorBoputenbHbIi GoHT «XabIK» ynenseT 00pa3oBaTeIbHbIM
IporpaMmam, CUuTas 3TO HallPaBJIEHUE OJHUM W3 KIIIOUEBBIX B CBOEH JESATEIBHOCTH.
Oxa3biBasi MOAJIEPKKY OT€UECTBEHHOMY 00pa3oBaHuto, GOH/I BHOCUT CBOI OCHIIbHBIN
BKJIaJI B Pa3BUTHE KauecTBEHHOTo oOpa3oBanus B Kazaxcrane. Tem camMbiM ciocoOCTBY S
pOCTy uncIa JitoneH, ClIoCOOHBIX MEHSTh KU3Hb B CTPaHe K JIy4IleMy —Ipo(eccHOHAIOB
B pa3iMyHbIX cdepax, MOTCHUUAIBHBIX JIMACPOB M «BEJIUKUX YMOB». OmHOH U3
3HAUUMBIX HMHUIMATHB (oHJa «Xanblk» B oOpa3oBaresibHOW cdepe cTaim MpoeKT
Ozgeris powered by Halyk Fund — mepBblii B cTpane OuzHec-uHKYOaTop ISl yUaluxcs
9-11 xmaccoB, KOTOpBI MOMOTraeT pa3BUBAaTh HEOOXOOUMBIE B COBPEMEHHOM MHpE
MpeANPUHUMATENILCKUE HaBbIKK. Tak, Ha comelCTBHE MajoMy OHM3HECY MIKOJbHHUKOB
06110 BhIIeneHo Oosee 200 rpanToB. J{iis moa/iep KKy TaJaHTIMBBIX 1 MOTHBHPOBAaHHBIX
nereit @oHI HEOAHOKPATHO BBLACISUT TPaHThI HAa 00yueHue B MexXIyHapOJHOH IIKOoJIe
«Mupacy» u B Astana IT University, a Taxke MOMOI Ka3aXCTaHCKUM LIKOJbHHKAM
npuHATH yyactue B npectxHoM KoHKypce «USTEM Robotics» B CLLIA. ABropckue
pabotel B pamkax npoekra «Tamimrep», koropomy DoHI OKa3an HOAICPHKKY, JICIIIN B
OCHOBY Y4€OHOH MPOrpaMMbl, Y4€OHHKOB U Y4€OHO-METOANYECKUX KHUT 10 IPEAMETY
«OCHOBBI TIpeANpUHUMATENBCTBA U Ou3Heca», mpenogaBaemoro B 10-11 xmaccax
Ka3aXCTAaHCKMX ILKOJ U KOJUIEIKEH.

[TomuMo momomM MIKOJIBHMKAM, ydallMMcs KoJulepked W cryaeHTaM DoHp
CUMTAET BAXXHBIM BHECTH CBOW BKJIAJ B IMOBBILICHHE KBAIM(QHUKAINWU IIE€AaroroB,
COBEpIIEHCTBOBAHNE HUX 3HAHMH U HABBIKOB, IOCKOJIBKY HMEHHO OHHU SIBJISIOTCS
MIPOBOAHUKAMH 3HAHUM OyIyIIMX MOKOJEHHH KazaxcTaHueB. [lpu mognepxkke Donna
«XanplK» B IOKHOH cTonuie ObUI OpPraHW30BaH €XKEroJHbIM TOPOACKOW KOHKYpC
nenaroroB «Almaty Digital Ustaz.

BaxHoll MHMLIMATUBOW CTayl pealn3yeMblii MPOEKT MO OOy4YEeHUIO OCHOBAM
(UHAHCOBOM TPaMOTHOCTH Mpernoaasareield n3 BochkMH obnacteil Kazaxcrana, urto
JIOJKHO OKa3aTh CYIIECTBEHHOE BIIMSIHUE Ha BOCIIUTaHUE (PMHAHCOBOW I'PAMOTHOCTH H
MPEIIPUHUMATEIBCKOTO MBIIIJIEHHS Y HOBOTO TIOKOJIEHHSI IPaX</1aH CTPAHBI.

Heob6xonumyto momors @oHx «Xalblk» OKa3blBaeT U TeM, KTO 0COOEHHO OCTPO
B Hell Hyxnaercs. B paMkax counanabHOM 3alllUThl HACEJIEHHUsS aKTHUBHO NPOBOAUTCS
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paboTa 1o TOAJEPKKE NIETeH, OCTABIIMXCS 03 pOIUTENCH, JeTedl W B3POCIBIX U3
COLMAJIbHO YA3BUMBIX CJIOEB HACEJICHHUS, JIFOJEN C OTPAaHUYEHHBIMUA BO3MOKHOCTSIMHU, a
TaKKe 00€CIICUCHUIO HYK/IAIOIIMXCSI COLUATBHBIM KHIIIbEM, CTPOUTEILCTBY COIIHATBLHO
BaXKHBIX OOBEKTOB, TAKUX KaK JCTCKHE CaJbl, ACTCKHE TUIOIAIAKU U (PU3KYIBTYpPHO-
03JI0POBUTEJIbHBIE KOMITJIEKCHI.

B xommnky no0peix gen @onnma «Xanablk» MOXKHO JOOABUTh OKa3aHUE ITOMOIIH
JIETCKOMY CIIOPTY, Ky/ia OTHOCHTCS TIOJJICP’KKa B PA3BUTHU JIETCKOTO PyTOOJIA M Kapare
B Hame# crpaHe. JKU3HEHHO BaKHYIO TIOMOIL biaroTBopuTeNnbHbIN QOHT «XaIbIky»
OKa3all HalllUM COOTeUECTBEHHUKAM BO BpeMsi HenasHel nangemuun COVID-19. Torna,
B pasrap TsDKenod 0oprObl ¢ KopoHaBUpyCcHOH nHpeknuerd Doun Beiaenui cBbime 11
MUJUTMAPJIOB TEHTe Ha MPHOOpPETeHHE HEOOXOAMMOI0 MEIUIIMHCKOTO 00O0pYIOBaHUS
U JIOPOTOCTOSIIUX MEAMIMHCKUX IPEraparoB, aBTOMOOWIICH CKOPOM MEIMIIMHCKON
TIOMOUIH U CPENICTB 3aLIUThL, aAPECHYIO MAaTEPUAIbHYIO IOMOLIb COLIMAIBHO YSI3BUMBIM
CJIOSIM HACEJICHHUS U JICHE)KHBIC BBITUIATHI MEUIIMHCKUM PaOOTHUKAM.

B 2023 romy Hapsamy C IOpYyrUMU TpPOCKTaMH, HAlCJICHHBIMM Ha IMOBBIIICHUE
0JIaroCOCTOSIHUSL Ka3aXCTaHCKUX TpaxkaaH DOHJ penimi yneinuTb 0c000€ BHUMAaHHUE
HayKe, MOCKOJIbKY OHa SBJIICTCS YacThlO0 OOIIECTBEHHOW KYJIBTYPhI, a YPOBCHb €€
pa3BUTHS ONPEIENAET yPOBEHD Pa3BUTHUS TOCY1apCTBA.

I[onnepxkka @oHAOM BbIMycKa >XKypHajaoB HamuonanbHOM AxageMun Hayk
PecriyOnuku KazaxcraH, KOTOpbIe BXOAST B MeEXIyHapoiHble (OHABI Scopus u
Wos U B KOTOPBIX NYOJNUKYHOTCS CTaTbd OTEUECTBEHHBIX YYCHBIX, JIOKTOPAHTOB W
MaruCTPaHTOB, a TaK)KE HAYYHBIX COTPYJAHHUKOB BBICHIMX YYEOHBIX 3aBEJCHHUU W
HAy4HO-UCCIIEA0BATENIbCKUX MHCTUTYTOB HALLIEN CTPAHBI SIBJISECTCS HE MEHEE 3HAYMMBIM
BKu1ajioM DOH/Ia B pa3BUTHE Ka3aXCTAHCKOTO OOIIIEeCTBa.

C yBakeHunem,
BbaarorBopurebHblii ®oHa «XaabIK»!
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OTBIH, KaTaJIH3 )KOHE IEKTPOXUMUS HHCTUTYTHIHBIHY 0ac qupektopbl (Anmarsl, Kasakcran) H = 4

Penaxkmus ankacel:

OJJEKEHOB Cepra3bl MbiHxkacapyJibl (0ac peaakTOpIbIH OpbIHOACAPHI), XMMUS FHIIBIMAAPBIHBIH
JoKTOpsI, podeccop, KP ¥FA akagemuri, «Dutoxumushy XaablKapaiblK FHUTBIMH-OHIPICTIK XOIIUHTTHIH
mupekropsl (Kaparannsr, Kazakcran) H =11

ATI'ABEKOB Buaamumup EnokxoBuu (6ac pemaxTopiblH OpbIHOAcapbl), XUMHS FBUIBIMAAPBIHBIH
JokTopsl, npodeccop, berapycs ¥YFA akanemuri, Kana marepuaniap XuMUsICbl HHCTUTY TBIHBIH KYPMETTI
nupekropsl (Munck, berapycs) H =13

CTPHAJ MupocaaB, npodeccop, Uexust FhUIBIM aKaJEMHUSICHIHBIH OJKCHEPHIMEHTTIK OOTaHHKa
MHCTUTYTBIHBIH 3epTXaHa MeHrepyurici (Onomoy, Yexust) H = 66

BYPKITBAEB Myxam6eTKaJu, XUMUs FbUTBIMAAPBIHEIH JOKTOPEL, podeccop, KP ¥FA akanemuri,
on-®apadu areigarsl Kaz¥Y Y-npiy Oipiamm npopexropsl (Anmarsl, Kazakcran) H =11

XOXMAHH J[Ixymut, Ceren ynusepcureriniy ®Papmauesruxa daxysapreTinin PapMakornosus
KadeapachHBIH MeHrepymrici, JKapaTbuiblcTaHy FBUIBIMIAPBIHBIH TTOHAPAIBIK OPTAJIBIFBIHBIH JAUPEKTOPEI
(Ceren, Bernrpust) H =38

POCC Camup, PhD noxropbl, Muccucunu yHUBEpCHTETiHIH OCIMIIK OHIMICPIH FBUIBIMU 3€PTTEY
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TEJTAEB Bargar Bypxan6aiiyiabl, TeXHUKa FRUIBIMIAPBIHBIH JOKTOpHI, mpodeccop, KP ¥FA
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XAJIMKOB [:xypadaii XaJuKkoBHY, XUMUsI FBUIBIMIAPBIHBIH JTOKTOPBI, podeccop, Taxikeran FA
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TOIUIMBA, KaTanu3a u anekrpoxumun uM. /1.B. Cokonbckoro» (Anmarsel, Kazaxcran) H =4

Penaxkuuonnas xosuierus:

AJIEKEHOB Cepra3spl MbIH:kacapoBH4 (3aMECTHUTEINb INIABHOTO PEJAKTOPA), JOKTOP XUMHUUCCKUX
Hayk, podeccop, akagemuk HAH PK, mupexkrop MexayHapoHOro Hay4HO-IIPOU3BOCTBEHHOTO XOJIANHT A
«Dutoxumust» (Kaparanna, Kazaxcran) H =11

AI'ABEKOB B aagumup EHokoBHMY (3aMeCTHTENb TJIABHOTO PENAKTOpa), IOKTOP XUMHUYCCKHX
Hayk, npodeccop, akanemuk HAH Benapycu, nouerHslit aupexrop MHCTUTyTa XMMHH HOBBIX MaTepHaoB
(Munck, benapycs) H= 13

CTPHA/I Mupocias, npodeccop, 3aBemyromuii 1abopaTtopueli HHCTUTYyTa DKCIIEPUMEHTAIBHON
6otanuku Yemnickoii akagemun Hayk (Onomoyi, Yexust) H = 66

BYPKUTBAEB Myxam0eTKkaan, JTOKTOp XMMHYECKHX Hayk, mpodeccop, akagemuk HAH PK,
[epssrit mpopextop KasHY umenn anp-dapadu (Anmarsl, Kazaxcran) H =11

XOXMAHH [IxynuTt, 3aBenyromnii kapenpoit @apmaxornozun dapmareBrHiyeckoro (akyisrera
VYansepcurera Cerena, upexTop MexXIUCIUIUIMHAPHOTO IIEHTpa ecTecTBeHHBIX Hayk (Ceren, Benrpms)
H=38

POCC Cammup, noxrop PhD, mpodeccop HIkomsr dapmanuyi HAIMOHAIBLHOTO IEHTPa HAYYHBIX
WCCIICJOBAaHUH PACTUTEIBHBIX MPOAYKTOB YHUBepcuTeTa Muccucunu (Oxcdopa, CIIA) H = 35

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

TEJIBTAEB Baraar Bypxan6aiiyJibl, JOKTOp TEXHHYECKHUX HayK, Ipodeccop, WieH-KOPPECIIOHACHT
HAH PK, MunucrepctBo Munycrpuu u unpactpykrypHoro pa3sutus Pecriyonuku Kasaxcran (AnamMarsl,
Kazaxcran) H=13

DAPYK Acana [lap, mpodeccop kommtemka Bocrounod memmmmubel Xampaapia ans-Mapkunaa,
¢axynsreT BocTouHoil MenuuuHbl yHuBepeuteta Xamaapaa (Kapaun, [Takucran) H =21

®DA3BIJIOB Cepuk /IpaxmeToBUY, TOKTOp XHMHUYECKHX Hayk, mpodeccop, akagemuk HAH PK,
3aMeCTHTENb JUPEKTOpa 1o HaywIHO# paboTe VHCTHTYTA Opranmdeckoro cuHTe3a u yrexumun (Kaparanna,
Kazaxcran) H=06

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

XAJIMKOB [Ixxypa6aii XaJauKoBH4Y, JOKTOp XHMHYECKHX HayK, mpodeccop, axazemuk AH
Tamxukucrana, Vuctutyt xumun nmenu B.W. Hukntuna AH PT (dyman6e, Tamxukucran) H = 6

DAP3AJIMEB Barug Memkua oribl, JOKTOp XHMHYECKHX Hayk, mpodeccop, akanemunk HAHA
(baky, Aszepo6aitmxan) H=13

T'APEJIMK Xempaa, noxrop ¢unocopun (Ph.D, xumus), npesunent Otnena XUMUH U OKpYsKaromieit
cpensl MexxIyHapogIHOro cor03a YHCTO! 1 npukiiagHoi xumun (Jlonnon, Anrmst) H =15
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Abstract. The use of the hydrometallurgical method in the processing of low-
grade ores with ore residues is considered a cheap and environmentally friendly pro-
duction alternative. The purpose of the paper is to summarise the current knowledge
regarding zinc extraction systems and identify potentially useful directions for future
research. Taguchi’s method based on an orthogonal array design was used to organize the
experimental work. order to increase the yield of metal, experimental conditions consist-
ing of five parameters, each with several levels, were considered. In particular, time (t =
30, 60, 90, 120, 150 minutes), temperature (T = 40-80°C), liquid/solid ratio (W/W = 1:10,
1:15, 1:20, 1:25, 1:30 g/1), mixing speed (R = 100-500 rpm), and ammonium chloride
concentration (C =2, 3, 4, 5, 6 mol/l), experimental numerical values were excluded. The
optimal conditions determined by this study were: t = 120 min, T = 80°C, (L/S) = 1:25
L/g, R =400 rpm, and C = 5 mol/L. In this case, the percentage of Zn dissolution in an
ammonium chloride medium was 93.17%. Also, the residue dissolution rate is consistent
with diffusion control, with a calculated activation energy of 26.6 kJmol and a reaction
order of 0.98.

Keywords: precious metal, zinc smelting slag, ammonium chloride, hydrometal-
lurgy, leaching
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AnHorauus. KeH KajnplKTapbIMEH TOMEH CYPBINTH KEHAEpIl eHaeyle
XUMHSUTBIK QJIICITI KOJIJIaHy, ap3aH koHE SKOJIOTHSIIBIK Ta3a OHJAIPICTIK Oalama peTiHje
KapacThlpbUIaAbKYMBICTBIH MaKCaThl MBIPBIII ajy >XYHelepiHe KaTBICTBI aFbIMJaFrbl
OLTiMTI KOPBITHIHABLIAY JKOHE OOJIallIaK 3epTTeyIep YUIiH oJIeyeTTi naijansl OarbITTap bl
Oenriney. LllmaktaH MBIpBIII amyasl OapblHIIA apTThIpy YIIiH Tary4m, opTOTOHAaIbIbI
MaccuB (OM) nu3aifHbIHA HETi3JAeNTeH dAici TIKIpHOENiK KyMbICTapbl YHBIMIACTHIPY
YILIiH MaiAadanbubl. bacTankbl »KoHe COHFBI YAT1HIH KYpaMbIHaFbl METaJIbIH MalbI3IbIK
yjieci WMHIYKTHBTI OalJIaHBICKAH IUIa3MaJIBIK MAacCC-CIIEKTPOMETPHS  QJIICI  apKbLIbI
aHBIKTaNAbl. MeTalIblH IBIFBIMBIH apTTBIPY MaKCaTbIHIA dPKaChICHl OipHele AeHr e
Oec mapaMeTp/eH TYpaThIH TIKIPUOETIK KaFraaliinap KapacTelpbULAbL. ATamn aiiTap 6ojIcak,
yakpITHL (t = 30, 60, 90, 120,150 munyt), Temneparypa (T=40-80 °C), cyHbIK/KaTThl
kateiHacel (C/K = 1:10, 1:15, 1:20, 1:25,1:30 1/n), apanacteipy xpuiaaMabsiFsl (R = 100—
500 aiin/MuH) %oHE aMMOHUHN XJIOpHUiHIH KoHIeHTparuscel (C = 2, 3, 4, 5, 6, Monb/n)
OolfbIHIIA TOKIPOMENIK CaHABIK MOHJACP albIHBIN TalgaHibl. byn 3eprrey OoibIHIIA
AHBIKTAJIFaH MBIPBIIITHI OOJII aTyAbIH OHTAWIIBI TapaMeTpiiepi Keneciaei: t = 120 MunyT,
T =353 K (80 °C), (C/K) = 1:25 n/r, aitHanem cansl = 400 aifH/MUH KoHE KOHILIEHTpa-
mus= 5 Monb/n. by skargaiiia aMMOHHMH XJIOPUATI OpPTaZa MBIPBIIITHIH KaJlIblK KEHHEH
Oeminyi 93,2 %-ap1 Kypansl. CoHnai-aK, KaJJIbIKTBIH €y KbULIAMIIBIFBI TUPPY3USITBIK
Oakpulayra ColiKec KeNreH, akKTUBTCHY DHEprusichl 26,6 xJ[/Monb jkoHEe peakuusi peTi
0,98-re TeH 00JATBIHBI AHBIKTAJIIBL.

Tyiiin ce3nep: Oaranbl MeTalsl, MBIPBIII OANKBITY KOKIapbl, aMMOHUN XJIOPH/I,
THIPOMETAILTY prisl, aimanay

Anzvic. Fouvimu orcymvic Folavim dicone dcoapvl Oinim munucmpiiei, foiivim
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AHHoTamus. Mcrmomp3oBaHWE — THAPOMETANTYPTHYECKOTO  METoaa  MpH
nepepaboTke OCTHBIX Py C PyAHBIMH OCTaTKaMU CUHTAETCS NIEMIEBON M 3KOJOTHYECKU
YUCTOW aJbTEePHATUBOU MPOM3BOCTBA. Llenb cTaTh — 0000IMNUTE COBPEMEHHBIC 3HAHUS
0 CHCTeMax JKCTPaKIUH [HWHKAa U ONPEIENUTh MOTEHIINAIbHO TOJEe3HbIe HAIPaBICHUS
UIst OyAymmx wWcciaenoBaHuid. Jmst yBenmwdeHWs W3BJICUSHHsS [UHKA W3 MUIaka ObLT
HCIIOJB30BaH MeTo/ Taryuyum, OCHOBAaHHBIM Ha KOHCTPYKIMH OPTOTOHAJIBHOM PEIIETKH, C
[ENBI0 OpTaHu3aIiy YKCIEPUMEHTATEHOW padoThl. [IporieHT MeTama, BEIAETICHHOTO U3
cocTaBa MCXOTHOW TPOOBI, OMPEAETSIIA METOAOM MAacC-CIEKTPOMETPHH C MHIYKTHBHO
CBsI3aHHOM Tu1a3Moi. C 1embIo MOBBIIIEHHUS BBIX0a METANIa paCCMATPUBAINCH YCIOBHUS
9KCIIEPUMEHTA, COCTOSINNE U3 IIATH MMapaMeTPOB, KAXKIbIH U3 KOTOPHIX MMEN HECKOIBKO
ypoBHe#. B wactHOCTH, Bpems (t = 30, 60, 90, 120, 150 munyT), Temmepatypa (T = 40-80
°C), cooTHOIEHUE )UAKocTh/TBepmoe (OK/T = 1:10, 1). :15, 1:20, 1:25, 1:30 1/1), cKo-
pocth mepememmBanusa (R = 100-500 o6/MuH) 1 KoHIIEHTpanus xjopuaa aMMoHus (C
=2, 3,4, 5, 6 Mob/i1), SKCTIEpUMEHTATbHBIC YHUCICHHBIC 3HAYCHHUS OBUIH MCKITIOYCHBI.
OnTuMansHbIE YCIIOBHSI, OTIPEIETICHHBIE B X0/I€ JAHHOTO HCCIeI0BaHMs, CeIyromue: t =
120 muH, T =353 K (80 °C), OK/T) = 1:25 n/t, R =400 06/mMun u C = 5 mons/m1. [Ipu 3TOM
MIPOIEHT PacTBOpPEHHs Zn B cpene xiopuna ammonus coctaBmir 93,17 %. Kpome Toro,
CKOPOCTh PAacCTBOPEHHsSI OCTaTKa COOTBETCTBYET NU((Hy3MOHHOMY KOHTPOIO: pacyeTHAs
SHEPIHUs aKTUBAIMK cocTaBisaeT 26,6 kJxmons ! u mopsmnok peakiu 0,98.

KiroueBnble cjioBa: ,Hpal"OL[CHHBIfI METaJJI, HIJIaK MHKOBOH IJIaBKH, XJIOpHUI
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aMMOHMS, THAPOMETAJUTYPT S, BbILICIAUNBAHHIE

Kipicne

MpIpbimn OaJKBITY LIAHBIH KOHEre jKapaTy >KOHE OHJEY YJIbl 3JeMEHTTEpIiH
TOTBIPAKKa XOHE Cy JKOJIapblHA CiHyiHe OalIaHbICTBI alTapIIBIKTAall HKOJOTHSAFa JKOHE
azaM JIeHcayJiblFblHA Kayin Tenuipeni. [lemek, OajKbITy IIaHBIHAH MBIPBILITHL KOHE
Oackaa 3s7H]IbI METANIAP bl 06N ally YIIH maiiManay 9iCTepiH 3epTTey 6Te MarbI3/Ibl
MiHgeTTepaiH Oipi. Kenreren 3eprreynep OankpITy MIaHBIHAH MBIPBIIT allyIbIH SPTYPIIi
ozicTepiH Kacaapl, KAIABIK MaTepuangapiabl Oarajbl MeTajjapra JcHiH KaliTa eHiey
OapbICBIHIA TEPCIIEKTUBANIBI O/iC PETiHIE aMMOHHMH XJIOpWAIMEH IIaiManay mnaiina
0ol byt oficTiH THIMALTIT ©Te KOFaphl JKOHE KOpIIaFaH OpTara TUTI3eTiH maiaachl
30p. COHFBI JKbIIIAPbl aMMOHMHN XJIOPHIIMEH METaJIAap/abl KaiiTanaMa eHaey eTe THIMII
oJic peTiH/e KapacCThIPBUIBII 3ePTTEYJIIep KYpriziniyie.

MBIpBIIT  OpTYpHl  OHEPKACINTIK KosgaHOaidapia, COHBIH IIIiHAE KOpBITIA
OHJIIPiCiH/IE KOHE IIEKTPOHUKA OH/IPICiH/Ie KEHIHEH KOJAaHBUIATBIH MAaHBI3bl AJIEMEHT
00J1BITT TaOBLIAIBI. MBIPHINT OHIIPICi, €H alIbIMEH, OalIKBITy MPOIECCTePi apKBLIBI, MbI-
PBILI OATIKBITY IIJTAKTAPBIMEH KYJAEP] KaTapJibl MaHbI3AbI )KaHaMa eHIMICPl LIbIFapabl.
Byt ko nap MeH KanaslKTap KypaMbIHIa ayblp MeTalaapAblH 00ybIiHa OalIaHBICTHI, Me-
TajJ eHJIIpici KAIAbIKTaphl CaKTaJaTbIH aiiMaKkTapa SKOJIOTHSUIBIK KHBIHIBIK TYABIPAIbI,
JETeHMEH OyJ1 KalJbIKTapbl TYCTI METajiapisl eHAIpyAe jkaHaMma pecypcTap peTiHae
KapacTelpyFa 0omajbl. 3epTTeynep KOpCeTKeHICH, KypaMblHAa MBIPBIII CHUSKTBI Oarasibl
MeTanaap 0ap LIaHHBIH €QYyip MeIIepi MeTajaap/ bl )KOFaphl TeMIlepaTypaja OaaKbITy
MporecTepinAe Ty3iieai, Oyl MeTanaapsl KaiTa eHJIeYyIiH THIMII SiCTepiH Taly/IbIH
MaHBI3IBUTBIFBIH KopceTeai (Yang sxoHe T.0., 2019).

AMMOHHUH XJIOpUAIH MIaiiManay apKbUIbl MBIPBIII OagKbITy IIAHBIHAH MBIPBILI
ary OipHemie 3epTTeyliepAe KapacTbIpplira. Niu oHe T.0. aBTOpiap 3BTEKTHKAJbBIK
epITKIII KaTBHICBIH/A —YIbTPAABIOBICTHIK KYIISHTUITSH IaiiMaay 9J1iCi apKbUIbI MBIPBIIIT
aJIFaH, MBIPBILTHIH MaiiManany TaiMairi 98,47 % kyparan (Niu sxone T1.6., 2023).
Alkan xaTapibel aBTOpiap JICi3 KBILKBUIABI IIaiManayasl KOJNJaHa OTHIPBIN, MBIPBILI
KaJIIBIKTapbIHAH KOPFAChIH MEH MBIPBIII alyAbl 3epTTE/l JKOHE TaHJAAIFaH LalimMaiay
JKarIalblHAa KOpFachlHHBIH 81% skoHe MbIpbIUTHIH 34 % anblHFaHblH aHbIKTaAbl. Co-
HBIMEH KaTap MBIPBII OANKBITY LIAHBIHAH MBIPBII ajly YIIIH aMMOHHUH XJIOpHIIMEH
maiiManay apKbUTbl JKYPETiH KaHa THAPOMETAILTYpPrHsIIBIK Tporiecc d3ipienni (Alkan
xKoHe T1.0., 2020). Wang xarapiel aropnap Meipeimn Kyain NH,-NH,CI-H,O xy¥iecinne
epiTyai KaMTUTBIH HPOLECCT] 3epTTelli, OCBI 3epTTey OOMBIHIIA MBIPHIIITHIH HIaiMalaHy
ko3¢ duureHTi HaKThI Karaaiiapaa 92,1 % xerken (Wang xane 1.6., 2008). Jiang T. e3i
3epTTeyepinie NaiManay 9iCiHHe KHHETUKAJIBIK ecerTeyep Kyprisin mamamer 4,69
kJ[/Monp O0naThiH OeJCeHipy SHEprHschl OOJNHETIHIITIH JKOHEe Iaiimalay mporeci
1 dy3usUIBIK opTana )KypeTiHAiriH anslkrarad (Jiang sxoHe T.0., 2020).

AMOHWMIA TY3/apbIMEH IaiiMaliay MPOIECCiHIH apThIKIIBLUIBIFBI coikecinme 0,02
M1/ sxone 0,05 Mr/n KypalThiH TOMEH KOHIeHTpanusuibl Fe?” sxone Pb?" CHSKTBI MeTas
MOHJIAPBIH MaiiMarnay epiTiHIiCiHIH KypamblHa Oeiin aiy Ooibin TaObutanpl (Li skoHe
1.0.,2021). CoHpaii-ak NH3—(NH 4)ZSO —H,O MeH maiimanay MIPOIIECC] MBIPHIII OATKBITY
LIaHBIHAH METaJIap/bl OHJCYIIH THIMI1 9/1iC1 PETiHE YChIHBIIA bl )KOHE MBIPBIIITHI KYH/IbI
EKIHIII pecypc peTiHJIe KaliTa OHJIey TiH dJIeyeTTi )KOJIBIH KaMTaMachI3 eTeli (Sun xoHe T.0.,
2021). Aiyuan karapisl aBropaap NH,-CH,COONH,-H,O xy¥iecinae KoopauHaUsIbIK
maimManayJsl KaMTUTBIH KaHA THAPOMETAUTYPrUsUIBIK OMICTI  KOJJaHa OTBIPBII,
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METaJUTypPTUSUIBIK LIUIAK TEH IIAaHHAH MBIPHII ady OoiibIHINa 3epTTey ychinFaH. Ox amic
METaJUTY PTUSUIBIK KAJIABIKTApPMEH OaliIaHbICThI 3KOJIOT USUIIBIK MACEIIENIEp i IIeLIe OTHIPHII,
KalTajmamMa Ke3JEp/AeH MBIPBILI alyIblH MaHbI3/bl 9JICYETiH aTam KepceTeli. 3epTreyae
nraiimanay OapbIChIHIA ocep eTiymi (akTopiaapabl OHTalIaHIBIPbIN, METaIAapAbl KaiiTa
OHJICY THIMJIITITIHE KOJI XKETKi3€e[i )KoHe MBIPBIII alTyIbIH THIM/II TIpo1ieciH kepceTeni (Ma
xKoHe T.0., 2018). BankbITy KOKBIHAH MBIPBITI ATy IbIH THIMII 9AiCTepiHiH 0ipi aMMOHUI
XJIOpJIUAIMEH 1aiiManay 0oJbin Tadbutazpl. OChl MPOLECC MBIPBILI IIEH AMMOHHUH XJIOpH-
ai (NH,CI) apacbiniarbl XUMHSIIBIK 9PEKETTECY aPKBLIBI MBIPBIIITHI CYHBIKTBIKTA EPITIIL,
OHBI KOXKJIaH 06N aryFa MYMKIiHIIK Oepeii. AMMOHUIA XJIOpHIIMEH IaiiManay apKblIbl
MBIPBIII OKCUIAIHEH MBIPBIII aly THIMJIUIITIH Oaranay YIIiH apalacThIpy JKbLUIAAM/IBIFBI,
aMMMaK IeH aMMOHHI XJIOPUAiHIH KOHLIEHTPALMSCHI, TEMIIEPATypa jKOHE CYHUBIKTBIKTHIH
KaTThl 3aTKa KAaTbIHACBl OPTYpJi >KaFdaiiapaa 3eprrenred. Ocbl mapamMeTipiepii
oHTalmaHaeIpranaa 81%-mgan actam MBIpeII maiMananein aneiHAB (Oustadakis skoHe
T.0., 2010). AMMOHUI XJIOPHIIH KOJJAHBII MIaliManay apKbUIBl OPTYPIi KaJIBIKTapaaH
MeTaa aimy 3eprTrenai. JKeHin kep KbIPTBICBIHBIH AIIOLMSCHIMEH TYHIBIPBUIFAH CHPEK
JKep pydajiapblH 1aiiManay Ke3iHJe aMMOHMH XJIOpUIiHIH THiMAiIiri 85,96% kepceTkeHn
(Zhang »xoHe T1.06., 2023). XanpKOIMUPHUT KEHIH THAPOMETAILTYPTHSUIIBIK OHJICYIe aMMHUaK-
aMMOHUH XJIOPUATIH KOJJIAHBIN I1aliManay 0apsickiHaa MeTtaiabig 81,1 % epiy Tuimmimi-
rine ko xketkizired (Chindo xone T.0., 2022). AMMOHUH XJIOpHIi COHAM-aK KaJIbIKTap
KYPaMbIH/IaFbl YJTBI HOH/IAP/IbI KO0 YIIIiH ePTiH/II peTiH/e Nai1aTaHbUFaH, )KO0 THIMTUTIT]
mamameH 95,7 % kepcerkeHn (Huang xone T1.6., 2022). [aiinananbuirad HUKEIb-METaIT
THIPU/ITI aKKYMYJISTOP KAIIBIKTAPBIH IIaliManay Ke3iH/e OipiHIli aMMOHUHN XJIOPUIIMEH
KYpFakK XJIopiay, COJaH KeiH CyMeH Iaimalnay MeTalbl OeiyIiH )KOFapbl THIMJITITiHEe
OKeJIeTiHI aHBIKTaIIFaH, MeTanaapAbH MEFLEIMBI Ni — 87 %, Co — 98 % sxone Ce yuriH
94% xyparaH (Perdmaiki »xone T.0., 2022). CoHbIMEH KaTap, JaTepUT KEHiH Iaiimanayaa
aMMOHUH XJIOPHUIIHIH KBIITKBUIIB! €PITIHAICT THIM/AI IaiiManay Kypaibl OO TaObUIIbI,
Oaraypl MeTajiap Heri3iHeH reTHUT TieH ceprieHTnHHeH Oemineni (Li xoHe 1.6., 2020).

AMMOHHMH XJOpUAIH IIaiiManay KUHETHKAchl KalJbIK KYpaMbIHIAFbl METalabl
Oein amy mpoIeciH TYCIHY >KOHE OHTaWIaHIBIPY YIIiH ©T€ MaHbI3Abl. KWHETHKAIbIK
3epTTeyiiep KypaMblHaa MbIpbiibl Oap mukizatTeiy NH4Cl epiTinaicinmeri epy KUHETH-
KachblHa Ha3ap ayaapasabl. by maiimanay OapbichiHAa aHBIKTAIFaH OCICEHAIPY SHEPIUsACH
MpoIeccTiH KeyekTi nuddy3us apKbuibl 0acKapblIaTBIHBIH KepceTTi. MyHall 3eprrey-
JIep KypaMblH/1a MBIPBILI Oap 9pTYpiIi MaTepranaapiaH, COHbIH iiHAe OalKbITy KOKbIHAH
MBIPBIII ATy THIMALIITIH apTThIpy yiriH ete MaHbeabl (Hollagh xone T.6., 2013).

Byt 3epTTey MBIPBIIITH KaliTalaMa eHACY1iH MaHbI3IbIIbIFbIH, MBIPBILI OaKbITY
HIaHBIHBIH KOPILAFaH OpTara 9CepiH, KalTanama eHJACYyIiH JICTYpIli EMEC 9IICTEePiH KoHE
MBIPBIII ATy YLIIH aMMOHUH XJIOpUIIMEH LIaiimManay/ibl KOJAaHyIbIH aPTHIKIIBUIBIKTAPbI
MEH 9JIICTEMECIH 3epTTeyre OarbITTaFaH.

Martepuangap MeH 3epTTey oaicTepi

Mamepuanoap

By xymeicta kKonganpurad Kanablk keH KP [1sirpic KazakcTan oOMbICHIHIAFBI
JKIIC “NURSLAN” koMmaHUWsChIHAH albIHABL. bacTamkel YIATiHIH KypamMbl — MEH
OeJiHIN aNbIHFAaH METANAApABIH YJIeCi MHAYKTHBTI 0aiiJlaHbICKaH MJIa3MAaJIBIK Macc-
CMIEKTPOMETPHS Sfici apKpUIbl aHBIKTaNAbl (Gostic xonHe T.0., 2011). YxriHiH OeTki
mopdonorusicel 20 kB kepueyne sxkymbic icreiitin Hitachi SU-8000 ckanepiaeymi
3NIEKTPOHIBIK MUKpockonTa (COM) Tycipingi.
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Hlaiimanay aoicmepi

[laiimanay cCbIHAKTapbl NEINTIH YCTIHAEC OpPHAJACTBIPBUIFAH  cTakaHaa (2
nm) okyprizingi. XKyiiere OepineTiH TemmeparypaHbl elley YUIiH apHailbl TEPMOMETIp
konganpuiapl.  [laiiManay mpoueci MarHMTTI apajacTBIPFBIII  KOMETIMEH Ky3ere
aceIpbuIbL. Op Takipubenep 1u NH,Cl epitingicine 50 r KaTThl yJIri KaThIHACBIHIA KOCHIIT
JKYPri3ijai. AMMUaK HIBIFBIHBIH OOJIBIPMAY YIIiH jKaObIK jKYHee dKYMBIC ICTEHTIH alThl
TeMIIepaTypaja epirimTik 3epTTeii. AJJIbIH-aa OCNTUICHIeH yaKbITTa CYCICH3USIaH
ChIHaMa aJia OTBIPBII, SPITIHIIIETI MBIPBII KOHIEHTPAIMICH HHYKTHBTI OailJlaHbICKaH
TUTa3MabIK MacC-CIIEKTPOMETPHS 9JiCIMEH aHBIKTAJIJIBI.

Bapiblk sKCTIepuMeHTTEp KEMiH/IE YIII pET OPBIHAAIIBI )KOHE HOTHKEIIep TajlJaHbII
MaKCHUMaJJIbl CTAHAAPTTHI ayBITKYABIH OpTalla MoHI ecenTen/i. MeTaIblH IbIFbIMBL (X)
KeJieci TeH ey OOMBIHINA eCenTeN i

x=m,/m*100 %

Mynnarer m; — GacTanksl KanAblK KYPAMBIHIAFbl METAIABIH Maccachl, ail m, —
nraiiManaHrad epiTiHaiIeri MeTalIbIH Maccachl.

Hotmxenep sxoHe onappl TalKbUIayIap

3.1.yATiHIH XUMHSIIBIK KYpambl

3epTTepreriH 0acTanKel YIATIHIH XUMUSIIBIK KYpaMbl 1-KecTene KenTipuldl xKoHe
1-cyperte COM cypeti MeH coalikec D/IX cnexTprepi kepceTiiai. Yirige opra ecenmexn
17,83 % wmpipsi, 9,96 % xaamuii, 0,04 % wmapranen, 6,58 % wbic, 2,83 % KopracbiH
skoHe 0,39 % xanbnuii O6ap ekeHi aHbIKTanAbl. Ockl anbiaFaH MmaniMertep COM-DJ1X
CHEKTPJICPiJIe MBIPBIIITHIH Yieci 6ackiM O0aThIH Kepyre 0oJabl.

1 — xecre. BacTankpl yJariHin XuMHSUIBIK KYpaMbl

DjIeMeHT Zn Pb Cd Mn Cu Ca

Menmepi,

% 7,83 | 2,83 9,96 0,04 6,58 0,39

©)

cledax3Zigenesis\genmaps.spe 05-Dec-2023 150405
LSecs: 68

895

716

537

358
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Energy - keV

1 — cypem. Bacranksl yiarinin COM cypeTi xdHe cdiikec DX cnekTpi

Hlaiimanay azenmi KoHyeHMmpayUuACLIHLIY 2cePi

[aiimanay areHTTEpiHiH *KOFapbl KOHIIEHTPALHMSCHI 9IeTTE KAaTThl MaTPULAIaFbl
MakcaTThl KOMIIOHEHTTIH epIrilITiriH apTThIpajel, Oyl IMaiManaHy THIMILTITiHIH
XKorapbulaybiHa okeseni. CeOebi maiiManay areHTiHiH Kol MeJepi KaTThl MaTPULaHbIH

12



OF THE NATIONAL ACADEMY OF SCIENCES OF THE REPUBLIC OF KAZAKHSTAN

ITiHIEe KaKETTI KOMITOHEHTTI YCTaWTBIH OallIaHBICTHIPY KYIITEPIH THIMAIPEK >KEeHE
amanel. MBIpBIIITHL  O6JIN  allyFa aMMOHHW XJIOpWZI KOHIIEHTPAIMSCHIHBIH ocepi
2-cypeTTe KOPCETUITeH. 2-CypeTTeH KOpiHINl TYpFaHJal, >Xallbl aMMOHHWH XJIOPHII
KOHIICHTPAIMSICBIH 2 JIeH 6 MOJIB/I-Te JeiiH apTThIPY MBIPHIIITHIH IIBIFEIMBIHA KAKCHI
ocep eTKeHiH Kepyre Ooyaapl. AMMOHUI XJIOPHII KOHIEHTPAIHMACH 2 JIeH 6 MOJbB/I-Te
JIH1H JKOFapblIaFraH/ia MBIPIITHIH MBIFRIMEL 47,8 %-nan 94,8 %-ra aeiiin ecTi. Anaiina
MBIPBIIITHIH MIBIFBIMBI [TaMaray epiTiHIici aMMOHWH XJIOPUIIIIHIH 5 MOJB/I-/IeH KeHiH
MBIPBIIITHIH HIBIFBIMBI TYPAKTHI MOHTE M€ €KeHIH Kopyre 0omapl. OChl aMMOHHHA XJIOPH-
JIHIH KOHIICHTPAIMSICHIHBIH JKOFapbUIAybIMEH MBIPBIIITEIH OOiHY KbUIIaMIBIFBIHBIH
alTapipIKTall apTKaHBIH KepceTedi. Zhao Karapibel aBTOpIapblH >KYMBICHIHIA (Zhao
xKoHe T.0., 2017). aMmMoHUI XJIOpUIIMEH maiimManay OapbIChIHIa, AMMOHHUH XJIOPHIiHIH
KOHIIEHTPAIMSIChI apTKaHaa, epTiHmimeri 60c Zn*" Metan HOHIaphl Zn(NH3)Cl2+ Topi3di
KOMIUIEKCTI KOCBIJIBICKA ayBICHII, MBIPBIIITHIH OOJIiHY MOIIIepiHe TYPaKThl 9cep eTeTiH
naneneni. Onap/IpIH KYMBICHIH 1A [IaliMaay areHTi KOHIIEHTPAIlUsChIHBIH apTKaH CalibIH,
METAaIIJIBIH IIBIFBIMBIIA TYPAKTHI oceTiHi kepceTTi. Jlemek 90 MuHyTTaH Keiin 3,5 Monb/1
aMMOHHUH XJIOPUJI epiTiHJICiHAe MBIPHIITHIH Tek 47,3 % OemiHce, 5 MOJNB/T aMMOHUN
XJIOpUJI epiTiHAICIHIe MBIPBIIITHIH MBFBIMEI 92,9 %-Fa aeifin eckeH. Con cebenTi oChl
aHBIKTAJIFaH ONTHMAJIBI KOHIICHTPAIIUSIHBI KeJleCl TOXKipuOenep/Ii *Kypri3y/ie KoIIaH/IbIK.
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YaKbIT, MUHYT.

2 — cypem. MBIPBIIUTHIH 06J1iHY MeJIIIepiHe maliMasiay areHTi KOHUeHTPAaUUsIChIHbIH dcepi

Hlaiimanay yakbimoinsly acepi

[Taiimanay yaKBITBIHBIH MBIPBIIITHIH O6JiHY >KBUIIAMIBIFBIHA ocepi OipHerne
(hakTOpIapra, COHBIH IMIIHIE KYPaMBIHIa MBIPBIIIT Oap MaTepHAABIH CUIIaTTaMallapblHa,
MBIPBIII KOHIICHTPAIMSIChIHA )KOHE IIaiiMalay IbIH XY Py KaFaainapeiaa (pH, remrmeparypa,
apayiacTeIpy koHE T.0.) OaillaHBICTBI. MBIPBIITHIH IaitManay THIMIUTITIHE yaKbITTHIH
oCepiH 3epTTey VIIiH, mmaiManay y3akTeirel 10 mMmayTTaH 150 MHHYT apajibiFbIHIA
3eprrenai. CoHpaii-ak maiMarnay areHTiHig KoHeHTpamusichl, K/C KaThIHACKIHBIH JKOHE
apaJiacThIpy JKBUIIAMIBIFEIHBIH MOHACPI colikecinme 5 Moib/i, 25:1 xone 400 aitn/MuH
0oJIBI. 3-CypeTTe MBIPBIIITHIH ITaiiManay THIMIUTTIHIH YaKbITKa OalIaHBICTHI ©3repyi
KOPCETUII. 3-CypeTeTH MBIPBITITHIH 06JIiHy THIMAUI ImaitManay yakbITBIH Y3apTKaH
CalibIH ©CETiHIH Kopyre 0onasl. JlereamMeH, 3-CypeTTeH MBIPBIIITHIH ITBIFBIMEI ITaiiManay
yakpIThl 120 MUHYTKA j)KeTKeHIe FaHa 91 %-Fa Te3 ecTi, 0J1aH apbl MBIPBIIITHIH ITHIFHIMBI
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CAITBICTBIPMAJTBI TYPJIC TYpaKTaia OacTaraHblH Kepyre 00ajabl. by anbiHFaH HOTHXKEIED
Oackana 3epTTey KYMBICTaphIMEH JKaKChI colikec kenei (Xia Z. xoHe T.0., 2020).
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3 — cypem. MBIPBIIITHIH 06J1iHY MeJIIIepiHe IIaiiMaiay yaKbITBIHBIH dcepi

Hlaiimanay memnepamypacviuvly, acepi

OzeTTe, KOFapbl TeMIlepaTypa MOJIEKyJalapAblH, COHBIH ILIHAE MBIPHII Oap
MaTepHajiapAbl epiTyre KaTbICAaTbIH MOJICKYJalapAblH KHHETUKAIbIK SHEPrHICHIH
apTThipaapl. byn maiimanay epiTiHOICIHE MBIPBIUTHIH O6MiHY SKbUIAaMABIFBIHBIH
XKorapbulayblHa okeneni. CoHBIMEH Karap TemIeparypa InaiiManay epiTiHIICiHIH
TYTKBIPJIBIFBIHA OCEp €Tyl MYMKiH, OyJl Macca anMacy >XbUIJaMIbIFbIHA dcep eTell.
Herizinen, xofapbl TemnepaTrypa TYTKBIPJIBIKTBI TOMEHICTEl, Oy epiTiHAiHIH ilmiHae
KOHE KaTThI-CYHBIKTBIK HHTEp(EHCiHIe MBIPBIII TYPJEPiHiH THIMAIPEK apanacyblH KoHE
muddy3usaceiH KeHinaeTeal. MBIpBIIITEIH aMMOHMN XJIOPUII €pTiHZiciHAe OeniHyiH
3eprrey 40 °C Ttan 80 °C apanbIFblHIA KYPTi3iAl )KOHE albIHFaH HOTHXKeNep 4-cypeTTe
KepceTinai. MBIpbIUThIH ~ OeNliHy THIMALII TeMIepaTypaHblH JKOFapbUIaybIMEH
Oacrankpiia ecin, 80 °C mgaH KeliH MeTaNJbIH CYJIbl OpTara OeriHy >KbUIIaMJIbIFbIH]IA
aliTapiblKTail e3repic OOIMaWTHIHABIFBIH Kepyre Oomnansl. MyHaald e3repicTiH OOybIH
(Yang xone 1.6.,2016) —xymbIcTa, onTuManapl mamanay npouecia 80 °C ta xyprisrenae,
npouec AupPy3usAIbIK MEXaHU31IMMEH KYPETiHIH Joesae .
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4 — cypem. MbIpbIITBIH 06J1iHY MeJIIIepiHe MaliMaiay TeMIepaTypachbIHbIH dcepi

Ailtnany »#col10amoviZblHbLY dcepi

ApracTeIpy KaTThI OCT TICH KOJIEM/Ii epiTiHI apachIHIaFbl )KOFapbl KOHIICHTPAITUS
TPaaUeHTiH caKTayFa KeMeKTeceli, OyJl MBIPBII MOHAAPBIHBIH KAaTTHl (a3agaH CYHBIK
(hazara MaccachIH XKbUIIaMbIpaK TaCHIMAIaAyFa BIKIIAJ eTeli. Apajacy KaTThl OeTKe ipresec
SPITIHAIHIH TOKTAIl TYpPFaH MIeKapalblK KaOaThIH Oy3ajbl, oHTIECe epireH MBIPHIIITHIH
KaTThl MaTEepHaJ/IaH TaChIMaJIaHyblHAa KeZepri KenTipyi MyMKiH. JKoFapsl apamacteipy
JKBIITAM/IBIFBl OYJT TIIeKapaiblK KaOATThIH KaJBIHIBIFBIH a3aiiTaapl, Macca TachIMalay
KMHETUKACHIH KaKCapTa/Ibl )KOHE MBIPBIIITHIH O6JIiHYiH apTThIpaabl. MBIPHIIITHIH O6TiHY
MOJIIIepiHe apallacThIpy JKBULIAMIBIFBIHBIH ocepi 3eprrenmi. lllafimamay ceiHaKTaphI
apanacteIpy kpuramabFsl 100 aitn/muH-neH 500 aitH/MUH apaibIFbIHAA KYPTisinai. by
CBIHAKTap YUIIH IIaiiMaliay areHTiHiH KOHIICHTPAIMICHI, IaiiMaliay yaKbIThl, IIaiManay
temneparypacsl xoHe C/K kareiHach Tricinmie 5 mons/m, 120 mun, 70 °C xone 5:1 nen-
TeiiHie caKTaabl. 5-CypeTTe apallacThIpy KbUIIaMIBIFbIHA OalIaHBICTBl MBIPHIIITHIH
OeiHyi KepceTinreH. MBIPBIIITH MIaiManayablH THIMIIUIITI apalacThIpy KbIIIaMIBIFBI
100 aita/muna-nex 400 aifH/MUH IefiH KOTEPIUITeH/IE, MBIPBIIITHIH IIBIFHIMBI Al TapIIbIKTAN
JKorapbutazpl. Anaiina 400 aiin/MUH KeliH maiMaay THIMIUTITI AEpIiK e3repicci3 Kaji-
nel. COHABIKTAH MBIPBIITHIH OeninyiHiH TriMaimiri 400 aiiH/MUH-Ta OHTAMIBI OOJIBII
TaOBLUIAEL.
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5 — cypem. MpIpbIIITHIH 00JIiHY MOJIIIepiHe alfHATY KbLIIAMABIFBIHBIH dcepi

Kunemuxanulx 3epmmey

AMMOHHUH XJOpUIIMEH MaiManay KHHETHKACchl KaXETTI MeTajlapasl OJapIblH
pyJanapelHaH HeMece Oacka MaTepHajiapJaH any >KblIIaMIbIFbIHA 9CEp €TeTiH OipHele
¢dakTopnapmen perreneni. byn KWHETHKaHBl TYCiHYy THIMIUIIK, LIBIFBIHAAD JKOHE
KOpLIaraH OpTara ocep €Ty TYPFBICBIHAH CIATIeY MPOLECTePiH OHTAWIaHABIPY YIIiH eTe
MaHpI3abl. KMHETHKaIBIK MOJENbAiH HETi3r1 KONJaHbUTYbl APpPEHHYCTBIH KbUIJaMIBIK
KOHCTAHTAachl MEH TeMIIepaTypaHblH KaTblHAC TEHICyiHe colikec opOip peakuus
MPOLIECIHIH HEMECEe CAaTBICHIHBIH aKTUBTECHY SHEPTUSCHIH €CENTey, peakuusHbIH OacKapy
KaJaMIapbIHBIH TYPiH Oaranay YLIiH MaHbI3Abl. MBIPBIITH LIaliManay MPOLECi YIIiH
KEPEeK aKTHUBTEHY DHEPTHSICHIH APpPEHHYC TEHACYIHE COWKeC peaKiys >KbUIAaMIbIFbIHBIH
koHcraHTtack! (k) xone maiimanay temneparypacsl (T) apkbuisl ecenteyre 6onazasl (Jha
xKone T.0., 2001). NH,-NH,CI-H,O xy¥iecinae ToMeH CyphIIThI MBIPBILI OKCHII KEHIHIH
nraiiManaHy KMHETHKAChl IIOT1HM1 SAPO MOJIENiHIH KHHETHKANIBIK 3aHbIHA COUKEC KeNei.
Hotmxenep nHepTTi OomIIEKTepAiH KeyeKTepl apKbUIibl KypeTiH anddysus, maimanay
KMHETHKACBIHBIH JKbUIAaMIBIFBIH PETTEUTIH KagaM ekeHiH kepcereni (Nazari sxone T.0.,
2011). Temennmeri (1) Tewaeyaeriiell KanIblK KEHHIH IIaiiManay OapbIChIHIA €pYiH
CTEXHOMETPHSAMEH KOPBITBIHABUIAHFAH IOrUICTIH PO YATICIMEH TYCIHAIpYTe OOomabl.

aA CyitpIkThIK + bB Kanapik 6enmexrepi — OHiM (D)

KanapIKThl epiTy KbUIAAMABIFBIH XUMISUTBIK KOHE TUPQY3USIBIK MEXaHU3MACD
apkpuIbl Oakpliayra Oomnanel. Erep mpolecc XUMUSUIBIK MEXaHHW3IMMEH OaKbUIaHATHIH
0osca, TeHIeEyi KeJeci Type KepceTyre 00mabl:

1-(1-x)"=kt )

Conpaii-ak, erep mporecc AU(GPY3UATBIK MEXaHU3M apKbUIbI OacKapbUIATHIH
Ooica, 2-TeHneyai 3-TeHaey Typinae kepceTyre 0onaibl, MYHAAFbl X = METaJIIbIH LIBIFbI-
MBI, kK = JKbpIIIaMIBIK KOHCTaHTAIAPhl )KOHE t = peaKIysl yaKbIThI.

1-2/3x-x (1 -x)**=kt 3)

Korapnaarsl 2) sxone (3) TeHaeyIepiHeH, TPoLecC OHIM Ka0aThl apKbLUTbI XUMHUSIIBIK
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GakpLIay Ke3inze, yakpiTka Kapebl 1—(1—x)"? rpaduri koppessiust ko duirpenti R>=0,986
Oosarbid TY3y 60nansl (Cypet-6a). Erep Mexanusm nudy3usibik OarbITTa OacKapbliaThlH
6oinca, 1-2/3x—x(1-x)2/3 rpaduriniae aHbIKTaIFaH Koppensius Kodpduimenti R>=0,76
Oonanpr. Jlemex, NH,Cl maliManayra KaTbICTbI CHIHAFbIHBIH HOTHIKENEPI 60-CypeTTe Kop-
cerinrenelt (3)- TeHIEYiHE TOJBIK COHKEC KeNeTiHI aHBIKTaJIbI.
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6 — cypem. (2).0pTyp.i Temneparypanarsl t-re Kapest 1 — (1 — x)'3 sone (b) 1-2/3x — (1 — x) ?* rpadwmri.
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7 — cypem. FKbLU1IaMIbIK KOHCTAHTACHIHBIH Jorapugminin (In k) TeMnepatypanbin Kepi maMmacbina
(1/T) Toyeaainik cbi36achl.

7-CypeTTeH peakius KbUIaMJIBIK KOHCTaHTAChIHBIH TEMIIEpaTypaHbIH Kepi Iia-

MacbhIHa TOYeNAUIrt Appenuyc Tenaeyine (4-tenyey) OarblHaThIHBL KOPiHIN TYP.
kr = Aexp[—Ea /(RT)] 4)

Appennyc TeHIeyi OOMBIHIIIA eCENTEeNTeH MPOIECTIH aKTUBTCHY dHEPTHsICH 21,6
kJ>K/MOTH OO IBL.

KopbIThIHABI

MeTannbIH MIBIFEIMBIH apPTTHIPY MaKCAThIHIA OPKANCHICHI OipHEIIe AeHTeHIi Oec
napaMeTpiep/Ii KAMTUTBIH OapIIBIK TOKIPUOETIK 9icTep KapaCTHIPBIIABL. MBIPBIII OaTKBITY
KOKIapbIHAH MBIPBIIITH MaitManay OOUWBIHIIIA aMMOHHUHN XJIOPUIIMEH ePITYIIH TPOIecC
napaMmeTpiiepi aHbIKTaiaabl. MBIPBIITHIH CYyJbl OpTara OeJiHy MeJIepi apaiacTeIpy
KBUTIAMIBIFBIHBIH JKOFaphUIAyBIMEH, OOIIEeKTepIiH MOJIIIEePiHIH a3al0bIMEH, maimManay
TEeMITepaTypaChIHBIH KOFaPhUIAyBIMEH JKOHE aMMOHUH XJIOPHUIiIHIH KOHIICHTPAIIUSCHIHBIH
e3repiyiMeH JKOFaphlTaabl. MBIPBIIITHIH IIBIFBIMBI TOMEHIICT1 COUKEC TTapaMeTpiiepre Kell-
TipiATeH e, aTam aiTap0 oJIcak, peakIus yakeITH (t= 120 MUHYT), peakius TeMITepaTypachl
(T=80 °C), cyiipik/karTsl KateiHackl (C/K=5:1 r/m), apamacteipy xburmamasrsl (R =400
aifH/MHH) JKoHE aMMOHHH XJIOpUIiHIH KoHIeHTparuscs (C=5 Moinw/n), Ooitsiamra 93,17
% 060JaTBIHIABIFEI aHBIKTAIEI. COHAAN-aK, KAIBIKTHIH epyi KbUTIaMIBIFRI UG Y3USITBIK
Oakputayra coiikec kememi. [Ipomecc ke3iHAeri aHBIKTaIFaH aKTUBTCHY SHEPTHSCH 26,6
kJ>x/Momb skoHe peakmus peri 0,98 OoMaThIHBI aHBIKTAIABL. Byl omiCTIH THIMIUIITIH,
KOpIIIaFaH OpTaFa THUTI3ETiH Maigackl MCH PKOHOMHKAJBIK CAJIApPBIH 3€PTTCH OTBIPHIIL,
aMMOHUH XJIOPUIIMEH MBIPBIIITHI KaliTa OHIETY ©T€ THIMII OJiC €KEHIH aHBIKTAJIEI.
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Abstract. Currently, hydrogen is one of the best energy sources to meet the ever-
increasing demand for clean energy sources, while interest in the use of fossil fuels is
declining. However, the storage and production of controlled hydrogen remains a serious,
complex and at the same time, very pressing problem for hydrogen energy based on fuel
cells. The conversion of a parent chemical compound into a gas containing hydrogen is
usually accomplished through catalytic processes. In the modern world, various systems
for producing hydrogen from hydrocarbons and alcohols are being developed to generate
energy. We chose methanol for our process because of its relatively low catalytic
conversion temperature into hydrogen and CO,, which greatly simplifies the reactor design.
Additionally, the absence of a C—C bond in methanol reduces the risk of coke formation.
We have used catalytic steam reforming process and self-propagating high temperature
synthesis (SHS) method of preparing catalyst for mentioned process. This method has
a several advantages such as highly exothermic reaction of a mixture of powders, low
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pre-heating temperature (furnace) but very high reaction (combustion) temperatures up
to 3000 °C, very high heating and cooling rates: 10°~10° °C/sec, very short completion
times, of the order of minutes “just-in-time” manufacturing and easily controlled physico-
chemical properties of the products.

Keywords: methanol; hydrogen; Cu-Al-O catalysts; SHS method; cooling conditions
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Annoranus. Kazipri TaHa SKoJOTHSUIIBIK Ta3a KyaT Ke3iHe JIeTeH YHeMi OciIl Kelie
JKaThIPFaH CYPAaHBICTHI KAHAFATTaH/IbIPa aJlaThIH €H )KaKChl YHEPT HsI TACHIMAII Ay IBLITAP,TBIH
0ipi0OoubIT cyTeri Ta0BLIA Ib], a7 Ka30abI OTEIH KO3 IepiH Al 1alaHyFa JeTeH KbI3BIF Y IITBLTBIK
KYHHEH KYHTe a3aibin kenei. JlerenmeH, OakbUIaHATBIH CYTEKT1 CaKTay JKOHE OHiPY OThIH
VSIIBIFBIHA HETI13/IeNITeH CyTeTi SKOHOMHUKACHI YIITH 9111 JIe MaHbBI3/IbI, KYP/Ielli )KOHE IIYFbLT
Ka)XeT Macelie OoubIn Kenemi. bacTanmkbl XUMUSUITBIK KOCBUTBICTBIH KYpaMbIHIA CyTeri Oap
ra3 HeMece ra3 KOCIaChlHA aifHaIybl, 9ACTTe, KATATUTHUKAJBIK MPOIECTEPAiH KOMETIMEeH
JKY3€ere achIpbUIabl. DHEPTHs ajy YIIiH KOMIPCYTEeKTEep MEH CIIUPTTEPICH CyTeTi aly/IbIH
opTypui KyHenepi jkacamynma. bi3nmiH mporecc YIIiH MIUKi3aT peTiHfe 0i3 MeTaHOIIbI
TaHJA/IbIK, OUTKeHI OHBIH KOITEreH 0acka OpraHHWKAIBIK OTHIHAAP/IaH aifblpMaIIbLIBIFbI,
MeTaHonIbIH cyTeri MeH CO, NeHinri KaTaluTHKaIbIK KOHBEPCUSACHIHBIH CalbICTBIPMAIbI
TypJe TOMEH TeMIieparypachlHa ue Oonybl OONBINT TaOBUIAABI, al Oy PEaKTOP/IbIH
TU3aiHBIH ailTapineikTail xeHunaereni. CoHbiMeH Karap, meraHoina C-C OaimaHbIChI
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OoMaraHIBIKTaH KOKC TY31Ty KayIli 0omap 6ommac Ooieim kejesi. biz katanutukaisik Oy
PUGOPMUHT TIPOIECIH KOHE aTalFaH MPOIECKE KaTaau3arop MaiblHAAy VIIH e3/iriHeH
TapallaThlH JKOFapbl TeMrieparypanbl cuaTes (SHS) omiciH KommgaH/bIK JKOHE 3epTTeyiep
JKYpPri3mik. bys onic yHTaKTap KOCHAChIHBIH KOFApPhl SK30TEPMUSIIBIK PEAKITHSCHI, aJJIbIH
ana (mem imriHAe) KbI3ABIPYIBIH alTapibIKTali TeMeH Temrieparypachl, Oipak 3000°C
JICH1H JKETETiH Te )KOFaphl peakius (>kKaHy) TEMIIepaTypachl, aca JKOrapbl KbI3BIPY )KOHE
canKpIHAaTy KbUIamMabiFsl: 103-10°°C/cek, oTe KbICKa )KYMbIC YaKbIThI, MUHYTTAp 1IIiH/Ie
FaHa, «JI9JI YaKbITBIH/Ia» MaJiMIeMeciHe call OHipic )KoHE OHIMHIH OHail OaKbIIIaHATHIH
(U3MKa-XUMUSIIBIK KACUETTEPl CHSIKTHI apTHIKIIBUTBIKTApFa He.

Tyiiin ce3gep: meranom; cyreri; Cu-Al-O karamuszaropnaper; SHS omici;
CaJIKBIHJIATY JKaFJaimapsl

Kapotcvinanowvipy. 3epmmey Kazaxcmarn PecnyOaukacol 2uliblM JICIHE IHCOAPb
OINiM MUHUCMPIIZIHIY KAPIHCHLIBIK KONOaybiMeH opbinoanovt (AP19677006).
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AHHOTalII/Iﬂ. B HACTOsAIICES BpEMA BOAOPOA ABJIACTCA OAHUM W3 JIYHIIUX
HUCTOYHHKOB JDHCPTHUH, CITOCOOHBIX YAOBJICTBOPUTL MMOCTOSAHHO BO3paCTaIOH.IPII>i CIIpOC Ha
9KOJIOTUYCCKH YUCTBIC UCTOUYHHUKU SHCPIrUU, B TO BPEMS KaK MHTCPEC K MCIIOJIB30BAHHUIO
HCKOIIA€MBIX TOIIJIMB CHHXXACTCA. OILHaKO XpaHCHHUC U ITPOU3BOACTBO KOHTPOJINPYCMOT'O
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BOJIOPOJIa OCTACTCSl CEPLE3HOM, CIIOKHON U B TO YK€ BpeMs OYCHb aKTyaJbHOM MmpobneMoit
1151 OBICTpOpacTyLIeld BOJOPOAHON SHEPTETHKH, OCHOBAHHOW HA TOIUIMBHBIX 3JIEMEHTAX.
[IpeBpaiieHne UCXOTHOTO XUMHUYECKOTO COCTUHEHUS B Ia3, cOAep KAl BOJOPOX WM
CMECh I'a30B, 00BIYHO OCYIIECTBIISICTCS Yepe3 KaTaJIuTHIECKUE Ipoliecchl. B coBpemenHOM
MHUpE pa3padaTbIBAIOTCS PA3IMUHBIC CHCTEMbI TIOIyUEHHs BOIOPOAA U3 YIIIEBOAOPOJIOB U
CTIMPTOB JJIsl TPOM3BOJICTBA M TeHEPALMH SHEpryu. JJ1s HalIero npouecca B KauecTBE ChIPbs
MBI BEIOPAJIM METaHOJI M3-32 €r0 OTHOCUTENLHO HU3KOHM TeMIIepaTyphl IPH KaTaTUTHIECKON
KoHBepcuM B Bofiopos 1 CO,, 4TO 3HAYUTENBHO YIPOMIAET KOHCTPYKIHMIO HCIIOIB3YEMOTO
B mpouecce peakropa. Kpome Toro, orcyrcrsue cBsizu C-C B MeTaHONE 3HAYUTEIHLHO
CHIYKAaeT pUCK 00pa30BaHMs KOKCAa Ha Karajau3atope. Mbl HCIIOIb30BAIN M UCCIICIOBAIN
poIecc KaTaTUTHYECKOrO MapoBOro pu)OpMHUHIa U METOX CaMOPACIPOCTPaHSIOLIETOCs
BbIcOKOTeMIeparypHoro cunTe3a (CBC) ai1si IpUroToBIeHUs KaTaau3aTopa Ui yKa3aHHOTO
mnporecca. ITOT METOA MMEET Psifi NPEUMYILECTB, TAKHE KAaK CUJIBHO 3K30TepMUUECKast
peaxiys CMeCH MOPOLIKOB, HU3Kasi TEMIIEpaTypa MpeBapUTEIbHOIO Harpena (B eun), HO
OYEHB BBICOKHE TemIreparypbl peakuuu (cropanus) 10 3000 °C, oueHb BEICOKHE CKOPOCTH
HarpeBa u oxnaxaenus: 10°—10°°C/cek, oueHb KOPOTKHE CPOKH BBINOJIHEHUS, NOPSIKA
MHUHYTBI, IPOU3BOACTBO MO METOAY «TOYHO B CPOK» M JIETKO KOHTPOJIUPYEMBbIC (U3HKO-
XMMHUYECKHE CBOMCTBA MPOAYKIHH.

KaroueBbie cioBa: mertaHor; Bomopox; karamuzatopel Cu-Al-O; meronm SHS;
YCIIOBHS OXJIXKACHUS

Koungpnuxkm unmepecos. Asmopwi 3assensirom 00 omcymcmeuu KoHpauxma
uHmepecos.

Kipicne

MyHail KOpiapblHBIH Te€3 a3alobl CalAapblHAH JKaHAa XUMMSJIBIK JHEPTHs
TacsIMalAayIbUIapblH KeHiHeH urepy XXI racblppa Oanamanbl KoHE IOCTYpIi eMec
SHEprusl Ke3JepiH mainamanynsl taman ereai (Parmon et al., 1999: 236). bapnbix
OPTaHHUKAJIBIK 3aTTap MEH CYyAbIH KYpaMbIHIa KE3AECETiH CyTerire epexiue KeHin Oemyre
Typa keneni. CyreriHiH Oipereil Kacuerrepi OHbI oMOeOam >KOHE SKOJOTHSUIIBIK Tas3a
SHEPrusl TachIMAJIAyIlbl JIeN CaHayFa MYMKIHIIK Oepeli, JKblTy KO3FalTKBIIITAPbl MECH
SNIEKTP SHEPIUsCHIH OHIIPYre apHallFaH KYpbUIFbUIAPABIH Ke3-KEeJIreH TYpPiHE KapamIbl
Oonein TabbuTanB! (Godfrey et al., 2022: 100042). Ka3ipri yakpITTa 3HEPTUsIHbI KO KaXeT
eTeTiH OHEPKACill MEeH KOJIK cajlanapblH «OThIH aneMeHTTepi» (O3) Herizinae cyreri
OTBIHBIHA JKOHE AIICKTPOXMMHUSUIBIK TeHEepaTopiapra aybICThIPY JKOJIAPbIH OeJICeHI 131ey
xyprizinyne. by Mmazerte «oteiH nporeccopiapen» (Halder et al., 2024: 114543) epexire
MaHpI3Fa He, cebel OpraHuKajbIK KOCBUIBICTap: KOMIPCYTEKTEpeH, CIUPTTEPACH KoHE
a¢upIepACH CyTeri reHepalusIChIH KacayFa MYMKIHJIIK Oepeti.

XXI facwlpablH OacklHaH OacTam KeITereH MHIAYCTPUaJAbl JaMbIFaH elaeple
CYTeTri SHEPreTUKAChIH 3ePTTEY/IH ipi MEMIICKETTIK OaFaapiiaManapbl KapHUsUTaHbII, iCKe
achIpbIT KeJesi. byriari TaHma oneMHIiH OapibIK ipi aBTOMOOWIIh KOHE IHEPTETHKAIBIK
KOMIIaHUSIAPbI, COHJAN-aK JKY3/IereH OpTa >KOHE LIaFrblH MHHOBALMSUIBIK KACIOPBIHIAP
ochl OarbITTa Oesceni 3eprreynep xyprizyae (Veras et al., 2017: 2018).

XUMUSITBIK KOCBUIBICTApPAbI, OHBIH 1II1H/IE OPTraHUKAJbIK KOCBIIBICTAP/IbI CyTErire
alfHaJIBIPy MPOLECi KaTaJUTUKAIBIK pUGOPMUHT apKbUIBI XYy3ere acbipbliansl (Loricera,
2017: 11). Byn mpomeccke KpIcKaiia TOKTalna KETeTiH OOJcak: Ka3ipri TaHga yII japa
TYpi KOJIJAHBUTAJIBI — ABTOTEPMUSUIBIK pU(OPMUHT, imIiHApa TOTHIKTAHIBIPY KoHE Oy
pudopMUHTi oicTepi.
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ABTOTEpMUSIIBIK PUPOPMHUHT Ke3iHAe Oip yakpITTa €Ki TYpJli peakius Karap
xkypeni (Hos et al., 2024: 1121): sanoTepMusuibiK Oy pUPOPMHHTI MEH SK30TEPMUSIIBIK
TOJIBIK TOTBIFY peakuschl. CObIHBIH HOTHXKECIH/IE TPOLECTIH SHTAIBIHACH HOJITE )KAKbIH
Oomasel na, peakiys (1) CBIPTKBI KbUTY Oepy/Ii KaXKeT eTIen/Ii:

4CH,OH + 3H,0 + 0,50, =4CO, + 11H, €))
A H° ~ 0 x/lx-monp™

MeranonaeiH oTTeriMeH imiHapa ToTeIFyel (Cubeiro et al., 1998: 307)
AK30TEPMIUTBIK JKOJIMEH JKYpeli JkoHe peakmws (2) alMarblHaH OOIHETIH KBLTYIBI
KeTipymi (OOl MIBIFapy/Isl) KaKET STEi:

CH,0H + 0,50, = CO, + 2H, 2)
A H’ = +192 /I Mons™

Mertanonaei Oyl pudopmuari (Kang et al.,, 2022: 3587) »HAOTECPMHUSIIBIK
peakmust (3) 6obIT TAOBUTAIBI )KOHE PEAKITUS allMaFbIHA JKBUTY Oepy/li KaKeT eTKeHIMEH,
KOJITaHyFa BIHFAMIIBI J)KOHE ap3aH oic OOJIBIT KeJIeTi:

2CH,0H + 0, =2CO0O, +4H, 3)
A H° = -49.4 x]Ix-Momb™!

An KypaMbIHJIa MBICBI Oap kaTaym3atopiap/sl Koiaaany (Alejo et al., 1997: 281)
Oynel pudopmunr npouecin 200—400° C temmeparypaa Xyprizyre MyMKIHAIK Oepei.
byn xarmaiina mertanonabl 100 % koHBepcusiay YIIIH PEaKTUBTEPIiH KaTalau3aTop
KabaTbIMeH jkaHacybl Y3aKkThIFbI 0,1—1 ceKyHITaH acalThIH YaKbIT )KH1 JKETKUTIKTI OOJIBIIT
KeJIe/Ii.

Ocpl mporieccke caiiMa cail karanuzatopasl SHS, srHM e37iriHeH TapaiaTblH
JKOFaphl TeMIIepaTypabl CUHTE3 9Jici OOUbIHINA NaWbIHAAABIK. O3JIriHEH TapaiaThiH
JKOFaphl TeMIiepatypaibik cuaTe3 (SHS) koHaeH canusIanFaH xyienepiiH 0aKblIaHAThIH
JKaHYbIHA HETI3/IeNreH. YHTaKTap/blH MYKUAT JKOOajlaHFaH >KOHE OaKbLJIaHATBIH
KOCTIaJIapbIHBIH ©31H-031 KaMTaMachl3 €TETiH SK30TEPMUSUIBIK KaHYbl Ke3iHJe CHHTE3
TEMIIepaTypachl PeakLUUsHBIH 6Te KbICKa OOJBIN KEJIETiH JKaNIbl aFaHJarbl yaKbITHIHIA
1500-3000 °C xeTyi MyMKiH, siFHH OipHelIe ceKyH iminne rana (Aruna et al., 1997: 158;
Merzhanov et al., 1990: 144; Merzhanov, 1997: 242; Moore et al., 2008: 243). byst me3ette
«CKaHy» TpoLeci aJblHFaH YATi OOMBIMEH YKaHy TOJNKBIHBIHBIH Tapaiybl TYPIHIE KYPEemi.
AtanFaH Karjaiiyiapia CUHTE3AeIeH MaTepHajiap KpUCTaIbIK TOp aKaylTapbIHBIH OTe
JKOFaphl KYPaMbIMEH CHIMATTaNIajbl. Byl KaTanu3atopiblH OCJICEHMILTITH aHBIKTalThIH
©Te MaHbI3/Ibl KATAJTMTUKAJIBIK CUIIATTaMa OOJIBIT TaObLIaIbl, OUTKEHI OJIap KaTajiu3 YIIiH
OeJiceH 1l yyacKesnep peTiHie opekeT eTe/li. JKaHy TOJKbIHBI OTKeHHEH KEWiH TOJIKBIH]IBIK
«(ppOHTTBIH» apThIHJAA KajJfaH MaTepuayl CalkbiHaa Oactaiinpl. CuHHTE3IeNTeH
KaTaJlM3aToOPIbIH COHFBl KYPBUIBIMBI MEH KYpaMbl CaJIKbIHIATy >KbULIaMABIFBI MEH
cumatbiHa OaimaHbICThl e3repefi. KypbUIbIMIBIK KoHE XMMUSUIBIK KOHBEPCHSHBIH Oec
aiimarbiH Oestyre Oomnanbl (Gladoun, 2011: 269). V aiiMak cayKbIHAATy aiiMarbl OOJIBII
TaOBUIA/bl KOHE MaTepHajiapiblH KypaMbl oJli Jie e3repeTiHi aHblK. YJTiHI opTypui
KBUIIAMJIBIKTap MEH MIapTTapAa (MUHYThIHA OipHEIe JKY3[eH KY3AeTeH MBIH IpaaycKa
JIeiiH) CalKbIHIAaTy KOMIO3UIMsIIAp ayKbIMBIH alyFa, COHBIMEH KaTap TOp aKayJlapbIHbIH
KOHIIEHTPALMSCHIH e3repTyre MyMKinaik Oepeni (Korchagin et al., 2007: 176).
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SHS eHimzepiH TepMOrpaBUMETPUSIIBIK Tanjay >KaHy TOJKBIHBIHBIH OOMBIHIA
OacramKbl YHTaKTap/AblH KON KaFiaiijia TOJbIK peakmusra Tycim yirepmeimi (Gladun
et al, 1993: 107) mererm TyxbIpbIMFa Kentipemi. TammaymapiblH KOPBITHIHIBLIAPHI
kepceTkenel, cunres onimaepi Al, CuCO,, MgCO,, xoHe T. 0. CHAKTBI BIIBIPAY KOHE
TOTBIFY TeMIIEpaTypajiapbl calblcThIpMaibl Typae anranaa teMed (500-900 °C) Gonbin
KEJIETIH KOCBUIBICTAp/aH Typajbl. OETTe KOCBUIBICTAPAbIH jKaHy Temieparypacsl 1300
°C-2500 °C apachIiHmarbl IIaMaHBI KepceTelli, Oyl KeNTereH >Karnmainapna OacTarkbl
YHTaKTapJblH peakiusFa TYCIN YJITepMeid, TONBIK BIIbIpalThIHBIH Kepceredi (Vekinis,
2000: 227). Ochl )xaHATBIKTAP/IBIH HOTH)KECIH/IE CHHTE3 )KYPTeHHEH KeHiHT1 CallKbIHAaTy
KBUIIaMIBIFBIHBIH ©3Tepyl aHy IPOIECTEPiHIH Y3aKTHIFBl MEH TEePEHJITiHIH e3repyi
HOTHXXECIHJEC KaTalu3aTOP/AbIH MHUKPOKYPBUIBIMBI MEH KaCHETTEepiHIH opTypii OOJIbII
IIBIFYBI OCNTIICHTI.

by xarnail MareprangapAblH KaTaTUTHKAIBIK OeJICeHALTIriHe aTapibIKTai acep
eteni aen kyTinai. Karanmutukanbeik 6enceHainikTi kepcereTin SHS oniciMeH galibiHIanFaH
KaTaJIM3aTopIIapPMEH YKCIIEPUMEHTTED KYPTi3iIIi.

3epTTey HBICAHBI MEH dfiicTepi

Karanuzaropnap e3miriHeH TapanaTbhlH JKOFapbl Temrieparypanbl cuHTe3 (self-
propagating high temperature synthesis - SHS) onicimen mailipinmanabl. bipinmrines,
KaTaJIM3aTop/ibl CHHTE3/IeYTre apHaJFaH YHTAaKTapAbl JaibiHaan anambi3. O yIIiH MeTai
Ky#inaeri rasa amomunui (Al) men mMbic (I) oxenpinin (Cu,O) yarakraps! G6enrini Memep
MEH KaTbIHACTa ©JIIICHIN aabiHAbl. ColaH COH OJIIIEHIeH YHTAKTap apajacThIpbulbi, 50
0ap KpICHIM aCThIH/Ia THPABIMKAIIBIK MMPECCTIH KYIIIMEH HBIFBI3AI «TaOIeTKay MilIiHiHEe
KeJTIp/iK.

Haiipinnanran Tabnetkansl anjaeiH ana 700 °C Temmneparypara JACHiH TYpaxKThl
KbI3/IBIPBIN KOWBUIFAaH Mydenb nemine eHri3uik. CuHTe3 peakuuschl je3ae OacTasbll,
KYpIN KeTyi YIIiH peakIusiHbIH WHUIMATOPBI peTinae 1 r ta3a marnuii (Mg) yHTaFbIH
TaOlleTKaHbIH YCTiHE KOWIBIK. 10 CeKyHJ ©TKeHHEH KeHiH CHHTe3 MarHuil TYTaHBII,
CHHTE3 PeaKkLMAChIHBIH HHUIMAMUICH OacTanabl. [lemke eHriziireH TepMmonapa apKblUibl
CHHTE3 PEaKLUSICHIHBIH 6Ty TEMIIEPaTyPachlH OaKbLIal, TipKeI aj/bIK.

3epTTey KYMBICTapbIHBIH OapbIChIHAA >koFapbiaa atairad Al-Cu-O xyiienepiHin
Heri3iHaeri Mmarepuanap 6ipaei xxarnaitnapaa SHS-xanybIHa yIIBIpa bl JKOHE peaKIUsIaH
KeWiH opTYpJIi )KaFaaiiap/aa CybITBUIIBL: TIENI ilTiHe, ayana (0enMe TemMreparypachkiHa),
a30T (N,) KbICHIMBIHBIH acThinaa. OChl JKarnalnapablH CUHTE3IEITEH KaTalnu3aTop/IbIH
KYPBUIBIMBI MEH OCJICeHIUNIrHE BIKMAIbl aJIJaFbl YaKbITTa METAHOJJIBIH KaTaJINTHKAJIBIK
pudOpPMUHT TIPOIIECiHe Kalail ocep eTeTiHAIr OaKbLIaH b

Karanutukanblk pudOpMHUHTKE JEHIHIT OacTankbl KOCIAHBI OHE IMPOLECCTCH
Kelinri peakuusa eHimaepin Tangay «Chromos GC—1000» (Peceii) xpomarorpadblHbIH
KOMETIMEH KYPTi3iii, oJ1 canTaMa oHe KalWUIIPIIBbIK KOJOHKATapMEH KaOIbIKTaJFaH.
H,, 0, N,, CH,, CH,, CH,, C,-C, kemipcyrekrep, CO xone CO, Tannay yuuiH opajiran
OaraH KOJIaHbLIAIbI.

Karanuszaropnapapl CHUHTE3[Ey JKOHE onapra (PU3HMKa-XUMHAJIBIK 3EpTTEYIep
«demokpuroc» ¥arrtelk Feubimu-3eprrey OpransiEbiablH  (Aduabl K., ['perus)
KETUIIIPIIreH KepaMuKa XKoHE KOMITO3UTTEP 3epTXaHachlHAa Kyprizinai. CHuHTe31enreH
KaTtanu3aropinap iki cranaaptel perinae 10 % KCl xone CuKal coynenenyin KongaHaTelH
xaptbutail canaplk Siemens Spellman DF3 cmekrpomerpinae peHTreHAik audpaxuus
(XRD) rammaymapsl xyprizingi. KaramusaropiapablH MEHIIKTI O€TiHIH —ayJaHbIH
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Bpynaysp-Ommert-Temnep spicimen enmenai (BET aaici). ConbIMeH Karap, KaTaiau3aTop
YJITisiepi cKaHepieyIi 3IeKTPOH Il MUKpOCKonus oaiciMen (COM) 3eprreni.

Karamm3zaropnap armocdepabik KbICHIM acThiHAA AuameTpi 10 MM, air y3bIHIBIFBI
40 cm OomaTblH TypakThl KabaTbl 0ap KBapl] peakTopblHAa chiHANbL. Karammzarop (2
MIJI) KBapIl TYHIpIIiKTepi apachlHIa KYOBIPJIBI peakTopFa OpHANACTHIPBUIABL. Peaktop
IIiHeri KaTaJnu3aTopJblH TYTACTBIFBIH CaKTal Kally MaKCaThbIHAA OHBIH €Ki KarbIHaH
«QUHEKTENreH» MaKTa KabarTapbl OpHAIACTHIPBUIIHI.

3epTTey HITHIKeIePi AKIHE 0JIAPABI TATKBLIAY

SHS >kaHybI Ke31HJETi peaKusuIapIbH OHIMIITITiHE JIayIial j)KaHy asKTalFaHHaH
KEHIHT1 YITiHI CaNKbpIHIATy HEMece CYybBITY KbUIIaMIBIFBI Tikenel ocep eremi. bi3
KapacThIPBI OTHIpFaH ‘kardaiima, srHM Al-Cu-O kyieciHmeri HeTi3ri XUMESUIBIK
peakIusIap KeJleciiei:

2Al+ Cu,0 +20,— 2Cu0 +ALO, “
2A1+3Cu0 — ALO, +3Cu )
CuO + ALO, — CuALO, (6)

2Cu +0, — 2Cu0 (7

Anramksl ym peaknusi kedinece SHS mpouectepine ToH, an TepriHmrici Oonca
JKaHy[aH KeHiHri eHaey aiiMarbina xypeai. COHbIMEH, )KOFapblia KeJITipiIreH KaTaau3aTop
CHHTE3Iey Mpoleci Ke3iHAe JKYPETiH peakuusuiapliaH Kepyre OomaTblHIAHM, YJTiHI
CaJIKBIHJIATY KbIIIaMJIBIFBl TOMEHJICTEH CaliblH MBIC KOOipeK ToThIFabl. Erep cunTesnexn
KeHiH yiAri memre »XOFapbl TeMIlepaTypaja ycTalca, OHAa OapiblK peakIHsIapIbIH
asFbIHA JCWiH TONBIK JXYPYiHE MYMKIHIK Tyadbl. AJaiia, erep KapacThIPbUIbIIT OTBIPFaH
YJIT1 )KaHy peakUUsChIHAH, SIFHU CUHTE3]eH KeiiH Oip/ieH calKbIHAATbUIATBIH OoJica, OHJa
peakuusIapablH OapibIFbl HeMece KeOipeyl TOKTalibl JKoHE asfblHA JKEeTe aTMaubl.
PeakuusiHbIH asiKTamy 1opexkeci CalKbIHAATY JKbUIIaMIbIFbIHA TiKeJIeH OalIaHBICTHI EKeHi
Oenrini Oonabl. OPTYPII KaFJalJaFbl CaJKbIHAATYAbIH KaTadH3aTOPAbIH OeJICeH TN MeH
KYpBUIbIMBIHA dcepi KOpHEKi Typae 1 KecTeae KepceTiireH.

Kecre 1. CankpiHIaTy sxa¥qaiiapbIHBIH MBIC HET131H/IET] KaTalnn3aTopiiapblH KypaMbIHa, (H3HKaIIBIK
KacHeTTepiHe XKOHE METaHOIIBIH pU(OPMHUHT TIPOLIECiHIeTi OeNceHiTirine acepi

KaTanmaT(;p KYpameL, DU3UKA-MEXAaHUKAIIBIK
’ _ KacuerTepi

Cankempary Kox?il:::;m ceneizggniri KFIC}-I : MeH]-m-KTl
Karmaiiapbl 1:/ ’ o > | 6epikriri, GeTining
CuALO, | CuO | Cu 0 0 MlIla ayJ/IaHbl,

M%/r

N, 27 47 26 88,5 91,2 24 0,8

Aya 24 6T | 15 792 779 17 2

TTem 23 743 71,7 63.8 T 5

Al-Cu-O xyifeciHiH HETi3IHIe CHHTE3ICITCH KaTaIN3aTOPIbIH Talgaybl COHFBI
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SHS enimiHJIeTri MBICTBIH €H YJIKEH YJIeCi CaJIKbIHIATY JKbUIIAM/IBIFBI €H JKOFaphbl OOJFaH
Ke3Jle, SIFHM YITiHI KBICBIMJIaFbl a30TTHIH aCTHIHJA CAJKBIHAATYBI Ke3iHJe OOJaThIHBIH
KepceTTi. PeHTreHIik KypbUIBIMIBI Taijay a30TThIH KaTamu3aTop OETiHJeri alllbIK
caHpUIayTapblHA CHIIl, KeHIpeK, KbUIIaMBIPaK JKoHE OIPKENKi CalKbIHIaTyFa OKeJeTiHiH,
OChUTaliIlIa KaTajau3aTopAa MBICTHIH KeO0ipeK joHe OipKelmKi TapalyblH KamMTaMachi3
eteriniH kepcerTi (Kecre 1).

YnriHi ayajna CaimKbIHIATY aliFalllKbl XKarjaifa KaparaHja alTapiblKTail TOMEH
KBUIIaMIBIKIICH JKYpedi, COHABIKTAaH MeTal MbIc menmrepi aszasnel (Kecre 1). An
KaTaJIn3aTop/abl My(elb MeliHAe YIIT1 TOJBIK CybIFaHFa JIeiH YuTaFaH Ke3/ie JaifbiH OoNFaH
KaTanmu3aTtop KypaMbIHIa MbIC i37epi raHa Oaiikanael (Kecte 1). byn OakputaymapasiH
OapIBIFBl PEHTTEeHIK-CaHABIK Tanaay nepekrepimer pacranabl (Kecte 1). Cankbranary
KaFIaiIapblH ©3repTy apKbUIbI MBbIC KOHLIEHTpaUusChiH 1-1eH 27 %-Fa aeliin e3repryre
OoMaThIHABIFBIH KOpceTTi. HoTmkeciHae karamu3aropiapablH QU3UKAIBIK-MeXaHHUKAIIBIK
kacuertepi jge e3repai (Kecre 1) koHe a30T KBICBIMBIMEH CYBITY ©T€ KOFaphl KBICY
OepikTirin 0epi, Oipak MEHIIIKTI OETiHIH ayJaHbl TOMEH OOJIIbI.

Ynarinepai  canmKbIHAATy OKBUINAMJIBIFBI  KaTalH3aTOpJIApIblH — KacHeTTepiHe
TiKeJIel ocep eTefli, OUTKeHI Kypambl MEH KYPBUIBIMBIHBIH ©3repyi OeJICEeHITIKTIH
e3repyiHe okenemi. JKorapel CanmKbIHIATY SKBUIAMJBIFBIHIA KPUCTAIIBIK TOPIBIH
KYPBUIBIMJIBIK aKayiapbl KeOipek maiaa 0omasl (aKaynap KaTaau3aTopiapiblH OeJICeH Il
OpTAJIBIKTapbl OOJBIN Ta0BUIANbI), OYJ MaTepuaJbIH OCJCEHIUIITIH apTTHIPaJIbL.
JlereHMeH, KaTamu3aToOp/IbIH COHFBI OTICEH TIMTIT €Ki mapaMeTpre /e OaiIlaHbICThI: aKayJIbl
KYPBUIBIM KOHE KOMITO3UIIUS. MBICalbl, JeTUAPIICY KaFalbIHIa €H MaHBI3/bI TTapaMeTp
KaTau3aTroparkl MbIc Memmepi Oombim TadbiIanbl. Al-Cu-O sxyiieci xarnaibiHia eH
oencennici 27 % Cu (a30T aFbIHBIHIA CaNKBIHJATBUIFaH) Oap Karaau3aTop OOJIbl, Oy
KaFJaina cyTerinig cenektuntimiri 91,2 % xypanast (Kecre 1).

bacranker CuO men Al SHS >xanybiHa Herizzmemin >KypriiireH taxipuoenep
(bipkenki Oacray yuriH eTe a3 Memmepae Mg KOChUIFaH) fe (PM3UKa-XUMUSIIBIK KaCHETTEP
MEH KaTaJIUTUKAIBIK OCIICeH IUTIKTIH CalKBIH/IATY JKaFJaillapblHa TOYENIUTITIH KOPCETTI.
MarepuangapaplH CKaHEpJeyll 3JIeKTPOHIBI MHKPOCKOMHUACH HETi3ri ceOenTepiH
OipkenKi emec CalKbIHIaTyMEH, COHJai-aKk MaTepuaJlblH OCTiHEe J>KaKbIH JKepJe
MUKPOXapBIKTapbIH Taiia O0yblHA JKOHE TapalyblHA OKENETiH CANKbIHIATY Ke3iHJeri
TEPMUSUIBIK COKKBIMEH OaiIaHbICThI 00ybl MYMKIH eKeHiH KepceTTi. CyblFaHHaH KeHiHTi
KaTaJM3aTOP/bIH KbICY OCpIKTIriHIH MiHAepi aWThUIFaH TY)KBIPBIMIaMalIap/blH KaKCh
KepceTKimi OoibIn TaObIaabl. A30T aFbIHBIHJIA CAJIKBIHAATBIIFAHHAH KeiiH (YJTiHIH
OeTiHaeri MaKCUMAIIIbl CATKBIHIATY KbUTIAM/IBIFbIHA UE) OJIIIISHTeH OEPIKTIK I1aMaMeH 24
Mlla 6omaer. SHS cuHTe31HEH KeliiH OeIMe TeMIIepaTypachIHIaFbl aya/la CalKbIHAAThIIFaH
xoHe 700 °C Temmeparypaibl TeIITe CaJKbIHIATBUIFAH MaTepHalapiblH KbICHIMFa
Oepikriri colikecinme 17 Mlla xone 11 MIla neitin Oasty aszaiinbl. byn ckanepreymni
AIIEKTPOHJIBI MUKPOCKONHS  OJICIMEH JKacalfaH TalaylbIpAblH HOTIKEIEPiHeH
OaifKalaThlH MHKPOKYPBUTBIMHBIH ©3repyiHe OalaHbICThl OONybl MYMKIH JeTreH
TyKeipbiMFa Kengik (Cypert 1). By Oakpuiaynap nemris inrHaeri TeMnepaTypana CybITy
IIBIHBI TOPi3Al (a3aHbl TOMEHJIETETiIHIH, aTOMIBIK MU(PQPY3US apKbUIBI KpHCTaJIIaHyFa
BIKIIAJI €TETIHIH KOpceTei, OYJI YIATIHIH KaKChl aJire3usiChIHA JKOHE KOFaphl OEpIKTIriHe
okeneni. JlereHMeH, TEIITIiH iMIiHAe Y3aK YaKbIT YCTay KPUCTAIABIK OONIIEKTEPIiH oCcyiHe
OKele/Ii Jie KbICHIM OepiKTIriH TOMEHIETE .
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Cypem 1. SHS >xanybIHaH KeHiHT1 OpTYpII XKaFainapaa calKbHAaTKaHHaH keiinri Cu-Al-O
KaTaJn3aTopiap CEpHUsCHIHBIH ChIHY OTiHIH CKaHepieyIi IeKTpoH b MUKporpadTapsr: a) 700°C neitin
KBI3JIBIPBUTFaH My(elb HelliHiH iIIiH/e CaKpIHIaThUIFaH, 9) allbIK ayasia (0eimMe TeMIiepaTypachlHaa)
CaJIKBIH/IaTBUTFaH, 0) a30T KGICBIMBIHBIH aFbIHBIH/IA CANKBIHAATBUIFAH YIITiIEp

SHS >xaHy mporeciHeH KeHliH a30TTa, aya/a jKOHE IeINTiH IMIiHAe Y3aK YakKbIT
CaJIKBIHJIATy KOMITO3UITUSTHBIH KYPaM/IbIK CHUTIATTaMAChIH ©3TepTIiece e, CON KYpaMHBIH
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CaHJBIK KOPCETKIITEePiHIH ©3repyiHe oKeNi. 2 CypeTTeri pPeHTIeH CIIeKTpIepiHe
KOPCETLINeH e, ayasa HeMece nemre cankpinaary CuAl O, menmiepine acep eTNEUTIH
cuskThl, Oipak CuO memmepin keOeifrim, anm Cu Memmiepi a30THEH CaNKbIHAATHUIFAH
yirize Oipmama apranasl. MyHbI skorapbiia aiiTeiiFan SHS ke3iHge jkoHe oaH KeHiHri
HET13Ti peakiusuiap Ti30eriH KapacThIpy apKbLUIbI TYCIHYTE O0JIaIbl.

1-Cu0
2-Cu
3- CuALO, 1

Mydenb newiHiH iwiHge cybiFaH yari

Ayafia cybiFaH yAari
(6enme TemnepatypacsiHaa)

3 A30T KbICbIMbIHbIH, aFbIMbIHAA CYblFaH
yari

Cypem 2. OpTypii ®arnaitnapaa cankelHAaThuFaHHaH Keiinri Al-Cu-O karamusaropiap
CEpPUSICBHIHBIH PEHTTCH/IIK KYPBUIBIMIBIK CIICKTpIIEpi

AJBIHFaH KaTallu3aTopiiap/blH CanajiblK KypaMbl YKcac Oouijibl, Oipak (a3aibik
KaThIHACHI OOWMBIHIIA op TYpJl ekeHiH Oaiikanbik. Da3anap apachiHAarbl MIaMallaHFaH
KaThIHACTAP PEHTICH COYJICCIHIH CaBICTBIPMaIbl KAPKBIH IBLIBIFBI aDKBUIBI aHBIKTAJIJIbI.

Cunresnenren Cu-Al-O karanu3aropiiapblHBIH KaTaJIUTHKAIBIK OCJICEHIUTIT
OesiMe TeMIiepaTypachiHaFbl ayajia, a30T aFbIHBIHBIH acThiH/a, coHpaii-ak 700 °C neliin
KBI3/IBIPBUIFAH TICNITE CaJIKbIHAAThIIFaHHAH Keiin 3eprrenai (Cyper 3 xoHe Cyper
4). Tlemte calKbIHAATY KaTaJIUTHKAIBIK OCJICCHIUTIKTI aWTapibIKTail TOMEHICTETiHI
anbIKTanabl. OcklFad aeiin Kapacteipbuiran COM Oaxputaynapsl (Cypet 1) Oyt 3aHIBUTBIK
MUKPOKYPBUIBIMHBIH ©3TepyiHEeH, acipece MSHICPAIH JaMybl MEH KpUCTAJaHybIHAH
TybIHJIAybIHAH OOJYbl MYMKIH €KCHJITH KepceTTi. Ayaja »oHE a30T aFbIHBIHBIH
aCThIH/Ia KAaTald MUKPOKYPBUIBIMHBIH JJAMYbIH TOKTATaJlbl JKOHE KPHUCTAJJIaHy TOJIBIK
emec Ooubin mmbIFaabl. Exinmm xareiHad, SHS peaknusceiHaH KeHiH MemTe y3aK yakbIT
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ycTan CalKbIHIATy MHKPOKYPBUIBIMHBIH TOJBIK JaMyblHA MYMKIHIIK Oepeni JKoHe
«ISHAEPAIH» JTaMyblHa MEH eCyiHe MYMKiHAIK Oepemi. JKbuigam cankplHAATY aKaysibl
KYPBUIBIMHBIH T1aiijia 0ONybIHa SKeTyli MYMKIH JKoHe OyJI akayiap OelICeHIUTIKTIH Herisi
Ooyazipl J1a, KaTanu3aTopblH OCICEH Il OPTANBIKTAPhI PETiHJC dpeKeT ereii. JlereHMeH,
OYJ1 MUKPOKYPBUIBIMIBIK JICHIeiMEH TEeHECTIpisie/i, COHABIKTaH Oenrimi Oip mporecTiH
OeNCeHILTITT MaKCUMAIIIbl OOJAaThIH OHTANIIBI CANKBIHIATY JKBUIAMJIBIFBI OOyl KepeK.
CoHBIMEH Karap, y3aK yakKbIT OOWBI KbI3BIIT TYPFaH TEMITIH INIHIE CYBITY MHUKDPOTOP
Hemece uHTepdencTep apKbiIbl aTOMAAPBIH UG PY3UACHIHA BIKIAT €TIll, «aKayTapIbIHy
KOHIICHTPAIIUSICHIH TOMEHACTEN. 3 %oHe 4 CypeTTep/ic KOPCETIIreH HOTIKEIEP/Ii ecKepe
othIphin, SHS cHHTE31HEeH KeiliH KaTalin3aTop/abl OHTAMIBI CAIKBIHAATY KBUITAMIBIFBI —
a30T arbIHBIHBIH ACTHIHIA CaJIKbIHIATY €KCHI aHBIKTAJIIbI.
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Ocpinaiiia, METaHOJIBIH KaTAIUTHKAIBIK PU(QOPMUHT TIPOIECi apKbUIbI CYTeTi
MEH KOMIpTeTiHIH KOC TOTHIFbIHA JICHIH KOHBEPCHUSIIAHY PEaKIUSCHIHBIH OHTANIIBI
maptTapel avbikTanaer: T = 400 °C, P = 0,27 6ap, V = 100 Mxi1/MuH, MIHKi3aT MEeH
SHEPTHSHBI YTHIMJIBI TYTHIHY Ke3iHJle OHIMHIH MaKCUMAJIJIbI IIBIFBIM/IBUIBIFBIH ajy YIIIiH,
peaKLys KOCIAChIHAAFbl 3aTTapAbIH KaTbIHACHI CH3OH:H20 =2,5:1 6onasl.

KopbIThIHABI

Ocblnaiiia, e30iriHeH TapaiaTblH JKorapbl Temneparypaislk (SHS) cunresinen
KEHIHT1 Yrijep/ai CalKbIHAaTy MEH CYBITY JKaFIaiiapbl KaTalu3aTopIapIblH (PH3HKAIBIK
KacHeTTepl MEH KaTaIMTUKAIBIK OelICeHAUTIriHe aWTapibikTaii oacep etemi. JKyiiere
0aiimaHpICTBl CAJKBIHIATY JKBUIIAMIBIFBIHBIH —e3repyl SHS karammzaTopnapbHBIH
KYpaMbIH J1a, KYPBUIBIMBIH Jla ©3TepTe anajpl. Op TYPJi CalIKbIHIATY JKaFJaliIapbiH
KOJIJITaHa OTBIPBIT JKYPTi3iJTreH TOKipuOenep MeTaHOIIbIH CYTeTire JIeiiH KOHBEpCUsIaHy
MPOIIECIHIH KaTaTUTUKAJIBIK OCJICEHIUTITI apTy YIIiH OHTAMIBI CAIKBIHIATY JKaFIainapsl
MEH JKBUIIAMJIBIFBI 0ap eKeHIH KepceTTi. by KyOBLIBICTBIH HETi3Ti MeXaHu3Mepi
KYpPaMHBIH, MUKPOKYPBUIBIMHBIH JKOHE aKayJaapAblH KOHIEHTPAIUSCHIHBIH ©3repyiHe
OaiimanbIcThl ekeHi 6enrini 0ompl. Ockl 3epTTeyaid HoTxkenepi SHS karanuzaropnapbIHbIH
PENPOIYKTHBTLIITIH, KACHETTEPIH YKOHE KaTAIUTHKAIBIK OSIICEHIUTITIH KbUIIAMIBIK TTeH
CaANKBIHIATY KaFJainapblH OaKbUIay apKbUIBI apTTHIpyFa OOJIATHIHBIH PACTANIbI.
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Abstract. This study devoted to the creation of polymer-metallic complexes
supported on silica grade SBA-15 for the liquid-phase process of alkanes oxidation to
valuable oxygen-containing compounds under mild conditions. Chitosan (Chit), which
has high sorption activity towards transition metal ions, was used as a polymer-modifier.
Available metals such as Fe and Cr were used as the active phase. The synthesis of the
catalysts eliminates the use of high-temperature calcination and reduction stages. The
results of the study show that the developed catalysts based on metal ions (Fe and Cr)
and a natural polymer (Chitosan) have promising catalytic potential in the oxidation of
alkanes under mild conditions. Hydrogen peroxide was used as an oxidizer, which is
environmentally safe because the product of its decomposition is water. When studying the
effect of the substrate nature (n-heptane, n-octane, n-nonane, n-decane) on the oxidation
process by hydrogen peroxide, it was found that with increasing molecular weight of the
hydrocarbon, from heptane to octane, the conversion decreases and then increases in the
oxidation of n-nonane, and then, in the case of n-decane also slightly decreases. On 5%Crt-
Chit/SBA-15 and 5 %Fe-Chit/SBA-15 catalytic systems, the highest product yields were
observed in the oxidation of n-nonane and are 17.8 % and 11.0 %, respectively.

34



OF THE NATIONAL ACADEMY OF SCIENCES OF THE REPUBLIC OF KAZAKHSTAN

Keywords: green chemistry; oxidation; alkane; chitosan; support; hydrogen
peroxide

© C.H. AxmeroBa'?’, A.C. Aye3xanoa', A.K. JKapmaramo6erosa', J.T. Tasraros',
AN. Txxymexeena', 2024
«J1.B. COKOJIbCKHIT aThIHIAFbI YKaHAPMA#l, KaTaIn3 KOHE IEKTPOXUMHS HHCTUTYThD»
AK, Anmarsl, Kazakcran;
2AGaii arpiHmarsl Ka3ak YITTBIK MEIaroruKajiblK YHUBEpCHTETI, AnMarsl, KazakcTaH.
E-mail: sn.akhmetova@mail.ru

AJKAHJIAPIBIH CYNBIK ®A3AJBIK TOTBIFYBIHIA TETEPOTEHII
XUTO3AHMEH TYPAKTAHJABIPBLJIFAH XPOM JKOHE TEMIP
KATAJHU3ATOPJIAPBIHBIH KATAJTATHKAJBIK KACHETTEPIH
3EPTTEY

AxmetoBa Cangyram Hyp6oakbi3bl — xuMus FeUTbIMAapbIHBIH MarucTpi, AK J1.B. CokombCKHii aThIHAAFbI
JKaHapMaif, KaTalu3 >KOHE 3JICKTPOXUMHS HHCTHTYTBIHBIH OPTraHUKAIbIK KaTaln3 3epTXaHACBIHBIH Killl
FBUIBIMU KbI3METKEpi, Anmartsl, Kasakcran

E-mail: sn.akhmetova@mail.ru, http://orcid.org/0000-0003-1048-2640;

oJye3xaHoBa OceMmryib CelTXaHKbI3BI — XUMHS FBUIBIMIAPBIHBIH KaHIUIATHL, KaybIMIACTHIPBUIFaH
npodeccop, AK «JI.B. CokonbCckuil aThIHAAFBI jKaHAPMai, KAaTallu3 KOHE 3JICKTPOXUMHS WHCTUTYTHIHBIH
OpraHUKaJIbIK KaTaln3 3ePTXaHACKIHBIH JKETEKII FRUIBIMU KbI3METKEpi, Anmathl, Kazakcran

E-mail: a.assemgul@mail.ru, http://orcid.org/0000-0002-8999-2864;

KapmaramberoBa Anmma KaiiHekeeBHa — mpodeccop, XuMuUs FRUIBIMIAAPBIHBIH JOKTOpEl, AK «/I.B.
COKOJIbCKHIA aThIHIAFbI jKaHApMal, KaTaju3 KOHE DIICKTPOXHUMHES WHCTHTYTHIHBIH OPTaHUKAIBIK KaTaJn3
3epTXaHACBIHBIH 0ac FRUIBIME KbI3METKepi, AnMarsl, KazakcTan

E-mail: zhalima@mail.ru, https://orcid.org/0000-0002-7494-6005;

TaararoB dapaap Tanatyasl — PhD, xayemmnacteipsutras mpodeccop, AK «1.B. CokonbCckuii aTbIHIAFbI
JKaHapMaii, KaTajns3 )KOHE IICKTPOXUMISI HHCTUTYTHIHBIH OPTaHUKAJIBIK KaTali3 KadeapackiHbIH MECHICPYILICi,
Anmartsl, Kazakcran

E-mail: e.talgatov@ifce.kz, https://orcid.org/0000-0001-8153-4765;

JlxymekeeBa Aiiryab MMOepreHKbI3bl — XuUMHS FRUIBIMIApbIHBIH KaHauaatel, AK «JI.B. Cokombckuit
aTBIHJIAFbl JKaHAPMail, KaTaJn3 JKOHE ICKTPOXUMHUSI HHCTUTYTHIHBIH OPTaHUKAaJBIK KaTallu3 3ePTXaHACHIHBIH
ara FhUIBIMH KbI3METKepi, AnmMarsl, KaszakcTan

E-mail: jumekeyeva@mail.ru, https://orcid.org/0000-0001-8084-6070.

AnnoTtanus. byn 3eprTey KyMmcak JKaraainapiaa ajkaHJIap/blH Oaraiibl OTTEri
Oap KochUIBICTapFa JIeHiH CYHBIK (pa3allblK TOTHIFY MPOIECIH *KYy3ere achlpy yiriH SBA-
15 Mapkanbl KpeMHHH IUOKCHAIHE OCKITIIreH MOJIMMEp-MeTasl KeUICHICPiH Kypybl
Kapactbipansl. [lomumep-moaudukarop peTiHze eTmenai MeTalll MOHJApblHA KaThICThI
JKOFapbl COpOLMSUIBIK OeJiceHainiri 6ap xurto3aH (XWT) Konganbuiabl. bencennai gasa
petiazae Fe sxone Cr CHAKTBI KOJ KETIMII MeTalaap mainanansuiasl. Karammsarop cuaTes1
JKOFapbl TeMIeparypalarbl KYHIipy >KoHE KaJlblHAa KEJITipy Ke3eHACpiH maiiianaHyssl
OonapipMaiiel. 3eprTey HoTHKenepi Metat nonaapsl (Fe xone Cr) skoHe TaOUFH MTOJIUMED
(XuTo3aH) HeTi3iHIEe jKacalFaH KaTallu3aToOpIapAbIH JKYMCAK >Karmaaia aJKaHmIapablH
TOTBIFYBIHAA TMEPCHEKTUBANBIK KaTalUTUKAIBIK IMOTCHIHMAIbl 0ap EKEeHIH KOpCeTTi.
TOTBIKTBIPFBILI PETIHAE CYTETl acKblH TOTBIFbI IAWJaNaHbUIIBI, OJ1 3KOJOTMAJIBIK Ta3a,
OWTKEH1 OHBIH BIIBIpAay ©HIMI cy Oousbin Tabbutagpl. CyTeri acKblH TOTBIFBIMEH TOTBIFY
NPOIIECiHIH KYpyiHe cyOCTpar TaOWFaThIHBIH (H-TENTaH, H-OKTaH, H-HOHAH, H-JICKaH)
ocepiH 3epTTey Ke3iHAe KOMIPCYTEKTiH MOJICKYJIANbIK CajJMarbl apTKaH CailblH, SFHU
reNTaHHAH OKTaHFa JICHIH KOHBEPCUS TOMEH/ICH I1, COJIaH KeWiH H-HOHAH TOThIYbI Ke31H e
KOFapBIIAM/IBI, all H-JIeKaH TOTBHIFYHI Ke3iHnze Oipmama temenzaensi. 5 % Cr-Xut/SBA-
15 xone 5 % Fe-Xut/SBA-15 xylienepinae eHIMHIH €H JKOFaphl IIBIFBIMbI H-HOHAHHBIH
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TOTBIFYBI Ke3iHJIe Oaiikaiubl xoHe colikecinmie 17,8 % xone 11,0 % xypaabl.
Tyiin ce3mep: >Kachll XUMHUSI, TOTBIFY; aJIkaH; XUTO3aH; TaChIMAJIJIAyIlIbl;, CYTeri
ACKBIH TOTBIFBI
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AHHOTaumus. B  1gaHHOM  WCCleJOBaHMM  PAacCMaTpUBAeTCS  CO3JaHUE
MOJMMEPMETAIUINISCKIX KOMIUIEKCOB, 3aKPEIUICHHBIX Ha TUOKCH]T KpeMHHs Mapku SBA-
15, aost xxuaKOa3HOTO MpoIiecca OKUCICHHS aTKaHOB JI0 ICHHBIX KUCIIOPOI0COACPIKAIITHX
COCJIMHEHHMH B MATKHX YCJIOBHUSX. B KauecTBe momumepa-mMoandukaropa HCIoIb30BaIN
XUTO3aH (XHUT), KOTOPBIH 001a1aeT BEICOKOH COPOIIMOHHON aKTHBHOCTBIO TIO OTHOIIICHHUIO
K HMOHaM TIEPEXOIHBIX MeTa/uioB. B kauecTBe akTWBHOW (a3pl OBUIM HCMOIB30BAHBI
AoCTynHble MeTaubl, Takue kak Fe m Cr. CuHTe3 Karaqu3aTopoB HCKIIIOYAeT
WCTIOJIb30BAHUE BBICOKOTEMIIEPATYPHBIX CTAaAHi MPOKAJIMBAHHUS W BOCCTAHOBJICHUS.
Pesynbrarel nccnenoBaHus MOKA3bIBAIOT, YTO pa3pabOTaHHBIE KaTaau3aToOpbl HA OCHOBE
nonoB MetaiuioB (Fe u Cr) u nmpupoaHOTO Mommepa (XuTo3aH) 001a/1al0T epCreKTUBHBIM
KaTaJIATUYECKUM ITOTEHIHAJIOM B PEaKUUH OKHUCJICHUS AJKaHOB B MATKHX YCIIOBHSIX.
B kadecTBe OKHCIHTENSI WCIIONB30BAJICS MEPOKCH] BOIOPONA, KOTOPBIH SBISETCS
9KOJIOTHYECKU O€30MacHbIM, TAaK KaK MPOAYKTOM €ro pasjioKeHUH siBisercs: Boaa. [Ipu
WCCIIeIOBAHUM BIIMSIHUS IPUPOJIBI cyOcTpaTa (H-TenTaH, H-OKTaH, H-HOHAaH, H-JICKaH) Ha
MPOTEKaHUE MPOLECCca OKUCICHHS TIEPOKCHIOM BOAOPOAA OBLIO BBISBICHO, YTO C POCTOM
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MOJIEKYJISIPHOTO Beca YIJIeBOJ0PO/Ia, OT FelTaHa IO OKTaHa KOHBEPCHS CHIKACTCS, a 3aTeM
MOBBIIIACTCS IPH OKMCIICHUU H-HOHAHA, U 3aTeM, B cly4ae H-JIeKaHa TaKKe HECKOJIBKO
normkaetcs. Ha 5 %Cr-Xut/SBA-15 u 5 %Fe-Xut/SBA-15 xaranmuTHYecKux cucTtemMax
HAWOOJIBIINI BBIXOJ] MPOJYKTOB HAOIIONAJCS TPU OKHCICHHHM H-HOHAHA M COCTABIISCT
17,8 % u 11,0 %, cCOOTBETCTBEHHO.

KaroueBbie ciioBa: 3ejeHas XUMHS, OKHCJICHUE; aJIKaH, XUTO3aH; HOCHTEIb;
TIEPOKCH/T BOIOPOJIA

Hanuasa paboma evinonrnena npu ¢unancosol nodoepoicke Komumema Hayku
Munucmepcmea obpazosanus u nayku Pecnyonuxu Kaszaxcman (I panm No AP19679984).

Beenenne

OCHOBOH KOHIICTIIUN «3CJICHOW XUMHH» SBISCTCS CHIDKEHHUE HETaTUBHOIO
BO3JIEUCTBUA XUMHUYECKON MPOMBIIUIEHHOCTH Ha OKPYKAIOUIYIO0 CPEly U YeJIOBEYECKOE
3110poBbe. OCHOBHBIE KPUTEPUH «3EJICHON XMMHM» HAIIPABICHBI Ha PEIICHHE CIIAYIOIIIX
npoOiieM: yMEHBIICHHE OTXOJ0B, HCIOJNb30BaHHE Oonee OE30IaCHBIX PEarcHTOB
M KaTaJln3aTopoB, MOBBINIEHHE 3(G(EKTUBHOCTH IIPOIECCOB M TPOAYKTOB, a TaKXKe
ymenbinenne sHeprozarpar (Torosyan, 2019; Mattiello, 2023). B sTOoM KOHTEKCTE
M3y4YeHHUE U MPUMEHEHHUE TPUHIIUIIOB «3€JIEHOW XUMHUU» B MIPOIECCaX OKUCICHHS aIKaHOB
UMeeT BakHOe 3HaueHue. OKHUCIIEHHE alKaHOB IPENCTaBISeT COOOH BaXHYIO TPYIILY
XUMHUYECKHUX PEAKIUH, ITUPOKO MPUMEHIEMbIX B IPOMBIIIJICHHOCTH JIJIsl CHHTE3a [ICHHBIX
JIOPOTOCTOSAIINX TIPOMYKTOB, TAKUX KaK CIUPTHI, aNbJIETHIbl U KETOHBI, KapOOHOBBIC
kucnotel (Shen, 2018; Yang, 2021). Hanpumep, npu OKHCICHUH METaHa B 3aBUCHMOCTHU
OT Karaju3aTopa M yCIOBHH MOXXHO TIOXYYHTh METaHOI, (pOopMajbAerull, MypaBbHHYIO
KHCJIOTY, IPU OKUCJICHUU OyTaHa, YKCYCHYKO KHUCIJIOTY, IMPU OKHCIICHUH IMKJIOTeKCaHa
CMecCh IUKJIOTEKCAaHOHA U ITUKJIoTeKcanoa, HazeiBaemast KA-oitn (Ouariach, 2015; Yang,
2024; Auyezkhanova, 2023). OqHako TpaJuIMOHHBIE TIPOMBIIIJICHHBIE METO/IbI OKUCIICHUS
AJIKaHOB YaCTO COMPSDKEHBI C BBICOKMMH JHEpro3arparamu, 00pa3oBaHHEM TOKCHYHBIX
OTXOJIOB M UCTIOIH30BAHNEM TOMOTEHHBIX KaTaIU3aTOPOB, YTO MPOTHBOPEUUT MPUHITAIIAM
«3CJICHOW XUMHM». B CBSI3M ¢ 3THUM, MOCJEIHUE TOABI UCCIEAOBATEIN OOpATHIN CBOC
BHUMaHME Ha pa3pad0TKy HOBBIX METOIOB OKMCIICHHUS ATKAHOB, OCHOBAHHBIX HA IPUHITUTIAX
3€NIEHOW XUMHH. 3HAUUTENbHBIA BKJIAJl BHECIH Takue paboThl, KaKk HCCICIOBaHUC
KaTaJlM3aTopoB Ha OCHOBE HAHOUYACTHUI] METAJUIOB, pa3padoTKa OMOXUMUYECKHX METOJIOB
OKHCIICHUS, a TAK)Ke IIPUMEHEHNE YHeProdPpPeKTHBHBIX U Oe30macHbIX peareHToB (Dong,
2018; Abdi-Khanghah, 2018; Isazade, 2022). OcoOblii ©HTEpEC BBI3bIBAET NMPUMEHEHHE
MOTMMEP-METAIUTMIECKAX KOMIUIEKCOB, HAHECEHHBIX Ha HEOPTaHWYEeCKHe HOCHTEINH,
KaK Karaju3aTopoB, CIOCOOHBIX YIYYIIUTh A(PPEKTUBHOCTH IMpOIEcca OKHUCIeHUs. B
nocjeqHee BpeMsl aKTyallbHO HCIOJNB30BAHUE TPU KOHCTPYHUPOBAHUM KATAIUTHYECKUX
CUCTEM TPUPOHBIX TOJIHCAXapUIOB, B YACTHOCTH XHWTO3aHA, B Ka4eCTBE CTaOMiIM3aropa
HAHOYACTHUI[ MEPEXOIHBbIX MeTaioB (Zharmagambetova, 2019; Nasrollahzadeh, 2020;
Zharmagambetova, 2020; Azmana, 2021; Dohendou, 2021). B xadecTBe HOMIONKKH
HAHOYACTHUI[ METAJUIOB 4YacTO HCIOJIB3YIOTCSI ME30CTPYKTYPUPOBAaHHBIC MaTepUaIbl
M3-32 UX OOJBINON TUIOIIAIN TOBEPXHOCTH, CIIOCOOHOCTH PErylnpoBaTh pa3sMep Mmop u
BO3MOKHOCTH JIETKO M3MEHsATh Moanpukanuio nosepxHoctu (Leckie, 2019; Albayati,
2019; Crucianelli 2019).

B nmannHO# paboTe mpencTaBieHBI pey3JbTaThl HCCIENOBAHWNA AKTUBHOCTH U
CEJIEKTUBHOCTH KaTaJUTUYECKUX CHCTEM Ha OCHOBE XHTO3aH-CTA0MIN3UPOBAHHBIX HOHOB
XpoMa ! KeJle3a, 3aKPEIUIeHHBIX Ha ME30CTPYKTYPHUPOBAHHOM JAMOKCHUIE KPEMHIS MapKu
SBA-15, B OKHUCIICHUM TPYIHOOKHCIISIEMBIX JIMHEHHBIX QJIKAHOB (H-T€NTaH, H-OKTaH,
H-HOHaH, H-JICKaH) TIEPOKCUIOM BOAOPO/A B MSTKHX YCIIOBHSIX.

MarepuaJibl 1 OCHOBHbIE METO/IbI

AICOpOLIMOHHBIA  CIIOCOO  MPUTOTOBJIICHUSI — KAaTalIM3aTOPOB  IMpEIoJiaracT
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MOCIIEZI0BATEILHOE OCaXICHUE TTOJMMEpPa, a 3aTeM HOHOB METaJUIOB U3 BOJHBIX PACTBOPOB
Ha HeopraHuveckuit copOent. Jns ¢pyHknun crabunnzaropa ObUT BEIOpaH XuTo3aH (XuT)
— BOJIOPACTBOPUMBIM M a30TCO/AEpIKALMA NPUPOAHBIA noauMep. B kayecTBe akTUBHOTO
KOMIIOHEHTa ObLIM BbIOpaHbl comu MmetawioB xpoma u xenesa (Cr(NO,),"9H,0 u
FeCl;-6H,0). B xauecTBe HOCHTENS MCNONB30BATIU ME30CTPYKTYPHPOBAHHBINA JHOKCH]L
kpemHus Mapku SBA-15. ConeprkaHne METaJUIOB B KaTallu3aTope COCTABIAN 5 %.

B BomHyO0 cycrieH3HMi0 HOCHTENS NMPH KOMHATHOW TeMIlepaTrype U MOCTOSHHOM
MepeMeIMBaHuN JT00aBIISUTH BOJHBIA PACTBOP IOJIMMEpPA U MEPEMEITNBAIA B TEYCHUN 2
yacoB. Jlanee no0aBisIM BOAHBIN pacTBOp XJIOpHIA Kejle3a (HUTpara XpoMa) U CMech
rnepeMenmnBaii B TedeHue 3 4yacoB. [loyydeHHbI MaTOYHBIM PacTBOP BBIIECPKUBAIUA B
Te4eHUu 24 4acoB, MOCJE YEro 0CaJ0K MPOMBIBAIM BOJOW M CYLIMJIM Ha BO3AyXe IpHU
KOMHATHOM TemIieparype.

[Iporecc oxuciieHUsT MPOBOIWIM Ha JaOOpaTOPHON yCTaHOBKE, B CTEKISTHHOM
TEPMOCTAaTHPOBAHHOM PEAKTOPE, COSIIMHEHHOTO C OI0OpeTKOW. bbiTi BBIOpaHbI Clieayronue
nmapaMeTpsl ombiTa: aneToHuTpuia (5 mur), karanmsarop (0,3 1), cyderpar (1,8 Momb/m),
oxuciurens ([H,0,] = 0,31-10* monb/m), Temmeparypa peakuuu 50 °C, napienue
atMocdepHoe, Bpems orbiTa — 360 MuH.

KauecTBeHHBI M KOJMYECTBEHHBIH aHANM3 NPOAYKTOB PEAKLUU OKUCICHHS
npoBouin Ha xpomarorpade Xpomoc ['X-1000 (Poccust) ¢ miiaMeHHO-MOHU3AIIMOHHBIM
JETEKTOPOM B U30TEPMHUUYECKOM PEXKHUME C NCIIOTB30BAHUEM KaIMJUIIPHON KomoHKH BP21
(FFAP) ¢ monsipro#i ¢azoit (131, moguduimpoBanHbiii HUTpOTepedTAIaTOM) JIITHHON
50 M u BHyTpeHHHM auamerpoMm 0,32 M. Temmepartypa KojoHKH cocTaBisuia 90 °C,
temneparypa umkekropa — 200 °C, ra3oM-HOCHTENIEM CIYKWUJ T'eiiid, 00beM BBOJUMOM
poOsI - 0,2 MK,

Pesyabrarthl u 00cyxkaeHue

bbuln TpUTOTOBIIEHBI XMTO3aH-COAEpPIKAIIME KOMIUIEKCHl XpomMa WU JKenesa,
HaHECEHHbBIE Ha TUOKCHI KPEMHUS, C COJepKaHNeM aKTUBHOU (azbl 5 %o.

B nmaHHBIX Karanu3aTopax aKTUBHBIM KOMIIOHEHTOM SIBIISICTCSI  KOMILIEKC
MEPEXOTHBIX METAJIIOB, 3aKPETUIEHHBIA HA TIOBEPXHOCTH TBEPIOTO HOCUTEIS C TIOMOIIHIO
noiucaxapuaa. MakpoMoJeKysla MPOYHO afcopOHpyeTcs Ha COpOCHTE M XMMHYECKH
CBSI3pIBaeTCA C MeTauloM. Takum oOpa3oM, oOpa3oBajiCsi TeTEPOTEHHBIH KaTaiau3arop,
OOBEUHSIONNN aKTHBHOCTh TOMOTEHHOTO KOMILJIEKCA, a TakKKe CTaO0WIbHOCTh U
MPOAYKTUBHOCTh THITUYHBIX TETEPOTEHHBIX CHCTEM 3a CYET MPUMEHEHUS aKTUBHOHU (ha3bl
Ha TIOBEPXHOCTH HOCHTEJIS:

Moanmep
Hocarens

I W\/_’

Hoanmep/Hocarens

/;MeTal"l n

Moanmep/Hocurens S

Coab meTania
' ﬁ

OxuciieHHe aJIKaHOB IIEPOKCHUIOM BOJIOPOAA BKJIOYAET JBE IapaljieibHblE
KOHKYPHUPYIOILIHME PEaKLNH: a) KATATUTHIECKOE OKHCIICHUE YTIIEBOJOPO1a AKTHBUPOBAHHBIM
KUCIIOPOJIOM ¢ 00pa30BaHMUEM IIEJIEBBIX MPOMAYKTOB; 0) CTEXMOMETPUUECKOE Pa3IOKEeHNE
H,0, Ha BOIy 1 HEaKTUBHBIM MOJIEKYJISPHBINA KUCIOPO/, KOTOPBIH BBHIXOIUT U3 CUCTEMBI B
BHJIE raza:

38



OF THE NATIONAL ACADEMY OF SCIENCES OF THE REPUBLIC OF KAZAKHSTAN

K
, YTTEPOR =] [ponyxThl OKHCACHNA
H202_
K @ H.0+0

Takum 00pa3oM, Ui KCIOJIb30BAHUS KAaTaau3aropa B PEAKIMH OKHUCICHHS
AJIKaHOB ITEPOKCHIOM BOJIOPOIa HEOOXOIMMO, YTOOBI KaTaTUTHIECKas CHCTEMa MPOSBIISLIA
AKTUBHOCTh B PEAKIMU Pa3jIOKEHUs MepoKcuaa Bojopoaa. [losTomy ObuM mpoBeneHBI
SKCIEPUMEHTBI M0 WM3YYCHHUIO aKTMBHOCTH CHHTE3MpOBaHHBIX 5 %Cr-Xut/SBA-15 u
5 %Fe-Xut/SBA-15 kaTalmTHYeCKHX CHUCTEM B PasJIOKEHHWU TEPOKCHAa Bomopona. B
pe3ynbTare MPOBEACHHBIX HCCIACIOBAHUM TI0KAa3aHO, YTO PEaKIMOHHAs CIOCOOHOCTh
5 %-HOM XpOMOBOM KaTaJM3aTope BHIIIE, YeM Ha KeJe30-COo/eprKalleM KaTaln3aTope
(Pucynku la, 2a). CxopocTb pasiokeHHs nepokcuaa Bomopoaa Ha 5 %Cr-Xut/SBA-
15 u 5 %Fe-Xur/SBA-15 cucremax cocrasuser 7,5%10-6 momns/c u 4,8%10-6 moin/c,
COOTBETCTBEHHO.
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3 !
Pucynor 1 — CKolzocn, BBIJICIICHHS KUCIIOPO/Ia (&) U KOJIMUYECTBO BBIICIICHHOTO KUCIIOPO/Ia TP
pasnoxeHun nepokcuaa sogopona (6) va 5%Cr-Xut/SBA-15 karanuzarope
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MakcumanpHOE KOITHYECTBO BBLACTUBILIETOCS KUCIOPO/a B OTMHAKOBBIX YCIOBHAX
peakuuu (H,0, — 0,9 M (0,31 10? monb/m), CH,CN-5m1,m_-0,035T-50°C,P-1
arm, t — 360 muH) Ha 5 %Cr —Xut/SBA — 15 u 5 %Fe-Xut/SBA —15 cucremax cocraBiser
24,0 mn u 21,0 mi, coorBercTBeHHO (Pucynku 16, 26). B 06oux ciryyasx MakcuMalbHOE
KOJIMYECTBO 'a3a BbIIEJIAETCS B IEPBBIE 5 MUH.
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0 60 120 180 240 300 360
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a) 6)

Pucynok 2 — CKopoCTb BBIACTICHUS KHCIOPOa (a) ¥ KOIMUYECTBO BBIACICHHOTO KHCIOPOa PU
pasnokeHun mepoxcuaa Bogopona (0) na 5%Fe-Xut/SBA-15 xaranmusarope

B xone viccrei0BaHus BIUSIHAS IPUPOJIBI CyOcTpara (H-renTaH, H-OKTaH, H-HOHAH,
H-JIeKaH) Ha POTEKaHUe IPOLecca OKUCICHUS TIEPOKCHIOM BOJIOPO/Ia ObIIIO YCTaHOBIICHO,
YTO ¢ POCTOM MOJIEKYJIIPHOTO Beca YIVIEBOJOPONA, OT I'elTaHa JO OKTaHa KOHBEPCHS
CHIDKAETCS, 4 3aTeM TOBBIIIACTCS TIPU OKUCIICHUU H-HOHAHA, U 3aTeM, B CJIy4ae H-JIeKaHa
TAKXC HECKOJIBKO ITOHMXACTCA, 4YTO, BUAUMO, CBA3aHO C HCOJAUWHAKOBBIM OJOCTYIIOM K
aKTHBHBIM LIEHTpaM. B mpoliecce OKUCICHUSI alTKaHOB BBIIENACTCS OOMbIIEe KOITUYECTBO
Kucnoposa, uem npu pasnoxkennn H O, (Pucynox 3 a,0).
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Pucynok 3 — KomiuecTBo BBIIEIUBIIEIOCS KMCIOpoza pu pasnokenny H O, n okucnenuy ankaxa:
a—5 %Cr-Xur/SBA-15; 6 — 5 %Fe-Xut/SBA-15

CornmacHO pe3yJabTaraM XpoMarorpad)uueckoro aHalin3a, BBIABICHO, YTO IPH
OKHCJICHUU H-HOHAHA, H-JIeKaHa, H-OKTaHa U H-TelITaHa HaOII0AaeTCsl MPEeUMYIIECTBEHHOES
oOpazoBanne ketoHOB (Tabmuier 1, 2). OOpa3zoBanne KapOOHOBBIX KHCIOT M JPYTHX
moOOYHbBIX coeinHeHM He HaOmoaanock (orcyrcrre RCOOH nonTeep:kaanoch METo10M
HKC). OntumansHas 3¢hpeKTHBHOCTH TOCTUTAETCs TpH McTionb30BaHun 5 % Cr-Xut/SBA-
15 xaranuzaropa. B npucyrcteun 5 %Cr-Xut/SBA-15 xonBepcus cyOcTpara u3MeHsETCs
cienyromum obpazom: 17,8 % (u-unonan) > 11,4 % (u-nexan) > 6,0 % (a-renran) > 4,2 %
(u-okran) (Tabmwuma 1).

AHajniornuHasi 3aBUCHMOCTh HaOmrofaercs B npucyrctBun  5%Fe-Xut/SBA-15
karanm3aropa: 11,0% (a-nonan) > 7,4 % (u-nexan) > 4,2 % (u-renran) > 1,6 % (H-0KTaH)
(Tabnuua 2).
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Ta6mmmna 1
Oxkucnenne ankanos Ha 5%Cr-Xut/SBA-15

MpoayKTbl peakumm KoHBepcus, CeNneKTUBHOCTD,
CybcTpar % %
KETOHbI, % cnupTol, %
H-renTaH 6,0 SZKQTOH -85,0
51 0,9
H-OKTaH 3,4 0,8 Sseron — 80,9
4,2
H-HOHaH 11,8 6,0 Sseron — 66,3
17,8
H-AeKaH 7,0 414 SZKeToH - 61’4
11,4
Ycnosusa onbitos: m = 0,03r; cyberpat —0,3mn; [H,0,] = 0,31-10°monb/n; CH,CN =5 mn; T=502C; P
=1 atm, Bpemsa peakuumn — 64

Tabmua 2
Oxkucnenne ankanoB Ha 5%Fe-Xut/SBA-15

MpoayKTbl peakumm KoHBepcus, CeneKkTUBHOCTb,
CybcTpat % %
KETOHbI, % cnupTol, %
H-renTaH SZKeTOH -80,9
3,4 0,8 4,2
H-OKTaH 1,2 0,4 SzKeTOH -75,0
1,6
H-HOHaH 7,9 3,1 Sseron — 71,8
11,0
H-AeKaH 51 2,3 Sseron — 68,9
7,4
Ycnosus onbitos: m = 0,03r; cyberpat —0,3mn; [H,0,] = 0,31-10°monb/n; CH,CN =5 mn; T=509C; P
=1 atm, Bpemsa peakuumn — 64

Crnenyer OTMETUTb, YTO C YBEJIWYEHHEM JUJIMHBI YIVIEBOJOPONHON LIENH
CEJIEKTHBHOCTH 10 KeTOHY cHmkaercs (Pucynok 4 a, 6). OTtmedaercs, 4To ¢ yBeTHMYEHHUEM
MOJIEKYJIIPHOTO BeCa yIeBonoposia ot rentana 1o aekana (C -C, ) CENeKTUBHOCTB M0 KETOHY
cumxaercs ¢ 85,0 % 10 61,4 % na 5 %Cr-Xut/SBA-15 u ¢ 80,9 % no 68,9 % na 5 %Fe-Xut/
SBA-15.

42



OF THE NATIONAL ACADEMY OF SCIENCES OF THE REPUBLIC OF KAZAKHSTAN

CeneKkTuBHOCTb, %
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a) 6)

Pucynok 4 — VIamMeHeHNe CEIEKTUBHOCTH B 3aBUCUMOCTH OT NPHUPOJbI cydcTpara: a — 5 %Cr-Xut/
SBA-15;
6 — 5 %Fe-Xut/SBA-15

3ak/ouenme

Paspaboranbl  XUTO3aH-MOAM(UIMPOBAHHBIC KATAIW3aToOpPbl XpoMa M IKelesa,
3aKpeIUIeHHbIE Ha ME30TIOPUCTBIN THOKCHA KpeMHUs Mapku SBA-15 ¢ conepxanneM akTHBHON
azer 5 % 1S peaknuii pa3IoKeHus IEPOKCHIa BOIOPO/A U OKUCIICHHUS 3HAYMTEIIFHO MEHEe
PeaKIMOHHOCIOCOOHBIX H-asikaHoB Tipu 50 ‘C u atmMochepHOM naBieHur. ONTUMaTbHBIM
KaTaJIM3aTopOM >KUIIKO(a3HOI0 OKUCIICHUSI IIPEeIeIbHBIX YIIIEBOAOPOIOB JINHEHHOIO CTPOCHUS
sisiercs 5 %Cr-Xut/SBA-15, B npucyTCTBUM KOTOPOTO MaKCHUMallbHasi KOHBEpCHsl Oblia
JIOCTUTHYTa MPY OKHMCIICHUH H-HOHaHa U coctaBuiua 17,8 %.

Takum 00pa3oM, NPUMEHEHHE XWUTO3aHA B CO3JAHUU KATAIUTHYECKUX CHCTEM
OTKPBIBAET MEPCIEKTUBHI I PACCMOTPEHMS KaTalIu3aTOPOB, COJIEPIKAIINX OJTUCaXapU/Ibl,
KaK MOTCHUUAIBHO S(Q(EKTUBHBIX Ul HpoLecca HU3KOTEMIIEPaTypHOTO OKHUCICHHUS
aJKaHOB MEPOKCHIOM BOIOPOJIA.
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Abstract. In this article, the following objects are selected — the aboveground
part (leaves, stems) of the curly (Afraphaxis virgata) and roots from the rhizome, leaves of
sorrel (Rumex) of the Polyganaceae family. The phytochemical composition of plants of the
genus Atraphaxis was previously studied (Umbetova, 2018). This paper presents studies
on the extraction of biologically active substances from the aboveground mass of plants
of the genus Afraphaxis by maceration and ultrasonic extraction. The maceration method
selected the optimal conditions for obtaining a plant complex by varying the natural extract,
its ratio to the raw material. The optimal conditions for obtaining extracts from curly hair
(Atraphaxis) by maceration were determined: the optimal degree of grinding is 1 mm; the
extractant is 70 % ethyl alcohol, the ratio of extractant and raw materials is 1:8, the time of
double extraction is 24 hours, the temperature is 24-25. As a result of the application of the
ultrasonic extraction method, the yield of extractive substances produced using ultrasound
increases to 37.34 % under the following conditions: 70 % ethyl alcohol in the ratio of raw
material-extractant (1:8) for 120 minutes at a temperature of 30-35 °C and an ultrasound
frequency of 35 kHz. The extraction of the components was compared with maceration by
yield. As a result of optimization, the yield of components from the studied raw materials

was increased by 1.5-2 times at radiated ultrasound power from 20 to 35 kHz and the
46



OF THE NATIONAL ACADEMY OF SCIENCES OF THE REPUBLIC OF KAZAKHSTAN

extraction time was significantly reduced from 24 h to 120 min. For a plant of the sorrel
genus (Rumex), a method for obtaining a biologically active complex by maceration was
developed for the first time, a phytochemical analysis of the obtained phytopreparations was
carried out and the biological activity was studied. According to the quantitative content
of BAS, the sum of anthraquinones dominates in phytopreparations LR-2 and LR-1, the
sum of amino acids, phenols and phenolic acids — in phytopreparations LR-1 and LP-4,
flavonoids — in phytopreparations LM-3 and LR-2, polysaccharides - in phytopreparation
LM-3, tannins - in phytopreparation LR-1, catechins — in the phytopreparation LP-4 and
LM-3. Water-alcohol extracts of roots with rhizomes, leaves and fruits of Rumex pulcher
L., roots with rhizomes and leaves of Rumex thyrsiflorus Fingerh. and fruits of Rumex
dentatus L. have antioxidant, bactericidal, insecticidal activity.

Keywords: Polygonaceae, Atraphaxis, Rumex, substance, ultrasonic extraction,
phytochemical analysis, maceration, biologically active substance
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AnHoTauus. KapacTbIpblibll OTBIpFaH MakajaJla Keleci HbICaHJap TaHJlaslaibl
— Polyganaceae TykbiMzaceiHa xataThiH Atraphaxis virgata eciMairiHig sxep ycTi Oemiri
(>kameIpakTapbl, cabakTapbl) oHEe Rumex KbIMBI3IBIK ©OCIMIIK TYPiHIH TaMBIPIapHI,
TaMbpIpcabakTappl MEH JKamblpakrapbl. Atraphaxis eciMumik TypiHiH OymaH OyYpbIH
duroxumusIIBIK Kypamsel 3epTrenred (Umbetova, 2018). by xxymbIcTa Mariepanus x&oHe
YIBTPaIbIOBICTHIK AKCTPAKIHS 9MiciMeH Atraphaxis TYKbIMJAcC ©CIMIIKTEPIiH JKep YCTi
MaccachlHaH OWOJIOTHSIIBIK OEJICEeH Il 3aTTap bl ally OOMBIHINA 3epTTeyjep KeNTipiJireH.
Mauepauusi oiciMeH TaOWUFM CBHIFBIHIBIHBIH ©3Tepyi, OHBIH IIMKIi3aTIEH KaTbIHACHI
apKbUIBI ©CIMAIK KELICHIH aTyAblH OHTAMIIBI IIAapTTaphl TaHAA a6l Marepauus 91iciMeH
(Atraphaxis) CBIFBIHIBUIAPBIH QJyAbIH OHTAWJIBI MIAPTTaphl aHBIKTAJABI: YHTAKTayIbIH
OHTaiNbl nopexeci — 1 Mm; 3kerpareHT 70 % 3THIT CUPTI, 3KCTPAreHT NEH IINKi3aTThIH
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apakarbIHachl 1:8, eki peT any yakbIThl 24 carart, Temreparypa 24—25. YabTpaablObICTBIK
AKCTPAKIIHS SJIICIH KOJ/IaHy HOTH)KECIH/Ie SKCTPAKTHUBTI 3aTTapAbIH MIBIFBIMBI 37.34 %-Fa
KeJeciiel xkaraaiinapaa yrasabpt: 70 % 3THI CIUPTI OKCTPAreHT PeTiHAe KOJIIAHBIII, ITHKi-
3aT-9KcTpareHT KarbiHachl (1:8), remneparypa 30—35 °C xoHe ynbTpaablOBICTBIK KUK
35 kI'm, yakpir 120. DKcTpakiusi KOMIIOHEHTTEPIHIH IIBIFRIMBIH Marlepanus 9J1iciMeH
caNbICTRIPABI. ONTUMHU3AINS HOTIKECIHAE 3EPTTENIN OTHIPFAH OCIMIIK MIUKi3aTHIHBIH
QJIBIHATBIH KOMIIOHEHTTEPIH IIBIFBIMBI KapamaiblM SKCTPAKIMSIMEH CallbICThIpFaH/a
1,5-2 ecere ynbTpaaplOBICTHIK coyneneny Kyarsl 20 no 35 k[’ apanbiFbiHaa SKCTPaKIUS
yakpITHI 24 carartad 120 MUHYTKa JediH adTapiblKTaid KeicKapabel. KeiMb3apik (Rumex)
TYKBIMJIAC ©CIM/IIK YIIIIH aJIFall peT OMOIOTHSUITBIK OSJICeH I KeIIeH i MariepaIis o/IiciMeH
a;y ofici kacambl, alblHFaH (DUTOXUMUSIIBIK Tpenapartapra (QUTOXUMIUSIIBIK Tajay
KYPTi3UII1 aKoHE OMOIOTHSUITBIK OSIICeH/IUTIK 3epTTenli. Bruomorusipik OenceH/ i KeleHHIH
CaHJIBIK KypaMbl OOMBIHIIIA aHTPaXWHOHIAPBIH KOCKIHBICHI LR-2 xone LR-1 ¢uronpe-
naparTapblH/ia, aMUHKBIITKBUIIAPBIHBIH, (GEHOIIAP/IbIH KoHEe (DEHON KBIIKBLIIAPHIHBIH
KochiHIBICH LR — 1 sxone LP-4 ¢uronpenaparrapeiana, ¢unaBoHouarap-LM — 3 xoHe
LR-2 duronpenaparrapeiaga, noiucaxapuarep-LM - 3 dwuTonpemnaparsiHia, TaHWH-
nep-LR ¢uronpenaparsinga 6aceim 6onaapl-1, karexuanaep-LP-4 xxone LM-3 ¢duromnpe-
napateiaa ke3necti. Rumex pulcher L. TampipcabakTaphbl, )KarbIpakTapbl MEH JKEMiCTepi,
TaMbIpcabakTapsl Oap Tambipiap MeH Rumex thyrsiflorus Fingerh skxambipakrapsr Gap
CYJBI CIUPT CHIFBIHIBUIAPHI XoHE >kemicTep Rumex dentatus L. aHTHOKCHIAHTTHI,
OaKTepUITUITIK, MHCEKTHIUTIK OCTICCHIUTIKKE Ue.

Tyiiin ce3mep: Polyganaceae, Atraphaxis, Rumex, kemieH, yIbTpaablOBICTBIK
AKCTPAKIHS, (PUTOXUMHUSIIBIK aHATIN3, Mallepalus, OMOJOTHSIIBIK OSJICEeH Il 3aT
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AHHoTauusi. B paccmarpuBaemMoil cTaThbe BBIOpaHBI CleAylOMIHe OOBEKTHI —
Ha/I3eMHast 9acTh (JIUCTh, cTeOH) KypuyaBku (Atraphaxis virgata) U KOpHH ¢ KOPHEBUIIIA,
mucths maBens (Rumex) cemelictBa Polyganaceae. [{nst pactenuit pona Atraphaxis panee
Obu1 M3yueH utoxumuueckuii coctas (Umbetova, 2018). B nanHoi#t paboTe npuBeaeHbI
MCCIICIOBAHUS IO SKCTPArUpOBaHMUIO OMOJIOTHYECKH AKTUBHBIX BELIECTB M3 HAA3EMHON
Macchl pacTeHuil poaa Atraphaxis MeToI0M Malepalyy U YIbTPa3BYKOBON SKCTPAKLIUH.
MeTtonoM Manepanuy 1mog00paHbl ONTHMANIBHBIC YCJIOBUS MOJYYECHHUS! PACTHTEIBHOTO
KOMITJIEKCa BapbHpPOBAHUEM IPHUPOJHOIO HKCTPAKTA, €0 COOTHOIICHHEM C CHIPHEM.
OnTrMabHBIMU  YCTIOBUSIMHM JJIs1 TIOJYYEHHUS] SKCTPAKTOB M3 KypuaBku (Atraphaxis)
METO/IOM Malepauud ObUIM ONpEACTICHBI: ONTHUMAajbHAs CTEHNEHb H3MelbueHus — |
MM; 3KCTpareHT 70 % STHIIOBBINA CIUPT, COOTHOIIEHNE HKCTPAreHT U ChIpbs 1:8, Bpems
NBYXKpaTHOU sKcTpakuuu 24 yaca, temmeparypa 24-25. B pesynpraTe npuUMEHEHUS
METO/a YJIbTPa3BYKOBOM 3KCTPAKLMH BBIXOJ SKCTPAKTUBHBIX BEILECTB, MPONU3BEICHHBIN
C IPUMEHEHUEM YJbTpa3ByKa, yBenuuusaercs 10 37.34 % mpu cleayromux yCIOBHIX:
70 %-HBIH ATUJIOBBIA CHMPT B COOTHOIIECHHM ChIpbe-3KcTpareHT (1:8) B Teuenue 120
MuH npu Ttemneparype 30-35 °C u yactoTe yaprpaszByka 35 k', DKcTpakiuo KoMIo-
HEHTOB CPaBHHMBAJM C Malepalueil Mo BbIXOAy. B pe3ynsrate onTHMMU3alUM YBEIUYECH
BBIXOJl KOMIIOHEHTOB M3 HCCIEIYEMOro Chipbs B 1,52 pasza mpu H3JIydyaeMOH MOLIHO-
ctu’ ynprpa3Byka oT 20 10 35 x['11 1 3HaYUTENBHO COKPAILIEHO BPEMEHS SKCTPAKIUU OT
24 9 mo 120 muH. [lns pacteHust poaa maseib (Rumex) Bmepseie pazpaboTtan crocod
MOJy4YeHHUs] OHOJIOTMYECKH AaKTHBHOIO KOMIUIEKCA METOJOM Malepaluy, NPOBEACH
(UTOXMMHUYECKHH aHaIN3 TOJyYCHHBIX (UTONpENnapaToB M H3ydeHa OHOJIOrHYecKas
aKTUBHOCTb. [0 KonmmuecTBeHHOMY cofepkanuio BAB cymMmma aHTpaXMHOHOB JIOMHHUDYET
B (uronpenaparax LR-2 u LR-1, cymma aMHHOKHCIIOT, eHOIOB U (DEHOJIOKHCIOT — B
¢uronpenaparax LR-1 u LP-4, pnaBoHonmoB — B ¢putonpenaparax LM-3 u LR-2, monu-
caxapuyioB — B putonpenapare LM-3, nyOunpHBIX BemecTB — B ¢guronpemnapare LR-1,
KaTexuHOB — B Quronpenapare LP-4 u LM-3. BogHo-cClIMpTOBBIE SKCTPAKTHI KOPHEH C
KOpHEBHILAMH, JINCThEB U TI010B Rumex pulcher L., kopHell ¢ KOpHEBUILIAMH U JINCTHEB
Rumex thyrsiflorus Fingerh. u mimomoB Rumex dentatus L. o61amatoT aHTHOKCHIAHTHOM,
OaKkTepUIUIHON, HHCEKTHLUAHONW aKTUBHOCTBIO.

KmaoueBbie cioBa: Polyganaceae, Atraphaxis, Rumex, cy0Ocranmus,
YIIBTPA3ByKOBasl HKCTPaKUMsl, (QUTOXMMHUYECKUI aHanmuM3, Marepauus, OHOJOrMYECKH
AKTHBHOE BEIIECTBO

Beenenue

[IpakTrka KCTIONB30BAHMUS PACTUTEIILHOTO CBIPbS B IOCJICAHNE T'0JIbI PACIINPSIETCS
B CBSI3W C HX JCIICBU3HOH, KOMIUICKCHBIM JEHCTBHEM Ha >KUBOW OpraHu3M, Majoi
TOKCHUYHOCTBIO U BO3MOXXHOCTBIO JUINTEILHOIO TPUMEHEHHs 0€3 MOOOYHBIX 3(PQEKTOB.
OpHuM u3 HanOoJee BaXKHBIX MPOAYKTHBHBIX MYTEH IMOJIyYeHHS HOBBIX OHMOJIOTMYECKU
AKTHBHBIX BELIECTB MM OMOJIOTMUECKH AKTHBHBIX KOMIUICKCOB SIBIISCTCSI BBIJCIICHHE
COCIMHEHUM U3 pacTECHUN.

Tepputopus Kazaxcrana xapakrepusyeTcs pasHooOpazueM JaHamadToB, 4TO B
COYETAaHUH ¢ KIMMaTHYECKUMH YCIOBUSIMU 00YCIIaBIMBaeT OMopasHooOpasue u OoraTelid
BUIOBOH cocTaB pacTuTenbHOH duiopsl (Vasiliev, 2006; Grudzinskaya, 2014). Ocobenno
LEHHBIMU SIBJISIFOTCSL SHJIEMUUYECKUE 30HBI B TOPHBIX MECTHOCTAX, OTIMYAIOIIUECS YHU-
KaJbHBIMU IPUPOAHBIMU KOMIUICKCAMH U OPUTMHAIBHBIMH MO (JIOPUCTHUECKOH KOM-
no3uuuu coodmecrsamu. Ha naHHBI MOMEHT HacuuTbIBaeTcsi Oosee 13 ThICSY BHIOB
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pacTeHull, U3 KOTOpbIX 1525 BouLIM B «AHHOTUPOBAHHBIA CIUCOK BUAOB JIEKApPCTBEH-
HeIX pacteHnii Kazaxcrana» (Tleubayeva, 2020). OgHako MOTEHIIMANBHBIMH I Me-
JTUIIMHCKOTO WCIIONB30BaHUSI MOTYT CTaTh PAacTEHHsI, KOTOPhIE UMEIOT MPOMBIILICHHBIC
3amachkl, SBISIOTCS BO300HOBIISIEMBIMH, DKOJOTHMUYECKH OC30MACHBIMM M UX 3arOTOBKA
SKOHOMHYECKH peHTa0enbHa. [laHHBIM TpeOOBaHHSIM OTBEUaeT PACTCHHUS CEeMEeWCTBa
Polyganaceae, pon Atraphaxis m Rumex. [lorick HOBBIX MOAXOJIOB K PallMOHAIEHOMY
BBIICTICHUIO (DapMarieBTUYECKO CyOCTaHIIMM M3 PACTCHUH IMOJy4aeMbIX Ha €€ OCHOBE
MOTEHIIMANBHBIX (DUTOMpPENapaToB B JIEKAPCTBEHHON (QopMe SBISETCS aKTyallbHOW W
Ba)KHOM 3aa4dei.

CoBpeMeHHasi KOHIEIHs pa3pabOTKH OWOIIOTUYECKH aKTHBHBIX KOMILJIEKCOB
(KOMITO3UITUH) 3aKITF0YAeTCs B IMPOBEICHHUH CIEIYIOIUX MEpPONPHUATHI: 000CHOBaHUE
BBIOOpa 00BEKTa HCCIIeIOBAHMA, H3YUCHHE CHIPbEBOH 0a3bl, (PUTOXUMUYECKOTO COCTaBa,
O0TpabOTKHU TEXHOJIOTHYECKOH CXEMBI MOTydeHHUsS] ONOIOTUIECKH aKTHBHOTO KOMILIIEKCA U
(hapMaKoJIOTHYECKON aKTHBHOCTH.

Lenpro uccieoBaHus SIBIIIETCS pa3padoTka crocoba Mmomy4eHns: ONoIOTHIeCKH
AKTUBHOT'O KOMIUIEKCA Ha OCHOBE pacTeHul cemelicTBa Polygonaceae.

Marepuainsl 1 METOJIBI

OO0BEKTOM HCCIIeIOBaHUH SBISUIMCH TUKOpACTyIue pacteHus ¢uopsl Kazaxcrana,
MpUHAJUIeKAINe K ceMelcTBy Polygonaceae: Atraphaxis, 3arotoBneHsble B (pasze miomo-
HOIIIEHUS B AJIMaTHHCKOM oOnacti 1 Rumex — B ¢a3e riononomenns B Bocrounom Ka-
3axcrane. nenrudukanys BUIOB pacTeHUH ITPOBOIMIACH CPABHEHHEM UX C KOJUIEKIINOH-
HbIM MaTepuaiioM [epbapus Mucturyra 6otanuku n ¢uronntponykunn MOH PK u no
onpenenurensim (Magomedova, 2016; Kostikov, 2015).

OnTuManbHas TEXHOIIOTHS BBIJCIICHUS] CyOCTaHIINK U3 HAJI36MHOM 4acTH pacTe-
HUM poma Atraphaxis U KOpHEBHUIIa pacTeHUH poma Rumex Obuta pa3paboTaHa ¢ y4eToM
TpeboBanwmii ['d PK:

[TonGop onTHMaIbHOTO 3KCTPAreHTa;

IToabop ONTUMAIEHOTO COOTHOIIEHHS CHIPhE: IKCPATeHT;
[Toxbop ONTUMAEHOTO BPEMEHH M TEMITEPATYPhl OKCTPAKIIHMT;
[Toabop ONTUMATEHOTO YUCIIA SKCTPAKITHH.

Jl1s1 mormydeHnst CyOCTaHITH U3 HCCIIeAYEeMbIX pacTeHui poaa Atraphaxis pacTu-
TEJILHOE ChIPhE MOJIBEPraIoch 00pabOTKe U YIAJICHHIO MEXaHHUECKUX MPUMECEH; CYIIIKE B
TEHH, TIPU KOMHATHOW TeMIIepaType; H3MENBUCHHUIO JI0 MyYHOTO COCTOSIHUS (1 MM).

BricyieHHOE ¥ M3METBYEHHOE PACTUTENBHOE ChIPhE 3aJMBajId dKCTpareHToM 70
% BOIHBIN CIIUPT B COOTHOIIEHUH 1:8 B TeueHwne 24 yaca Mpu KOMHATHOW TeMIleparype
JuIsl MeTozia Marepary. [lonydeHHbIe BOIHO-CIIMPTOBbBIC U3BJICUEHUS (DUIILTPOBAIHCH U
KOHI[CHTPHPOBAINCH B BaKyyMe BOJIOCTPYHHOTO Hacoca JI0 MOJHOTO YIaJIeHHs CIUPTA.
3amMopo3Ka IKCTpaKTa MPOU3BOAUTCS Tpu Temmeparype -20 C, cymika OCyIIeCTBISETCS
B Teuenue 10 gacoB mox masieruem 2,3 I1A u npu temmeparype -55 C Ha THOPMIBHON
CYIIKe.

VibTpa3BykoBasi SKCTPaKIMS JUIsl pacTeHus: poa Atraphaxis: BBICYIICHHOE U W3-
MeTBIeHHOE pacTuTenbHoe chipbe (200 T) 00pabdaThIBai SKCTPAreHTOM IIPH BaphbHUpPOBa-
HUM Pa3IMYHBIX TTApaMeTPOB dKCTpakiuu. [lonydeHHbIC BBITSIKKUA KOHIICHTPUPOBAIH Ha
POTOPHOM HCHIAPUTEJIE JIO CYXOTO OCTATKA M OIIPEICIISUTN BBIXO] SKCTPAKTHBHBIX BEIIECTB.
OKCTPAaKIMIO MPOBOIWIN B ABYX Pa3HBIX IKCTPAKIIMOHHBIX BaHHax «Ultrasonik» ¢ mormi-
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HOoCThIO 20 K['1 1 «[ICB-T"ano» ¢ MomHocThio 35 KI1I.

Texnonorus nomy4enus: puronpenapara i pacteHus poga Rumex: cyxoe pac-
TUTENbHOE ChIphe Rumex ObUIO MOABEPrHYTO: 00pabOTKE M YAAJCHUI0 MEXaHHYECKUX
NpUMeceif; CyIlIKe B TEHHU, IPU KOMHATHON TeMIIEpaType; U3MEJIBYCHUIO 10 MYYHOTO CO-
ctostausl. Chippe 0oOpabatbiBasin SKcTpareHToM (70 % BOIHO-CIIMPTOBBIM PacTBOp) Mpu
BapbUPOBAHNH PA3JIUYHBIX IAPAMETPOB SKCTPAKLUHI. DKCTPAKIHIO IPOBOAMIN B HKCTPAK-
roHHOH BaHHE «Candup» ¢ MomHoCTh0 35 Kl '11. TlomyueHHbIE BBITSHKKH KOHIEHTPUPO-
BaJIM Ha POTOPHOM HMCIIApUTENIE JI0 TyCTOW KOHCUCTEHLUH, CYIIMIN B INO(UIBHON CyIIKe
npu temneparype -40,2 C. [IpumeHsimce METoabl aHaIN3a OMOIOTMYECKH aKTHBHBIX Be-
uiectB o dapmaxonee 1-u3nanus PK.

KomnoneHTHBIH cocTaB guTonpenapaToB u3 pacTeHui Rumex uzydancs Mmerogom
BOCXOJsIIIeH Xpomarorpaduu Ha Oymare ¢ UCIIOJIb30BAaHHEM CUCTEM PacTBOPHUTENEH: Oy-
TaHON — YKCycHasi kuciora-soaa (40:12,5:29), tomyon — stunoBsnid cupt (9:1), Tomyon.
Metonom AByMepHOM OymMaskHOH Xpomarorpaduu B Kax1oM (hutonpenapare 00HapyKeHO
10 20 Bemiects. MaeHTr(UKAILMS KOMIIOHEHTOB BCEX IPYIIIT COCAUHEHUH OCYIIECTBISsIACh
METOJIOM OJHOMEPHOH Xpomarorpaduu Ha Oymare u B TOHKOM CJI0€ COpOEHTa C HCTIOJIB30-
BaHMEM CHelH()UIECKUX POSBUTENCH U CPAaBHEHUEM C METYMKAMU-CTaHAapTaMH YIJIEBO-
JIOB, aMUHOKHCIIOT, ()€HOJIOB, (hJIABOHOUJIOB, (PEHOJIOKUCIIOT U aHTPAXUHOHOB.

CKpHHUHT Ha OMOJIOTHYECKYIO aKTUBHOCTh: aHTUOKCH/IAHTHAS!, aHTHOAKTepHalIb-
Hasl, QyHrHMUMAHAS, MHCEKTUINAHAS U (PUTOTOKCHYECKAsi aKTMBHOCTH M3y4YeHbI B J1a0o-
paropun Omonornveckoir akruBHocTH International Center for Chemical Sciences H.E.J.
Research Institute of Chemistry u Dr. Panjwani Center for Molecular Medicine and Drug
Research Universuty of Karachi, Pakistan.

Pesynbrare! 1 06cyxneHue

[IpoBeneHoO cpaBHUTENBHOE UCCIICIOBAHNE U3BJICUCHUS] OMOIIOTHYECKN aKTUBHO-
IO KOMIUIEKCa M3 PAaCTUTENBHOTO ChIpbs Atraphaxis MeTOZOM Malepaluy U yIbTpa3By-
KOBOTO BO3ACHCTBHSA, C YUETOM PA3IUUHBIX (PAKTOPOB AKCTPAKIHUU ONTUMAIBHBIN 00beM
PacTBOPUTENSI IPU IOCTOSIHCTBE MACChl, BDEMEHH U JIBYKPATHOH SKCTPaKLMH U3MEHSIH
00BbEM pacTBOpUTEINIS OT 2- 10 8-KpaTHOTO ero n30bITKa. V3 MOIy4eHHBIX SKCIIEPHMEH-
TaJbHBIX JAHHBIX CJIEHYET, YTO ONTHMAJbHBIM COOTHOLICHHEM CHIPbSl U PACTBOPUTEIS C
MaKCHMaJIbHBIM BBIXOAOM CyOcTaHIMu siBisieTcs 1:8.

Bpemst skcTpakiuu oTpabOTaHO HpPU HOCTOSHCTBE BCEX APYIHX IapaMeTpoOB
(macca, 00BbEM, YUCIIO HKCTPAKLHIA), KOTOPOE BAPBUPOBATOCH OT 24 10 96 4acoB. YUUTHI-
Basi MOJyYCHHBIC IaHHbIE, UCTIONB30BAIH 24-4acOBOE BPEMSI SKCTPAKLIUH.

OnrumanpHasi TeMmepaTypa — KOMHATHAs, HOCKOJBbKY INpPH €€ YBEINYCHUH
HaOdroaeTcss TEHACHIMS TUAPOIM3a JACHCTBYIOIIMX  BEIECTB, YTO  SIBISETCS
HEKeJIaTeNIbHBIM MPOLIECCOM MPH MX u3BJlieueHuH. [Iponecc skcTparnpoBaHus NpoBeAcH
JOBaKIbl, TaK KaK MMEHHO 2-KpaTHOCTb, KaK IOKa3ajl SKCIEPUMEHT, CIOCOOCTBYET
MaKCHUMaJbHOMY H3BJICUCHHIO KOMILJIEKCa OMOJIOTMYECKM aKTHBHBIX BellecTB. /laHHbIe
npezacTaBieHbl B Tadmaune 1.
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Tabmyna 1. Pe3ynbTaThl CpaBHUTEIBEHOTO HCCIISIOBAHMS MTPOLIEcca SIKCTPATUPOBAHMS METOJIOM Mallepaluy U
YIBTPa3ByKOBOI AKCTPAKIMH ISl pacTeHus poaa Atraphaxis

YciaoBus 3kcTpaKuum: YciaoBust 3KCTpaKIUM:
Maunepauust YiabTpazBykoBasi 3KCTPAKLMSA
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VYnpTpa3BykoBOo€  BO3AEHCTBHE. OKCTPAKLMIO MPOBOAWIM MpPH  YacToTe
yIbpTpa3BykoBoro kosnebanus 35 k['u. [IpogomkuTenbHOCTh BO3ACHCTBHS YABTPAa3ByKOM
3aBHUCHUT OT BEJIMYMHBI YACTHIL IKCTPArHPYEMOTO CBIPbs, HAlPUMEP, YACTULBI Pa3MEPOM
0,5 MM pexomenayercsi oOpabareiBaTh He Oonee 15-30 muH; 1 MM — He Oonee 60-120
MuH; 2 MM — He Oosiee 120—180 munH. OOBIYHO HE PEKOMEHAYETCS TPOBOIUTH CIUIIKOM
JUTUTETIbHYIO YIBTPa3ByKOBYIO 00Pa0OTKY CHIPBS, TaK KaK MOYKET IMOBBICUTHCS MyTHOCTD
9KCTpaKTa M3-3a COIMYTCTBYIOIIETO Mpoliecca AucHeprupoBanus. VMcxond u3 Bbllecka-
3aHHOTO, JUIsl DKCTPAKINHU HCIOIb30BAIN BBICYLICHHOE PACTUTEIBHOE ChIPhE, U3MEIIBUCH-
Hoe 70 pa3Mepa vactuil | MM. [ mondopa oNTHUMAaIbHBIX YCIOBHH SKCTparupoBaHMs
B KaueCTBE IKCTpareHTa MCHoib30Baiu 70 %-HbId STHIIOBBIH CHHMPT IPHU MOCTOSHCTBE
BPEMEHH SKCTPAaKLUUKM M 4acTOTE YAbTpa3ByKa. TemmepaTypy BapbupoBasu oT 25 no 40
°C, mpH 3TOM HaOJI01aNM HE3HAYUTEIHOE M3MEHEHHE BBIX0/1a SKCTPAKTUBHBIX BEILIECTB.
Jlnst vHTeHCUUKALNU Tpoliecca SKCTPAKIUK YIbTPa3BYKOBYIO 00paOOTKY MPOBOAMIN
MpY TIepeMEIIMBAHUH.

W3 mpuBeICHHBIX AaHHBIX TAOMMIBI MOXXHO TPUHTH K BBIBOJY, YTO BBIXOA
CyOCTaHIIMM M3 PACTHUTEIBHOTO CBIPbS 3HAYUTENBHO OOJIbIIE MOCHE YIbTPa3BYKOBOU
IKCTPaKIHH.

Meton ynbTPa3BYKOBOH SKCTPAaKIMU MHOTHMMH aBTOPAaMH PaccMaTpHBACTCS
KaK Crnoco0 HMHTEHCU(UKAIMKA B TEXHOJIOTHHM IOJYYEeHHUS! SKCTpakTOB. CHEKTp BOJH,
YUYacCTBYIOIIMX B YJIbTPa3ByKe, HA3bIBACTCS YIbTPA3BYKOBBIMH BOJHAMH, & YACTOTHI 3THUX
BOJIH BBILIE 3BYKOBOTO AuanazoHa (> 20 k['1) m HMKE MHKPOBOJHOBBIX 4acToT (o 10
MTI'ny). Opranu3oBaTh MPOLIECC MOXKHO MPSIMBIM BO3JEHCTBUEM YJIbTPa3Byka Ha oOpasen

52



OF THE NATIONAL ACADEMY OF SCIENCES OF THE REPUBLIC OF KAZAKHSTAN

C TIOMOLIBIO 30H/a WJIM KOCBEHHO B Y3 BaHHE 4epe3 CTEHKM cocyla ¢ oOpasuoMm. B
nocieaHeM ciaydae 3(pGeKTUBHOCTh SKCTPAKIMH HUXKE, TAK KaK 4acTOTa 3BYKOBBIX BOJIH
MOCTOSTHHA U HegocTaTouHo Beicoka (20 mam 40 xI'm) (Fatkullin, 2012).

HccnenoBanne  pacTUTENBHOIO — MaTepHaja CKaHUPYIOIIEH  3JIeKTPOHHOMN
MHUKPOCKOINHUEH I0Ka3an0, 4YTO W3HAYAJIbHO KJIETKU CBHIPbSl TJIAAKHE M HEIOPUCTHIE.
OKCTpaKLKUs paCTBOPUTENIEM UCTOIIACT UX U IPUBOJIUT K ITOSIBIICHUIO PA3PhIBOB U CKIIAI0K.
Mexay tem Y3-3KCTpakiusl BElET K M3MEHEHHIO (POPMBI M TOJHOMY IOBPEKICHHIO
KJIETOUHBIX CTEHOK. [loka3aHo, YTO MOJHOTa W3BJICYCHUS MAKIUTAKCEIa BO3pacTacT
C YBEJIMYEHHUEM MOUIHOCTU yibTpa3Byka B auana3zoHe ot 80 mo 380 B, u BbIXOJ mocie
onHOKpaTtHOW Y3-skcTpakuuu B Tedenue 10 muu mpu 380 B comoctaBum ¢ 0ObIuHON
YEeTBIPEXKPATHOH dKcTpakiuei B pactBoputene (Belokurov, 2019).

[Ipu npoBeeHNM aHaNK3a BIUSHUS YJIBTPa3ByKa Ha U3BJICUCHUE (HIIABOHOHUIOB M3
3€JICHOM MacChl TPEYNXH ObIIO YCTAHOBJICHO, YTO MX 00JIee BBICOKHI BBIXOJ] IOCTUTACTCS B
100 pa3 ObIcTpee 1Mo CpaBHEHUIO ¢ TpaauuoHHOH dkerpakiueit (Vilkhu, 2008), a mporecc
9KCTPAKIMU CEMSH TOMAaTOB 3a CUeT MHTEHcH(UKAIMU Tpolecca Y3 cokpamaercs ¢ 48
MuHyT 10 8-10 (Zhang, 2001). AHanorudeH npuMep 0oJee IMOITHOTO BBIXOAA SKCTPAKTHB-
HBIX BEIIECTB U3 CEMsH MaKUTHUKA 3a 60 MUH BO3/EHCTBUS YIBTPa3BYKOM, CPABHUMBIC C
5-TH 4acoBOW ITWHAMHUYECKoW Marepanuei. OJHako aBTOpaMu OTMEYEHO, 4TO 00paboTKa
YABTPa3ByKOM 3KcTpakTa Oosnee | yaca mpuBoauT k gectpykuuu BAB u ero nnaktusamuu
(Apaeva, 2016). B 0630pHoii crathe (Ameer, 2017) coobimaeTcs 00 YBeTUYEHUH BBIXO/1a
cyOCTaHIMHU ITPY IPUMEHEHUH YIbTPa3BYKa [0 CPABHEHUIO C OOBIYHON IKCTpakiuei ot 20
% 10 53 % 1 9TO yABTPa3ByKOBOE BO3AECHCTBHE MPAKTUIECKH HE BIMSIET HA XUMHUYECKYIO
CTPYKTYPY 9KCTparupyembIx BEIECTB.

[Ipu pazpaboTke ONTUMAIbHBIX YCIOBHH YIbTPa3BYKOBOW IKCTPAKIIMN BaKHBIMHU
OCTalOTCS BCE BBILICHA3BaHHbIC (DaKTOPHI (IPUPOJIAa PACTBOPHUTEINS, TEMIIEpaTypa, BpeMs
U JApYyTHe), TaK KaK MpoIecc Malepauny NoAUUHsIeTCs 3aKkoHaM Juddy3un 1 3aBUCUT OT
3TUX TEXHOJIOTHUECKUX MapameTpoB. B Hacrosimieil pabore mpoBeneHa ONTUMHU3ALMS U
COBEPILLICHCTBOBAHUE TEXHOJIOTUH MOTY4EHHsI CyOCTaHIIMHU U3 HAA3€MHON YacTH pacTeHUN
Brja Atraphaxis MmeTogoM Y3 3KCTpaKIuu.

Jia mepBoro srtama 3KCHEPUMEHTA MPOBOIWIH Y 3-3KCTpakuuio pacteHuid 30
%, 50 % u 70 % >THUIOBBIM CIUPTOM B KadyecTBe dKcTpareHTa npu temmneparype 30 C B
TedeHre 40 MUHYT B TpeX NapajjiefbHbIX OmbITax. [lanee oTQUIBTPOBaHHBIA IKCTPAKT
KOHLICHTPUPOBAJIHN JI0 TYCTOH KOHCUCTEHIIMM Ha POTOPHOM HCIIapUTeNie IPH TeMIIepaType
40-45 C. Ha BbIX0J€ MOIYYNIH KPUCTAINTNYECKHI MOPOIIOK KOPUYHEBOTO 1[BETa, BBIXOT
cyOCTaHIIM W3 HaJ3eMHOU YacTH JBYyX BHIax Atraphaxis: A.virgata, A.pyrifolia 1,5-2,5
pa3 Oosblie MeTo/a MPOCTOH 3KCTpakuuu. JlaHHbIe BEIOOpa IKCTpareHTa MpUBEICHbI Ha
pucyske 1.
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A.pyrifolia

Avirgoto

Buzop cyboTagnun, %o
[=] = MW £ LA =~ oo

30 50 70

FKongentpauua stanoeoro coupTa, %o

Pucynox 1. 3aBuCHMOCTb TIOKa3aTemst BbIxoAa cyocTaHIuH (%) OT KOHIIEHTPALUH 3THIOBOTO
compta (%)

CoriacHO MOJIy4eHHBIM JJaHHBIM, UCIIOJIb30BaHUE STHJIOBOTO CITUPTA PA3IMYHBIX
KOHIICHTpAIIMii B KA4eCTBE SKCTpParcHTa IMO3BOJSCT IMOJYYUTh XOPOIIHH BBIXOJ
cyOcTanuu. MaKCHUMaJIbHBIM BBIXOJ] KOJIMYECTBA CYOCTAaHIIMU W3 HAJ3EMHOM 4YacTH
pacTeHui, BblieeH ¢ npuMeHeHneM 70 % 3THUIIOBOTO CIIUPTa, KOTOPBIi, CISI0BATEIILHO,
OyZIeT HAaWJTy4IlIUM 3KCTPAreHTOM JJIsl UCCIICAYEMOr0 JICKAPCTBEHHOTO ChIPhs B YCIOBHSX
Y3-3KCTpaKium.

BTopbIM 3Tarnom onpeaessii ONTUMaIbHOE COOTHOIIICHUE ChIPhSl U SKCTpareHTa
JUISL TIOBBIIIICHUST BBIXOJIa SKCTPArupyeMbIxX BeliecTB. Kak BUIHO M3 pUCYHKaA 2, pe3yiib-
TaT MO BBIXOAY CyOCTaHIIMU M3 pacTeHHWd Buja Atraphaxis pacTeT ¢ yBEeTHYCHHEM HX
COOTHOIICHHUs, JJIsi 0oJiee 3KOHOMHOI'O PACXOJOBAHUS PACTBOPUTEINIS ONTUMATIbHBIM
Oynet cooTHomenue 1:8.

A.pyrifolio

A.virgota

Bremop cyfcrampm, %o
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CoOTHOUIEHHE CHPBE SHKCTHAT EHT

Pucynox 2. 3aBucuMocThb NMoKa3arteis BbixoJa cyoctaHuuu (%) oT COOTHOLIEHHS ChIpbe:
IKCTPAreHT

B ,Z[aJ'ILHefIHIeM IpoOBOANIACHE BaJIMAALIWA TPUEMIICMOT'O BPEMCHHU y.]'[BTpa3By1(0BOI>i
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sKcTpakiuu. V3MeHsmu mpoaosnkuTensHocTh mporecca (30, 45, 60, 120 muH) npu
HEU3MEeHHOHU Temrieparype, paBHOH 30 °C, 1 COOTHOIIEHUS CBIPbs M DKCTpareHTa kak 1:8.

Brixon cyOctaHIMu, MOTyYEHHBIX U3 HA36MHON YacTH € MPOJOJIKUTEIIEHOCTHIO
BPEMEHH SKCTPAKLUH 10 45 MUH BO3PacTaeT U 0CTAeTCsl HeM3MEHHBIM /10 60 MUH (PHUCYHOK
3). D10 moATBEp)KAAET BHICOKYIO 3((EKTUBHOCTb TEXHOJOTMU MOJIYYECHHUS! CyOCTaHIMU
V3- skcTpakuuel 3a KOPOTKUI EpHO BpEMEHH.

16

14 .
A.virgata
12

10

A pyrifalia

Brxog cyboranuun, %

30 45 60 120

Brent skcTpaknuy, MHE

Pucynox 3. 3aBUCHMOCTD CO/IepP:KaHUsI MOKAa3aTe/s1 BbIX0Aa cyocTanuuu (%) oT BpeMeHH
IKCTPAKIUH (MMH)

IIpn omnpeneneHuN ONTHUMAIBHBIX YCIOBHUH OJKCTPAKLIMK TaKKe YUHUTHIBAIU
MIOJTHOTY M3BJICUEHUS SIKCTPAKTUBHBIX BEIIECTB B 3aBUCUMOCTH OT KPaTHOCTH HKCTPAKIINU.
OKcTparnupoBaHue MPOBOJMIN B JIBE€ CTYIIEHH TPU COOTHOIIEHHWHU CBIPBS M DKCTpareHra
1:8 B Teuenue 120 muuyt npu 30 °C. K orduabTpoBaHHOMY CHIPBIO TOCJE TEPBOI
AKCTPAKIUH T00ABIISIIIH CBEXKYIO MOPIHIO0 BOJHOTO criupTa (70 %) ¥ TOBTOPHO NPOBOAMIH
00paboTKy YIBTPa3BYKOM NIPH TeX ke yclnoBUsiX. OTOUILTPOBAHHBIE BOJIHO-CITUPTOBBIC
IKCTPaKThl OOBEUHSIN U KOHIEHTpUpoBanu npu Temreparype 40-45 °C B Bakyyme
nocyxa. CoriacHo 3KCIepUMEHTaIbHBIM JaHHbIM (Tabmuua 1), crnemyer, 4To KpaTHOCTb
IKCTPAKIIMH HE OKa3bIBAET CYIICCTBEHHOTO BIIHSIHUS HA TIOBBILICHUE BBIX0JIa CyOCTaHITNH
M3 HaJ3eMHOW YacTH pacTeHui Buaa Atraphaxis. IlpoBenenue mporecca B OJHY CTyIEHb
10 OTIMCAHHOM TEXHOJIOTHH TO3BOJIIET U3BJIeYb KoMIiekc BAB B monHOM konmuvecTse.

W3 xopHel u3y4YeHHbIX BUIOB wiaeenent (Rumex) ObUIO MONTYYEHO U HapabOTAaHO
10 duTonpenapaToB, HO aKTHBHOCTH ObLIa M3y4eHa 4 huTonpenapaToB. Bee monmyyeHHbie
¢duTonpenaparsl, ycioBHo HasBanHbie LM-3, LR-2, LP-4 u LR-1, npezacrasustor codoit
MOPOIIKH OYpPOBATO-KOPHYHEBOTO [IBETA, XOPOIIO pacTBOpuMbIie B 30 % 3THIOBOM CIIHp-
Te, 3THWII0BOM criupte, 50 % BogHOM areToHe, MajtopacTBOpuMsbl B 10 % crimpTe u npakTH-
YECKH HEpacCTBOPUMBI B BOJIE.

Brepseie st puTonpenapatoB pacmenuil pooa Rumex npoBeneH XMMHUYSCKUI
aHaJIN3.

B cocraB ¢uronpenapaToB BXOIAT (EHOINBI, aHTPAXUHOHBI, (TABOHOUIIBI M HX
TITUKO3H/IbI, (DEHOJIO- K aMUHOKHCIIOTBI, JyOMIIbHBIC BElIeCTBA KOHICHCUPOBAHHOTO PsJIa.
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KauecTBeHHBIMU peakUUsIMA C HCIIOIb30BAaHUEM CHEIH(DUUECKUX MPOSBUTEICH TaKKe
0OHapyXeHbl KaTeXUHBI, TOJMCAXapHU bl U alkajouabl. KoMmoHeHTHBIH cocTaB ¢uronpe-
MapaToB U3y4aJcsi METOJJOM BOCXOsIelH xpomarorpadun Ha Oymare ¢ UCIIOIb30BaHUEM
CUCTEM pacTBOpUTENel: OyTaHOI - YKCycHas kucioTa-Bona (40:12,5:29), toxyon — atu-
noBbI# cpt (9:1), Tomyosn. MeTooM AByMEpHOH OyMasKHOW XpoMaTorpapuu B KaKIOM
¢uronpenapare oOHapyxkeHo a0 20 BemecTB. MaeHTndukanys KOMIOHEHTOB BCEX
IPYIII COSMHEHHUH OCYIIECTBIISIIACh METOAOM OJJTHOMEPHOI XpoMaTorpaduu Ha Oymare u
B TOHKOM CJI0€ COpPOEHTA C UCIIOIb30BaHNEM CIICM(DUIECKUX MPOSBUTEIICH U CPaBHEHHEM
C METYMKaMHU-CTaHJapTaMHd YIJIEBOJIOB, AMHHOKHUCIOT, (eHoJoB, (IIaBOHOHMIOB,
(hEHOTIOKHCIIOT U AaHTPAXWHOHOB (Tabmuma 2).

Tabnmma 2. JlanHbIe KOTUYIECTBEHHOTO aHanm3a rpynn bAB 4-x ¢putonpenapaTtos u3 kopHeit masenei, %

I'pynna BAB LM-3 LR-2 LP-4 LR-1
draBoHOMIBI 9,91 6,95 4,79 3,87
Cymma (peHoJI0B U PEeHOIOKUCIOT 9,57 9,68 11,56 12,54
AHTpaxXuHOHBI 0,83 1,77 1,13 1,74
JlyOunbHbIC BElecTBa 10,42 13,39 13,36 38-40
AMUHOKHUCIIOTHI 3,47 441 4,62 4,96
[Monmcaxapuabt 3,14 - - 0,78
KaTtexuHbl 0,70 0,63 0,84 0,57
AJKanous 0,029 0,04 0,02 0,02

Taxum 00pa3om, Mo KOJIMYECTBEHHOMY cozepkannio bBAB cymMma aHTpaXnHOHOB
noMuHHpYeT B ¢putonpenaparax LR-2 u LR-1, cymma aMMHOKHCIIOT, DeHOIOB U (heHOIIO0-
Kucnot — B uronpenaparax LR-1 u LP-4, ¢raBononnos — B puronpenaparax LM-3 u LR-
2, monucaxapuioB — B guronpenapate LM-3, nyOunbpHbBIX BeulecTB — B (huTonpenapare
LR-1, karexunoB — B ¢uronpenapare LP-4 u LM-3. B Tabnuie 3 npuBeeHbl JaHHBIE IO
UACHTH(PHUKALUN KOMIIOHEHTHOTO cOCTaBa 4-X (UTONPEnaparoB.

Tabnuua 3. Unentudukaims KOMIOHEHTHOTO cocTaBa 4-x (uronpenaparon

I'pynma BAB LM-3 LR-2 LP-4 LR-1
1 2 3 4 5
VrieBoasl

Caxapo3a + +
I'mokoza + +

PamHuo3za + - + _
l'anakrosa + +
Ddpykro3za - + -

DEHOTOKUCIOTHI

T"aytoBas + + + +

CupeHeBast + - - -
Kodeiinas + + -
IT-okcuben3oiiHas - - +

56



OF THE NATIONAL ACADEMY OF SCIENCES OF THE REPUBLIC OF KAZAKHSTAN

AHTpaxUHOHBI

DMoauH +

Xpuszodanom +

+

ducnmon +

DrraBoHOUIBI

1

Ksepuernn

Mupunerun

S N N
]+ ]|
]+ ]~
++]+]|w

PyTtun

Denorl

+

[Muporanon

ITupokarexun

DIOpOrIIOUH

]+ ]+
1

Pezopuun - -

['mppoxuHon - - - +

AMHWHOKHUCIIOTBI

IIponun - + + +

['mectunun - - + _

ApruauH + + - -

Bamuna - - -

Tuposun + - - +

Iucrenn - - - _

OKCcUnpoInH - - - -

Jlewun - - + -

DenunnananuH - + - +

Tpeonun - - + -

Cepun + - -

MeTnoHuH - + -

Inmunpn + - - _

I'myramunoBast kuciaora - + + -

OpHUTHH - - +- -

ACHapaI‘PIHOBa}I KHUCJI0Ta + - - -

Tpunrodan - + - +

H3oneiiunn - - + R

JIm3un + - - -

AnannH - + + n

Kak BuaHO w3 Tabmwmmel 3, Bo Bcex 4 durompemapatax WACHTHPHUIIUPOBAHO 4
yrieBoja, B puronpemnapatax LR-2 u LP-4 — 2 peronokuciorsl, B purtonpenaparax LM-
3, LR-1 — 3 ¢enonoxucnorer; B puronpemapare LR-1 upearudumuposano 4 deHona, B
OCTaJBHBIX — 3; BO Bcex 4 ¢uTonpenaparax UASHTUGUIINPOBAHO 3 aHTpPaxXWHOHA, 3 ¢ura-
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BOoHOU/A; B (putornpernapare LM-3 — 6 amuHOKuUCIOT, B huTonpenaparax LR-2 u LR-1 -7
AMUHOKHCIIOT, B puronpenapare LP-4 — 8 aMHHOKHCIIOT.

ITo nuTepaTypHBIM AaHHBIM M3BECTHO, YTO 332 aHTHOAKTEPHUAIbHYIO aKTUBHOCTD
OTBEYAIOT IPOM3BOJHBIC AHTPAXWMHOHA; 32 AHTHOKCHIAHTHYIO aKTHBHOCTb —
TUIPOKCHIIbHBIE TPYMITEl (DEHOIBHOTO TUIA, 0COOCHHO MOMU(EHOIIB TUMA (DIaBOHOUIOB,
yeM OoJjbllle THUAPOKCUTPYII B MOJEKyle IMonudeHona, TeM Oosee BbIpakeHa
AQHTUOKCHJAHTHAsI aKTUBHOCTD; 32 (QYHIMUUAHYIO, HHCEKTULUIHYIO U (PUTOTOKCHYECKYIO
AKTUBHOCTHU — MOJNN(EHOIbHBIE COSANHEHHUS, B YACTHOCTH (DIIABOHOMU/IBI, KATCXHHBI.

MeTaHONBHBIA AKCTPAaKT KOpHEW Rumex steudelii TpoSIBISIET (QYHTHIMTHYIO
aktuBHOCTh (Gebrie, 2005).

BonHo-ciMpTOBBIE 3KCTPAKTHI KOPHEH C KOPHEBUIIAMH, JIMCTHEB M IJIOAOB Ru-
mex pulcher L., KopHe# ¢ KOpHEBHIIIAMHY U INCTheB Rumex thyrsiflorus Fingerh. v Tuionos
Rumex dentatus L. 001agaroT OaKTepUIMIHON AaKTUBHOCTBIO B OTHOILLIEHUHU 30JIOTHCTOTO
craunokokka Staphylococcus aureus, f-TeMOIUTHYIECKOTO CTPENTOKOKKA Streptococcus
pyogenes, CHHETHOWHOM manodku Pseudomonas aeruginosa (Kxanen, 2001).

OKCTpaKThl KOpHEH ¢ KOPHEBUILIAMHU WM JHCThsIMH Rumex thyrsiflorus Fingerh.
TaKXXe YTHETAI0T POCT BO30YIUTENs AU3CHTEpHH. Bee Tpy nccneioBaHHbIX BUA IaBesei
MPOSIBJISIIOT QYHIMUMAHYIO aKTUBHOCTh B OTHOLICHUH JAPOACKENION0OHBIX TpuboB Candi-
da albicans.

JU1sl CKpUHMHTa aHTUOKCUAAHTHOM aKTUBHOCTH METOJIOM TECTHPOBAHMS IO METO-
muke [281] oTobpans! Guronpenaparsl, ycioBHO Ha3BaHHble LR-1, LR-2, LM-3 u LP-4,
MOJTy4YEHHBIC U3 KOPHEBHI] U KOPHEH LIaBessl HMpaMUIaIbHOTO, PyCcCKoro, Mapiianios-
CKOTO U MAaMHUPCKOTO. B KadecTBe CpaBHEHMS UCIIOJIB30BAHbI CTAaHIAPTHBIC AaHTHOKCHIaH-
ThI — IPONMJITANJIAT U M-TIPONTIJITaJIIaT.

AHTHOKCHJIAaHTHAs! aKTUBHOCTDH (uronpenapatos: LR-1 — 95 %, LR-2 — 93,5 %,
LM-3-99,01 % u LP-4 — 96,9 % npeBblacT akTUBHOCTb CTaHIAPTHBIX 00pa3os. JlaH-
HbIe (huTONpenaparsl MOTyT OBITH PEKOMEHJOBAHBI K MCIOIb30BaHMIO, & KOPHHU LIaBeJeh
MUPAMHUJIAIBHOTO, PyCCKOro, MapiiayloBCKOTO U MaMHUPCKOTO MOTYT CIYXKHTh ChIPbEM
JUIS1 UX TIOJTyYEHHs], YTO PACIIMPHUT ACCOPTUMEHT IIPUPOAHBIX aHTHOKCHAHTOB.

Aumubaxmepuanvhas akmugHOCMb U3ydeHa Ha 6 PaslUYHBIX KIMHUYCCKU
BBIJICJICHHBIX TPaMIIOJIOKUTEIBHBIX U IPaMOTPHULATENbHBIX OakTepusix (Escherichia coli,
Bacillus subtilis, Shigella flexenari, Staphylococcus aureus, Pseudomonas aeruginosa, Sal-
monella typhi) metonom «PacceBa B yOuHe cpepl». B kauecTBe cTaHmapTHOTO 00pasia
ncnoib3oBaH imipenum (koHuenTpanus 10mr/min) (Finegold, 1982). 13 tabmuist 4 BUIHO,
yto (puronpenapatr LR-2 oOmamaer He3HAUNTENBHON MHTHOMPYIOIIEH aKTHBHOCTHIO Ha
Bacillus subtilis n xopoweit — Ha Staphylococcus aureus, putonpenapar LM-3 obnagaer
Xopoliel HHrHOupyoLe akTHBHOCTBIO Ha Bacillus subtilis u Staphylococcus aureus.
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Tabmuna 4. AHTHOaKTepHAIbHASI AKTUBHOCTH (DUTOIPENapaToB U3 KOpHe Rumex

Ha3zBanwue Oakrepuit 30Ha HHrHOUpOBaHUS (MM) IPH KOHIIEHTpauu oopasma 3 mr/mi JMCO
IIpenaparts! (TecTsl in-vitro) Crangapt (MMunenym)
LR-2 LM-3 LP-4
Escherichia coli - - - 35
Bacillus subtilis 9 15 - 35
Shigella flexenari - - - 40
Staphylococcus aureus 16 17 - 50
Pseudomonas aeruginosa - - - 20
Salmonella typhi - - - 31

DyHeuyuonas axmueHocmy WCIbITaHA HA MITaAMMax TPHOOB METOJIOM «pacceBa
Ha MOBEPXHOCTH IUIOTHOW cpenbl» (Paxton, 1991). Mcnonb3oBaHo 5 pa3inyHbIX TPHOOB
- maroreHoB (Candida albicans, Aspergillus flavus, Microsporum canis, Fusarium sola-
ni, Candida glabrata). B xauecTBe cTaHAapTHBIX 00PA3I0B KCIIOJIb30BaHBI MUKOHA30J U
amdotepunurH B, xoHueHTpanus npenaparoB — 40 mr/mi. Poct Gakrepuii onpenensiics
BU3yabHO. JlaHHbIe QyHIMINAHON aKTUBHOCTH NPUBEICHBI B Ta0IHILIE 5.

Tabmuua 5. @yHrunmaHas akTHBHOCTB (UTONpenapaToB U3 KopHei Rumex L.

Hazpanue JIuneiinblii poct (MM) Ipu % WHrHOMpOBaHUS Konuenrpanus
KOHIeHTpanuu obpasua 400 mMr/mi CTaHJapTa MI/MII
rpI/I6OB JIMCO
[Mpenapartsr (TecTs! in-vitro)
LR-2 LM-3 LP-4 Cr-r | LR-2 | LM-3 | LP-4
Candida albi- 100 100 100 100 0 0 0 110.8 MuxoHa3o0mn
cans
Aspergillus 100 100 90 100 0 0 10 20.0 amorepu-
favus uH B
Microsporum 90 85 100 100 10 15 0 98.4 MukoHazoi1
canis
Fusarium solani 100 100 100 100 0 0 0 73.25 MuKoHa301
Candida gla- 100 100 100 100 0 0 0 110.8 MukOHa307T
brata

W3 Tabmune 5 ciaenyert, uro ¢puronpenaparsl LR-2 u LM-3 npu KoHIEHTpauu
40 Mr/mMi nposIBIISIIOT HE3HAYUTEIbHOE HHIMOUpYIolee ICHCTBHE B OTHOIIEHUH Micros-
porum canis, a puronpenapar LP-4 — Aspergillus flavus.

PuUTOTOKCHYECKas aKTUBHOCTh M3ydeHa Ha pacTeHUU Lemna minor o METOJNKE
(Atta-ur-Rahman, 1991). B kauecTBe cTaHgapTa UCIONB30BaH MapaKkyar (KOHLEHTpAIUs
0.015 mr/m).

W3 Tabmunpl 6 cienyert, uto puronpenapatsl LR-2 u LM-3 nposBIIsiioT XOpOIIyro
(DUTOTOKCHYECKYIO AKTHBHOCTh B OTHOWICHWW Lemna minor TPH KOHICHTpAIUN
komronenTa 100 pr/mi, a LP-4 — He3HaYNTENbHYIO0 aKTHBHOCTb.
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Tabnuma 6 - GuToTOKCHYECKask aKTUBHOCTH (DPUTOIPEIIApaTOB U3 KOpHEeH Rumex L.

Haspanue | Konmenrparus Ne pponTa % pocTa perynsaiun
pacTeHust KOMIIO-HEHTa
Lemna minor | (HO/MiD) LR2| LM3| LP4| Komrpoms | LR2| LM3 LP-4
1000 8 8 6 60 60 10
100 12 12 10 20 40 40 50
10 16 16 17 20 20 15

WHcekTunuaHas akTUBHOCTh M3ydeHa Ha 4 mrammax (7ribolium castaneum,
Sitophilus oryzae, Rhyzopertha dominica, Callosbruchus anali) MeTo10M TOKCHYHOCTH I10
metonuke (Paxton, 1991). B kauectBe cranmapra ucnosib3oBaH Pernuethin (KOHLEHTpa-
st 235.9 Mr/cm?), KOHIIeHTpanus uccieayemoro oopasna — 1019.10 mr/cm?.

Tabmuma 7 - HCeKTHIMTHASE aKTUBHOCTE (DPUTOIPENIApaTOB U3 KOpHEH Rumex L.

HasBanue nHCeKTHIIMIA % cMepTHOCTH Oduronpenaparsl
+ KOHTPOJb - KOHTPOJIb LR-2 LM-3 LP-4
Tribolium castaneum 100 0 0 20 0
Sitophilus oryzae 100 0 0 0 0
Rhyzopertha dominica 100 0 0 0 0
Callosbruchus analis 100 0 0 0 0

W3 Tabmunpt 7 BuaHO, 9To hutonpenaparsl LR-2 u LP-4 He nposiBIsSIOT HHCEKTH-
LUIHYIO0 aKTHBHOCTb, a ¢putonpenapar LM-3 o0nanaeT He3HAUNTETbHONH MHCEKTHIIUIHON
aKTUBHOCTBIO Ha Tribolium castaneum.

Takum 00pa3om, BrepBble sl pacTeHHid poma Rumex (LaBejb) BbISBICHBI:
3HAYHUTENIFHO BBIPAKCHHBIE AHTHOKCHJAHTHAs, aHTHOaKTepuaibHas, (pUTOTOKCHYECKast
AKTHBHOCTH M MEHEE BBIPAKCHHBIC aKTMBHOCTH — (DYHTUIMIHASI U HHCEKTHIIUHAS.

3akinoyeHue

Ilo pe3ynbraram MpOBEIEHHOTO MCCIENOBAHUSA JUIS pacTeHUil pona Atraphaxis
BIIEPBBIE TIPOBEJAEH TOJy4YeHHE OWOJIOTMYECKH AaKTHUBHOIO KOMILJIEKCAa METOI0M
YIBTPA3BYKOBOM JKCTPaKLUMU. YCTAHOBJIEH MEXaHU3M JCUCTBUS yJbTpa3ByKa Ha
pacTuTeNbHbIC KJIETKH U OCHOBHBIE (DaKTOPBI, BIHSIONINE HA JAHHBIN Mpoliecc. XOpOIuii
pe3yJbTaT MOIy4eH MO BBIXOAY (hapManeBTHYECKOH CyOCTaHIIMU: U3 HAJ3EMHON YacTH
coctaBisieT B cpeadem 5,22 % u 7,07 %.

CTOUT TakKe OTMETHTH OIEPaTHUBHOCTb, 3()P(HEKTUBHOCTH W IKOHOMHUUECKHUE
MPEUMYIIeCTBa pa3paboTaHHON TEXHOJIOTUH B CPABHEHHH C UCII0Ib3YEMbIM PaHEee METOIOM
IBYXKpaTHOW 24-yacoBoil Marepanuu. ONTUMaNbHBIC YCIOBHS JUISI yIbTPa3BYKOBOM
OJTHOKPATHOM IKCTPAKIIUU UCCICAYEMbIX PACTEHUN: NIUTEIBHOCTh 120 MHH, SKCTpareHT
— 70 % STUIIOBBIN CIIUPT, COOTHOILIEHUE ChIPhS U 3KCTpareHTa, paHoe 1:8.

st pactenust poga Rumex BriepBbie MPOBeAeH GUTOXUMHUUECKUI aHAIN3, OTpa-
Ootana texHosorus nonyueHus bAK metonom matepanuy U u3ydeHa OHOJIOTHYECcKast ak-
TUBHOCTH. [l0 KONMMUecTBEeHHOMY cojepkannio bAB cymMMa aHTpaXxvHOHOB TOMUHHUPYET
B ¢uronpenaparax LR-2 u LR-1, cymma amMuHOKHCIOT, (EHONOB H (DEHOJIOKUCIOT
— B ¢uronpenaparax LR-1 u LP-4, ¢pnaBononnoB — B puronpenaparax LM-3 u LR-2,
nonucaxapuaoB — B puromnpenapare LM-3, nyounbHbIX BemecTB — B putonpenapare LR-
1, xaTrexuHoB — B purtonpenapare LP-4 u LM-3.

BoaHo-cniupToBbIe SKCTPAKThI KOPHEH ¢ KOPHEBUILIAMH, JINCTHEB U IJI0J0B Rumex
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pulcher L., KOpHEl ¢ KOpHEBHUILAMH M JUCTbeB Rumex thyrsiflorus Fingerh. n niaonos
Rumex dentatus L. 001anaroT 6akTepULIUIHON aKTHBHOCTBIO.

AHTHOKCHJIAaHTHAsI aKTUBHOCTH ¢uronpenapata LR-1 — 95 %, LR-2 - 93,5 %,
LM-3-99,01 % u LP-4 — 96,9 % npeBbiacT akTUBHOCTh CTaHAAPTHBIX 00Pa3IOB.

@uronpenapatst LR-2 u LM-3 npu koHuentpauuu 40 MI/MI NOPOSBISIIOT
HE3HAYUTEIbHOE MHIHOMpYIolIee NecTBUE B OTHOIWEHUH Microsporum canis, a GUTO-
npenapar LP-4 — Aspergillus flavus.

®uronpenaparel LR-2 u LP-4 He nposBISIIOT MHCEKTHLUIHYIO aKTHBHOCTD,
a ¢uronpenapar LM-3 obnanaer HE3HAYUTENbHOW HMHCEKTHLUUIAHOM aKTHBHOCTBIO Ha
Tribolium castaneum.
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Abstract. Currently, it is impossible to carry out processes in chemical
technology without the use of catalysts - that is, substances that increase the rate
of reaction. Catalysts allow processes to be carried out that would not be possi-
ble without them, such as Fischer-Tropsch synthesis. The creation and preparation
of highly efficient Fischer-Tropsch synthesis catalysts will solve the problem of
replacing fossil fuels with very clean alternative fuels and reducing the negative
impact on the environment. The article presents the results of a study of the sur-
face structure by the Brunauer-Emmett-Teller method and their morphology using
the transmission electron microscope method of cobalt-containing catalysts with a
perovskite structure for the Fischer-Tropsch synthesis obtained in the presence of
templates by coprecipitation under mild hydrothermal conditions. The influence of
templates on the surface structure and dimensional characteristics of metallic co-
balt was determined. The research results showed that the surface areas of samples
LCO-1 and LCO-2 obtained in the presence of a soft ethylene glycol template were
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9.5 and 10 m2/g. And the LCO/KIT-6-6 sample, obtained in the presence of a solid
template of mesoporous silicon oxide KIT-6, showed a developed surface area of
220 m2/g and porosity. The results of the study showed that the LCO/KIT-6 sample
has higher porosity and is more ordered than the other two samples. This, in turn,
determines the high catalytic activity of the catalyst.

Keywords: hard template, soft template, morphology, TEM, catalyst
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AnHotamus. Ka3ipri TaHga XUMHUSIBIK TEXHOJIOTHSIA MPOLECTEPIl
KaTaJIn3aTopyapAbl — SFHU PpEaKIUs >KbUIIAMABIFBIH apTTBIPAThIH 3aTTap/bl
KosmanOail Kyprisy MyMkiH emec. Karammszaropmap — onapchl3 MYMKIH
eMecC TMPOLeCTePi JKYprizyre MYMKIHmIK Oepeni, Mbicanbl, @umep-Tporin
CHUHTE31H Xyprizy. @umep-Tpomin CHHTE3IH XKYpridyre apHajafaH THIMILTIr
JKOFaphl KaTalM3aTopiapAbl Kypy >KoHE NaiiblHAay Ka30aiabl MyHall KeHIHEH
QJIBIHATBIH OTBIHIBI ©TE Ta3a OajlaMa OTHIHMEH aJIMAacTBIPy MACENECiH MIeIIyre
JKOHE KOpIIaFaH OpTara JIETeH Kepl ocepiH a3aiiTyra MYMKIHIIK Oepin OTBIp.
CunTe3 Kaiita eHJeNneTiH MHKi3aTThl (OMoMacca) eHaeyre MyMKIiHIIK Oepeni,
Oyl aTMocdepara aHTPONOTCHIK MAPHHUKTIK ra3fap, COHBIH IIIIHAEC KOMIpTEeK
JUOKCUIIHIH HIBIFApPBIHIBUIAPBIH a3aliTyFa MYMKIHIIK Oepeni. bepinren makanaaa
Oumep-Tpormn cuHTE31 YIIiH, KaTThl )KOHE XKYMCaK TEMIUIATTapAblH KAaThICHIH]IA
KYMCaK TUAPOTEpPMAJbl KardaiWga Oipre TYHIBIPY OICIMEH CHHTE3IEINIIl
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aJBIHFaH KOOAJIBT KYpaM/Ibl, IEPOBCKUT KYPBLIBIMJIBI KaTaIu3aTOpIap IblH OCTTIK
KypeuTbIMBIH bpyHayep-Ommet-Temnep (bBOT) oxmiciMiH sxoHE MOPQOJIOTHICHIH
TPAHCMHUCCHSIUTBIK AJIEKTPOHABI MHUKpockonusHbl (TOM) maiiganana OTBHIPHIT
3epTTey HOTIKenepi OepinreH. MeTtaim KOOANbTTHIH OETTIK KYPBUIBIMBI MEH
OJIIIEM/IIK CHIaTTaMaJlapblHA TEMIUIATTAPIBIH OCEp €Ty CHUIMAaThl aHBIKTAJAJIbI.
3epTTeyiep HOTHKEEP1 )KYMCAK TEMIUTAT dTUJICHTJIMKOJIBIIH KaThICHIH/Ia aJIbIHFaH
nantaH koOampTaThiHBIH LCO-1 xoHe LCO-2 yariepiHiH O€TTIK ayaaHmapbl
9,5 sxone 10 M*/r TeH OG0B A ME30MOpabl KPEMHHH OKCHITI KaTThl TEMILIAT
KIT-6 xarbiceiaaa ansiaran LCO/KIT-6 yarici qameiran 6eTTik aymanra 220 Mm%/t
KoHE KeyeKTUTKke ue 6omarbiHabiFbiH KopceTTi. LCO/KIT-6 yaricinae KanraH exi
yaATire KaparaHaa KEyeKTLTIT1 )KOFaphl )KOHE PETTUTIKIICH OpHAJIACKAHBIH 3ePTTEY
HOTWIKENEpl KepceTTi. 3epTTey OapbIChIHIA allbIHFaH MOJIMETTep OOWBIHIIA
KaTaJIM3aTOPJbIH KaTAIMTHKAIBIK OCJICeHIUTITIHIH JKoFapel 0ony cebebiH
alKbIH AN b

Tyiiin ce3mep: KaTThl TEMIUIAT, KYMcCaK TeMmIiuiaT, mopdoiorus, TOM,
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AHHOTaHHH. B HACTOAIICC BPECM HCBO3MOKHO OCYIICCTBIIATH ITPOLCCCHI
B XMMHYECKOHN TEXHOJOIUU 0€3 UCIHOJIH30BaHMS KaTaJin3aTopoB, TO €CTh BCIICCTB,
YBCIMYUBAOIHUX CKOPOCTbH XUMHYCCKHX peaKHHﬁ. KaTaJ'II/ISaTopH IIO3BOJIAIOT
OCYIICCTBJIATDH IMPOUCCChI, KOTOPLIC 0e3 HUX OBUIH OBI HCBO3MOKHbI, HAITPHUMCEDP,
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sTt0 cuHTe3 Dumepa-Tpommra. Co3naHue W MOATOTOBKA BBICOKOA(D()EKTHUBHBIX
KaTajau3aTopoB cuHTe3a @uimiepa-Tpomnima MMO3BOJIUT PEUIUTh AaKTYyaJbHYIO
npo0OiieMy 3aMeHbl HCKOMAeMOro TOIUIMBA OYE€Hb YHCTHIM albTEPHATHBHBIM
TOTJIMBOM U CHH3UTh HETaTHMBHOE BO3JECHUCTBUE HA OKpYyXarollyio cpeny. Cunres
MO3BOJIsIET IIepepadaThIBATh BO30OHOBIISIEMOE CHIPHE (OMOMAaccCy ), 4TO CIIOCOOCTBYET
YMEHBIIIEHNIO aHTPOTOTeHHBIX BHIOPOCOB MapHUKOBBIX ra3oB B atMmocdepy. B
JAaHHOW CTaThe MPECTaBIICHBI PE3YIbTaThl HCCIEA0BAHMUS CTPYKTYPBI TOBEPXHOCTH
W TIOPUCTOCTH KaTaJM3aTOpOB MeTonoM bpynayspa-Ommera-Temnepa (BOT) nu
uX MOP(OJOTUH C HCIOJIB30BAHWEM METOJa TPAHCMHUCCHOHHOTO 3JIEKTPOHHOTO
mukpockorna  (TOM) koOanbTcomepKamux KaTaau3aTOpoOB CO CTPYKTYpoOit
nepoBckuTa 715 cuHTe3a Puiepa-Tporiia, HOTy4YeHHBIX B IPUCYTCTBUU TBEPIBIX
U MATKHUX TEMIUIATOB IyTEM COOCAXKICHHUS B MATKUX THIPOTEPMAIIbHBIX YCIOBUSX.
OnpeneneHo BIHUSHHUE TEMIUIATOB HA CTPYKTYPY MOBEPXHOCTH U pPa3MEpHBIE
XapaKTePUCTUKU METANTNYeCKoro KobanbpTa. Pe3ynbraTel HccleJ0BaHUM TOKA3alH,
YTO TUTOIAJN TTOBEPXHOCTH 00pa3ioB kobanpTaTa JantaHa LCO-1 u LCO-2, mo-
JYYEHHBIX B MPUCYTCTBUHU MATKOTO TEMILIaTa dTUIECHIIMKOIA, cocTaBuiau 9,5 u 10
M*/T. A obpaser; LCO/ KIT-6-6, moay4eHHBIH B IPUCYTCTBUH TBEPAOIO TEMILIATa
Me3onopucTtoro okcuaa kpemuus KIT-6, mokazan pa3BuTyro miomiaab MTOBEPXHO-
ct 220 M*/T ¥ TOPUCTOCTh. Pe3yabTaThl MCCIIENOBAHUS MOKA3ald, YTO 0Opasell
LCO / KIT-6 umeet 6ojiee BHICOKYIO TIOPUCTOCTh M 00JIee yIOPSAI0UYCH, YEM JIBA
Ipyrux oOpasia. 9To, B CBOIO OYEpPEe/lb, OMpPEAESeT BHICOKYIO KaTaTUTUYECKYIO
AKTUBHOCTH MOJTYYEHHOTO KaTaan3aTopa.

KitoueBble ciioBa: KeCTKUIl TeMIUIaT, MATKAN TeMIUIaT, MOPQOIOoTus,
[19M, katanuzatop

Kipicne

XUMUSATIBIK JKOHE MYHall ©HJey KeUIeHIHIH JaMyblHJa KaTaJIUTHUKAIBIK
polecTepAiH MaHbI3bl 30p. CHHTE3 ra3blH KYHAbl XUMHSUIBIK ©HIMepre ei-
1H KaTaJUTUKAJIBIK TYPJICHIIPY MAaHBI3ILI OHAIPICTIK Yypaic Oosbin TaObLIa-
nel (XacuH, 2016; dos Santos xonHe T.0., 2020). KaTanutukanslk cumarramaap
KoOiHece KaTaJau3aTOPJBIH 1K KYPBUIBIMBIHA OHE OHBIH MOPQOJOTHICHIHA
OaitmanpicThl. JlamMplFaH OCTTIK ayJaHbl )KOHE JUCIIEPCTLIITT KOFapbl OHIMII aly
YIIIH CHHTE3JIey 9JIiCi JKOHE MPOMOYTOpJap MEH TaChIMAaJJAFbIIITap MaHbI3IbI
6osbin TabbIaaEl (Mohammadnasabomran sxone T1.6., 2019; Sulima xonHe T.0.,
2018: Markova xone T.6., 2020). KatanuTtukanslk xyienep/1iH OSICeHIUTIT YIIiH
MOPQOJIOTHSICHI, KEYSKTEP/IiH MMiIIiHI MEH KOJIeMi )KOHEe MEHIIIKTI OETiHIH ayJaHbI
CUSIKTBI TEKCTYpaJbIK KAaCHUETTepl ©Te MaHbI3Abl. bapiblK OChl KOPCETKIIITEPAl
KaTaJau3aTopAbl JalblHAay Ke3iHae perteyre Oonansl. Kartammuzatoprnapabig
KACUeTTEPIH OHTAWIAHABIPY YUIIH S3JEKTPOHABl MHUKPOCKOIHUSHBIH KOMEriMeH
KaTajau3aTopiapAbl 3epTTey YJKEH KbI3BIFYLIBUIBIK TyAblpaabl (Wang xoHe
T.06., 2016). KarTel keyekTi mMaTepuangap OOIIEeKTepiHiH OmeM/IepiH, MITiHIH
JKOHE KEHICTIKTIK KYPBIIBIMBIH CHUITATTAWTHIH MOP(OJIOTHUSHBI 3epTTEYMiH THIMII
9IIiC1 IEKTPOHIBIK MUKPOCKOIHS O0JbIT TaObLIaabl. OHBIH KOMETIMEH KOFaphI
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JIOpeXeNi aKbIPaThIMIBUIBIKIIEH TYHIBIPBUIFAH KOMIIOHEHTTIH IUCIEPCTIK Kyili
TypaJsibl Tikeneu akmapar amyra Oomanbl (Florea sxone T.6., 2013). By mocene-
JIep/i eIy YIITiH, 9JIETTe, €Ki HEeTi3T1 9/Iic KOJaHbIIa bl ckaHepiey (SEM) xxoHe
TPaHCMHUCCHSUTBIK ANIeKTpoH 6l MUkpockonusi (TEM). SEM komnmany reteporeHai
KaTajm3aTtopiapablH OSTTIK KYPBUIBIMBIH 3epTTeyre MyMKiHIIK Oepeni, an TEM
O/iCl HAHOMETPJIIK JTHAIa30H/IaFbl KeKe OOBEKTUIePAl TIKEIEeH OJImIey/al Ky3ere
aceIpyFa MyMKiHAiIK Oepesi. COHBIMEH KaTap KaTaau3aTop IbIH OCTTIK ay1aHbIHBIH
eJIeMIepi, OHBIH OEJICEHIUTITIH JKOoFapblIaTaTeiHbl Oenriti (Jlapuna xoHe T.0.,
2020).

Marepuanmap MeH dici

Bbyn sxymbicTa KaTThl JKOHE KYMCAK TeMIUIaTapAblH KAaThIChIHAA allbIHFAH
Kanbl Kypambl LaCoO, KaTanM3aTopbIHBIH YITUIEPIHIH MOP(OIOTUSCH KIHE
OeTiHiH aynmanbl 3eprrenui. Karanmuzatop yarinepi xkymcak (Li xone 1.6., 2022)
KoHe KaTThl TeMIuiaTTapasiH (Zhang xone T.60., 2020) xateicbinaa (Jetpisbayeva
x)oHe T.0., 2020) omeOueTTe cUmaTTaaFrad oJICKe COMKeC )KYMCaK THAPOTEPMAII/IbI
Karmaina Oipre TYHABIPY OMICIMEH CHHTE3NENIN aiblHIbl. KoOambT Kypamisl
KaTajau3aTop YATUIEpiH JailblHaay KoOanbT HHUTpAThl MEH JIAaHTaH HUTPATHIH
Oipre TYHIBIPY, COJAH KEHiH KENTipy >KOHE TEPMUSUIBIK OHICY apKbUIbl JKy3ere
aceIpblIbl. CHHTE3ENIN alblHFaH Karajau3aTtop yiariiepi mapttel Typae LCO/
KIT-6, LCO-1, LCO-2 aemn OenrijieHiIn aJbIHIbI.

CunTe3nenin  anplHFAaH  KaTalu3aTop  YJATUIEpiHIH  MOP(OIOTHSICHI
20 xB ynerkim kepHeyi O6ap JSM-6460LV TpaHCMHUCCHUSIBIK SJIEKTPOHJIBIK
mukpockonTeiH (JEOL, XKanonwus) kemeriMeH 3epTTel/Ii.

3epTTeneTiH YATIIEpAiH MEHIIKTI OeTiHIH ayaaHbl bpyHaysp-OMMeTT-
Temnep (BOT) omiciMeH a30TTHIH aJCOPOIMUSIBIK HM30TepMajapbl OOMBIHIIA
Micrometrics (AKII) ASAP-2400 KypbUIFBICEIH/IA €CETITEITEH.

Hortmxkenepnai Tangay

Mesokeyekti kpemunii okcuai KIT-6 menmrikti 6eTTik aymansl 875 m%/r
TEH eKeHIH KepceTTi. bysl TachIManaarblIThIH O€TTIK ayJaHBIHBIH ©TE€ OFapbl
eKCHJIITHIH KOpiHIiCl. AKTHBTI KOMIOHEHTTI KaTThl TemiiaT KIT-6-Fa OThIpFbI-
3raHja ajaplHFal Karanauszarop yirici sean LCO/ KIT-6 6errik aymanst 220 M%/T TeH
OOJaTBIHIBIFBIH Kopyre Oomaabl. KarTel TeMIUIaTThl KOJIaHY LaCoO, YITiCiHIH

MEHIIIKTI OeTiHiH ayaanbiH 9,5-TeH 220 M?*/r [eliiH apTThIpyFa MyMKIHIIK Oep/i.
Kecte 1. Katanuzarop ynrijepiHie KypbUIBIMIBIK CHITaTTaMallapbl

KypbUbIMIBIK, Keyextepmin | Keyek kenemi, cm’/T
CHUMAaTTaMajapsl S, o> MY/T |OpTalua MameTpi,
Yorinep HM
LCO-1 9,5 37 0,08
LCO-2 10 23 0,06
KIT-6 875
LCO/ KIT-6 220 12 0,03
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JKyMcak TeMIuIaT ATHIICHIJIMKOJIB/IBIH KATBICHIHA CHHTE3/ICIII aIbIHFaH
yiarinepaid OeTTik ayaanbl Aa aHbikTanabl. BOT noTmxkenepine coiikec LCO-1
xoHe LCO-2 yarinepi TemeH OeTTik ayaanra ue 6onsl (kecte 1). Jlerenmenne
OWJI )KYMBICTA CUHTE3ICTIII abIHFaH LaCoO, yJriciHiy OeTiHiH aynaHbl (Ao xKoHe
T.0., 2016) omeOuerTe KEATIPUIreH YATUIEPAIH HOTHXKEMEH CAJIBICThIpFaHa 3 ecere
JKOFapbl 0011716I. MyHBIH ce0e01, MEPOBCKUTTIH MEHILIIKTI OETK1 ayAaHbIHA KYHAIPY
TEMIIEpaTypachiHbIH acepi 30p (Fang, 2011; bypakosa xkone T.0., 2020).

A) '

100 fAm

Cypem 1. Karanuzartop yarinepinin A-O) LCO/KIT-6, b-B) LCO-1, I'-1T) LCO-2 mop¢hoaoruscs.
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CoHbIMEH KaTap KaranuzaTtop yariiepini mopdomnoruscel TEM apKbuibt
3epTTeal koHe THUNTIK Mopdomorusicel 1-cyperrepae kepcerinreH. LCO/KIT-
6 yumriciaig emmemaepi 100-mern 200 HM-Te ACHIHTI MEPOBCKUT OeIIEeKTEpi
KIT-6 yiriciMen KopmaiFaH. YJTIIEpAiH KYPBUIBIMBI KEYEKTi, OHBI 1-O)
cypeTiHeH kepyre Oosazapl. Tarel Oip Hazap aynapapiibiK JKaFIai - KYpbUIBIMIAFbl
MUKpokeyekTepaiH maina 6omysl. LCO/KIT-6 yaricinae KanFaH €Ki yJTire Ka-
paraHaa KEYeKTUIIrl JKOFapbl €KeHAIr KepiHenmi. by kartammzaTop yATiCiHIH
KaTAJIUTUKAJIBIK OEJICEHILTIT] JKOFaphl OOJMATHIHABIFBIH KopceTei (JlapuHa sxoHe
1.0., 2021; Vasilev xxone 1.0., 2022).

500 nm

[ specira from Ares =1

Spectrum

Intensity (kCounts)
cian G0

Atarmic frmct

T T T
5 10 15 2
Energy (keV)

Cypem 2. LCO-2 ynricinin 9/IC Tannaysr

OJIC Ttannmaysl apKbUIbl aHBIKTAIFaH KaTalW3aTOp YITICIHIH 3JEMEHTTIK
Kypambl 2-cyperte xkuHakTanrad. DJ[C Tangay Kypambl yariaepaiH HOMHUHAJIbI
KypaMbIMeH OipJier Aepilik (TOKIpUOETiK KaTelliK IMeTiH/e) €KeHIH KopceTe/Ii.

KopbITbIH B

3epTTeynep KOPCETKEHJAEH, TachIMaJJaFblITBIH  Kypambl KOOAIbT
KaTaJIn3aTOPLIHBIH MOP(]OJIOTHACHIHA KON OaFBITTBI dCEp CTETIHAITIH KOPCETTI.
Kes «kenren TtemmnaTThl €HrI3y Karajau3aTop OeTiHaeri OemmiekTepiH
arperanusiaHyblH OONIbIpMAaiabl, OV MeTaal KOOambTThIH KPHUCTAUIUTTEPIHIH
opTaia MeJjIIepiHiH ToMeHaeyiHe okeneni. CHHTe3eNin alblHFaH KaTalu3aTtop
YATUIepiHiH imiHae Me3omopanbl KarThl TemruiaT KIT-6 KaTeichiHAa asblHFaH
LCO/KIT-6 yarici nampIran O€TTiK ayJaHFa >KOHE KEyEeKTUTIKKE Ue O0TaThIHABIFbIH
KepceTTi. bysl e3 ke3eriHae Kartaau3aTOpIbIH KAaTAIUTHUKAIBIK OEJICeHIUIIriHIH
YKOFapbl 00JIATHIHBIFBIH AKBIHIAMTBI.
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Abstract. The Republic of Kazakhstan ranks eighth in the world regarding coal
reserves. Of these, the coals of the Ekibastuz basin, with an ash content of 43—50 %, have
a reserve of ~ 12 billion tons. When burning Ekibastuz coal, about 100 million tons of
CO, are released into the atmosphere annually, accumulating 300 million tons of ash in
dumps. The concentration of rare and non-ferrous metals in coal ash is, in %, up to Zn —
4.0; Pb — 0.9; Cd - 0.028, Ga, Ge — 200 g/t, and dusty gold ~ 0.8 g/t. The novelty of the
work is 1) combining a boiler with a melting reactor to extract valuable components and
obtain building materials from the ash part of coal; 2) the zinc method of carbon splitting
according to the formula CO + 2Zn = 2Zn0O + C, with the return of “C” to the system; 3)
the design of the zinc distiller, allowing the sublimation and condensation of zinc in one
chamber; 4) method of sublimation of zinc from its oxide in an arc of counter-colliding
jets. Calculations show the possibility of achieving carbon neutrality by increasing the
power of the BKZ—420 boiler by 2.54 times compared to its nominal value of 125 MW.
For a BKZ-420 boiler with a charge capacity of 80 t/h, with CO, neutralization up to 15
%, the average payback period will be 7-8 years. By scaling the proposed technology,
there will be no need to build nuclear power plants, convert coal boilers to gas, or race for
renewable energy sources.

Keywords: coal, ash, metal sublimations, stone casting, decarbonization, boiler
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Annotanus. Kazakcran Pecrybnukackl kemip Kopbl OOHBIHIIIA oneM[e
cerizinmm opbiHaa. OHBIH imiHAe Kyaautiri 43-50 % kypaiitein ExiGactys Gacceii-
HiHiH KeMiprepiHiH Kopsl ~12 miapa.T. EkibacTy3 keMipiH xKary Ke3iHAe Kbl CalibIH aTMOC-
depara 100 mn TonHara xyslk CO, mbIFapeL1aael, yiinainepae 300 MiaH ToHHA Ky
KuHaaael. Kemip KymiHAEri CUpeK oHE TYCTI MeTalgapblH KOHIIEHTPALIUICHI
%-ra nerin: Zn —4,0; Pb—0,9; Cd — 0,028, Ga, Ge — 200 r/1, COHbBIMEH KaTap LIaH/IbI aJl-
ThIH ~ 0,8 1/T. JKYMBICTBIH JKaHAIBIFBL: 1) KOMIp/iH Kyl OemirineH Oaraibl KOMIOHEHT-
TepAi ay KOHE KYPBUIBIC MaTepHaIJapblH ally YIIiH Ka3aHIbl OAJKbITY PEaKTOPBIMEH
OipikTipy; 2) xyiere «C» kaiitapymen CO + 2Zn = 2ZnO + C ¢opmynacel OoHbIHIIA
KOMIPTEKTI OeJIyAiH MBIPBII 9icCi; 3) MBIPBII TUCTUUISTOPBIHBIH KOHCTPYKLHSCHI, Oip
Kamepaaa MBIPBIIITHIH CyOIMMAaLUSIChIH )KOHE KOHACHCALVSIIAHYbIH KaMTaMachl3 eTel;
4) KapChl COKTBIFBICATBIH aFbIH/IAP TOFACHIH/Ia MBIPBIII OKCHUAIHEH OHBIH CYOIMMAaLUsIChIH
anyneiH oxici. Ecenreynep bK3-420 ka3aHbiFbIHBIH KyaThliH OHBIH 125 MBT HOMUHAIN-
JIbI KYHBIMEH CalIbICTBIpFan/a 2,54 ece apTThIPY apKbUIbl KOMIpTeri OeiTapanThiFbiHa KOJI
KeTKi3y MyMKinairin kepcereni. OHimautiri 80 1/car BK3-420 kazanaeirsl yuriin 15
%-ra neiiin CO, GeliTapanTanabIpyIbIH OpTalla ©Tely MEp3iMi 7—8 xKblisl Kypaii-
Ibl.  YCBHIHBUIFAaH TEXHOJIOTHSIHBI KOJIIAHY apKbLIbl aTOM JJIEKTP- CTAHUMSJIAPBIH
CalyIblH, KOMIp Ka3aHABIKTApPbIH ra3fa aybICTBIPYIBIH HEMECE >KaHaPTHUIATHIH
SHEPTHUs KO3/€epi YIIIIH KaAPBICYIIH KaXeTi O0IManIbl.

Tyiin ce31ep: kemip, Ky, MeTanapasl ai/ay, Tac Kyro, 1eKapOOHHU3aIHs, Ka-
3aH/IBIK
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AnHoTtanus. PecriyOnuka Kazaxcran 3aHuMaeT BOCbMOE MECTO B MUPE 110
3amacaM yriei. M3 Hux yriam DkubacTy3ckoro 0acceiina, ¢ 30JIbHOCThIO 43-50 %,
UMeIoT 3anac ~ 12 muyumapnoB ToHH. [Ipu cxurannn DKMOACTY3CKOTO YITISI €KETOHO
B armocdepy BoiOpaceiBaetcs 6onee 100 mumonos Torn CO,, ¢ HAKOIUIEHUEM B OTBa-
aax 300 muH ToHH 30116l KOHIIEHTpanus peIKUX U LBETHBIX METAJUIOB B 30JI€ YIS
cocTaBisieT, B %, 10: Zn—4,0; Pb—0,9; Cd — 0,028, Ga, Ge — 200r/t, a Tak»e IBIIEBHI-
Hoe 3011070 ~ 0,8 /1. HoBU3HO# paboTHI ABISIOTCS: 1) KOMOMHHPOBAHHE KOTIIA C TIABHIIb-
HBIM pCAaKTOPOM, NJIA U3BJICUCHHNA ICHHBIX KOMIIOHCHTOB 1 IOJYUCHHA U3 30J1bl YIJIA CTPO-
UTENBHBIX MaTepuaioB; 2) pacuienyieHus yraepoaa no ¢popmyie CO + 2Zn = 2Zn0 + C,
¢ Bo3BparoM «C» B cuCTeMy; 3) KOHCTPYKIHSI JUCTHILUISITOPA, TO3BOJISIIONIAS BOTOHKY U
KOHJICHCAIIMIO IIMHKA B OHON Kamepe; 4) MEeTOI CyOIMMaliiy IMHKA U3 €T0 OKCHA B TyTe
BCTPEYHO-COYIAPSIIOLIMXCS cTpyil. PacyeThl MOKa3bIBatOT BO3MOKHOCTh JOCTUKEHHUS
YIJIEpOAHON HENTPaIbHOCTH IIyTEM MOBBILIEHUS MOUTHOCTH KoTiia bK3-420 B 2,54
pasa mpoTHB €ro HOMHHAIBHOTO 3HaYeHHS —1 25MBT. Jlns xotna BK3-420 npousBoauTenb-
HOCTBIO 1o muxTe 80 1/4, mpu Helrpamusanuu CO, 10 15 %, yepeanenHoe 3HaUYeHne
CPOKA OKYIIaeMOCTH COCTaBUT 7-8 niet. [lpu MaciitabupoBaHUHU MPEITIOKSHHON TeX-
HOJIOTHH, OTIAJIET HEOOXOANMOCTb CTPOUTENILCTBA ATOMHBIX AJIEKTPOCTAHIIUHI, IEPEBOJ
YIOJBHBIX KOTEJIbHBIX HA ra3 WM TOHKA 32 BO30OHOBJISIEMBIMH HCTOYHHUKAMHU
SHEPTUMU.

KarwueBrble cjioBa: yronib, 3051a, BO3STOHBl METAJUIOB, KAMEHHOE JINThE, IeKapOo-
HU3ALMA, KOTE
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BBenenue

Pecry6nuka Kazaxcran 3aHuMaeT BOChbMOE MECTO B MHpE T10 3aracaM yTJis.
N3 Hux yram DxubacTty3ckoro 6acceitHa ¢ 301bHOCTBIO 43-50 % wmmeror 3amac ~ 12
muutnapa touH (bekman, 1989: 135-196), u coBMecTHO ¢ APYrHMH BHIAMU TOTLIMBA
o0ecrieunBaeT dHEProOEe30MacHOCTh CTPAHBI Ha COTHU JIeT. JlelmeBu3Ha yriisi, CBI3aHHAs
C OTKPBITBIM CIIOCOOOM JOOBIYH, MTPHUBEN K POCTY MPOW3BOJACTBA yris 10 60 MITH TOHH
B ron (Xam3uH, 2003: 63-65). IIpu cxuranuun Ixubactysckoro yrist (DY) exeroaHo
B atMocdepy BbiOpachiBaercs Oonee 100 munmmuonos CO, ¥ mo4By 10 30 MIH TOHH
30J1bl. B Hacrosiiee BpeMs B OTBAJIAX TEIIOAIEKTPUUECKUX CTAaHLUUKM HAKOIIJIEHO
~300 MJIH TOHH OTXOJI0B, KOTOpPbIE COAEPKAT 3HAUUTEIBHOE KOJIMYECTBO LIEHHBIX
koMrnoHeHToB. CornacHo bnaiina (bnaiin, 2008, 39-51), KOHUEHTpaIUs PEIKUX U
IIBETHBIX METAJJIOB B 30JI0IIIAaKax cocTaBiseT B %, 10: Zn — 4,0; Pb — 0,9; Ga —
0,019; Ge — 0,01; Cd — 0,028, a cpennee conepKaHUe MbUIEBUIHOTO 30710Ta — 0,8 /1.

JlutepaTypHbIli 0030p MOKA3bIBAET, YTO JAUOKCHUJ yTIepoaa MOXKET ObITh
BBIJICJICH U3 BO3/1yXa WJIH JIBIMOBBIX I'a30B C IOMOIIBIO Pa3JIMYHBIX TEXHOJIOrUH (Fan-
chi,2016:350; Birch, 2014: 184—-185; Rhodes, 2008:321-328; Phelps, 2015:210-220; Sum-
ida, 2011: 724-781; Bryngelsson, 2009: 1403-1410) (aGcopO11uu, aIcOpOIIH, OYUCTKI
aMUHaMH, MeMOpaHHOTO razopaszjeleHus] Wi razoruaparon). CyliecTBYIOIINE
TEXHOJIOTUM MMEIOT BBICOKYIO CTOMMOCTH, IIO3TOMY Ha CErOJHSIIHUN JI€Hb UX
MPUMEHEHNE CTAHOBUTCS YKOHOMUYECKHU HEIeIecO00pa3HbIM.

Wsmenenne knummara wu3-3a BbIOpocoB CO, Qopmupyer 00ImECTBEHHOE
MHEHHE O «BPEAHOCTH» YTOJBHBIX TEXHOJOTHH C YKJIOHOM B CTOPOHY HCIIOJIb30BaHUS
BO300HOBJISIEMBIX UICTOYHUKOB 3HEpTur. OHAKO HAKOTUIEHHBI MHPOBOH OITBIT TIOKA3all,
4TO B 0003pHMOM OYAyIleM HE MPUXOAHUTCS TOBOPUTH O IMO0eae BO300HOBISIEMBIX
WCTOYHHUKOB YHEPTHH, TaKUX Kak Berep, CoNHIEe U BO/Ia, HAJl TPAJAUIIMOHHBIME — HE(THIO,
ra3oM U yTJIeM.

B nensax nexapOoHHM3aMK Ka3aXCTaHCKHUE SKCIIEPTHI MPEAJIaraloT IeHCTBYONINE
AJIEKTPOCTAHITMH IIEPEBECTH C YTJIsl HA TPUPOIHBIN ra3. Eciu yuecTs, uto 1 k[ mpupoaroro
ra3a B 4 paza gopoxe 1 k/[)x DxkubacTy3cKOro yriis, ¥ B CTpaHe HeT JOCTAaTOYHBIX 3aI11acoB
«roiry00T0» TOTUTHBA, TO JTaHHBIN TUTaH HEJIb3s Ha3BaTh YCIEMHbIM. Eciiu naxe ra3 Oyner
UMIIOPTHPOBAH, TO 3TO HE MPHUBEJIET K YIIIEPOJHONH HEUTPATILHOCTH.

Eme omHMM BapHMaHTOM CHWXEHHS BBIOPOCOB YIJIEKHCIOTO Ta3a SBISETCS
CTPOUTENBCTBO ATOMHBIX 3JeKTpocTaHimii. OmHako mocie aBapuil B YUepHOObUIE U
DykycuMe OnaceHus 1Mo MOBOy WX 0€30ITaCHOCTH BO3POCIIH BO BCEM MUDE.

Nmetotes u pyrue  BapHaHThI periieHus mpodaeMsl. Kommanus no npsmMomy
ynaBmBanuio Bosmyxa Climeworks mpennaraer cmemmBarh 3axBaueHHbli CO, ¢
BOJION M 3akauuBaTh e€ro Ha 500-600 mMeTpoB mos 3eMIieH, Iyie ra3 BCTYIHT B PEAKIIUIO C
OKPY’KarolM 0a3abToM U MPEBPATHTCS B TBEpIOE BemlecTBo. J[pyroit cnocod mpsmoro 3a-
xBara Bo3yxa (DAC — direct air capture), cogeprxamuii 0,04 % ymiekucioro rasa, CBA3aH
¢ pactBopoM ruzapokcua Kanus (KOH), xotopsiii noromaer CO,. 3ateM HIKOCTh CMe-
mmBaeTcs ¢ ruapokcuaoM Kanbiuss — Ca(OH),. Mseects ynepusaer pactopennbiii CO,,
o0pasys vemyiiku nzsectHsika (CaCO,). VI3BeCTKOBBIE XJIONbs HATPEBAIOTCS VISl BBUIETEHHUS
COZ, KOTOPBI YJIaBIMBAeTCsl M romeniaercsi B Xpanwmiie. [lo ornenke kommannu Climate
Engineering croumocts ynosnennoro CO, W3 BO31yXa CHJIBHO DPa3IMYalOTCA: OT
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100 no 1000 mommapoB 3a ToHHY. Ha ceromusmHuii 7eHb T7100abHBIE BEIOPOCHI
CO, cocrapisaoT 36 TUraTOHH B IO, Ul PealM3allH JaHHOTO MEPOIPHATHS
MoTpeOyeTCs CTPOUTENIBCTBO JOPOTOCTOSIIMX TIOJ3EMHBIX XpaHWIHIIL. boiee
TOT0, JJa’Ke MPH JOPOrOBU3HE 1 YCIIEITHOM BHEJIPEHMH BBIIIIECKA3aHHBIX TEXHOJIOTHI C
YTJIEKUCITBIM Ta30M OYJIET YTEPSH SHEPTeTHUECKH IIEHHBI KOMITOHEHT — YTJIEPOI,
YTO MPUBEJIET K €r0 U3BJIICUEHUIO U3 3EMIIA U TPUMEHEHUIO YTIIEPOHOTO TOTLINBA
B npexxHeM macmitabde. [l Kazaxcrana mpoOsiema 3KOJIOTHH eIie yCyryosseTcs
pacTylIuM HAKOIUJIEHHEM 30JIbI B OTBajlaxX, OXHJAEMOE KOJIMYECTBO KOTOPBIX K
2050 roxy MoOKeT npeBbICUTH | MuInapa ToHH. [Ipearaemas HaMu TEXHOJIOTHS
MMO3BOJISIET KOMIIEKCHO YTHJIIM3UPOBATH BPEIHBIE Ta3bl U YMEHBIITUTD KOJIUYECTBO
CO,, a TBep/BIe OTXO/B! HEPePadOTaTh B BOSTOHBI IIBETHBIX M PEJIKHX METAJIOB M CTPOU-
TepHBIe MaTepuansl ([uxanbaes, 2022: 74-92).

Meron uccnenoBaHus 1 HOBU3HA pabOThHI

B pabore ucnonb30BaH METO MPEACITHHOTO YHEPTO-PECYPCOCcOepeKeHN,
KOTOPBII MOJIpa3yMeBaeT pa3paboTKy AKOJIOTUYECKH 0e30ITacHOM,
AHEprocOeperarIei, 0e30TX0THON CUCTEMBI TepepabOTKH 30JT U ITUTAKOB C HU3KOM
KOHIICHTpaIlMel IIEHHBIX MeTa/u10B. HoBM3HA pabOTHI 3aKTI0YAETCS B CIICTYIOIIEM:
1) pa3aeneHne 3JIEMEHTHOTO Yriepoja OT YTJIEKHCIIOro ra3a COTJIACHO PEaKIUH
COZ+ 27Zn = 27Zn0 + C; BoccraHoBinenue nuuka comtacio — ZnO + C = Zn + CO;
pereHepaTuBHOE UCIIOIB30BaHUE «Zn» B KauecTBe peareHTa, a «CO» Kaxk TOIIMBO
B cHCTeMe. 2) CO3JaHHe IUIaBWJIBHOTO PEAKTOpa «HICATIbHOTO» CMEIICHHS,
HO3BOJIAIOLIET0 KOAryJISLUKM 9acTUIl HEHHBIX KOMIOHEHTOB (GeO, Ga,0,) u pac-
TBOPEHHU HMX C KHUJKUM IIMHKOM, C MOCJICAYIOIIUM HX IMOJBEMOM M3 paciiiaBa HcIa-
PSIFOLIIMMCSI [IMHKOM B Ta30BYIO (asy; MoaydeHHe paciuiaBa M3 3011 3JIEKTPOCTAHIUN
Y [UJTAKOB METAJLTYPTHH, TPUTOJTHOOHN IS KaMHEIUThS/IIIJIAKOBATHI/IIEMEHTHOTO
KIMHKepa. [IpenmyiecTBoM cuCTeMBI Iepe] €€ aHajIoraMu SBIsIeTCs: 1) ouncTka
OKPYJKAIOIICH Ccpefabl OT 30J1 JJIGKTPOCTAHIMKA W IIUIAKOB METALTypruu; 2)
W3BJICUCHHE W3 30JIbI, B BUJIE BO3TOHOB, IICHHBIX KOMIOHEHTOB (ZnO, GeO, Ga)0,);
3) BeIpaOOTKa W3 30JI0MUIAKA PACIUIABA MPHUTOJHOTO JUIS MPOM3BOJCTBA CTPOUTEIIHHBIX
matepuanos; 4) pasaenenus yriaepozaa or CO, ¢ pereHepaTUBHLIM HCIIOJIL30BAHUEM
€ro B CHUCTEME.

[IpoBenenune 3KCepuMEHTOB

[IpoBeneHne 3KCHOEPUMEHTOB IO M3BJICYCHUIO TEPMAHUA W I[IUHKA W3
[IJTAKOB

OnbIThl NPOBOJMJIUCH HA TUJIOTHOM YCTAHOBKE, MCIOJB3YIOIIUE HOBBIM
NPUHITMIT  TepepabdOTKH  paciulaBa — «HJICAJIbHOE CMEIICHUEe-UIeaTbHOe
BeiTecHeHUE» (Dikhanbaev, 2019: 23388-95; JluxanbaeB, 2020; OxyneB, 1966;
Dikhanbaev, 2018: 221-231). B skcniepuMeHTax MCIOJIb30BaJICA OTBAJIbHBIN IILJIAK
XHMHYECKOro coctaBa, %: ;; ; ; . [IpuHIIMIT pabOTHl YCTAHOBKH CJIETYIOIIHMA
(cm. puc 1). OdmrocoBaHHBIN MITaK 3arpy’KaeTcs BO BPAIIAIOIINIACS TIeYb 2, HarpeBaeTCs
OTXOJSIIMMY T'a3aMH TUIABUIILHOTO peakTopa | u BayBaercs B TOT xe peaktop 1. B peak-
TOpE IIJIaK ITABUTCS U BO3TOHSFOTCS M3 HErO IIMHK ¥ TepMaHuii B ra3oByto ¢asy. Pacmnas,
MPUTOHBIN TS TIPOM3BOJICTBA CTPOUTENBHOW MPOJYKIIUH, BBIMYCKACTCS M3 PEaKTopa.
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OTXO,Z[HH_II/IG ra3bl Bpamaromeﬁcsl ¢4 HarpeBaroT HYTLCBOﬁ BO3AYX U INEPLErpeBaroT I11ap,
HpOHSBeZ[eHHI:IfI B KECCOHAX peaKkTopa. Bosrons: IIMHKA U ICpMaHunsd OTACIIAIOTCA B CKp}’G—

Oepe 10 oT yxonsmux ra3os.

X
BO3OVX KHCcnorPog
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S, -~
1 ner
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s i

NAP115°C

A a\{\'n

CECrCrC)

5] WNAM
UHHKOBBIX
T BO3rOHOB

1500-2000 Hm
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300-450°C

250-500 il
1500 kr/y
250-550°C

1 — ITaBUIIBHBIN peakTop, 2 — Bpamaromascs neub, 3 — TeMI000MEHHHK IS TIO0TPeBa MPUPOJHOTO rasa,
4 — BO3IyXOMOAOTpeBaTelb, 5 — maporeperpeBareis, 6-9 — y3isl ycTaHoBkH, 10 — ckpy00ep

Pucynok 1 — O0mumii BUI ¥ cXeMa H3MEPeHUH MHIOTHOH yCTaHOBKU

B Tabnume 1 mnpuBedeHsl (parMeHTbl pe3yJbTaTOB OIBITOB  HAJ
UHKCO/IEPHKAIIUM IIIJIAKOM.

Tabmuma 1 — PeSyJ'ILTaTBI OKCIIEPUMEHTOB MO BO3TOHKE IMHKA U TEPMAHUA U3 IJIaKa B IJIABUJIBHOM

peakTope
Mg [tpoc  |Me |Pme |l [ZR) Ge" g g tons, | 200
’ KT & b o/ Get oC
MM. — E > Ly
son. e oy e | Hoen ’
CT. (F/T) 4 4 60320
T il il nax,%
q 1
50-100 | 1300- 75 693 |0,56 |10,15/3,34 114726 |77 300 |80 240 | 57
1400
50-100 | 1300- 84 (674 |0.42 |10,15/2,13 120/25 |79 317 190 250 |60
1400

3mece: H ~— naBrnenue rasos B peaktope, tp— Temmeparypa B BaHHE
l'_'

pacmiaBa, MB, P, =~ — Macca BaHHBI M IPOM3BOJUTEIBHOCTh peakTopa, -~ —
OTHOILLIEHHE MMIIYJIbCA Ta30B B COIUIAX NPOJYBOYHOM PEHIETKH K BECy BaHHI)I
Zn®
pEaKTopa, TnF — OTHOLIEHWE HAYAIbHOW M KOHEYHOM KOHIEHTpAI[MU I[[MHKA B
Fe®

[IJIAKE, Ge¥* — OTHOIICHWE HAYaJIbHOIO M KOHEYHOI'O COJAEPIKaHUs I'€pMaHUsSI B
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mnake, E — crenens u3BlIeueHHs UMHKA ¥ FeépMaHus M3 1UIaKka, Bp,.— pacxon
IPUPOJIHOTO Tasa B PEAaKTOp MHBepcuu (a3, V = — pacxo] KuCiopoja Ha
rpouece,remneparypa tzsz— IyTHEBOIO BO3JyXa C BO3AYXOIIOAOTPEBATENS.

OO6cyxaeHne pe3yIbTaTOB SKCIIEPUMEHTOB

Bosronka repmanus U3 paciaBa 3aHuMaa 0co00e MeCTO B 9KCIIEpUMEHTAX.
CornacHo (Koizhanova, 2012: 843—846), nmpu BO3roHKe [IMHKA B BEJIBIINCYH, [TPU TBEP/IO-
(a3HOM BOCCTaHOBJICHUH, TaJUTHH U TepPMaHUi ocTaeTcs B KiuHKepe. [locnennee oocro-
ATEIBCTBO, BOBMOXHO, OOBSICHAETCSI BRICOKOH TemmnepaTypoit kurnenus (2200 °C) u
HU3KUM fasiaeHueM napa rnpu 1300 °C (1 Mmm.pT. ct.), ramumst u (2850 °C, 0,7 Mm.pr.
CT) repManus, 1o cpaBHeHuto ¢ muakoM (900 °C, 40 MM.pT.CT).

N3ydeHue TepMOAMHAMUYECKUX XapaKTepUCTUK peakiuid GeO + CO = Ge
+ CO,, Ga,0,+ 3CO = 2Ga + 3CO,, Zn + GeO = ZnO + Ge, Ga,0,+ 3Zn = 3ZnO +
2Ga MOKa3bIBA€ET, YTO 3HAYEHUsI KOHCTAHT- PABHOBECHUS JUIsl HUX, IIPU TEMIIEpaType
pacmiaBa 1300-400 °C, HaxoauTcs B auana3zoHax (9,868E-007 — 9,135E-012) (Outo-
kumpu HSC Chemistry for Windows. Version 5.1. October 31, 2012). Ty TaHHBIE TaK)Xe
MIPUBOAAT K MBICIIA O MaJIOM BEPOSTHOCTU BOCCTaHOBJIEHUS Ge u Ga B yCIOBHSX
rpouecca.

[TosToMy mnepen SKCHepUMEHTAaTOpaMU BCTaeT BOIPOC: IO KaKOMY
MEXaHU3MYy CTaJ0 BO3MOXHO BO3roHka GeO mpu TemmepaTtype pacmiasa 1300-
400 °C. Pe3ynbpTaThl OOCYXKIEHHS MPUBOJAAT K BBIBOIY, YTO MPHU KUIKODA3ZHOM
BOCCTAHOBJICHUH, B PEKUME, OJIIM3KOMY K «HI€ATbHOMY CMEIICHHI0)», MOJEKYJIbI
GeO MOTIJIM 3aXBaThIBATHCS TapaMH IUHKA U BEIHOCUTBCS U3 CJIOA paciiaBa. Takxke
CIIENIaHO TPEAMOIOXKEHUE, YTO B Cllydae HaxokaeHus Ga,O, B HUIAKE, MyTh €T0
BO3TOHKH MOJKET IPOTEKATh 10 TAKOMY JKE€ MEXAHU3MY.

@dopmupoBaHHE ~ TEXHOJOTHYECKOH  CXeMbl  0€30TXOTHOH  mepepaboTKu
DKnbacTy3CKOTO yriis

Paspaborana cxema gexap6bonmsanun CO, B razax TEIIO>JIEKTPOCTAaHIUN
nmyTeM 0e30TXOMHOM mepepaboTku DKUOACTY3CKUX YTiel, MpeacTaBieHHas Ha
pucyHkax (2-5). IIpeanmaraemasi cuctemMa COCTOHMT M3 CIEAYIOIINX YETHIPEX OCHOBHBIX
ycTpoiicTB. B cepeanHe prcyHKa pacrioioKeH MapoBOW KOTEN, a MOJ HUM yCTaHOBICH
TUIABHJIBHBIN PEAKTOP, HCIONB3YIOMNI KOMOMHANINIO PEXKUMOB «HACATBHOE CMEIIeHHe-H-
neanbHOe BeITecHeHne» (Dikhanbaev, 2017: 1-16; Dikhanbaev, 2021: 101003). ITpu sTom
CYIIECTBYIOIIME TOPEIKN KOTIa MOTYT paboTaTh B pe3epBHOM pexxknme. CiieBa OT KOTIa
PACIIONIOKEH IEKTPOTEPMUYCCKHUIA [IMHKOBBIN AUCTHILIATOP, CIIpaBa — 3JIEKTPOGUIBTP.

[TpuaIMn padoTel cucteMsl cieayronmid. CMech H3MENBYEHHOTO YIS, OTXOI0B
KOHBEPTEPHOIro IIJJaKa U IMecKa B MPONOPUMH «30ja: nuiak: necok — 1:0,3:0,15» Ha
BUXPEBOH BO3IYIIHOW cTpye OyleT MpOayBaThbCsl Yepe3 YeTHIPe TOPEIKH IHIMHApHIe-
CKHX KaMep peakTopa C JBYX CTOpOH (cM.puc. 2, 5). B munmaapudecknx kamepax Oy-
AyT TIPOMCXOANTH CKUTAaHUE YIS, XUMUYECKUE Peaknuu 0O0pa3oBaHUS MHHEpalorHde-
ckux (a3, a B BaHHE peakTopa — 00pa3oBaHUE pacIliaBa HEOOXOAMMON KOHCHUCTEHIIUH
JUISL IPON3BOJICTBA CTPOUTEIBHBIX MaTepHAIOB. 3a Mpe/IelaMHi peakTopa paciuiaB Oyaer
HAaIpaBJIeH Ha CICAYIOIINH TEXHOJIOTHIECKUH ITal, JJIs TOTyYEHHS IIUITAKOBOH BaThl WIIN
KaMeHHOT 0 JInThs. CyOnmMaTsl IMHKA, CBUHIA ¥ TEPMaHUs B OTXOIAIINX Ta3aX peakTopa,

[0CJIe OXJIAXKICHUS B KOTIIE, OyIyT HAIIPABIATHCS B 3JEKTPODUIIBTD.
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3a mocineaHel CTYNEHbIO BO3JyXOHArpeBaTessl KOTJIa YCTAHOBJIEHa Kamepa
JeKapOOHM3aUMU OTXOIAmuX ras3oB. llocieaHee He OrpaHMYMBAET TEMJIOBOM PEKUM
paboThI KOTJIA M HE MEHSIET KOHCTPYKLHIO KOoTia. B cTpye mapa nopoIIok UHKA ByBaeTCs
B KaMepy, B pe3yJbTaTe PEaklyi, MOKa3aHHBIX HAa CXEMe, 00pa3yloTcsi OKCHJ LMHKA U
anemMeHTapHbli yriepoa. Cmeck «ZnO, C» BMecte ¢ cybiaumatamu GeO, ZnO, PbO, co-
JepKALIMMUCS B OTXOASIIMX ra3ax KoTja, OTIEJSETCS OT Ta30B B AJIEKTPO(UIBTPE B BUIC
koHUeHTpara. Konnentpar B crpye «CO» BAyBaeTcs 4epes3 MOJbIE YTOIbHBIE DIEKTPOIBI
B AUCTHILIATOP (CM. puc. 2, 6). 3a c4eT MOHU3ALMOHHBIX TOTCHIINAIOB SJIEMEHTOB MEXY
SNEKTPOAAMHU TEMIIEPATypa JyTd MOBBIMIACTCS U MPOUCXOIUT BOCCTAHOBJICHUE IIMHKA U3
€ro OKCHJa 3JIEMEHTapHBIM YITIepoaoM. Jlanee nmbuiera3oBblii MOTOK MPOXOAMT Yepe3 KOK-
COBYIO HacaJIKy, IJie [MHK KOHJCHCUPYETCs, BBIBOAUTCS U3 qucTumisitopa. [locne oxmax-
JCHUSI M M3MEJIBYCHHUS LIMHK BIIPBICKMBACTCS MAPOM B Kamepy ACKapOOHHU3alMHU, U MPO-
1ecc nosropsercs. Enie oqHUM IpoLyKToM AuCcTHLAnuy asisercss CO-ra3, coaepkamni
nyceepy (UMHKOBYIO IbUIb). Ilychepa coctout u3 cybmumartos ZnO, PbO u GeO. Ilocne
OYMCTKHM OT IyChephl B CKpyOOepe n cxatus B komnpeccope, CO-ra3 HakarmBaeTcs B
rasrojbJepe U UCIOb3yeTCs B KaueCTBE TOIUIMBA B cucTeMe. Vcronp30Banue B cucTemMe
rasrojbJiepa UCKI0UaeT He0OX0MMOCTb PE3EPBHOTO TOIIIMBA WM IJIA3MEHHOTO PEaKTo-
pa Uil paCTONKH KOTJIa IOCJIE €r0 OCTAaHOBKU HAa PEMOHT.

C, ZnO, Ga203, GeO $T l -
% g Zn+H.0=ZnO+H.
\v S Zn+C02=Zn0+CO
H2+CO=H:0+C
co >
-
co > Od— OTxoa rasbi
BOITOHEI Nz, H20
Ge, Ge %"
Zn-KnaKun L M
8 > Zno+C
b Zn nopolwok
Komnpeccop
< C, Zn0, Ga203, GeO

Pucynok 2 — Ipennaraemas cxema 6€30TXO/THOM M SKOJIOTHYECKH YUCTOH epepaboTKu
DKnbacTy3CKOr0 yIils B KOTJIaX TEIUIOBBIX AJIEKTPOCTAHIMI

Ha pucyHnke 3 nokaszaHa pa3HHUIla B aCCOPTUMEHTE NPOAYKLUH IIPU MEPEX0Je C
JICHCTBYIOLIEH Ha MPEUIAraeMyto CUCTEMY.
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Pucynox 3 — CpaBHHTEIbHBIC XapaKTEPUCTHKU JEHCTBYIOMIEH (J10) M IpeaaraeMoi (moce)
CHCTEM

B mpemaraemotii cucremMe, B OTIIMYHE OT ACHCTBYIOIICH, MOXKET BEIPA0AaTHIBATHCS
TPU OMOJHUTEIBHBIX MPOAYKLMMA: 1) BO3TOHBI IIMHKA, CBUHIA, FEPMaHUs, 2) pacIiiaB
MIPUTOJTHBINA TSI TIPOM3BOJICTBA CTPOUTEIBHBIX MAaTEPUAIIOB, 3) AJIIEMEHTHBIN yIiepol ¢
€ro percHepaTUBHBIM HCIONB30BAaHUEM B IpoLecce. JKOJOTUYECKUM MPEUMYIECCTBOM
cucteMbl sBnserca Hedrpanusanusa CO, u BoBjIeueHHE B IIEPEPAOOTKY 3016l C OTBAJIOB.
Y4uThIBas HEYKIIOHHOE YBEIIMYCHHE 30JIbHOCTH DKUOACTY3CKOTO YTJIsl B MECTaX €€ JOOBIYH,
BO3BpaT yIriepoJia B CUCTEMY IIO3BOJIUT YPaBHOBECHUTHh HEOOXOJHMMOE COOTHOIICHHE
«YTJIIEPO/1/30J1a» B CMECH TOPCHHSIL.

OneHKa yaenpHOr0 pacxo/a MEeKTPUYECKON SHEpT Uy Ha AUCTHIUIATOP LIMHKA

KittoueBbIM mokazarenem, orpeessonM peHTabeTbHOCTD MpeaiiaraeMoi
CUCTEMBI, SIBJISIETCS PACXO/l JIEKTPOIHEPIUU B JUCTUWILIATOPE LHUHKA. Ha pucyHke
4 mpexacTaBieHa NPUHIMIHAIbHAS CXEMa TPAAUIIMOHHOW 3JEKTPOTEPMHUECKOU
YCTaHOBKH « TUCTHIUISATOP-KOHAeHCaTOp». [[puHIMT paboThl arperara clie Ay ouui.
B Bepx meuu nosiaeTcs cMech ariomMepara u kokca (amamerpom ~1020 MM) 1 Mex Ty
YTOJIBHBIMH 3JI€KTPOIaMU B TIeuH nogaeTcst Tok cuitoi 10 000-20 000 ammep, Hampsi-
xenueM 220-240 BosbT, mossimas Temmeparypy ao 1200-1400 °C (Mapuenxko, 2009).
Konpencarop npeacrasinsieT coboi BaHHY € )KHIKAM IIMHKOM, Y€pe3 KOTOPYIO OTCachIBa-
10Tcs ra3pl. CoaepKaluiics B ra30BOM MOTOKE IUHK MOTJIOMIAETCS KUAKOCTHOM
BaHHOM. JlJIsi NEUCTBYIOIIEN YCTAaHOBKHM, TIJ€ JIUCTWUIALUSA WU KOHACHCALMS
MIPOUCXOJAT pa3ieNbHO, YACTbHBIA PacXo/] dHEpPruu coctaBiseT 2,5 kKBTu/kr Zn
(9000 x/lx/xr Zn) (Mapuenko, 2009). Ina nexap6onusanuu 15 % CO, B razax KoTia
BbK3-420 (22 1/a CO,) tpebyercs 65 T/4 OAHOPA30BOrO METAIMUECKOTO IIMHKA; TOT/A
HEe0OXO0IMMast SHEPT U VIS AUCTUILIATOPA cocTaBuT (2,5 KBT-4/KT Zn)-65000 KT Zn = 162
MBT-4, IpOTHUB ANEKTPUUECKON TPOU3BOIUTEIBHOCTH KOTIAa — 125 MBTu.

Takum oOpa3oM, B cilydae NPUMEHEHHs TPaIUIMOHHOTO JUCTHIIISATOPA, MyTeM
WCTIOJIb30BaHMs arjioMepata nuHka auamerpom 10-20 mm, npeanaraemasi cucremMa Oyaer
9HEPrOEMKON M yOBITOUHOM.
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1 —onekTpoTepMUYECKUil TUCTUILIATOP. 2 — KOHJEHCATOP, 3 — arjaomepar, 4 — 3JIeKTPOIbl, 5—
BpAIIAIOIIAsICS Jallla,
6 — ocratok, 7 — ra3el CO, 8 — xuakuii Zn
Pucynok 4 — TIpyuHIMNIHAIBHAS CXEMA YCTAHOBKH «IHCTHILISITOP-KOHICHCATOP)

Juis pemenust mpoOsieMbl TpeJuIaraeTcs HOBas KOHCTPYKIHS JTUCTHAILIATOPA,
rJie TUCTHILISIMS U KOHJICHCAIUs IIMHKA OyeT MPOU3BOIUTCS B OJJHOW Kamepe. B aTom
ClTy4ae MBUICBUIHBIA KOHIICHTPAT C 3JEKTPOPMIBTPa IUAMETPOM YaCcTUI] MM BIyBaeTCs
4yepes IMOJIbIE AJIEKTPOIbl B TUCTHILIATOP. (cM.puc. 6). CormacHo (Cunenko, 1968), 3arpa-
ThI HEPTUU HA TEXHOJOTHYECKYI0 00pabOTKy MaTepuaia Mpu MPOYUX PABHBIX yCIOBHSIX
MPSIMO TIPOTIOPIIMOHAIBHEI €r0 00beMy MK Becy. MIcXoast U3 3TOTO MOJO0KEHHUs, MOXKHO
MPEINOI0KNUT, YTO TIPU ToJjade KOHIICHTpAaTa Yepe3 MOJbIH AIEKTPOa B O0JNACTh JYTH,
yaeNbHbIE SHEPro3arpaThl MOTYT CHU3UTHCS B 10—20 pa3 mpoTUB MPUBEACHHOIO BBIIIE
3HaueHus 2,5 kBru/kr Zn.

1-ropenka, 2-IMIMHIpUYECKAsl Kamepa, 3-TOTKa, 1-xopmyc, 2-nojslie snekrpospl,3-CO-ras,

4-pacruiaB, 5-ra3bl
4-xokcoBas Hacanka, 5- CO-ra3, 6-IHHK

Pucynox 5-Cxema IIaBHIBHOTO peakTopa
Pucynox 6-Cxema qucTHILIATOPA

[IpoBeneH yKpyHmHEHHBIM pacdeT MpeiaraéMoro IUCTHIUIATOPA, Pe3yIbTaThl
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KOTOpOTro npuBeaAcHBI B Tadmure 1.

Tagmaye [- Tennopod DanaHc mHCTHITLAT 0pa
Ha | ¥T UHHEKOEOL 0 KOHIEHTPATA [ MoJIA UHEKA B KoHIeHTpare 50 %)

Me | [lpHsxop TENTOTEL 0, Bllx %o Me | Paczom TenmoTen 0, %
]
1 Harpee muaKOEBOTD | 756 a4 4h 1 B occradoeneHme 2092 235,32
KOHITEHTPATA. 075Kz * Gzn =
Gzng *Cp *E = 0.75 » 212000
105 » 2R, (0,05 ]Ic_[x‘:i;ma YEOIHT
EI+K :
1200°C = 0 IILTAKOM)
2 Harpee «CO» raza. | 139 15,53 2 #C0y rasom 35 3,04
0.1kTgg * 116+ 0. 1rrpy + 1,16+ 300 =
1200 =
3 Brero 805 100 3 Tenmora woHmeHcamuH | -1508 -169 6
(0.2486 nunea 0,75k, .
20118 E
BT+ ) qzﬂ:(jjsak?:
4 C BT EIM ITHHEEOM. 150 16,87
0.4x]x
G.?Sm‘zﬂ *—*K
* 500°C =
5 Co momaron Al 6,75
0.6rlx
02Ty, *
KT+ K
+= 500°% =
f [Torepn E | 60 6,75
OFPHAMITN CRETY
Brero 830 1an
Hepaska banmanca  ~0,7 %, yoemeHad sHeprosarpara ~ 0. 25kBT+9/sT Fn KoHIEHTpara |

CoracHo Tabmuie 1, HAMMEHBIINK PacxXoid SJICKTPOSHEPTHH B IpEIaracMoM
TUCTHILIATOpE MOXKET cocTaBUT ~ 0.25 kBtu/kr Zn KoHIIEHTpara, YTO cCOryacyercs ¢
BBIIIICYKA3aHHBIM TIPE/TIOJI0KEHHEM.

O1ieHKa BO3MOYKHOCTH MOJHON HEWTpaau3aiuu CO2 — Tra3oB B mpejjiaraeMoun
CHCTEME

[IpenBapuTenbHO MPHUHSB yIENBHBIN PAacX0J] JIEKTPOIHEPTHH Ha JUCTHILISATOD,
0,25 kBTu/Kr Zn KOHIIEHTpaTa, MPOCYUTAHBI OCHOBHBIC ITAPaAMETPHI CUCTEMEL.

Pucynok 7 nemMoOHCTpHpYeT OJHOpPA30BbIE pPAcXOibl IIMHKA HA JUCTHILISATOD,
pacxo/ibl apa Ha IeKapOOHU3aTOP M BO3BPAT yIIIepPO/Ia B CHCTEMY B 3aBUCHMOCTH OT YPOBHS
nerrpammzanmn CO, o rogam. OO6mas TEMIOTBOPHAs CMOCOOHOCTH BO3BPAIICHHOIO
yIIiepo/ia B TPY pasa MPeBBIIaeT TeIIocoAep kaHre apa Ha JeKapOOHHU3aTop.
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PHcyHOK 7-38BMCMMOCTE packona LWHKE, packoa napa, Bosspara
VYrAepoaa B CUCTEMY B T/4 OT ypOBHA HelTpanusaymu COZ.
(2030r-15% COz, 2040-30%, 2050-60%, 2060-100%)

500
437
450
400
350
300 3
i~

250 ernep erap
200
150 121
100 65 72 _____,...-—""""'
. / s /

18 —_— 24 —40
o % r =£ T r

2030 240 260 2080

CornacHo pucynky 8, B tuanasone nerrpanmusanuu CO, ot 15 % no 100 %, Bo3-
pacret sHepromnorpedinenne quctuiuiaropa ¢ 16 MBT-u no 105 MBt-4, a anekrpuueckas
MOIIHOCTB KoTaa cHu3utcesa ¢ 109 MBT 1o 20 MBT. 511 coxpaHeHHsi HOMMHAJa MOIIIHOCTH
125 MBT notpedyeTcst yBenndeHHe MOIIHOCTA KOTJIA Ha Pa3HUIy MOTEePh DHEPTUU B
TUCTHIUIATOpE, Harpumep, B uHTepBasie 2030-2060 rr., ¢ 143 MBrT (1,14 paza) mo 318

MBT (2,54 paza).
PucyHok 8-3aBMCMMOCTD 3/1eKTPUYECKO NPOU3BOAUTE/IBHOCTH
Kotna BK3-420 ot anepronotpebaenuna guctuanatopa, MBr*u,

318

HoMuHanHas npousBoaMTeNbHOCTL KoTna 125 MBT*y
(2030r-15% CO2, 2040-30%, 2050-60%, 2060-100%)

21

143 e

125 125 125 125

109 61
20300 20400 20600 20607
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OO6cysxaeHue pe3yabTaTOB PacueTOB TEXHOIOTHIECKON CXEMBbI

LlenTpanbHBIM JJIEMEHTOM, OTIpe eI IOLINM HEPrOIKOHOMHYHOCTD
NpeayiaraéMoOi CHCTeMBbl, SIBISieTCs AUCTHLIATOP LuHKA. CornacHo pacdery, Mpu
MPUMEHEHUH TPAJAULHOHHON YCTAHOBKH «IUCTUIIISITOP-KOHIACHCATODP», MCIOJIb3YIOLICH
KYCKOBOW Marepuana HeoOXOJuMast SHEPTHUs s JUCTUILIATOpa cocTaBiser 162 MBT4,
[0 CPaBHEHMIO C DIIEKTPHUYECKOH NMPOU3BOAUTENBHOCTRIO KoTia bK3-420 125 MBTu.
OueBuaHO, MPU TAKOM BapHaHTE IUCTWIIIATOpA MpeajaraeMas cucrema Oyaer yObITodu-
HoH. [lyis pemeHust mpoOsieMBbl MpeIoKeHa HOBasi KOHCTPYKIUS TUCTWIISITOpa. B aToM
cllyyae MbUICBUIHBIM KOHLEHTPAT U3 3MeKTpoduisTpa, B cTpye «CO», BayBaeTcs uepes
MOJIBIC YTOJIBHBIE 3JIEKTPOBI B TUCTHILIATOP (CM. puc.2, 6). 3a cueT HOHU3ALMOHHBIX I10-
TEHIIMAJIOB HJIEMEHTOB MEXKIY 3JIEKTPOAAMHU TeMIIepaTypa Jyrd MOBBILIACTCS U IPOUCXO-
JUT BOCCTAHOBJICHUE LIMHKA U3 €r0 OKCHJA AIEMEHTapHBIM yriepoaoM. PacueTsl mokasbl-
BaloOT (cM. Ta01.1), YTO HAMMEHBLINI YACIBbHBINA PacX0 HJICKTPOIHEPIUH B IIPeIaracMoM
TUCTHJLIATOPE MOXET COCTaBUTh W ~ 0.25 kBT4/kr Zn.

[TpunsiB w = 0.25 KBTY/KT Zn, BBINOIHEH YKPYITHEHHBIN pacdeT MPOTHO3HBIX
xapakrepuctuk korna BK3-420 mis weitrpammsanun CO, no 2060 roga (cm. puc. 8).
Hanpuwmep, miis 15 % ueiitpanusanun CO, B 2030 roxy, B JUCTHUILIATOPE pacxoayercs 16
MBT-4 dJIEKTPOIHEPIUM, YMEHBIIUB HOMHUHAJIBHYIO NPOU3BOAUTEIBHOCT KOTJIA
¢ 125 MB1u no 109 MBt-u. [Ins coxpaHeHHs] HOMUHAIbHOM MOIIHOCTH KOTJIA
HE00X0IUMO MPOU3BOAUTEIHLHOCTh KOTJIA MOBHIIATE 10 143 MBT4, 1.€. B 1,14
pasa. J{nsa 100 %-noi neirpanusanuu CO, B 2060 romy TOT noKasaTelb IOBBICUTCS
10 318 MBt4, T.€. B 2,54 paza.

TakuMm 00pa3oMm, IMyTeM TMOBBIMICHUS] E€JUHUYHOM MOIIHOCTH KOTJa IPOTHB
HOMUHAJILHOM, IpeyiaraeMasi CicTeMa MOXKET 00€CTICUHUTh YTIIEPOAHYI0 HEUTPaNbHOCTh B
2060 roxy. I1pu 3TOM OTIIaZIeT HEOOXOMMOCTh CTPOUTENHCTBA ATOMHBIX DIIEKTPOCTAHIIHIA,
MEPEBOA YTOJIbHBIX KOTEJIbHBIX HA Ta3 WM I'OHKa 332 BO30OHOBISIEMBIMH MCTOYHUKAMHU
SHEpruu. J[pyrumM npeuMymecTBOM CHCTEMBI SIBISICTCS MEPEBOJ 30JbHOM YacTH yIis B
pacIuiaB NpUroJHbIHN Il IPOU3BOJCTBA CTPOUTENBLHBIX MaTEpPHalIOB U BO3BpAT B MPOLIECC
3NIEMEHTHOT0 yIieposia. B cBs3M ¢ HEYKIOHHBIM CHI)KEHHEM YyIIepoaa B DKHOACcTy3CKOM
yIJie BO3BPAT yIIepoAa B CUCTEMY MO3BOJIMT YPaBHOBECUTh HEOOXOAMMOE COOTHOIICHHUE
«yTIIEpOJ/3071a» B CMECH U JIaK€ BOBJIEUb B IIepepabOTKy 30JIbI C OTBAJIOB.

Jlnst u3ydeHus: BOSMOKHOCTHU TUTABKU CMECH 30J1bI DKHUOACTY3CKOTO YIS
Y M3BECTHSKAa Ha pacIUiaB, MPUTOTHBIA JJIs MPOU3BOJCTBA IIIAKOBATHI, OBLI
MPOU3BEJIEH TEXHOJOTHYeCKHil pacueT no meroauke (Barun, 2008), nis cocraBa
30O B %: Si0,-60; AL,O,—-25; Fe,0,—10; CaO — 5; MgO —0,8. Cootnomenue: «100 Kr
3071a/100 kr u3BecTHsIK». [lomyueHHbIC 3HAUCHUSI MOAYJISI KUCJIOTHOCTH pacIiiaBa
— 1,52, MOyt BA3KOCTH — 1,2 1 moKasarelisi BOAJOCTOMKOCTU — 4,42 ynoBIeTBOpSI-
0T MOJIyYeHHIO IutakoBatsl npu Temmeparype 1400-1500 °C ¢ BA3KOCTBIO paciijiaBa
7-6 Tlya3, 4TO MO3BOJSET JIETKO BBITYyCKAaTh €ro M3 JIETKU. PacdeTsl, IPOBEICHHBIC
JUIS KOMITO3UIIUU «30J1a/KOHBEPTOPHBIA IUTaK/ KPEMHE3eM» B COOTHOIICHUU
1/0,3/0,15, moka3pIBalOT CXOKHE pe3yJbTaThl. YUHUTHIBasA, YTO KOHBEPTOPHOIO
1iaka B oTBasiax KaparaHaMHCKOTO METaTypruueckoro KOMOMHAaTa HAaKOMHIIOCh
0k0J10 20 MHJZIMOHOB TOHH, C €XerogHbIM BeixogoMm 60 000 TOHH, ero IIaBKa C
307101 Jana Obl BO3SMOXKHOCTD MTPOU3BOIUTH ICUIEBBIM CTPOUTENBHBIN MaTepHUall.
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Takum o6pazoM, peanuzanus npeaaaraeMoi CHCTEMBbI ITyTEM BbIPAOOTKH BO3TOHOB
PEIKHX, LBETHBIX METAJJIOB, PACIUIaBa MPHUIOAHOTO Ul MPOU3BOACTBA CTPOUTENIBHBIX
MaTepuasoB, yrJIepOaAHOro MaTepuaa, C OTHOBPEMEHHBIM COKpalleHueM Beiopoca CO, —
ra30B M 30JI00TXO/I0B [TO3BOJIUT COXPAHUThH CYHIECTBYIOLIYI0 HHOPACTPYKTYpPY YTrOJAbHON
IPOMBIIITIEHHOCTH 0€3 CYHIECTBEHHOTO U3MEHEHUS.

OueHKa 5KOHOMHYECKUX TTOKa3aTeNel npearacMoi TeEXHOJIOIu|

C nenpio onpeeneHust SKOHOMUUECKOM 11es1eco00pa3HOCTH 0e30TXOAHOM
nepepaboTku DKHOACTy3CKOro yrisl, ¢ JekapOOHM3aluell yIiaeKucaoro ra3a Ha
15 %, GbL1 pOBeeH YKPYITHEHHBIH pacdeT mpeiaraeMoil TexHoinoruu. B kagecte oc-
HOBHOTO 00OpYy/IOBaHUS OBbUI HPHHSAT SHEPrOTEXHOJIIOTNYECKHUI arperar «IUIaBUJIbHBIN
peakTop-tniapoBoit koren bK3-420» npousBoaurensHocThio 80 T/4 10 DKNbacTy3cKOMY
yoo  (mo mmxTe — 40 T 307161, 12 T KOHBEPTOPHOTO MITaka U 6 T IECKA, IPONOPLUEN
1:0,3:0,15, cooTBercTBYyIOLIEH MOJYYEHHIO paciulaBa s [POU3BOACTBA
CTPOUTENBHOM MPOAYKILIUN).

PacueTHO yCTaHOBIJIEHHas CTOMMOCTH YZCJIBHBIX KallUTAJIBHBIX 3aTpaT

JAHHOTO mnpoekra — 73 600 000 000 Trf(dﬁﬂ %1" 125000 kBT -4 | =% 1369 /¥
IIPOTHUB CIPAaBOYHBIX JAHHBIX JJI TOILIMBHBIX KOTJIOB 3JIEKTPOCTAHIMM — (1150—
1450) $/uBT "1 .

CopepxaHue LBETHBIX M PENKMX METAIIIOB B YIVIE MOXKET MEHSTHCS
B 3aBHUCHMOCTH OT MecTa M BpeMeHH Jo0bluM. IlosToMy Cpok okymaemocTu
CHUCTEMBI PACUUTAH Ul ABYX KpalHMX CIy4aeB: ONTUMHUCTUYHBINA BApUAHT, KOIAa
B yIJI€ NPUCYTCTBYIOT Zn, Pb, Cd, Ge, Ga, n I€CCUMUCTUYHBINA BapUaHT, KOT1a 3TU
KOMITIOHEHTbI OTCYTCTBYIOT. B Tabmuuel mpuBeneHs! pe3yibTaThl pacyeToB s
JBYX BapHAHTOB.

Tabmuna 1— DKoHOMUYECKHE MapaMeTpPhI MPeIaraeMoil TeXHOIOTHI

Ne [Tapamerp ONTUMUCTUYHBINA BAPUAHT [leccumucTHuHBIN BapuaHT
1 [Iponyxuus B rof, TeHre 26 632 296 000 18 573 580 800
2 CebecTonMocTh poyKuuu B roa, | 9 700 927 200 9700 927 200
TEHTe
KanuranbHele 3aTpathl, TEHIe 73 600 000 000 73 600 000 000
4 Yucras npuObLIb 32 TOJI, TCHIe 13 545 095 040 8 872 653 600
CpoK OKyIIaeMOCTH, JIET 5,4 10,36

Takum oOpa3om, OIEHKA SKOHOMHUYECKON 3(PPEKTUBHOCTH OE30TXOMHOM
nepepaboTku IKUOACTY3CKOTO YIS ¢ 15 Y%-Hoii nexkapOoHU3aIMel Ta30B MOKA3BIBACT,
4TO YCPEAHEHHOE 3HAUEHHE CPOKA OKYIAeMOCTH MPEAaraeMoil CUCTEMbl MOXKET
COCTaBHUTL Ty = 7,88 JieT.

3akioueHue

DKCIEpUMEHTBI, TMPOBEACHHBIC HA IUIABHJIBHOM pPEaKTOPE, HCIONB3YIOIIHEe
KOMOHWHAIINIO PEKUMOB «HICATHHOE CMEIIICHHE-U/1aTbHOE BEITECHEHHEY, MOKA3aIIH, YTO
CTEINeHb M3BJICUCHHS IMHKA U TePMaHUS U3 OTBATBHBIX IILIAKOB mpeBbimaet 70 %.

Ha ©6ase arperata «IUIaBWIIBHBIA PEAaKTOP-MAPOBOI KOTET» CHOpMHpOBaHA
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TEIUIOBasi cxema Oe30TXOMHOW TepepaboTKi DKUOACTY3CKOTO VI, C H3BJICYCHHEM
BO3TOHOB PEJIKMX W IBETHBIX METAJUIOB B T'a30BYI0 (pa3y M CHIMKATHYIO YacTh 30JIbI B
pacruiaB, IPUTOAHBIHN ISl POU3BO/ICTBA CTPOUTEILHBIX MaTEPHAJIOB.

[Ipennoxena HOBast KOHCTPYKITUS AUCTUILISTOPA, TE TUCTHILISAIIHS M KOHISHCAITHST
[IMHKA TIPOM3BOJUTCS B OJHON Kamepe, C UCIOJIh30BAHMEM METOa COYIAapSIONTUXCS
BCTPEUYHBIX IMBLIETa30BbIX CTPYH.

Pa3paboTana TexHONMOTHA JIeKapOOHU3AIMH Ta30B KOTJIA TIOPOIITKOBBIM ITHHKOM C
BBIJIETICHHEM TEXHUYECKOTO YTIIIepo/ia, ¢ IOCIEIyOIINM BOCCTAHOBIEHUEM U 3aMKHYTHIM
HUCIIOJIL30BAHUEM IIMHKA B CUCTEME.

PacyeTHpIM TIyTeM YCTaHOBJEH HAWMEHBIIMH PACXOJ] DJIEKTPOIHEPTrHU B
npemiaraeMoM quctuiuistope ~ 0.25 kBry/kr Zn KoHIIEHTpaTa; Ha €ro OCHOBE CJIeJIaH
MPOTHO3: ISl COXPAaHEHUS HOMHUHAIBHOW MOIIHOCTH KoTia 125 MBtT u 100 %-noit
HeUTpanu3auu CO2 HE00XOMMO MPOU3BOTUTEINHFHOCTh KOTIA MOBHIIATE 10 318 MBT4,
T.€. B 2,54 paza.

Onenka skoHOMHYECKOH 3(PPeKTUBHOCTH MepepaboTKu DKHOACTy3CKOTO
yris ¢ 15 %-Hol nekapOoHu3alrei ra3oB MOKa3bIBAET, YTO YCPETHEHHOE 3HAUCHUE

CpOKa OKYIaeMOCTH MpeasiaraéMoil CHCTEMbl MOXKET COCTaBUTh T = 7-8 JieT.

B ciydae peanusanuu OpeiaraéMod  TEXHOJIOTMHM — COXPAHUTCS
cyuiecTByomas HHppacTpykrypa yroibHbix TOC, oTmajger HeoOX0IUMOCTh
CTPOUTENIbCTBA ATOMHBIX JIEKTPOCTAHIIMMN, TIEPEBOJ] YTOJIbHBIX KOTEIBHBIX Ha ra3
WM TOHKA 32 BO30OHOBJIIEMBIMU MCTOUHUKAMH SHEPTHH.
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Abstract. The orientation of industrial enterprises to the fullest possible use
of extracted raw materials and the development of waste-free technologies involve
the use of natural sorption materials of a low category, both for the needs of clean-
ing their own wastewater and for use in other industries. A part of the extracted
zeolite mixed with minerals is capable of acting as a high-quality sorbent for the
purification of technical, domestic and natural waters, however, its low sorption
capacity and the leaching of impurities into the purified water make it urgent to
modify its surface in such a way as to simultaneously increase the sorption capacity
and block the flow of mineral components from deep layers of the mineral. One of
the solutions to this problem is the modification of zeolites with a surface layer of
polymer epoxy resin, which makes it possible to obtain new sorption materials for

water purification from heavy metals. Epoxy resin polymers are widely used as the
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main material in the field of coatings due to their advantages, including adsorption
properties. In this work, the sorption characteristics of such sorbents are investi-
gated and the active surface centers associated with the application of epoxy resin
with different amounts of polyethylene polyamine hardener are evaluated. It has
been established that modified zeolites have a wide range of pore diameters from
20 to 90 A. It was found that a sample with 10% PEP has the maximum adsorption
capacity of ED-20 zeolites modified with epoxy resin. The relationship between
the adsorption process and the structural characteristics of zeolite sorbents has been
determined. Modification of zeolites with polyethylene polyamine, followed by
crosslinking them on the surface of a natural mineral with ED-20 epoxy resin, ob-
tained a durable layer of epoxy resin.

Keywords: Shanghai zeolite, modification, sorption, polyethylene polyamine,
epoxy resin, sorbent
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AHHOTAUMsl. OHEPKACINTIK KOCIMOPBIHAAPABIH OHAIPUINeH HIMKi3aTThI
OapbIHIA TOJIBIK MaiianaHyra *oHE KaJJBIKChI3 TEXHOJOTHSUIAPIbl JaMBITyFa
HETi3/eNreH OarbITTalybl, ©3IHAIK  aFbIHABl CyJapibl Ta3apTy XKoHE e,
OHEPKACINTIH 0acKa calalapblHAaFbl KAKETTUTIKTED YIIIHIE TOMEH KaTerOpusiIbl
TaOUFH  COPOLMSIIBIK ~MaTepuangapibl NaiganaHyasl Ke3[eWai. AJbIHFaH
LEOJUTTIH MHUHEPAJIbl 3aTTapMEH apajlacKaH OeJIiri ®HEpKACINTIK, TYPMBICTHIK
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JKOHE TAaOWFU CyJapibl Ta3apTy YIIIH JKOFaphl camajibl COPOCHT PETIHIE dPEKET
eTe anajpl, OipaKk OHBIH COPOIUSIBIK KAOUIETIHIH TOMEHJIIT] )KoHE Ta3apThUIFaH
CyFa KoCTaJlapAblH MAWBUTYBI, OIp ME3TiIAe COPOIUSIBIK KaOlIeTiH apTTHIPHII
JKOHE MHUHEpaJJIbIH TepeH KabaTTapblHAH MHHEPAJIbl KYpamMaacTapablH TYCyiH
OJIOKTAMTHIHIAH €Tim OHBIH OeTTIK KabaThlH Moau(UKaUsIayabl MaHbI3/IbI
ereni. bynm moceneni memry omictepiHiH Oipi ayblp MeTaljap/aH Cyabl Ta3zapTy
YIIIiH KaHa COPOIMSIIBIK MaTepHaIap/bl alyFa MyYMKIHAIK O€peTiH IeoTUTTEP i
MOJIMMEPJTIK AMOKCHUJITI TANBIPABIH OSTKI KabaTbiIMeH MoAu(UKAIMsIIay OOJIBIIT
TaObLIaAbl. DMOKCHJTI IIaibIpyiap aJcopOIUsUIBIK KacHEeTTEepiH Koca aliFaHja,
apTHIKIIBIIBIKTAPbIHA OaIaHBICTBl KaObIHJAY CaJlaChIHJA CaJlaChlHIa HETi3ri
MaTepHaj PeTiH/Ie KeHIHeH KOJIIaHbLIaIbl. ByJT )kyMbICTa OCBIH Il COPOSHTTEPIIH
COPOIHUSITBIK CUTIaTTaMasIapbl 3ePTTEIII )KOHE dPTYPJIi MOJIIIEPIeT] TIOTUITUIICHTI
MOJIMAMUHII  KATAUTKBIIITTAPMEH SIOKCHATI MIANBIPABl KOJJIAHYJFBI, OCTTIK
Oenceni  opramapasl OakpLIay JKy3ere achIpbUIAbl. MoauduKanusIanral
[EOIUTTEPIH KeyekTepiHiH auamerpi 20-man 90 A neitinri xeH auamasonra
He eKeHJIIr aHbIKTaabl. DJ[-20 SMOKCHUATI MIalbIpbIMEH MOJH(DHKAIUSITaHFaH
neosntTepaiH apackiHaarsl 10 % [1OI1A cbi 6ap ynriHiH MakcHUMalIbl aacopOIu-
SUTBIK Ka011eTi 0ap ekeHi aHBIKTaAbl. AJICOPOIIHS MPOIIECi MEH IEOJIUTTI COPOSHT-
TEPJIiH KYPBUIBIM/IBIK CUIIATTaMajiaphbl apachIHIarbl ©3apa OaiIaHbIC AaHBIKTAJIIbI.
L{eomuTTepal MOJMATUICH I MOJTMAMUHMEH MOIU(UKAIUAIAY KOHE OJlaH KEHiH
onapael Taburk MuHepainabiH OceTiHgae ED-20 smokcuari maibpMeH alKacThIpy
APKBUTBI ATIOKCUTI MAWBIPIBIH OepiK KaOaThl ajbIHIbI.
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AHHoTauusi. OpHEHTHPOBAaHHE NPOMBIIUICHHBIX MPEANpPUATHH Ha
MaKCHUMaJIbHOIIOJHOCHUCIIOIH30BaHUE JOOBIBAEMOT O CHIPhSIM Pa3BUTHE 0€30TXOHBIX
TEXHOJIOTUH MPEATNOoaraloT MPUMEHEHHE IPUPOTHBIX COPOIIMOHHBIX MaTEPHUAIOB
HU3KOH KaTeropuu, Kax JUIst Hy>K OUMCTKH COOCTBEHHBIX CTOUYHBIX BOJ, TaK M IS
UCTIOJB30BaHUS B APyrux orpacisx. CMelanHas ¢ MUHEpaJIbHBIMU BEIIECTBAMU
YacTh J100bIBAEMOTO 1I€0JIUTa CIOCOOHA BBICTYIATh B KayeCTBE KadyeCTBEHHOI'O
copOeHTa Uil OUYUCTKH TEXHUYECKHX, OBITOBBIX M MPHUPOTHBIX BOJ, OJIHAKO, €r0
HU3Kas COpPOLMOHHAs €MKOCTh M BBIMBIBAHHE INPHUMECEH B OUYMIIAEMYIO BOAY
JeNaloT aKTyaJbHONH MOIU(UIIMPOBAHNE €T0 MOBEPXHOCTH TAKMM 00pa3oM, 4To0
OJTHOBPEMEHHO IMOBBICUTH COPOIMOHHYIO €MKOCTh M OJOKHPOBATh MOCTYIUICHUE
MUHEpaJIbHBIX KOMIIOHEHTOB U3 IIyOOKUX Ci10eB MuHepana. OTHUM U3 BapUAaHTOB
peleHust TaHHOH 3a]1auu SBJSIeTCS MOAU(UITMPOBAHUE [IEOTUTOB OBEPXHOCTHBIM
CJIOEM TMOJUMEPHON OSIOKCUAHOM CMOJIBI, YTO IMO3BOJSET IMOJMy4YaThb HOBBIE
COpOLMOHHBIE MAaTePHAIIBI TSI OYUCTKU BOJIBI OT TSDKENBIX MeTayuIoB. [lomumepst
STMOKCUAHBIX CMOJI IIUPOKO MPUMEHSIOTCS B KaueCTBE OCHOBHOI'O MaTepuaia B
00J1aCTH OKPBITHI OJ1aro1aps CBOMM MPEUMYIIECTBAM, BKJIIOUas aACOPOIIOHHBIE
cBoiictBa. B palore wuccnenoBaHbl COPOIMOHHBIE XAPAKTEPUCTHKH TAaKHX
cOpOEHTOB U TpOBEJEHA OICHKAa aKTUBHBIX IIEHTPOB MOBEPXHOCTH, CBA3AHHBIX
C HAHECEHHWEM DSIOKCHIHOW CMOJIBI MpPHU PA3TUYHOM KOJIUYECTBE OTBEPIUTEIS
MOJIMATUIICHIIOIMAMUHA. Y CTAHOBJICHO, YTO MOAM(HUILIMPOBAHHBIE IIEOJUTHI 00J1a1at0T
IIMPOKUM JMana3oHoM auameTpoB mop ot 20 o 90 AYcranosneno, uto
MaKCUMAaJIbHOU aJICOPOIIMOHHON €MKOCTBIO U3 MOAU(DUIIUPOBAHHBIX SMTOKCHIHON
cmonoit DJ1-20 meonutoB obmamaer obpazen ¢ 10 % IIDIIA. Ompenenena
B3aMMOCBSI3b MEX/Ty MTPOLIECCOM AJACOPOIIMH M CTPYKTYPHBIMH XapaKTePUCTUKAMU
IICOJMTHBIX COpPOEHTOB. Monn¢pukanueil HEeoJUTOB MOIMITHICHIOIMAMUHOM
C TOCJEAYIOUIMM CHIMBAHMEM HMX Ha IOBEPXHOCTH IPHUPOJHOTO MHUHEpala
AMOKCcUAHOM cMmosoi D/1-20 nonmydeH NpoYHbIN CI0M AMOKCHIHON CMOJIBI.

KaroueBbie ciaoBa: [llanxanaiickuii 1eonuT, MoauduKanus, copOIwus,
MOJMATUIICHIIOIMAMUH, STTOKCHIHASI CMOJIa, COPOEHT
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MHBO PK, no npoecpamme HPH BRIS8574042 «HHnnosayuonnvlie memoobvl
cuHmesa U MEXHON02UU NONYYEHUs QYHKYUOHANbHBIX HEOP2AHUYeCKUx U
Op2aHUYECKUX 6eujecmes U Mamepuaios u3 npupoOHo20 U MEXHOLEHHO20 CoIPbAY.

Kongnuxm unmepecos: kongaukm unmepecos medxcoy asmopamu

omcymcmeyem.
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BBenenue

B nHacTtosimee BpeMsi, B CBS3M C OBICTPBIM Pa3BUTHEM MPOMBIIUICHHOCTH,
3arpsi3HEGHUE  BOJIbI  HMOHAMH  METaUIOB  (TOKCHYHBIX, HETOKCHYHBIX U
PaIMOAaKTUBHBIX) SBJSETCS CEPbEe3HOM W BakHOW mpooOsemoir (Hasanpour u
ap., 2020: 284; Liu u ap., 2019: 241). IToaTroMy akTyaabHOU 3amayeii SBISETCS
OYHCTKA MPUPOIAHBIX U CTOYHBIX BOJI OT KATUOHOB TSKEJIbIX METAIIIOB U APYTUX
3arpsi3HUTENICH, TOM YKCIIE Ha OCHOBE COPOIMOHHBIX MAaTE€pUajoB MPHPOIHOTO
MIPOUCXOXKICHHS (II€OJIUT, TIIMHA, TOPPSHON MOX, XUT03aH u Ap.) (Maharana u np.,
2021: 245-272).

MOHTMOPWITIOHAT U BEPMUKYIIHUT 00JIaIal0T BBICOKOW COPOITMOHHONW €MKOCTHIO
MO0 OTHONICHWIO K TSDKEIhIM MeTamam. M3ydeHa afcopOIust TSKEITbIX METaIOB B
CIWIMTOBBIX 30HaX TOYBBI IPH PA3IMYHBIX KOHIIGHTpaNusax u 3HaueHusx pH. Tsokensie
MeTallIbl, TaKhe KaK CBWHEI], KafMHH W Menb ObUIM BHIOpPAaHBI JUISL afcOpOIMOHHBIX
uccrieoBanuii ¢ yderom ux Biiama. CopoOiwonnoe mosenenune Cd*', Pb> u Cu* B
MMOYBEHHBIX 30HAX CIWIUTA UccaeaoBanu npu 25 °C.

Koncranater agcopbrun n xodddunmentsr koppemsmun aiust Cd, Pb u Cu na
CIWINTHBIX TIOYBEHHBIX 30HAX OBUIM pacCUMTaHBI 1O ypaBHeHUIo Ppeiinmamuxa (Gilirel,
2006: 333-340). HoBble aHTHKOPPO3MOHHBIE TOKPHITHS U MPEIOTBPAIICHUS aBapuid
pe3epByapoB He(TEXpaHWIHUIL IONyYeHbl W3 SIMOKCHIHBIX KOMMO3WIWH. JlaHHBIE
KOMMO3WIMKA TOdy4damu w3 cMonbl DJ1-20, oTBepauTeNns TOIMITUIICHIIONMAMUHA C
nmo0aBIeHreM HeOOIBIIIOT0 KOJIMYecTBa KyOOBOTO OCTAaTKa.

Kommosunmm oTBepkgaiii  NMpu  KOMHATHOM TemmepaType. B kaudecTBe
CBsI3YIOIIETO ObLTa NCTIOB30BaHa TOKCHIHAst cMona D/1-20, B kaduecTBe ruracTuukaTopa
— muoytundTranat (IbD), orBepautens nomudtunermnomramMut (I11911A).

Pesynprarel  WcceoOBaHWS  BIMSHUS — COJNCP)KAHUS  CHHTE3WPOBAHHBIX
MOIM(UKATOPOB Ha AePOPMAIMOHHO-TIPOYHOCTHBIE CBOMCTBAa (TIpefen TPOYHOCTH
MpH W3THOE, MUKPOTBEPIOCTh MOKPBITHH, aJre3HOHHAs MPOYHOCTH) KOMITO3UITMOHHBIX
MOKPBITHIA TIOKa3bIBAIOT, YTO TPOYHOCTHBIE XapaKTEPUCTHUKH BO3PACTAIOT TIPY BBEACHUU
MOIM(UKATOPOB B KOMIO3WIHIO (IO CPaBHEHWIO C KOHTPOJIBHBIM 00pa3ioM - Ha
OCHOBE KOMIO3HIINU Oe3 monmnmMepoB) Ha 25-35 %, a agre3wmoHHbIe cBoiicTBa Ha 50-60
%. OnTuManmpHOE COYETaHHWE CBOWMCTB JOCTHTAETCS, B 3aBHUCHMOCTH OT COJEp)KaHUs
mouMepoB, 110 5,0 maccoBbix gacteit (Norboeva u nip., 2021: 246-250).

Ha Tteppuropun Kazaxcrana cCymiecTBYIOT 3aleKd NPUPOIHBIX COPOCHTOB,
OIHUM W3 KOTOpBIX sBisiercss lllaHxaHaliCKWi TEOTUT MECTOPOKICHHS, KOTOPBIN
o0rnanaeT copOIMOHHBIMI CBOWCTBAMH IO OTHOIICHHIO K KATHOHAM TSDKENBIX METaJUIOB
(Kazankapova u np., 2019: 241-247), onHako HEJOCTATOYHON COPOITMOHHOW EMKOCTHIO
JUTSE TIPOMBIIIUIEHHOW OYUCTKU BOABL. J[st ymydineHus cOpOIMOHHBIX XapaKTEPHUCTHK
MUHEPAJIhHBIX COPOCHTOB MPOBOIAT MPOIIECC MOAM(PHUKAIIIMH STIOKCHTHOW CMOJION.

[IpoBenena  MexaHOXMMHYECKas  MoOAM(UKAIWS  MPHUPOTHOTO  IIEOJIUTA
STIOKCHIHOW cMoJol. MccrmemoBaHbl 3aBHCHMOCTH KOJHMYECTBA MPHUBUTOTO TOJIMMEpa
OT COAEpIKaHHS CMOJIBI B CHUCTEME W TIPOJIOIDKHTEIHHOCTH Tporecca. Moaudukaimio
MUHEPAJIOB MPOBOJIMIH B 3aBUCUMOCTH OT MPOIOIHKUTEIHHOCTH MPOIECCa, COOTHOIICHUS
KOMITOHEHTOB. BennurHa npuBUBKY OJUMEPOB cocTaBuia ot 3 10 7,5 %. Ucnonbs3zoBanue
MOIU(UITUPOBAHHOTO TPHUPOJHOTO IEOJUTAa TI0Ka3allo, YTO HE3aBUCHUMO OT €ro
coJiepKaHus TIPOMCXOIUT MU3BJIeUeHUEe MOHOB kene3a Ha 97,0-97.5 % (Akimbaeva u mp.,
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2007: 1309-1315).

MoanduuupoBanue LEOJIUTOB IOBEPXHOCTHBIM  CJIOEM  COIOJUMEPOB  C
ATOKCHAHBIMU IPYTIIIAMH, 0Ty Y€HHBIMU IIPH OTBEPIKICHUU CMECH MOJTMATUIICHITOTHAMHHA
M DTIOKCHIHOW CMOJIBI, TO3BOJISIET MOJTYYUTh HOBBIE JICIIEBbIe COPOIIMOHHBIC MaTepHaIbl
AJIsL OYMCTKH BOJBI OT TSDKEJBIX METAIIOB, PEHMYIIECTBEHHO KaTHOHOB CBUHIA Pb*.
Yemanoesnenvl onmumanshuie yciosus pH copbyuu uonos Pb* 6 cmamuueckux yciogusix.
Ilpu ucnonvzosanuu mMooupuyuposanHo2o npupooro2o yeoruma 6 ouanazore pH 7-9
uzeneuenue uoHos ceunya npoucxooum na 90 % no cpasHeHur ¢ UCXOOHBIM YeOIUMom
(Kambarova u mip., 2021: 7-13).

MexaHOXMMHYECKYI0 aKTHBAI[MIO TPHPOAHBIX MHHEPAIOB  AHIPEHCKOTO
kaommHa u Koiiramickoro Boutacrornta ocymiectsisum (Khalimov u mp., 2023: 05039)
uccienoBaresu. B kadecTBe MOJIMMEPHOTO CBA3YIOLIEro ObIIT BEIOPAH TEPMOPEaKTHBHBIN
onuromMep — amokcuHast cmoina 3/ 20, oTBepkeHHbIH nonusTiieHnonuamuaoM (I1311A).
B kauectBe muactudukaTopa BBIOpaH TpPaIUIMOHHO HCHOJNB3YeMBIH AMOyTHiI(TAIaT
(Ib®). MHccrnenoBaHa 3aKOHOMEPHOCTh OTBEPXKICHHUS OSIIOKCUIHBIX KOMITO3UIIUH
Pa3IMYHOTO COCTaBa, OTBEP)KEHHBIX HA COJHIIE U B TCHHU.

[IpennoKeHHbI HOBBIM AKTUBALMOHHO-TE€JIMOTEXHOJIOTHUECKUNA METO
obecrieunBaeT Tpedyemble CTPYKTypooOpa3oBaHue U (HPU3NKO-MEXaHUUECKUE
CBOWCTBA DIIOKCUAHBIM T€TEPOKOMIIO3UTHBIM MaTepUaliaM U IOKPBITUSAM Ha MX
OCHOBE JJIsl TPUMEHEHHUS Ha TOBEPXHOCTAX KPYMHOTaO0apUTHBIX TEXHOIOTUYECKUX
MalIHIonepepadoTkexonka. MexaHoXMMHYECKU aKTUBUPOBAHHBIE KOMITOHEHTHI
KOMITO3UIIUH SBJISIOTCS HambOosee MPUEMIIEMBIM U I CTPYKTypooOpa3oBaHUS
IIpY NPOU3BOACTBE KOMIIO3ULIMOHHBIX MaTeprayioB. [Ipu aToMm cienyer oTMETUTS,
YTO DIMOKCUAHBIE T€TEPOKOMIIO3UTHBIE IOKPBITUS C MEXAHOAKTUBHUPOBAHHBIMU
MUHEpAJIbHBIMU YaCTULAMU HMMEIOT MOBbIIEHHbIE Ha 25-40 % MexaHudeckue
CBONCTBA.

OtnuyHas ajare3us JUisi MHOTMX MaTepHalioB, XOPOIIKUE AUAIEKTpUUYECHe
CBOMCTBA, BBICOKAsl XMMUYECKAsA CTOMKOCTh C IPUMEHEHUEM, IIIMPOKUI THaNa30H
TEMIIEPATYPHOTO 3aKaTUBAHUS PA3TUYHbBIE KJIACChl OTBEpIUTENEH CIIOCOOCTBYIOT
LIAPOKOMY BHEAPEHUIO DIMOKCHUIHBIX IOJUMMEPOB KAK MaTepuaia I OYUCTKHU
MIPUPOAHBIX U CTOYHBIX BOJ.

Marepuaibl 1 METO/IBI

[IlanxaHaiickuii 1EOAUT TOJIY4YeH U3 MECTOpOXKAeHUs PecrnyOmuku
Kazaxcran, AnmaruHckas o0nacts, KepOynakckuii paiion, r. Capbl-O3zek. Ilepen
MonupUKaluend mpeABapUTENIbHO MUHEpANT U3MeNpdanu 10 auametpa 3epen 0,4
MM. 1715 TOBBIIIEHUS U3BIEKAIOIIEH CIOCOOHOCTH U CETIEKTUBHOCTH MPUPOTHOTO
[[Tanxanaiickoro 1eonuta copOeHT MOIUGHUIIUPOBATH MOIUATUICHIIOTHAMUHOM
u snokcuHoM cMonoil. K 100 r momydeHHOro 1EOTUTHOTO MOPOIIKa J00aBIIsIN
anokcuanyo cmoay I/1-20 maccoit 30 T 10 MOJHOTO MOKPBITHS NOBEPXHOCTH,
3areM HeOonpmmmu mopiusmu gobasmsin 30 r [IDIIA u nepememmBanu B
teuernne 10 muH. [lomydyeHHyio Maccy BbITpykaiu B (aphopoBbie YaIIKu U
OTBep)KIanu B cyummibHOM Imkady B Tedenue 10 u mpu 120 °C. 3atem maccy
BBIHUMAJIM U OXJIKJANIM MTPU KOMHATHOM Temriepatype B TeueHue 10 4. O6pasibl
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MOJTy4Y€HHOTO MOIU(UIIMPOBAHHOTO 1IeouTa 0bpadarsBanu 5 % pactsopom HCI
JUTSL pereHepaluy XJIOpUIHON GOPMBI, 3aTE€M ITyTEM OTMBIBKU BOJIOM JOBOIMIIN /10
HelTpansHoOU pH 1 o6pabareiBanu 5 % pactBopom NaOH. [Tonyuenusiit Mmogudu-
[IMPOBAHHBINA IIEOJIUT CYIIWIH JI0 TTIOCTOSTHHOTO Beca B MydenbHOl meun npu 120
°C.

Jns  cuHTe3a COpOEHTOB HCMONB30BAIM CIEAYIOUIME XUMUYECKUE
peaktuBbl: nonudTIIIeHNoauaMuH (I19T1A, Poccus, TY 2413-357-00203447-
9920), snokcuanas cmoina (D1-20, Poccus, TOCT 10587-84). Jlns npoBeaeHus
9KCIIEPUMEHTANILHBIX paboT ucnoab3zoBanu: 6enson (96 %, p=0,879 r/cm?, BekToH,
Poccus); metrmmuiakeron (99,5 %, p= 0,805r/cm®, BektoHn, Poccust), HuTpome-
tan (98 %, p= 1,138 kr/a, Bekron, Poccus), romyon (99,5 %, p= 0,865 r/cm?,
Bexron, Poccus), Oyranon-2 (99 %, p= 0,805 r/cm3, Bekton, Poccus), renren-1,
aTunoBsIi (96%, p=0,8014 r/mn, Bexton, Poccust); 0.1 H pactBop HCI u 5% pac-
tBop HCI, 5 % pactBops NaOH, xmopuabl Mmeau, HUKeENs, KOOanbTa, aTFOMUHHS
(Sigma-Aldrich, CIIIA). PeakTuBBI COOTBETCTBOBAJIM CTEIIEHU YUCTOTHI Y.1.a. U
UCIIOJIb30BaHbl 0€3 TOMOTHUTEILHON OUNCTKH.

HccnenoBanus BITIOJHEHBI Ha Ta30BoM xpomarorpade Chrom-5 (JIabo-
paropHble pubopsl, Yexus) ¢ miIaMeHHO-MOHHU3AIMOHHBIM JETEKTOPOM CO CKO-
pocThio Taza-HocuTens reaui 30 mu/muH, T° Tepmocrara 150 - 210° C, o0bem
BBOIMMOM TIpoOkI 0.1-1.0 M.

OneHky mnapaMeTpoB YAENbHOM MOBEPXHOCTH MPOBOJIUIN C TOMOIIBIO
aBTOMAaTHYECKOTO Ta30-ajcopomronHoro anamu3aropa TriStar II 3020 (Micro-
metrics, CIHIA). YnmenpHyl TOBEPXHOCTh paccuuThiBaIu 1o Mmeroay bOT B
ABTOMATHUYECKOM peXHUMe Tocie BakyymupoBanus npu 170 °C B TeyeHuu 2 9
M0 U30T€pME HU3KOTEMIIEpaTypHOIl copOIMH mapoB a3ota. (s mpUroToBIEHUS
pacTBOpPOB ¢ HEOOXOAUMBIMU 3HaUeHUsAMU pH ncnonb3oBanu sabopatopHelil pH-
metp U-160 (M3meputenbHas TexHuka, Poccus). J{ns mepememmBanus copoeHTa
¢ 00pa3iamMu UCIoab30Bad MyasTuporarop MultiBioRS-24 (pupma Rotan, Jlat-
BHS).

Pesynbrarel u ux o0CyxaeHue

Jlng uccnenoBaHusl TOBEPXHOCTHOM CTPYKTYpPBHI MOMyYEHHBIX COPOCHTOB,
uzydeHa ajacop6ius katnoHoB Pb(Il), koTopsie MOTyT BHEAPATHCS B ME30- U MU-
Kpomopsl neonuta. [Tonydens! uzorepmsl afacopouuu karnona Pb(I1) na neonurax,
MIPUTOTOBJICHHBIX C UCTIOJIb30BaHUEM pa3HbIX KoiaudecTB [IDITA (pucynok 1). Kak
U B CIy4ae C UIYHTMTOM, U30T€PMbl MOKHO OTHECTH K U30T€pMaM IEepPBOrO THUIMA
no kiaccudukanunu Jlearmopa u bpynayspa. M3ru6é Ha mzorepme npu P/Ps =
0,1 mpuuucasAIOT K 00bEeMHOMY 3aMOJIHEHHIO MUKporop. [IpucyTcTBue me3omnop
B MHHEpanax neopMUPYET U30TEPMY MPH MOBBIIIEHHBIX JABICHUSAX, YTO BIEYET
K ructepesucy aecopOrmu. OO6beMbl MUKPONOP PACCUYUTHIBATIN MO HAYAJIbHBIM
ydJacTkaM u3otepM azacopOrmu karnoHa Pb(Il) Ha meonuTax, oOmuii o6beM mmop
paccumTbiBajics o koHeHTparuu katuona Pb(IT) (Slinkin et al. 1993: 136-140) B
pacTBope 1mocie aacopOuu. B cOOTBeTCTBIM ¢ ypaBHEHHEM a/ICOPOIIUH, SIKCIIEPU-
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MEHTaJbHbIE PE3YyIbTaThl B KoOpauHaTax lga — Ig(as/a) (pucynox 2) cOOTBETCTBYIOT

ypaBHeHuto JlyOununa-PanymikeBuya. Paccuutannele mo ypaBHeHHIO J[yOuHM-

Ha-Panymkesuua (Dalal, 1979: 65-69) ctpykrypHuble xapakrepuctuku (Tadnuya

1) u nuddepenmanbHoe pacmpenenenue 00bEeMOB MOP MO AUAMETPaM (PUCYHOK

3) HC IMPOTUBOPCUYUT KIACCUYCCKHUM IIPCACTABIICHUAM O MO,I[I/I(bI/II_II/II)OBaHI/II/I oco-

JIMTOB ITOJIMMCPHBIMU CJIOSAMMU.
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Pucynok / — M3otepmsl ancopbumu-gecopbunn karnona Pb(Il) Ha neonmrax, mpuroTOBIEHHBIX C
paszubM konudectBoM I19IT1A:1-10%, 2-30 %
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Pucynox 2 — IIpsimble, TOCTPOCHHBIE B IMHEHHBIX KOOpAUHATAX ypaBHeHus [lyOnHuHa-
PagymkeBuya Ut IEOIUTOB, IPUTOTOBJICHHBIX ¢ pa3sHbIM KomunuecTBoM [1DITA: 1-0 %, 2-10 %, 3-20 %,
4-30 %
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Tabnuya 1 — CTpyKTypHBIE XapaKTEPUCTUKH LIEOJIUTHBIX COPOCHTOB

obpazen
0 10 20 30
rapamerp
Ws 0,095 0,085 0,070 0,025
Voo 0,028 0,021 0,036 0,019
VM. 0,067 0,064 0,041 0,006
Jecopbunu 7,25 8,76 4,51 9,23
CE 14,3 36,0 22,0 18,0
Drr.m. 26;47;70 20; 55; 87 23;55;,73 38
Syﬂ 383 354 261 204
Ws — aicopOnnonHas eMKOCTh, CM>/T;
VILII. — 00beM EepeXOHbBIX TOp, CM?/T;
VM.II. — 00beM MUKPOTIOP, CM*/T
Do — quaMeTp nepexoaHbIX Top, A;
S, — YAenbHas OBEPXHOCTE, M?/T.
AV/Ad 105
2,0 1
1,8
1,6
1,4 4
1,2
1,0 1
0,8 4
0,6 4
0,4
0,21
0,0 T T T T T
0 20 40 60 80 100
dep, A

Pucynok 3 — Kpusble pacnpeneneHus AMaMeTpoB Mop 10 pa3MepaM Ha LEOIUTHBIX COpOeHTax:

1-0%
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AV/Ad 105
80

0
60—-
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40—-
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20

T T
20 40 60 80 100 120
dep,A

Pucynok 4 — Kpusble pacnpenenenust [MaMeTpoB I0p 0 pa3MepaM Ha LEoIUTHBIX copoenTax: 2—10 %

a,MMOJITB/T

3,54

- o 1
3,0

- a
2,5

o 3

2,0
1,5

TS e 4
1,0
0,5
0,0 4 T T T T T

0 5 10 15 20 25

t, MUH

Pucynok 5 — Kunetnueckne n30TepMbl aIcOpOLUH Ha HEOIUTHBIX copOenTax: 0 %, 2—10 %, 3-20 %, 4-30
%

Bce wusydenHsle Hamu 00pasnbl 00JIAZAIOT IIUPOKUM JAMANA30HOM
nuametpos mop ot 20 10 90 A (pucynku 4,5) , Ipu 5TOM GONBIIYIO YacTh B OOIIHiA
00BEM IOP [T BCEX M3YYaeMbIX LIEOTUTHBIX COPOCHTOB JaeT 00beM MUKPOIIOP, 32
uckmouenuem 10 % TIDITA, ans koroporo oobeM nepexoanbix mop (Vm.m.=0,019
cM’/T) npeBbimaer 0obeM Mukpornop (Vm.n.=0,006 cm*/r) moutu B Tpu pasa. 3Ha-
YeHHUE Y/IeIbHBIX TOBEPXHOCTEH, YCTaHOBJIEHHBIE M0 afcopOiun a3ota (Bektenov
u ap., 2021: 19-21), cBUAETENBCTBYIOT O TOM, YTO MEHEE PAa3BUTYIO MOBEPXHOCTh
MMEIOT 00pas3Iibl C BO3pacTaHUEeM KOJIMYECTBA CIIMBAIOIIETO PeareHTa.
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Jlna onpenenenus COPOIIMOHHON CIIOCOOHOCTH MPOBEAICHO HCCIIET0BaHUE
afcopOLMK KaTHOHOB METAJJIOB, YYacTBYIOIIUX B COPOIMOHHBIX aKTax Ha
MMOBEPXHOCTH COPOSHTOB Ha IIpuUMepe u30TepMbl aacoporuu Pb(Il).

MakcumanbHOW aacopOIMOHHON €MKOCThIO M3 MoauduimpoBaHHbx DC
3/1-20 ueonuroB obnanaet obpazert ¢ 10 % I[13IIA (pucynox 5). Ipyrue odpasiibl
XapaKTepPU3YIOTCS MEHBIIINM KOIUYECTBOM aJICOPOMPOBAHHOTO KaTHOHA, KOTOPOE
W3MEHSETCS B MOPSAKE YBEIMUEHUS cTereHn Mmoauduiuponanus. [Ipu cpaBHeHUN
pEe3ybTaToOB MO aJCOPOIUH CO CTPYKTYPHBIMU XapaKTEPUCTHKAMHU LEOTUTHBIX
copOeHTOB (maébauya 1) MOXXHO TIPOCIENUTH OMPEICIIEHHYIO B3aUMOCBSI3b: YeM
Oosbiie 00beM MHUKPONOp cOpOeHTa, TeM OoJblliee KOINYECTBO KATHOHA HA HEM
azcopOupyeTcsi, UTO MOATBEPKICHO MpeleIbHBIMU BEIMUYMHAMHU aJCOPOIUU Ha
UCCleyeMbIX copOeHTax (Tabnuua 2).

Taonuya 2 — BenmuuHbI IPpEAeTbHON aJcOPOLIUH HAa LEOTUTHBIX COPOCHTAaX, BEIYMCICHHBIC 13
KWHETHYECKUX U aJCOPOIIOHHBIX H30TEPM

OGpageu Hpe;[enLHaﬂ BCJIIMUNHA aﬂCOp6L[I/II/I Ha COJIMTax, MKMOJ'II)/F
a}lCOp6L[I/IOHHl>le KpI/leIe l/l3OTepM KHUHETUYCCKUC KpI/IBbIe I/ISOTepM
0% 34 14,3
10 % 3.4 16,1
20 % 1,3 17,9
30 % 2,1 19,2
3aKJIrouyeHne

HccnemoBaHa  MOBEPXHOCTb,  TEPMOJMHAMUKA U H30TEPMBI
aacopOunn MoauGUIUPOBAHHBIX I1e0JIUTOB. [lomyueHbl MoaubUIIMPOBAHHBIE
MOJMUATUIICHNIONMAMUHOM W JMOKCHIHOM CMOJIO COpOEHThI Ha OCHOBE.
[onrotoBnenHbie 00pa3Ipl 00MaAI0T MHUPOKUM JUATIA30HOM JHAMETPOB TOP OT
20 mo 90 A. 3Hauenwue YAETBHBIX MOBEPXHOCTEH, YCTAaHOBIEHHBIE TI0 a/ICOPOIIUN
a30Ta, CBUJECTEIHCTBYIOT O TOM, YTO MEHEE Pa3BUTYI0 MOBEPXHOCTh HMEIOT
00pa3Iipl ¢ BO3pacTaHWeM KOJIMYECTBA CIIMBAIOIIETO PeareHTa.

MakcuManbHOUW aJCOPOIIMOHHON €MKOCThI0 W3 MOIU(PHUIIUPOBAHHBIX
smokcuIHOM Mmoo D/-20 neonutoB obmagaet odbpazen ¢ 10 % IIDIIA. [Ipyrue
00pa3Iibl XapaKTepU3yITCS MEHBIITUM KOJTUYECTBOM aJICOPOMPOBAHHOTO KAaTHOHA,
KOTOPOE€ M3MEHSIETCS B MOPSAIKE YBEIUYEHUS CTETIEHN MOIU(DUIIUPOBAHUS.

AHanu3 pe3ylnbTaToOB TMOKa3ajd, 4YTO 4YeM Oonblie 00beM MHKPOIOp
copOeHTa, TeM OoJjblllee KOJIMYECTBO KAaTHOHA HA HEM aJcopOupyeTcsi, uTo
JI0Ka3aHO MpeAeNbHBIMUA BETUYMHAMU aJCcOpPOLIMY HA U3yUYEHHBIX 00pa3Iiax.
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Abstract. This manuscript explores the innovative utilization of coal mining waste,
specifically focusing on the potential of humates derived from this byproduct for enhancing
livestock nutrition. Coal mining waste, predominantly comprising humic substances,
presents an untapped resource rich in minerals and biologically active compounds that
can be transformed into valuable feed additives. The study was conducted using advanced
analytical techniques to characterize the chemical and physical properties of humates
extracted from coal mining waste. Scanning Electron Microscopy (SEM) provided insights
into the microstructure, confirming the presence of mineral constituents like quartz,
kaolinite, and muscovite which dominate the waste material. This microstructural insight
suggests a dense, crystalline matrix beneficial for dietary applications. X-Ray Diffraction
(XRD) analysis further substantiated the SEM findings, quantifying the mineral phases and
offering a detailed composition profile of the humates. This phase analysis was essential
for understanding the mineral content which can influence the nutritional value of the feed
additives. Infrared (IR) spectroscopy was employed to determine the functional groups
and molecular interactions within the humates. The IR spectra revealed the presence of
various organic and inorganic compounds, highlighting the complex nature of the humates
that includes beneficial elements such as nitrogen, calcium, and phosphorus. The study’s
findings underscore the potential of humates as a feed additive, improving feed efficiency
and animal health. These substances have been shown to enhance nutrient absorption,
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stimulate digestive processes, and provide detoxification benefits, effectively adsorbing
harmful substances like heavy metals and pesticides. Moreover, humates form a protective
barrier in the gastrointestinal tract, which aids in safeguarding against infections and toxins.
Overall, this research demonstrates that coal mining waste can be repurposed into a high-
value additive for livestock feed, contributing to sustainable agricultural practices and
waste management. The application of such waste not only helps in reducing environmental
burden but also adds economic value to the mining and agricultural industries.

Keywords: humates, coal mining waste, livestock nutrition, feed additives, sus-
tainable agriculture
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Annortaunus. by Makanana KycTap/blH KOPEKTCHYIH jKaKcapTy YIIiH aHama
OHIMHEH aJIBIHFaH T'yMaTTAPBIH dJICYETiHE epeKIlie Ha3ap ayaapa OTHIPHIN, KOMip OHAIpY
KaJJIBIKTapblH MHHOBALIMSUIBIK Taijjaiany KapacThlpbuiaibl. KypaMbiHIa Heri3iHeH
TYMYCTBI 3aTTap Oap KeMip eHIIpy KaJIbIKTaphl KYHIBI a3bIK KOCTajlapFa aiHaIaThIH
MHHEpaIIap MeH OMOIOTHSUIBIK OCIICeH I KOChUIBICTApFa Oaii maiimananbIMaral pecype
Oombim TaOBLIAABI. 3epTTEy KOMIp OHIIPY KalABIKTapbIHAH O6OJIIHETIH TyMMAaTTapIblH
XMMUSUIBIK  JKOHE (HM3HMKANBIK KACHETTEPiH CHIATTay YIIH O3bIK aHAIWTHKAIBIK
omicTep i KOMaHy apKeUIbI JKYprizinmi. CKkaHepieyni 3IeKTpOoHAB MUKpockomnus (SEM)
MHKPOKYPBUIBIMIIBI TYCIHYTE MYMKIHIIK Oep/Ii, Oy KaaapIkrapaa 6ackiM OOJaTBIH KBapII,
KAOJIMHHUT >KOHE MYCKOBUT CHSKTBI MHUHEPAJJIbl KOMIIOHEHTTEPJiH OOJIybIH pacTajibl.
Byt MUKPOKYPBUTBIMIIBI 36PTTEY THIFbI3 KPUCTANIBI MATPHIIA JTUETAIBIK TAMAKTaHY YIIiH
maganel eKeHiH kepceTemi. Pentren coymnenepinin nudpakmusicsl (XRD MuHEpaIasiK
dazanapapl caHJIBIK Oaranay >KOHE TyMMATTapJblH erKehH-TErKeili KOMITO3UIIUSIIBIK
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npoduiIiH KaMTamachl3 ety apkpuibl SEM HoTmKenepin onaH api pactansl. by dazansik
Tanjay asblK KOCTANapJblH TaraMAbIK KYHIBUIBIFBIHA dCep €Tyl MYMKIH MHHEpasJIbl
KypaMIpl TYCiHY YHIH KaxeT Oomapl. ['ymarrapmarbl (QyHKIMOHAIIBIK TONTAp MEH
MOJIEKYJIaJIBIK ©3apa dpeKeTTecynep i anpIKTay yuriH nHppakeibul (MK) ciektpockonus
KOJIAaHBULIBL. MIHQPaKBI3bII CHEKTpIep SpTYpJli OpPraHUKAJbIK jKOHE OeiopraHMKaIbIK
KOCBUIBICTap/BIH OOJYBIH aHBIKTaJIbl, TyMAaTTap/AbIH KYp/JeNi TaOUFaThIH, COHBIH IIIiHIE
a30T, KanbLuil >koHe (ocdop CHUAKTH MaiJaibl 3IEMEHTTEPAl Kepcereai. 3eprrey
HOTIDKENEpi JKeMINOI THIMAUITT MEeH KYCTapAblH JICHCAYJBIFBIH JKaKCapTy YIIIH a3bIK
KOCIIAChl PETIHJE T'yMaTTap JIEYeTiH KepceTeli. by 3aTTapIbslH KOPEKTIK 3aTTaplIblH
CIHY1H aKCcapTaTbIHBI, aC KOPBITY IPOLIECTEPIiH bIHTAIAH IBIPATHIHBI XKOHE aybIp METaNIap
MEH MECTHLIUATEP CHSAKTBHI 3USHIBI 3aTTapAbl THIMII CiHIPY apKbUIbI JETOKCHKAIUSFa
BIKMA] eTeTiHi JonengeHred. CoHBIMEH KaTap, IyMaTTap acKas3aH-ilIeK >KOJbIHAA
KOPFaHbIC TOCKAYBUIBIH KYPaiIbl, OyI1 1eHeH1 HHEKIHUsIap MeH TOKCHHCPICH KOpFayFa
keMekTeceni. Tyracrait anrania, Oyi1 3epTTey KoMip OHIIpy KaJAbIKTapbIH TYPAKTHI aybLT
MIAPYaIIbUIBIFBI MEH KaJIBIKTapAbl OacKapyFa BIKIa eTeTiH KYH/IbI KYC a3bIK KOCIIaChbIHA
eHjieyre OOJIATBIHBIH KopceTedi. MyHIall KajablKTapAbl NaiaaiaHy KOpIIaraH opTara
TYCETiH ayBIPTHAJBIKTHI a3aliTyFa KOMEKTecin KaHa KoWMail, Tay-KeH >KOHE aybul
IapyaIIbUIBIFBI CajlaapblHa SKOHOMUKAIIBIK KYHIBUIBIK KOCAIBI.
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AHHoTammsa. B cratbe paccMaTpuBaeTcs WHHOBAIMOHHOE MHCIIOJIb30BaHUE
OTXOZOB yIIIEJ00BIYU ¢ 0COOBIM YIOPOM Ha TOTEHILMANl TyMaTOB, MOIy4aeMbIX H3 3TOTO
NOOOYHOTO MPOAYKTA, ISl YAyYIIeHNUs: NUTaHus nTul. OTX0nbl yrieno0bldH, coaepKa-
HIMe MPEUMYIECTBEHHO T'yMWHOBBIE BEIECTBA, MPEICTABISIIOT COO0I HEHCIIOIb30BaH-
HBII pecypc, Oorarelii MUHEpanaMu U OMOJOTMYECKH aKTHBHBIMU COEIMHEHUSIMH, KOTO-
pble MOTYT OBITH IPeoOpa3oBaHbl B LICHHbIE KOpMOBbIe n00aBku. MccnenoBanue ObLIO
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MIPOBEJICHO C MCIIOJIb30BAHUEM IMEPEIOBBIX AHATUTHYECKUX METOIOB Ul XapaKTepPUCTH-
KA XMMHUYECKUX U (PU3NYECKHUX CBOMCTB I'yMAaTOB, BBIACISIEMBIX H3 OTXOI0B YIJICAOOBIUH.
CkaHupytolias 3eKTpoHHast MUkpockomnus (COM) 1mo3Bosuia mojay4yuTh NpeACTaBlIeHUE
0 MHKPOCTPYKType, MOATBEPAUB HAJIMUUE MUHEPAIBHBIX KOMIIOHEHTOB, TaKHX Kak
KBapll, KAOJMHUT U MYCKOBUT, KOTOpPBIC NMPE0oOIafaloT B OTXOAaX. DTO HMCCIEIOBAHHE
MHUKPOCTPYKTYpPBl ~ MO3BOJISIET  MPEANOJIOKUTb, YTO IUIOTHAs  KpHCTaJUIMYecKas
MaTpHIlla MoJe3Ha Uil AMETHYECKOro nuraHus. PeHrreHocTpykTypHblil anamus (PCA)
JOMOJHUTENBHO MOATBEP AN pe3ysbTaTbl COM, KOMTHUECTBEHHO ONPEACINB MUHEPAIbHBIC
(a3bl 1 IPEAOCTaBUB MOAPOOHBIN MPOPHIIL cOcTaBa 'yMaToB. DTOT (pa30BbIid aHAINU3 ObLI
HEOOXO0IUM JJIsl TOHUMAaHUSI COACPKaHNUSI MUHEPAJIbHBIX BEIIECTB, KOTOPBIE MOTYT BIIUSIThH
Ha MUTATEIbHYIO LIEHHOCTh KOPMOBBIX 100aBOK. sl ompezaeneHus: (pyHKIMOHATBHBIX
TPYII ¥ MOJICKYJISIPHBIX B3aMOJCHCTBUM B rymMarax Oblia UCIONb30BaHa MH(paKkpacHas
(UK) cnexrpockonusi. MHppakpacHble CHEKTPhl BBISBHIM NPHCYTCTBHE Pa3IUYHBIX
OPTaHMYECKUX M HEOPraHWYECKUX COCIMHECHHUH, YTO MOJUYEPKHUBACT CIOKHYIO MPUPOAY
ryMaToB, BKJIIOYAIOLIMX TaKHUE ITIOJIE3HBIE AJIEMEHTHI, KaK a30T, KaubUuid U Qocdop.
PesynpTaThl Mccie0BaHUS MMOTYEPKUBAIOT MOTEHLMAT T'yMaTOB B KauecTBE KOPMOBOMH
n00aBKH, yiryuiaronei 3 peKTHBHOCT KOPMOB M 310pOBbe NTHULL. /l0Ka3aHo, UTO 3TH Be-
[IeCTBA YAYYIIAIOT YCBOCHHUE MUTATENBHBIX BEIIECTB, CTUMYIUPYIOT MHUILICBAPUTEIbHBIC
MIPOLIECCHI M CIIOCOOCTBYIOT JETOKCUKALMH, 3G PEKTUBHO a/IcOpOUpys BpeIHbIC BEIIECTRA,
TaKne KaK TsDKelble MEeTallIbl U mecTUiMasl. Kpome Toro, rymarsl 00pas3yroT 3alliuTHBIH
0apbep B KEITyJOUYHO-KUIICYHOM TPAKTE, KOTOPBIA MOMOIaeT 3alllUTHUTh OPraHu3M OT UH-
(exuuii 1 TOKCHHOB. B 1enom, 3T0 nccnenoBaHue MOKa3bIBACT, YTO OTXObI yIIeJ00BIYH
MOTYT OBITh NepepadoTaHbl B EHHYIO 100aBKy Ul KOPMJICHUS MITHILI, YTO CIIOCOOCTBYET
YCTOMYMBOMY BEICHHIO CEJILCKOTO XO35HCTBA M yNpaBJeHUIO oTxogaMu. Mcnons3oBanue
TaKUX OTXOJOB HE TOJBKO [TIOMOTaeT CHU3UTh HArpy3Ky Ha OKPYKAIOLIyIO CPEay, HO U I10-
BBIIIACT HKOHOMHYECKYIO LIEHHOCTh TOPHOJOOBIBAIOLICH U CENbCKOXO3SIHCTBEHHON IMPO-
MBILIJICHHOCTH.

KaroueBble cioBa: rymarbl, OTXOAbI YIriefoOBIYM, MUTAHUE INTHUL, KOPMOBBIC
N00aBKH, YCTOHYNBOE CETLCKOE X035 HCTBO

Introduction

Organic materials in soil are subject to constant change, influenced by numerous
factors. Two main reasons for these changes are mineralization and humification. From the
perspective of zootechnical and veterinary sciences, particularly interesting are the reac-
tions that lead to the formation of complex compounds with significant potential in feed
production. Only a fraction of organic substances undergoes such transformations, which
are more complex than the mineralization process. Humification is based on the decompo-
sition and synthesis of organic compounds, as well as the polymerization and condensation
of the resulting products. This process is complex and not fully understood, primarily re-
sulting in the formation of humic and fulvic acids (Abd El-Hack, 2015).

Humus comprises insoluble humic substances in water at any pH value, character-
ized by large molecular sizes. The oxygen content in humus is the lowest, while nitrogen
makes up about 5-6 %. The mobility of these substances in soil is limited due to their
high molecular weight, which makes the negative charge on their surfaces insufficient
for peptization at high pH levels. Humic acids are polymers consisting of cyclic phenolic
or nitrogen-containing aromatic cores linked to sugars, peptides, amino acids, and other
aliphatic compounds. Their complex, compact, unstable, and amorphous structure contrib-
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utes to their chemical and biological degradation resistance (Abdel-Mageed, 2012). Re-
cent studies have revealed that humic acids, previously considered high-molecular-weight
polymers, are actually composed of low-molecular-weight compounds, forming a loosely
structured aggregate rather than a regular polymeric chain. This discovery highlights the
potential of humic acids and humates in chelation, despite the complexity of extracting
chelate compounds from them.

This understanding of the structure of humic acids suggests that they do not form
consistent, repeating monomeric chains, but rather are assemblies of various molecules
interconnected in a somewhat disordered fashion. This revelation opens up new possibili-
ties for using humic substances, particularly in the area of chelation. Chelating agents are
compounds that can form multiple bonds with a single metal ion, and the discovery of the
irregular and complex structure of humic acids implies that they can form diverse and po-
tentially useful chelating complexes. Despite the challenges associated with their complex
nature, the application of humic acids in agriculture, environmental remediation, and even
in pharmaceuticals, as natural detoxifying agents or organic fertilizers, presents a promis-
ing field for future research and development. The exploration of these applications could
lead to more sustainable and efficient uses of natural resources, aligning with environmen-
tal protection goals and the promotion of sustainable agricultural practices (Arafat, 2015).

Currently, the use of ecologically clean and safe materials in agriculture is of great
relevance. One promising direction is the use of humic substances. These are high-molec-
ular-weight compounds of natural origin that form through the oxidation of carbon or the
transformation of dead biomass. Humic substances have a chaotic structure, typically dark
brown in color, and are amorphous structures that can dissolve or swell in water. These
compounds do not have a uniform chemical formula, but their basic structures are known
to consist of aromatic rings and functional groups (such as hydroxyl, carboxyl, carbonyl,
alkyl, and methoxyl groups). In addition to aromatic rings, these substances may also con-
tain polypeptide and polysaccharide fragments. Even simpler compounds like fulvic acids
possess a complex chemical structure.

Beyond their structural complexity, humic substances play a significant role in en-
hancing soil fertility and plant growth. Their ability to interact with minerals and nutrients
in the soil can improve nutrient availability and uptake by plants. This interaction helps in
the formation of stable soil aggregates, which improves soil structure, water retention, and
aeration. Additionally, humic substances can act as natural chelators, binding to heavy met-
als and reducing their bioavailability, thus mitigating soil pollution. Their diverse function-
alities make them valuable for sustainable agricultural practices, promoting healthier plant
growth and restoring soil health without relying on synthetic chemicals. The exploration of
humic substances is thus aligned with efforts to achieve more environmentally friendly and
sustainable farming methodologies. Due to the challenges in quantitatively characterizing
the structure of humic acid molecules using traditional methods, researchers have devel-
oped a classification system based on solubility in bases and acids. Thus, humic substances
are divided into three categories: humins, which are insoluble in both acids and bases; hu-
mic acids, which are insoluble in acids but soluble in bases; and fulvic acids, which are sol-
uble in both acids and bases. Humic acids are fractions of humic substances that dissolve
in alkaline conditions, are partially soluble in water, and remain insoluble in acidic envi-
ronments. The classification can vary depending on the pH and ionic interactions (Arafat
et al., 2015). Due to their amphiphilic nature, humic acids form micelle-like structures in
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neutral and acidic environments, known as pseudo-micelles. This property is utilized in
water purification systems and to enhance the water solubility of hydrophobic compounds.
These pseudo-micelles enhance the efficiency of humic acids in various applications by
increasing the interaction surface between humic acids and other molecules or ions in
solution. This ability makes humic acids valuable in environmental cleanup, as they can
effectively bind and remove contaminants from water. Furthermore, their complexing
capabilities are instrumental in agriculture for delivering nutrients efficiently to plant roots,
thereby improving plant health and growth. The adaptability of humic acids to different pH
levels and their ionic nature allow them to be tailored for specific uses, optimizing their
effectiveness in soil amendment and pollution control strategies. This versatility and the
eco-friendly nature of humic substances make them an appealing option for sustainable
practices in agriculture and environmental management.

Humic acids contain a variety of functional groups, the proportions of which can
vary depending on their source, extraction and production methods, as well as the climatic
and environmental conditions during their formation. Primarily, the functional groups in
humic acids include phenols and carboxylic acids. These characteristics enable humic ac-
ids to enhance plant growth and form complex structures with heavy and transitional met-
als, effectively removing these metals from organisms and forming chelate compounds.
Additionally, their antiviral and anti-inflammatory activities have been documented. The
presence of phenols, carboxylic acids, and quinones in the structure of humic acids is
associated with their antioxidant, fungicidal, and bactericidal properties. The chemical
composition of humic substances can change based on geographic origin, age, climate,
and biological conditions, which complicates precise identification. Literature sources
widely agree on the chemical composition of humic acids derived from various sources.
Typically, substances based on humic acids contain about 50 % carbon, 35 % oxygen, and
5 % hydrogen, with the remaining percentage attributed to nitrogen and sulfur (Arafat
et al., 2017). The highest carbon content, reaching 60—65 %, is found in materials such
as bituminous and brown coal. The ability of humic acids to bind cationic metals and
complexes makes them valuable across various sectors. Thus, they facilitate the transfer
of micronutrients from soil to plants and from feed additives to the bodies of agricultural
animals. Additionally, humic acids help reduce the levels of heavy metals in soils, waters,
and living organisms.

The primary source of humic acids is brown coal, which in Kazakhstan is estimated
to have reserves of 34 billion tons. Compared to other sources of humic acids, brown coal
has a distinct chemical composition that includes various micronutrients suitable for use in
the production of animal feed additives. The main methods for extracting humic substances
involve alkaline extraction using ammonia solutions or potassium/sodium hydroxides.
These processes convert humic substances into water-soluble salts, namely biologically
active potassium or sodium humates. This method is practically waste-free, which is why
it is widely used in many countries.

In recent years, various feed additives have been widely used to supplement
the dietary deficiencies of nutrients in agricultural and domestic animals. These include
mineral supplements (macro and microelements), protein and fat supplements, vitamins,
biostimulants, complex natural compounds (sapropel, peat, humates), and synthetic
products (enzymes, hormones, antibiotics, adaptogens, antioxidants). The exploration
of new ways to enhance the productivity of livestock through feed additives has led to
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an increase in research on the use of natural feed resources with immunomodulatory
properties. Studies have shown that these additives have high ecological safety and possess
unique capabilities to improve metabolic processes and increase cellular energy, which
beneficially impacts living organisms.

Materials and Methods

To achieve the main objectives of the research, various experimental,
physicochemical, and analytical analysis methods were employed: chemical analysis,
photocolorimetry, potentiometry, IR spectroscopy, and analysis using an INCAEnergy
(Oxford Instruments) X-ray energy dispersive microanalyzer installed on an ISM-6490LV
(IED) scanning electron microscope, among others.

Potentiometric titration was carried out at a temperature of 298+0.1 K using
an LPM-60 laboratory pH meter equipped with a DL-01 sensor. The measuring system
included a glass electrode ESL 11-0.4, and a calomel electrode was used as the reference
electrode.

The chemical analysis of the raw materials and the products obtained was conducted
in accordance with the regulatory requirements of the known MEST standards.

Method for determining total phosphates: 1-2 grams of the sample are weighed
with an accuracy of 0.0002 grams using analytical scales, transferred to a 250 ml
volumetric flask, and treated with 50 ml of 20 % hydrochloric acid (HCI) solution. The
mixture is then gently boiled for 30 minutes. When the volume of the solution has reduced
to approximately 50 ml, water is added. After cooling, the solution is diluted to the mark
with distilled water, thoroughly mixed, and filtered, discarding the initial filtrate. 1 ml of
filtrate is taken with a pipette and transferred to a 100 ml volumetric flask, filled up to 50
ml with water. Then, 25 ml of a prepared solution for phosphates is added and the volume
is brought up to the mark with water, followed by thorough mixing. After 10—15 minutes,
the optical density compared to a control solution is measured. The control solution is
prepared simultaneously with the sample, taking 100 ml of the phosphate solution into a
volumetric flask and diluting to the mark with distilled water. The control solution is used
for the determination of all forms of P,O, and is prepared once.

Method for determining available phosphates: 1-2 grams of the sample are weighed
with an accuracy of 0.0002 grams using analytical scales. The sample is then dispersed in
150 ml of 0.2 mol/dm?® Trilon B solution preheated to 93+£3°C in a beaker, transferred to
a 500 ml volumetric flask, sealed, and placed on a shaker for 20-30 minutes. The volume
of the solution is adjusted to the mark with water and mixed. The solution is then filtered
through «white band» filter paper, discarding the initial filtrate.

Using a pipette, 1 ml of the filtrate is collected and added to a 100 ml volumetric
flask. To this solution, 2 ml of 20 % hydrochloric acid and 10—15 ml of water are added,
and the mixture is boiled for 10 minutes. After cooling, the solution is diluted to 50 ml with
water. Then, 25 ml of a phosphate solution is added, and the volume is brought up to the
mark with distilled water and mixed thoroughly. After 20-25 minutes, the optical density
is measured relative to a comparison solution.

Method for determining the phosphorus content in feed additives. The method is
based on mineralizing the sample through dry or wet ashing to form salts of orthophosphoric
acid, and then detecting phosphorus in the form of yellow-colored complex formed with
vanadate and molybdate ions in an acidic medium, using a photometric method.

Extraction of humates (according to MEST 9517-76). Approximately 1 gram of
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powdered coal production residue is placed in a 250 cm® conical flask, over which 100
ml of sodium pyrophosphate solution is poured, and the flask is then placed on a shaker
for 60 minutes. The resulting suspension is centrifuged for 15 minutes, collected into a
1-liter flask, and decanted. The dissolved residue is washed twice with 100 ml of sodium
hydroxide solution. After each wash, the suspension is centrifuged, and the wash solution
is collected in Flask B.

The settled sludge is collected in Flask A, to which 100 ml of sodium hydroxide
solution is added, and then heated in a boiling water bath for 2 hours. After cooling to
room temperature, the contents of Flask A are centrifuged for 15 minutes, the solution is
decanted and collected in Flask B. The insoluble residue is washed twice more with 100
ml of sodium hydroxide solution. After each wash, the suspension is centrifuged, and the
wash solution is collected in Flask B.

Modern scanning electron microscope equipment (JSM6490 LV brand) was utilized
for microstructural and elemental-weight analysis of raw materials and finished products.
Additionally, IR spectral analysis was conducted on a SHIMADZU IR PRESTIGE-21
Fourier-transform infrared spectrometer with a Miracle full internal reflection (ATR)
accessory from Pike Technologies.

X-ray phase analysis was carried out on a D8 Advance (Bruker) device to identify
inorganic compounds within the studied samples. Data processing from the obtained
diffractograms and calculation of interplanar distances were performed using the EVA
software. Deciphering the samples’ codes and phase identification were conducted using
the Search/match program, with the PDF-2 powder diffractometry database.

Drying and grinding of the samples were performed using an MSHL-1 laboratory
mill. For the extraction of humates and the production of feed additives, a laboratory reactor
with a paddle mixer was used under laboratory conditions. Additionally, a laboratory
vacuum filter was employed for the filtration process.

Results and Discussion

Elemental-chemical and microstructural analyses were conducted on samples ob-
tained from this heap. The surfaces of the samples were examined at a 40x magnification
in the spectrum. The results of the study are presented in Figures 1-2 below.
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Elemental and Oxide Composition
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Elements and Oxides

Figure 1. Elemental-weight composition of coal production residue

The table summarizes the elemental and oxide compositions of coal production
residue. Carbon (C) and oxygen (O) dominate the residue, comprising 43.00 % and 39.43
% respectively, with no associated oxides listed for these elements. Aluminum (Al) makes
up 3.79 % of the residue, which corresponds to 7.16 % when expressed as aluminum ox-
ide (ALO,). Silicon (Si) is present at 6.42 %, and its oxide form, silicon dioxide (Si02),
accounts for 13.73 %. Sulfur (S) contributes 1.03 %, translating into sulfur trioxide (SO,)
at 2.57 %. Potassium (K) is at a lower concentration of 0.40 %, with its oxide, potassium
oxide (K,0), representing 0.48 %. Calcium (Ca) is slightly higher at 0.43 %, which cor-
responds to calcium oxide (CaO) at 0.60 %. Iron (Fe) is significantly present at 5.49 %,
with iron(III) oxide (Fe,0,) making up 7.85 %. These values indicate the transformation of
elemental compositions into their respective oxide forms, highlighting the predominance
of heavier elements like silicon and iron in their oxide states within the residue.

] 1 2 3 4 5 B 7 8 9 10
= T — Moreas mowns 4327 wan. Kypoop: 00000 3B

Figure 2. Microstructure and diffraction peaks of elements in coal production residue
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According to the data provided above, the main component of the coal production
residue is the element carbon, with substances like sulfur, aluminum, and silicon oxides
also present. There are also smaller amounts of potassium and calcium compounds.
The microstructure of the analyzed sample shows minerals of sulfur, iron, and calcium
compounds as distinct clusters, while the presence of small hexagonal crystals indicates
the presence of calcium aluminates. The silicon compounds in the sample are characterized
by fine, particulate structures.

The Scanning Electron Microscopy (SEM) image analysis of the coal production
residue provides a detailed look at the microstructure and elemental composition. The
dominant presence of carbon is visible as a fundamental matrix within the residue, forming
asubstantial portion of the overall structure. This matrix is interspersed with various mineral
clusters and inclusions, primarily constituted by sulfur, iron, and calcium compounds.

The sulfur compounds likely manifest as scattered aggregates throughout the
sample, potentially contributing to the overall texture and porosity of the residue. Iron
compounds are typically more dense and might appear as darker, more defined clusters
or particles within the SEM image, reflecting their heavier atomic weight and distinct
physical properties compared to other elements.

Calcium compounds are particularly interesting as they form small, hexagonal
crystal structures, indicative of calcium aluminates. These hexagonal shapes suggest a
crystalline phase within the residue, which could influence the mechanical properties such
as hardness and structural integrity of the residue.

Moreover, the presence of silicon compounds is noted by their finer, particulate
form, likely contributing to the residue’s overall surface area and reactive properties (Arif,
2016). These fine silicon compounds could be involved in various interactions with other
elements in the residue, potentially affecting its chemical reactivity and usefulness in
applications like soil amendment or industrial processes.

Overall, the SEM analysis reveals a complex interplay of carbon with other
mineralogical elements, each contributing unique properties that define the physical and
chemical characteristics of the coal production residue. This detailed microstructural
insight is crucial for understanding the potential applications and environmental impacts
of such residues.

The infrared spectral analysis of the coal production residue was conducted using
the modern Shimadzu IR Prestige-21 Fourier-transform infrared spectrometer. The results
of the study are presented in Figure 3 below.
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No. Peak Intensity Intensity (H) (L) Area Area
1 555,50 87.320 3,204 570,93 | 540,07 1,610 0,269
2 597,93 86,390 | 3,257 | 613,36 | 574,79 | 2,111 | 0,317
3 644,22 83.190 0,746 648,08 | 617.22 2,034 0,092
4 694,37 80.421 2,647 721,38 | 655.80 5,771 0,488
5 759.10 81.668 0.230 759,38 | 725.23 2,942 0,033
6 779,24 81,211 0,717 786,96 | 763,81 2,056 0,043
7 794,67 81,701 0,746 860.25 786,96 5,389 -0,173
8 910,40 82,571 4,018 948,98 | 860,25 6,375 0,782
9 1010,70 77,444 0,798 1014.56 | 952.84 5,143 0,099

10 | 102999 | 76,948 | 1.394 | 1153.43 | 1018.41 | 12,500 | 0.452
11 1238,30 | 86,867 | 0,109 [ 1269,16 | 1234,44 | 2,106 | 0,020
12 1361,74 | 88.043 | 0.198 | 1489.05 | 1357.89 | 6,502 | 0,241
13 1504,48 | 90,824 | 0,075 [1508.33 | 1492,90 | 0,630 | 0,000
14 | 158934 | 87.409 | 3,778 | 1674.21 | 1516,05 | 7,906 | 1,583
15 169736 | 90.939 | 1.460 | 1816.94 | 1678,07 | 3,745 | 0,380
16 | 285465 | 93,339 | 0,902 | 2881,65|2827.64 | 1,472 | 0,080
17 | 2924,09 | 92,271 | 1.826 {2989.66 | 288165 | 3,198 | 0.364

Figure 3. The infrared spectral analysis of the coal production residue

The detailed interpretation of the IR-spectra from the analysis of coal production
residue reveals a variety of absorbance peaks, each corresponding to different chemical
bonds and structures within the sample. The peaks at 555.50 cm™!, 597.93 cm™', and 644.22
cm!, with corrected intensities of 3.204, 3.257, and 0.746 respectively, indicate the pres-
ence of complex inorganic compounds, possibly involving metal-oxygen bonds, reflecting
the mineral components of the residue. The peaks at 694.37 cm™ and 759.10 cm!, with rel-
atively higher corrected intensities of 2.647 and 0.230, could be indicative of bending vi-
brations in silica or other silicate materials, which aligns with the silicon content observed
in the sample. The sequence from 779.24 cm™ to 1029.99 cm™! includes several moderate
peaks suggesting various functional groups, possibly involving sulfur or phosphorus ox-
ides, as suggested by the presence of sulfur in the elemental analysis (Arpasova, 2016).

Significantly, the peaks at 1238.30 cm™ and 1361.74 cm’!, with very low corrected
intensities, could represent the presence of organic compounds such as aliphatic amines
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or ethers. The sharp peaks at 1504.48 cm™ and 1589.34 cm™! with corrected areas of prac-
tically nil and 1.583 indicate the presence of aromatic compounds, possibly from residual
coal substances. Moreover, the peaks at 1697.36 cm™!, 2854.65 cm™, and 2924.09 cm™,
with corrected intensities of 1.460, 0.902, and 1.826, are typically associated with carbonyl
groups and the C-H stretching vibrations in aliphatic hydrocarbons, hinting at the presence
of fatty acids or other long-chain hydrocarbons (Cetin, 2016).

Overall, the IR spectra suggest a complex mix of inorganic and organic compo-
nents, highlighting the diverse nature of the chemical makeup of coal production residues,
which includes both aromatic and aliphatic organic substances alongside various miner-
al-derived compounds. This complexity underlines the potential for various industrial and
environmental applications or challenges associated with such residues.

The results of the X-ray phase analysis of coal production residue are presented in
Figure 4.
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Figure 4. X-ray diffraction peaks of coal production residue

According to the data presented in the image, the structure of coal production
residue is characterized by minerals such as quartz, kaolinite, and muscovite. It has been
identified that a significant portion of the structure, specifically 90.4 %, is comprised of
quartz minerals. Additionally, compounds in the form of kaolinite and muscovite make up
7.1 % and 2.4 % of the structure, respectively.

The X-ray Diffraction (XRD) analysis of the coal production residue clearly iden-
tifies the presence of quartz, kaolinite, and muscovite as the principal mineral constituents.
The dominance of quartz at 90.4 % of the structure suggests a highly siliceous nature,
which is consistent with the SEM analysis that showed a dense, crystalline microstructure
typical of quartz. The kaolinite and muscovite, accounting for 7.1 % and 2.4 % respec-
tively, add to the layered silicate structure observed, which could contribute to the over-
all mechanical properties of the residue such as plasticity and cation exchange capacity.
These findings correlate with the IR-spectra, which indicated peaks corresponding to Si-O
stretching modes characteristic of silicate minerals (Chang-Hua, 2003). The presence of
minor peaks related to organic functionalities, likely from residual coal materials and mi-
nor sulfur or phosphate groups, supports a complex composition that includes both inor-
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ganic and trace organic elements. The elemental composition analysis further corroborates
this, with significant amounts of silicon and aluminum from the quartz and kaolinites, and
iron from the muscovite, all contributing to the chemical diversity observed in the SEM
and confirmed by the XRD peaks. Overall, the combination of XRD, IR-spectra, SEM,
and elemental composition analyses provides a comprehensive understanding of the min-
eralogical and chemical makeup of the coal production residue, highlighting its potential
uses and environmental interactions.

Humates are studied worldwide as valuable organic raw materials for the pro-
duction of feed additives for livestock. Due to their unique composition and properties,
humates can be utilized in animal and poultry feed. They serve as a source of minerals,
including chelated microelements, for animals. Numerous studies by both domestic and
international researchers have shown that humates can be effectively used in pure form to
feed animals and birds. Adding humates to the diet (up to 2 kg per day) has been shown to
increase the live weight of pigs by 10-15 %, while also reducing feed costs by the same
percentage. Furthermore, humates are excellent enterosorbents, protecting animals and
birds from diseases by adsorbing harmful substances in the intestines and reducing mortal-
ity rates in pigs and chickens (Disetlhe, 2017). The use of humates improves the morpho-
logical and biochemical composition of the blood, enhances the absorption of nutrients in
the food, and promotes the growth and development of animals.

Currently, normal diets for animals often fall short in providing adequate amounts
of energy, protein, sugars, and other nutrients. This deficiency is particularly notable in
minerals and biologically active substances (Dobrzanski, 2009). Using local and non-tra-
ditional sources of minerals and biologically active substances can significantly mitigate
these deficiencies. One such source could be humates, which do not disrupt the digestive
processes in animals’ stomachs. Including humates in the diet of calves has been shown
to enhance the absorption of organic substances and increase the uptake of nitrogen, cal-
cium, and phosphorus. Studies conducted in Udmurtia have demonstrated that humate
components positively affect fetal development in the womb, activate metabolic processes,
stimulate the function of hematopoietic organs, protect animals from anemia, and reduce
mortality in young animals. In trials, calves receiving humates in their diet showed a 34.2
% higher average daily growth rate compared to those in the control group placed on a
usual mineral substrate. A similar effect was observed when feeding young chickens with
humates (Edmonds, 2014).

Several authors have determined the optimal feeding schedules and norms for us-
ing humates in pig nutrition (Ergin, 2009). In large poultry and pig farms, humates are
commonly incorporated into compound feeds in dry form. The primary condition for an-
imals to effectively utilize dietary nutrients is ensuring that the feed is balanced in terms
of all standardized organic and mineral substances. The inclusion of humates in feed com-
positions has been found to stimulate digestive processes in young animals, with nutrient
absorption rates improving by an average of 2.5 to 6.51 %. Additionally, incorporating
humates into compound feeds and feed additives can enhance metabolic processes in the
bodies of animals and birds. Analyzing the literature on the chemical composition of hu-
mates, it is noted that the most efficient method of use involves isolating humic acids and
their bases, including humates, from lignite coal. Humates derived from lignite allow for
their use in small quantities, universally, and regardless of the season, due to the high
concentration of nutrients and biologically active substances they contain. Most humic
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substances chemically bond with inorganic components (such as clay and oxides). A sig-
nificant feature of humic substances is their ability to interact with metal ions, oxides, and
clay minerals, and to react with organic compounds like alkenes, fatty acids, surfactants,
and pesticides.

Due to their colloidal properties and ability to form chelates, humic acids and their
salts can significantly alter the toxic effects of various xenobiotics and unwanted substanc-
es ingested with food and water. Since no toxic, allergic, mutagenic, or teratogenic effects
of humic acids have been found, in 1999, the European Medicines Agency approved humic
acids and their salts (humates) as veterinary drugs for treating diarrhea, dyspepsia, and
toxicity in farm animals. The content of humic substances in lignite can reach up to 85 %.
The terms “humic substances” and “humates” are associated with soil and originate from
the term “humus,” which refers to a complex of organic dark-colored compounds that
determine soil fertility. For instance, the most fertile soils (humus-rich soils) can contain
up to 12 % humic substances. Most natural humic substances are in a water-soluble form
which has limited economic value. For practical application, it is necessary to convert hu-
mic substances into a water-soluble form, such as humates. Soluble humic acid is available
as potassium humate or sodium humate. Potassium humates are preferred as soil additives
in agronomy because additional sodium is rarely needed. Sodium humates are better suited
for animals as sodium is an essential inorganic electrolyte for animal health and its levels
must be consistently maintained (Gomez-Rosales, 2015).

There is limited information on the mechanisms by which humates enhance the
efficiency of animal product production when used in animal feeding. However, existing
studies suggest that the inclusion of humates is beneficial for livestock. The positive effect
of humic acids could be linked to their ability to influence the metabolism of proteins and
carbohydrates in microbes, possibly leading to the direct elimination of bacterial cells or
viral particles. The detoxifying benefits of humate components encompass a wide range of
toxins accumulated through farming activities. When humic acids are added to the diet, they
adsorb heavy metals, nitrates, fluoride, organophosphates, carbaryl, and chloride organic
insecticides. Humic acids can form a protective layer in the gastrointestinal mucosa against
infections and toxins, ensuring effective nutrient utilization in the feed.

Conclusions

The exploration of coal mining waste as a source for humates has revealed its sig-
nificant potential in enhancing livestock nutrition and promoting sustainable agricultural
practices. This study has systematically investigated the chemical and physical proper-
ties of humates derived from coal mining byproducts, providing a solid foundation for
their application as innovative feed additives. Advanced analytical methods such as SEM,
XRD, and IR spectroscopy were utilized to characterize the structural and compositional
attributes of humates. SEM analysis confirmed the presence of a dense, crystalline ma-
trix primarily composed of quartz, kaolinite, and muscovite. These minerals, prevalent
in coal mining waste, contribute essential nutrients when processed into feed additives.
XRD analysis further delineated the mineral phases, offering a precise quantification that
supports the nutrient supply potential of humates. IR spectroscopy provided insights into
the functional groups, revealing a complex interplay of organic and inorganic compounds
within the humates, which are critical for their biological activity and efficacy as feed
supplements. The integration of humates into animal diets has demonstrated multiple ben-
efits, such as enhanced nutrient absorption, improved digestive processes, and effective
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detoxification of harmful substances. These effects are attributed to the unique properties
of humates, which include their ability to form protective barriers in the gastrointestinal
tract, adsorb toxins, and interact beneficially with the body’s metabolism. Moreover, the
use of coal mining waste for producing humates aligns with global efforts towards sustain-
ability by providing a method to repurpose industrial byproducts into valuable agricultural
inputs. This not only aids in waste reduction but also enhances the economic viability of
industries involved, offering a compelling case for the broader adoption of humates in
livestock nutrition.

In conclusion, this research underscores the transformative potential of humates
derived from coal mining waste, advocating for their increased use in feed formulations to
realize benefits across environmental, agricultural, and economic domains. The continued
development and application of such innovative practices are crucial for advancing sus-
tainable livestock management and ecological conservation.
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Abstract. This paper describes the synthesis and physicochemical characterization
of polycrystalline spinel nanocomposite material multiferroic CoCr, O, and YMnO,
perovskite, in different ratio. The sol -gel method was used for synthesis. The structure and
structure of the synthesized spinel- perovskite structural nanomaterial was determined by
X-ray phase analysis (XRA). Calculation and processing results were carried out using the
PDXL program. In the samples studied, it was found that polycrystalline two-phase nano-
material: spinel with cubic space group and perovskite orthorhombic system. According
to result scanning electron microscope (SEM) confirmed the elemental composition and
average nanosize of the nanomaterial in the samples: 1.CoCr, O, equals 103 to 542 nm,
YMnO, equals 1.06-7.02 um; 2.CoCr,0, equals 102 to 525 nm, YMnO, equals 1.02-6.97
um; 3.CoCr, O, equals 106 to 557 nm, YMnO, equals 1.09-7.08 pm.
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AnnoTtamus. byn Makamaga MONMKPUCTANAbl HAHOKOMIIO3UTTIK MaTepHai
mnuHenbai - Mynbtupeppountsr  CoCr,0, xone YMnO, nepoBCKUTIHIH OpTYpi
KaTbIHACTAFbl CHHTE31 MEH (DM3MKa-XUMHSJIBIK CHNAThl cunartanrad. CUHTE3Jey YIIiH
30/b-TeNb ofici KOJMaHbUIAbl. CHHTE3AENreH UIMUHENIb MEPOBCKUT KYPBUIBIMIIBIK
HaHOMAaTEPUANBbIH KYPBUTBIMBI MEH KYPBUIBIMBI PEHTIreH (azajiblk aHanu3 Audpaxuus
(PDA) apkbutel aHbIKTAIBL. HoTikenepai ecenrtey skone eHyey PDXL Oarmapiamacsl
apKBUIBI JKY3€re achIpbULABL. 3epTTeNreH YITUIepAe MONUKPUCTAIIAB €Ki  (a3aibl
HaHoOMarepuan Oap eKeHi aHbIKTaJIbI: THITI KyOTHI TOOBI Oap IMHHEb )KOHE OPTOPOMOTHI
nepoBckuT kyHeci. CkaHepneymn 53JeKTpoHABI MHUKpockonTbiH (SEM) noTmxkenepi
OolibIHIIA YITLIEepAeri HAaHOMaTepUAABIH AIEMEHTTIK KypaMbl MEH OpTallla HaHOeJIIeMi
pactanpt: 1.CoCr,0O, 103-ten 542 nm-re neiiin, YMnO, 1,06-7,02 mxm-re Ten, 2. CoCr,O,
—102-525 am, YMnO, - 1,02-6,97 mxm, 3.CoCr,0, — 106-557 um, YMnO, — 1,09-7,08
MKM.

Tyiiin ce3aep: XpOMHUT, MAHTaHUT, KOMITO3HT, 30JIb-T'€JIb, HIMUHEIb, IEPOBCKHUT
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AnHOTanus. B cTaThe OMHUCHIBACTCS CHUHTE3 W (HU3UKO-XUMUUYCCKUN XapaKTep
MOJMKPUCTAITUYECKOTO0 HAHOKOMITO3UTHOTO MaTepualia — IIIHHENb MYJbTH(QEeppOoHKa
CoCr,0, m YMnO, nepoBckura B pasHbIX COOTHOLICHWsAX. B KkadecTBe cuHTE3a
WCTIONB30BAJICS METOJ 30ib-Tesisi. CTpoeHHe W CTPYKTypa CHHTE3MPOBAHHOTO IIITH-
HEJIb-TIEPOBCKUTA CTPYKTYPHOTO HAaHOMATepHalia ONpeIelisuIi METOJIOM PEHTIeHO(ha3HOTO
ananmsa (PDA). Pacuer m 06paboTka pe3yabTaTOB MPOBOIUIUCH C TIOMOIIBIO TIPOTPAMMEI
PDXL. Y nccremyeMpix 00pa3ioB yCTaHOBJICHO, UTO MONUKPUCTAIUTHYECKUH ABYX (pa3HbIN
HaHOMaTepHal: IIMUHETb C KyOMYecKOdl NpOCTPAaHCTBEHHOW TPYMIION M TMEPOBCKUT
opTopoMOuuecKkuii cMHTOHMU. [10 MaHHBIM pe3yibTaTa CKaHWUPYIOIIETro JJIEKTPOHHOTO
Mukpockona (COM), MOATBEpXAEHBI SJIEMEHTHBIM COCTaB W CpEeIHUl HaHOopasMmep
Hanomatepuana B oopasuax: 1.CoCr,0O, pasno 103 mo 542 am, YMnO, pagro 1.06-7.02
MkM, 2. CoCr,0O, pano 102 mo 525 aM, YMnO, pasuo 1.02-6.97 mxm, 3. CoCr,O, pasHo
106 1o 557 um, YMnO, pasuo 1.09-7.08 mxm.

KnawueBbie cjioBa: XpOMHT, MaHTaHUT, KOMIIO3HT, 30Jb-T€Jb, MITUHEIb,
MEPOBCKHUT

Introduction

Manipulation magnetic properties under action electrical fields in magnetoelectric
multiferroic materials caused significant research activities aimed on implementation their
transformative technological potential (Spaldin, 2019). Most often, researchers study the
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magnetoelectric properties of composites consisting of a phase with a spinel structure and
a ferroelectric phase with a perovskite structure (O’Neill, 1983).

Compounds belonging to the class of complex oxide materials are being
intensively studied. Complex oxides are attractive for use due to their chemical inertness
and stability. The creation of materials based on various oxides makes it possible to
obtain both purely magnetic and multiferroic compounds (Spaldin, 2010) . Heterogeneous
media are represented with developed interfaces between mesoscopic structural elements,
for example, systems with phase separations, film structures and nanoscale composites
(Alguero, 2016). In this area, manganite compounds with the general formula A B,  Mn,
Me, o O, have been studied in most detail, where A is a rare earth element, B is usually an
alkaline earth element, and Me is a 3d metal (Patrin, 2020; Patrin, 2021).

Research has shown that (La, Sr)MnO, perovskites doped with B-site Al produce 9
times more H, and 6 times more CO compared to the modern material, cerium, when reduced
at 1623 K and oxidized at 1273 K (McDaniel 2013). While these results are promising,
it is worth noting that to achieve high CO and H, production from perovskites in general,
a large excess of steam and carbon dioxide is required (Muhich, 2018). Thermodynamic
analysis based on thermogravimetric experiments has shown that the ABO, perovskites
studied to date (A% La,Sr,Ca and B% Mn,Al) have lower specific mass productivity and
efficiency compared to cerium under most operating conditions, including two-stage
cycling and isothermal regime (Scheffe, 2013; Muhich, 2018; Takacs, 2016; Yang, 2014;
Cooper, 2015; Bork, 2017 ). The lower efficiency of perovskites is explained by their
high heat capacity and, in particular, the low absolute value of the change in the Gibbs
energy of oxygen vacancy formation, which is unfavorable for the oxidation reaction,
but favorable for the reduction reaction. (Bork, 2019) a predictive study was carried out
using thermodynamic calculations multicomponent perovskite La , Sr,, Mn, Cr O, How
new candidate for solar fuel. Chromium is added to the B-site of the ABO, perovskite to
increase the change in Gibbs energy of oxygen formation and decrease the heat capacity,
and to test whether these changes increase the efficiency of the perovskite compared to
La, Sr, MnO,.

Chromite multiferroic oxides MCr,O, (M=Ni, Mn, Co, Zn, Fe, etc.) have not
only received widespread attention in potential applications, but have recently come
under scrutiny due to their multiferroic nature (Yamasaki, 2006). At high temperatures
these samples belong to a spinel structure with cubic spatial group Fdm. Due to their
interesting physical properties, chromite spinels have found applications in multiferroic
memory devices (Scott, 2007), disk recording (Kleemann, 2017), microwave absorbers
(Shah, 2018), and electrical devices (Dong, 2018). They are also offered to use as heat-
resistant pigments (Fern andez, 2002), gas sensitive materials (Niu, 2004), photocatalysts
For H, release and decomposition polluting substances (Boumaza, 2009). The work (Hcini,
2021) presents thermal, microstructural, optical, magnetic and magnetocaloric studies of
chromite spinel Ni, Mn_ Cr,O, prepared by the sol-gel method. (Mataev, 2019) with au-
thors in the work using the sol-gel method, he synthesized chromite-manganite phases,
the composition of which was studied by X-ray diffraction, and a single-phase composite
nanomaterial was obtained.

Materials and research methods

The following reagents were used as starting materials: yttrium (III) oxide, ((Y,0,)
99.99 % GOST/TU 48-4-524-90, Russia); manganese (I1I) oxide, (Mn,0,) 99.99% GOST/
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TU 6-09-3364-78, Russia); chromium (I1I) oxide ((Cr,0,) 99 % GOST TU 6-09-4272-84,
Russia); cobalt carbonate (II) ((CoCO,) 99.99 % GOST 5407-78, Russ.).

Were used following means and methods of measurement: a lund y crucible (diam-
eter 50 mm (5cm)); used Brazil agate mortar (diameter 140 mm (14 cm)). For definitions
phase composition were used X-ray phase method — on the device diffractometer (Miniflex
600 RIGAKU (U=30 kV, J=10mA, frequency rotation 1000 pulses per second, constant
time t=5s, angular interval 20 from 5 to 90°, Japan)) and scanning electron microscope
(TM4000PIus (magnification x10-x100 000, depth of field: 0.5 mm, accelerating voltage:
5kV, 10 kV, 15 kV, maximum sample size: 80 mm in diameter, 50 mm in height, minimum
displacement step: 65 nm; Microanalysis system for tabletop microscope HITACHI TM
4000 Plus: Silicon drift detector with a working area of 30 mm?, guaranteed energy reso-
lution: 137 eV (Mn,Ka), Japan)).

Experimental part

Three composite nanomaterials were synthesized by the sol-gel method in different
ratios. The synthesis reaction is presented below:

1.0.15Y,0,+0.7CoCO,+0.15Mn,0,+0.7Cr,0,—0.7CoCr,0,+0.3YMnO,+0.7CO,

2.0.25Y,0,+0.5CoC0O,+0.25Mn,0,+0.5Cr,0,—0.5CoCr,0,+0.5YMnO,+0.5CO,
3.0.35Y,0,%0.3CoCO,+0.35Mn,0,+0.3Cr,0,—0.7YMnO,+0.3CoCr,0,+0.3CO,

The use of citric acid and glycerol as precipitating agents had a positive effect on
the formation of homogeneous phase samples. Stoichiometric amounts of oxides were
ground in an alundum crucible and mixed in an agate mortar until a homogeneous mixture
was obtained. Distilled water, glycerin and citric acid were added to the resulting mixture.
The mass was heated in an electric oven until a gel was obtained. The resulting gel was
treated in a muffle furnace at a temperature of 600 °C for 20-30 minutes. The composition,
after turning into powder, was re-fired with increasing temperature in the range of 600—
1100 °C. The firing was divided into six stages, with a total duration of 39 hours. After
each stage of synthesis, intermediate grinding and unloading into an X-ray apparatus were
carried out. As a result, a two-phase nanocomposite was synthesized: multiferroic spinel
CoCr,0, and YMnO, perovskite. Calculation and processing data were carried out using
the PDXL program.

Discussion and results

The structure of the resulting spinel-perovskite nanomanganite was analyzed and
its phase composition was determined by the X-ray phase method. As a result of X-ray
phase analysis Powdered polycrystalline samples were rendered into two different phases
of cobalt chromite (CoCr,0,) and yttrium manganite (YMnO,) composites. The insets in
Figures 1-3 show quantitative diagrams of the composites. X-ray diffraction patterns made
it possible to establish that in the composites the percentage ratio of phases is: 1 sample
cobalt chromite (CoCr,0,) 71.2 %, yttrium manganite (YMnO,) 28.8 %; in sample 2 co-
balt chromite (CoCr,0,) 84.2 % and yttrium manganite (YMnO,) 15.8 %, and in sample 3
yttrium manganite 69.1 % cobalt chromite 30.9 %.
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Figure 1. X-ray diffraction pattern of sample 1. Inset: phase diagram ratios: CoCr,0, 71.2 % and YMnO,
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Figure 2. X-ray diffraction pattern of sample 2. Insert: phase diagram ratios: CoCr, 0, 84.2 % and YMnO
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Figure 3. X-ray diffraction pattern of sample 3. Insert: phase diagram ratios: YMnO, 69.1 % and
CoCr,0,30.9 %

119



Volume 2, Number 459 (2024)

Results of refinement of structural parameters binary phase with cubic and orthor-
hombic crystal structure of cells are given in table 1.

Table 1. Results of quantitative analysis of the crystal lattice for all studied samples

Sample fgrl:ziia a(A) b(A) ¢ () Vc3ell , Zf;f; , Theor.Density
(g/em?®)
1 CoCr,0, 8.3152 8.3152 | 8.3152 | 574.92 Fdm 8 |5.244
YMnO, 5.5356 7.5088 | 5.2399 | 217.80 Pnma 4 |5.852
) CoCr,0, 8.3080 8.3080 | 8.3080 | 573.45 Fdm 8 |5.255
YMnO, 5.23614 5.5302 | 7.5035 | 217.28 Pnma 4 5771
3 CoCr,0, 8.325 8.325 8.325 576.9 Fdm 8 |5.244
YMnO, 5.609 7.486 5.240 220.02 Pnma 4 |5.852

Phase a CoCr,0, when the number of formula units Z=8 crystallizes in a cubic
lattice with space group Fdm. Phase YMnO, accordingly, at Z=4 it crystallizes in an
orthorhombic lattice with space group Pnma (Table 1).

Scanning electron microscopy (SEM): SEM analysis (Fig. 4 a, b, c¢) showed the
presence of conglomerates of particles with a size of 1.06—7.08 microns (um) and 103-554
nm ( nm ), regardless of the ratio of the starting substances. Such particle sizes in all samples
highlight the effectiveness of sol-gel synthesis in obtaining homogeneous microstructures.

s, EN

TM4000 20kV 8.7mm x5.00k BSE M 11/10/2OI22 :

1 1 1 1
10.0um

According to the data in Figure 4 a, it was found that the synthesized spinel CoCr,
O, has a structural crystal size from 103 to 542 nm, and YMnO, perovskite has a micro-
structural phase size of 1.06—7.02 um.
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According to the data in Figure 4 b, it was found that the synthesized spinel
CoCr,0, has a structural crystal size from 1025 to 525 nm, and YMnO, perovskite has a
microstructural phase size of 1.02—6.97 pm.
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According to the data in Figure 4 c, it was found that the synthesized spinel
CoCr,0, has a structural crystal size from 106 to 557 nm, and YMnO, perovskite has a
microstructural phase size of 1.09—7.08 um.

Elemental analysis (EDS) and phase composition: spectral analysis (Fig. 5-7)
showed the presence of Y, Cr, Co and Mn, which confirms the formation of the proposed
composite materials. The elemental composition exactly matched the results of X-ray
diffraction analysis, which confirms the accuracy of the synthesis process. Quantitative
data obtained using EDS are consistent with the formula composition.
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Figure 5. EDS spectral results of sample 1. Inset: EDS spectral analysis results
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Figure 6. Results of EDS spectra of sample 2. Box: Results spectral EDS
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Figure 7. Results of EDS spectra of sample 3. Inset: Results of EDS spectral analyses

The presence of Y, Cr, Co and Mn from the EDS spectra is shown in Figure 2. The
EDS composition measurements of the composite samples were presented in the insets
of Figures 5-7. The data indicates the amount of each element present in the sample.
The results of elemental analysis confirm the results obtained using X-ray phase analysis,
respectively, the result of quantitative analysis. Quantitative data corresponds to manganite
formulas yttrium and chromite cobalt.

Conclusion

In this research sol-gel method synthesized three compositional material with
spinel structure multiferroic CoCr,0, and YMnO, perovskite. An analysis of the phase
structure and elemental composition of the resulting two-phase nanomaterial was carried
out. The results of X-ray diffraction analysis show that in all 3 samples, with the number of
formula units of cobalt chromite (Z) equal to 8. It was found that the unit cell parameters
are 1 sample a,b,c= 8.3152 A , in sample 2 a,b,c= 8.3080 A , in sample 3 a,b,c= 8.325 A,
The unit cell parameter is formed by cubic spatial groups. In perovskite it is shown that
in all 3 samples, with the number of formula units of ytrium manganite (Z) equal to 4, it
was determined unit cell parameters are 1 sample a=5.5356 A, b=7.5088 A, c=5.2399 A;
2 a=5.23614 A, b=5.5302 A, c= 7.5035 A; in sample 3 a=5.609 A , b=7.486 A, c=5.240
A, that the shape parameters are definitely orthorhombic space group. And the result
was also established scanning electron microscope microstructures of a nanocomposite.
According to result SEM confirmed the elemental composition and average nanosize of the
nanomaterial in the samples: 1.CoCr, O, equals 103 to 542 nm, YMnO, equals 1.06-7.02
um; 2.CoCr, O, equals 102 to 525 nm, YMnO, equals 1.02-6.97 pum; 3. CoCr,0O, equal to
106 to 557 nm, YMnO, equal to 1.09-7.08 pm.
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Abstract. The article presents the results of studies of the antiaggregational
and anticoagulant activity of compounds synthesized on the basis of the quinine
molecule. It is urgent to search for new drugs among alkaloids, including
quinine derivatives, and expand the limits of its use. Alkaloids are used as
sedatives, stimulants, expectorants, antiarrhythmic, antispasmodic, choleretic and
antihypertensive drugs. The aim of the work is to determine the antiaggregational
and anticoagulant activity of compounds synthesized on the basis of the quinine
alkaloid in vitro on human donated blood. The study of the effect of synthesized
derivatives on platelet aggregation was carried out by the Born method, the
determination of anticoagulation activity was carried out by generally recognized
clotting tests on a turbidimetric hemocoagulometer. A comparison and statistical
analysis were carried out. The blood of male donors was taken as the object of
the study. Experiments were conducted to study their effect on blood clotting
and platelet aggregation. The median, 25th and 75th percentiles were used as the
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methodology of the work to describe the data, and the Kraskel-Wallis and Wilcoxon
criteria were used to verify the statistical significance of differences between groups
or study conditions. The results of the study were processed using the Statistica
10.0 statistical package. Verification of the normal distribution of the actual data
was carried out using the Shapiro-Wilk test. One-factor analysis of variance and
Student’s criterion were used to compare the groups. The results are presented in
the form of averages and standard deviations. The conducted studies have shown
that the synthesized derivatives have anticoagulant and antiaggregational activity.
The results of the study are important in the development of new drugs for the
prevention and treatment of thromboembolic diseases.

Keywords: alkaloids, quinine, heterocyclic derivatives, antiaggregational
effect, anticoagulant activity
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AHHOTauusi. Makanajga XWHUH MOJICKYJIachl HETI3IHAE CHUHTE3/eITreH
KOCBUIBICTAP IbIH arperarusra Kapchl KOHE AQHTHUKOATYJISIUSUITBIK
OCJICCHIIUTIKTEPIHIH 3€PTTeY HOTHIXKENIEepl KENTIpiIreH. AJIKaJIOUATap, OHBIH
IIIHe XUHUH TYBIHABUIAPHI apachlHa jKaHA TpenapaTTapibl i3]Iy KOHE OHBIH
KOJIJaHy TIETiH KEHEWTy aKTyaiIbl OOJBIT TaObUIaAbl. AJKaJOUATAP CEIATHBTI,
BIHTAJIAHBIPYIIBI, KAKBIPBIK TYCIPETIH, apUTMHUSIFa KapcChl, CHa3MOJHTUKAJIBIK,
XOJIEPETUKAJIBIK )KOHE THIIEPTEH3HSFa KapChl MTperaparTap peTiH/Ie KOIIaHbLIa b
JKYMBICTBIH MaKcaThbl aJIKAJIONI XUHUH HET131H/Ie CHHTE3/IeNTreH KOCBUIBICTAP IbIH
aJlaMHBIH JIOHOPJIBIK KaHBIHJA in Vitro »KaFJaalbIHIa arperamusra Kapchl jKOHE
AQHTUKOATYJIALMSUIBIK OCJICEHIITIKTI aHBIKTAy OOJIbI TaObutaabl. CUHTE3IEITCH
TYBIHIBUIAPJBIH  TPOMOOIIMTTEP/IH arperanuschiHa ocepiH 3eprrey Born
OMICIMEH, aHTHKOATYJISIUSIBIK OEJICEHAUTIKTI aHBIKTAY TYPOMIMMETPUSIIBIK
TeMOKOAryJIOMETpJIc JKaJIbiFa Oipied TaHBUIFaH KIOTTUHT ChIHAKTapbIMECH
Kyprizipmi. CalbICThIpy, CTaTUCTHUKAJBIK Taljay >Xacalbl. 3epTTe€y HBICAHBI
peTiHAe ep axaM JOHOPJIAPBIHBIH KaHbl anbIHAbl. OnapJbplH KaHHBIH YIObIHA
YKOHE TPOMOOITUTTEP/IIH arperamuscblHa oCepiH 3epTTey OOWBIHIIA TaKipUOEIep
xkyprizuiai. XKymbeic omicTeMeci peTiHae ASPEeKTep/ai CUIAaTTay YIIiH MeauaHa,
25 >xoHe 75 MPOIEHTWIBCP MalJaaHbUIIBI, TONTAP HEMECE 3epTTey MIapTTaphl
apachIHAAFbl aWBIPMANTBLIIBIKTAP/IBIH CTATUCTHKAIBIK MaHBI3BUIBIFBIH TEKCEPY
yuin Kpacken-Yosmmmc sxoHe BHIKOKCOH KpUTEpUiIepi KONIAaHBULIBL 3epTTey
HoTKenepi Statistica 10.0 craTHCTHUKANBIK MAKETIH KOJJAHY apKbUIBI ©HJIEIII.
HakTel jgepekTepAiH KajbINThl TapanyblH Tekcepy lllamupo-Yuik chiHaFbI
apKBUIBI XKYprizuiai. TonTapapl CaabICTBIPY YIIiH Oip (DaKTOPIIBI AUCTICPCUSITBIK
tangay xoHe CTBHIOJICHT KpUTEpUHi KOJMIaHbULIbL. HoTrkenep opramia MoHIEP
KOHE CTaHAAPTThl AyBITKYyJap TYpiHAE YCHIHBUIFaH. JKypri3iireH 3eprreyiep
KOPCETKEH/IeH,  CHHTE3JICNITCH  TYBIHABUIAD  AHTUKOATYJSAIUSUIBIK  KOHE
arperamusra Kapchbl OCJICEHIUTIKKE e €KEeHIIT1 aHBIKTAIIIbl. 3epTTey HOTHKEIepi
TPOMOOIMOONIHUSIIBIK aypyJIap/AblH aJAbIH ally JKOHE eMJCY YIIiH KaHa JToPiUTiK
npernapaTTapabl 93ipJeyae MaHbI3Ibl OOJIBIT TaObLIAIbI.

Tyiiin ce3mep: ankajgouaTap, XWHHH, TETCPOUMUKIIbI TYBIHIBLIAP,
arperarusFa Kapchl oCep, aHTUKOATYJISIHSITBIK OCICEHTITIK

byn xymeictel Kazakcran PecryOnukacel FeuibiM koHE KOFaphl OiiM
MUHHCTPIITIHIH FBUIBIM KOMHTETI Kapkbutaki kKoijanasl (rpant AP19674667,
2023-2025).
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AHHOTaI[I/Iﬂ. B crartbe NpEACTABJICHbI PE3YJIbTAThI HCCIIeJOBaHUI
a”HTHuar peFaHHOHHOf/'I n aHTHUKoar ynﬂHTHOﬁ AKTUBHOCTHU COCHHHCHHﬁ,
CUHTC3UPOBAHHBIX HAa OCHOBC MOJICKYJIbl XMHHHA. AKTyaJ'IBHLIM ABJIACTCA IOUCK
HOBBIX IIp€mapaToB CpCAu aJIKAJIONAOB, B TOM YHUCIC IMMPOU3BOAHBLIX XWHHUHA,
U pacliupCeHuc IMnpcacjioB C€ro MNpHUMCHCHUS. AJ'IKaJ'IOI/II[BI HCIIOJIB3YKOTCA B
KauCCTBC CCHATUBHBIX, CTUMYJIMPYIOIIUX, OTXapKUBAOIIUX, AHTHAPUTMHUYCCKUX,
CIIa3MOJIMTUYCCKUX, KCIIYCTOHHBIX U aHTUTHUIICPTCH3UBHBIX IIPCIIAPATOB. L[CJ'IBIO
pa6OTLI ABJICTC  OINPCACIICHUC aHTHUAIpEeT allMOHHONH M aHTHKanyHHHTHOﬁ
AKTUBHOCTHU COeIlI/IHCHI/II\/’I, CUHTC3UPOBAHHBIX Ha OCHOBC aJIKaJIOMJa XWHHHA B
YCIIOBUSAX in vitro Ha I[OHOpCKOﬁ KpOBH 4YCJIOBCKaA. HccnegoBanue BIMSHUS CUH-
TC3UPOBAHHLIX MMPOU3BOAHBIX HA arpCraiuro TpOM6OLII/ITOB MpOBOANIIOCH METOAOM
BopHa, OIIPCACIICHUC aHTHKOaFYHHHHOHHOﬁ AKTUBHOCTHU IIPOBOAUIIA O6H_ICHpI/I-
3HaHHBIMHU KJIOTTHHI'OBBIMH TCCTaMH Ha Typ6I/I,Z[I/IMeTpI/ILIeCKOM TeMOKOaryjiome-
TpE. HpOBeI[eHO CpaBHCHHC, CTaTUCTHYECKHI aHanu3. B kaduecTBe 00ObeKTa UCCe-
JOBaHUA ObliIa B3sTa KpPOBb JOHOPOB-MYKYHH. briiu IMPOBCACHDBI DKCIICPUMCHTBI
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10 M3yYCHHUIO UX BIMSHUS HA CBEPTHIBAEMOCTh KPOBH U arperaiyo TPOMOOITUTOB.
B kadyecTBe mMeTomonoruu paboThl MCIOIB30BAIMCh MeAnaHa, 25-i u 75-i mpo-
IIEHTUJIU U OTIMCAaHMs JIAHHBIX, a KpuTepun Kpackens-Yommuca u YUIIKOKCOHA
WCIIOJIB30BAIMCH JIJISI TIPOBEPKU CTATHCTHUYCCKOW 3HAYMMOCTH PA3NTHUUA MEKITY
TpynInaMy WA YCIOBUSMHU HCCIeoBaHMs. Pe3ynbraTsl nccienqoBanust ObUtH 00-
paboTaHbI ¢ UCIIOJIb30BAaHUEM CTaTHCTUUYECKOTO MmakeTa Statistica 10.0. [IpoBepka
HOPMAJILHOTO pacrpeaencHuss GaKTHUeCKUX JTaHHBIX MPOBOIMUIIACH C TTOMOIIBIO
tecta [lamupo-Yunka. Iyt cpaBHEHHUS TPy UCIOIb30BAIUCH OMHO(DAKTOPHBII
JTUCTIEPCUOHHBIN aHanmu3 W Kputepui CThro/IeHTa. Pe3ynbTaTsl MpeacTaBiIeHbl B
BHJIC CPEHUX 3HAYCHUHN U CTaHJIAPTHBIX OTKIOHEHUH. [IpoBeaeHHBIC HCCIeI0Ba-
HUS TIOKa3aJIi, YTO CHHTE3UPOBAHHBIC POU3BOIHBIC 00JIaIal0T AHTHKOATYJISTHTHOM
Y aHTHArperalMOHHONW aKTUBHOCTBIO. Pe3ynbTaThl Hccie0BaHus HMEIOT BaXKHOE
3HAYCHHE TPH pa3pabOTKe HOBBIX JIEKAPCTBEHHBIX MPEMapaToB IS MPOPHITAKTUKH
1 JICYCHHS] TPOMOOIMOOIMUECKUX 3a00I€BaHUA.

KiroueBsbie ciioBa: aakagouabl, XWHUH, TE€TEPOIUKINYECKUE TPOU3BOTHBIC,
aHTUATrPeTallMOHHOE JICHCTBHE, AHTUKOATYJISTHTHAS! aKTUBHOCTh

DOrta pabora Obuta (¢GUHAHCOBO TmoijepkaHa KomuTeToM Hayku
MuHucTepcTBa HayKHd M BBICHIETO oOpa3oBaHus PecryOmuku Kazaxcran (rpadt
AP19674667, 2023-2025).

Kipicne

Taburu KOCBUIBICTApABl TpaHchopManusiay apKbUIbl  OHOJOTHSIIBIK
OeJICeHIl 3aTTaplbl JKY3€re achlpy OPTaHHWKAJIBIK CHUHTE3 OCH MEIUIIMHAIIBIK
XUMUSHBI JTaMBITYBIH HETI3T1 OarbIThIHA aifHaNIbI. bruosorusnelk OenceHaimir
pacTajFaH KOCBUIBICTAp FaJbIMJIAPIBIH €PEKIe Ha3apbhlH ayIapyblH MaHBI3]IbI
(hakToprapbIHbIH Oipi - TAOWFU IIMKI3aTTBIH OOYBI )KoHE KEH Tapaiaybl. TaOuru
KO3JepJieH aJbIHFaH JopiTiK 3arTapasiH 40 % - gaH acTambl ©T€ MaHBI3IBI JKOHE
MeIUITMHAaa Koaanpuiaapl. Kypameiaaa ankamouaTrap Oap JOpiTiK ©CIMIIKTED
YJIKEH KbI3BIFYIIBUTBIK TYIBIPAJIbI, OJap/IbIH IIUKi3aThl KOIITETeH AOPi-TopMEKTEPIl
OHJIIPY HeMece JaibIH/ay YIIIH KOJJIaHbUIaAbl. JIopuTiK 3aTTap XUMHSICHIHIAFBI
KETEKIIl POeN TEeTePOIUKIIAepre THECUT, OJapJblH apachlHIa aJIKaJIOWTHI
KOCBUTBICTAP €PEKIIEe OPBIH alajbl.

Jlopimik eciMIIK MHKi3aThIHAH OMOJOTHUSIIBIK OCJICeH/ Il 3aTTapAbl Ty IbIH
THICTI HOPMATHBTIK KY)KaTTapMeH OCKITUITEH KaJmbl MPUHIUNTEP] OOMBIHIIA
ANKAJOUATAPABIH TYBIHJBUIAPBIH ally KOHE JKEKE KOCBUIBICTapJbl OOJim amy
omicTepl KOJIIAHBUTA/IBI. BUONOTHSIBIK OEJICeHI 3aTTap PETiHAE alKaJIouaTap
(hapMaKOJOTHUSIIBIK 9CEP/IIH KeH CHEKTpiHe Me, OYFaH COHFbl OHXKBUIIBIKTapIa
JKYPTi3UIreH KOIITEeTreH ChIHAKTAp MEH 3epTTeynep aaien 0oa ananasl (Badri sxone
1.0., 2019; Shang xone T.6., 2018; Liu xone T.6., 2023, Faisal xone T1.0., 2023).
AnkamouaTap TeK Oip FaHa eMec, COHBIMEH Karap opTypii (papMaKoJIOTHSIIBIK
KaCHETTEP/IiH )KUBIHTHIFbIHA e 00J1a ajajibl. AJTKAJIOUITHI MperapaTTap CeIaTHBTI,
BIHTAJIAHIBIPYIITBI, KaKBIPBIK TYCIPETiH, apUTMHUSFa KapChl, CIMIa3MOJMTHKAJIBIK,
XOJIEPETUKAIIBIK JKOHE TUIIEPTEH3UAFa KapChl IpemapaTTap peTiHe KOJITaHbLIa IbI.
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Ochbl OMOJIOTHSUTBIK OCJICEH/II 3aTTapiAbIH HETi31HJIEe MHKpPOOKa KapcChl, BHPYCKa
KapChl )KOHE Mapa3uTTepre Kapchl MpernapaTrap oHIIpUIe Il )KOHE KacaIbl.

ByriHri KYH1 OHKOJIOTHSUTBIK 2y pYJIap bl eMJICY YIIITH MaMaH 1ap KOJJaHAThIH
OipkaTtap Tepanusiap 6ap, onapasH Oipi ©CIMIIK ATKATOUATAPBIMEH €MLY OOJIBIIT
Tabbu1a6l. COHBIMEH KaTap, KeWoip alkajouaTap eMipAiH opTypii hopmanrapbiHa
Tepic ocep eryi MyMkiH. COHIBIKTAH OHBIH KAaCHETIH >KaKcapTy MaKcaTbIH7a
XUMUSIIBIK TpaHChOopMaIusiay IbiH MaHbI3bI 30p O0JIBINT Ta0bLTA IbI. AJT XUHOIHHII
AJKaJIOMATAPhl AaWKBIH (DAPMAaKOJIOTHSIIBIK KACHETTEPIMEH aTKaJIOMATAPIbIH OacKa
TONTapbIHAH KYPT EPEKIICICHEI].

Kenreren XWHONMHII alKaJIOWUATAphl JOPi-TOPMEKTEP/IIH KypaMblHA
Kipeai. XUHOJIWH/II KOCBUIBICTAp HETi31HAeri CHHTe3/eri 0acTankbl 3aTTap OHal
TeTEPOIUKIITe alfHaJIabl, MBICAJIBI TUPUIUH, TUPPOIT, XHHOJIMH, H30XWHOJIMH KOHE
Oackanap CHSAKTBHI. XWH aFallblHBIH KaOBIFbI anramn per XV faceipaa Eypomama
0e3rekTi emey YIIiH KoJaanburad. OHbIH OCJICeH 1l HHTPEAUSHTTEPI - OYJ1 TaOUFH
eHIMIEp, onap XWH aFallblHBIH alKaJIouAbl XUHUHII KamTuabl. X VII raceipma
XUHUH aJFalKpl (papMameBTUKAIBIK Kanmaid eHJIpic Kypaiabl OOIbI KoHE o
KYHT€ JIeiiH 0€3TeKTi eMIey YIIIiH KOJIaHbIa k1. JlereHMeH, CHHTE THKAJIBIK XUHUH
Oamamayiapbl y3aK yaKbIT OOUMBI i3/1el KoHe Oyl Jmopi-IopMeKTep/i TaOyabIH
aJFAIIKBl 3€PTTEY >KYMBICTAPBIHBIH OipiH maObITTaHabIpabl. 1920—1945 sxpin-
Jap apaJIbIFBIH/IA KYPTI3UINeH 3epTTey KYMBICTaphl TaMaXWH MEH XJIOPOXHHHIH
albUTybIHA OKEJl. XJOPOXHH - CHHTETHUKAIBIK 4-aMHUHOXWHOJIMHJII O€3TreKKe
Kapchl mperapar, o ainramr peT 1947 kpuibl KIMHUKAIBIK TYpPJe KOJJIaHBUIFaH
JKOHE O€3reKTi eMJIEyAiH HEeTi3T1 Kypajbl PETiHAEC XWHUHII Te3 aybICTBIPJBI.
Anaiiga, OyJ1 pemapaTka TO3IMIUTIKTIH allFalllKbl KaFaaijaapbl OHbl CHT13TeHHEH
KEH1H OH JKBUI/IaH a3 yaKbIT 6TKEH COH TIPKEJI/l )KOHE KOIT y3aMai ©3€KTi Mocesiere
aifHaaBl, OYJ1 OYTiHT1 KYHIe EeHiH KaJIFAChIN KeJle )KaTKaH aIMaCThIPFBIIITAPIbI
131eyai brHTanasabpIpabl. OChl MpenaparTapblH allblIybl MEH JaMyBIHBIH KbICKa-
11a TApUXH MI0Jybl XMHOJIMHTE KapChl OE3reKKe KapChl MpenaparTapAblH YIII Kja-
CHIHBIH: 4-aMUHOXWHOJIMHJICP/IIH, S-aMUHOXWHOJIWHJEPAIH JXOHE XHHOJIWH-Me-
TaHOJIJIAP/IbIH, COHBIH I1IIIHJE¢ XWHWH MEH XWH aFallbIHBIH aJKaIOUATapBIHBIH
MEIUIMHATBIK XUMHUSICHI erkel - Terxkeitni 3eprrenai (Rawe xone 1.6., 2020; Yang
)oHe T.0., 2020; Fatima xone 1.6., 2021).

OpraHuKaiablK CHHTE3 CallaChIHAAFbl COHFBI JKETICTIKTEp/ MaimanaHa
OTBIPBIN, 137IEHICTEP aHaFypJbIM JKEMICTi, OWTKeHI Oy TpolecTe KaHa
KYPBUIBIMAAP alTbLIbII, OMOIOTHSIIBIK CKpUHUHTKE apHAJIFaH 3aTTap IbIH apCEHAIbI
alTapJIBIKTal KeHEeW 1. ATalm alTKaH/1a, ©TKEeH FAChIP IbIH 2->)KapThICHIH/a XUHOJIMH
IIUKIIIH KYpY YiIiH Puttep peaknuscel yeoIHbULIBI. OHBIH HETI31HAE 9p TYpJIi ocep
€TETIH XWHOJHMH/II KOCBUIBICTAP aJbIH/bI: aHTUKOHBYJILCAHT, CITa3MOJIMTHKAIBIK,
aHaJbIeTHKAJIBIK, KaOBIHyFa KapChl, aHTUTCIbMUHTUKAIBIK, HWHCEKTHUIIHU/ITIK,
JKYPEK-KaHTaMbIp JKYHECIHEe ocep €TETiH 3aTTapibl (apUTMHSFa Kapchl ocep, KaH
KBICBIMbBI, KAHHBIH YIOBI )KOHE T.0. ) €PEKIIIE aTar OTKEH )KOH. XMHOJWH/II TYBIHAbLIAP
KemnTereH OachUIBIMIAPMEH pacTajiFaH OPTYPJIi OMOJOTHSIBIK OCJICEHITIKKE He
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(Martiryan sxone 1.6., 2023; Mittal sxone T1.0., 2023; Akkachairin sxone 1.6., 2020).
bacemeiMaapasiH enoyip 0eJ1iri MUKpOOpraHU3MIEPIiH TO3IM/II IITaMMIapbIHBIH
yHeMI maiia 6oiybiHa OalIaHBICTBI HETI3MIEITEH jKaHa MHUKPOOKa Kapchl areHT-
TeplliH AaMybIHa apHasFaH (Yang xoHe T.0., 2019).

Kazakcran PecnyOnmkachiHna (hU3HONOTHSUIBIK OCIICEHII 3aTTapibl airy
YIIIiH BIHFAWUJIBI J)KOHE JKaHAPTHUIATHIH JAOPUTIK ©CIMIIKTEPAIH YIKEH pecypcTapbl
Oap. by XuHWHAI apTeMU3UH CHIKTHI O€3TreKKe KapChl THIMII KoHE Kayimcis
ToplIepMeH aaMacTheIpyFa ceber 0oubl. besrekke Kapchl OeNCeHIUTIKIIeH KaTap
XUHUHHIH aHTUTTHPETUKAIIBIK, OaKTepHusiFa Kapchl KacueTTepi 6ap (Patel sxone T.0.,
2022; Bhambhani xone T.6., 2021). Kazipri yakpITTa XUHUH >XKOHE OHBIH TYbIH-
JBUTAPBI KOFAphl TOTCHIIMAJIBI OCJICEHAUTIKTI €CKEpe OTBHIPHII, JJIEMIC XUHHH
TYBIHJIBIIAPBI apachlHAa JKaHa Tpenaparrtapsl, coHbIH imiHae C-9 rumpokcui
TOOBIHBIH ATEPU(PUKAINS PEAKIUSACHIH i37Ieyre OarbITTallFaH KOINTEreH 3epTTey-
nep xypriziryae. Kasipri yakpITTa MUKpOOKa KapChl TYPAKTBIIBIK aJ1aM aJlIbIH/A
TYpPFaH €H YJIKCH Macesenep/iH 0ipi OOJIBIT caHallaIbl, OUTKEH1 OaKTepHusIap by
KOIITEeTeH MTaMIaphl KOJI KETIMII aHTUOMOTHKTEpre Te3imMai 6omnasl. Ochuiaiinia,
KaHa TUIMJII MUKpOOKa KapChl areHTTep/Il, 9cipece IOCTYpill AOPUTIK O©CIMIIKTED
MEH OJIaP/IbIH TYBIHABUIAPHIH Ta0y IIYFBIT KaXKeT.

CoHBIMEH KaTap, CKPUHHUHITIK 3€pPTTEY HOTHIKECIHAEC XWHHH Jupiepi
aJlaMHBIH ~ TaTOTEH/I OaKTepPHsUIApbIHBIH INTaMJapblHA MHKPOOKAa KapChl
oencenniniri 6ap exeni kepcetinai (Mukusheva xone 1.6., 2022). Ocwiran Oaiina-
HBICTBI JKaHa METUIMHAJIBIK MperapaTrTap/bl aayFa OarbITTalIFaH alTKaJIOUITaPIbI
KOJIJIaHa OTBIPBIT, CHHTE3ICY/IIH YTBIMJIBI 9/IICTEPIH jKacay, XWHUH aJTKaJIOU IbIHbIH
KeHOIp CHUHTE3JENITeH TYBIHIbUIAPBIHBIH aHTUKOATYIISIIMSUIBIK JKOHE arperarfisra
Kapchl OCJICEHILTITIH 3epPTTEY/IIH MaHbI3bI 30D.

JKYMBICTBIH MakcaThl aJIKaJOWJ] XMHWUH HETi3IHIe CHUHTE3NENITeH >KaHa
TYBIH/IBUIAP/IBIH JIaMHBIH JJOHOPJIBIK KaHBIHJIA in Vitro jkarIaibIHIa arperanusra
KapChl )KOHE aHTHKOATYJISIUSIIBIK OCIICEH IUTITIH aHBIKTAY OOJIBIT TaObLIA b,

Marepuanmap MeH 3epTTey 9/icTepi

Kymeicta «Texnonorus-Cranmapt» (bapnaynm k., Pecelt) eHmipiciHiH
peakTHBTEpl KOMIaHBULABL. CalbICTBIPY MpenaparTapbl — 2-aleTHIOKCHOSH-
30# KBIKBUTBI («ATETHICATUII KBIIKBUTB, Dapmackiotukan Ko. Hlanmonr
Kcunxya dapmanetukansik ¢dadpukacel., JITI, Kerrait), [lerTokcudunmuma
(«Tamxumdapm» AAK, Peceit), «Hartpmii remapuni» («Cuntes» AAK,
Peceit) maiimaneiaapl. JKyMmbIC VIIIH KOJJIAQHBUIATBIH PEAreHTTED JKUBIHTBIFBI
- «Texnonorus-CtaHmaapT» OHIIPICIHIH KOAryJSIMSUIBIK TECT IKHHAKTAPhI
(bapnayn k.), Tex-AIITB-El ceinarel, Tex-OuOpuHOTeH ChIHAFBI, TeXIUIAaCTHH
(R) cenarsl, «Texnomorus-Ctangapt» (bapHayn K.) eHIIpiCiHIH TPOMOOITUTTED
arperanusicbiHbIH HHAYKTOpiapsl AJI®, Konnaren maiaanaHbuibL.

3eprrey HoTmkenepi Statistica 10.0 craructukanpik naketin (Statsoft Inc,
AKIII) xonmmany apKeuTbl oHIeeAl. HaKThl IepeKTepIiH KaJIbINThI TaAPaTybIH TEeK-
cepy llamupo-Yuik KpuTepuidi apKbLIbl KYPri3uiai. AJbIHFAaH MOJIIMETTEP/IiH
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Tapally Typl KaJbIITHIAAH ©3rellle eKeHJIr aHBIKTaIAbl, COHABIKTaH OJaH Jpi
JKYMBIC Ke3iHJ€ MapaMeTpilik eMecC JJICTep KOJMAAaHBUIIBL. JlepekTep menuaHa,
25 »oHe 75 mpoueHTHIb TypiHae yehiHbUIFaH. Tangay Kpacken-Yommc Hemece
BuIIKoKCOH KpHuTepHriil apKbUTB KYPTri3iiai. CTaTUCTUKAIBIK KPUTEPHIIED YILIH P
MaHBI3IbUIBIFBIHBIH KpUTHKANBIK qeHreii 0,05-ke TeH en KaOblIaaH Ibl.

3epTTeyre aJIbIHFaH KOCBUIBICTAp: 1 - (1R)-6-me-
TOKCUXUHOJIMH-4-1JT [(2S,4S,5R)-5-BUHUTXUHYKJTHTHH-
2-mn| METHIT 4,5-TuXJIOpU30-THA30JI-3-KapOOKCHiIaT (1),
2- (2S,4S,5R)-2-[(R)-(4,5-nuxmopr30-THa30J1-3-KkapOOHUIOKCH )(6-METOKCH-
1-MeTHITXUHOJNH- | -yM-4-1T) METH |- 1 -MeTHII-5-BUHWIXUHYK-TUIUH-
I-uym gumommn (2), 3 - (R)-6-merokcuxmHomuu-4-un [(1S,2R,4S,5R)-5-
BUHWI-XUHYKJIHJIUH-2-WI| METHI-5-(TI-TONHMII) HW30Kca3od-3-kapookcunat (3),
4- (1S,2R,4S,5R)-2-(R)-(6-meTokcH- | -MeTHIXUHOJIUH- | -riyM-4-111)(5-(T1-TOJTHIT )
M30KCa301-3-KapOOHMIT)OKCUMETHII- 1 - METHII-5-BUHUIXUHYK-THIUH- | -uyM
nuiionun (4), 5 — (R)-6-metokcuxunonuu-4-un[(1S,2R,4S,5R)-5-BUHMIT-XUHYKITH-
TUH-2-1J1| MeTHT S-(heHumn3o0kca-30i-3-kapookcmiar (5), 6 - (1S,2R,4S,5R)-2-
(R)-(6-meTokcu- | -MeTHIIXUHOJMH- | -yM-4-11)(5-peHmIm3-0Kca301-3-KapOOHIIT)
OKCHUMETHJI- | -[ MeTHJI-5-BHHIIIXUHYK-THIHH- | -uym quitoaun (6), 7 — (R)-6-meTok-
cuxuHonuH-4-un [(1S,2R, 4S,5R)- 5-BUHHI-XUHYKITHIWH-2-1JT1| METHUJI HUKOTHUHAT
(7), 8 — (28,4S,5R)-2-(R)-(6-meTokcH- | -MeTHIIXUHOIMH- | -uyM-4-m)( 1 -MeTr
MUPUANH- | -uyM-3-KapOOHMIT) OKCUMETHI )- | -MeTHII-5-BUHUITXUHYK-JIUJIUH- | -yM
tpuionun (8), 9 - (R)-6-meToxcuxunonuu-4-uin[(1S,2R,4S,5R)-5-Bununn-xuny-
KIUIuH-2-u1i1| MmeTun u3onukotuHar (9), 10 - (2S,4S,5R)-2-(R)-(6-meTokcu-1-me-
TUIXUHOIUH- | -uyM-4-ui) (1-MeTrn nupuans- 1 -uym-4-kapOOHMIT) OKCUMETHN)- 1 -
METHUJI-5-BUHIIIXUHYKIUAWH- 1 -uym Tpuiiogua (10).

Hortwmxenep sxoHe Tankbuiaynap

XWHUH HETi31H/€ CHUHTE3JENreH TYBIHAbUIAPABIH KaCHeTTepiH 3epTTeyl
JKaJIFacTBIPy MakcaThiHIAa 0130eH  OYpBIHBIPAK CHHTE3NICIATCH XWHHUHHIH
TeTePOLMKIIIBI TYBIHABIIAPBIHBIH (1-10) in Vitro skaFaalibIH/Ia AaHTUKOATY ISLIHSIIBIK
JKOHE arperammsra Kapchl OCJCEHIUTITIH 3epTTey KYMBICTAPBI XKYPri3iagi. bymn
3epTTeyre alblHFaH XUHUHHIH TeTePOLMKIIIBI TYBIH/IBUIAPBIHBIH AJIbIHY YKOJIaphl
OypeIHbIpak xapusianrad (Mukusheva sxone 1.0., 2022).

XWHUH HET131HAE CHHTE3MeNreH TYBIHABUIAPABIH KYPBUIBIMBI 1-chi30ama
KOPCETIITEeH.
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€ (10)

1-cp130a — XMHUHHIH TeTEPOLUKIIBI TYBIHABLIAPBIHBIH KYPBUTBIMBI

By sxymbIcTa )KOFaphiia aTalFaH XMUHUH JIKAJIOMIBIHBIH TYBIHABLUTAPBIHBIH
AHTUKOATYJISALMSUIBIK )KOHE arperanusFa Kapchl OSIICEHIITITT ajiFalll peT 3epTTENII.
dapMakoiorusUIbIK 3epTreynep bamkyptr MemiekeTTik MeAUIIMHA YHUBEPCUTETI
(dhapmakomorus kadeapacsiaaa xyprizuia (Mironov, 2012).

In vitro >karmailibiHma ToxipuOenep 18—24 jxac apanibIFBIHIAFBI cay €p
aJlaM JOHOpPJApIbIH KaHbIHAA Kacayasl. JlOHOpiapAbIH Kalnmbl caHbl 37 ajgam-
1bl Kypaabl. [emocTas xyleciHe KaTbICThl KOCBUIBICTAp/Ibl 3€PTTEY YIIIH KaH aiy
BaKyyMJBIK KaH aiy kydesnepin BD Vacutainer maiimanaHa OTBIPBITT KyOHUTaJIbIbI
BeHanaH xypriziuiai (Becton Dickinson and Company, AKII). BeHo3npik kaH-
HBIH TYpPaKTaHABIPFBINIBI peTiHae 9:1 karpiHackiHAa 3,8 % HATPHl [UTPATHIHBIH
epiTIHAICI KOJIaHbUIIbI. bapiblK ChIHAKTap TPOMOOIIUTTEPMEH OaMBIThIUIFAH JKOHE
CapKbUIFaH IIa3Majapiaa )kyprizuiai. TpomOouutTepre 0ai mia3MaHbIH YITiIepi
nutpar KauelH 10 MuayT imiage 1000 aita/MuH, TpoMOOIMTTEpCi3 TuIa3mMaHbl 20
MunyT imriaae 3000 aitn/MuH neHTpudyranay apkpuibl anbiHabL. XKymbicta OITH-
3.02 nenrpudyracer kongausuiasl («Jlacrany TYK AAK, KeipreizcTan).

Bapaplk  KOCBIIBICTap VIIIH EpPITKIINI PEeTIHAE JAUMETHICYIh(OKCHT
KOJIIaHBUIBL. 3epTTeyTe epireHHEH KeiliH 0eliMe TeMIepaTypachiHia KeM JereH e
2 carar TyHOa TY30€WTiH 3aTTapAblH epiTiHAIepi kioepinmi. CyWBUITHUIFaH
3aTTapabl cakray +2-+8 °C temmneparypana 24 caraTTaH Kol €MeC TOHA3BITKbIII
YKaFIalbIHaa KYprizingi. bakeuiaygan 6acka, OHBIH TeéMOCTa3 KYHeciHe dCepiHiH
JKOKTBIFBIH pacTay YIIiH EpITKIIITIH H30BOJIOMHSIIBIK KOJEMIH KOCY Ke31HJe
3epTTEIETIH KOPCETKIMITEPl TIpKEY KYPri3iiii.

TpomOoruTTepaiHarperanusceiHadcepinieprrey «AT-02» arperomeTrpaeri
(«Menrex» XK3K, Peceit) Born onici 6oiipiama sxyprizinmi (Born, 1962). 3eprre-
JIETIH 3aTTap MEH IpenaparTapAblH arperaiusra Kapchl OCJICEHIUIITIH aHBIKTay
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canpicThipynap 107 MOJB/T COHFBI KOHIIEHTpANHUAAA JKYPri3iimi. Arperarus
UHAYKTOpIApbl peTiHae 20 MKI/MJI KOHIIGHTpAIUsAarbl  ajeHo3uHIudochat
(AI®D) xone «Texnomorus-Cranmapt» (Peceit) enmipiciHiH S5  wMr/mi
KOHIICHTPAIUSICHIHIAFbl KOJIIATeH MaiaaJaHbuIIbl. ATrperalissHbIH MaKCUMAaJIJIbI
aAMIUTUTYIAChI, arperarys X bIIIaMIbIFbl, MAKCUMAJIIBI AMIUTHTY JIaFa )KETY YaKbIThI
xoHe AJI® mHAyKIUsIIaHFaH TPOMOOIUTTEP arperaluschl Ke3iHIae 3epTTeIeTiH
KOCBUIBICTAP/IbIH KaTBICYBIMEH Jie3arperanus OaranaHiubl. TpoMOOIUTTEpiH
KOJIJTareH-UHAYKIUSUTAHFaH arperanusceiaaa  ¢Gpochoimna3achlHblH aKTUBTCHY1
0O0JIaThIH JKaCBIPBIH Ke3eH Oaramanipl. bys kadTamama xaOaplibutap/blH Haina
OoybIHA OKeNe/dl, HOTIKECIHAE TPOMOOLMUTTEp TYHIPIIIKTEPiHIH CEKPELUsChl
KOHE TPOMOOKCaH A2 CHHTE31 TaMHU/IBI.

AHTHKOAryISIIMSIIBIK OencenaunikTi anpikTay Solar CGL 2110 («Comap»
KAK, Peceit) TypOMIUMETPHSUIBIK TE€MOKOAryJIOMETpPIHIE JKalmbiFa Oipaeit
TaHBUTFAaH KJIOTTHUHITIK CBhIHAKTApMEH OKyprizunmi. bencenmipinren imriHapa
TPOMOOTUIACTHH YaKbIThI, IIPOTPOMOMH YaKbITHIHBIH koHe A. Clauss OolibiHIIA
(GUOpUHOTEH KOHIIEHTPAIUSCHIHBIH KOPCETKIMITEP1 3€PTTEIIl. 3ePTTEIETIH 3aTTap
MEH CaJIBICTBIPY MpPENapaThbiHbIH AHTUKOATYJISIHMSIIBIK OCICEHAUIITIH aHBIKTAY
5%10* /My KOHIEHTPAIMACHIHAA XKYPri3iami. bepiireH KOCBUIBICTapABIH FeMOC-
Ta3 XKyHleciHe acepiH 3epTTey HOTIXKeNepi 1-KecTene KenTipiireH.

1-kecte - XMHUH alKaJION/IBIHBIH TYBIHBIIAPEl MEH CAJIBICTBIPY MPETapaTTapbIHbIH in Vitro xaraaibiHIa
reMocTas KyleciHe acepiH 3eprrey Hotmxenepi, Me (0,25-0,75)

Ne Kocsuibic Kacbipbin Makcumangs! | Arperanus MA xety BITY,
KE3€eH, AMIUINTYIACH, | )KBUITAMJIBIFEL, | YaKBITHI,
Gaxputayra % Gaxputayra % OaxpLiayra
Gakputayra % 6akputay % | %
1 1 +10.2 -10.8 -11.5 (9.2— +14.8 +5.2
(9.4-12.3) (7.4-12.1) 12.6) (13.2-15.4) | (4.1-7.4)
2 2 +6.8 -10.9 -9.2 (7.8-10.1) | +15.1 +2.4
(5.7-8.2) (9.2-13.9) (14.6-16.2) | (1.7-3.3)
3 3 +10.1 -8.6 (7.5-11.4) | -14.1 (13.6— -16.4 +4.3
(9.4-12.7) 15.2) (15.9-17.6) | (2.8-4.6)
4 4 +2.7 -7.6 (6.1— -11.8 (10.6— +13.7 +0.7
(2.1-3.6) 10.3) 12.8) (13.1-16.4) | (0.3-1.7)
5 5 -34(3.1-52) | -52(4.7-6.2) | +5.7(3.2-74) |+143 +9.4
(12.3-15.7) | (8.2-10.5)
6 6 +5.4 -44(28-53) [-3.6(2.843) |[-104 +5.7
(3.3-6.3) (8.4-13.2) (4.8-6.3)
7 7 -2.5(2.2-3.7) | -2.8(2.1-3.6) [-9.6(8.3-12.8) |+15.4 +10.2
(14.2-17.1) | (8.7-12.1)
8 8 +5.4 -2.5(1.9-34) [-33(1.74.1) |[-132 +6.1
(4.2-5.6) (12.7-15.4) | (5.4-7.3)
9 9 -3.3(2.54.7) |-13.1 (10.4- -20.4 (19.6— +7.2 +2.7
15.4) 22.1) (5.9-8.2) (2.34.1)
10 10 +5.6 -15.3 (13.6— -8.3(7.8-10.7) | +13.6 +8.5
(4.7-6.3) 16.2) (12.7-16.1) | (7.3-9.3)
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11 Anermncamumun | -2.1 (1.1-2.6) | -13.7 (10.8— -10.5 (7.6— +10.5 -
KBIITKBLIBI 16.4) 12.3) (8.7-13.4)
12 | Ientokcudpumun | +32.4 -48.4 (42.7— -34.9 (28.7— +32.1 -
(28.7-35.6) 56.5) 39.6) (27.6-36.4)
13 | Harpuii remapuni - - - - +20.3
(19.7-21.4)

Ecxkepty: *p<0,05 - 6axputaymeH cansicTbiprania; # p<0,05 - aneTHacanuiuI KbIIIKBUTBIMEH CaJIBICTBIPFaHIA;
Tp<0,05-nenrokcupmmnHMeH cansicTbiprania; p<0,05 - HaTpuil remapuHIMEH CaJbICTBIpFaHAa. N=06

KoceuieicTap remocta3 kyileciHiH TIIa3MajiblK KOMIIOHEHTIHE ocep
eTYNIH OPTYPJl JIOpeXeCiH KOepceTTi, Oy KaHHBIH VIOBIHBIH IITKI KOJIBIHBIH
— Oencennipiaren imiHapa TpomOorutacTuH YyakeIThl (BITY)  kepceTkimniHig
e3repyiMeH kepiHei. KepceTinreH KOHIIEHTpalus1aFrbl KOChUTBICTap (prHOpHHOTECH
MeH poTpoMOUH yakeIThl (I1Y) KOHIIEHTpAIUACHIHBIH KOPCETKIIIIHE 9CEP ETHE/].
1 - (1R)-6-meTokcuxunonmua-4-un [(2S,4S,5R)-5-BUHUIXUHYKIUAWH-2-WI| Me-
tan 4,5-nuxnopuso-Tuason-3-kapookcunar (1), 2-(2S,4S,5R)-2-[(R)-(4,5-muxio-
pHU30-THA30J1-3-KapOOHHUIOKCH )(6-METOKCHU- | -MeTUIXUHOJIUH- | -nym-4-11)
MeTuJ |- 1-MeTHI-5-BUHIIXUHYK-THIUH- | -uyMm quuoaun (2), 9 — (R)-6-meTok-cu-
xuHoNMMH-4-uin[(1S,2R,4S,5R)-5-BUHUI-XUHYKITUAUH-2-UI| METHUJ H30HHKOTH-
Hat (9) xone 10 - (2S.,4S,5R)-2-(R)-(6-MeToKCH- 1 -MEeTUITXUHOMUH- | -nyM-4-11)
(1-metun mupuanH-1-myM-4-KapOOHUIT) OKCUMETHIN)- | -METHII-5-BUHUITXUHYKJTH-
muH-1-uym tpuitoaua (10) ameTwIcamuIua KhIIIKBUIBI ISHIEHIHIE arperamusra
KapChl KACUETTEPiH KOPCETTI.

Ocpinaiiia, 5KCIePUMEHTTIK )KYMBICTBIH HOTHKECIH/IE arperalusFa Kapchl
KOHE aHTUKOATYJISIMSIIBIK KacueTTepi 0ap KOChLIbICTAP TaObLIIbI.

KopbITbIHIBI

3epTTey HOTHKECIHJE aliFall PeT CUHTE3AENTeH KOCBUIBICTAPAbIH in Vitro
KarJaiblHIa aJaMHBIH JIOHOPJIBIK KaHBIHIA aWTapibIKTail aHTHArperanusibiK
YKOHE aHTHKOATYJISAIUSIIBIK OeJICeHILTIr 0ap exeHi aHbIKTanabpl. COHBIMEH Kartap,
TPOMOOIIMTTEP/IIH arperanusachbiHa KAaHHBIH YIObIHA KapaFaH/1a aHaFypJIbIM alKbIH
ocep Oalikamnabl. Anaiia, 0Cbl TYBIHABUIAPABIH HAKTHI OCEP €Ty MEXaHU3MIEPiH KOHE
OJIapJIbIH BIKTMMAJl YBITTBUIBIFBIH aHBIKTAY YIIIH KOCBIMIIA 3€PTTEYJep KYPrizy
KKETTUIITIH aTan 6TKeH XoH. JlepekTepi Tanaay HOTHXKENepi 3epTTey IapTTaphl
apachlH/a CTATUCTUKAIBIK MaHbBI3/bl ailbIpMAIlIbUIBIKTAPIbIH OONTYbIH KOPCETTI.
3eprrey OapwichiHma Oenrimi Oip ¢dakTopiap HeMmece >KaFjaiiap 3epTTeNeTiH
KOPCETKIIITepre acep €TeTIHAIrN aHbIKTaNIbl. byl KockIMINIa 3epTTeysep HeMece
MPAKTUKAIBIK KOJJIaHy YIIIH Maigansl aknapat 00iysl MyMKiH. by 3epTreneTin
napameTpiepae albipMallbUIBIKTaAPABbIH O0TYbI Typajibl THIIOTE3aHbI KOJAAMTBI.

3epTTey HOTHXKeNepi KIIMHUKAIBIK TOXKIprOe e KoJIJaHy YIIiH MOTeHIIUaIbI
aHTHArperaHTTap MEH AaHTHKOATYJSHTTap PETIHJE OChl KOCBUIBICTApIbl OJaH
opi 3epTTeyiH OoJyiamarkl TypaJibl KOPBITHIHABI KacayFa MYMKIHAIK Oepeni.
AJIBIHFaH HOTIKENEp 3epTTey KYPri3iireH caja YIIiH MpakTHUKAIbIK MaHbI3Fa Ue.
Omapapl menrim kaObuigay, IporecTepAl OHTalIaHABIPY HEMece KbI3MET CcarachlH
KakcapTy YIIiH naiaananyra 0ojaabl. AJBIHFAH HOTHKEJEpre CyleHe OTBIPBII,
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KOCBIMIIIA 3epTTeyJep YIIiH OipkaTap YChIHBICTAap Oepyre Ooiyanel. byn Genrim
0ip (bakTOpIapABIH 9CEPiH TEPEHIPEK TayIayabl, YIATiHI KEHEUTY Al HeMece Oacka
Tajaaay 9ICTEePiH KONIaHYIbl KAMTYBI MYMKIH.

CoHBIMEH, KYPTi3iIireH 3epTTey MIapTTap apachlHAarbl CTATUCTHKAIIBIK
MaHbBI3bl AHBIPMAIIBUTBIKTAP/IBl AHBIKTAIbI, OYJI OHBIH 3€PTTENETIH caia YIIiH
KYHJIBUTBIFBl MEH MaHbBI3IbUTBIFBIH PACTANIBI. AJIBIHFAH TYKBIPBIMIAP HET13/IeITeH
mienrmaep Kaoblgay JKOHE 3epPTTEY/IIH OChbl OaFBITBIH OJIaH Opi JIaMBITy YIIiH
naiananeTybl MyMKiH. KOpBITBIHIBIIAM Keie, OyJl Makalia ajKaJloOWATap.IbIH
(apMaKOJIOTHSUIBIK KACHETTEPiH 3EPTTEYre MaHBI3IbI YJEC KOCAJIbl JKOHE OCHI

cajiagarbl KOCbIMIIIA 3CPTTCYJICPIC Heri3 0oa aJlaabl.
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Abstract. The purpose of the presented work is to study the composition, structure,
and physico-chemical properties of zeolite to assess the possibility of its use as the basis
of a combined promotional system that increases the adhesion of rubber to metal cord.
Many of the promotional systems currently in use are imported products and have a high
cost. The interest in zeolites as fillers and adhesion promoters is caused by their ability not
only to reduce the cost, but also to give qualitatively new useful properties to materials and
products, the ability to set or adjust these properties. Studies have shown that the zeolite
of the Changkanai deposit is geylandite - clinoptilolite. The X-ray image showed that
the dominant phase of the studied natural zeolite mineral is clinoptilolite with diffraction
maxima d/n=3,97-3,22-2,79A°. Geylandite is also present, in which the intensity of
diffraction maxima is less than d/n=7,79-6,63—5,31-9,97-3,47-3,00 A°. The results of the
elemental analysis showed that the zeolite under study contains mainly Si, O and Al as
well as a small amount of metals such as Na, Mg, K, Ca and Fe. The total content of Si
and Al is 29,33 %; the molar ratio of Si/Al — 2,96, which is typical for a mineral of the
clinoptillolite type, which is consistent with the literature data. The presence of structural
groups characteristic of the clinoptilolite phase in the zeolite sample under study was also
confirmed by IR spectroscopy. A comprehensive synchronous thermal analysis of samples
makes it possible to determine the temperatures of phase transformations in zeolite, the
area of dehydration, the amount of water and thermal stability. the average mass loss when
heating a sample of natural zeolite to 1000 °C was 11,28 %, and the maximum decrease in
the adsorbed water content of ~ 6,6 % was observed in the temperature range from 120 to
350 °C, which is associated with the removal of sorption water.
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AHHOTanus. YCHIHBUIFAH JKYMBICTBIH MAaKcaThl - IICONHTTIH KYpPaMblH,
KYPBUIBIMBIH, (U3UKa-XUMUSUIBIK KACHETTEPiH 3€pTTeY, OHbl DPE3MHA METaJUIKOPIKA
aIre3WsICBIH  apTTHIPATBIH apajac MpPOMOTOPIIBIK JKYHEHIH Heri3i peTiHae KoJJaHy
MYMKiHAiriH Oaramay. Kaszipri yakpITTa KOJJAaHBUIATHIH KOINTETeH MPOMOTOPIIBIK
JKYHelep MMIIOPTTalIFaH ©OHiMaep OONbI TaObUIaAbl JKOHE OJapIbIH KYHBI JKOFaphI.
TONBIKTBIPFBIIIITAP MEH aJIT€3HSUIBIK TPOMOTOPIIAP PETIH/E HEOTUTTEPre KBI3BIFYIIBLTHIK
OJIap/bIH ©31HIIK KYHBIH TOMEHJIETINl KaHa KOHMal, COHBIMEH Karap Marepuanjap MeH
OyiibIMIapFa canalibl )KaHa Maiiaibl KacueTTepli Oepy KoHEe OChl KacHeTTep/Ii OpHaTy
HEMece pPeTTey MYMKIHIITIMEH TybIHIaiabl. 3epTTeynep kepceTkenaer, llankanaii ken
OPHBIHBIH LEONHUTI TeHIaHIUT-KIMHONTHIONUT OO0NbIn TadbuiaAbl. PeHTreHorpamma
3epTTENETiH TAOUFH [IEOJTUT MUHEPAIBIHBIH 0aChIM (a3achl TU(PAKTOPIBIK MAKCHMYM/IaPhI
0ap KIMHOMTHIONUT eKeHiH kopceTTi d/n=3,97-3,22-2,79A°. ConpiMeH KaTap reiiiaHInTTe
O0ap DUGPAKIUIBIK MaKCUMYMIAPIbIH KapKBIHABUIBIFEI ToeMeH d/n =7,79-6,63-5,31-
9,97-3,47-3,00 A°. DneMeHTTIK Tajxay HOTHOKENepi 3epTTENIeTiH EOIUTTIH KYpaMbIHIa
Herizinen Si, O xoHe Al, connaii-ak Na, Mg, K, Ca xoHe Fe cusKTbl MeTagap/pH a3
Medepi 0ap exeHiH kepceTTi. Si skoHe Al xxanmbl Memmepi 29,33 % xypaiiasy; Si/Al
MOJIBJIIK KaTblHACHI 2,96 Kypaii/ipl, OyJ1 MUHepasra 91e0u MalliMeTTepre ColKec KeleTiH
KIIMHONTHJIIONUT THUNTI MUHEPA TOH. 3epPTTENICTIH IEOJIUT YITICIHIAE KIWHONTHIONUT
¢azaceiHa TOH KYPBUIBIMIABIK TONTapiblH Oomysl ga MK crnekTpockonusichl apKbUIbl
pactanmpl. YJATUIEPOiH KEIMICHII CHHXPOHIBI-TEPMIBUIBIK — Talgaybl — IICOJTUTTETI
(azanplk e3repy TeMIepaTypachiH, JETHIpaTalis alMarblH, Cy MOIIIEpIH KOHE KBLIY
TYPaKTBUIBLIFBIH aHBIKTayFa MYMKIHAIK Oepeni. Taburu neonut yiricin 1000 °C neitin
KBI3ZBIPY Ke3iH/e opTaiia MaccaHblH koFaimybl 11,28 % Kypambl, OyJ1 COpOIUSITBIK CYIbI
JKOKOFa OalIaHBICTHI aJCOPOIUSUTAHFaH CY/IbIH MaKCUMAIIIbI TOMEH eyl ~ 6,6 % 120-nan
350 °C-ka aeifiHTi TeMIieparypa quana3oHbIHIa OaifKasIIbl.

Tyiiin ce3mep: TaOufu MuHepas, LEONWUT, pe3uHA, MOTUPHUKALUS, aAre3Hs
POMOTOPIIAPKI
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AunHoranus. llenpo mpeAcTaBICHHONH pabOTHl  SIBISIETCS  HCCIEIOBAaHUE
COCTaBa, CTPYKTYPHI, (PU3UKO-XUMHUYECKHX CBOWCTB IICOJIUTA JJISi OIIEHKA BO3MOXXHOCTH
€ro NMPUMCHEHUS B KA4eCTBE OCHOGbl KOMOWHUPOBAHHON MPOMOTHUPYIOLICH CHUCTEMBI,
MOBBIIIAIOIIECH aAre3U0 PE3UHBI K METAIIOKOPY. MHOTHE HCIOJIb3yEMBbIE B HACTOSILIEE
BpeMsI TNPOMOTHUPYIOLIME CHUCTEMBI SIBJISIOTCS WMIIOPTHBIMU MPOAYKTaMHM M HUMEIOT
BBICOKYIO CTOMMOCTb. VIHTEepec K LI€oauTaM B KayeCTBE HAIOJIHUTEIEH U 1npOMOmMopos
aoee3uu BhI3BaH UX CIIOCOOHOCTHIO HE TOJIBKO Y/CIIEBIISITh, HO U TIPUaBaTh KaueCTBEHHO
HOBbIE MOJIE3HBIE CBOMCTBA MaTepvalamM W M3AENHSAM, BO3MOKHOCTBIO 33J]aBaTh WIIU
KOPPEKTUPOBATh 3TH CBOMCTBA. lccienoBaHusl MMOKA3alld, YTO LIEOJIUT MECTOPOKICHUS
UankaHali peicTaBiseT CO0O0M reiIaH IuT-KIMHONTHIONUT. PeHTreHoMrpaMMa rnokasasa,
YTO JOMUHHpYomeH (a3oif nccieayeMoro MpUPOTHOTO MHUHEpajia MEoJUTa SBIIETCS

d

KJIMHONITHIIONHT ¢ TU(PPaKTOPHBIMU MakcuMymamu — = 3,97 — 3,22 — 2,79A°. Taxxe
o o i

MPUCYTCTBYET TCHIIAHIUT, y KOTOPOH  HMHTECHCHBHOCTH JU(PAKIMOHHBIX MAaKCHUMYyMOB

MEHbIIE % =7,79—-6,63 —-531—-997 —3,47 — 3,00 A°. Pe3synbrarsl 2JIeMEHTHOTO
aHaJIM3 TTOKA3aJ{, 9TO UCCIICAYEMBIH TICOJTUTa COAEPKUT B ocHOBHOM Si, O u Al, a Takxke
HEOOJIBIIIOE KOJIMYECTBO TaKUX MeTaluioB, kak Na, Mg, K, Ca u Fe. OO0mee conepxanue
Si u Al cocraBnser 29,33 %; monpHOE oTHOmIeHHE Si/Al — 2,96, 4TO XapakTEpHO IS
MUHepalia KJIMHONTHIIIONUTOBOTO THIA, YTO COTIIACYETCS C JIMTEPATYPHBIMHU JTaHHBIMH.
Hanuuune xapakTepHbIX s (ha3bl KIMHOITHIIONUTA CTPYKTYPHBIX TPYIII B UCCIIEAYEMOM
obpasiie [EoIUTa TaKXKe OBUI0 TMOATBEpXkAeHO ¢ momompio MK-criekrpockomnu.
KoMITIeKCHBIIT CHHXPOHHO-TEPMHUUYECKHI aHaIn3 OOpa3llOB  IO3BOJISET OIPEICIUTh
TeMIieparypbl (pa3oBbIX MPEBpAILECHUI B IIEOINUTE, 00IACTh JIEIHIpATAIlMH, KOJIUYECTBO
BOIIBI U TEPMOCTAOMIBHOCTE. CpemHss MOTepsi MacChl IIpy HarpeBaHWH oOpasila
npupoanaoro reoiuta 10 1000 °C coctaBuna 11,28 %, mpuaem MakCUMaIbHOE YMEHBIIICHNE
coziepKaHus aIcCOPOUPOBAHHOM BOJIBI ~ 6,6 % HAONIONATIOCH B TEMIIEPATYPHOM JTHANA30HE
ot 120 1o 350 °C, yTo CcBsI3aHO ¢ ynajJeHHeM COpOLIMOHHOMN BOABI.

KiroueBble cjioBa: NPUPOIHBIA MHHEpal, IEOJUT, Pe3rHa, MOTU(BHUKAIMS,
IIPOMOTOPOB aJII'e3UH

Kipicne

PesnHanbr MeTanFa OEKiTY KMBIH MIiHIETTEpAiH Oipi OONBINT TaObIIaabl, OUTKEHI
Oyl kaFdaiijia MyJIJIeM TeTepOreHil *oHe Oip-OipiHe KaKbIHIBIFBI KOK MarepHasiap
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skaHacael. OChI canaiarbl FRUTBIME SAcOMETTEp Il TaNay KaHa aJre3usi IPOMOTOPIIAPBIH
MAaKCaTThI 13/1ey/1iH OipiiiamMa Kyp/ieii TSOPUsUIbIK skarbiH kepcereni (Juk, 2010).

DnacToMep-MeTaT  KYHECIHAeri JKOFaphl JKOHE TYPAKTBhl OepikTiri 6ap
0ailyIaHBICTHIH KaJIbINTaCybl PE3UHA-TEXHUKATIBIK OHJIIPICIHJIE J)KaHA PEIeTITTEP MEH )KaHa
WHTPEINEHTTEP/1 JKacay Ke3iHie opIaifbIM Ha3ap aylnapaThlH OPTAIIBIK OOIBIN Kaja 6eperti.
eHepKQCIHTlK TOXIpuOene pe3uHa KOCTaNapbiHIa aAre3us NPOMOTOPIIAPHIHBIH eKi
TYpI KOJJIaHBLIAbl: alfHBIMAJIbI BAJICHTTI METaJap/blH OPTaHUKAJIBIK TY3aphl, SJCTTE
KOOAJIBT IeH HHUKEJh KoHE OapIIbIK MYMKIH/ITiHIIE MOTU(PUKAIMIIAHFAH OpPTaHUKAIIBIK
mraiisipnap (KapmanoBa xoHe T1.6., 2020).

Kagipri yakpITTa KOJ/TaHBUTATHIH KOTITETeH MTPOMOTOPIIBIK )KYHeIep HMITOPTTaIFaH
eHIMJIep OOJBINT TAaOBUIAJBI KOHE OJIAPIBIH KYHBI JKOrapbl. COHABIKTAH, THIMJUTIT
JKaFbIHAH KOJI )KEeTIMII ITUKI3aTIeH OHAIPIIeTIH )KoHE CaIbICTRIPMAaIIbl TYPAe TOMEH KYHBI
Oap Oenriii UMITOpTTAIFaHIAPIaH KeM TYCIICHTIH JKaHa aJre3ust IPOMOTOPIIAPBIH a3ipiey
FBUIBIMH 3€PTTEYJIEPIIiH ©3€KTI MiHAETi OOBIN Ta0bLIAIbI.

COHFBI KBUTIAPHl MUHEPAIILI IIHKI3aT HETi31HIETI MPOMOTOPIBIK JKYyHeIepaiH
JKaHa TYpJepiH Kypy OolbIHIIa OelceHAai 3epTTeyiep Kyprizimyne. belopraHukaibik
aare3vs MPOMOTOPIIAPBIHA TOH €PEKIIENiK - OJapAbIH METaJll HOHAAPHIH Oasy IIbIFapy
KaOineri, Oyl SKCIUTyaralusuiay Ke3iHAe pe3uHalapbl IKE3/IeH KacallFaH MeTaiFa
OeKiTy THIMIUTITIHE OH ocep eTeai. bysl MeTamun Ty3IapblH JKarbIMCBI3 ocepiiepcis,
acipece MHHepaljapra aWTapibIKTail MeIIIepJe eHri3yre MYMKIiHmIK Oepemi, OYHBIH
MaHbBI3JBUIBIFBl  HETI31IHEH NIMKI3aTThIH CaJBICTBIPMAJIbI ap3aHbIFbIHAH TYBIHIAN bl
(Kporoga, 2017; Wypych, 2018; Bhatia, 2019).

TONBIKTBIPFBIIIITAP MEH aJre3us IMPOMOTOPIJIAPBI PETIHJE IIEOJIMTTEpPre JercH
KBI3BIFYIIBUIBIK OJIAp/bIH OTAHJBIK TAOMFU MHHEPal PETIHIEr ap3aH/bIFbIHA FaHa
eMec, COHBIMEH Karap MarepHaljap MEH OHIMJIEpre caraibl jKaHa Maiansl KacueTTep
Oepy KaOlieTiHe, OChl KaCHETTEpJi OpHATy HEMECe TY3eTy MYMKIHJIrHEe OaijlaHBICTHI.
Ke3s-kenren MuHepasIpl OIMKI3aTTHIH KacHETTepiH MoAu(HUKaNUAIay apKbUIbI peTTeyre
Ooaasl.

ILleonmutrepmid epekmie KacHETTepiHEe IECONMUTTECPAIH MHKPOKYPBUIBIMBIHIIA
KyBICTap MEH apHaJap/blH OOIybl XoHE KaTHOHAAP MEH CY MOJEKYJalapbIHBIH KO3FalTy
epKiHniri yarajibl. MaceseH, MbICAJIbI, KbI3JIbIPY apPKbLIbl CYChI3IaHIBIPbUIFAH [IEOTUTTEP
aprypuri 3aTTap/IbIH MOJICKYIAJIBIK KYPBUIbIMBIH aacopOusiay Kabinerine mue Oonaipl,
OJIAP/IbIH OJIIIeMI TOP-KYBIC ILI/IaMeTleCH acrai/pl.

Ieomutrepai KBIIKBUIIAAP, CUITUIEp JKOHE TY3Hap EPITIHAUICPIMEH OHICY
LEOTUTTEP i MOTUPUKAIMSIIAYFa KOHE OeTrii Oip MOCEIICHI IIeyre KaThICThl OJIap/IbIH
KacueTTepiH OarbITTAIFAaH MakcarTa e3repryre MyMKiHaik Oepeni (Yenumes xoHe T.0.,
1987).

Cysbl oprTaja ICOJIMTTEP ©3 KaTHOHJAPbIH epiTiHiAeri OacKajiapra OHai
ayBICTBIPAIBL. AJICOPOITHS KOHE FOH ajMacy MpoIecTepiHAe IIEONUTTEDP Keilip HOHTap bl
HeMece MOJIeKynanap/asl OacKalapblHa KaparaHaa TaHJamallbl TypJAe CiHipyre OeiiiMm
(MonekynabIK-eNiek KacueTTepi). CBIPTKBI JKaFaaiiap e3repreH Ke3/ae aacopOIsuIanFraH
MOJISKYyJIajiap  [EONUTTEPACH IKOUBUIBIN, alMacy KaTHOHAAphl  OacKajdapbIMEH
ayBICTBIPBLIYBI MYMKIH, HOTHXKECIHJIC IICONIUTTEP PEreHEPaIMsUIaHbII, [UKIIIK PeKUMIIC
JKyMBIC ictelt anazpl (KomecHukosa sxane T.0., 2007; Sels xone T.6., 2016).

Ke3-kenren TaOufy IIWKI3aTThI MaljajiaHy MOceJeci oJapiblH CHEeIH(PUKAIBIK
KacWeTTepiHAe, SFHU KeHOip KOMIIOHEHTTEPre TOH KAaCHETTepre ocep eTIeyl MYMKIiH
(GackanmapplH KaTBICYBIMEH QJICipereH Hemece kymieirtinren), (Kemxkamuer xoHe T.0.,
2018).

JKorapeima aramraH — mEONUTTEpAIH  Oiperell  KacHMeTTepiHiH  OapIibIFbl
ONlap/IblH AaKTUBTEHYI MEH MOAMMUKAIMACHI VIIIH KaXeT. OpUHE, AaKTUBTCHAIpY
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MeH Moau(puKanMsIayIelH aMOebar amictepi JKOK. Op Typii Kypambl Oap Typii KeH
OPBIHJAPBIHBIH [EOJUTTEPl YIIIH KEKe OHTAMIbI IICHIMACP KAaXeT, OJIapibl TeK
OKCIEPUMEHTTIK JKYMBICTAp KeIIeHIH OKYprisy Ke3iHme TaOyra Oomambl. OcbhiFaH
0aiIaHBICTBI LIEOJIMTTI MAKCATThl KOJIJaHy MYMKIHJITIH Oaranay YIIiH OHBIH KYpaMblH,
KYPBUIBIMBIH, (DU3NKa-XUMHUSIIBIK JKOHE COPOIUSIIBIK KACHETTepiH MYKHUAT 3epTTey
kaxeT. CoHpail-ak, MomuUKaus apKbUIbl IEOJIUTTIH MOJSPIbl €MeC KaydyKTepPMEH
YHIIECIMIUTITIH JKaKCcapTy JKOJIJAPBIH 3ePTTEY KaXKET.

Bomamaxkra )xyprizinerin 3epTTeyaep/Ii Heri3re ana OThIPBIN Pe3UHA OHEPKACiOiHIe
IIPOMOTOPJIBIK JKYHeJiep MEH TOJIBIKTBIPFBINI peTiHAe KojjanbuiaThiH [llankaHaii keH
OPHEI TICOTUTIH MOAUPUKAUSIIAY OICTEPiH TaHaayFa OOJaIbl.

[{eonuT KYphUIBIMBIH aHBIKTAWTBIH HETI3r1 OENTi — alfOMOCHIIMKATTHI KapKacThIH
Tononoruschl. JKapusmanran MoiMeTTepre colikec, lllankanail KeH OPHBIHBIH OACTAITKBI
IIEOTUTIHIH HeTi3ri (pa3achl reiiaHanT-KIMHONTHIIONUT OOINBINT TaObUTa bl | elIanauT -
kmnonTunonut[KNa, Ca,(Si, Al )O,,-32H, O] kenecinapameTpiepi 6ap MOHOKIMHUKAIIBIK
TOpFa Me eKeH Iri aHpIKTanasl: a=17,64 A; B=17,88 A; ¢=7,40 A; B=116,30° (Bacununa
#oHe T.0.,2017). ['eliaHIuT eH KITMHON THIIONIUTTIH ailbIpMaIbUIbIFbI Si/Al KaTBIHACHIHBIH
MoHIepinae: reiranautte oa 2,9-3,0, an xmmHonTIIouTTe — 5,0-5,1 (Mambetova xoHe
1.0., 2022).

Y ChIHBLUIFaH KYMBICTBIH MAaKCaThl — LEOJUTTIH KyPaMbIH, KYPbUIBIMbIH, ()U3MKa-
XUMHSUTBIK KACUETTEPiH 3€PTTEY, OHbI PE3WHAHBIH METAJLTKOP/IKA 8T €3UsICHIH apTTHIPATHIH
OipiKTipiIreH MPOMOTOPIIBIK KYHEHIH HeTi31 peTiHae KoJIJaHy MyMKIH/ITiH Oaranay.

3epTTey MaTepuaJaapbl MeH daicTepi

3eprrey Hbicanbl [llaHkaHall KeH OPHBIHBIH ICOJIMTTIK MHHEPAJIbl MIMKi3aThI.
Taburu nieonut — lllankanail KeH OPHBIHBIH KJIMHOIITHIONUTI OHEPKICINTIK MaHBI3BI Oap
ATFOMO CHIJTMKATTBl MUHEPAJIJIBI ITUKi3aT, KYpaMbIHIa MarHHid, HATPUH, TEMip, aTFOMUHUH,
KPEeMHHUH JKoHEe oTTeri Oap, KeyekTi KypbuibiMra we. On cyapl Ol IIbIFapyra >KoHe
OpTYpIi 3aTTapAblH MOJEKYNIajapblH Ta3gap MEH CYHBIKTBIKTapIaH ipikren (kememil
OoiibIHIIA) KaiiTa CiHipyre, COHBIMEH KaTap KaTMOHAApIbl anMmacTelpyfa Kabinerti. On
JKOFapbl KBITITKBUTFA TO3IMIITIKKE, BICTBIKKA TO3IMIITIKKE )KOHE MEXaHUKAJIBIK OCPIKTIKKE
ue, maiianany Ke3iHIe O e3iHiH KacHeTTEpiH ic XKy3iHAe e3repTHeii, oHall KajrblHa
keneni (Bacunuaa sxxoHe T.0., 2017).

ApropnapnsiH (Y Tenoeprenona, 2006; Lumumswmm sxone T.0., 2022; TenpxoxaeBa
xoHe T.0., 2018) enOekTepine kapusianraH [[laHkaHai KeH OpHBIHBIH TAOUFHU IICOJTUTIHIH
YKaJITIBI CUTIATTaMachl |- KecTee KeTipijreH.

Kecre 1. lllaHkaHaii KeH OPHBIHBIH TAOUFU IICOTUTIHIH CHUITATTaMaChl

Kopcerkirepaiy araysl Oem CurarTamacsl
Gipuiri
CBhIPTKBI TYp1 KBI3bU1-KOHBIP, CYp TYCTI
[{eonutTiH MaccambIK yJieci % 50-84
TeonutTin MUHEpANIIBIK (OPMACHI KITMHOTITUJIOIHT
Mooc mikanacel OOHBIHINA KATTHLUIBIFBI 45
Inecne munepannap: xBapy >KOHE Jajna ILUIAThl % 24-30
ca3 MUHEPAIIAPHI JOJIOMHT 3,0-6,0
0,5-2,0
T'enib Ty3eTiH 3aTTapAbIH MaccajblK yliecl % 0,9-1,8
OpraHuKaJiblK 3aTTapIblH KYpaMbl % KOK
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XUMUATIBIK KYpaMbl: % 60-74

Sio, 14-15
ALO, 0,07-0,7
TiO, 1,40-5,83
Fe O, 0,067-0,199
MnO 0,0-2,12
MqO 0,13-6.,40
CaO 0,61-5,45
Na,O 0,66-4,03
K,0 0,012-0,173
PO, 0,0-4,09
HO

Karemacer SiO, /ALO, 4,0-5,28
KoImkpFa TO3IMIITIK % 8087
AMMOHHI MOHBIHBIH CIHIPY CHBIMJIBLIBIFBI MT, 3KB/T 0,75-1,25
AnMacy KaTHOHAPbIHBIH ChIbIM/IBIIbIFBL: MT, 3KB/T 0,55-0,63
CaO 0,024-0,070
MqO 0,035-0,0065
K 0,025-0,072
Na

Karunon anmacynbiH »arbl CbIHBIMIBLUIBIFbI MT, 9KB/T 0,68-0,70
XUMUSIBIK TO3IMILIIK: MI/I1

NaOH epiminoici

Kyprak KanabpIKTEIH 6cyi 0

Toreiry 1,1
KpeMHuit KbIIIKbLIBI 10,0

HCI epiminoici

Kyprak KanabIKTEIH 6cyi 0,5

Toreiry 0,2
KpeMHuii KbIIIKbLIBI 6,0

NaCl epiminoici

Kyprak KanabIKTEIH 6cyi 0

Toreiry 1,2
KpeMHUA KRIIKBIIBL 4,0

JKanman (Kesem/I1K) ThIFbI3bIK r/em® 1,17-1,32
[ITe1HANBI THIFBI3IBIK, r/em® 2,18-2,50
AVKBIHIAJIFAH THIFBI3IBIK r/cm® 1,64-1,82
MexaHUKaIbIK YCaKTay OCpIKTIrl Kr/cm? 150-220
¥Ycakray % 0,83-1,13
Tozy % 0,07-0,17
TepOemnicke TO3y % meHee 1 %
Cyra Te31MIUIIK % oosee 99 %
JIMHAMUKAITBIK BUTFAJT CHIHBIMIBLTBIFI % 42-53
CTaTuKaIbIK bUIFal CHIABIMIBLIBIFBI %

P/Ps ke3inae

0,11 3,50-7,97
0,47 4,90-9,19
0,98 7,65-9,97
Cynarbl JKaJmbl KeyeKTiirt % 25-28
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1-KecTe KayFacel

LLIbIK, HYKTEC] C 54-64

3uAHAabl Kocnanap %

Mbiwbak (As) <0,001

KopfacbiH (Pb) 0,0005-0,0008

Kagmuii (Cd) <0,002

dT1op (F) 0,02-0,03

CobiHan (Hq) <0,000005

PagnoHyknnartepaiH Kypambl HPB-76 pagvaumanblK Kayincisgik HopmanapbiHa
calikec Keneai

XUMUANBIK 3N1eMeHTTePAIH Kypambl A.T. BuHorpazos 60MbIHLIA KbILW-Kbl Marmasbik
Tay XbIHbICTAPbI YLWiH OpTalla MaHAEP
nenrevinae, 1962

3epTTeNeTiH NEONUT ChIHAMAIAPbIH JalbIHAAY MbIHATIAPIbI KAMTHIbL:
1) meonuTTEpAl YHTAKTay CTAaHAAPTTHl YCATKBILTA JKOHE IUIaHETApIIbIK

MHUKpPO AMIpMEHJE >KYPTri3ijjii, COmaH KeHiH Aipin ejeriHe enexkreH oTkizinmi. Tammay
Kyprizy yiriH auamerpi 5,5-103-1,1-10* M Gonarein dpakitist KoIaaHsuiasl. Lleoaut
(azanapblH aHbIKTay PEHTTCHIIK (DazajibIK Tajjay, SHEprHS-AUCIEPCHSUIBIK PEHTTCHIIK
criektpockormsi, MK cmekrpockormmsacel sxkone JTA/TT tammaymapsl apKbUIBI Ky3ere
aCBIPBLIJIBL.

Haru:xesep :xaHe oJiapabl TAJKBLIAY

DKCIIEPUMEHTTIK 3€pTTey YIIiH LEOJUT YITiIepi CTaHNAPTThl YCATKBIILTA JKOHE
IUTAHETapJIbIK MHKPO JIMIPMEHJIE YHTaKTaJJbl, COJaH KEWiH Mdipij eJlieriHe eJNeKTeH
orkizinmi. Tammay »xyprizy ymiia mmamerpi 5,5-10°-1,1-10* M Gomarsin (paxims
KOJLIAHBUI/IbI, OUTKEHI OYJ1 (Qpakiusi MOIU(PHUKALUIMEH Oipre KypeTiH omnepauusiapisl
(Kkyy, nmexaHTanus, cy3y) OpbIHAaynbl skeHimgerenmi (l-cyper). Kimipek emmemueri
¢pakuusuiap Cys3riHi TOKTara Typyfa skoHe Oitenm Tactayra OeifiM. ChlHayFa apHasFaH
ChIHaMajap KBapTajiaay 9JliCIMEH ipiKTeI/Ii.

Cypem 1. l1laHKkaHaif KeH OPHBIHBIH YCAKTAIFaH [ICOJUTI

Taburu HeoNUTTEpAIH (a3aiblK Kypambl PSHTICHIIK (a3ayblK Tajaaay d/iCiMeH
3epTTeNl, OHBIH MOHI KEKe MHHEpajiapra TOH LIBIHAAPIbI aHbIKTAy (CamlaiblK Tajjaay)
YKOHE IIBIHAAPIBIH KaPKBIHIBUIBIFBIH CABICTRIPY (CaHIBIK Tanaay). Ochuiaiiina, albHFaH
pEeHTreHorpaMMara ColKec MaTepHalfblH KyHi Typajbl OacTamkel akmaparThl ailyFa
Oonanpl. Erep audpaxuus mbiHIaps! KOFaphI XKoHE Tap Ooica, OyJ1 MaTepuaiIbH jKaKChl
KPUCTAJIJAHFAHBIH JKOHE TOp MapamMerpiiepi OoifbiHIIAa OipKenki eKkeHiH KepceTemi, ai
TOMEH JKOHE KeH LIbIHAap Oipkelnki emec Marepuansl kepcereai (Kaiic sxone T.6., 2019).

PentrenorpamMmana 2-cyper 3epTTeNIeTiH Ta0WFU IICONUT MHHEPAIBIHBIH 0achiM
(hazacer TupaKTOPIBIK MAKCUMYMIAapHI 0ap KIMHONTHIIONHUT eKkeHiH kopceTeni d/n =3,97-
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3,22-2,79A°. CoHbiMeH KaTap reiaHauT Te Oap AUPPAKIHSIBIK MaKCHMYMIap/IbH
KapKBIHABUIBIFEl TOMeH d/n=7,79-6,63-5,31-9,97-3,47-3,00 A°. Kanran misimap cas
MUHepaJiapblHa JKaTabl. 3epTTEJeTiH HEONHUTTIH AudpakTorpamMmmanapsiaaa (2-cyper)
aMmop(Thl ()OH KOHE IIIBIH ChI3BIKTAPBIHBIH KEHEFO1 iC KY3iH/e koK, Oy [llankaHaii keH
OPHBIHBIH YITICIHIH KPACTAIABIIBIFEI MCH Ol pKENKUTITIHIH JKOFAPHI JOPEIKECIH KOPCETEMI.
Ocobuaiiina, Peceit @enepauusceinble HaTIKeNnepi OoibiHma neonut Lllankanail keH
OPBIHJIAPBIH ACKJIMHONTHIIONUT aJFOMOCHIIMKATTaphIHA YKATKbI3yFa O0Jajbl, Oys oe0u
Jepekrepre ToubIK coiikec kenemi (Kemkammer xone T.0., 2018, Bacununa xone T.0.,
2017; Humumsuim xkaHe T.0., 2022)

3,97 ‘ 5,74

- ol T

|

ummm«mmwkumw (it

Cypem 2. 3epTTeneTiH HEOIHT YITICIHIH PeHTTeHOTPaMMachl

3epTTeNeTiH IEOMUT YATICIHIH 3JIEMEHTTIK Kypambl SHEPTUsI-TUCTICPCUSIIBIK
PEHTTEH/IIK CIEKTPOCKOIIMS IICIMEH aHBIKTAIbI. YJIrl OCTIHIH MHKPOTPa(UsIChl HKOHE
OHBIH SHEPTHsI AUCTIEPCHUS CHEKTPi 3 koHe 4-CypeTTeplie KopCeTiIre .

Trrm ZNEKTROHHOE WE0bpakeHue 1

Cypem 3. 3epTTenerin HeoauT yiri OeTiHiH MuKkpodororpadusce!

Heomutrepnin (Koccoscka, 1980) kem »karmaiija ycak JuCHepCTi MaccaMeH
145



Volume 2, Number 459 (2024)

YCBIHBUTFAH MHUKPOKPHUCTANIAp MEH arperarrapiaH TY3UITeH HeTi3iHeH Kypieni OeTki
MUKpopenbedi 0ap ekeHi Oenrini. 3-CypeTTeH Kopill OThIPFaHbIMbI3/Ial, TAOUFHU [IEOIUTTIH
Mopdororuscel ap Typii (opMamarsl THIFBI3 arioMepaTTapMeH CHIATTaIalbl, OJapIblH
apaceiHaa Oenrini Oip keHicTik Oap (keyekrep). Lleonmut HeriziHeH *yKa TYHIpIIKTi
OCTIICH YCHIHBUIFAHBIH KopyTe Oonanel. J(oHIEp MIMIHACC eMecC KOHE CaTbICTHIPMAIIbI
Typae kimkenTai ~ 0,02 Mxm, kefige 0,1 MKM xeTeni.

CneRTp |

1 2 3 4 5 & 7 g g 10 1
[lonHaa wkana 976 \Wwn. kypoop: 0.000 k3B

Cypem 4. 3epTTeJCTiH LEOINUT YITICIHIH SHEPT U TUCTIEPCUSITBIK CIICKTPi

DNEeMEHTTIK Kypambl 3epTTey (2-KecTe) 3epTTEeTiH ca3 YIriCiHiH OeTiHjeri
HETI3Ti DJIEMEHTTEP OTTET1, KPEMHHUH, aTFOMUHUH JKOHE TeMip €KEeHIH KOPCETTi.

Kecre 2. 3epTTeneTid HEOIHT YITiHIH 2IEMEHTTIK KYpaMbl

dnemeHT CanmakTblK % ATOMAbIK%

C 4,89 8,09
0] 50,84 63,13
Na 1,56 1,35
Mg 1,95 1,60
Al 7,41 5,46
Si 21,92 15,51
K 1,61 0,82
Ca 3,98 1,97
Fe 5,84 2,08

Utorn 100,00

2-KecTeie KeNTIPUIreH SIIEMEHTTIK Tajjiay HOTWKECIH TajjayJaH 3epTTeNeTiH
LEONUT YariciHae HerizineH Si, O xxoHe Al , connaii-ak Na, Mg, K, Ca xone Fe cusikTh
MeTaNIap/IbIH a3 Meuepi 6ap ekeHAiri merraasl. Sikone Al xammsr Mmemmepi 29,33 %
Kypaiiaer; Si/Al Monb KateiHacs! 2,96 Kypaiiabl, Oy MUHepasFa 91e0u Jamenaepre coikec
KeJIETIH KJIMHONTHIUIONUT THUNTI MUHEpallFa TOH. 3epTTeneTiH oObektiep yurin Si/Al
KAaTBIHACKIHBIH MOHJEpi JKETKITIKTI TOMeH, Oy copOeHTTep OeTiHiH THAPOMWIBILIITIH
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KepceTei kKoHe OelOopraHuKalbIK MOHAAPIBIH aJcopOrusaceiHa Koiaimel (CelixaHoBa
)KoHe T.0., 2022).

3epTTeneTiH MEeoJUT YITICIHAE KIMHONTHIONUT (ha3achlHa TOH KYPBUIBIMIBIK
TonTapablH Oomysl ga WK chekrpockomusickl apkbuibl pactangsl  (5-cyper). UK
CHEKTPOCKOIMACH IEOTUTTEPAIH KYPBUIBIMBI MEH 0acKa KacHeTTepi Typajbl Haimaisl
akmapar Oepeni, COHbIMEH Karap OHBIH ©3repy NpOLECiHAE KaCHUEeTTEpiHiH e3repyiH
kepcete anajpl. [llankanaii keH opHBIHBIH Taburn neonutrepi yiarinepinin UK-Oypwe-
CHEKTpJIepl SMETTEri CIHIPY KOJAKTapPBIHBIH JKUBIHTHIFHIMEH CHITATTANIJbl: MAKCUMYM
3765,05, 3587,87 sxone 3552,88 cm! kapkac Gerinzeri ruapokcun tonTapeiasie O-H
OallTaHBICTAPBIHBIH JKOHE Cy MOJeKymamapslHbIH O-H OaiiaHbICTapbIHBIH BaJCHTTIK
TepOenicTepine coiikec.. Makcumanabl 1643,35 cm! OonarblH CiHIpY JKOJNarbl Cy
MoJsekynanapeiHblH OH TONTapbIHBIH JKOHE [EOJIHT KYPBUIBIMBIHAAFEI 00C THAPOKCHUIT
TONTaPBIHBIH Ie(hOpMAIUSITBIK TepOemicTepine calikec keneni. Kapkpraabi ke 1165-879,54
xKoHe 767,67-451,34 cm-1 makcumymzapsl Oap Cinipy onakrapel cofikecinme Al(Si)O,
OallTaHBICTAPBIHBIH ACCUMMETPHSIIBIK JKOHE CHMMETPHSUIBIK BAJICHTTIK TepOemicTepine
xaraasl. 2333,87-2904,8 cm!' apasnbIFbIHAAFEI CIHIPY JKOJNAKTaphbl KaJbIIMH MEH HATpH
KapOOHaTTaphIHBIH OoybIMeH TyciHaipineai (Hakamoro, 2014).
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Cypem 5. 3eprrenetin ueonut yiaricinig UK crnekTpockonuschIHbIH HOTHKeIepi

Pentrenpix (azanpik Tanmay AepeKTepi CHHXPOHABI TEPMHSIIBIK aHAIN3aTOPABI
KOJIJIaHa OTBIPHIN, TEPMOTPABUMETPUSUIBIK OPBIHAAIFAH HOTHXKEIEPAl TOJBIKTHIPA/IBL.
YorinepaiH KemleHAl CHHXPOHIBI-TEPMUSUIBIK TalAaybl LEONUTTEri (aszaiblk e3repy
TEMIIepaTypachlH, JEruparanus aiMaFblH, CYy MOJIIEPIH JKOHE JKbUIY TYPaKThLUIBIFBIH
aHBIKTayFa MYMKIHIIK Oepeni. 3epTTeeTiH HeoaUT YITICIHIH TEPMUSUIBIK TYPaKTbUIBIFbI
TEPMOTPABUMETPHSUIIBIK TaJJIay apKbUIbI 3epTTEIl (6-CypeT).

OznepiHi3 OuTeTiHIEH, EONWTTePHiH KYpaMbIHIA COPOIMSUTAHFAH JKOHE
OaiimanpickaH cy ©Oap. O-cypeTTeH Kepin OTBIpFaHBIMBI3IAN, JeruApaTalusIHbIH
TeMITepaTypara TOyeIIiIIr Teric, 0¥ KIMTMHONTIIIONNT (pa3ackraa ToH (Koccorckas, 1980).
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Cypem 6. ITA/TT 3epTTeneTiH HEOIHT YITICIH Talaay

Tanpay yurin temneparypa apaibirbie Tapaay 100—130 °C aiimarbingars! GipiHii
SHI03(D(EKT LEOTUTTEH COPOLMSUIBIK CyAbIH OyjlaHy IpOLECTEepiHE >KaTaThIHABIFbI
HeTi3aenei, KITMHONTUIONUT MbICAJIBIHAAFbI ICTHAPATALlUs] PEaKIMCBIHBIH HBICAaHBI Oap:
(Na,K)Al, Si, O, 'nH,O = (Na,K) Al Si, O,,+nH,0

Yurinig TepMorpaMmaceiaga (6-cyper) Taburu neonut yiricin 1000 °C peitin
KbI3/IBIPY KE31HJe OpTalla MacCaHbIH Koraiysl 11,28 % Kypansl, ancopOuusianFan CyIblH
MakcuMaI sl ToMeHaeyi ~ 6,6% 120-gan 350 °C-ka AeifiHri TeMIieparypa Iuana3oHbIH]A
Oaifka b1, OYJ1 COPOIMSITHIK Cy/IbI )KOFOFa OailyTaHBICTHI. byJT )kaFmaliia eomuTTeri 0apIibiK
cynsiH 90 % netiin xoibiiansl. S00 °C neliin KbI3ABIPBUFaH IEOUT KypaMbIH/Ia OpTalia
ecemnrieH 1 % cy 6ap. Kairan, OHBIH i1iHAE KYPBUIBIMIIBIK KaFbIHAH KPUCTAJJIbI )KaKTayMEeH
OaiimanbIcTl cynbl k010 600750 °C meliin )xoFaphl TeMIeparypania xKypeai, Oy mporece
keiine mamamen 500°C temmeparypaja 9Jci3 3HIOTEPMHUSUIBIK OCEpMEH Oipre kypeni
(Koccosckast, 1980). ITA KUCBIFBIHIAFEI SK30TEPMUSIIBIK dCepiep IEOUT KapKaChIHBIH
Oy3bITYBIH, OHBIH aMOp(HU3aLUsICHIH HEMece XKaHa (a3anapAblH naina 0oiayblH KepceTei
(JIoToB xone T.0., 2022). 3eprTenre neoaut yiarinepinge sx303ddexrrep 750°C sxorapsl
TeMIiepaTypajia TipKeiei.

KopbIThIHABI

Ocbunaiiia, XKypri3iires 3KCIepUMEHTTIK JepeKTep i Tanaay Herizinae [llankanait
KEH OPHBIHBIH IICOJMUTI KIMHONTHUIONUT TUNTI MHUHEPAJFa KAaTaThIHIBIFbl aHBIKTAJIbI.
Knunontunnonut - TaOWFM LEONUTTEPHiH €H Kol TapajfaH TYpl *oHE TrelJaHguT
TUTIHACT] ITICONUTTEPre IKaTaJbl. SiOZ/AIZO3 MOJIAPIBIK KaTrblHAChl 2,96 Kypailmbl.
3eprrey HoTmkenepi lllankanail KeH OpHBIHBIH LICOJNUTIH Maiiiananyra OOJaThIHABIFBIH
kepceTTi. lllaHKaHail KeH OPHBIHBIH LIEOJUTIH PE3NHA OHEPKICIOiH/IE TONBIKTHIPFBILI KOHE
MTPOMOTOPIIBIK JKYHEHIH HeTi3i peTiHAe KOJJaHy YIIiH KYPTri3iUIreH 3epTTeyaepi Heri3re
aJla OTBIPBIN aJJIaFbl YaKpITTa aTajfaH LEOJUTTI MOTU(HUKALUsUIAy SAICTEpiH TaHJIayFa
OoJIaabl.

IeonmutTepai KbILKbUIIAP, CUITLIEP MEH TY3[apiblH epiTIHALICpIMEH OHIeY
[EOTUTTEP i MOMUUKAIUSIIAyFa JKoHe OenTiii Oip MoceNeHi menryre KaTbICThl OJIap/IbIH
KacHeTTepiH MaKCcaTThl TYpJle e3repTyre MyMKIHIIK Oepei.
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Abstract. This article presents the results of experimental studies of the process of
electrochemical chlorination of carbons and humic acids. New derivatives of carbons and
humic acids have been synthesized by replacing chlorine with functional groups contain-
ing O, N, S, and P atoms. It is shown that chemical transformations affect only the periph-
eral part of the coals, their macromolecular structure remains unchanged. The degree of
chlorine substitution varies from 32 to 67 % depending on the reagent, the nature of the
solvent, and the amount of solid phase. By varying the conditions of the processes, it is
possible to obtain di- and mono-derivatives during the amination reactions. Interaction
with diethylphosphite, butylate and sodium sulfite leads to the production of exclusively
mono-derivatives. This reaction opens up great synthetic possibilities not only for the pro-
duction of amino derivatives, but also for the production of derivatives with such hetero-
atoms as phosphorus, sulfur. The presence of phosphorus in the structure of synthesized
compounds can enhance the properties of the starting substance as ion-exchange, com-
plexing, surface-active properties. The obtained humic acid derivatives are promising as
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cationic and polyampholytic sorbents for wastewater treatment, polymer resins, solutions
of which can be used for lacquer coatings. Sulfochlorinated coals can be offered as synthet-
ic organic tanning agents, concrete additives, drilling fluids. The diethylphosphite ether of
chlorinated coal should have increased bioactivity compared to the initial coals and humic
acids, which is predicted by the presence of an atom of phosphorus, chlorine and phenolic
groups in the compound.

Keywords: oxidized coals, humic acids, sorbents, nucleophiles, fungicides, modi-
fication, chlorinated coal
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AnHoTanus. byn Makanaia kemip MEH T'yMUH KbIIIKbIIIAPBIH 3JIEKTPOXUMHUSUIBIK
XJIOpJIay TPOIECIiH OSKCIEPUMEHTTIK 3EepTTEYNIePAiH HOTIKEIepi Oepinred. XJIopabl
kypameiana O, N, S sxone P atommapsr O6ap GyHKIIMOHAIIB TONTAPMEH aJIMACTBIPY
apKbUIBI KOMIp MEH TYMHH KbIIIKbUIIAPBIHBIH JKaHA TYBIHABUIAPBI CHHTE3JICIII.
XHAMHUSITBIK ©3repicTep KOMIpAiH MeTKi Oeririne FaHa ocep €TETiHI JAJICTIACH I, OJIapabIH
MaKpOMOJICKYJISIPJIBIK KYPBUTBIMBI  ©3Tepicci3 Kalambl. XJIOPABI aaMacThIpy JopeKeci
peareHTKe, epITKIIITIH TAOUFATHIHA )KOHE KaTTHI (Da3aHbIH MOJTIIIEpiHe OaiIaHbICTH 32-1¢H
67 %-ra neitin esrepeni. [Iporecc mapTrapslH ©3repTy apKbUIbl aMUHCHY PEAKITHSIIAPhI
Ke31HJE €Ki KoHE MOHO TYBIHABUIAPALI amyFa O0onampl. JmdtundocurneH, OyTHiaTieH
KOHE HATPHH CyJNb(UTIMEH OpEKeTTeCy TEeK MOHOTYBIHABUIAPIBIH TMaifja O0oybIHA
okeneni. by peaknusi aMUH TyBIHIBIIAPBIH QJTy VIIIIH FaHA eMec, COHBIMEH Katap gochop
MOHE KYKIPT CHSKTBI FeTepoaToMbl 0ap TybIHABLIAPABI ally YIIIH YJIKCH CHHTETHKAIBIK
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MYMKiHZIKTep amaabl. CHHTE3AEAreH KOCBUIBICTAPABIH KYPBUIBIMBIHAA (OCHOPIBIH
00JTyBI OacTaIKpl 3aTTHIH HOH aIMacy, KOMILIEKC TY3Y JKoHe OeTTiK OeJICeH/Ii 3aT KacueTTepi
CHSKTBI KaCHETTEpPiH apTTBHIPYbl MYMKiH. AJIBIHFaH T'YMHH KBIIIKBUIBIHBIH TYBIHIBLIAPHI
AFBIHBI CyTap/bl Ta3apTyFa apHAIFaH KaTHOHJBI XKOHE IMOIHMaMQOIUTTI COpOCHTTED,
epiTiHaIepi JaKkneH jxa0yra OONATHIH MOJUMEPIi HIAWBIpIap PETiHIE MEePCIeKTUBAIBI.
Cynb¢oxyiopianfal KeMipJi CHHTETHKAJIBIK OpPraHUKAJIBIK TOTBIKTBIPFBIIITAP, OETOH
Kocranapbl, OypFbIIay epiTiHIiIepi peTiHfe YChIHyFa Oosansl. XIJIOpiaHFaH KeMipIiH
mdTUAGOoCchHUT AU Pi KOCBUTBICTHIH KypaMbIHIa (hOCOp aTOMBIHBIH, XJIOPIbIH )KoHE (DeHOIT
TONTAPBIHBIH 0OJTyBIMEH OOJKaHATHIH OACTAIIKBI KOMIpIIep MEH I'YMHH KBIIIKbIIIapPbIMEH
CaNBICTBIpFaH/1a OMOAKTUBTLIIKTIH KOFapblIayblHa He OOTYBI KepeK.

Tyiiin ce3mep: TOTBIKKAH KeMipiep, TYMHH KbIIIKBUIIApBl, COpPOEHTTEP,
HyKJIeopMIaep, GYHTHUIHITEDP, MOIU(PHUKAIIHS, XJIOpIaHFaH KOMip
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AHHoTanusi. B crarbe mpencTaBieHbl pe3ysibTaThl SKCIEPUMEHTAIBHBIX
UCCIIEIOBAaHUM  Tpolecca 3JIEKTPOXMMHUYECKOIO  XJIOPUPOBAaHUS  yriae u
TYMHUHOBBIX KUCIOT. CHHTE3UPOBAHbI HOBbIE MPOU3BOAHbBIE YIJIEH U TYMHUHOBBIX
KHUCJIOT IYTEM 3aMEHbl XJopa Ha (PYyHKIMOHAJIbHbIE TPYIIIbL, COJEpIKaIIUe
aroMbl O, N, S, P. [TokazaHo, 4TO XUMHYECKHE MPEBPAILCHUS 3aTPAruBaIOT TOJIb-
Ko nepudepHuiiHyl0 4YacTh ymiied, UX MaKpOMOJEKYJIspHas CTPYKTypa OCTaeT-
ca Hen3MeHHOW. CTeneHb 3aMelleHus xjaopa MeHsiercss ot 32 go 67 % B 3aBu-
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CUMOCTH OT pearcHTa, MPUPOJBI PACTBOPUTENS, KOJIMYECTBa TBEPAOH (Ha3bl.
Bapupys ycioBus mporieccoB, B XOA€ PEaKIUid aMHHHPOBAHUS BO3MOXKHO
MOJIyYeHUE M- W MOHOIIPOM3BOJHBIX. Y CTAHOBJIEHO, 4YTO B3aMMOJICHCTBHE
¢ mmtundochuroM, OyTHIATOM MU CYJIbPUTOM HATPUS BEIET K IOJTYUYEHHUIO
WCKIIFOYMTEIIbHO MOHOTPOW3BOJHBIX. J[aHHAas peakius OTKphIBaeT OOJbIIHE
CUHTETUYECKUE BO3MOXKHOCTH HE TOJBKO IS TMOJYyYCHHUS aMHUHOMPOU3BOJIHBIX,
HO | JUUIS MTOJTYYEHHUs MMPOU3BOIHBIX ¢ TAKMMU TeTepoaToMaMu, Kak docdop, cepa.
Hanmuumne dgocdopa B cTpykType CHHTE3UPOBAHHBIX COSTUHEHUN MOXKET YCHIIUTh
CBOMCTBAa MCXOJHOTO BEIIECTBA KaK MOHOOOMEHHBIE, KOMILJIEKCOOOpa3yoIIne,
MMOBEPXHOCTHO-aKTUBHBIC CBOMCTBA. [loilydeHHBIE MPOM3BOIHBIE T'yMHHOBOM
KHUCJIOTHI TEPCIIEKTUBHBI KaK KaTHOHHBIC W MOJMMAMQPOJIMTHBIE COPOSHTHI ISt
OYHUCTKH CTOYHBIX BOJ|, TOJMMEPHBIE CMOJBI, PACTBOPHI KOTOPHIX MOTYT OBITH
WCIIOIB30BaHbI I JIAKOBBIX MOKPBITHH. Cynb(hOXJIOpUPOBAHHBIE YT MOTYT
OBITB MPEIOKEHBI B KAYECTBE CHHTETUYECKUX OPraHWYECKUX AyOuTeseH, 100aBOK
K 0eToHy, OypOBBIX pacTBOpPOB. Jm3THihochuToBbIi 3up XIOPUPOBAHHOTO YIS
JOJDKEH 00J1a71aTh TOBBIIIEHHONH OMOAKTUBHOCTBIO 10 CPABHEHUIO C MCXOIHBIMH
VIJISMH U TYMHHOBBIMH KHCJIOTAMH, YTO MPOTHO3UPYEMO MPUCYTCTBUEM aToMa
dhocdopa, xopa U GEHOIBHBIX TPYII B COCTABE COCTUHCHHUS.

KiroueBble cjioBa: OKUCIICHHBIC YIJIA, TYMHHOBBIC KHUCIIOTBI, COPOCHTBHI,
HYKJI€ODHIIBI, QYHTHUITUABI, MOAU(PUKAIIHS, XJTOPUPOBAHHBIN YTOJIb

Kipicne

Karapmasr kemipi (1)koHe TYMUH KBITITIKBUTBIH (2)p3TepTyIiH THIM/I )KOHE
KOJI JKETIM/II 9MIiCTEepiHIH Oipi KOMIPAl AJIEKTPOXUMHUSIIBIK XJIOPJIAY 9Jici OOJIBII
TaOBLUTAJIBI, OYJI XJIOP JKOHE XJIOpJiay MPoIecTepiH OipiKTIpyre MyMKIHIIK Oepe/i.
Kemip/iH opraHuKanblK MacCachlH XJIOpJiay TMPOIECIH 3€PTTeY OHBIH XUMHSIIBIK
OCJICEHILTITIH apTTHIPYABIH MEPCIIEKTUBAIBIK 91ici 00kt Tabbu1as! (TapaceBuy,
1994).

XJopbl €HTi3y KOMIPIIH XUMUSJIBIK TYPJACHY CIEKTPiH KEHEUTyTe
MYMKIHAIK Oepemi. AJNBIHFAaH XJIOP TYBIHABUIAPHI  OOSFBINI  3aTTap.IbIH,
OaKTEepPUIUATIK TperapaTTapAblH, IUICHKAa TY3€TiH 3aTTapiblH, ©CIMIIKTEP.IiH
ecy CTUMYJISITOPJIAPBIHBIH, MO YHKITHOHAIIJTBI KaTHOHUTTEP MEH
motmamMOIMTTEPIiH CHHTE31HIET] OacTanKbl KOCBUIBICTAPBI OOJTYbI MYMKIH.

XJopjlaHFaH KeMip MEH TyMHH KBIIIKbUIIAPHl 3aT KYPBUIBIMBIH]IA
KapOoKcuil, (PEeHO TOMTApBIHBIH, XJIOP aTOMAPBIHBIH XOII WICTI CaKMHACHIHA,
ankua OYHIpJIiK TomTapblHIA OOJNyBIMEH CHIATTaNaabl. XJIOP TYBIHIBUIAPHI
KOMIpIiHIH KYpbUIBIMBI MeH KypambiH (3;4)0i3 xonaykromerpus, UK, SIMP!C
xone DIIP cnexrpockonus omictepimen panenaik (I'emsdman, 2002).

XJopyiaHFaH KeMip MEH TYMHH KBIIIKbUIIAPBIHBIH KYpPaMbIH aHBIKTayFa
apHAJIFaH KOHAYKTOMETPUSJIBIK Tajijay TarChblpMaHbl IIENTy VIIMiH, OJICTiH
aKIMapaTThUIBIFBIHA OaiIAHBICTHI TaHJAIBIHIABL. OmicTiH MoHI 0,1 H HaTpwmid
THAPOKCH]II €PITIH/ICIH aHAJIM3/ICHTeH 3aTIICH SKBUBAJICHTTI KOHIICHTPAIIHSIAFbI
TY3 KBIIIKBUIBIHBIH EPITIHIICIMEH Kepi TUTpJiey Oosbin TaObLIaabl. bacTamkb
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3aTTap MEH XJIOpJjay OHIMIEPiHIH KOHIYKTOMETPHSUIBIK THTPJICY KHUCHIKTAPhI
OoMbIHIIIA KBIIKBLT TONTapAbIH KOCchIHABICH (). COOH+OH), anudattel X10pabig
MeJIIIepi aHBIKTAIIbl. KOHAYKTOMETPHSIIBIK TUTPJCYIAIH TOH KUCBIFBI 1-CyperTe
kepcetinren (Jlugmmr, 1995).

bacTankpl keMip MEH XJIOpJIaHFaH KOMIpJIIH THTPJCY KUCHIKTAphl (a—B)
JKoHE (a)-B>) CETMEHTTEpI, OJap/IbIH MOHJEPi OacTamKbl KOMIp MEH XJIOPOTJIIETI
KbIIKbLT TonTapasiH () COOH+OH) ecebine enetiHin kepcereai: (a—B) < (a>-B)).

10+
=
iz
28 !
=
5
B 6_\\
gg ] —g
5, V (0,1i HCI)
2 4 6 8 10 12

1-xarapisl kemip (1), 2-xytopiaanran Karapisl kemip (3)
1-cyper-Kapamaiibiv keMipai KOHIYKTOMETpHSUIBIK TUTpIIey (1) koHe XytopianFaH Katapisl kemip (3)

Kpimkem tonrapasiy canbl () COOH+OH) karapnmarel kemipae 2,82
MT-9KB/T, aJl XJIOpJIaHFaH KaTaparsl kemipje-5,74 Mr-okB/T. KOHIyKTOMETPUSIIBIK
TaNgay HOTWXKECIHE CYyHeHEe OTBIpbIN, 013 XJIOpJaHFaH eHiIMJeri amudarTsl
XJIOPABIH MOJIIepiH ecenTteaik: Tutpiaey yuriH ansiarad 0,1 # NaOH kenemiHiH
YKOHE OHBIH KOJIEMiHIH aibIpMalIbUIBIFbI OOMBIHIIA KOHAYKTOMETPUSIIBIK YIITire
coiikec TUTpIiey. XJOpJaHFaH KOMIpiH s1eMeHTap OybIHbIHA adu(arThl TYple
KOCBUIFaH XJIOpABIH Meumiepi 3,51 Mr-sks/r Kypaiiapl. ¥Kcac 3epTTeysiep ryMUH
KBIIIKbUIAPBIMEH JKOHE OJIAPJIBIH XJIOP TYBIHABUIAPBIMEH KYPTi31II1.

Hotmxenep XJIOpryMuH KbIIIKBUIIAPBIHBIH (4) KYpbUIBIMBIHAA ai(paTThI
TYP/Z€ KOCBIIFaH XJIOPIbIH MeJIIIepi XJIopJiaHFaH Kemip/eH (3) eki ece a3 xone 2,12
MT-3KB/T KYPaHTBIHBIH KOpceTTi. KpIIIKbIT KoHE KapOOKCHII TONTAPBIHBIH CaHBI
e3repMmeii. XiopiaaHraH eHiMAepIiH (YHKINOHAJIBIK Tajl1aybIHBIH HOTHKETepl
1-kectene kenripinren (Pomuna, 1996).
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1-xecte — XJopIaHFaH KOCBUIBICTAPIBIH (DYHKIMOHAIIBIK Tanaayst (3; 4)

Ne, mupp | Kyn % | YCOOH+OH, | >COOH, Cl, Moo, Oks. | Herisrimik | M.m.
Oarin. MI-3KB/T

MI-3KB/T Mr-3KB/T | 1/ | macca cirreme
(3) XKK 12,72 5,74 1,30 3,51 0,07 292 1,5 439
(4) XT'K 6,58 5,71 2,88 2,12 0,05 162 2,5 407

XnopnanraH Karapiibl KemipMeH (3) JKOHE XJIOPIYMHUH KbIIIKBLIBIH-
na (4) CeKTPOCKOMUSUIBIK 3epTTey HOTHIKENEpl 3aTTap KYpPbUIBIMBIHIA OpPTYPIIi
TONTApABIH OONYyBIH KOpceTTi. XJIOpJaHFaH KOCBUIBICTAPbIH KYpbUIBIMBL (3; 4)
asieMeHTTIK Tangay skone MK- sxone SIMP-criekrpockomnust KOMEriMeH 3epTTel-
red. KocwuteicTapasiy MK-cniekrpriepinne (3;4) TUOTIK CiHIPY JKOJIaKTapbl Oap:
797 em! (C—Cl Banentrik Tepbemicrepi), 3030 cm! (C—H BaseHTTik Tepbemicrepi),
1500 cm! atimarbiaga (C=C OeH30MITHIK BaJEHTTIK TepoOeicTep).

693 cm ! C-H-ubIH aehopManusiblK jKa3bIKTBIKTaH THIC TEpOeIicTepi mo-
JU-aJIMaCTBIPBUIFAH apeHajapra TOH. XJIOpJIaHFaH KeMipje, O0acTamkbl KaTapiibl
KOMIpJICH albIpMAaIIbLIBIFbI, KAPOOKCHII TONITAPbIHA TOH BAJCHTTIK TepOeIicTEpIiH
ciripy »omakrapsl 6ap C =0 1708 cm! aiimarsiaga. UK criekTpiHae XUHOUATHIK,
TONTHIH 00ybIHA KaTKbI3bLIFaH 1300 (y) cm! aliMarbIHIAFbl BaJIEHTTIK TepOeic
’osakrapsl skoranaasl. O-H BanenTrik TepOemicrep aiimarsiaga 3500-3600 cm!
CiHIpy >komakTapsl Oaiikanaasl (Tumodeena 1990).

XKK (3) XIK#)

DJIEeMEeHTTIK, (YHKIMOHAJIBIK )KOHE CHEKTPIIIK TalAayIapAblH HOTIKEIepi
OOMBIHIIA XJIOP TYBIHABUIAPBIHBIH KYPBUIBIMBI O€MTiJIeHIN, 3JieMeHTap OybIH
¢dopmyrnacel aHbIKTANIbl (2-kecte). XJIOpJIaHFaH 3aTTapblH KypaMbIHIA XJIOp,
KapOOKCHII TONTaphl 6ap, XOUI UICT1 SIIPO CaKTaaIbl.
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2 xecte — XJIOpIaHFaH KOCBUIBICTAP/IBIH JIEMEHTTIK Tanaaysl (3; 4)

Ne, mudyp Hlerry, Tabsuiael, % bacraypIn Ecenrenren, %

cinreme
OaitaHeICTap % Cc | H | CI o Cr H" CcIr |Or

G)XKK | 87 [550 41281 ] 128 | [C,HOCL]| 574 | 39 | 243 | 144
(4) XTK 69 |554[28]185] 233 | [C,H,0CL]| 560 | 29 | 172 | 239

AnbiHFaH XJopinaHFaH eHimaep (3; 4)opraHMKanblK —epiTKimITepe
epui: aleToH, aJKoroyib, METHIATUIKETOH, AuMeTmidhopmamua. CUHTE3IeNTeH
XJIOpJIaHFaH KOMip MEH T'YMHUH KbIIKbUIAAphl (3;4XUMUSAIBIK KYPBUIBIMAAFBI
KBUDKBIMAJIBl XJIOP aTOMIAPBIHBIH apKachlHAA JpTYpil HykJIeoduiiepMeH
QIMacTBIPy peakUusulapblHa Tyce alaThlH NOJM(PYHKIMOHAIBl TaJOTeH I
KOMIpCYTEKTepre >KaTaIbl.

Marepuanaap MeH 3epTTey daicrepi

3eprrey YuIiH amMMMak, anudartel amuuaep, awdTHIdochut (ADD),
Hatpuil Oytunarel (BH),narpuii cynasduri (CH),NaOH jxone kanuii auneraTs
HykJIeouiep peTiHae aiblHAbl. AJMAcThIpy peakuusuiapbl  anudarTsl
OaiiyaHbICKaH XJIOp aTOMJapbl apKbLIbl XKypei koHe 1:1-3 Moab KypambIHAAFbI
(GYHKITMOHATIBI KOMIp TyBIHABUIAPBIHBIH Taiina 6omybsiHa okeneni (XKK:Nu)Pa-
xuMOepiIuHoBa koHe T.0., 2017).

Op Typiai HyKIeopHIIepMEH pEaKkIUsIHbI 3€pTTeY XJIOpJIaHFaH KeMipMeH
KYprizinai. bys peakius aMuH TYBIHIBIIAPBIH ATy YILIH FaHa €MeC, COHBIMEH KaTap
dochop, KYKIPT CHAKTBI rerepoaToMaapbl 0ap TYBIHABUIAPBI Ay VIIIH YJIKEH
CHUHTETHKAJIBIK MYMKIHIKTEp ammabl. CHHTE3/1eIreH KOChUIBICTAP KYPbUIBIMBIHIA
docdopabiH 60TYBI MOH amMacy, KOMIUIEKC TY3YIIi, OeTTIK-OelCeH I KacueTTep
petinze OacTankbl 3aTThIH KacUEeTTepiH KymienTe anaasl (I tonbpmanues xxoHe T.0.,
2004).

AMuHIEY peakIUsIChl peakiys Ke3iH/e naiijga 00iFaH XJIOPCYTEeKTI CiHIpY
YIIiH aMUHHIH Yl ece apThlK Mmemmepinae AM®PA epitiHaiciHae KYpriziii.
XJOpIBIH anMacThIpy Jopekeci aMUHHIH TaOMFaThIHA JKOHE XJIOpJaHFaH KeMip
epITIHAICIHIH KOHIIEHTpalUsAChIHA OailnaHbICThI, 45-TeH 67 % - Fa 1eiiiH e3repeTiHi
aHbIKTa/bl. ¥Kcac jKarjailnapja ryMUH KbIIIKbUIBIHIAFEl XJIOPIBbIH aJIMacTbIpy
nopexeci 1,7 ece TeMmeH, Oy KypbulbIMa anu(arThl XJIOPJAbIH Oip aTOMBIHBIH
OonyblHa OailaHBICTBI. AMUH Ti30€TiHIH Y3bIH/BIFBIHA KapaMacTaH, XJOpJIaHFaH
KOMIpIH AMaMUH TYBIH/BICHIH OHE TYMHH KbIIIKbUIBIHBIH MOHOAMMH TYBIH/IbI-
CBIH ayryFa 0omaibl.

By peaknusiia epiTKim peTiHae 3TaHo, TOJYOI, JeKaH Ooabl. 3-kecTeie
KEJITIPUIreH MAIIMETTEPACH ATAHOJAA AIMACTBIPY PEAKLUACH TOTYOJIFa KaparaHia
HaIIapiIaiel. ITaHOIABIH MoH1 32,3 %, Tonyonna-52,3 %, mamamen 1,6 ece ap-
taabl. EH xakcel HoTmkenep Cl aybIcThIpy Jopexeci 65,7 % OonaTbiH JeKkaH opTa-
CBIH/IA AJIbIHAJIBL.

Peakuusnplk  opTajarbl  XJIOpJIAaHFaH KeMIp  KOHLEHTPAIMSCHIHBIH
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HYKJIeo(UIIbA1 amMacTbIpy mporecine acepi 5 % xone 20 % KOHILIEHTpalUsIChIHAA
XK xynopbiH anMacTeipy nopeskecinid Tuicinme 52,1 % - gan 63,2 % - ra neitin
VJIFAIOBIMCH CHITATTaIa/Ibl.

3 xecte - XuopianraH KeMipAiH o HykneopuaaepiMeH e3apa opekerrecyi (C1-24,26 %, 70-80 °C, 5-7

carar)
XKK:Nu, mons/ [XKK], %, XKK:Nu, [erry, AyYBICTBIpY JIopexeci
MOITh

epiTKimI MOJIB/MOITh % C1,%
J0D, 1:1 5, aTaHoN 1:1,0 60 323
JDD, 1:3 5, TOIyon 1:1,6 52 52,1
J10D, 1:3 20, Tommyon 1:1,9 83 62,3
D2, 1:3 10, nexan 1:2,0 90 65,7
BH, 1:5 30, OyraHoN 1:1,0 56 33,0
CH, 1:3 10, cy 68 - 1:0,5

HoaTu:kesiep MeH TajiKbliayJaap

XJmopyiaHFaH KaTapibl KOMIpJi HYKICO(PHIbIl aTMacThIPy pPeakusIapbiH
3epTTey HOTIKENEPi 4-KecTe1e KeATIpUIreH. AJIMacThIpy OHIMACPIHIH KBTI TACYbI
anemMeHTTiK Tanaay, UK cnekTpiepiHiH 1epeKkTepiMEeH pacTajiFaH.

4 kecre - XJIopaHFaH KOMip MEH XJIOPTYMHH KbIIIKbULAAPBIHBIH HyKIeobuiepMeH apekerrecyi (5 - 14)
(C1 -24,26%, 70-80°C, 5-7 carar)

Ne, mmcp [erry, Tabsuiaer, % dopmyna ymrin Ecenrenren, % AyBICTBIpY
- cinremenep - - Topexkect
KOCBLIBICTap % N Cr N Cr
Cl

(Am — XKK) (5) 68 6,82 8,70 [C,H, CIN,O,] 6,95 8,80 | 64,3
(BIA- XKK) (6) 68 11,20 7,15 [C,;H, CIN,O,] 11,41 7,22 | 66,5
(BIA-XTK) (7) 65 6,40 8,10 [C, H,,CIN,O] 6,46 8,17 | 56,0
(OnA- XKK) (8) 69 5,32 7,12 [C,,H,,CIN,O] 5,71 7,22 | 64,9
(MpnA- XKK) (9) 63 4,78 6,09 [C,H, CIN,O,] 4,84 6,12 | 66,0
(A2A- XKK) (10) 75 5,38 6,74 [C,,H,,CIN,O,] 5,46 6,93 | 66,6
(T'MJA- XKK) 80 9,25 5,87 [C,H,.CIN,O,] 9,36 593 |449

an

(A9D- XKK) (12) 90 9,52% 5,36 | [C,,H,,CLPO,] 9,60* 5,50 | 65,7

(BH- XKK) (13) 58 - 6,79 [C,H,,CLO] - 6,86 |33,0

(CH- XKK) (14) 68 12,00%* | 6,58 [C,H,C1,S0,] 12,03*%*% | 6,65 |-

* - hocthop yuriH, * * - KYKipT

CaspICTBIpMAaITBI TYP/IE OHAN XJIopaHFaH KeMipiep (3) omap ’KaKChl epUTIH
dhochop KerkpLIb (J12D) aduprnepiMen spekeTTece].
Kopmaran opTaHblH, PEaKIUsIBIK OpTaIarbkl XJIOpJIaHFaH KeMipiaiH (3)
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koHueHTpanusichl, XKK:Nu KaTbIHACBIHBIH XJIOPJIbI aJIMAaCTBIPY AOPEKEC KOHE
COHFBI OHIMHIH IIBIFYBIHIAFBI 9CEP1 3ePTTEIII.

bacrankpina JID®-TiH XJI0piaHFaH KOMIpre KOCBUTYBIHBIH apajiblK ©HIMi
naiga 6omanpl, oHAa Gochop KeIIKBLIBEIHBIH 3GUP1 XI0phHochOH KHIIKbUTEIHBIH
a¢upine arHamanel. ComaH KeWiH OyJI ©HIM Ty3 KBIIIKBUIBIHBIH O6HYyIMEH
(Muxasnuc-ApOy30B peakiuschl) bIIbIpaiinel. bactankel pearentrepain 1:1
(MOJTB) KaThIHACKIH/IA XJIOPJIaHFaH KeMip/eri (3) anudaTThl XJIOPABIH PEaKTUBTLIIT
OPTYPIIi €KEHIH €CKepe OTHIPHII, XOII UiCTI AapoIaH Oip c-OaiaHbIcTieH OOTiHTeH
XJIOP aTOMBI aJIKUJT paJIKaJIbIHA KIPETiH EKIHIIICIHEe KapaFaH/1a HyKi1eo(Ib i aj-
MacCTBIPY PeaKIUAChIHA OCIICEH I TYPAC SHETIHIIKTCH, PEaKIns KeIeCiIeH Kypei:

o
| C,Hs5-0 |l
0 CoHo- O/P\
CH,-CH,-CH COOH , CoHi-O0 COOH
‘ Csz o P-OH 7~ CH;-CH;~ OO
(CH,),-CH,CI O (CH,)»-CH,Cl
OH OH
XKK (3) JADDD - XKK (12)

EpiTkimTin acepi JeKaHHBIH XJIOp aTOMBIMEH KEIIeH KypyFa KaOlIeTTi a7ci3
aKLENTOp CUSAKTBI 9pEKeT eTyiMeH TyciHxipineai. byn xmopasiH OeriHy Ke3eHiH
KEHUIAETE/l JKOHE OHBbI AJIMACTBIPY JSPEKECIH apTThIpaabl. bi3 alKoromsarTeiH
xJiopyianran kemipMmet (3) (BumbsiMcoHa CHHTE31) ©3apa OpeKeTTeCyiH KYPTi3IiK.
AJKOTOJIST peTiHjie HaTpuii Oy TUIIAThI, €PITKIII —3TaHOJI, 0ACTAIKbI peareHTTEePAIH
KaTeiHackl 1:1 (Moinp) maiianansiabl. Peakuus anudartsl XJI0pabH Oip aTOMBIH
AIMAaCTBIPYMEH JKypeli, Oy 3-KecTeie KeNTiplIreH MAJIIMETTEPMEH pacTasaibl-
OepiireH peakIusIarbl XJIOPAbIH anMacTeipy napexeci 33 % xypaiinsl (Paxum-
OepauHOBa xoHE T.0., 2020).

—
C4Ho-0
COOH
+ CH,ONa CHy-CHy” OO
-NaCl
(CH,),-CH,CI O (CH,),-CH,CI
cl
OH

XKK (3) B9 - XKK (13)

Kemipain cyiab(o TybIHABUIAPHI OpTalla KbIIIKbUT KATHOHUTTEpP OOJIBII
tabbutanpl. COHABIKTaH OyJl J>KYMBICTBIH MakcaThl XJopiaHraH kemipai (3)
maTIIIGochuTIieH, HaTpUll OyTHIIATBIMEH, HATPU CyIb(QUTIMEH HYKICO(UIbII
QIMaCTBIPy PEaKIMACHIH 3€pTTEy JKOHE CHHTE3JENreH 3aTTapAblH (u3nKa-
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XUMUSIIBIK KACUETTEPIH 3epTTey 001kl HeriziHeH anudaTThl XJIOp aTOMIapbIHBIH
Oipi OyTaHONAFbl HATPUI OyTUIIATBIMEH opeKeTTecei: peakuus eHimMiHAe 15 %
neliH OyTokcu TOOBI O6ap, COHABIKTAaH MOHOOYTOKCH TYBIHJBICHI TY31Ieil. XJ0p-
Il cynb(orpymnmnara alMacThIpy XJIOpJIaHFaH KOMIpAiH HaTpWUil THIPOKCHUII Ka-
ThiCybIMeH Na,SO, opekeTTecyi apKbUIbl XKY3€Te achIpbUIAbl. OHIMIETI KYKIpT
MeJIIepi KyTHereH xepaeH TemeH 6omasl — 3 %, 6ya 1:0,5 mons/mons XKK:CH
KypamblIHa colikec kenei. by skarnaitnapaa ruiposian3 peakiusachl OeICeH/ Il )Kypei
KOHE peaklus eHIMiHAe Cynb(orpynnanapra Kaparanjia ruApOKCUTpyIIagap Kem
Oomanel. 3eprrenreH OapiblK Kardainapia XUMUSUIBIK OalTaHBICKAH XJIOPIBIH
60-70 % - b1 HyKJIeoUIAEpMEH 63apa dpeKeTTecyre Karbica bl (PaxumbepnuHoBa
xoHe T.0., 2017).

XJtopyiaHFaH KeMIpAET1 XJIOPABbIH HyKJIeO(PHIIbI1 AIMACTBIPY peakiusichl (3)
HaTpuii cynspuTiMen [lITpekkep peakiuscyl HATpUi TUAPOKCUIIHIH KAaThICYbIMEH
cyna epuTiH cyib(darTanraH KeMip Ty3y YIIiH Kypai. OHIMIETT KYKIPT MeJIepi
KYTIEreH xepaeH ToMeH Oonasl — 3 %, Oy 1:0,5 mons/mons XKK:CH kypambl-
Ha coliKkec Kenemi. byt skarmaiiapaa ruipoin3 peakiuschl OeIceH 1l 00JIbIT Kopi-
HeJIl )KOHE peakIvsi oHIMIHIe cyab(dorpyInaiapra Kaparanaa THIpOKCUrpynmnanap
KeIl 0oJajpl. XJIopiaaHFaH KeMip/IiH cuHTe3aenreH TybiHabichl (XKK) kypambiaga
XJIOp aTOMJAAPHI, CYIb(UT xKOHE KapOOKCHIT TONTaphI Oap.

SO3Na\

COOH
+ 2Na2803 CH;3-CH;~ ‘O
O (CH,),-CH,Cl

OH

XKK (3) CXKK (14)

Cunre3 20°C TemmepaTypaja >KyMCakK >Karaaiga >Xy3ere achbIpbUIIbL,
comaH keiiin on Oiprinaen 70°C neitin koTepinai. OHIMHIH KypaMbIHa Oy THIIOKCH
TOOBIHBIH 15 % neliH Kipeal, COHIBIKTAaH MOHOOYTOKCH TYBIHABICHI TY3LI€Il.
3eprrenreH OapiblK OKargaiyapa XJIOPTYMHH KBIIIKBUIBIMEH OailIaHBICTHI
xyopaeiH 60-70 % HyKIIeohuIIepMeH e3apa opekerTecyre Karbicaabl. OChl MoJI-
HiepAeH HyKJIeo(QuIbJl TONTapFa peakius KarJaillapblHa KOHE KOJIJaHbLIAThIH
pearentrepre GaitmansicTel 30-50 % XJIOp ayBICTHIPBUIAABI, OYJI COHBIMEH KaTap
KaHama MpOLECTep/IiH HET13I peaklUsIChiHA Mapajlieib KYPYIMEH TYCIHIIpUIE ]
(PaxumbepnuHOBa *)oHE T.0., 2020).
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KopbITbIHABI

AnbIHFaH TyBIHABLIAPABIH KypbulbIMbl (33—42)UK - cnekrpockonus ofi-
CTEpIMEH JQJIENJIEHI€H, KypaMbl 3JIEMEHTTIK TajJayMeH pacrairaH (2.8-kecte).
Cunresnenren KocbutbicTapabiH UK — cnexrpnepinne (33-42)2.9 — xecre)797
cm! (C—ClBanentrik Tepoemictepi)3030 cm! (C-H Banenttik Tepoemictepi)] 610
cm! (C=C OeH30MATHIK BAJCHTTIK TepOelicTep)aiiMarbiHIa CiHIpY KOJIaKTaphl
0omabl.

693 cm ! kesingeri C-H medopManusiiblk jKa3bIKTBIKTaH TBIC TepOei-
CTep TOJIM aIMaCThIPBIIFAH apeHaapra ToH, KapOokcua TonTaps yirin 1700 cm!
aiimarsiiga C=0 BajeHTTIK TepOemicTepaiH CiHipy sxomakrapbl, 3500-3600 cm!
- BajieHTTIK Tepbemictep canaceinga O—H, 1200 cm! aiimarsiaga c-N BaJeHTTIK
TepOenicTep Oaiikamans! (amudarter amuugep). Cummerpusisl 1030 cm ! xone
acummeTpusbik 1180 cm' Banentrik Tepoenicrep — SOH, 1100-1030 cm™ - C —
O (anmudattsl adupiep).

ANBIHFAaH TYMUH KBIIIKBUIAAPBIHBIH TYBIHABUIAPH! aFBIHIBI  CYJIapabl
TazapTyFa apHaJIFaH KaTHOHJbI KOHE MOJNaM(OIUTTI COPOEHTTEP, epiTIHALIEp]
JakmeH ka0yra OoJaThIH MOJUMEPII IIaibIpiaap, OETOH Kocnanapsl, Oyprbuiay
epITIHILIEP] PETIH/IE YChIHBUIYbl MYMKIH. XJIOpJIaHFaH KOMIpAIH IUITHI(HOCHUT
a¢upi (J2DPI-XKK) (12) KoChUIBICTBIH KypaMbIHAa (ocpop aTOMBIHBIH, XJIOp-
JBIH KoHE (DEHONIIBIK TONTAapAbIH OOJybIMEH OOJKaHAThIH OacTamKbl Kemipiep
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MEH TYMHH KbIIIKbUIAAPBIMEH CABICTBIPFaHIa OMOAKTHBTLIIKTIH )KOFapbUIAybIHA
ne 0OoJTyBI Kepek.
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Abstract. The intensive development of industry at the present stage of human
development, the increase in product quality requirements, the intensification of techno-
logical processes, the transition to resource-saving production is inextricably linked with
the activation of technological processes. Activation involves a decrease in the energy bar-
rier of the reaction caused by a certain effect on the molecules involved in the elementary
act of interaction. The methods of activation of molecules are very diverse, but all existing
methods, first of all, have such an effect on the electron-nuclear structure of the molecule,
as a result of which the molecule is rearranged energetically in the most advantageous way
for further transformation. Research in the field of obtaining import-substituting flotation
reagents, namely, foaming agents, the study of a complex of chemical and physico-chem-
ical properties, their use for flotation enrichment of copper-containing ores are relevant.
The relevance is due to the need for further development of energy- and resource-saving
technologies using activation methods to intensify technological processes. Granulated
blast furnace slags, blast furnace and steelmaking slag were selected as objects of research.
The article discusses waste recycling methods and technologies, as well as analyzes their
potential for use in the production of a clinker-free binder. The authors of the article con-
duct experiments and research to determine the optimal conditions and parameters of the
waste recycling process in order to obtain a high-quality product. As a result of research
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on activation technology in order to obtain a clinker-free binder, compositions based on
blast-furnace granular slags have been developed, which are characterized by strength
grades from M50 to M300. The maximum limit limits of the number of activators are not
more than 26-32 %. Compositions for road construction have been tested using developed
clinker-free binders. The resulting clinker-free binder has the necessary physico-chemical
properties for use in the construction industry. Its use makes it possible to reduce the neg-
ative impact on the environment and reduce dependence on the use of natural resources.
In general, this article represents an important contribution in the field of man-made waste
recycling and the development of environmentally sustainable materials for the construc-
tion industry. The results of the study can be used in further research and development in
this area and are useful for the development of effective waste disposal methods and the
creation of environmentally friendly materials for the construction industry.

Keywords: slag, activation technology, construction materials, mineral binders,
man-made waste
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AHHOTammusa. Anam3arT JaMybIHbIH  Ka3ipri  KE3CHIHJEeri  ©HEPKICINTIH
KapKbIHJIBI JTAMYbI, OHIM calachblHa KOWBUIATHIH TaJANTAPIBIH apTybl, TEXHOJIOTHSUIBIK
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MPOLIECTEPAIH  KapKbIHABUIBIFBI, PECypcTapAbl YHEMICWUTIH eHAipicTepre Keury
TEXHOJIOTHSITBIK TPOIIECTEPIIH OeNCeH TipiTyiMeH Oipielt OaliaHpICThl eMec. AKTHBAIIUS
e3apa OpEKEeTTECy/iH KapamaiiblM aKTiCiHe KaThICaThblH MOJeKylanapra Oenrim Oip
ocep eTyAeH TYbIHJaFaH PEaKUMSHbIH SHEPreTUKAIBIK TOCKAYbUIBIHBIH TOMEHCYiH
KapacTeIpagsl. Mouekynanapasl OeNCeHIipy oicTepi oTe alyaH Typii, Oipak
OapibIK KOJIJAHBICTaFbl SAICTEp, €H alAbIMEH, MOJICKYJAHbBIH 3JICKTPOHIIBI-SAPOIBIK
KYPBUIBIMBIHA OCBIHJIAM acep eTeli, HOTHXKECIHAEe MOJIEeKyJa OJlaH api TYpJICHAIpY YIIiH
SHEPreTHKAJIBIK TYPFBIIAH €H THIM/I TYpJe KaiTa Kypbuiaabl. IMIOPTTHI amMacThIpaThlH
(droTopeareHTTepAl, aTam alTKaHAa KOOIK TY3TIIITEpJi ally CalachIHIAFBI 3epTTeyIep,
XMMUSUIBIK KOHE (PU3MKa-XUMUSUIBIK KaCHETTEp KEIICHIH 3epTTey, ojlapAbl KYpaMbIHAA
MbIC 0ap KeHJepi (IOTanUsIbIK OalbITy YIIiH MaiifanaHy ©3eKTi OO TaObLIAIBI.
O3eKTiNrT TEXHOIOTHSUIBIK TPOIeCTep/li KapKbIHIATYABIH aKTHBTEHIIPY oJiCTepiH
KOJIJaHa OTBIPBII, 3HEPTHsl, pecypc YHEMACHTIH TEXHOJOTHsUIapAbl OJaH 9pi AaMBITY
KaXETTUIriHe OalIaHbICThl. 3epTTey HbICAaHAAPHI PETiHAe TYHIPIIIKTI JOMHA KOXKAApBhI,
JOMHa Telli oHe 0oiar OanKbITy KOKAAapbl ajblHIbl. Makaiaga KalabIKTapAbl KaiTa
OHJICY o/iCTepl MEH TEXHOJOTUSUIIAPHI, COHBIMEH KaTap OJap/AblH KJIMHKEPCi3 TYTKBIP
OHJIIpicTe TMaimamaHy MYMKIHZIITT KapacThIpbUIaIbl. ABTOpJapMEH camaiibl OHIM aiy
YIIiH KaiiTa eHJeY MPOIECIHIH OHTAMIBI MIAPTTAPhl MEH MapaMeTpiiepiH aHbIKTAy YIIIiH
9KCHEPUMEHTTEP MEH 3epTTeysep JKYPri3iiai. AKTUBTEHAIPY TEXHOJOTHSCHIH 3€pPTTEY
HOTIDKECIHE KITMHKEPCi3 TYTKBIP 3aT airy MakcaTbiHa OepikTiri M50-nen M300-re neitinri
MapKaJlapMEeH CUTATTaJaThlH JOMEHIIK TYHIpIIIiKTI KOXKJIap HEri3iHae KOMIO3HIUsIap
JKacanapl. AKTUBaTOpaap CaHbIHbIH 26—32 % - HaH acmaWTBhIH €H KOFaphl HICKapalbIK
nIeKkTepi Oenrinenai. ©31ipJAeHreH KINMHKEPCi3 0alIaHbICTBIPFBIITAP/bI KOJIIaHa OTHIPBII,
KOJI KYPBUIBICBIHA apHAJIFAH Kypamaap CbIHAJIbl. AJIBIHFaH KIIMHKEPCi3 TYTKBIP MaTepua
KYPBUIBIC MHAYCTPHUSCHIHIA MaiijanaHy YLIH KaXeTTi (U3MKa-XUMHSUIBIK KacHEeTTepre
ne. OHBI NailaaHy KOpIIaraH OpTaFa Tepic acepAl a3alTyFa *oHe TaOuFu pecypcTapibl
naiananyra TOyeIIUTIKTI a3aliTyFa MYMKiHIIK Oepeni. Tyracrail anraHma, Oyl Makana
TEXHOTCHJIIK KaJABIKTap/bl KaiiTa eHJeY jKOHE KYPBUIBIC OHEPKACiOl YIIIH 3KOJIOTHSUIBIK
TYpaKThl MaTepHajiapibl 93ipiey cajlachlHIAFbl MaHBI3ABI yiecTi Ourmipexi. 3eprrey
HOTHXKEJIEpiH OCHlI calajarbl 9pi Kapaifbl 3epTTeyjiep MeH d3ipiemenepe KoJlaHyFa
0oMabl XKOHE KaJJIBIKTap/ bl JKOIOJBIH THIMJI OJICTEPiH JaMbITyFa JXOHE KYPBLIBIC
WHIyCTPUACHI YILIIH SKOJIOTHAJIBIK Ta3a MaTepHajiap jkacayra Mnaijasl.

Tyiiin ce3aep: Ko, aKTUBTCHIPY TEXHOJOTHsIIAPHI, KYPBUIBIC MaTepHaliaphbl,
MUHEpaJAbl OaliJIaHbICTRIPFBILITADP, TEXHOTCHAIK KaJIBIKTap
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AnHOTauMs. VHTEHCHUBHOE pa3BUTHE MPOMBIILICHHOCTH HA COBPEMEHHOM
JTarie pa3BUTHUSl YEJIOBEUSCTBA, IIOBBINICHHE TPEOOBaHHWN K KadeCTBY MPOJYKIIHIA,
WHTCHCU(UKAIIUS TEXHOJOTUYECKHX IPOIIECCOB, MEPEeX0J] Ha pecypcocOeperaroime
MPOU3BOJACTBA HEPA3PBHIBHO CBS3aHBI C AKTUBAIMECH TEXHOJOTUYECKUX MPOILIECCOB.
AKTHBaIUs IPEAyCMaTPUBAET CHUKCHUE YHEPIETHUECKOT0 Oaphepa peakiluu, BEI3BAHHOE
ONpECICHHBIM BO3JICHCTBUEM Ha MOJICKYJIbI, YYaCTBYIOIIHE B JJICMEHTAPHOM aKTe
B3auMoielicTBusl. CrocoObl aKTHBAallUM MOJICKYJl BeChbMa pa3HOOOpa3Hbl, HO BCE
CyIIECTBYIOIINE METOMBI, MPEKAE BCErO, OKA3bIBAIOT TAKOC BIHUSHUE HA DJIEKTPOHHO-
SIICPHYIO CTPYKTYpPY MOJICKYJBI, B pe3yJbTaTe KOTOPOTO MOJEKyJa MepecTpanBacTCs
SHEPreTHYECKH HauOoJiee BBITOAHBIM 00pa3oM il  JAJIbHEHIIIEr0 IPEBPAILICHHUS.
HccnenoBanus B 00JacTH NOAYYCHHSI UMIIOPTO3aMENIAOIINX (DIIOTOPEAreHTOB, 8 UMEHHO
NeHO0Opa3oBareiell, N3y4eHHe KOMIUICKCa XUMHUSCKUAX U (PU3UKO-XUMUYECKHUX CBOWCTB,
WCTIOJIh30BaHUE WX I (PIOTAIMOHHOTO OOOTAICHHS MEIbCOJCPIKAIIUX DY/ SBISFOTCS
aKTyaJbHBIMU. AKTYaJIbHOCTh OOYCJIOBJICHAa HEOOXOIAMMOCTHIO JIaJbHEHIIETO Pa3BHTHUS
3HEPro-, pecypcocOeperaroix TEXHOJIOTHH ¢ HUCIOIb30BAHHEM AKTUBAI[MOHHBIX CIIO-
cO00OB MHTCHCU(UKAIIMU TEXHOJOTHYECKHUX IMporeccoB. OObEKTaMU HCCIICIOBAHUN BhI-
OpaHbl T'paHYIHPOBAHHBIC JOMEHHbBIC IIIJIAKH, JIOMEHHBIH W CTAJICTUIABHIIBHBINA ILIAK.
B crathe paccMaTpHBarOTCS METOJBI U TEXHOJOTHH TEpepabOTKH OTXOJIOB, a TaKXKe
AHAJIM3UPYETCS WX IMOTCHIUAN JIJISl UCIOJB30BAHUS B TPOM3BOJICTBE OE3KIMHKEPHOTO
BSDKYIIET0. ABTOPBI CTAThH MMPOBOJISIT SKCIIEPUMEHTBI U HCCIICIOBAHHUSI, YTOOBI OIIPE/ICIIUTh
ONTHUMAJIBHBIC YCJOBHS M IapaMeTphl IMpolecca NepepabOTKH OTXOJO0B C IEIbI0
MOJIyYCHHs] KaueCTBEHHOT'O NpOAykTa. B pesynbrare uccieqoBaHUil aKTHUBAIMOHHON
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TEXHOJIOTHH C LEJbI0 IOJMY4YEeHUS! OC3KIMHKEPHOTO BSIKYILEIO pa3paboTaHbl COCTABBI
Ha OCHOBE JOMEHHBIX TI'DaHYJIMPOBAaHHBIX IUIAKOB, KOTOpPBIE XapaKTEpU3YIOTCS
Mapkamu 1o npoqHoct oT M50 mo M300. YcraHOBIEHB! MakCHMallbHbIE TPaHUUYHBIC
npezesnsl KOJMYecTBa akTUBU3aTOpoB He Oosee 26—32 %. OnpoOupoBaHbl COCTABbI IS
JOPOXKHOTO CTPOUTEIBCTBA C IPUMEHEHUEM Pa3pabOTaHHBIX OC3KIMHKEPHBIX BSIKYIIHX.
[Tomy4yeHHbIN OE3KIMHKEPHBIA BSOKYIIMH MaTepuan o0jagaeT HeoOXOIUMBIMH (PHU3HKO-
XMMUYECKUMH CBOMCTBAMH Ul WCIHOJB30BAaHHS B CTPOUTEIBHOW IPOMBIIIJICHHOCTH.
Ero wncnonb3oBaHMe TO3BOJISICT CHU3UTH HETaTHBHOE BO3JCHCTBHE HA OKPYXKAIOLIYIO
Cpeay M YMEHBUINTH 3aBUCHMOCTh OT HCIIOJB30BAHUSI NPUPOJIHBIX pecypcoB. B memom,
JlaHHAsl CcTaThi NPEACTAaBIISCT BAXKHBIM BKJIAaZ B 00JacTu mepepabOTKH TEXHOTEHHBIX
OTXO/I0B U Pa3pabOTKH 3KOJOIMYECKH YCTOMUMBBIX MAaTEpHUANOB Uil CTPOMTEIbHON
MPOMBIIIIEHHOCTH. Pe3ynbTaThl nccie10BaHus MOTYT OBITh HCIIOIb30BaHbI B JaIbHEHIINX
HCCIIeIOBaHUAX 1 pa3pabOTKax B JaHHOHM 00J1acTH U IOJIC3HBI 17151 pa3BUTHUS 3()(HEKTUBHBIX
METOAOB YTWJIM3ALMH OTXOZOB M CO3JaHUSl HKOJOTMYECKH YHMCTBIX MaTepHasioB JUIs
CTPOUTENLHON OTpaciy.

KnoueBble cjoBa: [UIaK, aKTUBAllMOHHBIE TEXHOJIOTUHM, CTPOUTEIIbHbIC
MaTepHajbl, MUHEPAIbHbBIC BSKYIINE, TEXHOTCHHBIE OTXO/IbI

Introduction

High quality construction materials production and its energy consumption reduc-
tion nowadays are not possible without special intentional processing and forcing natural
and man-made raw materials characteristics to meet technology requirements. This is es-
pecially important in the presence of quality raw materials deposits reduction and increas-
ing anthropogenic impact on environment while forming man-made deposits of newly
appearing waste materials.

Contemporary construction materials production requires deeper and deeper min-
eral raw materials processing and more complete and efficient use. In order to achieve
these goals, developed countries use activation technologies which create prospects for
better complex and rational use of mineral resources, stockpiled mineral raw materials
recycling and reduction of industrial waste negative impact on the environment.

Activation by grinding is now widely used for solving issues of mineral resources’
complex use and reduction of industrial waste negative impact on the environment. In this
regard, its use is promising in terms of industrial waste disposal and elimination while
obtaining materials with required properties (Soliman, 2020: 10235-10253; Rybak, 2021:
739-741; Marco, 2022: 20-26; Sathya, 2022: 1-27; Matindel, 2018: 215-222).

This article provides results of studies on rational use of metallurgical slags from
JSC Qarmet Temirtau as materials for producing clinker-free binders using activation tech-
nologies.

Methods

Granulated blast furnace slags, blast furnace and steelmaking slag were chosen to
be study objects.

International standards establish three main standards for slag cements:

- slag portland cement containing portland cement clinker and granulated blast
furnace slag;

- sulphate-slag cement mainly consisting of 75 % blast furnace slag with calcium
sulphate and maximum 5 % lime, portland cement clinker or portland cement;

- lime-slag binders consisting of 70-90 % blast furnace slag and 10-30 % lime.
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Slag portland cements are divided into three groups depending on slag content
(Table 1).

Table 1
Slag portland cement groups depending on slag content

Slag portland cement groups depending on slag content, %
Group 1 (<35) Group 2 (35-80) Group 3 (>85)
Slag content 35 36-80 85

Fine ground granulated slag does not always stiffen after mixing it with water, so
special additives - activators - are necessary to reveal its binding hydraulic properties.

Slag suitability for obtaining binder depends primarily on its reactive ability as
well as grinding fineness, water content and unwanted components, especially chlorides.

Reactive ability depends on bulk chemical composition, glass content and grinding
fineness, although content and glass percentage mutual connection is a complicated issue.

Multiple attempts were made to evaluate slags according to modules calculated
based on bulk chemical composition. The module (CaO+MgO+AlL 0,)/Si0, is one of the
easiest and most widely used of them. Minimal value of this ratio (for example, ratio
equals to 1) is added to national standards in many countries. This module and some oth-
ers reflect the fact that hydraulic activity is favored by main composition, but none of the
suggested modules allows to compare slags in details, except for the slags relatively close
in their composition and produced at the same facility.

Authors of studies (Mugahed, 2021: 121-125; Mica, 2023: 1-15; Andres, 2023:
1854—-1861) considered different criteria suggested for slag evaluation. One of them (pre-
viously used in German standards) was used by Parker and Nurse to calculate activity of
slag for usig in slag portland cement production in advance:

Slag portland cements

M= CaO + MgO+1/3 ALO, / Si0,+2/3A1L,0,>1.0 (1)

Chemical components in this formula are expressed in percentage by weight, and
for CaO there is correction for Ca present in form of CS.

Slag activity is defined by its chemical composition including up to 30 element
(primary of those being CaO, MgO, SiO,, Al,O,, FeO, MnO) and their mineralogical com-
position (Bullard, 2011: 1208-1223; Sato, 2011: 33-43; Richardson, 2010: 223-248).
Slags with sufficient hydraulic activity characterized by basicity module Mo and activity
module Ma, containing enough glass of helenite-melilite, wollastonite and aluminosilicate
compositions are the most applicable in binding materials production. Chemical composi-
tion of active slags is given in Table Tabmute 2.

Table 2
Chemical composition of active slags

CaO S MnO ALO MgO

273

over | no more than under no less than | no less than
40 % 4-5% 2% 9% 4-10 %
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Basic slags (basicity module over 1) show hydraulic activity at high alumina con-
tent and manganese oxide not higher than 5 %. Acidic slags (basicity module under 1)
show enough activity at basicity module at least 0.65 and activity module at least 0.33 and
manganese oxide not higher than 4 %.

To reveal and strengthen slags hydraulic abilities, alkaline-containing solidifica-
tion activators should be added to them; their working principle is to saturate water solu-
tion during slag hydration with Ca**, OH", SO,* ions, creating conditions for alkaline and
sulphate activation of slag glass. Thus, low-basic calcium hydrosilicates are formed, which
are the main product of granulated slag hydration and hydrolisys in presence of alkaline
activator. Low-basic calcium hydrosilicates after complete compacting have strength pa-
rameters close to those of crystalhydrate new formations obtained after cements hydration
and hydrolysis, and even exceed them in terms of deformation parameters as strength
of bonds formed through compaction is lower than strength of crystallization contacts
through coalescence.

Another important parameter of slags influencing their usability as construction
materials is their disintegration property. There are lime, silicate and sulphide disintegra-
tion. Slag structure is considered to be resistant to lime disintegration if its calcium oxide
is equal or below critical value defined according to the formula:

Ca0 <0.92 SiO, + ALO, + 0.2 MgO, )

Silicate disintegration occurs due to the fact that during crystallization slag oxides
form dicalcium silicate 2Ca0Si0,. It depends, firstly, on lime amount and, secondly, on
initial slag temperature when it is quickly cooled down. Even though there is no straight
interconnection between these two factors and disintegration, for practical purposes it is
considered that slags with over 45 % lime are prone to disintegration and those with under
45 % lime are resistant. However, positive impact of alumina presence on stability should
be considered. At alumina percentage about 18 % slag is resistant to disintegration even if
it has over 50 % CaO. Magnesia presence also increases slag resistance. When MgO rises
from 5 to 15 %, resistance rises. Structure resistance increase in presence of alumina and
magnesia is explained by chemical reactions causing formation of helenite — 2CaOAl O-
,510, and okermanite — 2CaOMgO,Si0,, which include large amount of calcium oxide.
This, in its turn, creates conditions for reduction of dicalcium silicate. It should be noted
that these reactions promote increase of slag resistance against lime disintegration as well.

Sulphide disintegration is seen in slags containing significant amount of iron sul-
phides or manganese sulphides. During sulphides’ interaction with water the substance
volume increases by up to 38 %, which leads to slag cracking and destruction. At iron or
manganese content over 2 % (calculated into FeO or MnO) slag is considered unstable.

To estimate possibilities of using metallurgical slags from JSC Qarmet in clin-
ker-free binder obtaining technology, their chemical and mineralogical composition were
studied.

Provided results of converter slag chemical-mineralogical composition defining
characterize it as basic ferriferous slag Mo=4,21; FeO>5 % with minor activity module
Ma=0.13, high manganese oxide 3.98 % unstable throughout production years — variation
coefficient 33.27 % and low content of Al,O, 1.39 %, which classifies it as a slag without
prominent hydraulic activity; this is also suggested by mineralogical composition, where
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active minerals are absent. According to mineralogical composition, converter slag most-
ly consists of periclase, manganosite. It was studied that the best applicable for binders’
production are the slags containing significant amount of glass of helenite-melilite, wol-
lastonite and aluminosilicate compositions.

Chemical composition of converter slag shows its tendency to various disintegra-
tions. Slag estimative ability for lime disintegration for converter slag is expressed in the
following values:

CaO = 42.56
0.92 Si0, +ALO, +0.2 MgO, = 12.53 3)

Thus, calcium oxide content largely exceeds total amount of other main compo-
nents.

Presence of iron oxide 19.33 % and manganese oxide 3.98 % in converter slag
significantly exceed appropriate value of 2 % providing slag resistance against sulphide
disintegration, and low share of alumina — 1.39 % - at relatively high share of CaO - 42
% - shows its tendency to silicate disintegration as well.

Table 3 shows contents of chemical elements in blast furnace slag providing its
resistance against various sorts of disintegration.

Table 3
Chemical elements in BF slag providing its disintegration resistance

Type of .dlsmte- Main conditions of disintegration Chemical element‘s in slallg providing disin-
gration tegration resistance
Lime Ca0 <0.928i0, + AL,O, + 0.2 MgO, 39.3 % <49.24 %

Silicate CaO > 45 %); resistance appears at Ca0=393%
ALO, under 18 % and MgO =5 - 15 % ALO,=13.9%
MgO =9.63 %
Sulphide FeO>2% FeO=10.46 %
MnO >2 % MnO = 0.48 %

BF slag according to its chemical composition can be considered as acidic magne-
sial slag M0=0.97 %; with Mg0=9.63 %, activity module Ma=0.38, and Al,O, and MgO
within limits corresponding to slags with latent potential hydraulic activity, which is also
suggested by its mineralogical composition including minerals prone to hydrolysis and hy-
dration with formation of hydralically active compounds: helenite-melilite glass, helenite,
wollastonite.

Chemical composition of BF slag characterizes it as material not prone to various
sorts of disintegration.

Results and discussion

This part studies mineral binder’s composition based on BF production waste
materials. Mineralogical and chemical composition of granulated BF slag insignificantly
differs from portland cement clinker, i.e., difference between its component ratio and re-
quirements to clinker composition is minor.

It has now been established that portland cement clinker composition is character-
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ized by a specific ratio of CaO, SiO,, Al O,, Fe O,. In the fourth system C-A-S-F content
of these components varies within: CaO 60-67 %; SiO, 17-25 %; Al,O, 3-8 %; Fe O,
0.2-0.6 %. Such raw mixture after clinkering provides obtaining clinker of a certain miner-
alogical composition with prevalence of high-basicity calcium silicates C3S 40-75 % and
C2S 5-25 %, calcium aluminates and alumoferrites C3A 2—15 % and C4AF 5-20 %. It is
generally considered that beyond these limits some technological parameters decrease, for
example, solidification speed. This parameter is the main one for civil engineering, where
quick cement solidification is necessary for its further loading as well for providing form
reuse.

Road construction, unlike general civil engineering, has its own peculiarities in
both technological procedures of production and operative conditions, which gives a possi-
bility to change some properties of portland cement products. In particular, such condition
as relatively fast portland cement setting (2—4 hours), which reduces material workability,
especially at large amounts of construction work of establishing cast-in-situ cement con-
crete pavements. Fast cement concrete solidification with significant heat emission creates
conditions for internal tension appearing. This reduces concrete plate’s cracking resistance,
so in order to reduce tension, joint sawing in the plate is required. Temperature joints are
usually made every 4-6-line meters of the plate, and this, in its turn, reduces surface resis-
tance against dynamic pressure from moving vehicles.

Construction process parameters are mainly set by properties of used mineral
binders, including portland cements. Properties and speed of clinker minerals hydration
are defined by C3S, C2S, C3A and C4AF contents, meanwhile hydration speeds of these
minerals are different. Prevalence of fast-solidified high-basicity silicates C3S, aluminates
C3A and alumoferrites C4AF in portland cement clinker (total 75-85 %) causes fast solid-
ification of ready-mixed portland cement. C2S hydration reaches 50 % only in 180 days,
which suggests slow solidification, but as its share in the mixture is low - 5-25 %, C2S
have almost no impact on portland cement solidification processes.

Slag binders (cements) which have granulated slag and activators as main com-
ponents, on the contrary, consist of slowly solidifying low-basicity silicates C2S (75-85
%), which causes their slow solidification, so they are classified as slowly solidifying in
regulatory documentation.

This way, roasting free slowly solidifying binders comply with technological and
technical requirements of road construction in terms of solidification speed. Road materials
based on them obtain high workability due to slow binder setting in 2—3 days in standard
conditions, which defines longer presence of thixotropic properties. This allows to process
material on 2—-3 km sections without quality decrease, which significantly increases road
construction efficiency.

According to study results, construction mineral binder compounds based on gran-
ulated BF slags were suggested. They are characterized by their strength grades from M50
to M300, reached at 90 days’ exposure. Depending on binder production method, max-
imum limits of used activators amounts were established. This way, at granulated slag
mixing with lime or lime-containing waste material maximum number of activators is no
more than 26 % or 32 %, respectively.

During mixing ground granulated slag with cement dust, lime, lime-containing
waste material and soda-alkaline fusion, maximum number of activators is no more than
28 %, 22 %, 26 % and 12 %, respectively.
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In binders obtaining by simultaneous grinding of granulated BF slag and activa-
tors, maximum amount of the latter is: for cement dust - no more than 22 %, for lime - no
more than 20 %, for lime-containing waste material - no more than 24 %. It was defined
based on comparing increase of binder strength and amount of used activator. If given
activators are used in amounts exceeding these limits, at first there is strength value stabi-
lization, and then it falls.

As a result, mineral binder compounds with Portland cement, corresponding to
strength grades from M100 to M350, and ones with cement clinker, corresponding to
strength grades from M200 to M300, were suggested for road construction. Activators
share in these binders does not exceed 50 %.

Also, clinker-free binder compounds obtained by simultaneous grinding of granu-
lated BF slag and cement clinker at higher share of the latter were developed. Study results
are given in Table 4.

Table 4
Binder compounds based on granulated BF slag and cement clinker (simultaneous grinding)

Simultaneous grinding of
components Binder activity, | Binder grade at
Granulated BF Cement MPa, 28 days 28 days

slag, % clinker, %
40-45 55-60 25-27 250
25-35 65-75 30-35 300
20-25 75-80 35-40 350
15-20 80-85 40-41 400

Data in Table 4 suggest that in case of cement clinker share increase, binder activ-
ity increases from 25 to 41 MPa and binder grade increases respectively from 250 to 400
at the age of 28 days.

Research of binder making methods was caused by necessity of mineral binders
technological parameters improvement with lowest costs. Results of studying binder mak-
ing method impact (mixing method or simultaneous grinding of components) are given as
graphic dependencies in Figures 1-3.

Figure 2 shows dependency of clinker-free binder with portland cement activator
depending on granulated slag specific surface area. At the same share of portland cement
binders with larger specific surface area 3000 cm?/g show higher activity. Binder activity
values at portland cement share of 40 % are 38 MPa (1) and 25 MPa (2). This dependency
remains while using lime (Figure 1) and cement dust (Figure 2) as activators.
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1 — ground BF granulated slag (specific surface area 3000 cm?/g) + PC M400 at components mixing; 2 non-
ground BF granulated slag + PC M400 at components mixing

Figure I - Change of binder activity with portland cement as activator depending on granulated slag specific
surface area
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1 — ground BF granulated slag (specific surface area 3000 cm?/g) + lime at simultaneous grinding; 2— ground
BF granulated slag (specific surface area 3000 cm?/g) + lime at components mixing;

3 - non-ground BF granulated slag + lime at components mixing.

Figure 2 - Change of binder activity with lime as activator depending on granulated slag specific surface area
and binder making method
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1 - ground BF granulated slag (specific surface area 3000 cm?/g) + cement dust at simultaneous grinding; 2 -
ground BF granulated slag (specific surface area 3000 cm?/g) + cement dust at components mixing.

Figure 3 - Change of binder activity with cement dust as activator depending on binder making method

Shown data suggest that without strength change, activator share in binder can
be reduced by 30 % for the account of granulated slag specific surface area increase by
grinding to level of ready-mixed mineral binders and by 40 % for the account of binder
components’ simultaneous grinding instead of preparing them by mechanical mixing. With
the same activators share in the binder, BF slag specific surface area increase and simul-
taneous components’ grinding provide binder activity increase by 30-35 % respectively.

Conclusion

This way, optimal technology of making binders based on granulated BF slag is si-
multaneous grinding of components, which allows to minimize use of activator additives,
maximize use of slag hydraulic properties and obtain mineral binders for road construction
with high strength parameters.

Developed mineral binder compounds based on granulated BF slag are character-
ized by wide range of strength parameters provided by both used activators and methods
of binder making. This allows to use clinker-free binder for establishing all the layers
of pavement. Besides, granulated slag can be used as a raw material for making mineral
powder used in asphalt mix making for improvement of grain composition and increase of
bitumen-concrete physical-mechanical properties.

Use of granulated slag in these areas requires its application as a powder, which
makes its grinding a necessity. Granulated slag grinding can be done at any grinding equip-
ment, providing slag powder with specific surface area of at least 3000 cm?/g at minimal
expenses. The most common are ball mills used at cement plants for cement clinker grind-
ing in cement production.
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Abstract. The study presents the fundamental technique involved in obtain-
ing seal oil. An in-depth investigation into the chemical composition of artisanal
seal oil and pharmaceutical fish oil has been conducted. The research involved a
robust method of extracting subcutaneous fat from seals to obtain seal oil. Organic
compounds were analyzed using a gas chromatograph, while heavy metal content
was assessed using an inductively coupled plasma emission spectrometer (ICP-
OES) and a mercury analyzer. Lipids were separated using the Bligh-Dyer method
with a binary solvent of chloroform and ethanol in a 2:1 ratio to determine markers
for oxidative deterioration, fractional composition, and fatty acids. The content of
polyunsaturated fatty acids in seal oil varied with the type of seal, gender, fishing
season, and extraction regime. A comparative analysis revealed that the lack of
heating temperature control during the handcraft extraction of oil results in the
loss of beneficial characteristics of numerous compounds. It was also found that
uncontrolled processes result in increased concentrations of heavy metals such as
cadmium, lead, arsenic, and others.

Keywords: Caspian seal, seal oil, fish oil, handicraft industry, chemical
analysis, polyunsaturated fatty acids, heavy metals
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AHHoOTauus. 3epTrey OapbIChIHIA THIFBI3JAFII MaWbIH allyJIbIH HETi3ri
onicremeci yehiHbIIFaH. KonaaH sacanran nToasiblk Maifbl MEH (hapMalieBTUKAIIBIK
OanbIK MaMbIHBIH XUMUSAJIBIK KypaMblHAa TEpEH 3epTTey Kyprizuiai. 3eprreyre
UTOANBIK MalblH aly YIIH UTOANBIKTapbIH Tepi acTBhIHAAFbl MaWbl alyJIbIH
CeHIM1 of1ici KoanaHbU1bl. OpraHUKalIbIK KOCBUIBICTAP Ta3 XpoMaTorpadbIHbIH
KOMETIMEeH TaJAaH/Ibl, aJl ayblp MeTajapIblH KYpaMbl HHIYKTHBTI OailaHbICKaH
IUIa3MaJIbIK ONTUKAJIBIK ASMHCCHSl CIEKTPOMETPI MEH ChIHAIl aHAJIM3aTOPBIHBIH
KeMeriMeH Oaranasfbl. Jlumuarep TOTBIFY JA€rpajalUsiChIHBIH, (PPaKIUSIIBIK
KYPaMBIHBIH OHE Mail KbIIIKbUIIAPbIHBIH MAapKepIIepiH aHbIKTAY YIIiH XJI0podopm
MEH JTaHOJIIBIH €Kik epiTkimriMeH 2:1 kareiHackiHAa Bligh-Dyer omicimen
Oeminai. UTOanbIk MaiibIHAAFbI TOTMKAHBIKIIAFAH Mail KbIIITKBLUTIAPBIHBIH MOJIIIEPI
UTOANBIK TYpiHE, JKbIHBICBIHA, OalbIK ayjay MayChIMbIHA JKOHE SKCTPaKLIUs
pexxumine OaitmanbicThl  e3repai. CanplcThIpMalibl  Taljay KepCETKeHJEH,
Maiiibl KOJIMEH ally Ke31HJe KbI3AbIpYy TeMIlepaTypachlH OakplIayblH O00JIMaybl
KONTereH KOChUIBICTAP/IbIH MaiialIbl KACUETTEpiH XKoranTyra okeneni. Connaii-ak,
0aKbUIaHOANWTHIH MpoLecTep KaJMUil, KOPFACBIH, KYLIOH YKoHE OacKalapbl CHSKTHI
ayblp MeTaJIapIblH KOHLIEHTPALMSCHIHBIH JKOFapblUIaybIHA OKEJIETIHI aHBIKTAJI/bI.

Tyiiin ce3aep: Kacnuii nt6anbibl, NTOANBIK Maiibl, OaJIBIK Maiibl, KOJIOHEP
OHEepKaciOl, XUMHAIBIK TajAay, MOJIMKAHBIKIAFaH Mai KbIIKBUIIAPbI, ayblp
MeTanaap
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AnHoTauusi. MccnenoBaHue MpeACTaBIsSeT OCHOBHYIO — METOJIUKY
MOJYYEHHUs TIOJICHBETO XHUpa. bpl1o mpoBeieHo rTy00Koe n3yueHne XMMUYECKOTr0
coCTaBa PyYHOT'O TIOJIEHBETO XKHpa U (hapMaleBTHUECKOro prIObero xupa. B pam-
KaxX MCCJIEJOBAaHUS HCIOJIB30BAICA HAJCKHBIH METOJ M3BJICUEHUS MOAKOKHOTO
KHUpa TIOJIEHEH A7l MOJMYy4EHHUs TIOJNEHBEro skupa. OpraHuueckue COCTUHEHUs
aHAJIM3UPOBAIMCH C UCIIOJIB30BAHUEM T'a30BOr0 XpoMarorpada, a cogep>kaHue Ta-
JKEJIBIX METAJIJIOB OIPEEIAIOCh C MOMOILBI0 MHIYKTUBHO CBS3aHHOTO IJIa3MEH-
HOro onTHuko-3mMuccuoHHoro crnekrpomerpa (MCII-O3C) u ananuzaropa pTyTH.
Jlunuasl 6bUTH pasnenensl MetonoM buaii-/laiiepa ¢ ucnons3oBaHueM OUHAPHO-
ro pacTBOpUTEIs XJopodopma U 3TaHOJA B COOTHOIIEHUM 2:1 IS ompeneneHus
MapKepOB OKUCIMTENBHOTO pacnajaa, (ppakiMOHHOTO COCTaBa U JKUPHBIX KUCIIOT.
ConeprxaHue MOJMHEHACHIILIEHHBIX )KUPHBIX KUCIIOT B TIOJIEHBEM KHPE BapbHPO-
BAJIOCh B 3aBUCUMOCTH OT THUIA TIOJEHH, TI0JIa, CE30HA JIOBIHM U pEKHUMa U3BJI€UE-
HUs. CpaBHUTEIbHBIN aHAIN3 MOKa3all, YTO OTCYTCTBUE KOHTPOJIS TeMIIepaTyphbl
HarpeBa BO BpeMsl pyYHOT'O U3BJIECUCHHUS Maclla MPUBOIUT K MOTEPE MOJIE3HBIX Xa-
PaKTEPUCTUK MHOXKECTBA coelMHeHUN. Takxke ObUIO yCTaHOBICHO, YTO HEYIIPaB-
JsieMble TPOILECChl MPUBOIAT K YBEITMUEHHUIO KOHLEHTPALMH TSKEJIBIX METAIJIOB,
TaKUX KaK KaJ]MHii, CBUHELl, MBIILIBSIK U IPYyTHE.

KiroueBble c10Ba: KacHHMCKUNA TIOJNEHb, JKUP TIOJIEHS, PBIOUN KU,
KyCTapHas IPOMBIIIJICHHOCTb, XUMUYECKUN aHAJIN3, TOJTMHEHACBIIIICHHBIE )KHUPHbIE
KUCJIOTBI, TSXKEJIbIe METAJUIbI

Introduction

In recent years, the problem of by-catch in the global illicit fishing industry
has been more acute than ever before. In Kazakhstan, special attention is being
paid to a drainless water body, such as the Caspian Sea. Today, sturgeon poaching
and by-catch of seals, as well as deliberate poaching of seals, are among the most
significant threats to the Caspian seal population. Traditionally marine mammals
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are considered to be sources for fur, industrial oil, feed meal, and biologically ac-
tive food additives. Today, on the black market in the cities, such as Atyrau and
Aktau, handicraft seal oil is sold all year, presumably from Caspian seal lard in
0.5 liters, 0.25 liters, and 5-liter plastic containers. Typically, there are no specifics
regarding the production time or the methods of obtaining the product. There are
no labels or manufacturer’s addresses to be found. The lack of such critical infor-
mation raises concerns about the authenticity of sea oil. Furthermore, the use of
artisanal products could be hazardous to one’s health, as the majority of the oils
are obtained at home through melting, pressing, or extraction without regard for
sanitary regulations.

Research in the field of the physicochemical composition of fat-containing
raw materials of marine mammals and their production technology has been ex-
tensively conducted scientific community (Shahidi and et al., 2002; Privezentsev,
2008; Khlebnyy, 2019; Boeva, 2017; Grahl-Nielsen, 2005; Bonilla-Méndez, 2018;
Dannenberger, 2020; Watanabe, 2020). Numerous studies have found that the oils
of marine animals (fish, marine mammals, and invertebrates) are high in polyunsat-
urated fatty acids and antioxidants.

In this article, we present a robust method of extracting the subcutaneous
fat of a seal. The chemical composition of a handcraft Caspian seal’s oil has been
thoroughly investigated. We have also considered pharmaceutical fish oils as a
comparison.

Seal Oil Extraction Technique. Seal oil could be extracted in several ways,
such as evaporation, cold pressing, and using organic solvents (Beaudoin, 1999;
Mukatova, 2008). Before receiving the product, the oil obtaining material was sub-
jected to special processing (washing, cleaning, grinding, crushing, drying, sep-
aration, filtration, etc.). As a raw material, subcutaneous fat obtained from a seal
carcass was utilized. The fat was then subjected to separation to remove impurities,
water, and protein substances in fat separators. Before separation, the fat was heat-
ed to a temperature of 85 °C. The heated fat was mixed with hot freshwater with
a temperature of up to 90 °C in the separator. For enhanced cleaning, a 2—3-fold
separation could be used. After separation, the fat was cooled to 0 °C and a part of
triglycerides was crystallized, which was then separated during filtration. The fat
was filtered to produce a homogeneous liquid product, with the solid portion being
used for technical purposes.

The oil was then placed in a container with a stirrer and heated to a tem-
perature of 3040 °C. After continuous stirring, it was irrigated through a spray
device with a solution of a mixture of sodium bicarbonate and sodium chloride
with a concentration of 2% in a ratio of 1:1, heated to 50-60 °C, respectively, in
an amount of 5-10 % by weight of oil (depending on the content of free fatty acids
in oil) for 2045 minutes, gently stirred, after which the mixer was turned off. The
mixture was precipitated for 1-2 hours and stirred occasionally. The lower layer
was drained after the oil was precipitated, and the oil was washed 2-3 times with
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a hot saline solution of up to 2 % concentration at a temperature of 50-60 °C, and
then at least three times with fresh hot water at a temperature of 70 °C until the
traces of sodium bicarbonate salts disappeared. The oil was precipitated for 20-25
minutes after each washing. The washed oil was heated to 80 °C and then filtered
through a fat separator.

In addition, the oil was brightened with bleaching clay. It was combined
with clay in a 1:0.1-1:0.5 ratio, thoroughly mixed, then precipitated for 1 hour be-
fore centrifugation. The oil was then poured into a clean container. Subsequently, in
aratio of 1:0.2—1:0.5, deodorization with activated carbon is carried out. The oil is
mixed, then precipitated before being centrifuged. The oil was placed into a clean
container. Alternatively, the process of molecular distillation was utilized for de-
odorization and purification from organochlorine pesticides, which required the oil
to flow over the evaporation surface in a thin layer while being vigorously stirred
and heated under vacuum. Molecular distillation was carried out in “triturated film”
devices, in which specific trituration devices ensured a high efficiency of mixing
the oil on the evaporator. The oil had to be transparent, with an acceptable mois-
ture level of up to 0.3 %. Clean bins were used to collect clear oil, which was then
shipped to be encapsulated and packaged in containers. Figure 1 shows a diagram
of the technique for extracting seal oil.
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Encapsulation and filling into containers

Figure 1. Diagram of the procedure for extracting seal oil

Materials and methods

Figure 2 shows the three types of oils utilized in the study: fish oil (phar-
macy), seal oil-1 (melted), and seal oil-2 (melted). Seal oil was obtained by the
artisanal method and purchased in the market of Aktau city.
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Figure 2. a) Fish oil in capsules. b) Artisanal seal oil-1 and c¢) Artisanal seal 0il-2

For the analysis a gas chromatograph (7890B, Agilent) with a 5977A MSD,
an HP-5MS column was used. The following parameters were utilized: GC, evap-
orator temperature of 230 °C, split mode - Splitless, column flow of 1.2 ml/min,
initial oven temperature of 50 °C, a heating rate of 10 °C/min, final oven tempera-
ture of 240 the °C, retention time of 3 min.

The content of metals such as Ba, Ca, Co, Cr, Cu, Fe, Mg, Mn, Mo, Ni,
Sn, V, Zn in oil was determined on an inductively coupled plasma optical emis-
sion spectrometer (8300, Optima). Mercury was determined on a mercury analyzer
(MAS-50). GOST 26929 “Mineralization for the determination of the content of
toxic elements” was followed when preparing samples for toxic element testing.
GOST 30178 “Method for determination of toxic element” was used to determine
the concentration of toxic elements, such as lead and cadmium. Arsenic was ana-
lyzed according to GOST 26930 on an atomic absorption spectrophotometer (240Z,
Agilent). Meanwhile, GOST 7636 was used to create indicators of hydrolytic and
oxidative deterioration of lipids from fish and seal fat lipid samples. GOST 26593
was used to recalculate peroxide levels per mmol of active oxygen/kg.

The lipids were separated using the Bligh-Dyer method using a binary sol-
vent chloroform ethanol in a 2:1 ratio to determine oxidative deterioration, frac-
tional, and fatty acid composition markers. The fatty acid composition of lipids
was determined on an Agilent chromatograph on a capillary column with an inner
diameter of 0.25 mm, a length of 25 m, and a deposited FFAP phase with prelimi-
nary lipid methylation.

Results and discussions

Blubber of seals comprises (%): 75,0-98,0 oil, 3,0-9,0 moisture, protein
1,5-3,0. The chemical composition of the blubber varies depending on the gender,
age, condition of the seal flesh, and the hunting season [4]. The majority of the fat
in a seal is concentrated in the cover fat, which varies in thickness depending on the
fatness of the seal. Following the birth of offspring, there is intensive use of reserve
fats, the animal is depleted and the layer of cover fat can be as thin as 3.0 cm in
the spring. In autumn, the thickness of cover fat increases to 8.0 cm; the animal’s
fatness is highest in November.
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The oil from high-quality seal blubber is translucent and has a light-yellow
color, a nice taste, and a very weak particular odor that abruptly develops as fat
oxidation progresses (Kizevetter, 1976; Petrova, 2009). The study provides physi-
cochemical indications of fat, fractional composition of lipids in seal cover fat, and
percent of total fractions. Tables 1-4 show the results of the analysis of seal and
fish oil by gas chromatography with mass selective detection (GC MSD). Table 1
lists the chemical components discovered in all samples. Table 2 lists the results
for fish oil and seal oil-1, and Table 3 lists the results for fish oil and seal oil-2.
Meanwhile, the results of seal oil-1 and seal oil-2 samples are shown in Table 4. It
should be noted the highest concentration of organic compounds was found in fish
oil (see Table 5).

Table 1. Chemical composition analysis of all samples (fish oil, seal oil-1 and seal 0il-2).

Percentage of the total mass
*%)
No The title of the substance, Formula Fi;h
(formula) oil Seal Seal
(phar- | oil-1 0il-2
macy)
1 2-Decenal, (E)- C,H,0 0,08 0,86 1,71
2 2,4-Decadienal, (E,E)- Cc H,.O 1,08 30,74 33,40
3 Adrenalone C,H NO, | 0,13 0,30 1,31
4 Pentadecane C H, 1,02 1,94 4,59
1,8(2H,5H)-Naphthalenedione,
> hexahydro-8a-methyl-, cis- CuH,60, 0,28 0,37 218
6 dl-Phenylephrine C,H NO, | 0,02 0,30 0,28
2H-Azepin-2-one, hexahy-
7 dro-1-methyl- CH,NO | 0,08 0,27 0,79
3 Methyl 4,7,10,13-hexadecatet- CHO 0.07 031 0.91
raenoate 17772672
9 Heptadecane C.H,, 4,13 1,14 6,31
10 3,7,11,15-Tetramethyl-2-hexa- CHO 0.48 0.63 3.99
decen-1-ol 207740
Table 2. Chemical composition analysis of oil fish oil and seal oil-1
Percentage of the total
. mass (%)
No The title of the substance, Formula | Fish ofl Soal
B (formula) 1STOT | Seal oil | OS2
(phar- 1 oil
macy) -2

1 Butylated Hydroxytoluene C.H,0 | 26,97 16,13 0
Pentadecane, 2,6,10,14-te-

: tramethyl- CH,, 6,58 31,02 0

3 Methyl 6,9,12,15,18-heneicos- CHO 041 124 0
apentaenoate 22773472

4 Kaur-16-ene C.H 0,64 5,04 0

20032
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Table 3. Chemical composition analysis of oil fish oil and seal oil-2

Percentage of the
total mass (%)
The title of the substance Fish

Ne ’ Formula

(formula) oil | Seal Soe;l‘l
(phar- | oil-1
-2
macy)
7-Methylene-9-oxabicyc-
! lo[6.1.0]non-2-ene C,H,;0 0,35 0 4,55
2 | Methyl 10,12-octadecadiynoate | C,;H, O, | 0,03 0 0,76
1,8(2H,5H)-Naphthalenedione,
3 hexahydro-8a-methyl-, cis- C.H,0, 0,10 0 1,45
Methyl 6,9,12,15-hexadecatet-
4 raenoate €0, 0,02 0 0,75
5 3-Heptadecene C.H,) 0,45 3,49
Octadecanoic acid CH,0, | 0,09 0,91
Hexadecanal C,H,,0 0,18 2,03
] Imidazole, 2-amino-5-[(2-car- CH- 0

boxy)vinyl] N0, 0,04 0,63

Table 4. Chemical composition analysis of seal oil-1 and seal oil- 2

Percentage of the total
mass (%)
No The title of the substance, Formula Fish Seal
) (formula) oil Seal ca
. oil
(phar- | oil-1
-2
macy)
1 2-Pentadecyn-1-ol C . H,O0 0 0,48 | 2,32
2H-Azepin-2-one, hexahy-
2 dro-1-methyl- C.H,;NO 0,42 | 1,40
3 Octadecane, 6-methyl- C,H, 0,27 | 0,48
. C,H-
4 N-dl-Alanylglycine N0, 0 020 | 0.41

Table 5. Chemical composition analysis of fish oil and seal oil- 2

Percentage of the total
mass (%)
No The title of the substance, (for- Formula Fi;h
mula) oil Seal | Seal
(phar- | oil-1 | oil-2
macy)
| 1-(5-Bicyclo [2.2 .1Theptyl)ethyl- C,H N 0 0 031
amine
2 2-(Prop-2-enoyloxy)pentadecane C,H,,0, 0 0 1,01
3 1,2,3-Propanetriol, diacetate CH 0, 0,36 0 0
4 Z.,7-2,5-Pentadecadien-1-ol CH,O0 0 0 2,25
5 Falcarinol C . H,0 0,08 0 0
6 Methylparaben CH,0, 36,15 0 0
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Percentage of the total

mass (%)
No The title of the substance, (for- Formula Fi.sh
mula) oil Seal | Seal
(phar- | oil-1 | oil-2
macy)
7 Dimethoxyamphetamine, 2,5- C, H NO, 0,08 0 0
o | Pt st | o | om o]
9 3-tert-Butyl-4-hydroxyanisole C,H 0, 0,67 0
10 dl-Phenylephrine C,H ,NO, 0 0,29
1 1,4 Benzenei:zlll,yzl)_(l,l dimethy C,H,0, 0 0 .
12 Nonadecane C,H, 0,12 0 0
13 E,Z-2,13-Octadecadien-1-ol C,H,,0 0,39 0 0
14 E.E-1,9,17-Docasatriene C,H,, 0,00 0 0,35
15 8-Heptadecene C.H,, 0,32 0 0
16 E-14-Hexadecenal C,H,0 1,46 0 0
17 Eicosane, 10-methyl- C,H,, 0,19 0 0
18 Tetradecanoic acid, ethyl ester C,H,0, 0,25 0 0
19 2 Pentadecanon;,1 _6,10,14 trimeth C H,0 0.00 Lol .
20 E,E-1,9,17-Docasatriene C,H,, 0,12 0 0
21 9-Nonadecene C H, 0,29 0
22 n-Propyl tetradecanoate C.H,0, 0,32 0
Androstane-11,17-dione,
23 17_3[ é“;ﬁi;ﬁ;gly)gzgme] C,H,NOSi | 000 | 043 | 0
Ba,50)-
24 Hexadecanoic acid, methyl ester C H,0, 0,10 0 0
25 9-Hexadecenoic acid C,H,0, 0 0 16,13
26 n-Hexadecanoic acid C,H,0, 1,21 0 0
27 Ethyl 9-hexadecenoate CH,0, 0,27 0 0
1,3,6,10-Cyclotetradecatetraene,
28 | 3,7,11-trimethyl-14-(1-methyleth- C,H,, 0
yl)-, [S-(E,Z,E,E)]- 0,30 0
29 Hexadecar(lgl:zs I:alj:g,z)ethyl ester, C,H,0, 040 0 .
30 7Z-(13,14 Epgi(z/();e:t;r;dec 11-en-1 C,H,0, o 0
31 | i-Propyl hexadecanoate, (C ;H,0,) C,H,0, 1,18 0
9,10-Secocholes-
32 | ta-5,7,10(19)-triene-3,24,25-triol, C,H,0, 0,08 0 0
(3B,5Z,7E)-
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Percentage of the total
mass (%)
No The title of the substance, (for- Formula Fish
mula) oil Seal | Seal
(phar- | oil-1 | oil-2
macy)
9,12,15-Octadecatrieno-
ic acid, 2-[(trimethylsilyl) .
33 oxy]-1-[[(trimethylsilyl)oxy] CHR0.81, | 009 1 0 0
methyl]ethyl ester, (Z,Z,2)-
34 n-Propyl hexadecanoate C,H,0, 0,38 0 0
35 Vitamin A palmitate C,H,0, 0,20 0 0
36 Oleic Acid CH,0, 5,33 0 0
37 Ethyl Oleate C,,H,,0, 0,48 0 0
1-Monolinoleoylglycerol trimeth- .
38 ylsilyl ether C,H,,0,Si, 0 0,55 0
39 i-Propyl 9-octadecenoate C,H,0, 0,36 0 0
Androstane-11,17-dione,
3-[(trimethylsilyl)oxy]-, .
401 17.0-(phenylmethyl)oxime], CyHNOSI 0 0% 0
(Ba,50)-
Ergosta-5,22-dien-3-ol, acetate,
41 (38.22E)- C,H,0, 0,09 0 0
9,12,15-Octadecatrieno-
ic acid, 2-[(trimethylsilyl) .
42 oxy]-1-[[(trimethylsilyl)oxy] CHL08, | 014 1 0 0
methyl]ethyl ester, (Z,Z,2)-

By looking at the data in Table 1, we can see that although composition
and quantitative chemical content of oils are different, 2-decenal, (E)-(C, H O),
2,4-decadienal, (E, E)-(C,H, O), adrenalone (C,H, NO,), pentadecane (C H,),
1,8 (2H, SH)-naphthalenedione, hexahydro-8a-methyl-, cis- (C, H O,), dl-phen-
ylephrine (C;H ,NO,), 2h-azepin-2-one, hexahydro-1-methyl- (C.H ,NO), meth-
yl 4,7,10,13-hexadecatetraenoate (C H,0,), heptadecane (C _H,,), 3,7,11,15-te-
tramethyl-2-hexadecen-1-ol (C, H, O) were found in all samples.

7-methylene-9-oxabicyclo [6.1.0] non-2-ene (CH ,0), methyl 10,12-oct-
adecadiynoate (C ,H, O,), 1,8 (2H, 5SH) n, hexahydro-8a-methyl-, cis- (C, H O,),
methyl 6,9,12,15-hexadecatetraenoate (C,,H,,O,), 3-heptadecene, (Z)-(C H,),
octadecanoic acid (CH, O,), hexadecanal (C H,,0), imidazole, 2-amino-5-[(2-
carboxy) vinyl] - (C.HN,O,) present in large quantities in fish oil and seal oil-2
(Table 3).

The results of analyzes of samples of fish and seal oil-2 show with except
methyl 10,12-octadecadiynoate (C H, O,), the concentration of other substances
in fish oil is 2 or more times higher than in seal oil 2, 7-methylene-9-oxabicyclo
[6.1.0] non-2-ene (C,H,,0), 1,8 (2H, SH) -naphthalenedione, hexahydro-8a-meth-
yl-, cis-(C H,0O,), methyl 6,9,12,15-hexadecatetracnoate (C, H, O, ), 3-Heptade-
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cene, (2)-(C,,H,,), octadecanoic acid (C H,0O,), hexadecanal (C, H,,0), imidaz-
ole, 2-amino-5-[(2-carboxy) vinyl] - (C.H,N,O,). The above substances were not
found in the seal oil-1.

The following substances were not found in fish oil table 4: 2-pentade-
cyn-1-ol (C,;H, O, 2H-azepin-2-one, hexahydro-1-methyl-(C_H,,NO), octadecane,
6-methyl-(C ;H, ), n-dl-alanylglycine (C;H, N,O,).

According to Table 5 the followmg substances were found only in fish
oil: 1,2,3-propanetriol, diacetate (C,H,,0,), falcarinol (C H,,0), methylparaben
(C,H,0,), dimethoxyamphetamine, 2,5- (C, H NO,), 3-tert- butyl—4—hydroxy—
anisole (C, H O,), 1,4-benzenediol, 2-(1,1 dlmethylethyl) -(C,,H,,0,), nonade-
cane (C H 40) E, Z-2,13-octadecadien-1-ol (C H,,0), 8-heptadecene (C
e-14-hexadecenal (C16H300) eicosane, 10-methyl- (C
ethyl ester (C, H,,0,), E, E-1,9,17-docasatriene (C

n -propyl tetradecanoate (C17 ,,0,), hexadecanoic acid, methyl ester (C.H,,0,),
n-hexadecanoic acid (C, H,,0,), ethyl 9-hexadecenoate (C H,,0,), 1,3,6,10-cyclo-
tetradecatetraene, 3,7,11-trimethyl-14-(1-methylethyl)-, [S- (E, Z, E, E)]-(CH,)),
hexadecanoic acid, ethyl ester (C18H3602), Z-(13,14- epoxy) tetradec-11-en
-1-ol acetate (C H,,0,), i-propyl hexadecanoate (C19 0,), 9,10-secocholes-
ta-5,7,10 (19)-triene-3,24,25-triol, (3B, 5Z, 7E)-(C,H,,0,), 9,12,15-octadecatrie-
noic acid, 2- [(trlmethylsﬂyl) oxy]-1-[[(trime thylsilyl) oxy] methyl] ethyl ester,

7713

17 34)
,,H,,), tetradecanoic acid,

,,H,,), 9-nonadecene (C H.,),

Z, Z, Z) -(C,,H,,0,S1,), n-propyl hexadecanoate (C H,,0,), vitamin A palmitate
(C, H 60 0,), oleic a01d (C,(H,,0,), ethyl Oleate (C, H,.0,), i- propyl9 octadecenoate
(C,H,,0,), ergosta-5,22-dien-3-ol, acetate, (3B, 22E)-(C, H,,0,), 9,12,15-octade-

catrienoic acid, 2- [(trlmethylsﬂyl) oxy]-1-[[(trimethylsilyl) oxy] methyl] ethyl es-
ter, (Z,Z,7)-(C,,H,,0,S1,). In the samples of seal oils those substances were absent.

The following substances were found in the seal oil-1: phenol, 3-meth-
yl-5-(1-methylethyl)-methylcarbamate (C,H,NO,), 2-pentadecanone,
6,10,14- trlmethyl (C,(H,0), l-monolinoleoylglycerol  trimethylsilyl — ether
(C,,H,,0,51,), and rostane-11,17-dione, 3- [(trimethylsilyl) oxy]-, 17-[O-(phenyl-
methyl) oxime], (3a, 5a)-(C H,NO,Si). Those substances were absent in fish oil
and seal oil-2.

The following substances were found only in a sample of seal oil-2: 1-
(5- bicyclo [2.2.1] heptyl) ethylamine (C,;H, N), 2- (prop-2-enoyloxy) pentadecane
(CH,,0,), Z, Z-2,5- pentadecadien-1-ol (C15 ,;0), dl-phenylephrine (C;H ,NO,),
E, E-1,9,17-docasatriene (C,,H, ), 9-hexadecenoic acid (C, H, O,).

The indicators of hydrolytic and oxidative reactions are presented in Table
6. As we see, the lipids of all samples meet the requirements for edible fats from
mammals, however, the acid number of samples of seal oil-1 and seal o0il-2 is at the
MPC level.

297743

97713
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Table 6. Indicators of hydrolytic oxidative and long-term lipid spoilage of fish and seal oil samples

L Actual Lipid from Cover Fat
Name of the indi- MPC, no - -

cator more Fish oil Seal Seal

oil-1 oil-2

Peroxide number, 10 1,3 8,5 9,2

mmol of active
oxygen/kg
Acid number, mg 4 0,8 39 4,0
KOH/g

The analysis of the obtained data indicates that in the fish oil sample the
peroxide and acid numbers do not exceed the MPC, however, the acid number in
the samples of seal oil-1 is 3.9, and in the sample of seal oil-2 is at the MPC level.
The results of analyzes for the content of metals are shown in Table 7. It should be
noted that the content of metals in the oil samples did not exceed the MPC level.

Table 7. Content of the metals in the oil, mg/kg

Elements MPC Fish oil Seal oil-1 Seal oil-2
Cd 0,2 Not detected 0,10 0,11
Pb 1,0 0,0726 0,15 0,30
Hg 0,3 Not detected | Not detected | Not detected
As 1,0 Not detected 0,50 0,47
Ba Not detected | Not detected | Not detected
Ca 0,084 0,054 0,077
Co 0,0096 Not detected | Not detected
Cr 0,5 Not detected | Not detected | Not detected
Cu 10 0,029 0,0037 0,0077
Fe 5 0,0033 Not detected 0,00080
Mg 0,0277 0,0631 0,00840
Mn 0,00178 Not detected | Not detected
Mo Not detected | Not detected | Not detected
Ni 0,193 0,00396 Not detected
Sn Not detected | Not detected | Not detected
\% Not detected | Not detected | Not detected
Zn 40 0,00131 Not detected | Not detected

When extracting seal oil by handicraft, some factors are not taken into ac-
count, such as the initial preparation of the material, such as washing, drying, grind-
ing, and so on. Even if some of the foregoing steps are carried out, the question
remains as to under what circumstances all of this occurs? During the extraction
by handicraft, the heating temperature is often not controlled, resulting in the loss
of many compounds’ beneficial characteristics during the process. An uncontrolled
process also leads to increased concentrations of heavy metals such as cadmium,
lead, and arsenic.
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Conclusion

As can be seen from the results of laboratory studies, handicraft seal oil
does not have all the medicinal properties. Therefore, its use for medicinal purpos-
es is not recommended.
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Abstract. Of particular interest to scientists is creating ways to ensure continuous
delivery of necessary components for treating specific diseases. Some diseases require a
consistent supply of essential elements for treatment. Often, conventional forms of medi-
cation, such as tablets or capsules, might not get adequately absorbed by the body and end
up being eliminated without much effect. To address this, the use of polymer-based dosage
forms that degrade in the body, releasing medicinal substances gradually, extends their
impact. Employing polymer carriers offers the advantage of targeting precise areas within
the body, enhancing the efficient utilisation of the drug substance. Pentaerythritol tetra ac-
rylate and pentaerythritol tetrakis (3-mercapto propionate) (PETA-PEMP) based gels form
through thiol-ene click polymerisation mechanisms. The functional groups present in these
gels enable the development of materials that can degrade within diverse biological and
physiological settings alongside improved mucoadhesive characteristics. These attributes
promise future applications in targeted delivery systems for various medical substances.
This study marks the initial creation of cross-linked polymer gels using varying composi-
tions of PETA and PEMP. The major physicochemical properties of gels were determined
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through sol-gel analysis, IR and Raman spectroscopy, and optical and scanning electron
microscopy. Results revealed that gels containing an excess of PETA initially showcased a
porous structure, while higher proportions of PEMP monomers led to developing a denser
network structure. The degradation behaviour of these gels in different environments was
also investigated. Specifically, gels placed in enzyme solutions exhibited immediate deg-
radation, whereas degradation in hydrogen peroxide solutions underwent a swelling stage
before breaking down.

Keywords: biodegradable polymers, drug delivery systems, gels, thiol-ene
polymerisation, biodegradation
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AnHoTtanus. benrini Oip aypynapasl emaeyre KaKeTTi KOMIIOHEHTTEP Il
Y3IIKCI3 KETKI3y/ll KaMTaMachl3 €Ty KOJJIAPBhIH KYpy 3epTTeYLIIEPal €peKIne
KbI3BIKTBIpabl. Keibip aypymnap emaey yIIiH KaKeTTI AJIeMEHTTEP/IH TYPaKThI
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KeTKi3imyiH Tanan ereni. KeOinece TabieTkamap HeMece Karcyjajgap CHSKTHI
JOCTYPIIl  TOpI-TOPMEKTEp JICHere AYphIC CIHOSHI JKOHE KOIl ocep eTIEeCTEH
JKOMBUTAAbl. AF3ala BIABIpAYbl MYMKIH, JOPUTIK 3aTTapAbl IIbIFApaThiH
MOJIMMEPJTT JOpUTIK dopMasiapAbsl KOJAaHy OJapJblH aF3ara y3aK ocep €TYiHe
piKnan ereni. [lomumeprni TackMangaymbliapasl KOJAAHYIBIH apTHIKIIBUIBIFbI
JOPUTIK CYOCTaHIIMSHBI THIMJII TMaimanaHyabl >KCHUIIETETIiH JeHeHIH Oenrim
Oip aiimakTapbiHa OarbITTanFaH. [leHTtasputpuron terpaakpunat (II3TA) xone
MeHTadpuTpuTon Terpakuc (3-mepkanromnponuonar) (II9MII) moHomeprepine
HETI3JICTeH TeNbJEPAiH TY31LIyl THOJIBI-0acy (THOJICH-KIWK) TOJUMEpICY
Mexanusmjepine  HerizgenreH.  [IDTA-IIOMII  Herizimgeri  rempaepiae
(GYHKIIMOHAIABIK TOMTAPIBIH OOJybIHA OAMIaHBICTBI OPTYPJII OMOJIOTHSIIBIK KOHE
(bU3HONOTHUSIIBIK OpTaJa bIAbIpald alaThIH JKaKCAPTHUIFAH IIBIPHIIITHI XKaOBICKAK
KacueTTepi Oap Marepuanmapasl amyra Oomaapl. byn kacwerrep KeHiHipek
MEAMIMHAMA KEHIHEH KOJJAHBUIATBIH OPTYpPJi 3aTTapIblH MaKCaTThl KETKI3y
JKYHeNnepiHae KOJIaHbUTYbl MYMKiH. byn 3eprreyme optypmi [IDOTA-TIOMIIT
HET131HAer KOMIIO3ULUsIap bl KOJIAaHy apKbUIbl aifkacmaibl MOJIUMEpIIi TebIep
ManbHAANael. ['enbaepai Herisri (HU3UKa-XUMUSIIBIK KAaCUeTTepl 30JIb-TeNbIi
tangay, UK >xone PAMAH cnexkTpocKONMsChl, COHBIMEH KaTap ONTHKAJIBIK
JKOHE CKaHEpJIEYIIl JIEKTPOHIbI MUKPOCKOMHS apKbUIbI aHBIKTANIbl. HoTmxkenep
KypambiHaa apteik [I9TA OGap rempaepaiH KeyeKTi KYpbUIbIMBI Oap EKeHiH
kepcerTi, an [IOMII KypaMbIHBIH >KOFapbliaybl TBIFBI3 TOPJbl KYPBUIBIMHBIH
JaMybIHa OKeJeai. by renbaepniH opTypil opTanapAa bIAbIpaybl Ja 3epTTeINI.
Aram aiiTKkaHza, GepMEHT epiTiHIIIEpiHe CaJbIHFaH reibaep OIpAeH bIIABIPAYIbI
KOPCETTI, al CyTeri aCKbIH TOTBIFbI €PITIHAIIEPIHACTI BIIBIPAY OJIaH AJIJIbIH 1ICIHY
CaTBICBIHAH OTTI.

Tyiiin ce3aep: OMOIOTUAIBIK BIABIPANTHIH MOJUMEPIIEP, TOPUTIK 3aTTap bl
JKETKI3Y JKyHemnepi, THOI-9H MOMMEpIIeHy1, Onoaerpaaaius
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Annorauus. OcoOblii WHTEpeC HcCCleoBaTeNe MPeACTaBIsIeT CO3JaHue
cnoco0oB o0ecreueHusl HEeNpephIBHOM JOCTaBKH HEOOXOIMMBIX KOMIIOHEHTOB IS
JieyeHns KOHKPETHBIX 3abosieBanuid. Hexoropwle 3a0oneBaHusl TpeOYIOT MOCTOSHHOTO
CHa0>KEHHsI HEOOXOIMMBIMH JIeMEHTaMU JUIs JieueHus. Yacto 0ObraHbIe POPMBI JIEKAPCTB,
TaKue KakK TaOJETKU WM Karcylbl HE YCBAUBAIOTCS OPraHU3MOM JOJDKHBIM 00pa3oM M
B UTOTe BBIBOIATCS 0e3 ocoboro addekra. [IpuMeneHne moJMMepHbIX JeKapCTBEHHBIX
(hopM, CIOCOOHBIX AETPaANPOBATh B OPraHU3Me, BHICBOOOXK 1asl IEKAPCTBEHHBIC BEIIECTBA,
CHOCOOCTBYET HMX MPOJOHTUPOBAHHOMY JICHCTBHIO Ha opranusM. [IpenmymiectBoM
WCTIONIb30BaHMsl TOJIMMEPHBIX HOCHUTEJIEW SIBISCTCS HaleNMBaHHE Ha KOHKPETHBIC
YYaCTKH OPraHu3Ma, 4TO CIIOCOOCTBYET 3 PEKTUBHOMY HCIIOJIb30BAHHUIO JIEKAPCTBEHHOTO
BemiecTBa. OOpazoBaHue rejieii HA OCHOBE MOHOMEPOB MEHTadPUTPUTON TETpaaKpHiaT
(IT9TAwm nentasputpuron terpakuc (3-mepkanronponuoHar([I9MITpcHoBano Ha
MeXaHHM3MaXxX THUOJICH-KJIMK MoJMMepu3auy. biaronaps npucyTcTBHIO (GyHKIHOHATBHBIX
rpynn B rensx Ha ocHoBe [IDTA-IIOMII MoxkHO monydaTs MaTepHuaibl ¢ yIay4IlIeHHbIMU
MYKOQAr€3UBHBIMH CBOWCTBAMH, CIIOCOOHBIE PasiararbCsi B Pa3iMuHBbIX OMOIOTHYECKUX
1 U3NONOTHYECKUX cpenax. JlaHHbIe cBOWCTBa B JallbHEHMIIEM MOTYT OBITH HCIOJIB30-
BaHbl B CHCTEMax HalpaBICHHOW JOCTaBKH PAa3IUYHBIX BEIIECTB, MMEIOIIUX IINPOKOE
pacmpocTpaHeHHe B MEAWLUHE. B JaHHOM HCCIeJOBaHMHM ObUIM TOJYYEHBI CIIUTHIC
MOJIMMEPHBIE TeJI C HCIOJNb30BAaHMEM pPa3JIMYHBIX KOMIO3MIMKA Ha ocHoBe [IDTA-
[IOMII. OcHOBHBIE (PUINKO-XHUMUYECCKUE CBOWCTBA Teliel OMpEeNesuidi METOIaMH 30-
ne-rens aHanuza, K- u PAMAH cnekTpockomnuu, a Takke ONTHYECKOW U CKaHUPYIOIIEH
AIIEKTPOHHOM MHUKPOCKOMUSIMU. Pe3ybTaThl moKa3anu, YyTo TeiH, colepKaline H30bITOK
[I9TA, nMeroT NOpUCTYIO CTPYKTYPY, B TO BpeMs Kak yBenuueHue conepxxanus [1OMII
MPUBOIUT K Pa3BUTHIO OoJiee TUIOTHOM ceTyaTol cTpyKTypbl. Takke Obuta ncciegoBaHa
Jerpafauusl 3TUX Tejeld B pasIuyHbIX cpedax. B yacTHOCTH, TeiH, MOMEIICHHbIE B
pacTBOpel (PEPMEHTOB, JIEMOHCTPHPOBAIM HEMEMJICHHYIO JErpaialuio, TOraa Kak
Jerpagauusi B pacTBOpax IMEPEKHCH BOAOpPOJA MPOXOIWIIa uYepe3 CTaauio HaOyXaHMs
nepes pa3pyLieHueM.

KnwueBbie cioBa: Ouoperpaaupyemble MOJIMMEpPbI, CHCTEMBI JOCTaBKH
JIEKapCTBEHHBIX BEIIECTB, THOJI-CH MOJMMEpH3aLusl, OMoAerpajaist

Introduction

Biodegradable materials are utilised in various industries, including packaging,
agriculture, and medicine. These materials are categorised into two types: synthetic and
natural biodegradable polymers. Synthetic polymers are made from petroleum-based raw
materials, which are non-renewable. In contrast, natural polymers are derived from renew-
able biological resources. Generally, natural polymers are viewed as having fewer benefits
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than synthetic polymers (Mukherjee et al., 2023: 112068).

Biodegradation is how enzymes or other living organisms break down materials.
First of all, polymers undergo fragmentation via abiotic processes involving microbial
breakdown. Subsequently, microorganisms assimilate these polymer fragments, leading to
their mineralisation. The biodegradability of a polymer depends not only on its inherent
nature but also on its chemical composition and environmental conditions. Various mecha-
nisms and techniques exist to assess the biodegradation of polymers. Additionally, the me-
chanical properties of biodegradable materials are influenced by factors such as chemical
composition, manufacturing methods, storage conditions, processing, ageing, and usage
patterns (Samir et al., 2022: 7).

The authors (Zhang et al., 2021: 116) reviewed biodegradable polymers utilised in
biomaterials. For a polymer to be effective as a biomaterial, it must exhibit three essential
properties: biocompatibility, bioabsorbability, and mechanical strength. Natural polymers,
such as proteins or polysaccharides, which degrade enzymatically, have been prevalent
in biomedical applications for thousands of years. In contrast, synthetic biodegradable
polymers have been used for about fifty years. These polymers are employed in various
applications, including surgical implants for vascular or orthopedic procedures and sim-
ple membranes. Biodegradable polyesters are particularly notable for their durability and
controlled degradation rates, making them extensively used as porous structures in tissue
engineering, especially for constructing scaffolds. Additionally, biodegradable polymers
serve as implantable matrices for controlled drug release within the body and as absorbable
suture materials (Panchal et al., 2020: 4370).

Natural polymers typically degrade within biological systems through a process
involving hydrolysis followed by oxidation. Therefore, when designing synthetic biode-
gradable materials, a primary focus is on incorporating hydrolysable linkages such as am-
ide, ester, urea, and urethane groups. Enzymes that cleave peptides often target specific
sites adjacent to these groups. Hydrophobic surfaces are less conducive to enzymatic re-
actions, primarily in aqueous environments. Interestingly, the fastest degradation occurs
in polymers containing hydrophobic and hydrophilic segments (Kim et al., 2023: 9916).

Other considerations involve the accessibility of polymer chains to enzymes. Syn-
thetic polymers with short repeat units and regular structures tend to pack tightly, making
hydrolysable groups less accessible to enzymes. Experiments with partially crystalline ma-
terials show that amorphous regions decompose first, with decomposition rates influenced
by the size, shape, and number of crystallites present. Although cross-linking reduces crys-
tallinity, it does not improve degradation rates because the cross-links themselves restrict
enzyme access. Conversely, polymers with long repeating chain stretches have a less regu-
lar structure and are more susceptible to degradation. Therefore, aliphatic chains are more
prone to biodegradation than aromatic chains (Chereddy et al., 2016: 223).

The decomposition of polymers, whether in vitro or in vivo, is affected by numer-
ous factors. These include the preparation method, the presence of low molecular weight
compounds such as monomers, oligomers, or catalysts, and the polymer’s size, shape, and
morphology. Polymer physical and chemical properties influence the degradation process
(Hermengildo et al., 2022: 111197). Studies indicate that polymers with lower molecular
weight, greater hydrophilicity, and higher amorphousness degrade more rapidly. Similarly,
copolymers with higher glycolide content show shorter degradation times.

Copolymers can experience either surface erosion or volumetric erosion, depend-
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ing on the conditions, with volumetric erosion typically being the main degradation path-
way. The biodegradation process of polymers involves the random cleavage of ester bonds
within the polymer backbone, occurring uniformly across the entire material. A proposed
three-phase mechanism outlines the degradation stages. Initially, there is a substantial de-
crease in the polymer’s molecular weight without significant mass loss, which leads to the
formation of soluble monomer products. These soluble monomers originate from soluble
oligomeric fragments, marking the beginning of the degradation process. Ultimately, this
sequence culminates in the complete breakdown and degradation of the polymer into sim-
pler, potentially biocompatible components. (Mirjafari, 2018: 2945).

Over the past decade, thiol-ene click polymerisation has been extensively studied
(Lietal., 2019: 485; Gregoritza et al., 2015: 439). This reaction offers several advantages:
it occurs under mild conditions, yields high product quantities, and produces harmless
by-products (Liu et al., 2017: 6182; Ki et al., 2014: 9668). Recently, thiol polymers have
gained attention in biomedical applications, particularly as gels, due to their ability to tailor
physical properties like biodegradability, drug release kinetics, swelling behaviour, and
other crucial characteristics. (Machado et al., 2017: 201).

In thiol-ene click polymerisation, one of the reactants typically contains thiol
groups, while the other contains multiple bonds (Storha et al., 2013: 12275). The main ob-
jective of this work is to create biodegradable drug forms using PETA and PEMP through
thiol-ene polymerisation and then assess their physicochemical properties and biodegrad-
ability. This method enables the rapid and straightforward production of new composite
materials with enhanced properties. Due to the functional groups present in PETA-PEMP-
based gels, it is possible to develop materials that decompose in various biological and
physiological environments with improved mucoadhesive properties. These properties can
be utilised in targeted delivery systems for various substances widely used in medicine.

Materials and methods

Materials

Pentaerythritol tetraacrylate, pentaerythritol tetrakis 3-mercaptopropionate (95
%), porcine liver esterase, N, N-Dimethylformamide (DMF) obtained from Sigma Aldrich
(USA), acetone, Phosphate buffer (fixanal, pH 6.86), saults for phosphate buffer solution
(NaCl, KCI, Na,HPO, u KH,PO,) ReactiveKhimSnab (Russian Federation), hydrogen per-
oxide (3 % solution) from «DosFarm» (Republic of Kazakhstan). All reagents were of
analytical grade and were used without additional purification.

Synthesis of PETA-PEMP gels in the presence of DMF solvent

Gels with varying compositions ([PETA-PEMP] ratios of 3:1, 2:1, 1:1, 1:2, and
1:3 wt.%) were synthesised in sealed glass vessels. PETA and PEMP monomers were
mixed in a DMF solvent with constant magnetic stirring for the first hour. Depending on
the composition, a cross-linked structure formed within 1-2 hours. The resulting gels were
then washed in DMF for 1 hour, in acetone for 3 hours (with 3 changes of acetone), and in
water for 24 hours (with about 10 water changes). The washed polymers were dried in a
vacuum oven at room temperature.

Physicochemical research methods

The kinetics and extent of swelling were investigated using the gravimetric meth-
od. After measuring the mass of the washed and dried gel, each sample was immersed in
a solution, and its mass was recorded using an analytical balance. Measurements were ini-
tially taken every 15 minutes and later every 30 minutes until the sample’s mass stabilised.
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This analysis used distilled water, isotonic solutions, and buffer solutions. The degree of
swelling (a) of the gels was calculated using formula (1).

o= m -m /m,
where m_is the mass of the swollen gel at a certain point in time, g; m, is the initial
mass of the gel, g.

The gels underwent sequential treatments for the sol-gel analysis: they were im-
mersed in a DMF solution for 1 hour, followed by 3 hours in acetone, and then soaked in
water for 24 hours. Subsequently, the washed gels were dried in a vacuum oven. The yield
of the gel fraction (G %) was determined using formula (2).

G%=m,_,*100 %/m_ . )

where m, , — the mass ‘of washed and dried gel, g; m_ . — the mass of the syn-
thesised and drled sample, g. The yield of the sol fraction (S%) Was calculated using the

formula (3):

S % =100 % - G %, 3)
where G % is the percentage of the gel fraction, %.
The physical and mechanical characteristics of the synthesised samples were ana-
lysed as follows:
The mass of the synthesised and washed dried gels was determined using Sartorius
BP 1218 analytical balances from Germany, which provide accuracy up to 0.0001 g. The
samples were dried in a Binder VD 115 vacuum drying oven (Germany).
To confirm the chemical composition, IR spectroscopy was performed using a
Vertex 70V Bruker IR Fourier spectrometer (USA), which covers wavelengths from 4000
to 500 cm™. Raman spectroscopy was conducted using a Solver Spectrum setup (Russia)
on selected samples with a diameter of 0.5 mm.
Scanning electron microscopy (SEM) was employed with a Quanta 200i 3D sys-
tem (USA) for structural analysis. Samples were freeze-dried before analysis.
Optical analysis of the gels was carried out using a Leica DM 6000M microscope
from Sweden.
These methods were utilised to assess the synthesised samples’ physical properties
and determine mechanical behaviours using a TAXT Texture Analyzer device (UK) in a
compression mode.
Study of the degradation ability of synthesised gels based on PETA-PEMP
The degradation ability of the synthesised 3:1 PETA-PEMP gels was investigat-
ed using three different environments: a buffer solution at pH 7.4, an enzyme solution,
and hydrogen peroxide solutions. For hydrogen peroxide degradation studies, solutions of
varying concentrations (0.1 %, 0.5 %, 1 %, 2 %, and 3 %) were employed. All
experiments were conducted in sealed plastic beakers at a constant temperature of 37 °©
C in a water bath, with intermittent stirring. The assessment of degradability properties
involved multiple parallel experiments. The degree of degradation (DD) was evaluated
using the gravimetric method until the sample mass stabilised and then calculated using
for-mula (4).
DD = (m,—m, )/m,, “4)
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where m_is the mass of the gel at a certain point in time, g; m, is the initial mass
of the gel, g.

Results and discussion

Synthesis of gels based on PETA-PEMP

In this study, gels based on PETA-PEMP were synthesised using thiol-ene
click polymerisation. Different ratios of components in the initial monomer mixture
were used: 3:1, 2:1, 1:1, 1:2, and 1:3 weight per cent, in the presence of a DMF sol-
vent (50 % solvent and 50 % monomers). Figure 1 illustrates the reaction scheme for
forming a cross-linked PETA-PEMP structure. The interaction between monomers
and the formation of covalent bonds occurs through functional groups, specifically
the double bonds in PETA and the thiol groups in PEMP. When PETA is in the mono-
mer mixture, gels with numerous double bonds are produced, whereas an excess of
PEMP results in gels rich in thiol groups. The formation of these structures was con-
firmed through IR and Raman spectroscopy, the details of which are discussed later.
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Figure 1 - Synthesis reaction scheme of gels based on PETA-PEMP.

Characteristics of gels based on PETA-PEMP
To investigate the yield of products based on the initial ratios of PETA-PEMP
monomers, sol-gel analysis was conducted on the synthesised samples. Figure 2
and Table 1 depict the outcomes of this analysis.
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Figure 2 - Dependence of the sol and gel fraction yield of PETA-PEMP gel on the composition of the initial

monomer mixture.

According to Table 1, the highest yield of the gel fraction occurs with the 1:1 com-
position, where the initial PETA and PEMP monomers are present in equal proportions. In
contrast, lower yields are observed at ratios of 3:1 and 1:3 because one of the components
is present in excess or deficiency. When there is an excess of PETA or PEMP, all available
molecules of the other component become fully bound, leaving unreacted monomers that
are subsequently washed out during the washing process. Interestingly, the yield of the gel
fraction at the PETA-PEMP ratio of 1:3 is higher than that at 3:1. This difference is attribut-
ed to the denser structure of gels formed with excess PEMP.

Table 1

Results of sol-gel analysis of the obtained PETA-PEMP gels
Composition of initial monomer mixture, wt. % Ne [3:1] [2:1] [1:1] | [1:2] [1:3]
Gel fraction, % 1 48,65 | 68,94 | 79,30 | 77,09 | 69,71
2 47,32 | 69,71 | 79,58 | 77,04 | 69,91
3 48,90 | 70,23 | 79,27 | 77,63 | 69,25
Average | 48,29 | 69,63 | 79,38 | 77,25 | 69,62
Sol fraction, % 1 51,35 | 31,06 | 20,70 | 22,91 | 30,29
2 52,68 | 30,29 | 20,42 | 22,96 | 30,09
3 51,10 | 29,77 | 20,73 | 22,37 | 30,75
Average | 51,71 | 3037 | 20,62 | 22,75 | 30,38

This study examined gels synthesised from PETA-PEMP using various physico-
chemical methods. The swelling characteristics of these gels were evaluated in three differ-
ent solutions: distilled water, isotonic solution, and a buffer solution with pH 6.86. Figure 2
(A, B, C) illustrates graphs depicting the degree of swelling over time. The gels exhibited
the highest rate of swelling in the isotonic solution. The data collected determined the equi-
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librium degree of swelling in these gels across different compositions (Figure 3). In an iso-
tonic solution, the swelling capacity of the gels remained relatively consistent regardless of
the composition. Conversely, in the buffer solution at pH 6.86, gels with equal proportions
of PETA and PEMP in the initial monomer mixture showed the lowest degree of swelling,
indicating a denser cross-linked network as supported by the gel fraction analysis. As the
PEMP content increased, the swelling ability of the gels also increased, potentially influ-
enced by the presence of -SH groups within the network. No distinct trends were observed
in the influence of composition on the equilibrium degree of swelling in gels immersed in
distilled water.
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Figure 3 - Dependence of the swelling rate of gels based on PETA-PEMP on the composition in distilled
water (A), isotonic (B), and buffer (C) solutions.
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Figure 4 - Dependence of the equilibrium degree of swelling on the composition of gels based on PETA-
PEMP in distilled water (1), in isotonic (2) and buffer (3) solutions.

Figure 5 displays the IR spectra of synthesised gels composed of PETA and PEMP
in ratios of 3:1, 1:1, and 1:3 wt.%. A prominent peak in the 1745-1725 cm-1 range in all
three spectra indicates the presence of C=O functional groups. A broader peak with lower
intensity in the 1180-1140 cm™! region suggests the presence of (-C-O-C-) groups within
the gel composition. The absorption band observed in the 690-640 cm™! region indicates
the presence of (-C-S) functional groups in the polymer structure. Additionally, the peak
at 1635 cm! signifies the presence of (-C=C) groups, while a small peak in the 1475-1450
cm’' region indicates the presence of (=CH,) groups.

It’s important to note that detecting -SH groups typically require Raman spectros-
copy due to their weak signal in IR spectra. This study employed Raman spectroscopy to
provide a more detailed analysis of the polymer structure. The resulting Raman spectra are
presented in Figure 6.
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Figure 5 - IR spectra of PETA-PEMP gels of ratios [3:1] (1), [1:1] (2), and [1:3] (3).
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Figure 6 illustrates the outcomes of Raman spectroscopy conducted on PE-
TA-PEMP gels. The analysis revealed distinctive bands corresponding to specific
chemical bonds within the polymer structure. The bands observed between 700—
650 cm”-1 are attributed to vibrations of the C-S bond, indicating its presence in
the polymer network. At 2590-2550 cm”-1, a band was identified that confirms
the existence of SH groups, crucial for understanding the gel’s composition and
cross-linking density.

Furthermore, the band observed at 525 cm™ signifies the presence of S-S
bonds, suggesting an excess of PEMP in the gel composition, particularly evident
in the 1:3 wt.% ratio. Bands around 1680 cm™ were associated with vibrations of
the -CH=CH, bond, confirming the presence of multiple bonds characteristic of
gels with an excess of PETA (3:1 wt.%).

These findings from Raman spectroscopy provide detailed insights into
the chemical structure and composition variations across different ratios of PE-
TA-PEMP gels synthesised in this study.
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Figure 6 - Raman spectra of gels based on PETA-PEMP of ratios [3:1], [1:1], and [1:3].

Figure 7 (A, B, C) presents optical microscopy images used to study the
structure and morphology of gels composed of PETA-PEMP. Samples with a diam-
eter of 3 mm were chosen and pre-dried in a vacuum drying cabinet prior to anal-
ysis. The images indicate that gels with excess PETA exhibit a uniform structure.
However, as the concentration of PETA increases in the initial monomer mixture,
there is an observable emergence of crystalline supramolecular structures within
the gels.
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Figure 7 - Microphotographs of gels based on PETA-PEMP of ratios 3:1 (A), 1:1 (B), and 1:3 (C).

SEM was employed to conduct a detailed study of the gels’ structure and
morphology. The results, displayed in Figure 8 (A, B, C), reveal notable differences
based on the composition of PETA-PEMP. Gels with an excess of PETA exhibit
a more porous structure, as observed in the images. This porous nature correlates
with the gels’ swelling properties, where higher concentrations of PETA lead to
increased degrees of swelling.

Conversely, as the concentration of PEMP monomers increases, a denser
network structure becomes evident in the gels. This densification is reflected in
the SEM images, indicating a tighter arrangement of polymer chains and reduced
porosity compared to gels with excess PETA.
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Figure 8 - SEM micrographs of gels based on PETA-PEMP of ratios 3:1 (A), 1:1 (B), and 1:3 (C).

The mechanical strength of the synthesised gels based on PETA-PEMP was
evaluated through compression testing. Figure 9 illustrates that these gels exhibit
significant strength and elasticity. The results evidently show the impact of varying
ratios of initial monomers on the gels’ strength. Gels with a higher proportion of
PEMP show a slight reduction in elasticity but an increase in overall strength. This
effect is likely due to the increased number of cross-links formed, which restricts
the flexibility and movement of the polymer chains within the network.

On the other hand, gels with an excess of PETA in the initial mixture demon-
strate higher elasticity. This elasticity can be attributed to the presence of a greater
number of multiple bonds in their structure, which allows for more flexibility and
resilience under compression.
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Figure 9 - Graph of stress versus strain for gels based on PETA-PEMP of different ratios.

Based on the mechanical analysis data, each sample’s elastic modulus was
calculated and presented in Table 2. The elastic modulus was determined by cal-
culating the tangent of the slope of the initial linear portion of the compression
curve. Increasing the concentration of PEMP in the gel composition was observed
to contribute to an increase in the elastic modulus. This indicates that gels with
higher proportions of PEMP exhibit greater stiffness and resistance to deformation

under compression.
Table 2
Values of elastic modulus for gels of PETA-PEMP compositions at different ratios of initial monomers

Ratios of initial monomers Modulus of elasticity, Pa
3:1
7727
2:1 18633
1:1 29518
1:2 34519
1:3 11670

Study of the degradation ability of synthesised gels based on PETA-PEMP

An essential criterion for using polymers for drug delivery systems in med-
icine is their ability to biodegrade within the body. Biodegradation ensures that
once the active substance in the medication is depleted, the polymer carrier can be
naturally broken down and eliminated from the body, preventing any unnecessary
accumulation. This process is crucial for sustained drug release and reducing the
frequency of medication intake.

In this study, the biodegradation of the synthesised PETA-PEMP gels was in-
vestigated using a phosphate buffer solution containing pig liver esterase enzymes.
Esterase enzymes catalyse the hydrolysis of ester bonds, which are common in
organic compounds found in the human body. The experimental results, depicted
in Figure 3.3.1, indicate that the gels began to degrade immediately in the presence
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of enzymes.

When analysing the degradation of PETA-PEMP gels in a buffer solution
simulating physiological fluid (pH = 7.4), no significant weight loss was observed.
However, swelling of the gels was noted, suggesting a response to the environment
similar to that of human bodily fluids. This underscores the potential biocompati-
bility of these gels as drug carriers in medical applications.

-15 & —a—3%H202 ——0,1%H202
== enzyme solution =4=—buffer solution

Figure 10 - Dependence of the degree of destruction of PETA-PEMP gels at a ratio of 3:1 wt.% on time in
various solutions.

In areas of inflammation and oncological tumour sites, hydrogen peroxide
is naturally released in small quantities. This release serves a dual role: it helps
prevent infection and signals to attract immune cells, such as leukocytes, to the
affected area (Shuler, Kazybayeva, 2021: 29).

This study investigated how gels based on PETA-PEMP degrade in solu-
tions with varying concentrations of hydrogen peroxide. The experiment continued
until the mass of the gels stabilised. Based on the results, a graph was generated
to illustrate how the degree of degradation of the gels changes over time in these
solutions (Figure 10). The graph indicates that higher concentrations of hydrogen
peroxide accelerate the degradation process. The degradation primarily involved
swelling of the gels before reaching a stable mass.

These findings underscore the potential of PETA-PEMP gels for applica-
tions where controlled degradation in response to hydrogen peroxide levels could
be advantageous, such as in localised treatments for inflammatory conditions or in
targeted drug delivery systems.

Conclusion

In this research, gels were synthesised using PETA and PEMP monomers
in various ratios in the presence of DMF solvent. The synthesised gels underwent
comprehensive characterisation using multiple analytical methods. Sol-gel anal-
ysis determined the yields of the sol and gel fractions, providing insights into the
polymer network formation. The water absorption capacity of the gels was evalu-
ated by assessing their degrees of swelling in different media.
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Structural analysis using IR and Raman spectroscopy revealed distinctive
vibrations in the spectra of gels with an excess of PEMP, indicating the presence
of -SH groups. Morphological studies conducted via optical and scanning elec-
tron microscopy highlighted those gels with excess PETA exhibited a more porous
structure, whereas those with excess PEMP showed a denser morphology. Mechan-
ical testing using compression mode demonstrated that gels enriched with PETA
were more elastic and resilient, whereas those with more PEMP were stronger and
harder. The degradation behaviour of the synthesised gels was investigated in buf-
fer solutions with pH=7.4, enzyme solutions, and hydrogen peroxide solutions of
varying concentrations. No degradation was observed in buffer solutions, whereas
enzymatic degradation with esterase and degradation in hydrogen peroxide solu-
tions showed distinct effects. The concentration and type of H202 solution signifi-
cantly influenced the rate and extent of degradation of the PETA-PEMP gels.

Overall, these findings contribute to understanding how the composition of
PETA and PEMP monomers affects the properties and degradation behaviour of the
synthesised gels, which is crucial for their potential applications in controlled drug
delivery and biomedical devices.
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