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

Oco6oe BanManue birarorBoputenbHbIi GoHT «XabIK» ynenseT 00pa3oBaTeIbHbIM
IporpaMmam, C4uTas 3TO HallPaBJICHUE OJHUM W3 KIIIOUEBBIX B CBOEH JESATEIBHOCTH.
Oxas3biBasi MOAJIEPKKY OT€UECTBEHHOMY 00pa30oBaHuto, GOH/I BHOCUT CBOI OCHIIbHBIN
BKJIaJI B Pa3BUTHE KauecTBEHHOTo oOpa3oBanus B Kazaxcrane. Tem camMbiM ciocoOCTBYS
pOCTy uncIa JItoneH, ClIoCOOHBIX MEHSTh KU3Hb B CTPaHe K JIy4IlleMy —Ipo(ecCHOHAIOB
B pa3iMyHbIX cdepax, MOTCHUUAIBHBIX JIMACPOB M «BEJIUKUX YMOB». OnHOH U3
3HAUUMBIX HMHUIMATHB (oHJa «Xanblk» B oOpas3oBaresibHOW cdepe craim MpoeKT
Ozgeris powered by Halyk Fund — mepBblii B cTpane OuzHec-uHKYOaTop ISl yUaluxcs
9-11 xmaccoB, KOTOpBI MOMOTraeT pa3BUBAaTh HEOOXOAMMBIE B COBPEMEHHOM MHpE
MpeANpPUHUMATENILCKUE HaBbIKK. Tak, Ha comelCTBHE MajoMy OM3HECY IMIKOJbHHUKOB
66110 BhIIeneHo Oosee 200 rpanToB. J{iis moaiep KKy TaJaHTIIMBBIX 1 MOTHBHPOBAaHHBIX
nereit @OoHI HEOAHOKPATHO BBIACISUT TPaHThI HAa 00yueHue B MexIyHapOJHOH IIKOoJIe
«Mupacy» u B Astana IT University, a Taxke MOMOI Ka3axCTaHCKUM LIKOJbHHKAM
npuHATH yyactue B npectxHoM KoHKypce «USTEM Robotics» B CLLIA. ABropckue
pabotel B pamkax npoekra «Tamimrep», koropomy DoHI OKa3an HOAICPHKKY, JICIIIN B
OCHOBY Y4€OHOH MPOrpaMMbl, Y4€OHHKOB U Y4€OHO-METOANYECKUX KHHUT 10 IPEAMETY
«OcCHOBBI TIpeANpUHUMATENBCTBA U Ou3Heca», mpenogaBaemoro B 10-11 kmaccax
Ka3aXCTAaHCKMX ILIKOJ U KOJUIEIKEH.

[TomuMo mnomomM MIKOJIBHMKAM, ydallMMcs KoJulepke M cryaeHTaM DoHp
CUMTAET BAXXHBIM BHECTH CBOW BKJIAJ B IMOBBILICHHE KBAIM(QHUKAIWU IIE€AaroroB,
COBEpIIIEHCTBOBAHNE HUX 3HAHMH U HABBIKOB, IOCKOJIbBKY HMEHHO OHHU SIBJISIOTCS
[IPOBOAHUKAMH 3HAHUHM OyIyIIMX MOKOJeHHH KazaxcTaHueB. [Ipu mognepxkke donna
«XanplK» B IOKHOH cTONMie ObUI OpPraHW30BaH E€XKEroJHbIM TOPOACKONW KOHKYpC
nenaroroB «Almaty Digital Ustaz.

BaxHoll MHMLIMATUBOW CTall pealn3yeMblii MPOEKT 1O OOYYEeHHIO OCHOBaM
(MHAHCOBOM TPaMOTHOCTH Mpernoaasareield n3 BockMH obnacteidl Kazaxcrana, urto
JIOJDKHO OKa3aTh CYIIECTBEHHOE BIIMSIHUE Ha BOCIIMTaHUE (PMHAHCOBOW IPAMOTHOCTH H
MpEeIIPUHUMATEIBCKOTO MBIIIIJIEHHS Y HOBOTO TIOKOJIEHUSI TPaXAaH CTPaHBI.

Heob6xonumyro nmomois @oHx «Xanblk» OKa3blBaeT U TeM, KTO 0COOCHHO OCTPO
B Hell Hyxnaercs. B paMkax counanabHOM 3alllUThl HACEJIEHHsS aKTHUBHO NPOBOAUTCS
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paboTa 1o TOAJEPKKE NIETeH, OCTABIIMXCS 03 pOIUTENCH, JeTedl W B3POCIBIX U3
COLMAJIbHO YA3BUMBIX CJIOEB HACEJICHHUS, JIFOJEN C OTPAaHUYEHHBIMUA BO3MOKHOCTSIMHU, a
TaKKe 00€CIICUCHUIO HYK/IAIOIIMXCSI COLUATBHBIM KHIIIbEM, CTPOUTEILCTBY COIIHATBLHO
BaXKHBIX OOBEKTOB, TAKUX KaK JCTCKHE CaJbl, ACTCKHE TUIOIAIAKU U (PU3KYIBTYpPHO-
03JI0POBUTEJIbHBIE KOMITJIEKCHI.

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

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

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

C yBakeHunem,
BbaarorBopurebHblii ®oHa «XaabIK»!
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KYPBIHOB Mypar ’KypbIHYJIbI, XUMHUS FBUIBIMIAPBIHEIH JOKTOPSL, ipodeccop, KP ¥FA akanemuri,
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OTBIH, KaTaJIH3 )KOHE IEKTPOXUMUS HHCTUTYTHIHBIHY 0ac qupektopbl (Anmarsl, Kasakcran) H = 4

Penaxkmus ankacel:

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

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

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

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

XOXMAHH J[Ixymut, Ceren ynusepcureriniy ®Papmauesruxa daxysapreTinin PapMakornosus
KadeapachHBIH MeHrepymrici, JKapaTbuiblcTaHy FBUIBIMIAPBIHBIH TTOHAPAIBIK OPTAJIBIFBIHBIH JAUPEKTOPEI
(Ceren, Bernrpust) H =38
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YITTHIK opTansirel, Papmanust Mmektebinin npodeccopst (Oxcdopa, AKII) H =35
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TEJTAEB Bargar Bypxan6aiiyiabl, TeXHUKa FRUIBIMIAPBIHBIH JOKTOpHI, mpodeccop, KP ¥FA
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Kpiprezcran) H = 4

XAJIMKOB [:xypadaii XaJuKkoBHY, XUMUsI FBUIBIMIAPBIHBIH JTOKTOPBI, podeccop, Taxikeran FA
axanemuri, B.M. Huxutun ateranarsr Xumust mHCTUTYTHI ([lymante, Toxikeran) H =6

DAP3AJIUEB Barug Mekuaoribl, XuMys FBUTBIMAAPBIHBIH TOKTOPEL, podeccop, ¥FA akanemuri
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I'naBHbII perakTop:
KYPUHOB Mypar KypuHoBHY, JOKTOp XMMHUYECKHX HayK, mpodeccop, akagemuk HAH PK,
npe3uaeHT HaronansHol akagemun Hayk Pecry6mmkn Kazaxcran, renepansusiii fupexrop AO «HcTHTYT
TOIUIMBA, KaTanu3a u anekrpoxumun uM. /1.B. Cokonbckoro» (Anmarsel, Kazaxcran) H =4

Penaxkuuonnas xosuierus:

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

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

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

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

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

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

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

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

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

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

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

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

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

T'APEJIMK Xempaa, noxrop ¢unocopun (Ph.D, xumus), npesunent Otnena XUMUH U OKpYsKaromieit
cpensl MexxIyHapogIHOro cor03a YHCTO! 1 npukiiagHoi xumun (Jlonnon, Anrmst) H =15
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Abstract. The scientific article shows the results of a study of the influence of
additives on the structure and burning process of synthesized zinc-phosphate cement
clinker. The process of grinding raw materials and phosphorus slag has been studied, the
specific surface area of the materials and the average particle sizes in the composition
have been determined. As a result of grinding, the specific surface area of zinc oxide
was 1756 cm?/g, magnesium oxide was 7788 cm?/g, silicon dioxide was 2615 cm?/g,
bismuth (IIT) oxide was 2774 cm?/g, grinding of phosphorus slag after 5 hours was 1104
cm?/g. Depending on the properties of the raw materials, 5 compositions of mixtures of
zinc-phosphate cements have been developed. The synthesis process of the developed
mixture was carried out at a temperature of 1000-1100 °C. The degree of whiteness of the
synthesized zinc phosphate cement clinker was determined, the result was 84.4-97.8 %.
During the synthesis process, the formation of phase compounds Zn,MgO,, Zn,SiO, and
Mg SiO,, ZnO-Bi,0, or MgO-Bi,0, in cement clinker was established. Microanalysis
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of zinc-phosphate cement clinker was ZnO - 85.66 %, CaO - 0.57 %, SiO, - 4.36 %,
AlLO, - 0.64 %, MgO - 7.37 %, Bi,0, - 1.4 %. Radioactive elements such as U, Th, Ra
and heavy elements Cu, Pb, Be were not found in the clinker. As a result of microscopic
analysis, it was found that the most common phase of zinc phosphate cement clinker
is the mineral zincite (ZnO), while the minerals ganite (ZnAl0,), periclase (MgO) and
kotoite (Mg,Bi,0,) occur in small quantities. ZnO grains have a subspherical shape with
a relatively flat surface. The inner surface of small granules is dense, without obvious
porosity. During elemental analysis, it was found that the element Mg is included in the
mineral structure of zincite (ZnO).

Keywords: zinc-phosphate cement, burn of compositions, synthesis, composite
material, microstructure
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AnHoTanust. FhUIbBIMM Makanaga CHHTE3IENTeH MBIPBIII-(pocdaTTbl IIeMEHT
KIMHKEPIHIH KYpBUIBIMBI MEH KYHAIpYy IpolecciHe KocHalapAblH 9CEpiH 3epTTey
HoTIXKenepi kentipiaren. Lukizat matepuanmap MeH Gocop HuTakTapAblH YHAKTATY
MpoLeci 3epTTeNli, MaTepUaLIap/blH MEHIIIKTI YJISCTIK 0TI MEH KOMITO3UIIHSIIAFbl
OeJLICKTEp/iH opTalla eJIeMAepl aHBIKTANAbl. YHTaKTay HOTHXKECIHIE MBIPBIII
OKCH/IiHIH MEHIIIKTI yiecTik 0eTi - 1756 cm?/t, maruuii okcui - 7788 cM*/1, KpeMHHUI
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auokeuni - 2615 cm?/r, Bucmyt (1) okewnai - 2774 cm?/r 6onnsl, pocdop HLTAKTH 5
caraT YHTaKTaylaH KeWiH, MEXaHHKaJbIK OeJCeHAIpy HOTMXKeCiHAe YJecTik OeTi -
1104 cm*r xypanasl. [1IukizaTThiH KacueTiHe OailIaHBICTBI MBIPBIII-(POCHATTHI IEMEHT
KOocCTaJlapbIHBIH 5 KypaMbl a3ipnenni. Jlaiisiananran Kocnansl cuaTesney npoueci 1000-
1100 °C Temnieparypana xypai. CHHTe31eIreH MBIPHIII-()ocarThl HEMEHT KIMHKEPIiH
aK Ooiy mopikeci aHBIKTaNbI, HOTIKeci 84,4-97.8 % kepcerti. CuHTe3 mporieci
Ke3iHjie ueMeHT KiuHkepinge Zn,MgO,, Zn,SiO, xone Mg SiO,, ZnO-Bi,0, nemece
MgO-Bi,0, dasanbik KOCBUIBICTAP/BIH TY3ilyi aHBIKTaIIbl. MbIpbi-pocharTst
LEMEHT KIMHKEPiHiH MukpoaHanusi ZnO - 85,66 %, CaO — 0,57 %, SiO, - 4,36 %,
A1203—0,64 %, MgO-7,37 %, Bi203—1,4 % xypansl. Knunakep kypambiana U, Th, Ra
CHSIKTBI paIMOAaKTUBTI seMenTTep xaHe Cu, Pb, Be aybip anementTep TaObLIFaH JKOK.
MUKpPOCKONIMSIIBIK Talgay HOTHKECIHIE MBIPHII-(pocarTsl HEMEHT KIMHKEPiHIH €H
keI Tapanral gasacsl iMHIMT (ZnO) Munepansl, an ranut (ZnAlO,), nepuknas (MgO)
xoHe korout (Mg,Bi,0,) Munepaniapel a3 Memep/e Ke3AeCeTiHi aubKTanabl. ZnO
TYHIPILIKTEPiHiH CaTbICTBIPMAIIBI TYPAE TeTic 0eTi 6ap, cyOcdepalbIk miminre ue. ¥ cak
TYHIPIIIKTEPAiH 1IKi O€Ti THIFBI3, AKBIH KEYEKTUIIr XKOK. DNEMEHTTIK Tajaay Ke3iHie
UUHOUTTIH (ZnO) MUHEpaNIbIK KyphlIbIMbiHA Mg 37IeMEHTI KipeTiHi aHBIKTaIbI.

Tyiiin ce3mep: MbIppiII-hocdarTel LEMEHT, KypamaapAbl KYHAIpy, CHHTE3ZEY,
KOMIO3UIUSUTBIK MaTepra, MUKPOKYPBUIBIM
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AHHoTanus. B HayyHOU cTaThe MPHUBEICHBI PE3YJIBTAThl UCCIICOBAHUS BIUSHUS
J00aBOK Ha CTPYKTYpy W TpoOIecC OOXKHra CHHTE3HMPOBAHHOTO IMHK-(pocdarHOro
LIEMEHTHOTO KJIUHKepa. M3yueH mporecc u3MenpuaeHus ChIpbs U OCPOPHBIX IIIJIAKOB,
OTPECNCHbl YyAeIbHAs MOBEPXHOCTh MAaT€pUAlOB U CpPEIHUE pa3MEepbl YacTHIl B
KOMIMO3UIMU. B pesynprare u3MeNnbueHUs yaenbHas IMOBEPXHOCTh OKCHAA IIMHKA
cocraBuna 1756 cm?/t, okcuaa Maraus - 7788 cm2/t, auokcuaa KpeMHuust - 2615 cm?/T,
okcuna BucmyTa(lll) - 2774 cm?/r, u3mensaenust GochopUCToro IUIaka 4epe3 5 4acoB
cocrauia 1104 cm?/1. B3aBHCHMOCTH OT CBOCTB CHIPhst pa3paboTaHbl 5 COCTABOB CMeCei
nuHK-(hocharHbIx ieMeHToB. [Iporiecc cuHTe3a pa3paboTaHHOM CMECH IPOBOMIICS IIPU
temneparype 1000-1100°C. OnpeneneHa cTeneHb OSIU3HBI CHHTE3UPOBAHHOTO IIUHK-
(dbocdarHOTO IIEMEHTHOTO KJIMHKEpa, pe3yasrar coctaBui 84,4-97,8 %. B mporecce
CHHTE3a YCTaHOBIIEHO oOpasoBanue (a3oBbix coemunenni Zn,MgO,, Zn,SiO, n
Mg SiO,, ZnO-Bi,0, nmu MgO-Bi,0, B nemMenTHOM KIMHKEpe. MUKpOaHAIN3 [IUHK-
(ocdarnoro nemenTHOro Kimnkepa cocraBui ZnO-85,66 %, Ca0-0,57 %, Si0,—4,36
%, A1,0,-0,64 %, MgO-7,37 %, Bi,0,~1,4 %. PairoakTUBHbIE JJIEMEHTBI, TAKUE KaK
U, Th, Ra u tsxensie anementsl Cu, Pb, Be, B kiinnkepe He oOHapyskeHbI. B pe3ynbrare
MHUKPOCKOITMYECKOTO aHaln3a YCTAaHOBJICHO, YTO HauboJiee pacnpocTpaHeHHOH (a3oi
IUHK-(OCHATHOTO IIEMEHTHOTO KIIMHKEpa sBJseTCs MUHepain HUHKUT (ZnO), Torna Kak
B HEOOJIBIIMX KOJIMYECTBAX BCTPEYaroTCs MUHepaibl ranut (ZnAlO,), nepuknas (MgO)
u xorout (Mg,Bi,0,). 3epua ZnO umeror cybcheprueckyro popMy ¢ OTHOCUTETBLHO
IJIOCKOM TMOBEPXHOCThIO. BHYTpEHHSISI MOBEPXHOCTh MEIKUX TIpaHyJ IUIOTHas, 0e3
SIBHOM MOPUCTOCTH. B X0/1€ 2IeMEHTHOr0 aHajau3a YCTaHOBJICHO, YTO B MUHEPATIbHYIO
CTpyKTYypy tuHKHTA (ZnO) BXOAUT 31eMeHT Mg.

KamoueBble cioBa: UWHK-GQOCHATHBI IIEMEHT, OOXHUI COCTaBOB, CHHTE3,
KOMITO3UITMOHHBINA MaTepHall, MUKPOCTPYKTYpa

Kipicne

MBpipbi-GochaTTsl HIEMEHT — MBIPBII MeTall okcuAl (ZnO) MeH MarHuii OKCHi
(MgO) ynrarpi 1000-1300°C TemmepaTypana KYHAIpY apKbUIbl JalbIHAAIFAH YHTAK
neH Gochop KbIMIKbUILIHBIH Cyibl epitinaicinin (H,PO,) opekerrecyi motmxkecinae
KaTasThIH TYTaCTHIPFIII MaTepral (AOTypaxMaHOB xkoHe 0ack., 2016). Martepuanabig
MaHMITYJIALUSUIBIK KOHE MEXaHHMKaJbIK KacHeTTepiHe OaiaHbICThI CTOMATOJOTHsA
KOJIZIaHy MaHbI3ABUIBIFBI JKOHbUIMaraH. MbIpbI-(GocarTsl HEMEHT CTOMATOIOTHSIIBIK
LEMEHTTEpiH Heri3ri TypiepiHin Oipi Oonbin Tadbutagbl. 1880 xbutel AKIL-Ta
LEMEHTTIH aJIFallIKbl COTTi Kypambl xkacainrad (Pomanenko sxone 1.0., 2019). Conan 6epi
MBIpBII-(pocdaT HeMEeHTIH Kypambl )KETULAIPLTIMN, TYTHIHYIBUIBIK CYPAHBICHI TYPAKThI
typze aptoin keneai (Global, 2023). 2020 sxbutbl MBIPBII-POChHATTH HEMEHTTIH dJIEMIIK
eHJIIpic IeHTeli mamMaMeH 1,2 MUITMOH TOHHAHKI Kypassl. MarketsandMarkets ecebine
coiikec, 2025 xplTFa Kapaii HeMeHTTiH OyJ1 TYpiHiH aJIeMiK OHipic KeieMi 1,5 MUuInoH
TOHHaFa xeteal aeren oomwkam 6ap (Global, 2022). Meipbim-docdarts HEeMEHTTIH ipi
enipyusiepine Dentsply Sirona, Ivoclar Vivadent, 3M ESPE, GC Corporation, Kerr
Corporation >koHe T.0. ipi KocimopeIHAAp KaTaabl. MbIpbII-(hocdaTThl HEMEHT HapbIFbI
Keprrait, XKanonus, YHIiCTaH CUSKTBI A3us enyiepinie, conaaii-ak, Contyctik AMepuka
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MeH Eypomana kapkbIHIBI 1ambil keneai (Arun skoHe 6ack., 2023). JKamnmbl, MpIpbIm-
(dbocharThl IEMEHT OHIIPICI CTOMATOJIOTHSUIBIK MaTepuaiap OHIIpiciH/Ie KoHe OacKka
Jla canajap/ia MaHbI3/Ibl OOJIBIT Ta0bLIAIbI.

Mpeipeii-pocdarTel  MEMEHTTIH KaKETTI KAaCHETTepiH aiy VIOiH  KYHIIpY
MIPOIIeCCiH/Ie Maiia O0IaThIH (a3aibIK e3repiCTepAiH MaHBI3IBUIBIFBI IEMEHT KYPaMbIH
CUHTE3JICY/IH ©3€KTI eKeHAIriH kepcereni. CHHTE3NEITeH [EMEHTTIH XHUMHSIIBIK
KypaMbl MEH KacHeTTepiHe KOWBIIATHIH TajanTapra OaiiaHbICThl aHbIKTanas! (Viani
xoHe T.0., 2017). Kazipri Tanna aneMIik 3epTTeyuriyiep MbIpbI-GochaTTsl HEMEHTTIH
KYpaMBbIH CHHTE3]ICY, KaHa popMysiaiapasl aHBIKTay OOWBIHIIIA 3epTTEYIIEp XKYPri3iIye.
Octungeri Texac yHuBepcurteTiHiH mpodeccopbl kon B. Mak/leBUT oHE OHBIH
3epTTey TOOBI, MBIPBITI-(hOChATTHI IEMEHTTIH XaHa KOCIaTapbl MEH OJlap/IblH (hHU3HKa-
MEXaHHMKAaJBIK KaCHETTepiH >KaKcapTyFa OaFbITTaFaH TEXHOJOTHSUIApAbl NaiiganaHa
OTBIPBII, IEMEHTTEP/IiH KaHA CHHTE31CITeH KypaMIapblH jkacar mbiraprad. ConTycTik
Jakota yHuBepcuteTiHiH mpodeccopsl Anun K. cromaronorus MeH opToreausia
KOJTaHy YIIIiH MBIPBITI-PochaTTsl MaTepuaiiap HeTi3iHae OnoyiieciMal IieMeHTTepre
3eprreynep xyprisin xkarep (Carlos xone T.6., 2022). MpIpbiti-hochaTTsl HIEMEHTTIH
TUIpaTalusUIaHy TPOIECcCi OHBbI CYHBIKTBHIKIIEH apaiacThIpFaHia, bUIFajlaHFaHHAH
Oacran xypenmi. byn mpouecc kesiHge MbIpbin okcuIiHIH (ZnO) Oemiekrepi MeH
WbIHEL Ty3eTiH Qocdar nonmaper (PO,*) cymen opekeTTecyi HOTHMKECIHIE IIEMEHT
MaTpHIackl naina 6omazpl. MaTpuiia MBIPBII OKCHAI MEH CynblH (ocdar noHmapsl
apachIH/IaFbl PEaKIisl HOTHXKECIHIEe TY3UIETIH Kaiblui Gocdar reminen Typajsl (Jabri
)koHe T.0., 2012). Marpuia cTOMaTONOTHUIBIK KoJigaHOamapma Tic OeTTepiHe HemMece
Oacka Marepuaiapra KYIITi aAre3usHbl KaMmTamach3 ereni. On eHaenreH Oerrepai
HBIFANTY/Ia )KOHE KOpFayaa, KYpbUIbIMIap MEH KaJIllbIHA KENTIPYIepaid y3aK Mep3imai
TYPaKTBUIBIFBIH KAMTaMachl3 €Ty/ie MaHbI3bI poll atkapazsl (Leung sxone T.0., 2022).

By 3eprrey JKYMBICTBIH MakcaTbl — MBIPBIII-PocdaTThl LEMEHT KypambIHa
(bocdop mIIarsiH eHAipy apKbUIBI CHHTE3/IEeY, KBIIIKBUIMEH PEaKIHsIFa TYCy Ke3iH7e
THIpaTalusIany MPOILECCiH 3epTTey, KaTal0 YaKbITHIH aHBIKTAY OOJBIT TaObLIa/IbI.

3epTey JKYMBICTBIH JKaHAJIBIFBl — aJIFall PeT CTOMATOJOTHSIIBIK IIEMEHT KYpamblHa
eHIpic KalIabiFbl — Gochop HIIaKThl CHAIpY MYMKIHIITiH 3epTTey. Docdop muTakTeiH
MBIpBII-PpocdaTThl HEMEHT canachl MEH THApaTalusIChiHA OCEpiH aHBIKTAy OOJBII
TaOBLIABI.

Marepuajgap MeH 3epTTey dicTepi

Meipeim pocdarTsl IEMEHT YHTAFBIHBIH KypaMblHA €HeTiH Marepuainap — ZnO,
MgO, Si0O,, Bi,0, xane pocdop mnarsr. Lement kypamaapsr 1000°C remneparypana 4
carar Kyiaipuieni. EHIIpiireH KOMIIOHEHTTep [IeMETTiH (DU3UKa-XUMHSITBIK KACUETTEePiH
perrey yuwiH naiganansutagsl. ZnO — TicTiH KybIC KaObIprajapblHa MaTepualIblH
JKAKChI JKAOBICYBIH (a1re3usChiH) KaMTaMachi3 etei, MgO — IuiacTUKaNbIK KaCUETIiH
apTTBIPAJIbl, MEXaHUKAIIBIK OEPIKTITiH xorapiarapl, SiO, — MOJIIPIIK, WBIHBI TIPI3I,
KBUITBIPIIBIK O€pesti, IMMXTaHBIH arIOMEPAMsChiH xKakcapraabl. Bi,O, — nemenrtke
TericTik (OipTeKTLTK) Oepy YIIiH KOCBIIAIbl, ajaia Ker MeIiepae KoJIaaHbuica ol
MaTepuablH KaTralo yakbIThIH apTThipaabl. Pocdop muiarsl HeMEHTTIH (QU3MKaIbIK-
MeXaHHMKaJbIK KACHETTEePiH JKaKcapTapl, IIUXTaHbl KyHaipy Temneparypacbi 100 °C-
Ka JIeiilH TOMEHIETE].
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ement Tysymi ¢ocdarter cyiibikreik (H,PO,) — oprodhochop KbINIKbUILIHBIH
CYUBIKTBIFBIH HOHCBI3JIAH/IBIPBUIFAH CYMEH CYHBUITY apKbuibl 85 % oprodocdop
KBIIIKBIIBIHAH JKOHE KypaMbIHA aJFOMHHHN JKOHE MbBIPBIII HOHIAPbIH €HAIPY apKbLIbl
nmarerHmanans! (Ceetinos, 2017).

[lukizar MmarepuanfapAbl YHTaKTay IIapibl auipMmeHzae kyprizimeni. I[llapmer
JuipMeHre 3 Kr mapiap MeH 2 K IHIbINEOC TONTHIPBUIABL. ¥ HTAKTAy YaKbITBIHBIH
y3aKkThIFbl 60 MUH co3bUIanbl. YHTakTamran matepuangap NeQO8 enekreri KaiJbIFbl,
[1ICX-12 kypasibiHa yaecTik OeTi )koHe OeJIIIeKTep IiH OpTallia eJIeM ISPl aHbIKTaIA bl
(Zhanikulov xone T.6., 2023).

Onexrpornbl Mukpockorn JEOL JSM-6490 LV kemeriMeH KYPBUIBIMBIHA TaJIay
KYPTi3UIIi. DINEeKTPOH I MUKPOCKOTHMSIIBIK TaJay YATiHIH OSTiH AIIEKTPOH/IBI 30H/IICH
CKaHepJey JKOHEe IMPOLECC HOTHKECIHIE Maiiia 0oJaThIH COyJCNIEHYIH KeH CIIEKTPiH
AHBIKTAY apKbUIBI JKY3€Te achIpbUIaibl. DIEKTPOHIBIK MUKPOCKOIIIIEH OeiiHeney yiiH
CUTHAJIJIap KaiTajiama, NIaFblIbICKAH )KOHE XKYThIIFAH 3JICKTPOHIaP OOJIbIN TaObLIA b
backa acepiep, acipece peHTIeH coyiieepi 3epTTEICTIH YT MaTePHATBIHBIH XUMHUSIITBIK
KYPaMBITypallbIKOChIMIIIaaKITaparany yiiHKoianaHbiaas (MpIp3akokakoHeT.0.,2013).

LleMeHTTiH aKTBIFBI « ¥YHHBIH aKTHIFBIH ChIHAYIIBI P3-TBMC-M» KypbUIFBICHIHBIH
KOMETIMEH aHBIKTaJJbl. YHTAKTaJFaH CYPHINTHI aKThIFbl OOWBIHINA Oarajay oJIiCiHIH
MOHI VHTAaKTBhIH THIFBI3AJIFAH-TETICTEITCH OCTiIHIH CHIEKTPIHIH JKachll OeJiriHje
(540+50 um arimarsiaaa) auddy3usibik marsibicy kodddunuentrepin (LK) emmey
00JIBII TaOBLIABI.

Meipsii-gocdarTsl IEMEHTTIH KaTato YakbIThH aHbiKTay yiriH OI'Ll-1 KypbUTFBICED
KOJJIaHbLIabl. MeTayul Kajblll aJFOMUHUN (oJbrara CaybIHBIIN, apayiaC MbIPBIIII-
(dbocdarTel eMeHTI 0ap KaJbIIICH TOJNTHIPHUIAJIBI KOHE apaNacThIPy asKTaJFaHHAH
kelin 60 ¢ keifin amoMUHAN QosbraMeH Oipre IEeMEHT TONTBHIPbUIFaH Kanbir (37+1)°
TeMIeparypaja IMelike opHanacTeipbliaabl. Ojap Oip-OipiHe KaKChl COHKeC Kenyi
kepek. Apanacteipyman keitin 90 ¢ keiiin OI'Ll-1 wHeciH meMeHT OeTiHe TiTiHeH TYCIpiTl,
OHBI OCHI KYHIe 5 ¢ KamabIpbIHbI3. Op 30 CeKyH/| cailblH HHEH1 0aThIPY/Ibl KalTaIaHbI3.
ApanacTelpyablH OacklHaH OacTall WHEHIH KalblHABIFBI 4—5 MM IIEMEHT YJriciHe
yiarinig TyOineH 0,1 cM-IeH acmaiThiH TepeHJIKKe Tyce aJIMaiThIH COTiHE ICHiHTi
yakpIT Oenrineneni. KaraliTy s)yMbIC yaKbIThI apasiacThIpy OacTanFaHHaH WHE TePeHIIT
e3repreHre JeHinTi yakpIT peTinae xa3puiaasl (Cymnapes, 2021).

HoTu:kesiep soHe TaJKbLIayJIap

[ukizartap/s! yHTaKTay hapopiisl mapisl quipMerae 60 MUH yaKbIT OOHBI KYP/i.
MarepuangapplH YHTaKTaIy JOPEKECIHIH HOTIKeNepi | KecTene KenTipiiareH.

1 - kecre. llukizar MaTepuanaap MEH TEXHOTCH/II KaJ/IBIKTBIH YHTAKTAIY 1opekKeci

YHTaxTay Ne 008 exexreri | Yiectik 6eti, | bemmekTin opramra
e Marepuannap YaKBITHI, MUH KaJJIpIK, % em?/r eJmeMaepi, MKM
1 |ZnO 60 0,28 1756 12,5
2 |MgO 60 0,04 7788 2,2
3 |SiO, 60 0,36 2615 8,7
4 |BiO 60 0,41 2774 8,9
5 | ®ocop nurarsr 300 0,08 1104 20,0
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Hotmxere colikec, 60 MUHYTTBIK YHTaKTayJaH KeHiH MBIPBII OKCHJII YHTAFbIHBIH
yiectik 6eti 1756 cm?/r, Mmaruuit okcuai 7788 cm?/t, kpemuuid quokcumi 2615 cm?/r,
BucMyT (II1) okcuai 2774 cm*r Gonubl, pochop IUIATEIH MEXaHUKAJIBIK OCJICEHIIpY
HOTWIKECIHJIe 5 carar yHTaKTayIaH KeuiHri ynectik 6eti 1104 cM?/T Kypasl.

HIukizar KocmanapAblH XUMHSAJIBIK Kypambl »KOHE KYWIipy TeMmIeparypacsl
KOPCETUITeH KaTbIHACKA COMKeC INWKI3aT Kypamuapbl 1% bUFalabUIbIKKa el
BUTFAIIAHABIPBUIABL, auamerpi D20 mm >xoHe Owmikrtiri 10 Mm OonateiH (opmana
tabnerkanap 20 MIla KpICBIMBIHAA KaJbINTAy apKbUIbl AalibiHganaabl. OcblnaH
keiin tabnerkamap 100°C Temmeparypama 1 carar Ooiibl kenTipinmi xone 1000°C
TeMIeparypaja >Korapbl TEMIIepaTypajbl dIeKTp neminae Kyinipinai. Kepcerinren
TemIeparypanapaa u30TepMusIbIK yeray 30 MUHYTTHI Kypaabl. [1ukizar kocnanapasiy
XUMUSUIBIK KYPaMBbl, OJIapAbIH KYHIipy TeMIepaTypachl MEH aKThIFbIHBIH HOTHKEJIEpi 2
KeCTe/Ie KeNTipiIreH.

2 - kecre. [Iukizar KocranapaslH XUMHUSUIBIK KYpaMbl )KOHE KYHIIPy TeMIlepaTypachl

No 5;]30;1\?%11{ KocnaHblH XUMHAIBIK KypaMsbl, %o feﬁlri[engTypacm, oC OAKTLIFBI,
aTaysl ZnO | MgO [SiO, |Bi,O, | @ochop muarer | 1000 1100 &

1 2 3 4 5 6 7 9 10 11

1 H®PII-1 84,6 |94 32 12,8 - - + 95,2

2 LDII-2 91,0 19,0 - - - - + 84,4

3 |OPL-3 87,5 19,0 (3,5 |- - + 86,7

4 HDII-4 83,0 | 90 | 3,5 | 3,0 1,5 + - 97,8

5 H®PII-5 81,5 | 9,0 | 3,5 3,0 3,0 + - 97,2

1-mii kocma kypamel ZnO - 84,6 %, MgO - 9,4 %, SiO, - 3,2 % xane Bi0O, - 2,8
% ampraabl, Kocnansl Kyiaipy 1100°C remmeparypana sxypai. Kyhaipy HoTHKeciHIe
CUHTE3/IeTeH MBIPHII-(hochaTThI IIEeMEHT KITMHKEePiHiH aKTHIK Aapkeci 95,2 % Kypasbl.

2-mi Kocmna Kypambl ZnO - 91,0 % sxane MgO - 9,0 % anbIH/BI, KOCTIAaHBI KYHIIpY
1100°C Temmeparypanma xypai. Ky#mipy HOTIKECIHIEC CHHTE3IEITCH MBIPHIII-
(hocdarTel IEMEHT KIMHKEPiHIH aKTHIK aapxkeci 84,4 % Kypasbl.

3-mi kocna Kypambl ZnO - 87,5 %, MgO - 9,0 % xane SiO, - 3,5 % anbingpl,
kocmanbl Kyiaipy 1100°C temrieparypana sxypai. Kyinipy HOTHKeCiHIe CHHTE3ACIITCH
MBIPBIII-POCc(aTThl IEMEHT KIMHKEPiHIH aKTHIK Jopkeci 86,7 % Kypaibl.

4-n1i kocna Kypamer ZnO - 83,0 %, MgO - 9,0 %, SiO, - 3,5 %, Bi,0, - 3,0 % xone
tdhocdop mmarsr - 1,5 % aneraael. Kocmansr kyiiaipy 1000°C temnepatypana xypi.
Kyiinipy HOTWXECIHAE CHHTE3IEITEH MBIPBII-(OCcdATTI IEMEHT KIMHKEPIHIH aKTBIK
nopxeci 97,8 % Oonupl.

5-mi kocna Kypambl ZnO - 81,5 %, MgO - 9,0 %, Si0, - 3,5 %, Bi,0, - 3,0 % xone
thocdop muarst - 3,0 % anerabl, Kocnansl kKyiaipy 1000°C temmneparypana Kypai.
Kyi#inipy HOTWXECIHAE CHHTE3IEITEeH MBIPBII-(OCcdATTI IEMEHT KIMHKEPIHIH aKTBIK
nmopxeci 97,2 % Kypasbl.

1000 °C xy#gipinrern LPI[-4 mpIpbim-hocdaTTsl MEMEHTTIH Kalmbl KepiHici 1
CypeTTe KOPCETUITCH.
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1 — cypem. 1000 °C xyitnipinreH MbIpBIII-QOCHATTH IEMEHT
(Fig. 1. Zinc-phosphate cement burned at 1000 °C)

Mpipbin okcuniner (ZnQO), marauii oxcuainen (MgO), KpeMHUE OUOKCHIIHEH
(Si0,) xone BucmyT okcupinen (Bi,0,) xone Gpochop nuarbiHaH TYPATbIH MBIPBILI-
¢docdarTel LEMEHT KypaMblH CHHTE3A€y Ke3iHae KyWaipy npoueciHae OipHerie
XMMUSUIBIK, peakiusiiap Kypaui:

- 1000°C temneparypna Kyiaiprenae MbIpbI okcui (ZnO) koHe MarHuil OKCcuai
(MgO) apekerrecin, Zn MgO, CUAKTBI KypAEsi OKCUATEPI TY3EL;

- xpemuui auokcuai (Si0,), MbIpbi okcuaiMeH (ZnO) oHe MarHui OKCHAIMEH
(MgO) opekerrecin, Zn,SiO, xone Mg SiO, KocbkuibicTap Ty3ai. Byn KoceuibicTap
KOCHaHbIH 0acka KOMIIOHEHTIMEH OpEKeTTECIN, LEMEHT KYpBbUIBIMBIHAA KaKeTTi
(azanapapiH maiiaa 60MybIHA BIKIAT eTei;

- BucMyT okcuzi (Bi,0,) Kyinipy npouecinie 6acka KOMIOHEHTTEPMEH IPEKETTECE
ajajapl, HOTHXKECIHIE ZnO-Bi203 HeMece MgO-Bi203 CUSIKTBI BUCMYT HETi3iHeT]
KOCBUIBICTAp TY3€i.

Ky#inipy npoueciane ¢ochop nuiarsl Kocra KypamblHA MUHEPaIaHIBIPFBIIIT
ocepre ue Ooyabl koHe Kyimipy temmeparypackiH 1100°C-tam 1000°C-ka neiiin
teMmeHaeTTi. TemneparypanblH ToMeHaeyi pochop HuIarbHbIH KypaMmbiHaars! Grop (F-
1,5 %) sxone ¢rop kanbuuiinin (CaF,—4,5 %) ecebinen sxypai. @ocdarrap MbIphILIIIEH
opekerTecin, MBIpbIII-ocdaT KOCBUIBICTapAbl Ty3eldi. byn peakuusiap MbIpbI-
(dbocdar nuement kocnacbiH Gocdop NuUIarkl KOCIMACKIHCHI3 KYWIIPY YIIIH 9IeTTETiIcH
TeMmeH Temneparypaza (1000°C) xypeni.

CunTesney mpoleci Ke3iHAe XUMHUSUIBIK peakiusap eTe KypHeli >KOHE >KalIlbl
MOJIEKYJJIBIK KYpPBUIBIMFA, KYHAIpY TeMmIeparypacblHa j>KoHe Oacka jKarnmaitnapra
OaiinaHpICTBI (Da3abIK ©3repicTepre yibipaiasl. MyHnai peakuusiapabpiH HOTHKECiHIe
LEMEHTTIH MEXaHUKaJIbIK KACHETTePi MEH KYPbUTBIMBIH aHBIKTAUTBIH OpTYPIi (a3zanap
naiina 6omael. Kyiinipinin ansiaran MpIpeimi-(ocdar HeMEeHT KIMHKEPiHiH (a3alblk
KYpPBUTBIMBI OOMBIHIIIA MUKPOAHAJIN3 HOTHKENEpi 2-CypeTTe KOpCEeTiIreH.
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2 — cypem. 1000 °C xyiiaipinreH MpIpsIII-)oc(aTThl HEMEHTTIH 3JIEKTPOHIBI-MAKPOCKOIUSIIBIK aHAIH31
(Fig.2. Electron microscopic analysis of burned zinc phosphate cement at 1000 °C)

1000 °C xy#gipinren L{PL-4 Mpipbim-¢pocdaTTbl HEMEHTTIH MHUKPOCKOMHSIIBIK
TaJiay HOTMXKECIHJIC KOCIa KypambiHa (a3ajblK e3repicTep/IiH KEHTEKTENy Mpoleci
notmwkecinge ZnO - 85,66 %, CaO — 0,57 %, Si0,— 4,36 %, Al,O,— 0,64 %, MgO —
7,37 %, Bi,0,— 1,4 % memmuepine Ty3UINeH /I aHbIKTaIbl. MUKPOCKOTHUSIIBIK Taay
HOTIDKECIHIE MBIPHIII-(hochaTThl MEeMEHT KypaMblHAa (Gocqop IIarkiHaH TYCETiH
3usHAbl paguoaktusti s1emeHtrep U, Th, Ra sxone omapapiy eHuinec Oesniiexrepi
CHSIKTBI PaJHMOHYKIMATEP aHbIKTanmansl. CoHnai-ak, yibl, ayblp METaJul SIEMEHTTepi
Cu, Pb, Be ke3necneni.

Knuakepi MHKpPOCKON KOMETIMEH Taljiay Ke3iHae MBIphII-(pocdaTTbl IeMeHT
KJIMHKEPi KypaMbIHAa TUHITUT (ZnO) MUHEPATTBIHBIH €H KOTI TapasFaH Ga3ackl Oaifkaibl,
an ranut (ZnAl 0,), nepuknas (MgO) xone xorout (Mg,Bi,0,) Munepaniapbl ToMeH
MeJIIIEepe Ke3eCeTIHAIr aHbIKTaNIbl. MbIpbim-hocdarTsl HEMEHT KIMHKEp YJTricinae
amopdter dazaga TaObUIABL. 2 cypeTTe KepceTinreHaed ZnO TyHipLIIKTEpiHiH
CaJIBICTBIPMAJIBI TYPJIE TeTic OeTi Oap, cyOcdepalbiK milinre ue. ¥ cak TYHipIIiKTepaiH
K1 OeTi THIFBI3, aKBIH KEYEKTUIIT1 kKoK (2 cypeT — a). DJIEMEeHTTIK Taljay Ke3iHje
nuHOAT (ZnO) MUHEpan KYPBUIBIMBIHA Mg 3JeMEHTIHIH SHTI3UITeHAITT aHbIKTaJ b
Meipsii-gocdarTsl IEMEHT KIMHKEp YHTaFbl JOHreNeK mmriHai ZnO OenmekTepineH
Typaasl. (2 cyper — 0) KepceTinreHaeld KIMHKEP MUKPOKYPBUIBIMBIHAA HETi3iHEeH
LIMAHENb-TAHUT MHUHEPaJIapbIHBIH TYHIpIIIKTEpi arperarrapbl 0ap. DJIEMEHTTIK
Tajay MIMHENb KYPhUIBIMBIHIA Mg fie 6ap eKeHiH KOpCeTTi.

KopbIThIHABI

1. 3epTxaHaibIK JKaFIaina MmuKizar MaTeprangap MeH (ocop MUIArEIHBIH YIISCTIK
0eTi JxoHe OeIIeKTepIiH opTaima eJeMaepi aHbIKTanaasl. 60 MHHYTTHIK YHTaKTay
HOTHIKECIHIe MBIPBIII OKCH/IL 1756 cM?/T, MarHuii okcnti 7788 cM?/T, KpeMHUI THOKCHTI
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2615 cm*/r, Bucmyt (11I) okcunai 2774 cm?/r 6ombl, pocdop HUIAKTHI 5 caFaT YHTaKTay,
MEXaHUKaJIBIK OeJICeHAIpy HOTMKeCiH e yaecTik Oeti 1104 cm?/r Gomnpl.

2. Ozipnenren 5 Kocna Kypambia 1000-1100 °C TemnepaTypana KyHaipiani skoHe
QJIbIHFaH MBIPBIII-QOoCcaTTsl LUEMEHT KIMHKEPiHIH aKTBIK J9peXeci aHBIKTaJIbl.
CunTesnenren MbIpbII-GochaTThl HIEMEHT KIMHKEPIiH akThIK Aopxkeci 84,4-97,8 %
KOPCETTI.

3. 1000°C temneparypaa MbIpbIn okcugiHeH (ZnO), marauii okcuninern (MgO),
kpemHuii uokcuinet (Si0,) xane BucMyT okcunine (Bi,0,) xone Gpocdop mnarsinan
TYPaThIH MBIPBIII-()OCHATTHI IEMEHT KYpaMbIH CHHTE3/Iey Kesinae Zn,MgO,, Zn, SiO,
xone Mg SiO,, ZnO-Bi,0, nemece MgO-Bi, O, ha3zanbik KOCBUIBICTAPIBIH TY31yi
AHBIKTAJIIBI.

4. Kyiinipy mpomeci Ke3iHAe Kocma KypaMblHa eHZipiireH (ocgop muarsl
MUHEpaIAaHABIPFBIN dcepre ue OONabl jkoHe Kyiaipy Temmneparypacbi 1100°C-tan
1000°C-ka neiiiH TOMEHIETTI.

5. 1000 °C kyitnipinren H®L-4 Mpipbi-¢pocdaTTbl HIEMEHTTIH MUKPOCKOMHSIIBIK
Tangay HOTHXKECIHAE Kocha KypaMbIHaa (a3aiblK e3repiCTepIiH KEHTEKTeIy mpoleci
natmwkecinae ZnO - 85,66 %, CaO — 0,57 %, Si0,— 4,36 %, Al,O,— 0,64 %, MgO —
7,37 %, Bi203 — 1,4 % wmemmepinae Ty3UIreHIIri aHbIKTanapl. KiuHKep KypaMbIHaa
U, Th, Ra cuskrel pagmoaktuBTi s1emeHTTep *oHe Cu, Pb, Be aybip anementrepi
AHBIKTAJIMA/IbI.

6. MUKPOCKOIUSUIBIK Tangay HOTHXKECIHAE MbIPbI-(GocharTsl HEeMEHT KIMHKEpI
KypamblHaa TUHOUT (ZnO) MHUHEpanbIHBIH €H Kol TapajfaH (a3ackl aHBIKTAIIbI,
ranut (ZnAlO,), nepuknas (MgO) xone korour (Mg,Bi,0,) MuHepaniapbl ToMeH
MeJIepAe Ke3neceTiHair ganengaenai. ZnO TyHipIIiKTepiHiH caabICTBIpMalbl TYpAE
Teric Oeti 6ap, cyocdepabIK MilrHre ue. ¥ cak TYHipIIiKTepIiH iiKi OeTi THIFbI3, alKbIH
KEYEKTUIIT KOK. DIEMEHTTIK Tajjaay Ke3inae UUHUUT (ZnO) MuHEpasl KypbUIbIMbIHA
Mg 35ieMeHTIHIH eHT131IreH/IirT aHBIKTaJIbI.
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Abstract. This article describes the methodology for conducting studies of
Kalamkassk oil and its distillation products, as well as the results of studies of the
composition of residues and bitumen of road grades obtained by the traditional technology
of bitumen production by high-temperature oxidation of residues of different depths of
selection of gas oil fractions. To find ways of rational use of the oil of the Kalamkas
field of the Buzachinsky Peninsula, the main physical and chemical characteristics
were determined with an assessment of the possibility of producing bitumen from it.
Straight-run fuel oil of Kalamkassk oil was subjected to vacuum distillation to obtain
tar samples boiling above 380 °C, 400 °C and 420 °C. The residues were oxidized in
a laboratory cube of periodic action at constant regime parameters. Bitumen obtained
by oxidation of residues in comparison with the initial residues are characterized by
a higher content of resins (respectively for residues boiling above 380 °C, 400 °C and
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420 °C and bitumen obtained from them by oxidation, % wt.: 17.4 and 20.2; 19.6 and
22.8; 22.5 and 25.7) and asphaltenes (7.7 and 13.7; 9.8 and 14.4; 12.4 and 15.3), with
a lower content of paraffin-naphthenic hydrocarbons (29.4 and 24.7; 26.7 and 22.5;
23.3 and 19.6) and aromatic (45.5 and 41.4; 43.9 and 40.3; 41.8 and 39.4) groups.
The heavy high-resinous oil of the Kalamkas field is favorable for the production of
oxidized and residual bitumen from it. Experimental samples of bitumen comply with
the requirements of ST RK 1373-2005. Residues boiling above 380 ° C can serve as
raw materials for the production of oxidized road bitumen grades of BND. Bitumen
with a structure close to sol of BND grades have very high indicators of deformability,
heat resistance, crack resistance and aging resistance. It is advisable to use such bitumen
in asphalt concrete in the IV, V road climatic zones of Kazakhstan.

Key words: road bitumen, group chemical composition, tar, oxidation, fuel oil,
quality, technical characteristics
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AnHoramusa. Maxkanana Kamamkac MyHaliblHa >KOHE OHBI aiijlay eHIMJepiHe
3epTTeyep IKYPrizy oJicTeMeci, COHAal-aK Tra30iiib (DpaKIUsIIapblH 1PIKTEYIIiH
OpTYpJI TEpEeHIIrIHAErT KaIbIKTapAbl KOFapbhl TEMIEPATypalibl TOTBIKTBIPYMEH
OUTYMIIAp Il ATYABIH ASCTYPIIl TEXHOJIOTHSICHI OOWBIHIIIA ATBIHFAH YKOJI MapKajlapbIHBIH
KaJIJIBIKTapbl MEH OUTYMIaphIHBIH KYPaMbIH 3€pTTEY HOTHKENEpi OasHaanraH. bo3aris
TyOerinneri Kanamkac keH OpHBIHBIH MYHAWbIH YTHIMJIBI TIAi1aIaHy JKOJIJIAPBIH 137ey
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YLIiH ofaH OUTYM OHAIpY MYMKIHZIriH Oaranail OTBIPBII, HETi3r (HU3HKa-XUMUSIIBIK
cUmarTamanap aHbIKTan/pl. KamaMkac MyHaWbIHBIH Tikeme aiaay Ma3ytsl 380 °C, 400
C »xone 420 °C sxorapbl KailHAWTBIH TYIPOH YITUIEPIH ally YIIiH BaKyyMIbIK aiiayra
yusipaasl.. Kangasikrap TYpakThl peKUMIIK KOPCETKIIITEPMEH MEp3iMIi acep eTeTiH
3epTXaHaNbIK TEKLIeJe TOTBIFYFa YIIbIpadbl. KanabIKTapAblH TOTBHIFYBIMEH AJIbIHFaH
Ooutympap OacTamkpl KaJAbIKTApPMEH CaJbICTBIpFaHAa INadbIpiIapablH (ColKeciHIe
380 °C, 400 °C sxone 420 °C -taH »orapbl KaWHAWTBIH JKOHE ONApAaH AallbIHFaH
OUTYyMIApJbIH TOTHIFYbIMEH, Macc.%: 17,4 xone 20,2; 19,6 xone 22,8; 22,5 xoHe
25,7) »oHe achanbTeHACPIiH KOoFaphl MejInepiMer cunarranansl (7,7 xone 13,7; 9,8
xoHe 14,4; 12,4 xxone 15,3), kypambinaa napadun-nadren (29,4 xone 24,7; 26,7 xxoHe
22,5; 23,3 xxone 19,6) xxoHe apomarthl (45,5 xone 41,4; 43,9 xone 40,3; 41,8 xoHe
39,4) Tontap kemipcyTekrepi a3. KajaMKac KeH OpHBIHBIH ayblp YKOFapbl HIAHBIPIIbI
MYHaiibl OfaH TOTBIKKAH JKOHE KaJAbIK OWUTymzIap eHZipyre Kosaiuibl. BUTyMHBIH
skcriepuMenTTiK yarinepi KP CT 1373 — 2005 Tananrapbeina colikec kenemi. 380
°C-TaH ofapbl KalHaWThIH Kajusiktap BHJ] Mapkaiibl TOTBIKKAH KO OMTYMAapbiH
any yuiH mukizat 0ona anansl. BHJ] Mapkaibl KypbUTbIMBI KipHETE KaKblH OUTyMIap
nedopMaIMsIHBIH, JKbUTyFa TO3IMILTIKTIH, JKapbIKKa TO3IMJIUTIKTIH JKOHE KapTrarora
TO3IMILTIKTIH ©Te KOFaphl KepceTkimTepine ue. MyHnnait outymaapasl KazakcranHbig
IV, V xon knmumarTeIK aiiMakTapbiHaa achaabrOeTOHIap A KOJIaHFaH KOH.

Tyiiinai ce3nep: xon OUTyMIaphl; TONTHIK XUMUSUIBIK Kypam; TyAPOHAAD; TOTHIFY;
Mas3yT; cara; TeXHUKAJIBIK CUIIaTTaManap
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AHHoTanms. B HacTos1el cTaThe N3/10)KEHBI METOIMKA IIPOBEIEHUS UCCIIEIOBAaHUI
KaJJaMKacCKOM He()TH M MPOLYKTOB €€ MEPEroHKH, a TAKKE Pe3yNbTaThl UCCIIeTOBaHUM
coCTaBa OCTATKOB M OMTYMOB JOPOKHBIX MapoOK, MOJYYEHHBIX IO TPaJHLMOHHON
TEXHOJIOTMU TONYYCHUS! OMTYMOB BBICOKOTEMIEPATypHBIM OKHCICHHEM OCTaTKOB
pasHo# TyOuHBI 0TOOpa ra3oiieBbix (paxkuuid. s moucka myTed panuoHaIbHOTO
ucnonb3oBanusl HehTH MecTopokaeHus Kanamkac Byzaunnckoro momyoctpoBa ObLiH
OIIpe/IeNIeHbI OCHOBHBIE (DU3NKO-XUMHUYECKUE XaPAKTEPUCTHKH C OLIEHKOH BOZMOXKHOCTH
MIPOM3BOACTBA U3 Hee OMTYMOB. [IpsIMOTOHHBIN Ma3yT KaJaMKacCKoi He()TH mogBeprain
BaKyyMHOM TNEperoHke ¢ MOJyueHHeM 00pa3loB TyApOHa, BHIKHMAOMUX Bbimie 380
°C, 400 °C m 420 °C. Ocrarku MoABEprajl OKUCICHUIO B Ja0OPAaTOPHOM KyOuWKe
MEPUOINYECKOTO AEHCTBUS MPH MOCTOSHHBIX PEKUMHBIX Moka3areisax. [lomyueHHble
OKHCJICHUEM OCTATKOB OMTYMBI B CPAaBHEHHUH C HICXOJJHBIMH OCTAaTKaMH XapaKTEePU3yIOTCS
OoJsiee BBHICOKUM COAEP)KaHHEM CMOJ (COOTBETCTBEHHO ISl OCTAaTKOB, BBIKUIIAFOIIMX
Boimre 380 °C, 400 °C u 420 °C u mosy4eHHBIX U3 HUX OKHUCICHHEM OMTYMOB, % Macc.:
17,4 n 20,2; 19,6 u 22,8; 22,5 u 25,7) u acansrenon (7,7 u 13,7; 9,8 u 14,4; 12,4 u
15,3), MEeHBIINM cONEpKaHUEM YIIIEBOAOPOI0B mapaduHo-HadTeHOBBIX (29,4 u 24,7;
26,7 u 22,5; 23,3 u 19,6 ) u apomatuueckux (45,5 u 41,4; 43,9 u 40,3; 41,8 u 39,4)
rpymm. Tspkenast BelcokocMonucTas HepTes MecTopokaenus Kamamkac GnaromnpustHa
JUIs1 IPOM3BOJICTBA U3 HEE OKUCICHHBIX U OCTATOYHBIX OUTYMOB. DKCIIEPUMEHTAIbHbIC
oOpasnpl Outyma coorBercTByrOT TpeboBanusm CT PK 1373 — 2005. Ocrarkwy,
Beikunaronme Beie 380 °C, MOTYT CIYXUThb CBIPhEM JUIsl MOJYYEHHs OKUCICHHBIX
JOPOKHBIX OMTYyMOB Mapok BHJI. BUTyMbI co cTpyKTypoii, OIM3KOH K 30110, MapoK
BH/I nmeror BechMa BBICOKHME MOKazaTeldw AePOpPMaTUBHOCTH, TEIJIOYCTOHYMBOCTH,
TPELUIMHOCTOMKOCTH W YCTOMYMBOCTH K cTapeHuro. Takue OMTYMBI 1Leiecoo0paszHo
npuMeHsTh B achansroderonax B IV, V nopoxkHo knnmarnueckux 30Hax Kazaxcrana.

Ki1ioueBble c10Ba: TOpOXHBIE OUTYMBI, TPYIIIOBOM XMMHUYECKUN COCTAB, TYIPOHBI,
OKHCIIEHUE, Ma3yT, KaueCTBO, TEXHUYECKUE XapaKTePUCTUKU

Beenenue

CoBpeMEHHOE COCTOSHHE KauyecTBa IIPOM3BOIUMBIX HE(TSHBIX OHTYMOB B
PecnyOnuke Kazaxcran, a Takke o0ObeM HMX NPOM3BOJICTBA HE B TOJHOH Mepe
COOTBETCTBYIOT TpeOOBaHMSAM pBIHKa OMTYMHBIX MarepuayioB. B 3Toll cBsizu mepen
HedTenepepadOTINKAaMH  CTOMT BONPOC KapIUHAIBHOTO YIYYLICHUS TEXHOJIOTHH
MIPOM3BOACTBA COBPEMEHHBIX OMTYMHBIX MaTe€pHaoB.

Jnst pemiennst 3Toi mpoOiaeMbl HEOOXOAUM KOMIUIEKCHBIM TOAXO[, BKIIOYAIOLIUHA
HECKOJIBKO acmeKkToB. CaMbIM OCHOBHBIM M OMPEACISIIOIINM U3 HUX SIBJISETCS BBIOOD
(W/mnM TEXHONOTHM TONydeHHs) cbipbsi. B Hactosimee Bpemss B PK tompko AO
«CaspiBitum» paboraeT Ha MecTHOM cbIpbe. OCTalbHBIE TNPEANPUATHS IO BBITYCKY
outymos (ITaBnogapckuiit HX3, TOO «I"aznpomuedTh-butym», AO «AchansrodeTon»)
HCTIONIB3YIOT PUBO3HOE chipbe. B To ke Bpemsi B Kazaxcrane mmeercs coOCTBEHHas
0a3a MPUTOTHBIX IS MOMYyYEHHsI KaueCTBEHHOTO OMTYMHOTrO MaTepuaia He(TSHBIX
MECTOPOXKICHUMN.

B »TOM acmekre axTyajieH BONPOC BOBJECYECHUSI B OWUTYMHOE MPOU3BOICTBO
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CHCIMAIILHBIX BUJOB ChIpbsi. Hanbomnee npuemieMbIMu Jijisi OUTYMHOTO TTPOU3BOJICTBA
SIBIISIFOTCSL BBICOKOAPOMATH3UPOBAHHBIE, BBICOKOCMOJIUCTHIE HE()TH apOMaTHYECKOTO,
Ha(TEHO-apOMAaTHYECKOT0 OCHOBaHUsA. CyIIEeCTBYET TOJOKUTEIBHBI MHPOBON
OIBIT TOJYYEHHUS! KaYeCTBEHHBIX OUTYMOB M3 BEHECYIIbCKHX, TSKEIBIX apaOCKHX,
MEKCUKaHCKUX He(Tel. braronpusiTHBIM ChIpbeM JIJIs IPOU3BOICTBA OUTYMOB SIBIISIFOTCS
TSDKEIbIe BBICOKOCMOJHCThIC HeTH 3ananHoro Kazaxcrana (Hagupos, 2001; Hagupos,
1995; I'anauna, 2010).

WuctutyTom Hedrexummepepabotku PecryOnuku bamkoprocTan NpemiokeHO
KJIACCU(PUIIMPOBAaTh HEe(PTU 1O MX TMPUTOJHOCTH JUIs TPOU3BOACTBA OUTYMOB
(I'pynaukos, 2013). Ilo sToit knaccupukanuu HEGTH MOXKHO pPa3deluTb Ha TpU
IPYMIBL: HAWTYYITUe He()TH, IPUTOIHBIC HEPTH U HEMPUTOIHbIC HEPTH B 3aBUCUMOCTH
OT OTHOIIICHHUSI COJICPIKAHUSI TBEPIbIX napaduHoB, cMoa u achansreHoB. Mcmonb3ys
JAHHYIO KiaccH(UKAINI0, BO3MOXKHO TOA00parh chipbe (HE(TH) IS IMOIyYCHUS
VAYYIIEHHBIX JOPOXKHBIX OuTyMOB. OJHAaKO €€ CYIIECTBEHHBIM HEI0CTaTKOM
SIBIIICTCSl OTCYTCTBUE TPEOOBAHUH K KA4€CTBY MCXOIHOTO T'YIPOHA, HAMPABIIIEMOTO Ha
nojiy4eHue okuciaeHHbIX outymoB (['ypees, 2018) OctaTki BBICOKOCMOJIUCTBIX He(TeH
apOMaTHUYECKOTO OCHOBAHMSI SIBISIIOTCS HAWIYYIIUM BHIOM CBIPBSL JJI IONYYCHUS
OKHUCIIEHHBIX OMTYMOB. [Ipu 3TOM, BXOHAIIAsl B COCTAB TSDKEJBIX OCTATKOB MEPETOHKHU
CMOJIMCTBIX CEPHHUCTHIX HE(TEH, cepa ClIOCOOCTBYET MOMYUYCHHEO BRICOKOKAUECTBEHHBIX
outymoB (Grudnikov 2015; Katarzyna, 2004).

Ha Ttepputopun PK Takke wuMerorcs Hemalo HEPTSIHBIX MECTOPOXKICHUM,
HETMPUTOIHBIX JIJIS TOJTy9eHUsI OUTYMOB, OTBEYAIOIUX HEOOXOAMMBIM TPEOOBAHHSIMH.
OTo mpexje Bcero, napaduHUCTBIC U BBICOKOTAPA(UHUCTBIC MECTOPXK/ICHHS Y3€Hb,
XKetpi6ait, Kymkons u ap.

[Ipu BoBNCUCHNH B OUTYMHOE MPOU3BOACTBO MEHEE KAYECTBEHHBIX Mapa(pUHUCTBIX
HepTell W pa3IUYHBIX OCTAaTKOB BTOPUYHBIX IPOILIECCOB MepepaboTKu HedTH
HEOOXOAMMO UCIIONIB30BaTh Pa3IMYHBIC TPHUEMbI 00OTAIEHUS ChIPhsI ApOMATHYECKUMU
YIIEBOAOPOJAMU:

- KOMIAayHAMPOBAaHUE B OMNPEICICHHBIX COOTHOIICHUSX TYAPOHOB Pa3IUYHBIX
nedreii (EBroxumona u ap., 2011);

- YTSDKEJICHHE T'YIIPOHA - CHIDKCHHE CTEIICHH ero Napa(UHUCTOCTH U TOBBIIICHUE
CTEIICHU €r0 APOMATU3UPOBAHHOCTH;

- AKTUBHpPOBAaHUE Ma3yTa IIyTE€M BBEICHUSA KOHLEHTPATOB apOMATUYECKUX
YIJICBOJIOPOJIOB  (HAIIpUMeEp, 3KCTpaKTa CEJNeKTUBHOM OYHCTKH Macell (eHoIoM)
(Adanacwera, 1987; Anenb-X-Pamun u np., 2009; Xanucosa u ap. 2019);

-aKTUBUPOBAHHUETYIPOHAKOMIIAYHAUPOBAHUEM C PA3TUIHBIMU APOMATU3UPOBAHHBIMHU
KOHIICHTpPAaTaMU W J00aBKaMu (HaIpUMep, DKCTPAKTa CEJICKTHBHONH OYMCTKH Macell
(heHo0M, CMOJIOH THPOITU3a, KPEeKHHT-0cTaTKOM | 1p. (EBmokumoBa u ap., 2019, Ps6os,
2003; Kemanos, 2003, Eroposa, 2021), 4To mM03BOISET OZHOBPEMEHHO PETYIUPOBATH
(bpaKIMOHHBIN COCTAB U AUCIIEPCHYIO CTPYKTYPY T'YIPOHA.

Peanuzanus Bblieyka3aHHBIX MEPONPUATHNA MO3BOJUT MPOU3BOACTBY PACHIMPUTH
ACCOPTUMEHT BBIITYCKAaeMOM MPOIYKIIUH U TIOBBICUT KAY€CTBO MTPOU3BOIUMBIX OUTYMOB.

Ocratrok  Beimie  500°C  weptrn  HOkHO-KazaxcTaHCKOTO — MECTOPOXKICHHUS

23



OF THE NATIONAL ACADEMY OF SCIENCES OF THE REPUBLIC OF KAZAKHSTAN

Kymkone HempuronmeH [uis mojiydeHUs IOpoxHbIX OutymoB (BykeiixanoB u np.,
1992). Ilpu okucnennn ryapona xKymkonbckod Hedtu (KKH) B cmecu ¢ rygponom
HereouTymuno3Hoi nopozasl (HBIT) B coorHomenusix 80:20, 70:30 oy 4eHbI OUTYMBI,
cootBerctBytome bHJI 60/90; BH 60/90; BH/I 40/60 u BH 50/50 ([laypenoek, 2002).

CpoiictBa He(TAHBIX OMTYMOB IJIaBHBIM OOpa3oM 3aBUCAT OT €ro IPYNIIOBOTO
XMMUYECKOTO COCTaBa, KOTOPBIH B CBOIO ouepenb OOyCIIaBIMBAeTCs IMPHUPOAOH
HE(TSIHOTO CBIPbsl M TEXHOJIOTHEH mpon3BoacTBa outymoB (Eroposa, 2021).

I[Ipu npomsBoncTBE OWTyMa OKHCICHHEM HE(TSHOTO CBHIpbS TPYMIIOBOM
YTJIEBOJIOPOHBIN COCTAB CHIPHA OTIPeeNsIeT KaK KauyeCTBO MOIy4aeMoro OuTyma, Tak u
HMHTEHCUBHOCTb €r0 OKUCJICHHUS.

Takum o0Opa3om, pa3paboTka palUMOHAJBHOM TEXHOJOTMU  IPOU3BOICTBA
KaueCTBEHHBIX JIOPOXHBIX OMTYMOB U3 CIIELUAIEHO MTOJOOPAHHOTO CHIPBS, B YACTHOCTH
TSDKEJIBIX CMOJIMCTBHIX HedTel 00safalonmx BHICOKUM MHTEPBAIOM IUIACTUYHOCTH H
YCTOMUYNBOCTHIO K TEPMOOKHCIUTEILHOMY CTAPEHHIO MPEICTABISIET COO0I aKTyaIbHYIO
3amaqy HedTernepepadboTKy.

MarepuaJibl M1 MeTOIbI MCCJICOBAHUS

B nacrosieli craTbe H3105KeHbI METOIMKANPOBEICHHSI NCCIISIOBAHUH KaTaMKaCCKOM
He(pTH M TMPOLYKTOB €€ IEPEroHKH, a TaKKe Pe3yJbTaThl HMCCIIEAOBAHUN COCTaBa
OCTaTKOB U OUTYMOB JOPOKHBIX MapoOK, TOJyUYEHHBIX 10 TPAJUIMOHHONW TEXHOJIOTHU
MOJTy4eHHs] OUTYMOB BBICOKOTEMITEPATYPHBIM OKHCIEHHEM OCTAaTKOB Pa3HOW ITyOHHBI
0TOOpa Ta30MIIeBBIX (PPAKITHIA.

Jns moucka myTed panMoHAIBHOTO MCIIONIb30BAaHUS HE(DTH MECTOPOKICHUS
Kanamkac By3aumHCKOro mONyoCTpoBa ObUIM OIPEAETCHbl OCHOBHBIE (U3HKO-
XHUMUYECKHE XapaKTEPUCTHKH C OLIEHKOW BO3MOKHOCTH MPOU3BOAICTBA U3 HEE OUTYMOB.

Kamamkacckass He(Th mMeeT mIoTHOCTE 912 kr/m®, cepuucras (1,62 % wmac.),
napadunucTas (comepkanue napaduna 3,15 % c Temneparypoii masnenus 57 °C),
Bbicokocmonuctas (1,4 % acansreHos, 17,42 % cuiiukareaeBbIX CMOJI, KOKCYEMOCTb -
4,7 %), auzko3acteiBaromas (—27 °C).

[To mokazaremo A + C — 2,511 (KytbuH u ap., 2018) kanmamkacckast HETh ITOITHOCTHIO
MIPUTOHA IS TPOU3BOACTBA BHICOKOKAUECTBEHHBIX OUTYMOB IIUPOKOTO ACCOPTUMEHTA.

[IpssMOroHHBIN Ma3yT KajlaMKacCKOH He(TH MOJBEpraid BaKyyMHOW IepEroHKe
C aBTOMAaTHYeCKOW yCTaHOBKE C KOMIbIOTEpHBIM yrpasieHueM Dist D-1160 CC s
MPOBEACHNUSA TUCTHUIALIMOHHBIX aHAIM30B HE(TEmpOmyKTOB B COOTBETCTBHH CO
craagaproM ASTM D 1160. beimu mosrydeHsl 00pasipl TyapoHa, BEIKAIIAIOMINX BEITIIC
380°C, 400 °C u 420 °C. Ocrarku MOIBEprajiu OKUCICHUIO B JaOOpaTOPHOM KyOHKe
MEPUOAMYECKOTO IEHCTBUS NPU MOCTOSHHBIX PEKUMHBIX ITOKa3aTessix: TeMIeparypa
npouecca 250 °C; pacxon Bo3ayxa Ha okucieHHe — 1.5 1 Ha 1 KT ChIpbS B MUHYTY.
OnbITHBIE 00pa311b ONTYMOB UCTIBITHIBAJIM HA COOTBETCTBUE TPEOOBAHUSIM ICHCTBYIOIIECH
HOPMaTHBHO-TEXHUYECKON JOKYMEHTAINH W Ha OCHOBAaHHMHM IOJYYEHHBIX PE3yIETaTOB
UCHBITAHUH BBIAEISUIN 00pa3el] C ONTUMAJIbHBIMU TEXHUUECKUMH XapaKTEPUCTHKAMU.

OctaTtky 1 OUTYMbI aHAJIM3UPOBAJIH ITyTEM ONpPEeJICHHsI TPYIIIIOBOTO XUMHYECKOTO
coctaBa M OOIICHPUHATHIMH  CTAHAAPTHBIMH ~ METOAAMU  OLIGHKH  KadecTBa,
HCTIONIb3yeMBIMH B HedTenepepaboTKe, pe3yiabTaThl aHAIU30B TIPE/ICTABICHB B
Tabmumax 1 u 2.
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Pe3yabTathl B MX 00CyKIeHHE

Mo mepe yrmyOnenust orOopa B OCTaTKax CHIDKAeTCs coaepikaHue mnapaduHo-
HaTEHOBBIX, JIETKMX M CpeIHUX (MOHO- M OWIMKIMYECKHX) apOMaTHYeCKUX
YTJIEBOJIOPOJIOB, KOTOPHIE BBHIBOJATCS M3 BaKyyMHOW KOJIOHHBI ¢ OOKOBBHIMH ITOTOHAMHU
— JIETKUM U TSDKENBIM BaKyyMHBIM Ta30MISAMH. 3a CYET 3TOTO JOJIS TSKEIBIX
TTONTUIMKIMYECKUX apOMaTUYECKUX COETMHEHHNH BO3pacTaer.

UeM TspKeNlee OCTaToK, TEM BBIIIE B HEM cojepkaHue cMonl u achansreHoB. C
yBEIMUEHHEM [ITyOHHBI 0TOOPa BAKYYMHBIX JJUCTUILISITOB PACTYT IIOTHOCTD U YCIIOBHAS
BA3KOCTh T'yAPOHA.

Tabmuua 1. XapakrepucTHka 0CTaTKOB pa3HON NIyOMHBI 0TOOpA, MOJIYYEHHBIX N3 KaJaMKaCcCKOW

HedTH
3Ha4YeHHUs ToKa3areel A1 OCTaTKOB,
HaumMenoBanue moka3arenei Enunums BBIKMIAIONIKX BbiLeE, ‘C
HU3MEpeHHs

380 400 420
OtHOcHUTeNbHAs IIOTHOCTH 1ipu 20°C Kr/m? 964,0 969.,2 975.8
Coneprxanue o0IIei cepbl % macc. 1,82 1,97 2,06
Koxcyemocts 1o Konpazncony % 8.5 10,3 114
TemIieparypa BCIBIIIKH C 214 219 228
Venouast Bsizkocts mipu 80 °C CeK 8,6 16,8 20,2
I'pynmnoBoii XuMUYECKUiA COCTaB: % Mmacc.
coziepKaHKe yIJIeBOAOPOIOB
- napaduHO-HAPTESHOBBIX 29,4 26,7 23,3
- apOMATHYECKUX, B T. Y. 45,5 43,9 41,8
- JIETKHX 8,2 7,2 6,1
- CPEIHUX 10,5 9.4 7.9
- TSDKEIIBIX 26,8 27,3 27,8
- CMOJI 17,4 19,6 22,5
- ac(aJbTeHOB 7,7 9,8 12,4
Beixon Ha HEPTH % Mmacc. 56,1 53,4 51,6

W3 naHHbIX TaOmuisl 1 crlemyer, YTO OCTaTKM Pa3IMYHON IIyOMHBI 0TOOpa
JUCTUUIATHBIX (YPAKIIMIA XapaKTEPU3YOTCS Pa3HBIM IPYIIIOBBIM XUMUYECKHUM COCTABOM.
C yBennyeHneM ITyOHHBI 0TOOpa B OCTaTKaX CHIDKaeTCs JIois mapaduHo-HadTeHOBOM
IPYMIbl  yIJIEBOJOPOJOB, KOTOPBIC BBIBOASTCS C JUCTUUIATHBIMU (PPaKIUSIMHU,
CHHKACTCS TaK)Ke COIEPKAHUE apCHOB 3a CUCT UCTIAPCHMUS JICTKUX MOHOITMKINICCKUX
yrineBogopoioB. C yBenuueHHeM DITyOWHBI 0TOOpa B COCTaBE OCTATKOB IOBBIIIACTCS
coziep’KaHue CMOIl M ac(anbTeHoB. [Ipu 3TOM pacTeT U KOKCYeMOCTb OCTATKOB.

OCHOBHBIC (hM3UKO-XUMHUYECKHE XapaKTePUCTUKH AKCIIEPUMEHTATHHBIX
1a00paTOPHBIX OOPA3IOB MTOPOKHBIX OUTYMOB, TOMYYEHHBIX MPSIMBIM OKHUCICHHUEM
OCTaTKOB Pa3HOH TTyOWHBI 0TOOpa, KalaMKacCKON HE(TH MPEACTAaBICHBI B TaOIHIIC
2. Jlnsg cpaBHEHHS W COIOCTABICHUS IMONYYCHHBIX KAYCCTBEHHBIX XaPaKTEPUCTUK
AKCIIEPUMEHTAIBHBIX OUTYMOB B JTOM jke Tabmuie mpencraBieHbl TpeOoBanust CT
PK1373 —2005.
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Ta6nnua 2. OCHOBHBIC TEXHHUYECKHE XapaKTECPUCTUKU OKHUCJICHHBIX OCTATKOB, NOJIYYCHHBIX IIpHU

BaKyyMHOM MIEPErOHKe Ma3yTa KajiaMKacCKoi HeTH

HanmMenoBaHue moxasarenei daxTryecKre 3HaYCHUS ITOKa3aTeIei Il OCTaTKOB,
BBIKHTIAIOIINX BbIe, "C:
CTPK
1373 — 2005 380 400 420
I'my6una npornkanus urisl, 0,1mMm
npu 25 °C 61-90 84 75 63
npu 0 °C He MeHee 20 42 33 22
Temneparypa pasmsiraenust, °C He HiKe 47 50,7 51,4 51,2
JlyKTHIIBHOCTB, CM HE MEHee
nipu 25 °C 55 Gosiee 100 | Gosee 100 | Gosee 100
npu 0 °C 3,5 4,7 3,8 3,5
Temmeparypa xpynkoctu, ‘C He BpImre -18 -24,8 -22.3 -18,7
[Tocne nporpesa npu 163°C B Teuenue 5 4

[ToTeps macchl. % mac. He Ooree 0,8 0,38 0,24 0,09
V3MeHenune reMreparypsl pasmsiraerus, °C He Ooiee 5 4,0 4,1 4.5
Menerpanus npu 25 °C, 0,1 mm
% OT nepBOHAYAIbHON BEIMUNHbI He Menee 50 70,0 72,7 74,3

B npouecce okuciieHust HEPTAHBIX OCTATKOB OZIHOBPEMEHHO IIPOTEKAET MHOXKECTBO
[IOCJIE/IOBAaTEIbHO MAPaUICIbHBIX PEaKLUi, B Pe3yabTare KOTOPhIX IPOUCXOAUT POCT

MOJIEKYJISIPHONH MacChl OKMCIEHHOTO MMPOAYKTA, T.€. YIUIOTHEHHE.

['pynmoBble XUMHUYECKHE COCTaBbl JOPOXKHBIX OWTYMOB OIMHAKOBOH CTENEHH
OKHCJICHHUS, IOJYyYEHHBIX IPSIMbIM OKHCJICHHEM OCTaTKOB KaJlaMKacCKoW He(TH,

Beikunaronux Beitre 380°C, 400°C u 420 °C npencraBieHbl Ha puCyHKe 1.
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Coneprxanue rpymi, % macc
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[THY — napaduno-nHadreHoBsIe yrieBogopoasl; JIAY — nerkue apomaruueckue yriaeBogoponsr; CAY
— CpeJIHUE apOMaTHYEeCKUe YIIIeBOA0pobl; TAY — Tshkelble apoMaTnuecKue yriieBoaoposr; a — 380°C;
6 —400 °C; B —420 °C.

Pucynoxk 1. ['pynmoBbie XUMHUUECKHE COCTaBBI JJOPOKHBIX OUTYMOB, MONYYEHHBIX MTPSIMBIM
OKHCIICHUEM OCTATKOB KaJAMKacCKOH He(TH.

HOJ'Iy‘{eHHHC OKHCJICHHUEM OCTAaTKOB 6I/ITYMLI B CpaBHCHHNHU C UCXOAHBIMHU OCTaTKaMU

XapakTepu3yroTcs Ooiee BBICOKHM COJEp)KaHWEeM CMOJ M ac(ajbTeHOB, MEHBIINM
cofiepKaHueM YTIIEBOAOPOAOB NapadnHO-HADTEHOBBIX U apOMATHYECKUX TPYIIIIL.
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[Iponecc «ynaoTHEHUs» OCTAaTKOB BBI3BAaH BO3pacTalollleil moTepeil Bogopona mnpu
OKHCJICHWH, YTO B COYETAHUM C PEaKUMsIMHU LUKIM3aLUU MPUBOJUT K 0Opa3oBaHMIO
BBICOKOMOJICKYJISIDHBIX ~ NPOAYKTOB,  XapaKTEPU3YIOIIMXCS BBICOKOH  CTENEHBIO
apOMAaTUYHOCTH — ac()ajIbTCHOB U CMOJL.

B pesynbrare conocraBneHus TpeOOBaHHIA JEHCTBYIOMINX CTAHAAPTOB HA JOPOKHBIE
OUTYMBI U (PaKTHYECKHX IMOKazaTesiell KauecTBa SKCIEPHUMEHTAIBHBIX J1a00paTOpPHBIX
00pa3oB OUTYMOB, HapaOOTaHHBIX U3 OCTAaTKOB pa3HOM IITyOMHBI 0TOOPA, TTOTYyYEHHbBIX
IIPU TIEPETOHKE KaJaMKaCCKO He()TH MOXKHO CJIeNaTh CIeIyIONIHe BEIBO/BL:

- DKcrnepuMeHTalbHble 00pa3lbl OUTyMa, U3 Kakoro Obl OcTaTka OHM HE OBbLIH
MOJTYY€HBI, IIOJIHOCTBIO COOTBETCTBYIOT BceM TpeboBanusim CT PK1373-2005.

- CioBbILIEHHEM [TYOUHBI 0TOOpa AUCTHIUIATHBIX (PpaKLIKH B OCTAaTKE TNIACTUYHOCTD
OUTYMOB, ITOJTYYECHHBIX U3 HETO, CHIKAeTCsl; HanboJsee MiIacTUIHbl OUTYMbI U3 OCTaTKa,
BeIkunaromiero Beire 380 °C.

- HuzkoremmneparypHble XapakTEpUCTUKA OMTYMOB YXYIIIAIOTCA C TOBBIIICHUEM
IyOuHBI OTOOpa MpU MEpPEeroHKe HeTH M SBISAIOTCS HAWIYYIIUMH IJs OUTYMOB,
MOJYYSHHBIX U3 0CTaTKa, BhIkumaroniero Boime 380 °C.

- Bce GutyMmbl, oy4eHHbIEe OKHCIEHUEM OCTATKOB IEPETOHKU KaIaMKacCKOW HePTH
XapaKTEepPU3yIOTCs XOpOIIEH YCTOMYMBOCTBIO K MpPOIECCaM TEPMOOKUCIUTEIBHOTO
CTapeHusl.

Haiinennbie 3akOHOMEPHOCTH XOPOLIO COIACYIOTCS C PE3yIbTaTaMH UCCIIeIOBaHUM
IPYIINOBOTO0 XMMUYECKOTO COCTaBa OMTYMOB M OCTaTKOB, M3 KOTOPBIX OHH OBLIH
MOy YEHBI.

CHuwKeHHe IUIACTHYHOCTH OWTYMOB MO Mepe yBEIHUYeHHs DIyOuHBI 0TOOpa
ra3oiyieBbIX (hpakuuii MpH NeperoHke He(TH - TEeMIEpaTypbl BBIKHIAHHUS OCTaTKa
OOBSICHSECTCS YMEHBILICHUEM COJACPKAaHUS B COCTaBe M OMTyMa M OcTaTka mapaguHo-
Ha(TEHOBBIX U aPOMATHYECKUX YITIEBOIOPOAOB, OKa3bIBAIOIIMX IUTaCTH(GUIHUpYIOLIee
neiicTBue Ha OMTYyM. MIMEHHO Mo STOH mpH4YMHE OUTYM W3 OCTaTKa, BBIKUIAIOIIETO
Boimie 380 °C, sBisiercs HanboJIee MIaCTUYHEIM.

Xopomye HU3KOTeMIIEpaTypHble XapaKTEepPUCTUKH OUTYMOB, TONYYEHHBIX W3
OCTaTKOB HEBBICOKOH IIIyOWHBI 0TOOpa, OOBACHSIOTCS MOBBILICHHBIM COAEP)KAaHHEM
napaduHO-Ha()TCHOBBIX COCAMHEHHUN B COCTaBE ATUX OMTYMOB.

BriBOIBI

Tsoxenast BICOKOCMONUCTast HeTh MecTopoxkaeHus: KanaMmkac OmaronpusiTHa JUist
MIPOM3BOACTBA M3 HEE OKHUCICHHBIX U OCTATOYHBIX OMTYMOB. OCTAaTKH, BBIKMIIAIOLIHIE
Beire 380 °C, MOTYT CIyXUTb CBHIPbEM [UISi TIOJYYEHHS OKHCICHHBIX JTOPOKHBIX
outymoB mapoxk BH/I.

Butymbl co cTpykrypoid, 6mu3koi Kk 3010, Mmapok BHJI mmeroT BecbMa BBICOKHE
Mokazarenu  Je(OpPMaTUBHOCTH,  TEIJIOYCTOMYMBOCTH,  TPEHIMHOCTOW  KOCTH
W YCTOHYMBOCTH K cCTapeHuto. Takue OHTYMBI 1enecooOpa3HO MPHUMEHSTH B
acdansroderonax B IV, V nopoxno knmumarndeckux 3oHax Kazaxcrana.

Takum 00pa3zoM, 3KCHEPUMEHTAIBHO MOATBEPKACHO BO3MOKHOCTH TIONYYEHHS
BBICOKOKaYEeCTBEHHBIX OKHCIECHHBIX JOPOXHBIX OUTYMOB M3 OCTaTKOB BaKyyMHOM
MEPEroOHKH TSKEJIOH HeTH KalaMKacCKOro mectopoxiaeHus. [Ipumenenue 6utymoB
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JAaHHOT'O YPOBHA KaU€CTBA JACT BO3BMOXKXHOCTDL JOCTUKCHU I BLICOKUX OKCIINTYaTallMOHHBIX
XapaKTCPUCTUK aC(I)aJ]bTO6€TOHOB u 6y,[[CT CII0COOCTBOBATE OBLIIIEHUIO 6C3pCMOHTHLIX
CPOKOB 3KCILTyaTallu JOPOKHBIX HOKpBITI/Ifl HE TOJIBKO B 06BI‘{HLIX, HO 1 B pCKHUMax
HWHTCHCUBHBIX TPAHCIIOPTHBIX HAI'PY30K Ha JOPOKHOC MMOJIOTHO.
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Abstract. The article presents the results of a study of the physicochemical
properties, mineral and elemental composition of the natural black and white mud
of Lake Shoshkaly and assesses the possibility of using this natural raw material in
general. An analysis of studies in recent years shows the lack of data on the composition
and structure of Shoshkala peloids, which are popular with the population for their
healing properties. A comparative analysis of the obtained data with previous studies
of peloids from other regions of Kazakhstan was carried out and a physicochemical
assessment of its therapeutic effect was given. Conclusions are drawn on the surface
morphology, granulometry, and elemental composition of the studied peloid. The results
of the study showed that the black and white mud of Lake Shoshkaly is an alkaline
sulfide silt saturated with salt, has a low content of humus carbon, and is of the sodium-
ammonia-chloride-sulfate type in terms of chemical composition. They slightly differ
in mineralogical and granulometric composition. Elemental analysis showed increased
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concentrations of chalcophile elements in comparison with Clarks in the Earth's crust.
The total content of elements in the sample indicates the need for systematic monitoring
studies since natural mud can be a sensitive indicator of changes in the geochemical
background due to anthropogenic influences.

Keywords: Natural mud, peloid, mineralogy, composition, silt, Shoshkaly, black
mud, white mud
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Annoranusi. Makanazna [llomkassl KeniHiH TaOUFH Kapa kKoHe aK 0aIlIbIKTapbIHbIH
(u3NKa-XUMUSIIBIK KACHETTEPiH, MUHEPAJBIK KOHE SJIEMEHTTIK KYpPaMbIH 3epTTey
HOTHXKeJepi OepiireH »KoHe JKalIbl OChl TAOUFHU IIUKI3aTThl MalaaHy MYMKIHAIKTEPi
Oarananrad. COHFBI XbUITAPAAFBl 3€PTTEYICPIl Talgdy eMAIK KaCHETTEPIMEH XaJIbIK
apaceigaa taneiMan [llomkana nenouaTapbIHBIH KYpaMbl MEH KYPBUIBIMBI Typajibl
JepEeKTepIiH JKOKTBIFBIH KepceTeai. AJblHFaH Moanimerrepre KasakcraHHBIH Oacka
ailMaKkTapblHaH allblHFaH TIeJOUATapFa OYpPBIHFBl 3€PTTEYICPMEH CajbICTHIPMAaIIbI
Tangay XKYpri3iiin, OHbIH eMIIK dcepine (PU3uKa-XUMUSIIBIK Oara Oepingi. 3eprreneTin
MEeJIOUATHIH, OeTKI MOPQOJIOTHSCH, TPaHYJIOMETPHACHL JKOHE 3JIEMEHTTIK KYpaMbl
OolbIHIIA KOPBITHIHABLIAD Kacanaibl. 3epTrey HoTkenepi Llomkansl KemiHiH Kapa
YKOHE aK OalIBIKTaphl TY3Fa KAHBIKKAH CUITUI Cylb(GUATI TYHOA 00BN TaOBLIATHIHBIH,
KypaMblHAa TYMYyCThl KOMIpPTEri a3 JXoHE XWUMUSUIBIK KypaMbl >KarblHaH HaTpuii-
AMMOHHU-XJIOPUATI-CYAb(ATThl TYPiHE KaTaTbIHBIH KopceTTi. Onaap MUHEPaIOTHSIIBIK
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KOHE TPaHYIOMETPUSIIBIK Kypambl OOWBIHIIA a3fan epeKieleHei. ODJIeMEHTTIK
aHaJIN3 JKep KbIPTHICHIHIAFbl KIaPKTapMEH CaJIbICThIPFaHa XalbKOPUIIbIi 3JIeMEHTTED
KOHUEHTPALMSCHIHBIH JKOFapbl eKeHZIriH kepcerTi. ChlHaMaaarbl 3JIeMEHTTEpIiH
Kallbl KypaMbl JKyHeldl MOHUTOPMHITIK 3epTTeyNepAiH KaKeTTINIriH KepceTemi,
OWTKeHI TaOWFU OajIIbIK AaHTPOTOTEHMIK ocepre OalIaHBICTBI T€OXMMHUSUIBIK (OH
e3repicTepiHiH ce3iMTall KepceTKilli 00Jia anajbl.

Tyiiin ce3mep: TaOuru GaNIIbIK, IEIOUI, MUHEPAIOTHS, Kypambl, jiai, [1lomkanesl,
Kapa OaJIlbIK, aK OaIIbIK
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AHHOTaIII/Iﬂ. B crartbe OpEACTaBJICHBI PE3YJbTAaThl UHCCICAOBAHUA (bHBI/IKO—
XUMHUYCCKUX CBOI\/’ICTB, MHUHEPAJIBHOIO U 3JICMCHTHOTO COCTaBa MPUPOAHBIX qepﬂoﬁ n
Oenoi I‘pﬂ3el71 03¢pa [lomkanel ¥ JaHa OLIGHKA BO3MOXKHOCTH HMCIIOJIb30BaHHUS 3TOrO
MOPpUPOAHOIO ChIPbSA B IICJIOM. Amnanwns HUCCIICIOBAaHUN IIOCICAHMX JIET ITOKa3bIBaeT
OTCYTCTBUC JAHHBIX IO COCTABY U CTPYKTYPHI ICJIOUI0B ]_HOI_HKEIJ'ILI, MOJIBb3YIOLIUXCA
NOMmyJIApHOCTBIO 'y HACCJIICHUA CBOMMU I_[eJ'Ie6HI:IMI/I CBOMCTBaMH. HpOBC,[[CH
CpaBHHTCJ’ILHLIfI aHaJIM3 TOJYYCHHBIX AAaHHBIX C MNPCABIAYIIMMU HCCICAOBAHUAMU
NeJIOUJ0B APYIruX pEruoHOB Kazaxcrana u JaHa (l)I/I3I/IKO—XI/IMI/ILICCKa$I OIICHKa eé
TEPAINCBTUYCCKOIO 3(1)(1)6KT3. CILCJ’I&HH BBIBOAbBI II0 HOBCpXHOCTHOfI MOp(i)OJ'IOFI/II/I,
TpaHyJIOMETPUH, a TAKIKC DJICMCHTHOI'O COCTaBa MUCCJICAYCMOIO IMejIonaa. PeByJ'ILTaTLI
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HCCIIeIOBaHUS MOKa3alli, YTO YepHas u Oenast rpsas3b o3epa lllomkansl npencraBiser
cOo0OH HACBIIICHHBIA CONBIO  INEJOYHOH CynbQUAHBIA W, HMMEIOT HHU3KOE
COJEpKaHUE yIiIepoJa rymMyca U IO XMMHUYECKOMY COCTaBYy OTHOCSTCS K HATPUEBO-
aMMHaYHO-XJIOpUAHO-CynbdaTHOMY Tuy. OHHM HE3HAUUTEIbHO paA3IMYarOTCsA IO
MUHEPAJOTHYECKOMY W TpaHyJOMETPUUYECKOMY COCTaBy. OJEMEHTHBIH aHaju3
M0Ka3aJl MOBBIIIEHHBIE KOHLUEHTPANUN XaJbKOQHIBHBIX JIEMEHTOB 10 CPAaBHEHHIO C
Knapkamu B 3emHOl kope. BanoBoe conmepxanue 31eMEHTOB B oOpaslie yKa3blBaeT
Ha HEOOXOAMMOCTb CHCTEMAaTHYECKHMX MOHUTOPWUHIOBBIX HCCIENOBAHUH, MOCKOJIBKY
IPUPOAHBIE I'PA3U MOTYT SIBISATHCS YYBCTBUTENBHBIM HHJUKATOPOM K H3MEHEHHIO
TrEOXMMHUYECKOT0O (pOoHa B BUAY aHTPOTIOT€HHBIX BIUSHHMH.

KuaroueBsie cisioBa: IlpuponHas rps3p, Menouj, MHUHEpPAJOrHs, COCTaB, I,
Hlomxkansl, uepHas rps3b, Oenas rpssb

Introduction

Natural mud is a complex product obtained in the course of long-term complex
processes of geochemical and biological origin. The chemical composition of natural
muds, their physical properties, as well as the therapeutic effect are studied by researchers
in different countries. A comprehensive physical and chemical study of mud was
described, including the determination of pH, granulometry, chemical, and mineralogical
composition, organic matter in Romania (Baricz et al., 2021), in Montenegro (Potpara
et al., 2017), in Turkey (Odabasi et al., 2007), in Cuba (Martinez-Villegas et al., 2020).
The factors influencing the formation of the chemical composition and genesis of silt
mud include the salt composition of the brine of the reservoir, soil, and organic matter of
plant and animal origin. At the same time, the degree of accumulation of mud is greatly
influenced by the morphological features of water salinity, the geological structure of
the shores, and the landscape features associated with it. Depending on the geographical
location and climatic conditions, fluctuations in the composition and content of mineral
and organic substances of peloids will vary within fairly wide limits that indicate their
specificity in each individual case. In Kazakhstan, the most studied physicochemical
properties of peloids of salt lakes are in Western Kazakhstan (Akhmedenov, Khalelova,
2021), as well as the Kossor deposit, located three kilometers from the southern coast of
Alakol Lake (Dzhetimov, 2014), Zhalanashkol Lake (Tokpanov, 2016), and Ray Lake
(Tokpanov et al., 2021) in South Kazakhstan.

Salt Lake Shoshkaly is located in the eastern region of Kazakhstan and contains
large volumes of native black and white mud. They have been popular among the local
population since ancient times. actively used as a folk remedy. Especially during the
COVID-19 pandemic, interest in this affordable healing source has increased. In open
sources, there are no data on systematic studies of the mud of this lake in recent years.
The purpose of this study is to determine the mineral and particle size distribution, as
well as the elemental composition to identify and expand potentially significant areas
of application, as well as processing, rational use of this raw material in industry. The
conditions and time of maturation can change some characteristics of peloids, such as
their plasticity, ability to absorb, and biochemical composition (Carretero, 2002). This
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article presents the results of a study of the physicochemical properties and mineralogical
composition of the black and white mud of Lake Shoshkaly, their analysis is carried out
and a characteristic is given in terms of the existing classification, and an attempt is
made to scientifically interpret the possible industrial applications of these peloids.

Materials and method of experiment

Samples were taken from the area where the mud is mined using the method of
point samples with a depth of up to 20 cm in one layer for black mud and up to 30
cm for white mud every 5 m in the radius of the source and were subjected to further
quartering according to GOST 17.1.5.01-80. Figure 1 shows the coordinates of the
sampling site of Lake Shoshkaly (51.2776037; 78.7108238) and the appearance of the
peloid, respectively. The GPS location at the time of sampling was determined using the
GoogleMaps mobile phone application. Sampling was carried out in the autumn period
(September 2022). The averaged samples were stored in clean polyethylene containers
with tightly closed lids at 40°C in a dark place.

Fig. 1. Sampling (a) and general view of mud samples:
(b) — Shoshkaly Black Peloid; (c) — Shoshkaly White Peloid

Determination of the pH value of the peloid and the dense residue of the aqueous
extract was determined according to GOST 26423—85 using a two-channel meter S47
Seven Multidual meter pH/conductivity (Russia). The content of mobile forms of
nitrogen in the nitrate form was also determined according to GOST 26951-86 by the
potentiometric method; phosphorus and potassium according to the Machigin method
according to GOST 26205-91; sulfur by the photometric method according to GOST
26490-85. Sodium, potassium, ammonium, calcium, magnesium cations were determined
by capillary electrophoresis according to the PNDF method 16.1:2:2.2:2.3.74-2012
(KZ.07.00.03091-2015), chloride ions, sulfate ions in the inlet extract according to
PNDF 16.1:2:2.3:2.2.69-10 (KZ.07.00.03091-2015). For these studies, the system of
capillary electrophoresis "KAPEL-104T" with the software "Elforan" was used. Gross
concentrations of metals were determined by laser ablation in combination with mass
spectrometry ICP-MS Agilent 7500cx manufactured by Agilent Technologies (USA).
To obtain reliable results, a threefold analysis of the samples was carried out. Data are
presented as mean +SD. The granulometric composition of the mud was determined
according to GOST 12536-2014 by the pipette method. Volumetric mineralogy was
determined by X-ray diffraction (XRD) using an X'Pert High Score modular X-ray
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diffractometer manufactured by PANalitical (Netherlands). The analyzes were carried
out in the range of diffraction angles 26 from -12° to +140° with a minimum scanning
step of 0.001°. The diffraction pattern data were interpreted using the Crystallography
Open Database (COD), Inorganic Crystal Structure Database (ICSD) file cabinet. To
study the surface microrelief and particle size distribution (PSD), scanning electron
microscopy (SEM) was used using a JSM6390LV low-vacuum analytical scanning
electron microscope manufactured by JEOL Ltd. (Japan) with an energy-dispersive
microanalysis system INCA EnergyPenta FET X3 from OXFORD Instruments
Analytical Limited (Great Britain) microscope. Particle size distribution was calculated
using ImagelJ software and plotted in OriginPro 2018.

Results and discussion

A sample of black silt (sample 1) and white silt (sample 2) from Lake Shoshkaly is
an oily homogeneous mass of dense consistency with a persistent smell of hydrogen
sulfide. Sample 1 is dark gray (Figure 1b), and sample 2 is light gray (Figure 1c). Sample
1 contains a slightly larger amount of carbon from humic and fulvic acids compared
to sample 2 (Table 1). Humic acids have antiviral and anti-inflammatory, antimutant
effects. They play an active role in wound healing (Gomes de Melo et al., 2016). The
total carbon content of humus in both samples is below the accepted norm for the total
content of organic matter for sulfide silts (Adilov et al., 2000).

Table 1. Physico-chemical parameters of mud samples

Parameter Sample 1 Sample 2
pH 9.666+0.119 9.685+0.018
Maximum hygroscopic moisture, % 26.54 23.38
Mud solution mineralization, g/dm’ 154.67+3.11 216.00+2.34
Group composition of humus, %

C total 0.1716 0.1332

C (humic acids) 0.0744 0.0648

C (fulvic acids) 0.0972 0.0684
Water aqueous forms of composition, mg kg!

Cl 17,967+639 9,571£341
SO> 116,899+5,616 49,65142,381
Ca* 10042 100+2
Mg*" 120+1 120+1
Na* 21,378.5+491.7 13,628.0+313.5
K* 374.4+14.6 203.2+8.0
NH,* 69,561+4,149 53,107+3,399
Mobile forms of composition, mg kg!

P-PO, 55.98+0.45 20.75+0.31
K-K0 903.45+7.46 466.54+5.60
S-S0 138.29+5.68 124.33+4.88
N-NO; 52.50+1.37 27.50+0.93
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According to the obtained physicochemical parameters, both samples can be salt-
saturated (mineralization>150 g/L) alkaline (pH>9) sodium-ammonium-chloride-
sulfate type and can be described by the Kurlov formula:

50,121.77C150.61

for sample 1 M55 Sseasnasaos’ Ymmol; pH9.67

50,5L72CI26.96

e O -
mmol; pH9.69
NH.296.04Na59.25 " % P

for sample 2 M216

An alkaline environment activates the protease, which helps to remove damaged
components in skin lesions, however, an excessive amount of protease eventually destroys
the newly built tissue and can irritate it (Greener et al. 2005). The studied samples have
approximately the same moisture values. Taking into account the humidity standards
adopted for the use of mud in balneology, sample 1 may be suitable for these purposes.
According to the data in Table 1, sodium, ammonium, and sulfate anions are mostly
found in the aqueous extract of Shoshkala peloids. In comparison with the available
data on the composition of peloids from other regions, the samples of Shoshkaly Lake
are distinguished by a lower content of calcium and magnesium ions in the aqueous
extract of mud solutions and increased content of sulfate compared to the muds of Inder,
Alzhansor Lakes of Western Kazakhstan (Khalelova, Kalyuzhnaya, 2022; Myazina,
2019), Zhalanashkol Lake of South Kazakhstan (Tokpanov, 2016). In both samples,
the highest content of sulfate ions in the aqueous extract was revealed in comparison
with the salt extract. Sulfate ions, together with chloride ions and sodium ions, have
an antioxidant and anti-inflammatory effect in the treatment of atopic dermatitis and
psoriasis (Tsoureli-Nikita et al., 2002). It is known that sodium ions increase skin
permeability, promote moisture retention, activate the ion transport system through
the cell membrane, and participate in the elimination of toxins and cell stimulation
(Potpara, 2017). Ammonium salts have a keratolytic effect of an anti-allergic and anti-
inflammatory nature, reducing flaking and facilitating the course of skin diseases such
as psoriasis, dermatitis (eczema), etc. A comparison of the quantitative values of the
total content of phosphorus and potassium (Figure 2) and their exchange forms (Table
1) shows that most of the phosphorus and potassium are in both peloids in a fixed
form. The mineralization of the white mud is higher than in the black mud sample.
This may be due to the deeper level of occurrence of sample 2 and the features of the
processes of deposition of elements with a high density in the lower layers (Rzetala et
al., 2019). In addition, the accumulation and distribution of microelements are greatly
influenced by the particle size distribution, the content of carbonates, water-soluble
salts and amorphous oxides, and organic carbon (Karnaukhova, 2016). The elemental
composition of the studied samples was analyzed based on a comparison with the
abundances in Continental Crust (CC) according to Vinogradov, 1962 since there are no
calculated clarke values for bottom sediments and mud (Vinogradov, 1962). Analysis of
the data shows that among the elements, the content of which does not exceed 100,000
mg/kg (Figure 2a) and 2000 mg/kg (Figure 2b), in samples 1 and 2 of the Shoshkala
Lake mud, all the elements presented are in smaller quantities compared to CC.
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The distribution of macronutrients was as follows:

for black mud sample: AI>Na>Mg>Fe>K>Ti>P>Ba>Mn>Sr;

for white mud sample: Al>Mg>Na>Fe>K>Ti>P>Ba>Mn>Sr.

Compared to black mud, the white mud sample has high magnesium content relative
to sodium. With the exception of iron and manganese, the distribution corresponds to
the geochemical specificity of the analyzed elements in both samples.

90000 80007 7 Shoshkaly Biack Peloid
[_] Shoshkaly White Peloid
60000 - 5000 I Abundances in Continental crust
B 70000 )
=) =)
£ 60000 - E 4000 -|

50000

% 40000 ’// % 30007

g 30000 % (_g, 2000 -

S 20000 - 7) V % ° —
10000 %I /I % 7 7

b)
Fig.2. Total concentration of elements in interval < 100,000 mg/kg (a) and < 2000 mg/kg (b)
in the black and white mud samples of Shoshkaly lake in comparison
with the Abundances in Continental crust, mg/kg

The total concentration of elements, the content of which does not exceed 100 mg/kg
(Figure 3a) and 5 mg/kg (Figure 3b), is approximately the same in both samples, with
the exception of copper, molybdenum, silver, and tantalum. The content of copper in
black mud exceeds the content in white mud by 1.9 times. The reduced copper content
may indicate a more clayey nature of sample 2 (Suarez, 2015).
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60 =
2 =
j=2 (=)
Es0 = £
[ [ =
S S
B0 s
k= =2
g 30 3
8 8
% 20 s
= 2
10
o

Li Sc V Cr Co Ni Cu Zn GaRb Zr La Ce Nd Pb Y Nb " BeGeAs Th U Mo Bi Ag Cd Sb Cs Pr SmEu Gd Tb Dy Ho Er Hf Ta W TI

a) b)
Fig. 3. Total concentration of elements in interval < 100 mg/kg (a) and < 5 mg/kg (b)
in the black and white mud samples of Shoshkaly lake, mg/kg

The molybdenum, silver, and tantalum content in white mud are 2.1, 1.9, and 1.7

times higher, respectively. According to the prevalence of these elements, the following
distribution is observed:
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for black mud sample

Zr>Rb>Zn>Cu>Pb>V>Li>Cr>Ce>Nd>Sc>Ni>La>Nb>Y>Ga>Co>Pr>As>Sm>Cs
>Dy>Th>Hf>Bi>Er>Mo>Gd>W>U>Sb>Ta>Cd>Ge>Eu>Ho>Be>Ag>Tb>T];

for white mud sample

Zr>Rb>Zn>V>Li>Cr>Pb>Cu>Ce>Nd>Ni>Sc>La>Y>Ga>Nb>Co>Pr>As>Sm>Cs
>Dy>Mo>Th>Hf> Ta>Cd>Gd>Sb>Bi>U>Ge>Er>W>Be>Eu>Ag>Ho>Tb>TI.

The distribution rows of elements are significantly different for black and white
mud, especially for copper, molybdenum, bismuth, tungsten, and erbium. The resulting
distributions in both cases do not quite match the geochemical specification. This may
indicate a stronger influence of mud formation and sedimentation processes on the
accumulation of microelements.

Deficit Excess Deficit Excess [T Shoshkaly White Peloid|

Nb - I Shoshkaly Black Peloid|
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Relation of Element Content to Abundances in Continental crust Relation of Element Content to Abundances in Continental Crust
a) b)

Fig. 4. The ratio of the concentration of elements in interval < 100 mg/kg (a) and < 5 mg/kg (b) in
samples of black and white mud of Shoshkaly Lake to their Abundances in Continental Crust according
to Vinogradov, 1962

Among the elements, the content of which does not exceed 100 mg/kg (Figure 4a)
and 5 mg/kg (Figure 4b), in most cases they are in smaller quantities compared to their
content in the CC. However, in both samples, an increased content of lead is observed
in comparison with CC by 2.8 times (sample 1) and 1.9 times (sample 2), lithium by 1.6
and 1.8 times, arsenic by 1.5 times and 1.9 times, silver by 2.3 and 4.2 times, antimony
4.0 times, cadmium 5.0 and 6.2 times, respectively.

The content of molybdenum is increased by 1.7 times in comparison with the CC in
the white mud sample. A significant excess of the total content of bismuth is observed
in sample 1-126 times and in sample 2-93 times. Molybdenum has an affinity for
iron, is oxyphilic, and concentrates under reducing conditions. The high content of
bismuth can be explained by the fact that in sulfide minerals the content of bismuth
varies by several orders of magnitude and tends to be concentrated to a greater extent
together with galena. Elements that are in increased concentrations in the studied
samples compared to the values in the CC are included in the group of chalcophile
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metals according to Goldschmidt and have a specific affinity for sulfur. Most forms of
their minerals are inactive in alkaline mineral-rich environments, representing natural
geochemical barriers. However, other factors, such as temperature, the ratio of cations
to anions, the ionic strength of the medium, and microbial metabolites, can significantly
change the mobility of elements (Sherene, 2010). An analysis of the granulometric and
complex composition of the peloid shows its close connection with the physicochemical
properties and state of aggregation. Figure 5a presents the results of the analysis of
variance. Elemental analysis of the surface shows that in both samples, the largest
fraction by mass is accounted for by oxygen, silicon, sodium, and chlorine. In sample
1, in comparison with sample 2, in some areas, there is a higher content of iron, and
aluminum, but a lower content of calcium, magnesium, and carbon. Thus, in the selected
areas of both peloids, we can assume the presence of sodium chloride, silicon oxide, and
sodium to a greater extent. In the case of the black mud of Shoshkaly Lake, silicates,
aluminum, and iron oxides are present to the greatest extent, and oxides, silicates,
calcium, and magnesium carbonates are present in the white mud sample.

4
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Fig. 5. Morphology of samples of black (upper sample) and white (lower sample) mud of Shoshkaly
Lake: SEM images at a scale of 500 um (a); particle size distribution (b-c)

According to the literature, particle size distribution plays an important role in the
mobility of metal ions. The results of the surface morphology study show that the
samples have close average particle sizes (Figure 5b). At the same time, in the black
mud sample, the largest number of particles are in the size range of 400-500 nm, while
in the white mud sample — 200-600 nm, which is slightly shifted towards smaller sizes.
This confirms the quantitative data on the granulometric and mineralogical composition
of the samples. In white mud, the content of silt (<0.001mm) is slightly higher, while
the fraction of sand (<0.01mm) is lower (Figure 5c¢). A higher content of halite (Table
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2), in the case of the white peloid of Shoshkala, can cause an increase in the content of
the clay fraction and affect the textural features of the peloid (Cara, 2000). Both samples
are distinguished by the highest content of the sand fraction and they can be attributed
to the “sand” type (Shepard, 1954). Samples contain significant amounts of coarse sand
fraction (1-0.25 mm) in their composition, which exceeds the accepted norm for use in
peloid therapy (Adilov et al. 2000). This indicates the need to screen out this fraction with
the potential use of these muds in pelotherapy. The low percentage of the clayey fraction
of both peloids may indicate a coastal nature of continental origin. The studied samples
have a similar mineralogical composition. Sample 1 is enriched to a greater extent with
fine-grained quartz and sample 2 with albite mineral. The mineral composition of the
white mud of Shoshkala is also characterized by a high content of calcite and halite.
The presence of calcite may be responsible for the therapeutic effect since carbonates
stimulate subcutaneous circulation and epidermal renewal (Karakaya et al., 2010).

Table 2. Mineralogical composition of peloid samples from Shoshkaly Lake, %

Sample 1 | Sample 2
Quartz low (SiO,) 57.2 25.8
Plagioclase-Albite (Na[AlISi,O,]) 36.1 59.1
Zeolite X (Na Al Si O, ,.220H,0, Mn,Rb-exchanged, dehydrated) - 34
Calcite (CaCO,) 2.6 6.3
Halite (NaCl) 2.3 5.4
Magnetite (FeO-Fe,0,) 1.8 -

It is also distinguished by the presence of a small amount of zeolite X. Zeolites
can enhance the sorption activity of this peloid in terms of active radicals, solar
radiation, ecotoxicants, and pathogenic microbes (Pesando, 2022). Since sample 2 is
distinguished by a large value of total mineralization, concentrations of molybdenum,
silver, and arsenic, this may show the potential relationship and affinity of this mineral
to these elements. The black peloid contains the mineral magnetite which has magnetic
properties and opens up prospects for the complex use of Shoshkala black mud in
magnetotherapy.

Conducting a detailed study of the physical and chemical composition of black and
white sapropels of the Shoshkaly salt lake was carried out for the first time, its rich
mineral composition makes it possible to scientifically substantiate the conditions for its
integrated use in balneology and also promotes new developments to expand the range
of its use and obtain products based on it.

Conclusion

Physicochemical and mineralogical analysis of the black and white natural mud of
the Shoshkala lakes showed that these peloids belong to alkaline, salt-saturated sulfide
muds with a low content of humus carbon. They have a homogeneous finely dispersed
colloidal mass of dark gray color for black mud and light gray color for white mud.
Shoshkala muds are of the "sand" type and have a similar mineralogical composition.
The black peloid of Shoshkala is distinguished by a high content of fine-grained quartz
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and also contains albite, halite, calcite, and magnetite, which opens up prospects for its
use in magnetotherapy. Analysis of surface morphology confirmed the higher content
of silicates and aluminum and iron oxides in black mud, and calcium and magnesium
carbonates in white mud. A sample of white mud contains a slightly larger amount of
silt and a smaller amount of sand fraction, it contains large amounts of albite, calcite,
halite, and zeolite X, which can enhance its sorption properties. This may cause greater
mineralization of the composition of white mud and the manifestation of a greater
physiological effect on the human skin biome. Analysis of the total content of elements in
both muds showed a significant content of lead, silver, antimony, cadmium, and bismuth
in comparison with their abundances in Continental Crust. Most of these metals belong
to chalcophiles and have a natural barrier in a weakly alkaline adsorption medium. The
distribution of elements with a concentration of more than 2000 mg/kg in both types of
mud corresponds to the geochemical specification, with the exception of lower values
for iron and manganese, and elements with a concentration of less than 100 mg/kg are
largely absent. A study of the mobile forms of the main cations and anions of natural
mud shows that both peloids can be associated with sodium-ammonium chloride-sulfate
disease, which has a complex anti-inflammatory and antioxidant effect in the fight
against skin diseases. The analysis of the physicochemical composition of the black
and white mud of the salt lake Shoshkaly was carried out for the first time. The rich
mineral composition, on the one hand, makes it possible to scientifically substantiate
the complex conditions for the use of these peloids in the research field, with other
research monitoring requirements to determine various sources and characteristics of
the conditions for the content of active ingredient research and extensive research. The
results of the study show that the development of the virus may be associated with the
distribution and production of concentrate products based on them.
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Abstract. The present study proposes the development of polymer-metal complexes
supported on aluminosilicates for the liquid-phase oxidation of cyclohexane to
valuable oxygen-containing compounds (cyclohexanone and cyclohexanol) under
mild conditions. Fe-, Cr- and Fe-Cr catalysts deposited on polymer-modified Siral-40
aluminosilicate were prepared by adsorption method by sequential deposition of
polymer and metal salts on the carrier surface. Chitosan (Chit), which has high sorption
activity towards transition metal ions, was chosen as a polymer-modifier. Chitosan
is a natural polysaccharide with easily modifiable hydroxyl and amino groups in its
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structure. Available metals (Fe and Cr) are used as the active phase. Preparation of
catalysts excludes high-temperature stages of calcination and reduction. The synthesized
catalysts were tested in the oxidation reaction of cyclohexane (CN) to cyclohexanone
(CON) and cyclohexanol (COL) under mild conditions. The mixture of CON and COL,
referred to in the literature as KA-oil, is a valuable intermediate in the production of
caprolactam and adipic acid. Hydrogen peroxide, an environmentally safe reagent whose
decomposition produces oxygen and water, was used as an oxidizing agent. The obtained
results indicate the promising application of the developed catalysts based on metal ions
(Fe and Cr) and natural polymer (chitosan) in the liquid-phase oxidation of cyclohexane
under mild condition. The monometallic 5 %Cr-Hit/Siral-40 and 5 %Fe-Chit/Siral-40
catalysts exhibited higher activity selectivity compared to the bimetallic system. In the
oxidation of DH under mild conditions (50 °C, 0.1 MPa) on monometallic 5 %Fe-Chit/
Siral-40 and 5%Cr-Chit/Siral-40 catalysts, the degree of substrate conversion was 15.2
% and 12.4 %, respectively. The KA-oil selectivity in the presence of all mono- and
bimetallic catalysts reaches 100 %.

Key words: oxidation; cyclohexane; supported catalysts; KA-oil; polymer-modifier
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KA-OMJIFA JEWIH HUKJOTEKCAH/ABI TOTBIFYIbIH XUTO3AH-
TYPAKTAHJIBIPBLIFAH KATAJIU3ATOPJIAPDI

AnHoOTanusi. ¥ CHIHBUIFaH 3epTTeyAe Oaranbl OTTeri 0ap KOCBUIBICTapra JeiiH
(UMKJIOTEKCAaHOH JKOHE IMKIJIOTEKCAHOJT) JKYMCaK JKafjaija LUKIOTeKCaHHBIH
CYHBIK-(ha3anbl TOTBIFY TPOLECI YIIH aJTIOMOCHIMKATKA OTBIPFBI3BUIFAH TMOIUMEp-
MeTalul KeIIeHJAEp 93ipiiey YCBIHBUIABL. TachbIMaiayllbIHBIH O€TiHEe MOIHMEp MEH
MeTalul TY3AapblH AOWEKTI OTBIPFBIZY apKbUIBI aJcopOLus omiciMeH MOIMMEPMEH
Momubukanusuianran Siral-40 amromunmii cuwimkatbiHa OekitinreH Fe-, Cr- xoHe
Fe-Cr karamumzaropnapbl nadiblHAaIpl. OTHeni MeTalul HMOHJAPhIHA KATBICTHI
KOFapbl COPOLMSIBIK OenceHminiri Oap xuro3aH (XUT) MOJIMMEpPI MOIU(HKATOP
peTinae TaHaaiapl. XUTO3aH — O TaOWFH MOJUCcaxapHll, OHBIH KYPBUIBIMBbIHAA OHAM
©3TePTINICTIH THAPOKCHUII )KOHE aMUH TomTapsl 0ap. bencenni daza petinae Ko xeTimai
metanaap (Fe xxone Cr) konganeuiabl. KatanuzaropnapapiH JailbIHAATYBI KBI3IBIPY MEH
TOTBIKCHI3IaHIBIPYABIH KOFaphl TEMIIEpaTypablK kKe3eHaepicis xypeai. CuaTesnenrexn
KaTanu3aropnap kymcak skarmaiga uuknorexkcanon (LIOH) meH nwmkiorekcaHonra
(IOJT) peitin muxnorexcanusid (L{H) ToTeiFy peakuusiceinaa ceiHanapl. Oneduerre KA-
oitn gen aranarein [IOH men LIOJI kocnack! karpojgakTaM MEH aUIMUH KbIIIKbUTBIHBIH
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OHJIpiciHIe KYHABI apaliblK 6HIM O0JbI TaOblIaAbl. TOTBIKTHIPFBIIL PETIHIIE CYTETriHIH
ACKBIH TOTBIFbI KO AaHBULABL. OJ DKOJOTHSIIBIK Ta3a peareHT 0oubiil caHanaabl. CyTerinin
ACKBIH TOTBIFBI BIIBIPAY KEe3iH/E OTTEr1 MEH Cy Ty3iieai. AJIBIHFaH HOTHKENIEP KYMCaK
JKaFaai1a IMKIOreKCaHHBIH CYHBIK (ha3alblK TOTBIFY Mpolecinae Metamt nonaapsl (Fe
xoHe Cr) )KoHe TaOUFHU MOoMUMeEp (XMTO3aH) HETi31H/Ie JKacalbIHFaH KaTaau3aTopiaapibl
KOJIJaHy TepcreKTuBachiH kepceteni. Monomeranasl 5 %Cr-Xut/Siral-40 sxone 5
%Fe-Xut/Siral-40 karamuzaropiapbl OMMeTassl KyHeMeH CalbICThIpFaHga >KOFaphl
OeJICeHTITIK TIeH CeNIEKTUBTUIIKTI KopceTTi. MoHomeTanasl 5 % Fe-Xut/Siral-40 xonHe
5 % Cr-Xwur/Siral-40 karanuzaropiapsinaa xymcak xaraaiaa (50 °C, 0,1 MlIla) LI
TOTBIFY Ke3iHJle CyOCTpaTThIH KOHBEPCHSACH colikecinme 15,2 % xone 12,4 % Kypanapl.
Bapnbik MOHO- jkoHE OMMETANIBIK KaTaau3aropiaapablH KaTeickinaa KA-oiin OoiibiHima
cenexktuBTUIIK 100% neiiid xerenl.

Tyiiin ce3mep: TOTbIFY; HUKIOTEKCaH; OCKITIreH KaTanu3arop; KA-oiin; momumep-
Moaudukarop
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XUTO3AH-CTABUJIN3UPOBAHHBIE KATAJIU3ATOPBI OKMCJIEHUS
IIMKJIOT'EKCAHA JIO KA-OMJIA

AnHoranmuss. B HacrosmeM  HccienoBaHMM — TIpeiiaraeTcsi  pa3paboTka
MOJIUMEPMETAIIIMYECKUX ~KOMIUIEKCOB, 3aKpEIUIEHHBIX Ha aIOMOCHJIMKAT, JJIs
XKHUIKO(A3HOTO TPoLIecca OKUCICHUS IIMKIIOTeKCaHa 10 IIEHHBIX KUCIIOPOACOAEPKAIINX
COEIMHEHUH (IIMKJIOreKCaHOH M LHMKIOTeKCaHON) B MATKHUX YCJIOBHAX. MeTtomom
azcopOLMK MyTeM MOCJIEeJOBATEIbHOIO HAHECEHHUs MOJUMepa U CoJeld METaljoB Ha
MMOBEPXHOCTH HOCHUTEJIS ObLTH IPUTOTOBIICHBI HAHECEHHBIE Ha amoMocunukar Siral-40,
MoaudumposanHbiii nonumepoM Fe-, Cr-u Fe-Cr katanuzaropsl. B kauecTBe monumepa-
Moaudukaropa ObuT BbIOpaH XuTo3aH (XuWT), 0OnamarouIuii BHICOKOM COPOIIMOHHOM
AKTUBHOCTBIO 110 OTHOLIEHUIO K MOHAM IE€PEXOIHBIX METAJIJIOB. XHTO3aH SABISAETCS
MIPUPOIHBIM ITOJIUCAXAPUIOM, B CTPYKTYPE KOTOPOTO HMEIOTCSI JIETKO MOIU(BHUIIPYEMbIE
THIPOKCHIIbHBIE M aMUHOTPYIIbL. B KauecTBe akTUBHOH (Da3bl MPUMEHEHBI IOCTYITHbIE
metaiuibl (Fe u Cr). [IpuroroBnenne karann3aTopoB HCKIIIOYAET BBICOKOTEMIIEPATYPHBIE
CTaJuH TPOKAIMBAHUA M BOCCTaHOBJICHHUS. CHUHTE3WPOBaHHBIC KaTalU3aTopbl ObUIN
WCIBITAaHBl B peakuuu okucieHus nukiorekcana (IIH) mo mumknorekcanona (LJOH)
n nukiorekcanona (LIOJI) B msarkux ycnosusax. Cmeck LIOH u L{OJI, Ha3piBacmast B
nuteparype KA-oiin, siBIseTCS IEHHBIM IPOMEXYTOYHBIM IPOIYKTOM B IPOU3BOACTBE
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KanpoJjakTaMa M aJuIMHOBOM KHCJIOTHL. B kauecTBe okucnuTelnsi ObLT MCHONb30BaH
MEPOKCHJ BOIOPOAAa — OKOJIOTMYECKH O€30MaCHBI peareHT, Mpu Pa3oKEeHUH
KOTOpOro obpasyercs KUCIopod U Bona. IlomydeHHbIe pe3yabTaThl CBUACTEIBCTBYIOT
0 TEpPCIEKTUBHOCTH MPUMEHEHHUS pa3paOOTaHHBIX KaTajau3aTOPOB Ha OCHOBE HMOHOB
merawioB (Fe u Cr) u npupoaHoro nmoimumepa (Xuto3aH) B KHUIKO(PA3HOM Ipolecce
OKHCJICHUS] LMKJIOTeKCaHa B MATKHX YycloBHsX. Monomertammdeckue 5 %Cr-Xut/
Siral-40 u 5 %Fe- Xwur/Siral-40 karanu3aTtopbl NposiBUIIN O0Jiee BHICOKYIO aKTUBHOCTh
CEJIEKTUBHOCTb 110 CPaBHEHHIO C OMMeTanieckoi cuctemoit. [lpu okucnenun L™ B
msrkux yenousx (50 °C, 0,1 MIla) na moHomerammnueckux 5 %Fe-Xut/Siral-40 u 5
%Cr-Xut/Siral-40 karanuzaTopax cTeneHb npespalleHus cyoctpara coctasuia 15,2 %
u 12,4 %, coorBeTcTBeHHO. CenekTuBHOCTH o KA-0iiiry B MpUCYyTCTBHH BCEX MOHO- U
OuMeTamMYecKux Katannuiaropos gocturaet 100 %.

KiiioueBble ci1oBa: OKMCIIEHHE; LUKIOIEKCaH; HaHECEHHbIE KaTanmu3artopbl; KA-
OliJT; moJMMep-MoanuKaTop

Hannas paboma evinonnena npu uHancosol noodepocke Komumema nayxu
Munucmepcmea oopaszosanusunayxu Pecnyonuxu Kazaxcman (I paum NoAP09259638).

BBenenne

[IpomyKThl OKHCICHHS UMKIOTCKCAaHa — [HUKJIOTEKCAHOH M IIUKJIOT€KCAHOII,
CMECh KOTOPBIX B JIMTEpAType Ha3bIBarOT KA-Oi, SIBISIOTCS Ba)XKHEHIIMM CBhIPhEM
JUISL TIOJIyYEHUsl €-Karpojakrama (MOHOMepa HeoHa-6) W aJuIUHOBON KHCIIOTHI
(monomepa Heinona-66) (Fu, 2023; Wang, 2016; Graga, 2018). CenexktuBHOE
OKHCIICHUE IUKIOTEKCaHa B MPOMBIIUICHHBIX YCIIOBUSX OCYIICCTBISETCS B JKUIKOH
¢daze npu Temneparype 150—160 °C u naBieHuun kuciopona wiu Bozayxa 10-20 Oap
C HUCIOJb30BAHMEM B KAYECTBE T'OMOICHHBIX KaTaJIM3aTOPOB COJIEW KOOanbTa WU
maprania (Graga, 2018; Li, 2012; Khirsariya, 2014). OnHuM 13 HeIOCTaTKOB MpoIecca
SIBJISIETCSI BHICOKASI 3arpsi3HSIEMOCTh TOMOTEHHOTO KaTallu3aropa U €ro JOPOTOCTOSIICe
OTAeNIeHHE OT MPOAYKTOB. [103TOMY, y4HTBIBasl pacTyIIuii CHpPOC HAa 3TH MPOIYKTHI
OKHUCJICHUSI M HEraTMBHOE BO3ACUCTBHE 3TOrO Ipoliecca Ha OKPYXKAIOUIYI0 Cpeny,
MPEIPUHAMAIOTCS TIOCTOSIHHBIC IOTBITKA 3aMEHUTh TPAJAUIIMOHHBIE TOMOTCHHbBIC
Katanu3aropel Ha 3(pQeKTUBHBIC U 0OJee IKOJIOTHMYSCKU Oe30TacHbIE TeTePOTCHHBIC
katanu3aropsl  (Graga, 2018). /[lns CeneKTHMBHOTO OKHMCJIEHHUS LHMKIOTeKcaHa
HCIIOJIb30BANIUCH TE€TEPOreHHBIE KaTalu3aToOphl HA OCHOBE MEpexoAHbIX MeTamioB Cr,
Co, Mn, Fe (Khirsariya, 2014; Huang X.-F., 2019; Huang G., 2017; Riley, 2012; Vomeri,
2022; Jian, 2020), nanecennsie Ha amomocunukarsl u okcusl (TiO,, ALO,, Si0,) u mp.
(Huang G., 2017; Riley, 2012; Vomeri, 2022; Jian, 2020; Bhandari, 2020; Feng, 2015;
Zhou, 2014). I'eteporeHHbIe KaTaIU3aTOPBI 00IAIAI0T HEBBICOKOH CTA0OMIIBHOCTBIO U3-
3a BBIIIEIaYMBAHNS METAIJIOB C TIOBEPXHOCTH HOCUTEIISI.

Bonpmioit  uWHTEpec MpEACTaBIsieT MPUMEHEHHE  MOJUMEP-METAIUTHYECKUX
KOMITJICKCOB, HAHECEHHBIX HA HEOPTaHUYECKUE MOJUIOKKH, B KaYeCTBE KaTaau3aTopoB
OKHUCJICHHS YIIeBOAOponoB. Karamuzarop, XMMHYECKH CBSI3aHHBI C HOCHUTEJEM,
o0JiajjaeT MOBBIMICHHONH CTAaOWMIBHOCTHIO W OOJIerdaeT OTACICHHE MPOAYKTOB IOCHE
peaknuu. Ilocmeanue wuccneAOBaHUA TMOKa3ald MEPCHEKTUBHOCTh MPUMEHEHUS
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MPUPOJHBIX TOJKMCAXapUAOB Mpu Au3aiiHe karamu3aropoB (Dohendou, 2021;
Zharmagambetova, 2019; Nasrollahzadeh, 2020). Bonpimoe komuyecTBo padoT
MTOCBSIIICHBI KaTAIMTUYCCKUM CUCTeMaM Ha ocHoBe xuTo3aHa (XuTt) (Nasrollahzadeh,
2020; Zheng, 2023; Molnar, 2019; Zharmagambetova, 2021; Kumar, 2015).
[IpucyTcTBue gerko MOAUMUIUPYEMBIX THAPOKCUIBHBIX U aMUHOTPYII B CTPYKTYpe
XUTO3aHa, BHICOKAsI COPOIIMOHHAS aKTUBHOCTh O OTHOIICHUIO K MOHAM MEPEXOIHBIX
METAJUIOB M €r0 HEPaCTBOPUMOCTh B OPraHMUYECKUX PACTBOPUTEIISIX JETAI0T €r0 OYeHb
MIPHUBIICKATEILHBIM.,

B Hacrosmieit pabote mpeacTaBieHbl PE3yIbTaThl UCCISAOBAHUA KaTaTUTHUSCKUX
CBOWCTB XUTO3aH-CTa0MIIN3HPOBAHHBIX KATAIN3aTOPOB XKelle3a U XPOMa, 3aKPETUICHHBIX
Ha aIFOMOCHIIHKAT Mapku Siral-40, B peakiuu )KuaKopa3HOro OKUCIICHUS IIUKJIOTeKCaHa
MEPOKCUIOM Boopoaa 10 cmecu KA-0OiI B MSTKUX yCIOBHUSX.

MarepuaJibl 1 0OCHOBHbIE METO/IbI

Karanuzaropsl ToTOBUIM aJCOPOLIMOHHBIM METOAOM IYyTEM IOCIIEI0BATENHLHOTO
HaHeceHus nonumepa, a 3areM conedd metamios (Cr(NO,), u K, [Fe(CN),]-3H,0) na
MMOBEPXHOCTh HEOPTaHMUECKOro Hocutens (amomocuiukar Siral-40 ¢ comepkaHuem
SiO, 40 %). B kasectBe nonmmepa-crabuinsaropa ObUl BHIOPaH BOJOPACTBOPHMbIN
A30TCOJIEPIKAIIHIA TPUPOTHBIN OTUMep — XUTOo3aH (XuT). B kauecTBe akTHBHOH (ha3bl
ncnonb30Banbl noctynHeie Metaiuibl (Cr, Fe). Conepikanne MeTauioB B KaTajau3aTtope
cocraBistl 5 %. B ciaydyae OuMeTanmamyeckoro Karaiusaropa ObUla CHHTE3WpOBaHA
cucrema cieaytomero cocrasa: 5 %Cr:Fe(1:3)-Xut/Siral-40.

[Ipy xomMHaTHOW TeMIiepaType U TIOCTOSIHHOM TIEPEMEIIMBAHUU B BOJHYIO
CYCIEH3HIO TBEPAOTO HOCHUTEIS JOOABISUIM BOAHBINA pacTBOp monumepa. [lomyduennyro
CMECh TIepEeMEIINBaIN B TCUCHHE 2 YacOB. 3aTeM MPUKAIIbIBAHUEM JO0aBIISIIN BOAHBII
pactBop (Qeppoumanuna kamus (HuTpara xpoma). CMech TepeMeNinBalud CHOBa B
TeyeHne 3-x yacoB. KaranuszaTtop ocTaBiIssii B MaTOYHOM pacTBope Ha 17 4acos.
3areM TPeXKpaTHO MPOMBIBAIH JUCTUILITUPOBAHHON BOJOW M CYIIMIIA HA BO3yXE MPU
KOMHATHOU Temmeparype. KoindecTBo monuMepa i MPUTOTOBIICHUS KaTaiu3aropa
Opasin u3 pacuera 1 atom nepexopnoro metamia (Cr, Fe) Ha onHO MakpoMoJIeKyasipHOe
3BEHO.

OxucneHne TPOBOAWJIM B  CTEKISHHOM TEPMOCTATHPOBAaHHOM  PEaKTOpe,
COCAMHEHHOM C OIOPETKOH B Cpesie alleTOHUTPUIIA [IPU TOCTOSHHOM NepeMELIBaHHH.
B kauectBe okucautens ucnonab3oBain 30 % BOAHBIM pacTBOP MEPOKCHAA BOAOPOLA.
B peaktop mocnenoBarenbHO A00aBIsM aueToHUTpuA (5 wmi), xarammuzatop (0,03
r), cyberpar (1,8 mons/n), a 3arem nmepokcua Bopopona ([H,0,] = 0,31-10% momb/m).
Temneparypa peakuuu 40 °C, naBnenue armocdepnoe. [IponomKuTenbHOCTh peakun
- 240 MuH.

KavecTBeHHBII W KOJMYECTBEHHBIH aHAJIN3 MPOAYKTOB PEAKIIMH OKHCICHUS
nipoBovH Ha xpomarorpade Xpomoc 'X-1000 (Poccust) ¢ miaMeHHO-HOHH3AIIHOHHBIM
JETEKTOPOM B M30TEPMHUYECKOM DPEKHME C HCIOJIb30BAHUEM KaMJUISIPHOW KOJIOHKH
BP21 (FFAP) ¢ nonspuoit ¢dazoit (I19I, monudunuposanusiii HUTpoTepedTamarom)
JuHOM 50 M 1 BHyTpeHHUM jauamerpom 0,32 mm. Temreparypa KOJOHKH COCTaBIIsLIa
90 °C, Temmneparypa unxekropa — 200 °C, ra30M-HOCUTEIIEM CITY>KUJ TeJIHid, 00beM
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BBOIUMOH TpoOsI - 0,2 MKi1. CeneKTMBHOCTD MO IUKJIOTEKCAHOHY OLEHHMBANIACh Kak
JI0JIs1 LI€TIEBOTO MPOAYKTa B MPOAYKTAX PEAKIMH MPH 3alaHHON CTETIEHN KOHBEPCHHU.

Pesyabratsl u 00cykaeHue

Bbutn mpuroToBieHsl TOIMMEPMOAN(PUIIMPOBAHHBIE MOHO- M OMMETAIIMYECKUE
KaTaJlu3aTopbl, HAHECCHHBIC Ha ATIOMOCHJIMKAT C COIEPyKaHNEM aKTUBHOH (asbl 5 %.

B kauecTBe akTUBHOH (pa30ii HCMOIb30BaHBI HOHBI TepexoqHbx MeTamuios (Fe, Cr),
KOTOpbIe 00pa3yloT C MOJMMEPHBIM JIUTAHIOM MOJUMEPMETAIIIMUECKUE KOMIIEKCHI.
[Ipu B3auMoOnmEHCTBUM MaKpOJIHMIaHIa ¢ MOHAMU METaUIOB 00pa3yroTcs HeOOJbIINe
KIYOKH METaJJIONOJIMMEPHOTO KOMIUIEKCA, KOTOPBIE CBSI3BIBAIOTCS MEXKIy COOOM
MOJIMMEPHBIMU LETISIMHU WIH THAPO(POOHBIMU B3aUMOJICHCTBUSIMH:

[ ]
[ ] ﬁ.

HOCUTENb HOCHTENE HOCHTENE

[lpu Moan¢pukanuyu TOBEPXHOCTH HOCUTENEH MaxKpOIUraHIaMHu HaOIIomaeTCs
WX TpouHas, HeoOparumasi ajcopOums. Ilpm HaHeceHMHM aKTHBHOH (a3pl Ha
MOIM(UIIMPOBAHHBI MaKpPOJIUTAaHAOM ATIOMOCHIIMKAT MOHBI MEPEXOAHBIX METAJIOB
pacnpenenstorcss BOKpyr (YHKIHUOHAIBHBIX TPYMIT MOJIMMEPHOW MAaTpPHII U TaKUM
00pa3oM TPOHUCXOAUT (OPMUPOBAHME HAHOYACTHIl akTHBHOW (a3bl. [lomumepHas
MaTpHIia MpeAoTBpaliaeT arioMepaluio akTHBHOM (a3bl 1 ee BHIMBIBAHUE BO BpeMs
polecca, a HOCUTENb CIOCOOCTBYET JIETKOMY OTAENICHHUIO KaTajanu3aropa U3 peaklinOHHO
CMECH.

[Ipurorosnenusle 5 % Cr-, Fe-, Fe-Cr xaramuzaTopbl, HaHECEHHble Ha
amomocuimkar mapku Siral-40 ¢ conepxanuem SiO, 40 %, Moau(UIMPOBAHHBIH
XHUTO3aHOM, OBUIM MCCIICIOBAHBI B PEAKIIMU KUIKO()A3HOTO OKUCIICHUS IUKIIOreKCaHa
(I1H) nmepoxcugoM Bomopona. OCHOBHBIMH YCIOBHSIMHM OCYIIECTBICHHS Ipoliecca
OKHCJIEHUS YTJIEBOJIOPOJIOB IEPOKCHJIOM BOJIOPOAA SBISIETCA CKOPOCTh U TOJHOTA €ro
pas3NoKeHus1, MO3TOMY OblIa U3y4YeHa aKTHBHOCTh CHHTE3WPOBAHHBIX KAaTAIN3aTOPOB B
JTAHHOW peaKIuu.

[lo yBennueHUIO CKOPOCTH Pa3IOKEHHs MEPOKCHIA U KOJUYECTBY BBIACIECHHOTO
KHCIIOpOZia TIpU pa3joKeHWH MEepOKCHAa BOAOPOAa pa3paboTaHHBIE KaTalu3aTOpPbI
pacnonaratotcs B cieayrouuit psit: S %Cr:Fe(1:3)-Xut/Siral-40 > 5 %Fe-Xut/Siral-40
> 5 %Cr-Xwut/Siral-40.

W3 skcnepumenTa creayeT (pUCYHOK 1), 4TO B MJIEHTHUYHBIX YCIIOBHUSIX CKOPOCTh
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BBIJICJICHHUSI KUCIIOPOAA M KOJIMYECTBO BBIACICHHOIO KHCIOpOJa B MPHUCYTCTBUH
oumetamnyeckoro karanmzaropa S5 %Cr:Fe(1:3)-Xut/Siral-40 Bblmme, wem Ha
MOHOMETAJUTMYECKUX KEeIe30- U XPOMOBBIX cucTeMax u cocrasisier 1,1-10° monb/c u
39,4 MJI, COOTBETCTBEHHO.

—s—5 % Cr -Xu/Siral 40 40
—e—5% Fe - Xu/Siral 40 1
L] 1.2 —a— 5% Fe:Cr(3:1) - Xut/Siral 40
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Pucynok 1. CKOpOCTb BBIAGJICHHS KMCIOPO/a M KOJIMYECTBO BBIICICHHOTO KUCIOPO/A IIPU
Pa3noKeHUH TEPOKCH A BOAOPO/IA HA XUTO3aH-MOAU(PHIUPOBaHHBIX KaTanu3aropax: 1 —5 %Cr:Fe(1:3)-
Xwut/Siral-40; 2—5 %Fe-Xut/Siral-40; 3—5 %Cr-Xut/Siral-40.

Jannple xpomarorpadudeckoro aHajm3a ITOKa3ajH, YTO MPOAYKTAMH pEeaKIuu
okucienus [[H sBnsercs cmeck muknorekcanona (LIOH) n muknorexkcanomna (11OJ),
9acTO Ha3bIBaEMBIX B TuTeparype KA-oii, T.e. ceIeKTHBHOCTH 110 KA -0#iTy cocTaBisieT
100 %. YcraHOBIIEHO, YTO B 3aBHCHMOCTH OT IIPHPOBI AKTMBHOH (ha3bl KaTanmu3aropa
M3MEHSETCS TOIFKO COOTHOIIIEHHE KOMITOHEHTOB cMecH. boree BRICOKUMY 3HAYEHUSIMU
rxouBepcud LI 1 cenexTuBHOCTH 110 KeTOHY obOmamaet 5 %Cr-Xut/Siral-40 kartanmuszarop
— 8% u 65 %, cooTBeTCTBEHHO. MOHOMETAJUIMYECKHE KaTaJN3aTophl OKa3airnch Ooiee
aKTUBHBI, B CpPaBHEHNH ¢ bnMeTaumdeckoii cucremoit. Ha 5 %Cr:Fe(1:3)-Xwur/Siral-40,
KOTOPBII TIOKa3all 60Jiee BRICOKYI0 aKTUBHOCTD TIPH Pa3IOKEHUH TIEPOKCH A BOAOPO/Ia,
HaOromaeTCs: HeOONBIION BBIXOA MPOAYKTOB PEAKIIUH, YTO, BHAMUMO, OOYCIIOBIICHO
BBIMBIBaHUEM akTUBHOH (a3el (Cr, Fe) B peakmmonHy0 cMech MpH OKHCIeHUH. [IBeT
KaTajm3ara B XOfle IPOIlecca OKPAIINBAJICS B TEMHO-OypbIi IIBET.

Tabnuna 1 - Oxucnenne MUKIOrekcana nepokcuoM Bojgopoaa Ha 5% Cr-, Fe- u Cr:Fe xuro3an-
MOJIM(DHULMPOBAHHBIX KaTalIu3aTopax

Karanuzarop IIponykrel peakiun, % | Konsepcus, % —C Seaoin 70
HOH, % HOJL, %

5% Cr-Xwurt/Siral-40 5,2 2,8 8,0 65,0 100

5% Fe-Xwut/Siral-40 2,0 3,4 5,4 37,0 100

5%Cr:Fe(1:3)- Xur/Siral-40 | 1,9 1,9 3,8 50,0 100

Venosus onbira: T- 40 °C, P—0,1 Mlla, cy6erpar — ITH 0,3 mut, pactBoputens — CH,CN 5 M1, okucIuTeEh

-30% H,0, 0,9 mu.
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[Ipy TOBBIIEHWH TEMIEpaTypbl PEAaKIUU OKUCIEHHS LHKIorekcaHa no 50
°C yBEIMYUBAETCS CKOPOCTh pas3lioKeHusi mepokcuna Bomopoaa (Pucynok 2, a).
Komuuectso Bbiienennoro O, Tak e pacTeT. MakcuManbHas CKOPOCTh Pa3loKEHHUs
NepoKcuaa Bogopoaa Habmonaercst B npucyTctBuu 5 %Fe-Xut/Siral-40 u cocraBnsier
2,6-10° monb/c. Ha OumeTauinyeckoil cucteMe CKOpoCTh peakiuu cocraBmia 2,210
® monb/c. B ciydae 3HaueHHMl KOJIMYECTBA BBIICIICHHOTO KUCIOpOAa HaOIrOmaeTcs
aHaJIOTHYHas 3aBUCHUMOCTD (PucyHoK 2, 0).

—=— 5% Cr-Xut/Siral 40 704
—o— 5% Fe-Xut/Siral 40
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PucyHoxk 2. CKOpoCTh BBIICTICHUS KHCIOPO/a U KOJTMYECTBO BBIICIICHHOTO KUCIOPO/IA MPH
Pa3IoKEHUH MEPOKCH/IA BOIOPOIA Ha XUTO3aH-MOAU(DUIIPOBAaHHBIX KaTanu3aropax: 1 - 5%Cr:Fe(1:3)-
Xwurt/Siral-40; 2 - 5%Fe-Xut/Siral-40; 3 - 5% Cr-Xur/Siral-40.

Xpomarorpaduueckuii aHaJIu3 POLYKTOB peakiuu okuciienus LI" ceueTennbecTByeT
00 yBENMUYCHHWM 3HAYEHWH CTENECHU IpEeBpalleHHus cyOcTpara M CEJICKTUBHOCTH IO
LUKJIOTEKCAaHOHY Ha mpuMepe akTuBHOTO 5 % Fe-Xwut/Siral-40 katanuzaropa ¢ 5,4 %
u 37,0 % (mpu temmneparype 40 °C) mo 15,2 % u 60,5 % (npu temmneparype 50 °C),
COOTBETCTBEHHO (Tabnuua 2).

Tabnuma 2 - Oxucienne UKIOreKcana mepokcuom Bogopona Ha Cr-, Fe- n Cr:Fe xuTo3an-
MO (DUITMPOBAHHBIX KaTainu3aropax npu temreparype 50 °C.

Karanmusarop Ipomyxte! peakunn, % | Konsepcus, % Siom Y0 Sercie /0
1HOH, % O, %

5% Cr-Xwurt/Siral-40 8,0 4.4 12,4 64,5 100

5% Fe-Xwut/Siral-40 9,2 6,0 15,2 60,5 100

5%Cr:Fe(1:3)- Xur/Siral-40 | 1,8 2,4 4,2 42,9 100

Yenosus onsita: T- 50 °C, P—0,1 MITa, cyoctpar — L{H 0,3 mu1, pactBoputens — CH3CN 5 mut, okuciutens

-30% H,0, 0,9 mu.

3akiroueHue

ACOpOLIMOHHBIM METOIOM CHHTE3UPOBAaHBI MOHO- 1 OMMETaNTNIECKUe HAaHECEHHBIE
Ha amoMocmiaukar Mapku Siral-40 xwuro3aH-ctabmmmsupoBanusie Cr, Fe, Cr-Fe
KaTaJIM3aTopHhI C COiep KaHneM akTUBHOM a3kl 5 %. [lokazano, 4To MOHOMETaJUTHYeCKIe
KaTaJIM3aToOPBI TIPOSIBIIAIOT aKTHBHOCTh M CEJIEKTHBHOCTH B PEAKIUU OKHCIUTEIHHOTO
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MpEeBpallleHNs] [MUKIOreKCcaHa B MSTKUX ycioBusx. CenekTuBHOCTh o KA-oitmy Ha
pa3pabotannbix Kataymsaropax coctapisier 100 %. [lpu okucnenuu LT B msrkumx
yenoBusix (50 °C, 0,1 Mlla) B mpHCYTCTBUH MOHOMETAJUTMUECKUX KaTaau3aTOpOB
cocraBa 5 %Fe-Xut/Siral-40 u 5 %Cr-Xut/Siral-40 kxoHBepcHus IHMKIOTEKCaHA
cocraBuna 15,2 % u 12,4 %, COOTBETCTBEHHO.

Takum 00pazoM, MPUMEHEHUE XUTO3aHA B JIM3aliHE KATAJIMTHYECKUX CHUCTEM I103-
BOJISIET pPacCMaTPUBATh MOJUCAXAPUI-COACPIKAIINE KaTaTU3aTOPhI, KaK EPCICKTUBHbIC
JUTST HU3KOTEMITEPaTypPHOIO OKUCICHUS ITUKIOTEKCaHa IEPOKCUIOM BOAOPOIA.
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Abstract. In our previous studies on the synthesis of copper ferrite by co-precipitation,
the effect of a polymer stabilizer (PVA) on the reduction of copper and iron cations
during heat treatment, as well as on the ability of copper ferrite to be reduced in an
electrochemical system, was established. One of the precursors for the formation of
copper ferrite is copper (II) oxide, which interacted with the PVA polymer in the co-
precipitation reaction medium. In this work, molecular modeling of this interaction
was carried out by means of quantum chemical calculations of the adsorption of a
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model PVA molecule on potential active centers of (CuO)_(n=1-4) clusters of different
spin multiplicity, simulating the local structure of the copper (II) oxide surface. On
the simplest systems, such as atoms, cations and diatomic molecules of copper(Il) and
iron(IlI), quantum chemical methods of Hartree-Fock (HF), coupled clusters (CCSD),
second-order perturbation theory (MP2) and Becke-3-Lee-Yang-Parr (B3LYP), Becke-
Perdew-Wang (B3PWO1), Perdew-Burke-Ernzerhof (PBEPBE) functionals using
basis sets 6-31+G(d), cc-pVTZ, aug-ccpVTZ and pseudopotential LanL.2DZ within
the Gaussianl6 program were tested. PVA was modeled with a 1,3-diol oligomer. A
comparison of the theoretical results with the literature experimental values of the
ionization potentials and electron affinities of atoms, as well as the internuclear distances
of diatomic metal molecules, showed that the methods either overestimate the structural
parameters and energy quantities or underestimate them. For clusters with n>1, it was
found that the lowest values of the total electronic energy correspond to the high-spin
states of copper oxide. The calculation results showed that the adsorbate and substrate,
regardless of the initial orientation and size of the cluster, exhibit di-bonding, and the
role of van der Waals and coordination interactions, and of intramolecular hydrogen
bonding is important in the stabilization of the adsorbate.

Keywords: clusters of copper oxide (II), polyvinyl alcohol, molecular modeling,
quantum-chemical calculation methods
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AHHoTanus. Bi3niH angplHFBI 3epTTeyiepiMizae MbIc (EeppHUTiH Oipre TYHABIPY
o/liciMEH CHHTE3/Iey, TOJMMEpNi TypakKTaHAbIprbim monuBuHui cruptinin ([1IBC)
TEPMUSUIBIK OHICY KEe31H/I€ MBIC ’KOHE TeMip KaTHOHJapbIHBIH TOTHIKCHI3JaHybIHA ocepi,
COHBIMEH Karap MbIC (EepPPUTIHIH dICKTPOXUMUSIIBIK, KYHele TOTHIKCHI3IaHABIPBUTYBI
oenrinenni. Meic deppuTiHiH maiina OOMyBIHBIH TpeKypcopiapbiHeiH Oipi Mbic (I1)
okcuai Oonbin Tabbutaabl, on [IBA monmmepiMen Oipre mpeUUNUTalMs PEaKIUsCHI
opracelnaa apexerTecei. OCchbl)KYMbICTA COHAN SPEKETTECYA1 MOJIEKYIIAJIbIK MOETIbICY
Mbic (II) okcuaiHiH OeTiHIH JTOKaIbIbl KYPBUTBIMBIH HMHTALMSUTIAMTHIH OPTYPIIi CIIMHI
(CuO)n (n=1-4) xacrepiepiHiH MOTEHIUAIIBI OSIICEHII OPTAIBIKTAPBIH/A MOJCIBIIK
[NIBC MonexynachbiHbIH aJCOPOIHMACHIHBIH KBaHTTHIK-XHUMUSUIBIK €CenTeyepi apKbLUIbI
xysere aceippuiabsl. Meic (I1) sxone temip (III) atommapel, KaTHOHIApHI JKOHE €Ki
aToOMJIBI MOJIEKYJIaphl CUSIKTBI KaparmaibiM Kylenepre Herizaenin, XapTpu-PoKTeIH
KkBaHTTHIK-XUMIUTBIK (HF), GipikTipinren xmacrepnep (CCSD), exiHmii peTTi YHBITKY
teopusicel (MP2) omicrepi xone bexke-3-JIu-SAur-Ilapp (B3LYP), Bex-Ilepabto-
Baar (B3PWO91), Ilepnpto-bepk-Opuzepxod (PBEPBE) ¢ynkunonangapsiven
oipre 6-31+G(d), cc-pVTZ, aug-ccpVTZ Oasucrik sxubiHmapel MeH Lanl.2DZ
TICEBIOTIOTEHITNANBIHEIH, Gaussianl6 OarmapiaMachl asChIHAA TECTIICY JKYPTi3iimi.
[IBC 1,3-nquongsl oauroMepMeH MOACTbICHI. TeopHsUIbIK HOTHXKEIEpHi HOHAaHY
MTOTCHITMAIIAPHI MEH aTOMIAPIBIH JIEKTPOHFA OCHIMIUIITIH, COHIai-aK €Ki aTOMIIbI
MeTanaap MOJEKyJaJapblHbIH SIpOoapaiblK apaKallbIKTHIKTAPbIHBIH —91eOueTTer
TOXKIPUOETIK MOHIAEPIMEH CaANTBICTBIPYBI, SICTEPIIH KYPBUIBIMIBIK ITapaMeTpiiepi MeH
9HEPTHUs MaMalapbiH acbipa OaralalThIHBIH HEMECE OJIap/ibl TOMEHACTETIHIH KOPCETTI.
n>1 KrnacTtepnep YVIIiH JXanrbl 3JEKTPOHIBIK SHEPTHSACHIHBIH €H TOMEHTI MoHjepi
MBIC OKCHAIHIH JKOFapbl CIUHIIK KyHIepiHe colkec KeneTiHi aHbIKTangsl. Ecenrey
HOTIDKENepi azcopbar neH cyOCTpaTThIH KiIacTepiH OacTanksl OarbIThl MEH ©JIIIIeMiHe
KapaMacTaH Ou-0aiIaHbICThl KOPCETETIHIH JKOHE ancopOaTThl TypaKTaHABIpyJda BaH-
nep-Baanbc TeH KOOPAMHALMAIBIK OPEKETTECYIHIH JKOHE MOJIEKYIAIMILIK CyTeri
0ailIaHBICKIHBIH POJIi MaHBI3/IbI €KeHIH KOPCETTI.

Tyiiin ce3mep: mbic (I11) okcuaiHig KIacTepiepi, NOMUBUHUI CITHPTI, MOJICKYJIaIbIK
MOJICTIb/ICY, KBAHTTHIK-XUMHSJIBIK €CETTey 9IicTepi
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AHHOTauMs. B BRIMOTHCHHBIX HAMU paHEe MCCICNOBAHUAX IO CHHTE3y (deppura
MEIM METOJIOM COOCAXK IEHUS OBIJIO YCTAHOBIIEHO BIIMSHUE TOTMMEPHOTO CTa0MIIA3aTopa
(IIBC) Ha ocymecTBICHHE BOCCTAaHOBJICHHS KaTHMOHOB MEIW M JKele3a B XOJe
TePMHUUYECKON 00pabOTKH, a TaKKe Ha CIIOCOOHOCTH (peppuTa Mellu K BOCCTAHOBJICHUIO
B JIEKTPOXUMHUECKON cucteme. OHUM U3 IPEKypCcOpOB 00pa3oBanus (heppuTa MeIu
sieisieTcst okeua menu (11), B3anMoaeCTBYIOMMA B PEAKIIMOHHON Cpeie COOCaKICHUS
¢ momumepoMm [IBC. B manHO# paboTe MPOBENEHO MONEKYISIPHOE MOACIHPOBAHHEC
TaKOTO B3aMMOJICUCTBHUS MOCPEACTBOM KBAaHTOBO-XMMHYECKHX PacueTOB aJcopOnnn
MoJienbHOM Moekyibl [IBC Ha moTeHIMaibHBIX aKTUBHBIX IIeHTpax kiactepoB (CuO)
. (n=1-4) pasnuuHON CNMHOBOH MyJIBTUILIETHOCTH, MOJEIUPYIOIIMX JIOKAIbHYIO
cTpykTypy moBepxHoctu okcuaa meau (II). Ha mpocteifmux cuctemax, Takux Kak
aTOMBbI, KATHOHBI U AByXaToMHbie Mosiekysibl Menu (I1) u sxenesa (I11), Obl10 ipoBeieHO
TECTHPOBAHUE KBAHTOBO-XUMHUYECKUX MeTofoB Xaptpu-Doka (HF), cesazanabx
ximactepoB (CCSD), Teopun Bo3MyIIieHH# BTOporo mopsaka (MP2) u ¢pyHKIoOHAIOB
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Becke-3-Lee—Yang—Parr (B3LYP), Becke-Perdew-Wang (B3PW91), Perdew-Burke-
Emzerhof (PBEPBE) ¢ ucnonb3oBanuem 0azucHbix Habopos 6-31+G(d), cc-pVTZ,
aug-ccpVTZ u ncesnonorennuana LanL2DZ B pamkax nporpammel Gaussianl6. [IBC
MozenupoBaiu 1,3-auonpHBIM onuroMepoM. CpaBHEHHE TEOPETHYECKUX PEe3yIbTaToB
C JUTEpaTypPHBIMH SKCHEPUMEHTAILHBIMU 3HAYEHUSIMA TOTEHIHAJIOB HOHHU3AINN
U CPOJCTBA aTOMOB K JJIEKTPOHY, a TaKKE MEXKBSACPHBIX PACCTOSIHUN ABYyXaTOMHBIX
MOJIEKYJl METaJUIOB TIOKa3ajo, 4YTO METOAbl JIMOO NEepEeOleHHUBAIOT CTPYKTYPHBIC
napamMeTpsl ¥ SHEPreTHYECKHE BEJIMYMHBI, TUOO HEIOOLECHUBAIOT. (sl KiacTepoB ¢
n>1 ycTaHOBJIEHO, YTO HamOoJiee HHU3KHE 3HAUEHHS IOJHOH DJIEKTPOHHON >HEPTUH
COOTBETCTBYIOT BBICOKOCIIMHOBBIM COCTOSTHHSM OKCHJA MeIH. Pe3ynmbrarbl pacueToB
MoKa3zaii, 4To ancopbar M cyOcTpaT He3aBHCHMO OT HMCXOAHOW OpHUEHTALUuH H
pasmepa Kiactepa MposBISIIOT Ou-CBSA3bIBAHUE, M BaKHOW B CTa0MIM3alnu ancopbara
SBIISIETCS.  pOJIb  BaH-AEP-BAaalbCOBBIX, KOOPAMHAIMOHHBIX B3aMMOJCHCTBUH U
BHYTPHUMOJIEKYJISIPHOM BOJOPOIHOHN CBS3H.

KioueBble caoBa: kiactepsl okcuga wmeaw (I1l), TONMBUHMIOBBIA CIUPT,
MOJIEKYJISIPHOE MOZCIMPOBAaHHE, KBAHTOBO-XMMUYECKHE METOABI pacyera

Qunancuposanue: paboma GvINOIHEHA NPU PUHAHCOBOU noddepoicke Komumema
Hayku Munucmepcmea Hayku u evicuieco obpasosanus Pecnyonuxu Kazaxcman
(Hayuno-mexnuyeckasn npoepamma Ne BR10965230).

Beenenne

DeppuThl — 3TO MarHUTHBIE COEAMHEHHMs, cocTosmure U3 okcuaos sxenesa (III) u
MEPEeXOAHBIX METaoB, U oOnagatoue (GeppoOMarHUTHBIMU TONTYPOBOJHUKOBBIMH
cBoiicTBamMu. Ha cerogusiauii neHb QeppUThl MEPEXOIHBIX METAIIOB HUCCIEIYIOTCS
MHOTHMMHU YYEHBIMH M HaXOIST LIMPOKOE NMPUMEHEHHE B CO3MaHUM BBICOKOTUIOTHBIX
HocuTeNell WHGpOpPMAIMK, CPEACTB AOCTaBKH JIEKAPCTB, MAarHUTHO-PE30HAHCHOM
TOMOTpadyy, Ta30BBIX AATYUKOB, (EPPOMATHUTHBIX KHUIKOCTEH, KaTajJu3aTOpoOB B
reTepOreHHOM KaTajlHu3e U B JJIEKTPOKATaIIN3E, JIEKTPOHHBIX H MATHUTHBIX yCTPOHCTBAX
U qpyTux oTpacisx Hayku u Texauku (Cruz et al., 2018; Nandanwar et all., 2020; Farhan
et all., 2023).

®eppur meau (II) CuFe, O, sBasercs onqHUM U3 pacIpoOCTPAHEHHBIX IPEICTaBUTENIEH
(eppHUTOBBIX CHCTEM, UMEIOLIHH CTPYKTYPY OOpallleHHOH MIMHUHENN: 8 KATHOHOB MEAN
Cu?* 3anumaror oktayapuueckoe (B) momoxkenue, a ocranbHble 16 KaTHOHOB JKene3a
Fe’* HaxomsaTcs B paBHOM KOJIIMUECTBE B TETPAIPHUUECKOM (A) M OKTadIPUUSCKOM
(B) monoxennn (Rocha et all., 2019). ®epputr menu MOXKeT CylIecTBOBaTh B ABYX
MoauduKanuax: Kybudeckoil Fd3m (npu Bbicokoll Temmeparype, a = 8,379 A) u
TETPadIPHUECKO-UCKaKeHHOM [4 /amd (npu KoMHaTHOM Temmeparype, c/a = 1,059
A) dopmax crpykrypsl mmunenu (Plyasova et all.,, 2015; Zhuravlev et all., 2017).
CTpyKTypHO-(a30BbIi MEPexoa MEXIY dTUMH MOAU(PUKALNIMHI MPOUCXOIUT 3a CUET
apdexra Sna-Tennepa, Onaromaps yemy BO3HHUKACT MCKKEHHE OKTadIpHUYECKOU
KUCIIOPOIHO# cdepsl Bokpyr noHoB Memu Cu?* (Balagurov et all.,, 2015). Caenyer
OTMETHUTh, YTO THUII CTPYKTYpHI (eppruTa MEAHU HAMPSIMYIO 3aBUCUT OT PACIOJNOKEHUS
HOHOB B OKTa»IPUUECKOM U TETPa’ApHUUECKOM MoJokeHHH. Ha pacmnonokeHre HOHOB
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B cocraBe (eppuTa Menu OKa3blBaeT BIMSHUE METOIMKA CHHTE3a W TeMIleparypa
TEPMHUYECKOH 00paboTKH.

Hamu Ha ocHoBe ¢eppura meau (1) myTém ero TepMudecKOro v 3JeKTPOXUMHUYECKOTO
BOCCTaHOBJICHUS ObLIM NOTydeHbl Onmerammnueckue Fe-Cu kommo3uTsl, obnagaromime
ANEKTPOKATAIUTHYECKUMH CBOMCTBAMHU B CHHTE3€ OpraHruecKux coeaunenuii (Ivanova
etall.,2020; Vissurkhanovaetall.,2022, Vissurkhanovaetall.,2023). Beuto ycTaHOBIICHO,
4TO poBeeHne cuHTe3a peppura meau (II) MeTogom coocakieHns KATHOHOB METAJIIIOB
U3 UX COJICH B BOJHO-ILIEIIOYHOM PacTBOpe C 100aBIeHHEM MOJIUMEPa, HOIUBUHUIOBOTO
cnupta (I1BC), npuBoAUT K TOMY, 4TO MPH MOCIEAYIOMIEH TepMHUYECKON 00paboTKe
OCaXIEHHBIX OKCUJIOB Meau W ruppokcuzaa skeneza (II1) dopmupyromuiics dhepput
MeJIM YaCTUYHO pas3iaraercsi ¢ 00pa3oBaHUEM MEIU B HYJIb-BAJICHTHOM COCTOSHHH, a
npu 700 °C — o6oux meramwioB Cu’ u Fe'. [Ipu coocaxxaeHnn KaTHOHOB METaJIOB 0e3
HCTIOJIb30BaHUS IOIMMepa TO100HbIE TTPEBPAIIECHHS B X0/I€ TEPMUYECKOI 00padOTKH HEe
Habmronatotcs. beut cnenan BeiBog 0 BimsiHuu noiaumMepa [1BC va popmuposanue Fe-Cu
KOMITO3UTOB B X0JIe TepMuueckoii 00padotku deppura meau (I11) u ero nocnemnyroiero
JIOTIOJIHUTENIBHOTO JIEKTPOXMMHUYECKOTO BOCCTAHOBJIEHHUS. Takoe BIUSHHE MOXET
OBITH BBI3BAHO MEXMOJIEKYIISIPHBIM B3aUMOCHCTBIEM MOIMMEPA C YaCTUI[AMU OKCHIa
ME/IH, a TAK)KE C TUAPOKCHUIOM JKeJle3a.

HenocpencTBeHHOE KBAHTOBO-XMMHUYECKOE MOJIETMPOBAHNE XHMUYECKUX ITPOLIECCOB
B CJIOHBIX CHCTEMaX JIOBOJBHO 3aTPYIHUTEIBHO, TOATOMY YacTO IMPOBOJUTCS pacdeT
OT/ICNBbHBIX MOJAENBHBIX (PAarMEeHTOB, U HCCIENYIOTCS OTACIbHBIC B3aUMOACHUCTBHS,
KOTOpBIE ONPEeACIIOT IpoTeKaHue mporecca. OOIYHO MPU MOAETUPOBAHUH COCTMHEHUH
METaJUIOB MIPUMEHSIETCS] MOJICKYJISIPHBIN, KIACTEPHBIA MM NEPUOANYESCKHUN TOIXO0A, a
HanOoJee pacnpoCTPaHEHHBIM KBAaHTOBO-XMMHUYECKHMM METOAOM sl MCCIECHOBAHHS
MEPEXOAHBIX METAJLIOB SBISICTCS METO Teopun (yHKIHoHana miaoTHocTu (TOIT).

Henpto paHHOW paboThl SIBASETCS KBAHTOBO-XMMHYECKOE MOJECITUPOBAHUE
B3alMOJICHCTBUS TOJIMBUHUIOBOTO CIHHpPTAa C TMOBEPXHOCTBIO OKCHAAa MeEAH C
HCTIOJIb30BaHUEM UMEIOIIETOCs apceHasa MeTOA0B, PYHKIIMOHATIOB U 0a31COB aTOMHBIX
opbuTtaseii B pamkax nporpammbl Gaussianl6 (Frisch et all., 2016).

MarepuaJibl 1 OCHOBHbIE METOABI

Jnst MozpenupoBaHHUS MOJEKYISIPHBIX CHCTEM OBIJIO MPOBEICHO TECTUPOBAHUE
KBaHTOBO-XUMHUUecKkux MeTonoB XapTtpu-Poka (HF), MHorouactuunoit Tteopuu
BO3MYIIEHHH BToporo mopsaka (MP2), meroma CBSI3aHHBIX KJIACTEPOB C yUYETOM
OZHOKPATHBIX U AByKpaTHbIX Bo30yxaeHuil (CCSD) u ¢pynkuuonanos TOII Becke-3-
Lee—Yang—Parr (B3LYP), Becke-Perdew-Wang (B3PW91), Perdew-Burke-Ernzerhof
(PBEPBE) ¢ ucnionb3oBanuem 6a3ucHbix Ha0opoB 6-31+G(d), 6-31+G(d, p), cc-pVTZ,
aug-ccpVTZ u ncesnonorenuuana LanL.2DZ u3 6ubnnorexu nporpammel Gaussianl6.
B kadyecTBe MOAETBHBIX CHCTEM IEPEXOAHBIX METAJUIOB OBUIM MCIIOJIB30BAHBI HOHBI,
arombl 1 aByxatomHbie Mosiekyasl Menu (II) u xenesa (I1I), a Takxke KiacTepsl MeIu.
Crpyxkrypy IIBC monenuposanu 1,2- u 1,3-110IbHBIMU OJTUTOMEPAMH.

PesyabTarhl u uX 00cy:KIeHne

Tecmupoeanue memooos pacuema u Qynkyuonanos niomuocmu. Kaxk U3BeCTHO,
(beppuThl METaUIOB SIBISIOTCS OOBEKTaMH, LIMPOKO HCCIEIYyEeMBbIMH HE TOJBKO
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9KCIIEPUMEHTAIILHO, HO M C TIOMOIIbIO METOAOB BBIUMCIUTENbHON Xumun (Zuo et all.,
2006; El Maazouzi et all., 2019). Ognako npu MOCTaHOBKE «TBEPAOTEIBHONY» 3aJa4uu
0COOEHHO OCTPO BCTAaeT BONPOC BbIOOpa Mozeneil M MeTomoB pacueTa. llosTomy
CHaJaja Ha MpUMepEe TAKUX MPOCTEUIINX CHCTEM, KaK aTOMBI, KATHOHBI U JIByXaTOMHBIE
monekynsl meau (II) m sxemeza (III) Obio mpoBemeHO TeCTUPOBAHWE KBAHTOBO-

XUMUYCCKUX METOAOB pacueTa u (I)yHK]_[I/IOHaJ'IOB IIJIOTHOCTH.

B Ttabnuue | mnpuBeOeHB pacCUMTAHHBIE PAa3IUYHBIMA METOJAMH 3HAUCHHS
norenuuana nonnsanuu (I11) u cpoacrsa k snexrpony (CD) A1t aTOMOB MEAH U Keje3a
B CPaBHEHHU C HKCTIEpUMEHTaIbHbIMH 3HaueHussMu (Lurie, 1975; Hotop et all., 1985).

Ta6m/1ua 1 — PacueTHbic OKCIICPUMCHTAJIbHBIC JAaHHBIC aTOMOB MEIU U KCJIC3a

IM1,, >B CD,»B
Meton

Fe Cu Fe Cu
DKCIEPUMEHT 7,90 7,72 0,163 1,228
HF/6-31+G(d) 5,03 6,60 -0,24 -0,90
HF/cc-pVTZ 4,99 7,86 -0,63 -1,33
HF/aug-cc-pVTZ 5,10 7,86 0,25 -0,67
B3LYP/6-31+G(d) 5,34 5,41 3,73 0,49
B3LYP/cc-pVTZ 5,26 525 3,66 0,35
B3LYP/aug-cc-pVTZ 5,26 5,33 3,66 0,54
B3LYP/ LanL2DZ 5,41 5,18 3,82 0,47
B3PW91/LanL2DZ 5,24 5,18 3,47 0,44
PBEPBE/ LanL2DZ - 4,61 — 0,84
MP2/LanL2DZ 7,26 6,54 -0,74 -0,95
CCSD/LanL2DZ 7,26 6,54 -0,74 -0,95

B Ta6JII/IIle 2 HpeI[CTaBJIeHI:I BBIYUCJIICHHBIE H BKCHCpI/IMeHT AJIbBHBIC 3HAYCHUIA

MOTeHIIMaI0B noHu3anuu katnoHoB Meau (II) u sxenesa (III) B cIMHOBBIX COCTOSTHMSIX
D u °S, coorsercTBenHo (Lurie, 1975).

Tabmuma 2 — CpaBHeHUE pacyeTHBIX U dkcriepuMeHTanbHbIX [T1 nonos meau (I1) u sxenesa (111)

111, 5B

MCTOZ[ Cu2+ Fe3+
OKCHEPUMEHT 36,830 56,000
HF/6-31+G(d) 38,352 52,492
HF/cc-pVTZ 38,316 52,517
HF/aug-cc-pVTZ 38,325 52,518
B3LYP/6-31+G(d) 31,062 45,271
B3LYP/cc-pVTZ 31,089 45,161
B3LYP/aug-cc-pVTZ 31,047 45,161
B3LYP/ LanL2DZ 31,413 46,723
B3PW91/LanL2DZ 31,173 46,622
PBEPBE/ LanL.2DZ 29,151 45,769
MP2/LanL2DZ 38,476 53,724
CCSD/LanL.2DZ 38,476 —
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B Tabmune 3 mnpuBeneHbl KBaHTOBO-XMMHYECKHE [aHHBIE IO MEXKBbSACPHBIM
paccrosHusaM st Mosiekyn Cu, u Fe, B OCHOBHBIX COCTOSHUSX M COOTBETCTBYIOIIHE
JKCIIepuMeHTabHbIe 3HaueHus (Morse, 1986; Plyasova et all., 2015).

Tabmuma 3 — DkcnepuMeHTaIbHbIe U TEOPSTUUSCKHIE 3HAUCHUSI MEXKbSIICPHBIX PACCTOSTHUI
nByxaToMHBIX Mojekyt meau (IT) u xernesa (I1I)

R, A
Meton Cu, Fe,
DKCIEPUMEHT 2,219 2,800
HF/6-31+G(d) 2,429 1,585
HF/cc-pVTZ 2,447 1,556
HF/aug-cc-pVTZ 2,448 1,555
B3LYP/6-31+G(d) 2,272 1,687
B3LYP/cc-pVTZ 2,276 1,666
B3LYP/aug-cc-pVTZ 2,277 1,664
B3LYP/ LanL2DZ 2,260 1,721
B3PW91/LanL2DZ 2,254 1,713
PBEPBE/ LanL.2DZ 2,241
MP2/Lanl.2DZ 2,338 -
CCSD/LanL.2DZ 2,364

CpaBHeHHE pE3yIIbTaTOB pacueToB KBAaHTOBO-XUMHYECKHIMH METOJaMH  C
AKCIIEPUMEHTAIGHBIMHA 3HAYEHHSIMH TIOTEHIIMAJIIOB MOHW3allMd W CPOJICTBA aTOMOB
k anektpony (Lurie, 1975; Hotop et all., 1985), a Taxxe MeXbiIepHBIX PAaCCTOSHUN
JIBYXaTOMHBIX MoJjekyn MeramioB (Morse, 1986; Plyasova et all., 2015) moxa3aro,
YTO BCE METOJ/BI, B OCHOBHOM, NEPEOIIEHUBAIOT CTPYKTYPHBIE TTapaMeTphl, a METOIBI
HF, MP2/LanL2DZ, CCSD/LanL2DZ - »sHepreTudeckue BeIMYUHBI, TOTHA Kak
Teopus GYHKIMOHAJIA TUIOTHOCTH HEJOOIICHUBAET TIOCIIEIHNE, HO B MEHBIIIEH CTETIeHN
MIEPEOIICHUBACT MEKbsIEPHBIE PACCTOSHIS MOJICKYJI.

Pacuémor oxcuoa meou (1) u ezo xnacmepos. Jlns ompeneneHus HamOoiee
SHEPreTUYEeCKH CTaOUIBLHON CTPYKTYpbhI okcruaa Menu (11) Obui mocTpoeHs! KiacTepsl
(CuO), (n = 1-4) ¢ pasnMYHON CIHMHOBOM MYJBTUILIETHOCTBIO, MOJEIMPYIOIINE
JIOKAJIBHYIO CTPYKTYPY IIOBEPXHOCTH OKCH/Ia MEIU: CHHIVIETHBIE W TPHUIUIETHBIC
COCTOSTHHSA JIJIsi n = 2, 4, myOneTHbIe ¥ KBapTeTHBIE cOCTOSTHUS — Auisi n = 1, 3. KBaHTOBO-
XIUMHYECKHAE PACcUEeThl BHITIOHEHBI C UCTIONB30BAHUEM METOMIOB TEOPHH (PyHKIIMOHATA
TJIOTHOCTH, SIBJISFOIINXCS, KaK OBLIO yKa3aHO BEIIIE, HAMOOJee pactpoCTpaHEHHBIMU
METOAAMH ISl MCCIIEIOBAHMSI TIEPEXOAHBIX METaLIOB. [I0CKONBKY TCeBIOMOTEHITHAI
Lanl.2DZ noxazan oquH U3 Jy4IINX PE3yIbTaTOB NPOBEACHHOIO BhIIIE TECTUPOBAHUS,
Jaee U1 BBI0Opa MeTo/1a MOJISIIMPOBaHUS OKCH/Ia METH HAMH OBLITH IIPOBEICHBI PACUETHI
¢ ¢yaknumonaramu B3LYP, B3PWO1, PBEPBE B couerannu ¢ 1ceBaomnoTeHIINAIOM
LanL2DZ nns metanna u 6a3ucHbeiM HabopoM 6-31+G(d, p) anst ocTaabHBIX aTOMOB.

Cpenn  TPOTECTHPOBAHHBIX  KOMOWHAIUii  (YHKIMOHAIOB ®  0OAa3WCOB
TICeBAONOTEHIMANbHEIN 0a3uc Lanl.2DZ mokasan TpHILIETHOE COCTOSHHE KiacTepa
Cu,0, Kak Gonee HU3KOE TI0 SHEPIUM IO CPABHEHUIO C CHHITIETHBIM, & COYETAHHUE €0
¢ ¢yakmmonarom B3PWO91 mano HanMeHbIIyIO SHEpPrHIO KiacTepa B CPaBHEHUH C
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npyrumu Metogamu. (Pynkiuonans B3LYP u B3PWI1 ¢ Habopom 0a3nucHbBIX QyHKIHHA
6-31+G(d, p) TpUBOAST K CHHIVICTHOMY COCTOSIHMIO KJIacTepa KaK OCHOBHOMY).
Jluteparypuble uctounuku noarsepamnu (Legge F.S. et all,, 2001), uro coveranue
B3PWO1 ¢ynknuonana u 6azuca LanL2DZ naet nHanGonee TouHOE BOCIIPOU3BEICHHE
MOJIEKYJISIPHBIX T€OMETPHH, KoJleOaTeIbHbIX YaCTOT U SHEPIUi JUCCOLUAIIMH 30JI0TO- 1
cepedpocoaepKalInX, a TAKKE MEIbCOACPKAILUX MOJIEKYJ U KIacTePOB.

Ha ocHoBaHMM NOTyYeHHBIX BBIIIE PE3YIHTATOB KBAHTOBO-XMMHUYECKHE PACUETHI
OCTaJbHBIX KJIACTEPOB OKCHIA MEIU M JIPYTUX CHUCTEM, MOJACIUPYIOIIUX aICcOpOLHIO
MOJIEKYJIbl TIOJIMBUHUIIOBOTO crupra Ha noBepxHocTH CuQ, BBIMOJIHEHBI Ha YpPOBHE
npubmkerns B3PWI1/LanL2DZ ciocnenyromieid mpoBepkoi CTaOMILHOCTH BOJTHOBOM
¢ynkuun. ns xmactepoB ¢ n>1 (pucynok 1, Tabnuna 4) HaiizeHo, uto HauOolee
HU3KHE 3HAYEHUs MOJTHOM 3JEKTPOHHOM 3HEPIUU COOTBETCTBYIOT BBICOKOCIHHOBBIM
COCTOSIHMSIM OKCHJIa MEJH, KOTOpPbIE XapaKTepPU3YIOTCs TAKKE OTCYTCTBUEM MHHUMBIX
(oTpULaTENBHBIX) CUIOBBIX KOHCTAHT. DTH CTPYKTYPBI ajiee ObUTH UCIOIb30BaHbI IS
HCCIIeIOBaHUS aJICOPOIMU TTOJIMBUHUIIOBOTO CIIMPTA HA TIOBEPXHOCTH OKCUAA MEIH.

-

CuO Cu)0, Cu,0, Cu0,
Pucynok 1 — OnTiMU3HpOBaHHbIE KIacTepHbIe Mojien okcua menu (CuO) cn >1

Tabmuma 4 — [Tonasle sHEpruu (a.e.) M SHEpPreTHUecKast MIeb KJIACTEPOB MEU C Pa3IHIHON
MyJIsTHILIETHOCTBIO (MeTox B3PWIO1/LANL2DZ)

CnunoBoe coctosnue knacrepa | CuO Cu,0O, Cu,0 Cu,0O,
Cunryer - -542,684057 - -1085,4850184
Hyb6mer -271,295418 - -814,111539 |-

Tpumer - -542,689633 - -1085,513411
Ksaprer -271,231250 - -814,117573 |-

AE, B 3,29 2,06 1,93 1,35

CTaOuIbHOCTB KJIACTEPOB OKCHIA MEIM ObLiIa oTpe/ieieHa Ha OCHOBE PacCUUTaHHOM
sHeprerndeckor menn AE mexny Bepxueit 3anaroit (B3BMO) n HmKHEH BakaHTHON
(HBMO) mMonexymsipHEIMU opOuTaismu (Tabmuma 4). BenmnuuHa 3anpenieHHoi 30HbI
st CuO Kax MoIyTpoOBOIHUKA p-TUTIA BapbHupyeTcs B ipenenax 1,2 —2,1 3B (Kidowaki
etall., 2012).

TeopeTnueckne 3HAYCHMS I Ui BBICOKOCIIMHOBBIX KJIACTEPOB OKCHJA MEIH
¢ n>1 XOpoIIo CONIACYIOTCSI C TMPUBEACHHBIM DKCIIEPUMEHTAIbHBIM HHTEPBAIOM,
YMEHBINASICh C POCTOM KJIacTepa, KaK M CIIe0BAJIO OXKHUJIAT.

B Tabnuue 5 npuBeneHbl CTPYKTYpHBIE MapaMeTphbl BHICOKOCIIMHOBBIX KJIaCTEPOB
Meu, n300paKeHHBIX Ha pUCYHKE 1. B 11e10M MO’KHO OTMETHUTB COKpaIeHNE BaJICHTHBIX
CBSI3€H U yBeJIMUEHHUE BAJICHTHBIX YIVIOB C POCTOM pa3Mepa Kiacrepa.
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Tabmuua 5 — CTpykTypHbIC TapaMeTphl KiaactepoB meau (Metoq B3PWI1/LANL2DZ)

ITapameTp Cu,0O, Cu,0, | Cu,O, | Oxcr.

Jlnuna cBsi3u, A

0O,-Cu 1,900 1,828 1,792

0,-Cu, 1,900 1,861 1,803

0,-Cu, 1,899 1,828 1,792

0,-Cu,, 1,899 1,861 1,803 1,951

0.-Cu, — 1,832 1,803 1,961

0.-Cu,, - 1,832 1,792

0,-Cu, — — 1,803

0.-Cu, — — 1,792

0,-0, 2,892 3,539 3,124

0,0, — 3,344 4,759 2,625
2,620

0.-0 — — 3,124

Cu-Cu 2,464 2,749-3,054 2,787-3,013 2,90

BanenTHslil yrou, rpan

0,-Cu,-0O, 99,14 150,89 121,37 —

0,-Cu,-0,,, 99,15 129,84 169,26 —

Cu,-0,-Cu, 80,85 96,39 113,95 —

Cu,-0.-Cu,, - 112,97 113,95 —

Kak BujmHO u3 TaOmuIlbl 5, pacueTHbie 3HaueHus JUIUH cBs3edl Cu-O 3aHMKEHBDI,
a 3HAYCHHS MEXbslepHbIX paccTosHUM O...0 3aBBIIIEHBI 10 CPaBHEHUIO C
9KCIIEPUMEHTANILHBIMA JAHHBIMU JIJIsl  KpUcTajutorpaduueckoid  cTpykrypsl  CuO
(Ghijsen et all., 1988).

Mooenuposarnue [1BC. Mukpoctpyktypa [IBC B 0CHOBHOM COCTOUT U3 (pparMeHTOB
1,3-auona n HebonbIoro Konmuectsa 1,2-auonos. [Tosromy ans mogenuposanus [I1BC
OBLIN MCIIOIB30BaHbl HU3KOMOJICKYJISIPHBIE aHAIOTH — OJIMTOMEPBI, COCTOSIINE U3 ABYX
U Tpex 3BeHbeB B BHUJE 1,3-nuona u 1,2-auona. ITomHast onTUMH3AIMs CTPYKTYPHBIX
napamMeTpoB Obllia BBIMOJIIHEHAa METOAOM (yHKIMOHana mioTHocTH B3LYP ¢ Gasucom
noJsipu3aMoHHbIX U Auddy3HbIX QyHKuNi 6-3 1+G(d), pu STOM JTIOKaIbHAS CHMMETPHS
METHJIbHBIX ¥ METHJICHOBBIX TPYIIIT HE YUUTHIBAJIACh. B pe3ynbrare ObUN ONpeaesIeHbI
paBHOBECHBIE TeoMeTpuieckne KoHpurypauuu wmoHomepa [IBC W BO3MOXHBIX
KOoH(OpMaIUii OJIOKEHHS THAPOKCUIBHOM TPYIIIBI B TUMepax u TpuMmepax. CoracHo
BBITIOJTHEHHBIM pacyeTaM, ONTHMAJIbHBIM sBisgeTcs pacnonoxkenne OH-rpynn no ogny
CTOPOHY TIOCKOCTH IIETIH, YTO HaXOAUTCs B cooTBeTcTBUU ¢ PCA-cTpykTypoii (Sau et
all., 2021). ITpu 5TOM aTOMBI BOAOPOJa OPUEHTUPOBAHBI 10 HAPABICHHUIO K COCETHUM
aroMaMm KHCJIOpoJia C BO3MOXKHOCTBIO 00pa30BaHUsl BHY TPUMOJICKYISIPHON BOJOPOIHON
cBs3U (pUcyHOK 2). Haubonee sHepreTndecku BBITOAHBIC (yCTOWYHMBEIE) KOH(QOPMEPHI
(1,3-nmnonbHBIE OJIMTOMEPHI) OBUTH MCIONIB30BaHbI Aajiee IS MOCTPOCHUSI MOACTBHBIX
MOJIEKYJIIPHBIX KOMILIEKCOB. IloHas SHeprus ¢ yd4eToM HyseBbIX Konebanuii (E ) u
CTPYKTYpHBIE IMapameTpsl |,3-AMONBHBIX OJMIOMEPOB MNpEACTaBICHBI B Tadmume 6
(HyMeparusi aTOMOB COOTBETCTBYET PUCYHKY 2).
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a) 0)
Pucynok 2 — MuUHUMabHO-YHEPreTHYECKIE KOHPOPMALIUU MOJCIBHBIX 1uMepa (a) u Tpumepa (0)
[IBC ¢ nymepanmeii aromoB (Meton B3LYP/6-31+G(d))

Tabuuia 6 — DIIeKTPOHHBIC YHEPTHHU U CTPYKTYPHBIC ITapaMeTpbl MOJEIbHBIX Mojiekyn [TBC
(merox B3LYP/6-31+G(d))

XapaxkTepucTuka Jumep Tpumep
E ae. -308,753515 -462,542813
MexbsanepHoe paccTosuue, A

C-0, 1,429 1,427
C.-0,. 1,440 1,437
C,-O, — 1,441
0,-H, 0,974 0,975
(OIS = T 0,969 0,975
O,.-H, — 0,969
C,-C, 1,539 1,540
C,-C, 1,525 1,531
C-C, — 1,537
H....O,, 1,983 1,940
H,..O, — 1,945
MexbsepHblii yroi, rpag

C,-O,-H, 107,56 107,06
C.-0,0H 10 109,71 108,02
C,-0,.-H — 109,87
O,-H...0, ., 140,31 139,84
O-H,...0, — 140,21

CTpyKTypHBIE TTapaMeTpbl 00EHX MOJIEKYN OJIM3KHU 10 3HAYCHUSIM, OJTHAKO 3aMETHO
Pa3IMYaIOTCS PACCTOSHIS MEX/Ty aTOMaMH BOIOPOJIa M KHCIIOPOa BOIOPOTHON CBSI3H:
B TPUMEPE OHU KOpOUeE.

Monexynaprnoe mooenuposanue ezaumooeticmsuss [IBC ¢ oxcudom meou. st
BBISIBJICHUS ONTHUMAIBHBIX ycIoBuil B3ammomeiictBus [IBC ¢ okcumom meawm Ha
MOJICKYJISIPHOM YpPOBHE BBITIOJHEHBI KBAHTOBO-XMMHYECKHE PaCUeThl aJcopOIuu
monmensHOM Mosekynel  [IBC  (amcopbar), cocTosmieii w3 JBYX 3BEHBEB, Ha
HOTEHIHMAIBHBIX aKTUBHBIX HEHTpax Kinactepos (CuO) (n = 1-4), Moxenupyromumx
JIOKAJIbHYIO CTPYKTYpy noBepxHocTH okcuna menu (1I). Micxonusie u pe3yasTupyromnme
MOJIeTTH HanboJiee CTa0MIBHBIX aJCOPOIIMOHHBIX KOMITJIEKCOB M X DHEPTHH ITPUBEICHBI
B TabnuIle 7 ¥ Ha PUCYHKE 3, COOTBETCTBEHHO.

B pesynbrare onTHMu3anuHM KOHQHUTYpanuii KOMIUIEKCOB Oblia oOIpelesieHa
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SHEPreTUYCCKU HauboJIee yCTONUMBast reoMeTpus PparMeHTOB MPH afcoPOIIUU MOJICITN
[BC na okcune Mmenu. DHeprus aacopOIuu Oblila paccunuTaHa CISIyOIIUM 00pa3oM:

Eadc = Em—aacopwm o (Em + Eaacopéam) ’
118 E, | opoan — HOMHAS SHEPTUS CHCTEMBI «ancopbar — cyberpar (knacrep)», E

— DHEprus Kjacrepa okcuma memu, E . — SHEprus H301MPOBAHHOM MOJIENBHOM
mosiekyiabl [IBC. OtpuiarensHbie 3HaYCHHST DHEPIHU, COTIIACHO 3TOM (opmylie,
YKa3bIBAIOT HA 3K30TEPMUYHOCTH IPOIECCa MOJICKYISIPHOW aJCcOpOIUK, a TaKXkKe Ha
TEPMOIMHAMUYECKYIO CTAaOUIBHOCTh aJICOPOMPOBAHHOTO COCTOSHUSI [0 CPABHCHHIO C
HCXOJTHBIM HECBSI3aHHBIM COCTOSIHUEM M CTAOMILHOCTD M0 OTHOIIICHUIO K AeCOpOIInY.

Tabmuma 7 — DHeprun 1 reoMeTpUIecKre apaMeTps ancopounu MozensHoi Mosnekyinsl [IBC Ha
BBICOKOCIIMHOBBIX KJtactepax Meau (Merox B3PWI91/LANL2DZ)

E . (E ), &lx/ (1O, ...Cu), |r(H...0 ), |R(O, -H), |R(O-H_),|r(O_-Cu),
Cuerema MOTE A A A A A
Cu,0, — ancopbar | -240,52

(-64.79) 1,944 1,434 1,055 1,065 1,975
Cu,0,~ancopbar |-137,76

(-79.76) 2,006 1,743 0,974 1,002 1,843
Cu,0, - ancopbar |-246,23 2020 1,865 0,9997 B 1,901

(-84,86) ’ 1,996 0,992 1,897
E eopiam = -308,716474 a.e.

Cu,0, —ancopbar

Cu,0O, — ancopbar
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oo

Cu,0,— ancopbar
Pucynok 3 — Haubonee crabuinbHbIC aICOPOIMOHHBIC KOMILIEKCHI
(cneBa — ucxoHast KOHMUTYPAIHs, CIIpaBa — Pe3yJIbTUPYIOIIAst)

OHepreTnueckn Haumbonee craOuiabHas reoMmeTpus (parMeHTOB HalmonaeTcs
npu agcopouun mMoxenu IIBC na Cu,O, ¢ oOpasoBanueM XeaaTHOH KOH(Urypauuu ¢
JIByMsI aTOMaMU KUCIIOpOAa, CBA3aHHBIMU C OJIHUM aTOMOM MU (EMc = -246,23 xJIx/
Monp). B3anmoneiictBue monenbHoi monekynsl [IBC ¢ kmactepom He TPUBOIUT K
HEMOCPEJICTBEHHOMY OOpa30BaHHMIO XUMHUYECKOW CBS3M C arOMOM MeIH cyOcTpara
(amamormyHass cutyanus HaOmromaeTcss W A Apyrux kiactepoB). llociemHee
CBUJCTEIBCTBYET O BAXKHOW pOJM BaH-ICP-BAAILCOBBIX M  KOOPIWHAIIMOHHBIX
B3aMMOJICHCTBUI B cTabMIM3aIu ajcopOara, BKIaa KOTOPbIX cocTaBisieT -84,86 kJ[x/
mons (E ) B ciyyae Cu,0,-ancopbar. Paccrostaus Mex/y aToMamMu KUCI0POAa U MM
O, ---Cu st 06enx OH-rpynn mpakTuuecku oauHaKoBbl (Tabnuua 7). MopenbHast
monekyia [IBC He n3MeHseT KOH(UTYpaLnio yIIIEPOIHOTO OCTOBA, 32 MCKIIIOYCHUEM
pa3BopoTa OAHOHN THIPOKCHIBHOHN TPYIIIBI C HE3HAUYUTEIbHBIM PACTSDKEHUEM CBSI3eH
C-O,,., yumnenuem cesizedl O, -H 1 COOTBETCTBYIOIIMM yBEINYCHHEM/yMEHbIICHACM
KoJIe0aTeIbHBIX YacTOT M0 CPABHEHHIO C H30JIMPOBAHHONW MOJICKYJIOH.

Bo Bcex Tpex paccMOTpEHHBIX CHCTeMax Mpe/roiaraiach CTpyKTypHas peiaKcarust
CuO, no3ToMy HapsIy C ONTUMHU3AIMEH OPraHUIECKOW MOJIEKYJIbl ONTUMHU3UPOBAIIICH
r€OMETPHUYECKUE TIapamMeTphbl okcuaa meau. B cucreme Cu,O,-amcopbar knactep
PaAMKaIbHO IEPECTPANBACTCS M BEITATUBACTCS M0 HAIPABJICHUIO K MOJIEKYIIE, VIUTMHSS
pu 3ToM OoJiee KOPOTKHE CBSI3U M, HA000POT, COKparas 6onee JJIMHHbIE (PUCYHOK 3).

JBe npyrue ycroivyuBble aJcopOLUMOHHBIC KOH(MUTYpAlMi — KBa3HOHICHTATHEIC, B
KOTOPBIX MojienbHas Monekyna [IBC cBsizaHa ¢ MOBEPXHOCTHBIM aTOMOM KHCIIOpOJa
BOJIOPOJIHOM CBA3BIO U COOCTBEHHBIM aroMoM O — ¢ aromom Menu. B cucreme Cu,O,-
azcopOar MOJEKylla COXpaHseT IepBOHAYaIbHYI0 KOH(OpMAIMI0, HECMOTps Ha
Omu30CTh K Kiactepy. BenepcTre mocienHeit TOBOIBHO CHIIBHO PACTITHBAIOTCS CBSI3U
OH-rpynn. B atom ciryuae cunbl Ban-nep-Baansca Hanbonee ciiabpie. Ctabumu3anuu
CIOCOOCTBYET, MO-BUIUMOMY, 00pa3oBaHre BHYTPUMOJICKYISPHON BOAOPOTHOMN CBS3H.
Haumenblinee B3anMOJEHCTBUE TIpeCKasbiBaeTcst pacueramu Juis cucteMbl Cu,0,—
ajicopbat, B KOTOPOI MojiebHas MOJIEKyJia B aJICOPOIIMOHHOM COCTOSIHUH HU3MEHSIET
KoH(opmanuoo, HO BKIan cun Ban-mep-Baansca Gombmie, vem B Cu, O —ancopoar.
W3menenune mmH CBS3eH M BaJCHTHBIX YIJIOB TAaK)Ke OTMEUEHO IS KJIacTepa OKCHa
MEJIH.
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3akiaouenue

[IpoBeneHHBIMU HCCIEAOBAHUAMH IO TECTUPOBAHUIO KBAHTOBO-XUMHUUYECKHUX
METOZIOB, (DYHKIIMOHATIOB M Oa3MCHBIX HAa0OpPOB AaTOMHBIX OpOUTaNel B paMKax
nporpammbl Gaussian Ha IpUMepe NPOCTEHIITUX CUCTEM MEHU U JKeje3a YCTaHOBJICHO,
yro wMeroael HF, MP2/Lanl.2DZ, CCSD/Lanl.2DZ mnepeoueHuBalOT 3HA4YCHUS
MOTCHIINAIOB HOHU3ALIUU U CPOJICTBA ATOMOB K SJICKTPOHY, BCE METOBI IEPEOLICHUBAIOT
MEXXbSACPHBIC PACCTOSHUS IBYXaTOMHBIX MOJICKYJI METAJLJIOB, TOT/Ia KAK METOIBI TECOPUH
(byHKIMOHAJIA TUIOTHOCTH HEJOOIICHUBAIOT SHEPTETUUCCKHUE BETMUUHBI, HO B MCHBIIICH
CTEICHU TEPEOICHUBAIOT CTPYKTYpHBIE MapaMeTphl MOJIEKYNI. BBIMOTHEHHBIMUI
metogoM B3PWO1/LANL2DZ KkBaHTOBO-XMMHUYECKUMHU pacueTaMH  aJcopOuuu
MonenbHoi Monekynbl [IBC Ha MNOTEHIMATBHBIX AKTHUBHBIX IIEHTPaX KIACTEpOB
(CuO), (n=1-4), MORENMPYIOIIKUX JIOKAJTBHYIO CTPYKTYPY IOBEPXHOCTH OKCHIA MEIU
(IT), mokazaHo, 4To ancopOaT U CyOCTpar HE3aBHCUMO OT HUCXOJHOW OPUCHTAIUU U
pa3Mepa Kiactepa IpOsIBISIOT Ou-CBA3bIBAHKUE, ¥ BAXKHOU B cTabunm3anuu ajcopoara
SIBJISIETCSI POJIb BaH-AEP-BaaJbCOBBIX U KOOPIUHAIIMOHHBIX B3aUMOJCUCTBUIMA, a TaKKe
BHYTPHUMOJIEKYJISIPHOM BOAOPOIHON CBS3U.
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Abstract. Recently, interest in the production of camel milk and products from it has
increased due to its nutritional and medicinal properties, including camel milk cheeses. In
this study, the technology of cheese from non-pasteurized camel milk using mesophilic
and thermophilic starter cultures was developed. The composition of camel milk and its
microbiological safety indicators were studied. Next, three experimental types of camel
milk cheese were prepared, where the physico-chemical composition, cheese yield,
mineral composition and organoleptic parameters were determined. Thus, the content
of the mass fraction of fat in the studied samples ranged from 25.45 to 22.13 %. The
mass fraction of solids for all samples was in the range of 50.50—62.30 %; ash content
was 3.05-3.65 %; and the mass fraction of proteins was 17.49, 22.19 %, respectively,
in the control sample, cheese using mesophilic and thermophilic starter cultures. The
cheese yield ranged from 115.20g/1 to 137.98 g/l. The mineral composition of camel
milk cheese showed that macronutrients such as Na, Mg, Ca, K, P. predominate in all
samples. Also, all experimental samples of camel milk cheese had high organoleptic
characteristics.

Keywords: camel milk, cheese technology, starter cultures, cheese yield, qualitative
characteristics
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AnHoramus. JKakpiHIa Tylie CYTIH OHE OJlaH jKacajFaH OHIMJEpIi eHIIpyre
JIeTeH KbI3BIFYIIBUIBIK OHBIH TaFaMAbIK jKOHE eMAIK KacHeTTepiHe, COHBIH iLIiHIe Tyiie
CYTiHEH acajraH ipiMImikTepre OalmaHbBICTBI apTThl. byn 3eprreyne Me3o(uibii
KOHE TEPMO(HIIBAI AIIBITKBl AAKBUIAAPBIH KOJJaHa OTBIPHIN, MacTepieHOereH Tyiie
CYTiHEH jKacaylfaH ipIMIIIK TEXHOJOTHSCHI Kacalabl. Tyile CYTiHIH Kypambl >KoHE
OHBIH MHKpPOOHMOJOTHSUIBIK KayilCi3AiK KepceTKImTepi 3epTrenai. Opi Kapail Tyiie
CYTiHEH IpIMIIIKTIH yII ToXipuOemik Typi AalblHAAIAbl, OHAA (PU3MKA-XUMHSIBIK
KYpambl, ipiMIIIKTEpiH LIBIFBIMBI, MUHEpaIAbl KYpPaMbl >KOHE OpraHOJCTITHKAIBIK,
KepceTKimTepi aHbIKTanabl. COHbIMEH, 3epTTENICTIH YATIJIepAeri MalIblH MacCalbIK,
yJiecinig memmepi 25.45-ten 22,13 % - ra neiin 6onasl. bapnbIk yirinep yuiiH KaTThl
3arTapaslH Maccanslk yieci 50,50-62,30 % apansireinga 6onasl; Kyn 3,05-3,65 %
KYpazbl; all akybI3AapAblH MaccalblK yieci 0akpuiay yiricinae tuicinme 17,49, 22,19
%, Me30(mibal KoHE TEepMOQWIBII AalbITKBl JaKbUIIAPBIH KOJJIAHATHIH IPIMIIIK
Oonapl. Tyiie cyTiHEH jkacanfaH ipIMIIIKTIH MUHEpalIbl Kypambl OapiblK yIiTinepae
na, Mg, Ca, K, P CHSIKTBI MAaKpOHYTpPHUEHTTEP OAChIM EKEHIH KOPCETTI.

Tyiie ce3mep: Tyiie cyTi, ipiMINIK TEXHOJOTHSCHI, alIBITKBl JAKbLIAAPbI, 1PIMILIK
OHIM/ILJTIT], CalajblK CUMIATTaMaIaphbl
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AHHoTamus. B nocienHee BpemMsi HHTEpEC K IMIPOU3BOJICTBY BEPOIIKBEIO MOJIOKA
Y TIPOAYKTOB M3 HETO BO3POC OJaromapsi ero MUTATEIbHBIM W JIe9eOHBIM CBOMCTBaAM,
BKJIFOYAsI ChIPBI U3 BEPOIIOXKBETO MOJIOKA. B JaHHOM ucciieioBaHuu Obla pa3padoTaHa
TEXHOJIOTHUS ChIpa U3 HE MACTePU30BAHHOTO BEPOIIOKBETO MOJIOKA C UCIIOJIb30BAHIEM
Me30(WIBHBIX W TEePMOQWIBHBIX 3aKBAaCOYHBIX KyJIbTyp. bBUI H3y4eH cocTaB
BepOJIFOKBET0 MOJIOKA M €r0 MUKPOOHOJIOTMYECKUE MToKa3areau Oe3onacHoctu. [lanee
OBLTM TIPUTOTOBJICHBI TPHU AKCIIEPUMEHTAIBHBIX BHA ChIpa M3 BEPOIIOKBETO MOJIOKA,
rae ObuT ompenenieH (DU3MKO-XUMHUYECKH COCTaB, BBIXOA CHIPOB, MWHEpPaIbHBIN
COCTaB U OPraHOJENTHUECKUE MoKazaTenu. Tak, comepkaHHE MAacCOBOHM JONH KUpa
B HCCIeIyeMbIX oOpasiax cocTaBisuio oT 25.45 mo 22,13 %. MaccoBast 1o CyXux
BEIIECTB JUIsl BceX 00pasnoB Haxomwiack B mpeaenax 50,50-62,30 %; 301pHOCTH
cocraBimsuta 3,05-3,65 %; a maccoBast mons OenkoB cocTasisiaa 17,49, 22,19 %
COOTBETCTBEHHO y KOHTPOJIBHOTO 00pasiia, ChIpa C MCIOIb30BaHHEM Me30(MIBHBIX 1
TepMO(UIBHBIX 3aKBACOUYHBIX KyJBTYp. Bbixox ceipa BapbupoBaics ot 115,20r/n mo
137,98 1/n. MuHepanbHbI COCTaB ChIpa U3 BEpOJIFOKBETO MOJIOKA IMOKa3all, YTO BO
Bcex oOpasmax mpeodiaaroT Takue MakposeMeHTsl kak Na, Mg, Ca, K, P. Taxxe Bce
AKCIIEpUMEHTAIIbHBIE 00pa3Ilbl Chipa M3 BEPOIFOKBETO MOJIOKA OONaaid BHICOKUMHU
OpPraHOJENTHICCKUMU TTOKA3ATEIISIMH.

KuroueBbie c10Ba: BepOII0KbE MOJIOKO, TEXHOIIOTHS ChIPA, 3aKBACOYHBIE KYIBTYPHI,
BBIXOJI ChIpa, KAYECTBCHHBIC XapaKTEPUCTUKU

BBenenue

Kazaxcran cnaBuTCS TpagulusiMd, W OTPOMHBIMU CTEMHBIMU IPOCTOPAMU,
rae npeoOiiajaeT pa3BUTHE BEpOIIONOBOACTBA C JjJaBHMX BpeMeH. B Kasaxcrane
HacuuThiBaeTcsi OKojo 300 THICAY TOTOJOBBS BEpOIIOAOB TOPOABI JIPOMAJICPOB.
BepOmntokbe MOJIOKO yXKe JaBHO MPU3HAHO OEJBIM 30JI0TOM CTEIHBIX M IYCTBIHHBIX
pPETHOHOB, Oyarogaps CBOUM IICHHBIM THMTATSIBHBIM M JIe4eOHBIM CBOWMCTBAM
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(Elhosseny et al., 2018). A Taxke SBISETCS HACTOAIIUM CyrnepyIoM i OpraHu3Ma
yenoseka (Mohammadabadi et al., 2023). 13 GyHKIHOHANBEHBIX CBOWCTB BEPOIIOKBETO
MOJIOK2 MOYKHO BBLICIHTH aHTHOKCHIAHTHYIO, OMOJIOTHYECKYI0, IPOTUBOOITYXOJIEBYIO
aKTHBHOCTbH M TumnoasuieprenHocts (Habib et al., 2013). Onnako, BepOI0Kbe MOJIOKO
YHHUKAJIBHO TEM, YTO €ro HEJIeTKo NepepadaThiBaTh B pa3IMYHbIE MOJIOYHBIE POAYKTHI,
KOTOpPBIE XapaKTepHBbI AJIs1 KOPOBLETO MOJIOKA. B HEM OTCyTCTBYeT P-IakTormoOyluH 1
HU3KOE COZIEp’KaHMe K-Ka3eHuHa, UTO 3aTPyAHSET mepepadoTKy BepOIIOKbEro MOJoKa B
pasnuuHbIe MOJIOUHBIC TPOAYKTHI ( Yirda et al., 2020). MHOTUME YYCHBIMU OBUTH YKe
HCCIIeI0BaHbI CBOMCTBA BEPOIIOKBETO MOJIOKA, TIepepaboTKa MOJIOKA B HOTYPT, HAIUTKH,
celp (Dikhanbayeva et al., 2021). Taxke, OrpOMHBI BKJaJl B Hay4HOE pPa3BUTHE
[0 TeMe MOJy4YeHHsl ChIpa M3 BEPONIOKBETO MOJIOKa OBLIM IMPOJAENaHbl yUCHBIMH
(Konuspayeva et al., 2014; Konuspayeva et al., 2021) Oblii H3y4eHBI TEXHOJIOTHIECKHE
CBOMCTBa, MapaMeTpbl CBEpThIBaHHUS MOJoKa. [lepenaua mabopaTOpHBIX PE3yJIBTaToB,
y’K€ OTHOCHTEIBHO MHOTOYMCIIEHHBIX AJIsl HPOMBILIICHHOTO MaciuTada, Mmo-mpexHeMy
HEe0CTaTouHa, 0COOCHHO ISl TAKUX MPOAYKTOB, KaK CBIPHI U3 BEpOJIIOKBETO MOJIOKA,
1 9TO TpeOyeT NOMOIHUTENBHBIX TEXHUYECKUX M DKOHOMHYecKnx aHanu3oB (Bekele
et al., 2018). AKTyanbHBIM M [0 KOHIIA HE U3YUECHHBIM cUMTaeTCs U dP(PEKTUBHOCTD
BJIMSHUS CTAPTEPHBIX KYJIBTYp Ha KOHEUHBIE CBOWCTBA ChIpa M3 BEPOIIOKBETO MOJIOKA.
[TosTOMY OYEeHB Ba)KHO MIOHMMAHKE PA3TUUHBIX 3aKBACOUHBIX KYJBTYP ISl JalbHEeHIIeH
Pa3paboTKH CHIPOB M3 BEPOIIOKBETO MOJIOKA.

Lenpio naHHOW CTaThU SIBISICTCS HCCIENOBAHUE ChIpa M3 BEPOIIOKBETO MOJIOKA C
HCTIOJIb30BaHUEM KOMOWHAINN ME30(QHIbHBIX U TEPMOPUIBHBIX 3aKBACOUHBIX KYJIBTYD
Ha Ka4e€CTBEHHBIE XapaKTEPUCTUKNA KOHEYHOTO MPOIYKTA.

MarepuaJjibl 4 METOAbI

JInopunusupoBaHHble OaKTEepUaNbHBIC 3aKBACOYHBIE KYJIBTYPhI COAEPIKAM Kak
Me3zounbHble (Lactococcus cremoris, Lactococcus deacetylactis, lactobacillus
plantarum), tak u tepmodmibHbie (Lactococcus lactis, lactobacillus helveticus,
lactobacillus bulgaricus, streptococcus thermophilus).

st cBepThIBaHUS BEPOIIOKBEr0 MOJOKA HCIONB30BAIM CICIHAIbHBIA JKUIKUHA
xumo3uH “Chy-Max M 1000” komnanuu Hansen A/S (XepcxonbMm, [lanus).

[Monrororka monoka. Cexee LenbHOE BepOIKbe MosIoko niopoabl C. dromedarius
ObUT0 monMy4yeHo u3 MectHOW (epmbl Typkectanckoil obmactu. MolOKO HEMEIJIEHHO
OXJIAX/IaJIM U BbIIEPKUBAIM ITpu Temneparype 4 + 2 °C.

ChIp 13 BepOIIOKbEr0 MOJIOKA C HCIIOIb30BaHHEM ME30(MIBHBIX U TEPMOPUIBLHBIX
3aKBaCOYHBIX KYJIBTYp BBIPa0OTaH CIEAYIOINM 00pa3oMm:

ChIpoe MOJIOKO MOABEPraroT (HUIBTpAlMK, HarpeBaroT A0 Temieparypbl 32-34 °C
JUIS MCIIOJIB30BAaHMST ME30(QHIBHONW KymbsTypbl, U 10 3842 °C 1y UCIOIb30BaHUS
TepMOPHUIBHON KYJIBTYpBI, BHOCAT 40 % pacTBOp CONM KaJIbIMS U CMECh ME30(HIBbHBIX
WM TepMOQUIBHBIX OaKTEepUaJbHBIX KyJIbTYp, AOBOISIT MOJOKO OO JOCTHKECHHS
kucinorHoctu Ph 5,8-6, 3arem BHOCAT MonokocBepThiBatomuii pepment Chy-max 1000
(CH Hansen, [lanus) u3 pacueta Ir va 1000 kT MosIoKa CKBAIIMBAIOT, MMOIYYaOT CTYCTOK,
OTZEJISIIOT CBIBOPOTKY, IIOJIBEPTat0T CAMOIIPECCOBAHUIO, U (POPMOBAHHUIO CHIPHOM TOJIOBKH.
[omyueHHyt0 CBIBOPOTKY HarpeBatoT 10 85-95 °C npu HelpepbIBHOM MEePEMELINBAHNH.
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[IpoBoasT TernoBy 00pabOTKy CHIPHBIX FOJIOBOK MEPBOHAYAIEHO HAXOAMBIINECS HA THE
YyaHa /10 JOCTHKEHHS MX MOBEPXHOCTH. 3aTeM T'OJIOBKH CBIPOB OXJAXKAAIOT HA CHIPHOM
CTOJIE U COJIAT B paccode, conepxaiiem 10 % pacteop NaCl mpu 20 °C.

Cocra monoka. CozepKaHue Cyxoro BELIeCTBa, )KHUPA, 30JIbl, OOLIETO KOJHMYECTBa
CYXHX BELIECTB, COMO, JIAKTO3bI M Oeflka B 00pa3lax MOJOKa U3MEPSUIN C TOMOILIBIO
MilkoScan™Mars ([lanus).

Uzmepenne pH 00pasuoB ceipa naMepsiim ¢ nomoinsio pH-merpa Hanna HI98103,
rae pH-meTp Ob11 0TKAMMOPOBaH C UCIIOIB30BAHUEM CTaHAAPTHBIX Oy(EepHBIX 3HAUCHHUH
pH4u7.

MukpoOuonornyeckue  mokazaTeqy  Oe30MacHOCTH  BEpPONIOKBETO  MOJIOKa
npoogmiu cornacHo CT- 32901-2014 «Monoko u MonodHas MpOAyKIus. MeTombl
MHUKPOOHOJIOTHYECKOTO aHATIH3ay.

Conepxkanue Oenka B oOpasuax cblpa onpenesnsuiy no Mmerony Keenbaans cornacHo
I'OCT P 54662-2011 Ceipsl u cbIpsl m1aBieHble. OnpeneneHne MaccoBOr 1ou Oerka
MetonoM Keenpnans.

Conepxanue >xupa onpenensiia cornmacHo 'OCT 5867-90 «Monoko U MONOYHBIE
MPOAYKTHI. METO/IbI OTIpe/IeNeHUs JKUPay.

Cyxue BemectBa koHTponupoBanu no ['OCT 3626—73-Monoko U MOJIOYHBIE
MIPOAYKTHL. MeTo/Ib! ONpeNieNe s BJIard U CyX0oro BellecTBa.

3onpHOCTH onpeaensau coracHo [OCT 15113.8-77.

KonuenTparsl nuiessie. MeTozbl onpeaeaeHus 307bl.

[lomy4yeHHBI CBIp B3BEMIMBAIM C TOMOIIBIO IH(POBBIX BECOBBIX BECOB.
PeructpupoBanu Bec o0pasiia cblpa U pacCUUTHIBAIM BBIXOJ 110 popMyIIe:

Brixon ceipa% = Bec cbipa/ Bec Monokax 100

Omnpenenenrie MUHEPAIBHOTO COCTaBa ompenessuii ¢ nomouisio POM (PactoBbrii
HU3KOBAaKyMHBIH 21eKTpoHHbIH MUKpockon) JEOL JSM-6490LV (SInonus).

OpraHonenTu4eckyro OLEHKY ChIpoB mpoBoawin mo 100 GampHO# 1mKane, rae 10
KBaJH(DUIUPOBAHHBIX SKCIIEPTOB OLIEHUBAIN BKYC M 3amax cbipa (45), KOHCUCTEHIIHIO
(25), pucynok(10), uset tecra (10) u BHemHu By (10) B coorBeTcTBHM ¢ Nelson and
Trout, roe obmas orenka cocrasuna 100 0awIos.

Pesyabratsl u 00cyKaeHUs

[lepen BbIPaOOTKOM ChIpa MPOBOAMIH (PU3HKO-XHUMHUUECKUH COCTaB BEpOIIOKBETO
MOJIOKa MPeICTaBICHHBIN B Tabmuue 1.

Ta6J'II/IIIa 1 - OUBHKO-XUMHYECKHUE TIOKA3aTeIIN Bep6n}0>{<bero MOJIOKa

[TapameTpbl 3HaueHue BepOm0KbEr0 MOJIOKa
Kupnr 4,14 + 0,006"

Benku 3,20+ 0,01

JlakTo3a 4,13 + 0,005

Como 8,62+ 0,01

Cyxue BemecTsa 12,74 + 0,01

Touka 3amep3aHus -0,531 + 0,001

Ph 6,43+0,011

*Mean values (£SD). value of between milks<0.05
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KoHTponipoBaiin MUKpOOHOIOTHYECKUE TTIOKA3aTeNl OE30IIaCHOCTH MTPUBEICHHBIC B TalbIHIe 2.

Haunmenosanue Pesynbrarsl uccnenoBaHus Hopma
KonnuectBo Me30(puIbHBIX a9pOOHBIX U 4,5 x 105KOE /em3(1) 5 x 10°KOE /em3(r)
(axynbTaTHBHO-aHAPOOHBIX MHUKPOOPTaHH3MOB

[Tarorennast ¢ropa, BKIIIO4ast CaIlbMOHEILTY He oGHapy»xeHbI OtcyT
Comarn4eckue KJIeTku, cM3 (T) 9x10* 7,5x10°
AHTHOMOTHKYI He oOHapy»xeHb! He oGHapyxeHbI

B monoke kommdecTBO Me30(MIBHBIX a’3pOOHBIX M (DaKydbTaTHBHO-aHAIPOOHBIX
mukpooprain3moB (KMADAHM) nomkHo Ob1Th H6011ee 5 x 10°KOE/cMm*(T), marorenHas
¢biopa, B TOM YKCIIe CaIbMOHEIUIBI IOJDKHBI OTCYTCTBOBATh, COMAaTHYECKUE KJIETKH CM>
(r) me 6omee 7,5x 10> mpuUCYTCTBHE aHTHOMOTHUKOB HE JIOIYCKAETCS.

Cormacno aBtopam pabotsl (Bintsis et al., 2017) y kpymHOTO poraroro ckota
CBEPTHIBAHNE MOJIOKA IIPOUCXOUT OBICTpEE, TOCKOIBKY MUIICIUTBI OelTka Ka3eHHA OUCHb
MaJibl 110 pasMeEpy U NPUBOAAT K CBEPTBIBAHUIO B TCUCHHUE KOPOTKOTO EPUOJa BPDEMECHHU,
OJTHAKO BEPOIIOKBE MOJIOKO He 00JajaeT TaKUMH CBOMCTBAMH H3-3a OoJiee HU3KOI
KOHIICHTpPAIlUN K-Ka3€rHa, YTO BbI3BIBACT TPYAHOCTU C JOCTHKCHUEM CBEPTHIBACMOCTHU
(Hailu et al., 2018; Konuspayeva et al., 2017). A Takxe BepOII0XKbE MOJIOKO 00Ta/1aeT
OYCeHb HU3KON TEPMOCTAOMIBHOCTHIO ITPH BBICOKMX TEMITEpaTypax M3-3a JIeHaTypaIrun
u ocaxaenus 6enka (Ho et al., 2022; Kamal-Eldin et al., 2022) u He TO3BOJISIIOT UMETh
OoMBIIUIl BBIXOJ KOHEYHOTO NpoxykTa. OFHAKO HCIMOJIB30BAHHME CBHIPOTO MOJOKA,
COXpaHSET HATUBHBIC OCNKH BEPOIIOKBETO MOJOKA M CIHOCOOCTBYET YBEIHMUCHHIO
BbIXO/Jla TPOAYKTA. Du3nKo-XUMHUYECKHUE nmapaMeTpbl CbBIPOB C HCIIOJIB30BAHUEM
3aKBaCOYHBIX KyJIBTYp MOKa3aHbI B TAOMUIE 4.

Tabmuua 4 — I[Tokaszarean noiy4eHHBIX ChIPOB U3 BEPOIIOKBET0 MOJIOKA

Ob6pasenn YKupet 1/100r | benxu 1/100 1 | Cyxue BemectBa,% |3oma, % | Berxom, 1/100 i1
Kourponb 24,38 20,58 50,50 3,05 115,20
Mesopubhpie 2543 22.19 55,18 321 137.98
KyJIBTYPbI

Tepvoguabrpie 22.13 17.49 62,30 3,65 124.53
KyJIBTYPbI

ComnacHo Tabinuie 4, couepikaHue MacCOBOMU JIOJH JKUPaA B UCCIICAYEMBIX 00pa3max
coctapisuio ot 25.45 no 22,13 %. MaccoBasi 05151 CyXHX BEIIeCTB JIJIsl BCeX 00pa3IoB
Haxoaunack B mpenenax 50,50-62,30 %; 3ompHOCTH cocTaBimsuia 3,05-3,65 %; a
MaccoBas f0ist 6enkoB coctaBisiia 17,49, 22,19 % cooTBeTcTBEHHO y MEe30(DMIIBHBIX U
TEPMOPUIBHBIX 3aKBACOYHBIX KYIBTYD.

Coneprxanue Bi1aru coctaBmiio 55,18 % 1ist cbipa ¢ HCIIONIb30BaHHEM ME30(DHITbHBIX
KYJBTYP, 9TOT PE3YJIbTaT COOTBETCTBYET pe3ynbTraram, noaydeHHsiM Haider (Khan et al.,
2004), kotopeie coctaBmiu 55,64—58,8 % 118 CbIpa U3 YUCTOTO BEPOIIOKBETO MOJIOKA,
B TO BpeMsl KaK JUIsi KOHTPOJISI U U ChIPa C UCIOJIb30BAaHUE TEPMO(IIBLHBIX KYJIBTYP OHO
coctaBuio 50,50 % u 62,30 % coOTBETCTBEHHO.

Bonee Bbicokuii Bbixon cbipa (137,98r/1:1) ObuT momyyeH [uist cbIpa, U3TOTOBICHHOTO
C UCIOJIb30BAaHUEM KOMOWHAIMI ME30(MIBHBIX KYJIBTYpP, [0 CPABHEHHIO C CBIPOM C
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TepMOoGUIbHBIME KynbTypamu (124,53 r/11). C apyroii croponsl, Baig u coast. cooOmmmnm,
YTO TePMOQUIbHBIC 3aKBACKH OOJIee MMOJIE3HBI P MOAKUCICHUN BEPOIIOKBETO MOJIOKA,
W A7 CTYCTKa M3 BEpOJIOKBETO MOJIOKA PEKOMEHIyeTcsl OoJiee BBICOKAs TEMIIeparypa
MIPUTOTOBIICHHUS, YTOOBI YITyUIIUTh BBIXOX chipa (Baig et al., 2022).

Conep:kanue Oenka 3aBUCENO OT TUIA 3aKBACKH, UCTIOIb3YEMOH JJIsl IPOU3BOCTBA
CBIpa, YTO O3HAYAET, YTO CHIP, IPUTOTOBJIECHHBIN C MCHOIB30BAaHHEM ME30(MIBHBIX U
TepMO(UIBHBIX KYJABTYpP, 3HAYUTENBHO OTIMYAETCA Oojiee BBICOKAs IIEHHOCTH Oenka
(r/100 1): 22.19 u 17.49 cootBeTcTBEHHO, 20,58 Y KOHTPOIBEHOTO OOpa3Na.

3HaunTenbHO OoJiee HU3KOe cojpepikanue 30ibl (2,65r/100 r) HaOmromancs B chipe
Ha OCHOBE BEPOJIIOKBETO MOJIOKA, TPUTOTOBICHHOM C HCIIOJIb30BaHHEM TepMO(UIBHOM
KyJBTYpbl. boree Bricokoe conepxanue 30ibl (3,211/100 1) B ChIpe, MPUTOTOBICHHOM
C UCHONIb30BaHMEM Me30(MIBHOW KyabTypbl. MHOTHE (aKTOpbl MOTYT OBITH
OTBETCTBEHHBI 32 3TH BapHALMK 30JIbHOCTHU ChIpa: HAPUMEp, IPUPOa HHIPEIUCHTOB,
HCTIOJIb3yEMBIX B IIpOIiecce MPOM3BOACTBA ChIPA, COACPKAHKUE 3071l B MCIIOIb3YEMOM
ceipbe (Hailu et al., 2014).

Kak m3BecTHO ymoTpeOieHHE MOJOYHBIX MPOAYKTOB OCOOCHHO ChIpa CIIABUTCS
BBICOKMM COZAEP)KaHHMEM MHHEpPalIbHBIX BELIeCTB, T.K. KalblMs, Maruus,pocdopa,
KOTOpBIE TOJIE3HBI Il OpTaHU3Ma Kak JeTed, Tak B3POCIHBIX M MOXKHUIBIX Jtoneil. B
JAHHOM HCCJICAOBAaHUU OBLI OINpENesieH MUHEPAJIbHBIH COCTAB HMCCIEAYEMBIX CHIPOB
Ha OCHOBE BepOJIIOKbEro Moyioka. B tabnuue 5 mpencraBineH MuHepaibHbI cOCTaB
CBIPOB Ha OCHOBE BEPOIIOKBETO MOJIOKA.

Tabnuma 5 - MuHepanbHbIH COCTaB CBIPOB Ha OCHOBE BEPOIIOKBETO MOJIOKA

HaumenoBanue >neMeHTta O6pa3usl cbipa, %/100r
Kontpons | Me3oduibHble KynsTypsl | TepMoHIbHBIE KYJIBTYPEI

Na /Harpwuit 7.35 7.04 7.61

Mg /Maruuii 0.72 0.78 0.88

P /®ocdop 16.85 17.17 15.70

K /Kannit 0.32 0.28 0.43

Ca / Kanmpunit 26.15 29.19 26.55

S/ Cepa 0.42 0.37 0.65

Cl/ Xnop 0.14 0.17 0.84

Total 100 100 100

Cnetcrp 1

H w

T T T T
1 2 3 4 S g T g 9 10 11
MonHaa wkana 5590 wwn. Kypoop: 0.000 k3B

BneKTROHHOE HEDBpEKEHHE 1

Pucynok 1 TucrorpaMma MUHEPAIBHOTO COCTABA U MUKPOCTPYKTYPa ChIpa U3 BEPOIIIOKBETO
MOJIOKa(KOHTPOJTb)
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L
2]

1 2 3 4 5 g 7 8 9 10 1
MonHaa wkana 4695 \wun. Kypoop: 0,000 k35|

RN Y T———

Pucynok 2 I'mcrorpaMma MHHEpaJIbHOTO COCTaBa U MUKPOCTPYKTYpa ChIpa U3 BEpOIIIOIKBET0 MOJIOKA
(c Me30duITBEEBIMU KYJIETypaMu)

1 2 3 4 ] g 7 g 49 10 11

BnerTpoOHHOE UzoBRaKeHKE 1

MNonHaa wkana 4693 wwn. Kypoop: 0.000 k3B

Pucynok 3. I'ncrorpaMma MHHEPAIBbHOTO COCTaBa M MUKPOCTPYKTYPa ChIpa U3 BEPOIIOKBETO MOJIOKA
(c TepMOGUIBHBIME KYJIBTYPaMH)

Hcxons n3 Tabmuimpsl ObUT OmpesiesieHbl MUHEPAIbHBIM COCTaB B 00pa3lax ChIPOB
¢ TepMODHUIBLHBIMH U ME30(pMIBHBIMA OaKTepUaTbHBIMH KYJIBTYpaMH. A Takke B
KOHTPOJILHOM oOpasiie. YpoBeHb Na m Mg mpeBblmai B Chipax ¢ TepMO(DHUILHBIMU
KyJIBTypaMH 110 CPaBHEHHUIO C KOHTOPOJIEM B Me30()MIIHbHBIMH KyJIbTYPaMHU.

YpoBens (ochopa u Kaiblus MOBBIIIAETCS Yy oOpasla chipa ¢ Me30(HUIHHBIMHU
3aKBaCOYHBIMH KYJIBTYPaMH, TOTJA KaK y 00pa3iioB KOHTPOJIBHOTO U C TEPMOQYIHEHBIMU
3aKBACOYHBIMHU KYJIBTYpaMu TMOHWXaeTcs mo 16,85 m 26,15 u 15,70 u 26, 55
cooTBeTcTBeHHO. C IPyToil CTOPOHBI, YPOBEHB KaJIHs OKa3aJIcs HIDKE Y 00pasiia chIpa C
ME30(IBHBIMU KYJIBTYPAMH 110 CPABHEHHUIO C KOHTPOIBHBIM 00pa3nioM-0,32, 1 ceipoM
C UCTIOJIL30BaHUEM C TePMODUIHLHBIME KyIIbTypamMu-0,43.

Opranosientuyeckas OIEHKAa HMCCIENOBAHUS MATKAX CHIPOB U3 BEpOIIOKBETO
MOJIOKa OTJIIMYAETCsS MO BHEIIHEMY BHIy, apoOMaTy, BKYCy W 0OIIeMy BOCTIPHATHIO
00pasIioB ChIpa U 3a CUET CBOMCTBA PA3IUYHBIX HCITOIB3yEMbIX 3aKBACOYHBIX KYJIBTYP.
Opranozientryeckas OleHKa MATKHX CHIPOB M3 BEPOIIOKBETO MOJIOKA TIPEACTABIICHA B
Tabmute 6.

Tabnuna — 6 OpraHonentuyeckas oleHKa MATKHX CHIPOB M3 BEpOIIOKBET0 MOJIOKA

Parameter Koadpunment onennBanust | Control | Meszopmmbaere | Tepmodrrsabe
Bkyc u 3amax 45 42 45 43
Koncucrenmus 25 24 23 24
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PucyHok 10 10 10 10
IlBeT Tecra 10 10 10 10
Buemnwmii Bug 10 9 9 8

CymmapHoe 3Hagenne | 100 92 96 94

Hcxonst u3 Tabiauibl 6 HAUOONBIINE 0aslT 10 BKYCY M 3araxy uMel o0pasell chipa ¢
HCIIOJIB30BaHMEM Me30(DIIIBHBIX 3aKBACOYHBIX KYIBTYp ¢ AoOaBieHueM Ict planturum,
HamOoJiee HU3KUM OKa3ajoch y KOHTPOJBHOTO oOpasia. Pa3nmuaus BO BKyce MOXKHO
OTHECTH K HEOTHEMJIEMBIM CBOHCTBAM ME30(HIILHBIX U TePMO(DUIBHBIX 3aKBACOYHBIX
KyJbTYp B BBICBOOOXKIICHUM apOMAaTHYECKHX COCIWHEHHWM, TAaKMX KaK JHAIlCTHIL
JuaneTni ecTeCTBEHHBIM 00pa3oM BBIPa0aThIBACTCSI MOJIOYHOKHCIBIME OaKTEpHSIMHU,
M3 [UTpara MpH COBMECTHOM OpoxkeHuu ¢ Jakro3oi (Papagiannni et al.,2012).
PucyHOK 1 1[BET CHIPOB U3 BEpOIIOKBETO MOJIOKA BO BCEX 00paslax COOTBETCTBOBAI
ko3 dunrenTy oneHuBaHHS W cocTaBwi 1o 10 OamioB cooTBeTcTBeHHO. Kpome
TOTO, COCIOMHEHHsI TaKWe BELIECTBA, KaK IHALECTHI M aleTalbJerdj, BO3MOXHO,
CIOCOOCTBOBAIM PA3BUTHIO Y ChbIpa OTYETIMBBIX TEKCTYPHBIX M BKYCOBBIX CBOMCTB
(Papagiannni et al., 2012; Walstra et al., 2006).

ChIp, MOTy4YEHHBIN C UCTIOIB30BAHNEM Me30(MIIBHBIX 3aKBACOYHBIX KYIIBTYD, HMET
Oosee HU3KHE OANIIBI 1O KOHCHCTEHIIMN IO CPAaBHCHHIO C KOHTPOJBHBIM 00pa3iioM
CBIPOM C HCIIOJIb30BAaHUEM TePMO(DUIBHBIX 3aKBACOYHBIX KyIbTYp. C APYroi CTOpOHSHI,
BCE CBHIPBI M3 BEPOIOKBETO MOJIOKA 00J1alaid XOPOIIUM BHEIIHUM BHJIOM M UMEH 9
6amtoB u3 10 Mo BHEMIHEMY BHIY.
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Taxum 00pa3oM, HCXO/S U3 MPENICTABICHHBIX HCCIEI0BAHNN OBLIO BBISBICHO, YTO
MOJTydeHHEe ChIpa C MCIIOJIb30BaHUEM 3aKBACOYHBIX KYJIBTYDP TIOBBIIIATN KadeCTBEHHBIE
XapaKTEPUCTUKU CHIPOB M3 BEPOIFOKBETO MONIOKa. Tak, copepkaHWe MacCOBOH JTOIN
XKHpa B HCCIIEAyeMbIX o0pa3uax coctaBisuio oT 25.45 no 22,13 %. MaccoBast nons
CYXUX BEIECTB JJI BceX 00pasioB HaxoauiIach B mpeaenax 50,50-62,30 %; 3016HOCTD
cocraBisuia 3,05-3,65 %; a maccosast nmons OenkoB coctaBimsima 17,49, 22,19 %
COOTBETCTBEHHO y KOHTPOJIBHOTO 00pasiia, ChIpa C MCIOIb30BaHUEM Me30(MIbHBIX 1
TEPMOQIIBHBIX 3aKBACOYHBIX KYNBTYp. Bbixom cwipa Bapbuposaics ot 115,20r/m mo
137,98 r/n. MuHepanbHbIil cOCTaB Chblpa U3 BEPOJIOKBETO0 MOJIOKA MOKa3aj, 4TO BO
Bcex oOpasiax npeoliajgaroT Takue Makpo3aeMeHThl kak Na, Mg, Ca, K, P. Haubonee
MIPUEMIIEMBIM OBUI CHIp, IPUTOTOBIICHHBIN U3 BEPOIIOKBETO MOJIOKA C UCTIONB30BaHUEM
Me30(HIBHBIX 3aKBACOYHBIX KYJIBTYp, T. K. ©UMen Ooliee BhICOKHMU Bbixon 137,98 1/m,
OoJsee BBICOKYTO IeHHOCTH Oemka: 22.19 1/100 1, a Taxke BBICOKHI ypoBeHb dochopa
17.17 % wn xanbuus 29.19 %. 1o opraHonenTHYeCKUM TIOKa3aTest BCe ChIPhI 00JIa1aIn
BBICOKMMH OIIEHKAMHU.
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Abstract. Excessive water generation is a major challenge in oil and gas production.
This problem can lead to reduced production efficiency and increased operating costs. To
solve this problem, the oil industry employs several techniques. One of these is the use
of preformed particle gels (PPG). Many hydrogels have limited mechanical strength and
tend to degrade under reservoir conditions characterized by high salinity, temperature and
pH. This article presents experimental results on the application of composite hydrogels
composed of acrylamide (AAm), sodium acrylate (SA), and bentonite as a capping
agent. The polymer composition was prepared by radical polymerization in the presence
of a crosslinking agent, N,N-methylenebisacrylamide (MBAA). Consequently, a series
of PPGs with different compositions were prepared. These samples were characterised
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by FTIR, mechanical analysis and thermogravimetric analysis. The swelling ability of
the hydrogels was investigated both in water and in brine with different salinity. The
effect of AAm/SA concentration on the mechanical properties and degree of swelling
of the hydrogels was investigated. The results indicate that the degree of swelling in
the hydrogels increases with higher sodium acrylate content. Moreover, the hydrogel
particles show favorable swelling capacity when used in saline solutions. The diffusion
mechanism was studied using the model proposed by Yavari and Azizyan, and it was
found that the relaxation process predominates. These hydrogels show both thermal and
mechanical stability with elastic modulus ranging from 62 to 85 Pa. The results confirm
that PPGs based on AAm/SA/MBAA can serve as effective plugs that are temperature
and salt resistant and exhibit high mechanical strength.

Keywords: hydrogels, PPG, oil recovery, water cut, sodium acrylate, acrylamide
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MYHA# OHJIPYII )KOFAPJIATY YIIIH THAPOTEJb BOJIIEKTEPIH
(PPG) CUHTE3/IEY KOHE 3EPTTEY

AnHoTauus. MyHaii )xoHe Ta3abl OHIIpy OapbICHIHIATHI, CYAbIH apThIK MeOJIep/e
Ty3UTyl e3ekTi MocenenepiaiH Oipi Oombim TaObutambl. OChl JKarmall ©HIIPICTIH
KAapKBIHABUIBIFBIH TYCIPiN, KEepiCiHIIEe OMepauusulblK IIBIFBIHIAPABI apTThipagsl. by
MOceJeHl MyHaii eHIpy calachlHAa Mey YILIiH op TYpJi 9icTepai KoJAaHaabl, COHbIH
IIHIe aJJblH ana KalblTackaH rugaporeis Oemmekrepin (PPG) xommany omici ne
Oap. Kenreren ruaporenbaep oJCi3 MEXaHUKaIBIK KaCHETTEpPre ne, COHBIMEH Koca Cy
KOMMachI )kaFJaiibIHa (;KoFapbl TY3ABUTBIK, JKOFapbl TeMIIeparypa xkoHe pH) xoibutaapl.
By makanana akpunamua (AAm), Hatpuit akpuiatel (SA) )koHe OEHTOHUT Heri3iHzaeri
Kypama Truporeiblepai xaly areHTTepi peTiHie maiaanany OOMbIHIIA TXKipUOENiK
ManiMeTTep Kentipineai. [lomumeprnik KOMIIO3UIMST alKACTBIPFBI areHT peTiHae —
N,N-metunenbucakpunamuna (MBAA) konaansi, 60C paguKaiibl COMOIUMEPICHY
xoneiMeH anbiHFaH. Yurinep FTIR, MexaHWKanblK >KOHE TEPMOTPaBUMETPHSUIBIK,
Tangay apKbUIbl CHIATTANAbl. | MaporensaepliH iCiHy KacHMeTiH cyna >KoHe opTypii
TY3IBUIBIKTAFbI TY3/IbI €piTIHALIEpAe aHBIKTaAbl. COHBIMEH KOca THAPOreNbAepIiH iciHy
Jopekeci TeMIlepaTypaHblH e3repreHzae 3eprrengi. AAmM/SA KOHIEHTPaUUsIChIHBIH
TCUIPOTEIBACPAIH MEXaHUKAIBIK KaCUETTEePl MEH ICIHY JOpeKeciHe ocepi 3epTTeli.
ANBIHFaH HOTWKENIep TUAPOTENbAEPAiH ICIHY Jopekeci HaTpuil aKpWIATBIHBIH
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MOJIILIEPiHiH 6CyiMeH apTaThblHbIH KepceTTi. COHbIMEH KOCa, THIPOTeNb OeJIeKTep
TY3bI epITiHAIepIe KaHaFaTTaHaAPIBIK iICiHY KaOineTiH KepceTTi. SIBapu xoHe A3u3sH
YCBIHFAaH MoJenb KeMeriMeH auddys3us MexaHu3Mi 3eprrenai. Pemakcanus mponeci
0aceIM eKeHi aHBIKTaJAbl. | Maporenbaep MeXaHUKAJbIK JKOHE TEPMHSUIBIK TYPAKTHL.
FOur Mmonynei 62 men 85 I1a apacsinna e3repeni. AnbiaFan HoTHkRenep AAmM/SA/MBAA
Herizingeri PPG Tepmo koHe TY3Ibl TYpaKThl, COHBIMEH KOCA JKOFapbl MEXaHHKAJIBIK
Oepik xaly areHTi peTiHje naiaatanyra 00IaTbIHBIH KOPCETTI.

Tyiiin ce3nep: rumporenbaep, PPG, myHail ennipy, cymnaHy, HaTpHil aKpHJIaThL,
aKpUIIaMHU

Kaporcoinanovpy: bByn scymuvic Kasakeman Pecnyonuxacel Foinvim dicone sco2apbl
Oinim munucmpniei Folaivlm KOMUMEMIHIY KapiCbLIblK KOAOAYbIMEH OPbIHOALObL (SPAHm
NeAP13068286).
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CHUHTE3 U UICCJEJOBAHUE I'IPOTEJEBBIX YACTULL (PPG)
JUUISI MOBBILLIEHUSI HEGTEOTJAUM [IIACTOB

Annoranusi. O6pazoBaHue M30BITOYHOTO KOJMYECTBA BOABI SIBISACTCS CEPbE3HOM
npobnemMoii B mporecce 100bIYM HEPTU U Taza. DTO MOXKET CHHXKATh d()(PEKTUBHOCTD
JNOOBIYM M YBEJIMYMBATH ONEPAaLUOHHBIE pacxonsl. st pemieHus 3TOH MpoOiIeMsl
B He(TenoObIBAIOLIEH OTPACAH HCIONB3YIOT Ppa3iHyHble METOIBI, BKJIOYAIOLIHNE
MpUMEHEHHUE MpeaBapUTeIbHO CPOPMOBaHHBIX ruaporeneBsix yactull (PPG). Muorue
THIPOTeNIN 00JaJatoT CIa0bIMH MEXaHMYECKMMU CBOMCTBAMU,a TAKKE pa3pyIlaloTcs B
ITACTOBBIX YCJIOBHSX (BBICOKAsl COJICHOCTh, MOBBIIIEHHAs Temneparypa u pH). B aroi
CTaTbe MPUBOJATCS IKCIEPUMEHTANIbHBIE JAAaHHBIE MO MCIOJIB30BAHUIO KOMITO3UTHBIX
rugporesieii Ha ocHoBe akpuinamuaa (AAm), akpuiara Hatpusi (SA) u OeHTOHHMTA,
B KayecTBE 3aKyNOPHUBAIOIIMX areHToB. [lomumepHas Kommo3unus Obla TONydeHa
MyTeM CBOOOAHOPAAMKAIBHOW CONONMMEPU3ALMH B TPHCYTCTBUH CIIMBAIOIIETO
arenta — N,N-metunenoucakpuiamuaa (MBAA). B pesynbrare Obiia monyueHa cepust
PPG c paznuunbiM coctaBoM. OOpasiisl OblTH oxapakTepuzoBanbl ¢ nomomnsio FTIR,
MEXaHHYECKOTO M TEepMOTpaBHUMETpUUecKoro aHaiusa. HaOyxaromryro crmocoOHOCTb
THIpPOTeNiel Ompenessuin B BOJAE M paccojie C Pa3IMYHONM COJICHOCTBIO, TaKke Oblia
H3y4yeHa CTeNeHb Ha0yXaHus TUAPOresIel Mpu N3MEeHEHHH TeMIeparypsl. VccnenoBano
BJIMsAHUE KOHLEHTpauuu AAm/SA Ha MeXxaHMYEeCKHE CBOWCTBA U CTETNICHb HaOyXaHHS
rugporeneil. Pesynbrarsl mokasasim, 4To cTelneHb HaOyXaHHs THAPOTeieH MOBBIIIACTCS C
MOBBILIEHUEM COJIEPKaHUs aKkpuiiaTa HaTpusl. Takke ruaporeaeBble YaCTHULIbI TOKa3aln
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YAOBIIETBOPUTENIbHBIE HAa0yXarollue CIOCOOHOCTU TPU MCIOJIB30BAaHUU B COJICHBIX
pactBopax. UccnenoBan mMexaHu3Mm Aud(y3un ¢ MOMOIIBIO MOJENH, MPEAI0KEHHON
SBapu n A3u3siHOM. YCTaHOBIIEHO, YTO MpeoliiafgaeT mpouece peiakcauuu. [ uaporenn
0051a/1al0T TEPMUYECKOM 1 MEXaHUYECKOH yCTOWYMBOCThI0. Moaynb FOHra Bapbupyer
ot 62 no 85 Ila. [lomyuenHsle pe3yabraTsl IpoAeMOHCTpUpoBaid, 4yTo PPG Ha ocHoBe
AAmM/SA/MBAA MoxeT OBITh UCIONB30BaH B KaueCTBE 3aKyNOPHBAIOLIEIO arcHTa,
00J1a/1a01IeT0 TEPMO-, COJIEYCTONYMBOCTBIO U BBICOKOW MEXaHUYECKON MPOYHOCTEIO.

KuiroueBble ciaoBa: ruaporenu, PPG, nedreornaua, oOBOIHEHHOCTb, aKpUIaT
HaTpus, aKpUIaMHJL

Dunancuposanue: Jlannas paboma 6bINOIHEHA NPU PUHAHCOBOU NOOOEPICKe
Komumema mnayxu Munucmepcmea nayku u evicuieco obpaszosanus Pecnybnuku
Kaszaxcman (epanm NeAP13068286).

Introduction

Polymer gels consist of interconnected polymer chains that swell greatly in a solvent
but do not dissolve in it. Their ability to significantly change their volume depending
on environmental variables such as pH, ionic strength, temperature, and other factors
offers promising opportunities for their application in various fields, including medicine,
agriculture, pharmacology, ecology, and catalysis (Abilova, 2020). For more than four
decades, polymer flooding technology has been widely used in methods for enhanced
oil recovery (Liu et al., 2010; Qiu et al., 2017). In the context of polymer flooding,
polymers improve the cleanup efficiency, i.e., the fraction of the reservoir volume
between the injection and production wells that comes into contact with the injected
fluids. This is achieved by increasing the viscosity of the fluids, which ultimately leads
to an increase in oil production (Xua et al., 2019). However, there is a problem that
the injected polymer solutions seek preferential pathways and pass through layers with
high permeability, which contributes to high water content (Amaral CNR et al., 2019).
Therefore, the primary goal is to address the problem of channel flooding, as it leads
to problems such as channel corrosion and a reduction in oil production, among others
(Sth'efany et al., 2022). Most hydrogel systems used to enhance oil recovery are limited
in their application to high temperature, acidity, and salinity (Pereira Kaio et al., 2020).
Currently, hydrogel composites are used with various fillers, including silica, clay, and
coal fly ash (Bai et al., 2015). In-situ gels using microgels and PPG are also commonly
used. (Sun L.et al., 2019; Mehrabianfar et al., 2020).

PPG are particularly noteworthy for their role in controlling compliance. In the
preparation of PPG, a gel is first synthesized from a polymer and a crosslinking agent.
Then, this gel is broken down into particles of specific sizes. These gel particles are
customizable in both size and strength. They are insoluble but easily dispersible in
water, exhibit remarkable swelling ability, are environmentally benign, provide long-
term stability, and have excellent plugging properties (Yu et al., 2018).

This article presents data on the synthesis and characterization of composite
hydrogels based on Aam/SA/MBAA, which can be used as promising materials for
enhanced oil recovery.
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Materials

The following monomers were used to synthesize the hydrogel particles: Acrylamide
(AAm) and sodium acrylate (SA). N,N'-methylenebisacrylamide (MBAA) served as
a crosslinking agent. All reagents are produced by Sigma Aldrich and used without
additional purification. Analitical grade ammonium persulfate (APPS) and sodium
metabisulfite (SMB) from Reachim (Russia) were used as polymerization initiators.
The bentonite clay (Zhejiang Qinghong New Material Co., Ltd.) was incorporated to
improve the mechanical properties of the hydrogel particles.

Synthesis of hydrogels based on AAm/SA/MBAA

Hydrogel samples were synthesized by free radical polymerization with different
starting molar ratios of monomers. The primary outline of the polymerization process
is illustrated in Figure 1. The content of reagents used for the synthesis of hydrogels is
listed in Table 1.

Table 1 — Monomer masses for synthesis of PPG

Aam/SA ratio, % 95/5 90/10 8515 [80/20  |75/25
Composition of initial monomer compound | Mass, g

Bentonite 0,5 0,5 0,5 0,5 0,5
Water 9 9 9 9 9
MBAA 0,0107 0,0107 [0,0107 [0,0107 0,0107
AAm 0,4645 0,4151 0,4068 |0,3903 0,2430
SA 0,0248 0,0742 0,0825 10,0990 0,2464

Briefly, to prepare a hydrogel sample with a molar ratio of [AAm/SA] of [95/5]
0.0107 g of MBAA were added to 9 g of water and stirred until completely dissolved.
Next, 0.4645 g of AAm were added to the mixture and thoroughly mixed into the
solution. After that, 0.0248 g of SA were added and mixed for 2—3 minutes. Following,
0.5 g of dry bentonite were added into the mixture. The resulting solution was stirred
on a magnetic plate for 2 hours to ensure complete mixing and to allow the bentonite to
swell. The solution was then poured into cylindrical syringes with a 10 mL volume and
purged with argon for 10 minutes to create an inert atmosphere. Subsequently, 0.1 mL
of the first initiator solution containing 0.1 g/mL of APS was added and mixed using
a metal spatula. Then, 0.1 mL of the second initiator solution containing 0.01 g/mL of
SMB was added and mixed again. The syringe was sealed with a plastic cap and placed
in a thermostat at a temperature of 60 °C for 2 hours for polymerization. Hydrogels
of other compositions were prepared in a similar manner using the mass ratios of the
monomers given in Table 1.

Investigation of AAm/SA/MBAA hydrogel properties

FTIR-spectroscopy

The functional groups of the hydrogels were analyzed using Cary 660 FTIR
spectroscopy, manufactured by Agilent in the USA, and equipped with a pike MIRacle
ATR accessory operating in Attenuated Total Reflection mode. To obtain the FTIR
spectra, the hydrogels were immersed in 10 mL of deionized water and then freeze-
dried for 24 hours to remove any residual moisture. The FTIR spectra were recorded
at room temperature, covering the range of wavenumbers from 700 cm™ to 4000 cm™.
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Swelling kinetics study

Determination of the kinetics of hydrogel swelling based on AAm/SA/MBAA was
carried out by the gravimetric method, in which the mass of the hydrogel is measured
before and after swelling.

The swelling kinetics was carried out by the gravimetric method (Gussenov et al.,
2023). A dried hydrogel sample was placed in a glass of water with a volume of 100 mL.
After 5 minutes, it was removed, the excess liquid was removed and weighed. Then the
sample was re-placed in the same glass. The mass of the sample was measured through
5,10, 15, 30, 60, 120, 180, 1440, 2880 min., etc. until the constant mass of the sample

is reached. The kinetics of swelling was calculated by the formula:
m—mg

== (1)
where

5D is the degree of swelling, g/g

m is the mass of the swollen hydrogel at a time, g

MMy is the mass of the dry hydrogel, g

The degree of swelling of hydrogels was also carried out by gravimetric method.
The dried hydrogel sample was placed in a glass of water for a day. A day later, the
sample was extracted, the excess liquid was removed and it was weighed. The degree of
swelling of the hydrogels was assessed under various conditions, including:

» Ambient Temperature: Measurements were taken at different temperature,
specifically 2 0°C, 40 °C, 60 °C, and 80 °C.

» Salt Concentrations in Solution: Swelling experiments were conducted in solutions
with varying salt concentrations, ranging from 1, 10, 25, 50, 75, 100, to 150 g/L.

Mechanical properties of hydrogels

Mechanical analysis was conducted using a TEXT plus computer analyzer, which is
a product of Stable Microsystems based in the UK. For the analysis, cylindrical hydrogel
particles were used, with dimensions of a height of 10 mm and a contact area of 78 mm?.
These samples were positioned on a test table and subjected to compression using an
upper loading cylinder probe (P/10) at a speed of 0.1 mm/s in compression mode. The
power target mode was consistently applied throughout all the experiments.

Young's modulus, a measure of stiffness, was determined by analyzing the initial
sections of the stress/strain curves. The magnitude of stress, denoting the force per unit
area, was calculated based on the maximum force value recorded during the tests (2).

Stress = M ()
Area(mm?=)
Thermal analysis of hydrogels
The thermal stability of hydrogels was evaluated using the ThermoGravimetric
Analyzer TGA1250 (FPI inc. China). Heating was carried out in the temperature
range from room temperature to 600 °C with a heating rate of 10 © C/min in a nitrogen
atmosphere.
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Results and discussion
The copolymerization of AAm and SA proceeds in accordance with Figure 1.

HC==cH + H,c==CH +  H,e==CH
| | I ; : :
c —c c —C c —c
——Te) c=—0 —

\Na |

O—O
T

Figurel - Scheme for synthesis PPG based on AAm/SA/MBAA

[Aam/SALI9S/S]  [AamSAL90/10]  [Aam/SAT{8S15]  [Aam/SAT[8070] [Aam/SAL75/25] [Aam/SAl]
Figure 2 - Samples of synthesized hydrogels based on AAm/SA/MBAA

Figure 2 shows samples of synthesized hydrogel particles based on AAm/SA/MBAA.

Due to the heterogeneity of the samples [AAmM/SA]:[80/20], [AAmM/SA]:[75/25],
[AAm/SA]:[50/50], only the samples [AAm/SA]:[95/5],[AAm/SA]:[90/10], [AAm/
SA]:[85/15] were used for the experiments.

The hydrogels obtained were studied by IR spectroscopy, thermogravimetry and

mechanical analysis.

Figure 3 shows the IR spectra of the hydrogel composition.

1656

1 1 1 1 1 1 1
4000 3500 3000 2500 2000 1500 1000

Wavenumber, cm™

Figure 3 - IR spectra of AAm/SA/MBAA hydrogel
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The IR spectra of the samples of synthesized hydrogels show several
characteristic peaks. The absorption bands in the range 2800-3000 cm™
correspond to the asymmetric and symmetric vibrations of the CH groups.
The absorption bands at 1656 and 1590 cm™ belong to the oscillations of the
N-substituted groups, which are the groups of amide I and amide II, respectively.
The absorption band at 1452 cm™! is characteristic of the bending oscillations of
the C-H groups of hydrogels. The absorption band at 14 cm™ corresponds to the
fluctuations of the C-N groups. Thus, the IR spectra indicate the formation of a
composite hydrogel based on AAm/ SA.

The swelling ability and rate of hydrogels are influenced by a range of
parameters owing to the capacity to retain water within their three-dimensional
(3D) polymer mesh. These parameters include ionic strength, temperature,
the degree of crosslinking in the gel structure, the type of monomer groups,
and pH, among others. In efforts to describe the kinetics of swelling in gels,
several kinetic models are employed, but many of these primarily focus on either
diffusion or the relaxation of the polymer as the predominant process governing
the swelling rate.

Here, a novel model, as proposed by Yavari and Azizyan (Yavari et al., 2022),
has been explored. This innovative mixed model is designed to comprehensively
describe the swelling process across the entire spectrum of swelling degrees
and to determine whether the dominant mechanism is diffusion or polymer
relaxation. The model is based on a straight forward Equation 3, which considers
the kinetics of swelling and provides the means to assess the influences of both
diffusion and polymer relaxation on the process.

S, =5, [1—etRarkat’a)] (3)

5¢ is the swelling of the hydrogel (g/g) at time t,

5. is the equilibrium swelling of the hydrogel (g/g),

k, and k; are the constants of the swelling rate.

According to this model, the relaxation of polymer chains is the most
important factor in the swelling rate of gels when k, >> k. On the other hand,
when k <<k, the swelling rate is mainly influenced by diffusion. In cases where
the values of k, and k, are relatively close, both the diffusion and relaxation
modes contribute to the determination of the swelling rate. The kinetic curves
of hydrogel swelling based on AAm/SA/MBAA are shown in Figure 4, and the
data are listed in Table 2.

86



Volume 4, Number 457 (2023)
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Figure 4 - Dependence of hydrogels SD on time

Table 2 - Data on the swelling of hydrogels

Sample 5 ky ko R? Main process
[AAm]/[SA][95)/[5] 4,42 0,0091 20,0152 099 |Relaxation
[AAm]/[SA]:[90]/[10] 347 0.0119 20,0150 097 | Relaxation
[AAm]/[SA][85]/[15] 2,74 0,0109 20,0104 099 |Relaxation

As can be seen from Figure 4 and Table 2, the points on the curve, the model developed
by Yavari and Azizyan, describe the experimental data very well, as evidenced by the
high value of the correlation coefficient (R2=0.99). According to the obtained results,
the swelling of hydrogels based on AAm/ SA is determined by the relaxation of the
polymer chains.

As can be seen from Figure 4, equilibrium swelling of the hydrogel is reached on the
second day. Also, in his research, the author (Wanli at al., 2019) chooses the swelling
time of hydrogel particles during the subsequent oil displacement test equal to 2 days.

Moreover, the degree of swelling itself varies significantly depending on the
composition of the monomer. With increasing sodium acrylate content, an increase in
the degree of swelling of the hydrogel particles is observed (Figure 5)

Swelling degree, g/g

60

95:5 90:10 85:15
[AAmM: SA] : [%:%]
Figure 5 — Dependence of SD on the composition of the hydrogels
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Figure 6 — Dependence of SD of hydrogels on the monomers content during temperature changes

Figure 6 shows the effect of temperature on the swelling of PPG. At higher
temperatures, the amide group (-CONH2) of acrylamide is hydrolyzed to the carboxyl
group (COOH). The ability to swell hydrogels increases with increasing temperature.
A significant increase in swelling ability occurs at a temperature of 80 ° C. A similar
effect was observed by the author (Suleimenov at al., 2020) in his work.

30p

=gl
e—10glL
=25 g/L

fp—50 gL
T 975 gL
=100 g1
{=p— 150 gL
20 }\_‘
10F E é

95:5 90:10 85:15
[AAm:SA], [%:%]

Swelling degree, g/g

Figure 7 - The SD of hydrogels as a function of the ionic strength

Theinvestigation ofhydrogel swelling in saline water was conducted with the objective
of assessing the degree of swelling under realistic conditions, as oil field reservoir
waters often have elevated salinity levels. In Figure 7, it can be noted that hydrogels
show a high degree of swelling at low concentrations of salt, at high concentrations
there is a weak swelling, while the degree of swelling does not change significantly.
This indicates the possibility of using these hydrogels in reservoir conditions. Similar
results were obtained by Mehrabianfar P. (Mehrabianfar et al., 2020).
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Figure 8 - TG curves of hydrogels

Thermogravimetric analysis showed that all samples exhibited remarkable stability
in the temperature range from 25°C to 200°C, as shown in Figure 8. A significant loss
of mass of the hydrogel particles was only observed at temperatures above 250 °C. This
degree of temperature stability of the samples is more than sufficient for injection into oil-
bearing formations, since temperatures in these formations do not usually exceed 80 °C.

The mechanical properties of hydrogels do not differ significantly in their strength
(Figure 9, Table 3).
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1x10° 1
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Figure 9 -Strain-Stress curves of hydrogels
Table3 - Dependence of the Young's modulus of hydrogels on the composition

Hydrogel composition [AAmM/SA] [95/5] [90/10] [85/15]
Young's modul, Pa 85,13 £ 0,36 82,58 £0,25 68,58+ 0,19

As the concentration of sodium acrylate increases, the mechanical properties of the
hydrogels tend to deteriorate. Conversely, an increase in the concentration of acrylamide
results in an elevation of Young's modulus, indicating improved mechanical strength.
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Conclusion

A series of hydrogels consisting of AAmM/SA/MBAA with different component ratios
were successfully synthesized. The interaction between these monomers in the hydrogel
synthesis process is confirmed by the FTIR results. The resulting hydrogels exhibit
favorable mechanical properties and a considerable degree of swelling. Moreover,
they show remarkable swelling ability even at high temperatures and high salinity. The
results of the thermogravimetric analysis indicate that these hydrogels are suitable for
use in reservoirs with elevated temperatures.

Overall, the results indicate that these hydrogel particles have great potential to serve
as an effective material for PPG, with the goal of enhancing oil recovery in oil fields.
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Annotation. Petroleum refining is an important sector of the economy of many
countries and plays a significant role in supplying energy and fuel to various industrial
sectors. The current challenges faced by the oil refining industry are primarily driven by
product quality, market demands and environmental regulations. In the face of declining
quality of raw materials and changes in their properties, the plant must produce higher
quality products, paying special attention to more environmentally friendly ones. One
of the solutions to these problems is the use of mathematical modeling methods in
order to optimize and predict processes occurring at oil refineries. The promise of
mathematical modeling in the petroleum industry is broad and important. This tool
is becoming increasingly valuable and necessary for solving complex problems and
optimizing processes in this industry. Mathematical modeling allows you to optimize
the processes of production, refining and transportation of oil and petroleum products,
which will lead to increased productivity and reduced costs, helps reduce the negative
impact on the environment by optimizing processes and controlling greenhouse gas
emissions and pollution. With the development of artificial intelligence and machine
learning, mathematical models are becoming the basis for automation and control of
production processes, which increases the reliability and safety of operations. This
article highlights modern methods for optimizing oil refineries using the method of
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mathematical modeling and their integration with methods of artificial intelligence
and machine learning, and notes their application in the management of an oil refinery.
Petroleum refining is an important sector of the economy of many countries and plays
a significant role in supplying energy and fuel to various industrial sectors. The current
challenges faced by the oil refining industry are primarily driven by product quality,
market demands and environmental regulations. In the face of declining quality of raw
materials and changes in their properties, the plant must produce higher quality products,
paying special attention to more environmentally friendly ones. One of the solutions to
these problems is the use of mathematical modeling methods in order to optimize and
predict processes occurring at oil refineries. The promise of mathematical modeling
in the petroleum industry is broad and important. This tool is becoming increasingly
valuable and necessary for solving complex problems and optimizing processes in this
industry. Mathematical modeling allows you to optimize the processes of production,
refining and transportation of oil and petroleum products, which will lead to increased
productivity and reduced costs, helps reduce the negative impact on the environment
by optimizing processes and controlling greenhouse gas emissions and pollution.
With the development of artificial intelligence and machine learning, mathematical
models are becoming the basis for automation and control of production processes,
which increases the reliability and safety of operations. This article highlights modern
methods for optimizing oil refineries using the method of mathematical modeling and
their integration with methods of artificial intelligence and machine learning, and notes
their application in the management of an oil refinery.

Keywords: mathematical modeling, oil refining, optimization, resource efficiency,
petrochemistry
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KA3AKCTAHJIAFBI )KOHE HIETEJJIETT MYHAM OHJIEY 3AYBITTAPBIH
OHTAMJIAHIBIPY MAKCATBIHJIA MATEMATUKAJIBIK MOJIEJIBAEY
OJIICTEPIH KOJJIAHY/IbIH AFBIMJIAFBI JKAFJAMBIHA 1IOJTY

AnHoTtanusi. MyHail eHjiey KenTereH ejiep SKOHOMHUKACHIHBIH MaHbI3/Ibl Calachl
OO0l TaObUIAABI KOHE OPTYPJIi OHEPKACIIl canajapblH SHEPTUSMEH JKOHE OTHIHMEH
KaMTaMachl3 €Ty[A€ MaHbI3Ibl pell aTKapaabl. MyHall eHzey eHepKociOiHiH Kasipri
Ke3JleTi KHUBIHIBIKTAphl €H alBIMEH ©HIM camnacbIMeH, HAapbIKTBIK TajarnTapMeH
JKOHE KOpIIaraH OpTaHbl KOpray epekenepimeH OainanbicThl. LlInkizaT canmachblHBIH
TOMEH/ICY1 JKOHE ONlapAbIH KAaCHUETTEpPiHIH e3repyl KaraalblHAa 3aybIT SKOJOTHSUIBIK
Ta3a eHIMIe epeKIle Ha3ap ayaapa OTHIPHIIL, )KOFaphl canalibl OHIM IIbIFapybl Kepek. by
Mocenenepl mwemryain 0ipi MyHall eHzey 3aybITTapblHIa OOJBIN KaTKaH MpoLecTep/i
OHTAMNMaHIBIPy JKoHE OOJDKAay MaKcaTblHOAa MaTeMaTHKaJIblK MOACIBIACY SIiCTepiH
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KoJJlaHy Oonbin TaObuiagbl. MyHali ©HEpKICIOIH/IE MaTeMaTHUKAaJbIK MOJEIbICY IiH
yoJieci KeH XoHe MaHbI3/1bl. byl Kypan KypJesni Mmacesnenepi Lenry )KaHe OChI cajlalarbl
MPOLIECTEPIi OHTAMIAHIBIPY YIIiH OapFaH CailblH KYHJIbI )KOHE KaXKETTi OOJIBIN KeJeIi.
MaremaTiKaablK MOJENbACY MYHAll KOHE MYHall OHIMJAEPIH OHIIpYy, OHICY >KOHE
TachIMaliay TMPOLECTEPIH OHTAMMaHIBIpyFa MYMKIHAIK Oeperdi, Oyl ©HIMALTIKTI
apTTHIPYFa KOHE IUBIFBIHAAPIbl a3aiiTyFa oKeJe/l, IPOLEeCcTepl OHTAMIaHIBIPY JKOHE
MAPHUKTIK ra3ap MIbIFapbIHAbUIAPE MEH JIACTaHYbIH OaKblIay apKbLIbI KOpILAFaH OpTara
Tepic acepli azaiTyra KemekTecedi. JKacaHabl HHTEIUIEKT IeH MALIMHAIBIK OKbITYAbIH
JaMybIMEH MaTeMaTHKaJIBIK MOJEIbACP OHIIPICTIK MpOoLEeCcTepi aBTOMATTaHABIPY MEH
OackapyablH HeTiziHe aifHamyna, Oyl onepanusuiapAblH CeHIMIUIIr MeH Kayilci3airin
apTThIpaabl. by makanasa MmareMaTHKaIbIK MOJCIIBACY 9/1iCiH KOJIaHa OTBIPBII, MyHal
OHJICY 3ayBITTapbIH OHTAMIAHIBIPYIBIH 3aMaHayH oIICTepi jKOHE oJapHbl >KacaH.bl
WHTEJUIEKT JKOHE MAIIMHAIBIK OKBITY dJicTepiMeH OIpiKTipy KapacThIpbUIaAbl >KOHE
oJIapZIbIH MYHal ©HJey 3aybIThIH OacKapyaa KOJAaHbLTYbIH aTall oTei.

Tyiiin ce3nep: MareMaTHKaIBIK MOACIBICY, MyHall OHICY, OHTAWIaHIBIPY, pECypc
TUIMJITIT, MYHal XUMHSCHI
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OB30P COBPEMEHHOI'O COCTOSIHUA TIPUMEHEHUA METOJ1OB
MATEMATHUYECKOI'O MOJAEJIMPOBAHUA B LHEJISIX OIITUMU3ALIUA
HII3 B KASAXCTAHE U 3A PYBE/KOM

Aunnorauusi. HedrenepepaboTka sBiIsSeTCS BaKHOH OTpacibl0 HKOHOMHKH
MHOTHX CTpPaH M UrpaeT 3HAYUTENBHYIO POJIb B CHA0KCHWHU SHEPrHed M TOIIMBOM
Pa3NUYHBIX CEKTOPOB MPOMBIIUIEHHOCTH. Tekymme mnpoOieMbl, € KOTOPBIMH
CTalIKUBAaIOTCs HedTenepepadarbiBaionias MPOMBIIUIEHHOCTs B IEPBYIO OuYepesb
OOYCIIOBJIEHbI KayeCTBOM MPOAYKIHMH, TPEOOBAaHHMSAMHU PBIHKA M 3KOJOTMYECKHUMU
HOpMaMH. B yClIOBUSIX CHMKEHMsI KauecTBa CBhIpbS U M3MEHEHHUS €ro CBOMICTB 3aBOJ
JOJDKEH TPOM3BOIUTH OoJiee KaueCTBEHHYIO MPOMYKIHMIO, YAeNsisi 0co00e BHHUMAaHHE
Oosiee IKOJIOrMYECKH YHUCTOM. OAHUM W3 peIIeHHH OaHHBIX NPOOJIEM CIYKHT
MIPUMEHEHUE METOAOB MaTEeMAaTH4YEeCKOTO MOJETUPOBAHMUS B IIENAX ONTUMHU3ALUU U
MIPOTHO3MPOBAHUSI TPOLIECCOB, MPOTEKAIOLINX Ha HedTenepepadaThBAIOIINX 3aBOJAX.
[lepcnekTBB MaTeMaTHYeCKOTO MOAETMPOBAHHUS B HE(PTSHOH NPOMBIIUICHHOCTH
SIBIISIFOTCS.  OOLIMPHBIMM M BaKHBIMH. ODTOT MHCTPYMEHT CTaHOBUTCS Bce Oolee
LEHHBIM U HEOOXOAMMBIM ISl PELICHUs CIOKHBIX 3a/ad M ONTUMH3AIHUN TPOLECCOB
B JAaHHOHM oTpaciu. MaTemaTHueckoe MOJEIHMPOBAHUE IO3BOJISAET ONTHMMU3MPOBATH
Mpo1ecChl T0OBIYH, TEpepadOTKH U TPAHCTIOPTUPOBKH He(PTH U HEPTENPOIYKTOB, UTO
MpPUBEIET K YBEJIMUEHUIO MPOU3BOAUTENBHOCTH M CHU)KEHHUIO M3JIEpiKeK, ITOMOIaeT
CHIDKaTh HETaTUBHOE BO3/ICHCTBUE HA OKPYXKAIOILYIO CPELy, ONITUMU3UPYsI TPOLIECCH U
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KOHTPOJIMPYsI BHIOPOCHI TAPHUKOBBIX ra30B u3arpsa3HeHue. C pa3BUTHEM UCKYCCTBEHHOTO
VHTEIJICKTa ¥ MAIIMHHOTO OOYYeHHsI MaTeMaTU4eCKUe MOJICNIM CTAHOBATCS OCHOBOM
JUTSL aBTOMATH3AIMK U YIIPABJICHHSI TIPOM3BOICTBEHHBIMH TIPOIIECCAMHU, YTO MOBBIIIACT
HaJIC)KHOCTh M 0€30MacHOCTh omepanuii. B gaHHO# cTaThe BBIICICHBI COBPEMEHHbBIC
METO/Ibl ONTHMH3AINU He(TernepepadaThBAONUX TIPOU3BOJCTB MIPHU MOMOIIU METOIa
MaTeMaTHYECKOTO MOJISIIMPOBAHUSI U WX HMHTETPAIMI0 C METOIAaMHU UCKYCCTBEHHOTO
VHTEIJICKTAa YW MAIMHHOTO OOYYeHHUs, OTMEUEHO WX MPUMCHEHHE B YIPABICHUU
He(dTenepepadaThIBAIOIIETO PEAPUSITHSL.

KamoueBbie ciaoBa: MaTeMaTHYeCKOe MOJCIHpOBaHME, HedTenepepadoTKa,
onTuMuU3aIus, pecypcodhHeKTuBHOCTh, HE(YTEXUMUS

Qunancupoeanue: B pamxax npoexma I[lpoexm «Kac zanvimy AP19175752
«Hayuno-mexnuyeckoe obecneuenue suepeocoepedicenus u pecypcodpghexmusnocmu
MexXHONo2UU  NPULOTNOGIEHUSL  8bICOKOOKMAHOBLIX — DEH3UHO8 U APOMATHUYECKUX
1211e6000p0008»

BBenenne

MaremaTrnueckass MOJIeSIb — 3TO a0CTPAKTHOE OIMCAHUE IMPOIECCOB, CBI3aHHBIX
C W3BJIICUCHHEM M TMepepabOTKONH He(PTH, C HCIOIb30BAaHHEM MATEMaTHYECKUX
ypaBHeHuil u Gopmyn [1]. OyHnameHTalIbHBIE OCHOBBI MOJICIUPOBAHMS MPOIIECCOB
He(renepepabOTKK BKIIFOYAKOT B CeOsl 3HAHUSI B O0JIACTH TEPMOJUHAMHKH, KHHETUKU
peakuuii, maccorepeHoca, (U3NYECKOH M KOJUIOUJHON XWUMUHM, MEXaHUYeCKUX W
AJIEKTPUYECKUX CBOMCTB MAaTEPUATIOB U CECHCOPUKH. Takke BaKHO UMETh MOHHMMAaHUE
Pa3IMUYHBIX BHJIOB PEaKIUil: KaTalM3aTOpHbIC, ra3000pa3Hbie, XUIAKO(Ma3HbIE U
MHorue apyrue [2],[3]. Maremaruyeckasi MOJIEIb MOXET ObITh PEeallu30BaHA B BHJIC
KOMITBFOTEPHOM IPOT paMMBbl, KOTOPasi IO3BOJISIET IPOBOUTE YU CICHHOE MOJISITMPOBAHUE
MPOIIECCOB TepepaboTkn HedTH ¢ pa3iuyHBIMU HapaMeTpaMu. IJTO IO3BOJISIET
AHAJIM3UPOBAThH MPOIIECC HA PA3JIMUYHBIX 3Tanax, ONTUMHU3UPOBATH €r0 M MPOBOIUTH
BHUPTYaJIbHBIC 3KCIIEPUMEHTHI, YTO CYIIECTBEHHO YCKOPSIET M YACUICBIIICT pa3paboTKy
U ONTHUMH3AIMI0 TEXHOJOTHYECKHX TIporeccoB B Hedrenepepaborke [4]. Hribke
MIPEJICTABIICHBI MPUMEPHI TIPUMEHEHHST METOJIOB MaTEMaTUYECKOTO MOACIUPOBAHUS B
nporeccax nepepaborku vedru [5],[6],[7]:

- IIporHo3upoBaHue ChIPbS U MPOU3BOACTBEHHBIX IMPOIECCOB. MaremMaTruiecKkue
MOJISJIA MOTYT UCIIOJIB30BaThCsI JIJIsl TPOTHO3UPOBAHUS ITOCTABOK CHIPhS (ChIpOi He(TH)
U cnpoca Ha HedrenpomykThl (OSH3MH, AU3EIBLHOE TOILIMBO W JP.), YTO ITO3BOJISIET
ONTUMHU3UPOBAThH 3aMachl U IPOU3BOJCTBCHHBIC IIJIAHBI.

- OnTumuzanus mporeccoB. MoaeIupoBaHUE Pa3IUYHBIX IPOIECCOB, MOMKET
[IOMOYb ONTUMHU3UPOBATh TEMIIEPATYPHBIC PEXKHUMBI, JIABICHUS U JIPYTHE MapaMeTphl,
YTOOBI JOCTUYh MAKCHMAJILHOIO BBIXOJAa MPOIYKIMM C MUHHMAIbHBIMU 3aTrparaMu
SHEPIHH.

- MozgenupoBaH#e peakTopoB. B mporeccax karaquTHueckoi nepepaboTku HedTH
WCIOJB3YIOTCS PEaKTOpbl. MareMaTHueckoe MOJSIUPOBAHUE TaKUX PEAKTOPOB
MOMOTaeT ONTUMHU3UPOBATh YCIOBUS PEAKIIUU, BBIOPATh MOAXOASIIUE KaTaIN3aTOPhI U
YAYYIIUATh BBIXOJ TIPOIYKITUH.
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- VYmopasneHue npoueccamMu. MaremMaTHUecKUe MOJEIH HCIOJB3YIOTCS IS
yhpaBieHHsl TpoleccaMu HedTenepepadoTKH, MO3BOJISSA PETYIUPOBATh MapaMeTphl
B peaJbHOM BpEeMEHH JJisi o0eclieueHus CTaOMIbHON M BBICOKOA(P(EKTUBHON paboThI
00Oopy/IOBaHMS.

- IlpornozupoBaHue KauecTBa NPOAYKLUUH. MoJenupoBaHUE MOXKET II0MOYb
IIpeCcKa3aTh KAYECTBO U XapaKTEPUCTUKU KOHEUHBIX ITPOYKTOB HA OCHOBE IIapaMeTpPOB
CBIPbsl U YCJIOBUI ITPOU3BOJICTBA.

- OntuMmzanus  HSKOJIOTMYECKHX — TOKaszaresnei: MopenupoBaHHE — MOMKET
HCIIOJIB30BATHCA ~ JUIL  YMEHBIICHUS  HEraTMBHOIO  BO3JEHCTBUS  MPOLECCOB
HeTenepepadOTKH Ha OKPYKAIOIIyI0 Cpely, HampuMep, IyTeM ONTHMHU3AIUH
BBIOpOCOB B armMocdepy uir 00padOTKH OTXOIOB.

MarepuaJjibl 1 METOAbI

CymiecTByeT MHOXECTBO METOJOB MareMaTH4YecKOro MOJEIMPOBAHUS  JUIS
ONTUMM3ALUU PA3IUUHBIX [TPOLIECCOB U CUCTEM.

Meron nuneiiHoro nporpammupoBanust LP (Linear Programming) npumensieTcs
B PpasiIMYHBIX acrekTax HedTenepepaOOTKM sl PELIeHUs] 3aJad ONTUMH3AlUH,
KOTOpbIE MOXXHO C(OpPMYIMpPOBaTh Kak juHeiHble. OH OCHOBBIBaeTCs Ha padoTe
C JIMHEWHBIMH QYHKOUSIMH W JIMHEWHBIMH OrpaHudyeHusiMu. Dopmynmpyercs B
BUJIC 3aJa4d ONTUMH3ALMH, I7e HeOOXOAUMO HAWTH Takhe 3HAUYCHHS IEPEMEHHBIX,
KOTOpble MaKCHMHU3UPYIOT WM MUHUMH3HUPYIOT JMHEHHYIO LENeBYI0 (QYHKIUIO MPH
COONIONEHNN JIMHEWHBIX OorpaHnveHui. JInHeilHas meneBas (YHKIUS MOXET OBITh
BbIpakeHa B BUJC IMHEWHOW KOMOMHAIIMH TIEPEMEHHBIX, Ie KO (QUIUCHTHI SIBISIOTCS
k03¢ UIIMEHTaMU MIPH TIEPEMEHHBIX, a cama (PyHKIHUS OTpe/ieNseT LeJIEBYIO BETHUUHY,
KOTOPYIO HEOOXOIUMO ONTHMHU3UPOBaTh. JIMHEWHbIE OrpaHUYeHUs 3aJal0TCs B BUAC
JIMHEMHBIX HEPABEHCTB WM YPAaBHEHUH, OrpaHNYMBAIONINX 3HAUEHUS TEPEMEHHBIX [8].
Onu MOTYT OBITH CBSI3aHBI C pecypcamMu, TPeOOBaHUSIMU MJTH OTPaHUYCHHUSIMH, KOTOPbIE
BIIMSIIOT HA pEILIEHUE 3a7auu ontuMusanuu. [IpeumyinecrBaMu MeToa SIBISIOTCS €ro
3G PEKTUBHOCTH U TPUMEHUMOCTh K MIMPOKOMY Kiaccy 3ajad. OfHaKo METOJ UMEET U
HEIOCTaTKH, TaKHe KaK OrpaHMYCHUE HA JTUHEHHOCTh (PYHKIWHU LIEIH M OTpaHUuYCHHE
Ha JIMHEHHOCTh orpanndeHuit [9]. i pemenus 3amad ONTUMHU3AINK, UCTIONB3YIOTCS
pa3nuYHbIe MPOrPaMMHBIE MTAKETH 1 HHCTPYMEHTHI. BBI0Op KOHKPETHOTO MHCTPYMEHTA
3aBUCUT OT CJIIOKHOCTH 3aJa4d OITUMHU3aLUHU, JOCTYITHOCTU PECYPCOB U IPEAIIOYTCHUMI
B UCIIOJIb30BaHUH MTPOTPAMMHOT0 00eCIIeYCHUSI.

Merog, CMENIAHHOIO-LEJIOUUCIEHHOIO JIMHEHHOro mnporpammuposanue MILP
(Mixed-Integer Linear Programming) — MeTOH, KOTOpPBIH IIMPOKO HCIIONB3YEeTCs B
HedTenepepadOTKe U APYruxX OTpacisxX. JJaHHBIM METo[ MO3BOJNSET YUHUTHIBATh, KaK
JIMHEHMHbIE, TaK U IIeJI0YNCIeHHbIE (IeJIble YHCIa) TEpEMEHHBIE B 3a/1a4€ ONTHUMH3aIHH.
Hecmorpss Ha MHOXecTBO mpeumylects, wmerog MILP  wumeer HekoTropble
orpannueHus u Hegoctarku. MILP-3agaun MOryT OBITH BBIYMCIMTENBHO CIOKHBIMH,
0COOEHHO KorJa 3agada uMeeT OOJbIIOE KOJNMYECTBO MEPEMEHHBIX U OTpaHUYCHHH.
Haxoxxaenne onTUManbHOTO pelIeH sl MOXKET OTpeOoBaTh 3HAYUTEILHOTO BPEMEHH H
BBIYUCIUTEIBHBIX PECYPCOB, 0COOEHHO Ist Oombimx 3a1ad [10].

Merto CMEIaHHOIO-UENOYHUCIEHHOTO HEJIMHEWHOro nporpamMmmupoBanue MINLP
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(Mixed-Integer Nonlinear Programming) — 3To MaTeMaTH4eCKHii METOJI ONITUMHU3ALIUH,
KOTOPBIH coueTaeT B ceOe Kak HenpepbIBHbIE (HELIETOUUCICHHBIC), TaK U LIEJIOUUCIICHHBIE
NepeMeHHble M TMO3BOJIAET pellaTh 3a7a4d ONTUMH3AlMHM, B KOTOPBIX MOTYT
MPUCYTCTBOBATh KakK JIMHEWHbIC, TAK U HelWHeWHble QyHKIUH. B HedTenepepadboTke
Meton MINLP MoxeT ObITh MCHONB30BaH AJsl pelieHus: 0ojiee CIOXKHBIX M TOUHBIX
3a/lad  ONTUMM3AllMM, KOTOpPbIE YUYUTHIBAIOT HEJIMHEWHBIE 3aBUCUMOCTH MEXKAY
NEpEeMEHHBIMH W HMEIOT JuckperHele pemeHus [11]. Mcnonb3oBanme wmerona
MINLP Ttpebyer Oonee CIOXKHBIX M BBIYUCIUTEIBHO PECYPCOEMKHX allTOPUTMOB,
4yeM JuHeiHoe nporpammupoBanue (MILP) [12]. Hdus pemenns 3amaa MINLP wacto
MPUMEHSIFOTCS CTIEHUATN3UPOBaHHbIE TPOrPAMMHBIC TIAKETHI M OMOJIMOTEKH, TaKUE KaK
BARON, Bonmin u npyrue, KOTopble CIIpOSKTHUPOBaHbI 1isl 3)(HEKTUBHOTO peIICHHS
HEJIMHEMHBIX W LEJTOUYUCIICHHBIX 3a/1a4 onTuMu3amuu [13].

Trust-region meton (TRM) - siBIsieTCsSt OHUM M3 CAMBIX BaKHBIX YHCIEHHBIX METOJIOB
ONTUMM3ALUK B pPELICHWH MNpodneM HenuHerHoro mnporpaMmMupoBanusi (MLNP).
Merton OaszupyeTcsi Ha ONpeeNieHNH PErHOHa BOKPYT JIYYIIETO pEIleHHs, B KOTOPOM
KBaJpaTU4Hasi MOJENb amipoKCHMUpPYyeT LeieByro (yHkuuio. Trust-region MeTOnbI
Ha/IC)KHBI U yCTOWYMBBI, MOTYT OBITh IPUMEHEHBI K TI0X0 00YCIIOBICHHBIM 3a/1a4aM H
HMMEIOT OYEHb XOPOUIME CBOMCTBA cXOAUMOCTH. OMH U3 IIaBHBIX HEJAOCTATKOB trust-
region METOJI0B — 3TO CIOKHOCTb BBIOOPA TAPaMETPOB, TAKUX KaK pa3Mep Ha4aabHOTO
pamuyca trust region M KpPUTEPHU €ro yBEIMYEHHS WIM COKpAIlEHHS Ha KaKAOH
utepauuu. HempaBuiabHBIA BBIOOp 3THUX MapaMeTPOB MOXKET 3aMEAJIHTh CXOAMMOCTD
WM IPUBECTH K HEYIAUHOMY PELICHUIO 33a41 onTUMH3auuy. HeoOxoaqumo TiarenbHo
AHAJM3UPOBaTh KOHKPETHYIO 3aJady ONTHMHU3AlMd M €€ XapaKTePUCTUKH, YTOOBI
OTIPEIENUTh, MOAXOMAT JIH trust-region METONBI U AaHHOH 3ajavyd, U KaKue MOTYT
BO3HUKHYTH OTPaHUUYEHUS U CI0KHOCTH B ITpoliecce onTumusanuu [14].

I'enetnueckue anroputmbl (Genetic Algorithms) reneTnyeckue anropUTMBI
BIOXHOBJICHBI MPOLECCAMU €CTECTBEHHOT0 0TOOpa ¥ 3BoMoNMH. OHH MPUMEHSIOTCS
JUIS TIOUCKA ONTHMAJbHBIX PEIIeHUH B MPOCTPAHCTBAX MapaMeTpoB, KOTOPHIE MOTYT
OBITBH CIIOKHBIMH 1 MHOTOMEPHBIMU. | eHeTHUeCK1e allrTOPUTMbI MOTYT ONITUMHU3HPOBATH
(YHKIMH, KOTOPbIE HE SBISIOTCS ITUPPEpeHINPYEMBIMHU, YTO AETAeT UX IOJE3HBIMU
JUIS 33]1a4, CBA3aHHBIX C IUCKPETHBIMU NepeMeHHbIMH [15]. [eHeTndeckue aaropuTMsl
MpeIaratoT MOIIHBIM HHCTPYMEHT AJIsl ONITUMHU3ALIUH IPOU3BOACTBEHHBIX MPOLIECCOB,
0COOEHHO B CIy4YasX, KOra MPOCTPAHCTBO MOUCKA pEIIeHHH OOJNbIIOE U CIOXKHOE.
HenocraTkoM reHeTHMYECKHX aJrOPUTMOB SIBISETCS MX BBIYUCIUTEIbHASI CIIOKHOCTb.
[eneTnueckue anropuTMbl TPeOYIOT OOJBILIOTO KOJMYECTBA BBIYMCIUTENBHBIX
pecypcoB, 0coOeHHO MpH padoTe ¢ OOMBIIMMH MOMYISALUSAMHA U CIOKHBIMH 331a4aMu
[16].

Random Forest (ciydaiiHblii nec) — 95TO aaropuT™M MaLIMHHOTO OOy4eHus,
OCHOBaHHBI Ha KOMIIO3MLIUH «JepeBbeB» pemeHuid. OH HCMIOoNb3yeT MEeTox
aHcaMOJIsl, TO3BOJISIFOIINI KOMOMHUPOBATh PE3yJAbTaThl HECKOJIBKUX AITOPUTMOB IS
JOCTIKEHHS OoJiee TOUHBIX pe3ynbTatoB. B merone Random Forest crpoutes Oomnbioe
KOJIMYECTBO PEIICHHI, KaKJ0€ U3 KOTOPhIX 00y4aeTcsi Ha MOAMHOKECTBE 00yUaromunX
JAHHBIX, BBIOPAaHHOM CITydaiiHbIM 0Opa3oM. JlJisi Ka)1oro y3ia B JepeBe BbIOUpaeTcs
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CllyyaiiHblii TO#HAOOp MPH3HAKOB, IO KOTOPBIM OyAET NPOBOJHUTHCS pa3lescHHE.
3areM KakJ0€ JEpeBO CO3[AeT pPELIeHHe, M OKOHYATEJbHOE pelIeHHe IMOJIy4aeTcs
myTeM ycpeaHeHus Bcex [17]. [TaBHBIM mperMyIecTBOM JTaHHOTO METOJA SIBISETCS
BO3MOJKHOCTh 00padaThIBaTh OOJIBIIOE KOJIMYECTBO MPU3HAKOB 0€3 MpeaBapUTeIbHOTO
ux otOopa. HemocTarkoMm ke sSBISETCS BO3MOKHOE BOSHUKHOBEHUE KOPPEISLIIHA MEXKITY
PELICHUSMH, YTO MOXKET CHUKATh 3P HEeKTUBHOCTE MoaenH [ 18].

Pesyabrarsl

B nmocnennee Bpems ucnonb3oBaHue (QyHIaMEHTAIBHBIX OCHOB MareMaTHYeCKOro
MOJICTTUPOBAHUSI Il ONTHMHU3AILMH IPOLECCOB HedTenepepadoTKH Ha MPEANpPHUITUIX
Kazaxcrana u crpan CHI' mmpoko 3amHTepecoBasio uccienoBareieid. Bwioop
KOHKPETHOTO METO/Ia 3aBHCHUT OT XapakTepa 3aJauyd ONTHMH3alMH, JOCTYITHBIX
JAHHBIX U BBIYUCIUTEIBHBIX PECYPCOB. B HEKOTOPBIX Cilydasx MOXKeT MOTpeOoBaThCs
KOMOMHHUPOBAaTh HECKOJNIBKO METOAOB WM TNPUMEHSATH MHOTOKPHUTEPUAIBHYIO
ONTHUMU3ALUIO AJISl yUeTa HECKOJIBKUX LieeH OJJHOBPEMEHHO.

Hanmpumep, B psiae pabor ObUIM MpeIOKEHbl KUHETHYECKHE MaTeMaTHYeCKUe
MOJICTI, KOTOpBIE YUYHUTHIBAECT (DUBUKO-XUMHUYECKHE 3aKOHOMEPHOCTH IPOLIECCOB
KaTaJIATUYECKOTO KPEKWHTa, [e3aKTHBALMIO KaTaau3aropa W CBOMCTBA CBHIPbS B
KOHKPETHOM TPYIIIOBOM U CTPYKTYpHO-TPYNIOBOM cocTaBe HedTu. B padote [19]
MOJIETIb TTO3BOJISIET MOA00paTh MOAXOSINEE ChIphe AJISl HCCIEAYeMOTo KaTalu3aropa.
B Oyaymem mnpuMeHEHHE MOIETH MO3BOJIUT IPOTHO3MPOBATH ONTHMAJbHbIC
TEXHOJIOTUYECKHE YCIIOBHS TP BOBJICUCHHHM B MEPepadOTKy pa3lWYHbIX BHIOB
ChIpbs. UTO 0COOCHHO aKTyaJbHO B YCIOBHAX MHTEHCH(UKAIWK HeTenepepadoTKH.
[IporHo3HbIe pacyeThl MO3BOJIMIM YBEJINYUThH BBIXOJ OCHOBHBIX MPOAYKTOB, & UMEHHO
OcH3MHOBOW ()pakuMu M ra3oB KpekuHra. B apyroii paGote, [19] paszpaborannas
MO/JIeNIb KaTaJIMTUYECKOTO KPEKHUHTa, TI03BOJISIET IPOTHO3UPOBATh U3MEHEHHE CKOPOCTH
peaxuy Mo KOKCy Ha Ka)KJIOM Iare pacuera v 1aeT KOJINYeCTBEHHYIO OIICHKY BIMSHUS
KaXJ0ro 00Cy)XJaeMoro mnapamerpa Ha CTENeHb JE3aKTHBALMM KaTalu3aropa.
[lony4eHHbIE pe3yIbTaThl TOTOJTHUTENBHO 00JIEr4aroT ONTHMHU3ALUIO COCTAaBA CHIPhS U
TETIOBOTO OanaHca mpouecca, B HesSX YBEIUYEHHs JKeIaeMbIX KOHEUHBIX MPOJYKTOB
1 COXpaHEHMsI pECYpCOB KaTalln3aTopa.

B uentpe BHMMaHUs aaHHOrO HMccnenoBanus [20] mpeacTaBieHO MOAETUPOBAHUE
THIPOAMHAMUKM XUMHUYECKOTO peakTopa TaK KaK, XMMHUYECKHE NpeBpalleHus,
MIPOMCXO/SIIUE BHYTPH PEaKTOpa, 4acTo UTHOPHUPYIOTCS. Mozenb mocTpoeHa Ha 0ase
nporpamMmmHoro obecrnieuenust ANSYS Fluent. [lonyueHHble naHHBIE MOTYT CIIY>KHTb
PYKOBOJCTBOM ISl IEPECMOTPa M ONTHMHU3ALMH POMBILIIICHHOTO arperara.

OteuectBeHHble aBTOpBl [21], paszpaboTanu yHHBEpCalbHbIE MOJCIUPYIOLIHIE
[IPOTPaMMBI B LIEJISIX MOBBIILIEHUS pecypcod(PpHEeKTHBHOCTH yCTAaHOBKHU KaTAIUTHYECKOTO
KpEeKHHTa, pu(GOpMHUHTa U H30MEPHU3ALIUH, BEIX0IAa TPOAYKTOB C YCTAHOBKH, TPYIIIOBOTO
cocTaBa M OKTAHOBOTO 4Kcia OEH3MHA, a TAKXKe ONpeesIeHHsI ONTHUMAIBHOTO PeKUMa
paboTsl peakTopa. B pesynprare, MaremaTrueckast MOAEIb MPOIecca KaTaTuTHIECKOTO
pUQOpPMUHTra MO3BOIMIA PEHIUTh OONBIION CHEKTP 3a/Jad: OT aHajlu3a JaHHBIX, IS
TEKYLIMI IepepabOTKH CHIPhS 10 TPOTHO3UPOBaHUS SHEPTro3(h(HEKTUBHOM pabOThI BCe
YCTaHOBKH B IIEJIOM.
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Panee Hamu [22] 3a cueT MOJEIMPOBaHUS MPOIECCOB MPOM3BOACTBA OCH3MHOB
pacyeToB Mo ONTHMHU3ALNH YCTAHOBOK KaTaIUTUYECKOTO pU(OPMHUHTa M H30MEPH3aLuT
ObUIO yCTAaHOBJIEHO BJIMSHHE COCTaBa IMepepadaThlBaEMOrO CHIPbSl Ha IOIydYacMble
NpOAYKThl. Tak e YCTAaHOBJIE€Ha 3aBUCUMOCTb TEXHOJOTMYECKUX IapaMeTpoB
MPOIIECCOB MEepepabOTKH Ha COCTaB MPOAYKTOB KaTAIUTHUECKOrO pU(OPMHHTA H
M30MEPU3ALUH JIETKUX OCH3WHOBBIX Ppakiuu. Ou3nko-XxuMuyecKasi MOJeb mpouecca
MI03BOJIMJIA ONPENENATh ONTUMAIbHBIE TEXHOJIOTHYECKUE YCIOBHS U YIIIEBOJIOPOIHBIN
cocTaB HepepadaThIBAEMOTrO CBHIPbS YTO 00ECIIeUMIIO MOBBIMIeHHE d()(PEKTUBHOCTH 32
cueT cOaJlaHCUPOBAaHHOCTH KHUCJIOTHOW M METaJUNIM4eCKON aKTMBHOCTU KaTajH3aTopa.
[To3nHee ocBeTHSIM TPOOJIEMY IPOU3BOJACTBA CXKIDKEHHOTO HETSHOro raza [23]
MPEATIOKUIN OOIIUH TONX0J MaTreMaTHyecKoro nporpammupoBanus MILP, kotopsbiii
paccMarpuBaeT paboune ycJoBUSI (TeMIeparypy, HaBleHHE) TEXHOIOTUYECKHX
YCTaHOBOK, HO HE KaKAYIO U3 HUX KaK OTAENbHYIO TIEPEMEHHYIO, a KaK KOMOWHAIIHIO
paboumx yCIOBHiA, KOTOpbIE MOTYT ObITH BBIOpaHbl Wi HeT. OCOOEHHOCTBIO TaHHOM
MO/IEJIN SIBJISIETCSI YUET HEOPEEIEHHOCTH YPOBHSI MPUMECE BO BXOJHOM ChIpbe. DTH
3HauUeHHUA MOTYT OBITh HEM3BECTHBI, HAIPUMEP, U3-3a OTCYTCTBUS JAaTYUKOB. Monenb
yCTpaHseT 3Ty HEONPEOeNCHHOCTh, (OPMYIHUPYsI COOTBETCTBYIOIIUE OTPaHUYCHHS
Kak Ccly4aiiHble OIpaHMYEHHMs, YTO TaKXKe MO3BOJsIET 00padaThiBaTh €CTECTBEHHYIO
HM3MEHYHMBOCTb.

Pabota [24] npencraBnsier co0OH HMCMOIB30BAaHHE ANLTEPHATHMBHOTO METOAA MO
nHa3zeanueM Random Forest (RF) mist MmomenupoBanus mpoLeccoB KUAKOTO KPEKUHTa,
BKJTIOUAIOIIYIO aJanTUBHBIN reHeTnueckuil anroput™ (AIGA) B kauecTBe cTpaTerdu
BbIOOpa MEpeMEHHBIX. B 3TOM ncciienoBanum npeagaraeTes moaxo K MOACIHPOBAHHIO
Ha OCHOBE MAIIMHHOTO 00y UY€eHH S, KOTOPBIH 00bEMHSET CTPATETHIO HHTEIJIEKTYaIbHOTO
BbIOOpa MEPEMEHHBIX Ui MOIEJIUPOBaHUs mpoueccoB. [IpeanoxeHHbIi rTHOpUIHbIH
MOAXOA K MOJETUPOBAHUIO ObLT MPUMEHEH K KOHKPETHOMY CIIydalo, B3STOMY Ha
HedTenepepadaTpIBalOIeM 3aBOJE Ha ceBepo-3amane Kuras. Monens mpumeHsieTcs
JUISL TPOTHO3MPOBAHUSI BBIXOJA KOHEYHOTO MPOAYKTA. TU3EIbHOE TOIUIMBO, , OCH3MH H
T.4. XOTS MPEIUIOKEHHBIH THOPUIHBIN MOAX0[ KOMIETEHTEH B BBIOOPE MOIXOASLIMX
XapakTEepUCTUK Tpollecca W MPOrHO3MPOBAHUHM MpPOAYKTa, OH BCE €Ie pAfl
HEOCTaTKOB. Bo-mepBbIX, MO/IEb MOKHO TIOCTOSIHHO OOHOBIISITH, YTOOBI Pean30BaTh
camooOydeHne wmopenu. Kpome Toro, BeMHCIHTENbHAS S(PQGEKTHBHOCTH MOJIEIU
TpeOyeT AOonoNHUTENbHON ontumu3sauuu. [lo3mHee, [25] aBTopamu ObUT HpeATIoKeH
HOBBI TOAXOJ ONTHUMM3ALMM B PEXKHUME PEATBHOTO BPEMEHH Ul JEHCTBYIOIIErO
HedTenepepadaTbIBaIONIEro 3aBoja. B nensax yMeHbIeHHs BEIYUCIUTEIHON Harpy3KH
Obu1a peanuzoBana crpareruto ontuMuzanuu TRFE. [lpaiisep TRF nanucan na Python n
nnterpupyercs ¢ moaensio Aspen-EO RECAP u ontumuzaropom Aspen RTO. Onnaxo,
JaHHas MOJENb elle HEe TECTHPOBAICS B PEKMUME PEaJbHOTO BpPEeMEHH M TpelyeT
JIOTIOJTHUTENBHBI X UCCIIEJOBAHUH C LIENbIO €€ MOJTHON aBTOMATH3aIIH.

[Iporno3 kauecTBa HEPTHU TaK K€ KpaliHe BayKeH JJIsl TPABUIIBHOTO IJIAHUPOBAHUS U
ONITUMM3ALUH TIPOLIECCOB MepepadoTKH, B pe3yJbTaTe aBTOPHI [26] MPeasIoKUIN HOBBIN
MOAXOA K peleHuio nmpoliemsbl TuiaHupoBaHus npousBoactBa Ha HII3 B ycnoBusix
HEOMPEAETICHHOCTH KayecTBa ChIpOM HeTu. B 3T0il pabore mcmonb3yercsi MOmenb
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IUISL ONpe/IEIeHUs] ONTUMAIBLHOTO BBIOOpA CBHIPOM HE(PTH C MOMOIIBIO JABYXITAITHOTO
CTOXaCTHUYECKOro MporpaMMupoBaHus. HeompeneneHHOCTh CBONWCTB KauecTBa CHIPOil
He(TH OmpenensieTcs Yepe3 HeolpeaeeHHOCTh KpUBbIX TeMneparyp kunenus (TBP)
KOTOpBIE OMHCBHIBAIOTCS HEONpPEIENCHHBIMA HapamerpaMu Oeta-QyHKuuil. ITo
MO3BOJISICT ONPEACIUTh HAMTYUIINH NOAOOp ChIPOi He(TH, 32 KOPOTKHI MTPOMEKYTOK
BpeMeHH. Meromonorusi obecrneynBaeT ONTHMANbHBIA MOX0Op CHIpOH HedTH. DTO
MepBOe MCCIIEeI0OBaHWE, B KOTOPOM YUMTHIBAIOTCSI HEOINpPENeNeHHOCTH KpuBbix TBP
CBIPOIl HETH I CTOXACTHUECKOH ONTUMM3ALUHU BCero HedrenepepadaThIBAIOIIETO
3aBojia U TO100Pa CHIPOH HEPTH.

Mozens MONEKyIspHOTO YPOBHsSI AJIsl Tpollecca KaTaIUTUYECKOro KpekuHra [27]
ObL1a CO3aHa JUIs HCCIIEIOBAHUS BIMSHUSI PACIIUPEHHOTO PEaKTopa Ha pacrpeiesieHIe
MPOIYKTa C UCIOJb30BaHUEeM mporpamHoro obecrnedenusi MATLAB Obuta co3nana
peakunoHHas ceTb, cocrosmas u3 118 272 peaxnuil. Monens mokaszana, 4To peakTop
MOYKET YCWJINTh pEeakluu MepeHoca BOAOpOoJa U M30MEPHU3ALUM C MOJEKYIIPHOIO
YPOBHSI, YTOOBI CHU3UTD COZIEpKaHue 0JIe()MHOB M yBEITMYUTD COZIEpKaHKe nmapaduHOB
B OeH3uHe. Mozjenb MOXKeT OBITh HCIONBb30BaHA JUIsl OMHMCAHUs paclpeesieHHs
MIPOAYKTOB Ha MOJIEKYJIIPHOM YPOBHE OT BXOJia B p€aKTOp JI0 BBIXOJA.

Oo6cy:xneHue
Hamu Ob110 HCCICA0BAHO HECKOJIBKO MCTOOAOJIOT i ¢ Ppa3JIM4YHbIMU IEPEMCHHBLIMU,
CprKTypOﬁ n 1IeiIsaMHU. O)IHaKO, MNPpUMCHCHUC MCETOAOB MAaTCMaTU4CCKOro

monenupoBanus B Kazaxcrane u crpanax CHI' orpanudeHo u mpeacTaBlIeHO CKYIHO.
OTO0 MOXET OBITh BBI3BAHO pPA3IMYHBIMU (AKTOpAMHM TAaKUMH Kak: (DMHAHCOBBIC
OTrpaHUYCHHS, HEIOCTATOK KBATH(UIIMPOBAHHBIX CIICIIUATINCTOB, OTCYTCTBHE JOCTYTA K
MIPOTPaMMHBIM CPEJICTBAM, CJIOKHOCTH U HEONPEIEICHHOCTh TPOTEKAEMBIX MPOIIECCOB.
Tak ke OOJBIIMHCTBO MOJICNICH MMEECIOT IMOJI COOOW UCKITFOYUTEIBLHO TEOPHUTUIYCCKYHO
3HaYUMOCTh. ClielioBaTeabHO, HEOOXOUMO JIHOO TIEPECMOTPETh CTPYKTYPY MOJICIIH,
b0 pa3paboraTh CXeMy alanTanud. BBUIY 3TOr0 ONPENCICHHBIM HalpaBICHUSM
CJIEJlyeT YICNUTh JIOTOJIHUTEIIBHOE BHHMAaHUE JUIsl YCTpaHEHHs 3THX mpobenoB. B
JTJIBHEIIIeM HaMU Oy/IeT N3y4YeH MOTCHIIMAT TUOPUTHBIX U KOMIUIEKCHBIX METOJIOB JIJIst
YBEJIIMYCHHS BOBMOKHOCTEH SKCTPANOJSAINK U 00001eHus TaHHbIX. Ele oiHa 001acTs,
TpeOyromas JanpHeuel paboThl, — 3TO pa3paboTka MoJIeNiel Ha OCHOBE HEMPOHHBIX
ceTeil M HCKKYCCTBEHHOTO HHTEJKTA. IOCKOJIbKY HPUMEHEHHE HCKYCCTBEHHOTO
HWHTEJUIEKTa CO34acT OTPOMHBIC BO3MOKHOCTHU JJII HMCIOJB30BAHUS MAIIMHHOTO
0o0y4eHHsT B KaueCTBE MOIIHOTO MHCTPYMEHTa MPOTHO3UpOBaHHS U 3(PHEKTUBHOTO
peLIeHUs OYEHB CIOKHBIX XUMHUECKUX IMPOIIECCOB, a TAKKE TOCTHKEHUS ONTUMH3ALUU
B peajJbHOM BPEMEHHU.

3akaouenue

3a mocinegHue S5 JET MOPEACTAaBICHO OTPOMHOE KOJUYECTBO HCCICAOBAHUM,
KACaroNINXCsl MPUMEHHEHUIO PA3IMYHBIX METOJOB MAaTeMaTUYECKOTO MOACIUPOBAHUS
B IIEJIIX ONTUMHUIIALNY HeTeneppepadaThIBaONIETO TPOU3BOACTRA. [loTeHIIManbHbIE
NPEUMYIIECTBA ONTUMM3AIMU U KOHTPOJS B pEaJbHOM BpPEMEHM HAa OCHOBE
MaTeMaTHYECKUX MOJICNICH €IlIe IMOJIHOIICHHO HE OTPaXKEHBI B pab0TaX OTEYECTBEHHBIX
uccnenopateneil. MccnemoBaHue ¢ NPUMEHEHHE METOAOB  MAaTEMaTHUYECKOTrO

100



Volume 4, Number 457 (2023)

MOZIeNIUpOBaHKus B HedTenepepaboTke OyAeT CIOCOOCTBOBAaThH  YIy4IICHHIO
3¢ }eKTUBHOCTH MPOIECCOB, CHWKCHUIO 3aTPaT, MOBBIMICHUIO Ka4eCTBA MPOIYKIHU
M COKpPAaIICHHIO BO3JICHCTBHS HA OKPYXKAIOIIYIO CPEIy, YTO JENAeT €ro Ba)KHBIM
MHCTPYMEHTOM [UIsi Pa3BUTUS B 3TOi orpaciu. Vcmoiabp3oBaHHE MareMaTH4ecKoro
MOJICIUPOBaHKsl B HE(QTSIHOW NPOMBIIUICHHOCTH OyleT MpPOJOJDKaTh pPa3BUBATHCS
U UTpaTh BAXHYI poib B obecredeHuH 3()PEKTUBHOCTH, YCTOHYMBOCTH U
KOHKYPEHTOCIIOCOOHOCTH 3TOH OTpaciu.
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Abstract. In this article, the catalysts prepared by solution combustion and
impregnation methods are studied by temperature- programmed oxygen desorption
(TPD). The interaction of oxygen with catalysts by the TPD method was considered,
where oxygen was adsorbed on Co-Mg-Al-Mn catalysts, which include elements with
different ratios and concentrations at 300 °C. According to the TPD data obtained, 2
types of adsorbed oxygen were determined, differing in the strength of their bond after
the interaction of the catalyst 20 % Co — 5 % Mg — 20 % Al — 5 % Mn/50% urea with
O,. Physically adsorbed O, (Edes = 28.1 kJ/mol) can be attributed to the first form,
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while strongly bound oxygen (Edes = 59.6 kJ/mol) to the second. For the 20 % Co — 5
% Mg —20 % Al — 5 % Mn/50 % urea catalyst obtained after the experiment, 2 peaks
were identified: in the low temperature region 400-675 °C, T,  for weakly bound
oxygen was 550 °C, and in the high temperature region 650-900 °C T, for strongly
bound oxygen was 772 °C. Thus, it was determined that Co-Al-Mg-Mn catalysts have
two oxygen adsorbed centers, which can play an important role in the reactions of
oxidation processes, using the TPD oxygen method. In partial oxidation reactions, the
strongly bound form of oxygen (the peak in the high-temperature region) is capable
of reacting. The state of oxygen on the surface of the Ni-Al-Mg catalysts was studied
by changing the water concentration (from 15 ml to 100 ml) after oxygen adsorption
at 300 °C according to the oxygen method of the TPD. For 10 % Ni+ 35 % Al +5 %
Mg/50 % urea + 50 ml H,O catalysts, a significant increase in weakly bound oxygen in
the low temperature region and strongly bound oxygen in the high temperature region
was observed.
Keywords: methane; synthesis gas; catalyst; thermoprogrammed desorption

© M. Kymaoek!, K. Kaceimxan!, P.O. Capcenona', /K. ToiHbIOEK?,
C.A. Tyuraraposa', 3.T. Kekcenbaena'?, 2023
J1.B. Coxonbckuit atbiHaarsl « X KaHapmaii, KaTain3s )KOHE JIEKTPOXHUMUS HHCTHTYThD)
AK, Anmartsel, Kazakcran;
2 «Abaii atpiHaarsl Kasak ¥ ITTBIK IearorHKaIbiK YHHBEPCHTETI», Antmathl, KazakcraH.
E-mail: rabinur@mail.ru

TABUFHU I'A3 METAHBIH CUHTE3-TA3FA KATAJIMTUKAJIBIK KAWTA
OHIEY KATAJIM3ATOPJIAPBIH TEPMOBATJAPTAMAJIAHYAH
JAECOPBLUA 9AICIMEH 3EPTTEY

Kymabex M. — PhD. JI.B. Coxonbckuii” ar. ">Kanapmaii, kKaTann3 skoHe 2JIeKTPOXUMUS HHCTUTYTH" AK
TOTBHIFY KaTaJH3 3ePTXaHACHIHBIH aFa FUIBIMU KbI3MeTKepi. Anmarsl, Kasakcran

E-mail: manapkhan 86@mail.ru, https://orcid.org/0000-0002-2026-0577;

TynrarapoBa C.A. — XUMUS FRUIBIMJIAPBIHBIH JTOKTOPEL, Tpodeccop, [.B. Cokonbekuii ar. "YKanapmaii,
KaTaJIn3 JKOHE AIEKTPOXUMHUS MHCTHTYTHI" AK TOTBIFY KaTanm3i 3epTXaHAChIHBIH MEHIepYIIici. AIMarsl,
Kazakcran

E-mail: tungatarova58@mail.ru, https://orcid.org/0000-0001-6005-747X;

Kaceimkan K. — J[.B. Coxonbcekuii at. «Kanapmaii, karanus jKoHE 2JIEKTPOXUMHS MHCTUTYTHD AK.
TOTBHIFY KaTaJIH3 36PTXaHACHIHBIH FHUIBIMU KbI3METKepi . AnMarsl, Kazakcran

E-mail: : kaysar 007@mail.ru, https://orcid.org/0000-0001-5563-0462;

Teinbioexk 7K. — AGaii areiamarel Kazak YNTTHIK NETarorukaiblK YHUBEPCHUTETIHIH MaruCTPaHTHI,
Anmarsl, Kazakcran

E-mail: Zhaydar.tynybek@mail.ru;

CapcenoBa P.O. — JI.B. Coxonbckuil at. «Kanapmail, karanu3 xoHe 2JIEKTPOXUMUS HHCTUTYTHD AK.
TOTBIFBI KaTaJIN3 3epPTXaHACHIHBIH FBUIBIMH KbI3MeTKepi, AOail areiamarsl Kazak ¥NTTHIK Heaarorukaibik
yauBepcuteTinig PhD nokropanTsr; Anmarsl, Kazakcran

E-mail: rabinur@mail.ru, https://orcid.org/0000-0001-5669-8178;

Kekcenbaea 3.T. — xumus roulbIMbIHBIH Kanguaatsl; J[.B. Cokonbekuil ar. «Kanapmaii, xaranus
JKQHE HIIEKTPOXUMHST MHCTUTYTHD AK. TOTBIFYy KaTanm3 3epTXaHACHIHBIH JKETEKII FBUIBIMH KbI3METKeEpi;
Anmarsl, Kazakcran

E-mail: Zheksenbaeva07@mail.ru, https://orcid.org/0000-0001-8227-5710.

104



Volume 4, Number 457 (2023)

Annoranus. bepinren Makanana KkaranuzaTopiap epiTiHAize KaHy 9ICIMEH JKoHe
TachIMaJIJaFbIITApFa CIHAIPY OAiCiMeH JaiiblHIANFaH KaTalu3aTropyiap OTTETiHiH
TepMmoOaraapiamananran jaecoporusuiany oxicimen (TBI) 3eprrenmmi. 300°C-ta
KYpaMBbIHAAFBI 2JIEMEHTTEPIiH KaThIHACKI MEH KOHLEeHTpauuscel ap Typiai Co- Mg - Al
-Mn karanuzaropaapsl oTTeriMeH aacopouusuianranHan keiin TB/l oniciMen oTTerinin
KaTaJlu3aTopliapMeH 9peKeTTeCyi KapacTeIpbulbl. AnbinFan ThJ] MoniMeTTepi OoiibiHIIa
20 % Co—5 % Mg —20 % Al -5 % Mn/50% xapGamu karanusaropsl O, - MeH 63apa
OpeKeTTeCKeHHEH KeHiH OaiIaHbICHIHBIHOEPIKTIriMEH epeKIeNIeHEeTiH aIcCOpOLMsTIaHFaH
OTTETiHiH 2 Typi aHbIKTanbl. bipinmi dpopmara ¢pusukanbik agcopouusnanran O -Hi
(Enec=28,1 xJI>x/Mo1b), aJ1 eKiHIITICiHe THIFBI3 Oaiianbickan orTerini (Enec = 59,6 kJ[x/
MOJIb) XKaTKbI3yFa 6omazapl. Toxipubenen keinri ansiarad 20 % Co —5 % Mg —20 % Al
—5 % Mn/50% kapOaMu/ KaTaau3aTopbl YIIIH 2 IIbIH aHBIKTAJIbI: TOMEH TeMIleparypa
aiimarbsiazia 400—675 °C apanbiFblHIa 971ci3 Oaitanbickan orreri yuriH T'makc. = 550
°C, an xorapbl Temmeparypa aiimarbiaaa 650-900 °C TeiFbpI3 OaiiaHbICKaH OTTETi
yuria T?makc. = 772°C exeniri ansikranasl. Consivmen, TBJ[ otreri omicimen Co-Al-
Mg-Mn KkatanuzaropiapblHIa TOTBIFY YPAICTEpiHIH peakuusuiapblHIa MaHBI3AbI eIl
aTKapa aJaThlH OTTETiHIH aJCOPOIUsUIAHATBIH €Ki OPTAIBIFBI Oap eKSHIIrT aHBIKTAJIIbI.
[Mapumanapl TOTHIFY peakuusUIapblHIA OTTEriHiH Oepik OaiiaHbicKaH TYpi (KOFapsl
TEeMIIEpaTypalibl aiMaKTaFbl IIbIH) pEaKUsFa Tycyre KaOijaeTTi OOJBIN TaObLIAJIbL.
Orrerinin TB/] omici GoiipiHma 300°C Temmeparypaia OTTETiHIH aacopOLUsICHIHAH
KeHiH Cy/IbIH KOHIIEHTpauusichbiH o3repty (15 mu-gen 100 mu-re neifin) apkpuibl Ni-Al-
Mg karanuzaTopiapbIHbIH OeTiHzaeri oTTerinin kyii 3eprrengi. 10 % Ni + 35 % Al +
5 % Mg/50 % xap6amun + 50 ma H,O karanuszaropaapsl ylIliH TOMEH TEMIEPATyPaJibl
aiiMakTa oJci3 OalIaHBICKaH OTTETiHIH YXKOHE KOFaphl TeMIeparypa aiMakTa Oepik
OaliTaHbBICKaH OTTETiHIH alTapibIKTai ecyi OalKasbl.

Tyiiin ce3mep: MeraH; CHHTE3-Ta3; KarajusaTop; TepMoOariapiamMalaHfaH
Jecoponus
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AHHoTaumus. B naHHON cTaThe HCCIIEIOBAaHbl KaTalu3aTopbl MPUTOTOBJIEHHbIE
MCETOAOM TOpE€HUSA B PACTBOPE U IIPOINWUTKHU Ha BO3AYXC. I[aHHBIe KaTajn3aTopbl
HCCJIC/IOBATIMCh METOJIOM TEPMOIIPOrpaMMHUpPOBaHHOMN fecopOuuu kuciopona (TITI).
IIpu 300 °C wuccremoBajioCch B3aWMMOACUCTBHE KHCIOPOAA C KaTajau3aTopaMu C
Ppa3iiMYHbIMHU COOTHOIICHUAMU W KOHUHCHTpaUUAMH COACPIKAIIUXCA B COCTaBC Co-
Mg - Al - Mn snementoB metogom TIIJ. M3 monyuennsix ganusix TI1J 20 % Co —
5% Mg — 20 % Al — 5 % Mn/50% kapOamuj Katanuzaropa MMocjie B3auMOJICHCTBYSI
¢ O, BbIsiBJIEHBI 2 BHIA alCOPOMPOBAHHOTO KUCIOPO/IA, OTJINYAIOIIMECS TIPOYHOCTHIO
cessu. K nepsoit hopme MoxHO oTHECTH (husndecku ancopouposanusiid O, (Exec=
28,1 k/lx/Monb), a KO BTOPOW-TUIOTHO cBsi3aHHbIH Kucinopon (Emec = 59,6 xJ[x/
Modb). Jist karanmzaropa coctaBa 20 % Co — 5 % Mg — 20 % Al — 5 % Mn/50 %
KapOaMH/| TOJTyYEHHOTO TOCe dKCIIEpUMEHTa ObLIH OmpeliesieHbl 2 THKa: JJsl ¢1ado
CBA3aHHOIO Kuciopoza B auanasone 400-675 °C B 30He Huskux Temmneparyp T'
= 550 °C, a B 30He BbicOKuX Temmeparyp 650-900 °C ¢ T* = 772 °C s mwiotHo
cBsizanHOTO Kucinopoaa. Meronom TIIJ[ ycranoBieHo, uto karanuzatopbl Co-Al-Mg-
Mn uMeIOT /1Ba IIEHTpa aICOPOIUN KUCIOPOa, KOTOPHIE MOTYT UTPaTh BAKHYIO POJIb B
OKHUCIIUTCIIbHBIX PCAKIUAX. B peaKknuAaAX nmapuruaJIbHOr0 OKMUCJICHHA ITPOYHO CBA3aHHAs
(hopma krciopo/a (MK B BBICOKOTEMIIEPATYPHOH 30He ) CHOCOOHA BCTYTATh B PEAKIIHIO.
HccnenoBano cocTosiHEE KMCIOPO/Ia Ha MOBEPXHOCTH Karanu3aropoB Ni-Al-Mg nmytem
M3MEHEHUS KOHIIeHTpanuu Bojabl (0T 15 M1 g0 100 mu1) mociie ajcopOumu Kuciopoaa
npu remneparype 300 °C metonom TI1J] kucnopoaa. st karanuzatopos 10 % Ni + 35
% Al +5 % Mg/50 % xapbamu + 50 mn H,O HaGm01a10Ch 3HAYUTENBHOE YBETUIEHHE
c1abo CBSI3aHHOTO KHUCIIOPOAa B HHU3KOTEMIIEpaTypHOH 30HE M TPOYHO CBSI3aHHOTO
KHCJIOPO/ia B BEICOKOTEMIIEpaTypPHO 30HE.

KiroueBble cjioBa: MeTaH; CHHTE3-T'a3; KaTall3arop; TEPMOIPOrpaMMHUpPOBaHHAS
Jecoporus
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Kipicne

OJieMJieri XalblK CaHBIHBIH ©CYIMEH KaTap SKOHOMHUKAHBIH J1a KapKbIHIbI J1aMybl
skahaHJIBIK 3HEPTUsSHBI TYThIHYFa JIET€H KaKETTUIIKTIH apTybiHa okenyne (Fouquet,
2016). Ka3ipri yakpITTa b1 CaliblH OHAIPUIETIH HETi3ri dHeprusHbsiH ~ 80% oHIipy
YIIiH Ka30a OTBIHIAPBIHBIH OapibIK Typiiepi (MbIcalibl, MyHal, KOMIp jKoHe TaOUFH ra3)
konganbmanel (Davidson sxone T.6., 2019). Ka30a oTBIHIAPBIH TOTHIKTHIPY apKbLIBI
OHJIIPIIETIH PHEPTUSHBI TYTHIHY Ke31HJEe KOMIPKBIIIKbUI Ta3bIHBIH €I9yip Medepi
Ty3u1emi, aj Oy 3 Ke3eriHjae >kahaH/bIK KbUIBIHY MEH KIUMATTBhIH €3repyi CHSIKTHI
SKOJIOTHSIIBIK MOceleNnep/iiy TybiHnaybsiHa okeneni (Allen xone 1.6., 2009; Matthews
xoHe T.0., 2009). DKOJOTHMsUIBIK Kayirci3, Oajgama >koHe THIMIUIIT KOFapbl SHEPTHUs
JKYHEJIepiH 3epTTey MEMJICKETTIK CasCaTThiH Oip OesliriHe, COHbIH 1MIHAC OHEPKICIITIK
JKOHE FBUIBIMH 3epTTEyNepiH 0acThl TakblpblObiHa aiHanael (Hakawati skone T.0.,
2017).

TaOuru ra3 e3iHiH OpacaH 30p KOpIapbl MEH Oapiiay TEXHOIOTHsJIAPbIHBIH JKbLUIIaM
JaMYyBIHBIH apKachlH/la KeJIeNIeKTe MyHaiifa Oanama Ke3i peTiHJe KOJJaHBUIATHIH
oomaner (Lu, 2015). Kasipri yakpiTTa MeTaHIBI KOJEre jKapary apKbLIbl Oaralibl
OHIM/IEp/Ii a1y OaFbIThIHAFbI YPAICTEP KAPKBIHBI 1aMyjia. ByriHri TaH1a TaOUFU ra3abiy
QJIEM/IIK KOPBIHBIH Y3/IIKCI3 6CY TCHICHIMSCHI OaiiKalia bl )KOHE 9JIeM OOMBIHIIIA YKaJIIThI
Kopbl m1aMamed 198,8 TpiH Tekiie mMeTpre OaranaHanbl (Statistical Review of World
Energy, 2020). OcbIran 0aiiilaHbICTBI SJIEMHIH KONTETeH FhIIBIMU-3€PTTEY YHBIMIAPhI
XMMHUS KOHE MYHaWXUMUsI OHEPKACIOIHeri Heri3ri oHiM OOJbIN TaObLIaThIH TAOUFH
ra3jibl CHHTE3-Ta3fa TYPJICHIIpY/Ae OCJICEHIUIIT KOFaphl )KOHE CEJCKTHBTI KaTalu3IiK
JKYHeIepal jKkacayFa KbI3BIFYIIBUIBIK TaHbITYla. COHFBI OHIKBLIIBIKTBIH KOJEMIHJIE
TaKTaTac ra3blH OHIPYIIH apTybl METaH bl KYH/IbI XUMUSIIBIK 3aTTapra HEMECe CYMbIK
OThIHFA aMHAJABIPYFa JETeH KbI3BIFYIIBUIBIKTBIH KalTa KaHIaHyblHa ceOern OOoJibl.
MeTaH/bl KaTaaU3iK OHICY apKbUIbI CYHBIK OTBIH MEH XUMUSIJIBIK 3aTTap bl OHIIPYIE
KOJJlaHyFa OOJaThIH apajblK ©HIM PETIHAErl CHHTE3-Ta3[bl ajly METaHIbl KoJere
JKapaTyJbIH MaHbI3/bl JKOJAAPBIHBIH Oipi 0ok TaObuIaabl. CyTeri MEH KeMipTeri
MOHOOKCHIIHIH KOCIIAChI (H, xone CO) OOJIBITT TAOBUTATBIH CHHTE3-Ta3 CIUPTTED,
IIacTMaccanap oHE Y3bIH Ti30€KTi KOMIpCyTEeKTep CHSKTBI KOMIPTEK Heri3iHueri
OPTYpPJIi OTBIH MEH XHMHUSUIBIK 3aTTap/ibl CUHTE3/CYAC XUMHSIIBIK KOMIIOHCHT PETIHC
konaanbansl (Koo xone 1.0., 2018). backa oThIH Ke3/iepiMeH callbICThIPFaH/a TAOUFH
ra3 CyTeK OHJIpiCiHIe KOJIAaHBIIATBIH OacTalKbl €H ap3aH IIUKi3aT TypiepiHiH Oipi
Ooubin TabbLIaakl (Ghareghashi sxone 1.6., 2017).

Tooicipudenik  6onim. JKyprisiireH 3eprreynep OapbIChIHIA KaTajau3aropiap
TaChIMAJIIAFbIIIIKA OTBIPFBI3Y JKOHE EPITIHIIAC JKaHy OICTepIMEH JIaibIHIAJIbI
(Tungatarova sxone T.0., 2019; Zhumabek »xone T1.0., 2021; Tungatarova sxone T.0.,
2019).

Karanmuzaropnap epitinaige skaHy oxiciMeH (IIETENiK >KypHaijapaa solution
combustionsynthesis(SCS)aerenarmnenOenrini) naibiaaab1. JlaiiblHaamFran yAriaepaiH
KypaMbIH/Ia 9p TYPJIi MOJIIIEp/Ie METAII HUTPATTaphl Oap Karaau3aTtopiapablH CEPHSCHI
JMaibIHAIABl. Byl Ty3map ajiblH-ajga YHTaKTaNbI, cojlaH KeiiH (Gapdop bIAbIChIHIA
apanacThIPbUIIBI. ApaacThIpbUIFaH Ty3bIH KocrackiHa 80 °C-Ka JeiiiH KbI3AbIPbUIFaH
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10 My mucCTHICHTeH Cyabl OipTiHAEN KOCTHIK. bactamkel 10 MiI TUCTHIACHICH Cy
KOCBUIFaH TY3/IapJIbIH KOCIIAChl TOJBIFBIMEH €pireHine OipHemie MHHYT OOWbI ayaja
apanacThIPbUIIBL.

Karanuzaropap! cunTe3ney yiliH My(deib Melli aijbH-ajia K&KETTiI TeMIepaTypara
neitin (0izmaiy xarmaiina 500 °C) KeBIbIpbULAbL. JalbIHIANFAH EPITIHIIHIH KOCHIAChI
dbapdop babicbiHaH 250 M BICTBIKKA TO3IMJI IIBIHBI CTAaKaHFa KYUBUIIBI JKOHE
KbI3JIBIPbUTFAH MYy(elb MelIiHiH ilIiHe eHTI311/i, CUHTEe3 Ke3iHAe TeMIieparypaHbIH
e3repyiH OakpuIay YIIiH TepMonapanap opHarbuibl. JKaHy OapbIChIHIA TEIITET] KOca
CTaKaHHBIH KaObIpranapeiMeH koTepisieai. CofaH KeiiH CTaKaH ayajia CaJIKbIHAAThLIBIII,
JIaiibIH OOJIFaH KaTaJIM3aTop apHaibl )KaObLIATHIH IIBIHBI BIILICTAPFA CAJIBIH]IBL.

Karanuzaropnapapl TacbIMajgarbllITapra CiHAIPY oficiMeH JaiiblHmay YUIiH
METaJJIapJbIH a30T KBIIIKbULABI TY3JAPbIHBIH EpITIHAUIEp], aa TachIMalJaFbIIil
peTiHme OpTYpili TAOWFU J>KOHE CHUHTETHKAJIBIK TaCHIMAJJIAFIITAD KOJIJAHBUIJIBL.
Taceimangarsimrap anapia-ana 300 °C remneparypaa 2 carat O0ibI KeNTipiiin, cogan
KeWiH OJap/blH BUIFaJ ChIMBIMJIBUTBIFBI AHBIKTAJIIBI.

TepmoOaraapiiaMananral JIeCOpOIMs 9JIICi aliJiblH-alla 30H]I MOJICKYJaJapbIHBIH
aJCOpOIUSACH JKY3€re achIPbUIFAH KAaTThl 3aTTapjblH OCTIHAETI OpTYpJi CHIIATTaFbl
KBIIIKBUIIBI-HETI3/11  OpTajJbIKTapIbl CAaHJIBIK CHUIATTayFa MYMKIHIIK Oepei.
OTTeriHiH TepMOJCCOPOLUACH TEPMIBUIBIK OaFiapiiaMaiaHfaH TOTBIFYFa Kapama-
KapChl MPOLIECCKE HETi3/IeNreH, OYJ1 o/IicTieH OeNCeH i OCTTiH TOTHIFY-TOTBIKCHI3IaHY
KaCHETTepl CHUIATTANIAIbl. OPTYPJIi OHIMACPAIH aICOPOIMSIIaHFaH MOJIEKYTalapbIHBIH
KOHBEPCHSCBHIHBIH TEPMOJIECOPOIMSICHI KaTalu3aTopiaapAblH oCep €Ty MEXaHU3MICPiH
3epTTey YIIiH KOJIaHBUIIbL.

TbJl MonenviHAe, OHBIH IIIIHJAEC CAHJBIK €CENTEYJIep JKYPri3reHae, op
XeMOCOPOIMSIIAaHFAaH 30H/ MOJICKYJIAChIHBIH OCTiHJIE Oip KBIIIKBUIABI-HET13/11 OPTaIIbIK
opHayacajpl JiereH Ooinkamra HeriznenreH. OcbiHal opTranbikTanFaH oerreri X(0er)
30H/] MOJICKYJIAIapbIHbIH JIecOpOIUACHIH Y (g) skanmbl Typae (1) TeHIeyMeH epHeKTeyTe
Oosab:

XN ey = Kigen T Y (1)

JecopOuusinany MyMKiHAITIHIH TEPMOIMTHAMUKAIIBIK ©J1111eMi - | HOOC S HEPTUSCHIHBIH
TEepic 1mamackl OOJIbI TaObLIAIBI:

AnecG = AngecHo — T X {AnecSo—R - InpY} <0 2)

AncopOuusiiaHy caTbIChIHAA YpJereHHeH KeiiH jxoHe TBJ/l Oacranranra neiiin
KYHEAeri KaJJbIK KbICBIM Y(T) (DM3HMKANBIK ajcopOlUsUIaHFaH MOJIEKYTalap/IbiH
JecopOIMACHIMEH OaiyIaHbICThI, OJ1 YILIiH TEPMUSUIBIK OCICEHAIPY KYPTi3y KaxkKeT eMec,
aJl KbI3bIPY OapbIChIHIIAa — XeMOCOPOLUsIIaHFaH 30H/1 MOJIEKY IalapbIHbIH AeCOPOLUsICH
Ke31H1e KaKeT Oomabl.

TepmoOargapnamananran JAecopOUMsUIaHY oOIiCIMEH Heri3iHeH aTMocdepana
CyTeri TOTBIKCBHI3AAHABIPBUIFAHHAH KEHIH H30TEPMUSUIBIK S>Karfaiia peakHsIbIK
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ra30eH (aMMHaK, KeMipTeri OKCHUJII XoHe Oacka Jia ra3lapMeH) KaHbIKKaH ajjibiH aja
JaibIHAaNFal yiriiep 3eprrenesi. KaHbIKThIpy ypiici Taza peakIUsUIBIK Ta3lbl 1a,
WHEPTTI CYUBUITBUIFAH PEAKIMSUIBIK Ta3/bl Ja KOJIJJaHa OTBIPBII JKYPri3idyl MYMKiH.
Benrini 6ip yaksIT imIiHAe KaHBPIKKAHHAH KSWiH YJITiHI HHEPTTI ra30eH, 9IeTTe TeIHiMeH
YpJIer, aiJblH ana OCNTUICHTEeH KhI3IbIPY KbULIAMIBIFBIMEH KbI3JbIPaabl. YJITiHIH
OetiHne necopOUusIaHaTBIH ra3 KbUIYOTKI3TIIUTIK OOMBIHIIA AETEKTOPMEH TipKeNill
OTBIPAJIbIL.

TB/] KOHABIPFBICBIHBIH HET13T1 00I1iKTepi MeIKe OPHAIACTHIPBUIFaH KYOBIPIIBI PEaAKTOP
JKOHE KaTapoOMETPACH Typaabl. YIruiepai 3eprrey Peceilnik aBTOMaTTaHIBIPBLIFAH
«XeMocopO» aHaIM3aTOPbIH/A KYPTI3ULAL. TOKIPUOCHIH KYPTi3ily mapTTapsl Typajibl
MOIIMETTEp/ll CeHri3yre apHaiFaH «XeMocopO» aHanM3aTropbl OarnapiamMachIHBIH
Tepeseci 1-cyperTe KepceTiireH.

Mafin  HacTpolika AHanus
Tepmocrar 45.0°C | tnane M
il (e et B peaxtope 31.2°C
Hanpsstetiie [mE] 800

HeneHus x10 Bran

Touer/cer 10 e

WHeepcun  Beika

T'C
e Harpesatens
c = ¥
<0> I U[%as % F [fiap) gt
= LLeanEED
Tenui oo - han[20
Mpoayeka 0 oo = S
O6wui pacxon .
(Tr | Jan =
uTpoBaHHe
Makc. pacwon = B6.0 Ern I Cdpoc coptara I
AHanus 45 cek.
45.0C [Boanys -1 oo
OxnasaeHqe

Cyper 1 - «Xemocop0» aHanu3aropsl OaraapiIaMachkIHBIH HEri3ri Tepeseci

AHaNM3aTOPAbIH JKYMBIC ICTEYiHIH MIapTTapbl KeJecl jKarjaijiapra apHajFaH:
KOpIllaraH ayaHbiH Temreparypachkl 288-nen 303 K-ra aeitin (15-ten 30 °C-ka jaeiiin);
armocdepaibik KbicbiM 84-ten 106,7 klla-ra geiiin (630-gan 800 MM cbiH.0ar.); 25 °C
TeMIepaTypaja KoplaraH OpTaHbIH CaJbICTBIPMAaITbl BUIFaIbIIBIFBL 98 % - 1aH )KOFaphI
OonMaiifpl; ayana KOppo3usi TyABIPaThlH arpeccHBTi rasiap MeH OymapiblH OOysl
XaOBIK YH-)Kainap yiiH OeNrieHreH CaHUTapiIbIK HopMaiapAaH aciai/bl; KeHICTIKTIK
Karaaibl — KelieHeH (TOPU30HTalIbAbl) O0NYbI KEpEeK; TiKeJel KYH CoyleNepiHiy acepi
Oonmaybl THiC; AWHBIMAIBI TOK JKEJIICIMEH KOpEKTeHIIpy KepHeyairi (220 + 22-33), an
xuiiri (50 £ 1) ['n apanbireinaa 6onaabl.

Harn:xesiep :K9He TaJKbLIAY

Orrerinig Temneparypaibi-Oarnapiamvananran necoporusicel (OTBI) omicimen
300°C ke3inae OTTEriMEeH ancopOuUsUIaHFAaHAH KEHWiHT1 Kesleci KaTalau3aTopiaplibiH
OeTiHJIeri OTTETiHIH XKaFAalbl 3ePTTEII:

3% Co—41% Mg -3 % Al -3 % Mn/50 % xapOamu,

20 % Co—5 % Mg —20 % Al —5 % Mn/50 % kapbamu,

109



OF THE NATIONAL ACADEMY OF SCIENCES OF THE REPUBLIC OF KAZAKHSTAN

41 % Co—3 % Mg —3 % Al — 3 % Mn/50 % kapOamu.

OrtTeriniH TepMoIecOpOIUsIIany d/ICIH KOJIJaHa OTBIPHII, SJIEMEHTTEP/IiH KaThIHACHI
MEH KoHIeHTpauusicel e3reptiireH Co-Al-Mg-Mn kaTtanu3atopiiapbIMeH OTTETiHIH
@3apa OPEKETTECYiHIH 3epTTey HOTHXKENEpl 2-CyperTe KoHe l-KecTele KeNTipuIreH.
Cyperren 3 % Co + 3 % Al + 41 % Mg + 3 % Mn/50 % kapOamu karaau3aTopblHaH
OTTETiHIH a3 Memuiepae OemiHyi TemiepaTypaHblH KeH aiimarbiHza (420-850 °C)
JKY3ere aCKaHJIbIFbIH KOpyre O0Jabl.

2004

6004

4004

HHTeHCHBTIIIK

2004 2

0 -/ - . - )
400 500 o600 F00 2800 900
Temnepatypa, °C
1)3 % Co — 41 % Mg — 3 % Al — 3 % Mn/50 % xapbamun, 2) 20 % Co — 20 % Al -5 % Mg -5 %
Mn/50 % xap6amunz, 3) 41% Co —3 % Mg — 3 % Al — 3 % Mn/50 % xapbamu,.

Cyper 2 - Karanusaropnap orreriMen aacopoumsuianranaal keidinri (T=300°C) orreriHin
TepMOIeCOPOLMSIIBIK CIIEKTPIIepi

Karanuzaropapeie kypambinaarsl Co KoHIeHTpauusicbis 3 % - nan 20 % - ra neifin
YKOFapbUIaTKaH Ke3/1e OTTerl KartanuzaTopMeH Oip bz Typinae, 20 % Co —3 % Al -3
%Mg — 3 %Mn/50 % kapbamun karamuzaropbiHaa 525-850 °C apajibiFblHIA, al €H
xorapel T! =635 °C Temneparypasa Oip LIbIH TypiHIe 1€COPOLHATAH/IB.

ApbI Kapaii, KaTanu3aTopAblH KypambiHaarbl Co koHUeHTpauusichiH 41%-fa neitin
JKOFapbLIaTKaHa TOMEH Temneparypanbl (425-575 °C) alimakra eH xorapbl T' =
495 °C GonatbIH a1ci3 OaiylaHbICKaH OTTETi MOJILIEPIHiH eJoyip apTyblHa, all JKOFaphl
Temneparypaisl (675-890 °C) aiimaxra eH xkorapbl T = 795 °C OonaThlH ThIFbI3
OalimaHpICKaH OTTEri MeJIIepiHiH eadyip aprybiHa okenai. ConsiMen Oipre, 41 % Co
- 3% Al -3 % Mg — 3 % Mn karanu3aTtopblHaa AecOpOLUsIIaHFaH OTTET1HIH MeJepi
eKiHILI JKOFaphl TEMIIEpaTypajbl AecopOLus aliMarblHOA O©CTi KOHE COHBIMEH Oipre
MaKCHMaJIbl AecOpOLMs KbUIIAMIBIFBIHBIH TEMIIEPaTypachl KOFapbl TeMmIeparypa
aiimarbiHa 160 °C -ta aybicTsl. 20 % Co — 5 % Mg —20 % Al -5 % Mn/50 % kapbamun
KaTanu3aropblHa Kaparanga karamuzaropa 41 % Co — 3 % Mg — 3 %Al -3 % Mn
KaTaJu3aToOpbIHa IeCOpOLMsIIaHFaH OTTET HIH MOJLIepi >KOFapbl OOJbL.

Kecre 1 — OtrerimMen afcopOuysuIanFal KaTaln3aTopIapAbIH TepPMOIECOPOIHSIIBIK )KOHE
SHEPreTHKAIBIK CHIIaTTaMajIapbl

Karanu3zaropmap wie> | Vrepnan? | Vames | AACOPOUMSIARFAH orrerinin | E _, kJbx/
°C °C °C Mmeutepi, 1x10° Mxi/r MOJTb
3% Co - 41% Mg - 3% Al - 3% 300 |420-680| 537 0,044 41,03
Mn 435-735| 595 0,048
600-850 | 700 0,037
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20% Co - 5% Mg - 20% Al - 5% 300 | 525-850| 635 0,5 28,1
Mn 0,6 59,6
41% Co - - 3% Mg - 3% Al 3% 300 | 425-575| 495 0,12 35,2
Mn 675-890| 795 0,13

20% Co - 5% Mg - 20% Al - 5% 300 [400-675| 550 0,45 25,2
Mn (ToxipubeneH KeiiHri) 650-900| 772 0,49 53,6

Conbimen, anbiarad TBJl mamimertepi Ooiibiamia 20 % Co — 5 % Mg — 20 % Al

— 5 % Mn/50 % xapbamun karamuzatopel O, — MeH ©3apa OPEKETTECKCHHEH KEeHiH

0aiiTaHBICBIHBIH OEpIKTITIMEH epeKIIeNeHEeTIH aJcopOnusaiIanFaH OTTETiHIH 2 Typi

aubIKTanbl. bipinmi popmara dusukansik ancopéumsnanran O,-ui (E = 28,1 xJbx/

MOJIb), aJl eKiHLIICiHe ThiFbI3 Oainanbickan orrerini (B = 59,6 k[bx/Monb) xarkpisyra
Oosazpl.

160

1204

L

804

40

MHTeHCHRTITIK

400 sS00 600 700 800 900
Temmeparypa. °C

1) 20 % Co—5 % Mg —20 % Al -5 % Mn/50 % kap6amu (6acranksr), 2) 20 % Co — 5 % Mg —
20 % Al —5 % Mn/50% kapbamu (ToxipuOeneH Keiinri).

Cyper 3 - Karanuzaropiap orrerimer aacopoOiusiianrannas keitinri (T=300 °C) orrerinin
TepMOIeCOPOIMSIIBIK CIIEKTPIIepi

TepmonecopOrus oicin Kosgana oTeipbin 300 °C-Ta OTTETiHIH KaTaau3aTopiapMeH
(20% Co—5 % Mg—20 % Al -5 % Mn/50 % xap6amu (6actanksi) xone 20 % Co— 5
% Mg —20 % Al—5 % Mn/50 % kapOamu (ToxxipuOeIeH KeiliHri) e3apa opeKeTTecill,
a/IcOpOLIMSUIaHYBIHBIH HOTHIKENepi 3 — cyperTe KepceTiireH. ToxipuOeneH KeuiHTi
QJIBIHFaH Karaju3aTop YIUiH 2 HIBIH aHBIKTANIbl: TOMEH TeMIleparypa aiMarblH/aa
400675 °C apanbirbinja oncis 6ainanpickan orreri ymin T! = 550 °C, an xorapbl
Temrneparypa akimarbiaaa 650-900 °C TeiFbl3 Oaiinanbickan orreri ymin T2 = 772
°C ekeHIiri aHbIKTaAbl. [lecOpOIMSIHBIH EKiHIIII XKOFapbl TeMIepaTypalbl alMarblHIa
naiianaHbUIFad KaTajan3aTtopaa AecopOnrsIanFaH OTTET1HIH MOJIIIEp] apTThI kKoHe Oip
Me3rie AecopOunsIany TeMIIEpaTypachl )KOFapbl TEMIIEPaTypasibl alMaKKa aybICThI.

Conbimen, TBJ] orreri omicimen Co-Al-Mg-Mn  karanuzaropiapbiHia
TOTBIFY YPAICTEPIHIH pEaKIMsJIapbIH/Ia MaHBI3IbI POJI arkapa ajaThlH OTTETiHIH
aJICOpOIUSUIAHATBIH €Ki OpPTaJbIFBl 0ap CEKEHJIrT aHBIKTAABL. llapiuanasl TOTHIFY
peaknmsaiapelHaa OTTeriHiH Oepik OaiimaHpicKaH Typi (GKOFapbl TeMIlepaTypabl
aliMaKTaFbl [IbIH) pEaKIUsIFa TyCyre KaOuieTTi 00JbI TaObUIa b
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OtreriMeH  TemmepaTypanbl-Oaraapaamaianran — omic  OoiipiHma 300  °C
TeMmIeparypaja OTTeriHiH aJcopOLMsIChIHAH KeWiH CYIbIH KOHLEHTPAIMSCHIH ©3TepTy
(15 mi-gen 100 mi-re neifin) apKpUIbl KeJleci KaTanin3aTopiapabiy OeTiHAeTi OTTEriHiH
KYHi 3epTrenmi:

10 % Ni—35 % Al -5 % Mg/50 % xap6amun + 15 M H,O,

10 % Ni—35 % Al -5 % Mg/50 % xap6amun + 50 M H,O,

10 % Ni—35 % Al -5 % Mg/50 % xap6amun + 100 ma H,O.

AJBIHFaH HOTHXKeJEp 4-CypeTTe jkoHe 2 KecTele KeTipireH:

200 1
1604
1201 2

801

HHTeHCHBTLIIK

404 3 1

300 400 500 600 700 800 900
Temmepatypa, °C

a) 15 M H,0, 6) 50 Mt H,0, 8) 100 mn H,O.

Cyper 4 - Karanuzaropnapasie 300°C-Ta oTTeriMeH aacopOiusuIaFraHHaH KeiiHT1 OTTeTiMeH
TepMOIECOPOLMSIIBIK CIICKTPIIepi

10 % Ni + 35 % Al + 5 % Mg/50 % xap6amun (15 mn xome 100 ma H,O)
KaTanu3aropiapblHaa acaibsiHFaH oTTerinin TBl criexTpnepi Gipael exeHiH Kepyre
Oonanpl. ANbIHFAH CMEKTpP HATHXKenepinen 295-450 °C (T' = 355 °C) xone 350—
590 °C (THMaKC = 455 °C) apanbiFblHAa 9JICI3 HIBIHAAPIBI 6aI7IKayFa oomnansl. 10 % Ni
+35%Al+5 % Mg/50 % xapbGamun xaramuszaropbina 50 mn H,O kockan xesue
JecopOIMsIaHFaH OTTET HIH MOJIILIEpPi KYPT apTajbl )KoHE €H KOFaphl IbIHAap 358, 453
°C-Ta caKTaJaThIHABIFbIH 4-CypeTTeH Kopyre Oomabl.

Kecre 2 — Karanusaropiapiars! acopOHsIaHFaH OTTETiHIH TepPMOISCOPOIHSIILIK KOHE
SHEPreTHKAIIBIK CHIIaTTaMaIapbl

Karanmsaroprap T, e T"mpm, T, .o AncopGHHgHaHfaH OTTEKTIH
°C °C °C meuepi, 1x10° M/t
10% Ni - 35% Al - 5% Mg + 15 mn H,0 300 | 295-380 | 355 0,5
400-550 | 455 1,7
10% Ni - 35% Al - 5% Mg + 50 mx H,0 300 | 300-450 | 358 4,1
375-590 | 453 6,4
10% Ni - 35% Al - 5% Mg + 100 mn H,O 300 | 290-400 | 355 1,4
375-575 | 455 1,7
10% Ni - 35% Al - 5% Mg + 15 mn HO| 300 | 330-575 | 413 33
(ToxipubeeH KeHiHT1) 610-800 | 750 3.5
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10 % Ni + 35 % Al + 5 % Mg/50 % xap6amun + 50 mn H,O karanusaropnapsl
YLIIH TOMEH TeMmIeparypalbl aiiMakra oici3 OallaHBICKAH OTTETiHIH KOHE >KOFaphbl
Temreparypa aiiMakra Oepik OaiaHbICKaH OTTETiHIH alTapibIKTail ecyi OalKanaibl.
Jecopbrusinanran otTeridin Memmepi 2,2-3,1-men 10,5x10° mxii/r-ra aeiiin aprabl.
Temen Temmneparypabl aiiMakTarbl AecopOLHs 9JCi3 OailaHbICKaH OTTErire »arapbl,
al JKOFapbl TeMIlEpaTypajibl alMaKTa Ke3AeCeTiH LIbIH OKCHATEPIiH bIIbIpaybIMEeH
0aliIaHBICTHI.

KypambiHaars! s1eMeHTTepIiH KaTbIHAChl MEH KOHIIEHTpalusichl e3repTired Ni-Al-
Mg-Mn karanu3zatopaapsl 300 °C-Ta oTTeriMeH aJicopOnusIaHFaHHaH KeiiH OTTeriMeH
TEPMOACCOPOMSTIAHY OMICIH KOJJaHa OTBIPBIT KaTalu3aTopiapiblH OTTeriMeH
OpEeKeTTEeCYiH 3epTTey HOTUKEIEPl S-CypeTTe KoHe 3-KecTeae KOPCEeTUIreH.

200 3 1 —— 41%Ni-3%A1-3%Mg-3%Mn
2 309%Ni-10%Al-5%Mg-5%Mn
3 20%Ni-20%Al-5%Mg-5%Mn
4 —— 10%Ni-30%Al-5%Mg-5%Mn
” 6004 5 10%Ni-40%Al
=
i=
=
=
o 4007
o
[}
=t
T
= 200 4
1
5
2
0

T T T T T
300 400 500 600 700 800 900
Temmeparypa, °C

Cypert 5 - 300°C-ta orreriMeH ancopOIUsJIaHFaHHAH KeHiHT1 KaTaau3aTopiaapaas
TepMOAECOpOLMSIIaHFaH OTTETiHIH CIEeKTpIepi

3eprrey 6apoicbiHna 10 % Ni— 40 % Al sxone 30 % Ni— 10 % Al -5 % Mg -5 %
Mn karanm3zaropiapblHa OTTETIHIH €H a3 Meiepi aecopOnusuianFanasirsH 350 °C
xoHe 450 °C Temneparypaja a1ci3 MakCUMyMIap TypiHJe OeiHeIeHTeHIH 5 - CypeTTeH
kepyre Oonaapl. KatanuzaropnapasiH KypaMbIHIAFbl AIFOMAHUNIIH KOHIIEHTPAITUSCHIH
40 %-man 3 %-fa neiliH azalTKaHAa, NEeCOpOIMsIaHFaH OTTETiHIH Memmepi 3,1-meH
14,6x10% mxu/r-ra aeiiin enayip apraabl. 300 °C-Ta oTTeriMeH ajcopONUsIaHFaHHAH
Keiiin oTTeriHig eH kom Moumepi 20 % Ni+20 % Al+5 % Mg+ 5 % Mn karanu3aropsiHaa
JecopONHsTIaHFaHbI AaHBIKTAJIIBI.

AncopOuusimanrad oTTeriHig aecopoumsmanysl 300-575 °C apajiblFbiHAa KYPI,
an temneparypa 410 °C sxone 465 °C OonfaHaa MakCHUMyM apKbUTbI ©TTi. JKamrmbr
JecopOIsiIanFal OTTeriHiH MeJepi 57,9 10° MKJI/T Kypaibl.
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Kecte 3 — Karanuzaropiapaarsl aacopOIisuIaHFaH OTTETIHIH TEPMOJICCOPOIMSIIBIK JKOHE
JHEPreTHKAJbIK CUIIATTaMaIaphl

Karanusaropnap T, °C T repman’ °C |T,,.> | AncopOrmsnanran OTTETiHIK
°C meuepi, 1x10° Mg/t
41% Ni - 3% Al - 3% Mg - 3% Mn 300 275-500 400 6,8
350-640 475 7,4
30% Ni - 10% Al - 5% Mg - 5% Mn 300 275-440 350 1,3
360-550 450 1,8
20% Ni - 20% Al - 5% Mg - 5% Mn 300 300-525 410 26,8
355-575 465 31,1
10% Ni - 30% Al - 5% Mg - 5% Mn 300 300-500 410 7,2
310-600 470 7,9
KopbIThIHABI

Conbimen, 300 °C-ta KypamblHZAFbl  3JEMEHTTEPIIH  KaTblHACBI ~ MEH
KOHIEeHTpauusicel ap Typai Ni - Al - Mg - Mn karamusaropiapbl OTTETiMEH
agcopoOumsianranHan keitin TB/l omiciMeH OTTeriHiH KaTraau3aTopiapMeH opeKeTTecyi
seprrengi. Ni - Al - Mg-Mn karanuzaropiapblMeH aJcOpOLMsJIaHfaH OTTETiHIH
aICOPOLIMSUIBIK KOHE SHEPreTHKANBIK CHMaTTaMaiapbl aHbIKTangsl. ThJ] OGolibiHina
aJIBIHFaH MAJIMETTEpACH OTTEriMeH aicopOlysIaHFaHHAH KeWiH KaTalmu3aropiapaaH
OHIMIEpAIH AecopOuMsananybl Oip-OipiHeH €Ki HIbIH Typinje: Herizinen T~ sxoHe
JECOPOLMSHBIH TEeMIepaTypaliblK apajbIKTapblMeH epekmeneHerin Ooxagsl. SCS
ofliciMeH JalbIHOAIFaH KaTajJu3aTropiiap METaHHBIH TOTBHIFY KOHE KOMiPKBIIIKBLUIIbI
KOHBEPCHUSUIaHYBI YPIICiH/IE JKOFaphl HOTHKEIIep KOPCETTi. AJBIHFaH PU3HKA-XUMHSITBIK
HOTHKEJIep/Il )KUHAKTAIl, MOJIMETTEeP/Ii Talgay HOTHXKECIHIE YPIOICTIH KOpCEeTKIIITEPiH
apTTHIPY MaKcaTbIH/IA OJIaH dpi TEPEHIPEK 3epTTeyiIep KYPrily YIIiH MyMKiHAIKTEp Oap
exeHiri anpIKTamapl. SCS oiciMeH NaibIHIaNFaH KaTaiu3aTopliap/a IMIMHHEIbISPIIH
TY3UTyl epiTiHAiae *KaHy 9/ici OapbICBIHAA TEMIIEpaTypa MEH CYbITY KbUIaM IbIFbIHBIH
YKOFapbl OOJTybIHAH KaTaJIM3aTopJIapblH OCJICEeHAl OpPTaIbIKTaphl PETIH/E OPEKET ETETIH
SCS karanuzatopnapbiiaa 1eeKTii KYpbUIBIMBIHBIH Naia OoIybIHA SKEJIE/i.
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Annotation. Plant species of the genus Thymus Serpyllum L. are recognized in the
scientific literature as the richest sources of secondary metabolites. The purpose of this
study is isolation the chemical composition of plant materials and develop a method
for obtaining new sources of biologically active substances, establishing their chemical
structure. This article presents the results of a study of the chemical composition of
the aerial parts of plants of the genus Thymus Serpyllum L. of the Lamiaceae family,
collected during the fruiting period in the Altai region of Kazakhstan. A result of
the studies, the content of the complex of flavonoids of the plant was determined by
extraction methods (maceration 70 % EtOH, 72 hours, 1:9) and adsorption column
chromatography with silica gel from a plant of the genus Thymus Serpyllum L. The
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quantitative content of flavonoids is 1.02—1.13 %. Using paper chromatography and
thin layer chromatography, a qualitative analysis was carried out and a pure substance,
cynaroside, was isolated by high-performance liquid chromatography (RP-HPLC) with
an ODS-H80 sorbent. The structure of the obtained individual substance was identified
by modern physical and chemical methods on the basis of chemical transformations and
results, the studied data of IR, UV, 'H - NMR and *C - NMR, mass-spectrometry.

Keywords: Lamiaceae, Thymus Serpyllum L., extraction, adsorption column
chromatography, silica gel, high-performance liquid chromatography, flavonoids,
cinaroside
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THYMUS SERPYLLUM L. TEKTI ©CIMJIK KYPAMBbIHAH
"KOFAPBID®@®EKTUBTI CYNBIKTBIK XPOMATOI PA®US OIICIMEH
®JIABOHOUITAPIbLI AHBIKTAY

Aunnorauus. Feueimu oneduerrepae Thymus Serpyllum L. TexTi eciMaik Typiepi
eKIHIIUTIK MeTabOIUTTEepAiH eH 0all Ke3aepi peTiHAe TaHbUIFaH. 3epTTeyAiH MaKcaThl
OCIMIK IIWKI3aTBIHBIH XUMUSUIBIK KYPaMbIH 3€pTTEY KOHE OHOJIOTHSUIBIK OernceHi
3aTTapIbIH )KaHa Ke3/ICPiH aly 9iCiH jKacay, OIapIbIH XUMHSIIBIK KYPBUTBIMBIH aHBIKTAY.
By makanana KazakcranuslH Antail eHipiHIE ©CETiH XKeMic Oepy Ke3eHiH e KUHAIFaH
Lamiaceae TyKpIMaachiHa kataTeiH Thymus Serpyllum L. TeKTi eCiMAIriHIH ep YCTi
OeJiKTepiHiH XUMUSIIBIK KYPaMbIHBIH 3€pTTEY HOTHKeNepi OepinreH. 3epTTey HoTHxKecl
ooitbraa Thymus Serpyllum L.TexTi eciMIIKTiH (IaBOHOUATHI KELICHIEP Kypambl
skctpakius (manepamus 70% EtOH, 72 car, 1:9) omicTepiMeH >XoHE CHIIMKAreIIi
azcopOUMsUIBIK OaraHanbl Xxpomatorpadus omiciMeH aHbIKTanAbl. draBoHOMATAPIBIH
carnpik Memepi 1,02—1,13 %. Karazasl sxoHe jKyKa KadaTThl XpoMarorpadusuiapasl
KOJIZIaHa OTBIPBII, CalaibIK Taufay >Kyprizinai skone ODS-H80 copOenTi 6ap sxorapsl
eHiMai cyiiblk xpomarorpadusi (RP-HPLC) apkpuiel Taza 3ar HuHapoO3ua OeJTiHII
anbIHAbl. besiHreH jkeke 3aTThIH KYPBUIBICH 3aMaHayH (PU3MKa-XUMHUSIIBIK O/11CTep/AiH;
UK, VK, 'H - IMP xone “C — SIMP, macc-criekTpoMeTpusi MaTiMeTTepi OOibIHIIa
AHBIKTAJIIBI.

Tyiin cesnep: Lamiaceae, Thymus Serpyllum L., 3kcTpakiusi, aacopOIMOH/IbI
OaraHanpl  Xpomartorpadus, CHIUKareidb, JKOFapbl  A(PQEKTUBTI  CYHBIKTHIK
xpomarorpaduscel, (IaBOHOHATAP, HIUHAPOZU
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OIIPEAEJIEHUE ®JIABOHOUAOB METOA0OM
BBICOKOD®®EKTUBHOM KUJIKOCTHOM XPOMATOI'PA®UM U3
PACTEHUU POJA THYMUS SERPYLLUM L.

AnHorauus. Buner pacrennii pona Thymus Serpyllum L. B HaydHOU TUTEpaType
MpU3HaHbl OOraTeUINMMKM HCTOYHHKAMH BTOPUYHBIX MeTabonuToB. llens maHHOTrO
HCCIIEIOBAHUS —M3yUeHHEe XUMHYECKOTO COCTaBa PACTUTEIHLHOTO CHIPhsS U pa3padoTKa
croco0a TIONyYeHHs HOBBIX HCTOYHHKOB OWOJIOTHYECKH AaKTHUBHBIX BEIECTB,
YCTaHOBJICHUE WX XMMHYECKOTO CTPOCHHs. B NaHHOI cTarhe MpHBENCHBI PE3yIbTaThl
HCCTIEMOBAHNS XMMHUYECKOTO COCTaBa HAI3EMHBIX YacTedl pacTeHuil poma Thymus
Serpyllum L. cemeiictBa Lamiaceae,cOOpaHHBIX B IEPHOJ IJIOAOHOMICHUSI B AJITaliCKOM
kpato Kazaxcrama. B pesynsrare DNpOBENEHHBIX MCCIECJOBAHUM yCTAHOBIIEHO
coliepkaHne KoMmIuiekca (hIaBOHOMIOB MeTomamu dKcTpakuuu (marepamus 70 %
EtOH, 72 4., 1:9) u aacopOIMOHHOM KOJIOHOYHON XpoMarorpaduu ¢ CUIMKArejieM M3
pactenun poma Thymus Serpyllum L. KomudecTBeHHOE cojneprkaHue (IaBOHOUIOB
cocrapisier 1,02—1,13 %. C nomorpto OyMaXHOM ¥ TOHKOCIOWHOH Xpomarorpadpuu
MIPOBEJICH Ka4YeCTBEHHBIN aHAIIN3 U BBIJCIICH YUCTOE BEIIECTBO — IIMHAPO3H]L METOIOM
BbIcOKOd(ekTuBHON kuaKocTHOH xpomarorpagun (RP-HPLC) ¢ copbenrom
ODS-H80. CtpykTypa MoIy4eHHOTO HHIUBUIYATHHOTO BEIIECTBA HICHTH(OUIIUPOBAHA
COBPEMEHHBIMU  (PU3UKO—XUMHUUYCCKMMHU METOJaMH Ha OCHOBAaHHUHM XHMHYECKUX
MpEeBpaIIeHNi U Pe3yIbTaToB, H3ydeHHBIX AaHHBIX UK, VO, 'H — IMP u BC — SIMP,
Macc-CIeKTPOMETPHSL.

KuroueBsie ciioBa: Lamiaceae, Thymus Serpyllum L., sxkcTpakiys, aacopOIUoHHas
KOJIOHOYHAsi ~ Xpomarorpadusi, CHJIMKarelib, BbICOKOA((EKTUBHAS  SKUIKOCTHAS
xpomarorpadusi, (QIaBOHOHIBI, INHAPO3H/T

Introduction

More than six thousand plant species are found on the territory of the Republic of
Kazakhstan, most of which can produce the necessary medicines. Until this time, only
130 species of them were used as raw materials for the production of medicines. The
flora of Kazakhstan is very rich in useful plants, including medicinal plants, which are
especially important. Among the drugs used in medical practice, herbal products occupy
an important place (Pavlov, 1960: 10).

From this point of view, plants of genus Thymus L. of Lamiaceae family are of

118



Volume 4, Number 457 (2023)

undoubted interest In Kazakhstan, the official plants of the Thymus genus are 15 species,
which are recommended for use as an expectorant, antioxidant, antimicrobial and
analgesic (Arti, 1998: 8; Duzbayeva, 2020: 10).

Currently, in modern medicine, Thymus is used as a liquid extract, showing anti-
inflammatory, antibacterial activity and treating respiratory diseases. The basis of
all the listed therapeutic effects are polyphenolic compounds (flavonoids) contained
in the plant. Flavonoids are present in plants and are responsible for many biological
properties, including antioxidant activity (Mata, 2007: 8). In the course of quantitative
and qualitative analysis, investigation of secondary methobolytes in the chemical
composition of Thymus revealed that plant raw materials are rich in various phenolic
compounds. For the most part, the composition of essential oils with a terpene compound
mixture containing simple phenols - thymol and carvacrol - has been studied a lot. The
types and importance of the pharmacological effects of Thymus essential oils have been
proven by many studies. (Aziz, 2008: 9). In recent years, the study of polyphenolic
compounds, especially plant raw materials containing flavonoids, has increased,
because the effects of biological activity of flavonoids are diverse and harmless to the
body. One of the plants rich in polyphenolic compounds is Thymus Serpyllum L. of
family Lamiaceae (Jia, 2010: 6).

Thymus serpyllum L.s.l. — a perennial plant, the shoots in the lower part are lignified
with creeping stems and erect peduncles up to 15 cm high. The leaves are opposite,
short-petioled, oblong-oval. The flowers are collected at the ends of the branches in a
capitate inflorescence. It is confined mainly to the steppe zone, rocks, rocky and gravelly
slopes (Klokov, 1954: 7).

Methods and materials

Objects of research are aboveground parts of family Lamiaceae of genus Thymus
Serpyllum L. during the fruiting period in September 2020, East-Kazakhstan. Raw
materials are dried in dry air and stored in a paper box. A herbarium sample of the plant
is stored at the Department of Chemistry of the East Kazakhstan University named after
S. Amanzholov.

70 % alcohol was used as an extract to separate the flavonoid complex from the
raw materials. 1 kg of raw materials is extracted by simple maceration for 72 hours
with aqueous - alcohol in a ratio of 1:9. The resulting extract was washed with hexane,
chloroform, ethyl acetate and butanol as the polarity increased and four working extracts
were obtained. Butanol extraction for the separation of polyphenolic compounds was
studied by silica gel sorbent-based adsorption column chromatography (fractions 18—
87).

Determination of the quantitative content of flavonoids by quercetin

1 g ground the plant Thymus Serpyllum L. is placed in a flask with a capacity of
150 ml and 30 ml of 90 % aqueous alcohol with 1 % HCI is poured on top. The flask
is connected to the reverse refrigerator and boiled in a water bath for 30 minutes. After
cooling, it is filtered into a flask with a capacity of 100 ml. The extraction is repeated
twice with the same solution and the solution in the flask is brought to the mark with 90
% alcohol (solution A).
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We take 2 ml of Solution A in a flask with a capacity of 25 ml, pour 1 ml of 1 %
solution of aluminum chloride in 95 % alcohol and bring the volume of the solution to the
mark with alcohol. After 20 minutes, the optical density of the solution is measured on a
10 mm thick cuvette, a spectrophotometer at a wavelength of 430 nm. As a comparative
solution, 2 ml of a solution supplied with 95 % alcohol in a flask with a capacity of 25
ml is used (Muzychkina, 2004: 11).

The content of flavonoids in absolute dry raw materials is calculated by quercetin
using the formula:

_ Dx3 x100x100
764.6% 2x M x (100 —)

where:

D - optical density of the solution,

M - raw material weight, g;

W - lost mass during drying of raw materials, %.

764.6 — Absorption rate of quercetin complex in the presence of aluminum chloride
at 430 nm.

Acid hydrolysis on glycosides of flavonoids:

Dissolve 10 mg of the substance in 5 ml of 2 % HCI aqueous or alcohol solution,
connect the flask to the refrigerator and heat it in an aqueous bath for 2 hours. Then
we cool the solution and bring the reaction mixture with water to a neutral medium.
Aglyconeis extracted and separated by ethyl acetate and sugars remain in the aqueous
part. To determine which sugars are present, the aqueous part is performed in a single —
system chromatography in the Butanol-ethyl acetate-water system, using j-toluidine and
urea as determinants. The aqueous part is placed on paper chromatography (Harborne,
1965: 14).

o-toluidine
I I I
R-C-R + H)N-C-NH, Tmo R-|C=N-C-NH2
R

urca
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Flavonoids carried out by thin layer chromatography on Sorbfil plates in hexane-
ethyl acetate solvent relations 9:1, 8:2, 7:3, 1:1. After processing chromatograms with
5 % alcohol aluminum chloride, the presence of flavonoids at a wavelength of 365 nm
of UV light was detected. Flavonoid compounds were separated by system MEOH-
H,O (1:1) solution in the column with sorbent ODS-H80 (150 x 20 nm X 5 microns) in
preparative recycling HPLC (Tokyo, Japan).

Results and Discussion

According to the methodology of the I edition of the state Pharmacopoeia of the
Republic of Kazakhstan, the quantitative content of flavonoids in the composition of
plant raw materials was determined by the method of spectrophotometry, as a result of
which the composition of the plant collected during flowering was 1.02 % and during
fruiting — 1.13 %.

Butanol extract from plant raw materials chromatography in column chromatography
with silica gel sorbent and washed with hexane-ethyl acetate by gradually increasing the
polar eluent (9:1, 9,5:0,5, 8:2, 7:3, 6:4, 1:1) system, were obtained fractions consisting
of flavonoid complexes. In qualitative analysis of fractions, thin layer chromatography
was analyzed by observing yellow spots with UV-light, Ce(SO,), detectors and similar
fractions with the same Rf values were combined. As a result, 38—42 fractions (DM)
were examined in the ratio of methanol-water (1:1) solvents in the ODS-H80 column by

the method of rotational phase high- -performance liquid chromatography (RP-HPLC)
and obtained a pure substance (Figure 1) (Ramesh, 2017: 15).
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Figure 1 - Chromatogram of pure matter separated by the method of rotational phase high
performance liquid chromatography (RP-HPLC)
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Looking at the thin layer chromatography on n-butanol-acetic acid-water (4:1:5)
system flavonoid was found that there was only one spot (Figure 2) (Wagner, 1996:7).

Figure 2 - Chromatogram of substances in thin layer chromatography

Table 1 — Chromatographic description of a flavonoid from the composition of a plant of the genus

Thymus Serpyllum L.
Ne | Rf | Spot Color in the | Spot Color in UV Fluorescence after 5 % Conclusion
visible area light aluminum chloride treatment
butanol-acetic acid-water (4:1: 5)
110,53 Dark yellow Brown Light yellow Flavon or 7-glycoside
of flavonol

The structure of the separated individual substance was identified using a modern
physico-chemical method - NMR: 'H, *C, 2D NMR: HMBC, HSQC, COSY, NOESY,
according to NMR spectra and DEPT-135 in the lower region during the spin system
anomeric proton resonance 65.05 (1H, d, J = 7.0 Hz) showed that the compound is
luteolin. The chemical shift of H-6 and H-8 (0.2+0.3 ppm respectively) proves that
sugar is bound at C-7 place.

Cynaroside

"HNMR (500 MHz, Pyridine, 6 ppm.) 6.73 (1H, s, H-3), 6.60 (1H, s, H-6), 6.73 (1H,
s, H-8), 7.41 (1H, s, H-2"), 6.78 (1H, d, J = 8.5 Hz, H-5"), 6.79 (1H, d, ] = 8.9 Hz, H-6'),
5,15(1H, d, J=7.1, H-1"), 3.19-3.46 (1H, t, H-2"), 3.19-3.46 (1H, t, H-3"),3.26 (1H, t,
J=8.9, H-4"), 3.08 (1H, m, H-5"), 3.81 (1H, d, J=12.0 Hz, H-6"a), 3.61 (1H, d, J=12.8
Hz, H-6"b).

C NMR (100 MHz, Pyridine, 8 ppm) 164.8 (C-2), 103.8 (C-3), 181.9 (C-4), 160.2
(C-5), 102.6 (C-6), 164.5 (C-7), 96.1 (C-8), 162.2 (C-9), 106.1 (C-10), 123.5 (C-1"),
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115.8 (C-2"), 147.7 (C-3"), 152.2 (C-4"), 118.2 (C-5"), 121.0 (C-6"), 100.9 (C-1"), 75.2
(C-2"), 76.1 (C-3"), 70.3 (C-4"), 77.2 (C-5"), 61.4 (C-6") (Zoua, 2018:3).

As a result of acid hydrolysis, luteolin and -glucose were released. In the course of
analysis by physico-chemical methods, comparing with the literature, it was proved that
the compound is cinaroside.

Conclusion

1 The quantitative content of the flavonoid complex was determined by the methods
of extraction and adsorption column chromatography of silica gel sorbent from the plant
of genus Thymus Serpyllum L. growing in the Altai region.

2 In thin layer chromatography with UV light and cerium sulfate, it showed the
yellow spot and the RF value of the compounds belong to the flavonoid group.

3 The flavonoid complex was analyzed by the method of rotational phase high
performance liquid chromatography (RP-HPLC) and it was observed that a separate
substance was released on the chromatogram. As a result of the analysis by the physico-
chemical methods (NMR: 'H, C, 2D NMR: HMBC, HSQC, COSY, NOESY, DEPT-
135), it was proved that the individual substance is cinorazide.
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Abstract. The article describes the features of anthocyanins, coloring substances
of plants belonging to the group of glycosides, the nature of pigments, biosynthesis of
their compounds, and their study by various methods. Most anthocyanins are found
in the outer cell layers of darkly pigmented plants, including the water-filled vacuoles
in the peels of some fruits. They provide some benefit to the plants themselves and to
the people and animals that eat them. Anthocyanins are a class of molecules widely
distributed in plants responsible for the brilliant bright purple, red and blue coloration of
flowers and various leaves. Anthocyanins are located in cell vacuoles, and the specific
coloration of flowers is controlled by different genes. In addition to color, anthocyanin
molecules are active in plant defense mechanisms against insect and fungal attacks,
and in the recognition of nitrogen-fixing bacteria by legumes. Anthocyanins are
water-soluble pigments of a class of compounds called flavonoids. They are found in
water-filled cell compartments in almost all tissues of higher plants, including roots,
stems, leaves, flowers, and fruits. Natural anthocyanins include cyanidin, delphinidin,
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malvidin, pelargonidin, and petunidin. Anthocyanins in humans act as antioxidants to
help protect against disease. They have antiviral, antibacterial and anti-inflammatory
properties, which together provide a wide range of preventive measures. The chemical
composition of flavins is close to catechins. The chemical properties of the indicators
are explained in accordance with the protolith-ion theory. As a result of the experiment,
changes in pH and sensitivity indicators were determined using natural indicators. The
results of the experiment were analyzed and valuable recommendations were given.

Keywords: chemical composition of anthocyanins, photolytic ion theory, natural
indicators, chemical experiment
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AnHOTanus. Makajaga aHTOUMAHIAPABIH EpEeKIICTIKTepi, IIMKO3HUI TOObIHA
JKATaThIH OCIMIIKTEeP/iH OOSIFBIII 3aTTapbl, MUTMEHTTEPIIH TaOUFaThl, OJApPIbIH
KOCBUIBICTAPBIHBIH ~ OMOCHMHTE31, TYpJi  OAICTEpMEH  3eprTeyiepi  alThIIFaH.
AHTOLMAHUHIIEPIH KOMIIUIri Kapa MHUICMEHTTI OCIMIIKTEP/iH CBIPTKBI JKacylia
Ka0baTrTapelHIa, COHBIH IIIHAE KeHOIip JKeMmicTepliH KaObIFBIHAA CyFa TOJbBI
Bakyonbliepae ke3ueceni. Onap eciMIiKTEp/IiH 63iHe e, OHBI JKEHTIH ajgamuap MeH
KaHyapnapra na Oenrimi Oip maiiga oxeneni. AHTOUMaHIAp — TYJAEp MEH ajlyaH
JKaIbIpaKTapIblH KEPEMET alIbIK KYJTiH, KbI3bUI JKOHE KOK TYCTepiHe ayan OepeTiH
eciMAIKTepe KeHIHEH TapajfaH MoJeKyjaauap Kiackl. AHTOLMAaHUHIED >Kacyla
BaKyOJIbJICPiHC OpHajacabl, al TyJAepAid Oenrimi Oip peHKTepi spTypii reHIepMeH
OakputaHanpl. TycTeH 0acka, aHTOLMAH MOJIEKyJalapbl ©CIMIIKTEPAl KOHIIKTEP MEH
caHbpIpayKyJIaKTapAblH Ma0ybUIIapblHAaH KOpFay MeXaHU3MAEPiHe, COHaii-aKk OypIuaKk
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TYKBIMJIAC OCIMIIKTEp/AiH a30TThl OeKiTeTiH OakTepusuiapAbl TaHYbIHOA OCICEeHII.
AnTOnMaHAap — (GIaBOHOUATAP JEM aTajaThlH KOCBUIBICTAp KJIACBIHBIH CyAa €pUTIH
nurmentrepi. Onap >KOoFapbl CaTbIIAFbl ©CIMIIKTEpAiIH OapIbIK JepIliK yINalapbIHbIH
KacyllalapblHBIH CyFa TOJIbI OeyiMaepiHAe, COHBIH IMIiHAE TambIpiap, cabakrap,
JKarblpakTap, TyJnep MeH kemicTep ke3aecedi. TaOWFu aHTOLMaHIapFa LHMAHUAWH,
nenbGUHAINH, MAJBUIWH, TMETaprOHUAWH JXOHE METYHUIWH >Karaabl. Anampapaa
AQHTOLIMAHWHICP aypyldaH KOpFayFa KOMEKTECETiH aHTHOKCHIAHTTap PETiHIE OpEeKeT
ereni. OnapabIH BUPYCKa Kapchl, OaKkTepHsiFa Kapchl )oHe KaObIHYFa Kapchl KaCHeTTepi
Oap, onap Oipre mMpoQUIAKTUKAIBIK HIapajapAblH KeH CIEKTPiH KaMTaMachl3 eTei.
XUMHSATIBIK KYpaMbl KaFblHaH (IaBUHACP KaTeXWHAEpre >KakblH. HIUKaTopaapabH
MPOTONUTTIK-UOH/ABIK TEOPHSICHIHA COHKEC XUMHSJIBIK KacHeTTepi TYCIHIipiireH.
OKCHEepUMEHT HOTHXKECiIHAE TaOWFH WHIUKAaTopiapAbl ansin, pH kxepcerkimrepiHiH
e3repicTepi, ce3iMTabIFbl aHBIKTANFaH. ToKipuOe HOTHXKeNepiHe Tajjay Kacablll,
KYHJIbI YCBIHBICTAp OepijreH.

Tyiiin ce3nep: anToLMaHIAPABIH XUMUSUIBIK KYPaMbl, TPOTOIUTTIK-MOHIBIK TEOPHSL,
TaOUFHU MHIUKATOPIIAp, XUMUSJIBIK 3KCTIEPUMEHT
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AHHOTaI[I/Iﬂ. B craTtbe onmcansl ocobennocTn AHTOLMAHOB, KpacCsiallnX BCIICCTB
paCTCHHﬁ, OTHOCAIIUXCA K Tpynre INIMUKO3UAOB, IMPUPOOJa NHUIMCEHTOB, OHOCHHTE3
ux COCﬂHHCHHﬁ, a TAKXKC HUX HCCICAOBAHUC PA3JIMYHBIMU MCETOHdAMMU. BboapmmuHCcTBO
AHTOLIMAHOB COACPIKUTCA BO BHCHIHHUX CJIOAX KICTOK TCEMHOIMUIMEHTUPOBAHHBIX
paCTCHHﬁ, BKJIIO4as 3al10JIHCHHBIC BOI[OfI BaKYOJI1 B KOXYPE HEKOTOPBIX (bp}/KTOB. Ounu
NPUHOCAT OIPECACJICHHYIO MMOJIb3Y, KaK CaMUM PACTCHUAM, TAK U JIOAAM U )KUBOTHLIM,
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KOTOpbIE UX €IAT. AHTOLIMAaHbl — 3TO KJAacc MOJEKYJ, IHPOKO PACIpPOCTPaHEHHBIX
B pacTEHHsIX, OTBEYAIOIIUX 3a ONeCTSIIyI0 SPKO-(HOJIETOBYIO, KPACHYIO M CHHIOIO
OKpacKy IIBETOB M Pa3IUYHBIX JHCTHEB. AHTOLMAHBI PACIOJOKEHBI B KJIETOYHBIX
BaKyOJIsIX, @ KOHKPETHas OKpacka [BETKOB KOHTPOJIUpYeTCs pa3HbIMU reHaMu. [Tomumo
LBETa, MOJICKYJIbl aHTOLIMAHA aKTHBHBI B 3alIMTHBIX MEXaHW3MaX pPacTEHHH OT arak
HAaCEKOMBIX M TPHOKOB, a TaKKe B PACHO3HABAHMU A30TQUKCHPYIOMIMX OaKTepHid
0000BBIMU. AHTOLIMAHBI MPEACTABISIOT COOOH BOJOPACTBOPHMBIE MUIMEHTHI Kilacca
COCAMHEHMH, Ha3biBaeMbIX (QuaBoHouAaMu. OHHM OOHAapY)KEHBI B 3allOJHEHHBIX
BOJIOM OTCEKax KIJIETOK MOYTH BO BCEX TKAHSX BBICHIMX PACTEHMH, BKJIIOYas KOPHHU,
cTeONM, JINCThSA, LBETKH W IUIOABL [IpHpoaHble aHTOLMAHBI BKJIIOYAIOT LHUAHHUIUH,
nenbGUHAANH, MaJbBUIUH, MENAprOHMANH W TETYHWAWH. AHTOLHMAHBI JIOSIM
JEWCTBYIOT KaK aHTHOKCHIAHTBHI, IOMOTAIOIIUE 3allUTUTh OT Oone3Heil. OHH
0051a/1al0T MPOTUBOBUPYCHBIMHU, aHTHOAKTEPHAIBHBIMA U MPOTUBOBOCIATUTEIBHBIMU
CBOHCTBaMH, YTO B COBOKYITHOCTU 00ECTIIEUNBAET IIUPOKHI CIIEKTP MPOPUIAKTHUECKUX
Mmep. [To xummuueckomy coctaBy (aBHHBI OJIN3KH K KaTeXHMHAM. XUMHUYECKHE CBOWCTBA
WH/IUKAaTOPOB OOBSCHEHBI B COOTBETCTBHHU C TEOPHEH MPOTOINT-UOHOB.

KuaroueBbie cjioBa: XMMHUECKHH COCTAaB aHTOLMAHOB, MPOTOIUTHYECKAsT HMOHHAs
Teopus, MPUPOIHBIE HHANKATOPBI, XUMUYECKHUH SKCIIEPUMEHT

Kipicne

Kazipri yakpITTa ©CIMIIKTepre XWMUs, OMOJOTHS, KOJOTHUS, MEAMIIMHA CHUSKTHI
FBUIBIMHBIH OPTYPJl canajapblHia KolJaHyFa OalsIaHBICTBI KbBI3BIFYIIBUIBIK apTThI.
MBpicaibl, CIMAIKTEPAIH TYCI MEH KAPKBIHIBLTBIFbI OOHBIHIIIA YKOJIOT TEP aTMO C(hepalibiK
ayaja >KoHE TONbIPAaKTa 3USAHABI 3aTTapIbIH OOMyBIH aHBIKTaiIbl. CaTbulbIMIa TaOuFu
KocrajapAaH canabl TYpAe epeKIIeNeHETiH *KaHa MoJMMEpIIepACH jKacaliFaH OOSFbIIIT
Tap, MbIHIaFraH Adpi-gopmekrep Oap. TaOuru eHiMIepAi TEpeH XUMHUSIIBIK OHJIEY TeX-
HOJIOTHSICHI HET131H/Ie TaMaK MHAYCTPHSCHI, COHIali-aK TeHeTHKAIIBIK ©3TePTIIreH A9H/1
JaKpUIIap, KOKOHICTEp MEH JkemicTep eHaipicinae keH tapanrad (Balch, Phyllis, 2015).

Hnouxamop nen KpILIKBULIBIK JKOHE CUITUTIK OPTaHBIH ©3TrepiCiH CHIAaTTalThIH
3arTapiabl aitanpl. JKanmbl WHAMKATOpIApAbIH KOJNAAHBICKA HMe HEri3ri yum TYpiH
6inemiz. OnapneiH pH optara colikec e3repictepi Oap. Onapabl TOMEHIETI KecTeaeH
aHBIKTAI KepyiMisre Oomazpl:

1-kecte
Wnnukaropnapase pH oprara calikec Tycrepi
Wuukarop/opra KBIIKBUIIBIK Beiirapan Cinrrinik
Jlakmyc KBI3BLI KYJITiH KOK
MeTtuiiopatx KBI3FBUIT KBI3FBUIT Capbl capbl
Oenondranens Tycci3 Tycci3 TaHKypaii Tycti

Wnaukaropmap naTeIH TUTIHEH ayTapFaHia «KOpPCeTKIND JeTeH MaFbIHAHBI OLTTipe/Ti.
by optypmi pH oprana,HakTeIpak alTKaHIa KBIITKBUIABIK, CUITLTIK HeMece OerTaparn
opTara TYCKeHiHE OaiJIaHBICTBI TYCTEPiH ©3TepTeTiH KYpIeidl OpTaHHKaJBIK 3aTTap
0ombIT TaOBUTAMEI. KBIMIKBUIIBIK OpTara COMKeC epiTIHMIHIH KBIIIKBIT JoMi O0arbl
JKOHE TIPOTOJUTTIK Teoprs OOMBIHINA CYTErl KaTHOHIAPHI apTHIK OOJIAIbI, ajl CLITUIIK
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opTajarbl epiTiHAiAe apThIK TMAPOKCUAI aHHMOHAApbI Oonanel. Erep Teopusira coiikec
CyTeri KaTHOHJIapbl MEH THIPOKCHII aHHOHIAPBIHBIH epiTiHaiciae Oipaeit 6onca, oHaa
opta OeiiTapan OOJIBIIT cCaHAIAIbI.

Wnpnkaropnapably ilIiHIE €H Kol KOJAaHbUIaThIHBL: JIJAKMYC, peHOoI(TaIeHH KoHe
METHIIOPAHK.

denondranenH AereHiMi3 JoMi MEH Hici JKOK TYCCi3 KpHCTalJapMeH KOpPiHETiH
uHaukarop. banky temmeparypacel — 259-263 °C. Cinrtinik oprara OaiIaHbICTHI
OJ1 albIK KBI3bLI TYCKe Oosyalbl KoHE OelTaparn, COHJal-aK KbIIIKBII OpTafa TYCiH
xorantanpl. Genondranenn cuHTesin anram pet 1871 xbutbl Hemic Xumuri, bomanrak
HoGensb coliinbirbiabH aypeatsl Anonbd ¢on baiiep xysere acbipabl.

Jlakmyc (;takMon[) — OyJ1 KBIIIKBUIAAPABIH 9CEPiHEH KBI3bUI TYCKE, all CUITIIEpAiH
oCepiHEeH KOKKe OOsUTFaH MHIUKATOP.

MeTUNKBI3FBUIT CapbI-KBIIIKBUT HET13/11 HHAUKATOP POJIiH aTKapaabl, A30 OOSFRIITAD
TOOBIHAH CUHTETHKAJIBIK OPraHUKAIIBIK OOsFbIIL. KpIIKbUIapAa 01 KBI3FBUIT TYCTI, al
cirrinepae — capsl.

Anaiia 3epTXaHalbIK ToKipuOene omoOeOarn HHIUKATOP Ui KOJJAAHBUIAIBI, O
— OipHelIe KbIUKbUIABIK-HET13IIK WHAWKATOpJIApAbIH KOCMAchlHaH Typanasl. byi
KOpLIaraH OpPTaHbIH TaOWFaThIH (KBILIKBUI, OeHTapar, CinTii) FaHa eMec, COHbIMEH
KaTap KbIIIKbUIBIKTBIH MOHIH JIe aHBIKTayFa MyMKiHaik Oepeni (Vattem, 2015).

EpiTinainig KbIIIKBUIIBIFBIH HEMECE CUITLIITH BIHFANIIBI TOCUIMEH OPHEKTEY YLIIH
YCBIHBUIFaH CyTEKTiK KOPCITIII TaHOACHI (Tepic MOHIi KOPCETKIIll 0ap caHAapMeH )KYMBIC
Kacay BIHFAHCBI3), OJap/bl CyTEeK KaTUOHBIHBIH HEMece THAPOKCHA aHHMOHIAPBIHBIH
Tepic TaHOAaCkIMEH aJIbIHFaH, OHJBIK JorapudmaepiMeH kepcereni. On cyTek Hemece
THIPOKCHI KepceTkimn aem araibin, pH xxone pOH apkbuibl 6enrineneni:

pH = Ig [H']
pOH =—1g [OH]

Onuplk  jorapudM apKpUIbl Tepic TaHOaMEH aJbIHFAH CyTeri KaTHOHBIHBIH
KOHIEHTPALUSCHl CYTEKTiK KOPCETKIII 1N aTanaibl.

Tepic TaHOaMeH anblHFaH TMAPOKCHUI AHWOHBIHBIH KOHLIEHTPAIMSCBIHBIH OHJIBIK
aorapudmMi THAPOKCHIAIK KepceTKin aen aranaisl (Passeri, 2016).

ConbiMeH, Oefirapan epitinaige pH=7 Oomanpl, KelmKbuT epitingine pH<7,
cinrini epitinaige pH > 7 ten, pH + pOH = 14 typakTe! 6onaast (Glinka N.L., 2018).

Meicansi, erep [H'] = 10*mons/n 6onca, ouga pH=—I1g [H]=—1g[10°]= 3; erep
[H] = 10-'° monw/m 6omca, omma pH=—Ilg[H']=—1g[10'°] = 10.

3eprTeynin MaKcaThbl

WupukaropnapablH 6©CIMIIK IEH TaMaK ©HEPKACiOiHAEri Heri3ri OOosFbIIITaphbl
Typajibl 3epTTey. AHBIKTAIFaH HWHIUKATopiap OONBIHIIA TYPMBICTBHIK XHUMUSIIBIK,
3aTTapablH pH KepceTKiluTepiH aHBIKTay, SKCIIEPUMEHT Kacay.

Marepuajagap MeH dicTep

[IpoToHaB! KOCKHIT amy KacueTi 0ap MHAMKATOPIAPIbl He2i30iK UHOUKamopiap et
arananel. Onap IndOH nen epuekreneni. A, Ind — AHAWMKATOPABIH KaTUOHBI OOJIBITT
TaOBLUIABL.

IndOH + H* < Ind" + H,O
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[Iporongapapl Oepy KacueTi Oap WHAMKATOPIIAP KbIUWKbLL UHOUKAmMopiap JIen
arananel koHe Hind nen Oenrinenenmi. MHaukaTtopablH OYJ1 MOJNEKYJIachl TPOTOH
JIOHOPBIHBIH POJIIH aTKapajbl, SFHU JUccoluanus ke3inae H' xarnonwlH xoHe Ind
aHnoHBIH Oepei. bip TycTi (MbIcamsl, peHondTaaenH) )KoHe eKi TYCTI (MbICAJIBI, METHI
KBI3FBUIT capbl) nHauKaropnap 6ap (Tsuda, 2016).

B. OctBanbg (1853-1932x.) yChIHFaH NPOTOJMTTIK-MOHIBIK TEOPHsFa COHKec
WHMKATOP/IBIH (popMasiapbl OelTapar KoHe MOHMIAJIFaH Typre ue Oonajasl. Mbicasl,
uHAnKatop — anci3 Hind kpImikpiibl. Tere - TeHIiK WHANKATOP/IBIH CYJIbI epITiHAICIH e
OpHATBUIAIBL:

HInd + H,O < H,O"+ Ind

CyTeri HOHIAapBIHBIH KOHIIEHTPALMSICHI )KOFapbutarana (epitinainig pH Temenaeyi)
VH/IMKATOP/IBIH JIUCCOLMAIUS TEIe-TeHIIITT COJIFa - WHIAMKATOPJBIH MOJICKYIAJIBIK
(hopmachiHa Kapail BIFBICA]IBI, OHBIH KOHIICHTPAIIUSCHI JKOFapbUIaiiIbl koHe Oenrini Oip
pH MoHi epitiHaife 6ackiM OoJabl, CON ceOenTeH Jie KhI3bll Tyc Oepemi. Kepicinmie,
CyTeri MOHJApbIHBIH KOHIEHTpaIuschl TeMeHuerenae (pH »xorapeutaranna), SFHU
EpITIHJIre CUITIHI KOCKAaHJIa, WHJIUKATOPJBIH IHCCOIMANUSIAHY Tere-TeHIIri OHFa
— WHJUKATOPJbIH MOHJAIFaH TypiHe (/nd) Kapail bIFbICAJbI, OHBIH KOHIICHTPAIIHSICHI
pH MoHi xKorapbuiaiinel sxoHe Oenriii O0ip pH MoHiHAE epiTiHAl KoK TycKe Oostabl -
WH/IMKATOP/IBIH HOHJIAJIFaH TYpi epiTiHiae 6ackiM Oomnaabl. TeMeHae OepiiireH kecree
KeWOip MHAMKATOPIAp/IbIH JUCCOIMAIUUIAHOaFaH MOJICKYJaIapbl MCH MOHJIAPBIHBIH
TYCi KOpCETIITeH.

2-kecre

Keii6ip nHIuKaTOpIapIbIH TYCI
Wnnukarop Jluccounanusnanbaran MoJIeKyanap Tyci Wownnap tyci
MeTH - KbI3FBUIT Ke13b11 Capel
Metui - KbI3bLI Kp13b11 Capsl
Jlakmyc Kp13b11 Kex
Denondranenn Tyccis Tankypail
Tumondranenn Tycci3 Kex
BpomTMon keri Capbl Kex

Ocimoikmep men mamak 6HIMOepiHiy Kypambinoagsl boseviuumap. Tabuzammazol
Kepcemxiwimep

Tabwurar-ramaMHBIH €PEKIIIe XKapaThUIBICHL. byt oiem omeMi, skyMOaK KoHe KYpHelTi.
OcCIMIIKTep MATHIANBIFEI TYPJIl TYCTEPMEH TaH KaimbIpambl. Tyc mamuTpacsl opTypIi
JKOHE Op OCIMIIKTIH JKacyIIaJlbIK KYPaMBIHBIH XUMUSIIBIK KYPaMbIMEH aHBIKTAJIAIIb,
OHBIH KYpaMbIHA TUTMEHTTEP - ON0OGIIaBOHOUATAP Kipesi.

Kemnreren oCIMIIKTEpIiH MHUTMEHTTEPI JKAacyIla IIBIPHIHBIH KBIIKBUIIBIFBIHA
OailTaHBICTEI TYCIH o3repTe anmansl. COHABIKTAH MUTMEHTTEp Oacka epiTiHAUIepHiH
KBIITKBUIIBIFBIH  3€PTTEY VINH KOJIAHBIIATHIH KOPCETKIIITep OOIBIT TaOBIIaIb.
[TurmenTTep XpomormiacTrapia opHamackad. [lurmentrepmin 150-ger actam Typi
oenrim. MyHaai eciMIiK TUTMEHTTEPIHIH YKaJITbI aTaybl (DIaBOHOUATAP JET aTaIa k.
Byt Tomka jkakchl MHANKATOPIBIK KacHeTTepi 0ap aHTONMAaHUHIEp MEH KapOTHHOUATAP
Kipei.
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@Dnasonoudmap — JeTeHIMI3 JaThIH TiNiHEeH aygapranaa «flavus»-capbel nereH
MarbIHaHbI OUAIPETIH OCIMIIKTEKTEC MOMUPEHOIIAP/IBIH ipi TOOKI.

XUMHUSTIBIK TYPFBIIaH Kaparania Oyiiap eki peHUI1iK CakuHa MeH Oip reTepOUKIIIIK
CaKMHaJaH TYpaTblH, KaHKaja e3apa OainaHbickan 15 kemipreri atomsl Oap 3arrap
Karaapl.

draBoHOMITAP/IBI KEJIEC1IeH OOJIBII KIKTEIIEI]:

* (p1aBOHHBIH TYBIHABLIAPEI;

* (pmaBanOHAAD;

* 130(IaBOHOUATAD;

* HeodaBoHOMITAD.

"% e

®naBoH W3odmnaBon 4-DeHnnKymMapuH AypoH

dnaBoHOUITAP OCIMIIKTEPAIH METaOOIM3MI YIIIiH YJIKSeH MaHBI3Fa e, COHIBIKTAH
oJlap eCiMIIKTepAiH KeNTereH Typiepinme ke3neceni. Kerr xxarmaiina omap ryiaep MeH
JKEMICTEPIIIH TYCIH Kypaiapl (capbl, KBIFBUIT Capbl, KbI3BLI, KYITiH).DmaBoHOWATAP
Keleci TaraMJapjia Kemn MeJIIepe Ke3leceli: aKKelKeH, MHs3, Mai, XKHIEKTep,
bananmap, mutpyc »kemicTepi, KBI3BUI Imapar, KapaKyMbIK, kakao. KeOinece Oy
KBEpPIIETUH, KeMII(epol, MUPHUIIETHH, aTUTeHHH, JIFIOTCOTUH OOIaIbl.

AHTOIIMaHWHAEP TPEK TUTIHEH ToXiMamaraHmga "Tyn" skoHe "KeK' JereH MarbiHara
re TaOWFH OOSFBITI 3aTTap OOJBIT TaOBIIaAbl. AHTOIIMAHUHIEP OCIMIIKTEPTe KBI3FBIIT
TYCTEH KOO KYJITiHTe JIeiiH Tyc Oepe amambl.

AHTOTIMaHUHACPAIH KYPBUIBIMBIH 1913 xputel HeMmic Omoxmmuri P. BumbscteTTep
KENTipreH. AJFanTKbl XUMISUTBIK CHHTE31 1928 KBUThI aFbUTIIBIH XUMHAT1 P. PoOnHCOH
kacan anael.Onap KeOiHece jKacylla IIBIPBIHBIHIA €puii, Kelae ycak KpucTaimap
TypiHme Oomanmbl. AHTOIMAHWHACPAI OCIMIIKTIH Ke3-KeINTeH KOK HeMece KBhI3hII
OeJiKTepiHeH XKEeHUT albIHaabI. MBICAN pETiHAC TypasiFaH KbI3BUIIIA TAMBIPBHIH HEMece
KBI3bIJT KbIPHIKKA0AT XKAIMBIPAKTAPBIH a3 MOJIIIEP/Ie CyFa KaitHATHIT KOPCEK, OHJIa OJ1 KOIT
y3aMmaif aHTOIIMaHHAH KYJTiH TyCKe e3repei. OCIMIIKTepaiH KacyIIaIbIK IIBIPHIHBIHIA
AHTOIIMAHWHICPAIH OOIYBl KOHBIpAY TYIACpi-KOK, KYITIH-KYJTiH, YMBITIIAK-acTIaH
KOK, KbI3FaIIZIAKTap, MUOHIAp, PaylIanaap, JaxJimsuiap — KbI3bUI, al KaJIaMIibIp, GIIokc,
TIQVOIH TYJIEP] — KBI3FBUIT TYCTI Oeperi.

KaporuHonarap marelHHBIH "co0i3" CO3iHEH MIBIKKAH, OYJ1 JKOFaphl ©CIMIIKTED,
CaHbIpayKyJaKTap, TryOKkamap, MapaHJIapMEeH CHHTE3JICNITeH CapbliaH  KbI3bLI-
KBI3FBUIT Capbifa JCHIHTI TaOWMFM TUTMEHTTEp peiH arkapansl. KaporwHomarap-
TTOJIMKAHBIKIIaFaH KOCBUIBICTAp, KOIT XKaFmalaa Mojekyaana 40 keMmipTeri aToMbl 6ap.
by 3atTap skaphIkTa, KbI3FaH Ke3/1e, KBIIIKBUIIAp MEH CUITUTIePIiH 9CepiHeH TYPAKCHI3.
Herizinen Oakrepusuiap, caHbIpayKyJIaKTap »oHE JKOFAPFBI CATHUIBI ©CIMIIKTEPMEH

130



Volume 4, Number 457 (2023)

cuHTe3aeneni. KaporuHonarepre KapoTHH JKOHE OFaH XUMHSJIBIK TAOUFH MUTMEHTTEpP1
OolibIHIIA TyBICTAC OOJBIN KENETIH KCAaHTO(QHIUI, JIMKONHMH, (PYKOKCAaHTUH KOHE T.O.
xaraapl. KapormHomarep co0ize, MTMYpBIHAA, KapamaidbiM IIeTeHAe, KapakarTa,
KbI3aHAaKTa, OpiKTe, KBIPMBI3BITYJ TYIJepiHAe JKUHaKTalagsl. KapormHomarep
(hoTocHHTE3 MPOLECiHIE MaHBI3IbI POJI aTKAPBII KaHa KOMMal, COHai-aK AMOKCH IS
peaKnMAChIHA KATBICHIN, KONTETeH OTTEKTI KypbhUIbIMAap Ty3edi. byl murmeHtrig
HET13T1 KbI3METTEPiHIH Oipi: 6CIMIIKTIH THIHBIC aly )KOHE 6Cy HpOIeCTepiHe KaThICY,
OTTETiHI TachIMaaay, TYCTi (UKCalUsIIal, TeHEPaTUBTI KOHE TOTHIFY—TOTBIKCHI3IaHy
MpolecTepid BbIHTANAHABIPY. KapoTuHOMIOTEp ©CIMAIKTEpAIH XpOMOILIACTHL MEH
XJIOPOIUIACTapbIHAA OPHBIFA/IbI.

AK TYCTI KOKOHICTEp TEpMUSUIBIK OHJEY Ke3iHIe CapFblll PEeHKKE He OOJabl.
Mpicanbl, KapTom, KbIPBIKKa0aT, musi3 koHe T.0. byn mporecc onapibslH KypaMbIHOa
KaHTIEH DIMKO3UATEP TY3€TiH (eHONIbl KOChUIbIcTap — (aBoHOUATAp Oap OomybiHA
OaiimaHpICTBI JKypeni. TepMUSIBIK OHIeY Ke3iHIe MIHUKO3UATEP TUAPOIU3IACHII, capbl
TYCTI arfIMKOH TY3€/.

KexeHicTepaiH KbI3FBUIT Capbl JKOHE KbI3BUI TYCl KAPOTHHOMATHI MUTMEHTTEPIIH
OourybIHa OaiIaHbICThL: KAPOTHHIEP — co0i3/e, aaFamM/a; TUKONIEHIep — KbI3aHaAKTa;
BHUOJIAKCAHTHH — ackabakra Oomnanel. KapoTuHOMATap TEPMUSUIBIK OHJICYIAE ©Te
te3iMai. Onap cyna epimeiini, Oipak Maliapaa ®Kakchl epuji, co0i3, KbI3aHAK KOChLIFaH
Ke3JIe OJIap/IbIH MaibIH aly MPOLEeCi OChIFaH HEri3/IeNei.

BeranuH - KpI3bUIIIAIAH aJIBIHFAH IIMKO3KUIIK TAOUFH KbI3bLT 00sy. EH kem Tapanran
KOJIZIaHy aliMarbl-KOHAUTEPIIiK TaFraM eHiMAepiHe. beTaHuH KapbIKKa, bICTBIKKA JKOHE
OTTETire YIIbIparaH Ke3/1€ bIABIPaiIbl; COHABIKTAH OJ1 MY3JaThlIFaH TaraMIapaa, CakTay
Mep3iMi KbICKa TaraMmJapja HeMece KYpFaK CaThbUIATBIH TaramMaapla KOJJIaHBUIAIbI.
BeranuH KaHT MeIepi KoOFapbl TaraMmJapiaa nacrepieyre toren oepe anansl. OHBIH
OTTETire ce31IMTaJIbIFbl KYPaMbIHIa CY MOJIIEPi KOFaphl KoHe / HeMece KypaMblHAa
MeTaJul KaTHOHAApHI 0ap eHiMaepae (MbICANbl, TEMip MEH MBIC) JKOFaphl; aCKOPOUH
KBIILIKBIIBl JKOHE CEKBECTpJIEpP CHSAKTHI AHTHOKCHAAHTTAp OYJ1 MpPOLECTi KOJANIIBI
KanTamameH Oipre Oasynatysl MyMKiH. Kyprak Typinje OeTaHHH OTTETiHIH KaTbICybIMEH
TYpaKThl OOJaIbI.

Xnopodumn (rp. chloros - xaceun sxoHe rp. phyllon - xaneipak) — KyH coynecinin
KyaTbIMeH (DOTOCHHTE3 TPOIIECIH iCKE achIPaThIH OCIMJIIKTEP/IiH >KaChLI ITHIMEHTI.
Xnopodpunnain Oipueme tumi (X. a, b, ¢, d) Oap. Xnopodumnain Oyn Tunrepi
Oakrepusinap, OajnpIpiap, JKOFapbl CaTbLIAFbl OCIMIIKTEPIiH KypaMbIHAA Ke3AeCei.
dotocuHTe3ACyII  OaKTepUsUIapAblH OapiblFbiHa  OaKTEPHOXIOPOPHIUT MUTMEHTI
ToH.OHBIH KaThICybIMEH (OTOCHHTE3 KypeAi. XHMMHUSUIBIK KYPbUIBIMBI OOMBIHILIA
XJIOPOQUIIIAEP-OpTYPIl TETPaUppoIAapAblH MarHuil kemenaepi. Xiopodwinep
nopGUpUH KYPBUIBIMBIHA He KHE TeMre KakbIH. Xiaopoduut E140 TaraMapIK Kocnackl
perinae TipkenreH.XnopoQwul TamMak eHEpKaciOiHAe TaraMJAbIK Kocmajiap peTiHae
KOJIJIaHbLIA b, ajlal/la ATaHON epITIHAICIHIE, ocipece KBIIIKbUI OpTaja CaKTalica,
TYPaKCHI3, JIJaC KOHBIP-)KAaChlI PEHKKE Me OONabl dKOHE OHbl TAOMFU OOSFBIII PETiHJE
Konganyra Oonmaiapl. TaOuru XnOpoQUIUIAIH Cyda epiMEeUTIHIIrT OHBIH TaOuFH
TaraMbIK OOSIFBII PETiHJEC KOJMAAHBUTYBIH HekTeiiai. bipak xmopodunn konauTepik
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OHIMAEP/I OHAIPYJE CUHTETUKAIBIK OOSFBILITAPAbI TAOUFH aJMacThIPy PETiHAE COTTI
KOJIIaHBLIA IBL.

TaOuru OosFpILITAD HETI31HEH TAOUFH XUMUSUTBIK KOCBUIBICTapIaH, Kypambl IIUKi3aT
TIeH aJIbIHY TEXHOJIOTHSICHIHA OaiiaHbIcThl Oonaabl. OHBIH TYPaKTBUIBIFBI 6T KYPACi.
TaOuru OOSAFBII il HEH ePEeKILe KAPOTHHOMITI, aHTOLHAH 1, QJIaBOHOMTI, XIOPOD ML
araraH >keH. Onap TOKCHHIIK KaOineTke ne emec. bipak keii0ip OosiFpIITapra TOYIiKTIK
KaObUIAay Jno3ackl OenrinereH. TaOuru OOSFBINI 3arTap OWOJIOTHSIIBIK aKTHBTI,
TaFraMHBIH TaraMJIbIK KYHABUIBIFBIH sKOFapnarazipl. [llukizar perinnme kabaiibl >KoHE
MOJICHU ©CIMJIIKTED ajbIHa Ibl, KATIBIKTAPbIH KaliTa KaJlblHa [Iaparl xKacay, IbIPEIHAAD
Kacay KOHE KOHCEpBI xacay canacklHaa Konganaapl. Kelibipeynepin XUMHSIIBIK JKOHE
MHUKPOOHOJIOTHAJIBIK CHHTE3/ICY JKOJIMEH anajabl. TaOuru OOSFBIIITApP COHBIH iMIIHIC
MoauduIUpieHreH OosFbIITapAa OTTErire (MbpICaNbl KAPOTHHOMITAP), KBILIKBUT MEH
citire (MpIcasibl aHTOLHILIEP ), TEMIIEpaTypara Ce3iMTalIbIFbIHAH MUKPOOUOIOT HSIIBIK
OY3bLTYBIHAOKET] COKTBIPAIBL.

AHTOolMaHuHAEp op Typmi pH aeHreiinme TyciH e3repTelni, ©HTKEHi ONapAbIH
MOJIEKYJaJIBIK KYPBUTBIMBI OJIap OpHaJaCKaH epiTiHAiHiH pH KepceTkimiHe Toyenmi.
pH mamamen 3 Gosrania, aHTOLIMAHUH MOJIEKYJIAChl «IPOTOHAAaHAAB. bys GpeHonabx
OH Tomrtapbinia cyTeri atoMaapsl 0ap JereHii oungipeai. SIFHM KbIIIKBUIIBIK OpTajaa
OyJ1 KOCBUTBIC KaTHOHJIBIK, KacueTke ue 0onaabl. OJ KOK-KachbUl CIIEKTPAET] KapBIKThI
cinipeni (mramamen 450-560 HM) xoHE ajilaM Ke3iHE KbI3bLI OOJIBIN KOpiHeai. Anaiifa,
Kopuiaran opTaHblH pH jKorapbuiaybIMEH aHTOILIMaHUH MOJIEKyJaiapsl "nenpoToHra’
aifHanmagpl — OPOTOHAAP (EHONABIK TONTAPAAH IIBIFAPBUIAJBI KOHE MOJEKYIaHBIH
JKapbIK CiHIPYi ©3repeli, eHIl OJ1 capbl-KbI3FbUIT crekTpie (mamamer 570-620 HM)
KapBIKTBI CIHIpiN, aJaMHBIH Ke3iHe KyJTiH TycTi Oomibin kepinexi. PH-Twl kaiitagan
TOMEH/ICTIHI3, al MPOTOHAAP MOJEKyJaMEH KaiTa KOCHUIQJABICOHIBIKTAH >KapbIKTHIH
CiHYiH KaliTaJiaH e3repTeai oHe KaiTa Tyc 0acTamKbl KbI3bUI-KBI3FBUIT TYCKE, COAaH
KeHiH aHTOIIMaHUH/ECP CUAKTHI KBI3FBUIT TYCKE aiiHaaIbl.

Taburn aHTOLMAHMHIEP-KOMipcynap Oap Tmko3uATep Oonbil Tadbutagbl. Onap
3-nosunusinarsl OH TOOBIMEH — mIMKO3MATIK OaiinaHeic Ty3eni. byn mnosunumsiga
anMacteippiiMarad OH ToObl Oap 3aTTap erTe TYpakchI3 *oHE y3lryre oHail OOJbII
Ta0bLIa/(bl. AHTOLMAHUHIED KOOiHece TaOUFU Ke31epiae Ke3necel, THAPOKCHI TOObI
5-no3unysia TMKO3WIACHTeH, ajl OacKalapblHAa CUPEK Ke3Iecei.

. A _o=m
HO, g /}\ 0 H /f HO, g ?:J'oi /E\ ,H\
,J* Z o oo™
If = ;:e:..: 3 pH=is c'.s«: 5 e
- -:l-‘ -0 /} =0 ﬁ ‘_
HO. ’_,l‘ o\,’,rl_:j,k /\
LI L, ™= I e g /L/-\ (\\

H H=%.T H=T3
s P a Pe

pH >xorapwimaran kesne (raBoHOUI (POPMACHIHBIH YiIECi ic JKY3iHAEe TOMEHICH .
Taburu CHIFRIHABIIAPIA MOHOMEPITI 3aTTapaaH 0acka 00JIysl MYMKIH YKOHE ITOJIMMEPIT
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AHTOIMAHUH/IEP, MYH/Ial JKaF1ail @3repreH Ke3/ie TYCIH 63repTe KOMMaiIbl, COlaH KeiiH
nojauMep (HOHBIHIA MOHOMEPIIi aHTOLMAHUHACP/l aHBIKTay MYMKiH AuddepeHraibl
CHEKTPO(GOTOMETPHSIIBIK 9JTICTI KOJIaHBLIAIBI.

Ocputaiiina, anTouMaHuHAep OipHemie TYpii OOXybl MYMKiH, COHBIH ilIiHAE TYC
¢dopmanapsl, Oipak Kaszipri yakbITTa KbI3bLT (rIaBoHOMA (hOpMAachIHAH KOK TycTep
AJBIHIA B

bemaun enuxosudi-;apblK TEH KbUIyFa ce3iMTan cyna epuTiH OosFbim. Cynarbl
KOCBUIBIC epiTiHaiciHiH Tyci pH MoHiHe OaitaHbICThI, COHIBIKTAaH pH WHAUKATOPHI
Oona anmanpl: KaTThl KbIIKELU pH 2-re geiiH, epitTinai KyariH Tycke aitnanansr; pH 4-te
TYC KbI3bUTFa ©3repei. Herisri nuana3oHa NIMKO3HITIK OaiilaHbIC THIPOIIN31 Ke3iH e
TYC CaprbIlI-KOHBIpFa e3repeni . bynm karmaiiia armukoH, OeTaHUIMH MEH IVIFOKO3a
Ty3iaem.

H
Q H* 0 e
v‘ : i m +H ——
o~ eicTpo 0O M L AR HIHG
“R
—— —R HO q +
r e duicTpo muﬂ + H
H

Tuxo3uomik 6aunaHbICMbIY KbIUKbLL 2UOPONIU3 MEXAHUIMI

HO H
Lt c
HO N © HO H 3
\ OH m-cozﬂ + HCOH + h
\ HO N

H, HOOC” “N” >COOH

bemanuounniy cinminix opmadazel 0ecpadayusicyl.
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Cinminiy  xnopogpunnce acepi. XUMHUSNBIK Kypambl OOWBIHIIA  XJIOPOQHILT
XJIOPOOWITMHHIH, ~AUKAapOOH KBIIIKBUIBIHBIH Kypaenai 3¢upi Ooibln  TaObLIAIbL.
XMopopuIMH-KypaMblHAa  MarHMd-mop@upuHAepre  JKaraTblH  a3oT  Oap
METaJUIOPTaHUKAIBIK KOCBUIBIC. XJIOPOMUIIT MOJEKYJIaChIHBIH OpTAachlHAa MarHui
aTOMbl OpHAJacKaH, OJ MUPPOJ TONTAPBIHBIH TOPT A30ThIMEH OipIKTIpiireH.
XTOpopUIIAIH MUPPON TONTapbIHAA aybICHANbl KOC KOHE KapamnaibiM OaiiaHbicTap
xyteci 6ap. by xiaopodumiaig XxpoModopIbIK TOOBI, OHBIH TYCiH aHBIKTAM/IBI.

Dcdupnepniy cintizepMeH opekerTecyi Kesinae (caOblHIaHy peakuuschl) 3¢up
OalimaHpICTaphl Y3UTiM, OCBHl KBIIIKBUI MEH CIUPTTEPIiH TY3bl Ty3ineni. CaObiHIaHy
PEeaKMACH HOTHKECIHAC XJIOPOGUIUTMH TY3bl MEH 2 aJKOTOJNb TY3UIei: METHII JKOHE
(buTONU3MUH.

CE om,my’cooc& + 2HaOH
a —_— -
a2Hz3n ~ COOCaHas

o 1] 2 )
= CazHaOMaMe 7 15 5 +CHROH + CypHzeCH

Maruuniifig 60ybsIH OHail aHpIKTayFa 0omaapl. O YIIiH XJ10po(UIUIIIH aIKOTOIBIIK
CBIFBIHIBICBIHA TY3/IBIH HeMece 0acKa KBIIIKBUIIBIH 9JICi3 epITIHIICIMEH acep eTy Kepek.
by sxarmaiima Tyc e3repemi-COpFBIII Caphl-KOHBIP PEHKKE He Oonansl. MarHwmiici3
xJoporiT TeOOUTHH JeT aTajaibl.

oot ontager SOOCEE L ouo
— T
rs=l e~ COOC ) Has

- CpBlsgONMg = COOCH 0 o

“COOCyHzse
H
CH pn CH,
\_ _C
A ONE
~CH, H,C Y N -CH,
CH/ H " CH
7
: s N
2H Mg H,C v /1y CH
H
H IC \%
GH. COOCH,
(|‘=
. ?
CaoHso CaoHje
Xnopodmnn a deodhuTHH a
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®deodhuTHH MOJIEKYTaChIHIa METaJIbl KaliTaJaH eHT13y JKOHE METaJUIOPTaHUKaJIbIK
0aifIaHBICTBI KAJIMIBIHA KENTIPY CabICTHIPMAIIbI TYplae oHai. O YIIiH MBIC aleTarhbl
HEMECEe MBIPBIII alleTaThl TCO(MUTHUH EPITIHIICIHE KOCBUIBIN, KbI3ABIPbUIA bl MBIpPHIII
HEMeCe MbIC XJI0PO(UILT MOJIEKY/IaChIHA €HE/Tl KOHE COPFBIII KalTaIaH )KachLl O0JIaIbl.

HoTu:kesiep oHe TaJIKbLIAY. Tabusu uHOUKAmMopiaposl auy

AHTOnMaHUH OOslybIH ajy YIUiH IIMKI3aT YCaKTalFaH IIUe >KeMicTepi, KbI3bUIIIA,
co013, Kapa epik, aHap, aCKOK KOHE paylllaH KarblpaKTapbl 00Nkl DKCTPAreHT PETiHIES
JMCTHICHTEH Cy Tali1aiaHbUIIbL.

1-cypem. Konoanvinamein wuxizammap Jcane uHOUKamopowly aibiiy 6apbicol

3epTTeneTiH IUKI3aTThl 3KCTpareHTKe OaThIphill, cy MoHmackiHga 20-30 muH
0o¥ibl KaifHAThIN anbiHABL. OChl Ke3/1e MHUKi3aTTapAblH KYpaMbIHAAFbl OOSFBIII 3aTTap
9KCTpareHTKe OTiM, IIUKi3aT TycCi3AeHeAl. AJNBIHFaH dKCTparTapAbl GUIBTP Kara3blH
naiianana OThIPBII CY3ill aliblll, (GUIBTPATTHI CYBITTHII AJBIH/BI.

2-cypet. OunbTparTapabl Cy3il ary 0apbIChl

Anvinean madbusu unouxamopnapowiy pH kepcemxiwumepinoezi e32epici

WnpukaropnapAblH TUIMAUICIH aHBIKTAy VIIIH, OJIApAbIH KBILIKBUILABIK >KOHE
clrTinik opragarsl Tyc e3repici 3eprreningi. On yuin optypii pH kepceretin Oydeprik
epiTinainepai madpiHaan ansiHAbl. pH 1-6 apanbiFblH KepceTy YIIiH, aleTaTThIK-
Oydepi epitinaini (CH,COOH x CH,COONa) naiibingan aabiHaasl. AJl CLITLIK OpTa
yuwin ammuaktel-Oypepii epitingini (NH,OH x NH,Cl) naiinanansuiner. belirapan
opTa YUIIH AWUCTENJIeHTeH Cy KonnaHbianel. pH mMoHi 1-neH 12-re neiiin kepcereTiH
epiTiHIep i NalbIHaaln OOIFaHHAH KeliH, 1—2 Mil-JieH TaObuFu HHAUKaTop sl 12 Genex
CBhIHAYBIKKA KYHBII, ycTiHe Oydeni epiTiHaiep KOCbUIBI.
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ERIwAWEN

= ph yepomn

16, 11 12 3

ph anzepw (cAnBA)
ph avap

1. 2. 3. 4. & 6. 7. B 9 10.01.12

g. 10.11.

3-cyper.Bydepii epiTiHainepai qabHAaY OaphICH
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|
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8. 9. 10,1112, V. $.101.02.

4-cyper. Ta614m WHJIUKATOPIIAP/IbIH OPTYPIIi OPTAIAFhl pH e3repici
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CypertTe Kepin TypraHbIMbI3ail TAOUFH HHAKWKATOpIap apTypai pH oprana Tycrepin
esrepreni. He cebenti Tyc e3repeTiHiH KOFapblga TYCIHAIPIN ©TKEH OONATHIHOBI3.
Bipak, ackek (ykpor) reH co0i3/ieH TaOUFU UHIUKATOP aly TUIMCI3 CKeH.

Typmvicmoulk Xumusiweix 3ammapoviy pH xepcemxiwumepin anvixmay

TaOuru WHAMKATOPIAPIBIH KBIIIKBUIABIK-CUITIIIK  OpPTagaFbl  Ce31IMTaJABIFBIH
aHBIKTAll OOJIFAaH COH, KYHJICIIKTI eMipAe KOJJAHAThIH, TYPMBICTBIK XUMHUSUIBIK
3arTapaelH pH aHbikTan kepydi skeH caHanabl. On ywin “Halyk Price” eenv-cy
cabvinviy, “AZELIT mazanagviu xypanel, 6ananapza apuaiean ‘“‘Mos [Iperecmo
7 ¢y cabwinbl; “Keralaine” ycvinzan [llapyawvinwix cyivix cabvinot  men  “FLO”
KIp JICyyea apHaiean KOHOUYUOHepOi KIHE T.C.C 3aTTap KOJAAHBUIILL | MJI epiTiHIiHI
CBhIHAYBIKKA KYHBIT, YCTIHE TAOUFU MHIUKATOPIIAP TaMBI3bLIIbI.

Hotmxecin cypertepneH kepyre 0onaasl. AlTa KeTepIiK 3aT, afaM YLIiH

pH=5,5 ey muimoi opma

5-cyper. “Halyk Price” remb-cy caObiHBIHBIH pH OpTachIHBIH aHBIKTATYBI

bi3niy Taburu MHAMKATOPIAPBIMBI3, Oy OyibIMHBIH pH KepceTkimi 7-6 apasbiFblH
KepceTin Typ. byl ¢y caObIHHBIH KypaMbIHIa €H KON Ke3[eCEeTiH 3aT OJ Cy, HaTpuil
naypercynbdarsl, Cocamide DEA, PEG-7 xone T1.6., Oyn 3artap kebine pH 6,5-7
apanviebli kopcemedi HEMECe OChl apaJIbIKThI YCTall TYPYFa aT caslblCabl.

Exinwi sepmmenemin 3amvimviz on “AZELIT” mazanazeiu kypansi. by OyibIMIs1
KOeNTereH agaMaap TeK KarKaH Maiapabl eMec, COHbIMEH KaTap KeTipyre KHbIH
JlacTaHyJIap/bl JKOI0 YLIIH NaianaHaibl.
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FAZELIT

AHTW-HV

6-cyper. “AZELIT” Ta3anarbiin KypaiabHbIH pH OpTackIHBIH aHBIKTaITYbI

Bi3nin unnukaropnap Oyt razanarbiii 3aTTeiH pH 10-12 apanvizein kepcemeoi, SFHA
currinik opra. Kypameinga >30 % cy, <5 %: nonaslk emec 6a3, IATA Ty3bl, HaTpuit
TUJIPOKCHUJII, KaJluil TUAPOKCHII, OPTaHUKAJIBIK EPITKIIll, XOII MICTeHIIprill Kocranap
Oap. baiikan TypraHaapbIHbI3Iall KypaMblHAa ciTiiep 0ap, COHABIKTAaH MaijaiaHap
AIJBIHIA CAKTaHABIPY [IapalapblH MYKUST OKBIHBI3AAP.

Keneci 3epmmenemin  3ameimulz on danarapea apuaizan “‘Mos Ilpenecmv” cy
cabviHbl

Kypawmbi:icy, wnarpuit Jlaypercynbdare, DEA Kokamuai, KOKaMHZOIPOIUII
OctanH, HaTpUil Jaypercylb(OCYKIMHATBI, HATPUH XJIOpUAl, MapPrOMEpIiK cy,
nojukBaTepHUyM 10, TUMOH KBIMIKBUIBI, Oy THJICHITIMKOIb, KOIIMI1 TyHMenaK TyJiHiH
CBIFBIHJIBICBHI, JIOPUTIK Mmandeil KamblparblHbIH CBHIFBIHABICHL, JASPUIIK pO3MapHH
JKaIbIParbIHBIH CHIFBIHABICH, KANaKail ChIFBIHABICHI, JIAMOH Oallb3aMbl JKalbIparbIHbIH
CBIFBIHJIBICHI, JTYIIYC TYMYJTyChIHBIH CBIFBIHIBICHI, IPONUICHIIIMKONIb, KOIMI1 TyHMenaK
CBIFBIH/IBICHI, METHIIXJIOPU30THA30JIMHOH MeTtunuzoruazonuHod, DMDM-runanTons.

KypambiHia arpecuBTi opTra KepceTeTiH KOMIOHEHT OOJMaraHIbIKTaH, Cy CaObIH
OeliTapall opTara >KaKbIH.

Tabuzu unouxamopna pH 5—7 apanvizein kepcemmi.

L - i

7-cyper. “Most IIpenects” cy cabbiHbIHBIH PH OpTaCHIHBIH aHBIKTAITYbI
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Keneci pH opmacwin anbikmaimin 3amulmul3.

“Keralaine” ycvinean [llapyawwlivig cyiivix cabbitbi

Kypamsr: 30 % xoue omaH kem cynaH, 5 % sxone 15 % AITAB sxone 5% ToMeH
(hocdonar, moMKapOOKCUIIAT, TUMOH KBIIIKBUIBI XKOHE OOSFBIIT 3aTTap Oap.

=

8-cyper.“Keralaine” yceiaran [llapyamsiiblk CyHBIK caOBIHBIHBIH pH OpTachbIHBIH aHBIKTATYBI
Byn 3artein pH opracs! 4-6 apaiblFblH KepceTyae.

Keneci 3amuvimviz:

“FLO” «ip acyyea apHanean KOHOUYUOHepi

Heri3ri 6acTbl KaCHETi KHIMIe KaFbIMJIbI Hic Oepy OOJIBIN TaObLIA b,

Kypawmbl: cy, MeTMIM30THA30JMHOH, METHIXJIOPU30THA30JIMHOH, HapgromMepHas
OT/yIIKA, FTeKCUIIMHHAMAU.

9-cyper. “FLO” kip yyFa apHaIFaH KOHAUINOHEPiHiH pH opTachIHBIH aHBIKTATYbI

139



OF THE NATIONAL ACADEMY OF SCIENCES OF THE REPUBLIC OF KAZAKHSTAN

By 3atbvMb13 pH 6-7 apanvieein kepcemeoi.

3.4. Konoawn orcacanzan KomOuyuouepoiy canvicmulpmanvt mypode pH opmacwin
Mmabueu UHOUKAMopap apKslivl AHLIKMAY

Kaoicemmi kypan — scabovikmap:

1)Cy - 500 mu;

2) Cipxe kbkpLIbl (70 %) - 60 mit;

3)Ac conacsr - 60 T;

4)2¢up Mmaiibl — 3—5 TamIbL;

5)Cabbiane epitinai - 10 mi.

JKymvic 6apwicel: dyem 061eK BIIBICKA CIpKe KBIIMIKBUIBIHA aC COJACBHIH CalIbIIl
epiTemis.

NaHCO, + CH,COOH — CH,COONa+H,0+CO, 1

AC CONAChIHBIH CIpKe CYBIMEH OpEKeTTeCyl Oeumapanmarny peakyuscvl e
aranmaapl. OHBIH MOHI MBIHAJIA: CipKe KBIIIKBUIBI Cofa OO TaObUIATHIH CLITIIEpMEH

OpeKeTTeCKeH 1€, KOMIPKBIIIKBLT ra3blH 06JIin, 0ip-0ipiH OelTapanTaHabIpabl.

S

10-cypet. Konman »xacayiral KOHIUIMOHEPIIH JaibIHAATY OapbIChI

Epitinni Oeiitapantansin OonranHaH kediH 500 M CyBIMBI3ABI KYHBII JKOHE
caObIHIBI epITIHAI KOCBIN JKaKChUIANl apajacThIpbulafbl. EpiTiHII KypaMbIHIAaFbl
0apIIbIK KOCBUIBIC KAKCHI €pyi YIIiH OHBI KbI3ABIPAMBbI3, 5—8 MUH KbI3IbIpFAaHHAH KeHiH
OeJMe TeMIiepaTypachiHia CyblFaHblH KyTemi3. CoaH KeliH icTen kaTKaH eHIMIMI3Il
TazapTy MaKcaTblHAa QUIBTPIIET alaMbI3.
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11-cyper. pH opTachlH aHbIKTay

AJBIHFaH KOHAUIMOHEPAiH pH opTackiH TabuFi HHAMKATOPIap apKbUTHI aHBIKTAIIIBI.

Hortmxeci: pH xepcetkimmi — 4.8—5.0 MoHIH KOpCeTTI.

KopbIThIHABI

Kopuvimuinowsinaii kene, 613 MbIHAaHIAH TY>KBIPBIMIAPFA KEJTIK

1. Tabufu WHOWKATOPIAPABI VI OJKaFrmalblHAa alxy MYMKIH KOHE €H JKaKChI
WHAUKATOpJIap KypaMbIHa OWTAIlMH, aHTPAIIH KOCBUTBICTAp Oap 3arTapaH IIbIFabl.
Mpgicanbl, KbI3bUIINIA, IIIHE, aTXOPHI (CIIMBA) KOHE aHap.

2. AnpIHFaH TaOWFW WHAMKATOpiapAaslH pH Kepcerkimrepinaeri esrepici. by
TOXKIpOUE apKBUTBI, 013 MHANKATOPIIAPIBIH op-TYpITi pH MoHIepiHmeri e3repiciMeH Katap,
OJIapIbIH KAHIIATBIKTHI THIMII €KeHIH aHBIKTaFBIMBI3 Kelnali. Kecte-3 kopceTinrenaei ey
THIM/II KOHE €H JKaKChl HOTIKE KOPCETKEH, OJ1 KbI3bIIIIA MEH IITHUE KaThICHIH/A ATBIHFaH
HHAMKAaTOpJIap. AJl €H THIMCI3 HHIUKATOp o013 OeH acKoK. ACKOKTIH TYCI ©3repCH Je,
TYCTEPIIH peHaepi oTe yKcac. A ackek 0osca, TIMTi TYCiH ©3TepTIe/i.

3-kecTe
Taburu mmkizarrapasiy pH opTara ce3iMTaIbIFbl
ukizit pH xepcerkimrepine O6aiiIaHBICTEI OpPTaCH
KBIIKBIIIBIK Beiirapan CinTimix
Ke3butina KaHbIKKaH KbI3bLT AIIBIK KBI3BLI Konpip
ne AIIBIK KBI3BLI CoJIFBIH KBI3BLI Konpip
Anxopbl(ciuBa) KpI3rb11T Capbl Kp13p11 ANIBIK KOHBIP
AHap Kp13p11 BO3FBUIT -allIbIK KOHBIP KonbIp
Ackek Bo3FeinT capser BO3FBINT KBI3FBUIT ATIBIK KOHBIP
Ca0i3 Tyc e3repmeiini BO3FBUIT KBI3FBUIT Capbl Tyc e3repmeiini

TyYpMBICTBIK XMMUSUIBIK 3aTTapAbIH pH KepceTKimTepin aHbIKTay.
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4-kecre

TypMBICTBIK 3aTTapAbIH pH KOpceTKinITepiH CaabICThIPpy
ATtaybl pH xepcetkimi | Oprama Garacsl
“Halyk Price” renb-cy caObIHBI 6-7 850 r
“AZELIT razanarbli Kypajbl 10-12 1800-2000 tr
bananapra apHanran cy cabeix “Mos [Ipenects ” 5-7 705 tr
“Keralaine” ycoaran [llapyarmbiibik CYyHBIK caObIHBI 4-6 685 Tr
“ FLO” xoHAUIIHOHEP] 6-7 1410 tr

4-KecTeeH KOpill TYpraHAapbIHbI3Nal KYHICTIKTI OMipe KOJITaHATHIH TYPMBICTHIK
3arTapabiH k01 OeiTapamn opTansl kepcereni. Anaina, “AZELIT” mazanagviut Kypaol
CUITLJIIK OpTaHbl KOPCETE/i,COHIBIKTaH OYJI 3aTThI TYPMBICTHIK OPTaJia apHANBI CAKTHIK
LIapanapblH KOJIaHy apKbUIbl Naigananyra keHec Oepineni. bipak Ta Oyi1 3aTThl Tek
KaHa KaTKaH Mail MEH KeTipyre KMbIH OOJIaThIH 3aTTap/Ibl )KOH YIIIH KOJJIaHbLIA IbI.

Konnman »kacayiblHFaH KOHIUITMOHEPAiH PH oOpTachlH aHBIKTAIIBI JKOHE oJICi3
KBIITKBUIIBIK OPTaHBl KOPCeTTi. byl eHiMmi KepMeK cyaa >KybUIFaH KHIMACPHIH
JIaKTapbIH KETIpyre KOJIaHyFa YChIHAMbI3,
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Abstract. The article proposes a technology for processing the residue from the
distillation of a mixture of oils and gas condensates. As raw materials for further
processing and production of commercial products with maximum selection, heavy
high-paraffin and low-sulfur residues of the atmospheric column can be used after the
rectification of the oil and gas condensate mixture of the Shymkent refinery (Petro
Kazakhstan Oil Products LLP):

1. Straight-run gasoline fraction with an octane number of 63 points, low boiling
— 130 °C, yield - 5.2 % (wt.); Fraction 130 -230°C, yield - 7.4 % (wt.) —jet fuel TC-1;
Fraction 200-320 °C, yield — 16.5 % (wt.) — summer diesel fuel grade L—0.2—61; residue
above >320°C, yield— 69.8 % (wt.) —low-sulfur fuel oil M—100.
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2. Straight-run gasoline fraction with an octane number of 66 points, low boiling —
120 °C, yield — 4.2 % (wt.); Fraction 120-370°C, yield — 37.8 % (wt.) - summer diesel
fuel grade L—0.2-40; residue above >370°C, yield - 56.9 % (mass.) — low-sulfur fuel oil
M-100.

3. Straight-run gasoline fraction with an octane number of 63 points, low boiling —
130 °C, yield -5.2 % (wt.); Fraction 130-300 °C, yield - 20.4 % (wt.) —winter diesel fuel
of the brand — Z—0.2, minus — 35; the residue is above >300 °C, the yield is 73.3 % (by
weight) — low—sulfur fuel oil M—100.

4. Straight-run gasoline fraction, low boiling — 180 °C, yield — 10.7 % (wt.) —raw
materials for catalytic cracking; Fraction 180-350 °C, yield —26.5 % (wt.) —summer
diesel fuel grade L-0,2-61; residue above >350 °C, yield — 61.7 % (wt.) —low-sulfur
fuel oil M—100.

The presence in the composition of 40% (wt.) distillates accompany the production
of petroleum products from the total amount of raw materials in order to increase the
coefficient of light petroleum products, indicating the modernization of the current
distillation columns, ensuring the production of commercial petroleum products in
these installations.

Keywords: oil, condensate, distillation columns, complex structural unit, asphaltenes,
paraffin, hydrogenate, resin

© B.K. Uckenaupos"’, I.®. Carurosa!, C.b. Kypoanosa?, I.®. AiitumoeroBal,
A.C. Cagpip6aena’, 2023
! «lOxHo-Kazaxcranckuit yuusepcutet uM. M. AyesoBay, [lIpivkenT, Kazaxcran;
*Ounuan PI'Y vedru u raza (HUY) umenn .M. I'yOkuna B r. TamkenTe,
Tawkent, Kazaxcran.
E-mail: catemir_bula@mail.ru

PABPABOTKA TEXHOJIOI'MU NEPEPABOTKHU OCTATKA OT
HNEPEIOHKH CMECHU HE®TEM U TA30OBBIX KOHJIEHCATOB

HckenaupoB B.JK. — noxropant xadenpsl "TexHomorus HEOPraHHYECKHX U HEPTEXMMHUYECKHX
npousBozacTB", IOxHo-Kasaxcranckuil yHuepcuter uMmeHu M.Ayasosa, Ilpocnexkr Toyke xana 5, L.
[Ismvkent, PK

E-mail: Catemir_bula@mail.ru; https://orcid.org/0000-0002-4265-0429;

CaruroBa I.d. — kanquaaT TeXHHYECKNX Hayk, npodeccop kadeapsl "TeXHOIOTHS HEOPraHUUECKHUX H
HedrexuMuueckux npom3BoacTs”, FOkHo-Kazaxcranckuii yHuBepcurer mMeHn M.Ayna3oBa, [Ipocrexr
Toyke xana 5, 1. [lIsimkent, PK

E-mail: guzalita.f1978@mail.ru; https://orcid.org/0000-0001-7913-7453;

Kyp6anoBa C.b. — Jloxtop PhD, Crapmmii npenonasarens xkadenpsr «OOIMmas XUMUs 1 XUMUSI HEPTH U
razay @umman Poccniickoro rocynapcTseHHoro ynusepcurera Hedru u raza (HUY) nmenn .M. I'yOGknna
B ropoze Taukenre., PY

E-mail: Cevara@mail.ru; https://orcid.org/0009-0005-3472-8141;

AfniteiM0eToBa .. — noxropant kadeapsl "TexHONOrHs HEOPraHHYECKHX M HE(PTEXMMHUYECKHX
npousBozacTB", FOxuo-Kazaxcranckuil yHusepcuter umeHu M. Aynasosa, IIpocnekr Toyke xaHa 5, L
[Ismvkent, PK

E-mail: liu_liu@mail.ru; https://orcid.org/0009-0000-2228-2916;

145



OF THE NATIONAL ACADEMY OF SCIENCES OF THE REPUBLIC OF KAZAKHSTAN

Canpip6aeBa A.C. — kaHIUIaT TEXHUYECKUX HayK, mpodeccop kadeapst "Hedrerazoroe aeno", FOxHo-
Kazaxcranckuil yausepcurer umenu M. Ayazosa, [Ipocnexr Toyke xana 5, r. llleimkent, PK
E-mail: a.sadyrbaeva@mail.ru; https://orcid.org/0000-0001-6819-388X.

Annotanus. B crarbe npeioxkeHa TeXHOJIO0T U IepepaboTKK 0CTaTKa OT TEPErOHKH
cMecH He()Tel M ra30BbIX KOHIEHCAaTOB. B KauecTBe ChIpbs A1 JaibHEH e IepepaboTku
U TIOJTYYCHUs TOBAPHBIX MPOAYKTOB C MAKCUMAIIbHBIM OTOOPOM MOYKHO HCITOJIb30BaTh
TSDKEJIbIe BBICOKONApaMHHUCTBIE U MaJOCEPHUCTHIE OCTaTKH aTMOC(HEPHON KOJIOHHBI
nocne pextudukanuu Hedrerazokonaencatno cmecu IIsimkentckoro HIT3 (TOO
«ITetpo Kazaxcran Oiin [Ipogakrey):

1.IlpsmoronHas GeH3nHOBasi (PpaKiUsi OKTAHOBBIM YUCIIOM 63 myHKTa, H.K. — 130
°C, BeixogoM — 5,2 % (macc.); ®@paxuus 130 —230 °C, Beixomom — 7,4 % (macc.) —
peaktuBHoe TorTuBo TC-1; ®paxuus 200-320 °C, Berxomom — 16,5 % (macc.) — neTHee
nu3enpHoe TormuBo Mapku JI-0,2-61; ocratok Beime >320 °C, BexomoM— 69,8 %
(macc.) —Hu3K0CcepHUCTHIN MasyT M—100.

2. [TpsimoronHasi 6eH3uHOBAs (paKLKs OKTAHOBBIM YUCIIOM 66 MyHKTa, H.K. - 120°C,
BeIXOZIOM - 4,2 % (Mmacc.); ®paxmus 120-370 °C, Berxomom — 37,8 % (Mmacc.) — neTHee
nu3ensHoe TormuBo Mapku JI-0,2-40; ocrarok Beire >370 °C, Beixogom — 56,9 %
(macc.) — HM3KocepHHCTHINH MazyT M—100.

3.IlpsmoronHas OeH3MHOBasI (HPaKLUs OKTAHOBBIM YHCIOM 63 MyHKTa, H. K. — 130
°C, BerxomoM —5,2 % (macc.); @paknus 130-300 °C, Beixomom — 20,4 % (Macc.) —3uMHee
JM3eLHOE TOMINBO Mapku — 3-0,2, munyc — 35; ocrarok Beime >300 °C, BeIxomoM —
73,3 % (Macc.) — HuU3KoCepHUCThI MazyT M—100.

4. TIpssmoronnas 6enzunoBas (paxmws, H. k. — 180 °C, Bexomom — 10,7 % (macc.)
— ChIpbe JUIA KaraauTudeckoro kpekunura; ®dpakmms 180-350 °C, Beixomom —26,5
% (macc.) — netHee au3enbHOE TOMIMBO Mapku JI-0,2—61; ocrarok Beime >350 °C,
BbIXooM — 61,7 %(macc.) — Hu3KocepHHUCTHI MazyT M—100.

Hannuume B coctae 40 % (Macc.) IUCTHIUISATOB COIYyTCTBYET IPOM3BOICTBY
HEPTENPOILYKTOB OT OOIIEr0 KOJIMYECTBO CHIPhs C 1IEIbI0 MOBBIIICHUST KO PUIIHEHTA
CBETIIBIX HEPTEIIPOYKTOB, YKa3bIBasi HA MOJICPHHU3AIINIO TEKYIIUX PEKTH(OUKAITMOHHBIX
KOJIOHH, 00eCIeunBasi OJYYCHUIO TOBAPHBIX HEPTENPOIYKTOB B 3TUX YCTAHOBKAX.

KioueBble ciaoBa: HedTh, KOHICHCAT, PEKTH()UKAIMOHHBIE KOJIOHHBI, CIOKHAS
CTPYKTYpHasl eIMHHLIA, ac(anbTeHbl, TapaduH, THIPOTEHU3AT, CMOJIa
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AnHoTaumus. Makanaga MyHail MeEH ra3 KOHJIEHCATTapblHbIH KOCIHAChIH
aiiaynaH KaifaH KaJJbIKTapblH ©HJEY TEXHOJOTHICH YChIHbUIFaH. [lIbIMKeHT
MO3 («Ilerpo Kazaxcran Oiin Ilponakre» XXUIC) myHaii ra3 KoHAEHCAT KOCHACHIH
pexTHdUKaIHAIaraHHaH KeiiH aTMoC(epallblK KOJIOHHAHBIH aybIp JKOFapbl TapauH/Ii
JKOHE a3 KYKIPTTI KaJJbIKTApbIH OapbIHILA IPIKTEYMEH TayaplblK OHIMIEpAl OJaH opi
OHJICY JKOHE ally YIIiH IMKI3aT peTiHJe naimananyra 0oiasl:

1. Oxran caubl 63 MyHKT 00JaTHIH Tikenel aiinay 6ensun dpaxiwsicer, 6.K. — 130 °C,
mbIFbICHI-5,2 % (Macca.); @pakiuscs 130-230°C, mbirbiMel - 7,4 % (macca.) - TC-1
peaktuBTi OTBIHBI; (pakiusicel 200-320 °C, mbiFbiMbI-16,5 % (Mmacca.)-JI-0,2 — 61
MapKaJIbl )Ka3Fbl IU3€NTb OTBIHBL; KAIABIFGI >320 °C soFapsl, BIFBIMBI-69,8% (Macca.)-
TeMeH KYKipTTi MmazyT M-100.

2. OkTaH caHbl 66 TyHKT OOJIATHIH TiKkeel aiinay 6eHsun Gpakiusicel, 6.K. — 120 °C,
biFbichl-4,2 % (Macca.); @pakimscet 120-370 °C, wbirbiMbl-37,8 % (Macca.)-J1-0,2
— 40 mMapKaJbl JKa3rbl IU3€Tb OTHIHBI, KaNAsFbl >370 °C skorapsl, MBIFEIMBI-56,9 %
(macca.)- TeMeH KyKipTTi MazytT M-100.

147



OF THE NATIONAL ACADEMY OF SCIENCES OF THE REPUBLIC OF KAZAKHSTAN

3.OxraH caHbl 63 MyHKT 00JaThIH TiKeseH aiinay 0eH3uH pakuuscel, 0.K. — 130 °C,
HIBIFBICHT -5,2 % (Macca.); @paxkiusicel 130-300 °C, msirsivel-20,4 % (macca.) — 3-0,2,
MHUHYC - 35 MapKasibl KbICKBI JH3eb OTBIHBI; KAIABIFel >300 °C skoFaphl, NIBIFBIMBI —
73,3 % (macca.)- ToeMeH KyKipTTi MasyT M-100.

4. Tikeneii aigaiiTbia OeH3uH (pakuuscel, 0.K. — 180 °C, mbrbivMbI-10,7% (Macca.)-
KaTaJIMTHKAJIBIK KDEKHHTKe apHaiFaH mukizar; gppaxuusicel 180-350 °C, mbFbiMbl -26,5
% (macca.)-JI-0,2 — 61 mapkaibl %a3Fbl AU3ETb OTHIHBL, KAIABIFEl >350 °C KoFapsl,
mWbIFBIMBI-61,7 % (Macca.)- TeMeH KykipTTi MazyT M-100.

Kypambinna 40% (macca.) OUCTHIUIATTAp OCHI  KOHABIPFBUIApAA TayapiiblK
MYyHall eHIMIEpiH ajxyabl KamMTaMachl3 €Te OTBIPBIN, aFbIMIAarbl PEeKTH(PHUKALMSIIBIK,
KOJIOHHAJIAPAbIH JKaHFBIPTBUTYbIH KOpCEeTe OTBIPBIN, >KeHIT MYHail eHIMIEpiHiH
K03(UIHMEHTIH apTTHIPY MaKCaThIH/A INKI3aTThIH KNIkl CAHBIHAH MYHAH OHIMAEPIH
OHJIIPYMEH Karap *KYype.

Tyiiin ce3aep: MyHall, KOHAEHCAT, PEKTU(PHUKALMSIIBIK KOJOHHANAp, KypAeni
KYpBUTBIMABIK OipiiK, achansTenaep, napadut, THAPOTSHU3AT, HIaHbIP

Beenenue

OnHMM M3 NEepCHEeKTUBHBIX HaNpaBIeHUN JaJbHEHIIEro Yay4llIeHus Moka3aTeneit
MPOIIECCOB MEPETOHKH HE(PTH B JAHHBIX peajHiX sBISETCS Hay4YHO 0OOCHOBAHHBIM
MOAXOJ, K TOATOTOBKE CBIPhS, B KaueCTBE KOTOPOTO IIHPOKO HCHONb3YIOTCS
MHOTOKOMITOHEHTHBIE cMecH HedTel ¢ razokonaeHcaroM (Kocapesa, 2022).

UzBectHo (Kapabaes, 2014; Manymkus, 2015), 4To Tipu neperoHke cMecu HedTen
pa3aMYHOM NPHUPOJBI B ONTHUMAIBHOM COOTHOUIEHMH CYMMAapHBII BBIXOJ CBETJIBIX
He(PTENPOLYKTOB OOJIbIIIE, YEM ITPU Pa3aebHOM IePEroHKe STHX HeTel. AHAIOTHYHOE
HEeaJITUTUBHOE HM3MEHEHHE BBIXOJAa IMPOLYKTOB MpHUCYLIe U JUId cMmeceld Hedred c
ra30KOHIEHCATOM, OJHAKO OOBIYHO NpH mepepaboTke TAKUX CMECeil He YUMTBIBACTCS
(dbopMHpOBaHHE AMCHEPCHI B CHCTEME: CMEIIEHHE OCYILECTBISETCS MPOHU3BOJIBHO,
HCXOMs M3 MAaKCHMaJIbHO JOMyCTUMOW HAarpy3Kd YCTaHOBKM W W3 TpeOOBaHUM,
MPEIBABIAEMBIX K KAUECTBY BBIMTYCKaeMON MPOTYKIHH.

HedTu pasnuunoil mpuponbl, COCTOSIIME M3 CMECH TONSPHBIX W HEMOJSIPHBIX
COCAMHEHHH, B3aUMOJEHCTBYIOT C HAaJMOJEKYISPHBIMH CTPYKTYpaMH U 00pasyroT
Ha UX TIOBEPXHOCTH COJIbBAaTHBIE OOOJIOYKH Pa3IMyHON ToimuHbL. OOpasoBaBIIasics
JHCIIEpCHAasl YacTHla CIOXKHOTO CTPOEHHS, CIIOCOOHa K CaMOCTOSTEIbHOMY
CYIIECTBOBAaHHIO. XapaKTepHOH ee 0COOCHHOCTBIO SIBISIETCS pa3HHIIA TOBEPXHOCTHBIX
SHEPrUil MeXay HaIMOJEKYIIpHOW CTPYKTYpOH M COJBBAaTHBIM CJIOEM M MEXKAY
COJIbBaTHBIM CJIOEM M TUCIIEpPCHOHHOM cpenoil (emkosa u ap., 2018).

Ha rpanuue pasznena ¢asz popMupyrorest aacopOLMOHHO-COIBBATHBIE CIIOU 3a CUET
HECKOMITIEHCHPOBAHHOI MOBEPXHOCTHOH HEPTrUH. DTH CIOU YMEHBIIAIOT MexK(pazHoe
HaTsHKEHUE M MPEMATCTBYIOT KOAryJsuM YacTULl AucrepcHOi ¢a3pl. COBOKYIHOCTD
sapa (HaaMONEKYISIpPHOM CTPYKTYpPBI) B aJJCOPOLIMOHHO-COIBBATHOTO CIIOSI COCTABIISIET
CIIOXHYIO CTPYKTYpHYIO eanHuny (CripaBoyHHK XuUMHUKa 21).

OnrtumansHOE COOTHOIIEHHE KOMIIOHEHTOB B CBIPbE IMEPErOHKH O00ecleurBacT
(hopMHpOBaHHE CIOKHBIX CTPYKTYPHBIX EIUHHL[ C IKCTPEMANbHBIMH 3HAYCHUSIMU
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pa3MepoB pannyca HaAMOJCKYISIPHOW CTPYKTYPBI M TOJILMHBI COTBBATHON 000I0UKH,
910 OOYCJIOBIICHO HM3MEHEHHEM OanaHca CHJI MEKMOJEKYISIPHOTO B3aWMOACHUCTBHS
MEXJy TUCIICPCUOHHOM CpeJIoi U AUCTIEpCHOM (ha3oii.

B cBi3u ¢ 9TUM mpeacTaBisieT MHTEpEC HCCIeOBaHHE IMpolecca NepepadoTKu
He(TEra30KOHACHCATHBIX CMECEH C LIeNbIO ONPEAeICHUs] ONTHMAIBHOTO COOTHOILICHHS
KOMIIOHEHTOB B CMECH, KOTOpoe obOecmeduT Oosee 3(PPEeKTHBHOE HCIIOIb30BAHHE
pecypcoB HEQTSIHOTO TPOUCXOKICHHS.

Ha IIsiMkenTCKOM HedTenepepadaTbIBaloIeM 3aBOJE  CHIPHEM Uil MPOM3BOACTBA
MOTOPHBIX TOIUIMB CIY)KUT craObuiamsupoBaHHas cmech HOxHo-KazaxcraHckoit
(Tyzkonbckoii, Kymkonbcekoit) n 3anmagno—Kazaxcranckux (JKanaxosckoid) HeTeid.

B mocnennme rompl B PecnyOnuke KaszaxcraH BBemeHBI B OKCILIyaTalHIO
MEPCIEKTUBHBIE MECTOPOXIEHHs He()TH | ra3oBbIX KoHaeHcartoB (TeHrusckui,
Kapampiranakckui, XKanaxoiackuii, KyMKoJIbCKHiA 1 . ), OTKPBITHI HA IPUKACTIHHACKOM
menbQe KpynHble MecTopxaenus: Kamaran, Kypmanrasel u npyrue.

Hedytu n razoxonaeHcaTs HOBBIX MecTopoxaeHui PK B 0CHOBHOM peACTaBIIsOT cO00M
BBICOKOBSI3KOE YIVIEBOIOPOIAHOE CHIPbE CO 3HAYMTENIBHBIM COIEpKaHHEM MapadHHOBBIX
YIJIEBOIOPOAOB, MEPKANTAHOBBIX CEPHUCTBIX COSOMHEHHUH, METannop(HPHHOB, KOTOPbIE
TpeOyIOT HeTPaAUIIMOHHBIX IOAX0J0B K HX nepepadorke (Paxumos u nip., 2015).

Pa3paboTka panroHaNbHBIX BapHAHTOB MEPEPAOOTKU PA3IMYHBIX (pakiuuil HedTe
1 Ta30KOHJCHCATOB HOBBIX MECTOPOXKACHHH Kak cMecu Hedreil HOxno-Kazaxcranckoi
(Ty3xomnbckoit, Kymkonbekoit) 1 ApbICKyMCKOro, AMaHTEIIMHCKOTO Ta30BbIX KOHJEH-
caroB 1M03BoJIsieT 3P (EKTHBHO pemaTh 3a/1a4dy yIOBIETBOPEHHS MOTPEOHOCTH CTPaHbI B
BBICOKOKAQUECTBEHHBIX MOTOPHBIX TOIUIUBAX U B CHIPHE ISl HEPTEXUMHUIECKOTO CHHTE3A.

Ocratok armMocepHOil PEeKTH(HUKALMOHHONW KOJOHHBI J0 CHX IOp HE HAaXOTUT
panroHaIBHOTO HCIIONB30BaHus. Ero pu3nKo-XxuMuUecKre XapaKTepUCTHKH: TTIOTHOCTD
mpu 20°C- 870,9 xr/m?; Bsazkocth tipu 30, 40, 50 u 60 °C cootBercTBeHHO 165 55; 7,91;
5,59 u 4,3 mm%/c; Temneparypa 3actbiBanus — 20 °C, BCHBINIKH B OTKPBITOM THUIJIE -
31°C, B 3akpeiTom THIIE HIKe 35°C; comepikanue, % (Macc.): BOIOBI - OTCYTCTBYET,
acQanbTeHOB — CJIEAbI, CMOJ (CHIMKareneBbix) - 3,5, napadgunos - 10,1, cepbr (001weit)
- 0,17; koxcyemocTts - 0,5 % (Macc.) OTIHYUTENEHBIMUA 0COOCHHOCTSMU JAHHOTO ChIPhSI
SIBJISIFOTCSL BBICOKMI TOTEHIMA CBETIbIX (pakUuil W KpailHe HHM3Kas KOHICHTPALUs
CEpOOPraHNYECKHUX U CMOJICTO-ac(anbTeHOBBIX coequnenuit (Kamyerun u ap., 2015).

CraOunbHbBIi KOHJEHCAT Ha YCTAaHOBKE IO MPOW3BOJACTBY MOTOPHBIX TOIUIUB
pasnensercs Ha OeH3MHOBBIE U cpenHue Gppakuun. Ha 6a3e aTux ¢ppakuunii cMemmBanuemM
MOTY4aloT aBTOMOOHIIbHBIE OCH3MHBI M JU3ENbHBIE TOMJIMBA PA3HBIX MAPOK.

MarepuaJibl 1 METOAbI HCCJIETOBAHUS

B kayecTBe OOBEKTOB HCCIENOBaHHUS PACCMATPUBAIN CHIPhE MECTOPOXKICHHS
ApbICKYyM, AMaHTeNIbl M OCTAaTOK arMOc(epHOH pPEeKTU(UKALMOHHOW KOJIOHHBI:
Mma3yT HOxxHo-Ka3zaxcranckoii (Ty3konbekuit, Kymronbckuii) Hedtu. [lepen ananuzom
cbipyto HedTh HarpeBanu 10 40-50°C, nepeMemBaiy B pa3IHYHbIX COOTHOIICHHUSIX
W OCTaHOBWMJIMCh Ha COTHomeHHHu 25/25/50 wm ompenenunu (U3UKO-XUMHYECKHE
cBoiicTBa. PU3NKO-XMMHUYECKHE CBOMCTBA APBICKYMCKOTO, AMaHTEIINHCKOTO Fa30BBIX
KOHZICHCATOB U Ma3yTa KymKonbCckoi HeTH npuBeneHb! B Taduie 1.
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Tabmuma 1 - ®U3HKO-XUMHYECKHE CBOHCTBA APBICKYMCKOTO, AMaHTEIIMHCKOTO ra30BbIX
KOHJIeHCaToB 1 Ma3yTa Kymkonbckoii HedTr

[oxazarenn Hccnenyempie 00pa3usl HeTH 1 UX cMecu™®
Awmanrennel | ApblckyM | Kymkonbckuii ma3yTr | Cmech
25%nmacc. | 25 % macc. +50% macc. Hedrei
IInoTHOCTH, KI/M? 802,3 805,2 870,9 817,7
Baskocts, MMm2/c 3,47 6,7 10,5 5,2
Temneparypsl 3acTeiBanus, "C -35 -21 +5 -20
Temneparypa Benbiik, "C 26 28 35 31
Coneprxanue, % mac.:
Oo6mas cepa 0,57 0,53 0,17 0,27
AcdansreHoB 0,73 34 0,69 0,89
CMOJT CUJTHKATeJIEBBIX 2,2 8,6 3,5 3,44
[apadunos 3,49 7,12 10,1 7,5
Temneparypa rasienus napaduna, °C +52 +54 +53 +50,5
Kokcyemocts, % mac. 0,45 0,22 0,5 0,8

*- COOTHOILCHHE He(PTH B HedTecMecH OBUIO B3STO C y4ETOM MOTCHLHMAIBHOTO 3amaca U 00beM HX
00BIYUN.

OpaknuoHupoBaHue cMecedl HeTH TPOBOIWIM Ha TUHOBOM anmapare APH-2
npu 3arpyske Kyoa HedThio B 00beMe 3,0 mutpa cormacHo OCT 11011-85. Ilepen
aHanmm3oM He(Th Harpesanu 10 40-50 °C, mepeMemnBanu u 0TOMpany odbpaser Maccoi
792,95 t B meperonnyo kondy, cormacao ['OCT 11011-85 ('OCT 11011-85, 1990).

ITeperoHKy Besid CO CKOPOCThIO 3—4 cM*/MHH., 0TOOp (pakimii mpu arMochepHoM
nasnenun npousBoawn 10 350 °C, 3atreM atMoc(hepHYIO MEpPEroHKy MpeKpaIiaii u
HaYMHAJIM BaKyyMHYIO NeperonKy. OcTarouHoe JaBjieHHE TONICPKUBAIN B IHAIIa30HE
10-12 MM pr.cr. npu ordope dpakumit 10 320°C, u 1-2 mm pr.ct. cBbime 320 °C
(Kammyctun u ap., 2015).

Juctmmmsanust TokaseiBaeT, uto g0 350 °C momBepraerTcst IMEpEroHKe JIMIIh
37,2 % ot oOmeit Maccl HedTu. [lomydeHHbIe NaHHBIE CBHIECTEIBCTBYIOT O TOM,
9T0 B HCCIEAYeMOH HE(TH COAEPKHUTCS CYNIECTBEHHOE KOJIMYECTBO TSIKEIOTO
BBICOKOIAPA(QHUHUCTOTO M MaJlOCEPHUCTOTO0 OCTaTka arMoc(epHOH KOJOHHBI TOCHe
pekTH(dUKaMK HeQTEra30KoHIEHCATHON CMECH.

C YBCIMYCHUEM TEMIICPATYypbl MacCCOBasg IO0Jd IIOCICAOBATCIIbHBIX JCCATU
IpagyCHBIX (DpaKiMii yBEIHYMBAETCSA BILIOTH J0 Temmeparypbl 340-350 °C, mpwu
KOTOpOH 3ahuKCHpoBaHa MaKCUMAJIbHAs MacCcoOBast IOJSI CPEIH BCEX AECATHIPaLy CHBIX
(dpaxmuii (Iamxuesa u ap., 2009).

st onpeneseHus] BBIXOAA CBETIIBIX HEPTENPOAYKTOB AJisi Oyaylield TEeXHOIOTHH
OBUIM MPUHATHI CIIEAYIOIIUE TEMIIEPATYPHBIC TIPEIENbl OTOMPACMBbIX (PPaKIIHIA:

-ben3unoBrie q)paKHI/II/I C HU3KHUM OKTAaHOBBIM YUCJIOM U COACPIKAHUCM CCPBI;

-KepocunoBast ¢pakius onpenensiomas HU3KOTEMIIEpaTypHBIE W BS3KOCTHBIE
XapaKTePUCTHKN TOBAPHOMY IIPOIYKTY;

-/ln3enpHble PpaKInu 110 PU3NKO-XUMUYECKHM XapaKTePUCTHKAM COOTBETCTBYIOIIAs
TpeOOBaHUIM Ha MAJIOCEPHUCTOE JIETHEE JT3ETbHOE TOIUIHBO.

Kax BuHO M3 TaHHBIX TAOMUIBI 1, KOHIEHTPALUS COSTMHEHHUI Cephbl U CMOJUCTO-
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acanbTeHOBBIX B OCTaTKe HHU3Kas. Hamuuue H-napauHOBBIX YIIIEBOAOPOIOB
00yCIIOBIIMBAET BBICOKYIO TEMIIEpPAaTypy €ro 3acThlBaHUs. BbineneHHas U3 ocTarka
CMECh 3THUX YIVIEBOJOPOIOB MMEET CPEOHIOI TemIeparypy IuiaBieHus — (+)52°C,
YTO TpennonaraeT NPUCYTCTBHE TeHAHKo3aHa (YIIEeBOAOPOI, allkaHbl JIMHEHHOTO
CTpOEHUSI, colepkaumuii 21 aroMm yriepoia, opraHuueckoe coeAuHeHue) u Oolee
BBICOKOMOJICKYIISIPHBIX H-MapaduHOB.

Huskas Temneparypa BCHBIIIKKA 00yCIOBJICHA KOHCTPYKTUBHBIMH OCOOEHHOCTSIMH
OOBSI3KM OCHOBHOM KOJIOHHBI PEKTU(HUKALINH.

ATMoOc]epHO-BaKyyMHas pasroHKa ucciexyemoid cMmecu B anmapare APH-2 mo
OOIIENpPUHITON MeToAuKe ToKasana (Tabnuua 2) cpeaHuil kodp¢uuueHT ordopa
LeJIeBbIX (ppakiuii B OCHOBHOW KOJIOHHE PEKTH()UKAIHIH.

Conmepxanne B HeM muctiwuiiToB ao >350 °C pmocruraer 37,2 % (macc.).
[lorenunanbHOE comepskaHHe 0a30BBIX Macesl ¢ MHAEKCOM BsizkocTH 90 B KyOOBOM
ocrarke 1 octarke Bbiie 350 °C ero arMoc(epHO-BaKyyMHO# IIEPETOHKH COCTaBIISIET
cootBeTcTBeHHO 36,5 1 59,1 % (Macc.). Takum 00pa3om, COIIIACHO TEXHOJIOTUYECKOM
KJaccu(uKanum, nHAeKC KyooBoro octarka - 1.3.1.2.3 (Kucrep, 2019).

Ta6n1/111a 2. OU3NKO-XUMUICCKHIEC XapaKTCPUCTUKHU OCTATKa OT IIEPETOHKU CMCCHU He(i)TefI 1 ra30BbIX

KOH/ICHCATOB

DU3NKO-XUMUYECKHUE [TOKA3aTEIN Ocrarok arMocdepHO# MeperoHkr cMecr HeTeil 1 ra30BbIX
KOHJ/ICHCATOB

ITnorHOCTH NpH 20°C, KI/Mm? 870,9

Conepxanue, % macc.

cepbi(00reit) 0,17

BOJIBI OTCYTCTBYET

ac(aIbTeHOB CIe/Ibl

CMOJT (CUJIMKAreIeBbIX) 3,5

napadHOB 10,1

Kokcyemocts, % Macc. 0,5

Baskocts, Mmm?/c:

nipu 30°C 16,55

npu 40°C 7,91

npu 50°C 5,59

npu 60°C 43

Temmeparypa, °C:

3aCTHIBAHUS —20°C

BCIBIIIKH B OTKPBITOM THUIJIE 31°C

BCIBIIIKY B 3aKPbITOM TUIJIE <35°C

Conepxanue aucTriuisito 10 350°C, % 402

(macc.). i

[MorenuunansHOE comepkanue 6a30BbIX Macen ¢ uHaekcoM Bs3koctu 90, % (macc.):

B KyOOBOM OCTaTKe 38,2

B ocrartke Bbime 350°C 61,1
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I[aHHLIG 0 (I)paKL[I/IOHHOM COCTaB€, BbIXOAa CBECTIIBIX q)paKLlI/II/I, IJIOTHOCTH,
noka3areaeu OpeJIOMIICHUS, MOJICKYJIIpHAasi MaccCa, BA3SKOCTHBIC XapaKTCPUCTUKU,
TEMIICPATypa 3aCTbIBAHUA U COACPIKAHNUE CCPhI IPUBCACHLI B Ta6J'II/ILIC 3.

Tabmuma 3 — AtmocgepHo — BakyyMHast pa3roHka B anmapare APH-2

3 A 2 E § BsskocTs, Mm%/¢ § %:ﬁ v
E“ = § InoTHOCTH % g S s £ E § . §
5 25 | npu20C, | F 2 o | 2| 2 | 2 |gE|55E
= | 8s | ww | E5 BT R | R | E|EEIECS
2] = S e 8lo
EH;‘G:H;‘ _“620 0,45 679.3 1,3830 - ” ” ” ; )
62-85 0,82 7228 1,4000 - - - - - -
85-100 1,14 735,1 1,4100 98 - - - - -
100-120 1,83 749,8 1,4178 106 - - - - -
120-140 1,89 765,5 1,4270 116 - - - - -
140-150 0,82 775,0 1,4324 124 1,01 - - - Cnen
150-160 0,89 780,4 1,4360 131 1,16 0,82 - - 0,01
160-180 2,84 793,2 1,4421 141 1,46 0,96 - <60 0,02
180-200 1,94 806,7 1,4490 154 1,75 1,15 - -58 0,03
200-230 2,66 820,4 1,4576 171 2,32 1,51 - -43 0,03
230-240 1,18 830,5 1,4640 183 2,81 1,80 0,99 | -34 0,03
240-250 1,18 936,2 1,4672 190 3,18 1,93 1,12 | -29 0,04
250-260 2,41 842,6 1,4710 197 3,72 2,12 1,21 | -24 0,04
260-280 2,37 845,4% 1,4728 213 4,72 2,54 1,32 | -18 0,05
280-300 3,14 848.2 1,4740 228 6,00 3,01 1,49 | -12 0,06
300-320 3,53 850,2 1,4754 247 7,80 3,65 1,68 -4 0,07
320-340 8,89 852,5 1,4790 270 11,38 | 4,68 1,92 4 0.10
340-350 2,21 856,8 1,4804 279 15,03 | 5,70 | 2,16 11 0,13
350-360 2,50 859.,2 1,4808 283 17,05 | 6,40 | 2,31 14 0,14
360-380 5,63 862,5 1,4830 290 - 7,78 | 2,69 19 0,16
380-400 5,78 865,5 1,4890 325 - 10,48 | 3,44 | 26 0,20
>400 47,80 910,7 - - - - - 39 0,24
[orepu: 1,10 - - - - - - - -

bensunoBbie Gppakunu (Tabmmua 4), BeIxoa KoTopbix coctasmseT 10,7 % (macc.) Ha
KyOOBBII OCTaTOK, UMEIOT OKTAHOBOE YHCIIO 57 (110 MOTOPHOMY METOIY) U COAEpIKaT
menee 0,003 % (macc.) obme#t cepsl. [lo TpymnmoBoMy YITIEBOZOPOIHOMY COCTaBY
OHU SIBIISIFOTCSI ONArOMpPUSATHBIM ChIPhEM KATATMTHYECKOTO PUPOPMUHTA C OIOKOM
a7ICOPOITMOHHOM OYMCTKH OT TE€TEPOATOMHBIX coenuHenuit [lycypmanosa u np., 2016).
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Tabnuua 4. ®u3nKo—XUMHYECcKast CBOMCTBA OEH3MHOBOW (pakiuu

[oKa3aTen Bensunosast Gppakius,’C
62-85 | 62-180 | 85-120 | 85-180 120-140 140-180

ITnoraocts mpu 20°C kr/m? 722.,8 766,8 744.8 770,6 765,5 788,7
((E\;);lcecr??aﬂuewmen cepsl. % oTeyTeTBYeT 0.018
I'pynmoBoii yrieBogopoaHslii cocTtas, % (Macc.)

napapHHOBbBIC 50 42 41 42 41 43
Ha(TEHOBEIC 47 42 46 42 43 39
apoMaTH4ecKue 3 16 13 16 16 18

OU3NKO-XUMUYECKUE XapPaKTEPUCTHKU KEPOCHHOBBIX (Dpakiuil TMpHUBEICHB B
tabnuie 5. @pakipn 120-230 u 130-200 °C (Bbixoxn - coorBerctBenHo 11,1 u 7,4 %
MAacc. Ha 0CTATOK ) TI0 OCHOBHBIM DKCILTyaTalliOHHBIM XapaKTEPUCTUKAM COOTBETCTBYIOT
TpeOoBaHMUAM Ha peakTHBHBIE TornBa Mapku TC-1 mepBoii kareropuu (I'OCT 10227).
®pakuust 140-250 °C (Boixox - 11,5 % macc.) orBevyaet TpeboBarusam TY 38.401-58-
10-90 1 MoKeT OBITH UCTIONB30BaHA B KAYECTBE OCBETUTEILHOTO KepocnHa Mapku KO-

20 (Tanames u np., 2013).

Tabmuma 5. PU3UKO - XUMHYECKask CBOIICTBA KEPOCHHOBOH (ppakunu

[Tokazarenu Kepocunosas dpakigust,’C
120-230 130-200 140-250

ITnotHOCTH TpH 20°C, Kr/Mm? 797,8 871,5 809
Bsaskocts, MM?/cex
nipu 20°C 1,52 1,38 1,88
npu -40°C <8 <0,8 -
Temneparypa, °C
BCIIBIIIKA 28 28 >40
KpHCTaIIM3aLUI -60 -55 -
Cozeprxanue cepsl. % (Macc.)
o0reit 0,03 0,02 0,03
MEpPKanTaHOBOM OTCYTCTBYET
TeIuIoTa cropanua(Hu3mas), kKJHk/kr 43041 42950 -
BBICOTA HEKOMTSIIETO IJIAMEHU,MM 24 25 21

Huzensnbie ¢pakmun 140-360, 180-350 u 200-320 °C mo (HU3HKO-XUMHUECKIM

xapakTepucTukaMm (Tabmuma 6) cooTBeTcTBYIOT TpeboBanmsam ['OCT 305 nHa
MAaJIOCEPHICTOE JIETHEE An3eiIbHOE TOtInBo Mapku JI-0,2-61, dpakmus 120-370 °C
Ha TOITUBO 3uMHee, Mapku JI-0,2—40. MakcuManbHBIH BBIXOA JIETHETO IHU3EIIEHOTO
TOTITNBA MOXKET cocTaBuTh 37,8 % (Macc.) (Tanames u ap., 2017).
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Tabnuna 6. ®u3nKo-xMMHYEcKas CBOMCTBA TU3eIbHON (Qpakiun

Hoxasarenm Dpaxuust Au3enbHoro Tommsa,’C
130-300 | 120-370 | 140-320 | 140-360 | 180-350 | 200-320

ITnotHocTs ipu 20°C, kr/m3 827,8 847,2 838.2 846,9 848.2 845
Bsskocts nipu 20 °C, mm? /cek 2,6 5,58 3,32 5,46 6 4,58
Temneparypa, °C
BCIIBIIIKA >35 >4() 54 >61 >61 >61
TIOMYTHEHHS <-25 <-5 -21 <-5 -9 -16
3aCThIBAHHUS -36 <-10 -26 <-10 -15 19
Copneprxanue cepbl. % (Macc.)
obmei 0,03 0,06 0,04 0,05 0,06 0,05
MEpKanTaHOBON OTCYTCTBYET
LleTanoBoe YHCIIO 43 | 46 | 47 | 46 | 53 | =2

@pakuust 130-300 °C (Beixom-20,4 % Macc.) 1O BCeM XapaKTEPUCTHUKaM, 3a
nckmodeHuem neranoBoro uucina (mo 'OCT 305- me menee 45), COOTBETCTBYET
MaJIOCEPHUCTOMY AU3€IbHOMY TOIUIMBY Mapku 3—0,2 - munyc 35.0nHako o TY 51-28
u nipoekty HoBoro ['OCTa (B3amen 'OCT 305) momyckaercs BbIpaOaThIBaTh 3UMHEE
JU3EJIbHOE TOIUIMBO C LETAHOBBIM YMCIIOM He MeHee 40.

Bakyymubiii razoiiib (350-500 °C) - wmanocepuuctoiii (0,22 % macc. cepsi)
BechbMa HH3KoM kokcyemoctH (0,23 % macc.). Ero miotaocts tipu 20 °C -893,5 kr/m?,
MostekyisipHast Macca-360, Bsazkocth mpu 50 u 100°C - coorBerctBerno 20,1 u 5,2mMm?/c,
temmeparypa 3acteiBanus -34 °C. Ilo (GHU3HKO-XMMHYECKUM XapaKTepPUCTHKAM U
(bpaKIIMOHHOMY COCTaBY OH SIBJSIETCS ONArOTPUSATHBIM CBHIPHEM KaTaTHTHYECKOTO
kpekuara (MckenmupoB u ap., 2023), THAPOKPEKWHTa WIH THAPOU3OMEPHU3AIUU B
3aBUCHMOCTH OT KOHBIOHKTYPBI PHIHKA TOTUIHB.

Pe3yabrarbl 1 ux o0cyxxaenmne

InotHOCTh cMecu uccaeayembix Hedreir mpu 20 °C pasma 817,7 kr/m®, a
KHHEMaTHYEeCKask BA3KOCTh IIPH ITOM ke Temreparype — 5,2 mm*/c. Comeprkanue oomiei
cepsl 0,27 % wmacc., achansreHOB U cMon cumkareiaeBeix 0,89 % m 3,44 % wmacc.
COOTBETCTBEHHO, a mapapuHoB — 7,5 %. CymmapHbIN BIX0J (hpaKIiuii u3 cMecu HedTei
Buikumaronmx 10 200 °C, cocrasnser 38,2 % u mo 350 °C — 61,1 % macc. (Tabmwma 2).

HccrmemoBanus IoOKasamd, 4To B cocraBe ¢pakmuii, 350 °C umerorcs clemsl
ac¢anpTeHoB, cuiIHKareneBbix cMonl 3,5 % u mapaduua 10,1% mannas dpaxmus
cootBercTByeT TpeboBanusaM [ OCTa Ha Tonownsrii MazyT mapku 100, HO enecoobpazHo
WX HCIIOJTH30BATh B KAYE€CTBE ChIPhsI KATATUTHYECKOTO KpeknHTa. Bo dpakimnu 350-470
°C cymMMapHbIii BBIXOJ MACIISTHOTO JUCTHILIATA U3 cMecH HedTel coctasiseT 38,2 % u
MOJKET CITy’KUTh B Ka4eCTBE CHIPhS IS MIPOU3BOACTBA 0A30BBIX MaceN TaK KaK MHJIEKC
BSI3KOCTH HAXOAATCS B penenax 65—95 myHKTOB.

Takne XWMHYeCKHe W3MEHEHHs COCTaBa HE(TSIHOTO CHIPhS IIOKA3BIBACT, 4YTO
HaJMOJIEKYJISIPHBIE B3aUMOCBSI3b MEXTy YIIIEBOIOPOIaMH 00pa3yeT Ha MX MMOBEPXHOCTH
COJIbBaTHBIE OOOJIOYKM PA3IMYHON TONIIUHBL 3apoKIEHHAS IUCIIEPCHAs YacTHIa
CIIO)KHOTO CTpPOEHHsSI HampaBisieTcs K CaMOCTOATEIhHOMY CyllecTBoBaHUIO. OHO
XapaKTepU3UPYETCsl Pa3HULIEH MOBEPXHOCTHBIX SHEPIHMA MEXIY HAJIMOJIEKYJIAPHOMN
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CTPYKTYpPOH U COJBBAaTHBIM CJIOEM M MEXKIY COJbBATHBIM CJIOEM U JUCIEPCHOHHOM
cpenoi. opMUPOBAHHBIN aJICOPOIIMOHHO-COIBBATHBIN CJIOM YMEHBIIIAIOT MExK(PazHOe
HATSDKEHHE U ITPETSATCTBYIOT KOArYJISIIMK YaCTUI] AUCTIepCHOM (a3sl. HaaMomnekysisipHas
CTPYKTypa U afCOPOIIMOHHO-CONBBATHBIN CIIOW COCTABISET CIOKHYIO CTPYKTYpPHYIO
€/IMHUILY, B UTOTE, TI0 HAIIIEMY MHEHUIO, TPOUCXOIUT PACCIOCHUE U ITepepactpeesieHIs
IPYyMIIOBO-YTIIEBOJIOPOIHOTO COCTaBa HEPTH U ONITUMH3AIIHS CHIPBSI.

Pesynbrare! uccnenoBanue (HU3NKO-XUMHUECKUX CBOMCTB CMeCH HeTel ApPBICKYM,
Awmanrennsl 1 KyMKOIBCKOTO Ma3yTa MOKa3bIBAET, YTO CMECH MOTYT CITY>KUTh CHIPHEM
st LIeMkentckoro u IlaBnomapckoro HII3, To ecth 3amennuth Poccmiickoe ChIphe.
[Ipu ycinoBum oCyIiecTBICEHUN COOTBETCTBYIOIIEH MOJIEpHU3AIINY TTepepadaThIBAIOIIIX
YCTAaHOBOK TIOSIBJISIETCS  BO3MOXKHOCTH — ITONYYUTh TOBapHbIE HE(TENPOMYKTHI,
orBevaronue TpedoBanusaM ['OCTa Ha KOHEUHBIH TPOIYKT MepepaboTKH.

B ¢Bsi31 ¢ 10CTaTOUYHO BBICOKHM COJIEPIKAHUEM CBETIIBIX (DPAKIUH B CMECH APBICKYM,
Awmanrennsl 1 Kymronsckoro mMazyra(no 61,1 %) u namuuus cepsl cBbie 0,17 % u
napaduna 6omee 10,1 % cremyer mpeaycMOTpPETh CIEAYIONIMA BApHAHT MepepadoTKH
CHIpBS: 1) TIporiece MpeaBapUTEILHON THAPOOUNCTKH IIUPOKOH OCH3MHOBOU (PpaKITiu
JUTSL yITAIeHUs OOIel 1 MEepKalTaHOBOW Cephl; 2) N30MepH3allysl IeHTaH-TeKCaHOBON
(pakiuy C UENBI0 IMOJYyYeHHUsS] BHICOKOOKTAHOBOTO KOMIIOHEHTa aBTOOCH3HHOB; 3)
THJIPOOYUCTKA KEPOCHHOBOW W JM3ENIbHOU (Dpakiuu;4)npeyCMOTPETh MPOIECCOB 110
DIyOOKHiA iepepaOdOTKH BEICOKOKHUIISIIUX (PPAKIUIA U TSKEIOr0 HEQTSIHOTO OCTaTKA.

Taxum 006pa3zom, pe3yabTaThl JAHHOTO HCCIIE0BAHMNS TTOKAa3bIBAET, YTO HeTeCMECH
cocrosimue w3 HedTell MecTopoxaeHWH ApbICKyM, AmaHrenasl U KyMKOIBCKOTO
MasyTa IO3BOJSAT TIOJTHOCTHIO OOECHEUUTh HEOOXOMUMBIM CBHIPHEM CYIIECTBYOIINE
texHonornyeckue MmourHocTH IllsiMkentckoro u IlaBmomapckoro HII3, momyuuth
00oramiéHHOe ChIPhE JIJIsl YCTAHOBKU KaTaJUTHYSCKOro KpekuHra. [locie 3aBepiieHust
MIPOBOAUMBIX MOJCPHHM3AIIMM HOBBIX TEXHOJIOTHYCCKUX TIPOU3BOACTB, Ha 0a3e
CTAaOMJIBHOTO MECTHOTO CBIPBSI HAIICH cTpaHe OyleT perieHa mpobdieMa oOecIIeUcHIe
MOTPEOHOCTH COOTBETCTBYIOIIMMH TOPIOYECMAa30YHBIMI MaTepUaIaMU.

BriBox

Ha ocHOoBe  MOMy4YEHHBIX OJKCHEPUMEHTANBHBIX [AHHBIX YCTAaHOBICHO, YTO
TSDKEJIBIA BBICOKOTIAPa(MHUCTBIA ¥ MAJIOCEPHUCTBIH OCTAaTOK aTMOC(HEPHON KOJIOHHBI
rocie pektudukanuu HedrerazokonmencatHo cmecu IsmmkenTckoro HIT3 MoxxHO
WCTIONB30BaTh IS JNajbHEWIed mnepepadoTKu W BO3MOXKHO TOJTYYEHHS TOBapHBIX
MTPOIYKTOB ¢ MAaKCHMaJIbHBIM OTOOPOM:

1.Ilpsamoronnas OeH3nHOBas (pakiysi OKTAHOBBIM YMCIIOM 63 myHKTa, H.K. — 130
°C, BoixogoMm — 5,2 % (macc.); ®@pakuust 130-230 °C, Boixogom — 7,4 % (macc.) —
peaktuBHoe TorTuBo TC-1; ®paxuus 200-320 °C, Beixomom — 16,5 % (macc.) — neTHee
nu3enpHoe TormuBo Mapku JI-0,2-61; ocratok Beime >320 °C, BeixomoM— 69,8 %
(macc.) —au3K0CcepHUCTHIN Ma3yT M—100.

2. IIpssmoronHas OeH3mHOBas (HpaKIHUsS OKTAHOBBIM YHCIIOM 66 ITyHKTa, H.K. — 120
°C, BoIx0ZIOM - 4,2 % (Macc.); @pakuust 120-370 °C, Beixomom — 37,8 % (macc.) — netTHee
au3ernbHoe TorkuBo Mapku JI-0,2-40; ocrarok Bbime >370 °C, Bbixomom — 56,9 %
(macc.) — Hu3kocepHUCThIN MazyT M—100.

3.IIpsimoroHHast OeH3MHOBAs (PpaKIIMsi OKTAHOBBIM YHCIOM 63 MyHKTa, H. K. — 130°C,
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BbIXOIOM —5,2 % (macc.); @paknus 130-300 °C, Beixomgom — 20,4 % (macc.) —3uMHee
J3ebHOE TOIHBO Mapku — 3—0,2, Munyc - 35; octarok Beie >300 °C, BBIXOI0M —
73,3 % (Macc.) — HU3KocepHUCTHIA MazyT M—100.

4. TpssmoronHast 6en3uHoBast Gppaxmws, H. k. — 180 °C, Beixogom — 10,7 % (macc.)
— CBIpbE Ul KaTaauTHuecKoro kpekunra; ®@pakius 180-350 °C, Beixomom —26,5
% (macc.) — netHee au3enbHOE TOMIMBO Mapku JI-0,2—61; ocrarok Beime >350 °C,
BbIXOJIoM — 61,7 %(Macc.) — Hu3KkocepHUCTHIH MazyT M—100.

Hannuue B cocraBe 40% (Macc.) IUCTHIUISITOB COIYTCTBYET IPOM3BOJICTBY
He(TEIPOITYKTOB OT OOIIEro KOJUYECTBO ChIPhs C LIEbIO MOBBIIICHUs K03 duiineHTa
CBETIIBIX HE(TEIIPOAYKTOB, YKa3bIBast HA MOJACPHU3AITUIO TEKYIITHNX PEKTH(DUKAITHOHHBIX
KOJIOHH, 00€CTIeUnBas MMOTYICHIIO TOBAPHBIX HE(TEITPOIYKTOB B dTHX YCTAHOBKAX.
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Abstract. An urgent task is the development of methods for the synthesis of
compounds of metals and semiconductors with mixed anions (for example, chalcohalides
or sulfur halides) with an advanced morphology, capable of absorbing a wide range
of solar radiation. An important task is the fabrication of photoelectrodes for the
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implementation of photoelectrochemical, photocatalytic reactions in liquid media (PEC
cells). This paper describes the effect of the electrolyte solution, the concentration of the
initial reagents and the substrate material on the electrochemical behavior of bismuth
and sulfur ions. Cyclic voltammetry, XRD, SEM, photoelectrochemical measurements
were used for characterization. The optimal conditions for the electrochemical synthesis
of bismuth sulfide thin films are determined. The surface morphology and composition
of Bi,S, were dependent on the synthesis potentials. Bi S, thin films, obtained at E=
-750 mV, possessed a continuous surface and high crystallinity, and demonstrate the
photocurrent density 22 pA/cm®in 0.5 M Na,SO, under AM1.5G illumination. The
achieved photoelectrochemical characteristics prove the applicability of the synthesized
bismuth sulfide thin films in photoelectrochemical devices.

Keywords: thin films, bismuth semiconductor compounds, bismuth sulfide,
electrodeposition
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BUCMYT CYJIb®UAIHIH KYKA KABBIPIIIAFBIHBIH
IJIEKTPOXUMMUSAJIBIK TYHABIPYbI

Annoramus. KyH pagnanuscelHBIH KEH  CHEKTpiH  CiHipyre KaOinerTi
MOpQOIOTUSCH AaMbIFaH apajlac aHMOHAApMEH (MbICajibl, XaJIKOTalUATep Hemece
KYKIpTraJOreHUATepi) MeTangap MeH KapTbUlail OTKI3TIIITepAiH KOCBUIBICTAPHIH
CHHTE3/ICY 9JIICTEepiH a3ipiaey ©3eKTi Macese 0oibin Tadbiiasl. CoHnaii-ak CyHbIK opTaaa
(DOTOPNIEKTPOXUMHUSIIBIK, (POTOKATATUTUKAIBIK PEAKUUsIIapIbl KY3€re achlpy YIIiH
(doTosnexTpoaTapAbl jKacay MaHbI3nbl MiHAeT Oonbin Tadbuiaabl (PEC sxacymanap).
By makanaja 37eKTpOSUT epiTiHAICIHIH, 0acTallKbl PeareHTTeP KOHIICHTPAIHSICBIHBIH
YKOHE TOCEHIIl MaTepUabIHBIH BUCMYT IEH KYKIPT MOHAAPBIHBIH 3JIEKTPOXUMHUSIIBIK
opekeTtiHe ocepi cumarranrad. Cunarrama yIiH IHMKIAIK BonbTameTpusi, POA, SEM
XKoHE (POTOAEKTPOXUMUSUIIBIK OIIeMIep KOMAaHbUIABL. BucMyT cynbuaiHiH KyKa
KaOBIKIIAApBIHBIH AJIEKTPOXUMHUSUIBIK CHHTE31HIH OHTAWJIbI IIAapTTapbl aHBIKTAJIbI.
Bi,S, GeTiniH MOPQOJIOrUACE MEH KypaMbl CUHTE3 TOTEHUMAIIAPbIHA OaiIaHbICThI
oomael. E= -750 MB ke3innme anblHraH 31283 JKYKa KaObIKIIaIapbl Y3/iKci3 OeTke
JKOHE KOFapbl KpUCTAIABUIBIKKA ne Oonasl, AM 1,5G sxapeikTangsipy kesinze 0,5
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M Na, SO, iminge 22 MxA/cM* GOTOTOK THIFBI3IBIFBIH KopceTTi. Kon sxeTkisiiren
(hOTOPNIEKTPOXUMHUSIIBIK CHUTIATTaMajlap BUCMYT Cylb(QUAIHIH CHHTE3JENTeH IKYKa
KaOBIKLIaTapbIHBIH (OTORIEKTPOXUMHUSIIBIK KYPBUTFbITApAa KOJAAHBUTYbIH QNI ACHI1.

Tyiiin ce3mep: xyka KaObIKIIajgap, BUCMYT apTbUlail OTKI3rill KOCBUIBICTApHI,
BUCMYT Cylb(HUIl, SIEKTPOTYHIBIPY
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IJIEKTPOXUMHNYECKOE OCA’KAEHUE TOHKHUX IIJIEHOK
CYJIbOUJIA BUCMYTA

AHHOTanusl. AKTyalbHOW 3ajadeil sBIsgeTcs pa3pabdoTKa METOOUK CHHTE3a
COCAMHEHHH METaJUIOB M IOJYNPOBOAHUKOB CO CMEIIAHHBIMH aHMOHAMH (HANpH-
Mep, XaJIbKOTaJlOTeHUAbl WM TaJOreHUIbl CEphbl) C Pa3BUTOW MOPQOIIOTHEH, CIIOo-
COOHBIX COPOMPOBATH IUPOKHH JHANa30H COJHEYHOro M3IyueHHs. BakHoi 3ajmaueit
TaKXKe SIBJISETCSI M3TOTOBICHHE (POTODIEKTPOAOB Uil OCYLIECTBICHUS (HOTOIIEKTPO-
XMUMUYECKHX, (POTOKaTamuTHYecKnx peakuuid B kuakux cpenax (PEC sueiiku). B
JIAHHOM CTaTbe ONUCAHO BIUSHUE PACTBOPA MIEKTPOJIMTA, KOHLEHTPALUU HCXOAHBIX
peareHTOB U MaTepuaa MOAJI0KKH Ha 3JIEKTPOXUMHUUECKOE IIOBEIEHUE HOHOB BUCMYTa
u cepbl. U XapakTepu3alUd MCIOIb30BaIUCh LUKINYECKAs BOJIBTAMIIEPOMETPUS,
pentrenorpagus, COM, doTtosnexTpoxuMuueckue u3MepeHus. OmpeneneHsl ONTH-
MaJIbHBIE YCIIOBHSI JUTS DIIEKTPOXUMUYECKOTO CHHTE3a TOHKUX IUIEHOK Cy/b(raa BUCMYyTa.
Mopdonorus nosepxnocty u cocras Bi,S, 3aBucenu ot norennuanos cunresa. Tonkue
mienku Bi,S,, nonyyennsie npu E= -750 MB, o0nasanu CrutomHOM MOBEPXHOCTHIO U
BBICOKOM KPUCTAJUTMYHOCTBIO, IEMOHCTPHPOBAIH IUIOTHOCTH (hOoTOTOKA 22 MKA/CM?
B 0,5 M Na,SO, npu ocsemenun AM 1,5G. JIoCTUrHYTBIE (POTOIIEKTPOXUMHYECKUE
XapaKTEpUCTUKH JOKA3bIBAKOT IPUMEHUMOCTb CHHTE3UPOBAHHBIX TOHKHUX IIJIEHOK
cynbuna BECMyTa B POTORIEKTPOXUMHUYUECKUX YCTPOHCTBAX.

KuroueBble ci10Ba: TOHKHE IUIEHKH, MOJYIPOBOAHUKOBOE COEJUHEHHE BUCMYTA,
Cynb(hUI BUCMYTA, 3JIEKTPOOCAKACHUE

Introduction

One of the most urgent tasks of modern science is the development of methods and
devices for converting of solar radiation into thermal and electrical energy. Various
thermal systems, solar collectors and concentrators are used to generate heat energy.
The ability of some semiconductor compounds and their combinations with nonmetals/
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metals convert the energy of absorbed photons into electricity is used to generate
electricity.

Among the wide variety of semiconductor materials investigated for use in solar
cells and photoelectrochemical cells (PEC cells), bismuth compounds attract attention
because they are non-toxic, cheap to produce, and capable of absorbing most of
the visible spectrum. Bismuth compounds, due to its qualities, are used in various
photovoltaic and energy storage devices (Devi & Ray, 2020; Sun et al., 2015), in the
manufacture of photocatalytic materials (Xu et al., 2019), gas sensors, in systems for
photocatalytic decomposition of organic pollutants and phenol red, in X-ray and y-ray
detection systems (Frutos, 2017).

Bismuth double chalcogenides (Bi,X,, where X = S, Se, Te) are characterized
by high stability, photosensitivity, and thermoelectric properties (Riahi et al., 2017).
Bismuth sulfide, is n-type semiconductor with a plate structure, the band gap lies in
the range between 1.5 and 1.9 eV (Gao et al., 2011). Bi,S, is characterized by electrical
conductivity about 10— 107 Q'cm™ and a high radiation absorption coefficient o >
10° cm™! in the visible region (Cruz-Gémez et al., 2022), which makes it possible to
consider this compound a promising material for use in optoelectronic, photovoltaic and
photoelectrochemical devices, and also as anodes for all-solid-state lithium-ion batteries
(Kumari et al., 2019). In addition to its utilization in various photoelectrochemical
devices, this compound has found application in systems for the photocatalytic reduction
of CO, and Cr(IV) (Jin & He, 2017; Luo et al., 2017).

Bi,S, crystallizes in the orthorhombic space group Pnma with lattice parameters a =
4.025,b=11.170,c=11.735 A, z= 4 (Fig. 1.) (Jain et al., 2013). The structure is three-
dimensional, with 4 molecules per unit cell (Persson, 2014).

Fig. 1.Structure of bismuth sulfide Bi,S, (Jain et al., 2013)

Bismuth sulfide thin films are obtained by various methods, such as spray pyrolysis
(Medles et al., 2006), chemical bath deposition (Moreno-Garcia et al., 2014),
solvothermal synthesis (Jin & He, 2017), vacuum thermal evaporation (Ten Haaf et
al., 2013). The disadvantages of these methods are the use of complex equipment, the
process duration, the need to use high temperatures.
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For the synthesis of semiconductor thin-film coatings, electrochemical methods are
popular and actively studied. Such methods are distinguished by the process simplicity,
the cheapness of the equipment, the possibility of controlling the surface morphology
and the composition of the resulting films by varying the deposition conditions, the
possibility of modifying the films surface. The advantage of electrochemical processes
is the possibility of obtaining thin films at room temperature on substrates of any area.

Among the electrochemical methods for Bi,S, thin films synthesis, the most commonly
used method is cathodic electrodeposition onto ITO/glass substrates (glass/indium tin
oxide) (Yan Wang et al., 2009), FTO/glass (glass/fluorinated tin oxide) (Shinde et al.,
2009), or carbon fiber (Jagadish et al., 2016). New methods are also being developed, for
example, rectangular voltammetry method (Chahkandi & Zargazi, 2019), ultrasonic cathode
electrodeposition (Y. Wang et al., 2011). A significant disadvantage of these works is the lack
of detailed studies on the electrochemical behavior of Bi** and S* ions in various electrolytes,
as well as the effect of the initial reagents ratio on the type of [-V curves.

The aim of this work is to study the influence of the substrate material, the composition
of electrolytes and the concentration of initial reagents on the voltage dependences and
the process of electrochemical deposition of Bi,S, thin films.

Materials and methods

The study of the electrochemical behavior of Bi** and S* ions in different electrolyte
solutions was carried out in a standard three-electrode cell at room temperature. A
glass-carbon disk electrode (S = 0.07 cm?) and an electrode made of glass coated with
conductive fluorinated tin oxide (FTO/glass) with an area of 1.5-2.0 cm? were used as
working electrodes to obtain current-voltage curves. A platinum spiral with a surface
area ~1.5 cm® was used as a counter electrode. A silver chloride electrode (Ag/AgCl)
in a 3 M KCI solution was used as a reference electrode. All experimentally obtained
potential values are given relative to the silver chloride reference electrode. AP-45X
potentiostat-galvanostat (Electrochemical Instruments) was used to obtain current-
voltage dependences and electrodeposition of bismuth sulfide thin films.

Bi(NO,),"5H,O (c.p.) were used to prepare electrolytes. Three electrolyte solutions
were studied - based on nitric acid, EDTA-Na and water. To prepare the first electrolyte,
bismuth nitrate was dissolved in 10% HNO,, pH = 1. The use of nitric acid as an
electrolyte during the electrodeposition of Bi,S, is complicated by the fact that Bi(III)
bismuth salts in strongly acidic solutions (pH>1.8) undergo hydrolysis (pK = 1.58) with
the formation of both single-core particles [BIOH]*, [Bi(OH),]", and more complex
particles of cluster type (Petrova, 2012). Therefore, the second electrolyte was prepared
by dissolving bismuth nitrate in 9-10°M EDTA-Na at room temperature. An electrolyte
with pH = 4 was obtained. The third electrolyte was distilled water, where bismuth
nitrate was dissolved using ultrasonic stirring. A solution of sodium thiosulfate Na SO,
was used as a source of sulfur ions.

Electrochemical deposition of Bi,S, was carried out on FTO/glass from electrolyte
with EDTA-Na, 3-10° M Bi(NO,),-5H,0 and 6:10°M Na,S,0O,, (pH=4), during 30
minutes, with stirring of the electrolyte. The electrodeposition potential was varied from
-525 mV to -750 mV to study its effect on the morphology and composition of bismuth
sulfide thin films.
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Before electrodeposition, the FTO/glass substrates were washed with ethanol, soap
solution, distilled water. Then the substrates were boiled for 10 minutes in a solution of
0.8 M H,0, + 0.6 M NH,OH. After boiling, the substrates were repeatedly washed with
distilled water and dried in an air stream.

The morphology of Bi,S, films was determined using an electron microscope JSM
6610 LV (JEOL). The phase composition of electrodeposited films was analyzed using a
DRON-4-07 diffractometer in the 25 kV, 25 mA mode, using a tube with a cobalt anode.
The parameters of the crystal lattice were determined by comparing experimental
calculated data with known reference data.

Photoelectrochemical measurements were carried out in an aqueous solution 0.5 M
Na, SO, at 25 °C using GillAC potentiostat-galvanostat (ACM Instruments). A Xenon
Solar simulator XSS-5XD with a 500 W xenon lamp (AM1.5G) was used to generate
chopped illumination for PEC study. The light power density was 100 mW/cm?. The
determination of the photopotential was carried out by measuring the open circuit
potential E_ , without applying an external voltage, when the electrode was illuminated
in a solution of 0.5 M Na_SO,.

Results and discussion

Analysis of current-voltage curves

The study of the electrochemical behavior of Bi(Ill) and S(II) ions was carried out
on a glass-carbon electrode at different concentrations of bismuth and sulfur ions in
electrolytes with different pH.

In order to study the effect of the supporting electrolyte composition on the reduction
and oxidation of Bi(Ill) ions, -V curves were obtained. An aqueous acidic electrolyte
based on 10% HNO, and an electrolyte with additives of 9-10° M EDTA-Na complexing
agent was investigated at different concentrations of bismuth ions, at a potential sweep
rate 20 mV/s.

The current-voltage curves of supporting electrolytes without addition Bi(IIl) and
S(II) ions are demonstrated in Fig. 2.
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Fig. 2. Current-voltage curves of supporting electrolytes:
a) 10% HNO,; b) 5-10° M EDTA-Na
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A small reduction peak is observed at E = -345 mV in the cathode area on the [-V
curve of 10 % HNO, (Fig. 2, a.). During scanning the potential to the anode region,
no oxidative processes are observed. In EDTA-Na electrolyte (Fig. 2, b), a significant
increase in the anode current is observed at high positive potentials (E =750 mV). During
scanning the potential into the cathode region, no reduction processes are observed.

The effect of bismuth ions concentration on the I-V curves at 10% HNO, is
investigated (Fig. 3.).
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Fig. 3.a)I-V curves of Bi(Ill) ions in 10% HNO,; b) the dependence of the reduction current
peaks on the concentration of bismuth ions in the solution

In the nitric acid electrolyte, the Bi(IIl) I-V curve has two reduction peaks at E =
-79 mV (peak A) and E = -335 mV (peak B) in the cathode area and one oxidation
peak at E =7.6 ~37 mV in the anode area (fig. 3, a). At the potential E =-78 ~ 80 mV
(the first reduction peak A), two reactions can occur - the deposition of bismuth on the
electrode at undervoltage or the reduction of nitrate ions according to reactions (1 and
2) (Bilican et al., 2017; Petrova, T.P., Shapnik, A.M., Rakhmatullina, 2012):

NO’~ +2H,0 + 3e = NO(g) + 40H, E’= -0.14 V(SHE) (1)
NO’ + H,0 +2¢ =NO* +20H", E’= 0.01 V (SHE) 2)
At a potential E =— 335 mV, Bi(Ill) ions are reduced via reaction (3):

Bi*" +3e¢ = Bi° 3)

With an increase in the concentration of bismuth nitrate, there is a sharp increase in
the reduction currents (peak B) and oxidation currents (Fig. 3, a.). The dependence of
the Bi(I1I) ions reduction currents on their concentration in the electrolyte is shows, that
the value of the peak A current slightly depends on the concentration of Bi(IlI) ions (Fig.
3, b.). This confirms the assumption that this peak refers to the reduction of nitrate ions.
On the contrary, peak B currents increase in proportion to the concentration of Bi(III)
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ions. With an increase the amount of deposited bismuth on the electrode, a slight shift in
the potentials of its oxidation peaks is observed in the anodic scan.

In order to confirm that the reduction of nitrate ions occurs on a glassy carbon
electrode in a nitric acid electrolyte at potentials E = -78 ~ 80 mV (Fig. 3, a.), the
electrochemical reduction and oxidation of bismuth ions in water and in an aqueous
electrolyte with the addition of the EDTA-Na complexing agent (Fig. 4, a, b.). The
dissolution of bismuth nitrate in water was carried out in an ultrasonic bath.
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Fig. 4. 1-V curves of Bi(NO,),-5H,0 reduction-oxidation in: a) aqueous electrolyte; b)9-10° M
EDTA-Na electrolyte

Analysis of the I-V curves of bismuth ions determined in two different electrolytes
showed the presence of one reduction peak (peak A), at E =-400 mV in aqueous solution
(Fig. 4, a.) and at E = -468 ~ -652 mV, in EDTA-Na electrolyte (Fig. 4, b.). In this case,
the reduction of Bi(Ill) ions shifts towards negative potentials. In both electrolytes, a
shift in the reduction peak potential to the positive region is observed with an increase
in the concentration of bismuth nitrate (Fig. 4, a, b.). In the two studied solutions, no
reduction peaks are observed at potentials E = -78 ~ 80 mV, which may indicate that
reactions (1 and 2) of nitrate reduction proceed in a nitric acid solution at this potential.
The oxidation peaks are different for bismuth deposits obtained by reduction on a glassy
carbon electrode from various electrolytes. In the first electrolyte, one oxidation peak
(peak B) is observed at E =245 ~ 255 mV (Fig. 3, a.). In the EDTA-Na electrolyte, two
oxidation peaks are observed at potential E = -20 mV (peak B) and at E = 350 ~ 360
mV (peak C) (Fig. 3, b.). There is an increase in oxidation currents with an increase
of bismuth concentration from 1:107 to 8-10° M. The appearance of these peaks is
associated with the formation of bismuth complexes with EDTA-Na in solution.

The joint reduction of Bi(IIl) and S(II) ions on a glassy carbon electrode in order to
determine the Bi,S, electrodeposition potential was studied by recording the current-
voltage curves in 9-10° M EDTA-Na electrolyte (Fig. 5.).
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Fig. 5. 1-V curves of reduction-oxidation:
a) 6:10° M Bi(NO,),-5H,0 and 6-10° M Bi(NO,),-5H,0 + 8-:10° M Na,S O ;

273

b) 6:10° M Bi(NO,),-5H,O + various concentrations of Na,S,0, in 9-10°M EDTA-Na

On the current-voltage curves of joint reduction-oxidation of 6- 10 M Bi(NO,),-5H,0
+8:10° M Na,S,0,in 9-10°M EDTA-Na, a shift of the reduction peak B to the negative
region by 20 mV is observed (Fig. 5, a.). The potentials of the oxidation peaks shifted
to the positive region. This is due to the formation of the Bi,S, compound during the
deposition according to reaction 4:

2Bi*" +3S8*=Bi,S, “

Oxidation of this compound from the electrode surface is accompanied by the
appearance of a characteristic oxidation current peak C at E= -450 mV. An increase
in the concentration of S(II) ions in the electrolyte from 110~ to 8-10° M Na SO,
affects the form of current-voltage curves (Fig. 5, b.). Thus, it can be expected, the more
negative potentials than -520 mV are the most suitable for electrodeposition of bismuth
sulfide in the potentiostatic mode on a glass-carbon electrode.

Since the electrodeposition of bismuth sulfide for photovoltaic applications was
performed on FTO substrate, the current-voltage curves of the joint reduction-oxidation
of Bi(IIT) and S(IT) in 9-10° M EDTA-Na were also studied (Fig. 6.).
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Fig. 6.1-V curves of joint reduction-oxidation of 3-10° M Bi(NO,),-5H,0 and 5-10° M
Na,S,0, in 9-10°M EDTA-Na on FTO/glass
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There is one clear reduction peak (peak A) at E =-535 mV, in the I-V curve obtained
on the FTO/glass electrode, which is close to the potential of peak A obtained on a glass-
carbon electrode (Fig. 6.). There is also a weak reduction peak B at E= -850 mV, which
may be associated with the joint deposition of Bi and S. A similar assumption was made
in (Riahi et al., 2017), where the authors observed a clear reduction peak at E= -950
mV relative to SCE (E= -906 mV vs. Ag/AgCl) on an ITO substrate in a solution of
6.250 mM Bi(NO,),-5H,0, 9.375 mM EDTA-Na, and 1.875 mM Na,S O,. At the same
time, the oxidation peak C of the deposited product is much more negative and equals
E = 1.45 mV. To confirm the composition of the thin film, formed on the FTO/glass
electrode, further X-ray studies were performed.

Electrodeposition of Bi,S, films

Based on the above study, the deposition of Bi,S, films on FTO/glass was carried
out in an electrolyte (pH=4) with the addition of EDTA-Na as a complexing agent at
potentials E=-520, -535, -750 mV, during 30 min.

The resulting films are gray for deposition potentials E= -520, -535 mV and dark
gray for potential E= -750 mV. Since the color of elemental Bi is silver gray, and Bi,S,
is black-brown, it can be assumed that at less negative potentials (E =-520, -535 mV) Bi
is reduced according to reaction 3, and the formation of Bi,S,according to reaction 4 is
minimal, since Bi is bound into a complex compound with EDTA-Na. This assumption
is confirmed by studies of the of freshly deposited film’s structure (Fig. 7, spectra a and
b.). At more negative potential (E =-750 mV), the deposited films color becomes dark
gray, which indicates the formation of the Bi,S, compound, and is confirmed by the
results of the XRD (Fig. 7, spectra c and d.).

*-8n0,; ¢ -Bi,S,; # - Bi

1,0 M uE -750 mV
] 8
*
a * - ¢ o
0,5 * g # E § §

*
*
2114
#*
*
#*
640®
*
171
522¢
3

C

0,0+

_ T T T T

§ 1,020 25 30 .35 40 45 50 55 60 65 70 75 80
r . . W= -535 mV
< o9 NI

= 1 voH 5 T T T S S
‘@ 0,0 A L r MM&—MM&J\-—*—L—‘MM- b
c T

Qo

£

T T T T
1,040 25 30 35 40 45 50 55 60 65 70 75 80

= -520 mvV

a

021e
141 &

0,54

OO—-M

20 25 30 35 40 45 50 55 60 65 70 75 80

1 &
*

*
3
*
#*

*
620 &
#*

(g 640
#*

#*

+*

20
Fig. 7. XRD spectra of films deposited at a potential of: a) E = -520 mV; b) E=-535 mV; ¢)
E=-750 mV
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According to the XRD (Fig. 7.), the presence of the Bi,S, compound is confirmed in
the deposited films, there are also reflections characteristic of Bi and reflections of the
FTO/glass (SnO,) substrate. As the electrodeposition potential increases, the number
and intensity of Bi,S, signals increase. The compound crystallizes in an orthorhombic
space group. The most intense reflections observed at the crystallographic directions
(021), (311), (620), (171), (262), which corresponds to the ASTM tabular data (JCPDS
170320) for the Bi,S, compound. The low intensity of the SnO, substrate reflections
relative to the reflections of Bi,S, indicates about a uniform coverage of the substrate
surface with the Bi,S, film. This assumption confirmed by the data of scanning electron
microscopy (Fig. 8.).
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Fig. 8 SEM images of the Bi,S, film obtained by electrodeposition at potentials: a) E = -520
mV; b) E=-535 mV; ¢) E=-750 mV
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According to SEM results (Fig. 8, a.), Bi,S, films deposited at a potential E = -520
mV consist of sharp-angled particles (size 0.5 pum), irregularly covering the substrate
surface. The shift of the electrodeposition potential to the negative area (E= -535 mV)
contributes to a denser coating of the substrate with Bi,S, particles (Fig. 8, b.). At a
potential E = -750 mV, the appearance of feather-like particles observed, which consist
of smaller formations (Fig. 8, c.).

According to XRD, Bi,S, thin films deposited at E = -750 mV have the highest
content of bismuth sulfide, the lowest amount of crystalline bismuth, and a uniform
coating of the substrate surface. These films are used for further photoelectrochemical
studies.

PEC measurements

It is preferable to start photoelectrochemical measurements by determining the
conductivity and flat band potential (E,). The study of these parameters will help to
determine the band structure of the semiconductor compound, and its ability to absorb
and conversion of solar radiation. Photoactivity under visible light of bismuth sulfide
thin film obtained at E = -750 mV was carried out by studying the effect of illumination
(xenon lamp, 100 mW/cm?) on the open circuit potential (E ) of the Bi,S, electrode in
0.5 M Na SO, (Fig. 9).
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Fig. 9. Time dependence of the open circuit potential of the Bi,S /FTO electrode in the
presence and absence of illumination in 0.5 M Na,SO,

The measurement of the open circuit potential E . in 0.5 M Na,SO, solution under
chopped illumination (Fig. 9.) showed the decrease of E . from 50 mV to -114 mV
under illumination. This decrease is due to the collection of electrons in the balk of
semiconductor film. Under darkness conditions, the E . value increases to more positive
value (-12 mV). The decrease in the value of the open circuit potential under illumination
of Bi,S, electrode confirms its photoactivity in the visible solar spectrum and n-type
conductivity. After turning off the light source, the photoinduced electrons slowly release
and recombine with holes. The rate of decrease in E . to the equilibrium potential in the
dark characterizes the lifetime of photoinduced electrons. A slow decrease in this value
indicates that photoinduced electrons can exist longer and transport electrons across
grain boundaries. The flat band potential of the Bi,S, photoelectrode (vs Ag/AgCl) is E
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= -112 mV. The difference between the open circuit potential V. in the dark and under
illumination is the photovoltage, which is found about V , =102 mV.

The photoresponse and stability of Bi,S, films, obtained at E=-750 mV, was studied
by obtaining photocurrent density—time curves under 0 mV bias conditions in 0.5 M
Na,SO, (Fig. 10.) solution.
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Fig. 10. Stability measurements of the Bi,S,/FTO electrode in the presence and absence of
illumination in 0.5M Na,SO,

Bi,S, film shows the stable photocurrent 1,=22 uA/cm? (Fig. 10). Under illumination,
the Bi,S, film showed a photo-response in the form of anode current. In the dark, the
photocurrent decreases rapidly. The value of photocurrent increases relative to the
initial value, and remains constant (I,=22 nA/cm?). The appearance of a cathodic dark
photocurrent in first seconds is associated with the formation of sulfite, according to the
reaction 5:

SO+ H,0 +2h* = SO,> + 2H' (5)

The results shows good photostability of Bi,S, films in NaSO, electrolyte,
and demonstrates the ability to use Bi,S, films as high sensitivity photodetectors,
photoelectronic devices and switches.

Conclusion

In summary, a large experimental work has been carried out to study the
electrochemical behavior of bismuth and sulfur ions in aqueous acidic electrolytes
based on 10% HNO, and electrolytes with additions of the complexing agent 9-10° M
EDTA-Na. The joint reduction of Bi(Ill) and S(II) ions on a glassy carbon electrode and
on FTO/glass electrode in a 9-10° M EDTA-Na solution is investigated. Based on the
study of the electrochemical behavior of Bi(IIl) and S(II) ions in various solutions, the
deposition potentials for film synthesis were selected.
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The synthesis was carried out in an electrolyte with the addition of EDTA (pH=4)
as a complexing agent at potentials E= -520, -535 and -750 mV during 30 minutes.
XRD and SEM confirmed the surface morphology and structure of the obtained films.
The photoelectrochemical properties of Bi S, films were studied using PEC method.
The registration of the anode photocurrent indicates the n-type conductivity. The
photoresponse and stability of Bi S, films were measured in 0.5 M Na,SO, solution, and
showed L,=22 uA/cm’. The obtained results demonstrate the possibility of using Bi,S,
films as highly sensitive photodetectors, photoelectronic devices and switches.
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Abstract. This article shows the synthesis and physicochemical nature of the
polycrystalline nanocomposite material FeMnO,-Ho,Fe O,,. The sol-gel (Pechini)
method was used as a synthesis method. The structure and structure of the synthesized
perovskite-garnet structural nanomaterial was determined by X-ray phase analysis
(XRD). According to the analysis indicators, it was found that the polycrystalline
double-phase, perovskite-garnet and syngonic types are cubic. The analysis of the
microstructure of the nanocomposite and the quantitative composition of the contained
elements on the equipment of a scanning electron microscope (SEM) was carried out.
According to the data obtained from the SEM results, the elemental composition and
average nanosize of the nanomaterial were confirmed, and it was also determined that
manganite — 2.3 um and ferrite — 0.34 um.
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AnHoTtauus. byn makanana FeMnO3-Ho3FeSO12 MOJTMKPHUCTAIIBI HAHOKOMITO3UTTI
MaTepUaNbIHBIH CHHTE31 KoHe (M3UKa-XMMUSUIBIK CHIaThl kKepcerireH. CHHTE3Aey
onic petine 30ib-renb ([leurnn) omici Koamanbuiabl. CHHTE31CITEH IEPOBCKUT-TPAHAT
KYPBUTBIMIBI HAHOMATEPHAIJIIH KYPBUIBICHI MEH KYPBUIBIMBI PEHTIeH (hazaibIK Tauaay
(PODT) omicimen anbikTanpl. Tanmay kKepceTKimTepi OOHBIHINA MOTUKPUCTATIBIMBI3 KOC
(azanbl, EPOBCKUT TIEH TPaHAT KYPBUIBIM/IbI, dKOHE CHHTOHUS THUII KyOTHI €KeHIITi
aHBIKTAIbl. HAaHOKOMITO3UTTIH MUKPOKYPBUIBIMBI MEH KYPaMBIHAAFBI AJIEMEHTTEP/IiH
CaHJIBIK KYpaMbIHa CKaHepJIEYIIIi AMEeKTPOH Il MUKpockoriTa (COM) Tanaay sKypri3iiii.
COM KOHJIBIPFBICBIHAH aJIBIHFaH MAJIIMETTEp OOHBIHIIIA HAHOMATEPHAIIBIH AIEMEHTTIK
KypaMbl KoHE OopTallia HaHoeJIeM/epi MaHraHuTiHIK] 2.3 um xoHe deppuriniki 0,34
UM €KEH/IIT aHBIKTAJIJIbI.
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AHHoTanus. B 3Toii cTarbe ONUChIBACTCS CUHTE3 U (PU3UKO-XUMHUCSCKUN XapaKTep
HOJIMKPUCTAIIINYECKOr0 HAHOKOMIO3uTHOTrO Marepuana FeMnO,-Ho,Fe O, . Bkauectse
METOJla CHHTE3a UCIOoJb30Bajcs Meton 3oisa-rens ([leunnn). CTpoeHue U CTPyKTypa
CHUHTE3UPOBAHHOTO  IE€POBCKUTHO-TPAHATOBOIO  CTPYKTYpHOTO  HaHOMarepuasa
orpezensuii MetofoM pertreHodasnoro ananuza (POT). [lo mokaszarensim aHanmza
YCTaHOBJICHO, YTO MOJUKPUCTAIUINYECKHI ABYyX(a3HbIH, EPOBCKUTHO-TPAHATOBBIN H
KyOudecknil TMn cuHroHuu. [IpoBefieH aHaIM3 MUKPOCTPYKTYphl HAHOKOMIIO3HTA H
KOJJMYECTBEHHOT'O COCTABA COIEPIKAIUXCSI DIIEMEHTOB Ha 000PY/I0BaHHE CKAHUPYIOILIETO
asteKTpoHHOro Mukpockona (COM). [To maHHBIM, MONMYy4YeHHBIM 110 pe3yasratam COM,
MTOJTBEPKACHBI 3JIEMEHTHBIA COCTAaB M CPEIHNI HaHOpa3Mep HaHOMarepuasa, a TaKkkKe
OIpEJICIICHO CojiepiKaHne Manranura — 2,3 um u ¢peppura — 0,34 um.

KiroueBble cj10Ba: IIEPOBCKUT, IpaHaT, X-ray, JIBoiHas (a3a, MoJTUKPUCTAILI

Introduction

The synthesis of inorganic nanoparticles is of high interest in basic and technical
sciences due to their size and shape, physical properties and various applications
(Acharyya, 2014) (Li, 2022). Nanomaterials are used in the manufacture of many
high-quality devices. Researchers study the functions of nanomaterials due to their
superior structural characteristics and superior electrical (Tamilalagan E., 2021) and
magnetic properties including light emitting devices, solar cells, sensors (Magar,
2023), catalysts (Mohsin, 2023) (Bhinge, 2023) microwave absorbers, transistors,
magnetic resonance imaging and pigments (Patrinhiyan, 2021) (Kokulnathan, 2022)
(Kasenov, 2022). In particular, nanomaterials based on perovskite are of considerable
interest in electrochemical sensing due to increased catalytic activity (Junita, 2023),
different oxygen content, electrically active structures, chemical and thermal stability,
mobility of oxide ions, high electronic and ionic conductivity (Sriram, 2021). The
progress of perovskites as a sensory material for the detection of versatile analyses
from the perspective of psychological and pedagogical safety is very important (Suvina,
2020). Much attention in the development of perovskites is paid to the presence of
the environmentally benign nature of ABOs-based variable elements, the abundance of
electrochemical properties, the availability of cost, low toxicity and high earth content
(Gu, 2020) (Suvina V. K. T., 2020) (Amalraj, 2021). Despite the above advantages,
it mainly suffers from insufficient electrical conductivity (Karuppiah C. T. B., 2021)
(Karuppiah, 2021). However, the coexistence of Fe and Mn cations in the same crystal
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structure resulted in multiple valence, resulting in a synergistic effect that increased
electrical conductivity and electrochemical surface area (Shad, 2022) (Sherlin, 2022).

Rare earth garnets have the chemical formula {A3}[B2](B3)O12, cubic structure
and space group Ia3d (230). {A3} - rare earth cation located in dodecahedral positions
24c, [B2] and (B3) - transition metal cations located in octahedral positions 16a and
tetrahedral positions 24d, respectively (Opuchovic, 2017) (Sadhana, 2015). Rare
earth (R) ferrite garnets (RIG), R3Fe5012 are systems illustrating Neil's theory of
ferrimagnetism (Smart, 1955). In particular, garnet systems with magnetic rare earth
ions such as Tb, Dy and Ho have three magnetic internal lattices, which often results in
a very interesting temperature magnetization phenomenon known as Tcomp (Ghanathe,
2021). Due to its structural conformation, garnet-type ceramics have magnetic properties
that allow them to be used in passive microwave components and magnetic carriers
such as insulators, circulators, phase shifters and miniature antennas operating in a wide
frequency range (1-100 GHz) (Rivera, 2023). Due to the holmium doping effect, which
disrupts the neutralization of the Fe-Fe interaction, as a result of which the magnetic
moments decrease. The transfer effects of holmium on the conductivity property and
the reason why the B-H hysteresis line is clearly visible indicate that the dominant
magnetization process (spin rotation and bright region wall motion) is interrupted by
the presence of the rare earth element and decreases the saturation permeability and
magnetization values (Hapishah, 2019). This suggests that obtaining a new two-phase
polycrystal with these properties is of great importance.

Materials and methods of research

The following reagents were used: manganous nitrate (II) (Mn(NO,),*xH,0O, Buchs,
Switzerland); Iron (III) nitric acid 9-aqueous crystallohydrate, part TU 6-09-02-553-96
(Merck Life Sciences LLC, Russian Federation); holmium oxide (III), 99.99 % (GOO-
1TU 48-4-192-72, Russia)

The following measuring instruments and methods were used: pre-used laboratory
agate mortar, Brazilian agate (diameter - 13 cm (130 mm)). To determine the phase
composition, an X-ray phase method (MINIFLEX 600 Rigaku) and a scanning electron
microscope (TM4000Plus) were used.

The experimental part

The two-phase nanomaterial FeMnO3-Ho3Fe5012 was synthesized by the sol-
gel (Pechini) method. Manganous and iron nitrates were doped with holmium oxide
(holmium content in the resulting product is 1 %). Metal nitrates were calculated in
stoichiometric ratio. Metal nitrates were calculated in stoichiometric relationship.
It was also reacted in the presence of citric acid and ethylene glycol (a gel-forming
agent). The resulting gel was processed at a temperature of 120°C for 12 hours, and the
porous product was repeatedly crushed and fired at a temperature of 600—1300°C for 6
hours. As a result, a two-phase perovskite-garnet nanocomposite was synthesized. The
elemental composition and crystal structure of the resulting complex oxide compound
were determined by SEM and XRF methods.

discussion and results

The structure of the obtained perovskite-garnet nanomanganite was analyzed and its
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phase composition was determined by the X-ray phase method. X-ray phase analysis of
powdered polycrystalline samples was performed at ambient temperature on a desktop
X-ray diffractometer Rigaku Miniflex 600 (Japan).

Earlier, the authors (Mataev, 2017) synthesized single-phase compounds of the
BiMe,"Fe O , structure, but in this work, a nanocomposite of two-phase holmium garnet
ferrite and perovskite iron manganite in a two-phase state was synthesized.
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Figure 1. Diffraction pattern of the FeMnO,-Ho,Fe O, composite polycrystal

Based on the X-ray phase analysis, the main phase of the nanocomposite is FeMnO,.
The content of holmium in the lattice did not exceed 1 % (Table 1). The parameters a
and c of the crystal lattice were 9.41 A and 12.32 A.

Table 1. Results of numerical analysis of the crystal lattice

Ne | Name of compound | Types of syngony [a, A |b,A |[c, A vV Az Space group

9.

1 |FeMnO, cubic 9.41 [9.41 |9.41 834.21 |16 la-3 (206)
Ho,Fe,0 cubic 12.32 [12.32{12.32 |1868 |8 la-3d (230)

Table 1 shows the data obtained by the method of X-ray phase analysis,
and according to the results of the analysis, that a binary phase with a cubic
crystalline structure. Cubic with a space group for the FeMnO,-la-3 phase
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Figure 2. (a, b). polycrystal dimensions at 10 um

According to the data in Figure 2, it was found that the synthesized Ho,Fe O, , garnet
has a structural crystal size from 225 to 595 nm, and the FeMnO, perovskite has a
micro-structural phase size of 1.14-6.92 um.

SEM 0|

Hod@FeMnO3
SEM MAG: 5000x H¥: 20KV WD: 7.6 mm
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a b
Figure 3 (a, b). Elemental composition of the binary phase FeMnO,-Ho,Fe O,

According to scanning electron microscope data, mass measurements of elements
in a two-phase nanomaterial prove that the elemental composition map coincides with
theoretical data.

Conclusion

The analysis of phase structure and element composition of the produced two-phase
nanomaterial was conducted. According to the results of the analysis, the crystallographic
results proved that the syngonium types of two-phase polycrystals are cubic. With the
number of formula units of iron manganite (Z) equal to 16, it was determined that the
shape parameters of the cubic unit cell are a, b, ¢ = 9.41 A, and the garnet-shaped
compound Ho,Fe O, (Z=8)isa, b, ¢ =12.32 A. Also, by determining the nanoscale
and elemental composition, the formation of the product was proved.
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Annotation. This study aimed to analyze the spatial and temporal distribution of
PM2.5 and PM10 pollutants in Pavlodar City, Kazakhstan, and identify the trends in
their distribution. Data from seven monitoring stations were analyzed for the period
2022-2023, and the Air Quality Index (AQI) was utilized as the main indicator to
assess pollution levels. The study found that the level of air pollution in Pavlodar City's
residential area is elevated, with the annual average concentration of PM2.5 exceeding
the World Health Organization's (WHO) recommended limit of 10 pg m? in six out
of seven monitoring stations in 2023. Additionally, the standard for PM10 (20 ug m?)
was exceeded at two locations. The analysis of the AQI demonstrated that PM2.5 is the
predominant pollutant affecting air quality in the city, with only one location recording
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an AQI level corresponding to "good" in 2023. The results of the correlation analysis
showed a linear relationship between pollution levels and distance from industrial areas,
with the most environmentally friendly areas of the city located in the southwestern part
of the city, near the Irtysh riverbank. The distance from both the northern and eastern
industrial zones was found to be the most reliable predictor of air pollution trends within
the city. Statistical correlation analysis revealed a strong positive correlation between
PM2.5 and PM10 concentrations, suggesting a common source of origin and similar
distribution trends. The study highlights the need to address air quality issues in Pavlodar
City to safeguard public health and the environment in the region.

Keywords: Air Quality Index; PM2.5 and PM10 pollutants; Pavlodar city; spatial
distribution; air pollution
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KA3AKCTAH, TABJIOJAP KAJTACBIHBIH CEJIUTEBTIK AYMAFBIH/IA
PM2.5 )KOHE PM10 JIACTATBIIITAPBIHBIH KEHICTIKTE TAPAJIYbI

Annoranus. Ocsl 3eprreyain Makcatsl [laBnonap xanaceina (Kazakcran) PM2.5
xoHe PM10 macTtarplll 3aTTapbIHBIH KEHICTIKTIK-yaKbITIIA TapalyblH TalAdy >KoHE
oJiapibIH OeiHy YpJiciH aHbIKTay Oombin TaOblIaasl. 3epTTey OapbichiHga 20222023
MOK. Ke3€H1 YUIIH MOHMTOPHHIUIEYIIH JKeTi CTaHIMACBIHBIH JepeKTepi TalaaHibl,
JacTaHy JIeHreiiH Oaranay YLIiH Heri3ri KepCeTKill peTiHle aya camachblHbIH HHICKCI
(AQI) mnaiipanansuisl. 3eprrey [laBmomap KanachbIHBIH —CENUTEOTIK ayMarblHAA
ayaHBIH JIaCTaHy JICHIeHi »OFapbl OOJBIN TaOBUIATBIHIABIFBIH KepceTTi: 2023 KbUIbl
MOHUTOPUHIJICYIiH >KeTi CTaHUMACHIHBIH alTaybIHbIH Jeperi OolibiHima PM2.5-TiH
KBUIIBIK OpTallla MOoFbIpiaanybl JIyHHeKy31Tik neHcaynblK cakTay yiibiMbiMeH (/ICY)
yeoiabuFan 10 Mkr M 1ieriHeH acaapl. byaan 6esek, exi mokarusaa PM 10 (20 Mxr M)
YILIiH HOpMaTHB achil KeTkeH. AQI MHIEKCIHIH Tajaaybl KalaJarbl ayaHbIH carnachlHa
ocep ereTiH OachIM Jactarbiil PM2.5 0omnbn Ta0bLTaTBIHABIFBIH KOPCeTTi, 2023 5KbUTbI
Tek Oip nokamumsina AQI-miH «oKakce» AeHredi Tipkenai. Koppemsuusuislk Tangay
HOTHKEC1 OHEpPKICiN aliMaKTapblHAH aJIAKThIFBl MEH JIACTaHY JIEHIeHi apachbIHIaFbl
CBI3BIKTHI TOYEIJIUIIKTI oHE ¢ OapbIHIIA DKOJOTHUSIBIK Ta3a ayMak EpTic e3eHiHIH
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JKaranayblHa Tasy KaJaHblH OHTYCTIK-OaTbiC OeiriHae OpHallaCKaHbIH KOPCETTI.
ConTycCTiK >KOHE WIBIFBIC OHEPKACINTIK alMaKTapblHAH JKajlbulaMa alllaKThIK
KajaJarbl aya JIacTaHy CEepIiHiHIH OapblHIIA CEHIMII MPEAUKTOPHI OOJNBIN TAObUIABL.
CraTucTHKaIBIK KOppemsinuaiaslk Tangay PM2.5 sxone PM10 KoHBIpIBIFEl apacklHaa
MBIKTBI JKaFbIMJIBI ©3apa OailJIaHbICThI AHBIKTA/Ibl, OYJI IIBIFY TETiHIH JKajIbl K31 MeH
Tapajy[blH YKcac YpAicTepi Typaisl gasenaeiai. XKyprisiireH 3epTrey TyprbIHAapIbIH
JIeHCayJIBIFbl MEH OHIpJeri KopliaraH opTaHbl cakray yiuiH [laBnogap KanmaceiHza aya
carnachIHBIH MACEJIeNIePiH ISy KaKETTUIINH alKbIH Il TbI.

Tyiiin ce3nmep: aya camacwiblH uHIekci (AQI); PM2.5 sxone PM10 nactarbiim
3arTapsl; [laBiaonap Kanackl; KEHICTIKTE Tapajly; ayaHbIH JacTaHybI
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Founvimu 3epmmey KoMumemiMeH KapAHCbLIbIK KOOy KOPCemyimeH JHeypeizinoi.
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© P. Cadapos"’, K. [llomanosa?, E. Komumes', FO. Hocenko?, 7K. Bexcentona?,
P. Kamaros', 2023
! EBpasuiickuii HaumoHa bpHbIi yHUBepeuTeT uMmenn JI.H. I'ymuinena,

Acrana, KazaxcraH;

?TlaBnogapckuil menarorn4eckuii yHuBepcuTeT uMenn A. Mapryinana,

[TaBnonap, Kazaxcran;
> EBpa3uiicKuii LIEHTP WHHOBAI[MOHHOTO pa3BuUTHA, AcTaHa, Ka3axcraH.
E-mail: ruslanbox@yandex.ru

IPOCTPAHCTBEHHOE PACIIPEJIEJIEHUE 3ATPSI3HUTEJIEN PM2.5 U
PM10 B CEJIMTEBHOM 30HE I'. HABJIOJAP, KASAXCTAH

AHHoTanms. Llenpro TaHHOTO HMCcCIeI0BaHU ABISIETCA aHaJIN3 IPOCTPAHCTBEHHO-
BPEMEHHOT0 pacrnpeaeneHus 3arps3ustonux semects PM2.5 u PM10 B r. [laBnonap
(KazaxcraH) u BBIABICHHME TEHJIEHLMI B UX pacnpeneieHud. B Xoxe uccrnemnoBaHus
OBUTM MPOAHATU3UPOBAHBI JaHHBIE CEMH CTAHLIMH MOHUTOpHHTA 32 epuon 20222023
IT., B KQUE€CTBE OCHOBHOTO IMOKA3aTesl sl OLEHKU YPOBHS 3arps3HEHNUS HCIIOIb30BAJICS
nHAeKC KadecTBa Bo3nyxa (AQI). MccaenoBanue mokasano, 4YTo YpOBEHb 3arpsi3HEHHS
Bo3lyXxa B cenuTeOHOM 30He T [laBnomap siBisieTCs MOBBILIEHHBIM: CPEIHETOA0BAas
koHUeHTpauuss PM2.5 mnpesbimaer pexoMeHayemblii BceemupHoll  opranuzanueit
sapaBooxpanenus (BO3) mpemen B 10 MKr M~ MO AaHHBIM IIECTH U3 CEMH CTAHITHIA
MonutopuHra B 2023 roxy. Kpome Toro, B IByX JIOKauusix ObUT MPEBBILIEH HOPMATHB
s PMI10 (20 mkr m?). Amamu3 waaekca AQI mokaszan, 49To mpeodiagaronim
3arpsi3HUTENEM, BIMSIOIIMM Ha KadecTBO BO3AyXa B Topoje, sABiseTcs PM2.5,
TOJBKO B OAHOH Jjokamuu B 2023 romy Obul 3a)MKCHPOBAH «XOPOLIW» YPOBEHb
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AQI. Pe3ynbTarThl KOppeNsLMOHHOTO aHaln3a IOKa3ajiu JIMHEHHYI0 3aBHCHUMOCTh
MEX/y YPOBHEM 3arpsi3HEHUs U YIAJICHHOCTbIO OT MPOMBIIIJIEHHBIX 30H, MPHYEM
Han0oJee IKOJIOTMYECKU YUCTHIN Y4aCTOK PACIIONOKEH B IOT0-3aaJHON YacTH ropoJa,
BOMM3M Oepera pexku Mpthim. OO00O0IIEHHAs yAaJeHHOCTh OT CEBEPHOH M BOCTOYHOM
MPOMBIIUICHHBIX 30H OKa3ajach HauOoliee HAICKHBIM MPEIUKTOPOM JHHAMHKH
3arpsi3HeHMs Bo3ayxa B ropoje. CTaTUCTUYECKUH KOPPENSLMOHHBIN aHaln3 BBISBUI
CIWJIBHYIO TOJIOKUTEIBHYIO KOPPENALMI0 MEXAy KoHueHTpauusmMu PM2.5 u PMIO,
YTO CBUJETENBCTBYET 00 OOILIEM MCTOYHUKE MPOMCXOKACHHUS U CXOAHBIX TCHICHIIUAX
pacmnpoctpaHenus. llpoBeneHHOe uCclIeqOBaHHE MOAYEPKUBACT HEOOXOIUMOCTb
pewenus npobiieM KadecTBa Bo3ayxa B ropone IlaBinonap ansi coxpaHeHHs 300POBbs
HaceJIeHUs U OKpYXKaroIlel Cpesibl B perHoHe.

KamoueBsie cioBa: Muneke kadectBa Bo3myxa (AQI); 3arpsi3Hsronue BelecTBa
PM2.5 nu PM10; ropon IlaBnonap; mpocTpaHCTBEHHOE paclpeesieHue; 3arps3HeHne
BO3yXa

Dunancuposanue: J{anHoe uccie008aHUe GbINOIHEHO NPU (PUHAHCOBOU NOOOEPIICKe
Komumema wnayxku Munucmepcmea mayku u evicuwezo obdpaszoeanus Pecnybnuxu
Kaszaxcman 6 pamxax epanmosoco gpunancuposanus no npoekmy UPH AP19677560
«Monumopune u kapmozpaguposanue KOI02UYECKO20 COCMOSHUSL B030VULHOU CPedbl
2. [lasnooap ¢ npumenenuem memooos MauHHO20 00YUeHUS .

Kongpnuxm unmepecoa: asmopul 3a:161310m 06 OMCymcmeuy KOHQIUKmMa uHmepecos.

Introduction

Air pollution is a global public health challenge, affecting urban areas across the
world. It is a leading environmental risk factor, contributing to a wide range of health
problems, including respiratory diseases (such as asthma and chronic obstructive
pulmonary disease) (Tatayeva & Burumbayeva, 2014; Wang et al., 2021; Yan et al.,
2022), cardiovascular diseases (including heart attacks and strokes) (Chen et al., 2023;
Gale et al., 2020; Huang & Chen, 2021; Ren et al., 2021), lung cancer (Oh et al., 2023;
Zhang et al., 2023; Zhou, 2021), and a variety of other adverse health outcomes. Poor air
quality is responsible for millions of premature deaths each year worldwide (Goodwin,
2023; Roy, 2018; Van Der Wall, 2015).

Beyond its effects on human health, air pollution has significant environmental
consequences. It can harm ecosystems, damage vegetation, and contribute to soil and water
pollution (Vallero, 2014). Particulate matter and other pollutants released into the atmosphere
can have a negative impact on biodiversity and ecosystems (Sharma et al., 2013).

The economic costs associated with air pollution are substantial on a global scale.
These costs include healthcare expenses for treating pollution-related illnesses, lost labor
productivity due to health impacts, and damage to infrastructure and crops. Addressing
air pollution is not only a public health imperative but also an economic one (Hidalgo
& Sanz Bedate, 2022).

As countries strive for economic growth and development, urbanization and
industrialization play pivotal roles in shaping their trajectories. Rapid urbanization
and industrialization in many parts of the world have led to increased emissions of air
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pollutants. This growth, while promising economic opportunities, also brings significant
challenges related to air quality. As cities grow and industrial activities expand, the
concentration of pollutants in the air can rise, posing a direct threat to urban populations
(Ma et al., 2017).

The expansion of industrial activities is a major source of air pollutants, including
particulate matter, sulfur dioxide, nitrogen oxides, and volatile organic compounds.
Factories, power plants, manufacturing units, and other industrial facilities release
these pollutants into the atmosphere as byproducts of production processes (Kaur &
Jhamaria, 2021). In many cases, the push for increased production and economic gains
has, at times, taken precedence over environmental concerns, contributing to elevated
pollution levels.

Countries and regions worldwide are implementing a range of technological and
policy solutions to combat air pollution, including transitioning to cleaner energy sources,
promoting public transportation, regulating industrial emissions, and adopting stricter
vehicle emission standards (Amann et al., 2020). Many of these efforts also intersect
with initiatives aimed at reducing greenhouse gas emissions (GHGs), highlighting the
interconnected nature of these environmental challenges. While the challenge of urban
air pollution is complex and pressing, it is far from insurmountable. Cities and nations
around the globe are increasingly recognizing the importance of sustainable urban
planning, cleaner industrial processes, and the widespread adoption of renewable energy
sources. Critical steps toward achieving cleaner urban air include the enforcement of
stringent emission regulations, the expansion of public transportation networks, and the
encouragement of electric vehicle usage, all of which contribute to improved air quality
and the well-being of urban populations (Jonidi Jafari et al., 2021).

Increasing awareness of the health and environmental impacts of air pollution and
advocating for clean air is essential. Public awareness, grassroots movements, and
global advocacy efforts contribute to pressure on governments and industries to take
action to reduce pollution levels.

Thus, the issue of air pollution is a global concern with profound effects on public
health, the environment, the economy, and climate change. Addressing air pollution
is a multifaceted challenge that requires coordinated efforts at the local, national, and
international levels, emphasizing the need for cleaner technologies, sustainable urban
planning, and policies that prioritize air quality and human well-being.

The Republic of Kazakhstan has undergone significant industrialization, leading to
pressing environmental issues that urgently require resolution. Pavlodar region stands
as one of the country's most industrially advanced areas, featuring a multi-sectoral
industrial complex that specializes in electrical energy production, alumina, oil refining,
mechanical engineering, food industry, and construction materials. Currently, there
exist over 200 registered enterprises (Azhayev et al., 2020) in the city of Pavlodar that
cumulatively produce approximately 180,000 tons of pollutant emissions (MEGNRRK,
2021). Notable large-scale industrial enterprises include Pavlodar Petrochemical
Plant, JSC "Kaustik" (former Pavlodar Chemical Plant), Pavlodar Aluminum Plant,
Electrolysis Plant, and businesses involved in the creation of metal structures and
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electrical installation products. Furthermore, the city encompasses three combined
heat and power plants, over 20 boiler houses, and approximately 5,000 households that
collectively consume more than 3.5 million tons of coal annually.

Atmospheric air quality in the Pavlodar region undergoes monitoring by The
Republican State Enterprise "Kazgidromet" branch with the utilization of 11 fixed
observation stations for air pollution. These posts are situated in the cities of Pavlodar
(7 posts), Ekibastuz (3 posts), and Aksu (1 post). The pollutants that have been analyzed
comprise of suspended particles PM-2.5 and PM-10, sulfur dioxide, carbon monoxide,
nitrogen oxide, nitrogen dioxide, ozone, hydrogen sulfide, a sum of hydrocarbons,
ammonia, methane, phenol, chlorine, hydrogen chloride, and sulfates (MEGNRRK,
2021). Nevertheless, there is no public information available on these pollutants,
along with their spatial dispersion within the city limits. The primary contributors to
atmospheric pollution in the Pavlodar region are classified as I category environmental
hazards (1 and 2 classes of sanitary hazards), which include thermal power plants that
use high-ash coal. These plants are responsible for 85-86% of the emissions in the area.
The remaining enterprises in the other categories of environmental hazard contribute
approximately 10 % of total emissions. Meanwhile, 4 % of emissions stem from
enterprises in categories 11, III, and IV of environmental hazard (Nossenko et al., 2018).

The issue of monitoring of air quality in industrial cities of Kazakhstan has not
been widely revealed in publications. There were few scientific studies on this issue,
particularly several articles were devoted to considering the situation in Pavlodar. Thus,
Tatayeva et al. (Tatayeva & Burumbayeva, 2014) analyzes air pollution in Pavlodar and
other cities in Kazakhstan, highlighting the impact of pollutants on lung cancer incidence.
Kakabayev et al. (Kakabayev et al., 2023) discusses the consequences of industrial
development in Pavlodar, including high emissions of pollutants into the atmosphere
and the need to improve the environmental situation. Mardenov et al. (Mardenov et al.,
2014) focuses on the atmospheric air condition in Ekibastuz, a city in Pavlodar region,
emphasizing the negative influence of power engineering and metallurgic industry on air
quality. Azhayev et al. (Azhayev et al., 2020) evaluates the geoecological environmental
situation in Pavlodar region, emphasizing the concentration of air pollutants in industrial
centers and the potential negative impact on tourism.

These papers collectively suggest that air quality in Pavlodar, Kazakhstan is affected
by industrial activities and pollutants, which may have implications for public health and
the environment. However, all of these publications didn’t consider spatial and temporal
distribution of air quality index (AQI) based on the U.S. Environmental Protection
Agency's (EPA) National Ambient Air Quality Standards (NAAQS), which allows
conducting comparative studies with other territories considered in different scientific
works (Li et al., 2017). As well in this article current data on air pollutants’ distribution
for the period 2022-2023 is presented based on the information from the independent
source waqi.info (AQICN, 2020). Thus, the study aims to fill gap in the knowledge
about evaluation and detection patterns in the distribution of PM2.5, PM10 pollutants,
and AQI within the residential area of Pavlodar city, a major center of industry in the
Republic of Kazakhstan.
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Methods and materials

Study Area. Pavlodar City is located in Pavlodarskaya Oblast in the northern part of
Republic of Kazakhstan. It is a multifaceted industrial center covering an area of 326,882
hectares (0.3 thousand square kilometers), with a population exceeding 300,000 people.
The climate in Pavlodar City is severely continental, with moderate levels of humidity.
It is characterized by harsh winters, with an average temperature of -16.7 in January,
strong winds, and snowstorms. Spring is marked by cold returns, and late spring and
early autumn are accompanied by frosts. Despite an abundance of sunlight, summers
are hot; however, they are relatively short with an average temperature of +21.2 in July
according to 2023 data (pogodaiklimat.ru, n.d.).

More than 90 industrial enterprises are registered within the city limits. These
include aluminum, machine-building, cardboard-rubberoid, chemical, petrochemical,
shipbuilding and ship-repair, instrumental, tractor, rubber-technical plants, metal
construction, and electrical wiring plants, among others. The largest of these businesses
are situated within the city. In addition, Pavlodar has three thermal power plants, over
twenty boiler houses, and 5000 private homes that collectively burn more than 3.5
million tons of coal annually. Moreover, there are more than 60,000 garden plots within
city limits, as well as countless vegetable gardens maintained by private households,
where the cultivation of vegetables, potatoes, fruits, and berries is concentrated.

In 2021, the stationary sources in Pavlodar region released 736.1 thousand tons of
pollutants into the atmosphere, according to the Bureau of National Statistics of RK.
The majority of industrial enterprises are concentrated in three cities, resulting in
the main volume of pollutant emissions into the atmospheric air of Pavlodar region.
Ekibastuz accounts for 45.9 %, followed by Aksu with 27.7 %, and Pavlodar with 24.4
%. Other districts within the oblast contribute only 2 % of emissions. The fuel and
energy sector emits the largest volumes of pollutants, accounting for 65.4 % of total
emissions, followed by metallurgy at 26 %, petrochemicals at 3.2 %, mining at 1.2 %,
and other industries at 4.2 %. The primary atmospheric pollutants are sulfur dioxide,
nitrogen oxides, solid substances, and carbon monoxide (MEGNRRK, 2021).

Mobile sources, specifically motor vehicles, significantly contribute to air pollution.
In 2021, the Bureau of National Statistics of the Republic of Kazakhstan reported that
there were 145.2 thousand passenger cars and 22.8 thousand trucks in the Pavlodar region.
Emissions from mobile sources totaled 32.8 thousand tons in 2021 (MEGNRRK, 2021).

According to the Information Bulletin on the state of the environment of the Republic
of Kazakhstan for September 2023, provided by the national hydrometeorological
service of the Republic of Kazakhstan (Republican State Enterprise "Kazhydromet" of
the Ministry of ecology and natural resources of the Republic of Kazakhstan) Pavlodar
belongs to the cities with an increased level of atmospheric air pollution (Kazhydromet,
2023).

The city's territory is nominally divided into four zones: northern (industrial), eastern
(industrial), central (residential), and northern suburbs (Pavlodarskoye village, Zangar
village). This study focuses on air quality in the residential area of Pavlodar and covers
an area of 84.37 km?. The research area is presented in Figure 1.
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Figure 1. Research area with sampling map.

Sampling and analysis methods

PM2.5 and PM10 concentrations were measured using Plantower PMS5003 dust
sensors (China). The PMS5003 is a digital and versatile sensor capable of measuring
suspended particles in the air, or particle concentration, and transmitting output data
through a digital interface. The laser scattering principle is utilized in the sensor, wherein
a laser is used to create scattering of the suspended particles in the air. The scattered
light is then collected to obtain the curve of change in scattering light with time.
Eventually, a microprocessor-based on MIE theory is used to calculate the equivalent
particle diameter and the number of particles with different diameters per unit volume.

The measurements were obtained from the open source portal wagqi.info (waqi.info,
n.d.), which translates data from 7 stations located in various parts of Pavlodar city's
residential area. Although the stations did not function synchronously, the most data
was available for the years 2022 and 2023, so these years were used for analysis. The
sampling map is displayed in Figure 1, while Tables 1 and 2 present the descriptive
statistics for the daily average PM2.5 and PM10 concentrations. N represents the
number of measurements taken each day.
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Table 1 — Descriptive statistics for average daily PM2.5 levels (ug m~) recorded in 2023.

Location N mean median std min max
L1 215 67 15 19 5 130
L2 289 46 22 15 11 81
L3 264 38 16 13 5 72
L4 281 62 29 21 13 110
L5 247 17 12 5 7 28
L6 93 10 7 3 4 15
L7 213 38 16 14 4 72

Table 2 — Descriptive statistics for average daily PM10 levels (ug m™) recorded in 2023
Location N i

median std

mean min max
L1 215 86 18 24 6 166
L2 290 52 25 17 13 91
L3 0 - - - - -
L4 282 81 39 28 17 144
L5 247 21 14 7 34
L6 93 12 8 3 5 19
L7 213 48 20 17 6 90

AQI

The AQI (air quality index) was used as the main indicator in the study to assess
pollution levels. The United States Environmental Protection Agency (USEPA)
introduced the Air Quality Index (AQI) 45 years ago to provide the public with crucial
data on air pollution (Manjeet et al., 2023). Previously, only select urban areas published
information on air quality, and measurements varied among different locations. The
implementation of a standardized AQI for assessing air quality across the country has
set an important benchmark for similar governmental and regulatory organizations
worldwide in the future (Al Rabadi et al., 2023; Horn & Dasgupta, 2024).

AQI was calculated based on tables of correspondence with PM2.5 and PM10
pollutants in accordance with (AirNow.Gov, n.d.; Sarmadi et al., 2021). The convenient
levels of AQI are presented in Table 3.

Table 3 — Air Quality Index (AQI) Categories for PM2.5 and PM10 pollutants (AirNow.Gov, n.d.)

AQI Category AQI Value PM2.5 (ug m) PM10 (ug m)
Good 0-50 0-12 0-54
Moderate 51 -100 12.1-35.4 55-154
Unhealthy for Sensitive Groups 101 -150 35.5-55.4 155 - 254
Unhealthy 151 -200 55.5-150.4 255-354
Very Unhealthy 201 - 300 150.5 - 250.4 355-424
Hazardous 301 - 500 250.5 - 500.4 425 - 604
Beyond Index >500 >500.4 >604

Statistical analysis and visualization

The correlation analysis was performed with a Python script using the "corr()"
function from the Pandas library. This function calculates pairwise correlation of
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columns, excluding null or missing values. By default, the function calculates the
Pearson correlation coefficient between columns and returns a DataFrame containing
the column correlation matrix. Each element of the correlation matrix represents the
correlation between two columns and has a square matrix structure. The results of the
statistical analysis of the data, graphs and heat maps, were visualized using Seaborn and
Matplotlib libraries.

The spatial data analysis for each pollutant utilized a GIS software to map the air
pollution variances across the study area. The multilevel b-spline function of the SAGA
module was employed to investigate the air quality's spatial distribution characteristics.
The generated raster grids were then used to create isoline polygons utilizing the
"Contour Lines from Raster" feature in the SAGA module. The geographic information
was analyzed and mapped using QGIS 3.28.6 software, which is an official product of
the Open Source Geospatial Foundation (OSGeo) and licensed under the GNU General
Public License.

Results

Spatio-temporal analysis of air quality. The air quality monitoring outcomes for
Pavlodar city, which comprise data regarding the concentrations of the PM2.5 and PM 10
pollutants, are displayed in Table 4. Please note that PM10 content measurements were
not taken at L3 site, and the L6 station was non-operational in 2022. Only 22 daily mean
pollutant values were gathered from L1 station in 2022. The inconsistency in collecting
data from monitoring stations is related to technical problems of uninterrupted power
supply and Internet access.

Table 4 — Air quality parameters measured in the study territory in 2022-2023 years

Year | Loca- N! PM2.5%, N PM103, AQI PM2.5 PM10 AQI

tion |(PM2.5)| pgm3 |(PMI10)| ug m? |(concerning | exceeding?, | exceeding’, | exceeding®
pollutant) % %

2023 | L1 215 14.96 215 18.24 | 57 (PM2.5) 19.53 6.05 46.98
L2 289 22.16 290 25.32 | 72 (PM2.5) 31.49 13.45 43.6
L3 264 16.29 0 - 60 (PM2.5) 22.73 - 49.24
L4 281 29.44 282 39.48 | 87 (PM2.5) 38.08 20.57 85.77
L5 247 12.09 247 14.34 | 51 (PM2.5) 11.34 4.05 30.77
L6 93 7.33 93 8.28 |31 (PM2.5) 0 0 13.98
L7 213 15.66 213 19.57 | 58 (PM2.5) 23 12.21 41.78

2022 L1 28 17.09 28 21.87 | 61 (PM2.5) 17.86 3.57 64.29
L2 321 32.63 321 37.57 | 94 (PM2.5) 51.71 22.74 85.05
L3 302 15.69 0 - 59 (PM2.5) 19.87 - 54.97
L4 286 23 286 29.58 | 74 (PM2.5) 34.62 15.73 63.29
L5 260 20.29 260 24.56 | 68 (PM2.5) 27.69 9.23 63.46
L6 0 - 0 - - - - -
L7 257 21.37 257 25.97 | 70 (PM2.5) 37.74 10.51 64.98

! Number of daily measurements

2 Average daily concentration of PM2.5

3 Average daily concentration of PM10

4 Share of days with PM2.5 exceeded WHO daily limit value (25 pg m), % (WHO, 2006)
3 Share of days with PM10 exceeded WHO daily limit value (50 pg m?), % (WHO, 2006)
¢ Share of days with AQI exceeded “Good” air pollution level (>50)
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In 2023, the average annual level of PM2.5 exceeds the WHO standard (10 pg m) in
six out of seven locations, as per the findings (WHO, 2006). The only location that does
not exceed the average annual WHO standard is L6, located farthest from the industrial
zones near the Irtysh River to the southwest of the city center. In 2023, the standard for
the PM10 pollutant (20 pg m>) (WHO, 2006) is only exceeded at two sites - L2 and L4,
with levels 0of 25.32 and 39.48 ug m™, respectively. The lowest amounts of pollution are
observed at location L6, as well as L5, which is situated at the center of the study area.

In 2022, all monitoring locations surpassed the WHO annual average standard
for PM2.5. However, it is important to note that the monitoring station at location
L6 was not operational during that year. The highest recorded PM2.5 level, reaching
thrice the threshold standard, was observed at location L2. This location is situated in
close proximity to both the northern and eastern industrial areas. In contrast, a more
unfavorable situation was observed for the pollutant PM 10 compared to 2023. Thus, all
monitoring stations exceed the threshold level recommended by the WHO. The station
at location L2, in particular, recorded an almost double exceedance of the standard -
37.57 ug m3,

Annual average AQI calculations by location indicate that PM2.5 has the most
significant impact on air quality. In 2023, only one location out of seven (14%) recorded
an AQI level that corresponds to a "good" level and did not exceed a threshold value of
50. The remaining locations (86 %) had an AQI level below 100, indicating a "medium"
level of air pollution. The maximum AQI level of 87 was recorded at location L4,
which is directly adjacent to the eastern industrial zone of Pavlodar city. A large number
of small production sites and warehouses are situated in this area. The overall AQI
distribution remains the same in 2022, but pollution levels have slightly increased. The
maximum AQI value in 2022 is 94 and was registered at location L2.

Based on the gathered data, we analyzed the percentage of days in the observed
period when the average daily concentration of pollutants exceeded the average daily
limit values according to the WHO recommendations. Our findings reveal that L6
had the most favorable air quality. As a matter of fact, no PM2.5 and PM10 threshold
concentrations exceeded the recommended levels in this location in 2023. In locations
L2 and L4, the percentage of days where the daily average concentration of PM2.5
exceeded the threshold level was 38.08 % and 31.49 %, respectively. The proportion
of days where PM 10 exceeded the daily mean threshold value was considerably lower.
Therefore, the highest proportion of days with threshold value exceedances occurred at
location L4 and reached 20.57 %. These indicators showed improvement in air quality
in 2023 compared to 2022 when the values were higher. In 2022, the areas with the
highest PM2.5 levels exceeding the daily average threshold were observed at locations
L2, L7, and L4, respectively reaching 51.71%, 37.74%, and 34.62 %. Meanwhile, for
PM10, the situation was more positive in 2022 as well as in 2023 compared to PM2.5,
with all locations experiencing exceedances of recommended levels but a lower level of
exceedance for PM10 than PM2.5.

The annual average AQI was exceeded for all sites in both 2023 and 2022. A higher
overall percentage of days exceeding the AQI 50 threshold was observed in 2022
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compared to 2023. For instance, at location L2 in 2022, AQI values above 50 were
recorded on 85.05% of monitored days, indicating "moderate" to "unhealthy" ambient
air quality. The percentage of days with recorded exceedance of the AQI 50 threshold is
more than 60% for L1, L4, L5, L7.

Figure 2 illustrates the yearly distribution diagrams of average monthly concentrations
of PM2.5 and PM 10 pollutants, monthly average AQI values, and monthly average wind
speed dynamics. The average pollutant concentrations displayed a distinct seasonal
pattern. The highest values of pollutant concentrations were observed in the winter
months and late fall, while the lowest values of concentrations, as well as AQI values,
were observed in the summer months.

The annual distribution of monthly averages is comparable across all monitoring
locations. Peak values are generally seen during winter in December and February,
which also correspond to annual minimums of mean monthly wind speed. Pollutant
concentrations tend to decrease in January. Winter peaks may significantly increase
the occurrence and dispersion of particulate matter during the colder months due to
fuel combustion activities (such as CHP, residential heating with coal stoves, and
more intensive combustion of motor fuels for prolonged motor vehicle warming).
Additionally, lower wind speeds in the same period can further exacerbate the levels of
fine particulate matter present in the atmosphere. It is important to note that wind speed
reduction in September does not result in a similar effect, which could be attributed
to the fact that the period is still warm enough, and the sources of PM2.5 and PM10
pollutants discussed earlier are not active.
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Figure 2. Annual distribution of monthly average concentrations of PM2.5 (2.1), PM10 (2.2), AQI
(2.3), and wind speed (2.4).

Figure 3 illustrates the spatial distribution of air quality index (AQI) values and
locations exceeding AQI 50. The greatest AQI values correspond to locations L4 and
L2, which are geographically close to the northern and eastern industrial sectors. It is
worth noting that there is a reduction in the adverse environmental impact of industrial
facilities on the residential area of the city towards the Irtysh River. The distribution
of pollutants indicates a linear relationship between pollution levels and distance from
industrial areas. The most environmentally friendly areas of the city are located in the
southwestern part of the city, near the Irtysh river bank. However, as we move to the
southeast, pollution levels increase, potentially due to the influence of the industrial
enterprises operating in the eastern industrial zone. Statistical correlation analysis of the
presented visualized data was used to analyze the trends of air pollution distribution.

Statistical correlation analysis. We utilized a correlation matrix with Pearson
correlation coefficients to evaluate the connections among diverse components in the
study region. The Pearson correlation coefficient indicates the degree of linear association
between two variables on a spectrum ranging from -1 to 1. A -1 value indicates a fully
inverse linear correlation, 0 indicates no linear association, and 1 demonstrates a positive
linear correlation.

The correlation analysis is predicated on the following hypotheses:

1) the concentration of pollutants is contingent upon the location of the area under
examination. The coverage area of the study is determined by the minimum bounding
rectangle of the study region. The coverage area of the study is determined by the
minimum bounding rectangle of the study region.

2) The concentration of pollutants decreases as distance increases from the northern
boundary of the study area, as the northern industrial zone of Pavlodar is located on that
side of the residential area.

3) As the eastern industrial zone of Pavlodar is situated on the other side of the
residential area, pollutants decrease in concentration when moving away from the
eastern boundary of the study area.
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4) Both the northern and eastern industrial zones impact the distribution of particulate
matter in the air. Thus, their influence jointly affects the pollution level. This may result
in a correlation between pollution and the hypotenuse of a right triangle, where the
catheti represent the distances from the studied location to the northern and eastern
coverage boundaries.

Figure 4 displays the correlation matrix computed from the given dataset, which
includes the north distance (distance from this location to the northern limit of study
area coverage), east distance (distance to the eastern limit of coverage), hypotenuse at
north and east distances, as well as PM2.5 and PM 10 concentrations at this location.
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Figure 3. Spatial distribution of AQI (3.1) and percentage of days with recorded AQI higher than 50
(3.2).

The correlation matrix indicates patterns and trends within the data. The Pearson's
coefficient (r) reflects a strong positive correlation (0.98) between PM2.5 and PM10
concentrations, which suggests the pollutants share a common source of origin and
have a similar distribution trend over the territory. Additionally, there is a moderately
negative correlation (-0.57) between PM2.5 concentration and the distance to the
northern boundary of the coverage area. The weakly negative correlation (-0.47)
between PM2.5 parameters and distance to the east suggests that the northern industrial
zone has a slightly greater influence on the ecological conditions within the residential
area of Pavlodar city.
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A strong negative correlation exists between the hypotenuse and the PM2.5 and
PM10 parameters at -0.81 and -0.74, respectively. These findings suggest a mutual
impact of the two industrial zones on the city's territory. Additionally, the data implies
a trend of decreasing air pollution levels towards the southwest, in agreement with the
spatial distribution maps for AQI.
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To visualize the Pearson coefficients, scatter plots were constructed. The slope angle
and direction of a straight trend line, which minimizes the distance between points and
the line itself, can then be determined. This line directly correlates with the Pearson
coefficient for the two variables analyzed. Figure 5 presents the scatter plots for the
analyzed pairs of values. The presented plots indicate a moderate negative trend with
significantly scattered relationship points in plots 5.1 and 5.2. Thus, a linear relationship
between air pollution levels and distance from solely one industrial zone (north or east)
cannot be definitively established. Graph 5.3 illustrates a stronger correlation between
PM2.5 concentration and the hypotenuse, which represents the equidistance from two
industrial zones. This correlation is evident not only in terms of the Pearson's coefficient
value but also visually. Therefore, this parameter is a more reliable reflection of the
trend in the distribution of pollutants in the air of Pavlodar city's residential zone.
Furthermore, it confirms the hypothesis of a mutual influence of both industrial zones
on the city's atmosphere.

Discussion

The research presented in this article was aimed at analyzing the level of air
pollution in the residential area of Pavlodar city, as well as identifying trends in the
spatial distribution of PM2.5 and PM10 pollutants. For this purpose, data from 7
monitoring stations were analyzed for the period 2022-2023. The methodology of the
study correlates with previous studies conducted in Almaty (Kazakhstan) (Kerimray
et al., 2020), Astana (Kazakhstan) (Kerimray et al., 2018), Yanbu (Saudi Arabia) (Al
Rabadi et al., 2023), Shenzhen (China) (Liu et al., 2023).

The results of the analysis of the air quality correlate with the conclusions published
in the Information bulletin on the state of the environment of the Republic of Kazakhstan
for September 2023 (Kazhydromet, 2003) that the level of air pollution in Pavlodar is
increased. The results of the study are also consistent with previously published works
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PM10

North Distance East Distance Hypotenuse PM2.5

Figure 4. Correlation matrix with Pearson’s coefficients

195



OF THE NATIONAL ACADEMY OF SCIENCES OF THE REPUBLIC OF KAZAKHSTAN

(Kakabayev et al., 2023; Lukyanets et al., 2023). For example, the annual average level
of PM2.5 exceeds the WHO recommended limit (10 pg m3, (WHO, 2006)) in six out
of seven monitoring stations. The standard for PM10 (20 pg m?3, (WHO, 2006)) is
exceeded at only two sites in 2023. However, the WHO annual average standard for
PM10 was exceeded at all monitoring stations in 2022. The AQI calculation showed that
PM2.5 is the main influencing component in all cases. The annual average AQI values
in 86% of the locations show a "moderate" level of pollution.
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Figure 5. Scatter plots of parameter pairs with lines of best fit and Pearson’s coefficients

The highest levels of PM2.5 and PM10 are observed in locations adjacent to the
northern and eastern industrial zones of the city. This is probably due to the presence of
a large number of small industrial and economic facilities in these areas, as well as in
these zones are located large enterprises, such as Pavlodar Petrochemical Plant, three
thermal power plants, Pavlodar Aluminum Plant and others. A significant contribution
to air pollution in the city of Pavlodar is made by mobile sources, in particular motor
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vehicles. Thus, according to official sources, emissions from mobile sources in 2021
amounted to 32.8 thousand tons (MEGNRRK, 2021). The most environmentally
friendly areas of the city are located in the south-west, away from industrial zones.
There is a certain correlation between the decrease in wind speed and the increase in the
concentration of air pollutants, especially in winter. In general, the AQI level peaks in
the winter months.

Based on the results of the statistical analysis, it can be concluded that among the
proposed methods for modeling the dispersion of air pollution, the most adequate
correlation is observed between the concentration of pollution and the hypotenuse
expressing the distance from both the northern and eastern industrial zones. The
concentrations of PM2.5 and PM10 show a strong positive correlation with a Pearson
coefficient of 0.98, indicating with high probability the same sources of origin and
distribution trends of both pollutants. Due to the high degree of correlation, it is sufficient
to follow the trends of one pollutant for prediction. Since PM2.5 has the strongest
negative influence and is also the most influential pollutant in the AQI calculation, it is
recommended to use this pollutant for the prediction of particulate matter dispersion.

Poor air quality in the city of Pavlodar has a negative impact on public health. Exposure
to PM2.5 and PM10 can cause various health problems, including respiratory diseases
(Tatayeva & Burumbayeva, 2014; Wang et al., 2021; Yan et al., 2022), cardiovascular
diseases (Huang & Chen, 2021; Ren et al., 2021), stroke (Chen et al., 2023; Gale et al.,
2020), and cancer (Oh et al., 2023; Zhang et al., 2023; Zhou, 2021).

According to WHO recommendations, not only particulate matter, but also sulfur
dioxide, nitrogen dioxide, carbon monoxide and ground-level ozone have a significant
impact on human health (WHO, 2006). Therefore, in order to continue this scientific
research, we plan to study the distribution of the above-mentioned pollutants in the city
of Pavlodar. Also, in the future it is necessary to carry out a more complete correlation
analysis of pollutant concentrations with meteorological data such as humidity, wind
speed and direction, temperature, pressure.

Conclusion

In this study, we conducted an extensive analysis of air quality in the residential area
of Pavlodar City, Kazakhstan. Our research aimed to investigate the spatial distribution
and temporal trends of PM2.5 and PM10 pollutants and their impact on air quality. We
analyzed data collected from seven monitoring stations over the years 2022 and 2023,
and our findings revealed several critical insights.

First, the results indicate that the level of air pollution in Pavlodar City's residential
area is elevated. In 2023, the annual average concentration of PM2.5 exceeded the WHO
recommended limit of 10 pug m~ in six out of seven monitoring stations. Additionally,
the standard for PM10 (20 ug m?) was exceeded at two locations. Comparatively, in
2022, all monitoring stations exceeded the WHO annual average standard for PM2.5,
highlighting the persistence of air quality issues.

The analysis of the Air Quality Index (AQI) demonstrated that PM2.5 is the
predominant pollutant affecting air quality in the city. In 2023, only one location
recorded an AQI level corresponding to "Good", while the remaining locations exhibited
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a "Medium" level of air pollution. The maximum AQI level was observed near the
eastern industrial zone of Pavlodar City. A similar pattern was observed in 2022, but
with slightly higher pollution levels.

Our study also identified geographical correlations between industrial zones
and pollution levels. Locations near the northern and eastern industrial areas of the
city experienced higher concentrations of PM2.5 and PM10. This is attributed to the
presence of numerous industrial facilities in these regions, including major enterprises
such as Pavlodar Petrochemical Plant, thermal power plants, and aluminum production
facilities.

We further observed that the wind speed has a significant influence on pollutant
concentrations, particularly in the winter months. Pollution levels tended to peak during
the colder seasons, attributed to increased fuel combustion activities for heating and
reduced wind speeds that limit dispersion.

Statistical correlation analysis revealed a strong positive correlation between PM2.5
and PM 10 concentrations, suggesting a common source of origin and similar distribution
trends. Furthermore, we established that the distance from both the northern and eastern
industrial zones (represented as the hypotenuse in a right triangle) is the most reliable
predictor of air pollution trends within the city amongst suggested.

The implications of poor air quality are concerning, as exposure to PM2.5 and PM10
pollutants can lead to various health problems, including respiratory and cardiovascular
diseases, stroke, and cancer. Additionally, other pollutants like sulfur dioxide, nitrogen
dioxide, carbon monoxide, and ground-level ozone, as recommended by the WHO, can
also have detrimental effects on human health.

In future research, we plan to expand our investigation to other air pollutants and
consider meteorological data such as humidity, wind speed and direction, temperature,
and pressure. This comprehensive approach will provide a more complete understanding
of the factors contributing to air pollution in Pavlodar City. Ultimately, our findings
underscore the urgency of addressing air quality issues to safeguard public health and
the environment in the region.
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