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B 2016 romy ans pa3BUTUS W YAyYIIEHHS KadeCTBa >KU3HU Ka3axCTaHLEB ObLI
CO3JaH YacTHbIH bnarorBoputenbHblid Gona «Xanbky». 3a robl CBOSH IesITeIbHOCTH
Ha peaju3aluio OJaroTBOPUTENIFHBIX NMPOEKTOB B 00JacTAX oOpa3oBaHMS U HAyKH,
COLMAJILHOM 3aILMTHI, KYJABTYPBI, 31paBooXpaHeHus u cnopra, Ponp Beyaenua Oosee
45 MunnuapaoB TEHre.

Oco6oe BanManue biarorBoputenbHbIH GoHT «XabIK» ynenseT 00pa3oBaTeIbHbIM
IporpaMmam, CUuTas 3TO HaIlPaBJIE€HUE OJHUM M3 KIIIOYEBBIX B CBOEH IEATENBHOCTH.
Oxa3bIBasi MOAJIEPKKY OTEUECTBEHHOMY 00pa30oBaHut0, @OHI BHOCHT CBOI OCHIIbHBIN
BKJIaJI B Pa3BUTHE KadecTBEHHOTo oOpa3oBanus B Kazaxcrane. Tem camMbiM ciocoOCTBY S
pOCTy uncIa JIfone, ClIoCOOHBIX MEHSTh XKU3Hb B CTPaHe K JIy4lleMy —Ipo(ecCHOHAIOB
B pa3iMyHbIX cdepax, MOTCHUUAIBHBIX JIMACPOB MU «BEIUKUX YMOB». OmHOH U3
3HAUUMBIX HMHUIHMATHB (oHJa «Xanblk» B oOpas3oBaresibHOW cdepe craim MpoexT
Ozgeris powered by Halyk Fund — mepBblii B cTpane OuzHec-uHKYOaTop ISl y4aluxcs
9-11 xmaccoB, KOTOPBI MOMOTraeT pa3BUBAaTh HEOOXOOUMBIE B COBPEMEHHOM MHpE
MpeANPUHUMATENILCKUE HaBBIKK. Tak, Ha comelCTBHE MajoMy OHM3HECY IMIKOJbHHUKOB
06110 BeIIeneHo Oosee 200 rpanToB. [y moaiep KKy TaJaHTIIMBBIX 1 MOTHBHPOBAHHBIX
nereit @OoHI HEOAHOKPATHO BBILACISUI TPaHThI HAa 00yueHue B MexXIyHapOJHOH IIKOjIe
«Mupac» u B Astana IT University, a Taxke MOMOI Ka3aXCTaHCKUM LIKOJbHHKAM
NpuHATH yyactue B npectxHoM KoHKypce «USTEM Robotics» B CILIA. ABropckue
pabotel B pamkax npoekra «Tamimrep», koropomy DoHI OKa3an HOAICPHKKY, JISIIIU B
OCHOBY Y4€OHOH MPOrpaMMbl, Y4€OHHKOB U Y4€OHO-METOANYECKUX KHHUT 10 IPEAMETY
«OCHOBBI TIpeANpUHUMATENBCTBA U Ou3Heca», mpenogaBaemoro B 10-11 xmaccax
Ka3aXCTAaHCKMX ILKOJ U KOJUIEIKEH.

[TomrMo mnomoIIM MIKOJIBHMKAM, ydallMMcs KoJulepked W cryaeHTtaM DoHp
CUMTAET BAXXHBIM BHECTH CBOW BKJIAJ B IMOBBILICHHE KBAIM(HUKAIWU IIEAaroroB,
COBEpIIIEHCTBOBAHNE HMX 3HAHUNH U HABBIKOB, IOCKOJIbKY HMEHHO OHHU SIBJISIOTCS
[IPOBOAHMKAMH 3HAaHUM OyqyIIMX MOKOJeHHH Ka3zaxcTaHueB. [Ipu mognepxkke Donna
«XanplK» B IOKHOH cToNMie ObUI OpPraHW30BaH €XKEroJHbIM TOPOACKOW KOHKYpC
nenaroroB «Almaty Digital Ustaz.

BaxHoll MHMLMATUBOW CTall pealn3yeMblii MPOEKT MO0 OOYYEeHHIO OCHOBaM
(MHAHCOBOM TPaMOTHOCTH TpernoaaBareield n3 BockMH obnacteidl Kazaxcrana, urto
JOJDKHO OKa3aTh CYIIECTBEHHOE BIIMSIHUE Ha BOCIIMTaHUE (PMHAHCOBOW TPAMOTHOCTH H
MpEeINPUHUMATEIBCKOTO MBIIIIJIEHHS Y HOBOTO TIOKOJIEHUSI TPaXAaH CTPaHBI.

HeoOxonumyro nmomors @oHx «Xaiblk» OKa3blBaeT U TeM, KTO 0COOCHHO OCTPO
B Hell Hyxnaercs. B paMkax counanabHON 3allUThl HACEJIEHHUsS aKTHUBHO NPOBOAUTCS



paboTa Mo TOAJEPKKE NIETeH, OCTABIIMXCS 03 pOIAUTENCH, JeTedl W B3POCIBIX U3
COLMAJIbHO YA3BUMBIX CJIOEB HACEJICHHUS, JIFOJEN C OTPAaHUYEHHBIMHA BO3MOKHOCTSIMHU, a
TaKKe 00€CIICUCHUIO HYK/IAIOIIMXCSI COLUATBHBIM KHIIIbEM, CTPOUTEILCTBY COIIMATBLHO
BaXKHBIX OOBEKTOB, TAKUX KaK JCTCKHE CaJbl, JCTCKHE TUIOIAIAKU U (PU3KYIBTYpPHO-
03JI0POBUTENIbHBIE KOMIIJIEKCHI.

B xommnky no0peix gen @onnma «Xanablk» MOXKHO JOOAaBUTh OKa3aHUE ITOMOIIH
JIETCKOMY CIIOPTY, Ky/ia OTHOCHTCS TIOJICPKKA B PA3BUTHU JIETCKOTO PyTOOIIA M Kapare
B Hamel crpaHe. JKU3HEHHO BaKHYIO TIOMOIb bIaroTBopuTeNNbHBIN QOHT «XaTbIky»
OKa3aJl HalllUM COOTeUECTBEHHUKAM BO BpeMsi HeaasHell nangemuun COVID-19. Torga,
B pasrap TsDKenod 0ophObl ¢ KopoHaBUpYCHOH nHpeknuerd Donx Beiaenui cbime 11
MUJTMAPJIOB TEHTe Ha MPHOOpPETCHHE HEOOXOAMMOT0 MEIUIIMHCKOTO O0O0pYIOBaHUS
U JIOPOTOCTOSIIIUX MEIAUIMHCKUX IPEraparoB, aBTOMOOWIICH CKOPOM MEIMIIMHCKON
TIOMOUIH U CPEJICTB 3aLIUThL, aAPECHYIO MAaTEPUAIBHYIO IOMOLIb COLMAIBHO YSI3BUMBIM
CJIOSIM HACEJICHHUS U JICHE)KHBIC BBITUIATHI MEUIIUHCKUM PaOOTHUKAM.

B 2023 romy Hapsamy C IOpYyrUMU TPOCKTaMH, HALCJICHHBIMM Ha IMOBBIIICHUE
0JIaroCOCTOSIHUSL Ka3aXCTaHCKUX TpaxaaH DOHJ penimi yneinuTb 0C000€ BHUMAaHHUE
HayKe, MOCKOJIbKY OHa SBJISIETCS YacThlO0 OOIINECTBEHHOW KYJIBTYPhI, a YPOBCHb €€
pa3BUTHS ONPEIETAET YPOBEHb Pa3BUTHUS TOCYIapCTBA.

[onnepxkka @oHAOM BbIMyCcKa >KypHajaoB HamuonanbHOM AkageMun Hayk
PecriyOnuku KazaxcraH, KOTOpbIE BXOAST B MeEXIyHapoaHble (OHABI Scopus u
Wos ¥ B KOTOPBIX NYOJNUKYHOTCS CTaTbd OTEUECTBEHHBIX YYCHBIX, JIOKTOPAHTOB W
MaruCTPaHTOB, a TaK)KE HAYYHBIX COTPYJAHHUKOB BBICIIMX Y4YEOHBIX 3aBEJCHHUN W
HAy4HO-UCCIIEA0BATENbCKUX MHCTUTYTOB HALLIEN CTPAHBI SIBJISETCS HE MEHEE 3HAYUMBbIM
BKu1ajioM DOH/Ia B pa3BUTHE Ka3aXCTAHCKOTO OOIIEeCTBA.

C yBakeHnuem,
baarorsopurebHbiil @®oHA «XaJBIK»



Bac pepaxrop:

YK¥PBIHOB Mypat JKypbIHYJIbI, XUMUS FEUIBIMAAPEIHBIH TOKTOPHI, ipodeccop, KP ¥FA akanemuri,
Kazakcran PecryOnmukacer ¥ ATTBIK FBUTBIM aKaaeMUsCHIHBIH npe3uaeHTi, AK «J{.B. CokonbCckuii aTbIHIAFbI
OTBIH, KaTaJIN3 JKOHE HJIEKTPOXUMHUSI HHCTUTYTHIHBIHY Oac nqupektopsl (Anmarsl, Kasakcran) H = 4

Penaxkmus ankacel:

9/IEKEHOB Cepra3sl MbIin:kacapyJibl (6ac pefakTOpabIH OPEIHOACAPET), XUMHS FBIIBIMIAPBIHBIH
TOKTOpHL, mpodeccop, KP ¥FA akagemuri, «PuToxumus»y XaablKapaiblK FEUTBIMA-OHAIPICTIK XOIIUHT1HIH
nmupekropsl (Kaparannel, Kazakcran) H = 11

ATABEKOB Baamumup EnoxoBmu (0ac pemakTOpIbIH OphIHOACAPhI), XUMHS FHUIBIMIAPBIHBIH
JIOKTOpHEL, ipodeccop, bemapycs ¥FA akamemuri, XKana Matepuangap XUMHACH! HHCTUTYTBIHBIH KYPMETTI
nupexropsl (MuHck, benapycs) H =13

CTPHAJl MupocaaB, npodeccop, Uexus FBUIBIM aKaJeMUSCHIHBIH JKCIICPIMEHTTIK OOTaHMKA
WHCTUTYTHIHBIH 3epTXaHa MeHrepymrici (Onomoyn, Yexus) H = 66

BYPKITBAEB Myxam6eTKaJu, XuMust FbUTBIMAAPBIHBIH JOKTOPSL, podeccop, KP ¥YFA axanemuri,
an-®apadu arsrnars! Kaz¥Y Y-abiH Gipinmmi npopexrops! (Anvarst, Kasakcran) H = 11

XOXMAHH J[xymut, Ceren ynuepcuteTiHiH DapmaneBrrka ¢(akymsreTiHiH DapMakorHO3Us
kadepachiHblH MeHrepyuiici, YKapaTbliblcTaHy FHUIBIMIAPBIHBIH TISHAPAIBIK OPTAJIBIFBIHBIH JAUPEKTOPBI
(Ceren, Benrpus) H =38

POCC Camup, PhD nokropbl, Muccucunu yHUBEPCUTETIHIH OCIMIIK OHIMIEPIH FBUIBIMU 3€PTTEY
YITTBIK opTanbirel, Papmanust MekTebinin npodeccopst (Oxcdopa, AKI) H =35

XYTOPSIHCKWAW Burtammii, dmiocopus mokrops (PhD, dapmariesr), PequHT yHIHBEpCHTETIiHI
npodeccops! (Pequnr, Aurmms) H = 40

TEJTAEB Barnar Bypxan6aiiyibl, TexHUKa FbUIBIMIAPBIHBIH JOKTOpBI, mpodeccop, KP YFA
xoppecnionaent-mymreci, Kasakcran PecrmyOmmkacer Wupgyctpust skoHe MH(PAKYPBUIBIMABIK —JlaMy
MUHHCTpIITT (AnMartsl, Kazakcran) H = 13

DAPYK Acana Jlap, Xamaap ans-Mamxuaa [LsiFsic MeauinHa KOJUISDKIHIH Tpodeccopbl, Xamaaps
yruBepcuretinig LIbreic Mmequimna dakymsreri (Kapaun, [Toxictan) H = 21

DA3DbIJIOB Cepik JIpaxmeTyJibl, XUMHS FEUTBIMAAPBIHBIH TOKTOPBI, ipodeccop, KP ¥FA akagemuri,
OpraHuKaablK CUHTE3 JKOHE KOMIP XUMUSIChI HHCTUTYTHI JUPEKTOPBIHBIH FBUIBIMH JKYMBICTApP XKOHIH/ET
opsrabacaps! (Kaparannpl, Kazakcran) H =6

KOPOBEKOBA Illapuna Kopo0ekKbI3bl, XHMHS FBUIBIMIAPBIHBIH JOKTOPBL, Tpodeccop,
Keipreiscran ¥FA akagemuri, KP ¥YFA Xumust jxoHe XUMUSUIBIK TexHoJorus uHCTUTYTHI (Bimikex,
Keiprescran) H =4

XAJIMKOB [Ixxypadaii XaJuKoBHY, XUMHS FEUTBIMAAPBIHBIH JOKTOPHI, Tpodeccop, Toxkikctan FA
axanemuri, B.M. Hukutun areinnarst Xumust tHCTUTYTHI ([ymante, Toxikeran) H = 6

DAP3AJIMEB Barng Memkuaoribl, XUMUS FEUIBIMIAPBIHBIH JOKTOPEL, Ipodeccop, ¥FA akagemuri
(baky, O3ipbaitkan) H =13

T'APEJIMK Xempa, ¢unocodust mokropst (PhD, xumus), XanblkapaiablK Taza jKoHE KOJAaHOAJbI
XMMHUSI OJIaFbIHBIH XHMMHUSI KOHE KOpIliaraH opTa OemiminiH npe3uaeHTi (Jlonaon, Aurmms) H = 15
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I'naBHbII perakTop:

KYPUHOB Mypar KypunoBHY, JOKTOp XMMHUYECKHX HayK, npodeccop, axagemuk HAH PK,
npe3naeHT HanmonansHO# akagemun Hayk Pecrryomikn Kazaxcran, reHepanbabiid aupektop AO « MHCTHTYT
TOIUIMBA, KaTanu3a U anekTpoxumun uM. /1.B. Cokonbckoro» (Anmarsel, Kazaxcran) H =4

Penaxkmuonnasi KoJuierus:

AJIEKEHOB Cepra3sl MpIHKacapoBU4 (3aMeCTHTEINb IJIABHOTO PEAAKTOPA), TOKTOP XUMHYECKHX
HayK, mpodeccop, akanemMuk HAH PK, mupexrop MexayHapomgHOTo HayYHO-TIPOU3BOACTBEHHOTO XOIIWHTA
«Duroxumusa» (Kaparanaa, Kazaxcran) H= 11

ATABEKOB B gagumup EHokoBHY (3aMecTHTENb INIABHOTO pPENAKTOpA), JOKTOP XUMHYECKHX
HayK, ipodeccop, akagemuk HAH bemapycu, mouetHsIit tupektop MHCTUTYTa XUMHN HOBBIX MaTepHAaIoOB
(Munck, benapycs) H= 13

CTPHA/I Mupocaas, npodeccop, 3aBeayrominii 1labopatopueii MHCTUTYTa DKCICPUMEHTAIBHON
6orannkn Yerickoit akanemun Hayk (Omomoyn, Yexust) H = 66

BYPKUTBAEB MyxameTkaiaun, TOKTOp XMMHYECKHX Hayk, mpodeccop, akagemuk HAH PK,
[epssrit mpopektop KasHY umenn anp-Dapadu (Anmarsr, Kazaxcran) H= 11

XOXMAHH [Ixynut, 3aBenyrommii kadenpoit dapmakorano3nn PapManeBTHUECKOTO (haKynbTeTa
YauBepcureta Cerena, TUPEKTOp MEKAUCIMIUIMHAPHOTO IIEHTpa ecTecTBeHHBIX Hayk (Ceren, Benrpus)
H=38

POCC Camup, noxrop PhD, mpodeccop Ilxomsr Papmanuy HaIMOHAILHOTO IIEHTPA HAyIHBIX
HCCIIeJOBAaHUH PaCTUTENBHBIX MPOAYKTOB YHUBepcuTeTa Muccucunu (Oxcdopa, CIIA) H =35

XYTOPSHCKHUM Burannii, noxrop dunocopun (Ph.D, papmauesr), npodeccop Yuupepcurera
Penunra (Pepuar, Aurmst) H = 40

TEJIBTAEB Barnar Bypxanoaiiyibl, JOKTOp TEXHHYECKHX HAYK, MPpodeccop, WIeH-KOPPECIIOHICHT
HAH PK, MunucrepcrBo Unnycrpun u unppactpykrypHoro pazsutus Pecriyonuku Kasaxcran (AnamMarsl,
Kazaxcran) H=13

DAPYK Acana [lap, mpodeccop komtemka Bocrounolr memummubel Xamaapna ans-Makunaa,
¢axynsrer Boctounoit Mmennumubl yausepeutera Xamuapna (Kapaun, [Takucran) H =21

®A3BIJIOB Cepuk /IpaxmeToBUY, TOKTOpP XHMHUYECKHX Hayk, mpodeccop, akagemuk HAH PK,
3aMeCTHUTENb JUPEKTOpa Mo Hay4yHOH paboTte MHCTUTYTa opranuyeckoro cuuTesa u yrexumuu (Kaparanna,
Kazaxcran) H=06

KOPOBEKOBA Illapuna Kopo0ekoBHa, TOKTOp XMMHUYECKUX HayK, Ipodeccop, akanemuk HAH
Keipreserana, MactutyT Xumun u xumudeckoit rexnonornd HAH KP (bumukek, Keipreiseran) H = 4

XAJIMKOB [Ixxypa6aii XaJaumkoBH4Y, JOKTOp XMMHYECKHX HayK, npodeccop, axkagemuk AH
Tamxukucrana, Uactutyt xumun umenu B.U. Hukntira AH PT (dyman6e, Tampkukucran) H = 6

DAP3AJ/IMEB Barug Memkua oribl, JOKTOp XMMHYECKHX Hayk, mpogeccop, akanemuk HAHA
(Baky, Azepbaiimxan) H=13

TI'APEJIMK Xempaa, noxtop ¢unocopuu (Ph.D, xumms), npesunent Otaena XUMUH U OKpYysKaromeit
cpenbl MexITyHapOIHOTO CO03a YnucTol 1 pukiaaHoi xumun (Jlonmon, Aurmmst) H =15

«H3Bectust HAH PK. Cepusi XuMuu M TEXHOJIOTHi».
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Abstract. Introduction. Lithtum-ion batteries have been the dominant energy storage
technology over the past decades, and demand is expected to grow tenfold over the next
decade. To meet the future demand for such batteries, alternative technologies will be
required to provide extended cell life and increase the overall capacity of these batteries.
The development of electrolytic systems with the proper structure and composition
will increase the development of lithium-ion batteries. It is imperative to consider that
electrolytic systems include components, such as additives, solvents, salts, and there
are two types: liquid and solid. They have a very important role in creating electrolytic
systems capable of forming passivation layers. Currently, the most urgent problem
of lithium power sources is safety. The main way to solve the safety problem is to
replace the liquid organic electrolyte with a solid electrolyte, as well as doping liquid
electrolytes with various additives. The purpose of this review is to analyze publications
on electrolytes and their various additives used in lithium-ion batteries. Objects of
research: liquid and solid electrolytes for lithium power sources. Conclusion: research
in the field of electrolytic systems for lithium-ion batteries is promising and relevant.
Modern studies show that doping of both liquid and solid electrolytes with additives,
the use of new salts and solvents make it possible to improve the characteristics of LIB.
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Annoramus. Kipicne. JIUTHH-MOHIBI aKKyMyNATOpIap COHFBl OHXKBUIABIKTA
SHEPTHUsl CaKTayAblH 0achIM TEXHOJOTHSICHI OOJBIN TaObIIaabl KOHE ajlJaFbl yakKbITTa
OCBI KYPBUIFBUIAPFa CYpaHbIC OH ece oce/i Aet KyTinyae. JInTuii Tok ke3aepine donamak
CYPaHBICTBl KaHaFaTTAHIBIPY YLIIH YSAMIBIKTApABIH KBI3MET €Ty Mep3iMiH y3apTaTbhiH
JKOHE OJIapJIbIH YKaJMbl CHIMBIMIBIIBIFBIH aPTTHIPATHIH OasiaMa TEXHOJIOTHsIAp KaKeT
Oonanapl. JInTH-MOHABI OaTapesutapablH TaObICThI AaMybl SJIEKTPOIUTTIK KyHenepain
JaMyblHa TiKeNed OalnaHbICTBl OOJNBIN KeJIedi, ONapAblH KYpPbUIBIMBI MEH KYpaMbl
TaHJAIFaH DJIEKTPOATHIK MaTepHalfapra KaTbICThl OJApAbIH  TYPaKTBUIBIFBIHA
OalimaHpICTBl aHTapNBIKTall ©3repyl MYMKiH. JIMTHH-MOHABI aKKyMynsTOpiapaa
ANEKTPOIIHT 3apsI-pa3psia MpoLecTepi Ke3iH e AEKTPOATAp apackIHAa IUTHIH HOHIAPbIH
TackIMaliay YLIIH OpTa peTiHAe KbI3MeT eTedi. byl ceGenmeH »JIeKTPOIHUTTEP OCHI
KYpPBUIFBUTAPABIH KYMBICHl YIIIH ©T€ MaHBI3ABI OOJNBIN TaObUIaAbl. DJIEKTPOIUTTIK
XKyHenepre Kocmajap, epiTKiITep, TY34ap CHAKTH KOMIIOHEHTTEp KipETiHIH ecKepy
KaXET, JKOHE 63 KE3€TiHJAe JJICKTPOJIUTTEep €Ki TYpii OOJbIN Keledi: CYHWBIK >KoHE
KATTbl. DNEKTPONIMTTEPAiH €Ki TYPiHiH JI¢ apTHIKIBUIBIKTAPhl MEH KeMIILTIKTEpi Oap.
Omnap aTfOMUHHNA TOK KMHAFBIIITAPBIHAA TTACCUBTEYII KaOaTTapAbl KaJlblTacThIPyFa
KaOUIeTTi MEeKTPONUTTIK JKyHenepli Kypyaa eTe MaHbI3ABl pell aTKapaabl. by
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kKabar j»kaHaMa peakUWsUIapAblH Iaiaa OOJNyblHA JKOHE OChUIAMINA 3JICKTPOITHIH
JerpaganusicbiHa sxoi oepmeiini. Kasipri yakpiTTa NTUTHIA KyaT Ke3[epiHe KaTbICThI €H
©3CKTI Macelie Kayirncizaik 0omibin Tabbutaapl. Kayincizaik MocelieciH menyIiH Heri3ri
YKOJTbI CYWBIK OPTaHUKAJIBIK AIEKTPOIUTTEPAl KATTHI SIIEKTPOIUTKE aybICTHIPY, COHBIMEH
KaTap CYMBIK DJIEKTPOJIMTTEPAl SPTYPIi KOcHalapMeH JIErHpiey OOJbI TaObUIadbl.
Byn makanaHbIH MakcaThl HETI3Ti CYHMBIK JKOHE KATThl JIEKTPOJUTTEPIIH MaHBI3IbI
TypJepiHe, COHal-aK oJapAblH MOIU(pUKAIMSIIAPBIHA KaH-KAKTHI IIOJY JKacay OOJIbII
TaObLIaAbl. 3epTTey OOBEKTLIepi: JUTHU-UOH/Bl AKKMYJIATOPJIAPFA apHAJFaH CYHBIK
JKOHE KAaTThl DJEKTPOIMTTIK XKyHenep. KopweIThIHABL: OYTiHTI TaHIa JUTHHA-HOHIBI
aKKyMyJISITOpJIapFa apHajiFaH d3JeKTPOJNUTTIK JKyHelep cajachlHIAFbl 3epTTeyliep
MaHBI3/Ibl J)KOHE ©3€KTi OOJIBIN TaObUIaAbl. 3aMaHayHW 3epTTeyNiep CYMbIK KOHE KaTThI
ANEKTPOJUTTEPAH JKaHa TYPJepiH 3epTTey, OJapAblH MOAM(UKAIMICH, COHIaW-aK,
JKaHa TY3/1ap MEH epITKIIITEp/i Maijanany OChl KYPBUIFbLUIAPIBIH 3ICKTPOXUMUSIIBIK
KepCTeKilTepiHe TikeNel acep eTeTiHiH KopceTei.

Tyiin ce3aep: MUTUI-UOHABI aKKyMYJIATOpIIap, KarThl anekTponutrep, NASIKON
KATTbI JJIEKTPOJIUTTED, TPaHAT THIITI IMEKTPOIUTTEP, IepoBCKUT, LLZO

Kap:xpuianapIpy: OYJ1 3epTTey ChIPTKBI KapKbLUIAHABIPY/IBI aJIFaH KOK.

Anevic: asmopnap Kaxcemmi 3epmmeynep AHCypeizeeti yulin dHepusi JHCUHaKma-
evlumapovl npomomunmey 3epmxanacuvinvly (Pecetl, Mackey obnuicei, [[yona Kanacot)
KblaMemKepiepine angblcmapvii 0indipeoi.
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LETbI0 YIOBJIETBOPEHUSI OyIylIero Crpoca Ha JAHHBIA THIT HAKONUTEJIEeH JHEPruu
NOTPeOyIOTCsl aJIbTepPHATHBHBIC TEXHOJIOTHH, O0ECHECUYMBAIONIME MPOAJICHHE CpOKa
CITY)KOBI 2JIEMEHTOB M yBEIMYEHHE MX OOLICH eMKOCTH. YCIICIIHOE Pa3BUTUE JTUTHUI-
MOHHBIX aKKyMYJISITOPOB 3aBHCHUT OT pa3pabOTKH AJICKTPOIUTUYECKUX CHUCTEM,
CTPYKTypa M COCTaB KOTOPBIX MOTYT CYILECTBEHHO Pa3IHyarhCs B 3aBUCUMOCTH OT UX
CTa0WIBHOCTH 10 OTHOLICHHIO K BBIOPAHHBIM JJICKTPOAHBIM MaTepuanam. B muruii-
MOHHBIX aKKyMYJSITOpax O3JICKTPOJIHMT ICHCTBYET KaK cpeda Uil MEepeHoca HOHOB
JUTHUSE MEXKTY 3JICKTPOJaMHU BO BpeMsl POLIECCOB 3apsiaa-paspsaa. [lo atoit mpuunse
ATOT KOMIIOHEHT HE0OXOquM Juisi paboThl 3TUX ycTpoiicTB. HeoOxommumo 00s3aTenbHO
YUYHUTBIBaTh, YTO DJICKTPOJMTUUYSCKHE CHUCTEMbI BKJIIOYAIOT TaKHE KOMIIOHEHTBI, KaK
J00aBKH, PaCTBOPUTEIH, COJIH, & TaK JKe, IEKTPOIUTHI OBIBAIOT JABYX BHIIOB: KHIKHE
u TBepabie. O0a THIA HIEKTPOIUTOB UMEIOT CBOM MPEUMYILECTBA U HepocTaTku. OHU
UTPAIOT OYCHb BAXKHYIO POJb B CO3aHHU IJIEKTPOJMTHYSCKHX CHCTEM, CIIOCOOHBIX
00pa30BbIBaTh MACCUBUPYIOIINE CIOH HAa aJTFOMHHUEBBIX TOKOCHEMHHUKAX. JTOT CIIOW
NPEMNSATCTBYeT BOSHUKHOBEHHUIO MOOOYHBIX PEaKIMil, ¥ TaAKUM 00pa3oM, Jerpaaaluu
anekTpona. B Hacrosimiee BpeMsi HamOojee akTyalbHOH TNPOOIEMOM JIUTHEBBIX
MCTOYHUKOB MUTAHUS SBIIsIETCS Oe30macHOCTh. OCHOBHBIM MyTEM PELICHHs TIPOOIEMBbI
0€30MacHOCTH SIBJSIETCSI 3aMEHa JKUAKOTO OPraHMYECKOrO OJIEKTPOJIUTA TBEPABIM
AIEKTPOIIUTOM, & TAKXKE JICTHPOBAHUE JKUJIKUX AICKTPOIUTOB PA3TUIHBIMH 100aBKAMH.
L]env NaHHOW CTaThH — 3TO MPEAOCTABUTH BCECTOPOHHHI 0030p HEKOTOPHIX OCHOBHBIX,
a TaKkKe HOBBIX JKUIKUX M TBEPIBIX DJICKTPOIUTOB U MX Mopudukaimid. Odvexmuol
uccne006anus. SKUJKAE W TBEPHbIC DIICKTPOJIUTHYECKUE CHCTEMBI JUIS JIUTHEBBIX
WCTOYHUKOB MUTaHMsA. 3aKiioueHue: Ha CETOIHSIIHUN JeHb UCCIICA0BaHMS B 00IacTu
ANEKTPOIUTUYCCKUX CUCTEM ISl JIMTHH-MOHHBIX aKKyMYJISATOPOB MEPCIEKTUBHBI U
akTyanbHbl. COBpEeMEHHBIE UCCIICI0BAHMS IOKA3bIBAIOT, YTO JISTHPOBAHHUE KAK JKUJIKUX,
TaK M TBEP/IBIX AIEKTPOIUTOB 10OABKaMH, UCTIOIb30BaHIE HOBBIX COJICH M pacTBOpUTEICH
MO3BOJISIFOT YAYYILINTh XapaKTEPUCTHKU JIUTUI-UOHHBIX aKKyMYJISITOPOB.

KuroueBble ci10Ba: NUTHI-MOHHBIC aKKYMYJISITOPBI, TBEPAOTEIBHBIC SIEKTPOJIUTHI,
TBepaorenbHble anekTpoauTsl NASIKON, neposckurt, JIJI30

duHAHCHpPOBAaHHE: JaHHOE WCCIIENOBaHUE HE TIOJyYalo BHEIIHEro (UHAH-
CHPOBAHHUSL.

Bnazooapnocmu: asmopwi  guipadicarom 6010  O1a200apHOCTL  COMPYOHUKAM
nabopamopuu  npomomunupoganuss naxkonumeneu suepeuu (Poccus, Mockosckas
obnacms, 2opoo [{ybHa) 3a nposederue HeoOX0OUMbBIX AHATUZ08.

KongumkT nHTEpecoB: KOH(IMKTA HHTEPECOB HET.

Introduction

With the ever-increasing variety of devices from portable to powerful electric
vehicles, the demand for safe and long-lasting energy storage systems is increasing. The
most popular and frequently used storage systems are Lithium-ion batteries (LIB). They
are playing an progressively critical part in our daily lives. Batteries not only power
our portable devices (such as phones, laptops and cameras), but also power vehicles
(such as electric cars and hybrid EVs, and even serve as temporary storage systems
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for excess energy supplied by renewable energy sources such as solar, wind, nuclear
and hydroelectric power. However, as the use of Li-ion batteries increases each year,
the demands on their properties, and their power density, are increasing. Obviously,
improvements in these characteristics depend on technical advances in the main battery
components: positive/negative electrodes and electrolytes.

The electrolyte acts as an important "connecting bridge" in LIBs for the transport of
ions between two opposite electrodes during cycling processes. Electrolytes for lithium
chemical power sources should have the following features (Duan, 2020):

1. Favorable layered structure for rapid transfer of lithium ions.

2. High electrical conductivity (10~ to 107 S*cm™) and electrochemical stability.

3. Low melting point (from -50C) and high boiling point (up to +70C), to provide a
wide operating temperature.

4. The low pressure of emitted vapors is necessary to reduce the fire hazard.

With insufficient reversibility of electrodes and electrical conductivity of lithium
electrolytes (regardless of their nature), there are many factors limiting the elaboration
of chemical current sources with a lithium anode. The reason why this problem is
important is that the value of the current source's internal resistance directly affects its
main performance characteristics, such as power and charge current.

There are two main types of electrolytes, namely liquid-phase and solid state
electrolytes. Liquid electrolytes are used for a long time in commercial chemical energy
storages, as they have key properties, such as, ionic conductivity approximately 10
3-102 cm™! and good electrode interface. Nevertheless, traditional electrolytes have
drawbacks. They are the risk of electrolyte leakage, which leads to burning, another
problem is increase of dendrites, caused by the uneven charging current of porous
separators, especially chemical power sources with a metallic lithium electrode.

This problem also occurs with solid electrolytes. In 2023, was proposed a physical
model of lithium coating and dendritic formation in LIB (Sahu, 2023). A side effect of
fast charging is the formation of lithium metal, which leads to degradation. Model made
of metallic lithium sharpened in the pores of the interfacial phase of a solid electrolyte.
The model was validated by experimental studies and demonstrated the trends being
more prevalent at increased C-rate and/or decreased temperature. To improve the
performance of lithium ion batteries, electrolytes play a significant role in development
of lithium-ion batteries, as well as researches in this area are ongoing at the moment,
and this review is devoted to electrolytes used in modern lithium-ion batteries.

Electrolytes solutions for lithium-ion batteries

Due to recent achievements in solid-state batteries many safety problems with
LIBs were solved, most LIB applications require capabilities. Thus, it rather difficult
to eliminate LEs for commercial applications because they are still more effective at
transporting lithium-ion than their solid-state analogues. There are many factors to
consider when selecting the electrolyte composition. First, it is imperative to consider
the environmental impact reported in a study by Flamme et al. which studied the relative
environmental impact of conventional organic solvents (Flamme, 2017). Requirements
for the electrolyte are ionic conductivity and chemical inertness at the electrode/
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electrolyte interface. Another critical factor is the electrochemical stability window
in which the electrolyte must be stable to a wide range of battery operation (0-5 V)
(Flamme, 2017). Solution of lithium salt, such as LiPF , LiDFOB, LiClO, dissolved
in a mixture of solvents, such as vinylene, carbonate, ethylene carbonate, and e.t.c and
additives is the electrolyte used in the LIB. Layered graphite anodes are widely used
anodes in lithium batteries. In order to introduce/lead lithium ions between multiple
graphite layers, a passive layer called the interfacial solid electrolyte (SEI) is required.
In fact, if there is no SEI on the graphite surface, peeling processes occur, leading to
degradation of the material itself and then the battery. The SEI layer consists mainly of
electrolytes, which means that it has a significant impact on the charging characteristics
of the electrolyte. In addition, the secondary reactions resulting from rapid charging
can also decrease the stability of the electrolyte. Even worse, the generation of internal
heat or growth of lithium dendrites will degrade the conductivity of the electrolyte,
causing an exothermic reaction. In some cases, the high concentration of lithium ions
produced at high current densities can limit battery capacity. Therefore, the use of a safe
electrolyte is of high importance.

Solvents. Traditionally, liquid organic solvents are used in electrolytes for
LIBs. Solvents must satisfy following criteria: to have high chemical, thermal and
electrochemical stability towards to two electrodes in the working range of potentials;
the ability to dissolve electrolytic salts and non-electrolytes; high conductivity in a wide
temperature range. High dielectric permittivity provides lithium salt dissociation, while
low rates provide ionic pair formation. Solvents with a high dielectric constant dissolve
a large amount of electrolyte salts.

Low viscosity advances ion mobility. This negates the previous requirement since
high-dielectric permittivity solvents are too as a high-viscosity solvents. This contrarily
influences the transport of ions inside the electrolyte, specifically its ionic conductivity.
As arule, well-balanced mixtures with high dielectric constant and low viscosity solvent
are preferred for such applications.

Last, the solvent must provide suitable interfacial properties, i.e., promote the
formation of a stable, electron-insulating but highly ionic conductive SEI at both
electrodes, especially at the anode.

The mixture of cyclic carbonates and linear carbonates are usually used as electrolyte
solvents, such as ethylene carbonate (EC), propylene carbonate (PC), dimethyl
carbonate (DMC), ethyl methyl carbonate (EMC). Since all solvents have different
electrochemical and chemical properties, for optimal performance of LIB, their mixture
is used, they compensate each other. Solvents with low viscosity promote suitable
ionic conductivity by reducing the general viscosity of the mixture. Since EC and PC
solvents have a high viscosity, the electrolyte based on them (1:1) demonstrates low
conductivity at any temperature. The lower the temperature, the conductivity decreases
due to thickening of the binary solvent. Electrolyte with composition EC-DMC (1:1)
shows better conductivity.

Many LIBs use the fluorinated solvent N,N-dimethyltrifluoroacetamide (DTA)
(Moller, 2001). Due to its high boiling temperature, flash point and low viscosity, DTA
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is able to replace low viscosity solvents such as dimethyl carbonate, diethyl carbonate.
Due to its film-forming properties, it is possible to use DTA with PC in an amount of 10
%, as these solvents have a freezing point below -40°C, their mixture is used as a low
temperature electrolyte.

The massive demand for lithium-ion batteries is drawing particular attention to
their safety, the main reason is the flammable component - liquid electrolyte. In this
paper (Gebert, 2023) represented promising non-flammable liquid electrolytes - based
on phosphate derivatives and fluorinated hydrocarbons - are chosen from the literature
and tested in industrial high-voltage connections under conditions. The studies were
carried out on LiNij Mn_ ,Co,O,|graphite cells and on inert electrodes, as a result,
electrochemical determinations of electrolytes were obtained. Each electrolyte was
evaluated using long-term cycling and rate testing experiments, and cell resistance was
monitored during aging. It has been determined that electrolytes containing phosphate
and phosphonate based solvents generally perform very poorly compared to non-
phosphorus fluorinated solvents; the latter resulted in an average of doubling capacity
retention after 500 cycles of the former. A strong correlation was observed between
long-term cycling performance, speed properties and cell resistance.

Researchers proved that many non-flammable liquid electrolytes have improved
speed and cyclic stability compared to conventional flammable liquid electrolytes.

Table 1 - Some properties of electrolyte solvents for LIBs

Properties EC PC DMC DEC EMC
Structure o 3 N,
OJLO e ° <:' (D
(- >~ o= o= o=(
o <3
/ < /
Chemical formula (CH,0),CO | CH,C,H,0,CO | OC(OCH,), |(C,H,0),CO |CHO,
Dielectric constant high high low low low
Viscosity high high low low low
Contribution to SEI high low low low low
Anodic stability high high medium medium medium

According to table 1, it is shown that EC is suitable compound for LIB, as well as it
is able to form film.

Salts. Inorganic lithium salts, such as LiPF,, LiAsPF,, LiBF,, LiCIO,, LiNO,,
Li,SO, and LiOH are the most used lithium salts in electrolytes for LIB.

During the development of LIB, various salts were used until a compromise was
found in the form of LiPF,. There are many kinds of organic salts to choose from.
However, only a few have been tested for LIB applications. The most traditional among
them is LiPF , but the most successful one is LiTFSI. Viscosity and conductivity of salts
LiTFSI- and LiPF - in EC/DMC (1/1, v/v) were compared at different temperatures from
20°C to 80°C. The authors used Waldenrul's method. The authors showed that LiTFSI
1 M in EC/DMC is more ionic than LiPF, 1 M in the identical binary solvent. Based
on physicochemical and electrochemical measurements, data were obtained that the
specific capacity of activated carbon improved with increasing ionicity of the LiTFSI
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salt in binary EC/DMC. LiTFSI can also be used in aqueous solutions, which makes it
even more promising (Xiao, 2022).

Any salt used in the LIB should promote the formation of a passivating surface film
that is inert to the current collector and thermally stable.

Additives. Existing electrolyte systems for lithium-ion batteries have disadvantages,
such as non-reversible capacity, thermal limitations, safety concerns. One method of
minimizing these problems is to incorporate small quantities of other components into
the system to modify the certain properties of the electrolyte while maintaining its bulk
properties. Many of the problems associated with surface phenomena can be solved
by the applying of additives in electrolytes. This method is the most economical and
effective. Additives in lithium-ion systems improve not only the properties of the
interfacial layer on the electrode surface, but also safety and the ionic conductivity.
Additives ought to diminish irreversible capacitance and outgassing, make strides the
thermal stability of the lithium salts against organic electrolyte solvents, and protect the
positive electrode material from dissolution and overcharge. Thus, improving battery
performance by stabilizing the SEI is the main focus of research devoted to additives.
These additives include unsaturated organic compounds (double or triple bonds, cyclic
structures, phenyl, etc.), organic phosphorus/nitrides/fluoride/sulfide, new type lithium
salts, etc. (Figure 1).

Several types of electrolyte additives, nitrogen-containing, fluorine-containing,
phosphorus-containing additives are presented in this review.

Phosphorus-containing organic compounds are widely known and find practical
application as flammability-suppressing materials of liquid electrolytes. The first
additives investigated are trimethylphosphate and triethylphosphate with high
phosphorus content. Their instability to the low reducing potential on the anode surface
was solved by replacing the alkyl groups with aryl (phenyl) groups. This approach
improved the reductive and thermal instability. Fluorine-containing additives are also
attractive due to property to form strong and protective layers at the electrode boundary.

Nitrogen-containing additives mainly include nitriles which have a 7 V (Li" /Li)
electrochemical stability window. This type of additives can suppress the risk of fire due
to the strong interaction between the functional group of the nitrile (-CN) and transition
metal ions of the cathode material. Nitrogen-containing heterocyclic compounds can
also be applied as additives. They can prevent overcharge. Heterocyclic compounds
polymerize at high voltages and form an insulating polymer layer sufficient for
protection.

Fluoroethylene carbonate (FEC) has been used as an additive to the electrolyte in a
large number of studies. Like other additives, fluoride-containing additives are capable
of forming a negative electrode film and also inhibit side reactions.

When fluorine-containing additives are used in the electrolyte, FEC molecules can
bond another fluorine-containing chemical bond to the base of the EC molecules, and
quantum-chemical calculations have shown that FEC in the electrolyte is reduced so
much that a SEI layer with good characteristics can be formed on the negative electrode
surface. Not only FEC, but also other fluorine-containing 1,2-divofluoroethylene
carbonate (DiFEC) is involved in film formation at the negative electrode surface.
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Figure 1 — Chemical composition of some electrolyte additives

As an additive in the electrolyte Bis(di-tert-butyl)-4-dimethylaminophenylphosphine
(Bis-4TMPA) is used. In work (Zhuang, 2023) Bis-4TMPA was added to improve the
performance of cathode material LiNi ,Co, Mn  O,. The phosphine group in this
molecule can react with the oxygen species released from the cathode surface, which
protects electrolytes from oxidative decomposition.

For advanced lithium-ion bateries, pyrazole-based additives are used, namely
1-methyl-3,5-bis(trifluoromethyl)-1H-pyrazole (MBTFMP). It was first synthesized
and characterized in work (Aspern, 2020). To compare the characteristics, the functional
additive 3,5-bis(trifluoromethyl)-1H-pyrazole (BTFMP) was chosen and various studies
were carried out, such as constant current cycling, cyclic voltammetry, etc. As a result of
the research, the reductive and oxidative abilities of MBTFMP and BTFMP functional
molecules and reactivity with a surface cathode were revealed. Both the reduction and
oxidation of BTFMP molecules were accompanied by intermolecular H-transfer, which
narrowed the electrochemical stability window of the electrolyte containing BTFMP,
compared with the functional additive MBTFMP. Functional groups in molecule of
additives can significantly affect the important physicochemical properties of LIB.

Solid State Electrolytes

Key useful properties of SSEs utilized in solid state lithium batteries (SSLBs) ought
to incorporate:

* high overall bulk and grain boundary conductivities of Li" ions in a wide range of
temperature about (10* S-cm™),

* a wide electrochemical window for bonding with lithium metal anode and high
voltage cathode,

* chemically and mechanically consistent anode and cathode interfaces,

* chemically steady within the environment,

* low interfacial resistance to protection electrodes,

* Low cost.
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Inorganic solid electrolytes are more suitable for high temperatures or aggressive
environments, and a wide range of inorganic electrolytes have been developed, due to
their amorphous and crystalline structures.

Although solid state electrolytes have numerous appealing properties, particularly
from a safety point of view, a customized SSE with comprehensive functions has not
yet been developed. Various solid electrolytes face various problems that ruin their
practical application. First, most solid electrolytes, counting those based on oxides and
solid polymer electrolytes (SPEs), have moderately low ionic conductivity compared
to their liquid analog at room temperature. For example, a polyethylene oxide-based
solid polymer electrolyte (eg, a complex of polyethylene oxide with a lithium salt) has
an conductivity of about 107 - 10-° S/cm at 25°C. Solid electrolytes such as NASICON
(e.g. Li, Al Ti2 x(PO,), (LATP)) and Li, Al Ge, x(PO,), (LAGP)), lithium-filled garnet
material (LiLa,Zr20 ,, (LLZO)) and perovskite (Lista(m) xTiO,, (LLTO) (Kwon,
2017) have an ionic conductivity of about 10 -10° S/cm, electrodes also limits their
practical application.

The popular oxide-based SSEs for SSLIB are: NASICON, perovskite, and garnet-
type electrolytes, owing to their high ionic conductivity and stability. Classified
according to different structures, solid electrolytes based on oxides have various ionic
conductivity and chemical properties and occur with contacts when exposed to LIB.
Typical examples are shown below in this review.

NASICON - type electrolytes. The name of solid state electrolyte NASICON was
originally given to the sodium superionic conductor with formula NaM,(PO,), (where,
M might be Ge, Ti, Zr Crystalline NASICON framework (symmetry group R-3c, a =
8.804 A, ¢ =22.758 A), composed of BO, tetrahedra connected at vertices with AO,-
octahedra. The basis of the structure is three-dimensional macromolecular structure
of discrete AO, — octahedrons and single BO,-tetrahedra. In combining polyhedra
of different types into a single structural motif involved all oxygen atoms, i.e. each
octahedra is connected to six tetrahedra, and each tetrahedron has four octahedra. M*
ions occupy 2 positions: the M(1) ions are located in distorted MO, (M = Ge, Ti, Zr)
octahedra, and the M(2) ions are in framework voids formed by 10 oxygen atoms. Na*
ions, which in interstices are transported around the axis (Kumar, 2009). The NASICON
solid electrolyte becomes a conductor of Li* ions without changes in the NASICON
crystal structure when Na* ions are replaced by Li* ions.

To date, are Li, Al Ti, (PO,), (LATP) and Li Al Ge, (PO,), (LAGP) are the
most popular NASICON solid electrolytes, they are formed by partial substitution of
Al with Ge in LiGe,(PO,), or for Ti in LiTi(PO,),. 10°~107 S/cm is considered the
highest ionic conductivity of NASICON solid electrolyte at room temperature (Kumar,
2009), which is not inferior to liquid electrolytes. However, the harsh nature of the
NASICON electrolyte makes it difficult to achieve good contact with the electrodes.
Another problem is that Ti-containing LATP can attack lithium metal and polysulfides,
which greatly limits its practical application.

The garnet-type electrolytes. The garnet-type solid state electrolyte has the general
chemical formula A,B(XO,),, (A = Ca, Mg, Y, La, etc. B = Al, Fe, Ga, Ge, Mn, Ni, or

16



Volume 3, Number 456 (2023)

V; X = 8Si, Ge, Al). A, B, and X may have 8§, 6, 4 oxygen-coordinated cation sites in
the crystal face-central-cubic structure. Studies of this type of solid electrolyte include
studies of Li,-type Li,Ln,Te,O , (Where Ln mightbe Y,Nd, Sm-Lu), Li-type Li.LaM.O,,
(where M might be Nb, Ta), Li-type Li, ALa,M,O,, (A = Mg, Ca, Sr, Ba) and Li_-type
LiLa,X,0,, (X =Zr, Sn, Ta) (Kwon, 2017). The first three garnet-type electrolytes have
arelatively low ionic conductivity at room temperature (~10° S/cm), while Li,La,Zr,0,,
(LLZO) has a relatively high ionic conductivity (10“-10° S/cm), especially high
conductivity at the grain boundary. In the LLZO structure, ZrO, octahedra and LaO,
dodecahedra are combined into a structure, while Li* ions and Li vacancies are located
in the invasive position of tetrahedral and octahedral regions. The Li* ions are in the
tetrahedral position 24d, and the other is in the octahedral position 96d. For this reason,
modern studies are mainly devoted to LLZO and its derivatives with various elemental
additives (Rettenwander, 2016). Garnet-type SESs have a wide electrochemical window
and they are chemically resistant to lithium metal compared to NASICON oxide-based
SSEs such as LATP (Li, Al ,Ti .(PO,), and LAGP (Li, (Al .Ge, (PO,),). For example,
LAGP has an ionic conductivity comparable to LLZO SEs but exhibits mechanical/
thermal failures as a result of chemical reaction with lithium metal. As a result, garnet
LLZO SEs were found to be the most suitable SEs for SSLIBs, as a solid state cell with
LLZO can use Li metal as an anode. Thus, they have achieved high energy densities.

The LLZO exists as two polymorphic phases: a cubic phase (c-LL.ZO) and a tetragonal
phase (t-LLZO). At room temperature, the cubic phase has 100 times higher ionic
conductivity (~ 10* S/cm) than the tetrahedral phase (~ 10 S/cm), this is explained by
the uniform movement of Li* ions in the x, y and z, while t-LL.ZO has low conductivity,
since Li" ions move only in the x and y directions (Chen, 2018).

Also, problems such as poor wettability of lithium and poor ionic conductivity can
be caused by the formation of Li,CO, on the surface of LLZO, due to the exchange of
Li*/H" ions under the influence of moisture. Although LLZO has high ionic conductivity
and is resistant to lithium metal anodes, the problem of lithium dendrites (Porz, 2017)
and the problem of interfacial mismatch due to hard properties remain difficult for
garnet-pod solid state batteries.

The ionic conductivity of garnet-type SEs can be increased in several ways: by
doping and by increasing the density of the granules. The increase in ionic conductivity
in LLZO SEs is to increase the grain density through the use of sintering agents, they
reduce the sintering temperature and the number of grain boundaries. For example, Shin
et al. In order to increase the conductivity of LLZOs, LI,BO, (LBO) was considered as
a sintering agent at a lower temperature than the typical sintering temperature of LLZO
SEs, 1100-1250°C. When LLZO SEs are sintered below the sintering temperature, they
acquire a high porosity or tetrahedral phase, as well as low grain density, and low Li ionic
conductivity. However, when LLZO is sintered with LBO above the melting temperature
of LBO (~850°C) but below the sintering temperature of LLZO, liquid-phase sintering
occurs and therefore LLZO can achieve high grain density, resulting in high ionic
conductivity. Low temperature sintering of LLZO helps suppress Li evaporation and
reduce chemical reactivity between SEs and active materials in composite electrodes.
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Perovskite-type electrolytes. Solid electrolytes in the form of perovskite-type with
the structure ABO, (A = Ca, Sr, La; B = Al, Ti) were first described as a conductor of
oxygen ions (Shin, 2016).

Naguma et al. (Naguma, 1993) were the first to present perovskite-type solid
electrolytes Li, La,, TiO, (LLTO), which showed a bulk ionic conductivity of 1x10°
* S/cm and a total ionic conductivity above 2x10° S/cm at room temperature for
Li, PR g (])Ti02l94(2). Unfortunately, high grain boundary resistance, high interfacial
resistance, and poor compatibility of Ti*" with lithium metal anode limit their wide
application. In general, SSEs based on oxides have a relatively high ionic conductivity
and chemical stability in the environment. Oxide-based SSEs have the highest Young's
modulus among all types of SSEs. The Young's moduli for LATP, LLZO, garnet-type
and perovskite-type SSEs are 115 GPa, 150 GPa and 203 GPa, respectively. This harsh
property can be useful for suppressing lithium dendrites if designed correctly, but
leads to the problem of electrode mismatch. There is a mismatch problem between the
NASICON type electrolyte and the electrodes when there is a large gap at the interface.

An interfacial problem has been reported due to side reactions or diffusion of
elements at the interface between the oxide-based SSE and the cathode (Shell, 2017).
At the LiCoO,/LLZO interface, interdiffusion of Co with Zr and La occurs, forming an
interface with low ionic conductivity (i.e., high interfacial resistance). Another common
problem is the incompatibility of the lithium anode and the SSE based on titanium oxide.
Ti*" in LATP or LLTO can be easily reduced with a lithium metal anode, resulting in a
SSE phase change that reduces ionic conductivity but increases electronic conductivity.
This type of interphase with high electronic conductivity is especially prone to enhanced
growth of lithium dendrites (Song, 2019). Thus, interfacial mismatch and side reactions
between oxide based SSE and electrodes are key issues in the application of oxide based
SSE and more research is required. The interfacial issues include:

* solidifying lithium in a melting state on the SSE to ensure close contact,

* co-sintering active materials and SSE with a sintering agent,

» creating an SSE with a porous structure to increase the area of contact between the
electrode materials and the SSE,

* use of a cover layer to prevent side reactions.

It is believed that the development of a high ionic conductivity soft layer interface
between the SSE and the electrodes may be a good strategy to address the issues
associated with SSLB with oxide-based SSE.

Sulfide-based electrolytes. SSEs are classified as amorphous, crystalline, and glass-
ceramic sulfide SSCs. Typical solid electrolytes based on amorphous sulfides include
xLi,S-(1-x)P,S, and xLi,S:(1-x)SiS, systems. Both systems have an ionic conductivity
at room temperature above 10 S cm™. Crystalline sulfide based solid electrolyte Li,PS,
was first described by Tachez et al. Later, Kanno's group reported a thio-LISICON
type SSE obtained by replacing O* of the LISICON family [Li ,Zn(GeO,),] with S*
(Kanno,2000). The substitution results in higher ionic conductivity at RT because S*
has a larger ionic radius, higher polarizability, and lower electronegativity than O*.
The replacement of O* by S* reduces the binding of Li* in the crystal framework and
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expands the ion transport channel, thereby increasing the ionic conductivity. Most of
the known SSEs based on crystalline sulfides have an ionic conductivity more than 10
“ S/cm at RT. Glass-ceramic ESE are obtained by crystallization of glassy SSEs. Glass-
ceramic SSCs based on xLi,S-(1-x)P,S, have attracted great attention from researchers,
especially after the discovery of the Li, GeP,S, ) (LGPS) families and their derivatives,
suchas Li, ,Si P .S Cl ., bothof which exhibit ionic conductivity greater than 107
S/cm at room temperature (Kato, 2016).

As solid electrolytes, amorphous systems based on glasses with increased lithium
conductivity are used. Among amorphous electrolytes, electrolytes based on lithium
metaphosphate, as well as glasses formed in systems Li,0-B,0,-P,O,, Li,0,-P,O.-

Ta,O,, Li,0-P,0,-Mo0O,. In the form of thin films, amorphous lithium conductors of
the composition LiPO,-Li,N (LIPON) and LiNbO, with ionic conductivityb above 10
S/cm at 25°C.

Moreover, the highest lithium conductivity at 25°C is exhibited by sulfide glasses
Li,S-SiS,, Li S-Lil-SiS, and Li,S-Lil-SiS,-P,S, obtained by quenching from the melt
or by mechanical activation of the initial components. Amorphous systems have a
number of advantages: the complete absence of grain boundaries, high density and
impermeability of the material for gas or liquid phases. The common disadvantages of
amorphous electrolytes include their thermodynamic instability, as well as the difficulty
of obtaining a reliable interfacial contact at the electrolyte verge with an electrode that
changes volume during charge-discharge processes.

Due to the high ionic conductivity and the relative physical and mechanical
characteristics of SSEs based on sulfides, they are used in solid states lithium ion batteries.
Such batteries can be fabricated by cold pressing without high temperature exchange
sintering manufactured. However, sulfide-based SSEs exhibit sensitivity to lithium
metal anode sensitivity and significant cathode material, which may be due to their
practical application in SSLB. The behavior of side reactions between electrodes and
SSE based on sulfides attracts a lot of attention. The electrochemical stability window of
various types of sulfide-based SSEs has been evaluated through theoretical calculations
and experimental characterizations, where they measure that sulfide-based SSEs have a
narrow electrochemical stability window. In work (Aki, 2019) was described obtaining
solid electrolyte based on LGPS, having a certain crystal structure containing Li, P and
S. The method for obtaining solid electrolyte based on LGPS is characterized by the
presence of a stage at which a mixture of Li,PS, crystals having a peak on the Raman
spectrum at 420£10 cm™ and Li,MS, crystals (M is selected from a group consisting
of Ge, Si and Sn) is subjected to heat treatment at 300-700°C; the presence of a stage
at which Li PS, crystals having a peak on the Raman spectrum at 420+10 cm”, Li,S
crystals and sulfide crystals represented by the MS, structure (M is selected from the
group consisting of Ge, Si and Sn) are mixed, while preserving crystals and synthesizing
a precursor; and a stage at which the precursor is subjected to heat treatment at 300-
700°C. Technical results are high performance, stable characteristics and reduction in
the formation of by-products.

The use of'solid electrolytes based on sulfides is not widespread due to electrochemical
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and chemical instability and the formation of a space charge layer (SCL) at the interface
between the solid electrolyte and the electrode. An instability problem was identified by
transmission electron microscopy at the interface of a solid electrolyte based on sulfides
and a positive electrode based on LiCoO,, this is the formation of by-products Li,S,
CoS, and Co(PO,),. As aresult of the difference in chemical potentials, a SCL is formed
at the electrolyte/electrode interface, which reduces performance of SSLIB. Usually,
SCR is formed at the interface between sulfide-based SSEs and electrode based LiCoO,
due to the difference in chemical potentials between them (Wang, 2018).

Conclusion

As aresult research, the development of electrolytic systems for lithium-ion batteries
has made a great progress. Liquid electrolytes with different compositions and additives
affect the stability and structure of the electrodes during the cycling process, as well
as affect the overall electrochemical performance of lithium-ion batteries. All liquid
and solid state electrolytes have various advantages and disadvantages. Solid polymer
electrolytes are famous for their flexibility and softness, due to their low interfacial
resistance towards to electrodes, especially oxide-based SSEs towards to lithium metal
anode, however their practical application is limited. This is explained by the low ionic
conductivity at room temperature and the relatively narrow window of electrochemical
stability, furthermore, contact with electrodes is very difficult due to their rigid structure.
Sensible combinations of liquid electrolytes with additives, solid electrolyte doping
are promising methodologies to maximize the benefits of each component, thereby
increasing the electrochemical performance of lithium-ion batteries.
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Abstract. Obtaining medicinal substances of high purity and stability by modifying
the molecules of natural organic compounds by electrochemical methods is one
of the most important areas in the field of modern medicine and pharmaceuticals.
Alkoxylation reactions related to anodic substitution reactions are one of the methods
for the electrochemical synthesis of organic substances. It is well known that alkoxy
groups reduce toxicity and increase the duration of drugs action when included in the
original molecules of pharmacologically active substances. Despite extensive studies
of the chemical reactions of the santonin transformation, the processes of obtaining
its derivatives by the electrochemical synthesis method are practically not studied.
In this work, the electrochemical oxidation of a-santonine was studied by cyclic
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voltammetry in ethanol and acetonitrile solutions on a platinum electrode in the
presence of H,SO,, NaOH, C,H,ONa, NH Br, and NaClIO, electrolytes. According to
the obtained voltammetric curves, it was established that the anodic oxidation of ethanol
on a platinum electrode in alkaline and acidic media is an irreversible process. The
potential values of the anode peaks are -0.75V and -0.25V in an alkaline environment
and 0.65V and 1.05V in an acidic environment in the anode potential scanner and 0.45V
in the cathode potential scanner, respectively. On the surface of a Pt electrode in an
ethanol solution, it was found that santonin reduces the filling of the electrode surface
with ethanol molecules due to competitive adsorption or reacts with the formed ethoxy
radicals, as a result the process of ethanol electrooxidation slows down. When santonin
is added to the supporting electrolyte acetonitrile + 0.1 M NaClO,, an anode current
peak appears at a potential of 2.1 V, which characterizes the oxidation of santonin, the
anode current increases with increasing santonin concentration.

Keywords: Alkoxylation, cyclic voltammetry curves, potential scan, anode current,
electrochemical modification
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AHHOTAIMSA. DIEKTPOXUMHUSIIBIK dAICTEpAl Malijaana OThIPBIN TAOUFH OpraHuKa-
JIBIK, KOCBUTBICTAP/IbIH MOJICKYJIATapblH TYPIACHIIPY apKbLIbl )KOFAPhI Ta3alIbIKKa JKOHE
TYPaKTBUIBIKKA M€ JOPUIIK 3arTap aixy Kasipri 3aMaHFbl JaMbIFaH MEAWIMHA >KOHE
(bapMalieBTHKA callaChIHAAFbl MAHBI3/bI OAFBITTAPIBIH Oipi OOJIBIT TAOBLIA Bl AHOATHI
OpbIHOACY peaknMsUIapblHa JKaTaThlH AJKOKCWIIICY peaKUUsulapbl OpraHHKabIK
3aTTapliblH 2JETPOXUMHUSIIBIK CHHTE3IHIH Oip TapMmarbl. AJIKOKCH TONTapbl O/ICTTE
(hapMaKkoNnorusIbIK OeJICeH Il 3aTTapiAblH OacTamnKbl MOJIEKYTalapblHbIH KYpaMbIHa
SHTI31ITeH/IE YBITTBUIBIKTHI a3aHTaThIHBI )KOHE AIPIITIK 3aTTap/IblH 9Cep €Ty Y3aKThIFbIH
apTTHIpaTbIHbI OenTini. CaHTOHHH/IBI XUMUSUTBIK KOJIMEH TYPICHIIIPY peaKIsuIapbIHbIH
KeH ayKbIMJa 3epTTeyJepiHe KapaMacTaH, OHBIH TYBIHABUIAPBIH 3JIEKTPOXUMHUSIIBIK
CUHTE3 9JIICIMEH ayly MpolecTepl 1c XKy3iHJAe TOJIBIK 3epTTeiaMercH. bysl skymbicTa
0-CaHTOHMHHIH 3JIEKTPOXUMHUSNIBIK  TOThIFY npouecci H,SO,, NaOH, CH,ONa,
NH,Br xone NaCIO4 AJIEKTPOJIMTTEPIHIH KATBICYBIMEH IIJIaTHHA SJICKTPOJbIHA,
9TAHON JKOHE AalCTOHUTPWI EpITIHAIICpiHIe NUKIIIK BOJIBTAMIIEPOMETPHs dfici
apKBUIBI 3€PTTENiH/I. AJBIHFAH BOJBTAMIIEPIIK KUCBIKTapAaH STaHOJbIH IUIaTHHA
AJIEKTPOABIHAAFBI, CUITUI KOHE KBIIIKBUIABI OPTAJarbl aHOJITHI TOTHIFYbl KaWThIMChI3
MPOLIECC ©KEHI AaHBIKTAJIbIH/bI. AHOATHI IIBIHAAPIBIH MOTCHIIMAT MOHJAEPl CLITLI
optana -0,75B xone -0,25B oHe KbIIIKBUIABI OPTaia aHOATHI OTEHIIMAJ CKaHEPIH/IC
0,65B »xone 1,05B, katoare! moteHian ckanepine tuicinmre 0,45B-te1 kepcereni. Pt
IEKTPOABIHBIH OeTiHIe, dTaHoN epitiHiciHae CaHTOHMH Odcekesec ajacopOIUsHBIH
oCepiHEeH 2MeKTpox OETiHIH ATaHON MOJEKyJalIapbIMEH TOJTHIPBUIYBIH a3alTaThIHBI
HEMece TY3LIreH 3TOKCH paluKalapbIMeH OpeKeTTECETiHi, cajapblHaH dTaHOJIbIH
BJIEKTPOTOTBIFY MPOLECi OasymaiThiHbl aHbIKTanbIHABL. AneTonntpui + 0,1M NaClO,
(OHIBI DIEKTPOIHUTIHE CAHTOHHHBI KOCKaH Ke3je 2,1B moreHnuanga caHTOHMHHBIH
TOTBIFYBIH CHUIIATTAWTHIH AHOJTHIK TOK IIBIHBI Makja 0oiajbl OHE CAaHTOHWHHBIH
KOHIICHTPAILUSCHIHBIH apTybIMEH aHOJThI TOK IIaMaChl apTaJibl.

Tyiiin ce3mep: ankokcuiAey, HUKIAIK BOJBTAMIIEPIIK KHCHIKTap, MOTEHIIAA
CKaHepi, aHOATHIK TOK, EKTPOXUMHSIIBIK TYPIACHIIPY

Kaporcoinanowvipy: byn  owcymvic BR10965271  «Ocimoix  mamepuandapvinan
COVID-19 oicone ocvizan ykcac eupycmvlk uHpexyusiapea xapcol OenceHoiniel
bap orcozapvl MuiMoi  0dpinik 3ammapovl  a3ipneyy 6a20apramaiblK-MaKCaAmmol
KapoicblIanovlpybl  asacblHOa dicyzece  acvlpuliovl. Kazaxcman Pecnyonukacoinviy
Foravim komumemi KapicoliaHObIPRAH.

24



Volume 3, Number 456 (2023)

© C. Ait", K.K. Tunenoepren', ¥. Cyarandex', M. Kypunos!,
A.®. Mudraxosa'?, 2023
'AO «HCTHTYT TOTUTHBA, KaTaau3a u anekrpoxumun uM. J[.B. Cokombckoroy,
Anmarel, Kazaxcras;
’Kazaxckuii Hal[MOHAIBHBII yHUBEpCUTET UM. anb-Dapadu, Anmarel, Kazaxcras.
E-mail: ait-sauik@mail.ru

HNCCIEJOBAHHUE SJIEKTPOXUMHNYECKOI'O OKUCJIEHUSA
0-CAHTOHHUHA HA Pt-2JIEKTPO/IE B CPEJE OTAHOJIA 1
ALETOHUTPUJIA

Ajit C. — Ph.D., crapmmii Hay4HBIil COTPYIHUK J1a00OpaTOPUH DICKTPOXUMUN U HAHOTEXHOJIOTHYECKUX
npoueccoB AO «MHcTuTyT TOTUMBa, Karainu3za u uiekrpoxumun um. J1.B.Cokonabckoro»

E-mail: ait-sauik@mail.ru, https://orcid.org/0000-0001-6166-2604;

Tunenoepren ’K.K. — HayuHbIl COTPYIHUK J1TaOOPATOPHU 3JICKTPOXUMUH U HAHOTCXHOJOTHUYCCKHX
npoueccoB AO «MHcTuTyT TOTUIMBA, Karainu3a u auiekrpoxumun uM. J1.B.Cokonabckoro»

E-mail: zhaz.07@mail.ru, https://orcid.org/0000-0002-8370-0613;

Cynran6ex Y. — Hay4HbII COTPYIHUK T1a0OPATOPHUHU IICKTPOXHUMHUH U HAHOTEXHOJOTUICCKUX MPOLIECCOB,
AO «MHctuTyT TOTUIMBA, Kartainu3a v dekTpoxuMuun uM. J1.B.Cokoiabckoro»

E-mail: ularbeksultanbek@mail.ru, https://orcid.org/0000-0002-4205-7342;

KypunoB M. — Axanemuk HAH PK, pmokrop XxuMuueckux HaykK, 3aBelyloiuil Jaboparopueil
EKTPOXUMUU U HAHOTEXHOJIOTHYeCKuX rpoueccoB. AO «HCTUTYT TOIUIMBA, KaTajau3a 1 AEKTPOXUMUN
uM. J1.B.Cokosibckoroy

E-mail: mur.zhurinov@mail.ru, https://orcid.org/0000-0001-5314-1219;

Mudgpraxoa A.®. — PhD., crapumii Hay4HBIII COTPYAHUK J1a0OpATOPUH DJJIEKTPOXUMUH U
HaHOTEXHOJIOTHYEeCKUX rpoueccoB, AO «MHCTUTYT TOIUIMBA, KaTald3a M JJICKTPOXUMHHU HM.
J1.B.Coxomnbckoroy, crapiiuii npernogasarens KasHY um. anp-dapadu.

E-mail: alfira.miftakhoval@gmail.com, https://orcid.org/0000-0001-5518-7384.

Annotrauus. IlomydyeHue JIeKapCTBEHHBIX BEIIECTB BBICOKOM YHUCTOTHI U
CTAaOUIBHOCTH MMyTeM MOIU(DUKAIIUH MOJICKYJI IPUPOTHBIX OPraHMUECKUX COSIUHEHUI
ANEKTPOXUMHUECKUMU METOJAMH SIBISCTCS OMHUM W3 BaXHEHIIMX HApaBlICHUN B
00JIaCTH COBPEMEHHOW MEIMIMHBI U (papMalleBTUKU. Peakiuu aJKOKCHUIMPOBAHUS,
OTHOCAIIMECS K PEaKIUsIM aHOJHOTO 3aMEIICHHUS], SBISIOTCS OIHUM K3 METOIOB
JNEKTPOXUMHUYECKOTO CHHTE3a OpraHudeckux BemecTB. OOIIEN3BECTHO, YTO
AITKOKCUTPYIIIIBI  CHUKAIOT TOKCHYHOCTh W YBEIWYUBAIOT TMPOMOJDKUTEIHHOCTD
JNEHCTBUS JICKAPCTB TPHU BKJIIOYCHHH B HMCXOIHBIC MOJICKYIBI (hapMaKOJIOTHUECKU
aKTHUBHBIX BemecTB. HecMoTpsi Ha OOMIMpHBIE MUCCICTOBAHUS PEAKIUA XUMUYIECKOTO
MPEBpAIICHUs] CAHTOHWHA, TPOILECCHl TMOMYYECHUS €ro TMPOU3BOAHBIX METOIOM
ANEKTPOXUMHUYECKOTO CHHTE3a MPAKTUYECKH HE W3ydeHBl. B manHOUW paboTre m3yueH
MPOIIECC DIEKTPOXUMHUUECKOTO OKHUCICHHSI O-CAHTOHHMHA METOIOM ITMKJIHYECKON
BOJIFTAMIICPOMETPUM B PACTBOpPAX »HJTAHONA U AaICTOHUTPHIA Ha IUIATHHOBOM
anekrpoze B npucyrcreun sekrponuto H,SO,, NaOH, C,H,ONa, NH Br u NaCIO,.
ITo momy4YeHHBIM BOJBTAMIIEPOMETPHUUYCCKUM KPUBBIM YCTAHOBJICHO, YTO AHOIHOE
OKHUCJICHHE dTaHOJIa Ha TNIATHHOBOM 3JICKTPOJIE B IIETIOYHOM U KUCIION Cpeax sBIISICTCS
HEOOpaTUMBIM MPOIIECCOM. 3HAUCHUS MOTCHIIMAAa aHOIHBIX MUKOB cocTariisitoT -0,75B

25



OF THE NATIONAL ACADEMY OF SCIENCES OF THE REPUBLIC OF KAZAKHSTAN

u -0,25B B menounoit cpene u 0,65B u 1,05B B kucnoil cpene B ckaHepe aHOAHOTO
noreHimasia u 0,45 B B ckaHepe KaTOAHOTO TMOTEHIMAla COOTBETCTBEHHO. Ha
MMOBEPXHOCTHU Pt-311€KTpoa B pacTBOPE 3TAHOJIA YCTAHOBJICHO, YTO CAHTOHMH CHUYKAET
3aIoJIHEHUE TIOBEPXHOCTH 3JICKTPOJa MOJICKYJIaMH 3TaHOJA 33 CYET KOHKYpPEHTHOMH
aJIcOpOIUY WK pearupyeT ¢ 00pa30BaBIIUMUCS ITOKCHPAIUKAIIAMU, B PE3YJIBTATE YETO
MIPOLIECC AJICKTPOOKUCIICHUST dTaHONa 3amemisiercs. [Ipu no0aBlieHUU CaHTOHWHA B
(onoprii snekrponuT aneronuTpuia + 0,1 M NaClO, nossiseTcs IMK aHOJHOTO TOKa
npu noteHnuane 2,1B, xapakTepu3yroniuii OKHCICHHE CAHTOHHHA, BETUYMHA aHOTHOTO
TOKa YBEJIIMYMBACTCS C POCTOM KOHIICHTPAIIMKA CAHTOHUHA.

KuaroueBbie cjioBa: AJKOKCHIIMPOBAaHUE, ITUKIMYECKUAE BOJIBT-aMIICPHBIC KPHUBBIC,
CKaHep MOTEHIINAJIA, aHOHBIN TOK, JICKTPOXUMHUYECKast MOTU(DUKAIUSL

Qunancuposanue: Paboma nposedena 6 pamMKax —NPOSPAMMHO-YENE8020
Gunancuposanus BR10965271 «Pazpabomka 6blcOKOIpDEKmMuHbIX 1eKapCmEeHHbIX
gewecme U3 pacmumenbHo20 Cblpbsl C NPOMUBOBUPYCHOU AKMUSHOCHbIO 8 OMHOUlEHUU
COVID-19 u cxoonvix supycuvix ungexyuily. Quunancupyemces Hayunvim xomumemom
Pecnybnuxu Kazaxcman.

Kipicne

Kazipri 3amaHfbl FHUIBIMHBIH epeKUIeNiri (u3noIorusaiblK OenceHaimiri Oap
OpPTaHUKaJBbIK KOCBUIBICTApPIBIH oCEp €Ty MEXaHU3MIH 3epTTEYIiH TEeOPHSIIBIK
HETi3/IepiHiH KapKbIHABI J1aMybl OOJBIN TaOBUIAJbI, OJAPABIH apachlHIa TaOUFU
OMONOTHSIIBIK O€JCeHl 3aTTap MaHbI3Ibl OPBIHIABI HeneHedl. Anaiina, TaOuru TeKTi
OMONOTHSIIBIK O€JICeHl 3arTap Kasipri 3aMaHfbl MEAMLMHA TalanTapblHa TOJBIK
KaHaFaTTaHAbIpa aJIMalTBIHABIKTAH ONApAbIH XUMUSUIBIK HEMEece 3JIEKTPOXUMUSIIBIK,
YKOJIMEH TYPJCHIIPATeH TYBIHABUIAPHIH ATy KayKeTTLNIr TybIHIANIBL.

OpraHuKanblK MOJEKyJlanapAasl TYPJICHAIPYAiH MEepCHeKTUBTI TociaaepiHiH Oipi
pETiHAE SIEKTPOXUMHSUIBIK TMPOLECTepPre HETi3AeNreH oMicTepai alWTyra Ooiaibl.
DONEeKTPOXUMHSIIBIK peakUysapAbl KYpPri3ydiH OipkaTap apTHIKIIBUIBIKTapel 0Oap,
aran ailTKaH/Aa: PeaKkUUsSHBI JKYPIi3y[diH OHal >Karnainapel, peakUusuIapblH JKOFapbl
KBUIJAM/BIKTA ©TYl, CHHTE3ACITeH OHIMACPIiH Ta3aJblFbl MEH TYPaKTBUIBIFBl —
OyJ1 Jopiiik 3aTTap YIIH ©Te MaHbI3Ibl OOJBIN Ta0bLIAJbl, COHIAN -aK, CUHTE3Il
TaHAaMallbl TYPJIE KYPri3y MyMKIHJIT1, )KOHE TOK THIFBI3ABIFbI )KOHE TOTEHIIMA CHSKTHI
napameTpliepAi naiaanany apKbUIbl IPOLECTi OaKkbUIayabIH bIHFAHIbUIbFSI (Lund sxonHe
T.0., 2001).

DNEeKTPOXUMHUSIIBIK AIKOKCHIIJIEY MPOLEC OpraHuKaNIBIK 3aTTapAbIH MOJIEKYyJachlHa
QJIIKOKCUTONTAP/bI (MBICAbl, 3TOKCUTONTHI) €HTi3yre HETi3[eNTreH JKOHE KypaMblHAa
THUICTI SMEKTPOJIUT — KaJIMi TUAPOKCHU 1, HATPHIA STOKCHII JKOHE aMMOHHMH OpomMui Oap
CYCBI3 CHHPTTI OPTaJa OpraHUKaJIbIK KOCBUIBICTAP EPITIHIICIH ANEKTPOIU3IEY apKbLIbI
JKY3ere achIpbliaibl. ByJ peakiusFa apoMaTThl KOCBUIBICTAP (SAPOJIBIK HeMece OyHipIik
Ti30€K apKbUIbl AJKOKCWIIELY), ankeHuaep, N-ankuiaamuarep, N,N-IuankniaMuHaep
KOHE Kol a¢upep Tycyi Mmy™mkiH (Beiser sxoHe T.6., 1988).

Onekrpon OeTiHe KYPETiH OpraHUKaIIBIK KOCBUIBICTAP/IbIH, 9Cipece aJKUIapOMaTThI
KOCBUIBICTAPIbIH aHOATHI PEaKLUUSUIapBIHBIH MEXaHW3MiH TYCIHAIpY YIIiH Oipkarap
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3epTTeyiep JKyprizijami. MpIcaibl, SAPONBIK >KOHE OYHipiiK Ti3OSKTEpIiH aHOTHI
apoMaTThl alIMacy MpOoLECTepi TOMEHAETIAEH TONTap/bl €HI13y pPeaKkUusuIapbl, COHBIH
inmriege, Metokeu (Inoue xone 1.0., 1964), anetokcu (Eberson skone 1.6., 1967) xoHe uan
tontapbeiHblH (Parker xone T.0., 1968) anmacTbipybl HeriziHAE 3epTTENiHIL. AHOIATHI
ANEKTPOATA apOMaTThl CyOCTPATTBIH TOTHIFYBIMEH OalIaHBICTBl AQHOATBHI APOMATTHI
anMacy peaxkusIapblHbIH MEXaHU3MIH anram pet D0epcoH ycoinran (Eberson, 1963).

AJKOKCUIIZIEY peakUusuiapbl aHOATHl OpBIHOACY peakUUsulapblHA JKaTaabl >KOHE
OJIapibl JKaJIbl TYpAE MblHA TEHJICYMEH CHIIATTayFa Ooa bl

R-E+Nu -2e=R-Nu+E- (1)

Hyxneodunbnep Nu peringe H,O, ROH, RO", RCOO" xone Oacka na Tomrap
peaxnusra Tyce anansl. An H', kapOeH nonaapsl Hemece aJKOKCOHHH MOHAAPHI 9JEeTTe
anexTpoduib E 0oyl MymkiH. byn peakuunsinapasig kemerimen C-H GaiiaHbICHIHIAFbI
opbeiHOacy peaxkuusaiaapelHblH  HoTHKeciHge C-N skone C-O OaimaHbICTapbIHBIH
TiKeNed Ty3UTyi MyMKiH Oonaapl. OJi KyHre AEHiH FajbIMAap apachblHIa aJIKOKCHU-
panuKangapAblH Ty3iTyiHe KaTbIcThl OipaybI3abl MIKip KOK. AJKOKCHIBII paguKanaap
CIHMPT MOJIEKYJANapbIHBIH aHOATAa TiKeJIeW TOTBIFYbl HOTIDKECIHIAE TY3ilell AereH
OoimkaMaap na Oap:

C,H.OH — C,H,O +H" +e )

An keiibip aBropnap (Beiser xone T.0., 1988) 3ToKkcH paguKanaapbIHbIH TY3UTyiH
CIHMPT MOJICKYJaJapbIHBIH PEaKLusl ayMaFblHIa SJIEKTPOIUT aHHOHAAPBIHBIH pa3-
psATaNyBl HOTHXKECIHIe Takiaa OonFaH 00c paguKangapbIMeH (HeMece aToMIapbIMeH)
opekeTTecyiMeH OaiIaHbICThIPAIbL:

—e +C2H50H
X~ —>X—> C2H50 - +HX, (3)

X=Br, CI, CH, SO,*, ClO, xamue T.0.

Taburu KOCBUTBICTAPABIH KATHICYBIMEH KYPETIH peakusIapablH 0achIM KOTIIIUTIT]
CIHUPTTI OpTaja *Ky3ere achpbuiabl. PeakusiblK opTa peTiHe aaudarTsl COUPTTEPAl
TaHay OYJI aTajaFad TaOWFU KOCBUTBICTAPABIH KOMIITITIHIH CyIa a3 epUTIHIITIMEH FaHa
eMec, COHIali-aK AMEKTPOXUMHUSITBIK ATKOKCHIIACY PEAKITUIaphl HOTHKECIHIIC a3 YBITThI
YKOHE KOFaphl THIMII (PU3UOTIOTHSITBIK OCJICEH/II 3aTTapAbIH TY31TyiMEH J1e OaliIaHbBICThI
0o kenei. Onedu aepekrepre (MynmaxMeToB koHE T.0., 1986) Heriznencek arkoKCH
TOTITAPHI OACTTE (PapMaKOIOTHSITBIK OCIICEH TI 3aTTapABIH 0aCTAITKBI MOJICKYJTaJIapBIHBIH
KYpaMbIHa €HTI31TeHe YBITTBUIBIKTHI a3alTaThIHBI KOHE ISPIIIK 3aTTapIbIH 9cep €Ty
Y3aKTBIFBIH apTThIpaThIHB! OenTisi. COHBIMEH KaTap, ojlap MOJIEKyJlara Ce/IaTHBTI JKOHe
TUTIOTCH3HUSUTBIK OCJICCHIUTIK Oeperti.

CeckBuUTepIieHACP, aTal alTKaHAa CECKBUTEPICHAlI JAKTOHAAP KEH ayKbIMJIBI
OMOJIOTHSIIBIK KacHeTTepre Me TAOWFHU KOCBHUIBICTAPABIH MaHBI3ABl TOOBIH KYpPauIIb.
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CecKBHTEPIICHIIK JIAKTOHAAP/BIH OMOOTHSITBIK OEICEHAUTINiH MOJIeKyla KypaMblHAa
— METWJICHMEH aJMacTBIPbUIFaH JIAKTOH LHUKJIHIH XoHE (apMakodop TONTapbIHBIH
OonybIMeH OainaHblCcThIpyFa Oomansl (AnmekeHoB, 2008). CeckBuTepIieHII JIAKTOH-
Jap/bIH 1IIiHIe eH KeH TaparaHbl )KoHE €H MaHBI3IbIChl — -CAHTOHUH, OJI MEANIUHAIA
ilIeK mapa3uTTepiMEH Kypecy YIIiH KeHiHeH KolgaHbuiaabl. KoMMepuusuiblK Koj-
KETIMALIITIHE KOHE MOJIEKYIAaChblHAA KONTereH apTypii (QYHKIHOHAJIABI TONTAapAbIH
OonybiHa OailIaHBICTHI (.-CAHTOHWH KONTEreH TaOWFU TEPIIEHOUATHI KOCHUIBICTAP/BL,
ocipece sBIeCcMaH, rBasiaH >KoHe 3JIeMaH KaHKaIaphbl 0ap KOChIIBICTAP bl CHHTE3/EY YIIiH
Oacramnkbel Marepuai petinae tTanganas! (Blay xone 1.0., 2000). Bys KocbuIbICTapabIH
KOTIIUIIrT OMONOTHsIIBIK MaHbI3Fa ue 0ok Tadbuias! (Seung Hyun Kim xone T.0.,
2006).

CaHTOHMHABI XMMUSUIBIK JKOJIMEH TYPJICHAIPY pEaKUsIapblHbIH KeH ayKbIMaa
3epITeyaepiHe KapamacTaH, OHBIH TYBIHABUIAPHIH MEKTPOXUMHUSIIBIK CUHTE3 9/iCiMEeH
ay TpouecTepi ic XKy3iHIe TOJNBIK 3epTreiaMereH. CaHTOHWHABI aJIFallKbl AJIEKTPO-
XUMUSUIBIK TOTBIKCBI3AAHABIPY peakuusachl 1959 xputbl kelOip monsporpadusuibik
MOJIIMETTEpl aly YIUiH Kypriziares (Salmon xone T.0., 1997). An oneu nepekrepae
CaHTOHWHH[IBI JIEKTPOXUMHSIIBIK TYpPJICHAIpYTre OarbITTanfaH 3epTTeylep OTe CHUpEK
Ke3zeceni.

Byn xymbicra o-cantoHunHiH COVID-19 kopoHaBUpYChIHA >KOHE OCBIFaH
yKcac Oackaia BHpyCTapra Kapchl O€JCEeHAUTIri Oap TyBIHIBUIIAPBIH aly COHAAM-
aK OHBIH 3JEKTPOXUMISUIBIK TYpJIeHYre KaOleTiH 3epTTey YLIIH 3THJ CHHUPTTI JKOHE
AICTOHUTPUIIIL OpTaja OPTYPIi SJIEKTPOIUTTEPIiH KaTbICyBIMEH JKYPETiH BOJBTaM-
MEPITIK 3epTTeyiepi CUMaTTalFaH.

IicTep MeH MaTepHaJIap

DNEeKTPOXUMHSIIBIK 3ePTTEYep YIU AIEKTPOATHI CYBIK Cy alfHAaJIBIMBIH KAMTaMachl3
eTeTiH KanTaMachl Oap JKoHE SJEKTPOITapFa apHalFaH apHailbl caHbUIayJapbl MEH
TBHIFBI3JIAJIFAH KAKIaFbl 0ap 31eKTPOXUMISUIBIK ysmibikTa (Metrohm Vessel) sxyprizini.
JKyMbIcibl 3eKTpoa peTiHe kopineTiH OeTiHiH ayaansl 0,07cM? GonaThiH MIaTHHAHBIH
JIOHTEJICK AIICKTPOJIBI )KOHE )KYMBIC OeTi 7cM? KYpaWThIH IUIaTHHA CIIUPAJIbI KOMEKII
ANEKTPO] peTiHae maiaanansiiabl. CanbICTRIpMalbl 3JIEKTPOA PETiHAE MOTEHLUAIIBI
CTaHJAPTTHI CyTeri 3eKkTponsiHa KareicThl 0,198B Gonarein kymic xmopuai Ag/AgCl
ANEKTPOIBI KOJIIAHBUIIBI.

Huknai BonTamnepnik Kucbiktap Autolab 302N morennuocrarra (Hunepnanmsr),
Noval.10 GarnapiaMacel KOMETIMEH TYCIpUIIl, TOTSHIMAN CKaHEPIHIH KbLIIaMIbIFbI
20 mB/c kypaiinpl. 3eprreynep xyprizy ywin Sigma Aldrich ¢upmacsiabiy sxoFapsl
XUMHSUTBIK Ta3a (HEri3ri 3aTThlH KypaMbl 98% TeH >KOFapbl) peakTUBTEpi: DTaHOI,
Harpuii stokcuai C,H,ONa, aneToHutpui, KOHUEHTPIi KYKipT Kbimikeuisl (H,SO,),
narpuii ruapokcuni (NaOH), ammonmit Opomuni (NH,Br), narpuii mepxmoparsi
(NaClO,) naiinananbuibl.

HoTu:kenepai Tankbliay

CaHTOHUHHIH 1IEKTPOXUMHIIBIK TOThIFY Tiporecci H,SO,, NaOH, C H,ONa xone
NH,Br 51€KTponuTTepitiH KaThbICybIMEH ILIATHHA 3JIEKTPO/IbIH/IA 3TaHO €PITIHICiHIe
LUKIIIK BOJIBTAMMETPUS 9IiC1 apKbUIBI 3ePTTEMIH/].
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JKorapeima aram eTKEHJCH, TaOWFU KOCBUIBICTApJbIH KATBICYBIMEH JKYPETiH
peaxknmsIapAbH 0aChIM KOIIILIIT CyCchI3 CIUPTTI OpTaaa Ky3ere acblpbiiaasl. CIupTTi
opTa TaOWFH KOCBUIBICTAPJBIH JKAaKChl €pyiHE JKaFJail jkacan KaHa KOWMad OHBIH
YCTiHE, peaKIusiFa KaXeTTi paJuKaiiap/blH Ke3i peTiHae Ae pen arkapaabl. OcbiFaH
0ailJIaHBICTBl CAHTOHWHHIH JTUJ CHHUPTIHAETT AJEKTPOTOTHIFYBIH 3€pPTTEY YIIIH €H
QIJIBIMEH aHOATHIK MOTEHIIMAJIAp ayMarblHJA IJIATUHA ICKTPOJIBIH/AFEI 3TaHOJIBIH
©31HiH JIEKTPOXUMUSIIBIK 9PEKETIH 3epPTTEIIK.

I-cyperre mnarmHa onektpoablHblH 0,5M NaOH ¢onnsik snekrponuTinzgeri
—1,0-nen 0,6B-ka jeliHTi TOTCHIMAN ayMarbIHAAFbl [UKIAI  BOJBTAMIEPIIK
KuchIKTapbl kepceriired. [lorennmanger E=1,0B - TaH aHOATHIK OarbiTKa Kapai
OepreHjie, SJIEKTPOATA CyTeri HWOHIAPBIH CIHIPY PEaKIUsAChI KAPKBIHIBI KYPEIi.
Cinipy xbuinamasirel E=—0,9B ke3inne teMenzeir Oacraiinsl xone E=0,8B ke3inne
HOJITe KeTell, OChIAaH KeHiH cyteri necopOuwmsicel Oactamansl. E=0,9-man E=—
0,6V apanbirbpiHIarel aliMakTa maiiia OOJFaH YII CHUMMETPUSIIBIK IIbIH CyTETiHIH
JIecopOIIHs peaKIHUIChIMEH O0alIaHbICThl. [{0TEHIIMANIBIH aHAFYPIILIM OH MOHJIEPIHIIE
E=0,2V mamaceiHia, IatuHa OSIIEKTPOABIHBIH OeTiHne PtO-HBIH MOHOKaOATHI
Ty3ije OacTaijpl s)koHe colikecTi ToK mamackl 0,5B moTeHnmanbiHa eiin e3repMeii
(Prabhuram »xone 1.0., 1998). Ilotenuman ckanepinin —0,1-nen —0,3B-ka aeiiinri kepi
OarpiThiHA PtO KaOaThIHBIH TOTBHIKCHI3AaHYbl OalKanajbl, al CyTeri aJiCOpOIHSICHI
peakuusicbiHa OalTaHBICTBI yII KaronThlk mibigaap E = —0,6... —0,9B aiimarbiana
naiiga 6onaapl. CyTeri MosekynanapbsiHbiH Oeutiny Torsl —0,90B TeMeH moreHuania
Oaiikanansl. ABropnap (Burke sxone T.6., 1990) cynbl opTazna cyTeri koHe OTTeri OemiHy
MOTEHIUANIAPBIHBIH ayMarbIH/Ia OTEHIHANI CKAHEPIHIH Typa JKoHE Kepi IUKIIEPiHIe
Pt snexrponbinbin Oetinae I'ekcaruapoken niuaruua Keiukbiibl [Pt(OH) J* Typingeri
IUITUHAHBIH TUAPOOKCHATEPI TYy3iNeni Aen OokamMaaraH.

04+
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1- Cyper. 0,5M NaOH ¢onbt sanekrponuTinae Pt-31eKTpOoIbIHBIH UK BOJTBTAMIICPITIK KACBIKTAPHL.

2-cyperte (2—4 xucwikrapna) 0,5 M NaOH ¢onibl epiTiHICIHE 3TaHOIIbI KOCKaH
Ke3JIeTi BOJBTaMIIEPIIK KHCHIKTapAarbl e3repic KepceTiireH. SIFHM BoJibTaMmepiiik
KHCBIKTapJaH OaiikanraHnaid moTeHIua abiH OH OarbiThiHma —(0,75B Ta xoHe kepi
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OarpiThiHna —0,25B Ta 3TaHONABIH ~ AJIEKTPOTOTHIFYBIHA COMKEC KeJNeTiH alKbIH
KOpIHETIH aHOATHIK IIBIHAAP Naiaa 6onanpl. [loTeHIMaNIbIH aHOATHIK CKaHEP1 Ke3iHae
cyteri OemiHy moTeHIMabl aymarbiHaa (mamamen —0,875...—0,75 B-ta) Tox memmepi
ANeKTpos OETiHIH BIABIpay eHIMIepiMeH OiTenyine OaitnanbicThl azasnsl. —0,75 B-Tan
Oacrar agcopOLMsIIaHFaH bIIBIPAY OHIMAEP] TOTBIFA OacTali bl 12, TOTHIFY peaKHsIapbl
yuwiH OeTTik aymakTapisl Oocaraibl. AHarypibIM JKorapbl moteHnuanaapaa (0 ...
0,6B) OeTTik TOTBIFy OpBIH aJbIN, PEareHTTIH aJCOPOLMSCHIH TEXKEMN, cajapblHaH
TOTBIFY TOKTAapbIHBIH KaWTalaH TeMeHJIeyiHe okeneni. [loTeHUManablH KaTOATHI
ayMakKa Kapai Kepi CKaHepiHJe eKiHIII aHOATHIK IIBIHHBIH Maia 00TybIH 3TaHOJIBIH
ANIEKTPOTOTHIFYbIHAH KEHiH 2J1eKTpo/ OETiHE aAcopOUrsIIaHFaH KaJlIbIK O6JIIIeKTepIiH
TOTBIFYBIMEH TyciHaipyre Oonanbl (Bei Wang xone T1.0., 2019). Bompsrammepiik
KHUCBIKTapaa OaiikanmarelH rucTepe3uc (-0,25B-TaH Korapbl) ATaHONABIH  TOTBIFY
PEaKIMACHIHBIH KaHUTBIMCBI3IBIFBIMEH OalnanbicThl. CinTii opTaga MOTeHUIUAIIbI
AQHONTBHIK JKOHE KaTONTBHIK cKaHepiey kesinge -0,5B-taH TemeH MoHIepiHzae
THCTEPE3UCTiH OoNMaybl aacopOUMsIaHfaH OeJILIEeKTepAiH TOTBHIFYBIHBIH MAaHbI3/IbI
pen arkapMmaiiTeiabiH kepceTeni(F. Colmati xone T.0., 2008). bys1 KyOBUIBIC CLITUI
opTaja KyWTi afcopOuusiianFan OeIeKTepAiH TY3UIMEHTIHIH HeMece Ty3UIreH OeTTiK
OeJIeKTep/iH OCHl MOTEHIMANIAp ayMaFblHAa TYPaKTbl €KeHiH, Oys OeexTepaiH
TOTBIFYBI JKaJIbl TOKTHIH IIaMacblHa ocepi a3 ekeHiH Ounaipyi mymkid. 0,5 M NaOH
(OHIBIK epiTIHAICIHIE 3TAHON KOHIEHTPALMSICHIHBIH apTyblHa OalIaHBICTBl AaHOITHIK
LIBIHJAPBIH TOK MOJIIEpi apTaabl (2-cypeT, 2-4 KHCBIK ChI3BIKTap).

140
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2- Cyper. 0,5M NaOH cysibl epiTiHAiCIHACT] 3TAHOJIBIH 3MEKTPOTOTHIFYBIHBIH UK BOJIETAMIICPITIK
kuceikTapsl  pon 0,5M NaOH; 2) gpou+0,01M C,H,OH; 3) ¢pon+0,02M C,H,OH; 4) dpon+0,05M
C,H.OH.

2775

KpIIKBUIABI OpTajga 3TAHOJIBIH SICKTPOXUMHSUIBIK TOTBIFYBIH 3€PTTEY YIIiH
matuHa dnekTpoasiaa 0—5B morennuman aymarsiaga 0,1M HZSO4 epITIHIICIH/IC
LUKl BOJBTAMIIEPIIK  KUCBIKTApbl Tycipiaai. Bonbrammnepiik — KHCHIKTap/bIH
HOTHIKETIepi 3-CypeTTe KOpCeTireH.
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CypeTTeH, OTaHONABIH KBIIKBUIABIK OpPTaAaFbl AJIEKTPOTOTHIFYBl AHOATHIK
MOTeHNIUaN ckaHepi ke3inae mamamed 0,6B aymarbiHga aHbIK OallKajaaThlH aHOATBIK
LIBIHJIAPMEH CHUIATTaJaThIHBIH Kepyre 0oiaasl. AHOATHIK TOK MbIHAapel 0,65B >xoHe
1,05B norenumangapsiaaa naiiga 6onansl. [loTeHIManIbIH KaTOATHI CKaHEpi Ke3iHae
tok 0,45B-ta apra Oacraitnei, 0,3B-Ta >xorapbl MoHTe xerefi, comaH keiin 0,1B
Ke3iHJe Henre AediH Temenaewai. pH MoHaepi opTypii SIEKTPOIUTTEPAE AJbIHFaH
STaHOJABIH AJIEKTPOTOTHIFYBIHBIH BOJTAMIEPIIK JEpEKTepPiHEeH 3JeKTponuTTiH pH
MOHIHIH e3repyi aHOATHIK MaKCHUMyMJAap NOTCHUHUAIAAPBIHBIH KBUDKYbIHA OKEJIETiHI
Oaiikananpl(Changwei xone T.0., 2007). TloTeHIMAaNbIH aHONTHIK KOHE KATOITHIK
CKaHepJieyl Ke3iH/1e aHOATHIK IIBIHIAPABIH Maiaa O0Iybl 3TaHOIIBIH IIEKTPOTOTHIFYBI
nporecinze Pt 37eKTpOAbIHbIH KOFaphl KATATUTUKAIBIK OSJICEHIITIK KOPCETeTIHAIrIMEeH
tycingipineni (Cremers xaHe T1.0., 2008).
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3- Cyper. 0,1M HZSO , CYJIBI CpPITIHAICIHIET] 2TaHON/IBIH ANICKTPOTOTHIFYBIHBIH [IUKJII BOJIBTAMIIEPIIIK
KUCBIKTaphL: |- don 0,IM H,SO,; (2) pon+0,01M C,H,OH.

Astopmnap (Janaina xxaHe T.0., 2013) 63 >kyMbICTapbIH/1a STAHOJIIBIH AJIEKTPOTOTHIFYBI
Ke3iHae makjga OONaThlH aJCOpOIMsIIaHFaH apayiblK OOJIIeKTepPiH AIIEKTPOATHIK
MOTEHIUANIBl MOAYSIIMsATIanFal warblibicy-ciHipy MK cnextpockonmscein (EMIRS)
KOJIZIaHy apKbUIbl 3epTTEreH. AJIBIHFaH CIIEKTPIEPAiH HOTHKECIHAE MEKTpo OeTiHae
Oonarein Herisri 3ar petinge CO-man 6acka, srokcuronteir (CH,CH,0") conbiMen
Karap, ajcopOIMsIaHFaH SFHU JETHIPICHTEH STHIATTHI OOIIeKTePIiH (CH3CO')
TY311yiH kepcereTin apTypai UK »xonakrapel 6ap eKeHAIr1 aHbIKTa bIHIBL.

JKorapeina aiiTeurranaii, CAHTOHHH Cy/la ©T€ Hallap SPUTIHAIKTEH OHBIH aHOATHI
TOTBIFY TPOIIECIH 3epTTey TIKiprOenepi Cychl3 ATaHOI epiTiHicinae, cotikecti 0,05M
C,H,ONa511eKTpoIuTiHIE IIIaTHHA SIEKTPOIBIHA )KYPTi3iii. 4-CypeTTe CAHTOHMHHBIH
0,05M C,H,ONa ANIEKTPOJIMTIHIH KaTBICYBIMEH dTaHOI epiTiHAiciHae Pt anexTponsiHaa
QJIBIHFaH BOJBTAMIIEPIIiK KUCBIKTaphl KOPCETIITEH.

31



OF THE NATIONAL ACADEMY OF SCIENCES OF THE REPUBLIC OF KAZAKHSTAN

40

20+

I, WA

204

-40-

60|

T X T .2 T ¥ T o T L
08 06 -04 -02 00 02

E,V

04 06 08 10

4- Cyper. C,H,OH + 0,05M C,H ,ONa (1) ¢ponzs anekrposutinae cantonu (M, moss/i) 0,005M
(2); 0,01M (3); 0,02M (4) xarbicbIHa, Pt-31eKTPOIBIHBIH LUK/ BOJIBTAMIIEPITIK KUCHIKTAPBI

®onne anexrponurtin C,HOH + 0,05M C,H,ONa BosbTaMnepitik KUChIKTapbIHAH
3TaHOIIBIH TOTHIFYHl —0,8B moTeHnmansinga OacTanaTeIHBIH Kepyre 0omanbl (4-cyper,
1-xuceK). DoHABI epiTiHIITe CAaHTOHWHII KockaHaa —0,2B moTeHmmanbsIHma aHbIK
OaifkanmaTblH aHOATHIK IIBIHIAP Maiga 6omanel (4-cypet, 2—3 KucwhikTap). CaHTOHUH
KOHIICHTPAMSICHIHBIH apTyBIMEH AHOATHIK IIBIHAAPABIH TOK IaMachl TOMEHICHI.
MyHBI JIeKTpo OCTIHAETI 3TAHOI MOJICKYTalaphbl MEH CAHTOHWH MOJICKYJTaJlapbIHBIH

Oocekenec amcopOnusIceIMeH TyciHmipyre 6omansl (MynmaxmMeToB koHe T.0., 1986).

CaHTOHMH KaThIChbIHAA 3TaHojaabiH 0,1M stO . SMEKTPONHUTI 0ap KBIITKBUIIBI
epiTiHmicinme NH4Br AJIEKTPOJIUT AHUOHAAPBIHBIH AJIEKTPOXHUMMUSIIBIK TpoOIecTepre
ocepin 3eprrey ymmiH 0-men 1,5B-ka meiiiHri MOTEHITMAN ayMarbIHIAa BOJIETAMIICPITIK

KHCBIKTapHI TYCIpUIAI.
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5-Cyper. C,H.OH + 0,IM H,SO, (1) dor1el 57T€KTPONUTIHAET] Pt-2eKTPOIBIHBIH MUK
BOJIETAMIIEPITIK KUCBIKTaphl (por+ 0,04M NH,Br (2) por+ 0,04M NH,Br + 0,06M Cantonuna (3).
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5-cypeTTe KepceTiireH, | KUCHIK MIaTHHA SJIEKTPOABIHAAFEI TOTEHIINAT CKaHEPiHIH
typa E=0,62B xone E=0,81B-taxone kepi OarbiTeinaa E=0,38B ke3inne naiina 6onaTsia
AQHOJTHIK IIBIHJIAPBIMEH CHIIATTANIATHIH STAaHOJIBIH IEKTPOTOTHIFYbIHA COMKEC KeJe/i.
®onnp! epitinaire NH,Br kockanna (5-cyper, 2-KMCBIK), OyJ1 MAaKCMMyMIap KepiHOen I
ne, 1,0B mamacelHIa TOTEHIMAaNAa Tarbl Oip aHOATHIK MIBIH Maiina Oonanpl. AWKBIH
KOPIHETIH MIBIHIAPABIH 00JIMaybl PEeaKLUHUsUIBIK OpTaaa OpoM MOHIAPBIHBIH Ja Oipiece
paspsaaTanybl KYpeTiHiH Ooipkayra MyMKiHAiK Oepeni. byn (Mynnaxmeros, 1986)
aBTOPJIAP/BIH JKYMBICTAPBIHIA KEJNTIPUIreH MOJNIMETTepMEH Colikec Keneni, siFHu, Pt
ANEKTPOABIHBIH OCTIHIH ATaHOI MOJIEKYJIaTapbIMEH TONTHIPBUTYBIHBIH TOMEHCY1 OpoM
AHWOHIAPBIHBIH AJIEKTPOJI OeTiHE 0ACEKENECTIK aicopOIHsIChl ce0eOiHeH TYBIHIaNIbI.
Kypambinga 0,04M NH, Br Gap ¢onzbl epiTinjire CaHTOHHHIBI KOCKaHIa aHOATHIK
LIBIHJIAPABIH OTEHIMAIIBIH OH ayMaFbIHa BIFBICYBI OaiiKaaabl )KoHE IIBIHAPIBIH TOK
LIaMachl apTajbl.

CoHbIMEH, BOJBTAMIICPIIiK OJIICYIEPIiH HOTHKEJIEpiHe CYHeHe OTBIPBIIN, CIUPTTI
opTajarbl CAaHTOHUH MoJjeKynacbl Pt aHOIBIHBIH OETiHIE ATaHON MOJEKyJalapbIMeH
Oacekenece ancopOumsuanansl (JKypuHos, 1984), aHOATHIK peakuMsIapAblH OTYiH
©3TePTIil AMEKTPOXUMUSUIIBIK OSJICEHIUTIK KOpCeTe i Ien KOPhITHIHAbLIAayFa O0MaIbl.

[InaTuHa 31€KTPOABIHAA ALETOHUTPUIIL OpTaJa CAHTOHUHHBIH aHOATHI TOTHIFYbIH
3eprrey Kyprizinai (6-cyper). Onexrponut peringe 0,IM NaClO, nainananbuisL.
@oHBl KHUCBIK CBHI3BIFBIHIAA (6-CypeT, |-KHMCBIK) MOTEHUHMAJABIH Typa XXoHE Kepi
ckanepinge 0-2,5B moTeHUMan ayMarblHOa SJIEKTPONUTTIH Pa3psATany TOFBIHBIH
MaKCHUMYyMBIHAH OacKa TOK MIBIHAApbl OalKaIManabl.

1 1.5 F 2..5
BN

6- Cyper. Auetorutpui + 0,IM NaClO, (1) ponzbl anexTpomuTinaeri canToHuH KaTbichiHaarsl 0,01
M (2) sxone 0,02 M (3) Pt-351eKTpOABIHBIH [IUKJI BOJBTAMIICPIIK KUCHIKTAPhI

®onppl epitinaire 0,01M caHTOHMH]IBI KOCKaH ke3¢ 2,1 B moTeHnunanma aHoaThIK
TOK WIBIHBI Taiima Oomamsl (6-cypeT, 2 KHUCHIK). CaHTOHWH KOHIIEHTPAIUSCHIHBIH
JKOFapbLIaybIMEH aHOJTHIK IIBIHAAPIBIH TOK MeJiepi apraibl (6-Cyper, 3-KHCBIK).
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TypakThl moTeHIMaga Pt 37eKTpoIbIHIA AlETOHUTPWIIAL OpTaja (-CAHTOHWHHIH
ANEKTpOaM3 Tporecci 3eprreminred (Salmon skoHe T.0., 1997). Dnekrponus
OapeIChIHIA 0,3- KaHBIKIIAFaH KETOHJAapra KOCBUIFaH aJUIMIMETHI TONTAapbIHBIH
TOTBIFY PEaKIHUIIAPbIHBIH HOTMKECIHE, 4 HETi3ri eHIM anblHAbL: onap 14-ruapokcu-
0-CaHTOHUH, 4,5-3IOKCU-0-CAHTOHHUH, 14-aleTaMHA-0-CAHTOHUH J>KOHE O-CAHTOHHUH
KBIIIKBLIIAPBl OOJIBINT TaObLIAbl. AJIBIHFAH TOXKIPUOEIIK MOJIIMETTEp CaHTOHWHHBIH
ANCTOHUTPWIII OpTaja, AHOATHIK IMOTCHIUANIAP/bIH OCNriIeHreH ayMaKTapbIHIa
ANEKTPOXUMUSIIIBIK OCIICEH/IUTIKKE Ue €KeHIIT1H KOPCeTeIl.

KopbIThIHABI

[Tnaruna snekTpoabiHbH OceTiHae CaHTOHMHHIH 3JCKTPOXUMUSIIBIK OCJICEHUTITT
ATaHOJ KOHE AllCTOHUTPWIII OpTaja, aHOATHIK MOTCHIIUANIAP ayMaFbIH/A 3ePTTEiHII.
[lnaruHa 37CKTPONBIHIA 3TAHOJIBIH 3JICKTPOTOTHIFYBIHBIH IHUKII BOJIBTAMIEPIIK
KHCBIKTApbIH/Ia €Ki aHOJTHIK IIBIHHBIH Iaia OOJYbIMEH CHUIIATTAJAThIH KaWThIMCHI3
MPOLIECC ©KEHI AaHBIKTAJBIHABI. AHOATHI WIBIHAAPIBIH TOTCHIIMAT MOHAEPI CLITUI
oprana -0,75B xone -0,25B %oHe KbIIIKBULIBI OPTa/ia aHOATHI IOTEHIIMAJ CKaHEPIHC
0,65B xone 1,05B, karoarel noTeHnuan ckanepinae tTuicinme 0,45B-Thl kepceTei.

Pt snekrponeinbiH Oetinze, STaHon epitinaicinae CaHTOHMH Oacekenec ancopO-
LUSHBIH OCEPIHEH JJIEKTPOJ OCTIHIH ATaHOI MOJEKYIaJapbIMEH TOJTHIPBUTYBIH
a3alTaTbIHBI HEMECE TY3UITeH STOKCH paJUKaIapbIMEH OPEKEeTTECETIHI, caiiapblHaH
ATAHOJJIBIH AJIEKTPOTOTHIFY MPOIIECi OasTylaiThIHBI aHBIKTATIBIHIBL. AJIBIHFAH TOXKIpH-
Oeik MoJIMETTEp CAHTOHMHHBIH 3JICKTPOXUMHMSUIBIK OCICEHJIUIITIH MKOHE STaHOJJIbI
opTaja AMEKTPOXUMHUSIIBIK TYPICHAIpYTe KaOiIeTTi eKeHiH pacTaiibl.
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Abstract. Meat and meat products are valuable food products, considered perishable
products. Their qualitative characteristics change under the influence of microorganisms,
leading to product spoilage and human disease. Therefore, it is necessary to comply with
regulatory sanitary and hygienic measures to prevent contamination by microorganisms.
Development of new types of products in food production determines the relevance of
scientific research, namely in the field of ensuring the quality and safety of products.
Purpose of work is to analyze technological stages of production of boiled sausage
with addition of malt using HACCP system for production of high-quality and safe
products. The research methodology is a HACCP system based on risk management,
analyzing hazards and critical control points. The application of the HACCP system
provides for the production of safe and high-quality products at the international level.
The product quality and safety management model is based on ISO 9000, ISO 22000,
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TR CU 021/2011, TR CU 034/2013. The paper presents results of studies of critical
control points based on the HACCP system, which provide control at all stages of
life cycle in the production of boiled sausage with addition of malt. When identifying
hazardous factors, we took into account the following: composition of boiled sausage,
technological process of'its processing, etc. An analysis of the operations of technological
processes showed that the main hazard is microbiological. During the production of
boiled sausage with the addition of malt, possible chemical and physical hazards have
also been identified. Monitoring was carried out according to the planned sequence for
each control point. System of preventive and corrective actions is proposed in case of
occurrence of risks by stages of the technological process. The practical significance lies
in fact that implementation of HACCP plan will allow the best way to ensure release of
high-quality and safe products, recommendations are proposed to improve production
of boiled sausage with addition of malt.

Keywords: boiled sausage, food technology, safety, HACCP, microbiological
hazard, chemical hazard

Financing: This study was carried out under the financial support of the research the
“Science Committee of the Ministry of Science and Higher Education of the Republic of
Kazakhstan” within the framework of Programme Targeted Funding IRN BR18574252
“Complex waste-free processing of agricultural raw materials of animal and vegetable
origin”.

Conflict of interest: The authors declare that there is no conflict of interest.

© P.C. Annbexos!, I.9. OpbiméeToBa*’, M.K. Kacbimora', 3.M. OpbiMGeTOB?,
KA. Aoumr', 2023
M. ©yesoB areiHaarsl OHTYCTiK Kazakcran yausepcuteti, Kasaxcran, [IIsiMKeHT;
20nrycrik Kazakcran meauinia akagemusicol, Kazakcran, IIIbIMKeHT.
E-mail: orim_77@mail.ru

VBIT KOCBLIIFAH KAMHATBLIFAH ITYKBIKTHI OHAIPY KE3IHJIE
KAYHITI ®PAKTOPJTAPIABI TAJLTAY

AaubexoB P.C. — Xumus FBUIBIMIApPBIHBIH KaHIUAATHL, mpodeccop. M.Oye3oB arbiHmarbl OHTYCTIK
Kazakcran ynusepcureti. TOKbIMa oHE TaMaK HHXKEHEPHCHI xKoFapsl MekTeOi. [Ipivkent, Kazakcran
E-mail: ralibekov@hotmail.com. ORCID:0000-0002-0723-3101;

OpsbimberoBa I.J. — TexHMKa FRUIBIMAAPBIHBIH KaHAWAATHL, nomeHT. OHrycTik Kasakcran Memununa
akagemuscsl. @apmanus paxynsreti. [llemvkent, Kasakcran

E-mail: orim_77@mail.ru. ORCID:0000-0001- 8987-3366;

KacsimoBa M.K. — XUMUS FBUIBIMAAPBIHBIH KaHAUAATHL, Tpodeccop.M.Oye3oB arbiHgarsl OHTYCTIK
Kazakcran ynusepcureti. TOKbIMa oHE TaMaK MHXKEHEPHCHI xkorapsl MekTedi. [Isivkent, Kazakcran
E-mail: mahabbat 67@mail.ru. ORCID:0000-0002-4789-7148;

OpbiMOeToB .M. — TeXHHUKA FRUIBIMAAPBIHBIH KaHAUAATEL, mpodeccop. Onrycrik Kasakcran Memununa
akagemuscsl. @apmanus paxynsreti. [llemvkent, Kasakcran

E-mail: abzal 53@mail.ru. ORCID: 0000-0003- 4929-3118;

Aomm 7K.A. — PhD nokropantsl, M. Oye3oB areiamarel OHTycTik Kazakcran ynuepcuteti. Toksima
JKOHE TaMaK MHKEHepHsCH xkorapsl MekTedi. lIIsivkent, Kazakcran

E-mail: abish.zhansaya95@mail.ru. ORCID: 0000-0001-7175-9354.

38



Volume 3, Number 456 (2023)

Annorauusi. ET jxoHe er eHiMzepi Te3 Oy3bUtaThiH Oarajbl a3bIK-TYJIIK ©HiMaepi
Oonpil  TaObUTanBl. OmapAblH —camaliblK —CHIATTaMalapbl MHUKPOOPTraHU3MIECPAiH
ocepiHeH esrepin, eHIMHIH Oy3bUTybIHA KoHE afaM aypyblHa okeneni. COHIBIKTaH
MHUKPOOPraHU3MJEPMEH JlacTaHylbl OONAbIpMAy YVIIIH HOPMATHBTIK CAHUTapJIbIK-
THTHCHANBIK [IapaiapAbl cakTay KakeT. Tamak eHAipiciHOe eHIMHIH jKaHa TYpiepiH
Urepy FHUIBIMHU 3€PTTEYJAEPAiH O3EKTUIITH aHbIKTAalAbl, aTall aiTKaH/1a OHIMHIH Canachl
MeH KayilCi3AiriH KaMTamachl3 €Ty caiacbiHaa. JKYMBICTBIH MakcaTbl — >KOFaphbl
camajbl jkoHe Kayirnci3 eHim amy ymiH HACCP xylieciH maiinanaHa OTBIPBII, YBIT
KOCBUIFaH KaWHATBUIFaH LIVKBIK OHJIPICIHIH TEXHOJOTHSUIBIK Ke3CHICPIH Taljay.
3eprrey aaicTeMeci Toyekenaepai Obackapyra, KayinTep MeH ChIHM OaKbuIay HYKTEIEpiH
tannayra HerizaenreH XACCII xyiieci 6onbin Tadbutagsl. XACCII xyiiecin kongany
XaJbIKapaJbIK JCHIeiie Kayinci3 jKoHe KOFapbl camalibl OHIM LIbIFapydbl KO3IeHIi.
OHim camackl MeH Kayinciszirin 6ackapy monemi MCO 9000, UCO 22000, KO TP
021/2011, KO TP 034/2013 cranmaprrapsina Herizaenred. JKyMbICTa YBIT KOCBUIFaH
KaHATBUIFaH IY)KBIK OHAIPICIHIC OMIPIIIK HUKIIIH OapiblK Ke3eHepiHAe OaKbLUIay bl
kamtamace3 eretin XACCII xyiieci HeriziHmeri cblHM OaKblUIay HYKTEIEpiH 3epTTey
HoTHXKenepi kenrtipinreH. KayinTi dakropiapabl aHbIKTay Ke3iHAe 013 MbIHaJIapbl
€CKepiK: KallHaTbUIFaH IIYXKBIKTHIH KypaMbl, OHbI ©HACY/IIH TEXHOJIOTHSIIBIK HpoLeci
xoHe T.0. TeXHONOTHSIIBIK MPOLECTEePIiH ONepalysuiapblH Tajgay Heri3ri Kayim
MHUKPOOUOJIOTHAJIBIK €KEHIH KOpCeTTi. YBIT KOCBUIFaH KaWHATBUIFAH IIYKBIKTHI
OHJIpY Ke3iHJe BIKTUMAaJl XHUMUSUIBIK JKOHE (HU3HMKAJBIK KayilTep A€ aHBIKTAJIBL.
MownwuTtopusr opbip Oakpiay HYKTecCi OOMBIHINA KOCHApIaHFAaH KEe3eKTiLTiK OOMbIHIIA
Kyprizinai. TeXHONMOTHSUIBIK TPOLECTiH Ke3eHaepi OoibIHIIA ToyeKenaep TybIHAaFaH
JKaFaiaa ajblH aly )KOHE TY3eTYy 9pEKeTTEpiHiH kKyHeci yehiHbIIaabl. [IpakTHKaIbIK
MaHpI3AbUTBIFBl XACCII sxocmapbIH JKy3ere acblpy camalibl XKoHe Kayilci3 eHiMaepai
LIBIFApyAbl KaMTaMachl3 eTYOiH OHTaliIbl TOCLTiHE MYMKIHIIK OepeTiHairinze,
YBIT KOCBUIFAaH KalHATBUIFaH IIYKBIK OHAIPICIH jKakcapTy OOMBIHIIA YCHIHBICTAp
KacaJbIH/IBL.

Tyiiin ce3nep: KallHaTBUIFaH HIY)KBIK, TaFaM TEXHOJOTHACHL, Kayinciznik, XACCII,
MUKPOOHOIOTHSIIBIK Kayill, XUMUSUIBIK Kayil
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AHHOTaus. MsiCO ¥ MSICHBIE TPOYKTHI SIBJISIFOTCS [IECHHBIMHU IIPOAYKTaMHU MTUTAHUS,
OTHOCSTCS. K CKOPOTIOPTSIIUMCS TMPOAYKTaM. X KauecTBEHHBIE XapaKTEPUCTHKH
MEHSIFOTCS T10J] BO3JEHCTBUEM MHUKPOOPTaHU3MOB, NPUBOASIINE K TOpYE MPOAYKIHH
n 3aboneBaHuto 4yenoBeka. [losTomy HeoOXoaMMO COONIOAATH HOPMATHBHBIC
CaHMTAPHO-TMIMEHUYECKUE MEpOIPHUATHS 10 TPEJOTBPAICHUIO KOHTAMHHAIMH
MUKpoopranu3Mamu. Pa3paboTka HOBBIX BUIOB ITPOIYKTOB B MHIIEBOM POU3BOJICTBE
OIIpE/IeIISIeT aKTyallbHOCTh HAyYHBIX UCCIICJOBAHHI, 2 IMEHHO B 00JIaCTH O0ecIieueHHs
KavyecTBa ¥ 0€30MacHOCTH NMPOAYKIXH. Llers paboThl — aHAIN3 TEXHOIOTHYECKUX ATAIIOB
IIPOM3BOJICTBA BapeHON KONIOAachl ¢ MOOABICHHWEM COJO/AAa C NMPUMEHEHHEM CHCTEMBI
XACCII pns BbITycKa Kav4eCTBEHHOW W Oe30macHOM mnpoaykuuu. Metomonoruei
nccnenosanus spisgercs cucrema XACCII, ocHOBaHHas Ha YHpPaBIeHUHM DPHUCKAMHU,
aHaNM3Upysl OMacHble (aKTOphl U KPUTUYECKHE KOHTPOIbHBbIE TOUKU. [IpumeHeHue
cucrembl XACCII mpemycmaTpuBaeT TPOU3BOJACTBO OE30MACHON W KaueCTBEHHOM
MPOAYKLIMU Ha MEXIyHapOAHOM ypoBHEe. Mojenb yHpaBieHHs KaueCTBOM U
0e301acHOCTBIO BBINIyCKa MpoxyKnuu Oasupyercss Ha cranmaprax MCO 9000,
HCO 22000, TP TC 021/2011, TP TC 034/2013. B paboTte npuBEIeHBI PE3yIbTaThl
HCCTIEMOBAHNN KPUTUYECKHX KOHTPOJBHBIX TOUeK Ha ocHoBe cuctembl XACCII,
o0ecrieunBaroIMe KOHTPOJIb Ha BCEX ATalax >KU3HEHHOTO ILUKJIA MPH TPOU3BOJCTBE
BapeHOH Kondackl ¢ obaBieHneM conofa. [lpu uaeHTnduKanum onacHex (akTopoB
Ham¥ OBbITH YUTEHBI CIICAYIOIIEe: COCTaB BAPEHOH KOJIOAChl, TEXHOJIOTMYECKHIA ITpoIiece
ero mepepabOTKH M T.J. AHajHM3 ONepalyil TeXHOJIOTMYECKHX IMPOIECCOB IOKa3all,
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YTO OCHOBHBIM OIIACHBIM (haKTOPOM SIBIIIETCS MHKpoOmosiornyeckuii. B mporecce
ITPOM3BOJICTBA BAPCHOM KOJIOACKI C TOOABJIICHUEM COJIO/Ia TAKIKE OTIPEICTICHBI BO3MOXHbBIE
oracHbie (PaKTOPbI XUMHUYECKOTO M (pU3U4ecKoro xapakrepa. [IpoBeeH MOHUTOPHUHT
COIIACHO 3aIVIAHUPOBAHHOM IOCIIEIOBATEILHOCTH 33 KaXKJIOW KOHTPOJIBHON TOYKOH.
[Ipennokena cucTteMa NPEAYNPESKIAOIMIUX W KOPPEKTUPYIOIIUX JCHCTBHUA TIpU
BO3HUKHOBCHHH PHUCKOB IO CTaJUSAM TEXHOJOTHYECKOro mporecca. [Ipakruueckas
3HaYUMOCTh COCTOUT B TOM, uTo peanu3anus XACCII-miana, mo3BOIUT HAWITYUIIUM
00pa3oM 00eCIeUnTh BBITYCK KAYeCTBEHHOW U 0€30MMacHOM MPOIYKIIHH, TPEITI0KESHBI
PEKOMEH/IAINY 110 YITYYIICHHUIO BBIITYCKa BAPEHOM KOJIOACKHI ¢ JOOABICHUEM COJIO/A.

KamoueBbie cioBa: BapeHas kosi0aca, NHINEBas TEXHOJOTHUsS, O€30MAacHOCTS,
XACCII, mukpobHoIornyecKkasi OnacHOCTh, XMMUYECKasi ONAaCHOCTh

Dunancuposanue: /lannoe ucciedosanue 6blNOIHEHO NPU PUHAHCOBOT NOOOEPIICKe
HUP «Komumema no wnayke Munucmepcmea HayKu u evicuieco 00Opazo8anus
Pecnybruxu Kaszaxcmany 6 pamxax Ilpoepammer Llenesoco @unancuposanus UPH
BRI18574252 «Komnnekcnas 6e30mxo0Has nepepadbomra ceibCKOXO35UCIEEHHO20
CHIPBSL AHCUBOMHOSO U PACIUTNETLHO20 NPOUCXONCOCHUSLY.

KonuaukT HHTEPECOB: aBTOPHI 3asBISIOT 00 OTCYTCTBUHM KOH(IUKTA HHTEPECOB.

Introduction

Sausage and sausage products are perishable foodstuffs that have a high risk of
microbiological contamination. Therefore, the legislation of the Republic of Kazakhstan
(GOSTs) and Technical Regulations of the Customs Union strictly controls release of
these products into circulation on the country's markets. We have developed a method
for the production of boiled sausage, including preparation of meat raw materials, salting
and ripening, grinding, formulating in a meat mixer, stuffing minced meat into a casing
and forming loaves, roasting and boiling, cooling the finished product, wheat malt is
added at the stage of minced meat preparation. The choice of additive is based on its
high biological value, due to composition of main components of raw material, content
of vitamins, minerals and other useful substances in it. At the same time, possibility
of improving organoleptic properties of boiled sausages was also taken into account.
Wheat malt is characterized by specific technological properties, including high water-
holding capacity, has characteristic flavor and aroma properties (Kasymovaetal., 2023).

In this regard, products must be developed in compliance with established
technological standards at all stages of production. To do this, it is necessary to introduce
the HACCP system in the production of sausages in order to ensure the release of safe
and high-quality products. The product quality and safety management model is based
on international standards and technical regulations of the customs union (ISO 9000-
2015, 22000-2018, TR CU 021/2011, TR CU 034/2013).

An analysis of hazardous factors in production of meat products showed that about
70% of hazardous factors related to unacceptable risk are microbiological factors, about
20% are physical factors and about 10% are chemical (Khvorova etal, 2012; Borodin
etal,2017).

Meat products are quickly exposed to microbial contamination. The most common
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microbiological contamination of meat are: Listeria monocytogenes, Clostridium
botulinum, Salmonella spp., Escherichia coli and Yersinia enterocolitica (Pal et al,
2018; Biljana Pecanaca etal.,2015).

Meat products may also contain chemical contaminants, such as allergens,
mycotoxins (such as aflatoxins), phytohaemagglutinin, pyrrolizidine alkaloids,
ciguatoxin, mushroom toxins, etc. (Morya et al, 2022; Rather et al, 2017), growth
hormones, pesticides, antibiotics, polychlorinated biphenyls (PCBs), toxic elements
(lead, cyanide, cadmium, zinc, arsenic, mercury), prohibited substances, food additives,
contaminants (sanitizers, pest control chemicals, lubricants, water or steam treatment
chemicals, refrigerants, coatings, cleaners, paints), from packaging materials (tin,
adhesives, lead, plasticizers, coding/printing inks, vinyl chloride), etc. (Rather etal.,2017;
Bushra etal., 2022; Absalimova, 2022). Chemical contaminants can come from sources
such as herbicides, veterinary drugs, pesticides, environmental sources (air, water and
soil pollution), cross-contamination, migration from packaging material, natural toxins,
adulterants, and unapproved food additives (FAO, 2022; Korish etal., 2020; Panghal et
al,2018; Orymbetova etal,,2016).

There are seven principles for functioning of HACCP system, one of which is ability
to determine critical control points (CCP) for further monitoring of compliance with
requirements, in which critical limits are established. Due to this, marriages at enterprise
are almost completely reduced, procedure for checking enterprise by controlling
authorities is simplified, while image of company is improved, and cost of production is
reduced (Mardar etal.,2023; Amanova etal.,2021).

This governance model is list of rules based on basic principles. They are built on
systematic identification and assessment of hazards that adversely affect quality of food,
also their continuous monitoring.

To implement the HACCP system, following preconditions must be met:

- create group of HACCP developers with experience and knowledge in the field of
chemistry, microbiology, veterinary medicine, sanitation, meat production, have skills
to work with equipment and control-measuring instruments, knowledge of regulatory
and technical documentation for meat products;

- describe product being developed, which contains information on regulatory
and technical documents in accordance with which product was manufactured, types
of processing (heat treatment, freezing, aging in brine, smoking, etc.), composition,
physical and chemical structure, types of packaging, storage conditions, etc.;

- describe application of developed product and give it characteristic that determines
intended use - for children, specialized, for pregnant women, etc.;

- develop technological scheme for the production of proposed products, which
includes all stages of production products being developed, while indicating controlled
parameters;

- confirm accuracy of sequence of technological stages of production process of
proposed products. This operation is performed by employees with knowledge of
specific technological scheme.

The use of software package significantly increases efficiency of HACCP system of
enterprise (Shaltout etal,,2020; Food Safety, 2020).
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In order to comply with food safety requirements, in addition to the HACCP system,
food operators must adopt, implement and document Good Hygiene Practice (GHP),
Good Manufacturing Practice (GMP), Standard Operating Procedures (SOP) and
Standard Sanitary Operating Procedures (SSOP).

Thus, use of the above systems in meat processing industry contributes to creation
and maintenance of order to ensure quality and safety.

Purpose of work is to analyze technological stages of production of boiled sausage
with addition of malt using HACCP system for production of high-quality and safe
products.

Materials and methods

The object of study was technological process for production of boiled sausage with
addition of malt.

To ensure and manage quality and safety of products, an analysis of all stages of
technological process was carried out using principles of HACCP, based on ISO 22000,
9000 standards.

The research methodology is HACCP system based on risk management, analyzing
hazards and critical control points. The essence of this method is to identify and
manage hazards (microbiological, chemical and physical) at each technological stage of
production, including from acceptance of raw materials to the table. As result, minimize
risks or completely eliminate them. Critical control points (CCPs) were determined
using the Decision Tree method. Risk analysis for each potentially dangerous factor was
carried out taking into account probability of factor and severity of its consequences
according to the risk analysis diagram. The use of risk analysis diagram when managing
quality of production of new type of boiled sausage makes it possible to identify
potentially dangerous factors in its production, which must be taken into account in
future when determining CCP (ISO 22000-2018; Orymbetova etal.,2016; Food Safety,
2020; Orymbetova etal.,2023).

Results and discussion

As result of research, it was found that following processes form basis for ensuring
quality and safety of boiled sausage with addition of malt: marketing, planning and
production management, acceptance of raw materials and materials, production
technology, equipment management, monitoring of the technological process and
products.

Developed block diagram of production process of boiled sausage with addition of
malt (fig.1).

To begin, initial information on production of boiled sausage with addition of malt
was collected and flowchart (diagram) of production process was drawn up.

Then, for research, probability of each hazard was assessed. Established and
described risks of microbiological, chemical and physical contamination in production
of boiled sausage with addition of malt, also identified procedures for their control.

CCPs of raw materials used and at all stages of technological process for production
of boiled sausage with addition of malt were determined. An assessment was made
of probability implementation of hazardous factor and, in addition, at this stage of
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research, subsequent risk analysis was carried out for each potentially hazardous factor.
The risk analysis was assessed taking into account probability of occurrence of factor
and severity of its consequences.

Thus, as result of analysis hazardous factors and risks for each potentially dangerous
factor, a list of potential hazards taken into account in production of boiled sausage with
addition of malt was compiled. The identified hazards in production of a new type of
boiled sausage with addition of malt will minimize or completely reduce occurrence
of production risks, which will drastically affect safety of object study. As result of the
research, CCPs were identified. Critical control points in production of new type of
boiled sausage with addition of malt are shown in table 1.

Preventive actions have been developed to bring hazards under control. Preventive
actions are also taken in cases where they are not critical control actions, but observance
of which together ensures possibility of producing quality product and eliminating risk
of defective sausage products. These include:

- compliance with parameters of regimes of technological scheme and sanitary and
hygienic state of enterprise;

- carrying out correct heat treatment;

- control over sanitary condition of equipment;

- strict adherence to hygiene of employees;

- carrying out preventive measures to eliminate microflora contamination;

- increasing professional literacy and qualifications of employees responsible for
effectiveness of the quality system.

As result of this analysis, it was found that in some cases a number of preventive
actions are necessary, such as lowering pH and temperature for products that have high
acidity, in other cases, in which hazardous factors (such as microbiological contamination
by pathogenic microorganisms) may occur eliminated with single preventive action,
such as heat treatment.

Among principles of the HACCP system, one of the important points is development
of corrective actions to be taken in case of violation of critical limits that can lead to
product defects.

In this case, the following steps apply:

- carry out additional verification of suppliers, measuring instruments;

- adjust equipment to match processing parameters;

- removal of defective products that do not meet requirements;

- processing and disposal of products not subject to sale.
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Acceptance and preparation of meat, malt, spices, materials
(wheat malt is crushed to 3 mm; frozen tail fat is cut into pieces of
5-6 mm; sugar is dissolved in water; sodium nitrite and spices are

mixed) CCP 1

v

Is result satisfactory?

Return to supplier in
case of non-compliance

Yes | No of raw materials with
> regulatory
Salting and ripening Temperature and time
(for 2-3 days at temperature adjustment
of 2-4°C) CP 1

v

Grinding meat raw materials in meat
grinder, then in cutter

|

Preparation of minced meat according to
recipe (t = 8-10 min) CCP 2

|

Is result satisfactory?

Yes

Mixing minced meat components Temperature and time
(adding wheat malt, spices) CP 2 adjustment

.
Stuffing minced meat into shell and shaping

loaves (duration for draft is 3 hours at
temperature of 0°C)

Process shutdown,
No isolation of
»( nonconforming

products
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Figure 1. Technological block diagram of production of boiled sausage with addition of malt

o

v

Roasting and boiling (= 1.5 h, t inside 40...45 °C. Cook at
t=75-85°C, until temperature inside loaves reaches 70°C).

CCP3

Is result satisfactory?

Process shutdown,

isolation of
> nonconforming

products

Finished product cooling CP 3

\4

Storage of finished products

Temperature and time
adjustment

7 RA——

Table 1. List of hazardous factors in technological process of production of boiled sausage with

addition of malt

Name of Name of Considered hazard Responsible
technological | control points for control and
operation execution
Acceptance of | CCP1 Microbiological hazard. Yeast, mold, Escherichia | Head of
raw materials coli, pathogens, including Salmonella. Chemical | laboratory

hazard. Antibiotics, toxic elements, pesticides,

aflatoxins. There is hazard that not destroying

contaminants with insufficient heat treatment.

Physical hazard. Hard materials: hair, bones, etc.
Salting and CP1 Microbiological hazard. Yeast, mold, Escherichia | Technologist
maturation coli, pathogens, including Salmonella. Destru-

ction of microflora during further heat treatment.

No chemical hazard.

No physical hazard.
Grinding of PPM Microbiological hazard. Possibility of microbial | Technologist
raw meat growth, but they are destroyed during heat treat-

ment. Physical hazard. Solid materials. Foreign
impurities are removed using magnetic traps.
No chemical hazard.
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4 | Compilation of | CCP 2 Microbiological hazard. Possibility of microbial | Technologist
minced meat growth. If temperature regime and duration
according to of exposure are not observed, also if salt
the recipe concentration is not observed, too much growth

of microorganisms may occur that cannot be
eliminated at stage of heat treatment, which can
lead to product spoilage.

No chemical hazard.

No physical hazard.

5 |Mixing CP2 Microbiological hazard. Growth of micro-|Technologist
minced meat organisms and cross-contamination. Compliance
components with technological modes and parameters
(adding wheat of mixing components. Good Hygiene and
malt) Manufacturing Practices

No chemical hazard.
Physical hazard. Entry of foreign matter

6 | Syringing PPM Microbiological hazard. Growth of Technologist
minced meat microorganisms due to equipment downtime
into shell and and detergent residues. Thorough cleaning of
shaping loaves equipment is required.

Chemical hazard. Remaining detergents.
No physical hazard.

7 |Roastingand |CCP3 Microbiological hazard. Growth of microorga- | Technologist

boiling nisms. Occurs with insufficient processing time,
non-compliance with temperature. Requires comp-
liance with technological regime, personnel briefing
No chemical hazard.
No physical hazard.

8 | Finished CP3 Microbiological hazard. Growth of Technologist
product microorganisms with improper observance of
cooling regimes. Carry out production control, conduct

additional microbiological analyses. Removal of
defective products.

No chemical hazard.

No physical hazard.

9 | Storage of PPM Microbiological hazard. Growth of Warehouse
packaging microorganisms. manager
material Chemical hazard. Presence of chemicals, cross-| Shop manager

contamination. Removal of inappropriate
packaging.
No physical hazard.

10 | Storage of PPM Microbiological hazard. Growth of Warehouse
finished microorganisms in case of improper storage manager
products conditions. Removal of defective products.

Warehouse control.

No chemical hazard.

No physical hazard.
Conclusion

Based on foregoing, following conclusion can be drawn that potential hazards
and risks associated with the production of boiled sausage with addition of malt are
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scientifically substantiated. An analysis of operations technological processes showed
that main hazard is microbiological. Six control points have been identified (including
three CCPs). In the production of boiled sausage with addition of malt CCP are raw
materials received, minced meat is prepared according to the recipe, roasting and boiling.
Monitoring was carried out according to planned sequence for each control point, which
allows to control quality of finished product in production. System of preventive and
corrective actions is proposed in case of occurrence of risks by stages of technological
process.

Thus, HACCP system allows company to manage safety and quality of its products.
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Abstract. The article presents the data of research of elemental composition and
good quality of plants of Atraphaxis genus (Atraphaxis virgata, Atraphaxis pyrifolia),
belonging to the family Polyganaceae, harvested in Almaty region (Aksai gorge,
Bakanas district, Kokpek village). According to the generally accepted standard methods
of the State Pharmacopoeia of the Republic of Kazakhstan carried out harvesting,
primary processing and determined pharmacopoeial parameters of plant raw materials.
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The established indicators of weight loss during drying of Atraphaxis virgata plants
harvested during the fruiting period in three different geo-locations of Almaty region,
the results of which vary (7,63-8,05 %), total ash (3,59—8,94 %) correspond to the
norms required for quality plant raw materials. Various polar and non-polar organic
extractants were used to detect the extractive content. The highest amount of substances
were extracted with 70 % (29.27; 19.22; 20.78 %) water-alcohol solvent compared to
water (26.59, 17.55, 14.25 %), 30 % water-alcohol solution (17.38, 15.96, 16.31 %)
and 50 % water-alcohol solution (27.26, 18.88, 17.59 %). The index of mass loss on
drying (moisture content) of Atraphaxis pyrifolia harvested during fruiting period in
Kokpek village and Bakanas district consists of the following values 5.23-5.90 %,
total ash (4.58, 7.52 %). The mineral composition, quantitative content of macro- and
-microelements in the above-ground part (leaves, stems, flowers) of medicinal plant
raw materials were studied by the atomic absorption method. Plants contain potassium,
sodium, calcium, magnesium in comparatively large quantities, the quantitative content
of other elements varies within insignificant limits. The content of toxic elements -
lead, cadmium and essential elements — copper, zinc, manganese was studied. The
benignity of the turmeric plant was determined for parameters such as: moisture content,
total ash, sulfate ash, ash insoluble in 10% hydrochloric acid. Due to its geographical
and climatic peculiarities, the flora of Kazakhstan is strongly affected by negative
environmental factors, including transboundary ones, especially due to the fragility of
arid and mountainous ecosystems and limited water resources. In view of this, the study
of chemical and mineral composition of plants of the flora of Kazakhstan is the most
important direction.

Keywords: macro-and-microelements, turmeric, Polyganaceae, Atraphaxis, atomic
absorption spectrometry, essential elements
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AHHoTammusa. Makanaga AJmarbl OOJBICEI MaHbIHAH kuHaiNFaH (Akcai
markaiel, bakanac aynansl, Kexnek ayouibl) Polyganaceae TYKbIMAAChIHA KaTaTbIH
Atraphaxis (Atraphaxis virgata, Atraphaxis pyrifolia) TYKpIMIac ©CIMIIKTEPIIH
ANIEMEHTTIK KYpaMbl MEH IIBIHAWBUIBIFBIH 3epTTey JAepekTepi kentipinren. Kazakcran
PecniyOnukacet MemitekeTTik dapMakonesChIHbIH KaIlbl KaObUITaHFAH CTaHIapTThI
o/licTepiHe CoMKeC OCIMIIK IIMKI3aThlH JadbIHIAy, AJFallKbl OHJCYl KYpri3uiii
XKoHE (papMakomesuTblK TapaMeTpiepl aHBIKTANIbl. AJMaThl OONBICBIHBIH YII TYPIi
reoJIOKAIMSCHIHIA XKeMic Oepy Ke3eHIHJe KHUHAIFaH Atraphaxis virgata eCiMIiKTepiH
KeNTIpy Ke3iHJe caliMaK >KOFaITYIbIH OCJITICHIeH KOPCETKIIITepl Keaeciaed MoHIe
anbIKTabl (7,63-8,05 %), xanmbsl kyniaik (3,59—8,94 %) moHepi »KoFapbl camnaibl
OCIMIIK IIHKi3aTbIHA Tallall eTUIETIH CTaHJapTTapra CoWKec KeJeli. DKCTPaKTHUBTI
3arTap/blH KYPaMbIH aHBIKTAY YIIIH OPTYPJIi HOJISIPIIBI J)KOHE MOJISIPChI3 OpraHUKAIIBIK
SKCTPAreHTTEp MaiJagaHbUIbl. DKCTPAKTUBTI 3aTTapblH €H KOIl IIbIFbIMbI CyMEH
(26,59, 17,55, 14,25 %), 30 % cynbi-ctiupt epitingicimen (17,38, 15,96 %) xone 50
% cynbl-ciupt epitinaicimen (27,26, 18,88, 17,59 %) canbictoipranma 70 % (29,27,
19,22; 20,78 %) cynsl-cnupT epiTkimniHae kedipek Oesninzai. bakanac aynanbl Kekmek
aybUIBIHJA JKeMic Oepy Ke3eHiHHe XUHaJraH Atrafaxis pyrifolia xentipy Ke3iHueri
CaJIMaK JKOFaJITy KepCeTKilli (bUIFaIbUIBIK) KeJieci MoHAepal Kypaasl 5,23-5,90 %,
KAl KyJIautik (4,58, 7,52 %). DKCTpaKTUBTI 3aTTap/IbIH €H KOIl Meiepi cymeH, 30
xoHe 50% cynbl-ciupT epitinaiciMen canbicThiprania 70 % cysbl-CIUPT epiTKilIiHae
(28, 37,66 %) xebipek Oeuini. opiiik eCIMAIK MIUKI3aThIHBIH XKep YCTI OeiriHaeri
(>xambIpak, cabak, ryJjiepl) MUHEPAIIBIK KYPaMbl, MAKPO- dKOHE MUKPOIJIEMEHTTEP/IIH
CaHJIBIK MOJILIEPIH aHBIKTAY YIIIH aTOM/IBIK a0COPOIHS 9/1iCi KOJIaHbLIAbI. 3epTTEIil
OTBIpFaH YJATLIEPIiH KOMIIOHEHTTHK KypaMblH aHBIKTAy OapbIChIHAA OCIMIIK
IIMKI3aThIHBIH JKeP YCTi OeJIiriHae oH Oip/ieH aca Makpo KOHE MHKDPOXJIEMEHTTEp Oap
SKEHJIIr aHBIKTAJIbl. OCIMIIKTEP/IE CAJBICTBHIPMAIIBI TYPJAC KON MOJIIIepAe KaJui,
HaTpUH, KaJIbIUN KOHE MarHuil 0ap, 0acka IMEMEHTTEPIIH CaH/IbIK MOJIIIEpPi IIaMaJibl
miekrepae e3repeni. JKabaiibl oCIMIIK MIMKi3aThl KypaMblHAH YBITTBI 3JEMEHTTED
KarapblHaH — KOPFaCchIH, KaJIMUH KOHE MaHBI3/IbI JJIEMEHTTEP — MBIC, MBIPBIII, MapTraHell
aHBIKTAIBL. Atraphaxis ©CIMIIK KYpaMbIHBIHH IIIBIHAMBUIBIFBI aHBIKTAJJIbI, COHBIH
IIHAE: BUTFAIIBUIBIK, KYJIUTIK, cyab(aTTsl Kymainik, 10 % XIopcyTeKTi KbIIIKbLIIa
epiMerTin  Kynuiaik. KaszakcranHbiH ¢uiopackl ©3iHIH TreorpadUsIbIK-KINMATThIK
epeKILeTKTepiHe OalIaHbICTBl TEPIC KOJOTHSIIBIK (DAKTOPIIAP/bIH, COHBIH IIIIHIC
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TpaHCIIEKAPAIBIK (haKTOpIapbIH dCEpPiHe, dcipece, KYPFakK )KOHE TayJIbl SKOKYHEIep IiH
KOPCETKIIITEPiHe, CY PECYPCTAPBIHBIH TAIIIBUIBIFBIHA 6TE ce3iMTalt 00k Keiei. Ochl
Macenenepi eckepe oThIpbil, KazakcTan (hopachiHIAFbl ©CIMIIKTEPIIH XUMUSIIBIK
YKOHE MUHEPAJJIBIK KyPaMbIH 3ePTTEY €H MaHBI3/Ibl OaFbIT OOJIBINT TAOBLIAIBL.

Tyiiin ce3aep: Makpo xoHE MUKpO3JIeMeHTTep, Polyganaceae, Atraphaxis, aToMHO-
a0COPOIMOHIBI CIICKTPOMETPHSI, SCCEHIIMAIIBI 3JICMEHTTED
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AHHoTammsa. B crarbe npuBENEHBI CpPaBHUTENBHBIE JIAHHBIE WCCIIEAOBaHUS
3NIEMEHTHOTO COCTaBa U 100pPOKaYeCTBEHHOCTH PacTeHUl pona Atraphaxis (Atraphaxis
virgata, Atraphaxis pyrifolia), npuHajexamero k ceMmelcTBy Polyganaceae,
3aroTOBJICHHBIX B AnMaTruHcKol oOnactu (Akcaiickoe ymienbe, bakanackuii paiio,
ceno Koxknex). Ilo oOmenpuHSATBIM CTaHAapTHBIM MeToaukaMm [ocymapcTBeHHON
@apmakonien PecnyOnmukm  KasaxcraH —ocymiecTBieHa 3aroToBKa, IEpBUYHAsS
00paboTKa M OmNpeAeseHbl (apMakoleiiHble MapaMeTpbl PACTHTEIBLHOIO CBIPHAL.
VYcraHOBIEHHBIE [TOKA3aTeNd MOTEPU MACCHI IIPH BBHICYIIMBAHUU PACTEHUH Atraphaxis
virgata 3arOTOBJIEHHBIX B MEPHOJ MJIOAOHOLIEHHS B TPEX Pa3HBIX FeOpaclooKEHHSIX
AnMaTUHCKON 00nacTu, pe3ynbTarbl KoTopoil Bapbupyrotrcs (7,63—8,05 %), obOmume
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3omel (3,59-8,94 %) COOTBETCTBYIOT HOpMaM NPEIbSIBISEMBIM Kaue€CTBEHHOMY
PACTHTEIBHOMY CHIPBIO. [l BBISBICHUS COJEPIKAHUS DKCTPAKTUBHBIX BEIECTB
WCIIONb30BANIM PAa3IMYHbIC TOJISIPHBIE W HEMOJSPHBIC OPraHUYECKUE DKCTPATCHTHI.
Hawnbomnbiiee xoaudecTBO BemecTB u3Biekanuch 70 %-upim (29,27; 19,22; 20,78 %)
BOJIHO-CITUPTOBBIM PACTBOPHUTEIIEM II0 CPABHEHHUIO ¢ BooH (26,59, 17,55, 14,25 %), 30
%-M BOTHO-cITUpTOBBIM pacTBopoM (17,38, 15,96, 16,31 %) u 50 %-M BOIHO-CITUPTOBBIM
pactBopoM (27,26, 18,88, 17,59 %). [loka3arens moTepu Macchl IpHU BHICYLINBAHUU
(BnasxxHOCTB) Atraphaxis pyrifolia 3arOTOBIEHHBIX B MEPUOA TUIOJOHOILICHUS B CEle
Koxknek u bakanacckoM palioHEe COCTOUT M3 CIISAYIOMUX 3HaueHuH 5,23-5,90 %, oOei
30iblI (4,58, 7,52 %). Hanbomnbliee KOTUYECTBO SKCTPAKTHUBHBIX BEIIECTB U3BJICKAINCH
70 %-HBIM BOIHO-CIIUPTOBEIM pacTBopHTeneM (28, 37,66 %) 1o cpaBHEHMIO C BOJIOH, €
30 u 50 % BOJHO-CHMPTOBBIM PaCTBOPOM. ATOMHO-a0COPOIIMOHHBIM METOIOM U3yuYeH
MUHEPAJIbHBIA COCTaB, KOJIMYSCTBEHHOE COJIEPIKAHUE MAKpO- M -MHUKPOAJIEMEHTOB B
HAJ3eMHOU 4acTh (JUCThs, CTEONIH, IIBETHI) JCKAPCTBEHHOTO PACTHTEIBHOTO CHIPHSI.
OnpeienieHUe KOMIIOHEHTHOTO COCTaBa MCCIEIyEeMbIX 00pa3IoB IMO3BOJIUIO BEISIBUTH
MPUCYTCTBHE OOJiee OJMHHAAINATH MaKpO M -MHKpPO3JIeMEeHTOB. CpaBHUTEIBHO B
OOJIBIIIOM KOJIMYECTBE B PACTCHHSIX COACPIKUTCS KajWil, HATPUH, KaJbIUi, MarHuu,
KOJIMYECTBEHHOE COJICPIKAHUE JPYTUX 3JIEMEHTOB BapbUPYETCs B HE3HAUMTEIIBHBIX
npenenax. M3ydeHo conep:kaHUE TOKCHYHBIX 3JIEMEHTOB - CBHHIA, KaaMUS U
ACCEHIMANILHBIX 3JIEMEHTOB - MEJY, IIMHKA, Mapranma. ®nopa Kazaxcrana nz-3a ceoux
reorpa)M4eCKuX M KIMMATHUYECKUX OCOOCHHOCTEW CHIIBHO TMOJBEPKCHA BIUSHUIO
OTPUIIATEIIBHBIX 3KOJIOTHYECKUX (PAKTOPOB, B TOM YHUCIIC TPAHCTPAHUYHBIX, OCOOCHHO
B CBSI3M C XPYIKOCTBIO apUJIHBIX U TOPHBIX 3KOCUCTEM U OTPAHHMUYEHHOCTHIO BOJHBIX
pecypcoB. B BuIy 3TOro M3y4eHHE XUMUYECKOTO U MUHEPAIBLHOTO COCTaBa PaCTCHUN
(opbr Kazaxcrana siBIsieTCS] BAXKHEHIIIUM HAITPABICHUEM.

KuroueBbie ci10Ba: Makpo U-MHKPORJIEMEHTHI, Kyp4aBka, Polyganaceae, Atraphaxis,
ATOMHO-a0COpOIIMOHHASI CIIEKTPOMETPHSI, 3CCEHIIUAITBHBIC AIEMEHThI

Beenenue

JlekapcTBEHHbIE pACTEHUS SBISIOTCS JIyYIIMMH OPUPOTHBIMH HCTOYHHUKAMH
MaKpo U -MHKPOBJIEMEHTOB T.K. B PACTCHHMSAX OHU OOpasylOT METaUIOOpPraHHYEeCKHE
COCAMHEHHS, YTO OmpeAeiseT WX (PyHKIMOHAJIBHYIO aKTHBHOCTh U CHOCOOCTBYET
Jy4Iei ycBOSIEMOCTH OpraHu3MOM YenioBeka. OHAKO MUHEPaIbHBIE 2IIEMEHTHI O0OBIYHO
COCTaBJISIIOT HEOOJBIIYIO YaCTh OOILIEro cOCTaBa OONBUIMHCTBA PACTUTEIBLHOTO CHIPhS
n obmelr Maccol Tena. OHU, TeM He MeHee, 00J1aAalT OONBIIUM (DPU3NOTOTHYECKIM
3HauUeHHEM Ipu 0OMEHe BEIIECTB B Opranu3me. Mx aefcTBre CBA3aHO C KOHICHTpaLueH
U 3aperucTPUPOBAHHBIM JUANa30HOM HAOMIOACHUH OT cOCTOsSHMA AeuuuTa A0 pOjH
OMONOTMYECKH Ba)KHBIX KOMIIOHEHTOB JucOanaHca, BO3HUKAIOLIETO, KOTAa M30BITOK
OZIHOTO M3 HMX MemaeT (DYHKUUH APYroi mpu (apMakoIOTHYeCKOW NesITeTbHOCTU
(Ibragimov, 2022). MuUKpOdSJIEMEHTBl HUIPalOT TaKKe BaXHYIO pOlb B OuOreHese
ononoruuecku aktuBHBIX BemecTB (BAB) (Shilova, 2002). B 3nak npu3HaHus BaKHON
pOJM, KOTOPYIO OCHOBHBIE M MHUKPODJIEMEHTHI UTPAlOT B 370pOBbE M 3a0oNeBaHUI
YeJI0BEUYECKOr0 OpraHu3Ma, B SIBJICHHUSIX POCTa M BOCCTAHOBJICHUS, HAOMIONANIOCH, YTO

54



Volume 3, Number 456 (2023)

3a mocieanue 20 et B 9TOH 00IacTy 34paBOOXpaHEHHs MPOU3OLIEN 3HAUYUTEIbHbIH
nporpecc Hayku. lccienoBaHMs BIEMEHTOB OIPEAETICHHO ObUIM YacTbiO HTOTO
B3pBIBa Hay4YHBIX AocTkeHWH (Alyaa Majid, 2023). Brewamisironue pa3paboTKu B
00JIacTH MUHEPANILHBIX 3JEMEHTOB UMEIH MECTO B XMMHUYECKHX, OMOXUMHUECKUX H
HMMMYHOJIOTHYECKHX 00JIacTsIX HCClleIoBaHui. B mocneanme ropl yueHble 1 TUETOJIOTH
Hayalld BEpUTHb B TEPANIEBTUYECKYIO POJIb METAJUIOB B 310poBbe yenoBeka (Bahadur,
2011).

OOBbEKTOM UCCIICOBAHUS SBJISICTCS HAA3EMHAasl YacTh pacTeHuil Atraphaxis
(Atraphaxis virgata, Atraphaxis pyrifolia), npouspactaommx B ATMaTHHCKON 00IacTH.

Pacrenus poma Kypuaska oTHOCATCS K cemelcTBy |peuntunbie (Polygonaceae)
JICKApCTBEHHBIC CBOMCTBA KOTOPBIX JieyaT ¢ NIyOOKOW ApeBHOCTH. Polygonaceae —
KOCMOTIOJIATHYECKOE CEMEUCTBO JBYJOIBHBIX MOKPBITOCEMEHHBIX PACTEHHM, TaKkKe
M3BECTHOE KaK CIIOPBILI CeMeWHasi WJIM CEMEHCTBO rpeuniiHbix. Ha3Banue cemeiicTBa
OCHOBAHO HAa «THUIIOBOM poae» Polygonum, u BriepBble ObUI UCIIOJIB30BaH AHTyaHOM
JlopanoMm ne XKroccwe B 1789 romy B ero kuure Genera Plantarum. iMst mpoucxoaut ot
IPEYECKHUX CIIOB «IIOJIN» (03HAYAET «MHOTO») U «TOHU» (03HA4YaeT KOJICHO WJIN CYCTaB)
(Srivastava, 2014). IlpeacraBurenu Polygonaceae, nacunteiBatomue 30 pogos u 1000
BUOB, K HUM OTHOCSAT HEKOTOPBHIE XOPOIIO H3BECTHBIC PACTCHMS, BKIIOYAs I'PEUKY
(Fagopyrum spp) u peBeHb (Rheum rhabarbarum ), a Takke HEKOTOpPBIE U3 Hamboee
poOIeMHBIX MHBA3UBHBIX COpHSIKOB CeBepHOI AMEpHKH, BKItouast BUIbl Persicaria
Rumex (nanpumep, oBeuni masens) U Polygonum (Hanpumep, SITOHCKHHA CIIOPBILI)
(Martha Hoopes, 2010). Cpenu 113 BunoB Polygonum B Kutae (Lu, 2011).

Pon Atraphaxis BcTpedaeTcsl TIIaBHBIM 00pa3oM B TPAaBUHHBIX CTEIISAX, ITECUAHBIX
XOIIMax ¥ KAMEHHUCTBIX CKIIOHAX WJIN B TYCTBIHE, U JINIIb HECKOJIBKO BUZOB BCTPEUAIOTCS
Ha JIyrax u B goiuHax pek. B Kutae Bcrpewarorcs ABe CEKUMU W OJMHHAALATH BHIOB
(B TOM uHuClie TPU Pa3sHOBUAHOCTH), KOTOPbIE PACHPOCTPAHEHB! INIABHBIM 00pa3oM Ha
ceBepo-3amaje, ¢ HeOONbLUIMMHU KOJIMYECTBAaMHU Ha ceBepo-BocToke u cesepe. Cyns
Mo pacnpocTpaHeHuto, pon Atraphaxis npouspacraer U B Kazaxcrane, BCcTpeuaercs
HE TOJBKO OOJBIIMHCTBO BHJIOB, HO W HanOosee IPUMHUTUBHBIE BHIBI, makue Kax A.
Muchketovii, no muenuto A.H. KpacHosa. lleHTpanbHas A3us cuWTaeTcs HEHTPOM
pacrpocTpaHeHHUs U TPOUCXOKIEHUS pona Atraphaxis (Bao Bolljian,1993).

Pon BkimtouaeT oOKkoj0 25 BUAOB, PacCHpOCTPAHEHHBIX IMPEUMYIIECTBEHHO B
Cesepnoii Adpuke, 3anagHoi u LlenrpansHoit Asum (Bao Bolljian u nmp., 1993.,
Zhang u ap., 2014). B 3acynumuBoM ceBepHOM Kurae Atraphaxis - onuH u3 Hanboee
MIPEICTABUTEILHBIX W Pa3HOOOPA3HBIX POAOB PaCTCHHUH, HACUUTHIBAIOMNNA OKOI0 11
BusoB (laetevirem, jrtyschensis, pungens, pyrifolia, decipiens) ((Bao Bolljian, 1993)
pacmpocTpaHeH B IMYCTHIHAX ceBepo-3amanHoro Kwuras, a Takxke NpoCTUpaeTcsl Ha
BOCTOK B MOJY3aCylUIMBBIA MyCCOHHBIN pernoH Bocrounoro Kuras. B Kazaxcrane pox
Atraphaxis Bctpedaetcs B Ilpubanxamne, Ha Antae u TapOararae, B JI)KyHTapcKoM,
3aunuiickom u Kynreir Anaray, B Uy-Ununiickux ropax, Kaparay, B 3amagnom TaHb-
[Hane (Akzhigitova, 1982).

Lesnbto nccnenoBanus SBISIETCS. CPABHUTENBHOE H3YyUCHHE TOOPOKAY€CTBEHHOCTH
MHUHEPAJILHOTO COCTaBa HAaJ3€MHOI 4acTH pacTeHUi poxa Atraphaxis, B 3aBUCUMOCTH
OT MeCTa PaclpoCTPaHCHHUS.
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MarepuaJibl 1 METOBI

g mpoBeneHns MCIIeNoBaHU JOOPOKaueCTBEHHOCTH M MHUHEPAIbHOTO COCTaBa
HAJ3EMHYI0 YacTh Atraphaxis virgata, Atraphaxis pyrifolia B a3y 1uBeTeHHs-HAYAIO
IUTOJIOHOMICHNsT AKcallCKoM yienuit, mepesana Kokmek AnMaTrucHKOW o0nacTu.
PactutensHOE ChIphE 10 BO3AYIIHO-CYXOTO COCTOSHHS M W3MeENbYajd 0 pa3Mmepa
gacTul] 2—4 MMm.

JloGpoKkauecTBEHHOCTh PACTUTENBHBIX OOBEKTOB OMPEENEHBI 10 OOIICTIPHHSITHIM
MeronukaMm 1-ro m3manus l[ocymapcrBenHoit ®apmaxomeun PK (1-tabmuma) (State
Pharmacopoeia of the Republic of Kazakhstan 2008, 2009).

HccnenoBanne MUHEpPaIbHOTO COCTaBa JKCTPAKTa PACTEHUS BBITIOIHSIIM TOCIE
o3oJyeHus1 00pasnoB B MydenbHol meun npu Temmeparype 450-500°C. IloarotoBka
00pasloB W ONpe/ielieHue Makpo- U MHKPOIJIEMEHTOB MPOBEICHBI B COOTBETCTBHH C
I'OCT 30178-96 «Chipbe U NPOAYKTHI MHUIIEBBIE. ATOMHOAOCOPOIIMOHHBIN METOM
OTIPE/ICNICHNUs] TOKCHYHBIX 3JIEMEHTOB», & TaKKe 10 METOAWYECKHM YKa3aHUsIM IO
aTOMHO-a0COPOIMOHHBIM METOZ[aM OTIPENEICHHSI TOKCHYHBIX AJIEMEHTOB B ITHIIEBBIX
MPOAyKTaX W MHIIEBOM Chipbe Ha Analyst 200. OmnpeneneHue KajblMisi U MarHus
BoimonHeHo 1o P 4.1.1672-2003 «KommiekCOHOMETpHUECKUd METOJ OIpeaesIeHus
KaJbIUs ¥ MAaTHUS TUTPUMETPUIECKAM METO/IOM.

Pe3yabTarsl U 00cyxkneHue

JloGpoKkauecTBEHHOCTh PaCTUTENBHBIX OOBEKTOB OMPEENEHBI 10 OOIICTIPHHSITHIM
MetoaukaMm 1-ro w3nanusi [ocymapcrBennoit ®apmakonen PK. B rtabmune 1 u 2
MPUBE/ICHBI [TOKA3aTes I T0OPOKaueCTBEHHOCTHU Atraphaxis virgata, Atraphaxis pyrifolia
COTJIACHO MECTY paclpOCTpaHeHHs.

Ta6nuna 1 —J{oOpokadecTBEHHOCTb PAaCTCHUit Atraphaxis virgata

Toka3zarenu 100pOKauYeCTBEHHOCTH
HasBanue S
DKCTPaKTHBHBIC BEIICCTBA, %o

PACTEHIA, MECTO | Braxocts, | - Obmas DTHIIOBBII DTHIIOBBII DTHIIOBBII

ACIIPOCTpaHe 9 9
PACTIPOCTPAHEHIA & so1a, % | Bona crupt 30 % | cmupt 50 % | cmupt 70 %

A.virgata, Axcaii 8,02 8,94 26,59 17,38 27,26 29,27
A.virgata, baxanac 7,63 8,89 17,55 15,96 18,88 19,22
A.virgata, Koxnex 8,05 3,59 14,25 16,31 17,59 20,78

35

30

25

20

26,59

17,38

ConeprxaHne SKCTPAKTUBHBIX BEIIECTB, %

29,27

27,26

17,55
15,96

A.virgata, Axcaii

HBona

= Dranon, 30%

A.virgata, Baxkanac

Dranom, 50%

18,8819,22

20,78

6,3117'59
14,25

A.virgata, Koknex

Dranoi, 70%

Pucynok 1 Cymma 3KCTpaKTUBHBIX BELIECTB A.virgata
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W3 pucynka 1 n nansbIx Tabnuie! 1 cneayert, yto npu BiaxHocTH 8,02 % (4.virgata,
Akcait), 7,63 % (A4.virgata, bakanac), 8.05 % (A.virgata, Koxnex) KOIUYECTBCHHOE
COZiep’)KaHMe OSKCTPAKTHBHBIX BEHIECTB Ul pacTeHWi pona Atraphaxis virgata
ONTUMAJIBHBIM siBisieTcst 70 % sTaHon. Takum 00pa3zoM, Ui OCYLIECTBICHUS Mpoliecca
MOJTYYeHUs YCIOBHOTO (pUTONpenapara 1o BEIOpaHHONH HAMHU TEXHOJIOTHHU ObLT BHIOpaH
70 % STUIOBBIN CHHUPT B Ka4eCTBE HKCTPAreHTa, Tak Kak OH m3BiekaeT Oosbire 20-30
% BAB ot Beca cyxoro ceipbs. i1t uccaeyeMbIX pacTeHUH onpeeneHa 30JIbHOCTb,
KoTopas koseonercs ot 3,59 % no 8,94 %.

Tabnuma 2 —J{oOpokadecTBEHHOCTb pacTeHuit Atraphaxis pyrifolia

IMoka3arenn 100pOKadeCTBEHHOCTH

HasBanue pacrenus, o
OKCTpaKTHBHBIC BEIIECTBA, %o

MECTO pacnpocTpane- | Bmaxkuocts, | O61mas 301a, " = "

o o OTUNOBBIA | DTUIOBBIA | DTHUIIOBBIN
HUSI % % Bona

ciupt 30 % | crupt 50 % | cimpt 70 %

A.pyrifolia., bakanac 5,90 7,52 21,02 | 17,84 21,06 37,66
A.pyrifolia, Koxnex 5,23 4,58 13,04 | 19,58 20,46 28,0

Couepmaﬂue OKCTPAKTUBHBIX BewecTs,%
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A.pyrifolia., bakanac A. pyrifolia, Koknex

BOJIA sranoi, 30%" ®oaranoi, 50% ®artanon, 70%

Pucynok 2 CymMma 9KCTpaKTUBHBIX BellecTB A.pyrifolia

W3 nanHbIX TaOMUIB! 2 ¥ pUCYHKA 2 CIIGAYET, YTO TpH BiaxxHocTh 5,90 % (A.pyrifolia,
baxanac), 5,23 % (A. pyrifolia, Koknex), comepxaHue SKCTPAKTUBHBIX BEIIECTB
oosnbie B 70% BOIHO-ITHIOBOM JKCTPAKTE, HAXOMUTCS B rpenenax ot 28,0 no 37,66
%. Jyia uccnemyeMbIX pacTeHUN ompeielieHa 30JIbHOCTh, KOTopas KoieoneTcs ot 4,58
% 1o 7,52 %. Takum oOpa3oM, AJIsl OCYIIECTBICHHS MPOLEcca MOIyYSHHs YCIOBHOTO
¢uronpenapara 1o BbIOpaHHONH HAMHU T€XHOJOTHHU ObLI BbIOpaH 70 % 3TUIIOBBIN ciupT
B Ka4eCTBE IKCTpPAreHTa.

[lomroroBka 00Opa3IoB W OMpeAeNeHre MakKpo- W MHUKPOIIEMEHTOB IPOBEACHBI
B cootBerctBHH ¢ ['OCT 30178-96 «Crippe W TPOAYKTHI MHUIIECBBIC. ATOMHO-
a0CcopOLMOHHBIN METOIONPE/ICTICHUS TOKCHYHBIX AJIEMEHTOB), A TAKYKE IO METOTMYE CKUM
yKa3aHUSIM 10 aTOMHO-a0COPOIIMOHHBIM METOIaM OIPE/IesIEHUS] TOKCHYHBIX YJIEMEHTOB
B NHIIEBBIX NPOJAYKTaX M MUILEBOM cbipbe Ha Analyst 200. OmpeneneHue KalbIHs
u Mar#us BeimonHeHO 1o P 4.1.1672-2003 «KoMITJIEKCOHOMETPHUUECKUN METO
OTIPEICIICHUS KaJIbIIHs K MATHUS THTPUMETPUICCKIUM METOJI0M. MUHEpalIbHBIN COCTAB
U coliepKaHue TOKCHUHBIX AJIEMEHTOB pacTeHUi pona Atraphaxis virgata, Atraphaxis
pyrifolia npuBenens! B Tabnune 3, 4.

57



OF THE NATIONAL ACADEMY OF SCIENCES OF THE REPUBLIC OF KAZAKHSTAN

Tabnuna 3 — MuHepasbHBIN cOCTaB U COEpKaHUe TOKCHYHBIX dJIeMeHTOB Atraphaxis virgata

HasBanue pacrenus, Conepxanue, mr/100r
MECTO pacnpocTpaneHus |K  |Na |Ca |Mg |Fe Zn Mn [Cu |Ni Pb Cd
A.virgata, Akcaii 699 1396 |2897 |2224 |22,8 |2,5 |7,8 ]0,70]0,40 0,070 | 0,02
A.virgata, bakanac 985 [1198 | 1789 1992 |100,9 | 1,05 |0,20 | 0,24 |0,036 |0,087 |0,005
A.virgata Koxnek 594 1566 2925|1986 |39,2 |0,13 0,20 | 0,03 |0,035 |0,062 |0,002
Tabnuna 4 — MuHepasbHBIH COCTaB U COAEpKaHUE TOKCHYHBIX dJ1eMeHToB Atraphaxis pyrifolia
Ha3zBanue pacrenus, mecto Conepxanue, mr/100r
pacrpocTpaHeHust K |Na Ca |[Mg|Fe |Zn |Mn |Cu |Ni [Pb |Cd
A.pyrifolia.,bakanac 260 | 1611 |479 |21 |9,15 33,9 1,38 0,09 |0,22 |0,23 [0,09
A.pyrifolia.,Koxnek 579 |1235 |512 {39 [174 |83 |3,17]0,94 |0,33 0,20 0,05

Pesynbrarel McciaenoBaHus NPEACTaBICHHBIE B BHAC TAOIMLBI, KOTOPBIE MOKa3bl-
BAaIOT, U3MEHYMBOCTb 1 BapbUPOBAHUE HJIEMEHTHOI'O COCTaBa CBOMCTBEHHO PACTEHUEM
U OIPEAEISIETCS COBOKYIMHOCTBIO (DAKTOPOB B Ka)KAOM KOHKPETHOM Cllydae, OTpaxast
creunpuKy TeOXMMHUYECKOH 00CTaHOBKM MecT mpouspactanus. Ho, He cmoTps Ha
pasnuuMs, CYyILECTBYIOT OOIIME 3aKOHOMEPHOCTH paclpeieiieHusl 3JIeMEHTOB. B
HccieyeMbIX 00pasuax JEKapCTBEHHO PACTUTEIBHOTO ChIPhS COAEPKaHUE TOKCHYHBIX
TSDKEJIBIX METAJUIOB (KaJAMUH, CBUHEN) HE IPEBBILIAECT PEKOMEHI0BAHHBIX HOPMATHBOB.

[IproGpaboTke HaL3eMHON YaCTH PACTEHHUS BII0JIyYaeMOM SKCTPAKTE HAKAILIMBAIOTCS
KaJlui, HATPUH, KaJbLUWA, MarHuid, B MakCUMaJIbHON KOHUEHTpanuu. JKenes3o, LUHK,
Maprasel, Me/ib, HUKEJIb — MUKPO- U YIbTPAMHUKPO3JIEMEHTbI, KOTOPBIC IPEICTABIISIOT
Takke OOJBIIYI0 YacTh 30JIbHOTO OCTaTKa (hapMaKOJIOIMYECKH aKTHBHOTO SKCTpaKTa
U, NPEANOJOKUTEIbHO, XapakTepHbl Ui JaHHBIX BHJIOB. OIEMEHTHI, KOTOpBIC
MIPEACTABICHBI B PALY J1ajlee U COICPKATCS B SKCTPAKTE B MEHBIINX KOHLIECHTPALHSIX,
BEPOSITHO, OTPAXKAIOT FTEOXUMHUECKYIO CIIELUUKY (IPUPOIHYIO) CPEIbl IPOU3PACTAHUS
pacrenus (Shilova, 2019). Ha ypoBze npenena oOHapy>KeHHsI YKa3aHHBIM METOJIOM B
3one BoIsiBIeHBI cBuHel (0,02, 0,005, 0,002 mr/100 r-A4.virgata; 0,09, 0,05 mr/100 r
- A.pyrifolia ), wagmuii (0.02, 0,005, 0,002 mr/100 rt - A.virgata,; 0,09, 0,05 mr/100
r- A.pyrifolia). Makpo U -MHKpPO3JIEMEHTbI OKa3bIBAalOT CYILECTBEHHOE BIMSIHUE Ha
O0OMEHHBIE MPOLECCHI, CEPACUYHO-COCYIUCTYIO CUCTEMY, & TAKXKE SIBJISIOTCS COCTaBHON
qacTelo epMeHTOB. Tak Ha MOJIeKylly LepyJioruiasMuHa npuxogurcs 16 aromos Cu,
00yCIIaBIMBAIOIIMX OKCH/1a3HYI0 aKTUBHOCTb 3TOT0 O€JIKa, 3aLUIIAI0IET0 KOMIIOHEHTHI
KPOBHU OT TOKCHUYECKOTO JeHCTBUS akTUBHBIX (popM kuciopoaa (Rasulova M.O, 2022).
MerannodepmenTsl  (OKCHIOpeayKTasza, TpaHcdepasbl, CyNEpOKCUATUCMYTA3bI,
TUIPOKCHIIA3hl) colepkar Zn, HeWporponHelid Butamun B -Co. Mg-o0s3arenbHblii
YYaCTHUK CHHTE3a BCEX HEHPOIENTUAOB B TOJOBHOM MO3re, OH BXOIUT B cocTaB 13
MeTautonporenHos, 6oiee 300 hepmento (Neiva, 2018).

MHorue MUKPO3JIEMEHTBI BXOST B COCTaB MPOTEOIMTHYECKUX I'PyIl HEPMEHTOB, B
4aCTHOCTH, CyniepokcuaucmyTassl (Zn, Cu, Mn), karanassl (Fe), urparomux KioueBble
POJIM B aHTHOKCHIAHTHOM 3allUTE KJIETOK U TKaHel. B GyHKIMOHATBHON AeATEIbHOCTH
HEPBHOU cucTeMbl M3 NpUHAIEKUT TaKKe BaxkHOe 3HaueHue. Tax, conu Cu, Mn ,Co,
Zn, B3ATbIC B OMOTHYECKHX KOHIIEHTPALMIX, OKA3bIBAIOT CYLIECTBEHHOE BIIMSIHUE Ha
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(YHKIMOHAIEHOE COCTOSIHUE LIEHTPAIBHBIX U Tepu(eprIecKrX HEPBHBIX 00pa30BaHU
(Magalhaes, Fernanda do Costac, 2016; In Min Hwang, 2019). Li akTuBHO 1I0AaBJIsIeT
MATOJIOTUYECKYIO AMOIMOHATBFHYI0 aKTHBHOCTh M BO30YXKICHHE B MCHUXOJOTHYECKHX
3aboneBanusax. Li, Cu, Zn crnocoOCTBYIOT 3HAaYUTEIbHOMY CHIDKEHHIO CTPECCOPHOM
peakumu B cTamuu TpeBord; Pb ycmimBaer 3alIMTHONPUIIOCOOHUTENHHBIE PEAKIINU
OpraHv3Ma, TpPEeAyNpekKIaeT pa3BUTHE WCTONICHWUS B CTaauM PE3UCTEHTHOCTH,
CIOCOOCTBYET BOCCTAHOBJICHUIO (DYHKUMH HEpBHOW, WMMYHHOH, 3HIOKPHHHOW, U
cepaedHo-cocynuctoit cucteM (Anibal de, 2016).

Cd, Co, Fe, Zn, Cu oka3bIBarOT BIHUSIHNE HAa TEYEHNE OCHOBHBIX HEPBHBIX MTPOIECCOB
KOPKOBOTO BO30YKACHUSI U TOPMOXKEHHS B KOpe OONBIIMX MONyIIapUil TOJOBHOTO
Mo3ra. Mn IMTEIbHOE BpeMsS BOCIPOW3BOAWUT M TOMJIEPKUBACT BO30YAMMOCTH
HepBa. [lokazaHo ycuieHue TeHCTBUS MHOTHX HEHPOTPOIHBIX CPENICTB MO/ BIUSHAEM
MHUKPO3JIEMEHTOB.

Kpome Toro, MUKpO3JIEMEHTBI, BXOJISl B COCTaB (PEPMEHTOB, YYaCTBYIOT B Ka4eCTBE
akTuBaropa B Onocunrese psiga bAB.

3akarouenne

B pesymprare CpaBHHTEIBHOTO WCCIIEAOBAHUS MHHEpPAJbHOTO COCTaBa M
TOOPOKaueCTBEHHOCTH JBYX BHJIIOB pacTeHWil pona Atraphaxis (Atraphaxis virgata,
Atraphaxis pyrifolia), npuHauiexkaiiero x cemeictBy Polyganaceae, 3aroTOBICHHBIX
B AnmarmHCKON obOmactu (Akcaiickoe ymienbe, bakamackuii paiioH, ceino Kokmek),
MTO3BOJIMIIO BBISIBUTH TIPUCYTCTBHE OOJiee OAMHHAIIATH MAaKpO W -MHUKPOAJIEMEHTOB.
CpaBHUTENBHO B OOJIBIIOM KOJIMYECTBE B PACTEHUSX COMNCPKHUTCS KajHid, HATPH,
KaJIbIMi, MarHnii, KOJIMYECTBEHHOE COJIep)KaHUE IPYTHUX IJIEMEHTOB BapbHpYyETCs B
HE3HAYNTENBHBIX Tpenenax. M3ydeHo comepskaHne TOKCHYHBIX SJIEMEHTOB - CBHHIIA,
KaaMUsl U 3CCEHUHUAIbHBIX 3JIEMEHTOB - MEAM, IMHKA, MapraHua. beuia onpenenena
JT0OPOKAaueCTBEHHOCTh PACTeHHsI KypyaBK{, HAa TaKWE€ ITOKa3aTeld KakK: BIIAYKHOCTH,
obmas 3oia, cynbgarHas 305a, 301a HepacTBopuMas B 10%-HOH XJI0pOBOJOPOIHOMN
KHCJIOTE.

Paboma svinonnena no meme: « Paspabomka s¢hpghexmusnvix mexnHono2uti noryyenus,
nepepabomxu u XpaneHusi NPOOYKYUY U3 pacmumenbHo20 Cblpbsl Ad2POnPOMbIULLEHHO20
rxomniexca Kazaxcmana»
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Abstract. In this article, the compositions of fatty acids from wool fat and products
of'its alkaline hydrolysis are considered. The fatty acid composition of methyl alcohols
obtained from wool fat and from sodium salts of hydrolysis products practically coincided.
The composition of fatty acid methyl esters was determined by chromatography on a
“Gas chromatograph GC 2010 Plus, Shimadzu” (Japan). The composition of wool fat
contains 18 fatty acids, seven of which have a limiting fatty acid radical, the rest have
unsaturated bonds from 1 to 5. The maximum amount is noted for eicosapentaenoic
acid, the sum of isomers of which is 32.6 %, followed by linolenic acid at 14.9 % and
selacholeic acid at 13.9 %. All certain unsaturated fatty acids in the composition of wool
fat play an important role in human and animal life. The above acids belong to the group
of essential acids, from which lipids necessary for the functioning of a living organism
are synthesized. Wool fat can serve as a raw material for the production of essential fatty
acids used as medicines and biologically active additives.
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Aunnoramusi. Byn Makanaga kyH MaiblHaH ajbIHFAH Mal KbIIIKbUIAAPBIHBIH
JKOHE OHBIH CUITUII TMIAPONN3 OHIMAEPIHIH KypaMbl KapacTblpbUiraH. JKyH MaiiblHaH
KOHE THAPONM3 OHIMACPIHIH HAaTpUH Ty3AapblHaH alblHFaH METHI CIUPTTEPiHIH
Mail KpIIIKBUIABIK KYPaMbl ic jKy3iHIe coiikec Keiai. Mal KbIIKbUIAAPBIHBIH METUIT
a¢upnepinin Kypambl “Gas chromatograph GC 2010 Plus, Shimadzu” (PKanonwus)
KypajibIHIa XpoMaTorpadusuIbIK dAiciieH aHbIKTaAbl. JKyH MalbIHBIH KypaMbiHaa 18
Mail KBIIKBUTBI 0ap, OHBIH KeTeyl Mail KBIIIKbUIbI paJuKalbMeH, KaJFaHaapbl 1-aeH
5-Ke eiiiH KaHbIKaFaH OainansicTapra ue. [ uapous eHiMi KypaMbIHIa SiiKo3aneHTaeH
KBIIIKBLIBI YIIIIH MAaKCUMAJIIBI MOJIIIIEPi OeNriieHe i, OHbIH U30MEPJICPIHIH KOCHIH/IBICHI
32,6 %, omaH KeiiH JUHONEH KBIIKBLIIBI 14,9 % koHe cemaxon KbIIKBUIBL 13,9 %
Kypaiabl. )KyH MallbIHBIH KypaMbIHAAFbl OapiblK Oenriii Oip Mail KbIIIKbIIIAPhI aJaM
MeH >KaHyapJapAblH TIpIILTri YOIiH MaHbBI3ABl peia aTkapaabl. JKorapbina aranral
KBILIKBUIAAP Tipi ar3aHbIHH JKYMBIC icTEyl YIIIH KaKeTTi JHUIUATED CHHTE3ICNICTIH
MaHBI3/Ibl KBILIKbUIAAD TOOBbIHA *aTaabl. JKYH Maibl IOpiTiK 3aTTap MEH JAUETAIBIK
Kocranap peTiHAe KOJAaHbLIaThIH MaHbI3/bl Mail KHIIIKBUIIAPBIH ajly YILIiH IIUKi3aT
peTiHAe KONAaHbIIa bl

Tyilin ce3mep: Ko¥ >KYHIHIH Maibl, JIAHOJIWH, Mall KbIIIKbUIAAPbI, CTEPOU],
XOJIECTEPHH, CITUPT, XPOMOTOrpapHsITBIK Tangay
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Anevic 0inoipy. Asmopnap mail KblUKbIIOAPLIHLIY KYPAMbIH AHLIKMAY2a eneyii
KOMeK Kopcemken «Antigeny KOMNAHUSICbIHbIY Kbl3MemKepiiepine anevic Oindipeoi.
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AnHOTanmMs. B HacTosmeil crarbe paccMOTPEHBI COCTABbl JKUPHBIX KUCIOT W3
IIEPCTHOTO KHpa W MPOAYKTOB €ro IMIEJIOYHOro TUApoiu3a. JKUpOHOKHCIOTHBIN
COCTaB METHJIOBBIX CIIUPTOB, ITOMyUYEHHBIX U3 MIEPCTHOTO JKHAPA U U3 HATPUEBBIX COJNEH
MIPOYKTOB THUAPOIN3a, MPAKTUYECKU coBmaiu. COCTaB METUIIOBBIX 3(UPOB KUPHBIX
KHCJIOT OIIpeessuin XpoMarorpaduaeckuM MeTooM Ha npudope «Gas chromotograph
GC 2010 Plus, Shimadzu» (Snonwms). B cocraBe mepcrHoro >xupa comepkurcst 18
JKUPHBIX KHUCJIOT, U3 KOTOPBIX CEMb C MPEACTbHBIM JKHPHOOKUCIOTHBIM PaJIHKaJIOM,
OCTaJIbHbIe MMEIOT HempejesbHble CBsI3W OoT 1 10 5. MakcuManibHOE KOJMYeCTBO
OTMEYaeTCs JJIsl SUKO3aIleHTaeHOBOM KUCIIOTHI, CyMMa H30MEPOB KOTOPBIX COCTABIISIET
32,6 %, nanee cnemyeT nuHONeHOBas kucinora 14,9 % u cemaxonesas kuciora 13,9
%. Bce ompeneneHHble HEMPEACIbHBIE >KUPHBIE KUCIOTHI B COCTaBE IIEPCTHOTO
JKUpa WrPAOT BaXXHOE 3HAYCHUE B JKUHEACATEIBHOCTA YEIOBEKA M >KUBOTHBIX.
BrimenpuBeneHHbIE KUCTOTE OTHOCSTCS K TPYIIIIE HE3aMEHUMBIX KUCIIOT, U3 KOTOPBIX
CUHTE3UPYIOTCS JIUMHIBI, HEOOXOAUMBIE U (DYHKIIMOHUPOBAHHS KUBOTO OPTaHNU3MA.
[llepcTHBIN KUP MOXKET CIIY’)KUTh CHIPbEM JUIsl TIOTYYeHHS HEe3aMEHHMBIX JKHPHBIX
KHCJIOT, UCTOJB3YEMbIX KaK JICKAPCTBCHHBIC CPEICTBA U OHMOIIOTUYECKU aAKTHBHBIC
JI00aBKH.

KiloueBble €J10Ba: MIEPCTHBIA KU, JAHOJIWH, JKUPHBIC KHUCJIOTBI, CTEPOUIBI,
XOJIECTEPUH, CIIUPT, XpOMaTorpaduuecKuii aHaau3
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bnazooapuocmu. Asmopul bnazooapsim compyOHUKos upmvl « AHmueerny, komopwie
OKA3AIU CYUWECTNBEHHYIO NOMOUWb 8 ONPEOeleHUU COCTNABA HCUPHBIX KUCTION.

Introduction

Wool fat is the raw material for the production of lanolin, which is an ideal ointment
base. The usefulness of wool fat for human life has been known since ancient times
and its composition should include polyunsaturated fatty acids, which play a crucial
role in human life, in ordinary life they are called omega-3, omega-6, and omega-9.
The numbers indicate the location of the double bond in the hydrocarbon chain of the
fatty acid radical (Guidelines, 2016). These compounds enter the human body with
food, they are especially abundant in meat and fish, so they must be contained in wool
fat. It is known that wool fat is a complex mixture of esters of various fatty acids with
three groups of alcohols: aliphatic, terpene, and sterol. In the work (Konuspayev et al.,
2018) alkaline hydrolysis of wool was carried out and a mixture of the above alcohols
and sodium salts of fatty acids was obtained by us. Among these alcohols, the most
valuable are sterols, from which steroid drugs are produced; the simplest representative
of these alcohols, cholesterol, is known to the general public. Previously, in our works
(Konuspayev et al., 2015, 2016, 2019; Duzelbayeva et al., 2022), we carried out
comprehensive studies on the extraction of wool fat from the wool wash water and
the preparation of pharmacopoeial lanolin from it. There is no information about the
composition of fatty acids that constitute wool fat in the literature.

This work is a continuation of investigations (Konuspayev et al., 2015, 2016, 2019;
Duzelbayeva et al., 2022) and is devoted to establishing the composition of fatty acids
that are part of wool fat.

Research Material and methods

The fatty acid composition of wool fat was analyzed according to GOST 32916-2014
“Determination of the fatty acid composition of the fatty phase by gas chromatography”.
The technique is based on the production and gas chromatographic analysis of fatty acid
methyl esters from wool fat by transesterification with a methanolic solution of sodium
methoxide.

The preparation of methyl esters of fatty acids was carried out according to GOST
31665-2012 “Obtaining methyl esters of fatty acids”. A weighed portion of wool fat
weighing 0.1 g was placed into a 50 mL centrifuge tube and 2 mL of hexane and 0.1 mL
of a solution of sodium methoxide in methanol with a concentration of 2 mol/dm* were
added. The tube was tightly stoppered and vigorously stirred for 2 min. After stirring,
the reaction mixture was allowed to stand for 5 minutes and the upper layer containing
methyl esters was filtered through a filter paper. The obtained solution was used for
testing.

Chromatographic analysis of the composition of fatty acids of wool fat was
carried out on the device “Gas chromatograph GC 2010 Plus, Shimadzu” (Japan)
in the following modes: capillary column polymethylsiloxane HP-88 100 m long
(100mme0.25mme<0.2mm serial number 112-88A7 Agilent); column thermostat mode:
100°C=5 min; 4 °C/min—240°-8 min; total analysis time — 48 minutes; evaporator
260°C; flame ionization detector (240°C); carrier gas is nitrogen (purity 0.9995); flow
rate of nitrogen gases is 30, of hydrogen is 30 and of air is 400 mL/min.
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Hydrolysis of wool fat was carried out in a solution of 20 % sodium hydroxide in
40 % ethanol. In the hydrolysis products of wool fat, fatty acids formed sodium salts,
which are highly soluble in water. The conversion of wool fat was determined by the
value of the ester value. To increase the conversion of wool fat, hexane or benzene was
added to the reactor in amounts not exceeding 2 % of the total mass of reactants in the
reactor.

Results and their discussion

The composition of fatty acids was determined from two samples: in the first case,
directly from wool fat (Table 1), in the second case, from the products of hydrolysis of
wool fat (Table 2) obtained according to the method [2], in both cases almost the same
results were obtained. The type of chromatograms in both cases is the same, a typical
chromatogram is shown in Figure 1.
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Figure 1. Chromatogram of methyl esters of fatty acids isolated from sheep's wool fat

It can be seen from the chromatogram that the fatty acid composition of wool fat
is complex and contains almost all known fatty acids from C, to C,,, and besides in
the composition, both saturated and unsaturated. Table 1 shows the composition of
methyl esters of fatty acid obtained directly from wool fat according to the indicated
experimental procedure.

Table 1. The composition of fatty acids that are in wool fat of sheep's wool

No. Names of acids Output time, min %, content
1 Butyric (C, ) 9.904 0.7
2 Caproic (C, ) 10.059 2.9
3 Caprylic (C, ) 11.815 2.2
4 Lauric (C ,,) 16.140 2.3
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5 |Palmitic (C,,) 21.134 1.8
6 Margaric (C ) 26.379 0.7
7 |Oleic(C,,,,) 27.778 0.8
8 Linoleic (C g, ) 28.887 22
9 Linolenic (C g, ) 28.961 0.6
y- Linolenic (C g, ) 30.375 3.9
a- Linolenic (C g, ) 31.149 35 > 149
a- Linolenic (C g, ) 31.253 6.3
a- Linolenic (C g, ) 31.445 0.6
10 | Eicosenoic (C, ) 30.937 5.0
11 | Behenic (C,,) 31.999 1.4
12 | Eicosadienoic (C, ). 32.994 6.5
13 | Erucic (C,,,,,) 34.616 2.9
14 | Eicosatrienoic (C,), ) 34.956 5.7
15 | Arachidonic (C,,, , ) 35.809 1.1
16 | Docosadienoic (C,, ) 36.722 2.4
17 | Eicosapentaenoic(C,, ) 37.731 5.6
Eicosapentaenoic(C,,; ;) 37.861 9.8
Eicosapentaenoic(C,,; ;) 38.519 3.6
Eicosapentaenoic(C,,; ;) 38.743 8.8 > 326
Eicosapentaenoic(C,,; ;) 38.911 2.4
Eicosapentaenoic(C,,; ;) 39.262 1.8
Eicosapentaenoic(C,, n_3) 39.756 0.6
18 | Selaholeic (C,, ). 42.396 13.9
Total 100.0

Table 2 shows the composition of methyl esters of fatty acid obtained from hydrolysis
products obtained by us in the work (Konuspayev et al., 2018), although fatty acids are
found in the hydrolysis products of wool fat in the form of sodium salts.

The fatty acid composition in both cases is practically the same, which indicates the
reliability of the obtained results, so a discussion of the composition of fatty acids in

wool fat will be according to Table 1.

Table 2. The composition of fatty acids that are in the products of hydrolysis of wool fat

No. Names of acids Output time %, content
1 Butyric (C, ) 9.904 0.7
2 Caproic (C, ) 10.059 2.9
3 Caprylic (C,) 11.815 2.2
4 Lauric (C , ) 16.140 2.3
5 Palmitic (C ;) 21.134 1.8
6 Margaric (C . ) 26.379 0.7
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7 Oleic (C,g, ) 27.778 0.8
8 Linoleic (C, ) 28.887 3.5
9 Linolenic (C g, ) 28.961 2.8
10 y-Linolenic (C ¢, ) 30.375 39
11 a-Linolenic (C g, ) 31.445 6,9
12 Eicosenoic (C,, ) 30.937 5.0
13 Eicosadienoic (C, ) 32.994 6.5
14 Eicosatrienoic (C,, , ) 34.956 5.7
15 Arachidonic (C,, ) 35.809 1.1
16 Behenic (C, ) 31.999 1.4
17 Eicosapentaenoic (C,); ) 39.756 32.6
18 Erucic (C,,,, ) 34.616 2.9
19 Docosadienoic (C,,,,) 36.722 2.4
20 Selacholeic (C,, ) 42.396 13.9
Total 100.0

In wool fat, eicosapentaenoic acid is found most of all, the total content of which is
32.6 % (Table 1). On the chromatogram, it corresponds to 7 peaks. These are isomers
and stereoisomers of eicosapentaenoic acid. Figure 2 shows the structural formula of
this acid. The general formula is C, H, O,, an unsaturated acid contains five unsaturated
bonds in the hydrocarbon radical and belongs to omega-3 fatty acids.

O ®
HO 5 8 11 14 17 20

Figure 2. Structural formula of (cis-5,8,11,14,17) eicosapentaenoic acid

Eicosapentaenoic acid (EPA) or thymnodonic acid (Goodnight et al., 1982; Von
Schacky et al.,, 1999) is an omega-3 polyunsaturated fatty acid (PUFA) that is a
component of lipids in most animal tissues and belongs to essential fatty acids. It is
one of the main components of complex lipids. A large amount of EPA is found in fish
oils, marine molluscs, diatoms, and brown algae. EPA enters the human diet with fatty
fish (herring, mackerel, salmon, sardines, or cod liver), edible seaweed, and is found in
breast milk.

The second largest content in wool fat is linolenic acid (Table 1), on the chromatogram,
it appears as five peaks corresponding to its five stereoisomers, y-linolenic acid two
peaks, a-linolenic acid 3 peaks (Fig. 1).

Alpha-linolenic acid (cis,cis,cis-9,12,15-octadecatrienoic) with three isolated double
bonds, rational formula C,,H,,COOH, there are two o- and y-isomers, which exhibit
different physiological effects on a living organism. Figure 3 shows the structural
formula of a-linolenic acid.
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An isomer of a-linolenic acid y-linolenic acid (cis,cis,cis-6,9,12-octadecatrienoic
acid) differs from it in the different positions of double bonds in the hydrocarbon radical,
therefore it is sometimes called gamolenic acid.

Alpha-linolenic acid belongs to the so-called essential fatty acids and belongs to the
class of omega-3-unsaturated fatty acids, so it must be ingested with food.

Q
— — — L
HO 1 g 1z 15 18

Figure 3. Structural formula of a-linolenic acid (cis- 9,12, 15)

Gamma-linolenic acid (cis, cis, cis-6,9,12 octadecatrienoic), abbreviated as GLA, is
one of the two main types of essential fatty acids (Severina 2003; Seitov 2000). GLA is an
omega-6 fatty acid. The human body uses essential fatty acids to produce prostaglandins
and leukotrienes. These substances affect the process of inflammation and pain; some
of them increase these symptoms and some reduce them. Taking GLA can change the
balance towards a more favorable effect of prostaglandins and leukotrienes, making it
useful for treating diseases that are associated with inflammation. There is evidence
that GLA may be useful in the treatment of diabetic neuropathy. The supplement is
widely used in the UK and other European countries for the treatment of eczema and
cyclic mastalgia (a condition characterized by chest pain associated with the menstrual
cycle). However, there is data that shows that gamma-linolenic acid does not have a
beneficial effect in this case. There are many other alleged uses of GLA based on rather
weak evidence. Linolenic isomers mixed with linoleic and arachidonic acids are called
vitamin F, without which human life is impossible.

The third largest content in wool fat is selacholeic or nervonic acid, the content of
which is 13.9 % (Table 1). The general formula is C,,H,O,, rational is CH,-(CH,).-

247746 722

CH=CH-(CH,) ,-COOH, structural is shown in Figure 3.

Figure 3. Structural formula of (cis-17) selacholeic (nervonic) acid

The cis-15 position contains a double bond. Omega-9-unsaturated fatty acid, part of
the sphingolipids of the white matter of the human brain, is involved in the biosynthesis
of myelin. It is contained in small amounts in the fats of marine animals and fish
(salmon), and even less is found in the seeds of industrial crops.

In addition to the above acids, the following were found in the composition of wool
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fat: eicosenoic acid in an amount of 5.0 %; eicosadienoic is 6.5 %:; eicosatrienoic i1s 5.7
% (Table 1). 18 fatty acids were found in total in the composition of wool fat, 9 of which
do not have unsaturated bonds in the hydrocarbon radical. The remaining fatty acids
have from one to five unsaturated bonds in the hydrocarbon radical, and all of them are
important in the life of humans and animals (Severina 2003; Seitov 2000).

In wool fat, these acids form esters with aliphatic, terpene, and sterol alcohols.
Previously, it was shown (Konuspayev et al., 2018) that up to about 25 % of these
acids form esters with cholesterol and its homologs; in addition, it contains other
physiologically active compounds. Wool fat and lanolin obtained from it belong to wax
(Severina 2003; Seitov 2000; Tarkovska 2019).

In wool fat, among unsaturated fatty acids, the maximum amount is noted for
eicosapentaenoic acid 32.6 % (hereinafter EPA) (Table 1), which can serve as a
raw material for obtaining this acid. Eicosapentaenoic acid is currently produced
by microorganisms that specifically synthesize EPA lipids. The process is very long
and expensive because the microorganisms need an appropriate environment and the
concentration in the final solution does not exceed 550 mg/L. Isolation from such a
dilute solution presents technological difficulties. In our case, the raw material is wool
fat, which at present in Kazakhstan simply flows into the sewer along with the wool
wash water. Pure EPA is a very valuable drug and biologically active additive.

Such valuable preparations are pure linolenic and selacholeic acids, the content of
which is 14.9 and 13.9 % (Table 1). They are essential acids and must be ingested with
food.

If we in the work (Konuspayev et al., 2018) focused on the production of sterols,
then the composition of unsaturated fatty acids in wool fat is no less valuable than the
alcohol part of the hydrolysis products.

Conclusions

For the first time, the composition of fatty acids in wool fat has been established, 18
fatty acids have been found and quantified, 7 of which are acids that have a saturated
hydrocarbon radical, and the rest have from one to five unsaturated bonds in the
hydrocarbon radical.

1. The maximum content of 32.6 % for isomers of eicosapentaenoic acid, which
is involved in the formation of lipids, without which a living organism cannot function.

2. The content of linolenic acid 1s 14.9 % and selacholeic acid 1s 13.9 %, essential
acids for the body. All other acids found in wool fat are needed for the functioning of a
living organism called omega-3, omega-6, and omega-9.
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Abstract. Road transport is the main source of air pollution worldwide. Every year,
vehicle exhaust gases emit millions of tons of toxic substances. Currently, 70-80% of
the pollution of the air basin of large cities is accounted for by motor transport. In
Almaty (Kazakhstan), annual toxic substances from transport amount to more than 150
thousand tons of carbon monoxide, about 30 thousand tons of hydrocarbons and 12
thousand tons of carbon dioxide. An important factor in atmospheric pollution is the
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quality of fuel, which determines the composition and amount of toxic gases released.
The toxicity of types of motor gasoline and their combustion products is mainly
determined by the hydrocarbon composition, in particular the composition of benzenes,
aromatic hydrocarbons and olefins. The present research work consists in the synthesis
of high-temperature heat-resistant and inactive, non-toxic catalysts for the purification
of exhaust gases of motor transport by improving the hydrocarbon composition of motor
fuel and neutralizing toxic components of exhaust gases. During the research work,
catalysts of 10%Co/AlO,, 15%Mg/Al O, and bimetallic Co:Mg=2:1 were prepared.
The properties of the prepared catalysts were studied by the methods of SEM, RFT
and BET. X-ray results show the formation of Co(AlO,), spinels, which form inactive
oxygen for the complete oxidation of methane and hydrocarbons. Modifications of the
Co and Mg catalyst prevent the formation of spinel, thereby increasing the activity of
the catalysts.

Key words: gasoline, benzene, olefin, thermostable catalyst, spinel
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E-mail: erkibaevameruert@mail.ru. ORCID: 0000-0002-6586-2125;

Tlanuna Feopruesna Kcanpomnyso — IIpodeccop. JIeMOKPHT YITTHIK 3€PTTECY OPTaJIbIFbIHBIH HAHOFBUIBIM
MEH HaHOTEXHOJIOTHsI HHCTUTYThI, AduHsl, [perms

E-mail: xanthopoulougalina@gmail.com. ORCID: 0000-0002-1788-141X.

AHHOTAMs. ABTOMOOWIIb KeOIiri OYKiJl oJeMJeri ayaHblH JIACTaHYBIHBIH HETi3rl
Ko3i 0okl TabbiIa bl JKbUT CaliblH KOJIiK KypalJapblHbIH NaiJalaHbUIFaH ra3aapsl
MWUTHOHJIAFaH TOHHA YNl 3aTTapAbl mbiFapaisl. Kazipri yakeiTta ipi KajalapablH
aya OacceiiHiHiH JiacTaHybIHBIH 70-80% aBTOKeJIKKEe THeCUI. AJIMaThl KaJlaChIHJa
KOJIKTeH JKbUI CaWbIHFBI yibl 3arTap 150 MbIH TOHHaJaH acTaM KOMIpTeri OKCHIII,
30 MBIH TOHHara >KybIK KOMIPCYTEK JoHE 12 MBIH TOHHA KOMIPKBIIIKBII Ta3bIH
Kypaiabl. AtMocdepaHbIH JIaCTaHYBIHBIH MaHbBI3AbI (PAKTOPBl OTHIHHBIH Calachl
Ooublll  TAOBUIA/ABI, OFAH IIBIFAPBUIATHIH YIIBI Ta3lapiblH Kypambl MEH MeJIepi
Toyen i 6onaabl. ABTOMOOMIL OCH3WHI TYPIEpiHiH jKOHE OJapJIblH JKaHy OHIMICPiHIH
YBITTBUIBIFBI HETI31HEH KOMIPCYTEK KypaMbIMEH, arall alTKaHa OCH30JIap/IbIH, XOII
WIiCTI KOMIPCYTEKTEP/IiH >KoHE OoJe(HUHCPAIH KYpaMbIMEH aHbIKTanaabl. byn 3eprrey
YKYMBICBI MOTOP OTBIHJIAPBIHBIH KOMIPCYTEK KYPaMbIH )KaKcapTy jKoHE MaijalaHbUIFaH
ra3JapAblH yJiIbl KOMIIOHEHTTEpiH OefTapanTaHIplpy apKbLibl aBTOMOOHIIL KOIriHIH
naiianaHbUIFaH ra3iapblH Ta3apTyFa apHaIIFaH )KOFaphbl TeMIeparypajia TepMOTYPaKThI
Opi aKTUBTUIITTH KOFAITIIAWTHIH, KOKCTSIMEHTIH KaTaJIM3aTOPJIap bl CHHTE3/IEY. 3epTTEy
KYMBICBIH opbiHaay Oapeickinma 10 % Co/AlLO,, 15%Mg/Al O, xone GumeTasnbl
Co:Mg=2:1 karamuzatopiapbl IaWbIHAANARL. JalbIHAAIFAH KaTaIU3aToPIapIbIH
kacuertepi COM, POT xone BOT onicrepimen 3eprreni. PeHTreH HoTHKENEepl MeTaH
MEH KOMIpCYTEKTEP/Ii TOJIBIK TOTBIKTBIPY YIIiH Oencenti emec orreri TyseTin Co(AlO,),
HIIHHEbACPIHIH Ty311yiH kepceTTi. Co xoHe Mg KaTain3aTopbIHBIH MOTUPUKAIHSICHI
LIMAHENBAIH Taiaa OonyblHa >kod OepMelai, ochUIaina Karaau3aTopiapablH
OeJICeHAUTITIH apTThIPaIbL.

Tyiiin ce3nep: OcH3uH, OeH301, OsieDUH, TEPMOTYPAKTHI KaTajau3aropiiap, NIIMUHEb

Kaporcoinanowipy: JKymvicmor Kazaxcman Pecnyonuxacel Folnvim dicone dcozapul
oinim Munucmpniei Kapoicviianovipaowt (AP14869966).

Mynaenep KakTbIFBICHI: ABTOpIIAp OChI MaKalaia My/aJeiep KaKThIFbICHI KOK JIeT
MaJIIMIAEMENTI.
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AHHOTanusa. ABTOMOOWIBHBIH TPAHCIOPT SIBJIIETCS OCHOBHBIM HCTOYHHKOM
3arpsi3HEHUsI BO3IyXa BO BCeM Mupe. EXXeromHo BBIXJIOMHBIE ra3bl TPAHCIIOPTHBIX
CPEICTB BBIICSIOT MIJITMOHBI TOHH TOKCUYHBIX BellecTB. B Hacrosee Bpems 70-80%
3arpsiI3HEHHsI BO3IYIIIHOTO 0acceliHa KPYITHBIX TOPOJIOB MIPUXOIUTCS Ha aBTOTPAHCIIOPT.
B roposie AiMaThl €:Kero{HbIe TOKCHYHBIC BEIIECTBA U3 TPAHCIIOPTA COCTABIISIIOT OoJiee
150 TBIC. TOHH OKHCH yriepona, okoso 30 ThIC. TOHH YIJIEBOJOPOIOB U 12 THIC. TOHH
YIJIEKHCIIOTO ra3a. BaxHbiM (pakTopoM 3arpsi3HEHUs aTMOC]EpHhI SIBISIETCS Ka4eCTBO
TOIIMBA, OT KOTOPOTO 3aBUCHUT COCTaB U KOJIUYECTBO BBIJCISIEMBIX TOKCUYHBIX Ta30B.
TokcHYHOCTH BUIOB aBTOMOOMIJIBHOTO OSH3WHA M MTPOAYKTOB UX CTOPAHUS B OCHOBHOM
onpeneiseTcss YIIEBOJOPOAHBIM COCTaBOM, B YaCTHOCTH COCTaBOM OCH30JIOB,
apoOMaTUYeCKUX YIICBOAOPOIOB M ojeduHOB. Hacrosmas nccienoparenbckas padora
3aKJII0YAeTCI B CHHTE3€ BBICOKOTEMIIEPATYPHBIX TEPMOCTOMKUX U HEAKTHUBHBIX,
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HEKOKCH(PUIIUPYEMBIX KaTaIN3aTOPOB [Tl OYMCTKHU BBIXJIOMHBIX Ta30B aBTOMOOMIIBHOTO
TPaHCIOPTa IMyTEM YIyYHICHHUs] YIIEBOJOPOAHOIO COCTaBa MOTOPHOIO TOIUIMBA M
HEHTpanu3auyu TOKCHYHBIX KOMIIOHEHTOB BBIXJIOIIHBIX Ta3oB. B xone BBINONHEHHS
UCCIENOBaTeNbeKOH  pabotbl  Obutn  mpurotosnensl  10%Co/ALO,, 15%Mg/Al O,
n Oummerammmyeckne Co:Mg=2:1 kartanuzaropsl. CBoHcTBa NPUTOTOBICHHBIX
KaranuzaropoB uzydanuch MetonaMu COM, POT u BOT. Pentrenosckue pesynasraTsl
nokasbiBalT oOpasopanue mmubeneir Co(AlO,),, koTopble 00pa3yroT HeaKTHBHBIH
KHCIIOpOJ Uil TOJHOTO OKHCJICHUS MeTaHa M YIIeBOAOpoxoB. Moaudukanuu
katanuzaropa Co 1 Mg npeaoTBpaaoT o0pa3oBaHue IITHHEIH, TEM CaMbIM TOBBILIAS
AKTHBHOCTD KaTaJH3aTOPOB.

KamoueBbie cioBa: OeH3uH, O€H30J, OJC(PUH, TEPMOCTONWKHE KaTallU3aTOPBHI,
LIMAHETb

@unancuposanue: Paboma gunancupyemcs Munucmepcmeom HayKu u ebicuieco
obpasosanus Pecnyonuxu Kazaxcman (AP14869966).

KonduukT nHTepecoB: aBTOpHI 3asBIAIOT 00 OTCYTCTBHH KOH(PIUKTa HHTEPECOB.

Kipicne

ABTOMOOMIB Kejiri Oykil oJeMzeri ayaHblH JIaCTaHYBIHBIH HETi3r  Ke3i
Oonbin TaObwaabl. Kbl1  callblH KeJIK KypaJIapbIHBIH MaiAajdaHbUIFaH Tazdapbl
MWUIMOHJAFaH TOHHA YNbI 3aTTapAbl mbiFapansl. Kasipri yakeiTTa ipi KajajgapAblH
aya OacceiiHiHiH yactaHybiHbIH 70-80 % aBTOKeiikke THecisi. AIMaThl KaJlachIHJIa
KOJIIKTEH JKbIJI CalbIHFBI ynbl 3arTap 150 MBIH TOHHaIaH acTaM KeMIpTeri OKCHi,
30 MBIH TOHHara >XKyBIK KOMIPCYTEK *oHE 12 MBIH TOHHA KOMIPKBIIIKBUI Ta3bIH
Kypaiabl. AtMocdepaHblH JaCTaHyBIHBIH MaHBI3ABl (PAKTOPBl OTBHIHHBIH Camachl
Oonblll TaObIAABI, OFAH IUBIFAPBUIATHIH YAl Ta3lapAblH KypaMbl MEH MeJjIepi
Toyenai 6omaapl. ABTOMOOMIIb OCH3MHI TYPJIEPiHiH KOHE ONapAbIH JKaHy eHIMIEpiHiH
yibl OONTyBl HETi3iHEH KOMIPCYTeK KypambIMEH, arall alTKaHga OeH30J1apiblH, XOLI
WICTI KOMIPCYTEKTEpIiH XoHe osiepUHIEPAIH KypaMbIMEH aHbIKTanaabl. benszon
ocipece KayinTi, ©MTKEHI OJ KO3FAITKBIIITA €H YIIINAa JKOHE Oasy »KaHbIl KETel,
COHBIMEH Karap TaOHFH JKarJaia XUMUSUIBIK TYPFBIIaH TYpakThl. beHzon skaHraH
Ke3zie Kymri kanneporen—Oensnupen (C, H ) Tysineni, mainananbuiran raznapaarsl
1 n OensuH xanranna 81 MKr-ra JeiiH OGH3MUPEH Ty3iiedi. beH3uHzaeri xomn uicTi
KOMIPCYTEKTEp/IiH MeJIepi HeFypIbIM JKOFapbl 0oJica, OHBIH JKaHy TEMIIepaTypachl
COFYPJIBIM JKOFaphl O0Mapl )KoHe MaliJaaHbUIFaH ra3gapAarsl a30T OKCUAIHIH MeJIepi
COFYPJIBIM JKOFaphl Oonaabl. Ayanarbl OeH301b1H 75 %-aaH acTaMbl aBTOMOOWIIbIAEPAIH
naianaHsUlFal TrazgapeiHan Typaigbl. COHBIMEH Karap, OeH301 KO3FalTKBIILTAFbI
KOMIpTeTi TOTBIFBIH KYIIEHTe1 )KoHe MaliAaaHblIFaH Ta3aapiarbl KYHeHi apTThIpabl,
Oyl KO3FalTKBILTBHIH KbI3MET €Ty MEp3iMiHIH TeMeHAaeyiHe okenedi. beH30i11bIH
YKOFaphl KaHIICPOTSH/IUIITT OHBIH OCH3MHJIETT KOHIIEHTPALUSCHIH IIEKTEY KaKETTLTIriH
Tynbipansl. Eypo-5,6 cranpaprrapeiaga 1,0 %-nan a3 6enzon xone 24 %-aaH a3 xoum
nicTi xkemipcytektep Oap (A0mynmunes, 2013; AxmerssHos, 2017; Wpanos, 1990;
Konppames, 2006; Maty3os, 2007).

Bensunperi OeH30/bIH €H YIKEH K31 - MyHall eHJey 3aybIThIHAAFbl PUGOPMUHT

75



OF THE NATIONAL ACADEMY OF SCIENCES OF THE REPUBLIC OF KAZAKHSTAN

nponecinin  eHimi. KaranuTukanblk pUGOPMUHT ©HIMI MEH IIMKi3aThIHIAFbI
OEH3071 MEH XOII MICTi KOCBUIBICTAPIBIH XUMMSIBIK KYPBUIBIMBIH ©3TepTy KOJIAaphl
KaTaJIMTUKAJIBIK TIpoIiecTep OobIt TaObuiaabl. EH OHTAMIIBI )KOHE THIMIII 9JTIC - OTBIH
(pakuusIapbIHIaFbl OEH301 MEH XOII HiCTI KOMIPCYTEKTEPl KaTaJTUTUKAIBIK THIIPICY,
OyJ1 TYPaKTBUIBIKTHI apTTHIPYFa JKOHE MOTOP OTBHIHAAPBIHBIH OHIMIUTITIH JKaKcapTyFa
MYMKIHIIK Oepeni. Maiinap MeH Ma3yTTapAblH OThIH (pakUUsUIapbIHAAFEl XOII HiCTi
KOCBUIBICTApIBIH (THAPOACapOMAaTH3aLMs) KYPAMBIH TOMEHACTYIIH KaTaluTHKAIBIK,
TEXHOJIOTUSICBIH 93ipJiey OTaHABIK OCH3WH TYPJIEPiHiH NMaianany KacHeTTepiH, COHIai-
aKk KazakcTangarel SKONOTHSUIBIK JKargaiabl (aya OaccedHIH Ta3apTy) >KakcapTyra
MYMKIHIIK Oepeni. AlTa KeTy Kepek, MyHail camachlHBIH HalapjiayblHa (aybIp
KOHE KOFapbl KYKIPTTi) KOHE SKOJIOTHSUIBIK TajanTapblH KaTalOblHAa OaiaHbICTHI
KaTaJUTHKAJIBIK THAPOTa3apTy MPOLECTEPiHIH MyHail eHAey HpouecTepiHaeri pemi
OapraH caliblH MaHbBI3/IbI 00JIa TYCYIIE.

AKIII, bareic Eypomna, Xamonusi, Peceil »oHe KpITall FampIMaapbl KailiTa eHaey
OHIMEPIH THAPOACapOMaTH3ALUSIIAY MOCEIIECIH ey YIIiH KYMbIC icTeyae. MyHai
eHJIey eHepkaciOinae ruaporenusamnus mnpouecrepi Co, Mo, Ni, Cu, W xoHe Oacka
oTIeNi MeTajnjap KOJNJAHBUIATBIH METaJl OKCHIIHIH KaTalnu3aTopiapblHIa KaTaH
Karaainapaa (OKOFapbl TeMIieparypa MEH CYTeri KbICBIMBI) JKY3€re€ acChIpbUIafbl.
[InatmHa TOOBIHAAFBEI MeTalAapra HETi3JeNTeH KaTaluTHKaJlbIK >Kyhenep, acipece
Pt, Pd, Rh sxone Ru, runpoaeruapiey peakiusuiapblHbIH €H THIMIII KOHE CEJICKTHUBTI
KaTanu3aroprapsl 0ojibin Tadbutanbl. OHepkacinTe VIII Tonrarsl MeTann HeriziHzaeri
KaTaau3arop Ja, CyabGuaTep e KeHIHeH KOJAaHbLIabl; IereHMEH, OCH30JI MEH XOMI
HiCT1 KOMIpCYTEKTEPIi THIPOTeHU3aLUsIIay Ka3ipri yaKbITTa KaTaH Karaaiiapa xysere
aceIpbunansl. XKakeinaa Pt-Pd karanusaropnapel MyHai eHIMIEpiH THAPOTA3apTy YLIiH,
ocipece OeH3MHIETI OEH30JIbI KOHE IHM3EIbACTT XOI MiCTi KOCBUIBICTApAbl KaJIlbIHA
KeNTipy YLIH KapKbIHIbl KOJJAHBUIABI, COHIBIKTAH 3€PTTEYIILIEep ONapIbl MYKHST
6akputan oteipapl. Pt/ALO,—ke Pd Kocy Gensonpl ruspiey Kesinae OesCeHIiniK neH
TYPaKTBUIBIKTBIH JKOFapbUIayblHA oKeyedi. TchiManmaylmsl MeH MOAM(UKATOPABIH
TaOWUFaTBIH ©3repTy apKbUIbI KaTalu3aTopiiap MeTajilapAblH OipKeNKi TapaidyblHa KOJ
KETKi3el, OyJ1 KypaMbIHIa KYKIpT 0ap KOCBUIBICTApFa KATHICTHI OHTAMIIBI KBIIITKBLIIBIK,
IIEH TYPaKTBUIBIKTHI cakTaijpl (O0y bakap, 2009; Apyn, 2009; Kapon, 2003; Poccw,
2009; Y:xoy, 2009).

Kemnik KypanaapbIHBIH 1IITEH XaHy KO3FAJITKBIIITAPbIHAA OCH3WH/I Kary Ke3iHgie
HETI3T1 yJIbl KOMIIOHEHTTEP KOMIpPTETi TOTHIFbI, ’KaHOaFaH KEHIJT KOMipCyTeKTep, Kyle,
KYKIpPT JKoHE a30T OKcuATepi Oonbim Tadbuiaabl. Kazakcran yiiH, OapiblK esnep
CHSIKTBI, ayaHbIH JlacTaHy MpoOnemanapbl e3eKTi 0onabl jkoHe OoibIn Kana Oepei.
Kazakcranna KyH cailblH 2 MWIJIMOHFA KYBIK KOJIK Kypajabl 4 MWUIMOH TOHHAJaH
acTaM 3USHABI IIBIFApPBIHABLIAD IIbIFapaabl. Ka3akcTaHHBIH KONTETeH OHEPKACIIITIK
KaJaJapblHbIH ayaHbIH JIAaCTaHy JCHreli KOJIAHBICTarbl HOPMAaTHBTIK ILIEKTEPIACH
6-10 ece aptbik. CO-nbiH CO -re, xomipcyTtekrepin CO, sxone H, O-ra sxoHe KyKipT
JUOKCHIIHIH TPUOKCHJIKE TOJBIK KATAIWTHKAJIBIK TOTHIFYbl aBTOMOOWIIb KONIriHIH
3USHABI MIBIFAPBIHABUIAPEIH OeHTapanTaHAbIPYAbIH €H THIMII daicTepiHiy Oipi OombIm
tabbu1anel (Ipuropenko, 2017; Konbanosckuii, 2002; Kpeuios, 2007).
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KaranutukanbpIK TypiaeHAiprilTep i Yl Heri3ri Tonka 6emyre Oonaipl: KypaMbIHIa
acbUl MeTangap 0ap; eTeN MeTajlll OKCHATEPIHEH TYpabl; )koHe d-dJIeMEHT OKCUATEPI
MEH IUTaTHHA TOOBIHIAFBI METaJAapAbl KAMTUTHIH apajac Karaimuszaropriap. Alaifa,
achlT METAJIIAP/Ibl KOJIAaHATBIH KaTan3aTopiap eH Kol TapajaFaH OobI Kaima oepei
KOHE IUIATMHA METaJAapblHbIH KbIMOATTBIFbIHA KapaMacTaH, KaJJIblK TIa3aapisl
OHEPKICINTIK Ta3apTy YIIiH KeHIHeH KoJjaHbuiaabl. KartammzatoprapisiH OerceHmi
KOMIIOHEHTTEpiHIH TaOWFaThl MEH e3apa JpeKeTTeCyi, COHJal-aK KaTaluTHKaJbIK
peaxnys MexaHu3Mi Typajibl Mocelie KeHiHeH TalKbulaHabl. KemnTereH 3eprreynepiy
HOTIDKENIEepl KOoOambT HETI3IHIEerl KaTaluTHUKaNbIK Jkyilenep Oipereii CO TOTBIFY
OCIICeHIUTITIHIH apKachblHIa TOMECH TeMIIeparypajia KaTaINTUKAIBIK OCJICEHIUTIKKE e
exeHiH kepcetTi (Koyim, 2010; Parran, 2014).

Amomunuii okcuainin Co,0O,/y-Al O, karanu3aropbiHa 9PTYpIIi CUHTE3 diCTEPiHE
9CEpiH 3epTTey CIHAIPY 9/1iCTEPIMEH aJIbIHFaH KaTaJIN3aTOP/IbIH JKOFapbl OSICSHILIIT: Oap
ekeHin kopcerTi. Pentrenorpadus anicimen CoAlO,, Co,0,, Co xone Al,O, daszanapsr
Co/AlO, karanmusaropiapbinaa Co Ma3MyHbIHa OaiTaHBICTBI OONATHIHBI KOPCETIITEH.
Co-TBI achll MeTalfapMeH, aram aiWTkanma Pt skome Co okcuarepiMeH OipiKTipy
HOTHXKECIHJIE aJIbIHFaH KaTajau3aropiap 3epTTeiai. Ackul Metamul npomortopiapsl Co/
A1203 KaTaJIM3aTOPJIAPBIHBIH KATAIUTUKAJIBIK OEICeHIUNIT MEH TOTHIKCHI3aHYbIH
xakcapransl. [lnatmHaHBIH OOMyBl KallblHA KENTIPY MPOLECIH KEACHIEeTIN KaHa
KOHMai, COHBIMEH Karap CIHJIIpTrill KaTaJau3aTopjbl JaibIHAay Ke3iH/Ae /e, KaJIbIHA
KEeNTIpy MpoINeciHye Je naiina 0onarelH KYpIeli IMUHEIb KYPhUTBIMAAPBIH KaJllblHA
KENTIPYIiH KeKe Ke3eHISPIHIH PeTTIIITIH 63repTeTiHI aHBIKTaJI b

AnbIC IIET enjep apachblHIa KOpLIaraH OPTaHbl KOPFAy KaTaJlu3aTOpJIapbIHbIH
xerekmi enxipyurinepi UOP, Engelgard (AKIL), Imperial Chemical Industry (ICI,
Awnrmus), Haldor Topse (danus), Girdler (ILBenust) sxone Rhone Poulene (®panmust)
Oombin  TaObUTagBl. byn ¢dupmanap mnaliganaHpuUFaH Ta3gapAbl  TazapTy  YLIiH
KaTaJau3aTopiapabl YHEMI >KEeTUIIIPIN OThIpa/bl, 6MTKeHI KOpIIaFaH OpTaHbl KOpFay
TajanTapbl KaTailbim kenei. CumaTTaisral SKOJIOTHSIIBIK MOCEIICHI MENTYIiH Oip JKOIbI
0ap — KeNiK KypalJapbl JKOJOTHSIBIK Ta3a Ooiybl Kepek. bipiHmiizeH, OeH3WHHIH
carachlH KaKcapTy KepeK, eKiHIIiACH, YJIbl IIbIFapbIHABLIAPAAH MIBIFAThIH ra3fapabl
OeliTapanTaHABIPYABIH THIMAI XKyHeciH Komgany kaxer (Ban, 2012; Bocyru, 2017;
Oszkapa, 2005; Ma, 2012; Auccon 2002).

Byt 3eprTey JKYMBICHI MOTOP OTBIHBIHBIH KOMIPCYTEK KYpaMbIH >KaKCapTy >KOHE
naijanaHpUIFaH Tra3fapiblH  YJIbl KOMIIOHEHTTEpiH OedTapanTaHIblpy >KOJIBIMEH
aBTOMOOWJIb ~ KOJITiHIH YBITTHl MalJajaHblUIFaH Ta3fapblH  Ta3apTy apKbUIbl
KazakcranublH aya OacceiiHiH Ta3apTynblH SKOJOTHSUIBIK HPOOJIEMAChIH IIELIyTe
OarbITTanFan. 3epTTey KYMBICTAPBIH XKYprizy 6apeicbinaa 10%Co/Al O, xane 15%Mg/
AlLO, xone Oumeranapr Co:Mg=2:1 karamusaropnapel cuHTe3nendi. byn seprrey
KyMbIchinaa Katamusatopnap Co(NO,),"6H,O colikec MeTamn KOCBUIBICTapbl 6ap
Cynbel TY3 epitiaainepi 6omapl, Kypambraaa Co 10%. KobGansT okcuarepine 6acekenec
peTinae Maruui okcui Kocnanapel 6ap yiarizep Co(NO,), 6H,0 sxone Mg(NO,),-6H,0
TY31apbIHbIH JKannbl epiTingicinen Al O, Oipkenki CiHipy omiciMeH Oip Mesrijae
apanacTbipa OTHIpBIN AalbiHAanansl, Kypambiaaa 10%Co xone 15%Mg Oap cinaipy
oflicIieH AalbIHAATa b
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3epTTey HBICAHBI MEH dicTepi

Karanuzarop bUIFan ChIABIMIBLIBIFGI OOMBIHIIA ayaHbl CIHIPYIIH ASCTYPI 9IiCiMEH
JaibIHAI B, AJIBIMEH amroMuHuN okcu i 550°C TeMmieparypaia 3 caraTka KenTipiii.
CopaH KeiiH TachIMaNIaFbIIITHIH BUIFATIBUTBIFBI aHBIKTAABL. Mg skoHe Co THTpIICHIeH
epitininepi 0,12 r/mn xone 0,16 r/mn Mg(NO,)*6H,0 xone Co(NO,)*6H,O nutpar
TY3/IapbIHBIH KOHIICHTpAIMSIChIMEeH NaibiHaan bl Coman Kelin Oenrii Oip MeJiepe
JUCTWIZICHTEH Cy KOCBUIAZbl, OYKIT KOCIAChl JKaKChLJIAll apalacThIpbUIabl JKOHE
KeMTIPUITeH TachIMaJIay bl ePITIHAINe CaabIHAIBI, TOJIBIKTAN CIHIIPIN apaaacThIpabl,
O0ip kyHre OeJMe TeMIIepaTypachlHIa KalIbIPbIIaabl. AJBIHFAH KaTalu3aTop.Ibl
apayacTBHIPBUIBIIT YHTAK KYHTe KEeNTeHIIe apajacThIpbUIabl, cOMaH KeliH | cararTaH
300, 400, 550, 650, 750, 800, 900, 950, 1100°C Temneparypanapia KbI3IbIPbLIA B
Hotmxkecinne keneci karanuszaropiap madbmganas: 10% Co/AlO,, 15% Mg/Al,O
skoHe ommetanael Co:Mg=2:1.

Anbraras qudpakuusuibik gepexrep [.B. Cokonbekuii aTbIHAAFbI JKaHAPMAH, KaTasu3
JKOHE DIJIEKTPOXUMHSI HMHCTHTYTBIHAA IUQPPAKTOMETPIEri PEeHTreHAiK audpaxius
onicimen JIPOH-4-0.7 (Peceii) KypbUIFBICHIH/IA aJIbIH/IBI. PeHTIeHO(Da3aIbIK TaIAay b
(U3UKAIBIK 3epPTTeY dJiCTEpi 3epTXaHACKIHBIH FUTBIMU Kbi3MeTkepi B.I1. ['puropnesa
xkyprizai. Penrrenodasansik Tangay (POT) maprrapsr: CoKo coyneneny, 20=5-100°
OYpBIIITAPBIHBIH apalbIFbIHAA, YHTAK oaiciMeH xkyprizuimi. Xoue BOT OolibiHina
tangayna Hotwkenepai JI.B. Cokxonbckuil aThIHIAFBI JKaHapMai, Karaiau3 >KoHe
ANIEKTPOXUMHUSI HHCTUTYTHIHBIH 3€PTXaHACBIHA KYPTi3iili.

3epTTey HOTH:IKEIEPi sKIHE 0J1apPAbI TAIKbLIAY

550, 800 sxome 1100°C temneparypana kyinipiaren 10%Co/Al O, karammsarop
yurinepinig qudpaxrorpaMmanapsl kepcetinres (cyper 1-3). 550°C temmneparypana
Co,0, xobaneT mWnuHenbAepine TOH (hazanap Oalikananbl. AWTa KETy KEpeK, KOOaabT
amomunatel, CoAl O, xakpiH (hasanap >KUBIHTBIFbIHA HE. By KocwuibicTap Tek
dasanbik Kypambiven epekmeneneni 6yn ek Co,0, ke Tou: 4.67, 2.87, 2.46, 2.02, 1.57
xoHe 1,43 A, ALO, dazanaper Gaiikanmaiael. Yirini ayaga 800°C Temneparypana
KeI3IBIpY 4,67 A Temmeparypana azanapasiH TOMEHEyiHe KIHE Co,0, xane CoALO,
(asanapbIHbIH KUBIHTHIFBIHBIH cakTanybiHa okenemdi. y-AlL O, dasacel aitapibikrai
JKOFaphbl JUCTIepCHsra OaiaHbICThl aliKbiH KopinOeni xone a-Al O, xok. 1100°C
temneparypana Co,O,-ten 4,7 A-re neitinri (aza mry neHreifinge 6omaas KoHe Oy
¢asa xox. Pentrenorpammana CoAl O, pazanapel, connaii-ak a-Al O, dasanapsr 6ap:
3.50,2.58,2.36,2.07, 1.75, 1.60, 1.56, 1.40, 1.37 sx