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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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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
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npodeccopsr (Peaunr, Aurus) H = 40
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XMW OJIaFbIHBIH XMHUS KOHE KOpIIaraH opTa OemnimiHiH mpe3uaeHTi (Jlonmon, Aurmms) H = 15
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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. Pyrazole and its derivatives, diazoheterocyclic compounds are popular
and widely known for their biologically active properties and are used in a wide
variety of areas of human activity; therefore, the synthetic search for new pyrazole
derivatives and the development of methods for their synthesis is a current direction
in the development of organic chemistry of heterocyclic compounds. The purpose of
the study was to obtain 3,5-diarylpyrazoles using a new strategy, and in this work,
for the first time, a 4-step method was developed and used for the preparation of
3,5-diarylpyrazoles with almost quantitative yields (88—95 %) through the formation of
1,3-diaryl-1,3-diketones — derivatives of 1,3-diaryl-2-propenones (chalcones) through
the bromination stage. Thus, at the first stage, 1,3-diaryl-2-propenones are synthesized
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by condensation of commercially available acetones and benzaldehyde in an alkaline
medium; at the second stage, chalcones are brominated via a double carbon-carbon bond.
The third step is the synthesis of 1,3-diaryl-1,3-diketones through the condensation of
2,3-dibromodiphenylpropanones with sodium methoxide, where this step is a newly
developed step in the synthesis of 3,5-diarylpyrazoles. Thus, the new reaction of the
formation of 1,3-diaryl-1,3-diketones proceeds through two stages in situ, where at
the first stage an ether is formed, and then a cyclic one, and under the influence of
temperature and hydrochloric acid the latter is transformed into a keto-group. The
resulting 1,3-diaryl-1,3-diketones were subsequently introduced into a condensation
reaction with aqueous hydrazine hydrate to obtain the corresponding 3,5-diarylpyrazoles
in 88 — 95 % yields. The isolated 3,5-diarylpyrazoles are crystalline substances, the
structure of which has been proven and characterized by NMR spectroscopy methods.
The synthesized 3,5-diaryl derivatives of pyrazoles are of great interest for further study
and research in the reactions of the formation of new diazapentalene systems, since the
preparation and study of diaryl derivatives of diazapentalene bicyclic systems is not
mentioned anywhere.

Keywords: chalcone; 2,3-dibromodiphenylpropanone; 1,3-diaryl-1,3-diketones;
pyrazole; 3,5-diarylpyrazoles
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AnHoramus. [lupa3on koHe OHBIH TYBIHIBUIAPBI — JUA30TCTEPOLIUKIIIL
KOCBUIBICTAP, OUOJIOTHSUIBIK OCJICEHI KACUETTEPIMEH KEHIHCH TaHBIMAJl KOHE ajlaM
OMIpPIHIH OpTYpJi cajajapblHAa KOJAAHBLIAABI OCHIFAH OalIaHBICTHI MHPA30JIIBIH
JKaHa TYyBIHIBUIAPBIH CHHTETUKAIIBIK 1371CY JKOHE OJIApABl CHHTE3ICY OIICTEPiH d3ipiey
TeTePOLMKIII KOCHUIBICTAPABIH OPTaHUKAIBIK XHUMUSCHIH TAMBITYIaFbl ©3€KTi OaFbITHI
Oonbin TaObUTANBL. 3epmmeyOdiy Makcamvl *KaHA CTPATETHSHBI TaianaHa OTBIPHII,
3,5-auapuinupaszongapasl aly xKoHe Oyl )KyMbIcTa anFam pet 1,3-auapui-1,3-qukeTon
-1,3-mnapun — 2-nponeHoH (XaJlkoH) TYBIHABUIAPBIH OpoMJiay o/ici apKbUIBI TY3UTyi
ic xy3iHae cauaplK eHiMzimiri 6ap (88-95 %) 3,5-mmapunmupazongapasl amynbiH 4
CaTBIIBI OMICI 931pIIeH I XKoHe KomanbuIabl. COHBIMEH, OipiHm ke3eHae 1,3-nuapun-2-
MIPOTIEHOH AP CLITiII OpTaa KOMMEPIIHSUTBIK KOJ JKETIM/Ii alleTOH MEeH OS€H3aJIbIeTH/ITIH
KOH/JICHCAIIMSICHI apKbLIbI CHHTE3/ICIICl; SKIHIIT Ke3CH I XaJIKOHIap bl KOC KOMIpTEeK-
KOMIpTeK OalIaHbBICBl apKbUIbl OpoMzay >Kyprisiienmi. YmniHmn keseH-l,3-auapui-
1,3-nmukeTonaapapl  2,3-quOpoM  TUEHUIPONAHOHAAPABl HATPUH  METHIIATBIMEH
KOHJICHCAIMSUIAy apKBUIBI CHHTE3ey, MyHAa Oy KaaaMm 3,5-mmapuimupasoiigap
CUHTE31HeTi ’KaHa TaMbIFaH Ke3eH Oonbin TaObutamel. CoHbIMeH, 1,3-muapwmi-1,3-
JUKETOH/IAp/bIH TMaija OONyBIHBIH aHAa PEeaKIUsICchl in situ eKi CaThIChl apKbLIBI
XKypeai, oHaa OipiHmn Ke3eHze >pup maiina Oomazibl, copaH KeHiH LUKl KOCBUIBIC
naiina Oonajpl, ajl TemIepaTypa MEH TY3 KbIIIKBUIBIHBIH 9CEPIHEH COHFBICHI KETO
ToObIHA aiHamanbl. AneiaFad  1,3-muapwi-1,3-gukeToHmap omad opi 88-95 %
IIBIFBIMMEH THICTI 3,5-muapuimnupasonfap aja OTBIPHIN, CYIbl THAPAa3HHTHAPATIICH
KOHJIEHCAIMST ~ peakIusichlHa  eHrizinmi. OkmaynanraH —3,5-auapriimupasongap-
KYPBUIBIMBI JonenjieHreH skoHe SIMP  cnekTpockorus opmicTepiMeH cumnarTajifaH
KpucTayael 3artap. CHUHTE3NENreH MUpa3oiaapAblH 3,5-Tuapuil TYbIHIBLIAPHI JKaHA
JIa3arieHTalICH )KyHeIepiHiH Ty311y peakiHsIapbiH O/IaH 9pi 3epTTeyre XKOHE JaMBITYFa
YJIKEH KbI3bIFYIIBLIBIK TYbIPaIbl, ce0e0l TUapui TybIHABUIAPBIHBIH JUa3alleHTATICHIIK
OUMITUKIITI JKYHENepiH amy *oHe 3€pPTTEy Typallbl eIl Kepae auThUIMANTBI.

Tyiin ce3mep: xankon; 2,3-mubpom nudenwnnponanon; 1,3-muapun-1,3-
JUKETOH/Iap; MUPa30i; 3,5-AHapuiimupa3oiiap
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AnHoTanms. [Tupa3on u ero npon3BoaHbIe — AMA30T€TEPOIUKINYECKHIE COSMHEHNS,
MOMYJISIPHBI U MIMPOKO M3BECTHBI CBOMMHU OHMOJIOTHUECKU AKTHBHBIMHU CBOMCTBAMH H
WCIIOJIB3YIOTCA B CAMBIX Pa3IMYHBIX 00JIACTAX KU3HEAEATEIHbHOCTH YelIOBeKa B CBSI3U
C YeM, CHHTETUYECKHUH MOMCK HOBBIX MPOU3BOAHBIX MUPa3oiia U pa3padoTKa METOOB
WX CHHTE3a ABJSAETCS aKTyaJbHBIM HAIlPAaBJICHHEM B PAa3BUTHUH OPTaHUYECKON XHMUHU
reTepOLMKINYECKUX COeTUHEHUN. [[enb ucciedo8anus MOTYIUTh 3,5-AHapUIIITNPA30IIbI
C HCIIOJb30BAaHMEM HOBOW cTparerwu. B paHHOH pabore, BHepBble pazpaboTaH H
WCIIOIb30BaH 4-CTauIHBI METO/ MONy4eHus 3,5-IuapuinupasosioB ¢ MPAKTUYECKU
KOJIMYeCTBEHHBIMU Bhixogamu (88—95 %) uepes oOpazosanue 1,3-nmuapui-1,3-1MKeTOHOB
— MPOU3BOJHBIX |,3-AMapuiI-2-MPONeHOHOB (XaJIKOHOB) Yepe3 CTaIuio OpOMUPOBAHUSL.
Tak, Ha MepBOW cTaguM CUHTE3UpYIoTCs 1,3-auapui-2-IponeHOHOHBI KOHIEHCAIUeH
KOMMEpPYECKH JIOCTYITHBIX alleTOHOB M OeH3ajbJeru/ia B IIeT0YHON cpenie; Ha BTOPOi
CTa/INU MPOU3BOANUTCS OPOMHUPOBAHHE XAJIKOHOB I10 JBOWHON YIJIEpOJ-YINIEPO CBSI3H.
TpeTest cramus 3akimodaercss B cuHTe3e 1,3-muapuii-1,3-IMKETOHOB MOCPEICTBOM
KoHZeHCAMK 2,3-1uOpoMar(eHMIIIPOIIaHOHOB ¢ METWJIATOM HATpHs, Tl JAHHBIH
HIar siBJISETCS HOBOM pa3paboTaHHOH cTaaueil B cuHTe3e 3,5-auapuinnupa3onoB. Tak,
HOBas peakuus oopazoBanus 1,3-guapui-1,3-TUKeTOHOB MPOTEKACT Yepe3 ABE CTATUH
in situ, TJie Ha TIEPBOM 3Tare 00pa3yercs MpocToi 3hup, a 3aTeM MUKIUUSCKHMA, U TIOJ]
JICHCTBHEM TEMIIEPATyPhl ¥ COJITHOM KUCIIOThI MOCIICIHUI TPaHC(HOPMHUPYETCS B KETO-
rpynmy. [lomyuennsie 1,3-auapui-1,3-1uKeTOHBI B JadbHENIIIEM BBEJCHBI B PEAKIIUIO
KOHJICHCAIIUW C BOJIHBIM THIPA3HHTHAPATOM C IIOJyY€HHEM COOTBETCTBYIOIINX
3,5-nmuapunnupasoiioB ¢ Bbixogamu 88-95 %. Brigenenusie 3,5-auapuianupasolnbl
— KpUCTQJJIMYECKHE BEIECTBa, CTPYKTypa KOTOPBIX JOKa3aHa M OXapaKTepH30BaHa
metonamMu  SIMP  cnektpockonuu. CHHTE3MpOBaHHBIE 3,5-TUAPUIINIPOU3BOAHBIE
[MPa30joB MPEACTABISAIOT OOJBIION WHTEpeC Ui JallbHEWIIero W3y4YeHus U
UCCIIeIOBAaHMsSI B PEAKIUAX 00pa30BaHMsl HOBBIX JHA3alleHTAJICHOBBIX CUCTEM, TaK KaK
0 TIOJIy4E€HUHU U U3YyUSHHUH TUAPUIITIPOU3BOIHBIX TMA3aNIEHTATIEHOBBIX OUITUKIMYECKUX
CUCTEM HUTIJIe HE YIIOMUHAETCS.

KiaroueBble cioBa: xainkoH, 2,3-muOpoMaudeHwinponados, 1,3-nuapui-1,3-
JTUKETOHBI, TUPa3odl, 3,5-A1apuiInupason

Kongnuxkm unmepecos. Asmopvi 3as61iiom 00 omcymcemeuu  KOHOIUKMa
UHMEPECO8.
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Beenenne

W3BecTHO, YTO MUPA30i U €ro MPOU3BOIHBIC SIBISIOTCS MPEAMETOM MPUCTATBHOTO
BHUMAaHHUS YYEHBIX 10 HACTOSIIEr0 BPEMEHM, CBS3aHHBIM C LIMPOKUM MOTEHIHATIOM
9THX COCOUHEHUH B CAMBIX Pa3lWYHBIX 00IACTIX JKU3HENCATEIbHOCTH YEIOBeKa, U B
YaCTHOCTH, ITMPOKO M3BECTHBI UX OMOJIOTHUECKU aKTHUBHBIE CBOMCTBA. TaK, B MEAULIMHE
(yHKIMOHAIbHBIE IPOU3BOIHBIE TUPA30J1a BXOST B COCTAB JIEKaPCTBEHHBIX IPENaparoB,
obnafaromux TyOepKyIOCTaTHYEeCKUM, aHTUMHKOTHYECKAM U aHTHOAKTEpUATbHBIM
cBoiictBamu (Stanovnik 2003: 46) , B CelIbCKOM XO3SIICTBE MPOM3BOAHBIC MHUPa30JIa
3apeKOMEH/I0Bali ce0sl B KaueCcTBE XOpOoLIMX repOunuaoB u nectunaos (Efimov et al.,
2018: 369; Chaurasia et al., 2022: 80; Al-Aizari et al., 2018: 134; Andreeva et al., 1995:
60). B cocTaB HEKOTOPBIX KpacuTesnel, MPUMEHSIEMbIX B MUILEBON MPOMBIIUIEHHOCTH,
Takxke BXonuT gparment nupaszona (Belan et al., 2001: 196). metorcs u cBenenus 06
WCTIOJIb30BaHUH TIPOU3BOIHBIX MUPA30Jia B KAUECTBE MPHUCATOK K MOTOPHOMY TOILIHBY
(El-Badawi et al., 2011: 37). Bo Bcem Mupe mponojKaeTcs MOMCK M UCCIeJOBaHHE
COeAMHEHHH, 00JIaAaloUIMX ONpPEeNICHHON OMOJIOrMYeCcKOi aKTUBHOCTBIO, B CBS3U C
YeM, CUHTETHYECKHH MOMCK HOBBIX MPOHM3BOAHBIX MHPA30Jia SIBISAETCS aKTyaJbHBIM
HalpaBiCHUEM B Pa3BUTHU OPraHMYECKOH XHUMHUH.

OmMH W3 HM3BECTHBIX METOJOB CHHTE3a NHPa30JIoB d3TO  KOHACHCAIHSA
1,3-nmukapOOHHIIBHBIX TPOU3BONHBIX ¢ ruapazuHamu (Wallet et al., 1966: 347; Addison
et al.,, 2018: 351; Li et al., 2014: 347), xotopslii OCHOBaH Ha OMHYKJICO(DUIBHOCTH
TUIPa3sUHOB, YTO 103BoNseT NH -rpymmam 1moodep€nHo pearupoBarh C KakKIoOH
C=0 rpymmo#i 1,3-nukapOoHWIBHEIX coeAuHeHud. OObaHO  1,3-muapun-1,3-
JUKETOHBI CHHTE3UPYIOT B JIBE CTaJIUH, C UCIOJIb30BaHUEM alETOPEHOHOB, (EHOJIOB
n OCH30WIXJIOPUAOB, TIJe IepBas CTaJuH MpPEAyCMaTpUBAcT KOHACHCHPOBAHHE
¢enmnbenzoatoB (Abdel-Megied Ahmed et al, 2007: 889). B nmanHoii pabote
HaMH BIEpBbIC pa3pabOTaH W HCHOJNB30BaH 4-X CTaJUUHBIA METOA TONyYeHHS
3,5-nuapunnupasonos 1 (Cxema 1) yepe3 oOpazoBanue 1,3-guapui-1,3-1uKkeToHOB 2 —
MIPOU3BOAHBIX 1,3-Iuapuii-2-nporeHoHOB (XalKoHOB) 4 uepe3 cTaanuto OpOMHPOBAHHMS.

I 1 1 1\
0 0
OYCH3 N o )k/\ Bry Br veona T N 7~NH
A Ph Ar Ph Ar Ph Ar Ph I "
Br
6 5 4 3 2 1

Cxema 1

Oo6cy:kaeHue pe3yjibTaToOB

Tak, peakmuu oOpa3zoBaHUsA 3,5-THAPWIMHPA30J0B la—€¢ TPOBOIMIN B3aMMO-
JICUCTBUEM BOJIHOTO THJpa3uHa C 3apaHee CUHTe3UpOBaHHBIMHU 1,3-muapun-1,3-
JIMKETOHAMU 2a—€ B CpeJie U30MPOIUIOBOTO CIUPTA, 7€ BHIXOJ 3,5-THapuiIupa3oioB
la—e mpakTudecku komudecTBeHHBIN (88—95 %) (Cxema 2).

11
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N—NH 1,2
a)R=H
i
C = 3 -
|PrOH 1h,t d)R = NO,-3
)

1a-e
88-95%

Cxema 2

1,3-/Inapunin-1,3-1uKkeToHbI 2a-€ CHHTE3UPOBAINCH B 3 CTalnH, a UMEHHO — IepBast
CTaausd BKJIIOYaeT oOpa3oBaHHe 0,-HEHACBHIIIEHHBIX 1,3-AMapuii-2-mponeHoHOB
(xamkoHOB) 4a—€ B COOTBETCTBHUH C KJIaccHueckoit kounencanuei Ksitzena — [lImunra,
I7Ie B yCJIIOBUSAX OCHOBHOTO KaTajau3a aneTopeHoHoB 6a-e¢ reHepupyercs C-Hykireohuia
BCJIE/ICTBUE OTpPHIBA TPOTOHA OT aroMa YIjiepoja B (-TIOJOXEHWH METHIEHOBON
KOMITOHEHTHI 6a—e, C JaIIbHEHIIIeH ero aTakoi Ha aToM yriieposia KapOOHMIIEHOM TPyTIIIBI
oem3anpaeruna S (Cxema 3).

0 4,6
a)R=H
_ NeoH P b) R = CHz-4
¢) R = CH;0-4
EtOH, HZO 1 day d) R = NO,-3
R 4a-e e) R=NO,-4

Cxema 3

Tak, meTonpl cunTe3a 1,3-auapui-2-nponeHoHoB 4a—e (Cxema 3) pa3nmudaroTcs JINIIb
B JUIUTCIIBHOCTHU NNPOBEACHUS PCAKIUU, YTO O6YCHOBJ'IeHO PaCTBOPUMOCTBIO UCXOHBIX
arieropeHOHOB 6a—e, YeM HIXKE PacTBOPUMOCTh, TeM 0oJiee JIUTEIBHO MPOBOIMIH
B3aumoyieiicTBre. [loimydyeHHble XaaKoHbI 4a—e, PeICTaBIsIeT COO0M KPUCTAIUTHICCKIE
BEIIECTBA, UMCIOITUE PATMUHYIO OKPACKY — OT 0eJ10T0 (4¢), cBeTino-xenrtoro (4a, b) u 1o
KOopHuHeBoro 11BeTa (4d, e). Hamuune okpacku JaHHBIX COeTUHEHNH 4a—e 00yCIIOBIEHO
MPUCYTCTBUEM CHUCTEMBI COTIPSDKEHHBIX CBSI3EH B cTpoeHuu MmoJekyn 4a-¢ (Gaydou et
al., 1996: 4097; De Spirt et al.,2013: 711; Patai et al., 1989: 101).

Btopas cragms cunaTe3a 1,3-gmapun-1,3-muKeTOHOB 2a—€  3aKIIOYaeTCS B
OpOMUPOBAHUU BBIJICIICHHBIX O, P-HEHACHIIICHHBIX XaJKOHOB 5a—¢ ¢ 00pa3oBaHUEM
2,3-nubpomnpon3BoaHbIX 3a—e (Cxema 4).

0 O Br 3,4
a)R=H
- Br, b) R = CH3-4
. NN
¢) R = CH;0-4
CCly 1d
Q O + 1 08y Q ! O d) R = NO,-3
R R r e) R = NO,-4
4a-e 3a-e
Cxema 4
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Peakuus OpomupoBaHus o,-HENpenenbHBIX KapOOHWIBHBIX COCJAMHCHUS Sa—e
(Cxema 3) mpoBOAMIACH B YCIOBUSAX HEIMOJIIPHOTO PACTBOPUTENS MO KIACCHUECKOMY
MEXaHU3My OBJICKTPO(UIBHOTO MPHCOSTUHEHUS TajoreHoB. C yd4eroM TOro, YTO
XaJIKOHBI S5a-¢ SIBISIOTCS CTa0MJILHON COIPSDKCHHOW CUCTeMOU M kapOoHmibHas C=0O
rpyIma TpPOSBISIET AIEKTPOHOAKIICITOPHBIE A(P(MEKTh, ¥ TEM CaMbIM YMEHBIIACTCS
peaKIuoHHasE CIIOCOOHOCTh JiBOMHOM C=C CBsI3U yIIEpOA—YIVIEPO 1O OTHOIICHUIO K
Opomy, B KauectBe amekrpoduiaa (Wallet, 1996: 4097; Calderazzo et al., 1965: 528),
Y JUTsl MUHEMH3AIHUY IPOTEKAaHUS TOOOYHBIX TPOIIECCOB, OPOMHPOBAHUE HEOOXOAMMO
MIPOBOJIUTh B OTCYTCTBUM cBeTa. OOpa3oBaHbie 2,3-AHOPOMIPOU3BOIHBIC XaIKOHOB
3a—e Oemnble WM CBETIO0CIKEBBIC MEIKOAMCIIEPCHBIC OCANIKH, IJIOXO0 PAaCTBOPUMBIC B
CIUPTE U XJIOPOPOpMe, HE PACTBOPHMEI B BOJIC.

B cnywae OpomupoBaHusi 4-METOKCHUIIPOU3BOIHOTO XaJKOHa 4C BBIXOI 3C
YMEHBIIACTCS, B CBSA3H C TOOOYHOM peakiuel 3aMeieHus y 3QUPHON TPYIIITbI, OTHAKO
IIPH BBIJICJICHUY JaHHBIC TOOOYHBIC MPOJYKTHI OCTAIOTCS B MATOYHBIX PACTBOPAX U HE
MEIIalo MOJTyYEHHIO 11eJIeBOro 3c.

[Mockonbky  2,3-AMOpOMIPOU3BOJHBIE  3a—€  SIBIISIIOTCS  IPOMEKYTOYHBIMHU
NpoayKTaMu uisi cuHTe3a 1,3-muapun-1,3-1ukeToHOB 2a—e, Jajee BellecTBa 3a—e
KOHJICHCUpOBAJIMCh ¢ MeTwiatom Hatpus (Cxema 5). I'me peakiusi mpencraBiser
co0oii 00pa3oBaHUE YIIEPOI—KHCIOPOAHBIX CBSI3€H, KOTOPOE IMPOUCXOIUT MEXKITY
MIPOMEKYTOYHO-00PA30BAHHBIM CJIOKHBIM METHJIOBBIM 3(DUPOM U BTOPBIM aTOMOM
OpomMa KapOOHHMIILHOTO COSAMHEHUS 3a—¢ B IPUCYTCTBUH CUIIBHOTO OCHOBAHUSI.

Br o o ®] 2,3
a)R=H
MeONa b) R = CH3-4
SRR SRl Qi G
Br MeOH, t, 1 h d)R = NO,-3
R R e) R = NO,-4
3a-c

2a-c 50-62%

Cxema 5

[Momygenune 1,3-nmapmun-1,3-mukeToHOB 2a—¢ KOHIeHcanuend 2,3-muOpoman-
(heHMITITPOTIAHOHOB 3a—€ C METWIJIATOM HATPHS HE SIBIISETCS XapaKTepHOH peakiueil B
CHHTE3€ BEIIECTB 2a-¢, UTO SIBIISCTCS OTPEACIICHHON HOBU3HOM B 4-X CTaTUHHOM CHHTE3¢
3,5-mmapunmupasono la—e (Cxema 2). Tak, kak OCHOBHOW W HamOOJee M3BECTHBIN
Meron cuHTe3a 1,3-muapwi-1,3-ITHKeTOHOB MPOUCXOTUT C YJacTHEM arleTO(EeHOHOB,
(dhenonoB u GenzomxiopunoB (Wallet, 1996: 4097). BeposTHbIC ITyTH 00pa30BaHMS
1,3-mrapunanKapOOHMIIBHEIX COSAMHECHIH 2a—¢ Imoka3ansl Ha Cxeme 6.

Br O OCH3
MeONa /Q)I\ t HCI M
Ar Ph
MeOH t,1h 'CH3Br Ar
Br
-NaB Br
3a-c asr B 2a-c

Cxema 6
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Tak, coracHo Cxeme 6 oOpasoBanue 1,3-TMAPUIKETOHOB NPOTEKAeT 4epe3 ABE
CTaJuH in Situ, TIe Ha IEPBOM dTarle 00pa3yeTcs MpocToil 3¢up A, a 3aTeM HUKINYeCKUN
B. Ilocaenuuii TpancopMUpyeTcsi B KETO-TPYIMITy MOJ IEHCTBUEM TEMIEpaTyphl H
COJISTHOW KHCJIOTHI.

[Momyuennsie 1,3-nmuapun-1,3-gukeronsl 2a—e ¢ o01mmM Beixogom 50—62 % (Cxema
5) TBepable CBETIO-OCkKEBbIE KPHCTAIMYECKHE BEIIECTBA, XOPOLIO PAaCTBOPHMBEIE
B OpPraHMYECKHX pacTBOPUTENSAX B JajbHEHIIEM BBEACHBI B PEAKIHIO C BOJHBIM
TUIPa3UHTUAPATOM TIJIe IOJyYyeHbl COOTBETCTBYIOLIME 3,5-muapuimnupasonbl la—e
(Cxema 2). Peakums B3ammopeictBusa 3,5-muapuinupasoioB la—e€ ¢ THAPa3HHOM
NPOMCXOAUT MOOoYepenHbIM pearupoBanneM NH -rpynn ¢ kaxmon C=O rpynmoi
1,3-11KapOOHUIBHBIX COETUHEHUH C BBIICICHUEM BOJIBI.

MarepuaJjibl 1 METOAbI

PeaxTuBbl, cionb3yemble B paboTe, SBISAIOTCS 0CO00 YUCTHIMU U MPHOOPETEHBI B
Sigma-Aldrich u Merck. Temnepatypbl niiaBieHus 1 KUIIEHHUS ONPEACISII B OTKPBITHIX
Kammwuisipax Ha npubope Buchi M560 (Biichi, [lBefimapus) nis BHU3yaIbHOTO
omnpeneneHns Touek rapiaenus u kunenus. Crnexrpsl AMP 'H u *C perucrpupoanu
na npubope Jeol ¢ paboueii wacroroit 500 MI'n B pactBopax DMSO-d,. B kauectse
BHyTpeHHUX ctanaaptoB i 'Hu *C cnexrpos AMP ucnonb3oBaics TeTpaMeTHICHIIAH.
KonTpons peakunit Benmu metonom TCX Ha mnactuakax Silufol B cucteme »mroeHTOB:
STHUJIOBBIN CIIUPT — XJIOPOGOpM (B COOTHOILIEHHH 3 : 5).

Metoabl cuHTE32

Memoo cunmesa 1, 3-ouapun-2-nponen-1-onos (4da—e)

B norpyxénnyro B 6aHIO CO JIbIOM KPYITIOAOHHYIO KOOy Ha 250 M1, CHaOKEHHYTO
MarHUTHOM MEIIAJIKON U TepMOMETpPOM, ToMerarot pacteop 2,2 r NaOH B cmecu 19,6
MJI BOAbI 1 12,5 mut aTmiioBoro criupra. B mienounoit pactBop goo6asisitor 5,2 T (0,043
MOJIb) CBEKETIEPErHAHHOTO aneTo(peHoHa 6a, OXJIaXIal0T PeakIMOHHYI0 cMech 10 5°C
u cpazy gobasisitor S (0,047 Moib) OeH3anbaeruaa 5. Bo BpeMs peakiuu TeMIeparypy
CMECH MOAJEPKUBAIOT cTporo B uHTepBase 15-30°C u cMech nepeMennBaoT OYeHb
sHepruuHo. Yepesz 2-3 wyaca B konbe Qopmupyrorcs aBe kuiakue (asbl, W TOCIE
OCTaBJIEHUS] PEaKLMOHHON cMecH NpH KOMHATHOM TeMIeparype uepe3 TpH uaca
HAYMHAIOT (OPMHUPOBATHCS CBETIO-KENThIE KPUCTAIUIBI, P OCTABIEHUH KOJIOBI BO
JIb/1y KpUCTAJUIBI 00pasyroTcs ObicTpee. OOpasyromrecs KpUCTAIb OTQHIBTPOBBIBAIOT
Ha BopoHKe broxHepa. IIpoMbIBalOT OXJaXKJEHHBIM H30MPONUIOBBIM CIHHUPTOM U
BbIcymuBaoT Ha Guistpe. [lomyuen 1,3-nudennn-2-nponen-1-oH 4a ¢ Beixogom 7,5 T
(84 %). T. ur.: 57 °C.

Hpyrue 1, 3-auapun-2-nporneH- 1 -oHsl (4b—e) momydeHbl COOTBETCTBYIOINM 00pa3oM
¢ Beixogamu 80-90 %, omHaKo AIUTENBHOCT PEaKMU 00pa3oBaHus 4c—€ yBEINUHNBAIN
JI0 CYTOK, YTO 00yCJIOBJIEHO HU3KOH PacTBOPUMOCTBHIO alle0()eHOHOB Sc—e.

Memoo cunmesa 2,3-oubpom-1,3-ouapurnponan-1-onoe (3a—e)

BrpéxropyrokonOy émkoctbio 100 M1, cHaOKEHHY 10 MEIIATKON, KalleIbHOH BOPOHKOH
1 00paTHBIM XOJIOAMJIBLHUKOM, MoMeInaroT pactBop 10,4 r OeHsmnmneHaneTopeHOHA
(4a) B 30 man CCl,, oxnaxaaroT KojOy JbIOM U IIPU NEPEMENIMBAHUM MEUIEHHO
npukanbBaroT 8 T (2,6 mMi) Opoma. Peakumio mpoBomsaT B TemMHoM Mecte. llocie
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OKOHYaHUs MpuOaBieHnss OpoMa CMEeCh MPOJOJDKAIOT MEepeMelInBaTh B Te€UCHUE 6—8
qacoB. [locne qmuTensHOro nepeMerMBanus BbINABIINN OeNblii TBOPOKUCTBIA 0CaOK
nubpomuaa OeHsmwinaeHaneropeHoHa 3a OTGUIBTPOBBIBAIOT, MPOMBIBAIOT TOPIYUM
cnuproM (2*12 mi), xnopodopmom (20 mi1) ¥ BBICYIIMBAIOT Ha Bo3ayxe. Brixon 3a
cocrasisieT 15,5 r (85 %). T. m.: 156 °C.

Hpyrue2,3-qudpom- 1,3-auapunnponan- 1 -onsl (3b—e) Moay4eHbl COOTBETCTBYFOLIIM
oOpasom c¢ Beixogamu 75-90 %,

Memoo cunmesa 1,3-ouapurnponan-1,3-ouonos (2a—e)

1. I[IpuroroBnenue pacTBOpa MeTHJIaTa HaTpus. B KpyriogoHHYIO KOOy EMKOCTBIO
100 M1, cHaGXEHHYI0 00PATHBIM XOJIOIMIEHUKOM C XJIOKAJIBIIMEBOU TPYOKOI, TOMEIAIOT
15 M1 aGCOMOTHOrO METaHoNa U MEUICHHO N00aBIISIOT HEOONbIINE KYCOUKH HATPHS
(1,25 r) mpu MHTEHCHBHOM NepemMemuBaHuu. [Ipu 3ToM KOMOy OXJIaXIaroT JeAsHON
BOJIOH, 3aTeM OXJIAXKJCHUE yOMPAIOT U MPOAOIDKAIOT NIepeMeLINBaHIe PH KOMHATHOM
TEeMIIEpaType 0 MOJTHOTO UCTIapeHHsI BOIOPOa.

2. B tpéxropnyro konly émkocthio 250 mil, CHaOKEHHY0 MAarHUTHOW MEIIATKOH,
KaneabHOH BOPOHKOW M OOpaTHBIM XOJOAMIBHUKOM C XJIOPKAJIBLHUEBOH TpPyOKOH,
nomemaror 10 r gubpomuma Oenzanpanerodenona (3a) m 50 mu meranoma. K
oOpazoBaBiIeiicss Oenoil CycrneH3un depe3 KarelbHYI0 BOPOHKY OBICTPO J00aBISIOT
pacTBOp MeTWJaTa HaTpus, NpeIBapUTEeIbHO MPUTOTOBIEHHOrO M3 1,25 T Harpus u
15 M7 abGcomoTHOro MeTHIOBOrO cnupra. Yepes npumepno 10—15 MuHYT cycneHsus
MOJTHOCTBIO PAaCTBOPSETCS M 00pasyeTcs KENTO-3eNEHbBIN pacTBOp. PacTBOp KUMATAT B
TeueHue | yaca, 3aTrem oxnaxaart 10 20°C, nodasisitor 1 M koni. HCI o oOpa3oBanus
crnabokucinoii cpensl. Jlanee pactBop HarpeBatoT 10 50 °C B reuenue 20 munyT. [locne
OXJIQKICHUS PACTBOP MIEPEHOCAT B CTaKaH, OXJIaKAAIOT B OaHE CO JIHJIOM H IIPH CUITBHOM
nepeMernBanuy 100aBistoT 20 MII XOJIOJHOHM BOABI M OCTABIISIIOT B XOJIOAHOM MECTE Ha
cyTKu. Brimamaer ocagok 6enoro npera, KOTOPbId OTQUIBTPOBBIBAIOT, MPOMBIBAIOT 50
%-m BotHbIM MeTanosoM (10 mi). Cymar ocagok Ha Bo3yxe. [lepekpucTtanin3oBeIBaloT
n3 20 mut aTanona. Beixon 1,3-mudenmnnponan-1,3-1uona 2a cocrasiset 3,6 T (60 %).
T. mn.: 73°C.

Hpyrue 1,3-guapunnponas-1,3-auonsl  (2b—e) MOTy4eHBI COOTBETCTBYIOLINM
oOpasom c¢ Beixogamu (50—62 %)

Memoo cunmesa 3,5-ouapuinupazonos (la—e)

K pactBopy 7,57 T (0,034 monb) 1,3-mudenunnponan-1,3-muona (la) B 15 mn
M30MPOIMUIIOBOTO CHHPTa Mo Karuisim nodasnsua 2,04 r (0,041 Monb) MoHOrHapaTa
rugpasrHa. PeakMOHHYIO cMech HarpeBajd A0 KHUIICHHs, TP STOH TemIeparype
HaOmiomanu yxe moiaHoe pactBopenue 1,3-audenunnponan-1,3-nuona (2a). Cmechb
KUISITHIN ¢ OOpaTHBIM XoJonwibHUKOM B Tedenue 30 munyt. Cmycrs 10 mMuHyT
peaxuy Npo3padHbli PAaCTBOP HAYMHAI MYTHETh U HaOIIOJaI0Ch 00pa3oBaHue OeIoro
KPHUCTAJNTMYECKOTo ocaka 3,5-nmudpenninupasona. CMecH Jaiu OCTBITh JO KOMHATHOM
TEMIeparypbl, TOCIe Yero MOJYyYeHHOE BELIECTBO OT(GUIBTPOBAIN HA CTEKISIHHOM
MoprcTOM (DUIBTPE U MPOMBUTH OXJIKAEHHBIM W30MPOIMUIIOBBIM CIIUPTOM. BeriecTBo
BBICYIIWJIM Ha (QHUIBTPE, MOCJIE Yero MepeKpUCTAIUIM30BaM M3 aleToHa. Brixox
3,5-mudennnmnupaszona la cocrasisiet 6,37 1 (85 %). T. mur.: 192°C.
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Hpyrue 3,5-muapunmnupasonibl (1b—e) mosydeHbl COOTBETCTBYIOIIMM 00pa3oM C
BoIxogaMu (88—95 %).

Pesyabrarsl

KonnencupoBannbie 3,5-audeHUIINPa3oNibl 1a—C, CTPyKTypa KOTOPBIX JIOKa3aHa
Metoaamu SIMP crieKTpocKomuH, PEACTaBISIOT CO00M OECIIBETHBIC KPUCTAIUTMYECKUE
BEIICCTBA, BBIICICHHBIC ¢ Bbixogamu 88-95 %, TpyaHOpacTBOPHMEIC B BOJIC U B
cnuprax, (U3NKO-XMMHUYECKHUE CBOWCTBA IMOJIyUYEHHBIX MHUPA30J0B la—C TOKa3aHbI B
tabnuie 1

Tabmuma 1. dU3nKo-XMMHYIECKHE CBOMCTBA ITOTYYCHHBIX 3,5-IHapHIIIPa30IoB 2a—e

T, B
Ne jé“ Crexrp 'H SIMP (DMSO-d,) 8, Tit, M1, | Crexrp *C SIMP (DMSO-d,) 8, m.1. "f,zoﬂ’
1o | 191= [ 1157 (e, 1H), 7.74 (1, T =7.2, 4H), 7.33— | 1473 (C) 1289,127.9,125.2133.1 | oo,
193 | 7.40 (m, 6H), 6.88 (c, 1H) (Ph), 99.8 (CH) °
Lo | 11:58 (¢, 1H), 7.76 (1,1 =42, 2H),7.62 | 147.2(C) 1293 (2CH), 125. (2CH),
1| | (1 I=8.1,2H),7.23-7.46 (v, SH), 6.84  [125.02-133.05 (Ph), 99.2 (CH), 20.8 | 87 %
(c, 1H), 2.39 (c, 3H) (CH,)
1145 (¢, TH), 7.74 (1, T = 7.1, 1), 7.60 1 17 5 ) 127.2 (2CH), 125.3-129.4
o] 144 | G J=8.6,2H), 7.38-7.30 (w, 2H), 7.37- | b et o) 0 S () 55.5 "y
146 | 7.31 (v, 2H), 6.91 (1,1 = 8.6, 2H), 6.72 ¢, | (' 7 2o °
1H), 3.86 (c, 3H) 3
12.60 (c, 1H), 8.64 (c, 1H), 8.27 (1, ] =7.5, | 149.8 (C), 148.8 (C), 144.4 (C-N),
1q | 196- | 1H), 8.14 (1, = 7.2 1H), 7.82 (1, = 6.2, | 135.8, 131.8,130.7, 129.4, 129.1, 750,
198 [2H), 7.69 (a1, J = 7.5, 1H), 7.49-7.40 (v, |125.6, 125.7, 122.4, 119.6 (Ph), 101.2 °
3H), 7.39 (c, 1H, CH), 6.88 (c, 1H) (CH)
203 | 1257 (¢, 1H), 8.23 (1,1 =7.8, 2H), 7.89 1504 (C), 144.6 (C-N), 135.6, 132.2,
le| s | (1 7=7.6,2H),8.06-7.49 (v, 5H), 6.94  |129.3, 128 (Ph), 127.6 (2CH), 125.0, | 77 %
(c, 1H) 123.8 (Ph), 123.5 (2CH), 105.0 (CH)
3akarouenue

Takum 00pa3oM, HaMH BIIEPBEIE pa3padOTaH U MPUMEHEH MPOCTOH 4-X CTalUuHbIN
MyTh MOYYeHUs 3,5-THananupa3onoB l a—e, KCIomb3ys Ha IEPBOH CTaMH KOMMEPUYECKH
JOCTYITHBIE aneTo(eHOHbl 6a—e U OeH3albACTHI 5 C TOCIEAYIOIIEH KOHIeHCalueH
u oOpazoBanuem 1,3-muapui-2-nMporeHOHOB (XaJKOHOB) 4a—¢ B INEJIOYHOHN cpele.
[TomyueHHble ©, P-HEHACHIIICHHbIC KapOOHWIBHBIC COCAMHEHUs 4a—e jaliee
pearupoBanu ¢ OpomoMm, U 2,3-TUOPOMIIPOU3BOAHBIE MPOAYKTHl 3a—€ MOABEPraUCh
KOHJICHCAIIMH C METUJIJIATOM HaTpHsi ¢ oOpa3oBanueM 1,3-muapui-1,3-1ukeToHOB 2a—€.
[Mocnennue sBsAIOTCS cyOcTparaMmu B CUHTE3€ 3,5-AManIIpa3oioB la—e.

Paspaboran HOBBIN MeTO cuHTe3a 1,3-muapui-1,3-IMKETOHOB 2a—€ MOCPEICTBOM
KoHZAeHCaMK  2,3-TuOpoMIu(EHWINPONAaHOHOB 3a—€ ¢ METHJIAaTOM Harpus, TAe
peaknus oOpazoBanus 1,3-muapui-1,3-IMKETOHOB MPOTEKaeT 4epe3 JBE CTaauu in
Situ, TAC Ha TIEPBOM 3Tarie 00pazyercs MpocToi Ahup, a 3aTeM HUKINUSCKHIA, KOTOPBIN
TpaHnchopmupyercs B 1,3-1ukapOOHUIEHOE TPOU3BOTHOE.

[onyuenusle  3,5-muapunmnupazonsl  la—e  OeCLBETHBIE — KPHCTAIMUECKHUE
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BEIIECTBA, MPOCTHI B BBIICICHUH M 00pasyloTCs C MPAKTUYECKH KOIMYECTBEHHBIMH
Bbixonamu (88-95 %). CrpykTypa coequHEHUH 1a—e MoKa3aHa W OXapaKTepH30BaHa C
MpuBJIeYeHUEM (QU3NKO-XUMHYECKIX MeTonoB SIMP cniekrpockomnum.
CuHTe3upoBaHHbIE 3,5-TUapuiInupa3oibl la—e mpeAcTaBiIsAOT OOJbIIONW HHTEpecC
JUISL NAbHEHIIero u3y4eHusl B peakisix o0pa3oBaHus HOBBIX 3,6-11a3areHTaJeHOBBIX
cucreM (Solomons 1965: 528), Tak kak 0 AMAPUINPOU3BOJHBIX 3,6-AHa3aIeHTATEHOBBIX
CHCTEMax B JIUTEPAType U B OTKPHITHIX HCTOYHUKAX MH(OpMALINS OTCYTCTBYET.

REFERENCES

Abdel-Megied Ahmed E.-S., Abdel-Rahman Adel A.-H., Eman R.K., Mohamed A.M. et al (2007).
Synthesis and Antimicrobial Evaluation of Some Chalcones and Their Derived Pyrazoles, Pyrazolines,
Isoxazolines, and 5,6-Dihydropyrimidine-2-(1H)-thiones. Monatshefte fur Chemie. — 138. — 889-897.
— DOI: 10.1007/s00706-007-0700-8 (in Eng.).

AddisonA.W., Matthias Z., Mohammad N., Reeves G.T. etal. (2018). New Pyrazole- and Benzimidazole-
derived Ligand Systems, Journal of Heterocyclic Chemistry. —DOI 10.1002/jhet.3155 (in Eng.).

Al-Aizari F.A., Ansar, M.H., Karrouchi K., Mabkhot Y., Ramli Y., Taoufik J. (2018). Synthesis and
Pharmacological Activities of Pyrazole Derivatives: A Review. Molecules, — 23: 134. — DOI: 10.3390/
molecules23010134 (in Eng.).

Andreeva E.I., Zinchenko M. (1995). Biological activity and mechanism of action of systemic
fungicides. — 60 p. (in Russ.)

Belan S. R., Grapov A.F. (2001). New pesticides: a reference guide. — 196. (in Russ.)

Chaurasia H., Kumar P., Mishra R., Naaz F., Singh V., Singh K., Srivastava R. (2022). Docking, Admet
prediction, Dft analysis, synthesis, cytotoxicity, antibacterial screening and Qsar analysis of diarylpyrimidine
derivatives. Journal of Molecular Structure, — 1247. — DOI: 10.1016/j.molstruc.2021.131400 (in Eng.).

De Spirt S., Maydt D., Muschelknautz C., Stahl W. (2013). Chemical reactivity and biological activity
of chalcones and other o, B-unsaturated carbonyl compounds. Xenobiotica. — 43:8. — 711-718. — DOI:
10.3109/00498254.2012.754112 (in Eng.).

El-Badawi M.A., El-Borai M. A., Ibrahim S.A., Rizk H.F. (2011). Synthesis of some novel heterocyclic
dyes derived from pyrazole derivatives. Arabian Journal of Chemistry. — 4: 1. — 37-44. — DOI 10.1016/j.
arabjc.2010.06.012 (in Eng.).

Efimov V., Lyubyashkin A., Persidskaya D., Povarov V., Suboch G., Tovbis M. (2018). Synthesis
and Sulphonylation of 4-Amino-3-Methoxymethyl-5- 4-Chlorophenyl-1H-Pyrazole. Journal of Siberian
Federal University. Chemistry, — 3: 369-376. (in Eng.).

Grandberg L.I., Kost A.N. (1966). Progress in Pyrazole Chemistry, Advances in Heterocyclic Chemistry.
— 6. — 347-429. — DOI:10.1016/S0065-2725(08)60579-6 (in Eng.).

Li J.J. (2014). Knorr pyrazole synthesis. In: Name Reactions. Springer, Cham. — 347-348. — DOI:
10.1007/9783319039794. (in Eng.).

Patai S., Rappoport, Z., eds. (1989). — Enones: V. 1. Patai's Chemistry of Functional Groups. — 101.
DOI:10.1002/9780470772218

March J., Michael B. (2007). Advanced Organic Chemistry: Reactions, Mechanisms, and Structure. —
New York: Wiley-Interscience, — ISBN 978-0-471-72091-1

Solomons T.W., Calderazzo J., Fowler F.W. (1965). The Diazapentalene System. 1-Benzoyl-2-
phenylpyrazolo 1,2-a pyrazole Derivatives. Chem. Soc. — 87:3. — 528-531

Stanovnik B., Svete J. (2003). Product Class 1: Pyrazoles. ChemInform, — 34: 46. — DOI: 10.1002/
chin.200346258 (in Eng.).

Wallet J., Gaydou E., (1996). A Practical Synthesis of Dibenzoylmethanes, Synthetic
Communications: An International Journal for Rapid Communication of Synthetic Organic Chemistry. —
26:22. — 4097-4103. — DOI:10.1080/00397919608004646 (in Eng.).

17



OF THE NATIONAL ACADEMY OF SCIENCES OF THE REPUBLIC OF KAZAKHSTAN

NEWS

OF THE NATIONAL ACADEMY OF SCIENCES OF THE REPUBLIC OF KAZAKHSTAN
SERIES CHEMISTRY AND TECHNOLOGY

ISSN 2224-5286

Volume 1. Number 458 (2024), 18-26

https://doi.org/10.32014/2024.2518-1491.204

VK 532.529
MPHTH 61.13.15

© Zh. Zhaksylyk!, L. Musabekova?, M.A. Murad?3, K. Arystanbayev?,
D. Zhumadullayev!, 2024
'M. Auezov South Kazakhstan University, Shymkent, Kazakhstan;
*South Kazakhstan Medical Academy, Shymkent, Kazakhstan;
SUniversiti Putra Malaysia, Selangor, Malaysia.
E-mail: mleyla@bk.ru

COMPUTER MODELING BASED ON THE STOCHASTIC LATTICE
CONCEPT FOR AGGREGATION PROCESSES IN ATUBULAR REACTOR

Zh. Zhaksylyk — PhD student of Technological Machines and Equipment department, M.Auezov South
Kazakhstan University, Shymkent, Kazakhstan

E-mail: Zhomart454@mail.ru, https://orcid.org/0009-0003-3306-9055;

L.M. Musabekova — Doctor of Technical Sciences, professor of Pharmaceutical manufacturing technology
department, South Kazakhstan medical academy, Shymkent, Kazakhstan

E-mail: mleyla@bk.ru, https://orcid.org/0000-0001-8712-2446;

M.A.A. Murad — PhD, professor of Software Engineering and Information Systems department,
Universiti Putra Malaysia, Selangor, Malaysia

E-mail: masrah@upm.edu.my, https://orcid.org/0000—0002—0335-5873;

K.Y. Arystanbayev — Candidate of Technical Sciences, professor of Pharmaceutical manufacturing
technology department, South Kazakhstan medical academy, Shymkent, Kazakhstan

E-mail: 201ukgu@mail.ru, https://orcid.org/0000-0002—9499—-192X;

D.K. Zhumadullayev — PhD, senior teacher of Technological Machines and Equipment department,
M.Auezov South Kazakhstan University, Shymkent, Kazakhstan

E-mail: daulet_ospl@mail.ru, https://orcid.org/0000—0002—6552-2817.

Abstract. The paper presents the outcomes of a numerical experiment aimed at
investigating the kinetics of the aggregation process in a dispersed system flowing
through a tubular reactor. The model employed in this study is based on the discrete—
event simulation paradigm (DES). In previous studies, a lattice model was used for
simulating the aggregation process in a batch reactor. The key achievement of this work
is the development of a lattice aggregation model that can be applied to flow reactors. The
model was constructed using the mathematical tools of random walks on mathematical
lattices. The findings of the study demonstrate that this approach effectively addresses the
challenge of considering the influence of multiparticle collisions, thereby enabling the
description of both diffusion—limited aggregation and the competition between different
kinetic mechanisms occurring at various characteristic timescales. Additionally, the
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paper presents an algorithm that accounts for the influence of a fresh flow containing
a dispersed phase entering the flow reactor, affecting the kinetic parameters of the
aggregation process taking place within its working volume.

Keywords: dispersed system, the aggregation process, discrete—event simulation
paradigm, diffusion—limited aggregation, stochastic lattice
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Annoranusi. JKympIcTa KYOBIPJIBI PEeakTOp apKbUIbl aFbIll JKaTKaH IUCIEPCTIK
XKYHeeri arperanus MpoeciHiH KHHETUKAChIH 3epTTEyTe apHAIFaH CAaHIbIK TOXIpUOEHIH
HOTHXeJepi OepinreH. By 3eprreyae KonaaHbUIFaH MOAETb AMCKPETTI OKUFajIapbl
mozenbaey (JJOM) mapamurmacbiHa HeTi3fenreH. AJIIBIHFBI 3epTTEysepAe MaKeTTiK
peaxkTopAarsl arperanys NPOLECiH MOACIBIALY YIIiH TOPJIBl MOACTH NaiJanaHbUIIbI.
Byl KYMBICTBIH HETi3Ti JKETICTIri aFbIHABI peakTopiapra KoJjaHyFa OoJIaTbIH
arperarThIK TOp MOJIEIiH yKacay OoJbIl Ta0buiaabl. JKyMbICcTa MaTeMaTHKAJBIK ariapar
TOpJIAPBIHJAFBI Ke3IEHCOK COKTBIFBICTAP/IBIH MaTEeMaTHKAIIBIK MOJEIi KYpacThIPBUIFaH.
3epTTey HOTHXKETEepi KopceTKeHAeH, OyJI TOC Ko OeeKTepAiH COKTHIFbICYIIAPbIHBIH
ocepiH ecerke aly MJacelleciH THiMAl memeni, ocbiiaima AudQy3usaablK MIeKTeareH
arperauysiHbl J1a, 9pTYpJi CHUMATTaMajblK YaKbIT IIKalaiapblHAa OoJaThlH SpTYpIi
KMHETHKAJIBIK MEXaHU3MJIEp apachlHIaFrbl O9CEKeH1 Je CHMaTTayFa MYMKIHAIK Oepeni.
CoHbIMEH KaTap, Karasz[a arblH PEeakTOpbIHAa TYCETiH aucrnepcti Qaszacel Oap xaHa

19



OF THE NATIONAL ACADEMY OF SCIENCES OF THE REPUBLIC OF KAZAKHSTAN

aFbIHHBIH OHBIH JXKYMBIC KejieMiHAe OoJaThlH arperanusi NpOLECiHiH KUHETHKAaJbIK
napameTpliepiHe 9CEPiH €CKePETiH allTOPUTM YChIHBIIFaH.
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Annorauus. B pabore npeacTaBieHsl pe3yabTaThl YUCICHHOTO 3KCIIEPUMEHTA T10
HCCIIEZIOBAHUIO KHHETHKH MPOLIEcca arperaiy B JUCIIEPCHON cUCTEME, TPOTeKaroIen
yepe3 TpyOUaThlii peakTop. Mozesb, UCToab3yeMas B 3TOM HCCIEJOBaHUH, OCHOBaHA
Ha TMapagurmMe AUCKpeTHO—coObITuiiHOro Mmozpenuposanus (JJCM). B mpensiaymmnx
HCCIIEIOBAHUAX ISl MOJIEIMPOBAHUS IIpOIiecca arperaliy B peakTope NepruognIecKoro
JefCcTBUS MCHONb30Bajach peuieryaras Mozaenab. KitoueBbIM JOCTHMKEHHEM 3TOH
paboTel siBiIsIeTCST pa3paboTKa MOJENM arperalioHHON peUIeTKH, KOTopas MOXKET
OBITh TIPUMEHEHa K MPOTOYHBIM peakTopaM. Mojeib MOCTPOeHa C HCIOJIb30BaHHEM
MaTeMaTHYeCcKoro ammapara cilydaiHbIX ONyXIaHWH MO MaTeMaTHYECKHUM PELIeTKaM.
PesynbTrarel HcclieOBaHUS MOKA3bIBAIOT, YTO 3TOT MOAXON 3(PQPEKTHBHO peaeT
mpobneMy ydera BIMSHUS MHOTOYAaCTUYHBIX CTOJIKHOBEHHH, TEM CaMbIM IO3BOJISA
Onucarh Kak arperamnuio, orpaHuueHHyto anp@ysueil, Tak 1 KOHKYPEHLHUIO MEXKIY
pa3NUYHBIMA ~KUHETHYECKHMMU MEXaHW3MaMH, MPOUCXOMSIIUMH B  Pa3IMUHBIX
XapaKTEepHBIX BPEeMEHHBIX MaciiTabax. Kpome Toro, B paboTe npencraBieH aaropurm,
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YUYHUTBIBAIOIIMI BIMSHHUE TOCTYMAIOIIEr0 B MPOTOYHBIN PEaKTOpP CBEXEro MOTOKa,
colepKallero JUCIepcHyo (a3y, Ha KHHETHYECKHE apaMeTphl Ipoliecca arperamum,
MIPOTEKAIOMIETO B €ro paboueM oobeMe.

KiroueBble cjioBa: [ucriepcHass CHCTEMa, INPOLECC arperamuy, napajaurma
JMCKPETHO—COOBITUIHOTO MOJICIUPOBaHHMs, TH(H(Y3MOHHO—OTPAaHUYCHHAS arperawus,
CTOXacTHYeCKasl perieTKa

Beenenue

[Iponecchl arperaumy MMEIOT 3HAYUTEIbHOE BIMSHHE B pazIHyHBIX cdepax,
TaKdX KaK HaHOTEXHOJIOTMH, XMMUYecKas W (apManeBTHYECKas MPOMBIILICHHOCTD,
metamutyprus 1 apyrue (Chen, 2015). Hecmorpst Ha UIMTENbHBIM HHTEpeC
HccleoBaTeNie 1 MHOKECTBO BaYKHBIX UCCIIEIOBaHUM, TEOPETUUECKUI aHaJIM3 MHOTUX
ACITEKTOB B IAaHHOH 00JIaCTH JI0 CHX IOP OCTAeTCsl HEJOCTATOYHO Pa3BUTHIM.

[lepBasi cIO>XHOCTH COCTOMT B TOM, YTO HIMPOKO NPUMEHseMas MOAETb ydeTa
MHOTOYaCTUYHBIX CTOJIKHOBEHUH, BIepBble npeiokenHas Kpanusckum B 1991 rogpy,
orpaHnyuBaeT 3PQPEKTUBHOCTh MPAKTUUYECKUX pacueToB. B OoiplIMHCTBE Mopenen
paccMaTpuBalOTCs TOJBKO ABOHHBIE CTOJIKHOBEHUS, KaK TOAPOOHO OMUCAHO B paboTe
(Wattis, 2000).

Tem He MeHee, pe3ynbTaThl TCOPETUUECKUX UCCICIOBAHHUN CBUETEIBCTBYIOT O TOM,
YTO CTOJKHOBEHUsI, BOBJIEKaIOIIKE Ooiee JByX YacTUI], MOT'YT OKa3aTh CYILIECTBEHHOE
BO3/IEHCTBHE HAa KHHETHKY arperamud, OCOOCHHO TP BBICOKOH KOHIIEHTpPALH
JHCIIEpCHOH (ha3bl 1 MHTEHCHUBHOM citydaitHoM apeiide (Brener, 2014).

Eme onHoli mpoOnemoit siBnsieTcss HepaBHOMEPHOE pacnpeesieHe KOHIICHTPALH
JHCIIEPCHBIX YACTHI] B 00beMe CUCTEMBI, OTMEUeHHOE B HccienoBannu (Markus, 2015).
Bo Bpems mporiecca arperayy 3To JJOKaJIbHOE HEOJHOPOIHOE paclpeesieHE MEHSIETCS
BO BPEMEHH U MPOCTPAHCTBE, KaK MoApoOHo onncaHo B padbore (Chowdhury, 2015), uto
N00AaBISIeT AOTIOIHUTEIBHBIE CIIOKHOCTH K TEOPETHUECKOMY MOJIEIIMPOBAHUIO.

Cxema aaropurma

ANTOpPUTM, UCHONB3yeMBIH B  JaHHOM  HCCIEAOBaHWHM, Oa3upyerca Ha
npeawectByomei padore (Brener, 2017). B nanbHeimem mpuBeaeH KpaTKuii 0630p
9TOTO AJITOPUTMA, C YIETOM €ro aJanTaluy Uil IPUMEHEHHUS] B KOHTEKCTE MPOTOYHOTO
peaxropa.

Hns onucanms mponeccoB aupdy3unm u arperaudd B pamkax wmonenn DES
(IuCcKpeTHO—COOBITHITHAS MOJIEIIb) UCTIONB3YeTCsl (PUKCUpOBaHHAsE MPOCTPAHCTBEHHAS
pemeTka. B kaxmoii siueiike pelmieTKH BBIMOIHACTCS 3alUCh U3MEHEHUSI B JIOKAJIbHOM
pacmpeneneHuyd 4acTul, OOyCIOBJCHHBIE JpeddoM U arperamueil, COIIaCHO
uccnenoanuto (Gambinossi, 2015). Takum oOpazoM, pa3iuuHBIE KHHETHYECKHE
npornecchl, BkIodas Auddysuro, arperaunio M CceAMMEHTALUIO (B3aUMOACHCTBHE
nuddys3un u arperayn), a Takke BO3MOXKHBIE BHEIIIHUE CUIIOBBIE TTOJISI, OTMCHIBAIOTCS
B ennHOM (popmare (Brener, 2017).

B cnyuae arperammm c orpanmdenHod auddysueit (AOJ]) mponecc ciusHHA
KJIACTEPOB MPOMCXOAUT MIHOBEHHO B MOMEHT MX CTOJKHOBEHHs. C TOUKM 3peHHS
pemeTyaroil MOAETH STO SIBIEHHE HWHTEPHPETHpYETCs KaKk OObeAMHEHHE KIIacTepoB
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B OnHOW fAueilke. CrenoBaTrenabHO, XapaKTepHOE BpeEMsl arperalMd B 3TOM cllydae
onpeneNsieTcss BpPEMEHEM IepeMEeIleHUs] YacTUl[ W3 OJHOM suelKkH B JIpyryrno —
XapakTepHbIM BpeMeHeM auddy3un yactui. Takoe BpeMsi MOXKHO paccMaTpUBaTh Kak
XapakTepHYI0 eIUHUILY BPEMEHH.

B cnyyae cMemiaHHOW KHHETHKH, OObEOHHSIOUIEH TUPQY3UI0 U KOATYISIHIO C
KOHEYHOH CKOpOcThio (Zhou, 2015), BpeMEHHBIM LIaroM BBIOMpAeTCsl XapaKTEpHOE
BpeMsl KOaryJssiiy KJIacTepoB, MOMABIINX B OJHY S4YEHKy. DTO 03HAYAET, YTO YaCTHUIIBI,
MoMajaasi B OHY U Ty e STYElKy, MOTYT He yCIeBaTh 0ObeAMHUTHCS B €IUHBIN KlacTep
3a OIMH BPEMEHHOM IIar, ¥ BMECTO 3TOTO MPOJIOJIKAIOT JBUIAThCS HE3aBUCUMO APYT
ot apyra (Brener, 2017). IIpeanonaraercs, uto oObeAMHEHHE YACTUL MPOUCXOIAMUT
TOJBKO TPHU CJIETYIOIIEM BPEMEHHOM Ilare, KOIla OHM CHOBAa HAaXOJATCS B OJHOMN
siueiike. Ha aToM aTame arperanus cuuTaeTcsl 3aBEpIIEHHON. DTOT MOIXO0] MO3BOJISET
YUECTh KOHKYPEHLIUIO MEXY BPEMEHHBIMU WHTEpBajaMH IU(PPY3UH U XapaKTePHBIM
BpPEMEHEM arperaiuu, YTo 00yCcIOBIEHO 0COOEHHOCTSIMHU TaHHOH MOJEIH.

Jist uMuTaIMK CIy4YaiHoTo Apelda 4acThLl BIOJIb PEIIETKH MPUMEHEeHa METOINKA,
npeaBapuTenbHO papaborannas B padbore (Brener, 2017). [Ipouecc cirydaiinoro Beioopa
KOMITOHEHT JIBU)KEHMsI YacTUIbl B BEPTHKAJIBHOM M TOPH30HTAJIBHOM HAIPABICHMSIX
BBIMOJTHSACTCSL Tepel KaKABIM BPEMEHHBIM IIaroM. JTOT BBIOOP MPOM3BOAUTCS U3
3apaHee ONpeAeIeHHOro Habopa JOCTYIHBIX IepeMELICHUI B HOBOM CTOJI0IE 1 HOBOM
CTPOKE MaTPHILIBI.

TepmuH "mopsAa0K KiacTepa'" OMUCHIBAET KOJIMUYECTBO MOHOMEPOB, COCTABIISIIOIINX
Kjactep. B 1aHHOM KOHTEKCTE Ba)KHO y4ecTb, UYTO KJIAcTephbl Pa3INYHbBIX MOPSAKOB
oOmanaroT pasHol TnoaBMKHOCTREO (Brener, 2017). CymiecTByeT KpUTHYECKOES
3HAYEHUE MOPAJKa KJIAcTepa, MPHU KOTOPOM MOABM)KHOCTH CYLIECTBEHHO CHH)KAeTcC,
U 9TO 3HAUEHHE 3aBHCUT OT crenu(uueckux (U3UKO—XMMHUYECKUX XapaKTEPUCTHK
KOHKpeTHol cuctembl (Wang, 2012).

Takum oOpa3oMm, ¢ yBeIMYEHHEM MOPSAAKA KiacTepa MaTeMaTHYECKOe OKUIaHHE
cmereHuss ymenomaercd (Tammet, 1995). Hanpumep, 11 kimactepoB mopsiakos 1
U 2 ciay4aiiHbId BBHIOOp BPEMEHHOTO CMEIICHHs B 3aJaHHOM HalpaBICHUU MOXKET
OBITh OCYIIECTBIICH U3 nocihenoBareinbHocTu (—3; —2; —1; 0; 1; 2; 3), B TO Bpemsl Kak
IUIs KJIACTEpOB TOPSAJKA BBIIIEC JBYX W MEHBLIE YEThIpEX BHIOOP MPOU3BOIUTCS U3
nocienosarensHoctu (-3; —2; —2; —1; —1; 0; 1; 1; 2; 2; 3) (Brener, 2017). Baxuo
OTMETHUTb, YTO MOABMKHOCTH KJIACTEPOB TaKXkKe 3aBUCUT OT MX PACCTOSIHHS J0 CTEHOK
anmnaparos.

OcHOBHBIE TTapaMeTpbl YUCICHHOTO SKCIEPUMEHTa ObUIM B3SITHI TAKUMH K€, Kak
u B npeapiaymeit padore (Brener, 2017), 3a MCKIIOYeHHEM OTHOTO CYIIECTBEHHOTO
n3MeHeHus. J[BWKeHHe B TOPU30HTAJIbHOM HANpaBICHHHM Ha KaKJOM BpPEMEHHOM
1are Tenephb BKJIIOYAJIO JBa KOMIIOHEHTA: MOCTOSTHHOE CMEIIEHHE CO CpeJHeN oceBoi
CKOPOCTBIO TOTOKa M TOPHU3OHTAIBHYIO COCTABISIIOUIYIO cly4aiHoro napeiida. 1o
00CTOSATENBCTBO MOTPEOOBAIO0 HEKOTOPBIX M3MEHEHHUH B CXEME pacueTa.

Bo-nepBrIX, mpeanonaraeTcs, YTo YacTHLbI, MOMAAAIOIIME B IPAHUYHbIE SYEHKH
BOJM3HM CTEHOK, OCTAIOTCSI HA MECTe MPH NPUMEHEHUH CITydaiHOro apeiida, KOTOpbIi
BBIXOJIUT 32 IPAaHUIIBl PACCMATPUBAEMON PEIIETKHU.
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Bo—BTOpBIX, B OTIMYHE OT ajropuTMa, KCIOJIH30BAHHOTO JJIS MOJCIUPOBAHUS
nepuonndeckoro peakropa (Brener, 2017), kinactepsl, epeMeniaroIuecs BIESBO HIN
BIIPaBO 3a Tpeebl TPyOuaToro peakTopa u3-3a ciiydyaifHoro npeiida wim cpemaHero
MTOTOKA, UCKITIOYAOTCS M3 TOCIICIYOIIUX PAaCUETOB.

Cxema pacuema ona cayuas DLA

B mnpomecce pacdera co3marorcs ueThipe wmarpuibl. l[lepsas marpuma A*
MPEJICTABIISCT BCIO PELIETKY C KJIacTepaMH Pa3IMYHBIX MOPSIKOB, C(HOPMUPOBAHHBIMU
B pe3yJbTaTe MepeMEeIleHUI 1 arperalii B KaKIOM BpEMEHHOM WHTepBasie. Bropas
Marpunia U MOJenuMpyeT aHaJIOTUYHYIO PEIISTKY, B KOTOPOH COJepkKarcs KIacTepshl,
MOMAJIAIONINE B PEAKTOP C BXOJSIIMM TIOTOKOM, HMMEIOIIUM 33J[aHHYIO CPEIHIO
TOPHU30HTAIBHYI CKOPOCTh. TpeThsi MaTpuiia A cO3MaeTcst JUisl ONMUCAHUS KOHEYHOH
CUTyallMd B KOHIIC BPEMEHHOTO MHTEpBaJia pacueTa W HCIOJb3yeTCsl KaK OTIpaBHAs
ToukKa Juist ciedyromiero Oi1oka. OHa QopMHpyeTCs Kak CyMMa JBYX HPEIbIIYIIHX
Marpui; A = A* + U. UerBeprast Marpuiia S COACPKUT UHPOPMAIIUIO O KOJTHMUSCTBE
CTOJIKHOBEHUH YaCTHII B KaXJIOH siueliike Ha Ka)<JIOM BPEMEHHOM IIIare.

Ha pucynke 1 mpencraBieHbl ONMUCaHHBIE MPOIEAYPhI. 3alITPUXOBaHHAs 00JIACTh
B Marpuile (nepBbie cTo01bl W) yKa3bIBaeT Ha y4acTOK, KOTOPBIA 3aHUMAET CBEXKUN
[TOTOK B T€YCHHUE OJTHOTO BPEMEHHOTO MHTEPBAJIA.

rran o

a =a, = —=
EE TR R N A - w : U

Puc. 1. Cxema npoueypsl pacyera
Fig. 1. Scheme of the calculation procedure

B HauanbHBIN MOMEHT B KaKIYIO ssUeMKy nomelnasics kiactep 1-ro nopsaka. 3atem
JUIS1 KaKJIOW 4aCTHUIIBI CITy4aiiHbIM 00pa30M BEIOMPATIOCh CMEICHHE, KaK ObLIO OMHCaHO
paHee, U NMPOBOAMIACH MOCIEAYIOIIAsl arperanus YacTUI] COMIaCHO YKa3aHHBIM BBIIIE
MIPUHLINATIAM.

[Iponiecc mOBTOpsiICS Ha KaKAOM BPEMEHHOM IIare ¢ COOJIOACHUEM TeX Ke
NPUHLIMIOB. YHUCIIEHHBIE SKCIEPUMEHTHl MPOBOAMIMCH Ha IUIOCKHX MaTpHIlax
pasmepamu 4x40, 8x40, 5x20 u 4x100, KOTOpbIE MOAETUPOBAIIN TPOTOUHBIE PEAKTOPHI
mHou 20, 40 u 100 stueek u mmupunoit 4, 5 u § TYeeK COOTBETCTBEHHO.

Cxema pacuema u 0CHOBHOU KOO 0713 C/IY4AA CMEUIAHHOT KUHEMUKU

B xone pacueroB gopmupyrorcs msth Marpul. [lepsrie Tpu Matpunsl (A*, U u A)
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HMMEIOT Te K€ 3Ha4Y€HUs, 4TO U OMHUCaHbl B MIPebIIyIeM pasjene. YeTBepras MaTpuia
(S) Takxke moKa3bpIBaET KOJMUECTBO CTOJIKHOBEHHU I YACTHL B KAXKIOM siUeiKe Ha KaxXI0M
BPEMEHHOM I11are.

Kpowme Toro, co3naercs naras marpuua B (Brener, 2017). DToT TpeXxMepHBIi MacCHB
B (I, J, M) cinyxut [uisi ONpeaesieHus: MpenblIymell sYeiK, U3 KOTOPOU JaHHBIN
KJlacTep Meperien B HOBYIO siueiiky. B momonnenue x nBym mnHaekcam stueek (I, J), B
KOTOpBIE KJIacTep MOMaJaeT 3a 3aJaHHbIM MHTEpBal BPEMEHM, TpeTuil mHaekc M
yKa3biBaeT Ha MeTKy sueiiku ((I-1) * N +J), roe knactep Haxoauscs 10 Havajia apeida.
OTO MO3BONSET MISHTU(QUIMPOBATH KIACTEPhl C OJAWHAKOBBIMH METKaMH, KOTODBIE,
COIVIACHO TIPEIIOKEHHOM MOAENH, TOJDKHBI OBITh arperupoBanbl. Marpuiy B mMoxHO
Ha3BaTh MaTpHILIEH arperupoBaHusl.

JU1d  HamIAAHOCTHM TPHUBOXKY OCHOBHOM KOJ|, HCIONB3YeMBbIi B YHCIEHHOM
JKCIIepUMEHTe (PUCYHOK 2). DTOT pa3pabOTaHHBIA alroOpuTM 00JaJaeT BBICOKOM
MIPOM3BOIUTENBHOCTBIO BhIUMCIeHU. Hanpumep, BpeMsl BBINOIHEHUS pacyeToB AJs
MaTpuisl pazMepoM 4x100 npu UCIIONB30BaHUM CMEIIAaHHON KMHETUKY Ha MPOTSKEHUN
100 BpeMEeHHBIX UHTEPBAJIOB COCTABISET MPUMEPHO 5 MUHYT C TOMOILBIO TPOIPaMMBI.

procedure Tforml.calcdd;
var k,1,u,t,tl,ii, vu,kk: Integer; str:string;
begin
for i:=1 to n2 do//KOAHYECLTE0 KONOHOK
for j:=1 to nl do//xoAw4ecTE0 CTpOK
for k:=1 to n2 do
ssV3[i,j, k]:=0;
for i:=1 to nl+l do
for j:=1 to nl do
for k:=1 to n3 do
for u:=1 to colnl do
begin
cli,§,k,ul:=0; UB_3d[i,§,k,u]:=0;/ /Mavansime fan-ue
end;
for i:=1 to n2 do
for j:=1 to nl do
for k:=1 to n3 do
for u:=1 to colnl do
begin
if (a[i,f,k,u]<»®) then [/fecnn auehxa ve nycran
begin//nepeseueHne “aCcTHL:
if (i+vgiw[i,d,k,u]<l) or (i+vgiw[i,j,k,u]>n2) thenm begin kk:=n2+1; fii:=1; wu:=l1l; end
else kk:=i+vgiw[i,j,k,ul;
if jevwd[i,d,k,u)<l then 1:=1;
if j+ww3[i,j,k,u)>nl then 1:=nl;
if (jewwd[i,],k,u]>=1) and (j+ww3[i,],k,u]<=nl) then Ll:=j+ww3[i,],k,u];

Puc. 2. OcHOBHOM KOJ1, UCIIOJIb3YEeMBbIH JUIsl TPOBEACHUS YHUCICHHOTO DKCIIEpUMEHTa
Fig. 2. Main code used for occurring the numerical experiment

Pe3yabTarbl MogeIMpoOBaHHs

Ha Pucynkax 3 u 4 mpencTaBieHbl YUCICHHBIC Pe3yabTarbl Juia Marpull. Kaxnas
TOYKa Ha rpaukax sIBIsSETCS YCPESAHEHHBIM 3HAYCHUEM U3 IECSATH CEPUI BEIYMCICHUH.
B mpouecce MopenupoBaHMs YCIOBHAs EAMHUIA BPEMEHHM COOTBETCTBYET IIAry
BbIuucneHus. Knacrepsl mopsiaka 0osee S mpakTHUECKH He HAOIIOJAINCh, TI03TOMY OHH
He 0ToOpaKeHbl Ha rpadukax.
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Puc. 3. I3MeHeHHe KONMMYECTBA KIACTEPOB PAa3HBIX MOPSAKOB a. it w=2, 0. st w=8. Tabnuma 4X40.
OxcnepumeHT uis ciydas AO/L. Iopsiaku kiactepoBs: 1-nepBeii, 2—i, 3—ii, 4-ii.
Fig. 3. Time history of the numbers of clusters of different orders for a. w=2, b. w=_8. Table 4X40.
Experiment for DLA
case. Cluster orders:1-first, 2—second, 3—third, 4—fourth
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Puc. 4. VI3MeHeHne KOJTMYECTBA KJIACTEPOB PAa3HBIX MOPSAAKOB a. it W=2, 0. a1 w=8. Tabmuma
4X40. DKCTIepUMEHT JUIA CiTydasi CMeIIaHHOW KUHETHKH. [lopsaku kmactepos: 1-nepBoiid, 21, 3—if, 4—ii.
Fig. 4. Time history of the numbers of clusters of different orders for a. w=2, b. w=8. Table 4X40.
Experiment for mixed kinetics case. Cluster orders:1-first, 2—second, 3—third, 4—fourth

3akiouenmne

Pe3ynbrars! UNCIIEHHBIX 3KCIEPUMEHTOB IEMOHCTPUPYIOT, YTO PE3KUE U3MEHEHUS B
pacrpeneneHuH KJIacTePOB 10 IOPsIAKaM HaOJII0AaI0TCs B IEPBbIE HECKOIBKO BPEMEHHBIX
HMHTEPBAJIOB [IOCJIE Havyalla MpoLecca, a 3aTeM cocTaB (pakLui OCTAETCS PAKTUIECKH
[IOCTOSIHHBIM. DTO SIBJICHUE CIIPaBEUINBO KaK I MoAearposanust MetonoM AO/L, Tak u
IUIsl Cydasi CMEIIaHHOM KHHeTHKU. OIHAKO, CHUKEHNE KOHLEHTPALUH KiIacTepos 1-To
MopsiZIKa B HAYaJILHOM nepuoje 6onee peskoe aist ciydast AOJL, 4To Jierko 00bsICHUMO.
B 1o Bpems Kak B ciydae CMEIIaHHOW KMHETHKH yCTaHaBIUBAETCs Ooiee OHOPOIHOE
pacnpenenerue ¢ppakuuii (IpakTUUIECKU OAMHAKOBBIC AUAMETPBI YACTHLL). YIIydlIeHUE
OZHOPOJHOCTH TAK)XE HAOIIONACTCS C yBEIMUCHUEM CPEIHEH CKOPOCTHU IIOTOKA W.

B ciydae KuHETMKM CMEIIMBAaHMS CPEIHUN MOPAIOK KJIACTEPOB YCTaHABIMBACTCS
Ha Oosiee HU3KOM ypoBHe. Takum 00pa3oM, JesaeM BBIBOA, YTO CPEAHUI HOTOK yepes
peaxTop SBJISETCS KOHTPOJBHBIM MapaMeTPOM Kak AJIsl JTOCTH)KEHHs ONpelesIeHHON
[IPOM3BOAUTENILHOCTH, Tak W Uil cra0wimsamuu  TpeOyemMoro (GpaxkHMOHHOTO
cocraa. J{ns cirydast mojienu nepuoandeckoro peakropa (Brener, 2017), uncieHHble
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OKCIICPUMCHTBI IJId HOPOTOYHOTO PpCaKTopa IMOKas3ajaru, 4YTO 0611_166 KOJIMYECTBO
CTOJIKHOBEHUH C IOopsAKOM OoJtbIiIe ABYX HC MOKET CHUTATLCS MaJIbIM 110 CPAaBHCHUIO C
YHUCJIOM CTOJKHOBCHMM BTOPOI'o MopsiaKa. Oto0 Ha6J'IIO,I[aCTC$l 0COOEHHO HA HAYAJILHBIX
oTamax mnpouecca.

PaSyMCCTCH, MPUBCACHHBIC BbINIC PE3YJIbTAThI CIIY’KaT HHHIOCTpaHHeﬁ JINIIb
NOoTeHIHAJIa MNPEAJIOKCHHOI0 MATCMAaTU4YCCKOI0 HWHCTPYMEHTA, U HX I[aﬂ]:HeﬁH.Iaﬂ
MPpOBCPKa U 06cy>K):[eHne 00s13aTEIbHEI IJIA CpaBHCHUA C aJIbTCPHATUBHBIMU METOAaMU1
1 OKCIICPUMCHTAJIbHBIMU JaHHBIMU.
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Abstract. It is known that oil, which is one of the main natural resources, determines
the state's position on the world market. However, the organization of the competent
use of petroleum products is an urgent and global problem. It is obvious that with the
proper organization of this issue, economic and environmental issues will be resolved
positively at the world level. Natural cleaning of natural objects from oil pollution is a
long process. In this regard, in domestic and foreign practice, it is necessary to conduct
promising research in the direction of reducing the harm caused to the environment
by processing oil waste, cleaning contaminated soil. It is known that if such a process
is organized at a high technological level, then the most advanced achievements of
scientific and technological progress are used. Thus, it makes it possible not only to
make harmful waste environmentally safe, but also to extract valuable elements from
petroleum products used for the purpose of their reuse. Heavy oils with high density and
viscosity are usually characterized by a high content of asphalt, resin and heteroatomic
compounds. The problem under consideration was the identification, assessment of the

27



OF THE NATIONAL ACADEMY OF SCIENCES OF THE REPUBLIC OF KAZAKHSTAN

Basic Laws of the composition and properties of oil ASPH alt with heavy vanadium
in order to develop new products that are practically important for the development
and improvement of technological approaches in oil production and oil refining. The
article discusses the issues of obtaining new products that have changed their properties
and composition by the process of rusting heavy oil residues asphaltenes with various
oxidants, examination of research results. In addition, the possibilities of reuse as a
secondary raw material by evaluating, studying, differentiating the possibilities of using
asphalt sulfocathionites and oxidates as a sorbent for road bitumen are studied.
Keywords: viscous oil; sulfocatonites; asphaltenes; oxidation; adhesion; adsorbent
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Annoranus. Herisri TaOurum pecypcrapasiH ©Oipi  OoJbIn  KeJeTiH MyHai
MEMJICKETTIH OJIeMJIIK HApBIKTaFbl KaFJaiblH aHBIKTAWTHIHBIH Oenrimi. JlereHMeH,
MYHail eHIMIEpiH cayaTThl MaijanaHynbl YHBIMIACTBIPY ©3€KTi KoHe »xahaHIBIK
npobnema Gombin TaObanel. OCbl MOCEIEHI AYPhIC YHBIMAACTBIPY apKbLIBI QJIEMIK
JeHIelie YKOHOMHUKAJBIK, KOJIOTHSIIBIK MoceseNep OH LICHIIMiH Ta0aThIHBl aHBIK.
Taburn oOBEKTiZIEpAl MYHAIBIH JacTaHyblHAH TAaOUFH TYpHAE Ta3apTy Y3aK IMpolecc
Oonpin TaObutanpl. OcblFaH oOpail OTaHIBIK JKOHE ILNETENAIK ToxipuOenae MyHal
KaJIBIKTapblH KaiTa eHJey apKbUIbl ONapAblH KOpIIaFaH OpTara TUTI3eTiH 3USHBIH
azaiiTy, JacTaHfaH TONBIPAKTHI Ta3apTy OarbIThIHAA MEPCHEKTUBAIBIK 3€pTTEYIIEp
XKyprizy Oonbin TaObiIaael. Erep MyHaaii npouecc sxorapbl TEXHOJIOTUSUIIBIK JCHIeHae
YHBIMAACTBIPBIICA, OHJAA FBHUIBIMH-TEXHHKAJBIK MPOTPECTIH €H O3BIK JKETICTIKTepi
KOJIIaHbIaThIHEI Oenrini. Ocklnaiiina, 3usHAB KATIbIKTap/Ibl SKOJIOTUSUIBIK TYPFbIIaH
Kayilci3 eTin KaHa KoHMail, COHbIMEH Karap olap/bl KaiiTa maiganaHy MakcaThbIHIa
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naianaHpUIFaH MyHail ©HIMIEPIHEH KYHIIbI JJIEMEHTTEp/l adyFa MYMKIHIIK Oepeni.
THIFBI3ABIFEI MEH TYTKBIPIIBIFBI JKOFAphl ayblp Maiap ofeTTe acdaibT, MANHbIp KOHE
reTepoaToM/ibl KOCBUTBICTAPbIH JKOFaphl MOJIIIEPIMEH cumaTTanaabl. KapacTelpbuibii
OTBIPFaH MOcelle MYHal OHIIpy MEH MyHal eHICYIeri TEeXHOJOTHSIIBIK TOCiUIIepi
JAMBITY )KOHE )KEeTUIIPY YIIIiH iC KY31H/1e MaHBI3/Ibl )KaHA OHIMJIEPIi 931pJiey MaKCcaThIHIa
ayblp BaHaauii Oap MyHail acgaibTTapblHBIH KypaMbl MEH KACHETTEpiHiH HEris3ri
3aHABUIBIKTAPBIH aHBIKTay, Oaranay Oonabl. Makanasa MyHalbIH ayblp KaJbIKTaphl
acdansTeHAepi SpPTYPIIi TOTBIKTBIPFBIIITAPMEH TOTTHIKTBIPY MPOIECi apKBUIbI KACHETI
MEH KYpaMmbIH ©3TepTUIreH KaHa OHIMJCp aiy, 3epTTeyliep HOTHKENIEPiH capamnTay
Mocenenepi KapactelpputraH. CoHBIMEH KaTap, achambTeHmi Cyiab()OKaTHOHHUTTTEP
MEH OKCHJIATTApPBIHBIH COPOEHT PEeTiHE KON OMTyMbIHA TMaiifanaHy MyMKIHIIKTepiH
Oaranay, 3epTTey, capajay apKblUIbl CKiHIIUTIK IIHMKi3aT peTiHAe KaiTa mnaijganaHy
MYMKIHIIKTepi 3epTTENreH.

Tyiiin ce3mep: TYTKbIp MyHal; CyTb(OKATOHUTTED; ac(HaNbTCHICP; TOTHIFY; aJITe3Us;
azcopOeHT
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AHHoTanus. V3BecTHO, YTO HE(Th, ABIAIOLIASICS OAHUM U3 OCHOBHBIX MPUPOIHBIX
pecypcoB, OnpeaessieT MOJOKEHHE rocylapcTBa Ha MUPOBOM phIHKE. OpraHuzanus
IPaMOTHOTO HCIIOJb30BAaHUSI HE(PTEHNPOLYKTOB SBIISICTCS AaKTyaJbHOH I0OAIbHOM
poonemoii. O4eBHIHO, YTO IPH MPABHUIILHOM ITOIX0E€ SKOHOMUYECKHE, 3KOJIOIHIECKHE
mpoOneMbl Ha MHUPOBOM YPOBHE OyIyT pelaTbcs IOJIOKHUTENbHO. EcTecTBeHHas
OYMCTKAa TMPHUPOAHBIX OOBEKTOB OT 3arpsi3HEHHMS HEQTbIO — UIMTENbHBIN Iporecc.
B 31011 cBA3M, B OTEUECTBEHHON U 3apyOeHOI MPaKTHKE IPOBOIUTCS MEPCHEKTHBHOE
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HCCIICIOBAHUE B HAMPABICHUN CHIDKCHHUS BpPEla, HAHOCHMOTO OKPY)KaloIiel cpene,
MyTeM TepepaboTki He(TIHBIX OTXOMOB M OUMCTKH 3arpsi3HEHHBIX MOYB. M3BeCTHO,
YTO €CIIH TAKOH MPOIECC OPraHM30BaH HA BBHICOKOM TEXHOJOTHUYECKOM YPOBHE, TO
HCTIONIB3YIOTCS  CaMble MEPEIOBbIE MOCTHIKEHHSI HAyYHO-TEXHUYECKOTO TMporpecca.
Takum 00pa3oM, BpeTHbIE OTXObI HE TOJIBKO JACAIOT UX DKOJOTHUECKH OE30MaCHBIMH,
HO W TIO3BOJISIFOT H3BJEKATh IEHHBIC DJIEMEHTHI W3 HE(PTEHPOAYKTOB C IENBIO HX
MOBTOPHOTO KCIOIb30BaHKS. ABTOPHI TPEANPUHSITA TMOMBITKY BBISBUTH U OIEHHUTH
OCHOBHBIC 3aKOHOMEPHOCTH COCTaBa W CBOWCTB TSDKENBIX BaHAJAUHCOAEPIKAIIUX
HEPTSIHBIX ac(PaNbTOB C IENBI0 Pa3pabOTKH U COBEPIICHCTBOBAHUS TEXHOIOTHUECKUX
MOJIXO/IOB K T0OBIUE U nepepaboTke He(TH U pa3paboTKe HOBBIX MPOIYKTOB, HMEIOIINX
MPAKTHYECKU BAXKHOE 3HaUCHHE. B cTarhe paccMOTPEHBI BOMPOCHI MOJYUYCHUS HOBBIX
MPOAYKTOB C HM3MECHEHHBIMA CBOWCTBAMH M COCTABOM, OJKCIIEPTHU3BI PE3yIbTATOB
HCCIIEIOBAHUI B TPOIECCE OKHCICHUS TSHKENBIX HE(TSIHBIX OTXOMOB achalbTeHOB
Pa3NUYHBIMUA  OKHCTUTENIMHA. KpoMe TOro, M3ydeHbl BO3MOYKHOCTH TOBTOPHOTO
HCTIONIb30BaHUS acaibTeHa B KA4eCTBE BTOPUIHOTO CHIPBS MyTEM OICHKHU, U3YUCHUS,
nuddepeHIanuyu BO3MOKHOCTEH UCTIONB30BAHUS CYTb(HOKATHOHHUTOB U OKCHIATOB B
KauecTBe COpOEHTA ISl TOPOKHOTO OUTYMA.

KioueBble cjioBa: Bs3kas HE(Th, CYIb(POKATOHUTHI, ac(hajgbTeHBI, OKHCICHUE,
ajaresus, aJicCOPOCHT

Kipicne

Kasipri yakpITTa ayblp MyHaiaap A9CTYpIIi eMec KoMipcyTeK pecypcTapbiHa KaTabl,
oJapzbl THIMJI OHAIPY JKOHE OHJeY YILiH OeNTiIi TEXHOIOTHSIIBIK 9IICTEPIi KETUIAIpY
XKoHe TyOereini »xaHa TocinaepAl Kypy KakeT. Ayblp MyHallap TBIFBI3IBIK IEH
TYTKBIPJIBIKTBIH )KOFapblIay bIMEH )KOHE Kol )KaFAai1a acabTeHAepIiH, IHaibIpIap/biH
JKOHE TeTepOaTOMIapAbIH, IFHU KYKIPT, a30T )K9HE OTTEri 0ap KOCBUIBICTap, COHAAN-aK
BaHaIMI MEH HUKEINbAIH MEeTaJJl KeIeHJepiHiH KOT OOIybIMEH CUITATTaJIa bl

Acdansrenaep-Korapbl MOJEKYIaJIbIK CalIMarbl, THIFBI3ABIFEI JKOHE XOUI HWici Oap
KOHE TeTepOaTOM[BIK KOMIIOHEHTTEp MEH MeTalAaplblH MakcHMal[bl Kypambl Oap
MYHaH/IbIH €H ayblp KOMIIOHEHTTepi. XKarmaii e3repren keszie acaisTeHaepain TyHOa
TY3Y, KOIoJaHy KaOineTi MyHail eHIipy, eHJIEy >KOHE TachMaijay MpOLecTepiHje
meriHAiepAiy naaa 6onybsiHa okeneni ([lerposa xone 1.0., 2012).

Bananuii Meniepi sKorapbl ayblp MyHalIbIH TUCTIEPCTI )KYHECiHIH KYPBUIBIMBIHBIH
naiina Oomy Ke3eHiHAE MyHail KypaMbIHAarbl acQaibTeHAEp MOJIIEPiHiH >KOFaphl
00JTybl OHBIH KYpaMbl MEH KaCHETTEpiHE aUTapibIKTail ocep eTil, MyHalJbl eHIIpY,
OHJICY,TaChIMAJIIay CaThUIapbIHAA MaHbI3Ibl (akTop Oosbin Tadbuansl (lompadepr
xoHe T.0., 1986; Gilinskaya, 2015). MyHnaii acansTenaepi sKeHiI ajJKkaHIapMeH epiTy
Ke3iHJIe TyHaThIH Oenrii 0ip KypamMeH cunartanansl. COHbIMEH KaTap, acanbreHaep
KYpaMBIHBIH SPTYPJILIIri OHBIH KYpaMbIHIAFbl T€TEPOATOMIApFa: KYKIpT, a30T, OTTEK
KOHE MeTajul KypaMJbl KOMIIAHEHTTepre Tayesai Oousbin Keneai. AcdanbreHnepain
HETI3T KYPBUIBIMBIH ~Kypaylibl KOMIIAHEHTTEp IOJUKOHIUHCEPICHIeH HadTeH-
apoOMAaTThl KYPBUIBIMIIBL, KYKIPT, OTTEK a30T KYpam/bl TePEPOLMKIAL KOHE aTHLIUKIII
KYPBUIBICTB TONTApAaH TYPaTbIH KYpHedi KOChUIbIC. Ac(anbTeHaep YLIIH Herisri
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ankub ik operHOackeimrap 6oneim C,-C, keii xarnaiinapnaC, -C,  y3biH GaillaHbICTEI
AIKWIBIIK TonTapsl mananansuiaasl ([lomumnyk xone T.6., 2007).

AcdansreHaep-Korapbl MOJEKYJIaJbIK CalMaFbl, JXOFapbl TBIFBI3ABIFEl JKOHE
reTepoaToMIbIK KOMIIOHEHTTED MEH MeTalfapAblH MakcuMalibl Meumepi Oap
MYHAH/IbIH €H ayblp KOMIIOHEHTTEpi. Ayblp MyHail KaJlAbIKTapbl OOJBIN TaObUIATHIH
acdansreniep aacopOeHTTep MEH HOH aIMACTBIPFBIII MaTepHUalap CUSKTBI XUMHUSIIBIK
OHIMJIEP/IIH KCH CIEKTPIH OHIIpYyJe, COPOCHTTEP MKOHE KOJI OMTyMbIHA aJIre3HsUIbIK
KOCIa peTiHAe KOaHblLIa anaibl.

Acdansrenaep HerizineH ac(anbTTapAblH TOTHIFY IPOLECIHIH HOTHKECIH e
anbIHaAbl. TOTBIKTBIPFBILI PETIHE a30T KBILIKBUIBIH, HATPUN MIEPOKCHUIIIH HEMECe
THITOXJIOPUTTI, OMXPOMATTHI HEMece Kaluii IepMaHTraHaThiH, 030HIbI, OTTETI - aya
KOCIIachIH HeMece ayaHbl KoJaHyFa 0onaabl. MyHaii acanbsTTapblHbIH TOTHIFYbI-
TOTBIFY, JECTPYKLHS JKOHE KOHACHCAIMS PeaKIUsIIapbIMEH KaTap *KYpei.

AcdansreHepaiH KOFapbl TEMIIEPaTypa MEH KbICBIM/IA ayaHbIH OTTETIMEH TOTBIFY
MPOLIECIHE SPTYPIl OTTEr1 TYBIHABUIAPBIHBIH, COHBIH iMIiHJIE anuaTThl )koHEe OSH30I
KapOOH KBIMIKBUIIAPBIHBIH (Cipke, OeH30M, ran xoHe T.0.) Kocnackl Ty3ineni. Cymnbl-
cirtini opraga acanbTeHIEpAIH TOTBHIFYBl KYpaMblHAA OTTEri Oap eHIMAEpIiH Kell
MeJIepiHiy maiiaa 0omybsrHa biknan ereni (Mujica sxxone 1.0., 2000; Speight, 2004).

AcdansrTapabl TOTBIKTBIPY YIIiH HATPHiA TepKapOOHATHIHBIH apThIK CYIIbI €piTiHAICT
(15% wac.) (nmarpuii kKapOOHATBHl KPUCTAJUIOCOJIBBATHI KOHE CYTEri ACKbIH TOTBHIFBI
Na,CO,*1,5H,0,), anbmaner on 140 °C-taH KOoFapbl KbI3IbIPBUIFAH KE37I€ HATpHUi
KapOOHATbl MEH CyTeri acKblH TOTHIFBIHA TOJBIFBIMEH BIOBIPAWABI, Oy Iporecc
TOTBIKTHIPFBIII TIEH CIATUI opTaHbl Oip yakpITTa amyra MyMKiHzik Oepeai (Prakoso
xoHe T.0., 2018; D’ Angelo xoHe T.0., 1999).

ToTeIFy mpoleci apanacThIPFIL KYPBUIFBICH 0ap, KOFaphl KBICHIMJIBI KOFAPhl TEM-
neparypainsl peaktopaa (aBTokias) xkyprizinai. Torerry npoueci 200°C temneparypana
xoHe 4 MIla kpiceiMza 4 carat GOHBI TYpaKThl apajiacTeipyMeH opbiHAanansl. Calike-
cinme acganbTeHaepIiH TOThIFY OHIMAepi cxema OoibiHIIa 6emingi (1- cyper).

AchansTesaepaiH TOTeFY
sHimaepi
Cyna epimeiiTii OKCHOaHTTap Cyna epUTiH OKCHOBHTTEP

<

onnerper <;’T'~Nw
L%
BE- C
o o N, e
Hatp

_ AE-
i AueToH OKCH
cyae O3HT

PaTel

Cypert-1. AcdansreHnepiH TOTBIFY OHIMIEPI.
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ToTeiry poLieciHe OapIbIK TOPT TOTHIKTHIPFBIIUTHIH OacTanKel ac(anbT MaccachbliHa
KaJbl OHIMIUTIT TyapoH acgansrenaepi ymin 116,5 % xone achansT acdanbrrapsl
ywin 119,9% xypaiigsl. Ac¢anbT meH TYAPOHHBIH TOTBIFY OHIMICPIHIH JKaIlbl
MaccachIHAAFbl Cy/la epUTIH OKCUAAHTTAPIBIH yieci 47,4 xxone 49,4 % kypaiinsl. byn
peTTe eki karnmaiiia na OeH30Ja epiMEHTIH OKCHIATTBIH YJECi €H YKOFaphbl OOJBII
TaObUIaAbl- TyApoH acdansreHaepi ymwiH 42,6 % xoHe acdansT acdansreHaepi
ywid 50%. TOTBIKTBIPFBIIUTAPABIH MIBIFYBIHIAFEl HETi3T1 albIpMAIlbUIBIK TYIPOH
achanpTeHICPIHIH TOTBIFY OHIMJIEPIHIErT OCH30/11a epUTIH JKOHE  KBIIIKBLT
TOTBIKTBIPFBILITAPIIBIH JKOFaphl yiieci Oonbil TaObuianel. AcdaibsT TEH TyIpOH
OKCHAATTAPBIHBIH IIBIFY apaKaThIHACHIHBIH Al BIPMAIIBUTBIFBIHBIH MYMKIH c€0enTepiHiH
0ipi onapapIH KypaMbIHAAFbl BaHAWH MEH HUKEIbAiH 9pTYpIIi O0Iybl MYMKIH, OUTKEH1
TOTBIFY TIPOLIECIHIH MPOMOTOPHI PETiHAE BaHAIWIITHONMOPOUPHUHAEPII KOJAaHyFa
OoJaThIHbI O€NriNi, ONapAblH TAOUFH aHAJIOITaphl achalbT-IaRBIPIBI KOMIOHEHTTEPAEC
worbipnanrad (Mullins xone T.0., 2007).

ConbIMeH Kartap, acanbTeH KOHLIEHTPATTapblH KONJaHYAbIH €H KapanaibiM jKoHe
THIMIi OaFBITHI-CY/IbI TA3aPTy MPOLIECTEP] YILIiH CYIb(POKATHOHUT a1y OOJIBIN TA0bLIAIBI.

AybIp MyHa#1bIH acanbTeHaepi peakTuBTi S-, N- xoHe O- KypbUTbIMABIK TONTapAbIH
KYPaMBIHBIH JKOFapbUIAybIMEH CHIIATTANIATBIHABIFBIH €CKEPe OTBIPBI, OJapAbIH
Cynb(anuscel MEH TOTBIFY OHIMAEPIHIH KYpaMbIHa HOH aliMacy TONTapbIHBIH JKOFaphl
yJieciHiH maiiga OomyblH KyTyre Oonanbl. Aunaiina, aybslp MyHail acanbTeHIepiHiH
KYKIpPT KBILIKBUIBIMEH ©3apa 9peKeTTecy OHIMICPiHIH KypaMbl MEH KacHeTTEepiHIH
EPEeKILEeTIKTepi i Ie 3ePTTEIyIE.

IjlicTep MeH MaTepHaJIap

I-3eprrey. AcdanbreH Cynb(OKaTHOHHTTEpI MeH ac(aibT OKCHIATTAPbIH
cOpOEHTTEp JKIHE JKOJI OMTYMBIHA a[re3UsUIbIK KOCTa peTiH/e naiaaiany MyMKIHIITiH
Oaranay.

OpmaH-XUMUsL, KOKC-XUMHSI, MyHall ©H/IeY 3aybITTapbIHbIH, COHal-aK MyHal-X UMHS
OciiiHl KociMOpBIHAAPBIHBIH, a3 TEHEPaTop CTAaHIMSIAPBIHBIH, TYCTI METaJulyprus
OalipITy adpuKanapbIHbIH KoHE T.0. OHEPKICINTIK CApKbIHIBI CyNaphl *Hi (PeHOIMEH
YKOHE OHBIH TYBIHABUIAPBIMEH JIACTAHFaH. ©p TYPl aFbIHABI Cylapaarsl (heHONIapAbIH
KOHLEHTpauuscel 5 mr/n-gen 30 r/n-re aeiin esrepeni.

Kazipri yakpiTTa aFblHIBI CcydapAbl (eHONJaH Ta3apTy YILiH SpTYpii omicTep
KOJIZIAHBIIAIbI, MBICAJIBI, SKCTPAKIHS KOHE OynaHy, OMOJOTHAJIBIK KOHE XHUMUSIIBIK
TazapTy omicrepi. Keiibip karmaiinapia arelHABI Cynapabl (EHONJaH Ta3apTyAbIH
COPOLMSIIBIK 9MIICTEPi €H THUIMII 00BN Kenemi. by skarmaiina eH Ker KoJIaHbUIAThIH
KOMIpTeKTi copOeHTTepaiH Oipi-Oencenaipinren kemip Oonbin TaObutagbl. Cyman
¢denonapl copbuumstay ThiMaiLmirin Oaramay ymiH AS-2 xone AS-4 acdanbren
Cynb(OKaTHOHUTTEP, COHOAl-aKk TyApOH acQaibTeHiHiH OeH3onma epiMeiTiH
OKCHAATTapbl KOJNJAHBUIAABI. JTAJOH peTiHAe Cydbl (eHoiaapiaH Ta3apTy YIIiH
ombeban axcopbenT-Oencenipinren kemip-Yb® nainanansuiasl (ImeboBckas xoHe
T.0., 1964).

®enon koHUeHTpanuscel 5 mr/a xkone 0,2 T agcopOenti 6ap 10 M cymbl epitinai
(AS-4 xone AS-2, benzonga epiMeilTiH okcuparrap, OenceHaipiireH Kemip) Oenme
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TeMIepaTypachlHa CTaTUKAIBIK >Kardaaiga 1 carar OoOMWbl CaKTalbll, COlaH KeHiH
cy3rizeH etkiziteni. OnaH coH aJcoOpOCHTTEPMEH KaHACKAHFa JICHIH KOHE OJlaH KeliH
epitinaigeri GeHonapH (MI/1) KOHIEHTPALHIACH aHbIKTalaabl. DTanoH peTinge | mr/
MJI KOHIEHTpauuschl 0ap MeMIIeKeTTiK CTaHAapTThl YITIep Heri3iHae NaiblHaanFan
(denonapIy rpagyupiey epitinaici maiaanansasl (Gryaznov xkaue 1.0., 2018).

2- 3eprrey. AcdanbTeHIepAiH KYKIPT KBIILIKBUIBIMEH »OHE OJIYMMEH e3apa
opekeTTecy OHIMAEPiIHIH KypamMbl MEH KaCHETTEPiH Taslfay.

Ayblp MyHalAbIH acdanbTeHAepiH cyab(arTay >KoHE TOTBIKTHIPY OOMbBIHIIA
9KCIIEPUMEHTTEP HOTIKECIHE aJbIHFAaH OHIMIEpAIH Kypambl MEH KacHETTEepiHiH
epeKUIeTiKTepl  aHBIKTANAbl. AcdanbTeHAep KYKIpPT  KBILIKbUIBIMEH HeMmece
OJIEyMMEH OpEKETTECKeHJEe KypaMblHAa CYab(O, Cyab(pOH TONTaphl, KapOOKCHI
XKOHE (EHON-TUAPOKCHII aJIMACTBIPFBIIUTAPBl  0ap MOMM(YHKIMOHAIIBl KAaTHOH
anMacThIpreiuTap Ty3uieni. ConpIMeH KaTtap, OyHipilik ajJKuil TonTapsl MeH HadTeHl
AJIIMaCTBIPFBIIITAPABIH IECTPYKTUBTI TOTBIFYBI KYPEi. Ocep €Ty YaKbIThIHBIH YIIFalObl,
KBIILIKBUIABIH apThIK OONYBl YKOHE KOFapbl KBICHIM JKarJaiblHIA MPOLECTi XKYPrizy
cynbdo, cynbGoH, (QEHON-THIPOKCHI, KapOOKCHI >KoHE KapOOHMII (DYHKLIMOHAJIBI
TONTApPBIHBIH YJIECiHIH ecyiHe okeneni. KoHIeHTpauusiiaHFaH KYKipT KbIIIKBUIBIMEH
KOHE OJIeyMMEH acalbTTapMeH JASHEKTI OHAeY OHIMI MUHUMAIAB! alu(aTThUIBIKICH
MaKCHMaJIIbl XOII HiCTEHAIPTIITIKIICH KOHEe KOHACHCAUIMEH CUIaTTala bl

Ocputaiiina, HadTeH-aNUPATTHIK KYPBUIBIMAAPABIH KOMBUTY >KOHE KOHICHCAIHS
MpolecTepi apKplIbl KOHLEHTPAUMsIIaHFaH KYKIPT KBIIIKBUIBIMEH dpEKeTTecy Ke3iHae
acansTeHAepaiH KYphUIBIMBIH "THIFBI3AAY" Typaibl aiiTyra Oomansl (Acevedo xoHe
1.0., 1997).

Hon anmacy cunarraManapblH CaIbICTBIPMAIbI Ty HOTHKeCiHAe acaabTTapAbIH
KOHIEHTPaLHUsUIaHFaH KYKipT KbILIKBUIBIMEH K9OHE 0JIyMMEH 63apa apeKeTTecy oHIMaepi
Oexnrimi Oip ’karjaiiyapia CHHTETHKAIBIK KYLITI KBIIKBUI CylTb()OKAaTHOHUTTEPACH
KEM TYCHEWTiHI )KoHe opTYpii OHAIPICTIK Cy Ta3zapTy MpolecTepinie xaHa achaisTeH
Cynb(OKaTHOHUTTEPl PETiHAE KapacThIPbUIYBl MYMKIH €KEHJIIrl KepCEeTilreH.
Tepmusuiblk  Tanpay HOTHKenepi acanbTeHAl Cylb(QOKaTHOHUTTEPIIH JOCTYpIi
MOJAUMEPIl Cyb()OKATHOHUTTEPMEH CallbICTBIPFaHa TEPMOACCTPYKIHUSIHBIH OacTany
TeMIIepaTypackl xorapsl ekeHiH kepceteni (Yakubov, 2015; Yakubov, 2016; Yakubov,
2017).

3eprreynep yuris achanteHaepal KYKipT KbIIKbUTBIMEH OHIeY OapbIChIHAA TYPAKThI
100 °C Ttemmneparypaja, KbIIIKbUIABIH MOJIIEpi MEH KOHIECHTPALUSCHI, COHAAH-aK
MPOIIECTIH YaKbIThI MEH KbICHIMBI ©3T€PETiH KafaaiiapJa YHeMi apaiacThlpy apKbUIbI
KYprizineni.

Op Typii 3eprreyiep KaraaiblHAa cyinbartanFad ac(aibTeHICPAIH MIBIFbIMBI
Oacrankbl achansTeHaepAiH MaccacbiHal 7—43,2- % Fa achll TycKeHi Oaiikanazsl (2,3-

CyperTep).
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Cypert 2. Cynbdarranran achanbTeHAEpAl aly MapTTapbl.

CinTini oprajga HaTpuil epKapOOHATHIHBIH CYJIbI EPITIHAICIMEH ac(albTeHICPIIH
TOTBIFY HOTKDKEJIEPI HEri3ri ©HIM HETI3IHEeH KapamaibiM 3(QUPIIIK KOHE THUIAPOKCHI
TOINTApPhI TYPIHE OTTEri 0ap OCH30J1 epiIMEHTIH OKCHAATTAp OOJIBII TAOBLIATHIHBIH )KOHE
KOHJICHCAIHsFa OaiiIaHbICThI 0acKa OHIMICPCH apOMAaTTHUTBIFBIHBIH KOFapPbLIAYIMEH
epekiueneHeTiHiH kepcerei. Cy/a epuTiH OKCHAATTAP/IbIH YKaJIIlbl OHIMIIIC IIIaMaMeH
50 % xypaiinel. Kypambiaua orreri 6ap pparmMeHTTep KapOOKCHIL, 3PHP )KIHE CYTbPOKCHT
TonTapbl TypiHae Oaiikananasl. Acdanbrrapiarbl BaHAIUH, HUKEIb JKOHE MOJSPIIbI
reTepoaToOMJIbIK KYPBUTBIMJIAP/IbIH 6CYIMEH Cy/la epUTIH OKCUIAT KYPAMBIH/IAFbl TOMECH
MOJICKYJIaJIbl OTTErl KOMIIOHEHTTEPIHIH OHIMIUI MEH TOTBIFYBIHBIH JKOFapblLiaybl
Oaiikanazpl. AchaabT okcuaaTTapbiH PEHOJIIaH Cy OPTAChIH Ta3apTy YIIiH COPOSCHTTEP
peTiHae, CoHIal-aK Ko OUTYMbIHA aIre3HsUIBIK KOCIA PETiH/Ie Hai1anany MyMKIHIIT

HET13/IEeJINeH.
50

94% H2S04;

a3
43;2

S
«

N
o

w
@

w
o

N
w

~N
o

o
[

80% H2504;
7.8

AchanbTenaepain MaccaabIK WIbIFbIMbI, %

=
o

(]

Cynbarranran acdansTenepii any maprrapsi, 2carartra

Cyper 3. Cynbdarranran acalbTeHICPIIH IIBIFBIMBI.
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Cynb¢arranran acQanbTeHIEPAiH IIBIFBIMBL 3€pTTEYJIEp HOTHXKECi OOHBIHIIA
KBIIIKBLI/IBIH KOHIIGHTPAIHUSACH MEH MOJIIIIEPiHe, YaKbITKA TOYIAUIIr Oeriii OOk,

AcdansreHaepaiH TOTBIFY MPOLECi OJapAblH XUMHSUIBIK KYPBUIBIMBIH ©3TepTill,
OpTYpAi camaja CiHIpriluTep peTiHAe KONJaHbUIATBIH COPOEHTTEPIiH, OWTYMHBIH
a/re3MsUIBIK, SMYJbCUSUIBIK KOCHAJIAPbIH CallachlH JKaKCapTyFa ocep eTeli.

XKanner  acdanst acdanbreHnepi MIadbIpIaH  aJbIHATBIH - acdaibTeHICPMEH
canbICThipranna okorapel K, . (Kapblk ciHipynn  kood¢uuuent) kodduuuenti
MEH BaHaJIWi KOHE HUKENBAIH JKOFapbhl MeuepiMeH cumartanaibl. CIeKTpaIbiK
koo ¢unmeHTTep OOHBIHIIA acdaabTeHAEPOiH KYPbUIBIMIBIK-TONTHIK KYpaMbIHIA
alTapiablKTail albIpMalIbUIBIKTapel OonMaiinel. Tek acdansT acdansreHaepi yiuiH
TOTBIFY JIopexkeci 2 ece KoOipeK eKeHiH Keneci kecTeleH aHFapyra oonaasl (Groenzin
xoHe T.0., 2000; Gilinskaya, 2015).

Kecre 1- Aybip myHaili acdansTeHAepAiH KypaMbl MEH KaCHETTepIHIH CHIIaTTaMaIapsl

Acdansrenaep K Crextpanbabl KodhhHIHSHTTE
An Ap P3 Ku
Acdansr 11830 1,6 0,7 5,5 1,4
I'ynpon 9920 1,7 0,7 4,9 1,6
0,16
0,14
0,12
g 01
®
3 0,08
=
g
3 0,06
0,04
0,02
0
Banaamit Huxkens
u Achanet 0,116 0,146
= Cynpon 0,02 0,028
Cypet 4. AcdanbTeH KypaMBbIHIaFBl METAJIIIAP YJIeCi.
HoTukeci

XKytieni 3epTTey HOTHKECIH/IE BaHAAWN MOJILIEP] KOFaphl ayblp MYHaHIbIH SpTYpIi
KEH OpBIHAAPBIHBIH MBICATBIHIA BaHAIUH KypaMbIHBIH ©3Tepy 3aHAbUIBIKTApHI,
KYPBUTBIMABIK-TONTHIK KYPaMHBIH CUTIATTaMalIaphl, ay bIp MyHal AbIH AC(aIbT TaPbIHIAF bl
KapblK CIHIpY JKOHE NapamMarHeTU3M aHBIKTANIbl, Oy MOJIMKOHJCHCAIMsIIAHFaH
XOWI WicTi koHe HaTeHAI-anu(aTThl KYpBUIBIMIAPABIH acanbTTapJarkl BaHaIWIT
KeIICH ICPIMEH ©3apa 0alIaHBIChIH KOPCETYTe MYMKIH/IIK Oep/Ii.

AybIp MyHali acanbTTapbIHbIH XOIIl WiCTIIITiH, KOHICHCALUICHIH, KapbIK CIHIpYIH
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KOHE IMapaMarHUTTIK KACHETTEPiH CaJbICTBIPMAalbl Tajlay HOTHXKECIHAE IoCTypii
MyHail acganpTTapbIMEH CalbICTBHIPFaHAa ONApAbIH HETi3r1 alpblKlIa epeKIIeTiKTepi
AHBIKTAJIIBI.

AybIp MyHai1b1 acanbTTapaat SpTYPIli epiTKIIITEpPMEH )KHE KYKIPT KbIIIKbIIBIMEH
aIly HOTHIKECIH e aJIbIHFaH (PpaKUMsIIapIbIH KYpaMbIH, COHJa-aK ayblp MYHAH/Ibl )KOHE
MYHall KaJlIbIKTapblH ac(aibITay *OHE TOTBIKTBIPY OHIMIEPiHIH KYpaMbIH 3€pTTEY
HOTHXXECIHJIE OJIapIbIH HET131H/Ie JKOFaphl THIMI CyIb()OKaTHOHUTTEPl, COPOSHTTEpAl
KOHE MOP(UPHH KOHIEHTPATTAPbIH ATyAbIH )KaHa TICLII HEeri3AemreH.

KemipcyTekri epiTkimTepai naijganaHa OTBIPBIN, ayblp MyHall eHAIPYAiH
KOJIIAHBICTAFbl 9iCTEpi MEH TEXHOJOTHSJIApBIH JKaKcapTy, COHAal-aK KypaMbIHIa
BaHAIUI MeJIIepl JKOFapbl ayblp MyHall acdaibTTapblHa HETI3AENreH ic XKY3iHAe
MaHBI3Abl JKaHAa XMMHSUIBIK OHIMAEpHi aly MYMKIHIITIH KOPCETETiH HITHKENep
YCBIHBUIFaH. [3MI€Hy >KYMBICTApBIHBIH HOTHIKENEepi ayblp aca TYTKbIp MyHail KeH
OpBIHJApbIHA KATBICTHI MYHall Oepydl apTThIpy XKoHE MYHall OHIIpydi KapKbIHAATY
polecTepine, COHIai-aK >KoFapbl THIMAL CYb(OKATHOHUTTEP/I, COPOCHTTEP ] JKOHE
KONl OUTYMIApbIHBIH MOAM(UKATOPIAPBIH a1y YIIIH MYHai-ra3-XuMus cajachlHIa
KOJIZIaHy YILiH MePCreKTHBaIbl OOJBIN TaObLIAdbI.

Acdansrennepai TOTBHIKTBIPY YIUiH HaTpUil TEepKapOOHATBIHBIH apTHIK CYJIBI
epitiagici (15 % wmac.) Komganbuiasl, ol 140 °C-TaH KOFaphl KbI3IBIPHUIFAH KE37C
HaTpHii KapOOHATBI MEH CYTeTi aCKbIH TOTBIFbIHA TOJIBIFBIMEH BIABIPaiIbl, OYJI mpolec
0apbICHIH/IA TOTHIKTHIPFBIL TIEH CUITLII OpTaHbl alyFa MYMKIHIIK Oepei.

ToTbIry ipoLieciHe OapIBIK TOPT TOTHIKTHIPFBIIUTHIH OacTanKel ac(anbT MaccachbliHa
JKaJbl OHIMALTIr TyapoH acdansrenaepi yuiH 116,5% >xone acdanst acdanbrrapsl
yui 119,9 %, an acanbsT eH ryIpOHHBIH TOTHIFY OHIMEPiHIH jKaIlbl MACCACHIHIAFbI
CyJa epUTiH OKCUAAHTTapIbIH yieci 47,4 xxone 49,4 % xypaitteinsl anbikTangsl (Cyper
5).
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OHuipicTik aFbIHABI CyJAapAblH KypambiHAarbl (enHon memmepi 5-30r/n neitin
MeJIIepae Ke3AeCeTiH, OCBHIHIAM 3MSHABI 3aTTaplaH Ta3apTy MakcaTblHAa SpTypii
Tocinaep (OMONOTHSIIBIK, XMMHUSUIBIK, SKCTPAKIHS KoHE OylnaHAbIPY), OHBIH iLIiHIE,
Ka3ipri kesze, TYApOH acQallbTeHIEpPiHiH OCH30ia epiMEHTIH OKCHAATTapbl MEH
acansrenai cyiabpokarnoHutrep (AS-2, AS-4) sddekrusri ciniprimrep ecedinae
KOJIIAHBUTYBI 3€PTTENIMN, JPTYPJii aJCOPOCHTTEPMEH 3epTTeyiep HOTHXKeCI 2-1111 KecTe
KepceTinreH (heHonapH 0acTanKel KOHIEHTPALUICH 5 MI/7).

Kecte 2—DeHonap! opTypiii aicOpOCHTTEPMEH CiHIPY JOpEKeci.

Ne | Ancopbent CinipyneH keiinri gpeHon Any nopexeci, %
KOHIICHTPAIUSCHI, MI'/JI
1 |AS-4 4,730 5,4
2 |AS-2 4,330 13,4
3 YB® AxTHUBTENATCH KOMIp 0,082 (98,4
4 | I'ynpon acdansrennepinin bE-okcunars 1,640 (67,2
KopbITBIHABI

Acdanbrenep HeriziHieri ajacopOeTTep/iH CIHIPrillTIK KaCHETTEPiH 3epTTey
KE31HJIeT1 MOJIIMETTEp/l capanTtay HOTHXKECiHIe (EeHONAbI TYAPOH achanbTeHICPiHIH
OcH30J1/1a epUTIH OKCHUAATTaphl JKAaKChl CiHIpeTiHI Oaiikanaabl. byn skepae stanon
perine anbiHFaH akTuBTenreH kemip YB® cyna epiren deHonmapabl TONBIK CiHIpY
100 % opeianaica, achansrenaepai 80 % -TiK KYKIPT KbIIIKbUIBIMEH OHJICY apKbLIbI
anpiaran  AS-4 cynarel eHoNIBI CiHIpY Ke3iHAe €H TOMEHIT HOTHXKE KOpCeTil,
ajzicopOenT peringae 3G HEeKTUBTLIIr a3bIFBIH KOPCETTI.

ConbiMeH Katap, rynpoH achansrenaepinin BE-okcunarrapbis xon OuTymaapbiHa
KOCY apKbUIbl MUHEPAJ/Ibl MaTepuaiiapMeH ininicy nopexecin 10—14 %- ra apTThIpyFa
Oomasl.

Acdansrenep/i KOHIEHTPICHIeH KYKIPT KBIIIKBLUTBI MEH OJIEYMMEH Ke3eKIICH OHACY
HOTHIKECIHJIC allbIHATBIH OHIMJEP MaKCHMAJbl apOMATThl, KOHIHHCEPICHTCH OOJIBII
KeJIe/Il )KOHE JIe OChIHIal «HBIFbI3AIFany» achallbTeHAep KalbIC KalIMaii, aca TOTBIKKaH
KVY-2-8 nemece Amberlite IR120 Topi3/ii cUTETHKAIBIK CYJIb()OKATHOHUTTEPMEH KaTtap
OPTYpIIi Cy Ta3apTy eHAIPICIHAC KOJIIaHbLTy/IA.

Banaguii  MeH  TONApABL  TETEPOATOMIBIK  KYPBUIBIMAAPIBIH ~ ©CYiMEH
acdanbTeHACPIiH TOTHIFYbIH/IA HETI31HEH KapOOKCHIJI TONTAPhl 0ap TOMEH MOJICKYJIaJIbI
OTTEriT KOMIIOHEHTTEPIHIH OHIMJUIINT MEH TOTHIFYBIHBIH JKOFapbUIaybl OaliKalsajbl.
Acdanbsreniep HaTpuii nepkapOOHAThIHBIH Cyibl epitingicimeH 200 °C xone 4 Mlla
KBICBIMMEH TOTBIKKaH Ke3jie (DeHOJIaH Cy/bl Ta3apTy YILiH XKOHE KO OUTyMaapbiHA
aAre3MsUIbIK Kocnanap peTiHae KoNJaHyFa 0oiaThlH OKCUAATTAp anyFa OOJaThIH/IBIFbI
HETI3/eJreH.

AybIp, aca TYTKbIp MYHal KEH OpBIHAapbIHA KATBICTHI MyHall Oepy/i apTThIpy jKOHE
MYHal OHAIpyIli KApKBIHAATy MaHbI3/IbIIBIFbI, OJIApaH albIHATHIH CYIb(OKATHOHUTTED,
cOpOCHTTEp MEH KON OWTYMAAPBIHBIH MOAUMDUKATOPIAPBIH anly YVIIiH, aJbIHFaH
OHIMZEPII MYyHal-Ta3-XMMUs CcalachlHAa KOJJaHy YIIIH MEepCHEeKTUBAIBI OOJIBII
TaOBLUIABI.
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Abstract. Environmental education is one of the most important priorities for the
development of the modern school and the education system as a whole. Currently, the
environmental education of young people growing up in the conditions ofacomprehensive
school should be carried out not only through the prism of the main disciplines of the
biological cycle, but also through the system of additional environmental education. An
important component of environmental education in teaching modern schoolchildren is
the development of environmental culture, which can be understood as the ability of each
person to use environmental knowledge and skills in practical activities. Environmental
education of students should be carried out through various activities, each of which
is designed to stimulate the cognitive activity of students. An analysis of the scientific
and educational literature, as well as the results of pedagogical research, shows that the
formation of students ' environmental competence when studying chemistry remains
outside the framework of methodological tasks solved in Chemistry Lessons. One of
the most important issues today is the development of environmental competence of
students in the study of chemistry and the co-formation of environmental education. The
need of society for a person with a high ecological culture and the level of insufficient
elaboration of this problem in methodological science, the need to develop the readiness
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and ability to competently act in problematic environmental conditions, contributing to
the formation and development of environmental competence of schoolchildren, and
the insufficient development of pedagogical conditions contributed to the course of this
research work. This article discusses the most important aspects of the formation of the
foundations of environmental education in the study of chemistry, increasing students
" interest in chemistry with the inclusion of environmental concepts in each lesson in
conducting a daily lesson. The research works are applied in practice in chemistry and
tested by pedagogical experiments.
Keywords: chemistry, education, environmental education, teaching methods
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AHHOTaNMs. DKOJOTHSUIBIK O1J1iM Ka3ipri 3aMaHFbl MEKTE TICH JKajIbl OlLtiM Oepy
KYHECIH JaMBbITYIbIH MaHbI3/bl 0achIM OaFbITTapbIHBIH Oipi Oombin TabbLTaAbl. Kasipri
yaKbITTa KaJbl OUTIM OCpEeTiH MEKTelN JKarJalbIHJa OcCill KeJie MKaTKaH KacTapibl
9KOJIOTHSUTBIK TOpOuesiey OMONOTHSIIBIK IMKJIIIH HET13T1 TOHAEPiHIH IPU3MaChl apKbLIBI
FaHa eMmec, COHbIMEH Karap KOCBIMINIA HKOJOTHSUIBIK OlliM Oepy iKyieci apKbUIBI
Jla JKy3ere achIpbUTybl Kepek. Kazipri MexTen OKyIIbLIapblH OKBITYAa SKOJOTHSUIBIK
OltiM OepydiH MaHBI3IbBl KYpamaac O6JIiri 3KOJIOTHSIIBIK MOJIECHUETTI JaMbITy OOJIBIIT
TaObuTaAbl, OYyJl Op aJaMHBIH NPAKTHKAIBIK iC-9pPEKeTTE OSKOJOTHSUIBIK OuTiM MeH
JaFapUIapAbl naiaanany KaoineTi gen Tycinyre 60omaasl. OKyIIbUIapAbIH YKOJOTHSUIBIK
TopOHeci op TYpIIi ic-1apaiap apKbUIbI )KY3€Te aChIpPbLTYbI KepeK, OJapAblH 9pKaiChIChI
OKYIIBUTAPABIH TaHBIMABIK OCJICEHIIUIITIH bIHTANAHABIPYFa apHaiaFfaH. FhUIbIMH JKoHE
OKy omeOHeTTepiH Tanjay, COHAAH-aK, MeNarorHKalblK 3epTTEYNIEpIiH HOTHKeNepi
XMMUSTHBI OKY Ke3iHJe OKYIIBbUIAPIABIH JKOJOTHSIIBIK KY3BIPETTUIITIH KaNbINTACTHIPY
XMMUS cabaKTapblHa NISHUIJIETIH 9ICTEMENIK TarchipMaiap MmeHOepiHeH ThIC KaJbII
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OTBIPFaHBIH KepceTeli. XUMHUS TOoHIH OKYy Ke3iHJIe OKYIIbLIAPBIH SKOIOTHSIIBIK
KY3BIPETTUNITH JaMBITY KOHE IKOJOTHSUIBIK O11iM Oepy/i Koca KaJbINTacThIpy Kasipri
KYHT1 MaHbI3bl MacenenepiH Oipi. KoramMHBIH DKOJIOTUSIBIK MOJICHHUETI KOFaphl
ajlaMFra KKCeTTLUIIT )KoHe OYJT MOCEJICHIH 9/IiCHAMAJIBIK FhUIbIMIA KETKIUTIKCI3 OHIEITY
JICHreill, MEKTell OKYIIbUIAPBIHBIH SKOJOTHSUIBIK KY3BIPETTUINIH KaJBIITACTHIPY
MEH JIlaMBITyFa BIKHNAJ ETETiH MpoOJIeMalbIK 3KOJIOTHSUIBIK JKaFaaiiapaa cayarThl
OpeKeT eTyre JaWbIHIbIFI MCH KAOUICTIH JaMBITY KQXKCTTLIIT JKOHE IMeIarorHKalbiK
JKaFJAIapIblH KETKUIIKCI3 JaMybl OCHI 3€PTTE€Y JKYMBICBIHBIH JKYPYiHE BIKIIAI
erti. byn Makamaga XuUMHs TIOHIH OKBITyAa SKOJIOTHSUIBIK OimiM Oepy Herizmepin
KaJIBINITACTBIPYIBIH MaHBI3/IbI aCTIEKTiNIepi, KYHACTIKTI ca0aKThl OTKi3yne op cabakka
SKOJIOTHSUIBIK YVFBIMIIAPJBI KOCA OTBIPBIN, OKYIIbLIAPABIH XUMHS IIOHIHE JIeTeH
KBI3BIFYIIBUIBIFBIH aPTTHIPY KapacThIPbUIA b 3€PTTEY KYMBICTAPBI TOKIPHOSIEe XUMUS
MIOHIH/IE KOJIJAHBUIBII, TIEIarOTUKAJIBIK YKCIICPUMEHTTEP apPKbLIbl TEKCEPLIIN OEpiIIreH.
Tyiiin ce3nep: xumus, Oi1iM Oepy, SIKOTOTHSIIBIK, 0171iM, OKBITY 9licTeMeci
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AHHOTaLMS. DKOJIOTHYECKOE 06pa30BaHI/IC ABJIACTCA OAHUM M3 BaXKHEHIIINX
MNPUOPUTETOB Pa3BUTHUA COBpCMeHHOI\/’I IIKOJIBI W CHUCTCMBbI O6p3.30BaHI/ISI B IICJIOM.
B HACTOSAIICEC BPEMs SKOJIOT'MYCCKOC BOCIHUTAHUC MOJIOACKHU, paCTyIlIefI B YCJIOBUSIX
06UleO6pa3OBaTCHLHOfI IIKOJIBI, JOJDKHO OCYHICCTBJIIATHCA HE TOJBKO YCPE3 IMPUBMY
OCHOBHBIX JUCIHUIIINH OHOJIOrUYECKOTO HUKJIa, HO U 4€pEe3 CUCTEMY ANOIOJIHUTCILHOTO
OKOJIOTHUYCCKOT'O O6pa30BaHI/I$L BaxxHoli cocTaBisoei 3K0JIOTHIeCKOro 06pa30BaHI/I}l
B O6y‘IeHI/II/I COBPCMCHHBIX MIKOJIBHUKOB ABJIACTCA  PA3BUTUC JKOJIOTMYECKOM
KYyJIbTYpbl, IO KOTOpOﬁ MOKHO TIOHHMATh CIIOCOOHOCTD KaXXa0ro 4YejaoBCKa
HCIIOJIB30BAThL JKOJOTMYCCKHUE 3HAHUSA U YMCHUA B HpaKTI/I‘-IeCKOI‘/'I JACATCIIbHOCTH.
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DKOJIOTUYECKOE BOCIUTAHUE YYAIUXCS JIOJDKHO OCYIIECTBISTHCS IOCPEIACTBOM
Pa3IMYHBIX MEPONPHUATHH, KakJ0€ W3 KOTOPBIX TIPU3BAHO CTHUMYJIUPOBAThH
ITO3HABATEIHHYIO aKTUBHOCTH. AHAIN3 HAYYHOH U yI4eOHO-METOIUIECCKON JINTEPATyPHI,
a TaK)Ke Pe3yJIbTaTOB MEIarorMYeCKUX UCCIE0BaHUN MOKA3bIBACT, YTO (DOPMUPOBAHHUE
9KOJIOTMUYECKOW KOMIETCHTHOCTH YYalllUXCs NP HM3YYCHHH XHMHU OCTaeTcsl 3a
paMKaM¥U METOIMYECKUX 3a/1a4, PeIIaeMbIX Ha ypokax XuMud. OJHUM U3 BROKHEUIINX
BOIIPOCOB Ha CETOAHSIIHHIHA IEHB SBIISICTCS PAa3BUTHE SKOJIOTHUSCKON KOMITETEHTHOCTH
yYaIMXCsl MPU HM3yYEHUH XUMHH U COBMECTHOE (HOPMHUPOBAHHE HKOJIOIMYECKOIO
oOpaszoBanusi. [loTpeOHOCTH 0OIECTBA B 4YEIIOBEKE C BBICOKOHW 3KOJIOTHYECKOM
KyIbTypOHl W YypOBEHb HEIOCTATOYHOH pa3pabOTaHHOCTH JaHHOW MPOOIIEeMbI B
METOAMYECKOW HayKe, HEOOXOAWMOCTh (OPMHUPOBAHUS TOTOBHOCTH W yMEHHUS
IPaMOTHO JIEWCTBOBATH B MPOOJIEMHBIX IKOJIOTHYCCKUX YCIOBHUAX, CIIOCOOCTBYIOIIMX
(hOpPMUPOBAHHIO U PA3BUTHIO FKOJIOTHMUSCKONW KOMIICTEHTHOCTHU IIKOJLHUKOB, & TAKKE
HEJ0CTaTouHasi pa3pabOTaHHOCTh MENAarornYecKuX YCIOBUW BHEC CBOW BKJIAT B XOII
ATON HCCIENOBaTeIbCKOM paboThl. B naHHOW cTarbe paccMaTpuBarOTCs BayKHEHIMe
acTmekThl OPMUPOBAHUS OCHOB YKOJIOTHUCCKOTO O0pa30BaHUS MPU U3yUYCHUU XHMHUH,
MOBBIIICHHUS UHTEPECa YUALIUXCS K XMMHUU C BKIIFOUCHHUEM JKOJIOTUYCCKUX KOHIICTIIIUH
Ha KaXKIOM YypOKE IpH TNPOBEICHUU EXKEIHEBHOrO ypoka. MccienoBarenbckue
paboThl MPUMEHSFOTCSI HA TMPAKTHKE MO0 XMUMHUA M TPOBEPSIIOTCS IMEAarormdecKuMu
AKCIIEPUMEHTAMH.

KiroueBble ciioBa: xuMmusi, 00pa3oBaHKe, IKOJIOTHIECKOE 00pa30BaHUE, METOIUKA
o0y4eHHs

Introduction

In order to deeply understand environmental problems in all their complexity and
ensure their sustainable development, it is very difficult to determine their solutions.
This requires a new type of education — education for Sustainable Development. The
practical result of such education is manifested in the ability and willingness to make
their own decisions and choices at the social level. Based on this, education becomes one
of the main tools for ensuring individual, group and Universal Security. The sustainable
development of education is one of the urgent problems of the modern educational
strategy of society. Environmental education is the most specific and important
component of education for Sustainable Development. Changes in modern education
in the country force teachers to pay attention to the joint productive work of the teacher
and the student, and its goal is to develop practical knowledge, skills, abilities, skills
and experience in students. Environmental education for comprehensive development
as a modern didactic system is aimed at implementing the requirements of modern state
educational standards and contributes to the formation of subject knowledge, universal
educational activities based on understanding the laws of Ecology and nature. A possible
tool for the development of the cognitive sphere of schoolchildren is environmental
education, the basics of which are studied in the lessons of the natural science field
(geography, biology, chemistry), since the subject «Ecology» is not included in the
school curriculum, but there is a section «chemistry and ecology» (Plotka-Wasylka,
2021; Dicks, 2018).
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Chemistry is a discipline in which environmental aspects can be included in every
daily lesson. Environmental education is based on ideas about the relationship between
the composition, structure, properties of substances and their biological functions, the
dual role in living and inanimate nature, the biological exchange of chemical elements
and the consequences of this process for living organisms. Chemistry is of great
importance in solving environmental problems at the present stage. When studying the
composition, structure and properties of substances, chemistry can answer questions
about what happens to them in the atmosphere, soil, aquatic environment, how matter
and the products of its transformation affect biological organisms. One speaks of
chemistry as the culprit of an unfavorable environmental situation. (Yachina, 2018).

Not only chemical plants, but also blast furnaces, bakeries, thermal power plants,
tanneries, automobiles, perfume factories, mining and pharmaceutical enterprises,
ordinary cornflowers and any of us are nothing more than a chemical reactor. Everywhere
various chemical reactions, useful, useless and harmful substances are formed, liquid,
solid and gaseous products are produced. Most environmental disasters are due to
pollution of the atmosphere, hydrosphere and lithosphere with compounds obtained as
a result of a reaction that often occurs not in a chemical plant. If we agree that we
cannot find harmony with nature without the help of chemistry, we will avoid mistakes.
After all, he is characterized by a special ability that can only be an" attacker "and a"
defender". What function will prevail depends not on chemistry, but on you and US.
(Bobizoda, 2022; Bakirova, 2014).

The main role in the development of interest in chemistry is played by students
"understanding of the causes of contradictions in the system "Nature-Society". How
can we explain the behavior of a substance in the atmosphere, body of water, soil or in
the human body, how does it itself and the products of its transformation affect natural
systems?

Chemistry and ecology serve as a link between the inanimate and the living. In the
course of classes in the laboratory of Applied Ecology, it is possible to clearly and
convincingly demonstrate both the negative aspects of human intervention in the natural
environment and possible ways to optimize anthropogenic impact on it (Solovjeva,
2015; Perfilova, 2011).

Purpose of the study

In many developed countries, the formation of ecological culture and environmental
consciousness is an integral part of the education of the population, which includes
environmental literacy, awareness, reliability and activity in the Daily implementation
of the norms of rational nature management. In our country, Environmental Education
takes place mainly in educational institutions of various levels. The ways to implement
the goals of environmental education at school can be different: the ecologization of
academic disciplines, the creation of integrated courses, the introduction into the practice
of teaching a special discipline that reveals the problems of Ecology and environmental
protection from pollution. The main goal of the research work we propose is to form
the foundations of environmental education in the course of daily classes in the study of
chemistry. The result of this is an increase in students ' interest in chemistry, an increase
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in the quality of knowledge. Formation of environmental competence in schoolchildren:
a positive approach to environmental ecology; creation of a system of continuous
environmental education; students of a public position; identification of the relationship
between theoretical and scientific and practical activities; formation of the foundations
of a healthy lifestyle; formation and development of interdisciplinary ties in the study
of environmental problems (chemistry - geography, chemistry — biology, chemistry —
economics, chemistry — sociology).

Materials and methods

The research work is based on experiments in chemistry in Grades 9"A" and 9"B"
of Abai Secondary school Nel5 in Atyrau. In the 9th "A"class, environmental education
was integrated into the chemistry lesson, and the 9th"B" class was held as a traditional
(new format) lesson. 9 "A" class chemistry lessons were taught on the following topics
with integrated environmental education:

1. Lesson topic: General characteristics of metals

Training goals:

9.1.4.1-be able to explain the properties of metals using knowledge of metallic bonds
and metallic crystal lattice

9.1.4.2-to describe the physical and chemical properties characteristic of metals and
explain that metal atoms only exhibit reducing properties

Integrated environmental concepts, questions covered: the penetration of heavy
metals such as copper, lead and zinc into the tissues of the human body leads to
oncological diseases, abnormalities of the heart , blood vessels. Therefore, cleaning the
water composition from heavy metal ions is an important and complex task.

1. What are the functions and effects of metal ions in the human body?

2. What are the ways of environmental pollution of ferrous metallurgy enterprises?

3. The concept of heavy metal pollution? (Florentina, 2015; Ismail, 2011).

2. Topic of the lesson: Ingots of metals. Demonstration Ne5 "metals and ingots"

Training goals:

9.1.4.3-knowledge of the concept of casting and its advantages

9.1.4.4-comparison of the composition and properties of cast iron and steel

9.4.2.5-naming metal deposits in Kazakhstan and explaining the processes of their
production, impact on the environment

Integrated environmental concepts, questions covered: ferrous metallurgy enterprises
have a large share of environmental pollution, which releases 15 % sulfur dioxide,
15-20 % nitrogen oxide, 15 % industrial dust and pollen into the air. At the same time,
about 200 million tons of solid waste occupy large areas of fertile land.

3. Topic of the lesson: extraction of metals

Training goals:

9.4.2.6-description of the process of metal extraction from ore

Integrated environmental concepts, questions covered: what are the measures to be
followed in the process of metal extraction? Analyze the following idea: "chemical,
metallurgical and machine-building enterprises of Russia and Kazakhstan dump
untreated waste into the Ural River. As a result of this, the fields where the seeds of
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very valuable sturgeon are sprayed are poisoned, and the Atyrau region suffers a lot of
damage." (Wang, 2018; Torsykbayeva, 2023).
4. Topic of the lesson: metals of Group (I) and Group (II) and their compounds.
Training goals:
9.2.1.1-explanation of the general properties of alkali metals based on atomic
structure
9.2.1.2-compilation of reaction equations characterizing the basic properties of
oxides and hydroxides of alkali metals
9.2.1.3-comparison of the general properties of metals of Group 1 (I) DST and Group
2 (II) and compilation of reaction equations
9.2.1.4-explanation of the basic properties and description of the application of
calcium oxide and hydroxide
Integrated environmental concepts, questions covered: pollution of the feeding
environment: the transition of calcium to strontium in the human and animal body.
The concept of hardness. Why is hard water not used when washing car engines?
Environmental impact of hard water? (Karaev, 2023; Kalimukasheva, 2022).
5.Topic of the lesson: metals of Group 13 (III). Aluminum and its compounds.
Training goals:
9.2.1.5-explain the properties of aluminum based on atomic structure, name the
application area of its important compounds and castings
9.2.1.6-study of the dual properties of aluminum, its oxide and hydroxide
Integrated environmental concepts, questions covered.: the effect of aluminum on the
human nervous system
6.Topic of the lesson: practical work Ne 4 solving experimental problems on the topic
"Metals"
Training goals:
9.2.1.7-planning and conducting experiments related to the interaction of metals of
Groups 1 (I), 2 (1), 13 (II) with simple and complex substances;
Integrated environmental concepts, questions covered: solving environmental
problems
7.Topic of the lesson: Halogens. Chlorine
Training goals:
9.1.4.5-compilation of electronic formulas of halogen molecules and determination
of crystal lattice type and Bond type
9.2.1.8-prediction of the laws of change in the properties of halogens in the group
9.2.1.9-description of chemical properties of chlorine: interaction with metals,
hydrogen and halides
Integrated environmental concepts, questions covered: what properties can explain
the use of chlorine as a bleach in everyday life? What is the role of chlorine in water
purification?
8.Topic of the lesson: 16 (V])-group elements. Sulfur. Sulfur compounds
Training goals:
9.2.1.11-16 (VI) - description of the general property of group elements
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9.2.1.12-comparison of the physical properties of allotropic changes in sulfur and

compilation of reaction equations reflecting the chemical properties of sulfur

9.2.1.13-comparison of the physical and chemical properties of sulfur (IV) and (VI)
oxides and explanation of the physiological effects of sulfur dioxide

9.4.2.1-explanation of the cause of acid rain and its impact on the environment

Integrated environmental concepts, questions covered: knowledge and understanding
of the physical and chemical properties of sulfur compounds. Understand the
physiological properties of sulfur compounds. Understand the cause of acid rain and its
impact on the environment. Identification of ways to solve environmental problems in
our region (Atyrau region)

9.Topic of the lesson: sulfuric acid and its salts. Practical work No. 5 "Study of the
chemical properties of dilute sulfuric acid solution and its salts"

Training goals:

9.2.1.14-study of the physical and chemical properties of sulfuric acid solution and
its salts

Integrated environmental concepts, questions to be covered: full familiarization with
the concept of" acid rain". Study of the impact of sulfuric acid on the environment. In
the Ural River in our region (Atyrau region), tons of fish die every year and their number
increases from year to year. Could this story be related to the ANPZ? (Kalimanova,
2019).

Table 1
Short-term plan for Grade 9 "a"
Unit 9.3 A 17 (VID), 16 (VI), 15 (VI), 14 (IV) -group elements and their compounds
Teacher’s name: Aleshova Aidana Abaikyzy
Date:
Class:9 “a” number of participants | number of non-participants
Lesson topic: Sulfur compounds
Purpose of training 9.2.1.13-comparison of the physical and chemical properties of sulfur (IV) and
according to the (VI) oxides and explanation of the physiological effects of sulfur dioxide
curriculum 9.4.2.1-explanation of the cause of acid rain and its impact on the environment
Purpose of the - comparison of the physical and chemical properties of sulfur (IV) and (VI)
lesson: oxides and explains the physiological effects of sulfur dioxide.
- acid rain explains the cause and impact on the environment.
The course of the lesson:
Period/time of | Teacher's actions Student's actions Evaluation Resources
the lesson
Beginning of | Welcomes students, By selecting and scanning | Oral feedback
the lesson checks their attendance | the papers presented in
Organization | Represents the topic front of them, they unite
3minutes of the lesson and the in 3 groups.

purpose of the lesson.
Division into groups.
Groups students
according to the " QR"
code method
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Literacy.

Teamwork.

Each group is assigned
a theme on the same
topic

Group 1. "Poster"”
Group 2”News Service"

Physical and chemical
properties of sulfur
compounds

Group 2”’News Service"
What is the threat posed
by sulfur compounds to
the environment?Why is

- physical

and chemical
properties

of sulfur
compounds

- Reveals the
environmental

Repeating the | Repetition of the the "true - false" method, |The teacher's
past past topic checking answer the questions opinion. @
5 minutes homework using the asked. Great job!Good
"truth-false" method. 1. sulfur is in group VI of | luck! stickers
the periodic table with the
2. sulfur is yellow, poorly |inscription
soluble in water, does not
conduct heat and current
3. Sulfur does not occur
in nature in a free state,
because it is very active
4. Sulfur is an
environmentally polluted
element
5. used in the production
of sulfur rubber
Middle of the |In order to reveal the Students analyze and Craiig
lesson topic of a new lesson, discuss the lesson Buneo
Introduction to | a preliminary text is Determines the topic of
anew lesson | given. the new lesson. https://youtu.
10 minutes "In 1963, scientists Watching the video show, be/DnJH8wp-
studying the Hubbard listening and forming an MEQU?si=
Brook Experimental idea. 0at63yoO-
Forest made a shocking JS506EANP
discovery. They have Each group sets a goal for
been studying rainwater |today's lesson:
non-stop for years, but | "To know and understand
according to a recent the physical and chemical
study , recent rain properties of sulfur
samples were nearly 100 | compounds
times more acidic than
usual; this could destroy | Understanding the
the region's ecosystem | physiological properties
in decades. What caused | of sulfur compounds
this deadly rain? And
what can be done to stop | Understanding the cause
it?» of acid rain and its impact
Students are introduced | on the environment”
to the topic and purpose
of the new lesson, and | Additional purpose:
each group is given a "Identification of ways
task to set a goal for this | to solve environmental
lesson problems in our
region(Atyrau region)”
15 MuHyT Task for Functional Group 1. ”Poster" The descriptor | Poster, cross-

section paper,
stickers
laptop mobile
phone
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Group 3 is transferred the ecological situation in | problem of
to the defense of Atyrau region so bad? Atyrau region
the topic using the Group 3 “ Interview - determines
“interview” method “(interview with an the effect of
ecologist) sulfuric acid
What are the measures compounds
to prevent contamination |on the
with sulfur compounds? | environment
Are there ways to solve | - offers
the problems of pollution |solutions to the
with sulfur compounds in | problem
Atyrau region?
Tasks for Individual work: Task 1 The descriptor | Textbook for
fixing the What is the density of - calculates the 9th grade
lesson Performs, monitors, sulfur dioxide compared | the density of | Workbook.
6 minutes shows examples, to air and hydrogen? sulfur dioxide
examples of tasks in the | Task 2. Among the compared to air
task heading 1,2. reactions below, find - calculates
an equation showing the density of
both the oxidative and sulfur dioxide
reducing properties of compared to
sulfur. Explain the reason: | hydrogen
A)SO: + Na.O =
Na2S03; JeckpunTop:
b) 5SO3 +2P =
P203+5S02;
¢) SO2 +2NaOH =
Na2S03 + H20;
d) SO3 +Na20 =
Nast4;
€) 2S02 + 02=2S03
End of the Reflex is created using | Students create feedback
lesson the” Mentimetr " with the teacher using a | Self-
3 minutes method QR code assessment
Conclusion Homework & 30 C-1 I understood the lesson, it | It is estimated
Reflection was very interesting in the range
Student I liked the lesson, but from 1 to 10
assessment, there were some small points
homework mistakes..
assignment I was not interested in the
lesson.
I didn't complete the
tasks.
Table 2
Short-term plan for Grade 9 "B"
Unit 9.3 A 17 (VID), 16 (VI), 15 (VI), 14 (IV) -group elements and their compounds
Teacher’s name: | Aleshova Aidana Abaikyzy
Date:
Class:9 “B” number of participants | number of non-participants

Lesson topic:

Sulfur compounds
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Purpose 9.2.1.13-comparison of the physical and chemical properties of sulfur (IV) and (VI)
of training oxides and explanation of the physiological effects of sulfur dioxide

according to the |9.4.2.1-explanation of the cause of acid rain and its impact on the environment
curriculum

Purpose of the |- comparison of the physical and chemical properties of sulfur (IV) and (VI) oxides
lesson: and explains the physiological effects of sulfur dioxide.

- acid rain explains the cause and impact on the environment.

The course of the lesson:

Period/time of | Teacher's actions Student's actions Evaluation Resources
the lesson
Beginning of the | Welcomes students, | By selecting and Oral feedback
lesson checks their atten- scanning the papers
Organization dance presented in front of
3minutes Represents the topic | them, they unite in 3
of the lesson and the | groups.
purpose of the lesson.
Division into groups.
Groups students ac-
cording to the " QR"
code method
Repeating the Repetition of the team up with the The teacher's
past completed topic group using the" opinion.
5 minutes - "wordwall.net "- coleso " method and | Great job!Good
checking homework |answer the questions | luck! stickers with
using the "wheel" given. the inscription
method in the 1. Where is sulfur in
program the periodic table?
2. tell the atomic
structure of sulfur
3. where sulfur is used
4. What do you know
about the distribution
of sulfur in nature
Middle of the The topic of the Watch the video. Read
lesson lesson and the goals | the textbook. They get
Introduction to a | to be achieved are acquainted with the
new lesson introduced. The reference words, write
10 minutes production method down the equations
and conditions for of reactions in their
obtaining sulfur notebooks.
compounds in the
laboratory are shown
in a video clip
Teamwork Performs task 1 in the | 1. Task The descriptor: Poster, cross-
6 min task header, monitors, | Question to students: | Total-4 points section paper,
shows an example, Where Are sulfur Differentiation: stickers
example. compounds used? the "Dialogue and
(Students express Support" method

their thoughts. When | of differentiation is
listening to students ' | manifested here. To
opinions, it is help answer
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important to listen
and draw conclusions
without interrupting).

in the right way,
some students are
asked open-ended
questions, and some
students in need

of help are asked
leading questions.

Tasks for fixing
the lesson
6 minutes

Individual work:

Performs, monitors,
shows examples,

examples of tasks in
the task heading 2,3.

2. Task

Working with text
Sulfur forms three
different oxides: S
(IV) oxide SO, (sulfur
gas or sulfur dioxide),
which is a yellow,
suffocating pungent-
smelling gas. Sulfur
(VI) oxide, sulfur
anhydride-so, volatile,
colorless liquid. Sulfur
(VIII) oxide - so. They
are well soluble in
water, resulting in the
formation of sulfuric
acid H.SO and
sulfuric acid h2so4, so
it turns out that these
are acidic oxides.
Task 3

1. What is the oxide
formula if m(S): m(0)-
1: 1? Find its density
in comparison with air
and the mass of 1 liter
(KJ).

2. how much air is
needed to oxidize
sulfur (IV) oxide with
a volume of 30 m3?

Descriptor: total-3
points

Descriptor: Total-4
points

1 point for each
correct answer

Textbook for
the 9th grade
Workbook.

End of the lesson
3 minutes
Conclusion
Reflection
Student
assessment,
homework
assignment

The reflex is created
using a padlet board

Students provide
feedback to the
teacher via qr code
Provides feedback
on how the lesson
went, if he has
misunderstood
questions about the
lesson, or by giving
the teacher a grade

Self-assessment

It is estimated in the
range from 1 to 10
points

padlet

Results and their discussion
The results of the study are shown in the comparison below. Monitoring of the
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educational achievements of students of grades 9" A"and 9 "B"has been carried out, as
aresult of which it is possible to see an increase in the quality of education of students of
Grade 9 "a", who have integrated environmental education into the educational process,
and an increase in students ' interest in the subject. The research work was obtained
based on the results of the study of the evaluation indicators of the i-th and ii-th quarters.
In the 9th grade"A" there are 18 students, where the best-2, the Accent-5, the average-11.
in the 9th grade " B " there are 18 students, the best-1, the Accent-6, the average-10. As
a result of the study, at the end of the second quarter, the ranks of the best in the 9th"a"
grade increased by 1 student, the emphasis-by 3 students. No changes were observed in

the 9 "B" Class. These results are shown in the diagram below.
Picture 1

Comparison of knowledge indicators for the first and second quarters

The indicator of knowledge in chemistry of
students of grade 9 "B" for the first quarter
(before the study)

The indicator of knowledge in chemistry of
students of grade 9 "A" for the first quarter
(before the study)

M Good M Excellent M Sad M Good M Excellent M Satisfaction

Indicator of knowledge in chemistry of
Grade 9 "A" for the II quarter (research
result)

Indicator of knowledge in chemistry of
Grade 9 "B" for the II quarter (research
result)

HGood M Excellent M Satisfaction M Good M Excellent M Satisfaction

Conclusion

As a result of the selection of material on the main topics of the chemistry course
and the integrated study of environmental knowledge in daily classes, students not only
improve the quality of knowledge, but also become interested in the subject, reveal the
ability to cognitive creativity. This also contributes to the fact that in the future they will
freely, without mistakes, choose the desired profession. Questions, demonstration and
laboratory experiments on each topic were selected. The topics of reports and messages
were presented to the students. A number of allocated nature protection, the need to
pay attention to them was noted during the lesson. The results of research activities to
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study the environmental comfort of school premises were given by specifying a short-
term plan. The skills of action acquired in Chemistry Lessons significantly increase
the quality and degree of learning of students. Allows students to gain knowledge in
other subjects. The presented material can be used to work in classes and extracurricular
hours. The methodological development carried out as a result of scientific research can
be introduced into the educational process of general educational institutions.
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Abstract. At present, the pollution of water bodies is an urgent problem. The
natural water regime is disturbed by dumping waste into Almaty's water bodies. The
share of river water pollution by pipe runoff, domestic waste, industrial waste is also
high. The purpose of this work is to determine the level of chemical contamination of
Almaty rivers. Therefore, the study of water pollution of the main rivers that provide
water supply to the city of Almaty is an urgent issue. The rivers Bolshaya Almatinka
and Malaya Almatinka, as well as their tributaries — Yessentai (Vesnovka), Ak-Kain,
Remezovka, Zharbulak (Kazachka), Karasu, Kargaly (Kargalinka) flow through the
city. The Yesentai River flows into Bolshaya Almatinka, further flows into Kaskelen,
the Malaya Almatinka River flows into Kapshagai reservoir. In accordance with the set
goal, the objectives of the study were defined. The study object was the rivers Bolshaya
Almatinka, Malaya Almatinka and Yesentai. The study revealed different levels of
chemical pollution. Monitoring of heavy metals in the sources of domestic and drinking
water supply of the city of Almaty was carried out. Water samples from the Bolshaya
Almatinka, Malaya Almatinka and Yesentai rivers were taken at the research laboratory
for assessment of food quality and safety of the Almaty Technological University.
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Organoleptic properties of the composition of selected samples were determined and
heavy metals were identified. Heavy metals (Fe, Cu, Zn) from river water samples were
determined using spectrophotometer KFK 3.01. As a result of the research, heavy metals
in the rivers of Almaty were identified and their dynamics and degree of accumulation
in certain periods of time were studied. The rivers of Almaty had significant chemical
pollution exceeding MPC when flowing through the territory of the city.

Keywords: water pollution index, water quality index, heavy metals, MPC, average
concentration, organoleptic properties
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Annoramus. Kazipri yakeiTTa cy OOBEKTUIEpiHIH JlaCTaHybl ©3€KTi Mocele
Ooubin Tabbutaabl. CyablH TaOUFU PEXHUMI KalABIKTapAbl AJMaThl Cy OOBEKTiiepiHe
TOry >KOJNbIMEH Oy3blianel. ©O3€¢H CyJapblHBIH KYOBIpIap arbIHBIMEH, TYPMBICTHIK
KaJ/IBIKTAPMEH, OHEPKICINTIK KOCIOPBIHAAPABIH KaIABIKTapbIMEH JacTaHy YyJjeci
Jie JKOFapbl. Byl KYMBICTBIH MakcaTbl AJIMarhl ©3€HIEpPiHiH XUMUSIIBIK 3aTTapMeH
JacTaHy JopeKeciH aHbIKTay 0oJbIn Tadbu1agsl. COHIBIKTAH ANTMAThl KaJachblH CyMeH
KaMTaMachl3 €TETiH HeTi3r1 ©3¢Hep CYbIHbIH JIACTAHYbBIH 3€PTTEY ©3€KTi Macelie OOMbII
tabbutanpl. Kana apkpuibl YikeH Anmarsl skoHe Kinn Anmarsl e3eHzaepi, COHa - ak
onapnbIH cananapel-Ecenraii (BecHoBka), AK-KaiibiH, Peme3zoBka, XKapOynaxk (Kazauka),
Kapacy, Kapraner (Kaprainer) e3eHaepi arbin otesi. Ecenraii e3eHi YIikeH AnMarbiFa,
onan opi Kackenen esenine xysinbl, Kimi Anmmarer e3eni Kammrarail cy koiimachiHa
Kysabl. 3eprrey HbicaHbl peTiHge YikeH Anmarbl, Kimi Anmarel xone Ecentaii
e3eHzepi 00mbl. 3epTTey XMMUSUIBIK 3aTTap/AblH JaCTaHybIHBIH SPTYPJIi ACHIeHIepin
aHbIKTaabl. KolbulFaH MakcaTka coiikec 3epTTey MIHIAETTEpi aHBIKTalAbl. AJMAaThl
KaJIaChIH IIapyallbUIBIK-aybl3 CYMEH Ka0/IbIKTay KO3AEPiHiH ayblp MeTangapbl OOMbIHIIA
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MOHHUTOPHHT )KYPri3iiai. AJMaThl TEXHOJIOTHSIIBIK YHUBEPCUTETIHIH TaMaK OHIMICPiHIH
caracel MEH Kayincizirin Oaranay >keHiHAET1 FhUIBIMH-3€PTTEy 3epTXaHachblHIa Y JIKeH
Anmarsl, Kimi AnMarsl skoHe EcenTaii e3eH1epiHiH CylapbIHbIH ChIHaMAaIaphl allbIHABL.
IpikTenreH cblHaManap KypaMbIHBIH OpPraHOJCNTHKAIBIK KAaCHETTepl aHBIKTAJIBII,
ayblp METalJap aHbIKTaJIAbl. ©3€H CyJapblHBIH ChIHAMalapblHAH ayblp MeTajaap
(Fe, Cu, Zn) K®K 3.01 cnexrpodoToMeTp KypasJbIHBIH KOMETriMEH aHBIKTaJIIbL.
3epTTey HOTHXKECiHIe ANMAaThl KaJlaChIHBIH ©3C€HACPIH/E ayblp METalAap aHbIKTaIIbI,
COHal-aK onapAblH Oenrini Oip yakbIT Ke3eHAEPiHIeT! KUHAKTAIYbl A9peKeci MeH
JUHAMHUKACHI 3epTTeNai. AJIMaThl ©3€HIepi Kala ayMarbl apKblIbl aFbIll KAaTKaH Ke3/e
[IPK-nan acaTblH alTapiIbIKTall XUMSUIBIK JIACTAHYFa Ue OOJIIbL.

Tyiiin ce3aep: cyablH 1lacTaHy HHAEKCI, Cy carachbIHBIH KOPCETKIl, aybIp MeTaJaap,
HIMK, opTrama KOHIEHTpaLusl, OpraHOJIEITHKAIIBIK KACUETTED
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AunHoTanusi. B HacTosimiee BpeMsi 3arps3HEHHE BOAHBIX OOBEKTOB SBISETCS
aKTyaqpHOH mpobnemoil. EcrecTBeHHBIN pekMM BOABI HapylaeTcsi MyTeM coOpoca
OTXOZIOB Ha aJIMaTWHCKHE BOJHbIE 00BbEKTHI. BhICOKa TaKke 1071 3arps3HEHHs PEYHbIX
BOJ CTOKOM TpYO, OBITOBBIMH OTXOIAMH, OTXOAaMH MPOMBIIIICHHBIX MPEANPHUITHH.
Lenbio naHHOM paOOTHI SIBISIETCS ONPE/ICIeHUE YPOBEHB 3arPsI3HEHHO CTH XUMHUECKUMH
BemiecTBaMu pek Asmatel. [lo3ToMy m3ydyeHue 3arpsi3HEHHs BOAbI OCHOBHBIX peEK,
o0ecrevnBaroInuX BOAOCHAOKEHHE ropoia AJIMaThI, SIBISETCS aKTyaJIbHBIM BOIIPOCOM.
Yepes ropox mpoTtekaroT peku bonbmas AnmaruHka ¥ Manas AIMaTHHKA, a TakKe
ux nputoku - Ecenraii (BecnoBka), Ak-Kaiinn, PemesoBka, XKapOymak (Kazauka),
Kapacy, Kapransr (Kapranunka). Pexa Ecenraif Bmamaer B Bonbliyio AnMaTHHKY,
nanee Brajzaer B KackemeH, peka Mamas AnmartuHka BmajgaeT B Kammaraiickoe
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BOJOXpaHWININE. B COOTBETCTBUU € MOCTABICHHOW LIEJIBIO OMPEICICHBI 3aa4u
uccienoBanus. B kauecTBe oObeKkTa McCiIe0BaHus ObUTH peku bosbinas AnmmaruHka,
Manass Anmatunka u Ecenrtail. VccrnenoBanue BBISSBUIO pPa3iUYHbIE YPOBHHU
3arpsi3HEHUS] XMUMHUYECKMMHU BelecTBamMu. IIpoBeieH MOHUTOPUHT MO TSDKEIBIM
METaJllaM HCTOYHHKOB XO3SHCTBEHHO-IIUTHEBOTO BOJOCHAOKEHUS Topoia AJIMATHI.
B HayuHO-mccenoBarenbCckoil 1abopaTopur MO OIEHKE KayecTBa U 0e30MacHOCTH
MUIIEBBIX TPOTYKTOB AJIMATHHCKOTO TEXHOJIOTHUECKOTO YHUBEPCUTETA ObLITH OTOOPaHbI
po0Osl Bo pek bonbmiolr Anmaruaku, Manod Anvaruaku u Ecenraii. OnpenencHbl
OpraHOJICNITUUECKUE CBOWCTBA COCTaBa OTOOPAHHBIX MPOO ¥ BBISIBICHBI TSHKEIBIC
MeTauIbl. TsDKenble MeTaJLIbl U3 P00 PEUHBIX BOJ OMPEACISUIN ¢ MOMOIIbI0 Tprbopa
cnekrpodoromerpa KDOK 3.01. B pesymbrare wuccieqoBaHUN BBISBICHBI TSHKEIBIC
METaJUIbl B peKax I. AJIMaThl, a TAaKKe U3yuyeHa UX JUHAMUKA U CTCICHb HAKOIUICHUS
B OIpeeiICHHbIC TEPUOAbl BpeMeHH. Pekn AnMaThl IpU MPOTEKAHUU 110 TEPPUTOPUH
ropojia UMeJI0 3HaUUTEIbHOe XUMHUYECKoe 3arpsisHenue npesbimaromumii [T/1K.

KuioueBble ¢j10Ba: UHIEKC 3arps3HEHUS BOMBI, TspKenbie meTamsl, [IJIK, cpenusisa
KOHIICHTPALIMsI, OPraHOJCNTHUYECKUE CBOMCTBA

Beenenne

Ha coBpemenHoM dTane ypoaHu3anuu, KOTOPbI NpHoOpeTaeT ModaIbHbIH XapakTep,
0coboe MEeCTO U 3HAaUYCHHE B HOpMaJIbHOW (PyHKIMOHAIBHOM JESTEILHOCTH YEIOBeKa,
KUBBIX OPraHM3MOB M JKHMBBIX CYyIIECTB 3aHUMaeT Bojga. K cokaieHuto, Oomblias
4acTh 0c000 00bEMHBIX 3aracoB BOAbI B ruapocdepe (00vem ruapocdepsl B 2,2 pasza
OoublIe TUTOC(EPHI) ABISIOTCS HCTOYHUKAMH BOJIbI, HETPUTOJHBIMHE JJIsl TOTPEOIeHNUs
yenosekoM (Enrique et al., 2006). Ota cuTyauus, KoTopasi CETOAHS CTaBUT MpodieMy
MIPECHOW BOJBI MEpe]] YEIOBEYECTBOM KaK IIOOANbHYIO MpoOiIeMy, IO MPOTHO3aM, B
OmmKaiiine NecsATHIeTHsl OOoJNblIas 4acTh HACEIEHUS MHUpPAa MOXET CTOJNKHYTBCS C
npobnemMoii mpecHoi Boapl. KauecTBeHHBIE H3MEHEHUS KITUMaTa, BOABI B peKax, 03epax
ceromHsl cosfaroT mpoOnembl mupoBoro Macmrada (Kumar et al., 2019). FOxnas
CTOJIUIIA C HaceJIeHneM 0oJjiee 2 MUJITMOHOB YeJIOBEK, TPOMBILIICHHBIH LEHTP, SBISETCS
OJTHUM M3 CaMbIX KPacHBBIX TOPOAOB. DTH BOABI HCIIOJIB3YIOTCS B MPOMBIIIIEHHOCTH
U YUYpeXKICHHUSX, JOMAaX M KBaPTUPAX M COAEPIKAT Pa3MUHBbIC BJIEMEHTHI, XUMHKATHI,
MeTaulbl, HeTenpoAyKThl, MOIOILIME CpeNCcTBa. B Hacrosiiee Bpems ariioMeparus
ropoja AJMaThl BXOAUT B YUCIIO HanOoJIee HKOIOTHUECKH HEOIaronoiayYHbIX pailoHOB
Pecnyonuku KazaxcraH, rie Bce nNpupogHbIE CPebl B BHICOKOH CTENCHU 3arpsi3HEHBI
TOKCUYHBIMU XMMHUYECKUMH BEILIECTBAMH TIOYBBI, BOJbI, PACTUTEIBHOCTH, aTMOC(hepbl
(AnbxxanoBa u ap., 2003). B BoccTaHOBICHUHM SKOJIOTUYECKOTO COCTOSHHUS TOPOAa
0coboe BHUMaHUE yAensieTcs MajlbiM pekaM ropofa AJMaTbl, TaK KaK OHH SBISIFOTCS
HUCTHHHBIM TPUPOTHBIM (UIBTPOM, a TaKKe, MCHOJNB3YyeTCs B KaueCTBE OCHOBHOTO
HCTOYHHKA BOJIBI B 30HaX BOAOCHAOKEHHUSI, THAPOIHEPTETUKH, peKpealun. Bomabl u3 pek
ropoga AJMaThl OTJIMYAIOTCSI BHICOKMM YPOBHEM 3arpsi3HEHUS, 0COOCHHO TSKEIBIMH
MeTajuiaMu. B ropone AnMarbl pacnoiokeHbl 22 peyHbIX U 4 HCKYCCTBEHHO-PYCIOBBIX
BOJOXpaHWINIIA. B 30HE OXpaHbl BOJA peK AiMarbel pacnoiokeHo 1252 oObekra.
YcraHoBII€HO, 4TO B HUX pactionoxkerbl 1090 xubix 1omoB, 27 kade, 20 Mara3suHos, 5
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BETPO3ALUTHBIX CTAaHIMH, 45 rapaxkel, 26 NpeANpUATHI U opraHu3anyil. 3arps3HeHne
BO3/lyXa HETaTUBHO CKa3bIBAETCs HA 3[0POBbE TOPOXKaH, KOpe MOYBHI, (iope u QayHe,
MOBEPXHOCTHBIX M MOA3EMHBIX Bojxax. [loaToMy ypoBeHb OaKTEpPHOIOTHYECKOTO
3arpsi3HEHHs PeK AJIMaThbl JOCTHUT BBICOKOTO YpoBHs (Zamora-Ledezma et al., 2021).

OO0masi MpOTSHKEHHOCTh KaHAIOB pek cocrapiser 220,8 kM, oO0mias ImUIomaib
BonoemoB-1116 ra. Kpynueilmme pexkn Anmarsl: bonblmas AnmaTtuHCKas peka,
Manas AnMaruHcKas peka, nanee peka Ecenrail. Mcrounnku BonocHaOXeHuUs ropoaa
MMOBEPXHOCTHBIE UCTOYHUKH — 3TO OOJBLIOE M MajloaIMaTHHCKOE 03€pa, MOA3EMHBIC
HWCTOYHUKM - AnmatuHckoe, Tanrapckoe, ManoalMaTHHCKOE MECTOPOKIACHHUS.
YcraHoBieHo, uTo B peke Mainasi AnMaTuHka Meapb B 2,5 pasa Bblle, (heHon B 2 pasza
Boine. Conepkanue cBuHIa cocraiser okoio 1,1 ITJK, a comep:kaHne ocTalbHBIX
Tsxensix MetasuioB Huxke [1JIK. B pexe EcenTail npenensHo 1omycTiMas KOHIEHTpaLus
(ITAK) menu — yBenuueHa B 3 paza. Pexka Manas AnmaTtuHKa MPOXOAUT IO CEBEPHOM
cTopoHe xpebTa 3aunuiickoro Ajaray, OTHOCHTCS K Oacceiiny o3epa banxa, miomanb
BoziocOopa KoToporo cocrasisieT 118 km?, B Bnagenun B peky Kackenen nocruraer 710
kMm? (Bolisetty et al., 2019).

[lo mocnenHUM JaHHBIM, YPOBEHb 3arpsi3HEHHS BOJIOOXPAHHOM 30HBI peK AMaTrhbl
TSOKETBIMUA MeTallJlaMM JTOCTUI BBICOKOTO ypoBHsA. Hampumep, Ha pexax bosbmas
Anmarunka u EceHrall nomycTumble NpeneabHO BBICOKHME KOHIEHTpalMH Menu
JNOCTUTHYTHI B 3 pa3a, Ha peke Manast Anmaruaka — B 2,5 pasa, ¢eHon — B 2 pasa.
JluHamuKa NpUCyTCTBUS U yPOBEHb HAKOIIEHUs TshKenbIX MeTaiuioB (Cd, Pb, Cu, Zn) B
YIOMSIHYTBIX pekax B repuof ¢ 2021 no 2022 rox ObutH U3yUyeHbl, 1 ObLII0 OOHAPYKEHO,
YTO OHU MPUCYTCTBYIOT BO Bcex Tpex. Hampumep: menp yBennuunacs ¢ 11 go 12 ITAK
3a Bce rogpl. OTMEUEHO 3arps3HEeHHe CBUHIOM Ha pexe Manas Anmarunka (1,1km),
Bonpmrass Anmarunka (1,9 k). Comep:kaHue OCTalbHBIX TSDKENBIX METAJIOB OBLIO
umxe [1JIK (Shakhawat Chowdhury, 2016).

[lytn momaganusi B rugpocdepy TSHKEIbIX METaJUIOB U3 3arpsI3HEHHOW YEIOBEKOM
BOIIHOM cpenpl paznuuns (Sall et al., 2020). K TskenbiM MeTaiiaM OTHOCST SJIEMEHTHI,
o0nasaronue MeTaJUIMIECKIM CBOMCTBAMH M OTHOCUTEIILHOM aTOMHON Maccoil BbIlIe
50. Apyroii KpuTepuii — MIOTHOCTb, PaBHAS WU MIPEBBIIIAONIAS YACTbHBINA BEC JKee3a
(7,8 r/cm?). CaMbIME OTIACHBIMU SIBJISTFOTCS CIIEYFOIITHE SIIeMEHTRI: XpoM (51,9); Hukenb
(58,7); xobansr (58,9); menp (63,5); uunk (65,4); Mbibsak (74,9); kagmuit (112,4);
pTyTh (200,6); cBunen (207,2).

XUMUYECKUI COCTaB BOJBI TAK)KE BIMSAET HAa KUBOW OPraHU3M. YCTaHOBJIEHO, YTO
MPUPOJIHBIE BOJBI MOTYT COZAEPKaTh pa3luuHbIe MHUKpOdJIeMeHTHI (#on, 6pom, ¢rop,
CEJICH, CTPOHIIMIA, MOIUOJCH, k0OansT U Jp.). OONagar0T BHICOKON OMOIIOTHYECKOi
AKTHBHOCTBIO, OHM OINPENENSIOT HOPMAJIbHOE TEUEHHE MHOTUX (PU3MOIOTHYECKUX
U MeTabOMMYeCKUX MPOLECCOB B OPraHU3ME UENOBEKa, YYaCTBYIOT B MHHEPaJIbHOM
0oOMEHE M KaK KaTaJlu3aTopbl Pa3IUUHBIX OMOXUMHUYECKUX PEAKLUI BIUSIOT Ha 0OIIMi
oOMeH BeuiecTB. MHUKpPOAJIEMEHTHl MOCTYMAlOT B OPraHW3M 4YelOBEKa W3 BHELIHEH
Cpelpl, UX KOJMYECTBO B OPraHM3ME HANpPSAMYIO 3aBUCUT OT HAJIWYMs B IOYBE, BOJE,
pacteHusx u T.1. HemocTaTtok mim M30BITOK ONpeNeNeHHBIX MUKPOJIEMEHTOB B BOJE
W THIIEBBIX MPOMYKTaX MOXKET MPHBECTH K HApYLICHUIO Pa3iIM4YHbIX (YHKUUH H
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3a0oneBanuid. [IoMMMO MHMKpO3JIEMEHTOB, HAa OpPraHU3M YeJOBEKa BIHSET OOJbILIOE
KOJIMYECTBO Pa3IMYHbIX cojeil B Boje. Tak, BBICOKO MHHEpaJIM30BaHHAs BoOJa
CIOCOOCTBYET MOBBIIEHHIO THAPOPUIBHOCTH TKaHEH OpraHu3Ma, 3alep>KKe BOABI B
opranmsme (Kilaru u ap., 2019). Bkyc Boapl IO CpaBHEHHUIO C YUCTOM MUTHEBOM BOION
nmeer 4 4yBCTBa BKyca (CIagKuil, TOPbKUH, CONEHBIN, KUCIbIH). Jpyrue onrymeHus
OTHOCSTCS K BKYCY. DTO CIaAKHH, METaAIIIMYECKUHA, XJI0p, aMMHaK U Apyrue. OueHka
3amaxa M BKyca ompezaessiercss mo S-0amuipHoW mmikajie. [Ipu Beicokoil Temmeparype
YCUJIMBAIOTCS 3allaxy U HENPUsATHBIE BKycoBble kauecTna ([locTaii, 2012].

3amax BOJbl — OJMH U3 YyBCTBUTENIbHBIX MOKa3aTesell kadecTBa BOAbI, U3MEHEHNE
KOTOpOTO CBMJIETENICTBYET O 3arpsisHeHuH. Kpome Toro, mpum M3MEHEHHM 3amaxa
MOYKHO ONpEIETNTh HE3HAUUTENIbHYIO CTENEHb 3arpsA3HEHUs BOJbI, YTO IMPEBBHIIIAET
YyBCTBHTEJIBHOCTh Pa3pabOTaHHBIX XMMHUYECKHX METOOB HccienoBanus (Qasem u
ap., 2021). 3amax BOABI CBS3aH C HAJTUYMEM B HEH Maxy4WX BELISCTB, MPOHUKAIOIINX
yepe3 pasziauuHble TeueHus. [louTu Bce >KHMIKHMEe OpraHWYecKue BeIlecTBa MPHUAAIOT
BOJIE XapakTEpHbIM 3amax pacTBOPEHHBIX Ta30B, OPraHUYECKHUX CYCIIEH3UH,
MHUHEpaJIbHBIX COJel. 3amaxu MOryT ObITh TPUPOAHBIMH (OOJIOTHBIE, CEpHBIE, THUJIBIE)
U UCKYyCCTBEHHOTO POUCXOXKICHHS (XJI0p, penomn, HepTsb u ap.) (Hocrtait, 2012).

g onpeneneHus IBETHOCTH MCCIIENyEeMYIO BOy CPaBHUBAIOT C UCKYCCTBEHHBIMHU
CTaHJapTaMH, TMPUTOTOBIEHHBIMH M3 CMECH XJIOpOIUIAaTMHAaTa Kalud U XJopuaa
KoOalnbTa (IUIaTHHO-KOOAJIBTOBAs MIKaa) MM OMxpomara Kanus u cynbgara koOanbTa
(xpom-koOanbToBasi mkana). Okpacka BOIbI, COOTBETCTBYIOILAS OKPacKe pacTBOpa,
KoTopbli cofepxut 0,1 Mr rutaTuHbl B 1 MII, Ha3bIBa€TCS TPaycoOM LIBETHOCTH.

Tabnuua 1. L{BeToBast mkasa MATHEBON BOBI

HaumeHoBaHHe KaTeropuu IIBETHOCTH L{BeT BOfIBI, TpaIyChI
OueHb MaJCHbKHI Jlo 25
MaJICHbKHI 25-50
CpeHUI 50-80
BBICOKHIA 80-120
OueHb BBICOKUH ooJbine 120

MarepuaJjibl 4 OCHOBHbIE METOIbI

Jliis mpoBeieHNs UCClieIOBaHNE BEIOMPAFOTCS MeCTa Jijisi cOopa Impod BOJIBI ¢ pa3HO
MIpeNoaraeMoil CTETICHbIO 3arps3HeHHOCTH. [IpoObI BO/IBI Ha COlepIKaHUE TIKEIBIX
MeTaioB B p. EceHrall orOupanu B 2 MecTax 1o pyclly peKd, Ha MepeceueHun e€
np. ane-Dapadbu (Ne 1) u ¢ yn. Peickynosa (Ne 2). Ha p. bonbmas AnMarraka Oblin
WCIOB30BaHbI faHHbIe 3 Touek: Ne 1-9,1 km BbImie ropona, Ne 2—0,5 kM HUKe cOpoca
AXBK, Ne 3-0,5 kM Hmxe ropoga. Ananus npo0 Boabl p. Masass AnMaruHka Ha
COJIepKaHHE TSHKEIBIX METAJIOB MPOBOAMIH 10 3 myHKTaM: Ne 1-0,5 kM HUKe cOpoca
MexkombOunara, Ne 2—2,0 kM BbIie ropoja, Ne 3—4,0 kM Hinke T. Anmarsl. B o0cyxaennn
1 aHanm3e 0a3bl JAHHBIX 10 3arPS3HEHUIO TSHKEIBIX METAJUIOB PEK I. AJIMaTHI.

KomniekcHble mokazaTenu  KadecTBa  IUTHEBOM  BOIBI  XapaKTEpPU3YIOTCA
onpene’eHHbIME Tpu3Hakamu. K Qu3udeckuM Tmokas3aresisiM KadyecTBa ITHTHEBOM
BOJIbI OTHOCATCSI TeMIIepaTypa, IPUBKYC, 3amaxX, MyTHOCTb U 1[BeT. OHU ONPEAENsIOT
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OpPraHOJIENITUYECKOE KaueCTBO BOJbl. XHMMHUYECKHE IIOKa3aTeld XapaKTepU3yHTCs
XUMHUYECKUM COCTAaBOM BOABI. XapakTep 3amaxa ONpeieiwii M0 BOCIPUHUMAEMOMY
3anaxy (MOYBEHHBIH, XJIOPHBINA, HEPTEIPOLYKT | T.[.) U OLECHWIN 3amax Mo OaJIbHOM
crcTeMe M FHTEHCUBHOCTH. B nccnenyeMbIx mpoOax BBISIBIICHBI CIIE Ty FOIIIE ITOKa3aTeNu:
B TpoOax OoJbIIOW peKH AJNMaTbl MHTEHCHBHOCTH 3alaxa — OTCYTCTBYET, XapakTep
MIPOSIBIICHHUS 3aI1axa — He HaOoaeTcsl, OIIeHKAa HHTeHCUBHOCTH 3anaxa — 0—1 6amn. U3
mpod peku EceHTail ”HTEHCHMBHOCTD 3amaxa — cyadas, XapakTep MpOsSBICHUS 3amaxa
— cnabas TpaBsiHO-IIOYBEHHAs!, OL[EHKa MHTEHCUBHOCTH 3amaxa - 2 Oamia. B mpobax
pexkun Manass AnmaTuHKa WHTEHCHBHOCTH 3alaxa - ciadas, XapakTep NpOsBICHUS
3amaxa — cjabas TpaBsiHasi, OIICHKa MHTEHCHBHOCTH 3amaxa — 2 Oamna. L{BeT Boxbl
orpeaeniii OTOMETPHYECKUM METOIOM ITyTEM CpaBHEHUS UCCIIeyeMOH POOBI BOJBI
¢ IMCTUIUTMPOBAHHOM Bomoil. LBeT mpoObl Boabl peku Ecenrtaii paBen 18,88 rpanyca,
410 He npesbimaet nokaszaress 1o CHull 2.01.14-83 nns nutheBoii Boabl. LBeT mpoOs!
BOJIbI pek Manast Anmartnska paseH 19,60 rpagycoB, OH He IPEBBIIIAET MTOKA3ATEINS 110
CHulI 2.01.14-83 myia nuTheBOM BOALL.

Pexa bonbmas Anmarunka (1,9 kM) mporekaeT yepe3 rOpHbIC, PaBHUHHBIE H
MepeXoAHbIE BO3BBIILIEHHOCTH. BomocOop cuntaeTcst ropHOHM 30HOH, KOTOPast COCTaBISIET
46 % Ttepputopun peku. UucTtoTa BOABI B 3TOM 30HE HAXOAUTCA HA CPEJHEM YPOBHE
(Kenmmumos u ap., 2005).

Omnpenensiiayn Mpo3pavHOCTb BOAbI (POTOMETPHUECKUM METOAOM, CPaBHUBAS MPOOY
BOJBI C IUCTUIJIMPOBAHHOM BOJIOM.

LiBeT ompenenseTcsi cpaBHEHHEM HCCIeIyeMOH MpoObl C STaJOHHOW BoAoH. B
Tabnuue | mpeacraBieHa crienuaibHas LBETOBas ILKana MUThEBOW BOIbl. MyTHOCTB
BOJIBI OMNpENENsieT COCTaB MEJIKOJUCIEPCHON CYCHEeH3MHM HEpacTBOPUMBIX YacTHIL,
TaK)Ke - HUINYHEM 0CaJIKa, U3MEPSIEMOT0 B MUKPOHAX U MUJLTUMETPAX; — ONPeesieTcs
nocne (QUIBTPALUK MPOOBI 1O B3BELICHHBIM, KPYMHOAWCIEPCHBIM BELIECTBAM H
BBICYILICHHBIM OCTaTKaM - IPO3PaYHOCTb U3MEpSIeTCs TIaBHBIM 00pa3oM BU3YaJIbHO IO
YPOBHIO MyTHOCTH BOASHOTO cTon0a. [lomyTHEHME onpenensercss JOTOMETPUUYECKH, B
3aBUCHMOCTH OT Ka4eCTBa MPOXOASIIET0 Yepe3 HEro CBETOBOIO JIyya.

Wnpekc 3arpsi3HeHust BOABI, KaKk M Jpyrue IOKa3aTeld, HMEIOT OoJbIIoe
Hay4YHOE, TEOPETHUECKOE M YHCTO MpaKTUYecKoe 3HaueHHe. VIMEHHO OHH SBIAIOTCA
[JIaBHBIM CIIOCOOOM AMarHOCTHKH, TIO3BOJISIIOIINM BBISIBUTH (DAKT 3arpsi3HEHHS U €T0
KOJIMYECTBEHHYIO Mepy. biarogaps aToMy MOYHO OHATh, MOYHO JIM HCIIOJIb30BaTh BOLY,
JUISL KAaKUX KOHKPETHO Heliel, a Takke TpeOyeTcs 1M NPUHATHE MepP 110 SKOJIOTHYECKOM
peadwInTanyy Boroema.

OO6pasupl Opanu M3 pa3HbIX TOUeK pek, Ha mpumepe pek (bombmas Anmarunka,
Manas Anmarunka u EcenTaif), B3STBIX ISl U3y4EHHs KadecTBa MOBEPXHOCTHBIX BOJ,
ObUI ONpeAeieH KOMIUIEKCHBIH IOKa3areslb KayecTBa — WHACKC 3arpsa3HEHUs] BOIbI
(U3B). 3B siBnsieTcss ONHUM U3 BaXHEHIINX XapaKTEPUCTHUK BOABI. Tak Ha3bIBAIOT
YCPEAHEHHBIN MoKa3aTeilb OTHOIIEHUs KOHUEHTPALUH KOHKPETHOTO 3arpsA3HSIOIIEro
BemiecTBa K ero ITJIK. 3B komudecTBeHHO MOKa3bIBAaET, HACKOJIBKO 3arpsi3HEHa BoJa
B peKe.

"Ouenb uncThle" Boabl oTHOCATCA K | kitaccy (M3B menee unu passo 0.3), "unctoie”
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- Il kmace (U3B ot 0.3 1o 1), "ymepenno 3arpsiznennsie” - I11 kinacec (U3B ot 1 mo 2.5),
"sarpsizaennbie” - [V kiacc (M3B ot 2.5 no 4), "rpszubie” - V kinace (M3B ot 4 1o 6),
"ouyenb rpszubie” - VI kimace (M3B ot 6 no 10) u "upessbruaiino rpssusie” - VII (M3B
oonee 10) [[Tocrxyma JI. u ap. 2019].

Jnst aTOrO € ONMpeneNeHHON MEePUOAMYHOCTBIO OTOMpaNd MPOOBl M MPOBOAMIH
HU3MEpeHHsT B COOTBETCTBHM C TPUHATOW METOOMKOW. B pesynbrare momydaercs
KOHKPETHOE 3Ha4Y€HHE, B 3aBHCUMOCTH OT KOTOPOTO CYASAT O CTENEHU 3arps3HEHHOCTH
MOBEPXHOCTHBIX MPECHBIX BOJ.

OreHka IPOBOIUTCA B COOTBETCTBHU C TPeOOBaHUSIMH PYKOBOASIIETO JOKYMEHTa
PII 52.24.643-2002. 3nech yka3zaHbl METOAMYECKUE MPUHIUIBI U HUHCTPYKIUH, IO
KOTOPBIM MOYKHO OLEHHUTBH CTENEHb 3arpsi3HEHHOCTH MOBEPXHOCTHBIX BOJA TOTO MJIH
WHOTO BOJI0€Ma (€CTECTBEHHOTO MIIM UCKYCCTBEHHOTO).

[To meToamke mpoBOAUTCS OTOOP MPOO € MOCIEAYIOUIMM aHAIU30M H BBISBICHUEM
¢axra npessimienus [1JK, Hampumep, mo coapepkanuio skeneza. Omnpenemnsiercs
CTENleHb MpPEBBILIEHHUS, HampuMep, B 4,3 Oonblue, YeM YCTaHOBICHHAs HOpMa
[MAK. OmnpenensieTcs KOIUYECTBO CIy4aeB 3a TOJ WIM JIpyrod Mmepuoj, Koraa ObLiu
0OHapy>KeHBbI 3TH HAPYILICHHS.

B pesynbrare Bozme mpHcBauMBaeTCsl ONpENeNeHHBI Kiace M paspsa. Jlydmei
OLICHKOH SIBJISIETCSl «YCJIOBHO 4HUCTas». Takas >KUIKOCTh HE CONEPKHUT BEIIECTB B
KOHILIEHTpanusx, npesbimaromux [TK.

Bwmecre ¢ Tem rapantupoBars ee unctoTy Ha 100 % HEBO3MOXHO BBHIY BIUSHHS
HETpeIBUACHHBIX (PaKTOPOB (HaNpUMep, KUCIOTHBIE TOXKIU, COPOC CTOUHBIX BOT).

dopmyna n MeTomuka pacuera mokaszaresss 3B 3aBUCHT OT TOro, Kakue BOJBI
HCCIIEYIOT, B JAHHOM CIIydae JJisl TOBEPXHOCTHBIX NpecHbIX Boa. IIpu aToM B mobom
ciryyae 3B paccunThIBAIOT € Y4€TOM JAHHBIX IO CTPOTO OTPAHUYEHHOMY KOJIMYECTBY
3arpsizauTenei. Hanpumep, onpenenstor npesbimenue [1JIK mo 10 xommnoneHtam u
paboTaloT TOIBKO C 3TUMH JaHHBIMH, BEIYUCIISIS X CpefHee apuMeTHIECKOe.

B ciydae c moBepXHOCTHBIMU BOJAMH pacuyeT MHAEKCA TPOBOAST MO TaKOH opmyIie:

_(yn _Gi
M3B = (ZiL, 7ric)/6

Kak BunHo u3 popmysibl, m3mepenue 3B ocyliecTBIsIFOT B HECKOIBKO 3TAIIOB.

OnpeensoT KOHIEHTPAIUI KOHKPETHOro 3arpsi3Hsomiero Bemecrsa Ci. Jlenst
nonyueHHoe 3HadeHue Ha [IJIK 3Toro komrioHeHTa (ONMCAHO B HOPMATHUBHBIX
JIokyMeHTax). [Tony4yaroT cyMMy TakuX JACICHHIA M0 KXKAOMY 3arps3HUTENO OT i=1 10
n (KOJIMYECTBO OMPEEIISIeMbIX BEIISCTB BCEra CTPOr0 OTPAaHUYCHO, B JAHHOM ClTydae
cocrapisieT 6). 3areM JIeysT Ha 6, T.e. 00IIee KOJIMYECTBO 3arpsi3HuTeNei (n = 6).

Tsoxensiemeraiblonpenessuin B HU M numeBoii6e3omacnoctu ATY, pacnionararomiast
METOJMKAMHU aHaN3a (AIEKTPOXUMUYECKUM U CIIEKTPOMETPHUYECKUM ) U HEOOXOTUMBIM
00opy/IoBaHUEM JIsI KOHTPOJISl KauecTBa Boj. TsDKEble METaIUIbl U3 IPOO PEUHBIX BOJ
OIpeesisuin ¢ moMollkio npudopa cuekrpodoromerpa KOK 3.01 (TOCT P 51309-99).
[Ipo6st Boab oroupanu mo FOCT P 51592 u 'OCT P 51593 B nocyny oobemom 0,2—0,5
JIM®, M3TOTOBJICHHYIO M3 TIOJIMMEPHBIX MaTepraioB. Eciu nsmepeHue npoBojsT Oosee
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4eM uepes3 5 4 mocie oToopa, mpoObl KOHCEPBHUPYIOT, Hobasmsst Ha 0,2 aM® Boasl 3 cm®
KOHUEHTPUPOBAHHOH a30THOM KHUCIOTH. CPOK XpaHEHHUsS! 3aKOHCEPBUPOBAHHBIX MPOO
[IPU OMpEeeICHNH KaMHsI, MBILIbsIKA, MEJIU, JKeJe3a 5 CyT. OCTanbHBIX Tpo0 - 14 cyT.
[Ipoba He momKHA MOABEpraThcs BO3ACHCTBUIO MPSIMOTO CONHEYHOro cBeta. K mpobe
aHaJM3UPYEeMOH BOJBI JOOABISUTM KOHIEHTPUPOBAHHYIO a30THYIO KUCIIOTY U3 pacyera
3,0 cM® azorHoit kucaoTel Ha 200 cM® BOIBI, pacTBOP TIIATEIBHO MEPEMEIIMBAIN U
BBIJICPXKUBAJIHM He MeHee 3 4. B nmpoOe Obutn 3aMeTHBI B3BEIICHHBIE YaCTUIIBI, [I03TOMY
nepes MpoBeIeHHEeM U3MEpEeHHH ee OT(UIBTPOBBIBAJIH, 3aTeM 00pa31bl AJIsl HCTIBITAHUH
aHaJM3UPOBAIKMCh B Jaboparopuu. M3MepeHre MaccoBOl KOHIEHTPALUHU AJIEMEHTOB
MPOBOAAT TNPH HOPMAJbHBIX KIMMATHUYECKUX YCIOBUSX HCIBITAHHH C yYeTOM
TpeOOBaHMI MHCTPYKIMH MO IKCIUTyaTalluy CIIEKTPO(POTOMETpa. YCIOBUS MIPOBEICHHS
ucneiTanusi: Temmeparypa 22 °C, BrnaxHOCTb-64 %. dDakTHyeckue pe3yabTarhl
WCTIBITaHUS IPEICTABIICHBI B TaOmuIe 3.

PesyabTathl u 00cyKaeHHe

VYpoBenp 3arpsisHeHust peku bonpmas Anvaruaka B 2021roxmy, kak Mmoka3aHo B
tabnuue 2, coctasnsier 1,43 (3 ki), T.e. UMeeT cpenHUi YpOBeHb Xapakrepa. B 2022
rofy TOT MoKa3zarenb coctaBui 1,57 (3 KII.), MOKHO HAOIIOAATh MOBBIIICHUE YPOBHS
3arpsi3HEHMSL.

Tabmuma 2. YpoBeHs 3arpsisHeHus pexu bonpmas Anmvaruaka 2021-2022 e

Wunexc 3arpsisaenns Boasl (M3B) - Conep:kaHue 3arpsi3HAIOIIUX BELECTB,
Haumenosauune XapaKTepHUCTHKA KaueCTBA BOJIbI npessimaromux [1/1K, va 2022 rox
BOJIHOTO cpemHsis KpaTHOCTh
o0bekTa 2021 x. 2022 x. TIPUMECH | KOHILIEHTpaIus, MOBBIIICHUS
MT/JT 1K
1,43 1,57 Cu (IT) 0,4 0,9
pexa bonbiast (3 x1) (3 x1)
AnMaTHHCKas . ) . | Fe(l) 0,8 1,1
CPEIHUI 3aTpsI3HEHHBIH | 3arpsI3HEHHBIN
Pb (IV) 0,9 1,0
Cd (I1) 0,10 0,4
1,2 Fe
= Pb C
5 1 ’
<
=y
g 08
o
=
Z 06
=
R 04
T
5y
o 0,2
(@]
0
1 2 3 4 5 6

KpatHocTh noBbimenust 11K

Pucynoxk 1 - YpoBeHb 3arps3HeHust BOJbI IPUMECAMH peku bonbinas Anmariuaka
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B pesynbrare mpoBeaeHus (OTOMETPHUUECKOTO HMCCICAOBAHUS OBUIM IOTYYCHBI
CIIEIyIOIIME TIOKA3aTelIM: MPO3PavHOCTh NpoO BoAbl peku bombmias AnmatuHKa
paBHa 2,42 mu/nm?, uto cootBercTByeT nokaszarenro CHull 2.01.14-83 2,5 mu/ nm’.
ITpo3paunocts mpoG Boabl peku Ecenraii paBHa 2,45 Mi/mMm®, 4TO COOTBETCTBYET
nokazaremo CHull 2.01.14-83 2,5 ma/nm’. TIpo3paunocTs Tpod Boabl pekn Manas
AnmaruHka paBHa 2,5 mi/am?, uto coorBercTByeT nokaszarenaro CHull 2.01.14-83 2,5
M/ oM.

Tsoxenble MeTaIbl BBISIBJICHBI B COCTaBE MCCIIEAYEMBIX IPOO MOBEPXHOCTHBIX BOJ.
Conep:kaHue TSDKENBIX METAUIOB B 00paslax, B3SATHIX C OOBEKTOB HCCIEIOBAHMS,
npezacrasieHo B Tabnuie (tabmn.3). OnmacHOCTh 3arpsi3HEHHS BOJ JAHHBIMU SJIEMEHTaMH
CBsI3aHa C TEM, UTO TSKEJIble METaUIbI B BOJIe HE OOHAPYKUBAIOTCS OPraHOJICNTHYECKH,
TO €CTh HE 3aMETHBI Ha BKYC, 3aI1ax U IIBET.

Tabmuua 3. Cpe/:(Hee COLACPIKAHUC TAKEIIBIX METAJUIOB B BOJIaX PCK AmaTel

Konuuecto 3arpsizusitoniux Bemects B cpasuenuu ¢ [1JIK, 2022 rox
HanmenoBanne
Tsoxensie | TTJIK, KoHneHTpanuu TsoKebIx KpPaTHOCTb IOBBILLIEHUS
BOJTHOTO OOBEKTa
METaJlIbI MI/7 METaJJIOB, MI/JI K
Pb 0,03 0,00087 1,0
Cpennuit Cd 0,001 0,0010 0,4
I0Ka3aTejb BOL As 0,05 0,0012 0,024
pex Anmatbl Cu 1,0 0,0230 0,025
Fe 0,3 0,0080 0,008

Conepxanue Menu W OKele3a W3 TPUMEcedl 10 COMEP)KAHWIO 3arpsA3HSIONINX
BemecTB, moBwimaromux coxepxkanue [1JIK ma 2022 rox, pasao 0,0049 u 0,0080
mr/n. Kparaocts momwema [1JIK paBma 4,9 u 1,1. IIJIK cBuHIa cormacHO HOpMam
CaulluH B nutheBoii Boge u Bomoemax cocramisier 0,03Mr/1 W KagMus B BOJIE
cocrasmseT 0,001 mr/mm3. Comeprxanne cBunia pasHo 0,00087 Mr/m u kaaMus paBHO
0,0010 mr/m, xparaocts momgbeMa I1JIK pasna 1,0 u 0,4. ITJIK mermmeska B Boge - 0,05
mr/nm3 (o CanlluH 2.1.4.1074-01 «[lutbeBast Boga. I urnennueckue TpeOOBaHUSI K
Ka4ecTBY BOJBI IIEHTPAIM30BAaHHBIX CHUCTEM MHUTHEBOTO BomocHaOxkeHus. KoHTpoms
kadecTBa»). Comepxanne Mprmbiaka 0,0012 mr/n. Tonbko KOHIIEHTpaNWs HEKOTOPBIX
XUMUYCCKAX BEIMIECTB B Bomax pek bompmmas Anmarmaka, Mamnas AJMaTHHKA |
Ecenraii yBenmmunBaercs o cpapaeruo [1JIK. KoHmenTparus kagmMust B Ipo0de peKu
bonpmrast Anmvaruaka coctasiset 0,0061+0,003 mr/n u yBenmuamiack B 6 pa3 mo T1JIK.
ITJIK noHOB MeiM B TUTHEBOU BOJIE, a TAK)KE BOJIC BOJIOEMOB X035IMCTBEHHO-TTUTHEBOTO
Y KyJIBTYPHO-OBITOBOTO Ha3HAYEHHUS COCTABIAET 1 MI/i (CyMMapHO), IUMUTHPYIOINN
MOKa3aTelb BPEAHOCTH - opraHojenthdeckuii. [lo KOHIEHTpanmuu Meau BO BCeX
HCCIenyeMBbIX Tpobax HabmromaeTcs npesbimenue yposas [1JIK B mpo6e pexn bosipmas
AnmatuaKa conepkanne meau coctaisier 0,0201+0,003 mr/nm u npesebimmaer [1JIK B
20 pa3. Conepxanne meau B mpoOe pekn Ecenrtait coctaBmser 0,019140,003 mr/n
n npesbimaet [1JIK B 19 pa3. Comepxanne meam B mpode pekn Mamas AjIMaTHHKa
cocrasmseT 0,03+0,008 mr/n u npessrmaet [1JIK B 30 pas. B mpo6ax B 30HE KOHTPOIIS
yposenb ITJIK He npepsimancs. 110 maHHBIM TUTEpATYpHBIX MCTOYHHUKOB, TPUYUHON
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ABJIACTCA TMONaJAaHWEe MEAU B IMPUPOAHBIC BOABI, a4 TAKXKE BOJAbI, MOCTyHNaromiue C
XUMHUYCCKUX HpCHHpHHTHﬁ, MCTAJUTypT NYCCKOM MPOMBIINIJICHHOCTH, aJbJACTUAHBIX
PCarcHTOB.

Tabmuma 4. YpoBeHb 3arpsi3HeHus Boasl Manast Anmariaka 2021-2022 rr.

CozepixaHue 3arps3HSIOMNX BEIIECTB,
Wnnexc 3arpssnenus Boasl (MU3B) - ACD P Hl -
nosblnaromux coxepaxkanue IIK,
HaumeHoBaHue | XapaKTepPUCTHKA KadeCTBA BOJBI
Ha 2022 rox
BOJHOTO J—
oObekTa pet Kparnocts
2021 2022 r. MIPUMECH | KOHLICHTpAaLus,
noBeienust [TJIK
r/n
1,68 1,47
Pexa Manas @3 )KJ'I ) @3 ,KJ'I ) CuF,, 0,0043 4,3
AnMaTuHKa cpe HI;IfI cpe HI./II}'I CuN,, 0,0092 1.2
U POIHE lcuNoy), | 00021 |11
3arpsi3HEHHBII 3arpsI3HEHHBII
5
4,5 CuF2
4
3,5
3
&
t:(2,5
2
1,5 Cu3N2 Cu(NO3)2
1
0,5

0,0043 0,0092 0,0021

Pucynok 2 — YpoBeHb 3arpsi3HeHus BOAbI IPUMECSIMH peku Manast AnmaTuHka

Kak mokazano B Tabnwuiie 4, WHAEKC 3arpsi3HEHUS BOIBI peku Mamnasi AJMaTHHKa
B 2021 r. paBen - 1,68 (3xn), a B 2022 1. paBeH 1,47. D10 yKasbIBaeT Ha «yMEPEHHO
3arpsI3HEHHBII» YPOBEHB 10 XapaKTepHCcTHKaM KadecTBa BoAwl. [lo pacueram 3a 2022
rog Boabl pek Manas Anmarunka, bonbimas AnvatuHka u EceHrtail mo kauectBy
CUUTAIOTCSl «yMEpEHHO-3arpsisHeHHBIMMY (3 knace, U3B — 1,52-2,60). Bo Bcex pekax
MPOCJICKUBATUCH BO3MOXKHBIE KoJMyecTBa Menu, nopsiaka 4,3 - 5,1 I[1/IK. Ha Manom
AJMaTHHCKOM 03€pe KOHTPOJIUPOBAIOCH COCPIKaHUEe PTOpUIA U HUTPUIHOTO a30Ta,
npesbimaromee 1 [IK, na bonemom Anmarunckom ozepe - 1,1 IIJK, cogepxanue
xKenesa (MHJCKC 3arps3HeHus Ha ManoM AnmmaruHckoM o3epe - 1,68, Ecenraii - 1,58,
OonpioM AnMaTHHCKOM - 1,43).

Crnenyrommii o0bekT uccienoBanusi Ecentait (BecHoBka) - pexa B Miumiickom
OacceliHe, JeBbIH MPUTOK pekn Marnass AnmarnHka. bepeT cBoe Hauano OT CEBEPHOTO
CKJIOHa 3amnuiickoro Asatay M mpoTekaer depe3 I. Anmarsl. [IpoTskeHHOCTD 43 KM.
CpenneronoBoit pacxoa Bozbl 0,06 M*/c. MeeT 8 MPUTOKOB 0OIIECH MPOTHKEHHOCTHIO
19 kM. Brionb pexu mocTpoeHo 7 mpynos.
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Tabnuna 5. YpoBeHs 3arpsi3Henust Boasl peku Ecenrait 2021-2022 rr.

CopeprkaHue 3arpsi3HSIOIINX BEIIECTB,
Wunexc 3arpszuaenns Boasl (M3B) - Aeh P Hl Hl
noBbiIaromux conepxkanue [1IK, na 2022
HanmenoBanue XapaKTePUCTUKA KadeCTBA BOIBI ro
BOJIHOTO
A cpenHss K
oOBeKTa
2021t 2022r. MIPUMECH | KOHLIEHTpanus, | KpaTHOCTb
r/n ToibeMa
1,57 2,60
Pexa Ecenrait | (3 xi.) (4 xi.) Cu 0,0051 5,1
CpEe/IHE 3arpsA3HEHHbIN | 3arpsA3HEHHBIN

ITo pacueram 3a 2021 rox Bombl pexk Manas AnMaTtuaka, bonbiias AnMaTuHka u
Ecenraii mo kauecTBy cUMTaIOTCA «yMEpPEHHO-3arpsisHeHHBIMIY (3 kmacc, 3B — 1,52—
2,60). Ha Bcex pekax MpOCIeXHBAJINCh BO3MOXKHBIE KOJMUECTBA MeIH, rmopsaka 4,3—
5,1 TIJIK (Ta6mn.5).

Ha Mayiom AJsMaTvHCKOM o03epe KOHTPOJIHMPOBAJIOCH COJEpKaHue (Topuaa M
HUTpUAHOTO azora, npesbimaromee 1 [TJIK, za bonbmom Anmarunckom - 1,1 TIIK,
coliep:kaHue >kene3a (MHICKC 3arps3HeHus Ha Mamom AnmaTuHCKOM o3epe - 1,68;
Ecenraii - 1,58; bonpmom Anmaruuckom - 1,43).

Tabnuma 6. OcoOble MPU3HAKHU BOJIBI C Pa3IUUHbIME Bugamu xkene3a nmo CHull 2.1.4.1074-01

Bun xenesza Boponposoanas Bona Bopna nocne nacrauBanust
JIBYXBaJICHTHBIN yycras KPacCHO-KOPUYHEBBIN 0CalI0K
TPEXXBAJICHTHBIH OKpaIIeHHBIN KPaCHO-KOPUYHEBEIHA 0CaI0K
KOJITIOMAHBIN JKEJITO-KOPUIHEBBIH He 00pa3syer ocajika, He (UIBTPYeTCs
PacTBOPEHHBIN OpraHN4eCcKUi JKEJITO-KOPUYHEBBIH He oOpasyeT ocajika, He QUIBTpyeTcs

PacTBOPEHHBI HEOPTaHMUECKUH | KeTeoOpa3Hble 00pa30BaHMUs
OIAJICCIICHTHAS IJICHKA B
TpyOOIIPOBOAHOM cHCTEME

3amax BOIbI CBSI3aH C HAJIMYMEM B HEW MaXy4yWX BEIIECTB, MPOHUKAIOIINX Yepe3
pasznuuHbie TeueHus. [loyTw Bce >KHMIKME OpPraHUYeCcKHE BELISCTBAa IMPHIAIOT BOJIE
XapaKTEPHBIN 3amaX PacTBOPCHHBIX ra30B, OPraHUYECKUX CYCICH3UH, MHHEPAIbHBIX
cojeil. 3amaxu MOTYT OBbITh NPUPOAHBIME (OOJOTHBIE, CEpHBIC, THHUIbIC) U
HCKYCCTBEHHOTO MTPOUCXOXKICHUS (XJI0p, heHOI, HedTh U Ip.).

Tabmuma 7. Onpenenenue 3anaxa Bogs! mo CHull 2.1.4.1074-01

bann | Tepmunbl XapaKTepuCTHUECKOE ONpPENETIEHNUE
0 onpezaeneHubii | bes 3amaxa
1 OYeHb CIaOBIN 3amax, KOTOPBI He 0OHapy)KHUBaeTcs MOTpeduTeneM, Ho 0OHAPY)KUBAETCS B

pesynsrare HaOIoaeHus B 1a00paTopuu

2 crabblit 3arax, KOTOpbIii 00HAPY)KUBACT MOTPEOUTEITB, €CITH OH 00paIlaeT Ha HEro
BHHUMaHNE, HO HE OCO3HAET, €CJIH OH CaM He 00palaeT BHUMaHHsI

3 OHIyTI/IMHﬁ 3anax, KOTOprﬁ JICTKO 3aMCTUTh U KOTOpBIfI MOXKCT BbI3BATh HCTaTHUBHBIC
OT3bIBBI O HEM

onpeneneHHblil | 3amax, HeMPHUSTHBIH H KOTOPOTO HE PEKOMEHAYETCS TIUTh

5 OYCHb BBICOKHIA 3amnax HacTOJIKO CHHLHBIﬁ, YTO BOJA HENPUTOAHA JUISL TUThA
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JlaGopartopHsblii aHanu3 BOIbl, B3aTOW B ampeie 2021 roma, BBISIBHI, YTO MHOTHE
MOKa3aTeJ Il HAXOASITCSI BbIlle HOPMbI, OCOOEHHO 10 YaCTH METAJIOB M CyIb(aroB.
Tax, yposens pH coctaBun 9,33 npu Hopmatuse 6,0-8,5, maruuii - 51,0 mr/om?® (Hopma
—40-50), meap - 0,01 mr/nm® (HopMma - He BbItre 0,005), Harpuii - 290 mMr/am® (HopMa
-120), cynbdars - 182,3 mr/nm* (Hopma - He 6onee 100). Bee 310 roBOopUT 0 TOM, 4TO
PEKH HaXOOUTCS HE B JYUILIEM COCTOSIHUH, OHO MOCTOSIHHO MOJBEPIKEHO 3arps3HEHHIO
TBEpAO-ObITOBEIMH OTXOaMH, YTO MPHUBEJO K AMcOalaHCy B JKOCHCTEME BOJOEMa
(Tabn.7).

Ta6Jmua 8. quemneHI/m, PacnojIOKECHHBIC B BOAJOOXPAHHBIX 30HAX PCK Anmaret

n/n BonooxpaHHbI€ 30HEI KOJINUECTBO
1 JKHJIBIE JTOMa 1090

2 Kage 27

3 Mara3uHbl 20

4 BerposzamurHele craHuu 5

5 rapax 45

6 NPENNPUATHS U OpraHu3aluu 26

3akiIr0uenue

Boanwiii Bompoc B AJMarhl Bcerna YXOAWJI HAa BTOPOW IUTaH TIOCHE TPOOIEM ¢
BO3ITyXOM, TIOYBOM 1 03eJIeHeHneM. Ho HempaBmIbHAs 3aCTpoiika, deToBeuecKuii haxTop
Y IPOU3BOCTBEHHBIE TIPOIIECCHI TEM BPEMEHEM 3arPSA3HAIOT BOAY H YTPOXKAIOT 3[0POBBIO
ropokan. Bakaa mpo0siema He TOJIBKO KauecTBa, HO M KolndecTBa BoAbl. OCHOBHBIE
3armacel BOJIHBIX PECYpCOB PECHYONMKH CKOHIICHTPHUPOBAaHBI B TIOBEPXHOCTHBIX W
MTOJI3EMHBIX MCTOYHUKAX. 3aIrackl BOJBI B CTpaHE W ropojax He OeckoHeuHbl. Ho 3T0
HE TOJIBKO Hallla mpoodiiemMa: y)ke ceifuac OKoJI0 MAJUIAAP/IA YEIOBEK M0 BCEMY MHpPY He
AMEIOT TPSMOTO JOCTyNa K YHCTOH NMUTHEBOH BOJEC. YPOBEHL BOMOOOCCIICUCHHS B
cpenaeM coctanisaeT 20 ToIc. Ky0. M Ha 1 KB. KM TEpPUTOPUH CTPAHEI.

Nuadopmanmonnoit  06a30i  WCCIEOOBaHUS SIBUIACH  HAYYHO-CTATHCTHYCCKAS
JMOKYMEHTalllsg MOHHTOPHMHTA TIOBEPXHOCTHBIX BOI pek T Ajmarel. llokasano
npucytcTBue Tshkenbix MetawioB (Cd, Pb, Cu, Fe) B pekax r. Anmarsl, u3ydeHa Ux
IUHAMUKA U cTeneHb HakoruieHus ¢ 2020 o 2022 rT. 3arpsi3HeHne MeAbIo PEeK I. AJTMaThl
OKa3asoch 3HaunTeIhHBIM: OT 11 mo 12 [1/IK Bo Bcex 3 pexax 1 BO BCE aHATM3UPYEMBIC
roapl. 3arpsisaenue Pb ormeueno B p. Manas Amvarunka (1,1 II1K) u B p. Bonbrmas
Ammatuaka (1,9 I111K). Cogeprkanue 0CTaabHBIX TSHKEIBIX MeTauToB 0pu10 HIke [TJIK.
TakuM 00pazoM, XUMHUECKOE 3arps3HeHne p. Maioit AJTMAaTHHKA MOYKHO OTHECTH K
cpeaHemy, Tak Kak oTmedeHo npebiiienue [TJIK, conepkanue ocTaibHBIX METaIOB
He npesbrmano [1JIK. Aranus mpo6 Boxsl p. boipimoit Anmarnaku Ha copepxanue Cd
rokazai [1/1K 0,005 Mr/mi1, mosrydeHHBIC 3HAYCHIS 110 3arps3HeHnto Boas! Cd okazannch
s3HaunTenbHOo HIwKke [1/IK. IIpeBprimenwue 3arpsi3uenus Pb (2 xmacc omacHocth, TTJIK
0,005 mr/mn B p. EcenTait He oTMedeHO.

B 1 momyrogmm 2022 roga kadecTBO BOABI pek bombimas Anmarmaka, Mamas
Anmvatuaka W EceHTall CHM3WIOCH IO CpPaBHEHWIO C TPEABIIYIIMM. Bmonb pek
3aBaJieHbl OOJIOMKH, HEKOTOPBIE YaCTH BOJBI, KAYECTBO BOJBI C KAXKIBIM THEM Ma/IacT,
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a caMoe TIIaBHOE, HUXKE TI0 TEUCHHUIO BOJIA MOMAIaeT B TPYHTOBBIC BOBI ropoaa. Takum
00pa3oM, 3arpsisHEHUE PEK . AJIMAThI TSKETBIMA METAJTAMU CUUTAEM 3HAYUTEILHBIM
(Bo Bcex 3 pekax), OCTalbHbIC TSHKENbIC METAJUTBI IPUCYTCTBOBAIIH, HO UX COACPIKAHHE
Haxoaunoch B pezenax [1JIK v He mpeACTaBIsIo OMAaCHOCTH JIJIsl BOTHBIX OOUTATENCH
peK.
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Abstract. The synthesis of new aromatic amidophosphates with functional
substituents, the determination of their structure, and the exploration of their potential
biological activity are current and important topics. The remarkable achievements in
the synthesis and property studies of amides of the four-coordinated phosphorus atom
are mainly attributed to their unique chemical properties and their broad biological
activity spectrum: from pesticides to anticancer agents. The varied biological activity of
amidophosphates is largely influenced by the nature of the phosphorus—nitrogen bond:
the capability of molecules with a P-N bond to incorporate into the structures of natural
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nucleotides, their high alkylating potential, as well as a propensity to spontaneous
and enzymatic hydrolysis. One of the most promising methods for the synthesis
of amidophosphates is the Aterton-Todd reaction: the reaction of hydrophosphoryl
compounds with different amines in carbon tetrachloride under various experimental
conditions. Currently, only two papers in the literature report the synthesis of
dialkylamide phosphates using microwave irradiation. The literature has scarce data on
the phosphorylation of meta-phenylenediamine and the properties of organophosphorus
derivatives of aromatic diamines with various substituents on the aromatic ring and
the phosphorus atom. Therefore, it is important and urgent to develop new methods
for synthesizing substituted amidophosphates, determine their structure, and study their
biological properties. The experimental results obtained provide valuable insights into
the reactivity and reaction mechanisms of amidophosphate synthesis under the Atherton-
Todd reaction conditions, as well as their spectral and X-ray structural characteristics
for substance identification by physic-chemical analysis methods. The data from the
X-ray diffraction analysis of the studied compounds can help elucidate the structural
features of amidophosphates and their derivatives. The crystallographic data of two
tetraalkyl 1,3-phenylenebis(phosphoramidates) structures synthesized by us earlier
were deposited in the Cambridge database of crystal-structural data. (CDC 2258499
and 2258500, http://www.ccdc.cam.ac.uk).

Keywords: Aterton-Todd reaction, microwave radiation, meta-phenylenediamine,
dialkylphosphites, X-ray structural analysis

© A.B. KyanabikoBa'’, B.JK. Ixkuem6aeB', A.B. /[o0pbIiHuH?,
H.U. AxbLi6exos?, H.O. Akumobaesa', 2024
'Ka3ak YITTBIK KbI3ap MeIaroruKajiblK YHUBEpcHTeTi, AimMarel, KasakcraH;
?KopksIT ata arsiHnarsl Kei3piiopaa yausepcureTi, Koizbiiopaa, Kazakcran;
3A.E. ApOy30B atbiaaarsl OpraHuKaIbIK )KOHE (PU3UKAIBIK XUMHSI HHCTHTYTHI -
"Peceii F'putbiM akageMusICBIHBIH Ka3aH F'butbiMu opTainbiFsl "denepanibl 3epTTey

opTanbIFbl" Geepasiibl MEMIICKETTIK OFO/PKETTIK FhUTBIMH MEKEMECIHIH JKEKe

KYpBUIBIMAIBIK OemiMieci, Ka3an, Peceit.

E-mail: bota.kuandyk1702@gmail.com

TETPADTHI 1,3-@EHUJIEHBUC(®OCPOPAMMUJIAT) 'KOHE
TETPAIIPONII 1,3-®EHUJIEHBUC(®OCO®OPAMUJIAT) CUHTE3I,
MOJIEKYJIAJIBIK 7KOHE KPUCTAJIIBIK KYPBLIBIM/IAPBI

KyanabikoBa A.B. — PhD, ara reuteiMul Kbi3MeTKep. Kazak YITTBIK KbI3Iap NEeJarorukaiblK YHHBEPCUTETI,
XMMUS 5)KOHE OMOJIOTHS FRUIBIMHE 3epTTey opTaibirbl, 050000, Anmarsl, KazakcraH,

E-mail: bota.kuandyk1702@gmail.com, https://orcid.org/0000-0001-7610-9983;

JxunembaeB b.JK. — XuMus FRUTBIMIAPBIHBIH JTOKTOPHL, Ipodeccop. Kazak YITTHIK KbI3ap IMe1aroruKaibik
yHuBepcuTeTi, xumus kadeapacer, 050000, Anmarer, KazakcraH,

E-mail: bulat.dzhiembaev(@gmail.com, https://orcid.org/0000-0001-7868-7285;

Jlo6pbinun A.B. — XUMus FRUTBIMIApBIHEIH KaHUIATHI, FEUIBIMH KbI3MeTkep. A.E. ApOy30B aTbIHIarbl
OprasuKaiblK jKOHE (H3HKAIBIK XHUMUS WHCTHTYTHI - "Peceit FputbiM akaneMusichiHBIH Ka3aH FeuibiMu
opTaibirbl "Denepanapl 3epTTey OpTANBIFBI" (enepaiabl MEMICKETTIK OFOKETTIK FHUIBIMH MEKEMECIHIH
JKeKe KYpbUIBIMIBIK Oemimmeci, 420029, Kazan, Peceii,

71



OF THE NATIONAL ACADEMY OF SCIENCES OF THE REPUBLIC OF KAZAKHSTAN

E-mail: aldo@iopc.ru, https://orcid.org/0000-0002-4912-3699;

Axbui6exoB H.U. — xumust FeutbiMaapsiabiy kauauaatel, PhD. KopkeiT ata areigarsl Kei3buiopna
yHUBepcuTeTi, «PU3nKa-XUMHSUIBIK TaJay SAICTepi» HHXKeHepIlik Oeiinieri 3epTxana xerekurici, 120012,
Kei3butopaa, Kazakcran,

E-mail: nurgali_089@mail.ru, https://orcid.org/0000-0002-7584-9741;

AxumbaeBa H.O. — xuMmus FbUIBIMAAPBIHBIH KaHAugaTbl. Ka3ak YITTBIK KbI3[ap MeJarorukajiblk
yHUBepcuTeTi, xumus kagenpacst, 050000, Anmarsl, Kazakcraw,

E-mail: akimbayeva73@gmail.com, https://orcid.org/0000-0001-6371-6688.

AHHOTaINA. ApomarTsl amuiodocharrapibiH JKaHa (bYHKIIHMOHAJI/TBI
aJIMaCTBIPBLIFAH TYBIHIBUIAPBIH CHHTE3JICY OJICTEPl CallaChIHIAFbl 3epTTeyJiep,
OJIapJIblH KYPBUIBIMBIH aHBIKTAy, COHJAl-aK OJIAPJbIH KaTapblHJIa MEPCIEKTUBTI
OMONOTHSITBIK OEJICeH/ T KOCBUTBICTAP/IbI 1376y 3aMaHayH 03eKTi 00JbI Tadbiaasl. TopT
KoopauHaIusIbl pocdop aToMbl aMUATEPIHIH CHHTE31 MEH OJIAPbIH OHOJIOTHSUIBIK
OeJICeHAUTIK KaCUEeTTePiH 3ePTTEY/ET1 JKETICTIKTep HETi31HeH XUMUSUIIBIK KaCHeTTep/IiH
Oiperell JKUBIHTHIFbIHA JKOHE MYMKIHJITIHE OaiJIaHBICTBI MECTULUATEPACH ICIKKE
KapcChl Mpernaparrapra JeiiH KapacTeipbliaibl. P-N OaiiiaHbichl 6ap MOJIEKyIaiap/IbiH
TaOWUFH HYKJICOTHATEP/IIH KYPBUIBIMBIHA CHY KaOlIeTi MEH OJIapbIH XKOFaPhl aJKHIIACY
KaOijeTi, COHBIMEH KaTap ©3/IrHEeH >KOHE (ePMEHTATHUBTI THUAPOSU3re OCUiIMIILIIr
amuiodocharrapiblH op TYpJi OHOJOTHSUIBIK OesiceHautri kebiHece (Gocdop-a3orT
0ailJIaHBICBIHBIH TaOWUFATBIMEH aHBbIKTANAAbl. AMumopocharrap/bl CHUHTE3ICYIIH
€H TepCIeKTUBTI dicTepiniH Oipi — Atepron-Tomn peakuumsicwl: ruapodochopmn
KOCBUIBICTAPBIHBIH OPTYPJI TOXKIpHOENiK JKarnainapaa TePTXIOPIbIKOMIPTEriHIH
aMuHJIEepMEH opekertecyl. Kasipri yakeiTra ofieOMeTrTe TEK €Ki 0achUIbIMIa
JuasikuiiaMuopocdarrapbl  MUKPOTOJKBIHIBI  COYJICIEHYII KOJJaHa  OThIPHII
CUHTE3JIey Typasbl MaJliMeTTep Oap. ApoMarThl cakuHaaa na, (pocdop arombiHga
Jla OpTYpJi opbiHOAcapiapbl Oap apoMarThl jJuaMuHAepAiH (ochopopraHUKaIbIK
TYBIHJIBUIAPHI a3 3epTTeIreH. Oneouerrepe mema-heHuIeHIMaMuHHIH (Gochopiianybl
Typanbl JiepekTep ic IKy3iHae koK. OcblFaH OaiJIaHBICTBI — AJIMACTBIPBLIFAH
amugodocdarrapabl CHHTE3/ey dAICTEPiH OlaH dpi AaMBITY, KYPBUIBIMBIH KYPY JKOHE
oJIap/IbIH OMOJIOTHSUIBIK KACHUETTEPIH 3€PTTEYy MaHBI3bI )KOHE ©3€KTI Macese OOJbII
TabbUIabl. ATepTOH-TON peakiusChl KardaibiHaa amuaodocdarrap CUHTE3IHACT]
aJIbIHFaH 9SKCIICPUMEHTTIK HOTHXKEJIEp, PEaKIUsIbIK KaOineTi MEH peaKIMsHBIH
MEXaHU3MJICPIHIH MOCeIeIIepiH MIeIIyTe, COHIaii-aK 3aTTap/bl (PU3UKAIBIK-X UMUSUTBIK
Tajaay oJICTepiMEH COMKECTEHIIPY Ke3iHJE OJIApJbIH CIEKTPIIK JKOHE PEHTICHIIIK-
KYPBUIBIMJIBIK CHITaTTaMallapbl Typajibl KOCBIMIIIA MAIIMETTEp Oepei. 3eprreneTriH
KOCBUIBICTAPJIbIH PEHTTCHJIIK KYPBUIBIMABIK TajJlay JCPEKTepPiH HHTEpIpETaIUsIIay
HoTWKeepl amupodocdarrap MeH onapiAblH  TYBIHABUIAPBIHBIH  KYPBUIBIMIIBIK
EPEKILETKTEePIH ey YIIH MalalaHbulybl MYMKIH. Bi3[iH alJIbIHFbI CUHTE3/ICTCH
teTpaankui-1,3-perunenouc(pochopamuiaTTapabiH) eKi KYPBUIBIMBIHBIH
KpUcTamorpadsuiblk,  aepexrepi  KemMOpHIDKIIH KpUCTan-KYpbUIBIMIBIK JIEepPEKTEp
0aszaceinaa cakraiarad. (CDC 2258499 skone 2258500, http://www.ccde.cam.ac.uk).

Tyiiin ce3mep: Arepron-Toin peakiusCbhl, MUKPOTOJKBIHIbI CAYyJICIeHY, Mema-
(dennneHgaMut, AMaIKuIPocPUTTEp, PEHTIeH KYPBUIBIMIBIK Talaay
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AnHoTamus. VccienoBanus B 00JaCTH METOIOB CHHTE3a HOBBIX (DYHKI[MOHAIBHO
3aMEIIEHHBIX MPOU3BOJAHBIX aMUI0(POoc(haToB apOMaTHYECKOro psijia, YCTAaHOBJICHHE
X CTpPOCHUs, a TAaKXKEC IMOUCK B HUX pPAAY NEPCHEKTHBHBIX GI/IOJIOI‘I/I‘-IGCKI/I AKTHUBHBIX
COe)Z[I/IHeHI/Iﬁ SABIISAIOTCSA COBPEMCHHBIMHA u AKTyaJIbHBIMU. BHe‘IaTJ'ISIIOHII/Ie
ycnexu, HAOCTUTHYTBIC B 06JIaCTI/I CHUHTE3a W HU3YUCHUA CBOMCTB aMHI0B
YeThIPEXKOOPIUHUPOBAHHOTO atoMa Gpocdopa, BO MHOroM 00yCIIOBIICHBI YHUKAIEHOMY
Ha0Opy XMMHUYECKUX CBOMCTB U LIMPOKOMY CIIEKTPY UX OMOJIOTHUECKON aKTHBHOCTH:
OT TIECTUITUIOB JIO TIPOTUBOOITYXOJIEBBIX MpemnapaToB. PasHooOpa3Has Guomoruyeckast
AKTUBHOCTH amMu10(pocharoB BO MHOIOM OIMPEACSeTCs MPUPOON CBsi3u Gochop —
a30T: CIIOCOOHOCTHIO MOJIEKYJT €O CBsi3bI0 P-N BcTpanBarhesi B CTPYKTYPBI IPHUPOIHBIX
HYKIJICOTHJIOB, UX BBICOKas AJKHIMPYIOLIas CHOCOOHOCTh, a TaKXKe CKJIOHHOCTH K
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CIIOHTaHHOMY ¥ (epMEeHTaTUBHOMY TuApoinu3y. OnHIM U3 HanboJee MepCrleKTHBHBIX
METOIOBCHHTe3aaMuI0(ochaToBsBIsIeTC peakuns ATTepToHa- Toaaa: B3auMoieicTeue
ruapoPocHOPHIIBHBIX COEAMHEHUH C Pa3MUYHBIMH aMHHAMH B YETBIPEXXJIOPUCTOM
yIIEepoJie B pa3HbIX 3KCIIEPUMEHTANBHBIX yCIOBUSIX. B HacTosiiee Bpemst B TUTEpaType
HMMEIOTCSI BCETO IBE Iy OIMKALIMH 10 CHHTE3Y IMAIKMIaMUA0(P0oc(aToB CUCTIONB30BaHUEM
MHUKPOBOJHOBOTrO 00myueHHs. Manon3ydeHHbIMH ocTatoTcsi (ocopopranndeckue
MIPOM3BOAHBIE AUAMHHOB apOMaTHUECKOTO PsAa, UMEIOLINX Pa3IUYHbIe 3aMECTUTEIH,
Kak B apoMaTH4ecKoOM IHKJIE, Tak U y atoma (ocdopa. B nmuteparype npaxrniyecku
OTCYTCTBYIOT IaHHBIE 0 (hOCPOPUINPOBAHUHU Mema-heHuIeHauaMuHa. B cBs3u ¢ aTum
JanpHellIee pa3BUTHE METOA0B CHHTE3a 3aMEILICHHBIX aMH0(0Cc(aToB, yCTaHOBICHHE
CTPOCHHUS U U3y4YeHHE WUX OMOJOTMYECKHX CBOWCTB SIBIISICTCS BaKHOW M aKTyaJbHOU
3agadeil. [lomydeHHbIe SKCTIEpUMEHTABHBIE PE3YIBTaThl BHOCST ONPEACICHHBIN BKIIA
B peIlICHHE BOMPOCOB PEAKLIMOHHON CIIOCOOHOCTH M MEXaHU3MOB PEaKIIMU MTPY CUHTE3E
amugodocdaroB B ycrnoBusix peakuuu ArepToHa-Toana, a Takke JOMOJHUTEIbHBIC
CBEIICHHs 00 WX CIHEKTPAIbHBIX M PEHTIEHO-CTPYKTYPHBIX XapaKTEPUCTHKAX MpU
WACHTHU(QHUKAIUK BEIIECTB MeToAaMU (PU3MKO-XMMHUYECKOTO aHajiu3a. Pe3ynbTarsl
WHTEPIPETALUN JaHHBIX PEHTTEHOCTPYKTYPHOTO aHajH3a UCCIEIyEeMBIX COCTUHEHHUM
MOTYT OBITh HCIIOIB30BaHbI IS PELICHUS CTPYKTYPHBIX 0COOeHHOCTEH amMmuaodocdaros
1 UX Ipou3BOIHBIX. KprcTaniorpadguyeckue qanHble AByX CTPYKTYp TeTpaankui-1,3-
¢dennnenduc(pocdopamMuiaToB), CHHTE3UPOBAHHBIX HAMH paHee, ObLTH IETTOHUPOBAHBI
B KeMOpumxckoii 6aze kpuctamio-cTpykTypHbIx AaHHbIX. (CCDC 2258499 u 2258500,
http://www.ccdc.cam.ac.uk).

KiroueBsle cioBa: peakuus AteptoHa-Toana, MUKpOBOIHOBOE O0IyUeHUE, mema-
(deHnneHguaMut, AMaIKUIPOCPUTHI, PEHTTEHO-CTPYKTYPHBIN aHaIN3

Paboma evinonnena npu noooepicke Komumema nayku Munucmepcmea Hayku u
gvicute2o oopasosanus Pecnyonuxu Kazaxcman 3a cuem I panmosozo ¢hpunancuposarnus
no meme «Cunmes, cmpoenue u OuonrO2UYECKUe CEOUCMBA HOBbIX IPhexmusHbix
omeuecmeeHHbIX NPenapamos 6 Kavecmee pe2yisamopos poOCma U pazeumus pacmeHutL»
(I'panm Ne AP19678514).

Beenenne

Cpen MHOTOYHCIICHHBIX THIIOB (DOCHOPOPraHUUYSCKUX COCTUHEHUN OOJBIIOH
MPAKTHYECKUNA U TEOPETUYCCKUI WHTEpPEC MPEICTABISIOT COCAMHEHUS, COJCpIKAIINE
muankunamunodpocdarusie(P(O)-N-C)dhparmentsl. Takue BelecTBa, 3a4acTy 0 001a1as
LIEJTBIM KOMIUIEKCOM IPaKTUYECKH MOJIC3HBIX CBOMCTB, KPOME TOTO, O1aroapsi BEICOKOH
PEaKIIMOHHOM CITIOCOOHOCTU MOTYT OBITh HCIIOJIb30BaHbI B Pa3HOOOPA3HBIX CHHTE3aX.
OHHM UCTOJIB3YIOTCS B Ka4eCTBE aHTUOKCHUIAHTOB, (JOTO- U TEPMOCTAOWIM3aTOPOB
MOJIMMEPHBIX MaTepHajoB, CMa304YHBIX Macel, TepOUIUA0B, HWHCEKTHIUIOB U
(byHTMIIMIOB, MHOTHE U3 KOTOPBIX C YCIIEXOM IPUMEHSIOTCS B CEIBCKOM XO3SHCTBE
B Ka4e€CTBE CPEJICTB 3aIlUThl PACTCHUN U OOPBOBI ¢ COpHSKaMU. Psij JiekapcTBEHHBIX
IIperaparoB Ha UX OCHOBE Hallle] NpuMeHeHue B MeaunuHe. Jo6aBku HekoTopbix ®OC
K CHHTETUYCCKHM CMOJIaM MPHIAIOT UM HETOPIOUYECTh, YTO OTKPHIBACT MEPCICKTHBBI
MOJIyYEHUS] HOBBIX OTFHECTOMKHX TIOJMMEPOB C IIEHHBIMH JKCILTyaTal[HOHHBIMU
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coiictBamu (Cherkasov, 1991; Germany Patent No. EP2481744A1, 2012; Kim, 2015).

OnnumM u3 HanboJjee MepPCIeKTUBHBIX METOIOB CHHTe3a aMua0(ocGaroB sBIseTCS
peakuusa AreproHa-Toana: B3ammoneiicTBue TUAPO(HOCPOPHUIBHBIX COEAWHEHHUH C
Pa3NUYHBIMUA aMUHAMU B YETBIPEXXJIOPUCTOM YIIIEPOJIE B Pa3HBIX IKCIIEPUMEHTATBHBIX
ycnoBusix (Corre, 2014). UzBectHsl paboThl 1o (HoCHOpUIMPOBAHHIO AMHHOB, HX
THIPOXJIOPUIOB, C MCIIOJIb30BAHUEM B Ka4eCTBE KaTalU3aTOPOB TETPaaTKWIAMMOHHUM
Opomuos (Zwierzak, 1984), a ucnonessosanue Hanovactun Fe,0,@MgO (Kaboudin,
2015), Tpuxnopu3sornuanyposoii kuciotsl (Kaboudin, 2018) B kauecTBe 3(h(heKTUBHBIX
peareHToB, TakKe MO3BOJISICT CYIIECTBEHHO MOBBICUTH BBIXOJ LIENEBBIX IMPOIYKTOB
peakiuu. B Hacrosimiee Bpemsi B JMTepaType MMEIOTCSl BCETO JBE MyONMKALMH IO
CHHTE3y AuaNKuiIaMuaopocdaToB ¢ HCHOIB30BAHHEM MHUKPOBOJIHOBOTO OOMyYECHHS
(Milen, 2014).

MasnonsyueHHbBIMH OcTaloTca  GochopopraHuueckue MPOU3BOAHBIE JIHAMHHOB
apOMaTUYeCKOro psifa, MMEIOLIMX pa3IMdHble 3aMECTUTENH KaK B apOMaTHYeCcKOM
LUKIIe, Tak 1 y aroma gocdopa (Ou, 2020; Trofimov, 2015). B ntuteparype npakTuiecku
OTCYTCTBYIOT AaHHBIE 0 (hoCPOpUINPOBAHUHU Mema-heHuIeHauaMuHa. B cBs3u ¢ aTum
JanpHellIee pa3BUTHE METOA0B CHHTE3a 3aMEILICHHBIX aMU0(0Cc(aToB, yCTaHOBICHHE
CTPOCHHUS U W3y4YeHHE MX OMOJOTMYECKHX CBOWCTB SIBIISCTCS BaKHOW M aKTyaJbHOU
3a7a4ei.

[locraHoBKa NAaHHOTO HCCIIEAOBaHMS HalpaBlIeHa Ha JajbHEHIee pa3BHTHE
TOHKOTO OPTaHMYECKOTO CHHTE3a B 00IacTH XUMHH aMUA0(pochaToB apoMaTHYECKOTO
psiia ¢ Lenbl0 CO3JaHMsl HOBBIX BEHIECTB M MATEPHANIOB C MPAKTUYECKH MOJE3HBIMHU
CBOHCTBaMHU, a TAK)KE C U3yUEHHUEM B3aUMOCBSI3U CTPYKTYpa — aKTUBHOCTb U SIBIISIETCS
MIPOJIOKEHUEM HAIIMX COBMECTHBIX HcCieoBaHul B 9Tod obnactu (Minaeva, 2010;
Krutikov, 2012; Kazakhstan Patent No. 35444, 2021; Dzhiembaev, 2023; Dzhiembaev,
2023; Kuandykova, 2023).

MarepuaJibl 1 OCHOBHbIE METOABI

Cnekrpsl SIMP 'H, *C u *'P 3anucansl Ha cniekrpomerpax Bruker AVANCEII-400
¢ paboueit yactoroit 400.1 MTI'x ('H), 100.6 MTI'1 (1*C), Bruker Avance-600 ¢ paboueii
gactoroir 600.1 MI'u ("H), 150.9 MI'u ("*C) OTHOCHTENBHO CUTHAJIOB OCTATOYHBIX
MIPOTOHOB ACHTEPUPOBAHHOTO PACTBOPUTEIS UITH SIAEP YIIIEpoIa AU TEpOPaCTBOPUTEIS
(AMCO-d6). UK-cnektpsl 3anucanbl Ha @Dypwe-criektpomerpe Vector 22 ¢dupmbl
Bruker B untepBane 400 — 4000 cm'. OOpa3ipl UCCICAOBATINCH B BUJE TaONETKU B
KBr. MuKpOBOIHOBBIN CHHTE3 OCYIIECTBIEH B MUKPOBOJIHOBOM peaktope MAS-II
Plus. Temneparypbl muiaBieHusi omnpeneneHsl Ha npudope «Boetiusy. DieMeHTHBIH
aHanu3 BbIMONHEH Ha npubope Carlo Erba mapku EA 1108. IlomHoTy mportexanus
peakuMii W YHUCTOTY CHHTE3UPOBAHHBIX COETUHEHUH KOHTPOIHMPOBAIM METOJIOM
tonkocnoiHoi xpomarorpaduu (TCX) na miactunax COPBOUII [ITCX-AD-A-YO,
aMoeHT: OeH3on-3tanoin, 10:1, mposiButens — YO cBeT. PEHTreHOCTPYKTYpHBIH aHaIN3
COCAMHEHHMH BBINIONIHEH B Jaboparopuu AWGPAKLMOHHBIX METOJOB HCCIEHOBAHUS
NODX um. A.E.ApOy3osa KasHIL] PAH. Kpucrannorpaduueckne qHHbIE TOTy4YeHbI Ha
aBromarnueckoM nudpakromerpe Bruker D8 QUEST ¢ nerexkropom PHOTON II CCD.

Obugas memoouka nonyyeHus coeouHeHul 3a-o:
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K cmecu 1.08 t (0.01 monb) mema-perunenauamuna (1) u 2.91 mu (0.021 moinb)
TPUATHJIAMHMHA B 4eThIpexxjopuctom ymiepone (50 mi) mpu oxnaxaeHuu (0 — 5°C)
no6asmsmu 0.02 mone nuankuindocoura (2a-60). PeakumoHHyo cMech TOBOIWIN JI0
KOMHATHOH TeMIIepaTyphl, OCIIE YETo OCYLIECTBISIIM MUKPOBOIHOBOE oOyueHue (102
B, 115°C) B Teuenue 3-5 munyT. OOpa3zoBaBLImiics 0eblil 0CaJ0K OTHUIBTPOBHIBAIH
Y JIOTIOJIHUTENILHO TpoMbIBain Bojio# (300 M), BeicyiBaiu B Bakyyme (10 Mum pT. CT.).
Ocaiok nepekpucTaiLin3oBbiBain U3 96 % stunosoro crupra (Kuandykova, 2023).

Temparmun 1,3-ghenunenouc(gpocgpopamuoam) (3a). Brixon npomaykra 3.69 T
(97%), moporrok 6Genoro 1Bera, T. 1. 214 — 215°C. UK cnektp (KBr), v, cm':1002,
1017 (P-O-C), 1228 (P=0), 1610 (Ar), 2907 (CH,), 2989 (CH,), 3204 (NH). Cnekrp
SIMP 'H (IMCO - d6), 5, m. n.: 1.22 1 (12H, OCH,CH,, J= 7.1 '), 3.93 — 4.06 m (8H,
OCH,CH,), 6.56 in (2H, CH_ . J=8.1,2.0I'n), 6.80  (1H, CH,_ ,J=1.91In), 6.99
T (1H, CHaPOM, J=8.0Tn), 7.87 n 2H, NH, J= 9.2 T't). Cnextp SAMP 1*C (JIMCO-d6),
0C, M. n.: 164 n(J=5.5Tn), 623 n(J=4.2Tw), 107.1 m, 110.6 1 (J=7.2 '), 129.6,
142.1. Cnexrp SIMP *'P (IMCO-d6): 6P 2.51 m. 1. Macc-cnextp (ESIY), m/z (I, %):
381.22 [M +H]", 403.20 [M + Na]". Macc-cnexrp (ESI), m/z (I, %): 379.20 [M — H].
Haiineno, %: C 44.45; H 6.64; N 7.55; P 16.21. C, H, N,OP,. Boruucneno, %: C 44.21;
H 6.89; N 7.37; P 16.29.

Tempanponun 1,3-¢penunenouc(pocghopamudoam) (36). Boixon npoaykra 4.15 ¢
(95%), moporok po3oBoro ngera, T. mwi. 124 — 125°C. UK cnexrp (KBr), v, cm': 1028,
1043 (P-0O-C), 1225 (P=0), 1609 (Ar), 2894 (CH,), 2969 (CH,), 3221 (NH). Cnexkrp
SIMP 'H (IMCO-d6), 6, m. a.: 0.86 T (12H, OCH,CH,CH,, J = 7.4 I'n), 1.55 — 1.64
m (8H, OCH,CH,CH,, J = 7.1 T'n), 3.81 — 3.95 m (8H, OCH,CH,CH,), 6.57 nn (2H,
CH,_,,/=8.1,20Tu),6.791(1H,CH_ .J=19Tnw), 698 (1H,CH_ ., J=8.1Tmn),
7.89 1 (2H, NH, J = 9.3 T'y). Criextp SIMP 13C (IMCO-d6), 6C, m. n.: 10.9, 24.1 0 (J
=6.9Tu), 683 01(/=53Tn),107.8 T (J=79Tm), 111.1 n (J=7.4Tm), 129.9, 142.5.
Cnexrp SIMP *'P (IMCO-d6): 8P 3.60 M. 1. Macc-cnextp (ESIY), m/z (I , %): 437.30
[M+H]", 459.30 [M + Na]’, 475.25 [M + K]". Macc-cnexrp (ESI'), m/z (I, %): 435.29
[M —H]". Haiineno, %: C49.51; H7.89; N 6.35; P 14.55. C H, N, O P,. Beraucineno, %:
C49.54; H 7.85; N 6.42; P 14.19.

Pesyabrarsl

MasnousyueHHbIMH OcTaloTca  GochopopraHuueckue MPOU3BOAHBIE JIHAMHHOB
apOMaTHYeCKOro psifa, UMEIOLIMe Pa3IMyHble 3aMECTUTEIH KaK B apOMaTHYeCcKOM
LUKIIe, Tak U y atoma ¢ocdopa. B mureparype nmpaxTudecku OTCYTCTBYIOT JaHHBIE
o dochopunupoBanun mema-heHuneHIMaMuHa. B CBA3M ¢ STHM JanbHeiiiee
pa3BUTHE METOJIOB CHHTE3a 3aMELICHHBIX aMHI0(oc(aroB, yCTaHOBICHUE CTPOCHUS
U U3y4YeHHE UX OHMOIIOTHYECKUX CBOWCTB SIBISICTCS BaKHOW M aKTyaJIbHOW 3ajaueil.
[Iponomkas wccineaoBaHMs MO MOMYYEHHIO aMUA0(POChaTOB, MBI H3YyUWIIM PEaKIUH
MeTa-¢peHuneHguaMuta ¢ aumdTwigochurom (2a) m aunponmndochutom (26) B
yCIOBUSIX peakuuu ATepToHa-Tonaa ¢ UCTIOIb30BaHUEM MHUKPOBOJIHOBOTO OOITyUEHHS
(Kuandykova, 2023).

CTpoeHre CHHTE3MPOBAaHHBIX coequHEHHH (3a-0) MOATBEPIKICHO KOMILIEKCOM
(U3UKO-XUMHUYECKIX METOIOB: criekTpockornuu SIMP 'H, 1C, 3'P, UK-cniekTpockomu,
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cocTaB — JaHHbIMU Macc-criektpomerpun (ESI) u snementHoro anammsa. Metompom
PEHTTEHO-CTPYKTYPHOTO aHaJIN3a YCTAHOBJIEHA UX MOJIEKYJIApHas U KpUCTAJUIMYECKas
ctpyktypa (Puc. 1-4).

0 0
H.N NH, Il _NH H_ ||
B 0 (OR), P~ ~
1] CCL, EtN, MW, 3.5 2 P{OR)
+ 2mu-Por), S ENMU S et f
CHCL, EtN *HCl

1 2 a0 3ab

B UK cnekrpax amumodocdaroB (3 a-0) HaOIIOMAIOTCS TOJOCHI MOTNIOIICHUS B
obmactu 1228 — 1225 cm! xapakrepusie s P=0 rpymmsl, B uatepsange 1002 — 1043
cM! HaOIIOMAIOTCS MHTEHCHBHBIE IyOneTHBIe Momochl mornomenus P—O-C cBs3m.
BTopudHO#i aMHHOTpYTIIIE COOTBETCTBYIOT TOJIOCHI IMOIJIONICHUST B oOmactu 3204 —
3221 cm! COOTBETCTBEHHO.

B cmekrpax SIMP 'H coemuuenwmii (3 a-6) cHTrHajBI IPOTOHA aMHIHOM TPYIIIEI
MPOSIBIIAIOTCS. B BHAe nybsnera B oOmactm 7.89, 7.87 m.a. CurHampl MPOTOHOB
TUATKOKCH(POCHOPHMIBHBIX TPy TSt (3a) MposBIisIroTcs B oomactr 1.22 m.a. (1, 12H),
3.93 —4.06 m.x. (M. 8H); mns (36) — B obmactu 0.86 m.a. (T, 12H), 1.55 — 1.64 m.1. (M,
8H), 3.81 —3.95 m.1. (M, 8H).

B cnexrpax JIMP *C amumodocdaros (3 a-0) crenaHbl OTHECEHHS CIBUTOB BCEX
YIJIEPOIHBIX aTOMOB.

B cnexrpax SIMP 3'P nponykToB peaximu (3 a-0) HMEIOTCA CHHIVIETHBIE CUTHAITBI
B obmactm 2.51 m 3.60 M.m., 9TO COOTBETCTBYET pe30HaHCY smapa (ocdopa B
muankuaamugodocdarax.

PeHTreHoCcTpyKTYpHBI aHanu3 COEJMHEHUN TETPadTUII
1,3-pennnenouc(dpocdopamuara) (3a) u TETPanpPOITHIT
1,3-pennnenodnc(pocdopamuaara) (30) BBHITOIHEH B J1a00paToOpun AUPPAKITHOHHBIX
MeTtonoB uccienoBanus MODX um. A.E.ApOy3osa KasHI] PAH.

Kpucramnorpadguyeckne  naHHbIe:  KPUCTAJUTBI  COSAMHEHHUS  TETPAdTUI
1,3-pennnenduc- (pochopamunara) (3a) (C ,H,N.OP,, M = 380.31) pomOuueckue.
ITpu 100 K momydeHs! ciaemyronme mapaMeTpsl ssaeiiku: a = 15.759(6), b = 7.828(3),
c=30.064(11)A, V'=13709(2)A%, Z = 8, npoctpancteennas rpymma Pbea, d = 1.362
rxem>, m = 0.266 mm!, F(000) = 1616. JlaHHBIE MOJXYYEHB HA aBTOMAaTHYECKOM
mugppakromerpe Bruker D8 QUEST ¢ merexkropom PHOTON II CCD [rpadwutoBsrit
monoxpomarop, (MoK = 0.71073 A, w-ckanmpopanme], 2g < 52°, R = 0.113.
brimo m3mepeno 43317 orpakeHnit, 3 HUX 3613 HE3aBUCUMBIX, YHCIIO HAOTIOMAEMBIX
otpaxenuii ¢ /> 2c(/) paro 3096, okoHUATEIbHBIC 3HAYEHUS (PAKTOPOB PACXOTUMOCTH
R 0.1886, R, 0.4249, GOF = 1.21, uucno onpenensempix napamerpos 221. (Tabmn.1.)
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Pucynok 1. MonexymspHast cTpyKTypa Terpastin 1,3-gpenunenduc(pocpopamunara) (3a)

Coenunenue terpastui 1,3-pennnendouc(pochopamuaar) (3a) KpucTamIu3yercs B
poMOUYECKOil MPOCTPaHCTBEHHOH Tpynie Pbca. ATombl ocdopa Jekar B MIOCKOCTH
OCH30JILHOTO KOJIbLIA, & JTOKCH-TPYIIIBI JIe)KAT MO pa3Hble CTOPOHBI OT IUIOCKOTO
¢dparmenTa.

3a cuer MexMoneKymsapHeix B3aumopeucteuii C-H...O — u N-H...O — tuma
o0pazyercsi 0eCKOHEUHas! cJI0eBasi CTPYKTypa BAOJIb OJHOM U3 KPUCTAIIIOrpapuIecKuX
IIJIOCKOCTEH.

Pucynok 2. Kpucrammueckas ctpykrypa Terpastin 1,3-dpenmnenouc(pocpopamunara) (3a)

Kpucrannorpapuueckue  paHHble: KPUCTALIBI  COCAMHEHHMS  TETPAIPOIUII
1,3-pennnentduc-(pochopamunara) (36) (C,\N,OP,, M = 402.14) monoknunnsie. [Ipn
100 K nomydens! cneayromue napamerpsl sueiiku: a = 20.5527(15), b = 15.8099(11),
c=42.282(3)A, p=96.139(2)°, V= 13660.2(17)A°, Z= 24, npocrpancTBeHHas rpymmna
P2 /e, d = 1173 rxem?, m = 0.222 mm', F(000) = 4800. [{anHble MOMydYeHbI HA
aBromarnuyeckoM auppakromerpe Bruker D8 QUEST c nerekropom PHOTON II
CCD [rpadurossbiii monoxpomarop, (MoK ) = 0.71073 A, w-ckanupopanue], 2¢g <
64.5°, R, = 0.094. bouio usmepeno 507186 orpaxkenuii, u3 Hux 48263 HE3aBUCUMBIX,
4qucio HaOmronaeMbpIx orpakeHuii ¢ [ > 26(/) paBuo 41270, okoHYaTEIbHBIC 3HAYCHUS
daxropos pacxonumoctu R 0.1620, R, 0.4391, GOF = 3.24, yncno onpenensieMbix
napametpoB 1513. (Tabin.1.)
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Pucynok 3. MonexymspHas cTpykTypa Terpanponui 1,3-dpernnenduc(pocdopamunara) (36)

Terpanponun 1,3-penunenduc(pocdopamunar) (30) KpucTasuIM3yeTcsi B MOHOK-
JIUHHOM MPOCTpaHCTBEHHOH rpymme P21/c. B He3aBUCMMON YacTH KpHCTALTMUECKON
s;TUEHKN HaxoJATCS 6 HE3aBHCHUMBIX MOJIEKYJ HCCIEAyeMOIro COEIUHEHHHA. ATOMBI
¢docdopa nexar B IUIOCKOCTH OCH30JBHOTO KOJIbLIA, a MPOIMOKCH-TPYIIBI JISKAT MO
pasHble CTOPOHBI OT IJIOCKOTO (hparMeHTa.

3a cuer MEeXMOJIEKYIISIPHBIX B3aUMOJICHCTBUI 00pa3yeTcst CIIO)KHAs TPEXMEpHAs CeTKa.

Pucynok 4. Kpucrammndeckas cTpykrypa Terpanponu 1,3-dennnenduc(docdopamunara) (36)

Tabnuna 1 - Kpucraumorpaduueckue JaHHbIE U TapaMeTPbl PEHTTEHO-CTPYKTYPHOI'O SKCIIEPUMEHTa

[Tapamerp 3a 30
Dmnupuyeckas Gpopmyia C HNOP, C H,NOP,
DopMynbHBII BeC 380.31 436.38
CHHTOHUS poM6 MOHOKJINH
U3nydenne, JUIMHA BOIHEL, A MoK , A =0.71073
[IpocTpaHCTBEHHAs Ipyna Pbca P2 /c

ab,c, A 15.759(6), 7.828(3), 30.064(11) | 20.5527(15), 15.8099(11), 42.282(3)
O6nem, A’ 3709(2) 13660.2(17)
Z 8 24
d,.rlem 1.362 1.173
Kos¢ppunment normomienus, 0.266 0.222
MM
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Ob6nacts cheMKH, 0, Tpa. 2g <52° 2g <64.5°
1, m3mep. / I, He3aBuC. 43317/3613 307186/48263
GOF 1.21 3.24

R 0.1886 0.1620
R 0.4249 0.4391
Yucno yTouHsAeMbIX 221 1513
1apaMeTpoB

Yucno HaOIIogaeMbIX 3096 41270
OTpakeHUH

COOp W WHAECKCUPOBAHWE JAHHBIX, OIpEJCICHHE W YTOYHEHHE MapaMeTpOB
JIIEMEHTAPHOW SYEHKH, KOpPpPEKLUs aOCOopOLMH, Y4eT CHUCTEMAaTHYEeCKHUX OLIMOOK
U OIpeeNieHHEe IapaMeTPOB IMPOCTPAHCTBEHHOW TPYNIBI KPUCTAJUIa BBITOTHEHBI
nocpeacTBoM makera nporpamm  APEX2 (Version, 2006). Yder mnoniomeHus
poBoAWiIcs ¢ ucnoib3oBaHueM nporpamMmbl SADABS (Sheldrick, SADABS, 1997)
. Crpykrypa kpucramia pacmmppoBaHa U yTOYHEHA C MCIOIB30BAaHHEM HPOTPaMMbl
SHELX (Sheldrick, 2014). ITapameTpbl aTOMHOTO CMELICHHUSI JJIsI aTOMOB (KpoMme
BOJZIOPOJIa) YTOYHEHBI aHU30TPOITHO. ATOMBI BOJJOPOZIa PACIIONIOKEHBI TEOMETPUIECKU
Y BKJIFOYCHBI B YTOUHEHHE TI0 MOJICNIN «HAC3THUKAY.

3akiroueHue

B oaKkcnepuMeHTaIbHOM acliekTe METOJO0B TONydeHHs aMuaopocdaToB UYETKO
MIPOCIICKUBAIOTCS TPU HOBBIE TEHICHIIMU. BO-TIEpBBIX, B KPYT' KOMIIOHEHTOB PEaKIHH
ArteproHa-Toj1a BOBJIEKAIOTCS BCe Ooee CI0KHBIE MOTU(YHKIIMOHATBHBIE MOJICKYJIbI,
HampuMep, MPUPOIHBIE AMHHOKHCIOTHL. BO-BTOPBIX, CHHTETHYECKHH IMOTEHIIAAT
peaKkuuMu PE3KO BO3POC 3a CYET MCIIOJIb30BaHMS HOBBIX BbICOKOI()()EKTHBHBIX
Karanu3aropoB. M HakoHel, Henb3si 0CO00 HE MOJYEPKHYTh YCIENIHbIE YCHIIUSA
XMMHUKOB-CHHTETUKOB W TEXHOJIOTOB MPUOIH3UTH METOIbI CO3Janusi aMmuaodocdaros
K JKECTKHUM KPUTEpHUSIM «3el€HOi» XumMuu. OYEeBHIHO, HAa JTHUX IYyTAX, a TaKKe
Ha TIOBBIIICHUH 5S()(EKTHBHOCTH METOIOB DHAHTUCEIEKTHBHOTO CHHTE3a, Oyaer
pa3BUBATHCS CHHTETHUECKAS XUMHSI OpraHnYecKuX Gpochopcoaepramnx BEmecTs.

Xumus N-pochoprnrpoBaHHBIX IPOU3BOIHBIX YCIICITHO IIPOAOIIKAET CBOE PA3BUTHE
C BO3HUKHOBEHHEM HOBBIX IUIOJOTBOPHBIX HampasieHuid. Kiaccmueckue mpoOieMsl
B 3TOI 00JacTH TPUOOPETAIOT HOBOE OCMBICIICHHE M Pa3BUTHE C TPUBIICUYCHHEM
COBPEMEHHBIX (U3UYECKUX METOJOB M TEOPETHYECKOro MaTepHuaia, 4To CO3JaeT
MEPCIEeKTUBY JajbHEHIEro pa3BUTHS 3Toi obnactu Xumuu (GochopopraHuuecKux
coenuHeHni. [lomydeHHBIE SKCIIEPUMEHTANBHBIC PE3yIbTaThl BHOCAT OINPEEIICHHBIH
BKJIaJl B pEIICHHE BOIMPOCOB PEaKIMOHHOW CIIOCOOHOCTH M MEXaHM3MOB PEaKIHU
npu cuHTe3e amuiaodocdaroB B YCIOBUSX peakimuu AteproHa-Tomna, a Takke
JOTIOJTHUTENIbHBIE CBEICHHS 00 WX CHEKTPAIbHBIX M PEHTTEHO-CTPYKTYPHBIX
XapaKTePUCTHKAX MPU HICHTU(UKAINU BENIECTB METOAaMHU (DPU3UKO-XUMHUYECKOTO
aHanmm3a. Pe3ynbraThl HMHTEpHpETAlMM JaHHBIX PEHTTEHOCTPYKTYpHOTO aHaln3a
HCCIIEyeMBIX COCJMHEHHH MOTYT OBITh MCIOJB30BaHbI Ul PEHICHUS] CTPYKTYpPHBIX
ocobeHHocTel aMmu0(ocGaroB U UX MPOU3BOIAHBIX.
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Abstract. In a scientific article, a study was conducted on the use of Aschisai clinker
as a regulatory additive for the production of belite cement clinker. Calculations for the
raw material charge «Limestone + Loess + clinker Ashisai» were carried out according
to the RSS program. As a result of calculations, it was found that the raw materials
needed to produce 1 ton of cement are limestone — 1.163—1.221 t/t, loess — 0.165-0.223
t/t, clinker Ashchisai — 0.115-0.027 t/t. Based on the results of calculations, the optimal
modular parameters of the clinker of belite cement and the estimated chemical and
mineralogical composition of the resulting clinker were determined. It was found that
the content of unbound free CaO in clinker burned at a temperature of 1300 °C is within
the normal range and amounts to 0.27—1.89 %. The specific chemical composition of
belite clinker, %: SiO, - 26.67; AL,O,—4.75; Fe,0,— 5.73; CaO — 59.60; MgO — 2.36;
SO, - 0.58. Mineralogical composition,%: C,S —16.87; C,S — 59.64; C.A—-2.87, C AF
—17.42. The interplane intermediate points of minerals — C,S (belite) were determined
on the X-ray of the clinkers obtained — C,S (belite) d = 1.72; 1.98; 2.05; 2.28; 2.54; 2.74;
2.78;3.05; 3.23;3.33 A; — C,S (alit) d = 1.49; 1.63; 1.82; 2.44; 2.88 A; - C,Ad = 1.55;
2.70;4.11 A;— C,AF d=1.92;2.16; 2.19; 2.63 A. As aresult, the possibility of obtaining
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a belite cement clinker by burning at a temperature of 1300 °C using technogenic waste
(Ashchisai clinker) was determined.

Keywords: production waste, Ashchisai clinker, raw mixture, clinker, belit, Portland
cement
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AnHoTamus. FeutbiMu Makanana Amricail KIUHKEpAl OCMUTTI EMEHT KIMHKEPiH
aly YILIiH peTTeyIli Kocnackl peTiHe nananany Ooibiaia 3eprrey xypriziaren. PCC
OarnmapiaMachl OOWBIHIIA «OKTact+iecctAmibicaid KIMHKEp» IIUKi3aT IIUXTachblHA
ecenTeynep Jkyprizipmi. Ecenrey HoTmxkeciHme 1 T IIEeMEHT aily YIIIH KakeTTi
muKizarTapabiH: oktac — 1.163—1.221 1/1, necc — 0.165-0.223 1/1, Amicaii KITMHKEPI
— 0.115-0.027 1/T apanbifblHOa KOCBUIATBIHABIFEl aHBIKTANAbl. Ecentey HoTHkeciHe
colikec OENMUTTI LEMEHT KIMHKEPAiH OHTAaMIIBI MOIY/IbIIK KOPCETKIIITEP] MEH aJIbIHATBIH
KIMHKEPiH OOKaMIIbl XUMUSUTBIK, KOHE MHUHEPOJIOTHSIIBIK Kypambl aHbIKTaael. 1300
°C TeMmeparypaja KYHIipin ajmblHFaH KIWHKEPIiH KypaMbIHIAFrbl OailaHbICTIaFaH
06oc CaO wmemmepi 0.27-1.89 % apaybIFbiHIa SKSHITT aHBIKTAIAbI. AHBIKTAIFaH
OCUTTI KIMHKEPIIH XMMHUSJIBIK Kypambl, %: SiO, — 26.67; A1203 —4.75; Fe,O,- 5.73;
Ca0 - 59.60; MgO - 2.36; SO,— 0.58 Gomnapl. Munepanorusiisik Kypamsl, %: C,S —
16.87, C,S — 59.64; CSA —2.87; C,AF — 17.42 aupiKTanpl. AJbIHFaH KITUHKEPJICPiH
pentrenorpammaceinaa — C,S (G6enut) d = 1.72; 1.98; 2.05; 2.28; 2.54; 2.74; 2.78; 3.05;
3.23;333A; - C,S (amut) d = 1.49; 1.63; 1.82; 2.44; 2.88 A; - C,Ad=1.55;2.70;4.11
A;-C AFd=1.92;2.16;2.19; 2.63 A MuHepanapbIH Ka3bIKTBIK apajiblk HYKTeIepi
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aHbIKTaNAbl. HoTwxkeciHne, TeXHOTEHAI KaiiblK T(Almicaldl KIMHKEpJi) KOJIAaHBII
1300 °C temneparypaja KYWAipy apKbUIbl OCIUTTI IEMEHT KIMHKEePAl aly MYMKIHIIT
TOJIBIFBIMEH OPBIHIAIIIBI.

Tyiiin ce3mep: eHxipic KanaplFbl, Amlicail KIMHKEPi, MIMKi3aT KOCHACHI, KIMHKEP,
OeHT, MOPTIAaHIIEMEHT

© A. KyanapixoBa!, b. Taiimacos!, H. Kanuxysios?, E. Iloranosa’, 2024
'"TOsxHO-Kazaxcranckuii yHuBepcuteT uM. Aya3oBa, [1lpivkent, Kazaxcran;
’KaparanIMHCKUI yHUBEPCUTET UMEHH akaiemuka E.A. Bykerosa,
Kaparanna, Kazaxcran;

*PoccuiicKmii XMMHUKO-TEXHOJIOTHYEeCKHi yHUBepcuTeT umenn J{.11. Menneneesa,
Mocksa, Poccus.
E-mail:nurgali.zhanikulov@mail.ru

UCHOJb30BAHUE KJIUHKEPA AIIIUCAHCKOI'O
METAJIJTYPITHYECKOI'O 3ABOJA JJIsI CUHTE3A BEJIUTOBOI'O
KJIMHKEPA

KyanapikoBa A.E. — PhD nokropant, HOxxno-Kazaxcranckoro yausepcutera um. M. Aya3oBa,
IIsmvkenT, Kazaxcran

E-mail:aknur.01.07.94@mail.ru, https://orcid.org/0000-0003—-4727-9195;

TaiimacoB B.T. — nokrop Texanueckux Hayk, nmpodeccop IOxno-Kazaxcranckoro yHUBEpCHTETa HM.
M. Ay»s3o0ga, llIsmvkent, Kazaxcran

E-mail:taimasovukgu@mail.ru, https://orcid.org/0000-0002—1844-4932;

Kannkymnos H.H. — noxrop PhD, accormupoBannstii npogeccop Kaparananuckoro yHuBepcurera
nmenu akagemuka E.A. Bykerosa, Kaparanna, Kazaxcran

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

IMoranoBa E.H. — 1oKTOp TeXHUYECKHUX HayK, podeccop Pocchiickoro XMMUKO-TEXHOIOTHIECKOTO
ynuepcutera umenu JI.1. Menneneesa, Mocksa, Poccus

E-mail:Potapova.e.n@muctr.ru, https://orcid.org/0000-0002—-5796-2265.

AHHoTanus. B HayuHOIT cTaThe OBLIO MTPOBEACHO UCCIIEIOBAHKE 10 HCIIOJIE30BAHUIO
KIIMHKEpa BEINIbIEBAHUS AYHCAiCKOTO METAJUIyprU4eckoro 3aBoja B KauecTBE
KOPPEKTHPYIOLIEH M00aBKU Il MOJTYYCHHS OCITUTOBOrO IIEMEHTHOTO KiumHKepa. [lo
nporpamme PCC npoBeieHbI pacueThl Ha ChIpbeBYI0 UXTY «3BecTHsIK+/leccHrmakep
Aumncait». B pesynbrate pacueToB yCTAHOBIICHO, YTO VJIEIBHBIM PACXOJ ChIPHS,
HEOOXOAMMOTO ISl MOJTydeHUs | T KITMHKepa COCTaBIIsAeT: u3BeCTHIK — 1.163—1.221 /T,
necc — 0.165-0.223 1/t, knmunkep Auncaii — 0.115-0.027 1/t. [1o pe3yasraram pacyeTos
ObUTH OTpE/CICHbl ONTUMAIBHBIC MOJAYJIbHBIC MOKA3aTelIH KIUHKEpPAa OCIIMTOBOTO
LIEMEHTA U TIPEIIOIaracMblii XHMUYECKUI 1 MUHEPATIOTHYECKUN COCTAB MOJIy4aeMOro
KIIMHKEpa. YCTaHOBIICHO, UTO cofiepkanue cBoOoaHOro CaO B KIMHKEPE, 000HIKEHHOM
npu temneparype 1300 °C, naxoaurcs B npeaenax HopMbl U coctasiger 0.27-1.89 %.
OmnpenernieH XMMUYECKHH COCTaB OEIMTOBOrO KIMHKEPa, %: Si0,— 26.67; A1203— 4.75;
Fe,0,-5.73; CaO - 59.60; MgO — 2.36; SO, — 0.58. Munepanoruueckuii cocras, %:
C,S-16.87,C,S—-59.64;, CA-2.87, C,AF — 17.42. Ha peHTreHOrpaMMe MOJTy4EHHBIX
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KJIMHKEPOB ONPEEIEHbI MEKILIOCKOCTHBIE paccTossHust MuHepanos — C.S (6emur) d
=1.72; 1.98; 2.05; 2.28; 2.54; 2.74; 2.78; 3.05; 3.23; 3.33 A; — C,S (amur) d = 1.49;
1.63; 1.82; 2.44; 2.88 A; - C,A d = 1.55; 2.70; 4.11 A; - C,AF d = 1.92; 2.16; 2.19;
2.63 A. B pesynsrare onpesiesiena BO3MOKHOCTb MONyYeHHs! OETUTOBOTO [EMEHTHOTO
KIMHKepa myTeM oOxura npu Temmneparype 1300°C ¢ ucrnosnb30BaHHEM TEXHOTEHHOTO
0Txo/1a (KJIMHKepa Auncail).

KuaroueBble cjioBa: oTXOABI NMPOM3BOJACTBA, AUMCANCKUN KIMHKEP BelblIEBaHUS,
CBIPbEBasi CMECh, KITMHKEP, OCJINT, MOPTIaHIEMEHT

Kipicne

LleMeHT — oneM SKOHOMHKACBIHBIH JaMyblHa MaHBI3[bl IIEIIYIIi pejl aTKapaTblH
Marepuan, ce0ebi LEeMEeHT opTYpii HMHQPPaKYphUIBIMABIK K0OamapIsl >KYprizyae
KongaHbaael. LleMeHT 9KoNorusiFa Kepi 9CepiH TUTI3yAe SJeM/e allFallKbl OPbIHAAP/IBI
anaTblH eHAipic camacel. JIlyHHeXY3imik aepexrepre coiikec 2023 3KbUIbl LIEMEHT
OHJIIpici KOMIPKBIIKBUT ra3abl arMocdepara mblFapy OOMBIHIIA 9MEMIIK OIOKETTIH
7 % tuecini 6onapl (Tkachenko xone 1.6., 2023), 6ipak 0y kepcetkim 2020 >kbuira
kaparanja 1 % kemirenairi anpikrainsl (Luis xoHe T.0., 2021).

Kazipri 3amanayun >kaHaJbIKTap MEH FBUIBIMU d3ipiieMeniep LEMEHT ©eHAipiciHae
OeJIiHeTIH MapPHUKTI Ta3JapAblH IIbIFAPBIHABIIAPEIH TOMEHIETY MEH LIEMEHTTIH TYTBHIHY
KeJIeMiH a3zaiiTyra OarpITTairaH. FanpiMaap mapHUKTI Ta3gapAblH IbIFapbIHABUIAPEIH
TOMEHAETY YIIiH TEXHOTeHIi INWKi3aT MaTepuaiaapisl (Kemip Kyii, OTBIHABI
KYJI, METAJUTyPrHsJIbIK >KOHE XUMHSJIBIK KaJABIKTapAbl) KONJAHYAbl YCHIHCA, al
eHni Oipl LEMEHTTI aJIMacTBIPyLIbl MaTepHajiap MEH KIMHKEPCi3 HEeMEHT aiy
xobaceiH enrizai (Her xone Oack., 2022). Conapasiy Oipi aMepUKalbIK FajibIMIAp
KYPri3reH 3epTTeyle LEeMEHT OHIIpy YIUiH KeMip KyJIi KOJJaHy apKbLIbl SHEPIHs
LIBIFBIHBIH TOMEHAETYII KaMTamachl3 €TKEeH. YII TYpii HEeMEHT IIWXTa KypamJbl
asipnen, 1000-1200 °C temmeparypana kyinipren. Kemip xym xypambinga CaF,
MUHEpaIN3aTOPBIHBIH BIKIAIBIHAH (a3anapAblH TY31yl TOMEH TeMIeparyp/a KypreH.
Knunkepai akrusrenaipy sHeprusicel 42.7-91.1 neitin xetkeH. TaOuru mukizaTTapasl
KaJIBIKTAPMEH aJMAacCTBIPy HOTHIKECIHIE KOMIPKBIIIKBII Ta3 IIbIFapblHABLIAPEI
60 % sxoHe 1 T KIMHKEp YUIH PHEPrusi TYThIHY KeyieMi 350 KKaj/Kr TOMEHIETKEeH
(Alpha Ousmane Toure xoHe 06ack., 2020). ABCTPHSUIBIK FhIIBIMIAPABIH KYPri3iiareH
3epTTEyIH/IE TEXHOTEH/I KaJJBIKTapJbl Macca HETi3iHAeri OJIiC KOHE XUMUSIIBIK
KOMIIOHEHTTEp HETi3iHeri ojicTepAl KOJAaHy apKbUibl o3ipiereH. Hortmwxecinge 1
TOHHA LIEMEHT ally YIIiH SHIIpiIeTiH KaJIbIKTapAbIH Kalmbl canmarsl 365-387 xr
Oonran. Ocbl apKbUIBI TEXHOTEHII KAJABIKTHI KaiiTa exaeyne oprama 37.6 % Kyparan
(Enengel xone T.6., 2023). YHIOICTaHABIK FalbIM KOPFAachIH LIUIATbl MEH YIIKBIH KYJIi
KIMHKEp KYHAIpy[de LIMKi3aT OpHbIHA KoijaHFaH. KanabIKTapabl KONAaHy Meepi
44 % xeTkeH. 3epTTey HOTHKeCiHAE eHmipinren Kamabikrap CO, rasbiHbIH OoiHyiH
a3aiThIN, ajbIHFAH LEMEHTTIH MEXaHHWKaJbIK KepceTKimTepiH aprteipran (Nabajyoti
Saikia, 2016). CoHpnaii-ak, IEeMEHT OHEPKICIOIHe KIMHKEPACH TY3UICTIH IIaH MEH
aCMPaLMSUIBIK [MIaHABI KOJAAHBIN LIEMEHT TAaChIHBIH OCPIKTITiH apTTBHIPy MaKcaTbIHAA
KOMIO3UIMSUIBIK Kypamaap kacaraH. HoTwkecinae, acnupanysibK aH KypaMbIHIa
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Ke31eCTIH NaZSiO3 JKOHE Na2SiF6 YITUIEpAiH THIFBI3ABIFRIH 1.8 T/cM?, MakcuMmaabt
KpIcy Oepikririd 50.7 Mlla, niny 6epikririn 5.6 MIla apteipran (Salamanova sxane T.0.,
2022).

Ucnanapik FampiMaap OEMUTTI LHEMEHTTEpHi TOMEH TeMIeparypaibl LHeMEHTTEp
petinne konganrad. bemutti nement C—S—H renin ken Memnepse OeiyiHe OaiIaHbICThI
eTe KOFapbl OEpIKTIK KacHeTKe Me, 9KTac KaKETTUIr TeMeH, KYHaipy mpoleccinae
CO, IubIFaphIHABLIAPEI a3, DHEPIHs KAKETTUIN TOMEH, MEITE KYMBIC Kacay
TeMIeparypachl TOMEH, OTBIH LIBIFBIHBI TOMEH JereH KopbiThiHAa kacaraH (Cuesta
xoHe T.0., 2021). beilopranukanblK KalgblKTapAbl MaiAadaHbll, IIAKI3aT [IUXTaHbI
1000°C Temneparypana TepMHsIbIK oHJ€ey apKbLibl (Ca,Si0,) exi KanbUuiii cuauKar
(azaceIH cUHTE3/eT OSNUTTI IIEMEHT KIMHKEPiH anFaH. KinuHkepaiH KypaMblHaa OeauT
¢aza memepi 56. 62 xxone 72 % kyparan. Pentrenix qudpaxnus (XRD) xxone @ypoe
nHdpakp3bul ciekrpockomnus (FT-IR) sgictepai KoamaHbI IEMEHTTIH FHApaTanysiany
MPOIIECCIH 3epTTey HOTHKECIHIE, YaKbIT oTe kene nementrre C—S—H kpucranganran
KOCBUIBICTApAbIH nmaiaa 60mbim, 90 kynHen keiiin C,S malbI3[bIK ©CIM aHBIKTaJIFaH
(Moudar >xone T.6., 2023). benuTTi HEMEHT KIMHKEpiH CHHTE3/A€Yy YLIIH MIMKi3ar
MaTepuangapAblH OpHBIHA KaFa3 IUIaMbl, EMEHT IIaHbl MEH KYpill KaObIFbIHBIH
KyJi KonaaHbutFaH. Kanaslkrapasl QU3HKa-XUMHUSJIBIK Talgay HOTH)KECIHAE IIEeMEHT
LIMXTaChIHBIH OipHeme Kypamaapsl a3ipnenren. Kmunakep xyhaipy 1300, 1350 >xone
1400 °C remneparypaja opbiHaanFad. KinuHkepre KypblUTbIMBIK TalAay STHICHIJINKOIb
oiciMeH xkyprisinreH, HoTmkecinae 6oc CaO memmepi 0.5 % Oonran. Taburu muKizaT
KonganOai OeMUTTI KIMHKEp ally MYMKIHJIT jKacaiFaH. AJIBIHFaH OeNUTTI LEMEHTTIH
rHIpaTalusuIaHy KUHETHKACH MTOPTIaHAIEMEHTTIH XKbUIJaMIBIFBIHAH KOFaphl OOJIbI,
Oy kiauHKepAeri aMopdThl Qa3aHblH KypambiHa OaiinanbicTsl xkypai (Enriquez xone
1.0., 2020).

Ocbutaiiiia, meT eiaik FaabIMIAPABIH KYPri3reH 3epTTey JKYMbICTAPbIHBIH
HOTH)KECIHE CYHeHim, eniMi3e OelMWTTI LEMEHT aiydbl 3epTTey ©3CKTI JKOHE
TEXHOJIOTHUSIIBIK apTHIKIIBUIBIFBI 0aChIM €KSHIIT AJeNAeHAl. by 3epTTey KYMBICTBIH
HeTi3ri MakcaTbl Anlicail KIIMHKEP KaJAbIFbIH IIUKi3aT MIMXTa KYPaMbIHA KOCY apKbLIBI
OCIMTTI LIEMEHT KIMHKEP aly/abl 3epTTey OOJIBIN TaObLIaIbI

Marepuajgap MeH 3epTTey daicTepi

3eprTeyae HEri3ri MMKi3aT MaTephajaapbl peTiHae oKTac, Tekecy KEeHOPHBIHBIH
JIecChl oHEe Allicall METaJLTYPrHsUIBIK 3ayBITBIHBIH KIMHKEpl KonaaHbuiasl. Lnkizat
MaTepualap MEH KaJIbIKTapblH XUMISUIBIK Kypambl (KyaHasikoBa xoHe T.0., 2023)
KapusUTaHFaH MaKaiaaa KepCeTiIreH.

Benutti knuuHKep amy ymiH mwmkizar xocma KypambiH ecentey C.Jl. Oxopokos
¢dopmynacel 6oibiHIIa KYprizinai. ukizar kocnanapnasl ecentey PCC Garnapiaamacs
keMeriMeH opbiHnanael (TaiiMacos xoHe T.0., 2013). by Garmapnamana ecenreynep
LIMKI3aT MaTepuanaapIblH XUMHISUTBIK KypamblH 100%-Fa KenTipy apKbUIbl jKacasibl.
Barnapiama MyMKiHJITiHE ColiKec ecenTey Ke3iHe KaHbIFy KOd(QQHUINEHTI, CUINKATTHI
MOZyYNb MOHIEPi eHri3inai. HoTmxkecinae mukizaT KoCaHbIH KOMIIOHEHTTIK Kypamsbl, |
T KJIIMHKEPre MIaKKaH/a IUKi3aT KOMIIOHEHTTEPIiH TEOPUSUIBIK YIIEC IBIFbIHBI, IINKI3aT
KOCHaHbIH XUMUSUTBIK Kypambl, KOCTIa MEH KIMHKEPAIH TIIMHO3EMA1I MOAYJb [IaMachl,
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KIMHKEpIAiH OOKaMIbl XUMHUSUIBIK JKOHE MHHEPAJOTHSJIBIK KYpaMbl aHBIKTAJIbI
(Tatimacos xaHe T.0., 2020).

Ecenrtey HoTHMXKECIH KONJAHBIN 9KTAC, Jiecc jKoHE AIicail MeTalIyprusi 3aybIT
KJIMHKEp/i aHbIKTaJlFaH KaThlHACTA 3epTXaHalbIK mapisel auipmenne Ne008 enekrte
8—10 % KanAbIK KallFaHIa YHTAKTall ajjblK. «OKractHiecctArricall KIMHKepD»
LIMKi3aT KOCMachl HETi3iHJe MIMKi3aT KOCHa KYpaMbIH OipTEKTiJiey OpBIHAAJIBI,
BUIFANIAAHABUIBIFEL W=12 % mamacelHAa OONaThIH MIMKi3aT KOCHanap.sl,
rugpaBiaukanbik npeccre 20 MIla kpIcbIM acThIHA, THAMETPi 2 CM KOHE OMIKTIri
1.0—1.5 cMm OonaTbiH TabneTkanap xacan anaablk (Mbp3akoxka xoHe Oack., 2013).
Tabnerkanapael Kyinipy 3eprxaHanslk snexTp nemre 1300 °C  Temmeparypasaa
xyprizaik. [lemTi skoFapsl MakCHMalIbl TeMIlepaTypara JeiiH keTepy 2—2.5 carar
imriHAe Ky3ere acTel. bepiireH »orapbl TemIlepaTypaia TabjaeTKazapabl YCTal TYpY
yakbIThl 30 MUHYTTBI Kypaabl. Kylaipy mpouecci askTalfaHHaH KeiH KIMHKepHeri
6oc CaO menmiepi aHbIKTadaabl. by KIMHKepAEri TY3UIreH MHHEpaIlapIblH e3apa
OaiinanpicyblH Kepcereai. Knunkepneri 6oc CaO Menmiepi STHI-IHALEPATThl 9IICTIEH
anbikTangsl. MECT 31108-2020 Tananrtapsl 6oiibiHma knuakepaeri 6oc CaO memmepi
2 % acnaysl Tric (MECT 31108-2020, 2019). AnbiaFan OSIUATTI KITMHKEPIiH XUMUSUTBIK
KOHE MHHEPONIOTHSUIBIK Kypambl X-ray (S8 Tiger) KypbUIFbICHIHBIH KOMETiMEeH
AHBIKTAJIIBI.

Harn:xesiep :xoHe TaJKbLIAYIAP

PCC 6arnapnamaceinga «Okrac+iecc+Anicail KIIMHKEP1» Y KOMIIOHETT] IIUKi3aT
KOCIa KypaMblHa ecenTey KYpriziaai. | KkecTene yil KOMIIOHEHTTI IIHKi3aT KOCHaHbIH
KYpaMbl )K9HE LIMKi3aTTapAbIH YJIECTIK MIBIFBIH €CENTey HOTHIKEIEPl KEeNTipireH.

1 — kecte. Y1II KOMIOHEHTTI LIUKI3aT KOCIIaHbIH KYPaMbI KOHE HII/IKi3aTTapI[LIH YJIeCTiK HIBIFbIHBI

Kocma | IIIukizar KOCHaHBIH KYpPaMbl, [uki3aTTapAblH YIECTiK Kaubiry | Mopnynbaep
aTaybl Mac.% IIBIFBIHBI, T/T KIIMHKEpre k03¢ du-
Okrac | Jlecc Amicaﬁ. OKkTac Jlecc Amicaﬁ. e n P
KJIMHKEpi KIIHHKEPi
K1 | 80.59 | 11.44 7.96 1.163 0.165 0.115 0.75 22 | 0.72
HIK2 | 81.65 | 13.09 5.26 1.180 0.190 0.077 0.75 25 | 092
1K 3 82.97 15.16 1.86 1.221 0.223 0.027 0.75 3.0 1.33

«OKracHiecctAimicail KIMHKEPI» HIMKI3aT KOCHAChIHAa KOMIIOHEHTTEP/IiH YJIECTIK
LIBIFBIHBI CUJIMKATTBI MOJYJIbI'e OaiaHbICThl ©3repai: okrac — 1.163—1.221 1/1, necc
— 0.165-0.223 1/t ecrti, an Amicaii kauHkepi — 0.115-0.027 1/1, s’Hu 1 T 1LIEMEHT
KIIMHKEp aly YIIiH Aniicail KIMMHKEPiHiH MeIepi a3aipl. CHIIMKATThl MOIYIb 2.2-1eH
3.0-ke JeiiiH KOFapbUIaFaH Ke3Je PETTEYIi KOMIIOHEHT Allicail KITMHKEPIHiH YJIeCTiK
LIBIFBIHBL TOMeHAe 1. OpTa ecemnrieH | T eMeHT KIIMHKepi any yurin 27—115 kr Amricai
KIMHKep1 skymcanaasl. KiuHkepaiH OomKaMabl XUMUSIIBIK JKOHE MHHEPOJIOTHSUIBIK,
KYpaMbl 2 KECTe/Ie KeJTipiJreH.
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2 — kecte. Kinnukepii 00KaM/Ibl XUMESI-MHUHEPATOTUSUIBIK KYPaMbl

Kocna Kanakepain XUMUSITBIK KypaMbl, Mac. % MuHepanorusisIk Kypamsl, Mac.%
AR §i0, | ALO, | Fe,0, | CaO |MgO| SO, |6Gacka| C,S | C,S | C,A | CAF | xamsl

2 3
MK 12297 439 | 6.05 |57.59] 195|154 | 551 |21.82]49.38 | 1.35 | 18.39 90.94
K2 |23.48| 448 | 491 |5843|1.82 | 1.53 | 535 |22.31| 50.49 | 3.53 | 14.93 91.25

HIK 3 |24.14| 4.60 | 3.45 |59.50| 1.66 | 1.51 | 5.14 |22.94| 51.91 | 6.32 | 10.49 91.65

EcenTey HoTmXeci KepceTKeHACH, KIMHKEPIiH MUHEPATOTHSIIBIK KypaMbl OSIHUTTI
KIIMHKEP aTyFa 00IaThIHIBIFBIH KOpceTTi. CHITMKATThI MOy KopceTkinti 2.2—-3.0 neiiin
JKOFapyaTKanaa Oenut MuHepansl mesmiepi aprein 51.91 % xerri, an C,A mMemmepi
1.35-6.32 % xorapnanpl. Kepicinme C,AF monmiepi 18.39 %—nan 10.49 %-ra azaipl.

Ecentey HoTmxkeciHe colikec «OKractiecctAmiicail KIMHKep» MIMKi3aT
KocTaJlapel OOWBIHIIA JuaMeTpi 2 cM JkoHe Owmikrtiri 1.0-1.5 cm OosarsiH
TabneTKaap JaubHAaNIb. TabneTkanapasl KYWaipy 3epTxaHaisik dtekTp nemre 1300
°C Temmeparypama xyprizinai [lemri xorapsr Makcumanasl 1300 °C temmneparypara
neiin xetepy 2—2.5 carar immHIe Ky3ere acTbl. bepinreH Korapbl Temmeparypaia
TabNIeTKaIapIbl YCTan TYPY YakbeIThl 30 MUHYTTBHI Kypajabl. «OKractiecc+Armicai
KJIMHKEpI» IUKi3aT KOCTAChl HETi3iHAe KYHIIPUIreH IEMEHT KJIMHKEPIHIH JKaJIIbl
KepiHici 1 cypeTTe KepceTureH.

. o
1 — cypem. «OKTac+iecc+Aicail KIMHKepi» MIMKI3aT KOCHACH! HETi3iH/Ie KYHIIpIIreH KINHKepIep
(Fig. 1. Clinkers based on the raw material mixture “Limestone + loess + Ashchisay clinker”)

1300 °C TemmepaTypaga KYHAIpUITCH KIMHKEPICPAIH KypaMbIHIAFbl OalTaHbICIIaFaH
6oc CaO Medmmepi STUI-IIIMLEPATTH! J/IICTICH aHBIKTaNIbl. KIIMHKepIiH ic XKY3iHAeri XUMUs-
munepagorusuiblk Kypambl XKIIC «Crangap LlemeHT» 3aybITBIHAAFBI OPTANBIK JIaOOpaTopHsiia
X-ray (S8 Tiger) 3amaHayu KypbUIFBICBIHBIH KOMeriMeH aHbIKTaiibl. [llnkizar KocrnachIHBIH
KYpambl, KaHbIFYy KOI(QQHIMEHTI >KOHE MOIYJbJAED KIMHKED MHUHEPaJIapPbIHBIH KaJbIUi
OKcHJliHe OaiyIaHbICy MPOLIECCIHE dcepi MEH KIMHKEP/IH 1C KY31HET1 XUMUSI-MHUHEPATOTUSUTBIK
KYpaMbIHBIH HATHKeNepi 3—4 KecTeie KopCeTiireH.
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3 — kecre. [1Inkizar KOCIACBHIHBIH KYPaMbl, KAHBIFY KO(QOUINEHT] )KIHE MOIYIIbJIEp KIMHKEP
MHHEpaJIIapbIHBIH KaJIbLIUI OKCHIIHE OalIaHbICy Ipoleccine acepi

Kocma [Tukizar KocraHbIH Kypambl, Mac.% Kanbrry Monyneaep | boc CaO, %
araybl | OkTac Jlecc Amticaii knunkepi | koodduiuent | n p 1300 °C
K 1 74.42 16.25 9.32 0.67 2.55 0.83 0.27
1IK 2 75.12 17.58 7.30 0.67 2.78 1.02 0.54
11K 3 75.98 19.21 4.81 0.67 3.0 1.18 1.89
4 —xecre. 1300 °C ky#aipinres KIMHKEPAIH iC KY3iHIETI XUMUSI-MUHEPATIOTUSIIBIK KypaMbl
Knun- KinHkep/IiH XUMHSUIBIK KYpaMbl, Mac. % MUuHepaIOTHsJIBIK Kypambl, Mac.%
Kep | Si0, | ALO, |Fe,O,| CaO |MgO| SO, |6acka| C,S | CS | CA | CAF | ammsl
Knl [26.67| 4.75 | 5.73 | 59.60 | 2.36 | 0.58 | 0.31 | 16.87 |59.64| 2.87 | 17.42 | 96.80
Kn2 |[27.15| 4.88 | 490 | 59.61 | 2.36 | 0.48 | 0.62 | 17.64 |62.76| 4.62 | 1490 | 99.92
Kn3 [27.45| 495 | 420 | 60.25 | 2.36 | 0.58 | 0.21 | 17.77 |62.82| 5.99 | 12.77 | 99.35

1300 °C kyitnipinren kmukepain 3 yaricine (Kil, Kn2 xone Kin3) colikec 6oc
CaO memmepi 0.27-1.89 % apanbirsinaa 6onabl. Amicait kmuakepi 9.32 % enaipinren
Knl kypambinna tysinren merisri munepanaap: C,S —59.64 %, C.S —16.87 %, C.A -
2.87 %, C,AF — 17.42 % Gonnpl. 7.3 % ennipinren Kn2 KypambiHaa Ty31UITeH HeErisri
munepanaap: C,S — 62.76 %, C.S - 17.64 %, C,A —4.62 %, C AF — 14.90 % ty3inni,
an 4.81 ennipinren Kn3 kypambinaa Tysiaren Herisri munepaniap: C,S — 62.82 %,
C,S-17.77 %, CLA—-5.99 %, C,AF — 12.77 % Kypazbl. ATanran TEXHOT€HII KaJIbIK
CHJIMKATThl MOIYJb apTKaH CaiblH TeMeHnedl. Allicail KIMHKEpiHIH KypaMmblHAA
keszneceTin ZnO = 3.66 % sxone TiO, = 0.65 % MeTamn okCuATEpPI MUHEPAIU3ATOP
peTiHze acep eTim, KIMHKEP TY3UIy MPOLECCIH JKeAeNACeTTi, CYHBIK (a3aHbIH apTybIHA
OCEpiH THTI3I.

Kyiinipinren knuHkepnepai peHTreHogaszanblk Tangay xymbictapel  JKILIC
«UeJICUM» KypbuUIbIC MaTepuasgapblH  CepTH(UKATTHIK CHIHAYABIH OPTaJbIK
3epTxaHacbiHa (AMaThI K.) skacainabl. AJBIHFaH KIMHKEPIIEPAiH peTreHorpaMmManapsl
2 cypeTTe KeATipiIreH.
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3
2 — cypem. 1300°C temneparypaza KyWAipiireH KIMHKEpJIepIiH peTreHorpaMMaapbl
(Fig. 2. Retgenograms of clinkers burned at a temperature of 1300 °C)

1300 °CTeMniepaTypaaa Ky IipiareH 0apibIK KITMHKePIIePIiH pEHTTeHOTpaMMachIH
Kelecifie TY3UITeH MHHEpajJiapFa THECUIl JKa3bIKTBIK — apaliblk — HYKTelepi
COlKeCTEeHIIPIITeH:

—C,S (6emmr) d = 1.72; 1.98; 2.05; 2.28; 2.54; 2.74; 2.78; 3.05; 3.23; 3.33 A;

—C,S (anut) d = 1.49; 1.63; 1.82; 2.44; 2.88 A;

- C,Ad=1.55;2.70;4.11 A;

-C,AF d=1.92;2.16; 2.19; 2.63 A.

Pentrenodazanplk  Tanmay HOTHKECiHAEC AImMicail METALTyprHSUTBIK — 3ayBIT
kmuHkepinen 1300°C Temneparypajia Kynaipin ajnraH KIMHKEpIepin Kypambiaaa C,S
MUHEpaJAapbIHBIH KOl MOJIIIep/ie TY3UIreH IIriH koyre 6onaapl. COHbIMEH Karap, 60c
CaO muHepasbiHa THICTI )Ka3bIKTHIK apaIbIK HYKTelep OalKaaMai bl 5koHe KITMHKEeP/IiH
KypaMbIH/Ia MHHEpaJ TY311y MPOIECCIHIH TOJBIK asKTalybl aHBIKTAJJIBI.

Ocbuiaiiina, aHpIKTanFaH HoTmwkesepre coiikec 1300 °C kyHIipiiareH KIMKEpIiH
kypambinga 6oc CaO memmiepi 0.27—-1.89 % apanbirbinaa 00116l PeHTreHodasaibik
Tajnay HOTH)KECIHJE aHBIKTAJIFaH KIWHKEp MUHEpalAaplblH TONBIK TY3UITCHIr
JQIIeIICH].
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KopbIThIHABI

1. Auticaii KJIMHKEPIH HIUKI3aT PETIH/IE KOJIETe )KapaTy/IblH OHTAMIIbI IICHIIMI, OSTUTTI
LEMEHT alyzia KIMHKep KypambiHa 4.81-9.32 % apanbIFbIHIa €HAIPY YCHIHBIIIBL.

2. 1300 °C xy#ngipinren kmukepaid 3 ynrici (Knl, Kn2 sxone Kn3) ansiaasr. Knuakep
KypambiHaarsl 00oc CaO mesiepi aHbIKTa bl HoTHXKEC] 0.27—1.89 % 6ok,

3. benutTi KIMHKEp KypambIHa TY3UINeH HeTisri munepanaap canbl C,S — 59.64—
62.82 %, C,S - 16.87-17.77 %, C,A - 2.87-5.99 %, C,AF — 17.42-12.77 % GonpL.

4. Pentrenogasaneik tannay norwkecinge C,S (6emut) d = 1.72; 1.98; 2.05; 2.28;
2.54; 2.74; 2.78; 3.05; 3.23; 3.33 A, C,S (amur) d = 1.49; 1.63; 1.82; 2.44; 2.88 A,
C,Ad=1.55;2.70; 4.11 A, C,AF d = 1.92; 2.16; 2.19; 2.63 knuHKep MUHEpaIIap/Ibl
AHBIKTAJIIBL.
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Abstract. Rational use of associated petroleum gas is one of the priorities facing
the oil and gas complex of the Republic of Kazakhstan. The obtained results on the
conversion of a propane-butane mixture on synthesized polyoxide catalysts can serve
as the basis for the development and creation of a technology for processing associated
petroleum gas components into hydrocarbons of greater chemical significance, namely
aromatic compounds. The composition of the catalytic system, the process conditions
have been optimized, it allows to obtain the maximum possible amount of the target
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product from gaseous hydrocarbons. The industrial implementation of this process
will make it possible to rationally use associated petroleum gas, which will expand
the raw material capabilities of the petrochemical sector. The process of oxidation of a
propane-butane mixture in a catalytic system deposited on a natural support has been
studied. Torgai white clay was chosen as a natural support. The effects of temperature,
volumetric rate, composition of the active phase, the ratio of initial reaction mixtures
on the reaction of partial oxidation were determined. Among the studied catalysts,
MoCrGa with an active phase content of 1 % showed high activity in terms of the yield
of reaction products of the partial oxidation of the propane-butane mixture, while the
yield of benzene reached 83 %. The properties of the 1 % MoCrGa catalyst deposited
on Torgai white clay were studied by XRPA, EM methods. According to the results
of XRPA, there is a similarity in the structure of the 1 % MoCrGa/TWC catalyst and
Torgai white clay. Since the catalysts are X-ray amorphous, they were studied by
electron microscopy. The size of the catalyst was 10—20 nm; the phase composition of
the resulting catalysts was also determined at temperatures of 723K, 823K the activity
of the 1% MoCrGa/TWC catalyst was directly related to the phase composition.

Keywords. Torgai white clay, propane-butane mixture, partial oxidation, natural
clay, aromatic hydrocarbons
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AHHoTanmsd. lnecrie MmyHail ra3plH yYThIM/IBI Naiianany Ka3zakcTaHHBIH MyHaii-ra3
KEIUICHIHIH aJJIbIHIa TYpFaH 0achkIM MiHIETTEepAiH Oipi Oosbin TaObutajbl. [Ipoman-
OyTaH KOCTIAChIHBIH JKapThUIall TOTBIFYBI CHHTE3/IEJITeH OIMOKCUATI KaTaau3aropiapaa
OO¥bIHIIIA ATBIHFAH HOTHOKEIIEP 11ectie MyHal ra3bIHbIH Kypam1ac 0eTiKTepiH XUMHSITBIK
KYHJIBLIBIFBI )KOFapbl KOMIPCYTEKTEpre, aTar alTKaH/1a apoMaTThl KOCBUIBICTApFa OHACY
TEXHOJIOTHSCHIH d31pJieyre jKoHEe KypyFaa Heri3 Ooua anajbl. KaTanuTukaiblk )KyHeHiH
KYpaMbl JKOHE ra3 Topi3/i KeMIPCYTeK IHKi3aThIHAH MaKCATThl OHIMHIH MaKCHUMAJIIbI
MOJIIIEPiH allyFa MYMKIHAIK O€peTiH jKapThUIail TOTHIFY NPOLECIHIH MIapTTapsl
OHTaWJIaH/BIPbLIFaH. Byl mpolecTi eHepKACINTIK 1CKe achlpy ijecrie MyHail rasbiH
YTBIMJIBI TIAlilananyFa MYMKIHIIK Oepefi, Oyl MYHal-XMMHsI CEKTOPBIHBIH IINKi3aT
MYMKIHAIKTepiH KeHelTei. TaOuru TachIMasIarblliKa KOHIBIPbUIFAH KaTaJIuTHKAIBIK
XKyHene mponaH-OyTaH KOCHACHIHBIH KapThlIail TOTBIFY Ipoleci 3eprrenai. Tadburu
TackIMalIarbI peTine Topraii ak ca30anmbIFbl TAaHIABII AJTBIHABL. XKapThiiaii TOTHIFY
peaKHAChIHA TEMITEPaTyPaHbIH, KOJIEM/IIK KbUIJaM/IBIKThIH, aKTHBTI ()a3a KypaMbIHbIH
JKOHE 0acTamKpl PEeaKIMUIBIK KOCIAa KaThIHACTAPBIHBIH dCEepi aHBIKTAJIbl. 3ePTTEIreH
KaTaJlu3aToplapAbIH ilIiH/Ie TPONaH-0yTaH KOCIAChIHBIH JKapThlIall TOTBIFY PEaKIHsCHI
OHIMJIEPiHIH IILIFBIMBI OoiibIHIIA Oencenai ¢aza mommiepi 1 % MoCrGa karannzaropsl
JKOFapbl OCJICEH UK KOPCETT, OV Ke3/e OeH30:1 MbFbIMbI 83%-Fa sxerTi. Topraii aK
ca30amubirbiHa OTHIPFBI3BUTFaH 1 %MoCrGa karann3aTopbiHbIH KacueTtepi POA xonHe
OM opicrepinid kemerimeH 3eprrenai. POA nHotmxkenepi Oovibiama 1 % MoCrGa/
TACB xaranuzatopsl xoHe Toprail aKk ca30aIIbIFbIHBIH KYPBUIBIMBIHBIH YKCACTBIFBI
Oatikanel. Karanuzaropniap peHTreHoaMopdThl OOJIFaHABIKTaH 3JIEKTPOH/Ibl MUKPOCKOTT
onicimen 3eprrenai. Karanuzaropapy memmepi 10-20 um kypansi, 723K xone 823K
TeMIIepaTypajarbl KalbITACKaH KaTalnu3aTopiap/biH (azaiblk KypaMbl aHBIKTAJIBII,
1 %MoCrGa/TACB karanu3aTopbIHbIH OeJICEHIUTITIHIH (a3aiblk KypaMblHA TiKeleH
0aliTaHBICHI KOPCETIII.

Tyiiin ce3nep: Topraii ak caz0aIIbIFbI, PONAH-0yTaH KOCHACHI, JKapThliai
TOTBIFY, TAOUFH ca30aJIIlIbIK, ApOMATThl KOMIPCYTEKTED
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AHHoTanus. PanmonanbHOE HCIONB30BaHNE TIOMYTHOTO HE(PTSHOTO ra3a sBIseTCs
OJIHOM W3 TPHOPUTETHBIX 3aJad, CTOSIIMX TMepes HePTEerazoBbIM KOMILICKCOM
Kazaxcrana. [Tonmy4deHHbIe pe3ysbTaThl 1O MPEBPALICHUIO MPONAH-0yTaHOBOH CMecH
Ha CHHTE3WPOBAHHBIX MOJUOKCHUIHBIX KaTalln3aTopax MOTYT IOCIYKUTh OCHOBOH
Ul pa3paboOTKH M CO3JaHWsl TEXHOJOTUU MepepadOTKH KOMIIOHEHTOB ITOITYyTHOTO
HE(QTSIHOTO ra3a B YIVICBOIOPOABI OOJNbINEH XWMHUYECKOH IICHHOCTH, a MMEHHO B
apoMaTH4ecKHe COeIWHEHHUs. ABTOpaMH OTHMH3UPOBAaH COCTaB KaTaJIWTHYECKOM
CUCTEMbI U YCJOBHS IPOBEAEHUS IpoIiecca, MO3BOJIAIONINE MOJydYaTh MAaKCUMAJIbHO
BO3MOYKHO€ KOJMYECTBO IEJIEBOTO IMPOAYKTAa M3 Tra3000pa3HOTO yYIJIEBOJOPOJHOTO
celpbs. llpombllyieHHas peanu3anys JAHHOTO Tpoliecca MO3BOJHUT PalMOHAIBHO
WCTIOJIb30BATh TIOMYTHBIA HEPTSHOW Ta3, YTO PACHIMPHUT CHIPHEBBIE BO3MOXKHOCTH
He(TEXMMUYECKOTO CEKTOpa. B paboTe nccnenosan nporecc napuuaaibHOT0 OKUCICHHS
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npornaH-OyTaHOBOW CMECH B KaTaJUTHYECKOW CHCTeMe, HAaHECEHHBI Ha MPUPOIHBIN
HocuTenb. B KauecTBe mpupomHoro Hocutens Obiia BblOpana Topraiickas Oenas
mHa. OnpefeseHo BIUSHUE TeMIeparypbl, 00beMHOW CKOPOCTH, COCTaBa aKTHBHOM
(a3pl U COOTHOILIEHHUS MCXOAHBIX PEAKLMOHHBIX CMECEH Ha PeaklHio MaplHaibHOTO
okucnenus. Cpeam wucciefoBaHHbIX KatanuzaropoB MoCrGa ¢ coxpepkaHuem
akTHBHOM (hazel 1 % mMoKa3aa BBHICOKYIO aKTUBHOCTH IO BBIXOAY MPOMYKTOB pPEaKkIMu
MapUuagIbHOrO OKUCIICHUS PONaH-OyTaHOBOM CMECH, ITPY STOM BBIX0J O€H3051a TOCTUT
83 %. Metogamu POA u OM wuccnenoBansl cBoiicTBa karamuzaropa 1 %MoCrGa,
HAaHECEHHOro Ha Topraickyio Oemyto mmHy. [lo pesympratam P®DA Habmiomaercs
CXOACTBO CTPYKTyphl Karamuzatopa 1 % MoCrGa/TBbI" u topraiickoii 06eioi TIUHBIL.
[TockonbKy KaTaln3aTopbl pEHTTeHOaMOP(HBI, HX UCCIIEIOBATIN METOIOM IEKTPOHHOM
MUKpockonuu. Pazmep karanuzaropa coctasisin 10-20 HM, Takxke onpeensii (pa3zoBbIi
cocraB 00pa3ylomuxcs Karanu3aropos npu Temieparypax 723K n 823K, akTMBHOCTD
katanuzaropa 1%MoCrGa/TBI" Oba HanpsiMyto cBsi3aHa ¢ (Pa30BBIM COCTABOM.
KiioueBsle cioBa: Typraiickas Oenas TINUHA, NpONaH-OyTaHOBasi CMECH,
napluuagbHOE OKUCIEHHUE, TPUPOAHAS IIMHA, apOMaTHYECKHUE YIIIEBOAOPOAbI

Introduction

The effective use of hydrocarbon gas raw materials is one of the urgent problems.
The basis of natural and associated gases is lower paraffins (Shorayeva, Massalimova
et al., 2021). Gases from oil plants consist of C,-C, paraffins and up to 40 % of their
corresponding olefins. The light fraction of C,-C, hydrocarbons, which is obtained as a
by-product, has been unable to find its effective application in Kazakhstan.

To this day, the majority of C,-C, hydrocarbons are used as compressed gas and
household fuel (mainly propane-butane mixture). Valuable chemical products such as
aromatic and aliphatic liquid hydrocarbons can be obtained from the light paraffins and
olefins contained in the gasses from oil plants, therefore this problem never loses its
relevance (Rasulov et.al., 2012; Tuktin et.al., 2020).

For the first time, the method of obtaining aromatic hydrocarbons from C.-
C, low molecular weight paraffins was solved in the 1960s (Dorogochinsky et,al.,
1989). Aromatic compounds are formed by carrying out the following reactions:
dehydrogenation — oligomerization of olefins — dehydrocyclization (benzene) —
alkylation (toluene, xylene). In recent years, the widespread use of zeolite catalysts in
the oil refining and petrochemical industry has influenced the improvement of catalytic
processes. In particular, zeolite catalysts were distinguished by their high activity,
selectivity and stability in the processes of cracking, hydrocracking, isomerization of
paraffinic and aromatic hydrocarbons (Zaikovskii et.al., 2018; Tuktin et.al., 2019). In
addition, they were highly active in oligomerization and dehydrocyclization processes
of light paraffins and olefins into high molecular weight products (Baerlocher et.al,
2007; Frey et al, 2011). An effective catalyst is needed for the conversion of C,-C,
hydrocarbons into high molecular weight compounds. From this point of view, the
attention of researchers has recently been drawn to pentasil-based zeolite. In general,
the use of zeolites in various processes depends on their activity, selectivity, thermal
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stability, mechanically resistant properties as shown above (Zaikovskii et.al., 2018;
Gabrienko et.al., 2010). In the way of obtaining aromatic hydrocarbons from a propane-
butane mixture, some works have mainly studied haloaluminosilicate catalysts. Catalyst
containing gallium provides process stability and increased activity (Vosmerikova et.al.,
2008; Bhan et.al., 2008). In this work, the influence of the nature of molybdenum,
chromium, and gallium catalysts fixed on natural supports such as Torgai white clay
(TWC) and reaction conditions on the yield of benzene formed during the partial
oxidation of C,-C, hydrocarbons was studied (Massalimova, 2019).

The aromatization of propane and other small alkanes offers a promising method for
generating valuable aromatic products from saturated hydrocarbons (Vosmerikov et.al.,
2014; Caeiro et.al., 2006; Hagen et.al., 2000). In recent decades, extensive literature
has addressed the mechanism of propane aromatization using metal-modified zeolites,
primarily gallium (Ga) and zinc (Zn), aiming to enhance the efficiency of aromatization
(Vosmerikov et.al., 2008 et.al., Vosmerikov et.al., 2019). The widely accepted reaction
pathway involves propane dehydrogenation, forming an olefin, which then undergoes
dehydrooligomerization and cyclization steps to produce aromatic molecules. The role
of the metal component in the most commonly employed catalysts, based on gallium or
zinc-modified high silica zeolites, remains a subject of debate. It may involve creating
bifunctional sites for propane activation or enhancing the dehydrogenation function
of the catalyst, facilitating easier hydrogen desorption as H2 (Hagen et.al., 2000;
Vosmerikov et.al., 2019).

Materials and basic methods

Research work was carried out in the temperature range of 573—873 K, contact time
0.24—-12s, volume speed 300—15000 h'!, with changes in the initial reaction mixture
ranges C,-C, 14-80 %; O, 4-18 % (Massalimova, 2019).

1 %MoCrGa/TWC was used as a catalyst. Their preparation, carrying out the process
of partial oxidation of C,-C, hydrocarbons, identification of the products formed as a
result of the reaction were carried out in the same conditions as described in the previous
article (Massalimova, 2019).

Some physico-chemical properties of prepared catalysts were studied using electron
microscope (EM) (EM-125K), X-ray phase analysis (XRPA) (diffractometer DRON-
4-07). In addition, the specific surface area and the pore volume of the catalysts were
determined using the BET method. The studies were carried out using an EM-125K
electron microscope using the method of single-stage carbon replicas with extraction,
using microdiffraction, as well as the transmission method (suspension preparations).
The shooting was carried out at different magnifications depending on the size of the
particles. Replicas were sprayed in a VUP-5 installation. The carrier was dissolved in
concentrated HF.

Results and discussion

During partial oxidation of C,-C, hydrocarbons on MoCrGa/ TWC catalyst, it was
shown that the reaction is multidirectional (cracking, dehydrogenation, isomerization,
aromatization) and various organic compounds are formed (Massalimova, 2019).
However, since the main goal of this article is to determine the ways to obtain benzene
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products by changing the reaction conditions, we will focus only on the aromatization
process. Partial oxidation of the propane-butane mixture was carried out in the flow-
catalytic installation PKU-1 (Figure 1).

Figure 1. Flow-catalytic installation PKU-1

Figure 2 shows the temperature (723—873K) of the product yield of benzene obtained
during partial oxidation of propane-butane mixture on pure TWC and 10 % Mo/TWC,
Cr/TWC, Ga/TWC catalysts. The yield of benzene does not exceed 0.3 % in catalysts
used in the temperature range of 673—773K. As the process temperature increases to
823-873K, the yield of benzene increases to 2.5 % in the pure support and catalytic
system, while other structures such as methyl ethyl ketone, acetone, acetaldehyde and
gas phase H,, C,H, are formed in the amount of 15-20 %.

. I Twc
5= 2,0 = [ IMo/TWC
.g _ I cr/Twe
S 1.5 - [l ea/twc
=
= i
= 1,0 =
;:: -
= 0,5 =
Q -
S (N N

0,0 —

723 ) 773 ) 823 ) 873 )

Tem perature, °C

Figure 2. Effect of temperature on the yield of benzene in supported and monocomponent catalysts.
Reaction conditions: C,-C:0,:N_=7:1:4; W=7500h";
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Figure 3 shows the effect of the amount of active phase (1-, 5-, 10%MoCrGa/TWC)
on the yield of benzene formed in the partial oxidation process of the propane-butane
mixture on the MoCrGa/TWC catalyst. Comparing the used catalytic systems, high
activity of 1 %MoCrGa was observed, and the yield of benzene increased to 83 %. With
the increasing of the amount of active phase by 5-10 %, there are observed only traces
of benzene among the products formed on MoCrGa/TWC catalysts.

100+ B 1% MoCrGa/TWC
S 80 I 5% MoCrGa/TWC
g
§ B 10% MoCrGa/TWC
g 60+ B 5% MoCrGa
,g - TWC+ZSM-5+Al (OH)5, {NO,
& 20
(6]

o..

1 2 3 4

Figure 3. Influence of catalyst composition on the amount of benzene in the catalyzate. Reaction
conditions: C,-C,:0,:N =7:1:4; T=823K; W=750h"";

In Figure 4, the influence of the volumetric rate on the partial oxidation process of
the C,-C, hydrocarbon mixture on the MoCrGa/TWC catalyst was studied. According
to the figure, the yield of benzene was considered in the ratio of initial reaction mixture
C,-C,:0,:N_=7:1:4, volumetric rates of 750h" and 7500h", temperature ranges of
573K-823K. Benzene is not formed at the sharply increased volume rate of 7500 h™'. In
the temperature range of 573K-723K, a trace of benzene is observed at a volumetric rate
of 750 h™!, when the temperature is raised to 773K, the yield of benzene increases by 10
%, and at 823K, its yield increases sharply and reaches 83 %.

._
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=
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=
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Figure 4. Effect of space velocity on the yield of benzene in the catalyzate on a 1% MoCrGa/TWC
catalyst. Reaction conditions: C,-C,:0,:N_=7:1:4;
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Thus, it was observed that the temperature, volumetric rate, composition of the initial
reaction mixture have a great influence on the yield of benzene formed during partial
oxidation of propane-butane mixture. When the composition of the reaction mixture
was C3-C4:02:N2=7:1:4, the yield of benzene increased at a temperature of 823K.

The 1 %MoCrGa/TWC catalyst, which showed a high activity in these experiments,
was studied by XRPA and EM methods. According to the XRPA method, the 1
%MoCrGa/TWC catalyst before the reaction consists of a-quartz, X-ray amorphous
(JCPDS 5-490), 3.52 and 7.01-kaolinite AL,JOH],{Si,0,} (29-1488), which basically
corresponds to the structure of Torgai white clay. Meanwhile, the diffractogram of
the 1%MoCrGa/TWC catalyst was formed pretreated in the reaction feed at 623K
and 823K are similar to each other and to the initial sample. All catalysts are X-ray
amorphous. Therefore, phases not observed by XRPA can be detected by EM method.
These two methods complement each other and describe the change of the catalyst
composition depending on the effect of the reaction medium. Figure 5 shows that the
initial 1%MoCrGa/TWC catalyst consists of large and densely packed particles. The
rare reflections correspond to the Cr,O, (JCPDS, 6-508) phase.

CrOOH+B-MoOs MoO(OH),

10-20 nm

e =
- = [ - 15-20 nm
= — |

Figure 5. Electron microscopy images of the initial 1% MoCrGa/TWC catalyst

After testing at 623 K, the sizes of the catalyst particles formed in the reaction medium
are 10-20 nm and larger, and the dense, semi-transparent, symmetrical reflection-
type phases of CrOOH (JCPDS, 20-312) and f-MoO, (JCPDS, 37-1445) consists of
a mixture (Figure 6a). Aggregates £-Ga,O, (JCPDS, 6-509) (Fig. 6b) and plate-type
MoO(OH), (JCPDS, 9-161) (Fig. 6¢) consisting of dense particles with a size of 10-20
nm and larger, diffuse new circular y-MoC (JCPDS, 8-384) (Fig. 6d), hexagonal (Fig.

6e) MoC (JCPDS, 6-546) phases.

a) CrOOH+B-MoOs 6) e-Ga203, ' c) MoO(Oﬁ)z
10-20 nm 10-20 nm 10-20 nm
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!.' -

>20 nm >10 nm

Figure 6. Electron microscopy images of the 1% MoCrGa/TWC catalyst after testing at 623K.

Meanwhile, at 823K, the semi-transparent release with a volume of 10-20 nm and

larger is a concentrated, often symmetrical, set of reflections: Ga, O, (JCPDS, 6-529),

Cr,0, (JCPDS, 12-559), Mo

( Phases such as JCPDS, 36-863), Mo,O, (JCPDS,

0.42C0458

20-754) (Fig. 7a), a large set of aggregate reflections consisting of dense particles with
a size of 6-10 nm Cr, Mo, .0, (JCPDS, 34-473) and MoC (JCPDS, 6-546) (Fig.

0.17 0.83

7b) and a dense particle aggregate consisting of a mixture of CrO (JCPDS, 6-532),

Cr,

Mo, .0, (JCPDS, 34-473) with a size of 10-20 nm (Fig. 7c¢).

Cro,17M00,8302+MoC
CrO, Cro,17M00,8302

-

10-20 nm

) ]
a) Ga203,+Cr30at+ 6) Cro,17M00.8302 sxoHe MoC ¢) CrO, Cro.17Mo00.8302
Mo00.42Co,58+M030s 6-10 M 10-20 am

10-20 am

Figure 7. Electron microscopy images of the 1 % MoCrGa/TWC catalyst after testing at 823K.

The specific surface area and pore volumes of synthesized catalysts are shown in the

Table 1. The values of the surface area and the pore volume of Torgai clay is lower than
1 %-, 5 %-, 10 % MoCrGa/TWC.

Table 1. Specific surface area and pore volumes of synthesized catalysts in partial oxidation of the
propane-butane mixture.

Ne | Catalysts Specific surface, m*/g Pore volumes V, .., ml/g
1 Torgai white clay (TWC) 14,51 155.53
2 [1%Mo+1%Cr+1%Ga/ TWC 16.80 303.61
3 [5%Mo+5%Cr+5%Ga/ TWC 21.29 297.47
4 [10%Mo+10%Cr+10%Ga/ TWC | 36,8 172,76
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The specific surface area of 1 %MoCrGa/TWC catalyst is 16,80 m*/g and the pore
volume is 303,61 ml/g. These results obtained using the BET method are considered
sufficient for the use them in the catalytic processes.

Conclusion

In conclusion, the decrease of the particle size of the catalyst due to the reaction
medium effect (from 20 to 6 nm) affects the formation of spinel in the form of CrMoO,
in its content. It was determined that the increase in the yield of benzene in the catalytic
process is related to the above change.Thus, it was shown that the high activity of the 1
%MoCrGa/TWC catalyst is directly related to the formation of new phase compositions
and changes in their particle sizes, as shown by the results of XRPA and EM studies.
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AHHoOTanusa. HUKOTHHOWIT M30THOIMAHATTHIH [IUTU3KH, aHa0a3uH, -3denpuH xoHe
CaJbCOJIMH AJIKAJIOMJITAPBIMEH OPEKETTECyl HOTHIKECIHJIE aliFalll PeT OMOIOTHSUIBIK
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CUHTE3JICIIHIN alblHIBL. MaKkcarThl eHIMAEpHl aldy ATaHONILIK oprama 18,3-86 %
IIBIFBIMMEH €Ki caThiaa Kypri3iai. CHHTE3IENIHIN alblHFaH jKaHa KOCBLIBICTapP/IbIH
kypsutbiMbl SIMP 'H xone *C cnekrpockonus aicrepimen, conpaii-ak COSY ("H-'H)
xone HMQC ('H-"*C) eki enmemMi CIeKTpIIepiHiH JePEKTEPIMEH OIS ACHII.
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B J[Ba DTAla B CpPele ATAHOJA C BBIXOJAOM KOHEYHBIX IIeJIEBBIX MPOAYKTOB 18,3—-86 %.
CTpoeHHre CHHTE3UPOBAHHBIX COCAMHEHUH uccienoBaHo meromamu SIMP 'H u 3C
CIIEKTPOCKOIHMH, a TaKkKe JaHHbIMHU AByMepHbIx criektpoB COSY ('H-'H) u HMQC
('H-3C).

KioueBble cioBa: XJIOpaHTHIPUJI HHUKOTHHOBOW KHCIJIOTHI, HW30THOILIMAHAT,
AJIKaJIOU/Ibl, IMTH3MH, aHa0a3uH, -2denpruH u canbCoOINH, THOMOYEBUHBI, IByMEPHBIC
CIICKTPBI

Oma paboma bvina punancoso noodepocana Komumemom nayku Munucmepcmea
Hayku u evicuie2o oopazosanus Pecnyonuxu Kasaxcman (epanm AP14869941, 2022—
2024).

BBenenue

B Hacrosiiiee Bpemsi 1iepeOpOBacKyJIIpHbIC 3a00JCBaHUS OCTAKOTCS OJHON U3
BXHEHIIINX MEIUKO-COIUATBHBIX MPOOIEM M3-3a UX IMHUPOKOH PacmpoCTPaHESHHOCTH,
BBICOKOW CMEPTHOCTH M HEPEIKO CTOMKOW MHBAIMIN3alnu 00J1bHBIX. Exxeromno B Poccun
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n Kazaxcrane peructpupyercs 6onee 1000 ciryuaeB HHCYIIBTa, SBISIOLIETOCS BTOPOH MO
3HAUUMOCTH IIPUYMHON CMEPTH BO BCEM MHUPE TOCIIE UILIEMHYECKOI O0Ie3HN cepALa 1
TpeTbell MPUYMHON yTpaTsl TpynocnocooHocTr (Amelin u ap., 2018; Maximova u ap.,
2012; Bogolepova,2019). Do cBsi3aHO KaK C HEYKJIOHHBIM POCTOM ITPOIOTKUTEILHOCTH
KHU3HH B TOCIENHUE ACCATUIIETHS, TaK W C YYaCTHBIIMMCS Pa3BUTHEM OCTPOTO
HapymeHus: Mo3roBoro kpoBoobpauienusi (OHMK) u xponnueckux ¢opm cocynucroi
MaTOJIOTHU TOJIOBHOTO MO3ra y TPYAOCIOCOOHBIX JHIl cpeaHero Bo3pacta (Gneushev
u ap. 2019; Avdeeva u np., 2006). Kpome Toro, cienyer noguepkHyTh, yto 1 OHMK,
W KOTHUTUBHBIE HAapyLICHUS DPa3BHBAIOTCS Y OOJBHBIX C HOBOM KOPOHaBUPYCHOM
nnpeknueit COVID-19 (Gusev u ap., 2020; Ivanova u ap., 2021; Damiano u ap., 2021;
Hampshire u np., 2021). [1pu 3TOM, ecnu UeMUYECKHid HHCYIBT Yalle BO3HUKACT MPH
ee TSDKEJIOM TEUEHHH, TO HapylIeHHWEe KOIHUTHBHBIX (DYHKUIMH BBISBISIOT HE TOJIBKO
[IPU MMOCTKOBUJHOM CHHAPOME, HO JAa)e U y OeCCUMNTOMHBIX nanuenToB (Damiano u
ap., 2021). HecMoTpst Ha Hanu4Me MIMPOKOTO CHEKTPa COBPEMEHHBIX JIEKAPCTBEHHBIX
MpenaparoB ¢ HEHPONPOTEKTOPHBIMU M MPOKOTHUTHBHBIMU CBOICTBAMH, 3a4acTylO
OHU HE SBISIIOTCS CPEACTBAMH MATOTEHETHYECKOW Tepamuu, U JHU00 OKa3bIBAIOTCS
HenocTaTouHo 3P eKTUBHBI, 100 UMEIOT psi MOOOYHBIX 3 (HEeKTOB. DTO OTpaHNUNBAET
UX JUIMTENIFHOE W LIMPOKOE MPHUMEHEHHE TpH LepeOpOoBacKYISPHBIX 3a00JeBaHUAX
U COMYyTCTBYIOIIMX MM KOTHUTHBHBIX HapyulieHusix. [losTomy mouck u u3ydeHHe
HOBBIX CPEICTB MPOQUIAKTHKH W JICYEHHs COCYIUCTHIX 3a00JIeBaHUI T'OJIOBHOTO
MO3Tra U UX MOCIEICTBHIA MPOIOIDKAET OCTaBaThCSI aKTyalbHOM 3a/1aueil COBPEMEHHOM
(hapMaKoIoruu.

OnHUM U3 TEPCIIEKTUBHBIX HANPABICHUN M3BICKAHUS HOBBIX (DapMaKoJIOTHUECKUX
BemIecTB, 3Q(EKTUBHBIX NPH HIIEMUYECKOM MOPAKCHUHU TOJIOBHOTO MO3Ta, SIBISETCS
WCTIOJIb30BaHUE TPHUPOAHBIX COEIWHEHUH C HEHpPONPOTEKTOPHBIMH W HOOTPOIHBIMH
CBOICTBaMU, B YaCTHOCTH, HUKOTHHOBOM KucioThl (Kim u ap., 2020; Schandelmaier u
ap., 2017; Gasperi u ap., 2019; Bagri u ap., 2016; Kothawade u ap. 2021). Co3nanue
rHOPUAHBIX OMOAKTUBHBIX MOJIEKYJ, COUYETAIOMUX B cebe aBa uiu 0ojee pa3IuyHbIX
(apmakoQOpHBIX (PparMeHToB - OTHO M3 HOBBIX M MEPCIEKTHBHBIX HANpPaBICHUH B
Pa3BUTHN MEAMLIMHCKON XUMHH. PaHee HaMM Ha OCHOBE BBILIE YKa3aHHBIX aJIKAJTOUI0B
ObUTH CHHTE3MPOBaHbI BbICOKOd((ekTuBHbIe adurmnnbie (HypkenoB u np., 2010),
nHoTtponHsle (HypkeHoB u ap., 2014) u renaronporexkropusie (HypkeHos u ap., 2012)
BemiecTBa. B cBA3M ¢ 3TUM Halle BHUMaHUE TMPHBICKIN BO3MOXXHOCTH CO3JAHHS
HOBBIX KOMOWHHPOBAaHHBIX MPOHM3BOAHBIX HUKOTHHOBOM KucioTel (HK) ¢ ywyactuem
MOJIEKYJT M3BECTHBIX NPUPOJHBIX alKalonaoB (aHabaszuHa, [-3denpuna, nUTH3MHA H
CaJIbCOJIMHA).

[lonyyenue KOMOMHHPOBAHHBIX MPOU3BOAHBIX HHUKOTHHOBOW KHCIOTHI C
ydacTHEM MOJIEKYJ BBIIIE YKa3aHHBIX alKaJOHMJOB OCYHIECTBISIOCH B JBa JTama
Yyepe3 THOMOYEBHHHBIA MOCTHK. Ha mepBoM 3Tamne OCyIECTBISUIM CHHTE3 HCXOAHOTO
M30THOLMAHATa W3 XJIOPAHTHIPWAAa HUKOTHHOBOW KHCIIOTHI NPU HMX HAarpeBaHUU C
POMAaHUCTBIM KaJlieM B cpefe sTaHona. Ha Bropom stame mpoBeAeHO B3aUMOCHCTBUE
MOJTYYEeHHOTO HW30THOLMAaHaTa CO BTOPUYHBIMH aMHUHAMU (alKaJoOWAaMH IUTU3UH,
aHaba3uH, |-3¢enpuH 1 canbCoIMH) MO CXeMe:
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OO6pazyromuecs HOBBIE IENEBBIC MPOAYKTHI 2—5 TPEACTABISAIOT CO0O0i XOpOIIo
KPUCTAJUTU3YIOIIMECS] CBETIO-KENThIE TIOPOIIKA C yYMEPEHHOH pPacTBOPUMOCTHIO B
OpPraHUYECKUX PACTBOPHUTEIsIX. HauMmeHbIIUN BbIXOA MpoaykTa ¢ aHaOa3uHOM (3)
MOXHO OOBSICHUTH CTPYKTYPHBIMH OCOOCHHOCTSIMH MOJICKYJbl aHa0a3WHa, IJIaBHBIM
00pa3zoM 00yCIIOBIICHA HAIMYMEM B O-TIOJIOKCHUH MUTIEPUINHOBOTO IIHKJIA 00BEMHOTO
MUPUIHIBHOTO ()parMeHTa C CHCTEMOM CONPSIKEHHBIX T-CBsI3eH (BpalleHHWE BOKPYT
C-C-cBsi3u upuaMHOBOrO M nunepuanHoBoro kounen). (Fazylov S.D. u np., 2015).
CrpoeHre ¥ WHIUBUIYaTbHOCTh CHHTE3UPOBAHHBIX COSITUHEHUH 2—5 MOATBEPKACHBI
JAHHBIMH d7IeMeHTHOro ananmsa, K-, SIMP 'H-, *C- u metomamu nBymepuoii COSY
("H-"H), HMQC ('H-"*C) u HMBC ('H-"*C) cnekTpocKonum, a TakKe TOHKOCIOHHON
xpomarorpaduu.

B HMK-criektpax CHHTE3UPOBAHHBIX COSTMHEHHM 2—5 MMeeTcs MoJIoca MOTIOIEHUS
B obmactu 1547-1532 cm!, xapakrepHas miss C=S rpyImmbl, MOJOCHI MOTIOIICHHUS
amuano rpynmsl C(O)NH nposeisitorest B oomactu 1685-1690 cm'. B MK-criektpe
COCIMHEHNA 2 TPHUCYTCTBYeT HHTEHCUBHBIA curHam amugHoi rpynmsl (N-C=0)
alKaJIou/a INTH3UHA B oOmacti 1650-1652 cm™.

IMpu anamuse crnektpoB SIMP 'H coemunenuii 2—5 HaOMIOOAOTCS XapaKTEpHbBIC
CHT'HAJIbI IPOTOHOB JIJISl AJIKAJIOWIHON M MUPUANHOBOM uyactu. Tak, criektp SIMP 'H
COCIMHEHHS 2 XapaKTEepH3yeTCsl MPUCYTCTBHEM CHUTHAJIOB MPOTOHOB OMCIHIMHOBBIX
UKJIOB IUTU3MHOBOTO (parmMenTa mpu 1.81-1.84 (1H, m, H-16), 1.97-2.01 (1H, wm,
H-15ax),2.46-2.59 (1H, M, H-15eq), 3.14-3.27 (5H, m, 13ax,17ax,14,24ax,24eq), 3.71—
3.79 (1H, m, H-13eq) u 3.89-3.92 (1H, M, H-17eq) m.n. (pucyHok 1). Apomaruueckue
MIPOTOHBI IMTH3MHOBOTO (pparMeHTa perucTpupoBanuch npu 6.21-6.23 (1H, m, H-22),
6.28—6.30 (1H, M, H-20) mipu 7.35—7.39 (1H, m, H-21) m.1. [IpoTOHBI TUPUIUHOBOTO
(dbparmenta nmposiuics ipu 7.76 (1H, ¢, H-5), 8.51-8.52 (1H, m, H-4), 8.85 (1H, ¢, H-6)
n 9.01-9.24 (1H, M, H-2) m.n. Amuasiid npoton H-9 peructpupoBaics yimpeHHbIM
OTHOTIPOTOHHBIM CHHIJICTOM TIPHU 8.23 M.,
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Puc. 1. Cuekrp SIMP 'H N-(uuti3uHo- 1 -kapOOHOTHOMIT)-HUKOTHHAMHK I (2)
(Fig. 1. NMR spectrum of "H N-(cytisino-1-carbonothioyl)-nicotinamide (2))

B cnekrpe SAMP "*C coenuHeHusi 2 CUTHabl YIICPOAHBIX aTOMOB IIUTH3UHOBOTO
(dbparmenta monekynsl nposBriich mpu 23.32 (C-16), 25.17 (C-15), 31.65 (C-14),
48.32 (C-13,17,24), 49.35 (C-23), 106.55 (C-22), 117.48 (C-18), 139.84 (C-21),
148.06 (C-23), 163.07 (C-19) m.x. (pucyHoK 2). YrnepoaHble aTOMBI TUPHIAHOBOTO
(dbparmenta peructpupoBanuce npu 125.84 (C-5), 128.55 (C-3), 130.53 (C—4) u 139.84
(C-2) m.n. Kapbamunslit yriepoauslii atom C—7 peructpuposaics npu 165.62 M.
Curnan Tuoyrmiepognoro aroma C—10 He posIBHIICS B CIIEKTpeE.
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Puc. 2. Crnekrp SIMP "*C N-(1utu3un0- 1 -kapOOHOTHOWT )-HUKOTHHaMAA (2)
(Fig. 2. NMR spectrum of '*C N-(cytisine-1-carbonothioyl)-nicotinamide (2))

Crpoenne coequHeHuss 2 ObLIO TMOATBEPKICHO TAKXKE METOAAMH JIBYMEPHOMN
criektpockorn - SIMP COSY (‘H-'H), HMQC ('H-"*C) u HMBC ('H-"C),
MO3BOJIAIONIMX YCTAHOBUTH CITUH-CIIMHOBBIE B3aUMOJIEHCTBHS TOMO- U TETEPOSIIEPHON
npupoabl. Habmomaemsie koppemsiiun SIMP COSY (‘H-'H) u HMQC (‘H-'*C) B
MOJIEKYJI€E TIPEICTABICHBI HA PUCYHKE 3.
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Puc. 3. Cxema xoppemsnuii B criektpax COSY (a) u HMQC (6) u HMBC (c) coennnenus 2
(Fig. 3. Correlation diagram in the spectra of COZY (a) and HMQC (b)
and HMDC (c) compounds 2)

B criektpax "H-"H COSY coenunenus 2 HaOIIOMAI0TCS CITUH-CITHHOBBIC KOPPEIISIINT
Yyepe3 TPU CBSI3U POTOHOB COCEHUX METUH-METHUIICHOBBIX, METUIICH-METHIICHOBBIX U
MeTHH-MEeTHHHBIX rpyrn H'CH'™* (1.82, 1.98 u 1.98, 1.82), H'*-H"">(1.81, 3.25 u 3.25,
1.81), H*'H?' (6.24, 7.34 u 7.34, 6.24), H-H* (7.72, 8.47 u 8.47, 7.72), H>-H° (7.72,
8.84 1 8.84, 7.72) m.n.

I'ereposinepHble B3aUMOACHCTBHS IPOTOHOB € aTOMaMHM yIJIepoJa yepe3 OHY CBSI3b
ObLTH YCTaHOBJEHBI ¢ momolipio crekrpockonuu 'H-BC HMQC mis creayromux
NPUCYTCTBYIONMX B coequnuernn map: H*?-C??(6.20, 106.91), H*-C* (6.27, 117.75),
H?>'-C?'(7.34, 139.87), H®-C¢(8.87, 148.10), H?-C?(9.28, 148.32) m.x.

I'ereposinepHbie B3aMMOEHCTBIS IPOTOHOB € aTOMaMH yIIepoja uepes ABe 1 boiee
CBsI3H OBLIH YCTAHOBJICHBI ¢ MOMOIIIBIO criekTpockonuu 'H-*C HMBC aist cnieayromux
MPUCYTCTBYIONIMX B coequuennu map: H?'-C*(7.35, 148.63), H*'-C'°(7.35, 163.16) m.x.

IKcnepumenmanvnan uacmo

Crexrpel SIMP 'H u *C HOBBIX COCTMHEHHH CHHUMAIW Ha criekrpomerpe JNM-
ECA Jeol 400 (wactrota 399.78 u 100.53 MI'1 COOTBETCTBEHHO) C HCITOJIb30BAHHEM
pactBopurenei JIMCO-d, u CDCl,. XuMu4ecKkne CABMIM HU3MEPSIH OTHOCHTETBHO
CUTHAJIOB OCTATOYHBIX IPOTOHOB WJIM aroMOB yIiepoa JeHTepupOBaHHOTO
pacTtBopuTens. TeMreparypsl TUIaBJICHHS BEIIECTB ONpenessiuii Ha mpudope «SMP10y.
TCX ananu3 BeimonHsum Ha miacTrHKax Silufol UV-254, nposiersimn napamu foza.

Cunme3 Hukomunoun uzomuoyuanama 1. K pactBopy 7 1 (0,04 M)
HUKOTHHOWIXJIOpHaa B 400 M1 3TaHONA TIPH TTepeMenTuBaHIH JO0ABISIIH PacTBop 5,72
r (0,06 M) pomanmaa kanust pactBopeHHoro B 150 mur aTaHona. PeaknmoHHyto cMech
IepeMelnBagl 7 4 Npu KOMHATHOHM TemiiepaTrype 10 oOpa3oBaHus ocaika. Ocanok
OT(GMIBTPOBAIH, (PUIBTPAT YHAPUBAIM, OCTATOK IEPEKPUCTAIUIN30BAIM W3 ITAHOJA.
Berxon 6,7 1 (95,7 %), po30BEIii TOPOIIOK, T. TUL. 264-267°C.

Oowgan memoouka cunmeza muomoueeun 2-5. K pactsopy 0,056 M ankanouna
B 30 M sra”ona go6aBisuid mo KamiaMm 0,056 M HHUKOTHOHHJI HM30THOLIMAHATa,
pactBopeHHoro B 30 mu 3TaHona. Peakunonnyto cMmech nepemeruBany 1 4 npu 25°C
1 JIOTIONTHUTENBHO ete 12 gacoB npu 75-80°C, 3aremM oxira)kaaiiu, OT(HUIBTPOBBIBAIN
1 yIapuBaJld Ha POTaMOHHOM ucnaputene. IlonmyueHHble TPOLYKTHl B BUAE CBETIIO-
KEJTHIX TOPOILKOB IPOMBIBAJIM ALIETOHOM M OUHUILAIN IyTeM HEepeKPUCTAIUIN3ALUH U3
3TaHoJa. BBIXObI LI€NEBbIX NPOAYKTOB cocTaBuin 27—86 %.

N-(Humu3zuno-3-xkapoomuoun)-nukomunamuo (2). Berxog 86 %. T. . = 157-
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160°C. Cnektp IMP 'H (CDCL), 6, m.x., (J, I'm): 1.81-1.84 (1H, m, H-16), 1.97-2.01
(1H,m, H-15ax),2.46-2.59 (1H, M, H-15¢q), 3.14-3.27 (5H, ™, 13ax,17ax,14,24ax,24eq),
3.71-3.79 (1H, m, H-13eq), 3.89-3.92 (1H, M, H-17eq), 6.21-6.23 (1H, m, H-22), 6.28-
6.30 (1H, m, H-20), 7.35-7.39 (1H, m, H-21), 7.76 (1H, ¢, H-5), 8.51-8.52 (1H, w,
H-4), 8.85 (1H, ¢, H-6), 9.01-9.24 (1H, m, H-2), 8.23 (1H, ym. c, H-9). Cnekrp SIMP
PC (CDCL), 8., m.a.: 23.32 (C-16), 25.17 (C-15), 31.65 (C-14), 48.32 (C-13,17,24),
49.35 (C-23), 106.55 (C-22), 117.48 (C-18), 125.84 (C-5), 128.55 (C-3), 130.53 (C-4),
139.84 (C-2,21), 148.06 (C-23), 163.07 (C-19), 165.62 (C-7). Cnexrp SAMP COSY:
H-16—H-15ax, H-16—H-17ax, H-22—H-21, H-5—-H-4, H-5—H-6. Cnextp SIMP
HMQC: H-22—(C-22, H-20—C-20, H-21—C-21, H-6—C-6, H-2—C-2. Cnektp SIMP
HMBC: H-21—C-23, H-21—C-19.

N-(Anaodaszuno-1-xkapoomuoun)-nukomunamud(3). Berxon27%. T.un.=113-115°C.
Crextp SIMP 'H (I[MCO-dG), o, M., (J, I'm): 1.46-1.69 (3H, m, H-14ax,15ax,15¢eq),
1.94-2.25 (3H, m, H-14eq,16ax,16eq), 3.58-3.70 (2H, M, H-17ax,17eq), 6.41 (1H, ym.
¢, H-13), 7.19-7.21 (1H, m, H-23), 7.59-7.62 (1H, m, H-5), 7.81-7.90 (2H, yu1. ¢, H-9).
Cnexrp SIMP PC (IMCO-d,), 6., m.z1.: 28.73 (C-12,14,17), 35.66 (C-13,18,19), 45.64
(C-11,15,16), 51,37 (C-10), 121.12 (C=3), 131.50 (C-5), 136.02 (C-4), 147.04 (C-2),
150.05 (C-6), 168.04 (C-7). Cuekrp SAIMP COSY: H-5—H-6, H-5—H-4. Cnekrp
SAMP HMQC: H-5—C-5, H-6—C-6, H-2—C-2. Cniektp AMP HMBC: H-5—C-3, C-2.

1-(3gpeopuno)-1-xkapoomuoun)-nukomunamuod (4). Beixon 47,8 %. T.on. = 147-
150°C. Cnekrp SIMP 'H (JIMCO-d)), 8, m.1., (J, I'n): 0.87 (3H, ¢, H-17,17,17), 2.57
(3H, ¢, H-13,13,13), 3.28 (1H, ¢, H-14 ), 5.14 (1H, ¢, H-15), 3.69 (1H, ym. c, H-16),
8.94 (1H, ¢, H-9), 7.22-7.30 (5H, m, H-19-23), 7.47 (1H, ¢, H-5), 8.20 (1H, ¢, H-4), 8.71
(1H, ¢, H-2), 9.01 (1H, ¢, H-2). Cnextp SIMP “C (AMCO-d)), 6., m.z1.: 9.61 (C-17),
30.90 (C-13), 59.76 (C-14), 69.88 (C-15), 124.31 (C-3), 126.32 (C-19,23), 127.16 (C-
5), 127.74 (C-21), 128.62 (C-20,22), 137.46 (C-4), 141.69 (C-18), 150.68 (C-6), 153.73
(C-2), 166.73 (C-7,10). AIMP COSY: H-17—H-14, H-19,23—H-20,22, H-5—H-4.
Crnexkrp SAMP HMQC: H-17—C-17, H-13—C-13, H-14—C-14, H-15—C-15,
H-19,23—C-19,23, H-20,21,22—C-20,21,22, H-4—C-4, H-5—-C-5, H-2—C-2,
H-6—C-6. Cnextp SIMP HMBC: H-17—C-14, C-15; H-13—C-14; H-15—C-17,
C-14, C-19,23, C-18.

N-(Canvconuno-2-xkapoomuoun)-nukomunamuo (5). Boixon 44,3 %. T, = 177—
179°C. Cnexrp SIMP 'H (IMCO-d,), 8, m.x., (J, T'm): 1.41-1.52 (3H, m, H-22,22,22),
3.65 (3H, ¢, H-25,25,25), 3.97 (1H, ym. c. H-9), 6.41-6.54 (1H, M, H-18), 6.60-6.73
(1H, m, H-21), 2.33-2.45 (1H, m, H-14ax), 2.75-2.83 (1H, m, H-14eq), 2.76-2.83 (1H,
M, H-13ax), 3.56-3.64 (1H, m, H-13eq), 4.22-4.32 (1H, m, H-17), 7.39-7.48 (1H, wm,
H-5), 8.09-8.20 (1H, m, H-4), 8.60-8.72 (1H, m, H-2), 8.84-9.01 (1H, m, H-6). Cniektp
SIMP BC (AMCO-d,), 6., m.i.: 19.62 (C-22), 24.85 (C-14), 38.30 (C-13), 50.23 (C-
17), 56.34 (C-25), 110.42 (C-21), 115.48 (C-18), 124.33 (C-5), 124.73 (C-3), 127.00
(C-15,14), 137.50 (C-4), 146.42 (C-19), 147.27 (C-20), 150.68 (C-6), 153.75 (C-2),
166.76 (C-7). AMP COSY: H-22—H-17, H-5—>H-4. IMP HMQC: H-22—C-22,
H-22—C-22, H-14ax—C-14, H-l4eq—C-14, H-25—C-25, H-13ax—C-13,
H-13eq—C-13, H-17—C-17, H-21—C-21, H-18—C-18, H-5—C-5, H-2—C-2,
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H-6—C-6, H-4—C-4. Cnektp AMP HMQC: H-22—C-17, H-22—C-16; H-25—C-19;
H-18—C-14, H-18—C-20; H-21—-C-13, C-19; H-4—C-6, C-7, H-2—C-4, C-5;
H-6—C-4, H-6—C-2.

Takum 00pa3oMm, BIEpBbIC B3aUMOJCHCTBHEM HUKOTHOHMJ W30THOIMAHATA C
AJKaJIONJIaMU [IUTU3WH, aHa0a3uH, [-3eIprH U CalbCOMUH BIICPBBIC CHHTEC3HPOBAHBI
U OXapaKTepPH30BaHbl BEChbMa IEPCIICKTUBHBIC B OHOJOIMYECKOM IUIAHE HOBBIC
TUOMOYEBUHHBIE MTPOU3BOIHBIC HUKOTHHOBON KUCIOTHI. CTpOEHUE CUHTE3UPOBAHHBIX
HUKOTHHAMU/IHBIX TMPOU3BOJAHBIX MOATBEPXkKAeHB MeTomamu SIMP 'H u BC
CIIEKTPOCKOIHMH, a TaKKe JaHHBIMHU AByMepHbIX criektpoB COSY ('H-'H) u HMQC
("H-3C). Tony4yeHHbIC HOBBIE COCMHEHHSI IEPCTICKTURHBI B TIAHE U3YUCHUS U MOMCKA
HOBBIX HEHPOTPOIHBIX U COCYAOPACIIUPSIONINX MPEMIapaToB.
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Abstract. The focus of this research is the detailed investigation into the selective
leaching method specifically designed to concentrate nodular phosphorites, a significant
yet challenging phosphate resource to exploit using traditional means. This method
employs acetic acid as the principal leaching agent, due to its ability to selectively
dissolve phosphorus compounds while leaving behind most of the impurities. This study
systematically examines the influence of critical processing parameters - temperature
and time, on the consumption rate of acetic acid, the pH value of the resulting solution,
and ultimately the P,O, (phosphorus pentoxide) content, which directly indicates the
efficiency of phosphorus extraction. Detailed experimental results showed that under
the optimal conditions of 30 °C temperature and 30-minute reaction time, the process
led to a significant increase in the P,O, content of the treated material, reaching up to
25.52 %. This is an encouraging result, demonstrating the effectiveness of this selective
leaching method under these conditions. To gain more insights into the process, X-Ray
Diffraction (XRD) and Scanning Electron Microscopy (SEM) analyses were carried out,
which revealed interesting changes in both the mineralogical and surface characteristics
of the processed nodular phosphorites. These analyses provided essential information
on how the selective leaching process affects the physical and chemical properties
of the material and how these changes could impact the downstream processing and
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utilization of the phosphorites. The findings of this study highlight the potential for the
selective leaching method to serve as a viable, efficient, and environmentally-friendly
option for the concentration and beneficiation of nodular phosphorites. Looking ahead,
this research opens up new opportunities for further study, including the possibility of
scaling up this selective leaching method to industrial scales. Additional future work
could also delve deeper into developing a more comprehensive understanding of the
mineralogy and chemical composition of the resulting enriched nodular phosphorites.
Such knowledge could offer more insights into optimizing the leaching process and
tailoring the downstream processing steps to maximize the utilization and value of these
phosphorite resources.

Keywords: nodular phosphorites, selective leaching, acetic acid, mineral
composition, enrichment
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AHHOTaMs. by 3epTTeymiH HeTi3Ti OaFbITHI JOCTYPITi TOCIIACpMEH MaHbI3IbI, Oipak
naianany KublH Gocdar pecypcsl OOIbIT TaObUIATEIH KOHKPEMOHIB! pochopurrepai
LIOFBIPJIAHABIPY VIINIH apHaibl 93ipJIeHTeH ipiKTeMelni IaiiManay oficiH erkeil-
TErKesl 3epTrey Oombin Tadbuiaabl. byt omic kapOoHAT KOCBIIBICTAPBIH CEJICKTHUBTI
epiTy KalOineTiHe OalIaHBICTBI CipKe KBIIIKBUIBIH HETI3ri OailbITy peareHTi peTiHae
naigananaabl. 3epTTeye ChIHU OH/IEY ITapaMeTpIIepiHiH - TeMIepaTypa MEeH YaKbITThIH,
Cipke KBIMIKBUIBIHBIH KYMCTy ACHreHiHe, anblHFaH epiTiHaiHiH pH MoHiHE XoHE
CabINl KeIrene, OabITy THIMILIINH Tikened kepcereTin PO, (bochop menTokcnui)
Ma3MyHBbIHA 9CEpiH >Kyhemi Typzae 3eprreiai. Erkei-terkeisli dKCIEpUMEHTTIK
HoTmkenep 30 °C TemmepaTypaHbIH OHTaisbl JkarjgaiibiHAa skoHe 30 MMHYTTBIK
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peaKuys yakpITbIHAQ OHJAEITeH Marepuaniarsl P,O, Kypambinbig 25,52 % - fa neiiin
alTapipIKTall apTyblHA OKENIETiHIH KepceTTi. byn OepinreH »kxarmaiimapia CeleKTHUBTI
maiManay OmiCIiHIH THIMIUIITIH KOpCEeTEeTiH >KirepiaeHmipeTiH HoTmwke. [Ipormecc
TypaJibl TOJIBIK TYCIHIK aly YIIiH peHTreHmik nudpakius (XRD) xoHe ckaHepneyi
ANEeKTpoHabl MHKpockomus (SEM) Tanmaymapsl SKyprisingi, onap OalbIThUIFaH
KOHKPEIMOH/IbI (OCPOPUTTEPIHIH MUHEPATOTHSIIBIK KOHE OSTTIK cHUIIaTTaMajapbiH/a
e3repicTepai aHBIKTaIbl. byJT Tanmaynap celeKTHBTI maiMaiay Ipolieci MaTepraIIbiH
(hM3UKaTIBIK JKOHE XUMUSIIBIK KacHeTTEpiHe Kajlail ocep eTeTiHi KoHE OV e3repicTep
dochopuTTepi KeiliHHEH OHAEYTe KOHE KIJIere KaparyFa KaJlail ocep eTeTiHi Typajibl
MaHpI3Abl aknapar Oepxi. byn 3eprreynin HoTmkenepi Oenrini 6ip docdopurrepai
OaBITYIBIH OMIpIIeH, THIMIlI JKOHE KOpIIaraH OpTara 3WSHCHI3 HYCKAchl PETiHIe
ipikTeMeni mmaiimanay oficiHiH oneyeTiH kepceremi. CoHpail-ak, MYHIa opi Kapait
3epPTTEY/iH *KaHa MYMKIHJIKTEPiH, COHBIH IIIIHAEC OChI IpIKTEMENi maimalay 9iCiH
OHEPKACINTIK MacmTadKa IeHiH yIFalTy MYMKiHAIr 0ap eKeHIIriH ecKepreH >KOH.
OraH Koca, ayljarbl 3eprreyiepie OalbIThUIFaH KOHKPEIHOHIBI (ochOpUTTEpiHIH
MHHEpPAJIOTHsI MEH XHMISUIBIK KypaMbl Typaibl TONBIK TYCIHIK KaJIBINTACTHIPYFa
TepeHipeK YHUTyl MYMKiH. MyHzaail OiniM OallbITy NpOLECIH OHTANIAHIBIPY >KOHE
ocbl (hochoput pecypcTapblHbIH MaKCHMaJIbl KOJJAHBUTYBl MEH KYHABUIBIFBI YIIiH
OHJICY/IIH KeHiHT1 Ke3eHepiH Oefimaey Typaibl keOipek aknapar Oepe aiajbl.

Tyiiin ce3gep: KOHKpemHOHIL GdochopurTep, ipikTeMen ImaiManay, cipke
KBIIIKBLTBI, MUHEPAJIIbl KYpaMbl, OalbITy
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AnHOTauus. B TeHTpe BHUMAHHUSI 3TOTO HCCICAOBAHUS HAXOAUTCS ICTAIBHOE

M3yYeHHE METO/Ia CEJEKTHBHOTO BHIIIEIaYMBAHNSA, CIIEIHAIBEHO Pa3pabOTaHHOTO IS
KOHIIGHTPUPOBAaHUSI KOHKPEIHOHHBIX (POc(OpUTOB, 3HAYUTEIHHOTO, HO CIOXKHOTO B
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HCTIONIB30BaHUU (ocdaTHOro pecypca TpaaiWHMOHHBIMU criocobamMu. B aTom mertozne
B KayeCTBE OCHOBHOT'O BBILIEJIAUMBAIOIIETO areHTa UCIOJIb3YeTCsl YKCyCHas KHCIIOTa,
Onarozmapsi ee CIOCOOHOCTH M30MpaTeNbHO PacTBOPATH COENUHEHHUs KapOoHatoB. B
CTaThbe CUCTEMATHYECKU MCCIEAYETCs BIUSHUE KPUTHUECKUX MapaMeTpoB oOpaboTKu
- TEeMIepaTypbl W BpPEMEHH - Ha HOPMY pacxofa YKCYCHOW KHUCIOTHI, 3HaueHHE
pH momywaemoro pactBopa W, B KOHEUHOM cueTe, conepxanue P O, (maTnoxucu
¢docdopa), YTO HEMOCPEACTBEHHO YyKa3biBaeT Ha APPEKTUBHOCTH OOOTAIICHUSI.
[logpoGHBIe 3KCIEpUMEHTANbHBIE PE3YJAbTaThbl TOKa3ald, 4YTO IPH ONTUMAIbHBIX
ycnoBusx reMieparypsl 30 °C u 30-MUHYTHOM BpeMEHH PEAKIMK POLecC IPUBOIUI K
3HAYUTENBHOMY yBeNUUeHuIO conepxanus P O, B 00paboTaHHOM Marepuae, 10CTUras
25,52 %. D10 OOHAJECKUBAIOLIMI PE3YNbTAT, AEMOHCTPUPYIOWHH 3()(PEKTUBHOCTD
JaHHOTO METO/ia CEJICKTUBHOTO BBIIIETaYNBaHH B JAHHBIX yCIOBUSIX. UTOOBI MOMyYUTh
Ooyiee TIONHOE MPEACTABICHUE O MpOLecce, ObUIM MPOBEICHBI aHAIU3bl METOIOM
pentreHoBckort nudpakuun (XRD) u ckaHupyromeil 3MeKTpOHHOW MHMKPOCKOIIUU
(SEM), xoTophIe BBISIBUIM MHTEPECHBIC U3MEHEHHS KaK B MUHEPAJIOTHYECKUX, TaK U
B TMOBEPXHOCTHBIX XapaKTEePUCTHKAX OOOTAlIeHHBIX KOHKPEIMOHHBIX (OCHOPHUTOB.
OTH aHaNM3bl IPEJOCTABUIIN BXKHYIO HHPOPMAIIHIO O TOM, KaK MPOLIECC CEIIEKTHBHOTO
BBIILENIAYMBAHUS BIMSACT Ha (PU3NUECKUE M XMMUYECKHE CBOMCTBA Marepuala W Kak
9TH W3MEHEHHUS MOTYT MOBIHATH Ha MOCIEAYIOUIYI0 MEepepaldOoTKy W YTHIH3ALHIO
¢docdopuToB. Pesynabrarel 3TOro McciaeqoBaHHA NOAYSPKUBAIOT MOTSHIUAT METOAa
CEJIEKTHBHOTO BBIIEJIIAYMBAHUSI B KaueCTBE >KU3HECHOCOOHOro, 3((EKTHBHOIO W
0e3BpenHOro JUIsl OKpY’Karolledl cpeapl BapuaHTa OOOTAlICHUS KOHKPELMOHHBIX
¢dochopuToB. 3aberas Brepea, OTMETUM, YTO 3TO HCCIECJOBAHHE OTKPHIBAECT HOBBIC
BO3MOJKHOCTH JJIs JAJIbHEHUIIET0 N3yYeHNs], BKII0Yasi BO3SMOYKHOCTb MAaCIITa0OMPOBAHHS
3TOTO METONA CEJNEKTHBHOTO BBILIEIAYMBaHUs 10 MPOMBIIUICHHBIX MaciuTabos. B
JanbHeHeM MOKHO T0OUThCs O0Iee TOITHOTO HOHUMaH Ul MUHEPATIOT iU M XUMHYECKOTO
cocTaBa MOJYyYEHHBIX OOOTAIIEHHBIX KOHKPEHHOHHBIX (ocdopuroB. Takue 3HaHUS
MoOrH OBl JaTh 0osble HHPOpPMAMU 00 ONTUMH3ALUK MPOLeCcCa BHIILENIAYNBAHUS U
aJlanTaluy NOCIEAYIOMINX 3TANOB MepepadOTKH JJIsi MAKCHMAIBHOTO UCTIONB30BAHUS U
MMOHUMAaHUS IEHHOCTH 3THX (POCHOPUTHBIX PECYPCOB.

Ki1ioueBble ciioBa: KOHKpEIIMOHHBIE (HOCPOPUTHI, CENIEKTHBHOE BBIILICIAYUBAHUE,
YKCyCHas KUCIIOTa, MUHEPaJIbHBII cOCTaB, 00OTalieHue

Introduction

Nodular phosphorites are sedimentary rocks that are formed through the accumulation
of phosphate-rich particles around a central nucleus. The formation process typically
occurs in marine environments with low to moderate energy conditions, such as shallow
seas and lagoons. The formation of nodular phosphorites begins with the accumulation
of organic matter and phosphate-rich sediments on the seafloor. Over time, these
sediments become compacted and cemented, forming a hard substrate. Phosphorus in
the sediments is derived from various sources, including marine organisms, volcanic
activity, and weathering of land-based rocks (Kyser, 2014). As the sedimentation
continues, phosphate particles in the water column adhere to the hard substrate, forming
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small nodules or concretions around a central nucleus. The phosphate minerals in
nodular phosphorites are typically composed of carbonate-fluorapatite, which is a type
of calcium phosphate mineral. Nodular phosphorites can occur in a range of depositional
environments, including continental shelves, lagoons, and oceanic plateaus. They are
often associated with other sedimentary rocks, such as shale and sandstone, and can be
found in various geological formations (Kolodny, 2009).

The distribution of nodular phosphorites is not uniform, and their occurrence is
influenced by several factors, including sea level fluctuations, sedimentation rates,
and climate. Some of the largest deposits of nodular phosphorites are located in North
Africa, the Middle East, Russia and the United States, although they are found in many
other parts of the world as well (Burnett, 1990).

Nodular phosphorites are found in various parts of the world, with some of the largest
deposits located in North Africa, the Middle East, and the United States. Here are some
of the main deposits of nodular phosphorites in the world:

- Western Sahara: This region is home to some of the largest deposits of nodular
phosphorites in the world, with estimated reserves of around 50 billion tons. The
deposits are located in the Bou Craa mine and are heavily mined for the production of
phosphate rock (Van Kauwenbergh, 2010);

Morocco: Morocco is the largest producer of phosphates in the world and has
significant reserves of nodular phosphorites. The deposits are located in the Khouribga
and Benguerir regions and are an important source of phosphorus for the global market
(El Asri, 2009);

- Tunisia: Tunisia has extensive deposits of nodular phosphorites in the Gafsa basin,
which is located in the southern part of the country. The deposits are mined by the
Compagnie des Phosphates de Gafsa (CPG) and are an important source of phosphorus
for the country's agriculture and industry (Boujlel, 2019);

- Florida, USA: Florida is home to one of the largest deposits of nodular phosphorites
in the United States, with reserves estimated at around 1.4 billion tons. The deposits
are located in the Bone Valley formation and are mined for the production of fertilizer
(Beavers, 2013);

- Peru: Peru has significant deposits of nodular phosphorites in the Bayovar region,
which is located in the northern part of the country. The deposits are mined by several
companies, including Mosaic, and are an important source of phosphorus for the global
market (Ramos, 2016);

China: China has several deposits of nodular phosphorites, including the Qilianshan
and Wengfu deposits. The country is one of the largest producers of phosphorus in the
world and relies heavily on its domestic deposits of nodular phosphorites (Jiang, 2018).

As it is known, the most common types of phosphorites in the world are nodular and
microgranular phosphorites, which are two different types of sedimentary rocks that
contain high concentrations of phosphate minerals. While they share some similarities,
they also have several key differences (Ahmed, 2022; Krasilnikova, 1993; Yang, 2019):

- appearance: nodular phosphorites are characterized by their nodular or concretionary
appearance, which is caused by the accumulation of phosphate-rich particles around a
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central nucleus. Microgranular phosphorites, on the other hand, have a fine-grained or
granular texture, with the phosphate minerals distributed evenly throughout the rock;

- mineralogy: nodular phosphorites are typically composed of carbonate-fluorapatite,
which is a type of calcium phosphate mineral. Microgranular phosphorites can contain
various types of phosphate minerals, including francolite, collophane, and wavellite;

- formation: nodular phosphorites are formed through the accumulation of phosphate-
rich particles around a central nucleus in low to moderate energy marine environments.
Microgranular phosphorites are often associated with upwelling currents and are formed
through the precipitation of phosphate minerals in the water column;

- occurrence: nodular phosphorites are found in a range of depositional environments,
including continental shelves, lagoons, and oceanic plateaus. Microgranular phosphorites
are often associated with ancient marine basins and can be found in sedimentary rocks
such as shale and sandstone;

- use: nodular phosphorites are an important source of phosphorus for various
industries, including agriculture and chemical manufacturing. Microgranular
phosphorites are less commonly used and are often considered to have lower economic
value due to their lower concentrations of phosphate minerals;

The most important difference between the two types of phosphorites is the high
degree of isomorphic substitution of a phosphate group for a carbonate one (Yanshin,
1979). The carbon dioxide entering into the molecule loosens it, as it were, makes
phosphate more soluble, and therefore the nodular phosphorites are a good raw material
for the production of phosphate rock, which has long been used in Russia and other
countries as the simplest environmentally friendly phosphorus-containing fertilizer
(Lygach, 2019). In addition, another feature of the nodular phosphorites is their difficulty
in enriching from the thin germination of phosphate with other minerals and, as a result,
the high content of iron and aluminum oxides in the nodules. To date, several methods
of enrichment of nodular phosphorites are known: flotation, magnetic separation,
mechanical enrichment, the use of heavy suspensions, acid enrichment. However, each
of the above-mentioned methods has its drawbacks (Al-Fariss, 2013; Mohammadkhani,
2011; Ptacek, 2016; Abbes, 2020). The most common method of enrichment is flotation.
However, each of the above-mentioned methods has its drawbacks. The most common
method of enrichment is flotation, but its use is also limited. The main disadvantages of
flotation are the high cost of flotation reagents, complex hardware design, contamination
of the phosphate part with organic compounds, dependence on the availability of water.
In this regard, the search for new or improvement of known enrichment methods is
relevant. Scientists from different countries where phosphate ore is mined call the
method of selective leaching the most promising.

Selective leaching is a process used to concentrate valuable minerals from ores or
rocks that contain multiple minerals or compounds. It involves dissolving the target
mineral using a chemical solution, while leaving the other minerals intact. The process
is based on the differences in the reactivity and solubility of the minerals in the ore or
rock, which allows for the selective extraction of the desired mineral. Selective leaching
can be used to extract a wide range of minerals. It is often used in hydrometallurgical

121



OF THE NATIONAL ACADEMY OF SCIENCES OF THE REPUBLIC OF KAZAKHSTAN

processes, where minerals are extracted from ores using liquid solutions, and can also
be used as a pre-treatment step to enhance the recovery of target minerals.

The process of selective leaching involves several steps, including the preparation of
the ore or rock, the selection of the appropriate leaching solution, and the implementation
of the leaching process. The leaching solution can be an acid, a base, or a complexing
agent, depending on the mineral being targeted. Selective leaching has several advantages
over conventional mineral processing methods, including reduced energy consumption,
lower costs, and higher recovery rates (Du, 2020).

At the same time, organic acids can be used as a leaching solution. Organic acids,
such as citric acid, oxalic acid, and humic acid, offer several prospects and benefits for
the enrichment of low-grade phosphorites (Zafar, 1996; Zafar, 2007; Ashraf, 2005).
These naturally occurring compounds are biodegradable, environmentally friendly, and
readily available. Enrichment of low-grade phosphorites with organic acids is a cost-
effective method as organic acids are relatively inexpensive compared to traditional
chemical reagents used in mineral processing. This makes the process more affordable
and accessible. Additionally, organic acids are environmentally sustainable as they are
biodegradable and do not produce toxic byproducts that can harm the environment.
This makes the process more sustainable and environmentally friendly. Organic acids
are able to selectively leach carbonates from low-grade phosphorites, which means that
they can be used to target specific minerals and increase the concentration of phosphorus
in the ore. They can also enhance the efficiency of the enrichment process by increasing
the rate and extent of carbonates dissolution (Bakry, 2015). This results in a higher
quality phosphate product that has a lower impurity content and a higher concentration
of phosphorus. Enrichment of low-grade phosphorites with organic acids can also lead
to higher yields of phosphate, which can result in increased profitability for mining and
processing companies. This makes the process more economically viable and attractive
for companies operating in the industry.

As a whole, the use of organic acids for the enrichment of low-grade phosphorites
offers several benefits, including cost-effectiveness, sustainability, selective leaching,
increased efficiency, improved quality, and higher yields.

Nodular phosphorites in Kazakhstan is mainly represented by the Chilisai deposit
(Aktobe phosphorite-bearing basin, Western Kazakhstan). Kazakhstan is a significant
exporter of phosphorus-containing products to countries in Europe and Asia, which has
led to a rise in both domestic and external demand for these products. However, the
development and operation of new phosphorus deposits have not been carried out. As
a result, the known deposits of phosphorites are being depleted, which necessitates the
use of new resources. To address this issue, the concept of geological development of
the mining industry of the country highlights the search for new methods of enrichment
of nodular phosphorites and further processing into phosphorus products as one of the
primary tasks.

Therefore, the purpose of this research is to explore the enrichment of nodular
phosphorites by selective leaching using acetic acid. This method is being investigated
as a potential alternative to traditional mineral processing methods to increase the
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concentration of valuable minerals, such as phosphate minerals, in low-grade ores. The
use of selective leaching with acetic acid has shown promise in enhancing the efficiency
and selectivity of the mineral processing process while reducing the environmental
impact associated with traditional methods.

Overall, the research aims to contribute to the sustainable management of phosphorus
resources in Kazakhstan and to promote the development of more environmentally
friendly and efficient methods for the enrichment of nodular phosphorites.

Materials and Methods

Sampling and grinding

In order to conduct the research on the enrichment of nodular phosphorites, samples
were obtained from the Chilisai deposit in Western Kazakhstan. To prepare the raw
materials for further analysis, a laboratory ball mill MSHL-1 was used. The mill operates
by filling the drum with raw materials and balls made of durable steel material. As the
drum rotates, the impact of the balls crushes the material to a finer consistency. After
crushing, the raw materials were sifted using a "Analysette" vibro-sieve.

This process of crushing and sifting the raw materials was necessary to prepare the
samples for further testing and analysis. By reducing the size of the nodular phosphorites
and separating them into finer particles, the samples were made more amenable to
selective leaching and other mineral processing techniques.

Analysis

Several analytical methods were used to study the properties and composition of the
nodular phosphorite samples.

To measure the concentration of phosphorus in the sample used a photometric
method with Trilon B as the reagent. This method involved a reaction between Trilon B
and phosphorus, which formed a complex with a characteristic color. The intensity of
the color was proportional to the concentration of phosphorus and was measured using
a spectrophotometer at a specific wavelength of 440 nm. This photometric method was
chosen because of its sensitivity and reliability, making it suitable for this study.

To obtain high-resolution images of the sample surface used the JSM6490 LV
scanning electron microscope (SEM). The SEM was equipped with a backscattered
electron detector, an energy-dispersive X-ray spectroscopy (EDS) system, and a
cathodoluminescence detector. The backscattered electron detector provided information
on the surface and sub-surface structure of the sample, while the EDS system was used
for chemical analysis. The cathodoluminescence detector was used to visualize light
emission from the sample in response to electron bombardment.

In addition to the SEM analysis performed X-ray diffraction (XRD) analysis using
the D8 Advance equipment from Bruker. This method allowed for the characterization
of the crystalline structure of the sample, providing information on crystal structure,
crystallinity, and preferred orientation.

The IR-Fourier spectrometry was performed on the IR-Prestige 21, a modern
device equipped with a quick-release Michelson interferometer and a spectral range of
7800-350 cm™. The IRsolution software package was used for processing the received
analytical materials. This method provided information on the chemical composition
and functional groups present in the samples.
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To determine the mineralogical structure of the phosphorites, the NEOPHOT-21
metallographic microscope was used. This microscope, from Germany, is equipped
with computer software for processing the received micrographs. The raw materials
were first prepared using installations from the STRUERS brand, from Denmark. This
method provided information on the mineralogical composition and crystal structure of
the samples.

Additionally, the Q-1500 D derivatograph from Hungary was used for differential
thermal analysis of the materials. This technique allowed for the study of the heat
resistance of the materials and the processes of hydration and dehydration.

To better understand the processes of enrichment of low-grade phosphorites with
acetic acid, a thermodynamic analysis was performed using the HSC 9.3 software
package. This multifunctional software is based on the principle of maximum entropy
and minimization of Gibbs energy. The software's Reaction Equations module was used
to calculate the change in the values of enthalpy (AH), entropy (AS), and Gibbs free
energy (AG) for the heterogeneous reactions involved in the process.

Description of the experimental process

In the experimental studies, crushed raw materials were utilized. The process was
carried out within a temperature range of 20—40 °C, and the enrichment time was set to be
between 15-45 minutes. The liquid/solid ratio was set to be 3/1, which was determined
by calculating the amount of acetic acid required for the complete decomposition of
carbonate compounds in phosphate raw materials and the volume of water required for
dilution. The solubility of acetic acid in water (40 g/l) was also taken into account. The
dilute acetic acid had a density of d=1.030, a pH value of 2.33, and pKo=6.2-102.

To determine the concentration of the dilute acid and the resulting pulp, the pH
values were used to calculate the concentration (C, mol/l) using the expression [H*]=10
PH_ These values were then utilized to calculate the level of consumption of acetic acid
for the enrichment process (a):

a =87 100, (D
Cq
where: C, — concentration of dilute acetic acid, mol/l; C,— pulp concentration, mol/l.
Based on this value, the reaction rate is calculated using the following formula (2):

_ An 2
V= VAT’ @
where: An — change in the number of moles of starting substances, mol; V' — volume
of the mixture, 1; A7 — time, min.
The efficiency of the process under study was determined by P,O_,%. The degree of

275
increase in P,O, %, is calculated by the following expression:

P,0c p; = [i_::] -100, (3)
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where: B — weight of enriched raw materials, g; b — P,O, in enriched raw materials,
%; P — weight of the initial raw material, g; p — P,O, in initial raw material, %.

Processing of experimental data

To evaluate the significance of the results conducted statistical analysis using
Microsoft Excel. Normal distribution tests were conducted to ensure that the data
met the assumptions of parametric statistical analysis. A p-value of less than 0.05 was
considered statistically significant, indicating a 95 % confidence level that the results
were not due to chance.

Results and Discussion

Material composition of nodular phosphorites

Studying the material composition of nodular phosphorites is essential to selective
leaching as it provides insights into the properties and reactivity of the mineral
components. The mineralogical composition of nodular phosphorites can vary
significantly depending on the deposit, and the concentration of the desired phosphate
minerals can be low. Understanding the mineralogy and chemical composition of the raw
materials is critical to developing effective and efficient selective leaching processes.

The chemical composition of nodular phosphorites is shown in Table 1.

Table 1. Chemical composition of nodular phosphorites
Compounds PO, CaO MgO K,0 ALO, Fe O, SiO,
Composition, % | 18.12+0.91|31.19+1.13 | 1.72+0.24 | 0.134+0.09 | 2.04+0.31 | 0.97+0.37 | 23.10+1.24

The chemical composition of nodular phosphorites typically includes a relatively
high concentration of phosphorus pentoxide (P,0O,) at 18.12+0.91 %. The determined
amount of phosphorus anhydride indicates that this particular raw material can be
categorized as low-grade phosphorites. Other important components include calcium
oxide (CaO) at 31.19+1.13 %, and silica (SiO,) at 23.10+1.24 %. Additionally, small
amounts of magnesium oxide (MgO), potassium oxide (K,0), aluminum oxide (Al,0,),
and iron oxide (Fe,0,) are also present in nodular phosphorites, with values ranging
from 0.13+0.09 % for K,O to 2.04+0.31 % for Al,O, and 0.97+0.37 % for Fe,O,. The
exact chemical composition of nodular phosphorites can vary depending on the specific
deposit and geological conditions. To compare the chemical composition, the method
of energy dispersive analysis was used, the results of which are shown in Table 2 and
Figure 1.

Table 2. Element-weight composition of nodular phosphorites

Spectrum 1 Spectrum 2 Spectrum 3 Spectrum 4 Average, %
In In In In
El Weight | terms | Weight | terms | Weight | Interms | Weight | terms | Weight | terms
ement .
comp., of comp., of comp., | of oxides, | comp., of comp., of
% oxides, % oxides, % % % oxides, % oxides,
% % % %
C 2.93 - - - - - 1.76 - 2.34 -
O 43.26 - 54.86 - 54.53 - 52.94 - 51.39 -
F 2.32 - 0.66 - 1.71 - - - 1.56 -
Mg 337 | 5.58 1.19 1.97 1.37 227 0.42 0.69 1.58 2.61
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Al 1.60 | 3.02 0.87 1.64 0.11 0.20 1.38 2.60 0.99 1.87
Si 10.17 | 21.75 | 14.21 | 30.39 | 11.08 23.70 1243 | 26.58 | 11.97 | 25.60
P 8.08 | 18.51 6.31 1445 | 743 17.02 8.17 18.71 7.49 17.17
K 0.13 0.15 - - 0.27 0.32 0.10 0.12 0.16 0.19
Ca 27.72 | 38.78 | 21.09 | 29.50 | 23.16 32.40 22.63 | 31.65 | 23.65 | 33.08
Fe 0.42 0.60 0.81 1.15 0.34 0.48 0.17 0.24 0.43 0.61

1
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Figure 1. Micrograph of the surface of samples of nodular phosphorite and its elemental-weight
composition

The surface of the nodular phosphorite sample was analyzed using a scanning
electron microscope (SEM) at a low voltage to minimize damage to the delicate surface.
The resulting image showed a highly textured surface with numerous spherical nodules
ranging in size from a few micrometers to several millimeters in diameter. The nodules
appeared to be composed of small crystalline structures, with irregular shapes and
sizes. The surface also exhibited several areas of mineral deposition and accumulation,
suggesting a complex geological history. Overall, the SEM analysis provided valuable
insights into the surface morphology and mineralogical composition of the nodular
phosphorite sample. In addition, after analyzing the results of chemical and elemental-
weight analyzes, one can see that the given composition of nodular phosphorites is the
same.

To accurately study the composition of the research object, the method of X-ray
diffraction analysis was used, the results of which are shown in Figure 2.
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Figure 2. X-ray diffraction peaks of nodular phosphorites

500

The XRD analysis of the nodular phosphorite sample revealed the presence of several
mineral phases. The dominant phase was carbonate-fluoroapatite (NR), which accounted
for 64.10% of the sample. This mineral is a major source of phosphate in the sample and
is commonly found in nodular phosphorites. As mentioned above, the phosphate part
in nodular phosphorites is represented by the mineral kurskite (Yudovich, 2018). This
is a variety of fluorapatite, in which there was a partial isomorphic replacement of the
phosphate group by the carbonate group. In terms of mineralogical composition, the ore
of this deposit is close to the phosphates of the Egorievskoe and Vyatskoe deposits in
Russia (Kurbaniyazov, 2016).

The analysis also detected the presence of quartz, which accounted for 20.28 %
of the sample. Quartz is a common mineral in sedimentary rocks. Quartz is mainly
presented in the form of glauconite. After all, it is known that nodular phosphorites
are sandy phosphorites with a high content of glauconite in the composition (Yanshin,
1979). Also, the mineralogy of these phosphorites is represented by orthoclase, which
is a rock-forming mineral from the silicate class. Orthoclase was also present in the
sample, accounting for 11.90 % of the total. Orthoclase is a potassium-rich feldspar
mineral that is commonly found in igneous and metamorphic rocks.

Finally, dolomite was identified in the sample, accounting for 3.72 % of the total.
Dolomite is a calcium-magnesium carbonate mineral that is commonly found in
sedimentary rocks.

In the case of nodular phosphorites, DTA was used to determine the thermal behavior
of the carbonate and phosphate minerals present in the sample (Figure 3).
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Figure 3. Derivatogram of nodular phosphorites

The DTA analysis of the nodular phosphorites sample revealed several important
findings. The results showed that the destruction of structural water in the sample was
characterized by endothermic effects occurring at temperatures between 70—180 °C. The
transformation of quartz occurred at temperatures of 200 °C and above. Decomposition
of carbonate-containing compounds began at temperatures above 700 °C (Manly,
1950). The sample lost 6.67 % of its mass in 82 minutes. These findings suggest that
the nodular phosphorites sample is composed of complex compounds that undergo
significant changes at different temperatures. The information obtained from the DTA
analysis is useful in understanding the thermal behavior and stability of the sample,
which can be valuable in determining the most effective processing methods.

Mechanism of the selective leaching method of nodular phosphorites

As described above, the phosphate part in nodular phosphorites is presented in the
form of fluorocarbonate apatite with the formula Ca (PO,),CO,F. The reaction of these
phosphorites with acetic acid can be written as follows:

4Ca (PO,),CO,F + 37CH,COOH — 18Ca(CH,COO), + 6CO,1 +
12H,PO, + 2CaF, + 2H,0 (1)

The given chemical reaction involves the reaction between four molecules of
fluoroapatite carbonate (Ca(PO,),CO,F) and 37 molecules of acetic acid (CH,COOH)
in the presence of water. The products formed in the reaction are 18 molecules of
calcium acetate (Ca(CH,COOQ),), 6 molecules of carbon dioxide (CO,), 12 molecules
of phosphoric acid (H,PO,), 2 molecules of calcium fluoride (CaF,) and 2 molecules of
water (H,O).

The reaction proceeds as follows (Figure 4):
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First, the acetic acid (CH,COOH) reacts with the fluoroapatite carbonate
(Ca,(PO,),CO,F) to produce calcium acetate (Ca(CH,COO),) and carbon dioxide gas
(CO,). This reaction is exothermic in nature and releases energy in the form of heat.
Next, the phosphoric acid (H,PO,) and calcium fluoride (CaF,) are produced through
the decomposition of fluoroapatite carbonate (Ca,(PO,),CO,F) in the presence of acetic
acid (CH,COOH).

Figure 4. lllustrative reaction (1) mechanism

However, according to the reaction, the phosphate part is carried away into the
solution in the form of phosphoric acid. This phenomenon is undesirable for the process
under study, since according to studies (Gharabaghi, 2009), the phosphate part should
not be affected by organic acid. For example, in the well-known reaction between
fluorapatite and acetic acid, from a thermodynamic point of view, the reaction does not
occur (Xie, 2019):

Ca (PO,),F + 10CH,COOH=5Ca(CH,COO), + 3H,PO, +
HF (AG'=362.9 kJ/mol) )

As can be seen from the above reaction, the Gibbs free energy takes on a positive
value, which indicates the impossibility of the reaction. According to the method under
study, the carbonate part of phosphorite, represented in our case by dolomite, undergoes
selective leaching. Calcium and magnesium carbonates react with acetic acid in the
following reactions:

CaCO,+2CH,COOH=Ca(CH,C00),+H,0+CO,1
(AG=-2.7 kJ/mol) (3)

MgCO +2CH,COOH=Mg(CH,CO0),+H,0+CO, 1
(AG®=-31.1 ki/mol) (4)

From these reactions and calculated values, AG indicates that the reaction is
thermodynamically favorable or spontaneous.
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The silicate part of nodular phosphorites is presented in the form of quartz and
orthoclase. Acetic acid is a weak acid and does not have the ability to react with or
decompose quartz, which is a chemically inert mineral. Quartz is made up of silicon
and oxygen atoms arranged in a crystalline structure, and its bonds are too strong to be
broken by weak acids like acetic acid. Therefore, in the presence of acetic acid, quartz
remains stable and does not undergo any significant chemical reactions. However, it is
reported that acetic acid is able to partially decompose minerals in the form of nepheline
(Dorfman, 1959). Nepheline, like orthoclase in our case, is a rock-forming mineral from
the feldspar class. Their difference is only in the lower content of silicon. Although there
is no information on the dissolution of orthoclase with acetic acid.

Presentation of the results of the selective leaching experiments

Numerous reports have demonstrated the use of various organic acids in leaching
phosphate rock (Lazo, 2017). Acetic acid, in particular, has been proven to enhance the
dissolution of calcium carbonate (Sengul, 2006). Other organic acids have also been
found to have the ability to dissolve carbonate materials in low-grade phosphate rock
(Haweel, 2013; Arroug, 2021). As previously stated, it has been observed that acetic
acid has the ability to dissolve some minerals, including nepheline, to a certain extent.
These research studies suggest that the type of organic acid used is closely linked to the
enrichment rate of P,O,. There is currently no information available on how organic
acids affect the enrichment of nodular phosphorites. Figure 5-6 presents the outcomes
of experiments conducted to investigate this topic.
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Figure 5. Acetic acid enrichment of nodular phosphorites: a - change in pH over time; b - change in
reaction rate over time; ¢ - change in the degree of consumption of acetic acid over time; d - the amount
of phosphoric anhydride passed into solution.
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The experimental results indicate an increase in pH over time. Equilibrium in the
system is observed at 20 and 30 °C, but at 40 °C, a considerable alteration in pH is
observed. The reaction rate at all temperatures decreases with increasing time because
the concentration of reactants decreases as the reaction progresses, which leads to a
decrease in the number of collisions between reactant molecules and a consequent
decrease in the rate of reaction. Additionally, the formation of reaction products can also
inhibit the reaction by slowing down the rates of intermediate steps or by decreasing the
availability of reactants.

The observation that the degree of consumption of acetic acid reaches a maximum
value of up to 91 % at 40 °C confirms this statement. However, it also suggests that the
reaction between acetic acid and the carbonate part of the phosphorite is not complete,
as some acetic acid remains unused.

Selective enrichment refers to the process of separating and extracting the desired
component from a mixture while leaving unwanted components behind. In the case
of nodular phosphorites, the desired component is the phosphorus-containing mineral,
while the unwanted component is the carbonate mineral. If the phosphate part is carried
away into the solution at a temperature as low as 30 °C, it means that the selective
enrichment is not occurring effectively, and there is a risk of losing the desired
component. Additionally, carrying away the phosphate part can lead to an incomplete
reaction and lower the overall efficiency of the enrichment process. Therefore, it is
highly undesirable for the phosphate part to be carried away into the solution during
selective enrichment. The experimental results indicate that a rise in temperature results
in the removal of the phosphate component. Some studies (Xie, 2019) suggest that
elevating the reaction temperature may enhance the concentration of P,O,. However,
the dissolution of carbonates does not increase at temperatures beyond 40 °C. This
suggests that higher temperatures may cause the evaporation of water and acetic acid.
Additionally, the higher temperature may also cause other undesired reactions to occur,
such as the breakdown of organic acids or the formation of byproducts, which could
interfere with the selective enrichment process.

27 73
i R?=0.9322
) [ 4 68 &
= . = 2 : o . a
& R?=0.9794 =63 B - R?=0.9352
w23 2 - I o .
8 A i 0 R*= 09117
& i Q58 i "
o 3 i i
2 R*=0.9943 53 3 P ] L
v 3 B ] 2 s ? R?=0.9385
19 48 3
10 20 30 40 50 10 20 30 40 50
Time, min Time, min
#20C B30C 440C a) #20C W30C 440C b)

Figure 6. Change in the amount of PO (a) and the degree of its increase (b) over time

The enrichment of the main component P,O, occurs actively at temperatures of 20—
30 °C, as revealed by the experiment. However, the increase in phosphoric anhydride is
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only slight upon raising the temperature to 40 °C, and up to 3 % of it is transferred into
the solution. This phenomenon is attributed to the selective reaction of acetic acid with
open carbonate minerals in the sample particles during the first 30 minutes at 20-30 °C.
Upon completion of this reaction, the first exposed carbonate minerals fully react with
the acid. Analysis of nodular phosphorite by XRD indicated that the sample contained
about 3.72 % dolomite. Gradually increasing the temperature and reaction time leads
to an acid attack of the crystal lattice of the phosphate part, and a significant increase
in the degree of pH at these values confirms the rapid reaction between acetic acid and
carbonate-fluorapatite.

Despite conducting the experiments at 20-30 °C, the utilization of acetic acid only
reaches 88—89 %, indicating that 10 % of the acid remains unreacted in the reaction
mixture. This could be because the reaction products in the form of acetate salts hinder
further reaction. The accumulation of reaction products in the form of acetate salts can
create a diffusion barrier around the unreacted phosphate rock particles, preventing
further reaction. As a result, the unreacted acid is not able to effectively reach the
remaining carbonate minerals in the phosphate rock, leading to a decrease in the degree
of consumption of acetic acid. Additionally, the accumulation of reaction products can
also shift the equilibrium of the reaction towards the formation of these products, further
inhibiting the reaction between acetic acid and the remaining carbonate minerals.

The optimal condition of temperature and time at 30 °C and 30 minutes, respectively,
allowed for the highest degree of consumption of acetic acid while minimizing the loss
of phosphate material into the solution. As a result, the increase in the content of P,O,
was maximized, reaching up to 25.58 %. This indicates that at these conditions, the
selective dissolution of the carbonate minerals was more efficient, leading to a higher
concentration of the valuable phosphate component in the solid product.

Chemical and mineralogical composition of enriched nodular phosphorites

Table 3 and Figure 7 display the chemical and mineralogical composition of the
enriched nodular phosphorites that were analyzed in this study.

Table 3. Chemical composition of enriched nodular phosphorites
Compounds PO, CaO MgO K,0 ALO, Fe O, SiO
Composition,
%

2

25.58+0.47 | 26.94+0.84 - 0.04+0.02 | 1.12+0.14 | 1.39+0.29 | 28.24+1.05

The chemical composition of enriched nodular phosphorites is characterized by an
increase in the percentage of P,O, and a decrease in CaO compared to the initial raw
material. The percentage of PO, increased from 18.12+0.91 % in the initial raw material
to 25.58+0.47 % in the enriched nodular phosphorites. The percentage of CaO decreased
from 31.19£1.13 % in the initial raw material to 26.9440.84 % in the enriched nodular
phosphorites. The MgO content was reduced to 0%, while the K,O content remained
minimal at 0.04+0.02 %. The percentage of Al O, increased slightly from 2.04+0.31
% in the initial raw material to 1.12+0.14 % in the enriched nodular phosphorites. The
reduction in the quantity of potassium and aluminum-containing compounds indicates
that acetic acid has the capability to selectively dissolve minerals other than carbonates.
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The percentage of Fe O, increased from 0.97+0.37 % in the initial raw material to
1.3940.29 % in the enriched nodular phosphorites. The SiO, content increased slightly
from 23.10£1.24 % in the initial raw material to 28.2441.05 % in the enriched nodular
phosphorites. Overall, the enrichment process resulted in a higher concentration of P,O,
and a lower concentration of CaO, which is desirable for the production of phosphorus-
containing products.
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Figure 7. X-ray diffraction peaks of enriched nodular phosphorites

The XRD analysis of enriched nodular phosphorites showed a significant change
in the mineral composition compared to the initial raw material. The main mineral
phase is carbonate-fluoroapatite, which is present in a higher percentage of 76.4 %.
Quartz is the second most abundant mineral phase, with a lower percentage of 22.9
%. Pseudowollastonite is present in a very small percentage of only 0.7 %. These
results indicate that the selective leaching process effectively removed some of the non-
phosphate mineral phases and enriched the phosphate content in the sample.

Phosphoric anhydride, also known as P,O, is the main component needed for the
production of phosphoric acid, which is a crucial ingredient in the production of mineral
fertilizers. The higher the amount of P,O, in the phosphate raw material, the higher
the yield of phosphoric acid and, consequently, mineral fertilizers. Therefore, to ensure
high-quality and cost-effective production of mineral fertilizers, the minimum amount
of P,O, in phosphate raw materials is set at 25 % (Samreen, 2019). This requirement has
been adopted in world practice to maintain consistency and efficiency in the production
of mineral fertilizers. When choosing a supply of phosphate rock for the production
of wet-process acid, various factors are taken into consideration. One of these factors
is the CaO/P O, weight ratio, which determines the amount of sulfuric acid needed to
acidulate the phosphate rock in the manufacture of wet-process acid. The CaO/P,O,
weight ratio is a widely used measure of the quality of phosphate rock, with a ratio of
1.32 for pure apatite, while commercially available rock may have a CaO/P,O, ratio
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of up to 1.6 (Gilmour, 2013; Ryszko, 2023). In our case, this ratio is 1.05, which may
require the least amount of sulfuric acid to process. Additional research is required to
validate this assertion.

Conclusions

The study aimed to evaluate the effectiveness of selective leaching using acetic acid
to increase the content of P,O, in nodular phosphorites. The results showed that the
increase in P,O, content was highest at 30°C and 30 minutes of reaction time, with a
maximum increase of up to 25.52 %. Chemical and XRD analysis revealed that the
main component in the enriched sample was carbonate-fluoroapatite, with a decrease
in the amount of potassium and aluminum-containing compounds. The use of selective
leaching has economic and environmental benefits, as it reduces the need for expensive
and environmentally damaging mining and processing methods. Overall, the findings
of this study suggest that selective leaching using acetic acid can be an effective and
sustainable method for increasing the P,O, content of nodular phosphorites.

Based on the results and limitations of this study, there are several potential directions
for future research on nodular phosphorite concentration through selective leaching.

Firstly, more research could be conducted on the chemical and mineralogical
changes that occur during the selective leaching process, with a focus on understanding
the mechanisms behind the selectivity of the process and how it can be improved.

Secondly, there is aneed for further investigation into the economic and environmental
aspects of the selective leaching method, including the feasibility of scaling up the
process for industrial applications and the potential environmental impacts of the
process. This could provide valuable insights for the development of sustainable and
cost-effective methods for the production of phosphorus-containing products.
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Abstract. The presence of heavy metals in the environment, as a result of human
activities, has resulted in water sources contaminated with these elements. This problem
has attracted the attention of researchers to find solutions to treat contaminated water and
wastewater, such as adsorption. Pumpkin is one of the most common foods in the world.
Pumpkin is consumed without seeds which are discarded as unwanted product. In this
work, pumpkin seed shells were used as a carbon precursor to produce pyrogal and then
used as an adsorbent to treat wastewater containing nickel (Ni) ions. The first sample of
pumpkin seed shells was obtained by washing pumpkin seed shells with distilled water.
The second sample was obtained by carbonisation in a GSL-1400X tube furnace in a
nitrogen atmosphere at 400 °C for 9 h. Derivatograms and thermogravimetric readings
of the adsorbents were obtained on a derivatograph of MOM company from Budapest,
as well as the results of structural analysis systems SEM and HKL-Basic were obtained.
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According to the experimental results, the optimum uptake of nickel ions occurs at pH
6.8, after 360 min, at a concentration of 50mg/L, by the adsorbent AC (activated carbon)
from PSS (pumpkin seeds shells), which is associated with an increase in the available
surface area, which in turn increases the availability of interchangeable sites on carbon
for Ni(II) adsorption. The results were obtained using Agilent 4200 AES.

Keywords: Activated carbons, thermal analysis, heavy metals, adsorption, nickel,
AES, SEM

© A.A. CagenoBal, A.P. Silva%, J.L. Diaz de Tuesta?, H.T. Gomes?,
M.C. Kaamaxanosa'*, 2024
M. X. dynartu arsianarsl Tapa3 eHipiik yHHUBEpCHTETI, " XHUMUsI KOHE XUMHSIBIK
texHonorus" ¢akynereti, Tapa3, Kasakcran;
2Centro de Investigacdo de Montanha (CIMO), Instituto Politécnico de Braganga,
5300-253 Braganga, Portugal.
E-mail: marjanseitovna@mail.ru

ACKABAK TYKbBIMbIHBIH KABbIFBIHAH AJIBIHFAH
AJNCOPBEHTTEPII KOJIJJAHA OTBIPBIIL, OHAIPICTIK AFbIH/bI
CVIIAPIAH HUKEJIb HOHJAPBIH KOO

CanenoBa AKHYp AOQyJXaMUAKBI3bI — 3-Kypc JOKTOPAHTBI, "XHUMUS KOHE XUMHUAIBIK TEXHOIOrHs"
xadenpacsl, M.X. [lynatu arsiagarsl Tapa3s eHipiik yausepcuteri, Tene 6u 60, Tapa3. Kazaxkcran

E-mail: nuri_2011_1983@mail.ru, https://orcid.org/0000-0003-1841-9929;

Ana Paula Silva — PhD student, Instituto Politécnico de Braganga (IPB), Braganca, Portugal

E-mail: anapaula.silva@ipb.pt. https://orcid.org/0000-0001-8979-8407;

Helder Teixeira Gomes — Coordinator at the Department of Chemical and Biological Technology,
Instituto Politécnico de Braganga (IPB), Braganca, Portugal

E-mail: htgomes@ipb.pt , https://orcid.org/0000-0001-6898- 2408;

Jose Luis DiazdeTuestaTrivino — PhD, post-doctoral researcherat Instituto Politécnicode Braganca
(IPB), Braganga

E-mail: Portugal. jl.diazdetuesta@ipb. pthttps://orcid.org/0000-0003-2408-087X;

KaamaxanoBa Map:kan Ceititkp3p1 — PhD, kaysiMaacTeipsutran npodeccop, M.X. Jlynary aTbIHAAFEI
Tapa3 eniprnik yausepcuteri, Tone 6u 60, Tapa3s, Kazakcran

E-mail: marjanseitovna@mail.ru https://orcid.org/0000-0002-8635-463X.

AHHOTanusl. AlaM 9peKeTi HOTIKECIHJEe KOpLIaraH OpTaia ayblp MeTaldapAblH
Ooiybl Cy KO3AEpiHIH OCBhl JJIEMEHTTepPMEH JacTaHyblHa okenai. byn wmacene
3epTTEeyIIIepAiH Ha3apblH JacTaHFAaH Cy MEH aAcoOpOLMs CHUSKTHI AFBIHABI CyJaapbl
TazapTy IIENIMJIEPiH i37eyre ayaapabl. Ackabak-ojemJIeri €H Kol TapajFaH
TaraMaapAbslH  Oipi. Ackabak KaKeTCi3 ©HIM pEeTiHIe TacTalaThlH TYKBIMCBI3
xerai. byn skymbicTa ackabak TYKBIMBIHBIH KaOBIFBI MUPOTTHI Ay YIIiH KeMipTeri
MPEeKypCcopbl PeTiHAe MNaijanaHbUIIBl, COAAaH KeHiH KypaMblHIa HHUKEIb HOHIAPHI
(Ni) Gap aFbIHIBI CyTapAbl Ta3apTy YIUiH aJCcOpPOCHT peTiHle KONAaHbUIABL. AcKabak
KaOBIFBIHBIH aJIFAIIKBl YArici ackaOak KaOBIFBIH Ta3apThUIFAH CyMEH A0 apKbUIBI
anbiaapl. Exiam ynri GSL-1400X kyOsipner nemte 400 °C temnepatypana 9 carar
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imiHAe a3oT arMocdepachblHa KOMIPTEKTEHY apKbUIbl albIHIBI. AJICOPOSHTTEpAiH
JiepUBaTOrpaMMaiapbl MEH TEpMOIpaBUMETPHSIIBIK KopceTKimTepi bynanemrreriMOM
KOMIaHUSICBIHBIH AepuBaTOrpadbIHan aibHbl, conbiMeH Katap SEM xone HKL-Basic
XKYHenepiH KYpbUIBIMIIBIK, Taldady HOTHKENepi albIHIbl. DKCIIEPUMEHT HOTHXKEIEpiHe
CcoiiKec, HUKEb MOHIAPBIHBIH OHTalbI ciHnyi PH 6,8-1e, 360 MunyTTaH keitin, 50 Mr/a
KOHIEHTpaLUsAa, acKabaK TYKBIMBIHBIH KaOBIFBIHAH allbIHFaH OCJICEHIIpIIreH KeMmip
azicopOeHTIMEH Kypeai, OyJ1 Ko >KeTiMIi OeTiHIH YIFarobIMEH OaiaHbICThl, OY1 €3
ke3eringe Ni(Il) ancopOuusichl yimiH KeMip/ie aybICTBIPBIIATBIH yYacKeIepIiH 00MybIH
aptTeipaasl. Hotmwxkenep Agilent 4200 ADC kemeriMeH anbIHAbL.

Tyiiinai ce3mep: OenceHIipiAreH KeMip, TEPMUSUIBIK Taujay, ayblp MeTajjaap,
a71copOIusi, HUKEIb
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AHHoTanus. [IprcyTcTBHE TSKENBIX METAJUIOB B OKPY>KaIOLEH cpeie B pe3ysbTare
JIESTEIbHOCTH YEJIOBEKAa MPUBEIO K TOMY, YTO MCTOYHUKH BOABI 3arpsi3HEHB! 3THMU
aNeMeHTaMH. JTa npobiemMa NpUBIEKIa BHUMaHUE UCCIe0BaTeNel K MOUCKY PelIeHUH
JUISL OUUCTKHU 3arpsiI3HEHHON BOJIBI M CTOYHBIX BOJI, TAKUX Kak ajgcopoOuus. TeikBa — oquH
U3 CaMbIX PAacIpOCTPaHEHHBIX MPOAYKTOB MUTAaHUSI B MHUpE. ThIKBa ymorpeOnseTcs B
Uiy 0e3 ceMsiH, KOTOpble BHIOpAchIBAIOTCS Kak OTX0oAbl. B manHO# paboTe ckopiyna
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THIKBEHHBIX CEMEUEK HCII0JIb30BaIach B KAUECTBE IIPEKYpcopa yIriepoaa sl MoTydeHus
Uporana, a 3aTeM NPUMEHSUIach B KauecTBe aacopOeHTa Uil OYUCTKH CTOYHBIX BOJ,
cozpeprkamux nonbsl HuKemst (Ni). [lepBblit 00pazer THIKBEHHOH CKOPITyTIBI ObLT ITOTYYeH
ITyTeM MPOMBIBaHHUS THIKBEHHOH CKOPITYTIbI AUCTHIUIMPOBaHHOW Bo#oi. BTopoii o6pasen
ObLI MoNTy4YeH myTeM KapooHuzauuu B Tpyouatoit neun GSL-1400X B atmocdepe azora
nipu Temneparype 400 °C B Tedenue 9 4. JlepuBarorpaMMsl ¥ TEpMOIPaBUMETPUUYECKHE
MOKa3aHusl afcopOEHTOB OBbUIM TOJNyueHBl Ha JepuBatorpade xommanuun MOM u3
Bynanemra, a Takke ObUIM MOMYYEHBI PE3yAbTaThl CTPYKTYPHOTO aHAIHM3a CHCTEM
SEM n HKL-Basic. CornacHo pe3yabraraM SKCIIEpUMEHTa, ONTHMAIbHOE TTOTJIOICHNE
MOHOB HuKensa mpoucxogut npu pH 6,8, uepes 360 muH, mpu koHueHTpauuu 50
MI/J1, aACOpPOEHTOM aKTUBHPOBAHHOTO YIVISl M3 OOONOUYKH CEMSH TBIKBBI, YTO CBS3aHO
C YBEJIMYEHHEM [JOCTYIHOM IUIOMAAN MOBEPXHOCTH, KOTOpas B CBOIO OYEpPEidb
YBEIMUMBAET HAJMUUE B3aMMO3aMEHSEMbIX y4acTKOB Ha yrie i agcopounu Ni(Il).
Pesynbrars! Ob1TH MONy4eHsI ¢ ucnoib3oBanueM Agilent 4200 ADC.

KuaroueBble cjioBa: akTHUBUPOBAHHBIE YIIM, TEPMHUUECKUH aHaIU3, TSDKEJIbIE
MeTaJlIbl, aAcopOLusl, HUKEIb

Introduction

Heavy metals are a group of chemical elements with metal properties and a density
equal to or greater than the density of iron (8 g/cm?). Typical heavy metals include
chromium, iron, vanadium, cobalt, copper, zinc, nickel, cadmium, tin, and molybdenum,
among others. The primary sources of metal-containing wastewater are industries with
chemical and electrochemical treatment of metals (including electroplating), mechanical
engineering, non-ferrous and ferrous metallurgy, instrumentation, automotive,
metalworking, machine tools, aviation, electronic, leather, and mining industries,
among others. On the one hand, small doses of metals are vital to the body because
they participate in various forms of metabolism, such as the transfer and synthesis of
substances. On the other hand, excessive amounts of metals have a harmful effect on
the human body. They can accumulate in tissues and organs, causing several diseases
and mutations, including inherited ones. Insufficiently treated wastewater entering
reservoirs accumulates heavy metals in sediments and water becoming a secondary
pollution source and negatively affecting the health of people, animals, and plants.
This has become one of the most severe environmental problems at present. Removing
heavy metals from the environment is of particular concern because of their persistence.
Currently, several methods are known for removing heavy metals from wastewater,
such as chemical and electrochemical deposition, membrane separation, ion exchange,
and adsorption (Jose L. Diaz De Tuesta et.al., 2022).

The basis of wastewater treatment technology for heavy metals removal is usually
the conversion of metals from soluble to insoluble forms, followed by water separation
from metal-containing suspensions. Most often, the transfer of metals from soluble
to insoluble forms is carried out by chemical methods, less often by electrochemical
deposition. The suspensions are separated from water by settling using coagulant and
flocculant to accelerate the separation process. Filtration through sorbents, ion exchange
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resins, or reverse osmotic membranes is also used. These methods make it possible to
reduce the residual concentrations of heavy metals to very low values but to supply
water to the resin or membrane; it must first be cleaned of those types of contaminants to
which these methods are very sensitive. The choice of wastewater treatment technology
is not an easy process because the composition of wastewater discharge and water quality
requirements at each enterprise is different, and these methods are often financially
and technically expensive. Adsorption using carbon materials, i.e., adsorption using
activated carbons (AC), seems to be an alternative for the removal of heavy metals
from wastewater, being characterized as an effective and economically feasible method.
Carbon is classified as the fourth most abundant element in the universe (Olivares-Marin
et.al., 2012). Due to its excellent characteristics, carbon is used in various fields, such
as mining and chemical industries, for water and gas purification (Okoye et.al., 2010).

Adsorption is a spontaneous process of increasing the concentration of a dissolved
substance at the interface of two phases (solid—Iliquid). The adsorption method is
usually used for deep purification of wastewater from dissolved organic substances if the
concentration of these substances in the water is low, does not biodegrade, or is highly
toxic. The adsorbents method is also used for wastewater treatment from heavy metals,
where activated carbon is usually used as adsorbents (Sobgayda, Makarova, 2011).
The advantage of the method is its high efficiency and the possibility of wastewater
treatment containing several substances.

The most effective adsorbents are activated carbons of various brands. The
significant disadvantages of activated carbon are its high cost and the need for periodic
replacement of the load in the filter since activated carbon regeneration is carried out
at high temperatures in special furnaces. The porosity of the coals is 60-75 %, and the
specific surface area is 400900 m?/g.

There is an increasing need for cheaper sorbents with improved physical, chemical,
and operational characteristics. Sorbents used in industry are developed based on
activated carbons. Sorbents made from recycled materials are also of interest. Such
materials can solve, in addition to the problem of water purification, another task,
namely, waste disposal (Nikiforova, 2010).

Creating sufficiently effective and environmentally safe sorbents and technologies
is feasible due to forming new functional groups on polysaccharide polymers that
firmly bind heavy metal ions. Similarly, so-called polymer sorbents are obtained.
It is worth noting that an important direction in creating biopolymer sorbents is the
modification of the structure of natural cellulose-containing raw materials, which
causes the immobilization of new sorption-active centers on the cellulose matrix, which
are fragments of complexions. Increasing their selectivity and sorption capacity and
reducing sorption time (Nikiforova, 2010).

A complete set of various materials of plant origin represents the raw materials used
for the sorption of heavy metals. To produce carbon, organic waste such as rice husks
and rice straws (Cazetta, et.al., 2011), orange peels (Rosas et.al., 2010), pumpkin seed
shells (Ilknur Demiral et.al., 2016), date stones (Ahmed et.al., 2012), walnut (Hayashi
et.al., 2002), apricot kernel shells (entorun-Shalaby et.al., 2006), palm shell (Lim
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et.al., 2010), coconut shell (Cazetta et.al., 2011), tea leaves (Gurten et.al., 2012) can be
used as promising raw materials. The use of waste solves fundamental environmental
problems since it turns waste into valuable products (Timur et.al., 2010). At the same
time, some cellulose-containing sorbents have a relatively low capacity concerning TM,
while others in their properties may be comparable or even superior to ion exchange
resins used in industry.

Among heavy metals, Nickel (Ni) is one of the most commonly used in industrial
processes, such as the production of alloys, stainless steel, and car batteries, as well as in
electroplating, which leads to high concentrations in the wastewater of these industries
(Jiamin et.al., 2019).

The novelty of our work lies in the utilization of pumpkin seed husks as a natural
adsorbent for purifying nickel ions from wastewater. By developing activated carbon
from these husks through a unique carbonation process, we were able to achieve
higher adsorption efficiency compared to traditional methods. Our study also revealed
interesting findings regarding the effects of pH, contact time on the overall adsorption
process. This innovative approach showcases the potential of utilizing agricultural waste
materials for sustainable and effective water purification methods. Our work aimed to
obtain husks from the shells of pumpkin seeds and an adsorbent from them and use them
to purify nickel ions from wastewater. Activated carbons were prepared by carbonation
in nitrogen at 400 °C for 9 hours.

It has been established that the adsorption efficiency of the natural shell of pumpkin
seeds and carbon obtained by carbonation in nitrogen during the purification of water
containing nickel ions is higher than the husk of pumpkin seeds. It was also found
that cleaning nickel ions at a concentration of 50 mg/l with activated carbon showed a
high removal percentage but decreased as the concentration of nickel ions increased.
Periodic adsorption experiments were carried out to study the effect of pH, contact time
on the adsorption of nickel ions from an aqueous solution by two samples of adsorbent
- the husk of pumpkin shells and activated carbon from it.

Materials and methods

Preparation and preparation of adsorbents

Shell of the pumpkin seeds (PSS) used for adsorption was grown in the Otyrar
district of the Turkestan region of Kazakhstan. The shells of pumpkin seeds are easily
converted into carbon since they contain a small number of inorganic components.
As a raw material for two samples, the shell of pumpkin seeds was taken to prepare
adsorbing materials. The collected shell of pumpkin seeds was washed several times,
first with boiled water, then with deionized water to remove the stuck dirt. Drying was
carried out in a drying cabinet at 60 °C for 24 hours to a constant weight. The dried
sample was crushed, sieved through a sieve to a particle size of 0.3—1 mm, and stored
in a plastic bottle for further use. The sample was obtained by processing the shell of
pumpkin seeds with distilled water. Also, the shells of pumpkin seeds were obtained by
carbonation in a GSL-1400 X tubular furnace in a nitrogen atmosphere at 400 °C for 9
hours.

The mass of 5 g of crushed dried pumpkin seed shell was weighed on analytical scales
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and placed in a horizontal tubular furnace with quartz coating for pyrolysis. Carbonation
occurred at a continuous flow rate of N, 100 nm*/min. The furnace was programmed to
heat at a rate of 10 °C min-1 and maintain isothermal phases for 60 minutes at 120 °C,
for 90 minutes at 240 °C and 240 minutes at 400 °C, then an isothermal phase lasting
140 minutes at 400 °C was carried out, as a result of carbonization, a activated carbon
(from pumpkin seed shell) was obtained.

Characteristics of materials

Scanning electron microscope (SEM) JISM-6490LV with INCA Energy microanalysis
and HKL-Basic structural analysis systems. FT-IR analysis was used to determine the
physico-chemical characteristics of pumpkin seed shells. IR spectra of pumpkin seed
shells were obtained on an IR Fourier device (Infraspec, model FSM 2202, Russia,
St. Petersburg) with a resolution of 1 cm-1 and a scanning range of 5000-500 cm-1
using a sample. The multi-purpose scanning electron microscope (useful magnification
of 300,000) combines the possibilities of working in both standard and low-vacuum
modes. It allows you to examine samples without spraying with a conductive layer.

Additionally, it is equipped with an INCA Energy 350 energy dispersive microanalysis
system and a prefix for studying the texture and structure of polycrystalline HKL Basic
samples. Thermogravimetric analysis of derivatives was carried out on a derivatograph
of the company "MOM" - Budapest (Hungary). The method used is based on the
recording by the device of changes in the thermochemical and physical parameters
of a substance that can be caused when it is heated. The thermochemical state of the
sample is described by the curves: T (temperature), DTA (differential thermoanalytical),
TG (thermogravimetric), and DTG (differential thermogravimetric), the latter curve is
a derivative of the function TG. DTA- DTG- TG-. The concentration of Ni (II) was
determined by the NPP method. All measurements were carried out using Agilent 4200
MP-AES equipped with an Agilent 4107 nitrogen generator.

Reagents and materials

The sample entry system consisted of a double-pass cyclone spray chamber, a
OneNeb sprayer, a Solvaflex pump tube (orange/green), and an Easy-fit burner for
sample introduction. Multi-element calibration standards containing Ni(Il) with a
concentration of 50 mg/l were used. The standard was prepared in an environment of
5 % HNO,/0.2% HF (vol./vol.) (US production). The pH was determined using a pH
meter of the brand pH-009(1)A.

Preparation of the model solution, the effect of contact time and pH values

By dissolving a sample of nickel sulfate crystallohydrate (NiSO4+6H20) 0.2390g,
1 liter of the solution was prepared, with a concentration of 50 mg/L. The pH of the
solutions was adjusted using 0.01 M HCI solutions and 0.01 M NaOH solutions.

In six erlenmeyer flasks with a volume of 250 ml, 100 ml of a solution containing 50
mg /1 of Ni (II) solution was taken, 0.25 g of pumpkin husks and activated carbon were
added to each, and the pH was adjusted to 3, 6.8, 9 using 0.01 M solutions of HCI and
NaOH, the mixture was shaken on a laboratory shaker at various intervals of 15, 30, 60,
120, 240 and 360 minutes. The NPP method determined the residual concentration of
Ni (II) in each sample's filtrate.
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Results and Discussion

Elemental Composition

The results of the elemental composition of the pumpkin seed shell and the activated
carbon of the AC rom PSS at 400 °C were obtained using a scanning electron microscope
JSM-6490LV with INCA Energy Energy microanalysis and HKL-Basic structural
analysis systems are presented in Figure 1.

Figure 1 Results of SEM and HKL-Basic structural analysis systems
(a)pumpkin seed shell (b) activated carbon from PSS
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Table 1 shows the content of elements in the shell of pumpkin seeds and the
carbon shell of pumpkin seeds calcined at 400 °C. According to the results of
elemental analysis, the shell of pumpkin seeds contains carbon (60.97 %), oxygen
(38.61 %), there are elements such as potassium (0.25 %) and sulfu r (0.17 %),
and in carbon, the carbon content has increased (72.52 %), oxygen (22.76 %)
and potassium (2.98 %) decreased. However, elements such as magnesium (0.31
%), phosphorus (0.42 %), and calcium (0.79 %) appeared.

Table 1
Elemental composition
Materials Weight of the element (%)
C (0] S K [Mg]| Ca | P
Pumpkin Seed Shell 60,97 38,61, | 0,17 [ 0,25 | - - -
Carbon shell of pumpkin seeds calcined at 400 °C | 72,52 22,776 | 0,22 12,98 (0,310,79 | 0,42

According to the results of elemental analysis, the shell of pumpkin seeds contains,
in addition to carbon (60.97 %), oxygen (38.61 %), there are elements such as potassium
(0.25 %) and sulfur (0.17 %), and in carbon, the carbon content has increased (72.52 %),
oxygen (22.76 %) and potassium (2.98 %) decreased. However, elements such as mag
nesium (0.31 %), phosphorus (0.42 %) and calcium (0.79 %) appeared. This is due to
the release of volatile substances during carbonation, which led to the removal of non-
carbon parts and carbon enrichment. It can be said that chemical activation accelerated
the removal of part O, which, as expected, led to an increased content of C.

FT- IR spectroscopic analysis

Fourier transform infrared (FT-IR) analysis was applied to pumpkin seed shells to
determine surface functional groups using an FTIR spectroscope, where spectra were
recorded from 4000 to 400 cm™.

e |

a)
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Figure 2 FT-IR spectroscopy (a) pumpkin seed shell, (b) activated carbon from PSS

The FTIR spectrum of the pumpkin seed shell (Figure a) shows distinct peaks at
1510,3-1462,1 cm™! (stretching C=0); The strong bands located around 1361,8-1261,5
cm can be attributed to the stretching vibration of hydrogen-bonded P=0 groups from
phosphates or polyphosphates, the O—C stretching vibration in the P-O—C (aromatic)
linkage, and P=OOH (Puziy et.al., 2005). Stretch marks in cyclic ethers attached to
double bonds or asymmetric, the area of 1261,5-1159,3cm™ can be attributed to the
mode of oscillations of O—O ester, ether, phenolic or carboxyl groups, but in this area, it
is not easy to attribute peaks due to the overlap of absorption bands from many oxygen-
containing substances. Functional groups are fundamental characteristics of activated
carbon, as they determine coal's surface properties and quality. The results of the IR-
Fourier analysis of the shell of pumpkin seeds and activated carbon (IR = 3:1, 400 °C)
are shown in the figure. 2(b). the absorption bands in the region 464.86-455.22cm’!
indicate the presence of alkynes and alkyl halides (Mahapatra et.al., 2012).

Thermal analysis (DTA and TGA)

The analyses were performed on a derivatograph of the company "MOM" - Budapest
(Hungary). The method used is based on the recording by the device of changes in
the thermochemical and physical parameters of a substance that can be caused when
it is heated. The thermochemical state of the sample is described by the curves: T
(temperature), DTA (differential thermoanalytical), TG (thermogravimetric), and DTG
(differential thermogravimetric); the latter curve is a derivative of the TG function.
DTA- DTG- TG analysis was carried out in an air environment, in the temperature
range from 20 to 1000 °C.

The heating mode of the furnace is linear (dT/dt = 10), and the reference substance is
calcined A1203. For clarity, the shooting conditions of the sample were strictly 50 mg,
with the sensitivity of the scales — 50 mg. The analysis was taken within the following
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limits of the measuring systems of the device: DTA =250 pnV, DTG =500 pV, TG= 500
pV, T=500 pV.

The sample and the reference substance for analysis were placed in ceramic crucibles.
As a result of the dynamic heating of these samples, the curves DTA, DTG, and TP
noted the manifestations caused by the occurrence of various types of reactions in the
system. Among them are processes associated with the release into the atmosphere of
H20, hydroxyls during the decomposition of carbo, and reactions n materials, with CO,
emissions due to the combustion of organic matter (biomass). When the shell of pumpkin
seeds is dynamically heated, the DTA, TG, and DTG curves show the manifestation
caused by dehydration of the biological mass of the sample and then its combustion.
These processes took place in the range of 20-530 °C. The exit from the molecular
water system ensured the formation of an endothermic peak on the DTA curve at 90 °C.

The thermogravimetric (TG) line in the range of 40—125 °C formed the stage of
water removal from the system, corresponding to a weight loss of 9.5 %. The differential
thermogravimetric (DTG) curve in this temperature range described a peak, the
trajectory of which, at each moment, indicated a change in the emission rates from the
H20 sample. Further heating of the sample when the temperature rises from 125 to 310
°C leads to the complete combustion of the test sample. This process leaves a powerful
exothermic protrusion on the DTA curve with two vertices at 365 and 440 °C.
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Figure 3 Derivatogram of the shell of pumpkin seeds

Table 2
Thermogravimetric readings of pumpkin seed shells in the range of 20-1000 °C

Weight Loss Sequence | Weight Loss,% Volatile components of the Stages of decomposition,
heated sample °C
Am, 9,5 HO 20-125
Am, 50,25 H,0+OH 125-310
Am, 40,25 CO, 310-530
YAm o 100 H,O, OH, CO, 20-1000
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The formation of two smoothed peaks on the curve in the marked temperature
regions indicates two stages of oxidation of organic matter(s). This is evidenced by the
formation of two peaks on the DTG curve at 125-310 and 310-530 °C, respectively.
The formation of such peaks on this line results from emissions into the atmosphere
within the specified temperature limits of two portions of carbon monoxide equal to
weight loss — Am, and Am,, Figure 4, Table 3. The carbon of pumpkin shells calcined
at 400 °C behaves similarly to the shells of pumpkin seeds when fired. He also showed
the effects associated with the powder sample's dehydration and its oxidation in the air.
The intensities of these processes occurring in the compared samples are approximately
the same.

Indeed, against the background of one general failure of a section of the line of
the specified curve in the interval 180—660 °C, the development of any adjacent (in
temperature) reactions is not explicitly traced. The process of preparation causes such
kinetics of thermal destruction of S carbonates.

As for the presence of adsorbed water (Am) in the test sample in an amount of
11.75 %, this is atmospheric water, which was introduced after carbonation of the initial
sample (i.e., after preliminary heat treatment of the initial substance, carbon rehydration
occurred).
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Figure 4 Derivatogram of the carbon shell of pumpkin seeds calcined at 400 °C
Table 3
Thermogravimetric indications calcined pumpkin shell carbon at 400 °C in the range of 20-1000 °C

Weight Loss Sequence | Weight Loss,% Volatile components of the Stages of decomposition,
heated sample °C
Am, 11,75 H,0 20-180
Am, 1,0 H,0+OH 180-240
Am, 81,25 Co, 240-660
2AM, o 94 H,0, OH, CO, 20-1000
Adsorption

The effect of different pH values of the model solution prepared for adsorption
process on the adsorbent is shown in Figure 5. According to the results obtained, the pH
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value was tested within the range of 3.0; 6; 9.0 and respectively, the adsorption reached
from 38.19 % to 54.77 %.At pH - 3.0 the adsorption of Ni (II) metal ions was high. And
at high pH value, the adsorption of Ni (II) is not high. In the purification of Ni (II) heavy
metal ions through adsorption process for PSS adsorbents pH=3.0, contact time 360
minutes, Ni (II) concentration = 50 mg/l showed the maximum result.

Table 4 below summarises the results of the analysis obtained from the AES
instrument of adsorbents. Based on the results obtained, the PSS adsorbent showed a
yield of 54.77 % in 1 g/L mass.

Table 4
Effect of contact time and pH on the adsorption of Ni(Il) on the adsorbent (PSS)
Results of the analysis of the effect Time of | Volume |[cat./ pH | [Ni [Ni (ID] [ %
of the reaction time on the adsorption reaction |m/ ads.] (ID] mg/L-25
process AAES Experience g/L mg/L
PSS (pumkin seed shell) 0 25 1 3 11,99 49,75 100
15 min 1,72 43 13,56
30 min 1,53 38,25 23,12
60 min 1,36 34 31,66
120 min 1,24 31 37,69
240 min 1,11 27,75 144,22
360 min 0,9 22,5 54,77
PSS (pumkin seed shell) 0 25 1 6,8 1,99 49,75 100
15 min 1,14 28,5 42.71
30 min 1,13 28,25 |43.21
60 min 1,11 27,75 |44.22
120 min 1,09 27,25 |45.22
240 min 1,01 2525 |49.24
360 min 0,97 24,25 51,26
PSS (pumkin seed shell) 0 25 1 9 11,99 49,75 100
15 min 1,81 4525 19,04
30 min 1,73 43,25 13,06
60 min 1,69 42,25 15,07
120 min 1,6 40 19,6
240 min 1,4 35 29,65
360 min 1,23 30,75 |38.19
o
o
7]
h Iﬁis
—a— =t
M ST SO ma e A A A N
Temperamrs O

Figure 5 The effect of contact time and pH on removing Ni (II) by adsorption of pumpkin seed shells.
Conditions: Ni(Il) concentration = 50 mg/1, 2.5 g/l adsorbent, pH = 3; pH = 6.8; pH =9.
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The effect of different pH values of the model solution prepared for adsorption
process on the activated angle obtained from RYY is shown in Figure 6. Based on the
results obtained, the pH value was tested at 3.0; 6.8; 9.0 and respectively adsorption
was achieved from 43.21 % to 76.88 %. At pH=6.8, the adsorption of Ni (II) metal ions
was high. And at high and low pH value, the adsorption of Ni (II) is not high. In the
purification of heavy metal ions Ni (II) through adsorption process for adsorbents AC
fom PSS pH=3.0, contact time 360 minutes, Ni (II) concentration = 50 mg/L, adsorbent
mass = 1 g showed the maximum result.

Table 5 below shows the results of the analyses obtained from the AES instrument of
the adsorbents. Based on the results obtained, AC from PSS adsorbent showed a yield
of 76,88% in 1 g/L. mass, with a value of pH=6.8.

Table 5
Effect of contact time and pH on the adsorption of Ni(II) on the adsorbent (AC from PSS)
Results of the analysis of the effect of the Time of | Volume |[cat./ [pH |[Ni |[Ni ()] |%
reaction time on the adsorption process AAES | reaction |m/ ads.] (D] |mg/L-25
Experience o/L mg/L
Activated carbon from PSS 0 25 1 3 (1,99 (49,75 100
15 min 1,83 45,75 8,04
30 min 1,79 |44.75 10,05
60 min 1,76 |44 11,56
120 min 1,46 |36,5 26,63
240 min 1,24 |31 37,69
360 min 1,10 27,5 44,82
Activated carbon from PSS 0 25 1 6,8[1,99 49,75 100
15 min 1,4 |35 29,64
30 min 1,2 |30 40
60 min 0,95 123,75 52,26
120 min 0,85 [21,25 57,28
240 min 0,83 [20,75 58,29
360 min 0,46 | 11,5 76,88
Activated carbon from PSS 0 25 1 9 (1,99 49,75 100
15 min 1,92 148 3,51
30 min 1,81 45,25 9.04
60 min 1,64 |41 17.59
120 min 1,38 34,5 30.65
240 min 1,29 (32,25 35,18
360 min 1,13 28,25 4321
3 =
2 g3
0] el iy

Ve e ot "

Figure 6 The effect of contact time and pH on removing Ni(II) by adsorption of AC from PSS.
Conditions: Ni (II) concentration = 50 mg/l, 2.5 g/l adsorbent, pH = 3; pH = 6.8; pH =9.
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Adsorption was carried out for 6 hours with an interval of 15 to 120 minutes. The
results obtained are shown in Figure 5,6. It was found that the optimal absorption of
nickel ions takes place at pH 6.8 for 1 hour, which is associated with an increase in the
available surface area and, in turn, increases the availability of interchangeable sites on
carbon for Ni(Il) adsorption. The optimal uptake of nickel ions at pH 6.8 within 1 hour
can be explained by several factors. First, pH 6.8 is close to the optimum pH for nickel
ion uptake by carbon materials. At this pH, the surface charge of the carbon material is
likely neutral or slightly positive, which favors the adsorption of nickel ions. Second,
at pH 6.8, the surface of the carbon material is likely to have interchangeable regions
on the surface of the carbon material, which maximizes adsorption capacity. Third, at
pH 6.8, it is possible to remove impurities or contaminants that may interfere with the
adsorption process. It is observed that the adsorption of Ni(Il), at pH 3, increases with
the shell of pumpkin seeds from 13.56 to 54.77 %, and the AC from PSS from 10.05 to
44.82 %. (Figure 6). At a pH of 6.8 with a pumpkin seed shell from 8.04 to 51.26 %, and
AC from PSS from 29.64 to 76.88 %. However, with an increase in pH to 9, the degree
of nickel (II) adsorption decreases for pumpkin seed shells from 9.04 to 38.19 %, and
for AC from PSS from 3.51 to 43.21 %.

Conclusion

Using natural waste materials as adsorbents to absorb heavy metals from aqueous
solutions shows encouraging results.

The chemical and physical properties of the obtained adsorbent are determined. It
was found that several parameters, such as pH and contact time, influence the adsorption
process. Regression dependences of Ni extraction from aqueous solutions have been
found, which make it possible to establish optimal sorption parameters: pH = 6.8, T =
25 °C, and the time for establishing sorption equilibrium is 360 minutes.

The carbon content in the activated carbon samples obtained for various activation
conditions was increased compared to the shell of pumpkin seeds due to an increase in
the larger surface of the adsorbent and at a dose of 0.250 g/L of the adsorbent obtained
from the shell of pumpkin seeds and the initial concentration of nickel ions in a solution
of 50 mg/L the results of the study convincingly proved the effectiveness of the AC from
PSS as adsorbents for the removal of Ni(II) from wastewater.
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Abstract. Microbial contamination is the main cause of food spoilage. Antimicrobial
agents are used to extend the shelf life of food products. They also serve the food
packaging industry as they are used to form antimicrobial packaging films that
preserve the structure, texture, color and nutritional value of food products. In this
study, a method was created for the production of copper oxide nanoparticles that were
stabilized with gelatin and pectin. The synthesis process was carried out through direct
chemical precipitation, while copper chlorides were used as starting compounds for
the production of copper oxide. Gelatin and pectin were used as stabilizers. As a result,
particles with a minimum diameter of 62 nm were formed in an aqueous solution.
According to spectroscopic data, the nanoparticles synthesized in an aqueous solution
were stable. The effect of pH on the colloidal stability of copper oxide nanoparticles
has been investigated, and it has been shown that the samples are stable in the pH range
6.5-10.2. CuO nanoparticles stabilized with gelatin and pectin exhibit antimicrobial
activity in certain concentrations, which makes it possible to increase the shelf life of
food products as nanopackaging materials. The possibility of using polylactide films

153



OF THE NATIONAL ACADEMY OF SCIENCES OF THE REPUBLIC OF KAZAKHSTAN

modified with CuO nanoparticles for packaging and storage of solid products has been
investigated. The distribution of CuO nanoparticles in the polylactide film was uniform.
The results showed that CuO nanoparticles stabilized with gelatin and pectin have a
high potential for use in food packaging, both as an independent nanofilm and as part of
other packaging materials.

Keywords: CuO nanoparticles, gelatin, pectin, polylactide, antimicrobial, packaging
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Annorauus. Taram eHIMiHIH Oy3bUTYbIHBIH HETi3r1 ce0e01 MUKpOOTapMeH JlacTaHyhbl
Oonpil  TaObuTAABl. MUKpOOKa Kapchl 3arTap TaraMHBIH JKapaMIbUIBIK Mep3iMiH
y3apTy YIIiH KoiiaHbuiaapl. Ojap TaMak eHEpKICiOiHJe Jie KOJIaHbLIAIbl, OUTKEHI
oJlap TaFaMHBIH KYPBUIBIMBIH, KYPBUIBIMBIH, TYCiH JKOHE TaraMIbIK KYHJBUIBIFBIH
CaKTaMThIH MHUKPOOKa Kapchl Kamrama IUICHKalapblH jKacay YIIiH KOJJaHbUIaIbL.
Byn 3eprreyne kenaTMH MEH MEKTHHAI TYPaKTAHABIPFBII PETiHAE KOJIIAHBIT MBIC
OKCH/IIHIH HAHOOOJIIICKTEePiH CUHTEe3/ey 9/ici x)acauapl. CHHTE3 TIKeJIeH XUMHUSUIBIK
TYHJBIPY apKbUIbl XKY3€re achlpbUIAbl. MBIC OKCHAIH CHHTE3ICY YIUiH OacTamkbl 3aT
peTiHAe MBIC XJIOpHII MaiaamaHbUiAbl. TypaKkTaHIBIPFBIII PETiHAE JKEIaTHH MeH
MEKTHH KONJaHbUABl. HoTwkenep, HaHOOONIIEKTEPHiH €H Killl AMaMeTpi CyIbl
opraga 62 HM OonarhiHBIH KepceTTi. Cyibl opTaza CHHTE3IENTeH MbBIC OKCHUAIHIH
HaHOOOJIIEKTEPI KOFAphl TYPAKTHUIBIKKA M€ EKHAITH CIEKTPOCKOMMSITBIK, HOTHKEIEP
kepceTTi. Komnmouarsl epiTiHAiiepaeri MbIC HaHOOONIIEKTEPiHIH TYPaKThUIBIFbIHA
pH-TBIH ocepiH 3eprTey HoTmxkeci pH 6,5-10,2-re neiiinri apanblKTa YyITiHIH TYPaKThl
eKeHiH kepceTTi. JKenmaruH, meKTHHMEH TypakTaHisipbuiran CuO HaHOOemmIeKTepi
OenriTi KOHIEHTpaIusiAa MHUKPOOKAa Kapchl OCJICEHIUINK KOPCETeTIHJITT aHBIKTAJF.
HanonakerTep TaraMHBIH caKTay MEp3iMiH Y3apTyabl KaMTamachl3 eTe ananpl. KaTTel
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TaraMIapabl opay >koHe cakray ymin CuO HaHOOeIIeKTepiMeH MOTU(pUKALUIIaHFAaH
MOJMJIAKTUATI  IUICHKANapAsl KOJAaHy MYMKiHAiri 3eprrenmi. [lommmaxruari
rieHkaaarsl CuO HaHOOOIIEKTEPiHIH Tapalybl OipKeJKi O0bl. AJNBIHFaH HITHKEIEP
KETIaTUHMEH JKOHE MEeKTHHMEH TypakTanislpbuiran CuO HaHOOeNIIeKTepiH a3blK —
TYJiK KalTama MaTepHajlapblH, HaHOIUICHKaJapAbl alyda MaiaaiaHy MYMKIHAIr
YKOFapbl €KEHIHIIT1H KOPCETTi.

Tyiiin ce3mep: CuO HaHOOOINIIEKTEDI, KEIATUH, MEKTUH, MMOJIMIAKTH], MUKPOOKa
Kapchl, KanTama
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AHHOTanmusa. MukpoOHOE 3arpsi3HCHHE SBISCTCSI OCHOBHOW NPUYMHON MOPYH
MUIIEBBIX TPONYKTOB. [IpOTHBOMUKPOOHBIC areHThl HCIOIB3YOTCS JJIsS TPOJUICHUS
CpPOKa XpaHEHHs MNHILEBBIX OpoAykToB. OHHU TakkKe CIyKaT UHAYCTPUU YMAKOBKH
MUIIEBBIX TPOAYKTOB, TIOCKOJIBKY UCIIOIB3YHOTCS IJisi (JOPMUPOBAHUS AHTHMHUKPOOHBIX
YIAKOBOYHBIX IUICHOK, KOTOPBIE COXPAHSIOT CTPYKTYpY, TEKCTYPY, IIBET U IMHUILIEBYIO
LIEHHOCTh MPOAYKTOB. B JaHHOM HCCieOBaHUU OBUI CO3JaH METOJ IOJyYCHUS
HAHOYACTHUI] OKCHJIA ME/IH, KOTOPbIC OBUIHA CTAOUIM3UPOBAHBI )KEITATHHOM U MIEKTUHOM.
[Ipouiecc cuHTEe3a MPOBOAMIICA Yepe3 MPsIMOE XUMHUYECKOE OCAXKICHUE, MPH 3TOM
B Ka4e€CTBE MCXOJHBIX COCIUHECHUU AJI1 TMOJYUYEHHUS OKCHIIAa MEIU HCIOJIb30BATIUCH
xJIopuabpl Meau. JKelaTHH M TIEKTHH HMCIOJIb30BAIMCh B KaueCTBE CTa0MIIM3aTOPOB.
B pesynbrare B BomHOM pacTBOpe ObLIM CHOPMUPOBAHBI YACTHUIBI ¢ MUHHMAIbHBIM
quamerpoM 62 HM. CoOmMacHO CHEKTPOCKOMUYECKUM JAHHBIM, HAaHOYACTHUIIbI
CUHTE3UPOBAHHBIC B BOJTHOM PacTBOpE, ObUIH cTa0MWIbHBL. Brusiaue pH Ha kouton1Hy0
CTaOMUIIBLHOCTH HAHOYACTHUIL OKCHJIA ME/IH OBLIO UCCIICA0BAHO, U IIOKA3aHO, YTO 00pa3Iibl
crabunbHbl B guanazoHe pH 6,5-10,2. Hanowactuisr CuO, craOuinu3upoBaHHBIC
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JKEJIATHHOM M TEKTUHOM, TPOSIBIISIOT aHTUMUKPOOHYHO aKTHBHOCTh B OIPEIEICHHBIX
KOHIICHTPALMSIX, YTO TO3BOJSET YBEIHMYUTH CPOK XPAHEHUS MHUIIEBLIX MPOMYKTOB
B KaueCTBE HAHOYIAKOBOYHBIX MarepuaioB. A paboTe HcCCiemoBaHa BO3MOXKHOCTH
WCIIONIB30BAHMS  IICHOK  IMONHJIAKTHIA, MOAW(PHUIIMPOBAHHBIX  HAaHOYACTHIIAMH
CuO, s ymakoBKM M XpaHEHUS TBEPABIX MPOMYKTOB. PacmpeneneHne HaHOYACTHUIL
CuO B MONWIAKTUIHOW IUICHKE OBLIO pAaBHOMEPHBIM. Pe3ynbrarhl TOKas3alld, 4To
HaHovacTullel CuO, CTaOMITN3NPOBAHHBIC KEJTATUHOM H IIEKTUHOM, 00J1aJal0T BEICOKUM
MIOTCHITNAJIOM JUISI UCTIONB30BAHHUS B YIIAKOBKE MHUIIEBBIX MPOTYKTOB — KaK B KAYECTBE
CaMOCTOSATEITFHOM HAHOTUICHKH, TaK U B COCTaBE APYTUX YIIAKOBOYHBIX MaTepHaIOB.

KawueBble caoBa: Hanodactunbl CuQ, JKellaTUH, TIIEKTUH, MOJUJIAKTH]I,
AHTHUMHKPOOHAsI, yIIaKOBKa

Introduction

Copper (I)oxide (CuO)is known as a p-type semiconductor with a narrow bandgap
that ranges from 1.9 to 2.1 eV. This material has promising useful physical properties
such as high temperature superconductivity, electron correlation effects, and spin
dynamics a. CuO nanoparticles have found wide application in various fields of science
and technology, including electronics (Singh, 2017: 16-34), agriculture (Mousa, 2020:
155-160), medicine (Amalraj, 2019: 102), and solar energy (Tungsoy, 2021: 412—-420).
CuO nanoparticles can be used to remove organic pollutants from wastewater. However,
the use of CuO nanoparticles in food formulations is still limited due to increased toxicity
(Katsumiti, 2018: 146—-158). CuO nanoparticles at a concentration of 1-50 ug/ml have
a dose-dependent cytotoxic effect on the human body. To improve their application in
the food industry, researchers are striving to find optimal approaches to the synthesis
and stabilization of CuO nanoparticles, if necessary to reduce toxicity, maintain or even
improve their beneficial properties.

Nanoparticles are often used in the food industry to create antibacterial films
(Esmailzadeh, 2021: 1671-1682). Today, research is underway to develop antimicrobial
packaging materials using various nanoparticles, including CuO (Jovanovi¢, 2021:
2865). Nanopackets can be applied to food by wrapping, dipping, brushing or spraying
to provide a selective barrier against the movement of gases, moisture and dissolved
materials, as well as protection against mechanical damage (Yousuf, 2018: 198-209).
The main developments are aimed at obtaining nanoparticles with subsequent surface
treatment of finished packaging materials. According to many researchers, the activity of
nanoparticles depends on the shape and their dispersion (Singh, 2021: 101). An important
aspect when developing food packaging with nanocompositions is the stabilization of
nanoparticles. The stability of nanoparticles in the polymer composition of packaging
materials is a condition for bactericidal activity and migration of nanoparticles into
the product (Kayani, 2015: 3704-3709) and depends on the synthesis method. With
high stability, migration of CuO nanoparticles into the product will be excluded, which
guarantees the absence of toxicity of the packaging material.

CuO nanoparticles: sol-gel method (Arunkumar, 2019: 698-705), sonochemical
method, hydrothermal method (Silva, 2019: 1-13), reverse micelles method, and
exploding wire method.
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It is important to note that for use in real systems, nanoparticles must be stabilized to
prevent aggregation, coagulation and sedimentation, which lead to particle enlargement
and loss of physicochemical properties associated with the nanoscale state (Blinov,
2021: 209-217).

To stabilize CuO nanoparticles, various surfactants can be used, such as: sodium
dodecyl sulfate, cetyltrimethylammonium bromide, alkyloxyethyldimethylammonium
chloride, polyvinylpyrrolidone (PVP) (Korpy, 2020: 158), monomers acrylonitrile and
methyl methacrylate (Igbal, 2020: 224), polyethylene glycol (PEG) (Rodriguez, 2021:
161-181), etc. However, there is no mention in the literature of the use of pectin to
stabilize copper oxide nanoparticles. Pectin - This heteropolysaccharide , a structural
acid found in the primary lamina, middle lamina , and cell walls land plants . The main
chemical component of pectin is galacturonic acid , with a long coiled-coil chain of
repeating units and high molecular weight, and has the properties of a lyophilic colloid.
Unlike other natural colloids (gelatin, agar-agar), pectin sols turn into a gel only in the
presence of sugar and acid or polyvalent metals.

Gelatin - it is a food ingredient that is a mixture of linear polypeptides with different
molecular weights. Gelatin contains up to 18 amino acids. Gelatin contains both
negatively charged carboxyl and hydroxyl groups and positively charged amino groups.

Based on the analysis of literature sources, it was decided to investigate a method for
producing copper nanoparticles by reduction with ascorbic acid (Blinov, 2020: 56—70).

The purpose of this work was to develop a method for the synthesis of CuO
nanoparticles stabilized by gelatin and pectin, to study their colloidal stability in various
dispersion media and to study the possibility of their use in food packaging.

Materials and methods

Copper (II) chloride, 2-aqueous (Sigma-Aldrich Pty Ltd, a subsidiary of Merck
KGaA, Darmstadt, Germany), gelatin (Sigma-Aldrich Pty Ltd, a subsidiary of Merck
KGaA, Darmstadt, Germany), sodium hydroxide (Shandong Zhoushun International
Trade Co., Ltd), Ascorbic Acid-L (Sigma-Aldrich Pty Ltd, a subsidiary of Merck KGaA,
Darmstadt, Germany), pectin (Jiaxing Renze Import & Export Co., Ltd.).

Method for the synthesis of CuO nanoparticles

CuO nanoparticles stabilized by gelatin and pectin were prepared by direct chemical
precipitation. Copper (II) chloride was used as precursors for CuO nanoparticles. Pectin
and gelatin acted as a stabilizer, ascorbic acid was used as a reducing agent, and sodium
hydroxide was used as a precipitant. Distilled water was used as the reaction medium.

CuO nanoparticles stabilized by gelatin and pectin were prepared by the following
procedure: 0.03 g of precursor (copper chloride), 0.03 g of gelatin and 0.1 g of ascorbic
acid were dissolved in 90 ml of reaction medium (distilled water), a similar procedure
was carried out with pectin. The resulting solution was heated to boiling with constant
stirring and an additional 0.5% NaOH solution was added to pH—10. The sample was
stirred for 2—3 minutes, cooled to room temperature, and stirred at room temperature for
20 minutes. As a result, a sol of copper oxide nanoparticles was obtained.

CuO nanoparticles

CuO nanoparticle samples and elemental composition data were obtained using an
INTEGRA TERMA scanning electron microscope and integration of probe and optical
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microscopy and spectroscopy, AFM — Raman — SNOM — TERS. The samples were dried
for testing. The samples were prepared as follows: double-sided conductive carbon tape
was glued to a standard tool table. Powder applied to conductive carbon tape CuO. Then
a carbon coating about 10 nm thick was applied. pH was measured using a Testo 206
phl pH meter using a combined silver chloride electrode.

Preparation and study of polylactide films modified with CuO nanoparticles.

To prepare packaging material modified with CuO nanoparticles, we used polylactide
film, which is often used in the production of eco-bags. We took the company's regular
polylactide film ECO Products Group LLP (Astana) as a control sample.

Polylactide films modified with CuO nanoparticles on the quality and shelf life of
bread was studied.

For the experiment, we took white wheat bread produced by “Aksai Nan” (Almaty).
The expiration date at the time of purchase was 3 days. To study the initial parameters
of bread, on the day the experiment began, slices weighing 50 + 0.2 g corresponding to
the amount of experimental films were cut.

Bread samples were stored in a SKTB TS-1/80 SPU thermostat at a temperature of
30 + 1°C for 120 + 3 hours of the experiment. After time, microbiological analysis was
carried out. The analysis was carried out in accordance with State standard 10444.15—
94 Food products. Methods for determining the number of mesophilic aerobic and
facultative anaerobic microorganisms. The method for determining the number of
mesophilic aerobic and facultative anaerobic microorganisms by sowing into agar
nutrient media is based on sowing the product or diluting a sample of the product into
the nutrient medium, incubating the crops, and counting all grown visible colonies.

In order to identify the migration of copper nanoparticles to products, the elemental
composition of control and experimental samples was studied on a KVANT-Z.ETA
atomic absorption spectrometer according to State standard 30178-96 Raw materials
and food products. Atomic absorption method for determining toxic elements.

Results and discussion

Characteristics of CuO nanoparticles

CuO nanoparticles were obtained using copper (II) chloride. The synthesis was
carried out in an aqueous medium. The resulting samples were studied by Raman
spectroscopy, the spectra are shown in Figure 1.
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Figure 1 — Raman spectra of the studied nanoparticles
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During the reaction, the solutions changed from colorless to yellow, and then to
a dark brown color, as can be seen from Figure 2. The maximum optical density was
demonstrated by solutions at 590-640 nm, results are listed in tables 1 and 2. This
corresponds to the surface plasma resonance of copper nanoparticles. Diagram of the
optical density of the resulting chemical compound, obtained from a Jenway 6705
spectrophotometer instrument, (Jenway, England, scanning in the visible range (190-
1100 nm), bandwidth 4 nm) in Figure - 3.

Figure 2 — Color change during the formation of copper nanoparticles

—&—pectin as a stabilizer —— gelatin as a stabilizer

Optical density

540 550 560 570 580 590 600 610 620

Wavelength, nm

Figure 3 — Graph of the data obtained on the Jenway 6705 spectrophotometer

Table 1 - Optical densities when using gelatin as a stabilizer in initial solutions
CuCl , :ascorbic acid (1:3)
Wavelength A, nm 580 590 600 610 620 630 640 650 670
Optical density 0.485 | 0.500 | 0.550 | 0.625 | 0.628 | 0.620 | 0.510 | 0.470 | 0.383

Table 2 - Optical densities when using pectin as a stabilizer in initial solutions
CuCl, : ascorbic acid (1:3)

Wavelength A, nm | 550 560 570 |580 590 {600 610 [620 |550
Optical density | 0.029 0.291 |0.404 [0.316 0.367 [0.425 [0.575 [0.325 |0.029

Is worth noting that the optical spectra of colloidal solutions have a characteristic
maximum of surface plasma resonance. When analyzing colloidal solutions, it was
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found that for spherical copper nanoparticles stabilized gelatin, the position of the
surface plasmon resonance was 580-620 nm. For copper nanoparticles stabilized by
pectin, the position of the surface plasmon resonance was 570-610 nm.

CuO nanoparticles were studied using scanning electron microscopy. The obtained
data are presented in Figure 4.

S D eee
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A

i o

c d

Figure 4 — Photographs of copper nanoparticles, (a), (b) when using gelatin as a stabilizer and (c), (d)
when using pectin, taken using EFM at different resolutions

SEM results showed that in samples obtained in an aqueous environment,
nanoparticles have a diameter from 6 2 to 313 nm.

Analysis of the elemental composition of the solutions showed that they contain
the following elements Cu, O, Cl and C in all samples. X-ray spectral analysis. was
carried out electron microprobe EDAX analyzer (Energy-Dispersive X- ray Analyzer).
Elemental analysis spectra are shown in Figures 5, 6.
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Figure 5 — Elemental analysis spectrum of the resulting copper nanoparticles using pectin as a
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Figure 6 — Elemental analysis spectrum of the resulting copper nanoparticles using gelatin as a
stabilizer

To prepare packaging material modified with CuO nanoparticles, polylactide film
was used, which is often used in food packaging. Nanoparticles were deposited onto the

film by sputtering.

Next, we studied the effect of polylactide films modified with CuO nanoparticles on
changes in microbiological purity during storage of bread (Table 3).

Table 3 - Dynamics of changes in microbiological parameters of bread samples during storage

QMAFAnM indicator, CFU/g

Ne [S 1
ample Day 1 Day 2 Day 3 4 day 5 day Day 6 Day 7

| |Bread without 1y 102 | 2.5%100 | 3.5%10° | 6.5%102 | 9.5%10| SOUd | Solid

packaging growth growth

Bread with control Solid Solid
2 | packaging without 1.0*10% | 1.5*%10%> | 2.0*10% | 4.2*10? |8.5*10?

. growth | growth
processing
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Bread with processed
3 | packaging (using 1.0*¥10% | 1.2*¥102 | 1.5%10% | 1.8*%10% |3.2*10*| 3.5%10* | 4.5%10?
gelatin as a stabilizer)
Bread with processed
4 |packaging (using pectin | 1.0¥10? | 1.1*10? 1.2*10% | 2.0*%10% [2.5*%10%| 3.8*10% | 4.5*10?
as a stabilizer)

According to the results presented in Table 3, it was found that films modified with
CuO nanoparticles reduced the growth and development of QMAFANM in experimental
bread samples compared to the control bread sample. The data obtained show the activity
of CuO nanoparticles stabilized by gelatin and pectin, and also coincides with the data
of other authors (Gvozdenko, 2022: 198-209), who studied the antibacterial activity of
CuO nanoparticles.

Conclusions

CuO nanoparticles stabilized by gelatin and pectin, the study of their colloidal
stability in various dispersion media, and the possibility of their use in bread packaging
has been studied.

The results showed that the use of copper chloride as a precursor allows the production
of copper (II)oxide. According to the data, copper oxide nanoparticles stabilized by
gelatin and pectin in an aqueous medium had a smallest particle diameter of 62 nm. A
study of the effect of pH on colloidal stability showed that the sample in the pH range
from 6.5 to 10.2 was stable. It was assumed that stabilization occurs due to the interaction
of CuO nanoparticles with hydroxyl groups of gelatin and pectin. CuO nanoparticles
stabilized by gelatin and pectin have been found to have antimicrobial activity and can
be used as a material for food nanobags, providing increased shelf life of products, as
shown in the example of bread. High level of stability of CuO nanoparticles stabilized
by gelatin and pectin, will also facilitate their use in the creation of active packaging
materials for food products.

It was found that polylactide films modified with CuO nanoparticles inhibited
the growth and development of QMAFAnM in experimental bread samples. The
study showed that when bread was stored in an incubator at 30 = 1 °C for 7 days,
CuO nanoparticles did not migrate into the film product. Copper concentrations in the
experimental samples remained at the same level, in the amount of 0.016 pg/kg, which
is not a toxic concentration. In general, these indicators of CuO nanoparticles confirm
the high stability of colloidal solutions. The surface morphology was studied by electron
microscopy. The results obtained showed that when using gelatin as a stabilizer, the
maximum size of copper nanoparticles was 313 nm, and when using pectin, the particle
size was 246 nm.

Thus, the experimental results show that CuO nanoparticles stabilized by gelatin and
pectin have high potential for use in food packaging - both as an independent nanofilm
and as part of other packaging materials.
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Abstract. The problem of recycling waste polymer materials is relevant not only
from the standpoint of environmental protection, but is also related to the fact that in
conditions of shortage of polymer raw materials, plastic waste becomes a powerful raw
material and energy resource. This article discusses the use of recycled polyethylene in
the creation of a polymer-bitumen binder, the use of which in the production of asphalt
concrete mixtures will improve the physical and mechanical performance properties of
asphalt concrete and increase the warranty period of the road surface. The mechanism
of physicochemical interaction of the modifying additive - expanded vermiculite in
the polymer-bitumen composition - has been established. An increase in elasticity and
improvement of adhesion with vermiculite has been shown, which ensures the strength
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and water resistance of the road surface using the developed polymer-bitumen binders.
The introduction of a modifier - expanded Kulantau vermiculite - improves the basic
characteristics of polymer-bitumen binders: increases the softening temperature, reduces
the brittleness temperature, improves adhesion and imparts elasticity to the binders, and
therefore the ability to large elastic deformations.

Keywords: bitumen, polymer-bitumen binder, recycled polyethylene, vermiculite,
modifier, penetration, softening point, asphalt concrete
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MHNOJUMEPII ’)KOHE ®YHKIIMOHAJIAbI KOCITAJIAPABIH ITOJUMEPJII-
BUTYM/Ibl BAMJIAHBICTBIPFBIIITHIH KACUETTEPIHE OCEPI

Annorauus. [ToaumMepii MarepuangapAbIH KaJaabIKTapbiH K9Jere xKapaTy Moceseci
KOpLIaraH OpTaHbl KOpFay TYPFBICHIHAH FaHa €MeC, COHBIMEH Karap IOJIMMEpIIiK
LIMKI3aTThlH ~ TalIUbUIBIFBl  JKaFfalblHAA IJIACTUKAIBIK —KaJABIKTApABIH  KyaTThl
LIMKI3aT [eH HEPrHsl pecypchblHa ailHaMybIMeH Je OaitnaHbIcThl. by Makanana kaita
OHJICNTEH MOJIMATHIICHI MOJMMEP-OUTYM OaiaHbICTHIPFBILIBIH KacayJa NaijganaHy
KapacThIPbUIAbI, OHBI aCanbTOeTOH KOCTIalapblH OHIIpyAe KoNaany ac(haibTOeTOHHBIH
(u3MKaIBIK-MEXaHUKAJIBIK KOPCETKIIITEPiH )KaKCcapTyFa )KHE KOJI TOCEMiHiH KeMIIiK
Mep3iMiH apTThIpyFa MYMKIHAIK Oepeni. [Tomumep-Outym OailnaHBICTBIPFBILITAPABIH
KypaMblHAaFel MoAuduIuprneynn Kocma — KEHEWTUITeH BEpMHKYJIUTTIH (uU3MKa-
XMMUSUIBIK 9peKeTTecy MexaHu3mi Oenrimenai. CepmiMAUIIKTIH KOFapbuUlaybl >KOHE
BEPMHUKYJIUTIICH aJAre3usHbIH >KaKCapFaHbl KOPCETUIi, Oyl 93ipieHreH momiMepdi-
OUTYMABI OalIaHBICTHIPFBIIITAPABIH KOMETIMEH OJ TOCEMiHIH OEpiKTiri MeH cyra
TO3IMILIIrH KamMTaMachl3 etedi. Moaudukaropabl eHrizy — keHeitinren Kymanrtay
BEPMHUKYJIUTI — MOTUMEP-OUTYM OaillaHBICTBIPFBIIUTAPABIH HETI3r1 CHMaTTaMallapblH
KakcapTagbl: JKYMCapTy TeMIlepaTypachblH »KOFapblUIaTabl, CHIHFBIIUTHIK TeMIepa-
TypachblH TOMEHIETei, aAre3WsiHbl JKaKcapTagbl JKoHE OalJaHBICTBIPFBILITAPFA
ceprimaiiik Oepeni, IeMeK, YIKeH ceprimai aedopmanusiiap MyMKIHIIriH Oepei.

Tyiiin ce3aep: OuTyM, HonuMepmi-OUTYMIbI OaIaHBICTBIPFBIL, KalTanama MoJu-
ITHJICH, BEPMHKYJIHUT, MOAU(PHUKATOD, CHY, dKYMCApTy TeMIeparypachl, acpaabrOeToH

Byn sepmmeynep Kasaxcman Pecnyonuxacel Foinvim oicone dwcozapvl  Oinim
munucmpniei  Felnoim  KoMumeminiy —KONOaybIMeH Jicy3eze  acblipuliovl — (epaHm
AIl119679034  «Texnonoeusinbiy  npoyecme  NOIUMEPILIK — KATOLIKMAPObl — Kadeee
Jcapamy apKbLIblL HCON WAPYAULLIILIZBIHA APHANRAH OUMYM Mamepuanoaplt 6HOIpy
MEXHON02UACHIH 3IpLeyy).
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BJIMSIHUE INOJIMMEPHBIX 1 ®YHKIIMOHAJIbBHBIX TOBABOK
HA CBOHCTBA MIOJUMEPHO-BUTYMHOI'O BSIKYIIETO

Aunnoramus. [IpobnemMa miepepabOTKH OTXOJOB IOJMMEPHBIX MaTepHalioB
aKTyaJIbHAa HE TOJIBKO C MO3MLUI OXPAaHbl OKPYXkKAKOUIEH Cpelbl, HO U CBsA3aHa C TEM,
YTO B YCJIOBUAX Heq)HHHTa MMOJIMMEPHOIO ChIPhA IJIIACTMACCOBBIC OTXOAbI CTAHOBATCS
MOIIHBIM CBIPBEBBIM W JHEPTeTHUYECKHM pecypcoM. B nmaHHON cTaThe paccMOTpEeHO
MPUMCHCHHUEC BTOPUYHOIO IMOJMITHUIICHA B CO3JaHUN HOJII/IMepHO-6I/ITYMHOI\/'I BsDKYLICTO,
WCIIOJIb30BAaHWE KOTOPOTO TMPH M3TOTOBJIEHUH ac(ambTOOETOHHBIX CMECEH MO3BOJIUT
YIAYYIIATh (PU3HKO-MEXaHWYECKHE JKCIUTyaTallHOHHbIe CBOMCTBA acganbTodeToHa
1 YBEJIWYUTh FApPAaHTUHHBIA CPOK SKCILIyaTalluy JOPOKHOIO MOKPBITHS. YCTAaHOBJIEH
MEXaHU3M (PU3UKO-XUMUYECKOTO B3aMMOJCHCTBUS MOIUPUIMPYIOMIEH 100aBKH-
BCITY4YCHHOTO BCPMUKYJINTA B COCTaBEC HOJ]I/IMep-GI/ITYMHOI‘/‘I KOMIIO3HUIINH.
IToka3aHo TMOBBIINICHUE 3IACTUYHOCTH U YIydloi€Hue aare3un ¢ BEPMUKYIIUTOM, 4YTO
o0ecrieurnBaeT MPOYHOCTh W BOAOCTOMKOCTD JAOPOXKHOTO IMOKPBHITUS ¢ PUMEHEHUEM
pa3paboOTaHHBIXIIONIMMEPHO-OUTYMHBIX — BsDKYIIMX. BBenenue wMoaudukaropa —
BCITyUYEHHOTO KYJIaHTAayCKOTO BEPMHKYJIWTAa — VYAYYIIaeT OCHOBHBIE ITOKa3aTeNln
MOJMMEP-OUTYMHBIX BSDKYIIMX: YBEJIHYMBACT TEMIIEPATypy Ppa3MsTrdeHUsi, CHIKAET
TEMIIEPATYPY XPYIKOCTH, yIy4IIaeT aAre3ur0 U MPUAAET, BOHKYILIUM JJIACTUYHOCTD, a
CJIE/IOBATENFHO, CIIOCOOHOCTD K OOJIBIINM IACTHYECKUM Ae(hopMariusim.

KiroueBsble ci1oBa: OUTYM, TOIMMEPHO-OUTYMHOE BSDKYIIEE, MTOJIMATHICH BTOPHY-
HBI{, BEpMHUKYJIHUT, MOAN(DUKATOP, IEHETPALIUs, TEMIIEparypa pa3MsirieHus, acaibro-
6eroH

Kipicne

MyHait OMTYyMAapbl JKOJI ~ KYPBUIBICBIHJA IKOFAapbl HWKEMJUTKTIH, TOMEH
TEeMIIepaTypaHblH, TeMIepaTypaHblH ©3TepyiHiH JKOHE opTYpii AedopMalusuIbIK
JKYKTeMEJIep/IiH ocepiH Oy30ail ycram Typy KaOUICTIHIH apKachlHIa KEHIHEH
KonmaHbanel. Kaszipri yakpiTra OyKiI onmemjie eHIIpUIeTiH Tayap OWTYMIapbIHBIH
90 % - Ha JAeWiH KOJ cajlachl TYThIHA/bI. KomiMri OUTYMHBIH KacHETTEpi KaKeTTi
KAaCUeTTep >KUBIHTBHIFBIMEH JKOJI JKaObIHJApBhIH ajlyFa MYMKIiHAIK OepMeiiTiHi Oenrini,
Oy >KOFapbl JKOHE TOMEH TeMmIleparypajia KarTel kepinemi. BHJ] mapkambsl myHaii
XKOJI OUTYyMJapbhlH KOJIZaHA OTBIPBIN, JKOJ JKaOBIHIAPBIH TMaijanaHy ToxKipuoeci
OUTYMIbI OAJIAHBICTHIPFBIIITHIH CO3bLTY KAOLICTIHIH JKETKUTIKCI3IriHe OalIaHbICThI
aOBIHHBIH OY3bLTYBI MaiilanaHynblH OIpiHINI KbUIBIHIA OAcTalaThIHBIH KOPCETEI.
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XKon Tecemingeri acgansrOeTOHAAPABIH OY3bUTYBIHBIH HEri3T1 cebenTepi KIMMaTThIK
KaFaainap, KeJiK aFbIHAapbIHAH TYCETiH KYKTeMelep OOMbIN Ta0blIa bl, HOTHKECIHAE
OUTYM ecKipesi, sSIFHU OJ1 CBIHFBIII, KaObIPIIAKTAHBII, KaPBUIbI KETET].

JKon >xaOBIHAAPBIHBIH camackl Macelieci exelieH Oepi OapiblKk MEMIICKETTEp
YIIiH e3eKTi OombIn Kenedi. butym HeriziHzeri komiMri acganbTOETOH KaObIHAAPHI
KaOBIHAAPIBIH KaXKeTT1 (PU3MKa-MEXaHUKANbIK KACHETTEPiH jKOHE OJIapblH OEpiKTIriH
Ka3ipri 3aMaHfbl ayblp KOHE KapKbIHAbI KO3FaJIbIC JKardalblHAA KaMTaMachl3 eTe
anMaiinel. AcansrOeToH KaObIHAAPBIHBIH Caackl MEH OEPIKTIriH apTTHIPYIBIH HET13ri
panukansl Tacinaepinid 6ipi OuTyMaapapl CHHTETUKANBIK MOJTUMEPITi MaTepraigapMeH
Moaudukanusiiay Oosbin TaOblIabl. DKOHOMUKA JKaFbIHAH MOJUMEPIepAiH Moanupu-
KalMsUTBIK 9Cepi ONap/blH AaFbIH KOCTadapblHAa MaHbI3Abl OOMYbIH Taslal eTei.

Monudukaropnapasl eHrizy mnoauMep OuTymusl OaitnanbicTeipreiTapasiH (1165)
HETI3r KOPCETKIWTEPiH KaKcapTaabl: KYMCapTy TeMIlepaTypachlH KOFapblLiaTaipbl,
CBHIHFBIIUTHIK TEMIIepaTypachblH TOMEHJAETel, aiare3usiHbl sxkakcapraabl. COHBIMEH
KaTtap, MOJMMEpIi Kocnanap OallaHBICTBIPFBIITAPFa UKEeMIUTIK Oepeli, COHABIKTaH
YJIKeH ceprimai aedopmanusiapra KabineTTiik oepeni.

[omumepni kocianapMeH MonupHUKanUsIIaHFaH OUTyMaap ac(anbTOeTOHHBIH JKYKa
TO3y KabaTblH, COHIAKM-aK ipl TYHIPIIIKTi, KEYEKTi YKOHE IUIACTHKAJBIK KaOaTTapabl
OpHATy YIIiH coTTi Konganbansl. JKon kypeuisickinaa [16b konnany xaOsHAapIbIH
OCpIKTIriH apTTHIPAAbl KOHE KOHJIEY IIBIFBIHAAPBIH a3aiiTagsl. MoanpukanusianFan
OuTYMAApIbl KOJAaHa OTBIPBII JaibIHAAIFaH acanbTOeTOH )KaKCcapThUIFaH KaCHETTEP-
Ie e: )KbUTyFa, as3Fa, CyFa TO3IMALTIKTIH )KOFapbulaybl, OEpPIKTIK, KBUDKYFa TO3IMIIIIr.

CoHIBIKTaH IBIFAPBUIATHIH ac(anbTOCTOH KOCTIaJapbIHbIH CallaChlH apTTHIPY JKOHE
noJauMepiaepMeH MoauduKaysiaHFaH OUTyMIapAbl KOJIAaHy, KOJIAapabl cally >KoHe
KOH/ICY MpOILECciHAe >XKaObIHAAPABIH KOFApFbl KadaTTapblH OpHATy Ke3iHAE ©3€KTi
0oJIbIN TAOBUTIAIEI.

Kazakcran PecriyOnukachiHaFbl OUTYMHBIH 1K1 HAPBIFBIHBIH KQXKETTUIICH JKaJIITbI
KyaTTBUIBIFB! KbUIbIHA 1,2 MJIH TOHHa OOJAaTBIH TOPT ipi KON OUTYMBIH ©HAIPYII
KamTamace3 ereai: [laBmomap mynait — xumus 3aybIThl (IIMX3) sxoHe AKraymarsl
"CASPIBITUM BK", IlIemvkentreri "I"a3npomuedte-butym Kazakcran" »one Anmarst
obneiceiHAarsl "ActansrOeTon 1" 3aybiTrapsl. KP sHepreTrka munuctpiirinig 2015—
2020 xpurgapAarbl Herisri kepceTkimTepid Tangay OoiibiHmna 2015 >xpiiman Oacram
OuTyM eHIIpiciHiH KeieMi 2 ecere eckeHiH kepcerTi (cyperl). XKanmel, Kasakcranaa
OWUTYM HapBIFBIHBIH 6CYy1 OHIIPICTI TEXHOIOTUSIIAHABIPY eceOiHeH OOKaHaIbl.

KP sHepretuka MUHHUCTPIITIHIH AepekTepi OolibiHma, 2022 KbUTBI Ka3aKCTaH IbIK
3aypITTap 950 MBIH TOHHa OMTYM HEMece JKocapiIanFaH KeJeMHiH 85,6 % enaipai.
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Cypert 1- 2015-2020 x.x. Kazakcran PecrryOonukachIHBIH ONTYM CaTachIHBIH JaMybl

Xana marepuangapabl KYpyIblH €H THIMII oficTepi OHBIH KYpaMblHA OHBIH
naiianany KacHeTTEepiH jKakcapTaTblH MOAM(UKATOpIapAbl €HTi3y  apKbUIBI
OalIaHBICTBIPFBIITAPABI MOAU(BHUKALIMSIIAYFa HeTi3AeAreH. Y HeM i MoguduKaTopiap-
OJ1 KOJI >KeTIMZl oHE ap3aH MoAu(UKaTopyap eKCHIri aHbIKTaabl. TeXHHMKaJbIK
TYPFbIIaH alFaHia, OepiireH KacueTrep KemeHi 0ap KOMIO3ULMSUIBIK, MaTepuaiiapabl
OuTyM Heri3iHae Kypy YWIiH acanbTOeTOH KOCHAChIH AallbIHIay TeMIIEepaTypachlHAa
Oy3blIMalTHIH MOAM(UKaTOpIapAbl FaHa KoJaHyFa 0omabl; achaisTOETOH KOCIaChlH
JalblHaay YUIH ASCTYPIl TeMIlepaTypaaa KoAiMIi jKaOablKTa apajacThlpy MPOLECiH
XKYprizy Ke3inae OuTyMMeH YitjieciMIi; )kaObIHHBIH TOMEH TEMIIepaTypachlHaa OUTyMra
KAaTTBUIBIK HEMECE CBIHFBIIITHIK OepMeli, ayl jka3fa >KOJ KaObIHbl KYpaMbIHJAFbI
OUTYMAAPBIH UTHICY KEPHEYJIEPiHiH ocepiHe TO3IMALIIrIH apTThIpajibl )KOHE COHBIMEH
Oipre apayacTbIpy *OHE Tecey TeMIIepaTypajapblHAa TYTKBIPIBIKTHI apTThIPMaiIbI;
XUMUSUIBIK JKOHE (PU3UKAIIBIK TYPAKThI, CaKTay KoHE KalTa eHJey Ke3iHAe KaCueTTepiH
CaKTauIbl.

Kazipri ke3enae momumepiepAiH KailTa eHJENTreH KalAbIKTapblH MaiijaiaHyablH
MEPCHEeKTUBANbI  OarbITTapblHBIH, ~ Oipi  o;mapapl  MyHail kon  OMTyMaapbiHa
MoauuKanusIaybl  Kocnajgap peTiHae, aran  aWTKaHga IOoJIMMepIli-OuTyMibl
0aliIaHBICTBIPFBIIITAP/BI KOCIANAP OHAIpiCiHAC aliaanany OoJbII TaObLIadbL.

Op Typiai (YHKUMOHANIBl MAakcaTTarbl TOJNTHIPFBIIUTAPABI KOJNJaHA OTBHIPHII,
anjblH-aja OepiireH Kacuerrepi 0ap KOMIO3ULMSUIBIK MaTepHajiapAbl aryra Oonaibl.
[omumepni-outymasl  OGaitnansicteipreiitap (IIBB) - cumarramanaper  OoiibiHina
MyHal Koyl OMTyMIapblHAaH acaTblH jKaHa MaTepual, >KOJIJapAbl, Kemipjiep MEH aye
aiinakTapabl cally, peKOHCTPYKLUSUIAY, )KOHCY Ke3iHAe KOJAaHbIIaThiH ac(ansrOeToH
KocHaJapblH OHJIpy Ke3iHJe OaimaHbICTHIPFBII (YHKIHMACHIH OpblHAaiabl. Erep
OHJIIpICTe KAJJIBIKTAPJbl KaiiTa OHJEY HOTIDKECIHJIC allblHFaH O0oJica MOJUMEpITi-
OUTYMIBI OalJIaHBICTRIPFBILITAP/IBIH KYHBIH €10Yip a3aiiTyra OoJabl.

Kasipri yakpiTTa nonumepiep eHAipici KapKbIHIBI IaMBbII KeJIe KaTKaH cajalapAblH
0ipi Oonbin TaObUIagBl. 2015 KBUIBI MOTMMEpPIEPAIH oNeMaiK eHaipici 250 MuH. T.
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KYpazbl )KoHE JKbIJI CaiiblH opTa ecenneH 5—6 % - ra eceni. JlaMmbiran enaepae olapablH
HaKTBI TYTBIHYBI )KbUTbIHA 85-90 Kr/amamra KeTTi )koHe ocyi xkanracTeipyaa. [lomumvep
OHJIpYLINepiHiH MYH/Aal KbI3BIFYIIBUIBIFB, €H ajJIbIMEH, OJIapblH HETi3iHAe apTypii
TEXHUKAJIBIK KYH/bI MaTepuangapAbl a1y MyMKiHAIrIMeH OaillaHbICTHI.

Bipereil (u3uKa-XUMUSIIBIK, KYPBUIBIMABIK OHE TEXHOJIOTHSUIBIK KAaCHETTEepiHIH
apkaceiHaa nonumepii Marepuangap (I1IM) xanslk mapyambUIbIFbIHBIH, MEAUITTHAHBIH
KOHE T.0. 9pTYpJIi cananapblHga KEHIHEH KOJAaHbLIA b

Op Typii KOJAaHBUIATBIH NOIMMEpi OyHbIMIap eHAIpIiCiHIH ecyiHe OaiaHbICThI
KaJIJIBIKTAp/IbIH OCYiJie KOHE opi KO Macelneci oTKip Oounbin oTeip. [laligananynan
IIBIKKAH [OJIMMEP MaTepuaiapbl oJIETTe KOMUISTIHAIKTEeH, Oipak ic Ky3iHIe
BIIBIPAMANTBIHABIKTAH, KOPIIaFaH OpTara YIKeH 3UsH KeATipei.

Exinmi perrixk nmonmdtunenai (EPIT) Outym momudukatopsl peTiHae maiinanany
MOIUMEPI-OUTYM bl OaiaHBICTBIPFBIIUTE allyFa MYMKIHAIK Oepeni, o oneTTeri
OMTYMMEH CaJbICTBIPFaHAa OHIMIUTIKTIH KEH TeMIlepaTypalblK HHTEpBajbiHA He
Oonazbl XKoHE cepHiMIi KacueTTepre ne 0oasl.

Bi3miH KYMBICBIMBI3IBIH MakcaTbl-eKiHII perTik nomudtwieHni (EPIT) komnmana
OTBIPBIN, ICIHFTeH BEPMHUKYIUTIICH MOTUPHUKALMSUIAHFAH  MTOJMMEpPIi-OUTyMIbl
0alTaHBICTBIPFBIIITEIH KYPaMBIH JKacay, COHAAl-aK alIbIHFaH IOJUMEpPIi-OuTyMIbl
0aliIaHBICTBIPFBIIITAPABIH (PU3HKATIBIK-MEXaHUKAIIBIK KACHETTEPIH 3ePTTEY.

Marepuajgap koHe 3epTTey daicTepi

BepmukynutTin anemaik Kopsl ete yikeH. Herisri ken opsiaaapsl AKILL, OnTtycTik
Adpuxka, Peceil xoHe Oacka na MemiekeTTepae MIorbipnanraH. TM/l aymarbiHga
OHEPKACINTIK MaHBI3bI 0ap BEPMUKYJIHMTTIH 25-T€H acTtam KeH opHbl Oenrimi. bizmin
pecnyOnukanga BEpMUKYIUT KeH opbiHAapbl Oap. Kasakcranma Kaparay sxotacsl MeH
Tanac AnarayblHbIH OHTYCTIK-IIBIFBIC IIETIHAE OipKaTap BEPMUKYIUT KEH OPBIHAAPHI
AHBIKTAJIBIN, ilIiHApa OapiaHAbl, oNapiblH ilIiHAE €H MepcHeKTHBaNbIK- Kymantay,
Wupcy sxone XKpimanasl KeH OpbIHAAPSI 00BN TaObu1aasl (CypeT.2).

£

Cyper 2- TaOurarTarbl BEpMHUKYJIUT

JKymbicTa iCIHreH BEPMHUKYIUT KOMAaHbUIABL. IIIBIMKEHT KajlachlHIA >KYMBIC
icretitin "AVENUE" XIIIC 2009 sxpurman 6actan Kocimopsin aieiaa 1200 m3>-1500
M maiibiH eHiM — KyslaHtay BEpMUKYIUTIHIH op TYpii (QpakuusuiapbiH IIbIFApaIbL.
Kazakcran PecrnyOnuKkachlHBIH BEPMHKYJIUTKE JCTCH KAKETTUIr KOJIAHYIBIH KEH
CIEKTPIHIH apKaChIH/1a )KbUIbIHA OH MBIH TOHHAHBI KYPaybl MYMKIH.
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Cyper 3- Kyj1anTay BepMHUKYJIUT YHTAFbI

OJNeMIIK HapbIKTa BEPMHKYJIUTTIH Oarachl KapKbIHABI ©Cyle, OHBI €H Oail jkoHe
JKOFapbl camayibl KeHjaepl Oap yuwackeiepai eHIIpyMeH [ie, OHIIpICTiH opTypni
cayiajapblH/ia BEpMHUKYJIUTTI KOJJAHYIBIH jKaHa OaFbITTapblHBIH Maiiaa OONyBIMEH e
TyciHaipyre 6onaisl.

BepMuKkynuT — TpPHOKTadApiiK TUApOCTIONanap TOOBbIHA >KaTaThlH KeHEWEeTIH
KYPBUTBIMABIK JKacyllachl Oap ayblCHalibl XUMISUIBIK Kypamjabl CIIIoAa Topi3ai
MarHui-TeMip allOMOCHIMKAThl. BepMUKYIUT — MarHui-QeppyruHai cirofaiapAblH
(OmoTHT, Qroronut) ajaMacy peakuusuiapbl, TUApaTAlHs MpolecTepi koHe Oacka aa
e3repicTepi HOTMXKECIHAE TY3UIETiH eKiHII MUHepal. XUMHUSUIBIK OailaHbICKaH cyaaH
0acka BEpMHUKYIHUTTENTeH cliofanapaa Oenriuri Oip Meimiepie HEONUT Cybl KOHE
YJIIIEKTEp i OeTTepiMeH acopOIMsIIaHFaH CYJIbIH eoyip Meuepi 0omajsl. J[oHHIH
CBIHFBIIITHIK MHACKCI 2-11eH 6 %-Fa neiin. BepmukyautTiH iciny xodddunuenti 4,8—
11,0 apanbireinga. Iciny xkoaddunuenTi GoliblHIIa OpTala ruapaTanus 1opexeci oap
THIPOCIIONATapFa JKaTabl.

FrutbiMu-3epTTey )KyMBICHIHBIH 00BEKTiNepi:

1. BHJ 70/100 mapkansl MyHaii K07 OUTYMBI.

Kymeicra BHJ{ 70/100 xonpanbuiapl, Oy ayKbIMABI MyHail ©HJEY ©HIMi; KYHJIbI
TEXHHUKAJBIK KACHETTEP KEIICHIHE He jKOHE YKOJ KYPhUIBICHIH/Ia KeHIHEH KOJIaHbLIa b

Kaiita ennenren EPIIO— naiinananbuirad MOJUATUIIEH IUIEHKAchl. by skymbIcTa
Kol OuUTyMBl YIIiH Moxugukarop perinae KaiTta engenreH EPIID xonnmanbutagsl.
Mopaudukanus mporeci OacranFaHFa JCHIH IUICHKA ajJblH aja eHJICYJACH OTTi:
Ta3apThUIFAaH CYMEH JKyy, KENTipy »oHEe YINeK TypiHzgeri OipTekTi marepuanra
aliHaJBIDY.

[Mnactudukarop periage M-20A eHep KoCIMIILIITT Maiibl KOJIAaHBUIIBL

Bacranker 6utym Kbei3abipbuiazsl, 100—120°C Temneparypaja OamKbITBUIA I JKOHE
COJI TeMIlepaTrypara JIeHiH anablH ana KbI3ABIPhUIFaH METAaUT BIABICKA CAJBIHAABL. Opi
Kapaii, ONTYMHBIH MaccallblK KeJeMiHiH 3 % Memepinae miacTuGuKaTop KOCbUIaIbl.
Temneparypa 140-150 °C-kxa eTkeHJle, YHEMI apanacTblpa OTHIPBIM, EKiHIII PETTIK
MOJMATHIICH KOCBUTAJbI, YINEK TYpiHAE, op TYpii mailbi3ablk mponopuusga 1, 2, 3,
4, 5 % OuUTYMHBIH MaccalblK KeJeMiHeH. Opi Kapail, Temmneparypa 5—10 °C/mun
wputaMasikiien 180—190 °C neitin ketepineni. apanacteipy 1-1,5 carar inmHze
ereni. 150 mapkanbl BepMHUKYIUTTI (cychiMaibl canmarbl 100—150 kr/m3) yHTaKkTays!
JIM-1000 3epTxaHaybIK AWIPMEHAE JKYPri3iimi. AJNbIHFaH KOMIo3uuus yurH 25 °C-
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Ta MHEHIH eHy TepeHAIri, )KyMcapTy TEeMIIepaTypachl, CHIHFBILTHIK TEMIICpaTypachl,
TUIACTUKAJIBIK TeMIepatypachl, 25 °C-Te CO3BUIFBILITHIFbI aHBIKTAJIIBL.

CankplHIaFaHHaH KeHiH iCIHreH BEPMUKYJIHT CII0/A MapaKiiagapbl apachblHIarbl 0Te
KyKa aya KabaTTapbIMEH OPHATBUIFaH KOJEeMJli CaKTaibl, HOTHKECIHAe KYWIipiiaren
BEPMUKYIUT OipKarap KYHIbl KaCHETTEpPre M€ — TOMEH JKbUIy OTKI3TILITIK, YKOFaphl
OTKa TO3IMJIUIIK JKoHE IBIOBIC CiHipy. baiKpIThUIFaH MeTalMeH cyiaaHOay KacHueTiHe
OaiimanpicThl JkoHe THiMIi. JKorapel Temmeparypansl (1100 °C  neifin) xbity
OKILIAyJIaFbIIII MaTepPHa OOJIBI Ta0bLIAAbI. BepMUKYIUTTEH )KacanFan MaTepHaiap MeH
OyiibIM/Iap )KaHOAWTHIH, OMO TO31MII, CLITLIEP MEH KBIIIKBUIIAP/IBIH dcepiHe OerTaparl,
yaKbITKa TO31MI1, OEpIKTiK, JeOpMaHsIIBbIK JKOHE JKbUTy CHIIaTTaMalapbiHa ne. by
BEPMHUKYJIUTTI SpTYpJi cananapia KOJJAaHyAbIH XOFapbl THIMALTITIH aHBIKTAWIbI.
IciHnren BepMUKYNUT KaHOANWABI, MIIPIMEIi, XUMUSIIBIK HHEPTT1, Oepik, OMOTOTHSITBIK
TO31MIi, KaPBUIFBILI KOHE OTKA TO31M/I1, SKOJIOTHSUIBIK Ta3a, 9A€Mi alIThIH TYCKE Ue, HOH
anMacy ’KoHe COpOLMSUIBIK KacueTTepre ue, CYWBIKTHIKTap MEH ra3iap/sl CiHIpY JKoHe
ycTay KaOiJeTi )KOoFaphl.

Hoarunixesepi :koHe o1apabl TAJIKBLIAY

Monuduxanus npouecinae ourym KYpPBUTBIMBIHAA MOJMMED
MaKpOMOJIEKYJIaTapblHbIH KEHICTIKTIK TOPBIHBIH TY3iTyl Xypeni, Oyi1 OuTymumapra
noJauMepiepain Keidip Kacuertepin Oepemi. KypbUIbIMABIK TOpABIH OEpikTiri TOp
TyHinAepinzgeri OaiiaHbICTapabIH OCpIKTITiHE oHE TYHiIHIEp caHblHA OalIaHBICTHI.
KypbuibIMABIK TOPABIH MKEMALIIrT TYHiHAEP apachlHAarbl TI30€KTepAiH MKeMIUTIriHe
OaiimaHpicTBl. OpOip Keke jKargaiga MoOuQUKalUs HOTHXKeNIepi MOoJIUMep MeH
OMTYMHBIH YiJIeCIMIITITIHE, OJIap/IbIH CaHABIK KaThIHACHIHA, MiCIpy TEMIIePaTyPaChIHBIH
peXHUMIEpiHe OANIAHBICTHI.

Masp3bl (haKTOP-HOMUMEPTi-OUTYMABI OaliIaHBICTBIPFBILITAPIBIH KYPBUIBIMIBIK
TYPaKTBUIBIFBI, SIFHU MOJIMMEPIiH OMTYMHBIH TUCIIEPCUSUIBIK OpTachliHIa epyl Hemece
iciHyi, OMTyM MEH NONMUMEPAIH OAaH 9pi OemiHyiHe Kol OepMmeii.

[onumepii MakpoMoseKyIanapaslH OUTyMa epyi iciHy caTbIchiHaH eTei. XKorapsl
TeMIeparypaaarbl OUTyMIap )KyMcapazbl, ajl TEPMOIIIACTUKAIIBIK TOIUMEPIIEP TYTKBIP
KYHre aybicazipl, ajl KbI3AbIpY OUTyMIarbl HOTUMEPIIEPIiH ICiHy1H XKoHE epyiH Te31eTeIi.

Kocnansl e3repty xoHe OIpTEKTLNIriH aHBIKTay POLIECiH )KY3ere acblpFaHHaH KeiliH
aneiarad [IBb ynarinepi onapabiH gu3nka-MeXxaHUKAIBIK KaCHETTEPiH aHBIKTAy YIIiH
Oipkarap 3epTTeysepie ChiHabI (HHEeHIH eHy TepeHIirin 0 sxone 25 °C temmieparypana,
25 °C TeMmiepaTypasa co3bl1y, CAKMHA MEH IIap OONBIHIIIA XKYMCApPTY TeMIIEPaTypachiH,
HUKEMJILUTIK TeH KYMMEH aire3HUsIHbI aHBIKTAY ).

Baiinanpicteiprbiuter 1,0-1,5 11 bigsicTa KOFapbl TeMIeparypaia KoHe
apanacThIpFbII OLTiriHiH aiHany skuiniringe 40-350 aifHanbIMBI/MHUH apajacThIpyFa
MYMKIHJIK O€peTiH 3epTXaHalbIK KOHABIPFbIIA albIHAbI.

Exinmi perTik monuaTuiieH Maccachkl 6oibiHma 1-10 % memmepinne 150-160 °C
temneparypaga 70/100 BH/I mapkansl 6ankeiTeiirad Outymra enrizinni. Cogan keiin
Kocnanbl mamMameH 5 °C/muH xpuiaamabiknen 270-290 °C Temneparypara feiin oqan
Opi KbI3ABIPY JKY3€Te aChIPbUIAbI.

[lonumep MarepuanfapblHBIH KaJABIKTapblH KalTa ©HJey Moceleci KoplLlaraH
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OpTaHbl KOpFay TYpPFBICBIHAH FaHA €MEC, COHBIMEH Karap IOJMMEp LIMKi3aThIHBIH
TaNIIbUIBIFBl JKaFAalblHAA TJIACTUKAJBIK KAJIABIKTApAbIH KyaTThl IIMKI3aT MeH
9HEPTETHKAJIBIK PECYpCKa aifHaybIMEH OaillaHbICTHI.

TemneparypaHbIH )KOFapblIaybl KOMIIOHEHTTEPIiH ©3apa SpeKeTTeCcyiH Oejcenaipyre
JKOHE camajbl KaHa KYPBUIBIMIBIK TY3UTIMIEpAIH KajblITacyblHa okeneni. JKorapsl
TEeMIIepaTypajbl TOMOI€HU3alMsl MOJMATUICH MEH OUTYM MaKpOMOJIEKyJaJlapbIHbIH
ilriHapa BIABIPAYBIMEH KOHE paAMKaiIbl 0OC BaJCHTTUIIKTIH Maiaa OolybIMEeH
CHUIATTajabl, HOTWKECIHAE MOJUITUIICH MEH OUTYM MOJIEKYJalapbIHbIH ()parMeHTTepi
e3apa opeKeTTecei.

20 4

XKymcapry Temnepatypackl, T emmemi., °C

0 1 2 3 4 5 6 7 8

Kypamsinnarsr EPIID, %
Cypert 4-I1Bb xymcapTy TemneparypachiHbIH IoJIuMep KypaMbiHa Toyenainiri EPTID:1: 1-0 %; 2—1
%; 3-2 %; 4-3 54 %,%,6-5 %.

~
-

butymHblH HadTEeH KOMIOHEHTTEPIHIH TOJMMEpP MAaTPUIACBIMEH XUMHUSUIBIK
opekeTTecyi JKy3ere achipbuiajabl. [lossipibl koHe amMop(Thl OWTYMHBIH TOJISIPIIBI
eMeC KYPBUIBIM/IBIK-TYTKBIP TIOJUATHICHMEH Oepik OaiyiaHbIChl 0ap KaHa KYPbUIbIM
KaJbIITacy/na.

Muxkpockonusbik 3eprreyiep 280 °C temrnepaTypaaa alblHFaH OaiIaHbICTBIPFBILI
KypbUtbiMaa Oip — OipiMeH - "Topharbl TOp"KYpBUIBIMBIMEH e3apa OaiilaHbICKaH
eKi y3aikci3 ¢asza (MONMITHIIEH KOHE OMTYM) TY3UIeTiHiH aHbIKTaabl. 220-240 °C
TeMIepaTypaja MyHail MUKPOKYPBUIBIM OaliKaMabl.

AJNBIHFaH JIGpEKTEepl Tajjay Ke3iHJAe KepceTkeHieh, Outymma 2-3 %
meutiepinge EPIID OonraH ke3le KEHICTIKTIK KYPbUIBIMABIK TOp Maiia OoJajbl.
KeHicTiKTiK KypbUIBIMABIK TOPABIH Maiiia 00Mybl MOTUMEPITi-OUTYMIIbI OpraHUKAIIBIK,
0aliIaHBICTHIPFBIIITHIH KACUETTEP1 KOPCETKIMITEPiHIH CUITATTaMAIIBIK TOYCIALTIKTEPIHiH
TOH uiTyiMeH (CeHICTIH e3repyi) Oaiikamanel. [laiina OosiraH jxaHa KYPbUIBIMHBIH
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epeKLIeNiri TOMEH TeMIeparypajia HKeMAUTIKTIH KOFapbulayblHAa KepiHeni (cypeT. 4),
25 °C-ta co3buly JeHreliHiH ToMeHaeyi (cypeT 5), HKeMALTIKTI apTThIpy (6-Cyper).

[1bb MonudukanusicbiHa KyJIaHTay BEPMUKYJIUTIH €HT13y apKbUIbl KOJ KETKi31IeIi.
CoHbIMEH KaTtap, BEPMUKYIIUT JKOFaphl aIcCOPOLUSITBIK KaOiJIeTIMEH CHITaTTaja (bl )KoHe
KOMIPCYTEKTep/IiH TOTBIFybIHAH Taiaa OoNmaThlH ©HIMIEpAl, MbICAbl, HIaWbIpIapAb,
oTTeri 0ap KOCBUIBICTAPbI J)KOHE 0acKa reTepopraHuKajIbIK OHIMAEPIl THIMAL CiHipei.

[omumepmni-OuTyMapl OalIaHBICTBIPFBIN KypaMblHAa KyJIaHTay BEPMHUKYIUTIH
naiianany TeMIlepaTypaHblH KEH [AWamna3oHbIHJA TYPAKThl aIre3usHbl, KOCHIMIIa
9HEPTETHKAJIBIK CHIHBIMABUIBIKKA HE OOJIATHIH MEHILIKTI OCTTiH YIIFAIOBIH KAMTaMachl3
eTeli, Oy OUTYMMEH aare3ust JopeKEeCiHiH JKOFapbllayblHa OKee .

BuTyMHBIH >)KOFapbl MEHIIIKTI O€Ti )K9HE JKYKa KEYEKT1 KYpbUIBIMBI Oap MaTepHalIMeH
e3apa 9peKeTTecyl HOTIXKeCiHAEe OWTYMHBIH TOINTHIK Kypambl MaTepuai ilriHieri
Maiimap MeH IalbIpIapiblH CeNeKTHBTI Aud@ysusceiHa OailaHBICTBI e3repemi,
Oyn OenmiekrepAin OeTiHIeri OUTYM KaOaTTapblHBIH KAaCHETTEPiHIH ©3repyiHe >KoHe
IoHaepAiH OeTinae Oepik OMTyM IIeHKaIapbIHbIH Naiaa 0omybiHa oKenneai. BepMukymur
aKTHBTEHIIPY (pa3achIHa )KOFapbl THIMILUTIKIIEH, TEPi TECIT1HIH YIKEH KOJIEMIMEH KoHE
CEJIEKTUBTIIITIMEH CUMATTaIa/bl.
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Kypambiagarsr EPIID, %
Cypert 5- TIBb co3butybiHbIH HOMUMep Kypambiaa toyesainiri EPTID:1: 1-0 %; 2—1 %; 3-2 %; 4-3 %,

54 %,6-5 %.

ButyMHBIH jKOFapbl MEHIITIKTI 6€Ti )K9HE KYKa KeyeKTi KYpPBUIBIMBI Oap MarepraiMeH
@3apa OpeKeTTeCyl HOTIKECiHAEe OWTYMHBIH TONTHIK KypaMbl MaTepHalsl iIIiHJeri
Maiap MeH IalbIpIapiblH CeNeKTHBTI anudy3usaceiHa OalIaHBICTHI ©3Trepe/l,
Oyn1 GemmrexrepiH OeTiHaeri OMTyM KabaTTapbIHBIH KaCHETTEPiHIH ©3repyiHe KoHe
TOHACPIH OeTiHae Oepik ONTYM IICHKATAPBIHBIH MMaka O0TybIHA OKETIei.
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Kypamsianarst EPIIO, %
Cyper 6- IIbb cepnimainirinig nomuMep Kypamsiaa toyenainiri EPIIO: 1-0 %; 2—1 %; 3-2 %; 4-3
%; 5-4 %, 65 %.

IciHreH KysaHTay BEpMUKYIUTIH TaHIAy KOJ KETIMILTIKIIEH KOHE CAIIbICTHIPMAIIbI
ap3aHAbIFbIMEH J¢ aHblKTananbl. COHBIMEH Karap, TEXHOJOTHSUIBIK —IIPOLEece
KSHUIICTIIeNI, OWUTKeHI apajacThlpy KOMITO3UIMSHBIH KaKETTI  OipKeIKLTIriH
KaMTaMachl3 €TEeTiH aifHaly >KbUIIamIblFbl 60 alfH/MWUH acHalTHIH TBIIIAK TYPIHAETI
apaacTBIPFBIITHIH KOMETIMEH JKY3€re achlpbliabl. O31pJICHICH TOIMMEPIi-OUTyM/ bl
0aitmaHBICTHIPFBIN ac(haibT KaOBIHIAPBIHBIH OCpIKTITIH apTTHIPAIbl JKOHE O3iHJIK
KYHBIH TOMEHJIETE/11, COHBIMEH KaTap KOIl TOHHAJIBIK ITOJIM3TUIICH KaJIIbIKTapbIH JKOIOFa
BIKIIAJI €TE].

I-kecrene BHJ/[70/100 OuTymBbl VIIiH KEHEWTIITEH BEPMHUKYIHT MOJIIIEepiHe
OaifmaHbICTHl OMTYM — BepMHUKYIIUT KypambiHbIH (BBK) cunarramanapsr kenripinres.

Kecte 1- KymanTtay BepMUKYIUTIMEH MOAXDUKAIUSIIAHFAH TOTMMEPITi-OUTYM/IBI
0aliTaHBICTBIPFBIIITAPABIH (PH3UKA-XUMHSIBIK KACUETTEPI.

Icinren kysanray KommnosunusinapabiH KacuerTepi

BEPMUKY/IUTIHIH MeJIILIEpI, TYTKBIPIIBIK, Kymcapry Co3sbly, 555CM
maccacel % IIapTTHIK,Ipa. temmeparypacsr,’C

Butym BH/{ 70/100

0 108 44 68
0,5 104 49 64
1,0 98 50 61
1,5 97 52 58
2,0 85 53 57
2,5 76 56 49
3,0 77 48 60
3,5 74 49,5 60
4,0 72 48,5 61
4,5 70 48 61
5,0 68 49 60
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I-xkecTeneri MoJIMETTEpACH KOPIN OTBIPFaHBIMBI3NAH, OWUTYM KypaMbIHIAFbI
KEHEWTINreH BEPMUKYIUT KYPaMBIHBIH JKOFapbLIaybIMEH TYTKBIPJIBIK IEH JKYMCapTy
TeMIeparypachl XKorapbuiaiinel. MoaudukanusiianHFaH OUTYMHBIH TYTKBIPIBIFEI MEH
KYMcapTy TeMIIepaTypachiHbIH >KOFapblIaybl JKa3Fbl TeMIIEpaTypaHbIH >KOFapbLIaybl
JKaFJaiblHAa TJIACTUKAIBIK Je(opMalusHblH maiiia 0oy MYMKIHAIT adTapibIKTai
TOMCHJICHTIHIH OLIIipe.

Ocbutaiiia, o3ipaeHreH MoaM(UKAMAIAHFAH —MOJIUMEpPIi-OMTYyMAbl — Oaiina-
HBICTBIPFBIII ABTOMOOWJIb JKOJIIAPBIH Caly MEH J>KOHJICyAe KOoJJaHyFa OoJaTbIH
KAaCHUeTTepAiH KeH ayKbIMbIH apTThIpyFa, COHAaNH-aK SKOJIOTHSIIBIK MPOOIeMaHbl KoHEe
SHEPTUSHBI aUTapibIKTall YHEMJIEYl MIelle OTBIPHIIN, MOTUMEpPIEePIiH KO TOHHAIBIK
KaJIJIBIKTapbIH JKOFOFa MYMKIHJIIK Oepeti.

KopbIThiHABI

Ocpuiaiima, nonuMep MaTepranaapbIHbIH KaJlAbIKTapbiH KaliTa oHey mpobieMachl
KOpLIaraH OpTaHbl KOpFay TYPFBICHIHAH FaHAa €MeC, COHBIMEH Karap MOJIHMeEp
LIMKI3aThIHBIH TANIIBIIBIFbI KaFaibIH/1a MJIACTUKAIBIK KaJIIBIKTap IbIH KyaTThl ITUKi3aT
[IEH SHEPTETHKAJIBIK PECypCcKa allHaybIMEH OaillaHbICThl €KECHIITT AaHBIKTAJI/IBI.

[TonuMepOUTYM KypaMbIHAAFbl MOIU(HKALMSIIAYIIEl KOCHAHBIH - KEHEUTIIreH
BEPMUKYIUTTIH (U3UKA-XHUMHUSUIBIK  ©3apa OpPEKeTTeCYy MEXaHU3Mi OpHaTBUIFaH.
CepmiMAINIKTIH  KOFapbUlaybl JKOHE BEPMUKYIMUTICH aAre3HSHBIH KaKcapysbl
KepcetinreH, Oyn nambirad llonmnmepi-OuTymM OaiIaHBICTHIPFBII KOMETIMEH >KOJ
TOCEMiHIH OepIKTIri MEH CyFa TO3IMIUIITH KaMTaMachl3 eTe/Ii.

Ken TOHHaXIBI KalABIKTapAbI-THIFBI3ABIFEl TOMEH MOJIMATHICHII OPTaHUKAaJbIK
0alTaHBICTBIPFBIIIKA KOCIA PETiHAE KONJAHYAbIH OPBIHABUIBIFBI AQJENACHAl, Ol
Oacka Moan(UKaIMsIaylibl KocrnanapMeH Oipre MOIMMEpi-OMTyMIbl OpraHMKabIK
0alTaHBICTBIPFBIIITEIH ~ CUIATTAMANAPBIH  apTTHIPaabl >KOHE IOJMMEpPIi-OUTyMIbI
0alIaHBICTBIPFBIIITAPABIH ~KYHBIH JKOHE alMakTarbl SKOJOTHSUIBIK —IIHENeHICTI
TOMEHAETYre MYMKIHAIK Oepeti.
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Abstract. Metal nanoparticles and metal oxides are promising antibacterial
agents. Currently, the use of metal nanoparticles and their oxides with antimicrobial
properties is exceedingly high, because in comparison with organic antibacterial agents
nanocrystalline metal oxides have greater durability, less toxicity, better selectivity and
heat resistance. The main promising direction for expanding the range and improving
the properties of linen materials of various compositions is the modification of existing
fibers and finished textile materials in order to give them new properties. The article
presents data on the development of linen materials with antimicrobial properties using
zinc nanoparticles. The synthesis of zinc oxide nanoparticles in aqueous medium in
the presence of stabiliser polyvinylpyrrolidone has been studied. Using electron
scanning microscopy, it is shown that zinc oxide nanoparticles of different structures
are formed. Studies have shown that the formed nanoparticles having a shape close to
the spherical and rod-shaped are stable, do not precipitate and do not change colour for
several weeks. And also, the effect of concentration of zinc, reducing agent, stabiliser
on the synthesis of zinc nanoparticles was investigated. Increasing the concentration of
initial reagents leads to the formation of particles, both rod-shaped, and needle-shaped,
and arbitrary shapes. It is shown that the addition of polyvinylpyrrolidone effectively
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reduced the coalescence between the nanostructures of zinc oxide nanoparticles, which
allows achieving a uniform particle size. Optimum conditions for the treatment of linen
materials with zinc oxide nanoparticles were developed. Antibacterial properties of
materials modified with zinc oxide nanoparticles were investigated. It is shown that
linen materials modified with zinc oxide nanoparticles have antibacterial activity against
bacteria and mould fungi.

Keywords: metal nanoparticles, zinc oxide nanoparticles, flax materials, polyvin-
ylpyrrolidone, antimicrobial properties
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AHHOTanmus. MeTalll )KoHe MeTaJll OKCUATEPIHIH HAaHOOOIIIEKTEePiHiH OoIamarbl
30p OakTepusira Kapchl areHTTep Oonblm TaObutagbl. Kasipri yakelTTa MHKpOOKa
Kapchl KacHeTTepl 0ap MeTayul HaHOO®JIIIEKTepl MEH OJIap/IbIH OKCUATEPIH KOJIJIaHy
eTe JKOFapbl, OUTKEHI OPTaHUKAIBIK bakTepusiFa Kapchl areHTTEPMEH CalbICThIPFaH/1a
HAaHOKPHUCTAIABI METa/NT OKCHUATEpPl OEpIKTIri JKOFaphl, YBITTBUIBIFEI TOMEH,
TaHJAMAJIBUIBIFBl MEH BICTBIKKA TO3IMIUTIIr JKOFapbl. OPTYpPIi KypamIarbl 3bIFBIP
MaTepranJapblHbIH aCCOPTUMEHTIH KEHEHTY MEH KAaCHUETTEpPiH >KaKCapTyIbIH HEri3ri
MEPCIEKTUBANBIK OarbIThI-ONapFa JKaHa KacueTTep Oepy MakcarblHAa OypbhIHHAH
0ap TaNMIBIKTap MEH JaiblH TOKbIMa MaTepualapblH e3repTy. Makanasa MBIpBIII
HaHOOOJIEKTEePiH KOJJaHa OTBIPBIN, MHUKPOOKa Kapchl KacwerTepi Oap 3BIFBIP
MaTepHajapblH jKacay Typalbl MAJIIMETTep KedTipiareH. [lolMBHHUIIHMPOINIOH
TYpaKTaHbIPFBIIIBIHBIH KATHICYBIMEH CYJIBI OPTa 1a MBIPBII OKCH /I HAHOOOIIIEKTePiHIH
CHHTE31 3epTTeI 1. DIEKTPOH bl CKaHEPIICY MUKPOCKONHSICHIH KOJIaHFaH Ke3/1e 9pTYpIi
KYPBUTBIMIAFbI MBIPBILI OKCH/IIHIH HAHOOOJIIIIEKTepi Maliaa 00IaThIHABIFbl KOPCETUITEH.
3epTTeyiaep KOpPCeTKeH/ICH, MillliHI cepablK KoHE TasKIIa TOPi3li HaHOOOJIICKTEep
TYpaKTHI, OipHelIe anTa inrHje TyHOara Tycrneli Hemece Tycin esrepreiini. Connaii-
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aK, MBIPBIII KOHIEHTPAMACHIHBIH, TOTHIKCHI3AaHABIPFBIILTHIH, TYPAKTaHIbIPFBIIITHIH
MBIPBIII HAaHOOGJIIEKTEPiHIH CHHTE3iHe ocepi 3eprreni. bactankel peareHTTEpAiH
KOHLEHTPALHUSICHIHBIH KOFapblIay bl TASKIIA TOPi3/li, HHE TOPi3/i )KoHE epiKTi hopMagarsl
OeumiekTep/iH maiina OonybiHa okeneni. [IOMUBHUHUITUPPOIUAOHIBI KOCY MBIPBIII
OKCH/Ii HAHOOOJIIIEKTePiHIH HAHOKYPBLUTBIMIAPHI apAChIH/IAFbI KOAIECIICHITUSHBI THIM/I1
TOMEH/JIETIM, OeJIIeKTep IiH OipKeNIKi MeIIepiHe KO KeTKi3yre MYMKiHIIK OepeTiHi
KOpCEeTiITeH. 3bIFbIP MaTepHaIIaPBIH MBIPBIII OKCUIHIH HaHOOOIIIIeKTepiMeH OHIEY T H
OHTAMNBI TIapTTaphl kacajiuel. HanoOemiiekTepMeH MoOAMMUKAIMSIAHFAH MBIPBIIIT
OKCHII MaTepHaIIaphIHBIH bakTeprsra Kapchl KaCUETTepi 3epTTenmi. by kepceTimreH
3BIFBIP MaTepHaIIaphl MBIPHII OKCHUIIHIH HaHOOOIIEKTepiMeH MOaUGUKAUIIaHFaH
OakTepusIIap MEH 3eHepre Kapchl OaKTepHsiFa Kapchl OSICeH TN 0ap.
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AHHoOTanus. HaHOUacTHIBI METAJUIOB M OKCHIOB METAJUIOB SIBIISIOTCS MEPCIICK-
THBHBIMH aHTHOAKTEPHAIbHBIMH areHTaMH. B Hacrosiiee BpeMsi HCIOJIB30BaHMS
HAHOYACTHL[ METAIJIOB M HX OKCHIOB C aHTMMUKPOOHBIMH CBOHCTBAMH OYEHb
BBICOKH, BEIb B CPAaBHEHHU C OPraHHYECKUMH aHTHOAKTEpHAabHBIMH CPEACTBAMH
HAHOKPHCTAJUINYECKUE OKCHIbl METAUIOB 00NanaroT OoJblIel JOITOBEYHOCTHIO,
MEHbIIEH TOKCHYHOCTBIO, JyYIled M30UpaTeIbHOCTBIO H TEPMOCTOUKOCTHI0. OCHOB-
HBIM TIEPCHEKTUBHBIM HAIPABICHHEM pACIIMPEHUS acCOPTUMEHTA W YITydIICHHS
CBOMCTB JIBHSAHBIX MaTepHaJOB PA3IUYHOTO COCTaBa SIBISETCS MOIU(HKAIMS YKe
CYIICCTBYIOIINX BOJIOKOH M TOTOBBIX TEKCTHIIBHBIX MaTEepHAIIOB C LIEIbIO MPUAAHUSI UM
HOBBIX CBOHMCTB. B cTaThe npencTaBieHsl JaHHbIE IO pa3padOTKe JIbHIHBIX MaTepHAaIoB
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C QaHTUMHUKPOOHBIMU CBOMCTBaMH C NPUMEHEHHEM HaHOUYacTHI HMHKA. VccrnenoBaH
CHHTE3 HAHOYACTHUI] OKCHJAa LUHKA B BOAHOM CpeAe B MPHUCYTCTBUHU CTabMIM3aTOpa
MOJIMBUHIINIUPONKOHA. [Ipy mpUMeHeHU! 31eKTPOHHO-CKaHUPYIOLEH MUKPOCKOTINN
MOKa3aHO, YTO (OPMHUPYIOTCS HAHOYACTUIBI OKCHAA LIUHKA PA3IMYHOH CTPYKTYpBHI.
HccnenoBanus mokaszaiy, 4TO 0Opa30BaBIIMECS HAHOYACTHULBI, HMEIoIue (Hopmy,
ONM3KYI0 K CepHUuecKOi, U CTEep:KHEOOpa3Hoil (OpMbI CTaOMIIBHBI, HE OCAXIAOTCS
1 HE MEHSIOT OKpacKy B T€UEHHE HECKOJIIbKMX HeJeNb. Takxke, UCCIET0BaHO BIHsSHUE
KOHIEHTPALUU IUHKA, BOCCTAHOBHUTEIS, CTAOMIN3aTOPa Ha CHHTE3 HAHOYACTHI LINHKA.
VYBennueHne KOHIEHTPALMH UCXOTHBIX PEareHTOB MPHUBOIUT K 00Pa30BAHUIO YaCTHUII,
KaK CTep:KHE00pa3HOH POPMBI, TaK U UITI000Pa3HOM, M TPor3BoIbHOM popMm. [lokazano,
YTO 700aBJICHUE TOTUBUHIINUPPOIHIOHA 3PPEKTUBHO CHUIKACT KOATECLIEHIINU MEXKTY
HaHOCTPYKTypaMU HAHOUYACTHIl OKCHJA IMHKA, YTO MO3BOJSAET JOCTUYD OJHOPOJHOIO
pasmepa dacTul. Pa3paboTaHbl oONTHMaibHBIE YCIOBHS 0OpaOOTKH JBHSHBIX
MaTepuanoB HaHOYACTUIIAMU OKCHAa LUHKA. VccrmemoBaHbl aHTHOAKTepHabHbIC
CBOMCTBa MaTepHuajIoB MOAU(PUIMPOBAHHBIX HAHOYACTHLIAMH OKcUa HuHKa. [Tokazano,
YTO JIbHSHBIE MaTepHaibl MOIU(PHUIMPOBAHHBIE HAHOYACTHUIIAMH OKCHIA LIMHKA
0051a1a10T aHTHOAKTEPHATIbHON aKTUBHOCTBIO K OaKTEPHSM U IJIECHEBBIM TPHOKaM.

Ki1ioueBble cjioBa: HAHOUACTHIBI METAJIIAa, HAHOYACTHLIBI OKCUAA [IUHKA, JIbHSHBIE
MaTeprabl, NOTUBUHIIIHPPOIUIOH, aHTUMHKPOOHBIE CBOMCTBA

Introduction

Inorganic nanoparticles, whose structures currently possess significantly new and
improved physical, chemical and biological properties due to their nanosize, have
aroused great interest. Recently, nanocomposites based on zinc oxide nanoparticles have
attracted the attention of researchers for their useful optical, mechanical, photocatalytic,
UV-protective and antibacterial properties (Farooq et al., 2020; Singh et al., 2018; Wahid
et al., 2019). Zinc oxide nanoparticles have become one of the most popular metal oxide
nanoparticles in biological applications, anti-cancer applications and drug delivery due
to their excellent biocompatibility, cost-effectiveness and low toxicity (Jiang et al., 2018;
Singh et al., 2020). ZnO bionanocomposites based on cellulose, chitosan and alginate
polymers are environmentally friendly and have many applications, with antimicrobial
and wound healing properties, used for food packaging (Alavi et al., 2020; Zhao et al.,
2018). ZnO nanomaterials can be used in industry as nano-optical and nanoelectric
devices, in food packaging and in medicine as antimicrobial and antitumour agents
(Krol et al., 2017).

Nanomaterials containing zinc oxide nanoparticles exhibit broad-spectrum biocidal
activity against various bacteria, fungi and viruses (Ahmad, 2021; Sharma, 2021). The
application of zinc oxide nanoparticles for modification of textile materials is constantly
expanding due to their high bactericidal properties. Cotton fabrics with multifunctional
characteristics modified with three-component nanoparticles of silver, copper and zinc
oxides have been developed. The treated cotton fabric has good antibacterial properties
after 20 wash cycles, as well as excellent ultraviolet properties and superior electrical
conductivity (Hassabo et al., 2019).
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Methods of modification of cotton fabrics with zinc oxide nanoparticles have been
developed to provide multifunctional properties such as antimicrobial activity, UV
protection, fire resistance, thermal insulation and moisture management, hydrophobicity
and electrical conductivity (Verbi A. 2019). Using sol-gel technology, the surface of the
textile was modified with zinc oxide nanoparticles. Studies have shown antimicrobial
coatings containing ZnO nanoparticles are active against bacteria species S. aureus and
E. coli, resistant to antibiotics (Pintaric, 2020; Taussarova, 2022, 2020).

Currently, research is underway to develop linen materials with antibacterial
properties modified with silver nanoparticles (Costa, 2018; Emam, 2021).

The aim of the work is to produce zinc oxide nanoparticles, to modify linen materials
to give them antibacterial properties.

Research materials and methods

Bleached, unappretised, linen fabric was used as the object of the study. Linen is
a fabric with a smooth surface and matt lustre, obtained from flax, a plant of the flax
family. The fibre is obtained from the skin of the plant. The operating temperature is 150
°C. The change of strength increases when wet and decreases when exposed to the sun.

Zinc chloride. White hygroscopic crystals. Chemical formula ZnCl,. Molecular
mass: 136.29. Melting point: 318 °C. Boiling point: 732 °C. Solubility in water at 20
°C: 79.8 %. Density: 2.91 kg/m? (25°C).

Sodium hydroxide. Colourless rhombic crystals, chemical formula NaOH, molecular
weight: 39.99, melting point: 323 °C, boiling point: 1403 °C, density: 2.13 kg/m’.
Solubility in water: 108.7 g per 100 g H,O (20°C).

Polyvinylpyrrolidone. Yellow-white hygroscopic powder, molecular weight between
10° and 107, melting point 150—180 °C, density 1.2 kg/m’, soluble in water and in most
organic solvents, non-toxic, shows antiviral and antiviral activity. Polyvinylpyrrolidone
(PVP) finds diverse applications in pharmaceutical technologies. It is used as a binding
agent in the manufacture of tablets and granules, solubiliser and stabiliser of suspensions.

—CHQ—(|3H—
N__.O

<,

A JEOL JSM-6510LA scanning electron microscope was used to determine the
size and shape of ZnO nanopowder samples. The interaction of the composition with
the macromolecule of the cellulose was studied by the spectrophotometric method
(JENWAY). Microbiological research - passed through a bacteriological analyser
(BakTrak4300), which automatically tracks the growth of microorganisms.

Results and discussion

ZnO nanoparticles were prepared by precipitation from aqueous solutions at 60°C
pH 1213 for 2 hours. ZnCl, was used as a precursor and NaOH as a precipitant. The
precipitation process of ZnO nanoparticles was conducted in the temperature range from
20 to 60°C in a thermostat, at varying concentrations of: ZnCl, (0.05-0.4 M) and NaOH
precipitant (1-8M), the pH value of the solution 12—13, duration of synthesis two hours.
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(PVP) was used as a stabiliser to produce ZnO nanoparticles. PVP is one of the most
commonly used stabilisers in the synthesis of metal nanoparticles in aqueous phase
(Luo et al., 2021). PVP can act as a surface stabiliser, growth modifier, dispersing and
reducing agent of nanoparticles.

The resulting precipitate was separated by centrifugation and washed with distilled
water and dried at room temperature.

To determine the optimal concentrations of initial components, a series of experiments
were carried out (Table 1).

Table 1. Concentrations of initial components

Sample number Concentration, mol/l
ZnCl, NaOH PVP
1 0.02 24 0.132
2 0.05 2.4 0.132
3 0.1 24 0.132
4 0.2 24 0.132

Studies have shown that the formed nanoparticles having the shape close to spherical
and rod-shaped (Fig. 1) are stable, do not precipitate and do not change colour for
several weeks. Increasing the concentration of initial reagents leads to the formation of
both rod-shaped and needle-shaped particles, as well as arbitrary shapes.

Figure 1. Electron micrographs (SEM) of zinc oxide nanoparticles at different resolutions

Samples of linen materials were impregnated with a freshly prepared solution of the
selected concentration for 30 minutes and dried at room temperature. The antimicrobial
effect was evaluated by the degree of inhibition of bacterial growth after different
incubation times compared to control samples. The results showed that high growth of
microorganisms was observed in the control samples.

Antimicrobial effect was evaluated according to the standard ST RK ISO 20743—
2012 and by the degree of inhibition of bacterial growth after different incubation times
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compared to control samples. Test conditions: temperature -20 °C, humidity-80 %.
Antibacterial activity was determined by the colony counting method. Gram negative
Escherichia coli (E.coli) is mainly chosen as model bacteria to evaluate the antibacterial
activity of ZnO nanoparticles. The antimicrobial effect was evaluated by the degree of
bacterial growth inhibition after different incubation times compared to control samples.
The results (Figure 2) showed that high growth of microorganisms was observed in
the control samples. In the treated solutions of zinc oxide nanoparticles (Figure 2 b,
¢, d, e) with concentration of 0.02—0.2M microbial growth decreases. With increasing
concentration of zinc oxide nanoparticles, the antibacterial properties of textile materials
increase.

e

Figure 2. Growth of Escherichia coli (E.coli) fungi on tissue samples: control sample (a) and treated

with different concentrations of zinc oxide nanoparticles: b- 0.02 mol/l ; ¢c-0.05 mol/l; d-0.1 mol/I; e- 0.2
mol/l.
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In the samples treated with solutions of zinc oxide nanoparticles, the growth of
microorganisms decreases. With increasing concentration of zinc oxide nanoparticles
antibacterial properties of linen textile materials increase (Table 2).

Table 2. Results of microbiological analysis

Sample number Concentration Mean values of inhibition zones in relation to
ZnCl, mol/l strains E-Coli strains, mm
Control sample No lumen zone
1 0.02 0.1
2 0.05 0.2
3 0.1 0.2
4 0.2 0.1-0.3
Conclusion

The synthesis of zinc oxide nanoparticles in the presence of stabiliser
polyvinylpyrolidone has been developed. The optimal conditions for treatment of linen
materials with zinc oxide nanoparticles have been selected. It was found that treatment
with the proposed compositions gives antimicrobial properties of textile materials.

The results of the research showed that high growth of microorganisms was
observed in control samples, while in the samples treated with solutions of zinc oxide
nanoparticles the growth of microorganisms was significantly reduced.

REFERENCES

Ahmad H. (2021). Celluloses as support materials for antibacterial agents: a review. Cellulose, — 28.
— 2715-2761. — https://doi.org/10.1007/s10570-021-03703-2

Alavi M., Nokhodchi A. (2020). An overview on antimicrobial and wound healing properties of ZnO
nanobiofilms, hydrogels, and bionanocomposites based on cellulose, chitosan, and alginate polymers//
Carbohydr. Polym. — 227. — 115349. — https://doi.org/10.1016/j.carbpol.2019.115349.

Alzubaidi A.K., Al-Kaabi W.J., Ali A.A.; Albukhaty S., Al-Karagoly H., Sulaiman G.M., Asiri M.,
Khane Y. (2023). Green Synthesis and Characterization of Silver Nanoparticles Using Flaxseed Extract
and Evaluation of Their Antibacterial and Antioxidant Activities. Appl. Sci. — 13, — 2182. — https://doi.
org/10.3390/app13042182

Costa S.M., Ferreira D.P., Ferreira A.et al. (2018). Multifunctional Flax Fibres Based on the Combined
Effect of Silver and Zinc Oxide (Ag/ZnO)// Nanostructures. Nanomaterials. — 8, — 1069. — https://
doi:10.3390/nano8121069.

Emam H.E., El-Rafie M.H., Rehan M. (2021) Functionalization of Unbleached Flax Fibers by Direct
Integration of Nano-silver through Internal and External Reduction. Fibers and Polymers. — 22, — 3014—
3024. — https://doi: 10.1007/s12221-021-0993-y

Farooq A., Patoary M.K., Zhang M. et al. (2020) Cellulose from sources to nanocellulose and an
overview of synthesis and properties of nanocellulose/Zinc oxide nanocomposite materials. //Int. J. Biol.
Macromol. —154, —1050-1073. — https://doi.org/10.1016/j.ijbiomac.2020.03.163

Francesca Sbardella, Ivan Rivilla, Irene Bavasso, Pietro Russo, Libera Vitiello, Jacopo Tirillo, Fabrizio
Sarasini (2021). Zinc oxide nanostructures and stearic acid as surface modifiers for flax fabrics in polylactic
acid biocomposites, International Journal of Biological Macromolecules. —Vol. 177. — 495-504. —
ISSN 0141-8130, — https://doi.org/10.1016/j.ijbiomac.2021.02.171.

Hassabo A.G., El-Naggar M.E., Mohamed A.L., Hebeish A.A. (2019). Development of multifunctional
modified cotton fabric with tri-component nanoparticles of silver, copper and zinc oxide. Carbohydr. Polym.
—210. — 144-156. — https://doi.org/10.1016/j.carbpol.2019.01.066.

185



OF THE NATIONAL ACADEMY OF SCIENCES OF THE REPUBLIC OF KAZAKHSTAN

Jiang J., PiJ., CaiJ. (2018). The Advancing of Zinc Oxide Nanoparticles for Biomedical Applications.
// Bioinorganic Chemistry and Applications. — V. 2018. — https://doi.org/10.1155/2018/1062562.

Krol A., Pomastowski P., Rafinska K. et al. (2017). Zinc oxide nanoparticles: Synthesis, antiseptic
activity and toxicity mechanism. Adv. Colloid and Interface Sci. — 249, — 37-52. — https://doi:10.1016/].
€is.2017.07.033

Luo Y., Hong Y., Shen L., Wu F.,, Lin X. (2021). Multifunctional Role of Polyvinylpyrrolidone in
Pharmaceutical Formulations. AAPS PharmSciTech. — 6. — 22(1):34. — doi: 10.1208/s12249-020-
01909-4. PMID: 33404984.

Pal S., Mondal S., Maity J. (2018). Synthesis, characterization and photocatalytic properties of
ZnO nanoparticles and cotton fabric modified with ZnO nanoparticles via in-situ hydrothermal coating
technique: Dual response. // Materials technology. — 33, — 884—891. — https://doi.org/10.1080/10667
857.2018.1521592

Pintaric M., Skoc M.S., Bilic V.L. et al. (2020). Article. Synthesis, Modification and Characterization
of Antimicrobial Textile Surface Containing ZnO Nanoparticles. Polymers, — 12, — 1210. — https://
do0i:10.3390/polym12061210.

Sharma J.L., Dhayal V. & Sharma R.K. (2021). White-rot fungus mediated green synthesis of zinc
oxide nanoparticles and their impregnation on cellulose to develop environmental friendly antimicrobial
fibers. 3 Biotech. —11, — 269. — https://doi.org/10.1007/s13205-021-02840-6

Singh Th.A., Das J., Sil P.C. (2020). Zinc oxide nanoparticles: A comprehensive review on its synthesis,
anticancer and drug delivery applications as well as health risks. Advances in Colloid and Interface Science.
— 286. — https://doi.org/10.1016/j.¢is.2020.102317.

Singh. V.P., Sandeep K., Kushwaha H.S. et al. (2018) Photocatalytic, hydrophobic and antimicrobial
characteristics of ZnO nano needle embedded cement composites.// Construction and Building Materials.
—158, —285-294. — https://doi.org/10.1016/j.conbuildmat.2017.10.035.

Taussarova B.R., Jurinskaya .M. (2022). Modification of Cellulose Textile Materials with Zinc-Oxide
Nanoparticles and Investigation of Their Antibacterial Properties Nanobiotechnology Reports, —17, —3,
—366-371. — DOI: 10.1134/S263516762203020X.

Taussarova B.R., Baimahanov G.A., Abilkassova S.0. (2020) Development of cellulose materials with
antibacterial properties using zinc oxide nanoparticiples. Jhe journal of Almaty Technological University.
—126, —32—36.

Verbi A., GorjancM., Simon B. Review (2019). Zinc Oxide for Functional Textile Coatings: Recent
Advances. Coatings. —9. —550; — https://doi:10.3390/coatings9090550.

Wahid F., Duan Y-X., Hu X-H. et al. (2019). A facile construction of bacterial cellulose/ZnO
nanocomposite films and their photocatalytic and antibacterial properties.//Int.J.Biol. Macromol. —132,
—692—700. — https://doi.org/10.1016/].ijbiomac.2019.03.240.

Zhao S.-W., Guo C.-R., Hu Y.-Z. et al. (2018). The preparation and antibacterial activity of cellulose/
ZnO composite: a review. Open Chem. —16. —9-20. — https://doi.org/10.1515/chem-2018-0006.

186



Volume 1, Number 458 (2024)

NEWS

OF THE NATIONAL ACADEMY OF SCIENCES OF THE REPUBLIC OF KAZAKHSTAN
SERIES CHEMISTRY AND TECHNOLOGY

ISSN 2224-5286

Volume 1. Number 458 (2024), 187-195

https://doi.org/10.32014/2024.2518-1491. 217

VJIK 547.3
MPHTH 31.23.15, 31.23.17, 31.23.21

© N.N. Tokbayeva', M.A. Dyusebaeva', G.T. Daribayeva?, B.K. Kopzhassarov®,
G.E. Berganayeva'*, 2024
'al-Farabi Kazakh National University, Almaty, Kazakhstan;
?Almaty Technological University, Almaty, Kazakhstan;
’Kazakh Research Institute for Plant Protection and Quarantine named after Zh.
Zhiembayev, Almaty, Kazakhstan.
E-mail: gulzat-bakyt@mail.ru

PHYTOCHEMICAL STUDY OF CO,-EXTRACT VARIETIES
OF WHEAT "URALOSIBIRSKAYA-2"

Abstract. In this research work qualitative and quantitative analysis of whole wheat
seeds of wheat variety "Uralosibirskaya-2" was carried out. The method of atomic
adsorption spectral analysis revealed 11 elements from ash of wheat grain. The main
ones were K (332.56 pg/g), Mg (75.08 pg/g), Ca (32.25 pg/ml), and Zn (9.15 pg/ml) Na
(8.51 ug/ml). An extract was obtained by supercritical fluid CO, -extraction. According
to the results of phytochemical analysis, carbohydrates, amino acids, flavonoids, and
unsaturated fatty acids were found in the CO_-extract. By gas chromatography method
it was found that the extract contains 9 fatty acids, the main part of which was methyl
tridecanoate (30.85 %), methyl myristate (24.47 %), methyl decanoate (21.36 %) and
methyl stearate (13.27 %). Using high-performance liquid chromatography (HPLC)
determined the content of vitamin E (1.46 mg/100 g), spectrometric method determined
the content of flavonoids (0.24 %).

Keywords: wheat BAC, supercritical CO,-extraction, CO,-extract, gas chro-
matography
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«YPAJIOCUBUPCKAS 2» BUJTAN COPTBHIHBIH, CO,-
CbIF bBIHABICBIHBIH®UTOXUMMUSAJIBIK 3EPTTEY

AHHoTanus. bys FEUTBIMU J)KyMBICTa « YpartocuOupcKas-2» COPTHIHBIH TyTac Ounai
TYKBIMBIHA CalajblK JKOHE CaHJBIK Tajiay >KYPri3uifi. ATOMIBIK-aJ1COPOIUSIIBIK
CHEKTPJIIK TaJjay d/iciMeH Ouiail noHiHIH KyJiHeH 11 anemMeHT anbikTaabl. Onapabiy
Herisri 6emiri K (332,56 mkr/r), Mg (75,08 mkr/r), Ca (32,25 mkr/mn) xoHe Zn (9,15
Mkr/min) Na (8,5 1mkr/min) 6omubl. JKorapeikpuTukanbik Gironari CO,-5KCTPaKIUsCh
apKbUIb CBHIFBIH/IBI JIbIHBL DUTOXUMMAIIBIK 3€pTTey HoTHKeci Oolibmmma CO,-
CBHIFBIHJIBICBIHBIH ~ KYpaMbIHAa KeMipcyiap, aMUHKBIMIKbULAP, (IaBOHOUITAD,
KaHbIKIIAFaH Mai KBIMIKbULIAP aWKbeIHAQIABL. ['a3ael xpomarorpaduschl 9iciMeH
CBHIFBIHIBIIA 9 Mail KBIIKBUIBI Oap CKeHI aHBIKTAJbI, OHBIH HEri3ri Oeiri MeTui
tpunekanoar (30,85 %), merun mupucrar (24,47 %), metun nexanoar (21,36 %)
xoHe Metun cteapar (13,27 %) Kypansl. OHIMIIIITT KOFapbl CYHBIK XpomaTtorpadus
apkbUibl E mopymennin memmiepi (1,46 mr/100 r), cCieKTpOMETPUSIIBIK 9J1iC apKbLIbI
(maBoHOUATAp MeIepi aHbIKTaN b (0,24 %).

Tyiiin ce3mep: ounaiiapig bb3, sxorapbIKpUTHKABIK (QIFOUATI COZ-SKCTpaKHI/ISICBI,
CO,-5KcTpaKT, rasjpl Xpomarorpadus
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OUTOXUMHUYECKOE UCCIIEJOBAHUE CO,-9KCTPAKTA COPTA
HNINEHULBI «YPAJIOCUBUPCKAS 2»

AunHoTanus. B naHHOM Hay4HOH pa0oTe NpOBEICH KAYECTBEHHBIM M KOJIHU-
YeCTBEHHBII aHAJIN3 CEMSIH MIIEHHIIBI copTa «YpanocuOupckas-2». MeTooM aToOMHO-
a/ICOPOLIMOHHOTO CIEKTPaJIbHOTO aHaJIn3a BBIABICHO 11 3IeMEHTOB U3 301l 3epHa
nennibl. OcHoBHBIMU M3 HUX Obutn K (332,56 Mkr/r), Mg (75,08 mkr/r), Ca (32,25
MKr/mi) u Zn (9,15 mxr/mi) Na (8,51 mxr/mi). Cepxkputudeckoit guronanoit CO -
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AKCTPAKIMEW TOIy4YeH IKCTpakT. 1o pe3ynbraraM (UTOXMMUYECKOTO HCCIICIOBaHUS
B coctaBe CO -3KCTpakTa OOHApy’KEHbI YIIEBOABI, AMHUHOKHCJIOTHI, (IaBOHOMJIBI,
HEHACHIIIICHHBIC KUPHBbIC KUCIOTHI. MeTOIOM ra30Boi xpomarorpaduu yCTaHOBJICHO,
YTO DKCTPAKT COACPKUT 9 JKUPHBIX KHUCIOT, OCHOBHAsI YacThb KOTOPBIX COCTaBUJIA
merwirpunekanoar (30,85 %), merun-mupucrar (24,47 %), merun-nekanoar (21,36
%) u wmerun-creapar (13,27 %). C mOMOIIBIO BBICOKOAI(EKTUBHOW KHJIKOCTHOM
xpomarorpapuu (BOXKX) ompeneneno conmepxkanue BurammHa E (1,46 mr/100 1),

CIEKTPOMETPHUECKOTO METO/a OTIpeiesieHo coepkanne GpruaBoHouaoB (0,24 %).
KuroueBnie ciosa: BAB mmenunsl, csepxkpuruueckas CO,-skcrpakius, CO,-
9KCTPAKT, T'a30Basi Xpomarorpadus

Kipicme

duronpenaparrap eHAIpiCiHIH THIMUIITH )K9HE OJIap/bIH CarachlH apTThIPa aJlaTbIH
YKOFapbl TEXHOJIOTHSUIBIK KOHE TIEPCIIEKTHUBAIIBI 9ICTEPIiH KarapblHa JOPITiK OCIMIIK
IIUKI3aThIH CYWBITBUIFAH Ta3apMeH JKOHE J>KOFapbl KPUTHUKAIBIK CYHBIKTHIKTAPMEH
OHJIEY JKaraJpl. OCIMIIK MIMKi3aThiHAH OWoNOTHsUIBIK Oencenni kemeHaepai (BAK)
aJTy YIIiH 9PTYPIi SKCTPareHTTep KoJiaHyFa 0omaibl, Oipak eH YJIKEH KBI3bIFYIIbLUTBIK
CYNIEPKPUTUKAIBIK KYHJIETT KOMIPKBIIIKbLT Ta3bIHBIH KOMETIMEH aJbIHFaH dKCTPAKIIHS
Oonpill TaObUTaABl. Bysl 3aTmieH Herisri SKCTpareHT peTiHAe XKYMBIC icTey OTKEH
raceIpabiH 80-1Ii KBULAAPBIHBIH OachlHIa KOMMEPIUSUIBIK OarbITKa e OOJIbI, all
coHrbl 10—15 5KBUT )KOFAPBIKPUTHKAIIBIK TEXHOJIOTHSIIAP/ABI KONIaHyMEH OalIaHbICThI
Oipkarap OarbITTapIIbIH JaMYybIMEH €PEKILIEICH/I.

JKorapbIKpUTHKAIBIK KOMIPKBIIIKBLUT ra3bl oMOe0art epiTKill KacueTTep/1i KopceTe/i,
OyJ1 eciMJIIK IIMKi3aThIHAH OMOJIOTHSUIIBIK OEICEeH I KOCBUIBICTAPABIH TOJBIK CIIEKTPiH
anyra MYMKIHIIK Oepeni. COHbIMEH Karap, KOMIPKBIIIKBUII Tra3bl KOpLIaraH OpTara
CaJBICTBIPMAJIbl TYPJE 3USHCHI3 KOHE OJl CHIFBIH/BIAH TEXHOJOTHSUIBIK I[THKIIIH
COHFBI KE€3CH/IEPiH/Ie KaparnaiibiM OyJaHy apKbUIbI )KOUBLIA bl BYJI COHFBI CHIFBIH/IBIIA
epITKIIITIH 1371epl kKOK JereHal Oimipeni XoHe MYHBIH 0opi YCBHIHBUIFAH OHIIpIC
MIPOLIECIHIH OTe JKOFaPhl TYPAKTHUIBIFBIH KAMTAMAChI3 €TE/Ii.

CynepKpUTHKAIBIK CYHBIKTBIK AKCTPAKIMUACHI (AOCTYPIi SKCTPAKIMS SJICTEpiHEH
allBIPMaIIBUIBIFBI) ©CIMIIIK 3aTTapbIHAH OMOJIOTUSUIIBIK OSIICEH Il KeIIeHAEP/Ii iC Ky3iHe
TOJBIK anmyasl KamTamachid eremi. JKK® aKkcTpakIUsaChIHBIH KOMETIMEH TEHJIECI KOK
Oipereil KypamIarbl eHIMAEP MEH >KapTbulall eHiMIepai aimyra Oomanel (Ahangari,
2021; Dhara, 2022).

bunaii — ajmam ar3zac yIIiH 3HEPTUSHBIH HETi3ri Ke3i 0onbin TaObliaabl. bumait
OCKiH/Iepl KaH/Jarbl TeMOTNIOOWHHIH apTyblHA KOHE OaKTepUSUIBIK WHQEKIUSIIapIbIH
anneiH anyra kemekreceni. Ouna A, Cxone E nopymenepi, coniai-ak Temip, KaJibluu,
MarHuii XoHe aMUHKBIIIKBULIAP CHAKTHI MUHepannap Oap. Onap Oayblp MEH KaHHaH
TOKCHHJIEPAl, COHJal-aK ar3a/iaH ayblp MeTaljap MEH KaHIepOTeHJEPIi LIbIFapyFa
BIKNAN eTefi. MenuiuHa cajacblHia Oujail JoHIEPIHEH TePMIUSUIBIK OHJICY apKbLIbl
«MUTpOIIMH CYWBIKTBIFBDY JAUBIHIAIBIN, Tepi aypyldapblH (dK3eMa, KaOBIPIIAKTHI
KbIHAJAp koHE T.0.) emaeyre KoinaHbeuiaabl (Mamkosekuid, 2005). CoHbIMEH Katap,
Ounail ypeIKTapblHaH ajJblHFaH KOO CHIFBIHIEI («Xonedy mpenaparsl) MporpeccuBTi
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OYIIIBIKET JUCTPOUSICHIHBIH OpTYpi (opmanapbl 0ap HayKacTapael emjey YIIiH
KoJlZlaHyFa pykcar eTinreH. KiMHuKanblK 3eprreyiep OoifbiHIIA Oupail eckiHaepi
XUMUOTEPAMSHBIH CHHEPIETUKANIBIK 9CEPiH TYABIPYBI MYMKiH KOHE XUMHOTEpanusIMeH
0aliTaHBICTHI )KaHAMa dcepiiepAl AJICipeTyi MYMKiH eKeHiH kepceTkeH. COHbIMEH Karap
PEBMAaTOMITHl aPTPHT, OMBIK JKapajbl KOJIUT, FeMaTOJOTHAJIBIK aypyap, KaHT AuadeTi,
CEeMI3IIIK KoHE TOTBIFY CTpecciHe maiaansl acepi aiikpinaannsl (Bar-Sela, 2015; Jiang,
2021). Conpaii-ak Ounmaii eckinnepiniy nunononucaxapunatia (JIIIC) makpogarrap
xacymanapbina (RAW 264.7 sxacymanapsl) 3usHABI 9CepiHe Kapchl acepi 3epTTelreH
OomareiH. HoTwxkenep Oupail ecKiHIEpiHIH 5 koHe 7 KyHAIK ChiFbIHIbLIaphl JIIIC
BIHTAJIAH/IBIPATBIH a30T OKCUIIHIH OHAIpUTYyiH TEeXeHTiHiH KepcerTi. byman Oacka,
Oupnaii eckinnepiniy ceiFbiHIbICcEl MPHK LPS-piHTananappbiran opTypii KaObIHYFa
Kapchl MapKepJIepaiH 3KCIPECCHSICHIH e19yip TexeiTini kepcerinared (Banerjee, 2021).

bunaiineii CO,-ChIFBIHIBICHIHBIH HETI31 apTHIKIIBLIBIFBI — OYJI OHIIPICTIH KONTEreH
cayanapblHa Naiiiananyra apHaJlFaH, OHIeyAl KaKeT eTNelTiH AaibiH oHiM. OChIFaH
OainanbICThl Oumaii noHiHeH anbiHFaH CO, - CHIFBIHIBICHIH 3€PTTEY —O3€KTI OOIbIT
caHaJaibl.

3epmmey uvicanwi. Conrycrik-Kazakcran oombickl, Kocranaii kanacer K/X «3omotoit
kosoc» 2021 KbUIIbIH « YpanocuOupcekas 2y CypbIIThl OMIaiabIH OYTiH ASHAEPI.

3eprrey xymbicTapel on-Papabu arteiHmarbl Kazak YITTBIK YHHBEPCHUTETIHIH,
XUMHS JKOHE XUMHSUIBIK TEXHOJOTHA (QakyabTeTiHiH «OpraHukablK 3arTap, TaOUFH
KOCBUIBICTAp XKOHE MonmMepIiepy» kadeapacbiaa xyprizinai. COHbIMEH Karap, CaH/IbIK,
capantamanap GaxyasreTteri " OU3NKaIbIK-X UMHUSIIBIK 9/1iCTEP KOHE TaJ1ay OPTaIIbIFbI"
xoHe AK «Anmatsl TeXHOTOTHSIBIK YHUBEPCUTET» « A3BIK-TYJIIK OHIMAEPIHIH canachl
MeH Kayilci3airin Oaranay >KeHiHAET1 FBUIBIMU 3€PTTEY 3epTXaHaChIHIa» KYPri3iii.

Marepuajgap kdHe dicrep

«Ypanocubupckass 2» Ougail CypBINBIHBIH  BUIFAJIIBUIBIFBI  MEH  KYJILTIT
Mewmnexkertik @apmakonesusiH MEMCT 10847-2019 sxone 13586-2015 Tananrapsina
ColiKeC aHbBIKTaJIbI.

[luka3arTely MUHEpaNAbIK Kypambl on-Papabu atbiHgarsl  "Kazak  yiITTBIK
YHUBEPCUTETIHIH "MOU3NKaNbIK-XUMUSIIBIK OIICTEp MOHE Tajjay OpTaiblFbiHAa"
aTOM/IBIK-aICOPOLMSUIBIK CHEKTPIIIK TalAdy oAiCiMeH aHBIKTanIbl. JKyMmbIc OapbIChI:
2,0 T mUKi3aTThl alfblH aja KbI3IBIPBUIFaH JKOHE oI eNIIeHreH ¢apop TUrenbre
opHanacteipansl. KelliH MyQenb meuriHge TUTeNbIbl aKbIPbIH KbI3ABIPHII, alJAbIMEH
3aTTHIH €H TOMEHT1 TeMIIepaTypaja skaHyblHa MyMKiHJIiK Oepei. COChIH TeMIeparypaHsbl
Oipringen >xorapnartein, S00°C-Ta MUKI3aTTHI KYJIi Cyp TYCKe aifHaNFaHIIa KyHaipesai.
Kanpunneynin coHbIHIA TUTENb HKCHKATOpAA CaJKbIHAATaabl. Ty3inreH kymre 5 mu
HNO3 (1:1) KOCBII, AMEKTP TUIUTKAA BUIFAJI TY3 KaJFaHIIIa KbI3bIpabl. Kanran Ty31bH
ycrine 10-15 mn 11 HCI Hemece 11 HNO, ocbin epitesi, naiibiH OOJIFaH epiTiHiHI
25 M enmmeMAiK kojbara KyHbIl, OeNTiJIeHIeH MeJepre AeiiH skeTkizeni. [laibn
epitinainepai Shimadzu 6200 cepusisibl CHEKTPOMETP apKBLIBI 3ePTTEi L.

CO,-coirpiHabl  KOFaphIKpUTUKANbIK - (uronari CO,-5KCTpakuus 9ici apKbLIbl
anbiHabL. XKymbic 6apbIcel: 5-7 MM Aeiiin ycakrairan 700 T « YpanocuOupckas 2» TyTac
OMIaliIbIH IoHIH KanpoHabl Kankara canabl, CO,-3kcTpakiuusanbl 3eprxaHanbik CKD-
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CO, (Thar 1000 F, AKIL) skctpakropeinaa 180 0ap KbIChIMIa, KOCAJIKBI (OipeckeH)
epitkim petinge 70 %-apl STHI COUPTI adbIHABI )K9HE OHBI 10 I/MHUH KbIIIaMIBIKIEH
xi0epin otbipabl. CeIFBIHAB KypamblHIaFbl bB3-1bp1H  KOHBUTYBIH  (BLABIPAYBIH)
Oonapipmay MakcaTbiHIa dKcTpakuusiHbl 40 °C-taH acblpmaii xyprizeai. Hotnxkecinge
capbl TYCTI SKCTPAKT albIHIBI, OHBI pOTOPIbl OynanasipreimTa 40 °C Temmeparypaaa
YKOHE TOMEH KbIChIMJa aii/ial, alllblK-capbl KOHIEHTpaT (45 M) Ty3exi.

«Ypanocubupckas 2» Tyrac ounai cypbinbiHas anbiHFad CO -ChIFbIHIBICHIHA CAHIBIK
capantama AK «Anmarel TeXHONOTUSIBIK YHUBEPCUTETI» «A3BIK-TYIIIK OHIMACPIHIH
camacel MEH Kayilci3mirin Oaranay »XeOHIHIETi FBUIBIMH 3€pTTey 3epTXaHaCBIHIA»
KYprizingi. Mal KbIIKbULAAPBIHBIH CaHIBIK capanTamachl rasibl Xpomarorpadus
apkbpiisl MEMCT 30623-2018 TtananrtapsiHa coifkec «Kpucrammtoke-4000M» xpo-
MarorpadbplHAa KYPriziani, (IaBOHOUATAPIABIH MEJIIEPiH CIEKTPOCKOMMSIIBIK dic
ApKBUIBL, 1OpyMEHAEPIiH MOJIILIEPiH OHIMILTIr )KOFapbl CYHBIK XpoMaTorpadus apKbLIbI
MEMCT P 54635-2011, MEMCT EN 12822-2014 TanantapblHa CoHKeC aHBIKTaJIIBbI.

3epTTey HOTHIKeJIepi

Kymbic GappiceinAa « YpanocuOupckas 2» Ouaaid TyTac AoHIHIH IIBIHANIBIFBI aHBIK-
TajJraH. 3epTTey HOTWKenepi OOMbIHIIA BUTFANABUIBIK 7,5 % sxoHe Kynaimik 1,18 %
Kypazabl. COHBIMEH Karap, aTOMAbI-aACOPOLHUSUIIBIK CIIEKTPIIK Tanjay oficiMeH Oumai
JOHIHIH KYJiHIH 3J€MEHTTIK Kypambl aHblKTanabl. Capantama HoTHKenepi 1-cyperte
KOPCETUITeH.

AJbIHFaH HOTHKeNep OoWbIHIIA «YpanocuOupcKas 2» Oumail COPTHIHBIH JOHIHJE
eH ken memnuiepne xaauu (332,56 Mkr/mi) OonaThlHBl alKbIH KepiHin Typ. COHbIMEH
Karap, MacHuil )oHe Kanbyutloiy yieci ae 6ap. Hampuil MeH mbipbiut IaMaMeH Oipiei
Meduepe 6onapl. ATanFaH OMO3IEMEHTTEP aJaM ar3achl YILIiH MaHbBI3bI 6TE 30D.

menwepi, mir/mn

350 332,56

300
250
200
150
100 75,08
50 3235
815 905 368 472 pp1 1,71 ogs 551 3]
u - — —_— -
In Ni Mn Fa cd Pb Cu Ha K Ca Mg

Cyper 1 — «Ypanocubupckast 2» Ouiaii TyTac 1oHiHIH
MaKpo- )KOHE MUKPOAJIEMEHTTIK Kypambl

JKyMBbICTBIH MakcaTbIHa coiikec "YpanocuOupckas 2" cypbINThl OMIAiIBIH AoHIHEH
KOFaphIKpUTHKAIBIK (Qrrouari CO -skcTpakuus opici apkbuibl CO,-ChIFBIHIBI TIbIH/IBI.
Karaznare! exi enmem i XxpoMatorpagus xoHe dpTYPIi epiTKill KyHelepaeri )KyKa
KabarThl XxpoMarorpadus 9icTepi apKbUIbI 3epTTeNeTiH Outail ChIFbIHABICHIHBIH OHO-
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JIOTHSIIBIK OeJICeH Il 3aTTapbIHBIH HETi3r1 TONTAaphl, SFHU MOHO -, OJITO - JKOHE IOJIHU-
caxapuarep, GpaaBoHOMATAp, Mall KBIIKbUIAAPHI, AMHH KBILIKBUIIAPHl €KSHIT aHbIK-
TaJJIbl.

«Ypanocubupckas 2» Oumail COPTHIHBIH CO,-CBIFBIHBICHIHBIH KYPaMBIHIAFbl Ml
KBILIKBIUIIapbIHA CaHIBIK capanTaMaHbl Ta3[bl XpoMarorpadusi dfici apKbUIbl aHBIK-
tannsl. 3eprrey «Kpucrammokc-4000M» xpomaTorpadbiaaa KanbIHIbI-HOHU3aLUSUITBIK
JETEKTOPBI apKbUIbl XKYpriziiai. ['a3 TacbiManiayisl peTinae a3oT OoJabl. AJBIHFaH
HOTHXeTep 2, 3-cypeTTepe KopCeTiireH.

19ER |
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Cyper 2 — «Ypanocubupckas 2» 6unaii cypbinbiHbH CO,-CHIFBIHABICHIHBIH XPOMATOrPaAMMAChI
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Cyper 3 - «Ypanocubupckas 2» 6unait cypbinbIHbIH CO,-ChIFBIHIBICBIHBIH KYPAMBIHIAFbI
Maii KBIIIKBUIIAPEIHBIH CaH/IBIK MOJIIIepi

Anbinran HOTWXKENEp OoiibiHIna «YpanocuOupckas 2» Oupaii copreinbin CO,-
CBIFBIHABICBIHIA Memuin mpudexanoam (30,85 %), memun mupucmam (24,47 %), memun
odexanoam (21,36 %), memun cmeapam (13,27 %) Mail KbIIKbUIIAPBIH YIECi OachiM
0O0JIaTBIHBI KOPIHII TYP.

Maiif KpIIKBUIAAPBl SPTYPIi JUIHMATEPIIH KYPBUIBIMABIK KOMIIOHEHTTEpi OOJbII
TabbuIaABL. TpHalMIIIHIEPUATEPAIH KYpaMbIH/Ia OJIap SHEPTUSHbI CaKTay (yHKIUSICHIH
OpBIH/IAl/IbI, OUTKEHI OJIap/IbIH pauKanIapbinaa sueprusra 6aii CH, ronraper 6ap. O3

192



Volume 1, Number 458 (2024)

KYpPBUTBIMBIHBIH apKacbiHna C-H OaiinaHbICBIHBIH TOTHIFYBI Ke31HAE Mail KhIIIKBIIIAP
MoJMcaxapuATePMEH CaJbICTBIPFaHAa €Ki ece Kell dHeprus Oeperdi, Oyl Malabl Tipi
ar3ajia apThIK YHEPTUSHBI CAKTayblH €H THIM1 HBICAHBI €Te/l.

JKympic Gapbichinaa «Ypanocubupckas 2» Oupail coprhiHbiHan anbinran CO,-
CBHIFBIH/IBICBIHBIH KYpaMblHIa Maiila epuTiH A9pYMEHZIEpre >koHe (hIaBOHOMIATApFa
CaHIBIK capanTama O KYprizingi. OHIMALIr SKOoFapel CYWBIK Xpomatorpadus
mamimerTepi GoibiHma CO -chiFbiHABINA A JIOpyMeHi (kapoTuH) Gonamansl, an E
nopyMeHHiH (Toxodepon) memmepi 1,46 mr/ v kypaasl. CHEKTPOMETPHSIBIK Sfic
apKbUIBI aHbIKTaNIFaH GrnaBoHouaTap Memmepi 0,24 % Kypaibl.

Haszap aynaparbis xaiiT, TaraMIbIK ©CIMIIK MaiylapbIHIaFbl TOKO(EpOIgapAbIH MOJI-
mepi 5-50 mr/100 T apanbiKTa aybITKUAbL, Ouaaii ypeirsl Maiibiaaa (b¥YM) E nopymen-
HiH eH OerceHai Typi a-Tokodepon 6ap xone oHbIH Memuiepi 150—450 mr/100 1 xeTeni.

Piras Alessandra apintectepimen ouaii ypbirbl MaiibiHbIH (B¥ M) cynepKpuTHKAIBIK
(TFOMITBL  AKCTPAKIMS apPKBUIBI CHIFBIHIBI anFaH. Okcrpakiusasl 200-300 ©Oap
KbIcbiMa skoHe 40°C Temneparypasa etkisreH. Conpaii-ak, XKKD xoHe opraHuKaIbIK
ePITKIII AKCTPAKLUHUACH apKbUIbl AJbIHFAH MaTepUaIbIH CaJbICTBIPMANbl KacHeTTepi
apachlHa CaNbICTHIPY KYPrizai. ChIFBIHABUIAD 0-TOKO(QEPOI KOHE MOIMKAHBIKIAFaH
Mail KbIIIKBIIIAPBIHBIH KYpaMbl OOibIHIIA TanganFad 00aaTeiH. ChIFbIHABUIAPIBIH Mai
KBIILIKBLTBI MEH O-TOKO(epoi KypaMblHa KbICHIM /1a, SKCTPaKIH 9J1iCi [ie 9cep eTIereHi
kepcerinareH oonareid (4-cyper ) (Piras, 2009).

Tokodepon amaM ar3achblHBIH €pTE€ KapTalOblHA KON OepMeial >KoHE >KYpeK-
KaHTaMbIp KYHECiHIH )KyMBIChIHA KEIICHA1 Maiiianbl 9cep eTelli: KaHAaFbl XOJIeCTePHH
JICHI'eliH TOMEHIETE 1 )KOHE KaH YHBIFBIIITAPBIHBIH aliaa 00TybIHa 5K0J1 OepMeii i, KaH
TaMBIpPJIapbIHBIH KaObIpFanapblH HbIFAUTalbl )KOHE KaH KBICHIMBIH KaJbIKa KeJITipyre
KeMeKTeceni. byl MaHBI3ABl KOMIIOHEHT OYJIIIBIKET KYHECiHiH (yHKIMOHAIIBIK
KaralblH JKaKcapTyFa BIKHNAJI eTell JKOHE aJaMHBIH PENpORyKTHUBTI KbI3METIH
XKY3ere acelpyla epeKiie pes aTkapaibl (cliepMaToreHe3 >KOHEe SMOPHOHANIBABI AaMy
IpolecTepine KaTbICalbl, KaJIBIITH TOPMOHAIIBI TeTe-TEHIIKTI CaKTayFa KOMEKTECEeI1)
(Pommonoga, 2014).

12 ;
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Methanal Hexame ChlarMeth  SFE D SFE IS SFE 3o
Extraction method

Cyper 4 - JKK-CO, (200, 250 sxone 300 bap) *xoHe OPTaHUKAIBIK EPITKIITEPMEH
(TexcaH, METaHOJI JKOHE XJIOPO(OPM-METAHOI) aIbIHFAH Ol YPBIFEI MAHBIHBIH YIATLIEpiHIe
OJIIIICHTCH 0-TOKO(EPOIIBIH MeImepi (MKI/MT Mail KOPCETIIreH)
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KopbITbIHABI

AnFanikel pet «YpanocuOupckast 2» Ousiali CYpPBINTbIHBIH HIBIHAWIIBIFBI, JIEMEHTTIK
KYpaMmbl aHBIKTAIbI. ATOMIBIK-aJCOPOIMSUIBIK CHEKTPIIIK Tajjay ojiiciMeH Oumai
JoHIHIH KymiHeH 11 anemeHT anbikTanasl. Onapasie Herizri Oemiri K (332,56 Mkr/r),
Mg (75,08 mkr/r), Ca (32,25 mxr/mi) sxone Zn (9,15 mxr/mi) Na (8,5 1Mkr/min) 0osl.
JKorapbikputukanbik monari CO,-5KCTPAKIUSACH ADKBLIBI ChIFBIH/IBI AJIbIHBL. DUTO-
XUMHUSIIBIK 3€pTTEY HOTHKECT Oo¥ibIHIIa CO,-CHIFBIHIBICBIHBIH KYPaMBbIH/Ia KOMipCyIiap,
AMUHKBIIIKBLUIAAP, (hr1aBoHOMTAp, KAHBIKIIAFaH Mal KbIIIKbUIIAP alKbIHIa/IbL. [ a3/1bl
XpoMaTorpauschl 9MIiCIMEH CBHIFBIHIBIIA 9 Mail KbINIKbUIBI O0ap €KeHI aHBIKTaJIIb,
OHBIH Heri3ri Oeniri metwi Tpuaekanoar (30,85 %), metun mupucrar (24,47 %), MeTHI
nexanoart (21,36 %) sxone metun creapar (13,27 %) Kypapl. OHIMIIIITT )KOFapbl CYHBIK,
xpomarorpacdus apkeiibl E nopymenniy memepi (1,46 mr/100 r), CIEKTPOMETPHSITBIK,
ozic apKbUIbl (u1aBoHOUATAp MeJiepi anbikTan sl (0,24 %).
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