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Abstract. This paper is dedicated to the synthesis of methylcellulose-based hydrogels
using the radiation treatment method. Usually, irradiation of polysaccharides, including
cellulose derivatives, leads to their destruction, resulting in the formation of chains
with lower molecular weight. The formation of cross-linked structures is complicated
due to the rigid structure of macromolecules and the predominance of chemical bond
breakage under ionizing radiation. Hydrogels based on polysaccharides can be obtained
under strict control of irradiation dose, dose rate, temperature, polymer concentration,
and other factors. The paper discusses the method of obtaining methylcellulose-based
hydrogels by irradiating with accelerated electrons at doses ranging from 20 to 100
kGy. The process of forming a three-dimensional cross-linked structure as a result of
radiation treatment was studied and confirmed using sol-gel analysis, viscometry, and
IR spectroscopy. At high irradiation doses and corresponding temperature increase in
the system, the yield of the gel fraction decreases due to the phase separation of the
methylcellulose aqueous solution into more concentrated and diluted phases, caused by
the presence of LCST. Increasing the polysaccharide concentration in the initial solution
leads to a reduction in the gel fraction, which may indicate the predominance of the
destruction process under these conditions. Results of the swelling degree analysis of
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MC hydrogels show that the irradiation dose practically does not affect the cross-linking
density of the obtained gels. Furthermore, MC hydrogels exhibit a higher swelling
ability in water than in ethanol, which is related to the nature of the polymer-solvent
interaction.

Keywords: methylcellulose, radiation treatment, hydrogels, sol-gel analysis, cross-
linking, destruction
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AHHOTamusl. bByn SKyMblc MeETHIIEIUIIONO3a HETi3iHAeri TUApOrenbIepAi
panuanMsIIbIK OHJIeY dAiCIMEH ary MaceJeciHe apHajlFaH. OJeTTe NoIUCaXapuaTepi,
OHBIH iIIiHAE LEJUTI0NI03a TYBIHABUIAPBIH COYJENEHIIpY ONapAblH AECTPYKUHIChIHA
oKenesni, OyJ MOJIEKyJaJIbIK Maccachl TOMEH Ti30eKTepai TyIablpajbl, al MOHIAAHFaH
coyJielieHy 9CepiHeH XUMUSUIBIK OalIaHbICTapAbIH Y311yl MEH MaKpOMOJIEKYIalapIblH
KAaTTbl KYpbUIBIMBIHA OaiJaHbICTBI JKENIMICITeH KYPbUIBIMAAPIBIH TY31Iyl KHBIHFa
coranpl. llonmucaxapuarep HeTi3iHAEr1 THAPOTENbIACP COyJENeHY A03achl, JO3aHBIH
KyaTbl, TeMIeparypa, IMOJUMEp KOHLEHTPAaUMsIChl >KoHe Oacka na (akTopiapisl
MYKHAT OakplIay apKbUIbI allbIHYbl MYMKiH. JKyMbIcTa METHIILIEIITIONO03a Heri3iHaer
rugporensaepai 20-100 k[p no3anapel OOMbIHIIA KBUIAAMAATHUIFAH AIEKTPOHIAPMEH
coylNeNeHIipy SAiciMeH alybl KapacThIpbUIAbL. PamuanusaplK eHiey HOTHKECIHIEe Y
eJIILIeM/1i TOPJIaHFaH KYPBUTBIMHBIH TY31Ty TIPOLIEC] 30JIb-T'€JIb TaJ1aybl, BACKO3UMETPHUS
xone WK-cmekrpockonusi omicTepiMeH 3eprrenimn, pacTtanabl. JKorapsl 1o3ana
CoyJNeNeHIIpy KOHE JKYHeAeri TeMIepaTypaHblH KeTepinyl Ke3iHe, MeTHUIILEITI0N03a
Cy epiTiHmiciHiH (a3anblK KIKTeTyl HOTHXKECIHIE Telb (QPaKUUACHIHBIH IIBIFYBI
tomenaeiai, o6yn TKET-ueH OomysiMen Tycinmipineni. Ilomucaxapunrin Oactamksl
epiTiHAIACT] KOHIEHTPALMSCHIHBIH apTybl refib (GPakUUsICHIHBIH YJIECIH TOMEHICTE],
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Oy ocwl Karmaiyapia IEKCTPYKUHs TpoueciHiH OaceiM OomyblH kepceremi. ML]
THIAPOTENIbACPIHIH ICIHY ASPEKECIH Tangay HOTHXKeJepi KOpCeTKEeHACH, CoyleneHy
J103aChl alIbIHFaH IeJibAEPiH TOPIaHy THIFBI3IBIFbIHA iC KY3iHAe ocep eTneiiai. COHbIMEeH
Katap, ML ruaporenbaepi cyaa STaHOIFa KaparaHa XKoFaphl iciHy KaOineTine ue, Oy
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AnHoTamus. JlaHHas pa0oTa TOCBSIEHA CHHTE3y THUApPOreied Ha OCHOBE
METHJILICIUTIONO3bI C KCIIOJIb30BAHUEM METO/a PajualuoOHHON 00paboTku. OOBIYHO
oOJIy4eHHEe TMOJUCAXapU0B, BKJIIOUYAs IPOWU3BOJHBIC IICJUTFOJIO3bI, BBHI3BIBACT HUX
JECTPYKIUIO, YTO MPUBOAMT K OOpa30BaHHIO IENeil ¢ 0ojiee HU3KOW MOJCKYJISIPHON
Maccoi, a (h)OPMUPOBAHHUE CIIUTHIX CTPYKTYP 3aTPYIHEHO M3-32 JKECTKOH CTPYKTYpPbI
MakKpOMOJIEKYI M TMpeoOJiaiaHus pa3pblBa XUMUYECKUX CBS3CH MOI JCHCTBUEM
MOHHM3UPYIOIIETro U3ydeHus. [ MIporesu Ha OCHOBE TOJIMCAXapUI0B IyTeM O0ITyIeHUs
MOTYT OBITh MOJIy4CHBbI TIPHU CTPOTOM KOHTPOJIC JO3bI OOIYYEHUs, MOIIHOCTH JO3bI,
TEMIIEPATYPbl, KOHIICHTPAI[UH TOJIUMEPA U IPYTUX hakTopoB. B paboTe paccmarpuBaercs
METOJl TIOJMYYECHMsI THAPOTeNicdH Ha OCHOBE METHIILCIUIIONO3bI IMyTeM OOIy4eHUs
YCKOPEHHBIMH 3ieKTpoHaMu mipu no3ax oT 20 mo 100 xIp. IIpomecc obOpazoBanus
TPEXMEPHOH CIIUTOH CTPYKTYpbl B pe3yjibTaTe paJualldOHHOW 00paboTKU ObLI
HCCIIENOBAH U MOATBEPKJICH C UCIIOIB30BAHUEM 30J1b-TeJIb aHAIN3a, BUCKO3UMETPUHU U
UK-cniexkrpockonuu. [Ipu BEICOKUX J103aX 00TyUEHUS M COOTBETCTBYIOIIEM MOBBIIIICHUN
TEMIIEPAaTypbl B CHCTEME, BBIXOJ Teib-(ppakiuu yMeHbIIaeTcs wu3-3a (Ha30BOro
pacclioeHHsT BOJHOTO PacTBOpA METHIIIEIUIIONO03bI Ha 00Jiee KOHIEHTPUPOBAHHYIO U
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paszbasienHyto ¢a3ssl, uto o0ycnosnaeno HannurneM HKTP. YBennuenune koHneHTpaunu
nojucaxapujaa B UCXOJHOM PacTBOPE BEAET K CHMIKEHHIO JONH Telb-(pakluH, 4To
MOXET CBHJIETEIbCTBOBATh O MpeoOafaHuM Mpolecca ASCTPYKIMH NPH TaKuX
ycnoBusix. Pe3ynbrarel aHanusa creneHy HaO0yxanus rugporeneit ML moka3eiBaroT, 4to
71032 O0My4YeHHUs MPAKTUUECKU HE BIUSET Ha TUIOTHOCTh CUIMBKH MONYYEHHBIX Telleil.
Kpowme toro, rugporenn ML obiagaror 6onbliei Ha0yxaromiei cnocoOHOCTBIO B BOJIE,
YeM B 9TaHOJIE, YTO CBSI3aHO C XapaKTepOM B3aMMOCHCTBUS OJIMMEPA C PACTBOPUTEIIEM.

KiiioueBble ciioBa: METHILEIUIION032, paJUAllMOHHOE OOJIydeHHUe, THAPOTrely,
30IIb-TeJlb aHAJIN3, CIIUBAHUE, JECTPYKLIUS

BBenenue. PaguannonHoe oOnydeHHWE — MPAKTUYECKH METOJ], HCIIOJb3yEeMBbIit
JUTSE TIpeoOpa30BaHus U MOMyUYeHUS BHICOKOA(()EKTUBHBIX MOJUMEPHBIX MATEPHAIIOB C
YHHUKQJIBHBIMHA (PU3UKO-XUMUYSCKUMHU CBOMCTBAMU U LHIMPOKOTO CIEKTPa MPUMEHEHUS
myTeM (pOopMUPOBaHUS TPEXMEPHO CIIUTHIX CTPYKTYP, & TAKIKE IPUBUBKH U IECTPYKIIUU
nonumepoB (Ashfaq et. al., 2020). OxuH U3 METONOB paJMAlMOHHONH 00pabOTKH,
MeToj 00y4eHus: MeKTPOHHBIM ITydkoM (ODII) cTaHOBUTCS TEPeOBBIM IOIXO0M
JUTSL OIITUMU3ALUU (PU3UYECKIX U MEXaHUYECKUX CBOWMCTB MOJMMEPHBIX MaTePUAJIOB,
TaKUX KakK JUAJICKTPUUYCCKHE, IEKTPUYCCKHE, CTPYKTYpHBbIC M TEIUIOBBIC CBOWCTBA
(Raghu et. al., 2014). O3I1 uMeeT MHOKECTBO IPEUMYILIECTB, BKIIIOUYAst KOPOTKOE BpeMs
00paboTKH, BEICOKYIO 3(PPEKTHBHOCTh, HU3KYI0 CTOMMOCTh O0OPY/IOBaHUS U BBICOKYIO
noctynHocTs 3Heprud (Shin et. al., 2015), B ToM 4ncie 1 BO3MOKHOCTD €0 IPUMEHEHHS
JUTSL CHHTE3a HOBBIX TIOJIMMEPHBIX MaTePUAJIOB.

Kak mnpaBwiio, cymecTByeT 2 THIIA 3JICKTPOHHO-IIYYEBBIX PEAKIIHMA, KOTOPHIE
KOHKYPHPYIOT BO BpEMs M3JTyUCHUs: Pa3pbIB LIEMHU U LEMHas CBA3b. TUN peakiuu npu
OOJIyYeHUHU 3aBUCHT OT HECKOJIbKHX I1apaMeTpOB: IMOMIOIIEHHOW JI03bI, CTPYKTYPHI
MoJIUMEpPa, TeMIIepaTyphl IPU 00JTYYCHUH, a TAKKE (PYHKIIMOHAIBHBIX TPYIIIT TOJINMEPA.
Korna sueprus ODI1 B3auMojieiicTBYeT ¢ MOJMMEPHBIM MaTepHalioM, OHAa BBHI3bIBACT
W3MEHEHHUS B MOJCKYISIPHOHW CTPYKType, Takuhe Kak Iepexol B BO30YKICHHOE
COCTOSIHME, WOHM3allMs, TEPEeMEIICHUE aTOMOB, KapOOHH3aIs U 00pa3oBaHUEC
CBOOOHBIX PaJIMKAIIOB; B PE3y/IBTATe MPOUCXOUT PACIICIUICHHAE LIEMH U 00pa30BaHUE
nonepeuHbIx cBsizeit (Raghu et. al., 2014). Paguanust He TOIBKO U3MEHSET XUMHUYECKYIO
CTPYKTYpy MOJUMEpa, HO ¥ MOXET YCWJIHTh MPUCYTCTBUE 3aXBAYCHHBIX 3apsi/IOB
WK co31aTh Je(eKThl B IMOJUMEPHON Marpuile. TakuM 00pa3oMm, 3TH H3MEHEHUS
OTBETCTBEHHBI 32 U3MCHECHUE TUDICKTPUUYCCKUX, ICKTPUUCCKUX, TEIUIOBBIX U JPYTUX
CBOWCTB pauaIiiOHHO 00pabOTaHHBIX TTOJIUMEPOB.

MoOUIHOCTh A03bI MOKET OBITh IEPEMEHHOI; 00TyUYSHHE C TIOMOIIBIO JIEKTPOHHOTO
nyuka (OI1) maer Gornee BBICOKYHO CTEINEHb JIOKAIBHOW KOHIICHTPALMU PaUKaIOB
(Kim et. al., 2015). Kpome Ttoro, o0mydeHHe BOJOPACTBOPUMBIX IOJIUMEPOB B
BOJIHOM pacTBOpe, Ojarofapsi BHICOKOMY BBIXOJY PaJMKajOB, 4acTO HCIOIb3yeTCs
Uit oOpasoBanus rujaporened. [amma- wim DOll-o0mydeHue cuuTaeTcs OuYEHBb
3¢ (EKTUBHBIM METOIOM JUIsl TOJTyYEHUS MAaKPOCKOIMYECKUX TPEXMEPHBIX PEIICTOK
CHOCOOHBIX K HaOyxaHuro. [IpuHIMII CIIUBaHMS 3JICKTPOHHBIX ITyYKOB OCHOBaH Ha
(hOKYCHPOBKE BBICOKOIHEPIeTUYCCKUX AIIEKTPOHOB, T€HEPUPYEMBIX YCKOPHUTEIEM
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ANIEKTPOHOB, B IMOJMMEPHON MaTpulle € MOCIEIYIOIMM 00pa3oBaHUEM CBOOOTHBIX
panukanoB (Nouh et. al., 2009). Cesi3piBaHHe 3THX CBOOOIHBIX PAaIUKAJIOB MPHBOIUT
K YBEIMYCHHIO MOJIEKyIsspHOUW Macchl monumepa (Rosiak et. al., 1999). beum
MPEASIOKEHBl U M3YyYeHbl TPOLIECCHl CHHTE3a Ha OCHOBE OOPaOOTKH 3JIEKTPOHHBIMH
My4YKaMH WK Y-u3nydeHneM. OyHKIMOHAIBHBIE TPYIIbI B MTOJTUMEPHBIX LEMIX MOTYT
00pa3oBBIBaTh PAAMKAJIbl MO ACHCTBHEM O3JIEKTPOHHOTO Iy4YKa WU Y-HU3ITyYeHHS,
u ¢GopMUpOBaHUE CYNepadCOPOUPYIONINX THUAPOredeld MPOMCXOAMT 3a CYET IyTeM
panuKanbHOW TMoMUMepHu3auuu. [Haporenb, MOMYYEHHBIH METOIOM [-JIy4eBOToO
00JTy4eHHs1, COCTOUT U3 TPEXMEPHOM CHINTON MOJIMMEPHON CETKH U BOAHOTO PACTBOpPA
pasBerBieHHBIX Moyiekyn mnoiumepa (Fei et. al., 2000). B OGonpmimHCTBE Ciiyyaes
U3IIyYeHHE AIIEKTPOHHOTO Iyuka B auamnaszone 20 — 100 x['p, sBnsieTcss onTUMaaIbHBIM
yCcIOBHEM clIMBaHMs MHOTHX nonumepoB (Kim et. al., 2015).

BMmecte ¢ Tem, monmumepsl MOTYT TOABEPraThCsl ASCTPYKUIUH IOCIE 3JIEKTPOHHO-
ny4eBoii 00paboTku. M. Bap coo0mmmnI 0 CHUKEHUH BI3KOCTH Pa3pyLICHHUs U N3MEHEHUS
L[BETa PaCTBOPOB MOJIMMEPOB IIPH UCTIOIB30BAHUH JIEKTPOHHO-TY4YEBOr0 U3IyUEHHS B
KauecTBe MeTona ynpounenus (Behr et. al., 2005).

I'maporenu, nonydeHHbIE MyTEM PaAHAOHHOTO OOIydYeHHs, CHHTE3UPYyIoTCs 0e3
MIPUMEHEHUS TOKCHYHBIX XUMUYECKHUX PEareHToB U APYTuX 100aBOK, a TPOIYKThI TAKOTO
CHHTE3a SIBISIIOTCA OMopasziaraéMbIMH, YTO TO3BOJISIET MCIIONIB30BaTh MX B KAauecCTBE
9KOJIOTUYECKH YHCTBIX MAaTepuasioB JUIS MPOMBIIUIEHHOTO U (hapMaieBTHYECKOTO
ucnons3zoBanus (Fei et. al., 2000). ['uxporenn MOryT OBITH MOMYyYEHBI IPU MPABUIBHOM
KOHTpOJIE 1036l 00JIyUeHHsI, MOIITHOCTH JI03bI, TEMIIEPaTypbl, KOHLEHTPAIUU TOJTUMEpa
U T.1.

XoTs paJuMalMOHHBIM METOJ XOopowo paboTaeT A MHOTMX CHHTETHYECKUX
MOJMMEPOB, €ro MpHUMEHEHWE M CHHTEe3a THApOoreleil Ha OCHOBE HPUPOIHBIX
MOJMMEPOB, TAKHX Kak IojucaxapuaoB Oonee mpobiemarnden (Wach et. al., 2014).
Kak mpaBuio, obinydyeHue nonucaxapuaoB, B TOM YUCIE MPOU3BOAHBIX LIEIIIIONO3bI,
COMPOBOXKIAETCS NECTPYKIMEH, B pe3yJbTare 4ero oopasyloTcs UenH ¢ MOHMKEHHON
MOJIEKYJISIPHOH Maccoif, a o0pa3oBaHHE CLIMTHIX CTPYKTYp HE NpeACTaBIseTCS
BO3MOKHBIM H3-32 JKECTKOLIEITHOTO CTPOCHHUSI MaKpOLIEITH X Peo0IaatolIero npouecca
pa3pbiBa XUMUYECKHX CBSI3€H MO/ BO3ACHCTBIEM HOHU3UpYIoIero u3nyuenus (Epiios,
1998). ITokazaHo, 4TO MOIMMEPBI IPUPOTHOTO TPOUCXOKACHUS, 00TyUEeHHbIE B TBEPAOM
COCTOSTHHH, IOABEPTalOTCs PaCIENJICHUIO alleTaJbHbIX CBs3el B 0CHOBHOH neni. Wach
W COABTOPBI U3yYalU ACTPAJalMIoO U CHIMBAHUE PA3ITUYHBIX MPOU3BOIHBIX LEIUTIONO3bI
C MOMOIIBIO BBICOKO3HEpreTHueckoro uanyuenus (Wac, et. al., 2004). Onu nokasainmu,
YTO B pa30aBICHHBIX PACTBOpPaX, a TaKKe B TBEPAOH (HhopMe MOJIEKYIbI LEJUTIOI03bI
paspylaroTcs Mo JEHCTBUEM BBICOKOIHEPTETHUYECKOTO H3IYYEHHs, HO CIIMBAIOTCS
npu 0coObIX ycnoBusx. Henniges n coaBTOpBI JA0Ka3alu, YTO MOJIHCAXapUIHbIE LIETH
MOTYT OBITh JCTIOIMMEPHU30BaHbI, a JUTHUH pa3yiaraetcs B pesynsrare oopadorku OOI1
3a kopotkoe BpeMms (Hennige, et. al. 2013). ABropsl, uccnenopabmue Biusaue OO
Ha PEeaKLMOHHYIO CIIOCOOHOCTh 0amMOYyKOBOW LIEIIIONO3bI, TTOATBEPAMIN, YTO HHU3KAas
MOJIUIUCTIEPCTHOCT MOXKET TMOBBICHTh PEaKIHOHHYIO CIOCOOHOCTH LIEJUTIONO3BI 3a
CUeT pa3pyLIeHUs] KPUCTAUTMUECKUX U aMOP(HBIX y4acTKOB Hemnono3sl (Mohammad
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Padzi, et. al., 2018).

OnHako, B HEKOTOPBIX CIy4yasiX C MOMOIIBIO BBICOKOHEPTETUYECKOTO U3JIy4YEHNUs B
MSITKHX YCJIOBHUSIX MOXXHO MOJYYUTh XMUMHUYECKHE TeNIM B BHJE MacThl. Pa3zpaboTaHsl
HEKOTOpBIE METO/bl CIIMBAHUS IOJIMNCAXapUI0B MOA JEHCTBHEM HOHHU3UPYIOIIETO
W3TYYEeHHUs] C HCIONb30BaHUEM J00aBKH, CIIOCOOCTBYIOLIEH NpOLIECCY CIIMBAaHUS,
HanpuMep, aTKHHOBOTO ra3a WM YeTHIPEXXJIOPUCTOTO YIIIepoaa. ITH METObI TPEOYIOT
100aBOK U crieqU(PHUIECKUX YCIOBUH peakinu, Mo3ToMy 00padoTKa TOBOJILHO CIOKHA
(Kim et. al., 2015).

B cBs3u ¢ 3TUM B ganHOH paboTe paccMaTpuBaeTcs crocod MoyueHHus THAPOreen
Ha OCHOBE METHJILEIUTIONO3bI TyTEM PaJualliOHHOTO OOIyYeHHs, B YaCTHOCTH IyTeM
00JTyYeHHUs TTYYKOM YCKOPEHHBIX JIEKTPOHOB.

Marepuajbl M OCHOBHbIe MeToabl. Metunnemnono3a (ML) npousBoacTsa
"Sigma Aldrich" (CILA), ¢ monexynsipuoii maccoit 40000, Bszkocteio 400 cP,
HCTIOJIb30BaJiach 0e3 TOMOMHUTENbHON ouncTku. Xaopug Harpus (NaCl) npousBoacTsa
komnanuu «PeaktuBCua0» (KazaxcraH), CTENEHH YUCTOTHI «4a» UCIIOIB30BAIICS IS
npurorosnenus 0,9% pacTBopa IyTeM pacTBOpPEHHUsI TOYHO B3BemeHHoW HaBeckn NaCl
B 00beMe AMCTHIUIMPOBAHHOW BOJIBI. JTaHON MPOM3BOACTBA KOMIAHUK «Tanrapckuii
CIUPT 3aBOA» (AJIMaTBhI), CTETICHU YUCTOTHI 96%, NCTIOIB30BAJICS O3 IOTIOHUTEIBHOM
00paboTKH.

Pagnanmonnslii cuHTe3 renei 3¢upoB UesTron03bl. BomHble pactBopsl MII
pasnuuHbIx KoHueHTpanuii 10, 15, 20% ObTHM NPUTOTOBIEHBI MyTEM B3BELIMBAHUS
TOYHOM HaBECKH Mojaumepa Ha aHanuTudecknx Becax RADWAG AS-2201X (TouHocTh
0,0001 1) m pacTBOpeHHS B pPacCCUMTAHHOM OOBbEME AMCTHUIUIMPOBAHHOM Bombl. C
Y4E€TOM XapaKTEPHOM 71 BOAHBIX pacTBOpoB MII HM>KHENH KpUTUUECKON TEMIIEPATYPhI
pPacTBOpPEHHs TPUTOTOBJIIEHHBIE PACTBOPBl XPAHWIMCH B XOJOJWJIBHUKE B TEUEHHE
3-4 nue#t npu Temneparype -3 — -4 °C, s oOecrieueHus: MOJHOW TOMOTEHU3AlUU U
BO M30ekaHue MeHooOpa3oBaHMsl pacTBOpOB. Jlajee pacTBOpPBHl OBUIM yIAaKOBaHBI B
MOJIMATUIIEHOBBIE MakeThl pazMepoM 5x5 n 10x10 cMm, Macca pacTBopa B Ka)KI0M ITaKeTe
COCTaBIIsIA 5 T, AT YITyUIICHHUs TepMETH3alK 00pa3Ibl BaKyyMUPOBAIUCH IBOMHBIM
cloeM, Ui JaIbHEHWIIero paauanroHHOro obmyudeHus. PaguanmonHast oOpaboTka
00pa3loB pacTBOPOB MOJUCAXaPUIOB MPOBOAMIACH HA JIMHEHHOM YCKOpHUTENIE
anextponoB NJIV-10 B PI'TI na I1XB «WHCcTUTYT sinepHoii ¢pusnkm» MuHHCTEpCTBa
sHepretuku Pecryonuku Kazaxcran (Anmarsn), pu no3ax oomnyuenus: 20, 40, 60, 80,
100 xIp.

AHanu3 GU3NKO-XUMUYECKUX CBOMCTB MOyYSHHBIX Ielei.

Berixon renb — Gppakuuu 1 30516 — GpaKkUUK CIIUTBIX THAPOTENe PacCUnUTHIBAIIM 10

hopmye:

G (%) == 100% (1)
Z (%) = 100% - G(%) (2)
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[Je MCyX.0TM. — Macca CyXoro obpasia THApOrels MOciie MPOMBIBKH; MCHUHT —
HayalbHasi Macca TUAporess (CHHTE3UPOBAHHOTO).

OmnepeneneHue BI3KOCTU 30JIb-(PpakUy refeil 3()upoB LETI0I03bl MPOBOJHIOCH
Ha MukpoBuckozumerpe Lovis 2000 M/E (AntonPaar), neiicTBiue KOTOPOro OCHOBAaHO
Ha M3MEPEHMH METOJOM MaJIalollero mapuka. BsS3kocTs pacTBOPOB METHIILIEIUTIONO3BI
omnpeznensuii Ha porauuoHHoM peomerpe RM200 Plus (Lamy Rheology).

UK cniexTpbl BOZOPacTBOPUMBIX THApPOTeNei Ha OCHOBE 3()UPOB LEIITION03bI ObLIH
MOJTy4eHBI ¢ ucroib3oBaHueM ciekrpomerpa PerkinElmer - Spectrum 65 FT-IR ¢ @ypoe
npeoOpasoBareiem, ¢ paspenierueM 1 cM-1 B oomactu 4000 — 500 cm-1. OOpasibl s
aHaM3a ObUIM UCIIONIb30BaHBI B BHJIE TOHKOCIOWHBIX TUIEHOK pa3MepoM 1x1 cM.

Crenenb HaOyxaHus pagMalMOHHO-cIIMTHIX rened MIl Obuta ompenenena
IrPaBUMETPHYECKUM METOAOM IIyTeM IOTPY)KEHHsS 00pa3loB THApOreield B CTakal,
cozpepkamuii 20 Mi pactBopuTens. B kauecTBe pacTBOpuTeNei ObUIM MCIIOIB30BAHBI
JUCTHJUTPOBaHHas Boja, 3taHon u 0,9% pacteop NaCl. U3mepenue maccel 00pasiioB
rujporeseil B pa3HbIX PacTBOPUTENAX MPOBOAWIN Kaxkable 25 MUHYT B T€UeHHHU 2,5
4acoB W [0 YCTaHOBIICHHS DPaBHOBECHOW cTemeHM HaOyxaHusi oOpasma. CreneHb
HaOyxaHUs paCCYUTHIBAIH IO GOpMYIIE:

m—mg

=" ©

My

rae m — Macca HaOyxuiero ruaporess, T; m0 — HadanbHas Macca THIpOresis, I.

Pesynbrarel m ux obcy:xaenme. Kak cnemyer W3 BBeACHUS, paJuallMOHHOE
00JTy4eHre — 3TO BBITOJHBIM METOJ], UCTIONB3YEMBbIH [T TIPEOOpa30BaHUs U MOTyYESHHUS
MOJMMEPHBIX MaTepHajioB IIyTeM cIiMBaHusi oOmyuyenueMm. [IpemmymiectBamu
pazuanroHHOTO O0IyYeHHS SIBISIIOTCS OTHOBPEMEHHAsI CTEPUIIM3aLUs IPOAYKTa B XO/€
CHHTE3a U MoJTy4eHre OnopasznaraeMbiX MPOAYKTOB, KOTOPBIE BCE Yallle HCIONb3YIOTCS B
KaueCTBE IKOJIOTUYECKH YHCTBIX MAaTepHajIoB MPOMBILIUIEHHOTO U (hapMaleBTHYECKOTO
Ha3Ha4yeHus. B kauecTBe MCTOYHHMKA paJUMAMOHHOTO OONyuYeHHs B JaHHOH padoTte
ObUIM HCTIOJIB30BAaHbl IYYKH OBICTPBIX 2JIEKTPOHOB. B II€JIOM 3IEKTPOHHO-Iy4eBOE
nznyuyenue B auanazone 20-100 xIp sBisiercss 3pPEKTUBHBIM CPEACTBOM CIIMBAHHS
nonumepoB (Kim et. al., 2015). B kauectBe 00bekTa MccieA0BaHUs ObLIa BhIOpaHa
METHJILIEIUTION03a, TaK KaK (HUPHI LEJUTIONO03bI SBISIOTCS OJHUM M3 CaMbIX LIMPOKO
HCTIOJIb3yEMBIX ITPUPOAHBIX MarepuaioB B Mupe (Mohammad Padzil et. al., 2018).

OOnyueHre MOJIMMEPHBIX MaTEpPHaIOB BBI3BIBACT ONpPEIENICHHbIE 3(QEKTHL,
3aBUCSILIME OT BUAA NOIUMEPA, MapaMeTPOB 00IydeHH s, COCTOSIHUS 00padaThBAEMOTO
marepuana u 1.1. (Furusawa, et. al., 2005). /IBe OCHOBHBIC peaKIIMH, ONPEIEIISIOIINE
KOHEUYHBIE CBOHCTBA MTOJIMMEPA, BKIIOYAIOT JECTPYKLUS OCHOBHOM 1IN, TPUBOJSIIEE K
YMEHBILEHHIO MOJIEKYJISIPHONH MacChl MAKPOMOJICKYJT, ¥ CIIMBaHKE, TPOTHBOIIOJIOKHBIH
porece, 3aKaHYMBAIOLIMHICSA TONYyYEHHEM MAaKpOCKOIMMYECKOro, HEPacTBOPHUMOTO
Marepuana (rens). B 3aBHCHMOCTH OT J03bI HM3IYYEHHS W SHEPTUU MOIVIOIICHHS
npeoOiagaeT oHa U3 KOHKYPHPYIOIIMX peakuuil. Brixon aecTpyKuuu W CIIMBaHUS,
WK, TOUYHEEe, B3aUMHOE COOTHOILLCHHUE ITHX JIBYX IIapaMeTPOB, ONPEACISICT Pe3ybTaT.
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B cBs131 ¢ 3TUM TIOJTyYeHHBIE TeJIN OBUIN UCCIIEIOBAHBI METOAOM 30J1b-T€JIb aHATN3 IS
omnpeneneHus 3pHeKTUBHOCTH MPUMEHEHUS paiuallHOHHOTO OOMYYEHHUS IS CUHTE3a
reJyieil MeTHILEIUIIoN03bI (PUCYHOK 1).

AHanu3upys 3071b-re1b GPakIuy METHIEIUTION03bI, 00paboTaHHBIX paAuallHOHHBIM
H3Ty4YeHHuEeM, MOXKHO HaOmonarh mnpeoOnajaHue NpPOAYKTOB pPEaKUUH CIIMBAHHS
B pactBopax MIl ¢ xonuentpanuerr 10%. Bpixong renb ¢paxium CHMXKAETCS MPH
noBbimeHny 103 10 80 kI pu 100 kI p, KoTOpbIe HAXOASTCS B HENOCPEACTBEHHOM OIM30CTH
no 3HadeHussM. OTCyTCTBHE Ha MEpPBBIM B3NS ONpPEICIEHHOW 3aKOHOMEpPHOCTH B
BBIXOZIE TeNb U 301k (¢pakuuii ML MOXHO CBsSI3aTh C 0OCOOCHHOCTBIO MOJHCAXAPHIA.
ML sBsieTCs MOAMMEPOM, BOAHBIE PACTBOPHI KOTOPOTO XapaKTEPU3YIOTCs HATUUYUEM
HWXKHEH kpuTnueckoil remneparypsl pactBopenust (HKTP), uto npuBoauT k n3MeHeHUI0
KOH(pOpMaLlUK MaKpOMOJIEKYJ MoJHcaxapuia NpH U3MeHeHHH Temneparypsl (Yoo
et. al.,, 2013). Ecnu yd4ecTb, YTO MOBBINIEHUE J03bI OOIYYCHUS COIMPOBOXKIACTCS
HEOONBIINM JIOKAIBHBIM HAarpeBOM W IOBBIIICHHEM TEMIEparTypbl PeakMOHHOM
CpeZibl, TO CHHKEHHUE BBIXO/Ia TeNIb-PPaKIUH MOKHO OOBSICHUTH U3MEHEHHEM B CHCTEME
3a cyeT (pa3oBOro pacciioeHus: Ha Oosiee KOHICHTPUPOBAHHBIH U pa30aBJeHbIN CJIOU B
cucreme Omarogapsi Hanmmunto HKTP, xapakteproro BogHoMy pactBopy MLI. Takum
00pa3zoM, BBIACISIOIINECS TEIUIO CIOCOOCTBYET KOH(OPMAaMOHHBIM nepexogam MIL,
YTO OKa3blBAaeT 3HAYMTEIBHOE BIMSHUE Ha OOpa30BaHMIO TPEXMEPHOW CeTKH 3dupa
LIEJUTEOJIO3BI.

Pucynoxk 1. Pe3ynbrars! 301b-ress aHanmusa oopasos 10% MII,
MIO/IBEPTHYTHIX paJHaIllHOHHOM 00paboTKe

%

100 + Ereab ppaknua  O30ab ppaknnsa
90 -
80 -
70 1
60 -
50 |
40 -
30 4
20 -
10 4
0 4 T T T T ]
20 kI'p 40 kI'p 60 kI'p 80 kI'p 100 xI'p

Hcxons u3 momyueHHBIX pe3yJIbTaToB, BRICOKHE ITOKA3aTeIH CIIMBAaHU HAOII0AI0TCS
y reneii MII, oopaboTtannbix fno3amu obnyuenus 40 x[p, 60 k[p. Ito o3Hauaer, 4yTO
cBs3b C—H "erBepTuuHOTO aroma yrnepozaa renu ML pa3peiBaercs, 4To B TaabHEHIIIEM
MIPUBOAMT K CIIMBAaHUIO Makporenei yepes ca3p C—C.

Hanee ObUIM TMpOAHANM3UPOBAaHBl 30J7b (PAKIUU Teleid METHIILEIUIION03bI,
MOJTYYEeHHBIX IIOCJIE PaAHaHOHHOT0 00TydeHus1. bblia n3yueHa BI3KOCTh 30J1b-(PpaKIuid

18



Volume 3, Number 464 (2025)

1 TIPOBEJIEHO CPABHEHNE C BA3KOCTHIO MCXOIHOTO PACTBOPA METUIILIEIUIIONO3BI C LIETBIO
W3y4YCeHHUs BIUSHUS JO3bI OOIy4eHHsI Ha CTENeHb AeCTPYKUHMH Mojucaxapua (Tadnumna
1). Mcxons 13 naHHBIX, MPEACTABICHHBIX B TaOnuie 1, MOXHO C/AeNaTh BBIBOM, YTO
yBEIMUEHHE JJ03bI 00TYUYEHHS BEET K OBBIILIEHUIO CTETIEHH AECTPYKIUU TOJTUMEPOB, &
TOYHEE K CHIKEHHIO MoJleKy sipHoi Maccsl ML I1o pe3ynbsraTam BUCKO3UMETPHUUECKOTO
aHaJi3a TaKKe MOXKHO CHeNaTh 3aKIIOYeHHE, YTO C YBEIMYCHHUEM J03bI OOMydYeHUs
Bo3pacTaeT KonuuecTBo C-C cBszeid B 3(hupax, NeIUII0I03bl HOABEPTIINXCS Pa3PhIBY.

Tabmuma 1 — Pe3ynsraTsl BUCKO3UMETPUISCKOTO aHaIH3a 3016 (pakimu 10% ML, nomydenHbIx
pagHaMOHHBIM 00TydYeHUEM

Jlo3a obnyuenusi, | Bsiskocth mpombIToro nonumepa, Pa*s

kI'p 0 xI'p 20 xI'p 40 xI'p 60 xI'p 80 xI'p 100 xI'p

MIT 10% 198,1%* 0,83102** | 0,74128** |0,71295%* | 0,70481** 0,70975%*
[Mpumeuanne: *MeTon M3MEPEHUs] HIUHIAP B HWIHHIAPE; **MeTon uaMepeHus 1o npuHiumy CTokca
(nmajaroummii map)

Hanee 30mb-(hpakiust d3pUPOB HEILTION03bI, 00paOOTaHHBIX ITYYKOM YCKOPEHHBIX
AIIEKTPOHOB, ObLTa MpoaHanm3upoBana metogoM MK-cnexrpockormu (pucynok 2). Ilo
naHHbIM MK-CIeKTpOCKOITUN MOYKHO 3aMETUTh, YTO IMOJTYYCHBI CIIEKTPBI UMEIOT OO
B/ XapaKTEePHBIH I HU3KOMOJICKYJISIPHBIX BeriecTB. OOMINE MMKOB MIPU Pa3IHYHBIX
JUITMHAX BOJIH OOBSCHSETCS TEM, YTO BO BpPEMsl OOJNYUYCHHUS MPOUCXOIUT JCCTPYKIIHS
CIly4aiiHbIM 00pa3om, He TobKo 1Mo C-C CBSA3SIM HMCXOJHOTO TONHCAaxXapuaa, HO U IO
C-0, O-H u np. xak ucxoguoro ML, Tak i mpoMeKyTOUYHBIX TPOTYKTOB pacmaia.

Pucynok 2 — UK-criekTpbl MIIEHOK, TTOMY4eHHBIX U3 3016 (paknuu 10%-ro BogHOro pacteopa MI|
nocine 00pabOTKH yCKOPEHHBIMU AeKTpoHamu. J{o3b1 obmyuenus: 20 (a); 40 (6); 60 (8); 80 (1); 100 ()
xIp
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Ha ocHOBaHMM MOMY4YEHHBIX PE3yIbTaTOB W JIMTEPAaTypHBIX NaHHBIX (Abad et.
al.,, 2016; Haji-Saied et. al., 2010; Chmielewski et. al., 2005) MOXXHO COCTaBUTH
BO3MOJKHYIO CXeMy CIIMBaHMs W AecTpykuun MIL mon nmeficTBueM paanaliiOHHOTO
oOmyuenus. Ha pucynkax 3-4 mokasaHbl cXeMbl KOHKYPUPYIOIIUX PEAKLHU: CIINBaHHE
U JeCTPYKLUS MOTMMEPHON ceTKHU. B nepBoii peakuy UIET CLIIMBAaHKUE 3a CUET pa3pbiBa
cs3u O-R B 3amectuTesne 3(UpOB LEIIIION03b], & BO BTOPOH PEaKLUUN — IECTPYKUHUS
MTOJIMMEPHOM MaTpHILIbL, 3a cueT pa3peiBa C-C cBA3el BIOIb OCHOBHOW MaKpOLENH U3-
32 HEpaBHOMEPHOT'O PACIIPEACTICHUS SHEPTHU 3Ty YCHHS.

Pucynok 3 — Bo3moxknas cxema crmBanus MII o ieficTBHEeM panaliiOHHOTO 00IydeHUs

B CH-0R
0 O
OR CH.OR c- o o o—
O o 0— CH:CR
(8):3 PanHarra

o oA AA CHz OR CH,OR.
. o or—0—
“H,OR OR N R R

=0
OR OR
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Pucynok 4 — Cxema aectpykiuu MI] on neiictBuem paauaiponsoro oonydenus (Epios, 1999)

OR CH,OR o CH.OR OR
or—0— —0 or—0
oR papuar @ @( kOR
=y 0 oH O—
"H,OR OR | “H,OR R CH:OR
OeCTPVELINA

CornmacHO TPEACTaBICHHBIM CXeMaM, paJuallMOHHAsi JHEPrusi BBHICOKOMOHU-
3UPYIOLIET0 M3IY4YEHHUs IOIVIOIIAETCSd BCEMM MOJEKYJIaMH METHIILEIUIION03bl, B
pe3ysibraTte MOJISKYNbl TEepexXomsiT B BO30yXIEHHOE cocTosHHE. Bo30yxneHHbIe
MOJIEKYJIbl, B CBOIO OY€pE/lb, PACIaaloTcsi Ha CBOOOAHBIC PaJUKallbl, YTO IPUBOAUT K
paspbiBy Lenu no cBs3siM O-R n/mnu C-C. PagnanuonHoe pa3pymeHne MakpoOMOJIEKYI
OPUBOJUT K YMEHBIICHHWIO CTENEHH CHIMBAaHHS CHHTE3MPOBAaHHOIO NPOAYKTa H
YBEIMUCHHUIO JIOJH 30J1b-(pakuuu. [Ipu o0dydeHUH METHILEIUTION03bl HapyIIaeTCs
B OCHOBHOM YHOPSIOYEHHAsl CHCTEMa MEX- M BHYTPUMOJIECKYJSPHBIX BOAOPOIHBIX
csazeit (Kimura et. al., 2016). B pe3ynbsrate ruipOKCHIIBHBIC TPYIIIBI IPUTSITUBAIOTCS
K MeHee CTaOWJIbHBIM BOJOPOAHBIM CBSI3SM, YTO BBI3BIBACT CHIKCHHE >KECTKOCTH
Lenu (M3-3a BHYTPEHHUX MOJICKYJISIPHBIX BOAOPOIHBIX CBS3EH), a TakKe CHUXKACTCS
CTENeHb KPUCTAJUIMYHOCTH Marepuaia. B OoxoBbix memsix ML pagukansl Moryt
y4acTBOBATh B PEAKUUAX CHIMBAHMSA MTOC]E OOIYUYCHHS, YTO NPUBOAMUT K 0Opa30BaHMIO
Makpockonuueckoro reis (Chmielewski et. al., 2005; Hennink et. al., 2002).

Hanee ObUT MPOBEIEH aHAIN3 CTPYKTYPHl M (PU3MKO-XHMHUYECKUX CBOWCTB Iellb-
¢pakunu ML, noxy4eHHBIX paiuannOHHBIM 00yueHreM. J{Jsl yCTaHOBIICHHS BIMSIHAS
pazuanMoHHOrO O0NyYeHHs Ha CTPYKTYPY, B YACTHOCTH Ha ciuuBanue resneid ML Obin
npoBenen MK—ananus noiaydeHHbIX 00pa3LoB (PUCYHOK 5).

Pucynok 5 — Pesynsrarer K-criekrpockonuu rens-pakimn rexeit M1, moxydeHHBIX paHaoOHHBIM
obmyuerneM. [lo3sl obmydenus: 0 (a); 20 (6); 40 (B); 60 (1); 80 (m); 100 (e) xIp
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Ha UK-cnexrpax crmthbix ruaporesieit ML na6monatores nuku B obmactu 3304,18
- 3465,80 cm-1, koTOpBIE MOTYT OBITH MHTEPIPETUPOBAHBI KaK MIMPOKHE KOJEOaHWUS
CBOOOJTHBIX THAPOKCHUJIBHBIX TPYMI M BOAOPONHBIX cBs3eil. Ilomoca mormomieHus
npu 2836,91 - 2925,23 cm-1 nonocel amudarudecknx merokcu- rpynn Alk-O-CH3,
a Takxke moiockl 2935,23 cM-1 MOXHO MHTEpPIPEeTHPOBaTh, Kak KojeOaHue CBszed —
CH2- B ankanax. B npeacrasnennsix UK-cnexrpax B oomactu mukoB 2058,12-2058,84
cM-1 Habmomarorest BaneHTHbIe Konebanus C-H, a B obmactu 1642,81 — 1643,32 cm-1
[IECTUWICHHBIE IIUKITBI.

Hanee B pabore ObUIO M3y4YEHO BIMSHHME KOHIEHTPALMH HMCXOAHBIX PAaCTBOPOB
3(hUPOB EJUTION03bI Ha TIOTYYEHHUE Teleld METOIOM PaHalMoHHOro o0yueHus. bout
MIPOBEJ/ICH 30JIb-Tellb aHaJN3 JUIsl 00pa3I0B BOJHBIX pacTBOpoB ML ¢ koHIeHTparueit
15 u 20%, o6paboranubix 20-60 kI'p. Pe3ynbrarhl mpecTaBieHbI B BUC AMArPAMM IS
CPaBHUTEJIBHOTO aHAJIM3a Ha PUCYHKE 6.
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Pucynok 6 — Pe3ynsrars! BausiHus KoHUeHTpanui ML Ha BbIX0j1 3051b-Teib (PaKIUU B 3aBUCHMOCTH
OT J103 00Ty YeHHS

%
100
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r/ 3/
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r/ 3/
15%
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r/(p - resib-pparuas m20xlp @E40xlp OGOKIp
3/¢ - 301b-ppaknus

Kak cnemyer m3 pucyHka 6, Hpu NOBBIIICHUH KOHLEHTPALMH MOJIHCAXapuia
20 xI'p HemocTaroyHO IUISI MOJMYYEHHUS! CIIMTOW CTPYKTYpBl M (DOPMHUpPOBAHHUE I'€Ilb-
(pakuny MpakTU4ecKu oTcyTcTBYeT. [Ipn yBeanueHnu 10361 OOIyUEHUs MTOBBILICHHE
KOHIEHTPALMU MOJIHCAaXapyia B HCXOAHOM PacTBOpE BeleT K (OPMUPOBAHUIO I'€Ilb-
(¢pakuuu B MEHbBLIEM KOJIMYECTBE IO cpaBHEHHIO ¢ 10%-M pacTBOpPOM, W3 YEro
MOXHO IPEANOJ0KNUTh, YTO MOBBIIICHWE KOHLEHTpAaUUHU Mojucaxapuga a0 15% u
20% compoBoXaaeTcs NpeodiIagaHueM Mpolecca JECTPYKLMH MO CPaBHEHHUIO CO
CILIMBaHUEM.

OnHOll W3 BaXHEWIINX XapaKTepUCTHK TeJed sBIsSETCS UX Halyxaromas
CIIOCOOHOCTh, KOTOPAsl SIBJISETCSI OCHOBOIIOJAraroIuM (DakTOpOM INpH ONpeneseHUN
[IPAaKTHYECKOTO MpHUMEHEHus reneil. B cBs3u ¢ atum B pabore u3ydeHo HalOyxaHHE
TUIpOresiel, NoIy4eHHBIX MyTeM paguannonHoro ooimyuenus 10% pactsopos MLI.

B nannoli pabote Obl1H BEIOpAaHBI TPU pa3HBIX PACTBOPUTEIIS AJ1sl CPABHEHUS CTEIICHH
HaOyxanust ML: nuctmnmuposannas Boaa, 0,9% NaCl (pusnonornyeckuii pacTBop) u
STUJIOBBIN CIIUPT, TAK KaK HA0yXaHUE TelIsl 3aBUCUT OT IIPUPOBI PACTBOPUTEIS K CAMOTO
nonumepa. Ha prucynkax 7-9 ykaszansl pe3ynbrarsl HaOyxanus reseid M1, momy4eHHbIx
pazuanvoOHHBIM O0JydCHUEM.
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Pucynok 7 — Kunernka HaOyxaHus paJMalliOHHO CHHTe3UpoBaHHOTrO Teiist M1 B qucTriipoBaHHOM

BOJAC
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Pucynok 8 — Kuneruka HabyxaHust paJiialiliOHHO CHHTe3upoBaHHOro resist MI] B aTanone
a, /T
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Pucynok 9 — Kuneruka HaOyxaHusi paJdalliOHHO CUHTe3upoBanHoro reist MIT B usnonornieckom
pacTBope

a, /T
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W3 rpadukoB 10 KUHETHKE HAOyXaHUs CIICAYeT eAUHas 3aKOHOMEPHOCTH st MII;
rean oOmajarorT Ooliee BBHICOKOH CTENEeHbI0 HAOyXaHWs B BOJIE U CAMbIMU HU3KUMH
rokaszarejsiMi HaOyxaHus B 3THIOBOM crupTe. Kak ormeuanocs paHee, HaOyxaHue
TeJId 3aBUCUT OT MMPUPOABI paCTBOPUTEIIA U CaMOT'0 ITOJIMMEPA, 4 TOUHEC OT OTHOILICHUS
MeXIy cOO0H KOMIIOHEHTOB B CHCTEME TOJIMMEp-pacTBOpHUTEh. HU3Kas monspHOCTh
STHUJIOBOTO CHIHPTA MO OTHONIICHHWIO K d(HpaM IIeIUTION036l O0yclaBIMBaeT Oolee
HU3KYI0 HaOyXarolIyIo CIIOCOOHOCTH Tejiell Ha UX OCHOBE B JIAHHOM pacTBOpPHUTEIIE.

Bricokast ~ Bojonomiomaromasi  CrocoOHOCTh  rujaporenedl  oOycioBieHa
rHIPOPUITHLHBIMEA (DYHKIIMOHAIBHBIMU TPYIIIAMH, TPUCOCAMHEHHBIMU K TIOJIUMEPHOMY
ocHoBanuio (Abad et. al., 2016). HaOyxaHue mojyueHHbIX Tejiel B (PU3HOJIOTHICCKOM
pactBope HaOMIOIaeTCsl HIDKE, YeM B BOJIC, HO BBIIIE Y€M B OTHUIIOBOM CrHpTe. Takke
mo rpadukaM KHHETHKH HaOyxaHus renei ML, mpeacraBieHHBIX Ha pHUCYyHKax 7-9,
MOKHO HaOJIrO[aTh MOCTENEHHOe HaOyxaHue Tejiei B TeueHuue 2,5 4yacoB. JlaHHBIN
(hakT MOXKHO OOBSICHUTH HAIMYHUEM CHCTEMBI BOJOPOMHBIX CBS3EH MEXKIy IETISIMH
MOJIMCaXapH/I0B, YTO BIUSIET Ha B3aUMOJICHCTBHE B CUCTEME ITOJIMMEP-PaCTBOPHUTEINb, a
TaKXe B CUCTEMax IOJIMMEP-TIOJIUMEDP U pacTBOPUTEb-pacTBOpPHUTEINb. [Ipn HaOyxaHuu
MIPOMCXOJUT NOCTEIIEHHOE Pa3pyIICHHE JAHHBIX BOJIIOPOIHBIX CBSA3EH C MOCIEIYIOIIM
YCUJICHHEM B3aUMOJICHCTBHUS IIOJIMMEP-PACTBOPUTEIID.

st metambHOTO aHaNMM3a UM CPaBHEHHUS MEXTy cO00H HaOyXaromel CIocOOHOCTH
rejeil paauanMoHHO oOmy4yenHoi ML, Obula M3MepeHa creneHb HaOyXaHWsl Treliei
noJjircaxapujaa 1o MCTeYeHUIo 48 4acoB, TO €CTh PaBHOBECHAs CTENCHb HAOyXaHHS
reneid. Pe3ynbrarhl CpaBHUTEIBHOTO aHalIM3a MPEJICTABICHBI B BUJE JUArpaMMbl Ha
pucynke 10.
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Pucynok 10 — PaBHoBecHas crenens HaOyxanus ruaporeneit ML 10% npu pa3HbIX 103aX 00ITydYeHUs
U B pa3jIMuHbIX Cpefax

IIJIﬁhﬁ"ﬁIIﬁ
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Kak cnenyer n3 auarpaMMel, npeacTaBieHHON Ha pucyHke 10, MO>KHO clienaTh BBIBO/,
YTO C MOBBIICHUEM J103bl OOYUCHHUS YBEINUUBACTCS 3HAUCHUE PABHOBECHOW CTEIICHH
HaOyxanus rexeit ML, JlanHbIH akT MOKHO 00BSICHUTH 00pa3oBaHUEM 0oJiee IPOYHON
CeTKH B renb-(paxkuuu reneil nonucaxapuga. Ho mpu 3Tom 3HaueHHs paBHOBECHOU
cTerneHn HaOyXaHUsl He CHJIBHO PA3HATCS U MPAKTHUYECKH JIeKaT B OAHOM AMAIlO30HE
IUIS BCEeX 3HA4YCHUH J03bI OOMy4eHHus Ul KaKAOTro BHza pacTBopureni. Hampumep,
paBHOBecHas cTeneHb HaOyxaHus B Boae reneil ML, cHHTe3UpOBaHHBIX B MHTEpBAJIC
ot 20 mo 100 xI'p, xomebneTcs B quamazoHe ot 6,24 1o 7,69 r/T. DTO CBHIIETENLCTBYET
00 00pa30BaHMU TPEXMEPHO CHIMTOM CETKH T'MIApPOTelis Mojucaxapuia MpaKTHYeCKU
C OOMHAKOBOM IUIOTHOCTBIO CIIMBKHM. M3 3TOro ciemyer, 4to 1o03a oOOMy4YeHHUs
MIPAKTUYECKU HE BIUSET Ha IUIOTHOCTh CUIMBKM HOMy4eHHbIX reseil. [lpu obmyuenun
ML Ha HayaJpHOM 3Tale MPOUCXOMUT HOHM3aLus monumepa mo O-R cBszsM, urto
MIPUBOJMT K CIIMBKE ronuMepa. JlanpHeiimee yBennueHue 10361 o0mydenus go 80-100
kI'p npuBomuT K paspeiBy C-C CBsI3U B OCHOBHOM IIENH MTOJIUMEPA, YTO B AAJBHEHIIEM
CIOCOOCTBYET ACCTPYKLMH MoJUcaxapuia. B pesyasrare yBeIMUMBAETCS BBIXOJ 30J1b-
(pakuuy, 9TO KOPPEIUPYET C Pe3yabTaTaMu 30J1b-TelIb aHalu3a (PUCYHOK 1).

Takum 0Opa3om, Ha OCHOBaHUM HOJYYEHHBIX PE3YJIbTATOB MOKHO CIeNaTh BBIBOJ,
yro no3a oOmydenusi 20 kIp sBnAeTCS HEZOCTATOUHOW MJIsl MOJYYEHHUS] INPOYHO
CILUTBIX TeJIel C BBICOKUM BBIXOIOM IIPU CHHTE3€, CIOCOOHBIX K 00JIee HHTEHCUBHOMY
HaOyxaHuto. Kpome TOro, MOXHO cJenarh BBIBOJ, YTO HCHOib30BaHue 103 80-100
KIp, ABIsETCS SKOHOMHMYECKHM HE BBITOJHBIM, HECMOTPS Ha BBICOKHE IOKA3aTeH
creneHy HaOyxaHus. Takum oOpa3om, ONITUMAIbHBIMU 103aMH AJIs1 00IydeHHst 3(pUpoB
uesuttono3sl sisiercs 40-60 k.
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3axuouenne. B pabote ObUTH MOTYYEHBI TeIM HA OCHOBE METHIILICIUTIONO3BI Iy TEM
panuanMoOHHOTO O0MYyYeHHUsI YCKOPEHHBIMH MEeKTpoHaMu Tipu 1o3ax ot 20 1o 100 xIp.
[lony4yeHue TpexMepHOH CHIMTOH CETKM B pe3ylbTaTe pajuallMOHHOTO 00pabOTKH
OBUIO M3YYEHO M JJOKa3aHO C MOMOIIBIO 30Jb-Telb aHaiu3a, BUCKo3uMmeTpun u MK-
cnekTpockonuu. Ilo pesynpraraM 305b-T€lIb aHAJIN3a YCTAHOBJIEHO MPOTEKaHHE IBYX
KOHKYPHPYIOIIUX peaKkluil: peakldu CIIMBAaHUS M JECTPYKLUUU NPU PaTUallIOHHOM
o0myuyenuun BogHoro pactsopa MLI. CmBanue makpomosekya ML B BomHOM pacTBope
MO/ paAralliOHHBIM 00Ty YeHHEM IIPOUCXOANT 3a cueT pa3phiBa cBsizu O-R B3amecTurene
3GUPOB LEJUTION03bl, a ACCTPYKUHs MOIMMEPHOW MaTpuibl — 3a cueT paspbiBa C-C
CBsi3el BJIOJIb LIEMM M3-3a HEPAaBHOMEPHOIO paclpeaeneHus sHeprun usnydenus. [Ipu
BBICOKMX 3HAYEHMSX 03Bl OOMYUYEHHUS, U COOTBETCTBEHHO MOBBIIICHUS TEMIIEPATyPhI
B CHCTEME, BBIXOA Telb-(ppakimuu CHHXKAeTcs M3-3a (a3oBOr0 PACCIOCHUS BOAHOTO
pactBopa ML Ha Gonee KOHIIEHTPUPOBAHHYIO U pa30aBieHHbIC (a3bl 3a CUET HATTMYHUS
HKTP. Onpeneneno BausiHAE KOHLUEHTPALWH MOJMCAaXapyua Ha BBIXOA Teslb (PpaKiui
METHJILEIUTIONO03bl TyTeM pagualMoHHOTO 0o0iyueHus. [loBblmieHHE KOHIIEHTpALUH
nojycaxapuia B HMCXOIHOM PAacTBOPE BEAET K CHIDKEHHIO JOJM Tellb-Ppakiuu, U3
Yero MOXKHO IPEAINOJI0KUTh O BOZMOKHOM MTpeolIagaHnuy npouecca ASCTPYKIHUH MPH
JaHHBIX ycJOBUsX. M3 pe3ynabraroB aHanu3a creneHd HaOyxanus reneid ML cinenyer,
YTO 1032 O0TYUYCHHUS MPAKTUIECKH HE BIMACT Ha INIOTHOCTH CIIMBKHU MOTYyYEHHBIX TeJIei.
[Tpu 5ToM renn ML mokazanu 6osee BBICOKYIO HaOyXarolIyto ClIOCOOHOCTD B BOZE, YEM
B ATAHOJIE, YTO OOBSCHSIETCS XapaKTepOM B3aMMOJCHCTBUS MTOJMMEP-PACTBOPHUTENb.
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Abstract. This article explores the current state and future directions in the processing
and utilization of serpentinite waste generated during the mining and beneficiation
of chrysotile-asbestos ores in Russia and Kazakhstan. Inefficient management of
this waste leads to significant environmental impacts and deterioration of ecological
conditions in industrial regions. A critical review of recent scientific publications
and developments in the production of magnesium compounds from serpentinite is
presented. It is demonstrated that with proper technological approaches, serpentinite
waste from chrysotile-asbestos processing can become a source of economic benefit.
Examples are given of industrial production of high-purity chemical products derived
from serpentinite waste. The article discusses the resource and economic efficiency of
such processes, including research results obtained at M. Auezov South Kazakhstan
University on the integrated processing of serpentinite waste from the Zhitikara deposit.
The proposed technology involves an innovative approach using thermally activated
serpentinite for the purification and neutralization of magnesium extraction solutions,
enabling the production of high-purity magnesium compounds from low-grade mineral
feedstock. The novelty lies in the combination of acid leaching with solid-phase reagents
derived from the same waste, making the process more sustainable and economically
efficient. The developed technologies can be implemented at chrysotile-asbestos
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mining enterprises to reduce environmental burden and meet the increasing demand
for magnesium compounds in Kazakhstan’s industry. Utilization of serpentinite waste
not only mitigates environmental impact but also supplies key industrial sectors with
valuable magnesium-based products.

Key words: serpentinite waste, Zhitikara deposit, utilization, magnesium compounds,
resource efficiency
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Annoranus. Makanana Peceii men KazakcTan KeH opbIHIapbIHAa XPU30THII-acOeCT
KEHIH OHJIpy oHe OaibITy OapbIChIHAA Maiga OONaThIH CEPIICHTUHHUT KaIAbIKTAPbIH
OHJICY JKOHE KoJere )apary OOMbIHILA Ka3ipri KaFqaidl MeH MepCleKTUBANBIK OarbITTap
KapacThIpbutaabl. MyHAal KalIpIKTapasl THIMII Naliaanan0ay eHIipicTiK aiiMakTrapaa
SKOJIOTHSUIBIK JKaFJai[IblH HallapiayblHa >KOHE KOpIUAFaH oOpTara alTapibIKTau
3usH Kentipedi. CepneHTHHUTTEH MarHUH KOCBUIBICTApPBIH ally CalachIHIAFbl COHFBI
FBUIBIMU JKapHUsJIaHbIMIAp MEH o3ipjeMeNepre ChIHUA IIONY YCHIHBUIFaH. XPH30THII-
acOecT KaJIBIKTapblH OHJICYre apHalfaH JAYpbIC TEXHOJOTHSUIBIK TACUIAEpi
KOJIZIaHy apKbUIbl CEPIICHTUHHUT KAJIBIKTAPbIHBIH YKOHOMHKAJBIK dJieyeTi Oap exeHi
nonenaenai. CepHeHTHHHUT —KaJAbIKTapblHAH JKOFapbl Ta3aJbIKTaFbl XUMUSUIBIK,
eHIMZEp eHIpiCiHiH Mblcanaapsl kentipiaren. CoHbIMeH Katap, JKiTikapa KeH OpHBI
CEpIICHTUHHT KaJABIKTapbIH KelIeH i eHey OoiibiHIIa M. Oye30B arbiHgarbl OHTYCTIK
Kazakcran yHUBepCUTETIH/IE alIbIHFAH 3€PTTEY HOTHKEIepl HET131H/Ie PeCypCTHIK KOHE
SKOHOMHKAJIBIK THIMALIIK Mocelelepi KapacThIpbUIAbL. ¥ CBHIHBUIFAH TEXHOJOTHsa
MarHUiIi SKCTpakUMsady epiTiHAUIepiH Ta3apTy >koHe OeirapanTaHaplpy YLIiH
TEPMUSUTBIK aKTUBTEHAIPUITeH CEPIIEHTUHUTTI KOJIJaHyFa HeTi3AeJreH HHHOBALMSITBIK,
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TOCLII YCBHIHBLTABL. ByJT TOMEH camasbl MUHEepalAbIK IIHKI3aTTaH ) KOFaphl Ta3aJbIKTaFbl
MarHuil KOCBUIBICTAPBIH alyFa MYMKiHIIK Oepemi. JKaHaIIBUIABIFBI — KBILIKBUIMEH
ciurTiney yaepiciH conl KaJAbIKTaplIaH alblHFaH KarTbl (azaiblK peareHTTepMEH
OipikTipyinae, Oy omicTi HEFYPIBIM OPHBIKTHI 9pi IKOHOMHUKAIBIK TYPFbLAA THIMII
ereni. JlaiibiHnanFan TEXHONOTHAIAPAbI XPU30THI-acOeCT OHIIPETIH KOCIIOpbIHAapAa
€HTi3y apKbLJIbl SKOJIOTHSITBIK )KYKTEMeH] a3aiThlm, KazakcTan eHepkociOiHaeri Maruui
KOCBUIBICTApbIHA JIEre€H OcCill Kele >KaTKaH CYPaHbICThl KaHaraTTaHIbIpyFa OOJIajbl.
CeprneHTHHUT KaJABIKTapbIH K9Jere apary TEK HSKOJIOTHSUIBIK ocepiAi TOMEHIETIll
KaHa KOMMai, COHBIMEH Karap eJAiH 9pTYPJi eHEpPKICiN calalapblH KYHABl MarHUi
OHIMIEpIMEH KaMTaMachl3 eTyre MyMKiHJIK Oepei.
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AHHoTammsa. B cratbe paccMarpuBarOTCs COBPEMEHHOE COCTOSHHME U
MepCreKTUBHBIE HampaBieHuss B crareke paccMarpuBarOTCs COBPEMEHHOE COCTOSHUE
W TEpCHEeKTHBHBIC HampaBlieHHs MepepaboTKi M YTHIM3ALUU CEPIIEHTHHUTOBBIX
OTXOZOB, 00pa3yloUIMXcs Mpu J00bIYe W 00OTalleHNH XPU30THII-acOeCTOBBIX pyd Ha
MecTopoxkaeHusx Poccun n Kazaxcrana. Otmeuaercs, uto HeaphekTuBHOE 0OpaleHme
C TaKHUMHU OTXOAAMHU MPHUBOJUT K HEraTUBHOMY BO3AEHCTBUIO HAa OKPYXKAIOIIYIO Cpeny
U YXyALUICHUIO 5KOJOTMYECKOW OOCTaHOBKH B palOHaX pa3MelleHHs MPOHU3BOICTB.
[IpeacraBneH KpuTHYECKUH 0030p HAyYHBIX MyONUKAMid U Ppa3paOdO0TOK MOCIEAHUX
ner B o0NacTu MOJyYeHHUs] MarHWEBBIX COCIUHEHUI M3 ceprneHTHHUTOB. [lokaszaHo,
YTO MPH MPAaBUIBHOM MOAOOPE TEXHOJOIMU CEPIEHTHHUTOBBIE OTXOIbI EpepabOTKH
XPpU30THII-acOECTOBOTO CBHIPbS MOTYT CTaTh HMCTOYHUKOM Joxozaa. llpuBeneHs
MpUMEpBl OpraHU3alM¥ MPOU3BOACTB XUMHUYECKHX IPOAYKTOB BBICOKOH CTENEHH
YUCTOTHI, TOJIy4EHHBIX U3  CEpPIEHTUHUTOBBIX OTXOMOB. PaccMarpuBarorcs
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aCMeKThl PeCYpCHOM W HSKOHOMHUYECKOH s¢dextuBHOCTU. [IpuBeneHbl pe3ynbTrarhl
HCCIIeIOBAaHUM, HAIllpaBICHHBIX HA KOMIUIEKCHYIO TepepabOTKy CEepIeHTHHUTOBBIX
0Tx0/10B JKHTHKapUHCKOTO MECTOPOXKIEHUs, NonydeHHbIX B FOxHO-KazaxcTtaHckom
yHHuBepcuTeTe UM. M. Aya3oBa. [IpeanoxeHHas TEXHOIOT s BKIIIOYAE€T MHHOBAIIMOHHBIN
MOJXOJ] C MCIIOJIb30BaHUEM TEPMUUECKH aKTUBUPOBAHHOI'O CEPIIEHTUHUTA AJIs1 OUUCTKU
1 HelTpanu3alMu pacTBOPOB MPHU H3BJIEUEHUM MarHus. JTO IO3BOJIET MONy4aTh
MarHueBbIe COEIMHEHUs BHICOKOM YMCTOTHI U3 HU3KOCOPTHOTO MHUHEPAJIBHOTO CHIPHS.
HoBu3Ha 3akmroyaercsi B COYeTaHUK KUCIOTHOTO BBIIIEIAYUBAHUS C TBEPAOPa3HBIMH
peareHTamMu, NOITy4YEHHBIMH U3 TEX e OTXOJ0B, UTO JIENaeT Mpoliecc Ooiee yCTOMYMBBIM
1 9KOHOMUYECKH BBITOIHBIM. Pa3paboTaHHbIE TEXHOIOTUU MOTYT OBITH BHEIPEHBI Ha
MPEANPHUATUSIX TIO T00BIYE XPU30THI-acOecTa Il CHUKEHUS SKOJIOTUIECKON HAarpy3KH
1 YIOBJIETBOPEHMSI PACTYLIETO CIIpOoca Ha MarHUEBbIE COEMHEHNS B TPOMBIIINIEHHOCTH
Kazaxcrana. [TokazaHo, 4T0 UCIIOIB30BaHNE U YTUIIM3ALUS CEPIIEHTHHUTOBBIX OTX0/10B
MO3BOJIUT HE TOJIBKO CHU3HUTH HKOJIOTHUECKYIO HarPy3KY, HO M 00eCIIeunTh HOTPEOHOCTD
Pa3IMUHBIX OTpaciel mpomselnuieHHOoCTH KazaxcTaHa coeAMHEHUSIMU MarHusl.
KuroueBbie ci10Ba: cCeprieHTUHUTOBBIE OTXOAbI, JKUTHKapUHCKOE MECTOPOXKICHHUE,

yTUIM3ALUS, COSTMHEHHSI MarHus, pecypcocOepeskeHne

Introduction. Serpentinite rocks constitute one of the major types of anthropogenic
waste generated during the processing of ultrabasic ores. The accumulated volume of
such waste amounts to hundreds of millions of tons, posing a significant environmental
burden. According to the Ministry of Natural Resources and geological services, over
500 million tons of serpentinite waste have been accumulated across the countries of
the Commonwealth of Independent States (CIS), primarily Russia and Kazakhstan. At
the same time, the rich chemical composition of serpentinite—including magnesium,
silicon, and iron—makes it a valuable secondary raw material. These wastes typically
contain 25-43% MgO, 35-45% SiO,, 7-8% FeO, along with trace amounts of Ni,
Cr, and Al. Their proximity to mining and processing facilities provides logistical
advantages for utilization. It is estimated that 2 to 3 million tons of serpentinite waste
could potentially be processed annually. However, at present, serpentinite waste
resulting from the beneficiation of ultrabasic rocks, such as chrysotile-asbestos ore,
remains largely unutilized. In this context, the development of innovative technologies
aimed at converting serpentinite into value-added products has become a pressing and
relevant objective.

Materials and methods. The research methodology included a comprehensive
analysis and critical review of existing scientific literature, patents, and dissertations
related to the processing and utilization of serpentinite and associated industrial waste.
The review focused on identifying key technological directions, typical solutions,
and limitations of current approaches, incorporating both domestic and international
experience. Particular attention was paid to the work of international research groups
and Kazakhstani scientists involved in the development of strategies for serpentinite
valorization.

To evaluate the most promising processing pathways, benchmarking was applied
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to compare existing technologies in terms of efficiency, scalability, and environmental
indicators. Additionally, foresight analysis was conducted to assess the long-term
prospects for serpentinite utilization, considering the properties of the raw material,
potential end products, and relevant market demand. This integrated methodological
framework enabled the identification of the most efficient solutions for the sustainable
conversion of serpentinite waste into high-value magnesium compounds.

Results and discussion. Current status of serpentinite waste utilization. The
utilization of serpentinite waste generated during the processing of chrysotile-asbestos
ores remains insufficiently developed, despite its significant volume and environmental
hazard. At present, one of the most widespread approaches is its use in road construction
as a filler or reinforcing component in road base layers. This practice not only enhances
the mechanical strength of the road foundation, but also helps reduce waste accumulation
at industrial sites (Tarasov et al., 2021).

Magnesium-containing waste, including serpentinite, is also used in the production
of construction materials. Crushed serpentinite improves the strength, water resistance,
and sulfate resistance of cement and concrete composites. The use of such waste as an
aggregate reduces production costs and represents an environmentally safe method of
resource conservation (Khudyakova, 2018). However, many of the proposed serpentinite
utilization options have not yet been implemented on an industrial scale.

An analysis of the current situation at chrysotile-asbestos mining enterprises in
Kazakhstan and Russia highlights the need to introduce more effective and diversified
utilization strategies. Improving competitiveness and tightening environmental
requirements necessitate the development of practical and economically viable
technologies for serpentinite waste processing. Researchers emphasize that the
rational and integrated use of mineral resources is regarded as a strategic priority for
the sustainable development of the chrysotile-asbestos industry (Punenkov & Kozlov,
2022).

In addition to traditional applications in construction and cement production,
serpentinite waste is increasingly considered a multifunctional raw material for
obtaining high-tech products. Studies have confirmed the suitability of industrial
serpentinite for use in heterogeneous catalysis (Teixeira et al., 2012), in the sorption of
heavy metals from wastewater (Huang et al., 2017), and as a component of electrodes
in electrochemical processes (Randelovi¢ et al., 2017). Although these applications are
still at the laboratory stage, they demonstrate the multifunctionality of serpentinite and
its potential in advanced technologies.

Technological and kinetic aspects of acid leaching of magnesium from serpentinite.
Serpentinite is a valuable secondary raw material due to its high magnesium content (25—
43% MgO). As a result, intensive research is being conducted to develop technologies
for producing magnesium salts and oxides. Since serpentinite exhibits low reactivity
with alkalis, most studies focus on acid leaching using mineral acids such as sulfuric
(H,SO,), hydrochloric (HCI), nitric (HNO,), and phosphoric (H,PO,) acids.

One of the approaches for obtaining magnesium sulfate (MgSO),) involves leaching
thermally activated serpentinite with sulfuric acid at temperatures ranging from
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500-600°C (Becciano et al., 2024). This method has demonstrated high efficiency in
extracting magnesium for agricultural and industrial applications. A similar scheme was
described in a patent (Grigorovich et al., 2006), where the main product is magnesium
oxide. However, that method is characterized by high energy consumption and
technological complexity. An optimized process includes pre-calcination of serpentinite
at 680—-750°C, followed by leaching with 4-8% hydrochloric acid at a solid-to-liquid
ratio of 1:15-40 (Zulumyan et al., 2010). The resulting slurry is filtered, and cyclic
processing is often applied in laboratory-scale studies. Despite improved performance,
the need for high-temperature activation remains a key limitation of the technology.

Another approach involves the use of nitric acid: the non-magnetic fraction of
serpentinite is leached with the formation of magnesium nitrate, which is then purified,
evaporated, and subjected to thermohydrolysis to produce magnesium oxide and
regenerate nitric acid (Kalichenko & Gabdullin, 2007). Despite its high efficiency, the
method requires complex equipment and implementation.

Other acid leaching technologies using various acids have also been proposed
(Aueshov et al., 2017); however, they are limited by long process durations, high reagent
and energy consumption, and the formation of a gelatinous silica dioxide precipitate.
These limitations hinder widespread implementation of the technologies and emphasize
the need for further optimization.

The kinetics of serpentinite dissolution in various acids plays a critical role in the
efficiency of magnesium extraction and has been the subject of numerous studies.
When treated with sulfuric acid, both magnesium sulfate and silica gel are formed.
The leaching rate depends on the acid concentration, temperature, and reaction time.
However, the formation of a passivating gel of silicic acid hinders further dissolution
and phase separation (Yeskibayeva et al., 2024).

When hydrochloric acid is used, magnesium chloride and silica gel are formed, with
the reaction kinetics also influenced by acid concentration and temperature (Khartukova,
2005). In the case of nitric acid, magnesium nitrate and a SiO, precipitate are formed.
Interaction with phosphoric acid may result in the formation of various magnesium
phosphates, such as Mg(HPO,),, MgH,PO,, and Mg (PO,),, depending on the pH and
reaction conditions (Arynov et al., 2017).

Comparative studies show that the type of acid and process parameters significantly
affect both the leaching kinetics and the degree of silica gel precipitation (Teir et al.,
2007; Yoo et al., 2009). Silica gels still represent a major technological challenge, as
they clog filters and reduce the efficiency of phase separation.

Recent studies have explored the use of organic acids, such as citric acid, as milder
and more effective solvents. According to data from the Russian Science Foundation
(grant No. 22-27-00035, 2022-2024), citric acid significantly accelerates serpentinite
dissolution under flow conditions and reduces the formation of silica gels.

At the 2024 scientific and practical conference in Yekaterinburg, it was emphasized
that acid concentration, particle size, temperature, and thermal activation are key factors
influencing the leaching kinetics (Aueshov et al., 2024c).

The general mechanism of acid leaching involves the protonation of hydroxyl groups
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in the serpentinite structure [Mg,Si,0,(OH),], leading to the release of Mg*" ions and
the formation of colloidal silica. To intensify the process, methods such as increasing
acid concentration, reducing particle size, raising the temperature, and pre-calcination
are employed. Nevertheless, the development of scalable and economically viable acid
leaching technologies remains an urgent task.

Economic efficiency and industrial potential. One of the most important tasks in
serpentinite waste utilization is achieving not only environmental, but also economic
benefits. The results of systematic studies (Aueshov et al., 2024a; Yeskibayeva et al.,
2024) aimed at developing efficient processing routes for serpentinite waste from the
Zhitikara deposit, conducted at South Kazakhstan University named after M. Auezov,
confirm the practical relevance and industrial potential of further research in this area.
Figure 1 presents a generalized process flow diagram for the stepwise production
of magnesium compounds from serpentinite waste. It outlines the main stages of
magnesium sulfate, magnesium hydroxide, and magnesium oxide production, including
acid leaching, purification, precipitation, and final calcination to obtain high-purity
magnesium oxide.

Serpentinite waste Leachate Filtration Filtration Calcination
1-1.25 taining MgSO
( mm) R Purified MgSO4 Mg(OH), MgO
solution

H>SO4 Thermal-activated NaOH Drying
serpentinite waste

at 750°C

Figure 1 - Process flow diagram for the production of high-purity magnesium oxide (MgO) from
serpentinite waste

Table 1 presents the key technical and economic indicators for producing magnesium
sulfate (MgSO,-7H,0), magnesium hydroxide (Mg(OH),), and magnesium oxide (MgO)
from serpentinite waste of the Zhitikara deposit, based on systematic experimental
studies (Auyeshov et al., 2024b; Yeskibayeva et al., 2024).

Table 1 - Resource and energy efficiency of MgSO,-7H,0, Mg(OH),, and MgO production from

serpentinite waste of the Zhitikara deposit

Item Unit of  Quantity Unit Cost Total Cost
Measure (USD) (USD)

a) MgSO,7H,0

Revenue $175.00
MgSO,"7H,0 tons 1.00 $175.00 $175.00
Costs $60.00
Industrial waste (ITW) tons 0.46 $3.00 $1.40
Thermally activated [ITW tons 0.40 $3.00 $1.20
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Sulfuric acid (H,SO,, density=1.824 g/cm®) tons 0.44 $100.00 $44.40
Water (technical) tons 2.80 $1.00 $2.80
Electricity (drying or calcination) kWh 92.40 $0.07 $6.00
Miscellaneous costs $4.20
Profit $115.00
b) Mg(OH),
Unit of  Quantity Unit Cost Total Cost
Measure (USD) (USD)
Revenue $1445.00
Mg(OH), tons 1.00 $1200.00 $1200.00
Na,SO, tons 2.45 $100.00 $245.00
Costs $950.00
MgSO,"7H,0 tons 4.25 $60.00 $255.80
NaOH tons 1.38 $500.00 $690.00
Water (technical) tons 4.20 $1.00 $4.20
Profit +$495.00
c) Mg0O
Unit of  Quantity Unit Cost Total Cost
Measure (USD) (USD)

Revenue $5000.00
MgO tons 1.00 $5000.00 $5000.00
Costs 1444.30
Mg(OH), tons 1.47 $950.00 1397.00
Electricity kWh 731.30 $32.64 47.80
Profit +$3555.70

Note: Calculations are based on the production of 1 metric ton of product using serpentinite waste from
the Zhitikara deposit. Cost estimates include raw materials, reagents, electricity, water, and miscellaneous
operational expenses. Source: experimental data obtained by the authors (Ch.Z. Yeskibayeva et al.)

As shown in Table 1, the stepwise conversion of serpentinite waste into magnesium
compounds demonstrates consistent improvement in economic attractiveness. The
production of magnesium sulfate heptahydrate (MgSO,-7H,0) yields a moderate profit
of $115 per ton, primarily due to the high cost of reagents. In contrast, the subsequent
conversion to magnesium hydroxide (Mg(OH),) significantly increases profitability to
$495 per ton due to the market value of sodium sulfate as a by-product. The final stage
— calcination to obtain high-purity MgO — provides the highest economic return, with

a net profit of $3555.70 per ton.

These economic indicators are further illustrated in Figure 2, which shows the gross
profit for the three target magnesium compounds — sulfate, hydroxide, and oxide.
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Figure 2 - Gross profit (per ton) of magnesium compounds obtained from serpentinite waste

As seen in Figure 2, the transition from magnesium sulfate to magnesium hydroxide
and subsequently to magnesium oxide is accompanied by a significant increase in
gross profit. While the production of MgSO,-7H,0O ensures only a modest profit due
to high reagent costs, Mg(OH), provides a higher economic return, largely owing to
the by-product formation of sodium sulfate. The final stage—MgO production—offers
the highest profit, approximately $3555.7 per ton. This confirms the high commercial
significance of the proposed stepwise processing scheme and its potential for industrial
implementation. The results confirm that the proposed technological scheme is not only
resource-efficient but also economically viable at every stage of the production cycle.

The first practical steps in implementing such a technological scheme (Figure 1) are
already underway in Russia. For example, the Russian company Ultra S has launched
a modular pilot plant for the production of high-purity magnesium oxide, amorphous
silica, and magnesium sulfate. The flexibility of the process allows for adaptation to
market demands (Ultra “S” Ltd., 2024). Currently, production capacities enable pilot-
scale output of up to 200 tons/year of high-purity magnesium oxide (purity above
99.0%), 400 tons/year of amorphous silica (as an analog of synthetic silicates), and 600
tons/year of magnesium sulfate. The modular organization of Ultra S technology allows
adjustment of the product balance depending on market conditions.

The Zhitikara deposit, which has been operating since the mid-20th century, contains
millions of tons of serpentinite tailings. According to geological characteristics, it is
similar to the Russian Kiyembay and Bazhenov deposits (Punenkov & Kozlov, 2022),
which makes the application of similar technologies in Kazakhstan feasible.

The obtained results may serve as a reliable scientific and technical basis for scalable
and sustainable industrial solutions.

Conclusion. The Zhitikara chrysotile-asbestos deposit in the Kostanay region of
Kazakhstan has been in operation since the mid of the last century and is considered
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one of the largest in the world. However, along with valuable fiber, its extraction has
resulted in the accumulation of millions of tons of serpentinite tailings. Today, these
wastes are being considered as a strategic source of magnesium—an element essential
for dozens of industrial sectors.

The use of serpentinite waste from chrysotile-asbestos ore of the Zhitikara deposit
as a source of magnesium for the production of industrially significant inorganic
magnesium compounds is a promising direction that combines economic benefits with
environmental sustainability. The presented data and rationale confirm the feasibility of
continuing research in this area to develop effective approaches for utilizing serpentinite
waste to obtain magnesium and other valuable products.
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Abstract. Artificial polymers are widely used, but their slow decomposition causes
environmental pollution and health risks. This increases the demand for eco-friendly
alternatives. Starch-based biopolymers, derived from renewable raw materials, are
biodegradable, cheaper, and environmentally safe. Studying their structure, properties,
strength, and degradation rate helps improve quality and expand applications. Their
production supports environmental protection, domestic industry, reduced imports,
and public health. Thus, starch-based biopolymers are a highly relevant field aligned
with sustainable development and the green economy. This scientific study is aimed
at a comprehensive investigation of the production and physicochemical properties
of starch-based bioplastics. The work examines the main types of bioplastics, their
production technologies, as well as their impact on the environment. In addition, the
advantages and limitations of starch-derived polymeric materials are analyzed, along
with the specific features of using potato starch in the production of biopolymers. The
second part of the research addresses key factors influencing the synthesis of bioplastic,
including the molecular structure of starch, the effect of plasticizers on physical
properties, and methods for enhancing the mechanical strength of the material. The
experimental section presents a methodology for obtaining bioplastic from potato
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starch and investigates parameters such as moisture absorption and water resistance
of the resulting samples. The results confirm the environmental safety of starch-based
biopolymers and their potential for biodegradation in natural conditions.

Keywords:  starch, biopolymer production, plasticiser, glycerol, study of
biodegradation properties
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Annoramus. Kazipri yakpiTTa »XacaHAbl MOJMMEpep KYHACTIKTI TYpMBICTa,
OHJIIpICTe KeH KOJIJIaHbUIaJbl. AJlalijia ojapiblH TaOUFU OpTaja eTe Oasly bIABIPAYbI
FalaMJIbIK SKOJIOTHSUTBIK JaFAapbIcTapra, TONBIPAKTBIH, CY/bIH, ayaHbIH JIAaCTaHybIHA
YKOHE Tiplar3aliap/IbIH JICHCAYIIbIFbIHA Kay i1l TOH Aipeii. COHIBIKTaH 0ajiamMa 3KOJIOT USUTBIK
Taza MaTepuayijiapra JISTeH cypaHbic apryna. Kpaxmain HeriziHjeri Ouornosumepriep
TaOWFH, >KaHAPTBUIATBIH INHMKI3aTTaH aJbIHATBIHABIKTAH, AKOJOTHSIIBIK TYPFbIIAH
Kayirci3, ap3aHbIpaK *KoHEe OMOJIOTUSIIBIK bIIbIpayFa KalOineTti. Kpaxmaijgan anpiHFaHn
OMOMOTMMEPIICPIIIH KYPBUIBIMJIBIK JXKOHE (DU3MKA-XUMUSUIBIK KAaCHETTEPiH, OJapiblH
OCpIKTIri MEH BLABIpay >KbULAAMABIFBIH 3€pPTTEY KaHa OMOMaTepHalAapIblH CalachlH
apTTHIPYyFa XKOHE KOJIJIaHy asChIH KeHEHTyre MyMKIH/IK Oepe/ii. DKOIOTUsIIBIK Kayirncis
OuononuMepIiepi eHAIpy KOpIllaraH OpTaHbl KOpFayFa FaHa €Mec, COHbIMEH Karap
OTaHObIK OHIIPICTI JaMBITyFa, HMIOPTTHl a3aiTyFa >KOHE XaJIbIKTBIH JCHCAyJIbIFbIH
KOprayfa bIKnan ereai. Kacanapl moJuMepiepAiH OpHbIHA KpaxMall Heri3iH e albIHFaH
OuomonuMepIepl 3epTTey - IKOJIOTHSIHBI KOPFay, TYPAKThI 1aMy 5K9HE )KaChlJI DKOHOMHKA
TananTapblHa COMKec KeNeTiH, Ka3ipri 3aMaHlIarbl €H ©3eKTi FBUIBIMU-TKIpHOEIiK
OarbITTapabIH Oipi. FhuTBIMEU 3epTTEY Kpaxmai Heri3iHaeri OMomiIacTUKTEepIiH oHIipic
MEH (PU3UKAJIBIK-XUMUSIIBIK KACUETTEPiH KEUICHJI TypJe 3epiaeieyre OarbITTallFaH.
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KymbicTa OMOIIIACTUKTEPAIH HETI3ri Typiepi, OJapAbl OHIIpY TEXHOJIOTHsIIaphI
JKOHE KOpILaraH OpTara THTi3eTiH ocepi cunarranagsl. COHBIMEH KaTap, KpaxMaiJaH
QJIBIHFaH MOJIMMEPIIIK MaTepuangapAblH apTHIKIIBIIBIKTAphl MEH IIEKTEYIepi, COHnali-
aK KapTon KpaxMaJbIHBIH OHOMOJIMMEpP OHMIIPICIHAErT KOJNJaHy epeKIIeNiKTepi
TajnaHaabl. 3epTTey KYPBUIBIMBIHBIH €KiHIIl OeiMiHIe OHMOIMIACTHK CHHTE3iHE acep
eTeTiH Heri3ri Gakropiap, atam aTKaHIa, KpaxMaJblH MOJEKYIAJIbIK KYPBUIBIMBL,
macTuGUKaTOpiIapablH  (PU3UKAJIBIK KACHETTepre bIKMNAIbl KOHE MaTepHalAbIH
MeXaHHMKaJIbIK OEPIKTIriH apTTBIPy TOCUIAepi KapacThlpbutaibl. ToxipuOenik Oenimae
KapToIl KpaxMaJlblHaH OMOIJIACTHK Ay OliCTeMEeCi YCHIHBUIBIN, abIHFaH YITiIEpAiH
BUTFaJ CIHIPTiUTIK, CyFa TO3IMIUIIK CHAKTHI CHUIIATTamMalapbl 3epTTeNeaAl. AJbIHFaH
HOTIDKEJIEp KpaxMall HeTi3iHJer: OHOIOIUMEPIIeP/IiH YKOJIOTUSIBIK KAYilCi3iri MeH
TaOUFHU XKaFaai/a bIAbIpayFa OCHIMALTITIH Jonen e mi.

Tyiiin ce3nep: kpaxmai, OHomoIuMep aiy, IACTU(OUKATOP, IULIEPUH, OUObIIBIpaY
KAaCHETTEePiH 3epTTey
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AnHotamusa. B Hacrosmiee BpeMs HCKYCCTBEHHBIE TIONMMMEPHI  IIMPOKO
HCIIONB3YIOTCS B OBITY, B mpou3BoacTBe. OJJHAKO UX OUEHb MEJICHHOE Pa3JIOKCHHUE B
€CTECTBEHHOH Cpefie YIrpokaeT TII00aTbHBIM SKOJIOTHUECKUM KPU3HCaM, 3arpsI3HEHHUIO
MOYBBI, BOJIbI, BO3MlyXa U 3J0POBBIO KHUBBIX Opranu3MoB. Iloatomy pacter cmpoc
Ha aJbTCPHATHBHBIC DKOJOTHYCCKH YHUCTBIC MaTepuaibl. bHomonmmMepbl Ha OCHOBE
Kpaxmaja TOJy4aroT U3 HaTypajlbHOTO BO30OHOBIISIEMOTO CHIPHS, OHH DKOJIOTUYECKU
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Oe3omacHbl, JelIeBle W CIOCOOHBI K OHONOTMYECKOMY pasjokeHHIo. M3yueHue
CTPYKTYPHBIX M (PU3MKO-XUMHUYECKHX CBOWCTB OWOMOJIMMEPOB, MOJYYCHHBIX W3
Kpaxmajia, uX MPOYHOCTHU U CKOPOCTU PA3JIOKCHHUA ITO3BOJISCT IMMOBLICUTH KAa4€CTBO U
pacmmpuTh chepy IpUMEHEHHsT HOBBIX OromarepuainoB. [Ipon3BoICTBO AKOIOTHYECKH
0e30IacHBIX OHOIIOIIMMEPOB CIIOCOOCTBYET HE TOJIBKO OXPaHE OKPYIXKAIOMICH Cpeibl,
Pa3BUTHIO OTEYECTBEHHOTO MPOM3BOCTBA, COKPALIEHUIO UMIIOPTA U OXpaHE 310POBbS
HaceneHus. M3ydeHne OHOMOIMMEpOB, MONYyYEHHBIX Ha OCHOBE KpaxMalla BMECTO
HUCKYCCTBCHHBIX IMOJMMEPOB - OAHO U3 HauOoJsee AKTYAJIbHBIX HAYYHO-ITPAKTUYCCKUX
HamnpaBJIeHUH COBPEMEHHOCTH, OTBeyaroliee TPEOOBaHUAM 3alllUThl AIKOJIOTHUH,
YCTOMYMBOTO Pa3BUTHUS U 3€ICHON 3KOHOMUKHU. HayuHoe nccienoBanue HarpaBieHo Ha
BCECTOPOHHEE M3YYCHHE MPOU3BOACTBA M (PU3NKO-XMMUYECKUX CBOMCTB OMOTIIACTHKOB
Ha OCHOBE Kpaxmana. B paGore paccMarpuBaloTCsi OCHOBHBIC THITBI OMOIIIACTHKOB,
TEXHOJIOTUH UX MOJTyUeHHs], a TAK)KE BIIMSHUE Ha OKPYXKAIOIIYI0 Cpey. AHAIU3UPYIOTCS
NpEUMYIICCTBA U OTPAHUYCHUS IMMOJIMMCPHBIX MaTCpUajIoB, MOJYYCHHBIX U3 KpaxMmaJia,
a TaKke OCOOCHHOCTH WCIIONB30BaHMS KapTO(EIbHOTO Kpaxmalia B TPOM3BOICTBE
omononmepoB. Bo BTOpoH wacTH WCCIENOBaHHWS pPAacCMATPUBAIOTCS KITIOUYEBEIE
(bakTOpBI, BIUSIONIAE HA CHHTE3 OMOTUIACTHKA, B TOM YHCJIE MOJICKYISIPHAs CTPYKTypa
Kpaxmalia, BIHsIHUE TIIacTU(UKATOPOB Ha (PU3MUECKUE CBOMCTBA M METO/IbI [TOBBIILICHHS
MEeXaHHYeCKOH MpOoYHOCTH MaTepuasa. B akcrepuMeHTanbHOM pasfierne mpeacTaBieHa
METOAMKAa TOJTy4eHHs OWOIUIacTMKa U3 KapTo(empHOro Kpaxmana, a Takke
WCCIENYIOTCA TaKWe MapaMeTpbl, KaK BIaroeMKOCTh M BOJOCTOMKOCTH TONYYEHHBIX
o0pasrnoB. [lomydeHHble pe3ynbTaThl MOATBEPKAAIOT IKOJOTHUECKYI Oe301TacHOCTh
OMOMOIMMEPOB Ha OCHOBE Kpaxmalia i KX CIIOCOOHOCTD K OMOPa3IokKEeHHUIO B IPUPOIHON
cpeze.

KiroueBble cjioBa: kpaxmal, Hoxy4eHHe OHOIOIMMepa, INIACTH()UKATOP, IITULIEPUH,
rccienoBanne Onopasaraonux CBOMCTB

Kipicne. Kazipri Tanza niaacTUK KaJIbIKTapbIHBIH KOpIIAFaH OpTara THUTi3eTiH
3USAHBI KYHHEH-KYHI€ apThill Kejeni. MyHall Heri3iHJeri IIacTUKTep TaOUFH opTaja
Y3aK YaKbIT blABIpaMai b, 01 9KOJIOTHSUTBIK IIpoOJieMaapAbIH, COHBIH 1LT1H/IE TOMBIPAK,
MeH Cy KO3/epiHiH JIaCTaHybIHBIH, KaHyaplapAblH ©JliMi MEH KJIMMarT e3repiCiHiH
Herisri cebenTepiniy Oipi Oompim TaObuTaAsl. OCBIFaH OAMIAHBICTHI, DKOJIOTHSIIBIK
Ta3a J)KOHE bIABIPANTHIH OajlaMa MarepuangapAabl 931piiey MaHbI3bl MOCeIIere aiHabII
OTBIp. broracTukrep — ’KaHaPTHUIATHIH OMOJIOTHSUIBIK PECYpPCTap/iaH ajlbIHATBIH JKOHE
TaOUFU OpTaja BIABIPAl ajaThlH HKOJIOTHSUIBIK Ta3za Marepuangap. OmapiblH imriHge
Kpaxmall HeTi3iHaeri OMOoIuIacTUKTEp epeKIile OpbIH anaasl. Kpaxman — eciMaikTepaeH
QJIBIHATBIH TaOWFH TIOJIMCaXapy/i, 071 OUOBIIBIPANTHIH KACUETKE He KOHE IKOJIOTHSIIBIK
Ta3a IMUKi3aT Ke3i Ooielm TaObuIampl. OHBI KOJJAHY KOpIIaFaH oOpTaFa 3HsH
KeTIpMEIi ®KoHe O KaiiTa eHJeyre kapaMpl. JKacaHbl TUTACTUKTEPIIH KO
TaburarTa MBIHIAFaH XbUlgap OOHbI bLABIpaMaibl, Oy 3KOJOTHSJIBIK AafAapbICTHI
YIIBIKTBIpaabl. Ocipece, Oip peTTiK MaiiianaHbplIaThlH MJIACTUK OHIMAEP] KOplIaraH
opTara yJIKeH Kayin TeHipesai. [InactMaccanap Taburarka TYCKEH/IE TEK TOIBIPAK CH
Cy pecypcTapbiHa FaHa 3UsSH KeNTipin KoWMai, orap TIpIIUTiK HeJepiHiH JeHCayIbIFbIHA
Ja Tepic ocep eTemi. bysr MoceleHi menry YIIiH SKOJOTHSUIBIK Ta3a, OMOJIOTHSIIBIK
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TYPFBIJIaH bIIBIPaHTHIH MaTEpHUAIIapFa JCTCH KAKETTUTIK apTyaa. Kpaxmai el Herizinie
yKacaJlaThlH OMOTUIACTHKTEP OChI Macesiere TUiM/I Oajama OOJbIN TaObLIa b,

Kpaxmanmpl HeriziHmeri OMOIIaCTUKTEPIIH epeKIIeNiri — OJIapablH OHOIOTHSUTBIK
bIIbIpay KabineTi. Kpaxman onemie keHiHeH TapaiiFaH mojrcaxapul OOJIbI TaObLIa bl
JKOHE OHBIH KacHeTTepl IJIACTUK MaTepuallAapblHBIH eHAipiTyiHe Kojiaiisl. Kasipri
Ke3Jle KpaXxMaJsijibl HeTi31H/Ier1 TUIACTUKTEP/IIH CUHTE31 MEH OJIAPJIbIH KOJIAHBLTY asiChl
YKOHIHJIE KONTeTeH FRIIBIMU 3epTTEYIIep KYpriziiyne. 3epTTey KYMbICTap/AbIH asChIHIA
KpaxMaiibl HeTi3iHJerl IJIACTUKTEpli KOJJAHYIBIH SKOJOTHSUIBIK THIMIIIITT MeH
onapbIH PU3UKAIBIK, XMMUSUIIBIK KACHETTEP1 dKaH-KAKThI 3epPTTEIII Kenei. Kpaxmamnbt
HEri3iHAeri OHMOIUIACTUKTEPre JIEreH KbI3bIFYIIBUIBIKTBIH ~apTybl JKOJOTHSUIBIK
MoceneNiepl mienryre OarbpITTanfaH jxkahaHIBIK IIapajapMeH ThIFBI3 OalIaHBICTHI.
buormacTukTep, OHBIH iMIIHIE KpaxXMalasl HETi31HACTI TUIACTHKTEP, OCHI MaceleIepIi
HIeIyre MaHbI3/IbI KajiaM 0ok Tadbiians! (MBaHos, 2019).

CoHFBI KBUIJIAPbl KpaxXMaJiJibl HETI3IHJerT OWOIIACTUKTEPIiH OHJIpici MeH
KOJIJIAHBLIYbI KOHIHEC KONTEIeH FhUIBIMHM 3E€PTTEYJICP MEH TOKIpUOEaep >Kypri3isii.
Ocipece, OWI MarepualmapAblH MEXaHUKAJIbIK KacHeTTepl MEH TYPAKTBUIBIFBIH
JKaKcapTy OaFbITBIHIIA TYpJl TEXHOJOTHSUIAp MEH OJICTep YCHIHBUIABL Kpaxmammsl
HeTri3iHeri OMOIUTACTUKTEP I KOJNJIAHY/IBIH TaFrbl Oip MaHBI3bI ACIIEKTICI — OJap/IbIH
a3bIK-TYJIK KalTaMachl, aybUl IIapyalllbUIbIFbl, MEAMIIMHA XKOHE 0acka Ja cajiajap/a
KOJITAHBLTYHI OOJIBIT TaOBLTA b

3epTTey JKYMBICBIHBIH MakKcarbl — KpaxMall HeTi3iHJeri OHOIUTaCTUKTEPIiH
CUHTE3JICITY 9JIICTEPiH 3ePTTEY, OJIAPJIbIH KYPBUIBIMIIBIK SPEKIICTIKTEPiH )KOHE (PU3UKa-
XUMHSUIBIK KaCHETTEpPiH Tayijay. 3epTTey >KYMBICHIHAH aJIbIHFAH OWOILJIACTUKTEPIIiH
OCpIKTITi, CePITIMIUIITI )KOHE BIIBIPAY KBUTIAMIBIFBI CEKUIII MAHBI3IBI CHTIATTaMaTapbIH
aHBIKTAYy JXOCIapiaHFaH. by 3epTTey >KyMBICHI OMOIIACTHKTEPIIiH MYMKIHIIKTEPiH
YKAH-)KAKThI 3ePTTEYTe XKOHE OJIap/bl OHJIIPICTE KEHIHEH KOJIaHy YIIiH MPaKTHKAIBIK
HETi3 YChbIHyFa OaFrbITTaIFaH.

3epTTey HOTIKECIHIAE KpaxMasl HETi3iHAeri OWOIIIACTHKTIH apTHIKIIBUIBIKTAPEI
MEH KeMIITUTIKTepl aHBIKTAJbIN, OHBI THIMI Maiianany >KOIAapsl YChIHBLTAIbL. YKoba
SKOJIOTHSUIBIK Ta3a TEXHOJOTHSUIAPIAbI JaMbITYyFa JKOHE IUIACTHK KaJIBIKTAPBIHBIH
a3alobIHa yJIeC KOCY/Ibl MaKCaT eTe/l.

MarepuaJjaap MeH daicTep

BbuommacTuk — TaOWFW IIWKI3aTTaH aJGIHATBIH JKOHE KOpIIaraH opTaaa
MUKpPOOPTaHU3MJICPMiH OCEpiHeH bIAbIpall anmarblH mnoiauMmep wmarepuai. OHbIH
HEri3ri MIMKIi3aTTapbl — OCIMIIK KpaxMalibl, IeJuIrono3a, nomwiaktua (PLA),
nonuruapokcuaikanoarrap (PHA) sxoHe 6acka ga OnonorHsIIbIK HEeT13/1er oJuMepIIep.
buormacTuk gocTypii MyHa#l HeTi3iHAETi IuTacTMaccajapFa dSKOJIOTHSIIBIK Oajama
peTiHzIe KapacThIpbuIajbl, ce0edi OHBIH OHAIpICI MEH BIABIPAYhl KOpIIaraH OopTara a3
3WSIH KeJTipei. BUommacTukTiH 6acThl apTHIKIIBUIBIFBI — KAHAPTHUIATHIH PECYpCTapiaH
aJIbIHATHIHBI J)KOHE TaOWFM KaFJaiia, apHaibl )KaraaliChl3 J1a, YAKbIT 6T¢ KeJe TOJBIK
BIABIPAl alaThIH KACHETI.

BuomiacTuk TypJiepi
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Teiry Teri MeH bInbIpay KabineTiHne OaiyaHbICThl OMOIUIACTHKTED KeJleci caHaTTapra
OeumiHeni:

1. TonbikTail OMONOTHSIBIK BIABIPAUTHIH IUIACTUKTEp — TaOUFW OpTajga TOIBIK
BIIBIPalTBIH MaTepuangap. Onapra kpaxman Herizinaeri mactukrep, PLA sxone PHA
Karaapl.

2. XaHapThUIaThIH IIHKI3aTTaH JKacaliFaH, O1paK TOJIBIK bIIBIPAMaNUTBIH IIACTHKTEP
— OCIMAIK IIWKi3aThIHAH aJbIHFAHBIMEH, BIABIPAY MpOIECi Y3aK yakbIT anansl. byraH
ouononuatuieH (Bio-PE) skone Omonomuatunentepedranar (Bio-PET) sxaramgst
(Kysnerosa, 2017).

Byrinri Tanaa OMOMIIACTHKKE JeTeH CypaHbIC oiieM OOWBIHIIA apThil Keiemdi. by
MaTepUaIblH SKOJIOTHSUIBIK apTHIKIIBUIBIKTAphl MEH >KaHAPTBUIATBIH pecypcrapiaH
AJIBIHYBI OHBIH OOJalIaKTa KeH KeJeM e KONJaHbUTybIHa 50 amazsl. COHBIMEH Karap,
OMOMIACTUKTEP/AIH KYpPaMbIH KaKCapTy, MEXaHUKaJIbIK KAaCHETTEPIH KYLICHUTY >KOHE
OHJIIpIC WBIFBIHIAPBIH a3aiiTy OaFbITBIHAA 3ePTTEYNEp OCJCeHIl KYprisiiayae.

Kpaxmana Herisingeri OHOMJIACTHK — DSKOJIOTHSAJIBIK Tasa, >KaHAPTHUIATHIH
LIMKI3aTTaH aJbIHATBIH KOHE OMOTOTHSJIBIK BIABIPAyFa KaOiaeTTi moJuMep MaTeprabl.
By marepuan goctypii MyHai-XuMUs IIJIaCTUKTEPiHE Oaama peTiHae KapacThIpbLIa bl
YKOHE KOpILIaraH opTara THTi3€TiH Kepi acepAi a3aiiTy MakcaTbhlHAa KeHIHEH 3epTTeNyIe.
Amnaiia OHBIH KOJIJaHBUTYBIH HIEKTEHTiH Oenrini 6ip kemurimikrepi ge 6ap (MasuToBa,
2021).

Kpaxmaur Herizingeri OMOIJIACTHKTIH apTHIKIIBLIBIKTAPbI

1. DKOJIOTHUSUIBIK Ta3a jKoHE OUOJIOTUSUIBIK bIIbIpAy KaOiaeTi:

Kpaxman — taburu monucaxapuj OONFaHIBIKTAH, OaH >KacalfaH OMOIUIACTHK
KOpLIaraH opTaja MUKPOOPraHM3MIEPAiH 9CEPIHEH KOMIPKBIIIKBUI Ta3bl, Cy >KOHE
Ounomaccara AeWiH TONBIK bIIBIpail anaabl. By gocTypii muiacTMaccanapaplH KOpIiaraH
opTaja KUHAJBII, Y3aK YaKbIT CAaKTaly MOCENECiH HIeuTyre KOMEKTeCe .

2. XaHapThLIaThIH XKOHE KOJDKETIMI IIHKi3aT Ke3i:

Kpaxman xyrepi, kaprom, Oupmai, Kypill CHSKTBI aybll HIapyallbUIbIFbI
JaKbpUIIapbIHAH ajblHAagbl. Byl OHBIH OHAIPICIH TYPaKTbl JXOHE >KaHAPTHUIATHIH
pecypcTapra Herizueyre MyMKiHiK Oepesi. COHBIMEH KaTap, aybuUl [IapyalibUIbIFbIH 1A
KEHIHEH TapajfaHAbIKTaH, KpaxMal OWOIUIACTHK OHIIpiciHAe KODKETIMII opi
SKOHOMMKAJIBIK TUIM/I IIUKI3aT OOJIBIII CaHAIadbl.

3. Kayirncizaik »xoHe OHOJIOTUSIIBIK YHIIECIMIUTIK:

Kpaxman Herizinzeri OMomiacTUK agaM AEHCAyJIbIFbl YIIIH Kayilci3, ymbl 3aTTap
OenMeiini )koHe TaFaMMeH KaHacyFa )kapaMbl. COHABIKTaH 0J1 TaFaM KarnTaMalapblHa,
(hapmateBTHKaa XKOHE MEJULIMHAIA KEHIHEH KOJIAaHbIIa bl

4. OHJey jKoHE OHIIpIC YAEPICiHIH KapanalbIMIbUIBIFBL:

Kpaxman tepMormiacTHKanblK KacHeTTepre ue OOJFaHIBIKTaH, OHBI JKOFaphbl
TeMIIeparypa MeH KbIChIM apKblIbl oHieyTe Oonansl. Oran mactudukaropiap (MbIcajbl,
IMLEPUH, COPOUTON) KOCY apKbUIBI MEXaHMKAaJbIK >KOHE (DU3MKANBIK KacHETTEpiH
KakcapTyra MyMKIiHIIK O0ap. ByJ OHBI KanblnTay KoHE SKCTPY3Hs 9MIiICTEPIMEH oHaeyTe
MYMKIHJIK Oepei.

5. Kaiita enzey oHe KOMIIOCTTATy MYMKIiHJIIT1:
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Kpaxmangan sxacanran OMOMIACTUK TaOMFU OpPTa/a TOJBIK BIABIPAI, TOMBIPAKTHIH
KypaMblH OaibITaThlH Maijanbl OpraHUKalbIK 3aTTapra aidHanmaabl. bya OHBIH
KaJIBIKTapbliH OacKapy TYPFBICBIHAH THIMIUTITIH apTTHIPaabL.

Kpaxmau Herisingeri OMomyiacTMKTIH KeMIIIikTepi

1. Cyra te3imuinirinig Temenairi. Kpaxman ruapodunbai (Cy ciHipriun) noiaumMep
OONIFaHIBIKTaH, BUIFANABIH OCEpPIHEH ICiHIN, MEXaHMKaJbIK OEpIKTIriH >KOFalNTybl
MYMKiH. By Kacuer oHBI y3aKk Mep3iMai KOJAaHy YUIH THIMCIi3 eTefli jKOHEe CyMeH
YKaHacaThlH OHIMIEPre >KapaMChl3 KblIaabl. byl MaceneHi Imemry yimiH Kpaxmaiibl
XUMUSUIBIK MoAuduKanusiiay HemMece OHbl THMAPOQOOTH MOIMMepiepMeH OipiKTipy
KaXeT.

2. MexaHukanblk OepikTiriHiH Temenuiri. Kpaxman HeriziHgeri OWOILIACTHK
JOCTYPIIi MIacTMaccalapMeH CalbICTBHIPFaH/Aa SJICi3/ey JKOHE CHIHFBIII Kenendi. ¥3aK
Mep3iMIi MEXaHUKAJIBIK )KYKTEMETe TO3IMIUIIr TOMEH OOJIFaH/IBIKTaH, OHBI OelTii Oip
MakcarTapAa KojJlaHy mekTeyni. by MoceneHi menry yuiH oraH miacTudukaropiap
Hemece 0acka OuonoauMepiiep KOChUTaabl.

3. Xorapel TemmepaTypara TYpakchI3ObIFbl. Kpaxman HeriziHaeri OHOIIACTHK
50-70°C rtemmeparypaja >KYMCaphbll, HilIiHIH e3repTyi MyMKiH. COHIBIKTAH OHBI
KOFapbl TeMmIeparypajga KoijgaHyra Oonmaiabl. By moceneHi miemy yiuiH apHaiibl
TYpaKTaHIBIPFBILITAP HEMece MOAU(UKALMSIIAY dAiCTePl KO NAHbLIA b

4. OwuHpaipic KYHBIHBIH CaJbICTBIPMalbl TypAe »korapsl Oomybl. Kpaxmangan
OMOMIaCTHK OHIPY YILiH KOCBIMILIA OHCY, MOAN(DHUKALKSIAY KOHE IIacTU(UKaTopiap
KOCY KaKeT, OyJ1 eHAipic MIBIFBIHAAPBIH apTThipaabl. Keibip skarnaitnapaa moctypmi
IUIacTMaccalapMeH CalbICTBHIPFAaH/Ia OHBIH OHIpici KbIMOAThIpaK 00Iybl MYMKIH.

5. Konpany asiceiHbIH mekTeyniiiri. Kpaxman Herizinaeri OMOMIacTUKTIH )KOFaphI
BUTFaJ CIHIPTIIITIT MEH OepiKTIriHiH TOMEHMIIri OHbl KeiOip eHAipicTIK cananapia
KOJIZJaHyFa MYMKIHAIK Oepmeiini. On ayblp jKYK KOTEpETiH HEMece KOFapbl OEpiKTiK
Tajan eTeTiH KYpbUIBIMIBIK MaTepHuajzap YIIiH jxapamcbid. Kpaxman Herizinzeri
OMOMJIACTUK SKOJIOTUSUIIBIK TYPFBIIAH THIMI MIeNIiM OONFaHBIMEH, OHBIH MEXaHHUKaJIbIK
QIICI3IIIT1, BUTFAJIFA TO3IMCI3/IIr )KOHE OHIIPICTIK IIBIFBIHIAPBIHBIH KOFAPbl OOIYBI OHBI
KEHiHEH KoJlaHy/1a KeAepriiep TyabIpaibl. byt kemininikrepai a3alTy YIIiH Kpaxmaibl
MoauduKkanysiay, KOCHIMIIA OHONOIMMEpIepMeH OipiKTipy >KoHE jKaHa eHIipic
TEXHOJIOTHUSIIAPBIH JaMbITy KaxeT. Mpicaisl, nomunaktua (PLA), nemmono3a Hemece
XHTO3aH CHUSKTHl OHONONMMEpIepMeH OipiKTipy apKbUIbl OMOIJIACTHKTIH OepiKTiri
MEH CyFa TO3IMIIIIr apTThIpbUTybl MYMKiH. COHBIMEH KaTap, HAaHOTEXHOJIOTHsIap bl
naianany apKpliibl OMOTUIACTHKTIH KYPBUTBIMBIH MOJIEKYJIANBIK JEHIeH e )KeTIaipyre
Oonanpl. KocbiMma mactudukaropiap MeH TaOWFH  TONTBIPFBIITAD KOJIIAHY
MaTepHUaJIIbIH UKEMJILIITT MEH TO31M/IUTITIH j)KaKCcapTyFa bIKIAI TEI.

Kaprom kpaxManbl o-IJII0KO3a1aH TYPaThiH TAOUFH TOIKCaxapua OOJBI TaObUIAIbL.

Kpaxman — o-D-miroko3aHblH KaJAbIKTapbIHAH TY3UITEH KOFaphl MOJEKYJIabIK
kemipcy (l-cyper). OHBIH Heri3ri KYpBUIBIMIBIK KOMIIOHEHTTEpI ammjio3a >KoHe
AMHJIONIEKTHH. AMUIIO3a TY3Y ChI3BIKTBI IOIUMeEp, 0-(1—4)-IHKo3uATIK OaiiaHbicTap
apkpUIbl  OaiimaHpickan D-rimioko3a  KasigbIKTapblHAH — Typajgbl.  AMMIONEKTHH
TapMaKkTaJllFaH KypbUibiMFa ue, o-(1—4)- xxoHe o-(1—6)-muko3uaTik OaiinaHeicTap
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apKbUIbl OallaHBICKAH IVIIOKO3a MOHOMepJepiHeH Typazabl. KpaxmanneiH amMop(Thl
KOHE KpHUCTaJIbl aiMakTapAaH TYPaTblH KYPBUIBIMBI OHBIH MEXaHUKAJbIK OEpiKTiri
MeH OMOBIIBIPAY JKBIIIAMABIFBIHA 3CEP ETE].

OH
0 Q
HO
: OH o HOO
HO
HO 0
O OH
HO
HO0 0
HO
HOO .

I-cypert. Kpaxman

Amunosa (20-30%) — Ty3y Ti30eKTi KypbuibIMFa ue (2-cypet). Oy OHOMIACTUKTIH
OCpIKTITiH apTTHIPBIN, MEXaHUKAIBIK KACHETTEPIiH >KakcapTalpl, Oipak bUIFaiFa
Ce3IMTANABIFEl JKOFaphl OONFAHABIKTaH, MAaTEPHAJIbIH CHIHFBILITHIFBIH aPTTHIPYBI
MYMKIiH.

OH

b 0 OH
HO
HO 0
O OH
HO
HOO 0
HO

2-cyper. AMuIiIo3a

Amunosza - Ty3y Ti30eKTi KYpbUIBIMFA HWe OOJFaHIBIKTAH, KpaxMall HeTi3iHAeri
OMOIITACTUKTIH OCPIiKTIriH apTThIpaasl. OHBIH 0aCTHI AP THIKITBIIBIKTAPHI OMOTUTACTHKTIH
MEXaHUKAIBIK OCpiKTITiH YKOFaphUIaTybl, OMOBINBIpAY TMPOIECIH TE3ICTyi JKOHE Ta3
OTKI3TIMITITI TOMEH TUICHKAJIAp TY3yTe MYMKIHIIK Oepyi. bipak puTFaiFa ce3iMTaJIIbIFbI
JKOFaphl JKOHE CEPITIMIIITI TOMEH, CHIHFBIMITHIK KACHETi 0achkiM. AMMII03a MeJIepi
JKOFaphI KpaxMalljiaH yKacajaFaH OMOTUIACTUKTEP KATTHI Opi CBIHFBIII KeJie]li, COHABIKTaH
oJIapIbl JKYMCApTy YIIiH ITacTHUKaTopiap (ITHUIEPHH, COPOUTON) KOCHIIAIbI.

Avunonektur (70-80%) — TapmakranraH KypeutbiMFa wue (3-cyper). Ox
OMOIITIAaCTUKTIH WKEMIUTITIH KaMTamachl3 eTill, MaTepHaAbIH  CO3BUIFBIIITHIK
KacHeTTepiH KyIieiTeni, 0Oipak OMOBIIbIpaY KBUTIAMABIFEIH O9CECHACTYI MYMKIH.
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3-cypeT. AMUJIONEKTHH

Amunonexmun - TapMaKTaIFaH KYPBUIBIMIBI TOJMCAaXapu] OOTFaHIBIKTaH, OHBIH
OuorutacTuk Ty3yre acepi e3remre. Oy OMOIUIACTUKTIH MKEMIUTITIH apTTHIPBIN, CyFa
TO3IMIIITITIH JKaKcapTaabl JKOHE KAJBINTAy MEH dKCTPY3Hs MPOIECTEPIH KEHIIACTET.
Bipak OmobLbIpay KBUIAaMIBIFBIH OasylaThIl, Ta3 OTKI3TIIITITIH apTTHIPYbl MYMKIH.
AMUJIONEKTHH MOJIIEpl KOFapbl KpaxMallaH >KacajiFraH OWOTUIACTHKTEp CEepIiMIi
YKOHE CO3BUTFBIII KeJIe i, OipaK oiapsIH OepiKTiri ToMeH 00Iysl MYMKIH. AMITO3a MCH
AMUWIOTICKTHHHIH OHTAaMJIbl KAThIHACHI OMOIUIACTHKTIH OCpIKTIriH, MKEMIUIITH JKOHE
OHOBIIBIpay KBUIAAM/IBIFBIH TEHECTIPYTe MYMKIHAIK Oeperi.

Awmunio3a Menmiepi Kol KpaxMmaljiaH >jKacalFaH OWOIUIACTHK KaTThl, Oipak
CBIHFBIII OOJIBIN KeJIeIl, ajl aMUJIONICKTHH MeJIiiepi 0achiM OMOIJIACTHK UKeMIi, OipaK
MEXaHUKaJIBIK OepiKTiri ToeMeH 00iybl MYMKiH. OChl €Ki KOMITOHEHTTIH TEeHrepiMIi
KaThIHAChI OMOIIIACTUKTIH CallaChlH )KaKcapTyFa MYMKIH/IIK Oepeii.

Kpaxman Herizigaeri OHMOMIACTUKTEPAIH OacThl apPTHIKIIBUIBIKTAPBIHBIH OIpi —
oJiap/IbIH TAOUFH OPTaa KbLJIIaM bIbIPaYbI.

* Kommocrt xarmaipiHga 2-3 ail immiHAE TONBIK BIABIPANWIBI, HOTMIKECIHIE
KOMIPKBIIITKBLT Ta3bl, Cy JKOHE OmoMacca Ty3iiemi.

* BuoriacTuKTiH OMOBLIBIPAY JKbUIIAMJIBIFBI KOpIIaraH opTa (pakTopiapbiHa, OHbIH
IIHae TeMIleparypara, bUIFAJJIbIIBIKKA JKOHE MHUKPOOPraHu3mjaep OeJICEeHIUIIrHe
0aiiIaHBICTHI ©3Tepe/i.

* blrranapUTBIFBL JKOFAphl OpTaa OMOTUIACTUK Te3 BIABIPAAbBI, ajd KypFakK opTana
OHBIH TYPAKTBUIBIFBI APTAJIEL.

* buobIpIpay MporneciH KbpULIaMAaTy YIIiH KpaxMall HeTi3iHaeri OMoTiacTUKTepre
(hepMeHTATHBTI Karagu3aropiap HEeMece MHKPOOPTaHU3MIEPIIH ecyiH
BIHTATAHIBIPATHIH KOCTIAIAP KOCHUTYBI MYMKIiH.

Kapron kpaxmaablH Moau(puKanusiay daicrepi:

KapTon xpaxmanbIHbIH TaOUFH KaCHETTEPIiH JKaKCcapTy YIIIH TYPIl XUMHSUIBIK jKOHE
(hm3uKaIBIK MOAU(UKAIIMSIIAY 9ICTePl KOIIAHBLIATEI.

XHAMHUSITBIK MO (DUKATTHS;

* ALIETHIIICHTEH KpaxMaJjl — bUIFaJIFa TO3IMIUTITIH apTTEIPY KOHE OMOTUTACTHKTIH Cy
OTKI3TIMITITIH TOMEHETY YIIIiH KOJTaHbLTA b
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» OkcuaTenreH KpaxMan — OEpIKTIriH KakcapTy *oHe OMOIMJIACTHKTIH KapTaiora
TO3IMIUIITIH apTThIPy MaKCaThIHA KOJJIAHbLIA IbI.

* KpoccnuukuHr (kemipuieney) omici — Kpaxmaj MOJEKyJalapbl apachIHIAAarbl
KOCBIMIIIA OaiiiaHbICTapIbl KYIICHTY apKbUIbl OMOTIIACTUKTIH KYPBUIBIMIIBIK OCPIKTIriH
apTTHIPAMbIL.

OusuKaIbIK MOANUKALINS;

* VnbTpablObICTBIK OHJEY — Kpaxmall OejeKTepiH OipKenki yiecTipy KoHe
OMOMIACTUKTIH MEXaHHUKaJIBIK OCPIKTIriH )KaKcapTy YIUiH KOJJaHbLUIa kL.

* DKCTpy3Hsay — JKOFapbl KBICBIM MEH TeMIlepaTypaja KpaxMaiblH KYPbUTBIMBIH
©3repTiln, OMOMIACTUKTIH UKEMIUIITTH apTThIpyFa KOMEKTECEIi.

By TexHonorusnapap! KoigaHy apKbelibl OMOIUIACTUKTIH MEXaHUKAJIBIK KacueTTepi
JKAKCapTBUIBIN, OHBI SKOJIOTHSUIBIK Ta3za KamTamaiap, Oip PpeTTiK BIObICTap, aybul
LIapyalbUIbIFEL KaOBIHAAPH! J)KoHE Oacka Ja OMOMoJIMMep OHIMIEpi YIIiH KOJAaHyFa
MyMKiHgik Oepeni (HazapGaes, 2021). ConbiMeH Karap MoauduKalsIaHFaH
KpaxMaJlZbIH OMOJIOTHSUIBIK BIABIPAY KBUIIAMIBIFBI 14 ©3repyi MYMKiH, OYJ1 OHBI TYpIi
9KOJIOTHSUIBIK TajanTtapra OeiiMaeyre >koi amanabl. Ocipece, a3blK-TYMIKIEH TiKeleH
OalinmanpicTa OOJNIATBIH ©HIMJAEPre apHaJFaH OMOIUIACTHKTEpAE KpaxMaJIblH Kayircis
XKoHe OedTapan KacHeTTepi YJKEH apTHIKIIBUIBIK OoNbln TaObuiagsl. Moaudukanus
oflicTepiH AyphIC TaHAay apKbUIbl OMOIUTACTHKTIH CamajblK KOPCETKIITEPiH HAKTHI
KOJIZIaHy cajiacbiHa Oellimaeyre 0oabl. By FRUTBIME jKoHE OHAIPICTIK canaga Kpaxma
HeTi3iHJeri OnomMarepuaapablH dJI€yeTiH apTThIpyFa MyMKiHAIK Oepeni. bonamakra
MYHJail 3epTTeysaep dKOJOTHsIbIK OajamMa MaTepuaniapiblH AaMybIHa cepIliH Oepepi
aHBIK.

KpaxmanapH MosieKynaablk Maccachl OHBIH ITOJIMMEPITIK Ti30€Ti1HIH Y3bIHIBIFBIH )KOHE
KYPBUTBIMABIK OCPIKTIriH aHbIKTalAbI. YKoFapbl MoOeKyIaublK Maccalbl kpaxman (10°-
10® [la) OnoruiacTHKTiH OEPIKTIriH apTTHIPHII, OalKy TEeMIepaTypachlH )KOFapblIaTaibl,
OipaK OHBI OHJIEY NPOLECIH KUBbIHAATaAbl. TOMEH MOJEKYJalbIK Maccalbl Kpaxmal
(10*-10° [la) OWOIUTACTUKTIH MKEMJUIITIH JXaKCapThI, OHJICYIl JXCHIUIJICTKCHIMEH,
MeXaHHMKaJbIK OepikTiri TomMeH Oonansl. TeMeH MoONeKymalblK Kpaxmaj Heri3iHueri
OMOMIACTUKTED KYMCAK KOHE HKEMI1, aJl )KOFaphl MOJIEKYJIaJIbIK KpaXxMalJaH aJlbIHFaH
OHMOIUTACTUKTEP KATTHI )KOHE OEPiK Kele/i.

Kpaxman ruapodwmipai Taburu momumep OOJFaHIBIKTAaH, OHBIH KYpaMbIHIAFbI
rugpoken (-OH) tonTapbl OMOIMIACTHKTIH Cy CiHiprimririne acep ereni. JKorapsl
ruApOGUABAUTIK OUOTUIACTUKTIH BUIFAIFa TO3IMIUITH TOMEHJETIN, MEXaHHKAIbIK
OepikTirin azaidTanel. Kpaxmannel anerniaey Hemece 6acka ruipooOTHIK TONTapMeH
OHJICY apKbUIbl Cy OTKI3TIIITIFiH TeMmeHaeryre Oomansl. [mapoduibaimiri sxorapsl
OoNIFaHIBIKTaH, KpaxMajl Heri3iHjeri OMOIUTACTHK BUIFAJFa ce3IMTaj YKOHE KOJIaHy
Mep3iMi KbICKa 00JTybl MyMKiH.

Kpaxmanapiy Taburu KypbUIBIMBI OMOIUIACTHK OHIIpICiHAE KeWOip ImeKTeynep
Kosiibl. COHZIBIKTAH OHBIH KacHETTepiH J>KaKcapTy VIIiH 9pTypii Moau(UKaIus
omicTepl  KONJIAHBLIAAbl. XUMHSUIBIK MOAU(UKALMS ONICTEpiHE AalleTUJIICHTEH,
CYKUMHHJIMPJICHTCH JKOHE OKCHATEIreH Kpaxmall KaTaabl. ALETHIACHTEH Kpaxmal
BUTFaJIFa TO3IMIUIII KOFapbl OMOIIACTUK aly YLIIH, CyKIMHWINPICHICH Kpaxmal
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WKEMIUTIKTI apTTBIPy YIUiH, ajl OKCHATENTreH KpaxMan OepiKTiriH jkakcapTy YLIiH
Konganbael. U3uKanbslk MOAU(UKALNS 9ICTEPIHE JKOFaphl KBICBIMMEH OHJIEY JKOHE
YABTPAABIOBICTHIK OH e KaTa bl JKOFaphl KBICBIMMEH OHICY KpaxMal MOJIeKyIalapblH
KpUCTaJIIAHIBIPY YLIiH, all YIbTPaAbIOBICTHIK OHICY KpaxMan OenmeKTepiH OipKenki
YJIECTIpY YLIIH KOJAaHBLIA b

KpaxmanesairineH repMoIuiacTHKaIbIKMaTepraiemMec, 0ipakacTuukaropiapMeH
eHJenTeH e TepMoruiacTukaibik kpaxmanra (TPS — Thermoplastic Starch) afinanansi.
[Mnactudukaropmap KOChUIFaHAAa OWOIUIACTHKTIH ~ MKEMILUTITT  apThill, OHJLY
TeMIIepaTypachl TOMEHJICH 11 )KoHe MaTepHalAbIH MEXaHUKAJIBIK KaCUETTePi )KaKcapabl.
KpaxmanaplH TepMOKYPBUIBIMABIK —©3repicTepi Oenrimi  Oip  Temmeparypaibik
Juarazonaapaa xkypemi. 60-70°C apanbIiFbiHIa KpaxMall KeJIaTHHU3AUSACHI 0acTaIbIII,
100-150°C apanbirpinga  kpaxman mactudukanusaiaanansl. 180°C-tan  koFapsl
TeMmIeparypaga KpaxMaJ[blH TEPMUSUIBIK Aerpafauusicel kypeni. by esrepictep
OMOMJIACTUKTIH OHJEY TEXHOJOTHSCHIH JKOHE OHBIH COHFBI KACHETTEPiH aHBIKTaHIbl
(ITetpos, 2020).

MnacTudukaropaap — nomuMepiepAiH MeEXaHHMKaJbIK KAaCHETTEpiH KaKcapTy
YILIiH KOJIIaHBIIATBIH TOMEH MOJIEKYNIABIK KOChUIbICTap. Onap nonumep Ti30eKTepiHin
apachbIHIAFbl ©3apa dPEKETTECYNEPIi SICIPETII, OJapIbIH KO3FAIIFBIILITHIFBIH apTTHIPA/IbL,
HOTHXKECIHJIC MaTepUaIJIbIH UKeMJILTIT, CO3BUIFBIIITHIFBI JKOHE OCPIKTITI )KaKCapabl.
Kpaxman wHerizingeri OMOIUTACTHKTEp TaOWFH KATTBUIBIFBI MEH CBHIHFBILITHIFBIHA
0alIaHBICTBl KOJIAHY aiMarblH KEHEHTY YIUiH IulacTH(UKATOpIapAbl KaXeT eTeli
(Ceitmaxmetos, 2022).

Taduru nnactudukaropaap - SKOJIOTHIIBIK Ta3a )KoHE OMOIOTHSUIBIK bIABIPANTHIH
KacuerTepi Oap TaOuru TulacTHduUKaropiap OWOMIACTUK OHIIpiCiHAE KeHiHEeH
Konganbaael. Onap OMOMIACTUKTIH KACHETTEPiH KaKcapThIl KaHa KoWMaii, KopliaraH
opTara 3UsSHBIH a3alTabl.

* [muuepun (C3H803) —KpaxMaJj HeTi31H1er1 OMOTUIACTUKTEP/IC CH K11 KOJJIaHbLJIAThIH
miactudukarop. On KpaxMangblH MOJIEKYNalbIK KYpPBUIBIMBIHA €HIIl, OHBIH iIIKi
OalimaHpICTapbIH OJNCipeTeqi, OChUIalIa OWOMJIACTUKTIH HWKEMIUTTH apTThIpaabl
YKOHE OHBIH CHIHFBILITHIFBIH TOMEHAeTe . [TMIeprHHIH MeIIepl HEFYPIIbIM KOFaphl
OoJica, COFYpIIBIM MaTepual KyMcak opi UKeMIi Oonanel. Anaiina TTMIEPUHHIH apThIK
MeJIepi OMOIUTACTUKTIH Cy CIHIPTILITICIH apTTHIPBII, OHBIH MEXaHUKAJBIK OEpIKTIriH
TOMEHETY1 MYMKIiH.

* Cop6uron (CH,,O,) — muuepunre Kaparanja cyza a3 eputin miactudukarop. On
OMOMJIACTUKTIH BUIFAJIFAa TO3IMALIITIH apTTHIPHIIN, OHBIH Y3aK MEp3iMJi KOJAaHBLTYbIH
KamTamace3 ereni. CopOMTON KOCBUIFaH OMOIIACTUKTEpP Cy OYBIHBIH OTKI3TIMITIrH
TeMeHAeTe i, OyJ1 oNapAbIH KanTaMa MaTeprualaapblHIa KOIJAHBUTYBIH THIM/II €Tei.

¢ DOpurpuron (C H,O,) xone xcumuron (C H ,0,) — Oyn nonmonnap *xorapst
MOJIEKYJaJIBIK Maccara ue OOJFaHIBIKTaH, oJap OMOIUIACTUKTIH OCpIKTIriH apTThIpyFa
KOMeKTeceni. [nuuepuH MeH CcOpOMTONFa KaparaHna, OJapAblH KYPBUIBIMIBIK
TYPaKTBUIBIFbI JKOFAPBI, COHABIKTaH OJIap bl Y3aK MEP3iM/1i KOJIIaHBUIATHIH MaTepHaIaap
YLIiH naigananaibl.

* Jlumon keimkpuibl (CH,O,) *oHe OHBIH TYBIHABUIAPHI — JIMMOH KBIIIKbLIbI
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Kpaxmall MOJIEKYJIaJapbIMEH OPEKeTTECIM, ONapAblH apachlHAarbl OalIaHBICTAPbI
perreiini. by nponecc OMOMIACTUKTIH KYPBUIBIM/BIK TYTACTBIFBIH JKaKCAPTHIT, OHBIH
OepiIKTIriH apTThipaibl. JIMMOH KBIIIKBUIBI KOOIHE OacKa rmiacTuuKaropaapMeH oipre
KOJIZAHBLIA IBL.

*  OciMIik Maiijapbl jKOHE OJIApAbIH TYbIHIBLIAPBI (KacTOp Maibl, COs Mambl,
najbMa Maibl) — eCIMIIK Maiylapbl HOIUMEPITIK KYPBIIBIMMEH JKaKChl Yilllecei KoHe
MaTepUaIblH CepHiMALTITiH apTThipaabl. Onap MIMLEPUH CHSKTHI ocep eTell, Oipak
BUIFAJIFa TO3IMJIUIITT JKOFaphI.

CUHTEeTHKAJIBIK NJIACTHQUKATOPJAAP - CHHTETHKAIBIK IulacTudukaropiap
OHEPKACINTIK MacmTadTa KEHIHCH KOJMIaHBLIAABI, OIpaK oOJapIbIH HKOJIOTHSIIBIK
KayiIci3iri apTypii aeHrerae 0omabl.

» @ranarrap (nuOytmindranar, AudTWIPTANAT, AMOKTHIAPTATIAT) — OMOIUIACTHKTIH
WKEMIIUTITH KOHE TEPMUSUIBIK TYPAaKTBUIBIFBIH —apTThIpaabl. Anaina onapablH
KOpIIIaFraH OpTara jKOHE ajJlaM JICHCAYJbIFbIHA Kepi ocepi aHBIKTaIFaHJIbIKTaH, Ka3ipri
TaH/1a KOJIJaHbUTYbI IIEKTE/IrEH.

* Anmunarrap xoHe cebakartap — Oy ractuduKaTopiap Korapbl TeMIeparypara
TYPaKTBUTBIFBI KOFAaphl JKOHE OWOTUIACTHKTIH BUIFAllFa TO3IMAUIITIH apTThIpy YIIiH
Konganeanel. Onap granarrapra SKOJOTHUIBIK OallamMa peTiHle KapacThIpbLIabl.

¢ Honustunenrmuxons (PEG) C, H, O —PEG cyna eputin miactudukarop xoHe
KpaxmaJjl Heri3iHzeri OMOIUIaCTUKTIH KYPbUIBIMJIBIK OCpIKTITIH CaKTall OTBIPHII, OHBIH
WKEeMILUTITIH apTThipaabl. O OMOJIOTHSUIBIK TYPFBIAAH Kayilci3 )KoHe IKOJIOTHUSIIBIK Ta3a
Marepua peTiHae KapacThIpblIabl.

[Inactudukaropnap OHOIUIACTUKTIH  KYPBUIBIMABIK JKOHE  (DyHKUMOHAJIBIK
KAaCHeTTEePiH KaKcapTyaa MaHbI3AbI pell arkapaabl. Onap OMOMIACTUKTIH UKEMALTIriH,
OEpIKTITiH, BUFaJIFa TO3IMJIUITIH JKOHE OHJICY Ke3iHACTI TEPMUSIIBIK TYPAKTHUIBIFBIH
perreyre mymKinaik oepeni (Tumodeesa, 2018). [Inactudukaropaapabl 1ypeiC TaHIAY
apKBUIbI OMOTIACTUKTIH KOJIJIaHY asiChIH KEHEWTYTe, OHBIH CallachlH apTThIpyFa JKOHE
9KOJIOTHSUTBIK, THIMILUTITIH JKOFapbUIaTyFa 00oabl.

Bonamak 3eprreynep jxkaHa TaOufu miacTUUKaTopiaapasl Talyfa, OJapAbIH
OMOTJIACTUKIICH OPEKETTECY MEXaHU3MJEPIH 3epTTEyre KOHE OHEPKOCINTIK KOJIIaHy
MYMKIHIIKTepiH KeHeiTyre OarbITTanmybl KaxeT. Ocbuiaiiiia, OMOIUIACTHK ©HJIpici
TYPaKThl JaMy KaFujaTTapblHa COWKeC /JaMblll, MYHall HETi3iHJeri IUIACTHKTEepre
AKOJIOTHSITBIK Ta3a Oajmama peTiHae KbI3MET €T alafpl. 1-KecTene miacTu(UKaTopIapIH
OMoTIOMMEepIiH KaCHeTTEpiHe dcepi OepiNTeH.

Kecte 1 — [TnactudukaropiaapasiH OHOIUIACTHK KaCHETTEepiHe acepi

Kacwueri ITnacTudukaropabiH acepi

Ukemaimix [Tnactudukarop MeIIepiHiH apTybl MaTepHaNIbl HKEMJI eTe/i.

MexaHHKaJIBIK OEpIKTIK Kemn mnactugukarop 6epikTiKTi TOMEHIETYi MYMKiH.

lsapIIaRy Temmeparypachkl | [lnacTudukaropaap OHBI TOMEHAETIN, MaTepUANABIH  CEPIIMALTITIH
apTTHIPAIBL.

blnranra Te3iMainik ImunepuH  CHAKTBI TUApPOQMIBAI  IacTH(UKATOpPIAp MaTepHaIbIH

bLIIFaJira Ce3iMTaJ’[I[I>IF bIH apTThIpa/bl.

BuobibIpay KbUTTaMIBIFBI Kenreren mmactudukaropiap OWMOBIIBIpAyasl Te3ueTeni, cededi omap
MaTepHaIbl )KYMCApTa/Ibl.
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[Inactudukaropnap OHOMIACTUKTIH  KYpBUIBIMABIK JkoHE  (DyHKIMOHAIBIK
KAacHeTTepiH jKaKcapTyla WeImymi ped atkapaapl. Onap MarepHajiblH UKeMIUIITH
ApTTHIPBII, CHIHFBIIUTHIFBIH TOMEHJAETEi, COHBIMEH KaTap MEXaHHKaJbIK OepiKTiriH
OHTalNmaHIbIpaIbl. BUOMIACTUKTIH BUTFaJIFa TO3IMIIIITT MEH TEPMHSUTBIK TYPAKTBUIBIFbIH
KaKcapTy YUIIH IUIacTH(QHUKATOPIapAblH XUMHUSUIIBIK TaOUFAThl MEH MOJIIEPiH AYpPhIC
TaH/ay MaHbI3[IbI.

MoaumepJik Kocnasiap :KoHe KOMIIO3UTTIK MaTepuasiap - Kpaxmas Heri3iHaeri
OMOMIACTUKTIH OEpIKTIriH apTTHIPY YIUiH OHBI 0AacCKa MOJIUMEPIEPMEH JKOHE KOChIMIIIA
KYIIEHTKII ~MaTtepuangapMeH OipikTipy KeHiHeH Konjanbuiaael. [lommmaktug
(PLA), nmomu(6ytmien amunat-ko-tepedranar) (PBAT), momurmapokcuankaHoartap
(PHA) cusiktel OHMONOTHSIIBIK BIABIPANTHIH MOJTMMEPIEPMEH apaiacThlpy apKbLIbl
MaTepuanablH OepiKTiri MeH cepHiMIiTiri kakcapaabl. byn Kocnanap OMOMIACTUKTIH
WKEMJIUTITiH apTTHIPBII, OHBIH CHIHFBIIITHIFBIH TOMeHAeTei. COHbIMEH Karap, TaOUFH
TaJIIBIKTAp MEH HAaHOMaTepHaJAap KOCY apKbLIbl KpaxMaJl HeTi3iHAeri OMOIIacTUKTIH
KYpBUTBIMBIH KyLIelTyre Oomnanel. Llemmionosa, XuTo3aH, JTUTHWH, HaHOLEIUIIONO3a,
KOMIPTEKTI HAHOTYTIKIIENEp KoHEe rpad)eH OKCHAI CHUSKTHl Marepuanjap KOCBHUIFaH
Karaaiaa MexaHWKanblK OepikTik apraabl (UYumctsxoa, 2019). Taburm akysizaap,
KEpaTHH, JKeNaTUH >KOHE aNbIHMHATTap Ja OHOIUIACTHKTIH KYPBUIBIMBIH HBIFaUTyIa
MaHBI3/IbI POIT aTKapabl.

XUMHAIBIK MOAM(MUKAIUSIAY - KpaXMalAblH XUMHUSUIBIK KYPBUIBIMBIH ©3repTy
apKbUIBI OHBIH OEpIKTIrl MEH MeXaHMKaJbIK TYPaKTBUIBIFBIH JKaKcapTyra Ooasbl.
Auertungey kaHe apupiaeHaipy npouectepi Kpaxmaa MOJIEKYIaTapbIHbIH KYPBUTBIMIIBIK,
EPeKILETIKTepiH O3repTe/li, HOTWKECIHAe OUOIMIACTUKTIH OCpIKTIri apThIl, BUIFAJFa
Te3iMaimiri kymrerieai. COHbIMEH Karap, KpOCCIMHKHHT HEMECE TOPIIbI KYPBUIBIM TY3Y
oziici Kpaxmajl MOJIEKyJajapbl apachlHIArbl OaiyaHblcTapbl KYIIEHTyre MYMKIHIIK
Oepeni. byn onicre Harpuii Tpunonudocdarsl, IIHOKCAIb KOHE SMOKCUATED CHUSKTHI
XUMUSUIBIK areHTTEP KOJNJaHbUIAIb.

Ou3uKaANBIK MOAUPUKALMAIAY - (QHU3UKAIBIK OHJICY oJicTepi KpaxMalablH
KYpPBUTBIMABIK KACHETTEPiH kKaKcapTy apKbUIbl OMOIUIACTHKTIH OEPIKTIriH apTThIpyFa
MYMKIHIIK Oepeni. YAbTpaablObICTHIK OHACY KpaxMasl TYWIpPIIiKTepiHiH KYPBUIBIMBIH
e3repTe/li, HOTHKECIHAe alIbIHFaH MaTepPHaJIIbIH MEXaHUKAIIBIK OCPIKTIri JKOFapbLUIaiIbL.
JXKorapbl KbICBIMIIa OKCTPY3WsUIdy Oici Kpaxmasl Heri3iHaeri OMOMJIacTUKTIH
MEXaHHMKaJIbIK KacHeTTEepiH KyuleWTyre kemekrtecedi. COHbIMEH Karap, IIMLEpPUH,
copOuTon xoHe Oacka aa racTuduKaropiaap Kocy apKbUlbl OMOIUIACTUKTIH MKEMALTIr
MEH CO3BUTYFa TO3IMALIIT )KaKcapThIIa bl

/Korapsl Temmeparypara Te3iMAi moJHMMepJepMeH MoAM(HUKANUAIAY -
Kpaxmall HerisiHjeri OWOIUIACTHKTIH TEPMHUSUIBIK TYPAaKTBUIBIFBIH apTTHIPY YLIIH
OHBI KOFapbl TeMIeparypara Te3iMai OuomnoimmMepiepmeH OipikTipy Tmimai. PLA,
PHA sxone PBAT CHSKTBI TEpMOTYpakThl IOJUMEpIEp OWOMIACTUKTIH OalKy
TEMIIEepaTypachlH KOFApbUIATHII, KOFapbl TeMIlepaTypa JKarJaiblHAa TYPaKTbUIBIFBIH
caKTayra KeMekTeceli. bynm mommMepriep Kpaxmai MOJEKylTajJapbIMEH OpEKeTTeCi,
OHMOIUTACTUKTIH BICTHIKKA TO3IMIUIITH KYIICHTE .

BeiiopranukajpblKk HaHOMAaTepHAaJapMeH HBIFAHTY - Kpaxmal Heri3iHaeri
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OMOIUTACTUKTIH IJKbUTyFa TO3IMIUITIH apTTBIPy MakcaTbiHAa OelOopraHUKaIbIK
HaHOMaTepuanaap Kochlianel. KpeMHMH IHOKCHII, aJIOMUHUM OKCHII JKOHE ca3
HeTi3iHJeri HaHOOOJIIEeKTep OMOIUIACTUKTIH JKbULy TYPaKTBUIBIFBIH >KaKCapTHII,
JKOFapbl TEMIIepaTypa >KarJaiblHIa MEXaHHKaJIbIK KaCHETTepiH CcaKTayFa MYMKIHIIK
Oepeni. I'paden okcui )koHe KOMIPTEKTI HAHOTYTIKIIENEp KOCY apKbLIbl MAaTepPHaJIbIH
KBUTY TYPaKTBUIBIFBI apTaJibl, COHBIMEH KaTap MEeXaHHKaJIbIK OCPIKTIiri Kymieneri.

Kpaxman moJjeky/aanapblH XUMHSUIBIK MOAU(HUKALMSIIAY - KpaxMalablH
MOJIEKYJAJIBIK KYPBUIBIMBIH ©3T€PTY OHBIH TEPMHUSUIBIK TYPAKTBUIBIFBIH KaKCAPTYAbIH
Tarbl Oip THIMAI JKOJbI OONBIN TaObUIAZBl. AUETHINEHICH HEMece KaTHOHIBIK
Mo UKasITIaHFaH KpaxMajaap >KOFapbl TeMIepaTypaja TYPaKThUIBIFBIH CaKTal,
0anKy TemIepaTypachlHbIH KeTepiinyiHe biKmai ereni. COHbIMEH KaTap, KpaxMaiIbl
ruapooOTEl TonTapMeH MoAM(UKAIMATIAY apKbUIbl OHBIH bBUIFAJFa TO3IMIUIMH
apTTHIPYyFa *KoHE TEPMUSUIBIK BIABIpaybIH a3aiTyFa Oonansl (SkoBnesa, u np.,2019).

Kemexkmi TepmocTaduimmsaTopaap MeH aHTHOKCHAAHTTAP KOCY - TEPMMSUIBIK
TYPaKTBUIBIKTBI apTTHIPy MaKcaTbIHAA aHTHOKCHIAHTTAp KOHE TYpPaKTaHIBIPFBILITAP
KOJIIaHbIIaAbl. AHTHOKCHUAAHTTAP KOFAphl TeMIlEpaTypaja MOIUMEPAIH TEPMHSUIBIK
TOTBIFY MpPOLECIH Oasynarbill, OHbIH Te3 bIABIpayblH Texkeiai. ocdop HeriziHzeri
TYpPaKTaHIBIPFBILITAP KOHE METAJI MOHAAPBl KpaxMal Heri3iHAeri OMOIIaCTHUKTIH
KBUTyFa TO3IMAUIITIH apTThIpya MaHBI3bl pell aTkapaibl. byn Kocnamap monmumep
KYPBUTBIMBIH TEPMHUSUIBIK JeTpafalusiiaH KOpFar, OHbIH OCpIiKTIriH y3aK YakKbIT OOWBI
cakTayra MYMKIHJIK Oepei.

bruonnacTukTiH MEXaHHMKaJIbIK JKOHE TEPMUSUIBIK TYPaKTBUIBIFBIH JKaKCcapTy
MakcaThlHIa OpTYpdi omicrep KojaaHbutafsl. [lommMeprnik  Kocmamap MeH
HaHOMaTepHalAap MEXaHUKAIBIK OCpPiKTIKTI apTTHIPBII, MaTepPHAJIbIH HKEMILIITT MeH
TO3IMILTIrH KaKcapTaabl. X MMUSIIBIK MOJU(PHUKALUIIAY aPKBUIBI KpaXxMail KYPhIIBIMBIH
@3repTim, OHbIH OepikTiriH Kyueityre Oonanel. DU3MKAIBIK OHJIEY oficTepi ae
OMOMIACTUKTIH KYPBUIBIMBIH HBIFAHTYFa jKOHE MEXaHHUKAJIBbIK KACHETTEPiH JKaKcapTyFa
MYMKiHIIK Oepeni. By omicTepain OapibIFbl Kpaxmai HETi3iHAeri OMOTUIACTHKTEPIiH
KAaCHETTEPiH JKaKCaPTHIM, OJApAbIH OHEPKICINTIK KOJAAHBICHIH KEHEUTYre MyMKIHIK
oepeni.

Harun:xesiep MeH Taakbliay

3eprTey Marepuajgapbl MeH daicrepi. byn Oemimzae kapronm KpaxmalblHaH
OMOMJIACTHK ATy 9JIiCi, OHBIH IIACTU(UKATOPIAPMEH MOTUPHUKALUSICH )KOHE aJIbIHFaH
YATiepain (U3MKaNbIK-XUMHUSUIBIK KaCHETTepiH 3epTTey HOTHKeNepi OasHIanaabl.
Baprnblk sKcTIepuMEHTTEp 3epTXaHABIK XKaFAaiaa )Kypri3iiji, CblHaKTap MEH TaJlaaynap
THICTI CTaHJAPTTAPFa COMKEC OPBIHAIIbI.

Buononumepnepain imiHge Kpaxmaidl €H KeIl KOJAaHBUIATBIH MaTepuaigapAblH
0ipi Oonbin TaObUIagBl. KpaxMan HeriziHgeri OMomiIacTUKTEp TUAPOQMIBAI KaCHETKe
ue, SFHW OJap CyAbl OHal CiHIpim, Te3 blAblpayFa OeiliM. Amaiiga onapAblH TaOUFH
MeXaHHKaJbIK OEPIKTiri ToMeH OOJFaHABIKTaH, OenTii Oip Kocnanap MeH MoAH(DUKAIHS
ozicTepi apKbUIbl OapAblH OCPIKTIri MeH CepIiMALIITiH KaKCapTy KaxKeT.

KaxerTi pearentrep (4-cyper):

* Kapron kpaxmaner (C,H, O,)n — Herisri Gnononumep kesi.
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¢ Dmunepun (C,H,O,) — mnactudurarop, GHOMIACTUKTIH HKEMJIUTITIH apTTBIPAIBL.

* Cipre kpuukpuisl (CH,COOH) — kpaxmai MOJIEKy/anapbl apachbIHIaFbl CyTEKTIK
OaiimaHpICTap bl OY3bII, EPITIH/I TYPAKTBUIBIFBIH KAMTAMAChI3 €TE/Il.

. Huctunnenren cy (H,0) — epiTkim, peareHTTepAiH OipKesKi apanacyblH
KaMTaMachl3 eTei.

4-cypet. bruoracTuk cuHTe3/ey YIIiH KOJIIaHBUIATHIH HET13ri peareHTTep: AUCTUIACHICH Cy, KapToll
kpaxmansl (C,H, O )n, munepun (C,H,0,), cipke kpimikpiisl (CH,COOH)

KaxkeTTi Kypaja-skadabIKTap:

*  DIEKTPOH[BI Tapa3bl — PeareHTTEP/Il 191 MeJIIepIiey

* MarsHuTTi apanacThIPFBIII — KOMIIOHEHTTEP/IiH OipKeJKi apasacyblH KaMTaMachl3
eTy

* Cy MOHIIIaChl HEMECE BICTBIK IUINTA — PEAKIHsI KOCIAChIH KaXKEeTTi
TeMmIeparypara JeiiH KbI3IbIpy

 [lIemHbI bIABICTaAp (KONMOATApP, CTAKAHJAP) — PEareHTTEep Il apanacTbIpy

* CHIMKOH HEeMece MIBIHBI KallbITap — JaiblH OMOTUIACTHK YITUIEPiH KaJIbIITay

» KenTipy kamepachsl Hemece 0eIMe TeMIieparypachl — YIruepl KenTipy

Kaprom kpaxmajiblHBIH HeETi3iHIe OHOIUIACTHK aiy YIIiH ajJbIMEeH Kpaxmal
epitinaici madsiHaaael. On yurid 100 Mi1 AMCTHIIIEHTEH CyFa 5 T' KapTOIl KpaxMalibl
KOCBUIBII, OIPTEKTi Macca Ty3UITeHIIe apanacTelpbuiabl. EpiTinaini muactTudukanusiay
MaKCaThIH/a [IUIEPUH MEH CIPKe KBIIIKbLIbI KOCBULIBI (IIHIEPUHHIH Meepi 2—10
MJI, CipKe KBIIIKBUIBIHBIH Meiepi 1-2 mur apansirbiga). Kocna Oipkenki Oonranra
JIeiiiH apayiacThIpy NPOIIECi )KaTFacThIPBUIIBL.

Apanacteipsuira Kocria 80-90°C temmeparypara JeiiH KbI3IbIpbULIbl. KpI3abIpy
nporeci 10—-15 MuHYT GOMBI TYpaKThl apanacTbipy apKbUIbI XKYprizinni. byt kesenue
KpaxMaJIJIbIH JKeJIaTHH IEY1 (TeNb TY311yl) )KYy3ere achIpblUI/IbL.

Kp3npipyan keiliH JadblHAQIFaH KOCIMA KaJbITapFa KyHbUIbII, OETKI KaOaThbl
tericrenai. Kanpinrapra KydbUFaH yiariiep OesnMe Temmeparypacbinia 24—48 carar
00¥ibl TAOUFU TYpJe KEeNTIpiiii HeMece KeNTipy NmpoleciH KpurgaMaary ymid 50°C-ra
KeITIpy KaMepachlHa yCTay diCi KOJIIaHbLIIbI.
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Kenripy ToJbIK asgKTasraHHaH KeWiH KalblOTapAaH ajblHFAaH OMOIUIACTUK YIriiepi
opi Kapai 3epTTeynep Kyprisy YIIiH AaiblH KYHiHAE cakTaasl (5-cyper).

5-cypet. CuHTe3€NITeH KpaxMall Heri3iHaeri OHOIIacTuK yiuriiepi

3epTTey HOTIIKECIHIE KapTOl KpaxMalblHaH OWOTIACTHK ajly 9iCi COTTI XKy3ere
achIPBUIIBI. BHOMIACTHKTIH CHHTE31 YIIiH KOJNAHBUIFAH HETi3ri peareHTTep (KapTom
KpaxMaJibl, TITUIEPYH JK9HE CipKe KBIIITKBUTRI) epITIHAIHIH TYPaKTHIIBIFBIH KAMTaMachl3
eTTi KoHe OMOTUTACTUKTIH MKeMIUTITIH apTThIpyFa MYMKiHIIK Oepai. CuHTe3 mporeci
OipHerre Ke3eHHEH TYPABI: KpaxMmaj epiTiHAICIH MaiblHAay, MacTU(UKATOp KOCY,
KOCTIaHBI KBI3BIPY, KaJbIKa KYIO JKOHE KenTipy. bapibelk keseHuepie KOCHaHBIH
OipKenKi apajacysl MEH KaXeTTi TeMIIepaTypajblK PeKUMHIH CaKTaIybl KaMTaMachl3
etinmi. HoTmxkecinge, TomelK KeOy TMpolieci asKTalFaH COH JalWblH OWOIIIACTHK
KaJIBIITap/IaH IIBIFApBUIBIT, 9pi Kapail 3epTTey Kypri3yre JaibiH OOIIIbI.

By omic xpaxman Heri3iHieri OMOIUTACTHKTIH KaCHETTEpiH 3epTTey >KOHE OHBIH
MEeXaHUKaJIBIK OEpiKTITiH apTThIPy MaKcaTblHIa KOJNJIAHBUIATHIH THIM/I TEXHOJIOTHUS
peTiHme KapacThIphUIaAbl. AJBIHFAH OWOIUTACTHUKTIH TaOWFW KypaMBIHIAFBl CyFa
TO3IM/IIITIK KOHE OMOBIIBIPAY MYMKIHAIKTEP1 SKOIOTHSUITBIK TYPFBIIAH MaHbI3/IbI OOJIBITT
TaOBLTa B, OYJT OHBIH OOJAIIaKTa SKOJIOTHSITBIK Ta3a OHIMIIEP PEeTiH/e KOMAaHbLTybIHA
MYMKIHIK Oeperti.

buormactukTiy Tabwrm opraga BIABIpAy KaOUIETiH 3epTTey apKbUIBl OHBIH
OKOJOTHSUTBIK ~ KAyIMCI3[ITiH  aHBIKTay. OPTYpial JKarmaiimapaa OHOIIIACTHKTIH
KAHIIAIBIKTH T€3 BIIBIPAUTHIHBIH OaKplIay JKoHEe OMOBLABIpAy MPOIECiHEe acep eTeTiH
(hakToprmapsI TanIay.

Kaxerti marepuanmap: Kpaxman HeriziHzeri OHOIUTACTHK YIATiJEepi, TOMBIPAKTHIH
OpTYpIi Typiepi Kapa TOMBIpaK, KYMJIBI TOIBIPAK, OaKiia TOMBIPAFbl, Cy OYpPIKKIIIi,
OJIIICYINI Tapasbl, TUIACTUK HEMECe MEeTaJlll KOHTEHHEp 3epTXaHaNbIK OaKpUiay YIIiH,
KaMepa HeMece 3epTTey KYH/IEMiri.

Bipinmmi ke3ekre maipiHAanFaH OWOIIIACTHUK YATLIEpiHIH OacTamkbl Maccachl
OJIIIICHII, op YJTIHIH CajJMarbl JXKa3bUIaAbl. 3epTTey HOTIDKENEPiHiH HAKTHI OOTYbI
YIIH SpTypii oprajga >Xypri3iineni. buormactuk ynrimepi TombIpakka KeMinei,
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oJapabIH TepeHiri 5-10 cm 6omysl kepek. blnFanapuibIK meH TeMieparypaHblH dCepiH
Oakpulay YIIIH YOI TYPJli OpTa TaHAanaabl. bipiHini opra ambIKk TaOUFK OpTa, OHIA KYH
coylieci MeH >KaybIH-LIIAIIBIHHBIH ocepi Oonanpl. ExiHIII opTa 3epTXaHalbIK JKaraai,
Oyl skeplie Kyprak XKOHE BbUIFalAbl TOIBIPaKTa Oakpulay Kyprizijeni. YImiHmi opra
KOMIIOCT >KaFJaibl, MYH/Ia KOFapbl TeMIleparypa MEH OpraHUKalbIK 3aTTapiblH dcepi
KapacThIPbUIAbL.

AnTackiHa Oip peT TombIpaKTaH Oip YJITi albIHbIN, OHBIH CaJIMaFbl, TYCl, KYPbUIBIMBI
Tekcepineni (2-kecre). Erep kaxer 0Oosica, TOMBIPAKTHIH BUFIIBUIBIFBl PETTEIEII.
BuonnactukTiH esrepiciH Oakpliay YIIIH CypeTKe TYCIpil, 3epTTey KyHJIeNliriHe
tipkeneni. Hotwxkenepai Tanaay yiiH OMOTIIaCTUKTIH MacCachIHBIH ©3repyi eJIIIeHi,
OHBIH OMOBLABIpAY XKBUIIAMIBIFBI ecenteneni. Erep OMoruiacTuk MyJijaeM blablpamaca
Hemece e3repici Oailikanmaca, OHBIH KypaMbIHAAFbl IJIacTU(HKATOpIap MEH Oacka
KocmanapAblH ocepi KapacThIpbUIagbl. OPTYpHai IKarjainapAarbl  OUOBLIBIpay
KOPCETKIIITEPi CalBICTBIPbUIAABI (6-CypeT).

6-cypet. brorracTukTiH OGHOBLIBIpAY YAepici: TOKIpHOe HOTIKeIepi

Kecre 2 — BromimacTuKTiH OHOBIABIPAY KOPCETKIIi

Yuri | Opra Typi Bacranker | 1 antanan |2 antagan |3 antagad | Kypeuibim e3repici

Ne Macca KeHiH KeHiH KeHiH

1 Ambik Taburu opra | 5,40 490 4,30 3,80 JKymcapras, )apblIFaH

2 3epTxaHaibIK opTa | 5,62 5,50 5,30 5,00 Kapbuiran
(kyprax)

3 3eprxaHansk opta | 5,10 4,90 4,60 4,30 JKapwinran, a3
(BLTFAIIIBI) JKyMcapraH

4 Kommnoct opra 5,20 4,90 4,60 4,10 JKaprenaii biibiparan

3eprTey HoTHXKeJepi OOMbIHINIA, KpaXMal HEeri3iHJeri OMOIUIaCTUKTIH OUOBIIbIpay
KBUTIAMIBIFBI  OpTa JKaFfailapeiHa OailTaHBICTBI aWTapIBIKTAl e3repemi. ATIBIK
TaOWFU OpTaja KYH CayJIeCi MEH JKaybIH-IIAIbIH 9CEPIHEH OMOILUTACTHK TE3 KYMCAPHIII,
KYpBUIBIMBI  OY3BUIBIT, CajMaFbl aWTapibIKTail aszaiinel. byn opraga  biabipay
KBUTTAMIBIFBI €H KOFaphl OOJIIBI.

3epTxXaHaIBIK KYPFaK opTaga OMOIUTACTHUKTIH BIABIpAY TIPOIeci 0asty sKypim, TeK Coll
JKapbuTy Oenriiepi Oarkanapl. bliransl 3epTXaHajblK OpTana bIABIPAY KapPKbIHIABIPAK
OOJBIN, KYPBUIBIMBI JKyMcapa Oactambl. blmrammel 3epTXaHANBIK oOpTaga Kyprak
TOTBIPAKIICH CaJBICTBRIPFAHA COJT KBIUIAAMBIPAK BIIBIPAIEL.
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Kommnoct sxaraaiibiHa )OFaphbl TEMIIEpaTypa MEH OpraHUKaJbIK 3aTTapAbIH SCEpiHEH
OMOMIACTHK JKapThiJIail BIABIPAI, CAIMaFbl AUTAPIBIKTal TOMEHIC].

KopeiThiHabUTIal Kente, OMOMIACTUKTIH OMOBIIBIPAY >KBUINAMIBIFBl TOIMBIPAKTHIH
TYpiHE, BUIFANBUIBIK TIEH TeMIIepaTypara TOyenJi eKeHiH KOpCeTTi. AIIBIK TaOufH
OpTa MEH KOMIIOCT afailbl OMOBIOBIpAYy YILUIH KOJAMIbl >Kargaiiaapael YCBIHCA,
3epTXaHaNbIK KYpFaK opTaaa siasipay Oasy xxypeai (Miiller et al, 2020).

BronnacTukTiH BUTFAT CIHIPTIIITII MEH CyFa TO3IMALIITIH 3epTTey:

Kpaxman Herizinzmeri OMOIUIACTHKTIH CyFa TO3IMIUII MEH BUIFal CIHIPTINITICIH
3epITey apKbUIbl OHBIH KOJNJaHy aschblH Oaranay. byn Toxipube OMOMIACTUKTIH
MPAaKTUKAJIBIK TYPFbIJIa KAHIIAIBIKTEI THIM/II €KeHiH JKOHE OHBIH CyMEH OaiIaHbICTaFbI
@3repiCTepiH aHbIKTayFa KOMEKTECEe/I.

KaxerTi MaTepuaanap

*  Kpaxman Herizinzeri OuomnactTuk yiariiepi

e JIUCTWIIJICHTEH Cy

*  Onumeyim Tapasbl

*  Ilerpu Tabakmanapbl HeMece CyFa apHAJIFaH bIABICTAp

* TaliMep HeMece CEKyHI0MEpP

»  OunbTp Kara3bl HEMECE MaKTa

Taxkipube 0apbich:

1. JlaiibIHBIK JKoHE OaCTaIKbI OJIIIeYy

Buomnactuk yarinepi enmeHimn, 6acTankbl mMaccachl (i) TipkeJedi. Op YIriHIH
Y3BIHIBIFBI, €Hi, KaJIbIHABIFE ka3buiaabl. Cy CiHIpY 9cepiH 3epTTey YLIH YII TYpii
Karaai KapacTeIpbutafbl. bip yiri cyFa TOMBI BIABICKA CAJIBIHAABI, €KIHIIICI BUTFaJIIbI
opraga (punbTp KarasblHAa) cakTajgajabl, aj YIIHOICI aFblll TYpFaH Cy acThIHAA
ycTamnamsl.

2. blnFan ciHipriwTirid aHeIKTay

Bipinmi ynri Genme TemmeparypachlHIAFbl cyFa opHajacTeipbuibim, 10, 30, 60
MUHYT KoHe 24 caraT ©TKeHHEH KeiiH aJbIHbII, OCTIHIeT1 apThIK CY QUIIBTP Kara3bIMeH
CYpTUIeai. Op yaKbITTa YITiHIH Maccachl OJIICHIN, CYJbIH CiHY JICHIell aHbIKTaIa bl
BuorutacTukTiH KYpBUIBIMIBIK ©3repictepi (iCiHy, KyMcapy, epiTy) TipKele/i.

3. Cyra TO3IMIIIITIH aHbIKTAY

Exinmi yari sutFangel opraza (CynblH YCTiHE KOWBUIFaH (QHIBTD Kara3blHAA)
CakTalbIl, OipAel yakpIT apaiblFbIHIA OakbUIaHAAbl. YIIHII VI aFblll TYpFaH Cy
acThIHJA 5 MUHYT YCTaJIbII, KYPBUIBIMABIK ©3repicTepi aHBIKTaIadbI.

4. KOpbITBIHBI OJIIIEY.

BuorutacTukTiH COHFBI Maccachl (Mz) OJIIIIEHII, bUFall CiHipy Koaddurmenti (W, %)
MbIHa opmyna GokibiHina ecenteneni: W =m-m /m *100%

BuonnactukTiH Maccackl apTca, ofl CyIbl JKaKChl CiHipeTini Oenrini 6omansl. Erep
KYPBUTBIMBI ©3r€pMece, OHbIH CyFa TO31MALIIr xkoFapsl (7-cypeT). Erep yari skymcapsim,
iciHce Hemece Oy3bliica, OYJ1 OHBIH CYy OTKI3TIIUITIr )KOFaphbl eKeHiH KopceTeni (3-kecte).
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7-cypert. BuoruiacTUKTIH CyFa TO3IMALIIrT MEH BUIFa CiHIpYy Kabineri: Taxipnbde Hotmkenepi (1- cyra
OaTBIPBUIFaH YIITi, 2- BUIFAJLABI OpTaJia, 3-aFbIll TYPFaH Cy/ia)

Kecte 3 — BuoIiacTUKTIH CyFa TO3IMJIUTITT MEH BUIFAJ CiHIpY KaOiieTi

Yori Typi VYaxpIT bacranker | CoHFBI Cy cinipy KypsineiMasik e3repictep
Macca Macca K02 GHUIHECHTI
(mi), T (m2), T (W), %
Cyra 20 muayT | 5,20 5,20 0% KypbuibimMbl e3repicci3
Garbipputran | 50 munyt | 5,20 5,60 7,69% JKymcapy Gaitkan bl
2,5 carar 5,20 6,00 15,38% Iciny Genrinepi Gaikaabt
blnramnmsr 20 munyT | 5,20 5,20 0% KypbuisiMbl e3repiccis
oprana 50 muayT | 5,20 5,30 1,92% Beri con xymcapzbr
2,5 carar 5,20 5,35 2,88% bBetki kabaThIHIA COI
Kymcapy OaiKaiiibl
Arpin Typran |10 muryT | 5,20 5,22 0,38% Berxi kabaTer mmamaisr epii
cyna

3epTTey HOTHIKENEpl KpaxMaj HeriziHjgeri OMOIUTACTUKTIH CyFa TO3IMAUIIrT MEH
BUIFaJI CIHIPTIIITICT OpTa KaFaaiapbiHa Tyl SKEHIH KOPCETTI.

Cyra OaThIpbUIFaH yJIrijie OMOIUIACTUKTIH Maccachl YakbIT ©T¢ Kelie €/19yip apTThl.
Anramkel 20 MUHYTTa Macca e3repMercHiMeH, 50 MHHYTTaH KEWiH CyIbl CIHIPY
kod(hdunmeHTi 7,69%-1p1 Kypaabl, an 2,5 carat eTkeH coH Oy kepcetkinr 15,38%-
ra geiiin ecti. COHBIMEH KaTap, y3aK YaKbIT CyFa ocep €TKEHJIE YJITIHIH KYPbUIBIMbI
JKYMCapBhII, iciHy Oenrijepi Oaikasabl. byn cyra OaTbipbuiraH opTajia OMOIIACTUKTIH
Cy CiHIpy KaOlJICTIHIH )KOFapbl EKEHIH KOpPCEeTe/Ii.

blnransl opTaaa OMOIIACTUKTIH CY/IbI CIHIPY KaO1JIETI CaJIbICTBIPMAJIbI TYPJIC TOMEH
Oomnuel. 50 MUHYTTaH KeiiH Maccackl HeOapi 1,92%-ra, an 2,5 carartan coH 2,88%-ra
aptThl. KypbUIbIM/IBIK 3repicTep TeK OeTKi KabaThiHaa OalKajbll, a3/laraH Kymcapy
Tipkesai. Bysl OMOIUIACTUKTIH BUIFAIABI OpTaja Cy CIHIPY IOPEIKECIHIH TOMEHIITIH
KepceTe/i.

AFBINl TypraH Cy JKarJalblHJIa OMOIUIACTHUKTIH Maccachl 10 MUHYTTBIK dCepJcH
keiin 0,38%-ra rana apTThl. YJTiHIH OeTki KaOaTbiHIA mamaibl epiTy Oenrinepi
Oaiikayiipl, OipaK KypbUIBIMHBIH €JIeyJii e3repicTepi Tipkeiameai. by OMOIUIacTHKTIH
KBICKa MEP3iM/JIi CY 9CepiHe TO3IMILIITIHIH )KOFaphl CKCHIH JJICIICHII.

JKanmbl anraHaa, Kpaxmail HETi3iHJer: OHOIIACTUKTIH CYy CIHIpY KaOiuieTi Tikesnei
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OpTaHbIH cuIaThiHa OatinanbicThl. CyFa Tikelel OaThIpbUIFaH XKaF[aiia CiHipy Jopexeci
€H JKOFapbl OOJBI, BUIFAJIIBI OpTaja CiHipy KadineTi OipiiamMa TOMEH, ai aFblll TypFaH
Cy acThIHAa OMOIJIACTUKTIH KYPBUIBIMIBIK e3repicTepi a3 Oaiikanabl. byn HoTmxkenep
Kpaxmall Heri3iHferi OMOIUIAaCTHKTIH Y3aK YakKblT CyFa ocep eTeTiH Karaaiiapia
TYPaKTBUIBIFBIHBIH TOMEHIIT1H, aJl KbICKa YaKbITTBIK Cy 9CEpiHe TO3IMIIIITiHIH Oipiama
JKOFapbl eKeHIH KepceTeai. BHOmIacTuKTIH cyFa TO3IMIUIITIH apTThIPy YILIiH KOChIMIIA
MoauduKaysIapAbl HeMece IacTH(GUKATOpIapabl KOJIAaHy KQKETTUIIT TybIHAaHabI.
Bonamak 3eprreynep OMOMIACTHKTIH KypaMblHa Typai TuapodoOTel Kocmajapsl
KOCY apKbUIbl CyFa TO3IMALIITIH apTThIpy KOJNAApbIH KapacTelpybl Tuic. CoHpaii-
aK, TaOMFU TaNLIBIKTapMEH HeMece 0acka OMOMOoNMMEpIepMEH apanacThipy apKbLIbl
MaTepuaIblH MEXaHUKAJIBIK KACHETTePiH )KaKcapTy MyMKiHIiT1 Oap. MyHpaa# Tocinnep
OMOIUTACTUKTIH KOJIJIAaHY asIChIH KCHEHTII, SKOJIOTUSIIBIK Ta3a OHIM PETiHJIe TUIMIUTITH
aptThIpaabl (Santos et al, 2020). ConbIMeH KaTap, SpTYpJli OpTa JKarJaiaapbelHaa y3aK
Mep3iMIi CHIHAKTAp JKYPri3y apKbUIBI MaTepUablH HAaKThl KbI3MET €Ty Mep3iMiH
AHBIKTAy MaHbBI3/IbI OOMBIN TaObLIa IbI.

Kopsitbinabl. Kapron kpaxManbiHaH OHOIIACTUK ajly 9Aici MEH OHBIH (pU3HMKaJIbIK-
XMMUSUIBIK KaCHETTEPiH 3epTTey HOTWKenepi OOWBIHIIA albIHFaH JEPEKTEepli TepeH
Tajmalil OTHIPHIN, OMOIUIACTUKTIH SKOJOTHSUIBIK KAyirci3miri MeH (yHKIIMOHAIBIK
KacueTTepi aWTapibIKTail >KOFapbl JACHTeiife eKeHAiri aHblKTangsl. byn 3eprrey
KYMBICBI OMOMOJMMEpJCPAiH IUIiHAe KEHIHEH KOJIJaHbUIAThIH KpaxMal Heri3iHuaeri
OMOMIACTUKTEP/I CUHTE3CYAIH FHUIBIMU JKOHE TEXHUKAIBIK 9[iCTEeMENIEPiH TepeHipeK
TYciHyre MyMKiHIIK Oepni. BruoruiacTukri cunTesney mpoueci OipHelle ke3eHaAepaeH
TYpIBL: KpaxMmall epiTiHIICIH JaiblHAay, IUIacTHU(UKATOpIapAbl KOCY, KOCHaHBI
KBI3/IBIPY, KAJIBINKA KYIO )KoHE KenTipy. by npouectepaiH opKalChIChl OMOMIACTUKTIH
KYPBUTBIMABIK KACHETTEPIH XOHE OHBIH SKOJOTHSUIBIK TYPAKTBUIBIFBIH aiKbIHAAyda
MaHBI3/IbI POJT aTKAP/IBL.

3eprTey OapbIChIHIA KAPTOIN KpaxMallbl, INHIEPHH JKOHE CipKe KBIIIKBLIbI CHSKTHI
HETI3r1 peareHTTepAiH Kocmachl OMOIUTACTHKTIH KAaCHETTEPIH ©3repTyre bIKHasl €TTi.
Kpaxmanapiy Taburu THIPOGUIBALIIIT MEH TOMEH MEXaHUKAIBIK OEpIKTIri OHBIH
KYpaMBbIH ©3repTy YIIiH IacTuduKaropiap MeH 6acka Moau(UKaTopiIapabl KOJAaHYbI
KaKeT ereii. [NUIEepuHHIH KOCBUIYhI MaTepHaIJbIH HKEMJIITITiH apTTBIPHII, Cipke
KBIILIKBUTBIHBIH 9Cepi KpaxMall MOJIEKyJajJapbl apachblHAAFbl CYyTEKTIK OalaHbICTap bl
Oy3bIll, epITIHAIHIH TYPaKTBUIBIFBIH KaMTaMachl3 eTTi. bynm eki QakrtopasiH
y#secyli OMOIUIACTHUKTIH MEXaHUKAIBIK OCpIKTIriH apTTBIPHIN, OHBIH AKOJOTHSUIBIK
TYPaKTBUIBIFBIH KAMTAMAChI3 €TTi.

AnbIHFaH OMOIJIACTUKTIH OMOBLABIpAY IKBUIJAMIBIFBIHBIH 3€pPTTENyl MaHbI3IbI
9KOJIOTHSUIBIK  ACIIEKTiHI aWKbIHIaAbl. TOMBIPaKTBIH OpPTYPJl TypiepiHzeri (ambik
TaOWUFM OpTa, 3ePTXaHAJBIK OPTa, KOMIIOCT JKaFaibl) OMOIUTACTHKTIH BIIBIpAY YAepici
3epTTelIiN, 9PTYPIIl OpTaAa OHBIH BIABIPAY JKbUIAAMABIFBIHBIH aUTAPIBIKTAal ©3repeTiHi
AHBIKTAJIBl. ANIBIK TaOUFU OpTaia KyH CIyleci MEH KaybIH-INAIIBIHHBIH 9CEepiHEeH
OMOMIACTUKTIH BIABIPAYbl KAPKBIHIIBI KYPIll, OHBIH KYPBUIBIMBI alTapibIKTai e3repi,
caJIMarbl TOMEHE1. 3epTXaHaJbIK KYpFaK opTaja bIabIpay Oasy sKypai, Oipax bUIFaibl
TOIBIPAKTA bIIBIPAY KAPKBIHBI )KOFapbI 00 b1, By kepceTkimTep OMOMIacTUKTIH TAOUFH
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opTajia bIIbIpay KaOUICTIHIH ©Te KOFapbl EKEHIH KepceTelli, OYJI OHBIH JKOJIOTHSIIBIK
Tasza MaTepual peTiHae KeHiHeH KoJiaHyFa OONaThbIHIBIFBIH alKbIHAANIbI.

buomnactukTin (QU3MKa-XMUMUSIIBIK ~ KacHETTEpi 3epTTeNai, ocipece  BbUIFal
CiHiprimTiri MeH cyfa Te3iMaiiiri. Cy MeH bUIFaIbIH OUOMIACTHKKE 9cepi 3epTTeim,
MaTepuaIblH KYPBUIBIMIBIK ©3repicTepi, COHBIH ILIHJE iCiHY, XKyMcapy JKoHE epiTy
Oenrinepi Gaiikanapl. Cy ciHipy k03(h(GUIMEHT] SpTYpIi KaFaainapaarsl YArijiep yiH
OJIILIeHIN, Oy OMOTIACTUKTIH BUIFaJFa KaTbICThI ©3TepiCTepiH aHBIKTayFa MYMKIHIIK
oepai. Cy acThlHAa yCTanFaH OMOIJIACTHK JKYMCAapbII, iCiHy OeNrilepiH KepceTTi, al
BUTFAJIJIBI OPTaa CAM JKyMcapy OalKanbpl. AFBIN TYpFaH Cy acThIHAA KYPBUIBIMIBIK
e3repicTep Tek OeTki KabaTbiHIa Oailikanabl, Oyi OwommacTukTiH Oenrimi Oip cyra
TO3IMIUTIK JIEHreHiHe ue eKeHiH Oimipeni.

Bapnpik  ToxipuOenep MeH 3epTTe€y HOTHXKeEIEepl KOpCeTKeHAEH, KapToll
KpaxMallblHAH aJbIHFaH OHMOIUIAaCTUKTEpAIH OSKOJOTHMSJIBIK TYpPFbIAaH OoJamaxkTa
KOJIZIaHyFa KapaMIbUIbIFbI KOFapbl. OHBIH OHOBIABIpAY KaOlIeTi MeH cyFa TO3IMALIIT
OHBI JKOJIOTHSUIBIK Ta3a eHIMJIEp peTiHAe KOMJaHy MYMKIHIIKTepiH apTThipansl. by
MaTepUaIblH OHIIPICi SKOIOTHSIIBIK KayilCi3AiK TYPFBICEIHAH aca MaHbI3/Ibl, ce0ebi o
TabuFrarTa OHall bIABIPANIbI )KOHE KOpIIaFaH opTara 3usiH KenTipmeiiai. COHbIMEH Katap,
OyJ1 OMOTIACTUKTIH KOJIIaHy asiChl KeHele TyCyi YIIiH OHbIH MEXaHUKaJIbIK KACHETTEPiH
OZIaH 9pi JKaKcapTy MakcaTbIHIA KaHa MOTU(HUKALMSUIAD MEH TEXHOJIOTHIIAp i3Aeyi
Tajamn eTei.

KopbIThiHabUIAH Kene, 3epTTey >KYMBICHI KpaxMaa Heri3iHAeri OMOMIacTUKTIH
OHJIpiCi MEH KacCHeTTEepiH FBUIBIMH TYPFbIOA TOJBIK 3€PTTEI, OHBIH 3KOJOTHSIBIK
TUIMAIITIH  JKOHE TPAKTHKAJbIK KOJJAHY MYMKIHAIKTEpiH aWKbIHAaAbl. byi
HOTHXeJep OonamakTa OMOIUTACTUKTIH OHAIPICIH JKOHE OHBIH JKaHa TYPIJIEPiH a3ipiey
YILLIiH MaHBI3bI HETi3 Ooia anaapl. BUOMIacTUKTIH SKOIOTHSUIBIK JKOHE SKOHOMHKAIIBIK
TYPFBIIaH apTHIKIIBUIBIKTAPBIH €CKEepe OTBHIPBIN, OHBbl OHJIPICTe KEHiHEH KOJJaHy
KKSTTUTIT1 alKbIH/IaJIbIIl, OHBIH OOJIAIIaFkl 30p SKCHIITT aHBIKTAJIbI.
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Abstract. Currently, a significant part of the world's primary energy demand is
met by fossil fuels, which creates serious environmental problems and leads to the
depletion of oil reserves. As a result, there is a growing interest in the development
of clean fuel production from renewable sources. Fischer-Tropsch synthesis (FTS) is
the main stage of synthetic fuel production based on synthesis gas, which is obtained
from coal, biomass or natural gas. The process occurs in various types of reactors with
the participation of heterogeneous catalysts. Cobalt and iron are often used to prepare
Fischer-Tropsch synthesis catalysts. Cobalt catalysts exhibit high activity, stability and
low reactivity with respect to side reactions. Ruthenium catalysts are known for their
high stability and low deactivation rate, but their application is limited by their high
cost and the need for high pressure in the reactor. Therefore, one of the issues of interest
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to researchers is the creation and study of catalyst models based on the production of
alcohols from synthesis gas. The paper considers the influence of the support type on
the selectivity and stability of the Co-based catalyst model based on the Fischer-Tropsch
synthesis towards alcohols. The catalyst samples were synthesized in the presence of
hard and soft templates. The samples synthesized in the presence of the soft template of
ethylene glycol with different La and Co ratios were conventionally designated as LCO-
1, LCO-2, and the third sample obtained in the presence of the hard template of silica
gel KIT-6 was designated as LCO/KIT-6. Their properties were analyzed using X-ray
diffraction, BET and transmission electron microscopy, and their selectivity towards
alcohols and reaction stability were studied. The results of the studies showed that the
selectivity of formation and stability of the synthesized catalyst samples depend not
only on the synthesis method but also on the template samples.
Key words: catalyst, hard template, soft template, selectivity, KIT-6
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Annoramusi. Kaszipri yakpITTa JYHHEXKY3iHIH OIpiHIIITIK JHEPrusiFa JereH

CYPaHBICBIHBIH €/19yip Oemiri KypAemni SKOJOTHSUIBIK MpoOieMaiapAbl TyIbIPaThiH
KOHE MYHall KOPBIHBIH CapKbUIyblHA OKEJeTiH Ka30ambl OThIHAap eceOiHeH
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KaHaFaTTaHABIPBUIBIT OTBIp. HoTwkeciHae jKaHAPTBUIATBIH KO3JEpPACH Ta3a OTbHIH
OHJIIPICIH JaMBITYFa KbI3BIFYIIBUIBIK apTyna. @umep-Tpomm cuntesi (OTC) xkemipaeH,
Onomaccasian HeMece TaOUFH ra3AaH albIHATBIH CHHTE3/IIK I'a3 HeT131H/1e CHHTETHKAJIBIK
OTBIH aJTy/bIH HET13ri Ke3eHi 00i1bIn Tadbutaab!. [Iporece spTypii TunTeri peakropiaapaa
reTepOreHIi KaTalnu3aTopiapiblH KaTbiCybIMEH Kypeni. Pumep-Tpomm cunHTe3i
KaTalu3aTopiiapblH JaiiblHAay YIUiH KeOiHece KoOaJbT TEH TeMip KOJIaHBUIAIbI.
KobGaner karamuzaropiapbl KOFapbl OCNCEHIUNIK, TYPaKTBUIBIK KOpceTell, KaHama
peaknuaigapra KaTbICThl OeJCeHAuliri TeMeH. PyTeHuil Kartanm3aropiapbl ©3iHiH
JKOFapbl TYPaKTBUIBIFBIMEH JXOHE TOMEH Je3aKTHUBALMs JKbUIJAMJIBIFBIMEH Oenrifi,
OipaK OHBI MaijajaHy >KOFapbl KYHBIMEH YXOHE PEaKTOPIBIH KOFApbl KbICHIMBIHBIH
KaxeTTutiriMeH mekreneai. Con cebenti 3epTTeyIiiepAiH KbI3bIFYIIBUIBIFBIH TYIBIPbIIT
OTBIPFaH MaceJeNepAiH 0ipi CHHTE3 ra3JaH CIUPTTEeP/Al allyFa HEeTi3AeIreH KaTaanu3aTop
YATiIepiH Kypy jkoHe KacuerTepiH zeprrey. JKymbicta ®Dumep-Tpomnm cuHTe3iHe
HerizgenreH Co-KypamJpl KaTajdu3aTop YITICIHIH CHHUPTTEpre TalFaMIbUIBIFBl MEH
TYPaKTBUIBIFBIHA TaChIMAJIJAFBIII THUIIHIH ocepi KapacTelpbuiraH.  Karammzatop
YATiiepi KarThl JKOHE >KYMCaK TeMIUIaTTap KaTbIChIHAA CHHTe3aenreH. JKymcak
TEMILIaT JTUICHIIUKONBAIH KaTbichiHna La men Co op Typii apa KaTbIHAChIHIA
CHHTE3eNIn ansiuFaH yariiep mapttel Typae LCO-1, LCO-2 xoHe KarThl TeMIuiar
kpemuuit okeuari KIT-6 karsiceinaa anpiaras yinmi yiri LCO/KIT-6 nen Genrinenpi.
Omapneig  kacuerrepi POT, BOT, TIDM omictepi apKbUIbl TajIaHBIN, OJapAbIH
CIHMPTTEpre TaIFaMJIbUIBIFBI MEH PEaKLUUSUIBIK TYPaKTBUIBIFBI 3€PTTEIreH. 3epTrey
JKYMBICBIHBIH HOTHKEJIEPi, CHHTE3IEIIIl albIHFaH KaTalnu3aTop YATUIepiHiH eHiMIepre
TaNFaMIbUIBIFEI MEH TYPaKTBUIBIFBIHA OJNapAbl CHHTE3/CY JKOJBIMEH Karap, TeMILIaT
yJriyiepine Je OaiiaHbICThl EKEHIITiH KOPCETTI.

Tyiiin ce3nep: karanuzarop, KaTThl TEMILIAT, )KYMCaK TeMIUIAT, TanFaMIbUIbIK, KIT-6
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AHHoTanusa. B Hacrosmee Bpemsi 3HaYMTENbHAs YacTh MHPOBOTO CIIpoca Ha
[EPBUYHYIO SHEPIUI0 YIAOBJIETBOPSIETCS 34 CUET UCKOIAEMOI0 TOIUIMBA, YTO CO3JACT
Cepbe3HbIe JKOJOTHYECKHe MPOOIeMbl W MPUBOIAUT K HMCTOIIEHUIO 3armacoB HedTH.
B pesynaprate pacTer HMHTEpec K Pa3BUTHIO INPOWU3BOACTBA YHCTOIO TOIIMBA U3
BO300HOBIIsIEMBIX HCTOUHUKOB. CunTte3 dumepa-Tpomnma (CDT) sBusercsi 0OCHOBHBIM
9TarioM TPOU3BOACTBA CHHTETHYECKOTO TOIUIMBA HAa OCHOBE CHHTE3-Ta3a, KOTOPHIH
MONy4aloT W3 Yy, Omomacchl WM mpupomHoro rasa. [Iporecc mpoucxogut B
peakTopax pa3IUYHBIX THIIOB C yYacTHEM Te€TEepPOTeHHBIX Karajam3aropoB. KoOaibT
U JKEJe30 YacTO MHCMONb3YIOTCS [Js MPUTOTOBICHUS KaTalau3aTOpPOB CHUHTE3a
Oumepa-Tpomnma. KobanbToBble KaTaau3aTopbl HPOSBISIIOT BBICOKYIO AKTHBHOCTD,
CTaOMIIBHOCTh U HU3KYIO PEaKIMOHHYIO CHOCOOHOCTBH IO OTHOMICHUIO K MOOOYHBIM
peakiusaM. PyTeHHeBble KaTaiau3aTopbl U3BECTHBI CBOCH BBICOKOW CTaOMIBHOCTHIO U
HU3KOH CKOPOCTBIO JI€3aKTUBALMHU, OJHAKO UX MPUMEHEHHE OIPAaHUYEHO HX BBICOKOM
CTOMMOCTBIO U HEOOXOTUMOCTHIO BBICOKOTO JIaBIeHUs B peakrtope. [loatomy omHMM
13 BOIIPOCOB, MPEACTABIAIOIIMX MHTEpPEC I HCCIENOBaTeNel, sABIAETCsS CO3/1aHue
1 UCClieIoBaHNE MOJIEeNIel KaTaJu3aTopoB Ha OCHOBE IMOJYUYEHUs CIIUPTOB U3 CHHTE3-
raza. B pabore paccmarpuBaercsi BIHMSIHHE THIIAa HOCHTENS Ha CEJIEKTHBHOCTh H
cTabMIIPHOCTH MOJIENH KaTannu3zaropa Ha ocHoBe Co, ocHOBaHHOM Ha cuHTe3e Durepa-
Tpormma, mo otHomeHWIO K crpraM. OOpasmbl KaTaln3aTOPOB CHHTE3WPOBAIHCH
B TIPUCYTCTBUU TBEPIABIX W MATKAX TeMIuiaTtoB. OOpasibl, CHHTE3MPOBAHHBIE B
MPUCYTCTBUM MSITKOTO TEMIUIaTa STHJIEHIIMKOJSA C Pa3jInYHbIM COOTHOIIeHHeM La u
Co, ObutH ycnoBHO 0003HaueHbl kKak LCO-1, LCO-2, a Tperuii oOpasel, 1mojyuyeHHbIH B
MPUCYTCTBHH JKeCTKOTO Temrutata cuimkarens KIT-6, 6put o6o3naden kak LCO/KIT-6.
Wx cBoiicTBa OBUTM MPOAHATM3UPOBAHBI C UCTIOIH30BAHUEM METOIOB PEHTTC€HOBCKOMN
mudpakmun, BOT u mpocBednBaloieil 31eKTPOHHON MUKPOCKOIIHH, a TAK)Ke U3yUeHBI
WX CEIIEKTUBHOCTh K CIUPTaM U CTaOWIBHOCTH peakiuu. Pe3ynpraTsl ncciemoBaHuit
MOKa3aJlk, YTO CEJIEKTUBHOCTh OOpa30BaHUS M CTAOMIBHOCTH CHHTE3MPOBAHHBIX
00pasloB KaTaJlM3aTOPOB 3aBHCAT HE TOJLKO OT METOAA CHHTE3a, HO M OT 00pa3lioB-
TEMILIATOB.

KiroueBble cJjioBa: Karajiu3arop, KECTKUM TEMIUIAT, MSTKUH  TEMILIAT,
cenekTuBHOCTH, KIT-6

Kipicnme. MyHaii KopbIHBIH kahaHIBIK CapKbUTYybl MaHbBI3IbI MYHAH-XUMHUS JKOHE

OTHIH OHJIpPY YIIiH OajaMasbl IIUKI3aTThl 137CYAIH ©3CKTI KKCTTUIITIH TYIbIpaibl
(Yakovenko et. al., 2020; Martinelli M. et al., 2020). CHHTETHKAJIBIK KOMipCyTEKTep/i
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OHIIPYIiH €H KeH TapaifraH eHepkacinTik oaici @umep-Tpomnm cuntesi (PTC) donbimn
Tabbutaapl. Pumep-Tpomm cuHTE31 — MyHall pecypcTapblHaH albIHATBIH CHHTE3
ra3upl KYHIbl XMMHUSUIBIK 3aTTapra HEMECE OThIHFa alHaJABIPYAbIH MEepPCIEKTHUBAJIBI
texHomoruscel (ten Have et.al., 2021). CuHTe3 eHIMIEpi KYKIPT IEH aybIp METAIIbIH
TOMEH MOJIIIEPIMEH CUIATTaIaIbl )KOHE Ka30a MyHal Ty bIHABUIAPbIHAH Al bIPMAILIbUTBIFbI
JKOJIOTHSITBIK Ta3a (Semenzova et.al., 2020).

OTC npoueci KenTereH KypHeni peakuusuiapabl KaMTHIBL. TeMEHIE BIKTHMAI
peaxnusap Oepiirex:

[Tapadun enaipy:

2n+1)H,+nCO—-CnH,+2+nHO

*OneduH eHaipici:

2nH, + nCO — CnH, +nH,0

*XKorapbl ciupTTepIiH CUHTE3I:

nCO + 2nH, — CnH, +10H + (n-1)HO

*Cy ra3einbiH aybicysl (WGS) peakiuscsr:

CO+H,0— CO,+H,

OTC Herisri kemipcyTek eHimMaepiH ra3 Topizai kemipcytekrep (Cl ~ C4), OeH3un
(C5 ~Cl11), nquzenbai guctmnisttrap (C12 ~ C20) (Yanping et.al., 2021, Kazuhiro et.al.,
2024) >xoHe ayblp napaduHal KeMipcyTeKTep (ayblp MyHail xoHe 6anaysiz) (> C20) nen
Oexyre Oomaabl. KomiMri oThIH ©HIIpiCiHeH 0acka, KOChIMIIIA KYH/IbI KOCBUIBICTAPIBIH
(MbIcanbl, XeHiT oneduHAEp, Y3bIH Ti30EKTI OKCHUTEHATTap JKOHE KaTThl Oajaybl3)
LIBIFBIMIBUTBIFBIH aPTTHIPYFa aTapibikTail Ky canbiaabl. lereamen, TC enimaepi
onerre Anpepcon-lynbu-®nopu (ASF) Tapany Tenaeyine colikec xeneni, oy C5+
KOMIPCYTEKTep MEH TOMEHI1 onedHUHIAep CHUSAKTBI MaKCaTTbl OHIMAEPIiH Halap
TanFaMAbpUIBIFBIH  Olngipeni (Albuquerque et.al.,, 2019). Ockbuiaiinia, 3eprreymiiiep
optypai OTC karanuzaTopiapbiHBIH JaMybl MEH CHHTE3iHEe KeOipek KeHin Oemyne,
oJlap: METaHHbBIH JKOHE 0acKa jkaHama eHIMAEP/iH TY3UIyiH TeKel alajbl; MaKCaTTh
KOMIpCYTEKTepIi ipiKTel CUHTE3/1eY; KaTaJuTHKAJIBIK TYPJICHAIPY THIMIUIITiH apTThIPY;
KaTaJM3aTOP/IbIH JIe3aKTUBAIUSCHIH OO0 IbIpMaiibl (Suo et al., 2022).

Mertannplk KoOasbT, pyTeHHH XoHe TeMip Pumep-Tpommn CHUHTE3iHIH Heri3ri
KaTanuzaropnapsl 6osbin Tadeuagsl (Martinelli et al., 2020.; Mazurova et al., 2023).
KoGaner Herizinzmeri karanuzaTopiap cy OybIHBIH KOHBEPCHSICHI PEaKUIUSICHIHIAFbI
OeJICeHILTITIHIH TOMEH/IITIHIH XKOHE )KOFapbhl KATATUTUKAIIBIK OCJICEHUTIKTIH COHBIMEH
KaTap TYPaKTBUIBIKTBIH apTHIKIIBUIBIFBIHA M€, ajl KOOAaNbTTHIH KPUCTALUIUT OJIIIeMi
OTC yuwiH KaTanuTHKaIbIK OCNCEHIUTIKKE YKOHE TalfaMIbUIBIKKA YJIKEH dcep eTyi
MyMmKkiH (Qingpeng Cheng et. al., 2018; Wolf et.al., 2021).

Marepuangap men aaicrep. byn kymbicta @umep-Tpomm cuHTe3iHIE
konganearein Co-Kypamabl karanuzatop yiarinepinig (LCO-1, LCO-2, LCO/KIT-
6) eHiMIepre TalfaMIbUIBIFBI MEH TYPaKTBUIBIFBIHA CHHTE3/CY SJICTEpiHiH ocepi
3eprrenai. Karanuszarop yiariaepi eki oJiCIeH CHHTE3/CNJIi, COHBIH IMIiHAC MapTThl
typzae LCO-1, LCO-2 aen GenrisieHrex eki yarici »KyMcak TeMIUIaT 3TUICHIIMKOJIbIIH
KaTbICBIHAA Oipre TYHIBIPY oniciMen cuHTesdenai, an ywinmi yiri LCO/KIT-6
KAaTTbl TEMIIaT Me30KeyeKTi KpeMHui oxcuari KIT-6 TemmiaTelHBIH KaThIChIHIA
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anpiabl. [lepoBckuT KypbutbiMabl Kypaeni okeust - LaCoO,/KIT-6 opi kapaii mapTTe
typae LCO/KIT-6 nen GenrineHetiH yiri uutpar ogiciMen nadsiHganasl. LCO/KIT-
6 KaTanM3aTOpbIH JalblHAAy €Ki caThIMEeH Kypri3ingi. bipiHmi caTbiza Me30KeyeKTi
kpemuuit okuaTi KIT-6 TackIMaIaFbIlibl albIHAAMABL. OAeOueTTep AepeK Ke3aepi
OoiibiHmma (Nair et.al., 2012) me3okeyekti kpemauit okcunati KIT-6 TacbiMainarbimbl
JaMBIFAH MEHINIKTI OeTTik aynanra we. OHBIH KOJJIAHBLIYbI, Oip JKaFbIHaH, LaCoO,
-Tbl LUTpAT OAICIMEH aiy Ke3iHJe TY3UIylli MEepOBCKUTTIH OETiHIH aylaHbIH eoyip
WIFaiiTyFa MYMKIHAIK Oepeni. ExiHII >kaFbIHaH, JTMMOH KBIIIKBUIBIH KOJAAHY >KOHE
COHBIH cajJlapblHaH CHUHTE3 JKarJaiiblHIa KBILIKBUIABIK OpTa TY3UIyi, YITiHIH Maiaa
Oomy »xarnaibiHa SiO,-HiH XUMHAJIBIK KaThICYbIH OOJIIBIPMAnIbI.

Me3somnopainsl kpeMHuit okcuaTi TackiManaarsibie (KIT-6) cuntesney (Nair et.al.,
2012) opebuerTeri 9icKe ColiKec jKy3ere achlpbulabl.  ONIIEeHIUIep Il ecentey YUl
KOCBUIBICTAp Kellecineil KarbiHacTa anbiHabl: Terpastokcucwian (TEOS) / Pluronic
P123 (P123) / HC1/ H,0O / Byranon = 1 mons / 0,017 mons / 1,83 monb / 1,95 monb
/ 1,31 monb. CunHTe3/ey ofliciHe coiikec MIbIHBI cTakanna 9 r P123 xone 17,40 r HCI
(35%) 325 r gucTUIIBACHTEH Cy[a epiTuIiN, epiTiH/I TONbIFBIMEH OipTeKTec OoNFaHIIa
apanacteipbuiabl. CofaH Keifin OipTeKTi KOCHaHbIH YCTiHe 9 T OyTaHon Kochlib, 35°C
TeMmIeparypajia MarHuTTi apajacTeIprbIlITa | caraT OOibl apanacTeIpblIabL. bip carat
YaKbIT ©TKCHHEH KeHiH IIBIHBI CTAKaHJaFbl KOCIaHbIH ycTiHe 19,35 T TeTpasTokcucuinan
KOChULIBL. By ke3ne KbUTyabIH en9yip Oeminyi 6alikanabl. AJNbIHFaH epiTiHII MATHUTTI
TepMmoapanactelpreiliTa 35°C  Temmneparypaga 24 carar OOHBI apajacThIPbUIIBL.
Conrbl ke3enze kocma 24 carar Ooiiel 100°C Temmeparypana THAPOTEPMHUSIBIK
eHJieyieH oTki3unni. ConaH KeiliH aibiHFaH TYHOAa BIOXHEp BOPOHKACHIHBIH KOMETiIMEH
cy3uin, OipHelle MopTe STHJ CIIUPTIHIH KOMETiMeH KYBUIbII, HHQPaKBI3bLUT ITAMHBIH
acTeiHOa Oip TYH KenTipinmi. AjsmHran mnpekypcop 500 °C temneparypana 4 carar
0O0BI TEPMUSUIIBIK OHACYIEH OTTi, KYHIipy OapbIChIHAA MPEKYypPCOPIABIH OpPraHUKaIbIK
KOMIIOHEHTTEpi >KOUBLIBIT, KaxeTTi Temmar KIT-6 tysingi (cypert 1).
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Cuntesneynin exinni carbicbigaa nepoBckut LCO/KIT-6 Genrini nurpar oiciMmex
(Jetpisbayeva et al., 2020) anbiagel. CUHTE3 JaHTaH MEH KOOAJIBT HUTPATTAPbIHBIH
OacTanKel TY3apBIHBIH €py CaTBICHIH/IA SHTI3UIETIH ajIbIH aja JalbIHAAIBI aTbIHFaH
KIT-6 KaTThl TeMITIaTBIHBIH KAaTBICHIHAA KYprizinai. On yrria 300 MiI moaunponuicH
cTakaHbIHIA 6 T Me30okeyekTi kpemHe3em bl Temriar KIT-6 60 mi guctunaeHreH cyaa
epiTiIi, conan Keiin epitinainin ycrine 0,03 monb kobansT HuTparsl (Co(NO,),x6H,0)
MEH J1911 coniai kenemeri nantan autparel (La(NO,),x6H,0), 60 mn stanon (C,H,OH)
JKOHE 23 T JUMOH KBIIIKBUIBI (C6H807) KochuLbl. OChIJIaH KEWiH CYCIECH3HSI KOO
rejb naija OosiraHra JCWIH MarHUTTI TepMoapajiacteipramTa 75 °C temmneparypajia
Y3IIKCi3 apaylacThIpbUIa OTBHIPHIT Oasty OylmaHOeIphUIALL. Koro rems maiima OonraHma
MIOJIUTIPOTIMIIEH CTaKaHJaFbl KOCHMAHbl MAarHUTTI TEPMOAPAACTBHIPFBIMITAH  aJIbII,
renb 12 carar 6oiibl 90 °C Temmeparypaaa Kenriprim mkadTa ycranasl. 12 carartan
KeHiH kenTipinaren yiri ¢papgdop TabakmraceiHaa yHTakTaiel. AnsiaFan yHTak 500 °C
Temmeparypaja 3 carar 0olibl xoHe ojaH keiiin 750 °C temmeparypania 4 carar 0ObI
Oiprinmen kywmipinmi. Opi kapait, KIT-6 6ap ynriai KIT-6 kpemHe3eMiHiH HETi3Ti
Oedirinen aitpipy Makcatsiaaa 500 mi 7% NaOH epitiaaiciage 70 °C temneparypana
15 munyT ycranasl. ComaH KeHiH yaridi cysim, 2 1 75 °C teMmmnepaTrypalarbl BICTHIK
JUCTHJIJICHTEH CyMEH 4 peT KaiTanail OTBIPBII, Kara3 CY3TiHIH KOMETiIMEH MYKHUSAT
XKYBUIIBI, KeJlecl Ke3ekTe YAri mHQPakbI3bll maMHbH acTeinga 90 °C temmeparypana
24 carat KenTipiii.

Keneci exi ynri LCO-1, LCO-2 (Jetpisbayeva et al., 2020) oneOueTTe YCHIHBIIFaH
omic OOWBIHIIIA JKYMCAK TEMIUIAT STHUJICHIIMKOJIBIIH KaTeichiHma La »xome Co op
TYpJi apa KaTblHAacTa ajblHFaH. KaramuzaTopiapiblH CaHIBIK AJIEMEHTTIK KYpambl
OPTIMA 4300 DV cnekrpomerpinae PerkinElmer (AKIL), atoMablKk 5MUCCHOHIBI
cnekrpockonus (ADC) a1ici apKbUIbI YIITUIEp i KbIIKbULIap Kocrnackiaga (HCI: H,SO,)
epiTy apKbUIbl TajAaHAbl. YITUIEpAiH KaTaluTHKAIBIK chiHaKTapel @umiep-Tpor
CUHTE3 KOHIBIPFRICHIHIA KEJIECl ITapTTap/a KYPri3ijami: 6acTamksl )KYMBIC KOCTIACHIHBIH
Kypambl CO:H,:N, = 3:6:1 (imKi cTanaapT peTinae a30T), KOCIaHbIH IIBIFbIHBI | J1/caF,
yiri canmarbl 2 T, ¢pakimsce! 0,14+0,25 MM, temneparypa 240 °C, kpiceivm 2 MIla.
3eprrenrin yiuriiepain MeHmikTi OeriHiH aynansl bpynaysp-Ommert-Temrep (BOT)
OMICIMEH a30TThIH aJCOPOIMIIBIK H30TepMalapbl OoiibiHia Micrometrics (AKII)
ASAP-2400 KypbUIFBICHIH/IA €CETITEI].

Hotmikesepai Tajakpliay. DIEMEHTTIK aHAU3 HOTIKeJepl KepceTkeHae (1
KecTe), KYWIipiAreH chIHaMajiapIarkl KOOAIBT JKOHE JIAHTAHHBIH MOJIIIEP] TEOPHSITBIK
ecenTereHHeH ToMeH. KarammzaTopinapibplH TEOPHUSUIBIK JKOHE HKCIEPUMEHTTIK
KypaMmbl apachIH/Iarbl aWbIPMAIIBUIBIKTBl KaTadu3aTopibl NaWbIHIAy OapbICHIHIAFHI
LIBIFBIHAAPMEH OailJIaHBICTHIPYFa 0OIaIbI.

Kecre 1. Karanuzatop yariiepiHiH XUMUSUIBIK KYpaMBbI

XUMUSITBIK KYpaMbl, % LCO-1 LCO-2 LCO/KIT-6
La 49.5 50 51.9
Co 21.1 28.6 22
Na 0.05 0.06 0.05
Si - - 8.1
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Karanuzarop vyirinepiniy OerTik aymaHsl bpynaysp-Ommer-Temep omiciMeH
AHBIKTAJIBII, CUIMATTAJIbl. 3€PTTEY ACPEKTEpi KOPCETKeHIeH, €H YJIKeH OeTTiK ayaaH
LCO/ KIT-6 ynaricine Tuicti. Kyligipinren KaTaluTHKaJIbIK >KYHEHIH KYPBUIBIMIIBIK,
cUmaTTaMayJapblHaH KepiHin TypraHmaii (2 kecre), OesnceHai KOMIIOHEHTTI
TackIMaJIJaFbIIIKa OTBIPFBI3Y KeyeK quaMeTpiHiy 32 % -Fa Tomenaeyine okeneai. Karro
TemuiarThl Kongany LaCoO, YITiCiHIH MEHIIKTI OeTiHiH aymaHbiH 9,5-Ten 220 mM%/r
Jeiiin apTTeIpyFa MyMKiHAik Oepai (Jetpisbayeva et.al., 2024).

Kecre-2. 750°C temneparypaia KYHIipiireH Karaan3aropiapIblH KypbUIbIMBIK CHIIATTaMallapbl.

Ne | Yarigep Kypbl1bIMIBIK cHIIATTAMAJIAPBI
s MY/T KeyekrepaiH opraiia JuamMeTpi, HM Keyek kenemi, cm?/T
1 |LCO-1 9,5 37 0,08
LCO-2 10 23 0,06
3 |LCO/KIT-6 220 12 0,03

240°C TtemmepaTypaga KaTaJIUTHKAJIBIK ChIHAKTap/AbIH HOTWKeNepi OOoMbIHIIA
yewinburan  LaCoO,  yirinepi ykcac KaTaluTUKAIbIK KacHETTepre ue OOonjbl.
Conbiven karap LaCoO, yirinepinin karamutukanbik kacuerrepi CoAl marentrenin
abIHFaH YITICIMEH CaNbICTBIPbUIA OTBHIPBIN 3eprrendi. KypambiHoa naHTansl Oap
MEPOBCKUT KYPBUIBIMIIBI KYPAETl OKCHATEPIi KOJJAHY KaTalUTHKAIBIK KacHeTTepre
ocepi CHHPTTEepre TaaFaMIbUIBIFBIHBIH e1yip ecyiHe okeneni. LCO-2 yiriciHig
KaTaJUTUKAJIBIK KacHeTTepl KajfaH YAruIepre KaparaHga »EHUT KeMipcyTeKTepre
JKOFapbl TalFaMIbUIBIFBIMEH epeKlIeNneHeail. Bbya ocwl ynrimeri meramn KoOasbT
OeJIeKTepiHiH KYHiHIH adbIpMaIlbUIBIFBIMEH OaiiaHblcThl Oomybsl MyMKiH. LCO-
2 YNTICiHIH CHUHTE31 Ke3iHJe, o9fcOueT aepek Keszepi OOMBIHINA, JIAHTAHFA KATBICTHI
KOOAIBTTBIH apTHIK MOJILEpiHiH ajJbIHybIMEH TYCiHAipyre Ooiamsl, Oyl Ke3zne
Co,0, (asachIHbIH KOCHACBIHBIH MNaina OomybiHa okenui. MyMKiH, OChl (hasaHbIH
TOTBIKCHI3IaHY bl HOTHKECIH/IE aJIbIHFaH KOOAJIBT OeJIIIeKTepl KypaMbIH/1a JaHTaHbI 0ap
OKCH/ITI TaChIMAJIaFbIIITICH KaObIHIaIMaNIbI, OYJT KAXKETCI3 HKEHLUT KOMIPCYTEKTEPIiH
KeTl TY31JIyiMeH KaTap, YJITiHiH CIIUPTTEPre KaThICTHI TalFaM IbLIbIF BIHBIH TOMEHICY1HE
okeneni. LCO-1 xone LCO/KIT-6-na Ty3iireH kemMipcyTeKTepIiH MeJIepi a3, JeMeK,
Cy MeJIlIepi KajFaH €Ki ChlHaMara KaparaHjaa airtapibiktail a3. LCO-1 xone LCO/
KIT-6 yarinepin cansicteipy kepcerkenneit, LCO/KIT-6, meHmikTi OeTiHIH ayqaHbl
YJIKeH OOJyblHA OaiiaHBICTBI, QJJCKaiia OeNCeH/l eKEHIH JuarpaMMmajiaH Kepyre
6onaznpl. LCO/KIT-6 yaricinae cnupTrepre skaimbl TanFamIsuIbikTeiH LCO-1 yaricine
KaparaHjga MIaMaibl TOMEH OONyblHa KapamacTaH, KYHABI XOFapbl CHHPTTEPIiH
LIBIFBIMBI A TapIBIKTal KOFaphl. Byl CHHTE3 ra3plH ciupTTepre allHAIABIPY MPOLECiHAe
LCO/KIT-6 yariciHig eTe THIMAI €KeHIH KopceTeli kKoHEe Je MOTOp OTBIHBIH OHIIpPY
YILLIiH nepcreKTuBabl ekeHin ganenaeiai. LCO-1 ynricinge cnupTrepre TaaFaMabUIbIK
90 maiie3abl Kypanel. Kypamsbl skarbiHan eTe ykcac LCO-2 ynricinae kepiciHiie
cnuprrepre TanFamapuislk LCO-1 yaricine kaparanaa exi ecere TemeH. [larentrenin
anblHFaH caiblcThipy yirici CoAl* karanuTHKalnblK ChIHAK Ke3iHAE CIHUPTTEpAiH
IIBIFBIMEI 72 TIalibI3AaH acIiaraH.
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Cyper 2 - Karanu3zarop ynrinepinig 240°C temmeparypaja, eHiMaep OOUBIHIIIA TaFaMIbLTBIFbI

(S,%)

KaranuzaropnapislH TYPaKThUIBIFBI KOHE TaJFAMIIbUIBIFBI JKAWJIbI aKMaparThl,
KaTaJu3aTop YITUIEPiH TYPaKThl TEMIIEpaTypaaa y3aK Mep3iMii ChiHAY TKipuOenepiHin
3epTTeysiepi Herizinje anyra Oonajabl. bepiiren 3- cyperTe CTaHAAPTTHI PEAKIIMSUIBIK
kocmaga (CO:H,:N, = 3:6:1), 240 °C rtemneparypana 10 carar Ooiibl yirinepae
CHHTE3 ra3 ailHaJbIMbl KOHE PEaKLUsl OHIMACPIHIH TalFaMIbUIBIFBIHBIH TYPAKThLIBIK
3epTTeyJIepiHIH HOTHXKEIEPl KOPCETIIreH.

3epTTey HOTHIKENEpl KaTanu3aTop YATUIepiHiH CIUPTTepre TalFaMIbUIbIFBIHEIH 10
carar OOHBI JKOFaNTIaUTHIHBIH KOpceTTi (3-cyper).
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Cypert 3— Cunres-ra3gan cnuprrepai any peakuusicbinaa LCO-1, LCO-2, LCO/KIT-6
KaTaju3aTopyapbl KaThIChIH/IA ©HIM TaJFaM/bUIbIFBIHBIH TYPAKTBUIBIFbI
(240 °C, arm. kpicbiM 2MPa, CO:H, = 1:2,)
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KopsiTbinabl. 3epTTeynep KopceTKeHIeH Me30KeYeKTI KPeMHHH OKCHITI KaTThl
TEMIUIATThl €HTi3y, KaTaiu3aTop OeTiHiH aylaHbIH JKOFapbUIATHIN KaHa KOWMail, OHBIH
Oencenainirin aprreipansl. Crnuprrepre eH xoraprbl TanFamabuisblk LCO-1 sxymcak
TEeMIIaT STUJICHIJIUKOIBAIH KaThIChIHIA QJBIHFAH KaTalu3aTop YITICIHAE KepiHeni.
Bapnblk yarinep cuHTe3-Ta3gaH cnupTTepal any peakuuscbinga 10 carar 0oiibl eHIM
TaJFaMIbUIBIFBIHBIH TYPAKTBUIBIFBIH KOPCETTI.
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Abstract. Extraction of gold from man-made raw materials represented by heavy
tailings of sorption leaching requires an integrated approach combining physico-chemical
and biotechnological methods. This paper presents the results of research options for the
extraction of gold from spent stale tailings of sorption leaching using biooxidation with
an adapted culture of A. ferrooxidans, an oxidizer - trichloroisocyanuric acid (TCCA),
direct cyanidation, flotation and gravity enrichment, as well as reverse coal flotation
using kerosene. A detailed analysis of the basic elemental composition was previously
carried out. Mineralogical analysis of the samples showed that the stale tailings sample
is represented by more complex and diverse phase components. Thus, arsenopyrite,
pyrite, quartz, and other compounds are present in significant amounts in the sample.
Detailed electron microscopic analysis of accumulations of gold particles in a sample
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of stale tails showed the presence of carbon in the spectra, as well as arsenic, sulfur,
and iron, which is typical for the sulfide minerals pyrite and arsenopyrite. To extract
gold from the stale tailings of sorption leaching, the method of reverse coal flotation
using kerosene was chosen. The main task is to remove carbon with minimal loss of
gold. The optimal separation of carbon and gold was achieved by adjusting the degree
of grinding (60, 75 and 90% grade -0.071 mm). This made it possible to concentrate
gold in the flotation tailings, reducing the sorption properties of the pulp and increasing
the efficiency of subsequent leaching. Experiments have shown that the best final gold
recovery (78.25%) is achieved by reverse tailings flotation with grinding to 60% of
the -0.071 mm grade and subsequent oxidative leaching using TCCA. Despite the
higher extraction (91.67%) when grinding up to 90% of the -0.071 mm grade, the total
extraction from the feedstock turned out to be lower — 62.91%. The coal concentrate
obtained during flotation has a high purity and is suitable for reuse in sorption.
Keywords: technogenic raw materials, leaching, oxidation, gold, sorption tailings
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AHHoTanus. TeXHOTCHIIK MIMKI3aT — COPOIUSUIBIK IIaliManay KaJJAbIKTapblHAH
aNTBIH aly (QU3UKAa-XUMUSUIBIK JKOHE OMOTEXHOJOTHSUIBIK oficTepai OipiKTipeTiH
KeUICHII TocuUal KaxkeT eremi. bynm skymbicta A. ferrooxidans Oelimaenrex
JAKBUTBIMEH OWO TOTBHIFYABI, TOTBIKTHIPFBIIITEI —TPUXJIOPU3OIHAHYD KBIIIKBLIIBIH
(TXUK), Tikeneit 1uaHgaynasl, (QIOTAIMSUIBIK KOHE T'PABUTALUSIBIK OaWbITYIbI,
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COH/Iali-aK KEPOCHHHIH KAaTBICYbIMEH, Kepi KeMip (IOTalMACHIH KOJJaHa OTBIPHII,
naianaHpUIFal COpOUMSIIBIK MIaliManay KaJJbIKTapbIHAH alThIH allyAbl 3epTTey
HYCKAJIapbIHBIH HOTWOKENEpl KeNTipiireH. AJIbIH-ajla HEeri3ri SJIEeMEHTTIK Kypamra
erKel-Terkeini Tanpay Skyprisingi. ChlHamanapAblH MHUHEPANOTHSUIBIK Tajiaybl
KOPCETKEeHIeH, copOLus KaJIbIKTapIblH ChIHAMACHI KYPIEJi JKoHE SpTYpii (a3aibik
KOMIIOHEHTTepMeH ychiHbUIFaH. COHBIMEH KaTap, ChlHaMaza aTapiblKTail Mesmepae
apCeHONMPUT, MUPUT, KBapl koHe Oacka KochUibicTap Oap. Ecki KamaslkTapaarbl
YKMHAKTAJIFaH alThIH OOJIIEKTePiHIH erKel-TerKeIi eKTPOHABI-MUKPOCKOMHSITBIK
Tajjaybl MUPUT TEH apCEHONMUPHUTTIH CynbOUATI MUHEpalfapblHa TOH KeMipTeri,
COH/Iali-aK MBILIBSIK, KYKIPT, TEMip CIIEKTpiepiH 0ap ekeHAiriH kepcerTi. CopOuMsIIbIK
mraiiManay KaJAbIKTapblHAH aJlTBIH ally YIIIH KepOCHHAI KOJAaHa OTBHIPBIN, KeMipai
Kepi ¢uiotanusiiay oici TaHmamabl. Herisri MiHAET — aiThIHHBIH a3 IIBIFBIHBIMCH
KeMipTeKTi KeTipy. KemipTek meH aiThiHAbl OHTAiNIbI Oeyre yHTaKTay ASpe:KeCiH
peTTey apKbuIbl Koul xkeTKizimmi (60, 75 sxone 90% kiacc -0,071 mm). By mynenanbig
COpPOLMSITBIK KAaCHETTEPIH TOMEHAE >KOHE KeWiHTl ciiTiaey THIMAUITIH apTThipa
OTBIPBIN aNnTBIHABL (QIOTanusl KajIbIKTapblHA IMIOFBIPIAHABIPYFa MYMKIHAIK Oepi.
Toxipubenep KkepceTkeHIeH, eH KaKChl alTHIHHBIH ajbiHYBI (78,25 %) KanaslKrapasl
60 % -0,071 MM ChIHBITIKA JeifiH YHTaKTay apKbUIbl Kepi (roTanusiiay Ke3iHle jKoHe
keriinaeH TXIIK kongany apKbUIbl TOTBIKTBIPA CUITLICY 9iCIMEH KOJI xeTKizineni. 90%
-0,071 MM — re meliiH yHTaKTay Ke3iHJIE alThIHHBIH >KOFapbl MeJIIepAe alblHybIHA
(91,67%) xapamacrtaH, OacTanKbl [IUKI3aTTaH Akl AJITHIHHBIH AaJbIHYbl TOMEH
62,91% OGonapl. Droranus Ke3iHAe albIHFAaH KOMIP KOHIICHTPATHI JKOFaphl Ta3albIKKa
ne KoHe copOIusiIa KaiiTa naiiajganyra >xapamibl.

Tyiiin ce3aep: TeXHOTEH 1 IINKI3AT, CLITIIEY, TOTHIFY, AIThIH, COPOLHS KaJIABIKTaphI
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AHHoOTanus. l3BrnedeHne 3010Ta M3 TEXHOTEHHOTO CBIPbS, IPEACTABICHHOTO
JIEKANBIMA  XBOCTaMH COPOIMOHHOTO BBINICIAYMBAHHS, TPEeOyeT KOMIUIEKCHOTO
MOAX0/1a, COYeTalonero (GpU3MKO-XUMHUUECKHE M OMOTEXHOJOTMYEeCKHe MeTolbl. B
HacTosleld paboTe TpPUBEACHBI PE3yJbTaThl BAPUAHTOB HMCCICAOBAHUN HM3BIICUCHHS
30]I0Ta M3 OTPa0OTAHHBIX JIGKAIBIX XBOCTOB COPOIMOHHOTO BBIIICIAYNBAHHS
C TpUMEHEHHEeM OWOOKHMCIICHHS aJalTHpOBaHHON Kyinbrypoir A. ferrooxidans,
OKHUCIHTENS - TpuxiopusonuanypoBoii kuciotsl (TXIIK), mpsmoro nuaHupoBaHws,
(IIOTAIIOHHOTO W TPaBUTAIIMOHHOTO O0OTalIeHUs, a TakKe OOpaTHON yroibHOM
¢duoranu ¢ MpUMEHEHHWEM KepocuHa. [IpenBapuTenbHO MPOBOAMICS TOAPOOHBIH
aHaJIN3 OCHOBHOTO JIEMEHTHOTO cocTaBa. MUHepalloTHUeCcKuii aHaau3 Ipod MoKaza,
4TO 00pazel] JekKalbIX XBOCTOB IMPEACTaBICH 0oJiee CIOKHBIMH M Pa3HOOOPa3HBIMH
(a3oBbIMH KOMITOHEHTaMH. Tak, B MpoOe B 3HAYUTEILHOM KOJIMYECTBE MPUCYTCTBYIOT
apCEHONMMPUT, THPHUT, KBapl M JpyTrde COCAMHEHUs. JleTalbHBIA DJIEKTPOHHO-
MHUKPOCKOITMUECKUI aHAJIN3 CKOIUICHHH YacTHIl 30JI0Ta B 00pas3ile JIeXalbIX XBOCTOB
MoKa3ajl HalMuue B CHEKTpax yIiepoja, a TakkKe MBIIIbsIKa, Cepbl, jKelle3a, 4To
XapaKkTepHO sl CylIb(PUIHBIX MUHEPAIOB MUPUTA U apceHonupuTa. [ u3BleueHus
30J10Ta U3 JIe)KaJIbIX XBOCTOB COPOIIMOHHOTO BHIIIEIaYMBaHHS BHIOPAH METO OOpaTHOM
YroNBbHOW (IoTalMK ¢ NpUMEHeHHeM KepocuHa. OCHOBHasl 3afaya — YyJaJIeHHE
yriepoja ¢ MUHUMAaJIbHBIMH MOTEPIMHU 30ii0Ta. ONTUMaIbHOE pasJelieHne yrieposa
U 30JI0Ta JOCTUTANIOCH 3a CU€T perymmpoBaHusi crenmenu nomona (60, 75 u 90 %
kinacca -0,071 MM). DTO TO3BOJMJIO COCPEIOTOYUTH 30JIOTO B XBOCTax (NIOTAIUH,
CHIYKasi COPOIIMOHHBIC CBOWCTBA ITYJIBITBI X MOBBIMIAs 3()(HEKTHBHOCTD MOCIIETYIOIIETO
BBIIENIAYMBAHUS. DKCIIEPUMEHTHI MOKa3ald, YTO HAaWIydllee WTOrOBOE HM3BIICUCHHE
3onota (78,25 %) mocturaercst mpu OOpaTHON (UIOTALMK XBOCTOB C M3MEJIBUCHHUEM
mo 60 % xmacca -0,071 MM U TIOCHEIYIONIUM OKHCIUTEIBHBIM BBIIICIIAYMBAHUEM C
npumenenuem TXIIK. HecmoTpst Ha Gosee Beicokoe u3Biieuenue (91,67 %) npu nomolie
10 90 % xiacca -0,071 mm, o0liee U3BJICUEHUE OT MCXOIHOTO ChIPhs OKA3aJI0Ch HIKE
— 62,91 %. YronpHbIi KOHLEHTPAT, TOTyYaeMbIi MpH (pIoTauu, 001agaeT BEICOKOMH
YHCTOTON M MPUTOZCH JIJIsl TIOBTOPHOTO UCIIONIb30BAHUS B COPOLIMH.

KioueBble cjioBa: TEXHOTEHHOE CHIphE, BBILICIaYMBaHHE, OKHUCIEHHUE, 30J10TO,
XBOCTBI COPOIHH

Dunancuposanue: Paboma evinonnena npu gunancosoii noodepiicke Komumema

nayku Munucmepemea Hayku u evicuezo oopazoeanus Pecnyonuxu Kazaxcman (epanm
Ne BR21882140).
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Beenenune. CoBpeMeHHOE NPOM3BOACTBO LBETHBIX W ONArOpOAHBIX METaJUIOB
COMPOBOXKIAETCSI CTAOMIBHBIM POCTOM OOBEMOB TOpPHBIX pPalOT, YTO MPUBOAMT
K 3HAYUTENIbHBIM HAKOIUICHWSM BCKPBILHBIX MOPOJ B BUAE OTBAJOB, a TaKke K
PacCIIMPEHHIO CTAPBIX M 00pa30BaHUIO HOBBIX XBOCTOXPAHMJIMII 32 CHET 00Pa3yIoIIuXCs
B NPOMBIIUIEHHOM LHMKJIE€ TEXHOTeHHBIX OTXOAOB. B pesymsrare ¢dopmupyroTcs
TEXHOTCHHBIE MECTOPOXKACHUSI, COMIEP KALIHE TPOMBIIIIICHHO 3HAYNMble KOHLIEHTPALUU
MOJIE3HBIX KOMIIOHEHTOB, CONOCTaBHMbIE C OCOHBIMH pyIaMH, BOBICKACMBIMU B
nepepaboTKy. [loje3Hble KOMIOHEHTH B MOAOOHBIX OTXOJaX, BKIIOYas 30JI0TO H
LBETHBIC METAJUIbI, KaK MPaBHJIO, COCPEIOTOUCHBI B MEJIKUX (PPaKIUsIX U HAXOOATCS
B TPYAHOINOCTYNHBIX MHHEpPaNbHBIX QopMax. CylIIECTBEHHYIO HKOJIOTHUYECKYIO
OTACHOCTH MPEACTABISIOT CyTb()UIAHBIE U MBIIIBIKCOACPKALINE COCTABISIONINE STHUX
oTxof0B. OTHUM M3 TaKHX THIIOB TEXHOT€HHOTO CBHIPBS SIBISIOTCS JIEXKAJbIe XBOCTHI
3onmotooborarutenbHbIX (adpuk (Kenzhaliyev, et.al., 2024).

W3Bnedyenne 3010Ta W3 yMOPHOTO TEXHOTEHHOTO CBHIPbs, [AE€ METal CBSA3aH C
Cynb(hHUIaMH, MTOKPHIT OKUCHBIMU TJICHKaMH WM 3aKJIIOYEH B KHUCIOTOPACTBOPHUMBIX
MUHEpallaX B TOHKOIMCIIEPCHOW (opMe, NpEeACTaBIseT CcOO0OH aKTyaJlbHYIO
TEXHOJOrMYeCcKylo 3anady. E€ pemieHne BO3MOXHO C NMPUMEHEHHEM COBPEMEHHBIX
METOJIOB JIOM3BIICYEHHUSI METAJUIOB ¥ TIOBTOPHOTO BOBJICYCHHUSI OTXOJIOB B MEPepadOTKy
(Kanayev et.al., 2013; Toktar et.al., 2023). B mocnennee Bpems cblpbeBast 0aza
07aropogHBIX M IBETHBIX METAJUIOB MpPETepHeBaeT CYIIECTBEHHbIC H3MEHEHHS.
Hapsiny ¢ TpaauumoHHBIME CyIb(GUIHBIMU, OKHCICHHBIMU U CMEIIAHHBIMH PyJaMH B
nepepadoTKy BCE akTHBHEE BOBJIEKAIOTCSI MECTOPOKICHHMS, COAEPIKAILNE 3HAYUTEIEHOE
KOJIMYECTBO CIIAHLIEBBIX MOPOJ. 30J0TOHOCHBIE PYIbI, KaK MPABUIIO, XapaKTePH3YIOTCS
MPUCYTCTBHEM  CBOOOJHOTO, MPEMMYIIECTBEHHO  TOHKOJHMCIIEPCHOTO  30JI0Ta,
PaBHOMEPHO pacnpeae€HHOTO0 B MUHEPaIbHOM MaTpHLE.

B 3aBucHMOCTH OT MHUHEPAIOTHUECKOTO COCTaBa PYIAbl U CTENEHU AWCIEPCHOCTH
30]I0Ta B HACTOSIEE BPEMsl MPUMEHSIIOTCS TPH OCHOBHBIE TEXHOJOTMYECKHE
cXeMbl TepepabOTKU: I'paBUTALMOHHOE oborameHue; (roTannoHHOE oOoraleHHe;
BBIIENIAYMBAHUE C TIPEIBAPUTEIBHBIM OKUCICHHEM MUHEPAIBHOTO ChIphs. B HacTosiiee
BpeMsI OCHOBHBIM PEareHTOM, IPUMEHIEMbIM B THAPOMETAITYPTHY€CKOM U3BICUCHUH
301moTa, octaércs uumaHun Hatpus. [lpolecc NUaHUPOBAHUS OCYLIECTBIAETCS C
WCTIOJIb30BAHUEM PA3JIMYHBIX KOHLEHTPAlMHd HUAHWAA, ONPEACISIEMBIX HCXOAHBIM
coziepkaHueM OJIarOPOAHBIX METAIIIOB B ChIphe. B KauecTBe cOmyTCTBYIOLIMX PEareHTOB
4acTO MPUMEHSIOTCS] OKUCIUTENH C Pa3IMYHBIMA MEXaHU3MaMH ACHCTBHSL.

Jnsi wHTeHCMUKALMK Tpolecca HUAHUPOBAHUSI HMCIONB3YIOTCS CIIEAYIOIIUE
npuéMBL: IOBBILICHUE TEMIIEpaTyphl, CHUKEHUE BA3KOCTH PACTBOPA, adpalusi, a TAKKe
BBEICHUE YCKOPSIOIINX PeareHToB. B HaydHOW JnTeparype HaKOIUICH 3HAUYUTEIbHbIH
00bEM JaHHBIX, NOCBAMIEHHBIX YCKOPEHHIO LIMAaHUPOBAHHS OJArOpOAHBIX METAJIOB
C HCIOJIb30BAaHUEM XHMHUYECKUX a00aBoK. K OCHOBHBIM MNpenMyIIecTBaM TaKOTO
MOAXONA OTHOCSTCS BBICOKAS TEXHOJIOTMYHOCTb, BO3MOKHOCTb HMHTETPALMU B
JEeWCTBYIOIINH MPOU3BOJACTBEHHBIN LUK 0e3 HEOOXOOUMOCTH €ro KapJHHAaIbHOU
MEPEeCTPONKH, a TaKKe OTCYTCTBHE MOTPEOHOCTH B CHELHUAIBLHOM O00OpYIOBaHUH
U BBICOKOKBJIM(HUIIMPOBAHHOM IepcoHane. BmecTe ¢ TeMm, OIHUM M3 HEIOCTaTKOB
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SIBIISIETCS] TOTEHIMATILHOE YBETUUEHHE IKOJIOTMYEeCKOH Harpy3ku. OmHako 3ToT (aktop
MOXET OBITh MHUHHMH3UPOBAH 3a CYET NPUMEHEHHS 5SKOJOTMYECKH Oe30macHbIX
00aBOK.

B cBa3u ¢ oTuM, mouck Oornee JOCTYMHBIX, S(PQPEKTUBHBIX M IKOIOTHYECKH
MPUEMIIEMBIX YCKOPHUTEIEH TIpeiCTaBIsieT CcOOOW aKkTyaJbHOE HampaBICHUE B
COBEPLICHCTBOBAHMM TEXHOJOTMHA WHTCHCUBHOTO IIMAHUPOBAHUS 30JOTOPYAHOTO
ceipbs (Toktar et.al., 2022). [IpuMeHeHHEe OKUCIHUTENCH B MPOIECCE BBIMICIAUNBAHUS
30]I0Ta TpeCieAyeT pa3lInuHble LEN U Pealn3yeTcsl TMOCPEACTBOM Pa3HOOOpa3HBIX
MOAXOI0B, OTIIMYAIOLINXCS [T0 MEXaHU3MY JEHCTBHUS. B 0HUX ci1ydasx OKUCIUTEIbHbIN
peareHT BBICTYNAeT B POJHM KaTajiu3aTopa OCHOBHOTO Tpolecca IHaHUPOBAaHUS,
yCHUJIMBasi CKOPOCTh W TOJHOTY PAacTBOPEHHs 305I0Ta. B Apyrux — ero ocHOBHas
(YHKIMS 3aKITI04AeTCsl BO BCKPBITHHU 30JI0TOBMEIIAIOLIMX MUHEPAJIOB ISl IOBBILICHUS
JOCTYITHOCTH MeTajula. JIOMONHUTENbHO, OKHUCIHTEIH MOTYT HCIIOJB30BaThCS
JUIS TIpeIBapUTENIbHON OYMCTKA MHHEPATBbHOTO CHIPbS OT BPEOHBIX NpUMeEced H
COIYTCTBYIOIIMX 3JEMEHTOB, Memaromux 3heKTUBHOMY HaHUpoBaHUI0. HecMoTps
Ha COXpaHSIOIIeecs] IIUPOKOEe IMPHMEHEHHWE IMAaHUIHBIX PAacTBOPOB B KauecTBE
OCHOBHOTO BBIIEJIAYMBAIOIIETO PeareHTa, Ha OOJBIIMHCTBE 30JI0TOM3BIEKATEIbHBIX
NPEANPHUATUH, B TIOCIEAHNE TOJbl BEAYTCS aKTUBHBIC MCCIECIOBAHMS, HAIPaBICHHbIC
Ha pa3paboTKy aJbTEPHATHBHBIX OE3LMAHUIHBIX METOAOB M3BJICUECHHUS OIaropoIHBIX
metayuoB (Tanriverdi et.al,, 2005; Ivannikov et.al., 2013). Opnako >ddexkTuBHas
peanuzanys TakUX TEXHOJOTHH TpeOyeT ydyeTa OKHUCIUTEIbHO-BOCCTaHOBHTEIBHBIX
MOTEHINANOB U APYTHX XUMUYECKHX XapaKTEPUCTUK albTePHATUBHBIX PEareHTOB.

[Momumo moBbimeHus: 3PpPEeKTUBHOCTH PACTBOPEHMS 30710Ta, BAXKHOM 3a1aueit
ocTaéTcsl pa3loKeHHe BMELIAIONINX €ro Cylb(OUAHBIX MHHEPaJoB, OCOOEHHO TeX,
KOTOpbIE HE MOJAAIOTCS HM3BJICUEHHIO (JIOTAIMOHHBIMUA METONAMM H3-32 HAIHYHS
yIIepoAcoepKalux NpuMeceid. MuHepalornueckue OCOOCHHOCTH TEXHOTEHHOTO
CBIPbs, B YaCTHOCTH XBOCTOB COPOLIMOHHOTO BBIIIETAYMBAHMSA, TAKKE 3HAYUTEIHLHO
3aTPyAHSIOT TPUMEHEHHE TPaJULMOHHBIX METOAOB IMAaHUPOBaHUS. Bwicokoe
COZIep’)KaHHEe OPraHUYECKOTO YITIEpOAa B TAKMX XBOCTaxX OOYCIIOBIMBAET BHIPAKCHHBIC
COpOILIMOHHBIE CBOMCTBA, YTO TpPeOyeT AOMONHUTEIBHON MOAroTOBKH ChIpbs (Sasaki
et.al., 2024; Sakai et.al., 2022; Kenzhaliyev et.al., 2021).

OnHUM M3 BO3MOXKHBIX PELICHUH SIBISETCS MPUMEHEHHE YIIEepOnHOU (uioTanuu
C HCHOJNb30BaHMEM KEPOCHHOBBIX coOHWpareield, MO3BOJISAIONIEE MEPEBECTU
yIIepocoiepKalie KOMIIOHEHTHI B OTAeNbHBIN KOHLIeHTpaT (Zhang et.al., 2023; Cheng
et.al., 2023; Kromah et.al., 2022; Loukola-Ruskeeniemi et.al., 2023). Tloxy4aembie
IpU 3TOM OUMILEHHbIE MUHEpPAJbHBIE XBOCTHI MOTYT OBITH Jajiee IMOIABEPTHYTHI
BBILLENIAYMBAHUIO C MPEABAPUTENbHBIM OKHcaeHueM mynbiiel (Kim et.al., 2024) nubo
TepMUYecKoi 00padboTke (00xkury) (Ma et.al., 2023).

B psne texHonoruit nmpegycMoTpeHa o0paboTKa CyIb(HUAHBIX 30I0TOBMEINAIOIINX
MHUHEpAJIOB CEPHOH KHUCIOTOM TOA BBICOKMM JaBJICHHEM C OJHOBPEMEHHOM
nogaueit kucnopoaa (Liu et.al., 2023). Hapsiny ¢ QU3BHKO-XUMHUECKUMH METOIAMH
WHTEHCU(PHUKALUK pa3pyleHus Cynb(OUIHON MaTPHUIIbI, aKTUBHOE PA3BUTHE TIOJTyYaAIOT
ouookcunaruBHbIe TexHonoruu (Li et.al., 2024).
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CornacHo HenaBHeMy uccienoBanuio 2024 rona, 3¢pGeKTUBHOCTh OaKTepHaIbLHOTO
OKUCJICHUS apCEHOMPHUTA 3HAUUTEIILHO BO3PACTACT IPH €r0 COBMECTHOM MPUCYTCTBUU
¢ nuputroM. I[Ilpu 3TOM OBLIO YCTAHOBJICHO, YTO OHOJOIMYECKOE BO3JICHCTBHUE
obecrieumBaeT 0Oojee IKOJIOTHYECKH O€30MacHOe pa3IoKeHHE apCEeHOTHPHUTA
[0 CPaBHEHHIO C TPAJAWIMOHHBIMH MeTofaMu OKuciieHus (Zhang et.al., 2024).
DKOJIOTUYECKHE PUCKH, CB3aHHBIC C Pa3JI0KEHUEM apCEHOITUPUTOB, TPEOYIOT 0C000TO
BHUMAaHWUS TPU BBIOOPE OKHUCIUTEIBHBIX areHTOB, TaK KAK HEKOTOPHIE METOIBI MOTYT
MPUBOJUTH K OOpa30BaHUIO M BHIOPOCY TOKCHYHBIX (opMm Mbiibsika (Chen et.al.,
2022; Martinez-Mendoza, et.al., 2020; Koizhanova et.al., 2020). Takum obOpazom, u3
MIPEICTABICHHOTO KPaTKOro 0030pa BUAHO, YTO HAa BHEIOOP TEXHOJIOTHH MEPEepadOTKH
HEKOHIUIIMOHHOTO 30JIOTOCOJEPIKAINETO CBHIPhS, OCOOCHHO TIPH HAIUYAUA TaKHX
MpUMeceil KaK apCEHONMUPHUT W BBICOKOM COJCPXKAHHH OPTraHWYECKOTO YIIEpoja,
OOJIBIIYIO POJIb UTPAET MUHEPAJIOTHYECKHIE M XUMUYECKUE 0COOCHHOCTH TEXHOTCHHOTO
CBIPBSI.

Marepuajbl M OCHOBHbIe MeTOAbL. /J[1s NpOBEAEHUS UCCIENOBaHUI 1O
BBIIIICTIAYMBAHAIO 30JI0TA W3 TEXHOTEHHOTO YIIOPHOTO CBIPhS M IPOAYKTOB €ro
0o0OTaIIeHnsT WCIONb30BAM  OTPaOOTaHHBIC JIeXKANIbIE XBOCTBI COPOIIMOHHOTO
BhIenadrBanus. OKHUCIEHHE TPOOBI C IMOMOIIBI0 TPUXJIOPU30IUAHYPOBOM KHUCIOTHI
(TXIIK) ocyrecTBIsUI0CH B TEUEHHE § 4YACOB, C MOCIEAYIOMUM TomgHsATHeM pH mo
ypoHs 10,5 u iuanupoBanrueM. bakrepraibHOE OKHCICHHE MYJIbIIbI JIEXKAIBIX XBOCTOB
BEJIOCHh B T€UCHHE Heaenn KyasTypoid A. Ferrooxidans. O0rmee comepikanue yriepoaa
Haxoaujock B nuamnaszone 10-15 %, onpenensinoch XUMUYECKUM METOJOM aHAIU3a, T.K.
peHTreHo(a30BkIi METO] HE TIO3BOJISIET OOHAPYKUBATH CIIEKTPHI AIEMEHTOB C aTOMHBIM
4yuciioM MeHblie 16 (kuciopon). [logpoOHbIi aHATU3 0CHOBHOTO 3JIEMEHTHOTO COCTaBa
MPOBOJIMJICS. HAa PEHTICHO(UIYOPECIICHTHOM BOJHOAUCIIEPCUOHHOM CIIEKTPOMETPE
Venus 200 «PANalyical». Pe3synbrartel peHTreHO(IyOPECIIEHTHOTO aHaiu3a Mpod
WICXOHBIX JISKAJIBIX XBOCTOB TPEACTaBIIeHBI B Ta0muIe 1.

Tabnuna 1 — Pe3yabrarel peHTTeHO(IYOPECIICHTHOTO aHAIN3a MPOO UCXOTHBIX JICKATBIX XBOCTOB

copOruu
DIIEMEHT Conepxanue, % DIIeMEeHT Conepxanue, %

0O 41,041 Mn 0,011
Na 0,875 Fe 11,726
Al 4,983 Co 0,041
Si 19,690 Cu 0,107
P 0,044 Ga 0,006
S 4,220 As 13,534
Cl 0,045 Rb 0,011
K 1,0134 Sr 0,007
Ca 2,222 Zr 0,016
Ti 0,252 Bi 0,036

MuHepanoruyeckuii anaiau3 Npo0d OCYIIECTBISJICS TOX MHUKPOCKOIIOM MapKH
OLYMPUSBX — 51, B IMMEpPCHOHHBIX CpeJaX M B MOJUPOBAHHBIX MCKYCCTBEHHBIX
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OpHuKeTax, M3TOTOBJICHHBIX M3 MU3y4aeMOro MaTepHaia, MUKPOCKOTIOM B OpHKeTax B
OTPaXCHHOM CBETE€ M B UMMEPCHOHHBIX Npernaparax M3 ChIIY4Yero Marepuana mpoo.
B nMMepcHOHHBIX Ipenaparax W3y4alicsi COCTaB HEPYAHOH COCTaBISIIONIEH MPOoObI U
MPOIYKTOB OOOTAIIECHMsI, B MCKYCCTBEHHBIX MOJUPOBAHHBIX aHIIIH(ax — OpHKeTax
pyznHble MUHepasibl. ChbeéMKa MUHEPAJIOB C OINPENIENIEHNEM UX COCTaBa, BBINTOJHSIACH
npu pexumax: COMPO, WDS. Metox pacTpoBoii 371eKTpoHHON MUKpockoriuu (POM)
U peHTreHocneKkTpaibHoro mMukpoanaimnza (PCMA) Beimonnen Ha mpubope JEOL -
JXA-8230.

[TomyueHHble nocIie BhIEIAYUBAHUS TIPOJYKTUBHBIE PACTBOPHI U TBEPABIE OCTATKH
AQHAJIM3UPOBAINCH HA COJIEP’KAHHE 30JI0Ta Ha ATOMHO-3MHUCCHOHHOM CIEKTPOMETpE
¢ uHAYKTUBHO cBs3anHoi mia3moit (MCII) Optima8000DV u kBagpymnoasHOM Macc-
CIEKTPOMETPE C MHAYKTHBHO cBsizaHHOH 1ta3moii, [CAP-Q «Thermo Fisher Scientific.

Pe3ynabrarbl U odcy:xaenue. Jlesxxanbie XBOCTBI COPOLIMOHHOTO BBINIETaYHBAHUS
CYIIECTBEHHO OTIAMYAETCS (PU3UKO-XUMHUYECKHMMU CBOWCTBAMH M MHUHEPATOTUYECKUM
COCTaBOM OT MUHEPAJILHOTO CBHIPbs TEKYILETO IPOU3BOACTBA 000TaTUTEIBHON (padpuKu
(ucxomHbIe pyabl, XBOCTHI (rioTauuu u Ap.). ConepaHue 3010Ta B 00pa3ax JeKaibIX
XBOCTOB COpOIMM HaxoAuTcs B AuanasoHe 3,5 — 5,0 r/1. Pasmep pyaHbIX yacTull B
cpeaHeM npezacTasieH kiaaccom MuHyc 0,071 MM, ¢ HaTMYHEM OKOMKOBaHUS U TPECCOBKHU
HEKOTOPBIX (parMeHToB. B ommmumu oT mpoO HCXOAHOHM PyIbl, C Mpeodnagaronm
CIJIMKAaTHBIM COCTAaBOM U HE3HAYMTEIbHBIMH BKPAIUIEHUAMHU 30J0TOBMELIAIOIINX
cynbhuI0B, 00paser JeKalblX XBOCTOB COPOLMH MpEACTaBlIeH Ooyiee CIOKHBIMH U
pa3Hoo0pa3HBIMU (a30BBIMU KOMIIOHEHTaMU. Tak, B Ipo0e B 3HAYUTEIbHOM KOJIMYECTBE
MPUCYTCTBYIOT apCEHONMMPHT, MHUPHUT, KBapl W Apyrue coeauHenus (Tabmuma 2).
Taxoke XapakTepHO BBICOKOE COJEpkKaHHE YITIEPOACOAEepKAIIUX COEIUHEHNN — yrob,
OpraHuKa U KapOOHATHI.

Tabnuma 2 — PentrenodasoBblii anamu3 mpoo JIexkanblx XBOCTOB

HazBanue koMIoHeHTa Dopmyna S-Q

Kgapn SiO, 51,8%
ApceHonpuT FeAsS 21,1%
Muxkpoxiun KAISi308 8,4%
CpeOpononbCKuT, copepkamuit Al+3, Ca2((Fel.635A10.365)05) 7,7%
Ansbut (Ca0.38Na0.62)(Al11.38Si2.6208) 4,5%
T'unc CaS0O4-2H20 3,3%
Kaonuaur Al203-2Si02-2H20 2,0%
T'emarur, cua. oxcunx skenesa(lll), | (Fe0.95Sn0.05)203 1,1%
onoBa(IV) | Oxenp xenesza-onoBa
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Judpaxrorpamma mpoOsl HCXOAHOH MPOOBI XBOCTOB COPOIIHH

B mpobe u3 pymHBIX MUHEpAJIOB BCTPEYAIOTCS MHUPHUTHI U apCEHOMUPUTHL. [luput
(FeS2) - xenTsiii u m30TpOITHBIN MUHepait. HabmromaeTcst B OCHOBHOM B BHJIE OTAEIBHBIX
3epeH aHrepalibHOW (POPMBI C M3BMIIMCTHIMH TpaHulamMu. Pa3smep 3epeH cocTaBiser
94,6 mxM (pucyHoK 1).

[upwur, ys. 200 [Muput (1) u apcenonupursi (2), yB. 200

Pucynok 1 - MuHepanorndeckuii aHaImu3 UCXOTHOM MPOOKI JIeKAIBIX XBOCTOB

ApceHoruput - Oenblii MunHepan. HaOmiomaercs B BuJEe CBOOOTHBIX 3€peH
aHrepanbHOi Gopmel. Pasmep 3epen gocturaet 1o 93,5 M.

JleTanbHblil IEKTPOHHO-MUKPOCKOIIMYECKUN aHAIU3 CKOIUIEHUM 4YacTHUL] 30J10Ta
B 0o0paslie JiexKalbIX XBOCTOB, MTOKA3aJl CIIEKTPhI yIIIEpoAa, a TAaKXKe MBIIIbIKA, CEphI,
KeJie3a, YTO XapaKTepHO Ui CylIb(PUIHBIX MUHEpPAJOB MUPUTA U apCEHOMUpPHUTA
(pucyHoxk 2).
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100 um

CpCﬂHCC COACPKAHHUE JJICMCHTOB B MUHCPAJIbHBIX YaCTHLIAX, %

Cc S As (0] Ca Fe Si Al Na Cu Au
15.10 14.81 1343 11.2 874 832 783 594 353 1.88 922

PrcyHOK 2 - DeKTpOHHO-MUKPOCKOITMUECKUH aHAIN3 MUHEPAJIbHBIX 30J0TOCOAEPIKALIMX YaCTHUI]
JIeXKAJIBIX XBOCTOB COPOIIMN

[lepBoHauaIbHBIE SKCIIEPUMEHTHI TI0 BBIIIEIAYNBAHHUIO 3010Ta U3 XBOCTOB COPOITUHI
BKJIIOYAJIM BapUAHTHl OKHCIHUTEIBHON 00paboTku. C ydeTtoM (H3WYECKHX CBOWCTB
JTAHHOTO CBHIPBS BBIIIETAYUBAHIE OBUIO BO3ZMOXKHBIM TOJBKO arnTaI[IOHHBIM YaHOBBIM
MeTtoaoM. OKHCIIeHne MpoOs! ¢ TOMOIIBI0 TpUXJopu3onnanypoBoit kuciotsl (TXLIK)
OCYIIECTBIISUIOCH B TEUEHHE § 4acoB, ¢ rmocneayommm nogasatueM pH 1o yposns 10,5
Y IMaHUpOBaHHEM. bakTepmanbHOE OKHCIIEHHE MYJNbITBI JIKAIBIX XBOCTOB BEJIOCH B
TEUCHHE HENeH KylnbTypoit A. Ferrooxidans, mraMmoM, aganTHPOBAaHHBIM K BEICOKIM
KOHIICHTPAINSM COAEPIKAIUX MBIIIBSIK COSIMHEHNH, ITOCIIE YEeTO TAKKe TIPON3BOTUIOCH
nossierne pH cpeast mo 10,5 n nmannpoBanme. B kadecTBe KOHTPOIBHOTO TECTa
JUIS CpaBHEHUS BBICTyNaJl BapHaHT TMPOCTOTO I[MAHWPOBAHUS O3 OKHUCIUTEIHHON
obpaboTku. VMcxomHoe comepikaHue 30J10Ta B YCPEIHEHHBIX Mpobax cocTaBisuio 4,1
r/T. Macca KakJoi dKCIepUMEeHTaIbHON HaBeckn coctaBmsuia 10 kr. Konuentparms
[IMaHU/IA HATPHS B BEITIEIAYUBaroIIeM pactBope coctapisiia 0,3 %, coornomenue T:0K
=1 : 3. AruranoHHO€E BBIIIEIIAYNBAHUE BEJIOCH B TeueHue 24 4yacos.

[TomryuenHbIe TOCIE BBIMIEIAYNBAHNS TIPOYKTUBHBIE PACTBOPHI U TBEPABIE OCTATKH
AaHAJIM3UPOBAIINCH HAa COAEpIKaHWE 30J10Ta. Ha OCHOBaHMHM MOIyYEHHBIX PE3YJIbTaTOB
MIPOM3BOIMIINCH pacdeThl OajaHca M U3BJIEUEHHs OJaropogHOro MeTaa Py KakIoM
METO/IC BEINIETIauNBaHMUs, TIPEICTABIICHHBIC B Ta0HIIe 3.

Tabnuna 3 — Pesynbrarsl arMTallMOHHOTO BBIIIETAYMBAHNS ITPOOBI JIEKATIBIX XBOCTOB COPOIIHH

Ucx. Kexk PactBop U3Bneuenne, %
Venosus V,n
Au, 1/t Au, /T | Au, Mr/a 0 KEKy | [0 pacTBOpy
JIX Tonsko CN 0,3% 4,1 3,35 0,25 28 18,3 17,1
JIX oxucnenne TXIIK, CN 0,3% 4,1 2,1 0,72 27 48,8 47,4
JIX oxucnenue 6no, CN 0,3% 4.1 1,45 1,05 25 64,6 64,0

B pesynprare MakcHUMalbHOE HM3BJICYCHHE 30JI0Ta OBUIO OTMEUEHO IpH
[IPE/BAPUTEIIPHOM OKHCIICHUM MUHEPAJIbHON ITyJIbIIBI JISKAJIBIX XBOCTOB COPOLUHU
aJIalITUPOBaHHBIM OakTepuasibHbiM 1mTammoM A. Ferrooxidans. Ilpu xoHueHTpanuu
3omota 1,05 mr/n n3eneyenue cocraBuio 64,0 %. Ocrarounoe copepikaHue 30J0Ta B
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0TpabOTaHHOM TBEPJOM OCTaTKe ObLIO OnpeieneHo Ha ypoBHE 1,45 1/T, 4To Takke Jaet
CXOKUH TIOKa3aTeNb U3BJICUCHUS paBHBINA 64,6 %. Ucnonp3oBanne TXI[K B xauectse
OKHCIIUTEIST TI03BOIIIIO n3Bieub 47,4-48,8 % 3070Ta, ¢ y4eTOM €ro KOHIEHTPAIuH B
pactBope paBHOU 0,72 MI/I M OCTaTOYHOM CojepkKaHWU 2,1 T/T B TBEpIOM OCTaTKe.
[IpocTeIM psIMBIM LIMAHUPOBAaHUEM YAAIOCH U3BJIeUb TONbKO 17,1-18,3 % 301mota, npu
ero KoHIeHTpauuu B pactBope 0,25 r/m u octarke B keke 3,35 1/T.

CrangapTHble METOABI OOOTAIEHHs JICKAIBIX XBOCTOB COPOIIMU HE CIOCOOHBI
obecrieunTh 3PPEKTUBHOE BBIICICHUE 30J0Ta B KOHILEHTpAThl. Tak, 3HAYMTEIHHOE
cofiepKaHHe YIepoJia CYIIECTBEHHO 3aTPYAHSIET M3BJICUEHHE 30JI0Ta B KOHIIEHTPAT,
a ero paBHOMEPHOE pacIpelesieHHe B MMHEpajax ¢ Pa3HOi IUIOTHOCTBIO HE JaeT
BO3MO)KHOCTH HapaOOTKH I'PAaBUTALMOHHBIX KOHLEHTpaToB. [Ipumepbl oboramieHus
XBOCTOB COPOLIMM CTaHAAPTHBIMU METOAAMH MPEACTABICHBI B Ta0nuIe 4.

Tabnuma 4 — O0oramnieHne JeKalbIX XBOCTOB COPOIIMU CTaHIAPTHBIMUA METOAAMHU

HanmeHnoBaHue mpoayKToB | Beixon, % | Au, /T | E Au, %
®drorannoHHOE 00OTalCHUE
KoH1t 11,62 4,90 13,87
XBOCTHI 88,38 4,00 86,13
Hroro: 100,00 4,10 100,00
I'paBuTanoHHOE OOOTANIEHHE
Konng 41,91 4,25 43,39
XBOCTBI 58,09 4,00 56,61
Hroro: 100,00 4,10 100,00

C yueroM MHHEPAJOIMYECKOTO0 COcTaBa U (PU3UKO-XMMHUUYECKHX CBOICTB
XBOCTOB COpPOLIMOHHOIO BBILIEIAYMBAHUS, a TAaKXKe Pe3ylIbTaToB CTAaHAAPTHBIX
METONOB o0oramieHusi, Obul BBIOpaH BapuaHT oOpaTtHOM (uortanuu. JlaHHBIHA
METOJl MpeaycMaTpuBall ONTUMAIbHOE pa3lelieHHe yIiepoAa M 30JI0Ta B Ipolecce
YrOJNBbHOW (PIOTAlMU C UCTIONB30BaHUEM KepocuHa. [Ipu 5TOM OCHOBHOM 1IEJbIO OBLIO
MAakKCHUMaJIbHO BO3MOXHOC YAAJICHUE YIJTICPOJa B KOHULCHTpAT, IMPU MHUHHUMAJIbHOM
nepexoze 30j0Ta. B pesynprare HakOIUIEHHE 30J10TA IPOUCXOAUT MPEUMYILECTBEHHO
B XBOcTax OOpaTHOM YroiabHOH (oTanuu, KOTOpbIe B JalbHEWIIEM MOABEPraroTCs
BBILEIAYMBAHUIO. YIaJCHUE YIIIEPOa U3 XBOCTOB YTONbHOW (DIOTALUK CYIIECTBEHHO
CHHU3UT COp6HI/IOHHI)Ie CBOMCTBaA IMyJbIbl, 4YTO 6yILCT CHOCO6CTBOBaTI) IIOBBINICHUIO
U3BJICHCHUA 30J10Ta IPU UX BBIIMICIAYUBAHNUU.

[Ipu mpoBeneHMM 0O0paTHON yroasHOU (hroTanmuu OBIIIO OTPAOOTAHO TPU BapHAHTA
KpynHoctd nomona 1o muayc 0,071 mm — 60, 75, 90 %. Pesynbrarsl oOpaTHOrO
(hoTarmoHHOTO 00OTAIIEeHUS ITPOOKI JISXKATBIX XBOCTOB TPEACTABICHBI B TAOIHUIIE 5.

Tabnuia 5 — Pesynbrarsl 00paTHO# yronbHOW (uioTauu mpoObl JeKalbiX XBOCTOB

Kpynnocts IIponyxr | Beixoxn, % C, % Au, 1/t H3saesenne, %
© Au
Konng 12,08 84,50 1,15 72,29 3,39
60 % -0,071 mm | XBOCTHI 87,92 4,45 4,50 27,71 96,61
Uroro 100,00 14,12 4,10 100,00 100,00
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KoH 31,57 37,90 2,54 84,73 19,56
75%-0,071 MM | XBocTsI 68,43 3,15 4,82 15,27 80,44
Wroro 100,00 14,12 4,10 100,00 100,00
Komnl 39,54 33,05 3,25 92,55 31,37
90 % - 0,071 MM | XBocTHI 60,46 1,74 4,65 7,45 68,63
Wroro 100,00 14,12 4,10 100,00 100,00

B pesynbrare SKCIEpUMEHTOB IO 0OpaTHOMY (IOTAIIMOHHOMY OOOTaIIEHHIO
OBUIO BBISBIIGHO, YTO C TIOBBIIICHUEM TOHHHBI IIOMOJIa BO3pAacTaeT W3BIICUCHHE
B KOHIEHTpar ymiepona. OmHAKO MpPU 3TOM CYHIECTBEHHO YXY/IIAETCsS KavdeCTBO
YIOJBHOTO KOHIIEHTpara W HalmonaeTcs Oojiee MHTCHCUBHOE W3BJIEUYCHHUE 30J10Ta
BMECTE C yIJIeM B KOHIIEHTPAT, KOTOPBIH OyJeT CIOKHO MOJBEPraTh BHIIICITAYNBAHHIO
CTaHJAPTHBIMHU KOHIICHTPAIUAMHU aHua. Tak, mpu kpymHocTH iomoiia 60 % MuHyc
0,071 MM YrONBbHBIM KOHIIEHTpAT MpH MaccoBoM Bbeixoze 12,08 % comepxur 84,5 %
yIiepona, 9to maet usBnedenue 72,29 %. [lpu 3ToM 30510TO, U3BIIEKAEMOE C YTOTBLHBIM
KOHIIEHTPAToM, cocTaisieT 3,39 % npu ero conepxkanuu 1,15 r/1. XBoCTbI Ipu TaHHOM
IIOMOJIE OYHINAIOTCS OT BBRICOKOTO copep xkanust yrieporna ¢ 14,12 % mo 4,45 %. Taxxe,
B XBOCTax 00paTHO# (uioraiuu octaetcst 96,61 % 3o0mora npu coaepxanuu 4,5 r/T.

Wnas kapTrHa HaOMrOqaeTCs MpH yBEIMYEHUH TOHHHBI ToModa 10 90 % munyc 0,071
mM. OOmiee m3BjIeueHUe yrmiepoaa mosbimaercs Ha 20 % mo 92,55 % 1mo cpaBHEHHIO
¢ TpyObiM mmomoniom. [Ipu 3ToM Goniee yeM B TpH pa3a BO3pACTAET MacCCOBBIM BBIXOJ
KoHIIeHTpara 10 39,54 %. YronbHbIM KOHIIEHTPAT TOJIbKO Ha 1/3 cOCTOUT U3 yriepoa.
HaOmromaeTcst Taxke 3HaYMTENBHBIN MEPEHOC 30JI0Ta B YTOJNBHBIA KOHIIEHTpAT — JI0
31,37 % npu conepkanuu 3,25 r/T.

Ha rpadukax pucyHka 3 mpencrapieHa 3aBUCUMOCTh BIMSHHSI TOHHHBI IOMOJIa Ha
paszeneHue yriepoaa u 30J10Ta B IMPOAYKTaxX 00OTaeHUS JIEKAaJIbIX XBOCTOB METOJIOM
obparHOH (hoTaIuy.

E.%
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Pucynox 3 — BriiusiHue TOHUHBI TOMOJIa XBOCTOB COPOIIMH Ha Pa3fielIbHOE U3BIEUEHHE yIIepoaa U
30J10Ta IPH YTOJIBHOH (rioTannu
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Kak u mpu nomone 60 % - 0,071 MM, BbIIeTaYuBaHKE TOAOOHOTO KOHIIEHTpAaTa
OOBIYHBIMHU, HE HACHIIIEHHBIMU [UAHUJHBIME PAcTBOpPaMHU OyIET 3aTPyIHHUTEIbHBIM.
W3Bnedenue 30510Ta W3 KOHIIEHTPATOB C BBICOKUM COJICpXKAHHMEM yriiepoia Oyner
AHAJIOTUYHO JIeCOPOIMOHHBIM TporieccaM. [loaToMy, paccmarpuBark X MepepadoTKy
METOZIOM BBIIIENIauuBaHMs HelenecooOpa3Ho. [lonydeHHbIE yroibHbIe KOHIEHTPATHI
MOTYT pPacCMaTpUBATbCsl B KAueCTBE CBHIPbS IOBTOPHOTO HCIOJIB30BAHUS IS
COPOIIMOHHBIX MTPOIECCOB.

OKCIIEPUMEHTBI 10 BHINIEIAYMBAHUIO 30JI0TAa W3 XBOCTOB OOpPaTHOW YTOJBHOM
(uioTanMKM  BKITIOYATM  AHAJIOTMYHBIC BapUAHTBl IMPSMOrO I[MAHUPOBAHUS U
npensapurenbHoro okucieHus TXIIK u OakrepuanbHbiM pacTBopoM. HcmbiTanus
MIPOBOJAMINCH HA XBOCTAX, MOYYCHHBIX PU TPEX BapuaHTax u3Mmensuenus. [ lpu pacuere
HUTOTOBOTO M3BJICUCHUS YUYUTHIBAIIOCH KOJMYECTBO 30JI0TA, MOTEPSIHOTO MPH MEPEHOCE
B YTOJIbHBIN KOHLIEHTpAT. BrllienaunBanue BelI0Ch aruTallHOHHBIM METOIOM B TEUCHUE
24 yacos. Pe3ynbTaThl BceX 9KCIEPUMEHTAIBHBIX BAPHAHTOB BhIIICIAYUBAHUS XBOCTOB
00paTHOM yroiabHOHN (JIOTAIUU MPEICTABICHBI B TA0IUIE 7.

Tabnuma 7 — Pe3ynbrars! BhIIETaYNBaHMSI XBOCTOB 00paTHOH (roTarun

Au, | Kek Au, | PacrBop spnenenne, % E urtorosoe,
IIpoba Meron o
r/T r/T Au, MI/n | o kexky %
pacTBopy
Tonsko CN 0,3 % 4,5 1,62 1,0 64,00 63,33 61,19
XBOCTBI okucnenne TXIK,
60 % - CN 0,3% 4,5 0,84 1,35 81,33 81,00 78,25
0,070 | oxucaenne 6uo, CN
0,3% 4,5 0,92 1,3 79,56 79,44 76,75
Tonbko CN 0,3 % 4,82 1,35 1,18 71,99 71,00 57,11
XBOCTBI okucinenne TXIK,
75 % - CN 0,3% 4,82 0,8 1,47 83,40 85,39 68,69
0,070 okucienue 6mo, CN
0,3% 4,82 0,82 1,44 82,99 83,65 67,29
Tomeko CN 0,3 % | 4,65 | 0,63 1,42 86,45 87,03 59,73
XBOCTBI okucnenne TXIK,
90 % - CN 0,3% 4,65 0,4 1,55 91,40 91,67 62,91
0,070 okucienue 6mo, CN
0,3% 4,65 0,62 1,5 86,67 87,10 59,77

[IpoBen€HHBIE HCTTBITAHNS 10 BHIIIEITAYMBAHUIO MTOKA3aIH BEICOKYO 2(PPEKTUBHOCTH
M3BIICUEHUS 30J10Ta M3 XBOCTOB 00paTHOMN (IOTAINY IIPH CTETIeHU u3MensdeHus 110 90 %
knacca-0,071 mm. MakcumainbsHoe u3BiiedeHue 30imo0ra— 91,67 % — ObLI0 JOCTUTHYTO
IOCJIe MpeIBapUTEIbHOTO OKucieHus ¢ mpuMeHeHneM TXIIK, mpu 3Tom KoHIIeHTparus
30J10Ta B pacTBope coctamia 1,55 mr/n. OgHako u3-3a MoTeps 300Ta MNP MOTYISHUN
ATHX XBOCTOB, OOIlee M3BIICUEHUE M3 HCXOIHOTO CBHIPhSi COCTaBMiO Jmib 62,91 %.
B 1o xe Bpems, npu nomone 1o 60 % knacca -0,071 mm u ucnons3zoBanun TXIIK,
KOHLEHTpauus 30J10Ta B pacTBope pocrurana 1,35 mr/n npu ussneuenun 81,0 %, a
CKBO3HOE m3BJieueHne — 78,25 %.
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Takum 06pazom, Hanboee >PPEKTUBHON ABISIETCS CXeMa, BKIIIOYAIoIIas 00paTHyIo
(roTanMI0 XBOCTOB COPOIMOHHOIO BHINIEIAYMBaHus ¢ moMojioM jo 60 % kiacca
-0,071 MM, mocnenyromiee yaajieHHe YITIEpPOoAa W OKHCIUTEIHHOE BBIICITAYHBAHUE.
ITonydaemblil yriepojcoepxkaiuii KOHIIEHTpaT XapakTepru3yeTcsl BBICOKOW YMCTOTOMN
Y MOXeET OBITh pEreHEepPHPOBaH U MIOBTOPHO MCIIOJIB30BaH B COPOIIMOHHBIX TPOIIECCaX.

3akawuenne. TeXHOTEHHOE CBIPbE, IMPEACTABICHHOE JIEKAIBIMH XBOCTAMHU
copOlmu, B CBOK odYepesb, TpeOyeT Oojiee CIIOKHOW KOMOWHAIIMM DPEKUMOB U
napamMeTpoB OTICIBHBIX MpPOIeccoB. Tak, MpeaBapUTEIbHOE OKUCIEHHE XBOCTOB
copOrmu GakTepuanbHO KyiasTypoit A. Ferrooxidans, aganTupoBaHHOW K BBICOKHM
COJIEp)KaHUSIM MBIIIbsAKA, TO3BOJISIET U3BIIEKATh IPU JajbHeleM uaHnupoBanuu 64,0
% 3o070Ta. YganeHue yriieposa, Kak (hakTopa CHIXKAIOIIETO W3BJICUSHHE 30JI0Ta MPHU
LIMAaHUPOBAHHUH, METOJIOM yYTOJIBHOH ()IIOTAIMH TIO3BOJISIET PELITUTh JaHHYIO TpobaeMy. B
uTore, o0IIee U3BJICUCHUE 30JI0Ta B pacTBOp jocturaet 78,25 %, a takxe 3,4 % mertamia
OCTalOTCSl B YTOJILHOM KOHIIGHTpAaTe, KOTOPBhI MOXET MOBTOPHO HCIIONIBh30BaThCS B
COpPOIMOHHBIX MPOIECCaX WM MOITYTHO TIOAABATHCS HAa yUaCTOK JeCOpOInH.

CnoxHBI COCTaB JIEXKaJBIX XBOCTOB COPOIMH HE TIO3BOJSIET TPOU3BOIUTH
oOorarieHre JaHHOTO THWIIA CHIPbS CTAaHJAPTHBIMH MeTogaMHu. B To ke Bpems
WCIOJb30BAHUE METOJa OOpaTHOW YroJbHOW (uoTanuu 00SCIECUMBACT BBIJEICHUE
W3 JAHHOW TEXHOTeHHOH MpoObI OCTAaTOYHBIX (OPM yriiepofga. XBOCTHI YTOJIBHOM
(roTanyK MpoIeMOHCTPUPOBAJIH JIOCTATOYHO BHICOKHE ITOKA3aTENIN N3BJICUCHHS 30JI0Ta
B BapmanTe ¢ m3mensaeHueM 1o 90 % - 0,071 mMm. Tak, MakcUMalbHOE HW3BJICUCHUE
91,67 % ObL10 TOCTUTHYTO P UCTIOJIB30BAHUH IpeaBapuTenbHoro okuciaenus TXIK,
KOHIICHTpPAIHUs 30J0Ta B pacTBOpe Npu 3ToM jocturia 1,55 mr/mn. OgHako ¢ ydeTtom
MOTEPU YacTH 30JI0Ta B MpPOIecCe YroJdbHOH (uoTanuu, odliee NTOrOBOE U3BICUCHHE
30JI0Ta B PacTBOP OT MCXOTHOTO CHIphs coctaBmio 62,91 %. Hecmotps Ha TO, 4TO
BbIIIIEIaYMBAHKIE 00PA31I0B XBOCTOB ¢ KPYITHOCTHI0 60 % - 0,071 MM MO3BOJISIET MOJTYYUTh
KoHIIeHTpanuto 3omota 1,35 mr/m B pactBope mpu m3pnedeHun 81,0 %, ckBozHOE
u3BIeYEHUE MeTaiia cocraBiier 78,25 % npu ucnonsizoBanuu TXIK. OtnensieMblit
B IIPOIIECCE TOYYCHHUS JAHHBIX XBOCTOB YTOJIBHBINA KOHIICHTPAT 00IaIaeT IOCTATOYHO
BBICOKO YHCTOTOW MO COACP)KAHMIO YIIEpoJa W MOXKET IMOBTOPHO HCIIOJB30BATHCS
MocIie pereHepaluy B COPOIMOHHBIX TPoIIeccax.
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Abstract. Macrocyclic compounds such as crown ethers and their analogs are able to
selectively bind metal ions due to donor atoms in the ring, which makes them promising
for the development of sorbents. Polymers with nitrogen- and sulfur-containing crown
ethers are of interest because of their high selectivity and stability. The aim of this work is
to synthesize sorbents based on aza- and thiacrown-ether compounds forming selective
complexes with metal ions in solution. The synthesis, structural characterization and
sorption properties of polymeric sorbents based on macrocyclic compounds containing
nitrogen and sulfur atoms - aza- and thiacraun- esters - are considered in this work.
The work focuses on the advantages of immobilization of macrocyclic ligands on a
polymer matrix in order to increase their stability, reduce toxicity and improve sorption
characteristics. Immobilization was carried out on a chloromethylated copolymer of
styrene and divinylbenzene by nucleophilic substitution in dimethylformamide. Various
crown ether derivatives were successfully anchored: monoaza-15-crown-5, diaza-
18-crown-6. The structural changes were confirmed by IR spectroscopy and optimal
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reaction conditions in terms of temperature, time and reagent ratio were established.
The obtained polymers were investigated for their ability to sorb metal ions in aqueous
and methanol media. The sorption efficiency was found to depend significantly on the
structure of the macrocycle, especially on the number of sulfur atoms, as well as on
the nature of the solvent. Polymers containing DADT18K6 and DATT18K6 showed
the highest affinity to Hg?* and Pb*" ions. The obtained results confirm the promising
application of immobilized aza- and thiacraun ether sorbents for selective extraction of
metal ions.

Keywords: crown ethers, aza- and thiacraun ether compounds, polymeric sorbents,
complexation with metal ions, selective sorption, immobilization
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Annorauus. KpayHn-adupiep MeH onap/blH aHaJIOTTapbl CAKMHA KYPBUIBIMBIHIAFbI
JOHOPJIBIK aTOMAAp apKbUTbl METAJJI MOHAAPBIH TaHIaMallbl OaiIaHbICTRIPY KabineTiHe
ue, OyJ1 onappl THIMIII cOpOEHTTEp ’Kacay YIUiH MepCIeKTUBAIBI eTeli. Ocipece a30T
MeH KYKIPT aToMAapblH KaMTUTBIH KpayH-d(upiep Heri3iHAeri mojauMepiep KOFapsbl
TaJFaMIBIIBIK J)KOHE TYPAaKTBUIBIK KepceTedi. OChl JKYMBICTBIH MaKCaThl — a3a - )KOHE
THAKpayH — QP KOCBUIBICTAP/BIH HETi3iHJe, epiTiHAiAer MeTalul HOHJapbIMEH
CEJIEKTHBTI KOMIUIEKC TY3€TiH COPOCHTTEpAl CHHTe3Aey Oonbln TaObutagpl. by
KYMBICTa KYpaMbIHAA a30T OHE KYKIPT aTomIapbl 0ap MaKpOLMKIII KOCBUIBICTap
— a3a- J)KOHEe THaKpOYHABI dpupiep Heri3iHAeri MoJUMEpiK COpOEHTTEpAiH CHHTE3I,
KYPBUTBIMABIK CHUTIATTaMalapbl KoHE COPOLMSIIBIK KacueTTepi KapacThIpbliansl. by
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KOCBUIBICTAp CaKMHA KYPBUIBIMBIHAA TOHOP aTOMIAapBIHBIH (a30T, OTTEr1 )KoHE KYKIPT)
OosrybiHa OaiaHBICTEI METaJ MOHAAPBIMEH TYPaKTHl JKOHE TaHJaMajbl KeIleHIEep
TY3y KaOineriHe wue. JXympicTa OnapAblH TYPAaKTBUIBIFBIH apTTHIPY, YBITTHUIBIFBIH
TOMEH/IETY oHE COPOLMSIIBIK CHIIaTTaMallapblH KaKcapTy MaKcaThIHAa MaKPOIMKIAL
JWTaHATapAbl TOJUMEpIi MaTpulaja UMMOOWIH3aUUsUIAyAblH apThIKIIBUIBIKTapbIHA
Hazap aygapbuiafgsl. MMMoOwmnmzanust numetwndopMaMuATi opTana HyKIeo(pHIbai
aIMacTblpy  apKbUIBl ~ CTHPOJ  MEH  JUBHHWIOCH3OJABIH  XJIOPMETHIIJICHI€H
COMOJMMEPIHAE KYPri3iai. OpTYpii KpOoyHIABIK 3(Up TybIHIBLIIApHI: MOHOa3a-15-
kpayH-5 (MA15KY5), nuaza-18-kpayn-6 (DA18K6), conpnaii-ak apanac aza-TuakpoyH/ibl
sa¢upiep (DADTI18K6 xone DATT18K6) corri Gekitinai. KypbeuibIMabIK e3repicrep
UK-crieKTpoCKONMSIIBIK 9ICTEPMEH pacTalabl, TeMIeparypa, YakKbIT jKOHE pearcHT
KaTbIHACHI OOMBIHILIA OHTAMIIBI PeaKLUs KaFAaiIapsl OenTiieH i. AJIBIHFaH IIOIMMepIIep
Cy JKoHe MeTaHonl oprajapbiHaa metaimn wonnmapein (Na®, K*, Ag', Hg*, Pb*)
copOuusinay Kabineri 3eprrengi. COpOUUSHBIH THIMALTIIT MaKpOLMKI KYpBUIBIMBbIHA,
aram aWTKaHAa KYKIPT aTOMJApbIHBIH CaHbIHA, COHJA-aK epITKIINTIH TaOuUFaThiHA
aiirapibikraii Toyennai ekenairi ansikranabl. Kypameinna DADT18K6 xwone DATT18K6
0ap nmonumepiep Hg?* sxone Pb** moHmapsl yIIiH €H KOFapbl KaKbIHABIKTBH KOPCETTI.
AJBIHFaH HOTHXKEJIEp METaJul HOHAAPbIH TaHJaMalbl SKCTpaKUHsIay )KoHE KOpLIaFraH
OpTaHbl KOpFay MIHAETTEepi YIUiH MMMOOWIM3ALMsIIAaHFaH a3a- )KoHE THaKpOyH-3(up
copOeHTTepiH Maiiaanany MyMKIHIITiH pacTaibl.

Tyiiin ce3mep: kpayH->¢upnep, aza - XKoHE THaKpayH — 3(QUpIi KOCBUIBICTap,
MoJMMEpil copOeHTTep, MeTalll HOHAApPBIMEH KELIeHTY3Yy, TaHJaMajbl copOuus,
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AHHOTanus1. MaKpoIMKINYECKUEe COSNUHCHUS, TaKhe Kak KpayH-dQUpbl M HX
aHaJIOTH, CIOCOOHBI M30MpPATENbHO CBS3BIBATh MOHBI METAJUIOB 33 CYET JOHOPHBIX
aTOMOB B KOJIBLIE, YTO JeNlaeT MX IEPCIECKTUBHBIMH JUISL CO3aHUsl COPOCHTOB.
OcoOEHHO HHTEpPECHBI TMOJMMEPHI C a30T- M CEePyCOACPKAIIUMH KpayH-d(DUpaMH,
TaK KaK OHHU O0O0JaJaroT BBICOKOW CEJIEKTUBHOCTBIO M CTaOMIbHOCTBIO. Llenbio
JAHHOW paboTHI SBJSIETCS CHHTE3 COPOCHTOB HAa OCHOBE a3a- M THAKpayH-d(HPHBIX
COCIMHEHHH, 00pa3yIOINX CEJICKTUBHBIE KOMIUIEKCHI C HOHAMH METaJJIOB B PACTBOPE.
B pabore paccMOTpeHBI CHHTE3, CTPYKTypHas XapakTepHCTUKa M COPOIMOHHBIC
CBOWCTBa IOJIMMEPHBIX COPOCHTOB HAa OCHOBE MAaKpPOLMKIMYECKHX COCTUHEHUH,
COZIep’KaIlluX aTOMbI a30Ta W Cepbl - a3a- U THAKPayH-2QUPOB. DTHU COCAMHEHHS
00J1a/1al0T CIIOCOOHOCTBIO 00Pa30BbIBATh YCTOMYMBBIE M CEICKTUBHBIE KOMILICKCHI
C MOHAMH METAJJIOB Onarojapsi HaJH4YUIO JOHOPHBIX aroMOB (a30Ta, KUCIOpOAa H
cepbl) B UX KOJIBIEBOH CTpyKType. PaboTa akieHTHpyeT BHUMaHUe Ha MPEUMYIIeCcTBax
MMMOOMJIM3alMU MaKpOLUUKINIECKUX JIMTaH/JI0B Ha MOJIMMEPHOW MAaTpHIe C LENbIo
MOBBIIICHHS X CTAOMIBHOCTH, CHIKECHHSI TOKCHYHOCTH M YJTyYIICHUS! COPOLIMOHHBIX
XapaKTepUCTHK. IMMOOMIN3AIHMIO TPOBOMIIN HA XJIOPMETHIMPOBAHHOM COIIOJIMMEpE
CTHpOJIa W JIUBUHWIOSH30JIa IMOCPEICTBOM HYKICO(WILHOTO 3aMelleHHs B Cpeie
JUMeTHII(hopMaMuia. BelM yCIeNTHO 3aKperyIeHbl pa3inyHbIe MPOU3BOIHBIC KpayH-
3¢upoB: MoHOa3a-15-kpayH-5, nuasa-18-kpayH-6, CMELIaHHbBIE a3a-THAKPAYH-3(HPHI.
CTpyKTypHBIE U3MEHEHHSI TOJITBEP K IeHBI MeTofiaMu K -CrieKTpoCKONHH, yCTaHOBJICHBI
ONTUMAJIbHBIC YCJOBUS peaklWyd IO TeMIeparype, BPEMEHH M COOTHOLICHHIO
pearento. [TomydeHHbIE TOTUMEPHI HCCIIEAOBAIN HA CIOCOOHOCTH COPOUPOBATH HOHBI
meraioB (Na', K*, Ag*, Hg?", Pb*") B BojiHOI 1 METaHOJIBHOH cpejie. YCTAaHOBJICHO,
910 3PPEKTUBHOCTH COPOLMHU CYIMIECTBEHHO 3aBHCUT OT CTPYKTYPBI MaKpOIMKIIA, B
0COOEHHOCTH OT YHMCJIa aTOMOB CEPBI, & TAKXKe OT MPUPOABI pacTBopuTes. [lonumepsr,
conepxamtue JJAJIT18K6 u JIATT18K6, noka3zanu HanOobIyr0 appUHHOCTh K HOHAM
Hg? u Pb*". [lonyueHHbIe pe3yabTaThl MOATBEPKIAIOT IEPCIIEKTUBHOCTh IPUMEHEHHS
WMMOOMJIM30BaHHBIX a3a- M THAKpayH-3QUPHBIX COPOCHTOB JUISl CEJIEKTHBHOTO
W3BJICYCHUS] HOHOB METAJIJIOB U B 33aJ]a4ax OXPaHbl OKPYKaIOIEeH CPEJIbI.

KniwueBble ciaoBa: kpayH-3QupHl, a3a- W THAKpayH-d(DUPHBIE COCTUHEHUS,
MOJIMMEPHBIE COPOCHTHI, KOMIUIEKCOOOpa30BaHWE ¢ MOHAMH METAILJIOB, CEJCKTUBHAS
copOI1IHs, UMMOOHIIN3ALIUS

Introduction. The use of synthetic macrocyclic compounds (crown ethers and
cryptands) and their acyclic analogs (podants) as complexing agents of cationic,
anionic and neutral low molecular weight substances is of great scientific and practical
interest. At present, many new macrocyclic compounds have been synthesized, and
their application is significantly expanding (Dovhyi, 2017; Hiraoka, 2016; Basok, 2021;
Gokel, 2016; Guo, 2014).
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A characteristic feature of this class of compounds is the ability to form complexes
due to the unshared pairs of electrons of the valence shell of oxygen, nitrogen and sulfur
atoms in the ring of the crown ether molecule, directed to the center of the ring. Crown
ether compounds have the “ marvelous” property of forming strong, elegant complexes
with metal cations in solution.

The ability of crown ether compounds to selectively interact with metal ions
underlies their practical applications. The selectivity of compounds depends on the
structure of ligands in the molecule, the presence of functional groups and donor atoms
in the molecule. It is known that high selectivity of reagents depends not on the nature
of donor atoms in the cycle, but on the stability of the structure of this cycle (Yakshin,
2010; Fegtle, 1988; Tsivadze, 1991; Li, 2017).

In the last 15-20 years, the presence of heteroatoms in the macrocycle, such as oxygen
atoms, as well as other sulfur and nitrogen atoms (thia- and azacrown compounds) has
also attracted much interest (Schneider, 2020; Zakurdaeva, 2010; Gokel, 2013).

The presence of such heteroatoms in the molecular ring ensures the compatibility
of donor atoms and metal atoms in the macrocycle, as well as weak acids and bases
(Pearson's concept) (Ergozhin, 1995).

Insoluble polycrown ethers have many advantages over their low molecular
weight monomeric counterparts. Insoluble crown ether polymers used as membranes
or sorbents are known to be highly effective in the selective separation of metal ions
from solution and can be reused many times through recycling. Such polymeric crown
ether sorbents are much less toxic and harmful than their corresponding low molecular
weight counterparts [Ergozhin, 1994]. Therefore, the demand for polymeric crown ether
compounds has increased dramatically in recent years. It was found that when one or
more oxygen atoms in the molecular ring are replaced by nitrogen and sulfur atoms, the
ability to complex with transition metal ions in solution increases.

However, crown ether polymers containing nitrogen and sulfur atoms in the ring
are still not fully understood. Due to these circumstances, the search for new methods
for the synthesis of polymeric aza- and thiacraun-ether compounds, the study of their
physicochemical and complexing properties is currently one of the most important
unsolved problems.

The aim of this work is to synthesize sorbents based on aza- and thiacraun-ether
compounds forming selective complexes with metal ions in solution.

Materials and methods

Crown ethers containing nitrogen and sulfur atoms: monoaza-15-crown-5
(MA15KS), 1,10-diaza-18-crown-6 (DA18K6), 1,10-diaza-4,7-dithia-18-crown-6
(DADT18K6) and 1,10-diaza-4,7,13,16-tetrathia-18-crown-6 (DATT18K6) were
obtained by Kellogg's method (Bezhin 2017).

Copolymer of chloromethylated styrene and divinylbenzene - production of
Cherkasskiy chemical plant (Ukraine).

Synthesis of polymacrocyclic esters. To obtain high-yield polymers with high
sorption capacity and a certain degree of swelling, yellow chloromethylated copolymer
of styrene and divinylbenzene (20 g) was placed in a three-well glass flask equipped
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with a reflux condenser, thermometer and mechanical stirrer, dimethylformamide (10-
15 ml) was added and stirred until the polymer swelled. One hour later, after swelling
of the polymer, the compound 1,10-diaza-4,7,13,16-tetrathia-18-crown-6 was added to
the flask. This mixture in the flask was stirred at 90°C for 6-8 hours at very high speed.

The reaction product was cooled to room temperature, filtered, washed with distilled
water, and the resulting polycrown ether compound was dried to constant weight.

The sorption kinetics was studied using the limited solution volume method
(Ergozhin, 2020).

To obtain sorption kinetic curves, 0.1 g of samples (m) of polysaccharide material
were placed in test tubes and 10 ml (V) of metal sulfate or chloride at initial concentration
(C,) was added, and after 1 hour the mixture was kept at a certain temperature for up
to 2 hours, the solution was separated from the sorbent by filtration and the current
concentration of metal ions (Ct) was determined by atomic absorption spectroscopy
on a «Saturny» instrument. Sorption capacity (At) of sorbents (at any given time) is
calculated by the formula:

(Co _Cr)-V

m

A =

T

IR spectra were recorded on KBr tablets on a Vector-22 Fourier transform
spectrometer.

Results and discussion. Immobilization of macrocyclic low molecular weight
compounds on polymer carriers is a widely used method in the field of polymer
crown ether synthesis. The interaction reaction of a gel-like and porous copolymer of
chloromethylated styrene and divinylbenzene (CMS) with the macrocyclic compound
1,10-diaza-4,7,13,16-tetrathia-18-crown-6 (DATT18K6) has been studied for the first
time to obtain polymers for this purpose. The reaction proceeds as follows:

—CHij CH—CHsCH—

—HCI

CH,Cl —CH—CHy N

~CHj CH-CHy CH-

—CH"CHE

Q
k,m)
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Comparison of the IR spectra of aza- and azathiacraun esters, CMS and immobilization
products showed that the absorption bands (1270, 970 cm™) of CH,Cl-group are
present in the spectrum of chloromethylated polystyrene spatial structure. Absorption
bands characteristic of the aromatic ring in the region of 1600 cm’, frequencies of
deformation non-planar vibrations of the CH-group of the aromatic ring -700 and
820 cm! characteristic of the disubstituted benzene ring are also prescribed. In the IR
spectrum of azacrown esters immobilized on chloromethylated copolymer of styrene
and divinylbenzene, a broad band corresponding to the valence vibrations of the NH
group in the region of 3335 cm™ is present. There is a strain vibration frequency of
the NH bond at 1590 cm™'. A new intense band characteristic of the simple ether bond
appears in the spectrum in the region of 1120 cm', and the intensity of the CH,Cl-group
frequency decreases strongly.

The properties of polymers immobilized by crown ether functional groups depend
mainly on the degree of incorporation of these functional groups into the polymers,
i.e., their amount. The degree of immobilization of the HMS copolymer with crown
ether functional groups depends on several factors. The main factors are: purity and
monomer ratio, solution concentration, reaction temperature and time, and the nature
of the solvent.

The study of the influence of the nature of solvent showed that the highest yields
were achieved using DMFA. This can be explained by the fact that in DMFA medium
they bind more completely to the polymer matrix than in chloroform. Thus, the yields
of crown-ether copolymers are 85% and 56% with the respective participation of
1,10-diaza-18-crown-6 1,10-diaza-4,7,13-trityal 5-crown-5 in 5 h at 90°C .

In the case of 1,10-diaza-4,7-dithial8-crown-6, the maximum yield of the final
product was achieved in4 h at 90° C . A study of the effect of temperature on the reaction
of various azathiacraun esters with CMS showed That the high degree of transformation
is achieved at a temperature of 90-95°C. Increasing the temperature of the medium
above the optimum temperature reduces the mass fraction of nitrogen in the polymer
composition, as destructive processes may occur.

The study of the effect of molar ratios of macrocycles with CMS on the yield of the
final product shows that the optimal ratios depend on the nature of azathiacraun esters.
Immobilized polymers with the structure of 18-crown-6 are formed in high yields. This
can be explained by the symmetry of the arrangement of atoms in the ring and the
flexibility of this structure. Further increasing the concentration of azathiacraun esters
does not increase the mass fraction of nitrogen in the copolymer composition. Thus, the
study of the condensation reaction of azathiacrown ethers with CMS in DMFA medium
shows that the highest nitrogen content in the polymer composition is achieved at a ratio
of reagents 1:1 and up to 1.4 at a temperature of 90-95° C, the process duration of 4-5 h.
The yield of the product under these conditions is 85%.

In this work, the features of obtaining immobilized polymers based on aza- and
thiacraun esters have been studied. To determine the reactivity of aza- and thiacraun
esters, the process was carried out in the polar aproton solvent dimethylformamide. The
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reaction rate constant and activation energy (15.2-21.0 kJ/mol) were determined. The
amount of crown ether groups in the sorbent is 1.06-1.24 mmol/g.

One of the main properties of polymeric crown ether compounds is their stable
complexation ability. However, the complexation properties of polymers synthesized on
the basis of macrocycles containing nitrogen and sulfur atoms in the molecular ring have
not been studied. It was noted above that polymeric sorbents have several advantages
over their low molecular weight counterparts.

In this context, we studied the complexation properties of immobilized polyaza-
and thiacraun esters with metal ions using the atomic adsorption method. The complex
between immobilized macrocyclic ligands and metal cations is formed between
negatively charged nitrogen and sulfur electron donor atoms located in the crown ether
ring and positively charged metal cations. The degree of selective correspondence
of the macrocycle structure in the polymer to the metal ion was determined by the
sorption properties of the sorbents in aqueous and methyl alcohol solvents. The sorption
capacities of immobilized polyazathiacraun esters are given in Table 1.

Table 1. Sorption data of immobilized polyazathiacraun esters in water and methyl alcohol.

Based on Sorption capacity, mg/g (in water/methyl alcohol)
polycrown Cations
ether
Na+ K+ Ag+ Hg2+ Pb2+
MAI15K5 33,15/52,14 36,96/54,20 48,44/66,96 106,14/124 110,22/128,34
DAISK6 | 38,44/46,26 | 51,26/68,18 46,96/64,26 101,3/119 106,29/123,16
DADTI18K6 | 32,15/48,25 60,19/79,28 222,25/241,92 429,8/448 445,53/463,68
DATTI18K6 | 32,44/50,92 76,44/92,16 210,14/228,96 404,5/424 421,52/438,84

Analyzing the quantitative data presented in the table, it follows that the sorption
capacity of the sorbents depends on the structure and size of the macrocycles, the nature
of the cation and the number of sulfur atoms in the crown ring. Thus, the maximum
value of sorption capacity is observed in the case of Hg*" and Pb*" ions with sorbents
containing DADT18K6 functional groups. The same sorbents form stable complexes
with Ag+ cations. The sorption of the sorbents was found to be higher in organic solvents
compared to water. It is also known from these studies that the nature of solvents has a
significant effect on the solvation of complexes.

Conclusion. As a result of the studies, polymeric sorbents based on aza- and
thiacraun ethers with high selectivity to metal ions were synthesized. The method
of immobilization of low-molecular macrocyclic compounds on the polymer matrix
allowed to obtain stable sorbents with high sorption capacity and thermal stability. It
was found that the structure and size of the macrocycle, as well as the number of sulfur
atoms in the ring have a significant influence on the sorption properties. The highest
sorption capacity was observed in interaction with heavy metal ions such as Hg?" and
Pb**, especially for polymers with DADT18K6 functional groups. It was also observed
that sorption in organic solvents was higher than in water, indicating the influence of
the medium on the complexation process. The obtained data confirm the promising use
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of polymeric aza- and thiacraunic esters as selective sorbents for the extraction of metal
ions from solutions.

Polycrown ethers containing nitrogen and sulfur atoms in the macrocycle of the
molecule can be used as sorbents for selective separation of transition metal ions close
to each other and as catalysts of phase transitions.
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Abstract. There is a steady trend towards growth in the production and consumption
of functional food products. In particular, determining the functional role of additional
ingredients in the development of composite dairy products is a pressing issue. The
main purpose of using fillers is to enrich the composition of dairy products with
vitamins, microelements, dietary fiber, organic acids, polyunsaturated fatty acids, and
other biologically active compounds. In this regard, combining dairy raw materials
with plant additives is considered a promising direction for creating new high-quality
food products. This article discusses the relevance of creating functional food products
using natural plant ingredients. The aim of the study was to analyze the organoleptic,
biochemical, and mineral composition of yogurt samples with mango and pineapple
puree. Experimental samples were compared with a yogurt sample without additives
(control). The results showed a positive effect of adding fruit puree on the quality of the
product. Yogurt with mango received the highest organoleptic rating (4.8 points); the
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sample with pineapple also received a high rating (4.6 points). Biochemical analysis
revealed a slight decrease in the protein and fat content in the test samples, and a
significant increase in the content of carbohydrates and dietary fiber. In particular, due
to fruit puree, the mass fraction of vitamin C increased by 2.5 times in the sample
with mango and by 3.2 times in the sample with pineapple. Analysis of the mineral
composition revealed an increase in the mass fraction of potassium and magnesium in
the test samples, while the mass fraction of sodium decreased. Based on the results of the
study, it was established that the introduction of tropical fruits (mango, pineapple) into
fermented milk products increases the nutritional and biological value of the product,
and also improves its functional properties. This approach makes it possible to expand
the range of innovative food products aimed at healthy nutrition.

Keywords: combined dairy products, vegetable ingredient, yogurt, tropical fruits,
mango, pineapple
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Annoranusi. OyHKIMOHAIIB TaFAMIBIK OHIMIEPAl OHAIPY MEH TYTHIHY cajachlHIa
TYpaKThl ecy ypaici Oalikamyma. ATam alWTKaHIa, Kypambl KYpamJacThIPBUIFAH CYT
OHIMEPiH 33ipiey OapbIChIHAA KOCBIMIIIA MHIPEAUEHTTEPAIH (DYHKIMOHAIIBIK POIIiH
aHBIKTAy ©3€KTi Macese OOJBIN Ta0buIaAbl. TONTHIPFBIIITAPAL NalialaHyIbIH HEeri3ri
MakcaTthl — CYT OHIMIEpiHIH KYpamblH opyMEHIEPMEH, MHUKPOXJIEeMEHTTEPMEH,
TaFaMJIbIK  TaJIMIBIKTAPMEH, OpPraHMKaNbIK  KBIIIKbUIJAPMEH, ITOJMKAHBIKIAFaH
Mail KbIIKBUIAAPBIMEH JoHE 0Oacka Ja OHONOTHSUIBIK OeNCeHIi KOCBUIBICTapMEH
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OaiipiTy. OChIFaH opail, CYT IIMKI3aThIH ©CIMIIK TEKTeC KOCMajlapMeH KypaMmIacThIpy
camachl JKOFapbl, >KaHa a3bIK-TYJIK OHIMAEPIH jKacaylblH TEPCIEKTHBTI OarbIThl
Oonbin  ecenTeneni. byn Makanmaga TaOuWFM OCIMIIK HMHTPEOUCHTTEPIH KOJIIAHY
apKbUIbl (DYHKIMOHANIB TaFaMABIK OHIMAEP jKacayAblH ©3€KTUIIr KapacThIPBUIFaH.
3eprTeyniH MakcaThl — MaHTO JXKOHE aHaHac e30eci KOCBUIFaH HOTYpT YJATUIEepiHiH
OPTaHOJIECNITHKAJIBIK JKOHE (PH3HKA-XUMUSIIBIK KOPCETKIIITEPiH 3epTTey. ToKipuOemnik
3eprreyaep Kocnachi3 (Oakpliay) HOTYPT YITICIMEH CaNbICTHIPY apKbUIbI JKYPri3iifi.
Hortwmxkenep xemic e30enepiH KOCYIbIH ©HIM camachlHa OH dCepiH KepcerTi. MaHro
KOCBUIFAaH HMOTYpPT €H »OFapbl OpraHojienTUKanblK Oamn (4,8 Oamn) ainca, aHaHac
KOCBUIFaH YITi e )KoFapbl Oaraianipl (4,6 6amr). BHOXUMHATIBIK Tangay TaxipuOenik
yJriziepze akybl3 OeH MaliIbIH MaccanblK YJECiHIH a3aan TOMEeHAETeHiH, all KoMipcynap
MEH TaFaMJblK TaJIIBIKTapAblH alTapiabIKTall >KOFapblIaFaHbIH aHBIKTa[bl. ATar
aliTkaHza, xemic e30enepiniy ecebineH C AopyMEHIHIH MacCalblK MaHI'O KOCBUIFaH
yarige 2,5 ecere, aHaHac KOCBbUIFaH yarige 3,2 ecere JeifiH keOeireH. MuHepaiIbIK
Kypamabl Tanaay OapbIChIHIa TKIPUOETIK YIATIep/e Kajliuii MeH MarHUH/1iH MaccalbIK
yJieci >KorapblIaFaHbl, ajl HaTPUHIIH MaccalblK Yieci TOMEHAEreHi aHbBIKTaIbl.
XKyprizinren 3eprreyiaepaiH KOPBITHIHABICH OOHBIHINA, AIIBITBUIFAH CYT ©HIMIEpiHE
TPONHKAJIBIK )KeMicTepi (MaHro, aHaHaC ) €Hri3y OHIMHIH TaFaMIbIK )KOHE OMOIOTHSUTBIK
KYHIBUIBIFBIH apTTBIPBIN, OHBIH (YHKIMOHAIABI KAacHeTTEpiH Kakcapraipl. by
TOCI callayaTThl TaMaKTaHyFa OarbITTajJFaH MHHOBALMSUIBIK a3bIK-TYJIIK ©HIMICPiHIH
ACCOPTHMEHTIH KEHEUTYyre MYMKIHAIK Oepeti.

Tyiiin ce3aep: KypaMIacTBIpbUIFaH CYT OHIMIEpi, ©6CIMAIK MHTPEAUEHTI, HOTYPT,
TPOMUKAJIBIK KEMiC, MaHI0, aHaHAC
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AnHoraumus. HaGmiomaercss ycToWumBas TEHICHIMS pPOCTa MPOUW3BOACTBA U
noTpedseHus (PyHKIMOHAIBHBIX IHUINEBBIX MPOJAYKTOB. B 4acTHOCTH, OIpejeeHne
(YHKIIMOHAJILHOW ~ pPOJIM  JIONOJHMUTEIBHBIX ~ MHIPEJAMEHTOB TMPH  pa3paboTKe
KOMOUHHPOBAHHBIX MOJIOYHBIX MPOYKTOB SIBJISICTCS aKTyaIbHBIM BOIPpocoM. OCHOBHAas
LeJTb MCIIONB30BaHMs HAIMOJHUTENEH — 0oOOoTralieHne cCocTaBa MOJIOYHBIX MPOTYKTOB
BHTaMHHAMH, MUKPODJIEMEHTAMH, TTUIIIEBBIMHA BOJIOKHAMU, OPTAaHUYECKUMU KUCIIOTaMH,
MOJIMHEHACHIIIECHHBIMU JKUPHBIMH KUCJIOTAMH, U JPYTUMHU OHOJIOTMYECKH aKTUBHBIMHU
COCIMHEHUSMU. B CBSI3U ¢ 3TUM KOMOMHHUPOBAHUE MOJIOYHOTO ChIPhSI C PACTUTEIBHBIMU
no0aBKaMU PAcCMAaTPUBAETCS KaK MEPCIEKTHBHOE HAMPABICHUE B CO3MAHUHM HOBBIX
BBICOKOKQYECTBEHHBIX MHINEBHIX MPOAYKTOB. B JaHHOW cTarbe paccMaTpUBacTCs
AKTYaJIbHOCTh CO3JIaHUsl (DYHKIIMOHAJIbHBIX MPOJYKTOB MUTAHHUS C HCIIOJIb30BAHUEM
HaTypaJdbHBIX PACTUTEIHHBIX WHTPEAUEHTOB. Llenpio mccienoBanus OBUIO M3YUCHUE
OPTaHOJICTITHYECKOTO M (PU3NKO-XUMHYECKHE TIOKa3areiel o0pas3ioB Horypra ¢ mope
MaHTO U aHaHaca. DKCIECPUMEHTAIBHBIE UCCIICIOBAHUS MIPOBOIINCH B CPABHEHUU C
oOpa3iioMm iorypra 0e3 100aBOK (KOHTPOJIb). Pe3ysbTarhl moKa3ajid MOJIOKUTEIIEHOES
BIMsHHE 100aBICHHS (PYKTOBBIX MIOPE HA KAYECTBO MPOAYKTA. MOTypT ¢ MaHro
OJIyYHJI HAUBBICIIIYIO OPTaHOJICIITUHYECKYIO OICHKY (4,8 Oaiiia); oOpasel ¢ aHaHACOM
TaKKe MONYyYHMSl BBICOKYIO OILICHKY (4,6 Oamna). buoxumuueckuil aHamu3 BBISIBUI
HE3HAYUTEJIPHOE CHIDKEHHE COJICp)KaHUsl Oejlka M JKMpa B OIBITHBIX OOpa3siax, u
3HAYUTENHHOC YBETUUCHHE COACPIKAHUS YITICBOIOB U MUIIEBLIX BOJIOKOH. B wacTHOCTH,
3a cueT ()PYKTOBBIX ITIOPE MaccoBast 10151 BuTamuHa C yBeJIM4uiiach B 2,5 pasza B oopasiie
c MaHro u B 3,2 pa3a B oOpasiie ¢ aHaHacoM. AHaJIN3 MUHEPAJIBHOTO COCTaBa BBISBHUII
YBEJIMYCHHUE MACCOBOH JIOJIM KISl U MArHKsI B OTIBITHBIX 00pa3iax, Ipu 3TOM MaccoBast
Jl0JIs1 HaTpusl cHU3WiIack. Ha OCHOBaHMM NPOBEAEHHBIX HUCCIIENOBAHUN YCTAHOBIICHO,
YTO BBEACHUE TPOIHUYECKHX (PYKTOB (MAHI0, aHaHAC) B COCTaB KHCJIOMOJIOYHBIX
MIPOJYKTOB TOBBIIIAET MHIICBYI0 M OHOJIOTMYSCKYHO IIEHHOCTh IPOJIYKTa, a TaKKe
YAy4IlIaeT ero (pyHKIMOHAJIbHbIC CBOMCTBA. JlaHHBIM MOAXOA MO3BOJSET PACUIUPUTH
ACCOPTUMEHT MHHOBAI[MOHHBIX ITPOYKTOB IIMTAHMS, HAIIPABJICHHBIX HA (DOPMUPOBAHHUE
KYJIBTYPBI 3I0POBOTO TTUTAHHUS.

KiaroueBble c10Ba: KOMOMHHMPOBAHHBIC MOJIOYHBIC MPOIYKTHI, PACTHUTEIbHBIN
HHTPEUEHT, HOTYPT, TpOIMUYeCKre PYyKThl, MAHIO, aHAHAC

Kipicme. Ka3ipri 3KoJIOTHsIJIBIK aXyasJIbIH Kyp/eJicHyiHe OalIaHbICThl XaJbIKThIH
TaOUFU JKOHE DKOJIOTHSIIBIK Ta3a OHIMJEPre JIETeH CYPAHBICHI TYPAKThI TYPJE apThIIl
OTBIp, OYJI ©3 Ke3eriHje OHIIpYIIIepl aTajlfaH eHIM TYPJCPiHIH OHJIIpIC KeJeMiH
yIFaiiTyra OarbITTalFaH mapajjapabl Kaobliiayra biHTaanabipyaa. CyT xkoHe eCiMIIK
TEKTEC MIUKI3aTTap/blH TEXHOJOTHSUIBIK JKOHE (DYHKIMOHAIIBIK YHICCIMIILIIT
Ka3ipri 3aMaHfbl TYTHIHYIIBUIAP/IbIH JCHCAYJBIKKA ITali IaJIbl, SKOJIOTUSIIBIK Ta3a JKOHE
TaraMJIbIK KYHJIBUIBIFBI JKOFapbl OHIMJEpPre JCreH CYPaHBICHIH KaHaraTTaHJbIpyFa
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OarpITTaJFaH MHHOBAIMSIIBIK TaFaM OHIMAEPIH a3ipieyae KeH MYMKIHAIKTEp YChIHA bl
(Zakharova, 2014; [lepkanocosa xoHe T.0. 2021; Kottunnage, 2025; Sukhikh et al.,
2017; Munteanu-Ichim et al., 2024).

Cyt eHiMzEpi >KOFapbl OMOJOTHAJIBIK KYHIBUIBIKKA M€ aKybI3AapIbIH, KalbIUAIIH
XKOHE JOpYMEHICPAIH MaHbI3bl Ke3l peTiHae KeHiHeH TaHbuiaael (Gorska-
Warsewicz et al., 2019; de la Fuente et al., 2015). An ecimMaik TeKTec KOMIOHEHTTEP
TaraMJbIK TaJIIBIKTapFa, aHTHOKCHIAHTTapFa, ASPYMEHIEpTe >koHe (PUTOXUMUSIIBIK,
KocbUIbICTapFa 0ail 6omybiMeH epekmeneneni (Timm et al., 2023; Sarker et al., 2018).
Byt KOMIOHEHTTEPAIH CHHEPTUSICHI OHIMAEP/II MaHBI3/Ibl KOPEKTIK 3aTTapMEH OabIThII
KaHa KoiiMaii, oJlapFa mpoOHOTUKANBIK, IPEONOTUKAIIBIK HEMECe MIMMYHOMO YIS LIMSITBIK
CUSIKTBI JKaHa (YHKUMOHAIIBIK KacweTTepiai Oepyre MyMKiHAiK Oepeni. MyHnnaii
OarbITTarbl 3epTTEYNIEp MEH o3ipieMenep oCiMIIK Heri3iHaeri TaMakTaHy YAriIepiHiH
TaHBIMAJABUTBIFBIHBIH apTYbI )KOHE callayaTThl O©Mip CAJIThIH YCTaHyFa JETeH QICYyMETTIK
CYpaHBbIC asicbIHIa alpbIKIIA ©3eKTiTiKKe ue oomyna (Sujith et al., 2023).

3aMaHayd HapbIKTa KOCBIMIIA INHMKi3aThl Oap amIBITBUIFAH CYT OHIMICPiHIH
ACCOPTHMEHTI ©T€ KEeH JKOHE TYTHIHYIBUTAPABIH TaJIFaMbl MEH KaJlaybIH KaHAFaTTaHIbIpa
aJaThIH TOJITBIPFBIITAPABIH SPTYPJi TypiiepiMeH cumartanansl. JlocTypini TaraMIbIK
OHIMHIH KypamblHa TaOWFM OCIMIIK KOCHAlapblH €HTri3y OHIMHIH TaFaMJbIK >KOHE
OMONOTHSIIBIK  KYHIBUIBIFBIH ~ apTTBIPBINT  KaHa KoWMaid, (YHKIHOHAJAbI TaraM
OHIMIEPIHIH aCCOPTUMEHTIH KeHeHTyre e MyMKiHaik oepeni (baiixoxkaeBa xoHe T.0.,
2016; Ynepb6aii xoHe T.0., 2024; Nadirova et al., 2022).

Kopmaran opranblH KONaiChl3 (akTopiapbl, SKOJOTHSIIBIK TYPFbIAAH JKaFbIMCHI3
aiiMakrapga eMmip cypy, aHTHOMOTHKTEpIl Y3aK Mep3iMal Hemece OakbuIayChl3
KOJIZaHy, AYpbIC TaMaKTaHOay J>KOHE CO3bUIMANbl KYH3elic >KaFgaiimapel imiex
MHUKpPOQIIOpaChIHbIH TeIe-TeHIIT1H OY3bIIl, AUCOAKTEPHUO3/IbIH JaMybIHA SKEITyl MYMKiH.
ek MUKpOOMOIICHO3BIHBIH OY3bLTYBIH KaJIIbIHA KENTIpyAe TPOOHOTHKTEp, COHAAN-aK,
OJIapIbIH HEeTi31HAe AalbIHAAFaH allbITBUIFaH CYT OHIMIEpi MaHbI31bI ()Y HKLIIHOHAIIJIBIK
KOMIIOHEHT peTiHze KapacTelpbuiasl (CanpkoBa koHe T.0., 2022).

XKewmic Horyprrapsl CyT ©HIMIEpi apacklHAA )KOFapbl TAHBIMAIJIBUIBIKKA Ue, OUTKEeH]
oJiap JOMJLUTIK TIeH cajiayaTThl TAMAKTaHYMEH OaillaHBICThI TOMEH KaJIOPHSITBI OHIMIED
canarbiHa skaraabl (Kamber et al.,, 2019). Kazipri Tama TpONHKAJBIK XeMicTep
KOCBUIFAaH HOIypTTap KeH CypaHbICKa Me. MOrypT pelenTypanapbiHAa TPOMHKAIBIK
KEMICTep/Ii KOAIaHy OJIapJblH JOPYMEHIIK )KOHE MUHEPAIAbIK KYPaMbIH aliTapiIbIKTal
KaKCcapTyFa *KoHE TaFaMIbIK TAIIIBIKTapMEeH OalbITyFa MyMKIHIIK Oepei, 0y oaapasl
THIMJII TPeOMOTHUKKE alfHaNAbIpaabl. JlereHMeH, TPONMKAIBIK )KeMicTep i KOCY apKbUIbI
HOTYPT OHIIpy ONapIblH CalbICTBIPMAalbl TYpAE KBICKAa CaKTay MEp3iMiMEH >KoHE
KOJDKETIMIUTITIMEH IIEKTEIIE .

Manro (Mangifera indica L.) — Sapindales TtykpMpacwibiy Anacardiaceae
TYKBIMIAChIHA KATATbIH JKOHE QJIEMHIH KONTereH XepliepiHae, acipece TPOIMKAIIBIK
enjiepie ecipineTin jkemic. MaHTo jkeMicTepi MHKpPO3JIEMEHTTEp, JOPYMEHIEP JKOHE
0acka (GUTOXUMUSUIIBIK 3aTTapAbIH MaHbI3AbI Ke3i. COHBIMEH Karap, MaHro >KemicTepi
aJlaMHBIH KaJbIITHl ©Cyi, JaMybl KOHE JACHCAyIbIFbl YIIIH OMIpIiK MaHbI3bl Oap
SHEPTUSHBIH, TaFaMJbIK TATIIBIKTAPABIH, KOMIpCYIap/blH, aKybI3Aap/AblH, MaiIapabIH
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XoHe (peHoNIbIK KochbuibicTapAblH ((peHonnap, momudeHonnap, MUTMEHTTEP >KOHE
VIIKBIIT KOMITOHEHTTEP) K631 0obin Taobiians! (Jahurul et al., 2015).

Amnanac (Ananas comosus L. Merr.) — OpoMenuanaigap TYKbIMIACBIHA KaTaTbIH
TPOMUKAIIBIK KeMic, cabarbl KbICKA KOHE JKiHIIIKE, KATTHI JKalblpaKTapbl OpTallia )KoHe
ipi xeMicTepre neitin eceni. by onemue 6aHan MeH MaHroaH KEWiHT1 YITHIL MaHBI3IbI
Tpornukaibik sxemic (Hikal et al., 2021; Pereira etal., 2021; Huangetal.,2021). Ananac
KOPEKTIK 3aTTap MEH MUHepalJapra, 1opyMeHAep MEH TaFaMIbIK TallIbIKTapra Oai,
AHTUOKCUAAHTTHIK Oencenpinikke ue (Huang et al., 2021). ConbiMeH KaTap, aHaHACTBIH
KypamblHaa cabakTap MEH jKeMicTep/eH anbiaFan Opomenaiin 6ap (Yeoh et al., 2021).

YCBIHBUIBIT ~ OTBIPFAH 3€pPTTEY CYT JKOHE OCIMAIK TeKTeC IIMKi3aTTapbl
CHUHEPreTUKANbIK HEri3ne MaiaanaHy apKbUlbl (PyHKIHMOHAIIBIK TaFaM ©HIMIEpiH
o3ipNieylliH JKaHa TOCUINEPiH YChIHAABL. by ©3 Ke3eriHie HapbIKTaFbl KOPEKTIK
JKOHE JICHCAyNbIKKa Maijaibl eHIMIEp aCCOPTUMEHTIH KeHEeWTyre MYMKIHAIK Oepirm,
WHHOBALMSJIBIK TaFraM TEXHOJIOTHSUIAPBIH JaMBITYIBIH MaHBI3Abl OaFbITBl OONBIIN
TaObUIAbI.

3epTTey JKYMBICHIHBIH MAaKCaTbl TPONHMKAJBIK YKEMICTEPMEH TOJBIKTHIPbUIFaH
HOTypTTapAbIH OPraHOJIENTHKAIIBIK XKOHE (PU3UKA-XUMHUSUIBIK KOPCETKIIITEPiH 3EPTTEY.

3epTTey MaTepuaaapbl MeH dicTepi.

Worypt naiibiHayIbIH HETisTi MMKi3aThl CHBIP CYTi, TPOIHMKAJIBIK KeMic e30enepi
— MaHTO MEH aHaHacC JKOHE KJIACCHUKAIBIK HOTYpT alyFa apHairaH «Vivo» (YkpauHa)
KOMIIAHUSICBIHAA allbIHFaH YHBITKBI Oonabl. TokipueOemik —yiriiepai  ambiTy
tepmocrtarta 40+£2 °C temneparypaga 8042 °T KbILIKBULABIK ACHIEHiHE KETKEHIIE
KYPri3inmi. AJbIHFAH HOTYPT YITUIEpiHIH yKcac eHIMIEpAEH alblpMaIIbUIBIFBI, OJap
TeK TaOUFU MHTPEIUEHTTEPAl KAMTHIBL.

DKCHEePUMEHTTIK 3epTTeyep KYPri3y YIUiH HOTYypTTbIH 3 yITici AalbIHAAIIbL:

— Oakplay yJTici — KOCmachl3 HOrypT;

— Nel Toxipubenix ynri — 10% manro e30eci KocblUFaH HOTYpT;

— Ne2 Toxipubenik ynri — 10% ananac e30eci KOCbUIFaH HOTYPT.

JaiiblH HOTypT YATiJEPiHIH OpraHOJICNTHKAIBIK KOPCETKITEepi (CHIPTKBI TYPi,
Tyci, KOHCHCTeHIusACK, uici MeH nomi) MEMCT 319812013 «ioryprrap. YKammsr
TEXHUKAJIBIK IIapTTapy» TajanTapblHa COlKec OaramaHabl.

Woryprrapaarsl akybI3IbIH Maccask yieci Kvenpaan omiciven, MEMCT 34454—
2018 «ABBIK-TYJIK eHiMaepi. AKYBI3IbIH MaccallblK YieciH Kwenpman omiciMeH
AHBIKTAy» CTaHAAPThIHA COMKEC aHBIKTaJabI.

Woryprrare! Maiinsis Maccansik yiaeci MEMCT 5867-90 «CyT skoHe CyT oHiMepi.
Maiigsl aHbIKTay onicTepi» OOWBIHINA aHBIKTANABI. byl omic KOHUEHTPNi KYKIipT
KBIILIKBIIBI MEH HM30aMMJI CIUPTIHIH 9CepiHEeH MalAbl CYTKBIIKBUIABI ©HIMAEPIACH
Oeuin, HeHTpUQyTranay KoHe TpaJyupieHreH OOJIKTe JKMHAIFaH Mail KeJIeMiH ejley
ApPKBUIBI )KY3€Te achIpblIabl.

KemipcyaplH MaccanblK yieci HOJOMETPHSIIBIK TUTPUMETPHSIIBIK OiC apKbUIBI
AHBIKTAJIIBI.

Taramapik  Tanmbeik  Memmepi MEMCT  34844-2022 cranmapThlHA —COHMKeC
(hepMEHTTIK-TPaBUMETPHSIIBIK SAICIICH aHBIKTAJIJIBL.
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Worypr yarinepingeri C DopyMeHiHiH (aCKOpPOMH KBINIKBUIBI) MAcCajbK YiIeci
TUTPUMETPHUSIIBIK dficTieH (MOIOMETpHSUIBIK o1ic) aHbIKTaNAbl. byn omic HOATHIH
ACKOPOMH KBIIIKBUIBIMEH 9PEKETTECIN TOTBIFYbIHA HEeTi3[enTeH. TuTpieyre swymcanran
rion kesiemi apkbutbl C TOPYMEHiHIH KOHIICHTPALUSCHI €CEITEIIC/].

Woryprrarsl Kanbliuii, Kanuii, HATpUI, MarHuil sxoHe (ocdop IeMeHTTEpiHiH
MaccaJblK YJeci aTOMIbI-aICOPOLHSIIBIK CIIEKTPOMETPHS /1iCi apKbLIbl aHBIKTAIbI.

3eprTey KYMBICTapbl AJMaThl TEXHOJIOTHSUIBIK YHUBEPCHUTETiHIH «TaraMbIK
OouorexHonorus»  kKadenpacel koHe «Tamak  Kayinci3miri» — FBUIBIMH-3€pTTEY
WHCTUTYTBHIHBIH 3epTXaHalapelHaa kypriziani. Toxipubenik 3eprreynep opOip
XKaraaiaa 3—5 per KaWTanaHbIl, ajblHFAH HOTWXKENEPIiH opTala apu(MeTHKAIBIK,
MOHJIEpi eCenTenIi.

3epTTeEy HOTHIKEIePi KIHE OHbI TAJKBLIAY.

ANBIHFaH JEpeKTep JKeMiC-)KUACKIEH OalbIThbulFaH HOTYpTTapAblH, ocipece
MaHro e30eci KOCBUIFaH HOTYpPTThI Oakpliay YITICIMEH CasbICTBIpFaHIa OapiibIK
OPTaHOJICNITHKAJIBIK KOPCETKIITEep OOMbIHIIA aHTapiIbIKTall JKOFapbl Oail alFaHbIH
KepceTTi. Manro e30eci KOCbUIFaH HOTYpT YITiCi €H >KOFapbl Kallbl CEHCOPIBIK
Oamnapl (4,8 6amn) anabl, Oy OHBIH JKOFapbl CEHCOPIIBIK TapThIM/BUIBIFEI MEH JIOMI,
Mici, TyCi >XOHE KOHCHCTEHIIMICHI OOWBIHINA camachklH Kepceredi. AHaHac e30eci
KOCBUIFaH HOTYpTTa ©T€ JKaKChl HOTHXKE KepceTTi (Kanmbl ymail 4,6 Oamn), camacel
KarplHaH Oakpliay YiTriCiHeH aiTapiblkTail acein TycTi. EH Temenri Oamnabl (4,2)
KOCIachl3 KOCMAachl3 Oakpliay YJTici KepceTTi, Oyl OHBIH CEHCOPIBIK KacueTTepi
OolibIHIIA KeMic e30enepi KOCKaH TaKipueOemiK YAriiepleH TOMEHIITiH KOpPCEeTTi.
Byn rtanmmay skemicTepiiH, artam aWTKaHJa MaHTO MEH aHAHACThIH e30elepiHiH
KOCBUITYBl HOTYPTTapAbIH TYTHIHYIIBUIBIK KACHETTEPiH, OHBIH ilIIHAE OoMi, Hici, Tyci
KOHE KOHCHCTEHLMSICHl CHSIKTBI OPraHOJIENTHKAJIBIK KOPCETKIIUTEpiH alTapibIKTai
KaKCapTaThIHBIH JTONIEIICHI.

Horypr KypaMbIH/Ia )eMiC TONTBIPFBIIITAPIH KOIIAHy OHBIH OPTraHOJIEHNTHKAIIBIK
KOPCETKIITEPiH IKAaKcapTyFa »KOHE OHIMHIH TYTHIHYHIBUIBIK TapTHIMIBLIBIFBIH
apTTBIpyFa KOMEKTeceai. 3epTTeleTiH oHIMISPAIH OpPraHONENTHKAJBIK KacHeTTepiHe
KEMIC €30€CIH KOCY alTap IbIKTal OH ocep eTeTiH1 aHBIKTaIIbI. JKeMiC KOMITOHEHTTEePiHIH
10% neiiin caHabIK J03ajapbl OHIMIIEP/IiH oMi MEH TYCiHe OH acep erefi. JlereHmMeH,
pelenTKe kemic KOMIOHeHTTepiH 15% Hemece ofaH a Keml MeJIepe eHri3y KeMic
KOCHAChIHBIH JIOMiHIH OacbiM OoOnybIHA OalIaHBICTBl WOTYPT OOMIH e3repreai, Oy
aHaHac e30eciH maiijanany Ke3iHje oacipece aliKbIH KOpiHEeI.

AUIBITBUTFAaH CYT OHIMAEPI a1aM aF3achl YIIiH KYHAbI OONbIN TaObIIaThIH aKybI3aap,
Maiinap, KeMipcynap, ASPYMEHIEp JKoHe MUHepanabl 3artap (Kaimbuuid, Qocdop,
KaJuid, MarHui >koHe T.0.) CHAKTHI MaHbBI3AbI KOPEKTIK 3aTTapAblH 0ail KUBIHTBIFbIHA
ue. byn eHiMzaep CYTTiH albITy MpOIeci HOTHKECIHIE Naiga OonaTbiH MeTaboIuTTED
MEH OMOJIOTHSUIBIK OJICEH 1 KOCHUIBICTAP/IBIH apKAChIH]IA KOFaphl CIHIMIUTIKKE JKOHE
MpOOMOTHKANIBIK KacueTTepre ue Oonaabl. Anaiina onapAblH HAKThl OMOXHUMUSIIBIK,
KypaMmbl ©HIMHIH TypiHe (alipaH, HOrypT, cy30e *oHe T.0.), KOJIaHBLIATHIH alllbITKbI
JaKbUIIAPBIHBIH KYpPaMbIHA, HIMKi3aT camacblHa, COHJai-aK OHIIPICTIK TEXHOJOTHS
MEH caKTay >KarJainapeiHa OalyIaHBICTBI alTapiIbIKTall e3repin oThipaasl. COHABIKTaH
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OPTYPJIi alIBITBUIFaH CYT OHIMAEPIHIH TaFaMJIbIK XKoHE (YHKIMOHAIABIK KYHIBUIBIFBIH
Oaranayzna ocbl (hakToOpIapAbl €CKEpy MaHbI3/bL.

3epTTey >KYMBICHIHBIH OapbIChIHIA WOTYPT YATiIepiHiH OMOXHMUSIIBIK KypamblHa
Tajnayaap JKypriziiai, HOTHKECi TOMEHAET1 1-cypeTTe KenTipiireH.

7
6
5
4
3
2
1
0
AKYyBI3, T Maii, r Kemipcyaap, TaraMmabik
r TAJIMBIK, T
B bagplLiay yJrici Nel toxipmoenik yari ™ Ne2 ToxkipuOedik yari

Cyper 1. Morypr yirinepinin GHOXHMHSIBIK Kypambi, r/100r

3epTTey HOTIKENIEpl ToXKIpHOETiK YATUIepAE aKybI3ABIH MacCallblK YIICCIHIH
mamameH 6%-Fa TOMEHIETeHIH KOPCETT1, OYJI EHTI31ITeH KOMITOHCHTTEPACTI aKyBI3IBIH
MacCaJIbIK YJIECiHIH TOMEH OOIyBIMEH OaiTaHbICTRI. MalabIH MaccaiblK yieci 3—4%-
Fa aszaiifaHbIMCH, OYJI e3repicTep OHIMHIH JKaJIbl TaFaMIBIK KYHIBUIBIFBIHA €ICYTi
ocep ermeiini. Ececine keMipcynapasH MaccallbIK yiieci mamamen 35-40%-ra apTkaH,
OYJ1 TaFraMHBIH DHEPTETUKAIBIK KOHE TOMIIK KACHETTEPiH KaKCcapTyFa BIKMAJ eTei.
CoHBIMEH KaTap, TOKIPHOCTIK YITIIEp e TaFaMIBIK TAJIIBIKTAP Maki/1a OOJIbIN, OHIMHIH
(HDYHKITMOHAIBIK KACHETTEPiH apTThIPABL. bysl e3repicTep TYTHIHYIIBI ACHCAYIBIFBIHA
OH dCep eTe aNaThlH eHIMEp JKacayFa MYMKIHAIK Oeperi.

Ackop6un KemmKpUIBI (C IOpyMeHi) — Cyma epuTiH, OHWOJOTHSUIBIK OCJICEeHI
OpraHUKAJBIK KOCHITBIC. O aaM ar3achblHAa CUHTE3IEIMEN I, COHABIKTaH TEK TaFaMm
apKpUThl KaObutmanagsl. C mopyMeHi KenTereH (U3HOJIOTHSIIBIK KOHE OMOXHMHUSITBIK
MpoIiecTepre KaThICAIbl JKOHE alaM JIEHCAYJIBIFBl YIIH MaHBI3IbI MUKPOHYTPHUEHT
OOJIBIN CaHaIadbl.

3eprrey OapwichiHma Horypr yirinepiameri C HOpyMEHIHIH MacCalblK YIECiH
aHBIKTAy MaKCaTBIH/IA TaJ/ay JKYPTi3ijil, HOTHKEC 2-CypeTTe KeNnTipireH.
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Cyper 2. Horypr yarinepinzaeri C mopyMeninin Maccansix yieci, mr/100r

2-cyperTeri 3epTTey HoTWKelepi Oakpuiay yaricinzmeri (kocmacki3 #orypt) C
IopyMeHiHiH Maccaiblk yieci 0,69 mr/100 r xypaabl, Oy cyT eHiMmzaepine ToH. Nel
ToXipuOenik ynrige (MaHro e3beci Kochutran) Oy kepcerkim 1,72 mr/100 r Goinca,
Ne2 ynrige (ananac e30eci kocwurran) 2,23 mr/100 t neifin aprtel. byn ecim sxemic
e30eJIepiHiH KypaMbIHJIaFbl TAOMFU aCKOPOWH KhIIIKBUIBIHBIH OOTYBIMEH TYCIHAIPLICI.
Masnro meH ananac — C 1opymeHiHe Oaii »kemictep, COHABIKTaH onapasiH 10% memnmepae
KOCBUIYBl OHIMHIH J9PYMEHAIK KYHIBUIBIFBIH eneyni apTTeiprad. Ochliaiiiia, sxemic
KocrasapblH eHri3y Horyprrarsl C JopyMeHi AeHreiiH TaOUFH KOJIMEH KOFapbUIaTyIbIH
TUIMAI TOCLJII OOJIBIN TAOBUIABI.

Kazipri Tapma camayarTsl TaMakKTaHy TajanTapblHa cail TaraM OHIMIEpiH o3ipiey
TaMaK WHAYCTPHSICHIHBIH 0achiM OarbITTapbIHbIH Oipi Oonbin TaObuiaabl. Taburm
HOTYpPT — >KOFapbl TaraMIBIK KOHE OHMONOTHSUIBIK KYH/ABUIBIKKA M€ OHIM peTiHAe
KeHiHeH TaHbiMaj. OFaH KypambIHIa OUOJIOTHSUTBIK OCJICeH[ 3arTapbl O0ap TaOuFu
JKEMIC KOCTIaJIapbIH KOCY apKbUIbI OHIMHIH KOPEKTIK KACUETTEPIH OJ]aH 9pi apTThIpyFa
MYMKIiHJiK Oap. byn 3eprreyne Taburu iioryprka 10% Meepinae MaHTo )KoHe aHaHac
€30€eciH KOCy apKbLIbl aJibIHFaH YITIEpAiH MUHEPAIABIK KYpaMbl 3epTTeNal. AJBIHFaH
HOTHIKeJIep Kocmachl3 (0aKpliay) YITiMEH calbICThIpa OTBIPBIN TangaH sl (3-cyper).
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160 'I'
140
120
100
80
60
40
20
0 L
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Cyper 3. Horypr yarinepisaeri MuHepaiib 3aTTap/sIH Maccanbik yueci, mr/100r
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3epTTey HOTHXKENEpl TaOUFH KeMic e30enepiH HOorypTka KOCy OHBbIH MHHEPAJIBIK
KypambIHa Oeriii Oip Iopekene acep eTeTiHIH KepceTTi. ATarn alTKaHAa, KaabIHHIiH
MaccaJbIK yJeci MaHro e30eci KochUrFaH yiarige 1,2 mr-ra, ananac e3oecinie 0,4 mr-
Fa apTKaHbl OalKaabel. By e3repictep miamaibl jKOHE JKEMICTEepJIiH Kaibluire Oai
OonmaybiMeH OaitnanbicTbl. COHABIKTAH HOTYPTTHIH HETIi3r1 KalbLUUil K31 — CYTTIH
e31. Kanuiinin MaccanbIk yieci MaHro e30eci kocbutraH yarige 13,0 mr-ra, an aHaHac
KOCBUIFaH yarige 5,1 Mr-ra xorapbuiarat. byJ1 HOTH)Ke MaHTO MEH aHAaHACTBIH KaJIMiire
Oaii TabuFK MIMKi3aTTap eKeHiH Janenaeni. Kanuii ar3anarbl cy-Ty3 TEHI€piMiH CakKTay,
KYPEK bIPFaFbIH PETTEY JKOHE OWIIIBIKET )KYHEeCiHIH KBI3METiH KOJI1ay CUSKTBI MaHbI3/IbI
(U3NONOTHSNBIK (QYHKIMSTIapMEH THIFbI3 OaitnanbIcThl. OCBl TYpFBIAAH anFaHaa, Oy
OH ©3repic eHIMHIH (YHKIMOHAJBIK KYHIBUIBIFBIH apTThIpaabl. Harpuiinin maccaibik
YJIECiHIH MeJIIepiHiH TeMeHJeyl OHIMHIH AMEeTalblK CHUIaTTaMachlH JKaKcapTaibl,
ocipece apTepHUsUIBIK KbICHIMBI KOFaphl aiamMaap YLIiH naiaansl. MarHuiaiH MaccaibIk
yJieci manro e30eci KocbutFaH ynrige 1,4 mr-ra, ananacra 0,7 mMr-ra apTTel. Maraui
KYHKe KYHEeCIHIH KaJbIIThI )KYMBIC iCTeYi MEH OYJIIIBIKET TOHYCHIHBIH CaKTalyhl YLIIH
MaHpI3Abl MUHepan Oonbin TaObuiansl. PocdopaplH MaccalblK yieci alTapibIKTai
e3repMereHiMeH, anaHac Kocburrad ynrize 0,9 mr-ra, Manro Kocbutras ynrizge 0,1 mr-ra
KOFapbuUlaraH. by anemeHT cyliek TiHiHiH OEpIKTiri MEH SHEPrus aiMacy NpoLecTepine
OH dcep eTe/i.

XKannb! anranna, HOrypTka TaOUFHU skeMic e30eepiH KOCy OHIMHIH KypaMbIHIaFbl
Oipkartap MaHBI3IbI MaKpO- JKOHE MHKDPORJIEMEHTTEP/IH MacCallblK YJICCiHIH
YKOFapbUIaTKaHBIH KepceTTi. by esrepicrep eHIMHIH (YHKIHMOHAJABIK KAaCHETTEPIiH
KakcapTyra MYMKIHAIK Oepeai koHe OHBI caiayaTThl TaMaKTaHy TajanTapblHa ColKec
KEJIeTiH TaFaM peTiHJe YChIHyFa Heri3 Oomabl.

KopbITbIHABI.

3eprrey HoTmkenepi Woryprka 10% maHro skoHe aHaHac €30eCiH KOCy OHIMHIH
TaFaMJIbIK, JOPYMEHIIK, MHHEPAIJBbIK JKOHE OpPraHOJENTUKANBIK KacHeTTepiH
KaKcapTaThIHBIH KepceTTi. ToxipuOemik yarinepae Kemipcyaap MeEH TaraMIbIK
TaJIIBIKTAPABIH apTybl, coHaaii-ak C AopyMeHiHiH ISHreHiHiH eJeyni ecyl eHIMHIH
OMONOTHSIIBIK  KYHIIBUIBIFBIH apTThIpFaHblH  Aonenaeni. CoHbIMEH Karap, HoOrypr
KYpaMbIHAAFbl KaJduid, MarHuil >koHe (ocdop CHAKTHI MaHBI3Abl MUHEpaIJapAbIH
MaccasblK yieci Je KeMic KOCHaJlapblHbIH eceOiHeH KeOeiirn, (QyHKIMOHAIBIK
KacueTTepi )KaKcapbl.
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Abstract. This article presents the results of X-ray structural analysis, molecular
geometry, and crystal structure of 4-dimethoxyphosphoryltetrahydropyran-4-ol
and 4-dimethoxyphosphoryl-tetrahydrothiopyran-4-ol. For both compounds, it was
established that the tetrahydropyran and tetrahydrothiopyran rings adopt a chair
conformation. The compound 4-dimethoxyphosphoryltetrahydropyran-4-ol crystallizes
in the monoclinic system, space group P2i/c, where intermolecular O-H---O and
C-H---O interactions are observed. In contrast, 4-dimethoxyphosphoryltetrahydrot
hiopyran-4-ol crystallizes in the monoclinic space group P2i/n, where characteristic
intermolecular O—H---O interactions lead to the formation of dimers. Data collection,
processing, indexing, refinement of unit cell parameters, space group determination,
and absorption correction were carried out using the APEX2 and SADABS software
packages. The crystal structures were solved and refined with the SHELX program.
Atomic displacement parameters for all non-hydrogen atoms were refined anisotropically.
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Hydrogen atoms were placed in geometrically calculated positions and refined using
a riding model. The obtained experimental results contribute to addressing issues of
reactivity, stereochemistry, and reaction mechanisms in the synthesis of heterocyclic
a-oxyphosphonates. Additionally, they provide further information on their spectral
and X-ray structural characteristics, which is essential for substance identification using
physicochemical analysis methods. The results of the interpretation of X-ray structural
analysis data of the studied compounds can be used to resolve the structural features
of a-oxyphosphonates and their derivatives. These data can be used to solve problems
related to the reactivity and stereochemistry of organophosphorus compounds, as well
as for their identification by methods of physicochemical analysis.

Keywords: a-oxyphosphonates, X-ray structural analysis, crystal structure,
molecular geometry
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Aunnorauus. byn makanana 4-guMertokcudocdopunterparuiponupan-4-oi jxoHe
4-nuMeTokcuPochHOpUITEeTParuApOTHONUPAH-4-0JIbIH ~ PEHTTEHIIK  KYPBUIBIMIIBIK,
TaJNaybIHBIH  HOTIDKENEepi, MOJEKYNaNblK TeOMETPHACHI  JKOHE  KPUCTAJJIBIK
KYPBUTBIMBI KENTIpifireH. 3epTTey HOTHXKECIH/AE €Ki KOCBUIBICTA J1a TeTParuIponupan
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KOHE TETParuJpOTHONHUPAH LHUKIJAEpi «Kpeciao» KOHPOpPMAalHMAChIHIAA EKeHi
AHBIKTAJIIBI. 4-nmumeTtokcudochopuiTeTparuaponupan-4-oi KOCBIIBICHI
MOHOKIIMHJIIK CHHTOHUsiAa, P2i/c KeHicTik TOObIHIA KpuctaigaHaiael. Kpucramma
O-H---O xone C-H---O TunTi MonekynaapanblK OainaHbicTap Oaiikamampl. A,
4-nuMertokcudochopunTeTparuipoTHo-nupan-4-on  P2:i/n kenictik  TOOBIHAA
KpHUcTaigaHaasl, MyHaa Monekynaapansik O—H:---O tunri GainanpicTap TuMeplepain
Ty3UlyiHe KepceTeli. DKCIEPUMEHTTIK JAepeKTepai JKUHAY KOHE OHICY, dJIeMEHTap
YAIIBIK MapaMeTpiiepiH MHAEKCTEY MEH HaKTbUIAy, KEHICTIK TOOBIH aHBIKTAy >KOHE
KyThulyFa Ty3eTy eHrisy APEX2 xone SADABS Oarpgapnamanslk makeTTepi
apkbutel opbiHaangsl. Kpucramn kypeuibivbl SHELX GarnapiaMachiHbIH KeMeTriMeH
TaJJaHbII HAaKThUIAHIBl. ATOMIAp YIUiH aTOMJBIK OPBIH aybBICTBIPY MapaMeTpiepi
(cyTekTeH Oacka) aHM30TPONTHI TypAe HaKThIanFaH. CyTeri aroMaapbl FeOMETPHSIIBIK
TYpZA€ OpHAJACTBIPBUIFAH MOAETl OOWBIHIIA EHTi3iai. AJBIHFAH SKCHEPUMEHTTIK
HOTHYKEJIep TeTePOLMKIII KaTapAarsl o-okcupochoHaTTap CHHTE31HIET] PeaKTUBTLIIK,
CTEPCOXUMHS JKOHE pEaKUus MeXaHM3MJIepi MoceselepiH IIemyre, COHIai-aK
3aTTapbl PU3HKAIBIK-XUMHSIIBIK TaIay 9IICTEPIMEH COMKeCTEeHIipy Ke3iH/Ae OJapAbIH
CHEKTPIIK JKOHE PEHTIeHAIK KYPBUIBIMIABIK CHIaTTaMalapbl Typajlbl KOCBIMIIA
ManiMeTTep Oepeni. 3epTTeNneTiH KOCBUIBICTAPABIH PEHTTCHIIK KYPBUIBIMABIK Tajjay
JEPEKTEePIH HMHTEpNpeTalusulay HITIKeNepi o-okcudochoHaTTap MEH OJapAblH
TYBIHIBIIAPBIHBIH KYPBUIBIMABIK €PEeKLISTIKTEePiH ey YIIiH TaliaanaHbuTybl MYMKiH.
Byn nepexrep docdopopraHuKaiblK KOCBUTBICTAPABIH PEaKIHUIBIK KaOileTiHe KoHe
CTEPEOXUMHMACHIHA OalIaHBICTBI MOCeNIeNepai MIellyne, COHaai-aK onapasl pu3uKa-
XMMUSUIBIK TaJ/ay 9iCTepiMeH COHKeCTeHAIpyae KONJaHbUTybl MYMKIH.

Tyiiin ce3xep: o-oxcudocdonarrap, peHTIeH KYPBUIBIMIBIK Talaay, KPHCTAIIBIK
KYPBUIBIM, MOJIEKYJIaHBIH [€OMETPHUSCHI
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AHHoTaumMs. B JaHHOW cTaThbe MPUBEIEHBI PE3YJIbTaThl PEHTIEHOCTPYKTYPHOIO
aHaJIM3a, TO3BOJMBILIKE OIMUCATh MOJEKYISIPHYIO M KPUCTAUIMUECKYIO CTPYKTYpYy
4-nmumetokcudochopunrerparyaponupan-4-ona 1 4-auMeTokcuocHopuITeTparu
nporuonupad-4-ona. st 000MX COEAWHEHUWH YCTaHOBICHO, TETPATrUAPOIUPAHOBBIH
U TETPAarHJIpOTHONUPAHOBBIA LUKIBI HAXOAATCSd B KOHQOPMAIMU  «KPECIIO».
Coenunenue 4-mumeTokcupochopunTeTparuponupan-4-o1  KpUCTALIH3YeTCsS B
MOHOKJIMHHON CHHTOHHH, MPOCTPAHCTBEHHOW rpymme P2i/c, mpu 3TOM B KpHcTailie
peanu3yioTcss MeKMoieKyisapHbeie B3aumoaeictsuss O—H:---O u C-H:--O-tuma. s
4-nmumeTokcu-pochopunTeTparuIpoOTHONNPaH-4-01a YCTAHOBJICHO KPUCTAJLIU3AIUS
B MpOCTpaHCTBeHHOH rpynme P2i/n. B gaHHOM ciydae XapaKTepHBIMH SIBISIOTCS
MEXMOJeKyJsipHble B3aumoneiicteusi O—H:---O-Tuma, mpuBomsiue K oOpa3oBaHHIO
nuMepoB. COop M 00paboTKa SKCIEPUMEHTAIBHBIX JaHHBIX, WHACKCUPOBAHUE H
YTOYHEHHE TapaMeTpPOB 3JIEMEHTAPHOW SYEUKH, OINpEAEeTeHUE MNPOCTPAHCTBEHHOMN
IpyOnbl M KOPPEKLMs Ha TIOMIOMIEHWE OCYIIECTBISUINCh C HCIHOJIb30BAHUEM
nporpammHubix naketoB APEX2 u SADABS. Kpucraminueckas crpykrypa Obuia
MpoaHaIN3UpPOBaHA U YTOYHEHa ¢ ucnonb3oBanueM nporpammsl SHELX. ITapamerpsl
aTOMHBIX CMEIEHHUH I BCeX aTOMOB (KpOMe BOAOPO/ia) YTOUHEHBI B aHU30TPOITHOM
MpUOIIKEHUH. ATOMBI BOJIOPOJIa PACIIONIOKEHBI TEOMETPUYECKU U BBEACHBI B MOJIEIb
COIIaCHO «Hae3MHUKYy». llojydeHHble SKclepUMEHTalbHBIE pPEe3yJabTaThl BHOCST
OIpe/IeNICHHBIN BKJIA/ B PEIICHUE BOIIPOCOB PEAKIIMOHHOM CIIOCOOHOCTH, CTEPEOXUMHH
U MEXaHM3MOB PEaKIMU MPH CHHTE3e 0-OKCU(POCHOHATOB reTepOIMKINIECKOrO Psijia,
a TaKKe JONOJHUTEIbHBIC CBEICHUSI 00 MX CIEKTPAIBbHBIX M PEHTTEHOCTPYKTYPHBIX
XapaKTepPUCTHKAX MpPU HICHTU(UKAIMK BENIECTB METOAaMHU (DU3UKO-XUMHUYECKOTO
aHaimza. Pe3ynbpraTsl MHTEpPHpETAlMd JaHHBIX PEHTTeHOCTPYKTYPHOTO aHaiIu3a
HCCIIElyeMBIX COCJMHEHHH MOTYT OBITh MCIOJB30BaHbI Ul PEHICHUS] CTPYKTYpPHBIX
ocoOeHHOCTel 0-OKCH(OCPOHATOB W HMX TMPOU3BOJAHBIX. DTH JaHHBIE MOTYT OBITH
WCTIOJIb30BAHBI ISl PEICHUs] 3a/1ad, CBSI3aHHBIX C PEaKIUOHHOH CHOCOOHOCTHIO H
crepeoxumueil pochopopraHMUeCKUX COSNMHEHUH, a TakxkKe ISl UX WAeHTH()UKaH
MeTollaMH (PU3UKO-XUMHYECKOTO aHaJIH3a.

KaoueBbie cioBa:  o-okcudoc(oHaThl, PEHTIEHOCTPYKTYPHBIH  aHAJIU3,
KpUCTAJITINYECKas CTPYKTypa, TeOMETPHUS MOJIEKYJIBI
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Beenenue. Dpomronmsa xuMuu (GocHOpopraHUUECKUX COCAMHEHHH MpHBena K
CO3JJaHHUIO OOJIBILIOTO PETHOHA, OOBETUHSIOLIETO LEbIH PSJ] KJIACCOB BEILECTB ¢ 00mIen
¢ynkunonansHo# rpynmnoit =P(O)H. B HacTosiee Bpemst LIMPOKO UCCIAEAYIOTCS CHHTE3,
CTPYKTYypa, MNpPEBpaLICHUS M TMPaKTUYECKOE HCIONb30BaHue TUAPO(HOCHOPHIBLHBIX
coequnenuii (Nifantev, 1978).

OO6pazoBanue cBsizu (Hochop—yriepos OCTacTcs aKTHBHOH W BaXKHOW 00JACTHIO
HCCIIEIOBAHUM, MOCKOJIBbKY TMOCTOSHHO pa3palaThIBalOTCS HOBBIE DPEaKUUH  JUIS
noiyueHus: GpochopopraHMyecKuX COeINHEHUH, TakuX Kak ¢pocduubl, pochoHaTsl U
¢dochunokcuasl (Montchamp, 2005).

H-dochonarabie nuddupsl mpeacTaBisioT co0oil  (hocopHbIe coenTuHEHus,
XapaKTEePHU3YIOIIUECs] HAIMYMEM HECKOJNBKUX (yHKUMOHaIBHBIX Tpynmn: P-OR, P—H
n P=0O (Sobkowski & Kraszewski, 2014). OTu MoneKkynbl NPHUBICKIN BHUMAaHHE
KaKk B OPraHMYECKOM, TaK M B HEOPTaHMUYECKOH XUMHUH JUIS CO3/aHUsI HOBBIX CBSI3EH
(dhochopHbIx MeMenToB, Takux kak P-N , P-O—P u P—P, P—F, P-S, P—Se u P-Te, u
cBa3eil P—C u3-3a MX HMHTEpecHOM pEeakUMOHHOH CIOCOOHOCTH, MOCKOJBKY Kak
(docdopHBId LEHTP, TaK U O-YIIIEPOA MOTYT IMOJABEpPraTbcs HYKICO(UIBHOW aTaxe.
CoBcem HemaBHO H-(ocdonarHble AMAGUPH HMCMOIB30BANIUCH AT 00pa3oBaHUs
MOJIEKYJI 1 MAKPOMOJIEKYJI C HHTEPECHON apXUTEKTYPOH 1 MOJIE3HBIMH TOTEH I ATbHBIMH
npuMmeneHusiMu (Zhou et al., 2010) (Purohit et al., 2015) (Li et al., 2019) (Lee et al.,
2021) (Sevrain et al., 2017) (Szalai et al., 2025).

Peakmust  AOpamoBa siBiseTcsi peakuedl HyKICO(WIBHOIO MPUCOCAMHEHHS
IankwiGocUToB 1O  KapOOHWIBHOW Tpymnme KEeTOHOB C  00pa3oBaHUEM
a-rugpokcudoconaros.  JlobaBnenne auankunocGuToB K - KapOOHMUIBHBIM
COCAMHEHHSM, IPUBOJSIIEE K O-THIPOKCH(OCHOHATAM, SIBISETCS MOIE3HBIM U IPSMBIM
metozaoM noctpoenus ceszeit C—P (Engel, 1988) (Sun et al., 2023).

Marepuajbl U ocHOBHBbIe MeToabl. SIMP-cnekrper 'H u 3'P perucrpuposanu
Ha crekTpomerpax pabouas yactora 400.1 MI'm mns 'H m 600.1 MI'u mis 'H ¢
HCTIOJI30BAHUEM CHUTHAJIOB OCTATOYHBIX MPOTOHOB JACHTEPHUPOBAHHOTO PACTBOPHUTEIS
B KauecTBe BHyTpeHHero cranaapra. UK-cnektpsl momydensl Ha Qypbe-CrieKTpoMeTpe
Bruker B gmamazone 400—4000 cm'. Temmeparypsl IIaBICHUS ONPENCISUIA C
npuMeHeHneM npubdopa «Boetiusy. DIeMEHTHBIN aHaIU3 MPOBOAWIN HA aHAJIH3aTOPe
Carlo Erba EA 1108. Xon peakuuii W 4YHMCTOTY CHHTE3MPOBAHHBIX COCAMHEHMN
KOHTPOJUPOBAJIM METOAOM TOHKOCIHOWHON XxpomaTorpaduu (TCX) Ha cumukareneBbIx
IUTACTHHAX C ANI0eHTOM OeH301—3Tanoia (10:1), Bu3yanuzanuio ocymecTisuid B YO-
cBeTe. PeHTreHOCTPYKTYpHBIH aHalIM3 BBIIOJIHEHBI B J1a0OpaTOpUu JU(pPaKIHOHHBIX
metonoB aHanmmza MODX um. A.E. ApoOy3osa KasHI[ PAH. Kpucramnorpadpuueckue
JaHHbIe coOpaHbl Ha aBToMaTH4YeckoM andpakromerpe Bruker D8 QUEST ¢ nerextopom
PHOTON II CCD.

O0mas MeToIUKA MOJTy4YeHHUs coeuHeHuil 4-5:

Peaxmuro rerepouuknnyeckoro ketoHa (1-2) ¢ numerundocdurom (3) mpoBoanIn
B AMATHIOBOM 3(upe NpH MepeMelIMBaHUK SKBHUMOJISIPHBIX KOJHUYECTB PEAarcHTOB
pY KOMHATHOHM TeMmIeparype B TeueHue 3—4 4acoB B NPUCYTCTBHU KaTaJIUTHYECKUX
KOJJMYECTB HACHIILIEHHOTO PAacTBOpa MeTHWJaTa HaTpusi B MeTaHone. B pesymbrare c
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Bbixonamu 80 1 84% ObLIH BBIACICHBI M OXapaKTepU30BaHbl 0-OkchdochoHaTsl (4-5)
— OeJble KPUCTAJUTMYECKHE BEIIECTBA, XOPOIIO PACTBOPUMBIE B BOJE M OOJIBIIMHCTBE
OopraHnueckux pactBoputeneil (Amnmazos et al., 2015).

4-nmumetokcudochopunrterparuaponupan-4-om (4): Bexox (4) 80%, T.m. 114-115°
C, UK cnextp (KBr), v, cm': 1012 (P-O-C), 1218 (P=0), 3273 (OH). 'H SIMP (400
MI ', Xmopodopm-0) & 5.01 (¢, 1H), 3.82 — 3.70 (m, 8H), 1.94 (ar, J = 25.5, 4.4 I'ny,
1H), 1.70 (nx, J = 12.5, 7.6 T, 2H). *'P SIMP (162 MTI'ti, Xiopodopm-0) & 27.01.
Boruucieno, %: C 40.0; H 7.14 C_H,,O,P. Haiineno, %: C 39,87; H 7.04.

4-numetoxcudochopuiarerparuaporuonupan-4-oa (5): Bexon (5) 84%, T
122-123°C, UK cnexkrp (KBr), v, cm™': 1029 (P-O-C), 1220 (P=0), 3285 (OH). 'H IMP
(400 MI'u, Xnopodopm-d) & 5.04 (c, 1H), 3.71 (ar, J=10.2, 1.2 ', 7H), 3.07 (1, J =
12.9 I'n, 2H), 2.26 (1, J=13.4 'y, 2H), 2.14 (1,J=11.6 ', 2H), 1.88 (1, J=12.6 I'y,
2H). *'P SAMP (162 MTI'u, Xnopodopm-d) & 27.12. Beraucneno, %: C 37.16; H 6.63.
Haiineno, %: C 36.95; H 6.32. CH ;SO P

Pesyabrarbl. KapOGonwibHas rpynna B nojoxkenud C, reTepOLUKINYECKHMX
KETOHOB IMPECTaBIsIeT COOOH PEeaKUMOHHBIA LEHTP Al XMMHUYECKUX MOAH(UKAIIA
nuankwigochuTaMu B ycloBHAX peakuuu AOpamosa. Ilpu  B3ammozelcTBUH
TeTparuaponupan-4-ona (1), terparuaporuonupan-4-ona (2) ¢ aumetruindochuTom
(3) ocymiecTBieH CHHTE3 HOBBIX 0CKH(OCHOHATOB reTepolrKInuecKoro psaa (4-5). B
KauecTBEe MHULIMATOPA PEaKMy UCIIOIb30BaH HACKIIICHHBIH pacTBOP METHIIATa HATPHS
B METHWJIOBOM CITHPTE .

Crpykrypa coenunenuii (4—5) moaTeepkeHa COBOKYTHOCTBIO (PU3UKO-XUMHUYECKUX
meronoB: 'H u *'P SIMP-cnekrpockonueii, MK-cniekrpockonueld ¥ 31€MEHTHBIM
aHamM30M. MeTox pPEHTTeHOCTPYKTYPHOTO aHaju3a MO3BOJIMI YCTAaHOBUTH HX
MOJIEKYJISIPHOE U KpucTajuinueckoe crpoenue (Puc. 1-4).

o o)
o HO P(OCH,),
+ H P(OCH,),
3
X X
1-2 4-5

B UK-cnekTpax coemuHeHult (4—5) 00HApYKEHBI MTOJIOCH TTOTIIOIMICHHS Tpu 1218—
1220 cm !, xapakTepHbIe i Kosebaruii rpynmbsl P=0, a Takyke MHTEHCHBHBIE TTOJIOCH B
obmactm 1012—-1029 cm ™!, cooTBeTcTBYyIomHE KojieObanusm cBs3u P—O—C. Kpome Toro,
ipu 3273 1 3285 cM ! HaOMIOAAIOTCS MTOIOCH], OTHOCSIIIHECS K BaJICHTHBIM KOJICOaHHSIM
O-H-rpymm.

B 'H SIMP-cniekrpax coenuHeHuii (4—5) CUTHAI MPOTOHA THAPOKCHIBHON TPYIIIIHI
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¢ukcupyercss B obmactu 5.01-5.04 m.n. (¢, 1H). Jna coenunenus (4) mpoToHBI
THATTKOKCH()OCHOPHITBHBIX IPYIIT HPOSBISIFOTCS. KaK MYJIBTHIUIETHI B TUanazone 3.82—
3.70 m.x. (6H), Torna xak mis coequnenus (5) — B obmactu 3.71 m.a. (M, J =10.2, 1.2
I'u, 6H).

B *'P SIMP-cnekrpax npoayKToB (4—5) perucTpUpYIOTCS CHHIVICTHBIC CHTHAJIBI
npu 27.01 m 27.12 M.A., 4TO COOTBETCTBYeT pe3oHaHcaM aroma ¢ocdopa B
JTUaTKUIIOKcu(ocoHaTax.

O0cy:xkaenue. PaboTbl TO PEHTTEHOCTPYKTYpPHOMY aHajdH3y INPOBEACHBI B
naboparopuu Au(pakIMOHHBIX MeTonoB uccienoBanusi MODPX um. A.E. ApOysosa
KasHII PAH.

Kpucranorpaduyeckue 1aHHbIe: KPUCTAIUIBI COeNMHEHUS 4-auMeToKcr(ochopu-
terparuaponupan-4-ona (C.H OP, M = 210.16) monoxnuunsie. [Ipu 150 K nomyuens:
cllelyrolue mapameTphl sueiiku: a = 8.4703(3), b = 17.7231(6), ¢ = 7.1241(2)A,
B = 113.026(1)° , ¥V = 984.26(6)A%, Z = 4, mpocrpanctsennas rpymna P2 /c, d =
1.418 - em, pu = 0.269 mm !, F(000) = 448. JlaHHbIC NONyYCHBI HA aBTOMaTHYECKOM
mudpaxromerpe Bruker D8 QUEST c merexktopom PHOTON II CCD [rpaduroBbiii
mMoHoxpomarop, 1 (MoK ) = 0.71073 A, w-ckanuposanue], 20 < 76,8°, R = 0.037.
Bruto n3mepeno 57552 orpakeHui, u3 HUX 5376 HE3aBUCHMBIX, YUCIO HAOMIOAaEMBIX
otpaxenuii ¢ [ > 2o(/) paBHo 4666, okOHUYATENBbHBIE 3HAYEHUS (PAKTOPOB PACXOAMMOCTH
R0.0332, R,0.0993, GOF =0.68 ,uncio onpezesnseMbix napameTpos 121. (Tabmn.1.)

Pucynok 1. ['eomeTpust MOJIEKYJIbI 4-TUMETOKCH(DOCHOPUATETPpArHAPOTUPAH-4-011
B KpucTaie (4)

Coenunenne (4) KpUCTAIUIM3YyeTCSI B MOHOKJIMHHOW MPOCTPAaHCTBEHHOM TrpyIme
P21/c. TerparuaponupaHOBbIi TETEPOIMKI HMEET KOH(DOPMAIIUIO  «KPECIoy,
THJIPOKCHIIbHASI TPYIINa TPU aToMe yIepo/ia, MPOTHBOIOIOKHOM aToMy KHCIOPOJa,
3aHUMAeT aKCHaJbHOE TMOJIOKEHUE, a JAUMETHI(POCHOpPUIIBHBIH 3aMECTHTENh —
9KBATOPUAIIBHOE.

3a cueT MexMoIeKyIsIpHbIX B3aumozeicteuit O-H...O-u C-H...O-tuna obpasyercs
OucioeBas CTPyKTypa.
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Pucynok 2. Kpucrammdeckas cTpykTypa 4-mumetokcrdochopunrerparuaponupan-4-ona (4)

Kpucranorpapuueckne nanmbie: kpuctamibl coemunenus (5) (C,H OPS, M =
226.22) monoknunHble. [Ipu 150 K momyuens! cienyromue napaMeTpsl ssUedku: a =
8.4555(3), b = 11.7974(4), ¢ = 10.4362(3)A, B = 95.689(1)° V = 1035.91(6)A%, Z =
4, npoctpanctBenHas rpynna P2 /n, d = 1451 r- cm?, p = 0.449 mm', F(000) =
480. /lanHble mony4yeHbl Ha aBTOMarnieckoM mudpakromerpe Bruker D8 QUEST c
nerexkropom PHOTON II CCD [rpadurossiii monoxpomarop, 1 (MoK ) = 0.71073 A,
w -ckauupoBanue], 260 < 76,8°, R, = 0.038. beuio usmepeno 53399 orpaxenuit, u3
HUX 5638 HE3aBUCHUMBIX, YMCIO HabmIomaeMbIx oTpaxeHuil ¢ / > 2¢(/) pasao 4990,
OKOHYATeNbHbIE 3Ha4YeHus PpakTopos pacxogumoctu R 0.0417, R, 0.1125, GOF =0.76

, YUCII0 onpezelisieMbix mapamerpos 121, (Tabm.1.)

Pucynok 3. ['eomeTpust MOEKyIIbI 4-TUMETOKCH(OCHOPUITETpAaruApOTHOHPaH-4-0ia B kpuctasuie (5)
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Coenunenue 4-1umMeToKcu(HOCHOPUIATETPArHAPOTHONIUPAH-4-0]1 KPUCTATITU3YETCS
B MOHOKJIIMHHOH MpOCTpaHCTBeHHOH rpynme P21/n. TerparnapoTHONupaHOBbIH
reTepOLMKI HMMEET KOH(OpMALMIO «KPEeclo», THAPOKCHIIbHAs Tpylna Hpu aToMme
yIlieposia, MPOTUBOIOI0KHOM aTroMy KHCJIOPO/a, 3aHUMAeT akCHaJIbHOE MOJIOKEHUE, a
IUMETHI(OCPOPUITBHBIN 3aMECTUTENh — IKBATOPUAIBHOE.

3a cueT MeXMOJNEKyYISIpHBIX B3auMozeiicTBuii O-H...O-tuna oOpasyercst TuMephl.

Pucynok 4. Kpucrammdaeckas cTpykTypa 4-1uMeTokcudochopuireTparuporronupan-4-omna (5)

Tabmuma 1 - Kpucrammorpaduieckue JaHHBIC U TapaMETPBl PEHTTEHOCTPYKTYPHOTO aHAIIH3a:

[Tapamerp 4 5

Omnupuyeckas popmyna CH .OP CH.O/PS

DopMyITbHBIN BeC 210.16 226.22

CHHrOHHUS MOHOKJIUH MOHOKJINH

W3nyuenue, 1yimHa BOJIHBI, A MoK , A=10.71073

[IpocTpancTBeHHas rpymnmna P2 /c P2 /n
ab,c, A 8.4703(3), 17.7231(6), 8.4555(3), 11.7974(4), 10.4362(3)

7.1241(2)

O6bem, A’ 984.26(6) 1035.91(6)

Z 4 4

d_ . rlem’ 1.418 1.451

Koaddunment normommenwns, My 0.269 0.449

O6mnacth cheMKH, 0, Tpa. 2q 2q

1, m3mep. / 1, He3aBuC. 57552/5376 53399/5638

GOF 0.68 0.76

R 0.00332 0.0417

K 0.0993 0.1125

Yucno yToyHsIeMBIX TapaMeTPOB 121 121

Uncno HabmonaeMbIX OTpaXKeHHH 4666 4990

COop 1 MHAEKCUPOBAaHNE JAHHBIX, YTOUHEHHE ITapaMeTPOB dJIEMEHTAPHOMN STUEHKH,
KOPPEKIIHS MTOTJIONIEHHS, YIeT CHCTEMaTHYeCKUX OINOOK 1 OTIpesieIeHre TTapaMeTpOB

IIPOCTPAHCTBEHHON  I'PYIIIBI

IIPOBOANIIUCH

C HCIIOJIb30BAHHMEM IHPOTPaMMHOI0

naketa APEX2 (APEX2 (Version 2.1), 2006). KoppeKuio MoTIOmeHus! BHIOTHSIIN
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¢ npumeHenueM nporpammbl SADABS (Sheldrick, 1997). Pemenune u yTouHeHue
CTPYKTYpBI ocymecTBIsuin ¢ momoibio mporpammbl SHELX — (Sheldrick, 2014).
[lapameTpsl aTOMHOTO CMELICHMSI Ul BCEX HEBOJAOPOIHBIX AaTOMOB YTOYHSIIHCH
AQHHM30TPOITHO, & aTOMbI BOJOPO/A OBLIIM PACCUUTAHBI TEOMETPUUYECKH U YTOYHEHBI 110
MOJICTIH «HAC3THHK.

3akmouenne.  MeToZOM  PEHTICHOCTPYKTYpPHOTO  aHajM3a  ONpelesieHa
reoMeTpus MOJICKYJIbI 4-nmumetokcudochopunteTparuaponrpan-4-oma,
4-numeTokcudochopunTeTpa-ruApOTUONNPAH-4-0J1a U MX KPHCTAINYECKask CTPYKTypa.
[IpuBenensl kpuctamnorpaduuecKkue AaHHBIE M TapaMeTpbl PEHTTEHOCTPYKTYPHOTO
aHaJm3a.

Xumus  a-okcu(oc(hOHATOB TeTEPOLMKINYECKOr0 psiia MPOAOIKAET CBOE
pa3BUTHE C BO3HHMKHOBEHHEM HOBBIX JaHHBIX 00 HMX OHMOJOTHMYECKOH aKTUBHOCTH
(Dzhiembaev, 2023) (Baitasheva et al., 2024) u uX CTPYKTYpHBIX MOJAM(DUKAIIH.
[IpoBenénnpie uccnenoBaHUs JIEMOHCTPHPYIOT, UYTO NPUMEHEHHE COBPEMEHHBIX
METOJIOB PEHTIEHOCTPYKTYPHOTO aHajh3a IO3BOJSIET IO-HOBOMY paccMaTpHUBaTh
KJIACCUYECKHE 3a/1aull XUMUHU (HOCPOPOPraHNIeCKUX COCTUHEHHH, POPMUPYST OCHOBY
JUIl  Aa’bHEHIIEro pa3BUTHA JaHHOTO HampaBieHus. [lomydeHHBIE pe3yJbTaThl
CYIIECTBEHHO PACILIUPSIOT IPEJICTABICHNUS O PEAKIIMOHHOM CITOCOOHOCTH M CTEPEOXUMHUN
0-oKkcH(OoCOHATOB, a TAKKE AOTIONHSAIOT UMEIOIUECS JaHHbBIE 00 UX CHEKTPAIbHBIX U
KpHUcTaorpadMueckux XapakTepucTukax. VHTepmperanusi peHTIeHOCTPYKTYpPHBIX
JaHHBIX HUCCIEJOBAHHBIX COCIMHEHUH BHOCHUT BKJIAJ B IMOHMMAaHHE CTPYKTYpPHBIX
ocobeHHOCTeH 0-0KCM(pOocHOHATOB M UX MPOU3BOJHBIX, YTO OTKPBIBAET MEPCIICKTUBBI
IUIs TTOCHEAYIOMUX (QyHAaMEHTaIbHbBIX M IPUKJIaIHBIX UCCICIOBAHMIA B 3TOH 00JIacTH.
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Abstract. Wastewater treatment is undergoing a transformation from conventional
approaches toward integrated and sustainable solutions that address pollution control,
energy efficiency, and resource recovery. This study analyzes advanced and innovative
technologies with emphasis on their applicability under Kazakhstan’s conditions, where
outdated infrastructure, high operational costs, and sludge management remain persistent
challenges. The methodology combined comparative analysis of recent international
publications (2018-2025) with national reports and pilot data, assessing technologies
by removal efficiency, energy demand, cost, and technological maturity. The results
demonstrate that advanced oxidation processes (AOPs) achieve more than 80-90%
removal of pharmaceutical contaminants, with plasma-assisted and solar-driven systems
emerging as scalable options. Hybrid membrane bioreactors (MBRs and AnMBRs)
show 20-30% reductions in membrane fouling and improved recovery of water and
nutrients. Nanomaterials, particularly carbon- and metal-oxide composites, exhibit
adsorption capacities above 500 mg/g and provide additional antimicrobial functionality.
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Digital technologies, including artificial intelligence (Al), Internet of Things (IoT), and
digital twins, support predictive monitoring and reduce energy consumption by up to
20%. In Kazakhstan, approximately 40% of wastewater treatment plants require full
reconstruction, while energy expenditures account for 35-40% of operational budgets.
Nevertheless, pilot projects indicate promising outcomes: combined dewatering and
stabilization processes in Almaty reduced sludge volumes by over 70%, and hybrid
MBR—-AOP systems successfully eliminated pharmaceuticals such as naproxen and
bisphenol A with efficiencies above 85%. Overall, the findings confirm that no single
technology can address the complexity of wastewater management. Progress depends
on integrating hybrid, digital, and decentralized solutions that combine efficiency with
adaptability, forming a pathway toward sustainable wastewater treatment tailored to
regional needs.

Keywords: Wastewater treatment, Modern technologies, Membrane filtration,
Adsorption, Advanced oxidation processes, Water quality, Membrane filtration
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AHHoOTanus. AFbIHIBI CyJap/bl Ta3apTy caiackl OYTiHJE JACTYPII TOCLIAEpICH
MHTETpalMsyIaHFaH JKOHE TYPaKThI IIenrimaepre kapad oer Oypyna. byn esrepictep
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TEK JIACTAFBIIITAP/bl KOIOMEH IIIEKTEIMEH, DHEPrus TUIMIUIrT MEH pecypcTapibl
KaiiTa KaJlllbIHA KeNTipyai e KaMmTuabl. 3eprrey KazakcraH araiblHIa KONJaHyFa
0OJaTBhIH O3BIK TEXHOJOTHSIIAPABI TallgayFa OareITTanFaH, cebedi MyHOa eCKipreH
HHQPAKYPBLIBIM, JKOFaphbl ONMEPaIVsUIBIK MIBIFBIHAAP JKOHE HUIaMIbl 0acKapy HErisri
npobnemanap Oonbil Kaia Oepemi. Omicreme peringe 20182025 kbuimapaarsi
XallBIKApajblK JKapUsJIaHBIMAAP MEH YIITTHIK €CenTepre CajbICThIPMalbl Tajiay
YKacaJIJbl, TEXHOJIOTUSIIAP THIMJILIIT], YHEPTHS IIBIFBIHBI, KYHBI )KOHE TEXHOJOTHSITBIK
JKETUTy meHreiti OoitpiHIa Oaranmanabl. HoTrmxkenep KopceTKeHICH, aabIHFBI KaTapiIbl
toteiry mpouecrepi (AOPs) dapmanesrukansik nactarsimrapasl - 80-90%-nan
acTaM THIMJIUTIKIIEH KOs alajbl, ajl TUIa3MalblK KOHE KYH JSHEPTUSICBIMEH JKYMBIC
ICTeWTIH JKylenep ayKbIMIbl KOJJIaHyFa TepCleKTHBanbl. [uOpuari MemOpaHaibIK
ouopeakropiap (MBR sxome AnMBR) wmemOpamamarer mactamymer 20-30%-ra
a3aiThII, Cy MEH KOPEKTIK 3aTTap bl KAIIbIHA KEATIPY/i apTThipabl. KeMipTekTi sxoHe
METaJUIOKCHATI HaHoMmarepuangap 500 Mr/r-HaH >KOFapbl aacopOLMSUIBIK KadileTke
re JKoHe KOCBIMINIAa aHTHMHUKPOOTHIK KacueTTep kepceredi. CaHABIK TEXHOIOTHsIIAP,
COHBIH immiHme skacanmbl uHTEUICKT (Al), 3atrTap maTepHeTi (IoT) *X)oHE HHUQPIBHIK
erizaep, OomKaMAbl MOHUTOPHHITI KaMTaMachl3 €Til, dHeprus TYTHIHYAb 20%-
Fa JeiiH asadTtanpl. Kazakcranma arbIHIBI CYJIapiAbl Ta3apTy KOHIBIPFBLIAPBIHBIH
mamameH 40%-bI TONBIK PEKOHCTPYKIHUSHBI KAKET €Telli, al dHEPrusl HIBIFBIHAAPHI
orepanmsuiblK, OromkeTTepaid 35-40%-b1H Kypaiasl. [lereHMeH, THIIOTTHIK Kobasap
OH HOTIXKeNep Oepyne: ANMAaThIIarbl IIJIAMJIbl CYCHI3AH/BIPY KOHE TYPaKTaHIBIPY
npornecrepi kenemai 70%-man actam KbIcKapTThl, an rubpuati MBR—AOP xyiienepi
HanpoKceH MeH OucheHon A CUSKTHI (hapMalleBTHKAIBIK 3aTTapibl 85%-1aH KOFaphl
THIMIUTIKIICH >KOMapl. JKanmel amraHma, 3epTTey HOTIDKENEpl CapKBIHABI CyIapIIbl
OacKapy/bIH Kyp/elli MaceseNepid Oip FaHa TEXHOJIOTHSIMEH ISy MyMKIH eMEeCTIriH
kepcerei. Tek TuOpuITi, CAaHIBIK XKOHE ACHCHTPATU3ACHICH IISIIMIEP Il YHIeCTipreH
KaFJaiia raHa THIMII opi alMaKThIK epeKIIeTiKTepre OeHIMICNTeH TYPaKThl Ta3apTy
KyHenepiH KypyFra Ooabl.

Tyiiin ce3mep: arbiHIbI CyJIapbl Ta3apTy, 3aMaHay | TEXHOJIOTHsIIAP, MEMOpaHaJIbIK
(uneTpanus, aacopOIus, 3aMaHayu TOThIFY IPOIIECTEPI, CY/IbIH carachl, MeMOpaHaJIbIK
(unpTpanus
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Annortamus. OYNCTKAa CTOYHBIX BOJl TEPEKHMBAET MEPEXO] OT TPAAMLIUOHHBIX
METOJIOB K WHTETPUPOBAHHBIM M YCTOWYMBHIM PEUICHUSM, KOTOPHIC OXBATHIBAIOT
HE TONBKO YJaJICHHE 3arpsi3HUTENICH, HO M IOBBIIMICHHE YHEProdEeKTHBHOCTH, a
TaK)Ke BOCCTaHOBJCHHE pecypcoB. Llenb wucciemoBaHusi — aHaM3 COBPEMEHHBIX
W WHHOBAI[MOHHBIX TEXHOJIOTHH C aKIEHTOM Ha WX TPUMEHHUMOCTh B YCIIOBHUSX
Kazaxcrana, e ocTpo cTOST MPOOJIEeMBbl U3HOMIEHHOH WH(PACTPYKTYPbI, BBICOKHX
IKCILTyaTallMOHHBIX 3aTpar M HEPa3BUTOTO YMPaBICHHS OCAIKOM. MeTononorus
BKJIIOYAJIa CPAaBHUTEIBHBIN aHAIN3 MEXIyHApOAHBIX MyOnmukaruii 3a 2018-2025 rr.,
HAIMOHATIBHBIX OTYETOB U ITHJIOTHBIX JAHHBIX C OLIEHKOH TEXHOJIOTHIA 10 3 )eKTUBHOCTH,
9Hepro3arparaM, CTOMMOCTH M CTENEHH TEXHOJIOTHUECKOH 3pesiocTd. Pesynbrarsl
[OKa3bIBAIOT, YTO IE€PEIIOBbIC OKUCIHUTENbHBIC mporiecchl (AOPs) obecrieunBaroT
oonee 80-90% ynaneHust GapManeBTHUCCKUX 3arps3HUTEIICH, [TPH ATOM IIJIa3MEHHBIC
U COJTHEYHBIE CHCTEMBI JIEMOHCTPHPYIOT IMEPCHEKTHBBI MacIITa0HOTO BHEIPEHUSI.
I'mOpunabie MmemOpanHbie OuopeakTopsl (MBR n AnMBR) cHmxaroT 3arps3HeHHe
MeMOpaHn Ha 20—30% u nmoBsIIIAIOT pecypcocOepexenue. Hanomarepuasbl, 0COOCHHO
YIJIEPOJHbIC U METAJJIOKCHIHBIE KOMITO3HUTHI, 00NaNaoT aAcOpOIMOHHON EMKOCTBIO
cpiiie 500 MI/T U MPOSIBISIIOT aHTUMUKPOOHBIE cBoiicTBa. LludpoBbie TexHOIOTHH,
BKJItoyast uckyccTBeHHBIH uHTEeIUIeKT (Al), mutepHer Bemeil (IoT) m mudpoBbIx
JIBOWHHKOB, ITO3BOJISIFOT MPOTHO3UPOBATH 3arpsi3HEHUE, ONITUMU3UPOBATh MOHUTOPHUHT
U cHWKath 3Hepromnorpedienue no 20%. B Kasaxcrane oxoino 40% OYMCTHBIX
COOpYKEHUI HYKHAIOTCS B TIOJHOW PEKOHCTPYKIMH, a DHEPro3arparbl COCTaBISIOT
35-40% OromxeToB npennpusTHid. TeM He MeHee MUIOTHBIC POEKTHI IEMOHCTPUPYIOT
yCIexXu: KOMOMHUPOBAHHBIC MPOILIECChl 00C3BOXKHMBAHUS U CTAOWJIM3AUU B AJIMAThI
cokparmin o0béM ocaznka Ooinee yeM Ha 70%, a ruOpunHbie cuctembl MBR—-AOP
yAAJIITN TAKKE BELIECTBA, KaK HAIIPOKCEH M OucheHo A, ¢ 9P PeKTUBHOCTHIO BhIIIE 85%.
Takum 00pa3oM, HU OfIHA TEXHOJIOTHS HE CIIOCOOHA MOTHOCTHIO PEIIUTh KOMIUICKCHBIC
3aJ]a4M OYUCTKH CTOYHBIX BOJ. [lepCIeKTUBHBIM HaIlpaBICHUEM SIBIISICTCS HHTETpaIlHs
THOPUAHBIX, IHQPOBBIX M JIEICHTPAIM30BAaHHBIX PEIICHUH, aIalTHPOBAaHHBIX K
PETMOHANBHBIM YCIIOBUSIM, YTO OOECIIEUMBACT MEPEX0 K YCTOWYHBOMY YIPABICHHIO
CTOYHBIMH BOJJAMHU.

Ki1roueBble c10Ba: 04rMCTKa CTOYHBIX BOJI, COBPEMEHHBIE TEXHOJIOTHH, MeMOpaHHast
¢wuibTpanms, ancopOIysi, COBPEMEHHBIE MPOLECCH OKUCICHHS, KauyeCTBO BOJIBL,
MeMOpaHHas GpuiIbTparyst
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1. Introduction. Globally, the treatment of wastewater is becoming an increasingly
critical issue as urbanization, industrialization, and population growth amplify pressures
on water resources. Emerging pollutants—including pharmaceutical residues, personal
care products, and microplastics—are now recognized as serious environmental and
public health threats due to their persistence, toxicity, and resistance to conventional
treatment. At the same time, the energy demands and operational costs of wastewater
treatment plants (WWTPs) are rising, making it essential to adopt more efficient,
sustainable, and resource-oriented technologies (Stefaniak et al., 2025; Predictive
Control of WWTPs, 2025).

InKazakhstan, these global challenges are compounded by regional and infrastructural
factors. A significant portion of existing WWTPs dates back to Soviet-era construction,
many operating under substandard or outdated technologies, which reduces efficiency
in dealing with modern contaminants. Uneven water resource distribution exacerbates
the issue, especially in semi-arid zones and regions dependent on transboundary rivers.
According to recent policy documents, water demand could outstrip supply by 2040
unless management, infrastructure, and treatment capacity are improved. Additionally,
sludge management, energy use, and regulatory enforcement remain weak (Sk.kz, 2024;
Trade.gov “Kazakhstan — Environmental Technologies”, 2023).

The scientific novelty of this research lies in a systematic comparative analysis
of state-of-the-art wastewater treatment technologies, with a specific focus on their
technical effectiveness, energy and cost efficiency, environmental sustainability, and,
crucially, their feasibility of implementation under Kazakhstani conditions. Rather than
merely reviewing existing methods, this study aims to assess which technologies are
currently the most promising for local deployment, considering economic, regulatory,
and environmental constraints.

Objective: The purpose of this research is to identify and prioritize prospective
directions for wastewater treatment in Kazakhstan, based on comparative evaluation of
technologies in terms of removal efficiency (especially for emerging pollutants), energy
consumption, cost, sustainability, and adaptability.

2. Materials and Methods

2.1 Comparative Framework

This study applied a structured analytical framework to evaluate the current state
and future prospects of wastewater treatment technologies. To minimize bias, studies
were selected according to their relevance to four predefined technology categories: (i)
advanced oxidation processes (AOPs), (ii)) membrane technologies, (iii) nanomaterial-
based and adsorption systems, and (iv) digital and smart control platforms. Additional
cross-cutting categories included resource recovery approaches (anaerobic digestion,
bioelectrochemical systems) and decentralized solutions (containerized or modular
units).

2.2 Evaluation Criteria

Each technology was assessed against a set of multi-dimensional criteria, reflecting
both global applicability and regional feasibility for Kazakhstan:

Pollutant removal efficiency — capacity to eliminate conventional pollutants (COD,
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BOD, suspended solids) as well as micropollutants such as pharmaceuticals, dyes,
heavy metals, and microplastics.

Energy demand and operational costs — measured in terms of kWh per m® of treated
water or relative savings compared to conventional activated sludge systems.

Capital cost and scalability — including feasibility of retrofitting into existing
treatment plants versus requirement for new infrastructure.

Technological maturity — classified according to Technology Readiness Levels
(TRLs) and evidence of pilot or full-scale deployment.

Sustainability and environmental impact — life cycle considerations, sludge
generation, potential for circular economy integration (nutrient or energy recovery).

Where available, quantitative performance indicators such as pollutant removal
percentages, energy intensity, and cost per cubic meter were extracted directly from
primary sources and tabulated for comparison.

This dual approach—combining international evidence with regional case studies—
allowed identification of both universal trends and local constraints (e.g., aging
infrastructure, high salinity of influent, uneven distribution of resources, and shortage
of skilled personnel).

In addition to secondary data analysis, this work incorporates the authors’ own
experimental results as supporting evidence for innovative solutions in the field of
advanced sorbents and functional materials. These works demonstrate practical advances
in the development of composite sorbents and surface-engineered materials that combine
adsorption capacity, hydrophobicity, and magnetic recovery, thereby addressing
two key challenges: (i) removal of emerging pollutants such as pharmaceuticals and
microplastics, and (ii) enabling energy- and cost-efficient recovery of sorbents.

2.3 Synthesis and Comparative Analysis

All collected data were systematically synthesized to generate a comparative
overview of technology strengths, weaknesses, opportunities, and threats (SWOT).
The outcomes of this methodology provided the basis for Table 1, which summarizes
the main problems of the wastewater sector in Kazakhstan alongside technological and
institutional solutions at varying stages of maturity (pilot, adaptable, established).

3. Results and Discussion

3.1. Comparative Characteristics of Wastewater Treatment Technologies

The comparative assessment of wastewater treatment technologies highlights
both the maturity of conventional processes and the growing need for advanced and
hybrid approaches to address emerging pollutants and sustainability challenges. Table
1 summarizes the key features of different treatment methods, including removal
efficiencies, energy demand, and applicability in the context of Kazakhstan.
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Table 1. Comparative evaluation of wastewater treatment technologies

Removal of Removal of
convention- . Removal Energy .
micropollut- . . Operation-
al pollut- of micro- demand Capital
Technology ants (phar- . . al complex-
ants (BOD/ maceuticals plastics, (typical), cost ity
9 0, . -3
CO]Q)/’ 88), pesticides), % % kWh-m
(1]
Primary
mechanical 20-50
(screens, grit 30-60 <10 (size-de- | 0.01-0.05 Low Low
chambers, primary pendent)
clarifier)
Conventional Medium-
. 70-90 10-40 30-60 0.3-0.6 Medium High
activated sludge -
(aeration)
High
Membrane . .
bioreactor (MBR) 90-98 30-70 80-95 0.6-1.2 High (fouling
control)
. Low to net High
A“?Zrl‘l’;’,[';gm 80-95 20-50 40-70 | positive (~ | High (biogas
0.1...0.2) handling)
NF /RO (pressure 95-99 N . .
membranes) (dissolved) 80-99 ~99 1.5-6.0 High High
. Afivanced Variable Medium—
oxidation processes (supports 1040 (not Medium High
(AOPs: UV/H:0:, COD/BOD 60-95 primary 0.2-2.0 High (chemical
photo-Fenton, degradation) target) handling)
persulfate) & &
Adsorption Variable Medium (re-
(GAC, biochar, 50-95 50-95 (sor- Low Low= | placement/
nanocomposites, bent-de- Medium | regeneration
MOFs) pendent) needed)
Photocatalytic 40-90 N:Je (()ivi:m
/ photo-active (light- 50-90 10-50 (can use Medium | Medium
composites dependent) solar)
Bioelectrochemical Low— Low to net Medium—
systems (MFC, 30-70 10-60 Medium energy- High High
MEC) positive
Hybrid systems
(e.g., MBR + g g g 0.8-3.0 Very .
AOP, membrane + 90-99 70-99 80-99 (combined) High Very High
adsorption)
Decentralized .
Variable . . Low— Low— .
/ .moqular . (40-95) Variable Variable Medium Medium Medium
containerized units
Digital & Al Reduces
RN Low— .
optimization (not a — — — energy by Medium Medium
treatment per se) 10-30% "

Mechanical and physicochemical treatment. Primary treatment (screens, grit
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chambers, sedimentation) provides effective removal of coarse solids and suspended
matter, achieving 30—60% BOD/COD reduction. However, its performance against
pharmaceuticals, pesticides, and microplastics remains negligible (<10%) (Spellman,
2021; Qasim, 2017). Coagulation—flocculation and sedimentation enhance suspended
solids removal, but they are similarly limited in addressing trace contaminants. Their
low cost and energy demand (~0.01-0.05 kWh-m™) make them indispensable as a first
treatment stage, but insufficient to meet modern effluent standards without advanced
polishing steps.

Membrane technologies. Membrane-based systems—including ultrafiltration (UF),
nanofiltration (NF), and reverse osmosis (RO)—are widely recognized for their ability
to remove dissolved salts, pharmaceuticals, and microplastics, with efficiencies often
exceeding 95% (Kim et al., 2024; Zhang et al., 2025). Nevertheless, their deployment is
hindered by high energy demand (1.5-6.0 kWh-m™) and fouling issues. Hybrid systems
such as membrane bioreactors (MBRs) have shown 90-98% COD/BOD removal and
80-95% microplastic retention (Iorhemen et al., 2016; Mercer et al., 2024). Anaerobic
MBRs (AnMBRs) further provide energy recovery through biogas production, though
they remain at pilot or demonstration scale (TRL 6-8) (Vymazal, 2021).

Advanced oxidation processes (AOPs). AOPs such as UV/H20-, photo-Fenton, and
persulfate activation demonstrate high efficiency in degrading recalcitrant organics
and pharmaceuticals, often reaching 60-95% removal (Miklos et al., 2018; Satyam &
Patra, 2025). Novel plasma-assisted and solar-driven AOPs have been highlighted as
scalable solutions, particularly relevant for regions with high solar irradiation (Materials
Advances, 2025). However, their high operational costs, chemical input requirements,
and moderate energy consumption (0.2-2.0 kWh-m™) remain barriers to large-scale
application.

Biological processes. The activated sludge process remains the backbone of global
wastewater treatment, achieving 70-90% COD/BOD removal but only 10-40%
removal of pharmaceuticals and micropollutants (Ahmed et al., 2017). Innovations such
as MBRs and AnMBRs improve effluent quality while enabling energy and nutrient
recovery. Still, challenges such as membrane fouling, operational complexity, and high
capital cost persist, though fouling-resistant membranes and automated monitoring
systems are mitigating factors (Kim et al., 2024; Kanafin et al., 2023).

Overall comparative perspective. The evidence suggests that no single technology
is sufficient to address the complexity of modern wastewater streams. Conventional
mechanical and biological systems provide essential baseline treatment, but advanced
polishing steps—particularly AOPs, membranes, and nanomaterial-based adsorbents—
are needed to achieve high standards and remove emerging contaminants. For
Kazakhstan, where many treatment plants are outdated and energy costs remain high,
the integration of hybrid systems (e.g., MBR + AOP), resource recovery options, and
modular decentralized solutions represents the most viable pathway forward (Ospanov
et al., 2024; Abdirova et al., 2023; Torekhanova et al., 2023).

3.2. Process Integration and Treatment Stages

Modern wastewater treatment increasingly relies on integration of processes rather
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than stand-alone technologies. The sequential structure of a treatment train—from
preliminary mechanical removal to advanced physicochemical and digital optimization—
ensures compliance with regulatory standards while addressing emerging pollutants.
Figure 1 illustrates this systematic approach.

At the primary stage, mechanical screening and sedimentation remove coarse solids
and grit, providing 30-60% BOD/COD reduction (Spellman, 2021; Qasim, 2017). This
baseline treatment is essential but insufficient for current environmental demands.

The secondary stage, typically activated sludge or biological reactors, remains the
backbone of treatment worldwide, achieving 70-90% removal of organic pollutants
but limited efficiency against micropollutants (Ahmed et al., 2017). The integration of
membrane bioreactors (MBRs) and anaerobic MBRs (AnMBRs) enhances removal
performance while enabling resource recovery (lorhemen et al., 2016; Kanafin et al.,
2023).

At the tertiary and advanced stages, processes such as advanced oxidation (AOPs),
membrane filtration (UF, NF, RO), and adsorption with nanomaterials play a crucial
role in eliminating pharmaceuticals, pesticides, and microplastics (Miklos et al., 2018;
Kim et al., 2024; Zhang et al., 2025). Recent innovations, including plasma-assisted
and solar-driven AOPs, have demonstrated high efficiency with potential for large-scale
application (Satyam & Patra, 2025; Materials Advances, 2025).

Primary Biological Physicochemical Treamation Reuse
Treatment Treatment
Eﬂ
uv
Membrane 2o o
Irrigation
~J
Screens
) . Ozon T
Sedimentation Filter

Industrial use

Dissinfection

Figure 1 Modern wastewater treatment process

Finally, disinfection and reuse stages—using UV or ozone—ensure pathogen control,
while treated effluents are increasingly directed toward irrigation, industrial reuse, or
aquifer recharge (Vymazal, 2021). In parallel, sludge management and resource recovery
(biogas, phosphorus, and nutrient recycling) transform wastewater treatment plants into
integrated resource recovery facilities (Ospanov et al., 2024; Abdirova et al., 2023).

The integration of these stages highlights the ongoing paradigm shift from linear
“end-of-pipe” approaches to circular and intelligent systems, where treatment,
monitoring, and resource recovery are combined into adaptive, efficient, and regionally
tailored solutions (Corominas et al., 2018; Zhang et al., 2023).
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3.2. Innovative Approaches

The rapid evolution of wastewater treatment technologies has moved beyond
conventional biological and physicochemical solutions toward hybrid, nanomaterial-
based, and digital innovations. These approaches not only improve removal efficiencies
for conventional and emerging contaminants but also enhance the adaptability and
resilience of treatment systems. Figure 1 illustrates the structure of a modern treatment
process, where innovative technologies can be integrated across different stages to
maximize performance.

Hybrid systems (MBR + AOPs). One of the most effective trends is the integration
of membrane bioreactors (MBRs) with advanced oxidation processes (AOPs). This
combination addresses the limitations of biological systems in removing recalcitrant
micropollutants and pharmaceuticals. Laboratory studies in Kazakhstan have shown that
MBR-AOP hybrids achieve high removal efficiencies for compounds such as naproxen,
bisphenol A, and sulfamethoxazole (Kanafin et al., 2023). Globally, innovations in solar-
driven photocatalysis, plasma-assisted AOPs, and catalyst engineering are expanding
the scalability of such systems (Satyam & Patra, 2025; Miklos et al., 2018). These
findings demonstrate that hybridization enhances both pollutant degradation and system
reliability.

Nanomaterials for adsorption and disinfection. Nanotechnology offers transformative
opportunities for wastewater remediation. Carbon-based nanomaterials, metal-oxide
nanoparticles, and MOF-based composites exhibit exceptional adsorption capacities for
pharmaceuticals, dyes, and heavy metals, while some also provide antimicrobial activity
(Applied Sciences, 2024; Nanomaterials, 2024). For example, graphene-based and
magnetic nanocomposites have been demonstrated as multifunctional sorbents capable
of simultaneous oil/water separation and microbial inactivation (Kudaibergenova et
al., 2024). These advanced materials provide pathways for compact, high-performance
treatment units, particularly relevant for decentralized systems in Kazakhstan.

Smart and digital technologies (digital twins, [oT, Al). As treatment systems become
increasingly complex, digitalization is essential for optimizing operations. Artificial
intelligence (Al), machine learning, and digital twin models enable real-time monitoring,
predictive fouling control, and energy optimization (Corominas et al., 2018; Zhang
et al., 2023). IoT-enabled sensors facilitate online pollutant tracking and automatic
adjustments in treatment parameters, thereby reducing operational risks. Pilot initiatives
in Kazakhstan, such as the deployment of automated monitoring in Almaty and Nur-
Sultan WWTPs, illustrate the first steps toward smart water infrastructure adapted to
regional contexts.

Taken together, these innovative approaches shift wastewater treatment from
static “end-of-pipe” solutions to adaptive, intelligent, and resource-oriented systems.
By strategically integrating hybrid technologies, nanomaterial-based solutions, and
digital tools, WWTPs can simultaneously improve pollutant removal, enhance energy
efficiency, and create opportunities for water reuse and resource recovery (Luo et al.,
2020; Gao et al., 2022).

Wastewater management in Kazakhstan reflects both the opportunities and the
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challenges of transitioning toward sustainable practices in a rapidly developing region.
According to recent national reports, more than 40% of existing wastewater treatment
plants (WWTPs) require reconstruction or significant modernization due to outdated
infrastructure and insufficient compliance with current environmental standards
(Ministry of Ecology of the Republic of Kazakhstan, 2023). Many facilities still rely on
conventional mechanical and biological processes, which are effective against standard
pollutants but show limited efficiency in removing pharmaceuticals, microplastics,
and other micropollutants that are increasingly present in industrial and municipal
wastewater streams (OECD, 2022).

3.3. Wastewater Treatment Infrastructure in Kazakhstan

Kazakhstan faces considerable challenges in wastewater treatment due to its aging
infrastructure and uneven implementation of modern technologies. National reports
indicate that approximately 40% of wastewater treatment plants (WWTPs) require
full reconstruction, while around 35% are in satisfactory condition and only 25%
represent modernized or newly constructed facilities (Ministry of Ecology, 2023).
Figure 2 illustrates the structural condition of wastewater infrastructure in Kazakhstan,
highlighting the scale of facilities in need of urgent upgrades.

Despite these limitations, several pilot initiatives demonstrate the potential for
technological transformation. For example, modernization projects in Almaty,
Karaganda, and Taraz have tested advanced solutions such as membrane bioreactors
(MBRs), automated monitoring platforms, and sludge valorization methods. These
pilots achieved significant improvements in treatment efficiency, energy savings, and
sludge reduction, yet their replication across the national water sector remains limited.

Modernized/new (25%)

Satisfactory operation (35%)

Require reconstruction (40%)

Figure 2. Condition of wastewater treatment infrastructure in Kazakhstan.

A further barrier lies in the weak adoption of digitalization. While global wastewater
utilities increasingly employ digital twins, loT-based sensor networks, and artificial
intelligence for predictive control, Kazakhstan’s implementation is still at an early stage,
often restricted to isolated pilot projects. This hinders not only operational efficiency
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but also the ability to enforce compliance with discharge standards through real-time
monitoring.

In summary, the Kazakhstani context reflects a dual reality: on one side, outdated
infrastructure and insufficient digital integration constrain sectoral progress; on the other,
pilot projects showcase promising pathways for systemic modernization. Scaling up
these innovations requires stronger regulatory enforcement, stable financial investment
mechanisms, and a long-term strategy for integrating advanced treatment, digital
solutions, and resource recovery into the national wastewater management system.

4. Conclusion

The present study demonstrates that wastewater treatment is undergoing a systemic
transformation from traditional end-of-pipe practices toward integrated, resource-
oriented solutions. Globally, municipal wastewater treatment plants (WWTPs) consume
30-50% of their operational budgets on energy (IEA, 2021), while in Kazakhstan this
share averages 35-40%, creating a barrier to modernization. At the same time, more
than 40% of the country’s treatment facilities require full reconstruction (Ministry of
Ecology, 2023), highlighting the urgency of infrastructure renewal.

Comparative analysis shows that advanced oxidation processes (AOPs) can achieve
>80-90% removal of pharmaceutical pollutants (UV/H:202, photo-Fenton), while hybrid
membrane bioreactors (MBRs and AnMBRs) reduce fouling by 20—30% and improve
resource recovery (Kim et al., 2024). Nanotechnology-based adsorbents, particularly
carbon and metal oxide nanomaterials, reach adsorption capacities exceeding 500 mg/g
for dyes and heavy metals, offering multifunctional solutions. Digitalization, including
sensor networks and Al-driven monitoring, has demonstrated up to 15-20% energy
savings in pilot applications, with Almaty and Nur-Sultan WWTPs representing the first
steps toward smart operation.

In the Kazakhstani context, pilot initiatives illustrate tangible progress: sludge
treatment projects in Almaty achieved a 70% reduction in sludge volume with
opportunities for agricultural reuse (Ospanov et al., 2024), while hybrid MBR—-AOP
systems successfully removed pharmaceuticals such as naproxen and bisphenol A at
efficiencies above 85% (Kanafin et al., 2023). These results confirm that integration of
global best practices with local adaptations is not only feasible but highly effective.

Strategically, wastewater treatment must be viewed as a core component of the
water—energy—nutrient nexus. Retrofitting existing plants with advanced and digital
technologies, scaling decentralized modular systems for rural and industrial zones,
and embedding circular economy principles will transform WWTPs into resource-
generating facilities. Achieving this vision requires sustained investment, regulatory
strengthening, and capacity-building programs to overcome systemic barriers such as
aging infrastructure, energy intensity, and skill shortages.

Ultimately, Kazakhstan’s pathway to sustainable wastewater management depends
on combining technical innovation, institutional reform, and regional adaptation. By
implementing these measures, the country can ensure ecological safety, safeguard public
health, and align its water sector with the green economy agenda, while positioning
itself as a regional leader in sustainable wastewater treatment.
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Abstract. Microencapsulation of probiotic microorganisms is an effective method
for protecting live cultures from adverse environmental factors such as pH fluctuations,
temperature changes, oxygen exposure, and mechanical stress. This technology plays a
crucial role in enhancing the stability and viability of probiotics, ensuring their controlled
release in the gastrointestinal tract and improving their bioavailability. This study
explores modern microencapsulation techniques for probiotics, including ionotropic
gelation, extrusion microencapsulation, coacervation, and the use of biopolymeric
matrices. Special attention is given to the investigation of the physicochemical properties
of microcapsules containing Bifidobacterium bifidum 791 and Stevia rebaudiana Bertoni
extract in sodium alginate, such as morphology (SEM), size, shell thickness, and FTIR
analysis. Sodium alginate was used as a biopolymer for microcapsulating probiotics, due
to its simplicity, nontoxicity, biocompatibility, low cost, and ability to gel when cooled
in the presence of divalent ions. The obtained microcapsules exhibited a spherical shape
with a smooth and dense surface. A comparative analysis of encapsulation efficiency
and swelling degree is presented. The size of the microcapsules with two loaded BB+SE
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components was larger, and the moisture content was approximately 55%, and when
microencapsulating only microorganisms, the size of the microcapsules was smaller,
and the humidity reached 77%. Experimental data demonstrate that microencapsulation
enhances probiotic stability, improves their delivery to the intestine, and increases
their bioavailability. The obtained results are of great importance for the development
of new functional food products, particularly those based on processed dairy waste,
promoting the rational utilization of dairy industry by-products and sustainable
production. Optimization of microcapsule properties will improve the efficiency of
probiotic supplements, expand their application scope, and enhance their technological
compatibility with various food matrices.

Key words: microencapsulation, natural polymers, morphology, probiotic,
encapsulation efficiency

Financing: This work was financially supported by the Science Committee of
the Ministry of Science and Higher Education of the Republic of Kazakhstan (grant
AP19679879, 2023-2025).

© I'M. ManpioexoBa', A.b. UcaeBa**, b.)K. Myramuea?, C.C. butypcoin’, 2025.
' ©. XKonibekoB areinaarsl OHTYCTIK KazakcTaH negarorukaiblK YHUBEPCHUTETI,
[IsmvkenT, Kazakcran;

2 «(AHTUTEH» FBUIBIMU-OHIPICTIK Kacimopub» JXKIIC, Anmatel o0ibickl, KazakcraH;
3 M. OyesoB areraaarel OHTYCTiK KazakcTan yausepcuteTi, [lIsmvkent, Kazakcran.
E-mail: isa-asem@mail.ru

TABUTU NOJIUMEPJIEP HETI'IBIHAEI'L, IPOBUOTUKAJIBIK
MUKPOOPTAHU3M/JEP KAMTBIJIFAH MUKPOKAIICYJIAJIAPABIH
OUBUKA-XUMUAJIBIK KACUETTEPI

ManpioexoBa Famsi MyTaTiKbI3bl — XMMUS FBUIBIMAAPBIHBIH KaHAUAaThl, O. JKoHIOCKOB aThIHIAFhI
Onrycrik Kazakcran neparorukaislk yHHBepeHuTeTiHIH npodeccopsr, [sivmkent, KasakcraH,

E-mail: galiya56@list.ru, ORCID ID: https://orcid.org/0000-0002-1970-8143;

HcaeBa Acem BaxbiT:kaHKbI3BI — PhD, « AHTUTEH» FRUIBIMH-OHAIPiCcTIK KocinmopHb! JKIIIC-HiH FRUTBIMU
KbI3MeTKepi, Abaif aysutbl, Ammarsl 00mbIchl, KazakcTaH,

E-mail: isa-asem@mail.ru, ORCID ID: https://orcid.org/0000-0001-6727-0257;

MyranueBa borare3 JKakchblIBIKKBI3bI — XUMUS FhUIBIMJIAPBIHBIH KaHAUAATHI, M. Oye30B aThIHAAFbI
Onrycrik Kazakctan yHuBepcuteTinig nouenTi, [lsmvkent, Kazakcran,

E-mail: mbota@list.ru, ORCID ID: https://orcid.org/0000-0001-5295-4410;

Butypcebin Cayiae Cepikkbizbl — PhD, ©. JKonibekoB areramarsr OHTYCTiK Ka3akcTan nmemarorukansik
YHUBEPCUTETIHIH aFa oKbITymbl, LIeiMkenT, Kazakcran,

E-mail: sbitursyn@mail.ru, ORCID ID: https://orcid.org/0009-0002-4570-0644.

AnHoTamus. [IpoOMOTHKANBIK MHUKPOOPTaHU3MIIEPIIH  MHKDPOKAIICYISIHSICHI
Tipl AaKpUIIAPABI PH AyBITKYBI, TEMIEPAaTypaHbIH ©3Tepyi, OTTETIHIH ocep €Tyl jKoHe
MEXaHUKAIBIK KEpPHEY CHAKTHI KOpIIaFaH OPTAHBIH KOJIAWCHI3 (paKTOpIapbIHAH
KOpFay[plH THIMII ofici Oombim TaObuTagbl. bysr TexHOmOrust NpOOUOTHKTEPIIiH
TYPAKTBUIBIFBI MEH OMIPIICH/IITIH apTThIpyAa, OJNAPIbIH acKa3aH-ilIeK >KOIIapbIHIa
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0aKbLJIAHATBIH IIBIFAPBUTYBIH KaMTaMachl3 €TYJIE JKOHE OJIAPJbIH OMOXKETIMIUIIrH
apTThIpya WISyl pei arkapaisl. byl 3eprrey mNpoOMOTHUKTEpre apHaIfaH
MUKPOKAIICYISIIUSHBIH 3aMaHayl SICTEpiH, COHBIH IIIIH/E MOHOTPONTHI TeNbJEY/Il,
IKCTPY3USUIBIK ~ MMKPOKAICY/SILMSAHBI, KOAKEPBALUSHBI  JKOHE  OMOIOJIMMEpIIIK
MaTpunanapabl KoMmaHyasl 3eprrevinai. Harpwit anmsrunateingarsl Bifidobacterium
bifidum 791 sxoHe Stevia rebaudiana bertoni chIFBIHABICH 0ap MHUKpOKAIICyIaIap/blH
Mopostorusicel (SEM), memiepi, KaOBIFBIHBIH KaJbIHJAbIFEI kxoHe FTIR Tammayst
CUSIKTBI (DU3MKAJIBIK-XUMUSUIBIK KAaCHETTEPIH 3epTTEyre epeKiine KOeHUI OesiHe.
Harpuii anpruHatel KapamailbIMIBUIBIFBIHA, YBITTBUIBIFBIHA, OWOYHIECIMIITITIHE,
TOMEH KYHbIHA JKOHE €Ki BAJICHTTI HOHJAPAbIH KaThICybIMEH CaJIKbIHAAFaH KE3/€ TeJble
KaOineTTiiirine 0aiIaHbICTHI MUKPOKATICYIISIIUSIIBIK IIPOOHOTHKTED YIITIH OHOTIOTIMED
peTinze nainananbeUIIbl. AJTBIHFaH MEKpPOKAIICynaiap OeTi TETiC >KoHe THIFBI3 ChepalIbiK
HinnHAl KepceTTi. MHKancymsusHbIH THIMAUTITT MEH iCIHY 9pekKeCiHe CalbICThIPMAIIbI
tanjay ycbipuraH. Exi skykrenren bb+SE kommoneHTTepi 6ap MUKpOKarcyanapabH
Meulepl YNIKEHIpeK OONIbl, ajd BUIFAIIBUIBIFEI IamMaMeH 55% Kypanabl, al TeK
MHUKPOOPTraHM3MIEPAI  MHUKPOKANCYIALUsUlay — Ke3lHOe  MHKpOKaICylalapAblH
MeJIIepi Kimpek OOoNabl, ajl BUFAIIBIIBIK 77% KeTTi. DKCIEPUMEHTTIK AEpeKTep
MUKPOKAICYISAUUSHBIH TPOOHOTHKTEPIIH TYPaKTBUIBIFBIH apTTHIPaThIHBIH, OJapAbIH
1IIEKKe KETKi31TyiH jKaKCapTaThIHBIH KOHE ONap/IblH OMOKETIMALIITIH apTThHIPaThIHBIH
KoepceTel. AJIBIHFaH HOTHKENIED CYT OHEPKACiOIHIH jkaHama OHIMJIEpPiH YTHIMJIbI
rmagananyra XoHE TYPAKThl OHIIPICKE BIKMAJ eTETiH jKaHa (PYHKIMOHAIIBI TaMak
OHIMJIEPiH, dcipece OHAENTEH CYT KaJJBIKTapblHA HETI3JeNreH OHIMAEPAl d3ipiey
YIIiH YJIKeH MaHbI3fa #e. MHUKpOKalcynanapablH KacHeTTepiH OHTalIaHIbIpy
MPOOMOTUKANIBIK KOCTANAapIbIH THIMIUICIH apTThIpajbl, OJapAblH KOJNJaHy asiChbIH
KEHEHTE/Il KOHE OPTYPJIi TaraMJIbIK MaTpPHUIAJIAPMEH TEXHOJIOTHSUIIBIK YHIeCIMIUTITIH
apTTHIPAIbIL.

Tyiiin ce3aep: MHUKpOKaICyaaay, TAOUFH MONIUMEpIep, MOPGHOIOTHS, TPOOHOTHK,
MUKPOKAIICynajay THIMILUTIT]

Kapocornanowipy: Kymvic Kasaxcman Pecnybnuxacer  binim  oicone  gvlivim

munucmpniei, Folnoim xomumemi xapocolnail Kondaost (epawm AP19679879, 2023—
2025).
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AHHOTaumusA. MHUKpOKANCyIUpOBaHHE MNPOOMOTHYECKUX MHKPOOPTraHU3MOB
SBISIETCS. APPEKTHBHBIM METOJIOM 3aIlUThl KHUBBIX KYJIBTYpP OT HEOJIAronpusTHBIX
(akTOpoB OKpyKarolleW cpeabl, Takux Kak kosebanusa pH, temneparypa,
BO3ACHCTBHE KHCIOpOJAAa M MEXaHMYECKHE HArpy3ku. JlaHHas TEeXHOJOIHsl Urpaet
BaXHYIO POJIb B MOBBIIICHUH CTAOMIBHOCTH W KU3HECHOCOOHOCTH MPOOHOTHKOB,
o0ecrieynBasi HMX KOHTPOJUPYEMOE BBICBOOOXKICHHE B IKEIYAOUYHO-KHIIEYHOM
TpakTe M yiydmas MX OWOAOCTYNHOCTb. B maHHO#W paboTe paccMarpuBaroTcs
COBPEMEHHBIE METOJ(bI MHUKPOKAIICYJIMPOBAaHUS NPOOMOTHKOB, BKJIIOYAs HOHHOE
reaeo0pa3oBaHUE, 3KCTPY3MOHHOE  MHUKPOKANCYJIMPOBAHHE, KOALEPBALUIO U
HCHOJIb30BaHNE OMOTIONMMEPHBIX MaTpull. Oco00e BHUMaHHUE YIEIEHO HCCIEI0BAHNIO
(U3UKO-XMMHYECKUX CBOICTB MHUKpoKarcyn ¢ Bifidobacterium bifidum 791 n
9KCTpaKTa Stevia rebaudiana Bertoni B anbrMHATe HaTPUsl, TAaKUX KaK MOPQOIOTHs
(COM), pasmep, touuHa obosiouku, MK ananu3. B kadectBe Ouomonumepa st
MUKPOKAIICYJIUPOBaHUsSI TPOOMOTUKOB HCIOJIh30BAIN allbl’MHAT HATPHS, M3-32 €ro
IIPOCTOTHI, HETOKCUYHOCTH, OMOCOBMECTUMOCTH, HU3KOH CTOMMOCTHU U CIIOCOOHOCTH
K resieo0pa3oBaHUIO IPH OXJAXKICHUM B INPUCYTCTBUM JIByXBAJCHTHBIX HOHOB.
[TonmyueHHBIE MUKPOKAIICYIBI ObUTH ChepruuecKoil (HOpMBI, a NX MOBEPXHOCTH IVIaJIKOH
u wioTHOH. [lpuBeneH cpaBHUTENbHBIA aHaNKU3 3(QQPEKTUBHOCTH MHKANCYJSLIHA H
cTerneHn HaOyxaHus. Pazmep MHUKpoKarcyn ¢ AByMsl 3arpy’>KeHHbIMH KOMITOHEHTaMH
BB+SE Obu1 Oombime, a 1o BIarw COCTABIUIA TPUOMU3UTENBHO 55%, a mpu
MHUKPOKAIICYJTHPOBAHUH TOJIBKO MUKPOOPTaHU3MOB pa3Mep MUKPOKAIICYJI ObLII MEHbIIIE,
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a BI@XHOCTHb jnocturana 77%. DKcliepuMeHTalbHble NaHHbIE IEMOHCTPHPYIOT, 4TO
MHUKpPOKAICYIHPOBaHUE CHOCOOCTBYET YBEIMYEHHUIO CTAOWMIBHOCTH MNPOOMOTHKOB,
yIydllaeT WX OCTaBKy B KHLICYHWK M TOBBIIIAECT OMOJOCTYMHOCTH. llomyueHHbIe
pe3ysbTaThl MMEIOT OOJIBIIOE 3HaueHHe AJsl Pa3paboTKM HOBBIX (DYHKIMOHAIBHBIX
MUILEBBIX TPOAYKTOB, B YaCTHOCTH, Ha OCHOBE MEPepadOTaHHBIX MOJOYHBIX OTXO/OB,
YTO CIOCOOCTBYET PAallOHATEHOMY HCIIOJIB30BAHUIO MOOOYHBIX MPOLYKTOB MOJIOYHOM
MIPOMBIIUIEHHOCTH U yCTOWYMBOMY MPOU3BOACTBY. ONTUMH3aLIs CBOMCTB MUKPOKAIICYIT
MO3BOJIUT YAYYIIUTh 3()(HEKTUBHOCTh NPOOHMOTHUYECKUX 100aBOK, pacIIUpUTh cdepy
X TPUMEHEHUS U MOBBICUTH MX TEXHOJOTHMYECKYI0 COBMECTUMOCThH C Pa3IHMYHBIMH
MUILEBBIMU MaTPUIIAMHU.

.KiioueBble ci10Ba: MUKpOKaICylnMpoBaHKe, IPUPOAHBIC TIOIUMEPBI, MOP(OIOTHS,
poOUOTHK, YPPEKTHBHOCTD MUKPOKAIICYIUPOBAHUS

@unancuposanue: Paboma evinonnena 6 pamxax npoexkma KH MHuBO PK no
npoexmy AP19679879, 2023— 2025

BBenenune. B mocnemnue roabl HaOmonaeTcs 3HAYMTENBHBIA POCT HHTEpeca
K (YHKUMOHAIBHBIM TPOAYKTaM MHUTaHUs, OOOTAaIIEeHHBIM HPOOHOTHYECKUMH
MHUKPOOpraHu3MaMHu, OJlarofapsi MX MOJIOKUTEILHOMY BIMSHHIO Ha 3[0POBbE YeJIOBEKa.
[IpobuoTuky - 3T0 GMONIOTUYECKN aKTHBHBIE JO0ABKU C )KUBBIMH MUKPOOPTaHU3MaMH,
KOTOpBbIE M3BECTHBI CBOCU MONIB30M A 340poBbsi. Coolmiaercsi, 4To ynorpeOieHune
MPOOMOTUKOB YIYyYIIAeT COCTOSHHE 3I0POBbS, B TOM YHCIE YIydllaeT COCTaB
KHLIEYHOW (PIOpBI, MOBBIAET YCTOMYMBOCTh K MaroreHaM. B mocneanue roasl Ha
pBIHKE HAOMIOAAETCS] TEHACHLUS K YBEIUUEHHIO KOJIMYECTBA MUIIEBHIX MPOIYKTOB Ha
ocHoBe npoOuoTnkoB (Rajam and Subramanian, 2022). [IpoOuotnueckue OGaxrepun
TaKkKe MOTYT MpPEAOTBpaIlaTh CEpACYHO-COCYAUCThIE 3a00NeBaHUs M CHUKATb
YPOBEHBb XOJieCTepHHA B KpOBH. MOJIOYHOKHUCIIBIE OakTepuu (BKIIOYAsl JIAKTOKOKKH
W JIaKTOOALWIUIBI) SIBJISIIOTCSL OOHMMH M3 HauOoJjee BaKHBIX MPOOMOTHYECKUX
MHUKPOOPTraHU3MOB B MUILEBBIX Mponykrax (Ghasemi et al., 2022).

PazpaboTka moaxoxsield TEXHOJOTMU TPOU3BOACTBA TNMPOOHOTUKOB SIBIISIETCS
KJIFOYEBBIM HCCJIEJOBAHMUEM JUIsI MPOMBILIUIEHHOTO MPOM3BOACTBA, KOTOPOE JIOJIKHO
YUUTHIBATh JKU3HECIIOCOOHOCTh M  CTAOMJIBHOCTH HCIIOJB3YEMBIX OPraHM3MOB.
MukpoOunonornieckue KpuTepuH, yCTOWIMBOCTh K CTpeccaM BO BpeMsi 00pabOTKU |
XpaHEeHUs] MPOAYKTa COCTABJISIOT OCHOBY JJIsl IPOM3BOJCTBA MPoOHOTHKOB. MHTEpec
K BKJIIOYEHHUIO MPOOMOTHYECKUX OaKTepuil B Apyrue MPOAYKTHI, IOMUMO MOJIOYHBIX,
pacTeT u mpeacTaBisieT co0oii cepbesnyro mpobnemy. [Ipu3Hanue cucteM 103MpOBaHHOMN
JOCTaBKU MPOOMOTUYECKHUX OaKTepHUil TakyKe MPUBENIO K MPOBEACHUIO HCCIIEA0BAHUH,
HalpaBJCHHBIX Ha pa3pab0TKy MPOAYKTOB NMUTAaHHA C TMPOOMOTHKAMH 3a MpeleliaMH
MoJI04HOTO cekropa (Sarao and Arora, 2017).

OnHako WX IIUPOKOE MPUMEHEHHWE B MHUIIEBOW MPOMBIIUIEHHOCTH OTPAHUYEHO
HU3KOH YCTOMYMBOCTBIO K HEOIaronpusTHbIM (PaKTOpaM, TaKUM KaK KHCIOTHOCTb
JKEITyJ0YHOTO COKa, BBICOKAsl TEMIIepaTypa, BO3AEHCTBHE KUCIOPOJa U MEXaHUYECKHE
Harpy3kd OpH XpaHeHWH M mnepepaborke. OJHMM W3 MEPCHEKTHBHBIX pEIICHUH
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JaHHOW MpoOIeMBbl SBJSIETCS MHUKPOKAIICYIUPOBaHUE NPOOMOTHKOB — IpOILEece
3aKIIIOUCHHS JKUBBIX MHUKPOOPTaHM3MOB B 3aIUTHYIO O0OJIOUYKY, KOTOpas MOBHIILACT
UX CTaOMJIBHOCTD, YBEIMUMBACT CPOK XPAHEHUSI U KOHTPOJIHPYET BBICBOOOXKICHHE B
KETYOYHO-KUIIEYHOM TPAaKTe.

Kpome Toro, TexHONOTHsS MEKPOKAIICYTUPOBaHUSI O3BOJISIET NOTYy4aTh TPOOHOTHKH
W TpeOMOTHKM B OIHOM Kamcyile W OuYeHb JIerKO J00aBisiTh WX B KOHEUYHBIH
(epMEHTUPOBAHHBIA MPOAYKT, HE OMNacasich MOTEPH >KU3HECIOCOOHOCTH KIIETOK.
JKuBble MPOOMOTHKHU, MHKAICYITHPOBAaHHBIE B MaTPUIbl, YCTOMYMBBIE K KETYIOYHO-
KHULIEYHBIM 3a00JI€BaHMSIM, - 3TO PEajibHbIM MOAXOA K HMX YCIEUIHOH MepopaibHOM
nocraBke (Fouad et al., 2022).

MHUKpOKaINcyTupoBaHue M3BECTHA KaK CIOCO0 3alIMThl  MPOOMOTHYECKUX
MHUKPOOPraHU3MOB B JIpyTMX MaTepHaiax, 0coOeHHO B monumepax (Atia et al., 2016).
HeckonbkonpolieccoB MHKATICYISILIMH, TAKHX KAK OKCTPY3HUs1, SMYIICHSI, PACTIBUINTENbHAS
CYIIKa, pAacHbUIMTENbHAS CyONMMalMOHHAS CYHIKa M TICEBAOOKIKECHHBIH CIOMH,
MO3BOJISIOT MOJyYaroT MUKPO-/HAaHOYACTHLBI /iy HaHoKarcyisl (Chen et al., 2017,
Conrad et al., 2000).

OMyYNBCHOHHBIE CHUCTEMBI, HalmpuMep, «BOAAa B Macie» U «Maclio B BOAEY,
MPaKTUYHBI, TOCKOJBKY MX MOXKHO H3rOTaBIMBaTh NMPH KOMHATHOW TeMIeparype H
0e3 HCIIONIBb30BAaHUS OPraHMYECKHX pacTBopuTened. OTHAKO B HEKOTOPBIX CIIydasx
B KalCylax OCTaBaJIOCh HE3HAYMTEILHOE KOJIMYECTBO Macia M BOABI, U3 KOTOPBIX
COCTOSUIa AMYJBbCHS, YTO MPHBOIWIO K O0OPa30BAHUIO KOMOYKOB, YTO NPHBOAMIO K
TakuM TpodIeMaM, Kak cMadylBaHue U 00pa3oBaHue mieceHd. UToOwl n30exars 3Toro,
HEOOX0OMMO 00eCTeYnTh HaJIeXKAIHe YCIOBHUS SMYJILCHH U/UITU €€ OYUCTKY.

Bribop MeToma MUKPOKAnCyJlIMpoOBaHUS U COCTaBa OOOJOYKH HMIPAeT KIFOYEBYIO
ponb B obecrniedeHun 3PQPeKTUBHOCTH NPOOHOTHKOB. lIpuMeHeHne OHMONMOIMMEpOB,
TakdX Kak aJbI'MHAThl, TEKTUHBI, XHUTO3aH M OEJKOBBIE MAaTpPHUIIBI, MO3BOJISET
CO3JaBaTh MHKPOKAIICYJIBl C ONTHMAIbHBIMU (DU3UKO-XUMHUYECKUMH CBOHCTBAMH,
00eCTeunBarOIIMMHK 3aLIUTY U IPOJIOHTMPOBAHHOE IeHCTBUE MPOOMOTHUKOB.

JIONONMHUTENBHO HMCIONB30BAHUE MHUKPOKAIICYJTUPOBAHHBIX MPOOHMOTHKOB MOMKET
CIOCOOCTBOBATH PALIMOHATILHOMY HCIIOJIB30BAaHHIO MOOOYHBIX MPOAYKTOB MOJOYHON
MIPOMBIIUIEHHOCTH, TPeBpallas uX B LEHHOE ChIPbe U CO3MaHMs (YHKIMOHAIBHBIX
HAIUTKOB U IPYTUX MPOXYKTOB. Takol MOAX0/ HE TOJHKO MOBBIIAET OMOAOCTYITHOCTD
MPOOUOTUKOB, HO U CITIOCOOCTBYET YCTOHUMBOMY MPOU3BOICTBY M CHUYKEHHUIO MTHUILEBBIX
orxono (Hamid et al., 2022).

MHUKpOKANCcyIupoBaHHE  MPOOMOTUKOB  MOXET  OBITh ~ OCYIIECTBICHO  C
HCTIOJIb30BAHUEM Pa3JInUHBIX OHOMOIMMEPOB, MPEACTABICHHBIX Ha PUCYHKE 1.
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MATEPHAJIBI JIJIA

MHKPOKAIICYIHPOBAHHM

INPOBHOTHUKOB

‘ Iomcaxapuabl

|

AJIBIHHAT, IeKTHH,

XHTO3aH, KPaxMaJ,

apabckasi KaMelb,
KapparaHaH, me/1JIi0103Hble

NpPOH3BOIHLIE

Beakn

JKeJIaTHH, KA3€HH,
CHIBOPOTOYHbBIE 0€IKH,

COEBBIil (eJI0K, KOJLIATEH,

SIMIHBIH aTE0YMHH

Pucynok 1. Marepuansl 1 MUKPOKAICYIHPOBaHUS IPOOHOTHKOB

AJIBTMHAT [IMPOKO HCIONB3YeTCs Ul WHKAICYISIUN IPOOMOTHKOB M3-3a €ro IPOCTOTHI,
HETOKCHYHOCTH, OMOCOBMECTUMOCTH, HI3KOH CTOMMOCTH M CIIOCOOHOCTH K Telic00pa30BaHUIO
IPH OXJIXKICHUH B IPHCYTCTBHH JABYXBaJICHTHBIX HOHOB. UTO KacaeTcs crioco0a HHKAICYISLUH,
TO 3KCTPY3US/MOHOTPOMHOE TelIeoOpa3oBaHUE SBISETCS HanOonee MOAXOMAIINM CIIOCOO0M
WHKaTCysmun nmpoduotnkoB (Atia et al.,, 2016). B manHOe Bpems HCIONB3YIOTCSA Pa3IUYHBIC

METOIBI Ul MHKPOKAICYINPOBAHUSI MPOOHMOTHKOB C IPUMEHEHHEM

6rocoBMecTUMBIX onMepoB (Tabmuma 1).

Tabnuua — 1. MeToasl MEUKpPOKAICyIupOBaHUs IPOOHOTUKOB

OmopasnmaraeMbIxX

n

Metox MUKpO-
Kancy/JIMpOoBaHHsI

OcCHOBHOM NpHHUIMI

MarepuaJjibl
000J104KH

IIpenmymecrsa

Henocrarku

O0pa3zoBanue resns

Msirkue ycnoBus,

Huskas mexa-

Honnoe . AJIbTUHAT, TIEKTHH, HHUYECKast Mpo-
TIPU B3aUMOJICHCTBUH 61ocoBMeCTH-
rejieo0pasoBanue KapparuHaH HOCTb, YyBCTBU-
MONTUMEPOB C HOHAMU MOCTb
TeJIbHOCTH K pH
JucneprupoBanue
MIPOOUOTHKOB B XKenarun, apad- BosmoxxHOCTB
OMYJIbCHOHHOE | TUIPOPIIBHON nin cKasl KaMe/ib, Xopomuii pacTBOpEHHs
MHKpOKancyJu- |ruapopoOHoii daze THIPOKCUTIPO- KOHTPOJIb KaIcys B
poBaHue ¢ mocueayomeit MHJIIENITION03a, pa3MepoB YacTHIl | Iporecce
TIONUMEpU3aluel UK | albruHaT TIPOU3BOACTBA
KoalepBalueil
O6pasoBaHue Bericokas
MasbTofeKCcTpHH,
Karicys rnpu BeicTpoTa, HU3Kas | Temneparypa
N TyMMHapaluK,
Cnpeii-cymka pachbUICHUH CMECH . | CTOMMOCTB, Mac- | MOXKET CHIKATh
OeJIKH MOJIOYHO
U BBICYIINBAHUN TabUPyeMOCTh | BBDKMBAeMOCTh
CBIBOPOTKH
TOPSIYMM BO3/TyXOM MPOOHOTUKOB
Pacmisutenne cmecn B CII0XHOCTB
. .. Beicokas
Cnpeii- oxJaxIEHHYI0 cpeny | Kupsl, ek, TEXHOJIOTUH,
. CTaOMIBHOCTD
3aMopakKMBaHMe | C MOCIeIyIOIeH TIOJTNCAXaAPUIBI BBEICOKAsI
N pOOHOTHKOB
nrodum3anuen CTONMOCTB
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WU TeMIEPaTyphl

XHUTO3aH

Metox MUKpO- . MarepuaJjibl
OcCHOBHOI NPHHIMIT IIpenmymecrsa Hepocrarku
Kancy/JIMpOBaHHsI 000JI04KH
dopmupoBaHue
KaricyJl Iy TéM
yamy OrpaHudeHue no
BBITECHEHUS
. Anbrusar, Xopormas 3amuTa | pazMepy JacTull,
IDKCTpY3us IPOOHOTHYECKON
Kpaxmall, MeKTHH | IPOOUOTHKOB CJI0HOCTh Mac-
cMmecH uepe3 Guibepy
MTa0UPOBaHUS
C MOCIIEAYIOIINM
reneo0pa3oBaHHEM
OcaxxaeHue nonumepa Wenatu CnoXHBIN
BOKPYT MPOOHOTHKOB ’ Beicokas 3arpyska | mporecc
Koauepsanust apaOckast Kame[p,
pu n3meHennn pH POOHOTHKOB KOHTPOIIS

pa3mepa Karcyi

Ka)K,IH:IfI n3 NPEACTABJICHHBIX 6I/IOHOHI/IM€pOB HUMCIOT XapaKTCPHBIC CBOIiCTBa npu
HCIIOJIb30BAHUW B PA3JIMYHBIX MCTOAAX, KOTOPOC MNPUMCHACTCA B 3aBUCUMOCTHU OT
OCHOBHBIX IPHUHIIUIIOB MUKPOKAIICYJIUPOBAHUS.

B cBs13u ¢ 5THM B ,Z[aHHOfI pa60Te MpeACTAaBJICHBI PC3YyJIbTAaThbl UCCIICAOBAHU A (bl/IBI/IKO—

XMUMUYECKHX CBOMCTB MHKPOKAIICYJTUPOBAHHBIX MPOOUOTHUECKUX MUKPOOPTaHU3MOB,
Kak Bifidobacterium bifidum 791 u of Stevia rebaudiana Bertoni B xadecTBe co-
WHKAICYIATOPa, TakkKe 3PPEKTUBHOCTH MUKPOKAIICYTHPOBAHHUS, U aHAIN3 BO3MOKHBIX
MpUMEHEHUH B ()YHKLIMOHAIBHBIX MIPOIYKTaX MUTAHUS.

MarepuaJibl 1 METObI

MarepuaJibl

B kauecTBe chIpbs 4151 epMeHTAMU ObliIa HCIONIb30BaHa chiBOpoTKa (PucyHok 2),
npeaocTasieHHas MecTHbIM npousBoaureneM (TOO "dynmacrep").

ERE |

PPICyHOK 2. KucnotHbri KpaCUuTEJIb CbIBOPOTKH IIOCJIC IPUTOTOBJICHUS TBOpOra

budunobakrepus bifidum 791, xoropas Obula mpUMEHEHa B  KadyecTBe
MPOOMOTHYECKOTO MHKpPOOpPraHW3Ma, a PacTHTENbHBIA JKcTpakT Stevia rebaudiana
Bertoni ObLT HCTIONIB30BaH B KAY€CTBE CPECTBA JJIsl COBMECTHON MHKAIICYIISIINY.

BricBOOOKIEHHE MUKpPOKAINCYITUPOBAHHOIO areHTa wu3y4yand B ¢ocdaTHOM
oydeprom pacteope (PBS).

Xwutozan (Tokyo chemical industry CO., LTD., 5-20 MIla-c) pactBopen B 0,5%
yKcycHoi kucnote npu 20°C; deruapar xaopuaa Kanbiys, cepruduurpoBannbiii ACS,
Fisher scientific, anprunar narpusi, Sigma Aldrich., CHIA.
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MeToabl

Ilpuzomognenue MuKpokancyn

MHUKpOKarcylipl TONYy4aloT B XOJE ABYXATAlHOIO Ipoliecca IyTeM HOHHOTO
rejaeoOpa3oBaHus M KOMIUIEKCOOOPAa30BaHMS IMOIUIIEKTPOIUTOB MPU TEMIIEpaType
OKpyXarolei cpenbl, kak onucano B (Vincekovi¢ et al., 2024). budpuaymbakrepun B
konuentpanuu 1/108 KOE/r nodasisui B 100 Mt pacTBopa ansrunara Harpus (1,5%)
U TOMOTEHH3MPOBAIH MPH OCTOPOKHOM MEepeMEIIMBAHUM HA MarHUTHON MeIlalike B
TedeHue 60 MUHYT. 3aTeM CYCHEH3HUIO C MOMOINbI0 mmpunesoro Hacoca (NE-1002X
Pragrammable Microfluidics, pucyHok 3) m00aBisiv HpU MOCTOSHHOM MarHUTHOM
nepemenmBanud B 100 M 2% pacteopa CaCl,, KOTOpBIH ABJISAETCS CHIMBAIONIUM
areHTOM, W TIOJlyYeHHbIE MHKPOKAIICYJbl MMPOMBIBAIN JUCTUILIMPOBAHHON BOJON U
(unpTpoBaK Yepe3 BOpoHKY broxHepa.

Pucynoxk 3. llInpunesslit Hacoc

Ha BTOpOM 3Tame mpombITHIE Tpernaparsl JucrieprupoBain B 50 Ml pactBopa
xurosana (0,5% CS B 0,5% CH,COOH) npu moCTOSAHHOM NE€PEMEITMBAHUY (MArHUTHOM
Memaiakol). XUTO3aH B COCTaBe IMOJMMEPHBIX KallCyln oOecriednBaeT oOpa3oBaHHUE
MOJMAIEKTPOIUTHON KOMIUIEKCHOH OOOJIOUKHA MEXKIYy IBYMS TIOJIMMEpPaMH, KOTOpas
MOXET CTaOMIM3HPOBATh CTPYKTYpY Karcyld, KOTOpbIe o0ONajgaroT CcBOicTBaMH
COXPAHATH LEJIOCTHOCTh B UMHUTHUPYEMOW KHUCIIOW cpejie JKeylAKa M PacTBOPATHCS B
cpene, mmutupytomeit pH kumeunnka (Hamman, 2010). Ha pucynkax 4,5 moka3aHbl
cXeMa M TEXHOJIOTHsI MHKANCysnnu oudugodakrepuit bifidum/akcTpakra creBum.

Ansramar

M CyABI

3

Xurozan

MarnaTnas
MEmaTKa

Pucynok 4. Cxema mukpoxkancyimmposanus (Syafiq et al., 2017)
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Kornenrpat U 1.5% pacTBOp ankrHHaTa
OHDHITyMOAKTEPHA HATpHA

TePEMENIHBAHAC Ha MATHUTHOH MEMAIKe 60
MHHYT

l

TYepe3 COILTO HHKAINCYIATopa B 1% pacTBop
XJIOPH/IA KATbIHA HPH MOCTOSHHOM
TepeMelIHBaHHH

)

¢HIBPTpOBaHHE Ha BOpPOHKe BloxHepa

l

TPOMEIBAHHE JHCTH/LTHPOBAHHOH BOIOH

!

CMeIHBaHHe MHKpocdep B 0.5% pacTBope
xAToRaHA R 1,0% CH;COOH

!

TepeMelIHBaHHE HA MArHATHO MeIIaiKe B
TedeHne 30 MEHVT

|

dureTpOBaHHE

|

TIPOMEBIBaHHE ICHOHH3HPOBAHHO BOIOH

|

DLICyNIHBAIIHE MHKPOKAICY IPH KOMIIATIION
TEMIIEDATVDE

Pucynok 5. TexHomorust MukpoxarncynupoBanust ouduaodbakrepuii bifidum/skctpakra creBun
(Madybekova et al., 2024)

Pe3yabrarbl u 00cy:kaeHune

B cocras HCCIICAYEMBIX CHUCTEM BXOAWJIW aJIbI'MHAT HATpusd, XJIOPpUA KaJlblIuA,

JUCTUIIIMPOBAHHAS BOJIA, TOPOIIOK CTEBUH, ONPUIYMOAKTEPUHN 1 HHKATICYTHPOBAHHBIC
BemectBa: 1) BB, 2) SE u 3) BB+SE.

Mopdgonoecuueckue ucciedosanus

MuxkpodoTorpadun Ha pucyHKe 6 TMOKa3biBaloT MOpGOIOTHIO, pasMep u (hopmy
BIIQYKHBIX MUKPOKAIICYJT Cpa3y MOCIIE X MPUTOTOBICHHSI.

Pucynok 6. MukpogoTtorpadus BiIaKHBIX MUKPOKAIICYIT
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Bce BitaxkHbIe MUKPOKAIICYITBI OBLITH IOYTU CPEPUICCKOM (DOPMBI, 2 UX MOBEPXHOCTh
[JIaJIKOM M IJIOTHOM. [ J1a/1Kast MTOBEPXHOCTB SIBJISIETCS PE3yIbTaTOM CBS3bIBAHUS XUTO3aHA
C IICTIOYKAMHU allbIMHATa HaTpus. MUKPOKAICYlbl OOBIYHO HMEIT CHEpPUUYCCKYIO
dbopmy c paznmuuHOW Mopdonorueld MOBEepXHOCTU. M300pakeHHe MHKPOKAICyI
[OCJIC BBICYIIMBAaHUS JIO TIOCTOSIHHOM Macchl (IpuMepHO | Hemenst mpu KOMHATHOW
TEMIIEPAType), MOJyUYEHHOE C MOMOIIBI0 CKAaHUPYIOMIEH AJIEKTPOHHOW MHKPOCKOIHU
(COM), moka3aHo Ha pUCYHKeE 7.

20kV X150 100um 10 60 BEC

Pucynoxk 7. MUKpoKarncysibl, HaloJIHEHHbIE SKCTPAKTOM CTEBUH,
nmuameTpoM 650,02-705,64 Mmxm

Dpgexmuenocmv kancyruposanus, 3a2py3Ka AKMUGHbIMU 8EUECNEAMU U CINENeHb
HAOYXaHUsL MUKPOKANCYIbHBIX KOMNO3UYULI

JLi1st OLICHKHM BBIXOJA M COACPIKAaHMsI aKTUBHBIX BELIECTB B MUKPOKAIICY/IaX XUTO3aH-
aJIbI'MHATHOM MaTPHIIbI ObLTH onpeaeeHbl 3 (HEeKTUBHOCTD KallCYTUPOBAHUS U CTCIICHD
3arpy3ku. M3BecTHO, 4TO conmepKaHue aKTUBHBIX BELIECTB B TAKMX MHUKPOKAICyJax
3aBUCUT OT NPUPOABl M KOHLEHTpAUWU TejeoOpasyloliero KaTuoHa, CBOMCTB
WHKAlCYIUPyeMbIX COCIMHEHUH, a TaKKe BBIOPAaHHOIO METONA IPUTOTOBJICHUSI.
3HaunTenbHble pazanyus B 3¢ dpextuBHoCcTH HHKANCy/siunu (EE) u ctenenn HaOyxanus
(Sw) mexny oOpa3uaMu npeacTasieHsl B TaOnuax 2, 3 1 Ha pUCyHKax 8, 9.

Tabmnuua — 2. DpdexTnBHOCTH I/IHKaHC%J'IHHPII/I (EE) muxpoxkarcynupoBanubix komnosuimii CS/(ALG/
(CatakTuBHBII areHT))

MPIKpOKaj'[CyJII/IpO- EE. % | EE,, % | EE,. % Cpennee | CranpaptHoe | CpeTHEKBagpaTHIHOE
BaHHbIN areHT 3HAYCHUE | OTKIOHEHUE OTKJIOHEHUE

BB 80 89 80 83 5,196152 4,242641

SE 89,6 88,9 89 89,16667 0,378594 0,309121

BB+SE 90 92 92 91,33333 1,154701 0,942809
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78
BB SE BB+SE

Pucynok 8. lnarpamma sdpdexruBroctn nakancysanun (EE) MukpoxancyapHbIx kKoMmmosuiuit CS/
(ALG/(CatakTHBHBII arcHr))

Tabnuua — 3. Crenens HaOyxanust (Sw) MukpokarncyapHbix komnosunuii CS/(ALG/(Ca+akTiBHBII

areHr))
Muxkpoxkarncy1upoBaHHbII o o o, | Cpennee | Crannapraoe | CpenHekBaapaTny-
Swl > 7o Sw2’ 70 Sw}’ A)
areHT 3HA4YCHHE | OTKIOHEHHE HOE OTKJIOHEHHE
BB 76,92 80 80 78,97333 1,778239 1,451926
SE 76,92 | 71,42 | 71,42 | 73,25333 3,175426 2,592725
BB+SE 53,85 ] 55,5 50 53,11667 2,822381 2,304464

80
70
60
50
40
30
20
10

BB SE BB+SE

Pucynok 9. Jlnarpamma crenenn HaOyxanns (Sw) MUKpoKancyabHbIX Komnosunuit CS/(ALG/
(Ca+akTuBHBIN areHT))

Pasnmuuna B 3HaueHmsx EE yka3blBalOT Ha CTENEHb BIEKTPOCTATHUECKHX
B3aMMOJCHUCTBUIA W BOJOPOAHBIX CBsI3eH, (HOPMHUPYIOIIMXCA MEXKIY aKTUBHBIMH
BELIECTBAMH, XJIOPUAOM KalbLHs U aJIbIMHATOM HATPHs B MPOLECCE KANICYITUPOBAHUS.
Camble Bbicokue 3Hauenus EE naOmromarorcss y BomopactBopuMbix BB+SE, uro
CBHUJICTEIILCTBYET O 00JIee BHIPAXKEHHBIX MOJICKYJISIPHBIX B3aMMOJCHCTBUIX B PACTBOPE.
[TomuMo 3TOrO, Ha CTENEHb KalCYJIMPOBAaHUS BIUAET W INPHUPOJA MOJEKYISPHBIX
B3aMMOJICHUCTBUI B CHCTEME, CIIOCOOHOCTb K KalCyIHPOBAHMUIO 3aBUCHUT TAaKXKE OT
CTPYKTYpPBI aKTHUBHBIX BEIIECTB.

B coorBeTcTBHM C pacyeTaMH AN MHKpOKANCyd C JBYMs 3arpyKEHHBIMH
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komnoHentamu (BB+SE) wux pasmep Obun Oomblie, a Jons BiIard COCTaBisja
npubausuTensHo 55%. [lpu MHKanCynupoBaHWM TOJIBKO MUKPOOPTaHH3MOB pPa3Mep
MHUKpPOKAICys ObUT MEHBIIIE, a BIaXXHOCTb JocTUrana 77%.

Ananusz ¢ nomowwto UK c npeobpasosanuem Pypve

B ananmze UK cnexrpockonuu, cieKTpbl 0uduayMOakTepuil, SKCTpaKkTa CTEBHU H
HX cMecel ¢ OCHOBHBIMU KOMIIOHEHTaMH IpecTaBlieH Ha pucyHke 10.

0.15 - "“WedFeb 28 1201292024 Nl B/,
0104

oss w
0.00]

0.15 :"’WedFebZB121)6m2024NQCTEBA

Abs

0.10 -

! S~

1 *WedFeb 28 12:08:34 2024 N8 5+C

Abs

0.151
8 0.10-?
o.os-f
ooo
4000 3500 3000 2500 2000 1500 1000 500

Wavenumbers (cm-1)

Pucynok 10 — MHbpakpacHBIi CrieKTp MUKpOKAICYIbI ¢ 1) OuduaymbakrepusMu, 2) 3KCTPAKTOM
CTEBHU ¥ 3) CMEChI0 OMPHUI00aKTEPHIl C IKCTPAKTOM CTEBHH

HK-criexTpsl ToKa3aau HAIMIUE CICAYIOMINX OCHOBHBIX MMHKOB: 0Koj10 3413,9 cm-1
ob11 oTHeceH Kk NH-pactsokenuro. J[Ba muka nipu 2978,6 u 2900,8 cMm-1 Obutn cBsi3aHBI
C acMMMeTpHYEeCKHMMH Koyiebanusimu pactsokennss CH3, koTopble MpOUCXOIST MpH
2975-2950 cMm-1, B TO Bpems kak monromenne CH2 mpoucxomut npumepno mpu 2930
cM-1. /lnana3on pactsaruBaromux kojebannii OH-rpynmn B mosjocax moiaucaxapHios,
kosiebannii amunoB (NH) u koneGanuii CH-anmudarnueckux rpyri, TpeicTaBiIsomnX
c000¥t oJI0CH B TIpeneax dTux oomacteit (2900,8-3413,9).

Xumuueckuti cocmag u QuU3UKO-XuUMUYECKue C60UCMEa MOJIOYHOU Cbl8OPOMKI

XUMHUYECKUI cOCTaB M (DUBUKO-XUMHUECKHE CBOMCTBA MOJIOYHOH CBHIBOPOTKH
npencTaBieHsl B Tabnume 4. pH kucioi ceiBOpoTkH nocturaer 4,26, comepikaHue
oenka - 0,558%, yrneBonos - 3,12%, 301 - 0,45%.

N3-3a BBICOKOW KHCIOTHOCTH KHCIIYIO CBHIBOPOTKY OU€Hb TPYAHO YTHIIM3HPOBATH.
Ho xucnas cerBopoTka MoxkeT ObITh 00paboTana MpOOHOTHYECKUMHU OaKTEPUIMHA IS
MoJy4eHus: (epMEHTUPOBAHHBIX MPOAYKTOB, TAKMX KaK HAMUTKH Ha OCHOBE KUCIIOH
CBIBOPOTKH, UM MOKET OBITh UCTIOIH30BaHA B IPYTHX IIEIISAX.
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Tabnuna — 4. XuMuueckuit coctaB U GU3MKO-XMMUUECKHE CBOHCTBA MOJIOYHON CBIBOPOTKU

Indicator name 3Ha4eHHs OKa3aTeeil B COOTBETCTBHH C Kucnas ceiBopoTka
I'OCTom
AXTUBHAsI KHCJIIOTHOCTb, %0 42-54 4,26
Turpyemasi KHCIOTHOCTB, °C 50-85 70
Conepxanue 6emka, % 0,5-1,0 0,558
Conepxanue xupa, % 0,05-0,4 -
ConepixaHue yriaeBosos, % 3,2-5,1 3,12
Copeprkanue 30761, % 0,4-0,8 0,45

Tabmuma 5 — OpranonentTHyeckrue XapakTepUCTUKH (PepMEHTHPOBAHHOTO MpoaykTa ¢ BB

Ne | IToxazarens XapaKkTepuCTUKU

1 Brenranit BUI U BBery HaXOAUTCA CbIBOPOTKA, KOHCUCTCHIIMA OYCHb IUIOTHAs, B OTIIMYUE OT
KOHCHUCTCHIIUA TPEABIAYIIETO MOJIOKA, B KCCbI/IpC €CTh KOMOYKH Ha BHUJ, UMECT HpPI}ITHLIﬁ 3arax

2 | Bkyc u apomar |Ha Bkyc ¥ 1BET KHMCIIOMOJIOUHBIH HPOAYKT MPUSTHBIH, B KeHUpe NPUCYTCTBYIOT
KOMOYKH H3-32 BBICOKOH KHPHOCTU MOJIOKA

3 | Lger Benblii iBeT, Mpuaaonuil HEMHOTO JKEITU3HbI

3akmouenne. lccrenoBaHue poiv MHUKPOKAICYJIHMPOBAHHBIX MPOOMOTHYECKUX
MHKPOOPTAaHU3MOB W WX (PU3NUECKUX XapaKTEPUCTHUK ITOATBEPKTACT 3HAYUMOCTH
JAaHHOW TEXHOJIOTMM B THINEBOW U  (PapMameBTUYECKOH IPOMBIIUICHHOCTH.
OnHO#M W3 KIIFOYEBBIX MPOOJIEM MPOOMOTHYECKHUX IPEIaparoB OCTACTCS MX HU3Kas
YCTOWYMBOCTh K HEOJIaronpusATHBIM (DaKTOpaM BHEIIHEW CpPEeAbl, YTO OTPaHWYMBACT
ux 3(QQPeKkTUBHOCTh. Vcmomp30BaHNEe METOJOB MHKPOKAICYIUPOBAHUS ITO3BOJISICT
MTOBBICUTh JKU3HECIIOCOOHOCTh MPOOMOTHKOB TPW XpPaHEHWH, TPAHCTIOPTUPOBKE W
MIPOXOXJICHUU Yepe3 JKEITYyJO0YHO-KUIICYHBIH TPAKT, TeM caMbIM OOECIeuuBas HX
3¢ (eKTUBHOE JICHCTBHE B OPTaHU3ME.

Pe3ynpraThl aHamm3a IMOKa3bIBAIOT, YTO BBIOOp MarepHasia OO0OJOYKHA HWIrPAET
PpeNIatony o poik B GOPMUPOBAHHUH 3AITUTHRIX CBOMCTB MUKpoOKaricy:1. [lonmncaxapumasre
MaTPHUIIbI, OETKOBBIE KOMIUIEKCHI U THOPHUIHBIE MaTepUAIIBl 00JIAAI0T PA3HOU CTEIICHBIO
3aIUThl U KOHTPOJIIMPYEMOTO BBICBOOOK/ICHHSI IPOOUOTUKOB. Ba)KHBIM HarpaBieHUEM
IIaJIBHefIHII/IX I/ICCJ'IeJJ;OBaHI/Iﬁ SABJIACTCSI paspa60TKa HOBBIX KOMIIO3UTHBIX MaTrcpuaioB
W COBEPIICHCTBOBAHWE METONWK WHKAIICY/SAIINN, HAIpPaBJICHHBIX Ha YBEIMUYCHHUE
CTaOMIIBHOCTH ¥ MTPOJIOHTHPOBAHHOTO JACHCTBUS IPOOUOTHYECKUX MUKPOOPTaHU3MOB.

Takum 00pa3oM, pa3BUTHE TEXHOJIOTHA MUKPOKAIICYIMPOBAHUS OTKPHIBACT IIMPOKHUE
BO3MOXHOCTH JJId CO3JJaHUsA HWHHOBALIMOHHBIX IIPOAYKTOB C HpOGI/IOTI/I‘IeCKI/IMI/I
cBoiicTBamMu. [IprMeHEHHE TaKMX TEXHOJIOTHH MOXET CIIOCOOCTBOBATH IOBBIMICHUIO
3¢ (eKTUBHOCTH TMPOOMOTHYECKUX J100ABOK, YIAYYIIEHUIO WX TEPEHOCHMOCTH U
YCBOSIEMOCTH, YTO OCOOCHHO BaXKHO JUIsl pa3pabOTKH (PyHKIMOHAIBHBIX MPOIYKTOB
MMUTaHUA U MCANIWHCKUX MPEapaToB HOBOI'O IMOKOJICHU.
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Abstract. In recent years, the synthesis of multifunctional perovskite-structured
materials has attracted growing attention due to their unique structural and
morphological features, which provide opportunities for novel functional applications.
The aim of the present study was to synthesize a composite material based on
Fe,,Mn, ,0, and In Fe O, and to conduct a comprehensive investigation of its
phase composition, crystallographic characteristics, and morphological properties. The
samples were synthesized by the Pechini method employing a sol-gel route. The phase
composition and crystallographic parameters were determined using X-ray diffraction
(XRD), and the average crystallite size was estimated via the Scherrer equation.
Surface morphology and elemental distribution were analyzed by scanning electron
microscopy (SEM) and energy-dispersive X-ray spectroscopy (EDX). XRD analysis
revealed that the Fe  ( Mn, |,O; phase crystallizes in the cubic Ia-3 (206) space group,
whereas the In, Fe O, phase belongs to the orthorhombic Pna2l (33) group. SEM

0.12 1.88
micrographs at 10 um resolution showed an average particle size of 0.547 um, while
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EDX confirmed homogeneous elemental distribution. Furthermore, Fourier-transform
infrared spectroscopy (FTIR) indicated the vibrational modes of metal-oxygen bonds,
with a characteristic absorption band at 666 cm™ corresponding to Fe—O and Mn-O
linkages. These findings demonstrate that Fe—Mn and In—Fe based oxides can form a
structurally stable and morphologically uniform composite with significant potential for
applications in electrochemical and catalytic systems.

Keywords: astoichiometric perovskite, composite material, X-ray phase analysis,
SEM, Scherrer equation
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Annoramusi. Kasipri TaHma  [EpOBCKUT  KYpBUIBIMABI  KON(YHKLHUSIIBI
MarepuangapAbl CHUHTE3[CY FHUIBIMH TYPFbIAa €pEeKIIe KbI3bIFYLIBUIBIK TYIBIPHII
OTBIp, ce0eli omapAblH KYPBUIBIMABIK oHE MOPQOIOTUSIIBIK EpeKIIeNiKTepi KaHa
(YHKIMOHAIIBIK KacHeTTepre skoi amajsl. OckiFaH 0aiIaHbICThl 3€PTTEYAIH MaKcaThl
—-F S 4Mn1'1 2O3 JKOHE Ino, | zFe] '8803 HET131H/IeTi KOMIIO3HIIUSIIBIK MaTePUAIIIbI CHHTE3/ICTI,
OHBIH KYPBUIBIMABIK >K9HE MOP(OJOTHSIBIK CHIATTaMaJIapbIH KaH-)KaKThl TaJay.
MyHpali acTeXMOMETPHUSUIIBIK IEPOBCKUTTEP/I CUHTE3IEyTe apKay OOJFaH KIIaCCHKaIbIK
3D nepoBCKUTTEPMEH CaNBICTHIPFaH1a KOTI(PYHKIMSIBI KACHETTEP1 MEH KYPbUTBICBIHBIH
e3repyi. CHHTE3/Iey YIIIiH 30Jb-TeJb 9JiCiHe Heri3aenreH [lednHu onici KOMIaHbUIIbL.
dazanblk Kypambl MEH KpHcTaIorpadsuiblk MoHAepi peHTreH ¢asansl Tannay (XRD)
oiici apKbUIbl aHBIKTANABL. AJl, OETTIK MUKPOOJIILIEM] MEH JIEMEHTTIK Tapayly KapTachl
CKaHepieyli »IeKTpoHAbl MuKpockon (SEM) kypbuirbichiHaa Tanganapl. XRD
HOTHYKEJIEPIHEH aJlbIHFaH €H KOFapFbl HHTEHCUBTI IIBIHAAPAAFbI CAHIBIK MAJliIMETTEpre
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Herizaene oteipbin Lleppep TeHzeyi apKbUibl KOMIIO3UTTIH OpTalla MUKPOeJIeMaepi
aHBIKTAIIbL. AJIBIHFAH HOTWKENEp OOMbIHIIA YHTAK OHIM Kypambinaarsl Fe  ,Mn, O,
dasacer kyOThI [a-3 (206) kenicTikTik ToObHa, an In . Fe O, dazacel kyOTe Pna2l
(33) keHictikTik TOOBIHIA TY3UIreHIIr aHbiKTanael. Conpaili-ak, SEM HoTmxkepi
OotibiIna 10 pm MukpocyperTeri 6erTik opramia esiemi 0,547 um eKeHIir1 aHBIKTAJIIBI.
CoHbIMEH Kartap, YHEeprHs-IUCIePCHsUTBIK peHTreHaik cnekrpockonus (EDX) rannayst
aneMeHTTepaiH Oipkenki Tapanybin kepcerTi. FTIR (®ypbe Typnenaipy nHGpakbi3bUI
CIEKTPOCKOIUSCHI) METAI—OTTET1 OaiilaHbICTapBIHBIH TepOeTic MOanapblH KOPCETTi:
666 cMm! aiimarpiHaarel Herisri mbslH Fe—O xone Mn—O GaitaHpicTapbliHa COHKEC KeIIi.
By wotmxkenep Fe-Mn >xone In—Fe nerizinmeri okcunrepain Oipiryi KYpbUIBIMIIBIK,
TYPaKTBUIBIFBIH ~ Opi MOP(QOJIOTHSUIBIK TYPFBIIAH JKaHa KOMIIO3HT TY3€ alaThIHBIH
KOPCETTI.

Tyiiin ce3mep: acTeXMOMETPHUSIBIK MEPOBCKUT, KOMIO3UT MaTepHall, PEHTTEeHIIK
tanaay, SEM, lleppep Tenneyi
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AHHOTaIII/Iﬂ. B NOCICAHUEC T0Abl CHUHTC3 MHOFO(i)yHKLII/IOHaJ'IBHLIX MaTepuajIoB C
HCpOBCKI/ITHOI‘/'I CTPYKTypOIZ IIPpUBJICKACT 0c000e BHHUMAaHUE I/ICCJIC,Z[OBaTCHGfI, TaK Kak
HUX YHHKaJbHBIC CTPYKTYPHBIC U MOp(l)OJ'IOI‘ MYCCKUC XapaKTCPUCTUKHU OTKPBIBAKOT
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In, Fe O, 1 KOMIUIEKCHOM HCCIIENOBaHUHU €10 (a30BbIX, KPUCTALIOrPAQUIECKUX U
Mopdonornueckux cBoMCTB. CHHTE3 00pa3LoB OblT ocymecTBIéH MeTonoM [leunHu
Ha OCHOBE 30JIb-TeJIb TeXHOJOTuU. Pa30BbIi COCTAB U MapaMeTpbl KPUCTAIUIMYECKON
PEIETKH ONIPEAEISITUCH METOAOM peHTreHo(a3oBoro ananu3a (XRD), a cpequuii pasmep
KPHUCTaJITUTOB paccuuThIBasics 1o ypasHeHuto [lleppepa. Mopdonorust HOBEpXHOCTH U
pacnpesneneHre JEMEHTOB UCCIIEA0BAINCH C TIOMOIIBI0 CKAaHUPYIOIIEH 3IEeKTPOHHON
Mukpockonuu (SEM) W 9HeprogucrnepCHOHHOH PpEHTICHOBCKOW CIIEKTPOCKOMHUH
(EDX). Cornacuo pesynsraram XRD, dasa Fe Mn, 0, (hopmupyetcst B KyOnuecKoi
cunronuu la-3 (206), a dpasa In ,Fe . O, COOTBETCTBYET MPOCTPAHCTBEHHON TPYyIITE
Pna21 (33). SEM-ananu3 nokasai, 4To cpeqHuii pa3mep yactul cocrasiser 0,547 pm
npu Macmradbe 10 um, a EDX noareepansia paBHOMEpHOE pacipeesieHre 3JeMEHTOB.
FTIR-cnexkrpockonusi 3aUKCHpOBaNa XapakTepHble KoneOanusi cBsizeil Fe-O wu
Mn-O B obnact 666 cm™'. [TonyueHHbIE pe3yNbTaThl MOATBEPKIAIOT O BO3ZMOKHOCTH
(hopMHUPOBaHHS CTPYKTYPHO YCTOHUUBOTO M MOP(OIOTHIECKH OMHOPOIHOTO KOMITO3UTA,
MIEPCTIEKTUBHOTO JUI IPUMEHEHUS B SJIEKTPOXUMHUYECKUX U KaTATUTHUECKHUX CHCTEMaX.

KuroueBble cj10Ba: acTeXMOMETPUUECKUI IEPOBCKUT, KOMIIO3UIIMOHHBIN MaTepHall,
peHTreHoBckuii ananu3, SEM, ypaBuenue Llleppepa

Kipicne. Ileposckurrep — 6y1 ABXs (A — KyOThIH OyphlITapblHIa OpHAlaCKaH
KaTHOH, B — KyOTBIH LIeHTpiH/Ie OpHalaCKaH KaTHOH, X — 9JIETTE OTTET1 HeMece raJloreH
OoJIaTbIH aHHOH, OJ1 KYOTBIH KbIPJIAPbIHBIH OPTaJIbIKTAPbIH TOJNTHIPATHIH) KYPBUIBIMFa
He KpUCTaJJIbIK MaTtepuangap. by KypbulbIM 3iHiH arayblH MEPOBCKUT MHHEPaJIbIHA
(xamprmii THTaHatel, CaTiOs) GaiinaneicThl anFaH. (Arya et al., 2020; Bispo-Jr et al.,
2022). Onap A »xoHe/HeMece B no3unusiapbiHia NIEPUOATHIK KeCTEACTI MeTaIIap/IbIH
maMameH 90%-bIH KYPBUIBIMIBIK TYPAKTBUIBIFBIH CaKTall OTBIPBIN €HTi3e ajalsl. by
KaTHOHJIBIK, AJIMACTBIPYIBIH TOJIBIK HEMECE KapTbUlail »Ky3ere achIpblIybl apKbUIBI
alppIKIIa KaCHETTEepre ue kaHa KOCBHUIBICTApABIH KeH KoJIeMIe CUHTE31eyTe MyMKIHIK
Oepeni (Ramya et al., 2025; Mantilla et al., 2024). IlepoBCKUT KYpbUIBIMBIHBIH
KyOTBIK CHUMMETpUSICHl JKoHE JedopMalusFra HMKEMAUIri Oyl Marepuangapisl
MaTepuanTaHy cajachlHa, dcipece AEKTPOHNKAAA, OTKI3TIIITIK )KoOHE KYH SHEPTHSICHIH
TYPJCHIIPY TEXHOJNOTHsUIApbIHAA KEHIHEH 3epTTeNeTiH MaHBI3Abl MaTepHaIbIK
Kyiiere ainanaeipanst (Lee et al., 2025). Onapapin iminge FeMnO, nepoBckutTTik
KYpPBUTBIMBI K€H Tapajybl, SKOJOTHSUIBIK TYPFBIJAH Kayilci3 eHAipic Taciiuepi >KoHe
KOFapbl JICKTPOXUMUSUIBIK CHIIATTaMalapbl apKachblHIa KONTereH 3epTTeyLIiepAin
KBI3BIFYIIBUTBIFBIH TynbIpansl (Abdollah Lachini et al., 2025).

MasnranautTep, xannsl AiRiMnOs ¢opMmynaceiMeH cunarTanartblH, KYpaMbIHIa
opTypai A xoHe R xarmonmapsl OOJFaHIBIKTAaH JKOHE MapraHell HOHAAPBIHBIH apajac
BaJICHTTUIIriHE OaiiJIaHbICTBI epeKIIe MEKTPIIIK 9pi MarHUTTIK Kacuertepre ue (Kresin,
2005; Barber, 2007). by sxyiiene 3apsj, TOp, CIIMH KoHE OpOUTAIIb IopeKeIepiHiH e3apa
OacekenecTiri Kypaeni QpU3HKalIbIK KacHeTTep MEH KyObUIBICTapAbIH Maiina 0omybiHa
okeneni. Ai«R«MnOs KypaMbeiHaarsl Mn HOHBI apanac BaleHTTi Kyhae Oomanesr (Mn**
XKoHe Mn*") 5xoHe asIThl OTTErl HOHBIMEH KoOpAnHauMsIanbil, MnOs OKTadApiH TY3€i.
Mn**-O-Mn*" apacblHIaFbl Kocapibl aaMacy (GeppoOMarHUTTIK PETTEIyre bIKIal eTce

158



Volume 3, Number 464 (2025)

(Geilhufe et al., 2019; Mohanta et al., 2019), Mn**-O-Mn** (Matou et al., 2017) »xoHe
Mn*-O-Mn*" cynepanmacy npouecrtepi aHTH()EPPOMAarHUTTIK PETTENyTre albll KeJie/i
(Leonarska et al., 2017; Madkhli, 2024) . DiekTpoHap MeH TOPABIH 63apa OpeKeTTeCyi
Sna-Tennepnik Oypmamanyra xoHe MnQOs OKTadmplepiHiH MINIHIHIE e3repyiHe
cebent Oomaapl (Przybytek et al., 2018). Bynm kyObuibICTap TAapaMarHUTTIK KYHIEH
(eppoOMarHUTTIK Ky#Hre, COHAal-aK HM30JIATOpJAH METaJUIFa aybicy NpOoLecTepiMeH
katap xypeni (Helton et al., 2019). ConbiMen karap, *yiie CBIPTKbI MATHUT OPICiHIH
OCEepiHEH aWTapibIKTall TepiC MAarHUTTIK KenepriHi kepcereai. KpICHIMHBIH ocepiHeH
MnOs oKkTasapiepine aHU30TPONTHI KYPBIIBIMIBIK ©3repicTep 0alKanaabl, H30ISTOp-
METaJT aybICYbl OPBIH ayajbl, PeppoMarHUTTIK aybicy Temmneparypachl (Tc) aprams
JKOHE HaMarHu4eHoctsb Kyuredeni (X. Zhang et al., 2024). Fe Mn, O, — Temip MeH
MapraHelTeH TYpaTblH OKCHATIK JKyie, KypaMbIHJIa MapraHell MeIepi KOFapbl
OonybIMEH OKLIaynaHa pl. MyHal MaTepranaap NepoBCKUT TOPi3ai KYPbUIBIMBIHAAFbI
KYPBUIBICBIHBIH ~ ©3TepICl JKOHE OJapiblH OpTYpJi KACHETTEpiHEe ocepi YJIKEH
KBI3BIFYIIBUTBIK TYJIBIP/IBL.

bunapner okcuarep xyieciane MFeOs (M = In, Y, Eu-Lu) xxanmsr popmynaceiaa ne
YIITIK (eppuTTep epeKine (pU3NKAIBIK XKoHEe KYPHUTBIM/IBIK KaCUETTEPiHIH apKachIH/Ia
ipresi FBUTBIMHU 3€pTTEYIIEp YIIiH 03eKTi HbicaH Oombin Tadbutansl (Nahrstedtetal., 2021).
InFeOs a-Fe,O, cusakrbl nocTypiti GOTO3MEKTPOATAPMEH CATBICTBIPBUIATBIH (OTOTOK
KepceTe/ll %oHe COHbIMEH Karap Y ailimMarbiHjia sxorapbl (poToTokka ue (B. Zhang et
al., 2020). In,_Yb FeO, (x = 0,1; 0,2; 0,3) mynsTudepponkrepinin Yb nonmapsiMen
anMacteipy HoTmkeciame 500 K Temen temmeparypama oinci3  (heppoaiaerTpitik
KoHe (eppOMarHuTTIK Kacuertep Oaiikanmbl skoHe 500 K MaHBIHIA TUDIEKTPIIK
KAaCHETTEpiHIH ©3repiciH KepceTTi, Oyl omapasl MHUKPOJIEKTPOHHMKaZa KOJAaHyFa
nepcenekruBansl ereni (Zhou et al., 2023). In Fe, . O, — MHAMIMEH JIETUPIIEHTEH TEMIP
OKCHIIHIH (Fe,0,) MoauduKaIsIanran Hyckacel. Muanii nongapel Fe** wommapbin
QJIIMaCTBIPBITT, KPUCTAIJIBIK TOPJIA ©3TepicTep TY3ill, MaTepUaIIbIH KACHETTEPiH 3repTe
anaapl. MyHIai KypbUIBIMIBIK ©3repicTep OHBIH OTKI3TIIITITIHE XKoHE KaTaau3aropiap
CHUSIKTBI TYPJIi KosiqaHOamapaa THIMAUTIITIH 3epTTey Ka3ipri TaHa YIKeH KO allajibl.

3epTTeydaiH MaKcarsl Fe, ,Mn O.In Fe O, HETI3IHAErT KOMIIO3UIIUSIIBIK
MaTepuaibl 30JIb-TeIb OJiciHe Heri3uenreH [leynHW TocuIi apKbLIBI CHHTE3JCII,
OHBIH (pazajbIK KypaMbl, KpUCTAIOrpadHsUIBIK MapaMeTpiepi MeH MOP(OIOTHSIBIK
€PEeKIIeNKTepiH KemeH Il TYPAE 3ePTTEY.

3epTTey MaTepuaJaapbl MeH daicTepi.

Keneci peaktuprep Kommanbuiasl: mapraren (1) aurparsr (Mn(NO,),*xH20, Buchs,
[Beitnapus); temip (III) auTpaTsiably 9-cynbl KpucTamuioruaparsl (X.1., TY 6-09-02-
553-96 Mackey, Peceit ®enepanusicer); naaumii (111) okenni, 99,9% (TY 6-09-4732-79,
Peceii).

Onmiey Kypayigapsl MEH OdicTepi: 3epTxXaHaja KOJJAHBUIFAH araTThIK CTYyIKa
(bpasumus aratel, KonmanburaH, auamerpi — 13 cm (130 mwm)). DazanslK KypaMIbl
aHBIKTAy YIIIH >KOHE DJJIEMEHTTIK KapTachlH aHBIKTAy YVIIH peHTreHo(ha3albiK
tannay oaici (MINIFLEX 600 Rigaku) meH ckaHepiieyIni 3J1€KTPOHABIK MHUKPOCKOI
(TM4000PIus) xompmanbuiabl. Pentren HoTikenepin Tangay ywin PDF-5+ (2024)
ICDD 06a3acbl KogaHbULIbI.
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IKCMepUMEeHTTIK 06J1imM

Fe, , ,Mn  O.,-In; 12Fe1 O3 KOc (azanbl HanHomaTepHrabl 301b-renb ([leunnn) omici
apkbuTel cunTe3neni (Mataev et al., 2024). MapraHern 1eH Temip HUTpaTTapbl HHIHH
okcuimen (In) nerupiieHi, OHbIH COHFbBI ©HIMIETT Memepi 1%-ab1 Kypaasl. MeTaiit
HUTpATTapbl CTEXUOMETPHSUIBIK IMPONOPLHUAAA €CENTEeNiN, JMMOH KBIIIKbIIBl MEH
STHJICHIJIMKOJIBIIH (TeJb TY3YIIl areHT) KaTbICybIMEH OHAeNi. TeMip jkoHe MapraHell
HutparrapbiH 10 mmones memmepae, an uaaui (1) okcuainen 0,2 MMOJb ©JIIEHII
anbiHabl. Ty3inred rens 120°C temneparypana 12 carat 00#bI KbI3ABIPBUIBII, JIbIHFaH

KeyeKTi eHiM KaiiTa yHTaktasbi, 600-1300°C quamna3oHbiHaa 6 carat 00#bI KyHipiiIi.
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Dypve-UK (FTIR) 20ici apxbiivl manday wamuoicenepi
FTIR cmekrpockormmsiblk  Tanmaybl Bruker ALPHA  (Ettlingen, Germany)

CIIEKTPOMETPiHIE, O6IMe TeMIepaTypackiHaa, | cM ' CIIEKTPITIK aKbIPATHIMABLIBIKIICH
xkyprizunai. Ommey KBr tabnerkamapeia maiinanana oteipbin, 4000400 cv ! sxuiTik

JUATIa30HBIH/A OPBIHIATIIBI.

0.008

Feo,84Mnl.IZOS'IHO.IZFCLSSO}‘

0.006 666

0.004

ATR Units

0.002

0.000

-0.002 . ;
1000 1500
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4 —cyper. Fe  Mn, O.-In Fe . O, xomnosuriniy FTIR cnexrpi

SEM-EDX a0icimen manoaywt
Yurakranran Fe  ,Mn O.-In  Fe O, ynrinepinin 6eTKi KypbUIBIMBIH 3€PTTEI,

JJIEMEHTTIK KYpaMblH AaHBIKTAy VIIIH CKaHEpNEYIIl SIEKTPOHABIK MHKPOCKOIHUS
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(SEM) omici xonmanbuigsl. 3eprreynep TM4000Plus (OKamonusi) KypbUIFBICBIMEH
KYPrizinmi. DneMeHTTepaiH KypaMmblH aHblkTay yiriH SEM xyiliecine OipikTipiirexn
SHEPTUs-TUCTIEPCUSUIBIK peHTreHaik crnekrpockonus (EDX) omici kommansuiael. 10
pm MacmtaOeinaa SEM omici apkbuibl OeTKi emmieynep >Kyprizuiim, azamapisix
KYpaMBbIHAAFBI 2JIEMEHTTEPAIH Tapanybl aHbIKTAJbL.

TM4000 20kV 7.5mm x5.00k BSE M 11/09!20‘22

5 —cyper (a,9,0). Fe

0.84

Harun:xesiep MeH TaaKbLIay.
XRD nomusicenepin maaxviiay
Pentrenodasansik Tangay HOTHXKENEpl KOPCETUITEH, KoHEe aJbIHFaH MATiMeTTepre

0.12

Mn, _O.-In__Fe

11273

(0]

1.8873

10.0pm’

0)
CBOM mukpocyperi: (a) 10 um Gerrik enmremi, (9)
OeJIIeKTepAiH OpTala eJmeMi skoHe (0) JIeMeHTTEep/iH Tapalry KapTachl.

Count

[ ros im0 o]

il

o

0.547 pm

0.2 04

°)

0.6 08
Diameter (um)

Weight % | Atomie %

1401 85

80 3584

1827 1017

5779 2463

159 084

coiikec, MEePOBCKUT TUIIHJETT HAHOKYPBUIBIMJIBIK KOC (pa3a TY3UIreH, OHBbIH (Da3alibiK
KatbiHackl 93:7 ekenpiri 3(a)-cyperTe KepceTiuireH, an 2(9)-CypeTTe LIbIHAAPBIHBIH
coiikectiri 58% OeHn 42% KypaWThIHABIFBEI koHE 3(a,9)-cypertepie Ga3anapabiH
KYPBUIBICHI aHBIKTAJIIBI.

Nel kecte — KpucramnorpadusuiblK CaHIbIK TaJIIay HOTHOKEIepi.

Ne | Kocblibic Cunronusi|a,A |b,A |c,A |Vya., |Z depnc. KenicTikTik | ThIFBI3ABIK
araysbl Typi (A% oo, | TOTI Py &/
) cm’®)
1 |Fe Mn, ,0, | kyOTHI 941 |(9.41 |9.41 {83493 |16 |54.49 |Ia-3(2006) 5.04
2 |Ing ,Fe O, |kyOTHI 524 |524 |5.24 {42200 |8 51.09 |Pna21 (33) |5.19
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I-kecTene anmblHFaH Koc (a3a KyOTBIK KpI/ICTaJ'I,Z[I)IK KypbUibiMFa ue. Fe o 4Mn1 12O
dasacer la-3 (206) kenicTikTik ToObIHIA, an In Fe, . O, pasace Pna2l (33) keHicTikTik
ToOBIHAA TY3inreH. CuHTE3genreH YiriHiH audpakuusiblK mweiHaapsl (PDF-5+)
MEPOBCKUT TAPI3i KYPbUIBIMFa COHKEC KeJETiHI aHbIKTaIAbL. bapibIK yiarinepae aikbH
TUQPaKIUAIBIK WIBIHAAPABIH OOMybl ONApAbIH JKOFaphl KPHCTANIBUIBIK ASPEKECIH
kepceteni. ColikeciHIle, CHHTOHUS TYpIIepi, TOp napameTpiiepi (a, b, ¢), KeHiCTIKTIK TOT,
PEHTIEeHAIK THIFBI3IBIK JKoHE peHTrenaik audpakuus (XRD) nepexrepine HerizaenreH
ecenTeNreH oprama Kpucram enmemzaepi (D) kepceTinreH.

Oprawa kpucrammut enmemi (D) Illeppep Tenneyi apkpuisl ecentenai (Mataev et
al., 2024):

D=kA/PcosB (1)

Mynaa mimin kospduuuenti (k) 0.94-ke TeH, pEeHTIeHIIK COYJCHIH TOJKbIH
y3bIHABIFRL A = 1.5406 A, B — TonbIk eHiHiH skapThichiHAarsl MakcumyM (FWHM),
an 0 — Bparr Oypbimbl (paguanMen epHekTeneni). YKorapbl WHTEHCHBTLUTIKKE He
T paKIUIBbIK MIBIHAAPFA COMKeC KPUCTAIT eJIIeMIepi TeMip MaHTaHUTi YiIiH 54.49
HM, a1 uHaAnd Gepputi yuid 51.09 HM OOJBIN aHBIKTAJIIBL.

FTIR nomuoicenepin mankuliay

Cunresnenren kommno3utTiH FT-IR oniciMen Tanmay peakuust mpoueciH Oakpliay
JKOHE aJlbIHFaH MaTepuajJlapAblH CHIaTTaMalapblH aHBIKTAy YLIIH MaHbI3abl. OcChI
cebenti, FT-IR cnekrpockomusicel MuKpoKypbutbiMabl Fe  ,Mn O, In0]2F61880
MarepuanbiHgarsl Mn-O sxoHe Fe-O OaiinanbicTapblH 3epTTey MaKcaThIHIA XKYPri3iii.

Bepinren FTIR cmekrpi Feo84 ”20 InO12 188O KOCBUIBICBIHJIAFbl  TepOeITic
MoJaniapsl Typajibl aKnapar oepeai. 666 cM ™' alMaFbIHAAFbI HET13T1 MUK METaJI-0TTerl
(Me-O) OaiinanbicTapbIHBIH TepOemicTepiHe colikec keneni. byn tepOemicrep Temip
YKOHE MapraHel] OKCUATEPiHIH KPUCTANIBIK TOPbIHAA, COHAAN-aK HHIUNIIH OTTeriMeH
0aliTaHBICBIH TYCIHIIpE].

SEM-EDX namuoicenepin mankuiiay

5-cyperre (a,9,6-cyperrep) Fe  Mn | O,-In Fe O, yiricinid GeiiexkTepiHiy
ememaep OolibiHIIA Tapaiysl (a,9) xoHe SEM-EDX cypertepi (0) xepceriireH.
[onukpucranmapasiy Oertik emmemaepi Imagel) Oarmapiamachl apKbUTbl ©NIICHI.
DOneMeHTTepAiIH Tapaiybl MEH KpHCTangapAblH oprama enmemi 0,547 pm exenmiri
anbIKTanasl. COM HoTHKenepi Kocdasaasl HaHOMaTepHalia AIEMEHTTEPIiH MacCabIK
yJiecTepi TEOPHUSITBIK MOH/IEPTe COMKEC KEJICTiHIH KOPCeTe/Il.

KopsiTbinabl. 3eprrey OapbichiHAA FeO84Mr1I ,0, xone In  Fe O, uerizinme
QIbIHFaH KOMIIO3MTTIK MaTepHal CHHTE3/CNIN, OHBIH MOP(OJIOTHSIBIK >KOHE
KYpPBUTBIMABIK epeKiIenikrepi 3eprrenti. CHHTe3[ey YIIIH 30Jb-Telible HeTi3AeireH
[leunnn omici apkbUTbl OipKeJKi oHE KOFapbl (a3anblK Ta3aJbIKKa We KOMITO3UIIHS
anbiHabpl. POT HoTmKesepi 3epTTenreH MarepuangapAblH KPUCTAIIBIK KYPbUIBIMBIH
KoHe (azanblK KypaMblH aHbIKTayFa MyMKiHAik Oepai. Llleppep Tenneyi Herizinae
aJbIHFaH JepeKTep OOMBIHIIA KOMITO3MLMSUIBIK MaTepUall[bIH >KOFapbl WHTEHCHBTI
WIBIHJAApAaFsl  opTama KpHCTaLIMT —enmemaepi ecenrengi. COM  Tanpaysl
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MaTepuaiblH MHKPOKYPBUIBIMBIH JKOHE JJIEMEHTTIK Tapally KapTachlH 3epTTeyre
MYMKiHIIK Oepai. 10 pm MukpodoTocypeTinae OeTTiK KYpbUIBIMHBIH OpTalla eieMi
0,547 pum ekeni aspiktannel. OHiMHIE FTIR cnexrpiameri 666 cm ' mbiHbl Fe—O
xoHe Mn—O OainaHbICTapbIHBIH TepOeiicTepiHe coikec Kemeni, OyJl KOCBUIBICTHIH
KYPBUTBIMABIK €pEKIICTIKTEPiH pacTaiIpl. byl HOTHKE MaTepHaIbIH O1pKEJIKIIIri MeH
MOPQOTOTUSIIBIK TYPAKTBUIBIFBIH PACTANIBI.

Kanmel, anblHFaH HOTHXKENIEP Feo’gé‘MnI’uOfIno'leel.gSO3 KOMIIO3UIIUSIIBIK,

MaTepUabIHBIH ~KYPBUIBIMIBIK JKOHE MOPQOIOTHSUIBIK KAaCHUETTepiH CHUIaTTayfra
MYMKIHIIK Oepai. Angarsl 3epTTeylepae OChl MaTepHaIbIH IEKTPOTKI3TIIITIK KOHE
KaTaJIUTHKAJIBIK KACHETTEPiH 3epPTTEY KOJIFa ajbIHy/a.
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Abstract. This paper presents the results of a study of the synthesis, chemical
structure, and properties of new naphthyl-containing thioureas and thiosemicarbazides,
which are hybrid molecular systems. The main idea in this research was to try to create
"buildings-blocks" of a bioactive system molecule with a wide range and favorable profile
of hemorheological activity. In this context, naphthyl-containing compounds represent
as yet unexplored and promising research objects. In the article, the condensation of
naphthylisothiocyanate with hydrazides of pyridine carboxylic, 4-hydroxybenzoic and
N-morpholinylacetic acids developed optimal conditions for the production of new,
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previously unexplored naphthyl-containing thioureas and thiosemicarbazides, and
established their structures. The effects of the structural features of new compounds on
the rheological characteristics of blood are considered and the most promising samples
for further in-depth study of their specific biological activity (in vitro) are identified.
Results demonstrate the stability and validity of the applied experimental model. An
increase in blood viscosity may be associated with both an increase in hematocrit and
an increase in plasma viscosity, increased aggregation of red blood cells and a decrease
in their deformability. It was found that these incubation conditions cause a significant
increase in blood viscosity at a shear rate from 2 turnover-s™ to 60 turnover-s™', which
indicates the formation of a hyperviscous state. Among the eight new compounds
studied, 2-(2-morpholinoacetyl)-N-(naphthalene-1-yl) showed the greatest activity
hydrazino-1-carbotioamide, 2-(4-hydroxybenzoyl)-N-(naphthalene-1-yl)hydrazino-1-
carbotioamide and N-(naphthalene-1-yl)anabazino-1-carbotioamide, which helps to
reduce blood viscosity under conditions of induced hyperviscosity in vitro.

Keywords: naphthylisothiocyanate, hydrazides, N-aminomorpholine, thiourea,
thiosemicarbazide, plasma viscosity, incubation
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Annotamus: by )xympicTa THOPUATI MOJIEKYIAJBIK Kyiienep 00BN TaObLIaThIH
KaHa HaQTHIKYpaMJbl THOMOYEBHMHAIIAD MEH THOCEMHKapOasuATEp/iH CHHTE3iH,
XUMUSUTBIK  KYPBUIBIMBIH JKOHE OJapIbIH OHOJIOTHSUIBIK KAaCHETTEPIH KacHETTEpiH
3epTTEy HOTHXKEJIEePI KeJITIPUITeH. byl 3epTTey/iiH Heri3ri uaeschl OMOAKTUBTI KYHEHIH
MOJIEKyJIaJIapbl, KeH CIIEKTPII1 )KOHE KOJIalIbl TeMOPEOIOTHSUTBIK OSJICEHALTIK Mo HITiHe
ue Herizri "buildings-blocks" xypy opexeri Gonabl. byn Typrbiia HaQTHIKYpamIbl
KOCBUIBICTAp OJli 3epTTEJIMETeH JKOHE ©3€KTi 3epTTey HbICAHAAPHI OOJIBIN TaObLIAIbI.
Makanaga HaQTHUIU30THOLMAHATTBIH JKOHE MUPUIMHKAPOOH, 4-THIPOKCHOCH30M
koHe N-MOpPGOIUMHMII CIpKe KbIIKbUIIAPbIHBIH TUAPA3UATCPIMEH KOHJICHCAIMSICHI
HOTH)KECIHJIC JKaHa, OypbIH 3epTTeJIMEreH Ha(TUIKYpaMmIibl THOMOYCBHUHAIAP
MEH THOCEMHUKapOa3uITep/Ai alXy[dblH OHTAWIbl MIAPTTApPbIH d3IpJICHTEH, OJap/AbIH
KYpbUTBIMAApbl ~ OenrijieHreH. JKaHa HaQTHIKYpamIpl THOMOYEBHHANApD MEH
THOCEMHKApOa3uATEP KOCBUIBICTAPBIHBIH KYPBUIBIMABIK €PEKIICIIKTEPIHIH KaHHBIH
PEONIOTHSUIBIK CUTIaTTaMatapblHa ocepi KapacThIPBUIBII, OJIAP/IbIH HAKTHI OHOIOTUSUTBIK
OeJICeHALTITIH (in vitro) KEHiHHEH TEPEHCTII 3epTTey YIIiH €H NepCIeKTUBAIIBI YIIT1iIep
aHBIKTAIABl. JKyMbICTa ajbIHFAH FBUIBIMHA HOTHIKENEP KOJIAHBUIFAH TOXKIPHOEIiK
MOJICJIBJIIH,  3ePTTEYJIep HOTHIXKECIH/AE ajblHFaH JKaHa FhUIBIMH MOJIIMETTEPIIiH
TYPaKTBUIBIFBl MEH WIbIHAWBl KapaMJbUIBIFBIH KepceTemi. 3eprrey OapbIChIHIA
KaHHBIH TYTKBIPJILIFBIHBIH KOFapblUIaybl HET131HEH TOXKIPHOEiK HOTIKeNep OOMbIHIIA
TeMaTOKPUTTIH >KOFapblIaybIMEH JI€, TUIa3MaHbIH TYTKBIPIBIFBIHBIH JKOFapbLIAybIMEH
1€, DPUTPOLUTTEPIiH  arperanusChlHbIH  JKOFapblIaybIMEH JKOHE  ONap/blH
neopMalysIaHybIHBIH KOPCETKIIITEPiHIH TOMEHICyiMeH OaiilaHBICThI 00Tyl MYMKIH.
Byt MHKYOAIMSUTBIK XKaFaainap kepceTkimTepi 2 ain- ¢ '-aen 60 aiin-¢™'-re geiliH bIabICy
KBUIJAM/IBIFBIH/IA KAHHBIH TYTKBIPJIBIFBIHBIH CEHIMJII KOFapbUlayblH TYIbIPAThIHBI
AHBIKTAIIBI, OYJI 3epTTEyNi JKaHa 3aTTaplblH OCEPIHEH THIIEPBUCKO3IBI JKaFIaiIbIH
KaJbINTaCyblH KepceTeli. 3epTTeNleH Ceri3 jKaHa OpPraHWKaIbIK KOCBUIBICTAp/bIH
1nriHe 2-(2-moponunoaneTi)-N-(HadraneH- 1 -wi)ruapasuno- 1 -kapOooTHOaMuI,
2-(4-runpokcudensonn)-N-(HadTa-yieH- 1 -wi)ruapa3uHo- 1 -kapooTHOAMU T KOHE
N-(nadranen-1-wmn)anabazuno-1-kapOooTHOaAMUI, in vitro WHIYKLHUsIaHFaH
THIIEPBHUCKO3/IBIK JKaFIAibIH 1A KAHHBIH TYTKBIPIIBIFBIH TOMEHJIETYTE BIKIAJ STE/Ii.

Tyiiin  ce3mep: HadTwiM3zoTHOUMAaHAT, TUApasuarep, N-aMuHOMOpPQOIUH,
THOMOYEBHHA, THOCEMHUKap0Oa3uI, Tia3Ma TYTKBIPIBIFbI, HHKYOaIus

byn 3epmmeyoi Kazaxcman Pecnybnuxacvl Folnvim  oicone  dco2apvl  Oinim
Mmunucmpnieiniy Folnvim komunemi xaporcolianovipovt (1L BR24992921).
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AnHoTauusi: B Hactosmelt paboTe MpeACTaBICHBI PE3YIBTAThl HCCICIOBAHUS
CUHTE3a, XUMUYECKOTO CTPOCHHUS U CBOMCTB HOBBIX HA()TUIICOMEPIKAIIMX THOMOYCBUH
U THOCEMHUKApOa3uiOB, MPEICTABIAIONIUX COOOW THOPHUIHBIE MOJICKYJISIPHBIC
cucteMbl. OCHOBHAS W€ B ITOM HCCIIEIOBAaHUM 3aKIIOYanach B IMOMBITKE CO37aTh
Hay4HYy10 ocHOBY «buildings-blocks» MoseKynbl OMOaKTHBHON CHCTEMBI, 00JIaAar0IINI
IIUPOKUM  CICKTPOM OMOJIOTHYECKUX CBOMCTB W  ONArompusTHBIM poduiem
reMOPEOJIOTHUYECKON aKTUBHOCTU. B 3TOM KOHTEKCTe Ha(THIICOACPIKAIINE COCIMHCHNUS
TIPEICTABIISIIOT COOOH €IIe He MCCIICAOBAHHbIC U TIEPCIICKTUBHBIC OOBEKTHI UCCIICIOBAHNS.
B crarbe koHaeHcarmed HaQTHIM30THOIMAHATA C THAPA3UIAMHU TTHPHIMHKAPOOHOBBIX,
4-ruapokcrOeH30MHON U N-MOP(OIMHUIYKCYCHON KHCJIOT pa3padoTaHbl ONTHMAJIbHbIC
YCIIOBHSI TIOJIYYCHHUSI HOBBIX, paHEe HE M3YUYCHHBIX HA()THICOACPIKAIINX THOMOYCBUH U
THOCEMHKAPOa3H/I0B, YCTAHOBJICHBI KX CTPYKTYpPbl. PACCMOTPEHBI BIMSHUS CTPYKTYPHBIX
OCOOCHHOCTEH HOBBIX COCIMHCHUN Ha PEOJIOTHUSCKHE XapaKTCPUCTUKH KPOBH U
BBISIBJICHBI HAKOOJIEE TIEPCIICKTUBHBIC 00pa3iibl HOBBIX HA(DTHUIICOAEPIKAIIIMX THOMOUEBUH
Y THOCEMHKApPOa3UI0B JIJIsl MOCIICAYIOIIETO YITyONEHHOTO U3yUYEHUsSI UX CHEU(PUISCKON
Ouonornyeckoil akTuBHOCTH (in vitro). Pe3ynbraThl AEMOHCTPUPYIOT CTAOMIBHOCTD
U BaJIUAHOCTh MPUMEHEHHON HKCIEPUMEHTAJIbHOM MoOAenu. B  HcclieloBaHHBIX
YCIIOBHUSIX C HOBBIMH Ha()THIICOJCPKAIIMMH THOMOYEBUHAMM U THOCEMHUKapOa3uIaMu
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MOBBIILICHHUE BSI3KOCTH KPOBU MOXKET OBITh CBSI3aHO KaK C yBEJIMUEHHEM IreMaTOKPHTA,
TaK W C TIOBBIIICHUEM BSI3KOCTH IUIa3Mbl, YCHJICHHUEM arperanid SpPUTPOIMTOB H
CHIDKCHUEM HX JeOPMUPYEMOCTH. YCTAHOBIIEHO, YTO JIAHHBIC YCIOBHS HHKYOAIMu
BBI3BIBAIOT JIOCTOBEPHOE MOBBIIICHHE BA3KOCTH KPOBH IIPU CKOPOCTH CIBHUTra OT 2
06¢c! 1o 60 06¢’!, uTo cBUIETENBCTBYET O (POPMHUPOBAHUU TMIIEPBA3KOTO COCTOSHHUSL.
Cpeau BOCBMH HCCIICIOBAaHHBIX HOBBIX COCAMHEHMH HaMOONBINYI0 aKTHMBHOCTD
nposiBuin 2-(2-mopdonunoanerun)-N-(HadTanen-1-mi) rugpasuno- 1 -kapooTHoamMu,
2-(4-ruppokcudenzonn)-N-(Hadranes- 1 -nin)ruapazuHo- 1 -kapooTrnoaMu u
N-(nadranen-1-wmn)anabazuHo-1-kapOoTHOAMUI, Hambomee CITOCOOCTBYIOIIHE
CHIDKEHHMIO BSI3KOCTH KPOBH B YCIIOBHSAX MHIYLIMPOBAHHON TMIIEPBSI3KOCTH in Vitro.

KaroueBble ciioBa: HadTHIM30THONMAHAT, TUAPa3uabl, N-aMHHOMOP(OIHH,
THOMOYEBHHA, THOCEMHUKapOa3n, BI3KOCTh IJIa3Mbl, ”HKYOUPOBaHHE

Uccnedosanue evinonrneno npu  Qurancosoii. noodepicke Komumema Hayku
Munucmepcmea nayku u evicuieco obpazosanus Pecnyoruxu Kazaxcman (111]D
BR24992921).

BBenenune. XuMuUecKHe «CTPOHMTENbHBIC  OJOKW»  SIBISAIOTCS  BayKHBIMH
KOMIIOHEHTaMH, KOTOpbIE CTUMYJIUPYIOT WHHOBAllMM B PAa3JIMYHBIX OTPACIAX, OT
(dapmaleBTHYECKUX TIpenaparoB 0 MarepualioBe/icHUs. OTH (yHAaMeHTaJIbHbIC
MOJIEKYJIbl 00pa3ylOT OCHOBY OECUMCIIEHHBIX IIPOLYKTOB, YTO MO3BOJIIET YYEHBIM
pa3pabarbiBaTh HOBBIE MaTEpUalbl, JIEKapcTBa ¥ TexHosioruu. 11o Mepe npoxBrxeHust
HCCIICIOBAHUS, CIIOCOOBI, C MOMOLIbIO KOTOPBIX XUMHUYECKHE CTPOUTEIbHBIC ONOKH
CHUHTE3UPYIOTCS M HCIOJB3YIOTCS, MPOIODKAIOT pa3BuBaThes. CeroiHs mepenoBble
WHHOBAIIMK MEHSIOT JaHAma(T XUMUH, pa3IBUras TpaHuIbl TOr0, YTO BO3MOXKHO. B
9TOM OTHOIICHHUHU B TIOCJIEHHE TOJIbI OOJIBIIOE 3HAYCHUE B HAYYHOU cpejie pruodpesu
OTKpPBITHE U pa3paboTKa THOPUIHBIX JICKAPCTBEHHBIX MPENapaToB CO 3HAYUTEIBHBIM
Oouonornueckum npoduiaeM. OCHOBHAsI Ulesl B 3THX HCCICIOBAHUSIX 3aKIIIOYAIach B
MOTBITKE CO3/1aTh MOJICKYJbI JIEKAPCTBEHHBIX CPEICTB, 00NaJarolNX MaKCUMalIbHOM
TEpaneBTUYECKONH aKTHBHOCTBIO M LIMPOKUM criekTpoM aeictuii (Dobrovolskyi et
al., 2019). 310 00BICHSETCS OKUIAEMBIMH [TPEUMYIIECTBAME I'MOPUIHBIX TPENapaToB
[0 CPaBHEHUIO C MOHOKOMITOHEHTHBIMH (Oombinel 3(h()eKTHBHOCTHIO, YCKOPEHHBIM
HactymuieHneM 3¢ dexra, 0ombIneii 6€30IMacHOCTRI0 U JIYUINECH MepeHOCUMOCTBIO TIPH
conoctaBuMoi 3(P(eKTUBHOCTH) 3a CUET NMPUMEHEHHs Ooyiee HM3KHX /103 OIHOTO
WIA HECKOJbKMX KOMIIOHEHTOB KOMOHMHAIMM, a TaKke YJOOCTBOM NPUMEHEHHS
(YMEHBIIEHHEM KOJIMYECTBA OIHOBPEMEHHO MPHHUMAEMBIX TaONETOK, YIPOILEHHEM
cxembl mipuema) (Poplavskaya et.al.,, 1983). Kpome Toro, mpumeHeHue ruOpuUIHOTO
mpenapara B psAA€ CIydyaeB II0O3BOJIAET YMEHBIUUTh YaCTOTY BO3HUKHOBEHMS
HE)XeJIaTeIbHbIX PEaKLUi Ha ONH U3 KOMIIOHEHTOB KOMOMHAIIMY WJIN 5K€ OCYILLECTBIIATh
TEpanyio OAHOBPEMEHHO CYIIECCTBYIOIIMX (COMyTCTBYIOUIMX) 3a00JieBaHUN ¢
pasnmuunbiM matoreHe3oM (Dobrovolskyi et al., 2019). B nacrosieii pabore Hamu
MPeACTaBICHBI PE3YJIBTaThl UCCIIEIOBAHMS CHHTE3a U TeMOPEOJIOrHYECKON aKTHBHOCTH
HOBBIX Ha()THIICOIEPIKAIIMX THOMOYEBHH M THOCEMHUKApOa3UI0B Ha MOJICIIA CHHIPOMA
MOBBILIEHHOW BSI3KOCTU KPOBH in Vitro.
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Cepooprannyeckie COeIMHEHUs IPEACTABIAIOT COO0H OIUH M3 Haubosee UIMPOKO
pacnpocTpaHEHHBIX U UCCIEAYEMbIX KJIACCOB OPTaHMYECKUX BELIECTB, 00JIaaloINX
YHUKaJIbHBIMUA (U3UKO-XMMUYECKHMMH CBOMCTBAMH W BBICOKMM OHOJOTMYECKHM
noreHuuanoM. Wx wmuorooOpasue u (yHKUMOHAIbHAs THOKOCTH OOYCIOBJIMBAIOT
LIIMPOKOE MPHUMEHEHHWE HMX B KauyeCTBE JIEKAPCTBEHHBIX IIPEMaparoB, a Takke B
CHHTE3€ JIPYTuX OHMOJIIOTHYECKH aKTUBHBIX COCOMHEHHH, HaXOOIIIMX NPUMEHEHHE B
(apmaleBTHYECKOM, arpoxuMuieckoil u OuorexHonornueckoir orpacisix (Fedorova
et al,, 1998). XuMmnueckoe CTpPOCHHE CEPOOPTaHMUYECKUX COEAWHEHHWH OTIMYacTCs
Ype3BbIUAHBIM pa3HOOOpa3ueM, 4To 0OYyCIIOBIEHO COAEpKaTh (PparMeHThl C TAKUMH
tunamu cBsizel, kak C—S, C=S, SH, C—N-S u ap. (Hogue et al., 1992; 1993). OcoOyto
HAyYyHYI0O M MPaKTHYECKYI0 LEHHOCTb CpEeId CEePOOPTaHMUYECKUX IPOU3BOTHBIX
MPEACTABISIIOT COeTUHEHHUS] HA OCHOBE THOCEMHKap0a3ua0B U THOMOUYEBHHBI, KOTOPbIE
MOJTYYMIIH IIUPOKOE PACHPOCTPAHEHHUE B KadeCTBE KOMIIOHEHTOB AaHTHMMHUKPOOHBIX,
MPOTUBOTYOCPKYIEZHBIX M JIPYTUX JIEKAPCTBEHHBIX CPEICTB. DTH BEILECTBA HAIIH
LIMPOKOE MPHUMEHEHHWE B KauyecTBE IJIATGOPMBI Uil pa3padOTKH aHTUMHKPOOHBIX
Mpenaparos.

Hadtunconepxamue  mpou3BoAHble, o00azasi  BBICOKOW  aHTHMHUKPOOHOM
AKTHBHOCTBIO W 3HAYMUTENBHBIM (apMakoiornueckuM mnoteHuuanom (Sycheva et.al.,
2019), Hauu mWupokoe nmpuMeHeHue B hapmakonoruu. X cmocoOHOCTh K y4acTHIO
B Pa3sHOOOpPA3HBIX XUMHUYECKHUX MOAMMDUKAIMAX OTKPHIBAET BO3MOMKHOCTH JUIS
HalpaBJICHHOTO CHHTE3a COEIMHEHWH C 3amaHHBIMH cBoicTBamu (Marzaro, et.al.,
2019). B To ke BpeMsi Takue THOpUIHBIE MOJEKYJSpPHBIE CHCTEMBI, OCHOBaHHBIC
Ha COYCTaHWH HAQTHIOBBIX (pParMeHTOB ¢ (YHKUMOHANBHO 3aMEIIEHHBIMH
THOMOYEBHHAMH U THOCEMHUKapOa3uaaMH, OCTAlOTCS CPAaBHUTEIBHO MaJIOU3yYCHHBIMH,
4TO0 OOYCIIaBIMBAET aKTyaJdbHOCTh MX JAJILHEHINEro MCCIEAOBaHUS. Takue CUCTEMBI
00J1a/1a10T MOTEHIIMAIOM K MPOSIBIICHHUIO BaKHBIX OMOJIOTMYECKUX CBOMCTB CyOCTparoB,
BKJTIOUYasi BRICOKYIO ah(OUHHOCTD K OMOMHUIICHSIM Ha KJIETOYHOM YPOBHE H YIYUILICHHbIE
(dapmaxoknHeTHueckue xapakrepuctuki (Feminaet.al.,2019; Jelenet.al.,2015). Cnenyer
OTMETHUTb, YTO MATOJOTMYECKUE U3MEHEHUS PEOIOTHIYECKUX CBOMCTB KPOBH 3aHUMAIOT
KIIIOUYEBOE MECTO B MATOreHe3e psja TSHKENBIX XPOHHMUYECKHX M OCTPBIX 3a00JIeBaHUH,
TaKdX Kak MIIEMHYECKHH MHCYNBT, HHPAPKT MHUOKapJa, TUIEPTOHUYECKas OONe3Hb,
OpoHxuanbHas acTMa, caxapHbiii uadet u apyrue (Walker et.al., 1981; Gabrielyan et.al.,
1985). HecmoTpst Ha HOCTHKEHUS B OONIACTH M3YyUYCHHS MOJIEKYISPHBIX MEXaHHU3MOB
HapylIeHUH TEeMOPEOJIOTHH, apceHal 3(PQPEKTUBHBIX (apMaKOJIOTHMYECKHX CPEICTB,
CIIOCOOHBIX KOPPEKTHPOBATh NaHHbIE M3MEHEHHS, OCTaéTcsi KpalHe OrpaHMYCHHBIM
(Muraviev et.al., 2009). Ha cerogHamHuii IeHb HauOojee IIUPOKO MPUMEHSIOTCS
npernaparbl, TaKue Kak MeHTOKCU(DUILTHH, KIOMHUAO0Tpell, THKIONHINH, aCTUPHH, a TAKKE
runonunuaeMudeckue cpenacrea (Zborovskyi et.al., 2003). OgHako ¥X UCTIOIB30BAHUE
COMPSKEHO C PSIIOM OrpaHUYCHUH, 00yCIOBICHHBIX HEOCTATOUHON 3 (HEKTUBHOCTHIO
U BBICOKOH 4acTOTO# M0O0UHBIX 3(p(heKToB, BKIIIOUAs AUCIENTUYECKUE PacCTPOiicTBa,
KHLIEYHbIE KPOBOTEUEHHS, KOKHBIE TeMOpparuu, JeUKONEeHUIO, TPOMOOIIUTONICHUIO H
arpaHyJoIHTO3.

VYkazaHuble 0O0CTOSITENbCTBA OOYCIIAaBIMBAIOT HEOOXOOUMOCTH IOWCKA HOBBIX
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KJIACCOB COETUHEHUH, 00aaloINX BBIPAKEHHON reMOpPEoIOTnYecKoi aKTHBHOCTBIO
1 OnaromnpusaTHBIM mpoduieM O0e3onacHocTH. B 3ToM KoHTeKcTe HadTHIICOIEpKALIHe
THOMOYEBMHBI W  THOCEMHKAapOa3uabl TPENCTABISIOT CcOOOM  MepcreKTHBHBIC
OOBEKTBHl HCCIIENOBAaHUs, CIIOCOOHBIE CYIIECTBEHHO IIOMOJHHUTh apceHasl CPEICTB
(hapMaKoNOrMYecKoil KOPPEeKLUUH TeMOpPEONIOTHYEeCKUX HapymeHud. B cepun
HCCIIeIOBaHUH, MPOBEAEHHBIX Ha 0a3ze HalnmoHanbHOroO IIeHTpa OMOTEXHOJIOTHH, OBLIO
YCT@HOBJICHO HAJIMYHME TEMOPEOJIOTHYECKON aKTUBHOCTH y psiia HaTHUICOAEPKAIINX
THOMOYEBUH M THOCEMHKapOa3ua0B, YTO MOATBEP)KAAET MEPCIEKTUBHOCTH AaHHBIX
COCAMHEHHMH JUId JajbHedInedl pa3paboTku HOBBIX J(P(EKTUBHBIX KOPPEKTOPOB
HapyILIeHUH peosornieckrux cBorcTB kpoBHu (Roitman et.al., 2003). Llenbro HacTosIeH
paboThI IBUIIOCH HANIPABJICHHBIN CHHTE3 U M3y YeHHE BIMSIHUS HOBBIX HAQ TUIICOAEPIKALLINX
THOMOYEBUH U THOCEMHKapOa3WIOB, Ha PEOJIOTHUECKUE XAPAKTEPUCTHKH KPOBU H
BBISIBJICHHSI HAHOOJIee MepPCIeKTUBHBIX KaHIUAATOB IS OCIEAYIOMIEro YIIyOnéHHOTO
W3YYCHHS X CTIEHU(PUIECKON OMOMOTHUECKON aKTUBHOCTH.

Marepuaast u Meroasl. C 1enpl0 paciIUpeHHss apceHana OMOAKTUBHBIX
COCAMHEHHH HaMHM CHHTE3MpPOBaHBbl 7 HOBBIX Ha(THICOAEpKAIIMX THOMOYEBHH U
THOCeMHKapOa3umoB 1-7.

CocrtaB u crpoenue coenunenuii 1-7 moarBepxxacusl gandbiMu K-, SIMP 'H- u
BC-cniekTpockonuy, a Takxke JaHHbIME JByMepHbIX criektpoB COSY ('H-"H) 1 HMQC
('H-13C).

Crexrpel SIMP 'H u "*C caumamu Ha crniekrpomerpe JNM-ECA Jeol 400 (uactora
399.78 u 100.53 MI'l cOOTBETCTBEHHO) ¢ UcMoNb30BanueM pacteopurenedt IMCO-d, n
CDCI,. XuMu4ecKue CABUTH M3MEPSIIA OTHOCHTENIBHO CUTHAIIOB OCTATOYHBIX TIPOTOHOB
WJIM aTOMOB yIiiepofa aeitepuposanHoro pacrsoputens. UK criexrper 3anucsiBamm Ha MK
®ypee-cniekrpomerpe PCM 1201 B Tadmnerkax KBr B o6macti 400-4000 cm'. DnieMeHTHbIH
anamu3 (C,H,N) Bemonusim Ha npubope EuroVector Elemental Analyser. Temmneparypst
IUIaBJeHus omnpenessu Ha npudope «SMP10». TCX ananu3 BBITOMHSIIN HA TIACTUHKAX
Silufol UV-254, npossnsim napamu Hoza.

Obwas memoouxa noxyyeHus Hapmuicooepaicauwux muocemuxapoazudos (1-5).

K cmecn 0,0027 wmmons ruapasuna  (M30HUKOTHHOBOM, HUKOTHHOBOM,
N-MopdonuHOyKCYCHOH, 4-rHApOKCHOSH30MHOM KUCIIOT) 1 aMUHOMOP(HOITHMHOM B 15 M
sTanona gooasmsu npu nepemerirBanuu 0,0027 mmons 1-HadTrnM30THONMAaHATA B 15
MJI 3TaHoNa. PeakliMoHHYI0 cMech nepeMenuBaiy npu remmeparype 90°C teuenue 3-5
Y, MPOAYKT OTPUIBTPOBAIH, CYLIMIN U TIEPEKPUCTAIUIN30BBIBAIIN U3 U30MPOMHIOBOTO
CIHpTA.

N-(HadraseH-1-u1)-2-u30HUKOTHHOWITHAPA3UHO-1-kapOoTuoamun (1). Beixon
1 cocraBun 0,75 r (86,7%), T. 1. 221-225°C.

N-(Hadrasen-1-u1)-2-HUKOTUHOMJATHAPa3uHo-1-kapooTtuoamua (2). Brixox 2
cocrasmi 0,70 T (80,4%), Genbiii mopomiok, T. . 202-204°C.

2-(2-Mopdoannoanerna)-N-(HapTanen-1-uia)-ruapasuno-1-kapooTuoaMmug
(3). Beixon npoaykra 3 cocrasui 0,9 r (93%), 6emnbiii mopomiok, T. mi. 207-208°C.

2-(4-rugpoxcudenszons)-N-(nadranen-1-un)-ruapasuno-1-kapooruoamua (4).
Beixon nponykra 4 cocrasui 0,4 r (44,5%), 6enbiii mopomiok, T. 1. 198-200°C.
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1-Mopdonuno-3-(nadgranen-1-ua)tuomoueBuna (5). Brixom npomykra 5
coctaBuia 0,62 1 (80%), cBETINO-KENTHIM MOPOLIOK, T. 1. 164-165°C.

Obwas memoouxa noryyeHus Hapmuicooepaicauux muomodesur (6-7).

K cmecu 0,0027 mMmonbs  ankamouna (UMTU3WH M aHabasuH) B 15 mu 3raHona
nobasmsun nipu niepememuBanuu 0,0027 mmonb 1-HadTHIM3OTHOIMAaHATA B 15 M
sTaHona. PeaknuoHHylo cMmech nepeMemuBanu npu temmneparype 90°C teuenue 1-2
4, MPOAYKT OTPUIBTPOBAIH, CYLIMIN U TIEPEKPUCTAIUIN30BBIBAIIN U3 U30MPOMIIOBOTO
CIHpTA.

IN-(Hadranen-1-un)untuzuno- 1-kapootroamus (6). Beixon 6 coctabun 0,92 1(94%),
0eJIbIil MOpOLIOK, T. 1. 260-262°C.

N-(Hadranen-1-mn)anadazuno-1-kapootnoamu (7). Beixox 7 coctasun 0,65 T (72%),
OeJtbIil MopowIoK, T. . 163-165°C.

Pesyabrarsl 1 00cy:Kk1eHHe.

Uszyuenue  cemopeonocuueckoi  akmusnocmu.  JIns  TEpBUYHOM  OLEHKH
reMOPEOJIOTNYECKON aKTHBHOCTH MCCIIElyeMbIX COSJMHEHHUI ObliIa UCTIONIB30BaHa in Vitro
MOJIeNTb CHHAPOMA MOBBIIIeHHOW BsizkocTH KpoBu (CIIBK), cnenmansHo paspaboranHas
JUTsl BOCHIPOU3BEACHHMS KITFOUEBBIX MATOJIOTHYECKUX M3MEHEHUH PEOIOTMUECKUX CBOWCTB
KPOBH, XapakTEpPHBIX [JIsl Pa3iMYHBIX KIMHHYECKUX cocTosHui. lcnomp3oBanue
JaHHOW MOJeIn OOYCIIOBICHO €€ BBICOKOW BOCIPOM3BOAMMOCTBIO, (PH3HUOIOTHYECKOM
PETEBAaHTHOCTBIO U BO3MOYKHOCTBIO KOJMYECTBEHHOH OLEHKH 3()D(PEKTOB TECTUPYEMBIX
coequnenuit (Gabrielyan, et.al., 1985). Moznens runepBs3KOCTH BOCIIPOM3BOAMIN MTYTEM
MHKyOanuu o0pa3uoB KposH 1pu temreparype 43,0°C B TedeHne 60 MUHYT. YCTaHOBJICHO,
YTO BO3JIEHCTBUE YKA3aHHBIX TEMIIEPATYPHBIX YCIOBHH MPUBOOUT K IOCTOBEPHOMY
YBEJIMUCHHUIO BA3KOCTH KPOBH 32 CUET YCUIICHUSI arperalyiy S5PUTPOLUTOB M CHIDKEHUS UX
nedopmupyemoctr. Takue M3MEHEHHUS SIBISFOTCSI KITIOUEBBIMH MEXaHM3MaMH Pa3BUTHS
reMOPEOJIOTHYECKUX HapYILIeHUH, XapaKTepHBIX I IIUPOKOTO KpPyra COCYIHCTBIX H
Metabonnueckux naronoruit (Gabrielyan et.al.,, 1985). U3mepeHne BA3KOCTH KpOBH
MPOBOAMIIM C HCIIONB30BaHUEM pOTaLMOHHOTO BUckozumeTpa Brookfield DV2T, uyro
MO3BOJSIO  (PUKCUPOBATh M3MEHEHHMS! BSI3KOCTH Ha Pa3iHYHBIX CKOPOCTSIX BpalCHHS
mmuaaens (2, 4, 6, 8, 12, 20 u 40 06¢!). Takoit moaxon obecrneynBaeT KOMITICKCHYTO
OLICHKY BIMSHUS COCAMHEHHH KaK Ha Ie(OpMHUPYEMOCTb SPUTPOLIMTOB MPH BBICOKUX
CKOPOCTSIX CHBHra, TaKk M HAa MX arperanuoHHbIe CBOMCTBAa MPH HU3KUX CKOPOCTSIX
(Gabrielyan et.al., 1985). KpoBb oTOHMpanu y 3M0pOBBIX caMIIOB KpbIC mopoabl Wistar,
410 obecreynBaio CTaHAapTU3aLMI0 Ouonornyeckoro marepuana. [locme ompenenenus
WCXOAHBIX 3HAYEHHWH BS3KOCTH, MPOObI MHKYOMpPOBAIM C HCCIEAYEMBIMH BEIECTBAMH
(xoneunast kourentparwms 10-1r/mm) B cpene JIMCO mipu 43,0°C B Teuenue 60 MUHYT.
KontponbHble mpoObl comepkanu 3kBHOObEMHOE KommyecTBO JIMCO 06e3 aKTHBHBIX
coequHeHU. Takol MPOTOKOJI TO3BOJISUT MHUHHMH3MPOBATh BIMSHHE PACTBOPUTEINS Ha
peoNoruueckrie CBOMCTBa KPOBH M OOBEKTUBHO OLCHUBATH JCHCTBHE TECTUPYEMBIX
coenuHenuil. Vcrnonb3oBaHue AAaHHOM in Vifro MOAENW MPEAOCTABUIIO BO3MOKHOCTb
nmutrpoBars CIIBK B ycnoBusx 1a00paTopHOTo 3KCTIEPUMEHTA, YTO SIBISETCS BaKHBIM
WHCTPYMEHTOM JJIi PaHHEro BBIABICHUS M TMPEABAPUTENILHOIO CKPUHHMHTA BELIECTB C
MOTEHIMATBLHBIM FeMOPEOSIornIecKiM dpdextoM (Tadbmuua 1).
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Ob6cyxnenne pesyasraroB. M3 nuteparypsl m3BectHo (Sinicropi et.al.,, 2022),
YTO MHOTHE THAPA3HIbl SIBISIOTCA HE TOJBKO BaKHBIMH (apMaKOIOTHYECKH
AKTHBHBIMHU JICKAPCTBEHHBIMH peraparaMy U NPOSBISIIOT IUPOKHHA CIIEKTP BBICOKON
(u3noNIOTNYeCcKOl aKTUBHOCTH, HO M CITYKaT UCXOIHBIMU CHHTOHAMH JUTS TaTbHEHIINX
Moaupukanuii. OZHUM W3 U3BECTHBIX METOJOB MCIOIb30BaHMS THAPA3HIOB SBISETCS
METO/I ITOJYYEHHS Ha UX OCHOBE THOCEMHUKapOa3uIHOTO KapKaca, IOCKOJIbKY U3BECTHO,
YTO MHOTHE THOCEMHUKapOa3HIHble U THOAMHUAHBIC MPOM3BOAHBIC (THOALETa30H —
THOCEMHUKapOa30H M-alleTaMHUHOOSH3aIbACTHIA, A-METHIOCH3HITHOMOYEBHHA U JIp.)
00aaoT 0aKTepHOCTaTHYECKOH M MPOTUBOBUPYCHOM aKTMBHOCTHIO (Soroceanu et.al.,
2022). M3oTnonuaHaTHeIi cnoco0, BBHIAY CBOEW BBICOKOH PEaKIMOHHOM CHOCOOHOCTH,
MO3BOJISIET BBECTH B CTPYKTYPy THIPAa3HAOB THOAMUAHYIO TPYIMIy € 00pa3oBaHHEM
THOCEMHKapOa3UIOB, UTO HE TOIBKO PACILHUPSIET TPAHULBI MOITU(DUKALIIH STHX COSANHEHHH,
HO M MOYKET TIPHMBECTH K BO3HMKHOBEHHIO HOBBIX BHJOB OMOAKTHBHOCTH U BO3MOKHOMY
CHW)KCHUIO TOKCMYHOCTM coenuHeHnid. KonpeHcamumeld Ha@TUIM30THOLMAHATA C
THAPa3uIaMy TIHPUANHKAPOOHOBBIX, 4-THAPOKCHOCH301HHOM 1 N-MOP(QOTHMHIITYKCYCHOM
KUCJIOT, a TaKKe aMUHOMOP(OIMHOM B CIMPTOBOM pacTBOpE MpPU SKBUMOJILHOM
COOTHOIICHHH UCTIONIB3YEMBIX PEareHTOB ObUTH CHHTE3UPOBAHBI X THOCEMHUKapOa3UIHbIC
riporsBosiHbIe (1)-(5), HoTeHIMANIBEHO 00IaIaroIIMe OHOIOrMYeCKON AKTUBHOCTBIO.
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BUK-cnekrpax cunTe3upoBaHHbIX coenunenuit (1)-(5) uMeercs monoca noraomeHus
B obmactu 1519-1500 cm!, xapakrepuas mms C=S Tpymnmbl THOCEMHKapOA3UIHOTO
¢parmenTa, nonocsl noromenus amuaHoi rpynmnbsl C(O)NH nposBisttores B odnactu
1682 cm’!, rpynna NH nposiBisieTcs: B Bujie MKa CpeAHeH MHTEHCUBHOCTH mpu 3279-
3236 cm! (pucynku 1 u 2).
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Pucynok 1 - UK-criekrp N-(nadranen- 1-mi)-2-HIKOTHHOMIT- THApa3HHO-1-kapOoTrHoamua (2)

100 —
a0 _
&0 7
40 7
20 :

1519.99.1.414 3236.73,1.416

168202, 2.484
fstn 1000 1500 2000 2500 3000 3500 f

Pucynok 2 - UK-cniektp 2-(2-mopdommnoanetin)-N-(Hadranes-1-mm)- ruapasuHo- 1 -kapoornoamuz (3)

B cuexrpe SIMP 'H coenunenus (5) mopdoaunossie mpoTonsl H-3ax,5ax,3eq,5¢q u
H-2ax,6ax,2eq,6eq nposIBUIUCH IBYMsI YETHIPEXITPOTOHHBIMU MYJIBTUILIIETOM Ipu 2.71-
2.93 u 3.51-3.75 m.xa. coorBercTBeHHO (prucyHok 3). HadranmuHoBbie mpotonsl H-14-
17,18-20 u TnoamuiHbIi 1poToH H-7 nposBMIINCh BOCBMUIIPOTOHHBIM MYJIBTHUILIETOM
npu 7.07-8.33 m.a. Tuoamuaneiii npotroH H-10 peructpupoBaics OJHONPOTOHHBIM
MyJbTUILIETOM I1pH 9.18-9.39 M. 1.
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Pucynok 3 - AMP 'H-criekrp 1-mopdomun-3-(nadrasen- 1 -um)rnomoueBuna (5)

B cnekrpe SIMP 3C coemuHeHHs CUTHAbI YIIIEPOIHBIX aTOMOB MOP(HOIHHOBOIO
(parmenra nposBuick npu 55.54 (C-3,5) u 66.55 (C-2,6) m.a. (pucyHok 4). ATOMBI
yriepona HadramuHOBOTO (hparmMeHta mposiBuiuck mpu 121.64 (C-18), 125.11 (C-
15), 125.35 (C-16), 126.28 (C-20), 126.58 (C-17), 127.55 (C-14), 128.65 (C-19),
129.67 (C-12), 133.36 (C-13), 134.45 (C-11) m.a. TuoamuHslii yrieponssiii atom C-8
pe3onupoBai pu 179.72 m.x.
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Pucyrok 4 - AMP "*C-criekrp | -mopdomun-3-(Hadranen- 1 -um)rnomoueBuna (5)

CrpoeHue coenuHEHHsT OBUIO MOATBEPXKACHO TaKXKE METOIaMU JBYMEPHOI
criekrpockornuu SIMP COSY ("H-"H), HMQC ('H-"*C) u HMBC ('H-'*C), no3Boustromieit
YCTaHOBUTH CIIMH-CIIMHOBBIC B3aMMOJICHCTBUS TOMO- U TETEPOSIEPHON IMPHUPOIBL.
Ha6monaembie koppemsinuun SIMP COSY ('H-'H) u HMQC ('H-"*C) B monekysie
MIPEJICTaBIICHbI HA PUCYHKE 5.

B cnektpax 'H-'"H COSY coeauneHys HAOTIOAAIOTCS CIIUH-CITUHOBBIC KOPPEISAIUH
4yepe3 TPH CBA3U MPOTOHOB COCCTHHX METHJIEH-METHJICHOBBIX rpyrim H3»Sax-H3ed.e
(2.73,2.98 1 2.98, 2.73), H3=sx-H2x6x (2 .69, 3.50 u 3.50, 2.69) m.1.

['ereposinepHbie B3aMMO/IEHCTBYSI IPOTOHOB C aTOMaMU yIJIepojia Yepe3 OJ{HY CBSI3b
ObLIM yCTAHOBJICHBI ¢ TOMoIIbI0 crekrpockonuu 'H-PC HMQC mist crneayromux
HPHUCYTCTBYIOLINX B coeuHeHnH nap: H¥*5%-C33(2.71, 55.64), H**454-C35(2.99, 55.56),
H2ax6x C26 (3,51, 66.60), H>6<0-C2¢(3.80, 66.60), H'°-C" (7.69, 128.00), H'-C'7 (7.36,
126.45), H'3-C'®(7.67, 121.48), H'*-C'®(7.71, 125.04) m.x1.
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PucyHok 5 - Cxema koppersiuuii B criektpax COSY ('H-'H) (a),
HMQC ('H-3C) (6) coenunenus (5)

B crmektpe SIMP 'H coenunenus (7) NMUNIEPUANHOBBIC MPOTOHBI aHAOA3MHOBOTO
¢dparmenTa H-10ax,10eq,11ax,11eq IPOSIBUIINCH YETBIPEXITPOTOHHBIM
myasturuieroM npu 1.07-1.60 m.a. IMunepuaunoBeie nporonsl H-12ax u H-12eq
PErUCTPUPOBAIUCH OJHONPOTOHHBIMU CHHIVIETOM M MynbTUIuieToM npu 1.89 u 2.11-
2.26 m.a. coorBeTcTBeHHO. [lnnepuaunosbie npotonsl H-9ax u H-9eq mposiBuiuce
OTHOTIPOTOHHBIMHU MyJabTUILieTaMu npu 2.87-3.02 u 4.07-4.42 M.A. COOTBETCTBEHHO.
[MunepuauHoBeIi NpoToH H-7aXx nposBUiICS 0JHONPOTOHHBIM MYJIBTUILIETOM MPH 6.27-
6.44 m.1. [TupuarHOBEIE TPOTOHBI aHA0a3uHOBOTO pparmenTa H-2,6 perucrpuposaimch
JBYXIPOTOHHBIM MynbTUIUIETOM Ipu 8.34-8.70 M.n. OcrtaBumimecs NHPHUIANHOBBIE
nporonsl H-4,5, Tnoamuasiii npoton H-15 n HadTanumHOBBIC apoMaTHieCKHE TPOTOHBI
H-23-25,19-22 nposBUIUCh 1€CATUIPOTOHHBIM MYJIBTHIIIIETOM ITpH 7.14-7.94 m.1.

B cniekrpe SIMP *C coenunenust (7) cUrHasIbl yIIIEPOIHBIX aTOMOB ITUIIEPUANHOBOTO
¢parmMenTa aHaba3MHOBOM TPyl posiBUIKCH mpu 18.79 (C-11), 24.97 (C-10), 27.34
(C-12), 45.22 (C-9) u 57.72 (C-7) m.n. Atomsl yriepoja NUPUAMHOBOTO (pparmMeHTa
aHa0a3MHOBOW TPYIIIbI peructpupoBaiuchk npu 127.33 (C-5), 134.31 (C-4), 136.33 (C-
3)u 148.26 (C-2,6) m.1. AToMBI yriepoaa Had TaTMHOBOTO (hparMeHTa NpOsSIBUIINCH IPU
123.28 (C-23), 125.42 (C-25), 126.32 (C-17), 126.64 (C-24), 127.17 (C-19,20), 127.33
(C-21,22), 128.43 (C-18), 129.55 (C-16) m.a. Tuoamuanslii yriepomasiii arom C-13
pe3onuposai mpu 185.48 m.1.

Crpoenue coemuHenus (7) ObUIO TOATBEPXKICHO TaKKE METOJAMHU JBYMEPHOM
cnexkrpockoruu SIMP COSY ('H-'H) u HMQC ('H-!3C), no3Bosstoiieii yCTaHOBUTD
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CTIMH-CIIUHOBBIC B3aUMOJEHCTBUS TOMO- U TeTeposaepHOil mpupoabl. Habmomaembre
koppensiuu SIMP COSY (‘H-'H) 1 HMQC ('H-'*C) B mosekyae mpencTaBieHbl Ha
cXeMax.

B cnekrpax 'H-'H COSY coemunenust (7) HaOMIOMAIOTCS CIHH-CIIMHOBHIC
KOPPEJSAIUK Yepe3 TPU CBA3M MPOTOHOB COCETHUX METHH-METHHHBIX Tpyrm HP*-H%
(2.90,4.24 u 4.24,2.90), H>-H® (7.15, 8.35 u 8.35, 7.15) m.x1.

TeteposiiepHble B3aMMO/ICHCTBUS TPOTOHOB C ATOMAMH YIJIEPO/Ia Yepes3 OIHY CBSI3b
ObUTH YCTAHOBICHBI ¢ momoIneio crnekrpockormu 'H-BC HMQC mis cremyronmx
MPUCYTCTBYIOIUX B coenunennu (7) map: H''*-C!'(1.41, 19.00), H''*-C!' (1.57, 19.00),
H10ax10e00_C10 (1 42 24.84), H>>*-C!2(1.88, 27.22), H!>4-C!2(2.14, 27.23), H**-C?(2.91,
45.12), H*9-C?(4.19, 45.17), H™>-C7(6.27, 57.74), H**-C*¢(8.37, 148.24), H*-C*(7.50,
134.77), H*-C° (7.34, 126.46), H*-C* (7.19, 123.82), H*-C* (7.67, 127.86), H*-C*
(7.74, 122.40) m.n.

PucyHok 6 - Cxema koppernsinmii B ciekrpax COSY ('H-'H) (a),
HMQC ('H-2C) (6) u HMBC ('H-"C) (B) coenunenus (7)

Pesynomamor uzyuenus 2emopeonocuteckol akmueHocmu

Pesynbrarel 3KCIIEPUMEHTOB MPOJEMOHCTPUPOBAIN, YTO HMHKyOalus KpOBH IPH
43,0°C B Teuenue 60 MUH NPUBOAMT K 3HAUUTEIBHOMY YBEIMUYCHHUIO €€ BSI3KOCTH Ha
BCEX MCCIIEAYEMbIX CKOPOCTSIX BpAIUEHHS IIMUHIEINS, YTO MOATBEPKAACT YCIICIIHOE
(hopMHpOBaHHE COCTOSHUSI THUIEPBSI3KOCTH M BBICOKYIO HAaAEKHOCTh BBIOPAHHOH in
Vitro MOIeN Ul AajbHEHIINX MccaeqoBaHUN. [laHHbIe pe3ynbTaThl IEMOHCTPUPYIOT
CTaOMJIBHOCTh U BAJIMAHOCTD NPUMEHEHHON SKCIIEPUMEHTAIBLHON Moaenu. Pesynbrars
OMOJIOTMYECKOTO CKPUHHMHIA BOCBMM HCCIICAYEMBIX COCAMHEHMH, OTpa)karollue
X BIMSHUE HA IOKA3aTEIM BA3KOCTH KPOBH M MEPCHEKTHUBY HCIIOIB30BAHUS JUIS
KOPPEKLUH THUIEPBSI3KOCTH, IPEACTaBIeHb! B Tabnuie 1. YBenndeHue BI3KOCTH KPOBH
ObUI0 3a(MKCUPOBAHO KaK IPU HU3KHUX, TAK ¥ IIPH BBICOKUX CKOPOCTSIX CIBUTa, OTPakast
HapyleHNEe KaK KJIETOYHBIX, TaK U IUIA3MEHHBIX KOMIIOHEHTOB KPOBU. YCTAHOBJICHO,
YTO IaHHbIE YCJIOBHSI MHKYOAllM1 BBI3BIBAIOT JOCTOBEPHOE ITOBBILICHHUE BSI3KOCTH KPOBH
IpH CKOPOCTH caBUra ot 2 06-¢”! 10 60 06:¢’!, uTo CBHAETENBCTBYET O GOPMUPOBAHUK
TUIIEPBSA3KOTO COCTOSTHHUS.
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Tabnuna 1 - Bimsinue o6pa3uos 1-7 Ha Bs3kocTh kpoBH (MI1a*c) nmpu pa3inuHO#i CKOPOCTH BpalleHHs
LITTUHENS Ha MOJIEJIN THIICPBSI3KOCTH KPOBH in vitro (MHKyOaruu mpu 43°C)

HUceaenyembrit Bsizkocth kposn (MITa*c) mpu pasandHoii CKOPOCTH BPAIICHHs! UITHH/Es, 00/MHH
moKazaTeIts 2] 4 \ 6 \ 8 e 20 | w0 |
coeuuenne 1
I‘:I:C;‘OHH‘”‘ IBKOCTE, 3 7450,04 | 3,1620,02 2,59:0,03 1.88£003 | 15:006 | 1,08£0,03 0,99£0,01 0.93£0,01
Bssxocts kposu uepe3 | 5,62+0,17 | 4,2+0,07 3,17+0,13 2,68+0,05 2,25+0,05 | 1,97+0,02 1,28+0,02 1,08+0,02
1 yac B koutpone, n=4 | pl1=0,004 p1=0,0012 p1=0,0758 pl1=0,0013 | p1=0,0020 p1=0,00002 pl=0,029 | p1=0,0196
Bssxocts kposu uepe3 | 6,48+0,14 | 4,56+0,06 3,58+0,04 2,93+0,02 2,4+0,03 2,1£0,03 1,540,03 1,2+0,01
1 qac npoGet ¢ coex.1, | pl=0,0004 p1=0,0002 p1=0,0001 p1=0,0001 | p1=0,0001 p1=0,00001 p1=0,0004 p1=0,00008
n=4 p2=0,0193 p2=0,0185 p2=0,0508 p2=0,0207 | p2=0,0625 p2=0,0163 p2=0,0021 p2=0,0072
coeMnenne 2
n“:;“’ﬂ”a" BIROCTE: 4 1220,16 | 3,4720,29 2,8920,24 247002 |1920,16 | 1,532021 064000  |02320,08
Bs3xocts kpoBu uepe3 | 5,56+0,28 | 4,55+0,14 3,68+0,09 3,2+0,03 2,5120,16 | 2,27+0,17 1,41£0,12 0,97+0,14
1 4ac B koHTpOIE, N=4
p1=0,1830 p1=0,0308 p1=0,0361 p1=0,0001 p1=0,1301 p1=0,1079 p1=0,0293 p1=0,0481
Bsiskocts kposn yepes | 7,15£0,04 | 5,31+0,06 4,24+0,02 3,55+0,03 3,190,01 | 2,39+0,08 2,01£0,07 1,440,04
1 gac npoGet ¢ coen.2, | pl1=0,0001 p1=0,0017 p1=0,0019 p1=0,0001 p1=0,0004 p1=0,0158 p1=0,0006 p1=0,0002
n=4 p2=0,0036 p2=0,0060 p2=0,0031 p2=0,0005 | p2=0,0125 p2=0,6103 p2=0,0126 p2=0,0626
coequnenye 3
II:I:C;“’”W BISKOCTE, 1 4 5720.38 | 3,62+0,30 2,73:0,32 233025 2,0240,09 1,53+0,04 0,66:036 | 045£027
Baskocts kposu uepes | 8,34+0,08 5,67+0,03 4,27+0,03 3,7+0,05 2,92+0,04 2,23£0,03 1,72+0,03 1,28+0,02
1 gac B kontpone, n=4 | pl1=0,0002 p1=0,0009 p1=0,0033 p1=0,0029 p1=0,0005 p1=0,0002 pl1=0,0173 pl1=0,0155
Bsskocts kposu uepe3 | 7,60+0,24 5,31+0,05 4,11£0,03 3,07£0,25 2,44£0,17 2,09+0,04 1,32+0,04 1,09£0,02
1 qac npoGet ¢ coen.3, | pl=0,0043 p1=0,0023 p1=0,0051 p1=0,2080 p1=0,2434 p1=0,0031 p1=0,0727 p1=0,0359
n=4 p2=0,0508 p2=0,0018 p2=0,0227 p2=0,0891 p2=0,0588 p2=0,0565 p2=0,0006 p2=0,0008
coequHenne 4
+ + £ -+
]IiI:c;muHaﬂ BA3KOCTb, 494063 3.54£024 2,98£0,10 2474002 2,07+0,04 | 1,52+0,12 1,13+0,09 0,99+0,10
BssxocTs kpoBu uepe3 | 6,64+0,19 | 4,6+0,30 3,63+0,24 3,01+0,14 2,43+0,11 | 2,04£0,11 1,41£0,11 1,18+0,06
1 gac B kouTpone, n=4 | pl=0,0408 pl1=0,1404 p1=0,2209 pl1=0,1071 pl=0,1546 pl1=0,0747 pl1=0,2442 pl=0,2159
Bsiskocts kposn yepe3 | 6,29+0,23 4,37+0,19 3,47+0,14 2,96+0,13 2,47+0,10 1,97+0,09 1,28+0,08 1,05+0,06
1 gac mpoGet ¢ coen.d, | pl=0,0929 p1=0,1044 pl1=0,1499 pl=0,1149 p1=0,0969 pl1=0,0662 pl=0,4175 p1=0,6673
n=4 p2=0,3657 p2=0,6127 p2=0,6610 p2=0,8313 | p2=0,8554 p2=0,6951 p2=0,4615 p2=0,2688
coeuHenne 5
Wexonast Bi3kocTh, n=2 | 6,2+0,07 4,67+0,51 3,4620,14 2,85£0,08 |2,39£0,04 |[1,91+0,03 1,27+0,02 0,64+0,24
Bsiskocts kposu yepes 1 | 9,47+0,62 7.46+0,14 6,08+0,05 4,65+0,08 3,78+0,13 | 3,41+0,12 2,23+0,02 2,1+0,03
4ac B KOHTporie, n=4 p1=0,0458 p1=0,0038 p1=0,0001 p1=0,0003 | p1=0,0041 p1=0,00232 p1=0,00003 pl1=0,0015
Bsskocts kposu uepes 1 | 7,5+0,33 6,21+0,03 4.32+0,12 3,55+0,11 2,93£0,04 |2,38+0,09 1,49+0,01 1,32+0,02
4ac npodsl ¢ coen.S, n=4 pl=0,1011 pl=0,0161 p1=0,0220 p1=0,0302 | p1=0,0025 pl1=0,0551 p1=0,0008 pl1=0,0228
p2=0,0631 p2=0,0004 p2=0,00003 | p2=0,0006 | p2=0,0022 p2=0,0013 p2=0,00005 | p2=0,00001
coejiuHeHue 6
Hcxomnas Bsi3kocTh, =2 | 5,59+0,93 4,03+0,41 3,12+0,81 2,67+0,84 1,91£0,31 | 1,14+0,03 0,41+0,05 0,3+0,01
Bsiskocts kpoBu yepes | 8,51+0,83 6,43+0,81 5,19+0,42 3,95+0,29 2,9+0,18 2,13+0,08 1,39+0,02 1,18+0,01
4ac B KOHTpore, n=4 pl1=0,1566 pl1=0,1897 pl=0,1012 pl1=0,1929 | p1=0,07020 p1=0,0025 p1=0,00005 p1=0,0003
BsskocTs kposH yepes 1 9,83£0,31 7,71£0,75 5,81+0,23 4,39+£0,15 | 3,57+0,02 2,36+0,04 1,6£0,04 1,27+0,01
gac mpo6sl ¢ coen.6, n=4 | p1=0,0090 p1=0,0593 p1=0,0224 p1=0,0664 | p1=0,0022 p1=0,0001 p1=0,0001 p1=0,00042
p2=0,2721 p2=0,3815 p2=0,3337 p2=0,3217 | p2=0,0225 p2=0,867 p2=0,0091 p2=0,0044
coeuHenue 7
HcxonHas BA3KOCTh, N=2 4,79+0,04 4,14+0,38 3.41£0,18 2,68+0,22 | 2,22+0,19 1,71£0,20 1,41£0,07 0,9+0,09
BaskocTs kposH yepes 1 9,1+0,33 7,02£0,17 5,72+0,29 4,28+0,23 | 3,07+0,10 2,38+0,11 1,87£0,10 1,630,19
Jac B KOHTpore, n=4 p1=0,0021 p1=0,0023 p1=0,0143 pl1=0,0231 | p1=0,0205 pl1=0,0555 p1=0,0662 pl=0,1131
BsiskocTb kpoBu uepes | 8,16+0,42 60,10 4,39+0,10 3,12£0,24 | 2,3540,10 2,06+0,08 1,52+0,05 1,27£0,08
gac mpobsl ¢ coen.7, n=4 | pl=0,0119 p1=0,0053 p1=0,0135 p1=0,4033 | p1=0,6063 p1=0,1689 p1=0,3394 p1=0,0683
p2=0,2022 p2=0,0051 p2=0,0130 p2=0,0280 | p2=0,0059 p2=0,0976 p2=0,0401 p2=0,2145

IIpumeuanne:

1N — KOJIMYECTBO NPOO B IPYIIIE; P — YPOBEHb 3HAYHMOCTH;
p1<0,05 — craTucTHYECKN 3HAYMMBIE PA3IHUHS 10 CPABHEHHIO C HCXOHBIMU 3HAYCHUAMY;
p2<0,05 — cTaTHCTHYECKN 3HAYMMBIE PA3THUMS 10 CPABHEHHIO ¢ COOTBETCTBYIOMMMHU 3HAYCHUSAMH B KOHTPOIBHBIX ITPOOAx
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Pesynbrarel mpoBeAEHHOTO HCCIENOBaHUS YOSIUTEIHHO MPONEMOHCTPUPOBAIIH
3G PEKTUBHOCTH TPUMEHEHHOH i1 Vitro MOJETN TUTICPBI3KOCTH KPOBH IS BBISIBICHHS
COEIMHEHUH C MEpPCIEKTHUBHOW TIeMOpPEOJIOTMUECKON aKTUBHOCTHIO. KOHTpOJIBHBII
npenapar — IeHTOKCU(QUIUINH POAEMOHCTPUPOBAI 0XKUIAEMbIH ITeMOPEOIOrHYECKUM
3¢ eKT, TeM caMbIM ITOATBEPANB HAAEKHOCTh, BOCIIPOU3BOAMMOCTD U (PU3HOIOTHUECKY 1O
pENIeBaHTHOCTh BBHIOPAHHOM METOJONOTMU CKpUHUHTA. Cpenu ceMu MCCIIEAOBAHHBIX
HOBBIX COCJMHEHUH HaMOOJIBIIYI0 aKTHBHOCTH MPOSBHIN 2-(2-MopdomuHOoaneT)-
N-(nadranen-1-un) runpasuno-1-kapoorunoamuy (3), 2-(4-ruppoxcubenzou)-N-
(madranen-1-wr)ruapasuno- 1 -kapoornoamuyn (4) u N-(HadTaneH-1-wr)anabaznHo-
1-kap6otroamun (7), CrOCOOCTBYIOIIME CHIDKEHHIO BSI3KOCTH KPOBHU B YCIOBHSAX
WHAYLIUPOBAaHHOH TMIIEPBSA3KOCTH in Vitro.

TepMuH «CHHIPOM NOBBIILICHHOM BI3KOCTH KpOBU» OB BIiepBbie BBeAEH L. Dintenfass
(Dintenfass L.,1976), koTopblii 000CHOBaJI KIIMHUYECKYIO 3HAYUMOCTh PEOJIOTHYECKUX
M3MEHEHHUI B MartoreHese psaa TSOKENBIX 3aboneBanuil. CieayeT MOTYepKHYTh, YTO
CIIBK nHe nMeer crienmupuIecKoil KIMHAYECKOH CHMIITTOMATHKH, M €r0 JUArHOCTHKA
BO3MO)KHA HUCKJIIOUMTENIBHO MyTEM MIPOBEICHUS CIIELHATN3UPOBAHHBIX JIAOOPATOPHBIX
uccinenopanuii (Roitman, 2001). Bsi3kocTe KpoBH OmIpeenseTcss COBOKYITHOCTHIO
MaKpOpPEOJIOrHYECKHX W MHUKPOPEOJIOTHYECKHX (aKTOpOB, BKIIOYas OOBEMHYIO
KOHIIEHTPALIMIO KJIETOK KpPOBH (I€MaTOKPHUT), BSA3KOCTh IJIa3Mbl (OIpeaesseMyto
coziep’)KaHueM OeITKOB, MpeXkJie Bcero GUOPHHOTEHA), a TAKKEe MapaMeTpbl KICTOUHON
peostorun AehOPMUPYEMOCTD M arperallioHHYI0 CII0COOHOCTH ApUTporuToB (Roitman,
et.al., 2003). [1oBbITIeHNE BI3KOCTH KPOBH MOXKET OBITH CBSI3aHO KaK C YBEITHYECHUEM
reMaToKpuTa, TaK M C I[OBBILICHUEM BS3KOCTH IIIa3Mbl, YCHJICHHEM arperamuu
SPUTPOLIUTOB U CHIKEHHEM HX aedopmupyemocTH. CieayeT OTMETHTb, YTO MpH
BBICOKMX CKOPOCTSIX CJBUTa BEeIyIIMM (AKTOPOM H3MCHEHHs BS3KOCTH SIBIISICTCS
neOopMUPYyEMOCTh KIJIETOK, TOTJa KakK NPU HU3KHX CKOPOCTSX MX arperaroHHbIC
cBoiictBa (Gabrielyan, et.al., 1985). Otn (yHgamMeHTaNbHBIC TOJIOKECHUS JICKAT B
OCHOBE MHTEPIPETAlMU MOJTYYECHHBIX SKCHEPUMEHTAIBHBIX JAHHBIX W IO3BOJISIOT
MIPOBOJINTH KOMITJIEKCHBIN aHAIN3 BIUSHHS UCCIEAYEMBIX COETMHEHUN Ha pa3InyHbIe
YPOBHH PEOJIOTMUECKUX HAPYLIECHUH.

Ha ¢one nHAynMpOBaHHOTO CHHIPOMA TOBBIIICHHOW BS3KOCTH coenuHeHus 1,
3, 4 u 7 TPOSIBIIIN BBIPAKEHHYIO TE€MOPEOJIOTHYECKYI0 AaKTHBHOCTH, JTOCTOBEPHO
OrpaHUYMUBAsL POCT BA3KOCTU KPOBH. DTH COCAMHEHHSI IEMOHCTPUPOBAIIN CIIOCOOHOCTD
BJIMATH OAHOBPEMEHHO Ha Ae()OPMHUPYEMOCTb SPUTPOLMTOB U HX arperanvoHHbIC
XapaKTePUCTHKH, YTO JIEJIACT UX MEPCIHEKTHBHBIMU KaHAWAATaAMU ISl JajbHEHIINX
nccnenosanuii. IlomydyeHHble pe3ynbTaThl YKa3blBAalOT Ha TOTEHIMAN JAaHHBIX
COCIMHEHHH B Ka4ecTBE OCHOB ISl pa3pabOTKU HOBBIX (PapMaKOJIOTHYECKUX arcHTOB,
HalpaBJCHHbIX Ha KOPPEKLMI0 HAapyLUIEHUH MUKPOLMPKYJISLUY, CBSI3aHHBIX C
[IaTOJIOTMYECKUM MOBBIILICHUEM BSI3KOCTH KPOBU.

Meroauka mpoBeieHHs SKCIIEPUMEHTOB IPelycMaTpuBalia OAHOKPAaTHOE U3MEPEHHUE
HCXOJHBIX TOKa3aTeNell BA3KOCTH KPOBM JUIsSl KAKIOTO KMBOTHOTO, a TAaKXKe JIBOMHOE
H3MEpeHHe Moclie UHKYOalMi B KOHTPOJBHBIX M OMBITHBIX TPOOax JJisi MOBBIIICHHS
Han&KHOCTH NaHHBIX. CTarmcThueckas oO0paboTKa pe3yabTaTOB OCYIIECTBISUIACH C
WCIIOJIb30BaHUEM TporpamMmHoro odecmneueHust Microsoft Excel, ¢ mpencraBienunem
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JaHHBIX B (hopmare «cpeaHee 3HAUCHHE + CTaHIapTHas OMIMOKa CPeTHEro 3HauUCHH»,
YTO COOTBETCTBYET TPEOOBAaHMSIM MEXKIYHAPOJHBIX CTaHJApTOB TO 00padoTKe
OMOMETUITMTHCKUX JJAHHBIX.

[Tonmy4eHHble pe3yabTaThl yKa3blBAIOT HA IIOTEHLMAN HAHHBIX COCAMHEHUH B
KaueCcTBE OCHOB JUISI pa3pabOTKH HOBBIX (hapMaKOJIOIMYECKUX areHTOB, HAIIPABICHHBIX
Ha KOPPEKLHMIO HApYMIEHUH MHMKPOLMPKYJSIKK, CBS3aHHBIX C MaTOJOTMYECKHM
MOBBIILICHHEM BSI3KOCTH KpOBH. Bce mpouenypsl, CBsi3aHHBIE C HCIOJIB30BaHUEM
nabopaToOpHBIX JKUBOTHBIX, TPOBOIWINCH B COOTBETCTBHM C JICHCTBYIOIIMMH
HOpMaMHU OWOITHKH M PErIaMEHTHPOBAHBI IOJIOKEHUSIMH EBpOmelickoil KOHBEHIHH
0 3alIUTe IO3BOHOYHBIX XXMBOTHBIX, HCIOJIB3yEMBIX B HayuHbIX ueisix (CrpacOypr,
1986r.). [IpoTokon mcciemoBaHus B paMKax IpoekTa «Pa3pa0oTka MHHOBAIIMOHHBIX
reMOCTaTHYECKUX MaTePUaoB C IPOJOHTHPOBAHHBIM BHICBOOOKACHUEM KOATYIISTHTOBY
Obul  on00peH JlokanmbHOW  3THYecKod komuccuer HammoHaibHOTO —IIGHTpa
ouotexHosoruu 01 oktsaopst 2024 rona.

3axirouenune. Pa3pa®oraHbl ~ METOIBI CHHTE3a, MCCIIEAOBAHBI XUMHUYECKHUE
CTPOEHUS ¥ CBOMCTBA HOBBIX HATHIICOAEPKALIMX THOMOUEBIH M THOCEMUKApOa3HI0B,
MPEACTABISIONMX ~ cO000M  TrHOpHIOHBIE  MOJICKYJISPHBIE  CHUCTEMBI,  KOTOpBIE
MOTYT HCHonb30BaThcsl  Kak«buildings-blocks» cybcTpaTsl B mOHMCKE HOBBIX
OMOAaKTUBH(PXCUCTEM. BeisiBiensl  HamOonee TEpCHEKTHBHBIC KaHAWAATHI IS
MOCJICAYIOIIETO  yIIyONEHHOTO  W3y4eHHs UX  CHCHU(UUSCKOW  OMOJIOrHYeCKOM
aKTHBHOCTH (in vitro). [loka3aHo BIUSHHE CTPYKTYPHBIX OCOOCHHOCTEH HOBBIX paHee He
N3YYeHHBIX Ha(THICOAEPKAIIMX THOMOUYEBHH M THOCEMUKapOa3uaoB Ha PEOIOrHIECKUE
XapaKTEepUCTUKU KPOBH. Pe3ynbTaTel JeMOHCTPUPYIOT CTAOMIBHOCTh W BaJIMAHOCTD
MPUMEHEHHON AKCIIEPUMEHTaIbHON Mojenu. [loBbIIEHHE BSI3KOCTH KPOBH MOMKET
OBITH CBSI3aHO KaK C YBEJIMYCHHEM T'€MAaTOKpUTA, TaK M C IOBBIIICHHEM BS3KOCTH
TUTa3Mbl, YCHJICHUEM arperamnyd SPUTPOIUTOB H CHWKEHHEM HX Je(GOopMHUpPYEeMOCTH.
CuHTE3WpOBaHHBIE  HOBBIE  HaTHICOmEp)KAalne THOPHABI  THOMOYEBHUH |
THOCEMHUKapOa3u0B MOTYT PACCMATPUBATHCS B KAUECTBE MOTEHIIMAIbHBIX KaHAWATOB
Uil pa3pabOTKH HOBBIX BBICOKOA((EKTUBHBIX TIeMOpPEOJOrHYECKHX CpeAcTB. B
nocienyounemM TpedyeTcs AeTalbHOE H3yYeHIE MEXaHU3MOB HX JICHCTBHSI Ha KJICTOYHbIC
W TJIa3MEHHbIE KOMIIOHEHTHI KPOBH, (DapMaKOKWHETHYECKUX XapaKTEPUCTHK, a TAKKe
TOKCHKOJIOTHYECKUX Mpodminei. OCHOBHAS MIes B TOM HCCIIEOBAHMH 3aKIII04atach B
notbITKe co3iath «buildings-blocks» Monekynsr 6Mo0aKTHBHON CHCTEMBI, 00JIaarOIIN
LIMPOKUM CIIEKTPOM U OJaronpHATHBIM MpoduiieM reMopeoaornuecKoi akTUBHOCTH.
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Abstract. This study investigates the temperature-dependent solubility of three
inorganic salts—KCI, BaCl,, and NiCl>—using two machine learning regression
algorithms: Random Forest and Gradient Boosting. Experimental data were collected
for solubility at various temperatures and compared to model predictions to assess
the accuracy and reliability of each algorithm. Random Forest demonstrated higher
predictive accuracy for KCI and BaClz, particularly due to its robustness to data
variance and capability to capture physical-chemical patterns. In contrast, Gradient
Boosting showed better performance in modeling non-linear dependencies, although it
exhibited lower accuracy at lower temperatures, especially for NiCl.. This discrepancy
is likely due to the omission of chemical factors such as ionic strength, pH variation,
and complex formation, which significantly influence NiCl. solubility. For BaCl,
both models yielded high R? values, indicating strong predictive performance due
to the linear nature of solubility changes. KCI predictions were more accurate with
Random Forest, while Gradient Boosting produced larger errors in low-temperature
zones. NiCl: posed the greatest challenge, as its solubility is governed by multiple
physicochemical parameters beyond temperature. These findings emphasize the
importance of incorporating chemical context when applying data-driven models to
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solubility prediction. Further improvements may be achieved by expanding the feature
set with thermodynamic, structural, and kinetic descriptors. This study contributes to
the growing field of Al-assisted chemistry and provides insights for enhancing model
interpretability in complex solution systems.

Key words: solubility, chlorides, temperature dependence, machine learning,
Random Forest, Gradient Boosting
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Annorauus. byn 3eprreyne KCl, BaClz sxone NiCl: Ty3aapbiHbIH TemMmeparypara
toyenai  epirimriri  Random Forest xone Gradient Boosting wMammHaIbIK
OKBITY MOJENbAEPl apKblUIbl OOJDKay HETi3iHAE 3epTTeial. 3epTxXaHaia allbIHFaH
SKCIIEPUMEHTTIK JIepeKTep OpTYpJl TeMIeparypaiapiarbl epiriliTiKke KaTbICThI
YKMHAKTAJbIIN, MOJeNbAepMeH canblcThipbulabl. Random Forest oamici KCI sxone BaCl.
YLLIH 5KOFaphbl JOJAIK KOPCETTi, OyJ1 OHBIH MAJIIMETTEPCT] aybITKYJIapFa TO3IMALTIriMEeH
XKoHE (PHU3MKa-XUMHSIIBIK 3aHIbIIBIKTApAbI )KAKChI CUMATTay KalineTiMeH OaiIaHbICTHI.
Gradient Boosting omici OEWCHI3BIK TOyCIAUTIKTEpAl OoJkKayna THIMJII OOJIFaHBIMEH,
TeMeH TemIieparypana, acipece NiClz yiriH, HaKThl MOHAEP/CH ayBbITKYIap OalKanIbl.
Byn NiCl. Ty3bIHBIH epirimTirine temmneparypanaH OeJeK HMOHIBIK KYII, KelleH
Ty3inyl koHe pH CcHSKTBI KochIMIa (hakTOpiapAblH 9cep €TyiMeH TYCiHIipiieni.
BaCl: Ty3bI ywiH eki Mozenb jae korapbsl R? xepcerkimrepine kerti, cededi OHbBIH
epirimTiri ce3bIKTH ©3repin oTbipaabl. KCl ymin Random Forest nHakTbIpak 6omxkam
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Oepce, Gradient Boosting TemeH Temmeparypaja YIKEH KaTeJiKTepre >koi Oepai.
NiCl: eH kypaeni OomkaHaThIH Ty3 OOJBIN WIBIKTHL. by 3epTTey Oomamakra MOHABIK
Kyu, pH oHe KOMIJIEKCTY3y CEeKiIIl KOChIMIIa MapaMeTpiepai MOAENbre eHIi3yIiH
MaHBI3ABUIBIFBIH KopceTeni. COHBIMEH KaTap, OYJ1 KYMBIC €pITilITiK CUSKTHl KypAeni
(u3NKa-XUMUSUIIBIK TPOIIECTEPre )KacaH bl HHTEIUIEKT SAICTEPiH KONJaHyAbIH dJIeyeTiH
KepceTei.

Tyiiin ce3mep: epirimTik, XJOpUATEp, TeMIlepaTypara TOYEIATK, MalluHaIbIK
okbITy, Random Forest, Gradient Boosting
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Annorauus. B nanHoii paGore paccMOTpeHO NPOTHO3MPOBaHHME TEMIEparypbl-
3aBucuMoil pactBopumocTH xjopuno kanus (KCl), 6apus (BaClz) n auxenst (NiClz) ¢
HCTIOJIb30BaHUEM METOAO0B MaIIMHHOTO 00y4yenusi: Random Forest u Gradient Boosting.
Hnst mocTpoeHusi mMonenedl ObLIM HCIOJIB30BaHBl AKCIIEPUMEHTAJIbHBIE JaHHBIE O
pPacTBOPUMOCTH TIPU Pa3IUUHBIX Temieparypax. AnroputM Random Forest mokasan
BbICOKYtoTOuHOCThITpeackazanuii s KCluBaClz, uto 00ycrnoBiaeHo eroycToiunBOCTbIO
K LIyMY B JaHHBIX U CIIOCOOHOCTBIO YIaBIUBATh PU3UKO-XUMUYECKHE 3aKOHOMEPHOCTH.
Gradient Boosting oxazancst Oonee 3(p(eKTUBHBIM MpH MOAETMPOBAHHM CIIOKHBIX
HEJIMHEWHBIX 3aBUCHMOCTEH, OJHAKO Ha HU3KHUX TemIieparypax (ocodenHo mis NiClz)
TOYHOCTb CHIKAJIACh. DTO CBSI3aHO C TEM, UTO MOJIEIIb HE YUUTHIBACT TaKKe apaMeTphl,
Kak MOHHAs cuiia, ypoBeHb pH 1 crocoOHOCTh K KOMIUIEKCOOOPa30BaHUIO, UTPAIOLIIHE
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KITtoueByto poiib B pactBopumMoctd NiClz. [{ns BaCl: 06e Mmopenu mponeMOoHCTpHpOBan
BbICOKME 3HaueHus R? Omaromapsi ero JMHEHHON 3aBUCHMMOCTH PAacTBOPHUMOCTH OT
temneparypsl. B ciiyuae KCIl moznens Random Forest mokaszana myuiine pe3ynbraTsl,
torga kak Gradient Boosting naBas 3HaunTEIbHBIE OMIMOKU PY HU3KUX TEMIleparypax.
HauOonpmyto TpyaHocTs mpenckazanusi coctaBusl NiCla, pacTBOPpUMOCTH KOTOPOTO
3aBUCUT OT MHOXecTBa (pakTopoB. McciemoBaHue MOAUEPKHUBACT HEOOXOAMMOCTD
BKITIOUEHHS TOTIOTHUTENBHBIX XUMHUUECKUX IECKPUIITOPOB B MOJIENH, YTOOBI IIOBBICUTD
TOYHOCTb IpeicKkazanuii. Takke OHO JEMOHCTPUPYET MEPCIIEKTUBHOCTD UCTIONB30BAHUS
HCKYCCTBEHHOTO HMHTEJUIEKTa B 3ahadax (DU3MKO-XUMHUYECKOTO MOICTUPOBAHUS H
MpeacKa3aHusi CBOMCTB PaCTBOPOB.

KiioueBble cjioBa: pacTBOPUMOCTb, XJIOPHIBI, TEMIIEpPATypHAs 3aBHCUMOCTD,
MammHHOe o0y4yenue, Random Forest, Gradient Boosting

Paboma svinonnena npu ghunancosoil noodepoicke Munucmepcemea HAYKU U blCULE2O
obpazosarnus Pecnyonuxu Kazaxcman 6 pamxax epanma AP23487663.

Introduction. The solubility of substances in aqueous systems is a fundamental
parameter that governs the feasibility of chemical reactions, the mobility of compounds
in biological and environmental processes, and the overall efficiency of technological
operations. Processes such as wastewater treatment, pharmaceutical formulation
development, mineral precipitation in geochemical systems, and corrosion in industrial
equipment are directly influenced by solubility characteristics (Ramadam, 2015; Qadir
et al., 2007). In essence, solubility refers to the maximum amount of a substance that
can dissolve in a given volume of solvent under specific conditions. It is affected by a
range of factors, including temperature, pressure, the nature of the solute and solvent,
ionic strength of the medium, and the presence of complexing agents.

Currently, solubility modeling methods are categorized into experimental,
thermodynamic, and regression-based approaches, each with its own strengths and
limitations (Alshahranietal.,2022). Experimental techniques involve direct measurement
under various physical conditions (e.g., temperature, pressure, and composition), but
these require significant time and resources and may lack generalizability to new systems.
Thermodynamic models, such as the Debye-Hiickel equation for dilute solutions or
the Pitzer model for concentrated systems, utilize chemical equilibrium principles to
estimate solubility based on Gibbs free energy, ion activity, and interaction parameters.
However, their precision decreases in multicomponent and highly concentrated systems
where molecular interactions and complex formation play a more prominent role (Ben-
Naim, 2013).

Regression models—including linear and polynomial types—allow for empirical
fitting of solubility data as a function of selected variables such as temperature or
pressure. In recent years, machine learning approaches like Random Forest and
Gradient Boosting have gained attention for their high predictive accuracy and ability
to identify hidden patterns without relying on strict assumptions about the underlying
data structure (Ghazwani & Begum, 2023; Bentejac et al., 2021). The Random Forest
algorithm generates an ensemble of decision trees, each trained on random subsets of
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data, making the model robust to noise and outliers (GeeksforGeeks, 2025). Gradient
Boosting, on the other hand, minimizes the prediction error iteratively by correcting
previous model residuals, which often leads to improved accuracy in capturing complex
relationships. Both methods can be tailored to specific solution types, offering a versatile
toolset for investigating solubility in diverse aqueous systems (GeeksforGeeks, 2025).

The objective of this study is to develop a temperature-dependent predictive
model of chloride solubility in aqueous systems using Random Forest and Gradient
Boosting algorithms. The methodology involves preprocessing and analyzing available
experimental data on solubility of chlorides such as KCI, BaClz, and NiCls, selecting
optimal features, and constructing a machine learning model capable of accurately
forecasting solubility across a wide temperature range.

The central hypothesis is that ensemble-based machine learning algorithms
can effectively identify nonlinear interactions between temperature, concentration,
and solubility, providing higher predictive performance than classical empirical or
thermodynamic approaches.

Materials and Methods

This study utilized laboratory-derived experimental data to investigate the solubility
behavior of chloride salts in aqueous systems. Solubility was examined at 20°C for
the systems H.O-KCl, H.O-BaCl., and H:O-NiCl.. The experimental dataset covers
a broad concentration range, enabling a detailed analysis of system behavior under
varying ionic strengths and potential complex formation conditions.

The studied aqueous electrolyte systems and their corresponding concentration
intervals are summarized below (Table 1):

Table 1 — Concentration Ranges and Temperature Conditions

Aqueous Electrolyte System Concentration Range (mol %) Temperature (°C)
H>0 — KCI 0,03 + 6,00
H,0 - NiCl, 0,01+5,00 20°C
H,O - BaCl, 0,01+3,00

The solubility of chloride salts was determined using a combination of gravimetric
and conductometric techniques. To ensure accuracy, analytical-grade salt samples were
used in solution preparation, and the water employed had an electrical conductivity
below 0.05 puS/cm. Solution temperatures were maintained at 20°C using a thermostatic
bath with a precision of +0.1°C. The ionic concentrations in the solutions were computed
based on conductivity measurements, using pre-determined calibration coefficients for
each system.

The resulting experimental data were used to train machine learning models designed
to predict solubility across varying concentrations. Two algorithms were implemented:
Random Forest and Gradient Boosting, both of which are capable of capturing nonlinear
concentration—solubility relationships in aqueous systems.

The Random Forest model is based on an ensemble of decision trees, where each tree
performs binary splits of the input data to minimize prediction error (Nadkarni et al.,
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2023). The final prediction is the average output from all individual trees, as expressed
in Equation (1):

¥y =3L A 00), (1

where: f/(X) —is the prediction from the ith tree given input features XXX, and NNN
is the total number of trees in the ensemble.

In contrast, the Gradient Boosting model builds trees sequentially, with each new
tree trained to reduce the residual errors of the preceding ones using gradient descent
optimization (Abdelbasset et al., 2022). The iterative prediction is refined as shown in
Equation (2):

Fm(x) = Fm—l(x) + ﬂhm(X}’ (2)

where: 7 is the learning rate; 4 (X) is the newly added tree designed to minimize
previous prediction errors.

To evaluate model performance, k-fold cross-validation was employed. In this
technique, the dataset is divided into & subsets: k—/ parts are used for training, and the
remaining one is used for validation. This process is repeated & times, and the average
error is computed. The mean squared error (MSE) is given by Equation (3):

1 - =¥
MSE = ;E:c:j_{}l —%1)7, (3)

This validation strategy minimizes the influence of data-specific noise and improves
the generalizability and robustness of the model predictions (Nadkarni et al., 2023;
Abdelbasset et al., 2022).

Results and Discussion

The solubility of chlorides in aqueous systems is a complex function of both
temperature and solute concentration, which necessitates careful interpretation of
experimental data and the application of robust predictive models. This section presents
both the experimental results obtained for the solubility of NiClz, BaClz, and KCI in
water at 20°C, and the predicted values generated using the Random Forest and Gradient
Boosting algorithms (Table 2).

Table 2 - The temperature-dependent solubility behavior of aqueous systems, highlighting key
patterns and model performance across different concentrations

t,°C KCl BaCl, NiCl,
0 0 0 6,88
10 7,01 2,80 7,11
20 7,67 2,99 7,93
25 7,93 3,11 8,32
30 8,62 3,25 8,59
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40 8,82 3,41 8,91
50 9,62 3,64 9,52
60 9,87 3,86 10,10
70 10,41 4,13 10,21
80 10,89 4,34 10,53
90 11,54 4,62 10,76
100 11,91 4,83 10,81

An analysis of the experimental solubility data for KCI, BaCl., and NiCl: at varying
temperatures reveals distinct temperature-dependent behaviors for each salt. The
solubility of KCI increases steadily from 7.0168 mol % at 10°C to 11.9189 mol %
at 100°C, reflecting a trend typical for alkali metal salts. In contrast, BaCl. exhibits
a significantly slower increase, from 2.8037 mol % at 10°C to only 4.8366 mol % at
100°C, which can be attributed to the greater lattice energy and structural stability of its
crystal form.

NiClz shows intermediate behavior, with solubility rising from 6.8817 mol % at 0°C
to 10.8191 mol % at 100°C. Notably, some nonlinearities in the mid-range temperatures
(25-60°C) suggest the possible influence of ionic strength variations or complexation
phenomena (Huang et al., 2024; Gao et al., 2024; Shultz et al., 2024; Jindal et al., 2024).

To predict the temperature-dependent solubility behavior of these chlorides, a
Random Forest Regressor machine learning model was employed. This ensemble-
based method is well-suited for capturing nonlinear dependencies while minimizing
the risk of overfitting due to its aggregation of multiple decision trees. The results of
this modeling are presented in Figure 1, demonstrating the method’s effectiveness in
reproducing experimental solubility patterns across the temperature range.

Figure 1 - Experimental (blue dots) and Random Forest model predicted (red dots) solubility values
for KCl, BaClz, and NiCl»

KCI BaClz NiCl2
X X
X Experimental Data 4.50 10.5 x
11} x Predicted Data x
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IS 9 9
310 3 4.00 3 95 x
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The graphs illustrate the outcomes of temperature-dependent solubility modeling
for KCl, BaClz, and NiClz, where blue points represent experimental measurements and
red points denote predictions generated by the Random Forest regression model. For
NiClz, the model slightly overestimates solubility at lower temperatures (e.g., 10°C),
while the discrepancy diminishes at higher temperatures. This pattern may be attributed
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to temperature-sensitive ionic interactions or complex formation involving Ni** ions
(Chialvo, 2023).

According to model evaluation metrics, the coefficient of determination (R?) for
BaCl: reached 0.941, indicating that the model explains 94.1% of the observed variance,
which demonstrates a very high level of accuracy.

In addition to Random Forest, the Gradient Boosting Regressor was employed
to predict solubility trends. This method enhances prediction accuracy by iteratively
correcting residual errors through gradient-based optimization. The results of Gradient
Boosting are shown in Figure 2.

Figure 2 - Experimental (blue dots) and Gradient Boosting model predicted (red dots) solubility
values for KCI, BaCl., and NiCl.
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The plots compare the experimentally measured solubility data and the values
predicted by the Gradient Boosting regression model for the chlorides KCI, BaCl,
and NiCL across a range of temperatures. Blue markers indicate actual laboratory
measurements, while red markers represent model predictions.

For NiCl., the model overestimates solubility at lower temperatures (around 10°C),
but its predictions align more closely with experimental data at higher temperatures
(above 50°C). This deviation may be explained by temperature-dependent phenomena,
such as complex formation, pH variations, or molecular interactions (Lopresti et al.,
2023; Zhou et al., 2022). Among the three salts, NiCl: is the most challenging to model,
likely because its solubility is influenced by a broader set of physicochemical parameters
beyond temperature alone.

Overall, the Gradient Boosting model demonstrated strong predictive performance
for all three systems. However, its limitations at low temperatures, particularly for
NiCl: and KClI, highlight the potential need to incorporate additional descriptors—such
as ionic strength, pH, complexation potential, or intermolecular effects—to further
improve model accuracy.

Conclusion. In this study, the temperature-dependent solubility of KCI, BaCl,
and NiCl. was predicted using two machine learning algorithms: Random Forest
and Gradient Boosting, and the model outputs were compared against experimental
measurements. Overall, the Random Forest model demonstrated higher accuracy,
particularly for BaCl. and KCl, due to its robustness against noise and its ability to
reflect underlying physicochemical patterns in the data.

Gradient Boosting, while better suited for capturing complex nonlinear relationships,
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showed less reliable predictions at lower temperatures, especially for NiCl.. This
discrepancy may be attributed to unmodeled effects such as ionic interactions, complex
formation, and changes in the solution's chemical environment.

For BaCl., both models performed well, largely because its solubility increases
steadily and linearly with temperature, making it easier for machine learning algorithms
to generalize. In the case of KCIl, Random Forest again outperformed Gradient Boosting,
particularly at low temperatures, where the latter exhibited significant errors—likely
due to temperature-dependent variations in ionic strength that were not fully captured
by the model.

NiCl: emerged as the most difficult salt to predict, as its solubility is influenced by
a combination of factors beyond temperature, including complexation behavior, ionic
strength, and solution pH, none of which were explicitly incorporated into the models.
These results highlight the importance of considering additional physicochemical
descriptors in future modeling efforts.
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Abstract. Irrational use and irresponsible attitude of people to the environment
has led to air pollution and global warming. The depletion of oil and gas reserves has
generated great interest in renewable energy sources such as wind, solar and biomass.
The feedstock for the work is bioethanol, which is obtained from plant biomass. The
domestic plant "Bio Operations" produces bioethanol from waste during the production
of the main product - wheat. The production of hydrogen, synthesis gas, by ethanol
conversion is one of the most important processes in industry and energy. Catalytic
conversion ofrenewable raw materials into hydrogen-containing fuel mixtures contributes
to sustainable development, providing an environmentally friendly alternative to fossil
fuels and reducing greenhouse gas emissions. The resulting hydrogen—containing fuel
mixture contains ethylene, the production of ethylene is the first stage of the production
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of SAF (Sustainable Aviation Fuel), the resulting ethylene can be changed to longer
hydrocarbons. In this work, a catalyst based on Cu-Ce-Al, synthesized by impregnation
and supported on y-Al,O, was used to convert bioethanol into hydrogen-containing
mixtures. The original and spent catalyst sample were studied using physicochemical
research methods to analyze their structure, morphology, composition of the phases
present and surface condition. The influence of changing the temperature regime and
the concentration ratio of the initial reaction mixture on the conversion and yield was
studied. The first stage of obtaining SAF and reducing the carbon footprint has been
established.
Keywords: catalyst, steam reforming of ethanol, impregnation method
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MyHaii MeH Ta3 KOpJapbIHBIH CApKBUTybl JKEJI, KYH JXOHE Omomacca CHSKTHI
YKaHAPTHUIATHIH YHEPTHsI KO3/IEPiHe JeTeH YIKEeH KbI3bIFYIIBLUTBIK TYABIPY/Aa. ZKYMBICTBHIH
IUKI3aThl — ©ciMAIK OmoMaccachlHaH ajblHATBIH OmodsTaHon. OtaHnmplik «Bio
Operations» 3aybIThIHBIH HETI3r ©HIMI — OMIalabl OHIIpY Ke3iHACT! KaJIbIKTapIaH
OMOATaHOI TIBIFapabl. BUOATAHON Bl TYPIEHAIPY apKbLIBI CYTeri, CHHTE3 Ta3blH Iy
— OHEpKACINl TIeH JHEepPreTHKaJarbl MaHBI3IbI IMpolecTep iy Oipi. KaHapTeuiaThiH
IIMKI3aTThl KYpaMbIHIA CyTeri 0ap OTHIH KOCIHalapbhlHA KaTaUTHKAIBIK TYPICHIIPY
apKbUIbl Ka30a OThIHAApblHA Ta3a OajaMa YChIHYMCH Karap, HapHUKTIK Tras3jiap
LIBIFAPBIH/IBIIAPBIH a3alTy TYPAKThI JlaMyFa BIKIAI eTelli. AJIBIHFaH CyTeri 0ap OThIH
KOCIIAChIHBIH KYpaMbIHa dTHIIEH Kipemi, dTiiieH airy — SAF (Sustainable Aviation Fuel)
OH/TIpiCiHiH OipiHII Ke3eHi, aJIbIHFaH ATHJICH/TI Y3bIH KOMIpCyTeKTepre NeiiH 03repTyre
6omanpl. SAF — Oy 6i31iH JKYMBICBIMBI3IBIH IIHKI3aT K631 — OMOAITAHON CEKIIIi
YKaHAPTHUIATBIH PECYPCTAp/iaH OHIIPUICTIH SKOJOTHSIIBIK Ta3a aBUAIMSUIBIK OThIH. by
KYMBICTa OMO3TaHONIIBI CyTeri Oap Kocmajapra TYpJIEHIIpY YLIIH CiHIpYy omiciMeH
CHHTE3/IENTEH, y—A1203 TachIMaarelka OTBIPFEI3bUTFAaH  Cu-Ce-Al  HeriziHzgeri
KaTajau3arop maijanaHbULbl. bacTankbl oHE >KyMCallFaH Karajau3arop YIriiepi
OJIapIbIH KYPBUIBIMBIH, MOP(OJIOTHACHIH, Ka3ipri (a3anapAblH KYpaMbIH KoHe OeTiHIH
JKaFJaibIH Taljay YIOiH (U3WKa-XUMUSIIBIK 3€pPTTEy OIICTepiH KOJJaHa OTBIPHII
3eprTenmi. TemmepaTypaHblH ©3TepyiHiH >KOHE OacTamKbl PEaKIUSIIBIK KOCMAHBIH
KOHIICHTPAIIUsI KaThIHACHIHBIH KOHBEPCHSIFA JKOHE IIBIFBIMIBUIBIKKA dCEPl 3ePTTEIII.
OkonorusuiblK xaHa SAF aBHanVsUIbIK OTBIHBIH OHJIPY JKOHE KOMIpTeri i3iH a3auTy
YIIH 3aMaHayd THIMJ KaTaJlu3aTopiaplbl KaJbIITACTHIPYABIH 3aHIbUIBIKTAPhl MEH
SAF amynpry OipiHII Ke3eHi aHBIKTaIIbI.
Tyiiin ce3mep: KaTannu3aTop; 3TaHOJAbIH Oy pu(OPMHUHTI; CIHIPY dici
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AHHOTAIMA: HEPAIMOHATILHOE HCIOJIb30BaHHE W OE30TBETCTBEHHOE OTHOIICHHUE
JIOOEH K OKpYXKaloLled cpefe NPHUBEIO K 3arpsA3HEHUIO BO3AyXa MU IVI00aIbHOMY
noreriennto.Mcromenne 3amacoB He(TH M Taza BbI3BAIO OONBIIOW HMHTEpEC K
BO300OHOBIJISIEMBIM HCTOYHHKAM JHEPrHM, TaKUM KaK BETEp, COJHIE M Ouomacca.
CoippeM aiisi pabOoThI SIBISETCSI OMOATAHOJ, KOTOPBIM TONYYalOT W3 PAaCTHTEILHON
ouomaccel. OreuecTBeHHBIH 3aBoj «BioOperations» MTpPOU3BOAUT OHMOITAHON U3
OTXOZOB IIPU IPOU3BOACTBE OCHOBHOTO IPOAyKTa - mHmeHusl. IIpousBoactBo
BOJOPOIOCOAEPKAIMX TOIUIMBHBIX CMECEH IyTeM KOHBEPCHM 3TAaHOJA SBISETCS
OZIHUM M3 BaXHEHIINX MPOLIECCOB B IPOMBILIJICHHOCTH U 3HepreTrke. Karaautuueckas
KOHBEpCHUSI BO30OHOBJISIEMOTO CBHIPbS B BOJOPOJCOACPIKAILME TOIIMBHBIE CMECH
CIOCOOCTBYeT YCTOWYMBOMY pa3BUTHIO, OOecriedrBas HSKOJIOTUYECKH YHCTYIO
IBTEPHATHBY HMCKOMIACMOMY TOIUIMBY W COKpallas BbIOPOCHI IMAPHUKOBBIX ra3oB. B
COCTaBe IIOJIyYEHHOTO BOAOPOJOCOIEPIKAIIEr0 TOIUIMBHOW CMECH BXOAMT STHJICH,
roJTydeHme dTHUIIeHa — TepBhIid dTan npousBoacTBa SAF (Sustainable Aviation Fuel),
MOJTYYEHHBIN 3THJICH MOKHO MU3MEHUTH /10 OoJiee JUIMHHBIX yrieBonopoaoB. SAF - ato
9KOJIOTUYECKH YHCTOE aBHALMOHHOE TOIUIMBO, MPOU3BOAMMOE M3 BO30OHOBIISIEMBIX
pecypcoB, Kak B Halel padote u3 6uostanoina. B qanHo# pabore KatanuzaTtop Ha OCHOBE
Cu-Ce-Al, CHMHTE3MpOBaHHBIM METOAOM MPOMMTKU M HaHECEHHBIH Ha Y-Al,O, Obu1
WCTIOJIL30BAH IS TPEBPAICHHUS] OM03TaHOJIA B BOJIOPOJICOICPIKAINe cMecH. McxoHbIi
1 OTpabOTaHHBI 00Opasenm KaTamm3aTopa OBII HCCIEIOBAH (HH3UKO-XHMHICCKUX
METOIaMHM AJISl aHAJIN3a UX CTPYKTYPhl, MOP(OJIOrHH, COCTaBa MPUCYTCTBYIOMHNX (a3
U COCTOSHHSI TOBEPXHOCTH. BBUIO HM3ydeHO BIMAHME HM3MEHEHMS TEMIIEPaTypHOTO
peXuMa U COOTHOILLEHUSI KOHLEHTPALUil HCXOIHON PEaKIIHOHHOM CMECH Ha KOHBEPCHIO
W BBIXOJ. BbIT ycTaHOBNEH TepBbIl dTan monydenust SAF it mpousBoscTBa HOBOTO
9KOJIOTUYHOTO (YCTOHYMBOI0) aBUALIMOHHOTO TOIUINBA M CHU)KEHUSI YIJIEPOHOI'O CIIe/a.

Ki1roueBble cjioBa: KaTaau3aTop; NapoBblid pu(OPMUHT 3TAHOJA; METOJ POIUTKH

Paboma svinonnena npu punancosoii noooepcke Komumema nayxu Munucmepcemea
Hayku u gvicuie2o obpaszosanus Pecnyonuxu Kazaxcman no epanmy AP26198717.

Beenenne. B mocnenHee Bpems BOZOpPOA IIPHUBJIEKAeT 0co0O€ BHUMAHUE B
HEPTEeTHYECKOM CEKTOPE KaK HOBBIM MCTOUYHHUK HEPIMU ISl MUPOBOH SKOHOMHKH,
OTBEUAlOIMi BceM TpeOoBaHMAM «3eneHoi» osHepreruku (Ferraren, 2021:8).
Bomopon He BcTpeuwaercs B IpUpone B CBOOOAHOM COCTOSHHM, MOITOMY €ro
MOJTy4aloT U3 YITIEBOAOPOIOB, BOJBI MM BOJOpOJcoAepKalux coenrHenuil. [llupoko
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pacmpocTpaHseTcs IPOU3BOJICTBO BOIOPOAA U3 BO30OOHOBISIEMBIX HCTOUHUKOB, TaK Kak
9TO OTpaciib B3aMMOCBsI3aHa C LENsIMU ycToiunBoro pasButus (Rossetti, 2024:1288).
B kadyecTBe BO30OHOBIISIEMOr0 HCTOYHHUKA UCTIONB3YETCsl OMoMacca, U3 Hero TOJIyyaroT
ouostaHon. K Ouomacce OTHOCATCS Kak «IepBHYHas» Ouomacca — pacTeHHs,
cozeprKaiue Kpaxmain (MIIeHUIa, KyKypy3a, KapTodesb, caxapHbli TPOCTHHUK), TaK
U «BTOPUYHAS» - MPOMBILUICHHbIE W OBITOBBIE OTXOIbI (XJeOHBIe oTxoabl) (Vivek,
2022:2).

Onekrponu3, OHONOTMYECKHE peakiud, razudukanus Ouomacchl, NapoOBOH
pudopmunr, BogHas ¢aza puUGOpPMUHra M HYACTHYHOE OKHUCICHHE YIIEBOJOPOIOB
W CIOUPTOB SBISIOTCS PAa3NWYHBIMU CIIOCOOAMHU TIONyYEHHsT BOAOPOIA, KOTOpBIE
CYIIECTBYIOT Ha CErofHsIHUI AeHb. [IpeoOpazoBanus 3TaHOIa B BOAOPOJ MPOTEKAET
C Pa3HBIMH TEPMUYECKMMH PEaKIMSIMH, KaK MapoBelid pudopmuHr (1), gactuunoe
OKHCJeHHE (2) M YaCTUYHOE MapOBOE OKUCICHHE WM aBTOTEPMHUUYECKUN pUPOPMHUHT

3):

C,H,OH+3H,0—2CO,+6H,, AH®,,, = +174 xJIx/Monb (1)
C,H,OH+1.50,—2CO,+3H,, AH®,, = -545 xJIx/Monb (2)
C,H,OH+ H,0 +0,—2CO+4H, AH®, .= +185 kJlx/Monb 3)

[MTapoBelii  puGOPMHUHT 53TaHONA MPOTEKAET OCHOBHBIMH TPEMS PEAKIHSIMH:
JIeTuaprupoBanue dTaHona (4), mapoBoil puGOPMHUHT arneTanpieruaa (5) u peakuus
KOHBEPCHH BOJISTHOTO Ta3a (6):

CszOH(g) +HZO—>CH3CHO(g)+H2(g) AH®,, = 68.9 xJIx/Monb 4)

CH,CHO, +H,0—2CO_+3H, AHC,, = 186.8 k]Jli/Moh (5)
€O, +H,0—-CO, +H AH® , =-41.4 x]Ix/Monb (6)

2(g)

B mapoBoMm pudopmMuHre 3TaHONA TaKKe MPOTEKAIOT Pa3UuHbIe HEKelaTeIbHbBIE
MOOOYHBIE peakluu, TaKhe KakK JernapupoBaHue odtaHona (7), pasIokeHHe
aneranpaeruaa (8), obpasosanue anerona (9), meranuposanue CO (10) mm CO,
(11) 1 HecKkoNbKO peakuuii 00pa3oBaHMsl KOKCA, TAKMX KakK pasjiokeHue sTuinena (12),
pasnoxkenue Metana (13) u qucnponopunonuposanue CO (peakuus bynyapa; 14).

CHOH —CH, tHO, AH®,,=45.5 kJ[/MOb (7)
CH,CHO (g)—>CH 4(g)JrCO(g) AH®,,=-19.3 x/Ix/monb (8)
2CH,CHO,—CH,COCH, +CO+ H,(g) AH°,=4.1 k/lx/Monb 9)
Cco,, +3H,,—~CH, +tHO AH° , =-206.1 x/Ix/Momnb (10)
CO,, +4H,,—CH, +2HO AH®,,=-164.8 xJIx/Monb 1)
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C2H4(g)_)2c(s)+2H2(g) AH°298:-52.3 kJ>x/Monb (12)
CH,, —Ct2H,, AH®,, =74.9 kJlx/MOIb (13)
2C0<g) —2 C(s)+coz(g) AH®, = - 172.6 x[bx/mons  (14)

BpIxonBo0poa3aBUCHT OT XapaKTEPUCTHUK HCTIOIB3yEMOT0 KaTalli3aTopa i METOIOB
€ro MPUrOTOBIICHHS. BONBIIMHCTBO HcCIeA0BaHM OBLIO POBEACHO C HCIIOIB30BAaHHEM
HaHeceHHbIX Onaropoaabix Metaiuios (Pt, Pd, Rh, Ru) (Bilal, 2017:100; Ghita, 2016:145;
Troisi, 2023:5) u HeOIaropoaHBIX METAJUIOB, Hanpumep Hukenb (Murthy, 2023:5;
Pajaro, 2024:9; Suriya, 2024:249) u ero nepoBckutsl (Ruan, 2025:1). Katanuzarop Ni/
Al O,, mory4eHHbIH Ty TeM MOIHOTO BoccTanonenus mmnunesn NiAl, O, obecnieunBaet
BBICOKHMH BbIX0A H, IIpy HM3KKMX BBHIOPOCAX MAPHUKOBBIX I'A30B 3a CYET 3HAUYMTEIHLHOIO
COIMYTCTBYIOILETO MPOU3BOACTBA TBEPIOrO YIIEpPOAa TPHU ONPEACTICHHBIX yCIOBHUSX.
Taxke K0OanbT MIMPOKO MCHONB3YyeTCs B MapoBOM PH(OPMHUHIE dTaHONIA HApsLy ¢
HUKENIeM, U TOKE U3 psifia HeOMOrOpOoIHbIX MeTaluloB. [IpeBocxoaHas KaTamuTuyecKas
AKTHBHOCTH ObIJIa JOCTUTHYTa C KOOATBTOBBIM KaTAIN3aTOPOM HaAHECEHHBIM Ha HOCUTEIb
C HCIOJB30BaHHEM COHOXHMHYECKOTO CHHTe3a (YBEIMYCHHWE KOHBEPCHH 3TaHOJA,
HOPMaJIM30BaHHOM MO COAEp)KaHMIO KoOajbTa, MpUMEpHO B 4eThipe pasa) (Grzybek
2024:3). Cpenu ucciiefoBaHHBIX padOT KaTanu3aTopsl Ha ocHoBe Meau (Chen, 2020:5;
Ranjekar, 2023:31557) uMerOT NPEUMyIIIECTBO B TOM, YTO OHU SKOHOMUYHBI M IITUPOKO
JOCTYITHBI TI0 CPaBHEHUIO ¢ APYTMMH MeTaiaMu. Karann3aTopbl, CHHTE3UPOBaHHBIC
METOJIOM TIPOIIUTKH IO BIAroeMKOCTH Ha ocHoBe Cu HaHeceHHBbIC Ha LeouT NaY u
Ha okcu Nb,O, Obuti akTuBHBI B TapoBoM pudopmunre sranona (Nippes, 2024:11).
B npencrasnennom uccnenosanuu 661 cuntesuposan Cu-Ce-Al/y-Al O, katanusatop
METOJIOM IPOTHUTKH 110 BIar0€MKOCTH, C MTOCIIEAYIONIECH XapaKTepUCTUKON pa3THYHBIMH
(U3UKO-XUMHYECKIMH METOJIAMHU aHaJIH3a.

Marepuajiisl ¥ OCHOBHbIe MeTOAbl. B KadecTBe CBHIpbsl OBUI HCIOJIB30BaH
0103TaHOII, TOTyYSHHBIN 13 OTXO/I0B MIIIEHUIIBI Ha 3aBojie «BioOperations» (Kazaxcran,
r. Taiipiama). [ponykuus «Bio Operations» ceptudunuposana FSSC 22000 u ISCC ¢
3aHECEHHEM B MEXIyHapoHbIe peecTpbl. [1o naHHBIM macmopTa KauecTBa OMO3TaHOTa
o0beMHast OIS STHIOBOTO chupTa coctaBiseT 99,98%. buostanon cmemmBancs c
JIEMOHU30POBAHHON BOJIOM NIPU COOTHOLIEHUHU CZHSOH:HZO (1:1,2:1, 1:2).

Karanu3zaTopbl ObLUTH IPUTOTOBIEHBI METOIOM ITPOTIUTKHU, B KOTOPBIX HCIIONB30BAIUCH
cnenyromue pearentsl: Cu(NO,),*6H,0, AI(NO,),*9H,0, Ce(NO,),*9H,0 un nocurens
y-ALO,. Hurpatbl ObutM B3BEHIEHBI HA 3JIEKTPOHHBIX BECaX, M ObUI TPUTOTOBJIEH
HEOOXOOMMBI pacTBOp IMPEKypCOPaaKTUBHOTO KOMIIOHEHTa, C KOHLEHTpalueH,
KOHTPOJUPYEMOH PEryIrpOBKONM MOJSPHOTO COOTHOLICHHUs. Hocurenb BICYHIMBaIH
npu 150°C B Teuenue 1,5 4. [lanee onperneneHa BiaraeMkocTh Hocutens (1T HocUTeNb
0,75 mn Boael). Karanuzatop npokanuBanu B MydensHoit eun npu 500°C B TeueHue
24,

@Da3oBbIli COCTaB M KPUCTAUTMUECKAsh CTPYKTypa CBEKUX M OTPabOTaHHBIX
KaTaJIn3aTOPOB aHAIM3UPOBAINCH C TMOMOLIbIO peHTreHodaszoBoro anammza (PDA)
Ha jgudpakromerpe JPOH-4.07. Meron bBpynayspa-Ommera-Temepa (BOT)
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creunpuuecKuil aHaIu3 IUIOIAAN MOBEPXHOCTH MpoBoAMiIcS HaaHanu3aTope Thermo
Fisher Scientific (Mtanusi, Muian) ¢ Hcroib30BaHHEM a30Ta B KAYECTBE Ia3a-HOCUTEIIS.
Ckanupytomas 31eKTpoHHas Mukpockornus (COM) mpoBoamiIach ¢ UCIOIb30BAHHEM
mukpockona JSM-6610LV (JEOL, SlmoHus) B COYETaHUHM C DHEPTOTUCIICPCHOHHBIM
cnexrpomerpoM (EDS).

I[TapoBbiii propMuUHT 3TaHoa npoBoauics ¢ ucnoab3osanueM Cu-Ce-Al/y-ALO,
KaTaJn3aTopa Ha yCTaHOBKE TPOTOYHOT'O THIIA TP aTMOC(EPHOM IaBICHIH B TpyOUaTOM
KBapIieBOM PEaKTOPE C HETMOIBMKHBIM CIIOEM KaTaju3aropa 0e3 MpeaBapUTEIbHOTO
BoccraHoBieHus. O0pasel KaranuzaTopa ObUT TIOMENICH B CPEIHIO YacTh peakTopa
U C ABYX CTOPOH OBbLJT 3aKaperIeH KBapLEBON BATOW. DKCIICPUMEHTHI IPOBOIMINCH B
auanaszone temmepatyp ot 300 10 900 °C ¢ ucrmonb30BaHUEM B KAYECTBE ChIPhSI CMECH
C,H,OH:H,O npu coornoutennu 1:1, 2:1 u 1:2. CMech peareHTOB BBOIMJIACH Yepe3
BXO/IHOE OTBEPCTHE CHUCTEMBI C TOMOIIBIO TNMEPHUCTAIBTHUYECKOTO Hacoca. Peakius
OCYIIECTBISUIACH MTPH aTMOC(HEPHOM JaBIICHHMHM BHYTPU T€YM M B POJIU TOJBHKHON
(hazbI MCTIONB30BAJICS HHEPTHBIHN Ta3 Ar. AHAIN3 HCXOIHOW CMECH 1 MTPOIYKTOB PEaKITuN
(>kmmkasi, Ta30Bas) MPOBOAMIICS C TIOMOIIBIO Ta30BOM XxpomaTtorpaduu. ['azo0pa3Hbie
MIPOYKTHI AHATM3UPOBAIKCH Ha ra30BoM xpomarorpade «Xpomoc ['’X-1000» (Mockaa,
Poccust) c ieTekTopoM 1o TeMmI0NpOBOIHOCTH U IJIaMEHHOMOHU3AL[HOHHBIM IETEKTOPOM,
a takke Ha xpomarorpade «Agilent Technologies 6890N» (Kamudopuus,CIIA)
OblLTaaHaIM3UPOBaHA KHUJIKast (pa3a MPOayKTOB.

Ornenka KaranuTu4eckod >¢pdekruBHOCTH npousBoacTea H, mposoamnacs Ha

ocHOBe KoHBepcuu stanona (C, ) B IEpECYETE Ha CYXyI0 Maccy 1o ypaBHeHuIo (15):

FEtOH _ pEton
i O
Ceron = ( = FEtOH )* 100% (15)
in

PesyabTaThl. B nanHoii pabote npezcraBieHsl pesyipraTsl akTuBHOCTH Cu-Ce-Al/
y-Al,O,karanu3aTopa, CMHHTE3WPOBAHHOTO METOAOM NpONMTKU. KaranmsaTopsl OblLiu
aHAJIM3UPOBAHbI A0 U nociie peakuuu MmetogoM POA, bBOT u COM.

a b
Pucynok 1 - COM cHUMKH Ha OBEPXHOCTH (a) U B packosioTom Buje (b) ceesero Cu-Ce-Al/y-Al O,
KaTajaM3aTopa
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DJIeMEHTHOE KapTUPOBaHNE ObLIO BHIMOIHEHO C oMoIibio EDS uis unentudukamum
XUMHUYECKUX 3JIEMECHTOB B KaTayim3arope. Tabmuia 1 moka3siBaeT lIeMEHTHBIN aHAH3
CBEXKEr0 KaTalu3aTopa Ha IOBEPXHOCTH M B PACKOJIOTOM BHUE, 1O pe3yiabraTam
AJIEMEHTHI OBUTM OOHAPYXKEHBI, YTO CBUACTEIBCTBYeT 00 A((EKTUBHOCTH Ipolecca
npornutkd. [lo nanHbIM snemenTHOro aHanu3a Cu u Ce nydlne AWCIEPrupyeTrcs Ha
MMOBEPXHOCTU KaTajlu3aTopa ueM BHYTpHU. [laHHBIC 3JIEMEHTHOTO aHallu3a CBEXOTro U
0TpabOTaHHOTO KaTaIM3aToparoKa3aHbl B Ta0muIe 2.

Tabmuma 1. DneMeHTHEBIN aHANN3 CBEKETO U 0TpaboTanHoro karanusatopa Cu-Ce-Al/y-Al O,

O6paser DnemeHr (%)
(0] Al Si Cu Ce
Ha noBepxHoCTH CBEXEro Katajimzaropa 41,89 45,99 0,56 4,16 7,39
PackonoTsIil CBEXHIT KaTamu3aTop 45,34 46,27 0,13 2,79 5,47
OTpaboTaHHbII KaTaIu3aTop C,H,OH:H,0 (1:1) 43,92 46,97 0,09 2,84 6,18
Orpaborannbii katanusatop C,H.OH:H,0O (2:1) 41,83 48,42 0,10 3,35 6,30
Otpaborannsii karamusatop C,H,OH:H,O (1:2) 42,54 47,16 0,28 3,37 6,65

Pe3ynbraTel ckaHMpOBaHMS TOJA 3JIEKTPOHHBIM MHKPOCKOIIOM Ul CBEXKETo M
orpabortanHoro karanuzatopa Cu-Ce-Al moka3anbl Ha puc. 2, KOTOPBII NOKa3bIBacT
YTO IMMOBEPXHOCTH KaTaJIN3aToOpa HEPOBHASI CO MHOXKECTBOM OTBEPCTHH, KOTOPBIE MOT'YT
[IO3BOJIUTh MOJIEKYJIaM 3TaHOJAa M BOABI NPOHUKAThb M pearupoBaTh. Hensmennas
MUKpOCTPYKTYypa [10CJIe pEaKIUH 10 CPAaBHEHHIO CO CBEIKUM KaTalIU3aTOPOM YKa3bIBaeT
Ha TO, YTO KaTAJIN3aTOP UMEET BBICOKYIO THAPOTEPMAIbHYIO CTAOUIBHOCTD U €T0 TPYIHO
pa3pyLIMTh MIpH BBICOKON Temmepartype. IIpu cpaBHEHMH KaTaau3aTOpoOB O M IOCIHE
peakuuu napoBoro pudopmuHra bnosranosna Ha COM cHUMKe HaOIIOIAI0TCS HEKOTOPbIE
pa3nuuus Ha MOBEPXHOCTH KaTanuzaropa. Kpome Toro, BHyTpH NnpopearupoBaBIIEro
KaTajau3aTopa UMEITCSI HEKOTOpble HUTEBUIHBIE CTPYKTYpBI, KaK IOKa3aHO Ha pPHC.
2 (¢,,C,), KOTOPBIE MOTYT OBITH OTHECEHBI K HUTEBHMIHBIM YIVIEPOJAM JUOO yKa3blBaTh
Ha HaIU4Me HHUTEBHUIHOTrO ymiepoaa. M3BecTHO, 4TO ymiepon, OTIOXKEHHBIM Ha
KaTaJn3aTope, B OCHOBHOM JICIUTCS HaaMOPQHBII YIIepox W HUTEBUAHBIA YIIEpo,
B TO BpeMSl Kak aMOp(QHBIA yIJepoAa SBISETCS OOBIYHBIM SBJICHUEM B PEAaKLUH, a
HUTEBUHBIA YIIIEPOI MOXKET CIIOCOOCTBOBATH 00PAa30BaHUIO YIIICPOIHBIX HAHOTPYOOK.

201



ACADEMIC SCIENTIFIC JOURNAL OF CHEMISTRY

7] OB

a3)Spent out 1:2 (10000) bs)Spent out 1:2 (3000) c3)Spent in 1:2 (10000) ds)Spent in 1:2 (3000)

Pucynok 2 - COM cHUMKH Ha TIOBEpXHOCTH (out) U B paspese (in) cBexero u orpadorannoro Cu-Ce-Al
KaTaJu3aTopa

Oocyxnenne. OTIOXKEHHE yDIEpOAa Ha IMOBEPXHOCTH KaTalau3aTopa BO BpeEMs
KaTQJINTHYECKOTO IMapoBOro pU(OpMHHIa 3TaHONA SBISIETCS OCHOBHOW NPUYMHOM
Je3aKTUBALMKM KaTalu3aTopa, KOTOPYI0 MOXHO pa3feiuTh Ha BOJOKHHCTBIE H
HEBOJIOKHHUCTHIE YIIIEPOAHbIC OTIOKEHHS. BOJIOKHUCTBIE yIIIepOIHBIE OTI0KEHUS JIETKO
00pasyroTcsi B YCJIOBHUAX BBICOKOM KOHLEHTPALMK 3TaHoja. DTOT BHJ BOJOKHUCTOTO
yroiepoga MMEeT MEHbIIE MPENsSTCTBUH A aKTUBHOIO LIEHTpa Meramia, u 3ddexr
Ne3aKTUBAllMM HE OYEBUICH, HEKOTOpPBHIC MCCICAOBAHMS JaXKe IIOKAa3bIBAIOT, 4YTO
OH MOXET YIyYlIUTh AaKTUBHOCTh KaTaju3aropa. PeakIMOHHAs aKTUBHOCTb OyIeT
CHMYKEHA, €CJIM OCaXICHHbIH yITIepOA NPeA0TBPATUT MIONAAaHue B IOPbI KaTaJIn3aTopa
TAaKUX PEaKLHOHHbIX BMJIOB, KaK 3TAaHON M Boaa. HeBOJOKHHUCTBIE yIIepogHbIE
OTJIOXKEHHUS JIETKO 00pa3yroTCsl P BHICOKOW KOHLIEHTPALMU 3TaHOJA, KOTOPhIE MOTYT
MOJMMEPHU30BaThCs OJHUM WJIM HECKOJBbKMMH aTOMaMM yriepola M IPHUBOOUTH K
Je3aKTUBALMK KaTalu3aTopa IyTeM KOHTaKTa C MeTaJulndeckuM LeHTpoMm (Quan,
2024:7).
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Pucynox 3 - ludpakrorpammsl POA cBexero u orpadoranHoro karanusaropa Cu-Ce-Al.

Huanazon ckanmpoBanus XRD cocraBmser ot 10° mo 80° co cxopocthio 10°/cek.
PentrenoBckue AudpakTorpaMMbl CBEXKHX M OTPaOOTAaHHBIX KaTaaH3aTOPOB MOKA3aHbI
Ha puCyHKe 3. BblIo ycTaHOBIEHO 00pa3soBaHUe TaKUX OKCHAHBIX (hopMm, Kak y-AlO,,
CeO,, CeAlO, u metanmmueckuii Cu. Bo Bcex 0TpabOTaHHBIX KaTann3aTopax 0OHapyxeH
CeAlO,. ITukn mudppakunu y-Al,O, He MEHSIOT CBOETO MOJIOKEHHUS TTOCIIE PEAKIIUH, YTO
YKa3bIBaeT Ha COXPaHEHHE CTPYKTYpBl HOocuTelsl. [10 CpaBHEHHIO ¢ PEHTTeHOIPaMMOt
CBEMKETO KaTanusaropa, nudpaxiuonnsie muku s CeO, HE CyIIECTBYIOT, OHAKO HA
pEHTreHOTpaMMe TIPOPEarupoOBaBIICTO KaTalu3aTopa TOSBHIUCH HEKOTOPHIC HOBBIC
muppaxiuonnbie muku B cootHomennn C,HOH:H,O (2:1). Ilukn nudpakuun B
nontokernu 20 50,77° u 59,32° moxHO comocTaBuTh ¢ Cu, UTO yKa3bIBacT HA TO, UTO
obpasyrommiics H, moxer Boccranasnueath CuO 0 Merammyeckoro Cu B nporecce
peaKIuy MapoBOi KOHBEPCHH ATAHOJA.

W3BectHO, uTO B Karamuzarope oopasyercs CeAlOs, kKoTopast MOXKET CyIIECTBCHHO
TTOBJIMATH Ha €0 MTOBEICHNUE B PEAKITUH ITapoBoro pudopmunra aTanona. CeAlOs moxeT
00pa30BBIBATHCS B PE3yNbTaTe BHICOKOTeMITepaTypHoro B3aumozeiicteus CeO:2 n Al2Os,
KoTOophie 00HapyskeHb! MeTooM PDA. Yuctsrit CeO:2 06mamaeT BHICOKOH KHCIOPOTHON
MOJIBMYKHOCTBIO M CIIOCOOHOCTBIO K XPaHEHHIO/OTAa4ye KHUCIOPOJa, YTO IOMOTaeT
yMeHbIIaTh KokcooOpazoBanue. AloOs - WHEPTHBIH HOCHUTENb C OONBIION yAeThHON
noBepxHocThio. [lpu ux B3ammoneiictBum u oOpasoBanmu CeAlOs >Tm cBoiicTBa
MOTYT cymecTBeHHO m3MeHuThes. Poms CeAlOs; B peakiuu mapoBoro pucopMuHTra
aranona: CeAlOs MOXET CHU3UTH CIIOCOOHOCTH KaTamu3aTropa K YIAJICHHIO KOKCa,
T.K. YMEHBITIAeTCs TofadaakTuBHOTO Kuciopona. C apyroit croponsl, CeAlOs moxeT
MOBBIIIATh TEPMUYECKYIO CTAOMIBHOCTh KAaTal3aTopa W YMEHBIIATh arperammio
AKTUBHBIX YacTHIl (Harmpumep, Ni), 0COOEHHO MPH BHICOKHUX TeMIIepaTypax.
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Pucynok 4 - N, usorepma agcopoium/necopoimu cexero Cu-Ce-Al/y-Al O, katanusatopa

Ha pucynke 4 mpeacraBiieHa u30TepMa aacopOIuy U JeCOpOITiH a30TOM cBeskoro Cu-
Ce-Al/y-Al O, karanuszatopa. TexcTpyanbHble MapaMeTPhl CBEKETO M OTPAOOTaHHOTO
Cu-Ce-Al/y-Al O, karanu3saTopa NpuBEICHBI B TAOIHUIE 2. YCTAaHOBIEHO YTO, YEIbHASA
IUTOMIA/Ib TIOBEPXHOCTH YMEHBINAETCS ¢ moHmkennem coornomenns C,H,OH:H,O.

Ta6muna 2. TexcrpyanbHble napameTphl ceeskero u orpadorannoro Cu-Ce-Al/y-Al O karanusatopa

[Tnomane O6bem O6bem Juametp
O6paszen TIOBEPXHOCTH |  TIOp MHKPOTIOp nop
(M) (em’r) (em’r) (M)
CBexuii KaTaau3aTop 116.16 0.3177 0.3106 11.21
Orpaborannsiit katanmusatop C,H,OH:H,0 (1:1) 55.28 0.1167 0.1409 5.75
Otpaborannbiif katanmusatop C,H,OH:H,O (1:2) 76.58 0.1053 0.0755 2.02
Orpaborannbii karamusatop C,H,OH:H,0 (2:1) 85.68 0.1252 0.1307 1.24

I[Hﬂ OIIpEACIICHUA KaTaJIMTHYeCKOM aKTUBHOCTHU KaTajin3aTopa OIbITEI TPOBOAUIINCH
B TemmepatypHoM pexkume oT 400 °C mo 900 °C. K moO0oYHBIM TPOAYKTaM pEaKIIHH
MapoBOro pUGOPMUHTa ITAHOIA MOXKHO OTHECTH B Ta30BOM COCTOSHHH: MOHOKCH]I
yriepoja, TMOKCUJT YIIIepoJia, MeTaH, STUICH U B KHUJKOM COCTOSHHH: aleTalbIeT ],
aneToH, ykcycHas kuciiora. [lpu 400 °C npu aeruapupoBaHUM 3TaHOJIA 00Pa30BajICs
aneTaNbAeTU W aleToOH, ¢ MoBbImeHueM TtemrepaTypsl mpu 500 °C, 600 °C B
MNPUCYTCTBUU JABYX MOJICKYJI allCTaJIbACTHUa O6pa3OBaJ'IC$1 all€TOH U IIPpHU YaCTUYHOM
OKHCJICHUY alleTallbAeru/ia UK 3TaHoIa 00pa3oBaiachk yKCycHas Kuciora. B ocHoBHOM
npu Beicokux Ttemmeparypax 700 °C - 900 °C ne Habmonanoch 00pa3oBaHusl KUIKOTO
npoaykra. DtuieH obpasoBaiics mpu 400 °C, 500 °C , HO OoJibllas KOHIEHTPAIUS
STHIIEHA HaOMIoIanack ITpH COOTHowmeHuH ChipbeBod cmecu C,H.OH:H,O (1:1)
n(2:1). Konmnentpamus BpIXOAa MOHOKCHIA YIIEpoAa, AUOKCHIA YIIIEpoAa W MeTaHa
YBEJIMYUBAJIACH C MOBBIIEHUEM TEMIIEPATYPHI.
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AKTHUBHOCTbH TapoBoii kouBepcuu 3Tanonanpu 400 °C - 600 °C oTHOCUTENBHO HU3KAst
(menee 20% Bbixoga H,), n cucTeMabBICTPO N€3aKTUBHUPYETCS M3-3a 00pa3sOBaHMsA
YTJIEPOAHBIX OTJIOKEHUH. DTO B OCHOBHOM OTPayKaeT OrpaHUUYEHMs MEIU JUIs ITpolLecca
1, B YaCTHOCTH, A pa3pbiBa cBa3eil C-C, B COOTBETCTBUU C aHAIN30M IPOAYKTOB.
Cu-Ce-Al/y-Al,O, neMOHCTPUPYET BBICOKYHO aKTHBHOCTH (moutu 100% koHBEpCHM
sranona u 6onee 40% sbixona H,) nmpu 700-800°C cooTHOIIEHHE PEAKIMOHHON CMECH
C,H,OH:H,O (1:2) u (1:1), a B cootnomenuun C,HOH:H,O (2:1) BbIXO1 BOMOpONA
ne menee 20%. 3aBucumocts Bbixona Bogopona Ha Cu-Ce-Al/y-Al O karanuszarope
IIpY BapbUPOBAHUU TEMIIEPATypbl PEAKIUH U COOTHOIIEHUS MCXOAHON PEeaKIMOHHON
cMecH oToOpakaercsi Ha pucyHke 5. Kak mokaszaHo Ha pucynke 6 HaunHas ¢ 500°C ¢
M3MEHEHHEM COOTHOIIEHUS peaKLIMOHHON cMecH KoHBepcus 3taHoia gocturaer 100%.
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Pucynok 5 - 3aBucHMOCTb BBIXO/Ia BOZOPOAA Pucynoxk 6 - lccrnenosanue aktuBHoctu Cu-
Ha Cu-Ce-Al/y-Al O, katanusatope npu Ce-Al/y-Al O, xaTanusaTopa npu BapbHPOBAHUH
BapbUPOBAHUM TEMIIEPATYPhI PEAKIMU U TeMIIEpaTyphbl PEaKIUU U COOTHOIIEHHUS HCXOAHOM

COOTHOUIEHUSI UCXOAHOM peaKMOHHOM CMecu PEeakLUMOHHON cMecu

3axinouenue. B 1annoiipaboTe asinpeBparieHHs 0103 TaHOJIa BBOIOPOACOACPIKAILUE
cmecu ucciaenoamd aktuBHOCTL Cu-Ce-Al/y—AlL O, katanmusaropa. beuto usydeno
BJIMSHUE BAapbUPOBAHUS TEMIIEPATypHOTO PEKUMa M COOTHOLICHUS KOHIICHTPALMH
HCXOHOW PEaKIMOHHOW CMECH Ha KOHBEPCHIO M BBIXOH. JaHHBIMH HCCIEIOBAHMS
pU MapoBoM pUPOPMUHTE OHMOATaHOTAa ObUIO OOHAPYKEHO ONTHMAJbHBIC YCIIOBHS:
T=700°C u C,H,OH: H,O = 1:2 npu KOTOPBIX BBIXOJl BOZOPO/a U KOHBEPCHS ITaHOJIA
cooTBeTCTBEHHO cocTaBiseT 41% u 100%..

[Tonmywyaembiii u3 Ouostanona SAF cHmkaer BbiOpockl ymiepoma Ha 80% 1o
CPaBHEHHIO C OOBIYHBIM aBHALMOHHBIM TOIUIMBOM. KoHBepcusi m3 OumostaHona B
aBHATOIUIMBO BKJIOYaeT B ceds HECKoJIbKO dTamoB. llepBblii sTam aeruapartauus
OuostaHona 10 dTHIeHA. B nanHoii pabote stmieH obpazosaics npu 400 °C, 500 °C
, HO camast Oomnbluasi KOHIEHTpauus sTuieHa 28% HaOmoganach Ipu COOTHOLICHUN
ceippeBoii  cMecn C,H.OH:H,O (1:1). DOto mnepebii sTanm npomssoactsa SAF
(Sustainable Aviation Fuel), namee momy4deHHBIH ATHIEH MOXHO M3MEHHUTH 10 Ooiee
JUIMHHBIX YTJICBOIOPOAOB U 10 BBICOKOOKTaHOBBIX KOMIIOHEHTOB. KazaxcraH siBisieTcs
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yuactHuKoM [lapmkckoro cormamenus mo kiuMaty u 2 ¢espans 2023 roma B cTpane
Obuta yTBepkIeHa «CTpaTerus JOCTHKEHUS YITICpOHON HelTpanbHOCTH PecmyOnnku
Kazaxcran no 2060 roma». OgHUM U3 KIIOYEBBIX HAMPABICHUM CTPATETUU SIBISETCS
JekapOOHM3AIMS TPAHCIIOPTA, BKJIFOUAsT aBHAILIMIO M 3TO paboTa OYCHb aKTyajbHA IS
pa3BUTHS HAIlIeW CTPaHbl B JAHHOM HAIIPaBICHUH.
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Abstract. Ziziphora is a medicinal plant of the Lamiaceae, mainly growing in Central
Asia, Eastern Europe and China. These plant species are rich in bioactive compounds
and are known for their diverse and wide range of pharmacological properties. Ziziphora
bungeana Juz. is one of the most important species among them. This study focuses
on the phytochemical and pharmacological study of Z. bungeana, particularly on the
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analysis of its methanolic extract using spectroscopic techniques and the evaluation of
its antibacterial activity. The aim of the study is to provide a brief overview of different
Ziziphora species, as well as to study the composition and biological properties of the
methanolic extract of Z. bungeana. FTIR spectroscopic analysis was used to identify the
major bioactive compounds present in the extract. The results showed the presence of
flavonoids, phenolic compounds and terpenoids, which are known for their pronounced
pharmacological properties. Furthermore, the antibacterial activity of the extract was
evaluated against several pathogenic bacterial strains using agar diffusion techniques.
The results showed that the methanolic extract exhibited antibacterial effect, especially
against the gram-positive strain of B. subtilis and gram-negative strains of E. coli, P,
aeruginosa, suggesting its potential as a natural antibacterial agent. Overall, this study
provides valuable information on the chemical composition and pharmacological
potential of Z. bungeana. The results expand knowledge on medicinal plants and
highlight the significance of this species for pharmaceutical and therapeutic purposes.
Future studies should focus on isolating the bioactive compounds responsible for
antibacterial effects and elucidate their mechanisms.

Keywords: Lamiaceae, Ziziphora, extraction, methanol extract, FTIR spectroscopy,
antibacterial activity
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AHHoTamms. Ziziphora — Herizinen Opranbik Asusna, Lleireic Eyponana sxone
KpITalina ecetin epiHTYIIiIEp TYKbIMAAChIHA JKaTaThIH JAPUIIK ociMIiK. By ecimuik
TYpJiepl OMOJIOTHSUIBIK O€JICeH/I KOChUIbICTapra Oail jKOHE OJIApJbIH OPTYPJIl JKOHE
KeH ayKbIMJIbl (hapMaKoJIOTHSIBIK KaCHEeTTepiMEeH TaHbIMall. Ziziphora bungeana Juz.
— oJapiplH IIIHJETT €H MaHbI3Ibl TYpIiepiHiH Oipi. Byi 3eprrey Z. bungeana-uwix
(OUTOXUMHUSIIBIK JKOHE (hapMaKOJIOTHSIIBIK 3epTTEYIIEpiHe, acipece CIEKTPOCKOMHSIIBIK
ozicTep/i KOJJaHy apKbUIbl OHBIH METAHOJI CHIFBIHIBICHIH TajJlayFa >XOHE OHBIH
Oakrepusira Kapchl OeNCeHIUNriH Oaranayra OaFbITTalfaH. 3epTTEyHiH Makcarbl
— Ziziphora TypnepiHe KpICKalla IIONY jKacay, COHBIMEH Karap Z. bungeana
METaHOJI/IbI CHIFBIHABICHIHBIH KYpaMbl MEH OMOJIOTHSUIBIK KacueTTepin 3eprrey. FTIR
CHEKTPOCKOIUSUIBIK TaJildy ChIFBIHIBIAA Oap HEri3ri OHMOaKTHUBTI KOCBUIBICTAP]IbI
AHBIKTAY YIIIH KOJAAaHbUIABL. HoTmxkenep alkbiH (hapMaKoJOTHSIIBIK KacHETTepiMEH
Oenrini  ¢IaBOHOUATAPABIH, (EHOJNABI KOCBUIBICTAP MEH  TEePIEHOUIATAPIBIH
OonyblH KepceTTi. bymaH 0acka, CHIFBIHABIHBIH OaKTepusra Kapchl OCJICEHUIIr
arap aud@y3usUIbIK OJICTEPIH KOJJIaHA OTBIPBIN, OIpHEIIe IMaTOreH i OaKTepusl
mITaMMIapbiHa KaThICThI OaranaHabl. HoTmkenep MeTaHON/IbI CHIFBIHIIBIHBIH, dcipece
rpaM-oH B. subtilis mTamMMbIHA JXoHE Tpam-tepic E. coli, P. aeruginosa mraMmmaapbiHa
Kapchl Oakrepusifa Kapchl ocepl OapblH KOpceTTi, OyJi OHbIH TaOuru OakTepusFa
Kapchl areHT periHae aneyeTiH kepcereni. JKanmbl, Oyn 3eprrey Z. bungeana-HbIH
XUMHSUIBIK KypaMbl MEH (hapMaKOJIOTHsUIBIK QJICyeTi Typasibl KYHJbI aKmapar Oepei.
Hotmxenep nopiiik eciMIikTep Typaibl OUTiMAI KEHEUTyre BIKMAI €Tedl OHE OCHI
TYPIiH (apMameBTHKAIBIK KOHE eMIIK MaKcaTTap YIIIH MaHBI3bUIBIFBIH KOPCETEI.
Bonamak 3eprreynepne Oalikanran OakTepHsFa Kapchl ocepliepre ayamnTbl apHanbl
OMOAKTHUBTI KOCBLIBICTAP/IbI OOJIIIT aJTyFa JKOHE OJIAP/IbIH 9CEp €Ty MEXaHU3MJIEPIiH O/1aH
opi TYCIHIIpyTe Ha3ap ayJaapy Kepek.

Tyiiin ce3nep: Lamiaceae, Ziziphora, 3KCTpakiiysi, METaHOJbI ChIFbIHBI, MK-
®Dypbe CreKTPOCKONHSCHL, OaKTepHUsFa KapChl OCICEHIITIK
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AuHoTauus. Ziziphora - nexapcmeennoe pacmeHue cemelicmsed SICHOMKOBbIX,
npouspacmaroujee npeumyujecmeaentno 6 Cpeoneil Azuu, Bocmounou Eepone u Kumae.
Omu 6udvl pacmenuii bo2amuvl OUOIOUYECKU AKMUBHBIMU COCOUHCHUSIMU U U3BECTHBI
CBOMMHU Pa3HOOOPa3HBIMH M IIMPOKHM CHEKTPOM (HapMaKOJIOTHYECKHUX CBOWCTB.
Ziziphora bungeana Juz. — 00uH u3 6axiCHetuUX U008 cpedu Hux. ITO UCCISIOBAHNE
(dokycupyercst Ha (PUTOXUMHYECKOM M (PapMaKOJIOIMYSCKOM HCCIICAOBaHUM Z.
bungeana, B 4aCTHOCTH, HA aHAJIM3E €r0 METAHOJLHOTO SKCTPAKTA C UCIIOJIB30BAHUEM
CHEKTPOCKOITMYECKUX METOJIOB U OIIEHKE €r0 aHTHOAKTepHaIbHOW aKTUBHOCTH. Lenbro
HCCJICIOBAHUS SIBJISICTCS ITPE0CTABICHUE KPATKOr0 0030pa pa3InyHbIX BUIOB Ziziphora,
TaK)Ke U3yUeHHUS COCTaBa M OMOJIOTHYECKHE CBOWCTBA METAHOJIBHOTO 3KCTpakTa Z.
bungeana. Cnexkrpockonuueckuii anainu3 FTIR ucnonb3oBajics aist uaeHTUDUKAIITH
OCHOBHBIX OHOAKTHUBHBIX COCIMHEHHH, MPUCYTCTBYIOIIMX B 3KCTpaKTe. Pe3ynbrarhl
noka3aiu HaJndue JIaBOHOUI0B, (PEHOIBHBIX COCIUHEHUN U TEPIIEHOMIOB, KOTOPHIE
M3BECTHBI CBOMMH BBIPAKCHHBIMH (DapMaKoJIOTHYeCKUMH cBoiicTBamMu. Kpome Toro,
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aHTHOaKTepuanbHas AaKTUBHOCTh OJKCTpPAaKTa ObUla OLEHEHA NPOTHUB HECKOJIbKUX
MaTOTeHHBIX MITAMMOB OaKTEpHH C HMCIOIB30BaHUEM METOAOB IU(Qy3un B arape.
Pesynbrarel MOKa3anM, YTO METAHOJNBHBIM HKCTPAKT MPOSBUI aHTHOAKTEpPHAaTHbIH
3¢ QeKT, B OTHOIIEHNH 0COOCHHO TPOTUB I'PAMIIONIOKUTENILHOTO ITamMma B. subtilis u
rpaMOTpULATENBHBIX IITaMMOB E. coli, P. aeruginosa, 94To npeanonaraeT ero moTeHIuat
B Ka4eCTBE HATYypaJIbHOTO aHTHOAKTEePHaIbHOTO CpelCcTBa. B 11emom, 3To ucciaeqoBaHme
JaeT [eHHYI0 HHPOPMAIIHIO 0 XUMHUYECKOM COCTaBe M (DapMaKoIIOTHUeCKOM MTOTEHIIHAe
Z. bungeana. Pe3ynapTarhl cliocOOCTBYIOT paCIIUPEHHIO 00beMa 3HAHH 0 JIEKAPCTBEHHBIX
pacTeHHsX M MOJYEPKHUBAIOT 3HAYMMOCTH JTOTO BHAAa B (apMaleBTHUECKUX U
TeparneBTUUECKUX LensixX. byaymue uccnenoBanus JOMKHBI ObITH COCPEJOTOUEHBI Ha
BbIJICJIEHUH KOHKPETHBIX OMOaKTUBHBIX COSAMHEHHUH, OTBETCTBEHHBIX 3a HAOI0acMble
aHTHOaKkTepuanbHble 3Q(EKThl, U JaJbHEHIIEM H3yYeHHH MEXaHU3MOB UX JACHCTBHS.

KioueBsble caoBa: Lamiaceae, Ziziphora, 3KCTpakuusi, METAaHOJIBHBIA SKCTPAKT,
UK-Dyphe criekTpocKonus, aHTUOAKTepraibHast aKTHBHOCTD

Kipicne. Onemae opTypmi emIik KacuerTepi 0ap eCIMIIKTepAeH >KacalfaH Jopi-
JOpMEKTepre Haszap aynapbuUly jkajracyda. EMAik kacueTi Oap eciMaikTep Karepii
iCiK oHE KYKNaJlbl aypyJapMeH Kypecyle jKaHa jKoHe KYLITI JOpiTiK KypalaaplbiH
QJIeyeTTi Ke3epi peTiHae KapacTelpbuiaabl. byt ¢penonnap, ankanouarap, canoHuHAEP,
TepIeH e, TUMUATED )KIHE KOMipCyaap/bl KOca alnFaH/a, 0Chl OCIMAIKTepe ONOaKTUBTI
KOCBUIBICTAPIbIH KeH ayKbIMBIHBIH O0ybIHA OaiinanbicTel. OnapablH KaHama ocepiiepi
a3aiibll KaHa KOWMaibl, COHBIMEH KaTap oJap aHTHOKCHJIAHTTBIK, KaOBIHYFa KapcChl,
MUKpPOOKa KapcChl JKOHE ICIKKE KapChl KacHUETTEep/i Koca aliFaHja, OWOJOTHSIIBIK
OENICeHIUTIKTIH KeH ayKbIMbIHA M€ OOJIBIT TaObLIaIbI.

Lamiaceae TYKpIMIACHI OYKILT 9NieM/Ie Ke3AE€CETiH I'YJ1 OCIMIIKTepAiH YIKeH TOOBIH
Kypaiiael. Lamiacae TYKbIMIACBIHBIH OCIMJIIKTEPI MEIUIIMHAJIA, TAMaK OHEPKICIOIH e
KOHE KOCMETHKaga OypbIHHAH KOJJaHBbUIFaH. ByKin omemzae gomueyiluTep peTiHae
JKOHE KYIITI OMOJIOTHSUIBIK OCJICEHAUTIrT 0ap MeTa0OIUTTEP/IiH KO3i peTiHe KeHIHCH
KOJIIaHblIa 161, Byl TYKbIMIacKa )KaTaThlH ©CIMIIKTEP i OapIIbIK 1epTiK KOHTHHEHTTEPAC
KezzecTipyre Oomasl.

Lamiaceae TyKbIMIacblHa XaTaTblH Ziziphora (Ka3akiia araybl KHIiKOTBI) TYBICHI
eMJIIK KaCHeTTepiMeH KaKchl TaHbIMall. Ziziphora Tybicel Eypona, Adpuka sxoHe Azus
XKepliepinae KeH TapaiFaH. Ziziphora I9CTYpil MEAMLMHAIA acKa3aH-1IIeK aypyJiapblH
emJiey YILUiH KapMUHATHBTI (11IeKTe ra3IbIH apTHIK )KHHATYbIH a3aiTY ) )KOHE ay bIPCHIHY/IbI
OacaThlH ©CIMJIIK peTiHIe KOJIAaHbUIabl. by eciMaikTiH 0acka KOJJaHBUTYBI AHapest
MEH JXYpeK alHybIH eMzeyai KaMTuabl. O omi KyHre AediH XallblK MEeAMLUHACHIHIA
TOOETTI allATHIH KOHE THIHBIILITAHIBIPATHIH, ACKa3aHIbl CEPriTETiH XoHE KeOynepre
Kapchl areHT peTiHe KoNAaHblIa bl bakrepusra xoHe KaObIHyFa Kapchl KaCHETTepiHe
0aliIaHBICTBl KUIKOTHI CHIFBIHIBUIAPHIH Oanama (JocTypili) KOIJaHy skapajap MEeH Tepi
aypyJapblH, CyBIK THIOAI, JuMda TYyHiHIepiHiH KaObIHYbBIH, ©Kme abciecciH, acTMa,
PEBMaTH3M KoHE OPOHXUTTI eMIeye oI ae Oap.

Ziziphora Typnepi ¢naBoHOUATap, HEHON KBIIIKBUIAAPHI )KOHE TEPIIEHAEP CHSIKTHI
(UTOXUMMSIBIK KOChUIBICTAapFa 6ail. Mocenen, asropnap (Ozel, 2005: 115) Z. taurica
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subsp kamnbIpakTapblHaH YIIITa KOMIOHEHTTEPAl OKIIayJaraH. ¥ IIKbIII KOMIIOHEHTTEP
eKi eJmeM/Ili Ta3abl XpoMaTorpadus—Macc-CIeKTPOMETPHUS apKbUIbl CHIMATTANBI. Z.
taurica >KanbIPaKTaPbIHBIH YINTNa (paklusuIapblHIa Ke3JeCeTiH HEeri3ri KOChUIbICTap
ITYJIETOH, TePITUHEH-4-0J1I, ITUC-KapBeOoJI, TPAHC-KapBEOJ KOHE BEpOCHOH OOJIIBI.

Wpan 3eprreymici (Hatami, 2024: 217) Z. tenuior TaMBIPBIHBIH (PUTOXUMHSITBIK
XKoHE (apMaKOJIOTHSIIBIK 3€PTTEYIEPiH Kypri3reH. TaMbIpblHAH aJbIHFaH METAHOJIIbI
YKOHE AUXIJIOPMETAH/IBI CHIFBIHIBIIAPBIHAA KE3AECETIH XUMHSIIBIK 3aTTapAblH KYpaMbIH
3epTTey/i ra3ibl XpoMarorpadus-Macc-CIeKTPOMETPHUSIHBI KOJJaHa OTBIPBII, TaMbIp
CBIFBIHIIBICBIHIA OYpPBIH OChI OCIMAIK TYpiHAE CcHOarrajiMaraH [-CHTOCTEpPOIIIb,
CWJIOKCAHIAPABI, TPHA3OIUIUHAI JKOHE XHHOIMHICPAI Koca alFaHma, OipHere
KOCBUIBICTAP/Ibl AHBIKTAaFaH. 3epTTey Z. fenuior TAMBIPBIHBIH JUXJIOPMETAH/bI JKOHE
METaHOJAbI CHIFBIHABIIAPEl AHTHOMOTHUKTEPTe TO3IMI KO3IABIPFBIIITAPFa KAPCHI JKOHE
AHTHOKCHUJIAHTTHI OCJICCH IIITIKTI KOPCETTI.

Conpaii ak, 3eprreymiiep (Shahbazi, 2017: 3491) UpaHHBIH TOPT MPOBUHIIUSCHIHAH
JKUHAIFaH Z. clinopodioides TypiHeH aabIHFaH 2QUp MalIapbIHBIH XUMHUSIIBIK KYPaMbIH,
AHTUOKCHIAHTTHI >KOHE MHKpPOOKa Kapchl KaCHETTEepiH 3epTTereH. Ddup Maimapbl
yirinepinge, acipece kapBakpoinslH (74 %) sxonHe TuUMonabH (55,6 %) XKorapbl
MOJIIIepiH aHbIKTaraH. Yiriiep Listeria monocytogenes, Salmonella typhimurium,
Escherichia coli O157:H7, Bacillus subtilis, Bacillus cereus wone Staphylococcus
aureus oCyiH Texell. AWKbIH MUKPOOKA KapChl JKOHE aHTHOKCHUIAHTTBHI OCJICCHIILIIK
in vitro Z. clinopodioides -TBI acKa3aH-1IIEK aypyJIapbIH eMACYAC TOCTYPII KOTTAHYIbI
pacTaisl.

Ddup MalimapeIHBIH KYPaMbIH 3€PTTEY/I XKaIFACThIPA OTHIPHII, UPAH 3epTTEYIILIepl
(Aghajani, 2008: 387) Peceiine opTypili DKONOTHSIIBIK KaFjaiiapaa eceTiH
Z. pamiralaica, Z. denticulata, Z. tenuior, Z. bungeana, Z. clinopodioides, Z.
vychodceviana, Z. pedicelcata xone Z. persica TypnepiHid 3pup MalIapbIHbIH KYPaMbIH
ra3 XxpoMaTorpadusIchkl KOMETIMEH 3epTTedi. bysr MaimapabIiH Heri3ri KOMIOHEHTTEpi
MYJIErOH JKOHE W30MEHTOH OO0Jibl. AHTHOAKTEpUAIZbl ChIHAK HOTIDKENEpl MaiIbIH
CBIHAKTaH ©TKeH Oipkarap OakTepusuiapra Kapchl OeceHaiiri 0ap ekeHiH AdJemei.
Conyaii ak, aBTOpiap oneOHeTTeple KepceTinreHieu, Z. persica 3pup MalbiHIA
(+)-iyneron 79,3 %, Z. tenuior maiibina myneron 87,1 %, Typik sunemuri Z. taurica
subsp. clenioides xypambiaga mymneron 81,9 % ekeHIITIH KeNTipe KeTKEH.

L prHkaHHBIH OPTYPITi aiftMaKTapbIHAH, KE3CHISPIHEH KoHE OOJIIKTepiHeH aJbIHFaH
KHIKOTBIHBIH OCHI TYPIiHIH 3JIEMEHTTIK KYpaMbl MHUKPOTOJKBIHIBI MEIITIH KOMETiMEH
aTOM/IBIK A0COPOLMSIIBIK CIIEKTPOMETPHS aPKbUIbI aHBIKTAAbL. DJIEMEHTTEPIIH 63repyi
TOMEH/IEY TEHIEHIMSCHIH KOPCETTI, KallblpaKTap/ia TapaifaH JIeMEHTTEPAIH KYpaMbl
TYJIep MeH cabaKTapJarbIiFa Kaparanaa skorapel 006l by 3zeprrey Z. clinopodiodes-
TiH X€MOTAKCOHOMUSICHI, dPTYPJILUTITi, ©3repMerti Yirici, Tapamysl )KoHEe MeTabomm3Mi
Typasbl KeWOip Heri3ri akmapaTThl KamMTaMachl3 eTeTiHairid kepcerti (Zhang, 2015:
465). Ocpl lllpiHXKaH eskeCiHEH XKMHAJFaH TypiHiH Oenme TemmeparypacbiHga 70
% STaHOIMEH aJbIHFAH CHIFBIHIBICHIH OAaH Opi TUXJIOPMETaHMEH, K-OyTaHOJIMEH
JKOHE CyMeH (pakuusiaraH. K-ByTaHonm ChIFbIHIBIHBI ofaH opi kononkaza CHCL-
MeOH »xone CHCIL,-MeOH-H,O epiTkimTep KOCBIHABICHIMEH XpoMaTorpadusar, 5
KocbUIBICTHI Oouin anras (Ye, 2012: 681).
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Agtopnap (Zou, 2015: 961) Z. clinopodioides Typinin 70 % 3TaHONIbI CHIFBIHIBICHIH
TepeH 3epTTey HoTkeciHge 11 KocwbutblcThl Oemim anraH. OnapiblH KYPBUIBICHIH
CTIEKTPOCKOMUSUIBIK O/IICTEPMEH Jloyienyer, (piIaBoHOMATAp MEH YIUTepIeHOHATapra
KaTaTbIHIBIFBIH aHbIKTaraH. CoHJa, METWIPO3MAPUHATTBIH, KO()EUH KbIIIKbUIBIHBIH,
JIIOTEOJMHHIH alTapibIKTail aHTHOKCUAAHTTHI KACHUETKE, all OJICAHON KBIIIKBIIBIHBIH
aJIFall peT KbI3bIKThl aHTUANA0CTUKAIIBIK KACUETKE He SKeHITTH oJIeNIeTeH.

XKeke KochUIBICTapABI OOIII aly YLIiH 6ciMAiK Marepuansl Z. clinopodioides subsp.
bungeana 96 % 3TaHOIMEH SKCTPaKUHMsIIAHIbl. AJIBIHFAH LIUKI CBIFBIH/BI TEKCAH JKOHE
JUXJIOPMETaHMEH JIOHEKTI TypAe SKCTPaKUHUsIIaHIBI )KOHE KOJIOHKaga XpoMaTorpadus
apkputel Oeminai. Coman keifin anbiaFaH ¢pakuusuiap Sephadex LH-20, opi kapait
npenaparuBTi XKOCX apkpuiel Oenminai. HoTmwxkeciHge MOHOTEpHEHOMITAp >KOHE
nonudenonnap 6eninin ansiHasl (Whaley, 2023).

Z. clinopodioides subsp. xep 0eri OeiiriHiH (UTOXMUMHUSIIBIK 3€pTTeyiepi
20 KOCBUIBICTBIH, COHBIH IimiHAe Oipered MOHOTEpNEHAl AWNEPOKCUAMMEPIIH
OKIIayJTaHybIHA XOHE AMadeTKe Kapchl KacHeTTepi Oap yuTeprieHIepAiH OeriHyiHe
okenni (Malanik, 2025).

3eprreyiuinep Ziziphora TYpIAEpPiHiH 6T KbI3BIKTBI, €MJIIK QJIEYETI dKOFaphl O0TybIHA
0alimaHBICTBI FaJIBIMAAPIBIH Ha3apblH ©CIMAIKKE ayaapy yiuiH KazakcTaH KHiKOTBIHBIH
Kypambl JKOHE JASPUIK KOJAAHBUIYBl Typajbl >KaH-KaKTbl 3€pTTEYIEpiH YCHIHFaH
(Smejkal, 2016: 826).

OcCIMIiK CBHIFBIHABUIAPBIHAA Oap OHOMOJIEKyNajgap >Kachll CHHTE3 MpOLECciHAe
MeTalul MOHAApbIH HaHOOeJIIeKTepre JeiiH a3aiTy YLIiH NaianaHbutyaa. OcimMaik
HaHOOeJIIIEKTEpiHEe JIe KON Hazap aydapbulyda. OCIMIIK CBHIFBIHIBLIIAPHI HETi3iHAe
anpiHFaH HaHoOemekTep kemrten Oenrimi (Vakili, 2022: 241; Ravi, 2022: 124).
3eprreyminep (Sadeghi, 2015: 310) Z. tenuior Cyibl CBIFBIHIBICHIH KOJJaHA OTBIPHII,
KyMic HaHOOeIeKkTepiH cunTe3ze/i. ChIFbIH/IBI HETI31HAE albIHFAaH HaHOOOIIICKTEp
YK-kepinerin cnexTpockonus, Pypbe TYpiaeHIIpy WHPPAKBI3BUI CHEKTPOCKOIHUSICHI,
PEHTreHAIK  TUQpakuus, CKaHepieylli  BJICKTPOHABIK  MHKDOCKOMHUS  JKOHE
TPAHCMUCCHUSUIBIK DJIEKTPOHIBl MUKPOCKOMUS CHSIKTBI OAICTEpAl KOJIAHY apKbLIbI
CHUIATTaIbl.

Ocwl 3eprreyne Ziziphora bungeana Juz. (kexemapan KHIKOTBI) ©CIMIIriHE
TOKTaJABIK. byl ©CiMAIKTiH KypaMbl OHONOTHSIIBIK O€ICEeH A1 KOChUIbICTapFa Oaii O0ITyHbl,
XaJbIK eMiHE JKOHE ASCTYPIl MEIUIMHAAa KeHIHEH KOJIIAaHBUIATHIHBI KbI3BIFYIBLTBIK
TyAbIpaabl. Z. bungeana - OYKUI oneMje eCipUIeTIH KOIDKbULABIK eciMiik. Kyiri
XOII Mici MEH Maijaibl KAaCHMEeTTEPIMEH TaHbIMaj JSpuUTK eciMuik. OmaH (eHommapl
KBIIKBLIIAP kI J)KOHE UpUIoUATapAbl (TepneHouarap) Oenin anran (Bimurzaev, 1988:
511). ABropnap Z. bungeana-narel 12 Herisri (raBoHOUATAPABIH OHOCHHTETHKAIBIK
KON AapbIHBIH KapTackiH yeeinraH (He, 2020: 73). XKOCK onici Z. bungeana-nan xodenn
KBIILIKBUTBIH, PO3MAapUH KBIIIKBUIBIH KOHE JMHAPUHAI aHBIKTayFa MYMKIHIIK Oepai
(Tursun, 2018: 1769). Z. bungeana napinik 6ciMIiK MaTepUaIBIHBIH CYJIbl HH(Y3UACHIH
KOJIIaHY/AbIH 3€PTXaHaNbIK ereyKYHPBIKTapAblH aK KaHblHa acepi 3eprrenred. Conna,
Z. bungeana nady3uscel peBMAaTOUATHI apTPUT Ke31HAE JEHKOUUTTEPiH KaH KypaMbIiH
Ty3eryae ThiMai apeketTi kepceTTi (Prykhodko, 2023: 83).
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Asropnap (Srivedavyasasri, 2018: 195) Z. bungeana ecimuirinen (JKonrap
AnaTaybIHBIH €TETIHEH KMHajiraH) >Gup MainapeiH Oenin amymen karap, CO -
OKCTPAKIMACHIH KOJJAHBIN, CBHIFBIHABICBIHAH 6 KOCBUIBIC O6Jim ajFaH >KoHe
OMONOTHSIIBIK OeICeHAUTIKKE 3epTTeynep KyprisreH. CoHbIMEH KaTap aBTopiap Z.
bungeana ecimuirinin (TypkicTan OONbICBIHAH >KUHAJIFAaH) CYJbl, JUXJIOPMETaH[bI
KOHE 3TaHONIbl AKcTpakTTapblHblH (RT karmaiipiHaa asiblHFaH) MHUKpPOOKa Kapchl,
AQHTUOKCUAAHTTHI )KOHE LIUTOYBITTHI OCJICEHIITIKTEPiH 3epTTereH. 3epTTeyaep HoTHxKecl
OCIMIKTI KYKIaJIbl aypynap/asl, 00C paguKangap TyAbIpaThlH OY3bLTyIapAbl )KOHE Tepi
npodneManapbiH emJieyae KoJIaany MyMKiHAIriH kepceTTi (Zhaparkulova, 2022: 8994).

Astopnap keneci 3eprreyinge (Karaubayeva, 2024: 13192) xapanapra »eprijikTi
KOJIZJaHyFa apHaJIFaH aKk MUKPOHHM3ALMsUIaHFaH KaOJIMHUTTEH koHe Z. bungeana 3¢up
MaibIHaH TYpaThlH EMIK KOCTIaHBIH KypamMbl MEH OMOIOTHSUIIBIK OCJICEHATITT Typaibl
xabapnaapl. ['a3apl xpomarorpadusi — Macc-CHEKTpOMETpHs Tannaybl Z. bungeana
eciMAiriHig 3(hup MalbIHBIH HETi3r1 Kypamaac 6eiri MoHoTepreH myneros (72,98 %)
eKeHJITiH KepceTTi. by 3eprreynep OoiibiHIIa HHPEKIMSIIAaHFaH JKapantapabl eMaeyre
apHaJIFaH KaoJMHUT HETi3iHAeri reiib acay Typajibl IIEIIIM KaObUIJaH[bl, OHBIH
MHUKpOOKa Kapchl OENCEHINIri MEeH eMIiK KacHeTTepi KOMIO3ULMAHBI Z. bungeana
3¢up MalibIMEH OalbITy apKbUIbI KaKCAPAThIHABIFBIH aHBIKTA/IBI.

JKyMBICTBIH MaKcaTbl KHIKOTHI TYpJIEpiHE IO jKacay )KoHEe KOKeMapall KHiKOThIHBIH
METaHOJIAbI ChIFBIH/IBICHIHBIH KYPaMbIH JKOHE KACHETiH 3epTTey OOJIBIN TaObLIa bl

Marepuaagap Men dmicrep. 3eprrey 0o0bekrici TypkicTan oOmbichl XaHTarbl
JKOTAChIHAH TI'YJJIeHy (Da3achlHla KUHAIFAH Z. bungeana eCIMIITiHIH xep 0eTi Oeiri
Ooubin TaOBLIAABL. Z. bungeana CHIFBIHIBICHIH ally KeJeci Ke3eHIepACH TYPaabl:

- IlwukizarTel paiibigaay. LlukizaT KenTipimin, ycakTalblll KeJeci Ke3eHre
naubIHaaIaabl.

- Illmkizar yumiH 3KcTpareHT AaibiHAay. byn keseHmeri MaHbI3Obl KaJaM KaKeTTi
KOMIIOHEHTTEpAl OeJIin aly YIIiH IYpBIC epiTKIII TaHaay eTe MaHb3Abl. EpiTkiln nexn
Marepuan Oip - OipiHe yiieciMal jkoHEe KYpaMbIHIarbl KOMIOHEHTTEP YILUiH epiTKilI
YKAKCHI TaHAATYBI KaXKeT.

- Okcrpakius mnponeci. [ukizar (20 1) nen epitkimri (100 mur) apHaiibl konOara
opHanacteipa sl [1Iuki3ar neH epiTKim KaTbiHACK 1:2. DKCTpaKIys NpoLeCciH )KaKkcapTy
YILIiH Cy MOHIIACHIH KOJIIaHa OTBIPBIN, KaHHATBIN JKYPri3ingi. DKcTpakuus 2 cararTa
2 peT OpbIHAAIIBL.

- @azanplK Oeiy. DKCTpakMs asKTalFaH COH KOCHaHbl €Ki (aszara, SFHU SFHH
CBIFBIH/IBIFA )KOHE IIMKi3aTKa OeniHeni. Pazanapabl 06y YIiH cy3y 91iCi KOJIJaHbLUIa b

- Atigay. ®a3zanapzapl OeNreH COH CBHIFBIHIBIHBI aiiiay mpolieci 6actanansl. Poropist
OymaHABIPFBIILTA aiilay apKbIIbI )KY3€Te achblpbUIAIbI.

- Omey. ARAanbI, TYpaKkThl Maccara )KeTKeH COH CHIFBIHBIHBI euiey KaxeT. O
YILiH KeJeci GopMyiia KOIJaHbUIaab.

1 (CBIFBIHARI ) 100
k3

m(muKisar)

214



Volume 3, Number 464 (2025)

MyHaarbl: m (CBIFBIH/IBI) — CBHIFBIHBIHBIH Maccachl; m (IIHUKi3aT) — AKCTPAKIIHSIFa
KOJIZIAHBIIFAH IIMKIi3aT Maccachl. AJIBIHFAH CBIFBIHIBI caaMarbl 1,2 T Kypaspl (Kyprak
IIMKi3aTKa ecentereHue 6 %).

CoIFbIHIBIHBIH ~ KypambiHa MK-criekTpockonusiblK — 9ic  OOMBIHIIA — Tayigay
xyprizinai. Uagpakeseun cnexrpi [IRTracer - 100 cnekrpomerpine Tycipinmi.

UK-crexrpi (v, em™): 3752, 3570, 3539, 3524, 3485, 3471, 3277, 3201, 3076, 3032,
2968, 2902, 1730, 1732, 1734, 1736, 1738, 1740, 1742, 1744, 1746, 1748, 1751, 1757,
1601, 1620, 1630, 1634, 1645, 1651, 1659, 1501, 1514, 1528, 1539, 1549, 1558, 1570,
1582, 1460, 1429, 1395, 1356, 1202, 1223, 1242, 1277, 1294, 1238, 1188, 1169, 1138,
1099, 1055, 1012, 957, 937, 920, 900, 881, 862, 817, 790, 688, 637, 583, 565, 509, 473,
438, 411, 406, 403.

Bakrepusira Kapcwl OenceHninmik. Z. bungeana —naH alblHFaH CHIFBIHABI OipKarap
MUKpPOOpPraHU3MJepre Kapchl Jkeke Tekcepunni. CplHayFa allblHFAaH —TpaM-OH
Oakrepusuiapra Staphylococcus aureus, Bacillus subtilis, an rpaM-Tepic Oakrepusiiapra
Escherichia coli, Pseudomonas aeruginosa Kipeni.

Horumxenep xoHe tanaxwliay. Kexemapan xuikotel (Ziziphora bungeana Juz.)
Kazakcranma eceriH AopuTiK eciMaik OOJbIT TaObUTAIbI. BUOMOTHSIIBIK OelceH I
KOCBUIBICTAPJIBIH HETI3rl Ke31 OONbIN TaObUIATBIH KOKeMapasl KHIKOTBIHBIH Kep
Oeri Oesiri METaHOJIMEH SKCTPAaKIMUIAHABI. AJIBIHFAaH METaHOJIbI DKCTPAKTHICHI
OyJIaHIBIPFBIIITA alIaJIbII, KOO YKAChUI TYCTI ChIFBIHIBICHI aIbIHABI (1-cyper).

1-cyper — Z. bungeana ocimoiei CHIFbIH/BICBIH aJTy CXeMachl

CorFrpiHIbI KypaMbiH aHbikTay yiriH [RTracer — 100 ciekTpoMeTpi KONIaHBIIIbL.
Bepinren nHbpakp3pL1 CrIeKTpi Z. bungeana CHIFBIHIBICHIHBIH XUMISUIBIK KYpPaMBbIH
cunartaiiipl (2-cypet). CHexTperi HETi3ri KYTbUTy >KOJAFbIHBIH OPBIHAAPH MEH
OJIApIIBIH BIKTUMAaN (PYHKIIMOHAJABRl TONTApbIHA COMKEeCTIriH Tanmayra Oomamsl. UK —
criektpi Oodipiamma  3200-3500 cm! afiMakTarbl JKYTHUTY KOJIAFbI THAPOKCHI TOOBIHA
coiikec kenemi. 2900 — 3000 cm! adimakTarbl xyThUTY sk0marbl C — H GaiinaHbicTapbiH
cumarraiigpl. 1700 -1750 cm! alimMakTarsl KYTBUTY JKOJarbl KapOOHMI TOOBIHA
(TeprieHouaTap, (QuaBoHOMITAp HEMECE OpTaHWKAIBIK KBIKbUTAAp), am 1500-
1600 cm!' aiimakTarbl KYTBUTYy KOJAarkl KOC OaifaHpIcTapra, apoOMarThl —CaKWHAFa
(TepreHonarap, (aaBoHouaTap) TOH Oombim keiemi. 1200-1000 cm™! aliMarbIHAAFE!
xkyThuTy xojiarbl C—O—C OaiianbicTapbiHa colikec keneni. UK-criexTpingeri Herisri
KYTBUTYy KOJAKTapbhIH TallZlail OTBHIPHIN, COHBIMEH KaTrap 9/eOHMeTTeri 3eprreyrepre
CYMEHIN OCIMIIK CBHIFBIHABICBIHBIH KYpPaMbIHIA OCIMIIK KYpaMbIHIA TEPICHOWITHI,
(hI1aBOHOMTHI KOCBIIBICTAP/IBIH OOTybIHA OOJIKAM JKacallJIbl.
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2 — cypet — Z. bungeana ceirpHABICEHBIH UK — ciekTpi

3eprrey HOTIKenepi OOMbBIHIIA OCIMIIK  CBHIFBIHABICBIHBIH — KYpPaMbIHAFbI
(YHKIMOHAIIBIK TONTAP aHBIKTAJIBI KOHE aJIFALIKbl CKDHHUHITIK HOTH)KEIIEP aJIbIH/IBL.

ChIFBIHABIHBIH MUKPOOKa Kapchl acepi rpaM-oH Staphylococcus aureus, Bacillus
subtilis mTamMmmaapeiHa xoHe Tpam-tepic Escherichia coli, Pseudomonas aeruginosa
LITaMM/IapbIHa KapChl Ipenapar TeHTaMULIMHMEH CaJIbICThIpa OTHIPBII 3ePTTENI.

YriniH OCJICeHIUIIrT TeCT-ITaMMIAPIbIH 6CYiH TeKCHTIH aliMaKThIH JAWaMeTpi
(MM) OoiibiHIIa OaranmaHabl: Texeny anmarbl 10 MM-jeH a3 OonraHaa OJCEHIUTIK
Oaiikanmanpl, 10-15 MM — onci3 Oencenmimik, 15-20 mm — oprama Gencenuainik, 20
MM-JICH JKOFapbl — alKbIH OEJICEHAUIIK PETiHJE CHMATTajllbl. 3epTTey HOTHKENIepi
TOMEHET1 KecTene kenripiiren (1-kecre).

Kecre 1 - OciMaik CHIFBIHIBICHIHBIH OaKTepHsIapra Kapchl OCICCHIUTIK HOTIKeIepi

Yarinep Escherichia coli | Staphylococcus | Pseudomonas | Bacillus subtilis
aureus aeruginosa
5 mr 10mr | Swmr | 10 mr S mr 10mr | Swmr 10 mr
Z. bungeana MeTaHOJIbI 11£0,1 | 11+0,1 - - 12+0,3 | 13+£0,2 | 15+0,1 | 16+0,3
CBIFBIH/IBICHI
(ZB-1)
TenTamunua 23+1 25+1 26+1 25+1

3eprrey HoTWXKeciHAe Z. bungeana CHIFBIHIABICHI KeiOip Oakrepusiapra Kapchl
MoTeHIUaNbl 0ap exeHiH kepcereni. [ pam-tepic E. coli (11 mm) xone P. aeruginosa.
(12 — 13 MM) ITaMMJIaphIHA KATBICTHI JICI3 OeJICeHAUTIK, TpaM-0H B. subtilis (15 — 16
MM) IITAMMbIHA KaTBICThI OpTaiia OSJICeH UTIr aHBIKTaJJIbI.

KopsiThiHabl. 3epTTeyiep HOTIKECIHAE KHIKOTBI TYPJIEPIHIH KeH oJieyeTi
AMKBIHAAIBI. AJIFAIl PET KOKeMapas KUIKOTBIHBIH METAHOJ/IbI CHIFBIHIBICHI AJTBIHBII,
OFAaH XHMMHSJIBIK CKPHHUHT OKYPTi3UIil, OHOJIOTHSIIBIK OEJICEeHII KOCBHUIBICTAp
AHBIKTAIABI. MeTaHOJIbl ChIFBIHIBICBIHBIH Staphylococcus aureus, Bacillus subtilis
rpaM-OH IITaMMIapbIHa XoHe Escherichia coli, Pseudomonas aeruginosa rpam-tepic
ITaMMJIapbIHA KATBICTBI OAKTEePHsIFa KapChl 9CEPl aHBIKTAJIbL. AJIBIHFAH HOTHXKEIEP
3epPTTEYIiH OChl OaFbITHIH OfaH 9pi JKETULAIpYre >KoHEe TEpeHAETYre MYMKIHAIK
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Oepeni. Xanmpl anrannma, Oyl Makana KeKeMmapal KHIKOTBIHBIH (DUTOXUMMSIBIK
XKoHE (HapMaKOJOTHSUIBIK KACHETTEPIH JKaH-)KaKThl 3€pTTEyre ejeynli yJiec KOCHIIM,
OCHI callaiarbl OONaIlaK FHUIBIMH 13/I€HICTEp YIIIH HETi3 KaJbIITacThIpaabl. 3epTrey
HOTHIKEJIepi aTajFaH ©CIMAIKTIH eMJIIK 9JIeyeTiH TePeHIipeK TYCiHyre bIKIajl eTill, OHBI
(apmaxonorus MEH MEAMLUHAAA KOJAaHy MepCleKTHBaIapblH alKbIHAAyFa CENTIriH
TUT13yl MYMKiH.
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Abstract. In this study, stimuli-responsive hydrogels based on acrylic acid (AA)
and methyl acrylate (MA) were synthesized via radical copolymerization. The research
focused on their swelling behavior, sorption capacity, and interaction with copper (II)
ions under different environmental conditions. The influence of temperature on swelling
at various pH values was systematically examined. Despite the hydrophobic contribution
of methyl groups, the swelling coefficient (V/Vo) increased with temperature, particularly
in alkaline media. However, partial shrinkage occurred in acidic and neutral solutions due
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to suppressed ionization of carboxyl groups and enhanced hydrophobic interactions from
MA units. The sorption properties of the hydrogels were studied through complexation
with copper (II) ions. Immersing dried AA-MA hydrogels in CuCl. solutions led to
a measurable reduction in Cu*" concentration, which indicated ion-exchange binding.
This process was attributed to the substitution of poly(acrylic acid) protons by copper
cations, accompanied by redistribution of salts within the medium. To further evaluate
metal ion retention and release, hydrogel/copper complexes were prepared using
varying copper concentrations. The desorption of Cu®" was investigated under three
pH conditions (4, 7, and 9). The results showed that both desorption amplitude and rate
were higher in acidic and alkaline solutions compared to neutral ones, which was linked
to conformational changes of the hydrogel network and increased ion mobility. Overall,
the study demonstrates that AA-MA hydrogels exhibit pH- and temperature-sensitive
behavior, which governs their swelling capacity, ion-binding ability, and controlled
release of copper ions. These findings highlight their potential application in sorption
technologies and controlled release systems.

Key words: acrylic acid (AA), methyl acrylate (MA), groundwater, ionic hydrogels,
radical polymerization
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AuHoTamusi. byn 3eprTeyne paauMKanIbl COMOIMMEpIEY OJiCi apKbUIbl aKpUII
KeIIKpUTbl (AK) sxoHe Mermmakpumar (MA) Heri3iHIeri bIHTaJaHIBIpYFa ce3iMTall
ruaporensaep cuHTe3menai. CoHAsIKTaH opTypii pH MoHmepiHAe THAPOTeIbIACPHIH
iciHyi1HE TeMITepaTypaHbIH 9CEPi 3€PTTEMIIT, OJIAP,IBIH COPOIUSITBIK KACHETTEP TAJIAAHBIT
KapacteIpbuinbl. bym AK-MA comonmumep rumgporenbaepidiy meic (1) monmapeiMer
KOMITIEKCTI TY31Ty epeKIIeNiKTepi e KapacThIPBUIBI 3epTeii. [ uaporensbaeH MbIc
WMOHIAPBIHBIH OOIIiHYIH 3epTTey YIIiH SPTYPIIi MBIC KOHIIEHTPALUSACHIHA [THIPOTeIh/
MBIC HMOHBI| KOMIUIEKCTEpl ANbIH/bI, OHBIH KACHETTEpl 3epTTeNiN KapacThIPbUIIbI.
OcepiraH OaiiaHbICThI, KelieHHeH MBIC (1) HOHTapbIHBIH 1eCOPOIHSCH THAPOTEIBICT
KOH(pOPMAITHSIIBIK 63repicTepai eckepe OTBIpHI, yin Typri pH mouaepi (pH =4, 7, 9)
TOJBIFBIMEH KeNTipinmi. JlecopOius KbUIIaMIbIFbl MEH aMITTUTYAAchl KBIIIKBLT JKOHE
CiaTUTI oprama OeHTapam OpTaMeH CaJIBICTBIPFaHIA KOFapbl OOJABI, OV THIPOTEIb
KOJIEMiHIH YIFafOBIMEH JKoHE epiTiHaineTi MbIc (I11) HOHTapBIHBIH KOHIICHTPAHSICHIHBIH
JKOFapbLIaybIMEH OaMIaHBICTBI EKEHI KaPaCTBIPBUTBIT aHBIKTA bl COHIBIKTAH dPTYPIi
pH Monzepinaeri runporenbaepIi iciHy KabiseTiHe TeMIiepaTypaHbIH acepi 3epTTeIi.
I'mapodoOTel MeTHIT TONTaphIHEIH 0ONMybIHa KapamactaH, AK-MA comonmmmeprepiHig
KYPBUTBIMBI iciHy K03 unmenTinig (V/Vo) TeMrieparypaHblH KOFapbUIaybIH KOPCETTI,
OHBIH dcipece CinTiI opTama aHbIKTanabpl. COHBIMEH KaTap KBIITKBUIIBIK XKoHe OeriTaparn
opraga KapOOKCHJI TOOBIHBIH HMOHM3AIMICHIHBIH 0achUTybl MEH METHIAKPUIATTaH
ruapodoOTEl  opeKeTTecyNepdiH YIECiHIH JKoFapblUlayblHA OaiJIaHBICTHI IITiHApa
mery Oafikanabl. MpIC XJopumiHiH cynsl epitinainepingeri AK-MA Herizinzgeri
THUAPOTETBACPIIH (HU3UKA-XUMIUTBIK opekeTi 3epTrenmi. COHOpIKTaH Kenripiaren AK-
MA rugaporensnepin CuClz epitianinepine opHamacteipy Cu?** KOHIICHTPAIHSICHIHBIH
TOMEHJIEYiHE OKEJIeTiHI aHBIKTAJAbl, OYJI MOH amMmacy OalJaHBICBIH — TONH (aKPHIT
KBIIIKBITB) TPOTOHAAPABI MBIC KAaTHOHIAPBIMEH aybICTBIPYIABl JKOHE epiTiHIiAeri
TY3/apIbIH KaiiTa OeTiHyiH KepceTeT.

Tyiiin ce3aep: axpwn KpkbUIbl (AK), Metunakpunar (MA), xep acTel cynapsl,
HOH/IBIK TUAPOTEIbACD, PAAUKAIIBI IOTUMEPIICHY
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AunHoTanus. B 1aHHOM MccnienoBaHUM ObUTH CUHTE3WPOBAHBI YYBCTBUTEIBHBIC K
pasapakuTeNs M THIPOreIn Ha OCHOBE akpuioBoi kucioTsl (AK) n mermmakpuiara
(MA) ¢ ucnonp30BaHHEM METO/Ia PATUKATHHON comonnMepu3anun. M3ydeHo BIusHIE
TEeMIIepaTypbl Ha Ha0yXaeMOCTh THApPOTeNei PpU pa3IndHbIX 3HaYeHus1X pH, a Takxe
MIpOaHAIN3UPOBAHbI UX COPOLMOHHBIE CBOMCTBA. Takike paccMOTpeHBI 0COOEHHOCTH
koMmIuiekcooOpazoBanusi rupporeneii AK-MA ¢ nonamu menu (I11). dns uzyueHus
BBICBOOOKICHHSI HOHOB MEJI W3 THIIPOTEIIs ObIIH IONyYeHBI KOMITIEKCHI [THIPOTeIb/
HOH MeI¥| TpU pa3iWYHbIX KOHIEHTpalusax Meau. M3ydanu necopOLMI0 MOHOB
memu (II) n3 xommekca mpu Tpex pasnuunbix 3HadeHusx pH (pH =4, 7, 9) ¢ yuetom
KOH(OPMAIMOHHBIX M3MeHEeHUH Tuporens. CKOPOCTh M aMIUTUTYa IecOpOIrH ObLIH
BBIIIE B KUCJIBIX U IIEJIOYHBIX Cpe/laX 10 CPAaBHEHUIO C HEMTPaIbHBIMH CpeaMH, YTo,
Kak OBbUIO YCTaHOBJICHO, CBSI3aHO C yBEJIMYCHHEM 00beMa THAPOTeNs U MOBBIIICHUEM
koHueHTpaunu uoHoB menu (II) B pactBope. M3ydeHo BiusHuE Temreparypsl Ha
HaOyxaeMoCTh THUApOreNeld nmpu pasnuuHbIX 3HaueHusx pH. Hecmorps Ha Hanmume
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ruApOQOOHBIX METHIBHBIX TPYIHI, CTPyKTypa cononumepoB ALI-MA mokasana, 4to
kod¢p¢unmeHt Hadyxanus (V/Vo) yBeIMUUBAETCS C POCTOM TEMIIEPATypPbl, 0COOCHHO
B menounoii cpene (pH 9). [Ipu 5ToM B KHCTBIX M HEHUTpabHBIX cpeax HalmonaeTcs
YacTU4YHas ycazka, 00yCcIoBIeHHAs TOIaBICHIEM HOHU3ALUH KapOOKCHIBHBIX TPYIII 1
yBEeJIMUEHHEM BKJIaAa TUAPO(OOHBIX B3auMoAeHCTBUI MeTuiakpuiara. VccnenoBaHo
(u3NKO-XMMHUYECKOE MTOBEACHUE ruaporeneil Ha ocHoBe AL[-MA B BOomHBIX pacTBOpax
XJIOpUJAa MEIH. YCTAaHOBIEHO, YTO MOMEIICHHE BBICYLIEHHBIX ruaporeneii AIL[-MA B
pactBopsl CuCl> mpUBOOUT K CHMKEHHUIO KOHLEeHTpauuu Cu’, 4To CBUIETEILCTBYET
00 MOHOOOMEHHOM CBSI3BIBAHUM -3aMELICHUH TMPOTOHOB MOJMAKPHIOBOH KHCIOTHI
KaTHOHAaMHU MEAM U MepepacipeeeHuH CoJiei B pacTBOpe.

KioueBble ciaoBa: axpuioBas kuciora (AK), mermnakpunar (MA), rpyHTOBBIE
BOJbI, HOHHBIE TUAPOTEIH, PaJUKaIbHAS TOIUMEPU3ALIHS

Introduction. Transition metal ion compounds are common in natural waters.
For example, the primary sources of copper ions in natural waters are wastewater
from chemical and metallurgical industries, mine water, aldehyde reagents for algae
control, etc. The purification of copper ions from water, industrial waters, and solutions
contaminated with copper ions, or the separation of copper ions, has been considered
for a long time (Safronov et al, 2012; Azhkeyeva et al, 2018; Wang et al, 2012;
Azhkeyeva et al, 2012; Yermukhambetova et al, 2011).

The removal of copper (II) and lead (II) ions from aqueous solutions of acrylic acid
starch hydrogel /montmorillonite cross-linked nanocomposite (AASH/MMT) was
investigated in the work of Gamze Gugle and colleagues (Mohammad et al, 2011). The
article considers the influence of various factors on the removal of heavy metal ions,
such as solvent treatment time, initial pH of the solvent, initial concentration of metal
ions, and the amount of MMT. It was found that pH = 4 is optimal for the removal of
metal ions from the solution. In a research work by Farhad Narimani and his colleagues,
superabsorbent hydrogels based on acrylic acid tetrasulfonate-co-acryloyl tetrasodium
thiocalix-(4) arenes were synthesized by polymerization in a dextrin-seeded solution
(Gamze et al, 2010). The synthesized hydrogels were characterized using Fourier
transform infrared spectroscopy, TGA, DMTA, and rheometric methods. The removal
of metal ions Cd*', Pb*" and Hg*" from the gels was studied by atomic adsorption. It was
found that the adsorption capacity of metal ions decreases in the series Pb*>Cd*>Hg*".
It was shown that the hydrogels are restored after being freed from heavy metal ions,
and that repeated use for about 5 hours leads to a loss of less than 7% of their adsorption
capacity (Azhkeyeva et al, 2018). In this work, to solve the above problem, new
hydrogels based on acrylic acid (AA) and methyl acrylate (MA) were synthesized, and
their complexes with copper ions were studied.

Materials and methods.

Acrylic acid (AA) with a molecular weight of 72.06266 g/mol (Sigma-Aldrich
GmbH, Germany, 98%) was used without further purification.

Methyl acrylate (MA) (Sigma-Aldrich Co, USA, 98%) was used without further
purification.
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Ammonium persulfate (Affymetrix, China, 99%) was used without further
purification.

The product N, N’-methylenebisacrylamide (Sigma-Aldrich Co, USA, 99%) was
used without further purification.

Copper chloride (Sigma-Aldrich Co., USA, chemically pure) was used without
further purification.

Synthesis of a hydrogel based on acrylic acid and methyl acrylate. Copolymers based
on acrylic acid (AA) and methyl acrylate (MA) were obtained by radical polymerization
with material initiation. The synthesis was carried out in alcohol-water solutions in
molybdenum glass ampoules at a temperature of 60°C. The reaction mixture in the
ampoule was purged with argon for 10—15 min to remove oxygen that decomposed over
time. Ammonium persulfate was used as an initiator, and N, N’-methylenebisacrylamide
as a binding agent. The synthesis was carried out in a water thermostat. The resulting
hydrogels were divided into several parts and washed with distilled water for 2 weeks
to remove the monomer.

The pH of the solutions was determined using a digital ion meter "781 pH/Ion
Meter" ("Metrohm", Switzerland) at a temperature of 20°C. The pH level was adjusted
by adding small amounts of 0.1 M hydrochloric acid and sodium hydroxide.

When carrying out complexation reactions with heavy metals under specified
conditions, uniformly swollen hydrogels in the form of tablets were placed in the
corresponding copper solutions at a constant temperature of 20°C. The complexation
process was determined by the change in the volume of hydrogels over time. The
complexation process was carried out in a UV spectrophotometer at a wavelength of
220 nm ("Specord 200 Plus", Germany).

The change in the relative volume of hydrogels was estimated using a B-630
catheterometer (Russia), depending on various values of pH of the medium and
temperature, using the relative volume F = V/V , where V  is the volume of the sample
during the synthesis, and V is the volume of the sample in the state of equilibrium
swelling. The equilibrium degree of swelling of polymer hydrogels was determined by
the formula:

a=(m-m_)/m,; )

Where: m is the equilibrium swelling mass of the polymer hydrogel, mO0 is the mass
of the dry sample.

The mass of the dry sample was determined after it was dried in a vacuum oven until
a constant weight was achieved.

The degree of swelling was determined by conducting several series of experiments
and taking their average value.

To study the effect of changing the pH of the polymer in the environment and the
impact of temperature, a hydrogel sample in the form of a tablet with uniform swelling
was placed in special cells. When studying thermally induced collapse, uniformly swollen
polymers were placed in cylindrical cells with a diameter of 7 mm and a height of 5-6
mm, containing heat-stabilizing water. The hydrogel in each ratio had a different pH (4,
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7; 9), and the temperature was changed discretely in 5°C increments. Each temperature
was maintained for 30 minutes until a stable degree of swelling was achieved. The
degree of swelling of the hydrogel was determined using a B-630 catheterometer and
was estimated by the ratio V/V , where V is the equilibrium swelling volume of the
sample under given conditions, and V  is the volume of the hydrogel sample during the
synthesis process (Gamze et al, 2010).

Results and discussion. In the work, water-swellable copolymers based on
acrylic acid and methyl acrylate were synthesized by the method of direct radical
copolymerization. It was observed that the yield of the copolymer increased with the
increase in the content of acrylic acid in the initial monomer mixture (IMB) (Table 1).
The increase in the degree of swelling (o value) in water and alcohol for hydrogels
based on AA-MA is explained by the rise in the percentage of the ionogenic component
AC in the initial monomer mixture and the ionization of the carboxyl groups of AA.

Table 1. Gel-sol fraction of AA-MA copolymers

IMB [AA]:[MA], mo1.% Gel fraction, % o elg o o 2/8
50:50 58,3 219,75 177,13
80:20 64,2 248,05 180,25
90:10 83,5 280,89 254,30

Figure 1 shows the effect of temperature on the swelling capacity of the hydrogel. As
can be seen from Figure 1a, despite the presence of hydrophobic groups in the structural
network of the AA-MA copolymers (50 mol.% in the initial monomer mixture), the
relative volume swelling capacity V/V —increases with increasing temperature. This is
more pronounced in an alkaline medium than in other media. This leads to additional
swelling due to the ionization of carboxyl groups in the copolymer. The results obtained
can be interpreted in terms of the Frenkel diffusion method. In this case, the swelling
capacity of the hydrogel is determined by the thermal motion of opposite ions in the
surface layer of the hydrogel at the hydrogel-solution interface of the double electric
layer. After all, such a layer, on the one hand, affects the mobile ions, preventing them
from leaving the volume, and on the other hand, involves the uncompensated group in
the surface layer of the lattice, stretching it. The force arising here makes its "ionic"
contribution to the swelling pressure. From this point of view, it is clear that an increase
in the solution temperature leads to an increase in the volume of the polyelectrolyte gel,
which we observed in practice (Figure 1a). When studying the effect of temperature on
the swelling of the hydrogel, we observe a partial narrowing of curves 2 and 3 in Figure
la in acidic and neutral media. This is explained by the suppression of the ionization of
carboxyl groups and an increase in the hydrophobicity of the methyl groups of methyl
acrylate.

With increasing MA content in the initial monomer mixture (MA, 20 mol.%),
the hydrogel shrinks in acidic and neutral media (Fig. 1b, curves 1-2). In the case of
transparent shielding of the double electric layer, the presence of a specific concentration
of salt, the thermally induced effect associated with an increase in the hydrophobic
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ratio and an increase in the layer thickness compensate each other. The gel does not
change its volume in a wide range of temperatures (Fig. 1b). With an increase in the
molar ratio of acrylic acid in the initial monomer mixture (AA, 90 mol.%), the hydrogel
swells with increasing temperature in alkaline and neutral media, despite the partial
suppression of ionic effects at pH = 7 (Fig. 1b, curves 2-3), which indicates sensitivity to
pH. Hydrophobic interactions that promote gel shrinkage are enhanced with increasing
temperature. In the case of pronounced shielding of the double electrical layer, due to an
increase in the hydrophobic coefficient in an acidic environment and an increase in the
thickness of this layer, the gel shrinks significantly (Fig. 1b, curve 1).
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IMB [AA-MA] = 50-50 (a); 80-20 (b):90-10 (c) mol.%; pH = 4(1); 7(2); 9(3).

Figure 1 - Dependence of swelling of copolymer hydrogels on temperature in environments with
different pH.
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IMB [AA-MA] = 80-20 (a); 90-10 (b) mol.%.
Figure 2 - Scanning electron micrograph of the hydrogel.

To characterize the surface and cross-sectional structure of the synthesized hydrogels,
the surface morphology of the network was examined by scanning electron microscope
(SEM) (Fig. 2). As can be seen from the figures, it was found that with the increase of
MA percentage in the copolymer, the connectivity of the network increased. The former
has a uniform layered structure (Fig. 2a), and the latter has interconnected layers (Fig.
2b), that is, it contains many interlinked voids. The capillary channels, which facilitate
the entry of water molecules into the hydrogel network, are clearly visible in the figures.
In BMC, we can see that the network with 90 mol% MA percentage has a large number
of medium-sized voids compared with the hydrogels with 80 mol% MA percentage.
The hydrogel with high MA content shows a small number of interconnected voids, and
the folded structure is blocked in many places (Gamze et al, 2010).

The paper presents a study of the chemical structure of the hydrogel using FTIR
spectroscopy. The peak at 1734 cm™ in the obtained spectra indicates the presence of a
carboxyl group and proves that the hydrogel based on AA-MA = 90-10 mol.% contains
AA. Chemical binding of metal complexes with polymers enables the formation of
insoluble analog structures, increasing activity and selectivity due to the peculiarities of
the oxidation process's mechanism and action. [8; 9] - the relationship of copolymers
based on linear transition metals copper and nickel with hydroxyethyl acrylate (HEA),
butyl methacrylate (BMA) and acrylic acid (AA) (HEA-BMA-AA) and BMA-AA) was
studied. It was proven that complexation with water-soluble (co)polymers containing
acidic functional groups in their structure with copper ions can be used to regulate
thermosensitive properties effectively.

The complexing properties of AA-MA copolymer hydrogels with copper ions (Cu?")
in various concentrations were investigated in the work. Complexation of AA-MA
stimulus-sensitive hydrogels with copper ions was studied under conditions of changing
the external environment (pH, temperature, and initial concentration of physiological
solution). The change in metal ion concentration in the solution is shown in Figure 3.
As shown in Figure 3, it takes 10-14 hours to achieve the equilibrium volume of the
gel, and the sorption of Cu?* ions in the solution ceases to change 2 hours after the start.
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The inconsistency in the change in the kinetics of Cu*" is explained by the peculiarities
of the complexation mechanism in the stimulus-sensitive hydrogel-transition metal
salt solution system. Initially, a thin layer of a metal-polymer complex with a high
concentration of metal ions forms on the surface of the hydrogel, which gradually
thickens. In contrast, the inner layer is now free of metal ions. Over time, metal ions
enter the sample, resulting in the uniform distribution of metal ions throughout the
polymer hydrogel's volume. Comparing the kinetic curves of metal ion sorption by
stimuli-sensitive hydrogels and the change in sample volume, we can conclude that
there are two stages in this process. The first stage corresponds to the initial section of
the kinetic curve, where the concentration of metal ions decreases rapidly over time. At
the second stage, the concentration of metal ions in the solution changes insignificantly.

Initially, a thin layer of metal-polymer complex with a high concentration of metal
ions is formed on the surface of the hydrogel, which gradually thickens. In contrast, the
inner layer is now free of metal ions. Over time, metal ions enter the sample, resulting
in the uniform distribution of metal ions throughout the polymer hydrogel's volume.
Comparing the kinetic curves of metal ion sorption by stimuli-sensitive hydrogels and
the change in sample volume, we can conclude that this process has two stages. The first
stage corresponds to the initial section of the kinetic curve, where the concentration of
metal ions rapidly decreases with time. In the second stage, the concentration of metal
ions in the solution changes insignificantly (Farhad et al, 2010).

To release copper ions from the hydrogel, a [hydrogel/copper ion] complex was
prepared at different copper concentrations in the polymer. Taking into account the
desorption of copper (II) ions in the complex structure, the conformational movement
of the stimulus-sensitive hydrogel based on AA-MA was carried out in three different
pH environments (pH = 4.7.9). The rate and amplitude of desorption in acidic and
alkaline environments are higher than in neutral ones, which is due to the increase in
the hydrogel volume and the growth of the concentration of copper (II) ions in the
solution (Figure 4a, curves 1, 2). The change in the kinetic curve during desorption is
exponential. The dependence of [Cu®'] on time has an inverse exponential form, taking
into account the logarithmic value of the ordinate. A smooth change in [Cu*'] and V/V
over time indicates a relationship between the swelling process and the release of metal
ions from the sample volume. An increase in the desorption rate in an acidic environment
is explained by the suppression of carboxyl group ionization and the disruption of the
resulting polycomplex due to electrostatic interactions. Figure 4b shows the results of
desorption in environments with different pH. As can be seen from the figure, the release
of copper ions in a neutral environment is slower than in other environments.
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Figure 4 - Desorption of Cu** ions based on AA-MA

The work also shows that the sorption of copper ions in the initial monomer mixture
has an AA content of 80 mol. % were studied for copolymers containing. As can be seen
from Figure 5, the change in Cu?* ions ([Cu?"]=1/34*102mol/1) in the solution ceased to
change after 3 hours. In fact, it would take 10—14 hours to achieve the equilibrium volume
of the gel, which we explain by the discrepancy in the change in the Cu?" kinetics and the
features of the complexation mechanism in the stimulus-sensitive hydrogel-transition
metal salt solution system. Initially, a thin layer of metal complex-polymer with a high
concentration of metal ions is formed on the surface of the hydrogel, which leads to
a gradual shrinkage of the hydrogel surface, which in turn ensures free penetration of
metal ions into the gel (Abdykalykova et al, 2012; Yakiyayeva et al, 2013; Zhang et al,
2021; Dong et al, 2021).
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Figure 5 - Adsorption of Cu®* ions based on AA-MA
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Figure 6 - Desorption of Cu?" ions based on AA-MA

Over time, the reaction spreads inside the sample, resulting in a uniform distribution
of metal ions throughout the volume of the polymer hydrogel. Comparing the kinetic
curves of metal ion sorption by stimuli-sensitive hydrogels and the change in sample
volume, we can conclude that this process has two stages. The first stage corresponds
to the initial section of the kinetic curve, where the concentration of metal ions rapidly
decreases with time. In the second stage, the concentration of metal ions in the solution
changes insignificantly. This is clearly seen in Figure 5. To release copper ions from
the hydrogel, a [hydrogel/copper ion] complex was prepared at different copper
concentrations in the polymer. Desorption of copper (II) ions from the complex structure
and conformational movement of the stimulus-sensitive hydrogel based on AA-MA
were carried out in three different pH environments (pH = 4.7.9). The desorption rate
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and amplitude were higher in acidic and alkaline media than in neutral ones, which was
accompanied by an increase in the hydrogel volume and an increase in the concentration
of copper(Il) ions in the solution (Figure 6). The change in the kinetic curve during
desorption is exponential. The dependence of [Cu?*] on time has an inverse exponential
form, taking into account the logarithmic value of the ordinate. The smooth change in
[Cu*'] and V/V  over time indicates a relationship between the swelling process and the
release of metal ions from the sample volume. The increase in the desorption rate in
an acidic medium is explained by the suppression of the ionization of carboxyl groups
and the destruction of the resulting polycomplex based on electrostatics (Gokmen et al,
2021; Zhang et al, 2022; Singh et al, 2024).

Conclusion.

In this work, stimuli-responsive hydrogels based on acrylic acid (AA) and methyl
acrylate (MA) were synthesized using the radical copolymerization method. The studies
have shown that with an increase in the AA content and a decrease in the MA content in
the initial monomer mixture, the yield of the copolymer increased (from 58.3% at 50:50
to 83.5% at 90:10) and the swelling degree became higher. The effect of temperature
on the swelling ability of the hydrogels at different pH values was studied. Despite
the presence of hydrophobic methyl groups, the structure of the AA-MA copolymers
showed that the swelling coefficient (V/Vo) increased with temperature, especially in
alkaline medium (pH 9). At the same time, partial shrinkage was observed in acidic and
neutral media due to the suppression of carboxyl group ionization and the increased
contribution of hydrophobic interactions from methyl acrylate.

The physicochemical behavior of AA-MA-based hydrogels in aqueous copper
chloride solutions was investigated. It was found that placing dried AA-MA hydrogels
in CuCl: solutions resulted in a decrease in Cu** concentration, indicating ion-exchange
binding - the replacement of poly (acrylic acid) protons by copper cations and the
redistribution of salts in the solution.
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Abstract: This paper discusses the methods of using metallurgical slags in agriculture
as fertilizers. The problem of slag accumulation in landfills is urgent, as they negatively
affect the environment. The article analyzes ways of slag disposal, which help to avoid
environmental risks, and can be used in the agricultural sector to improve soil quality
and increase yields. Metallurgical slags contain macro- and microelements calcium,
magnesium, zinc, copper, iron, manganese and others, which are necessary for normal
plant growth. Increasing their content in the soil helps to improve the soil structure,
increase the nutrient content in plants, which provides humans with additional sources
of trace elements through agricultural products. The chemical composition of researched
metallurgical slags is analyzed by mass spectrometry and inductively coupled plasma
atomic emission spectrometry. Studies show that slags contain: potassium - 1.06%,
calcium - 9.38%, iron - 2.56%, magnesium - 1.78%, copper - 0.51%, zinc - 0.44%,
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manganese - 0.44%, barium - 1.33%. There is also a low content of dangerous elements
arsenic and lead, which require control when using slags in agriculture. The use of slags
reduce the area of their disposal, preventing contamination of soil and reservoirs. The
results of the study emphasize the importance of further scientific developments in the
field of metallurgical waste recycling for the sustainable development of agriculture and
environmental protection.

Key words: Metallurgical slags, fertilizers, agriculture, heavy metals, trace elements,
sustainable development
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AHHOTanus. by )xyMbIcTa MeTaTyprusuIbIK IUTAKTAPbl dybUI LIAPYaLIbIIbIFbIHA
TBIHAMTKBIII PETiHAC KOJIJaHy dicTepi KapacTsipbuiaabl. lllnakrapapH noauronaapaa
YKHHAIYBl ©3€KTi Macesie 0obin Tabbliaabl, ce0edi oJap KopliaraH opTara Kepi acepiH
TuTizeni. Makanajga nulakTapAbl SKOIOABIH BIKTHMal SICTEpl TajlaHBII, OJapIblH
9KOJIOTHSUIBIK KaYINITepiH ajl/IbIH alyFa FaHa eMeC, COHBIMEH KaTap aybUl HIapyallbUIbIFbI
cajachlH/a TOMBIPAKTHIH CalachlH JKaKcapTyFa >KOHE OHIMIUTIKTI apTThIpy YIIiH
naiananyra OoOJaThIHBI KepCETIreH. MeTauyprusulblK [UIAKTapAblH KypaMblHIA
OCIMIIIKTEP/IIH KaJbIThl OCyiHEe KaXEeTTI MakKpo J>KOHE MHKPODIEMEHTTEp, aran
aliTKaHaa KaJbLWH, MAarHUH, MBIPBILI, MBIC, TEMIp, MapraHel >koHe 0acka J1a 3JIeMeHTTep
O0ap. byn sneMeHTTepAiH TONBIPAKTaFbl MOJIIEPIHIH apTybl OHBIH KYPBUIBIMBIH
JKaKCapThIl, ©CIMAIKTEpAETi KypaMbIHAa KOPEKTIK 3aTTap/blH MeJjIepiH KeOenTeni,
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ai OyJ1 e3 Ke3eriHje aybll IIapyalibUIBIFbl OHIMIEP] apKbLIbl aJlaM aF3achlHA KaXKETT1
MUKPO3JIEMEHTTEPAIH KOCBIMIIA Ke3i Oona amaasl. bysr >KyMbICTa MeTayuTyprsuIbIK
[UIAKTAPJbIH XUMHSUIBIK KYpaMbl WHAYKTUBTI OalllaHBICKaH IDIa3MallbK Macc-
CICKTPOMETPUSl KOHE aTOM-3MUCCHUSUIBIK CIIGKTPOMETPHUS OJIICTEPIMEH TasIaH/Ibl.
3eprTey HOTIDKEIepi OOWBIHINA MUTAKTAPIBIH KypaMmblHaa Kamuit - 1,06%, kampiui -
9,38%, Temip - 2,56%, marawuii - 1,78%, mbic - 0,51%, mbipein - 0,44%, maprasers -
0,44%, 6apwuii - 1,33%, narpuii - 1,07% meuiepine ke3aeceTini aubIKTan bl COHbIMEH
Karap, IMIIaKTapAbIH KYPaMbIH/Ia MBIIIBSK TTeH KOPFACHIH CHSKTHI YIIbI AIEMEHTTEPIIH
TOMEH MOJIIIepi aHBIKTAJIBIII, OJapAbl aybUT MAPyalTbUIBIFRIHIA KONIaHFaH 2 OaKbUIay
KaxeTTiri aran ertinai. lllnakrapapl KojnaHy onapibl OpHANIACTBIpyFa KETETiH Kep
aJaHBIH a3alTHIN, TOMBIPAK TIEH Cy KO3IEPiHIH JaCTaHyBIH OOJIIbIpMayFa MYMKIHIIK
Oepeni. 3epTTey HOTHKENIEPl METaLUTyPIrHsUIBIK KAJIIBIKTapAbl KaiiTa eHjiey OOWbIHIIA
FBUIBIMU 13JICHICTEP/Il KAJIFACThIPY/IbI ayblI MIAPYalIbIIBIFBIHBIH TYPAKThI JaMybl MEH
KOpIIaFraH OPTaHbl KOPFAy YIIiH MaHBI3ABUIBIFBIH KOPCETEI.

Tyiiin ce3mep: MeTaLTyprUsUTBIK KOKIAp, THIHAUTKBIIITADP, aybUT IIapyallbUIBIFHI,
aybIp MeTajiap, MUKPOJIEMEHTTED, TYPAKThI IaMy
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AnHoTauusi: B maHHOW paboTe paccMaTpWBAIOTCS METOALI TPUMEHEHUS
METaAJUTYPTHUECKUX IIIJIAKOB B CEITHCKOM XO3SHCTBE B KauecTBe ynoopenwuid. [Ipodaema
HaKOIIJICHHA IIIJIAKOB HA TOJIMTOHAX SBISIETCS aKTyaJbHOM, TOCKOIBKY OHM HETaTHBHO
BIHSIIOT Ha OKPY)KAIOIIYIO Cpeay. B craThe mpoaHamn3npoBaHbl BO3MOKHBIE CIIOCOOBI
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YTHIIU3AIUH [IAKOB, KOTOPBIE HE TOJILKO TIOMOTAIOT N30€KaTh YKOJIOTMUECKUX PUCKOB,
HO U MOT'YT 6I>ITI> HCIIOJIb30BAHBI B arpapHOM CEKTOPEC JJId YIYyUIICHUS Ka4€CTBA MMOYBLI
1 NOBBIILIEHUS YPOKAHHOCTU. MeTajulypruueckue UIaKu COAEPKaT B CBOEM COCTaBE
MakKpo- ¥ MUKPOAJIEMEHTHI, TAKHE KaK KaJIbIIHiA, MarHUH, IIMHK, MEIb, )KeJIe30, MapTraHell
U JIpyTHE, KOTOpble HEOOXOAMMEBI IS HOPMAallbHOTO POCTa PAacTEHUH. YBeIWYeHHe
WX COJEpKaHUs B IOYBE CIOCOOCTBYET YIYYIICHHIO CTPYKTYpPhI TOYBBI, a TaKKe
MOBBIIICHUIO COMIEP>KAHUSI TUTATENIBHBIX BEIIECTB B PACTCHUSIX, UTO, B CBOIO OYEPE/Ib,
O6eCHe‘-II/IBaeT YCJIOBCKA OOIOJIHHUTCIBHBIMU MCTOYHUKAMHU MHKPO3JIEMEHTOB 4Y€PE3
MIPOIYKITUIO CEITLCKOTO X03siicTBa. B maHHO# paboTe MpoBeneH aHaIN3 XHMHYECKOTO
COCTaBa METAJUTyPrHYECKHX [UIAKOB METOJaMH Macc-CIeKTPOMETPUH U aTOMHO-
SMHUCCHOHHON CITEKTPOMETPUN C HWHIYKTHBHO-CBSI3aHHOW Ima3moi. MccnenoBaHus
MOKAa3bIBAIOT, YTO IIJIAKU conepkar: kamui - 1,06%, xanbuuii - 9,38%, xenezo -
2,56%, maruuii - 1,78%, mens - 0,51%, uunk - 0,44%, maprauen - 0,44%, Gapuii -
1,33%. Takxe oOHapy)eHO HEOOJBIIOE COJACPKAHME TOKCHYHBIX 3JICMEHTOB, TAKUX
KaK MBIIIBSIK U CBHUHEI, KOTOpbIE TPEOYIOT KOHTPOJS MPU WCIOJIH30BAHWN IUIAKOB B
CEeNIbCKOM XO03sHcTBe. VCmonp30BaHWE IIIAKOB TIOMOXKET COKPATHTh IUIOIIAIN WX
YTHIU3AIUH, TTPE0TBpaIas BO3MOXKHOE 3arpsi3HEHHE MTOYBBI U BOJOEMOB. PesynsraTsl
KCCJIC/IOBAaHUS MOTYSPKHUBAIOT BAXKHOCTh JAJIbHEHININX HAYYHBIX pa3paboToK B 001acTh
nepepaboTKH MEeTaJUTypruuecKux OTXOAOB JJISi YCTOWYHMBOTO Pa3BUTHSL CEIBCKOTO
XO3SIICTBA W 3AIIUTHI OKPYKAIOIICH CPEIIbI.

KuroueBble cioBa: Metauryprudeckue Mijlakd, YIOOPEHHs, CETbCKOE X03SIHCTRO,
TSOKEIIbIe METAILIbl, MUKPORJIEMEHTHI, YCTOMUNBOE Pa3BUTHE

Paboma nposedena npu ¢unancosoii nomowu Komumema nayku Munucmepcmea
Hayku u evicuieco obpaszoeanusi Pecnyoruxu Kasaxcmawn, epanm BR24993178
«Paszpabomxa uHHOBAYUOHHOU MEXHONO2UU NepepadoOmKu GMOPUYHBIX PEeCypcos —
0MX0008 MEMALIYPSULECKUX NPOU3BOOCE, NOOOYHBIX NPOOYKIMOE Hedhmenepepabomku
u HeghmeooobIuU Y.

BBenenne. MunepanbHble pynbl SIBISIOTCS OJHMUM M3 OCHOBHBIX (DaKTOpPOB
SKOHOMHUYECKOW CTAOMJIBHOCTH XHWMHYECKOTO TPOM3BOJACTBA, HO XHMMHUYECKas
nepepaboTka MHUHEPATBHOTO CHIPhSI BKIIIOYAE€T OOpa3OBaHUE pPa3IMYHBIX OTXOJOB,
TaKMe KakK I[UIAK{, IbUIb WIN Ocagku. Ha Mmeramrypruieckyro HpPOMBIIUICHHOCTD
MIPUXOANUTCS HaWOOMIbIIAs YacTh 3HAYUMBIX 00beMOB 0Tx0/10B (Ilu tiu-Varvara et al.,
2022), cpeau KOTOPBIX ¢ TOYKM 3PCHHS BIUSHHS HA YEIOBEKa M OKPYXKAIOLIYIO Cpery
LUJTAaKA CBHHLIOBOTO TPOM3BOJCTBA MPEACTABISIIOT 0co0yto omnacHocTh (PoBuH H
I'puropses, 2018). Paccuntano, 4To MpH MOIYYEHHUH OJHONW TOHHBI METAJUIMYECKOTO
ceuHIa obpazyercs 100-350 kr moraka (Maria Criado et al.,, 2017). CormacHo
nocieqHuM TaHHbIM International Lead and Zinc Study Group, MupoBoe mpou3BOACTBO
paduHUPOBAHHOTO CBUHIA cOCTaBisieT 12,856 MIH TOHH W CBUHIIA B KOHI[EHTpAaTax -
4,55 mnH 1. B TOM uncie, B Pecnyonuke Kazaxcran B 2023 rogy momyueno 262,3 TbiC.
TOHH METAJIJIMYECKOTO CBUHIIA.

Kparkuii 0630p JuTepaTypbl N0 MCHO0JIb30BAHUIO HIVIAKOB B CEJILCKOM X03sii-
cTBe. llmaxu sABistoTCs HEM30€KHBIMU TOOOYHBIMU MTPOTYKTAMH BBICOKOTEMITEpATyp-
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HOM nepepaboTku MeTaundeckux pya. Lllnak oOpasyercst Bo Bpems IIaBKH, KOHBEPCHH
U JPYTUX BO3MOXKHBIX JIOMOJHUTENBHBIX CTaAUN pa@UHUPOBaHUS. XUMUYECKHU CO-
CTaB U (PUBUKO-XUMHUYECKUE CBOMCTBA 3TOTO BHJIA OTXO/Ia MOTYT CHJIBHO Pa3iinvaThCs,
TaK KaK OHHU cozeprKar (UIFOCHI, OKCHJIbI METAJLIOB (B TOM YHCJIE OKCHABI TSKEJIBIX Me-
TaJIJIOB), IPUMECH METAJUINYECKHUX PYI, & TAKKE TOOOYHBIE IPOAYKThI CKUTAHUS yIIIs,
KOKCa WJIH JPYToro TorumBa. GU3NUKo-XUMHUYecKas iepepaboTKa IIIaKoB MO3BOJIUT pe-
LIMTH TIPOOJIEMY CHIPHEBOTO KPU3KCA 3a CUET UCMOIB30BaHUS IICHHBIX KOMIIOHEHTOB B
cBOeM cocTase. MccenenoBanus o NPUMEHEHHIO [ITAKOB MPHUBECHBI B Ta0mue 1.

Ta6ﬂHHa 1. HpI/IMeHeHI/Ie HJIAKOB METAJUTYPIruieCKOro rnpou3BoJACcTBa

OO0BexT OcHOBHO# Cdepa [IponykT nepepaboTKH Hcrounnk
UCCIIEZIOBAHUS XUMHYECKHUIt MPUMEHEHUS UCCIIEI0BAHUS
COCTaB
CraneriaBuIbHbIE Ca0, SiO,, Merain- Mg, Znu Cu (Hocheng et
LUIaKK MgO, Fe, JIyprust al., 2014)
MnO Heiitpanusyiomuii arent npu | (Gahan et al.,
OnoBbImenadnBaHu MeTayios | 2009)
Crpourens- | 3aMEHUTEIb IPUPOIHOIO (Dai et al.,
HBIE TIECKA B CTPOUTENBHBIX cMecsx | 2021)
Marepuaibl | KOMIIOHEHT JOPOKHOTO (Baricova et
TOKPBITHUS al., 2011)
CrekioKkepaMuKa (Deng et al.,
2020)
3emnenenue | CummkatHoe ynoOpeHne (Ning et al.,
2016)
VnobpeHue ¢ KOHTpoIupyeMsIM | (Annunziata
BBICBOOOKIICHUEM etal., 2014)
Caunnossie miaku | Cu, Zn, Fe 3emnenenue | YnoOpeHue (Mikula et al.,
2022)
Mennble nIaKu Cu, Zn, Crpourens- | BeICOKOIIPOU3BOANTEIBHBIN (Singh et al.,
Si0, FeO, HbIC 6eToH 2024)
Fe,0,, CaO, MaTepHaibl
ALO,, MgO
Turanossie xgocthl | SiO, CaO, MgO, CTeKIIOKepaMUYUECKUE (Xietal.,
AL O, TiO, MEHOIIACTHI 2018)
Marnuessie nutaku | SiO,, CaO Kpemuunero-kanuitnoe (Fan et al.,
MgO, FeO yaoopeHue 2019)
AlLO,

CornacHO mpoBeneHHOMY 0030py JauTepaTypbl 3a mepuox c¢ 2009-2024 rona,
pacmnpocTpaHeHHBIMU OONACTSIMU NPUMEHEHHUS! SBJSIETCS CTPOMTENBCTBO, HAaUMEHEe
M3yYEHHBIM SBIIAETCS CEIbCKOE XO34HCTBO. Takke MPUMEHEHHE METaITMYeCKUX
[IUIAKOB B CEJILCKOM XO3SIIICTBE aKTyalIbHO M3-3a COJAEPKaHUs IOJIE3HBIX ISl paCTEHUN
MaKpo- 1 MUKPO3JIEMEHTOB.

[losToMy 1enb0 MAAHHOTO HCCIENOBaHMS SIBIAETCA PacCMOTPETh IPOLECC
MIPOM3BO/ICTBA METAJUTYPTrUYECKHX IIJIAKOB U UX CEIbCKOXO35HCTBEHHOE IPUMEHEHHE.

MarepuaJjnbl U MeTOABI HcciienoBanHusl. Vccnenyemble HaMu POOBI OBUTH B3STHI
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¢ xBocToxpanwinil ObiBiIero LIIBIMKEHTCKOTO CBHHIIOBOTO 3aBoAa M JKe3KeHTCKOro
rOpHO-000TaTUTENBHOrO0 KoMOWHata B ceHTsiope 2024 roma. OtOop mpoO muTakoB
poBelieH MeToaoM KBaapara. Yactuubl miaka [IIBIMKEHTCKOro CBHHILIOBOTO 3aBOJa
HMMEIOT YEPHBIN IIBET, TPaHyNIbl HEMPaBUIBLHON (OpMBI, pazmMep KoJeOneTcs B mpenenax
1-6 MM, BcTpedaeTcsi HeOOIbIIOE KOMUYECTBO YacTUI] pazMepoM okojo 15 mm. [TpoOsr
JKe3KeHTCKOTo TOpHO-000raTUTEIBHOTO0 KOMOMHATA UMEIOT OoJiee KPYITHBIE (paKIuu
(o 20 MMm) ceporo 1BeTa, JIETKO PAacChIIAONINecs IpU JpOoOICHIH B MEJIKHI TTOPOIIOK.

DOneMeHTHBIN aHaTU3 METAJUTyPTUYECKHX IIUTAKOB MPOBE/IEH CIIEKTPOMETPUYECCKIM
METOIOM (MHAYKTHBHO CBsi3aHHas IulazMa — Macc-criektpometpusi (ICP-MS),
WHAYKTHBHO CBSI3aHHAs IJIa3Ma — ONTHYecKas sMUccuoHHas criektpometpus (ICP —
OES)) (MeToauka KOITMYECTBEHHOTO XUMUYECKOTO aHaim3a, 2011).

Pesyabrarpl. [loBTOpHOE MM BTOPUMYHOE HCIOJIB30BAHUE IIUIAKA CBSI3aHO C €ro0
(U3NYECKUMU W XUMHYECKHMMH XapaKTepUCTUKAMH. XapaKTEPUCTHKa OCHOBHOTO
3NIEMEHTHOT'0 COCTaBa IUIAKa MPEACTaBICHa B Ta0IHLe 2.

[IpoBeneH CpaBHUTENBbHBIM aHamM3 dJeMeHTOB nuiaka LIpIMKeHCKOTO H
JKe3KEeHTCKOT0 XBOCTOXPAaHWIIMIL, HMCCIEAOBaHHBIX 3. baroBa ¢ HamMMu JaHHBIMH
(Bagova et al., 2021). IIpo6s1 2021 rona, u3ydeHHsle paHee B pabote barosa 3. Takxke
ObUTH OTOOpaHbI ¢ XBOCTOXpaHMIUILa ObiBIIero [IIBIMKEHTCKOro CBUHIIOBOTO 3aBOJa U
MMeIU TaKoH ke IBET U (PaKLMOHHBINA COCTAB.

Tabmauma 2. DIeMEHTHBIH COCTaB IIIAKOB

DneMeHT | DJIEMEHTHBIN COCTaB IIIaKa DNIEMEHTHBIN DJIEMEHTHBIN COCTAB IIJIAKOB
[IBIMKEHTCKOTO CBHHIIOBOTO COCTaB IITAKOB JKe3keHTCKOro TOpHO-
3aBoja, % (Bagova et al., [IIpIMKEHTCKOTO oborarutenbHOro KomOuHara, %
2021) CBUHIIOBOTO 3aBOJA, %o

Maruuit >1,0 1,78 1,87

ATIOMUHHAI >1,0 4 4

Kanpumit >1,0 9,38 1,94

Bapuii 0,3 1,33 0,011

Menn 0,3 0,51 0,18

Kamnit <1,0 1,06 0,6

Harpwii >1,0 1,07 0,26

MBbIHIbsK <0,01 - -

CauHen 0,1 0,086 0,22

Keneso >>1,0 2,56 1,509

Mapranerg 0,2 0,44 0,04

Tunk >1,0 - 0,44

Kax BuHO 13 TaONUIIBI 2, COCTAB IIJIaKa PA3HOOOPA3EH U COACPKUT HE3HAUNTETHHBIC
KOHIICHTPAIIUU JIPAaroliCHHBIX, PEIKO3EMENbHBIX, IBETHBIX W THKEIBIX METalIOB.
Conepxanue »1IeMEHTOB HUIaka ObiBiIero IIIBIMKEHTCKOrO CBHHIIOBOTO 3aBOJA,
omyonukoBanueie 3. barosa B 2021 rogy W AaHHBIE, TTOJyUYSHHBIE B TIPOIIECCE HAIIETO
HCCIIeIOBaHUsI B OOJBIIMHCTBE MO3HMIUI MMEIOT Onn3kue 3HadeHus. [loBTopHOE MiH
BTOPUYHOE HCIIOJb30BAaHHE NUIaKa CBA3aHO C €ro (pU3MYECKMMHU U XUMHUYECKUMH
XapaKTepUCTHKaMu. Tak Kak MeTajllypruyeckue MUIAaKd COAepiKar OoJbIloe
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KOJJMYECTBO MAaKpOIIEMEHTOB (KajHii, KalbLUi, MarHUH) U MUKPO3JIEMEHTOB (Me[b,
LUHK, eJe30, MapraHell) BO3HUKAeT BO3MOXKHOCTb MX HCIOJIB30BaHMS B CEILCKOM
XO03sIiCTBE B KauecTBe yI0OpeHusI.

O6cyxnenue. Apropel (Gomes et al., 2018) mnpemIoXUIN MNPUTOTOBICHUE
yaoOpeHnH M3 CTalbHBIX WIIAKOB W M3YYWIM HMX BIUSHHE Ha COCTaB IOYBBI H
TpaBbl, a TaKXKe pacCUMTANd SKOHOMHUYECKYIO 3(dexkruBHOCTh. CHoOyn Jkewmn u
apyrue (2024) uccnenoBaiiv CHIMKATHBIE YIOOpPEHHMs, MOJNyYSHHBIE U3 JKEIE3HOTO
[uIaKa, B KaueCTBE IOYBEHHOHM M00aBKM Aisl ynmyuineHuss pH mouBel n cHaOxeHHS
nutarenbHbIMU BerectBamu (Ning et al.,, 2016). 3aBUCUMOCTh BHECCHHS IIIaKa B
nouBy ¢ pH mouBsl Takke Obu1a n3yyena B padote (Bolan et al., 2011), rne BHeceHue
nuiaka ObIO0 KauecTBEHHOM, d((EKTHBHONM 3aMEHON HM3BECTKOBAHHMIO. DTOT IpOIEce
SIBIISIETCS] HELleJIeco00pa3HbIM B 60phOE € 3aKHCICHNUEM TI0UBBI, B CBSI3H CO CTOMMOCTBIO
MaTtepuasioB. OIHAKO, M3BECTKOBaHME JUIsI KUCIBIX IOYB WIPAET BaXKHYIO pOJIb B
TpaHchopMaLUH ¥ TONIOMICHUN MUTATENBHBIX BEIECTB PACTEHUSIMHU, ITyTEM MPSIMOTO
BO3/IeHCTBUS HA pPH MOYBBI 1 KOCBEHHOTO BO3/IEHCTBUS HA (PU3NUECKHE, XUMUUECKUE,
Ouonoruyeckue U MOp(OIOrHIECKUE XaPAKTEPUCTHKH MOYB.

B cocraBe nutakoB 00HapyKeHbI HEBBICOKHE KOHIIEHTPALIMU TOKCUYHBIX 2JIEMEHTOB,
Takde KaK KaJAMWH, CBHHEL, MBIIbSIK W PTYTb. BBIBOA TOKCHYHBIX METaJIOB H3
COCTaBa IUIAKA SBJIAETCSA CIOKHBIM BONPOCOM, Ha KOTOPBIM Ha JaHHBII MOMEHT
HEeT aJbTePHATUBHOIO OTBETA, ITOJHOE W3BJIEUEHHE IMPAKTHMYECKH HEBO3MOXKHO. Bo
n30eKaHWe BPEOHOTO BO3ACUCTBHS HA OKPYXAIOLIYIO CpEdy, TKENIble MeTasllbl
HEOOXOOMMO CBsI3aTh B NPOYHBIE HENOCTYNMHBIE CTPYKTYpbl. OJHUM U3 METOJOB
MMMOOMJIM3aLMU TSDKENBIX METaJJIOB SIBISIETCS BHECEHHE OMoyris, oOpaboTaHHOTO
THIPOKCHIOM KaJblvs. BBICOKOAKTHBHBIE HaHOpa3MepHbE 4YacTUIBI KapOoHaTa
KaJbLUs, OCAKICHHBIE Ha MOBEPXHOCTH TPaxeua OHOYIIS pearupyroT C TSKEIBIMH
MeTaJulaM{ U CTAHOBSATCSI UMMOOMJIM30BaHHBIMU. TaKoi METOA MOXKET OBITh MOJIE3EeH
JUISL pEKYIBTUBU3aIMU TIouB. B cBoeM uccnenoanuu (Shah et al., 2024) yka3siBator
Ha TOTEHUHMAJIBHYIO POJIb COAEpKaHMs OMOYIIS B IOYBE Ha MOMIOLICHUE TSKEIBIX
METaJlIOB, 9TO oOecreunBaeT 0e30MacHOCTh BO3ACBIBAHUS PEANCA HA 3arps3HEHHOM
TSDKEJIBIMHA METAJUIBIMU TTOUBE JUIS OTPEOICHNUS YETOBEKOM.

E1me oqanM criocoOoM KOHTPOJIS BBIAEIEHHS TOKCHYHBIX BEIIECTB B [TOYBY SIBIISETCS
M3rOTOBJIEHME ynoOpennii myteM masnenus cmeced K CO,, H,PO, u nomennoro
nutaka. KoHuenmus KOHTpOoIupyeMOro BEICBOOOK ICHHS TUTATEIbHBIX BELIECTB COCTOUT
B WHKAINCYJISLUUHM IMUTATENbHBIX BEHIECTB TakUM 00pa3oM, 4TOOBI BBICBOOOXKIEHHE
MPOMCXOJUIO MEAJICHHO, KOrJa YOOOpeHHe BCTyMaeT B KOHTAakT CO Cpemoi.
VYnoOpeHus ¢ KOHTPOJIMPYEMBIM BBICBOOOXKICHHEM pa3pabOTaHbl Uil OOecreueHHs
MOCTENEHHOTO U YCTOHYMBOTO BHICBOOOXKIEHHUS HEOOXOIUMBIX MMUTATEILHBIX BELICCTB
JUISL PacTeHUH, ynoOpeHus] ONTHMHU3UPYIOT 3(P(EKTUBHOCTh YCBOCHHS MUTATEIBHBIX
BelIecTB. MexaHn3M KOHTPOJIMPYEMOTO BBHICBOOOXKACHHS CIIOCOOCTBYET MOBBILICHHUIO
WCIIOJIb30BAHNSA THUTATEJIBHBIX BEIIECTB CEJIbCKOXO3SHCTBEHHBIMM KyJIbTypaMH U
CHIMYKAeT BO3ICHCTBHE CENLCKOTO XO3SHCTBAa Ha OKpyxkarouryto cpeny (Virkar et al.,
1987).

3akaouenne. C KaXIbIM TOJOM KOJMYECTBO IIUIAKOB METAJTyprHYECKOro
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MIPOU3BOJICTBA PACTET U OKA3BIBAET OTPUIIATEIBHOE BIUSHUE HA OKPYKAIOUIYIO CPEy.
TpaauimoHHbIe METOBI YTUIN3ALMY UTAKOB MPUBOJAT K CEPHE3HBIM SKOJIOTUYECKUM
MOCJICACTBUSIM.

B pesynbrare uccnenoBaHus ObUI NMPOBEICH CPaBHUTEIIBHBIM aHAIU3 IUIAKOB
obiBIero I1IBIMKEHTCKOTO CBUHIIOBOTO 3aBoja, oToOpaHHbIX B 2021 u 2024 romax
n JKe3keHTCKOro TopHO-oOOraTuTeIbHOr0o koMmOuHara. CojepkaHHe MaKpo- U
MHUKPO3JIEMEHTOB B cocraBe nuiakoB (Ca, Mg, Mn, Cu, Zn, Fe) maet BO3MOXHOCTh
YTHIU3alUd B CEJIbCKOM XO3SHCTBE B KadecTBe ymoOpeHwus. Vcnonb3oBaHue
[IUIAKOB CHUXKAET CTOMMOCTh YIOOPECHHM, SBISICTCS HAWIYYIIUM CIIOCOOOM OOphOBI
C YXYOLUICHUEM XHMHUYECKUX XapaKTePUCTUK CEJIbCKOXO3SHCTBEHHBIX Yroaudl U
COKpaIllaeT IUIOMIAAN UTAKOXPAHUJIHILL.
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Abstract. This paper examines the effect of the modification of Pd/TiO, catalysts
with water-soluble polymers, including chitosan and polyacrylamide, on their catalytic
activity and selectivity. To compare the catalytic performance of the synthesized
heterogeneous catalysts in the hydrogenation of phenylacetylene, two distinct methods
were employed for the deposition of polymer-stabilized palladium nanoparticles onto
the support. In Method A, a palladium solution was added to a previously prepared
composite, whereas in Method B, a polymer-metal complex was deposited onto the
support. The deposition levels of polymer and metal on the support were determined by
viscometry and spectrometry methods, respectively. The obtained results demonstrated
that both the polymer and the metal were completely deposited onto the support in the
presence of a NaOH solution, enabling the synthesis of 1% catalysts, as confirmed by
clemental analysis. The synthesized 1% Pd/TiO,, 1% Pd-Chit/TiO,, 1% Pd-Chit/TiO,
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(PMC), 1% Pd-PAA/TiO,, 1% Pd-PAA/TiO, (PMC) catalysts were investigated in the
hydrogenation of phenylacetylene. In terms of catalytic activity, the catalysts followed
the order: 1% Pd/TiO, (W __ = 26,2x107° mol/s) > 1% Pd-PAA/TiO, (PMC) (W __ =
11,4x107° mol/s) = 1% Pd-PAA/TiO, (W __ = 10,7x107° mol/s) > 1% Pd-Chit/TiO,
(PMC) (W__ = 3,6x107° mol/s) = 1% Pd-Chit/TiO, (W__ = 3,7x107° mol/s). Thus, the
polymer modification of heterogeneous catalysts may serve as a promising approach for
the design of catalysts with tailored properties.

Keywords: titanium dioxide (TiO,), palladium catalyst; chitosan, polyacrylamide,
phenylacetylene, hydrogenation
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Annoranus. byn okymeicta  Pd/TiO, karamusaTopiapblHbIH —Cyla €pHTIH
[OJMMEPIIEPMEH, COHBIH 1IIIH/IE XUTO3aH JKOHE MOJIMAKPHIaMUIIICH MOAU(UKaLHsIay
apKBUIBl KaTaJUTHKAJBIK OCNCEHAUTITT MEH CeNeKTHBTUIITIHEe ocepi 3epTTelIi.
deHunaneTUIeHAl THAPIEY NPOLECIHAE alblHFaH TeTepPOTeHIl KaTalan3aTopiaplIbIH
OpPEKETiH CaJbICTHIPY YLIIH MOJMMEPMEH TYpPaKTaHIbIPBUIFAH MajiaJni OeNeKTepin
TackIMaJayIIbIFa TYHABIPYABIH €Ki TYPIi 9/1ici KOJIAaHBULIBL. A 97ici OYphIH ajbIHFaH

244



Volume 3, Number 464 (2025)

KOMIIO3UTKe Mayulafguid epiTiHAICiH KOCY apKbUIbl XKYy3ere achlpbulgsl, an B omicinae
TY3UITeH MOJIMMEpP-MeTasll KelIeH] TachIMalIayIbiFa TYHIBIPULIBL. TackIManiaybiFa
EHTI3UITeH TMOJUMEpP MEH METAJUIIBIH MOJIIIepl COMKECIHIIe BUCKO3UMETPHS JKOHE
CTIEKTPOMETpHUs KoMeriMeH OaranmaHapl. AsbraraH HoTmkenep NaOH epitiamiciHig
KOMETIMEH NOoJIMMEP MEH METalblH TaChIMaJIAAayLIbIFA TOJBIFBIMEH TYHJIBIPbUIFaHBIH
kepceTTi, Oyn 1% Karanu3aTopAblH ANbIHYBIH KaMTaMachl3 €TTI KOHE 3JIEMEHTTIK
Tannay aepekrepiMen pactanabl. Cunresaenren 1% Pd/TiO,, 1% Pd-Xur/TiO,, 1%
Pd-Xut/TiO, (IIMK), 1% Pd-ITAA/TiO,, 1% Pd-ITAA/TiO, (IIMK) xaramu3aropiap
(heHUNMANICTIIICHII THAPJICY TPOIECIHAE 3epTTenii. KaraiuTukambik OelceHIiiri
OolibIHIIA KaTaiu3aTopiaap kejeci pernen opuanactel: 1% Pd/TiO, (W = 26,2x107°
monb/c) > 1% Pd-ITAA/TIO, (ITMK) (W = 11,4x107° mons/c) = 1% Pd-ITIAA/TiO,
(W_. . =10,7x10"° mons/c) > 1% Pd-Xut/TiO, (IIMK) (W_ = 3,6x107° mons/c) = 1%
Pd-Xut/TiO, (W __ = 3,7x10°° monb/c). Ocblnaiima, reTeporeH i Karaiu3aTopiapibiH
noJauMepii MOAU(UKAIMACH KOPCETIITeH KacueTTepi Oap KaTanu3aropuapibl KYpyablH
MEPCIEKTUBTI 9J1ici OOIYBI MYMKIH.

Tyiiin ce3nep: Tturan muokcuai (TiO,), nammaguii KaranM3aTophbl, XHMTO3aH,
MOJIMaKpUIaMu, (heHUIAleTHIICH, THAPIICY

© 9.T. Taararos!, I.A. Buéarsipoa’**, A.A. Haiiza6aes!”, I11.0. KyrTbi0aeBa?,
A.3. Abunbmarkanos', 2025.
'AO «HCTHTYT TOIUTHBA, KaTaau3a u anekrpoxumun uM. J[.B. Cokombckoroy,
Anmatsl, Kazaxcran;
2AO «Kazaxcrancko-bpuraHckuit TeXHUYECKUI YHUBEPCUTET», AnMmarsl, KazaxcraH.
E-mail: darinabibatyrova@gmail.com

CEJIEKTUBHOE 'MIPUPOBAHUE ®EHUJIAETUJIEHA HA
NOJMMEP-MOAN®ULIUPOBAHHBIX PD KATAJIN3ATOPAX,
HUMMOBHWUJIN3UPOBAHHBIX HA HEOPTAHUYECKH HOCUTEJIb

TanraroB dabaap TaaratoBuy — PhD, accou. npodeccop, 3aBenyroruii 1abopaTopreii OpraHuueckoro
katamuza, AO «Mucturyr TomnuBa, kxaranuza u snekrpoxumun uM. [I.B.  Coxosbckoro», Anmarsl,
Kazaxcran,

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

buodarsiposa Jlapnna AxkanoBHa — bakanasp, AO «Ka3zaxcrancko-bputanckuii TexHuueckuit
yHHUBepcuTeT», Anmartsl, Kasaxcran,

E-mail: darinabibatyrova@gmail.com, https://orcid.org/0009-0000- 2970-4675;

HaiizaaeB Ax:koa ApmanoBn4 — jpoktopant PhD, AO «Ka3saxcrancko-BpuraHckuit TexHH4Yeckuit
YHHBEPCUTET», MIAJLINKA HAay4HbIH COTPYIHHUK JIabopaTopuu opranudeckoro karanusza, AO «HctuTtyT
TonnuBa, katanusa u anekrpoxumuu uM. I.B. Coxonbckoro», Anmarsl, Kazaxcras,

E-mail: a.naizabayev@ifce.kz, https://orcid.org/0009-0001-5317-9070;

Kyrrbi0aesa Illonman 96aikapuMKbI3bl — Maructpant, AO «Kazaxcrancko-bputanckuil TexHn4eckui
yHHUBepcUTeT», AnMarel, Kaszaxcraw,

E-mail: s_kuttybayeva@kbtu.kz, https://orcid.org/0009-0001-4311-2649;

AOuabmMar;kaHoB ApiaH 3aliHyTa/ulaeBM4 — KaHAWAAT XUMHUYECKUX HAyK, NEPBbIH 3aMECTUTENb
renepanbHoro aupekropa. AO «Muctutyt TomnuBa, katanusa u anekrpoxumuu um. J{.B. Coxoibckoroy,
Aunmarsl, Kazaxcras,

E-mail: a.abilmagzhanov@ifce.kz, https://orcid.org/0000-0003-2931-9640.

245



ACADEMIC SCIENTIFIC JOURNAL OF CHEMISTRY

AnHoTtammusa. B nanHOW pabore wuccnenoBaHo BiusHUE Moaudukanuu Pd/
TiO2 karanu3aTopoB BOJOPACTBOPUMBIMU TMOJUMEpPAMH, BKJIIOUash XHTO3aH WU
MOJIMAKPWIIAMHUJI, Ha MX KaTAJUTHYECKYyH) AaKTHUBHOCTh U CEJIEKTUBHOCTH. Jljist
CPaBHEHHWSI TIOBEICHUS TIOJIy9EHHBIX TE€TEPOTCHHBIX KaTajH3aToOpoB B TIpoIlecce
TUAPUPOBaHHUA (DEeHWITAlleTHIIeHA OBUIM WCIIONB30BaHBI J[BA PAa3jMYHBIX METOJa
HaHECEHUS TOJIMMEeP-CTa0MIIN3UPOBAHHBIX YaCTHUI] TMaJUTaJus Ha HOCUTENb. Meton
A 3axirouancs B JOOABJICHWU PacTBOpA MaUTaJUsl K MPEABAPUTEIILHO TIOTYYCHHOMY
KOMIIO3UTY, @ B MeroJie b chopMuUpOBaHHBINH MOJIMMEP-METANTUUYECKUN KOMILIEKC
OCaXJIajdu Ha HOCUTENb. KONMYeCTBO HAHECEHHOrO IoiMMepa W MeTalula Ha
HOCHTEIh OIICHUBAJI METOJaMU BUCKO3UMETPUN U CIIEKTPOMETPHH, COOTBETCTBEHHO.
[TomyueHHBIE pe3ynbTaThl MOKA3aIH, YTO IMOJMMEP U METAII MOTHOCTHIO OCAKIAINCH
Ha HOCHTEJb MPH HCIIoNb30BaHuu pactBopa NaOH, uro obecrieunBano nomyuenue 1%
KaTaJn3aTopOB U MOATBEPKAATI0CH TaHHBIMH DJIEMEHTHOTO aHasn3a. CHHTe3UpOBaHHbIC
1% Pd/TiO02, 1% Pd-Xut/TiO2, 1% Pd-Xut/TiO2 (IIMK), 1% Pd-ITAA/TiO2, 1%
Pd-ITAA/TiO2 (IIMK) katanu3aTopsl OBUTH HCCIICOBAHBI B PEAKITHN THAPUPOBAHHS
(beHmnanieTHieHa. YCTaHOBJICHO, YTO MO YPOBHIO KAaTAIMTHYECKOW aKTHBHOCTH OHH
pacnionaranuce B cieaytomeM pangy: 1% Pd/TiO2 (Wmax = 26,2x10—6 mons/c) > 1%
Pd-ITAA/TiO2 (ITMK) (Wmax = 11,4x10—6 mons/c) = 1% Pd-[TIAA/TiO2 (Wmax =
10,7%10—6 monb/c) > 1% Pd-Xut/TiO2 (ITMK) (Wmax = 3,6x10—6 momnb/c) = 1% Pd-
Xut/TiO2 (Wmax = 3,7x10—6 mons/c). Takum 0Opazom, nonmmepHast MOAH(DUKAIHS
reTepPOreHHBIX KaTaIN3aTOPOB MOXKET SBISATHCS MEPCIIEKTUBHBIM METOIOM TSI CO3/TaHuUS
KaTaJM3aTOpPOB C 3aJJaHHBIMU CBOHCTBAMH.

KaroueBsie cioBa: nuokcun tutana (TiO2), mammagueBsiii KaTaau3aTop, XUTO3aH,
MOJIUAKPIIIAMUJL, (PSHUIIANCTIIICH, THAPUPOBAHKE

dunancupoBanue: Hacmoswas paboma evlnonnena npu Qurancosoli noooepoicke
Komumema nayku Munucmepcmea mayku u evicuwiezo obdpazoeanus Pecnybnuxu
Kaszaxcman (epanm NeBR24992995).

BBenenue. Karamutudyeckoe THIPUPOBAHUE SIBISETCS OCHOBHBIM TIPOIECCCOM B
XUMUYECKOW TMPOMBIIINICHHOCTH U IIMPOKO HCIOJIB3YETCS B PA3IUYHBIX OTPACIX,
BKJTIOUass HE(TEXWUMHIO, MHINEBYIO IPOMBIIUICHHOCTD, IPOU3BOACTBO PEAKTHBOB
n QapmarneBtuky . CorracHO MCCIENOBaHUSIM B JaHHON oOmact, 25% XUMHYECKHX
MPOLIECCOB BKIIIOYAIOT KaK MHHMMYM OJIHY CTaJUI0 PEAKUUN TUAPUPOBAHUS, UTO
cocrapisieT okoio 8% mupoBoro BBII u nenaer 3Ty o0nacTh OJHON M3 KIIFOYECBBIX B
KaTaUTHIECKUX uccienoBaHusix . CoxpaHEHHE BBICOKON CEJIEKTUBHOCTU MPOIYKTa
MPY YBEJIUYCHUH KOHBEPCHH OCTACTCS OJHOM W3 TJIABHBIX MPOOJIIEM B PEAKIIMSIX
TUJPUPOBAHUS, TOITOMY CO3/IJaHHE YCOBEPILIEHCTBOBAHHBIX KaTallu3aTOPOB HMMEET
[IEPBOCTEIICHHOE 3HAYCHHUE HE TOJIBKO JJIsl IPOMBIIIEHHOCTH, HO U JIJIs1 HAy4YHOTO MUpa
B 1ICJIOM.

Hanouactuipl mamtagus, UIMMOOMIN30BAHHBIE HA HOCHUTENSX, SBIAIOTCS OJHUMU
U3 CaMbIX TIEPCIEKTHBHBIX KaTalW3aTOPOB IJISl CENEKTUBHOTO THIAPUPOBAHUS
HEHACHIMEHHBIX TPoWHBIX C=C cBs3elt Omarogaps WX BBICOKOW CIIOCOOHOCTH K
JUCCOTIMAIINH MOJICKYJISIPHOTO BOJIOPO/IA U BIIMSTHUIO HOCUTEIIS HAa UX CBOWCTBA .

246



Volume 3, Number 464 (2025)

CymiecTByeT HECKOJIBKO MOAXOAOB K CO3AaHUI0 3()(EKTHUBHBIX KaTaIUTHUYECKUX
CHCTEM, OJHUM U3 KOTOPBIX SIBISIETCS KOHCTPYUPOBAHUE M MTOJTMMEPHAs MOAN(BUKALINS
KaTanu3aropoB. [IpuMeHeHHe MOIMMEpOB CIIOCOOCTBYET CTaOMIM3AlMU AKTUBHBIX
YacTUIl MeTajia, NpenoTBpamias ux amiomepauuio . CraOuiau3anus CHUCTEM, Kak
MPaBUJIO, OCYLIECTBISETCS C NMPUMEHEHNEM CHUHTETHYECKHX IMOJIMMEpOB, TAaKUX Kak
MOJMBHHUIIALIETAT, TOJTHAKPHIIAMHU/, IONUATHIICHIIMKOJIb, KApOOKCHMETHIIIICIUTION03a,
MOJIMMETHIMETaKpuiar, nogeumwicynbdar Harpus (SDS) u apyrue .

Opnnaxo, B mocjegHee BpeMsi B 00JacTH HMMOOMIM30BaHHOTO KaTaiu3a BcE yalie
MpeaaraloTcsi MPUPOAHBIE OMOMOIMMEPHI, HApUMEP XUTO3aH, YTO OOYCIIOBIECHO,
B YaCTHOCTH, YKECTOUEHHEM OJKOJOIMYECKHUX TpeOoBaHMH . XwuTo3aH obnamaer
TakKUMH YHHUKaJbHBIMH CBOHCTBaMH, KaK HETOKCHYHOCTb, OHOpa3iaraeMocTh,
BO300HOBIIIEMOCT W TPHUPOAHAS PACIPOCTPaHEHHOCTh. BaskHBIM TOCTOMHCTBOM
XUTO3aHa SBJIAETCS BO3MOXHOCTh €ro IIOJyYeHHs M3 XWTHHAa — BTOPOro IO
pacnpocTpaHEHHOCTH IPUPOAHOTO OHONONKUMEDPA, a TAKKE U3 OTXOI0B MOPETPOLYKTOB
MyTéM MPOCTOM peakluu JealeTUInpoBaHud. Vcrnonb30BaHHe XUTO3aHA B KauecTBE
HOCHUTENS  KaTaJUTHUYECKUX HAHOYACTUI[ HMEET MHOKECTBO IPEUMYILECTB,
00YCIIOBJICHHBIX BBICOKOHM COPOIIMOHHOM CITIOCOOHOCTHIO 1 MHOTO()YHKIIMOHATBHOCTBIO
ouononumepoB. Kpome TOro, XMTo3aH COAEPKUT THIPOKCHIBHBIE M AMHHOTPYIIIBL,
KOTOpBIE CIIOCOOHBI B3aUMO/ICHCTBOBATH C aKTUBHBIMH LIEHTPAaMH U MOAU(UIIMPOBATD
uX CBOMCTBa . Hapsimy ¢ XMTO3aHOM MCIIONB3YIOTCS U Ipyrue OMOMOINMEPHI, TAKUE KaK
XUTHH, IEKTHH, 1eJUTI0N103a, KpaxMall 1 KeJaTHH .

TeM He MeHee, 10 HaCTOAIIEr0 BpEMEHH HEI0CTATOUHO N3yU€HO BIUSHUE Pa3IMYHbIX
(akTOpoB, BKJIIOYAas PO HOCHTENS, NMPH CENECKTMBHOM THAPHUPOBAHHH AJIKWHOB.
Hecmotpst Ha To, 4TO €ro HemocpenCTBeHHAs (QYHKIHS 3aKI0YaeTcs B pa30aBIeHUH
AKTHBHOM (a3bl, BEIOOP ONTUMAIBLHOTO HOCUTEIIS! BIMSET Ha CBOMCTBA KaTanu3aropa. B
YaCTHOCTH, HOCUTEIb [TO3BOJISIET KOHTPOJIUPOBATh pa3Mep HAaHOYACTHII, pacIipeieieHne
MeTaJula i CTaOWIIbHOCTh aKTHBHOM (a3bl . KpoMe Toro, XuMU4YeCKUe U AJIEKTPOHHBIE
CBOICTBa HOCUTE OKa3bIBAIOT BIMSIHNE Ha KATATUTUYECKYIO AaKTUBHOCTb [TOCPEACTBOM
B3aUMOCUCTBHI METaJUI-HOCHUTENb, & €r0 CTPYKTYpHBbIE OCOOCHHOCTH OIPEACIISIOT
xapakrep auddys3un u ancopOIMy peareHToB U MPOAYKTOB PEAKLIUH .

B xadectBe HocuTeneil, Kak NpaBUJIO, IIHPOKO TNPUMEHSIOTCS ME30MOpPUCTHIE
MaTepHasibl ¢ BBICOKON Y/ENbHON MOBEPXHOCTBIO, TaKUE KaK LIEOJIUTHI, YIIEPOJHbIE
HAHOTPYOKH, THOKCH] KPEMHHUs M KOMIIO3UTHBIE MaTepHalbl, Al CTAaOMIM3aLUU H
MpeAOTBpAIlleHHs arioMepalnuyd MeTaulndeckux HaHodactul . Ocoboe BHHMaHHE
yaensiercsi auokcuny tutana (TiO2), KoTopelii OTHOCHTCS K 4HcIy HauOosee
3QQPEKTUBHBIX  (OTOKATAIUTUYECKUX MAaTepHaioB M  OJHOBPEMEHHO  CIIYKHUT
pe3yNbTaTUBHBIM ~ HOCUTEJIEM JUIS MajUIaAMeBBIX  KaTaju3aTropoB  Omaromaps
BBIPQKEHHOMY B3aHMMOJEHCTBUIO METall — HOCHUTEIb, BBICOKOH XMMHYECKON
CTaOMIIBHOCTH U ONITHMAIbHBIM KUCIIOTHO-OCHOBHBIM XapaKTEPUCTHKAM .

Takum o00pa3oM, Ha TOBEACHME MaJIAJAMEBBIX KaTaJlM3aTOpPOB B Ipolecce
THIPUPOBAHUS MOXKET BIUATH KaK MMOJMMEpHask MOAU(UKALNS, TaK U B3aUMOICHCTBHE
MeTa-HocuTenb. OJHaKo, MCCIEOBAHMMN, TMOCBAIICHHBIX BIMSHUIO TOJIMMEPHON
Moaudukanuu Pd/TiO2 karanu3aTopoB Ha MX MOBEACHUE B MPOLECCE THAPUPOBAHUS,
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elle He MNPOBOAWINCH. B cBA3M € 3TUM, LEIbI0 HAcTosmIEeH pabOThl SBISETCS
uccnenoanue BiusHUA Monudukaunu Pd/TiO2 katamu3aropoB BOIOpPacTBOPUMBIMH
MOJMMEpaMH  (XUTO3aHOM M TOJUAKPWIAMHIIOM), Ha I[OBEACHHE IIOJyYECHHOTO
reTepOreHHOrO Karajiu3aTtopa B MPOoLEecce THIPUPOBaHHs (PEeHUIALCTHIICHA.

MarepuaJjibl U METOAbI

Hcnonbs3oBaHHbBIE peakTUBBI

Oranon (96.3%, X4), PACI2 (59-60% Pd, Sigma-Aldrich), NaOH (X4), KCI (XY),
HCI (XY), TiO2 (anara3s, 99.7%, Sigma-Aldrich) ucnons3oBanu 6e3 AONOTHUTEIHHON
OYHCTKHU. B kxauecTBe MoauMepoB OBUIM MCTIONB30BAHBI MOJHMAKPUIIAMHIL U XUTO3aH CO
CTeleHblo AeaneTunupoBanus — 85%, M = 250,000 (Sigma-Aldrich). ®ennnanernnen
(98%, Sigma-Aldrich) ounmanu myTeM NEperoHKd, YHCTOTY MPOBEPSIIN
XpoMarorpauuecKu.

[Ipurorosnenne OecronMMEpHBIX MaIaIUeBbIX KaTaIu3aTOPOB

CuHTE3UpOBaHHbBIE KaTajlu3aTopbl ObUIM IMOJYYEHBI METOAOM OCAXIEHHsS HOHOB
namnagust (Pd) ma kommepueckuit anaraz (TiO2 KA). Ilpouemypy ocyiiecTBisiu
CIIEIYIOIUM 00pa3oMm:

K 1 r vocurens TiO2 moGasmsuin 20 Ml TUCTHIUTMPOBAHHOW BOZABI U THIATEIHHO
NepeMenInBalIn A0 MOIYYEHHsI OHOPOJHON CYCIEH3MHU. 3aTeM MOCTENEHHO BBOJMIN
5 ma 0,019 M pactBopa K2PdCl4 mpu mocTOSIHHOM TepeMeIIMBaHuy, MPOAOIDKast
nporecc B TeueHue 2 yacos. [lasee, cMech OCTaBIISIIN 10 TIOJIHOTO pa3AesieHHsl ocajKa
W MaToO4YHOTo pacTBopa. Hamocamounslil pacTBOp OTOMpamy AJs aHalU3a COAEPIKAHUS
HMOHOB Maijagusl ¢ LeJbI0 OLEHKHM COPOLMOHHBIX CBOWCTB HOCHTEINS, IMOCIE YEro
BO3BpAIllajif €r0 B HCXOIHYIO CHUCTEMY.

Ha cnexyromem sTare B peakIHOHHYIO CUCTEMY 110 Karuisim qooasisiiu 2 mi 0,25 M
pactBopa NaOH, npopomkas nepemMeninBaHie B TedeHHe oJHoro yaca. [lomyueHHslit
KaTaJau3aTop OTAEISIN OT MaTOYHOT 0 pacTBopa. Oca oK MPOMBIBAIIU AUCTUIIMPOBAHHON
BOJIOM 710 AOCTMKEHUsI HEUTpasbHOIO 3HaueHus pH, mocrie 4ero cymmiau Ha BO3ayXxe
IpU KOMHATHOW Temneparype. [ HeWTpanu3auuu cpeibl K GuibTpary ao0aBisin
skBuBaJicHTHOe KonmdecTBO 0,25 M pactBopa HCI, coorBercTBylOICe 00beMy
BBeaéHHoro NaOH. IlosmydeHHBI pacTBOp aHaIM3UPOBAIM Ha COJAEpXKaHHE HOHOB
nayaaust. CozpepikaHue Majulagusl B MarOYHBIX pacTBOpax A0 U MOCJIE OCaXIECHUs
K2PdCl4 ompenensimu  Ha crnekrpodoromerpe CD-2000 mo KanuOpOBOYHBIM
KPHUBBIM 1pH AsuHE BOJHBI A= 430 HM. [lonHOTYy oca)kaeHus maniagus Ha HOCHTENb
MOATBEPKAATU JAHHBIMM 3JIEMEHTHOIO AaHaju3a, IPOBEIEHHOTO C NPUMEHEHHEM
CKaHUPYIOIIETO 31eKTpoHHOTro Mukpockona JEOL JSM-6610 LV, ocnamennoro EDX-
netektopom (Snonus).

[Ipurorosnenne noruMep-MOIUPHINPOBAHHBIX KaTalIu3aTOPOB

Merton A. [IpurorosneHue ocymecTBiIsock no ciaeayromieit meroauke. K 0,032 r
xuro3ana n06asmsu 10 mn 1% pactBopa HCl u ocraBnsanm Ha nepeMelnBaHue Ha
MarHUTHOW MeIIajke B TedeHue 2—3 yacoB rnpu remnepatype 50 °C. s npuroToBieHus
Hocutens K 1 r TiO2 mob6asnsiu 20 M1 JUCTHIIIIMPOBAHHOHN BOIBI U NIEpEMELIMBAIIH
Ha MelIajKe 10 00pa30oBaHUSI OAHOPOAHOM CYCHEH3HMH. 3aTeM TOJIMMEp 10 KarisiM
N00aBISUTM K HOCUTEINIO JJIsl IOMyYeHHsI KOMITO3UTa M OCTaBIISUIM HA MeIlaike Ha 2—3
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yaca. K momydenHoMy KoMIo3uTy nobasisiin 5 mut pactBopa namutaaus (0,0168 r PACI3
n 0,0142 r KCl, pacTBOpEéHHBIX B 5 MJI JUCTHJUIMPOBAHHOHM BOIBI MPH TEMIIEPAType
60 °C B TeyeHue 2 4YacOB) W MEpEeMEIIMBAIM Ha MEIIAJKEe B TEYCHHUE 3 YacoB.
[TosryueHHyI0 cMech OCTaBIISIIU 10 TIOJTHOTO Pa3esIeHus 0caika U MaTOUHOTO pacTBOPA.
Hanocanounslii pacTBop oTOMpay AJisl aHaJIM3a COIEPKaHNsl HOHOB MaJUIaANs C LENbI0
OLIEHKH COPOLIMOHHBIX CBOKWCTB HOCUTEJIS, TOCIIE Yero BO3BPAILAIN 0OPATHO B CUCTEMY.
Ha cnenyromem stamne x cMecu 1o karisim fodasisuii 2 miu 0,25 M pactBopa NaOH u
MIPOOJIKANIY IIepeMellinBaHue B TeueHue 1 yaca. [loydeHHbIN KaTamu3aTop OTAEISAIN OT
MaTO4HOro pacTBopa. OcaoK NPOMbIBAJIN JUCTHIUIMPOBAHHON BOOM 10 AOCTH)KEHUS
HelTpansHoro pH u cymmnu Ha Bo3nyxe. K ¢unbsrpary s HeHTpanuzauuu cpenbl
no6asmsmu pacteop 0,25 M HCl B konndecTBe sKkBUBalieHTHOM g00aBieHHoMy NaOH
1 aHAJIM3MPOBAJIM Ha COEpP KaHNE NOHOB MaJuIajIusl.

Meton b (IIMK). Mertoarka NpUTOTOBJICHUS 3aKIOYaliach B cieayromiem. Jlis
npurorosnenuss pactsopa namtaaus 0,0168 r PdClL: cmemmBamu ¢ 0,0142 r KCI
1 pacTBOPsUIM B 5 MJI TUCTHJUIMPOBAHHOM BoAbl Ipu Temmneparype 60 °C B TeueHue
2 4gacos. K 0,032 r xutozana nobasmsimm 10 ma 1% pactBopa HCl u ocrasisimu Ha
nepeMenInBaHie Ha MarHUTHOM MeIlIajKe B TedeHne 2—3 yacoB npu Temmneparype 50 °C.
st oOpazoBanus noiaumMep-merammuaeckoro komruiekca (IIMK) pactBop nammangus
0 KaIuIsiM J00aBIsUIM K pacTBOPY XMTO3aHA W OCTABJISUTM HA MarHUTHOM Mellaike Ha
3 vaca. K 1 r TiO2 noGasmsimu 20 M1 AUCTHIUIMPOBAHHOW BOABI U MEpPEMEIINBAIN Ha
Melanke 10 o0pa3oBaHusi ogHopoaHOW cycrneHsuu. Janee pactBop IIMK mno xamisim
no6asms K cycriensuu TiO2 v ocTaBisuin Ha Meniajike Ha 3 yaca. [lomydyennyro cmech
OCTaBJISUIM A0 TOJIHOTO pa3/eNIeHus] ocajka W MaTo4yHOro pactBopa. HamocanouHsrit
pacTBop OTOMpanu AJs aHajdM3a COMACPKAHUS HOHOB Majiafusi C LENIbI0 OLECHKH
COpPOILIMOHHBIX CBOMCTB HOCHTEINS, MMOCIE YEero BO3Bpallall 0OpaTHO B cucteMy. Ha
CIIEIYIOIEM 3Tare K cMecu No Kamsim gobasmsu 2 mu 0,25 M pactBopa NaOH u
MIPOOJIKAJIN IIepeMellInBaHue B TeueHue 1 yaca. [losydeHHbIN KaTamu3aTop OTAEISAIN OT
MaToO4HOro pacTBopa. OcagoK NPOMbIBAJIN JUCTHIUIMPOBAHHON BOOM 10 AOCTH)KEHUS
He#TpansHoro pH u cymmnu Ha Bo3nyxe. K ¢unbsrpary s HeHTpanuzauuu cpenbl
no6asmsu pacteop 0,25 M HCl B konndecTBe sKkBUBalieHTHOM g00aBieHHoMy NaOH
1 aHAJIM3MPOBAJIM Ha COAEpP KaHNE NOHOB MaJuIaIusl.

I'uppupoBanue GpeHunaneTHICHa

I'mapupoBaHue OCyIIECTBIISIM B HETPOTOUHOM TEPMOCTATUPOBAHHOM CTEKISTHHOM
peakTope THMNA «yTKa» IMpH MHTeHCUBHOM mnepememnBanuu (600—700 kauaHuii B
MUHYTY). Peakuus npoBoausack B cpee 3TUIOBOTO criupTa (25 Mit) mpu atMmocdepHoM
JlaBJIeHUH Bozopona u Temmneparype 40°C. Macca HaBeckH Karanau3aropa cOCTaBIsia
0,05 r Karanuzatop mnpenBapuTenbHo moaBeprain 30-MUHYTHOH 00paboOTKe
BOJIOPOJIOM HETOCPEJCTBEHHO B PEaKTOpe IMpH HHTEHCUBHOM I€peMEIlMBaHUM, a
3ateM BBOAMIM 2.23 mons (0.09 monb/n) cyOcTpara. KommuectBo cyOcTpara Opanoch
B pacuere Ha nomomeHue 100 ma Bomopoaa. CKOpoCTh peakliy pacCYUTHIBAIN I10
M3MEHEHHIO MOITIOLIEHNS BOOPO/a B eINHUIY BpeMeHH. CeleKTUBHOCTD KaTanu3aropa
OLIEHMBAJIM, KaK JIOJII0 LIEJIEBOr0 MPOIyKTa B MPOAYKTaX peakluH MpH 3aJaHHOMN
CTETIeHH TpeBpalieHusl. AHaIU3 MPOLYKTOB PEAKIMHU BBHIMOJIHSUIM Ha XpomaTtorpade
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«Xpomoc I'X-1000» ¢ myiaMeHHO-MOHM3ALMOHHBIM JETEKTOPOM B H30TEPMUYECKOM
peXuMe, UCTIoNb3ys KamuwuisipHyto koiaoHKy BP21 (FFAP) ¢ monsiproit dazoit (1197,
MoauduIMpoBaHHBI HUTpOTEepedTanaTomM) AMUHON 50 M ¥ BHYTPEHHUM THAMETPOM
0,32 mM.

Pe3ynbrarbl u 00cy:kaeHne

XapaKkTepuCcTHKa CHHTE3UPOBAHHBIX KaTalU3aTOpPOB

Karanuszarops!l roToBMINM IyTE€M HAaHECEHUS MOIMMEpa U MeTajlla Ha HOCUTelb. B
MeToZie A pacTBOp Hayljajus HAaHOCWIM Ha MPEABAPUTEIHHO MOIYUYEHHBIH KOMIIO3UT,
a Meroa b 3aknmrouancsd B OJHOBPEMEHHOM HAHECEHHM MOIMMEP-METaINYECKOTo
KOMITJIEKCA Ha HOCHUTENb.

B nameii npenpiaymieii padote ObUIO MOKa3aHO, YTO MPUMEHEHHE aIcOPOLUOHHOTO
METOZa Ul CHHTE3UpPOBaHMS HAHECEHHBIX MaJUIaJUEeBBIX KaTalIU3aTOpOB Ha OCHOBE
JUOKCHIA THTaHa SIBJISETCS HELeNecooOpa3HbIM, IMOCKOJIbKY IaHHBIA TOAXOH HE
o0ecreurBaeT MONIyYeHHe CHCTEM C 3aJaHHBIM COfaepKaHueM namianus . [lostomy,
HaHECeHHWe MajIafus Ha HOCUTENb OCYILECTBIUIN IyTeM OCaXKJEHHUsS THAPOKCHIOM
Harpust. B Tabmune 1 mpencraBieHsl pe3ynbTaThl (POTOINEKTPOKOIOPUMETPHUYECKOTO
aHaym3a (POK) MaToOUHBIX PacTBOPOB MOCIE MPOLECCA OCAKACHUS.

Ta6nnua 1- KOHIICHTpaLII/ISI HOHOB NaJila/iugd B MAaTOYHOM pPaCcTBOPC A0 U NOCJIC OCAXKIACHUSA HA
HOCHUTCIIb

Karanusarop KoHnneHTparyst HoHOB mayutaays B MaTo4yHOM | CTeleHb  OCaXICHHS,
pactBope, M %
Jlo ocaxxnenus [Tocie ocaxaeHus

1% Pd-Xut/TiO, 0,0027 0,0000606 97,8

1% Pd-Xut/TiO, (IIMK) 0,0027 0,0000000 100

1% Pd-TTAA/TiO, 0,0027 0,0000279 98,9

1% Pd-TITAA/TiO, 0,0027 0,0000543 97,9

(ITMK)

JaHHble, npefcTaBiIcHHbIC B TA0NUIIE |, CBUACTENLCTBYIOT O MPAKTUYCCKH MTOJTHOM
ocaxaenun uoHoB [PACl,]* Ha nocutenu ¢ obpasoBanueM 1%-HbIX KaTaju3aTopos,
9TO OBLIO MOATBEPKACHO JAHHBIMU JIEMEHTHOTO aHaym3a (Tadnuma 2).

Tabuuia 2 — DIIeMEeHTHBIH COCTaB IOTYyYEHHBIX KaTaJIN3aTOpPOB

Oo6pasen Copneprxanue 21eMeHTa, % macc.
O Ti Pd Cl Jlpyrue s5eMeHThl
1% Pd-Xut/TiO, 42,37 56,37 0,96 0,18 0,12
1% Pd-Xut/TiO, (IIMK) 42,33 56,37 0,99 0,09 0,22
1% Pd-ITAA/TiO, 41,48 57,44 0,95 0,00 0,13
1% Pd-ITAA/TiO, (TIMK) 41,44 57,49 0,98 0,00 0,09

KonuuecTBo 3aKpCIIJICHHOTO MOJIMMEpPa OLCHUBAJIM 1O HU3MCHCHUIO BSI3KOCTHU
MaTO4YHOTO pacTBOpa. TaK, BO BCEX ClIy4HasX BSA3SKOCTb MATOYHBIX PACTBOPOB IOCJC

250



Volume 3, Number 464 (2025)

ocaxIeHus mouMepa u Metamia cocrasuia 0,97-1,00 mm?/c (tabnuna 3), 9to G1U3K0
K 3HAYCHHUIO BS3KOCTH YHMCTOM BOABI. DTO CBUICTENBCTBYET O TOM, YTO MOJHMEPHI
TaKXKe MPaKTUYECKU MOJHOCTHIO 3aKPEIUISIOTCS Ha HOCUTENb HE 3aBUCUMO OT METO/A
HaHECCHHSL.

Ta6JII/IIIa 3-— Pe3yJII)TaTI)I BHUCKO3UMETPUH IMOJTYUCHHBIX KaTaJIu3aTOPOB

Karanmusarop Bpewms ucreuenus Cpennee Bpems | Koappuunent | Kunemaruueckas
HKHJIKOCTH, CEK HCTEUEHNs], CEK | BUCKO3HUMETPA, | BI3KOCTh, MM?/C
Mm?/c?
1% Pd-Xut/TiO, 274,8 1300,6 [300,6 292,0 0,003367 0,98
1% Pd-Xu1/TiO, (IIMK) |300 |300,0 |301,8 |300,6 0,003367 1,00
1% Pd-TTAA/TiO, 291,8 1280,0 [292,3 [288,0 0,003367 0,97
1% Pd-ITAA/TiO, (TIMK) |280,2 (294,1 |308,7 {2943 0,003367 0,99

Takum 00pa3zoM, JBYMsI pa3iIMYHBIMH METOJIAMH HAHECEHUs ObLIH Mmony4yeHbl Pd—
[TAA/TiO, n Pd-Xut/TiO, karamu3atopbl ¢ 3aJaHHBIM COIEPKAHUEM IONMMEPA M
MeTaluia.

Tuopuposanue genunayemunena

I'mppuposanue (enmnaneTnnena nposogunu B mpucyrcteuu 1% Pd/TiO,,
1% Pd-Xut/TiO,, 1% Pd-Xur/TiO, (IIMK), 1% Pd-IIAA/TIO, u 1% Pd-IIAA/
TiO, (TIMK) karanu3aropoB. AKTHMBHOCTH JaHHBIX KaTajlu3aTOPOB OLEHMBAIM IO
KHHETHKE TMOMIONICHUSI BOIOPO/a BO BpeMeHH. Karanu3atopbl, MOIU(GUIIMPOBAHHbIC
MOJMAKPUIIAMHJIOM,  MPOJEMOHCTPHPOBAINA  0OJiee  BBICOKYIO — KATAIUTHUYECKYIO
AKTHBHOCTb 110 CPaBHEHHIO C XHUTO3aH-MOJU(DHUIIUPOBAHHBIMU CHUCTEMaMH. TOUKH
nosyruapuposanus (50 mu) s karanmmsaropos 1% Pd-Xut/TiO, n 1% Pd-Xut/
TiO, (IIMK) Obutn nocTurayThl mocne 15 n 12 MUHYTBI COOTBETCTBEHHO. B TO Ke
Bpems 1y Karanusatopos 1% Pd-ITAA/TIO, n 1% Pd-TTAA/TIO, (IIMK) Touku
MOJTYTHPUPOBAHUST OBUIH JIOCTUTHYTHI 3HAYUTEIBHO OBICTpee - uepe3 8 U 5 MHHYT
COOTBETCTBEHHO (pucyHOK 1, a). HamOomnpImyro KaTaJUTHYECKyI0 aKTHBHOCTH
nokasan Oecnionmumepusii 1% Pd/TiO, karanusarop. Touka monyruapuposanus Obuia
JOCTUTHYTA MOcJie 1 MHHYTBI.

CormacHO XpomartorpaguueckoMy aHalli3y, B HadaJIbHBIH TEpUOJ pEeakiu Ha
1% Pd-TTAA/TiO, (IIMK) HabnrogaeTcs HAKOIUIEHHE CTHPOJIA, KOTOPBIA 3aTeM
BOCCTAaHaBIMBaeTCA MO OTWIOeH307a (pUCYHOK 1, ©). AHAJIOTHYHBIM 00pa3oM
MIPOMCXOUT U3MEHEHHE COCTABA PEAKIIMOHHOW CMECH Ha OCTAIIbHBIX KaTalu3aTopax.
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Pucynok 1 — Pe3ynsrars! ruapupoBanus (peHUIANETHIEHA Ha CHHTE3UPOBAHHBIX KaTalIl3aTopax:
KHHETHKA MOIVIONIEH s BOAOpo/a (a); H3MEHEHHE COCTaBa PEAKIIMOHHOM cMecH B ripucyTcTBuu 1% Pd-
IMAA/TiO, (ITMK) karanusaropa (0).

YcnoBus MpOBEACHUSI SKCIIEPUMEHTA: Macca HaBecku kKatanm3aropa — 0,05 1, 00béM
cyocrpara (penmnanermwicHa) — 0,25 mi, 00bEM pactBoputeis (3TaHona) — 25 i,
temrieparypa — 40°C, nasnenue — 0,1 Mna, pH (EtOH) = 10.

CKOpOCTh THIPUPOBAHUS OTIPEIEIISIIN Ha OCHOBE JIAHHBIX 10 TIOMIOIIEHHIO BOAOPO/IA,
a CEJICKTUBHOCTh 00pa3oBaHUs CTHpOJa — IO pe3yibraraM XpoMaTorpaguyecKoro
ananu3a. CpaBHCHHE KaTaJIUTHYCCKUX CBOMCTB CHHTE3UPOBAHHBIX KaTaln3aTOpPOB
MpeAcTaBIeHo B Tadmuie 4.

Tabnuna 4 — CpaBHeHHE KaTAIUTHYECKUX CBOMCTB CHHTE3MPOBAHHBIX KAaTAIN3aTOPOB B PEaKIINH
THAPUPOBaHUS (heHUIALCTHIICHA

Wx10¢ !

Karanuszarop C=C  MOID Xée:KC CenekTuBHOCTS, %o Konsepcwust, %
1% Pd/TiO, 14,8 26,2 92,5 49,5
1% Pd-Xut/TiO, 2,7 3,7 92,6 91,7
1% Pd-Xut/TiO, (IIMK) 32 3,6 93,5 86,4
1% Pd-ITIAA/TIO, 5.2 10,7 95,3 95,3
1% Pd-ITAA/TiO, (ITMK) 72 11,4 953 72,5
YcnoBust poBeeHHs peakiiu: Macca HaBecku katanuzaropa — 0,05 r, 006EM cydcTpara
(penunanermiena) — 0,25 mit, 066EM pacTBopuTeNs (3TaHONa) — 25 M, Temneparypa — 40°C, naBieHue
— 0,1 Mna, pH (EtOH) = 10.

Ha xarammsatope 1% Pd-IIAA/TiO, HakormieHne CTHpONAa TIPOTEKANIO ¢
CENEeKTUBHOCTRIO 95,3 % mpu ckopoctu 5,2x10° mons/c. B masibHeiiiieM cKOpocTh
peaxImn yBeauumiach 10 10,7x107°MoIb/c, 9T0 COOTBETCTBYET MIPOIECCY THAPHUPOBAHUS
neoiinoi cesazu C=C. 1% Pd-ITAA/TiO, (IIMK) karanu3arop, IpUroTOBJIEHHBIH MTyTEM
OJTHOBPEMEHHOTO HaHECEHU IToNTMMepa 1 MeTasuia (Metoa b), mokazas mpuMepHo TaKyro
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e akTuBHOCTL (W _. = 7,2x10°° momb/c, W _. = 11,4x107° MOJIb/C) U CENEKTUBHOCTD
o crupoiy (95,3%). B ciaydae ¢ karanmzatopamu, MOJU(PUIIMPOBAHHBIMHA XHUTO33aHOM,
mpolecc MpoTeKaa 3aMeTHO MemjieHHee. B wactHocTH, B mpucyrctBuu 1% Pd-Xut/
TiO, (IIMK) ceneKTMBHOCTh MO CTHPOIY cocTaBisia 93,5%, a CKOpoCTh peaKuuu
nocturaia 3,6x10°° monb/c. [IpumepHo Takue ke CBOiCTBa npoaeMoHcTpupoBai 1%
Pd-Xut/TiO, xaranusaTop, NPUIOTOBIEHHBIA IyTEM IIOCIEN0BATENBHOTO HAHECEHHS
noiauMepa, a 3areM Meraa (Merod A). CpaBHHUTENBHBIM aHANIN3 TOKa3ajl, 4YToO
AKTHBHOCTD MMaJJIaJUeBbIX KaTaIN3aTOPOB CHIDKAETCS B cieaytomeM nopsake: 1% Pd/
TiO, > 1% Pd-ITAA/TiO, (IIMK) = 1% Pd-ITAA/TiO, > 1% Pd-Xur/TiO, (IIMK) = 1%
Pd-Xut/TiO,. Ilpu 3ToM, ClI€lyeT OTMETHTB, YTO KaTaju3aTop, MOAU(DUIMPOBAHHBIH
MOJMAKPUIAMHUIOM, I[0Ka3adl Oojee BBICOKYIO CEJEKTUBHOCTh II0 CPaBHEHHUIO C
OecroIMMEepHBIM U XUTO3aH-MOAN(UIIMPOBAHHBIMH KaTaIH3aTOPaMu.

3akarouenmne

Takum o00pa3oM pe3ynbTaTbl HCCIEAOBAHWUN  MO3BONMIM  CHOPMYIHPOBATH
CJIEYIOIIUE BBIBOJIBI:

1) Meron nHaneceHus (OOHOBPEMEHHOE WJIHM IOCIEIOBATEIBHOE OCAXKICHHE
MOJMMEpa U MeTaJlla) He OKa3blBACT CYIIECTBEHHOTO BIMSHHS Ha CBOWCTBA MOTUMEP-
MO (UIIMPOBAHHOTO KaTaln3aropa (AKTHBHOCTD U CEJIEKTUBHOCTH);

2) Ilpupoma monumepa-MomudHKaTOpa BIWSET Ha IMOBEJACHUE KaTalu3aropa B
nporecce TuApupoBaHus. Tak, monuakpuaaMuA-MoAU(DUIMPOBaHHBIE KaTaIN3aTOPBI
MPOAEMOHCTPUPOBAIH 00JIee BHICOKHE aKTUBHOCTh M CEJICKTUBHOCTB IO CPABHEHHIO C
AQHAJIOTHYHBIMH KaTaJu3aTopaMu, MOTU(PHUINPOBAHHBIMU XUTO3aHOM;

3) Moaudukanus HaHECEHHBIX T€TEPOTeHHBIX KaTalu3aTOpOB IOJMMEpPaMH
SIBIIIETCSL MEPCIIEKTUBHBIM METOJAOM JUIsl KOHCTPYHpPOBAaHMSA KaTajlu3aToOpoB C
3aJJaHHBIMU CBOMCTBaMH. Tak Bapbupysl MpHUPOAY MOJIMMEpa BO3MOXHO YIPABIAThH
CBOMCTBaMHU I0OJIy4aeMOro KaTajln3aTopa.
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Abstract. The article is devoted to the synthesis and comparative analysis of humic
acids derived from brown coal from the Kuznetsk and Kumuskuduk deposits. Using
advanced analytical techniques, including infrared (IR) spectroscopy, elemental analysis,
and thermogravimetric analysis, we evaluated the physicochemical properties of humic
acids from these two geological sources. The research revealed significant differences in
chemical composition, functional groups, and thermal stability, attributed to the distinct
geological formation conditions of each deposit. In particular, variations in carboxyl
and hydroxyl group content were observed, impacting the sorption and complexation
capabilities of the humic acids. This comparative study highlights the potential of humic
acids from both deposits for applications in environmental remediation, agriculture, and
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wastewater treatment. The findings provide new insights into the influence of geological
factors on the structural characteristics and reactivity of humic acids, thus expanding the
possibilities for their practical use and further technological development. This allows
us to assess their potential application in various industries, such as agrochemistry,
ecology and medicine. Thus, the research results obtained are a significant contribution
to the field of coal chemistry and ecology, and can also serve as the basis for further
research and development in the field of the use of humic acids as environmentally
friendly additives and sorbents.

Keywords: brown coal, humic acids, Kumuskuduk deposit, Kuznetsk deposit,
functional groups
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Annoramusa. byn 3eprrey KysHenk keH opbiHBI JkoHe KyMiCKyABIK KeH
OPBIH/IAPbIHBIH KOHBIP KOMIpPIHEH ajblHFaH T'YMHH KbIIIKbUIIAPBIHBIH CHHTE31 MEH
CaJBICTRIPMAJbl TajJayblHAa apHanaabl. JKeTUHipiareH aHaJUTHKAIBIK OJiCTep/Ii,
COHBIH imIiHIe MH(PAKBI3BLT CHEKTPOCKOMUSIBIK TaJjiay, SJIEMEHTTIK Tajjiay JXOHE
TEPMOTPABUMETPISUIBIK TAJ/IAy 9ICTEPiH MalqamaHa OTBIPHII, 013 OCHI €Ki TeOTOTHSIIBIK
KO3JIepJIeH TYMUH KBIIIKBUIIAPbIHBIH (U3UKA-XUMUSIIBIK KacUeTTepiH Oaralajplk.
3eprTey HOTHXKECiHIE opOip KEH OpPHBIHBIH TEOJOTHMSUIBIK TY3UIy KaraaiiapbiHa
0ailUTaHBICTBI XUMISUTBIK KYpaMbl, (YHKIIMOHAIIBIK TONTAPBl KOHE TEPMUSIIBIK
TYPaKTBUTBIFBI OOWBIHINA €JIeyl albIpMAIIBUIBIKTap aHBIKTAIABIL. ATan aiTKaHna,
TYMUH KBIIIKBUIJAPBIHBIH COPOIMSUIBIK JKOHE KOMIUIEKC TY3y MYMKIHJIKTepiHEe
ocep eTeTiH KapOOKCWII »OHE THIPOKCHI TOOBIHBIH KYpPaMBIHIAFBl ©3repicTep
Oaifkanpl. by canmbpIcThIpMalTbl 3epTTEY KOpIIaFaH OpTaHbl KAJIIBIHA KEATipyIe, aybll
HIapyalibUIBIFBIH/IA )KOHE aFbIHIbI CYJIap/Ibl Ta3apTy/a KOJIJaHy YIIIiH €Ki KeH OPHBIHBIH
TYMHH KBIIIKBUIAPBIHBIH OJICYeTiH KopceTemi. HoTmxkenep TyMUH KBITITKBUIIAPBIHBIH
KYPBUIBIMJIBIK CUTIATTaMAJIaPhl MEH PEAKTUBTLUIITIHE TeOIOTHSIIBIK (paKTopIapabIH ocepi
TypaJibl )KaHa TYCIHIKTep Oepe/Ii, OChUIaiiia ojap/ibl MPaKTHUKAJIBIK KOJIIaHY KOHE 0J1aH
Opi TEXHOJIOTHSUIIBIK TaMBITy MYMKIHIIKTepiH KeHenWTeai. MyHaail ailblpManibuIbIKTap
OypblH OyJI KEH OpBIHAAphl YIIIH TOJBIK 3epTreamercH. COHBIMEH Karap, 3epTTey
HoTmwkenepi Ky3Herk keH opbiHbI koHe KyMICKYIBIK KEH OpBIHJIApbIHAH aJIbIHFaH
TYMHUH KBIITKBUIIAPBIHBIH SKOJIOTHS/IA, arpOXUMUS/IA, aybll IIapyallbUIbIFbIH/A JKOHE
arbIH CyJIap/bl Ta3apTyia KOJJAaHy YIIH )KOFaphl QJIEyeTKE e SKEHIH KOpCeTTi, anaiiaa
OJIapIbIH THIMIIIITT KeH OpHBIHA >KoHE (YHKIMOHAIIBIK TONTAPIBIH KYpaMbIHA
0aifmaHpICTBl  ©3repyl MYMKIiH. AJIBIHFAH HOTIDKENEp TYMHH KBIIIKbIIIaphlHA
HET13/IeJTeH TeXHOJIOTHUSIIAp/bl JAMBITYFa KaHa MYMKIHIIKTEp alllblll, TeOJOTHSIIBIK
(bakTOpIapIbIH OJAPIBIH XUMHUSUIBIK KYPBUTBIMBI MEH KaCHETTEpiHe 9CepiH TepeHipeK
TYCiHyTe MYMKIHJIIK Oepei.

Tyiiin ce3aep: KOHBIp KOMip, TyMUH KbIIIKbUIBI, KymicKyabIK, Ky3Helk keH OpHBI,
(hYHKITHOHAIBIK TOTITAP
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AnHoTanus. J[aHHas cTaThs TOCBAIICHA CHHTE3y W CPAaBHHUTEIBHOMY aHAIN3y
TYMUHOBBIX KHCJIOT, BBIJCNICHHBIX U3 Oyporo ymist Kysuenkoro m Kymyckymykckoro
mecTtopoxkaeHuil. I[IpoBoas wucciienoBaHUs C  KMCIOJb30BAHUEM COBPEMEHHBIX
AHAJIUTUYCCKUX MCTOJ0B, TAKHUX KakK I/IH(i)paKpaCHail CIICKTPOCKOIINAA, DJIEMEHTHBIN
aHAJIM3 W TEPMOTPAaBUMETPHUYECKUN aHamu3, ObUTH H3Y4eHBl (PH3UKO-XUMHUYECKHE
CBOMCTBA TYMHHOBBIX KHCIJIOT, TIONYYEHHBIX U3 YyKa3aHHBIX TeOJOTHMYECKUAX
HUCTOYHUKOB. lccineaoBaHue BbIABWIO 3HAUUTEIBHBIC Pa3iuuMsi B XUMHUYECKOM
coctase, ()YHKIIMOHAJIBHBIX TPyNIaxX ¥ TEPMHUYSCKON CTaOMIIBHOCTH, 00YCIOBJICHHBIC
Pa3NUYHsIMU B TEOJIOTUYECKHUX YCIOBHAX (POPMUPOBAHUS KOKIOTO MECTOpOXKACHUS. B
YaCTHOCTH, O6H3py>KeHBI Bapualu B COACPKaHUU Kap6OKCI/IJIBHBIX U TUAPOKCUIIbHBIX
TpyMIl, KOTOpBIE OKa3bIBAIOT BIUSHHE Ha COPOIMOHHBIE W KOMILIEKCOOOpasyroIme
CBOMCTBA TYMHHOBBIX KHCIOT. [IpoBeseHHOE CpaBHUTENBHOE WCCIIEIOBAaHHUE
MMOTYEPKUBACT TIEPCHEKTUBHOCTh HCIIONb30BAHHUS TyMHUHOBBIX KHCJIOT M3 000MX
MECTOPOXJICHUH B 3KOJIOTUYECKON peaOMIMTAIlUU, CEIIbCKOM XO3SICTBE M OYHCTKE
cTouHbIX BOJI. [loydeHHbIe pe3ynbTaThl ClIOCOOCTBYIOT OoJiee IITyOOKOMY TOHUMaHHIO
BO3ZICHCTBUS TEONOTHYECKMX (DaKTOPOB HA CTPYKTYpHBIE XapaKTePUCTHKH U
PEaKINOHHYIO CIIOCOOHOCTh TYMHUHOBBIX KUCIIOT, OTKPBIBAst HOBBIE BOBMOYKHOCTH JJISI IX
MIPAKTHYECKOTO MPUMEHEHHS U TaJTbHEHIIETO TEXHOIOTHIECKOTO COBEPIIICHCTBOBAHMS.
[TomoOHBIe pa3iuuus paHee MoapoOHO HE U3YYATUCh ISl STUX MecTOpoxaeHni. Kpome
TOTO, UCCIJICJIOBAHUE TOKA3aJI0, YTO T'YMHUHOBBIC KHCIOTHI U3 000MX MECTOPOKIACHUMN
HMEIOT BBICOKHU MOTCHIHAJI AJIA HUCIIOJB30BaHUSA B 3KOJIOTMH, arpOXHUMHUH, CEIILCKOM
XO3AHCTBE M OYUCTKE CTOYHBIX BOJ, OAHAKO UX 3()(HEKTHUBHOCTH MOXKET pa3INyuaThCs B
3aBUCHMOCTH OT MECTOPOXJICHHUS W cocTaBa (YHKIHOHAIBHBIX Tpymil. [lomydeHHbIE
pe3ybTaThl OTKPHIBAIOT HOBBIC TIEPCHEKTHBBI JIJISI PA3BUTHS TEXHOJIOTHI Ha OCHOBE
TYMUHOBBIX KHCIIOT U TIO3BOJISIFOT JIYYIlI€ MOHSATH BJIMSHHE I'€0JIOTUYECKUX (PaKTOpoB
HAa UX XUMUYECKYIO CTPYKTYPY U CBOUCTBA.

KualoueBble cioBa: Oypblii yroiab, TYMHHOBBIE KHCIOTBHI, Kymyckymykckoe,
Kysnenkoe mectopoxaenne, pyHKIIMOHATHHBIE TPYIITIHI

Introduction. Kazakhstan ranks among the top ten coal-producing countries in the
world, with large deposits of lignite and sub-bituminous coals, especially in regions like

Karaganda, Ekibastuz, and the Kumuskuduk fields. These deposits are rich in organic
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matter, making them ideal for the extraction of humic acids. The country’s vast reserves
offer a reliable, cost-effective source of raw material for producing humic substances,
positioning Kazakhstan to meet both domestic and international demand. Humic
substances are known for their ability to improve soil quality, increase water retention,
and remediate polluted soils by binding heavy metals and organic contaminants.
Kazakhstan, with its history of industrial activity and mining, faces significant
environmental challenges, including soil and water contamination. The extraction and
application of humic substances from domestic coal sources offer a promising solution
for mitigating environmental degradation, thus stimulating the market for these materials
(Polish, 2023; Mendeleev, 2024; Tyanakh et al, 2022).

The market for humic substances derived from coals in Kazakhstan is on an upward
trajectory, driven by the country’s abundant coal resources and the growing demand
for sustainable agricultural and environmental solutions. With continued investment
and government support, Kazakhstan is well-positioned to expand its production and
export capacity, making humic substances a key contributor to its green economy
and environmental initiatives (Margaret et al, 2015). Humic acids (HAs) are essential
components of natural organic matter, widely distributed in soils, sediments, and water
bodies. These complex, heterogeneous macromolecules are formed by the decomposition
of plant and animal material over time and play a crucial role in various environmental
and biological processes. Humic acids possess unique physicochemical properties,
including the ability to chelate metal ions, adsorb organic pollutants, and enhance soil
structure. As a result, they are extensively studied for their potential applications in
agriculture, environmental remediation, and industry. Despite the significant interest
in humic substances, their properties are influenced by their origin and the conditions
under which they are formed, necessitating further research on humic acids derived
from different natural sources (Chen Y et al, 1976; Kairbekov et al, 2014).

Brown coal, or lignite, represents a promising raw material for the extraction of
humic acids due to its high organic content and relatively low degree of carbonization.
The Kuznetsk Basin in the central region of Kazakhstan and the Kumuskuduk region
are two significant deposits of brown coal with differing geological and environmental
characteristics. While these deposits are abundant, the properties of humic acids
synthesized from their brown coal remain insufficiently explored. Understanding the
relationship between the source material and the properties of the resulting humic acids
is critical for optimizing their use in various practical applications (Kairbekov et al,
2023; Dzheldybaeva et al, 2022).

This study focuses on the synthesis of humic acids from brown coal extracted
from the Kuznetsk and Kumuskuduk deposits, with the objective of analyzing and
comparing their physicochemical properties. Through detailed characterization,
including elemental analysis, functional group identification, and molecular weight
distribution, this research aims to elucidate the factors that influence the performance
of humic acids derived from these distinct coal sources. The findings of this work are
expected to contribute to the development of more efficient humic acid-based products
and technologies in agriculture, environmental management, and industrial processes,
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while also advancing the fundamental understanding of humic substances from different
coal deposits (Kairbekov et al, 2014; Arziev et al, 2002; Feng et al, 2024).

Materials and methods. The physico-chemical characteristics of lignite from
different deposits can exhibit substantial variability due to the geological conditions
under which it formed, as well as the composition of its organic and mineral constituents.
Essential parameters for evaluating lignite’s suitability for diverse applications—such
as energy production, chemical processing, and environmental protection - include
moisture content, ash content, volatile matter yield, and the types of functional groups
present.

In this study, lignite samples from the Kumuskudyk and Kuznetsk deposits were
examined. These samples represent coal resources with specific physicochemical
properties, making them valuable for investigating the extraction of humic acids and
assessing their potential applications in fields like agriculture and environmental
management. Analyzing these samples provides deeper insights into lignite’s
composition and structure, along with its reactivity with various agents in the process of
humic substance extraction.

The Kumuskudyk coal mine, one of Kazakhstan’s largest coal-producing sites,
is operated by the joint-stock company "Sat Komir Mining Company." This mine,
located in the Bukar Zhyrau district of the Karaganda region approximately 35 km east
of Karaganda, primarily produces B-3 lignite. Similarly, the Kuznetsk coal mine, an
important coal operation in Kazakhstan under the Kuznetsk company, is situated in the
same district and approximately the same distance from Karaganda. The Kuznetsk mine
is one of the top ten coal producers in Kazakhstan and is also known for its output of
B-3 lignite.

In the initial phase of the study, lignite samples from the Kumuskudyk (KUM) and
Kuznetsk (KUZ) deposits were selected as raw materials for humic acid extraction. To
enhance surface area and improve the efficiency of humic acid extraction, each sample
was pre-ground to a particle size of 0.5—-1 mm using a "Vibrotechnik ShKD-6" crusher.
Subsequently, the coal samples were dried in an oven at 80°C for 8 hours to eliminate
moisture.

Extraction of humic acid from coal using the hydro-alkaline method. Humic acids
were extracted from lignite by an alkali extraction method, which involves subsequent
precipitation of humic acids from alkaline extracts using hydrochloric acid. This method
isolates humic acids through their reaction with NaOH, followed by separation via
precipitation, as described by the following equation.

Coal+ NaOH — HA—-COONa + HMA—COONa + FA—-COONa
2HA-COONa + 2HMA—-COONa + 2FA-COONa + 3HCI —
2HA + 2HMA + 2FA + 3NaCl (1)

Humic acids were extracted from the coal samples by adding NaOH, followed by

precipitation using an acidic reagent. During the extraction, 10.0-20.0 g of coal was
accurately weighed to 0.0001 g and placed in a 250 cm?® flask. In the next stage, 100
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cm® of a 4% sodium hydroxide solution was added. The mixture was heated to 80°C
and stirred on a shaker for 2 hours. The resulting suspension was filtered or centrifuged
to remove undissolved carbon residues, which were subsequently rinsed with a small
amount of alkaline solution. The remaining solid carbon was dried and weighed for
further analysis. The volume of the filtered solution was recorded, and the humic acid
content in the final product was determined (Ismailov et al. 2023; Das et al. 2021; Das
etal. 2015).

Humic acid was precipitated by adjusting the pH of the solution to 2-3 using a 5%
HCI solution. The mixture was then allowed to settle for 60 minutes, after which the
humic acid precipitate was collected on a pre-weighed (blue-strip) filter paper. The
precipitate was thoroughly rinsed with distilled water to remove any impurities and
residual reagents. Following filtration, the filter paper with the precipitate was carefully
removed from the Buchner funnel, folded, and pre-dried. It was then placed in a pre-
weighed beaker and dried in an oven at 80°C until a constant weight was achieved,
ensuring complete moisture removal and enabling accurate measurement of the humic
acid mass obtained (Wells et al. 2015; Ulzhalgas, 2022).

The elemental composition of the samples. The elemental composition of the samples
was analyzed using a CHNS-O UNICUBE organic elemental analyzer from Elementar
Analysensysteme GmbH (Germany). This analysis was carried out in the laboratory
of Nazarbayev University. The analyzer operates on the classic Dumas-Pregl method,
which involves combustion of the samples in the presence of an oxidizing agent within
an inert gas stream. During the combustion process, oxygen was supplied continuously,
leading to the formation of analytical gases such as carbon dioxide (CO-), water (H20),
molecular nitrogen (N2), and sulfur dioxide (SOz). To ensure precise sample weighing,
a Mettler Toledo XPR6U Ultra-Microbalance was investigated. Samples were placed in
disposable tin boats with a thickness of less than 0.01 mm and sealed with tweezers to
prevent sample loss.

Weight range: suitable for use from micro quantities (<1 mg) to macro quantities
(approximately 1 g), with a maximum of 15 mg of organic matter. Element concentration
ranges are as follows:

* Carbon (C): up to 14 mg absolute or 0-100% (up to 50 mg in CN mode*).

» Hydrogen (H): up to 2 mg absolute or 0—100%.

* Nitrogen (N): up to 10 mg absolute or 0—100%.

* Sulfur (S): up to 3 mg absolute or 0—100%.

* Oxygen (O*): up to 6 mg absolute or 0—100%.

Accuracy: less than 0.1% absolute composition (for a homogeneous substance),
depending on sample type, analysis mode, and configuration. Sample combustion was
conducted in a quartz reactor within ELEMENTAR's Unicube analyzer, equipped with
a high-temperature-resistant ceramic lining, enabling combustion at temperatures up to
1150°C without the use of catalysts. The oxidation column was maintained at 1150°C,
while the reduction column was set to 850°C. Each sample was analyzed in triplicate,
and the results were averaged for accuracy. Calibration and verification of the equipment
were performed using a sulfonamide standard from Elementar Analysensysteme GmbH.
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Tin boats with dimensions of 4x4x11 mm and high-purity gases, helium (99.9999%)
and oxygen (99.999%), were used in the measurements. The base standard applied was
ASTM D5373, which specifies test methods for determining carbon, hydrogen, and
nitrogen in coal samples, as well as carbon in coal and coke samples, using combustion
analysis techniques.

Results and discussions. Analysis of the elemental composition of samples.
The carbon (C), hydrogen (H), nitrogen (N), sulfur (S), and oxygen (O) content in
various samples was determined using a CHNS-O UNICUBE elemental analyzer from
Elementar Analysensysteme GmbH. The analysis provided average values for the
content of oxygen (O), carbon (C), hydrogen (H), nitrogen (N), and sulfur (S) in brown
coal from the Kuznetsk open-pit mine (sample KUZ-2024) and in the ash produced after
its combustion (sample Zola KUZ-2024). The results are presented in Table 1.

Table 1. Average Content of Oxygen (O), Carbon (C), Hydrogen (H), Nitrogen (N), and Sulfur (S) in
Brown Coal from the Kuznetsk Open-Pit Mine and in the Ash Resulting from Its Combustion

. Oxygen (0), | Carbon (C), Hydrogen . o o
Ne Name % % (H). % Nitrogen (N), % | Sulfur (S), %
1 Kuz-2024 24.62 56.02 5.085 0 0.155
2 Zola Kuz-2024 11.56 12.33 0.16 0.43 0

Brown coal from the Kuznetsk open-pit mine is notable for its high carbon content
(56.02%), indicating a substantial calorific value and suitability as a fuel source. The
elevated oxygen (25.07%) and hydrogen (5.085%) levels suggest a significant amount of
volatile compounds, contributing to high reactivity and enhanced combustion efficiency.
The absence of nitrogen minimizes the risk of nitrogen oxide (NO) formation, which
is beneficial for its environmental impact. Additionally, the low sulfur content (0.155%)
implies a reduced likelihood of sulfur dioxide (SO2) emissions, though monitoring SO2
emissions during combustion remains essential to mitigate air pollution.

The ash sample exhibits a marked reduction in oxygen (to 11.56%), carbon (to
12.33%), and hydrogen (to 0.16%) content compared to the original coal, indicating that
a substantial portion of oxygen and hydrogen was released as combustion gases, such as
carbon dioxide (CO:) and water vapor (H20). The presence of 12.33% carbon in the ash
suggests residual organic material, which could support the use of ash as a component
in organomineral fertilizers. The nitrogen content of 0.43% in the ash is likely due to the
formation of nitrogen compounds (NOy) during coal combustion in an air atmosphere.

The reduction in oxygen and carbon content following combustion results from the
transformation of these elements into gaseous combustion products. The remaining
carbon content in the ash at 12.33% reflects incomplete oxidation, which could allow for
the potential reuse of the ash. Hydrogen, initially at 5.085% in the coal, is nearly absent
(0.16%) in the ash due to its release as water vapor. Sulfur, initially present at 0.155%
in the coal, is entirely absent in the ash, suggesting it volatilized during combustion as
gaseous compounds, such as sulfur dioxide (SOz2).

The ash produced from the combustion of brown coal shows potential as a
component in organomineral soil ameliorants. The residual carbon and nitrogen content
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may contribute to enhancing soil fertility and improving soil structure. The absence of
sulfur in the ash is advantageous from an environmental perspective, as excessive sulfur
content could result in soil acidification. The low hydrogen and oxygen levels in the ash
further indicate its predominantly mineral nature, which can positively influence the
soil's physical and chemical properties.

In conclusion, the ash derived from brown coal of the Kuznetsk open-pit mine has
potential for use in soil improvement. However, further analysis is required to assess the
presence of heavy metals and toxic elements to provide a comprehensive evaluation of
its suitability for this purpose.

The elemental analysis of brown coal from the Kumuskuduk open-pit mine revealed
that its primary components are carbon (C), oxygen (O), hydrogen (H), nitrogen (N),
and sulfur (S). According to the data in Table 1, the average carbon content in these
samples was 50.855%, reflecting typical characteristics of low-grade brown coal from
this region. This level of carbon suggests a relatively high calorific value, as carbon is
the primary energy source in fuel combustion. However, the notable oxygen content
(25.07%) indicates a high level of moisture and oxygenated compounds, which
diminishes the coal's energy efficiency. The results are presented in Table 2.

Table 2. Average content of oxygen (O), carbon (C), hydrogen (H), nitrogen (N), and sulfur (S) in
brown coal from the Kumuskuduk open-pit mine and in the ash produced after its combustion

Ne Oxygen (O), | Carbon (C), | Hydrogen (H), | Nitrogen o
Name % % % (N). % Sulfur (S), %
1 Kum-2024 25.07 50.855 5.294 0.455 0.138
2 Zola Kum-2024 11.56 11.14 0.136 0.36 0

The hydrogen content in the sample is 5.294%, which significantly contributes to the
calorific value, as hydrogen releases substantial energy upon combustion. Therefore,
its presence enhances the fuel’s energy potential. The nitrogen content was found to
be 0.455%, which is relatively low. This is beneficial for the coal's environmental
performance, as higher nitrogen levels can lead to nitrogen oxide (NOy) emissions
during combustion, a source of atmospheric pollution. Additionally, the sulfur content in
Kumuskuduk brown coal is 0.138%, which is also low. This low sulfur level makes the
coal environmentally preferable, as it minimizes sulfur oxide (SOy) emissions, reducing
the potential for acid rain formation during combustion.

Analysis of the coal ash revealed a notable reduction in carbon content to 11.14%,
indicating that a substantial portion of the organic matter was consumed during
combustion. Additionally, the minimal levels of hydrogen and sulfur in the ash further
confirm their extensive burnout during the combustion process.

The analysis of the elemental composition of brown coal from the Kumuskuduk
deposit leads to the following conclusions:

* The coal has a high carbon content (approximately 51%), suggesting a substantial
calorific value. However, a relatively high oxygen content (25%) implies significant
moisture, potentially reducing the efficiency of its energy use.

* The low sulfur (0.138%) and nitrogen (0.455%) levels contribute to its
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environmentally friendly profile, resulting in minimal pollutant emissions during
combustion.

* The hydrogen content of 5.294% enhances the coal’s calorific value, though
moisture and oxygen remain key factors impacting its energy potential.

* Coal ash analysis confirmed an efficient combustion process, evidenced by a high
degree of organic burnout and minimal residual elements, such as carbon, hydrogen,
and sulfur.

In summary, brown coal from the Kumuskuduk mine shows promise as a fuel source
for the energy sector, particularly due to its low sulfur and nitrogen content, which helps
to minimize its environmental impact.

The analysis of coal ash composition (sample Zola Kum-2024) suggests its potential
for use as a component in organomineral ameliorants. Despite a reduction in carbon
content from 50.855% in the original coal to 11.14% in the ash, the remaining carbon
in the ash is still significant, indicating the preservation of organic material. This
organic component can positively influence soil structure, enhance water retention,
and promote the growth of soil microorganisms, which are crucial for improving soil
fertility. The nitrogen content (0.36%) in the ash, although low, could contribute to the
nitrogen balance of the soil, benefiting plant growth by providing a small but valuable
source of this essential nutrient. The absence of sulfur in the ash is beneficial from an
environmental perspective, as excessive sulfur content can lead to soil acidification,
which harms soil fertility. Thus, the lack of sulfur makes the ash environmentally safe
and suitable for use in soil amelioration.

The oxygen content (O) of 11.56% and hydrogen content (H) of 0.136% in the ash
indicate the presence of oxidizing components, which may participate in reactions
with other substances in the soil. However, these low values suggest that the ash will
primarily function as a mineral component, enhancing the physical structure of the soil.

The analytical data for coal ash from the Kumuskuduk coal mine (Zola Kum-2024)
suggest its potential as a source of organomineral ameliorants. The ash contains sufficient
carbon to enhance soil structure and fertility. Additionally, its low sulfur and nitrogen
content renders it suitable for agricultural applications. However, to comprehensively
evaluate the ash's agricultural suitability, it is essential to assess the presence of heavy
metals and other potentially toxic pollutants. The concentration of these elements could
severely restrict the ash's applicability in agronomy and pose risks to both ecosystems
and plant health.

Characterization of functional groups. The functional groups in the samples were
identified using an FSM 1202 FTIR spectrometer. To prepare the samples, carbon was
ground and mixed with potassium bromide (KBr) to form tablets. The spectra were
acquired over a wavenumber range of 4000—400 cm™' with a resolution of 4 cm™'. The
analysis primarily focused on the absorption bands corresponding to specific functional
groups, including carboxyl (-COOH), hydroxyl (-OH), aromatic (C=C), as well as
aliphatic hydrocarbon (C-H) groups. The results are illustrated in Figure 1.
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Figure 1 - IR spectrum of the sample

As illustrated in Figure 1, the band in the 3800-3600 cm ™' region corresponds to
water bound to the coal surface or hydroxyl groups formed during chemical reactions.
In the 2000-1600 cm™ range, absorption peaks related to C=O bond vibrations are
observed, which can be attributed to carbonyl compounds such as ketones, aldehydes,
or carboxyl groups. These bands in coal are likely due to oxygen-containing functional
groups involved in oxidation processes. The band between 1600—-1300 cm™ is associated
with the deformation vibrations of C—H and C=C bonds in aromatic rings. Given that
coal contains numerous aromatic structures, this range can provide insights into the
aromaticity of the carbon skeleton; stronger bands in this region suggest a higher
content of aromatic carbons. The 1000—750 cm™* region may indicate the presence of
substituted benzene rings (aromatic hydrocarbons) and C—H in-plane vibrations, as well
as vibrations of carbon—oxygen bonds in structures such as ethers or alcohols, if these
functional groups are present.

Differential scanning calorimetry (TGA)/DSC analysis. Thermogravimetric
(TG) and differential scanning calorimetry (DSC) analysis were conducted using
a LABSYSTMEvoTG-DTA/DSC instrument (SETARAM, France) to evaluate the
thermal stability of the samples and investigate their decomposition behavior upon
heating. Coal samples were placed in aluminum oxide crucibles and subjected to a
constant heating rate of 10°C/min in an air atmosphere, reaching a maximum temperature
of 800°C. During the analysis, changes in sample mass were continuously recorded,
allowing for the determination of the temperatures at which key stages of organic matter
decomposition occur. This also facilitated the quantification of moisture, volatile matter,
fixed carbon, and ash content. Additionally, TGA provided insights into the stability of
the organic components of the coal and its potential reactivity. The results are illustrated
in Figure 2.
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Figure 2 - Results of TG/DSC analysis of Kumuskuduk coal

As shown in Figure 2, the first phase of mass loss occurred between 100-150°C,
which is attributed to the evaporation of moisture. The second phase, occurring
between 200—400°C, is associated with the release of volatile substances, including
low-molecular hydrocarbons and other organic compounds. The third phase, spanning
400-600°C, corresponds to the decomposition of the primary organic matrix of coal,
involving the breakdown of complex macromolecules such as humic substances and
hydrocarbons. The remaining mass between 600-800°C reflects the mineral content
(ash), which was further corroborated by the ash residue observed following the TG
analysis.

Characterization of pore sizes and volumes, moisture content, and density. In
the course of the experiments, the ash and moisture content of coal samples from the
Kumuskuduk (KUM) and Kuznetsk (KUZ) deposits were measured. The results of
these analyses are presented in Table 3.

Table 3. Ash and humidity content of the coal samples.

Indicator KUM KUZ
Ash content, Aa, % 22 7,4
Humidity, Wa, % 8,24 9,5

The results revealed that the ash content of coal from the Kumuskuduk deposit is
22%, with a moisture content of 8.24%. The volatile substance yield for this sample is
50.86%. In contrast, the coal from the Kuznetsk deposit exhibited a considerably lower
ash content of 7.4% and a moisture content of 9.5%. The yield of volatile substances
in the Kuznetsk coal samples ranges from 47% to 50%. These findings highlight
significant differences in the characteristics of the coals from the two deposits, which
could influence the selection of appropriate technologies for their processing and the
extraction of humic substances.
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Quantitative determination of humic substance yield from coal waste. The
experiments resulted in the extraction of humic acids from coal samples of the
Kumuskuduk deposit using the alkaline hydrolysis method. From 10 g of Kumuskuduk
coal, 0.7 g of humic acids were obtained, corresponding to a yield of 7%. The yield
of humic acids for Kuznetsk coal was 6.3%. This made it possible to carry out a more
accurate comparison between the two research objects.

In the optimization of humic acid extraction, various process parameters were
examined, including alkali solution concentration (1-4%), temperature (20-80°C), and
reaction time (30—120 minutes). Experimental results indicated that the most efficient
separation of sodium humates occurred with a 4% alkali solution at 80°C for 120
minutes.

Higher alkali concentrations facilitated more complete extraction of humic acids,
whereas increasing the temperature above 80°C resulted in a reduction in sodium
humate yield (from 4% to 2%) and significant changes in the product composition. This
is attributed to the hydrolysis and leaching of carboxyl and polysaccharide fragments,
which led to an increased relative content of aromatic structures (up to 44—45%).

Prolonging the reaction time beyond 2 hours did not notably enhance the extraction
of humic acids. Therefore, the optimal conditions for humic acid extraction were found
to be a 4% alkali solution, 80°C, and a reaction time of 120 minutes.

Spectroscopic analysis of humic substance content and investigation of structural
characteristics. Humic acids were extracted from coal samples of the Kumuskuduk
and Kuznetsk deposits through alkaline hydrolysis in the course of the experiments.
The extracted humic acid samples were subsequently analyzed using infrared (IR)
spectroscopy and thermogravimetric (TG) / differential scanning calorimetry (DSC)
techniques. The results are illustrated in Figure 3.
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Figure 3- Infrared (IR) spectra of the extracted humic acids
As shown in Figure 3, the absorption band in the 3800-3550 cm™ range corresponds

to the vibrations of O—H groups, which are characteristic of hydroxyl groups found in
both free water and hydrogen bonds within the structure of humic acids. The 2100-
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1600 cm™ range displays absorption bands associated with carboxylic acids, aldehydes,
ketones, and esters. The 1600—1250 cm™* region is linked to the vibrations of aromatic
C=C bonds, typical of humic acids, which contain aromatic rings in their structure.
Deformation vibrations of C—O bonds in carboxylic and phenolic groups may also
appear in this range, indicating the presence of complex oxygen-containing functional
groups in humic acids. Between 1000-600 cm™, absorption bands are observed for
deformation vibrations of C—H bonds in aromatic rings and C—O—C bond vibrations
in esters and ether groups. The low-frequency range of 600-500 cm™ corresponds to
out-of-plane vibrations in aromatic systems and deformations of C—C bonds in carbon
chains. Thermogravimetric analysis of the humic acids was conducted in an inert

atmosphere up to a temperature of 1000°C. The results are illustrated in Figure 4.
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As observed from the thermogravimetric analysis curves of the humic acids, in the
temperature range of 30—175°C, there is only a minor mass change, likely due to the
presence of residual water. The decomposition of the sample occurs in two main stages.
The first stage, between 200-500°C, is characterized by the breakdown of volatile
substances and functional groups such as carboxyl, phenolic, and methoxyl groups.
During this stage, small organic molecules associated with aromatic structures are also
decomposed, leading to a significant mass loss. This stage involves the release of water,
carbon dioxide, and other low-molecular-weight gases. The second stage, occurring
between 550-1000°C, involves the degradation of more stable aromatic structures and
condensed polycyclic systems, resulting in further mass loss and the formation of carbon
residues. This stage is associated with carbonization, where organic matter is converted
into carbon, and the formation of a stable residue similar to coke. These stages illustrate
the sequential thermal decomposition of humic acids, from the breakdown of lighter
functional groups to the formation of stable carbon structures.

Analysis of the chemical composition of the humic product. Subsequently, the
elemental composition of carbon (C), hydrogen (H), nitrogen (N), sulfur (S), and
oxygen (O) in humic acids (HA) extracted from the brown coals of the Kumuskuduk
and Kuznetsk deposits was determined using the CHNS-O UNICUBE elemental
analyzer (Elementar Analysensysteme GmbH). This analysis was conducted to assess
the elemental composition of the humic acids, providing insights into their chemical
properties and potential applications in agriculture.

Table 4 presents the average percentage values of chemical element content in humic
acids derived from different deposits.

Table 4. Average content of oxygen (O), carbon (C), hydrogen (H), nitrogen (N), and sulfur (S) in

humic acids
Ne Name Carbon (C), Hydrogen Nitrogen (N), | Sulfur Oxygen
% (H), % % (S), % (0), %
1 Humic acid (Kuznetsk) 49.605 3.071 0.93 0.391 45.263
2 | Humic acid (Kumuskuduk) 46.69 3.079 0.63 0.172 48.26

Humic acid from the Kuznetsk deposit shows a higher carbon content (49.605%) than
that from the Kumuskuduk deposit (46.69%), suggesting a greater degree of aromaticity
or polymerization in the organic material of Kuznetsk coals. Hydrogen content is
nearly identical in both acids, with 3.071% in Kuznetsk and 3.079% in Kumuskuduk,
indicating similar hydrogen-containing structural groups in both samples. Nitrogen
content differs between the two, with 0.93% in Kuznetsk humic acid and 0.63% in
Kumuskuduk, potentially reflecting a higher presence of amino groups or proteins in the
Kuznetsk sample. The sulfur content in Kuznetsk humic acid (0.391%) is significantly
higher than in Kumuskuduk (0.172%), possibly due to a higher concentration of sulfide
or organic sulfur compounds. Kumuskuduk humic acid has a higher oxygen content
(48.26%) compared to Kuznetsk (45.263%), which may indicate a greater presence of
carboxyl groups, enhancing the acidity and reactivity of the substance.

The elemental analysis results suggest that humic acid from the Kuznetsk deposit
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contains higher levels of carbon, nitrogen, and sulfur, which may indicate a more
complex structure and potentially distinct properties compared to humic acid from the
Kumuskuduk deposit, characterized by a higher oxygen content. These compositional
differences likely stem from variations in the coal formation conditions at these deposits
and may influence their respective application areas.

Humic acid from the Kuznetsk deposit is the most suitable for producing
organomineral ameliorants. Key reasons include:

* High carbon content (49.605%): Carbon forms the organic backbone of humic
acids, with a high concentration indicating greater aromaticity and polymerization,
enhancing the stability of the organic phase in soil. This structure supports long-term
soil improvement and boosts fertility.

* Elevated nitrogen content (0.93%): Nitrogen is essential for plant nutrition, and
its higher concentration in Kuznetsk humic acids enhances their utility in organomineral
fertilizers and ameliorants. This nitrogen content promotes plant growth and optimizes
soil agrochemical properties.

» Sulfur content (0.391%): Although high sulfur can be unfavorable in some cases,
it benefits organomineral ameliorants by supporting amino acid and enzyme synthesis
crucial for plants, thus enhancing nutrient availability.

In summary, the balanced composition of Kuznetsk humic acid—with its elevated
carbon, nitrogen, and sulfur levels—makes it ideal for organomineral ameliorants,
improving soil properties and supplying essential nutrients to plants.

Conclusion. The study of lignite from the Kuznetsk and Kumuskuduk deposits
yielded valuable insights into their physicochemical characteristics, highlighting their
potential for various industrial applications. Key properties, including ash content,
moisture, and volatile matter, support the suitability of these coals for use in energy
production and industrial processes.

The analysis revealed that lignite from both deposits exhibits low ash content and
high volatile matter yield, making it promising for thermal processing techniques such as
gasification and pyrolysis. These properties indicate its high potential as a raw material
source for the chemical industry, particularly in the production of synthetic gases and
liquid hydrocarbons. Elemental analysis, combined with infrared (IR) spectroscopy and
thermogravimetric (TG) analysis, provided critical data on the chemical composition
and structure of the coals, identifying key functional groups and elemental contents
relevant to their industrial potential.

Additionally, humic acids were extracted from coal samples from both deposits using
alkaline hydrolysis and further analyzed through elemental analysis, IR spectroscopy,
and TG/DSC analysis. The comparative analysis of the physicochemical properties of
humic acids from these brown coals revealed substantial differences attributable to the
distinct geological formation conditions of the deposits.

Based on the research conducted on humic acids synthesized from brown coals
of the Kuznetsk and Kumuskuduk deposits, significant differences in their elemental
composition and structural properties were identified. The Kuznetsk-derived humic
acid demonstrated higher carbon, nitrogen, and sulfur content, suggesting a more
complex molecular structure, with increased aromaticity and polymerization, which
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are beneficial for soil stability and fertility enhancement. Conversely, humic acid from
the Kumuskuduk deposit exhibited higher oxygen content, potentially contributing to
greater reactivity in soil applications.

These compositional differences indicate that humic acid from the Kuznetsk deposit
is particularly promising for the production of organomineral ameliorants, as its balanced
elemental profile enhances its potential as a soil conditioner and nutrient source. The
findings of this study highlight the importance of deposit-specific characteristics in
determining the suitability of humic acids for various agricultural and environmental
applications. Further research could focus on the application-specific performance of
these humic acids in soil ecosystems to validate and optimize their use in agronomy.
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Abstract. For the first time, a study was conducted on the chemical composition
of the aerial and underground parts of Rheum tataricum L. f. (family Polygonaceae
Juss.) using gas chromatography. The analysis was carried out on an Agilent 7890A gas
chromatograph coupled with an Agilent 5975C mass-selective detector. Data processing
was performed using GC-MSD Data Analysis software, with compound identification
based on the NISTO8 electronic library database. Plant material was collected in the
Yenbekshikazakh district of the Almaty region during the vegetation and budding
phases. A total of 64 chemical components were identified, of which 12 were found
in the aerial parts and 5 in the underground parts. In the aerial parts, the predominant
groups were ethers (23.50%), alkanes (15.98%), and fatty acids (5.38%). In contrast, the
underground parts were dominated by phenolic compounds, accounting for 92.64% of
the total content. Overall, 51.50% of the compounds in the aerial parts and 99.99% in the
underground parts were identified using the electronic database. The major compounds
in the aerial parts of Rheum tataricum L. f. (dodecoxymethyl)oxirane (1) — 23.50%,
heptadecane (9) — 10.17%, tetradecane (5) — 4.52%, hexadecanoic acid (2) — 3.91%. In
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the underground parts, the dominant compounds were: rhododendrol (15) — 74.63%,
raspberry ketone (14) — 16.58%, 4,4'-dihydroxy-3,5-dimethoxybenzohydrazide (16)
— 5.62%. As a result of this investigation, six compounds (1, 6, 8, and 15-17) were
identified for the first time in the Rheum L. genus. In addition, four compounds (7,
12—14) were reported for the first time in Rheum tataricum L. f.

Key words: Rheum tataricum L. f., aerial part, underground part, chloroform extract,
gas chromatography-mass spectrometry (GC-MS)
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Annoranusi. Rheum tataricum L. f. (Polygonaceae Juss. TykpIMaacsl) eciMairiHig
(>kep YcTi )KoHE JKep acThbl 06JIIKTep1) XMMUSUIIBIK KYpaMbl aliFall petT ra3 xpomarorpadus
omicimen 3eprrengi. Tammay Agilent 7890A ra3mbik xpomatorpadsl sxoHe Agilent
5975C macc-CeneKTHBTI JeTEKTOPAbIH KOMETIMEH JKYPri3iiai. AJBIHFAH MOJliMETTEp
GS-MSD DataAnalysis OargapnamanblK skacakTaMmachl apkbuibl exaenim, NISTO8
ANEKTPOHIBl MANIMETTep 0a3achl HETi3iHAE COMKecTeHAIpinai. 3epTTeNreH OciMIiK
Rheum tataricum L. f. Anmarer oOnbickl, EHOekITIiKa3ak aynaHbIHAA, OCIMIIKTIH KOKTEY
XKoHEe OYpUIIKTeHY KE3CHJCPIHJC >KUHAJBI. 3ePTTEY HOTIDKECIHAE OapibIFbl ajIbIC
TOPT KOMITOHEHT aHBIKTAJ/Ibl, OJApAbIH OH €Kici jkep ycTi Oemirinme, an Oeceyi xep
acTel Oeuirinae TaObUTFaH. OCIMIIKTIH Kep YCTi O6JiriHAe €H KON Meepie xai
adupnep (23.50%), ankanmap (15.98%) xone maii KpIKbL1Aaphl (5.38%) TaOBUIIBL
An >xep actbl Oenirinfe (EHONABIK KOCBUIBICTAp OachbiM OOJBIN, ONapAbIH Yieci
92.64%-nb1 Kypaabl. TaOurn KOMIIOHEHTTEPIH Kajlbl Kypambl ep ycTi Oedirinae

275



ACADEMIC SCIENTIFIC JOURNAL OF CHEMISTRY

51.50%, an xep actbl Oeuirinae 99.99% anexkrponneik NIST 08 kiramxanameH
nnentudukanusuianel. Rheum tataricum L. f. eciMairiniz xkep ycTi Oeirinae 6ackiM
AHBIKTAJIFaH KOCBUIBICTAp (noaekokcumerui)okeupat (1) — 23.50%, renranekan (9) —
10.17%, Terpanekan (5) — 4.52% xoHe Tekcajiekan KbIKbUibl (2) — 3.91%. XKep actbr
Oemnirinae 0aceIM KochUIbICTap: ponoaeHapon (15) — 74.63%, Tankypaii ketons! (14)
— 16.58% xone 4,4-ruapokcu-3,5-numerokcudensorunpazuy (16) — 5.62%. 3eprrey
HoTmwxecinge Rheum L. Tybichl yiiH OypblH cunartanMaraH anTsl Kocbuisic (1, 6, 8
xoHe 15-17) anram pet anbikrangsl. ConsiMeH Karap, Rheum tataricum L. f. Typinen
Oynan OypbIH uaeHTH(GUKaMsIIaHOaFaH KOChIMILA TOPT KOCBUIBIC (7, 12-14) TaObIaBbL.

Tyiiin co3nep: Rheum tataricum L. f., sxep ycTi Oenik, sxep acTsl 061K, XJI0podhopM
CBIFBIHJIBICHI, Ta3 XpomaTorpadusa-macc-crexkrpomerpus (I'X-MC)
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AnHoTanus. BriepBrie mpoBengHO uccie0BaHue XUMHYECKOTO COCTaBa PacTeHHS
Rheum tataricum L. f. Han3emHoli 1 moj3eMHoI YacTu cemeiicTBa Polygonaceae Juss. ¢
HCTIOJIb30BAHUEM METOJIa ra30BOM Xpomarorpaduu. AHaIU3 OCYIIECTBIICH C TIOMOLIBIO
razoBoro xpomarorpada Agilent 7890A ¢ macc-cenekTHBHBIM JeTekTopoM Agilent
5975C. O6paboTka MOTYUYEHHBIX AAHHBIX MPOBOAMIACH C TOMOIIBIO MPOIPAMMHOTO
obecnieuenust GC-MSD Data Analysis, Ha ocHOBe dneKTpoHHOU 0a3bl naHHBIX NISTOS.
Uccnenyemoe pacTuTenbHOE ChIphE 3aroToBieHO B EHOEKIIMKazaxckoMm paiioHe
AnMaTrHCKOM obnacTy B (hazax BereTauuu 1 OyToHnzauuu. B pesynasrare ucciaeqoBaHus
BBISIBIICHO 64 KOMIIOHEHTa, U3 KOTOPHIX 12 HWACHTU(QHUUUPOBAHBI B HAA3EMHOU, H 5
— B MOA3EMHOH 4acTH pacTeHHs. B Hambonmpimx KonmudecTBaX B HaA3€MHOHM 4acTH
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cogepxanuchk tnpocteie dpupbl (23.50%), ankanber (15.98%) u KUpHBIE KUCIIOTHI
(5.38%). B mogzeMHOH 4acTH pacTeHUs OCHOBHYIO JOJNIO COCTaBISUIM (DeHOJIbHBIE
coenunenus (92.64%). CocraB TpPUPOTHBIX KOMIOHEHTOB HIACHTU(HUIMPOBAH Ha
51.50% (B Hag3emHo# yactu) U Ha 99.99% (B MOA3EMHON 4acTH) B COOTBETCTBUH
c 0a30il NaHHBIX JIEKTPOHHOM OMONMHMOTEKH. JJOMUHHPYIOUIMMHU COCAMHEHHSIMHU B
HajzemHoi yactu Rheum tataricum L.f. sBrsunce: (momexokcumeTwi) oxcupa (1) —
23.50%, renranekas (9) — 10.17%, Terpanekan (5) — 4.52% u rexcaekaHoBasi KUCIOTa
(2) = 3.91%, a B nmoazemHoU yactu — pogoaeHapo (15) — 74.63%, keron manuHsr (14)
— 16.58% u 4,4-ruapokcu-3,5-numerokcudenzorunpazuy (16) — 5.62%. B pesynbrare
MPOBEIEHHOTO UCCIIeIOBaHMsI BIIEPBHIE HACHTU(QHUIMPOBAHBI ecTh coeanHenui (1, 6,
8, 15-17) panee ne onucannbix A5 poga Rheum L. [{ns Rheum tataricum L. f. napsay
C MEPEUHCICHHBIME JOMOTHUTEILHO OOHAPYKEeHbI YeThlpe coequnenust (7, 12—14).
KioueBsble ciaoBa: Rheum tataricum L. f., Hag3zemnas yacTe, moa3eMHasi 4acTh,
XJI0pO(OPMHBIH IKCTPAKT, Ta30Bast Xxpomarorpadusi-macc-cnekrpomerpus (I'X-MC)

Kipicne. Rheum tataricum L. f. payraisl — pecryOinka ayMarbIHAAFbI [IAPYaIIBLTBIK
YLIiH MaHBI3Ibl payFaml TypiaepiHiH 0ipi. OHbIH MON KOpbl Apan MaHbIHIa, bankarr
MaHBIHBIH OHTYCTITiHJE xoHe barbic Kazakcranma anbikranran (Kamkaposa, 1963;
Jlxy6anoB, 1986.) Tarap payrawsl (Rheum tataricum L. f.) — xa3bIKTap MeH meaepae
KEHIHEeH Ke3IeCeTiH KOIDKBUIIBIK menteciH 3demepni ecimaik. Tambipcabarbl TiK,
KOHBIP-KbI3bUT KbIHANTHI. CabakTapsl 2-3 J1aHa, MBIKTHI, )KOJIAKTHI )KOHE KybIC, OUIKTIr1
45-50 cm, opTachlHaH KaJblH OYTaKTaHBII, KeH TYJIHIOFBIPBIH Ty3eni. JKamblpakTapsl
ipi, JOHreNeK XoHe OYIbIp, YII TaMbIpJbl, KYpeK Tapizai TyOi Oap. ['ymaepi akmibut
capsl, ycak. JKemicrepi — yII KbIPJIbI, )KYPEK TOpi3Ai, YcaK KiMIi, KOHBIP-KbI3BLI,
KYHTIpT KaHaTThl >kaHFakmanap. Coyip-MaMblp aiinapeiHaa TYJIACWIl, MaMbIp-LIiiae
aiimapeiHblH OackiHaa xemic Oepeni (JlexapcTBenHble pactenust Kazaxcrana m ux
ucnoib3oBanue, 1996). Enimi3miH 1ienji aiMakTapblHAH JKUHAIFaH R. tataricum
yirinepinae ¢uaBoHouATap, KarexuHaep MeH TaHunHAep (Yymbanos et al., 1967),
ctuibOeHep (Samappito et al.,, 2003), xoHe Ooc opi OailylaHBICKAaH KOMipCylap
(Uymbanos et al., 1966), TabbutraH.

CoHFBl OH KBUIAAFBl OCIMIIKTIH XMMUSUIBIK KYPAaMBIHBIH TalJayblHa apHaJfaH
FBUIBIMU 3€pTTEYyJIep CaHbl a3, acipece XJIOpo(oOpM CHIFBIHABICHIHBIH KypaMblHa
Heri3genreH j>kymbictap cupek. Lllerenmik FanapIMIApAbIH 3€pTTEy KYMBICTapbIHIA
OypbiH Rheum L. TybICbIHA KaTaTbIH ©CIMIIKTEPIiH 0acka TYpiepiHiH XJI0podopm
KOHE 3TAHOJ-XJIOPOGOPM CHIFBIHIBUIAPBIHAH AHTPAXUHOHIAP (aJ03-9MOJAWH, PEuH,
sMmoauH, xpuzodanon, ¢ycuuon) Oeminin aneiarad (Liu et al., 1999; Yuan et al.,
2016). Rheum emodi Wall. eciMAairiHiH XJI0poQOpM CBHIFBIHABICHIHBIH OakTepusiap
MEH CaHbIpayKyJIaKTapra Kapchl ocepi KoHe Kypambl 3eprrenreH. Hotmkecinme
KypamblHaa 3MonuH Oap exenniri ansikranran (Rolta et al., 2022). KazakctaHHbIH
eIl aiiMaKTapblHaH XUHAIFaH R. tataricum L. ynrinepiner LC-MS/MS oniciMen
3eprTey HoTHKeciHne 2-apun-4H-xpomeH-4-oHaap >KoHE XUH, Tajll JKOHE XJIOPOTeH
KBIILIKBIIAaPBIHBIH MoJIIepi anbikTanFan (Amangeldinova, et al., 2024).

Rheum tataricum L.f. ecimairiHiH TUNOQUIBAI KOMIIOHEHTTEPIH 3epTTeymi
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KaIFacTbIpa OTBIPBII, 013 OYIT KYMbICTa XJIOPO(OPM CBHIFBIHIBICBIHBIH JKEp YCTI JKOHE
XKep acThl OOIIKTePiHIH XUMHUSUIBIK KYPaMbIH 3€PTTEIIK.

Marepuangap :koue dgicrep. Rheum tataricum L.f. ecimairinin sxep acTsl Oeiri
BereTanys Ke3eHiHae - OypIIiK >KapynblH OacTamKbl CaThIChIHIA, AJMAaThl OOJBICH,
EnoOexmikaszak aynansl, Keknek aybUlbIHAH LIBIFBICKA Kapad § KM jKepae OpHalacKaH
CroraTiH aHfapblHIA >KUHaNAbl. Rheum tataricum L.f. eciMuiriHiH repOapuitiik
yarici KK, KapxayOekoBa meH P.b. ApeicniaeBa TapamblHaH XHHAJbIN, OCBI TYpre
xararblHAbIFbl H.I. TememkueBamMeH aHBIKTaIAbl. YJri AJMaThl KaJlachbIHIAFbI
Kazakcran PecmyOnukacbinblH BoTanuka >koHE (UTOMHTPOAYKLUHMS WHCTHUTYTHIHBIH
repOapuiiinne (AA) 2197/25 tipkey HoMipiMeH caKTayJIbl.

Onmemi 5-7 mm yHrakranran 20 r Rheum tataricum L. f. eciMIITiHIH >Xep acThbl
KOHE Kep YCTi OeNIKTepiHiH ATaHOJ >KOHE TI'eKCAHMEH OHJENTEH CHIFBIHIBICHIHA
250 mu xmnopodopm (x.u. TY 2631-066-44493179-01 OOO HIII «["ammay) Kyiisbim,
Mainel MoHmana 80-100 °C temmeparypaga 7-8 caraT KalHaTbUIABl. AJBIHFAH
ceirbIHIBl Rotavapor R-II aiinanmansr OymanapipreimTa 45-50°C cy MOHIIACBIHBIH
TEeMIIepaTypachlH KOca OTHIPBINT KOHLEHTpIeHy Kyprizingi. XKep ycri Gemikre 34 mr
xep acTbl OenikTe 50 MI SKCTPAKTHBTI 3aTTap OOIHIN aJbIH/AbL.

l"azger xpomarorpad Agilent 7890A, Agilent 5975C macc-ceneKTHBTI JeTEKTOPMEH.
Tannmay xeneci maptrapna >xyprizingi: 6aran Typi — Rtx DHA-50, 6aran y3bIHIBIFBI
— 50 m; Oaran muamertpi — 0,20 mm; OaraH ajCOpOCHTIHIH KalbIHABIFEI — 0.5 MKM,
OymanapIprein  Temmeparypacsl — 280 °C, Oaran Ttemmeparypacel — 60-300 °C,
OaraH/Ibl KbI3IBIPY KbUIIaMIbIFel — § °C/MUH, HOH Ke3iHiH Temieparypacsl — 230°C,
KBaJpyIOJbIbl KOHJEHCATOp Temmeparypackl — 150°C, ra3-TacbiManaayIibsl — Teni,
Oarangarel ra3 KelcbiMbl — 13.8 kIla, arbiner Gemy pexuminae 0.2 MK KeieM Yiri
eHrizinni. Macc-criekTpiepai Tipkey ckaHepiey Herizinge skyprizimim, NIST 08
-3JIEKTPOH/IBIK KiTallXaHa JIepeKTepiMeH coiikecTeHaipinai. OpakuusaapabH Kypambl
LIBIHJIAPABIH CaJIbICTHIPMAIIBI ayJaHbl 9iciMeH ecenrtenmi. Tanaay yakbIThl — )Kep YCTi
Oeuik yurin 41 MUHYT, 5Kep acTbl OeiK YUIiH 32 MUHYTTHI Kypaasl. HoTmxkenepni eHuey
GS-MSD DataAnalysis 6armapnamMacbhIHbIH KOMETiMEH aBTOMATTHI TYPAE JKYPIi3iiii.

Haruxesniep Men tanaxspuiaayiaap. Rheum tataricum L. f. ecimuirinin xmopodopm
CBHIFBIH/IBICBIHBIH JK€p YCTi Oemirinae »xaambl caHbl 64 KOMIIOHEHT TaOBUIBIN, OHBIH
12 uneHTHUKANMIAHABL, al Xep acThl OeisiriHae 5 Kypamaac OemiK aHBIKTaJIbL.
OCIMIIKTIH XJIOpOQOpM  CBHIFBIHABICHIHAA XUMHSJIBIK KOCBUIBICTAD  KJIACBIHBIH
CaJIBICTBIPMABI YJIeci apachblHIOarbl albIpMAIIbUIBIK alKBIH: Kep YCTi Oemikre Kail
adupnep (23.50%), ankangap (15.98%), mait keiukbuisl (5.38%), Tepnienaep (4.02%)
xoHe cromptrep (2.33%), kep actbl Oemikte (eHoN KochuibicTapbl (94.37%) xoHe
teprenzep (5.62%) kypaiinbl. [epekrep 1-cyperTe KopceTiireH.
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a 6
1 — cypem. Rheum tataricum L. f. XTOpodOpM CBHIFBIHABICEIHAAFHI )KEP YCTi () 5KoHE xKep acThl (0)

OeITIKTEPiHIH XUMHUSUTBIK KYPAaMBIHBIH CATBICTBIPMAIIBI YIIECi.

X10podopM CHIFBIHIBICHIHBIH Talgay HOTHKECIHIIE ©CIMAIKTIH *kep YCTi Oemnirinae
2 (monmexoxcumetmit) okcupan (1) — 23.50%, renranekan (9) — 10.17%, terpanexan
(5) — 4.52%, rekcanexaH KbIIKbLIBI (2) — 3.91% >xorapsl Memuepai Kypaasl. 3epTrey
HOTHXKECIHAEC WACHTH(UKAMAJIAHFaH KOMIIOHETTEPHiH ManmiMeTTepi l-kecrene
KeNTIpiJIrex.

Kecte 1. Rheum tataricum L. f. eciMairiHig xep ycTi OemiriHiH XJI0pohOpM CHIFBIH/BICHIHBIH KYpaMbl

< 1 = | x5

Kochuibic araybt § § é 2 > 5 °\~“ 5 ‘E‘* E O\;

58 |BE |2E |8 |EEsd

£ |§8 |EE |E |25 £

=

2 (nonmexokcumetnin) okcupas (1) CH, 0, 242 3.35 23.50 87
reKcaJiekaH KbIIIKbLIbI (2) CH,,0, 256 27.24 391 83
97, 127, 157 -oxrasekaTpueH KbIKbUIbI (3) C18H3002 278 29.93 1.47 95
y-cutoctepo (4) C,H, 0 414 37.45 0.58 95
TeTpaaekat (5) C,H,, 198 37.85 4.52 95
yuc-13-noko3eHamun (6) C,H,NO 337 38.29 0.29 87
3,7,11-tpumernn-2,6,10-nonexarpuen-1-on (7) | C H, O 222 39.21 0.56 72
1-rentaxo3anoin (8) C,H,0 397 39.97 2.33 90
renrajekad (9) C.H,, 240 40.16 | 10.17 95
HoHazekaH (10) C,H,, 269 40.28 0.83 86
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crurmact 4-es-3-ox (11) C,,H,.0 413 41.04 2.31 83
y-tokodepou (12) C,H,0, 417 41.77 | 0.57 93
Kaansr 99.97
AHBIKTAJIFAH KOMIIOHEHT 51.50
AHBIKTAJIMAFaH KOMIIOHEHT 48.47

Rheum ribes L. ©CIMIIIK CBIFBIH]IBICHIHBIH 3(HUP MalIapbIHBIH XUMUSUIBIK KYPaMbIH
Trichomonas vaginalis napa3utTepre OCJICSHJUIIIH 3EPTTEreH JXYMBICTa HETi3Ti
KOMITOHEHTTEp ajkaHaap, 9,12,15-okTajiekaTpueH KbIIIKbUIBI €KEHI JQJICIICHTeH
(Naemi et al., 2014). Ocimaik KypaMbiHaH OypbIH 2 (HoaekokcumeTnin) okcupad (1) -
WoHe yuc-13-noko3eHamu (6) KOChUIBICTAphl TA0BLIIMAFaH.

XKep actbl Gemirinae pononeHapon (15) 74.63 %, rankypaii keronsl (14) — 16.58%
woHe 44-ruapokcu-3,5-numerokcuden3oruapasui (16) 5.62 % eH kenm 0achIMIIbIK
kepceTTi. XKep actbl OeunikTe aHbIKTanFan Mmetadonutrepain I X-MC rannay monimeTTepi
2-KecTe/le CUMaTTaJIFaH.

Kecre 2. Rheum tataricum L. f. eciMIiTiHiH 5kep acThI OOIITiHIH XJIOPO(YOPM CHIFBIH/IBICHIHBIH

Kypambl

= -3

1 1 =) ¥ o 2

i 3 g X z = 5

5 8 =Rc Z L 3 B =

Kocsuibic arayst g E 2 2 S o =% o2 &
> A =8 = ) S v T
s 3 > g A=

i D 5 =

Q. < = = E Q°E

5 o 5 = s ] S b o
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= = = M g &
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Q

4-(2-runpoxcuatii) denon (13) CH, O, |138.16 (25.09 143 |80

4-(4-runpoxcupennn) Oyran-2-on — TaHkypail | C, H O, [164.20 |27.13 |1658 |91
ketons! (14)
4-(3-rugpokcnlOyTui) peHon — poroaeHapon (15) C,H,O0, [166.22 |27.38 |74.63 |86

4-ruapoKcu-3,5-TMMeTOKCHOCH30T UApa3u I (16) C9H12N204 21220 130.29 |5.62 94

[(7E)-9-runpokcn-4,8-numernin-12-metunaunen- | C, H, O, [378.40 |31.06 |1.73 |90
13-okco-3,14-nuokcarpukio [9,3,0,02,4]rerpanek-
7-an-10-un] (E)-4-rugpoxcu-3-meTunOyT-2-3H0arT

a7

Kanner 99.99
AHBIKTAJIFaH KOMIIOHEHT 99.99
AHBIKTaJIMaFaH KOMIIOHEHT 0.01

Pomoaenipon - pomoieHAPUHHIH THAPOIU3 HOTIKECIHAE Ty3iiemi, Oy mporecc
o/IeTTe OCIMJIIK KYpPFaKIIBUIBIKKA YIIbIparaH Kesze skypeai. TaOuru QeHonabH Typi
PONOACHIPUH — apuiIOyTaHOUJ TIIMKO3HJi, OJ KONTEereH OCIMAIK TYPJEPiHIH IIIKi
KaObIFbIHA Ke3eceni (Santamour et al., 1997). Rheum turkestanicum Janisch. ecimik
TaMBIPBIHBIHBIH CYJIBI-CITUPT CHIFBIHIBICHIH 3epTTeY KYMbIchIHa (Dehghan et al., 2018,
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Jahani et al., 2020) ankangap, Mail KbIIIKbUIAAPHl AHBIKTAIFAH KOHE POIOACHIPUH
Oeuin anFaH.

Tankypaii ketoHsl Rheum officinale Baill. ecimairinig, 95% 3TaHomN CHIFBIHABICHIHAH
OaraHaibl Xpomarorpadus 9iciMeH OeiHiN, OHBIH KYPBUIBIMBI (PU3UKO-XUMHUSIBIK
omicrepmer (SIMP xoHe macc-criekTpoMmeTpus) apKbUibl pacTtanasl. Kocbuibic B16
KacylanapblHIa MeJlaHOTeHe3re Kapchl KYLITI Texey Oelcenainirin kepcerke ( Lin
etal., 2011).

Rheum tataricum L. f. )ep yCTi %oHE )Kep acThl O6JIKTEep KypaMbIHIa TEPIICHACD
a3 wmejuiepae Oadkanabl. OCIMIIK CBHIFBIHABICBIHAH allbIHFAaH META0OIHUTTEPIIH
KYPBUIBIMIAPHI 2 - CYpeTTe KeNTIPLITreH.

Rheum  tataricum L. f. ecimuiriniH xep ycri Oendiri KypaMbIHAArbl
komrtoHeHTTepiH 51,50% NIST 08 25ekTpoHIbIK KiTallXaHACKIHIAFbl MOJIIMETTEPMEH,
KiTallXaHaJblK MAacC-CIIGKTPMEH COHKecTiK gopexeci 70%-gaH Korapel OOJFaH
Karjaina, coTTi coiikecTeHmipuimi. An kamnraH 48,47% KOMIIOHEHTTEp KiTamxaHa
JICPEeKTEePIMEH JKETKUTIKTI Jopexkene colikecrneni. KepacTbl Oesiri ChIFBIHIBICHIHIA
CoMKeCTeHIpIIMEIeH KOMITIOHEHTTEpiH yieci ete a3 — Hebopi 0,01% kypaabl, Oy
TaJlJIaHFaH KOCBUIBICTAP/IBbIH 0achiM O6JIiri CeHIMII TYPJIe aHBIKTaIFaHbIH KOPCETE/II.

e

R1R2Rs

5
13 R, - OH
14 R, - OCH;
15 Ry - CH;0H
OH

H H
\N/

HO.

HiC

O, NH

/ OH OH
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NN 1/7;&

\/\/\/\/\/R«,Rz&

8 R, - CHy(CH,),s OH
9 Ry- CHy(CHy)s
10 R, - CH;(CH),

2 — cypem. inenTruKaysIaHFaH METa00IUTTeP/IiH KYPbUIBIMIaPhI

biznin 3epTTeyiMizne aHBIKTamFaH anThl KOChUTbiC (1, 6, 8, 15-17) Rheum L. TybICHI
YIIIiH jkaHa 00bIT TabbUTanbl. A, Rheum tataricum L. f. Typinae Oyran neiin aTanraH
KochIIbIcTapMeH Koca (7, 12-14) KoMIIOHETTep ayFaml peT uAeTH(QUKAITUSIaH .

Backa FfanpIMuapiblH FBUIBIMH KYMBICTapbiHia Rheum L. TybIChIHA IKaTaTbIH
OCIMIIKTEpIH  XJOpOoOpM  CBHIFBRIHABICBIHIAA  AHTPAXWHOHAAP  AHBIKTAJFaH,
anaitna Rheum tataricum L. f. omap Gaiikanmanbl. OceiFan OaiaHbICTEI, 013 Rheum
tataricum L.f eciMAITIHIH XUMHUSIIBIK KYpPaMBIH OacKajga XpoMaTorpadrsuibK >KOHE
(hM3UKO-XIMUSITBIK, OJIICTEPMEH TEPEHIPEK 3ePTTEYl JKaIFaCThIPYIaMBbI3.

AneiHFaH HOTWKENEp Rheum tataricum L f. ecimpiriaig opTypii OemikTepinme,
ocipece OHBIH Kep acThl OediriHae (eHONbII KOCBUIIBICTAPABIH JKOFAphl MOJIICpAC
Ke3/JEeCEeTIHIH KoepceTemi. byi aramMbeln eciMOiK TYpPiH MEIWIMHA CalachlHAa
(aHTHOKCHIIAaHTTHI, KAOBIHYFa KapCHI, iICIKKE KapChHl *oHE T.0.) apHaIFaH TaOWUFH Ke3i
peTiHae KomaaHyFa OOTaTEIHBIH aliKBIH AN T

KopowiThinabl. Anram pet Rheum tataricum L.f. ecimairiniH XiopodopMm
CBHIFBIH/IBICBIHBIH, JKE€P YCTI JKOHE JKep acThl O6JKTEepiHIH XUMHSUIBIK KYpaMblH Ta3
xpomarorpadusicei-macc-ciekrpomerpus (I'’X-MC) omicimen 3eprrenmi. Hotmxkecinne
OH €Ki KOMIIOHCHT UACHTH(PUKAITUSIAHIBI, aJl )Kep acThl Oemirinae 6ec Kypamaac 0ok
aHbIKTaABL. JKep ycri OeikTe >KOFaphl MOJIIepHi: xail aupiep, aakaHmap, Mai
KBIIITKBUIIAPEI, a1 J)Kep acThl Oemiriaae (eHo TYBIHABLIAPEI KYPanIb.

bizmig 3eprreyiMisae aHBIKTAIFaH aldThl KOCBUTBIC (2 (MOTEKOKCHMETHII) OKCHpPAH
(1), yuc-13-goxo3enamun (6), 1-remraxozanon (8), pomoaeuapon (15), 4-ruapoxcu-
3,5-mumetokcnoen3oruapazumi (16), [(7E)-9-runpokcu-4,8-mume - 1 2-Me T Iu e H-
13-oxco-3,14-mnokcarpuxino  [9,3,0,02,4]terpanek-7-an-10-un]  (E)-4-rumpoxcn-3-
MetunoyT-2-300aT (17)) Rheum L. TybICHI YIIiH XKaHa OOJBIT TaOBUIAABI, al Rheum
tataricum L.f. eciMmmirinme aramraH KoChUTbICTapMeH Koca (3,7,11-tpumerni-
2,6,10-nonexarpuen-1-om (7), y-tokodepon (12), 4-(2-rumpoxcmdtuin) denon (13),
4-(4-runpoxcudenmn) OyraH-2-0oH — TaHKypail keToHBI (14) TOPT KOCBUIBIC aFaIl peT
WACHTH()HUKAMSITIAHTBI.
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