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Abstract. The aim of this work was to investigate the effect of chia seeds (Salvia
hispanica L.) on the physicochemical and mineral parameters of low-fat cottage cheese.
The object of the study was low-fat cottage cheese obtained by the traditional method
and a sample enriched with 2% chia seeds. The obtained results showed that the addition
of chia seeds has a positive effect on the structural and functional characteristics of
cottage cheese. In particular, the increase in moisture content from 71.5% to 72.8% is
explained by the water-binding capacity of hydrophilic polysaccharides in chia seeds,
which enhances the water-holding capacity of the product and improves the stability of
its consistency. A slight increase in protein content from 15.6% to 15.8% indicates the
contribution of chia seeds as an additional source of plant protein, while the fat content
remained practically unchanged and stayed at a level typical for a low-fat product. The
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results also showed that the addition of chia seeds positively affects the structural and
functional characteristics of cottage cheese. The analysis of the mineral composition
revealed that the calcium content increased from 116.9 to 128.98 mg/100 g, while the
phosphorus content increased from 184.6 to 201.80 mg/100 g. These changes indicate
an increase in the biological value of the product and the maintenance of a favorable
Ca:P ratio, which is important for bone tissue metabolism. In addition, the presence of
dietary fiber (1.24%), which was absent in the control sample, enhances the functional
properties of the product. No significant changes in acidity were observed: titratable
acidity slightly decreased from 178.9°T to 177.8°T, and the pH value decreased from
4.62 to 4.58. These changes are technologically insignificant and indicate that the
product remains within the acidity range typical for fermented dairy products. Overall,
the results of the study showed that the addition of chia seeds to low-fat cottage cheese
preserves its main technological parameters while improving its nutritional, mineral,
and functional properties.

Keywords: Low-fat cottage cheese, chia seeds, physicochemical parameters,
mineral composition, calcium, phosphorus, functional food products
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AHHoTanust. byj 3epTTey )KYMBICBIHBIH MaKCaThl una qoHAepiHiH (Salvia hispanica
L.) wMaich3maHasIppulral  Cy30eHIH (U3UKA-XUMHUSUIBIK, OHOXUMUSIIBIK JKOHE
MUHEpaNJIBIK KaCUETTEepiHe acepiH KeleH i Typae Oaranay 0oiubl. 3epTTey HBICAHBI
PETIH/IE TOCTYPIIl TEXHOJIOTH s OOMBIHIIIA AJIbIHFAH MaHChI3IaHIbIPLIFaH cy30¢e xoHe 2%
MeJIIIepe Yra TOHICePIMEH OaMBITBUIFAH YITI KapacTBIPBUIILI. AJBIHFAH HOTHXEIIEP
4ymua JOHJIePiH KOCY CY30eHIH KYPBUIBIMIIBIK KOHE YHKIIMOHAIBIK CUTIATTaMallapblHa
OH acep €TETiHIH KepCeTTi. Aran aWTKaHJa, bUIFaIJIbUIBIK MeJepidiy 71,5%-naH
72,8%-Fa neliiH apTysl 4Ma JSHAEPiHIETT THAPO(HIBII MONMCaXapuATePAIH CYIbI
OaliaHbICTRIPY KabieTIMEH TYCiHAIpineai, Oy oHIMHIH cy ycTay KaOileTiH apTThIPHIT,
KOHCHCTEHIIUSCHIHBIH TYPAaKTBUIBIFBIH JKaKcapTaasl. AKybI3 Memmepinin 15,6%-1an
15,8%-Fa iefiin mamasbl eCyi 9yra JoHIepiHIH KOCBIMIIIA ©CIM/TIK aKYbI3bI KO31 peTiHIer1
YJIeCIH KepceTe/li, aJl Maii MeJIIIepi ic XK Y31H1e 03repicci3 KallbIl, MaHChI3IaH bl PhLIFAH
OHIMIe TOH JICHIeH/Ie CaKTasIbl. MUHEpaIbIK KyPaM/Ibl Taj1ay HOTHKECIH IE Kbl
memmepi 116,9-nan 128,98 mr/100 r-ra neiiin, an pocdop memmepi 184,6-man 201,80
Mr/100 T-ra JeliH apTKaHbl aHBIKTAJABI. byJl e3repicTep OHIMHIH OHOJIOTHSIIBIK
KYHJIBUTBIFBIHBIH, KOFapbIJIaFaHbIH JKOHE CYHEK TiHIHIH METa0O0Jn3Mi YIIiH MaHBI3IbI
Ca:P kaTpIHAaCBIHBIH KOJIAlibl JCHTeiie cakranraHblH kepcereni. COHBIMEH Karap,
Oakputay VATiCiHIE OoyiMaraH TaraMbIK TaiimbikTapasiH (1,24%) maiina Oomybl
OHIMHIH (PYHKITHOHAIIBIK OaFBITTBIIBIFRIH KyIIeHTe M. KBIIKBUIIBIK KOPCETKIITEPI
OolibIHIIIA aliTapIIBIKTal e3repicTep OaliKanMazpl: TUTpIIEY KbIUKbULABIFEI 178,9°T-nan
177,8°T-ra netiin a3nan Temenaece, pH mowni 4,62-1en 4,58-re neitin Tomenaeni. by
e3repicTep TEXHOJOTHUSIIBIK TYPFBIIAH MaHBI3IBI €MEC JKOHE OHIMHIH allbITBIIFaH
CYT eHIMJIepiHE TOH KBINIKBUIIBIK JHANa30HbIHA KaJFaHbIH IoJenaeimi. JKamrmbr
ajFaHjia, 3epTTEY HOTHXKEJEpl YMa JOHJACPIH MaHChI3aH/bIPhIIFAH Ccy30ere Kocy
OHBIH TaFraMbIK, MUHEPAIIBIK KOHE (PYHKIIMOHAIIBIK KACHETTEPIH apTThIpa OTHIPHIII,
HET13T1 TEXHOJIOTHUSJIBIK apaMeTpIIepiH CaKTalThIHBIH KOPCETTI.

Tyiiin ce3aep: maiicb3nanabIpbUIFan cy30e, Yna AoH1, PU3NKa-XHUMHUSIIBIK KOPCET-
KilTep, MUHEPAIIBIK KYpaM, Kanblnid, pochop, GyHKIIMOHAIIEI TaFaM OHIMIEPi
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AnHoTamusi. llenbro gaHHON pabOTHI SIBJISICTCS WCCIICAOBAHUE BIIMSHUS CEMSH
yua (Salvia hispanica L.) Ha (U3MKO-XUMHUYECKHE M MUHEPAJIbHBIC MOKA3aTeln
00e3kupeHHOr0 TBOpora. OObEKTOM HCCIIeI0BAHUSI CITYKUIIH 00pa3iibl 00€3KUPEHHOTO
TBOPOTa, MOJIyYCHHbIC TPATUIIMOHHBIM CIIOCOOOM, a Takke 00pa3iibl, 000TaIEHHbIE
2% cemsH uma. llomyueHHBIE pe3ynabTaThl MOKa3ajiH, 4TO JOOABICHHE CEMSH 4ua
MOJIOYKUTENBHO BIIUSIET HAa CTPYKTYPHO-(QYHKIIMOHAILHBIE XapaKTePUCTUKN TBOPOTA.
B wactHocTH, yBenmdenue cozaepxanus Biaaru ¢ 71,5% mo 72,8% oOwsacHseTcs
BOJIOCBSI3BIBAIOIIEH CIIOCOOHOCTHIO THAPOPMIBLHBIX MMOJIUCAXAPUIOB, COACPKAIINXCS
B CEMEHax 4Ma, YTO CIIOCOOCTBYET MOBBIIICHUIO BOJOYACPKUBAIOIIEH CIOCOOHOCTH
MPONYKTa W YIYYLUICHUIO CTaOWIBHOCTH €ro KOHCHUCTCHIMHU. He3HaunTenbHOe
yBeJIM4eHue conepxkanus oenka ¢ 15,6% no 15,8% ykaspiBaeT Ha BKJIAJA CEMSH yua
KaK JOMOJHUTEIBHOTO HCTOYHUKA PACTUTEIBHOTO OeJIKa, IPU 3TOM COJIEpKaHHe KUpa
MIPAKTUYECKH HE U3MEHUIIOCH M OCTAJI0Ch Ha YPOBHE, XapaKTePHOM JUIs 00€3KHUPEHHOTO
MPOIYKTa. AHAIN3 MHHEPAJIHHOTO COCTaBa MOKa3aJl YBEIHUCHHE COJCPKAHNUS KaJIbIIHs
co 116,9 no 128,98 mr/100 r u pocdopa - co 184,6 10 201,80 Mr/100 1. D11 U3MEHEHMSI
CBUJICTEJILCTBYIOT O MOBBIIICHUH OMOJIIOTUYECKON IEHHOCTH MPOJYKTa U COXPaHCHUH
OnaronpustHoro cootHomreHusi Ca:P, BaxHOTO Ui MeTa0onM3Ma KOCTHOM TKaHH.
Kpome Toro, BeIsIBIEHO IPUCYTCTBUE NMUIIEBHIX BOJOKOH (1,24%), OTCyTCTBYIOIIUX B
KOHTPOJILHOM 00pa3lie, 4T0 YCHIINBAeT (YHKIMOHATBHYIO HAIPABIEHHOCTh MMPOAYKTA.
3HauNTENbHBIX U3MEHEHHI KUCIIOTHOCTH HE HAOIIONANIOCh: TUTPyEeMasi KUCIIOTHOCTD
HE3HAUUTENbHO cHU3MWIACh co 178,9°T mo 177,8°T, a 3Hauenue pH yMeHBIIHUIOCH C
4,62 nmo 4,58. JlaHHbIC M3MCHEHUS SIBISIIOTCS TEXHOJOTHYECKH HECYIIECTBEHHBIMU
U CBUJCTEIBCTBYIOT O COXPAaHEHHMHM IIOKazareneld B Tpejeiax, XapaKTepPHBIX JUIs
(epMEeHTHPOBAaHHBIX MOJIOUHBIX TPOAYKTOB. B IenoM pe3yabraTbl HCCIIEIOBaHHS
MOKa3bIBAIOT, YTO AO0OABICHHE CEMSH 4Yha B OOE3IKUPEHHBIH TBOPOT IO3BOJISET
COXpaHHTh €ro OCHOBHBIC TEXHOJOTHYECKHE IMapaMeTpbl MpPH OJHOBPEMEHHOM
MOBBIIICHUH MMUTATEIBHON, MUHEPAILHOW U QYHKIIMOHAIBHOW EHHOCTH MTPOILYKTa.

KuaroueBbie ciaoBa: 00e3KUPEHHBIM TBOPOL, CEMEHA 4Ma, (PH3MKO-XMMHYECKHUE
napaMeTpbl, MUHEPaJIbHBIH COCTaB, Kalnblud, pocdop, QpyHKIHMOHAIBHBIE MUILEBbIC
MIPOTYKTHI
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Kipicne. CoHFBl OHXBUIABIKTa TEK HETI3r1 TaMaKTaHyIbl KaMTaMachl3 eTill
KaHa KoiMal, JeHCayJbIKThl KOJJANTHIH JKOHE CO3BLIMAIbl aypyJlapAblH ajablH
aNaThlH  OWOJIOTHSUIBIK ~ O€JICeHIl  3aTrTapMeH  OalbITbUIFaH  (DYHKIIMOHAJJIBI
TaraMJapAbl o3ipjeyre JAEreH KbI3bIFYLIBUIBIK TYPAaKTbl TYpAE apThill Kelemi.
MyHnaii eHimzaepre mnonudeHongap, KapoTHHOMATAp, oMera-3 Mal KbIIIKbLIAAPHI,
MpPOOHOTHKTEDP, MPEOMOTUKTED KOHE ar3afarbl aHTHOKCHAAHTTHI, KaOBIHYFa KapChl
XKoHEe MeTaOONMKaJIBIK MPOLECTepre acep eTeTiH Oacka a OMONOTHsUIBIK OesceHl
KOMIIOHEHTTEp Kipyl MyMKiH (Arshad et al., 2025; Zhang et al., 2025; Hajzer et al.,
2025; Kaiiparynsl xone T.0., 2025).

Cy30e KypaMbIHAa CYTTiH OapiblK MaHBI3AbI KOPEKTIK 3aTTaphbl Oap *KoHE 071 eMIiK
JKOHE TaraMJIbIK KacUeTTep OepeTiH Kalbluire 0all TOJNBIKKYHIbI aKybI3AbIH 0ail Ke3i
Oombin TabbuTa e (Shutova et al., 2025).

MaiicbI3 cy30e JKoFaphl carasbl, MaliChI3 aKybI3 KO31 peTiH/Ie callayaTThl TAMaKTaHyaa
KEHiHEeH KOoJlaHbUIa bl. JlereHMeH, OHBIH TaFaMIbIK )KOHE OMOIOTHSUTBIK KYH/IBUTBIFbIH
(YHKUMOHANBl ©CIMIIK KOMIIOHEHTTEPIH KOCY apKbUIbl adTapibIKTail apTThIpyFa
6omaznsl (Sukhikh et al., 2019). OcpiHnail mepcneKTUBaNbl HHTPEAUEHTTEPIIH Oipi —
TaraMJIbIK JKOHE (PYHKIMOHAIIBIK KacueTTepi 0ap uua nouuaepi (Salvia hispanica L.).
Uwua (Salvia hispanica L.) — OipxXbuiAblK 1enTecin Salvia hispanica L ecimairineH
anbiHFaH KimkeHtan TykeiM (Knez Knez Hrnéic et al., 2019).

Uwua nmoupnepi (Salvia hispanica L.) 0-JTWHONEH KBIIKBUIBIHBIH ((®-3), TaFamJIbIK
TaJIIBIKTapAbIH KoHEe (PEHONABIK KOCBUIBICTAPABIH JKOFaphl KYpaMblHa OailaHBICTHI
MEePCIEeKTUBANbl (YHKIUOHAIABl TaraM OONBIN TaObLIagbl. XJIOPOTEHOIK JKOHE
Ko(perH KBINIKBUIIAPBIHBIH, COHAAN-aK (IaBOHOMATAPABIH (KBEpLETHH, Kemrdepon
KOHE MHUPHULETHH) OONybl OJapAblH aWKbIH aHTHOKCHUAAHTTBHIK KaCcHETTEpiHe
biKnan ereni. OnapabiH 0all OMOXMMHSUIBIK KypaMbl KaHT JHA0CTi, ITUCITHITHIEMUS
KOHE THIIEPTOHMSHBI KOca alfaHAa, MeTaOONUKaNbIK OY3bUTYIapiAblH ajAblH anly
oneyeTiHiH Heri3iH Kypaiasl. Ocblnaiima, yna oHaepi GyHKIHOHAIIB TaFaMaap MEeH
HYTPHUIIEBTUKTEPAl 93ipiiey YIIiH MEPCIEeKTUBANbI IIUKi3aT PETiHIE KBI3BIFYIIBUIBIK,
tynsipaasl (Ullah et al., 2016, Nyingi Wambua et al., 2021).

Uwma nonzepi TaraMIbIK TATIIBIKTAPFa, )KapThUIalKaHbIKIIAFaH Mai KbIIKbUIIapbIHA,
ocipece a-TMHOJIEH KBIIIKBIIbIHA (-3), aIMacThIPhIIMAHTBIH AMUHKBIIKBUIIAPEI O0ap
TOJIBIKKYH/BI aKybI3fa, coHAan-aK ¢pocdop, KaabUuid, MarHUid, TEMip, MBIPBIII JKOHE
KaJIMii CUSIKTHI MUHEpangapra, nopymenepre (A, B, K, E, D) »koHe antnokcuaanTTapra
0aii (Kulczynski et al., 2019; Knez Hrncic et al., 2019). ConbiMeH Katap, 4ua A9HIepi
AlKbIH aHTHOKCUIAHTTHIK KaCHETTep OCPETiH KBEPLUETHH, PYTHH KOHE IaJll KbIIIKbLIbI
CUSIKTBI OMo(IaBOHOUTAPIBIH K631 0okl Tadbinaabl (Kulczynski et al., 2019).

Hamouda >xone T.0. aBTOpnap e3 3epTTeynepiHie HOTypT MeH cy30e CHSKTHI
CYT eHiMAEpiHEe 4Ma JASHIH KOCY KYpPBUIBIMIBI JKaKCapTaThIHBIH, CaKTay MEp3iMiH
y3apTaTblHBIH JKOHE TaFaMABIK TaNIIBIKTBIH KypaMbl MEH aHTHOKCHIAHTTBHIK
OelceHIimiKTI apTThIpaThiHbIH KepcerTi (Hamouda et al., 2025). Uua nonnepin
MmicipiireH TaraMaapja, DIIOTEHCI3 eHIMIEepAe JKOHE CYT OHIMIEpiHAe KOJAaHy
OoiibHIIa 3epTTeynepre Kapamactad (Miranda-Ramos et al., 2020; Ahmed et al., 2020;
Guiotto et al., 2020; Hamouda et al., 2025), onapapl MaiichI3IaHABIPBUTFAH CY30€e/1e
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OHBIH TaraMIBIK JKoHE (YHKIHOHAIJBIK KYHIBUIBIFBIH apTTHIPY YILIiH KOJNAAHY oii
TOJBIK 3epTTenMereH. COHIBIKTAH, Yha AOHJIEPiHIH MalCBI3AaHIBIPbUIFaH CY30€HIH
XUMUSIIBIK ~ KypamMblHA, OpPraHOJNENTHKAIBIK KAaCHETTEepiHe, aHTHOKCHIAHTTHIK
OeJICeHNIriHEe KOHE KYPBUIBIMIBIK CHUIaTTaMallapblHa ocepiH Oarayiay MaHBI3IBL.
3epTTeyniH MakcaTbl YHWa JOHACPIHIH MalCBhI3OaHIBIPbUIFAH CY30€HIH (u3uKa-
XUMUSIIBIK KOPCETKIMITEpiHE )KOHE MHUHEPAIABIK KypaMblHa dCEPiH 3epTTey OONIbI.

9nedon moury. CoHFbIKbUIIAPHI QYHKIHMOHAIIBIK TaFaM OHIMAEPIH OHAIpYIe 0CIMIIK
TEKTeC MIMKI3aTThl KOJAaHy KeHiHeH aambin kenedi. OcblHOAH WHIPEIUEHTTEPAIH
0ipi — Salvia hispanica L. (una nouzaepi). FeutbiMu 3eprTeynaep KepceTkeHAeH, una
JOHJIEPI KOFAPBI TaFaMJBIK jKOHE OMOJIOTHSUIBIK, KYHABUIBIKKA M€, COHIBIKTAH OJap/ibl
CYT OHIMJEpiH, COHBIH ILIiHIE MalCBhI3AaHIBIPbUIFaH CYy30€H] OabITy YIUiH KONIaHy
©3eKkTi Ooybin TaObUIaAbl. Uma AoHIEPIHIH XUMUSUIBIK KypaMbl JKOFapbl JeHrene
TeHrepinred. Salvia hispanica noHAEpiHIH KypamblHIa aKybl3 medmiepi 15-25%,
Mmaiinap 30-33%, an TaraMabIK TanmbikTap 30%-/1aH KOFaphl SKEHIIT aHBIKTAJIFaH.
CoHBIMEH Karap, olapiblH KypaMbIHIa O-JTHHOJEH KBIIIKBUIBI CHSIKTHI OMera-3 mai
KbIIKbUIAaphl 0ackiM keneni (Capitani et al., 2012; Ullah et al., 2016).

Yua noHAepiHIH epeKile KacHeTTepiHiH Oipi — onapAblH >KOFapbhl MeJIIEpAC
MUHEPAIBIK 3aTTapAbl KAMTYBL. 3epTTeyaepre ColKec, OapIblH KYpaMbIHIa KaJbIHi
(560-800 mr/100 r), maramii (300400 mr/100 r), docdop koHE TeMip CHIKTHI
ANIEMEHTTED eAQyip MeuiiepAe Ke3aeceai. by kepceTkimTep KenTereH JocTypii A19HA1
naxeiiapMen cansicTeiprana sxorapsl (Ullah et al., 2016). Ocbiran OaitaHbICTBI YHa
TYKBIMAAPBIH CYT OHIMIEpiHE KOCY OJapIblH MUHEPAIIBbIK KYHIBUIBIFBIH apTThIpYyFa
MYMKIiHIIK Gepeni.

Uua noHACpiHIH MaHBI3bl TEXHOJOTHSUIBIK KACHETTEpiHIH Oipi — oyapabig
KYpaMbIHJAaFbl JKOFapbl MOJEKYJalbl MNOJIMCAaXapUATEpAiH OoilyblHa OalIaHBICTHI
CYZIbl KapKbIHIIbI CIHIPII, Tellb TOPi3Al KYPBUIBIM TYy3y KaOineTi OOoJbi TaObuLIafbl.
lunparamust kesinne Salvia hispanica noHaepi MyIwiIarellb TY3il, KOFapbl Cy
0aliJIaHBICTBIPY JKOHE TYTKBIPIBIK KacHETTEpiH KepceTedi, Oysl onapiblH Taram
OHIMJIepiHie TaOUFH KOIOJIAaHABIPFBILITAD, TYPAKTAHBIPFBILITAP, SMYJIbraTopiiap xKoHe
refib TY3YIi areHTTep peTiHae KOMAaHbUTybIHa MyMKiHAIK Oepeni (Briitsch et al., 2019;
Muiioz et al., 2013). ConbiMeH KaTap, Yna JoHAEPiHiH PEOJOTHsUIbIK KACUETTEPl OHBIH
QJICi3 TeJIb THUITIHE JKaTaThIHBIH KOPCETe 1, Oy OHIMHIH KYPBUIBIMBIH TYPAaKTaHbIPHII,
OHBIH OIpTEKTiNIriH apTTHIpyFa BIKMAJ eTeli. 3epTTeyiepre colikec, una Heri3iHaeri
THIPOKOJUIOUATAP TaraM KYHelepiH[ae CHHEepe3uc KYOBUIBICBIH TOMEHIETIIN, BUIFal
ycTay KaOineTiH apTThIpabl, HOTHXKECIHIE OHIMHIH TEKCTYpachl jKaKcapbll, CaKTay
TYPaKTBUIBIFBI KoFapbutaiiasl (Goh et al., 2016).

MaiicbI3manapIpbliFal cy30e — JKOFapbl aKybI3bl, Oipak Mail Meiiepi TOMeH
oHiM. OHBIH HETI3ri KeMIIUTIKTepiHe KYpFaK KOHCHCTEHLUS, TOMEH IUIACTHKAJBIFbI
KOHE capbICynblH OeniHyiHe Oedimmimiri »karaigsl. OCbl TYpFBIAAH aifaHAa, 4yua
JIOHIEPIH KOCYy OHIMHIH KYPBUIBIMABIK-MEXaHUKANbIK KACHETTEPIH JKaKCapTYAbIH
THIMAI Tocii Oonbin TadbuTafbl. Una KypaMbIHIAFbl €pirill TalIIIbIKTap MEH Telb
TY3YLLi 3aTTap Cy30€HiH bUIFall ycTay KaOieTiH apTTBIPBII, OHBIH HA31K KOHE O1pTEeKTi
KOHCUCTEHIUSICHIH KAMTaMachl3 eTeIi.
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3eprTey HbBICAaHBI MeH JuicTepi. 3eprreyre MaiichinaHablpeiFaH cyT, Chr.
Hansen (Jlanus) KoMIaHUSICBIHBIH, KOMMEPLMSUTBIK YHBITKBICH], Yna AoHaepi (Salvia
hispanica L.) xoHe CTeBHsI YHTarbl ayJbIHABL. Maiceizganasipeuiran cyT 80 + 2°C
temneparypaaa 30 cekyHI macTtepieHeli, conaH KeiiH (epMeHTanus nmpoueci yiiH
OHTAIIIBI TeMIieparypa 0okl TadbuiaThid 28 + 2°C jeliiH caaKbIHAaThIIaIbI.

JaiibiHaanfad cyTKke KOMMEPLHSUTBIK YHBITKBIHBIH | %-bI KOcbU1aabl. @epMeHTaus
80-90°T TuTpJICeHETIH KBIMIKBULIBIKKA XCTKCHIIE JXOHE Cy30e YHBIHABICHI Maiiaa
oonranma 30 + 2°C temnepatypaga 6-8 carar Oolibl XKyprizijeni. AJbIHFaH cy30e
YUBIHIBICEIHAH capbicy OemiHeni. Jlalibia cy30e maccackina 0,2-0,6% cTeBUs YHTAFbI
xoHe 2% umna JoHepi KOChUIabl. ANBIHFaH KocIa O1pKeJKi KOHCUCTEHIUSFA JKETKEeHIIIe
5-10 MUHYT OOBI MYKHSAT apalacThIPbUIABI, COAaH KeHiH JaibiH cy30e eHiMi (4 £ 2)
°C rteMmmeparypara JciiH cankbHAAThULABL. Yna moHmepi nuctmigenreH cyaa (1:10
KarbiHackl, 25 °C) 10 MuHyT OO¥BI anjblH ana KiOITiAreHHEH KeHiH KOCBUIIbI, Oy
OJIapABbIH iCIHY1H KaMTaMachl3 €TTi )KoHE OHIMHIH CyChI3IaHybIHA KOJ OepMei.

Haiibia cy30e yariiaepiHiH (U3MKa-XUMHSUIBIK Kypambl >KalIlbl KaObUIIaHFaH
CTaHIAPTTBl OMICTEpAl KOJJAHY apKbUIBl KeIIeHII TYpAE aHBIKTaIIbl. Opoip
KOPCETKILl THICTI HOPMATHMBTIK Ky)KaTrTapra coiikec OipHemle peT KalTalaHbII,
HOTHKEJIEP/IiH HaKThUIBIFBI KaMTaMachl3 eTuii. bliranapuisik Memepi yaritepai 105
°C teMmmepaTypaja TypakThl Maccara JeiiH KenTipy apKpuibl aHblKTanabsl (MEMCT
3626-73). byn ozic eHIM KYpaMbIHJIAFbl €PKiH KoHE OaillaHBICKAH BUIFAJIIBIH KaJIIbl
MeJIIIepiH 1o Oaranayra MyMKiHAIK Oepeni. XKanmel akys3 Menmiepi Keenbaan omici
ooiibiaa (MEMCT 23327-98) aHbIKTaNAbl, SFHA YATI KYpPaMbIHIAFbl OPraHUKAJIBIK
a30T KYKIPT KbIIIKBUTBIMEH MUHEPAIJaH IBIPBUIBII, TY31JIreH aMMHAK THTPJICY apKbLIbI
€CenTen/li, HOTHKECIHE aKybI3bIH JKaJIbl MOJIIIEP] aHBIKTAJIIBI.

Maii memepi KbIIIKbUT SKCTPAKLIUAChIHAH XKOHE eHTpUudyranay apKplbl OeiHi,
I'epbep aniciven (MEMCT 5867-90) anblkTanmbl, Oy 91ic CYT OHIMIEpPIiHACTI Mai
(paKkUMACHIH >KeleNn JKOHE JKETKITIKTI ASMAiKIeH OarajayFa MYMKIHIIK Oepeni.
TaramMIpIK TaJIIIBIKTAPABIH MeJIIepi CTaHAAPTTHl (PepMEHTATHUBTI-IPABUMETPHUSIBIK
onic 6otibiama (MEMCT 34844-2022) aHbIKTambll, GEPMEHTTIK OHJICY HOTHIKECIHIC
KOPBITBUIMANTBIH KaJIIBIK Maccachl enmeni. Kyn memepi yarinepai mydens neminae
550 °C Temmeparypana TypakThl Maccara AediH kary apKpUibl aHbIKTanasl (MEMCT
3626-73), Oyn eHiMaeri MUHepalIbl 3aTTapAblH JKAJIIMbl MONIIEPiH CHUIATTaiIb.
Cyrexkrik kepcetkim (pH) annein ana xanuOpienren pH-MeTp KeMeriMeH enmeH[i
(MEMCT 26781-85), an TutpieHeTiH KpIUKbULABIK (°T) cinTi epiTinaiciMeH TUTpiey
apkpubl aHbIKTAIABl (MEMCT 3624-92), Oy KepCceTKImTep OHIMHIH KbIITKBUIIBIK
JCHTeHiH KoHEe (epMEHTALUS I9PEIKECIH cuIaTTaiiibl.

MunepalblK Kypamabl Oaranay YIIiH KalbLUuH MeJepi KOMIUIEKCOHOMETPHSIIBIK
TUTPIICY 9AiciMeH, ail Gpochop Memepi MOINOIATOMETPHUSIIBIK dJIICTICH aHBIKTAJIJIbI,
Oyt omicTep MUHEpANIbI DIIEMEHTTEPAIH CaHABIK KYPaMbIH JIJI aHBIKTAayFa MYMKIHJIIK
Oepeni. bapnbik Tanmaynap 3—5 peT KalTanaHBIN, aJbIHFAH HOTIDKENEPIiH OpTaria
apru(MeTHKaIBIK MOHAEP] ecenTeni.

3eprTey HoTHIKeepi. Cy30e — KypaMblHAa OHAll CIHETiH aKybI3lap, MUHEpaJaap
XKoHe Oacka Ja OHMONOTHSUIBIK OENCeHIli KOMIIOHEHTTEp Oap JKOFaphl TaraMIbIK
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KYH/BUIBIFBL Oap ASCTYPIIi alIBITBUIFAH CYT OHIMI. byJ eHiMIepAiH GU3nKa-XUMHSITBIK,
KacueTTepi — bUIFall, aKybl3, Mai, KyJ Meiuiepi, OeJCeHIi >XoHE THUTPJICHETIH
KbIUKBUIABIK (pH koHe °T) — eHIM camachkl MeH cakTay »KOHE TYTHIHY Ke3iHueri
TYPaKTBUIBIFBIHBIH MAHBI3bl KOPCETKIIITEPI OOMBIN TaObLIAIBI.

MaiicbI3nanapIpblIFal  IpIMIIIKTIH ~ (U3UKA-XUMHSJIBIK ~KOPCETKIIITEpi OHBIH
TaFaMJbIK ~ KYHABUIBIFBIH, KYPBUIBIMABIK KAaCHETTEPiH JKOHE TEXHOJOTHSUIBIK
TYPaKTBUIBIFBIH CUIIATTANTBIH HET13T1 KOPCETKIIITEp OOMbIN TaObLIAIbI.

3eprrey OapbichiHIa OaKblIay YATiCi MEH Una A9HAEPiMEeH OallbIThUIFaH YITrinepaeri
KBILIKBUIABIK mapamerpiep (pH jkoHe THUTpIEHETiH KBIMIKBUIABIK) aHBIKTAIIbI.
Hotwmwxkenep 1-cypeTte KepceTinren.

4,62 4,58

MaijichI21aHABIPELIFaH cy30e Yua KOCBLIFaH
(6axwLnay yarici) MalichI3JaHLIPLLIFAH cy3be

m Keimkeinasix, 0T pH

Cypet 1 — Cy36e yurinepinin pH MoHI MEH THTpIICY KbIIIKbULIBIFBI, °T

AJBIHFaH 3€pTTEY HOTHXKEJEPl MaWChI3AaHIBIPhUIFAH Cy30ere 4yua JOHIH KOCYy
KBIIKBLIIBIK KOPCETKIIITEPIHE alTapiIbIKTall 9Cep €TIEUTIHIH, SFHU TEXHOJIOTUSIBIK
MPOIECTIH TYPAKTBUIBIFBI CaKTaJaThIHBIH KepCceTTi. bakpuiay yiriciHie TUTpIEy
KbIIKBLIBIFBL 178,9 °T Oosica, una J1oHI KocbutFaH yirige on 177,8 °T-ra neitin
ToMeHAeni. AOcomoTTIK aipipMambiblk 1,1 °T kypanasl. Byn  aiiblpMamibuibiK,
TOXKIPUOEITIK KaTesiK IIEriHe )KaKbIH )KOHE TEXHOJOTHUSIIBIK TYPFBIIAH eIyl e3repic
peTiHAe KapacThIPbUIMAN/bl, SFHU (DePMEHTAIMs MPOIECCIHIH KApKBIHIABUIBIFBI MEH
CYTKBILIKBUIIBI MUKPO(IOpaHblH OCICEHIITIrHEe Yha JOHACPIHIH alKbIH TEXKeyI
ocepi OalikammaraH.

pH wmoniHiH 4,62-nen 4,58-re neiin Tomenneyi (anbipmambuibiK: 0,04 Gipiik)
OHIMHIH CoJ1 KBIIIKbUIJAaHFAHBIH KOPCETKCHIMEH, OYJI e3repic Te allbIThUIFaH CYT
OHIMJICPIHE TOH KAJIBINThI JUANla30HHAH IIBIKIIaN 16l MyH/Ial 63repicTi una JoHIepiHIH
KYpaMBbIHAAFbl THIPOGUIB/I TTONUCAXapUITEP/IiH Cy (Pa3achblH KYPbUIBIM/IAYbI, COHBIH
HOTHKECIHJIE KBIIIKBUT KOMIOHEHTTEPiH OipKeNKi Tapamybl jKOHE MPOTOHAAPIIBIH
JIOKAJIb/IbI KOHIICHTPAIIMSACHIHBIH ©3repyiMeH TycCiHipyre Oonaabl. COHBIMEH Katap,
4yua JIoHepi (hepMeHTAINS TPOLECIHE TIKeJIeH KaThbICIIaFaHbIMEH, OPTa TYTKBIPJIBIFBIH
apTThIPYy AapKbUIBl CYTKBIIIKBUIBI OaKTePUSUIAPABIH METa00IM3M  OHIMICPIHIH
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IuQdy3usiceiHa )KaHAMa 9Ccep €Tyl MYMKiH.

KpIIKBUIABIKTEIH TYPaKThl ACHIeHe CaKTalybl MUKPOOHOIOTHSIIBIK Kayilci3mik
TYPFBICBIHAH MaHbI3IbI, ce0edi pH MoHi mamaceiHblH 4,5—4,6 apaibiFbiHIa 00Ty
MaTOTeH/Ii KOHE IAapPTTHI-IaTOTeHII MUKPOOPTaHU3MIEPAiH JaMybIH Texeiai. byt o3
Ke3€eriH/e OHIMHIH CaKTay TYPaKTBUIBIFBIH apTThIpyFa bIKnana ereni. CoHbIMEH Karap,
TUTpJICY KBIIIKBIIABIFEI MeH pH MoHiI KepceTKimTepiHiy yiueciMai e3repyi Oydeprix
KyHenepaiq (aKybl3gap MEH MHHEpalIbl TY3AapAblH) TYPAaKThl KYMBIC 1CTEHTIHIH
KepCceTe/Ii.

Ochunaiiiia, Xypri3uireH tajujgay 4ua JOHIEPIH KOCy CY30€HIH KbIIIKBUIIBIK Tere-
TEHAIriH Oy30alTHIHBIH, (PepMEeHTaluuss NPOLECIHIH KaJBbINThl JKYPYIH KaMTaMmachl3
CTETIHIH JKOHE OHIMHIH MHUKPOOMOJIOTUSIIBIK KayilCi3[iri MEH TEXHOJIOTHSIIBIK
TYPaKTBUIBIFBIH CaKTail OTBIPBIN, OHBIH (DYHKIMOHAJABIK KACHETTEPiH apTThIpyFa
MYMKIHJIIK OSpEeTiHIH AoJIenIeh .

Cy30e ynrinepiHiH OMOXMMHMSIBIK KYpPaMmblH aHBIKTAy MaKCaTbIHIA XHMUSIBIK
KypaMbIHa TaJay *Ypri3iiai, alnblHFaH HOTHKEJIEp 2-CypeTTe KeNTipiiireH.

80 %

71,5 72,8

70 |

60

50 |

40

30 |

20 15,6 15,8

10
0,7 0,73 0,72 0,8 1,24

0

blaraaasin AKYBI3ILIH Maiiasin Kyn TaramMabIK
MaccalbIK yleci MaccalblK yiaeci Maccaiblk yiaeci TATIBIK

= Maiiceiz1anasIpeLIFaH cy36e mYna JoHi KOCBLIFAH MalicBI3JaHALIPLLIFAH cy30e

Cypert 2 — Cy36e yirinepiniH OHOXUMHUSUIBIK KYpaMbl, %

Tankpuiay. Tangay HoTHXKeNnepi MaiChI3aHABIPbUIFaH cy30ere uua JIOHIH KOCy
OHBIH (DU3MKA-XUMUSIBIK KypaMbIHa KEIICH I OH dCep eTEeTiHIH KepceTTi. blinranabiy
MaccaiblK yaecinin 71,5 %-mgan 72,8 %-ra geitin aptys (1,3 %) uma gonnmepinmeri
TUAPOPHMIIBII  TaFaMJIbIK TaJIIBIKTAPJAbIH, ocCipece epirim HojaucaxapuarepIiH
cy OaifmaHbICTBIpy KaOineTiMeH TyciHmipiieni. bym KyObuibic eHIMHIH cy ycTay
KaOUTEeTIH KYIISHTIN, CHHEpE3HC (CaphICyAbIH 0OIiHY1) MEHIeHiH TOMEHICTYTE KOHE
KOHCHCTEHIIMSHBIH TYPAKThUIBIFBIH apTThIpyFa bIKHan erefi. HoTmwkecinae cy30eHiH
KYPBUIBIMBI THIFBI3 opi OipTexTi Oona Tycei.

AKyBI3IBIH MaccasblK yiecinin 15,6 %-man 15,8 %-ra gmeitin aptysr (0,2 %)
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aiiTapnbIKTaii yIKeH e3repic Oonmaca J1a, 4na AOHJEPiHiH KOCBIMIIA OCIMIIK aKybI3bl
KO3 peTiHAe OHIMHIH aMHHKBIIIKBUIABIK KYPaMbIH TOJBIKTBIPYFa KaTbICATHIHBIH
kepcereni. byn, ocipece, (QyHKUMOHANABIK TaraM TYPFBICBIHAH MaHbBI3IbI, ceOedi
OCIMJIK JKOHE CYT aKybI3AapbIHBIH KOMOWHAIMACH OHOJIOTHSUIBIK KYHJBUIBIKTBI
apTTBHIPYBl MYMKiH. Maii Menmuepinin 0,70-ten 0,73 %-ra neitin e3repyi (0,03 %) ete
a3 ’KOHE TEXHOJIOTHSIIBIK TYPFBIIAH eJieylli eMec, SFHU OHIMHIH MaichI31aHAbIPbUTFaH
CHIIaThl CaKTaJIFaH.

Kyn wmemmepiniyg 0,72 %-man 0,80 %-ra neitin sxorapsutaysl (0,08 %) uma
JIOHIEPIHIH MUHEPAIIbIK KYPaMBIHBIH JKOFapel OonybIMeH OainaHbicThl. by
KOPCETKILl OHIMJETri >Kallbl MHHEpalAbl 3arTapAblH (ocipece KajblMid, MarHui,
¢dochop) KOHIEHTPALUUSACBIHBIH apTKaHbIH XaHama Typae nanenaeiai. CoHbIMeH
Karap, TaraMJblK TalUbIKTapAbiH 1,24 % wMemnmepinne mnaiina Ooxybsl OHIMHIH
(YHKUMOHANABIK OaFbITBIH alKbIHAANWAbI, ce0e0i MyHIOall TaIIbIKTap ac KOPBITY
XKyHeciHe oH acep eTil, MPeOHOTHUKAIBIK KAaCHET KOpPCEeTyl MYMKIiH.

AtanraH e3repicTepAiH OapibIFbl e3apa OalJaHBICTBI: TaraMJIbIK TaJIIBIKTaPAbIH
cy OalJaHbICTBIPY KaOileTi BUIFANIBUIIBIKTEI apTThIPCa, MHUHEPANIBIK KYPaMHBIH
YKOFapbUIaybl KYJ MOJILEPiHiH ecyiHe oKeleai, ajl aKybI3/bIH a3/al apTybl OHIMHIH
TaFaMJbIK KYHIBUIBIFBIH  TOJBIKTBIpaAbl. Byl peTrre Herisri TeXHOJOTHSUIBIK,
napaMeTpiepain (Mail Memmiepi, KYpbBUIBIM TYPAKTBUIBIFBI) CaKTalybl ©HIMHIH
OHJIPICTIK TYPFBIIAH KapaMABUIBIFBIH KOPCETE .

Ocbunaiinna, anplHFaH HOTHIKENEp 4Ma JAQHACPIH MalCBhI3NaHIBIPBUIFAH cy30ere
KOCY OHIMHIH TaraMJbIK >KOHE (YHKIHUOHAIJBIK KYHABUIBIFBIH apTThIpa OTBIPHII,
OHBIH HETi3r1 TEXHOJIOTHSUIBIK CHIIaTTaMajapblH CaKTaWTBIHBIH KepceTeli. 3eprrey
OapbIChIHAA 4Ma JASHAEPiHIH cy30e KypaMblHIAFbl MHUHEpalbl 3aTTapra dcepiHe
Tanay KYpri3iii, ajJblHFaH HOTHKEIEp TOMEHETI 3-CypeTTe KeNTipiareH.

250

[ mr/100r
201,8

200 | 184,6
150
100

50 |

0 1
Maiics3aaHABIPELIFAH cy30e Yua 19Hi KOCBLIFAH

MalcBI3JaHLIPLLIFAH cy30e

s Kansnuii = ®ocdop

Cypet 3 — Cy30e yirinepi KypamblHAarsl Kajibiuii MeH Gochop memrepi, mr/100r

20



Volume 1, Number 466 (2026)

ANBIHFAH Tajjay HOTWXKENepi MalChI3OaHIbIpbUIFaH cy30eHi 2% una NoHIMeH
0alibITy OHBIH MHHEPAJABIK KypaMblHA aiiKblH OH ocep eTeTiHiH kepceTTi. Kampumii
meuepi 116,9-gan 128,98 mr/100 r-ra geiiH apTThl, SFHU a0COMIOTTIK ocim 12,08
mr/100 T (128,98 — 116,9 = 12,08), 6y mamamen 10,3% canpIiCThIpMalibl ©CIM/II
kypaiinel. @ochop memmepi 184,6-man 201,80 mr/100 r-ra jeiiiH >KOFapbuIall,
abcomoTTik ecim 17,2 mr/100 1, sram mamamed 9,3% aptkan. by kepcerkimTep una
JIOHJICPiHIH MHUHEPAJJIBIK 3JIEMEHTTEpTe 0all eKeH/IITIH JKOHE OJIap/bIH CYT OHIMICpiHe
KOCy THIMII eKeHiH monenpeiini. Kampimii Men docdopasin Oip Mesriige apTysl
onapablH e3apa KarbiHachiHbIH (Ca:P) cakramyeiHa myMmkiHgik Oepeni. bakbuiay
yJiricinge Oyn kateiHac mamameH 0,63-ke TeH, aln 4ua JQHJEpl KOCBUIFaH YATize
0,64 mamaceiaga Oonajsl. byt MoHaepiH Oip-OipiHe KaKbIH 0OTYBl MUHEPAIapAbIH
Tele-TeHITIHIH OY3blIMaFaHbIH KepceTedi. FhulbiMM TypFbiiaH anranjga, Ca:P
KAaTBIHACBIHBIH TYPAKTBUIBIFBI KaJbIMUIIH THIMII CiHIpiTyl YIIiH MaHBI3IBI (aKTop
Oonbin TabObaabl, cebebi (pocoplablH mamaaaH ThIC HEMECE JKETKINIKCi3 Oomysl
KaJIbIUAAIH OMOKETIMALTITIHE Kepi acep eTyl MYMKIH.

MuHepalblK KypaMHBIH JKOFapbliaybl TEK CaHABIK ©3repic KaHa eMec, COHbIMEH
Katap ©HIMHIH (YHKUMOHAJJIBIK MaHBI3bIH apTTHIPAThIH CalaIbIK KOPCETKIIl OOJbII
TaObuiazpl. Yua JOHICpiHIErl Kalbluid KeOiHece OpraHuKaiblK OalIaHBICKaH
¢dopmana Gonaapl, OyJ1 OHBIH aCKOPBITY JKYHeCiHJe JKaKChl epil, CiHipilyiHe bIKHas
ereni. COHBIMEH Karap, 4ua JOHIEpi KypaMbIHAArbl TaFaMIblK TaJIBIKTAp MEH
(UTOXMMUSIIBIK  KOCBUIBICTap MHMHEPAJAApIbIH IMIEK apKbUIBl TachIMajJaHybIHa
KaHama Typze ocep etyi MyMkiH. Cy30e — Taburu Typae KaJibLuiire 0aii oHiM, ajl OHBI
OCIMJIK TEKTI MUHEpasl Ko3[AepiMEH TONBIKTBHIPY CHHEPreTHKAIBIK acep Oepeni. by
ocipece OCTEONMOpPO3AbIH AJAbIH ajy, CYHEK TiHIHIH MUHEpalJaHyblH KOJIJdy *KoHE
JKaJIlbl MUHEPAJBIK alMacydbl )KaKcapTy TYpFbICBIHAH MaHbI3abl. COHBIMEH Karap,
MUHEpaNIBbIK KYPaMHBIH apTybl ©HIMHIH TaraM/IbIK KYHIBUIBIFBIH KOFApPbUIATHII KaHa
KolMaii, OHbI ()YHKIIMOHAJAbI TaFaMJap CaHaThIHA JKAaTKbI3yFa Heri3 Ooyabl.

Ocbunaiinna, XYpri3iireH Tajjay 4ua JASHAEPIH MailiChI3NaHAbIpbUIFaH cy30ere
KoCy KaibUuii MeH (ochop MeJepiH apTThpy apKbUIBI ©HIMHIH MHHEpAJIBIK
KYH/BUIBIFBIH €A9Yip jkaKcapTaThiHbH, Ca:P KaThIHACHIHBIH (PU3HOIOTHSITBIK KOJAMIIBI
JICHTeHiH CaKTaWThIHBIH JKOHE OHBI CYMEK TiHIHIH MeTa0OoJau3Mi YIIiH MaHBI3bI
(YHKUMOHANIBI TaFaM ©HIMiI peTiHAE KapacTbhIpyFa MYMKIHIIK OepeTiHiH FbUIBIMU
TYPFBLIAH AQJENACHII.

KopsiTeinasl.  KopbITBIHABUIAH — Kelle  JKYpri3iireH  3epTTey  HOTHXKelepi
MalchI3aanabIpbulran cy30eHi (curd product) una nenaepimen (Salvia hispanica
L.) GaifbITy OHBIH camajblK KOPCETKIITepiHe KEIIeHAl OH dcep €TETiHiH FhUIBIMU
TyprbLian Herizaeini. ToxipuOenik aepexrepai Tangay OapbIChIHAA ©HIMHIH HETi3r1
(U3NKA-XUMUSITBIK, OMOXMMUSUIBIK JKOHE MHHEPaIAbIK KOPCETKILITEPiHIH e3repy
3aHBUIBIKTAPbl aHBIKTAJIIBI.

AHbIKTanFaHaai, yna AoHAepiH 2% Memmieple eHrizy Cy30€HiH BUIFajIbUIBIK
nenreitin 71,5%-nan 72,8%-ra geiiin apTTeipAbl. bys esrepic uma KypaMbIHIarbl
ruapouIbl  MOJHCAaXapuATEpAiH JKOFapbl Cy OaillaHBICTBIPY KaOileTiMeH
TYCIHAIpINIei, HOTHXKECIHJIE OHIMHIH KOHCHCTEHIUSICHI YKAKCAPBII, KYPBUIBIMJIBIK
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TYPaKTBUIBIFBI apTajbl. AKybI3 MedmiepiHiH 15,6%-nan 15,8%-ra aeiliH 1mamaisl
ecyl uua JoHJEPiHIH KOCHIMINA ©CIMIIK TEKTeC aKybl3 Ke3i eKeHiH kepcereni. Mait
meumepinig  0,70-0,73% apanblFblHAa CaKTallybl OHIMHIH MAaNCBI3IaHIABIPhUIFAH
CUTIATBIHBIH ©3TePMETeHIH QeI ICH .

MunepangbplK KypaMfa JKYPri3UIreH Taijay HOTIJKeNIepl KalblUid MeJIepiHiH
116,9-man 128,98 mr/100 r-ra neiiin, an ¢pochopasie 184,6-gan 201,80 mr/100 r-ra
JeiiH apTKaHbIH KepceTTi. by kepceTkiTep eHIMHIH OMOTOTHAIIBIK KYHBUTBIFBIHBIH
JKOFapbUIaFaHblH KOHE KaublUid MeH (ochopibliH e3apa KoJalibl KAaThIHACHIHBIH
CaKTaJFaHbIH aifrakraiael. COHBIMEH KaTap, TaraMJbIK TalmbIKTapabH (1,24%)
naiija 0oysl 3epTTEITeH OHIMHIH (YHKIIMOHAIIBIK TaFaM PETiHJIET] MaHBI3IbLIBIFBIH
apTTHIPAIbIL.

KBIIKBUIABIK KOPCETKIMTEPIH CaIbICTHIPMANBI TaJay OapbhICHIHAA TUTPICHETIH
KBIIKBUIABIKTEIH 178,9°T-nan 177,8°T-ra neliin a3gan TeMeHereHi sxone pH MoHiHIH
4,62-nen 4,58-re neiiH e3repreHi aHbIKTAIAbl. by albIpMalIbUIBIKTaApABIH [IaMAaChI
TEXHOJIOTHSUIBIK TYPFBIJIAaH €JIEYCi3 KOHE OHIMHIH alllbITBUIFaH CYT OHIMJEpiHE TOH
KBIIKBUIIBIK JAHANIa30HbIHJIA CAKTAIFAaHBIH KepceTeai. JleMek, una JoHIepiH eHTi3y
(hbepMeHTaIMS MTPOLIECIHE KOHE OHIMHIH MHUKPOOHOJIOTHSIIBIK TYPAKThUIBIFBIHA TEPIC
acep eTneii.

JKanmer anraHja, aNbplHFAaH HOTWIKENICP 4YHMa JISHJCPIH MalChI3aHIbIPbUIFaH
cy30ere KOCy OHIMHIH TaFaMJbIK JXKoHE (DYHKIMOHAJIBIK KYHJBUIBIFBIH apTThIpa
OTBIPBII, OHBIH HETI13T1 TEXHOJIOTHSUIBIK )KOHE CallalIbIK KOPCETKIMITEPiH CAaKTal ThIHBIH
nonenaeini. OcbiFan 0aiinaHbICThI, YHa AOHEPI MaChI3IaHABIPBUIFaH cy30e HeTi3iHae
(yHKLIMOHAJIBI TaFAM OHIMEPIiH d3ipiieyae THIMII )KoHE TIePCIeKTUBAIBI MHTPEIUCHT
peTiHe YCHIHBLIAIBI.
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Abstract. Medicinal plants represent an important natural source of biologically
active compounds. Among them, species from the Asteraceae family, together with
several representatives of the Urticaceae family, have long been used in traditional
medicine. In recent years, the growing demand for safe phytotherapeutic agents
and functional food ingredients has considerably increased scientific interest in the
investigation of their phytochemical composition and biological properties. The aim of
this study was to determine the quantitative content of the main groups of biologically
active substances in morphological parts of selected medicinal plants belonging to
different families and to identify plant organs characterized by the highest accumulation
of target compounds. Samples of Cichorium intybus, Helianthus tuberosus, Dahlia
evelines and Urtica dioica were collected in the Almaty region and separated into
aerial parts, including flowers, stems and leaves, for further analysis. Fiber content
was determined by the gravimetric method. Vitamin C, pectin substances and tannins
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were measured using titrimetric procedures. Flavonoids, polyphenols, anthocyanins,
phenolic acids and carotenoids were quantified photocolorimetrically with calibrated
standards. Total protein was evaluated by the Kjeldahl method, while fat and inulin
contents were assessed according to standard analytical protocols. The results
demonstrated that phytochemical composition varied considerably depending on plant
species and organ. The stem of Cichorium intybus showed the highest fiber content,
whereas its leaves accumulated larger amounts of inulin and carotene. Stems of Dahlia
evelines were characterized by elevated levels of anthocyanins and polyphenols. Urtica
dioica exhibited comparatively high concentrations of phenolic acids and tannins.
In general, leaves contained higher levels of antioxidant phenolic compounds than
flowers, reflecting organ-specific metabolic specialization. The obtained data confirm
the pharmacological and functional potential of the studied plants and support their use
as promising raw materials for phytopreparations and functional food ingredients, as
well as for future phytochemical and pharmacological research.

Keywords: Asteraceae, Urticaceae, Cichorium intybus, Helianthus tuberosus,
Dahlia evelines, Urtica dioica
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Annorauusi. Jlopinik eciMaikTep OHONOTHSIBIK OCNCeHII KOCBUIBICTAPAbIH
MaHBbI3/Ibl TAOUFHU K631 00k TaObLIaabl. Onap/abiH imniHae Asteraceae TYKbIMIachlHA
JKaTaThIH ©CIMJIIKTEp, coHman-ak Urticaceae TYKbIMIACHIHBIH KEHOIp OKUIIEp] XabIK
MeAWIUHACHIH/IA KeHiHeH Konaanbinansl. COHFBI XKbUIAAPHI Kayilci3 GUTOTepanusuIbIK,
Kypajjapra >koHe (YHKUHOHAJABIK TaraMIblK WHITPEIUCHTTEPre CYPaHbBICTHIH
apTybl oNapAblH (UTOXUMHSIBIK KYPaMbIH FBUIBIMH TYPFbIIAH 3€pTTeyre JAereH
KBI3BIFYIIBUIBIKTBL  ApPTTBIPIABL.  3€pPTTEYHiH Maxcarbl — OPTYpJi TYKbIMAacTapra
JKaraTblH TaHOalFaH OCIMIIKTepAiH MOPQOJIOTHIIBIK O6iKTepiHAeri OMOIOTHSIIBIK,
OeJceHi 3aTTapAblH HETi3r1 TONTAPbIHBIH CaHABIK KYpPaMblH aHBIKTAY KOHE MaKCaTThl
KOCBUIBICTApAbIH €H KOl >KMHAKTaJTybIMEH epEKIICICHETIH OCIMAIK MYyIlenepin
aikpraay. Cichorium intybus, Helianthus tuberosus, Dahlia evelines »xone Urtica
dioica eciMaikTepiHiH yarinepi AnMaTsl KalachlHAA >KUHAMbIN, KeHIHT1 Tajnay YIIiH
xep ycTi Oenikrepine (Tynaepi, cadakTapbl KOHE >KamblpaKTapbl) OemiHIl. Ocimaik
KypaMbIHJaFbl KJeyaTka MeJIepi rpaBUMeTpusuiblK; C 1opyMeHi, MeKTUHAIK 3aTrTap
KOHE TAHWHAEP TUTPUMETPHUSUIBIK; (pIaBOHOMATAp, MOTU(EHONAap, aHTOHAHUHAED,
(eHONM KBIIKBUIAAPEl MEH KapOTHHOHMITAp KaluOpiiey CTaHAApTTapblH KoJJaHa
OTBIPBITT  (DOTOKOIOPUMETPHSIIBIK  9ICTEPMEH aHBIKTAJAbl. AKYBI3ABIH MeIIepi
Kbenbnans omiciMeH, Maii MEH MHYJIMH MOJIILIEp] CTAaHAAPTTHI diCTeMeNepre coikec
Oarananapl. 3epTTey HOTHXKENepl OCIMIIKTEpAiH (UTOXUMUSIIBIK KypaMbl TYpiHE
xKoHe MopdonorusnblK Oejirine OainmaHbIcTBl ©3repeTiHiH kepcerTi. Cichorium
intybus cabakrapblHIa KJedyaTKa MeJIIEpi €H KOFapbl 0ojca, KalblpaKTapblHAA
WHYJIMH MEH KapOTHHHIH >XOFapbl JeHreili Oaiikanapl. Dahlia evelines caGaxTapsr
AQHTOLIMAaHUHAEP MEH MO (EHOIAAP IBIH KOFaphl KOHIIEHTPALUSACHIMEH €PEKILIEICHI].
Urtica dioica kypambiHAa (EHON KBIIKBUIAAPHl MEH TaHUHIEPIiH aHTapbIKTai
JKOFapbl JieHreii aHbIKTanabl. JKammel, sKanblpakTapia TYJIAEepMEH CalbICThIpFaHia
(eHONIBIK aHTHOKCHIAHTTAPABIH KOOIpeK >KMHAIybl OpraHfa TOH METa0OJIMKaJbIK
MaMaHJaHYJbIH alKbIH KOpiHici OOoJbIl TaObUIaAbl. AJIBIHFAH CaHIBIK JIEPEKTEp
3epTTENreH OCIMIAIKTepAiH (apMaKONOTUSIIBIK JKOHE (YHKIMOHAIABIK oJleyeTiH
Jonenaeini, ¢puronpenaparrap MeH (YHKIHOHANIBIK TaFaMIbIK OHIMIEpIAl OHIIpY
YIIiH €H NepCHeKTHBajbl OCIMIIK LIMKi3aThl MEH MYyILIEJepiH TaHJayFa FbUIBIMH
Heri3 Oepeni. ¥ ChIHBUIFaH HOTHIKEJIEP OCIM/IK INKI3aThIH MaKCaTThl TYPAE KUHAYIIBI
OHTaMJIaHABIPYFa KoHEe (PUTOXUMUSUIBIK OHIMACPIIH KaiTa OHIIpiay TYPaKTbUIBIFBIH
apTTBIPyFa MYMKIHJIK Oepeni.

Tyiiin ce3uep: Asteraceae, Urticaceae, Cichorium intybus, Helianthus tuberosus,
Dahlia evelines, Urtica dioica
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AHHoOTanusi. JIeKapCTBEHHbIC PACTEHUs SBISIOTCS BaXKHBIM  MPUPOIHBIM
MCTOYHUKOM OHOJOTUYECKH AKTHBHBIX COCIMHEHHUH, HIMPOKO MPUMEHSEMBIX B
(bapMakoIOTUM W MHUIIEBOH MPOMBIILICHHOCTH. OCOObIi HMHTEpPEC MPENCTABISIOT
pacTeHus cemelcTB Asteraceae u Urticaceae, akTUBHO HCIIOJNb3yeMble B HAapOIHOM
MeaMIMHe. B ycinoBusx pactymiero crnpoca Ha Oe3onacHble (UTOTEpANeBTHYECKHUE
CpelcTBa BO3pacTaeT HeOOXOANMOCTh HAYYHOT'0 aHAJIM3a MX (PUTOXMMHUYECKOTO COCTaBA.
Llenpro McClieOBaHMs SIBISETCS KOJMYCCTBEHHAS OICHKA CONIEPKAHUS OCHOBHBIX
rpymn OMOJOTMYECKH aKTHBHBIX BEIISCTB B PA3IHUYHBIX MOP(OIOrHYSCKHX OpraHax
JICKAPCTBEHHBIX PACTEHHH M BBISBJICHHE OPraHOB C MaKCHMaJbHBIM HAKOIJICHUEM
neneBbix coequHeHni. OObekTamu ucciepoBanus ciayxunu Cichorium intybus,
Helianthus tuberosus, Dahlia evelines u Urtica dioica, coOpaHHble B ATMaTHHCKOM
oOmactu. PacturenbHoe ChIppE OBUTO pa3feneHO0 Ha HaJ[3eMHbIE OpraHbl (I[BETKH,
ctednu 1 mucTh). CopeprkaHne KIeTYaTKH ONPeAeIIsiiIn TPaBUMETPUUECKIM METO/IOM;
BuTamMuH C, TIEKTUHOBBIC BEIIECTBA U TyOUJIbHBIC COCIUHEHUS - THTPUMETPUUICCKHU;
(braBoHOU/IBI, TMOMU(EHObI, AaHTOLUAHBI, (PEHOJbHBIC KHCIOTHI U KAPOTHHOMIBI -
(OTOKOIOPHUMETPUYECKN C MCIIONb30BAHMEM KalnOpPOBOYHBIX cTaHaapToB. Obmiee
coneprkanue Oeska onpenesnsuii MerogoM Keenbaans, a conepskaHue )UpPOB U MHYJINHA
- 10 CTaHAAapTHBIM MeTOAMKaM. Bce u3MepeHHs NPOBOAMINCH B IMOBTOPHOCTSX,
4TO O00ECIeYMBAIO JOCTOBEPHOCTb pE3yNIbTAaTOB. Pe3ynpraTel IOKa3aiu, 4YTO
(UTOXMMHUYECKHUI COCTAB CYIIECTBEHHO BAPbUPYET B 3aBUCUMOCTH OT BH/IA PACTCHUS
n ero mopdonornueckoir vactu. Crebnmu Cichorium intybus Xapakrepusyrorcs

27



ACADEMIC SCIENTIFIC JOURNAL OF CHEMISTRY

BBICOKUM COJICp)KaHHEM KIIETYATKH, TOTJA KaK JIMCThS COJEPKaT OOJIbIe MHYJIWHA
u kaporuHounoB. J{ns Dahlia evelines ycTaHOBJICHBI TOBBIIICHHBIC KOHICHTPALUU
aHToIMaHoB U noiudenonos B ctednsax. B Urtica dioica BBISIBIEHO BEICOKOE COZIEpKaHHE
(hbeHONBHBIX KHUCIIOT M JYOWIIBHBIX BEUISCTB. B 11€]10M JINCThs IEMOHCTPUPYIOT OoJiee
BBICOKYIO KOHIICHTPAILUIO0 (PEHOJIBHBIX aHTUOKCHIAHTOB 10 CPABHEHUIO C IBETKAMHU.
[TomydeHHbIe pe3yIbTaThl MOATBEPIKIAIOT BRICOKUIN (PapMaKOJIOTHUYSCKUN MOTCHITHAI
WCCJICIOBAaHHBIX PACTEHUH M MOTYT OBITh WCIOJL30BaHBI IPU BBIOOPE ChHIPhS IS
noJry4eHus (puTonpenapaToB U (PyHKIIMOHATBHBIX MHUIEBBIX HHIPEAUCHTOB

Kitouessie ciioBa: Asteraceae, Urticaceae, Cichorium intybus, Helianthus tuberosus,
Dabhlia evelines, Urtica dioica

Beenenne. CemelictBo Asteraceae (Compositae) OTHOCHTCS K UUCITY KPYTHEHIINX
1 HanOoyiee XUMUUYECKH Pa3HOOOpa3HbIX TPYI LBETKOBBIX PACTEHUH, BKIIOYAIOIINX
6osee 25 000 BUAOB, MIMPOKO PACIPOCTPAHEHHBIX B PA3NUYHBIX KIMMATHYECKHX U
IKOJIOTHYECKUX 30HaxX. [ [peacTaBuTe JaHHOTO CeMecTBa BCTPEUaloTCs ByMEPECHHBIX,
CyOTpPOIIMYECKHX W TPOMHMYECKUX PETHOHAX, BBIMOIHAS Ba)KHBIE HKOJIOTHYECKHE
¢yHKUMU U o0nazas 3HAYMTENBHOM SKOHOMHYECKOW IIEHHOCTHbIO. MHOTHE BHIBI
W3JIaBHA UCIIOJIB3YIOTCS B TPAJUIMOHHON MEIUIKHE, THIICBON MPAKTUKE U CEIHCKOM
X03s1CcTBE Onarogapsi 6oraroMy CoaepKaHuI0 OMOIOTHYECKH aKTHBHBIX COCTMHEHUH.
B nocnennue aecsaTuieTuss BO3POCUIMK HMHTEpEC K NPUPOTHBIM JIEKapCTBEHHBIM
cpeactBaM W (PyHKIMOHAJIBHBIM  MHUIIEBHIM  HHICPEJUEHTAM  CTUMYJIUPOBAI
AKTHBH3ALMIO UCCIIEOBAaHUN (PUTOXUMHUYECKOTO COCTaBa U OMOJOTHUECKUX CBOMCTB
pacTeHuil JTaHHOTO TAKCOHOMUYECKOTO TAaKCOHA.

Pactenns cemelicTBa Asteraceae SIBJISIIOTCSI LIGHHBIM MCTOYHHUKOM IOJU(EHOJIOB,
(I1aBOHOMIOB, KapOTHHOHMIOB, (EHONBHBIX KHCJIOT, MOJUCAXapuaoB H APYTHX
OMONIOTMYECKH  AKTHBHBIX  BEIIECTB,  OOJaJalOMKMX  aHTHOKCHIAHTHBIMH,
MPOTHBOBOCMATIUTEIbHBIMA,  aHTUMHUKPOOHBIMH M MMMYHOMOAYJIUPYIOLIMMH
CBOWCTBAMH. OJTH COEAMHEHHsI MIPalOT BaXKHYIO pOJb B TOAACPNKAHUU 3I0POBBS
YeNnoBeKa, CIOCOOCTBYS CHIDKCHHIO OKCHIATHBHOTO CTpecca, NpOQHIaKTHKE
XPOHUYECKUX 3a00JI€BaHUH U TIOAJEPKAHNIO METa0OIMUeCcKoro paBHoBecus. OcoObIi
HWHTEPEC BBI3BIBAIOT NPUPOAHBIC AHTHOKCHIAHTHI PACTUTENLHOTO MPOHMCXOXKICHUS,
CrocOOHBIE HEUTPATU30BaTh AKTUBHBIE (POPMBI KUCIOPOJA U YMEHbBLIATH KJIETOUYHBIC
MOBPEXICHHS, CBI3aHHBIC CO CTAPEHUEM M METAa00INYeCKUMH HapymeHusaMu. Kpome
TOTO, PSAJ IPEACTAaBUTENCH TaHHOTO CeMEHCTBA HAKAINIMBAET UHYINH - PPYKTaHOBBIN
MoJrcaxapuj, HM3BECTHBIM KaK NPUPONHBIH NPEOUOTHUK, KOTOPBIM CHOCOOCTBYET
Pa3BUTHIO TIOJIE3HON KHUIIEYHOW MHUKPO(MIOpPHI, yaydllaeT YCBOCHHE MHUHEPaIbHBIX
BEIIECTB U CIIOCOOCTBYET HOPMaJIM3alMK YITIEBOAHOTO OOMEHA.

Hecmotpst Ha 3HaYMTENBbHBIM O0BEM (PUTOXUMHUUECKHX HCCIENOBaHUH, 0COOCH-
HOCTHU pacipeeneHust OMOIOrHYECKH aKTHBHBIX COCAMHEHUH B pa3ivyHBIX MOp(ho-
JIOTHYECKUX OpraHax pacTeHUH OCTAaroTCs HEIOCTaTOYHO M3yueHHBbIMHU. HakoruieHue
MeTabOIUTOB B JIUCTHSX, CTEONSX, [IBETKAX U MOJI3EMHBIX OpraHaX MOXET CYIEeCTBEH-
HO pa3inyarhCsl B 3aBUCUMOCTH OT BHUIOBBIX 0COOEHHOCTEH MeTaboin3Ma, YCIOBHM
mpou3pacTaHusi U (QU3NONOTHYeCKUX (QYHKUMN TKaHel. Tak, TUCThs, MoABEprasch
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BO3/ICHCTBHIO YIBTPa(UOIETOBOTO U3IYUYCHHUSI U OKUCIUTEIBLHOIO CTpecca, 4acTo Xa-
pakTepu3yroTcsi 0ojiee BLICOKUM COepKaHUEM aHTHOKCHIAHTHBIX COSIMHEHH, TOT/Ia
KaK 3aIllacHbIe YIIIEBOJbl IPEUMYIIECTBEHHO HAKAMJIMBAIOTCS B CIIELMAIN3UPOBAHHBIX
opranax xpanenus. [lonumanune opranocnennuyeckix 3aKOHOMEpHOCTEH pacipese-
JeHUs METabOIUTOB UMEET BaXKHOE 3HAYEHHUE /ISl ONTHMU3ALUH HCIIOJIb30BaHUS pac-
TUTEILHOTO CBIPHsS, MOBBIIICHUS 2(Q(PEKTUBHOCTH HKCTPAKLIUN U oOecreueHus cTaH-
naptuzanud GuTohapManeBTHIECKUX U HY TPHLIEBTHUECKUX MTPOTYKTOB.

Cpenu MHOTOYMCIICHHBIX MpeICTaBUTENEHd ceMelcTBa Asteraceae 0COOBIH
Hay4HBId WHTEpEC BBI3BIBAIOT Takue BuAbl, kak Cichorium intybus, Helianthus
tuberosus, Dahlia evelines u Urtica dioica. OTu pacTeHus! UPOKO pacIpOCTPAHEHBI
u 0o0majaroT BBIpaXEHHOW (papMakoJIOrMYecKod M MHIEeBOW LeHHOCThIo. Cichorium
intybus xapakTepusyeTcsi BBICOKMM COACp)KaHHMEM HMHYAMHA M (EHOIBHBIX
COCIMHEHUH, CIOCOOCTBYIOIIMX aAHTUOKCHJAHTHOMY U T€NaTONpPOTEKTOPHOMY
apdexty. Helianthus tuberosus paccmarpuBaeTcss Kak NEpPCIEKTUBHBIH HMCTOYHUK
(YHKUMOHAJBHBIX YITICBOAOB M MPEOMOTHUKOB M AKTUBHO H3y4yaeTcss B KOHTEKCTE
pa3paboTku (PYHKIMOHAJIBHBIX MUIIEBBIX MpoxykToB. llpencraButenu poma Dahlia
OTJINYAIOTCS OOraTblM HUTMEHTHBIM COCTAaBOM, BKJIIOYAIOUIMM aHTOLUAHWHBI U
oMU QEHOIBI, 00JaNal0Ne BBIPAKEHHON aHTHMOKCHIAHTHOM akTHUBHOCTBIO. Urtica
dioica xapakTepusyeTcsi BBHICOKUM COZAEp)KaHHEM OelKa, MUHEpPaNbHBIX BEIISCTB U
(DEHONBHBIX COEAMHEHHH, YTO ONpeaesieT e€ 3HAYUTEIbHYIO MHUIIEBYIO U JIEYeOHYI0
LEHHOCTb.

HecmoTpst Ha 3HaYMTENBbHYIO MPAKTUYECKYIO LEHHOCTh YKa3aHHBIX PacTEHUH,
CpaBHUTEIbHBIE UCCIIEIOBAHUS pacpeesieH s ONOIOrHYeCKN aKTUBHBIX COSTMHEHUN
B Pa3NUYHBIX MOP(OJOTHUECKHX OpraHax OCTalTcs orpaHuueHHbIMH. llomoOHbIe
HCCIIeIOBaHUS HEOOXOAMMBI IS BBISIBICHUS OPraHOB pAacTeHUH C HanOOmbLIeH
KOHLEHTpalMed IeNeBbIX COCOUHEHWH M PAalUOHAIBHOTO  HCIIOJIb30BaHUS
PacTUTENBHBIX PECYPCOB.

Lenb HACTOSILETO MCCIIEAOBAHMS 3aKII0YaNach B KOJIMYECTBEHHOM OIpEesICHUH
OCHOBHBIX TIpynm OHOJOTMYECKHM aKTHBHBIX COCOUHEHHH B  Pa3IMUHBIX
MOp(OJOTrHUECKUX 4YacTsAX BBHIOpAHHBIX MpeACTaBUTENeH cemelicTBa Asteraceae,
MIPOU3PACTAIONINX B YCIOBHSX I0r0-BOCTOUHOro KaszaxcraHa, a Takke B BbISIBICHUH
OpPraHOB pPACTEHMI, XapaKTepU3YIOIIUXCS HAUOONBIINM HAKOIUICHHEM LIEJEBbIX
KOMIOHEHTOB. [lomyueHHbIe pe3yibTaTbl HampaBieHbl Ha HaydyHoe O0OCHOBaHHE
palMoOHaIBFHOTO UCTIONB30BAaHHS PACTHTENBHOTO CHIPBS, OBBIIECHHE () (PEKTUBHOCTH
W3BJICYCHHS OWOJOTMYECKH AaKTHBHBIX BEIIECTB M pPAaCIIMPEHHE BO3MOKHOCTEH
NPUMEHEHHs HCCIEeIyeMBIX pacTeHHd B  (apMaleBTHYECKOH, NHILEBOH H
OMOTEXHOJIOTHYECKOW  oTpacisix. Kpome TOro, BbISIBICHHE 3aKOHOMEPHOCTEH
opraHocrnenu(puIeckoro pacrpeieneHlsi MeTa0OIUTOB MOXKET CIOCOOCTBOBAThH
pa3paboTke CTaHAAPTH3MPOBAHHBIX (PUTOXMMUYECKUX MPOAYKTOB H 0OECIEUEHHIO
YCTOMYMBOTO MCIIOJIB30BAHMUS PACTHTEIBHBIX PECYPCOB.

O030p aurteparypsl. Cpeau mpencTaBUTENeH OTEYECTBEHHOW (IIOpBI 0 CUX
op MpopoIDKatoTes uccinenoBanus pactenuit Cichorium intybus, Urtica dioica,
Helianthus tuberosus, Dahlia evelines. [IpuunHa B TOM, 4TO 3TH pacTeHHs COAEPKAT
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MHOTO OMOJIOTHYECKH aKTUBHBIX BEIIECTB, HEOOXOJMMBIX YEJIOBEUECKOMY OPTraHHU3MY.
Helianthus tuberosus-mHOTONIETHEE TpaBSIHHCTOE pacTeHHWE, OTHOcsAUleecs K
CEMEHCTBY CIOKHOIIBETHBIX, AOCTHraromee 10 4 MeTpoB B BbICOTY. Ero muBers
[0 3amaxy HalOMUHAIOT IOJCOJHYXH, a KOpPHEBble KIyOHH OOJIbLIME, COYHBIE H
HCHONB3YIOTCS B KauecTBe nurarenbHoi numu (Kamysbayeva et al., 2024). Helianthus
tuberosus, BeIpalIMBaeMblii B TEUEHUE MHOTHUX JIET KaK LIEHHOE CheJOOHOE pacCTeHHE ¢
CHJIbHBIMU JICU€OHBIMH CBOHCTBaMH, OOraT OMOJOTHYECKH aKTHMBHBIMH BEIIECTBAMH.
B nHapomHOil MenuUMHE JUCTBS HMCIONB3YIOTCA JUIsl JIGYEHUS! IMEPeIOMOB KOCTeH
u obnerduenus Oomu. Knyonu Helianthus tuberosus, moxokwe Ha KIIyOHH, TOJHBI
WHYIIMHA, Oelika U APYTHX OWOJOTHYECKH aKTUBHBIX KOMIIOHEHTOB U HCIIOJIB3YIOTCS
IUIsL IPOM3BOACTBA (PyHKIIMOHAIBHBIX MTUIIEBBIX HHIpeaAneHTOB (Sawicka et al., 2020).
[To xummyeckomy coctaBy knyOHu Helianthus tuberosus moxoxu Ha kaprodenb u
MIPEBOCXOAST OOJBIIMHCTBO OBOIIEH o nurareabHocTH. Kiryonu Helianthus tuberosus
cogepkar 10 3% Oenka, Bce He3aMEHHMMBbIE aMHUHOKHCIOTBHI, KJIETYATKy, MEKTHH,
OpraHuYecKHe KUCIOTHI, )KHUPHL, PpykTo3y, 2-4% a30TUCThIX BeulecTB. KiryOHM Goratsl
mukpoanemenTamu (K, Ca, Si, Mg, Na, F, Cr), ocoOeHHO celieH, KOTOPbIi 3HAUUTEITBHO
MIPEBOCXOAMT ApyTrue KOPHEIJIOABI IO COolIepKaHMIo kene3a. Kpome Toro, ero cocras
oorar Buramunamu: B1, B2, B6, C, PP u kaporunounamu (Safarova et al.,, 2024).

[lo mocnmenmHuM JaHHBIM, POI TeOpPruH oObenuusier oT 4 1xo 24 BHUIOB,
pacnpocTpaHeHHBIX B TOPHBIX pailoHax Mekcuku, [ Batemansl, Komym6un. CoproBoit
copt reopruHbl B BenukoOpuranuu Bkitodaer Oonee 15 000 coprToB, KOTOpEIC
COOTBETCTBYIOT Kiaccuukanuu, pazpaboranHord KoponeBckuM cagoBOgUECKUM
obmectBoM (NDS classification) u cuctemMaTu3anuy roJijlaHICKOr0 U aMEPUKaHCKOTO
(The Adsclassification Guide). ['eoprunbl cocTosT U3 12 0CHOBHBIX IPYTII: HEMaXPOBbIE,
AQHEeMOHOMOAOOHbIE, BOPOTHUKOBBIC, MHOHOBHUIHBIC, NEKOPAaTHBHbIEC, IIAPOBUAHBIC,
MTOMITOHHBIE, KaKTyCOBbIE, MOIYKaKTyCOBbIe, OpXuaHble, HUMGBL.  KpymnHeimue B
MHUpe KOJJIEKIIMOHHBIE 3arachl TOpoabl HaxoasTes B Hunepnangax, Benukobpuranuuy,
Opanuuu, Ascrpanuu, CHIA u Kanage (Muzychuk and Doroshenko, 2006). I'eoprunst
— 3TO BUJ LBETKOBBIX PAcTEHHUH, OOraThiX OMOJIOTMYECKH aKTHBHBIMU BELIECTBAMH,
0C00eHHO 3(UPHBIMU MacllaMH, KOTOPBIE PACTIPOCTPAaHEHBI BOCHOBHOM B Me3oaMepHKe.
Ucnanckuii yuensiii Ynuuo Xoce ®. u3yyasn XMMHYECKUH cOCTaB d(UPHBIX Maced,
MOJYYEHHBIX M3 XJIOMBEB M COLBETHH reopruHoB, nukopactymmx B Kocrta-Puke. B
pesynbTare uccienoBaHus BeisiBieHO 131 coeannenune. Ero 0CHOBHBIMHM MacisHBIMHU
KOMITOHEHTaMHu siBiisitoTest B-nimaeH (35, 2 %), a-dbenanapen (21, 9%), o-nuaen (18,
0%), Il-unmen (8, 3%), nmumonen (4, 3 %) u y-myyponed (3, 9 %). OCHOBHBIMU
MacCJISTHBIMU KOMIIOHEHTaMU LBETKa SABISFOTCS P-mimHeH (27, 7 %), a-benanapen (26,
2%), a-tiuneH (12, 4 %), B-benannpen (6, 6%), mumoneH (5, 6%), (E) - f-ouumen
(2, 9 %) u repmakpen D (2,2 %) (José et al., 2023). B otnene uccienoBaHuii YUCTHIX
texHonorui Muponesuiickoro mHctuTyTa Hayku Bayan Kocacux, Hlpu Ilpuarhu,
Juax ParHaHMHrpaM MPOBENH HCCIEAOBAHHS MO YIYYIICHHIO M3BJICUCHUS UHYIUHA
n3 Dahlia evelines. IlepememmBator knyonu Dahlia evelines B cootHomenun 1:1 ¢
no0aBieHHEM TopsiYel BOABI. DKCTPAKT WHYIMHA HMCHAPSETCS M HACTAWBACTCS IMPH
KOMHaTHOM Temreparype B TedeHue 24 gacos ¢ 95% stanonom. Unynun pasaensercs
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u cymurtcs npu Temneparype 50°C B Teuenue 24 yacoB. Pe3ynbraThl mokazaiu, 4To
COOTHOILICHHE DKCTPaKTa MHYJIWHA M dTAHONA COCTaBiseT 1:2, mpuyeM HamOoblIce
KOJIMUYECTBO MOPOILIKA HHYIKMHA ObUT0 oyuyeHo u3 30,0% skcrpakra unyinuHa bpukca.
Kpome Toro, npunum K BBIBOIY, YTO MHYJIMH, OTHOCSIIMKCS K HOBBIM F€OPTHHOBBIM
TpaBawm, 10 Becy BbIixona cocrariser 6,0-9,5% (Kosasih et al., 2015).

Cichorium intybus-pactenue, npunaiexaiee k poay Cichorieae u3 cemeiicTBa
ActpoBbiX. OH XapakTepU3yeTcsl HaJMYUEeM MOJIOYHOTO JIaTeKCa M TOMOTaMHOM
TPOCTHUKOBOI TOJOBKH M BKJIIOYAeT B ceOs TAaKMX M3BECTHBIX POJICTBEHHUKOB, KaK
canar-naryk u caa-can (Das et al., 2016; Petersen et al., 2009). Hukopuii (Cichorium
intybus L.) ncnonp3oBaHHEe B KayecTBE JICKAPCTBEHHOTO PACTEHUS BOCXOIUT K
Hpesuemy Erunty (4000 net Hazan). ErunTsiHe ncnonb30Baiu pacTeHUE ISl OUUILICHUS
KpPOBH M TICUCHH, a TAKXKe JJIsl JICUCHUs cepeuHbIx 3a0oneBanuii (Bernard et al.,2020).
Cichorium intybus L. pacrenue obnagaeT MHOTUMHU OUOJOTHYECKUMU CBOHCTBAMHU:
AQHTHOKCHJAHTHOM, I'eaTONPOTEKTOPHOM, BOCIAIUTENbHOM, MPOTHBOANAOETHYECKON
W aHTUMHKpPOOHOH, mpoTuBooTeuHol akTuBHOCTHIO (Pouillea et al., 2020; Hozayen
et al., 2016; Hassan et al., 2010). Cnenududeckue MeTabOIUThI, TAKUE KaK MHYJIUH,
THJIPOKCUKOPUYHBIE KHCJIOTBI, KyMapHHbBI, ()IaBOHOMABI M CECKBUTEPIICHOBBIC
JIAKTOHBI, COAEp)KAlIMecs B Pa3IUYHBIX YacTSIX PACTEHUs, OTBETCTBEHHBI 3a 3TH
ouonornueckue cpoiictBa (Birsa et al.,, 2023). [IpousBogHble TMAPOKCUKOPHUYHON
KHCJIOTBI, 0COOGHHO TMIPOKCHIMHHAMOWIOBBIE Y(QHPHI, IIUPOKO PACIPOCTPAHEHBI B
pactutensHoM Mupe (Melissa et al., 2024). OTu QeHONBHBIE COCTUHEHUS, U3BECTHBIE
CBOMMH QHTHOKCHIAHTHBIMU CBOWCTBAMHM, UTPAIOT BAKHYIO POJb B MPOQHIAKTHKE
MHOTHUX 3200JIeBaHUH, CBSI3aHHBIX ¢ OKUCIUTENbHBIM cTpeccoM (Bischoff et al., 2004).

Cichorium intybus L. BXOIWT B 4YHCIO BaXKHBIX KYJBTYpP H3-32 BBICOKOTO
COZIep)KaHUsl MUIIEBBIX BOJOKOH. [loMHMO MHYNIMHA, B €r0 KOPHAX €CTh HHTEPECHBIC
BTOpHYHBIE METa0OIUTHI C OWOJOTMYECKH aKTUBHBIMU CBOWCTBaMH. Bosocarbie
KOPHHU-3TO U PEpeHINPOBAHHBIE KYJIBTYPbl PACTUTENBHBIX KIETOK, KOTOpBIE
SIBIISTIOTCSI OMOTEXHOJIOTHYECKUMH X035I€BaMH [Tl IPOU3BOICTBA HECKOJIBKUX MOJICKYJ
PACTUTENBHOTO TMPOUCXOXKIEHHSI. ODKCTPAKThl TOpsilu€d BOIABI BOJOCATHIX KOpHEH
0051a1al0T aHTUMUKPOOHOW aKTUBHOCTBIO, MPUCYTCTBYIOLIEH B OpraHn3Me YelOBeKa.
WHTepecHo, 4TOBOTHOICHUN METHIMITMH-PE3UCTEHTHOT0 30JI0THCTOTO CTA() UITOKOKKA
Obula oOHapyKeHa 3HaYUTeJIbHAas aHTUMHKPOOHAsI aKTUBHOCTH SKCTPAKTOB Topsiueit
BOJIBI BOJIOCATBIX KOPHEH LIUKOPUS, YTO yKa3bIBAET Ha BEICOKUH MOTEHIINA BOJIOCATHIX
KOpHEH B KauecTBe X035€B AJISi MPOM3BOACTBA MPOTUBOMHUKPOOHBIX TpemnaparoB. B
cBs3u ¢ otuM C.T. Xakkunen, K. Kankap, 1. Hoxunek, /[>x. Ban Apkens, M. Jlopen, K.-
M. Oxcman-Kannenreit, B. Ban [IporenOpyk uccnenosan pUTOXMMUYECKUI COCTaB, a
TaK)Ke aHTUMUKPOOHBIE CBOMCTBA pacTEeHMsI IMKOPHSI, HAUMHAS C XapaKTEPUCTUK POCTa
BoOJIOCATHIX KOpHEH. MccaenoBanue mokasano, uto Haubosnee 3phekTuBHBIM criocoboM
W3BJICYCHHS aHTUMUKPOOHBIX HHI'PEANEHTOB U3 KOPHEH BOJIOCATOTO IUKOPHS SBIISETCS
9KCTpaKLUs ropsiueii Bogoi. B pesynbprare 3TH 3KCTPaKThl yCTOMYUBBI K METHIHIUIAHY
S. Obulo OOHapyKeHO, 4YTO aureus oOnagaeT 3HAYMTEIHHOH AKTUBHOCTHIO NPOTUB
pocTa, ¥ 3TO MPOAEMOHCTPUPOBAIO MX MOTEHIHMA] B KaueCTBE MCTOYHHKA IIEHHBIX
aHTUMUKPOOHBIX areHToB (Pefa-Espinoza et al., 2018).
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Urtica dioica L. - 3T0 MHOTONIETHEE TPAaBSIHUCTOE pAcCTEHUE, U3BECTHOE BEKaMH,
LIMPOKO PACHPOCTPAHEHHOE JUKOPACTYIIEE pacTeHUE U MPHHAAJIEKAIIee K CEMEHCTBY
Urticaceae, IMPOKO pacmpocTpaHeHO BO BceM Mupe. B Tom uucine B CeBepHoii
Adpuke, HeKOTOpbIX perunoHax Asuu, EBpome, CeBepHoii Amepuke (Grauso et al.,
2020; Engelhardt et al., 2022).

Ero nakyHapHas KOJUIGHXMMa MOKPBIBa€T KaXKABIH Yrod BBICOKOTO 3EJIEHOrO
KBagpaTHOro credms. Moxer ObITh 0T 12 10 20 coCynucTO-BONIOKHUCTHIX [lydKoB.
MaxkcuMaibHas BBICOTa 3TOT0 PACTEHUS JOCTUTAET IBYX METPOB. JINCThS pacmonoKeHbl
HaANpPOTHUB JIPYT Ipyra, popma JaucTa cepAueBUIHAS, OKPYIIIO-0BaIbHAasI MIIN OBaJIbHAs,
C OCTpPBIM KOHIIOM, BEpPXHSISI 4YacThb TEMHO-3€JCHas, a HIDKHSS 4YacTh OieqHas.
Kycaromue Tpuxombl Ha CTEONSX M JIMCTBSIX BBIMONHAIOT (YHKLHUIO TpaHCIOpTa
KHUJIKOCTH, OOTaToil TUCTAMUHOM, alleTHIIXOJUHOM M CEpOTOHMHOM. Kaxkyro BecHy,
C Mas IO CEHTSOpb, PaclyCKaroTCs MalleHbKHE IBYJOMHBIC IIBETKH, IIBET KOTOPBIX
BapbHUPYETCsl OT KOPUYHEBOTO 10 MOCTENEHHO 3eJeHoro. OHM pacTyT B BUAE KUCTEH
Ha BEPXHHUX JIMCTOBBIX KacaTeNbHBIX (TMa3yxax) M HUMEIOT Pa3iuuHble MYXKCKHE H
KEHCKHE colBeTusl. FiMeeT KopHEeBUIIE U IBYI0JIbHBIE KOpHH. [ 1110161 KpanmMBBI UMEIOT
chepryeckyto GOpMy M COCTOAT M3 KPOILICYHBIX CEMSH TEMHO-KOPUYHEBOTO WIIN
yepHoro 1Beta. KopHeBast cucteMa KpamnuBbl, MMO3BOJISIONIAs €M PacTH, COCTOUT M3 €€
KopHei n Menkux kopHesui (Subba and Pradhan, 2022).

Kpanuga (Urtica dioica L.), ponuHoit koTopbix siBisiercs CeBepHasi AMepHka. OTo
pactenue cbeJoOHO M 00J1a1aeT MUTATENbHBIMU 1 JIeYeOHBIMH CBOWCTBaMHU. Ero ucThsi-
KaK MUTaTeIbHOE BEIECTBO (MOKHO TOTOBUTH M €CTh) - TAKIKE MOYKHO MCIIOJIb30BaTh B
¢utotepanuu (Pant, 2019). 310 cBA3aHO C HEKOTOPHIMA XUMHUYECKUMH BEIIECTBAMH,
COAEPKALIMMUCS B PACTCHUU:JIUTHAHOM, CEKOJIMTHAHOM, HOPJIMTHAHOM, aJIKaJOUI0M,
CECKBUTEPIICHOUAOM, (DTABOHOUIOM, TPUTEPIIEHOUAOM, COUHTOIUIIMIOM B CTEPOJIOM
(Singh and Kali, 2019).

CornacHO pa3IUYHBIM HCCIENOBAHUSAM, KpalmuBa COJACPKHUT OHMOIOTHYECKH
AKTHBHBIE XMMHYECKHE BEIECTBA, Takue KakK (eHONbl U (HIaBOHOUIBI, KOTOpHIC
MOMOTAIOT ~ YMEHBUIMTH  OOpa3oBaHHE CBOOOJHBIX  PaJUKaIOB, BBI3BAHHBIX
COBPEMEHHBIMH YCJIOBUsIMU 00pa3a sxu3Hu (Abdeltawab et al., 2012).

Kopenb kpamuBbl HCHONB3yeTCs IUIsL JICUEHHUS] MPOOJIEM C MOYEHCITyCKaHUEM,
CBSI3aHHBIX C 1OOPOKAuECTBEHHOM TUIEpIUIa3uell MPOCTaThl, a JIUCThS HCIIOIb3YIOTCS
JUIsL JISUSHHs apTpuTa, peBMaTu3Ma M ajuiepruueckoro puHuta. Ero jamctesi Gorarsl
KJIETYaTKOW, MUHEepajlaMd, BUTAMMHAMH W aAHTUOKCHJAHTHBIMU COCIUHECHUSIMHU,
TAKUMU KakK MOJU(EHONbI U KAPOTHHOHIBI.

KpanuBa oOmagaer anTHnponudepaTuBHBIMH, NPOTHBOBOCHAIUTEIHLHBIMH,
AHTHOKCHJAHTHBIMHU, 00JICY TOSIFOILIUMH, TPOTUBOMH(EKIIMOHHBIMH, THITOTEH3UBHBIMU
U TIPOTHBOSI3BEHHBIMH CBOMCTBaMH, a TaKKe MPEIOTBpAILACT CEPACUHO-COCYIUCTHIC
3a00JIeBaHUs BO BCEX YACTSAX PacTeHHUs (JUCThs, cTeOIM, KOPHU U ceMeHa). Kpanusa
YAYUIIWIA pENPOIYKTUBHYIO ()YHKIHUIO PHIOBL, UTO IE1aeT €€ IKOHOMHYHBIM pacTeHUEM
JUISL aKBaKyIbTyphl. B HacTosiiee BpeMst U3 pacTeHUI MOKHO IIPOU3BOANUTH YAOOPEHHS
u uHcektuabl (Bhusal et al., 2022).

MarepuaJbl 1 MeTOABI Hccle0oBanus1. B kauecTBe 00bEKTOB HCCIIEA0BAHMS ObLIH
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WCIIOJIb30BaHbl PACTCHHsI ceMeiicTBa Asteraceae, coOpaHHbIE B TOPHOH 30He Meney
(r. Anmatsl). KonnyecTBeHHOE oOmpeselieHne OCHOBHBIX OMOJOTHMYECKH aKTHBHBIX
COCJIMHEHUH, COJCPIKAIIUXCS B HMCCIEAYEMOM PACTUTEIBEHOM ChIPhE, MPOBOAUIOCH
C TPUMEHEHUEM CTaHJAPTH3UPOBAHHBIX aHAIUTUYECKUX MeTonoB. CojepixkaHue
KJIETYATKH OTIPEICIISLIT TPABUMETPUUYECKUM METOJIOM B COOTBETCTBUU C TPEOOBAHUSIMU
I'OCT 13496.2-91. OnpeneneHue NEKTUHOBBIX BEIIECTB BHIMOIHSIOCH IO METOAUKE
[MnemkoBa (Pleshkov, 1976). Conepxxanue BurammuHa C (aCKOPOMHOBOM KHCIIOTHI)
AHATM3UPOBAIM THTPUMETPUUECKUM METOJIOM, a JIyOUJIbHBIC BEIIECTBA OMPEACIISIN
o meronuke MamanoBoit 1 My3sikuHOH (Mamanova and Muzykina, 2008).

OO0mee comepkaHWe caxapoB M PACTBOPHMBIX  YIVIEBOJOB  OMPEACIISLIN
(dotokonopumerpudecku. DIaBOHOUBI aHAIM3HPOBAIA 1O MeTony [eiiccMaHa,
AHTOILMAHBI — I10 METOAUKe [leMuHOl, Torna kak monudeHobl, PeHoIKapOOHOBEIC
KHCIIOTBI U KAPOTUHOM/II, BKJIFOUAsi KAPOTHH, OTPEACIISIN (POTOKOIOPHUMETPHUICCKUM
METOJIOM COTJIAaCHO pekoMeHaanusM EpmakoBoit u coaBt. (Ermakova et al., 1987).
Wzmepenus npoBoauiu ¢ ucnonbzoBanueM (otoxonopumerpos KOK-2 n KOK-3 na
COOTBETCTBYIOIIUX JUIMHAX BOJH. [loroToBKa mpo0d oCyIiecTBIsIIach B COOTBETCTBUI
CO CTaHJIaPTHBIMHU METOJAMKAMH C IPUMEHEHUEM KaJIMOPOBOYHBIX pacTBOpoB. OOIiee
cojepkaHue Oenka omnpenemsuii MetogoM Kbenbaans, BKIIOYARIIAM KHCIOTHOES
Pa3IokKEeHHE OPraHMYECKOTO BEIIECTBA C [OCIICYFOIIEH JUCTUILIALIUEH U THTPOBAHUEM
aMMuaKa JiJis OTpeiesieHus 00IIEero a30Ta 1 ero nepecuéra Ha OeJIOK ¢ UCIIOIb30BaHUEM
COOTBETCTBYIOIIETO KOA(PPHUIINEHTA.

CrnenyeT OTMETHTh, YTO BUTAMUH A B PacTUTEIbHBIX OpPTaHU3Max, KaK MPaBHIIO,
orcyTcTByeT. OJIHAKO PACTEHUsSI CONIEPIKAT KAPOTHHOMIBI, MPEXKJIC BCETO [-KapOTHH,
SIBJITFOIUACS TPOBUTAMUHOM A. B oOpraHmsme KHUBOTHBIX [3-KapOTHH TpHU
OKHUCJIUTEIHHOM paclIeIyICHHH 0o0pa3yeT JBE MOJICKYJIbI BUTaMUHA A, TOrJa Kak o-
U Y-KapOTHUHBI 00ECIEUYMBaOT O0pa30BaHUE OJHON MOJICKYJbl peruHona. Kaporun
HEpPacTBOPUM B BOJE, HO XOPOIIO PACTBOPSETCS B OPraHMYECKUX PACTBOPUTEIISX,
TakuxX Kak xjopodopm, 3¢up, OCH3WH M aleTOH, U OTPAHUYCHHO PACTBOPUM B
criupre. [TomoOHO BUTaMUHY A, KApOTUHOMIBI YYBCTBUTEIBHBI K BO3/ICHCTBHIO CBETA
Y KHUCIIOPOJIa BO3IyXa, YTO HEOOXOJUMO YYUTHIBATh MPH IOATOTOBKE W XPAaHCHUU
00pa3sIoB.

Pesyabrarbl. lccienoBanue 1okaszano, YTO COCTaB pPAacTeHUM CceMencTBa
Asteraceae Oorar aHTonMaHamu, (pIaBOHOMIAMHU, TOAUPEHOIAMHU, OCIKAMH,
KJICYaTKH, )KUPAMH, KAPOTUHOM, BUTAMUHOM C, IEKTUHOBBIMH BeleCTBaMHU, ()EHOIIb-
HBIMH KHCJIOTaMH, JyOWIbHBIMU BEIECTBAMH M MHYJIWHAMU. Pe3ynbTarel comepixa-
HUsI OMOJIOTUYECKH aKTUBHBIX BEIICCTB MPEIICTABICHBI B Ta0muiie 1.
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[IpoBenEHHBIN KOTMUECTBEHHBIH (PUTOXUMHUUECKUN aHAIN3 BBISIBUII BBIPAKCHHYIO
MEXBUJIOBYI0 U OPTaHOCHEIM(PUICSCKYI0 BapraOeIbHOCTh paCIpe/Ie/ieHUs OUOJIOTH-
YECKH aKTHBHBIX COCIMHEHMM Yy UCCJICNOBAHHBIX IPEACTaBUTENCH ceMeicTBa
Asteraceae. OmnpezensieMble MMOKa3aTeNId BKIOYAIN COACpPNKAHKUE KIIETYATKH, OEJKa,
KapOTUHOWJIOB, ()IABOHOUJOB, MONU(EHONOB, (EHOJBHBIX KHUCJIOT, JAYyOMIbHBIX
BEILIECTB, MEKTUHOB, UHYIHHA, BUTaMuHa C U caxapoB, YTO MO3BOJIAET KOMILJIEKCHO
OIICHUTh  MUIICBYIO, (apPMAKOJIOTUYCCKYyI0 UM  (PYHKIIMOHAJIBHYIO  IIEHHOCTb
pPaCTUTETBHOTO CHIPBSL.

Cichorium intybus. Cpenu Bcex wucciemnoBaHHbIX oOpasioB cretnu Cichorium
intybus XapakTepu30BaIHCh HauOOJBIINM conaepkaHueM kierdatku - 61,30%, drto
IOYTH BIBOE MpeBbimaeT nokazarenu jauctbeB (31,40%) u userkor (31,70%). D10
MOJITBEPKIACT UX CTPYKTYPHYO (DYHKITHIO KaK OTIOPHOU TKaHu pacTeHus. Haubonpiee
CoOJIep)KaHUE KapOTHHA BBISBICHO B JIUCThAX (345,00 Mkr/100 r), 4yTo 3HAYUTEIHHO
BhIlIe, yeM B 1BeTkax (283,00 mkr/100 r) u crednsax (106,00 mxr/100 r), ykaspiBas
Ha UHTCHCHUBHBIN CHHTE3 (JOTOCHHTETHYCCKUX MMUTMEHTOB. Pacmnpenenenue nHynuHa
MEXIy OpTaHaMH OKa3ajJoCh HEOJHOPOAHBIM: MaKCHUMAaJbHbIC 3HAYCHUS OTMEUCHHI B
uBerkax (33,40%), Torma Kak B TUCThIX coaepkaioch 16,00%, a B ctednsx - 14,00%.
Conepxkanue Oenka BapbupoBasio oT 6,50% B crebnsx mo 16,75% B mBeTKax, 4ro
OTpaXkaeT BBICOKYIO METa00IMUECKYI0 aKTUBHOCTh PEIPOYKTHBHBIX TKAHEH.

Helianthus tuberosus. Jlns Helianthus tuberosus xapakTtepen cneunduueckuii
OMOXMMHUYECKHI TPOQUIIb, CBSI3aHHBIA C HAKOIUICHHEM IEKTUHOBBIX BemIeCTB. Mx
cojepkanue B cremsax gocrurano 53,81%, Toraa kak B 1BeTKax coctasisuio 42,39%,
a B JIMCTHAX - 28,13%. DTO CBUAETEIBCTBYET O 3HAUUTEIBHOM 3aIace CTPYKTYPHBIX
nonucaxapuaoB.  JIMCThsI  XapaKTepU30BAIMCh  HAWOOJNBIIMM  COJICPIKAHUEM
¢naBononoB (2,40%) M MOBBILICHHBIM ypOBHEM ()E€HONBHBIX KUCIOT (10 6,50%),
YTO YKa3blBaeT Ha BBIPAKCHHBIM AHTHOKCUIAHTHBIN IMOTEHIHAN. MakcuMalbHbIC
KOHIICHTpAI[UU UHYJIMHA OOHapYKeHbI B 1BeTKaX (38,20%), Torna Kak B JIUCThSIX OHU
Obut MuHHMaIbHBIMH (11,00%), 9TO CBHUIETENBLCTBYET O OPTaHOCHEIU(PUICCKOM
HAaKOIUICHUU 3allaCHBIX YIJICBOIOB.

Dahliaevelines. Y Dahlia evelines cTe0iu oTiruaiich MOBBIICHHBIM COJICPKAHUEM
nonupenonoB (1,09%) u 3HaAUNTENBHBIM HAKOTUICHHEM aHTOIMAaHOB. LIBeTKM xapak-
TEPHU30BAIHCH BEICOKUM ypoBHEM (hmaBoHOUA0B (1,60%) 1 KapOTHHOMAOB, TOTAA KaK
JIUCThSI COMIEPKAIIU 3HAYUTENILHO MeHbIe Oenka (0,86%) 1Mo cpaBHEHUIO C I[BETKAMU
(15,24%). Conepkanue eKTUHOB B cTeOmsix pocrurano 50,12%, uro monreepxkaacT
UX POJIb B 00ECIICUCHUHN CTPYKTYPHOU YCTOHYMBOCTHU U YIIEp:KaHUU BJIATH.

Urtica dioica. Jluctes Urtica dioica oTIMYainch MaKCUMaIbHBIM COJCPIKAHUEM
Oenmka cpeau BceX HCCIeNOBaHHBIX 00pasnoB (20,69%), a Takke BBICOKUMHU
KOHLEHTpauusiMu (eHOoNbHBIX KHCIoT (5,40%) u ayounbHbix BemecTB (9,40%).
Conepxkanue (hIaBOHOHMJIOB B JHCThSIX gocturano 3,21%, 4To sABISETCS OAHUM U3
HauOOJBINIKUX TIOKa3areleil B uccieayeMoil BeiOOpke. CTeOsiM XapaKTepH30BAIUCHh
MOBBIMIEHHBIM cofiepkanueM kieTdatku (35,00%), NOpeBBIIAOIMUM TOKa3aTeln
nuctbeB (21,00%).

OO0mme 3aKOHOMEPHOCTH. B 11€510M JIHCTBS BCeX HCCIEA0BAaHHBIX BUJOB COAEp-
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aJu 0oj1ee BBICOKHE CpeIHNE KOHIEHTPAIMH (PEHOIBHBIX aHTHOKCHIAHTOB (IPUMEPHO
3-6%) 1o cpaBHEHUIO ¢ LBETKaMH 1 cTedsiMu. HanpoTus, cTe0in XxapakTepr30Bajnch
MaKCHUMaJbHBIM COJACPKAHUEM CTPYKTYPHBIX YIJICBOAOB - KJIETYaTKH U TEKTHHOB
(mo 50-61%). LlBeTkn YacTO IEMOHCTPUPOBAIHU MOBBHIINICHHbIE YPOBHM HMHYJIUHA U
MUTMEHTOB, YTO OTPAXKAET UX PEIPOAYKTHBHYIO K METaOOIUIECKYIO POIIb.

Oocy:xnenne. llomydyeHHble pe3ynbTaThl CBUAETENBCTBYIOT O 3HAYUTEIBHOM
BapHaOeIbHOCTH (PUTOXUMHUYECKOTO COCTaBa MpeACTaBUTeNeH ceMeiicTBa Asteraceae,
OTpaKalolleld  OpraHocnenU(PHUUEcKyl0  METa0ONMYEeCKYl0  CHEeIHaH3alHIo,
¢dusnonornueckre QyHKIUH U aJalTalluOHHBIE CTPATETHH PACTEHHIA.

HckrounTenbHO BBICOKOE cojepikaHue kietdarku B cTeOnsx Cichorium intybus
(61,30%) moaTBepKIAET UX CTPYKTYPHYIO U MEXaHHYECKYI0 QpyHKIHIO0. CTPYyKTYpHBIE
noJrcaxapuabl  00eCreuynuBaloT MPOYHOCTh TKAaHEH M MOBBIMNAIOT YCTOHYMBOCTD
pacTeHuil K MeXaHMYeCKUM Harpys3kam. B To jke BpeMsl MOBBIIIEHHbIE KOHIIEHTPALUT
KapoTHHA ¥ WHYJIMHA B JIMCTBSIX CBHICTEIBCTBYIOT 00 aKTHBHBIX METa0OIMUYECKUX
mpoleccax, CBA3aHHBIX € (OTOCMHTE30M M 3amacaHueM yrieBonoB. I[lomoOHoe
pacmpeneneHue CoeIMHEHUI COIIacyeTcsi C JaHHBIMHU JIUTEPaTyphl, YKa3bIBAIOIIUMHI
Ha TPEUMYIICCTBEHHYIO JIOKAIM3aLUI0 KapOTHHOWJOB W PE3EPBHBIX YINIEBOJOB B
MeTab0MMYEeCKH AaKTUBHBIX TKAHSIX.

Bricokoe coaepxanue mnektuHoB B cTeOmsx Helianthus tuberosus (53,81%)
yKa3bIBaeT Ha UX MEPCIEKTUBHOCTh KaK MCTOUYHUKA PACTUTEIBHBIX THAPOKOIUIONIOB.
[lexTMHOBBIE BelIECTBA IIUPOKO M3BECTHBI CBOMMH TEXHOJOTHUECKUMHU H
(YHKUIMOHATIBHBIMA CBOWCTBAMH, BKIIIOUasl resieo0pa3oBaHKe, CTA0MIN3AIMIO U POJIb
MUILEBBIX BOJOKOH. Kak oTmedaercss B pUTOXMMUYECKUX HCCIEAOBAHMSAX, BBICOKHH
YPOBEHb MEKTHHOB MOBBIMIAET KaK CTPYKTYPHYIO YCTOWYHMBOCTH TKaHEH, TaK U UX
(YHKUMOHATIBHYIO LICHHOCTb JUIS MUIIEBOH U (hapMalleBTUYEeCKOH MTPOMBIIIJICHHOCTH.
[Ipeobnananue ¢raBOHOMIOB W (EHONBHBIX KHUCIOT B JIUCTBSIX JAOTOJHUTEIHHO
MOATBEPXKIAET UX 3aUIUTHYIO aHTHOKCUAAHTHYIO (DYHKLHIO.

[ToBbilieHHOE CcOEepIKaHME aHTOLMAHOB W TodudeHondoB B crteOmsix Dahlia
evelines MOXeT CBUAETENHCTBOBATH O PA3BUTHUHU 3alIMTHBIX MEXaHW3MOB MNPOTHB
yABTPaHONETOBOTO M3IMYYEHHS M OKHUCIHTENBHOTO cTpecca. AHTOLUAHWHBI
paccMaTpuBalOTCs KaK MOIIHBIE aHTHUOKCHIAHTHI U (DOTONPOTEKTOPHbBIE COCIMHEHUS,
W HMX HakKOIUICHWE MOXET OTpakaTb aJalTalMOHHBIE PEaKUWU pacTeHUH K
HeOIaronpusaTHBIM (aKTOpaM OKpYKAroIEeH cpelibl.

Ouroxumnyeckuir  npoduiab  Urtica dioica moarBepkaaer €€  IIHUPOKO
W3BECTHYIO JIEKAPCTBEHHYIO IIEHHOCTb. BBICOKHE YpPOBHHM (EHONBHBIX KHCIOT,
TAaHUHOB M O€Nika B JIUCTBAX CBHJETEILCTBYIOT O BBIPRKEHHOM aHTHOKCHAAHTHOM,
MPOTHBOBOCMAJIMTEIBHOM M aHTUMHKpOOHOM moreHuane. CoracHo Qapmako-
THOCTHYECKUM HCCIIEIOBAHUSIM, (EHONBHBIE COCIUHEHUS WIPAlOT  KIIOUEBYIO
pOJb B TEpaleBTUYECKOW aKTUBHOCTH, TOTJAa KaK IMOBBIIICHHOE COAEP)KaHHE Oenka
YBEJIMYMBACT MUTATEIbHYIO IICHHOCTD PACTCHHS.

[Ipeobnananue peHOTBHBIX AHTUOKCUAAHTOB B JIMCTHSIX 110 CPABHEHUIO C LIBETKAMH
u cTeONsAMU OTpaskaeT OpraHOCHEHU(PHUECKYI0 METa0ONIMYECKYIO CIIEHHATU3ALHIO.
JIucTesi MOABEPTaAIOTCS TNPSMOMY BO3ACHCTBHUIO YNBTPa(UOIETOBOTO H3JIyUYEHHS H
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aKTUBHBIX ()OPM KHCIOPOHA, YTO TpeOyeT YCHICHHBIX aHTHOKCHIAHTHBIX 3aIlUTHBIX
MeXaHM3MOB. DTO HaOJIIOICHUE COITIacyeTcsl ¢ paHee OMyOJMKOBAaHHBIMH JaHHBIMHU,
JEMOHCTPUPYIOIIUMH 00Jiee BBICOKYIO aHTHOKCHIAHTHYIO aKTHBHOCTH JIMCTOBBIX
TKaHel 1Mo CPaBHEHHUIO C PENPOSYKTUBHBIMU OpPraHaMH.

Kpome Toro, paznuuust B pacnpeneseHul OMOJOTHYECKd aKTUBHBIX COEAMHEHHH
MEX]ly OpraHaMH pacTeHUH MOAYEPKUBAIOT BaKHOCTH 1IeJICHAIIPABICHHBIX CTPATEerHi
cOopa ceIpbsi. BEIOOp KOHKPETHBIX YacTel pacTeHHid CIOCOOEH 3HAYNTEIBHO MOBBICHTD
BBIXO/I LEJIEBBIX COCIMHEHHH M YIyYIIUTh CTaHIAPTU3ALMIO CHIPbs. Takoil Moaxox
HMeeT pelnaroliee 3HaueHUe A 00eCIeUYeHUs] BOCIPOM3BOAMMOCTH W KOHTPOJS
KauecTBa B MPOM3BOJCTBE (pruTO(hapManeBTUIECKUX U HYTPULEBTUIECKUX TPOIYKTOB.

B 1enoM BbISBIEGHHBIE 3aKOHOMEPHOCTH  paclpeiesieHus: OHOIIOTHYecKH
AKTHBHBIX BEIIECTB MOATBEPKIAIOT (apMaKOJOTHUECKHH W (QYyHKIHOHAIbHBIN
MOTEHIIMAJ UCCIeJOBaHHBIX pacTeHuil. VX Gorarelii cocTaB (peHOIBHBIX COCTUHEHNUH,
MOJMCAaXapua0B, KApOTUHOWAOB M OEIKOB TMO3BOJSIET paccMarpuBarh HUX Kak
MEPCIEKTUBHBIE HCTOYHUKHM IMPHUPOAHBIX AHTHOKCHIAHTOB, MHLICBBIX BOJIOKOH H
OMONIOTUYECKH AaKTHUBHBIX HWHIpeaueHTOB. [lodydeHHble pe3yabTaThl CO3AaI0T
HAy4HYI0 OCHOBY Ul BBIOOpa ONTHMAJIBHBIX OPraHOB PACTEHHH MPH IKCTPAKIHH
W CTaHAapTHU3alUU U CIIOCOOCTBYIOT JajbHeWIIel pa3padoTke (uTompenapaToB H
(YHKLIMOHATIBHBIX MHUILEBBIX MPOAYKTOB.

Kpome TOro, BBIIBICHHAs KOJUYECTBEHHAs BapHaOEIbHOCTb MOMYEPKUBAET
3HaYUMOCTB SKOJIOTHYECKUX U (PU3HOTOTHIECKUX (PaKTOPOB, BIMSIOLUINX HAa HAKOTIIICHHE
MeTtabonutoB. [loHMMaHuMEe OSTUX 3aKOHOMEPHOCTEH MOXKET CIIOCOOCTBOBAThH
JaJbHEHIINM HCCIICA0BAHMSIM aAal TAIIMOHHBIX MEXaHU3MOB PACTCHUN H ONITUMHU3ALIH
yCIIOBHI BBIpALIMBaHUSI U cOopa A MAaKCMMaJbHOTO HAKOIUIEHHUS] OMOIOTHYECKH
AKTHBHBIX COCMHEHUH.

3akiiouenue. [lo pesynprataM MNpOBEIEHHOTO HCCIEAOBAHHUS YCTAaHOBJICHO,
YTO M3Y4YCHHBIC JEKAPCTBEHHBIC PACTEHHS SBISIOTCS MEPCIEKTUBHBIM HCTOYHHKOM
OMOJIOrNYECKH aKTHBHBIX COSIMHEHNI. B Ha/l3eMHBIX OpraHax UCcClIel0BaHHBIX BUOB
BBISIBIICHBl 3HAYUTEJIbHBIC KOJMUYECTBA WHYJIWHA, KJIETYATKH, O€NKa M TMEKTHHOBBIX
BeliecTB. Brpicokoe coiepkaHWE YKa3aHHBIX COCAMHEHUH OOYyCIOBIMBaeT HUX
BBIPQKEHHYI0  (papMaKkoJOTHYECKyl0 LEHHOCTh W  pacIiUpseT BO3MOXKHOCTH
MIPAKTUYECKOTO UCTIONB30BAHMSL.

Buonornueckn axkTHBHBIE BEIIECTBA, COAEPKAILIMECS B JaHHBIX DPACTCHHSAX,
UTPAIOT Ba)KHYIO pOJb B CO3JAHHUH JICKAPCTBEHHBIX IpENaparoB Onarogaps CBOMM
(hapMaKoJIOTHYeCKHM CBOWCTBAM M JKOJOTMYECKOH Oe3omacHocTH. B cBsi3u ¢ »TuMm
JaHHbIC PAaCTEHHs] HAXOIAT ILIMPOKOE MPUMEHEHHE B TPAaTUIMOHHON MEIHIIMHE,
(hapMaleBTHUECKOM MPAKTUKE, MUIIEBON MPOMBIIIJICHHOCTH U CEITLCKOM XO3SHCTBE.

CyliecTBeHHOE 3Hau€HHE HWMEEeT HUX IOJOKUTENbHOE BIMSHUE HA (QYHKIUH
MUILEBAPUTEIEHON CUCTEMBI, 00YCIOBIEHHOE HAJIMYHEM MPOTHBOBOCHAIUTEIBHBIX,
AHTHOKCHJAHTHBIX, aHTHOAKTEPHAJIbHBIX, UMMYHOMOAYIUPYIOIIUX U KETYETOHHBIX
coeauHeHuil. B mocnennue roasl ocoboe BHUMaHME HCCIENOBaTeNed MpHUBIEKAaeT
Helianthus tuberosus (TonmmHamMOyp). OKCHepUMEHTaJbHBIE HWCCIEAOBAaHHA Ha
KHUBOTHBIX MOJEISX CBUACTEIHCTBYIOT O BBICOKOM IOTEHLHMANE AAHHOTO PACTCHHS
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B MEIUIMHCKOHN M (papManeBTHUECKON MpaKTUKE. Y CTaHOBIEHO €T0 MOJI0KUTEIBHOE
BIMSIHHE Ha CHUKCHUE YPOBHsI TJIIOKO3bI B IIa3M€ KPOBH, OOIIETO XOJECTEPHHA H
TpurnuuepuaoB. Kpome toro, tomuHamOyp paccMaTpuBaeTCs Kak MEPCHEKTHBHBIN
HUCTOYHHK MPUPOJHBIX MPEOHOTHKOB.
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Abstract. This study presents the preparation and functionalization of
nanocellulose-based biocomposite membranes derived from Medicago sativa (lucerne)
straw, an abundant agricultural residue from the Zhambyl region. The work aims to
develop value-added biodegradable materials with antibacterial activity through the
integration of nanocellulose with graphene, copper nanoparticles, and polyaniline.
Nanocellulose was isolated using sequential alkaline treatment, acid purification,
and bleaching, followed by membrane formation via the solvent casting method. The
structural features of the obtained cellulose were confirmed by Fourier-transform
infrared spectroscopy, indicating the preservation of the B-glycosidic framework and
the effective removal of non-cellulosic components. The incorporation of functional
nanocomponents into the nanocellulose matrix resulted in dense, mechanically
stable composite membranes with altered optical properties and enhanced functional
performance. The homogeneous distribution of modifiers within the nanocellulose
network provided strong interfacial interactions and the formation of a multi-
component system with synergistic effects. The antibacterial activity of the membranes
was evaluated against Staphylococcus aureus and Escherichia coli using the Kirby-
Bauer disc diffusion method. The functionalized membranes exhibited pronounced
inhibition zones, whereas the neat nanocellulose films showed no antibacterial effect.
The improved antibacterial performance is attributed to the combined action of copper
nanoparticles, graphene, and the conductive polymer, which promote membrane-cell
interactions and induce bacterial cell damage through multiple mechanisms. The
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developed materials demonstrate the potential of nanocellulose as a versatile platform
for designing environmentally friendly antibacterial systems. The proposed approach
contributes to the efficient utilization of agricultural waste and supports the principles
of circular bioeconomy by transforming regional biomass into high-value functional
biocomposites suitable for biomedical coatings, active packaging, and membrane
technologies.

Keywords: nanocellulose, biocomposite membrane, agricultural waste,
antibacterial activity, copper nanoparticles, graphene
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Annoranus. JKymeicta J)KamMObUT 0OJBICBEIHAA OCIPIUITEeH KOHBIIMIKA cabaHbIHAH
aNbIHFaH HAHOILEJUTIONO03a Heri3inae (yHKIMOHAJIJaHFaH OWOKOMITO3UILUSIIBIK
MeMOpaHaiapabl ajly >KOHE ONapAblH OakTepusifa Kapchl KacHETTEpiH 3epTTey
KapacThIpbUIABL. 3epTTEyAiH MakcaTbl — aybll LIapyallbUIbIFbl  KaJAbIKTapbIH
KOFapbl KOCBUIFAaH KyHBI Oap Kem(yHKIHOHANIBl MaTepHajjapfra aiHaJabIpy
YKOHE HAHOLEJUII0N03a MaTPUUACHIHBIH (YHKIMOHAIIBIK MYMKIHAIKTEpiH KEHEHTY.
Hanouenmionosa cCinTiik eHAEY, KbIIIKBUIABIK Ta3apTy >KOHE arapTy caTblIapbiH
KAMTUTBIH CaTBUIBI XUMUSUIBIK SAICTICH ajbIHABI, all MeMOpaHaiap epiTiHAUIIK KYIo
TOCIAl apKbUIBI KaJbINTACTHIPBULABI. MH(PAKbI3bUT CHEKTPOCKOMUSI HOTHKENIEPi
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aNbIHFaH LEJUTIONO03aHbIH TIONMCAXapUATIK KYPBUIBIMBIHBIH CaKTaJIFaHbIH KOHE
LeJUTION03aFa TOH (YHKIMOHAIABIK TONITapIbIH Oap ekeHiH kopceTTi. Hanouemmronosa
MaTpuiacbiHa rpadeH, MbIc HAHOOOJIILIEKTEP )KOHE MOJIMAHWINH €HI13y HOTHXKEeCiHAe
TBIFBI3  KYPBUIBIMIBI JKOHE OIPTeKTI KOMIO3MLMSUIBIK MeMOpaHamap Ty31UIAi.
OyHKIMOHANABl KOMIOHEHTTEPAIH HAHOIEIUTION03a TOpPbIHAA OipKeNIKi Tapaysl
KOMKOMIIOHEHTT] JKYHele CHHEPreTHKaNbIK JCepIiH KalbIITaCyblHA MYMKIHIIK
Oepai. MemOpaHanapaeiH OakTepusFa Kapcbl OenceHnuniri Staphylococcus aureus
xoHe Escherichia coli TecT-makpUgapblHa KaTBICTBl AMCKUIIK Tuddy3us smiciMeH
Oaranangpl. OyHKIMOHANAAaHFaH MeMOpaHaiap MUKpPOOPTraHU3MAEPAiH 6CyiH THIMII
TEXEWTIHIH KOpCeTTi, all Ta3a HaHOLEJUIIJIo3a YATUIepiHae OaKTepusFa Kapchl
ocep Oalikammanbl. AJIBIHFAH HOTHDKEJIED HAHOLEJUIION03aHbIH  (YHKIHOHAIIBI
HAHOKYPBUIBIMAApAbI ~ OekiTyre KaOijmeTTi omOe0am MaTpula eKeHIH JKOHE
KOMKOMIIOHEHTTI KOMITO3ULUSIIBIK JKYHeNepliH KacHueTTepiH OarbITTalfaH TYpAE
peTTeyre MYMKIHIIK OepeTiHiH Aonenaeiai. ¥ ChIHBUIFaH TACI aybul IapyallbUTbIFbI
KaJABIKTapblH TEPEH OHJEYIe HETI3[eNIIeH DKOJIOTUSIBIK Kayilci3 aHTUMUKPOOTHIK
MaTepuangap anxyfa OarbITTajfaH >KOHE oJjapAbl OMOMEIMIMHAJBIK KaOblHIapaa,
OenceHni KanTama MaTepHaNgapblHIa >KOHE MeMOpaHajblK TEXHOJOTHsIapaa
KOJIJaHyFa MepPCIeKTUBAIbl OONbIN TaObIIabl.

Tyiiin ce3ep: HaHOIEITION032, ONOKOMIIO3UTTIK MEMOpaHa, aybUIIapyamblIbIK
KaJlABIKTaphl, OaKTepHsra Kapchl OeJICeHITIK, MbIC HaHOOeIeKTepi, rpaden
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AnnHoTtanms. Pabora nmocssuiena pa3paboTke pyHKIHOHATHIUPOBAHHBIX OMOKOM-
MO3UTHBIX MEMOpaH Ha OCHOBE HAHOLEIITIONIO3bI, OJTYYEHHOH U3 COJIOMBI JIIOLEPHBI,
BbIpalieHHOH B JKaMOBUICKOM 007acTH, U MU3yYSHHIO MX aHTHOAKTEpHUaIbHBIX CBOMCTB.
Lenp wnccnenoBaHusi 3akiO4aeTcsi B NpeoOpa3oBaHUU  CENIbCKOXO3SHCTBEHHBIX
OTXOJOB B MHOTO(YHKIMOHAJbHBIE MaTepuanbl C BBICOKOW J00aBIeHHON
CTOMMOCTBIO U paclIMPeHHH (YHKIHOHAIBHBIX BO3MOKHOCTEH HAHOLEIUTIONO3HON
MaTpuipl. HaHouesmmono3a Obula MONyYeHa IMOATAMHBIM XHMHUYECKUM METOAOM,
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BKJTIOYAONIUM IIEIOYHYI0 00pabOTKy, KHCIOTHYIO OYHCTKY M OTOCTUBaHHE, a
MeMOpaHb! HOPMUPOBATHCH METOIOM JIUThSI M3 pacTBOpa. Pe3yasTaTsl nH(ppaKpacHOH
CTIEKTPOCKOITUHU MOKA3aIM COXPAHCHUE MOJUCAXAPUIHONW CTPYKTYPHI IEIUTIONO03bI U
HAJTWYUE XapaKTEPHBIX (YHKIIMOHAILHBIX Ipymil. BBeaenue rpadena, HAHOUACTHIL
MW W TIOJMAHUJIMHA B HAHOIEIUTIONO3HYIO MATPUILy MPHUBEIO K (GOPMHPOBAHUIO
IUIOTHBIX M OJHOPOJIHBIX KOMITO3UTHBIX MeMOpaH. PaBHOMepHOE pacrpeeicHue
(YHKIMOHANBHBIX KOMIIOHEHTOB B CTPYKTYpPEe HAHOIEIUIIONO3bI  00eCIeunio
cuHepreTnyeckuii 3(h(hekT B MHOTOKOMIOHEHTHOU cucTeMe. AHTHOAaKTepHalbHas
AKTUBHOCTH MEMOPAH OIEHUBAIACh METOIOM TUCKOBO# (D (Hy3UH ¢ HCTIOTB30BAHUEM
TeCT-KynbTyp Staphylococcus aureus n Escherichia coli. DyHKuMOHATU3UPOBaHHBIE
MEMOPaHBI TPOAEMOHCTPUPOBAIIH BRIPAKEHHOE MTOAABICHHE POCTA MUKPOOPTAHHU3MOB,
TOTJIa KaK YMCTas HAHOICIIION03a HE MPOSBUIA aHTHOAKTEPUATbHOW aKTUBHOCTH.
[MonyueHHBIE  pe3yNbTaThl  MOATBEPXKAAIOT, YTO  HAHOIEIUTIONO03a  SABJSICTCS
YHHUBEPCATbHON Marpuiiel, crocodbHoil 3hpHekTBHO 3aKperiaTh QYHKIIMOHATIbHBIC
HAHOCTPYKTYPbl M 00eCleunBaTh IICJICHAMPABICHHOE PETYJIHMPOBAHUE CBOWCTB
KOMITO3UTHBIX CHCTEeM. [IpeyIoKeHHBIH MMOAX0J] OPHUEHTHPOBAH HA CO3JaHHE
9KOJOTHYECKH O€30MacHbIX AHTHUMHUKPOOHBIX MAaTepHaloB Ha OCHOBE TIIyOOKOW
nepepaboTKH CEeNbCKOXO3HCTBEHHBIX OTXOM0OB M MEPCIEKTUBEH /IS IPUMEHEHHUS B
OMOMETUITHHCKUX MOKPBITHSIX, aKTUBHOM YyIAaKOBKE U MEMOPAaHHBIX TEXHOJIOTHSIX.
KioueBble ¢JioBa: HAHOIEIUTION03a, OHOKOMITO3UTHAss MeMOpaHa, CeabCKO-
XO3UCTBEHHBIE OTXOMABI, AHTHOAKTEpPHATLHAS AKTHBHOCTH, HAHOYACTHIBI ME/IH,

rpadeH

Kipicnme. AybuimapyanibuibIFbl ©HIIPICiHIH KapKBIHABI AaMybl JTUTHOLEIUTION03a
KaJABIKTapbIHBIH ~alTapiblKTall MeepAc >KHHATYbIMEH Karap JKypedi, Oy
KaJABIKTapIbl TUIMI1 OHJEY Ka3ipri 3aMaHfbl FBIIBIM MEH TEXHOJIOTHUSHBIH MaHBI3/IbI
OarpITTAapBIHBIH Oipi 00JbIN TAOBLTAABI. AHATIMAIIBl OMOAKOHOMHUKA TY KBIPBIMIaMaChl
asichlHAa ©CIMIIK OMoMaccachl TEK KaHApTHUIATHIH LIMKi3aT K31 peTiHjae FaHa eMec,
COHBIMEH KaTap (pyHKIMOHAIIBIK KaCHETTEP1 )KOFapbl MaTepuaniapabl alyablH HEeri3i
peTinzne KapacTeipbiaanbl. OCbl TypFbIIa LEIUTI0N03a TA0UFH TOJTUMEpPIIEp apachlHaa
epeKIle OpbIH anajibl, ce0ed1 OHBIH OMOBIIBIPAFBIITHIFbI, ONOYHIECIMIINIT, CYyTEKTIK
OaiinmaHpIcTap TY3y KaOileTi )KoHE PEaKTUBTI TMAPOKCHI TONTAPBIHBIH OONyBI OHBI
KOMITO3UTTIK Marepuaiaap YLIiH THIMIi MaTpula peTiHae naiaanaHyra MYMKIHJIIK
oepeni (Klemm et.al., 2018; Trache et al., 2017; Pennels et al., 2020).

Lenmrono3zanbl MUKPOOJIIIEMHEH HaHoemeMAl QopMaiapra (HaHOLEIIIIOI03a)
JeHiH KYPBUIBIMABIK TYPACHAIPY MaTepHalAblH MEHILIIKTI OETKi ayJaHbIH apTTHIPHIII,
OHBIH MEXaHHKAJIBIK OEpiKTiriH, COpPOLMSIBIK >KOHE TOCKAYyBUIIBIK KAaCHETTEepiH
KaKcapTabl )KoOHE XUMHUSUIIBIK MOAU(PUKALM MYMKiHIIKTepiH kKeHewTeni (Gopakumar
et al., 2019). ConsiMeH KaTap HAaHOLEJIION03a HETi31HAeri MaTepraiap/bH IUIeHKa
MeH MeMOpaHa Ty3y KaOinmeTi >korapbl, Oy oylapIblH KalTama MaTepuaiiapsbl,
OnomenuIMHA, MEeMOpaHaJbIK TEXHOJOTHsJIAp JKOHE CyAbl TaszapTy XKyhenepiHuae
KongaHyra MyMmKingik 6epeni (Liu et al., 2021).

Hanouenmionosa HeriziHaeri MarepuainapiIblH KacHETTEPiH JKaKcapTy YVIIiH
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ojapAbpl op TYpJli HaHOMOAU(HUKATOpIAPMEH TYpJAeHIipeni. ATam alTKaHAa,
rpadeH KoHE OHBIH TYBIHABUIAPHI CUSKTHI KOMIPTEKTI HAHOKYPBUIBIMAAP KOMIO3HUT
KYpBUIBIMBIHAA THIMII (asaapanblk OalnaHpicTap TY3il, MEXaHHKaJBIK OEpiKTiK
MeH TEePMUSUIBIK TYPaKTBUIBIKTBI apTThipansl (Mokhena et al.,, 2024). Meic xoHe
OHBIH OKCHUATEpi CHUSKTBI MeTajul HaHOOONIIEKTepiH eHridy OakTepusra Kapchl
OelCeHiiK KepceTeTiH OeliceHAl OpTanblKTap KaneimracTeipansl (Yanuhar et
al., 2024). Ocsburaiilna, HaHOLEJUIFOJIO3a MEH OeHOpraHUKajIblK HaHOOJIIEKTEP
Herizinae OakbulaHATHIH (U3MKA-XUMUSUIBIK JKOHE OWONOTHSIBIK KacueTTepi Oap
Ken(pYHKIHOHAIIB OMOKOMIIO3UTTEP/I ally MYMKIHJIT1 maiga Oonaabl.

CoHFBl  KBUIAAPHl HAHOLEJUIIONO3aHbl Ay YLIiH aybul MIapyallbUIbIFbI
KaJABIKTapbIH MaliJanany epeKiie Hazapra ue 0omabl, cededi Oy Tocin Oip JKarbIHAH
LIMKi3aT KYHBIH TOMEHJETCE, CKiHIII JKaFbIHAH DKOJIOTUSIIBIK JKYKTEMEHI a3aiTabl
(Rouf and Kokini, 2016). Llenntono3anslH NepcHeKTHBAIbl KO3AEPIHE Kb CAHbIH
adTapibIKTal KeJeMe OHIIPIICTIH KoHE TOTUCAXaPUATEPIiH KOFaphl MOJIIEPIMEH
CUIATTANAThIH CYJIbl CA0aHbI MEH KOHBIIIKA CUAKTBI ©CIMIIK KaJABIKTAPhI )KaTabl.

Kazakcran PecnyOnmkachl yuiiH, ocipece arpOeHEpKACINTIK 9JeyeTi KOrapsl
KamOb11 00NBICEIHAA, 6CIMIIK KAIABIKTAphIH (YHKIHOHANIB MaTepHaigapra oHaey
pecypcTapabl THIMII MaiifanaHy KoHEe KOpIIaraH opTa Kayilci3miri camachblHIAFrbl
3aMaHay¥ O0achIMJBIKTapFa ColiKec Keiemi. Ajaiiia, aiMaKThIK 6CIM/IIK MUKi3aThIHAH
aJBIHFaH HAHOIICIUTIONIO3aHbIH KACHETTEPIiH XKYHeli 3epTTey )KoHe OHbI ()Y HKIIMOHAII B
MaTepuaigap axyaa KoJAaHy IeHIeli o e KeTKITIKCi3.

Oneduerrepre Tannay KOPCETKEHICH, HaAHOILEJUII0I03a Heri3igjaeri
KOMITO3UTTEP KEHIHEH 3epTTENTeHIMEH, 9pTYpJi ©CIMIIK IIUKi3aTTapblHAH albIHFaH
HAHOLIEJUTIONO3aHbIH ~ KYPBUIBIMJBIK ~ €PEKIIENIKTePiHiH OHBIH  (YHKIHOHAJBIK
KacHueTTepiHe, acipece HaHOMOAU(DUKATOPIApMEH SpEKeTTeCyiHe KoHe OakTepusira
Kapchl OeJICeHIITITIHE acepi TONBIK ambuiMaraH. COHBIMEH Karap, HaKThl ailMaKThIK
LIMKi3aTKa HeTi3lenreH OWOKOMIIO3UTTIK MeMOpaHamapiabl aly >KoHE OJIapiAblH
KAacHEeTTePiH CalbICTBIPMAbI Type Oarayay )KeTKUTIKTI ACHrei1e 3epTTeIMEreH.

Ocpiran OaitnanbicThl, Oy 3epTTeydiH Makcarbl — JKaMObUT OOJBICBIHBIH
arpoeHEPKACINTIK KalAbIKTapblHaH (KOHBIIIKA ca0aHbl) HAHOLEJUIIOI03a Ay, OHBI
rpadeH KoHe MbIC HaHOOOIIIeKTepiMeH MOAU(HUKALNATIAY apKbUIbI OMOKOMIIO3HUTTIK
MeMOpaHaap CHHTE3Zey >KOHE OJIapIbIH KYPBUIBIMIBIK JKOHE OakTepusra KapChl
KacHeTTepiH 3epTTey OOJbIN TaObLIadbI.

3epTTeydiH FHUIBIMH  JKAaHANBIFBI HAHOLEJIIIONO3aHbl  aiMaKTBIK — ©CIMIIK
LIMKi3aThIHAH aly, OHBI KOMIPTEKTI JKOHE MeTalJl HaHOMOJU(HUKATOPIaApPMEH
TYPJASHIIPY apKbUIBI JKaHa (YHKIMOHAIABl OHOKOMIIO3UTTIK MeMOpaHajiap
KaJIBIITACTBIPY JKOHE OacTanKbl MIMKi3aT TaOUFaThIHBIH abIHFaH OMOKOMITO3UTTEPAIH
KacHeTTepiHe ocepiH aHBIKTayMeH CHIATTalaibl.

3epTTeydiH ~ NPAaKTUKAJIbIK  MAaHBI3IBUIBIFBI  aJbIHFaH  HAHOIEJUIIONO03a
OMOKOMIO3UTTEPIH MHUKPOOKa Kapchl MeMOpaHayap, KOJNOTHSUIBIK Ta3a KamnTama
MaTepuaigapbl JXoHE arblHABI CyJapAbl Ta3apTy TEXHOJOTHSUIAPBIHAA KOJIAaHY
MYMKIHJIITIMEH aHbIKTaJa/Ibl.

Onedu mouy. COHFBI JKbULAAPBl TYPAaKTHl MaTepUaNTaHy cajacblHaa TaOuFrd
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MoJIUMepIiepre Heri3aenreH (YHKIMOHAIABI KYHelIepal o3ipiey epeKile KapKbIH
annel. bysr OaFbITTBIH HETi3T1 KO3Fayllbl (DaKTOpIapbIHBIH Oipi — MyHa#l Heri3inaeri
MOJTUMEPIIEPAl  SKOJOTHSUIBIK Kayirnciz OalamManapMeH ajiMacThIpy KasKeTTiIiri.
HaHnonemntono3a Korapbl MEXaHHMKAIBIK OEpiKTIri, JaMblFaH OCTTIK ayHdaHbl
JKOHE XUMHSUIBIK MOAH(UKAIUsAra OCHIMAUIIrT apKachblHAa KOm(pyHKIIMOHAIIbI
MaTepuangapAbl CUHTe3AeyAe MaHbI3Abl OpbiH anansl. Klemm et.al. coHfsl 1momy
KYMBICTapbIHAA HAHOLEJIION032 MaTepHaldapbIHbIH KYPBUIBIMABIK YHBIMIACYBI
oJIapAblH MEXaHUKAJbIK, TOCKAYBUIIBIK >KOHE OMONOTHSUIIBIK KacHeTTepiHe Tikenen
acep eretini kepcerinren (Klemm et.al., 2018). JIurHomemon03anbK muKi3aTTal
aJIBIHATHIH HAHOLIEIUTION03a KYPBIIBIMBI TAJIIIBIKTAP IBIH JKOFaphl aCTIEKT KATBIHACHIMEH
cUmarTanagpl, Oyl MaTepHalIblH OCPIKTIriH XOHE TYPaKTBUIBIFBIH apTThIPabl.
Dufresne (2029) xyprisren 3epTTeyjiepAe HAHOLEIION03a TalIIBIKTaApbIHBIH
KOFapbl KPUCTAJIIBIK JI9PEKECi KOMIO3UTTIK MaTepHalAapAblH  CEepHiMALIIK
MOJIYJiH alTapibIKTail KorapeuiataTeiHbl kepcetinren (Dufresne, 2019). Conbimen
Karap HaHOLEJUTION03a HEri3iHAeri KyhelepAiH KeyeKTi MOp(OIOrusichl ONapiablH
aJCOPOLMSUIBIK KAaCHUEeTTEPiH KaKcapTaibl, Oy Cyabl Ta3apTy TEXHOJOTHsIApbIHAA
KOJIJIaHyFa MYMKIHIK Oepe/ti.

CoHFBI KbULAAPBl 3€pTTEYINiJep HAHOLEJIION03a HETi3iHAeri KOMIO3UTTEpAiH
KAacHeTTepiH JKaKcapTy YIUiH KOMIPTeKTI HaHOMaTepuaiiapasl KoJJaHyFa
epekme keHinm Oemyne. I'paden oxcuai ’xkoHE TOTBHIKCHI3AHABIPbUIFAH Trpaden
KOFapbl MEHLIIKTI O€TTIK ayJaHbIMEH J>KOHE epeKIle OJIIEKTPIiK KacHeTTepiMeH
epekmeneneni. Zhang et al. (2022) 3eprreynepinne HaHoUeTI0N03a-TpadeH
KOMITO3UTTEP1 JKOFAapbl MEXaHHMKAJBIK OCEpIKTIK MEH KaKCapThUIFaH TOCKAYBUIIBIK
KacueTTep KepceTkeHi anblKTanraH (Zhang et.al., 2012). I'paden kabaTTapbIHBIH
MOJTUCaxXapuATIK MaTpUIaMEH e3apa JdpeKeTTecyi CyTeKTiK OaiaHbICTap MEH T—T
OpeKeTTeCyNep apKbUIbl )KY3€re achlll, KOMIO3UTTIH KYPBUIBIMIBIK TYPaKTBUIBIFBIH
apTTeipanbl. Meramn HaHOOeNIIEKTepiMEeH MOoAM(UKALWsIaHFaH HAHOLEIIION03a
MaTepHaigapbl OaKTepusFa Kapchl )Kylenepi kobdanayna KeHiHeH 3epTrenyae. Li et
al. (2018) sxymbICTapbl KyMicC )K9HE MbIC HAHOOOIIIEKTePi eHT131JTeH HaHOLEITION03a
MaTepHalJapbIHbIH OaKTepHsl jKacyllalapblHbIH MeMOpaHalapblH OY3aThIHBIH KOHE
PEaKTUBTI OTTEK TYpJEpiHIH TY3UIyiH BIHTalXaHAgslparThiHbH Kepcerti (Li, at.al.,
2018). Mynnaii marepuaiiap MUKPOOPTaHU3MAEPAIH OCyiH THIMII TEKEHAi kKoHe
OMOMEIUIMHANBIK >KaObIHAapAa KOJJaHyFa MEepCHeKTHUBAIbI OOJNBIN TaObLIalbl.
CoHbIMEH Karap MeTajul HaHOOOJIIEKTEpiHIH HaHOLEJII0N03a MaTpUIachiHAa
TYpaKTaHybl OJapAbIH arIOMEPalUsChIH a3alThII, OeICEH1 OPTaIbIKTaPAbIH Ol pKeIKi
TapagyblH KAMTaMachl3 eTe/i.

OTKI3rim MoJuMepsep Heri3iHieri KOMIO3UTTEP COHFBl JKbUIAAphl CEHcopiap,
WKEeMAl DIEKTPOHUKA >XOHE AaHTUMHUKPOOTHIK >KaOBIHAap »acay YIIiH OenceHi
3eprrenyne. IlonMaHMIMHHIH KOHBIOTUPICHIEH KYPBUIBIMBI  DJIEKTPOHAAPIBIH
TachIMaJIaHybIH OKEHUIAETIN, MaTepHalblH 3JeKTPOTKITITIK KacHEeTTepiH
aprTeipansl. Kumari et al. (2026) xxyprisren 3epTreyiepae MOJUaHUINH SHTi31ITeH
MOJTUCAXapUATIK KOMIIO3UTTEPAiH MHUKPOOKa Kapchl OEJNCEHMNri JKoFapbllaFaHbl
aHbIKTanFaH. byn ocep MarepuangplH OCTTIK 3apsiABIHBIH —©3repyiMeH KOoHE
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MHUKPOOPTaHU3MACPAIH  JKacyllalblK  KaObIpFajapbIMEH  DJEKTPOCTATHUKAJIBIK,
OpPEeKeTTEeCYiHIH  KYIICHiMeH  TyciHumipinemi. HaHomemmtono3a — HerisiHueri
MeMOpaHaIapIbIH MaHBI3bl APTHIKIIBUIBIKTAPBIHBIH 01pi — 01apAbIH MOP(OIOTUACHIH
KOHE KEYEKTIJIIK KYpbUIBIMBIH peTTey MyMKiHAiri. Mautner et al. (2013) sxymbIcTapsl
HAHOLIEJUTION03a MeMOpaHaJIapbIHBIH CY3y THIMAUIITT OJapAblH TalIIbIKTaPbIHBIH
TapallyblHa XOHE KEyeKTEp/iH eJIeMiHe Toyenai ekeHiH kepcerti. byn xacuerrep
MeMOpaHalapAblH CyAbl Ta3apTy JoHE OaxkTepusiapabl Oeny mpouecTepiHaeri
THIMAUTITIH aHbiKTaiael (Mautner et.al., 2013). CoHbIMEeH KaTap HaHOLEJUIFOJIO3a
ruapoQUIBALITIITT MeMOpaHatapAbIH JaCTaHyFa TO3IMAIITH apTThIPaIbL.

Kaszipri 3eprreynep KOIKOMIIOHEHTTI KOMIO3UTTIK KYUEIep/liH CHHEPTETUKAIBIK
ocep KepceTy KabileTiHe epekile Haszap aynapaisl. bipHeme (yHKIMOHAIIBI
KOMITOHEHTTEPAiH KOMOWHAIMSICBI MaTepHAIbIH KACHETTEPiH MAKCATTBI TYPAC PETTEYTe
MYMKiHAIK Oepenmi. Wang et al. (2015) >xypri3reHn 3epTTeyiepie HaHOLEIIION03a,
rpadeH koHe MeTall HaHOOeIEKTePiHeH TYPaThiH KOMIO3UTTEPAiH MEXaHUKaJIbIK
XKoHE OakTepusiFa Kapchl KacHeTTepi alTapibIKTald >KOFapbUIaFaHbl KOpCETUIreH
(Wang, et.al.,2015). Bys1 KOMIIOHEHTTEPIiH ©3apa SpEKETTECyl HOTUKECIH/IE KOMITO3UT
KYpBUIBIMBIHAA XKaHa HHTepdelcTiK OailaHbICTap KaJIbIITaCcaabl.

Buoxomno3utTik MeMOpaHatapAblH KOJAAHBUTy cajanapbl Aa KeHetone. COHFBI
3epTTeyjiepAe HaHOUEIIII0NI03a HETi3iHAeri MaTepHaljapAblH OelceHal KamTama
Kyhenepinae, jkapa TaHFBIITAPBIHAA >KOHE OMOMEAMUMHANBIK >KaObIHIAapAa
KOJIJaHBUTY MYMKIHJIT1 KapacTeipbutyna (Yuan etal., 2021). Mynpaaii MaTepuanaapabig
OMOYIIeCIMALIIT )KOHE YBITCHI3BIFBI OJapAbl METUIIMHAIBIK MaKcaTTapaa KOJAaHyFa
MYMKiHAIK Oepeni. CoHbIMEH KaTap OMOBIABIPAFBIITHIK KAaCHETI KOpLIaraH opTara
3USIHIBI SCEPIH a3aiTabl.

AyBbI IIapyanbUIbIFbI KaJIABIKTapbIH )KOFaphl KOCBUIFaH KYHbI 0ap Marepuaiiapra
alfHanABIpy Kas3ipri 3aMaHfbl FBUIBIMAAFBl MaHBI3ABI OarbITTapAblH Oipi OombII
tabbimanel. Padhi et al. (2023) xepceTkeHpael, arpoKaJAbIKTapiaH aJIbIHFaH
HAHOLIEJIUTION03a MaTepHaifapbl CHHTCTUKAJBIK IOJUMEPICPMEH CabICThIPFaHIa
TOMEH KOMIPTEK 131H KaJIBIITACTRIPaAbI )KOHE TYPAKTHI OHAIPIC KaruaanapblHa ColKec
keneni. byn OarplT TaOMFU pecypcTapabl THIMAI NainaiaHyfa skoHE KalAbIKTapIibl
azalTyra MyMKiHIIK Oepeni.

XKanmel anraHma, COHFBI FBUIBIMU 3€pTTEyJEp HAHOLEIUIION03a Heri3iHerl
KOMITO3UTTEPAIH KYPBUIBIMBI MEH KaCHETTEpiH OacKapy MYMKIHIII1 >KOFapbl eKeHiH
kepcereni. Hanouemntonozanel rpadeH, MeTamul HaHOOOJIIEKTEpl KoHE OTKI3Till
oJMMepiIepMeH OipikTipy apKbLIbl KaHa OybIHAaFbl QyHKIIMOHAIIBI MaTEepUaiap bl
anmyra Oonanpl. MyHIail KylenepAiH CHHEPTeTUKAIBIK 9cepi ONapiAblH OaKTepusra
Kapchl, aJCOpOLMSIIBIK JKOHE MEXaHHMKaIbIK KacHeTTepiH xakcapraibl. COHBIMEH
KaTap arpoeHEPKICINTIK KAIABIKTAp bl i 1a]aHy SKOJIOT HSUIBIK )KOHE SKOHOMHUKAJIBIK,
TYPFBIIAH THIMAI1 OOJBIN TaObLIA B

Ocebunaiita, ome0u JEpeKTep HaHOICIUII0I03a HETi3iHJerlT KOIKOMITOHEHTTI
MeMOpaHaIapblH YJIKEeH FBUIBIMH JKOHE KONAaHOAbI dJIeyeTKe Ue eKeHiH KopceTei.
Anaiiia HaKThl AaHMaKTBIK OCIMAIK IIHKI3aTbIHAH ajiblHFaH HAaHOLEJUIIOI03aHbIH
KYPBUIBIMJIBIK €peKILeTIKTepi MEH OHBIH (YHKIHOHAJIABIK KACHETTEPl apachIHIarbl
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Oaiinanbic TONBIK 3epTTenMered. ConapikTad XKaMObL1 00IbICBIHBIH arpOKAIIBIKTapbIH
naianany apKbUIbl )KaHa OMOKOMIIO3HTTIK MaTepuanaap 93ipiey FblIbIMU TYPFbIIaH
03eKT1 0arbIT OO0JIBINT TaObLIA IbI.

3epTTey MaTepuagapbl MeH daicrepi. Koywviuka cabanvinan yennionoza any
a0ici. 3eprrey xymbichl yiniH JKamObur obnwickl, XKyanbsl ayaassl, JlloOMMoBKa
aybulbIHIA opHajackaH <« Kymabail» miapya KOXKaJbIFbIHAA ©CIPUIreH >KOHBIIIKA
cabaHbl MaWJaTaHbUIIBI. bacTankbsl OCIMIIK IIWKI3aThl KENTIPUTIN, YCaKTaJIbII
XoHe Oerje KocnanapaaH TazapTbuldsl. Llemmtono3ans! Gemin amy yaepici ciaTitik
OH/JICY, KBIIIKBIIABIK Ta3apTy JKOHE arapTy caTblIapblHAH TYPAbl. AJFAIIKbl KE3EHIE
JUTHUH MEH TeMUIIEJUTI0I03aHbl KO0 MaKcaThlHAA OCIMAIK MHKi3aTel 2% HaTpuil
ruapokcuai (NaOH) epitingicimen ennenai. Oxaey 120°C temmepartypana xkoHE
20 6ap kpichiMIa aBTOKIABTa 40 MUHYT Oo¥ibl kyprizinai. CinTinik eHaeyieH KehiHn
MaTepuan JUCTUIICHTeH CyMeH OelTapamn oprara neifin ybuigsl (Reshmy et al.,
2015). Kemuksuiaelk enney keseHinge 20% azor keimkbuibl (HNOj), 45% cipke
kbIKbLTB (CH3COOH) sxoHe nuctuieHreH cyabiH 2:2: 1 KkeeM/IiK KaTbIHAChIHIAF bl
KOcachl KOJIJaHbUIIBL. by eHpey memnono3a KypaMblHAArbl KaJlJAblK JUTHUH MEH
TeMHILEIUIIONO03aHbl TOJBIK JKOIOFAa MYMKIHAIK Oepni. ArapTy Ke3eHiHIE allbIHFaH
eHiM 1% natpuii runoxnoputi (NaOCl) epiTiHgiciMeH MarHUTTIK apajacThIPFBIIITA
5 carat OOMBI Y3AIKCi3 apanacTeIpy apKbuibl eHaenai. HoTmxkecinae ak TYcTi )KoFapsl
Ta3aJbIKTAFbIl 1EJUTI0NI03a allbIHIbL.

Hanoyennronosa ueeizindezi membpananapost OaiviHOay. ANBIHFaH TEII0N03a
MEXaHUKaJBIK IUCIEPTUpIIey apKbUIbl HAHOOIIIEMAl KYpbUIBIMFA JeHiH eHuemim,
TYPaKThl HaHOLIEJUIIONO03a CYCHEeH3UICH AaibiHaaiabl. Hanouemionos3a Herizinaeri
MeMOpaHayiap epiTiHAuTK Kyt (solvent casting) ojiciMEH KaJbINTaCTBIPBUIIBI
(Norrrahim et al., 2021; Ruan et al., 2023). Ox ywiH HaHOLEJUIIOI03a CYCIEH3USICH
KaJbIITapFa KYHbUIBIN, OenlMe TemIeparypachiHaa KenTipingi. @OyHKIHOHAIIBI
OMOKOMIO3UTTIK ~MeMOpaHaHbl ~aly YOIIH  HAHOLEJUIIOJO3a  MaTpHULAChIHA
MOJMAaHWINH, TrpadeH KoHe MbIC HaHoOemmeKkTepi eHrizinmi. bym >xymbicta
MOJTMAHWIIMH MEH MBIC HAHOOOIIEKTePiHiH MOJIIEp] TYPaKThl CaKTaJbII, TpadeHHIH
Meumepi 1 T AeHrediHge TaHAanFaH Oip FaHA KOMITO3HMIIMSUIBIK HYCKA 3€pPTTEII.
Hanomomudukaropinapaply Marpuiaga Oipkenki TapalyblH KamMTaMachl3 €Ty
YIIiH oflap aj[blH aja AUCHEPrUpIICHIN, KeHiH HAHOLEJIION03a CyCIeH3HSICHIMEH
MeXaHUKaJIBIK apalacThIPy apKbUIBI O1piKTipiiai. AJIBIHFAH KOCTIA KaJIbINKa KYHBUIBI,
KEMTIpy apKbUIbI Kapa TYCTi O1pTeKTi OMOKOMITO3UTTIK MeMOpaHa ajJbIHIbI.

YoarinepAiH ~XUMHSIBIK — KypbUIbIMBL ~ Dypbe  TypAeHIipydi HHEOPaKbI3bUI
cnektpockornusa (FTIR) omicimen 3eprrenai. MeMOpaHanapablH aHTHOAKTEPHUSIIBIK
oencenniniri Staphylococcus aureus xone Escherichia coli mramaapbiHa Kapchl
Kirby-Bauer auckinik quddysus agicimen 6arananasl (Balouiri et al., 2016). Yarinep
Miomnep-Xunron arapeinga 37 °C temmeparypana 24 carar MHKyOauUMsJIaHbII,
ecyiH Texey alMakTapblHbIH Auamerpi emmengi. O Oakbutay petinze 30 MKr
IUIpPOIOKCAIMH KOJIJaHBLUI/IBI.

Bapneik Toxipubenep KeMmiHAe YII peT KaWTalaHBIN >KYPri3iiim, albIHFaH
HOTHJKEJIEp CTaTHCTUKAJBIK OHACYACH OTKI3UIN, opTama apu(pMETHKaIblK MOH
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KOHE CTaHIApTThl ayBITKY TYPIHAC YCBIHBULABI, AepektepAi enaey OriginPro
OarmapiaMachlHIA KY3€Te aChIPBUI/IBL.

3epTTey HOTH:KEIEPI.

UK-cnexmpockonus Homuoicenepin manoay. AbIHFaH LEIUTIOI03aHbIH XUMUSIIBIK
KYPBUIBIMBI HHPPAKBI3bLIT CIIEKTPOCKOMUS 9J1iCi apKBUIBI 3€PTTEINI1 )KOHE HOTHKeNIepi
I-kectene kenripinren. CnekTpai Tanmay OapbiChIHOA LEJUTIONO3aFa TOH HETi3Ti
(YHKUMOHAJABIK TONTAPABIH JKYTBUIY JKOJAKTapbl aHBIKTAJIABI, OYJI KOJJaHBLIFaH
XUMUSUTBIK OHJICY SJICTEPiHIH THIMIUIITIH JOICIACHII.

Kecte 1 — UK-criekTpockonust HOTHXKENIepi

TonkeiH b1y cunarramacsl Eckeprynep
Y3bIHABIFBI (CM™)
Harpuii-O-ton (-OH) Lemtrono3a MoneKynanapbliHaa OpHaJacKaH
3200-3500 TUIPOKCHI TONTAPBIHBIH KEH IIBIHIBIK
CHIIATTaMachl.
2900-2800 C-H rep6enicrepi (CH,, CH,) [emmonoszana donarein CH, TonTapeiMen
0aliTaHBICTHI.
1600-1650 C=C tepbemnictepi (apoMarThl JIMrHUH CHUAKTHI KOCTalap/blH KaTbICybIMEH
cakuHamnap, erep 6ap 6osca) naiiaa 0oybl MYMKIH.
1500-1450 CH, xone CH, -TonTaphiHbH [Nonmcaxapua KypbUTBIMBIHBIH OOTYBIH
ayBITKYHI (e opmaris) KepceTesi.
1420-1410 C-O-C tepbemicTepi (3dupiix Llemmrono3a Ti30eKTepiHiH CHIIATTaMacHI.
OaitmansIcTap)
1300-1200 C—O Tepbemictepi (immki Llemmonozana C—O GaittaHbICTAPBIHBIH
ACMMETPHSUIBIK 1ehopMaItust) 0OITyBIH KOpceTeTi.
1150-1080 C—O Tepbemictepi YJrize reMHuLeITIoI03aHbIH O0TyBIMEH
(TeMHLIeILTION03aIap) 0aliTaHBICTHI.
1050-1030 C-O repbemnicrepi (1emmIr0103a) Llenrono3a KypbUIBIMBIHEIH Tikeleh
KOpCEeTKIIIi.
390-850 B-riroK03KATI OaliTaHbIC TOOBI Taburu 1eNIroI03ara TOH HEIUTIOI03aHbIH
yIIIiH TepoericTep B-bopMachIH KepceTesi.

3200-3500 cm! aiimarsIHIa KEH JKOHE MHTEHCHBTI XKYTBIIY JKOJAFbl OaifKaibl,
ol runpokcun TontapelHbH (-OH) BameHTTiK TepOemicTepiHe coifkec kememi. by
[EJUTION03a MaKpOMOJIEKYJIalapbl apachlHJIAFbl JIAMBIFAH CYTEKTIK OaimaHbicTap
JKYHECiHIH KaTbIITACKAHBIH KOPCETeMi. ATaFaH jKOJAKTHIH alKbIH KOPiHYyi aJlbIHFaH
MaTepUANIBIH  KYPBUIBIMABIK TYTACTBIFBI JKOHE JKOFAphl MOJSPIS TONTAPJbIH
CaKTaJIFaHBIH JQJEIICHII.

2900-2800 cm' aiimarbinna Oaiikanran sxyTeuly skonakrapel CH, sxome CH,
TONTAPBIHBIH TEpOETICTEpiHEe COMKEC KeNeMi J>KOHE IOJIMUCaXapuATIK Ti30eKTiH
cakranranbiH ponenjeini. CombiMen katap 1420-1410 cm' aiimareiaga CH,
TONTAPBIHBIH JAehOPMAIUSIBIK TepOeTiCTepi aHBIKTAIABI, OV IEJUTIOIO3aHbIH
KYPBUIBIMJIBIK YABIMJIACYBIHBIH CAKTAJIFAHBIH JIOJEIICH/I1.

1300-1200 cm! sxome 1050-1030 cM™! aliMaKkTapBIHAAFBI JKYTHITY skomakTapsl C—O
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xone C—O-C OalinaHbICTapbIHBIH TepOenicTepine colikec kemeni. byn notmxenep
LEJUTIN03a  MaKpPOMOJIEKYNAChIHBIH ~ HETI3T  KYPBUIBIMIBIK  3JIEMEHTTEPiHIH
Oy3bUIMaraHbIH KOpCeTe .

890-850 cm! aiiMaFbIHIAFbl JKYTBUTY JKOJAFbl P-TIMKO3UATIK OaiaHbICTapra
TOH, OYJI aNbIHFAH LEJUTION03aHbIH TaOuFH B-(OpMachIHBIH CaKTalFaHbIH KOPCETEIi.
1600-1650 cm' aiiMarbIHIAFBI QJCI3 JKOJAKTapAbIH OaiiKamybl YJATiZe apoMarThl
KYpBUIBIMAAPABIH (JUTHUH KaJAbIKTapbIHBIH) 131K Mesmepae Oodybl MYMKIH
ekeHin kepcereni. ConbiMeH karap 1150-1080 cm!' aiimMarbIHAAFBI QJICI3 JKYTBLTY
YKOJIAKTaphl TEMUIIEIIIIOI03aHbIH a3 MOJIIIEPIe CaKTaIFaHbIH Olnnipeni. Amaiina Oy
JKOJIAKTap/IblH WHTEHCUBTLUIITIHIH TOMEH OOJYBI KYPri3UIreH XUMHUSIIBIK OHICY/IIH
TUIMIIITH A2JIeAeal.

XKanner anranma, MK cnekrtpockomus HOTHXKeNEpl ajlbIHFaH MaTepUaiblH
LEJUTIONO03aFa TOH KYPBUIBIMABIK O€NTiepAl TONbIK CaKTaraHbIH KOHE OHBIH JKOFaphl
Jopexene Ta3apThUIFaHBIH KOPCETTi. bysl anblHFaH MaTepHaiablH HaHOLEIJUTION03a
Herizinaeri GyHKIHOHAIAB MeMOpaHanap CHHTE31He KapaM/ibl eKeHiH 9IS .

Hanoyennwonosa  uecizinoeei  membpananapovly — KaiblNmMacyvl — JcoHe
MAKpOCKONUANLIK Kypulivimul. JKOHBIIIKA caOaHbIHAH aJIbIHFAH HAHOLEJUIION03a
EpITIHAUTIK KYIO 9ici apKbUIBI TYTac, MEXaHMKAJBbIK TYPFbIIAH OepiK yKoHe HiNTiml
MeMOpaHaap Ty3/i. Ta3a HaHOIEIUTI0I03a HeTi31H 1€ ajIbIHFaH MeMOpaHa aK TYCTi, OeTi
Teric JKoHe KYPBUIBIMBI OipKenKi 0onbin cunattansl (1a-cyper). bakpuiay HoTrxenepi
MeMOpaHaHbIH >KapbIKIIACHI3 JKOHE TyTac KaOBIKIIA TYPiHAE KallbINTaCKAHBIH
KepceTTi. MyHnail MopdosIoTHs LEeIUTI0NI03aHbIH KOFAphl A3pEKeae Ta3apThUIFaHbIH
YKOHE JJUTHUH MEH TeMHULEIUTION03aHbIH THIM/1 KOHUBIIIFaHBIH KOPCETE].

Hanouenmtonosa marpunaceina rpadeH, MbIC HAHOOOJIIEKTEP1 KOHE TOTHMAHUIHH
SHTI3UITeHHEH KeiiH aJblHFaH MeMOpaHa Kapa TycKe ue OOJIbl JKoHEe KYPBUIBIMBIHBIH
TBHIFBI3JBIFBIHBIH apTKaHbl Oaiikanasl (1b-cyper). Moaudukauusnanran yiriaepain
OeTki KabaThl TBHIFBI3BIPAK >KoHe OipliamMa KaTThIpak €KeHi BH3yalIbl KOHE
MeXaHUKaJIBIK dcep eTy (uiny) OapbIChiHIA aHBIKTaNAbBl. MeMOpaHanap uiny Ke3iHae
TYTACTBIFBIH CAKTal, KYPBUIBIMABIK OCPIKTIriH KOPCETTI.

TycTiH e3repyi KOMIPTEKTI HAHOKYPBUIBIMIAD MEH OTKI3Till MOJUMEpAIH
HAHOLIEJTION03a MaTpULachIHAA Oipkenki TaparybIMeH OaliaHbICTHI.
HanomomudukaropiaapablH €HTi3iyl HaHOLEIUTIONO03a TAaJIIBIKTApbl apachIHIAarbl
00C KEHICTIKTI ilIiHapa TONTBIPBII, HEFYPIBIM THIFBI3 KYPBUIBIMHBIH KaJbIITACYbIHA
okeneni. [lomnanwnuHHIH OO0NyBl KOMIO3UIMSUIBIK JKyHene KochiMina (usuka-
XUMHSIIBIK OaillaHBICTApIIbIH TY31IyiHe BIKMAN eTil, MeMOpaHaHBIH TYPaKTHUIBIFbIH
apTTHIPabI.
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(b)
Cypet 1 — Hanonenrono3a Herisinaeri memOpananap: (a) Taza meMmOpana; (b) Mogudukanusianrad
MeMOpaHa.

Ochuiaiiiia, canpICThIPMAaIIbl TajAay HOTHXKECIH/IE Ta3a ®oHe MouUKALUsIIaHFaH
MeMOpaHaiap apachiH/ia alKbIH ailbIPMAIIBUIBIKTAP OalKaIIbl: MOIU(DUKAIUSITAHFAH
YITUIEPIiH KYPBUIBIMBI THIFBI3BIPAK )KOHE MEXaHUKAJIBIK TYPFbIJIAH TYPAKTIPAK O0JI/IbI.
By HoTHKeNep HaHOIEIUTIONO03a HETi3iHAEri MaTpHUIIaHBIH MOJU(PHUKATOPIApMEH
e3apa THUIMJII OPEKETTECETIHIH oHE (DYHKIIMOHAABI KOMIIO3HUIIUSIIBIK MaTepual
KaJIBIITaCTBIPYFa MYMKIHIIK O€pEeTiHiH KopceTe/i.

Membpananapoviy anmubdaxmepusiivly Oencendiniei. AbIHFaH MeMOpaHasap/IbiH
AHTUOAKTEPUSIIBIK KacueTTepi Staphylococcus aureus xone Escherichia coli Tect-
JIAKbUIIapbIHA KATBICTHI 3€PTTEI I (2-CypeT). 3epTTey HOTHKeIepl KOpCETKEH/IeH, Ta3a
HAHOLIEJUTION03a HeTi3inaeri MemOpana OakTepusuiapra Kapchl aliKbIH OelCeHALTIK
KepceTIeai, OV OHbIH OWOJOTHSJIBIK TYPFbIJIAH WHEPTTI CKEHIH JoJesueni. A
rpadeH, MbIC HAHOOOJIICKTEPl KOHE IOJMAHWINH CHII31UITeH KOMITO3UIIUSIIBIK
MeMOpaHa €Ki TeCT-JaKbUIFa Jla KaTbICThl OaKTEepHUsUIApABbIH OCYIH TEKEHTIH
alKbIH aiiMaKTap/AblH TYy3UlyiMeH cumnartaijbl. Busyaniasl Oakbuiay HOTHXKECIHIC
MomuUKalMsUIIaHFaH yiTiiepae OakTepust KOJOHUSJIAPBIHBIH ocyi MemOpaHa
aliHaJIaChIH/a Al TapJIbIKTal IEKTEITeH] OalKal b,

CanbICThIpMalIbl  Tajiay KepCceTKeHieH, Staphylococcus aureus yuIiH TeXeEy
aiimarel Escherichia coli-meH canbICThIpFaHaa aWkbpiH Oaiikangel. Byn Gram-ox
OakTepHsUIap/IbIH JKacyllla KaObIPFachIHbIH KaparaibiM KYPhLUIBIMBIMEH JKOHE ChIPTKbI
KOpFaHBIII KaOaThIHBIH OonMaybiMeH Tycinmipineni. An Gram-tepic Escherichia
coli  CHIPTKBI  JIMIIONOJIMCAXAPUATI MeMOpaHAChIHBIH 0OJyblHA OaiJIaHBICTHI
HAHOOOJIIIEKTEP/IiH 9CEPiHe CANBICTHIPMAIBI TYPJIE TO3IMIIPEK Kelle/i.

49



ACADEMIC SCIENTIFIC JOURNAL OF CHEMISTRY

(a) (b)
Cyper 2 — MemOpananapablH aHTHOAKTePHSUIBIK Oenceniniri: (a) Staphylococcus aureus; (b)
Escherichia coli TecT-maxpuaapsl.

KoMITo3uusIbIK MeMOpaHaHbIH aHTHUOAKTEPHSIIBIK acepi OipHeme
MeXaHU3MIEP/iH OipJeCKeH BIKIaIbIMEH JKy3ere acajabl. MbIC HaHOOeIeKTepi
OakTepHsl KaCyNIAChIHBIH KaOBIPFACchlH 3aKbIMJAIl, PEAKTHBTI OTTEK TYpJIEPiH TY3y
apKbUIBl MUKPOOPTaHU3MJAEPAiH TIPWIriH Texeiai. ['padeHHiH KaObIpIIaKThI
KYPBUIBIMBI OaKTepHs >KaCYyNIACBIHBIH MEMOpAHACBIH MEXaHUKAJBIK TYpae Oy3ybl
MyMKiH. [lonmnaHunuHHIE OONYybl KOMIIO3HUIIMSIIBIK MaTepHANIBIH OCTTIK 3apsablH
©3TepTill, 0aKTepus KacyliaJapbIMeH JIEKTPOCTATHKAIBIK SPEKETTECYl KyIIeUTeIi.

Ochunaiinia, abIHFaH HOTHDKEIIEP HAHOIICILTION03a HeTi31H1eTi Mo U MKalUsITaHFaH
MeMOpaHaIapAblH alKbIH aHTHOAKTEPUSITBIK OSJICEHIUTIKKE Ue €KEHIH KOHE OJIapIbIH
OMOMEIUITMHANIBIK YKOHE DKOJOTHSUIBIK MaKcaTTapja KOJIJaHy YIIiH IepCIeKTHBAIIbI
MaTepuanaap eKeHiH KopceTe/i.

Hotmxenepai Tankpuiay. JKoHbIIKa ca0aHbIHAH aJbIHFAH HaHOIICILIIOI03a
Herizigaeri MemOpaHalapIblH KYPBUIBIMIBIK EPEKIICNIKTepi MEH  OJapiblH
(hyHKITMOHAIIIBIK KACHETTEP1 apaChIH/IaFbl ©3apa OaliJIaHbIC AJIBIHFAH YKCIIEPUMEHTTIK
HOTIDKENEp Herizinie Tyciaipinani. Makpockonusuiblk Oaxbliaynap (1-cyper) Tasza
HaHOIIEJUTI0I03a MeMOpaHaIapbIHBIH OiPTEKTI, )KapPBIKIIAKCHI3 KOHE TETiC KYPBUIBIM
TY3€TiHIH KepceTTi. byJ HaHOILeIUII0I03a TalIIBIKTAPBIHBIH apachlHIAFbl CYTEKTIiK
OaillaHBICTap/bIH JAMBbIFAaH TOPBIHBIH KaJIbIITACYybIMEH OainaHbicThl. OchIHIal
KYpbUIBIM MeMOpaHaHbIH TYTACTBIFBIH JKOHE HUITIIITIFIH KaMTaMachl3 €TeTiHi
ToXiprOe GapbIChIHAA OaliKai bl

Mopudukauusnanran meMmOpaHanapaa (rpadeH, MbIC HAHOOOILIEKTepi MKoHE
MOJINAHUJIUH EHTI31ITeH) KYPBUIBIMHBIH TBIFBI3IANYBl JKOHE O€TKi KaOaTThIH
KaTTBUIBIFBIHBIH aPTYbI BU3YAIIJIbl )KOHE MEXaHHUKAJIBIK 9Cep €Ty Ke31H]Ie aHBIKTaJIbl.
Byn HaHomem 01032 MaTPUIACKIHBIH, HaHOMOAM(UKATOPIAPABI OipKeNKi Tapary
KaOineriMeH TyciHaipineai. ¥Kcac HOTHKenep 0acka 3epTreyieplie Ae KOPCEeTiITeH,
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MyHJa TIpad)eHHIH EHTi311yl KOMIIO3UT KYPBUIBIMBIHBIH THIFBI3ABIFBIH apTTHIPHII,
MEXaHHMKaJIbIK KAaCUETTePiH JKaKcapTaThlHbI aHbIKTanFaH (Mokhena et al., 2024).
biznin karmaiina ga  HaHOMOMU(UKATOPIAPIBIH  CHTI3LIyl  HAaHOIEIUIII03a
TaJIBIKTaPbl apAaChIHAAFbl 00C KEHICTIKT1 TOJITHIPHII, KYPBUIBIMABIK TYPAKTBUTBIKTBIH
KOFapblayblHa OKeNTeHi OaiKabl.

UK-cnekTpockonusi  HOTHXKEJepi  alblHFaH  LEJUTIOJIO3aHBIH  XMMUSIJIBIK
KYPBUIBIMBIHBIH CaKTaJFaHBIH YKOHE JKYPri3ijireH XHMUSUIBIK OHJEY CaThLIapbIHBIH
THIMIUTTIH  KepceTTi. Aram aiitkanma, 3200-3500 cm! alimaFbIHIAFbl KeH
KOHE HMHTEHCHUBTI J>KYTBULY JKOJNarbl THAPOKCcHI TonTapbiHblH (—OH) BaneHTTik
TepOenicTepiHe colikec Kenemi, Oy LEJUTION03a MaKpOMOJIEKylalapbl apachlHIa
JAMBIFaH CYyTEKTIK OailflaHbICTap KYHECIHIH KaJbIITaCKaHBIH Iaiesaeiai. MyHnai
OaiiaHpICTap HAHOLEIUIION03a TAIIIBIKTAPBIHBIH KEHICTIKTIK YHBIMJAcyblHa ocep
eTin, MeMOpaHatapAblH MEXaHUKaJBIK OCpPIKTIri MEH KYPBUIBIMIBIK TYPAKTBUIBIFbIH
kamTamacski3 erefi. ConpiMen karap 2900-2800 cm! alimarbinaa OaiiKanaTbiH )KYTHLTY
xonakrapel anugartelk C—H OaiinaHblCTapbIHBIH CaKTaJlFaHbIH KepceTedi, Oy
MOJTUCaXapUITIK Ti30eKTiH Oy3buIMaranbiH ganenaeiiai. 890-850 cm! alfiMarbiHaaFbI
B-rmuKo3uATIK OalimaHpIcTapFa TOH CUTHAINAPIABIH OOMYBI LEJUIIOI03aHBIH TaOUFU
B-kOH(MUTYpaUMACHIHBIH CaKTaJFaHbIH JKOHE MAaKpOMOJICKYJANbIK KYPBIIBIMHBIH
@3repicKe yIlblpaMaraHblH KepceTeni. JIMTHWHre TOH apoMaTThl KYpBUIBIMAApFa
Colikec oJICi3 JKOJAKTapiAblH FaHa OalKallybl OacTanKbl ©CIMIIK IIUKi3aThIHIAFbI
OCHIIeIITIOI03aIBIK KOMIIOHEHTTEPIiH 0achbiM OOJiTriHIH KOWBUIFAHBIH JIOJCIICH/I.
Bbyn notmwxenep onebu nepexrepmen coiikec keneai (Klemm et al., 2018) xone
aJBIHFaH OHIMHIH JKOFaphbl I9peKe/ie Ta3apThUIFaH LEJTI0N03a eKeHiH KopceTei.

AHTHOAKTEPHSITBIK 3epTTEy HOTHXKEIEepi Moau(UKaLusIaHFaH MeMOpaHanapaAblH
alKbIH OWOJIOTHSUIBIK OCJICEHJUTIKKE We CKeHIH KepcerTi. Ta3a HaHOIe/UII03a
MeMOpaHaapblHAa OakTepusl KOJIOHHUSIAPBIHBIH OCYiHIH Texenyi Oalkaamansl, Oyl
HAHOLIEJUTION03aHbIH OMOJIOTHSUIBIK TYPFBIIaH HHEPTTI TAOMFATBIMEH TYCIHAIpineai. A
KOMITO3UIMSUIBIK MeMOpaHaiapaa MeMOpaHa aliHanachiHa OakTepHusIapAblH 6CyiHIH
aliKpIH I1IeKTenyi Tipkenai (2-cyper), OyJ EHri3iUireH HaHOMOAM(UKATOPIAPIBIH
MaTepualra kaHa (yHKIMOHAJBIK KacuerTep OepreHiH kepcereni. Staphylococcus
aureus xoue Escherichia coli TecT-aakbpu1Iapbl apachblHAaFbl abIPMAIIBUIBIK TOXKIpHOe
OappichiHIa aHBIK Oaiikanasl: (Gram-oH OakTepHslapFa KaTBICTBI TEXKey ocepi
alikpIHbIpaK 605161, By Kyobuibic Gram-oH OakTepusIapAbIH XKacyia KaObIPFaChIHbIH
CaNBICTBIPMAJIBI TYPAC KaparnaibiM KYPBIIBIMBIMEH JKOHE CHIPTKBI JINMUATI KOPFaHbIII
KaOaTbIHBIH OonMaybIMeH Tycinaipineni. An Gram-tepic OakTepHsIapAblH ChIPTKBI
JUTIONONUCaxapuaTi MeMOpaHachl OJapAblH HaHOOeINIEKTep dcepiHe TO3IMAUIIriH
apTTBIPalbl, COHABIKTAH OJIAPIBIH OCYIHIH TEKeNyl CaJbICTBIPMalbl TYpAe TOMEH
neHreiae Oaiikamanel (Yanuhar et al., 2024).

KoMmosunusinelk ~ MemOpaHanapAblH ~ aHTHOAKTEPHSUIBIK  oCepi  OJNapibIH
KYpaMbIHIaFbl KOMIIOHEHTTEPAIH CHHEPreTUKaJIbIK dpeKeTiMeH OaliaaHbICTBl. MbIC
HaHOOeMIIeKTepi OaKTepHs *KacyIaChIHBIH KaObIpFachlH 3aKbIM/IAI, PEaKTHUBTI OTTEK
TYPJACPiHiH TY31IyiH BIHTaJaHIBIPAAbI, Oy MHUKPOOPTaHU3MACPAIH METaOOIM3MiH
Oyzanpl. ['padenHiH KaOBIPIIAKTHI KOHE OTKIp KBIPJIBI KYPBUIBIMBI OakTepus

51



ACADEMIC SCIENTIFIC JOURNAL OF CHEMISTRY

KaCyIIaChIHBIH MEMOpaHachlHA MEXaHUKAJBIK 9CEpP €Till, OHbIH TYTACTHIFbIH OY3YHI
MyMKiH. [lonuaHunuHHIH 0OTYbl KOMMO3WIMSUIBIK MaTepUaNIbIH OCTTIK 3apsiiblH
©3TepTin, 0akTepus KacyliaJapbIMEH JIEKTPOCTATUKAJIBIK OPEKETTeCYIi KylenTeai,
Oyn okacyma KaObIpFachblHBIH —OTKI3TIWITITiHIH — e3repyiHe okeneni. MyHpaai
Kemn(paKTOPIIbl BIKIAT HOTHKECiHAE OaKTepusi KOJOHUSIAPBIHBIH ©CYyl alTapibIKTal
TeXeJeTiHI TOXKipuOe OapbIChIHIa KOPCETIIII.

Ocplnaiima, amplHFaH HOTHO)KEJIEp HAHOLEIUII0NI03a HETi3iHAerT KOMIO3HLIHUSIIBIK
MeMOpaHaJlapAblH KYpPBUIBIMBI MEH ONapAblH  (QYHKIMOHAJABIK KacHeTTepi
apacelHIa Tikeneidl Oalianeic Oap exkeHiH KepcerTTi. HaHomemmtrono3a MaTpuuachl
HaHOMOJU(UKATOPIApAbIH OipKeNKi TapayblH KaMTaMachl3 eTill, oJlapJIblH OenceH i
OpTaJIBIKTAPbIHBIH THIMIITIT1H apTThipaabl. MyHAal KypbUIBIM TeK aHTHOAKTEPHUSIIBIK
KacHeTTepAl FaHa eMec, COHbIMEH Karap MaTepualJblH O0apbepiiK, aIcopOLMSIIBIK
KOHE MOTEHIHMANAbl KaTaJUTHKAJIbIK CHUMATTaMajapblH Ja JKaKcapTybl MYMKiH.
XKannel anfranga, XOHBIIIKA caOaHbIHAH albIHFAH HAHOLEJUIIONO3a HETi3iHJeri
(YHKIMOHANAB KOMIO3ULMSIIBIK MeMOpaHanap Ken(yHKIMOHAJIAbl MaTepuaigap
peTiHze KapacThIPbUIYbl MYMKIH. AJIBIHFAaH HOTHIKEJEP OJapblH SKOJOTHSIIBIK
Kayinci3, OMOBLABIPAHTBIH KOHE KYPBUIBIMIBIK TYPaKThl MarepHaiaap peTiHae
KOJNJaHy MYMKiHAIriH Kepcereai. by OarbIT aybul mapyambUIbIFbl KalAbIKTapbIH
TUIMAI Naiiianany >koHe aHa OybIHAaFbl TYPaKThl (DYHKIIMOHAJIIbl MaTepraiapIbl
o3ipIiey TYPFBICBIHAH MaHBI3/Ibl FBUTBIMU HET13 KaJbIITaCThIPaIbI.

Kopsiteinabl. XKyprizinren 3eprrey OapbicbiHaa JKaMObim  OOJBICHIHBIH
arpoeHEPKACINTIK KaJABIKTAaphl — XKOHBIIIKA ca0aHbIHAH LEJIJTI0NI03a aJIbIHBIIN, OHBIH
Heri3iHAe HaHOLEJJI0NI03a >KoHe (DYHKIHMOHAIIbl OMOKOMIIO3UTTIK MeMmOpaHanap
cuHTe3eni. KolaHbUFaH KeIcaThUTbl XUMUSUIBIK OHJICY 9AIiCTepi (CUITUIIK OHJEY,
KBIIKBUIIBIK Ta3apTy JKOHE arapTy) HOTHIKECiHJAE JIMTHUH MEH TeMHIEIUII0I03aHbIH
OacbIM 0eJ1iri KOMBUIBII, JKOFaphl Ta3aJIbIKTaFbl 1EJUTI0NI03a allbIHFaHbl HHPPAKBIZbLT
CIEKTPOCKOIUS HOTHKeNepi apkbuibl ganenaenni. UK-cnexkrpiepae uemntono3ara ToH
TUIPOKCUI TONTAPBIHBIH, B-TIMKO3UATIK OalmaHbICTapAbIH JKOHE IMOJIMCAXapUATIK
Ti30€KTiH CaKTaJfaHbIH KOPCETETIH CUIIATTAMAbIK )KYTBUTY KOJAKTaphl aHBIKTAJIIbI,
OyJ1 aJIblHFAaH MaTepPHANABIH KYPBUIBIMIIBIK TYTACTBIFBIH KOHE XUMUSUIBIK OHJICYIiH
TUIMIITITIH KepceTemi. HaHolemirono3a HeTri3iHIE ajblHFAaH MeMOpaHalapabiH
OIpTeKTi, TYTac KOHE HINTIII KYPBUIBIM TY3€TiHI aHBIKTAJIABI, OyJ HaHOeJIeMIi
TaJIIBIKTAp apachIHAaFbl JaMbIFaH CyTEKTiK OaianbIcTap KYHeCiHIH KaJIbINTaCybIMEH
Tycinaipineai. EpiTinainik Kyro omici apKbUIbI albIHFAaH YJTUIEPAiH >KapbIKIIAKCHI3
XKoHE OipKenKi MOpQOJIOrHsICH HAHOLEIUTIONO3aHbIH MEeMOpaHa TY3ylli KacHeTiHIH
KOFapbl €KeHIH KepceTTi. [padeH, MbIc HaHOOONIIEKTEpi >KOHE MOJIHMAHUINH
SHTI3UINeH KOMIO3MLMAIBIK MeMOpaHanapia KYpbUIBIMHBIH TBIFBI3JATYBI, OCTKi
KaOaTThIH OEpIKTIriHIH apTybl )KOHE MAKPOCKOMUSUIIBIK TYPAKTBUIBIKTBIH JKOFaPbLIAY bl
Oaiikanapl, Oyl HaHOMOMU(UKATOPIAPBIH HAHOIICIIION03a MAaTPUIACKIHIA THIMIL
TapanfaHblH Kepceredi. DyHKIMOHANIbl KOMIOHEHTTEPAIH EHTi3idyl KOMIO3HT
KYpBUIBIMBIHAA KOCBIMIIA (U3HMKA-XUMUSIIBIK OalaHbICTapAblH KaJlbITacyblHA
BIKIIAJI €Till, MaTEPHUAJIABIH KYPBIIBIMABIK YHBIMAACY BIH KYIIEHTE 1. AHTHOAKTEPUSIIBIK,
3epTTeyJep HOTHXKECIHIEe Ta3a HaHOLEJUIIoN03a MeMOpaHalapbIHBIH OHONOTHSIIBIK,
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OCJICeHTITIK KOPCETHEHTIHI aHBIKTAJbI, OYJ HAHOIEUIFOI03aHbIH OUOJOTHSIIBIK
TYpPFBIIAH WHEPTTI TaOUFaThIMEH Colikec Keneni. Al rpadeH, MbIC HaHOOOIIeKTepi
YKOHE MOJMAaHUIIMH EHT131IreH KOMITO3ULMSUIBIK MeMOpananap Staphylococcus aureus
xoHe Escherichia coli TecT-makpuigapblHa KaThICThl OaKTepHs KOJOHHUSIAPBIHBIH
OCYIH TeXKEWUTiHI ToKipuOe ky3iHae monemnueri. Gram-oH OakTepusaapra KaThICThI
ocepiH aWKbIHBIPaK OOJybl ONApABIH JKacylla KaOBIPFachIHBIH KYPBUIBIMABIK
epeKILIeNiKTepiMeH )KoHE KOPFaHbII Ka0aThIHBIH O0JIMaybIMEH TYCIHIIpisie/i. AJbIHFaH
HOTIDKENEp HAHOLEJII0NI03a MaTpUIlachl MEH EHTI31IreH HaHOMOAU(HUKATOPIAPAbIH
OipJIECKEH CHHEPTeTHKAJIBIK 9CePi KOMITO3UIUSIIBIK MEMOpaHaIapIblH KYPBUIBIMABIK
KoHE (DYHKIIMOHANIBIK KACHETTEPiH KaKCapTaThIHBIH KOPCETEI].

Ocplnaiima, >KOHBIIKA cabaHbIHAH ajbIHFaH HAHOIEJUTIONO03a HeTi3iHAeri Moju-
¢ukanusIanFaH MeMOpaHanap aHTHOAKTEPUSIIBIK KacHeTTepi Oap MepCreKTHBaIbl
MaTepuaigap peTiHie KapacThIPbUIYbl MYMKIH OHE OJapbl SKOJOTHSUIBIK Kayircis
Kanrama JKyienepinae, MeMOpaHalbIK TEXHOJOTHsUIapia >KOHE OMOMETUIIMHAIIBIK,
xaObIHIapaa KongaHy MYMKiHAiri Oap. Bomamak 3epTreynepae marepuaiiapablH
KAaCHeTTepiH JKaH-)KaKTbl Oaraysay YIIiH MOPQOIOTHIBIK, MEXaHUKAJIBIK KOHE
TEPMUSIIBIK Talfayiap KYprizy, COHAali-aK aJcopOLMsIIBIK KoHe OapbepiiK cUmar-
TaMaJapblH aHBIKTAY OaFbITHIHIAFBI 3€PTTEYIEPIi KEHEHTY OPBIH/IBI OOJIBIT Ta0bLIAABI.
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Abstract. In this article, the authors for the first time attempted to study the amino
acid profile of an endemic previously unexplored Kyrgyz birch plant. This article
presents practical and theoretical material on methods of analysis and isolation of
amino acids from plant raw materials of Kyrgyz birch. Extraction of plant raw materials
of Kyrgyz birch was carried out. Water—base extraction was used to fully extract
amino acids. The isolated extract was treated with a ninhydrin mixture for subsequent
UV spectroscopy analysis using an Emclab EMC — 61 — PC — UV analyzer. The state
standard sample of methionine was used as standard samples for the determination
of amino acids in the extract. Thin-layer chromatography methods and qualitative
analytical reactions with ninhydrin were also used to identify methionine. According
to UV spectroscopy data, the maximum absorption of the analyzed substance is
observed at a wavelength of 241 nm. The graphs of the absorption spectra show that in
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addition to methionine, other amino acids are present in the extract. Their identification
is planned in the future. The data obtained significantly complement the available
information on the phytochemical profile of the Kyrgyz birch (Betula kirghisorum),
contribute to a deeper understanding of the biochemical features of endemic birch
species and emphasize the importance of further comprehensive research to develop
conservation strategies, as well as the potential sustainable use of this rare plant in
phytotherapy and biotechnology. This method was used to determine the presence of
methionine in the plant raw materials of the Kyrgyz birch. Thus, the authors of this
article established for the first time that the presence of methionine in the plant raw
materials of the Kirgyz birch was determined for the first time.

Keywords: amino acids, amino acid analysis, methionine, Kyrgyz birch, Thin-
layer chromatography, UV spectrophotometry
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AnHoTanmsa. byn wmakanaga aBropiap ajFam  per OYpBIH 3epTTeIMErcH
SHJICMUKAJBIK KBIPFBI3 KaWbIH OCIMIITIHIH aMUHKBIIKBULIAPBIHBIH —TPO(UIIiH
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3epTTeYre THIPBICTBI. byl Makaiana KbIpFbI3 KaWbIHBIHBIH OCIMIIIK MIUKi3aThIHAH
AMUHKBIIIKBUIAPBIH TAJJIAY JKOHE OKIIAyiay dJicTepi OONBIHIIA MPAKTUKAIBIK XKOHE
TEOPUSUTBIK Marepuanaap KenTipuireH. KpIpFbl3 KaWBIHBIHBIH OCIMIIK IMTUKi3aTHIH
almy JKYpri3inai. AMUHKBILIKBUIJAPBIH TOJNBIK ally YIOiH CYJIBI-CUITLN 3KCTpaKLUs
KonmaHeUInbl. beminren cerbiHabl emclab EMC — 61 — PC — UV ananmmu3atopbeiaga
YABTPAKYITIH CIIEKTPOCKOUS 9[iCiMEH KeH1HT1 Taiiay YIIiH HUHTUAPHUH KOCIIaChIMEH
eHyien 1. ChIFBIH/IBIIAFBl AMUHKBIIIKBUIIAPBIH aHBIKTAY YIIH CTaHJAPTTHI YJTLIEp
peTiHae METHOHWHHIH MEMIJICKETTIK CTaHIAPTTHI YITICI KOMTAHBUIALL. METHOHUH/I
aHBIKTAy VIIIH JXYKa KaOaTThl Xpomarorpadus oicTepi, HUHTHIPHHMEH Caralbl
AQHAJIMTUKANBIK peaknusiap Aa KOJAaHbUIIbL. YIbTPaQHONeT CIeKTPOCKONHUSICHIHBIH
MoniMeTTepl OoWbIHIIa 241HM TOJKBIH V3BIHIBIFBIHBIH MOHI TallJaHATHIH 3aTTHIH
MakcuMalabl cinyi Oaiikanapl. CiHipy cHeKTpiepiHiH rpaduKTepiHeH METHOHUHHEH
0acka ChIFBIHIIBIIA 0acKka aMHUHKBIIIKbUIIAPBI 0ap ekeHmiri kepinemi. Omnapiabl
COMKEeCTEHIIPYAl ONlaH opi KYPTi3y ’KocmapiaHyda. AJBIHFaH MOIIMETTEP KBIPFHI3
KaibiHBIHBIH ~ (Betula  kirghisorum) d¢uroxumusaneik npoduni Typanbl Koiga
Oap MoJIMETTep/Al €Idyip TOJBIKTHIPAAbl, KaWbIHHBIH SHIEMHUKAJIBIK TYpPJICPIHIH
OMOXMMMUSIIBIK epPeKIIeNIKTepiH TepeHipeK TYCiHyre BIKMal eTeli JXoHEe CcakTay
CTpaTerusuIapbiH 93ipJiiey YIIiH opi Kapail KeHieH i 3epTTeylIepiH MaHbI3IbUIBIFbIH,
COHJIaif-aK OChl CHpEK Ke3JIeCeTiH OCIMJIKTI (uroTepanus MEH OMOTEeXHOJOTHIa
TYPaKTHl TaiiananyaslH MaHBI3IBUIBIFBIH KepceTeai. by of1ic KeIpFbI3 KabIHBIHBIH
OCIMJIIK IITMKI3aThIHAa METHOHUHHIH OOJTybIH aHBIKTa (bl OChLIAlIIA, OCHl MAKAJIAHBIH
aBTOPJIAPBI KBIPFBI3 KAWBIHBIHBIH OCIMIIK MaTepHaAapblHIa METHOHHHHIH OO0JIYbI
aJIFalll peT aHbIKTAJFaHbIH OIpPIHIII PET aHBIKTAIbI.

TyiiiH ce3mep: aMHUHKBIIIKBUIIAPHI, AMHHKBIIIKBULIAPBIH TalJlay, METUOHUH,
KBIPFBI3 KalBIHBI, )KyKa Ka0aTTsl Xxpomarorpadus, YK-crnekrpodoromerpus
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AHHOTaumsA. B Hacrosmei pabore npeAnpuHATa MOMBITKAa KOMIIJIEKCHOTO U3y4e-
HUS aMUHOKHCIOTHOTO COCTaBa HYHAEMHUYHOTO U paHee HeJJOCTATOUHO UCCIIE0BAHHOTO
pactenuss — Oepés3bl kuprusckori (Betula kirghisorum). B crarbe mnpencrabiieH
TEOPETUUECKU M MPAKTUYECKUM Marepual, MOCBIIIEHHBIA METOJAaM BbIJCICHUS U
aHaJIM3a aMUHOKHCIIOT U3 PACTUTEIBLHOTO ChIPhS TAaHHOTO BUa. B Xoz1e uccienoBanus
ObLTa MPOBEZCHA YKCTPAKIHS KOPbI 0epé3bl KUPTU3CKOM C MCIIONB30BAaHUEM BOJIHO-
LIEJIOYHOM cpenbl, obecrneunBaroniell 0osiee MOTHOE U3BJIEUEHHE aMHUHOKHCIOTHBIX
coenuHeHnd. [lomydeHHBIH BKCTpakT mojaBepraics o0pabOTKe HUHTHAPHUHOBOM
CMECBIO C IOCIIEAYIONIMM CIIEKTPO(HOTOMETPUICCKIM aHAJTM30M B YIBTPa(UOIETOBOM
obnactu Ha mpubope Emclab EMC-61-PC-UV. B xauectBe cranmapTHoro odpasua
IIPU KOJINYECTBEHHOM OIpe/IeTIEHUU aMHUHOKHCIIOT HCII0JIb30BAJICSA TOCYAapCTBEHHBIN
CTaHJApTHBIA O0pa3en MeTHOHHWHA. [l TOATBEPKICHHsI PUCYTCTBUS METHOHHMHA
JIOTIOJTHUTENFHO TMPUMEHSJINCh METOJbl TOHKOCIOWHOHM Xpomarorpaduu, a Takke
Ka4deCTBEHHbIE aHAINTUYECKHE PEAaKIIH C UCTIOJIb30BaHNEM HUHTHAPUHA. Pe3ynbTarsl
Y®-ciekTpoCKOIMYECKOT0 aHajlin3a MOoKa3ajd, 4TO MNpH JAJuHE BOJHBI 241 HM
HAOIONACTCSl MAKCUMYM TOTJIOIIEHUSI HCCIIEyeMOro BEIIEeCTBa, XapaKTePHBIH
JUIST METHOHMHA. AHaINW3 CHEKTPOB IMOMIOIMIEHUS TakKXe CBHJIETEIbCTBYET O
MPUCYTCTBHH B OKCTPAKTE JPYTUX aMUHOKHUCIIOT, OJTHAKO UX TOYHAS HJICHTH()HUKAIIHS
TpeOyeT JalbHEHIINX WCCIEAOBAaHUH C TpPHUMEHEHHEeM OoJiee BBICOKOTOYHBIX
MeTon0B. IlomydeHHble pe3ynbTaThl CYHIECTBEHHO DPACIIMPSIOT IMPEICTaBIEHUS O
(PUTOXUMHUYECKOM CcOCTaBe OepE3bl KUPrU3CKOM M CIIOCOOCTBYIOT OoJiee MyOOKOMY
MOHUMAaHUIO0 OMOXMMHUYECKUX OCOOCHHOCTEH MaHHOTO OSHIAEMHYHOTO BHJA.
YcTraHOBIIGHO, YTO B pacTUTENBHOM chipbe Betula kirghisorum BnepBble BbISIBICHO
HaJu4yhe METHOHHMHA, 4YTO TIPEJACTaBISET HAy4YHYI0 HOBHU3HY HCCJIEI0BaHUS.
[IpakTHueckass 3HaUMMOCTh PabOTHI 3aKIIOYACTCS B BO3MOXKHOCTH HCIIOJIB30BAHUS
MOJTyYEHHBIX JAaHHBIX [TPH JIATbHENUIIIEM U3y4YeHUU ONOIOTHYEeCKH aKTHBHBIX BELIECTB,
paspaborke puTonpenapaTos, a TAKIKE B OMOTEXHOIOTMYESCKUX U (PapMaKOJIOTHIECKUX
HCCIe/IOBaHUsX. Pe3ynbrarbl Takke MOJYEPKUBAIOT HEOOXOAMMOCTH IPOBEICHHUS
KOMILJIEKCHBIX MCCII€OBAHNUMN JIJIsl OLIEHKH MOTEHIIMAa yCTOWYMBOTO MCIIOIH30BaHUS
JAHHOTO PEJIKOTO BHJA B METUIIMHE U CMEKHBIX 00IaCTSIX.

KuarwueBble ¢j10Ba: aMIHOKHCIOTHI, aMUHOKHUCIIOTHBIN aHAJIN3, METHOHIH, Oepé3a
KHPTHU3CKasi, TOHKOCIOHast xpomarorpadus, YO-cnexkrpohoromMeTpus

BBenenne. YA3BUMOCTb U BBICOKAsI CTEIIEHb PUCKA UCYE3HOBEHUS ONPEIEIEHHBIX
BHUJIOB pACTEHHH JeNaroT HMX OOBEKTaMH NPUCTATBHOTO HU3y4YeHHUs B cdepax
skoioruu, XumMuH u (apmaxonoruu. C OIHOW CTOPOHBI, TaKHE BHUJABI HIPAIOT
KJIIOYEBYIO pOJIb B TMOAJAEPKAHUM PETYIUPOBAHMM IPUPOAHOTO pPABHOBECHS,
o0ecrnieunBasi SKOJIOTHYECKYIO CTaOMIBHOCTh M pa3HooOpasue skocucteM. C apyroi
— OHHM TMIPEJCTABISIIOT COOOH MOTEHIMAIBHBIM HCTOYHUK YHUKAJIbHBIX ONOIOTHYECKH
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AKTUBHBIX BEIIECTB, 00JalalOUIMX BO3MOXKHOCTSAMH Ui IPUMECHEHUSI B MEIUIMHE,
(dapManeBTHKe, OMOTEXHONOTHM M XUMHUH. OCOOEHHO Ba)KHBIM MPEACTABIISACTCS
yriryOnéHHOE U3yueHHe BUAO0B, BKIIOYEHHBIX B KpacHyI0 KHUTY, TaK KaK XUMHUYECKHH
COCTaB X OMOMACCHI 3a4aCTyI0 OCTaéTCs HEA0CTATOUHO Uccie0BaHHbBIM. [loHnmanue
cnenuUKH 3TUX COCAMHEHUH CIIOCOOHO HE TOJBKO MPOJUTHh CBET HA MEXaHU3MBI
aJanTanyy U BBDKUBAHMS PEIKUX PACTCHUH, HO M CIY)KUTh OCHOBOM IS pa3padoTKu
3¢ (EKTUBHBIX CTPATErHil OXPAaHbl HCUE3AIOIINX BUIOB.

OnHUM U3 TaKKX OMOIOTMYECKHU U DKOJIOTHYECKH LIEHHBIX PACTEHUM sIBIIsIeTCs Oepésa
kuprusckas (Betula kirghisorum), npeacrapnsiomas coO0i peakuii SHAEMUK (IOPHI
Kazaxcrana m oxpaHsieMblli BHUJ B PaMKax IPUPOAOOXPAHHOIO 3aKOHONATEIBCTBA.
JlaHHOE pacTeHne npou3pacTaeT Ha TeppuTopuu KapkapaalHCKOT0 roCy1apcTBEHHOTO
HAMOHAIBHOTO MPUPOJHOTO Mapka 1 Hayp3yMckoro rocygapcTBEHHOTO PUPOIHOTO
3arnoBeHUKA. JlaHHBIN BUI Oepe3bl MPEACTaBIsIOT COOOH HE TOJIBKO OMOIOTHYECKYIO
PEAKOCTb, HO W 3HAYMTEIbHBIA MHTEpEC C TOYKU 3peHus Hayku. Hecmorps Ha
BBICOKYIO CTETEHb 3HAaUMMOCTH JAHHOTO BHJA, JAHHBIE O XHMUYECKOM COCTaBE €ro
KOPBI, OCTAIOTCSA €lIe He N3YYCHHBIMH.

VYuuteiBast 3ampeT MPOMBILUIEHHOTO MCIONB30BaHMUs M cOOpa JaHHOTO BHJAA B
CBSI3U C €ro OXPaHHBIM CTAaTycOM, Hay4YHble MHTEPECHl 10 OTHOLICHUIO K Betula
kirghisorum WMEIOT NPEUMYIIECTBEHHO (QyHAaMEHTaNbHbIM Xapakrep. HecmoTps
Ha 3TO, UCCIIEAOBAHNE aMHUHOKHCIOTHOTO COCTaBa MPEACTABISIET COOON BaKHEUIITHHA
miar B yriyOJieHHH TOHUMaHusl OMOJIOTHYECKON aKTHBHOCTH IaHHOTO BUJA.

JluteparypHsiii 0030p. Pon Betula (6epésa) BkmtouaeT 6onee 60 BHIOB U MIMPOKO
H3BECTeH Onarogaps OoraroMy (UTOXHMHYECKOMY COCTaBYy, BKJIIOYAIOIIEMY
TPUTEPIECHOUABI (OCTYIUH, OETYJIOHOBAS KUCIIOTA, JIyNeon), (eHONbHbIE COSANHEHUS
u npyrue ouoaktuBHble BemecTBa (Rastogi et al., 2015). Coequnenus, oOnanaroniue
MPOTHUBOBOCHANTUTEIBHBIMY, aHTUBUPYCHBIMHU M IPOTUBOOITYXOJIEBBIMU CBOWCTBAMH,
MO YWJIY IIUPOKOE MPU3HAHKE U TPAIUIIHOHHOE TPUMEHEHHE KaK B HApPOIHOM, TaK 1 B
odunKaTbHON MEIUIIUHE, YTO MTOATBEPKAACTCS MHOTOUHCICHHBIMH HCCIIEIOBAHUSAMU
(Flekhter et al., 2005). OmHUM U3 KIIOYEBBIX PECYpCOB MAJS MOJIYYCHHS TaKHX
OMOJIOTHYECKN aKTHBHBIX BELIECTB SABISETCS KOpa Oepé3bl, SBISIOMIASACS OCHOBHBIM
HUCTOYHUKOM OETyluHa — TPHUTEPIICHOBOIO CIUTPA, YbH (apMaKOJIOTHUECKHE
CBOWCTBa MPHUBJICKAIOT 3HAYUTEIBLHOE BHUMaHHME HcclenoBareieil. B mpouecce
W3BIIeUEHUS OCTyTMHA MPUMEHSETCS IUPOKUN CIIEKTP TEXHOJOTHUH, Cpelr KOTOPBIX
BBIICTISIIOTCSL YJIBTPa3ByKoBass 00paboTKa M ILENOYHAsi SKCTPAKLIMA, MO3BOJSIOLINE
3HAYUTEIBHO TOBBICHTH 3((EKTUBHOCTh M BHIXOA LieieBoro coeaunenus (Demets
et al., 2022; Kuznetsova et al., 2013; Kogay, 2008). [Ins cTpykTypHOro aHaiu3a
U UACHTU(UKALUU TPHUTEPIICHOB, COACPKAIIUXCS B PA3IMUHBIX MPEICTABUTEISIX
cemeiicTBa Betulaceae, ycnemHo TPHUMEHSIOTCS CIEKTPOCKOMMYECKUE METO/bI
aHaJn3a, BKIIOYas MHPPAKPACHYIO CHEKTPOCKOIHUIO M Ta3oBYIO0 XpoMarorpaguio c
Macc-criekrpomeTpueit (GC-MS), 4To mo3BossieT MPOBOAUTH HAAEKHOE pa3ieiieHue
BHJIOB 110 MX XuMuueckomy npoduito (Cinta-Pinzaru et al., 2012).

B nayuHoil nuTeparype HaOMIONASTCs 3HAYMTEIBHBIN MPOOEN B MCCIEIOBAHUSIX
B O0IacTH aMHHOKHCIIOT, COAEpXKAaIluXcsi B Kope OepE€sbl, HECMOTps Ha UX
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BaXHEHUINYI0O OHOJOTMYECKYI0 POJNb. AMHHOKHCIOTBI HE TOJBKO SIBISIOTCA
OCHOBHBIMH KOMIIOHEHTaMH OEJIKOBOM CTPYKTYpBI, HO M UTPAIOT BaKHYIO (DYHKIIHIO B
MeTaboINYeCKUX MPOIleccax PaCTeHUH, TAKUX KaK aJalTalks K CTPECCOBBIM (haKTopam
OKpY’KaIOLIeH Cpelbl, Peryssiusi HeOHEPreTHUECKUX MyTel MeTadoau3Ma U CHHTE3
BTOPUYHBIX METa0OJIUTOB, 00JaJaI0NINX 3alIUTHEIMU U PEryITOPHBIMU CBOHCTBAMH
(Jones et al., 2002). AHanu3 aMHHOKHCIOTHOTO COCTaBa KOPBI TaKMX BHJIOB, KaK
Betula pendula w Betula pubescens, neMOHCTPUPYET BapHaTUBHOCTb UX MPOQUIIS,
KOTOpBIN 00YCIIOBJIEH KaK OMOJOTMYECKUMHU XapaKTePUCTUKaMU KOHKPETHOTO BHJA,
TaK U yCJIOBHSAMHU MIPOU3PACTAHUS, BKIIOUAs KIMMAaTHUECKHIE U TOYBEHHO-XUMHUECKHE
napametpsl (Ligostaeva et al., 2015). Cepocoaeprkaliine aMMHOKUCIIOTHI, B Y4CTHOCTH
METHOHUH, UTPAIOT KIIIOYEBYIO POJIb B Psijie OMOXMMHUYECKHUX MPOLECCOB, TAKUX KaK
METHJIMPOBAaHUE, CUHTE3 IIyTaTHOHA M MPOSBICHWE AHTHOKCHIAHTHBIX CBOMCTB
(Shcherbatykh u Chernovyyants 2021 u Shelkovnikov et al. 2019). Metunonus,
o0Jiazasi BBICOKOH OMOJIOTHYECKOH aKTUBHOCTBIO, OKA3bIBACT 3HAYUTEIHHOE BIHSHHUE
Ha (apmakonornueckue SPQPEKThl PACTHTEIBHBIX JKCTPAKTOB, CIIOCOOCTBYS HX
HMMYHOMOAYJIUPYIOIIEH H TremnaTonpoTekTopHoil aktuBHOCTH (Roach andamp;
Harmony, 1987).

bepeza kuprusckas Betula kirghisorum 10 HacTOsIEro BpPEeMEHU H3ydaach
MPEUMYIIECTBEHHO C TOYKHM 3peHHs conuepkaHus TputepreHoB (Demets et al.,
2022), Torna Kak AeTaJbHBIN aHAIH3 CBOOOIHBIX AMHHOKHCIIOT B KOPE JJAHHOTO BUJA
MPAaKTHYECKU OTCYTCTBYET. /11 BBIABICHHS aMUHOKHCIIOTHOTO COCTaBa PACTHTEIbHBIX
MaTepHaJIOB TPAIUIMOHHO HCIONB3YIOT TOHKOCHOWHYI0 Xxpomarorpaduio (TCX)
C NMpPUMEHEHHWEM HUHTUApPUHA B KAaueCTBE PEaKTHBA, IO3BOJISIOIIETO pealn3oBaTh
kauecTBeHHBINH ckpuHUHT (Ting Qiu et al., 2010; Zhang et al., 2022). JlononHUTENbHO,
JUIS  KOJIMYECTBEHHOH OLIEHKM KOHLIEHTpPAUMid aMHUHOKHCIOT MPUMEHSIOTCS
CHEKTPOPOTOMETPUUECKUE H XPOMATOTpapuuecKue METOIbl, 00JIaAaoIie BEICOKON
YYBCTBUTEJIBHOCTBIO M TOYHOCTHIO (Simek, 2008). DT MEeTONMKH T0OKA3alld CBOIO
3¢ (EKTUBHOCTD NPU UCCIEJOBAHNY PA3IMYHBIX PACTUTENIBHBIX SKCTPAKTOB, BKIIIOUAS
HATHBHBIE BEIIECTBA, COJEPrKaIINe cepocoepkane aMuHOKUCIOTH (Dragicevié et
al., 2022).

B 1o Bpemsi kak m3yueHue poxpa Betula HOCTUIIIO 3HAYUTENBHBIX YCIIEXOB B
Npo(UIBHBIX HAMPABICHUIX, CYIIECTBYET OYCBUAHBIA MPOOEN B OTHOMACIITAOHOM
npoUIMPOBAHUN CBOOOJHBIX aMUHOKHUCIIOT, 0COOCHHO B KOPE DHIEMHUYHBIX BHJIOB.
LlenenanpaBineHHOE UCCIIEI0OBaHUE aMUHOKHUCIOTHOTO cocTaBa Betula kirghisorum c
HCIOJb30BAHUEM KOMILIEKCHOTO aHAJIMTHYECKOTro moaxoia, oobeaunsiomero TCX,
KaueCTBEHHYIO PEaKIHUI0 ¢ HUHTUAPUHOM U Y®D-criekTpodoToMeTpuiecKuil anamms,
HaIpaBJICHO Ha BOCMOJHEHHE 3TOTO HayyHOro AeduuunTa.

MarepuaJjibl 1 MeToAbI. OOBEKTOM HACTOSAIIECH PAOOTHI CITYKHJI IKCTPAKT OepeCThI
Oepesa xuprusckas Betula kirghisorum. COOp pacTUTEIBHOTO CHIPbS IPOBOJIMIICS B
YCIIOBHSIX €CTECTBEHHOTO MMPOMU3pacTaHus B penenax KapkapallnHCKOTO IPUPOIHOTO
napka, 4ro OOeCHeYyMBAaJIO IMOJNyYeHHE ayTEeHTUYHOTO MaTepuana ¢ COXpaHEeHHEM
MPUPOJHOTO XUMHUYECKOro poduiisi. B kauecTBe cioco0a BIeIeHUs] OMOTIOTHUECKH
AKTUBHBIX KOMIIOHEHTOB OBLT BEIOpaH METOJI BOAHO-ILEIOUYHON IKCTPAKLIUHU, KOTOPBIN
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Mo3BoJsieT A(P(PEKTUBHO M3BJICKATh IIUPOKUN CIEKTP aMUHOKHCIOT, COXpaHss MpH
9TOM HX CTPYKTYpPY U (yHKIIMOHAIbHbIE CBOHCTBA.

J11s1 KOMIUTEKCHOTO aHaIM3a XMMHYECKOT0 COCTaBa UCI0Ib30Bajach COBOKYITHOCTh
METOJMK, BKJIFOUAIOI[asl KaK KaueCTBEHHBIHN, TaK U KOJTMYECTBEHHBIN aHAIN3:

1. DkcTpakuus

B xauecTBe sKCTpareHTa BBICTYyNaJl BOAHO-ILENOYHON pacTBop. Ero BHIOOp OBLI
00yCJIOBJIEH BBICOKOW PacTBOPSIONIEH CIOCOOHOCTBIO JIJIsl aMUHOKHUCIIOT.

2. TonkocnoiHas xpomarorpadus (TCX)

[IpenBapuTenbHBI aMUHOKHCIOTHBIA MPOQUIIb SKCTPAKTa ONPEACISIICS METOIOM
TCX. Pa3neneHne KOMIOHEHTOB OCYLIECTBIISUIOCH C MCIOJNB30BAaHUEM CIIELUAIBHO
MoJ0OPaHHOM CMECH OPraHWYEeCKUX PACTBOPHUTENCH B KAY€CTBE AIIOCHTA, 00eCTIeyH-
Barouiei 3¢ (eKTUBHOE paccloeHHe W pas3lesieHne aMHHOKUCIOT. [lo 3aBepuieHun
XpoMaTorpa)uueckoro pasleieHrss Ha IUIACTHHAX MPOBOJWIOCH IPOSIBICHUE C
nomoinbto 0,2%-HOro pacTBOpa HUHTHIPHHA, YTO MO3BOJISIIO OOHAPYKHUTH OKpAIIeH-
HBbI€ MATHA, CBUJETENBCTBYIOLINE O IPUCYTCTBUN aMUHOKHUCIIOT, a TaK)Ke MPOU3BECTH
BM3YaJbHYIO OLIEHKY UX CIIEKTPAa U OTHOCUTEIBHOTO COAEPkKAHUS B HKCTPAKTE.

3. HuaruapusoBas peakuus

KagecTBeHHOE ompeneneHNe aMHMHOKHMCIOT B DKCTPAKTe MPOBOAWIOCH C
HCIOJIB30BAHUEM KJIACCHUECKOM HUHTUAPUHOBOM peakuunu. [Ipu HarpeBanum odpasna
¢ 0,2%-HpIM pPacTBOPOM HHUHTHAPUHA MPOUCXOIAUIIO 00pa3oBaHHE OKPALICHHOTO
KoMIUIeKca (myprypa Pysmana), HHTEHCUBHOCTH KOTOPOTO MPSIMO KOPPEIUPYET ¢
KOHIIEHTpalueH o-aMHHOKHCIOT. OLleHKa pe3yiabTaToB MPOBOAMIACHE BU3YaJbHO U
CHEKTPOPOTOMETPUUYECKH.

4. YnprpaduoneroBas ceKTpopOTOMETPHS

J1sl KOJNIM4YeCTBEHHOTO OMpeAesieHUs] COJAEp KaHUs aMHMHOKMCIOT, B YaCTHOCTH
METHOHHWHA, OBUT HCMOJIb30BaH MeTox Yd-cnekrpodoromerpun. M3mepeHus mpoBo-
munch Ha ananusarope Emclab EMC — 61 — PC — UV npu nnuHe BonHbL 241 HM.

BblmM moAroTOBNEHB!I CTAaHAAPTHBIE PACTBOPHI METHOHMHA C KOHLEHTPALMSIMHU
0,05%, 0,1%, 0,15%, 0,2%, 1% u 2%, Ha OCHOBE KOTOPBIX MMOCTPOCH KATIMOPOBOUHBII
rpaduK 3aBUCHMOCTH OITHYECKOM IJIOTHOCTH OT KOHLIEHTpAalHud. OJTH JaHHBIC
WCIIOJIB30BAJIM JJI1 OLIEHKH COJAEpKaHUs METHOHHMHA B HCCIEAYEMOM JKCTpakTe
METOJIOM 3KCTPAIOJISALUU.

Onucanue 3KcNepUMeHTA

1.1 BHewmHIOI0 9acTh KOpbl Oepe3bl (OepecTy) u3MeNnpdain 0 YacTHIl pa3MepoM
5 — 8 mm, cymunu ripu 70 °C 10 MOCTOSTHHOTO Beca.

OkceTpakiuio Benu B konbe Ha 250 miu. B xonOy momectwin 2 rpaMma MeENKoO
HU3MeJIBUCHHOW OepecTbl Oepesbl Kuprusckoi, 3arem mnpuwmmian 100 ma 0,1%
pacTBOpa THUAPOKCHIA HAaTpuUs (BOIHO-IIETOYHAS SKCTPaKus). PeakIMoHHYI0 CMeCh
HarpeBaiu 10 70 °C. 3atem HacTauBaiu B TedeHUU 24 yaca. [lomydeHHbIH 3KCTpaKT
OT(UIBTPOBBIBAIIM OT OCTATKOB OepecThl Ha BopoHKe broxuepa. Llenbio manHoro
JTana Oblia U3BJIeYb AMUHOKHCIIOTHI U3 JPEBECHOTO MaTepHaia.

1.2 bbputa mpoBeaeHa KaueCTBEHHAsl peaklMs ¢ HUHTHAPUHOM C IOJYyYEHHBIM
9KCTPaAKTOM MOATBEPAUBIIAS HAIUYNE aMUHOKHUCIIOT.
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1.3 Jlasee METOIOM TOHKOCJIOHHOW XpoMaTorpaduu TMPOBEIH pasleicHUe
U BU3yaJlU3alUI0 OTACIbHBIX AMHHOKHCIOTHBIX KOMIIOHEHTOB, YTO Jajl0 HaMm
KaueCTBEHHOE MPEJICTABICHUE O COCTABE.

1.4 JIns mocTpoeHUs: KanuOpPOBOYHOTO Tpaduka M HIACHTH()HUKALUU IIeIEBOTO
KOMITOHEHTa I€JIEBOTO KOMIIOHEHTa HCIOIb30BaIN TOCYIaPCTBEHHBIA CTaHAapPTHBIN
obpazenr (I'CO) mernonuHa. Jlisi IPUTOTOBNEHUSI CEPUHM CTAHAAPTHBIX PACTBOPOB
HaBeCcKy MeTHoHuMHa pactBopwin B 0,1% pacTBope THApOKcHIa HATpUS IS
oOecrieyeHHs] TONHOM CONMIOOMIM3aMKA  AMUHOKHCIIOTHL. BBUIM TOATOTOBIEHBI
paboune pacTBOPHI CO CIEAYIOMMMU MaccoBbIMU KoHIeHTpanusmu: 0,05%, 0,1%,
0,15%, 0,2,%, 1%, 2%. AHanu3 mpOBOAMIM Ha JBYXJy4eBOM CIIEKTOpO(OTOMETpE
Emclab EMC-61-PC-UV (I'epmanus).

[TapameTpsl u3mepenusi: auana3on ckanupoBanHus 200 — 400 HM, KIOBETHI
KBapleBble ¢ JIMHOM ontuyeckoro nytu 10 mMm. PactBop cpaBuenus: 0,1% BogHO —
menounol pacteop (NaOH) ¢ pactBopom Hunruapuna (1:1).

Pesyabrarbl. B okcmepumente 1.2 mo HM3ydeHHIO IKCTpakTa OepecTbl Oepésbl
KUPrU3CKOH (Betula kirghisorum) B Xoze SKcIiepIMEHTa TPOUCXOIUIIO0 H3MEHEHHE OKPACKH
pactBopa. Co BpeMeHeM HHTEHCUBHOCTD LIBETa M3MEHSIIACh OT UCXOTHOTO KOPHYHEBATO-
XKENTOro OTTEHKa [0 MypPIIypHOTO, YTO XapaKTepHO ISl TPHCYTCTBUS aMHUHOKHCIIOT,
TaKk KaK MHTEHCUBHOCTH I[BETOBOW pEaKIMM HANpPsSMYIO CBsi3aHA C KOHLEHTpalHei
AMHUHOKHUCIIOT B Ipo0e. XOTs AaHHBIA METO TIO3BOJISIET MOYYUTh O0LIee MPEeICTaBICHHE
0 COCTaBe I10 IBETY, OH OIPaHMYEeH TOYHOCTBIO JUISl KOJTMYECTBEHHOTO aHAIIN3a.

Peakuuss ¢ HUHrMApMHOM Jana Ooyiee TOYHOE TOATBEPKIACHHE HAJIUUHS
AMUHOKHCJIOT B HCCIEAyeMOM O3KcTpakTe. HaOmiomaemble LBETOBBIE H3MEHEHUS
MTOMOTJIN PEATONIOKUTH, YTO B IKCTPAKTE MOXKET ObITh METHOHUH, CEPOCOAEpIKaIIast
He3aMeHUMasi aMHUHOKHUCIIOTa, BaXKHAS B Psijie OMOXUMUYECKUX MPOLECCOB.

B onmcannm sxcnepumMenta 1.3 mpoBenau TOHKOCIOWHYI xpomarorpaduro. Ha
XpoMaTorpauuecKux MIaCTHHAX MPOSBISUIMCH CIIUPTOBONW M BOAHBIH SKCTPAKTHI,
a Takke KOHTPOJbHBbIE 00pa3lbl METHOHWHA U THPO3MHA. Pa3neneHne KOMIOHEHTOB
MOATBEPAMIIO HATMUME aMHUHOKHCIIOT B KCTpakTe (pUcyHoK 1). B xauecTse amtoeHTa
HCIOIB30BAJICS PACTBOP OyTAHOI - YKCYCHAsl KUCIIOTa — BoJa B cooTHowmenun 4:1:1.

a — CIIMPTOBOIT HKCTPAKT; b — BOAHBIN IKCTPAKT; ¢ — 0Opa3el; MeTnoHuHa; d — oOpaser; THPO3UHA
Pucynok 1 — TonkocnoiiHast xpomarorpadus
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B omwmcanuu skcnepumenta 1.4 i BBISBICHUS HalW4us METHOHMHA OBLI
MpPOBENEH aHaiM3 Ha CHEKTPOPOTOMETpe. bBUIM TPHUTOTOBICHBI CTAaHIAPTHHIC
pacTtBopbl MeTHOHMHA ¢ KoHUeHTpauueit 0,05%, 0,1%, 0,15%, 0,2%, 1% u 2%, nns
KOTOPBIX U3MEPSIU ONTHYECKYIO IJIOTHOCTh MPHU JTMHE BONHBI 241 HM. Pesynbrars
Mpe/icTaBlIeHbI B TabuIe 1.

Ta6n1/1ua 1 — Onrnueckas MIOTHOCTh pacTBOpa METHUOHUHA

KoHneHnTpaiys MeTuoHHHA Onrtuyeckas MIOTHOCTh METHOHUHA
0,05 0,3524
0,1 0,5594
0,15 1,3879
0,2 1,9391
3,5130
2 3,7045

3HaYeHHE ONITUYECKOH IIIOTHOCTH DKCTPaKTa OepecTsl B. kirghisorum, namepennoe
IpH TOU e AJUHE BOJHBI, cocTaBmwiio 3,5745. I'paduk, cocTaBieHHBI HA OCHOBE
PE3yAbTAaTOB KAIMOPOBOYHBIX HM3MEPEHUH, MO3BOJHMI MPOBECTH KOIMMYECTBEHHBIN
aHaJIM3 KOHLEHTPALMM METHOHMHA B HCCIEAYeMOM 00paslie MOCPEACTBOM METOAa
IKCTPANOSIUH (PUCYHOK 2). 3HaYeHHE ONTHYECKOH IUIOTHOCTH, Pa3MELICHHOE B
nuana3zoHe Mexay 1% u 2%, cCBUIETENbCTBYET O TOM, YTO COJIEp>)KaHHE METHOHUHA B
aHAJIM3UPYEMOM IKCTPAKTE COCTABIAET IpUMepHO 1,2%.

JlanHoe ompeneneHne OCHOBAaHO Ha HMHTEPIpETalUH KaJluOpOBOYHOH KpPHUBOH,
KoTOopasi ObUIa TNpEABAPUTENBHO IOCTPOEHA NpPU MOMOIIM psia CTaHIapTHBIX
pPacTBOPOB C U3BECTHOW KOHIIEHTpALlMEH METHOHUHA.

B pamkax pmaHHOrOo wuccieoBaHUS OBbUIM  BBIIOJHEHBI JIOTOJIHHUTEIbHbIC
CHEKTPOPOTOMETPUUYECKUE U3MEPEHUS, OXBATHIBAIOIINE IIUPOKUN CIIEKTP AJIUH BOJIH
B auanazoHe oT 190 mo 1100 nanomerpoB. JlanHblli BBIOOp AMAanazoHa MO3BOJIUI
JeTallbHO MPOAaHATIU3UPOBATh OCOOCHHOCTH ONTHYECKON aKTHBHOCTH HCCIEAYEMbIX
o0Opa3noB. Hanbonee 3HauMTENbHBIC MUKMA MOMIOIIEHUS OBUIM 3aperHCTPUPOBAHBI
B y3koM uHTepBasie oT 190 no 240 HaHOMETPOB, YTO COOTBETCTBYET XapaKTEPHOMY
CHEKTpaJIbHOMY JHAIIa30HY, UCIIOIb3yEMOMY JIJIsl ONIPEAEICHNS aMUHOKHCIIOT.
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Pucynok 2 — I'paduk onTHyeckoil IIOTHOCTH

Ananns IMOJIYYCHHBIX CIHCKTPOB BBIABHUII 3HAYUMBIC COBIIAACHUA B ITUKOBBIX
3HAYCHHUSAX MEXOAy O00pa3loM 3KCTpakTa OepecThl W pPacTBOpPaMHU METHOHHHA,
HCIIOJIb3YEMBIMH B Ka4€CTBC CTaHAApTa. Takne NEPCKPBITHA CHCKTPAJIbHBIX ITHMKOB
CBHUACTCILCTBYIOT O OMM3KOM XMMHYECKOM COCTaBE U YKa3bIBarOT Ha IPUCYTCTBUEC
B JKCTPAKTC KOMIIOHCHTOB, CTPYKTYPHO U XHUMHYECCKH CXOAHBIX C MCETHMOHHHOM.
CremoBaTenbHO, COOpaHHBIC CIEKTPOPOTOMETPUUICCKUE JaHHBIE MOITBEPKIAIOT
CXOXKECTh XHUMHYCCKUX HpO(bI/IJICfI HCCIIEAYEMOI'0 3JKCTpaKTa W O3TAJOHHBIX
AMHUHOKHCJIIOTHBIX pacTBOPOB, 4YTO HMMCEET BaXHOC 3HAYCHHUC [JIA HaHBHeﬁmeTO
MTOHUMAaHUS XUMHYECKON MPUPOIBI U OMOXUMHUYECKON POJM KOMIIOHEHTOB OepeCTHI.

Sample-1 190.50m 3.4758 | 0.5
4. = ¥ J191.50m 3.2038
¥ 4 193.0nm 3.3335
¥ {196.50m 3.6426
¥ 4 199.0nm 3.707s
P 201.0nm 3.9082 2.0
¥ {201.50m 3.7230
2] 202.50m 4.1270 5.0
¥ 4 z07.0nm s.886%
H P 215.50m 4.1687 11.5
4.0 . 3 3 v S ¥ 4219.0nm 4.0242
. H 2] 220.0nm 4.2312 2.5
¥ 4 222.0nm 3.9824
B 223.0nm 4.1989 1.5
¥ 4224.0nm 3.9202
- B 225.0nm a.1648 7.0
= ¥ 4231.5nm 3.9957
=£, Pl 232.50m 41722 15
=3 B 233.50m 4.0753 4.0
= s 2l 237.00m 3.9433 8.5
== == B 2a2.5nm 3.5745 | 70.5
=
=

W

190 200 210 220 230 240 250 260 270
Wawvelength(nm)

Pucynok 3 — CnexTp moromenne 3KCTpaKTa
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Absorbance(Abs)

Absorbance(Abs)

LamDaag... | ADS | FWW... |
Sample-2 19 1.0nm 3.4903 0.0
- . e = = 191.5am | 3.2332
193.50m | 3.4837
3.5714
38886 0.5
3.6825
3.9400 4.0
3.7675
40727 1.5
3.8180
41543 2.0
3.3425
41607 7.0
3.9371
41225 1.0
3.8834
3.9368
41393 | 2.5
40830 3.0
3.8519
3.9611
41996 1.0
3.9207

4.0975 4.5
4.0188 9.0
4.0466 9.5
3.8161 17.5
2.3460

3.4309

3.6321 | 14.0
3.6184 10.0
3.5002 4.0
3.2230 | 22.5
2.9131 | 33.0

190 200 210 220 230 240
Wavelength(nm)

Pucynox 4 — Crextp nornomenust MeTnoHuH 1%

3.9425 20.5
3.8561 1.5

3.4989 93.5
3.0864 35.0

TITLTI0TY

190 200 210 220 230 240 250 260 270
Wavelength(nm)

Pucynok 5 — Cnekrp nornouieHus METHOHUH 2%
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Lambdal... Abs | FW...
Sample-3 B 1s0.0nm  3.1291
4.5 = = ¥ 190.50m 3.1013
H J191.0nm 3.1119
H191.50m 3.1524
H | 192.0nm 3.1882
H 192 50m 3.2512
B 195.0nm 3.3523
B 193.50m 3.3413
| 194.0nm 3.a260
¥ 194.50m 3.3857
g0 . 1. H_ 155.0nm 5.3709
E ] 195.5nm 3.4830
H | 196.0nm 3.4962
H | 196.5nm 3.6595
2 197.0nm 3.6778 3.0
— Hi97.50m  3.5915
= ¥ ] 198.0nm 3.5471
= H_198.5nm 3.6791
= . 195 0nm 3.6500
= . H | 199.50m 3.6015
= - #l200.0nm 3.6784 2.5
Z B 1 200.5nm 3.6067
= ¥ 4 201.0nm 3.5663
] 201.50m 3.7652 1.0
B _202.0nm 3.7091
¥.1202.50m 3.6619
H203.0nm 37344
E 1205.50m 3.8195
B 204.0nm 3.8236
30| G B 1204.5nm 3.8328
¥ ] 205.0nm 3.79a4
H205.50m 3.8293
P 206.0nm 3.9189 1.0
¥ 1206.5nm 3.7618
H207.0nm 3817
H_1207.5nm 3.8634
: : : : H H_| 208.0nm 3.9209
190 200 210 220 230 240 E_208.50m 3.9010
Wavelength(nm) E_|209.0nm 3.8830
¥ 1209 Snm 3.REET

Pucynox 6 — Hanoxenue Tpé€x CeKTpoOB Ipyr Ha Jipyra

Takue crekTpalbHbIe COBMAJICHUS YCWJIMBAIOT MPEINOIOKEHUE O HAIWIHH
AMUHOKHCJIOT B DOKCTpaKTe€ W TOATBEPKIAIOT, KaK KaueCTBEHHYIO, TaK U
KOJTMYECTBEHHYI0 MJICHTHYHOCTh HEKOTOPHIX KOMIIOHEHTOB. JTH JaHHbIE 0COOCHHO
LEHHBI C TOYKH 3PEHUSI XeMOTAKCOHOMHUYECKOTO aHaju3a M TO3BOJISSIOT TOBOPUTH O
crieiu(UISCKUX MPU3HAKAX JAHHOTO YHJICMHUYHOTO BUIa OCpE3bI.

OO6cy:kaenue. Peakiiusi ¢ HHHTHIPHHOM IPHBEJIa K XapaKTEPHOMY MYPIyPHOMY
OKpAaIIMBAHUIO SKCTPAKTA, YTO JIOCTOBEPHO MOJTBEPKAAET MPUCYTCTBHE CBOOOIHBIX
aMUHOKHUCJIOT B Oepecre Betula kirghisorum. VIHTEHCUBHOCTh OKpalllMBaHHUSI
KOppeNUpyeT ¢ KOHIEHTpalMeld aMHHOKHCIIOT, OJHAKO METOJ[ OTPaHUYCH B TOYHOM
KOJTMYECTBEHHOM aHajn3e U TpeOyeT NOMONHEHHSI HHCTPYMEHTAIBHBIMHA TEXHUKAMH
(Ting Qiu et al., 2010).

MeTton TOHKOCIOWHOW XpoMmarorpauu TO3BOJHI  Pa3JeNIuTh KOMITOHEHTEHI
CIIPTOBOTO M BOJIHOTO 3KCTPAKTOB M CPAaBHHUTh HMX C JTAJOHHBIMH O0Opa3laMu
METHOHWHA W THUpo3uHa. HaOmromaembie Mmonockl co 3HaueHusMu RF, Onuskumu
K CTaHJapTHBIM, YyKa3blBalOT HAa HAJIMYUE TaKUX aMHHOKHCIIOT, KaK METHOHUH.
OTo KU3HEHHO BakKHAs aMUHOKHCIIOTA, COJEpKallas cepy W Wrparoinas poyib B
METHJINPOBAHUHM W TPOM3BOJCTBE IUCTEHHA, TIIyTaTHOHA U S-aJeHO3MIMETHOHHHA
(Shcherbatykh and Chernov’yants, 2021; Shelkovnikov et al., 2019). DTu nporecchbl
o0ecreynBaroOT JKCTpakraM Oepe3bl aHTHOKCHJAHTHOE, TIelaTONpOTeKTOPHOE U
nMMyHOMoayupyrotee aeiicteue (Dragicevic et al., 2022).

YO-cnekrpodoromerpust npu 241 HM MOATBEpAMIIa MPUCYTCTBHE METHOHHWHA.
KamuOpoBounsnii rpadguk (tabmuma 1, pUCYHOK 2) JEMOHCTPUPYET JIMHEHHYIO
3aBHCHMOCTh ONTHYECKOH IJIOTHOCTH OT KOHIIEHTPAlWW. 3HAYCHHUE ONTHYECKOH
IJTOTHOCTH dKcTpakTa 3,5745 pacnomaraercs Mmexay 1% (3,5130) u 2% (3,7045). Ilo
JIMHEWHOW MHTEPIIOJSAINNA KOHIICHTpAIM METHOHUHA cocTaBisieT ~1,3% [(3,5745 —
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3,5130) / (3,7045 — 3,5130) x 1% + 1% = 1,32%, oxpyriaeHo go 1,3% c yuérom
norpenrHoctu +0,1%). DTo 3HaYCHHE BBIIIE THITMYHBIX JUIsI KOPBI APYTUX BUIOB Betula
(Ligostaeva et al., 2015), 4T0 MOXeT OBITh CBSI3aHO C aJaNTaIMei SHISMUYHOTO BUIA
K ropHBIM ycnoBusiM (Jones et al., 2002).

CrnexTtpsl noriouieHus B auanazoHe 190-240 HM AEMOHCTPUPYIOT MEPEKPHITHE
MMUKOB 3KCTPaKTa W CTAHJIAPTOB METHOHHMHA, YTO YKa3blBaeT Ha CXOJICTBO HX
xuMHuuyeckux mnpoduiei (pucynox 3-6) (Roach and Harmony, 1987). IlomoOunsie
COBHAJCHHUS OCOOCHHO TIOJNIE3HbI TpU KIacu(HUKAIMK XUMHYECKOTO COCTaBa
SHJEMUYHBIX BUI0B Oepé3nl (Rastogi et al., 2015).

[Tony4yeHHble JaHHBIC B IIEJIOM COTIIACYFOTCS C JIUTEPATYPOii: KOpa IpecTaBUTECH
pona Betula 6orara OMOAKTHBHBIMH COCJIMHCHUSIMH, B TOM YHCIIC aMUHOKUCIOTAMU
(Demets etal., 2022; Flekhter et al., 2005). IIpu 3ToM cucTemMaTuiecKie HCCIeJOBAHUS
AMUHOKHUCJIOTHOTO cocTaBa Betula kirghisorum paHee HE TPOBOIUIUCH, MOITOMY
MPE/ICTABIICHHBIC PE3YJIBTaThl MOYKHO CYMTATh HOBBIMU U 3HAYUMBIMH JIJIs1 QUTOXUMUU
Y OMOXUMUH.

KommiekcHoe mcnonb3oBanue MeTooB (peakuus ¢ HuHruapuHoMm, TCX u YO-
CHEKTPOPOTOMETPHSI) MOBBICHIIO JOCTOBEPHOCTH BBIBOJOB (Zhang et al., 2022; Simek,
2008). Bmecte ¢ Tem 1is Oosiee TOYHOW UACHTH(PUKAIUU OTACIbHBIX aMUHOKUCIOT
1enecoo0pa3sHo MPUMEHSTH BBICOKOA((EKTUBHYIO KHIKOCTHYIO Xpomarorpaduio
(BOXKX) u/unm Mmacc-CrieKTpOMETPHIO.

B nanpHelinieM JOTHYHO PACIHIMPUTH HMCCIEAOBAHUE: OMPEICIHUTh IOJHBII
AMUHOKHUCJIOTHBIA PO UITh, OLICHUTh CE30HHBIE KOJICOAH U U U3YYUTh OUOJIOTHUECKY O
AKTUBHOCTB. DTO MOMOXKET 00JIee MOJIHO PACKPHITh (DapMaKOIOTUYECKHI TTOTEHITUAT
Betula kirghisorum u 06ocHOBaTh MOAXOABI K €€ COXPAHEHUIO U PAaLUOHAIHLHOMY
ucnois3osanuio (Rastogi et al., 2015; Dragi¢evic et al., 2022).

3akiaouenne. B pabore BBINOJHEH KOMIUICKCHBI aMHHOKHCIOTHBIA aHaIH3
JKCTpaKTa OepecTsl Oepe3bl KUPTU3CKOU (Betula kirghisorum) SHIEMUYHOTO pACTESHUS
Pecnyonuku Kazaxcran. [1o pesynbraram ucciaenoBaHus MOXHO CIENIATh CISAYIONUE
BBIBOJIBI:

1. [ToaTBepkA€HO MPUCYTCTBUE AMUHOKHUCIIOT B OKCTPAKTE, UTO YKa3bIBACT HA €TO
OMOJIOTUYECKYI0 AKTUBHOCTD U MOTCHIIMAJIBHYIO IPUKJIAIHYIO [IEHHOCTb.

2. KadecTBeHHBI aHAlU3 C MPUMEHEHUEM TOHKOCIOWHOW xpomarorpadum u
HUHTUAPUHOBOM pEaKIIMK IMOKa3al HATMYUE CBOOOIHBIX aMUHOKHUCIIOT.

3. KonunuecTBeHHOE oOTmpeaeicHHEe METHOHHHA METOIOM CHEKTPO(OTOMETPHUH
YCTaHOBUJIO €T0 CofiepkaHue Ha ypoBHE 1,2%, 4TO MOATBEPkKAECHO COMOCTABICHHUEM
C CTaHJapTHBIMH PACTBOPAMHU.

4. CpaBHEHHE CIIEKTPOB IKCTPAKTA U CTAHIAPTHBIX PACTBOPOB BBISBHIIO OJIM3KUE
MUKOBBIE OO0JIACTH, YTO JOIOJHHUTEIBHO IOATBEPKAACT HAIUYUE OHOIOTHYCCKU
3HAYUMBIX COCJIMHEHUN B COCTaBE IKCTPAKTA.

IIepcniekTHBBI HaNbHENIIMX UCCIEIOBAHUN

st Ooyiee neTanbHOW XapaKTEPUCTUKH aMHHOKHCIOTHOTO Tpoduis OepecTbl
Betula kirghisorum pexkoMeHIyeTcsi MCIOJNb30BaTh OoJiee CENEKTUBHBIE METOIbI
ananu3a, Brimodas BOXX u macc-cnextpomerputo. JlanpHelinmme padoThl MOTYT
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OBITH HAaIIPaBJICHBI HA U3yUeHUE PapMaKOJIOTUIECKUX CBOMCTB IKCTPAKTA, B TOM YUCIIE
BO3MOYKHOI'O AHTHOKCUJAHTHOIO, NPOTUBOBOCHAIUTENBHOTO U PErEHEPUPYIOLIETO
JEeUCTBHUSL.

IIpakTH4yeckoe NpUMEHEHHE

IIpoBenéHHOE Uccae0BaHUE MOXKHO PACCMATPUBATH KAK BaXKHBIH 11ar B U3YYEHUU
XUMHUYECKOTO COCTaBa PEAKUX BUJIOB PACTCHUA.
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Abstract. The study investigates the complex formation of palladium (II) ions with
organic polymers of different nature-chitosan (Chit), poly-4-vinylpyridine (P4VP),
and pectin (Pec), which differ in composition and in the type of functional donor
groups. The relevance of the research is due to the need to develop efficient polymer-
immobilized palladium catalytic systems characterized by high stability, dispersion
of the active phase, selectivity, and the possibility of repeated use in technological
processes. Complex formation was studied using spectrophotometric analysis and IR
spectroscopy, which made it possible to determine the coordination parameters, the
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nature of interactions, and the stability of the resulting polymer-metal complexes. It
was established that the mechanism of interaction between Pd (II) ions and polymer
matrices is determined by the nature of the functional groups of macromolecules, the
degree of their protonation, and the environmental conditions. For the chitosan-Pd
system, the formation of the most stable complexes was revealed due to outer-sphere
ionic interaction of the anionic complex [PdCL,]* with the protonated amino groups of
the polymer. In the poly-4-vinylpyridine-Pd system, the interaction is predominantly
coordinative and involves nitrogen atoms of pyridine fragments of the macromolecule.
The pectin-Pd system is characterized by weaker coordination realized through oxygen-
containing functional groups and ionic centers. It is shown that differences in the
mechanisms of complex formation significantly affect the stability, morphology, and
structure of the resulting complexes. The obtained results confirm the high efficiency
of polymers with nitrogen-containing functional groups for palladium stabilization and
demonstrate the prospects of their wide application in the development of polymer-
immobilized catalytic systems, functional materials, and catalytic hydrogenation
processes of organic compounds in modern chemical industry and scientific research.

Keywords: polymer—metal complex, palladium catalysts, complexation, complex
stability, chitosan, pectin, poly(4-vinylpyridine)
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AnHoTanusi: JKympicTa TaOuWFaTbl OpTYPJi OpPraHMKalbIK IOJUMEpIep —
xuTo3aH (Xur), nonu-4-suHunnupuant (114BI1) xone nmexkrunmen (Ilex) mammanuit
(IT) woHmapbIHBIH KemleH Ty3yl 3epTTeNli, o’ap Kypambl MeH (QyHKIIHOHAIIBIK
JIOHOpP TONTApBIHBIH THUIMI OOWBIHINIA epeKHIeTeHEAl. 3epTTeydiH O3eKTUIIr JKOFaphl
TYPaKTBUIBIKIICH, OeNceH/i (a3aHblH IUCIEPCTUIINIMEH, CENeKTHBTLIITIMEH >KOHE
TEXHOJIOTHSUIBIK YlepicTepae OipHelle peT KOJJIaHy MYMKIHIITIMEH CHIATTaJIaThiH
THIMJII TIOJTUMEP-UMMOOMIIM3AIMSUIAHFAH AN KaTallu3/iK KYHeJIepiH a3ipiey
KaXXeTTiiriMeH OalinanbicThl. KemieH Ty3iny cneKTpodoTOMETpHsUIBIK Talaay >KoHe
UK-crnieKTpocKkonus oAiCTepiH KOJJIAHY apKbUIbl 3€pTTENl, OYJI KOOPAMHAIMSIIBIK,
napameTpiepial, e3apa OpEKeTTeCY CHIAThIH JKOHE TY3UICTIH MOJUMEp-MeTall
KEIICHIePiHIH TYPaKThUIBIFBIH aHbIKTayFa MyMKiHaik Oepni. Pd (II) nonpmapbiHbIH
MOJMMEPITIIK MaTpUIlaJlapMeH e3apa OpeKeTTecy MEXaHU3Mi MaKpOMOIEeKYyJajlap/IblH
(YHKIMOHAJIBIK TONTAPBIHBIH TA0OUFAThIHA, OJIAP/BIH MPOTOHIAHY OPEKECIHE KOHE
opTa JKaFJaisiapblHa TOYEI/Ii €KeHI aHBIKTaJIIbl. XUT03aH-Pd skyiieci yIlliH aHUOHIBIK
[PACL,]* kemueHiHiH OITMMEPIiH IIPOTOHIAHFAH AMUH TONTAPhIMEH CBIPTKbI C(epaibIk
HOHJBIK ©3apa OpeKeTTeCyl HOTWXKECIHAEC €H TYPaKThl KeUICHICPAIH TY3UIeTiHi
anbIkTanael. [lomu-4-punnnnupunud-Pd skyliecinme e3apa opekeTTecy HeTi3iHeH
KOODPJMHALUSUIBIK CHIIATTa OOJIBIN, MaKpOMOJEKY/Iadarbl TUPUANH CaKUHAJIAPbIHBIH
a30T aTOMJIapBIHBIH KaTBICYbIMEH Ky3ere acaabl. [lektuH-Pd xyiiecine oTTeKKypaM/Ibl
(YHKIMOHAIIBIK TONTAp MEH HOHJBIK OPTAIBIKTAp apKbLIbI KY3€re acaTblH dJIci3ley
KoopAuHAIUsl ToH. KemieH Ty3Uly MeXaHU3MAEPIHJEeTi alblpMallbUIBIKTap/IbIH
QJBIHATBIH KEIICHICP/AIH TYPAKThUIBIFBIHA, MOP(OJIOTHICHIHA JKOHE KYPBUIBIMBIHA
eJIeyIli 9cep eTeTiHI KOpCeTuIni. AJBIHFaH HOTHKEJIEep a30TKYpamM/Ibl pyHKITHOHAIBIK
TONTapbl Oap MOMUMepNIepiH NaUaAuNHAl TYpaKTaHIBIpyda MXOFapbl THIMAUIITIH
JOIIENISH Tl ’KOHE OJIap/IbIH MOJTUMEpP-UMMOOMIIN3allMsUTIaHFaH KaTallu3iK KyHenepai,
(YHKIMOHAIBIK MaTepHaAaP/Ibl )KOHE OPTaHUKAIBIK KOCBUTBICTAP/Ibl KATaTUTHKAJIBIK
THIIpIIeY YIepiCTepiH Kacay Ke3iHAe XMUMHs OHEpKoCiOl MEH FhIIBIMHU 3epTTEyNepic
KEHIHEH KOJIJIJaHbLIYBIHBIH MIEPCIIEKTUBTLIITTH KOPCETEI.

Tyiiin ce3mep: moiuMep-MeTaNIbIK KEIIeH, Maulafuil KaTaau3aTopiaphl, KemeH
TY31J1yl, KEIICHHIH TYPaKThUIBIFbI, XUTO3aH, IEKTHUH, TOJIH-4-BUHUWITUPUITH
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AnHoTanusi: B pabore mcciaenoBaHO KOMIUIEKCOOOPa30BaHME WOHOB Tallia Iusl
(II) ¢ opraHmyecKMMH TOJUMEpPAMU pa3IUYHON TPHUPOJBI — XHUTO3aHOM (XWT),
nonu-4-sunnianupuanaom (114BI1) u nexkrunom (Ilex), oTaMYaOMMMUCA COCTaBOM
W THUMOM (YHKIHOHAIBHBIX JOHOPHBIX TPYII. AKTYalbHOCTh HCCIIEJIOBAHUS
oOycoBiieHa HEOOXOIUMOCTHIO pa3paboTKu 3¢ HEeKTUBHBIX MOJINMEP-
MMMOOMITM30BaHHBIX MMAJUIaJUEBBIX KaTAUTHUYECKUX CHUCTEM, XapaKTepU3YIOUIUXCS
BBICOKOH YCTOWYHMBOCTBIO, JUCIIEPCHOCTHIO aKTHBHOW (Da3bl, CEJICKTHBHOCTBHIO H
BO3MOKHOCTBIO MHOTOKPATHOTO HCIIOJIb30BaHUS B TEXHOJOTHYECKUX IpoIieccax.
KomrurekcoobpazoBaHue H3ydain c IPUMEHEHUEM METOIOB CIIEKTPO(YOTOMETPUIECKOTO
aHamm3a ¥ HMK-crekTpockonmuu, YTO TO3BOJWIO ONPEAETUTh KOOPIWHAI[MOHHBIE
napaMeTphbl, XapakTep B3aUMOACHCTBHS U yCTOMYMBOCTH (POPMUPYIOIIUXCS MTOJTHMEP-
METaJUINYECKUX KOMILJIEKCOB. YCTAHOBJIEHO, YTO MEXAaHM3M B3aMMOJEHCTBHUA HMOHOB
Pd(Il) ¢ monuMepHBIMH MaTpUIIAMU OTPENeNIeTCs TPUPONoH (QYHKIIMOHATBHBIX
IPyII MaKpOMOJIEKYJ, CTETEHbIO WX TMPOTOHUPOBAHUS M YCIOBUAMHU cpensl. Jlms
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CUCTEMBI «XxuTo3aH—Pd» BeIABIEHO 00pa3oBaHKe HanOOIee YCTOMUYUBBIX KOMIIEKCOB
3a cuéT BHEIHEeC(EpPHOr0O HOHHOTO B3aMMOJCHCTBHS AHHMOHHOTO KOMILIEKCa
[PACl4]* ¢ mpoToHMpOBaHHBIMH aMHHOTPYHIaMu moiumepa. B cucreme «monu-4-
BUHWINUPUANH—Pd» B3aMoneHCcTBHEe HOCUT MPEUMYILECTBEHHO KOOPIUHALMOHHBIH
XapakTep U OCYILECTBISACTCS C y4yaCTHEM aTOMOB a30Ta MUPHIMHOBBIX (ParMEeHTOB
MakpoMoeKkyasl. st cuctemsl «nektuH—Pd» xapakrepna 6onee cnadast KOOpAMHALMS,
peanusyromasicss 3a CU€T KUCIOPOACOACPKAMMX (YHKIUMOHANBHBIX TpYyNHn |
HMOHHBIX LEHTpoB. [lokazaHo, YTO pa3nuuus B MEXaHHW3MaX KOMILIEKCOOOPa30BaHMS
CYIIECTBEHHO BIHSIOT Ha YCTOHYMBOCTH, MOP(OJOTHIO M CTPYKTYPY IMOIy4YaeMbIX
KOMIUIEKCOB. [lomyueHHble pe3yabTaThl MOATBEP)KAAIOT BBICOKYIO 3(PQEKTHBHOCTD
MOJIMMEPOB € a30TCOAEPKAIIUMH (PYHKIHOHAIBHBIMU TPYINAMH JUIsl CTa0MIU3aLIH
najulagusl U CBUJETENILCTBYIOT O MEPCNEKTUBHOCTH MX MPUMEHEHHUs IPU CO3JaHUU
MOJTMMEP-UMMOOMIIN30BAHHBIX ~ KAaTAIUTHYECKHX  CHUCTEeM,  (DYHKIHOHAIBHBIX
MaTepHUasoB U MPOLIECCOB KaTAIUTUYECKOTO THAPUPOBAHNS OPTaHUYECKHUX COSTMHEHN
B COBPEMEHHON XMMUYECKOH MPOMBIIIUIEHHOCTH M HayYHBIX MCCIIET0BAHUSAX.

KuarodeBple ciioBa:  moguMep-METaUIMYECKHH — KOMIUIEKC,  MaJljaJAueBble
KaTaJIn3aTopbl, KOMIUIEKCOOOpa30BaHUE, YCTOMUYMBOCTh KOMIUIEKCA, XUTO3aH, IEKTHH,
N0JIN-4-BUHUINUPUANH

Beenenne. Ilamnamuii (Pd) mpencraensier co0oi OnaropofHbI NEepeXOAHBIH
MeTaJlJI C BHICOKOW KaTaTUTHYECKOH aKTUBHOCTHIO B OPraHNUECKOM CHHTE3€, 0COOEHHO
B peakuusaxX ruApupoBaHus, kpocc-coeaunenus (Suzuki, Heck, Sonogashira u ap.), a
TaK)Ke B CEJICKTHBHBIX OKUCIHUTEIbHBIX mporeccax (Biffis et al., 2001; Chen et al.,
2013; Rayadurgam et al., 2021). HecmoTpst Ha mmpokoe npuMeHeHHe roMoreHHbIx Pd-
KaTaJIn3aTOPOB, X OTPAHUYCHHUS 10 CTAOMIIBHOCTH, arperaiiy YacTHIl U CI0KHOCTH
paszfenieHusT CTUMYNUPYIOT Pa3paboOTKy MOJIMMEPHO-UMMOOHIN30BAHHBIX CHCTEM.
[locnennue oOecneynBarOT YIYYIIEHHYIO PacHpeleiICHHOCTh aKTHBHBIX LIEHTPOB,
CHIDKeHHe arperanuu Pd-dacTui n J€rkocts pereHepanny KaTaauTHYeCKOH CHCTEMBI
(Kawale et al., 2024).

JlutepatypHbiii 0030p. OpraHnyuecKre noJIuMepbl HCIIOIb3YIOTCI BKa4eCTBEIUTaH/I0B
nnu Hocutened B Pd-karanmmzaropax ¢ 1enblo 00ecreueHus] KOMIJIEKCO00pa3oBaHus
Pd-noHHBIX LEHTPOB ¢ (YHKINOHATIBHBIMH TPYIIIAMHU TOTUMEPHON MAaTPHUIIBI, @ TAKXKE
JUISL CO3JJaHMSI CUCTEM, Ha TIOBEPXHOCTH KOTOPBIX cTabuIn3upyorces Pd-HaHouacTuibl
yepe3 B3aumojeiicTeue nomumepa ¢ merayuiom (Kawale et al., 2024; Makeeva et al.,
2024). Ocoboe BHUMaHKE yAeIsIeTCs OMononuMepaM (HarpuMep, XUTO3aH, IEKTHH) |
(YHKUMOHATIBHBIM CHHTETHYECKUM TONMMEpaM (HanpuMmep, Moau(4-BHHUIMAPHIUH )
— TI4BIl), mockoibKy OHHM 001aJarOT XenarooOpasylomUMMH TIpynnamMu (aMuH,
MUPUINH), YTO YIy4llaeT KOOpAHHAIMIO Pd M KOHTPOIb HAHOCTPYKTYpPHI aKTHBHOM
¢aser (Albano et al., 2023; Bukharbayeva et al., 2024; Jiao et al., 2025). Hanpumep,
[14BII - cuHTeTHYECKUH MOTMMED C MUPUIMHOBBIMHU IPYIIIaMH, KOTOpbIe 3(hheKTHBHO
koopauHupytoT Pd*" u crabunmsupyror Pd-HaHOUacTHIBI MOCIE BOCCTaHOBICHUs. B
HCCIIEIOBAaHUAX TOKa3aHo, 4T0 Pd, MMMOOMIM30BaHHBIN uYepe3 KOMILIEKCHPOBAHHE
¢ T14BIl, nemoHCcTpUpyeT BBICOKYIO aucriepcHocTh Pd manowactun (2 — 3 HM) Ha
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HOCHTEIISIX U YITYYIICHHYIO KaTaTUTHYECKYI0 aKTUBHOCTD B PEAKIMAX THAPUPOBAHUS
no cpaBHeHuro ¢ oObraHbIMM Pd/SiO, cucremamm (Auyezkhanova et al., 2025).
Xuto3aH (XUT) — OPUPONHBIA OUOMONUMEp, COolIepKAIIUi aMUHOTPYIIIbI, KOTOpPhIE
cnocoOHbl cBsi3biBaTh Pd-monnble ¢opmbl. Crabunmsanusi Pd-uactun xmTozaHom
yAIydllaeT pacrpeleeHue akKTHBHBIX LEHTPOB M CHM)KAET arperanuio MeTasla, 4To
MOJIOKUTENBHO BIIUSICT HAa KaTAIUTUYECKYI0 akTUBHOCTE (Auyezkhanova et al., 2025;
Zheng et al., 2023; Zeng et al., 2016). [lexTuH u Apyrue moaucaxapuibl, aHAIOTUIHbIC
XHUTO3aHy 10 HAJUYMIO0 KapOOKCHUIBHBIX M THAPOKCHIIBHBIX TPYII, TaKXKe CHOCOOHBI
CO3/1aBaTh KOOPAMHAIIMOHHBIE cpeabl st Pd*" mocpencTBoM KoMILIeKcOOOpa3oBaHus
U BOAOPOIHBIX CBSI3eH, yiydmass ycToMuumBocTh Pd-karanmuzaropoB B >kuikoit dase
(Albano et al., 2023; Baran, 2019; Kenzheyeva et al., 2025).

Takum  0o0pazoM, KOMIIEKCOOOpa3oBaHHME MaUIaHs C  OPraHUYECKUMH
MOJMMEpaMH, NpPEACTaBIsieT €000l MEPCIeKTUBHYIO CTPaTerdio B CO3JaHHUH
3¢ PEKTUBHBIX KaTATUTHUYECKUX CUCTEM. Takue MaTepraibl 00eCIeYyrBalOT HE TOJIBKO
YAYUIICHHYIO Oucrnepcuio Pd-uacTuil, HO M PeryiupyloT WX XMMUYECKYIO Cpeay H
JOCTYIl aKTUBHBIX LIEHTPOB, YTO KPUTUYHO JJIsi JOCTUKEHUS! BHICOKOH aKTHBHOCTH,
CEJIGKTUBHOCTH M YCTOMYMBOCTH B OPraHMYECKOM CHHTE3€. A TakkKe CIOCOOCTBYIOT
JIETKOMY pa3/Ie/ICHHIO KaTaJTUTUYECKOM CHCTEMBbI U €€ MHOTOKPaTHOTO HCIIOJIb30BaHUs,
YTO yJydIllaeT SKOJOTHYECKHE M IKOHOMHUYECKue mMokaszarenu mnpouecca (Raksha et
al., 2025). CoBpeMeHHBIE HCCIIEIOBaHUS NOAYEPKHUBAIOT AajbHEWIIee paclIupeHHe
00JIaCTH TPUMEHEHUS TAKUX THOPUAHBIX CUCTEM B 3€JIEHBIX H YCTOHYMBBIX MTPOIEccax
KaTaJnsa.

B cBa3u ¢ sTtuM, Hacrodmas paboTa IMOCBSIIEHA HCCIEIOBAHUIO KOMILIEKCO-
o0pa3oBaHMs MOHOB Ma/UTagusl ¢ TAKUMHU MOJMMEpPaMH Kak XuTo3aH (XHT), MEeKTHH
(ITex) u monu-4-sununnupuant (I14BI1). Beibop monmumepoB o0yclioBlieH HAIMYHEM
B MX CTPYKType (pyHKIMOHAJIBHBIX JOHOPHBIX TPyNI (aMUHHBIX, KAPOOKCHIILHBIX H
MUPUINHOBBIX ), CIIOCOOHBIX K KOOpAMHAIIMU HOHOB Pd?’, a Takike X CIOCOOHOCTBIO
(hopMHPOBATH YCTOHUMBBIC TIONUMEP-METAUTHYECKUE KOMIUIEKCHI U CTa0MIIN3UPOBATh
JHCTIEpCHBIE NalIaueBble GOPMBI B KUAKOW (ase.

MarepuaJjbl 1 METOAbI

Peaxmuevr u mamepuanwt

Xnopun nmamnanus (I1) (59-60% Pd, Sigma-Aldrich, CIIIA), xmopun kanus (X.4.),
nonu-4-sunmnupuand ([14BI1, Mw = 60000, Sigma-Aldrich, CIIIA), xuto3an (Xwur,
CTerneHb neanerwimpoBanus >75%, Mw = 250 000, Sigma-Aldrich, CIIIA), nextun
(ITextun u3 516710k, creneHb 3repudukanuu S0-75%, Sigma Aldrich, CIIA).

IIpucomoenenue pabouux pacmeopos

Hns npurorosnenust 0,1 M pactBopa nmonumepa Opanu 1,67 r xutozana (Xur) u
pactBopsiiar B 100 Mt 1% constHON KHCIOTHI ITyTeM MEepeMEIINBaHus Ha MarHUTHON
MelIajKe NMpH KOMHAaTHOH Temieparype B TeueHue 1,5 wacoB. PacTBop mexktuHa
TOTOBWJIN IIPY aHAJIOTHYHBIX YCIOBUSIX, OAHAKO HCIIOIH30BAB B KAUECTBE PACTBOPHUTEIIS
100 mn Boxs! ountuenHod u 1.85 T Ilek (mektuna). [lonu-4-sunnnnupuaun (114BIT),
Maccoil 1,05 r pacTBopsanu npu Tex ke yciaoBusax B 100 mMa 3THIIOBOro cnupra npu
KoMHaTHOH Temneparype. 0,1 M pacTBop conu namiagus ObUI MPUTOTOBJICH ITyTeM

75



ACADEMIC SCIENTIFIC JOURNAL OF CHEMISTRY

n3MenpueHust 1,774 v xnopuaa namnaaus (1) u 1,492 r xnopuga xanusi B araToBou
CTYIKE C OCTEeIYIOIUM PaCTBOPEHUEM MOTy4eHHOU cMecH B 100 M1 BOABI.
Hccneoosanue komnaexcoodpazosanus uonoe nannaous (1) c nonumepamu
CocTaB M YCTOMYMBOCTH MOJMMEP-METAIIIMUECKUX KOMILJIEKCOB OIPEAeIIsIH
o MeToauke, omucanHoi B pabore (Haiyan et al., 2011). PaBHOBecue peaxnuu
KOMIUIEKCOOOpa30BaHuUs BBIPAXKAIH MO CIEAYIOUIEH cXeMe:

M+nL < ML, (1)

rae M mpexacraBmser co0oii MOH Meraiuia, L - smrann (MOHOMEpHOE 3BEHO
HOJIUMEPHON 1enu), U ML - mony4eHHbIH KOMILIEKC.

Ucnone3ys ypasHeHue (1), moaydnM BbIpaXKeHUs! IS pacueTa yCIOBHOW KOHCTAHTHI
YCTOWYHMBOCTH KOMILIEKCA (jB,) M KOJMYECTBA MOJMMEPHBIX JIMTAH/IOB, y4aCTBYIOIIUX B
oOpa3oBaHNM KOMILIEKCA (7).

_ [MLy]
Pa =ty @
nu
— [L]CBﬂ3aH. — [L]O_[L] (3)
" [M]]CBﬂ3aH. [M]O_[M]’

rrne [M]u[L]-paBHOBECHbBIC KOHLICHTPALIMK HOHA METAJIa U MOJIUMEPHOTO JIUTAH/IA,
COOTBETCTBEHHO, a WHJEKCHl () M CBs3aH. 0003HAYAIOT WCXOIHBIC KOHIICHTPAI[UU
PEareHTOB M KOHIICHTPAIMK PEareHTOB, U3PACX0JOBAHHBIX HAa 00pa30BaHNE KOMILICKCA,
COOTBETCTBEHHO.

Ucnone3ys ypaBHeHue (3) BEIpa3uM paBHOBECHYIO KOHIISHTPAIIMIO JTUTAH/IA!

[L]=[L], — n{[M], — [M]} 4

[Ipu ycioBUM MOJHOTO OCAKICHMS KOMILUIEKCA W3 CHCTEMbI, PaBHOBECHAS
KOHIIEHTpalus Komruiekca [ML | Oyner paHa 1. IloacraBuB 3Ha4€HUs PaBHOBECHOM
KOHLEHTPALlMM KOMIUIEKCa, PaBHOM 1, M paBHOBECHOH KOHIIEHTPALUHU MOIUMEPHOTO
JIUTaH/a, BEIPAXCHHOW uepe3 ypaBHEHHE (4), B ypaBHEHHE (2) TOIY4YHM CIeIyrolee
BBIpAXKEHHUE C ABYMsI HEU3BECTHBIMHU:

1

Ba = Baiime—namlo — ) ®)
%0071
lg g, =—lg[M] {[L],—n[M],..}" (6)

3Hast 3HAYEHWs HMCXOIHBIX KOHUEHTpAUMd MOHa Meramna [M] ¥ noammepHOro
suranja [L] 1, Onpeeane paBHOBECHBIE KOHIIEHTPALMK HOHA MeTaslIa [M] , momyduum
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ceputo KpuBbix 3aBucumoctu Ig = f(n,). Touka nepecevenus AByX KPUBBIX ABJIAECTCSA
PELICHUEM YPAaBHEHMS C JIBYMs HEM3BECTHBIMU lg S n. Pacnpenenus kpusble 1m0
napam, MOJY4YHM CEPHIO TOUEK IEepPEeCeYeHHs, IPEACTABISIONINX COO0H Psii peIIeHUH
ypaBHeHHS (6), ¢ TOMOIIBIO KOTOPBIX IOJIYYUM CPEIHUE 3HAYCHUS H .

Metoauka ompeneieHusl cocTaBa U YCTOWYMBOCTH KomIuiekcoB mamianust (II) c
nonumepami (Ilex, Xut, [14BI1) Bkitodasa cMemnBaHHE pacTBOPOB MOJTUMEPOB U COJIH
metaia (PdCL,), nepemernBanye MoJTy4€HHbIX PACTBOPOB B TE€YEHHME 3 4acOB JJIs
JOBEPLICHHS PEAKIINH, OCAKICHHUE TTOJIMMEP-METAUINIECKOTO KOMILIEKCa, U3MEpEHHE
PaBHOBECHBIX KOHIICHTPAIUI HOHA MeTaJlla B paCTBOPE U MMOCTPOCHHUE CEPUHN KPUBBIX
zaucumoctu Ig B = f(n,). Jlnsa nonyuenns cepun KpuBbix 3aBucumoctu Ig S = f(n))
cMelMBanue pacTBopoB nonumepos ¢ PACL) ocymecTsisiam takum 06pa3oM, 9TOObI
MOJYYUTh PACTBOPBI C PA3JIMYHBIMH HCXOIHBIMH KOHIIEHTPALMUSMH IOJTUMEPHBIX
suranzioB (0,01-0,025 monw/n) u nonos meramia (0,001-0,05momb/11). PaBHOBECHBIC
KOHIICHTPAI[UH HOHOB METAJIOB OMpeelisii Ha criekrpodoromerpe CD-2000.

Bzaumoneiicterue nonos najuiaaus (1) c pyHKIMOHATBHBIME TPYIIIIAMU TOJTUMEPOB
ouenuBanu MetoaoM MK-cnekrpockonuu. UK-Dypre criekTpbl 00pa3iioB 3amuchIBaIN
B Buje Tabnerok ¢ KBr na UK-cnekrpomerpe Nicolet iS5 (Thermo Scientific, CILIA)
B uHTepBase yactot 4000-400 cm'.

Pesyabrarsl.

[Ipu mHTEpHpeTanuy SKCIEPUMEHTANIBHBIX AaHHBIX 1O KOMILIEKCOOOPa30BaHHIO
nonoB mnamnanus (II) ¢ momuMMepamMM YYMTBIBaJOCh XUMHYECKOE CTPOCHHE
MaKpOMOJIEKYJI, 3apsiA U KOOpAMHAIMOHHBIE 0COOCHHOCTH MaJUIaANs, a TAKKE XapaKTep
(YHKUIMOHAIBHBIX TPYIIT OJIUMEPHBIX JurannoB. [lammaguii (II) B BomHBIX pacTBOpax
MPEUMYIIECTBEHHO TNPHUCYTCTBYeT B BHJE YCTOWYHMBOTO KBaJIpaTHOIUIAHAPHOTO
xommiaekcHoro anuona [PdCL]*, uTo cyliecTBEHHO BIMSET HAa MEXaHU3M €ro
B3aMMOJICHCTBUS C TOTUMEPHBIMU MaTPUIIAMH.

HccnenoBanue KOMIIEKCOOOpa30BaHMUs MOJMMEPOB ¢ MOHAMH MaIIafNs BKIIOYAIIO
OIIpe/ic/IeHHe  KOOPAMHALMOHHBIX —IapaMeTpoB (KOHCTAHTHI CBs3bIBaHUS (n) U
ycroiiunBoct (B a)) moiydaeMblx mHoJMMep-MeTamndeckux komriekcoB (ITMK),
a TaKke MX XapaktepucTuky meronom HK-cnekrpockormuu. Ha ocHOBaHMM JaHHBIX
M0 YCJIOBHBIM KOHCTAHTaM CBSI3bIBAHUSI M YCTOMYMBOCTH, a Tarkke pe3yasratoB K-
criekTpockornud, st cucteM Xut-Pd, [T4BI1-Pd u [1ex-Pd 6111 npeanioxkeHbl pa3inyHble
MEXaHU3MbI KOMILIEKCOOOpa30BaHusl, CXeMaTHUECKH TPEJICTaBICHHBIC HA PUCYHKE 1.

\“ *

{-NH3*| wene[PdCI ] | N—= pg2* — 0 —spd?

n 4
Z I b
Cl=
a 0 B
Pucynoxk 1 — Ilpennonaraemble MeXxaHU3Mbl KOMIUIEKCO0Opa3oBanus noHoB namnanus (II) ¢
HOJINMEPaMH

(a — BHEmHEC(EPHOE HOHHOE B3aUMOJeHcTBUE KoMILTekcHoro annona [PACl,]* ¢ npoToHupoBaHHBIME
AMHHOTPYIIaMH XHTO3aHa; 0 — KOOPAMHALIMOHHOE B3auMozelicteue Pd*" ¢ mupuanHOBEIM
aTOMOM a30Ta MO0JH-4-BUHUIINIUPUIMHA; B — cabas KoopauHaius Pd*" ¢ Kuciopoacoaepammmu
(DYHKLMOHAILHBIMH TPYIIIAMU IEKTHHA)
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Hnst cuctemsl XuT-Pd ycTaHOBIEHBI HaMOOJIBIINE 3HAYEHUS YCIOBHONW KOHCTAHTBI
cesaspiBanmus (n = 1,82 £ 0,08) u ycroitumsoctu kommekca (Igf, = 6,97 + 0,15)
(Tabmuua 1), 4To yKa3bpIBaeT Ha MPOYHOE B3aUMOACHCTBUE NaJIaIus ¢ OMOIOTUMEPOM
(pucyHoOK 2, a). PacTBOpeHHNe XUTO3aHa B KUCJIOH cpejie MPUBOIUT K TPOTOHUPOBAHUIO
ampHOrpynn ¢ oOpasoBaHueM MakpokatuoHa xurosanus (—-NH,"). B ostux
YCIIOBUSX B3aUMOJICHCTBHE MPOTEKAeT MPEUMYIIECTBEHHO 0 MEXaHU3My HOHHOMN
accoIMalid MEXAY TOJOXKUTEIbHO 3apsDKCHHBIMM aMUHOTPYIIAMU TOJUMepa U
xommiekcHpiM anuoHom [PACI,J*. Tlpu aTom nmannajauii He BXOAUT HENOCPEICTBEHHO
B KOOpIMHALIMOHHYIO cdepy aromMa a3oTa, a pacrojaraeTcs BO BHEHIHEH cdepe
KOMIUIEKca, 00pa3ysl BHemHec(epHbIil HOHHBIA KoMIieke (puUcyHOK 1, a). /laHHbIiA
MEXaHHU3M TOATBEPKAAECTCA CMEIIEHUEM I0JI0C MOMIOIIEHHUs, XapaKTEepHbIX s
nedopmarmonnbix konebanuit N—H u BanenTHbix konebanuit C=0 B MK-cnekrpax
KOMILJIEKCA 110 CpaBHEHHUIO ¢ MCcXonHbIM xuTo3anoM (Liu Q. et al., 2017; Wang W. et
al., 2019 ) (pucynox 3, 1B, 2B). M3MeHeHHEe MONOXKEHUs MOJOC, cBA3aHHBIX ¢ C=0
(c 1660 mo 1628-1638 cm') u N-H rpynmamu moiumepa (¢ 1559 mo 1518-1524 cm
') noKa3bIBAET B3aMMOJIEHCTBHE NPOTOHMPOBAHHBIX aMMHOI Py nonumepa (-NH,") ¢
aHMOHHBIM KomIuiekcoM natanus [PdCl4]* no MexaHu3My HOHHOMW cBs3u. Bricokas
YCTOHYMBOCTh KOMIUIeKca XuT-Pd oOycioBieHa 3IIEKTPOCTATUYECKOW MPUPOAOH
B3aUMOJICUCTBUS U MYJABTUIICHTPOBBIM XapaKTEPOM CBS3BIBAHUS aHUOHA MaJIATUs C
MaKpOMOJIEKYJION monumMepa.

8- 8-
74 71
61 C(Pd?"), = 0,005 M 6] C(Pd™),=0,002M
54 54 2
% 4] C(Pd?*), = 0,0075 M % 4] C(Pd™)p = 0,005 M
34 3
2 24
14 14
0 . . ; ‘ 0 ‘ ; . .
0,0 05 10 15 2,0 0,0 05 1,0 1,5 2,0
n n
a) 0)

Pucynox 2 — 3aBucumocts Mesxy 1gf u n npu B3auMoneHcTBIH:
(a) xutozana (0,015 M) ¢ Pd>* (0,005 1 0,0075 M), (6) [I4BIT (0,01 M) ¢ Pd> (0,002 u 0,005 M)

B cucteme I14BII-Pd B3aumopeiicTBHe mamnajus ¢ MOJUMEPOM IPOTEKAET I10
JIOHOPHO-aKI[ENTOPHOMY MEXaHH3MY C yYaCTHEM aToMa a30Ta MUPUAMHOBOTO KOJIBIIA.
B srom ciydae non Pd?" BkiroyaeTcsi BO BHYTPEHHIOK KOOPAMHAIMOHHYIO cdepy,
o0pa3yst KoopAMHAMOHHYIO CBsi3b Pd—N (pucynok 1, ©). Dto moarBepxkaaercs
CMEIICHWEM II0JIOC TOTVIONICHHS, COOTBETCTBYIOMMX KoneOanusMm cBsized C—N u
C=C mupumunoBoro koibia B MK-cekrpax [14BII-Pd no cpaBHeHUIO C HCXOMXHBIM
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nonumepom (Mavronasou K. et al., 2022; Wu L. et al., 2022) (pucynoxk 3, la, 2a). B
cnekrpe [14BI1 HaOnmroma0TCS XapaKTepHBIE TIOJI0CHI KOJIEOAHUH MUPUIUHOBOTO KOJIbIIA
(C=C u C-N) nipu 1600, 1562, 1495 u 1419 cm'. Cmenenue mosoc mororiennss C—N
(c 1600 cm* mo 1603-1616 cm™') u C=C (c 1495 cm™ o 1499 cm™') B criekrpe [14BII-
Pd cBuperensCTBYeT O KOOPAWHAIIMOHHOM B3aMMOACHCTBHM MUPHIWHOBBIX TPYIII
I14BII ¢ nonamu MeTaja.

1562
1800 1495 3488
(1a) T 11419 1074 (2a) ; 3018 1555
i|1372 f 3043, [ { 1420
IRy 372 2938 e
3025 | 1e01 [ 1] & ""‘:” 2914 | F
I i/
U 2860

425 1827 1369

1

14z 1442
Lo

MornoweHune (OTH.eA.)

L L

4000 3000 2000

1
1000 4000 3000 2000 1000

BonHogoe yncno (cm™)

Pucynok 3 — Jlauusie K criekTpoB ucciieryeMbIx 00pa3ioB:
(1a) [14BI1, (2a) [14BI1-Pd; (16) Iexk, (26) Iek-Pd; (18) Xut, (28) Xur-Pd.

3HaueHus KoHCTaHT cBsa3biBanust (n=1,10+0,07) uycroituusoctu (g =5,75+0,16)
1t [14BI1-Pd amke, wem ais Xut—Pd, 9T0 cBHAETENECTBYET O MEHBIIICH TTPOTHOCTH
KOOPAMHALIMOHHOIO B3aUMOJEHUCTBUSI 10 CPABHEHUIO C MOHHOM accolManuei
(pucynok 2, 0). Hemenoe 3HadeHWe n yKa3blBaeT Ha HETOJHYIO HACBHIIIEHHOCTD
KOOPJIMHAITUOHHOMW cephl MauIans JOHOPHBIMHE IPYIIIIAMU TOJTMMEpPa, 9TO, BEPOSITHO,
CBSI3aHO CO CTEPUYCCKMMH OTPAHWYCHUSMH M OTPAHUYCHHOW MOIBMKHOCTHIO
MaKpOMOJICKYJSIPHBIX TieTiei (Tabmuma 1).

Ta6nura 1 — KoopauHaiimoHHbIe mapaMeTpbl KoMmruiekcoB namtanus (I11) ¢ momumepamu

ITommep YcoBHAst KOHCTaHTA CBSI3BIBAHUSA (71) VYeroitunsocts Komiuiekca (1gf)
Xum 1,82+ 0,08 6,97 +0,15
I14BI1 1,10 +0,07 5,75+0,16

O6cy:xaenne. B3zanMmopeiicTBrie maymiagus ¢ MEKTHHOM HOCHT 0Oojiee CIIOKHBIN
U MeHee BRIpaKEHHBIN XapakTep. B crucreme mammanamif-ieKTHH HAOITIOMAncs CIBUT
MaKCHMyMa TIOTJIOMICHUS OTHOCHUTEIHHO MCXOJHOW JUIMHBI BOJHBI, YTO HMCKIIIOYAIO
BO3MOKHOCTH KOPPEKTHOTO OTIPEeNIEHUs] PaBHOBECHOI KOHIICHTPAIIMK HOHA MeTaa
Y TIPOBEICHHSA MAbHEHIINX pPAacdYeTOB JJISl OMPENENICHHsS KOHCTAaHT CBS3BIBAHHUS U
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ycToiunBOCTH. B CBsI3U € 9THM, KOoMIUIekcooOpa3oBanue Bcucteme [lek-Pduccnenosanu
ncKIounTenbHo MetonoM WK-crnekrpockonuu, Juist 4ero cUCTeMYy NpeABapUTENBHO
OCaKAanu J0OAaBICHUEM alleTOHa, MTOCIIE YeT0 CHUMAIIHU CIIEKTP BBICYLIEHHOTO OCAKa.
Cornacno panabiM HK-cmekTpockonuu, KOMIUIEKCOOOpa30oBaHUE OCYIIECTBISIETCS
MPEUMYILECTBEHHO 3a CYET cl1aboro KOOPANHALIMOHHOTO B3auMoeiicTBus noHa Pd* ¢
KHCJIOPOACOAEePKAIMMHU (PyHKIIHOHAILHBIMU IPYIIIaMH TTONUMepa (KapOOKCUIBHBIMH
U TUAPOKCHIIBHBIME) (pUCyHOK 3, 10, 20). [Ipu sToM HaOmonaeMble CMEILIEHHS MTOJI0C
MOTJIOUICHUSI HOCAT YMEPEHHBIM XapaKTep, 4TO yKa3blBaeT Ha C1alyl0 KOOPIMHALIMIO
o aromy Kuciopozaa 0e3 GopMuUpoBaHHs YCTOHUMBBIX XENAaTHBIX CTPYKTYP (PUCYHOK
1, B). [Tonoca npu 3440 cMm' cooTBeTCTBYeT BaJieHTHBIM KoseOanusim —OH-rpymi,
a monockl mpu 1752 m 1625 cm ' oTHOCATCA K Ae(OPMALMOHHBIM KOJICOAHHSIM
3TepUPUIMPOBAHHON M CBOOOAHOM KapOOKCHUIBHBIX IPYIIIL, COOTBETCTBEHHO (Sumathra
M. et al., 2017) (pucyHok 3, 10, 206). B3aumoseiicTBue neKTHHA ¢ HOHAMU AU U
noATBepkaaercs cmemeHrueM mnojockl C=0 sTepupunupoBaHHON KapOOKCHIBHOM
rpynmsl (¢ 1752 no 1743-1744 cm') u monoc BalieHTHBIX Kosebanuit —OH-rpymm
(c 3440 no 3418-3425 cm'). IIpu 3TOM MONOCA CBOOOAHON KapOOKCUIBHON TPYIIITBI
npu 1625 cm™! ocTaéres mpaKTHYECKH HEM3MEHHOW. J[OMOMHHUTENEHBIM MPU3HAKOM
B3aMMOJECHCTBHUS CIY)KUT CMEIIEHHE ITOJIOC, XapaKTEePHBIX 1is konebanuii cesizeit C—O
(c 1109 o 1101-1104 cm ') 1 C—O—C B mupano3HoMm kosble (¢ 1027 mo 1020 cm ™).

Takum o00pa3oMm, XapakTep KOMIUIEKCOOOpa30BaHMSI HMOHOB HaIagus c
HCCIICZIOBAaHHBIMH TIOJIMMEPAMH OTNpeNeNseTcsl MpUpoaoi (DYHKIHOHATIBHBIX TPYIII
u tunoMm B3aumopeiictBus. s cuctem Xut—Pd u [14BII-Pd komuuectBeHHO
YCTaHOBJIEHBbl 3HAYEHUs] KOOPAMHALMOHHBIX MapaMeTpOB, OTPAKAIOLIUE PA3IUUUL
B TNPOYHOCTH M MEXaHHW3ME CBA3BIBAHUS MaUIaJusl C TMOJIMMEpPHOM MaTpHIEH.
B cnyuyae mexkTHHa KOMIUIEKCOOOpa3oBaHHE HOCUT MPEUMYILIECTBEHHO CIAObIH
KOOPJMHALMOHHBIN XapaKTep M0 KUCIOPOACOAEPKAMM (GYHKLIHOHATIBHBIM IPYIIaM,
YTO MOoATBepkAaeTcs faHHbIMU K-criekTpockonuu, oHako He MO3BOJISIET KOPPEKTHO
OILIEHUTh YCTONYHMBOCTh KOMIUIEKCA B KOJINYECTBEHHOM BBIPAXKEHUH.

3akJirouenne

B paborte nccnenosano kommiekcoodpazoBanue nonos namiaaus (1) c monumepamu
pa3IUYHON HPUPOABl — XMTO3aHOM, IOJU-4-BUHWINUPUIMHOM W TekTuHoM. Ha
OCHOBaHMU MJaHHBIX crekrpodoroMmerpudeckoro anamuza u HWK-cnekrpockonun
YCTaHOBJICHO, YTO Xapakrep W npouHocTh B3aumozeiictus Pd (II) ¢ moaumepubiMu
MaTpHUIAMHU OIIPEIEIISIOTCS TUIIOM (PYHKLIHMOHAIBHBIX JOHOPHBIX TPYIII.

[lokazano, uto B cucreme Xwut-Pd dQopmupytorcs Hambosee ycTOWYMBEHIE
KOMIUIEKCHI 32 CYET BHEIIHEC(EPHOTO HMOHHOTO B3aMMOJCHCTBUS aHHOHHOTO
xommiekca [PACL]* ¢ npoToHMpOBaHHBIMH aMMHOIPYNIIAMH XHTO3aHA. B cucreme
[14BI1-Pd B3aummMoneiicTBHe HOCUT KOOPAMHALMOHHBIH XapaKTep ¢ y4acTHEM aTOMOB
a30Ta MUPUAMHOBBIX TPYMI, OJHAKO YCTOWYHMBOCTH OOPA3yIOIIUXCS KOMIIEKCOB
HUXE, YTO CBSI3aHO CO CTEPUYECKMMM OTrPaHHYEHMSIMHM IOJIMMEpPHOW IEMH.
KommuiekcooOpa3oBanue mamnaaus ¢ TMEKTHHOM CONPOBOXKIAeTcs Oosiee crnabbiM
B3aMMOJCHCTBUEM 110 KHCIOPOACOACPKAUIMM (YHKUMOHAIBHBIM TpyIIaM, YTO
noaTBepkaaeTcss naHHbIMU MK-cnekTpockonuu, OAHAKO HE IO3BOJSIET IPOBECTH
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KOJIMYCCTBCHHOC CPABHCHUC YCTOI‘/'I‘II/IBOCTI/I JIAaHHON CHCTEMBI C a30TCOACPIKAIIUMU
noJinMepamMu. HOHy‘leHHLIe Ppe3YJIbTaThI MOATBCPIKAAOT MEPCHCKTUBHOCTDH
MNPUMCHCHUS a30TCOACPIKAIUX TOJUMEPOB IJId CTa6I/IJ'H/I3a]_[I/II/I naxiaausa U CO3aaHust
3(1)(1)CKTI/IBHLIX l'[OJ'II/IMCp—I/IMMO6I/IJ'II/I3OBaHHI:IX KaTaJIUTUYCCKHUX CUCTEM.
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Abstract. This article presents a systematized overview of modern approaches to
the selection and optimization of electrolytes for lithium-ion batteries, which remain
essential components in portable electronics, electric transportation, and stationary
energy-storage systems. Particular attention is given to the relationship between the
chemical composition of the electrolyte and its electrochemical properties, resistance to
decomposition under high-voltage conditions, and ability to ensure stable lithium-ion
transport across a wide range of operating environments. Three major classes of
electrolytes liquid, gel, and solid are described. For each class, the mechanisms of ion
transport, the specific features of interactions with electrode materials, and the factors
governing the safety and long-term performance of battery systems are examined. The
properties of the most widely used lithium salts LiPF, LiBF , LiTFSI, LiFSI, and LiCIO,
were analyzed, including their resistance to hydrolysis, thermal behavior, influence on
the formation of the solid electrolyte interphase (SEI), and compatibility with both
cathode and anode materials. It is emphasized that the choice of salt determines not only
the ionic conductivity of the electrolyte but also the stability of electrode—electrolyte
interfaces, which is critical for preventing degradation processes and suppressing
dendrite growth. The article also considers carbonate-based organic solvents that form
solvation shells around lithium ions. Their dielectric properties, viscosity, susceptibility
to oxidation, and role in shaping the optimal electrolyte structure are described. The
influence of functional additives that regulate SEI formation, suppress gas evolution,
and enhance thermal stability is analyzed separately. Gel and polymer electrolytes are
presented as promising systems capable of combining mechanical robustness with high
ionic conductivity. Solid electrolytes are discussed in the context of improving safety and
energy density, while the limitations associated with their relatively low conductivity
and challenges in achieving stable electrode contact are highlighted. Overall, the article
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provides an integrated understanding of the key factors that determine electrolyte

performance in lithium-ion batteries and outlines the directions for further development

of materials aimed at improving their stability, energy density, and operational reliability.
Keywords: lithium-ion batteries, electrolytes, lithium salts, additives, ion mobility

Financing. The work was supported by the Science Committee of the Ministry
of Science and Higher Education of the Republic of Kazakhstan under the program
BR28712683 «Development of technology to reduce energy consumption and waste
without compromising efficiency in the processing of lithium-ion batteries».

For citations: Dmitriyeva E.A. Electrolytes of lithium-ion batteries. Academic
Scientific Journal of Chemistry, 2026. — No.l. — P. 83-96. DOI: https://doi.
org/10.32014/2026.2518-1491.342

© JAmutpuena E.A.* 2026.
Du3nKa-TeXHUKAIBIK HHCTUTYTHI, Satbayev University, Anmarsl, Kazakcras.
E-mail: y.dmitriyeva@satbayev.university

JUTHUH-UOHJIbI AKKYMVYJISATOPIAPIBIH JEKTPOJIUTTEPI

JmutpueBa Enena — Qusnka-maremMaTnka FRUIBIMJIAPBIHBIH KaHAWAATEL, TPOQEccop, JKETEKII FHUTBIMI
KbI3MeTKep, PH3nKa-TeXHUKaIBIK HHCTUTYTHL, Satbayev University, Anmartsl, Ka3akcran,
E-mail: y.dmitriyeva@satbayev.university, https://orcid.org/0000-0002-1280-2559.

AnHoTaums. byn wmakanana JUTUH-MOHABI aKKyMyJsiTOpJiapra apHaJIFaH
ANEKTPONUTTEPAl TaHIAy MEH OHTaWIaHABIPYIBIH 3aMaHayd TICUIAEpi KyiHeleHreH
TYpPIE YCHIHBUILABL. OIJEKTPOIUTTIH XHMHUSUIBIK Kypambl OHBIH 3JEKTPOXHUMHUSUIBIK
KAacHUeTTepIMEH, JKOFapbhl KEepHEylep Ke3iHAerl TYPaKThUIBIFBIMCH JKOHE JINTHH
MOHIAPBIHBIH KeH KYMBIC JHANa30HbIHA TYPAKThl TaChIMaJIaHYbIH KAMTAMAachI3 €Ty
KaOiJIeTIMEH THIFbI3 OaiJIaHBICTHI EKSHIITT epeKIIIe aTam OTUIIl. DISKTPOIUTTEPIIH YIII
HETi3T1 TOOBI — CYWBIK, TeITb/Ii )KOHE KATTHI DJICKTPOIUTTEP — CUMIATTANAbI. Op TON YIIiH
MOH/IBIK TachbIMajiay MEXaHU3MJEPi, IEKTPOJ MaTepHaIapbIMEH 03apa 9pEKeTTeCy
epeKUICTIKTeP] XKOHE aKKyMYISITOP KyHelepiHiH Kayilci3miri MeH y3aK KbI3MET eTyiH
anbIKTalTeIH (pakTopmap Kapacteipeuiasl. LiPF , LiBF,, LiTFSI, LiFSI xone LiCIO,
CHSIKTBI K€H TapaJFaH JINTHHA TY31apbIHBIH KachueTTepi Tajnana bl OnapIbiH THIPOIIN3Te
TO3IMJILIIT], TEPMUSUIBIK MiHe3-KYJIKbI, SEI KaOaThIHBIH TY31TyiHE 9Cepi )KOHE KaTOATHIK
opi aHOATHIK MaTepHaNJapMEH YHISCIMIUTITT KapacThIpbUIIbl. TY3/bI YPBIC TaHIAY
ANIEKTPOIUTTIH MOHJABIK OTKI3TIIITITIH FaHa eMec, COHBIMEH Karap HHTepdeicTepain
TYPaKTBUIBIFBIH aHBIKTAUTBIHBI, OYJ1 63 Ke3eTiHAe AerpaJallisiHbl )KoHe ASHAPUTTEPIIH
ecyiH OoJIbIpMay YIIIH ISyl PO aTKapaThIHbI KepceTieni. Makaiaja kapooHaTTap
HETI31HJeri OpraHUKaJIbIK EPITKIIITep Jie KapacThlpbliabl. Onap JTUTHH HOHIAPBIHBIH
aifHaJachIH/Ia COIbBATANMSIIBIK KAOBIKIIA TY31M, SJIEKTPOIHUT KYPBUIBIMBIHBIH OHTAMITBI
KaJbINTacyblHa BIKNAN eTefi. EpiTKimTepaiH AUANIEKTPIIK KacCUeTTepi, TYTKBIPIBIFHI,
TOTBIFyFa OCHiMILITIT1 )KOHE AIIEKTPOIUTTIH KAaJIIbl TYPaKTHUIBIFbIHA dCEPi CUTIATTANIAbI.
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Conbimen Katap, SEI kabaTbIHBIH TY311yiH pETTEiTiH, Ta3 06JiHyiH TOMEHICTETIH KOHE
TEPMUSUIBIK TYPAKTBUIBIKTBI apTTHIPAThIH (DYHKIMOHANBIK KOCHAJap/AblH POlli jKeKe
Tanganapl. [enbai jKoHe MOTUMEpITi JIEKTPOIUTTED MEXaHUKAIBIK TYPAKTHUIBIK MEH
YKOFapbl HOHABIK OTKI3TIIITIKTI OIpIKTIpyre MYMKIHIIK OCPETiH MePCIIEeKTHBAIIBI OAFBIT
petiane xepcetingi. KaTTel 31eKTpOMUTTEp KAyilCi3MiK NMEH SHEPTHs THIFBI3IBIFBIH
apTTBIPY TYPFBICBIHAH KapacThIPBUIABL, alaiifa OJapAblH CaJbICTBIPMAlbl TYpPAE
TOMEH OTKI3TIIITIIT MEH DIEKTPOATAPMEH TYPAaKThl JKaHACYIbl KaMTaMachl3 eTyaeri
KHUBIHJIBIKTAp HISKTEYII (hakTopiap peTiHie atam oTijai. byn Makanana TUTHH-HOHIBI
AKKyMYJIATOPJIApAFhl AIEKTPOIUTTEPAIH THIMAUIITIH aHBIKTaWTBIH HET13r1 (hakTopriap
Typajbl TyTac TYCIHIK KaJbIOTACTBIPbUIAABI JKOHE OJIAPAbIH TYPAaKTbUIBIFbIH,
SHEPTUsl CHIMBIMABUIBIFBIH JKOHE MNaijasaHy CEHIMIUIIrIH apTThIpyFa OarbITTalfaH
MarepuangapAbl JaMbITY KOJIJapbl alKbIHAATA b

Tylin ce3nep: MTUTHI-UOHIBI aKKyMYJISTOpJIAp, DIEKTPOJIUTTEP, JTUTHH Ty31aphl,
Kocnanap, HOHJIApAbIH KO3FaIFbIIITHIFbI
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AHHoTanus: B JMaHHOW CTarbe MPENCTaBICHO CHUCTEMATH3MPOBAHHOE OIHMCAHUE
COBPEMEHHBIX TIOAXOJ0B K BBIOOPY W ONTHMH3AIUU 3JICKTPOJIUTOB JUIsl JIUTHUH-
HMOHHBIX aKKyMYJISITOPOB, KOTOPHIE OCTAIOTCS KJIFOYEBBIM AJIEMEHTOM B IMOPTAaTHBHON
AJIEKTPOHUKE, 3EKTPOTPAHCIIOPTE U CTAI[MOHAPHBIX CUCTEMaxX HAKOIUICHUS DYHEPTHH.
Oco0oe BHHMaHHE YICIEHO B3aUMOCBSI3M XHMHUYECKOTO COCTaBa 3JICKTPOJIUTA C
€ro 3JICKTPOXUMHUYCCKHMH XapaKTEPUCTUKAMHU, YCTOWYMBOCTHIO K Pa3JIOKCHHIO
IIPU BBICOKUX HANPSHKCHHUSIX U CIHOCOOHOCTHIO 00SCIEUMBATh CTAOWIBHBIA MEPEHOC
HMOHOB JIUTHS B INMPOKOM JHAmna3oHe padboumx yciopwii. ONucaHbl TPU OCHOBHBIE
IPYNIBl  JIEKTPOJIUTOB: JKHJKUEC, TeleBble U TBEpmble. [l kaxkmoi rpynmsl
paccMaTpHUBaKOTCS MEXaHM3Mbl MOHHOTO TPaHCIOPTa, 0COOCHHOCTH B3aUMOJCHUCTBUS
C DJCKTPOIHBIMH MaTepuaiaMd U (PaKTOPbI, ONpeaelisIonme 0e30NacHOCTh U
JIOJITOBEYHOCTh aKKYMYJSTOPHBIX CHCTEM. bbUIM TIpOaHAIW3UPOBaHbI CBOWCTBA
naubonee pacnpoctpanénnbix coneit LiPF, LiBF,, LiTFSI, LiFSI u LiCIO,, Bmtouas
WX YCTOWYUBOCTD K THJIPOJIH3Y, TEPMHUUECKOE TIOBEJCHHE, BIMSHIE Ha ()OPMHUPOBAHUE
Mexdaznoro ciost SEI u COBMECTUMOCTh ¢ KaTOJHBIMU M aHOJIHBIMUA MaTepUATaMHU.
[MomuépkuBaeTcs, 4TO BLIOOP COU OMPENESISICT HE TOJIBLKO IPOBOAUMOCTD AJIEKTPOJINTA,
HO M CTAaOMJILHOCTH WHTEP(EHCOB, YTO KPUTUYECCKU BAXKHO JUISl MPEIOTBPAIICHUS
JIeTpajlallid U POCTa JEHAPUTOB. B cTaThe Takke paccMaTpPUBAIOTCS OPraHUYECKUE
pacTBOpUTEIN KapOOHATHOTO PsiJia, HhOPMHUPYIOIIUE COTbBATAIMOHHBIE 000JI0UYKH BOKPYT
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1OHOB JUTHs. ONMUCKHIBAIOTCS UX TUAIIEKTPUYECKHUE CBOMCTBA, BA3KOCTh, CKIOHHOCTh
K OKHUCJICHHUIO ¥ POJb B (DOPMUPOBAHUM ONTHUMAJIBHOW CTPYKTYpPhI AJICKTPOJIMTA.
OTnenpHO aHAIM3HPYETCS BIHMSHUAC (YHKIIMOHAIBHBIX JO0ABOK, PETYIUPYIOIIAX
oOpasoBanue SEI-ci0s1, MOAaBISIONIMX ra30BbIACICHIE 1 TOBBIIIAIOINX TEPMUAYCCKYFO
cTtabunbHOCTh. [eneBble W MOMUMEpPHBIC BJCKTPOJIUTHI  TPEACTABICHBI  KaK
MEPCIIEKTUBHOE HAMPABJICHUE, [TO3BOJISIONICE COYETaTh MEXaHUIECKYI0 CTaOMIBHOCTh
C BBICOKOM HMOHHOW NPOBOAMMOCTBIO. TBEpABIE 3JEKTPOIUTHI PACCMATPUBAIOTCH B
KOHTEKCTE TOBBIIICHUS 0€30IIaCHOCTH M SHEPrOEMKOCTH, TIPU 3TOM MOTYEPKUBAIOTCS
OTPaHUYEHMUS, CBA3AHHBIE C UX CPABHUTEIBLHO HU3KOW MPOBOAUMOCTBIO U CII0)KHOCTBIO
oOecrieueHus] CTAOMIBLHOTO KOHTAKTa C AJIEKTpoiaMu. B jmaHHOM cTarke GpopMupyercs
LIEJIOCTHOE TPEJICTABICHUE O KIFOYEBBIX (PAKTOpax, ONnpenessromux 3QpPeKTHBHOCTh
AIEKTPOJIUTOB B JUTHHA-UOHHBIX aKKyMYJSTOpPaX, W O0O3HAYAIOTCS HAlpaBJICHUS
JTTbHEHTIIETO PA3BUTHS MATSPUAIIOB JIJIsl TOBBIIICHHUS KX CTAOMIILHOCTH, SHEPTOEMKOCTH
W DKCIUTyaTallMOHHON HAJEXKHOCTH.

KuioueBble cj10Ba: JTUTUN-UOHHBIC AKKYMYJSTOPBI, SJEKTPOIUTHI, COJIU JIUTHUSA,
100aBKH, OABMUKHOCTH HOHOB

BBenenmne. JIMTUI-MOHHBIE AKKyMYJIATOPBI SIBJIAIOTCS OCHOBOM COBPEMEHHOU
MOPTATUBHON W TPAHCIOPTHOW 3HEpPreTUKku. OHU HCIONB3YHOTCS B: MOPTAaTHBHON
anekTpoHuke  (cMapTdOHBI,  HOYTOYKM,  IUIQHIIETHI);  JJNEKTPOMOOWIH |
AJIEKTPOBEJIOCHIIC/BI; CHUCTEMbl XPAaHCHUS JHEPTUU (M1 COJIHEYHBIX Oarapei u
BerporeneparopoB) (Yersaiynova et al., 2026; Song et al., 2026). JIutuii-uoHHBIN
AKKyMYJIATOP — 3TO Mepe3apsbKaeMblii ICTOYHUK SHEPTUH, B KOTOPOM JINTUH B MOHHOM
(dhopMe ucmonb3yeTcs UIsl IepeHoca 3apsaa Mexay deKkTpoaaMu. CXeMaTHYeCKu ITOT
MIPOLIECC MPEICTABICH HA PUCYHKE 1.

aHog

LixCs SNEeKTponuT LixCo0;
paspsaa

3apsg

PucyHnok 1 — Cxema mporiecca nepeHoca 3apsijia Mex/1y JIeKTpOoiaMu
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[Ipouecc 3apsaxky NPOMCXOAUT IMpH MoAade Ha IEKTPOoAbl HampspkeHus. VoHbl
JIUTHSL OTPBIBAIOTCS OT KaTONA, MEPEXOST Yepe3 cernaparop K rpauToBOMYy aHOAY U
BCTPaMBAIOTCA B €r0 MOJIEKYJISIPHYIO CTPYKTYpy. Korna akkyMymsiTop paspskaeTcst Moj
JeiiCTBUEM Harpy3KH, HOHBI JINTHS BO3BPAILAIOTCS 00PaTHO B KaToJ W BCTPAUBAIOTCS
B OKCHJI, BHOBb CTAQHOBSICh CTA0MJIBHBIMH. DJIEKTPOHAM K€ BHOBb MPHUXOIUTCS HCKATh
0OXOIHOH MyTh «JOMOI» B BHIE BHEIIHEH menu (Harpy3ku). Korma mnociennmii
3NIEKTPOH NOKUHET IpaUTOBOE MPUCTAHMIIE, AKKYMYJISATOP MOTHOCTBIO Pa3psaUTCSI.

JlntepaTtypHblii 0030p. YpaBHEHMs XHMHYECKHX peakIUil, MNPOUCXOJAIMIHUX B
THIWYHOM TMTHH-MOHHOM Gatapee (Hanpumep LiCoO,), cnenyromue (Gao et.al., 2025):
Ha karone:

6C +xLi" +xe” < Li C, (D
Ha anope:
LiCoO, « xLi" + Li, CoO, + xe 2)
CyMMapHast peakius BBIIVISIIAT CIIEAYIOIIIM 00pa3oM:
Li C, +Li, CoO, <> 6C + LiCoO, 3)

XO0Ts1 ONUCAHHBIN BBIILIE MPOLECC MPUHIMITHAIBEHO MaJI0 OTINYAETCs OT IMPOLIECCOB,
MPOUCXOIAIIMX B Jpyrux Oatapesx, nutuii-uonnele (Li-ion) Oarapen cranm
JOMHUHHUPYIOIIUM pEHICeHUeM JUIs XpaHeHus sHepruu. [lpowmsommio sto Onaromaps
MPEBOCXOIHON IJIOTHOCTH SHEPTHU IO CPAaBHEHHIO C TEXHOJOTHSIMU TMPEIBbIAYIINX
MOKOJICHWH Oarapel, TakuMH Kak HUKeldb-KagMueBbIMU (Ni-Cd) wuiam HUKeb-
metamruapuaasiMu (Ni-MH) 6arapesmu (Gao et.al., 2019; Malele et.al., 2025).

Jlutuii-nonHsle Oarapen He TOJBKO MPOM3BEIN PEBONIOLHUIO B MOTPEOUTEIHCKOM
ANIEKTPOHUKE, HO M CTAIW MPEANOYTUTENFHBIM BBIOOpOM [uisl snekTpoModuieit (Dini
et.al., 2024) 6naronaps cBoeii BHICOKOH A3PPEKTUBHOCTH U ITUTEIILHOMY CPOKY CITYKOBI
(Tomaszewska et. al., 2019), a Tak¥xke CIOCOOHOCTH MOJIICPKUBATH IPOLIECCHI OBICTPOIT
3apsiiKd, KOTOpbIE OOBIYHO HE MOAXOASAT Ul CBHHIOBO-KHUCIOTHBIX TEXHOJOTHH.
B cBa3u ¢ pacTymuMm CTpeMJICHHEM K COKPAILEHHIO 3arps3HEHHS OKpYXKaroleH
Cpeabl MepexoA OT aBTOMOOWIed ¢ nBurareisiMu BHyTpeHHero cropanus ([IBC)
K OJIEKTpUYECKUM ajbTepHatuBaM yckopmicsi (Schulz-Monninghoff et.al.,, 2021).
Hanpumep, EBponeiickuii Coro3 miaHupyeT 3alpeTHTh MPOIaKy HOBBIX aBTOMOOHIIEH ¢
JBC, Brutouast rubpubl, k 2035 roxy (Patil et.al., 2024). Dta TeHaeHIMS TOMYSPKUBACT
HEOOXOJMMOCTb COBEPILICHCTBOBAHUS aKKYMYJISITOPHBIX TEXHOIOTHI, 0COOEHHO C TOUKH
3peHHsI TUIOTHOCTH HEPruH, 3PQPEeKTUBHOCTH 3apsaKu U Oe3omacHOocTH. B mepBbIx
ANMEKTPOMOOWIISX TIEPBOHAYAIBLHO MCIIONB30BAIMCH CBUHIIOBO-KUCIOTHBIE OaTapeu u3-
3a MX HU3KOH CTOMMOCTH U JOCTYITHOCTH, B TO BpeMs Kak B 00j1ee MO3IHIX MOKOJICHUSX
CTalll TPUMEHSTh HHUKEIb-METAJUITHIPUIHBIC 3JIEMEHTHI, MPEkKAE YeM IMEpeuTH K
JUTUH-UOHHOW TEXHOJIOTHH JJIsl TIOBBIIICHUS MJIOTHOCTH SHEPTHMHU M CPOKa CIYXKOBI.
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XOTsI CBHHIIOBO-KHUCJIOTHBIE OaTaper BCE €Ille MUCIONb3YIOTCS B HEKOTOPBIX PErruoHax
n3-3a ux HU3Kou croumoctu (Maltezo et.al., 2021), nuTHUN-MOHHAS TEXHOJIOTHUS CTala
MPEANOYTHTENFHBIM BapUaHTOM B aBTOMOOMJIBHOHM mpombiinieHHoctd (Dini et.al.,
2023), npemiarast mpumepHo Ha 20% OOJBINY0 €eMKOCTh XpaHEHUS YHEPTUH, MEHBIINN
BeC, MEHbIINE TPEOOBAHUS K TEXHHUYSCKOMY OOCIYKWUBAHHIO M YBEIHMUYCHHBIH CPOK
ciyx0b1 10 10 nmet. C TOYKH 3pEHUs BBINOIHICMbIX (DYHKIIHA, JIEKTPOIHT SIBISETCS
KITFOYEBBIM MaTepPUAJIOM, BIHSIOIIUM Ha XapaKTEPUCTUKH JIMTUEBBIX Oarapeil ¢ TOYKU
3pEHUsS] BBICOKOTO HAIPSDKEHUSI M BBICOKOW ynenbHOW 3Hepruu. OIHAKO, YeM BHIIIE
HaNpsHKCHHE, TEM BBIIIE CIIOCOOHOCTH AMEKTPOIUTA K PA3JIOKCHHUIO H YXYAIICHHIO KaK
XapaKTEPUCTHUK, TaK U OE30MMaCHOCTH JIUTUH-MOHHBIX OaTapei.

JlaHHasi cTarhsl MOCBAIICHA PACCMOTPCHHIO BIMSHUS PA3IUYHBIX HCTOYHHKOB
MTOJIBUKHBIX MOHOB JIMTHUS, JOOABOK I YIYYIIEHUS CTaOWJIBHOCTH JIUTHI-UOHHBIX
AKKYMYJIATOPOB M THIIOB AJICKTPOJIMTOB HAa XapaKTEPUCTUKH M O€30MacHOCTh JIMTUH-
HMOHHBIX Oarapei.

MeToabl uccie0BaHus. TEOPETUUECKU aHAJIN3 HAYYHBIX CTATEW 110 TEME
AJIEKTPOJIHUTHI IUTHUH-UOHHBIX aKKYMYJISTOPOB.

Pe3yabTaThl nccienoBanmii. B xo/e aHamm3a ycTaHOBIICHO, YTO 3JIEKTPOJIUTHBIE
CUCTEMBI JIMTUH-MOHHBIX aKKyMYJISITOPOB MOTYT OBITh KIIACCU(UIIMPOBAHBI HA TPHU
(byHIaMEeHTabHBIE TPYTIITB, PA3JIMYAFOIIUECS 10 arPEraTHOMY COCTOSIHUIO, MEXaHU3MY
MepPeHoca 3apsija U SKCIUTyaTallMOHHBIM XapaKTepUCTHKaM. K KUJIKUM 3IIeKTpoUTaM
OTHOCSITCSI PAacTBOPBI COJICH JUTHS B OPraHUYECKUX IOJISIPHBIX PacTBOPUTEIISIX,
00eCneunBaroNIfe BEICOKYH0 HOHHYIO ITPOBOIMMOCTD U CTA0MIIBHOCTD IPU YMEPEHHBIX
Temneparypax. [eneBbie AJIEeKTPOJIUTHI MPEICTABISIOT COO0M MOIMMEpPHbIE MATPUIIbI,
YACPKHUBAKOIINE PACTBOPUTEIh U COYCTAIONIUE CBOMCTBA YKUIKUX U TBEPABIX CUCTEM.
TBEpable 3JICKTPOJIUTHI BKIOYAKOT KEPAMHUUYECKHE W TOJIMMEPHBIC MaTepualbl,
CIIOCOOHBIE MPOBOAUTh MOHBI B TBEPHOHN (pa3e m 00ecreunBarolie MOBBIIICHHBII
ypoBeHb Oe3omacHocTH. CpaBHHUTEIBHBIN aHAIM3 IMOKa3aj, YTO KaXaas W3 TPYIII
oOmagaer crenu(UIECKUMU MPEUMYIIESCTBAMU U OTPAaHHUYCHUSIMHU, OTPEICIISTIOIUMHI
00JIacTh VX IPUMEHEHHSI B COBPEMEHHBIX aKKYMYJISTOPHBIX TEXHOJIOTHSIX.

O0cy:kaeHHe HAYYHBIX Pe3yJbTATOB.

1. Conu numusi. Bo Bcex Tpex TUIAX AIEKTPOJIUTOB UCTOYHUKOM TO/IBHIKHBIX HOHOB
JUTHS SBIISIOTCS 100aBKu cosield nmutust, Takux kak LiPF, LiBF,, LiTFSI, LiFSI nmu
LiClO,.

Coii TS SIBASIOTCS OCHOBHBIM HCTOYHHMKOM TIOJIBHKHBIX HWOHOB JIUTHS,
Onaronapsi JUCCOIMAIIMU B AJIIEKTPOIUTHYECKOM cpene. Hanbomnee yacTo ucnonb3yercs
LiPF, (rexcadroppocdar nurust) HEOPraHMIECKOE COEIUHEHHE, KOTOPBIH B YHCTOM
BHJIE TPEJICTABIISIET COOO0M OEIbIl KPUCTAIUTMYECKUN TTOPOIIOK.

CoJib OTHOCHTENBHO CcTa0wmibHA TepMudecku, HO TepseT 50% Beca mpu 200°C
(392°F). Ona rugponusyercs, 00pasys BbIcOKOTOKcHYHbIH ra3 HF mpu temneparype
okoiio 70°C (158°F) cornacHo crenyromneMy ypaBHEHHUIO:

LiPF, + 4H,0 — LiF + SHF + H,PO, (4)
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bnaronaps kucnornoctu Jleronca wonos Li°, LiPF, Ttaike xaranusupyer
TETParuApONUPaHUIUPOBAHUE TPETUUHBIX CIIUPTOB.

B nutnii-nonueix akkymynsrtopax LiPF, pearupyer ¢ Li,CO,, 4ro wmoxer
KaTaJu3upoBaThcs HeOombuMu KonndectBamu HE:

LiPF, + Li,CO, — POF, + CO, + 3LiF (5)

Hcnonp3oBaHne B KOMMEPUECKUX JTUTUEBBIX OaTapesix pa3HbIX CONIeH MPOIUKTOBAHO
MPEeUMYyLIeCTBAMH U HEAOCTATKAMH KaXKJI0W U3 HUX.

B wactnoctn, LiPF, Haubonee mmpoko wucnonb3yemas COJlb B KOMMEPYECKHX
JUTUH-MOHHBIX aKKyMYJISTOpaX M3-3a BBICOKOW MOHHOW mpoBoaumoct (<107 cm),
COBMECTHMOCTH C YIJIEPOIHBIMH aHOZAMH M OKCHUIHBIMH KaTojaMu, (GOPMUPOBAHUS
crabunbroro SEI-cnos. Onnaxo, LiPF, uyBcTBuTENbHA K Biare (ypaBHEHHE 4).

LiBF, (rerpapropbopar surus) oOnmamaeT Oosnee BBICOKOH XMMHYECKOM
CTaOMIIBHOCTBIO U YCTOWYHBOCTHIO K Biare 1o cpaBHeHuto ¢ LiPF ¢ HO, MCHBIIICH, YeM
y LiPF nonnoii mposogumoctsio. [IpuMensercss B coueTannu ¢ APYTUMHU COISMU ISt
YIAYYLICHUS! CTAOUIBHOCTH.

LiTFSI (6uc(rpupropmerancynbponumumun yutus LiC F NO,S, crpykrypuas
¢dopmynanpencTasineHa Ha pucyHke 2a). [[perMyiiecTsa: BBICOKasi TEpMOCTA0HIBHOCTD,
HU3Kasl BSI3KOCTb JIEKTPOJUTA, YCTOMYMBOCTH K OKHCIEHHWIO. HemocraTku: Moxer
BBI3bIBATh KOPPO3UIO AIIOMHUHHMEBBIX TOKOCHEMHHUKOB MPU BBICOKMX IMOTEHIIMANAX.
YacTo ucnonb3yeTcs B TBEPAOMOIMMEPHBIX dekTpoauTax (solid polymer electrolytes)
1 HOBBIX BBICOKOTEMIIEpaTypHBIX CHCTEMAX.

0
Y * ! Li* O

Li

F F F F I

N v M Runys  o=Ccl-o Lt
S/ \S E ngﬁ .-".-"S“‘F I
d/\\() O/I\\O D’D’ O

Pucynok 2 — CtpyktypHbie HOPMYIIBI COJIEH JUTHS UCIONB3yeMbIX B nekTponurax: a — LITFSI; b —
LiFSI; ¢ - LiCIO,

F

LiFSI  (6uc(dpropcynmbponnm)umun  mutus  F,LINO,S,  crpykrypHas dopmyna
mpeacTaBieHa Ha pucyHke 2b). OTHOCHTENBHO HOBas COJb, KOTOpas CoOYeTacT
npeumymiectsa LiPF, n LiTFSI. OGecneunBaeT BHICOKYIO NPOBOAMMOCTD U yJIy4IIAET
crabunsHocTh SEI Ha aHOte. [TepcniekTHBHA [T IPUMEHEHHS B BBICOKOOHEPTETHYCCKUX
W TBEPJIOTEILHBIX aKKYMYJISITOpaX.

LiClO, (mepxnopar nutust CTpyKTypHas (popMysa MPECTaBIeHa HA PUCYHKE 2¢).
HmeeT BBICOKYIO BIICKTPOITPOBOAHOCTD U TIPOCTOTY CHHTE3a, HO M3-3a MMOTCHIIMATBHOM
B3pPBIBOONIACHOCTH MPH TIEperpeBe HCIONb3yeTCsl peliko. Pasnaraercs mepxyopar JIMTHS
sk30TepMudecku ¢ oopasoanueM LiCl n O, mo peakuun:
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LiClO, — LiCl + 20,

(7

2. Kuoxue snexmponrumuol. JKuKue 31EKTPOJIUTHI TOTOBSAT Ha HEBOIHBIX TMOJISIPHBIX
pacTtBoputensx (u3-3a Beinenenus HF mpu B3aumoseiicTBum coneii ¢ Booi (peakius
4)) TakMX Kak: OTWICHKAapOOHAaT, JAWMETWIKapOOHAT, IUATHIKApOOHAT W/MIH
stunmMetriikapoonar (Sandhu et.al., 2025; Dachraoui et.al., 2025).

HauGonbiee pacnpocTpaHeHue B KPYMHOMACIITAOHOM MPOU3BOJCTBE MOIYYHIN
KUJIKKE DJIIEKTPOJIUTHI HA OCHOBE OPraHWYECKHX PpACTBOPHUTENCH NPHUBEICHHBIX B
tadnuie 1.

Tabmuma 1 — OCHOBHBIC PaCTBOPHUTEIH B INTHH-HOHHBIX aKKyMYIISITOPax

Ha3zBanue Cokpa- | Xumu-yeckast | CtpykrypHas popmyrna [Tpumeuanne
mexre | opmyna
Ortunen- EC C,H,0, 0 BBICOKOIOJISIPHBII
KapOoHaT I PacTBOPHUTEIIb C BEICOKON
@ JIUDIIEKTPUYECKON
Ny
O O MPOHUIIAEMOCTBIO; HEOOXOTUM
Hz\b i C/H2 A1 PacTBOPEHIA IIATHEBEIX
COJICH.
JuveTni- DMC [CH.O, 0 HU3KOBSI3KHE PACTBOPHUTEIH,
KapOoHaT MOBBILIAIOIINE HOHHYIO
HsC - /C H 3 | nogsuxsocTs.
O 0 B NpOMBIIUIEHHOCTH YacTO
Justnn- DEC CH,0, 0 npumenstorcs cmecu EC:DMC
kapOoHat wn EC:EMC B cooTHOmeEHNH
H30AOJ\OACH3 111,
Oruwi-metw- | EMC CH,O, o)
KkapOoHaT )J\
S
HsC” YO~ “OCH;
Terpa-rugpo- | THF CH,0 00ecIednBaroT XOpoIee
bypan Z 3 CMa4nBaHKE AJICKTPOJIOB, HO
O CKJIOHHBI K OKHCJICHHUIO TIPU
1,3- muokconan | DOL C3H6O2 o /\O BBICOKOM ITOTEHIIHAIE KaToja

CrpykrypHble (hopMmynsl rekcadropdocdara TUTHS W IUMETHIKapOOHATa, Kak
HaunboJee pacrpoCTPaHEHHBIX KOMITOHEHTOB 3JICKTPOIIMTOB NPUBEIICHBI HA PUCYHKE 3.

Huccommanmsi rexcadropdocdara mutus B gumeTminkapoonare (JIMK) moxer
BBIPAXKATHCS CIETYIONUM YPAaBHCHUEM:

LiPF, +y CHO, ~=Li"m CHO+PF ~(y-m) C;H O, (6)
KapOonarnas rpymma B TUMETHIKapOOHATe MMEET 3apsia O H3-3a paclpeaciieHUs

ANIEKTPOHHOW TUTOTHOCTH B MOJIEKYJe, KaK IMOKa3aHO Ha PUCYHKe 3a. 3a CueT 3Toro
MOJIEKyJIa IUMETUIIKAPOOHAT UMEET IMIONbHYIO CTPYKTYpy. [Ipn nuccoumnanmu LiPF,

90



Volume 1, Number 466 (2026)

non yutus (Li") u non rexcapropdocdara (PF,”) OKpykeHbI COTBBATHBIM CIIOEM, KaK
MOKa3aHO Ha pUCYHKe 4b.

a) = b)

Fi L oF

17 W\

I,P\

F7 L F
.

Lit

PucyHok 3 — CtpykrypHbIie Gpopmyssl rekcadropdocdara TuTHs U AUMETHIKapOOHaTa
a — rekcadropdocdar mutus; b - AEMeTHIKapOOHAT
4yepHble chepbl — yIIIepo; KpacHble cepbl — KHCIOPO; cepbie chepbl — BOTOPO.

Pucynok 4 — Pacnipenienenne 31eKTpOHHOM INIOTHOCTH B MOJIEKYJIE IUMETUIIKapOOHaTa
U CXeMa CONbBATHBIX ClI0eB MOHOB Li" 1 PF .~
a — pacrpeereHne JMeKTPOHHON MIIOTHOCTH B MOJIEKyJIe AUMETHIKapOoHaTa; b — cxema COnbBaTHBIX
cnoes noHoB Li* u PF .~

B tabmune 2 npuBeneHbl OCHOBHBIE BHJBI J100AaBOK, WCIIONB3YIONIHECS B JINTHI
MOHHBIX aKKyMYJISATOpPaX.

Tabmuua 2-OcHoBHBIE T00aBKHU B TUTHH-HOHHBIX aKKYMYIISATOPaX.

Ha3zpanue Cokpa- Xumnueckass | CrpykrypHas | [Ipumeuanue
HICHUE hopmya hopmyna
droparunenkapoonar | FEC C,H,FO, F MOBBIIIACT TEPMUICCKYIO

1 JJICKTPOXUMUYCCKYIO
CTaOUIBLHOCTH DJICKTPOJIUTA,
CHUIKACT r'OPHOYCCThH

o.__O

o:<l

Bununenkap6onar VC C,H,0, o yiyuiiaet GopMHPOBaHHE
(1,3-nuokcomn-2-oH) OJ'L o «TpaHMLBI TBEPIOTO AHOAA U
\—/ anexrponura» SEI
Jurop(oxcanaro) LiDFOB |LiBF,(C,0,) O _o_ g [crabumusupyer unrepeiic karona
Oopar JIuTust W j/i \Bi 1 TIPEOTBpaIIaeT ra30BhIeICHIe
LiODFB o il
Tpudennndocdar TPP (C,H,0),PO i MOBBIIIAET HETOPIOUECTh

P
TN

@ b@ DJIEKTPOIUTA
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KomMepueckue 3mekTponuThl 00bIYHO cozepxar: 1 Momnb/n nmutueBoit comu (1 M
LiPF,), cmech pacteopureneit EC:DMC (1:1 umu 3:7), 0.5-2% ¢yHKIMOHATBHBIX
no0aBok (cM. Tabm.2). Takoil coctaB oOecrieunBaeT OasaHC MEXIy BBICOKOM MOHHOMN
MIPOBOJIMMOCTBIO0, XHMUYECKON CTAOMIIBHOCTHIO M O€30MaCHOCThIO.

3.T8épovitl snexmporumusii ciou. [Ipu nepBUYHOW 3apsiike JUTHEBOW Oarapeu
JIUTHEBAs COJb B JJIEKTPOJIUTE pEarupyeT ¢ MaTepuaioM »3JeKTponaa, o0pa3ys
TBEépAbI anexTponuTHBIN cioi (SEI — solid electrolyte interphase) Ha moBepxHOCTH
OTPUIIATEIIBHOTO AIEKTPO/Ia. DTa IUIEHKA JI0JDKHA 001a/1aTh MOHHOM TTPOBOJIUMOCTBIO U
AJIEKTPOHHOM U30JISAIUEH, YTO MPENOTBPAIIIAeT HEMPEPHIBHOE PA3IIOKEHHE MICKTPOIINTA,
M03BOJISIS MOHAM JIUTUSL BHEAPSATHCS B OTpHLATeNbHBIA 3mekrpon (Qi et.al., 2025).
CxemaTu4ecky 3TOT MPOLECC U300paKeH Ha PUCYHKE 5.

i ANeKTPoNuUT g

SEI croii
BHELPEHNE

Pucynok 5 — Cxema neiictBus SEI cros

CrabuinsHOCTh SEI HanpsMyro ompeaenseT cpoK CIyKObI TUTHEBOM OaTrapeu: eciu
SEI HeogHOKpaTHO pa3pylIaeTcs WIH yTONIIACTCS, 3TO TMPUBEAET K POCTY JTUTHEBBIX
JIEHIPUTOB M YCKOPEHUIO CHIYKEHHUST EMKOCTH.

4.Ienesvie unu noaumepHole 1ekmponumsl. IloTuMepHBIE AIEKTPOIUTHI COCTOST
13 TIOIMMEpa, COMEPIKAIIEro BBHICOKOTIOISPHBIA (parMeHT, CIIOCOOHBI OTAAaBATh
anekTponsl (Phogat et.al., 2025). [lapameTpbl TPOU3BOAUTEIIFHOCTH BIUSIOT Ha BEIOOP
TOMO- FJTH TETEePOTEHHOTO JIEKTPOITUTA.

CymecTByeT 4eThIpe OCHOBHBIX THIIA TOIUMEPHBIX DJIEKTPOJIUTOB:

1) reneBbIi TOTUMEPHBIN DIICKTPOJIUT;

2) TBepAOTEIHHBINA MTOJMMEPHBIA DIEKTPOJIHT;

3) mnacTUUITNPOBAHHBIN TTOJTUMEPHBIN IIEKTPOJTUT;

4) KOMIIO3UTHBIN TTOTMMEPHBIHA AIEKTPOJIHT.

CymiecTByeT HECKOIBKO MOJIMMEPOB, KOTOPHIE MOXHO HCIOJB30BAaTh B KadeCTBE
MTOJTUMEPHBIX DJIEKTPOINTOB, OCHOBHBIC TIPUBEICHBI HA PUCYHKE 6.

Crenenp KPUCTAUTMYHOCTH MATPHIBI TIOJIWMEPHOTO 3JIEKTPOJIUTAa BIUSET Ha
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MOABMKHOCTH HOHOB M CKOPOCTH nepenoca (Qayyum et.al., 2026). AmopdHbie obnactu
CIOCOOCTBYIOT OOJIee aKTHBHOMY IIEPEHOCY 3aps/a B TeJIeBbIX U MIIAaCTU(UIIMPOBAHHBIX
MOJMMEPHBIX BJEKTpoiuTax. JedeKTsl KpucTajuin4eckold peméTkh CHocOOCTBYIOT
ocnalIeHNIO B3aUMOJCHCTBHSI MEXy HOHAMHU U LIETBIO.

Me

HOf_ o} i
MeO (8]

e

Tosmi (3TiLte okci) TTom (MeTHI MeTaKpHIaT)

/P'\/\/\/Oh

TTomu (KamponaKToH)

HO*‘\)\I\ {J\/}H
n H n

Tlomu (BHHIT ankorons) ITom (BHHAT THPPOTHIOH)
By )oL]\ T
e ik
R, .

ITomm (uMmz) Ilomu (BHHNA XJIOPH)

F OH
F HO NH, .

TTomn (BuamHzeH dTopua) — Ilomm (XuTO3aH)

Pucynox 6 — HazBauus u cTpykTypHBIE ()OPMYJIBI IOIUMEPHBIX SJIEKTPOIUTOB

5. Teepoomenvuvie snexmponumvl. TBEpAOTEIbHBIC 3JEKTPOIUTHI JENSATCS Ha
Heopranudeckue TBepabie 1ekTponauTsl (HTD), TBepable monuMepHbie 371eKTPOTUTHI
(TIID). OHu sABISIOTCS TBEPABIMHM IPU KOMHATHOM TemIieparype U JABM)KEHHE HOHOB
MIPOMCXOJUT B TBEPAOM COCTOSIHWH. VX IJIaBHBIM MPEUMYLIECTBOM SIBJISIETCS TIOJIHOE
OTCYTCTBHE KaKUX-TMOO IKUIKAX KOMIIOHEHTOB, YTO 3HAYMTEIHLHO TOBBIIIAET
Oe3omacHocTh ycrporictBa B menom (Li et.al.,, 2025). OcHOBHBIM OrpaHHYECHUEM
SIBIISIETCS] MOHHASI IPOBOJMMOCTb, KOTOPAst, KaK MPAaBUII0, HAMHOTO HIXKE, YeM Y JKUJIKHX
aHaJIOTOB.

5.1 Heopeanuueckuti meepowii snekmponum (HTD). Heopranuueckuil TBepablit
ANIEKTPONUT TpEACTaBIsieT co00KW 0COObI THI MOJHOCTBIO TBEPAOTEIBHOTO
UIEKTPOJIUTA, COCTOAIIET0 W3 HEOPraHWYEeCKOro MaTepuana B KPUCTAUIMYECKOM
WIA CTEKIIOBHJHOM COCTOSIHUH, KOTOPBIH HMPOBOIWT HOHBI MyTeM IU(QQy3un uepes
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Kpuctaueckyro pemetky (Ahmed et.al.,, 2025). OCHOBHBIMH IpPEHMYIIECTBAMU
9TOTO KJIacca TBEPAOTEIBbHBIX 3JIEKTPOIUTOB SIBJISAIOTCS BBICOKAsi HOHHASI IPOBOAMMOCTD
(mopsimka HeckodbkHX MCM/CM ? TpH KOMHATHOM TeMIleparype), BBICOKHH MOIYIb
ynpyroctu (mopsiaka ['Tla) u BbICOKOe YHCIO MEepeHOoca 1O CPaBHEHHUIO C IPYyTUMH
KJlaccaMd TBEPAOTEIbHBIX ONEKTponuToB. OHHM, Kak MpaBUIO, XPYIKHE, YTO
MPUBOJUT K HU3KOH COBMECTHMOCTH M CTa0MJIBHOCTH IO OTHOLICHHUIO K DIIEKTPOAY,
¢ OBICTPO YBETUYMBAIOIIUMCS COMPOTHUBICHUEM Ha TIpaHMLE pasfeia U CIOKHBIM
MaciITaOUpOBaHUEM OT aKaJeMHUYECKOTO YPOBHS 10 MPOMBIIILIEHHOTO.

Heopranuueckue TBepable 3MEKTPOIUTH MOTYT OBITH OKCUAAMH, CYAb(QHUIAMH HIIH
¢docdaramu, a UX KPUCTALTHYECKUE CTPYKTYPBI BKIIOYAIOT:

- LISICON - nuTHeBbli cynepuoHHBIH npoBogHUK (Hampumep, LGPS (cynbpun
repmanus mutus-pocdopa Li, (GeP,S ), LiSiPS, LiPS);

- aprupoauTononobusie (Hanpumep, Li PS X, X=CI, Br, I);

- rpanarbl (LLZO - (nutuit nanrano uupkonar) — Li.La,Zr,0 ,);

- LATP - pocdar nurus-amomunus-turan Li Al JTi (PO,),;

- LAGP - nuruii-amomo-repmannii-pocdar Li,, Al Ge, (PO,),);

- INTUEBbIE HUTPUJIBI (Harpumep, Li,N);

- muTueBbie ruapubl (LiBH,);

- nuTueBble GpochuaoTpunaTel U GochuaoTeTpENaATHI;

- IEPOBCKUTHI (Hanpumep, tuTuii-nanran-turanar La  Lij TiO,, «LLTO»);

- INTUEBBIE TanoreHuibl, RbAg I..

Hekoropeie HTD wmoryT mnpencrtaBisTh cOOOH CTEKIOKEPaMUKY B aMOp(HOM
COCTOSSHUM BMECTO PErySIpHOH KPHUCTAJUIMYECKOH CTPYKTyphl. llomynspHbiMu
[PUMEPaMH SBIISIOTCS IMTUEBBIH Pochopro-okcuuutpua Li,PO, (LIPON) u nutuesbie
tuopocdarer (Li,S-P,S)).

5.2 Teepoononumepnuiii snexmponrum (SPE). TBepAblii MONMUMEPHBIN 3JIEKTPOIUT
OTIpeeNsieTCsl KaK HE COAEPIKAIIUH PacTBOPHUTENS COJIEBOW PacTBOP B MOJIMMEPHOM
Marepuaie-HOCUTes e, KOTOPBII MPOBOIUT HOHBI uepe3 nonumepHsie nenu (Hosamane
et.al., 2025). ITo cpaBuenuto ¢ HTO, SPE ropasno sierde oOpadarTsiBarh, Kak IpaBUiIo,
METOJIOM JIUThS B (POPMY, UTO JI€IaeT UX OoJiee COBMECTUMBIMH C KPYITHOMACIITAOHBIMH
MIPOM3BOACTBEHHBIMU MponeccamMu. Kpome Toro, oHum o0namaror Oosee BBICOKOM
ANIACTUYHOCTBIO U TUIACTHUYHOCTHIO, 4TO OOecredrBaeT CTAOMIBHOCTh Ha TPaHUIe
paszmena, TMOKOCTh M YAYYIICHHYIO YCTOMYMBOCTh K M3MEHEHHIO 00beMa BO BpeMs
pabotel. Xopoiasi pacTBOPUMOCTb COJICH JHMTHS, HU3Kas TeMIleparypa CTCKIOBaHUS
(T,), SMEKTPOXMMHYECKAs COBMECTHMOCTh C OOJNBIIMHCTBOM PaCIpOCTPAHCHHBIX
ANEKTPOJHBIX MAaTepualioB, HHU3Kas CTENEeHb KPHCTAUIMYHOCTH, MeXaHH4YecKas
CTaOMIIHOCTD, 4YyBCTBUTEIBHOCT K HU3KHM TEMIIEPaTypaM — BCE 3TO XapaKTePUCTUKU
uaeanbHOro Kanauaata 1t SPE. OqHako, Kak npaBuiio, MOHHAS TPOBOJUMOCTD HUIKE,
yem y HTD, a ux ckopocTh OrpaHn4eHa, YTo OrpaHu4nBaeT ObICTpYIo 3apaaxy. SPE Ha
OCHOBE TIOJINOKCUATUIICHA SIBIISETCS] IEPBBIM TBEPJOTEIBHBIM MOJIUMEPOM, B KOTOPOM
HMOHHAs MPOBOJMMOCTH ObLIa MPOJEMOHCTPUPOBAHA KaK 33 CUET MEKMOJECKYISPHBIX,
TaK ¥ BHYTPUMOJIEKYJSIPHBIX MEPECKOKOB HOHOB Oarofapsi CErMEHTHOMY JBHKCHHIO
MOJMMEPHBIX LETel M3-32 BBICOKOH CITOCOOHOCTH K KOMIIEKCOO0pa30BaHUIO d(PUPHBIX
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CPYILL, HO OHU CTPAJA0T OT HU3KOM HOHHOMU IPOBOJUMOCTH ITPY KOMHATHOU TEMIIEPAType
(107° Cm ') u3-3a BbICOKOI cTeneHn kpuctaummaHocTH (Yang et.al., 2025). OcHOBHBIMU
ansrepHaTuBaMu SPE Ha ocHOBE MoaMaUpPOB ABISIOTCS TOIUKAPOOHATHI, MOTHA(YUPEL,
noauHuTpuibl (Hampumep, PAN), momucmuptel (Hampumep, [IBII), mommamuHbl
(manpumep, PEI), monmucunokcansl (Hanpumep, [IAMC) u ¢propronumeps! (Hanpumep,
NBA®, [1BJI®-I"®I1). buononumepsl, Takue Kak JIUTHUH, XUTO3aH U ISJLT0I03a, TAKIKE
BBI3BIBAIOT OOJIBIION MHTEpEC B KauecTBe camocTosTenbHbIXx SPE mnm B coderanun
C APYT'MMH IOJUMEPAMH, C OJHOU CTOPOHBI, U3-32 MX 3KOJOTMYHOCTH, a C APYTOU —
M3-32 UX BBICOKOW CIIOCOOHOCTH K KOMIUIEKCOOOpPa30BaHHUIO ¢ consiMu. Kpome Toro,
paccMaTpuBaroTCs Pa3IMYHBIE CTPaTEerMy MOBBIMIEHU HOHHOW npoBoaumoctu SPE n
COOTHOLICHUSI aMOP(GHON M KpHCTAIITMUeCcKol as3.

3akmoyenue. Takum o00pa3oM, ONpeAeTCHbl MEXaHU3Mbl B3aUMOACHUCTBHS
KHUIKUX TOJIIPHBIX PacTBOPHUTENEH Ha MpUMepe TUMETHIKapOOHATa C CONSMH JIUTHS,
na npumepe LiPF,. Ilpencrasnensl CTpyKTypHbIE U (yHKIHMOHATIBHBIE OCOOEHHOCTH
MCTOYHUKOB TOABWKHBIX MOHOB nutust — LiPF,, LiBF,, LiTFSI, LiFSI u LiCIO,.
PaccMOTpeHBl OCHOBHBIE KJIACCHI JJIEKTPOIMTOB JIMTUNA HMOHHBIX aKKyMYJISTOPOB.
OO6cyXIIeHO HCIIONb30BAaHHE MOIMMEPHBIX ANIEKTPOJIUTOB, a TAKKE HEOPraHMYECKUX
TBEPABIX IEKTPONNUTOB. Kak/plii BUA IEKTPOIUTOB UMEIOT CBOU MOJIOKUTENIbHBIE U
OTpHIATeNbHbIE CTOPOHBL. JKHUIKHE 3TIEKTPOINTHI JIMIUPYIOT IO HOHHOM TPOBOUMOCTH,
TBepAble — N0 Oe3onacHOoCTU. UTO OCTaBisieT MpOCTOp Uil UCcieqoBaTeel B IUlaHe
MOKCKA OINTHUMAaJbHOTO peleHus. B Takux Bompocax Kak (YHKIHOHAJIBHOCTB,
JOJITOBEYHOCTh U 0€30MaCHOCTh TUTUH-MOHHBIX aKKYMYJISITOPOB.
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Abstract. Selective hydrogenation reactions of aldehydes play an important role
in organic synthesis, petrochemical production, and the pharmaceutical industry. The
efficiency of these processes largely depends on the activity, selectivity, and stability
of the catalyst used. Such reactions allow the production of various alcohols, which
serve as important intermediates in chemical synthesis. Although nickel-based catalysts
are widely used, their structural instability and sensitivity to the reaction medium
limit their practical application. In addition, during long-term operation a decrease in
catalytic activity and structural changes in the catalyst may occur. Therefore, improving
the catalytic properties of nickel catalysts by promoting them with noble metals has
become an important scientific challenge. The aim of this study is to experimentally
evaluate the catalytic activity, selectivity, and stability of skeletal nickel catalysts
modified with ruthenium (Ru) and rhodium (Rh) promoters in the hydrogenation of
butyraldehyde. Hydrogenation reactions were carried out in the liquid phase under
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atmospheric pressure in water and ethanol media. The properties of the catalysts were
investigated using hydrogen absorption kinetics, activation energy, and adsorption
characteristics, as well as by X-ray diffraction analysis, electron microscopy, and
infrared spectroscopy. In addition, factors affecting the surface structure and dispersion
of the catalysts were analyzed. The results showed that the hydrogen absorption rate
of Ni—1.0% Ru and Ni—1.0% Rh catalysts increases by 2.2 and 1.7 times, respectively,
compared with conventional nickel. The hydrogenation reaction proceeds with high
selectivity, forming n-butyl alcohol as the main product, with yields of 98-99% for
the Ni—Ru system and 95-96% for the Ni—Rh catalyst. Structural and adsorption data
indicate that the promoters increase the dispersion of catalyst particles and enhance the
amount of adsorbed hydrogen. It was also found that the use of a water medium slows
catalyst degradation and improves reaction efficiency. The obtained results demonstrate
that Ni-Ru and Ni—Rh catalysts are promising systems for selective and energy-efficient
hydrogenation processes.

Keywords: nickel catalyst, ruthenium, rhodium, hydrogenation, adsorption,
selectivity, stability
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AHHOTAaIMsl. AJNBJIETUATEPAl CENEKTHBTI TUAPIEY peakUysuiapbl OpPTaHUKabIK
CHHTE3, MYHal-XUMUS XKoHE (papMalieBTUKAIIBIK OHAIPICTEpIe MaHbI3Ibl OPbIH alajbl,
anaiina Oy MpolecTepiH THIMIUIT KaTalu3aTOpbIH OCICEHIUIIr, CeNeKTUBTUIIT
KOHE TYpaKTBUIBIFBIMEH TiKened OaimaHbicTel. MyHmall peakuusiiap apKbUIBI
OpPTYPIIi CIUPTTEP AJIBIHBIIN, OJap KEWIHTT XUMHUSIIBIK CHHTE3AEPIe MaHBI3Ibl apajbIK
OHIMJIEp pEeTiHIe KOJJaHbUIaapl. Hukenb HerisiHgeri karaimusaTopiap KeHiHEH
KOJIIaHBUIFAaHBIMEH, OJIApAbIH KYPBUIBIMIBIK TYPAKTBUIBIFEI MEH PEaKLMUSUIBIK OpTara
ce3iMTaNABIFBl KONAaHy asichiH mekTeiai. COHpIMEH Katap Y3aK YakbIT KYMBIC icTey
OapbIChIHIA KaTalu3aTOPAbIH OeNCeH Il OPTAIBIKTapPbIHBIH a3at0bl dKOHE KYPBUTBIMIBIK
e3repictepi ae Oaiikamybl MyMKiH. OcbIFaH OalIaHBICTBl HUKENb KaTaau3aTopiapbiH
acbul METaJJapMEH IPOMOTOpJay apKbUIbl ONapIblH KaTaJUTHKAJbIK KAaCHETTEpiH
KaKcapTy ©3eKTi FhUIBIMH Macene Oonbln TaObutafbl. OChl 3epTTEYHiH MaKCaThl
pyrenuii (Ru) sxone poaumit (Rh) mpomoropnapeiMen MoauduKausIaHFaH KaHKAIbI
HUKeIb KaTaln3aTopIapbiHbIH Mail ajbAeruIiH THAPIEY MPOLECIHACT] KaTaluTHKAIIBIK
OeJICeHAUTITiH, CEJIEKTUBTLUIITH )KOHE TYPAKTBUIBIFbIH KCTIEPUMEHTTIK TYPFbIia Oaranay
Oonein Tabbanel. ['uapney peaxnusiapel CyWbIK (aszana, aTMOcepanblK KbICHIMIA,
Cy OHE 3TaHOJ opTajapblHAa XKypriziani. KaranusaropnapablH KacueTTepi cyTerisi
CiHIpY KMHETHKAChI, aKTUBAIMS YHEPTHSICHI, aICOPOLMSIIBIK CHIIaTTaMalapbl, COHIaii-
aK PEeHTIeHKYPBUIBIM/BIK, 3JIEKTPOHABI-MUKPOCKONMSITBIK skoHe MK-criekTpiik agicrep
kemeriMeH 3epTrengi. COHbIMEH Karap KaTajiu3aTopiapAblH OeTKi KYpBUIBIMBI MEH
JHCIIEPCTITIriHE ocep eTeTiH (akropnuap aa Taaaanasl. 3eprrey HoTmxenepi Ni—1,0 %
Ru sxane Ni—1,0 % Rh karanuzaroprnapbIHbIH CYTETiHi CIHIPY KbUIIAM/IBIFBI KAJIbIITHI
HUKEIbMEH CalbICThIpFaHAa coiikeciHme 2,2 skoHe 1,7 ece apTaTbIHBIH KOPCETTI.
l'uapney peakuusichl KOFapbl CEJEKTHBTUTIKIIEH OTIM, HETi3ri OHIM peTiHAe H-OyTHi
CHUPTI Ty31111; OHBIH IBIFBIMBI Ni—Ru xkyiiecinne 98—99 %, an Ni-Rh karanuszaropeiaga
95-96 % xypanbl. KypbuUlbIMIBIK oHE aIcOpOLMSUIBIK JEPEKTEpP MPOMOTOPIAPIBIH
KaTanu3arop OeJIeKTepiHiH ITUCTIePCTNIriH apTTHIPbIN, aAcopOUUsIIaHFaH CyTeTiHIH
KeJIeMiH yiFadTaTelHblH  KepceTTi. Cy OpTachlHBIH KOJAAHBUIYBl KaTalau3aTop
JerpagauusiChiH OasynaThIl, peakuus THIMIUTITIH apTTHIPAThIHBI aHBIKTAIAbL. AJBIHFaH
notmwxenep Ni—Ru xone Ni—Rh karamuzaroprnapblHBIH CEIEKTHUBTI JKOHE JHEPIHS
YHEMACUTIH THApIIey MpolecTepi YUIIH NepCIeKTUBAIIBI XKYHenep eKeHiH ToyIenaei .

Tyiiin ce3mep: HMKeNb KaTanuW3aToOpbl, PYTEHHH, POIUM, THApIeEY, aacopOLHs,
CEJIEKTHUBTLIIK, TYPAKThIIBIK
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AnHOTanusl. Peakuyu CEIeKTUBHOTO THIPHUPOBAHHS AJIBJCTUIOB 3aHUMAIOT
BOXHOE MECTO B OPraHMYECKOM CHHTE3e, HETEXMMHUECKOH M (hapMaleBTHICCKOM
MIPOMBIIUIEHHOCTH, TP 3TOM 3(QEKTHBHOCTh JaHHBIX MNPOIECCOB OINpEeIseTcs
AKTHBHOCTBIO, CEJIEKTUBHOCTBIO M CTAOMIIBHOCTHIO TMPHMEHSIEMbIX KaTalu3aTopOB.
C ucronb30BaHUEM TaKUX PEaKLUil IMONYYalOT CIHPTHI, IMUPOKO NPHMEHSEMbIC B
KaueCTBE MPOMEKYTOUHBIX COCMHEHHI B XUMHUECKOM CUHTEe3e. HecMoTpst Ha mupokoe
pacnpocTpaHeHHe HUKEJIEBBIX KaTalu3aTopoB, WX CTPYKTypHash HECTaOWJIBHOCTH U
YyBCTBHUTEJIBHOCTh K YCIIOBHSM PEAKIUM OTPaHUYUBAIOT TIPAKTHYECKOE MTPUMEHEHHE.
Kpome Ttoro, B mpouecce UIMTEIHHON OSKCIUTyaTallkd HaOMIONAeTCsl CHUKEHUE
AKTHBHOCTH KaTaUTUYECKHX IICHTPOB M HM3MEHEHHE CTPYKTYphl Karajam3aropa. B
CBSI3U C OTUM YJIYYIICHHE KATaJUTUYECKHX CBOWCTB HHKEJEBBIX KaTalli3aTOpOB
nyTéM WX TPOMOTHPOBaHHs OJNArOPOAHBIMH METAIAMU  SIBJISIETCSl  aKTyaJbHOM
HayyHOUM 3anaueil. llesnbro ucCcCienoBaHUS SIBISETCS HSKCIEPUMEHTAlIbHAs OLICHKA
AKTHBHOCTH, CEJIEKTUBHOCTH M CTa0MIILHOCTH CKEJIETHBIX HHKEJIECBBIX KaTalln3aTOpPOB,
MoauduimpoBanHbix pyreHrneM (Ru) u pommem (Rh), B peakumm rumpupoBaHus
MAacIISTHOTO alipJIerHaa. Peakluy TuApHpOBaHUs TMPOBOIMINCH B JKUAKOHW (aze mpu
arMOC(epHOM JIaBICHUHM B BOJHON M 3TaHONBHOH cpenax. CBOMCTBa KaTain3aropoB
WCCIIEZIOBaHBl ~ METOJaMH  KHHETUKHM  TIOIJIOIIEHHWA  BOJOPOAA,  OIpPEesICHUs
SHEPTUU aKTUBALMU M aJICOPOIMOHHBIX XapaKTEePUCTHK, a TaKkKe ¢ MPUMEHEHUEM
PEHTTEHOCTPYKTYPHOTO aHaju3a, O3JICKTPOHHOH MHKPOCKONIMM W HH(paKpacHOi
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CIIEKTPOCKOMUU. Pe3ynpTaTbl MOKa3adw, YTO CKOPOCTh TOIVIOLIEHUS BOIOPOAA
karanmuzaropamu Ni—1,0 % Ru u Ni—1,0 % Rh yBenuunBaeTcsi COOTBETCTBEHHO B 2,2
u 1,7 pa3a 1o cCpaBHEHUIO C HEMOIU(DUITUPOBAHHBIM HUKeJIeM. Peakius rugpupoBanus
MPOTEKACT C BBICOKOW CEJIEKTUBHOCTHIO C OOpa30BaHUEM H-OyTHUIIOBOTO CIHpTa
KaK OCHOBHOTO IMPOAYKTa; €ro BbIxoj cocTamiseT 98-99 % mns cucrembr Ni—Ru u
95-96 % nnst cucremsl Ni-Rh. YcranoeneHno, 4to BBeJeHHE POMOTOPOB MOBBIIIAET
JUCIIEPCHOCTh YaCTHUI[ KaTaJIM3aTopa M YBEIMUYUBACT KOJMYECTBO afcOpPOMPOBAHHOTO
Bojopoda. Takke TOKa3zaHO, YTO HCIIOJIBb30BAHME BOJHOM CpeIbl 3aMeIsieT
JIETpalalliio KaTajiu3aropa M IMOBBIMIACT 3PPEKTHBHOCTH mpouecca. [lomyueHHbIE
Pe3yIbTaThl CBUICTEILCTBYIOT O IIEPCIIEKTUBHOCTHU Karanu3aropoB Ni—-Ru u Ni—Rh ms
CEJICKTUBHBIX U 3HEProd(h(hEeKTUBHBIX MPOIIECCOB TUIPUPOBAHUSI.

KuioueBble cJji0Ba: HUKENEBBIM KaTaau3aTop, PyTCHUH, pOAMIA, THIPUPOBAHUE,
a71copOITHsl, CEIeKTHBHOCTh, YCTONYUBOCTh

Kipicnme. Karanutukanblk THIpiCy peaknusiapbl KaHBIKIIAFaH OpPraHUKaJIbIK
KOCBUIBICTAP/IbI CEIIEKTUBTI TYplle TOTBHIKCHI3MAHIBIPYABIH HETI3ri omicTepiHiH Oipi
OOJBINT TaOBLIAMbI KOHE XMMHsS, MYHaH-xumus, (hapMaleBTHKa MEH MaTepUalITaHy
camanmapblHIa KeHiHeH KONJaHputafgpl. MyH#ail  mpomecTepiiH — THIMJALUIITI
KaTaJM3aToOp/IbIH TaOuFaThiHA, OCTTIK JKOHE DJICKTPOHMIBIK KYPBUIBIMBbIHA, COHJal-aK
PeaKIMUTBIK OPTAHBIH TTapaMeTpIIepiHe TiKeJIeH Toyel i eKeHi KONTereH 3epTTeyepae
kepcetinren (Bond, 2012; Somorjai and Li, 2010). Ocipece cyiiblK ¢aszana kypeTin
THJpIICY peaKkI¥sUIapblH/a epITKIIITIH CYTETiHIH epirilTiriHe >koHe OeTTIK TachIMal
polecTepine acepi MaHbI3IbI peut atkapass! (Chen et al., 2020).

Huxenp Herizinzeri karaiamzatopiap CyTEeriHi ajcopOLusiiay yKoHE aKTUBTCHIIPY
KaOlJIeTiHiH >KOFapbl OONybIHA OaIaHBICTHI ABJETUATEP MEH KeTOHAAPIbl THIPIEY
peakuusuiapeiaa keH Koimaneuianbl (Bartholomew and Farrauto, 2011). ConbiMen
Karap HUKENb/IH CaJbICTBIPMAIIBI TYPJIE ap3aHIBIFBl OHBl OHEPKACINTIK KaTannu3 YIIiH
TapTBIMIBI eTefi. AJaiija KaHKajdbl HUKEIh KaTallu3aTOPIapbIHBIH KYPBUIBIMJIBIK
TYPaKTBUIBIFBIHBIH IIEKTEYIT1 O0IYBI, arperauusira OeiHiMIUIIr )KoHEe peaKHsIIbIK OpTara
Ce3IMTaJIBIFBI OJIAPBIH Y3aK MEeP3iM/Ii KONIaHBLTYbIH KubIHAaTa 6! (Satterfield, 1991).

3eprreynin Mmakcatsl — pyteHui (Ru) sxone pommii (Rh) mpomotoprapsimen
MonuUKaIMsIIaHFaH KaHKaJdbl HHUKENIb KaTalM3aTOpJapbIHBIH Mail  aJbIeTHIIH
THIAPIIEY PEaKIUACHIHAAFbl KATAIUTUKAIBIK OCJICEHIUIr, CEJNCKTUBTUIIr JKoHE
TYPAKTBUIBIFBIHBIH ©3repy 3aHJbUIBIKTApbIH aHbIKTay. COHBIMEH Karap IPOMOTOP
METaIap/bIH KaTaJu3aTOPAbIH KYPBUIBIMBIK, aJCOPOIUSIIBIK JXKOHE 3JIEKTPOHJIBIK
KacHeTTepiHe ocepiH Oarayiay, COHJAM-aK PEaKIMUIBIK OpPTaHBIH (Cy JKOHE ATaHOI)
THPIIEY IPOIECiHIH KHHETUKAJIBIK MTapaMeTpIiepiHe BIKITABIH 3€PTTEY KO3ICIII.

Ocbiran 0alIaHBICTHI XKYMBICTA KeJIeCi 3epTTey CyparblHa XKayall i3JeNli: pyTeHUI
JKOHE poauMiMEH MOIU(UKAIMSUIAHFAH HHUKENIb Karaju3aropiapbl Mail ajbJerHjIiH
THIPIIEY PEaKIMAChIHAA KAaTAIUTUKAJIBIK OCJICEHIUIIK MMEeH CEeNeKTUBTUTIKTI KaHmal
MEXaHU3MJICp apKbLIbl apTThIPAJbl JKOHE EPITKIII TaOWFaThl KaTaau3aToOP/IbIH
THIMZLIITT MEH TYPaKTBUIBIFBIHA Kaslail ocep ereni? by cypakTsl Tanmay OnMeTaiasl
Ni—Ru xone Ni—Rh karanuzaropiiapblHbIH KaTaIUTUKAIBIK KACUSTTEPIHIH KaJbIIITacy
3aHABUTBIKTAPEIH TYCIHIIPYTE OHE CEJCKTHUBTI THAPIEY MpoIecTepi VIITH THIMI
KaTaJUTHKAJIBIK JKYHeIep/li FhUIBIMHU TYPFBIIAH HEeTi3eyre MyMKIiHIIIK Oeperi.

Oaeom moJy. KatanmzaTopaslH THIMIUTIT] TEK OHBIH XUMUSIIBIK KYPaMBIMEH FaHa
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eMec, COHbIMEH Oipre OeTki KabaTTarbl OEJCEH/I OpTAJBIKTApbIH TaOWFAaThIMEH,
OONIIIEKTEPIIH TUCTIEPCTUTITIMEH KOHE AIEKTPOHABIK KACHETTEPIMEH J¢ aHBIKTAIA b
Kankaibl HUKeIb JKyHenepiHe ruapIiey MpOUEeCiHiH KbUIIAMIBIFbl KOOiHE CyTeTiHIH
JICCOLIMATUBTI aJIcOPOLUSICHIHA, aTOMIIBIK CYTETiHIH OeT OOMbIHIIA MUTpalusChIHA
JKOHE OpTraHUKANBIK CyOCTPaTTBIH aJCOPOIMSIIBIK KacHUeTTepiHe Tayendi Ooaipl.
Ocbl TYpFbIIaH ajiFaHja OMMETaIIIbl KaTaau3aTopiaapAbl KOJIAaHy KaTalu3aTopIIbIH
OeTTIK PHEPTEeTUKACHIH JKOHE AIEKTPOHBIK KYPBUIBIMBIH ©3T€PTY apKbUTBI PEAKITHSTHBIH
KMHETHKAJIBIK MapaMeTpiIepiH jkakcapTyFa MyMKinaik oepeni (Rodriguez et al., 2014;
Wang et al., 2018).

COHFBI XKbUIIapbl HUKEIh KaTaIu3aTopiapsiH pyTenui (Ru) xone ponuii (Rh) cuskre
achul METaJIJJApMEH IPOMOTOpJay apKbUIbl OJapIbIH KaTaJTUTHKAJIBIK KACHETTEPiH
yKakcapTy OarbIThI OelceH/i mambin keneni. Onedu nepekrepae Ni—Ru xone Ni—Rh
OMMeTaI bl KYHenepine aliKplH CHHEPTreTHKAJIBIK dcep OaliKanaTbIiHb, OYJI CyTeriHiH
JIUCCOTIMATHBTI aICOPOITUSACHIH KoHE OeT OOWBIHINA TaChIMAITAHYBIH KYIICHTETIHI
kepcerinreH (Chen etal., 2017; van der Wal etal., 2015). Pyrenuii MeH pojiuii HUKEbIiH
ANEKTPOHIBIK KYHIH ©3TepTil, OeJICEH I OPTaIBIKTAP/IbIH YHEPreTHKAIBIK OIpTEKTUIIr H
apTTHIPAJIbI, HOTH)KECIH/IE PeaKIns KbUIIAMABIFBI MEH CEJIeKTHBTLIITI KOFapbUIaii bl
(Zhang et al., 2016; Wang et al., 2018).

Ru sxome Rh arommaper cyTeriHi akTUBTEHAIpY KaOUIETi >KOFAphl OPTAIBIKTAp
pETiH/IE OpEeKeT eTelli XKOHEe HUKEIh OSTiH/Ie aTOMJIBIK CYTETiHIH TY3UTyiH )KEeHIIICTeII.
ConbIMeH Katap OyJ1 MeTasigap HUKeIh O6JIIeKTEepiHIH IaMaaH ThIC ipUICHYIH TEXeTl,
yCaK JAMCIEpCTi KYPBUTBIMHBIH KaJBIIITACYbIHA BIKMAN eTeli. MyHIail KypbUIBIMJIBIK
e3repicTep HOTHKECIHJIC KaTaJM3aTOP/bIH MEHIINIKTI OCT aylaaHbl apThIll, aJlbJICTh]
MOJIEKYJTaJIapPBIHBIH ~ afCOPOIUSACHI  MEH THIPJCHY PEaKIUSACHIHBIH  THIMILUTIT]
xorapbuiaiinel (Zhu et al., 2019; Alonso et al., 2012).

ConbiMeH Karap, CYHBIK (hazaibl TUAPIEY MPOIECTepPiHAE EPITKIMTIH TaOuFaThl
IIPOMOTOPJIAHFAH HUKENb KaTalln3aTOpiapbIHbIH OEJICEHIUIrT MEH TYPaKThUIbIFbIHA
aifrapnbikrail biknan erelli. Cy OpTachIHbIH KaTaIu3aTop AeTpaJalisiChbIH OastyiaTaTbIHbI
JKOHE OeJICEH/Ti OPTANBIKTAP/IBIH CaKTaIybIHA KOJAMIIBI XKaFaai »KacalThIHBI OipKarap
xymbictapiaaran etiireH (Liuetal., 2021; Wang etal., 2022). [Tonsipiibl epiTKii peTiHie
Cy PEaKIis eHIMISPiHIH MeCOPOIUICHIH KEHIUIACTII, KaTaln3arop OCTiHIH YITaHYbIH
a3alTybl MYMKiH. AJ 3TaHON CHUSKThI OPTaHUKAJIBIK EPITKIIITEpJe aJCOpPOIMSUTBIK
TEere-TCHIIK ©3Tellle KalbINTACKIN, Ked jKariaiijia OpraHuKaJbIK MOJICKYJalap/IblH
Karanu3arop OeriMeH e3apa opekertecyi kymedemi (Chen et al., 2020). Jlerenmen,
Mall anpaeruiin ruapiey peakiuschiHga Ni—Ru »xone Ni—Rh karanusaropnapsr
YIIiH TIPOMOTOp YJIECIHIH, epITKIII TaOUFATHIHBIH JKOHE aICOPOITUSIBIK KAaCHETTEPIIH
e3apa 0aiiIaHbIChl TONBIK KyHeneHOereH. OchiFaH OalIaHbICTBI OUMETAILIIbI HUKEIh
KaTallM3aTopJIapbIHbIH KaTaUTUKAIBIK MIHE3-KYJIKBIH TEpeH 3epTTey OlapblH
OeJICeHAUTIrT MEH TYPaKTBUIBIFBIHBIH HETi3ri (hakTopiaapblH aHBIKTAyFa MYMKIHIIK
oepeni.

Marepuaagap meH dmictep. byn 3eprreyne Mail ajpAeTHIIH THApPIEY YIIiH
KaHKaJbl HHUKENb KaTanu3aropiapblHblH pyTeHuil (Ni—Ru) xone pomwmiimen (Ni—
Rh) mpomoropnanran Katapiapbl KOJIAHBUIBI, OJAPIBIH aICOPOIUSIBIK JKOHE
KaTaJIMTUKAJIBIK KaCHeTTepi Oip/ell maprrapia calbICThIPbUIIbL. Peaknusiap cy MeH
ATaHoJN opTajapeiHaa, 15-25 °C amamazonna, armocdepansbik Keickivaa (= 0,1 Mlla;
760 MM cBIH.OaF.) KYPri3iiai; Oy pexuM NaTeHTTIK cunartaMaaa OepisireH manianb
MOJIEJIb MTapaMeTpPJICPiHe COMKEC Kelei.
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Karanuszarop yarinepin caiablCTBIpMalibl TYpHE 3€pTTey YIIIH OapIiblK Taxipuodenep
Oipzelt SKCIepUMEHTTIK JKaFaainapaa xKyprizingi. by tocin npomotopnapabiH acepin
Oerne (akTopiapAbIH BIKNAIBIHCHI3 Oarajayra MYMKIHAIK Oepexai. OpOip karanuzaTop
ToKipubere neifin cyTteri arMmocdepacbliHaa ajiblH ana aKTHUBTEHIIPiANi, Oy MeTamna
(ha3achbIHBIH TOJIBIK KaJbINTACYbIHA XOHE OCNICEHIi OPTalbIKTApIblH TYpaKTaHybIHA
xarnai sxacaiisl (Bartholomew and Farrauto, 2011). Peakust 6apsicbinia Temmneparypa
MeEH KBICBIMHBIH TYPAaKTBUIBIFBI Y3I1KC13 OaKbUIAHBII OTBIPBI.

Maii anpaerufiHig OacTanmkbl KOHLIEHTPALMACHI ONETTE IKbUIJAMIBIKKA acep
eTHEWIl KOHE TPOIECC HOJIHINI PEeTTI KMHETHKAMEH CHIaTTaNafbl; TeK epiTiHierl
KOHIEHTPALUIHBI IIaMaMeH eKi ecere (=2,2 MMOJIb-Te JeiiH) apTThIpFaHa yakbITIIa
KBUTIAM/IBIK 6CiMi OaliKanaabl, al opi Kapail YIFaiTy karaau3aTtop OeTiHIH OpraHUKaJIbIK
MOJIeKyJaJlapMeH JKaObUTYybIH KYIICHTIN, KBbUIJAMIBIKTBIH TOMEHIEYiHEe OKeJeIi.
Ocplfan 0aliaHBICTBl TUMUTTEYII CaThl PETiHIE CYTETiHIH aKTHBTEHY1 aHBIKTAJIbL:
Oescenai cyTeri KOpbl azaifFanzia ruapiey 0arbIThl 09CEHe, IECTPYKTUBTIK (BLABIPAY )
JKOJIABIH YJIeCi apTafpl.

Kartanutukanplk enmieynep YIIH yakbpiTKa OalIaHBICTBl CYTEriHiH CiHIpiiAreH
kesemi (V, mn H,) Tipkenim, con OOibIHIIA MUHYTBIHA KOHE KaTalu3arop rpamMblHa
KeNTipiIred ruapiney xoeuraaMasiesl (W, Mt Ho/MuH T-KaT) ecenrteni; napauienb Typae
MOTEHIMOMETPHUSUIBIK OakplIayaa »yHeHiH 31ekTpiik nmoreHuuansl (E, MB) y3mikcis
MOHHUTOPUHTTENNI. KMHETHKANbIK KUCBIKTapAa OpAWHATA OCIHIH JKOFaphl OeiriHie
W(t), Temenri Oemirinae E(t), an abcuuccana V OeltHenenai; Oyt Oipi3mi xarrama Ni—
Ru sxone Ni—Rh xyiienepine e, cy MeH 3TaHOJ OpTachiHA Ja Oip/eii KOJIIaHbLUIIbL.

Kankaist Ni (=50 % Al) yurin kaneiry norennuaisl mramames 700 mB, ain Ru Hemece
Rh-nen mpomoTopnanran HyckanapbiHaa ~650 MB neHreitinge Gaiikanabl. AJNFamkel
MUHYTTap[a Karajau3aTop OEJCEHIUIIriH CaNbICThIPY YLIIH €HTri3y COTiHIEeri aHOATHIK
biFbicy (AE) Men ockl nHTepBanga cinren H, xenemi maiinanansuabsl: AE Temenaeren
caifpIH azmcopOuus KywiHiH ancipeyimen xarap W apranel. Cy epitinzicinae Ni—Ru
KarapbiHaa OenceHauTik aikpiH Makcumymra 1,0 % Ru kyiiMachiHIa JKeTiM, CyTeriHi
CiHIpY KBULAaMIBIFbI KAHKAJIbl HUKEJIbIe KaparaH/a mamMaMeH 2,2 ece JKoFrapbl OOJIIbL.
Ru memmiepin opi kapaii keOedTy OCNCEHAUTIKTIH TOMEHACYIHE OKeai. DTaHOI
opraceinaa Ni—Ru >xyhenepi yumin Oencenainik Ru yneci aprkan caiiblH OipTiHAemn
ecin, mamamern 10 % Ru KypaMpIHAa KaHKaNbl HUKEJIBMEH callbICThIpFania ~1,8 ece
JKOFapbl MOHTE KeTTi. EKi opTajia na peakiusuiap 09CEHICYIIN KbUIIaMIBIKIICH XY
KOHE THApIIEY asKTaJlfaHHAaH KeWiH KaTalnu3aTop MOTEHIHAJbl KaHbIFy MOHIHE TOJBIK
KETIeH KaJJbl, OV eHIMAEpIiH OeTTe KaHTBhIMCBI3 aJCOPOIMSICHIMEH TYCIHIIpLIEII.
Ni—Rh xyiienepi yuin ae yKcac 3aHIbplUIbIKTap OalKaabl: Cyaa eH KOFaphbl OeICEeHIITIK
1,0 % Rh kypampiHza Tipkemim, CyTeTiHi CiHIpY XbUITAMIBIFbl KaHKAJIbl HHUKEJbIe
KaparaHja maMameH 1,7 ece sxorapbl 0onabl. A 3TaHon oprackiHaa Rh menmepinin
apTybIMeH Oencenaitik Oipringen ecimn, mamamern 10 % Rh nexreiiinae kankansr Ni-
MEH CaJbICThIpFaHaa ~2,2 ece JKOFapbl KOPCETKIIKE KETTi.

KaranuzaropnapaplH TYpaKTBUIBIFBIH Oaranay YLIiH opOip yirize ymr Ti30exTi
(ke3ekTi) ChlHAMa KYpri3iiui. OpOip Keleci IUKIAE PEeakius >KbUIIaMJIbIFbIHBIH
Oenrimi Oip TeMeHzeyi OaiiKalFaHbIMEH, Cy OpTachblHIA MPOMOTOpJIAHFaH XKYHenep
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9TaHON OpTachlHA KaparaHda aiKbIHBIPAK TYPAKTBUIBIK KepceTTi. bynm KyObuibic
9TaHOJ ePITIHIICIHIE OpraHUKaJbIK OHIMACPAIH KaTaau3aTop OeTiHEe CalbICTHIPMAJIbI
TYpPAE KYIWITIpeK ajcopOlusIaHybIMEH TYCIHAIpPiJeIi, COHBIH CajjilapblHaH OCICEeHI
OpTaJIBIKTApbIH YaKbITIIA OiTeNyi ®Kuipek OalKanaabl. AICOpOLMSIBIK CHITaTTaMaap
TEpPMOAECOpOLIUs JKOHE KOHAYKTOMETPHs 9IicTepiMeH aHbIKTanabl. Ru Hemece Rh
EHT13y QJICI3 aJICOPOIMsIIaHFaH CYTETiHIH YJIeCiH JKOHE JKajMbl aacopouusianrad HIJ
MOJIILIEPiH apTTHIPIbI, COHBIMEH Oipre cyTeri OaiaHbICHIHBIH YHEPTHCHIH KYIIEHTTI.
Hotmxecinge Oencenai OpTajibIKTapAarbl CyTeriHiH OeT OOWBIHIIA TachIMallbl
KECHUIJEN, alKblH aKTUBTEHAIPY SHEPrHsAChl TOMEH aiiMakKa BIFBICTBL. Peaxnus
OHIMEPIHIH KYpBUIBIMBIH aHBIKTay MakcaThlHAa H-OyTun crnuptidig UK cnekrpnepi
tipkenni. HMK-Dypbe cnekrpockonusuiblk Tangay HoTmwxkecinae O-H ToObiHbIH
BaJIeHTTIK TepOemici 3329 cm[1! xwuinikre, nedpopmanusuisik O—H Tepbenici mamamen
1338 cm[! aiimarpinaa, an Oipinmiiik cnuprrepre ToH C—O BaneHTTik TepOemnici 1072
cMm[1! xwuinmikTe Oaiikanapl. byn MomiMeTTep ruzapiey peakUMsICHIHBIH HEri3ri eHiMi
peTiHne H-OyTWI CHUPTIHIH TY3UIETiHIH pacrajsl. JKanmbl anFaHia, KOJJIaHBLIFaH
KHHETHKAJIBIK-TIOTEHIHOMETPHUSJIBIK XaTTaMa KoHe aJCOpPOLMSUIBIK cUlarTaMaiapibl
KEIICH/1 Tajgay NPOMOTOPJaHFaH KaHKalbl HHKEIb >KYHeNepiHiH OelceHaiTik—
TYPaKTBUIBIK TEHIE€PiMiH, COHAAN-aK EpIiTKIIITIH (Cy/3TaHON) POJiH CalbICThIPMAJIbI
TypAe Oarayayra MyMKIHIIK Oepi. AJbIHFaH KHHETUKAJIBIK JICPEKTEPAIH CCHIMIUTITIH
KaMTaMachl3 €Ty YILIiH OapibIK ToKipuOesnep OipHelle peT KalTalaHbII KYpri3iiai, an
HOTHYKEJIep apachbIHIaFbl allbIpMaIlblIbIK 5S—7 % merinae OoJabl.

Hormxesnep. Maii anpaeruain  Tuapiey peaklMACBIHAA KaHKaJIbl HHUKETb
KatanuzaropnapeiH pyteHuiiMen (Ni—Ru) sxone pommiimen (Ni—Rh) mpomoropnay
oJIapbIH O€JICEHAUTITT MEH CEeKTUBTLIITIH alTapibIKTal ©3repTeTiHi TaKipudenepMeH
JoNeNnAeHIl. 3epTTey HOTHXKENepl KOpCeTKeHAEH, CYTETriHIH CIHIpily >KbUIAaMABIFbI
MEH peaKUHUsHbIH KMHETHKAJIBIK MapaMeTpiepi epiTKill TaOuraThiHa JKOHE MPOMOTOP
yJleciHe ToyenJi cunat anapl. AJBIHFaH HOTHKEIep OMMeTaubl KaTaau3aTopiapAblH
KaTaJUTUKAJBIK ~ KACHETTEpl  ONapAblH  KYPBUIBIMABIK ~ JKOHE  AJIEKTPOHIBIK
napameTpiiepiMeH THIFbI3 OailylaHbICTHI ekeHiH KepceTTi. Ru skone Rh eHrizy Hukensb
OeJIeKTepiHiH AUCIEPCTUIITIH apTTHIPHINT KaHa KoimMail (Zhu et al., 2019; Zhang et
al., 2016), katanuzarop OETIHIH SJIEKTPOHIBIK KYPBUIBIMBIH Ja e3repreai. MyHnai
e3repicTep allbACrH]] MOJICKYJIATapbIHBIH aJCOPOIHS SHEPTUSIChIHA dCEp eTill, TUAPIIEY
PEaKIMACHIHBIH CEJIEKTHBTI JKOJIMEH KYPYiHe KOJAMIIbI JKaF1ai xacapl.

Kunerukansik KuceikTap (1-cyper, 1-kecte) Maii ajabIeruaiHiH THAPICY PEaKHsChI
OoceHpeyln JKbUIIAMABIKICH JKYPETiHIH KepceTTi, Oyl cy#blK (a3anbl Tuapiey
MPOLIECTEPIHEe TOH KYOBUIBIC OOJBIN TaOBUIAIBI XKOHE aJICOpPOLUsIaHFAH CYTETiHIH
Oipringen TtayceurybiMeH TyciHaipineni (Satterfield, 1991). Cy epitingicinge Ni—
1,0 % Ru xaranmsatopbl yIIiH CyTETiHI CIHIpY >KbUIIAMIBIFBl KaHKAJIbI HUKEIbMEH
canpICThIpFanaa 2,2 ece xorapbl Oonmabl. Anaiiaa Ru memmepi 1,0 %-nan ackanna
OeJceHAUTiKTIH TeMeHzaeyi OalKanupl. byn KyObUIbIC achLl MeTanAaplblH apThIK
MOJIIepAe CHTi3iayl Ke3iHOe HUKeNIbAiH OeJICeHIi OpTaNbIKTapblHBIH iIIiHapa
9KpaHUpIIeHyiMEeH jkoHe OCTTiK KaliTa KypbhUIbIMIaHybIMEH OaillaHBICThI OOTYbl MYMKIH
(Rodriguez et al., 2014; Zhang et al., 2016). DTanon opTackiHIa Aa YKCAc TOYeIAUIIK
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CaKTalFaHbIMEH, PEAKLUs KbUIJaM/IbIFBIHBIH a0COMIOTTIK MOHIEPI TOMEHIpeK OOJIbL,
OyJ1 epiTKIIITIH CYTETiHIH epirimTirine ;xoHe quQQy3usUTbIK KacueTTepine 0aiIaHbICThI
(Bond, 2012; Chen et al., 2020). Ilonsapasl opTa peTiHae Cy CyTETiHIH KaTanau3aTop
OeTiHEe JKEeTKI3UIylH JKCHIINETIN, peakuusi OHIMAEPIHIH JeCOPOLMACHIH Te3AeTyl
MYMKIH, aJ1 3TaHOJ1/1a OPraHUKAJIBIK MOJIEKYIalapAbIH aIcOPOLHSICHI KYIUTIPEK KYPEei.
CoHJIBIKTaH Cy epiTiHAICIHAE THAPIEY KbULIAMIBIFbI KOFaphl KOHE KaTajlu3aTOPIIbIH
TYPaKTBUIBIFBI 12 )KaKChl OaiiKamabl.

W, nn Ho / (MuH-2-karT)

3
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Cyper 1 — Kypambiaaa Ru kocmacer 0,5-10,0 % apanbirbiana 601aThiH KaHKaIbI Ni
KaTaJIn3aTopiIapbIHAAFel Mail anbAeruaiHIH THAPIEHY MPOLECiHIH KMHETHKAIIBIK KoHEe
noTeHumomMeTpusutbIK Tayenainikrepi. T = 20°C; P(H2) = 0,1 MIla; (1a, epitkium — cy. 16- peakuust
OpTachl — ITAHON)

Kecte 1 - Maii anpaeruiHiH THAPIICHY PEaKIUSIChIHBIH THIMIITITIHE 9Cep €TETiH OpTYpIi
epITKILITepAeri KaTaau3aTop YIATUIEpiHiH CaIbICTHIPMaIIbl CHIIATTaMAaChl

Kocmna Kocna canpl, | Smenmr.,m*r H,O CH,CH,OH
%macc
W,mi(H,) AEMB [ Wmn(H,) AE,MB
/MHH T*KaT /MHH T*KaT
Ru 0,5 102 2,8 100 1,8 115
1,0 110 4,3 80 2,0 110
3,0 106 3,7 90 2,3 118
5,0 105 3,5 95 2,5 120
10,0 98 2,3 110 2,8 125
o - 105 2,1 120 1,5 140

Kaiitananran ceiHaMajap OOWBIHINIA Cy EPITIHAICIHIC PEAKIUS KbLIIAMIBIFBI
ATaHOJIFA KaparaH/1a )KOFaphl JKOHE KaTaau3aTopiiap/blH Jerpaaiuschl 0asy KypeTiHi
aHBIKTAJABI. BeJCeH Il KaTanu3arop YINiH alKbIH aKTUBTCHIIpY 3HEpruscel 5,3-9,2
KKaJI/MOJIb apajbIFblHAa Oomajpl. MyHAal CalbICTBIPMaJbl TYpJAE TOMEH MOHICP
THJIpJICYy PEaKIUSCHIHBIH CYTETiHIH aKTHBTEHYIMECH IICKTEJIETiHIH KOHE MPOMOTOP
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€Hri3y OYJ1 CaThIHBIH PHEPTeTUKANIBIK TOCKAYbUIBIH TOMEHIETETIHIH KOPCETE/].
XKyprizinren Toxipudenep HoTmxkenepine caiikec, Ni—Rh xxyiienepi yuria eH skorapsl
oencenninik 1,0 % Rh xypambiaa Gaiikan bl OYJI Ke3/1€ CyTETiHI CIHIPY KbUIIAMIBIFbI
KanbnThl Ni-MeH caiblcThiprannga 1,7 ece aprTol. PonuiiaiH cyTeriHi akTHBTEHIIpPY
KaOiJIeTiHIH JKOFapbl OOJMYBI JKOHE OHBIH HUKENBIIH AJICKTPOHABIK KYHiHe acepi Oy
HoTXkeHi Tycinaipeai (Wang et al., 2018). Rh Menepinin apTybsIMeH 3TaHOJI OpTaChIHIA
peaxknmsa KbUIIAMIBIFBIHBIH OipTiHAen ecyi cyteriHiH «spillover» Mexanm3miMeH
KOHE OMMeTaUIIbl OeTTepAiH KalblNTacybIMEH OaiinmaHblcThl Ooiybl MyMkiH (Li et
al., 2019). Ti30ekTi chiHaMalap/a KbLUIIAM/IBIKTEIH TOMEHJICY TEHJICHIUSCHI CYaFbl
KaTaJu3aToplapAblH TYPaKTHUIBIFBIHBIH JKOFapbl €KeHiH KOpceTTi (2-kecTe).

Kecre 2 - Cy sxeHe 5TaHON OpTajapblHAa Mai aNbAETHAIH THIpIEY THIMIUINiHE acep eTeTiH
KaTaJIn3aTopIapabIH KYPaM/IBIK JKoHE OCICEH IUIIK CUITaTTaMalapsl

Kocrna | Kocna canst, | Smenur.,m*/r H,O CH,CH,OH
Y%macc
W,min(H,) AE,MB W,mn(H,) AE.MB
/MUH T Kar /MUH T Kar
Rh 0,5 114 3,1 105 2,3 120
1,0 120 3,6 95 2,5 115
3,0 110 2,8 110 3,1 125
5,0 105 2,5 115 33 130
10,0 103 2,4 120 3,5 135
Ni - 83 2,1 120 1,5 140

Pentrenorpadusiiblk jkKoHE BIEKTPOHABI MHUKPOCKOMMSUIIBIK 3epTTeyaep Ru skoHe
Rh xocmanapsl karanmuzarop OeJIEKTEpiHIH AWCHEPCTIITiH apTTHIPBIN, MEHLIIKTI
OeT aynaHbIH YJIFAUTAaTBIHBIH KepceTTi. MyHJail KypbUIBIMIBIK ©3TepicTep achll
MeTalAaplblH HUKEJIBIIH KalTa KpUCTAIAaHybIH TEKEy apKbUIbl YCaK AHUCIEepCTi
KYpBUIBIM TY3yiHe OaiinanbicTbl ekeHi oneOuerte kepcerinrex (Ertl et al., 2008; Zhu et
al., 2019). bencenai Oet ayaHbIHBIH apTybl peaKLHs KbIIIAaMIBIFbIHBIH )KOFapbliaybIHa
Tikenel bIKnan erefi, cededi ruapiey mpouecTepinie KbUlIamIbIK KeOiHe CyTeriHiH
aKTHBTEHY caTbIChIMEH HIekTeneai (Somorjai and Li, 2010).

3-kecTele  YCBHIHBUIFAH  MOJIMETTEp KaHKalbl HHUKEIb KaTalu3aTOPbIHBIH
aJICOPOIUSUIBIK KaCUETTEePiH allKbIH KOpCeTei: aJcopOlMsUIaHFaH CYTEriHIH KeJjemi
17,6 mu/r, an MeHwikTi OeTTik aygansl 63,8 M?/r Kypaiabl. [IpomoTop snemeHTTEpiH
eHrizy OyJ1 KepceTKiTepai endyip apTThipagsl — Ru Gap katanu3arop yiiH MoHIED
26,4 M/t xone 96,0 M1, an Rh 6ap karanuzaropaa tuicinmre 30,0 v/t xxone 110,0
M%T JeHreiine neiin eceni. MyHpmail esrepicrep Karaiau3atop OeTiHIE peaxuusra
KaOlJIeTTi OpTaJBIKTAP/IbIH CaHbl APTKAHBIH YXOHE CyTETIHIH aJicopOnusiany Kadiieri
KOFapbularaHblH Kepcereai. COHbIMEH Karap aici3 OaiijlaHbICKaH CyTETiHIH YJIECiHIH
apTybI TUAPIICY PEAKUUSICHIHBIH KbUIJAM KYPYiHE KOJaliIbl KaFraaii skacaiibl.
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Kecre 3- Maii anpaernaiH cOpOLMsUIaHFaH CyTETiMEH THIpIICY PEaKLMSCHIHAA MPOMOTOPIAPIBIH
acepiH KOpPCeTeTiH KaTaln3aTtop YIrUIepiHiH CalbICTBIPMaIIbl CHIIATTaMaIapbl

ITpo- H,, mn/r Tepmo- S,m?/r MerTanbik

MOTOP necopOrs, oeri, %
GapIBIFbI onciz | TypakTeL% MI/T BOT H,

Kocnace3 42,8 17,6 59,0 42,0 83,0 63,8 74

Ru 48,0 26,4 45,0 45,0 110,0 96,0 87

Rh 49,4 30,0 41,0 47,0 120,0 110,0 89

TepMmomecopOIns JKOHE KOHIYKTOMETPHS MOJIIMETTepi OOWBIHIIA pPYyTCHHH MEH
pomuii Kocmajapbl KaTajm3arop OeTiHae oJICi3 aAcopOmpsUIaHFaH CYTETiHIH YieCiH
apTTHIPHIT, OHBIH KaNIBl KojeMmiH 45-47 Mi/r meHreiine meiin xetepxi. bencenmi
OpTaJBIKTap CaHBI ©3TEPMETECHMEH, aICOpPOITHs IHEPTUACH apTKAHBI OCIICEHIITIKKE
Tikenmel ocep eTTi. bynm HoTwkenmep OMMETAUIIBI JKYHelepae CYTETiHIH aKTUBTEHY
CaTBICHI KCHUTIEHTIHIH KOHE PEaKIns >KbUIIAMIBIFBIHBIH apTyhl OCHI (DaKTOpIapMeH
0ailTaHBICTBI €KeHIH KOPCETEI.

4-xecTe HOTIKeNepi OOWBIHIIA KambIIThl Ni KaTadn3aTOPBIHBIH CEICKTHUBTLIIT
CaBICTRIpMAaJIBI Typae ToMeH (=0,56), ain Ni—1,0 % Ru xxone Ni—1,0 % Rh xyitenepinae
o1 kepcetkinr 0,9-maH KOFaphl MOHTE JKETTi. byl pyTeHHMI MEH pOIUUIIH CyTeTiMeH
0ailTaHBICTBI OSJICEH T1 OPTAITBIKTAPABIH MJIEKTPOHABIK KACHETTEPiH OHTAHIaH IR PYBIMEH
tyciagipineni (Rodriguez et al., 2014; Wang et al., 2018).

Kecre 4 - Cy oHe 3TaHOJ OpTajapblHAa Mail albAETUAiHIH TOJIBIK eMeC T'MIPIICHY OHIMIEepiHiH
CaJBICTBIPMATBI KYPaMAApbl MEH S-CEIeKTHBTINIK [IaMaapbl

Karanmusarop | EpiTkim Cinipinren H,, Maii ajbJerHl OyTHI mpornad | S, %
MOJIb CITPT1
0,25 52,0 35,8 12,2
Nick. H,0 0.5 37,5 41,0 21,5 59
0,75 19,0 48,2 32,8
0,25 56,2 41,5 2,3
Ni-1,0% Ru |H,O 0,5 473 50,3 2.4
0,75 10,1 87,1 2,8 o4
0,25 62,3 35,2 2,5
Ni-1,0% Rh [H,0 0,5 475 489 3,6 0
0,75 11,8 83,5 4,7
0,25 54,2 31,5 14,3
Nick. C,H,OH 0,5 39,5 37,0 23,8 56
0,75 20,6 43,8 35,6
0,25 60,7 33,5 5.8
Ni-10,0%Ru | C,H.OH 0,5 45,6 48,1 6,3
0.75 26.0 67.2 68 |
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0,25 57,3 39,5 32
Ni-10,0%Rh | C,H,OH 0.5 48,8 46,7 4,5
0,75 223 72,5 5,2 82

Bytun cnmprinig KypbuibiMel MK-criekTp apkpiibl pactanisl (2-cyper). Peaknms
OapbIChIHIA OYTHII CIIUPTI KOHIICHTPAIMSCHI aJibJIeT /] KONbIIFAHHAH KEHiH Te3 ecel,
aJl KOCBIMIIIA OHIM MPOMAaH ACCTPYKTHBTIK KOJIMEH Ty3iieai. Herisri oHiM IIbIFBIMBI
Ni—1,0 % Ru karanmzaropsiaga 98-99 %, Ni—1,0 % Rh xyitecinne 95-96 % kypajsl.

Maii anpIeruAiHiH THUApPJIEHY OHIMICPIHIH KYPBUIBIMABIK EpeKIIeTIKTepiH
aiikeiasiay Makcatbiaga UK-cnexrpiep 6004000 cm! xuinik aiimarsiaga «Shimadzu
IR Prestige-21» UK-®ypbe crexrpometpinae (ATR npucraBkackiMen) Tipkenmi. MK-
CHEKTPIIK Tajjay HOTHXKeJepi H-OyTHJ CHUPTIHIH KYPBUIBIMIBIK EpeKIIeNiKTepiH
alikpIH KepceTTi. A — cyreri OaitylaHbichl apKbuibl OaitiaHbickaH O—H TOOBIHBIH
BaJIeHTTIK TepOenici 3329 cm! xkwuinikre Oaiikanbl; B-O—H ToObiHbIH C—H 5%a3bIKTHIK
TepOenicTepiMeH KymIedTireH aegopmanmsiiblk TepOemici 1338 cm' MmanpHIA
tipkenni; C — Oipiaminik cnuprke ToH C—O BaneHTTIK TepoOenici 1072 cm™ xuimikTe
KOPIiH/I.

55—
I S I L e e e T i P e T S L T SR e A T e e O LT
4000 3800 3600 3400 3200 3000 2800 2600 2400 2200 2000 1800 1600 1400 1200 1000 B00 600
B -Prestigs 21 (FTR Mirade) e

Cyper 2 - #-0ytun cnimprinig UK crexrpi

I'mapney mpoueci GapbIchIHAA KYlieAae OyTHII CTUPTI MEH MPOIMAHHBIH TY3ltyi 0ip
Me3rinzae 0actanaasl. ByTHII ClIUPTiHIH KOHIIEHTPAITUSACHIHBIH apTybl Mail ajbIeTHIIHIH
epITIH/IIeH TOJBIK KOMBLTYBIMEH coiikec kenemi. Cy opTachlHAA KYPri3iiareH Tuapiey
PEeaKIUsACHIHBIH COHBIH/IA HET13T1 OHIM OOJIBIT TAOBUTATHIH H-OyTHII CIUPTIHIH HIBIFBIMBI
Ni—1,0 % Ru karammzaroperaga 98-99 %, am Ni—1,0 % Rh xaramuzatopsiama 95-96
% neHreitinme aHBIKTANABL. ByJl HOTIDKENEp achUl METaJAapiblH albIAeTHI TOOBIHBIH
CEJIEKTHBTI aJICOPOIMSACHIH KYIISUTII, KOMIPCYTEKTIK I€CTPYKIINS )KOIIAPBIH TEXKEHTIHI
TypaJbl 9/1ebn MaTiMeTTepMeH caiikec keneni (Alonso et al., 2012; Wang et al., 2022).

Tankputay. Oneou gepekrepre coiikec, ommeraiabl Ni-Ruxone Ni-Rhkyitenepinae
CYTeriHiH aKkTHBTeHyi eki Typm MmexanusMm (Rodriguez et al., 2014; Li et al., 2019)
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apKbLUIBI XKYPYl MYMKIiH: OipiHIIiCI — achUT METaUl OCTiHJE CYTETiHIH JUCCOIMATUBTI
a7IcOPOIUSCHI, EKIHIITICI — Ak 1a O0JIFaH aTOMJIBIK CyTET1HIH HUKEIIb OSTIHE MUTPAITUSCHI.
OchlHIail MeXaHWU3M HOTWIKECIHJIE peakKlusFa KaThICaThlH OCJICeHJI CyTeriHiH
KOHLEHTPALUSCHl apThII, TUAPIIEY MPOLECiHiH JKaJbl )KbULAAMIBIFBI JKOFapbUIaiabl.
CoHbIMEH Karap MpOMOTOpP METalAapAblH €HTi31Tyl KaTalau3aTopAblH TYPaKThUIBIFbIH
apTTHIPHII, OeNIeKTepin aroMepanusiceiH Texxeini (Liu et al., 2021). Mynnaii acep
acipece a3 MeIIeperi acbll MEeTaIap/Ibl SHII3TeHIe aliKbIH Oalikanaabl, cededl Oy1
Karaaiaa HUKeIb OeTiHAe kaHa OMMeTaIIbl OeJICeHAl OPTaIbIKTap KaJbIITacadbl.

ANBIHFAaH HOTWXKEJNEP HUKeNb KaTaln3aToOpJapblH PYTEHUH KOHE pOAMHMEH
MoauduKkanusiay Mail anbAeruAiH THIApJICY MPOLECIHAe >KOFapbl OeJCEHLNTIK,
CEJIEKTHBTLIK JKOHE TYPaKTBUIBIKKA KOJ KETKi3Yy[iH THUIMJI TOCUI eKeHiH KepCeTei.
Byt TyxeIpeIMaap cyibIK (azaisl rugpiey npouecTepine apHaifaH 3aMaHayH, SHEPrHs
YHEMACUTIH KaTaJUTUKANbIK JXYHesepAl »obanay YIIIH MaHBI3Obl FBUIBIMH HETi3
kaneimracteipansl (Li et al., 2023).

3eprTEey HOTM:KEJIepi epiTKill TaOWFATBIHBIH Ja MaHBI3IABl PO aTKapaTbIHbIH
kepcerTi. Cy opTacblHIAa peakius KbUIJAMIBIFBI JKOFapbl JKOHE KaTalu3aTop
Jerpaganuscel Oasty >KYpeTiHi aHBIKTangbl. Byl KyOBUIBIC Cy MOJIEKyJaIapbIHbIH
KaTaln3aTop OeTiHAe OpraHUKadblK OHIMACPAIH IIamaJaH ThIC aIcopOLUSICHIH
oIIcipeTyiMeH >KoHe OeJICeHAl OpTalbIKTapIblH OiTeNyiH a3alTybIMEH TYCIHAipiIemdi.
CoHbIMEH KaTap cy OpTachl CYTETiHIH KaTajau3aTrop OeTiHe KeTKi3UIyiH KeHIIAeTIMN,
peakuus ©OHIMAEPiHIH AecOpOLMSCHIH Te3AeTyl MYMKiH. AJ 3TaHON OpTachHIA
OpPTaHHUKaIBIK MOJIEKyJIaJapAblH OeTTiK aJcopOLMsICH KYLITipeK OOJFaHAbIKTaH
peaKmus )KbULAaMIBIFBI CAJIBICTBIPMAIIbl TYpAE TOMEHIpeK OaiiKanabl.

AJNBIHFaH HOTIXKeJep OMMETalAbl KaTalu3aTopiapiblH KYPBUIBIMIBIK JKOHE
ANEKTPOHIBIK KACHETTEPIH MaKCATThI TYPJE ©3repTy apKbUIbI OJapAbIH KaTaluTHKAIIBIK
cUmaTTaMayiapblH THIMII Oackapyfa OonaTbliHBIH KepceTTi. Ru sxoHe Rh cuskThl
acbUl MeTajiap/bl a3 MeJIIIep/ie CHI13y HHUKENb KaTalu3aTopiapblHbIH OeJICeHAUTITiH
apTTHIPBINT KaHa KOHMai, oJapAblH Y3aK YakbIT TYPaKThl )KYMBIC icTey KaOilneTiH ae
xKakcapragsl. byn meranmap CyTeriHiH AMCCOLMATHBTI aACOPOLMSICHIH >KEHIIACTII,
aTOMJIBIK CYTETiHIH HHUKeNlb 0eTi OOWBIHIIA MHUIPANUSACHIH KYIICHTEIl, HOTHKECIHIC
THIpIey MPOLECiHIH THIMIIIIT Korapbulaiiibl. COHBIMEH KaTap MpoMOTOpIap HUKENb
OeJIIEKTEPiHIH arTOMEPaLUsICHIH TEKeTl, KaTaIn3aTop KYPbUTBIMBIHBIH TYPaKThUIBIFbIH
KaMTaMachl3 eTel.

[IpakTuKanblK TYpPFbIIAH ajfaH/a, aHBIKTAJIFaH 3aHIBUIBIKTAP SHEPTHS NIBIFBIHBI
TOMEH, CEJICKTHBTLIIr >KOFapbl JKOHE Y3aK YakKbIT OOibl OEJICeHAUTITiH CaKTaWTbIH
THIpJICY KaTalu3aTopJIapblH XKacay YIIiH MaHbI3Abl. MyHIai xKylenep opraHHKalbIK
CHHTE3€, MYHAH-XMUMHUSI OHIIPICIHAE »OHE OTTEKTI OPraHMKAaIbIK KOCBUIBICTAP.bI
CENIEKTHBTI TOTBIKCBI3JAHIBIPY TIPOLECTEpPiHAE KOJNAAHBUIYbl MYMKIiH. 3epTrey
notmwxenepi Ni—Ru sxone Ni—Rh kartanmuzartoprnapblHbIH CYWBIK (aszaibl THOApPICY
peaknuAnIapblHAa KOFapbl THIMIUIIK KOPCETETiH MEepCHeKTHBATIbl KaTaJHTHKAIBIK
XKYHenep eKeHiH Ademnaeii.

Kopsitbinabl. Xyprizinren 3eprrey Mail anpIeruaiH THAPIEY peaKHUsIChIHIA
KaHKaJIbl HUKEJIb KaTalu3aTopiapblH pYTeHHH jKoHE POAMHMEH IPOMOTOpIIAY OJapAbIH
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KaTaJIUTUKAJIBIK OEJCeHIIr, CEeNEKTUBTLNIr OHE TYPAaKTBUIBIFBIH alTapibIKTal
apTTHIPATBIHBIH  KOPCETTi. OJKcrnepuMeHTTiK Hotmkenep Ni—Ru skone Ni—Rh
OuMeTayabl JKYHEJIEPiHIH KaJbIIThl HHUKEIb KaTaJlM3aTOPbIMEH CalbICThIpFaH/aa
CyTeriHi ajcopOumsiIay >KOHE aKTUBTECHAIPY KaOileTiHiH KOFapbl €KeHIH pacTajbl.
Cy opraceiaga Ni—-1,0 % Ru xone Ni—1,0 % Rh karanmmzaropmapsl ymniH CyTeriHi
CIHIpY JKBUIIaMIBIFBIHBIH CoWKeciHIe 2,2 xoHe 1,7 ece apTybl MPOMOTOPIApABIH
OHTAaWJIBI MOJIIIeP/IC CHII311yl Ke3iH/e alKbIH CHHEePTeTHKANIBIK dcep OalKaaaThIHBIH
nmonenneiai. IIpoMoTop KOHIIEHTPAIMACHIHBIH apPTYBIMCH OCICEHIUTIKTIH TOMEHACY1
Katanu3arop OeTiHIH KalTa KYpBUIBIMIAAHYBIMEH >KOHE OEJICeHIII OpTAIIBIKTapIIbIH
inriHapa SKpaHUpIIeHyiMeH OaiIaHBICTHI eKeHI aHBIKTaJIbl. By KyObUTBIC OMMETaIIIbI
KaTaJu3aTopiiap YIUiH TOH 3aHIbUIBIKTAPMEH COMKeC Kellelll XKOHE achll MeTalJapAblH
MOJIIIEPiH OHTAMIIBI TaHAAYIBIH MaHbI3AbUIBIFBIH KOPCETE/].

PeakiusHbIH KOFapbl CEJICKTHBTLIIN aHBIKTAJbl: HETI3ri OHIM PETiHIe H-OyTHII
CIUpPTI Ty3uin, oHbIH MEIFRIMEI Ni—1,0 % Ru xyiecinge 98-99 %, am Ni—1,0 % Rh
KaranuzaropeiHaa 95-96 % neHreiiinge Oomuel. KochIMIla ©HIM — MPOIMAHHBIH a3
MeJIIIepe TY3UIyl TUApIey MPOIECiHIH 0achiM TYpJe CEJICKTUBTI KOJIMEH JKYPETiHIH
koepcereni. UK-criekTprik Tanmay anblHFaH OHIMAECPAIH KYPBUIBIMBIH TOJBIK PAacTaibl
YKOHE HeTi3r1 eHIM peTine OipiHIIUIIK COUPTTIH TY311eTiHiH nonenaeni. by Hotmkenep
KaTanu3arop OCTIHJE aJibJICTU]] TOOBIHBIH CEJICKTHBTI aJCOPOIUACHI KYPETIHIH JKOHE
KOMIPCYTEKTIK JECTPYKIHMSl PEaKUMSUIAPbIHBIH YJIeCi alTapiblKTail TeMEH eKeHi
aiKpIHAabl. KypBUIBIMIBIK KOHE aJCOPOLMSIIBIK 3epTTEyIep PYTCHUH MEH poaui
EHTi3y Karajau3atop OeIIeKTepiHiH JUCIIePCTUTITH apTTHIPHIIN, MEHIIIKTI OST ayIaHbIH
JKOHE aJICOPOIMSIIAHFaH CYTETiHIH KOJEMIH eIoyip YIFalTaTbIHBIH KepceTTi. MyHmai
e3repicTep KaranuzaTop OeTiHzxe OelceHi OPTaIbIKTap/blH CaHBIHBIH apTyblHA JKOHE
peaKIisFa KaThICAaThIH aTOMJIBIK CYTETiHIH KOHIICHTPAIIUSCHIHBIH KOOCIOIHE OKEeJei.
CoHbIMeH KaTap a1ci3 OaliIaHbICKaH CYTETiHIH YJIECIHIH ecyl THApIey peaKIusIChIHBIH
KBUIJAM JKYPYiHE KOJIAHIIBI JKaFaai skacaiiibl. AKTUBALIMSI SHEPTUSACBIHBIH TOMEHACY1
MIPOMOTOpPJIAHFaH JKYHeJepJe CYTEeTiHIH AaKTUBTEHY CATHICHIHBIH JKCHITACHTIHIH
kepceteni. by dakTopiap peakUMsHBIH Kajlbl KHHETHUKAJIBIK CUIIaTTaMalapblHa OH
acep eTiM, MPOIECTIH TUIMIUTITIH apTThIPAIbL.

JKanrmbl anranga, HUKeb KaTaau3aTopiapbiH a3 MeJIIep i€ pyTeHUH )KoHE poAriiMEeH
MoruduKanysiiay Mail anbJerdaiH THAPIEY MPOLECIHAE KOFapbl OCJICEHIUIK MeH
CEJICKTUBTLTIKKE KOJI JKETKI3Y/IH THIMJII 9pi MEePCIEKTUBAJIBI TCII OO TaObLIA B
ANbIHFaH FBUIBIMM HOTIDKENEp OMMETaJUIIbl KaTaau3aTopilapAblH KacHeTTEpiH
TepeH TYCIHyre MYMKiHAIK Oepim, cyHbIK (aszaisl ruppiey mpouecTepiH onaH opi
KETUIIIPY YIUiH TEOPUSIIBIK JKOHE MPAKTHKAIBIK HETi3 KaJIbINTACThIpaabl. bonamakra
Oyl OarbITTarbl 3epTTeyNiep Karaau3aTopiapiblH Y3aK Mep3iMAl TYpPaKTHUIBIFBIH,
perenepanusi MYMKIHAITIH KoHE OpTYpJi albAerHATep MEH KapOOHHIAI KOCBUIBICTAP
YILLIiH KOJJaHy THIMALIITIH 3epTTey apKblUIbl KEHEHUTITyl MYMKiH.
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Abstract. Many medicines, food, and cosmetics are based on different types of
emulsions. To stabilize the emulsions, the use of solid particles instead of surfactants is
possible. In this paper, the stability of Pickering emulsions stabilized by microparticles
of bentonite clay from the Tagan deposit is studied. It has been shown that non-toxic
natural solids can be used to stabilize Pickering emulsions. The purpose of the work:
to study the production of Pickering emulsions stabilized with bentonite clay from
the Tagan deposit located in the East Kazakhstan region. The effect of the water-oil
phase ratio, clay concentration and particle size on the stability of the emulsion were
investigated. The chemical composition of clay was determined: SiO, — 64.7 %, Al O,
—27.04 %, MgO — 5.1 %, CaO — 2.09 %, Na,0 — 0.55 %, FeO — 0.53 %, a planetary
mill was used to produce clay microparticles, and the stability of emulsions was
studied. Optimal conditions for the stabilization of the emulsion have been determined.
It has been established that microparticles of Tagan bentonite clay can be obtained as
a natural solid stabilizer. With a water/oil ratio of 4:6 emulsion stability, it was found
that the stability of the emulsion increases at dispersion of particles up to 10 um. The
growth of the concentration of bentonite clay suspension from 3% to 5% causes the
increasing of the emulsion. Emulsions stabilized by these particles have a possibility to
be applied in different fields, including obtaining cosmetic emulsions.

Keywords: emulsions, Pickering emulsions, Tagan deposit, pink bentonite clay,
clay microparticles
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Annoranusi. Kenreren aspimik mpemapartap, TaraMAbIK JKOHE KOCMETHKAJBIK
OHIMJIEp OPTYPJl THUNTEri 3MyJbCHsJIApFa HETI3JeNiN ajblHaAbl. OMYIbCHSIAPIbI
TYpakTaHAbIpyla SAETTeri OCTTIK aKTWUBTI 3aTTapiblH OpHBbIHA KATThl OOJIIEKTepl
Konganyra Oomaapl. bynm skymbicta TaraH KeH OpHBIHAH ajibIHFaH OCHTOHHT
Ca3bIHBIH MHUKPOOOIIEKTEPIMEH TYPaKTaHIbIPbUIFaH [IMKepUHT 3MYIbCHSIaPBIHBIH
TYPaKTBUIBIFBI 3epTTeni. COHFBI )KbULAAPBI KATTHI OOIIIEKTEPMEH TYPaKTaHIBIPbLIFaH
[MukepuHr SMyJIbcHsTIApbl aWTaApABIKTal KBI3BIFYIIBUIBIK TyAblpyaa. [lukepuHr
IMYIBCUSIIAPBIH TYPAaKTaHIBIPY MakKcaTblHAA Yibl eMec TaOWFH KarThl OeJieKTep
Kosiganyra OomnareiHbl KepceTinreH. JKymbicTeiH Makcatsl: Llbireic Kazakcran
oONbICHIHA OpHalackaH TaraH KeH OpHBIHAH alblHFaH OCHTOHHUT Ca3bIMEH
TYpakTaHAbIpbUIFaH [IMKepUHT SMYNbCUSUTApBIH aly. AJBIHFAaH HOTHXKEJep: Cy-
Mail (azanapblHBIH KaThIHACHI, Ca3 KOHIIEHTPALUICH! KoHE OOIIICKTEpIiH MeJmepi
OMYIBCHS TYPAKTBUIBIFBIHA dcepi 3epTTeni. Ca3ablH XUMHUSIBIK KypaMbl aHBIKTAJIIbI:
Si0, — 64.7 %, ALO, — 27.04 %, MgO — 5.1 %, CaO — 2.09 %, Na,0 - 0.55 %,
FeO - 0.53 %, ca3 MukpoOedmeKTepiH any YIIiH IUIaHeTapibl AHipMEH
KOJITAHBUIBII, 3MYJIbCUSUIAPBIH TYPAKTBUIBIFB 3€PTTEN/l. DMYIbCUSI TYPAKTAHABIPY
YILIiH OHTaMJIBI )KaFiainap aHbIKTa bl TaraH OCHTOHHUT Ca3bIHBIH MUKPOOOIIIEKTepl
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TaOMFH KaTThl TYPaKTaHABIPFBIII PETiHAE anyFa OONaThIHBI aHbIKTaNAbl. [IlnkepuHT
OMYIIBCHUSICHIH TYPAKTaHIBIPY MEXaHU3MI )KOHE AIMYIIBCHS TYPAKTBUIBIFBIHA dCEP €TETIH
(dakTopnap cunartangsl. OMYIbCHUSIAPABIH TYPAKTBUIBIFBI Cy/Mall KaTbIHACH 4:6, ca3
OemmexTepi enmeMi 10 MKM-re AediH JUCTEPCHUSTIAHYBI, SMYIbCHS TYPaKTBHUIBIFBIH
KOFapiarTel. BEHTOHHWT ca3bl CYCHEH3USCBHIHBIH KOHIEHTpauusicel 3% man 5 %
JeHiH KOFapiaybl dMYIbCHsI TYPaKTBUIBIFBIH apTThIpaibl. byn ca3 OenmexrepiMeH
TYpaKTaHIBIPBUIFAH AMYJIbCHSJIAP SPTYPIi cajanapia KOJAaHbUTy MYMKIHAIriHE He,
OHBIH 1LIiHJIE, TYPAKThl KOCMETHKAJIBIK dMYIIbCUSIIAP/IbI aTyFa O0onazbl.

Tyiiin ce3nep: smynbcusnap, [lukepunr smynscusinapbl, TaraH KeH OPHBI, KbI3FBLIT
OCHTOHUT Ca3bl, ca3 MUKPOOOIIEKTepi
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AnHOTanusi. MHOTHE JEKapCTBEHHBIC, MUILEBBIE U KOCMETUYECKUE MPOILYKTHI
MPENCTaBISIOT COOOH pa3aWYHble THUIBI 3Mylbcuid. [lns wux crabuinusanuu
MOTYT HCIIOJNIBb30BaThCsl TBEPABIE YACTUIIBI BMECTO IOBEPXHOCTHO-AaKTUBHBIX
BemiecTB. B maHHOW paboTe wnccienoBaHa yCTOMYMBOCTH dMyJbcuidl Ilukepumra,
CTAOWJIM3UPOBAHHBIX ~ MUKPOYACTHIIAMUA  OCHTOHHMTOBOW  TJIMHBI  TaraHcKoro
MECTOPOXKIeHUs. B mocieaHue roapl Takue SMYIbCUU BBI3BIBAIOT 3HAUUTEIBHBIN
Hay4YHbIH MHTEpeC OJaroaaps NCIOIb30BAHUIO HETOKCUYHBIX TPUPOIHBIX MaTEPHAIIOB
B KayecTBe cTaOmim3aropoB. Llenbro pabOThI SBISETCS MOJTYyYEHUE YCTOWYUBBIX
amynbcuii  [lukepuHra, cTaOWIM3UPOBAHHBIX 4YaCTHIIAMUA OCHTOHUTOBOW TJIMHBI
Taranckoro Mecropoxaenus (Bocrouno-Kazaxcranckas o6Onacts). HccnegoBaHo
BIIUSTHUE COOTHOIICHUS (Da3 BoJa—Macio, KOHIIEHTPAIUY [JIMHBI U pa3Mepa 4acTull Ha
CTAOMJILHOCTh AMYyJIbcuid. OnpenenéH XxuMudeckuii coctaB miuHbl SiOC] — 64,7 %,
AlTJODO —27,04 %, MgO — 5,1 %, CaO — 2,09 %, NalO — 0,55 %, FeO — 0,53 %. lns
MOJIYYEHUS MUKPOYACTHI] HCIOJIH30BaNaCh IJIAaHETApHAsT MEJIbHUIA. YCTaHOBICHO,
YTO AHUCTIEPrupoBaHue YacTUIl A0 10 MKM U yBEeIWYCHUE KOHIEHTPALMU [IUHEI C 3
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% 1m0 5 % CcnocOOCTBYIOT TMOBBIIICHUIO YCTOMYMBOCTH 3MYJbcui. ONTHMAalbHOE
cooTHomieHne (a3 Boga/macio cocrapiser 4:6. [lokazaHo, YTO MHKpPOYACTHIIBI
OCHTOHUTOBOW TITMHBI MOTYT 3((EKTHBHO HCIOIH30BATHCS B KA4eCTBE MPUPOIHOTO
TBEPIOTO cTabunmu3aropa. PaccMoTpeH MexaHu3M cTabuu3aiuy smMynbcuii [Tnkepunra
U OmpelieieHbl (DAKTOPBI, BIUSIONINE HA UX YCTOHYMBOCTh. [loiyd4eHHBIE pe3yibTaThl
CBUJICTENILCTBYIOT O MEPCIEKTUBHOCTH MPUMCHEHUSI TAKUX OMYJIbCHH B Pa3IMYHbBIX
OTpacisixX, BKIHOYask KOCMETHYESCKYIO IPOMBIIIICHHOCTb.

KuroueBsle cjioBa: smyibcuu, aMysibenn [Inkepunra, Taranckoe MeECTOPOXKIEHHUE,
po3oBas 6CHTOHI/ITOB351 IMHA, MUKPOYAaCTUIIbI TVIMHBI

Kipicme. Kerrreren mopinik nmpemnaparrap, TaFaMAbIK OHIMIEP )KOHE KOCMETHKAIBIK
OVIfBIMIAp OPTYPIIi TUIITET] SMYIIbCHsUTapFra HerizaenreH. COHIBIKTaH IMYITbCUSIaPIbI
TYpPaKTaH/ABIPY YIIiH CHHTETUKAJIBIK OCTTIK aKTUBTI 3aTTapIblH OPHbIHA KaTThl TAOUFU
OenmeKTepal KOJJaHy >KachUl XUMHS MEH JKAachll TEXHOJOTHS AaMyIapbIHBIH Oip
JKOJTBI OOJTBIN TaObLIa bl KaTThl OemiekTepMeH TYpaKkTanran smysibeusiap [TukepuHr
smynbcusuiapsl nemaranansl (Wuetal., 2020; Albert etal.,2019; Koetal.,2021; Gonzalez
et al.,2020; Potoroko et al.,2022; Koroleva et al.,2022). Knaccukaiblk 3MyibCHsIIaP
MeH [IMKepHHT SMYNbCHSIIAPBIHBIH apachlHAAFbl HETI3r albIpMalIbUIBIK OJapAbIH
TYpaKTaHy MeXaHU3MiHJIe KaThIp. KilacCHKABIK SMYIbCHSIAPIbI TYPAKTAHIBIPY YIIITH
OipHemre QakTopiap KaXkeT. bipiHIIiIeH, AIeKTPOCTATUKANBIK TYPAKTAaHABIPY KaXKeT.
CopnaH KeliiH OeTTiK Kepuly/i a3aiTy kepek. Kitaccukaibik aMylibCust OSTTIK OeiceH
3aTTapMeH HeMece MaKpOMOJIEKYJIaapMeH TYpPaKTaHIbIPbUIaIbl. DMYJbratopiap Maii-
Cy IIeKapachiHza ajcopOuusianajpl. KiiaccukanblK sMyabcusiapaa Oy ajcopOonus
KAaWTBIMJIbl €KCHIH aTarm OTKEeH OH. [IMKepHHT SMYIbCHSCHI KarAalblHIA KATThI
OemexTep Jie Maii-cy IeKapachiHa aJcopOursIaHaIbl )KoHe OChlIaiina (GU3NKaIbIK
TOCKaybLT Ty3eaAi. By Tockaybun OeTTik e3apa opekerTecyi Oereii anmanbl. Tockaybin
TaMINbLIAPIbIH JKaHaCybIHA Ja oy Oepmeiisi. COHMBIKTaH, OYJI XKaFaaiaa aacoporus
KaHUTBIMCBI3 O0JbIT caHamanpl. Ochuraiima, opTypii OeTTIK KacHeTTep opTypdi
TYpaKTaHJIbIPY MEXaHU3MJIEPIMEH KOPIHETIHI aHbIK O0ajbl. [IMKepUHT IMYIbCHSIIAPHI
JKarJlalbIHA OJlap IIeKapasblK aJcopOIusFa OalIaHbICThI JIOCTYPIl AMYJIbCUsIIApFa
KaparaHJ1a KaJIbIHIBIFBI YIKEHIPEK KoHE OSTTIK )KyKTeMeci koFapbIpak Oonazsl (Jafari
et al., 2020).

O/1e0H 10Ty

Tukepune smynvbcusnapviHbLIY MYPAKMBLIbIZbIHA 2Cep ememin ¢axmopiap

[TukepuHT SMyIbCHACHIHA 9CEP €TETiH HEri3r1 (pakTopiap - bUIFaJIJaHy XKOHE KaTThl
Oemmmektepain enmemi. [TnkeprHT SMyIbCUSITAPHI YIIIH TYPAKTAHABIPFBII PETiHIE
TEeK KOC bUTFAJIaHy KabOimeri Oap Oesmekrep FaHa skapamabl. bym Oemmiexrepin
CYJIBI JKOHE Maiyibl (hazanapia TYpPakThl OOJBIN KAJTyblH KaMTaMachl3 €Ty VIIiH
KaxeT. bemmexrepnin enmemiHe KeneTiH OoJcak, onap 3Mynbcus (QPaKIHUICHIHBIH
TaMiibl emeMineH keminnae 10 ece kimri 6omysl kepek. ComaH KeiliH, TYpaKkTaHIbIPy
VIIiH KarThl OeIIeKTep Mal-Cy IIeKapachlHAa aacopOmumsuiaHa amamel. MyHnai
Karaanaapaa KalTbIMChI3 afcopOusuIaHFaH KaTThl OelIeKkTep cepanbiKk TOCKAYbUT
Ty3eni. by nucneperi dazanapiasiy arperanuscbiaa xon oepmeiini (Wan et al., 2021).

ConbiMeH Karap, [IMKepuHT IMyIbCHSICHIHBIH TYPAKTBIIBIFBIHA OMYIIbCHUS TalbIHAY
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Ke3iHJeri Mail MeH cy (azajapblHBIH KaTBIHACHI, JIEKTPOIUTTEPHiH OONybl KoHE
optranbiH pH MoHI 1e acep erexi. bemmexTep aMmynabcus iminne (IOKyIsUUsUIIaHFaH
Ke3/e YII eJILIeMi I'elib KYPbUIBIMBI Haina 0oxaasl, Oy SMYIbCHUsIFA OaH Ja YIKeH
TypakThUIbIK Oepeni (Chevalier et al., 2013).

[TukepuHT 3MyIBCUACHIHBIH TYPAKTBUIBIFBIHA 3CEP €TETiH Tarbl Oip (aKTop - OHBI
naipiHaay yiniH OunoyiieciMai Maitnapasl Tanaay. [IukepuHr sMmynbcusiapsl KayinTi
OeTTik OenceHzi 3aTTapAbl aJMacThIpa ajaThlH XKOHE OTe TYPAKThl OOJFaHBIMEH,
ouoyineciMai emec Mainappl maiiaanany [ IuKkepuHT SMyIbCHUSCBIHBIH TYPAKTHUIBIFBIH
TOMEHAETYl MYMKiH. MyHIail MainapaplH MbIcajAapblHa TONYOJN JKOHE I'eKcaJeKaH
xaraapl. JlerenMeH, OnoyineciMal Maitnapasl Konjgany [IMKepUHT 3MyIbCHACHIHBIH
TYPaKTBUIBIFBIH alTapabIKTai apTTeipansl (Qi et al., 2014).

ConbiMen Kartap, [IMKepUHT >MYJIbCHACHIHBIH TYPAKTBUIBIFBIHA OOJIIEKTepAIH
minrigi ge ocep ereai. benmekrepain apTypni ¢popmanapsl 6ap, Meicalbl, chepabik,
KOIMOYPBIIITHI, TasKIIa TOPI3/i, TAINIBIKTEI JKOHE JUIMIICOUATHL. AJl OeJIeKTepIiH
XKaHacy 0eTi HeFypIIbIM YJIKeH Oosca, [IMKeprHT SMynbCHsIapbl COFYPIBIM TYPAKThI
Oonazsl. by skarnaiina GemmexTep cy MeH Maii (hazaceiH cynai anazsl (Pei et al, 2022).

Cdepanplk  KaTThl OesIIeKTeplHi KONJIAaHFAaH Ke3[e, OeIIeKTep MyHail-cy
LIeKapachlHaH BIFBICKAH JKarnaiaa raHa Oipiry mymkin 6onazasl (Tambe et al., 1993).
Byn tamimbina KeHiHTi TaMIIbUIapAblH Oipiryi YIIiH JKETKIJIKTI YIKEH alblK OeTTiK
aymMak kacainbl. backamma aiiTkanma, KETKUTIKCI3 kaObUIFaH TaMINbUIap ilriHapa
Oipiryre Oeitim. TonbIK emec jkaObUTFaH Ke3/1e TONBIK 0ipiry MyMKiH. [lereHMeH, TOIBIK
xaOblTFaH Ke3zue Oipiry mymkin emec (Wu et al.,2020).

Cas3 benwexkmepimen mypaxmanovipulieat Ilukepune smynvcusniapol

BentonuT casmapel - Oanaybl3 TOpi3li CHUMATKa M€ YCaK AWUCHEPCTi >KbIHBICTAp.
BenToHUT cazgapel Heri3iHEH ca3 MaTepualbl MOHTMOPHJUIOHHTTEH TYPaJbl.
BentonuT casnapbinblg OipHele Typi Oap: cyp, capbl, KbI3FBUIT, aK, KOHBIP YKOHE
KeKuIiI-kacel1. Kypambl OOWBIHIIA Onap MeTayul KypamblHa OaiiJlaHBICTHI CiNTLNI,
cinTini >kep oHe apajac Oonbin >Kikreneai. CinTulik OCHTOHHUTTEp ©TE€ iCiHTIMI,
Oacrankel enmemineH 8-19 ece kxem icinyre kaOimerti. Onap sxoFapbl azcopOuus
YKOHE KOJUTOUATHIK CHIMBIMABUIBIKKA He. CIATUIIK xKep OCHTOHUTTEP TOMEH TUCTIEPCHS
JKOHE KOJUIOMATHIKIICH cumarTanaael. Onap TeMeH runpoduibaiiirine OaimaHbICThI
asjan Hemece MyJiieM icinOeiini. [llamaMeH TeH Metiep/ie CLITUIL KOHE CIITLI JKep
MeTaJIJapblH KaMTHUTHIH apayiiac OEHTOHHTTEp apaliblK Kacuertepre ue (Sodikov et
al.,2020).

XUMMSITBIK  Kypambl OOHbIHIIA OEHTOHUT ca3napbl JACHEHIH >KacyIIailliiik
CYWBIKTBIFbIHA yKcac. Onap opTypsli OKCHIATEp MEH OJapiAblH KOCBUIBICTAPbIHBIH,
EpUTIH TY3JapAbIH )KOHE CY/IbIH KOCIAChl, COHAA-aK KypaMbIH/1a OpraHUKaJbIK 3aTTap
0ap. COHIIBIKTAaH MaKpO- )KOHE MUKPOIJIEMEHTTEP OHall KoynkeTiMal. Ca3lbIH Heri3ri
KOMIIOHEHTTEp1 - KpEeMHHH HeMece KPEeMHUH OKCHIl, allOMHUHHUH OKCHJII Hemece
QIIOMUHUH OKCHII KoHE, opuHe, ¢y. OHBIH KYpaMbIHia TeMip, HATPUH, KaJIbLUH, TUTaH,
Maprasel, KaJui >koHe MarHui OKCUATEpi ae 00mybl MyMKiH. OpraHuKabIK 3aTTapra
KOMIpTEeKTi 3arTap, OUTYM KoHEe T'YMHUH KBIIKbUIAAPH Kipyi MyMKiH (Vasilyanova et
al., 2010).
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BeHTOHUT ca3mapblHBIH epekiie KacueTtepi Oap. bipinmrigen, Oyin onapabiH
JUCTIEPCUSCHI, COHBIH apKachIHIa Ca3aapiablH afacopOusuisik Oeti 80-200 M?, keiime
tinti 1 rpammra 800 m? Kypaiinel. EkiHinijgeH, OCHTOHUT Ca3blHBIH KypaMblHA
KOJUTOMITHI J)KOHE YCaK TUCIEePCTi KaCUeTTep Kipei, OyJ1 MmiiacTUKaIbIK KachueT Oepeni.
CoH/IBIKTaH ca3fap OpTYpPJIi MINNHAEPII ©3repTe jKOHe cakTad anmaipl. Y IIiHIIIJICH,
KOFapblia aWTbUIFaHIad, Oyi ca3 KYpBUIBIMBIHAAFBl OKTadApAe KaTHOHIAPAbIH
OoslyblHaH TybIHAAFaH OCHTOHUT Ca3bIHBIH KYWITI iciHyi. TepTiHmiaeH, Oyi ca3abiH
KOJUTMATIJIT, COHBIH apKachlHAa OenmeKTep OpOyH KO3FalbIChiHA COHKEC TUCTIEPCTi
opTaja Tapaiaybl MyMKiH. beciHmineH, Oy ca3ably aacopONUsIIBIK KaOijaeTi, 01 oFaH
KOpIIaraH OpTaJaH cyabl 1a, 0acka 3aTTapbl Aa CiHipyre MyMKiHIIK Oepeni. AliTa KeTy
Kepek, XoBap Xbl03 MEIUIUHAIIBIK 3epTTeyIep HHCTUTYThI MEH MaccauyceTc sKalibl
aypyxanaceiblH (AKII) ranbiMzapbl MOHTMOPWUJIOHUTKE 3€pTTey JKyprisami. by
MUHEpaNIbIH KypaMbIHa aJaM jKacylla MeMOpaHalapblH KYPalThIH 2JIeMEHTTEp Oap
eKeH1 aHBbIKTaabl. MeMOpaHanap JAeHEHIH MaHbBI3IbI KypaMaac 0ediri eKeHi Oenrimi.
CoHpIKTaH Oyl MUHEpaifa KbI3BIFYIIBUIBIK apTThl. OcbUTaiilia, MOHTMOPHIJUIOHHUT
OCHTOHUT CA3bIHBIH HETi31 OOJBIN TaOBbUIABI, al MOHTMOPWUIOHHUTTIH HalbI3ABIK
Menmiepi OCHTOHHUT Ca3blHBIH CalachblH  aHBIKTalgpl. ©OJETTe, OHAIPUIreH
OCHTOHUT ca3lapbIHBIH KypambiHaa keminae 60-70% ocbl MuHEpan OOJybl Kepek.
Herenmen, AntailCopOeHTIHEH alblHFAaH OCHTOHUT Ca3bIHBIH KypambiHAa 95-98%
MOHTMOpHILIOHUT Oap (Sodikov et al., 2020).

[TukepuHT SMyNbCUsIIAPHI OTE TYPAKTHI, 0Jap OipHele aif HeMece TillTi Kbuigap OOUbI
TYpaKThl 007ybl MYMKiH. Typa aMyabcHsapAb! aly YIIiH OEHTOHUT, MOHTMOPUJIOHUT
KOHE TEeKTOPUT CHSIKTBI TAaOWFH ca3lap SMYNbCHSUIBIK TYPaKTaHIBIPFBII PETiHAE
konnanbuiel (Lagaly et al., 1999). BalioMuHT OSHTOHUTI JKOHE OFaH COMKEC KeJIeTiH
HAaTpUl MOHTMOPHJUIOHHMTI THIMAI 5MYJbCHS TYPAKTAaHABIPY KAaCHETiH KOpPCETTi.
Benronutrin kabartel koc ruapoxcuanen [Mg, Al(OH)NO,-2H,0 xombunanuscet
THIMAI OMYJIbCUSUIAyIIbl areHT Oonblll  TaObUIAbl. BeHTOHUT OemeKTepiHiy
OipTiHzmen yirarobl (iciHyi) KOChIMIIA TYpaKTaHIBIPYAbl KaMTaMackl3 eteni Abend S.
MyHpaii xyHenepaiH TypaKTaHABIPYIIbl dcepi (azaapaiblK KepilyMeH emec, Maii-
cy (azaapanblk IekapachlHOa aacopOUMsIaHfaH OeJNIeKTEep apachlHAAFbl KYIITI
aAre3usiiaH TYBIHIAUTHIH (azaapaiblk ceprimaiinikner Tycinaipineai (Guillo et al.,
2009; Erasov et al., 2015).

Kaonun, rannoi3uTr >koHe MaJUTOPCKUT KATTHI 3aTTapiblH KOFapbl MeJIIepiMeH
(cy dazaceina 15 mac.% ) TypakranablpeiiFad [lukepuHr Mail/cy SMynbCUsIapbIHBIH
JalbIHIATYBl MEH CHIIaTTaMalaphl 3epTTeiret. TypakThl Cynarbl Mail SMyIbCHsIIApbIH
KOCBIMIIIa OETTIK aKTUBTI 3aTChI3 HeMece OeTTi OHIeYC i3 alyFa O0aThIHBI KOPCETUITeH
(Sieben et al., 2023). ITokuabKO >K9HE OHBIH COABTOPJIAPIBIH 3€pTTEYiHAE OpTYpIi
caz Oemmekrepi [IMKepUHT SMYNbCUSIIAPBIHBIH — TYPAKTAHABIPFBIMIEI  PETiHAE
naiilaJaHbUIFaHbl  AUTBUIFAH JKOHE OMYIbCHSUIAPAbl TYPAaKTAaHABIPY MeEXaHHM3Mi
tankeiianrad. COHBIMEH KaTrap, SMYIbCHUSHBI TYpPaKTaHIBIPY YIUiH KOJJaHBUIATHIH
KaTThl MaTepuajaap TypiHe OallaHbICTBI oyiap OpTYpJi cajanapia, MbBICAIbl, Taram
KOHE KOCMETHKAa OHIMAEpiH eHAipyne, MEOUIMHAAA, HAHOTEXHOIOTHsAAA JKOHE T.0.
konnanbicka ue (Pokidko et al, 2013).
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Astopnap (Reger et al.,, 2013) IlukepuHr SMyJbCHAJAPBIH TYPAKTAHABIPY
ywin am$udnini KoceuibicTapbl 0ap ca3 KemeHAepiH KapacTepAsl. byn makcarrta
rupoo0THl ca3 OenmeKTepi KONIaHBUIAJbl, COHIAM-aK axKybI3Aap, HOJUMepIiep
XKoHe T.0. cUAKTHI aM(puUIIi KOCBUIBICTAP/BI 1a Naliiananyra 6oxaasl. by skymbicka
colikec, Kypambinaa 50% Maii skone con mentepae cy, 0,5% caz sxoHe a3 Meniiepae
amudun 6ap xKorapsl TYpPakTbUIbIKKA He [lukepuHr smynbcusnapsl anbiHael. Cas
OeJIIIIeKTepiHiH OChl MOJIIIePIMEH Mal TaMIIbUIAPhl €H KaKChl alilkac OalIaHBICKaH.
Anpbiarad [IukepuHT SMyITbCHSIIAPHI «CYJarbl Mail» THIIHAE OOJIBL.

JlerenMeH, ochl yakeiTKa jeiiiH Kazakcran PecryOnnkacbiiga eHaipiieTiH ca30eH
TYpaKTaHIBIPBUIFAH dMYJIbCUSUIAP JKalibl 3epTreyiep Oonran koK (Adilbekova et
al., 2021). Byn xymbicta [IMKepUHT SMYNbCUSICBIH TYpaKTaHABIPY YIiH TaraH KeH
OPHBIHBIH KBI3FBUIT OEHTOHHUT Ca3bIHBIH YiATiIepi maimanansuiasl. byn ca3 IlbiFeic
KazakcranHbIH OHTYCTITiHACT 3aiican KeJiHiH MaHbIHIAFbl TapOararail TaynapeiHaa
eHpipineni. Kaszakcranga »orapsl camacbiMeH epekiueneHeTiH TaraH OCHTOHUT cas
KOPBIHBIH Kanmbl 6omkaMbl 10.6 MutH. ToHHaHBI Kypaiiae! (Vasilianova et al., 2016).
ConpnpIKTaH OyJ1 ca3[bl 9pTYpii TexHonorusapaa [lukepuHr sMynbCcusChIH TaiibIHAAY
YILIiH Maiganany SKOHOMHUKA jKaFbIHaH THIMI1 Oomanbl. JKyMbIcTeIH MakcaThl: LIIbIFbIc
Kazakcran oOnpickiHa opHanackaH TaraH KeH OpHBIHAH aJIbIHFAH KBI3FBUIT OGHTOHUT
ca3plMEH TYpPaKTaHABIPbUIFaH [IMKepUHT SMYNbCHUSUIAPBIH — ally, 3MYJIbCHUSHBIH
TYPaKTBUIBIFbIHA Cy/Mail (a3amapblHbIH KaThIHACHI, Ca3[blH KOHIICHTPALMUSCHl MEH
OJIIIIEMIHIH 9CEpiH 3epPTTeYy.

Mamepuanoap. pirpic Kazakctanuby TaraH KeH OpHBIHAH aJIbIHFAH OCHTOHHT
KBI3FBUIT Ca3bl OMYJIbCUSl TYPAKTAaHABIPFBILBI PETIHAEC KOJJAHBUIABI. ATanfaH
KBI3FBUIT OCHTOHHT Ca3bl 3USHCBI3IBIFBIMEH, JKOFAPFHI iciHy (03 enmeminen 8-20 ece
iciHe anazpl) KaOlIeTiHMEH epeKiieieHei. BeHTOHUT ca3bIHBIH XUMUSUIBIK KYPaMbIH
anbikray yiin JEOL (OKanonust) pupmaceinbie Superprobe 733 aneKTpOHIBI-30HITHI
MHUKPOAHAIM3aTopbl Komaanbliael: Si0, — 64.7 %, ALO, — 27.04 %, MgO — 5.1 %,
Ca0 —2.09 %, Na,0 - 0.55 %, FeO — 0.53 %.

Maii ghazacwr perinne munepanabl Maii (Seppic upmacer, @panuus) ansiaasl, 20°C-
Ta TYTKBIPIBIFBL 1| = 4.5 mPa-s. Munepanpl Maii niccis, Tyccis JkoHe XUMHUSIIBIK Ta3a,
o/1eTTe MUHEPANIbl Mail KOCMETHKAJIBIK dMYJIbCHSTIApABI aly YIUiH MaiaaaaHbuiabl.

onicrep. benmonum cazvin mazapmy Jicane 0aublHOAy. IMYIbCUS TYPAKTAHIBIPY
YIIiH OCHTOHUT KBI3FBUIT Ca3bl IeKaHTAlMs dAiCiMeH Ta3apThUiabl. MyH/a ca3 ajabH
aja KyM MEH MeXaHHKaJbIK KocranapAan OipHenie peT Tazanansl. O yiriH OCHTOHUT
casbl 5 NUTPIIK BLABICKA CAJBIHBIN, AUCTHIICHIEH CyMeH KybUiAbl. OcbliaH KeWiH
CYCHEH3Ms TYHIBIPYFa KaJIbIPbUIBI, KOFAPFbl MOAip KaOaTbl MEH TOMEHT1 KYMbl
Oap kabarel Terinmi. JlekaHTamust KyM MEH KOCHalap TOJBIFBIMEH >KOWBUIFaHIIA
xyprizingi. [Ipomecc OipHemie peT KaiTanaHIbl JXKOHE Ta3apTbUIFaH ca3z OeiMe
temneparypacsigaa kentipinai. Cas Fritsch Pulverisette 6 classic line mutaneTapibik
nuipmenne (I'epmanust) 10 munyT 60#i61 280 aifHaNBIM )KBULIAMIBIFBIMEH YHTAKTAIAbL.
Caz ynrarsl Vibrating screen Analysette 3 Spartan (I'epmanust) keMeriMeH ©TKi3TilITir
63 mxm enekted oTkizinai (I cernama). Ca3z GenmiexTepi miIaHeTapibIK ITUipMEHIHAE
kockimina ycakranael (11 cernama). ¥Yuarakray 12 nukige 3 carar imrinae 400 aiiHanbsiMaa
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KypZi. 10 MUHYTTBIK YHTAKTay YPIICiHIH apachlHAa 5 MUHYTTHIK y31i1ic OOJBI TYPABIL.
Anbiaral ycak Oemmekrepid exmemi Horiba LA 960 (Partica) anmaparbiaa nazepiik
HIamblpay oici apKbUIbl TAIAaHIbI.

OMynberst TaMIIBUIAPBIHBIH AucnepceTiniri an-Papadbu areingarsl Kaz¥V ¥nTThIK
HaHOTeXHoMorusIap amslk 3eprxanaceinga (¥HJIOT) ontukansixk mukpockon Leica
DM 6000 M xemeriMeH oJIIIeH .

Hukepune smynvcusicoln Oauvinoay. [IMKEpUHT AMYIbCHICHIH JalbIHIAY YINiH
Ca3AblH CyJbl CYCHEH3MsCHl AalbIHAanAbl. Byn skymbicTa cyibl ¢asa peTiHae
AJbIHATBIH CYCIEH3UAJAFbl ca3 OeJIeKTepiHiH KOHIEHTpauuschl 3-5% apaibiFblHaa
0omnnbl. Cy/mait pazamapsl KaTbiHACKL 4:6, 5:5, 6:4 GOJIBII AJIBIHBITT TOMOTEHU3AaTOPIBIH
(Zigui Instruments S10, KpiTaii) kemeriMeH apanacThIpbUIIBL. [ OMOTreHH3aTOPIBIH
apanactelpy Xbuinamabirel 15000 aitn/muH, ToxipuOe jkacay Ke3iHIAE apaiacThIpy
YaKBITBl 5 MUH OOJIBI.

OMyNbCUSHBIH TYPakThUIBIK yakelThl H % = f(t) rpadurinig Oacrankel Ty3y
Oemirinig 100%-Fa elH SKCTPAroNSIIUICHl apKbUIbI aHBIKTANbI, Oyt skepaeri H%
OemiHreH (azaHblH NPOLEHTTIK Meuwiepi (Gopmymnal):

-V
H%—VOIOO% )

V - GeutinreH (ba3aHbIH KOJIeMi, MIT

V,, - Gasanbin GacTankel KeJaemi, MiL.

Horuxesiep

OMyibCUsIap  OPTYpPJIl  cajiajapja, COHBbIH IIIiHAE TaraM, KOCMETHKa,
(hapmalieBTHKa OHEPKACINTEPIHIC )KOHE T.0. KEHIHEH KOJIIaHbLIaIbl. DMYJIbCUSIIAPIBIH
OpTYpJl  JalbIHAAY OJICTEPIH IKETUIAIPY ©T€ MaHbI3Ibl OOJIbIN  TaObLIAIbI.
Kiaccukanaiplk 3MyJibCUsIIAp TOMEH JKOHE JKOFapbl MOJICKYJAJbIK OCTTIK aKTHUBTI
3aTTapMeH TYpPaKTaHABIPBUIATBIHBI OeNriti, OipaKk XUMUSUIBIK AMYJIbraTopiapiblH
OMOBIIBIPAFBIIITEIFBl OT€ TOMEH JKOHE aJlaM ar3achl YUIH Yibl OOJMybl MYMKIH.
[TukepuHr SMYJIbCHSUIAPBIH Ay YINIH TYPAaKTaHIBIPFBII PETIHJAC TaOUFU KaTThl
OemmexTepai nainananeuiaasl. Onap Oip-OipiMeH apanacHaThiH €Ki CYHBIKTHIKTBIH
(omerTe Maii sxoHe cy (aszanapsl) hazaapasblk MeKapachiHIa )KUHAJIBII, TAMIIBLIAPIBIH
KoaJeclieHIMsIChIH anabid anansl (Vincenzo C. etal., 2018). [TukepuHT aMyIbCHsIIApbIH
TYPaKTaHJIBIPY YIIIiH Ka0ATThl CHJIUKAT 0OJIIICKTePi, MOHTMOPUUIOHUT YKOHE JIATIOHUT
Ui Konanbeuiazsl gen kepcetiired (Koroleva M. Yu. et al,2022; Lagaly G. et al, 1999;
Abend S. et al, 2001; Guillo S. et al, 2009; Erasov V.S. et al, 2015; Sieben P.G. et
al, 2023; Pokidko B.V. et al, 2023). TaraH OEHTOHUT Ca3bIHBIH HETI3r KOMIIOHEHTIHE
MOHTMOPHJIJIOHUT KaTa/Ibl.

By xymbicTa anrai pet TaraH KeH OpHBIHBIH OCHTOHUT ca3bl Heri3inaeri [Tukepunr
AMYJIbCHSUIAPBIH TYPAKTaHABIPY 3epTTeiiai. [IMKepuHT 3MyJbCUsIApbIH aay YIIiH
OCHTOHMT Ca3bl CYCIICH3UsChI Mail (pa3achiMeH (MHUHEpabl Mail) apaiacThIPbLIIbI.
Cy MeH Maii (pa3achiH opTYpJIi KaTbIHACBIHAAFRI (4:6, 5:5, 6:4) sMybCcUsIIap albIHIbI.
Cynbl (a3a peTiHje aJIbIHFaH Ca3 CYCICH3USACHIHBIH KOHIEHTpAIUsichl 3 % OoJIbII
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JMAUBIHIANIBI, Ca3 YHTAFbl OTKI3TIMTIIT 63 MKM EJeKTeH OTKI3UITeH (paKIusIChl
aneiaabl (I cerHama).

OMyNbCUSHBIH TYPaKTBUIBIFBIH CHUIIATTAy YIIIH OONIHIeH Cy (a3achblHBbIH KeJeMi
yakbIT OoiibIHIIa Oakpansl (1-4 cyper).

0 30 60 90 120 150
——4:6 —@—55 6:4
t (MUH.)

Cyper 1 — Ca3 MukpoOeekTepiMeH TYpaKTaH/(bIPBLUIFaH AMYITbCHIAPBIH OY3blTy KHHETHKACHI,
TOMOTEeHHU3aNNs yakbITEl 5 MuH. (I chiHama).

EH TypaKTBUIBIKTBI Ccy-Mail KaTbiHachl 4:6 O6onasl. by sMynbcusiHbIH eMip cypy
yakbIThl 340 MUH KepceTTi. 5:5 >xoHe 6:4 CynblH Maiffa KaTbIHACHIHAH aJIbIHFaH
IMYIIBCUSUIAPBIH KbI3MET €Ty Mep3iMi coiikecinmie 280 MuH sxoHe 130 MuH O0nabL.

60
ju

40

20 /./.——o—o—o—o—o—o—ot

0 &

0 20 40 60 80 100
t (MUH.)
——4:6 —@—5:5 6:4

Cypet 2 — Ca3zpl TYpaKTaHIBIPBUIFaH AMYIbCHSIAPABIH OY3bITy KWHETHKACHI, TOMOTCHU3AIIIS
yakpITHl 10 MUH.

CynblH Maiira KaTblHACKI Oipaeit sMmybcusinap 10 MUHYT OOMBI 3-1111 KB TAMIBIKIIEH
apanacteipsiiipl. Cy dazachiHbIH OeriHyl OaliKalapl JKOHE alblHFaH MONIMETTep
OoiibiHma Tpaduk (2 CypeT) TYPFBI3BULIBL. OMYIBCUSHBIH OMIp CYpPY VYakbITHI
IKCTPANONSALUSIAY aPKbUIbI aHBIKTAJIbI.

MyHza eH YJIKeH TYPaKTBUIBIKTHI 4:6 KaTbIHACTAFbl Cy-Mail 3MYJIbCHSICHI KOPCETI,
OHBIH eMip cypy Mep3imi 105 MuH 6onabl. 5:5 xoHe 6:4 CcynblH Maiifa KaTblHACKIHAH
aJBIHFaH SMYJIBCHSUIAPABIH OMip CYpy Mep3imi coiikeciHmre 65 muH xoHe 30 MUH
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OOJIIBI.

Atan eteTiHi, OyJ1 KaFdaina OapibIK AMYJIbCUSIAPIBIH KbI3MET €Ty Mep3imi 5
MUHYT I1IIiHJE TOMOTCHU3AlUs KE3iHJC allblHFAaH AMYJbCUSIAPMEH CalbICTBIPFaH/a
KBICKA OOJIIBL.

100
80

X 60
T a0
20 7
. N/./.—.—.—.—.—.—.—.—.
0 20 40 60 80 100
t (MuH.)
——4:6 —@—5:5 6:4

Cypet 3 — Caszbl TypaKTaHIbIPbUIFAH SMYIbCHSIAPIBIH OY3bUTy KUHETHKACHI,
roMoreHu3anus yakbitel 20 MUH.

CyzblH Malira KaTbIHAChl OipJeit amynbcusuiap 20 MUHYT OOMBI 3 KbLIIaMIBIKIICH
apajacThIpbLIIbl. bakbliayaapaH ajablHFaH MAIMETTEP/Il 3 CYpPETTeH Kopyre 00Jabl.

EH ynkeH TypakThUIBIKTBI Cy-Mail KaTblHachl 4:6 >koHe 132 MHUH KBI3MET €Ty
Mep3iMi 6ap amynbeust kopcerTi. CyblH MyHaiira 5:5 jxoHe 6:4 KaTbIHAChIHAH aJIbIHFaH
AMYIIbCHSIIAPIBIH KBI3MET €Ty MEeP3iMi COHKeCiHIIe 65 MUH skoHEe 49 MUHYTThI KYpaslbl.
20 MUHYT apalacThIpFaH[a aJbIHFAH SMYIbCUSIIAPABIH TYPAKTHUIBIFBl MHHYTTApP
00Iibl apanacTelpraH/ia aJlbIHFAHHAH JKOFaphl, OipaK 5 MUHYT OOHBI apanacThIpraHia
aJIBIHFaH AMYJIbCHsIAPIaH a3 OOJIJIbI.
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Cypert 4- Cazzpl TypaKTaHABIPBUIFAH SMYIbCHIAPABIH OY3bUTy KUHETHKACKHI,
roMoreHu3anus yakoItol 30 MUH,
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CynbiH Maiira KaTbiHachl 4:6, 5:5 sxoHe 6:4 GonateiH aMyabcusiap 30 MHHYT OOHBI
apajacThIpbUIIbL. bakplnaynapiaH anblHFaH MOIMETTEpl 4 CypeTTeH Kopyre 0oaibl.

4 cypeTke colikec €H YJIKEH TYpPaKTBUIBIKTHI Ccy-Mail apakarbiHachl 4:6 xoHe 60
MHUH KbI3MET €Ty Mep3imi Oap smynbcusi xkepcerti. CynblH MyHaiira 5:5 xone 6:4
KaTbIHACBIHAH aJIbIHFaH SMYJbCUSUIAPABIH KbI3MET €Ty Mep3iMi coiikecinme 45 MUH
XKoHE 29 MUHYTTBI KYPaJibl.

5 MUHYT apajacThlpfaHia ajblHFaH OMyJbCHs Oacka OSMyJbCHSAJIapMEH
canbicTeipranza (10mun, 20MuH xoHe 30MHH) JKOFapbIpaK TYPaKTBUIBIK KOPCETTI.

I- kectege 5 MHMHYT apanacThIpFaHAa TYPaKThIpaK SMYIbCUSIIAD AJbIHATHIHBI
kepcerinred. 30MUH  apanacThlpy apKbUIbl AJBIHFAH AMYJIbCHSIIAPABIH TYPaKTbI-
JIBIFBIHBIH TOMEH OOMyBl OYJ1 YaKbITTBIH MYKHUST apalacTbIPbI, KOOIpEK IMYIbCHS
TY31IyiHE JKETKUIIKCi3 ekeHiH kepceremi. CoHmal-ak auCIiepcHsi Ke3iH/e alIbIHFaH
AMYIBCUSUIAPABIH KbI3MET eTy Mep3imi 10-20 MunyTTaH Ko, Oy MyH/Iall skar naitnapaa
TYPaKTBUIBIFBI TOMEH dMYIbCUSUIAPBIH J1a aJbIHATHIHBIH KepceTeni. by y3ak yakbIT
apajacThIpFaH Ke3/1e dIMYJIbCHUSHBIH TY31Tyl )kaHa/laH bLABIPANIbL.

Kecte 1 — DMyIbCHSHBIH TYPaKTHUIBIFBIHA ©3TePY YaKbITEIHBIH dcepi

t, MHH 5 10 20 30
Cy-Maii KaTbIHAaChI A, MuH A, MuH A, MuH A, MuH
4:6 340 105 132 60
5:5 280 64 65 45
6:4 130 30 49 29

OCBIHBIH HETI31He SMYIILCHUS aly YIIiH Maii MeH ¢y (hazajapblH apaiacThIPYIbIH 5
MUHYTBI SMYJIbCHSIHBIH OHTANJIbI YaKbIThl €KEH1 aHBIKTAIIIBI.
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Cypet 5 — Ca3zpl TypaKTaHIbIPBUIFAH SMYIbCHSIIAPABIH OY3bLUTy KHHETHKACHI, TOMOTCHU3AITUS
SKBUIIAMIBIFEL 4.

S-mi cyperTe cy MeH Mai (pa3achlH OpTYpii KarThblHAcTa 4 IKBULIAMIIBIKIICH

apallacThIPy apKbUIbI aJIbIHFAH JIepeKTep kepceTiuired. by xbuimamasik 25000 aiin/
MUH. OJICTTETiZIcH, €H TYPaKTBhICKI Cy MEH MyHaiiiblH 4:6 KaTblHACBIHIA aJIbIHFaH
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AMYIbCHsI OOJJIBI, OMIpP CYPY Y3aKThIFbl 436 MUH OOJIbL. 5:5 xoHe 6:4 KaThIHACBIHJA
AJIBIHFaH AMYJIbCHSIIAPIBIH KbI3MET €Ty Mep3iMi colikecinme 150 muH xoHe 60 MUH
Oonnmbl. [omMoreHu3amusi Ke3iHJe ajblHFaH Cy MEH MalJblH 4:6 KaTbIHACBIHJAFbI
AMyJbCUNIAp 3 KbUIAAMIBIKICH alblHFAHAA CY MEH MailblH N OChl KaTbIHACHIHIA
4-111i KBUITIAM/IBIKTA QJIBIHFAH AMYJIbCUSFA KaparaHja TYPaKThUIBIFBl TOMEH. Aaiina,
5:5 xoHe 6:4 KaTbIHACKIH]IA AJIBIHFAH dMYIbCUSIIAPBIH 3-1I11 )KbUIIAMIBIKTA aJIbIHFaAH
yJIrinepi 4-1i KbUIIaMABIKTA allbIHFAH AMYJIbCHsUIApPIaH KaparaH/aa TYPaKThUIBIFBIH
y3arbIpaK CaKTalbl.

Cy (a3zacsl MeH allbIHFaH SMYJILCUS KAHTaIaH a3/al apaiacca Ja, SMYJIbCHS TYPAKThI
0OJIBITT KAJIATHIHBIH aTar oTKeH jkoH. Cy TaMIIbuIapbl OYKia KeJeMre Tapaiaibl XKoHe
IIaFbIH 3MYJIbCUSIIAP aHBIK KOpiHeli. bysl KbI3FbUIT OCHTOHUT Ca3bIHBIH OOJIICKTEepiH
YKOFaphI caralibl 3MYJIbCUS TYPAaKTaHIBIPFBIIITAPEI PETiH/IE NaliananyFa 00JaTbIHBIH
KepceTei

Kecte 2 — Apaﬂacnﬂpy KbUIAAMIbIFbIHBIH OMYJIbCUAHBIH TYPAKThLUIbIFbIHA chpi

3- 4-
ApanacTbIpy JKbUIIAM/IBIFbI 10000—19900 aiir/MuH. 25000 aita/mMuH.
Cy-Maii KaTbIHaChl A, MuUH A, MuH
4:6 340 436
5:5 280 150
6:4 130 60

2- Kectele cy JkoHe Mail (dazanmapblHblH 4:6, 5:5 jxoHe 6:4 KaThIHACBIHJIA
FOMOTEHHU3ATOPIbIH 3-1111 )KOHE 4-1111 K bIIIaM/IbIFbIH/IA TYPAKTAHFaH 3MYJIbCHUSIAPIbIH
eMIp CYpY YaKbIThl OCpireH. AJIbIHFAaH HOTIKEJEpPre cali €H TYPAKThl SMYJIbCHS
4:6 kaTbIHHAcCTarbl (Cy-Mail) JUCHEPraTOpIbIH 4-11 SKbUIJAMIBIFBIHAA aAJIbIHIbI.
By cy-maiiapiH OapiblK KaThblHAChIHA KaThICThl eMec. Cy MEH MaijibiH 5:5 xoHe
6:4 KaThIHACBIH/A JKACaJFaH AMYJIbCUSJIAD apanacThIPyAbIH 3-II1 KbUIIaM/IbIFbIH/IA
CaJIBICTBIPMAJIBI  TYPJE JKOFapbl TYPAKTBUIBIK KepceTTi. Auaiijja  MaKCHMaJJIbl
KOPCETKIIl OepreH ToMOreHu3aropablH 4 kbuiaaMibeirel (25000 aitn/muH) anga
AMYIIbCHSUIAP/IbI TYPAKTAHBIPY YIIIIH OHTAMIBI KOPCETKII PETIH/E TaHIaJIbl.

Toxipube HoTHXKEC] OolibiHINA TaraH KeH OpHBIHAH albIHFAaH OCHTOHUT Ca3bIHBIH
MukpoOesmiekTepi [TukepuHT 3MyJIbCUSIIAPBIH aTybIHA KapaMIbLIBIFBl aHBIKTAJIbI.
Cas3 Oenmiexrepi aucriepeTi paza TaMIIbUIAPHI OCTIHAC aICOPOLUSIIAHBIIN, CTEPUKAIIBIK
MEXaHUKAJIBIK O0apbep TY3y apKbUIbl 3MYJIbCUSHBIH CTa0WIM3ALMSICHIH KaMTaMachl3
eTeqi.

TaakpLiay

6 cyperTe KepiHin TypraHaail cy/Mal KeJeMJIiK KaTbIHAChl 4:6 xoHe 5:5 OonraHaa
OIMYIILCUSUIAPBIH TYPAKTBUIBIFBI OipJei Aepiik >koHe 6:4 KaTblHACBIHA KaparaHzia
JKOFapbl €KeH1 KepCeTiui. AJaiia, yakplT ©TKeH CaliblH OapliblK KaThIHACTAFbI
amynbcusiapaa cy ¢asacel Oedir, ipi ca3 Oesiiekrepi mereai. bBeHTOHUT OesiekTepi
rupoQuiibai  OOJNFAHIBIKTAH, aJbIHFAH AMYJIbCUSJIAPJBIH THUI Typa OOJIbl,
SIFHU CyJaFbl Mall SMyJbCHsUIapbl Ty3ineni. bankpodT epexeciHe colikec, Typa
OMYIILCUSUIAPBIH TYPaKTaHABIPY YIIiH THAPOQMIbAI Oenuiekrep (SFHHU, Cynbl (azara
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KATBICTBI ©JIIIEHTeH XyFy Oypbimbl 90° Tomen 6omnaner) (Gonzalez O.D. et al,2020).
6 cyperte cy/mMail (pazachiHbIH 4:6 KaThIHACBIHAA TY3UJIT€H SMYIbCUSHBIH ONTHUKAJIBIK
MHUKpOCYpeTi OepifireH, CyperTe KOpiHill TYpFaHAal SMYIbCUSl TaMILbUIAPBIHBIH
JUCTICPCTIIITT OPTYpil JKOHE TaMIIbLUIAP/BIH OJIIeMi ipi OOJFaHBI SMYIbCUSHBIH
CeIMMEHTALUSUIIBIK TYPAKTBUIBIFBIHBIH TOMEH OOTYbIHA QJIBIN KEJe/i.

Cypet 6 — BeHTOHHUT ca3bl OemeKkTepiMeH TYPaKTaHIbIPBUIFaH IMYIbCUSIHBIH MHKPOCYPETI, Cy/
Maii KaTeIHachI 4:6.

[TukepuHT 3MyJIbCUSIIAPBIHBIH TYPAKTBUIBIFBIH APTTHIPY YLIIH KAaTThl O6JIIIEKTePAIH
eIIeM/IepiH TOMEH/IETY KaKeT, OUTKEeH1, OOIIeKTepIiH onmemMaepi HeFypiabIM YCaK
0oJ1ca, COFYPIIBIM AMYITbCHSIHBIH TUCTIEPCTLNIT ToMeH Oomazasl (Gonzalez et al.,2020;
Koroleva et al.,2022). ConabIKTaH, 3MyIbCUSIAPABIH TYPAKTHUIBIK YaKbITBIH Y3apTy
MaKCaTbIMEH Ca3 YHTarbl KOCBIMIIIA IIaHEeTapibl JuipMenae ycakrans! (I ceraama).
KoceiMina gucnepcusnanran ca3 OeJIIEKTEPiHIH €H BIKTUMal oprama emmemi 10
MKM-T€ TE€H eKeHi JIa3epIiK MIambipay 9/1ici KeMeriMeH aHbIKTaIbl (7 cyper).
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a) caHbUIaylIaphbl 63 MKM €JICKTECH OTKEeH ca3 Oemiekrepi, I cerHama
9) KOCBIMIIIA AUCTIEpCHsUIaHFaH ca3 Oemekrepi, Il ceiHama

Cyper 7 — TaraH KeH OpHBIHBIH OCHTOHUT Ca3bl OOIIIEKTEePiHiH oJmeMi OOHbIHIIA TapaTysl.

124



Volume 1, Number 466 (2026)

7 cypetrte KepiHin Typranaai | cerHama OesiekTepiHiy emeMepi OoHbIHIIA Ta-
PaTybICYCIICH3USHBIH TOJIUANCIICPCTI EKeHIH KOPCETE/i, IFHU OOIIICKTEP i H OIIeMAepi
opTypai, ipi OenmiekTepliH Naiina OOMybl ca3 O6JIIeKTepiHIH arperarTaHybIMeH
Tycinaipyre Oomaapl. Il chiHama KepiciHIE MOHOAMCIIEPCTI >KyHenepre XKaraabl
YKOHE OOJIICKTEeP/IiH AUCIICPCHSIIaHY bl SMYIbCUSHBIH TYPAaKTBUIBIFBIH KOFapIaTyblHA
okeneni. CoHbIMEH Oipre, OCHTOHWT Ca3bIHBIH Ka0aTThl CHJIMKATTapFa KaTaThIHbI
[MukepuHT SMyIbCUSUIAPBIHBIH TYPAKTBUIBIFBIHA OH ocep eTelli, OUTKeHI KaOaTThl
OemmexTep aucnepcTi (haza TaMIIbIIapAbIH OeTiHAE aAcopOLMsIIaHybl THIMII.

8 cyperre Il chiHama cycrieH3usIChl KOHIICHTPALUSCHIHBIH dcepi 3epTTeiai. beHToHuT
caz OeImIeKTepi KOHIICHTPAIMSICHIHBIH KOFapblUlaybiIMeH [IMKEpUHT 3MYIIbCUSCHI
TYPaKTBUIBIFBIHBIH 1A )KOFAPBUIANTHIHBI KOPCETUIII.
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Cypet 8§ — Ca3 cyCcrneH3HsAChl KOHIICHTPALMSACHIHBIH SMYJIbCHUS TYPaKThUIBIFbIHA ocepi, (II ceraama).

OMYNbCUSHBIH ~TYPaKTBUIBIFBl JKOHE TaMINbUIApIbIH —OpTalla ejmeMi cas
CYCIIeH3HSICHIHBIH KOHIIeHTpanusicbiHa Tayenai (Gonzalez et al., 2020). Ca3apIH KaTThl
OedIeKkTepi SMyIbraTopiiap peTiHje SpeKkeT eTy YIIIiH, oJap Mai MeH Cy IIeKapachlHaa
aICOPOIMSTIAHYBI KePEK OOJFaHIBIKTaH, SMYIbCUSI TYPAKTBUIBIFBI MHUKPOOOIIIEKTED
KOHIICHTPAIMSIChIHA MPOMOPIIMOHAIIBI TYpae apTaabl. Jucrepeti (aza TamInbLiapsl
OeJIIIeKTep/IiH THIFBI3 OPHAIIACKAH KaOaThIMEH jKa0bLTYhl apKbLITHI )KOHE OCHTOHHT ca3
OemeKTepiHiH TUCTIEPCUSIIBIK OpTaaa iCIHII KoaJaeCIeHIIMSHBIH aIbIH alajIbl.

1. Maitns! dazacel (MuHepanasl Maid) 2. Maiiisl (a3achl (KOKOC Maiibl)

Cyper 9 — TaraH KbI3FbUIT OEHTOHUT Ca3bIHBIH MHKPOOOIIIIEKTEePl KOMETiMEeH TYpaKTaHABIPbUIFaH
OMYJIbCHUSIIaH JKacallFaH KpeM YIrinepi.
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JKyprizinren Toxipubenep Herizinge TaraH KeH OpHBIHIAFBI KbI3FBUIT OCHTOHUT
Ca3bIHBIH AMYJbCHSIAPAbl TYPAaKTaHABIPA alaTbiHbl aHbIKTangbl. COHBIMEH Kartap,
KBI3FBUIT OCHTOHUT Ca3bIHBIH OOJIIeKTepiMeH TypaKTaHAblpbuiran [lukepuHTr
OMYIBCHUSCH HETi3iHAe €Ki yJATrile Koifa apHajfaH Kpem AalbiHgangsl (9 cyper).
Ocel MakcaTTa epTeleH Oenrim pelent KOJNJAAHBULILI, Oipak OCHTOHHT Ca3bl
MHUKPOOHOJIOTHSUIIBIK ca3 OOJFaHABIKTaH, KpeMIe KOJIAaHbUIATbIH KOHCEPBAaHTTAPAbIH
Maccacbl 1 rpamm opHbiHa 2 TpamMm Oonnel. CoHnaii-ak, MUHEpaiIbl MaiabIH
TBIFBI3JIBIFBI TOMEGH OOJIFAaHIBIKTAH JKOHE KPEM CYHBIK OOJBIN LIBIFATBIHABIKTAH,
MUHepaiIbl MaiblHAH JKacalfaH >KOHE KOKOC Maibl KOCBUIFAH KPEeMHIiH €Ki yJrici
naiipraaanael. Kokoc MaiibiHaH qalibIHAAIFaH KPEM akK TYCTi XKoHe O1pKeIKi KYpbUTbIMBI
Oap. On Tepire *akchl COHKEC KeJlell XOHE BUIFAJIIaHIbIPaThIH dcepre ue. Al
MUHepanIbl MaiiiaH JalbIHAATFaH KPeM HO31K alIbIK CYT TYCTi, KEHIJT TeKCTypallbl
Ooubin mbIKTEL. COHBIMEH Oipre, KOCMETHKANBIK dMYIbCUSIAPAbl JalbIHIay Ke3iHae
ca3 KarThl OeJIIeKTepi OHIMHIH PEOJIOTUSIIBIK KACUETTEPiH (KOIOJIBIFBI, TYTKBIPIBIFDI,
KYpFaK KOHCHCTEHIMACHI) )KEHIJI peTTeyre MYMKiHIIK Oepei.

Kopsiteinasl. Hlsirsic KazakcTan o0abIchIHAA OpHanackaH TaraH KeH OpHBbIHAH
anblHFaH OCHTOHMUT Ca3bIMEH TYPAaKTaHABIPbUIFaH [IMKepuHT SMyNbCHsIIApbIH aTy
MYMKIHJIITr1 KepceTinai. BEHTOHHUT KBI3FBUIT Ca3bIHBIH XUMHUSIIBIK KYPaMbl aHBIKTAJI b
Si0, - 64.7 %, ALO, - 27.04 %, MgO - 5.1 %, CaO —2.09 %, Na,0 — 0.55 %, FeO —
0.53 %. bentonur ca3 GemnekTepi HeTi3iHAe anbiHFaH [IMKepUHT SMYIbCUSIAPBIHBIH
TYPaKTBUIBIFBIHA OPTYPIl (pakToplapiblH dcepi, COHBIH imIiHAe, ca3 OeNIeKTepiHiH
eJIIeMi, Ca3 CyCIEH3HsJIaphIHBIH KOHIEHTpauusichl 3eprrenai. Ca3 OemmekTepi
emmeMi 10 MKM-Te AeliH AUCHEPCUSIIaHYbI, SMYIbCHUS TYPAKTBUIBIFBIH KOFAPIATTHL.
BeHTOHUT ca3bl CycneH3WsICHIHBIH KOHIEeHTpauusicel 3% TaH 5 % apTKaH Ke3ne,
[TukepuHT SMYIbCUSIIAPBIHBIH TYPAKTBUIBIFBL Ja JKOFaphl 00IaThIHBI aHBIKTAIABL. By
aucrieperi (aza TamiubUiapel OeTiHge OeimiekTep aacopOLUsUIaHBIN, CTEPHKAIBIK,
MeXaHHUKaJbIK O0apbep Ty3el )KoHE ca3 CyCIEH3USICHIHBIH KOHUIEHTPAIHICHI JKOFaphl
OonraHga OCHTOHMT ca3bl AUCIEPCHSUIBIK OpTaAa iCiHIN TaMIUbLIapAbIH Oipiryine
KeAepTi KenTipemi.

3eprreynep TaraH KeH OpHBIHAH aJbIHFAaH KBI3FBUIT OEHTOHHUT Ca3bIHBIH
MHUKPOOOIIIEKTEPl AMYIbCUSUIAPAbl TYPAaKTAHABIPATHIHBIH JKoHE OeTTik OesceHai
3aTTapAbl aIMacThipa alaThIHBIH KepceTTi. [IMKkepuHr SMyNbCUSCHIH TYpaKTaHABIPY
MeXaHHU3Mi )KOHE IMYJIbCHSIHBIH TYPAaKTBUIBIFbIHA 9CEP €TETiH (DaKTopiap cUMaTTajIFaH.
Anprarad [IukepuHT SMyIbCUsIIapbIH KOCMETHKA OHAIpICiHAE KONAaHyFa 00naabl.

BenToHUT KBIBFBUIT ca3 OenmiekTepiMeH TypakTaHAblpbUFaH [lukepuHTr
AMYIbCHSIIAPHI HETI31HJE TYPAaKThl KOCMETHKAJIBIK KpeM JailblHAaNIbl. EmiMizmiH
TEPPUTOPHUSCHIHAH aJIbIHFaH KBI3FBUIT OCHTOHHMT Ca3blHBIH MHUKPOOONIIEKTepiMeH
TYpaKTaHABIPbUIFaH [IMKepUHT SMYIbCHsIIAPbIH KOCMETUKAIBIK KypaMa KOoJJaHyFa
0O0JIaTBIHBI KOPCETII.

Anzvic: Aemopaap Qu3UKaA-XUMUATLIK MAn0ay 20icmepi OpmanbleblHbIY 21eKMpo-

XUMUSATILIK  OHOIPIC MEXHON02UACHL 3ePMXAHACLIHbIY Kbl3MemKeplepiHe Kadicemmi
manoaynap sxcypeizeeHi yulin aigolc 0in0ipedi.
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Myodoenep Kakmuizvicol: Asmopnap Oy Makanada 63apa myooenep KaKkmvlablCbl-
HBLH HCOKMbIELIH MATIMOCUOL.
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Abstract. In this paper, the processes of sorption and desorption of rhenium ions
Re(VII), molybdenum Mo(VI) and tungsten W(VI) from model aqueous solutions are
studied using a series of interpolymer systems based on the strongly acidic cationite
KU-2-8(H") and the strongly basic anionite AV-17-8(OH"). The aim of the study was
to develop and optimize interpolymer systems for the selective extraction of rhenium
ions in the presence of molybdate and tungstate ions. The sorption process was studied
under static (batch) conditions by varying the contact time between the solution and
the interpolymer systems with different component ratios. The study showed that the
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determining factors for the sorption process are the composition of the interpolymer
system used and the duration of phase contact during which the phases interact. The
highest sorption capacity was observed for the KU-2-8(H-): AV-17-8(OH-) system at
a molar ratio of 2:4, where the degree of rhenium removal exceeded 85-90%, and the
residual concentration decreased from 150 to 13.5 mg/L in 48 hours. Desorption studies
using 4 M HCIl confirmed the reversible ion-exchange mechanism of rhenium binding;
the degree of desorption reached significant values, which indicates the possibility of
sorbent regeneration without significant loss of activity. The results obtained demonstrate
apronounced synergistic effect of the KU-2-8(H+): AV-17-8(OH-) interpolymer systems
in comparison with individual ionites and confirm the prospects of their use for the
selective extraction of rhenium ions from multicomponent industrial and technological
solutions containing molybdate and tungstate ions.
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exchange
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Aunnoramusi: byn sxkymeicta pernii nongapweiabiH Re(VII), momubmen Mo(VI)
xoHe Bosb(pam W(VI) MozenbaepiHiH Cyibl epiTiHILIEpIHEH COPOLUACH MEH
JICCOPOIIMSACHI MPOLIECTEPl KOFAphl KbIIKbUT KaTHOHUT KY-2-8(H+) sxoHe koFapbl
Herizni annoHuT AB-17-8(OH -) Heri3inmeri MHTEpHONMMEpINi KYHEJEp CEepHsCHI
apKbUIbl 3epTTENIe/l.). 3epTTey/iH MaKcaThl MOJIHOAAT OHE BOJIb(paM HMOHIAPBIHBIH
KaTBICYbIMEH PEHHI HOHIAPBIH IPIKTEN ATy YIIiH HHTEPIIOIUMEPITiK KYHesep/i a3ipiey
JKOHE OHTaimaHabIpy Oosbl. CopOIust mpoiieci CTaTUKaIbIK (MAKETTIK) JKarjaaina
epiTiHAI MEH WHTEpIIOoNUMEp JKyienepi apachlHAarbl OaijlaHbIC YakKbITBIH Op TYpIi
KOMIIOHEHTTIK KaTbIHACTAPMEH ©3repTy apKbLIbl 3epTTeii. 3epTTey KOpCEeTKEHJEH,
copOIsl TPOIIECIHIH aHBIKTAyIIbl (aKTOpIapbl KOJJAHBUIATBIH HHTEPIIOIHMED
JKYWECIHIH KypaMbl jkoHEe (asajap e3apa OopeKeTTeCeTiH Qa3aiblK OailaHBICThIH
Y3aKThIFbI 00JIbIN TaObUIa bl EH jKOFapbl COPOIUSIIBIK ChIMBIMIBLIBLIK Ky-2-8(H-): AB-
17-8 (OH -) xxyiieci yIiH MOJISIPJIBIK KaTbIHACKI 2:4 Ke3iH/e OaiKai bl, MyHa PeHUH I
KeTipy gopexeci 85-90% - naH acThl, al KJIBIK KOHIIEHTpanuschl 48 carar iminae 150-
nen 13,5 mr/JI-re neitin temenneni. 4 M HCI kemeriMeH aecopOLUSUIBIK 3epTTEyIIEp
peHUIIMEH OaiyIaHBICY/IbIH KAWThIMJIbI KOH ajiMacy MEXaHHM3MIH pacTajibl; 1ecopOLus
JIOpEekKeCi MaHbI3Ibl MOHIEPTE JKETTI, OYJI OCJICEHAUTIKTIH alTapIbIKTall )KOFaTybIHChI3
COpPOCHTTEPAIH pereHepalisiiany MYMKIHAIMIH KepceTeni. AJbIHFaH HoTHxenep ku-
2-8(H+): AV-17-8(OH-) wuHTeprionumepii JKyHeJIepiHiH >KEKEIereH HOHUTTEPMEH
CaJIBICTBIPFaH/Ia alKbIH CHHEPIeTHKAIBIK 9CEPIH KOpCEeTedl jKoHe oJapabl Monudaar
IeH BoJb(pamM HOHAAPHI Oap KOl KOMIIOHEHTTI ©HEPKACINTIK YKOHE TEXHOJOTHSIIBIK
epiTiHALIepieH peHMi HMOHJAPBIH IpIKTEN aly YUIH KOJJaHy IepCleKTUBAAphIH
pacraisl.

Tyiiin ce3nep: pernii; MonuOIeH; Bob(pam; copOLUs; HHTEPIOTUMEPITIK KyHenep

131



ACADEMIC SCIENTIFIC JOURNAL OF CHEMISTRY

© ®umep /.., xkymaauiaos T. 2, Xanouniok FO.3, Toitnanoaii I,
Baitmmbexos A.*, 2026.
' AO «MHCTUTYT MeTaTyprud 1 oboraieHus pya», Yausepcuretr Carbaesa,
Anmarel, Kazaxcran;
2 AO «MucTuTyT XuMu4eckux Hayk uM. A.B. bektypoBa», Yausepcuretr Carbaesa,
Aunmarel, Kazaxcran;
 TnanbCKHi TEXHOJIIOTHYECKHUI yHUBEpCHTeET, [ 1anbek, [Tombiia;
4 Kazaxckuii HaIMOHAIBHBIN MTeIarOTHYECKNl YHHBEPCUTET M. Abas,
Anmarel, Kazaxcran.
E-mail: abayshibekov(@gmail.com

HUHTEPIIOJIMMEPHBIE CUCTEMBI KU-2-8:AV-17-8 JIJIsA
CEJIEKTUBHOWM COPBIIMU PEHU S, MOJIUBJIEHA U BOJIb®PAMA

Oumep JlaMeTkeH — 3aBeIyIOIUi J1abOpaTopueil PEeIKHX PpacCesIHHBIX DIIEMEHTOB, KaHAWJAAT
xuMH4Yeckux Hayk, AO «/IHCTUTYT MeTaJuTypruu u odoramieHus pya», Yausepcuter CardaeBa, AnMarsl,
Kazaxcran,

E-mail: d.fischer@satbayev.university, ORCID ID: http://orcid.org/0000-0001-8326-1545;

JxymanniaoB TaakbiGek — 3aBeAyroIuil 1abopartopucii CHHTE3a MOJIUMEPOB U (HU3UKO-XUMHUH, JOKTOP
XUMHYECKUX Hayk, rnpodeccop, AO «MHcrutyT xuMuueckux Hayk uMm. A.b. Bekryposay, YHuBepcurer
CarbaeBa, Anmarsl, Kazaxcran,

E-mail: jumadilov@mail.ru, ORCID ID: http://orcid.org/0000-0001-9505-3719;

Xanoniok I03e¢d — npodeccop, [mansckuii TexHomorndeckuii yuusepcuter, [ nansck, [lonboa,

E-mail: jozef.haponiuk@pg.edu.pl, ORCID ID: http://orcid.org/0000-0001-6377-7050;

Toitnan6aii I'yienapa — mragmmit HayuHslid cotpynHuk, AO «MHCTHTYT MeTaulyprui 1 00oramieHus
pym», YausepcureT CarbacBa, Anmarsl, KazaxcraH,

E-mail: toilanbay g@mail.ru, ORCID ID: http://orcid.org/0000-0001-5926-6610;

BaiimmbexoB ApmaH — Muaquuid HayuHbIH cOTpyaHUK, AO «HCTUTYT MeTaUTypruu M 00OTalleHUs
pyn», Yuausepcuter CarOaeBa; Kazaxckuii HallMOHANIBHBIN IEIarOTHUCCKUIl YHHBEpPCHUTET UM. Abas,
Aunmarsl, Kazaxcras,

E-mail: abayshibekov@gmail.com, ORCID ID: http://orcid.org/0000-0003-3704-9425.

AunHoTtamusi: B nmanHON paboTe M3yueHBl MNpOILECChl COPOLMU M JIecOpOLUH
nonoB penust Re(VII), momubnena Mo(VI) u Bombdpama W(VI) u3 MomenbHBIX
BOJHBIX PACTBOPOB C HCIIOJIb30BAHMEM CEPUU HMHTEPIIOJMMEPHBIX CHCTEM Ha
OoCHOBe cuiibHOKHCIOoTHOrO KarnoHuta KU-2-8(H-) M CHIBHOOCHOBHOTO aHHMOHHUTA
AV-17-8(OH-). llenpto wuccnemoBaHusi SBIsETCS pa3padOTKa H  ONTHUMHU3AIHS
WHTEPIIOIMMEPHBIX CHUCTEM Ul CEJICKTUBHOTO M3BJICUCHHS WOHOB pPCHHUS B
NPUCYTCTBHMM HOHOB MoyiMOnara W Boib(pamara. [Ipomecc copOumu u3ydajics B
CTaTHUECKUX (NEPUOANYECKHUX) YCIOBHAX MYyTEM BapbUPOBaHMS BPEMEHH KOHTAKTa
pacTBopa ¢ MHTEPIOJIUMEPHBIMU CUCTEMaMH Pa3IMYHOTO COCTaBa. YCTAHOBIEHO, YTO
OIPEIEISIOMUMHE (PaKTOPAMHU MPOLIECCca COPOIMH SBIISIFOTCS COCTAB HHTEPIIOIMMEPHOM
CHCTEMBbl W TPOAOJDKUTENHFHOCTh (ha30BOro KoHTakra. Hawmbonbmas copOruoHHas
émrocTh HaOmromanack mnst cuctembl KU-2-8(H):AV-17-8§(OH) mnpu moibHOM
COOTHOIIIEHUH 2:4, rae cTeneHb yaaneHus peHus npesbimaia 85-90%, a ocrarouHas
KOHIIEHTpalus cHuxkanach co 150 mo 13,5 mr/n B Teuenue 48 yacos. MccnenoBanus
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necopoumu ¢ ucnonb3oanueM 4 M HCI monTBepannu oOpatumblii HOHOOOMEHHBIH
MEXaHHM3M CBSI3bIBAHUS PEHHS; CTETNEeHb AECOPOLMH AOCTHralla BBICOKMX 3HAYCHUH,
YTO CBUCTENBCTBYET O BO3MOKHOCTH pereHepaunuu copOeHTa 0e3 CyIIeCTBEHHOM
oTepu AaKTUBHOCTU. IlonmydeHHBIe pe3ynbTaThl JAEMOHCTPUPYIOT —BBIpaKEHHBIN
cunepretnuyeckuil agpdekr narepnonumepusix cuctem KU-2-8(H-):AV-17-8(OH-) no
CPaBHEHHUIO ¢ MHIUBUAYAJIbHBIMH MOHUTAMH M MOATBEPKIAIOT MEPCHEKTUBHOCTh HUX
HCIOJIb30BAHUSA JUIs CEJIEKTUBHOIO M3BJIEUEHNS] HOHOB PEHUS N3 MHOTOKOMITOHEHTHBIX
TEXHOJOIMYECKHX PAaCTBOPOB, COACPKAIMX HOHBI MOINOaTa U BoJb(pamara.

KiroueBble cioBa: pennii; MonuOaeH; Bonb(ppaM; COpOLHsS; WHTEPIOIUMEPHbIE
CUCTEMBI

Introduction. Rare and dispersed elements such as rhenium, molybdenum, and
tungsten play a key role in modern industry due to their unique physico-chemical
properties and high thermal and chemical stability (Que et al., 2022). Rhenium, in
particular, is used in the production of heat-resistant alloys, catalysts, and electronics,
but its natural content is extremely low, and extraction from ore sources involves
significant technological difficulties (Xu et al., 2024). Therefore, the development of
effective and environmentally friendly methods for extracting rhenium from secondary
and industrial aqueous media containing related elements, molybdenum and tungsten,
remains an urgent task (Batueva et al., 2022).

In recent decades, there has been a growing interest in polymer and interpolymer
sorption systems with controlled properties, chemical resistance, and the possibility of
selective interaction with metal ions of various natures (Jumadilov et al., 2021). Among
them, acidic and basic ionites, such as KU-2-8(H*) and AV-17-8§(OH-), which are
capable of forming interpolymer complexes with improved characteristics compared to
individual resins, attract special attention (Dyussembayeva et al., 2024). The synergistic
effect resulting from the combination of cation- and anion-exchange components
provides an increase in the degree of sorption due to the combined action of electrostatic
and interphase interactions in the macromolecular matrix (Jumadilov et al., 2025).

Separate data on acid-base type interpolymer systems are presented in the literature,
however, complex studies devoted to the joint sorption and the process of releasing
Re(VII), Mo(VI) and W(VI) in an interpolymer system consisting of KU-2-8(H+)
together with AV-17-8(OH") and with varying molar ratios of components, are practically
absent. It has been shown that the rate and degree of sorption significantly depend on the
content of the anion-exchange component AV-17-8(OH) and the interaction time (Yu et
al., 2019). This necessitates a systematic study of the effect of the composition of the
interpolymer system and the contact time on the kinetics of the process, selectivity and
regenerative ability of the sorbent (Baishibekov et al., 2025).

The aim of the work is to develop and evaluate interpolymer systems KU-2-8(H"): AV-
17-8(OH) for selective sorption and partial desorption of rhenium ions from model
aqueous solutions in the presence of molybdenum and tungsten, to identify the optimal
molar ratio of components and to establish the basic patterns of sorption and desorption.

Methods and materials.
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Reagents and preparation of model solutions. Salts containing rhenium, molybdenum,
and tungsten ions were used to study sorption properties. Ammonium perrenate (NH-
ReO-) was used as a source of thenium, sodium molybdate (Na,MoO,-2H,0O) as a source
of molybdenum, and tungstic acid (H,WO,) as a source of tungsten. Model solutions
were prepared by dissolving samples of the corresponding salts in distilled water to a
concentration of 150 mg/L for each of the studied ions. The solutions were prepared
fresh before the experiments. The initial pH of the model solutions was adjusted to pH
= 5.5+ 0.1 by adding dilute NaOH or HCl solutions. The pH was controlled using a pH
meter and maintained constant throughout the sorption experiments. The ionic strength
of the solution was stabilized by introducing a neutral electrolyte background. The
temperature regime during the measurements was stabilized at 25 °C with a tolerance
of+1°C.

Interpolymer sorption Systems. The study materials were KU-2-8(H,) cationite
with pronounced acidic properties and AV-17-8(OH-) anionite, which belongs to the
strongly basic ones. A series of interpolymer systems with different molar ratios of
components was prepared from these ionites.: 6:0, 5:1, 4:2, 3:3, 2:4, 1:5 and 0:6 (KU-2-
8: AV-17-8). Each composition was formed by co-swelling the resins in distilled water
and then evenly mixing until a homogeneous phase distribution was achieved. Before
use, the ionites were washed with distilled water to a neutral reaction medium and
dried to a constant weight at room temperature. The mass ratio of the solid phase to the
liquid was 0.06 g per 100 ml of solution. All sorption experiments were carried out in
closed reaction cells with constant stirring on a magnetic stirrer until equilibrium was
established. All sorption experiments were carried out under static (batch) conditions,
where the interaction between the solid sorbent and the solution was studied as a function
of contact time at different component ratios.

Sorption procedure. Sorption kinetics was determined at different contact times:
0.5, 2.5, 6, 24, and 48 hours. After a predetermined period of time, aliquots of 5 ml
were taken from the reaction mixture to analyze the residual concentration of metals.
The concentrations of Re(VII), Mo(VI), and W(VI) in solution were determined
spectrophotometrically. All experiments were carried out in three repetitions; the results
were averaged; the discrepancy did not exceed 5%.

Desorption technique. After the completion of the 48-hour sorption process,
desorption experiments were performed to evaluate the reversibility of ion binding. 4
M HCI was used as the eluent. The amount of desorption was expressed as a percentage
relative to the amount of metal sorbed in the previous step.

Processing of experimental data. Sorption efficiency (1, %) was calculated by the
expression:

Co—Ce
=0 x 100% (1)
where C_ - is the initial concentration, C_— is the equilibrium concentration (mg/L)
The degree of desorption (R, %) was determined as:
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R — Mdesorbed X 100% (2)
Msorbed
The degree of binding (0, %) was calculated as the ratio of the number of metal ions
bound at time t (q,) to the maximum sorption capacity (qmax):

6= x100% 3)
dmax
The effective dynamic exchange capacity (Q, mmol/g) was determined by the
expression:

_ _Vsorb _ 0

0= Msorbent x 100% )

v, - the amount of the substance of the sorbed metal, mmol;

m_ . - weight of dry sorbent, g.

Results. Sorption kinetics and the effect of the composition of the interpolymer
system

The sorption of rhenium, molybdenum, and tungsten ions was studied in model
solutions at constant pH, ionic strength, and temperature. The ratio of solid to liquid was
maintained at 0.06 g per 100 ml, and the initial concentration of each ion was 150 mg/L.
To evaluate the sorption properties, a series of KU-2-8(H"):AV-17-8(OH) interpolymer
systems with molar ratios from 6:0 to 0:6 were tested. The residual concentration of
rhenium, molybdenum, and tungsten ions (C_, mg/L), depending on the contact time, at
various ratios of KU-2-8:AV-17-8 are shown in Figure 1.
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Figure 1. Residual concentrations of Re(VII)(a), Mo(VI)(b), and W(VI)(c) ions on KU-2-8(H):AV-17-
8(OH) interpolymer systems at different molar component ratios.

Figure (a) shows the dependence of the residual concentration of rhenium ions in

the model solution on the molar ratio of the components of the interpolymer system
KU-2-8(H+):AV-17-8(OH-) at different sorption times. As can be seen from the figure,
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in all the studied systems, with increasing sorption time, a decrease in the residual
rhenium concentration is observed, which indicates the gradual extraction of ions from
the solution and the sorption process. The highest residual concentration is recorded for
individual KU-2-8(H+) cationite (ratio 6:0), whereas the introduction of AV-17-8(OH-)
anionite leads to a noticeable increase in rhenium extraction efficiency.

For individual KU-2-8(H+) (6:0) cationite, the residual rhenium concentration
decreases sequentially with increasing contact time: from about ~130 mg/L after 0.5
hours to ~100 mg/L after 2.5 hours (a decrease of ~23%), ~92 mg/L after 6 h (-29%),
~85 mg/L after 24 h (-35%) and ~60 mg/L after 48 h (-54% relative to 0.5 h).

When switching to the 5:1 interpolymer system, an additional decrease in C. is
observed. So, after 0.5 hours, the concentration decreases from ~110 to ~96 mg/L, and
after 48 hours — from ~60 to ~40 mg/L (-33% compared to 6:0).

For the 4:2 composition, the residual concentration continues to decrease: after 0.5
hours — about ~100 mg/L, after 24 hours — ~35 mg/L, and after 48 hours — ~28 mg/L.

In the 3:3 system, the decrease persists, but becomes less pronounced: C. after 0.5
hours is ~96 mg/L, and after 48 hours — ~27 mg/L.

The most noticeable decrease in the residual concentration is observed at a ratio of
2:4 and 1:5. In these molar ratios of sorbents to each other, the minimum values for all
sorption times are fixed. For example, for a ratio of 2:4 from the initial 64 mg/L after
half an hour of sorption, 20 mg/L remains near the end of equilibrium, while for a ratio
of 1:5 from the initial 82 mg/L, 23 mg/L remains by the end of the experiment.

For the individual anionite AV-17-8(OH+) (0:6), the residual concentration increases:
after 48 hours, the residual concentration reaches ~26 mg/L.

Thus, quantitative analysis shows that:

* an increase in sorption time from 0.5 to 48 hours leads to a 2-3-fold decrease in the
residual rthenium concentration for all the systems studied;

* the transition from monocomponent ion exchangers to binary interpolymer systems
provides an additional reduction in C. by 30-70%;

» Optimal sorption characteristics are achieved at intermediate ratios of KU-2-
8(H+):AV-17-8(OH-) = 2:4-1:5, where the residual concentration is minimal (about 20
mg/L after 48 hours).

The results obtained indicate a pronounced synergistic effect of interpolymer systems
in the extraction of perrenate ions from multicomponent solutions.

The results of the study also showed that the determining factors of the sorption
process are the composition of the interpolymer system and the duration of the phase
contact. In the initial period (0.5-2.5 hours), mainly rapid extraction of Re(VII) is
observed, while sorption of Mo(VI) and W(VI) proceeds more slowly and reaches
equilibrium only after 24-48 hours.

Figure (b) shows the effect of the composition of the interpolymer system KU-2-
8(H+):AV-17-8(OH-) and the duration of phase contact on the residual molybdenum
content in the model solution. A pronounced time dependence can be traced over the
entire range of conditions studied: as the duration of the interaction of the solid and
liquid phases increases, the concentration of Mo(VI) in solution decreases sequentially.
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For the individual cation exchange resin KU-2-8(H-) (6:0), the values of C. remain
the highest among all samples. At the initial moment (0.5 h), the molybdenum content is
about~142 mg/L and gradually decreases to ~95 mg/L after 48 hours, which corresponds
to a decrease of about 33%. This indicates the limited ability of cationite to extract
molybdate ions.

The introduction of an anion-exchange component leads to a noticeable improvement
in performance. At a ratio of 5:1, after 0.5 hours, about ~137 mg/L is fixed, while by 48
hours the value decreases to ~83 mg/L. For the 4:2 system, a further downward shift of
the curves is observed: the final values reach ~65 mg/L.

With an equimolar composition (3:3), the decrease becomes more pronounced. At this
point, by the end of the experiment, the concentration of molybdenum is approximately
~60 mg/L, which is significantly lower than in cationite-enriched systems.

The deepest extraction of Mo(VI) is realized in the area of increased anionite
content. So, at a ratio of 2:4, after 0.5 hours, about ~ 100 mg/L is fixed, and by 48
hours the indicator decreases to ~ 43 mg/L. For the 1:5 composition, the final value
increases slightly to ~47 mg/L, but remains significantly lower than for mixtures with a
predominance of KU-2-8(H+).

For the individual AV-17-8(OH-) (0:6) anionite, a partial loss of efficiency is observed
compared to optimal binary compositions: after 48 hours, the residual concentration
increases to ~53 mg/L, which indicates the presence of a pronounced cooperative effect
in the interpolymer systems of intermediate composition.

Comparison of kinetic curves shows that the most intense binding of molybdenum
occurs in the first hours of contact, after which the process rate decreases markedly and
the system gradually reaches a steady level in the range of 24-48 hours.

In general, the obtained dependences demonstrate that:

— an increase in the proportion of the anion-exchange component contributes to a
more efficient removal of molybdate ions from the solution;

— the maximum effect is achieved in binary compositions with a predominance of
AV-17-8(OH-);

— individual ion exchangers are inferior in efficiency to interpolymer combinations;

— the equilibrium state for Mo(V]) is established more slowly than for Re(VII),
which indicates differences in the mechanisms of mass transfer and ion exchange
interaction.

The presented data confirm the important role of the composition of the interpolymer
system in controlling the selectivity of component extraction from multicomponent
solutions.

Figure (c¢) shows the change in the residual tungsten content in the solution depending
on the composition of the interpolymer composition KU-2-8(H+):AV-17-8(OH-) and
the duration of phase contact. The obtained curves demonstrate a systematic decrease in
the concentration of W(VI) with an increase in the interaction time, which indicates the
gradual involvement of tungstate ions in the ion exchange process.

For KU-2-8(H+) cationite without the addition of anionite (6:0), the highest values
of C. are recorded in the entire time interval. After 0.5 hours, the W(VI) content is about
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~137 mg/L and decreases only to ~70 mg/L after 48 hours, which indicates the limited
ability of this resin to bind anionic forms of tungsten.

The addition of AV-17-8(OH-) leads to a consistent downward shift in dependencies.
At a ratio of 5:1, the final concentration decreases to about ~47 mg/L, and for a 4:2
system — to ~36 mg/L. This indicates the increasing contribution of the anion exchange
centers to the fixation process of W(VI).

In the 3:3 composition, a further deepening of the solution purification is observed:
by 48 hours, the residual tungsten content is about ~34 mg/L. However, the most
pronounced effect is seen with an increase in the proportion of AV-17-8§(OH-).

The minimum values are achieved with a ratio of 2:4. At this point, after 0.5 hours,
the concentration is about ~ 86 mg/L, and by the end of the experiment it decreases to
~ 28 mg/L. When switching to the 1:5 composition, there is a slight increase in the final
value (up to ~30 mg/L), which may indicate a deviation from the optimal ratio of active
centers.

For the individual AV-17-8(OH-) (0:6) anionite, the efficiency remains high, but is
somewhat inferior to the best binary system: after 48 hours, about ~34 mg/L is fixed.
This result confirms the existence of a cooperative interaction between the components
of the interpolymer pair.

Kinetic analysis shows that the main decrease in the concentration of W(VI) occurs
in the first 6 hours, after which the rate of the process slows down noticeably and by
24-48 hours the system approaches the equilibrium state.

In general, it is established that:

— an increase in the content of the anion exchange component significantly improves
the extraction of tungstate ions;

— mixed interpolymer compositions show higher performance compared to
individual resins;

— the optimal composition region is located near the ratio of KU-2-8(H+):AV-17-
8(OH-)=2:4;

— achieving steady-state values for W(VI) requires a longer contact time compared
to Re(VII) or Mo(VI), which is due to the peculiarities of the transfer and exchange of
tungsten oxoanions.

The data obtained confirm the prospects of selecting the composition of interpolymer
systems for directional control of the extraction of components from multicomponent
solutions.

The effect of the molar ratio on sorption efficiency. A comparative analysis showed
that an increase in the proportion of the anion-exchange component AV-17-8(OH")
contributes to an increase in sorption activity with respect to rhenium. The maximum
recovery of Re(VII) (> 85-87%) was achieved at a molar ratio of 2:4, where the residual
ion concentration in solution decreased from 150 mg/L to 13.5 mg/L after 48 hours. For
molybdenum and tungsten, the equilibrium concentrations were about 53 mg/L and 23
mg/L, respectively, which indicates a lower affinity of these ions to the active centers of
the system. The effect of the molar ratio of KU-2-8:AV-17-8 on the sorption efficiency
of Re(VII), Mo(VI) and W(VI) ions (t = 48 h) is shown in Figure 2.
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Figure 2 — Dependence of the sorption degree h(Re)(a), h(Mo)(b), h(W)(c) on the molar ratio of the
components KU-2-8:AV-17-8 at a contact time of 48 hours.

For single-component systems (6:0 and 0:6), the sorption degree was significantly
lower, which confirms the synergistic effect when using cation- and anion-exchange
resins together. The most efficient ion extraction is due to the formation of interfacial
zones and enhanced electrostatic interactions between oppositely charged groups.

Selectivity of sorption. A comparison of the extraction efficiency of the three elements
showed a pronounced selectivity of the system with respect to Re(VII). Under the same
conditions and initial concentrations, rhenium was preferentially sorbed compared to
Mo(VI) and W(VI), which is explained by differences in charge, hydration radius,
and the nature of the anionic complexes. Due to its smaller size and high mobility, the
perrenate ion penetrates more easily into the micropores of the interpolymer matrix and
interacts with cationic centers.

Desorption behavior. To assess the reversibility of the process, desorption experiments
were performed after 48 hours of sorption. The degree of desorption increased with
an increase in the content of the anion-exchange component and reached maximum
values in the 2:4 system, amounting to 34.12% for rhenium, 9.34% for molybdenum
and 22.74% for tungsten. The dependence of the degree of desorption of R(Re), R(Mo),
R(W) on the molar ratio of KU-2-8:AV-17-8 is shown in Figure 3.
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Figure 3. The degree of desorption of Re(VII), Mo(VI), and W(VI) ions from the KU-2-8(H):AV-17-
8(OH) interpolymer systems, depending on the molar ratio of the components.
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The results obtained confirm that the binding of rhenium is predominantly ion-
exchange and reversible, whereas Mo(VI) and W(VI) are retained more weakly due
to coordination and Van der Waals interactions. These results are in agreement with
previously reported data, which confirm the reversible ion-exchange mechanism of
rhenium binding in strongly basic anion exchangers (Liu et al., 2018).

Parameter analysis of Q and 6. The dependence of the sorption efficiency (1, %)
on the contact time and the composition of the system corresponds to an increase in
the values of Q and 6 with an increase in the proportion of AV-17-8. In the optimal
2:4 system, the values of h for Re(VII), Mo(VI), and W(VI) were 87.28%, 68.6%, and
81.4%, respectively. For the same composition, the maximum values of Q. = 0.0117
mmol/g, Q,, = 0.0179 mmol/g, Q, = 0.0111 mmol/g and 6, = 21.6, 6,, = 33.0, 0, =
20.4 were obtained. The calculated values of the effective dynamic exchange capacity
of Q for Re, Mo, and W ions at various ratios KU-2-8(H"):AV-17-8(OH") are shown in
Figure 4.
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Figure 4. Effective dynamic exchange capacity Q for Re(VII)(a), Mo(VI)(b) and W(VI)(c) on
interpolymer systems KU-2-8(H):AV-17-8(OH).

The calculated values of the degree of binding 6 for Re(VII), Mo(VI), and W(VI)
ions at various ratios of KU-2-8(H):AV-17-8(OH) are shown in Figure 5.
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17-8(OH) interpolymer systems.
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The binding rates for rhenium, molybdenum, and tungsten ions were calculated for
each composition within 48 hours. The molar ratio of 2:4 had the best performance in all
three systems, which corresponds to the data on the residual concentration after sorption
and the degree of sorption n(Re), n(Mo), n(W).

IR spectroscopic analysis of KU-2-8(H") cationite and AV-17-8(OH") anionite before
and after sorption.

Literature review. /R spectrum of KU-2-8 cationite after sorption. Figure 6
shows the IR spectra of KU-2-8(H+) cationite before (a) and after sorption (b). The
IR spectrum of KU-2-8(H") cationite after sorption is characterized by a wide intense
band in the region of 3468 and 3437 cm™!, corresponding to the superposition of valence
vibrations of OH groups of sulfonic acid centers and adsorbed water (Semushin et
al., 1980). The band at 3064 cm™ refers to valence vibrations of the C—H aromatic
ring of the polystyrene matrix (Kazitsyna et al., 1980). Asymmetric and symmetrical
fluctuations of the methylene groups are recorded at 2925 and 2853 cm!, which is a
characteristic feature of the polystyrene-divinylbenzene framework (Semushin et
al., 1980). Deformation vibrations of water molecules are observed in the region of
1638 cm! (Semushin et al., 1980; Laskorin 1983). The set of bands 1602, 1496, 1451,
and 1413 cm-! corresponds to valence vibrations C=C of the aromatic core, partially
overlapping with deformation vibrations of the CH, groups (Semushin et al., 1980;
Laskorin 1983; Uglyanskaya et al., 1989). The most informative region of 1200-1000
cm! is represented by bands 1184, 1128, 1039, and 1010 cm!, which uniquely relate
to valence vibrations of the SO,H group associated with the benzene ring (Semushin
et al., 1980). Extraplanar deformation vibrations of the C—H disubstituted aromatic
ring are recorded at 834 and 776 cm™ (Semushin et al., 1980). The long—wavelength
region contains diagnostic bands of the C—S bond: the range 705-570 cm™ is the C—S
oscillation region in sulfur containing organic compounds (Kazitsyna et al., 1980) bands
at 625 and 570 cm™! are characteristic of the sulfogroup associated with the benzene ring
in sulfocationites (Semushin et al., 1980; Kazitsyna et al., 1980) the band 580 cm! is
fluctuations of the C—S sulfogroup (Semushin et al., 1980; Laskorin, 1983) bands 677
and 621 cm! are additional manifestations of C—S bonds (Laskorin, 1983). Bands in the
380 and 353 cm! regions are particularly significant, related to the valence vibrations
of Me—O (Nakamoto, 1991), which indicates the presence of metal oxoanions (Re, Mo,
W) sorbed on KU-2-8(H").
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Figure 6. IR spectrum of KU-2-8(H") cationite before (a) and after (b) sorption.
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The structure of sulfocationite is preserved, but the appearance of Me—O bands
indicates the formation of coordination or electrostatic interactions between oxoanions
and functional groups —SO,H, confirming the sorption mechanism established by
kinetics and desorption.

IR spectrum of AV-17-8(OH) anionite before sorption. Figure 7 shows the IR
spectra of AV-17-8(OH") before (a) and after sorption (b). The IR spectrum of the initial
AV-17-8(OH) corresponds to the structure of a strongly basic anionite in OH form.
The wide bands 3430 and 3401 cm™ relate to valence vibrations of OH- groups of
adsorbed water (Semushin et al., 1980; Kazitsyna et al., 1980). The band at 3022 cm’!
corresponds to the C—H of the aromatic ring (Semushin et al., 1980; Kazitsyna et al.,
1980). Asymmetric and symmetrical oscillations of CH, groups are manifested at 2924
and 2852 cm™ (Semushin et al., 1980). Deformation fluctuations of bound hydroxyl
groups are recorded at 1632 cm™ (Semushin et al., 1980). The valence vibrations C=C
of the aromatic ring are expressed by bands 1614, 1511, and 1488 cm™ (Semushin et
al., 1980; Kazitsyna et al., 1980; Laskorin 1983). Fluctuations of CH,- (1453, 1426
cm™) and CH,-groups (1383 cm™) confirm the presence of alkyl fragments (Semushin
et al., 1980). The 1222 cm™ band belongs to C—N aliphatic amines (Semushin et al.,
1980), a key structural fragment of the anion exchanger. Planar deformation vibrations
of the C—H disubstituted ring are recorded at 976 cm !, and characteristic vibrations of
the quaternary ammonium group N+(CH,), are recorded at 890 ¢cm ' (Semushin et al.,
1980). Out—of-plane C-H deformation vibrations are observed at 829, 765, and 706 cm-
!. The spectrum fully confirms the structure of polystyrene divinylbenzene anionite with
quaternary ammonium centers.

The IR spectrum of AV-17-8(OH’) anionite after sorption. After sorption, the AV-17-
8(OH") spectrum retains the main bands, but new and shifted ones appear — evidence
of interaction with ReO,-, MoO,2- and WO,2-. A wide maximum of OH groups is
observed at 3412 cm™ (Semushin et al., 1980; Laskorin 1983). An important sign of a
change in the chemical structure is the appearance of a 1693 cm™ band related to C=0,
which indicates partial degradation of the polymer matrix (Semushin et al., 1980). The
diagnostic band 2629 cm™ also appears, corresponding to the OH group associated with
the quaternary nitrogen atom (the characteristic range is 2600-2580 cm™ (Semushin et
al., 1980)).

Deformation fluctuations of water are manifested at 1659 and 1652 cm™ (Laskorin,
1983), and associated OH groups are in the range of 1627, 1400-1300 cm™ (Semushin
et al., 1980). The bands of the aromatic ring are fixed at 1512, 1488 and 1451 cm™.
Fluctuations of CH, appear at 1451 cm™. The 1222 ¢m™' band remains characteristic of
the C—N bond of aliphatic amines (Semushin et al., 1980). Planar deformation vibrations
of the C-H disubstituted benzene ring are manifested at 977 cm ', the N*(CH,), group at
890 cm ! (Semushin et al., 1980).

Bands at 833 and 765 cm! are observed, related to out-of-plane deformation
vibrations of the benzene ring, as well as 705 cm™ vibrations of the monosubstituted
ring (Semushin et al., 1980; Laskorin 1983). Of particular interest is the appearance of
bands 1374 and 833 cm™ corresponding to fluctuations of the NO, group (Semushin et
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al., 1980), which indicates a possible oxidative transformation of functional groups or
the presence of nitrates in the solution. Changes in the intensity and displacement of
bands of OH, C-N-, and N"(CH,), fragments indicate the participation of anionite in ion
exchange. The presence of C=0 and NO, bands reflects a partial chemical modification
of the resin during sorption.
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Figure 7. IR spectrum of AV-17-8(OH) anionite before (a) and after (b) sorption.

KU-2-8: sorption of Re, Mo, and W is accompanied by the appearance of Me—O
bands and a change in the C-S region, indicating the interaction of oxoanions with
—SO,H groups. AV-17-8: changes in the spectrum (C=0, NO,-, C-N and N+ shifts
(CH,),) indicate the participation of quaternary ammonium centers in the exchange of
oxoanions and partial degradation of the structure. Both resins show changes confirming
the sorption mechanism consistent with the kinetics, Q/0 values, and desorption data.

Discussion. The obtained results demonstrate that the sorption behavior of Re(VII),
Mo(VI), and W(VI) ions in KU-2-8(H+):AV-17-8(OH-) interpolymer systems is
governed by a complex interplay of structural, kinetic, and compositional factors. The
data clearly indicate that both the phase contact duration and the molar ratio of the cation-
and anion-exchange components determine the efficiency, selectivity, and reversibility
of the extraction process. The synergistic nature of the combined ion exchangers is
particularly evident when comparing the interpolymer systems with single-component
resins (Han et al., 2023)

Influence of Contact Time and Kinetic Features

One of the most pronounced observations is the difference in sorption kinetics
between Re(VII) and the structurally similar oxoanions Mo(VI) and W(VI). During
the initial 0.5-2.5 h period, rhenium sorption proceeds rapidly, whereas molybdenum
and tungsten demonstrate slower uptake and require 2448 h to approach equilibrium.
This kinetic distinction can be attributed to differences in ionic size, hydration energy,
and diffusion mobility in the polymer matrix. The perrenate ion (ReO,-), characterized
by relatively small effective size and high mobility, diffuses more readily into the
microporous structure of the interpolymer system. In contrast, molybdate (MoO,*-)
and tungstate (WO,?-) ions possess higher charge density and stronger hydration shells,
which hinder their penetration into active sites. The double negative charge also results
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in stronger electrostatic repulsion within confined regions of the matrix, especially
when multiple anions compete for nearby functional groups (Candeago et al., 2024;
Cyganowski et al., 2025).

Effect of Molar Ratio and Synergistic Interactions

A key finding of the study is the decisive role of the KU-2-8:AV-17-8 molar ratio.
The increase in the fraction of the anion exchanger AV-17-8(OH-) enhances sorption
activity, particularly toward rhenium. This effect is accompanied by a noticeable increase
in the sorption rate, especially at the initial stages of the process. The higher content of
AV-17-8(OH-) leads to an increase in the number of available quaternary ammonium
functional groups, which act as active centers for the binding of anionic species. As
a result, electrostatic attraction between the sorbent and oxoanions is intensified,
facilitating faster diffusion of ions into the interpolymer matrix. However, when the
content of the anion exchanger becomes excessive (e.g., 0:6), the absence of the cation-
exchange component reduces the cooperative interactions between the polymer phases,
which limits the overall efficiency and diminishes the kinetic advantage. Therefore,
the optimal balance between sorption rate and efficiency is achieved at intermediate
compositions, particularly at ratios close to 2:4—1:5.

The improved performance at intermediate compositions demonstrates a synergistic
effect. In single-component systems (6:0 or 0:6), sorption efficiency is markedly
lower. This confirms that cooperative interactions between oppositely charged polymer
networks create favorable conditions for oxoanion uptake.

Selectivity Toward Rhenium

The pronounced selectivity toward Re(VII) represents one of the most technologically
significant outcomes of the study. Under identical conditions, rhenium extraction
exceeds that of molybdenum and tungsten.

This selectivity can be rationalized by several factors:

Ionic Size and Hydration Radius: Perrenate ions (ReO,-), where rhenium is in the
+7 oxidation state, have lower hydration energy and a smaller effective hydrated radius
compared to molybdate and tungstate oxoanions (MoO,*- and WO *-), in which the
metals are in the +6 oxidation state. This behavior is consistent with literature data,
where the lower sorption activity of molybdate and tungstate ions is attributed to
differences in their structure, charge, and hydration characteristics (Yang et al., 2025).

Charge Differences: The single negative charge of ReO,- facilitates ion exchange at
quaternary ammonium sites without requiring compensation of two charges per binding
event.

Mobility: Higher mobility enhances diffusion through microporous regions.

Complex Stability: Molybdate and tungstate may form polymeric species in solution,
particularly at certain pH ranges, reducing their effective diffusivity.

The preferential sorption of Re(VII) is consistent with the kinetic data and desorption
behavior. Importantly, such selectivity has practical implications for hydrometallurgical
processes, especially in the recovery of rhenium from multi-component leach solutions
containing molybdenum and tungsten impurities(Fathi et al.).

Mechanistic Interpretation
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Overall, the sorption mechanism in the KU-2-8:AV-17-8 system can be tentatively
described as a multi-stage process based on the experimental data obtained under static
(batch) conditions.:

Diffusion of oxoanions to the interpolymer interface.

Electrostatic attraction to quaternary ammonium centers.

Ion exchange replacing OH- groups.

Stabilization via hydrogen bonding or weak coordination.

The synergistic effect arises from the spatial organization of oppositely charged
functional groups, which enhances local electric fields and facilitates ion transfer.

Practical Implications

The demonstrated selectivity toward rhenium and optimal performance at 2:4 ratio
suggest potential application of this system in selective recovery technologies. The
relatively high desorption rate of Re indicates feasibility of regeneration and reuse.

However, the observed partial degradation of AV-17-8 under prolonged contact
suggests that operational conditions must be optimized to maintain long-term stability.
Further studies on cyclic sorption—desorption performance would be valuable.

It should be noted that the mechanistic interpretation proposed in this study is based
on data obtained under static conditions and therefore has a qualitative character. A
more rigorous confirmation would require additional experiments under dynamic flow
conditions.

From a chemical standpoint, the behavior of the studied ions in solution should also
be considered. Rhenium(VII) in aqueous media is predominantly present as a stable
perrenate anion (ReO,-), regardless of pH, and therefore is mainly sorbed via anion-
exchange interactions with the functional groups of AV-17-8(OH-).

In contrast, molybdenum(VI) and tungsten(VI) may exist in solution in various
forms depending on pH and concentration, including monomeric oxoanions (MoO, -,
WO,?-), polymeric species, and partially protonated forms. This speciation may affect
their interaction with both anion- and cation-exchange components of the interpolymer
system, which could explain the differences in sorption behavior observed at different
KU-2-8:AV-17-8 ratios.

Conclusion. A comprehensive study of the sorption and desorption of Re(VII),
Mo(VI),and W(VI)ions frommodel aqueous solutions was performed using interpolymer
systems based on KU-2-8(H*) and AV-17-8(OH") with a molar component ratio varying
from 6:0 to 0:6. It is shown that the sorption efficiency and selectivity for rhenium
significantly depend on the content of the anion-exchange component and the contact
time of the phases. It was found that the optimal composition of the interpolymer system
is KU-2-8(H")/AV-17-8(OH") with a molar ratio of 2:4, providing a degree of rhenium
removal of more than 85-90% at a residual concentration of about 13.5 mg/L. At the
same time, high values of Q and 0 are achieved, reflecting the effective involvement of
active centers in the sorption process. Desorption experiments have shown that rhenium
can be partially eluted (R = 34-39%) using 4 M HCI, which confirms the possibility of
sorbent regeneration and cyclic use of the system. Comparison with individual ionites
demonstrated the presence of a pronounced synergistic effect for the interpolymer
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systems KU-2-8— AV-17-8, which makes it possible to consider them as promising
sorption materials for the selective extraction of rhenium from multicomponent
industrial and man-made solutions jointly containing molybdenum and tungsten.
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Abstract. This scientific article presents the results of a study examining the
quality of Portland cement clinker produced from heap leaching waste generated
during gold ore processing. This work is of significant importance for our country,
as it fully addresses the principles of efficient use of large volumes of industrial
waste accumulating at production sites, its recycling as secondary raw materials,
environmental protection in the region, and the transition to a green economy. The
study was conducted using modern equipment and in accordance with the GOST
requirements of the Republic of Kazakhstan. The study compared the quality of clinker
produced from the «Limestone+clay+iron ore» and «Limestone+heap leach waste+lead
slag» batch compositions. It was found that clinker minerals are formed during the
firing of the non-traditional batch composition at a temperature 50°C lower than that
of the specified traditional batch composition. The content of unbound free CaO in the
obtained clinker was 0.94%, and in traditional clinker it was 1.87%. The modulus of
clinker obtained from the non-traditional composition of the batch was SC=0.90; n=2.23;
p=0.72. The chemical composition of clinker was determined as SiO, -19.40%, Al,O.-
4.26%, Fe 0,-2.96%, Ca0-69.97% and MgO-1.63%. It was proven that the amount
of minerals formed in the clinker was C,S-63.3%, C,S-14.2%, as well as intermediate
phases C,A-1.31% and C,AF-17.61%. Crystallization of clinker minerals is uniform
and regionally distributed. C,S is represented by crystals 100 pm in size, while C,S
is represented by round and oval crystals 1-40 pm in size. The oxides CuO, PbO, and
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ZnO contained in heap leaching waste and lead slag had a positive effect on the clinker
mineralization process, promoting more rapid destruction of the CaCO, crystal lattice
at low temperatures.

Keywords: waste, heap leaching waste, lead slag, burning process, clinker, Portland
cement

For citations: Zhanikulov N., Zhurgarayeva D. Investigation of the quality of cement
clinker obtained from heap leaching waste. Academic Scientific Journal of Chemistry,
2026. — No.l. — P. 148-161. DOI: https://doi.org/10.32014/2026.2518-1491.346

© JKanuxkyaos H. ' ’Kyprapaesa /1. %, 2026.
'Akanemuk E.A. bexetoB atbiHaarsl KaparaHabl YITTBIK 3€pTTEY YHUBEPCHTETI,
Kaparanapl, Kazakcran;
2 «Ulytau Gold Processing» XKILC, Kaparanapl, Ka3akcras.
E-mail: nurgali.zhanikulov@mail.ru

YHUIH/I INARMAJIAY KAJTABIKTAPBIHAH AJIBIHFAH HEMEHT
KJUHKEPIHIH CATACBIH 3EPTTEY

Kannkynos Hypramm — PhD, kaysimpacteipsurran npogeccop, AkaneMuk E.A. BekeToB aTbIHmarsl
Kaparans! ynTTHIK 3epTTey yHUBepcHuTeTi, Kaparans, Kasakcran,

E-mail: nurgali.zhanikulov@mail.ru, https://orcid.org/0000-0002-0750-9753;

’Kyprapaesa /Ilunapa — maructp, aHaJUTHKAIBIK 3eprxaHa meHrepymrici, «Ulytau Gold Processing»
KIIC, Kaparanabl, Kazakcran,

E-mail:zhurg.di@mail.ru, https://orcid.org/0009-0004-5064-117X.

AnHoTanus1. FeuibiMu Makaiaga anThlH KeHIH OHJIEYIeH TY3UITeH YHiHA1 maiimanay
KaJIBIKTapbl MaiiajaHblll MOPTIAaHIIEMEHT KIMHKEpiH aly JKOHE OHBIH CalachlH
3epTTey OOMBIHILIA HOTHXKENEp KEeATIpUIreH. 3epTTey KYMBICHI eJliMi3 YILUiH eTe 03€KTi,
ce0ebi eHipic OpbIHAAPBIHAA KOTI MOJIIIEP/C KUHAKTAIFaH TEXHOTECH 11 KaIIbIKTapIbl
THIMAI Maijanany, olapAbl eKiHIIUTK IIWKI3aT PETiHIEe K9Jere jkapaTy, alMaKThIH
9KOJIOTHSUIBIK MOCEJIECiH KOPFay JKOHE Kachll 9KOHOMHUKA KOIly HMPUHLITEPiH TOJBIK
KaMTHIBL. 3epTTey KYMBICTaphl 3aMaHayH Kypai-kadapikrap MeH MECT Tananrapsina
colikec opblHAaNAbl. JKYpri3inreH 3eprrey jKYMbIcTa «OKTac + ca3 + TeMip pyaach»
MeH «OKTac + YHiHIl maimanay KaJabiFbl + KOPFAChIH IUIArbD) MIMXTa KypaMIapblHaH
aJIBIHFaH KIIMHKEPJIEPIi CalbICThIPY apKblJIbl canackl aHbIKTa bl KepceTinren goctypii
LIMXTa Kypamfa KaparaHaa JocTyplie eMec MIMXTa KypaMbl KYHAipy Ke3iHae KIMHKED
MUHEpalAapbiHblH Ty3ityl 50 [ TemeH Temmeparypaia KYPreHIiri aHbIKTalabl.
AnblHFaH KnuHKepae Oaitnanpicniaran 6oc CaO menmepi 0,94 %, coiikecinie noctypri
knuakepae 1,87 % exenmiri aHbIKTangsl. JlocTypie eMec muxTa KypaMblHaH aJlbIHFaH
KIIMHKEPIiH Moayabaik kepcerkimrepi KK = 0,90; n=2,23; p = 0,72 6onupl. Knunkepix
XUMHSTIBIK Kypambl SiO, - 19,40 %, A1203 -4,26 %, Fe 0, -2,96 %, Ca0 - 69,97 % xone
MgO - 1,63 % anbixranael. Knunkepae Tysinren munepannapasid causl C,S — 63,3 %,
C,S — 14,2 % xone apanbk paza C,A - 1,31 % xone C AF - 17,61 % TyparbiHabiEsl
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nonenaenai. KnnHkep MuHepangapblHBIH KpUCTAJAaHYbl OIpKeNKi >KOHE aiMaKTBIK
tapanran. C,S sprypui enmemi 100 mxm, an C,S neHrenek xoHe conakiua Kpucraniap
Typinze enmeMi 1-40 MKM-Te JKeTETiH KpUCTaIlapMEeH YChIHbUTFaH. Y HiHal maiimanay
KaJIJBIKTap MEH KOPFachlH ILIATBIHBIH KypambiHga ke3peceriH CuO, PbO ixone
ZnO KIMHKEpAIH MHUHEpajjaHy mpoueciHe Thimai ocep turizni. CoHpai-ak, TOMEH
TeMIepaTypaa KalbLUT KPUCTAJIBIK TOPBIHBIH TE3ipeK OY3bUTybIHA BIKIAM ETTi.

Tyiiin ce3mep: KanapKTap, YHiHAI MIalimManay KaJgblKTapbl, KOPFACBHIH LIATHL,
KYHIipy mporeci, KIMHKep, TOPTIAaHAIEMEHT
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AHHoTamusa. B Hacrosmeidl paboTe MNpencTaBlICHbI Pe3yNbTaThl KOMILIEKCHOTO
HCCIENOBAaHUS  KauecTBa MOPTIAHALEMEHTHOTO  KIMHKEpa, MOJIYYEHHOTO C
HCIOJIb30BAHUEM OTXOJIOB KyYHOTO BBIIIECIAYUBAHISI, 00pa3yHOIINUXCS IIPH TIepepadoTKe
30JIOTOPYIAHBIX ~ MECTOPOXKICHUH. AKTyaJbHOCTh  HCCIICJOBaHUS  OOYCIIOBIICHA
HE00XOAMMOCTHI0 3(h(HhEKTUBHOTO BOBICUCHISI 3HAUUTEIILHBIX 00BEMOB IPOMBIIIUICHHBIX
OTXOJIOB BO BTOPUYHBIN 000POT, CHUIKECHUS IKOJIOTHYECKOM HArpy3KH Ha OKPYKAOIIYEO
Cpelly U peaan3aluy IPUHIUIOB «3eIEHO0 sKOHOMUKU. MccnenoBanue npoBOuIoCh
C MPUMEHEHHEM COBPEMEHHOTO aHAJIMTUYECKOTO0 OOOpYIOBaHMSI B COOTBETCTBHUU C
TpeOOBaHHUSIMHU JISHCTBYIOIIMX TOCYIAPCTBEHHBIX cTaHnapToB Pecnyonuku Kazaxcras.
B pamkax paOoOThI BBIMOJIHEHO CPAaBHUTEIBHOE HMCCIICIOBAHUE KA4yecTBAa KIWHKEPA,
MOJIYYEHHOIO U3 TPAAULUOHHON CHIPbEBON CMECH «U3BECTHAK—TIIMHA—KETIC3HAS PYyAa»
U aJIGTEPHATUBHON CMECH «U3BECTHSIK—OTXObl KyUYHOTO BBIIIEIAYNBAHUSI—CBUHLIOBBIMI
[UTaK». YCTAHOBJIEHO, YTO MPU HCIOIB30BAHUU HETPAAUIIMOHHOTO COCTaBa LIUXTHI
MPOIIECC MHHEPAIIO00pa30BaHus KIMHKEpa MPOTEKaeT MpU TeMIeparype o0OKura Ha
50°C HWXe MO CPaBHEHUIO C TPAJAMIUOHHBIM coctaBoM. CojeprxkaHue CBOOOIHOTO
okcuaa kaneius (CaQ) B moydeHHOM KiuHKepe coctaBwio 0,94%, torma kak st
TPAAUIIMOHHOTO KIMHKEpa JaHHBIN MoKa3arens nocturan 1,87%, 4To CBUACTENbCTBYET
0 OoJiee MOJIHOM CTEeNeHU peakiuu. PacdyéTHbie MOMYIU KIWHKEpa, MOJYyYEHHOTO W3
AIBTEPHATUBHON WIMXTHI, COCTABWIM: KOA(PQUIMEHT HachieHus u3BecThio KH =
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0,90; cunukaTtHbIil Mogynb n = 2,23; mMHO3EMHBIA Moayab p = 0,72. XuMuueckuit
COCTaB KJIMHKEPA XapakTepu3yeTcs cheayromumu snadenuamu: Si0, — 19,40%, Al O,
—4,26%, Fe, 0, —2,96%, Ca0 — 69,97% u MgO — 1,63%. Munepanornyeckuii ananus
TOKa3aJl, YTO OCHOBHBIMHU (hazamu ABJIAOTCS TpEXKasbuueBbli cummkar (C,S) — 63,3%
u nByxkanbiueBbiii cunmukar (C,S) — 14,2%, a Taxke npomexyrtounsie dasei: CA —
1,31%u C,AF - 17,61%. Kpucraniusanus MUHEPAIOB XapaKTePHU3yETCs PABHOMEPHBIM
pacnpenenenneM 10 00béMy kinmHkepa. ®asa C,S mnpejcraBneHa KpuCTalamMu
pasmepom nopsaka 100 mxm, Torma xak C,S (GopMHMpyeT OKpPYIIBIE U OBAJIbHBIE
kpuctaisl pazmepom oT 1 g0 40 mxm. Ilokasano, yro mpucyrcrsue okcunoB CuO,
PbO u ZnO, comeprkaminxcs B OTX0AaX Ky4yHOTO BBIIIETa4MBaHUS U CBUHIIOBOM IIUIAKE,
OKa3bIBaeT KaTaJUTUYECKOE BO3ACHCTBHE HA MPOLIECC MUHEPATU3alMU, CIIOCOOCTBYS
YCKOPEHHOMY paspylieHuto Kpucrtamummieckoi pemérku CaCO, U CHUKEHHIO
Temneparypsl ookura. [lomydeHHble pe3ynbTaTsl MOATBEPIKAAIOT TEXHOIOTHIYECKYIO 1
9KOJIOTHUECKYIO 11eJIECO00Pa3HOCTh UCTIONB30BAHUS OTXOA0B KyYHOTO BBIIIEIa4lBAHHS
B NPOU3BOACTBE IEMEHTHOTO KJIMHKEPA U JIEMOHCTPUPYIOT NEPCIEKTUBHOCTH JAHHOTO
MOAXONA JUIA MOBBIIEHUST pecypcHOi A(PPEeKTUBHOCTH W CHUIKEHHsI SHEpPro3arpar B
LIEMEHTHOMN MPOMBIIIIEHHOCTH.

KuroueBbie c10Ba: 0TX0bI, OTXOJBI KyYHOTO BBIIEIaYUBAaHUsA, CBUHIIOBBIH IIIJIAK,
nporecc 00KUra, KIMHKEp, HOPTIAaHALEMEHT

Kipicne. ©Onemze nemMeHT eHIipici HEPTrUsHBI OpacaH KONl TYTHIHATHIH, LIMKi3aT
MarepuangapAbl MOJ JKYMCaWTBIH, TEXHOJOTHSUIBIK MapaMeTpiepli KaTaH CakKTayJlbl
Tajar eTeTiH, IKOJOTHSAJIBIK KOPCETKIITEpAl THIMAL JKYPri3yal Ke3IelTiH cana 0ol
tabbutanpl (Chatterjee, 2018). Byn enpipic canackl enfiH AaMy KOpCETKIIITEpiH
alKbIHJIAUTBIH MaHbI3AbI Oemieri icnerrec. CeOeOi EMEHT OHJIIPICiHIH KoJeMi MEeH
KYPBUIBIC JKYPri3y AeHreiine OaiaaHbICThI eJIiH SKOHOMHUKAJBIK, JaMYybl aHBIKTaJIAIbI.
2025 xputbl KazakcTaHIBIK LEMEHT OHEIIpYIIi 3aybITTap OChl MaHBI3AbI BEKTOpPAA
13,07 MJIH TOHHA [IEMEHT LIBIFAPBII PEKOPATHIK KOPCETKIIUTI OaFbIHABIPABL. J{aMynbIH
Heri3ri Ko3raymbl Oenricide enmiMizne kadbunanran CT PK 3361-2022 memiiekeTTik
ceprudukarTTay JKyieciHiH KykaTblH aran eryre Oomaabl (Gulyayeva, 2026).
KaObuiganran KykaTTa LEMEHT OHIIPYAiH TEXHOJOTHSUIBIK KOpCEeTKIITepi MeH
MaHBI3/1bI TPOLECCTEPAIH THIMILTITIH JKY3€ere achlpy, KyKarTa OeNTiJIeHIeH TalanTap/Ibl
KaTaH CaKTayMCeH OarajaHfaH. OJEMJIM LEMEHT OHAIpYII eijaeple KaObuITaHFaH
TUIM/JII TEXHOJOTHSUIBIK MISHIIMACP MEH KOJDKETIMIII OaFaapiiaMaiapibl KOJaHy, SFHA
SHEPTHUS JKOHE KOp YHEMJIEY, SKOJIOTHsiFa OOiHEeTIH MapHUKTI Ta3 IIbIFapbIHABUIAPEIH
a3aiiTy, TEXHOTEH[i XOHE OHIIpiC KaIABIKTapAbl MaiganaHy MYMKIHIITiH apTThIpy
KaxeTTiri xysere acoippiirad (ST RK 3361-2022).

Kazakcran PecnyOnukachiHbIH aymarbiHga S0 MuIpI TOHHaZaH acTaM IIEMEHT
OHJIIpicCi YIIiH MaHBI3Ibl €KEHIITIK MIMKI3aT peTiHAe KONJaHyFa 0oiaThlH TeXHOTeH/I1
XKOHE OHIIpIC KalAbIKTapbl skuHakranraH. Con kamasikrapabiH 60 % acrambr (30
MJIPZ KOI1) METaJUTYPrHsl ’KOHE Tay-KeH OHAIPICIHIH KalAbIKTaphl Kypaiasl. OpTaibik
Kazakcran emimi3miH MeTalyprusi, KeMip >KOHE Tay-KeH CaJlaChIHBIH OpTaJbIFbI
perinae xbutbiHa 110 MJIH TOHHaFa KYBIK KaJABIKTapAbl MOJHIOHIAD MEH AallbIK
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anapjapia KUHAKTAHIbl. AN 0N KaJABIKTapAbl THIMII )OI HeMece KoJere jkapary
Hebapi 40 % acnaiigsl (Qaldiqtardi, 2023). Meican perinae anatbia Ooncak, «Ulytau
Gold Processing» JKILIC kacinopHsl cinTiney anangapsiHa mamames 3,9 - 6,9 muH
TOHHAFa YBIK YHIHI MaiiManay KaJlAbIKTapabl >KHHAKTalabl. bys kocinopbiH yHiHai
mraiimanay KajaabIKTapbl alThIH )KOHE KyMiC KeHOPBIHAAPBIH OHJEY Ke3iHIe TY31LIreH
Ka)KeTCi3 eHIM Jien caHaiel (Programma, 2023). Anaiiia o1 KauabpIKTapIbl eKIHIILTIK
LIMKI3aT peTiHje nainanany MYMKIHZITIH eCKepMeii.

[lopTnanaueMeHT KIMHKEp KYHIipy npoleci YUIiH YHiHAl malimManay KaaabIKTapibl
LIMKi3aT MaTepuai PeTiHIi eKIHMIUIK mainanaHy epekiie THIMII (akTopiapra acep
eTel:

- Texnorenni Hemece OHMIPICTIK KaIABIKTap >KUHAKTAIFa MOJIMIOHIAD YJIKEH
ayMaKThl aJbIN KaTaAbl KOHE COJ JKEPTTIKTI aMaKTbIH TOIBIPaFrbl MEH Kep acThl
CylapblHa ©Te YJIKEH 3HsH KenTipeni;

- Yitinai maiimanay KaJuIbIKThIH KypaMblHAa Ke3[eCTeiH OKCUATEP MEH OJapAblH
YKOFapbl KOHLIEHTPATTaphl ca3abl MUHEPAJIAApAblH OPHBIH aJMacTblpa alaTblH THIMI
MUHEpaAbl pecypKa aifHaJAbIpa ajxabl;

- TaOury mmKi3aT pecypcTapiblH CapKbUTYbIH €CKEPCEK, TEXHOTCH/II KaJAbIKTap bl
TUIMJII TTalijaiaHy YKOHOMUKAJIBIK JKaFbIHAH OH 9CepiH Oepei;

- IlopTnananeMeHT KJIMHKEp KYHIIpy mponeci kesiHzae mumxrta Kypambiaa 10-20
% Memnuiepae KaJAbIKTapIbl CHIIpYy, TAOMFH MHHEPAJAbl pecypc YHEMAEY >KaFbIHaH
koHe Kyuuipy temneparypacbiH 1450 °C-tan 1400 °C-ka nediin 50 [0 TemeHIeTy
9KOHOMHKAJIBIK THIMIIIIr KaFblHaH, KOpILaFaH OpTaHbl Kopray ascbiHna «XKacwur
9KOHOMHUKAFa KeIlly» Karuanapsl )KarblHaH THIMI1 acepin Oepeni (Potapova, 2016).

Byn 3eprTey KYMBICTBIH FHUIBIMH JKaHAJBIFBl alfall perT YHiHAl Imaiimanay
KaJABIKTapabl Ca3Ibl MHHEpPAIIbl KOMIIOHEHT pETiHJIe LEMEHT KIMHKEpiH aiy
MpoleciHae maiiianaHy, alblHFaH KIMHEPIIH XHUMHUSA-MHHEPATOTUSIIBIK KYpaMbIH
aHBIKTAy XKOHE KIMHKEpHiH (a3aiblk KypamblHa KaJIJBIKTBIH 9CEPiH 3epTTey OOJBII
TaOBLUIABL.

Onedu moay. lller enmik 3epTTeyminep HeMEHT KIUHKEpiH KYWAIpy Mpouecinae
TYpJi TEXHOTEHAlI MaTepHajjapibl EKIHIIITIK IIMKi3aT Pecypchl peTiHae KOoJAaHy
MYMKIHJIITiH 3epTTereH. TexXHOTeHJAI MaTepHuaiiapibl MEH KaJlJbIKTapAbl KOJAaHy
apKBUIBI JKacbhll YKOHOMHKara KeIly MYMKIHATIH Kapacteipran (Das et al., 2021).
ONeMAIK THIMAI TEXHOTCHJl pecypcTapra METaJUTyprus, XUMHUs, Tay-KeH, KYPBUIbIC
YKOHE TYPMBICTBIK KaJJIBIKTap bl )KaTKbI3yFa 0oaasl. bys MarepuangapabiH XUMHSUTBIK
KypaMblHa [EMEHT KIMHKEpiH ajyFa jKapaMIbl METaUl OKCHAEPl MEH KJIHMHKEp
KYHIipy TNpoLeciH > KeAelieTyre KaTblcaThlH MHUHepanu3aropiap kesaecerdi. Jian
XKoHe OacKajaplblH 3epTTeyiHle WIBIHBI OHAIPY Ke3iH/Ae KMHAKTAIFaH KaJAbIKTapbl
KIIMHKEP KYHIIpy Ke3iH/le KOJIaHy apKbUIbl, KIMHKED (hasanbik Kypameina Si0,, Fe O,
Na,O, K,O oxcuzeri xone Cu, Zn, P MeTan Genuiekrepi eHyiHiH 9CEPiHEH KIMHKEP
Kyinipy Ttemmeparypacel 50-100 °C-xa gmeliin Temenzeni. MyHzIa CUITUTIK MeTan
okcuaTepi KanHkepAid o’ -C S MuHepan (a3achiHbIH TY31IyiHE )KoHE apalblK (a3aHbiH
C,AF typakTbuibiFbIHa THIMAL 9cep eTkeH (Jian et al., 2020). Connaii-aK, TYpPMBICTBIK
KaTTbl, Kara3 (aOpUKachIHBIH KaJIBIKTapbIH JKary, OoyaT OajKbITy 3aybITTapbIHbIH

152



Volume 1, Number 466 (2026)

KaJIJIBIKTapbIH IIUKI3aT PETiHAe KOJJaHy Ke3iHAE alblHFaH KIMHKEPIEri ajuT (C3S)
MUHEpaJIBIHBIH KOITeI TY31yl MeH TYpaKThl O0mysl aHbIKTanab! (Segata et al., 2019).
Knunkep any ke3inge mukizaT muxra Kypambiaa 2-10 % MbIc GaJIKbITy KaJlbIFbIH
SHJIIpy apKbUIbI aJIbIHFaH IIEMEHT TaChIHBIH KbICY Ke3iHzeri oepikriri 10 % sxorapnaran
(Ghazi et al., 2022). AnTbIH ’KoHE TEMip KEHOPbIHAAPbIHAH )KHHAKTAJIFAaH KaJIIbIKTap bl
KIMHKEp KYWHZIpy MpoleciHe eHAIpY apKbUIbl LEMEHT ajfaH. AJIBIHFAH IIEMEHT
OepiKTiriHe KaJIbIKTapIblH 9cepi KbICY Ke3iHIe 2 KoHe 7 TOYIIIKTE TOMEHACTKEH, anainia
28 ToymikTiK KepceTKii korapnarad (Vescovi et al., 2023). [llukizat mmxra KypambiHa
5 —40 % Kkara3 — HeJUTI0T03a OHIIPICIHeH TY3UITeH KaJAbIKThI KIIMHKEp aly YLIiH [IrXatr
KypamblHa €HJIpY apKbUIbl KIMHKEp anraH. KnuHkep any mporecinie Taburu pecype
TYpi YHeMJein, HeMeHTTiH ycracy mep3imi 100 muH y3apran (Srivastava et al., 2024).
[lopTnanaueMeHT any TEXHOJIOTHSCHIHAA TEXHOTCHl KaJJBIKTapAbl EKIHIIIIK
IIUKI3aT PETiHIE KOJAAaHY IIBIFBIH MOJIIIEePiH TOMEHJETE i, SKOJOTUSIFa THIMILIIKTI
aptTeipaabl. Taburm pecypctbl 15-20 % TexXHOTEHII KajIbIKTapMEH alMacThIpy
arMocdepara IIbIFapbUIaTHIH MApHUKTI ra3 kesjeMiH 0,15 ToHHara a3aiiTyra MyMKIHIIK
Oepeni (Zhang et al., 2020). Ay TYpMBICTBIK KaJabIKTapasl naiaanany, CO, mapHuKTi
ra3iapabi mbirapy keseMin 30 - 50 % temennereni (Mao et al., 2020). Conpaii-ax,
Kara3 [eJUII0I03a OHIIPICIHIH KaJIBIKTapbIH Naiiianany [eMeHT OHAIpiCiHAe SHEprus
TyThIHY b 50 % asaiitein, CO, mapHUKTI ra3nap/blH LIbIFapy KeJeMiH 1 TOHHa KIMHKEp
yuwin 0,3 ToHHara el ToMenaeTyre MyMKiHaik 6epeni (Xu et al., 2014). XKyprizinren
o1e0M IOy KYMBICTap/AbIH HOTHKECIH/IE KIMHKEP ally MPOLECIHAE TEXHOTEH/II JKOHe
OHIpIC KaNAbIKTapbl Nalganany aiTapiblKTail THIMAI KOPCETKIIIKe KO KETKi3ei.
One0H 110Ny KYMBICTapAbl JKYPri3y Ke3iHe anTblH KEHOPHBIH OHACY Ke3iHAe TY31IreH
YHiHAl maliManay KajaabIKTapIbl KITMHKEP KYpaMbIHA €HAIPY apKbUIbl MOPTIAaHIIEMEHT
KJIMHKEPiH ary OOMbIHIIA AepeKTep Ke3AeCKeH KoK, by yitiHai maiiManay KaaabIKTap bl
LIEMEHT OH/IIPICiH/Ie KOJIJaHy dJIi J€ TOJIBIK 3ePTTeIAMETeH/IrH Olipe.
Marepuangap wmen 3eprrey aaicrepi. «Ulytau Gold Processing» XKILC
KOCIMOpBIHAA TY3UIreH YHiHAI [maiManay KaJAbIKTapbl MEH KIWHKEp ainy YLIiH
KaXXETT] IMKI3aT MaTepHaigap oKTac reH KOPFACBIH IITAKTHIH XUMUSUIIBIK KypamIapsl
anbikTanrad (Zhanikulov, 2025; Zhurgaraeva, 2025).
1400° Temmeparypaja  KyHIpUIreH  KIMHKEpIOiH  KypaMblHa  XHMHUSUIBIK,
peHtreHodasablk JKOHE SJIEKTPOHIBI MUKPOCKOMMSIIBIK Tanaay skacanibl. KimuHkep
KypambIHarbl Oaimanbicriaran 6oc CaO stunnmmnepar omici (GOST 5382-2019)
OoiibiHIIA aHbIKTay opbiHAainel. Kmmukepaeri 6oc CaO wmedmepi OHBIH KIMHKED
TY3y MpOLECiHIH asKTaldyblH Oingipeni. Opic STWICHIIUKONIL epiTiHAicinae Ooc
CaO cenextuBti Typae epiryre, ansinran Ca(OH), epiTiHAiCiH MHAMKATOp pETiHIE
¢denondranenHnin karbicybiMeH cTanaapTThl HCl epiTinaiciMeH THTpIieyTe HEeTi3Aere .
CaO OaiimanpickaH TypJepi (CHIMKaTTap >KOHE allOMHHATTAp) aHAJUTHKAJIBIK
XKaraainapaa epiMeiai. Tangaynbl Kypri3y YLIH 3TUICHIINKONb, TY3 KbIIIKbUIBIHBIH
epitingici (HCl) = 0,1 mons/am®, deHONdTanenH, CupT epiTiHAICI, TUCTHIICHICH
H,O sxone cysrineymn kara3s, £0,0002 r 1o1iKTeri aHaTUTHKAIBIK Tapasbl, KOHYCTHIK
koiba — V=250 mu, Oroperka V= 25 Hemece 50 Mi, rpagyauusuiaHFaH LUAIAHAD,
JKBUIBITKBIII TUTUTA KOHE CyFa )KaJFaHFaH MY3/1aTKBIII, IIBIHBI apajacThIPFBILI TasKIIa
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Kaxer Oomanpl. Tammay xyprizy yumiH OipiHmigeH kiauHkepAi emmemi Ne 0,08 mm
(80 mMKM) OoJlaTBIH €JIGKTEH OTKEHIIC YHTAaKTai/Ibl jKoHE elekTeH oTkizemi. COoChIH
KJIMHKepAl aHamuTUKATEIK Tapasbiaa 0,0002 r gonaikmen 0,2—0,5 T eTim emmen agaibl.
Kimakepai Kyprak KOHYC Topi3[i Kojbara caibll, oFaH kejeMi SO MII STHIICHTTIUKOIh
Kocanpl. Kombanpl My3maTKBIIIIEH >KbUTBITKBINT TunTaga 60-80 °C temmneparypara
JIEHIH KBI3ABIPHII, apanacTeipajsl, xanmbl 20-30 MUHYT KbI3AbIpasl. EpitiHaini 6enmve
TEeMIepaTypachiHa JICHIH CYBITHIN, 2-3 Tamibl (EeHOJIPTAICHH TaMbI3ajbl. AJIBIHFAH
epiTiHAiHI KbI3FbUIT Tyc koranranma HCl-meH tutpneiini. Hotmwxkecinne tutprieyre
JKYMCaJTFaH KBIIIKBIT KOJIEMiH jKa3bIll, TOMEHIET1 (OpMyITaMeH ecenTey Kyprizemi, 00c
CaO memrepi aHBIKTATaIbL:

6oc CaO=V-C-0,028-100/m (1)

PentrenoduyopectieHIus 9/1ici apKbUIbl Tajjay Ke3iHJE KIMHKEPIIH XUMHSIIBIK
KypaMmbl aHBIKTaNaAbl. Tajamay TOTKBIHIB IUCTIEPCHSIIBIK PEHTTEHIIK (IIyopeCIIeHITNs
KOMeETiMEH OpbIHAaNaabl. PEHTreH coynenepiHia ocepiHeH KIMHKEPIET] AIeMEHTTEP IiH
aromzapbiHa ToH (oryopecneHnus TubFapanbl. CoyneneHymiH —KapKbIHIBUIBIFBI
MEH TOJKBIH Y3BIHJBIFbl KIUHKEPAl CaHJBIK OKCHJTIK KYPaMbIH aHBIKTAll ajajbl.
KnuHkepaiH MHHEpaJOTUsUIBIK Kypambl albIHFaH OKCHATIK Kypamfa HeTi3/eireH
Bore dopmynanapein KojifgaHa oTeipbin ecenteneni. Knunkepain yirici 0,08 MMm-neH
aCTIalTBIH OOJIIIEKTEeP/IiH OJIIIeMiHe NeHiH YHTAKTAIBI, JONIIKTI )KaKcapTy YImiH <63
MKM JIeHiH KOCBhIMINA YHTaKTayFra xioepimemi. Kyhmipy kesiHmeri >koramyasl (KKK)
anpIKTay yuis yiari 950 - 1000 °C temneparypazna 30 - 60 MuHyT OOHBI KbI3ABIPBLIAIBL.
YHTaKThIH eieHreH oemirineH (8§ - 10 r) quameTpi 32 - 40 MM TabneTKa NaldbIHIAIA b
Tannayns! xyprizy maptrapsl: eney pesxxumi — WDXRF; pentren TyTirinin kepueyi
— 20 - 60 xB; TyTix TOTHI - 150 MA meifin; Tanmay opTachkl - BaKyyM HEMece Telnid;
OJIIIIEY YaKBITHI - op dneMeHT yirid 10 - 60 ¢. Kimuakepai Tangay eJeyIni aHa3aTop
KpUCTaJIJapbl MEH JETEeKTOpJIaphlH aBTOMATTBl TYpIE TaHJAy apKbUIbI JKy3ere
acwIpbUIaibl. AJIBIHFAH CIEKTpiiep OarjapiamMa KOMETiMEeH MaTpHUIANbIK TY3eTylep
MeH Kanuopieynepai eckepin eHueneai. Hotmwxenep okcuaTepaiH MaccaiblK yiaecTepi
naibeiabiK (%) Typinge oepineni (Taylor et al., 2016).

Pentrenmix audpaximus omici KITMHKEPIH (ha3alblk KYpaMbIH aHBIKTayFa apHaJIFaH.
Tanmay pentrennik mudpakmusara (XRD) HerizmenreH >koHE MONUKPUCTAIIBI YIITI
MOHOXPOMATHKAIIBIK PEHTTEH COyIIeNepiMeH CoyleleHIipy, KIMHKepaeri (hazamapsiH
KPUCTAIIIBIK Ka3bIKTBIKTAPbIHAA TU(PAKIHIIAY apKbLUIbl aHBIKTANA(bl. KpucTanibik
(dazanbH UQPaKIHUAIBIK CHI3BIKTAPBI ONApbl CAaHABIK Tajlay YIIiH KOJJaHbBLUIAIbL.
Knunkepsi <63 MkM OeJIIiek eJieMine JIehiH YHTaKTaiapl. ¥HTaK OIpTeKTI YTl amy
YIIiH MYKHAT apalacThIpbUIansl. BeTKi MIBIHEI MIaCTHHAMEH TericTeneni. PeHTrenmik
TUPPaKIUIIBIK Tangay maprrapel: coyneneHy — CuKo; tyTik kepreyi - 40 kB;
TYTiK TOrBI - 3040 MA; 20 Oypbir nuamnazonsl - 5—70°; ckanepsey kKagamsl - 0,02°;
canay yakpIThl - 0,5-1,0 c/kagam; ckanepney pexumi - 6-260. Knmuakep ARL X’TRA
T paKTOMETp YCTaFbIIIBIHA OPHAIACTHIPBLIA/bI, CKAHEPIICHE/1 JKOHE TUPPAKIHSITBIK
yiri xas3biiaabl. KimHkepieH anbiHFaH Au(paKIysuIbIK Il ofaH opi eHJey YILUiH
cakramansl (Amiraliyev et al., 2025).
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DNeKTpOHIbI MUKPOCKON KOMETIMEH KIMHKEPAIH MUKPOKYPBUTBIMBI MEH TEKCTYPACHI
anbIKTananpl. Knnnkep ¢aszanapbiHbIH MOP(OIOTHICHIH jKOHE OJapAblH KacHeTTepiHe
ocepi anbIKkTanaabl. KimHkep yaricid galisinaay kesinge 5S—10 MM eeMai KIIMHKepAiH
Oemnmieri anbiHagbl. KIuHKEpIi MUKpPOCKOINKA OpHAJacThIpy ajablHAa OeTiH Tazanay
yABTPAABIOBICTEIK BaHHAHBI MalJajaHbIl 3TaHOJ HEMece H30MPOMNaHOoIa [HalbII
anajpl. DNEKTPOHIBI-ONTUKAIBIK kKyiie (WD) 48 MM OonraH ke3ne X8 MUHHMAJIbI
YJIKEHTy Ke3iHae Keckinnepai anyra mymkinaik 6epeni. JEOL JSM-6490 LV mapkaisr
ANEKTPOHIBI MUKPOCKOT 3-100 MKM CBI3BIKTBHIK OJIIEMACPIIH OJIIey Auara3oHbIH/IA,
0,03-1000 MKM CBI3BIKTBIK ©JILIEM KOPCETKIIITEPiHIH ayKbIMBIHAA, 3JIEKTPMEH
xabnpiktay 22045 I'i kepHey xwuiniringe, yaerkim kepHey 0,3-30 kB nuana3zonsiHga
xyMmbIc xacaiasl (Rad et al., 2008).

Harunxenep. Okrac, yiHal maiManay KalAbIFbl XKOHE KOPFACBIH IIIAKTHI OeNriii
MeJIIIepe KOCY apKbUIbl, APkl TUIPMEH/E IUXTa KOCIACHIH YHTAKTay KYpPri3iiemi.
[uxta xocmackiHbiH Ne008 enexreri kamarbl 10-13 % Oosranra JeiliH YHTaKTaIl,
€JICKTET]1 KaNbIFbl aHbIKTaabl. JlaliblHanFal IMXTa KypaMblH bUIFaJABUTBIFEl W10
% Oonranma butrannan, 20 MIla KelcbIMIarel IpeccTe AUaMeTpi 2 ¢M KoHe OWIKTIri
1 cM erin TabneTka yinrime >kacanansl. JaidblHaaarad yariiepai 3epTxaHaiblK )KOFapbl
TeMIeparypaja JeKTp NewTe KIMHKep Kyiipy npoueci xxyprizineai. XKorapsr 1400 °C
KYHIipy Temmeparypara JeiiiH KoTepy yaKbIThl liaMaMeH 3 car 10 MUH yaKbIT Kypajabl.
XKorapsr 1400 °C temneparypana KIuHKep yAriiepai 30 MUHYT ycTay apKbUIbl KIIHHKED
Ty3Uly mpouecinzaeri ¢asanblk esrepicrepal Kamty opbiHzansl. 1 cyperre 1400 °C
TeMmIeparypaia KYHAipiiim alnbiHFaH KITMHKEPIiH JKaJIlbl CBIPTKBI KOPiHici KOpCeTUIreH.

a) 6)

Cypert 1 — AnbIHFaH KIMHKEP/IIH XKaIIbl KopiHici: a) KIHHKep — 1 (JocTypIi muxTa KypaMsl); 0)
KIIMHKep — 2 (JCTYpIIi eMec INXTa KypaMel).
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Knunakep KypaMbIHAarbl HETi3r1 MUHEpangapAblH Ty3inyi, oiapaeiH 6oc CaO
OalimaHpICy mpoleci, MOAYIbACPIAiH IIUXTa KOCHAachklHAa acepi 3eprrengi. | kecrene
LIMXTa KOCIACBIHBIH KYpaMbl, KaHBIFY KOX(QQHULIUEHTI KoHE MOAYIbAEPAIH KIMHKED
MuHepanaapsl MeH CaO OaiifaHbIcy MpOIECiHe dcepi HOTHKECT KeNTIpireH.

Kecre 1 — Illuxra KOCIACBHIHBIH KypaMbl, KaHBIFY KOO(QQUIMEHTI >XKoHE MOMYIBACPAIH KIHHKEp
MHHEpaJIIapbl MEH KaJIbIUI OKCHJIiHEe OaiiIaHbICy mpolecine acepi

Kocmna IInxTa KOCTIaChIHBIH KYpPaMbl, casl.% KK Moynb boc CaO camnbl,
oktac | ca3 | Temip |yiiinmi maiiManay | Koprachin n p 1400 °C, %
pynacsl! KaJLJBIFBI TIUIarkl
1 79,83 |17,49] 2,68 - - 0,90 | 2,2 | 1,12 1,87
2 77,62 - - 14,62 7,76 0,90 | 2,2 | 0,64 0,94

Knuakep Ky#aipy TpoleciHiH askramxybl HeriziHeH kimuHkepreri 6oc CaO
MOJIIIEPHIHIH TONBIK KIMHKED MHHEpalapbiMeH OipTeKkTi OaimaHbicy mopewkeci
apkpUIbl aHbIKTananel. Kmunkepaeri 6oc CaO menmiepi STHI-TIMIEPATTHl 9JIICTICH
aapikTamael, Oy1 MECT 5382-2019 rtamanrapsl OoifpiHIma kiuHKepaeri 6oc CaO
Meduepi 2 % acraysl THIC €KEHAITH KOpCeTyi THic.

l-un  Kypampaa KepceTinreHaed, «OKTac + ca3 + Temip pyAackl» IMIUXTa
KOMITOHCHTEPIHEH JaibIHIaNfaH KOCIHaJaH aJiblHFaH KIWHKEpAEC MHHEpasIap/IbiH
KallbI[M  OKCHJIIMEH OaillaHbICy TPOIECIHIH KETKUIIKCI3 Jopexenie KYPreHIiri
anbikTanpl. Cebebi, kiauHkep KypambiHgarel 6oc CaO memmepi 1,87 % kypansl,
Oys1 6oc CaO memmiepiHiH maMacsr 2 %-Fa KybIK €KeHIITiH KopceTei, SFHA KYUIipy
MIPOLIECiHAEC TeMIepaTypaHbIH MKETKUIiKCi3 OonraHibiFblH KepceTTi. CoHpmai-ak, 1
cyperTe (a) KepCceTiIreHIeH KIMHKEP/IiH TYCI alllbIK CYp TYCTE SKEH/IIri OalKasIbl.

2-m1i Kypama KepceTinreHaeH, «OKrac + YHiHAl maiMaray KaaibiFbl + KOPFachIH
[UIareDy I[IUXTa KOMIIOHEHTTEPiHEH JaWbIHIAIFaH KOCMAJgaH allbIHFaH KJIMHKEPIIe
MUHEPAJIAP/AbIH KaJbIUil OKCHAIHE OaiJlaHBICYy MPOIECIHIH TOJIBIK JKETKIIIKTI
Jopexee JKYPreHIiri, KmuHkep KypaMmbeiaaarsl 60oc CaO memmepi 0,94 % aHBIKTANIH,
OyJ1 KJIMHKEp KYHAIpy TpPOIECIiHAC TeMIepaTypaHblH IKETKUTIKTI OOJIFaHIBIFBIH
nmanenneini. Conpmaii-ak, 1 cyperre (0) KepceTinreHael KIMHKEPIiH TYCl KOO Kapa
TYCTE eKSH/IIr1 OaiKaspl.

Hortwxkecinae, yiiHl maiiManay KaiIbiFbl MEH KOPFACHIH [IUIATHI KOCBUIFAH IIHKi3aT
mmxta Kypambinaa Fe O,, CuO, PbO, ZnO xome cinti (Na,0 + K,O) okcuarepinin
KJIMHKEpre €HYIHIH oCepiHeH KIMHKEp TY3UIy MpoleciHie Oanky TemIeparypachlH
TeMeHaeTKeH monennenai. CaO OaimaHbic AopexeciH apTTeipiael, Oyn 6oc CaO
MeJIepiH azanTyra kemekreceni. CoHmai-ak, KaabkTapael 22,38 % komere xapary
APKBUTBI AKOJIOTHUSIIBIK MOCEJICHI OHTAIIBI IIenTyre MyMKiHmiK Oepemi. TexHorenmi
KaJJbIKTapbl TMaiganany apkeulbl atMmocdepara mbiFapsuiatbin CO, mapHMKTI
rasapAblH WBIFAPbIHIBIIAPEIH TOMEHAETYTe MYMKIHAIK Oepeni

1400 °C Ttemrieparypaja KYHIIpLIiN aliblHFAH KIMHKEpPre (U3MKa-XUMUSIIBIK
Tajmay XYprizinai. AJIIbIMEH KIMHKEPIIiH XUMISUTBIK KypaMbIH aHbikTay yiria JKILIC
«CTaHapT MEeMEHT» 3aybIThIHBIH OPTAJIBIK J1a00paTOPHSICHIH/IA OPHATIACKAH 3aMaHay!
X-RAY (S8 Tiger) KypblIFbICHIHA TANAAY JKacaJbl. ANBIHFaH KIMHKEPAIH XUMUSITBIK,
YKOHE MUHEPAJIOTUSUIBIK KypaMapsl 2 KecTele KeATipiareH.
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Kecre 2 — AnbIHFaH KIMHKEPJIIH XUMHSI-MUHEPAIOTHSUIBIK KYPaMIapbl

KiunkepiiH XUMHSITBIK MuHepanorusibIK
Knnn o Monynb o
e Kypamsl, %o KK Kypamsbl, %o
P Tsio, ALO, | Fe,0, | CaO | MgO n | p |CS|CS|CA|CAF

1 23,52 | 4,19 5,72 | 62,57 | 0,89 | 0,90 |2,25|0,75|59,1 | 17,9 | 1,73 | 17,42
2 24,17 | 4,08 5,78 162,25 0,97 | 0,90 [2,23]0,72|633 | 142 | 1,31 | 17,61

Hotmxkecinme, yHiHmI ImaiManay KaJIbFel MEH KOPFACHIH MUIATBl KOCHUFAH
KIIMHKEP/IC CPJTUKAT TY3LTy pEeaKIusUIaphl KaKChIpaK KypreHairi ansikranmel. 1400 °C
temneparypaga C,S munepansiHbin Mommepi 63,3 % sxone C,S munepanst 14,2 %
ty3imrenairi ansiktanabl. MECT 22266-2013 rtanantapeHa coiikec (GOST 22266-
2013) mopTiaHAIEMEHT KIMHKEPIHIH MUHEPATOTHAIBIK Kypambinaa C. A memnmepi 3,5
%-man apThIK €MeC, KIMHKEPAIH XUMHIBIK Kypambinaa Al O, memmepi 5 %-nan
apTeIK OonMaca cynb(daTka Te3iMIi MOPTIAHIAIEMEHT allyFa KapaMmIbl KIHHKEP
OoupImt TaOBIIAMBl. ANBIHFAH Nel KIWHKEPIIH XUMUSUIBIK KYpaMbIHIA Ale3 =4,19
% >XOoHE MUHEPATOTHSIBIK KypaMbIHIA C3A — 1,73 % aumpikTanael. byn anerHFaH
KIUHKEpACH Ccyabdarka Te3iMIi MOPTIAHAINEMEHT ajyFa jkKapaMIbl CEKECHIITiH
KOPCETTi.

No2 KIMHKEpAIH XUMUSIBIK KYpaMBIHIA A1203 = 4,08 % >xoHE MUHEPATOTHSIIBIK
kypambinga C A — 1,31 % ten Oomnpbl. Colikecinme, Oyn kmunkepae MECT
22266-2013 Tamanmrapabl TONBIK KaHAFaTTaHIBIPATBHIHIBIKTAH CylIb(aTrka Te3iMmai
MOPTJIAHIIEMEHT allyFa KapaMJIbl eKeHJITTH ToIeNeiIi.

KimmHakepaiH peHTreH KYPBUIBIMABIK TaIAayhl 2 CYpPeTTe KeNTipiireH.

PROBA 2

PROBA S

D8 ENDEAVOR

(©)

Cypert 2 — KinnHKepaiH peHTreHAIK CHeKTpiepi: a) KinuHKep — 1; 0) kiauHkep — 2.
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1400 °C temneparypaga KYWIIpiAreH KIMHKEPAiH Ka3bIKTHIK apajiblK KallbIKTBIK
KOpCEeTKIITepi Keseciiel KIMHKEp MUHEPaIAapbIHbIH TY3UITeHIITH aHbIKTa b, OJIap:
C,Sd=148;1,62;1,82;2,06;2,17; 2,31; 2,44; 2,74, 2,78, 2,97; 3,03 A; C,S d=1,80;
2,02; 2,04; 2,19; 2,28; 2,41; 2,64; 3,18; 3,26 A; C,A d = 1,54; 1,90; 2,59; 3,36 A;
C,AF d=1,56; 1,81; 1,93; 2,55, 3,62 A. Hotwxecinge, yitingi maiimanay KaabIEsl MeH
KOPFachIH IIIATkl KOCBUIFAH IIMXTA KOCHAChIHAH aJIbIHFaH KIMHKEP KypambIHIa OapIibIK,
LEMEHT KJIMHKEPIHE THICTI MUHEPAIAapAblH TOJIBIKTAaH TY3UITEHIIrH KOPCETT] XKHE o1ap
Ka3bIKTBIK apajbIK KAIIBIKTHIK KOPCETKIIITEPIMEH JENICH]].

Tankpliay. ANbIHFaH KIMHKEPAIH MUKPOKYPBUTBIMBIH Oarayiay YIIiH 3JEeKTPOH/IBI
mukpockon kemeriMeH x100-3000 ece JkakbIHAATHIT KOPY apKbUIBI 3epTTEY
xyprizinni. Knuakepai ckanepieyii 3IeKTpOHAB MUKPOCKOITUSUIBIK JKOHE PEHTTeHIIK
(ryopeCleHIUSIIBIK, TalJaybIHBIH HOTHXKETEPi 3 cypeTTe KOpPCETiIreH.

557-16 (2) HPJIIT"K u b M"

Dneme | Becopoit @ Coen. | dopMmy
HT % % aa

Na 0.44 0.60 NaxO
Mg 0.85 142 MgO
Al 0.91 1.71 ALOs
Si 12.14 25.97 SiO»

It 0.22 0.50 P20s

s 0.11 0.28 SOs3

K 0.45 0.54 K0
Ca 48.29 67.57 CaO
T 015 035 THs T Z0omkm ' 3nekTpoxWoe nsobpakenue 1
Fe 0.90 1.16 Fex0s3
o 35.53

557-16 (1)

Dneme | BecoBoH | Coexn. | Dopmy
HT % % na
Na 0.47 0.63 Na;O
Mg 0.99 163 Mgb
Al 2.26 4.26 ALOs
Si 9.07 19.40 | SiO2
S 0.15 0.38 SOs
K 0.51 0.62 K;O
Ca 50.01 69.97 : CaO
Ti 0.09 0.15 TiO;
Fe 2.30 2.96 Fe:03
o 34.16

(©)

Cyper 3 — KimmHepriepiH MUKpOKYPBUTBIMBI KOHE CIIEKTPOTpaMMach: a) KIWHKep — 1; 0) KiuHKep — 2.
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«OKTac + caz + TeMip pyaach» KOCla KypaMblHaH TYpPaThlH KJIMHKEPIiH HAaKThI
MOIYNIBIIK KepceTkimTepi KaHbiry kodduuuenti KK = 0,90; n = 2,25; p = 0,75
Oonapl. Al KIMHKEPIiH XMMUAIBIK KypaMbl Kenecifeid % ambikramusl: SiO, - 25,97,
ALO, - 1,71; Fe,0, - 1,16; CaO - 67,57, MgO - 1,42. Knunkepin MUKpPOCYpETTEPIH
Tanfay HOTIKECIHIEC MUHEPANAApAblH KPHCTAJJAHYbl CANBICTHIPMANIBI TYPAE aHBIK
KoHe OIpKesKi TapayranbiH KopceTTi. CalbICThIpMabl TYP/E KaKehl Kanbimrackan C,S
KPUCTaJIIaPbIHBIH aiMaKTapbIMEH Karap, TiK KbIpJbl Oypeimtel C,S KpUCTaIapbiHbIH
©CIHJIIIepiHE aybICAThIH IYPHIC EMeC IIIIiH/II C3S aliMaKTaphbl 12 Ke3eCe/I. C,S nenrenex
KoHeE comak kpuctanaap typinge kesneceni. C,S nen C,S Tylipinikrepinin GeTiHe xKoHe
OJIapAbIH apachIHAa amtoMHUHAT (ha3ackl (Kapa apaiblK 3aT) KoHE aIIOMUHOQEppHT (Ba3acsl
(amIbIK >KapbIK apaliblK 3aT) alKbIH KepiHeml. KiMHKep IIMXTachbIHBIH KypamblHa TEMip
PYAAchIH KOCY KYHIIpy TeMIepaTypachlH TOMEHJETE Il KoHe KIMHKEp TY3UTy IpoLeciH
*Kakcapraapl. KimHkep KnuManapbIHBIH JIEKTPOHIBI MUKPOCKOIMSIIBIK Talgaybl KIMHKED
MUHEPAIIIAPBIHBIH JKEHTEKTENY1 KaKChI TLITHI, KAJBIITHI Mintiji, C,S KpucTanjapbiHbIH
emmuemi 20-60 MM Ty3itrenirin kepcerTi. Kiuukep Kypambinza werisri munepainnap C,S
=59 % xane C,S = 17,9 % anbIKTan bt (Smith et.al, 2019).

«OKrac + yHiHzi maiiManay KaJIbIFbl -+ KOPFAChIH IIUIArbD» KOCIIa KYPaMbIHAH TYpPaThIH
KIIMHKEPJIiH HaKThl MOMAYJIbIIK KepceTKimrepi Kaubiry kodddumuenti KK = 0,90; n =
2,23; p = 0,72 Ten Oonnpl. KnuHkepaiH XUMUSUIBIK KypaMbl Kenecigeid % aHbIKTalabl:
Si0, - 19,40; ALO, - 4,26; Fe0O, - 2,96; CaO - 69,97, MgO - 1,63. Knunkepnin
MHUKPOCYPETTEpiH Talaayla MUHEpaJAAPAblH alKblH KPUCTAIJaHYbIH KOHE KIMHKED
iminge Gipkenki emec TyHipuikTi Tapanybin kepcerti. C,S apTyprni emmemaep mMeH
TiK MnIiHAer KpucTanaap Typinae 6onaasl. Yiken pom6osapii C,S kpucraniapbiHbH
kypambinga C, S KoceiHabuiapel kesfaecemi. 100 MKM-re nekiH JKETETiH YIKEH
pombGospni C,S kpucranmapbl anblk kepineni. Knuukepueri C,S Munepanmapabiy
JIOHJICPIHIH CaKMHA TOPi3/i LIOFBIPIAPBIH KOPCETTI. CS HETi31HEH NOHreNeK, Oipak
keiibipeynepi conakiua kyize kesneceni. C,S MuHepasl aiTapibiKrai yikenipek, C,S
nen C,S MuHepaniapel Tikenei OainaneicTa, Oy OIAp/bIH KATTHI IEHE PEAKIUSIAPBI
apkpuibl Ty3inyin kepcerti. C,A + C I ¢asa en anupiMen mon amoModeppurTeH
typansl. Knuukepne C,S munepanst 6ackim ke3neceni. C,S memmepi 63 % xone C,S
mommepi 14 %, C.A + C,F pasza werizinen 1,3 % - C,A xone 17,1 % - Topt kanbuuiini
amomModepputen Typaabl. bipikTipinren yHiHai maiiManay KaJgbIFbl jKOHE KOpPFAchIH
LIJIarbl MUHEpAIJaHIBIPFBINT 9cepi Oap, KIMHKEpP TY31Ty MPOLECCIH XKbUIgamIaTaibl,
KYHIipy TeMmepaTypachlH TOMEHAETYIe KOMEKTeCe Il JKoHe KIMHKEP TY31Iy MpOLeCiH
kyweiireni (Lee et al., 2021).

KopbiThiHAbI. «OKTac + ca3 + Temip pylachl» IIUKi3aT HIMXTa Kocmaaapia
KIMHKepAiH Ty3iny mponeci 1450 °C Temneparypasa asKTalFaHbl )KoHE KIMHKepIeri
60c CaO memnmepi 1,87 % OonraHbl aHBIKTAJIBL. O3ipiiereH «OKTac + YHiHl maiimanay
KaJJbIFbl + KOPFACBIH IIIArbDy IIMKI3aT LIMXTa KOocnanapaa KIMHKEePIiH Ty311y npoueci
1400 °C rtemmeparypajga asKTangbl, SFHH ASCTYpJl Kocnamapra Kaparanga 50 °C
TOMCH asKTaJFaHbl XKoHEe KiInHKeperi 6oc CaO memiepi 0,94 % exeHiri aHbIKTaJIIbI.
Texnorenai xanapikTapabie Kypambinga CuO, PbO, ZnO xone cinri (Na,0 + K O)
OKCUATEPIIH KIMHKep MUHepaiaapbiHaarel CaO OalinaHbpicybiHa KOOipek acep eTeTiHi
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JoNeNnAeH 1. O3ipIeHreH KIMHKepAeri MUHEpaIAapAblH KPUCTAAaHybl alTapiIbIKTail
epeKIle eKeHi, OIpKENKi, alMaKTBIK TapatybiH KepceTTi. C,S apTypii enmemer e
TIK-KBIPIIBl MilIiHzeri, keiae yikeH emmemi 100 MKM-Te >KETeTiH KpHCTalJapMeH
YCHIHBLIFaH, coHlaii-ak, C,S KpucTanaapbiHbiH 03apa ocyi Oaikanansl. C,S ximipex,
JIOHTENIEK JKOHE COMAKIIAa KpHCTanaap Typinae kpucranaanapl. C,S TyHipumikTepiHin
OeTinjie Keiiie xapbIKTap 6aiKaibl, ajn keiOip kiunkepe exinmi pertik C,S Tysinrenai
aHBIKTANABI. Apaibik (aza C3A + C,AF xkeTkimkri 18-19 % Meniepie KaMThUIFaH.
Kanpunit anromodeppuTTepi aliblK >KoHE TAIMIBIKTBI KPUCTAAAP TYPIHIE, aJl KaJIbIUH
QIIOMUHATBl KYHTIPT KpUCTanaap TypiHae Kepinai. KimHkep Ty3iny mponecinin
YZeyiHiH Heri3ri XuMu3mi yHiHJ1 maiManay KaligblKTapbl MEH KOPFACchIH LUIATBIHBIH
aznaran moniepinin CaCO, IMCCONMANMsCHIHA JKIHE HKOFAPhI TEMIIEPATYPaia MUHEPAIT
TY31y peakuusiapbiHa MUHEpaIJaHy 9cepinje karelp. Y HiHal malimManay KaJlabIKTapbl
MeH KOPFachIH IIUTarbIH IIUXTa Kocma KypambiHa 22,38 % eHipy KaJbUUTTIH bIIBIpay
temmneparypacsit 50 °C-xa ToMeHneTTi. Y HiHAl maiiManay KaaabIKTapbl MEH KOPFachlH
LTarbIHAFbl MBIPBILI, KOPFACHIH KOHE MbIC OKCHATEPiHIH a3 MeJIIepi MUHepalgaHy
ocepiHe uWe, Oyl TOMEH TeMIlepaTypaja KalbLUT KPHUCTAIIBIK TOPBIHBIH Te3ipeK
Oy3bUTybIHA BIKIAN €TTi. byn KIMHKep TY3idy NpOLECiHIH omaH opi Kedenaeryre
KOMEKTECTi.
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Abstract. Multidrug-resistant tuberculosis remains a critical global health
challenge, necessitating novel therapeutic targets. Isocitrate lyase (ICL), an enzyme
essential for Mycobacterium tuberculosis persistence, has emerged as a promising
target, yet ICL inhibitors face significant pharmaceutical limitations including poor
aqueous solubility and inadequate cellular penetration. This study aimed systematically
evaluate pharmaceutical formulation strategies addressing the delivery challenges
of ICL inhibitors and assess their potential for therapeutic application. A systematic
literature search was conducted across PubMed, Scopus, Web of Science, and Chemical
Abstracts Service (January 2000—August 2025) using PRISMA guidelines. Search terms
included “isocitrate lyase,” “ICL inhibitor,” “pharmaceutical development,” “drug
delivery,” and related terms. Studies were included if they addressed pharmaceutical
formulation development, physicochemical characterization, stability assessment,
or delivery system evaluation of ICL inhibitors. Data were extracted on formulation
types, analytical methods, and performance characteristics were extracted. Forty-three
studies met inclusion criteria. Nano-based delivery systems predominated (58.1%),
with polymeric nanoparticles most frequently investigated (42.8%). Surface-modified
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nanoparticles, particularly mannose-coated formulations, achieved superior macrophage
targeting (68.9 £ 7.1% uptake efficiency) and intracellular accumulation (1032.4 = 94.7
ng/1076 cells) compared to unmodified carriers. Lipid-based systems showed optimal
performance for highly lipophilic compounds. Pulmonary delivery formulations
demonstrated excellent lung targeting (lung-to-plasma ratio: 8.5—15.7). Stability studies
identified degradation pathways guiding excipient selection. Validated analytical
methods exhibited excellent performance (linearity 2 > 0.999, precision RSD < 2%)).
Advanced formulation strategies, particularly targeted nanoparticles and pulmonary
delivery systems, successfully address pharmaceutical limitations of ICL inhibitors.
These approaches enhance solubility, cellular uptake, and tissue targeting, providing
a foundation for developing effective anti-tuberculosis therapies. Further research
should focus on comprehensive in vivo evaluation, long-term stability assessment, and
manufacturing scale-up for clinical translation.
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systems; nanoparticles; tuberculosis therapy
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Annorauusi. Ken nopire tesimai TyOepkyne3 >kaHa TepamneBTIK MakcaTTapibl
KQKET CTETIH jkahaHJBIK JICHCAYJBIK CaKTayJblH MaHBI3JIbI MAceJeci OOJbIn Kajia
Oepeni. TyOepkyne3 MHUKOOAKTEPUSUIAPBIHBIH TYPAKTBUIBIFBIHA KaXETTI (EepMEeHT
monutpar Jsmaszacel (ICL) mepcmekTuBanmsl MakcaTka aHanmel, mereaMeH ICL
WHTUOUTOpIAphl MaHbI3ABI (hapMalEeBTHKAJIBIK LICKTEyJepre Tam OoJajibl, COHbIH
iIIiHAe cyaa epirilmTiri Hamap KoHe )Kacylianapra eHny skeTkinikcis. by 3eprrey ICL
WHTUOUTOPIIAPBIH JKETKi3y MOCENIeNEepiH IemeTiH (papMaleBTHKAJIBIK IpernapaTTapibl
Kacay CTpaTerdsulapblH JKyHemi Typle Oaranay >KOHE OJaplblH TEpareBTiK KOJJaHy
oneyeTiH Oarayay opi TepamneBTiK JICyeTiH aHBIKTay MaKCcaThIHA XKYpri3iami. PubMed,
Scopus, Web of Science »one Chemical Abstracts Service (2000 »x.xanrap — 2025
K. TaMbI3) Prisma HycKaymapblH KOJJIaHa OTBIPBI, JXKYHeNi Typuae omeOuerTepii
i3gey kyprizinai. I3mey cypaynmapeiHa ‘“‘m3onurtpar smasacel”, “ICL mHrubutopsr”,
“(apmanieBTHKANBIK OHIMII d3ipiey”, “Iopi-IopMEKTepli >KeTKi3y” »KoHE OHBIMEH
OalmaHpICTBl TEpMHUHJICP Kipai. 3eprreyiep (apMameBTHKAIBIK (QopMynazapisl
o3ipieyre, (pU3MKa-XUMMISUIBIK CUIIATTaMajapFa, TYPAKTBUIBIKTHL Oarajiayra HeMmece
ICL uHrnouTopIaphiH KeTKi3y KyHeciHe KaThICThI eHri3inmi. Perent Typrepi, Tannay
ozicTepi KOHE MaijanaHy cumarramajiapbl Typajibl MOJIMETTep ayiblHAbL. KpIpBIK
YLI 3epTTey KOCy KpuTepHiliepiHe colikec kenai. Hanomarepmanmapra Herizaeirex
KETKI3y kyHenepi OackiM Oomabl (58,1%), keOiHece monuMepii HaHOOOJIIEKTEP
seprrenai (42,8%). berrik moaudukanusianraH HaHOOGJIIIEKTEp, arall alTKaHja
MaHHO3aMEH KallTaJIFaH Ipenaparrap MoaupuKanusuiaHOaraH TachbIMaAayIibUIapMeH
casiplcThIpFana Makpodarrapra (Cinipy TriMainiri 68,9 + 7,1%) sxoHe jkacymainmisik
xuHakranyra (1032,4 + 94,7 ur/1076 sxacyma) tamama acep ereni. Jlumuarepre
HETi3JeNTeH JKyiesep >KOFapbl JTUMOPHIBAI KOCBUIBICTAD YIIIH OHTAMIBI THIMALTIKTI
KOpCeTTi. OKIere >MeTKi3yre apHaJfaH IMpenaparrap OKIere KarbICThl Tamalla
TUIMIUTIKTI KOPCETTI (0KMe MEH IIa3MaHbIH apakaTeiHackl: 8,5-15,7). TypaKkTbUTBIKTHI
3epITey TONTBHIPFBIUTHI TaHJAyAbl aHBIKTAMTBIH Jerpajalys >KONJapblH aHBIKTAIbI.
JonenieHreH aHAIWTHKAIBIK 9/icTep KepemeT ThiMaimikTi kepcerti(R ~ 2 > 0,999
CBIBBIKTBIFBL, RSD < 2% nonpiri). Xeringipinren nopimik Qopmanapisl KypyIbIH
KETUIIIPIITeH CTpaTerusuIaphbl, aTam alTKaH1a, MaKcaTThl HAHOOOJIILIEKTED KOHE OKIIere
xetkizy kyienepi ICL mHruOuTopinapelHblH (hapMaleBTHKAIBIK IEKTEYJIEPiH COTTI
xosael. by Tocimaep TyOepkynesre Kapchl THIMJI MperaparTapAblH JaMyblHa HEri3
00I1a OTBIPHIIL, EPITIMITITIH, KacyIIaJap/IbIH CIHYiH KoHE TiHAEpTe dCcepiH xKaKcapTabl.
Kocreimia 3eprreynep in vivo xaH-)KaKThl Oaranayra, y3aK MEp3iMai TYPaKTbUIBIKTHI
Oarasnayra >KoHE KJIMHUKAJIBIK KOJIJaHy YIIiH OHAIPiCTI KeHEUTyre OarbITTalybl KepeK.

Tyiiin ce3aep: w3ouMTpamMaza WHTHOWUTOPIAPHI, (apMalEBTUKAIBIK KYPaMbl,
JIOPUITIK 3aTTapibl XKETKI3Y KyHenepi, HaHOOOIIEKTep, TYOepKyIe3 Teparusichl
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AnHoramus. TyOepkyn€3 ¢ MHOXECTBEHHOH IJIEKapCTBEHHOW YCTONYHMBOCTHIO
ocTaércs Cephe3HON TPoOIEeMOl TII00abHOTO  3/paBOOXpaHEHUs, TpeOyromeit
pa3paboTKK HOBBIX TepamneBTHYecKuX mnoaxomoB. Mzomurparnuaza (ICL), depment,
HEOOXOAMMBIN Il TIEPCHCTEHIIMH MHKOOAKTEepHil TyOepKyié3a, paccMaTpHhBaeTcs
KaK T[epCHeKTHBHAas MHUIIEeHb, oaHako wuHruowmropel I[CL cramkuBatoTcs ¢
psaaoM GdapManeBTUYECKUX OTpaHUYEHUH, BKIIOYas HHU3KYK) pPacTBOPUMOCTH U
HEJIOCTAaTOYHOE IMPOHUKHOBEHHE B KJIETKH. HacTosiiiee wmcciemoBaHue HaNpaBiIeHO
Ha CHCTEMaTHYECKYIO OIICHKY CTparernii pa3pabOTKu JIeKapCTBEHHBIX (opM,
obecrieunBaromux 3¢ ¢dexTuBHy0 aoctaBky uHruouropoB ICL, u anamm3 wux
TepaneBTHYeCKoro moTeHnuana. [lpoBenéH cucremarndeckuii 0030p JTUTEpaTyphl C
rcrnoibp3oBaHreM 0a3 naHHbIX PubMed, Scopus, Web of Science u Chemical Abstracts
Service (2000-2025 rr.) B coorBeTcTBHH C pekomeHmanusmMu PRISMA. Anamms
MOKa3aJ1, 4T0 HauboIee pacpoCTPaHEHHBIMU SBISIOTCS CUCTEMBI TOCTABKU Ha OCHOBE
HaHoMarepuasioB (58,1%), cpean KOTOPhIX JOMUHHUPYIOT ITOJMMEPHBIE HAHOYACTHIIHI
(42,8%). IloBepxHOCTHO-MOIU(DUITUPOBAHHBIE HAHOYACTHUIIBI, B YACTHOCTH MaHHO30-
MOIUGUITPOBAHHEIE, IEMOHCTPUPYIOT TIOBHIIIEHHOE TIOTNIOIIeHne Makpodaramu (68,9
+ 7,1%) u BBICOKO€ BHYTPUKJIIETOUYHOE HAKOIUICHWE. JIMTIMIHBIE CUCTEMBI TOCTaBKH
nmoka3anu APQPEKTUBHOCTD I JIAMOPUIBLHBIX COEAWHEHUH, a WHraIsIHOHHbIE
(dbopMBl  OOecrieynsii  BBICOKHHM ypOBEHb HAKOIUIEHUS B JIETKUX. Pe3ynbrarhl
CBUETEIHCTBYIOT, YTO COBPEMEHHBIE CTpaTeTUH pa3pabOTKH JIEKapCTBEHHBIX (opM,
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BKJTIOUYAsi TAPTeTHPOBAHHBIE HAHOYACTHIIBI M CUCTEMBI IOCTaBKU B JIETKKE, TTO3BOJISIOT
MIPEO0NETh KIItoUeBble orpaHnueHus nHruoutopos ICL, ynyymas ux pacTBOPUMOCTD,
OMOIOCTYITHOCTh U TKAHEBYIO CIIELU(PUIHOCTb.

KioueBble  cjoBa:  MHTHOUTOPBI  M30LUTpATIvasbl;  (apManeBTHYECKas
KOMIIO3UIUSI; CHCTEMBI JAOCTABKH JIGKAPCTBEHHBIX CPEACTB; HAHOUACTHUIIBI; TEpaTHs
TyOepKynes3a

Introduction. Tuberculosis continues to challenge global public health systems.
Annual surveillance data document approximately 10 million new infections and 1.3
million deaths across all WHO regions. Despite the existence of recognized treatment
regimens, the emergence and spread of drug-resistant strains of Mycobacterium
tuberculosis pose a serious threat to tuberculosis control efforts worldwide and, in
particular, in countries with a high burden of morbidity, such as Kazakhstan, where the
incidence of multidrug-resistant tuberculosis (MDR-TB) remains among the highest
in the world (Terlikbayeva et al., 2023). According to the World Health Organization,
7,400 new cases of tuberculosis were registered in Kazakhstan in 2023, approximately
24% of which were classified as MDR-TB cases, which highlights the urgent need
for new therapeutic approaches (WHO, 2024). This alarming situation requires the
development of innovative anti-tuberculosis drugs with unique mechanisms of action
capable of overcoming existing resistance mechanisms.

Clinicians typically prescribe a six-month multi-drug course for drug-susceptible
tuberculosis. When resistance emerges, treatment duration extends considerably —
often reaching 18 to 24 months — and necessitates second-line agents that carry greater
toxicity profiles and demonstrate reduced efficacy (Tiberi et al., 2022). This extended
treatment duration contributes to poor patient adherence, increased risk of adverse
effects, and substantial healthcare costs. M. tuberculosis can persist dormant within host
tissues with reduced metabolism and increased antibiotic tolerance, making complete
eradication difficult (Boshoff and Barry, 2005). These persistent bacterial populations
are believed to be responsible for latent TB infection, which affects approximately
one-quarter of the global population and serves as a reservoir for future active disease
(Houben and Dodd, 2016).

Recent research has shifted attention toward metabolic pathways essential for
mycobacterial persistence during latency. The glyoxylate shunt has emerged as
particularly promising because it enables M. tuberculosis to survive prolonged nutrient
deprivation within host tissues (Bhutani et al., 2022).

During chronic infection, when host carbohydrate sources become limited, M.
tuberculosis relies on this alternative pathway to metabolize fatty acids for carbon and
energy. Isocitrate lyase (ICL), a pivotal enzyme within the glyoxylate cycle, facilitates
the breakdown of isocitrate into succinate and glyoxylate. This process circumvents the
carbon dioxide-producing stages of the tricarboxylic acid (TCA) cycle, allowing the
bacterium to preserve carbon atoms for gluconeogenesis (Gould et al., 2006).
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The essential role of ICL in M. tuberculosis survival was demonstrated by McKinney
and their team. Their research revealed that mutants lacking ICL were incapable of
persisting within macrophages and displayed reduced virulence in a mouse model of
tuberculosis (Kumar et al., 2021). Further investigations have corroborated the essential
role of ICL in enabling bacterial adaptation to low-oxygen environments and limited
nutrient availability. These conditions characterize the granulomatous lesions in which
M. tuberculosis resides during long-term infection. It is noteworthy that the glyoxylate
cycle is not present in mammals, positioning ICL as a desirable target for selective
inhibition without substantial risk of toxicity.

Literary review. Initial attempts to create ICL inhibitors focused on analogues of
isocitrate, an enzyme substrate. [taconate and its derivatives showed moderate inhibitory
activity against ICL, but demonstrated weak cell penetration and limited efficacy in
vivo. Subsequently, promising chemical scaffolds with improved inhibitory properties,
including phenyldiketonic acids, benzimidazoles, and thiadiazoles, were identified
during large-scale screening campaigns (Kratky and VinSova, 2012). Among them,
3-nitropropionate (3-NP) proved to be a powerful competitive inhibitor of ICL with
an IC50 value in the micromolar range, serving as a valuable compound for further
optimization.

Modern advances in medicinal chemistry have led to the creation of more powerful
and selective ICL inhibitors. Khomyakov and Baykov from the Scientific Research
Institute of Phthisiopulmonology in Russia synthesized a series of new N-substituted
2-(5-nitrofuran-2-yl) acetamides, which showed significant inhibitory activity against
ICL with minimal cytotoxicity for mammalian cells (Khomyakov and Baikov, 2021).
Similarly, Akhmetova and her colleagues from the National Center for Biotechnology
in Kazakhstan identified several promising hit compounds by virtual screening of
natural product libraries against the active ICL site (Akhmetova et al., 2022). Their
leading compound, a flavonoid derivative designated as NCB-613, demonstrated potent
inhibition of both isoforms ICL1 and ICL2 and showed significant activity against
intracellular M. tuberculosis in infected macrophages (Akhmetova et al., 2023).

Despite these advances, most ICL inhibitors suffer from poor pharmaceutical
properties. Many lead compounds show limited water solubility, rapid metabolism,
and insufficient penetration through the mycobacterial cell wall (Saxena et al., 2018).
The complex, lipid-rich cell wall of M. tuberculosis blocks drug entry, requiring
innovative formulation approaches to improve penetration and intracellular drug levels.
Additionally, M. tuberculosis resides within macrophages and granulomas, where low
oxygen levels and acidic conditions create barriers to drug delivery.

Researchers in Kazakhstan have addressed these challenges through several
studies. Satbayeva and Zhumagalieva at Kazakh National Medical University
developed nanoparticle formulations of ICL inhibitors to enhance cellular uptake and
improve tissue distribution (Satbayeva and Zhumagalieva, 2023). Their lipid-polymer
hybrid nanoparticles containing NCB-613 showed better pharmacokinetics than free
drug: higher lung accumulation and longer plasma half-life (Satbayeva et al., 2024).
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Similarly, Sarsenova and colleagues at the Institute of Pharmaceutical Research and
Development in Kazakhstan explored the potential of inhalable dry powder formulations
of ICL inhibitors for direct pulmonary delivery, allowing targeted drug delivery to the
primary site of infection while minimizing systemic exposure and associated toxicities
(Sarsenova et al., 2022).

This review systematically evaluates pharmaceutical development of ICL inhibitor
formulations, focusing on formulation strategies, analytical methods, and stability
issues. We identify current challenges and future opportunities to accelerate development
of effective anti-TB drugs targeting the glyoxylate pathway. Specifically, we examine
advanced drug delivery systems, strategies to improve physicochemical properties of
lead compounds, and potential combination therapies to optimize efficacy and prevent
resistance development.

Materials and methods.

Literature search and study selection

A systematic review and meta-analysis were performed in accordance with the
PRISMA guidelines (Page et al., 2021). The advanced literature search was implemented
through various electronic databases, such as PubMed, Scopus, Web of Science and
Chemical Abstracts Service, in the period from January 2000 to August 2025. The
search strategy included combinations of keywords relevant to the research topic.
Among them: «isocitrate lyase», «ICL inhibitor», «glyoxylate cycle», «Mycobacterium
tuberculosis», «pharmaceutical development», «dosage formy», «drug delivery» and
«stability». Additional literary sources were identified by manually analyzing the
literature lists presented in the found articles and relevant reviews (Singh et al., 2022).

We included studies meeting the following criteria: (1) original research articles
describing pharmaceutical formulation development for isocitrate lyase inhibitors; (2)
investigations reporting physicochemical characterization, stability testing, or analytical
methodology; (3) preclinical or in vitro evaluations of drug delivery systems; and (4)
publications available in English or Russian. We excluded: (1) studies focused solely
on synthesizing new ICL inhibitors without formulation development; (2) research on
non-ICL antimycobacterial targets; (3) reviews without specific formulation data; and
(4) conference abstracts lacking detailed methodology.

Two independent reviewers screened titles and abstracts using predefined criteria.
Full-text articles were then evaluated for eligibility, with disagreements resolved by
a third reviewer. Figure 1 presents our study selection process, showing systematic
identification and screening of relevant literature according to PRISMA guidelines
(Moher et al., 2009).

| INFORMATION CATEGORIZATION |

| Compound Structure | Formulation Conventional Analysis Quantif |

i
| EXPERIMENTAL MODELS |
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| Invitro Cell | Ex vivo  Tissue | Invivo  Animals |
!

| PERFORMANCE PARAMETERS |

[ Properties | Solubility | StabilityChemica | Bio Availability |
|

| FORMULATION STRATEGIE |

| Conventional Oral | Nano  Nanoparticle | Targeted Pulmonary |

Figure 1 - Data extraction and quality assessment

An initial search of the database, as shown in Figure 1, revealed 846 articles that
could be relevant to the research topic. Additionally, 37 more records were found by
analyzing the link lists. After the duplicates were removed, 623 articles were analyzed
in headings and annotations, resulting in 171 articles being selected for a full study of
the text in order to determine whether they met the inclusion criteria. After a thorough
assessment of compliance with the inclusion and exclusion criteria, 43 studies were
included in the final review. Most of the excluded studies focused mainly on the
synthesis and biological evaluation of new ICL inhibitors, without affecting aspects of
pharmaceutical development. This fact served as the basis for their exclusion from the
current review focused on drug development issues.

Formulation development methodologies

To address key challenges of ICL inhibitors-limited water solubility and insufficient
cellular uptake-researchers have examined diverse formulation strategies. Solid
dispersion methods, utilizing water-soluble polymers such as polyvinylpyrrolidone
(PVP), hydroxypropyl methylcellulose (HPMC), and polyethylene glycol (PEG), have
been widely studied to improve the dissolution rate and apparent solubility of ICL
inhibitors exhibiting poor water solubility. These formulations were generally produced
using techniques such as solvent evaporation, spray drying, or hot-melt extrusion,
with the choice of carrier and processing conditions carefully optimized based on the
physicochemical characteristics of the particular inhibitor.

Nano-based drug delivery systems have garnered significant interest for enhancing
the delivery of ICL inhibitors to infected tissues and cells. Polymeric nanoparticles,
composed of biodegradable polymers like poly (lactic-co-glycolic acid) (PLGA) and
polycaprolactone (PCL), have been created through emulsification-solvent evaporation,
nanoprecipitation, or microfluidic methods. Surface modification of these nanoparticles
with targeting ligands, such as mannose, tuberculin, and various cell-penetrating peptides,
has been explored to improve macrophage uptake and intracellular accumulation.
Lipid-based delivery systems, including liposomes, solid lipid nanoparticles, and
nanostructured lipid carriers, have also shown encouraging outcomes in enhancing the
bioavailability and therapeutic effectiveness of ICL inhibitors.

Pulmonary delivery systems offer an additional important formulation strategy for
ICL inhibitors, enabling direct delivery to the primary site of tuberculosis infection.
Dry powder inhalers (DPIs), pressurized metered-dose inhalers (pMDIs), and nebulizer
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formulations have been developed and characterized regarding aerodynamic properties,
including mass median aerodynamic diameter (MMAD), fine particle fraction (FPF),
and emitted dose. Various particle engineering techniques, including spray drying,
spray freeze drying, and supercritical fluid technology, have been employed to generate
respirable particles with optimized size distribution and flow properties.

Analytical methods and characterization techniques

To ensure thorough characterization and rigorous quality control of ICL inhibitor
formulations, extensive analytical methodologies were implemented. The primary
approach for quantitative assessment involved utilization of high-performance
liquid chromatography (HPLC) coupled with ultraviolet (UV) or mass spectrometric
(MS) detectors. Validation of these methods conformed to International Conference
on Harmonisation (ICH) guidelines, encompassing assessments of specificity,
linearity, accuracy, precision, detection limit, and quantitation limit. For intricate
biological matrices, liquid chromatography-tandem mass spectrometry (LC-MS/
MS) methodologies were formulated and validated, aimed at pharmacokinetic and
biodistribution investigations.

Solid-state attributes were assessed via a suite of techniques, including X-ray
powder diffraction (XRPD) to determine crystallinity, differential scanning calorimetry
(DSC) to characterize thermal behavior, thermogravimetric analysis (TGA) to quantify
weight changes upon heating, and Fourier-transform infrared spectroscopy (FTIR) to
identify potential drugexcipient interactions within solid formulations. Evaluation of
morphology was performed via scanning electron microscopy (SEM) in the case of
solid dosage forms and transmission electron microscopy (TEM) for nanoscale delivery
systems. Measurement of particle size, size distribution, and zeta potential of colloidal
dispersions were conducted via dynamic light scattering (DLS) and laser diffraction
techniques.

Following ICH guidelines, stability assessments were carried out across various
storage conditions: accelerated (40°C/75% RH), intermediate (30°C/65% RH), and
long-term (25°C/60% RH). At predetermined intervals, samples were evaluated with
regard to physical attributes, drug concentration, dissolution characteristics, particle
size, and assessment of degradation products, to accurately define shelf-life and optimal
storage parameters.

Results.The final dataset comprised 43 eligible studies. The temporal distribution
of publications revealed a pronounced upward trajectory, with 29 articles (67.4%)
published between 2020 and 2025 - a pattern consistent with the growing scientific
interest in ICL as a druggable target. Research contributions spanned 16 countries;
the United States accounted for the largest share (23.3%), followed by India (18.6%),
China (14.0%), and Kazakhstan (9.3%). The physicochemical profiles of the principal
ICL inhibitor candidates, together with the formulation strategies adopted to overcome
their pharmaceutical shortcomings, are compiled in Table 1. Across the majority
of compounds, insufficient aqueous solubility represented the dominant challenge,
driving the exploration of multiple formulation approaches aimed at improving drug
performance.
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Table 1 - Physicochemical properties of lead ICL inhibitors and corresponding formulation strategies

Compound Chemical Log Aqueous Formulation References
Class P Solubility Approaches
(ng/mL)
3- Carboxylic - 4850 + 320 Solution, [26,27]
Nitropropionate acid 0.14 Nanoparticles
NCB-613 Flavonoid 3.82 124+1.8 Solid dispersion, Lipid [28,29]
derivative nanoparticles
Compound 7a Benzimidazole | 4.26 3.7+0.5 Polymeric nanoparticles, [30, 31]
Cyclodextrin complex
Compound 19b Thiadiazole 3.51 82+1.1 Nanosuspension, [32,33]
Solid lipid nanoparticles
2-(5-nitrofuran2- Nitrofuran 1.93 75.6 6.2 Microemulsion, [34, 35]
yl)acetamide Spray-dried
microparticles
ITZ-01 Itaconate 2.68 423+39 Liposomes, [36,37]
derivative Inhalable dry powder

Note: Compiled by authors based on literature sources: Smith et al., 2021; Chen et al., 2022, Satbayeva
et al., 2023; Roberts et al., 2021; Feng et al., 2022; Patel and Agrawal, 2020; Agrawal et al., 2021;
Khomyakov et al., 2022; Kovalenko et al., 2023; Yang et al., 2022; Sarsenova et al., 2023). LogP values
indicate lipophilicity; aqueous solubility measured at 25°C, pH 7.4.

Examination of the distribution across formulation categories showed a clear
predominance of nanocarrier-based platforms, which featured in 58.1% of the reviewed
studies. Conventional dosage forms comprised 25.6% of the literature, while pulmonary
delivery approaches accounted for the remaining 16.3%. Within the nanocarrier
category, polymeric nanoparticles attracted the greatest research effort (42.8%), with
lipid-based systems ranking second (31.4%) and surface-functionalized nanoparticles
comprising 25.8%. The preference for nano-based platforms reflects their capacity
to simultaneously address several key shortcomings of ICL inhibitors: they augment
apparent solubility, facilitate intracellular penetration, and permit selective delivery to
macrophages harboring the pathogen.

Cellular internalization data obtained from in vitro models further underscored the
advantage of surface engineering. As detailed in Table 2, macrophage uptake varied
substantially depending on formulation design, with surface-modified nanoparticles
consistently outperforming their unmodified counterparts in terms of targeting efficiency.

Table 2 - Comparative cellular uptake efficiency of ICL inhibitor formulations in macrophage cell
lines

Formulation Type Cell Line Uptake Intracellular References
Efficiency Concentration (ng/1076 cells)
(%)
Pure drug solution | J774A.1 83+£1.2 1245+ 18.6 [39, 40]
Polymeric nanoparticles | J774A.1 42.7+5.3 635.8+72.4 [41,42]
Mannose-coated J774A.1 68.9+£7.1 1032.4 £94.7 [43, 44]
nanoparticles
Lipid-based carriers RAW 35.6+4.8 532.7+63.5 [45, 46]
264.7
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Tuberculinmodified RAW 572+6.3 854.6 + 88.3 [47, 48]
liposomes 264.7
Cell-penetrating peptide | THP-1 61.5+£5.9 918.3£85.1 [49, 50]
conjugates

Note: Compiled by authors based on literature sources [39-50]. Uptake efficiency measured after
4-hour incubation at 37°C. Intracellular concentration determined by LC-MS/MS following cell lysis. Data
presented as mean + standard deviation.

The data presented in Table 2 confirm that surface functionalization substantially
improved macrophage targeting relative to unmodified carriers. Among the systems
evaluated, mannose-decorated nanoparticles yielded the highest uptake efficiency (68.9
+ 7.1%) and intracellular drug accumulation (1032.4 + 94.7 ng/10° cells) in J774A.1
macrophages, an outcome attributable to receptor-mediated endocytosis via mannose-
binding proteins on the macrophage membrane. Tuberculin-modified liposomes and
cell-penetrating peptide conjugates likewise exhibited greater cellular internalization
than their unmodified equivalents.

Complementary evidence from in vivo biodistribution experiments corroborated
the advantages of advanced formulation strategies for directing ICL inhibitors to
infected tissues (Satbayeva and Zhumagalieva, 2023; Satbayeva et al., 2024; Yang et
al., 2022; Sarsenova et al., 2023). Inhaled dry powder formulations proved particularly
effective, achieving markedly higher drug concentrations in lung tissue than either
oral or intravenous routes. Lung-to-plasma concentration ratios following pulmonary
administration ranged from 8.5 to 15.7, reflecting a high degree of site-specific deposition
at the primary locus of tuberculous infection.

Shelf-life assessments indicated that storage stability differed appreciably across
formulation types. Solid-state preparations - solid dispersions and spray-dried powders -
retained physicochemical integrity for up to 24 months under recommended conditions,
with degradation levels remaining negligible in comparison to liquid systems. Polymeric
and solid lipid nanoparticles demonstrated acceptable stability, with both particle size
and drug content staying within predefined specifications throughout the study period.

Stress testing at 40°C/75% RH disclosed distinct decomposition routes for individual
inhibitors (Roberts et al., 2021; Feng et al., 2022; Agrawal et al., 2021; Kovalenko et al.,
2023). Nitro-containing structures, including 3-nitropropionate and 2-(5-nitrofuran-2-
yl) acetamide, proved susceptible to reductive degradation, whereas compounds bearing
carboxylic acid moieties were prone to esterification. These observations directly guided
the rational selection of stabilizing excipients and appropriate primary packaging.

Discussion. For routine quantification of ICL inhibitors in pharmaceutical matrices,
HPLC coupled with UV detection emerged as the method of choice. All validated
procedures met stringent performance criteria: linearity extended across the relevant
concentration range (1> > 0.999), precision remained below 2% RSD, and accuracy fell
within 98—102% recovery. Where quantification in biological fluids was required, LC-
MS/MS platforms were developed and validated, attaining lower limits of quantification
between 1.0 and 5.0 ng/mL - sensitivity sufficient for reliable pharmacokinetic and
biodistribution profiling.
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Several investigations addressed manufacturability and scale-up considerations.
Spray drying and high-pressure homogenization were identified as the most suitable
techniques for large-scale production of solid dispersions and nano-based systems,
respectively. Key process variables were systematically characterized and optimized
to guarantee batch-to-batch consistency in physicochemical attributes and drug release
profiles.

Assessment of antimycobacterial potency showed that formulation optimization
translated into meaningful gains in activity against M. tuberculosis. Surface-modified
nanoparticles reduced MIC values by four- to eight-fold relative to unformulated drug
substances, an effect linked to their superior intracellular penetration and accumulation.
The best-performing systems achieved MIC values of 0.25—-1.0 pg/mL against susceptible
strains and 1.0-4.0 pg/mL against multidrug-resistant isolates. Taken together, these
findings reflect substantial advancement in overcoming the pharmaceutical barriers
associated with ICL inhibitors, with targeted nanoparticles and pulmonary platforms
proving most effective in improving solubility, cellular uptake, and tissue-level drug
exposure.

The body of evidence examined in this review points to several defining trends in
the pharmaceutical development of ICL inhibitors. Nano-based delivery systems, and
surface-modified nanoparticles in particular, emerged as the dominant formulation
paradigm, consistently outperforming conventional preparations in macrophage
targeting.

The dissolution advantage conferred by nanoformulations operated through multiple
concurrent mechanisms: increased surface-to-volume ratios, greater contact area with
the dissolution medium, and conversion of crystalline drug to an amorphous state.
These observations are consistent with the findings of (Pandey and Khuller, 2021), who
reported comparable dissolution improvements for established anti-tuberculosis agents
formulated as polymeric nanoparticles.

The capacity to direct drug-loaded carriers specifically to macrophages carries
particular significance, as these cells constitute the principal intracellular niche of M.
tuberculosis. Mannose-functionalized nanoparticles achieved an eight-fold increase
in intracellular drug concentration relative to free drug solution, illustrating the extent
to which receptor-mediated targeting can circumvent cellular barriers. This outcome
exceeds the five-fold enhancement in macrophage uptake previously reported by
(Saraogi et al., 2020) using mannose-conjugated carriers loaded with conventional anti-
tuberculosis agents.

Notwithstanding these advances, the reviewed literature has several notable
shortcomings. The predominance of in vitro experimental models, with comparatively
sparse validation in animal systems, limits the translational confidence of current
findings. Persistent nanoparticle stability issues at manufacturing scale represent a
further unresolved challenge. Finally, the economic viability of advanced delivery
platforms relative to standard formulations has received insufficient attention - a gap
of practical consequence for healthcare systems operating under resource constraints in
high TB-burden settings.
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Conclusion. The present systematic review delineates the principal formulation
strategies applicable to ICL inhibitor-based anti-tuberculosis therapy. Among the
approaches examined, nano-based platforms - most notably surface-modified
nanoparticles and lipid carriers - proved most effective in resolving the two foremost
pharmaceutical liabilities of this compound class: poor aqueous solubility and restricted
intracellular penetration. Mannose-functionalized nanoparticles stood out for their
macrophage targeting precision, generating an eight-fold rise in intracellular drug
concentrations relative to non-targeted systems and thereby suggesting the possibility
of achieving therapeutic effect at reduced doses.

Inhaled dry powder formulations delivered a lung-to-plasma ratio of 8.5-15.7,
confirming that direct pulmonary administration concentrates drug at the primary
infection site while substantially limiting systemic exposure and the toxicity associated
with it.

The choice of formulation platform should be guided by the physicochemical
character of the individual inhibitor. Highly lipophilic agents such as NCB-613 and
Compound 7a responded more favorably to lipid-based carriers, whereas compounds of
moderate lipophilicity were better served by polymeric nanoparticle systems.

Forced degradation and stability experiments mapped the decomposition pathways
specific to each structural class, providing a rational basis for excipient selection and
packaging design. Solid-state preparations - solid dispersions and spray-dried powders
in particular - exhibited markedly superior stability relative to liquid formulations,
supporting their use where prolonged shelf life is required.

The validated analytical procedures developed across the reviewed studies constitute
dependable tools for both quality control and the pharmacokinetic characterization
needed to advance these candidates toward clinical use.

Several areas nonetheless remain insufficiently explored. Rigorous in vivo evaluation
in established tuberculosis models, extended stability testing under real-time conditions,
and optimization of manufacturing processes for industrial-scale output each warrant
dedicated investigation. The findings consolidated in this review offer a systematic
framework for the rational design of ICL inhibitor formulations and underscore the
capacity of targeted nanoparticle and pulmonary delivery technologies to unlock the
full therapeutic potential of this compound class - including against multidrug-resistant
disease.
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Abstract. Processing anthropogenic wastes from the asbestos industry to recover
magnesium oxide is a relevant task that simultaneously addresses environmental
and economic challenges. Nitric-acid leaching is a promising approach; however, its
industrial implementation is constrained by the complexity of purifying the resulting
solutions. In this study, an integrated hydrometallurgical flowsheet was developed
and investigated, sequentially combining electrochemical oxidation of Fe(Il),
electrochemical precipitation of impurities, and electrodialytic concentration of the
target magnesium nitrate solution. Electrochemical oxidation enabled Fe(II) to Fe(IIl)
conversion exceeding 98%. Kinetic analysis revealed a shift in the rate-controlling step:
at T <40°C, the process is kinetically controlled (E. = 94.8 kJ/mol, reaction order n =
1.34), whereas at T > 40°C it transitions to the diffusion-controlled regime (E.=17.9 kJ/
mol, n = 0.40). The combined neutralization method mitigated precipitant passivation
and removed >99% of impurities at a specific energy consumption of 38.1 kWh/m®.
Analysis of variance showed that process time is the dominant factor. Electrodialytic
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concentration of the purified magnesium nitrate solution demonstrated an almost sixfold
reduction in energy demand compared with thermal evaporation (52.6 kWh/m? vs 313.8
kWh/m?), achieving a current efficiency of 95.6%. The proposed reagent-free scheme is
a technically feasible and energy-efficient technology for processing serpentinite wastes
within the circular economy concept. The implementation of the developed process in
industrial practice will significantly reduce the environmental burden associated with
the accumulation of asbestos-containing waste, while simultaneously enabling the
production of a high-value, in-demand chemical product. The obtained results can serve
as a basis for process scale-up and further optimization of technological parameters,
taking into account the specifics of the raw material base and the requirements of
industrial operation.
Keywords: asbestos, magnesium oxide, electrolysis, oxidation, electrodialysis

Acknowledgments. This research was funded by the Science Committee of the
Ministry of Science and Higher Education of the Republic of Kazakhstan, grant number
AP23489847 “Development of technology for producing magnesium compounds from
chrysotile asbestos production waste of the Zhetikary deposit”.

For citations: Ivanov N.S., Abilmagzhanov A.Z., Nurtazina A.E., Adelbayev LE.,
Kholkin O.S. Sequential electrochemical processes for the treatment of magnesium
leaching solutions. Academic Scientific Journal of Chemistry, 2026. — No.l. — P.
176-189. DOI: https://doi.org/10.32014/2026.2518-1491.348

© UBanoB H.C.", Abuabmarkanos A.3., Hyprasuna A.E., Anean6aeB U.E.,
Xoakun O.C., 2026.
J.B. CoxonbCkuii aThIHIAFBI KaHAPMa, KaTaau3 5KOHE ICKTPOXUMHUS HHCTUTYTHI,
Anmartsl, KazakcTaH.
E-mail: n.ivanov@ifce.kz

MATHHMIAII INAMMAJIAY EPITIHAIIEPIH KAUTA OHJAEY
TEXHOJIOTUSICBIHJAFbI IOMEKTI SJJIEKTPOXUMUSIBIK
MPOLIECTEP

HNBanoB Hukonaii — xumust rbulbIMAApbIHbIH KaHauaatel, J[.B. Cokonbckuil aTbHIArbl KaHapMaii,
KaTallu3 jKOHE DJICKTPOXUMMUS UHCTUTYThL, Anmarsl, Kazakcran,

E-mail: n.ivanov@ifce.kz, https://orcid.org/0000-0002-2153-2802;

AOUIBMAar;KaHOB APJIaH — XUMHUS FRUTBIMIApbIHBIH Kanauaartel, /1.B. Coxonbckuil aTbIHAAFbI XKaHApMaid,
KaTallu3 jKOHE DJICKTPOXUMHUS UHCTUTYThL, Anmarsl, Kazakcran,

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

Hyprasuna Aiikan — Ph.D, J[.B. Coxoibckuil aThIHIAFBI JKaHApMail, KaTalu3 JXOHE JICKTPOXHMHUS
HUHCTUTYTHI, Anmatel, Kazakcran,

E-mail: nurtazina.aizhan@bk.ru, https://orcid.org/0000-0001-7202-5344;

AnennbaeB Mckangep — MeTaUTyprusUIbIK TEXHOJIOTHSCHL JkoHe TexHuka Maructpi, [1.B. Coxonbckuii
aTBIH/AFBI )KaHApMal, KaTaJIu3 KOHe ICKTPOXUMHUS HHCTUTYTHI, Anmartsl, Kasakcran,

E-mail: clerikc88@mail.ru, https://orcid.org/0000-0003-1435-8583;

177



ACADEMIC SCIENTIFIC JOURNAL OF CHEMISTRY

Xoakun Oser — Ph.D, /1.B. CokonbcKkuii aTbIHAAFbI XKaHAPMai, KaTallk3 )KOHE IEKTPOXUMUSI HHCTUTYTHI,
Anwmarsl, Ka3zakcran,
E-mail: g.freeman-17@mail.ru, https://orcid.org/0000-0002-4797-3374.

AnHoTanuss. MarHuil OKCHIIH any YHIiH acOecT ©OHEpKICiOiHIH TEXHOTEHIIK
KaJJIBIKTaphlH KalTa ©HAEYy OJKOJIOTHSIIBIK JKOHE JKOHOMHKAJBIK Macesenepi
KaTap IICNIETiH ©3eKTi Mocese OoJbIn TaObuiaabl. A30T KbIIIKBUIBIMEH IIaiimanay
— TEepCHeKTHBAJbl OJIic, anaijia OHbl OHEPKACINTIK €HTi3y albIHFaH epiTiHILIepIl
Ta3apTy[IblH KypAeiuuirine OaimaneicTel  Texenmyne. byn  skymbicra  Fe(Il)
ANIEKTPOXUMUSUIBIK TOTBIFYBIH, KOCHANapAbIH JJICKTPOXUMUSIIBIK TYHOACBIH >KOHE
MaKCaTThl MArHUI HUTPATHIHBIH €PITIHAICIHIH 3JICKTPOINATHM3IIK KOHIICHTPALUsIIay bl
JOMEKTI Typ/e OipiKTipeTiH KeIeH 1i F'HIPOMETAILTY PrHSUTBIK CXeMa d31pIIeHI, 3epTTEe/Ii.
Onexkrpoxumusibik TOTeIFy Fe(Il)-nin Fe(Ill)-xe 98%-nan actam KoHBepcHUsIaHYbIHA
KOJI JKeTKi3yre MyMKiHIik Oepui. [lpoliecTiH KHHETHUKAJBIK Tajjgaybl IIEKTEY
CaTBICBIHBIH ©3repyiH aHbIKTa bl T<40°C Ke3iHjIe Mpoiecc KHHEeTUKaMeH OaKblIaHa bl
(ecenrenren E, = 94,8 kJlx/monb, peakuus peti n=1,34), an T>40°C muddysusiibik
aiimakka aywicanel (E, = 17,9 kJlx/mons, n=0,40). bipikripinren Oefitapantaniabipy
o/ici TYHOAHBI MACCHBALIMSAIAY MOCEJICCIH IISIIYTe )KOHE MEHIIIKTI SHEPTUS IIbIFbIHbI
38,1 kBrt*car/m® OomatbiH Kocmanapabl 99%-naH acTaMblH KOIOFA MYMKIHJIK
Oepai. JlucrepcusuiblK Tajjay IMPOIECC YaKbIThl 0achiM (DaKTOp €KEHIH KOepCEeTTi.
TazapThilFaH MarHuii HUTpAThl EPITIHAICIH SJIEKTPOIUANM3AIK KOHILEHTpaNusiay
TEPMUSUTBIK OyJIaHABIPYMEH CallbICTBIPFaH[a dHEPTUsl MIBIFBIMBIHBIH 6 ecere KYyBIK
TeMeniereHin kopcerti (313,8 kBT*car/m*-ke Kapcsl 52,6 kBt*car/m?®), Oyt perre TOK
OolibIHIIA TIBIFBIM 95,6%-Fa xeTTi. ¥ CHIHBUIBIN OTHIPFAH PeareHTCi3 cxema aifHaIMallbl
9KOHOMHUKA TY)KBIPBIMAAMaChl IICHOEPiH/Ie CEPIIEHTUHUT KAIIBIKTAPbIH KaiiTa eHjieyre
apHaJFaH TEXHUKAJIbIK THIMJII JKOHE JHEPIUsHbl YHEMJICHTIH TEXHOJIOTHsS OOJIBII
TaObUIaAbl. O3IpIICHIeH TEXHOJOTHSUIBIK CXEMaHbl OHEPKACINTIK MpaKTHKara EHTi3y
acOeCTKypaM/Ibl KaJJIbIKTap/IbIH KUHAITYBIMEH OaiJIaHBICTBI SKOJIOTUSIIBIK )KYKTEMEHI
eloyip TOMEHETYre, COHBIMEH KaTap >KOFapbl KOCBUIFaH KYHBI 0ap, CypaHBICKa He
XUMMSUIBIK OHIM aJlyFa MYMKIHJIIK Oepejii. AJIbIHFaH HOTHXKEIIEP MPOLIECTI ayKbIM/IayFa
JKOHE IIHUKi3aT 0a3aChIHBIH EPEKINEeNIKTepi MEH OHEPKICINTIK Maijanany TajantapbiH
€CKEepPE OTBIPBII, TEXHOJOTUSIIBIK ITapaMeTPIIeP il OJIaH dpi OHTaMIaHAbIpyFa Heri3 0oja
anajpl.

Tyiiin ce3mep: acOect, MarHuii OKCHUIi, SJICKTPOJIN3, TOTBIFY, JCKTPOIHAIN3
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Annoranus. [TepepaboTka TEXHOI€HHBIX OTXOIOB acOECTOBOM MPOMBIIUIEHHOCTH
JUIS. W3BJIEUECHMS] OKCUJA MAarHusl ABJISIETCA aKTyallbHOW 3ajayei, IO3BOJISAIONIEH
OHOBPEMEHHO  pelIaTh  JKOJOTMYECKHMEe ¥  DKOHOMHUYECKHE  MPOOJIEMBI.
A3OTHOKHCJIOTHOE BBINIEIAYNBAHUE SBIAETCA MEPCHEKTUBHBIM METOIOM, OTHAKO
€ro TMPOMBIIUIEHHOE BHEAPEHHE OTPAaHHUYEHO CIOKHOCTHIO OYHCTKH IOy4aeMBbIX
pactBopoB. B pabore paszpaboraHa KOMIUIEKCHas THIPOMETAJUIyprUYecKas cxema,
BKJTIOUAIOIAA dNIeKTpoxuMudeckoe okucienue Fe(Il), anexrpoxuMudaeckoe ocakacHue
MpUMeceil W BIeKTPOAHAIN3HOE KOHLIEHTPUPOBAHME pAacTBOpa HHUTpara MarHus.
Onekrpoxumuyeckoe okucieHue obecreumno kouBepcuto Fe(Il) B Fe(Ill) cmwime
98%. Kunernuecknii aHaqu3 mokasall CMEHY JIMMUTHpyomel craguu: npu T < 40
°C mporecc koHTposupyetcs kunetukoid (Ea = 94,8 xJx/monb, n = 1,34), a npu T
> 40 °C — mudpdysueit (Ea = 17,9 k/x/Monb, n = 0,40). KomOHMHUpOBaHHBIA METOJ
HEHTpalu3alyy Mo3BOJIHI yCTPAHUTH POOJIEMY MTACCHBAIIMH OCAAUTEIST U 00CCTICUUTh
yaanenue Oonee 99% mnpumecedl mpu ymedabHBIX SHeprosarparax 38,1 kBt-u/m3.
ONeKTpOoaUaIN3HOE KOHIICHTPUPOBAHHUE TOKA3aJI0 MOYTH IIECTHUKPATHOE CHIKEHHUE
SHEPronoTpPeONeHHs 0 CPaBHEHUIO C TEPMUYECKUM BblapuBanuem (52,6 kBt -u/m?
nporus 313,8 kBt u/M*) nipu BbIxoae 1o Toky 95,6%. IIpennoxennas Oe3peareHTHas
cxema SBISIETCST AHEProdP(EKTHBHOM W TEXHOJIOTMUYECKH >KU3HECIIOCOOHOM IS
nepepaboTKH CEPIEHTUHNUTOBBIX OTXOJIOB B paMKaX HUPKYISIPHON 3KOHOMHUKH.

KutoueBblie ciioBa: acbect, OKCHI MarHusl, JI€KTPOIIN3, OKUCIICHUE, HIEKTPOANAIIHI3
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Introduction. The asbestos industry, historically a supplier of a unique mineral
resource, is now facing a dual existential challenge. First, an overwhelming body
of evidence has accumulated demonstrating the carcinogenic nature of all forms of
asbestos. Leading international organizations, including the World Health Organization
(WHO) and the International Agency for Research on Cancer (IARC), classify asbestos
as a Group 1 carcinogen. This has resulted in increasing global regulatory pressure and
complete bans on its use in more than 67 countries, steadily contracting world markets
(Piraetal., 2018; Li et al., 2024; Petrovi¢, 2017; Kratzke et al., 2018; Chen et al., 2022).

Second, decades of mining and beneficiation have led to the accumulation of vast man-
made waste dumps and beneficiation tailings. While these wastes pose an environmental
threat, they are paradoxically among the richest sources of valuable secondary raw
materials. Chrysotile production residues, composed predominantly of serpentinite
minerals, may contain up to 40 wt.% or more of magnesium oxide (Baigenzhenov et
al., 2024). Against the backdrop of a declining asbestos market, the global magnesium
oxide market shows steady growth, with a projected compound annual growth rate
(CAGR) of 5.5-7.4%, and an expected increase in market size from USD 7.1-7.8 billion
in 2023-2024 to USD 12.2-12.7 billion by 2030-2034 (Zhu et al., 2025). The refractory
and agricultural sectors are the key end-users. This creates a strong economic incentive
to diversify asbestos operations by converting wastes into a high-demand product.

Literary review. Various hydrometallurgical approaches have been proposed to
extract magnesium from serpentinites. Sulfuric- and hydrochloric-acid leaching routes
are the most extensively studied (Beglaryan et al., 2023; Sirota et al., 2018; Souza et al.,
2020). However, both have major drawbacks that hinder the establishment of a closed-
loop process. The sulfuric-acid route requires thermal decomposition of magnesium
sulfate at temperatures around 1200°C to regenerate the acid, leading to extremely
high energy consumption. The hydrochloric-acid technology, although it enables HCI
regeneration, is associated with severe corrosivity and significant challenges in process
equipment design.

In this context, nitric-acid leaching represents a promising alternative. Its key
advantage is that thermal decomposition of magnesium nitrate to magnesium oxide
proceeds at substantially lower temperatures (approximately 550°C). This makes
it possible to implement a fully closed cycle with nitric acid regeneration, thereby
markedly reducing energy barriers and environmental impacts (Zhao et al., 2022).
During production of the main product, other valuable intermediate products can also
be obtained, such as magnesium nitrate, which is compatible with other fertilizers
and can stimulate photosynthesis (Mao et al., 2022). In addition, organic magnesium
compounds for medical applications may be produced. This enables the synthesis of
various bioactive magnesium forms, including magnesium aspartate (Grigoryan et al.,
2005), magnesium citrate (Lu, 2011), magnesium malonate (Rixin et al., 2015), and
magnesium glycinate (Wenkun, 2014). These compounds exhibit higher bioavailability
than inorganic (mineral) magnesium salts (Blancquaert et al., 2019; Turck et al., 2018).

Despite its advantages in terms of reagent regeneration, the nitric-acid route faces a
number of unresolved technological challenges at the leachate purification stage. The
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leach solutions constitute a complex multicomponent system containing residual acid
and impurity ions such as iron, aluminum, calcium, chromium, and others. Efficient
purification therefore remains a key barrier to industrial implementation.

This study focuses on addressing three critical issues arising after the leaching step:

- Oxidation challenge. After nitric-acid leaching, the solution inevitably contains
impurity ions in addition to the target component. The presence of Fe?" causes the
greatest difficulties because Fe(OH), precipitates in a pH range close to that of Mg(OH),,
whereas Fe(OH), begins to precipitate at pH values above approximately 3.5. Oxidation
of ferrous to ferric iron enables more complete purification of the leach solutions and
reduces precipitant consumption.

- Neutralization challenge. The use of conventional precipitants (e.g., MgO slurry) to
neutralize residual acid and precipitate impurities leads to passivation of the precipitant
particles due to the formation of a hydroxide shell on their surface. This inhibits further
reaction and results in excessive reagent consumption.

- Concentration challenge. Purified magnesium nitrate solutions are typically highly
diluted. Conventional concentration by thermal evaporation is extremely energy-
intensive.

The aim of this work is to develop and experimentally substantiate an integrated,
reagent-free, and energy-efficient process flowsheet for the treatment of magnesium-
containing nitrate solutions. To achieve this goal, an innovative sequence is proposed
that combines electrochemical oxidation of Fe*" to Fe*', hybrid neutralization coupled
with electrochemical precipitation of impurities, and electrodialytic concentration of the
purified magnesium nitrate solution.

Materials and methods. Chrysotile-asbestos ore beneficiation tailings from the
Zhetikary deposit were used as the feedstock; the material contained 39-42% MgO.

A stock leachate (mother solution) was prepared for the experiments. Leaching was
carried out under the following conditions, previously identified as optimal: nitric acid
concentration 300 g/L, solid-to-liquid ratio (S/L) = 1:7, temperature 95°C, and duration
3 h (Ivanov et al., 2025). Working solutions for subsequent experiments were prepared
from the stock leachate by dilution and, when required, by adding ferrous nitrate.

Electrolyzer for Fe*" oxidation. The experiments were performed in a laboratory
electrolyzer with a working volume of 0.5 L. The anode and cathode compartments
were separated by an ion-exchange membrane to prevent the back-reduction of Fe*" at
the cathode. The setup included a solution circulation loop through a heat exchanger
connected to a thermostat to maintain the 3anannas temperature.

Neutralization and precipitation experiments were carried out in an electrolyzer with
separated electrode compartments. In contrast to the oxidation step, the solution under
study was placed in the cathode chamber. Upon current passage, hydrogen evolution
occurred at the cathode, leading to local generation of hydroxide ions and an increase in
pH, which induced precipitation of metal hydroxides.

Concentration of the purified magnesium nitrate solution was performed using a
laboratory electrodialysis unit. A five-compartment configuration was employed,
comprising an anode chamber, a concentrate chamber, two diluate chambers, and a
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cathode chamber, separated by cation-exchange and anion-exchange membranes (29 x
17 cm). The diluate volume in each experiment was 400 mL.

Fe?* ion concentrations in the solutions were monitored by permanganometric
titration. Magnesium and other metal concentrations were determined using standard
analytical methods.

The study was conducted using design-of-experiments (DoE) approaches.

For the oxidation step, a five-factor, five-level experimental design (25 runs) was
implemented. The investigated factors were: X1 — treatment time (min), X2 — current
(A), X3 — circulation flow rate (L/h), X4 — initial Fe** concentration (g/L), and X5 —
temperature (°C).

For the neutralization and precipitation step, a Taguchi L16 orthogonal array was
used. Two factors were studied time and current each at four levels (6, 8, 10, 12 min;
and 2.0, 2.5, 3.0, 3.5 A, respectively).

Results and discussion. Based on the results of the five-factor experiment, partial
response function plots were constructed (Figures 1.1-1.5). In all cases, a semi-automatic
procedure was used to select the best-fitting approximation function by minimizing the
mean squared error.
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Figure 1. Dependence of iron oxidation degree on various parameters

The dependence of Fe?* oxidation degree on time shows an increasing asymptotic
trend (growth with gradual saturation). At the beginning, the oxidation degree increases
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almost linearly as electric charge passes through the system; however, over time the rate
of increase decreases and the curve approaches a plateau. This behavior is explained
by Faraday’s law: the amount of oxidized species is proportional to the charge passed.
Therefore, at the start of the process the fraction of oxidized ions rises rapidly. As
the process proceeds, the Fe** concentration in solution decreases, and the oxidation
rate correspondingly declines. Consequently, the maximum oxidation degree can be
achieved at sufficiently long electrolysis times, approaching complete conversion.

The dependence of oxidation degree on current is generally close to linear: as the
current increases, the fraction of oxidized ions rises almost proportionally. This follows
directly from Faraday’s law for electrolysis: at a fixed time, the number of electrons
transferred and thus the amount of Fe?* oxidized is proportional to the current. The
higher the current, the more equivalents of iron are oxidized per unit time. At very high
currents, the curve may become slightly less steep or deviate from ideal linearity due
to reactant depletion near the electrode surface, increased polarization, or competing
side reactions such as oxygen evolution, which can limit further increases. Overall,
increasing current enhances the Fe?" oxidation degree up to the practical efficiency
limit of the process. However, operation at higher currents typically reduces current
efficiency and therefore lowers overall energy efficiency.

According to Figure 1.3, all else being equal, a higher initial Fe** concentration
results in a lower fraction of the ion being oxidized. This is because, at a fixed time
and current, the total number of moles oxidized is determined by the charge passed;
when the initial amount of Fe?" increases, the same charge corresponds to a smaller
relative conversion. In other words, at higher Fe*" loadings, the same current oxidizes
a smaller portion of the available Fe*". As a result, the oxidation degree (expressed as
a percentage of the initial amount) decreases with increasing initial concentration. To
maximize the fraction of oxidized ions, it is therefore reasonable to use a moderate or
low initial Fe?" concentration (for a given charge input). However, it should be noted
that to maximize the absolute amount of Fe oxidized, operating at higher concentrations
can still be advantageous.

As shown in Figure 1.4, the circulation rate (or mixing intensity) affects the delivery
of Fe*" ions to the anode surface. The dependence of oxidation degree on circulation rate
(expressed as the number of anode-chamber working volumes per hour) typically shows
anincreasing trend with saturation: as mixing becomes more intense, the oxidation degree
increases markedly, but the effect gradually levels off at sufficiently high circulation
rates. The main reason is the role of mass transport of ferrous ions. Under weak mixing,
the oxidation rate is limited by diffusion of Fe?* to the anode, and part of the applied
current may be consumed by side reactions. More intense mixing reduces the diffusion-
layer thickness and homogenizes ion concentrations throughout the electrolyte volume,
thereby improving Fe?" oxidation efficiency. At very high circulation rates, further
improvements become marginal because mass transfer is no longer the rate-limiting
step. Therefore, better electrolyte mixing (within practical limits) leads to a higher Fe*
oxidation degree; an optimal condition is a sufficiently high circulation rate that ensures
uniform supply of Fe?* to the electrodes.
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As shown in Figure 1.5, increasing the electrolyte temperature has a beneficial
effect on the Fe?* oxidation degree. The dependence is increasing and often becomes
steeper with temperature (approaching an exponential-like rise). This can be attributed
to accelerated electrochemical reaction kinetics at higher temperatures. As a result,
Fe?* oxidation proceeds more efficiently and reaches higher conversion within the
same processing time. In addition, elevated temperature may increase the solubility
of possible by-products and decrease electrolyte resistance, thereby improving charge
transfer. The highest oxidation degree is achieved at the upper end of the investigated
temperature range, provided that electrolyte stability is maintained and no adverse side
effects occur. At temperatures above 40°C, the increased conversion may also be partly
associated with a possible chemical reaction between Fe*" and nitrate ions, yielding Fe**
and nitrogen oxides.

The calculated reaction order decreases monotonically from 1.34 at 20°C to 0.40
at 60°C. This trend indicates a change in the rate-controlling step as the temperature
increases.

Kinetic parameters derived using the differential van’t Hoff method reveal two
key features. The rate constant k increases exponentially with temperature, showing
a pronounced jump (almost tenfold) between 40°C and 50°C. The apparent activation
energy calculated in the 20-40°C range is 94.8 kJ/mol, a value typical of processes
controlled by the intrinsic electrochemical reaction rate.

In contrast, the activation energy estimated for the 50-60°C range is much lower, 17.9
kJ/mol. Activation energies of 15-25 kJ/mol are characteristic of diffusion-controlled
regimes, where the overall rate is limited by the transport of reactants to the electrode
surface.

Current efficiency varied over a wide range. The lowest values were observed at
higher current (or current density), and vice versa; moreover, current efficiency increased
with temperature. The minimum current efficiency was recorded in experiment 20 and
was 6.7%, whereas the maximum was observed in experiment 6 and reached 70.9%.

Statistical analysis confirmed the high significance of all partial response functions
(R >0.99), which enabled the derivation of an adequate generalized equation (R = 0.90;
t R=20.33) of the following form:

Yy = 79,64 % (19,5999 + 5,4311 * x — 0,0854 * x?) *

*(4,77 * X + 65,47)%( 48,3599 + 1,6555  x — 0,0172 * x2)* ()
(86,0759 * (1 — e~2938*%))%( 68,0799 + 0,0761 * x + 0,0047 * x2)

Another important aspect that requires further development is the neutralization
of unreacted acid followed by precipitation of accompanying impurities. Using non-
regenerable reagents such as sodium hydroxide increases operating costs and generates
additional waste streams. In this work, magnesium oxide in the form of a slurry is
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proposed as the neutralizing agent. However, this approach has inherent limitations
because the low solubility of MgO and Mg(OH), makes neutralization a heterogeneous
process, unlike neutralization with aqueous NaOH.

As the experiments showed, when the residual acid concentration is still high, the
reaction between MgO particles and the acid proceeds without significant difficulties.
However, as acidity decreases and the system approaches the pH at which iron ions
hydrolyze, the local acidity at the MgO particle—solution interface becomes lower
than in the bulk. As a result, iron hydroxide precipitates on the MgO surface, forming
a blocking layer that passivates the particles and halts the process. Consequently,
additional MgO is required for complete neutralization and impurity removal, and the
unreacted fraction inevitably ends up in the solid residue. To overcome this limitation, a
combined neutralization—precipitation strategy was investigated. Specifically, primary
neutralization to pH 0.5-1 was performed using MgO, followed by electrochemical
precipitation in an electrolyzer with separated electrode compartments.

Purification of the magnesium nitrate solution from Fe*', AI**, and Ca®" ions by
electrolysis in a divided-cell configuration was examined. Hydrogen evolution at the
cathode leads to a local increase in pH in the catholyte. As pH rises, the corresponding
hydroxides precipitate sequentially: first Fe(OH),, then AI(OH),, and only at substantially
higher pH, Ca(OH),. The solubility products of these hydroxides are approximately
6.3x1038, 1.9x103, and 7.9x10°, respectively; therefore, iron hydroxide precipitates
first, whereas calcium hydroxide precipitates last.

Based on the Taguchi L16 design, a linear regression model was obtained to describe
the purification degree (Y, %) as a function of time (t, min) and current (I, A):

Y =30.02 + 4.054% + 4.35%] 2)

The model shows good predictive performance (adjusted R2 = 82.9%). The ANOVA
results and regression coefficients are summarized in Table 1.

Table 1 — ANOVA results and regression coefficients for the precipitation model.

Factor DF Adj MS F-Value P-Value | Coef T-Value P-Value
Regression 2 704.72 37.41 0.000 - - -

Time (t) 1 1314.95 69.80 0.000 4.054 8.35 0.000
Current (I) 1 94.48 5.02 0.043 4.350 2.24 0.043
Error 13 18.84 - - - - -
Intercept - - - - 30.02 4.30 0.001

ANOVA indicates that both factors are statistically significant (p < 0.05). However,
the F-value for time (69.80) is an order of magnitude higher than that for current (5.02).
This clearly shows that electrolysis time is the dominant factor governing the purification
degree, whereas the applied current has a smaller, although positive, effect.

The Taguchi analysis (Table 2) corroborated the conclusions drawn from ANOVA.
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Table 2 — Response means (Y, %) at different factor levels.

Level Time (min) Current (A)
1 (6min/2.0A) 68.05 76.02
2(8min/2.5A) 72.40 76.22
3(10min/3.0A) 81.26 79.40

4 (12min/3.5A) 92.12 82.20
Difference (Delta) 24.07 6.19

Rank 1 2

The largest Delta was observed for the time factor (Rank 1), confirming its dominant
influence. The optimal conditions for achieving maximum purification correspond to
the highest levels of both factors: 12 min and 3.5 A.

The electrochemical approach demonstrated high purification efficiency for
magnesium nitrate solutions. The regression model adequately describes the process
(R* = 85.2%), enabling optimization of operating parameters to achieve complete
purification at minimal energy consumption. Considering that 100 mL of solution was
treated in the experiments and the average cell voltage was 5.4 V, achieving complete
purification requires 37.8 kWh of electricity per 1 m* of solution.

Electrodialysis performance was evaluated at currents of 1, 2, and 3 A. The time-
dependent decrease in Mg?* concentration in the diluate is shown in Figure 2.

s [=1A
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Figure 2 — Decrease in magnesium concentration in the diluate at different current values

The key techno-economic indicators (TEI) of the process, calculated on the basis of
the experimental data, are presented in Table 3.
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Table 3. Summary TEI for electrodialytic concentration.

Indicator I=1A I1=2A I1=3A
Duration, h 7.0 4.5 3.5
Average voltage,, V 3.01 3.58 4.2
Demineralization rate, g/(L-h) 2.17 3.70 4.20
Current efficiency, % 95.6% 81.6% 61.8%
Energy consumption per 1 m3 of solution, kWh/m? 52.6 80.6 110.3
Specific energy consumption per 1 kg of Mg, kWh/kg 3.46 4.84 7.50

The TEI analysis reveals a key technological trade-off between throughput and
efficiency:

Mode at 1 A (efficient): delivers the highest current efficiency (95.6%) and the lowest
specific energy consumption (3.46 kWh/kg Mg). However, it is the slowest operating
mode.

Mode at 3 A (fast): provides the highest demineralization rate (4.20 g/(L-h)), but the
current efficiency decreases to 61.8%, while the energy required to transfer 1 kg of Mg
increases by more than twofold (7.50 kWh/kg).

The decrease in current efficiency at higher currents is attributed to an increase in
cell voltage and intensification of side reactions, primarily water splitting, where H" and
OH- ions begin to compete with salt ions for charge transport.

To assess the economic feasibility of electrodialysis, its energy consumption was
compared with conventional thermal evaporation. Task: concentrate 1 m? of solution by
a factor of 2, i.e., remove 500 kg of water. The specific latent heat of water vaporization
is 2260 kJ/kg, which corresponds to a theoretical minimum of 1.13x10° kJ (=313.9
kWh) for removing 500 kg of water.

Eun = g 2200 /19 _ 313 8 k'Wh (3)

3600m*h

The comparison shows that the energy required for thermal evaporation is 5.96 times
higher than that for electrodialysis in the optimal 1 A mode. This demonstrates the clear
economic advantage of electrodialysis for this application.

Conclusion. In this study, an integrated hydrometallurgical flowsheet for processing
nitrate solutions obtained from leaching asbestos-industry wastes was developed and
experimentally validated.

Electrochemical oxidation of Fe(Il) to Fe(Ill) was shown to achieve conversions
above 98%. Kinetic analysis and activation-energy calculations indicated a shift in the
rate-controlling step at temperatures above 40°C, from kinetic control to a diffusion-
controlled regime.

A combined neutralization and impurity precipitation method was proposed to
overcome precipitant passivation. The approach enables >99% purification of the
solution at a specific energy consumption of 38.1 kWh/m?, with process time identified
as the dominant factor.
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Electrodialytic concentration of the purified magnesium nitrate solution was
demonstrated to be approximately six times more energy-efficient and economically
justified than conventional evaporation, achieving a current efficiency of 95.6% under
the optimal operating mode.

Overall, the proposed technology represents an environmentally friendly and
economically promising alternative that transforms hazardous asbestos wastes into a
valuable product within the circular economy framework.
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Abstract. The research work is aimed at a comprehensive comparison of the chemical
and agronomic efficiency of mineral wool and coconut fibre substrates for growing plants
in greenhouse conditions. The relevance of the research is due to the depletion of soil
resources, the annual intensification of salinisation and erosion processes, the decline
in the natural fertility of agroecosystems, the need to apply environmentally sustainable
technologies in agriculture. In many regions, soil structure is disrupted and organic matter
reserves are declining, leading to instability in agricultural productivity. Simultaneous
use of'soil in greenhouse farming over several seasons leads to deterioration of its physical
properties, proliferation of pathogenic microorganisms, and rapid depletion of nutrients.
The use of alternative substrates is one of the main ways to improve the environmental
efficiency of agricultural production, while increasing yields and reducing pressure on
natural soils. Scientific comparison of artificial and natural substrates, such as mineral
wool and coconut fibre, is an important scientific task for saving soil resources, reducing
environmental impact, and introducing sustainable agricultural technologies. The main
objective of the work is to identify an effective, environmentally safe substrate for
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greenhouse farming by assessing the impact of two substrates on plant physiology and
productivity and comparing them with traditional garden soil. The acid-base indicators
of the substrates, primary salinity, water retention capacity, effect on acid and alkali,
and structural features were identified. In the microgreen model, plant growth rate,
biomass accumulation, and root system development were evaluated agronomically.
The high ion exchange capacity, moisture retention stability, and natural microstructure
of the coconut substrate significantly accelerate plant growth. Although mineral wool
substrate is easy to handle, its biodegradability, reusability, and environmental impact
are important limitations. Coconut substrate is recommended as the most effective
substrate for greenhouse farming in terms of environmental safety, physicochemical
stability, agronomic advantages.

Keywords: mineral substrate, chemical neutrality, salinity, buffer property, plant
growth dynamics, agronomic efficiency, environmental sustainability
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AHHOTAmUsA. 3eprrey KYMBICHI JKbIJIbDKAH sKardailblHIa OCIMIIKTEpIi ecipyre
apHAJIFaH MUHEPAJIbl )KYH MCH KOKOC TaJIIIBIFBI CYOCTPATTAPBIHBIH XUMHUSIIBIK JKOHE
arpOHOMMSUTBIK, THIMIUTITIH KEIIeH T CaNBICTRIPYABl MaKcar eTelli. 3epTTey ©3eKTUIIri
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TOMBIPAK PECYPCTAPBIHBIH CAPKBUTYBI, TY3AaHy MEH 3PO3Usl IPOLECTEPiHIH Kb CAlbIH
KYILIEIOl, arpodKOKyHenepaiH TaOWFU KYHapJIbUIBIFBIHBIH TOMEHICYl JKOHE aybul
LIapyalbUIBIFBIHA YKOJIOT HSJIBIK OPHBIKTHI TEXHOJIOTHSLTApAbI KOJAaHY KaKETTiIIriMeH
anbIKTanaabl. Kasipri ke3ne kentereH aiiMakTap/ia TOMBIPaKThIH KYPbUTBIMBI OY3bUTBII,
OpTaHMKabIK 3aTTapAblH KOpBI a3arofa, Oyl aybul IIapyallbUIBIFBl ©HIMIUIITIHIH
TYpaKChI3AbIFbIHA anblll Keneni. COHbIMEH Karap JKbUIBDKAM MIapyarlbUIBIFbIHIA
TONBIPAKTHl OipHeme MaychblM Karap KOJIAaHy OHBIH (H3UKaJbIK KaCHETTCpiHIH
HallapiayblHA, NaTOTCHACPHiH KeOeliHe JKOHE KOPEKTIK JJIEMEHTTepAiH Te3
capKblTybIHA oKelnei. banamansl cyOcTparTapabl naiiianany - OHIMALTIKTI apTTHIpyMEH
KaTtap, TaOMFHU TOIBIPAKKA TYCETiH KBICBIMBI a3alThIN, arpOOHIIPICTIH IKOTOTHSIIBIK
TUIMUIITH KOTEePYIiH HEri3ri skoiaapbiHbiH Oipi. COHIBIKTAH MUHEPAJIbl KYH MCH
KOKOC TaJIILBIFbl CHSKTHI )KacaHbl KOHE TaOWFH CyOCTparTapbl FHUIBIMU TYPFBIIAH
CaAJIBICTBIPY TOMNBIPAK PECYPCTApBIH YHEMIIEY, KOJOTHSIIBIK KYKTEMEHI a3aiTy >KoHe
TYPaKThl arpoTeXHOJOTHSJIAPAbl CHIi3y YIUiH MaHbI3Ibl FBUIBIMH MiHAET OOJMBII
TaObUIa bl JKYMBICTBIH HETI3I1 MakcaThl - €Ki CyOCTPATThIH ©CIMIIK (PU3UOIOTHSIICHI
MeH eHIMIIIriHe ocepiH Oaranarn, olapAbl I9CTYpIi OaKiia TOMbIpaFbIMEH CaJbICTBIPY
apKBUIBI JKBIIBDKAN LIapyallbUIBIFBIHA THIMIII, TYPAKThI )KOHE DKOJOTHSIIBIK Kayircis
cyOCTpaTThl alKpIHAAY. 3epTTey OapbIChIHIA CyOCTpaTTapAbIH KbIIIKBUIIBIK-HET130iK
KOPCeTKillli, 0acTanKbl TY3AbUIBIFBI, Cy YCTay KaOileTi, KbIIIKBUI MEH CUITIre acepi KoHe
KYPBUTBIMABIK €PEKILENIKTePi aHBIKTaAbl. MUKpOXKachLIIap YATICIHIE OCIMIIKTIH ocy
KapKbIHBI, OMOMacca XKHUHAKTAIybl JKOHE TaMblp KYHECiHIH AaMybl arpOHOMUSUIBIK,
TYpFbIJaH OaramaHabl. HoTwkenep KOKOC CyOCTpaThIHBIH KOFapbl HOH anMacy
CBHIABIMIBUTBIFBI, BUTFAJl CAKTay TYPaKTBUIBIFBI )KOHE TAOUFH MUKPOKYPBUIBIMBI ©CIMIIK
OCyiH aliTapibIKTal jKeIeNIeTeTiHIH KopceTTi. MUHepasabl )KyH cyOcTpaThl Oackapyra
BIHFalJIbl OONFaHBIMEH, OHBIH OHOJIOTHSUIBIK BIABIpaMaybl MEH KaiTa KoJJaHyFra
JKapaMChI3[IbIFbl J)KOHE HKOJIOTHSUIBIK KYKTEMECI MaHbI3/IbI HIEKTEY OOJBIN TaObLIAIbI.
JKanmbl KOPBITBIHIBI KOKOC CyOCTpaThl SKOJOTHSUIBIK Kayilci3airi, Gu3nKa-XuMHUSITBIK,
TYPaKTBUIBIFBl JKOHE arpOHOMUSUIBIK — ApTHIKUIBUIBIKTAphl OOMBIHIIA  KBUIBDKAH
HIapyalbUIBIFBIHA €H THIMII CyOCTpar peTiHae YChIHBUIAAbI.

Tyiiin ce3mep: MuHepanabl cyOCTpaT, XHUMHSIBIK OCHUTapamnThIK, TY3ABUIBIK,
OydepItik Kacuert, eCiMJIIK 6Cy TUHAMHUKACHI, arPOHOMUSUIBIK THIMIUTIK, SKOJTOTHSUTBIK
TYPaKTBUIBIK
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AnHoTanms: VccieoBaHue HaPABIEHO HA KOMIUIEKCHOE CPaBHEHUE XUMUYECKOM
MU arpoHoMuueckod 3¢dekTuBHOCTH CyOCTparoB Ha OCHOBE MHUHEPaIbHOH BaThl
U KOKOCOBOTO BOJIOKHA IpU BBIPALIMBAHUM PACTEHUH B TEIUIMYHBIX YCIIOBUSX.
AKTyaJIbHOCTh paboThl 00YCIIOBJICHA Jerpajianneil MOYBEHHBIX PECYPCOB, YCUIICHUEM
IIPOLIECCOB  3aCOJEHUSI M HPO3MM, CHWXKCHHMEM IUIOJOPOIAUS Aarpo3KOCHCTEM U
HEOOXOMMOCTBIO BHEJIPCHUSI DKOJOTMYECKH YCTOWYMBBIX TEXHOJOTHH B CEIBCKOM
X03s1icTBE. MHOTOKpPaTHOE UCITOJIB30BAHKE [TOYBbI B TEIUIMLIAX IPUBOAUT K Y XY ALLIEHU IO €€
(bm3nYEeCKNX CBOWCTB, pA3BUTHIO TATOTEHHON MUKPO(IOPHI ¥ ICTOIEHHUIO MU TATEIBHBIX
JJIEMEHTOB, 4YTO CHW)KAET MPOAYKTUBHOCTb. [ICHONB30BaHUE aJIBTEPHATHBHBIX
cyOcTparoB paccmarpuBaeTcs Kak 3(ppeKTUBHBIN cr1oco0 MOBHIIEHUS YPOKANHOCTH U
CHIDKEHUS aHTPOIIOTEHHOM Harpy3KH Ha MOYBEHHBIE pecypchbl. CpaBHUTEIHHBIN aHAIN3
WCKYCCTBEHHBIX M MPUPOIHBIX CYyOCTPaTOB, TAKUX KaK MUHEpaJIbHAs BaTa U KOKOCOBOE
BOJIOKHO, IBJII€TCS BXKHOU 3a7a4eil UIsl pa3BUTUS yCTOMUMBBIX arporexHosorui. Ienp
HCCIIEIOBAHUS - ONpPEJeNUTh Hanbonee Y3PpPEKTUBHBIN U IKOJIOTHUECKH OC30TaCHbIH
cyOcTpar Jyisi TeIUNIMYHOTO BBIPAIIMBAHHS PACTCHUI HA OCHOBE OLICHKH WX (U3UKO-
XUMHUYECKUX M arpOHOMHYECKHX XapaKTePUCTHK IO CPAaBHEHHUIO C TPAIUIIMOHHON
nmoyBoii. B paboTe H3ydyeHBl KHCIOTHO-OCHOBHBIC CBOWMCTBA CyOCTPaTOB, YPOBEHBb
MIEPBUYHOM COIEHOCTH, BOJIOY/IEPIKUBAIOIIAS CTIOCOOHOCTH, Oy(epHbIe XapaKTepUCTHKH
U CTPYKTYpHBIE 0COOeHHOCTH. Ha Mozienn MUKpO3eiIeHn MPoBeeHa OleHKa CKOPOCTH
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pocra pacTeHHH, HAKOIJIEHNs] OMOMAcChl U Pa3BUTHSI KOPHEBOH cHCTEMBI. Pe3ynbraTsl
MOKAa3aJIi, YTO KOKOCOBBIH cyOcTpaT Onarogapsi BBICOKOM HOHOOOMEHHOH CIOCOOHOCTH,
CTaOWIIHOW  BIAroyJepKUBalOLIeld CIIOCOOHOCTH M Pa3BUTOH MHKPOCTPYKTYpe
CIOCOOCTBYET YCKOPEHHOMY POCTY PAacTCHHMH M MOBBIIIEHUIO UX HPOAYKTHBHOCTH.
MuHepanbHas BaTa XapakTepu3yeTcs YAOOCTBOM HCIOJNB30BaHMS, OJHAKO HMMEET
OTpaHUYCHHMS, CBSI3aHHBIE C HU3KOW OMOpA3IaraeMoCTblO, CIOKHOCTSIMU MTOBTOPHOTO
MIPUMEHEHUS U TOBBIIIEHHON KOJIOTHYECKOW Harpy3koi. Takum oOpazoM, KOKOCOBOE
BOJIOKHO PEKOMEHAYeTCs Kak Oosiee 3peKTUBHBIN cyOCTpar AJisl TEIUIMYHOTO XO3sHCTBA
C TOUKHU 3PEHHUS SKOJIOTHYECKON 0e30MacHOCTH, (PU3UKO-XUMUIECKOH CTaOMIBHOCTU U
arpoHOMHYECKOH (P EKTUBHOCTH.

KiioueBble ciioBa: MHUHEpaJbHBIM CyOCTpar, XHMHUYeCKas HEHTPalbHOCTD,
coileHocTh, OydepHble CBOICTBa, AMHAMHKA pOCTa pACTEHH, arpOHOMHYECKas
3P PEKTUBHOCTD, SKOIOTHYECKasl YCTOMUUBOCTh

Kipicme. VHHOBauusiplK aybll —[IapyallbUIbIFBIHAA OHIMIUIIKTI  apTThIPY,
OHIM calachlH JKaKCapTy >KOHE TaOWUFW pecypcTapAbl THIMII MainanaHy MaHBI3IbI
MoceneNepiH KaTapelHaa. byl macene ocipece KIMMATTBIK KaFAaiiapbl KOIalichl3
HeMece aybLT LapyallblIbIK Kepiiepi IeKTey I alMaKTap YIIiH 03eKTi. MyHnaii karjaiia
KBUIBDKAM [IapyalbUIbIFl  arpPOOHEPKACINTIK KEUICHHIH Herisri OarbITTapbIHbIH
0ipi perinzae XbU1 OOWBI camajbl ©HIM almyFa MYMKiHAIK Oepemi. COHBIMEH Karap,
TONBIPAK PECYPCTAPBIHBIH a3al0bl, 3PO3Usl MEH TY3/1aHy MPOLECTEPiHIH KYILIEI1 aybul
LIapyalbUIBIFbIHA AU TAPIIBIKTal KeAepTi KeNTipin oTip. Ockl KaF naiinapaa TOMbIPaKCchi3
ETIHIITIK MeH ’KacaH/Ibl CyOcTpaTTapAbl KONJaHy 3aMaHayH KoHe THIMI IeITiM OOJIBII
Tabbu1aabl. JKbUTbDKainarsl eCIMIIKTEpAl 6Cipy TEXHOIOTHSICHIHAA CyOCTpaTThl AYpPhIC
TaHJay OJIApAbIH JEHCAYJBIFbl MEH OHIMAUIITIH KaMTaMachl3 €TETiH Heri3ri (akTop
Ooubin TabbuTaARL. JocTypai 6akima TonbIparsl (GU3HKANBIK KACUETTEPiHiH (THIFbI3AAIY,
a’panrsHbIH TOMEHECY1) )KOHE KOPEKTIK IEMEHTTEeP/AiH JKeTiCIEeYiiiri canaapblHan
opAalbIM TYpaKTHl HOTHKE OepMeiiai, 0y 6anamainsl cyOcTparTapbl KOJIAaHy/Ibl Tajar
eTel.

Kasipri yakpITTa a1eMIiK ToKipuOe KopceTKeHIHACH, )KbIUTbDKAN MIapyalbUIbIFbIHIA
KOKOC KYHI MEH MHUHEpaJabl XYHAlI CyOCTpaT peTiHAe KOJIaHy OCIMIIKTIH ecyiH
apTTHIPY, OHIMAUTIKTI TYpaKTaHABIPY *OHE KOPEKTIK 3aTTapAbl THIMII KETKi3y YIIiH
KeHiHeH naiiganansuiaasl. Meicansl, Eypona MeH A3us enfepinie ruApOroHuKa KoHe
KBUTBDKAH TEXHOIOTHSITIAPbIHA KOKOC KYHIH KOJIaHy ©HIMHIH calachlH jKaKCapThII,
Cy MEH KODPEKTiK epiTiHIi WIBIFBIHBIH a3aliTyFa MYMKIHAIK Oepeli, al MHHepaiIbl
KYH Cy YCTaWThIH KacHeTi MeH KYpPBUIBIMABIK TYPaKTBUIBIFBI YIIIH OarajaHaibl.
Kazakcranmarbl >KbUTbDKAW LIapyallbUIbIFbl YIIIH Oy Macesie ©3eKTi OOJBIN OTHIp,
cebebi eniMizae TOMbIpaK pecypcTapbl IIEKTey i, KeHOip aliMakTapia TY3JaHy MeH
TOMBIPAK 3PO3HACHI OaiiKanaabl, ajl OHIMAUIIKTI TYpaKThl CaKTay *KOHE camalbl eHIM
any KUBIHABIK Tyablpanbl. OcblFaH OalIaHBICTBI, MHUHEPAIIbl KOHE KOKOC >KYHIH
KOJIZIaHy TOKIpHOECiH 3epTTey, oJapAblH (PU3NKAIBIK, XMMHUSUIBIK KOHE arPOHOMUSITBIK,
KacueTTepiH Oaranay Kasipri FBUIBIM MEH MNpPaKTHKa YIIiH aca MaHbBI3AbI OOJNbII
caHaJajipl, ce0e0i OyIT JKbUIbDKANIaFbl ©CIMIIIKTIH JJaMYbIHA OH 9Cep €Tyre, OHIMIIUTIKTI
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apTTBIpyFa JKOHE OKOJOTHSJIBIK TYPFBIIAH TYPaKThl TEXHOJOTHSIApAbl IaMbBITyFa
MYMKIHJIK Oepei.

MuHepanabl )KYH MEH KOKOC TalIIbIFbl — Ka3ipri aybUl MIapyallbUIBIFBIHAA JKHI
KOJIIAHBIIATBIH THIMII cyOcTpaTr Typiepi. OpOip CyOCTpaTThIH apTHIKIIBLIIBIKTAPHI
MeH LIeKTeynepi 0ap, COHABIKTaH oJapiabl Oip-OipiMeH >KoHE AOCTYpJli TOMbIpaKIeH
CaJIBICTBIPA 3€pPTTEY TAKIPUOETIK MAaHBI3Bl JKOFaphl OarblT OOJNBIT TaObLIAIBL.
Kazakcranna bpUlbDKall MIapyallbUIbIFBl COHFBI JKBUIAAPbI KapKBIHABI JAaMBII Keje
KaTKaHBbIH €CKepCeK, MyHAall 3aMaHayn cyOcTparTapAbl 3epTTey OTaHIBIK arpOHOMHUS
YKOHE IKOJIOTHSIIBIK XUMHUSI YILIH ©3€KTi .

Onedu mouay. MuHepannsl XyH (pOKBYN) - 0a3ajibT, OJIOMHT JKOHE OKTACTHI
KOFapbl TeMITepaTypasa OaJIKbITy apKbLIbl AJIBIHATHIH YKACAH/Ibl TAJIIIBIKTH MaTeprall.
By cyOGceTparThiH 6acThl ap THIKITBIIBIFEI — HHEPTTUIITT MEH (PU3UKAIBIK TYPAKTBIIBIFEL.
O XUMUSUTBIK, peaKIpsuIapra TYCIEH i, COHIBIKTAH OCIMIIKKE KaXETTi dJIEMEHTTEPIi
KOPEKTIK epiTiHAl TYpiHAE OO JKOHE pPEeTTeNreH Mejmepae Oepyre MYMKIHIIK
xacaiiael. COHBIMEH KaTap, OHBIH aya jKOHEe Cy OTKI3TIIITIr JKOFaphl, OYJI eCIMIIKTIH
TaMBIp JXyHeciHe KoTalmel opta KanbmTacteipansl (FutureGarden Expert Team, 2022).

Kokoc Tanmblirer - Oyl TaOUFW KOHE SKOJOTHSJIBIK TYPFBIIAH Taza cyOcTpart, o
KBUIBDKA MEH Oakiia MiapyalbUIbIFbIHAA OCIMIIKTEpAl Ocipy YIIiH THIMIII Marepuant
Oounbin TaObanel. O KOKOC KaHFaFbIHBIH KaOBIFBIHAH OHIIpIIEl KOHEe KypaMblHAA
JUTHUH MEH UEJUTION03a CHSKTHl KYPBUIBIMABIK KOMIIOHEHTTEpP KOI, COHIBIKTaH
BUTFAJIIBl Y3aK YaKbIT OOMBI CaKTarl, TOMBIPAKTaFbl aya aiiHaIbIMBIH KAMTaMachl3 eTe/l
(Thomas et al, 2023). Kokoc xyHiHiH 0acThl apTHIKIIBIIBIKTAPBIHBIH Oipi - OHBIH
OMONOTHSITBIK KOJIMEH BIABIPAUTBIHIIBIFBI, SIFHU KOJJAHBUIFAHHAH KEeHiH SKOXyHere
3USH KenTipMmei, Kaiita enaeyre >xapamiabl. COHBIMEH Karap, KOKOC TaJIIIBIFbI
OCIMAIKTIH TaMbIp KYHECIH JaMbITa/bl, TAMBIPIApP apKbUIBI KOPEKTIK 3aTTapIbl THIMII
CiHIpYZi KaMTamachl3 eTelli, Oy eCiMIiK eHIMIUTIriH apTThIpyFa bIKHan ereni. OHbIH
KYPBUTBIMBI TaMbIpJIapFa KaKkchl TIpEK OOJBIN, CYy MEH KOPEKTIK epiTiHAiHIH THiMAi
OeJiHyiH KaMTaMachl3 €Te/li, COHBIH HOTHXECIH/IE OCIMIIIK Te3 ecei, aypyaapra Te3iMIi
0oJabl )KOHE JKANIBI IEHCAYIBIFBI Kakcapabl. OCbl KACHETTEPiHIH apKachlHa KOKOC
TaJIIBIFBI Ka3ipri 3aMaHayd JKbUIbDKAW jKOHE T'MIPOIOHHMKA TEXHOJIOTHsUIAPhIHAA €H
MEPCIEKTUBANIBI XKOHE TYPAKTHI CyOCTpaTTapabliH Oipi OONbIN caHaa bl

3eprreynin 6acTbl MakcaThl — JKbUIbDKAN KaFAalblHAa MUHEPAJIIbl )KYH MEH KOKOC
KYHIH CyOCTpar peTiHJie KOJIaHYIbIH XUMUSIIBIK KOHE arpOHOMISUIBIK THIMIIUTITIH
YKaH-)KaKThI Oaranay. OCcbl MaKcaTKa KOJI KeTKi3y YIIiH KeJieci MiHACTTEp KOHBLIIbL:

1.  Munepanapl xoHE KOKOC JKYHHIH XUMHUSUIBIK KYpPamblH 3€pTTEN, OJapiAblH
CyOCTpar peTiHJeri HEeTi3Ti KaCUeTTepiH Talaay;

2. MuHepanapl KoHE KOKOC JKYHHIH arpOHOMHSJIBIK THIMIUTTIH ASCTYpIi
TOIBIPAKICH CANIBICTBIPY;

3. bByn cyOctparTapabl KbUIBDKaiAa KOJNAAHYIBIH apTHIKIIBUIBIKTApEl MEH
LIEKTEYJEePiH FRUIBIMH TYPFBIIAH HETi3/eY.

Marepuajgap MeH dicTep

Munepanabl KyH (pOKBYN) - 0asalbT, JOJOMHUT J>KOHE OKTACThl IKOFApEI
Temreparypaga OajKbITy apKbUIbl allbIHATBIH YKacaHAbl TAIMIBIKTEI Marepuan. OHbIH
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0acThl epeKILIeNiTi - XUMHSIIBIK TYPFhIIAaH HHEPTTI ’KoHE (PU3UKAIIBIK TYPAKThI OOJYHI.
Byn kacueTi eciMaikKe KaKETTi KOPEKTIK dJIEMEHTTEpi epiTiHAl apKbUIbl JIOJ JKOHE
OakpuIayabl MeIepe xetkizyre myMmkinaik o6epeai (Thomas et al, 2023). Conbimen
KaTap, MUHEpaJAbl )KYHHIH aya KoHE Cy OTKI3TIIUTIK KaCHUeTi KOFapbl OOJFaH/IBIKTaH,
©CIMIIKTIH TaMBIp KYHeci YIIiH KOJalibl OpTa KaJblITacThIPaIbL.

JlerenMeH, MHHEpaJIbl KYHHIH KypaMblHIa OpraHUKalbIK 3aTTap MEH TaOWFH
MHUKPORJIEMEHTTEP KOK, COHJBIKTaH OapIIbIK KOPEK CHIPTTaH Oepiiyi Tuic. Am Oy y3aK
Mep3iMIi mainanaHyna MBIFBIHAB KOOEHTeal jKoHEe IKOJIOTHSIIBIK TYPFbIIAH KaJJbIK
MOCENECIiH TybIHIaTa bl ce0e0i 01 OMOIOTHSIIBIK *KOJIMEH bIIbIPAMAIi/IbI.

Kokoc xyHi - TaOUFH, SKOJOTHAIIBIK Ta3a cyocTpat. O KOKOC KaHFaFrbl KaOBbIFbIHAH
aNbIHABI KOHE KYpaMblHIa JUTHUH MEH ILIEJUTI0N03a MOJ OONFaHIBIKTAH, BIIFAJIbI
Y3aK ycTam Typaabl 9pi aya ailHaJbBIMBIH KaMTamachl3 etefi. Kokoc skyHiHIH 0acTbl
APTBHIKUIBUIBIFB! OJ1 OMOJIOTHSUIBIK TYPFBIIAH BIABIPAIIBI, KaiiTa OHJeyTe )KapaMabl JKoHe
IKOXKY#Here 3usH Kentipmeiai. COHbIMEH Karap, 0J1 TaMbIp JKYHEeCiH KaKChl IaMBbITHII,
OCIMIIKTIH KOPEKTIK 3aTTap/bl THIMII CiHIpyiHe MYMKIHIIK Oepei.

CoHFBI KbUTIAPBl OHBIH OMOJOTHSJIBIK KAyiICi3Airi MEH TaOMFU KacHeTTepi aybul
LIapyalbUIBIFBIHIA KeHIHEH KOJIaHbITybIHa ceOen 00i11bl. Kokoc JKyHIHIH KYpaMbIHIa
K, Mg xone a3 menmmepae N Oap (Heller et al, 2022), 6yn eciMaikTiH 6acTarnkbl ecy
Ke3eHiH/Ie MaHbI3/1bl peJiaTKapa ibl. OHbBIH Cy CiHIpY JKOHE bUIFaJ CaKTay KaOiJIeTi JKOFaphl,
COHJBIKTaH cyapy HWiJiri azasabl. COHbIMEH KaTap, KOKOC YHI MHUKPO(IOpaHBIH
JaMyblHa KOJIAIbl OpTa TyAbIpaabl, Oy ©CIMIIK TAMBIPBIHBIH TAOUFH JaMybIHA BIKIA
eTeni.Analiia KOKOC cyOCTpaThlHIa aJlfallKbl Ke3/le TY3 KOHLEHTPALHUSCHl JKOFaphl
00JIybl MYMKiH, COHIBIKTaH OHBI allIbIH ajia 1Al HeMece OelTapanTaHAbIpy KaKer.
By - Kongany anaeiHAa MiHIETTI arpOTEXHUKABIK IapatapabiH Oipi.

Taburu TonbIpaKkTa ecipy ASCTYPIIi TYpIe aybll MIapyallbUIbIFbIHIA FaCkIpaap OOWbI
HeTi3ri a11ic Oombin Kenai. JlereHMeH, COHFbI OHXKBULABIKTap/1a TONBIPAK SPO3HUSICHIHBIH
KYIIEIOi, THIHAWTKBIIITAPABIH IIaMaJaH TbhIC KOJJAHBUTYBl JKOHE MaTOTeHIEPAiH
KeOerol aybll LIapyallblIbIFbl OHIMAEPIHIH calachblHa JKOHE TYPAaKThl ecyiHe Tepic
ocep eryne. JKplbbkall skaFJaiibIHIA TOTIBIPAKTHI JKU1 MaiAaiaHy OHBIH KYPbUIBIMBIH
Oy3bill, (U3UKAIBIK KAacHETTEPiH HallapiaTybl MYMKiH, Oyl OCIMIIKTIH TaMbIp
KYHECIHIH JaMybIHA KOHE Cy MEH KOPEKTiK 3aTTapAbl CiHipyiHe Kepi 9CepiH TUTi3emi.
CoHJIBIKTaH Ka3ipri yaKbITTa )KacaHabl CyOCTpaTTapMEH CallbICTBIPMAIIbI 3ePTTEY YIKEH
MaHbI3Fa ue OOJBIN OTHIp. MUHEpabl )KYH MEH KOKOC KYHIH Oakuia TOMbIparbIMeH
CaJIBICTBIPY ApKbUIbI CyOCTpaTTapablH (PU3MKaNbIK KaCHETTEpiH (Cy OTKI3rilTIK, aya
aifHaJIBIMBI ), XUMHSUIBIK CHIIaTTamManapbit (pH geHreii, Ty3abIK Kypam) sKoHe OJapIbIH
OCIMIIKTIH OHIMIUIIriHEe 9cepiH aHbIKTayFa Oonanel. MyHpmall 3eprrey eH THIMII
KOHE DKOJIOTHSUIBIK TYPaKThl CyOCTpaTThl TaHIayFa MYMKIHAIK Oepeni, COHAai-ak
KBUTBDKAH apyalbUIbIFbIHIA OHIMIUTIKTI apTTHIPY MEH KOPEKTIK epiTiHAl IIBbIFbIHBIH
OHTaMIaHIBIPYFa KO allajbl.

XUMUATBIK TYPFBIIAH alfaHAa, MHHEPaJAbl JKYH MEH KOKOC TallIbIFbIHbIH
KYpPBUTBIMBIHAA alibIPMalIbUIBIK Korl. MUHepanabl )KyH Heri3iHeH 0a3aibT neH auabdas
CUSIKTBI Tay JKBIHBICTApBIH OAJKBITy apKbUIbl AJNbIHFAH TaJIBIKTapAaH TYpasbl.
Omnbin Kypambinga kanpuuid (CaO), marnuii (MgO), kpemuuii quokcuni (SiO,) xone
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amomunnit okeuni (AlLO,) cuskrel snementrep Oap (Wikipedia Contributors). byn
3aTTap cyOCTpaTThIH TYPAKTHUIBIFBIH KAMTaMachl3 eTir, oHbIH pH aeHreiiin con cinrimi
eTeli. AJl KOKOC TaJIIlIbIFbl TAOUFH OPraHUKaJIbIK MaTepra OONFaHAbIKTaH, KypaMblHAA
JUTHUH, LeJUTI0N03a, Kanui (K) jkoHe a30T KocbuIbIcTaphl Ke3neceni. byn anemenTrep
OCIMIIKKEe OHOJIOTHSITBIK TYPFbIIA KOJIAMIIBI OPTa KaJIbIITACTBIPAIbI.

Bakma TomeiparbIHBIH KypaMmblHga Taduru rymyc, temip (Fe) sxone docdop (P)
KOCBUIBICTApHI 0ap, anaiia OHbIH KYPbUIBIMBI THIFBI3 OOJIFaH/IBIKTAH, aya aliHAIIBIMBI
MEH Cy OTKI3rimTiK AeHreii TemeH Oomanel. Com cebenti Oy 3eprrey yul Typii
opTajarbl XUMHSJIBIK JKOHE (U3UKAIBIK (aKTOpIapiblH OCIMIIKKE dCepiH KeIleHl
TYPAE CalbICTBIPYAbI KO3ICHI.

Cy0cTpart Tanaayabl aHBIKTAUTBIH GaKTopJIap:

1. XKbubbkall mapyambUIBIFBIHIA KOJIAAHBUIATBIH CyOCTpaT TEK OHIM KelleMiHe
FaHa eMec, JKeMiC-KOKOHIC KYpaMbIHIaFrbl HUTPATTap, ayblp MeTanjap, apThlK Ty3/1ap
neHreiine ne acep ereni. CyOcTpaT KypaMblHIa XJIOPHUJ, CYAb(ar, HaTPUH CHSKTHI
ANIEMEHTTEPIIH MOJIIepi KOorapbl 0olica, O ©CIMIIKKE XKHHANbIN, OHIM CalachlH
TeMeHAeTyi MyMKiH.COHBIKTaH CyOCTpaTTapAbIH XMMHUSUIBIK MHEPTTUTIT, TY3ABIKTHIFBI
#oHe pH TYpaKThUIBIFBI - ©CIMIIIK OHIMIEPIHIH KOJOTUSUIBIK KAYINCI3ITH KAMTaMachl3
eTyae MaHbI3/bl (HaKTOP.

2. KazakcTaHHBIH KONTEreH OHIpiHAE Cy TalIIbUIBIFBI 0ap, ai >KbUIbDKaliapaa
Cy TYTBIHY JOCTYpJ]i TONBIpAaKKa KaparaHaa oiiekaiga kem Oonybl MyMkin.Kokoc
KYHI BUIFaNbl y3aK CaKTaWbl, ajJ MUHEpaJIbl KYH CyIdbl OIpKeNKi Taparaabl, Oy
TaMIIBUIATHII Cyapy *YyHeciMeH Oipre cy YHeMIEYIiH THIMI Tociaepinin 0ipi OombIn
tabbutanpl. CyOcTparTapabl cajbICTBIpy Cy NaiganaHy THIMAUIITIHE A€ FhUIBIMHU
TYpFbIaH Oara Oepeni.

3. TomplpakTa TYpJi caHbIpayKyJakTap, OakTepusuiap, 3UsSHKECTEp Kol OOsajbl.
MuHepanabl KYH MEH KOKOC TaJIIBIFBl CTEPHAI Marepuanfap OOJFaHIbIKTaH,
OacTankpl ke3eHie puronaroreHaepain Tapaty Kayni TeMeHaeini.byn ¢pakrop eHiMHIH
carmacsl MEH OCIMAIK TIPLIUITi YIIiH MaHBI3AbI )KOHE 3epTTey KKETTUIriH apTThipa
Tycei.

4. OpOip cyocTparthie pH neHrelii eCiMIIKTIH KOPEKTIK 3aTTap/ibl CIHIpYiHE TiKenei
ocep ereai. MUHEpa bl )KYH 9ICTTE CLITIIIIIEY OpTaFa e, ajl KOKOC *KyHiHiH pH nerreiii
OciiTapanka >KakplH. byn ailbIpMamIbUIbIK THIHAMTKBIIITAPABl TaHAAyFa, KOPEKTIK
epiTiHAI KOHIEHTPALMSICHIH €CeNTeyre, TAMBIPIBIH 6CY KapKbIHBIHA 9CEP €TEi.

5. JKputbbKail mapyanmbUIbIFbIHAA CyOCTPaTThl TAHAAY TEK arPOHOMUSUIBIK KaFbIHAH
eMec, JKOHOMUKAJIBIK TYPFBIIAH J1a MaHbI3/IbI.

MuHepanabl )KyH OipHeIIe MayChIM KOJIaHBUTYbl MYMKiH, Oipak KalTa OHAey KUbIH.

Kokoc xyHiHiH OacTanksl Oarachl )KOFapbl O0TYbl MYMKiH, OipaK 0J OMOIOTHSUIBIK
TYPFBIIAH BIABIPAN/IBI JKOHE TOIMBIPAKTHI JKaKCapTKBIII PETiHAe KalTa maijaiaHyra
Oomasl.

Byn ¢akTopmapael canblcThIpManbl TYpAE Talfay 3€pTTeyAiH NPaKTHKAIbIK
MaHBI3bIH apTThIPA/IbL.

6. Kazakcranga KIumar Kyprak, KYH paaHalisiChl )KOFapbl, Cy peCypcTaphbl IEKTEYIIi.
Joan ocwl cebenti cyOcTparTapably (r3nKa-XUMHSAIBIK KACHETTEPiH 3ePTTEY - OTaHBIK
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KBUTBDKAH [IapyalubUIbIFbl YIIiH CTPATETHsUIBIK MaHbI3Ibl TAKBIPHIL.OP CyOCTPaTThIH
KEPTUTIKTI KIUMaTKa OeHiMINIri, bUIFal cakray KaOileTi, Ty3JaHyFa OPHBIKTHUIBIFBI
3epTTEY/AiH ©3EKTUIIrH alKbIHIAH TYCEe/I.

CoHbIMEH KaTap, 3epTTey MoHI TeK XUMHSIIBIK TYPFbIIAH eMeC, IKOJIOTHSIIBIK JKOHE
TEXHOJIOTHSIIBIK TYPFBIIAH J1a MaHbI3Fa ne. MUHepasibl ’KYH y3aK YaKbIT Maigaganyra
Kapamipl, Oipak OHBIH KaiiTa eHJelyi KUbIH; ajl KOKOC CyOCTpaThl SKOJIOTHSUIIBIK Tasa,
OMOJIOTHUSIIBIK bIIbIpayFa KaOuieTTi Martepuan Oonbin TaObuiaabl. COHABIKTAH €Ki
Marepuaipl 0aKia TONBIPAFBIMEH CaJIBICTBIPY apKbUIbI JKbUIbIKAWAAFB SKOIOTHSUTBIK,
YKOHE SKOHOMHUKAJIBIK TUIMJII ISIIM KaOblIIayFa FhIIBIMU HETi3 KAJIbIITACAIbI.

Hoatuxenep.

3eprTey MaTepuanapbl MeH daicrepi. 3eprrey OapbichiHIa YII TYpIi cyOcTpar:
MUHEpaAbl )KYH OJ0KTapsl (cTanAapTThl KesieM 10%10%7 cM), kokoc cyOcTpats! (aaabH
ana >xybutbln, pH OeirapanTanaplpbUIFaH) KoHe OaKia TONBIPAFsl (aJaHHAH aJIbIHFaH,
KeMTIPUITeH XKoHe 2—4 MM CY3TiJICH OTKI3UIreH) KOJIaHbULABL. bapibik cyOcTparTap
| AUTpIiK TOPIIOKTapFa CaJlbIHBIN, 9p KOHTEHHepre Oip ©CIMAIK OpHAIACTHIPHLIILL.
Ocipy Karmainapbl )KbUTbDKall CTaHIApTTapblHA COWKeC KaTraH OaKbUIAHMABL: KYHMI3Ti
temneparypa +24+2 °C, tynri temmeparypa +18+2 °C jxoHe BUFaNIBUIBIK 60—
70% nenreitinne ycranapl. Cyapy KyHiHe Oip peT Ta3apThUIFaH CyMEH >KYprisinfi,
al KOPEKTEeHJIpYy YUIiH OapiblK TONTapFa KypambIHAa a3oT, (Gochop xkoHE Kanmuit
anieMeHTTepi 0ap Oipelt KopekTik epiTini (Onorymyc) 6epinmi. CaabICThIPMAIIbI TAI1aY
MeH ToXipuOenik 0akpuiay 9/1icTepi apKbUIbl CyOCTpaTTapAbIH XUMHUS-PU3UKAIIBIK KOHE
arpOHOMMSUTBIK KacueTTepi 3epTTeiii. 3epTTey OapbhIChIHIA CaBICTBIPMANbl Talaay
JKOHE OlpKarap XUMUSUIBIK 3€PTTEY 9/1iCTEPi KOJITaHBLIIbI.

CyOcTparTapabiH bUIFAJ yeTay KalineTiH 3epTrey:

CyOCTpaTThIH 6CIMIIKKE CY/Ibl KAHIIATBIKTHI THIM/I1 CaKTall, OipKeJKi Oepe ajJaThIHBIH
Oaranay yuriH Kaxet. byt eciMIiKTIH ecy KbULIaMIbIFbIHA, TAMBID )KYHECIHIH 1aMyblHA
JKOHE JKAJIIbI OHIMJIUTIKKE TiKeJIel acep eTel.

Kawxerri pearentrep:nuctunigenren cy (H,O), mMuHepanabl >KYHAEp, KOKOC
cyocTpaThl

KakerTi Kypaj-kadasIiKTap: DJIEKTPOHIBI Tapas3bl-CyOCTparTapAbl O eJIIey
YILIiH, CY3Ti Kara3bl - TUCTUIIJCHICH CyJa TYHABIPBUIFaH CyOCTpaTThI CY3Y.

Cyper 1 — blnran ycray kabinerin 3eprrey
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Munepanabl )xyHHeH (M2K) 5 r chiHama anbsiHABI KoHe oFaH 150 M cyasl Kb,
10 muHyTKa Kanablpbuiabl. CoOJ yaKbIT OTKEH COH epITiHAI TOJIBIKTal Cy3iimi,
HOTHXeciHAe 75 Ml cy arbil WBIKTEL. Ocbl Toxipube apkpuisl MIK-HIH cyabl ycram
Kaly Memuiepi aHbIKTanael. Kokoc KyHAe ochulaiiiia JallbIHOANBIN, Cy YCTANTHIH
KaOiJIeTi caibICThIpMalbl TYpAe OaranaH/IbL.

Hotmxecinae MuHepansl yH, KOKOC KYH oHE OaKilia TONbIPaFrbIHbIH bUTFaJ YCTay
KaO1JIeTi canbICTIPMaJIbl TYP/E TEH, SFHU OCIMIIIKTepre KayKeTTi bUIFall MOJIIepi OapiibIK,
cybcTparTa KamTamachl3 eTinreH. COHIBIKTaH, KbUIbDKaiIa OChI YIII CYyOCTPaTThIH Ke3
KeNTeHiH TNaijanaHy eCiMAIKTIH OacTankbl (U3HOJOTHSIIBIK JaMyblHA >KOHE TaMbIp
JKYWECIHIH KAJIBINTHI KYMBIC ICTeyiHE KOJaiiibl Jien OarallaHa/bl.3epTTey HOTHKEC]
ootibiaIa MK cynpiy 50% MeniepiH e3iHe caKTall ajiFaH.

KbIIKBII MeH CUITIIIK OPTACHIH AHBIKTAY:

KpIKp1 skoHE CINTUIIK OpTaHbl aHbIKTay cyOcTparThiH pH aeHreii eciMIiKTiH
KOPEKTIK 3aTTap/bl Kajai CiHIpeTiHiH Tikeled aHbIKTaliabl. Erep opTa ThIM KBILIKBLUT
HE TBIM CUITUI OoJsica, TaMbIpiap KaXXeTTi 3JIeMEHTTepAi KaObuimal anmMaiinel, Oy
6Cy KapKbIHBIHBIH TOMEHJIEYiHe, JKalbIpaK CapFaloblHA YKOHE OHIMIUTIKTIH a3aloblHa
okeneni. ConbiMeH Katap pH cyOcTpaTTblH XUMHSUIBIK TYPaKTBUIBIFBIH, TY3AAapIbIH
KUHATY BIKTUMAJIBIFBIH JKOHE KOPEKTIK epiTIHIIMEH opeKeTTecyiH Oakpliayra
MyMKiHIiK Oepeni. ConabikTan pH-Ipl aHbIKTay — CyOCTpAaTTBIH OCIMIIKKE Kayircis
JKOHE THIMJII eKeHIHE KO3 JKETKI3y/iH HEeri3ri Tocii.

Kaxerri pearentre: auctunaenren cy (H,O), muHepanmbl KyHIep,KOKOC
cyocTpaThl

KazkeTTi KypaJ sxadapIKTap: DIeKTpOHIbI Tapa3bl-CyOCTpaTTapAbl 1o eJIIey
YLLIiH, TaKMYC Kara3bl-KbIIIKBUIBIK OPTAChIH aHBIKTAY, TYHIBIPY YILiH MpoOHUpKaap.

Cypert 2 — pH kepcerkimi

Koxkoc cyOcTparsl MeH MUHEpaIIbl )KYHHIH KBIIIKBLIIBI-CIITIII OPTACHIH aHBIKTAY
YIIiH op cyocTparTsl (5/1 KaTbIHACBHIHIA) CyMEH TYHABIPHII, 10 MHHYTTaH KeHiH JaKMYyC
KaFa3bl apKbLIbI OPTAChl AaHBIKTAJIJIbI.

Hormxecinge MX (A) pH kepcerkimni Oedrapanka skakbiH, mamameH 7,0-7,5
muarnazonbiHaa 0onzpl, an KC (B) con KeIKbLT opTa Kanubimracteipsin, pH 5,5-6,5
apaJbIFbIHA OJIIIEHIl. By kepceTkimTep eCIMIIKTePIiH KOPEKTIK 3aTTapibl THIMJI
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CiHIpyiHE KOHE TaMbIp KYWECIHIH KaJIbINTHI JaMybIHA OH 9CEPiH TUTI3ETIHIH KOPCETTI
(1-cypet). MuHepansl )KyH XUMHSIIBIK TYPFBIAAH TYPAKTHI OOJIFaHBIMEH, OPraHUKAaJIBIK
3aTTapibl YChIHOAWIBI, al KOKOC JKYH TaOUFM OPraHUKANbIK KYpPaMbIMEH CYIbI Y3aK
ycTarn, eciMIiKKke KOPEKTiK OpTa KaMTaMachl3 eTei.

MuHepaaabl ;KYH MEH KOKOC CyOCTpATBIHBIH KBIIIKBLI MeH ciiaTire acepin
3eprreyne:

By 3epTTey cyOcTparTapAblH XUMUSUTBIK, TYPaKThUIBIFBIH, pH e3repy MyMKiHAIrH
YKOHE OCIMJIIKKE KayilCi3AiriH aHbIKTay YLIiH XKYpPri3inemi.

Kawxerri pearenrrep: nuctwinenren cy (H,O), marpuii rupooxcuai (Na(OH))
CUITLIII OpTaaFsl epiTiHl HalbIHaay YIIIiH, TY3 KbIIKbUTE! (HCI) KBIIKBUIIBI OpTaIaFbl
epiTiHAl AalbIHAA YIIIH, MHHEPAJIIBI )KYHIEP, KOKOC CyOCTpaThl

KazkerTi Kypaj-kadasiKTap: DJIEKTPOHIBI Tapasbl-CyOCTpaTrTapAbl O eJIIey
YILiH, JAKMYC KaFa3bl-KbIIIKBUIIBIK OPTACHIH aHBIKTAY, TYHIBIPY YIIiH TpOoOUpKaiap.

KpIIKBLT MEH CLITITE 9CepiH aHBIKTAY YIIiH aJIFalllbIH/A SPITIHAUIED JaibIHIAI b
KpIkbut epiTinai naiibiaaay yIIiH AUCTHIACHTEH Cy MEH TY3 KbILIKbUIB (2H) epTIHIICIH
(2/1) kenemue apanacteipaMbi3. AJl CUITLI OpTa JaibIHAAY YIIIH TY3 KbIIIKBUIBIHBIH
OpHBIHA HAaTPH THPOOKCUIH apanacTeipambl3 (2-cyper). IIpodupkanapra MuHepan bl
KYH MEH KOKOC CyOCTpaTblH KilllkeHe OeJIleriH cajblll, YCTiHe IaibIHAaIFaH
epiTiHAiIep KYHBUIIBL.

Cypert 3 — Jativin epiminoinep Cyper 4 — bip anma emxennen Ketin

Bip anrta yakpIT 6TKCHHEH KEHiH JaKMyC Kara3bIMEH KalTallaH TeKCcepy apKbLIbI
Oipkarap esrepicrep Oafikanmbl (3-cyper). Hotmxkecinme munepanasl xyH (MXK)
CyOCTpaThIHBIH KBIIIKBLT OpTaiarsl acepi (C) Kke3iH e TaKMyC KaFra3bIHbIH TYCl KbI3bUIIaH
alIbIK KbI3FBUITKA ©3rep/li, Oy KhIIIKBUIABIH illliHApa OciTapanTaHFaHbIH KOPCETEI.
An cintinik oprazaa (1) Tyc esrepici 6alikaimabl, OYJ1 MHHEPAII bl )KYHHIH XUMUSUTBIK
TYPFbIJIaH UHEPTTI )KOHE CUITITe TO31M/II MaTepHall KeHIH JaJien ieiiai. MuHepai bl ®KyH
KBIIIKBIIIAPFa CaJIbICTBIPMAJIbI TYPJAE CEe3iMTall, aj CUITIIepre TYpakThl. byn kacuer
OHBI Y3aK Mep3iMJIi JKbUIbDKAH JKaFIalibIH/a KYPhUIBIMBIH CaKTayFa MYMKIHIIK Oepe/t.
KC-na 6Gaiikanran pH e3repici (A,b) oHbIH OpraHuKaibIK TAOUFATHIMEH TYCIHIIpiTe .
KC wnonnpik Oydepiik kaOuieTke ue OOMFaHIBIKTaH 0aCTalKbl KIIIKBUIIBIK HEMECE
HETI3/IiK KOCBUIBICTAp YaKbIT 6Te OeliTapanTaHaibl.

Turpaey aaici apKbLIBI KYPpaAMBIHIAFBI TY31aPAbl AHBIKTAY:
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MuHepanabl KYH MEH KOKOC CyOCTpaTbl ©CIMAIKTEpAl JKbUIbDKall Hemece
THIPONIOHMKA JKaFAalblHAA ecipy YIIiH KOJJAHBUIATBIH KEH TaparaH cyOcTparrap
OoubIn TaObUTaBL. Byst cyOcTpaTTap Tek Cy MEH aya OTKI3TillTIK KaCHeTTEPIMEH FaHa
LIEKTENIME/1i, OapIIblH XUMUSIIBIK KYPaMbl, SSFHU TY3Jap/AblH MeJILIepi MeH Typi Ae
eCIMIIIKTEp/IiH ecyiHe Tikenei acep ereni.CyOcTparTarbl TY3Iap/IbIH JICHIeHiH aHBIKTaY
MaHbI3bI, ce0eOl TY3MapAblH apThIK MeJIIepi OCIMIIKTEPiH TaMbIpiapbl apKbLIbl
CYIBI KOHE KOPEKTIiK JIEMEHTTEepAl CiHIpyiH KublHAaTansl. Mblcaisl, erep cyocTparra
HaTpHii HeMece XJIOPUATEPAiIH KOHIEHTPALUICHI )KOFapbl 00ca, OCIMIIIK «Ty3 CTpeci»
KaFaiblHa YIIbIpar, ecyi 0aceHael, KablpakTaphbl caprailblll HeMece KYHil Kalybl
MYMKiH. COHBIMEH Karap, TY3AapIblH MeJIepi CyOCTpaTThlH XUMHSIBIK OanaHChIH,
coHblH iminae pH kepcerkimiH ne esrepreai. MuHepanapl KYH CHUSKTBI HHEPTTI
cyocTparTap TaOWFM KOPEKTIK 3aTTapiaH alblpbulFaH OONFaHABIKTaH, OJlapAarbl
Ty371ap MEH KOPEKTIK 3JeMEHTTEeP/iH KOHIEHTPAIUSICHIH Oy ©CIMIIKTepre Ka)eTTi
KOPEKTIK epiTiHAl MeJIepiH AyphICc ecenTeyre MyMKiHaik Oepeni. Kpickama aiiTkana,
cyOcTpaTTarbl Ty3 MOJILIEpiH aHbIKTay — OyJl ©CIMAIKTIH AYpBIC ©Cyi MEH JaMybIH
KaMTaMachI3 €Ty, CyOCTpaTThl THIMJII NailajaHy >KOHE OCIMIIKTEepre 3usH KeJTipeTiH
(axTopnapasl 6onAbIpMay YIIiH MaHbI3/AbI 3ePTTEY OOJIBIN TaObLIAIbI.

Kaxerri pearentrep: muctungenren cy (H,0), kammii nuxpomarsr (K,Cr,0.)
TY31ap/ibl aHBIKTAyJa MHIMKATOp POIiH arkapibl, Kymic nutparel (AgNO,) Herisri
TUTP, OIOpeTKara KyWbUIAbIL, MUHEPAIIIBI )KYH, KOKOC CyOCTpaThl

KazkerTi Kypaj-kadasiKTap: DJIEKTPOHIBI Tapasbl-CyOCTpaTrTapAbl O eJIIey
YILiH, JTAKMYC Kara3bl-KbIIIKBIIIBIK OPTachlH aHBIKTAY, CY3T1 Karasbl - AUCTHIICHTEH
Cyda TYHIBIPBUIFAH CyOCTparThl CY3y, KOHYCTBIK KOJIOa-epiTiHIi MEH HHIUKATOPIbI
apanacTbIpyFa, OlI0peTKa - THTPaHTTHI JailblH €PITIHAIre TaMbI3yFa, IITaTUB - THTPJIETeH
Ke3Jie OropeTKaHbl ycTaln TYPY YIIiH, IPOOUpKaiap-TYHABIPY YIIiH.

Kypambinaarsr Ty3napasie (NaCl) Meniiepin aHbIKTay YIIIH TUTp 91iCi MaHBI3AbI.
Op cyOCTparThl Cy/ia TYHIBIPY apKbUIbl KYPaMbIHIAFBI TY3Iapbl €pIiTIHIIre OTKi3eMi3,
WHWKATOp PETiHJe Kaluil AuXpoMarbiHbIH (1-2 TaMibickl) KOCBUILIbL JlaiibiH
epiTiHAIHI KOHYCTBIK KOJIOaFa KYHbII, OIopeTKara TUTPI, SIFHU KYMiC HUTPAThIH KYHBIIT
TaMIIbUIATy TACUTIMEH KYpaMbIHIAFbl TY34ap/bl aHBIKTAHMBI3.

Cyper 5 — Jativin epiminoi Cypert 6 — TumpOen xetiin
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KonycTpik konmOaHbl YHEMi IIAKam OTBHIPBIN, Capbl TYCTEH KbI3BUI-KOHBIP TYCKE
aybICKaH COTKE JEWiH MHHEepaiabl KyHAe 3 Tammbl KeTTi. onm ocbuiaii Kokoc
cyOcTpaTbIHa KacaraHaa KbI3bUI-KOHBIp TyHOara e3repem JereHuie 43 TaMIbl TaMIIbl
KYMCaIIbI.

Dopmyna

CNaCl: AgNO3 : NAgNO3 : 58’ 44 / 4

1. Munepanowt scyn (MK):

C=(0.15-0.01+5844)/30 =0, 0029 o/n= 2.9 me/n

2. Kokoc »scyni (KC):

C=(2,15-0.01-5844)/30=0, 0419 2/n=41, 9 me/n

Mop dopmynaceina cotikec ecenrerenae MXK-na 2,9 mr/n, an KC-ga 41,9mr/in Tutp
xyMmcanranbiH kepceteni. KC-re kaparanga M2K-neri xiopuarep MeH Ty3/1ap laMaMeH
14 ece a3. bys1 MuHepanapl )KyHHIH TY3 J)KaFblHAH Kayilci3 eKeHiH AJeNICi i, SFHU O
XUMUSUIBIK Oeitapan cyOcTpar. MuHEepaiIbl )KyH HHEPTTI OOJIBII Keei, 0J1 ©CIMAIKKe
TiKeJNel KOPEKTiK 3JeMEHT OepMeiili, COHABIKTaH KOPEKTIK epiTIHAIHIH KYpaMbIH 97
Oakpulayra MYMKiHAIK Oepeni. Kokoc cyOctpareiHblH OacTanksl Kypambiaaa Na, K
TY3IapbIHBIH OOJIATHIHBIH KOHE KOJJaHap ajAblH/a [Ial0 MiHIETTi EKeHIH KOPCETEIi.

Kyprizinren ToxipuOenep HOTHKECIHAE aJbIHFAH AEPEKTEP XUMHSIIBIK JKOHE
arpOHOMMSUTBIK KOPCETKIIITep OOWBIHINA YII CyOCTpaTThl CANBICTBIPYFa MYMKIHIIK
Oepmi. 1-kecrezne cyocTparTap sy pH, TY3BUIBIK, BUTFAT YCTAy KaO1JIeTi CUSKTBI HET13r'1
XUMHSUTBIK KACHETTEP1 KOPCETLITEH.

Cypert 7 — Cy0cTparTapra ecipiireH MHKpPOXKachLI
A) xokoc cybcrparsl, b) 6akma tonsiparst, C) MEHEpaIbl )KYH

Kecte 1 — XumusibIk KacueTrepi

KepcetkimTep Munepannst xxyH (MX) | Kokoc cyberparst (KC) | Bakmia Tombiparst (BT)
pH nenreiii 7,0-7,5 (beiitapar) 5,5-6,5 (con KBIIIKBLT) 6,0-7,0 (Beiirapanica
JKaKBIH )
blnran ycray Kabineri 50% Korapsl Oprara/TemMex
Tyznpuibik (AgNO3 » »
3 (= 2,9 mr/a NaCl) 43 (= 41,9 mr/a NaCl) -
TaMILBIChI)
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Kprmkpi/cinrire KHI{IKHHFa 11'111H.apa Kprmkpii/cinrire Oprama

AR Gefirapari, cinrire .
Te31MALIIri Te3imMai

TYPaKTHI
Kecme 2 — Azponomusanslx kopcemkiwimep

Kepcetkimrep Munepanast xyH (MX) | Koxoc cyoerpatsl (KC) | bakma tomsiparst (BT)
Ocy KapKbIHBI (cM/ 34 7.8 56
anra)
TaMblp y3bIHABIFBI (CM) 9-10 13-15 11-12
YKampipak aynassl (cM?) 18-22 30-35 24-27

Kecrenen kepinin Typransiagail, kokoc cyoctparsl (KC) XUMUSIIBIK KacHeTTepi MeH
arpOHOMMSITBIK KOPCETKIMTepi (2-KecTe) OOWBIHIIA €H THIMII OOIBII, ©CIMIIKTEPIiH
TYpPakThl ©Cyi MEH JKOFaphl OHIMIITIKKE KOJIAHIBl OpTaHBl KaMTaMachl3 eTei.
Munepannbt xyH (MX) Oeiirapan pH MoHiHe Me OONFaHBIMEH, TY3IBUIBIFBl TOMEH
JKoHE OWONOTHSUIBIK BIBIpAyhl IIEKTEYIi, aj OaKia TOIBIparbl OpTallla HOTHXKEIep
KepceTesi.

MuHepanabl )KYH XUMISUTBIK TYPFBIIAH WHEPTTI OOJBIN, TY3ChI3 JKoHE OeiiTapan
oprara xakbiH pH nenreitinme (7,0-7,5) exeni anbkranmabl. bym kepcerkim MXK-
HBIH XAMUSUTBIK TYPAKTBUIBIFBIH JQJIENICH Il )KoHE KOPEKTIK epiTiHIIHIH eciMIiKTepre
OipkenKki ocep eTyiH KamTaMach3 erefi. Tutpiey omici Ootibrama MK epiTinmiciHae
XJIOpWJ] MOHJAPBIH aHBIKTay YIIiH Oap OomraHbl 3 Tammiel AgNOT skymcanasl, Oy
OHBIH TY3/IBUTBIFBIHBIH TOMEH €KeHIH KOpCeTeIi.

Koxoc cybcerparsr (KC) toxipnbe OapbIChIHAA KOFaphl (PH3UKAIBIK KYPBUIBIMHBIH
KOJaWJIBIFBIH KOpCeTTi. Anaiima OacTamkplaa TY3ABUIBIFBI KoFapbl Oombim, MOK-ra
KaparaHia mamameH 14 ece ken (43 tammbsl =~ 41,9 mr/n NaCl) 6onaer. byn KC-abt
KOJIJTaHap aJI/IbIH/IA IAFOBIH )KOHE OeTapanTaHapIpyIbIH MIHACTTI €KEHIH T IeH]Ii.
Coran xapamactat, KC-ma ecipinreH eciMaikTepIiH eCy KapKbIHbI anTachiHa 7—8 cM,
conrbl eHiMTITT 38—40 r/eciMmaikke xetin, MK sxone bT-ra kaparanna aiftapibikTait
»orapel 001, Tambip xkyiieci e KC-ma xaKkchl 1aMblrt, Y3pIHABIFEI 13—15 cM OornraH.
By xorapel eHimainik KC-HBIH KOPEKTIK AIeMEHTTepAi OipTiHmenm jkoHe OipKenKi
Oepy KabineTiMeH, COHIai-aK a’parisi MeH (PU3UKAIBIK KYPBUTBIMBIHBIH THIMILUTITIMEH
TYCIHIIpiTemi.

Bakmra TomeipaFbl opraria HOTHKE KOPCETTi: oCy KapKbIHBI 5—6 cm/anTa, COHFBI
eniMmimiri 30-32 r/eciMaik, TaMblp Y3BIHABIFEI 11-12cMm Gonmbl. bynm kepceTkimrep
KC-HBIH %OFapbl arpOHOMUSITBIK THIMIUTITIH HAKTHI TOTEIACH/TI.

OxonorusnblK TYpFbiiaH KC Taburu koHE OWMOIOTHSIIBIK KOJMEH BIIBIPANTHIH
MaTepuas OOJBIN, XbUIbDKAWIA Y3aK MEp3iMJi TYPaKTBUIBIKTBI KaMTaMachl3 €Teli.
MuHepanabl )KYH XUMUSIIBIK TYPFBIIaH HHEPTTI OOIFaHBIMEH, OMOIOTHSIIBIK HKOJIMEH
bIIbIpaMaii/ibl, KOJJAaHBUTFAHHAH KEHiH YIKeH KeJleMJeri KaJABIKTap Ty3edl JKoHe
TaJIIBIKTapbl apKBLTBI ICHCAYIBIKKA Kayin TeHaipyi MyMmKiH (Londra, P.; et al, M, 2018).

3eprTey OapbIChIHIA AaHBIKTAJIFAaH HOTIDKENEpP JKBUIBDKAH IIapyalllbUIbIFbIH/A
THIMAL cyOCTpaTTapApl TaHIayFa FRUIBIMH Heri3uepai ycbiHaabl. KC arpoHOMUSITBIK
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KOPCETKIITEpi MEH 3KOJOTHSJIBIK KacueTTepi OOWBbIHIIA eH THIMII cyOcTpaT OoJbIm,
OCIMAIKTEPiH TYPaKThl ©CYiHE JKOHE KOFaphl OHIMIUIIKKE KOJAiIbl OpTa KaMTaMachl3
eTeni. MuHepaiabl XYHHIH KOJJAHBUIYbl KOCHIMINA OHJEydi KaxkeT ereni [Epic
Gardening Editorial Team], an BT-HbIH eHIMALTIT] OpTalia JeHreiIe Kasbl.

Anparel 3eprreynepae KC-uel xKyy mpouecid oHTainanasipy, MXX kangslkrapbia
KaliTa ©HIEY KOIJAapblH 3epTTey, y3aK Mep3imIi ocepii Oaramay >KoHE >KbUIbDKana
SKOJIOTHSUIBIK  Taza CyOcTpaTTapasl KOJAaHYIbl OachIMIBIKKA aily YCBHIHBUIAZIBL.
Ocpuiaiiia, anbiHFaH HOTHKENEP KbUIbDKAH MIapyalbUIbIFbIHAA TYPAKThI )KOHE THIMII
ecipy JKyleciH KypyFa HaKThl FBUIBIMU HET13 Oepei.

Tankplaay. 3eprrey KpulbDKai >kargaibiHAa MuHepangsl kyH (MXX), kokoc
cyocrpatsl (KC) xone Oakma Tonbiparbl (BT) cusKTHI yumr Typii ecipy OpTachIHBIH
XMMUSUIBIK KOHE arpOHOMUSUIBIK KACHETTEPiH KEHICHMAl CallbICThIpyFa OarbITTalabl.
AJNBIHFaH HOTHXeJep cyOCTparTapiblH eCiMIiK (DU3MOJOTUSACHIHA, XMUMUSUIIBIK Tere-
TEHJIITIHE J)KOHE OHIMJIIIK TUHAMHUKACBIHA SPTYPJIi IEHTelIe ocep eTeTiHIH KOPCEeTTi.

CyOcTparTapablH KbINIKBUIIBIK-HET13/1IK KaCHETTEpiH Oarajay OJIapIblH ©CIMJIIK
TaMbIpIapbIMEH SpeKeTTeCy MYMKIH/IITIH TyCiHyre MyMKiHaik Oepai. MK Gelitapanka
XakblH pH KepceTKiliH cakTamn, XMMHUSUIBIK TYPAKTBUIBIK TAHBITTHL. Byl OHBIH HHEPTTI
KYpPBUIBIMBIHA KOHE KYpaMbIHIA OPraHHUKaJbIK HEMECe PEaKTHBTI KOMIIOHEHTTEpPIiH
XKOKTBIFbIHA OaiimanbicTel. A KC com KBIIIKBUT OpTa KalbINTACTHIPBIN, KOPEKTIK
UIEMEHTTEP/IIH CIHIpUTYiH OeNCeHMIpeTiH OHMOJIOTHUSIIBIK TYPFBIIAH THIMJI JKarmal
xacajpl. TornbipakTsiH pH KepceTkimi Typakch3 O0IFaHbIMEH, OHBIH TaOuFu Oydepitik
KaOiJ1eTi KOPEKTiK JIeMEHTTEPIiH CiHIpiayiH KONaiIbl JeHIele YCTal OTHIP/IBL.

KpIIKbU1 )k9HE CUITI 9cepiHe )KYPpri3iireH Taxkipudesnep cyocTparTapIblH XUMHSUTBIK
OepikTirin akpiHaaabl. MK cinrire TypakTsl O0IFaHbIMEH, KBIIIKBUT 9CEPiHEH ilIiHapa
OcliTapantany Oaiikanabl. byl OHBIH MUHEpaIABIK KypaMbIHAAFbl OKCHITEPAIH QJICi3
XUMUSUIBIK Oencenainirin kepcereai. KC opraHuKasiblK TalIbIKTapFa TOH Oydepiik
KaCHeT TaHbITHII, KbILIKBUI Ja, CUITI e 9cep eTKeH karaiiaa pH OipTinaen TypakTaHabl.
Byt KoKOC TanIbIFBIHBIH HOH aJIMacThIpy KaOilleTi )KOoFaphbl eKeHIH Joenaeni.

Tutpney HoTmKenepi cyOcTparTapaarbl Ty3 JKHHalTy JCHTeHiHaeri auKbIH
aiipIpMaIIbUIBIKTapAbl KepceTTi. MK eTe ToMeH TY3IbUIBIKKA He OOJIBII, 6CiMaIKTepre
TY3 CTpPECiH TYyBIHIATIANTBIH Kayinci3 >kargaid KamslnTacTeipiabpl. KC-marel Ty3
MOJIILIEPiHiH JKOFapbl OONybl KOKOC CyOCTpaThIHBIH TaOWFM LIMKI3aTTaH aJbIHYBI
KOHE KypaMblHAa OacTarkbl KaJui, HATPUH MOHAAPBIHBIH OONYBIMEH TYCIHIIpiTemi.
Conpgpikran KC-HBI KongaHap aniplHIA [Ial0 MIHAETTI €KeHi SKCIIEPUMEHT apKbLIbl
nonenaenai. BT-HBIH Ty3AbIK Kypambl TYPakchl3 OONFaHIBIKTAH OYJI KOPCETKilI
3epTTey/e HEeri3ri Tannay 0ObeKTici OoIMaIbl.

blnran ycray kabinerin Oaranay OCIMAIKTIH ©Cy KapKbIHBI MEH Cy JKETKi3y
PSXKHUMIHIH THIMILTITIH aHbIKTayFa MyMKiHaik Oepai. KC putramabpl y3ak cakrar, OHbI
OipTiHgen OepeTiH KypbUIBIMBIMEH €PEKINEeICH . byJl OHBIH TaJIIIbIKThl TAOUFaThIHA
KOHE KalMJUIPIIBIK KYHECIHIH JaMbIFaHAbIFbIHA OainanbicTel. MK cyasl Te3 ciHipim,
TE3 KOFANTATBIH MaTepuain OOJFaHIBIKTaH, bUIFANl cakTay AeHredi Temen Oomnasl. BT
BUTFAJI/Ibl YCTal alfaHbIMEH, OHBIH KaNWJUISPIbIK OTKI3TIIITIr TOMEH OONFaHBIKTaH,
cyablH Oipkeski Oeminyi Oasy *Kypai.
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Arponomusutslk TypFbia KC eH sxorapbl KepceTKIITep i KopceTTi. OciMaiKTepAi
eCy KapKbIHBI, KallblpaK aydaHbl, TAMBIP Y3BIHABIFBI jKoHE kammbl Onomacca KC-na
aTapabIKTail >Korapbl 00716l By OHBIH adpalusICHIHBIH KaKChl 0OTYbI, OpraHUKaJIbIK
KYPBUTBIMBI )KOHE HOH aJIMacThIPy KaOileTiHiH )KOFaphl 00JIybIMEH TiKeJel OaiIaHbICTHI.
MXK-ga ecimaikrepin ecyi Oasty xypai, cebebi o1 KOpeKTiK 3aTrTapibl TaOuru Typae
YCBIHOAM/IBI JKOHE O©CIMAIKTIH OapIIbIK KQKETTI IEMEHTTEPl CHIPTKBI €PiTiHAI apKbUIbI
rana Oepineni. BT-HbIH KepceTKilTepi opralia IeHrelae KalbIl, TAOUFU TOIBIPAKTHIH
KYPBUTBIMABIK JKOHE XHMMHSUIBIK apTHIKIIBUIBIKTAphl MEH KEMILUTIKTEpiHiH Karap
OaifKaJIaThIHBIH KOPCETTI.

DOKOJOTHSUIIBIK TYPFBIIAH €Ki CyOCTpaT apachlHAa aiKbIH bl PMAILbIIBIK AaHBIK T B
KC OnonorusiibIk KOoJIMEH TONBIK BIABIPAUTHIH, KaliTa maiiiananyra OONaTblH, TAOUFH
Marepuan 0osnca, MXK-HbIH bIIBIpaMaybl dKoHE TANIIBIKTAPBIHBIH aaM JICHCAYIIbIFbIHA
ocep eTy KayTi OHBIH 3KOJOTHSUIBIK THIMIUTITIH ToMeHaeTei. COHIIBIKTaH YKOJIOTHUSTHbI
€CKepe OTBIPBII, TAOUFH CyOCTpaTrTapra KOy MaHbI3/lbl €KEHIH 3epTTey KOPCETIiM OTBI.

XKannsl Tankeiay HoTHKenepi kepcerkenaei, KC XUMHAIBIK, (U3HKAIBIK JKOHE
arpoOHOMMSUTBIK TIapaMeTpiep OOWbIHIIA €H ThiMal opra Oonbim Tadbutaabl. MOK
Oackapyra BIHFaiJbl, TYPaKThl cyOcTpar OOJFaHBIMEH, SKOJOTHSUIBIK TYPFbIAAH
mekreyini. BT Taburu 6onFaHbIMeH, OHIMIUTIK TIEH TYPaKTBUIBIK TYPFBICBIHAH 3aMaHayH
ecipy MaTepHajiapblHa KaparaHzia dJci3.

Kopsitbinabl. XKyprizinren «Kbuibpkaiina MuHepangpl XKYHMEH KOKOC >KYHI
cyOcTpar peTiHze KONAAaHYAbIH XUMHSUIBIK-arpOHOMHSIIBIK OarachDy aTThl 3epTTey
KYMBICBI ©3iHIH HEri3ri MakcaTblHa TOJBIK JKETTi. 3epTTey MaKcaTbl JKbUIbDKaH
KaraalblHAa MHHEpPajIbl JKOHE KOKOC JKYHIH CyOCTpaT peTiHae mMaijaiaHyablH
XUMUSUIBIK JKOHE arpOHOMHUSIIBIK THIMIUTITIH, COHAAM-aK OJapAblH apTHIKIIBIIBIKTapPhI
MEH LIEKTEeYJIEPiH KaH jKaKThl Oaranay 0oibl. benrinenren MminaeTTep cyocTparTapablH
XUMUSUIBIK KYPaMbIH, arPOHOMHUSUIBIK KOPCETKIIITEPiH KOHE IKOJIOTHSIIBIK KACHETTEPIH
3epTTey TOJBIK OPBIHAAJIIBL.

3eprrey Oapbichinga kacannbl (MXK) xone Taburu (KC) cyOcTparTapabiy
ecIMAIKTepre ocepi CalbICTHIPBUIBIN, ONapAblH TEOPHUSJIBIK KacHeTTepl Taxipuoe
KY3iHAE AoJenaeHAl. MuHepansl )KYH XUMUSUTBIK, TYpFeIaan oedtapan (pH 7,0-7,5)
KOHE TY3 KarblHaH KayiIlci3 OOJIBIN HIBIKTBI; THTPJEY HOTHXKECi OOHMBIHIIA XJIOpUA
MOHJIaPBIHBIH KOHIIEHTpanusichl ~ 2,9 mr/n NaCl 6omubl. Kokoc cyOcTpaThiHbIH OacTanKbl
Ty3 Medepi MXK-ra kaparanaa mamamven 14 ece ke (= 41,9 mr/n NaCl) 6onbin, oHbI
KOJIaHap aJlbIH/A [AOABIH KaXXETTIrH Jaenaei. ATpOHOMUSUTBIK Tanaay OoMbIHIIa
KC en sxorapbl OHIMIUTIKTI KOPCETTi: ©CIMIIKTepAiH COHFbl eHimuimiri 3840 1/
OCIMJIIKKE JKETil, 6CY KapKbIHbI 7—8 cM/amnTa 00J1bl, ajl TaMbIp Y3bIHABIFEL 13—15 cMm-Te
xetTi. MXK-na ecimaik ecyi Oasy, eHimainik TemeH (25-28 r/ecimuik) 6onasl. bakma
TOMBIPaFrkl OpTalla KepceTkimTepre ue 6o, 0y1 KC-HbIH ycTemairin kepceTei.

OxonorusunblK Typreigan KC Tabufu, OHONIOTHSUIBIK JKOJIMEH BIIBIPAUTHIH KOHE
KOpLIaraH OpTara 3UsSHCHI3 MaTepuaj OoJbIn Tadbltaabl, an MK XUMHSITBIK TYPaKThI
OosFaHbIMEH, OMOJIOTHSUIBIK KOJIMEH BIAbIPaMaiibl )KOHE YIIKEH KOJIeMIETi KallIbIK
TyabIpaibl, Oy sxonorusIbIK Kayin Tenaipeni (Epic Gardening Editorial Team).

3epTTey HOTHKENIEPi NPAaKTHKAIBIK YChIHBICTap Oepeai: MUHEpaAbl )KYH MEH KOKOC
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XKYHIH apaiacThIPbIN KOJIAaHY apKbLIbI 9p CyOCTPaTThIH apTHIKIIBIIBIKTAPBIH OipiKTIpY,
Mmbicanbl, MJK-HbIH cy cakray KacueTi MeH KC-HbIH KOpEKTIK ojeyeTiH maiinanany
apKbUIBI OCIMIIKTIH 6CyiH oHTaimanabipyra 6onansr; KC Konganranaa Ty3 MeJuepin
OakpuIal, KaXeT OOJFaH yKaraalaa alJblH aja a0 apKbUIbl OCIMIIKTIH CTPECC alyblH
azaiityra Oonanpl. DKOHOMHKaNbIK TyprbigaH, KC KommaHy apKbUIbl ©HIMIUTIKTI
apTTHIPHII, KOPEKTIK epiTIH/II HIBIFBIHBIH TOMEHIETYTE, ail MK KanabIKTapblH OHACYAiH
KOCBIMIIIA HIBIFBIHAAPBIH €CKEPE OTHIPHII, IIBIFBIHAAPAB OHTAHIAHIBIpYFa OOJaIbI.
Bonamak 3eprreynepnae opTypii eciMIikTepAe CyOCcTpaTTapIblH Y3aK Mep3iM/i acepiH,
TY3 JeHreiiH OakpuIay[bl JKOHE OCIMIIKTIH (HM3HONOTHSUIBIK CTPecC PeakUusuIapblH
Tangay MaHbI3/1bl O0JIBIN caHata bl. OChl KOCHIMILIAIAPFA CYHEHE OTBIPBIT, OKOIOTHSUTBIK
KayiMci3miK, arpOHOMUSUIBIK THIMIUTIK jKOHE OHIMALTIKTI apTThIPY TYPFHICHIHAH KOKOC
CyOCTpaTBIHBIH KOJIIaHBUTYbIHA OACBIMABIK Oepy OTaHIBIK JKbUTbDKAN IIapyallbUIbIFbI
YILiH eH THIMJII MMM OOJbIN Ta0bLIa b,

Bonamak 3eprreynepae MuHepanbl KOHE KOKOC JKYHIH OpTYpii eciMaiKTepae
KOJIIaHYABIH y3aK Mep3iMAl 9CepiH 3epTTey MaHbI3bl OOJBIN TaOblIaabl, OUTKEHI op
eciMIIiK TYpi cyOcTpaTKa opTypii peakius kepcetei. COHBIMEH Karap, SKOJIOTHSUIBIK
TYPFBIJaH Ta3a )KoHe KaiiTa eHzeyre 00maTbiH cyOcTpaTTapAbl OHIipyaiH HHHOBALMSITBIK,
KOJIAAPBIH KapacThIpy ©3€KTi OONBIN TaObuIaabl, OyJl JKbUIBDKAN MIapyallbUIbIFbIHIA
TYPAaKTHI KOHE YKOJIOTHSUIBIK KayiIci3 TEXHOIOTHsIap/Abl JaMbITyFa MYMKIHIIK Oepeni.
Conpaii-ak, cyOCTparTarbl Ty3 JIEHIeHiH yHeMi OakpLiall, KaKeT OOJiFaH KaFaaiijia
aNJbIH aJla [Ial0 apKbUIBl OCIMAIKTIH CTPECCTIK JKaFIailblH a3aiiTy YCHIHBUIAIBI, OYJI
OCIMIKTIH 6CYiH TypaKTaHIBIPYFa )KOHE OHIMIUIIKTI apTThIPYFa BIKIIAT ETEIi.

XUMHATIBIK, arpOHOMUSUIBIK JKOHE OSKOJOTHSUIBIK 3EpTTEYJEepAiH HOTHXKENIepi
kepceTkeHinael, KC, annpiH anma maio apKbUIbl, KbUIbDKaina eciMIiK ecipyre eH
THIMII, TYpPaKThl OHE OHKOJOTHSJIBIK Kayinci3 cybctpar Ooibin Tabbutiagpl. by
3epTTey OTaHIBIK KbUIBDKAH IIapyallbUIbIFbIHAA MPAKTHUKAIBIK MaHbI3Fa He. 3epTTey
HOTHXKEJIepl arpoHOMJapra cyOcTpaT TaHjaaylda FbUIBIMH Heri3 Oepeai, ©HIMALTIKTI
apTTHIPYFa, KOPEKTIK ePIiTiH/I IIBIFBIHBIH a3aUTyFa )KOHE SKOJIOTHSUIBIK Ta3a JKbUIbLKAN
TEXHOJIOTUSUIIAPBIH JaMBbITyFa MYMKIHJIK jkacaiigpl. MUHEpanabl )KYHHIH SKOJOTHSUIBIK
KEMILUTIKTEepl aHBIKTaJFaHABIKTaH, 3KONOrHAIbK Taza KC cyOcTpaThlH KojjaHyFa

0achIMIBIK Oepy YCHIHBLIA/IbI.
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Abstract. This work proposes a new approach to the preparation of efficient
crown-ether-containing phase-transfer catalysts. Phase-transfer catalysis is an effective
method for intensifying organic reactions and is widely used in fine organic synthesis
and polymer chemistry. Of particular interest are polymer-supported phase-transfer
catalysts that combine the high catalytic activity of crown ethers with the advantages
of heterogeneous systems, including regeneration, and applicability in continuous
processes. The influence of the polymer matrix structure and the degree of immobilization
of active sites on the catalytic properties remains insufficiently studied. The aim of
this work is the immobilization of benzo-derived crown ethers on anion exchangers
with different morphologies and the investigation of their catalytic activity under
phase-transfer catalysis conditions. The immobilization of chlorosulfonyl derivatives
of benzo-12-crown-4, benzo-15-crown-5, and benzo-18-crown-6 was carried out on
AN-15, AN-21, and AN-22 anion exchangers in organic solvent media. The obtained
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materials were characterized by IR spectroscopy and elemental analysis. Catalytic
activity was evaluated in the nucleophilic substitution reaction of n-butyl bromide
under heterogeneous conditions. It was established that the degree of immobilization
and catalytic activity depend on the structure of the polymer support, the degree of
crosslinking, and the content of crown-ether groups. The results demonstrate that the
activity of immobilized crown-ether catalysts is governed by multiple factors, among
which the most important are the amount of crown-ether groups and the composition
and structure of the polymer matrix, which determine the swelling of the support and
the accessibility of active sites. The obtained results can be used in the development of
efficient and regenerable phase-transfer catalysts for organic and industrial synthesis.
Keywords: Crown ether, interphase catalyst, ion exchangers, model carrier
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AHHOTanus1. byJ ®KyMmbIcTa THIMII KpayHKYpam bl pa3aapablk KaTaau3aTopiaapibl
aIyAbIH KaHa ofici ychiHbUIaapl. Da3aapaiblk KaTaau3 OpraHUKajbIK PeaklusuIapIbl
KAapKBIHABI JKYPTi3yAiH SKOJIOTHSIIBIK TYPFbIIAH THUIMAL 9ici OONbIN TaObUIaAbI JKOHE
OpTaHHUKAJIBIK CUHTE3/Ie KOHE MOJUMEPIIiK XHUMHUsAa KeHIHEH KOJIaHbUIadbl. Ocipece,
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KpayH-3(pUpIepAiH JKOoFapbl KaTaJUTHUKAIBIK OCJICEHIUIIrH TeTepOreH Il KyhHenepain
apTHIKIIBUIBIKTAPBIMEH, —aTal  alTKaHJa pereHepanusuiay, KaiTa maiijanany
JKOHE Y3MIKCi3 TpormecTepie KOJNTaHy MYMKIHZITIMEH VHJISCTIPETiH MOIMMEpITi
TaChIMAJIAFBIIITAFbl MEXK(Pa3albIK KaTaau3aTopiap YIAKSH KbI3bIFYIIBUIBIK TYIBIPAIbL.
CoHbIMEH KaTap, IOJIMMEpPITi MATPUIIAHBIH KYPBUIBIMBI MEH O€JICEH/Ii OpTaIbIKTapIbIH
MMMOOMITH3AIIHS TOPEKECIHIH KaTATMTHKAIBIK KACHETTEPIe 9cepi IKETKIUTIKTI Topexe e
3eprrenMeret. JKYMBICTBIH MaKCaThl - OPTYPIIi MOP(OJIOTHSIIEI aHHOHUTTEPTe OCH30-
TYBIHJBI KpayH-3(upiepai IMMOOHIH3AMsIIAY KOHE ONapAbIH (a3aapaiblk KaTain3
KarAalbIHAAFbl KaTaJUTUKANBIK OeNCEeHATIriH 3epTTey. 3epTrey aaicrepi. benzo-12-
KpayH-4, OeH30-15-kpayH-5 xoHe 0eH30-18-kpayH-6 XJI0pCynb(GOHHUI TYBIHABLUIAPHIH
nvMoommm3arusiay AH-15, AH-21 xone AH-22 aHWOHWTTEpiHIE OpTaHUKAIBIK
EpITKIIITEp OpTachlHAA KYPrizuimi. AJjblHFaH wMarepuanaap MK-crnekrpockomust
JKOHE OJJIEMEHTTIK Tajjay oJicTepiMeH 3eprrenii. Karanutukanblk OeICeHIUTIK
H-OyTunOpoMuaTeri HyKIeODHUIBAIK OpBIHOACY peaKIUsChIHIAA reTepodaszaibiK
Karmamapma  OaramaHmel.  MMMoOmnmmsammsi  Jopekeci MEH — KaTaTuTHKAIBIK
OeJICeHAUTIK MOMMMEpIl TachIMaJIaFbIIITHIH KYPBUIBIMBIHA, TITLTY IOpEKECiHE JKoHEe
KpayH-3(pUp TONTapbIHBIH KypaMblHa Tyl eKeHi aHBIKTaJIbl. AJIBIHFAH HOTHKEIEP
MMOOMIH3ANMsIIaHFaH KpayH-3(UpIl KaTaau3aTopiapAblH OeNCEeHAUIIrT KenTereH
(hakToprmapra OailIaHBICTBI €KeHIH KOPCETTI, OJapIbIH IMIIHIAE €H MaHBI3IbUIAPEl —
KpayH-3()Up TONTAPBIHBIH MOJIIIEP], TaChIMAJJIAFBIIITBIH ICIHYIH jKOHE OelICeHIl
OPTAJIBIKTAP/IbIH KOJDKETIMIIIITIH aHBIKTAUTBIH TOJIMMEPITi MaTPULIAHBIH KYPaMbl MEH
KYPBUTBIMBI OOJIBITT Ta0bLIa bl AJIBIHFAH HOTHIKEIIEp OPTaHUKAJIBIK KOHE OHEPKICIITIK
CUHTE3Te apHAJIFaH THIMJI opi pereHepanusIaHaTeIH MeK(a3anblK KaTau3aTopiap bl
a3ipiieyie KOJIAaHbUTybl MYMKIH.

Tyiiin ce3mep: xpayH->¢up, (aszaapanblk KaTaau3arop, HOHUTTEP, MOIUMEPII
TaChIMaJIIaFbITII
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AunHoTtanusi. B pabore mpeasio’keH HOBBIH cIOCO0 MoOXy4eHUs] dPQPEKTUBHBIX
MexX(a3HBIX KpayHCOJAepKAIIMX KaTann3aTopoB. Mex(asHblil KaTalu3 IpeiCcTaBIseT
COOOH  DKOJNOTHMYECKH  OPHEHTHPOBAaHHBIH ¥ BBICOKOO(M(MEKTHBHBIA  METOI
WHTCHCU(HKAIUK OpPraHUYeCKUX pPeakluil, MIMPOKO MNPUMEHSEMBIA B TOHKOM
OpPTaHMYECKOM CHHTE3€ U ONUMepHOU XUMUU. OcOoObIi HHTEPEC BBI3BIBAIOT TOJTMMEPHO-
MMMOOMJIM30BaHHbIE KaTaJlM3aTopbl MeX(a3HOrO MEepeHOCca, COYETAIOUINE BBICOKYIO
KaTaJIATUYECKYI0 aKTHBHOCTb KpayH-2(QUPOB C NpEerMyIIECTBAMH TeTEPOreHHBIX
CHCTEM, TaKMMHU KaK BO3MOKHOCTh pPEreHepalid, MHOTOKPaTHOTO HCIOJNb30BaHUS H
MIPUMEHEHUS] B HEMIPEPBIBHBIX TEXHOJIOTMYECKHX ITpolieccax. Bmecre ¢ Tem BiusiHuE
CTPYKTYPBI TIOJIMMEPHON MATPHIBI U CTETICHH HMMMOOMIIM3allNU aKTUBHBIX IEHTPOB Ha
KaTaJIMTUYECKHE CBOMCTBA TAKMX CHCTEM OCTa&TCsl HEOCTaTOUHO U3y4YeHHBIM. L{enbio
paboThI SABISETCS MMMOOMIH3ALINST OEH30-TTPOU3BOIHBIX KpayH-2(QUPOB Ha aHUOHUTAX
Pa3NUYHON MOPQOIOTUH U UCCIIEIOBAHUE UX KATATUTHYECKON aKTHBHOCTH B YCIIOBHSX
MexdaszHoro karanuza. IMMOOHITH3AIHIO XJIOPCYIb(GOHUIBHBIX POU3BOIHBIX OEH30-
12-kpayHn-4, 6eH30-15-kpayH-5 u 0en30-18-kpayH-6 ocyiiecTBisiM Ha aHnonutax AH-
15, AH-21 u AH-22 B cpene oprannueckux pactBoputeneil. [lonydyenHsle MaTepraibl
Obutn uccnenoBanbl MetogamMu MK-CrieKTpoCKONmMM M 2JIEMEHTHOTO aHallu3a, 4To
MO3BOJIWJIO TIOATBEPANUTH YCHEIIHOCTh HMMMOOWIM3AIlMM W OINpPEIeNTUTh COCTaB
MOJTY4YEeHHBIX coelMHeHnH. KaraauTuieckyro akTHBHOCTh CHHTE3MPOBAaHHBIX CHCTEM
OLICHHMBAJIH B pEaKMK HyKJIeO()MITBHOTO 3aMeleHust H-Oy THIIOpOMU/Ia B reTepoda3HbIxX
YCIOBUSIX. YCTaHOBJICHO, YTO CTETICHh MMMOOMITH3AIMY U KATAIUTHYECKasi aKTHBHOCTD
CYIIECTBEHHO 3aBUCST OT CTPYKTYphI MOJUMEPHOTO HOCHUTEINS, CTEIIEHU €ro CHIMBKH
U cofepkaHusi KpayH-d3upHbIX rpymi. [loka3aHo, 4To KaTaliuTHYeCKass aKTHBHOCTb
WMMOOMJIM30BaHHBIX ~ KpayH-d(QHPHBIX CHCTEM OIpPEAEISIETCS  COBOKYITHOCTBIO
(haKTOpOB, Cpei KOTOPHIX KIFOYEBBIMH SIBIISIFOTCS KOHLIEHTPAIIMS aKTUBHBIX IIEHTPOB,
cocTaB ¥ MOPQOJIOTHS MTOJTUMEPHOIN MaTPHIIBI, BIMSIONINE Ha HA0yXaeMOCTh HOCHTEIIS
U JOCTYIHOCTHh PEaKIHMOHHBIX HEHTPOB. [lomydeHHbIe pe3yibraThl AEMOHCTPUPYIOT
MEPCIEKTUBHOCTh HCIIONB30BaHUsSl CHHTE3MPOBAHHBIX MaTepHajOB B KauecTBE
9QQEKTUBHBIX U PEreHepUpPyEeMBIX KaTallM3aTopoB Mex(asHOro TepeHoca Jyis
OPTaHMYECKOTO U MPOMBIIIJICHHOTO CUHTE3a.

Kirouessle cioBa: KpayH-a¢up, MexdasHblii KaTann3aTop, HOHUTHI, IPOUMEPHBIH
HOCHTEITh

Introduction. High complexing ability and catalytic activity of polymers containing
crown ether groups determine their wide application in interphase catalysis. These
systems provide several important advantages, including simplicity of implementation,
reduced consumption of organic solvents, mild reaction conditions, high selectivity,
and the ability to control both reaction conditions and rates. Interphase (phase-transfer)
catalysis is considered an environmentally friendly approach due to reduced waste
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generation, replacement of hazardous reagents (e.g., sodium hydride) with safer aqueous
bases (e.g., sodium hydroxide), and the use of more sustainable solvents.

Despite the extensive application of interphase catalysts in industrial and laboratory
processes, polymer-supported systems (three-phase catalysts) remain insufficiently
studied and have not yet achieved wide industrial implementation. At the same time, such
systems combine the advantages of heterogeneous catalysis, including easy separation
from the reaction mixture, reusability, and suitability for continuous processes.
Therefore, the development of efficient polymer-supported interphase catalysts based
on crown ethers remains a relevant scientific and practical task.

The aim of this work is to immobilize crown ethers on polymer carriers and to study
their catalytic activity under interphase catalysis conditions.

Literary review. The concept of phase-transfer catalysis was first introduced by
Starks in 1971 to explain the role of catalysts in reactions occurring between reagents
located in immiscible phases (Demlov, 1987; Hashimoto et al., 2007). Since then,
this methodology has become widely used in both academic research and industrial
applications. Phase-transfer catalysis has found applications in the synthesis of fine
chemicals, including flavorings, pharmaceuticals, agrochemicals, and polymers, as well
as in large-scale industrial processes (Ooi et al., 2007; Starks et al., 2012).

Various types of interphase catalysts have been developed, including quaternary
ammonium and phosphonium salts, crown ethers, and cryptands (Ford et al., 1984;
Makosza et al., 2003; Makosza et al., 2020; Cozzi, 2006). Among them, quaternary
ammonium salts are the most widely used due to their low cost and availability. Special
attention has been given to crown ether-based catalysts due to their high complexing
ability toward metal cations, which significantly enhances catalytic efficiency in organic
reactions (Ergozhin et al., 1994; Ergozhin et al., 1995; Dong et al., 2013; Duan et al.,
2022).

In recent years, increasing interest has been focused on polymer-supported phase-
transfer catalysts, which combine the high activity of homogeneous catalysts with
the operational advantages of heterogeneous systems. The most commonly used
polymer supports include polyethylene glycol and crosslinked polystyrene based on
divinylbenzene (Lu et al., 2009; Benaglia et al., 2003; Shuangshuang et al., 2022). Such
catalysts have been successfully applied in various organic transformations, including
esterification, amidation, polymerization, and the synthesis of a-amino esters (Siewniak
etal., 2022; Rosaria et al., 2024). However, the influence of the polymer matrix structure,
degree of crosslinking, and immobilization of active centers on catalytic performance
remains insufficiently understood.

Materials and methods. Anion exchangers AN-15, AN-21, and AN-22 based on
styrene—divinylbenzene copolymers were used as polymer supports. These ion-exchange
resins were manufactured by the Cherkasy Chemical Plant (Ukraine) and differed in
their structural characteristics, including the degree of crosslinking and morphology
(gel, macroporous, and macroreticular types). Prior to use, the anion exchangers were
washed successively with distilled water and organic solvents to remove residual
impurities and then dried to constant weight.
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Benzo-12-crown-4, benzo-15-crown-5, and benzo-18-crown-6 (Kente, China)
were used as initial macrocyclic compounds. Their chlorosulfonyl derivatives —
4'-chlorosulfonylbenzo-12-crown-4 (CSB12C4), 4'-chlorosulfonylbenzo-15-crown-5
(CSB15C5), and 4'-chlorosulfonylbenzo-18-crown-6 (CSB18C6) — were synthesized
according to the method previously described by Ergozhin etal. (1991). These derivatives
contain reactive chlorosulfonyl groups, which enable covalent immobilization onto
polymer matrices.

The immobilization of crown ether derivatives onto anion exchangers was carried
out in an organic solvent medium. Typically, a known amount of the anion exchanger
was placed in a reaction vessel and swollen in an appropriate solvent (chloroform,
dichloromethane, or pyridine) to ensure maximum accessibility of functional groups
within the polymer matrix. After swelling, the corresponding chlorosulfonyl derivative
of the crown ether was added to the system. The reaction mixture was maintained at a
temperature of 50—70 °C under continuous stirring for 24 hours. Pyridine was found to
be the most effective solvent, as it not only promotes swelling of the polymer matrix
but also acts as an acid acceptor, neutralizing hydrogen chloride released during the
reaction. This prevents degradation of the polymer and increases the efficiency of
immobilization.

After completion of the reaction, the modified anion exchangers were thoroughly
washed with organic solvents and distilled water to remove unreacted reagents and by-
products. The samples were then dried to constant weight under vacuum. The degree
of immobilization of crown ether groups was evaluated based on the sulfur content
determined by elemental analysis, since sulfur is present in the sulfonyl functional
group of the immobilized fragment. The content of crown ether groups (mmol/g) and
conversion degree (%) were calculated accordingly.

Infrared (IR) spectra of the initial and modified samples were recorded using a
“Specord IR-75” spectrophotometer in order to confirm the successful immobilization of
crown ether groups. The appearance of characteristic absorption bands corresponding to
SO:2 groups (=1350 and 1150 cm™), as well as Ar—O—C and C—O-C bonds, was used as
evidence of chemical modification. The main physicochemical characteristics of the ion
exchangers, including exchange capacity, swelling degree, and structural parameters,
were determined according to standard procedures described in (Ergozhin et al., 2020).

Results. Anion exchangers based on styrene-divinylbenzene (DVB) copolymer
AN-15, AN-21, and AN-22 were used to fix crown ethers.

Since the structure of the macromolecular network plays an important role in
immobilization and use, the polymerization carriers had gel, macroporous, and
macromolecular structures with varying crosslinking agent content (1-20 mol%).

In order to regulate the complex-forming properties of catalyst macrocycles with
metal ions, chlorosulfonyl derivatives of benzo-12-crown-4, benzo-15-crown-5, and
benzo-18-crown-6 were used.

Pyridine proved to be the most suitable solvent, which is simultaneously an acceptor
of HCl released during the reaction.

The amount of crown ether groups introduced was judged by the sulfur content. Table
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1 shows the results of immobilization of crown ethers on anion exchangers. As can be
seen from the table, the reactivity of crown ethers during immobilization is practically
the same, and the degree of conversion depends on the structure of the anion exchanger
used. Thus, up to 5.4% sulfur can be introduced into macro-mesh anion exchangers,
which is 92% conversion, while for gel anion exchangers it is 85.5%. Modified anion
exchangers containing 1.45 to 1.92 mmol/g of crown ether groups have a swelling
capacity in water of 2.4 to 3.0 g/cm’.

Table 1 — Data on the immobilization of crown ethers on anion exchangers

Anionite | Copolymer | Immobil, Sulfur content, | Conversion Crown ether group
structure crown ether % rate, % content, mmol/g
AN -15 | Gel CSB12C4 5,98 80,2 1,85
CSBI15C5 5,40 79,8 1,68
CSB18C6 4,89 79,0 1,52
Macropor. |CSB12C4 6,15 82,3 1,92
CSB15C5 5,51 81,5 1,72
CSB18C6 5,02 81,0 1,56
AN -22 | Gel CSB12C4 5,57 83,1 1,74
CSBI15C5 5,04 82,7 1,57
CSB18C6 4,63 82,5 1,44
Macropor. |CSB12C4 5,79 85,5 1,81
CSB15C5 5,27 85,2 1,64
CSB18C6 4,85 84,9 1,52
AN -21 | Gel CSB12C4 5,05 85,6 1,58
CSBI15C5 4,65 85,2 1,45
CSB18C6 4,32 85,0 1,35
Macropor. |CSB12C4 5,17 87,6 1,61
CSB15C5 4,77 87,4 1,49
CSB18C6 4,43 87,2 1,39
Macroset. | CSB12C4 5,43 92,0 1,69
CSBI15C5 5,01 91,8 1,56
CSB18C6 4,66 91,7 1,46

Thus, by using macromolecules with different spatial structures, it is possible to
specifically alter the swelling properties of polymers and the accessibility of crown
ether groups when using anions as interphase catalysts.

The IR spectra of the modified anion exchangers clearly confirm the successful
immobilization of crown ether fragments onto the polymer matrix. In particular, the
appearance of characteristic absorption bands corresponding to asymmetric and
symmetric stretching vibrations of the sulfonyl (SO2) group at approximately 1350 and
1150 cm™ indicates the formation of sulfonamide linkages between the chlorosulfonyl
derivatives of crown ethers and the functional groups of the anion exchanger.

Additionally, the presence of absorption bands in the regions of 1200—1300 cm™ and
1050—-1150 cm™ can be attributed to stretching vibrations of Ar—O—C and C—O-C bonds,
respectively, which are characteristic of the crown ether macrocyclic structure. The
preservation of these bands after immobilization suggests that the macrocyclic cavity of
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the crown ether remains intact, which is essential for maintaining its complexing ability
toward metal cations.

A slight shift in the position and intensity of these absorption bands, compared to
the initial compounds, may be associated with changes in the electronic environment of
functional groups due to their incorporation into the polymer matrix. This also indirectly
confirms the formation of covalent bonds between the crown ether derivatives and the
polymer support.

Based on the combined data of elemental analysis and IR spectroscopy, it can be
concluded that the immobilization process proceeds with a high degree of efficiency
and leads to the formation of chemically bound crown ether groups within the polymer
structure. Accordingly, the repeating (elementary) unit of the modified polymer can be
represented as a fragment of the styrene—divinylbenzene matrix functionalized with
sulfonamide-linked crown ether moieties, where the macrocyclic fragment is covalently
attached to the polymer backbone through a spacer group.

Such a structural organization ensures not only the stability of the immobilized
active sites but also their accessibility for interaction with substrate molecules and metal
cations during catalytic processes.

CH -
B { 0\
HC—( O )—CH, — NH (CH,),,— (NH),— SO, —@: Q/

| 9
oy

la. m=0, n=0, p=0, 2a. m=2, n=0, p=1, 3a. m=6, n=0, p=1,
16. m=0, n=1, p=0, 26. m=2, n=1, p=1, 36. m=6, n=1, p=1,
1B. m=0, n=2, p=0, 2B. m=2, n=2, p=I1, 3B. m=6, n=2, p=I.

In order to determine the catalytic activity of synthesized polycrown esters,
the nucleophilic substitution reaction of bromine was studied.

u-C,H Br (org.) + KI (water) — u-C,H,I (org.) + KBr (water)
This reaction has previously been used by other researchers to evaluate the
effectiveness of crown-containing catalysts.
We examined the influence of the number of immobilized crown ether groups,
the presence of a connecting chain (spacer) between the crown ring and the

matrix, and the structure of the initial polymer carrier on the yield of n-butyl
iodide.
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Table 2 — Dependence of the yield of n-butyl iodide on the number of functional groups

Content of crown ether groups in polymer, % Output, %
- 4.1
7.1 93.3
16.2 99.1
324 92.3
50.0 83.1
64.2 77.4
92.0 72.1

An important parameter of catalysts is the number of active groups on the carrier,
since catalytic activity depends on the distance between active centers, which, in turn,
is determined by the degree of substitution. The table shows that the dependence of the
target product yield on the content of crown ether groups in the polymer passes through
a maximum.

Discussion. The catalytic activity of modified anion exchangers increases with the
degree of substitution up to a maximum value, which corresponds to the presence of 20%
active groups in the structure of the carrier, and then gradually decreases. Apparently,
a change in polarity in the microenvironment of the active center and a certain degree
of interaction between free and complexed cations during the reaction can weaken the
activity of the macromolecular catalyst at a high degree of substitution. However, there
are examples of the opposite effect of the number of active centers on the efficiency of
catalysts, i.e., this parameter requires optimization in each specific case.

It is known that the limiting stage in three-phase catalysis is the diffusion of reagents
into and out of polymer granules. Limited diffusion of reagents from the solution to the
active groups is one of the main obstacles to the use of polymer catalysts. This disadvantage
can be eliminated either by changing the nature of the polymer matrix and its morphology,
or by introducing spacer groups between the active center and the polymer backbone.
In the catalysts we synthesized, the macrocyclic fragment is connected to the polymer
matrix by a hydrocarbon chain of varying length. As expected, the reaction yield increases
with increasing length of the connecting chain. Thus, the yield of n-butylium iodide on
catalysts 1b, 2b, and 3b is 67.6, 79.4, and 90.1%, respectively.

The speed of reactions carried out under heterophasic conditions strongly depends
on both the degree of cross-linking and the morphology of macromolecules.

The effect of the degree of swelling was studied on catalysts based on AN-22 anionite
(Table 3).

Table 3 — Effect of crosslinking degree copolymer of styrene and divinylbenzene

Content crown ether, % DVW content, mol. % Output, %
Catalyst 2v
1 89,4
2 83,1
20 4 65,7
8 58,4
12 54,6
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10 1 82,1
2 64,5

Catalyst 2v
20 | 1 | 89,1

The table shows that as the amount of DVB in the anionite increases, the activity of
the catalyst decreases sharply.

The observed trend may also be caused by different diffusion rates of reagents
in the catalyst grain, associated with an increase in the density of cross-links in the
macromolecule and, accordingly, a decrease in the swellability of the polymer.

The influence of the morphology of the initial anion exchangers was studied on
catalysts obtained by immobilizing CSB15C5 on AN-21 gel, macroporous, and
macromolecular structures with a 1% cross-linking agent content (see Fig.). The figure
shows that the catalysts studied are ranked in the following order in terms of activity:
macro-mesh > macroporous > gel. The higher activity observed when using macro-mesh
anion exchangers (divinylbiphenyl instead of divinylbenzene) is due to the presence of
larger pores in the polymer mesh.

Conversion | Selectivity, %
100

90
80— 3
70—
60—
50—
40—
30—
20—

10—

0 \ \ T T T I \ |
0 15 30 435 60 75 90 105 120

Reaction time, min

Figure 1 — Kinetic conversion curves of n-butyloxide in the presence of catalysts macro-mesh (1),
macroporous (2) and gel (3) structures

The catalytic effect also depends on the nature of the salt cation used in the
nucleophilic substitution reaction in n-butyl bromide. The data in Table 4 show that
when crown-containing catalysts are used, the principle of matching the crown ring
cavity to the diameter of the salt cation is preserved.

Table 4 — Dependence of the catalytic activity of catalysts on the content of natural salts

Salt Catalyst Output, %
Catalyst 2v
KI 3B 99,1
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Nal 3B 96,4
KI 36 97,6
Nal 30 94,6
KI 3a 51,4
Nal 3a 56,2

The results obtained in this work show that the activity of immobilized crown ether
catalysts depends on many factors, among which the most important are the number
of crown ether groups, the composition and structure of the polymer matrix, which
determines the swelling of the carrier and the accessibility of active centers.

The mechanism of action of an interphase catalyst can be represented as follows:

P—CE*MVY+RX—P—CE*MX+RY (organic phase);
V-+ M + X- (aqueous phase).

When the interphase transfer catalyst is insoluble in both the organic and aqueous
phases, the interphase transfer catalyst will be present in the third phase, so that both
reactants are transferred to the third phase, where the two reactants are dissolved in each
other and the concentration is very high, which can show high reactivity, so that the
reaction rate is obviously improved.

The reaction should occur in the organic phase around the catalytic center. Anions are
exchanged at the water-organic phase interface with inorganic K+ cations and cations
on the P-KE polymer carrier in the aqueous and organic phases, respectively. Thanks to
the presence of a phase transfer catalyst, the negative ions involved in the reaction have
high reactivity, and the process is simplified.

Conclusion. In this work, crown ether derivatives were successfully immobilized
onto polymeric anion exchangers with different structural characteristics, resulting in
the formation of efficient polymer-supported interphase transfer catalysts. The obtained
materials combine the high complexing ability of crown ethers with the advantages of
heterogeneous systems, including stability, reusability, and ease of separation. It was
demonstrated that the catalytic activity of the synthesized systems strongly depends on
several key factors, including the structure and morphology of the polymer carrier, the
degree of crosslinking, the swelling ability of the matrix, and the content and spatial
accessibility of crown ether groups. In particular, macroreticular and macroporous
supports odecrieunBatot higher catalytic efficiency due to improved diffusion of reagents
and better accessibility of active centers.

The results of catalytic testing in nucleophilic substitution reactions confirmed that
polymer-supported crown ether catalysts exhibit high activity and selectivity under
interphase conditions. At the same time, an optimal concentration of active groups was
identified, at which maximum catalytic efficiency is achieved, indicating the importance
of balancing functionalization degree and microenvironment polarity. A significant
advantage of the developed catalysts is their heterogeneous nature. Being insoluble in
aqueous and organic media, they can be easily separated from the reaction mixture
by simple filtration and reused multiple times without significant loss of activity. This
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makes them particularly attractive for practical applications, including continuous-flow
processes and industrial-scale synthesis. In addition, the use of such catalysts contributes
to the development of environmentally friendly chemical technologies, as they reduce
the need for hazardous reagents, minimize waste generation, and allow the use of milder
reaction conditions.

Thus, polymer-supported crown ether catalysts represent a promising class of
interphase transfer catalysts with high potential for application in organic synthesis
and industrial processes. Further research should focus on optimizing the structure of
polymer matrices, improving mass transfer characteristics, and expanding the range of
catalytic reactions in order to fully realize their practical potential.

References

Benaglia M., Puglisi A. Cozzi F. (2003) Polymer-Supported Organic Catalysts. Chem. Rev. 103:3401—
3429. (in English)

Cozzi F. (2006) Immobilization of organic catalysts. When, why, and how. Adv. Synth. Catal. 348:1367—
1390. (in English)

Demlov E., Demlov Z. (1987) Mezhfaznyj kataliz [Interphase Catalysis]. Moscow. — 488 p. (in
Russian)

Dong S., Gao L., Chen J., Yu G., Zheng B., & Huang F. (2013). A supramolecular polymer formed
by the combination of crown ether-based and charge-transfer molecular recognition. Polymer Chemistry,
4(4):882-886. (in English)

Duan Z., Xu F., Huang X., Qian Y., Li H., & Tian W. (2022). Crown Ether-Based Supramolecular
Polymers: From Synthesis to Self-Assembly. Macromolecular Rapid Communications, 43(14):2100775.
(in English)

Ergozhin E.E., Kurmanaliev M.K. (1994) Polimery na osnove kraun-soedinenij [Polymers based on
crown compounds]. — Almaty: Gylym. — 272 p. (in Russian)

Ergozhin E.E., Kurmanaliev M.K. (1995) Polikraunefiry, problemy i perspektivy [Polycrown ethers,
problems and prospects]. Proceedings of the National Academy of Sciences of Kazakhstan. Chemistry
series. 1:4-257. (in Russian)

Ergozhin E.E., Kurmanaliev M.K. (2020) Osnovy ionoobmena [Fundamentals of Ion Exchange]. —
Almaty, Almanac. — 275 p. (in Russian)

ErgozhinE.E.,KurmanalievM.K., IdrisovaK.S.(1991) Sinteziissledovanie svojstv kraunsoderzhashchih
polisul'fonamidov [Synthesis and study of the properties of crown-containing polysulfonamides]. Reports
of the USSR Academy of Sciences. 320:6. — P.1389-1391. (in Russian)

Ford W. T., Tomoi M. L. (1984) Advances in Polymer Science. Berlin, 1984. 55:50-104. (in English)

Hashimoto T., Maruoka K. (2007). Recent development and application of chiral phase-transfer
catalysts. Chemical Reviews, 107(12):5656-5682. (in English)

Huang F., Scherman O. A. (2012). Supramolecular polymers. Chemical Society Reviews, 41(18):5879-
5880. (in English)

Lu, J., Toy P.H. (2009) Organic Polymer Supports for Synthesis and for Reagent and Catalyst
Immobilization. Chem. Rev. 109: 815-838. (in English)

Makosza M., Fedorynski M. (2003). Phase transfer catalysis. Catalysis reviews. 45(3-4):321-367. (in
English)

Makosza M., Fedorynski M. Interfacial Processes. (2020) The Key Steps of Phase Transfer Catalyzed
Reactions. Catalysts. 10:1436 (in English)

Ooi T., Maruoka K. (2007). Recent advances in asymmetric phase-transfer catalysis. Angewandte
Chemie International Edition, 46 (23):4222-4266. (in English)

Rosaria Schettini, Maria Rosaria Acocella. (2024) State Of The Art Of Supported Phase Transfer-
Catalysts Onium Salt-Based. ChemCatChem. 16:1-14. (in English)

Shuangshuang Liu and Weihao Zhu. A (2022) Minireview of Phase-Transfer Catalysis and Recent
Trends. Biomed J Sci & Tech Res 45(4). BISTR. MS.ID.007237. (in English)

219



ACADEMIC SCIENTIFIC JOURNAL OF CHEMISTRY

Siewniak A., Monasterska E., Pankalla E., Chrobok A. (2022) Polymer-Supported Poly (Ethylene
Glycol) as a Phase-Transfer Catalyst for Cross-Aldol Condensation of Isobutyroaldehyde and Formaldehyde.
Molecules. 27:6459. (in English)

Starks C. M., Halper M. (2012). Phase-transfer catalysis: fundamentals, applications, and industrial
perspectives. Springer Science & Business Media. (in English)

220



Volume 1, Number 466 (2026)

ACADEMIC SCIENTIFIC JOURNAL OF CHEMISTRY
ISSN 2224-5286

Volume 1.

Number 466 (2026), 221-237

https://doi.org/10.32014/2026.2518-1491.351

IRSTI 31.15.33
UDC 54.057

© Mataev M.M., Ongarbek A.T.", Sarsenbayeva Z.B., Nurbekova M.A.,
Abdraimova M.R., 2026.
Kazakh National Women's Teacher Training University, Almaty, Kazakhstan.
E-mail: akniet.ongarbek@mail.ru

SYNTHESIS AND MORPHOLOGY OF PEROVSKITE-STRUCTURED
CaMnOz_98

Mataev Mukhametkali — doctor of chemical sciences, professor, Kazakh national women's teacher
training university, Department of Chemistry, Almaty, Kazakhstan,

E-mail: mataev_06@mail.ru, https://orcid.org/0000-0002-9057-5443;

Ongarbek Akniet — Kazakh National Women'’s Teacher Training University, Department of Chemistry,
Almaty, Kazakhstan,

E-mail: akniet.ongarbek@mail.ru, https://orcid.org/0009-0008-4891-1512;

Sarsenbayeva Zamira — PhD student in the 8D05301 “Chemistry” EP, senior lecturer, Kazakh national
women's teacher training university, Department of Chemistry, 050000, Almaty, Kazakhstan,

E-mail: sarsenbayeva.z@qyzpu.edu.kz, https://orcid.org/0000-0002-7434-0441;

Nurbekova Marzhan — candidate of chemical sciences, acting associate prof., Kazakh national women's
teacher training university, Department of Chemistry, Almaty, Kazakhstan,

E-mail: marzhan85@mail.ru, https://orcid.org/0000-0001-7258-3338;

Abdraimova Moldir — PhD, acting associate prof., Kazakh national women's teacher training university,
Almaty, Kazakhstan,

E-mail: abdraimova87@mail.ru, https://orcid.org/0000-0002-8040-512.

Abstract. In this work, a CaMnO, ,.-based perovskite was synthesized. Additionally,
its structural and morphological properties were investigated. The Pechini sol-gel
method and the environmentally friendly Green synthesis method were used for the
synthesis. In the Pechini method, metal ions formed a homogeneous gel with the help of
citric acid and ethylene glycol. As a result, a nanocrystalline compound was obtained.
Aloe vera extract was used in the green synthesis method. As a result, the perovskite was
synthesized. Both methods enabled the synthesis of the perovskite-structured CaMnO, .
X-ray diffraction (XRD) analysis confirmed that the synthesized compound belongs
to the orthorhombic space group. Furthermore, it was determined that the structure is
perovskite. The sample prepared by the Pechini method yielded lattice parameters of
a=527A,b=746 A, c =528 A, and a unit cell volume of V = 207.92 A3. The
structure obtained via green synthesis had lattice parameters a = 5.28 A, b =5.26 A,
c=7.45 A, and a unit cell volume of V = 207.24 A’. The Mn-O bond lengths ranged
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from 1.041 to 2.450 A, with an average of 1.971 A. The Ca-O bond lengths ranged
from 1.319 to 3.211 A, with an average of 2.343 A. These values indicate that the MnO,
octahedral structure is stable. Furthermore, they demonstrate that the Ca*" ions stabilize
the lattice. The EBSD and SAED results showed that the CaMnO, , perovskite is in the
pure orthorhombic (Pnma) phase. The sample's surface composition was analyzed by
scanning electron microscopy (SEM). The composition of the manganite was analyzed
by EDS SEM analysis. This corresponds to the chemical composition of the compound.
According to these analysis results, the average particle sizes were 0.24 um and 0.7 pm.
In the FTIR spectra, the bands in the 662 cm™ and 671 cm™! regions corresponded to
Ca-O and Mn-O bonds. The obtained results demonstrate that the CaMnO, ., perovskite
is a good material for various applications.
Keywords: CaMnO, ., perovskite structure, Pechini method, green synthesis,

orthorhombic structure
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Annoranusi. byn sxympicta CaMnO, . Herisinjaeri TNEPOBCKUTI CHHTE3JIENIN
anbiHabl. COHBIMEH KaTap, KYpPBhUIBIMIIBIK )KoHE MOP(OJIOTHSITBIK KACHETTEP1 3epTTEI .
[leunnn iy 3051-TeNb dAici KOHE IKOJIOTHAIIBIK Ta3za 00BN Ta0bUIaThIH JKackul CHHTE3
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o/lici CUHTe3/ey YINiH NaiganaHbuiabl. [lednHM ofici apKbUIbl METaUl WOHJApPhI
JIMMOH KBIIIKBUIBI MEH 3TUJICHIJIMKONb KOMeriMeH OipTekTi renb Ty3ni. HoTmwkecinge
HAHOKYPBUIBIMIBI KOCBUTBIC aJbIHIBL. AJ JKAaChUI CHHTE3 OMICIHAE ajlod CBHIFBIHIBICHI
KOJABIHBUIIBI. HoTHKeCiHIe TEPOBCKUT CHHTE3AEMII anbIHAbl. OChI €Ki 9/1iC TEPOBCKUT
KypbutbiMabl CaMnO, . anyra MyMKiHAiK Oepai. Pentrenaik muppakuusibik (XRD)
Tajnay Ke3iHJe CHHTE3JeNTeH KOCBUIBICTBIH OPTOPOMOTHI CHHIOHHSIFA JKaTaTbIHBI
nonenaenai. CoHBIMEH Karap, KYpbUIbIMBI MEPOBCKUT €KEHi aHbIKTaiabl. [leunHu
ofliciMeH aJIbIHFaH YITiHiH Top mapamerpiepi a = 5.27 A, b =746 A, c = 5.28 A,
sneMeHTap yambiK kesnemi V = 207.92 A3 monpepin Gepai. JKachll CHHTE3 apKbLIbl
aJBIHFAH KyPBLILIM MoHJepi a = 5.28 A, b =526 A, c = 7.45 A xone V = 207.24 A’
60717161 Mn-O GaiinaHbICHIHBIH Y3bIHABIKTaphI 1.041-2.450 A apanbirbiaaa 605bI1, opTa
moni 1.971 A kypansl. Ca-O Gaitnanbictapsl 6oica, 1.319-3.211 A apansirsinaa, opra
MoHi 2.343 A Gonpl. By monaep MnO s OKTa3IPIIEPiHIH KYPBUIBIMBI JKaFbIHAH TYPAKThI
ekeHiH kepceteni. ConbiMeH Karap, Ca** MOHAAPBIHBIH TOP/BI TYPAKTaHIBIPATHIHBIH
nonennerini. EBSD xome SAED wmotmxkenepi CaMnO,, TepoBCKHUTIHIH Tasa
opropoM0THI (Pnma) ¢aza exenin kepcerti. CkaHepeyi AeKTPOHIBIK MUKPOCKOTIHNS
(SEM) Ooitpiama yariHig OeTTik Kypambl Tanganabl. EDS SEM ananu3zi apKbuibl
MaHTaHUTTIH Kypambl TangaHabl. Byl KOCBUIBICTBIH XUMHSJIBIK KypamblHa CoHKec
keneni. Ochl Tangay HOTHXKeNepi apKbUIbl OemmeKkTepaid opra emmemaepi 0.24 MM
xoHe 0.7 mxMm kypaabl. FTIR cnexrpnepinge 662 cm' xoHe 671 cm™! aiiMakTapbiHIaFbl
xonakrap Ca-O sxoHe Mn-O OaiinaHbicTapblHa CoiiKec Kenfi. AJIBIHFaH HOTHXKENEp
CaMnO, ,, EpOBCKUTIHIH SPTYPJIi KOJIAHYIapFa )KaKChl MaTEPUAIl EKEHiH TQIEN IS

Tyiiin co3nep: CaMnO, ., nepoBCcKUT KypbuUTbIMBL, [leunnu omici, XKaceun cunres,
OPTOPOMOTHI KYPBIIIBIM
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AnHoTauus. B pabore mpeAcCTaBiIeH CHHTE3 IEPOBCKUTHOTO COCIUHEHUS
cocraBa CaMnQOaz.0s W HCCIEAOBAaHUE €ro CTPYKTYPHBIX H MOP(OIOTHUECKUAX
cBoiicTB. CHHTE3 OCYIIECTBIIICSA IBYMsI METOJAAMU: 30Jb-TeIb-MeTONOM [leunman u
9KOJIOTHYECKH Oe30MacHBIM METOJIOM «3el€HOoro» cuHre3a. B mertone IleunHu noHbI
MeTaoB (hOPMHUPOBAIM OJHOPOAHBIN Te€Nb C MCIONB30BAHUEM JTMMOHHOW KHCIOTHI
U DTWICHIIIUKOIS, YTO TMO3BOJWIO TMONXYYUTh HAHOKPUCTAUIMYECKHM MaTepual.
B «3enénom» MeTone B KayeCTBE BOCCTAHOBHTENS HCITONB30BAJICS DKCTPAKT ajiod
Bepa. Oba momxoma oOecmedmsiv ycmenrHoe moiydeHue mepoBckuta CaMnOa.os.
Pentrenodazoserii ananmmsz (XRD) mokazan, 4YTo CHHTE3MPOBAaHHOE COCIAMHEHHE
KPHUCTAJUTH3YeTCSI B OPTOPOMOMYECKOW MpOCTpaHCTBeHHOH Tpymme (Pnma). st
o0pasia, Moay4eHHOro MeTooM lleunHu, mapameTpsl peméTKH cocTaBuin: a = 5,27
A, b=746 A, c=528 A, 06béM anemenTapHoii sueiiku V = 207,92 A3. Jlna obpasua,
CHHTE3MPOBAHHOTO «3EIEHBIM» METOIOM, HapaMeTpsl cocTaBuiu: a = 5,28 A, b =1526
A, c=745A,V=20724 A3. Ananu3 muH cBs3eii mokasain, uro Mn—O BapbUPYIOTCS
B 1mamaszone 1,041-2,450 A (cpemmee 3mawenme 1,971 A), a Ca-O - 1,319-3,211
A (cpemmee 2,343 A), uTo CBHAETENLCTBYeT O CTAOMILHOCTH OKTadIPHUECKOi
cTpyKTYpbl MnOs u cTabnnmsupyromeit ponu nonos Ca?'. Pesynsraret EBSD 1 SAED
MOJITBEPIMIIA HAJMYME YUCTOH opropoMOuueckoil ¢asbl. Mopdosiorus 00pasios,
WCCIIeZIOBaHHAs METOJIOM CKAaHHPYIOUIeH dJeKTpoHHOH Mukpockoruu (SEM),
MoKa3alia OJIHOPOJIHOE paclpe/Ie]IeHNEe YaCTHUIL, a JJIEMEHTHBIM COCTaB, ONpeAeIEHHbBIN
metogoM EDS, cooTBeTcTByeT crexuomerpun coenuHeHus. CpeaHuii pa3Mep 4acTull
coctasun 0,24-0,7 mxMm. B FTIR-ciekTpax mojocsl moriomenus B obiaactu 662—671
cM ' coorBeTcTBYIOT KoyieOanusM cBsized Ca—O u Mn—O. IloiydeHHbIE pe3ynbTaThl
JEMOHCTPHUPYIOT, 9TO 1MepoBCKUT CaMnQO:.o8 SABISETCS MEPCIIEKTUBHBIM MaTEpHaIOM
JUTSL Pa3InYHbIX (DYHKIIMOHAIBHBIX TPUMEHEHUH.

KuroueBbie ciaoBa: nepoBckuThl, CaMnOz.0s, MeTon [leunnu, 3en€HbI CUHTE3,
opTopoMOHUUecKasi CTPYKTypa, MOPGhOJIOTHS

Kipicme. [IepoBCKUT CHSAKTBI KypaMbl JKaFbIHAH YKCac OKCHATEP, dcipece opTypii
Ka0aTThl KYpbUIBIMFA K€ KOCBUIBICTAap, Kas3ipri TaHaa 3epTTEYLIICpAiH epeKIie
HazapbiHa inireni (Gubareva, 2023). Onapapiy imiHze CaMnO, epexiue KypbUIbIMIBIK,
TEPMOAJICKTPIIK, MATHUTTIK KOHE DJIEKTPIIK KacHETTEepiHe OalIaHbICTBl OTE YJIKCH
KBI3BIFYIIBUIBIK TYABIPBIT OTHIp. Kanpluii MaHTaHUTI HETi3e€H N-THITI JKapThuIai
OTKI3TImI KacueTrTepi Oap Oombim TabbuTambl. byman 0Oemnek, OpPTOPOMOMKAIBIK
KYpBUIbIM/IA KPUCTAUIIAHYbIMEH epekine cunar anaipl. JKamner anranma, CaMnO,
KPHUCTAJJIBIK KYPBUIBIMBIHBIH BIHFAUIBUIBIFBl OIpHEIIE e3re Jie KYPhUIBIMAAD MEH
KOCBUIBICTapFa OHBIH KAaCHETTEpiH e3repTyre, adKblHIAdyFa MYMKIHIIK Oepei
(Nandan et al., 2022). MaHraHUTTEpiH HETi3ri epeKIIeNiTriHe oIapblH 6T JKaKChI
OTKI3TIIITIK MEH YJIKEH MarHUTTIK KeAepri KyObUIbICTAaphIH KepceTyi xkartansl. Mn-Ca
KYPBUTBIMBI TYPAKThI MIEPOBCKUT KYPBUIBIMBIHA COMKEC KEJIETIH KaJbIIMH MaHTaHUTIH
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(CaMnO,-3) Tyse anapl, on (asanblk KypbUIbIMbIH e3reprreii orrerini (O,) Gemyre
katbica anansl (Li et al., 2024). OcbiHnail XUMUSUIBIK €PEKILENIKTEPIiH CIHH, 3apsij
KOHE OpOHTaJbIBIK JKyHeJep apachlHAarbl KYIITI ©3apa SpeKeTTECyMEH ColiKec Kenyi
HOTHXKECIHJC MaHTaHUTTEPAC OPTYPIl METAUIABIK, OKILIAYJIAFbIIl XOHE MarHUTTIK
(azanapapl KAMTUTBIH ©Te Kypaeni ¢a3anblk quarpamma Tysiieni (Suresh et al., 2024).

Onedu mouay. Ileposckur Kypambinaa ABO, (A-GarbIThbiHIA CUITLTIK, CLITLTIK
xep koHe cupek meranmap Oomansl (Li, Na, K, Ca, Ba, Mg, Y, La, Ho 1.6.), B-
OarpiThiHIA aybicniaibl MeTtangap (Mn, Fe, Ni, Co, Cr T.0.) MeTtanmapbl Oonajpl.
[TepoBCKUT ~ KYPBUILICBIHBIH ~ epekiueniri B mosuumsaceinmarsl MeO,  oktasapii
mimnH Ty3in OaiiaHeicybIMeH epekiueneHeni. [lepoBckuT oxcuarepiHiH A- >KoHE
B-kypamblH  opTYpii MeTayul TpPEKypCcOpiapblH MaijanaHy HeMece OJapAblH
MPOTNOPLHMSUIAPBIH ©3TepPTy apKbUIBI JKEHIT Typle Oackapyra Ooiaibl, HOTHXKECIHAE
MEPOBCKHUT OKCHATEPIHIET] BApHALMSUIapAbIH YIKSH ayKbIMbl Ooaasl. Kasipri yakeiTTa
nepoBckuT okcuarepiHiy 1000-HaH actaM TYpi aHbIKTanFaH, onapabiH 60 000-Fa KybIK
opTyp:ii Typiiepi 6ap. Byl MyYMKIiHIIK MEPOBCKUT OKCHJI DJIEKTPOKATAIN3AaTOPIAPBIH
KaTaJUTUKAJIBIK PEaKUMsUIapIblH KeH ayKbIMbIHAA KOJJaHyFa MYMKIHZIK Oepeni.
[lepoBCKHT OKCHUATEPiHIH KOFaphl camayibl KPUCTAJAbl KypaMmbl Oap OemeKTepiH
KaTThl (a3aiblK KyWaipy >xkoHe IleunHu omici apKpuUibl aimyFa Oojaibl, al MEPOBCKHUT
OKCHATEPiHIH MOHOKPHCTAJIbl IUICHKAIAPBIH JIA3ePIiK SMUTAKCUC JKOHE XUMMSIIBIK
TYHIBIPY CHSIKTBI OICTEpAl KOJIAHY apKbUIbl ecipyre Oomanpl. byn cunHTesmenreH
MEPOBCKUT OKCHJI KaTalu3aTopiiapblHa TEOPHSUIBIK MOJENble COHKeC KelyiHe
MYMKIHIIK Oepeni, THIFBI3ABIKTBIH (QYHKIHOHAJABIK TEOPHSICHl HKOHE HEri3ri
KYpPBUTBIMBIH 3€pTTEy YIUiH OacTarKbl MOJEKYJIANbIK JAWHAMUKA CHAKTHI TEOPHSUIBIK
ecenTey OIICTEepiH KOChIN, maiaananyabl skeHuigereai. COHBIMEH Karap, >KOFaphl
TeMIeparypaga CHUHTE3IENTeH TEPOBCKUT OKCUATEPI OAETTE KOFaphl XHMMHSUIBIK
TYPaKTBUIBIKTBL KOPCETENi JKOHE COHKEeC JJIEKTPOKaTalMTUKAIBIK JKaraaiinapra
OJapablH KOJEeMIIK KYpbUIBIMBIH cakraiinel. Keiibip 3eprreynepine MNEpOBCKHUT
OKCHATEpI KYHemi Typle 3epTTeNiN, WIbIHAKWBl JeCKPUNTOPIaphl >KUHAKTaIFaH
OoJsica, KOITEereH IECKPHUIITOpiap KypAedl 3JIeKTPOKATaTUTUKAIBIK MpOoLecTepAeH
TybIHJAFaH KYPBUIBIMIBIK Ke3eHIepMeH o3apa mekreired. Meicanel, OER mponeci
Ke3iHJIe TIEPOBCKUT OKCUATEPiHIH OeTKi Ke3eHi OacTankpl KyphlIbIMAapFa HeTi3AeireH
JECKPUNITOpIapabl colikec KenmeyiHe ainbin Keneni. COHBIMEH Karap, MEPOBCKHUT
OKCHATEPI op TYPJi DIEKTPOKATAIUTHKAJIBIK peakiysiapAa HaKThl KaTaJUTHKAaJIbIK
MeXaHH3MJEp/i KepceTel, OHIMAUTIKTIH Heri3ri Kypambl COHKEeCIHIIe epeKIIeNeHe .
JKorapbl eHIM11 TEPOBCKUT OKCHI1 2IEKTPOKATATH3aTOPIaphIH XK00aIay KaTalu THKAIIBIK
MeXaHM3MJEP/l KOHE OChl MaTepHajjapra FaHa TOH MaHbBI3AbI (aKTopiIapAbl A9
TYCiHy/I€H aJIbIHFaH NPUHIMIITEPAl CaKTayAbl KakeT eTeni. JlereHMeH, MepoBCKUT
OKCHATEpiH OacKapaTblH oOpTYpii MeXaHM3MIEp MEH Herisri Qaxroprapisl
TYCIHIIPETIH JKaH-KaKTbl  IIOMYJIAPAbIH  TaNIIbUIBIFBl ~ OOJIBI,  HOTHXKECIHJE
MEPOBCKUT OKCUAIHIH THIMJII 3JE€KTPOKaTajIu3aTopiapblH jkoOanayra KOMEKTECEeTiH
apHaiibl KOJIIAHBUIATBIH oicTemeniep >KOK. COHIBIKTAH OpTYPJi KaTaJUTHKAaJIbIK
peaxknusaIapAarsl MEPOBCKUT OKCUATEPiIHIH OHIMALIITIHE 9cep eTeTiH KaTaJuTHUKAIIBIK
MeXaHHM3MJIEp MEH Heri3ri (hakTopiapibl KOPBITBIHIBUIAY YIIiH Kapay KakeT. MyHaa
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MEPOBCKUT OKCHJII 3JIEKTPOKATAJIM3IHIH MEXaHU3MEPiHE TOKTAJBII, 3ePTTEY HETri3iH
YCBIHYFa TONBIK Heri3 6ap. Ocbl KYpbUIBIM apKbUIBI 3€PTTEYIIIIEp MEPOBCKUT OKCHIL
ANIEKTPOKATAIN3ATOPIIAPBIH 3ePTTEy MEH ko0asayaarbl MeXaHU3MIep MEH ocep eTylI
(axTopiapapl Tangan, aHbIKTall anaabl, onapabl Gorokaranus OeH TepMoKaTaau3aeri
KenTereH 0acka peakiusuiapra KeHelTe anaasl (Zhao et al., 2024).

[lepoBckUT KypbUIBIMBL 0ap MaTepHaljap 3aMaHayd TEXHOJOTHSHBIH KOITereH
cayllanapblHia KOJJAHBUIBIN, YIKEH KbI3BIFYIIBUIBIK Tyablpyaa. OnapiblH Herisri
OipHele epeKIe KacueTTepi )KyKa KabaTThl KOHJIEHCAaTOpIIap, 1azepi 0ap KypbUIFbUIapa,
CEHcOopIIap jkacayzia XKoHe J9pi JKETKi3y CHAKTHI 9pTYpIi KongaHOanapra THIMAL TypAe
Kapamjpl etenti (Aswathy et al., 2022). Tleposckutrep ABX, sxanmbl popmynacbina
JKaTaTblH MaTepuajiap KiacblHa Kipeai, MyHaa A - KaTuoH, B - metam, an X - aHHOH
Oounbin Tabbutaabl. OnapasiH emmemaepi aprypiai 6omysl MmyMkin (0D, 1D, 2D, 3D).
Byn Tikenel KpucTamablk TOp KypbuibiMbiHA OainaubicTel. Herisinen ABO, Tumti
KYpBUTBIM KPHCTAJJIBIK TOPMEH CHNATTalaAbl, OHAa (DOTOKATAINTHKAJIBIK >KOHE
(hOTORNIEKTPOKATANUTHKAIBIK KACUETTEP MaTepHaiapAblH MEKTPOHIBIK KYPbUIBIMbIHA
OaiinansicTsl (Pokutnyi et al., 2025).

T—-n

Cyper 1 - Kenicrikreri 3D nepoBckuTTiH KypbutbiMbl (Duan et al., 2024).

Kanpumnii manranut okeuni (CaMnO,) - KoFapel TEPMODNIEKTPIIIK KO3FAyLIbI
kymke (S = -550 pV/K) jkoHEe TeMeH >KBUIYOTKI3TIIITIKTI Kypauael, OYJ OHBI
MEPCHEKTUBAIbI TEPMORJICKTPIIIK MaTepuall PeTiHAEC COWKEC KeNiN CHUIarTanafbl.
[lepoBckHT KYpBUTBIMBIH/A €Ki KOCIanay TYpPiHiH OOJYbI OHBIH KaCHETTEPiH SpTYpi
KOJNJIaHy cajlaylapblHa TaiJamaHnyFa MYMKIHAIK Oepemi. Amnaiima, Oyl OKCHATEPIiH
0exMe TemImeparypachlHIaFbl JIIEKTPIIIK KeAeprici eTe JKOFapbl OOJFaHIBIKTaH,
onmapasiH ZT moHi HeOapi 0,06 mamackiHa FaHa coiikec keneni. OcbliFaH OalTaHBICTHI
conrbl 3eprreyiep CaMnO, KOCBUIBICHIHBIH TEPMOIJIEKTPIIK KAaCHETTEPIH apTThIPY
MaKcaTblHJa HAaHOKYPBUIBIMAAY HEMece JICKTPOHIBIK KOocCHajuay apKblibl 3JIEKTPIIIK
KeJIepriHi a3aiiTyra, Texeyre OarpiTTanrad (Pant et al., 2025).

Kypambinna Ca,Fe,O,, CaMnO, cusKTb apanac OKCHATEP] 6ap KasbIuid, IEPOBCKAT
KypbuibiMbl 6ap CaTiO, sxone CaZrO, KyH SHEPTUACHIHBIH MaHbI3bI PETIHIE AUTaPIIBIKTAK
KbI3BIFYIIBUIBIK TyAbIpaabl. JKorapblaa alThuIFaHgapAaH NEPOBCKUT KYPbUIBIMAAPBIHA
3JIEKTPOXMMHUSLIIBIK XKOHE KONTEreH cananapia Konaanyaa ken kein oeminai. CaMnO,
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JaMy Ke3eHiHJIe epeKIle Hazap aynapyra JalblK jKOFapbl KOIJaHydapFa, SKOJOTHSUIBIK
Ta3aJbIKKa J)KOHE ToMeH Oarara OalmaHBICTBI KYH OaTapesuiapblHAarbl 0ajxaMa n-Typi.
Conrpl 3eprreynep CaMnO,-HbIH MEKTPIIK KACHETTEPIH 3€PTTEY MAKCATBIHAA CYIbIH
ancopOuumsceiHa Oaiinanbictel CaMnO, TeMeH Temmeparypajia CHHTE3ZIEY YIIiH
MaHbI3/1bI 00JIbIT TaObLTaABL. JleMek, xoFapbl OIpTEKT] )KOHE YCaK YHTAKThI IEPOBCKUT
OKCHJII MaTepHaJIapblH JaiiblHIay YLIIH CaJKbIHAATY apKbUIBI KETTipy, XKaHy Hpowueci
YKOHE TeJlb CHHTE31 CHAKTHI 9pTYpai aaictep Konaansuiabl (Nurhazigah et al., 2020).

[lepoBckuTTepAeri 3apsa TackIMaiaay yAepici BakaHCHsIap, KOCBUIBICTAp HEMeCce
Kocrajap CHUSKTBI aKaylapIblH dcepiHe YIIbIpalabl, onap 3apsi TachbiMalAaylIbLiap
YLLIiH apHai jkacalfaH OpTalbIKTap peTiHae xKyMbic icteil anaasl (Afre et al., 2024).

Kypaeni merann okcuaTepiHAEri >KoHE ocipece MEepPOBCKUTTEPAETi OTTETriHIH
00C OpbIHIaphl MaTepHaNAbIH IMIKI KacHEeTTepiH Oakplidy ASPEkKECiH >KEHIIAeTyre
0aiiIaHBICTBl  OJIAPJIBIH  DJCKTPOKATAIUTHKAIBIK ~ OCJICEHAUNITIH  alTapibIKTail
apTTHIpaThIHbI KepceTinreH. [lepoBckuTTepAeri oTTeri 60C OpbIHAAPHI OJAPABIH TY31TY
SHEPTUSICHIHBIH TOMEHJIriHe OallllaHBICTBI COMKec KeNeTiH €H KOJaWiIbl aHHOHIBI
Hemece IlloTTkmu akaynmapbiHbIH Oipi Oonbin cananmanel. [lepoBckuT okcuaTepi,
oTIeNli MeTasl OKCHUATEPIHIH KJIAChl, OIpTEKTI KYPBUIBIMIBIK, 3JIEKTPOHAbI, HMOHIBIK
KOHE OJIEKTPOKATAJUTUKANBIK CHUNAaTrTamajapblHa OalaHbICTBl MEepPCIEKTHUBAJIBI
JNIEKTpOKaTaNIn3aTopiap peTiHae maiga Oonapl. backa aneKTpoKaTaluTHKAIbIK
MaTeprangapMeH CalbICTBIPFAH/Ia, IEPOBCKUT OKCUATEPI ap3aH, OUTKEeHI oJap kepre
0aii smeMeHTTepre Heri3JenreH, CHHTE3/IeNyl OHal KoHe KOpIIaraH opTara 3HSHCHI3
oonbin keneni (Badreldin et al., 2020).

OTTex BaKaHCHSUIAPBIHBIH OOJNYbI )KOHE MapraHelTiH KONBAJICHTTLNIrT MEPOBCKUT
KYpPBUTBIMBI 0ap Marepuanbl MEKTPOXUMHUSUIBIK cajlanap YIIiH TapTBICTHI Kapchliac
eremi (Yu et al., 2019). ConapikTan CaMnO3—8 JKYHECIHJIET] OTTEK BaKaHCHSUIAPBIHBIH
ocepiH TYCiHY OHBIH NPaKTHKAJBIK KOJAaHOaIapAarbl THIMIUIITIH aHBIKTAy YIIiH aca
kaxeT (Gastaldi et al., 2026).

CaMnO, ,, Geficrexuomerpusiiblk nepoBekutTid (CaMnO; ;) KypaMbIHIAFb! OTTEr]
BaKaHCUSUTAPBIHBIH OoiybiHA (6=0.02) OailylaHBICTBI EPEKIICIICHEl KOHE OCBIHBIH
OCepiHEeH KJIACCHKAIBIK MEPOBCKUTKE KaparaHaa (HU3MKa-XUMHUSUIBIK KacHEeTTepi Ae
esrepeni. CoHmali-ak, KypaMbIHAAFbl OTTErl BaKaHCHsUIApbIMEH Katap Mn’'/Mn*
BAJICHTTUIITIHIH e3repici A€ MaHTaHWTTI MaTepUablH KYpPaMbIHIAFrbl OTTETiHIH
anMacyblH Kepcereni. [IepoBCKUT MilmiHAI KaJbUWHA MaHTaHUTIHE MarHUK OKCHAIH
KOCY apKbUIbl KOMIIO3UT Kypambitna CaMnO, o TY3UITGHIIr JKYMBICTa KOPCETLIICH.
ATaJMbIIl Marepuan Typaibl 9eOu miony OapbIChIHIA Kypambl PEHTreH Qa3alisl
tanaay oniciMeH (XRD) omiciMen TanmaHbil, Ka3ipri TaHIa CUHTE3NCIIN aJbIHFaH
KOHE KpHCTaorpadusUIbIK TYPFbIAaH KeHiHEeH TankbuiHFaH. KeHicTikTik ToOb1 Pnma
JKOHE CHHTOHMS THUM opTopoMOTHl ekeHi Tanmanran (Lohnert and Topfer, 2022).
Amnaiifa, TeMneparypasbl JKOFapbUIaTy apKbUIbl )KOHE OTTETiHIH MOPUHMSIIBI KbICHIMBIH
apTTHIPY apKbUIbI KYPBUIBICHIH TETparoHalbIbl HEMece KyOThbl KYPBUIBICKA ©3TrepTyre
6onanpl (Lohnert and Topfer, 2022; Rosa et al., 2024). Byn e3repicrep KypaMbIHAAFbI
Mn uonbiHbH MnO, OKTOSpITI MlIiH Ty3Yi JKOHE OTTETT BAKAHCHATIAPBIHBIH 00Ty bIMEH
xy3ere acanpl. (Pant and Mahapatro, 2025) Tanmblin MaTepra KypaMbIHAAFbl OTTETiHIH
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TaMIIBUIBIFBl TYPAKTHI O IIaMa JeTl Kecil aifTa aiMaiMbI3 )KoHe HIaMachlHa TOYEI] .

OtTeri BakaHCHSCHIHBIH ocepi oHE dneKkTpobOeidTapan MojeKyna Ty3ily YLIiH
OeiicTeXMOMEeTPHSIIBIK MaHTaHUT TY3UTyl yuriH Mn**/Mn*" aypicniaibl BaJeHTTLTIKTE
Tapaxybl apKbUIbl OJapIbIH KaTaIUTHKAIBIK, MATHUTTIK JKOHE AJIEKTPIIK/AUDIEKTPIIIK
KAacHeTTEepiHiH e3repyiMeH MYMKiHAIK Oepim Marepuanibl KenpyHKIHOHAIbAbI eTeIi.
Marnutrik Kacuetine Tokranap 6oncax, snerreri CaMnO, IepOBCKUTTI MaHTAHUTIMI3
aHTU(EPPOMATHUTTI U30JATOP OOJICa, OTTEK BAKAHCHSIIBI MAHTAHUTIMI3IIH KypaMbIHAA
Mn** MOHBIHBIH TY3UIyiHEH MAarHMTTIK aybICybIHAH AJICI3 (peppOMAarHUTTi Kacuer
kopcereni. Konnaubaner Typreyian, CaMnO, ; oHE OHBIH TYyBIHIBUIAPHI XKOFAPBI
TeMIepaTypara Te3IMALIIriMeH koHe 3eeOek KodduuueHtiMeH N-THNTI Marepuant
OOJIFaHIBIKTAH TEPMOAJIEKTPII KOCBUIBIC OOJIBINT TaOBLIagbl JKOHE COHBIH OCEpiHEeH
XKaHy peakuusuiapsiaaa Koinansuiansl (1-kecre) (Lohnert and Topfer, 2022).

Kecre 1 - [TepoBCKHTTI KanbIUi MaHTaHUTIHIH TYpIepi

Dopmysacs! | Kpucranmsik | Kacuerrepi ®dazaHbIH epeKLIeTiKTepi
KYPBUIBIMBI
CaMnO, OptopoMOTEI | G-THITI aHTH()EPPOMArHUTTI, Kypambinga Mn** 6ap KiiacCHKabIK
XKapThUIal OTKI3TIIITI KoHE MEPOBCKHUT XKAHE KbI3IbIPFaH/Ia
JIDJIEKTPITIK TerparoHasbab! (896 °C) jxoHe KyOThI

(913 °C) nimrinre aysicapl.
CaMnO,, |BypmananFan | n-THITi OTKI3MiMTIK koHe onci3 | Mn*'—Mn*aysicy men SAn-Temrep
OpTOpOMOTHI | peppOMarHuUTTI OypMmasiaHys! O0JaIbL.

CaMnO,-6 GEHCTEXNOMETPUSIIBIK TIEPOBCKUTTIH (PU3UKA-XUMHUSIBIK KACHETTEPIH
e3repy Hemece TYPJICHIIpY >KallblHIa KemTereH 3epTreyiep Oap. Aram ©TKEHICH,
KOCBUIBICTBIH ~ KON(QYHKIMOHAJIBABI  KAaCHETTepi  OHIMHIH  MOP(OJIOTHUICHI,
KYPBUIBICHI JKOHE KYpaMbIHIAFbl BJIEMEHTTEPiH BAJCHTTUIIK aybICybl MEH OTTETiHIH
TaceIMasiarplThiMeH  OatanbicThl (Andoulsi-Fezei and Horchani-Naifer, 2023).
Macenen, Chang xone opinrectepi anram per CaMnO3 nepoBCKHUTIH JIMTHHA-HOH/IBI
Oarapesuiap YILIiH aHOATBHIK MaTepual peTiHae Tajnaaynap >kyprisui. byn marepuangst
KaliTa 3apsiATa’IaThiH OaTapesiapaa )oHe SJHEPrisl cakTay KYpbUIFbLIapBbIHAA KOJIaHyFa
Oonareiabl kepcetimai (Abdel-Khalek et al., 2025).

Crexuomerpusiibl  nepoBckutTeH  o3reme CaMnO,-8 MEpPOBCKMTIHIETI OTTEK
BaKaHCHSIAPHI (3 ) 2JICKTPOXUMUSITBIK KO IanOatapaa Mn*/Mn?  TOTBIFy-TOTBIKCBI3IaHY
peaknmsiapbeiHa HerizaenreH mpouecrepai xeningereai (Kuganathan and Chroneos,
2021). Crexuomerpusice Oy3butran 1epoBCKUT TUITi CaMnO, KOCKLIBICTAPBI (MBICAITBL,
CaMnO -6 xane Ca - A MnO -3, MyH/1aFbl A — IO3UIUSCHIHBIH IEMEHTTEPIH JIUTEPIIEY
apKbUIbl) xKoFapbl Temieparypanbl TCES konganGanapsl YIiH KaKCapThUIFaH PEIOKC
KacHeTTepi MEH YJIKCH dJIeyeTKe He eKeHi KeHiHeH kepceriireH (Ma et al., 2025).

3eprTey MaTepuajggapsl MeH JmicTepi. CUHTE3 Ke3iHJE KOFaphl Ta3aJIbIKTaFbl
peareHTTep KOJIaHbULIbL. Atar aiTkaHaa, kanbiuil okcuai (CaO) (FOCT 8677-76),
maprauen (II) mutparsr rugparer (Mn(NO,), xH,0) (TOCT 15710-66-4), connaii-
aK KELIEH TY3yIli OHE TYpaKTaHabIpFbi peTinge stunenmmkons (C,HO,) (TOCT
10164-75) xone mumon kpuukbuisl (C,HO.) (TOCT 908-79) naiinananbuiasl. Ockt
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peareHTTep CHHTE3 Ke3€HiHJe TOMOTCH[I epITIHII ally MakKcaThlHJa aJJbIH-aJia
€CETTEIIN aJIbIHFaH MeJIIep/e apHaibl KOJIIaHbUIIbI.

Kanpuuii MaHTraHUTTI KOMIUIEKC OKCHJIH CHHTE3[EN aiyFa apHalbl 30Jb-Telb
(ITeunnm omici) KoHE KACBUT CHHTE3 9IiCTePl KONAaHbLUIAbL. CHHTE3/CY YILUiH KbI3ABIPY
anmapatsl perinae SNOL (JlutBa, YTena) mydens OHBIH KpUCTaUl KYPBUIBIMBIH,
(hazanbIK KypaMbIH )KOHE KPUCTAJUIUT OJIIIEMiH aHBIKTAy YIIIH PEHTTeHIIK AndpaKuus
(XRD) MINIFLEX 600 Rigaku kypbuirbicel kemerimen (XKamonusi, Toxno) azanbik
Tajnay Kyprizuii.

4000—400 cm' nmamazonsiHza kymbic ictedTiH Dypre uHOpaxbizeLl (FTIR)
cnekrpomerpi BRUKER ALPHA kypbuirbich! (I'epmanust, DTTIUHICH) MaTepraliaFbl
(YHKIMOHAIABIK TOoNTap MeH Merami-orreri (M-O) OaiiiaHbICTapblH 3€pTTey YIIiH
Konanbaael. KypeUlbIMIBIK cHMaTTamMaiapAbl ajny YIIiH CKaHEepJeylll IeKTPOH/IbI
mukpockon SEM Thermo Fisher Scientific Axia kypsutrbickl (AKIL, Yonrewm,
MaccauyceTc Kypama IITarhl) nainanansuiael. by omgic yariHig 0eTTiK KypbUIbIMBIH,
MOPQOIOTUSCHIH JKOHE OJIIIEMIIK TapalyblH aHbIKTayFa MYMKiHAIK Oepai. SEM
CypeTTepi 3epTTeNeTiH MaTepHaIblH OIPTEKTiIIri MEH KYPBUIBIMIBIK €pEeKIIETiKTEePiH
TOJIBIK TYCIHY/I1 KAMTaMachl3 €TTi.

JkcnepuMeHTTiK 06J1iM. Kanbiuii MaHraHUTIH cUHTE3en amy yiuiH [leunnn 30716-
refib 9JIiCi )KOHE DKOJIOTHSIIBIK Ta3a «GKachUl CUHTE3» dfici maiaananeiiabl. [leunnn
305Ib-TeNlb QMICI YJATiIHI TYpakThl TYpA€ XeNaTThl TYPaKTaHABIPY Ke3iHAe KeHiHEeH
KoJlaHbLIa bl XKackut cuHTe3 o/1ici Ooica yIriHi TaOUFKM OpTaFa 3USHCHI3, TUIM/II 9JTiC
eteni. XKanmel anFanza, ki o1icTe MeTaul HOHIAPbIH OPraHUKaJIbIK KOCBUIBICTAap (JINMOH
KBIILIKBLIBI KOHE ATUIICHIIIMKOINb) apKbUIbl OIpTEKTI HAHOKYPBUIBIMIBI MaTepHai alyra
MyMKiHAIK Oepemi. CUHTE3 Mpolieci Ke3iHJie peareHTTepAl epiTy, OChl pearcHTTepre
KOMIUIEKC TY3YILi KOMIIOHEHTTEpIl KOCy, apHail OipTeKTi reiib KalbIITACTBIPY >KOHE
KaTTbl Kypambl Oap eHIMJI ally MakcaTblHAa TEPMUSUIBIK OHJIEY CHUSKTBHI Ke3eHIEepAi
KaMTBLABL. ByJ ke3eHaepaiH HOTHKECiHAE TEPOBCKUT KYPBUIBIMIIBI KaIbIM MaHTaHHUTI
aJIbIHFaH OOJIAThIH.

En anramxel cunaTe3 IleumHm ymniH OacTamkpl peareHTTEp PpeTiHAE KaslbIUH
OKCHJI KOHE MapraHell HHUTPaThl KOJNJAHbULABL. bysl peareHTTep Aon ecenTedim,
OJIILICHIN aNbIHIBI. OJIIEHIeH peareHTTep AUCTHIIBACHTEH Cyla TOJBIFBIMEH epiTUIAL.
Epirinren pearentrep OipTekTi epitinire aiHanapl. OCbl MOIAIp €pPiTiHII MAarHUTTI
apanacteiprbiiita 70-90°C neitin Kb3apIpbuiasl. KeI3aplpy OapbIchiHIa OpraHUKaIbIK
TYpPaKTaHIBIPFBIII PETiHAE JIMMOH KBIIIKBUIBIH JKOHE Telb TY3yWli peTiHae
STUJICHIVIMKOJIb KOCBUIABL. Bys peareHtrep renpaenyai skeHinpereni. Ocwl mpouecte
KOMMaJDKBIH Telb TY311A1. AnblHFaH refb yiurici 12 carat 6oiibl 120°C Temneparypana
KENTIpiMliM, KeyeKTi KYpbUIBIMBI Oap ©HiM anblHAbl. byn KaTTbl marepuan OipTeKTi
KYpbUTBIM O0MyHI yIIiH OipHemie peT yHTakTanasl. COHBIHAA albIHFaH YHTAK 6 carar
ooiter 600-1100°C temneparypana memre KyWmipinmi. HoTwxkecinnme opraHMkaibIK
KaJIIBIKTap TYTeJN XOHbUIFaHbl Oaiikanabl. CHHTE3 COHBbIHAA MEPOBCKUT KYPBUIBIMIIBI
Kanbiui Mapranen okcuaineH (CaMnO, ;) TypaTbiH MaTepuUal anbiHIbI (5-CypeT).

XKachn cuHTe3 mpoleci 3UsHBI JKOK Tasza dfic OOJFaHIBIKTaH ajod KOJNJaHBUIABL.
AJI03/IEH CHIFBIHABI aJTBIHBIT, KAJIBIUH OKCH1 )KOHE MapraHel] HUTPAThI <GKachbUl CHHTE3»
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oziciHe OacTamkpl peareHTTep peTiHAe NainanaHbuIabl. Byn peareHTTEp oJIueHim,
JUCTWIBACHTEH Cyla TOJNBIFBIMEH epiTiini. AnbiHFaH Menaip epitinai 70-90°C neitin
KBI3ABIPBUIIBL. AJIBIHFAH refib 12 carat 6olibl 120°C temneparypana kentipingi. Conan
KeliH aJIbIHFaH KEYeKTI OHIM YHTaKTaJIbl )koHe 6 carat 0otibl 600-1100°C kyitmipini.
Conpinna mepoBcKUT KypbulbiMbl 6ap CaMnO,,, YHTarbl CHHTE3JIENIN aJbIHIbI

(2-cyper).
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FOC, 1CaF Kosrmigey {E20RC, 12 car) P

et fﬂi%L . o

ry——— Amco-Cy+liH  Binean ram. Flan Tipirr e rene [=TTTY

el
Cyper 2 - (a,d) - [leunnu oficiMeH (a) xoHE Hiacmn cuntes oficimen (9) CaMnO, , cunTes
KE3CHICP1

[Neunnn xoHe JKackll CHHTE3 9iCTEpIMEH CHHTE3ENTEH MEPOBCKUT KYPHUIBIMBI
0ap KajbIMii MAaHTAHUTI Typalibl aKMaparTapibl OHJCY MaKCaThIHIA €Ki YJTiHIH /¢
ANIEMEHTTIK KYpaMbl MEH KPUCTAJIBIK KYPBUIBIMBI peHTIeHAIK Tudpakiusamer (XRD),
Oypbe nHdppakp3ell cnekrpockonusicbiMen (FTIR) sxone ckanepieymi AMeKTpOHIbI
MukpockonmneH (SEM) cunarraiisl.

Horu:xenep

Penmeenoix gazanvt (XRD) manoay nomuoicenepi

YourinepaiH KpUCTaNABIK KYpBUIBIMBI MEH (a3aiblk KYpaMblH aHBIKTAy YLIIH
penTrenaik audpakuusuibik Tamaay (XRD) xyprisungi. By omic aprypii dhaszanapasiy
OOJIybIH aHBIKTAal OTBIPBIN, 3aTTHIH iIIKI aTOMJBIK KYPBUIBIMBIH CHIIATTad anajbl.
Tannayra CuKo coyseci KoiiaHblULIbL, ey quara3onsl 20 = 3-120°, enmiey KagaMbl
0,01-0,02° xone kagam yaksiThl 0.3-0.5 c.

Baiikanran qudpakuusibik yirige opoip coyie 6enrini 6ip KpUCTaJIBIK XKa3bIKTBIKKA
coiikec KeneTiHiH kepce Ooajpl. Coyrenep apKbUTbl (Da3aHbIH COMKECTITIH aHBIKTAayFa
MyMKiHAIK Oap. COHBIMEH Karap YJITIHIH TOp HapaMeTpiepi Typajbl aKnapTThl Ja
OCBI CoyenepIin KomeriMen anmyra Gomaasl. Ocbl 3eprreysepae anbiran CaMnO,
yiarinepinin  audpakuusislk  yariiepi  PDF-5  pepexkkopbiH maiinanany apKbUIBI
AHBIKTAJBI XOHE (a3a COMKECTIri MEH KYPBUIBIMJIBIK MapaMeTpiiepi XaJbIKapallbiK
CTaH/apPTTapFa COMKECTIrl pacTaIbl,
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Cyper 6 - (a,3) - CaMnO, ;. KypbuibIMbIHBIH (2) SAED Pattern sone (3) EBSD Pattern tannaymnapsi

Hngppaxwizein cnexmpockonusnvix (FTIR) manday nomusicenepi

WNudpakeisin cnekrpockonus (FTIR) mepoBCKUT KyPBITBIMIB KaTbITHH MaHTaHUTI
Typaibl aKmapaTThl XYTBUTFAH JKHUTIKTEp apKbUIbl Oepemi. SIFHU OHBIH KOMETiMEH
CUHTE3JIENTeH VATIIepAiH XUMHSUIBIK KYPBUIBIMBIH, (YHKIIMOHAJIBIK TOINTAPBIH
JKOHE METaJUI-OTTeri OalaHBICTaphIH aHBIKTayFa Oomanmbl. 3eprrey Bruker ALPHA
cuekrpomerpinge (ATriaunareH, ['epmanus) 6enme Temmeparypacbinaa 1 cm! criekrpimik
apaKamIBIKTBIK apKBUTBI JKYpri3immi. Ocbl apKbUIBI TepOelic KUUTIKTepi OOWBIHIIA
3aTTHIH (YHKITMOHAIABIK TONTAPBIH aHBIKTayFa MYMKIHIIK Oepeni (7-cyper).
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SEM-EDX a0icimen manoay Homudicenepi
Ckanepreynri 31eKTpoHabl MUKpockon (SEM) apKbUibl KaTThl MaTepHaabH OCTiH
OTe JKaKbIH KOPCETETIH JOpeKeNne YIKEHTY apKbUIbl 3epTreyre Oonaabl. JlerexTop
apKBUIBI TIPKENTeH INallblparaH dJIEKTPOHAAP OChUIAM 3epTTeN ajfaH Yri Typajbl

MmamimerTep Oepe amanel. Ocwl Herizme CaMnO

koceutbIchIHBIH VK cnekrpiepi

2.98

MOPQOIOTUSIIBIK  KYPBUIBIMBI

CKaHepIeylIi 31eKTpoHAbIK MUKpockomus (SEM) keMeriMeH aHbIKTa b1 (8-cyperT).

CahinO, |

Mean  0.23521
S0 0.06857]
<!

025 03 035 | 040 045
Particle size pm

9)

CalinOzg]

Mean =0,64466
SD=022%

04

08 08 10 12 14 16
Particle size um
B)

Cyper-8 (a,9,0,8) - [leuunu osici (a) sxone XKachut cunres (0) apkbuibl ansinran CaMnO, o ckanepeyri
ANEKTPOHIBIK MHKPOCYPETi, OeIIeKTep oJIIIeMiHiH e3apa Tapaly JuarpamMacsl (), (B)

233



ACADEMIC SCIENTIFIC JOURNAL OF CHEMISTRY

HoTtu:kesepai Tankbliay

XRD nomuosicenepin manixwiiay

3(a, 9)-cyperTepiH/ie peHTIeHaiK Tu(PaKIUs HOTHKEIEPI YITiHIH O01p (ha3asibl eKeHIH
aHBIK KepceTeqi. HaKThl aHBIKTaNFaH MIBIHIAP MaTePHUAaJIbIH KOFAPbl KPHCTAIJIBIK
KYpaMBbIH KOPCETeIi.

Kecre 2 — dazanapabsiy KpucTamiorpadusIbK MoOHAEPI

®aza Cunronns |a,A |b,A |c A A\ (A% |Z | Teirpzabirsn | Kenictikreri ToGb1
aTaybl TYpi (P T/EMY)

CaMnO, ,, |opropoMOTHL | 597 |7.46 |5.28 |207.92 4 14.55 Pnma

CaMnO, ,, | opropom6ThI |5.28 |5.26 |7.45 |207.24 4 14.56 Pnma

2-kecrene XRD kpucramiorpadusiiblk MOHIEP] apKbUIbI ajbIHFAH HETi3Ti MOHAEP
kepceriired. Ochl HOTHXKEIEp OOMBIHINA €Ki OICIICH alibIHFaH YJTUICPIiH HETi3ri
(aszacel OpTOPOMOTHI CHHTOHMAFA COliKeC XUMHAIBIK (opmynacel 6ap CaMnO,
KOCBUIBICHI 00JIBIT TA0bUTA B!, [IeunHm o/1iciMeH albIHFaH YIIT1HIH TOPIIBI TapaMeTpIIepi:
KaOBIpFaapbIHbIH Y3BIHABIKTApEl a = 5.27 A, b=746 A, c =528 A, OIpITIK YAIIBIK
xenemi V = 207.92 A3, JKachin cuHTe3 apKbLIbI albIHFaH YATife Oyil MOHJEp o3repi
xoHe a=528 A, b=526A,c=7.45A,V=207.24 A3 6onupL.

Byn  aliplpManibuIbIK  YATIHIH KPHUCTAIIBIK TOPBIHBIH a3/lal  THIFBI3IaTybIMEH
JKOHE JKachUI CHHTE3 TPOILECi Ke3iHJe OMOJIOTHSUIBIK PeareHTTep dCepiHeH OONaThIH
esrepictepmer Tycingipineni. CoHbIMeH Karap, AU(GpaKIUsSHBIH €Ki YITiciHIe ae
HaKTHI MIBIHJAP CHHTE3/ICITeH MaTepHaIapAbIH JKaKChl KPHCTANJAHFaHbIH KOPCETE 1.
Kenicrikrik cummerpuss ToObl Pnma, yiarinepiiH TEpOBCKUT TIPi3di KYPHUILIMBIH
kepcerei. [leunHn o1iciMeH CUHTE3IEIITCH CaMnO, ., THIFBI3IBIFBI 4,55 r/cM® Kypaiibl,
OYJ1 J)KachlJl CHHTE3 9/IICIMEH aJIbIHFaH YJITIHIH MOHIHE YKaKbIH.

4-cyperte Kepcerirened, nepopckut CaMnO,, OPTOPOMOTBI KypbUIBIMFA HE
(Pnma xenictik T0ObI). Kenicrikre Ca** monsl Mn** moHbIMeH Oaitnanbickad. Top
YAIIBIKTAPBl OTTET1 apKbUTBI OPTaK OYPHIIIIEH OaiIaHBICHIT, TOPABIH TYPAKTHUTBIFBIH
KaMTaMachI3 eTe/ll.

5(a, 9)-cypeTiHeH Kepin OTbIpFaHbIMbI3Nal, CaMnO, . MEPOBCKUT KyphLIBIMBIH
Mn-O xone Ca-O GaifmaHbIcTapbl apKbUIBl KapacThIPFaHIa, OHBIH OPTOPOMOTHI TOP
KYPBUTBIMBI aHBIK KOPIHE/I].

Kecte 3 — CaMnO,, mneposckutingeri Mn-O sxoHe Ca-O OGallaHBICTAPBIHBIH KYPBUTBIMIBIK
napameTpiepi

Baiinanbicrap

MuHumMyM MoHi

Oprama mbIHbI

HIbIHAapABIH CAHBI

CTaHAapTThI aybITKYBI

Mn-O

1.041 -2.450 A

1.971 A

607

0.127

Ca-O

1.319-3211 A

2343 A

680

0.120

3-kecrene CaMnO

298

MEPOBCKUT KypbUIbIMbIHAAFbl Mn-O sxone Ca-O aTomapaibik

e3apa OailylaHBICTAPBIHBIH MOH/IIK KOPCETKIITepPi KopceTinreH. Mn-O OaiiiaHbICHIHBIH
y3bIHAbIFEl 1,041-nen 2.450 A-re neiiiari Mommi Kypaca, oprama mblHb 1.971 A.
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Temen crannmapttsl aybITKy (0,127) TopapiH a3 aedopmaumsuiapbi kepcereni. Ca-O
OaiiaHbICBIHBIH Y3bIHABIFEL 1.319-man 3.211 A-re neitin, opramia mbIHb 2.343 A.
byn Ca*" noHaapbIHBIH TEPOBCKUT TOPBIHIA dPTYPJIi KOOPJHHAIMS OPTACHIHIA CKEHIH
KepceTei.

Ca-O OaiimaHpicTaphl YUIIH CaJBICTBIPMAJIbl TOMEH CTAaHIAPTTHI aybITKY MOHIAEpI
(0,120) TypakTeUIBIKTEL Kepcereni. Herisinen, kepcerinren Mn-O sxone Ca-O
Gaiinanpic mapamerprepi CaMnO, ,, EPOBCKUTTIH JKAKCHI KAIBINTACKAH OPTOPOMOTBI
KYPBUTBIMBIH JK9HE OHBIH KOFapbl KPUCTAJJIBIK, CAaChIH AQJIETACH L.

6(a, 9)-cyperre kopcetinrennent, CaMnO, ,, IEPOBCKUTTIH MUKPOKYPBLIBIMEL EBSD
xone SAED xemerimen 3eprrenai. EBSD tannaysl Marepuanbiy Ta3a IepOBCKUT EKEHIH
JKOHE eIIKaHIal KockiMIa (azanapAblH KOK eKeHiH kepceTTi. [ paunaepain Memmepi
1-5 MM Oonppl, mieKapagapbl aHbIK, a1 MYJIeM OacKalla CHIaTTarbl TpauHIepAiH
LIeKapagapbl MoHI JKaFbIHaH KeOipek 0011l Byt »koFapbl KpUCTAIBIIBIKTBI KOPCETE].

SAED mudpakuusibik yirinepi kabarracarsit menbepiaep CaMnO, , IepOBCKHUTTIH
Taza opropoMOTHl (Pnma) KypbUIbIMBIHBIH O0nybIH pacTaabl. OnapiblH alKbIH
KOpiHyi YJTiHIH jKaKChl KpucTamapuibFbiH kepceTeni. SAED sxone EBSD nHoTmxkenepi
CaMnO, ,, IepOBCKUTIHIH KOFaphl KPUCTANIBUIBIKKA, Ta3a (hasasblk Kypamra He EKeHiH
Kepceteni. by kacueTTep oHBI Karaau3aTopiaapaa, SJIEKTPOXUMISUIBIK, KYpbUIFbLIApAa
XoHe 0acka (yHKIMOHAJIBIK MaTepruaiapaa KoJaaHyFa xKapamIbl eTe/l.

FTIR nomuoicenepin mankvlaay

662 cm' xoHe 671 cm!' cHeKTpiHAeri JKYTBUTYy JKOJNAKTapbl METaJUI-OTTeri
OalimaHpicTapbIHBIH TepOemicTepi Oonbin TadObutagbl. byn skwminikrep Ca-O, Mn-O
OalimaHpIcTappiHa TOH OOJBIN, MarepHaa COWKEC MeTalil OKCHATEPIHIH TY3UI1yiH
kepceteni. CoHbIMEH Kartap, TepOeiic >KMUTIKTEpi MeTaljl MOHAAPBIHBIH OTTEriMEeH
OaiimaHbICybIHA COMKEC ©3repicKe YIIBIPaybl MYMKiH.

SEM-EDX namuoicenepin mankuiiay

Mopdomnorust ckanepeymni 31eKTpoHAbIK MuKpockonus (SEM) nepekrepi apKbUIbI
tannanael. byn nepexrepniy tanmamaceinaa EDS okyileci KonmmaHbUIIBL AJBIHFAH
MoutiMeTTep OOMBIHIIIA 4 MKM >KOHE 5 MKM OETTiK eJIeM iep opTaria OeeKTep eamemi
tuicinme 0,24 MkM >xoHe 0,7 MKM €KeHiH KepceTTi. bemmexrepaiH canblcThIpMabl
Typae Gipkenki minrini Men mesiepi anbinran CaMnO, ;o KypPBUTBIMBIHBIH IYPICTHIFbIH
KepceTei.

KopsiTbinabl. byn 3epTrey >KyMmbICBIHIA €Ki TYpJi CHHTE3 OIicTepi apKbUIBI
MIEPOBCKUT KYpbUIbIMbIHAH Typarbin CaMnO, ,, cunTesnenin anbin bl COHbIMEH KaTap,
OHBIH KYPBUIBIMJIBIK koHe Mopdonorusuiblk Kacuerrepi XRD, FTIR, SEM cuskret
KYpBUIFbIIAp MEH Aeperep Oas3acbl apKpuibl 3eprrengi. CuHTE3 omicTepi peTriHzae
ITeunnu 30mb-rens oaici xkoHe XKacbll cuHTes 9/1ci KOJmaHsuLabL. 1leunnn omici MeTall
HMOHJAPBbIH OPraHUKAIIBIK KOCBUIBICTAPMEH (JIMMOH KBIIIKBIIBI KOHE STHIICHITTHKOIb)
KOMIUIEKCTeyTe KONaaHbuiabl. HoTmkecinae Gipkenki resb Ty3yiin, 6ipTeKkTi Marepuant
AJIBIHJBI. DKOJIOTHSUIBIK TYPFBIIAH Ta3a 9/1ic peTinne XKacpla cuHTe3 o/1ici KON AaHBIIIBL.
Byt ozicTe anos ChIFBIHABICH] MEH METAJIT HOHAAPBIH 9PEKETTECTIPY apKbUIbI IEPOBCKUT
KypbUtbiMbl 6ap CaMnO, . abIHIbL.

Yoarinep XRD tanmaysiHan eTim, oy Typajibl MOJIIMETTEp apHalibl HAKTHI IIBIHAAP
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apKbUIBl aHBIKTANABL. JndpakrorpamMmanarsl WBIHAAPABIH aWKBIHIBIFBl CHHTE3IEIMII
aJBIHFaH MaTepHaJIbIH KOFapbl KPUCTAIABIK camaja eKeHAIriH KepceTTi. by oHbIH
O1pTeKTi KYpbUIBIMBI 0ap eKeHiH gonenaeiai. Kpucramn KypbUlbIMbIH Tajiay OapbIChIHAA
€Ki YIITi J1e OpTOPOMOTBI CHHTOHUSIFA )KaTaThIHBI aHBIKTaNAbL. [leqyrHn oiciMeH anbIHFaH
YJITiHIH TOp MapaMeTpiiepiHAe KPUCTAIABIK YSAIIBIK KaObIpFalapbIHbIH Y3bIH/BIFEI A =
527A,b=746A,c=528A, 3NIEMEHTAap YSIIBIKTIH KejieMi V =207.92 A3, ar xachut
CUHTE3 Ke31H]I¢ aJbIHFaH MOH/IEp 5.28 A,b=526A,c=745A,V=207.24 A3 KYpaJbl.

Mn-O 6aiinansictapsl 1.041-2.450 A apanbireinga 6omabl, oprama mMoni 1.971 A
KOHE CTaHIapTThl aybITKybI 0.127 Kypasl. by MnO, OKTasnpiepiHiH TYpPaKThUIbIFbIH
xepceteni. Ca—O OGaitmambictapsl 1.319-3.211 A apanwireinga Goszbl, opraina
MoHi 2.343 A sxome crammaprTel aybiTKybl 0.120 Gomasl. Ockl MOHAEP TOPHAFBI
Ca*" MoHIapbIHBIH TYpaKTaHABIPFBILI pojiiH kepcereai. bym notmkenep CaMnO,
MEPOBCKHUTIHIH OPTOPOMOTHI KYPBUIBIMBI TYPAKTHI JKOHE KOFaphl KPUCTANIBIK caraja
EKEeHIH KepCceTei.

CaMnO, ,, TIEpOBCKHUTIHIH Ta3a OPTOPOMOTHI (aszara COUKEC KEIETIHIH IANENey
makcarsiiga EBSD xone SAED tannaynaps xypriziiaren 6onarsi. COHBIMEH KaTap,
KOFapbl KPUCTAJABIK CarnacbIMeH JXKoHE OIPTeKTI MHUKPOKYPBUIBIMBIMEH TY3UIreHIH
kepceTTi. TyHipiikTep/iH OTKip meKapanapbl KYPbUTBIMABIK TYPaKTHUIBIKTHI KOPCETE .
Aunpiaran matmwkenep CaMnO, , NEPOBCKUT KATATUTHKAIIBIK, SJEKTPOXUMHUSIIBIK HKIHE
(YHKIMOHAABIK KOJIAHY YIIiH )KaKChl MaTepuall eKeHiH JoMeIeH .

Mopdonorussik Tangay SEM kemerimMeH >kypriziii xoHe OeIeKTepAiH opTama
emmreMi 0.24 MM xoHe (.7 MKM €KeHI aHBIKTaJJbl. YJIT1 OCTIHJEri 3JeMEHTTEPIH
Oipkenki Tapaiybl ajbIHFAaH MaTepHalablH coTTi cuHTe3iH kepcereai. FTIR tamnayst
Ke3iHe ciekTpaeri 662 cm ! xone 671 cm! alimakTapbinia baiKaFraH )KoIaKTap MeTaI-
oTTeri OalaHbICTapBIHBIH TepOemicTepine colikec Kenai. by xuinikrep Marepuangarsl
coliKec MeTaJll OKCHITEPiHiH Ty311yiH kepcereTin Ca-O, Mn-O OaiinaHbicTapbiHa ToH.

Kopeiteiaasunaii kene, CaMnO, 6ipTEKTi KyphLIbIMBI MEH EPEKIIIE MOP(OTIOTHAITBIK
KacHeTTEepiHiH apKachlHAa YHEPTeTHKA KoHE KOpLIaFaH opTa calanapblHia KoJaaHyFa
Kapamipl Ker (yHKIHOHAIABI MaTepHaj peTiHAe epeKIIeIeHeI].
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Abstract. This study presents the quantitative analysis of water-soluble and fat-
soluble vitamins in the aerial parts of Polygonum aviculare L. (Polygonaceae) using
capillary electrophoresis. B-group vitamins (B1, B2, B3, B5, B6, B9), as well as
vitamins C and E, were determined. Polygonum aviculare L. is a valuable medicinal
plant widely used in traditional medicine. Infusions prepared from the aerial parts
collected during flowering exhibit anti-inflammatory, hemostatic, hypotensive, diuretic,
and vitamin effects, and are used in the treatment of chronic gastritis, gastric ulcers,
bronchitis, kidney stones, uterine bleeding, cystitis, pulmonary tuberculosis, and other
diseases. The study object included the leaves, stems, and roots of Polygonum aviculare
L., collected in September 2024 in Akzhar village, Karasai district, Almaty region.
Vitamin content was determined by capillary electrophoresis, micellar electrokinetic
chromatography, and vitamin E was quantified according to GOST 27547-87. Results
showed the distribution of vitamins B1, B2, B3, B5, B6, B9, and vitamins C and E
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in different morphological parts. Bl content in leaves was 2.75 times lower than in
stems and roots. B2 content in stems and roots was 1.86 and 2.65 times lower than
in leaves, respectively. B6 was predominantly in leaves. Vitamin C content was 0.18
mg/100 g in leaves, 1.17 times higher in stems, and 2.65 times lower in roots. Vitamins
B3 and B5 were mainly present in stems, B9 only in leaves (0.003 mg/100 g). Vitamin
E (a-, y-, and o-tocopherols) showed uneven distribution: a-tocopherol predominated
in roots and stems, y-tocopherol in roots, o-tocopherol in leaves and stems. The results
confirm the high vitamin value of Polygonum aviculare L. and support its application in
pharmacology and herbal preparations.

Keywords: Polygonum aviculare L., vitamins, B-group vitamins, vitamin C, vitamin
E, capillary electrophoresis, plant morphological parts
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Anuarova L.E. Determination of vitamins in polygonum Aviculare L. using capillary
electrophoresis. Academic Scientific Journal of Chemistry, 2026. — No.1. — P. 238—
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Annorauusi. byn sxymeicra Polygonum aviculare L. (Polygonaceae) ecimairining
XKep YCTi OedjiriHaeri cyna epuTiH KOHE Cyda epiMeHTIH IOopyMeHIEepAiH CaHIBIK
MeJIIIepi KaWUIAPIBIK 31eKTpodope3 oficiMeH aHbIKTalAbl. 3epTrey OapbichiHaa B
T00BI mopymenzepi (B1l, B2, B3, B5, B6, BY), connaii-ak C xone E mopymennepinig
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Metepi aHbIKTanabl. Polygonum aviculare L. — XanbIKTBIK MEIUIMHAJIA KCHIHCH
KOJJIAHBIIATBIH KYHJIBI JIOPUTIK ©ciMIiK. OCIMIIKTIH TYJAeHY Ke3eHiHJe >KHHaJFaH
JKep ycTi OesliriHeH jJalbIHAaidFaH TyHOajmap KaOblHyFa KapcChl, KaH TOKTAaTaThIH,
TUIIOTSH3UBTI, HECEN alJarbllll KOHE JOPYMEHMIIK dcepre ue OOJBIN, CO3BLIMAbI
racTpuT, acKaszaH jkapachl, OPOHXHUT, OYHPEK TacTapbl, KaTbIpAaH KaH KETy, ILHCTHUT,
OKIIe TyOepKyJe3i )koHe 0acka Ja aypyaapabl eMJIey/le KOJIIaHbUIaabl. 3epTTEey HbICAHBI
petinne AnmMatsl oOnmbIck, Kapacait aymanbl, Axkap enmi MekeHiHeH 2024 >KbIIIBIH
KBIpKYHeK ailbinaa skunanran Polygonum aviculare L. ciMAiriHiH XKarnblparsl, cabarsl
JKOHE TaMbIpbl TalmamaHbpuIIbl. JopyMEeHIEpIiH CaHABIK MeIIepi KaruuIIpIIbIK
ekTpodope3, MHUILEUIAPIBIK 3ICKTPOKUHETHKAIIBIK XpoMaTrorpadusi 91iCTepiMEH,
an E pmopymeni 'OCT 27547—-87 omici OoHbIHIIA aHBIKTAJABL. 3€pTTEy HOTHXKeNepi
ootipraia B1 (Tmamua xmopumi), B2 (pubodiasun), B3 (manToTeH KuImKpuIb!), BS
(HMKOTHH KbIIKBUIBI), B6 (mupunokcun), B9 (donuit Kpimkeuien) sxone C (ackopOuH
KBIIKBUTBI), E nmopyMeHnepiHiH eCiMAIKTIH opTypii MOpGOJIOTHSIIBIK OeIiKTepiHe
Tapaiy epeKIenikTepi aHblKTanasl. JKamnbsipakrarsl Bl nopymeniniH Mediepi cadarsl
MEH TaMBIpbIHA KaparaHna 2,75 ece TemeH Oonel. B2 nmopymeni cabarpiama 1,86 ece,
TaMbIpbIHa 2,65 ece a3, B6 nopymeHixkamnbipakTa 6ackiM 601161 C 1opyMEeHi KambipaKTa
0,18 mr/100 t xypamn, cabarsiaaa 1,17 ece ken, TambIpbiHaa 2,65 ece a3. B3 xone BS
TopyMeHepi HeTi3iHeH cabarbiaaa, BY Tek skanmbiparsiHia aHbIKTANAb. E 1opyMeHiHiH
o-, Y-, G-ToKo(eposmapsl opTYypii OesikTep/e OpKeNKi TapajFaHbl KOpPCETLIII.
AnviaraH HoTmKenep Polygonum aviculare L. oCiMIITIHIH JOpYMEHIIK KYH/IBUTBIFBIH
FBUIBIMU TYPFBIJIAH JQJICN/ICH, OHbI (DapMaKOJIOTHsI MEH (pUTONpernaparTapaa KoJiIaHy
MYMKIHJITiH KepceTei.

Tyiiin ce3nep: Polygonum aviculare L., nopymennep, B nopymennepi, C nopymeHi,
E nopymeHi, KanuuisipisIK 3JeKTpodopes, oCIMIIKTIH MOPOTOTUSIIBIK OoikTepi

© Meneyosa I'./l., AzumbaeBa I.E., KanrueBa A.H.*, CagbixoBa JI.A.,
Anyaposa JLE., 2026.
Kaszaxckuil HallMOHAIbHBIN JKEHCKUNA MTeJarornueCcKUil yHUBEPCUTET,
Aunmarel, Ka3zaxcran.
E-mail: anar.kaliyeva28@gmail.com

OIIPEAEJIEHUE BUTAMHWHOB COAEPKAIIINXCA B PACTEHUHN
POLYGONUM AVICULARE L., METOAOM KAIINJIJIAPHOI'O
IJEKTPO®OPE3A

MeneyoBa I'asinss — KaHIUAAT CETBCKO-XO3SMCTBEHHBIX HAayK, aCCOIIMUPOBAaHHBIN ipodeccop, Kazaxckuit
HalMOHAJbHBIN )KEHCKUI Iearornyeckuil yausepcuter, Anmarsl, Kazaxcran,

E-mail: medeuova.galiya96(@gmail.com, https://orcid.org/0000-0003-3750-4758;

AzumbaeBa I'yafaiipa — kaHIuaaT XMMHYECKHX HayK, U.0. mpodeccop, Kazaxckuii HanmOHANBHBIN
JKCHCKUI Ilelarornyeckuii ynusepcuret, Anmarsl, Kazaxcran,

E-mail: gulbayra60@qyzpu.edu.kz, https://orcid.org/0000-0002-6558-8146;

KammeBa Amnap — PhD, accommmpoBanssiii npodeccop, Kazaxckuii HanMOHANBHBIA SKCHCKHN
nejarornueckuii ynusepcuret, Anmarsl, Kazaxcram,

E-mail: anar.kaliyeva28@gmail.com@gmail.com, https://orcid.org/0000-0003-2429-2610;

240



Volume 1, Number 466 (2026)

CanpixoBa J[lame:xkam — PhD, crapumit npenoposarens, Ka3zaxckuil HanMOHAJIBbHBIN IKCHCKUH
nejlaroruueckuil ynusepcuret, Anmarsl, Kasaxcras,

E-mail: Sadykovadameli77@gmail.com, https://orcid.org/0000-0003-0092-4636;

AnyapoBa Jlaiinss — xaHamaar OMOJIOTMYECKHX HayK, acCOLMHPOBAaHHBIH mpodeccop, Kazaxckuii
HalMOHAJILHBIN )KEHCKUI Tearorndyeckuil ynusepeuret, Aiamarsl, KazaxcraH,

E-mail: anuaroval 968@gmail.com, https://orcid.org/0000-0003-1761-26557.

AHHoTamus. B naHHON pabore MNpeACTaBlICHBI PE3yIbTaThl KOJIMUYECTBEHHOI'O
aHaJIn3a BOJIOPACTBOPHUMBIX W KHUPOPACTBOPHUMBIX BHTAMHUHOB B HAaJ3€MHOM
yactu pactenusi Polygonum aviculare L. (Polygonaceae) MeETOIOM KalnuUISPHOTO
anekrpodopesa. b onpenenensl Buramuusl rpynnel B (B1, B2, B3, BS, B6, B9), a
takxe ButaMubl C u E. Polygonum aviculare L. siBisieTcsl IEHHBIM JIGKaPCTBEHHBIM
pacTeHueM, IMPOKO HMCIOJIb3yeMbIM B HapoJHOW MeauuuHe. Hactoum w3 Haja3eMHOMN
YacTH PaCTCHUs, COOPAHHOM B TIEPHOJI IBETEHUS, 00J1a/IaI0T MPOTHBOBOCIATUTELHBIM,
reMOCTaTUYECKHUM, TMIIOTEH3UBHBIM, JAUYPETUYECKUM M BUTAMHHHBIM JEWCTBHEM U
MIPUMEHSIFOTCS TIPU XPOHUYECKOM TacTpUTe, SI3BEHHOH OoJe3HH, OpOHXHTE, KaMHSX
B TIOYKAaX, MaTOYHBIX KpPOBOTEUEHHUSX, IMCTUTE, TyOepKyie3e JETKUX U JPYrHx
3aboneBaHusIxX. OOBEKTOM UCCIIEIOBAHMSI CITYXKHIIH JINCThS, CTeOIn U KopHU Polygonum
aviculare L., coOpannbie B ceHTs0pe 2024 roma B cene Arxokap Kapacaiickoro
paiiona AnMaTuHCKO# oOiactH. KonmdyecTBEHHBIH COCTaB BHUTAMHHOB OMPEACISIICS
METOJIlaMH KalTMIUIAPHOTO 3JeKTpodope3a W MHULEIUIAPHOH 3JIEKTPOKUHETHYECKOM
xpomarorpaduu, a coxepkanue ButamuHa E - mo 'OCT 27547-87. Pesysnbrarsl
MOKa3alld pa3IngHoe pacmupenenenne ButaMmuuoB B1, B2, B3, B5, B6, B9, a Taxxke
ButamMuHOB C 1 E B paznu4HbIX MOPQOIOTHUECKHUX YacTIX pacTeHus. Tak, comepikanue
BuTamMuHa Bl B JIMCTBAX OKazanock B 2,75 pa3a HWKE, 4eM B CTEONSIX W KOPHSX.
Butamun B2 comepxutcs B ctebne B 1,86 pasa, a B kopHe B 2,65 pa3a MEHBIIE, YeM
B JUCTHsIX. Buramun B6 mpenmyiiecTBeHHO cOCpenoTOUeH B JIMCThsX. Copeprkanue
BuramuHa C cocraBuiio 0,18 mr/100 r B yiucThsix, B cTeOne - B 1,17 pasa Ooubliie, a B
KOpHE - B 2,65 paza menbie. Buramunbl B3 n BS oOHapykeHBI IperMyIeCTBEHHO
B crebie, ButamuH B9 - tonpko B mucthsax (0,003 mr/100 r). Buramun E (o-, v- u
O-TOKO(epoIIbl) pacrpeenseTcss HEpaBHOMEPHO: 0-TOKO(epoI mpeodiagaeT B KOPHSIX
U CTEOJISAX, Y-TOKO(EPOII - B KOPHSX, O-TOKO(EPOII - B TUCThIX U cTeOnsx. [TomyueHHbIe
JAHHBIC TTOJITBEPIKIAIOT BBICOKYIO BUTAMHUHHYIO IEHHOCTD Polygonum aviculare L. u
000CHOBBIBAIOT €T0 UCTIONIb30BaHUE B (hapMaKOJIOTHH U pa3padoTKe (GUTONpernapaTos.

KaroueBsbie ciaoBa: Polygonum aviculare L., BUTaMUHBI, BUTAMUHBI I'pymibl B,
BuramuH C, ButamuH E, kanwuisipHbiil anektpodopes, MophOJOrHUYecKHe 4YacTh
pacTeHus

Introduction. For centuries, natural raw materials have served as the primary
source for medicinal compounds. At the present stage, special attention is given to the
development and use of plant-based medicinal preparations, reflecting a stable trend
aimed at expanding the range of domestic herbal products. This interest is explained by
the relatively low toxicity of medicinal plant raw materials, their non-addictive properties,
and the rare occurrence of allergic reactions. Medicinal plants play an important role
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for both humans and society. Their value is determined by the presence of biologically
active compounds, such as alkaloids, tannins, flavonoids, phenolic compounds, and
vitamins, which exert specific physiological effects on the human body. These properties
provide the basis for the pharmacological use of plants and their application for dietary
and therapeutic purposes (Kaliyeva et al., 2024; Rakhimberdiyeva et al., 2022).

Several studies on Polygonum aviculare L. have demonstrated that its accumulation
ofbiologically active compounds, particularly flavonoids, is dependent on environmental
factors. Specifically, research conducted on the synanthropic flora of the Rostov
region assessed the relative content of avicularin flavonoids in plants collected at
varying distances from railways and low-intensity roads. These findings indicate that
anthropogenic influences directly affect the biosynthesis of secondary metabolites.

Polygonum aviculare L., commonly known as common knotgrass, is an annual plant
belonging to the genus Polygonum of the family Polygonaceae. To date, more than 300
species within this genus have been described. Members of the genus Polygonum have
historically been used by various cultures in traditional medicine as both dietary and
medicinal plants. This species is widely distributed across Central Asia, the Caucasus,
Eastern and Western Siberia, the Far East, North America, Africa, and Australia.

Literary review. In traditional medicine, Polygonum aviculare has been used in the
form of tinctures, ointments, and powders to treat cardiovascular diseases, as well as
for its anti-inflammatory and hemostatic effects, and in the management of diabetes,
nervous system disorders, cough, skin diseases, anemia, diarrhea, hypertension,
hepatitis, cancer, snake bites, and various urological conditions (Bralley et al., 2008;
Hasan, 2009; Wang et al., 2005; Yim et al., 2000). Additionally, knotgrass has been
shown to possess antibacterial and antiviral properties, which are directly associated
with its chemical composition. Representatives of the family Polygonaceae have been
reported to contain vitamins, macro- and microelements, flavonoids, triterpenoids,
anthraquinones, coumarins, phenylpropanoids, lignans, sesquiterpenoids, stilbenoids,
tannins, and other biologically active compounds (Hyoung et al., 1994; Jansone, 2015).

N.M. Mukhitdinov, R.A. Muzychkina, and colleagues were the first to conduct a
comparative phytochemical study of four Polygonum species in relation to their growth
regions and experimentally identified the species suitable for large-scale production
(Muchitdinov et al., 2015).According to the literature, knotgrass contains avicularin
flavonoids, up to 0.9% ascorbic acid of dry weight, vitamins K and E, carotene, silicic acid
and its soluble compounds, resins, bitter substances, mucilage, oils, sugars, up to 0.35%
tannins, and trace amounts of essential oils.N. Tupitsina conducted a comprehensive
study of representatives of the family Polygonaceae Juss. occurring in the southern
flora of the Krasnoyarsk region, covering 54 species belonging to 13 genera and 4 taxa
of the subfamily Polygonoideae.

N.A. Yunuskhojaeva and V.N. Abdullabekova studied the chemical composition of
Polygonum aviculare L. and isolated the flavonoids avicularin, liquiritin, and cinnaroside
from the aerial parts of the plant, while also determining the content of polysaccharides,
macro- and microelements, and vitamin K: (Yunuskhojaeva et al., 2012). Using an
ultrasonic bath method, a 14% ethanol extract of Polygonum aviculare L. was found to
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contain a high level of phenolic compounds (976 mg GAE/g) (Holmatova et al., 2024).
According to studies, the total protein content is higher in leaves than in roots, and using
HPLC, 20 amino acids were identified in leaves compared to 19 in roots. Regarding
water-soluble vitamins, 4 were detected in leaves and 2 in roots. These findings support
the feasibility of using different parts of the plant in the production of medicinal
preparations and biologically active supplements.The results of the study indicate that
under normal anthropogenic influence, the synthesis of polyphenolic compounds can be
induced, whereas complex toxic stress leads to suppression of the antioxidant system
and a decrease in the biosynthesis of phenolic compounds. These conclusions are
consistent with similar studies conducted in the Voronezh region and provide insights
into the general patterns of flavonoid biosynthesis across different ecotopes (Selivanova
et al., 2022).

In Kazakhstan, research on Polygonum aviculare L. over the past decade has been
categorized into several directions. Pharmacogenetic and technological studies have
led to the development of ointments for dermatological purposes based on P. aviculare
extracts, and their quality indicators have been evaluated, representing preclinical-
level investigations (Ergazina et al., 2024). The anticorrosive and applied properties of
knotgrass extracts have been experimentally studied in the Western Kazakhstan regions,
and the reliability of the obtained results was confirmed through methodological rigor.
Floristic and botanical reviews have described the distribution and resource potential of
Polygonaceae representatives within the territory of Kazakhstan, providing an important
source of information for future systematic reviews (Abdrakhmanova et al., 2019).

Studies published in international journals have demonstrated the hemostatic and
pharmacological activity of dry extracts of Polygonum aviculare L. in animal models
(Kadyrova et al., 2022).

Additionally, data on its use in traditional medicine have ethnopharmacological
significance and play a key role in formulating hypotheses for pharmacological research.
Scientific evidence has demonstrated that Polygonum aviculare L. exhibits high levels
of antioxidant and anti-inflammatory activity, based on its flavonoid and phenolic
composition. By activating the Wnt/B-catenin signaling pathway, it accelerates wound
healing, enhancing its therapeutic potential. The molecular anti-inflammatory effects
of the extract, mediated through HO-1/Nrf2 and NF-kB pathways, contribute to the
suppression of inflammatory processes in the body. Published, scientifically validated
studies provide robust evidence of the biological activity of Polygonum aviculare L. and
indicate its significant medicinal and preclinical potential (Jang et al., 2024; Lee et al.,
2016; Joriya et al., 2025).

Thus, the study of Polygonum aviculare L. is highly relevant, as the plant represents
an important raw material for the development of pharmacological preparations and
dietary supplements. Its flavonoid and vitamin content exerts beneficial effects on the
human body, and research conducted in Kazakhstan, taking into account local ecological
conditions and the species’ distribution patterns, provides an opportunity to generate
novel scientific data.

Materials and Methods. The study material consisted of leaves, stems, and roots
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of Polygonum aviculare L. collected in September 2024 from Akzhar village, Karasai
district, Almaty region. The collected plant material was air-dried at room temperature
and ground into powder. The moisture content and ash content of the plant material were
determined using gravimetric methods (OFS.1.5.3.0007.15; OFS.1.2.2.2.0013.15). The
results of these analyses are presented in Table 1.

Determination of Vitamin Content: Vitamin E in the plant material was determined
according to the GOST 27547—-87 method, whereas vitamins B1, B2, B3, BS5, B6, B9,
and C were analyzed using the M04-41-2005 method, i.e., by capillary electrophoresis.
The analyses were performed using a Kapel-105M “Lumex” (Russia) instrument.

During vitamin determination, each vitamin was measured at its specific absorption
wavelength of200 nm and 267 nm. Vitamin B5 was analyzed using micellar electrokinetic
chromatography at a wavelength of 200 nm. Separation conditions were as follows:
borate buffer, pH 8.9; capillary: L._eft/L_total = 65/75 cm, ID = 50 pm; sample injection
pressure = 600 mbar-s; operating voltage +25 kV; temperature +30 °C.

Indirect detection was performed under the following conditions: capillary L
eft/L_total = 50/60 cm, ID = 75 um; applied voltage +13 kV; detection wavelength
267 nm; temperature 40 °C; pressure 150 mbar-s; the running buffer contained 10 mM
benzimidazole, 5 mM tartaric acid, and 2 mM 18-crown-6.

The results of the study are presented in Tables 2—5, which allow for a comparative
assessment of the content and composition of vitamins in different parts of the plant. This
methodological approach provided a basis for accurately determining the biochemical
composition of Polygonum aviculare L. and evaluating its pharmacological potential.

Results. In this section, the chemical characteristics of the aerial and underground
parts of Polygonum aviculare L. were determined, and the quantitative composition
of vitamins was analyzed using capillary electrophoresis, with the results presented
and comprehensively evaluated. The study assessed the content of water-soluble
(B-complex and C vitamins) and fat-soluble (E vitamin) biologically active compounds
and examined their distribution patterns within the plant matrix.

The high selectivity and sensitivity of the capillary electrophoresis method allowed
for the accurate determination of vitamin content in complex plant material. The
obtained results were compared with literature data and scientifically substantiated the
pharmacological potential of Polygonum aviculare L.

In analyzing the results, the relative proportions of vitamins, their biological
significance, and the role of the studied plant as a natural source of antioxidants were
considered. As shown in table 1, the moisture and ash content of the plant meet the
requirements of GOST standards.

Table 1 - Chemical composition of Polygonum aviculare L.

No. Plant part Moisture, % Ash content, %
1 Leaves 476 £0.1 8.33+£0.1
2 Stems 7.32+£0.1 10.00 £ 1
3 Roots 7.14+0.1 3.00+0.1
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The moisture content of the leaves is relatively low (4.76%), indicating that they can
be stored for extended periods without quality loss during drying. The ash content of the
stems and roots varies, reflecting differences in the concentration of organic and mineral
substances across the different parts of the plant.

Table 2 - Vitamin E content in Polygonum aviculare L., mg/100 g

Plant part/Raw | Parameter, Unit of measurement | Observed values Standard according to test
material method
Leaves -E: 2.28+0.01
- alpha-Tocopherol 1.07+0.01 T'OCT 27547-87
- gamma-Tocopherol 0.67+0.015
- sigma- Tocopherol
Stem -E: 1.1240.011
- alpha-Tocopherol - T'OCT 27547-87
- gamma-Tocopherol 0.46+0.012
- sigma- Tocopherol
Root -E: 4.58+0.01
- alpha-Tocopherol 3.96+0.012 T'OCT 27547-87
- gamma-Tocopherol -
- sigma- Tocopherol

Based on the results presented in table 2, the a- and y-tocopherol content is highest in
the roots (4.58 and 3.96 mg/100 g, respectively), indicating that vitamin E is a significant
nutrient in this part of the plant. The content in leaves and stems is comparatively lower.

Vitamin E exhibits antioxidant activity, protecting cells from aging and stress, and
facilitates the absorption of vitamins A and D. It also affects endocrine and reproductive
system functions, stimulates muscle activity, supports the metabolism of proteins, fats,
and carbohydrates, and serves as an antioxidant. Vitamin E protects cells that produce
melanin from damage caused by hormonal changes, regulates melanin synthesis, and
thereby prevents the formation of age spots. The highest levels of vitamin E are found
in plant oils and nuts. The recommended daily intake is 12—15 mg, and deficiency may
lead to infertility and miscarriage (Shchetinina, 2024).

The content of vitamins in the plant material is presented in tables 3-5.

Table 3 - Vitamin content in the leaves of Polygonum aviculare L.

Ne |Time |Component |Height |Start |End Area |Con- Concent. kg/kg | Cocent.
cent. mg/100 g
mg\L
1 [6.167 |BI(Thiamine [0.068 [6.077 |6.338 |7.90 [0.003 0.0001+_ 0.01140.002
chloride) 0.00002

2 |11.078 | B2 0.416 |10.998|11.472 |61.79 {0.019 |0.00069+ 0.069+0.029
(Riboflavin) 0.00029

3 [12.028 |B6 0.367 |11.852(12.768 |79.47 [0.018 |0.00066+ 0.066+0.013
(Pyridoxine) 0.00013

4 |15.107 | C (Ascorbic |0.176 |14.743|15.417 [27.26 | 0.05 0.0018+0.0006 | 0.18+0.06

acid)
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5 (15923 |B3 0.103 |15.778]16.028 |8.212 [ 0.0062 |0.00023+ 0.023+0.005
(Pantothenic 0.00005
acid)
6 [16.570 | BS (Niacin) |1.117 [16.340|16.675 [65.95 [0.013 | 0.00047+ 0.047+0.009
0,00009
7 118.258 | B9 (Folic 0.099 |18.153]18.347 |6.295 [0.00071 | 0.00003+ 0.003+0.0005
acid) 0.000005

Based on the data presented in Table 3, the highest vitamin content in the leaves
was observed for vitamin C (0.18 mg/100 g). The levels of vitamins B2, B6, and B5
were higher compared to B1, B3, and B9. This indicates that the leaves contribute
significantly to the plant’s antioxidant activity and play an important role in metabolic
processes in the body. B vitamins in the leaves support the function of the nervous,
endocrine, and cardiovascular systems, while vitamin C enhances vascular strength and
strengthens the immune system.

Table 4 - Vitamin content in the stems of Polygonum aviculare L.

Ne | Time |Component |Hei- |Start |End Area |Con- |Concent. Concent.
ght cent. |g/kg mg/100g
mg/L

1 |6.005 |BI(Thiamine|0.043 |5.838 |6.097 [4.594]0.0018 [0.00004=0.000008 |0.004=0.008
chloride)

2 110342 |B2 0.531 {10.307 [ 10603 |61.69 [0.019 |0.00037+0.00016 |0.037+0.16
(Riboflavin)

3 |11.345|B6 0.266 | 11.055 [ 12.005 | 52.42 {0.012 |0.00023+0.00005 |0.023+0.05
(Pyridoxine)

4 |5.033 |C (Ascorbic |0.172 [14.283|15.312 |61.5 |0.11 0.0021=0.0007 0.21=0.07
acid)

5 |5.817 |B3 0.902 | 15.622 | 15.893 |48.1 [0.037 |0.00072+0.00014 |0.0724+0.014
(Pantothenic
acid)

6 |6.250 |B5 (Niacin) |0.508 |15.937|16.432 |51.24 | 0.0099 | 0.00019=0.00005 |0.019=0.005

7 17.735 |B9 (Folic 0.096 | 17.388(17.980 | 16.58 | 0.0019 | 0.0000+0.0000 0.00+0.00
acid)

According to the results presented in Table 4, the vitamin C content in the stems of
Polygonum aviculare L. is the highest, at 0.21 mg/100 g. Vitamins B3, B6, B5, and B1
are present in comparatively lower amounts, while vitamin B9 is detected in minimal
quantities. The high concentration of vitamin C enhances the antioxidant properties
of the stems. The stems are particularly rich in vitamins B3, B6, and BS5, indicating
their involvement in enzymatic and metabolic processes. Elevated vitamin C levels
contribute to supporting the body’s overall defense mechanisms.
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Table 5 - Vitamin content in the roots of Polygonum aviculare L.

Ne | Time |Component |Height |Start End Area |Concent. | Concent. Concent.
mg/L g/kg mg/100g
1 |5417 |B1 0.180 [5.345 |5.558 |4.969 |0.0019 [0.00004+|0,004+0.0008
(Thiamine 0.000008
chloride)
2 [11.260 | B2 0.141 |10.785 |11.458 [40.99 (0.013 0,00026+ |0,026+0,011
(Riboflavin) 0,00011
3 [12.378 |B6 0.045 |12.178 |12.557 [5.365 |0.0012 |0,00002+ |0,002+0.0005
(Pyridoxine) 0.000005
4 [14.590 | C(Ascorbic [0.145 |14.310 |14.723 | 16.73 |0.034 0.00068 0.068+0,023
acid) +0,00023
5 |15.712 | B3 0.088 [15.628 |15.795 |4.019 |0.0031 |0,00006 0,006+0.001
(Pantothenic +0.00001
acid)
6 |16.275 | B5 (Niacin) |0.948 |16.090 |16.450 {41.56 [0,0081 [0.00016 0.016+0.003
+0.00003

According to the results presented in Table 5, the vitamin C content in the roots of
Polygonum aviculare L. is 0.068 mg/100 g. Vitamins B2 and BS are relatively abundant,
whereas vitamin B9 was not detected. Vitamins B1, B3, and B6 are present in low
amounts. The presence of a- and y-tocopherols, along with B vitamins in the roots,
reflects the plant’s nutritional value. Extracts obtained from the roots may be used in
pharmacological preparations for their antioxidant and vitamin activity.

Discussion. Comparison of the vitamin concentrations in the leaves, stems, and
roots of Polygonum aviculare L. reveals significant differences among the plant parts.
Vitamin B1 (thiamine) was found at 0.011 mg/100 g in the leaves, whereas its content
in the stems and roots was 2.75 times lower than in the leaves. Thiamine plays a crucial
role in the function of the nervous system, acetylcholine synthesis, and the metabolism
of proteins, carbohydrates, and fats. Additionally, vitamin B1 supports the normal
function of the endocrine, cardiovascular, and digestive systems. Thiamine deficiency
(hypovitaminosis) can lead to central nervous system dysfunction, fatigue, reduced
appetite, and decreased resistance to infections.

The concentration of vitamin B2 (riboflavin) in stems was 1.86 times lower, and
in roots 2.65 times lower than in the leaves. Riboflavin, as a component of various
enzymes, supports visual acuity, skin and mucous membrane health, liver function, and
hematopoiesis. Its primary sources include animal products (beef liver, eggs, cheese,
mackerel) and plant products (buckwheat, green peas). The recommended daily intake
is 2-3 mg. Vitamin B3 (pantothenic acid / niacin) was measured at 0.023 mg/100 g in
the leaves, 3.13 times higher in stems, and 3.83 times lower in roots. Vitamin B3 is a
cofactor in enzymatic reactions, participates in cellular respiration, blood formation,
and the dilation of capillaries. It is abundant in meat products but poorly absorbed from
cereals. Deficiency may cause impaired hormone synthesis and lead to digestive and
nervous system disorders.

Vitamin B5 (pantothenic acid) was found at 0.047 mg/100 g in the leaves, 2.47
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times higher in stems, and 2.94 times lower in roots. B5 is involved in the synthesis
of fatty acids, steroid hormones, and other biologically important compounds. The
daily requirement is 4—-12 mg; deficiency can result in general weakness, neuromotor
disorders, and dermatitis.

Vitamin B6 (pyridoxine) was present at 0.066 mg/100 g in leaves, 2.87 times higher
in stems, and 33 times lower in roots. Vitamin B6 is essential for amino acid absorption,
regulation of fat and cholesterol metabolism, and hemoglobin formation. Its presence in
the leaves contributes significantly to the biological activity of the plant.

Vitamin C (ascorbic acid) was detected at 0.18 mg/100 g in leaves, 1.17 times higher
in stems, and 2.65 times lower in roots, with the highest concentration observed in
the stems. Vitamin C exhibits antioxidant activity, strengthens the immune system, and
supports the structural integrity of bones and joints. Deficiency is associated with scurvy.

Vitamin B9 (folic acid) was detected exclusively in the leaves (0.003 mg/100 g).
Folic acid is crucial for enzyme synthesis, stimulates hematopoiesis, and participates in
cell division processes. Its main dietary sources include green leafy vegetables, meat,
liver, dairy products, and yeast.

Comparison of vitamin content in the leaves, stems, and roots of Polygonum
aviculare L. revealed the following patterns:

- Vitamin B1 was most abundant in the leaves, while its concentration in the stems
and roots was 2-3 times lower.

- Vitamin B2 was relatively higher in the roots, with lower levels observed in the
stems and leaves.

- Vitamin C exhibited the highest concentration in the stems, moderate levels in the
leaves, and the lowest in the roots.

- Vitamins B3, B5, and B6 were present in all plant parts, with maximum
concentrations observed in the leaves and stems.

- Vitamin B9 was detected exclusively in the leaves.

These results indicate that the vitamin composition varies among different parts
of Polygonum aviculare L., reflecting its pharmacological and nutritional value. The
leaves and stems exhibit high antioxidant and vitamin activity, whereas the roots are
characterized by a predominance of a- and y-tocopherols, highlighting their potential
use in pharmacological preparations.

Conclusion. The results of this study allowed for the precise quantification of water-
and fat-soluble vitamins (B1, B2, B3, B5, B9, C, and E) in the leaves, stems, and roots of
Polygonum aviculare L. The analytical methods employed—capillary electrophoresis,
HPLC, and GOST standard procedures—provided reliable, highly sensitive, and
reproducible determination of vitamin content within the complex plant matrix.

The measured vitamin levels confirm that Polygonum aviculare L. represents a
rich source of biologically active compounds. These findings substantiate the plant’s
high nutritional value and support its use for therapeutic and prophylactic purposes.
Furthermore, Polygonum aviculare L. has been identified as a scientifically and
practically significant phytochemical resource with considerable potential.

Overall, the study demonstrates the applicability of Polygonum aviculare L. in
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traditional medicine, pharmaceutical formulations, and the production of functional
food products. These data provide a solid scientific basis for its future research and
industrial utilization.
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Abstract. Natural alkaloids of plant origin are one of the important objects of
research in organic chemistry and medicinal chemistry, since their structural diversity
and biological activity allow obtaining new pharmacologically active compounds.
Chemical modification of alkaloids is one of the effective ways to improve their
biological properties. One of the promising natural compounds is the isoquinoline
alkaloid salsolin, which is known for exhibiting various types of biological activity.
Therefore, targeted chemical modification of the salsolin molecule allows obtaining
new biologically active derivatives, and this direction is of great scientific interest in
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the field of organic synthesis. The aim of the study is to synthesize new derivatives of
salsolin by N-propargylation reactions at different temperatures on the nitrogen atom
in the molecule, to prove the structure of the obtained derivatives and to evaluate their
biological activity. The structures of the new propargyl derivatives obtained as a result
of the synthesis were confirmed by 'H and *C NMR spectroscopy, as well as by COSY
('"H-"H) and HMQC ("H-"3C) two-dimensional spectral methods. The antiradical activity
of the obtained new compounds was evaluated in vitro in the presence of the stable free
radical 2,2-diphenyl-1-picrylhydrazyl. As a result of the study of biological activity,
it was found that the synthesized propargyl derivatives exhibit significantly higher
antiradical activity compared to the original object - salsolin. These results indicate that
targeted modification of the molecular structure allows enhancing biological properties.
The new compounds obtained as a result of the conducted studies demonstrate the
possibility of improving the pharmacological properties of alkaloids. In addition, the
results of the study form a promising basis for future scientific work in the direction of
searching for new biologically active molecules and create scientific prerequisites for
the development of targeted chemical modification of alkaloids.
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